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�â�9zÆ-1ì��AÅnïá
��ý·óÀÑ1nØ�., lnØþïÄ
íNoØå3 660—

2660 Pa, §Ý3 150—400 K «mSéüóÀUþ!ó°Ú¸�õÇ�K�. ©Û
íNoØÚ§ÝéÑ1A5
K��S3�Ï. O�(JL²: OÃ0�§ÝéüóÀUþ�K����ué-1ó°�K�; OÃ0�§Ý
3 150 K, íNoØ3 1330 Pa �±¼�'§Ý3 400 K, íNoØ� 2660 Pa ��p�¸�õÇ. Ïd3ØZ6�Ñ
�6ÄG�^�e]m�þ�)9�f, �±¢yp��óÀ�9zÆ-1ì.

'�c: 9�f, óÀ, �9zÆ-1, �Ñ�

PACS: 42.55.Ks, 42.55.–f, 34.50.Lf

1 Ú ó

ëYÅ�9zÆ-1ì´8cÅ��á�z
ÆU-1ì, äkpUþ!p�Ç!`û�1å�
þÚ$�Ñ�1nDÑ�Ç�A:. ù
`:é·
Ü3�
ó�+�þA^, ~X, ��!Å�!�
h}���¡. äk�½-1ó°!¸�õÇÚ²
þõÇ�róÀ-13}����¡�`³�\
²w [1]. (Üó�Ú�¯þé�UþóÀ-1�I
¦, g 20 ­V 80 c��8, ISþ��3?1�
9zÆ-1ìóÀz�ïÄ.

�9zÆ-1ì�ó�Å�� 1315 nm, §´
Äu-u�9�f�É-�[. -u��9�f
´dÄ�9�f�æ­��ü­��C��D
U�):

O2(1∆g) + I(2P3/2)

⇔ O2(3Σ) + I(2P1/2). (1)

ü ­ � � � 9 � f � ! _ � A � � Ç ~
ê Keq û½
-1OÃ�u"�7�^��ü

­����ÇØU
$uK��Ç:

Yth =
1

2Keq + 1
, (2)

Ù¥ Keq = 0.75 exp(402/T ), T �1nOÃ0��
§Ý. OÃ0�§Ý�$, ü­��K��Ç�$,
K�J��ü­��Uþ�p.

æ­��ü­��´ÏLÅíÚw5�L�
z�M��A)¤, d�A�þf�Ç�C 100%,
�´duø¹Úd«��A�K�, �ª��Ç�
�±p� 70%. 
9�f´dõ�ü­��)l9
©f�).

�9zÆ-1ìóÀz�±3ëYÅ�Ñ�
�9zÆ-1ìþ¢y, �{Ì�kÅ�N Q[2],
^N Q[3] ÚOÃN� [4], ó��Ä:�´ïá3�
Ñ��9-1ì�põÇÚp�Ç�Ä:�þ. Ï
L]m1)9`�½öóÀ�>)l9`� [5−7]

�)9�f¢y�9zÆ-1ìóÀz, Q�±3
�Ñ�6Äeó�, ��±3æÑ�6Äeó�.

�9zÆ-1ì�Ä$Å���
1Ä$
� YAG -1ì!Ô�ð-1ì [8]!>-y� CO2
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-1ì [9,10] Ú HF -1ìké�ØÓ. Ð©-u
�9�fßÝ�", 3âfê�=Ú-1Ñ1�L
§¥, Ä$DUL§3�E?1. -u�9�f�
¬�Ù¦âf-E
u)d«��K. Yuryshev[11]

3nØþ?Ø
ü­���ÝéüóÀUþ�K
�¿�¢�(J�
é'. Bl [12] �ïá
ý·
�., ?Ø
1Úu�¹eð1�rÝÚý·íN
�|©�Ýé-1ó°ÚüóÀUþ�K�. �©
�ö [13] 3ý·�AóÀÑ1�.Ä:þ?�Ú
?Ø
1ÆëþÚ�|©�Ýé-1ëê�K�,
3nØþ�Ñ
óÀ�9zÆ-1ì¥�OÃm
'y�.

OÃ0�§Ý3�9zÆ-1¥�kXkO
uÙ¦-1ì��^, ü$OÃ0�§Ý�±O�
OÃ0��É-Ë��¡Ú3�ÓíNØåeO
�OÃ«S0��Ý, Ó���±ü$ü­���
K��Ç, l
Jp-1ì�zÆ�Ç. �©3ý
·�AóÀÑ1�.Ä:þ, Ì�?Ø
OÃ0�
§ÝÚíNØåé-1¸�õÇ!üóÀUþÚ
-1ó°�K�, �?1ØÓ6ÄG�e��9z
Æ-1 (COIL) óÀzJønØ��.

2 O��.

�â©z [14] ¥{z� 13 �zÆÄåÆL§
9�AÄåÆ~ê, ïá
ý·�AÄåÆÚÑ1
nØO��.. 3�.¥b�: 1) 9�f´d�>
]m�)¿�Ù¦íN®²¿©·Üþ!; 2) 1f
�Ý31n¥´þ!�; 3) �Ñ�AìL¡é-u
�âf�ø¹�^. ÄåÆ�.����©�§|
æ^�� Rosenbrock {O�. �AÄåÆL§�¹
9�f�ü­��C��DU!-u�9�f9
ü­���d«L§!9�f�guË��. dD
Ú COIL �zÆÄåÆL§, �Ô«�ßÝ�

d[nk]
dt

=
∑
m

km[ni] · [nj ] −
∑

ν

kν [ni] · [nk], (3)

[nk] �Ô« k �ßÝ, [ni], [nj ] �1 m ��A��
AÔßÝ, km �1 m ��A�§��A�Ç~ê.
Ù¥1fßÝ��m�©�§deª(½:

df

dt
= c

7
12

σf([I∗] − 0.5[I])

+
cf lnR

2L
+

a2[I∗]
4πL2τ

, (4)

Ù¥ f �1n¥�1fêßÝ, c �1�, σ �É-
Ë��¡, F �W¿Ïf, [I∗] �-u�9�fßÝ,
[I] �Ä�9�fßÝ, R �nº��Ç, L �-1
n�, a ��/nº�>�, τ �guË�Æ·.

σ(T ) =
c2A

8πν2

( m

2πkT

)1/2

, (5)

Ù ¥ A � Einstein X ê, ν � - 1 ¥ % ª Ç,
k � Boltzmann ~ ê, T � O Ã 0 � § Ý. é
u 2660 Pa ±e��9-1ìOÃ0�, Doppler
\°´Ì��, g,\°�±�Ñ.

OÃ0�§Ý��n�¡�K�: 1) ü­�
��K��Ç�§Ý¤�'~'X, X (2) ª¤«;
2) -u�9�fÉ-Ë��¡�§Ý�²��¤
�', X (5) ª¤«; 3) OÃ0��íN�Ý�§Ý
¤�':

[nk] = Pk/RT, (6)

Pk �Ô« k �©Ø, R �íN~ê.

3 O�(J?Ø�©Û

3.1 OOOÃÃÃ000���§§§ÝÝÝéééüüüóóóÀÀÀUUUþþþ���KKK���

OÃ0�÷*§Ýü$¬ü$ü­���K
��Ç, l
�±JpóÀ COIL �ÑÑUþ. ë
YÅ�Ñ1õÇ�±^e¡�úªL� [15]:

P = [O2](Y − Yth)Svhγβ, (7)

Ù¥ [O2] �o���Ý, Y Ú Yth �ü­���Ç
Úü­��K��Ç, S �í66Ï�¡¡È, v �
í6�Ý, hγ �ü1f�Uþ, β �1n�J�X
ê.

d (7) ª�±��1nS�J��Uþ�

Epulse = [O2](Y − Yth)SLhγβ, (8)

Ù¥ L �íN6Ä���1n�Ý.
·�Äk|^ (8) ªO�
�Ó�ü­��

�Ýe, OÃ0�§Ýé-1Uþ�K�. b½
æÑ�6Ä^�eóÀíN�>�lfN�§
Ý T = 450 K, K Yth = 21.4%; 
3�Ñ�6Ä
e T = 150 K �, Yth = 4.3%. XJUìu)ìÑ
�?ü­���Ç Y = 50%��, K3�ÓíN�
ÝÚ|©'~^�e, -1UþO�� 59.7%, ØÓ
íN§Ýé-1Uþ�K�XL 1 ¤«.
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L 1 ê��[O�Ú (8) ªO��óÀUþ�1n¥OÃ0�§Ý�Czé'

(8) ªO�(J nØ�[(J

Tcav/K Yth/% ((ET − ET=450 K)/E@T=450 K)/% EoptT /J (EoptT − EoptT=450 K)/EoptT=450 K/%

150 4.3 59.7 7.760 62.0

200 8.2 46.3 7.090 48.0

250 11.7 33.8 6.470 35.0

300 14.8 23.0 5.940 24.0

350 17.4 13.9 5.490 14.6

400 19.6 6.3 5.110 6.6

450 21.4 0 4.790 0

5: Tcav �1nSíN�§Ý, ET �ØÓ§Ýe�J��Uþ, ET=450 K �1nSíN§Ý� 450 K ��J��Uþ,

EoptT �nØO����ØÓ§Ýe����J�Uþ, EoptT=450 K �nØO���� 450 K ��J����Uþ

3DºíN�Ý� 58.4×1016 molecule/cm3,
o��Ý� 14.6×1016 molecule/cm3, ü­���
Ç� 50%ÚÑÑÍÜÇ� 1%^�e, æ^nØ
�.O�
íN§Ýé-1üóÀUþ�K�,
O�(JXã 1 ¤«. lã 1 ¥�±wÑ, �X
1níN§Ýü$, ü­��K��Ç���
eü, üóÀUþ���þ,. Ó�L 1 �nØ
�[(J¥��±w�3�Z�9�f�Ý�
'e, §Ý T = 450 K �, üóÀUþ� 4.79 J;

§Ý T = 150 K �, -1Uþ� 7.76 J, �é
u T = 450 K ��-1óÀUþO�
 62.0%. ù
�nØúª�O�ê���ÎÜ, Ó�Ù¦ØÓ§
Ý^��äk�p�ÎÜÝ.

ã 1 íN§ÝÚ9�f�Ýé-1Uþ�K�

3.2 OOOÃÃÃ000���§§§ÝÝÝééé---111óóó°°°���KKK���

ØÓ1níN§Ýé-1ó°�K�Xã 2
¤«. Ù¥DºíN�Ý� 58.4×1016 molecule/cm3,
o��Ý� 14.6×1016 molecule/cm3, ü­���

Ç� 50%, ÑÑÍÜÇ� 1%. lã 2 ¥�±w
Ñ, �9�f�Ý� 0.54×1016 molecule/cm−3 �,
T = 150 K éA�-1ó°� 3.36 µs, � T =
450 K �-1ó°� 2.91 µs, ó°Cz� 15%. ù
´Ï��X1níN§Ý�ü$, ü­��K��
Çü$, �Ò´�±k�õ'~�ü­���Uþ
�J�Ñ5, l
��3$§e-1ó°k¤O\.
3·��ý��§Ý��S, íN§Ýé-1ó°
�K���, Ä�þ�±Ø�ÄíN§Ýé-1ó
°�K�.

ã 2 1n¥íN§ÝÚ9�f�Ýé-1ó°�K�

3.3 íííNNNoooØØØÚÚÚOOOÃÃÃ000���§§§ÝÝÝééé---111¸̧̧���
õõõÇÇÇ���KKK���

8c�Ñ�ëYÅ��9zÆ-1ì�1
rØå� 266—600 Pa[16] 1nS�OÃ0�§Ý
3 150—190 K �m [17]. �>Úu�óÀ�9z
Æ-1ì���æÑ�6Ä, 1nØå� 2000—
2660 Pa, OÃ0�§Ý� 350—450 K �m [7]. ·
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�©OO�
$§$Ø (T = 150 K, íNoØ
� � 660 Pa) Ú p § p Ø (T = 400 K, o Ø �
� 2660 Pa) e9�f©ØÚÑÑÍÜÇé-1¸
�õÇ�K�, ¿�[�Ñ�ÚæÑ�6Ä�ó
ÀÑ1�L§. O�(JXã 3 Úã 4 ¤«. é
A�Ó�ÑÑÍÜÇ, ÏLN!9�f©Ø��
�Z¸�õÇ. O�(JL²: 3�Ó�ÑÑÍ
ÜÇ Tr = 5%��Z�9�f©Ø�'e, $§

ã 3 31níN§Ý� 150 K ^�e, 9�f©ØÚnºÑ
ÑÍÜÇé-1¸�õÇ�K�

ã 4 3íN§Ý� 400 K �, 9�f©ØÚnºÑÑÍÜÇ
é-1¸�õÇ�K�

$Ø (T = 150 K, oØ�� 660 Pa) e-1¸�
õÇ� 5.8 MW, 
p§pØ (T = 400 K, oØ�
� 2660 Pa) e�¸�õÇ� 7.2 MW, =æÑ��
¹e�p�:. �)�O�Ì��Ï3upØeü
 NÈ�J��UþO\, 
�-1ó°UC�Ì
Ý��. 8c±�í��DºíN��Ñ��9-
1ì�1nØå3 260—330 Pa, XJóÀ�>Ú
u��9zÆ-1ì�æ^�Ñ�6ÄNX, Äk
��Ä�´3�p�1nØåe¢y�Ñ�6Ä,
�kù�âU
loNþ��½ö�LæÑ��
�¹. =¦¢y
1nØåpu 660 Pa ��Ñ�6
Ä, ��¬��,	��JK, Ò´�Ñ�^��
íN�1�>. �Ñ�6Ä¥�-Å!>4¡.�
OÚý>l�Ì�>>4��m �, Ñ¬K��
>�1�¢y [18]. �´�±�Ä��1)9`�
��ª¢y�Ñ�^�e�óÀÑ1.

4 ( Ø

�©æ^��ý·óÀÑ1�.ïÄ
OÃ
0�§ÝÚ1nSíNoØéóÀ-1¸�õ
Ç!-1ó°ÚüóÀUþ�K�. �[ïÄL
²: OÃ0�§ÝÌ�K�-1üóÀUþ, 

é-1ó°�K��é��; 3�Ñ�6Ä^�
e, óÀ�>Úu�óÀ�9-11nØåAT�
u 660 Pa, ='�Ñ�ëYÅ�9zÆ-1ì�1
nØåp��±þ. �Ä��Ñ�íN�1�>�
(J§Ý, óÀ�>Úu�óÀ�9-1�·Ü3
æÑ�6Ä^�eó�. �´�±�Ä3�Ñ�6
ÄNX¥æ^óÀ1)Úu�9zÆ-1�óÀ
zÏ�óÀ1)9`�U
3ØK��Ñ�6Ä
G���¹e?1.
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Abstract

One-dimensional pre-mixed model for a pulsed chemical oxygen-iodine laser is presented according to the reaction mechanism

in chemical oxygen-iodine laser. The influences of gas temperature of 150–450 K and pressure of 660–2660 Pa on single pulse energy,

pulse duration and peak power are studied. The internal reason of the influences of pressure and temperature on laser characteristics

is analyzed. The results show that the higher laser peak power can be obtained in the case of gas temperature of 150 K and pressure

of 1330 Pa than in the case of 400 K and 2660 Pa. Thus an efficient pulsed chemical oxygen-iodine laser is promising if the abundant

atomic iodine is generated instantaneously. The approach to atomic iodine generation does not disturb the state of supersonic flow.

Keywords: atomic iodine, pulse, chemical oxygen-iodine laser, supersonic, subsonic
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