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-1úÚÄu Sagnac �A [1], æ^�_11�
ª�5ÿþ�$Ä, du�_11�^Ó��1Æ
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���p�ÿþ°Ý [2]. ò-1A^u¯
a�$Ä�@d Heer Ú Rosenthal JÑ [3,4]. 1962

c, Sperry úi� Macek � Davis ÄgÏL¢�*
	�-1úÚaA��Ý�y� [5]. Aronowitz U
?
 Lamb ��²;nØ, ïá
���-1úÚ
gU�§ [6−8].
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� [10]. dguË�Úå�þf4�¬¦�-1ú
Ú�ÑÑ� �)Ø(½5, ÙÚOA5�÷v�
Åir5Æ. Ïd-1úÚÑÑ&Ò¥��Ý�Å
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�Ü©´dþf4�Úå�. �Xó²�Jp, -
1úÚ�£«3Øäü$, £«Úå��Ý�Åi
r®²�±Úþf4�'[ [11].
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K�5ïþúÚ�5U, æ^\£K���ïþ
�I. ,¢�L², =¦´\£K�E,�ÅË
úÚ¢Só����Ý�ÅirXêØ�¬Ü. �
éù�¯K, 3c<�Ä:þ, )ö��/JÑ

�¡1»�Ä��A�., �Ñº¡þ��¡�A
Ø�3úÚ?u£½G���3, 31ÅG�e�
Ó��3. æ^ù«�., U
)ºNõ�nØØ
�¬Ü�¢�y�.

2 -1úÚ�¢�êâ©Û

3 Ë Ä   ª e, - 1 ú Ú � û ª � § � ±
L�� [15]

dψ/dt =(2π/Sk)[Ωin + Ωd sin(ωdt)

+ ΩL cos(ψ)], (1)

Ù¥ ψ �ûª&Ò�]�� �; Ωin �Ñ\�
�Ç; ΩL �£«�; Ωd ´¸�ËÄ��Ç; ωd ´
ËÄ�ªÇ; ΩL �£«; Sk ´-1úÚ�'~
Ïf. Ωin, Ωd 9 ΩL �ü ´ (◦)/h, ½ö (◦)/s,

�ö´�d�; dψ/dt �ü � rad/s, Sk �ü 
´ (◦)/count.
�
;�Ä�£«,  ¬3ËÄ&Ò¥5\

D(, ¦�zgL£«�Ø��Åz, ù�¬¦�
-1úÚ�ÑÑ�)�Åir, d£«�)��Å

ir� [15]

W = ΩL

√
Sk

2πΩd
, (2)

-1úÚ ªþ� Ωd �'X� [16]

Ωd =
Skπ

2
Ωbias, (3)

Ù¥ Ωbias �ü ´ count/s, �\ (2) ª�

W = ΩL

√
1

π2Ωbias
, (4)

Ù¥ ΩL �ü ´ (◦)/s, XJ� W �ü 
� (◦)/h0.5, K3ê�þ

W =
ΩL

60π
√

Ωbias

. (5)

æ^I�I��{é�ü )��A�úÚ
?1£«ÿÁ. L 1�ÿÁ���£«�!�â£
«íÿ����Åir�úÚó�G�e��Å
ir. 3�ªÅËúÚ¥, þfD(�ËÌD(Ñ
¬Úå�Ý�Åir. 3¢Sÿ���Åir¥,

ËÄÚå��ÅirAT�ÓÙ¥��Ü©. �3
L 1 ¥d£«íÿÑ��Åir%²w�'¢S
��Åir�, ùw,´gñ�.

gU�§Øv±)ºþãy�, 7Lïá#�
�.. �©ÁãÏL&¢��Ñ��CzA�5é
��Y.

L 1 DÚÿ£«�{í�Ñ�ÅirÚ¢ÿ�Åiré'

úÚ?Ò ΩL(◦/h) Random walk derived from ΩL(◦/
√

h) Working random walk (◦/
√

h)

G1 230 3.15 × 10−3 1.25 × 10−3

G2 191 2.62 × 10−3 1.98 × 10−3

G3 216 2.99 × 10−3 1.99 × 10−3

G4 184 2.52 × 10−3 1.35 × 10−3

G5 203 2.77 × 10−3 1.94 × 10−3

G6 166 2.27 × 10−3 1.56 × 10−3

G7 168 2.31 × 10−3 1.17 × 10−3

G8 197 2.69 × 10−3 1.77 × 10−3

G9 160 2.19 × 10−3 1.78 × 10−3

G10 195 2.67 × 10−3 1.60 × 10−3
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3 Ä�Ñ�1»�.9Ù?Ø

�-1úÚ?u£½G��, Ù£«3Åì
O�, ù«y�®��õ�ïÄö¤uy [13,14,17].

æ^�¡1»nØ�.U
)ºù«y�, @�
3úÚ?u7ÅG��, 3º¡�L¡Å!ÚÅ
J�OÑy, ¬éº¡���Ç/¤±Ï5�N
�, òº¡ “�¡”���±Ï5�Ñ�1»Xã 1

¤« [13].

ã 1 º¡Ñ�1»«¿ã

du�11Ú_11�Z�, ¬3º¡þ/¤
Z�^«, Z�^«¬¦�º¡�Ñ�Ç�)±Ï
5�N�, b�\��� θin ¿������Ñ�
´þ!�, K²N���º¡þ�:�Ñ�Ç r �
±L��

r = r0

(
1 − m cos

(
2πx

d

))
, (6)

Ù¥ r0 �~ê, x�º¡þ����I, m��¡
�Ý. duV1å��^, d ÷v

d =
λ

2 sin θin
, (7)

Ù¥ λ�Å�. �â1�DÂnØ, ÷ θ ����
Ñ�|�

E(θ) = E0

∫ L

−L

re iδ dx, (8)

Ù¥ δ �1l\�1���Ñ�1�1§�, ÙL
�ª�

δ =
2πx

λ
(sin θin + sin θ), (9)

Ïd÷ θ ���Ü¤��Ñ��

R(θ) =
E(θ)
E0

=
∫ L

−L

re iδ dx

= r0

∫ L

−L

(
1 − m cos

(
2πx

d

))
× e i 2πx

λ (sin θin+sin θ)dx

= r0

∫ L

−L

(
1 − m cos

(
2πx

d

))
× e i 2πx

λ (sin θin+sin θ)dx. (10)

-

f = − 1
λ

(sin θin + sin θ), (11)

K (10) ª�±��

R(θ) = r0

∫ L

−L

(
1 − m cos

(
2πx

d

))
e−i2πfxdx

= r0

∫ ∞

−∞
rect

(
x

2L

)(
1 − m cos

(
2πx

d

))
× e−i2πfxdx, (12)

R(θ) =�¼ ê rect
( x

2L

)(
1 − m cos

(2πx

d

))
�

F p

�C�, f �L�ªX (11) ª¤«. �âFp�C
��5�, ü�¼ê¦È�Fp�C��u�gF
p�C��òÈ [18]. R(θ) �)ÛL�ª�±��

R(θ) = r0

∫ ∞

−∞
rect

(
x

2L

)
e−i2πfxdx∗

×
∫ ∞

−∞

(
1 − m cos

(
2πx

d

))
e−i2πfxdx

= r02Lsinc(2fL)∗
(

δ(f) − m

2
δ

×
(

f − 1
d

)
− m

2
δ

(
f +

1
d

))
= r02L

(
sinc(2fL)

− m

2
sinc

(
2
(

f − 1
d

)
L

)
− m

2
sinc

(
2
(

f +
1
d

)
L

))
. (13)

éþª?1ê�$�, � L = 1 mm, Å�
� 0.6328 µm, Ñ\�Ý θin = 45◦. 3O�� (13)

ª¥� r02L�~ê, ØO�3S.

� m = 0 �, �±������þ���Ñ�
©ÙXã 2 ¤«. ã 2(a)�Ñ��Ý3 [−π/2,π/2]
�m�Ñ�©Ù, ������Ó���Ñ�, =
c�Ñ�äk�r�Ñ�ÌÝ, �c�Ñ��'
Ù¦���Ñ��c�Ñ��'®²wØ�
.

�
*	\������Ñ�, �xÑÑ��Ý
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3 [0,π/2] �m�Ü©, =��²¡���Ñ�, X
ã 2(b) ¤«. lã 2(b) �±wÑvk/¤N�1»
�, ��²¡�Ñ�©Ù´ëYþ!�, ÷\��
����Ñ�vk?ÛÉ~.

� m = 0.001 �, �±������þ��
�Ñ�©ÙXã 3 ¤«. ã 3(a) �Ñ��Ý3
[−π/2,π/2] �m�Ñ�©Ù, �ã 2(a) �qE,ä
k�r�c�Ñ�. ã 3(b) ¤«���²¡, =Ñ
��Ý3 [0,π/2] �m���Ñ�, �ã 2(b) �'
duN�1»��3, ÷\�1���)
�r�
£Å. ��5¿�´ù«y��\�1�\��Ã

', ÃØ\��Ýõ�, £Å���©ª��\�
1���. ~X3o>/-1úÚ¥, \����
Ý� π/4, 3n�/���úÚ¥\����Ý
� π/6. �õ��ý(JL², �XN��Ý m �
�O�, £Å¬Cr, ��Ñ�Ò¬C�, £«�
��Ñ�´ké�'X�, ¤±£«�¬O�.

AT5¿�´ù« “�¡1»” �A�k3�
/���-1ì¥�3. 3�5-1ìdupd
1å���¡Cq�²¡, �)Ñ�1»��U5
��, =¦����3, §E¬�c�Ñ�{¿�
Ó����.

ã 2 m = 0 ��Ñ�©Ù (a) ��²¡�Ñ�©Ù; (b) ��²¡�Ñ�©Ù� � � �� � �
� �

� � �
� �

� � �
� � �

� � �� � � � � �� 	 � � � 
 � � � �� 
 � � � � �� � �
� �

� � �
� �

� � �
� � �

� � �
� � � � � �� 	 � �� �  � � 

ã 3 m = 0.001 ��Ñ�©Ù (a) ��²¡�Ñ�©Ù; (b) ��²¡�Ñ�©Ù
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��3 (13) ª¥N��Ý m ´�����
�ëê. �±@�V�-1�Z�Úå��¡�
^Ø´]��¤�, ù«�¡ATk���mµþ
�AL§. b� “�¡” éuZ�^«��A��
��!.5�!, Ù�m~ê� τ , KN��Ý m

�ûª&Ò ∆ν �'X�±L«�

m = C

∣∣∣∣ 1
1 + i2π∆ντ

∣∣∣∣, (14)

Ù¥ C ��ÚN��Ý, �1r�', i �Jêü
 . �â*ÿ²�, τ ´��'���þ, Ùêþ?
�O3 1—10 s �m. �-1úÚd1ÅG�=�
7ÅG��, º¡þ�^«Ø2£Ä, 1»�¡�
AØä\ì, m ±�ú��ÇªCu�Ú� C. �
d7Å=��1Å�, º¡þ�^«m©£Ä, (14)

ª¤«�Ä��AL§¦�N��ÝØäü$, ù
�3÷*þNy��« “ÞØ” �A. ¤±37Å
G�e�£«O�´�_�, �?\ó�G��,

Ñ�1»¬�ÅìÞØ, úÚ�±Åì¡E��~
G�. d (14) ª��, 31ÅG�e�¬�3Ñ�
1», �´§�N��Ý'�$. 31ÅG�e, d
u τ é�, m �±CqL��

m =
C

2π∆ντ
, (15)

��N��Ý�ûªªÇ¤�', ��Ñ��ûª
ªÇ¥y��5�'X, �X ∆ν �O�, m �±
~��é���. ��ØÓ�ûª&Òe, du�
�Ñ�´Cz�, £«���´Ø���. 3æ^
I�I{ÿþ£«�, I��úü$=�, =�ü
$�1» “�¡” �A¬\ì, z�º¡�Ñ��
\�1���à8, ¦�£ÅOr, �)����
�Ñ�, \ì�_1�m�ÍÜ, ?¦�£«C
�, £«C�qûªªÇü$, ?�Ú¦� “�¡”

�A\ì, XdÌ� E, ù�L§Xã 4 ¤«. ¤
±¦�ûª&Ò����=�®²Ø´¢Só�
��£«, ù�ÿ���  'ó���£«��
�õ.

�d (15) ª)º
c©JÑ�¯K. I��Ñ

�´du�A�m τ ����, ��ªÅËúÚ?
uó�G��, úÚ��ó�3ûªªÇ��� 
�, �ÏL£«��Ýqé¯, N��Ý5Ø9
�A, ù��±@�£«´Ä�ØC�. �ªÅ�
ËÄúÚ ∆ν �¸��±�� 500 kHz. � τ = 5 s

d��±�O m ���

m =
C

2π∗5s∗500 kHz
= 6.4 e − 8C, (16)

��éu�ªÅËúÚó, ù« “�¡” �A�
(´�±�ÑØO, �´3L£�, N��ÝE¬
ÑkO�.

ã 4 Ä�Ñ�1»�A��^«¿ã

4 ( Ø

3æ^ü$=���{ÿþúÚ�£«  
'ó�G�e�£« �. �©3c<�Ä:þJ
Ñ
Ä�1»�¡nØ, 3�¡�Ý¥Ú\
ªÇ
Ä��A, �Ñ3úÚSÜÓ��3 “�¡” � “À
M” ü«L§, �ûªªÇ�p�, Ì�Ny� “À
M” �A, 3ûªªÇ�$�, Ì�Ny� “�¡
�A”. �úÚó�3��4£G��, Z�^«Ø
Ä, “�¡” �A¬\ì, £«ÅìO�, ù«£«O
�´�_�. ��?\ó�G�, Z�^«¯�3
º¡þ£Ä, Ì�Ny� “ÀM” �A, ¦£«Åì
¡E. 3ÿþ£«�, �XûªªÇ�ü$, du�
¡1»�A�\ì, £«´ØäO\�. ©¥JÑ
��.k�½���5, �%U
)ºéõ¦ïÄ
öÚó§<
¦¾�/�, ´é-1úÚgU�§
�kÃÖ¿.
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Research and discussion on the lock-in threshold
variation of ring laser gyro∗

Fan Zhen-Fang Luo Hui† Lu Guang-Feng Hu Shao-Min

( College of Optoelectronic Science and Technology, National University of Defense Technology, Changsha 410073, China )
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Abstract

The lock-in threshold can be obtained by reducing the rotation rate. The lock-in threshold obtained using this method is incon-

sistent with the angle random walk derived from Allan variance. A dynamic burn-in grating model is proposed. The burn-in effect

happens in the mirror not only in the standing wave state, but also in the traveling wave state, and it responds dynamically to beat

frequency, which is different from previous research results. It can be derived that the lock-in threshold increases with the decrease of

rotation rate for this model, and many puzzling phenomena of the ring laser gyro can be explained.

Keywords: ring laser gyro, lock-in threshold, scattering, dynamic burn-in grating
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