
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 039203

���ggg<<<óóó>>>uuuððð>>>þþþ111���kkk������DDDÑÑÑAAA���*

�ç_1)2)3) 2DÖ1)† öXR1)3) 
·1)

1) ( ¥I�Æ��íÔnïÄ¤¥��íÚ�¥�¸&ÿ­:¢�¿, �® 100029 )

2) ( �®&E�E�ÆnÆ�, �® 100192 )

3) ( ¥I�Æ�ïÄ)�, �® 100049 )

( 2011 c 4 � 7 FÂ�; 2011 c 5 � 16 FÂ�?Uv )

|^ìÀ�g<ó>uð>�p���Ú 30 m, 60 m Ú 480 m �ÓÚ>|ÿþ, �ßw«
<ó>uð>þ
1�k��DÑA�. þ1�k�ÞÜ1r�é�r, ��uÐ�ÝCzÅÄ��¿¥y²wØ5K5, L²þ1
�k�uÐäk²w�F?A�. 3k�m©�ãl 340 m � 705 m pÝ�mþ1�k�²þuÐ�Ý� 9.8×104

m/s, å©�Ý´ 3.8×104 m/s, ÛÜ�ÝoNþ�pÝ¥yO\ª³. >|Cz3Cål�)k5Æ�F?GCz,

P¹�� 28 �F?��F?m�Czl 14 µs � 39 µs, AÛ²þ�� 25.1 µs. �O�k�F?�Ý©Ù3 0.9 m

� 3.7 m, AÛ²þ�� 1.7 m. k�>|Czdú���F?GCzÚóÀCz|¤, (Ü1ÆÚ>|Czÿþ(
J, �Ñ�k�ÞÜÏ�u)�­�¦Ù>|Cz�F?A�~f½��; �Kk�F?/¤Å��Uaq, þd
Ùk�ÞÜcà�V�61uÐ
5.

'�c: <ó>uð>, þ1�k�, >|Cz, p���

PACS: 92.60.Pw, 92.60.Ta

1 Ú ó

ð>´�«��k�>6!p§!ÀÂÅ!
r � � > ^ Ë � Ú u 1 u ( � � ] � � > y
� [1−4]. k�´/ð�>�©u�ã, ´/ð�
Ì�ÔnL§��, k��å©!DÑÚË�A�
®¤�<�ïÄ�­:¯K [5−8]. �k�uÑ�
1!VHF Ú UHF Ë��éuKk�5`�f, �
�/ðu)'~�$, 8cé�k��å©ÚD
ÑA�9ÙÅ�@£�é��. é�k��@£
Ì�5gué<ó>uð> [9−12]!pïÓÔ>u
�þ1ð> [13−15] 9¢�¿»s�>¢� [16] �
1ÆÚ>Æ*ÿ�ïÄ. éõ*ÿw«Kk�Ï~
äk²w����F?uÐ, 
�k�é�k²w
�F? [17,18]. Orville[19] dû���k�1Ì(J
��Ñ, Kk�u1éAuü>l�lfu1, �
Ï~äk²w����F?uÐ; 
�k�u1

5gu 20000 K ±e�¥5�fu1, 3 12000 K

� 20000 K �m, §ÝUCé1ÑÑäk���K
�, Ïd�k�½õ½�äkëY5A�.

@Ïé�k�=k�1Æ*ÿ5gu Berger

Ú Vogelsanger[14] �^«�Å, �*ÿ(J¿ØU
wÑ²w�F?, �´LyÑäkØ5K�ÅÄA
��fu1y�. Cc5���A~ïÄ(Jw«
�k��äkF?uÐA�, ¿äk,
ÚKk�
�q�÷*A�. Rakov Ú Uman[1] ��
 KFC �
²;>uð>þ1�k�^«�Å*ÿ(J, �k
�äk²w�F?A�, 3A½��¹eUëYD
Ñ, ¿U
dF?=��ëY2=£�F?DÑ,

3 530 m ��Ï��²þ�Ý� 3.6×105 m/s, u1
��mm�� 20 µs. Kong � [9] (Üe1�k��
>|A�Úp���1ÆA��Ñe1�k�ä
k²w�F?A�, ��DÂ�Ý� 0.1—3.8×105

m/s, k�óÀm�m�� 17 µs, e1�k�ÞÜ

* I[g,�ÆÄ7 (1OÒ: 41175002, 40930949)!¥I�Æ� “z<Oy” ;�²¤Ú�®½áp�Æ�<âr�Oy]Ï�8 (1O
Ò: PHR201008435) ]Ï��K.
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�'u�¡Ï�äk�r�u1rÝ, aquKF
?k��1ÆA�. Saba � [8] �1Æ*ÿÚO(
Jw«�k�ÚKk���ÝCq��, ��Ñ�
k��äk´L�õ©�uÐA�. ,
�'uK
k�, <�é�k�9ÙF?DÑ�A�ÚÅ�

)��. �©|^p���(J(ÜÓÚæ�¦þ
?>|Czÿþ(JïÄþ1�k��DÑA�,

ïÄk�1r!uÐ�Ý!F?m�!F?Ú�
��m�üCL§, ©Û�F?k�ØÓål>|
*ÿ¥�F?>|A�, ¿(Üp���Ú>|C
z*ÿ(J?Ø�F?k��DÑÅ�Ú>6A
�.

2 ¢��{ÚÚ½

�©¤^¢�êâ5gu 2009 cgU3ì
ÀT²�<ó>uð>¢� (SHATLE)[20−22]. <
ó>uð> 0902 u)3 2009 c�®�m 8 � 5

F 14µ39µ16, Tð>´»�ö�7áj�²;
>u�ª>u�. ¦^ Photron FASTCAM SA1 p
���Å?11Æ*ÿ, v�� 6000 Ì/s, ©EÇ
� 640×1024 ��, *ÿål� 460 m, ��ÅºÞ
� 16 mm ~úºÞ. ¦^²�¯úU�ÿþ 30 m,

60 m Ú 480 m ?�>|¯úCz, ¯úU���
m~ê©O´ 0.1 ms Ú 6 s, �°©O� 5 MHz

Ú 2 MHz. 30 m >|²1nD�¿Sd DL750 ê
i«ÅìP¹, æ�Ç� 10 MHz; 60 m Ú 480 m �
>|êâ²Ó¶>CDÑ�¿SdO�ÅP¹, æ
�Ç� 5 MHz. >|&Òd GPS ?1ÓÚ.

3 ]�©Û(J9?Ø

3.1 þþþ111���kkk���111ÆÆÆAAA���

ã 1 ´dp���Åû�� 0902 ð>¥ë
Y 40 Üã¡U�mS�Åvü�|¤, ��üÜ
ã¡m��mm�´ 167 µs (v� 6000 Ì/s). ã 1

¥�¹
lk�m©�7ájLä�¤kã¡, w
«
þ1�k���muÐ���L§ÚÏ�u
1��ÝCzL§. ã¥k�éA�pÝlTð>
�>upÝ 340 m � 705 m, k�m©� 6.5 ms �
gj�Lä. ã 2 ´þ1�k� (éAã 1 ¥� 40

Üã¡) �é1r��mÚpÝ�CzA�, ã¥
��ÞI«
k��uÐ. lã 1 Úã 2 þU²

wwÑk�ÞÜ�é��, 
Ùe¡�Ï��é1
r�f, oNþ�é1r��mÚpÝ�O\
O
r. dã��wÑ�é1rÛÜCzäkØ5K�
ÅÄA�, ùL²þ1�k�äkF?A�. ,d
ã 1 �±wÑ, z�Üã¡¥k�ÞÜ���ÑØ
Ó. @3 1950 c, Schonland[23] ÒJÑéuKF?
k�, z�F?ÑÚ�c�F?��ØÓ, 3#F
?�m©, 61k�¬/¤©�½©|, k�??
Ñ¬÷ØÓ´»ëY�)©|. þ¡£ã`²
�
�oKk�äk´L�õ©|(�, �`²þ1�
k�ÞÜA�aquKF?k�, äkF?uÐA
�. �F?k�vkKF?k�u�õ, ��¡�
Udu�k�u1�é�fØ´&ÿ, Saba � [8]

�1Æ*ÿ(J´��éÐ�yâ; ,��¡�U
X Williams[24] ¤`, �Kk�äkØé¡5´d
gd>fÚ�lf�[£ÇØÓ¤E¤�.

ã 1 p���Åû��þ1�k�1Æ*ÿ(J Tãdg
jLäc�o�Üã¡U�m^SÅvü�, züÜã¡m�
� 167 µs

ã 2 þ1�k��é1r���mÚpÝ�Cz Tã¥��
mÚpÝéAuã 1 ¥ 40 Üã¡��mÚpÝ�

�âp���*ÿ�k�uÐ!v�Ú*
ÿål�, ��ÑTk�� ��²þuÐ�Ý
� 9.8×104 m/s, ÛÜ�ÝCz���l 3.8×104

m/s � 1.4×105 m/s, 5gu��J�Úp���
��!ºÞI½��¡�Ø�A3 9%�S. ã 3
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´þ1�k��ÛÜDÂ�Ý�pÝ�Cz­�,

ã¥� 19 �êâ:dã 1 c 20 Üã¡züÜk
�ÞÜm�Ï��Ý�üÜã¡m��m 167 µs

�'��Ñ, z�êâ:éA�pÝ���üÜ
ã¡¥k�ÞÜpÝ�¥�. dã 3 ��, k��
ÛÜ�Ý¥²w�Ø5KCz, ÅÄ��, å©�
Ý�k 3.8×104 m/s; 1�Üã¡k���ÝO\
� 9.9×104 m/s, ´å©�Ý� 2.6 �; 1nÜã¡
k���Ýqü� 5.9×104 m/s; ã¥��ü:�
�Ý�'��� 2.9 �; ù`²þ1�k�äk²
w�F?A�. oNþk��Ý�pÝO\¥O\
ª³, k�\���XpÝ�O\k�Øä\rk
'. �Xk��uÐ, �íØåü$, �¸>|O
r [25], k�l�¸>|¥¼��Uþ���, Ù±
YuÐ�Uå���\r. [ÜÑ�k��Ý�p
ÝCz�ª³�Iuã 3 �¥. þ1�k��å©
�Ý´ 3.8×104 m/s, ù�(J�' Kito � [10] ��
� 0.1×105 m/s �, �U´Ï� Kito ����´Á
G<ó>uð>, Ù>upÝ�$, �>uð>�
/¡>|��. ,	Ù���þ1�k���Ý�
�m¥�êO\, �)ù«�O��Ï�U�¦?
11Æû���m©EÇ�$ (1 ms) k', ,	·
�û���=´»�ÞÜk�m©uÐ��Ü©.

ã 3 þ1�k�ÛÜ�Ý�k�ÞÜpÝ�Cz ã¥êâ
5guã 1 ¥c 20 Üã¡, z��Ý�d��üÜã¡¥k�
ÞÜ#OÏ��Ý�üÜã¡m�mm� 167 µs �'���,
ÙéA�pÝéùüÜã¡¥k�ÞÜpÝ�¥�

3.2 þþþ111���kkk������)))���///¡¡¡>>>|||������mmm���
CCCzzz

ã 4 ´¦^¯U�ð>>|Cz¤ÿþ�
� 60 m ?þ1�k��>|Cz­�, >|Cz
Å/?�ÚL²Tþ1�k�äk²w�F?D
ÑA�, z��óÀ½F?G>|CzéAu�

gk��F?uÐ. ¤P¹�� 28 �F?óÀ¦
^ 1, 2, · · · · · · , 28 ?1
I5, 1 28 �óÀ��Ï
P¹�Ú
¥��Cz, �m":éAuã 1 ¥p
����1�Üì¡, =þ1�k�m©­½DÑ
���. dã 4 ���F?m�Czl 14 µs � 39

µs, AÛ²þ�� 25.1 µs, �â²þ�� 25.8 µs.

lã 4 �±íä, Tþ1k�­½±YuÐ, 3c
�ã¥y�~²w�F?A�, 31 16 �F?�
�, F?A�Ø´é²w, äk½õ½��ëYA
�, �31 24 �F?��, F?A�q�é²w,

ã 4 þ1�F?k�3åÏ� 60 m ?�)�>|¯Cz
F?óÀd 1, 2, 3, · · · · · · �êi?1
IP, ã¥­�þ�µ
¥���ã��Þ¤�, Tã�m":�ã 1 �Ó, o�méA
ã 1 ¥c¡� 5 Üã¡��m

ã 5 þ1�k�F?m��ÎG©Ùã

ã 6 ���þ1�F?k��F?�Ý Tã�må:�
ã 1 �Ó, o�méAã 1 ¥c¡� 5 Üã¡��m
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�vkc�ã²w. é'1Æ�>|CzÅ/, F
?Ø²w�éAã 1 ¥�1 3 Ü��Ü©Ú1o
Üã¡c�Ü©, 
ùÜ©�m�ÐéAk�ÞÜ
Ï�u)�­��m, Ï�uÐäk��Y²©þ,

`²k�ÞÜÏ�u)�­�äk��Y²uÐ
©þ�U´��F?Ø²w�Ù¥���Ï; k�
ÞÜÏ�u)�­�`²3T«�NC�U�3
���m>Ö«, r¦Ï��ù���uÐ, �L

T«��, k�ÞÜÏ�Ø2É�m>Ö«�K
�, Y²©þC�, d�F?C��é²w. þã¯
¢`²3�m>Ö«½ÉÛÜ>|K�^�e, �
k�Ï�¬u)�­, �k�>|CzU
dF?
=C�ëY; ���k�ÞÜÏLT«��, k�
>|CzU2=C£F?, ù� Rakov Ú Uman[1]

�*ÿ(J��. oNþ�Xþ1�k��uÐ,

F?A�~f, >|%��±Ó45O�, L²3
�5�r�X�>|e, F?A��U�5�Ø²
w, �þ1�k��k�UÉ�ÛÜ>|½�m>
Ö�K�
¡EÙF?A�.

ã 5 w«
F?m��ÎG©Ùã, lã¥w
Ñ, F?m�Ì�©Ù3 20 µs � 25 µs �m, `
²F?m��©Ù'�5K. duF?m��m�
�, F?�Ý��� [19,26,27], �F?�Ý�¦^F
?m�¦±k�uÐÛÜ²þ�Ý?1��; Ï
zÜp���ã¡éA 167 µs (v� 6000 fps), 3
ù 167 µs Su)�F?þéAdTv¤¦�ÛÜ
²þ�Ý. ã 6 ´Uþã�{¦��F?�Ý�
�m�üCã, k�F?�Ý��� 0.9 m, ��
� 3.7 m, �â²þ�� 1.8 m, AÛ²þ�� 1.7 m,

¥� 1.4 m; F?�Ý��m�¥yØ5KCz, �

oNþF?�Ý�pÝ (½��m) O\¥yfO
\ª³. Rakov Ú Uman[1] �Ñ, þ1�F?�Ýk
�pÝ~��ª³. Ñygñ��Ï, ��¡du
���m©EÇ�$, O�Ú��¦^�´���
�S�²þÛÜ�Ý; ,��¡, 'uþ1�k�
�~f��, ���(J�k��õ�*ÿ¯¢5
y². þ1F?k�Ú�CzA��?�ÚïÄé
1Æ&ÿJÑ
�p��¦, �UI�Ù�m©E
Ç��æ�¦þ?±þ.

�©¤ÿþ1�k�²þ�Ý!F?m�!
F?Ú��Ù¦ïÄö¤ÿ(Jé'�L 1, �
±wÑ, �©¤�þ1�F?k���Ý�g,
ð>�k��Ý [8,9]!<ó>uð>þ1�k�
�Ý [5]!pïÓÔ-u�þ1�k��²þ�
Ý [13−15] ��. Ø
 Kong � [9] �(J±	, �
©¤��F?m��Ù¦ïÄö¤���F?k
��F?m�´���, Ù²þ�Ñ©Ù3 20—

30 µs. Kong �¤�(J�é��, �Ï�U´Ù¤
ÿ�´e1�k�, 
Ù¦ïÄö�þ�þ1�k
�. 3/¡NC, þ1�k��uÐcÏ, e1�k
��uÐ�Ï, e1�k��ÞÜ>|'þ1�k
�AT���õ, ��C/¡, ÞÜÈ\>Ö��
m��á�õ, Ïd, F?m��¬á�
. dL 1

��wÑ, �©¤�F?Ú�'Ù¦ïÄö¤��
�<ó>uð>þ1F?k��Ú�Ñ�. ù�U
´Ï�Tk�m©�ã�f, F?m��, ÞÜÈ
\>Ö�m��, �gF?uÐ�U�cr�á�
ål, �F?�Ý�á. lL¥�UwÑ, pïÓÔ
>uð>²w'<ó>uð>�þ1�k�F?
m�ÚF?�Ý�.

L 1 �©�F?k�*ÿ(J�Ù¦ïÄö¤�(Jé'

¢�`² �Ý/m· s−1 F?m�/µs F?�Ý/m

�© ìÀ²;<ó>uð>, þ1�k� 0.38—1.4×105 14—39(25.8) 0.9—3.7(1.7)

Biagi � [5] Florida <ó>uð>, 7ájl/¡Af�, þ1�k� 5.6×104 — —


·� [7] ìÀ<ó>uð>, 7áje¡k 5 m Z9-, þ1�k� — 18—25(21.6) —

��À� [28] 2²²;<ó>uð>, þ1�k� — 15.4—24(20) 7.16

17.2—40.8(24) 8.59

McEachron[13] Empire state Building, g,ð>, þ1�k� 0.52—6.4×105 20—100(30) 6.2—23(8.2)

(2.5×105)

Berger � [14,15] Monte san Salvatore, g,ð>, þ1�k� 4×104—1×106 40—120 4—40

Kong � [9] g,ð>, e1�k� 0.1—3.8×105 3—31(17) —

Saba � [8] g,ð>, �k� 0.3—6×105 — —

(2.7×105)

5: )Ò¥�²þ�
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ã 7 (a), (b) ã©OéAã 1 ¥1 3 Ú1 6 Ük�Ï���©ã¡, ��µ¥�k�ÞÜ���ã©O�J�µ¥¤«; (c),
(d) ã©OéA (a), (b) ã�J�µ¥k�ÞÜ��Ü©����Ý�©Ùã, �Ý��L 55 ���þ^��/�
IP, ù

��éAuk�Ï�

3.3 þþþ111���kkk������FFF???///¤¤¤ÅÅÅ���

¢�¿»s�>L² [16], KF?k�d��
V�uÐ�61lk�ÞÜ�c¡-u, �61�
�*Ð�k�ÞÜ, K61K�����uÐ, �
ªV�61¤�k�Ï���Ü©, �¤��F?
�uÐ. �C Biagi � [5,29] *ÿ�Kk�ÞÜc¡
k��½ü��«, `²ð>¥�Kk�F?aq
u¢�¿Kk�F?/¤Å�, �éu�F?�/
¤ÚuÐÅ�8c�vk½Ø. ã 7 ¥ (a), (b) ã
©OéAã 1 ¥1 3 Ú1 6 Ük�Ï���©ã
¡Ü©, ��µ¥k�ÞÜ���ã©O�J�µ
¥¤«; ã 7(c), (d) ©O�ã 7(a), (b) ãJ�µ¥
k�ÞÜ��Ü©����Ý�©Ùã, �Ý��
L 55 ���þ^��/�
IP, ù
��éA
uk�Ï�. ã 7 w«Ñ�k�ÞÜc�k�u1
«� (�ã¥�Þ¤�), Tu1«²wdV«�u

1�k�Ï��m, �OÑV«� 1.7 m; �âc¡
�Qã, ùüÜã¡þéAþ1�k��F?DÑ
�ã, V«\�Þ¤�u1«éA��mºÝ�c
¡¤�O�F?Ú���, �T*ÿ(JÚ Biagi

� [5,29] �aq, Ïdã¥�Þ¤�u1«A´�
F?k�uÐ¥� “space stem”, ±-ue���
þDÑ�F?. ù�*ÿ¯¢`²ð>¥��k�
ÚKk��F?/¤Å��U´aq�, =�k�
�z��F?d��lk�ÞÜ�c�-u�6
1V�uÐ, K61��*Ð�k�ÞÜ, �61
K�k�Ï�ò����uÐ, �ªV�61¤�
�k�Ï���Ü©, �¤��F?�uÐ.

3.4 þþþ111���kkk���333ØØØÓÓÓååålllþþþ���)))���///¡¡¡
>>>|||CCCzzzAAA���

ã 8 ´ 30 m, 60 m, 480 m ?�¯U�ð>>
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|Cz¤ÿ��þ1�k�c 200 µs >|CzÅ
/é'ã, ã¥®²�Ø
�6©þ�K�. dã 8

�±wÑ, F?k�3ØÓ�ålþþLyÑ²w
�F?A�, ØÓålþF?>|Cz��éA.

ã¥k�>|CzdüÜ©�¤, �Ü©éAuú
�Cz½��F?GCz. éu¤ÿ� 30 m, 60 m,

480 m ?�éC�ål>|, úCzÌ�ATéA
uk�Ï��)�·>|Cz, du>|úCz3
ØÓål?þ¥��Cz, L²k�¥��>Ö3
ÅìO\, z��F?��'�²"KL²3z�
���Ïmk�Ï�¥�>Ö±þ!�Ý3O\,

��ÅÚ,pL²zO\��F?, k�Ï�¥�
>ÖO\��Ý3O�, du>ÖO\��Ý�'
u>6, ��í�éAuF?z�����k�>
6�A¥y��O��F?GCz, ùÜ©>6a
quKF?k�¥�ëY>6. k�>|Cz�,
�Ü©�á�mºÝ�óÀCz, éAF?�uÐ
L§. Uþã©Û��k�F?/¤Å�, 3F?
uÐL§¥V�61�K61�k�ÞÜm�ë
�L§¬�)¯��>Ö6Ä, ùU
�)�r�
Ë�, ´��F?k�>|�)óÀCz�Ì��
Ï.

ã 8 þ1�k�3 30 m, 60 m, 480 m ?�)�¯>|Cz

�âþãþ1�k�ÞÜ�1ÆA�Ú/¡
>|CzA�, ���k��F?DÑL§Xe:

31��F?�)�c, ØÓål>|Czþ��
�Cz, �>|Cz�²�, `²d�k�Ï�¥
�>Ö�U3±�½��ÝÈ\; �Ï�¥��>
ÖÈ\��½§Ý±�, k�ÞÜ>|v
r, k
�ÞÜNC¬�)�ÂB«; TÂB«3k�ÞÜ
à8��>Ö�r>|�^e, ÂB«�K>Ö�
k�ÞÜ��uÐ, 
�>ÖK��lk�ÞÜ�

��uÐ, TL§���X\9Ú>l, �NLy
�V�uÐ�61=ã 7 ¥� “space stem”; �k
�ÞÜ��k�ÞÜuÐ�K61��, V�61
¤�k�Ï���Ü©, �¤��F?�uÐ. 3
F?uÐL§¥, K61�k�ÞÜ�$Ä¬�)
�r�Ë�óÀ, ¦>|Cz¥ÑyóÀCz. �
z��>|óÀCzéA��F?�uÐ, �k�
Ï�±F?�/ª�c*Ð
�ãål�, ÞÜ>
|~f, k�I�?�ÚÈ\>ÖâU¦ÙÞÜ>
|ÅìO�, �k�Ï�¥�>ÖÈ\��½§Ý
�, ÙÞÜ�>|�±¡E, B¬-ue��F?.

dþã©Û, ��í�þ1�F?k�¥�>
6�AdüÜ©|¤, �Ü©�ëY>6, éA>
|Cz¥�úCz, ��¥��GCz; �Ü©�
óÀ>6, éA>|Cz¥�óÀCz. ,ã 8 w
«Ñ 30 m, 60 m ?Ú 480 m �F?óÀCz45
´���, 30 m, 60 m ?¯>|óÀ�K�Cz,


 480 m ?¯>|óÀ���Cz. ù`²�k�
F?>6óÀ�>|3�½ål?¬Ñy��C
z, 3�u��ål�, >|úCz�>|óÀC
z45��, 
3��ål±	, >|úCz�>
|óÀCz45�Ó.

4 ( Ø

�©(Ü�g²;<ó>uð>�þ1�F
?k��ÓÚp���1ÆÿþÚ 30 m, 60 m,

480 m ?�>|ÿþ, ��
Tg>uð>¥þ1
�F?k��DÑA�: k��þuÐL§¥�é
���ÞÜ���UCz, 
Ùe¡�Ï��é1
r�f, ÛÜCzäkØ5K�ÅÄA�, oNþ
�é1r��mÚpÝ�O\
Or. k����
²þuÐ�Ý¥yÑ²w�Ø5K5, ÅÄ��,

²þ� 9.8×104 m/s, ÛÜ�ÝCzl 3.8×104 m/s

� 1.4×105 m/s, k��ÛÜ�Ý�pÝ (½�m)

O\¥yO\�ª³. ¤kù
(J�Ù/L²

k��F?DÑA�. Tg<ó>uð>�P¹
� 28 �F?, F?m�Cz��´ 14 µs � 39 µs,

AÛ²þ�� 25.1 µs, F?m�Ì�©Ù3 20 µs

� 25 µs �m. k�F?�Ý��� 0.9 m, ��
� 3.7 m, �â²þ�� 1.8 m, AÛ²þ�� 1.7 m,

'Ù¦�ö���g,e1�k��C/¡��
(J��, �Ï�U´du·�¤©Û�þ1�k
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�?u�$�Ð©uÐ�ã, ù�k��é�f.

þ1�F?k��e1�F?k��F?m��
á, �UÏ�e1�F?k��uÐ�Ï, ÙÞÜ
>|'þ1�k�AT���õ, ��C/¡, Þ
ÜÈ\>Ö��m��á�õ, �F?m��¬á
�
. 3�m>Ö«½ÉÛÜ>|K�^�e, �
k�ÞÜÏ�¬u)�­, �k�>|CzU
d
F?=C�ëY; 
��k�ÞÜÏLT�­«�
�, k�>|CzU2=C£F?; oNþ�Xþ
1�k��uÐ, F?A�~f.

éØÓål?�F?k�>|CzÅ/é'
uy, ØÓål?�F?óÀÅ/þLyÑ²w�
F?A�, k�>|Czkú�Cz½��F?G

CzÚóÀCz. (Üp���1Æ*ÿÚ>|C
zÿþ(J, �F?k�ÞÜ�càk�ÂB«,

aquKF?k�, `²�Kk��F?/¤Å�
�Uaq; �F?k�>6dF?G>6ÚóÀ>
6|¤, ëY>6éA>|Cz¥�úCz½F?
GCz, óÀ>6éA>|�óÀCz. e�Úó
�ò?�Ú¼�<ó>uð>�Ï�>6ÚCå
l>|!p����ÓÚ*ÿ, ¿3dÄ:þ, ï
áÜn�Ôn�., é�k��uÐÅ�?1½þ
©Û�[.

a�ìÀ��X¥%ÚT²½í�Ûé<ó>uð>

¢���å|±; a�¤kë��	*ÿ�¢�<
.
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Abstract

Propagating properties of a upward positive leader are analyzed by using the data from the artificially triggered lightning exper-

iment in Shandong 2009, including the high-speed camera records and simultaneous surface electric field fast change measurements

at 30 m, 60 m and 480 m from the channel. The tip of the leader is brighter, and the leader’s 2-D partial propagating speed along its

channel irregularly changes in a wide range. This indicates that the upward positive leader exhibits obviously stepped characteristics.

The average speed is 9.8×104 m/s from 340 m to 705 m at the beginning stage of the leader propagating. The upward positive leader is

initiated at a speed of 3.8×104 m/s. The partial speed shows an increasing tendency with height increasing. The electric field change

waveform of upward positive leaders has a regularly stepped shape. The step interval of 28 steps recorded ranges from 14 µs to 39 µs

with a geometrical mean value of 25.1 µs. The induced step length varies from 0.9 m to 3.7 m with a geometrical mean value of 1.7m.

The electric field change of upward positive leaders includes the slowly stepped change and pulsed change. The high-speed camera

records and electric field measurements show that the channel of the leader tip bending can eliminate or weaken the stepped property

of the electric field change. The positive step leader has a similar propagating mechanism to that the negative leader has, that is a step

of leader originates from a bi-directional streamer front end of the leader tip.

Keywords: rocket triggered lightning, positive leader, electric field change, high speed camera
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