
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 200502

111>>>&&&ÿÿÿììì���ÅÅÅDDD(((AAA���þþþÚÚÚOOO©©©ÙÙÙ¼¼¼êêê
A�j �Lå 
ï o�u D�¬†

( H®nó�Æ&EÔn�ó§X, H® 210094 )

( 2012 c 2 � 10 FÂ�; 2012 c 4 � 23 FÂ�?Uv )

Äu�)1>&ÿìD(&Ò {Vi} ��ÅL§, ©Û
�Åÿþ¥­½ØC��ÅÞáüÜ©�ØÓ5�,

ïá
D(&Ò�Å5êÆ�., ©Û�Ñ3�Å5ÚOïÄ¥éÚO©Ù¼ê���5�å'X. ¢�ïÄ
Ó
��ÅL§¥ØÓ5�A�þ�ÅÞá�ÚOOê5Æ, X�ÅD(&ÒÌÝ�!4�ÌÝ!4�m�, ��ÌÝ
�!¦ÈEÜA�þ!ûEÜA�þ��ÅA�þÞáÚO©Ù5Æþ÷véê��©Ù. lnØÚ¢�þ�Ñ
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1 Ú ó

3¯õ+�éäk�Å5�A�þ�ïÄ¥,
�Xÿþ°Ý�ØäJpÚÿþêâþ�ØäO
�, �5�õ�ïÄö¦^éê��©Ù¼ê5£
ãÙÚOA�þ. ~X3�¦�d�Cz�ÅL
§ïÄ¥, Í¶� Black-Scholes Ï�½d�., �
.¥��b��¦�d�Ñléê��©Ù¼ê,
�5éõ�êâ�y²
b���( [1]; 3�Å
��Ï�¸¥, éØÓ�ýmå�¹e��Ï6
�Ý©ÙïÄ¥, �ý���Ý©ÙÑléê��
¼ê [2]; 3�ÅóÀ&ÒA�þÚOïÄ¥, Torı́o
Ú Sánchez[3,4] �Ñ
�ÅóÀ�ÌÝ©Ù9\O
ÌÝ©ÙþÑléê��©Ù�¢�(J; $f
� [5] ÿþ�í¥]2�â+1Ñ�&Ò, �ÑØ5
K�â+A�ëê�mäk©/'X; 
ï� [6,7]

3]2�Å�âÑ�1óÀ&ÒÌÝ!°Ý�Å
5ÚO©ÙA�ïÄ¥�ÑOê©ÙÑl±g,
ê�gCþ�éê��©Ù/ª; �Lå� [8] ï
Ä�ÑD(&ÒÚO©ÙÓ�÷véê��©Ù
/ª. ±þ�ïÄ(JL², 3ØÓ��ÅL§¥,
ÙA�þ�ïÄÚO©ÛÑäkØé¡5, þæ^

éê��©Ù£ã, �Ñ´é�ÅL§,��A½
5�A�ëþÑygê��ÚO©ÙïÄ, ¿vk
�ÄÓ��ÅL§¥ØÓ5��ÅA�ëþ�Ú
O©Ù9Ù�péX, �vkò�ÅÿþL§«©
�­½��ÅüÜ©5©Û.

�X1>&ÿì�A^�5�2�, ïÄ1>
&ÿìD(&Òé¢��O(ÿþ��5�­�,

Ï~ïÄÑ8¥3©ÛD(��)Ån [9] ±9
D(��ý�[ [10] �¡, é�läN��ÅL§
Ñu, ïÄ1>&ÿìD(ÑÑ&ÒÚOA5.

�©läN�ÅL§�Õá�ÅÏ��m�
�pK�'XÑu, ïá
D(&ÒêÆ�., A
^p�êâæ8k, é1Ñ�Oê1>Daì�
.D(&ÒÌÝ�?1P¹, ©Û
P¹�¥­
½ØC��ÅÞáüÜ©�ØÓ5�, é&Ò�
���SP¹�?1�[�ÚO©ÛïÄ. O�

�ÅD(&ÒÌÝ� {Vi}!4�ÌÝ {ψm}!
4�m� {κm}!��ÌÝ� {φi}!¦ÈEÜA�
þ {Sm}!ûEÜA�þ {Dm} �&ÒA�þ�Å
ÞáÜ©�ÚO©Ù. ¢�(JL², þãØÓ5
�!ØÓ��«m�D(&ÒA�þ��ÅÞá
Oê©Ùþ±ép�°ÝÑl±g,ê l�gCþ
�éê��©Ù, ¢��ÚO©Ù¼êéÐ/÷v
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�.éÚO©Ù¼ê��¦. ?�Úí��Ñ,
éê��©ÙOê©Ù¼êp°Ý/£ã
�Å
ÿþL§¥�ÅÞáÜ©��Å5ÚOA�.

2 1>&ÿìD(&ÒA5©Û

2.1 111>>>DDDaaaìììDDD(((&&&ÒÒÒÿÿÿÁÁÁCCC���

�©æ^�¢�C�Xã 1 ¤«. 1>&ÿì
D(&ÒÌ�´dÿþC��.Ñ�1�)�, ²
L1>&ÿì�Â8Úc���>´���, �Ä
�D(&Ò�©�f¿��¦Bu PCI-9812 p�
êâæ8kæ8Úêâ�©ÛO�, >´OÃ�O
�� 102.

êâæ8kò1>Daì�D(&ÒÑ\O
�Å�;, ,�2éÿþêâ?1©ÛO�. 3 100

?�À�¸¥?1¢�ÿþ, ÿþXÚÚÿþ�¸
´u¢y, Bu?1õg­Eÿþ.

ã 1 1>Daì�.D(&ÒÿþXÚ«¿{ã

2.2 ÿÿÿþþþ&&&ÒÒÒ���VVVëëëþþþêêêÆÆÆ���...

�
�Ð/ïÄ&ÒÚOA�, ïá£ãD(
&Ò(��VëþêÆ�.. ã 2 �Ñ
�Á�¥
1>&ÿìD(&Ò {Vi} �f�.

ã 2 {Vi} 3Ônþ²¡ V -t �N�lÑã

� {Vi} o��ê� N , �����Sÿþ�
�� ∆τi, ��éA�����ÌÝ��� ∆φi,

{Vi} éA�±Y�m� t =
N∑

i=1

∆τi. {Vi} ¥�

��� Vmax, ��� Vmin þ�k��, �L«
¤ Vmax > Vi > Vmin. éu¢�ÿþ(JÌÝ
� Vi, Ø=�¹�ÅÿþL§¥­½ØC�Ü
© Vc, 
��ké�ÅÞáÜ©�£ã ∆Vi, Ï
dÿþ(J  L«� Vi = Vc + ∆Vi. � δV �
L&ÒÌÝ��ü , �ÄäNÿþ, du�ÿé
� —— �Å&ÒÌÝ�����ÿþXÚ�ÿþ
°Ý�éA, = Vmin = δV , Ï~ÿþ�����
�Ø�½o´�±��XÚ�ÿþ°Ý, �ÿþ
��½´ÿþ°Ý��ê li � (li > 1). n��
¹e, ����u­½ØCÜ©��� Vmin = Vc,
� Vi = Vmin = Vc = δV �, li = 1, �D(&
Ò {Vi} �K­½ØCÜ©�N��êÆ {li} �.

Vi − Vc + δV

δV
≡ li, (1)

�ko©�ê L ≡ (Vmax − Vmin)/δV +1, lmin ≡ 1.
{Vi} � {li} �C�¿�X V -t ²¡þ:S� {Vi}
�êi l-i �I²¡�:S� {li} ��N�, �
ã 3.

- max {∆φi} → 0, max {∆τi} → 0, KéA
u N → ∞, D(&Ò�.ªuëY5/ª V (t).
�nþ, ¤kÿþ� {V } �k�êi\�, Vmax,
Vmin *ÿ��°(Ý� N → ∞ �L§Jp,�ê
\�. {V (t)} N�� l-i �I²¡�ëY­�, ë
�ã 4.

¼ê l (i) VëêN��.�

lim
δV,δτ→0

N→∞

Vi − Vmin

δV
+ 1 ≡ l (i) i ∈ [1,∞) , (2)

¤±, ëY¼ê V (t) ���´��éÔnA�ë
þÝþü �4��L§ (δV, δτ → 0) éA�ê
ÆN� l (i).

� N �L�gÿþ±ÏéA�&Òoê, �
â (1) ªUìÌ���üS�, � Nli L«Ì�÷
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v Vi = li ·δV +(Vmin − δV ) �&Ò�ê, K�ÅD
(&Ò8Ü�Ä�VÇ©Ù¼ê� p̃(li) ≡ Nli/N .
¼ê p̃(li) �©Ù/ª�o��þ N �O�ªu
­½, 
3k�*ÿ�� [Vmin, Vmax] e, �o©�

ê lim
δV,δτ→0

N→∞

L → ∞, 3k���AÛ²¡«¿/ª

e, ��ã©Ù p̃(li) òéAuëYVÇ�Ý¼ê
/ª p (li).

ã 3 {Vi} ��I²¡ (l-i) �N�lÑã

ã 4 D(&Ò {V (t)} �ëY1w­�N� l (i) «¿ã

2.3 ÄÄÄuuuVVVëëëþþþ���...���DDD(((&&&ÒÒÒØØØÓÓÓ555���
AAA���þþþ©©©ÛÛÛ

éuÿþ����Å8Ü —— D(&Ò {V },
�â���S&ÒP¹�Cz�üN5, ½Â�Å
&Ò�ü�Ä�A�þS�: 4��S� {Vmax,m}
Ú4��S� {Vmin,m}, ë�ã 5, U
uy�k
õ«�D(&ÒCzk'�Ä�A�. �âØ
Ó�$�5K, �±½Â�Å8Ü {V } �ØÓ
5�A�þ8Ü, X��&ÒÌÝ4���4�
���� ψm = Vmax,m − Vmin,m (eü÷Ì�),
ψ̃m = Vmin,m − Vmax,m+1 (þ,÷Ì�) (m�g,
êS�) Þá, éA�©Ù¼ê� p (∆ψm); ��&
ÒÌÝ4��4���m�S�m� κm Þá, é
A�©Ù¼ê� p (∆κm) �&Ò4�5��A�
þ. �k�E,�A�ëê, X£ã&Ò�ä¡È
�A�þ, ¦Èëþ Sm ≡ κm · ψm, Ù�ÅÞáé
A�©Ù¼ê� p (∆Sm); £ã&Òþ,÷eü÷
5��ûA�þ Dm ≡ κm/ψm, Ù�ÅÞáéA
�©Ù¼ê� p (∆Dm), ±9&Ò��ê'X, �
�&ÒÌÝ��� φi = Vi+1 − Vi, éA�Þá©

Ù¼ê� p (∆φi).

ã 5 1>&ÿì�.D(&ÒA�þ«¿ã

ØÓ5��A�þéA�©Ù¼ê�,Ø�
��Ó, �Ñ´Ó��¸�Å�^¤� {V } SÜ�
A�ëþ(��., ´�«Õá�^Ï� Aj �m
�p�å��N. ��Ó��¸¥�Å�^��N,
þã�«OêÚO©Ù¼ê�a.AT�Ó, ©Û
�«OêÚO©Ù¼ê, k|ué�ÅL§¥��
ÅA5?1ïÄ.
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UìA½^�e1>Daì�D(&ÒC
z {∆V } ÌÝ���^S?1ÚO, �ïá�A
�ÚO¼ê�.. Oê©Ù¼ê p (l) ´D(&
Ò {∆V } �)�¸¥�Å�^�Ly/ª��.

3 1>DaìD(&ÒA�þÚO©
Ù¼ê�¢�ïÄ

3.1 ¢¢¢������OOO

ÚO©Ù¼ê£ãD(8ÜSÜ(��­½
5. ��oþ!&ÒÌÝ©EÇ!&Òæ8�Sm
��ÿÁëê�ÀJ7L�Ä�&Ò�Ä�5G.
1>&ÿìD(&ÒÌ�
uÿþC��.Ñ�
1éA�S1>�A, Ó���&ÿìó�G�ë
êk', X�� �>Ø��!1&ÒÂ8�Ç!
��>´OÃ­½5!ø>­½5!1>=��
Ç­½5�.

�©æ^ 808 nm, 50 mW ëY-1O�1å,
± 100 ?�À�¸¥��í©f��.Ñ�1
,
1¯«NÈ�� 0.5 mm×1 mm×8 mm; À^#.
1>&ÿì, 1¯¡º�� 6 mm×9 mm, ó���
� �>Ø�O� 12 V, V>6Ø�u 10−9 A; c
�>´A^$D($�, �A�m�O� 10−6 s,
�°� 5 MHz, >´OÃ�� 102; æ�íN²þ
6��� 10 m/s, 6þ�O� 28.3 L/min; &ÒÑÑ
��6/ª, &ÒÌÝ��Cz��� 5 V, �õ�
©Ù3 2048 ����>ØÏ�S, üÏ�>Øm
� ∆V ≈ 2.44 mV, &Ò��æ8Ç 20 MHz (éA
�m°Ý ∆τ �� 0.05 µs), ügëYæ8�êâ
þ�� 107.

3.2 DDD(((&&&ÒÒÒÚÚÚOOO���...

éuã 1 ¤«�D(&ÒÿÁXÚ B, �&Ò
ÌÝ V ��üN��'�ÕáÏ�k1¯«-1
��1r I!1¯«��©fê n!DaìÑ�1
��Â8Ç S!&ÿì1>=��Ç η!>´O
Ã H �. &ÒÌÝCz {∆V } ��Õáëþ�Þ
ák'. ��±í½, Vmin ��ÕáëþÑ���
���^�éA, Vmax K��ÕáëþÑ����
��^�éA. -Õáëþ A ���Ýþü  δA,
� {∆V } éAk {∆A} ≡ {A − Amin + δA}. 1>

DaìD(&Ò�.�L«�

∆V ∝ ∆IαI ∆nαn∆SαS∆ηαη · · ·∆HαH α > 0,

(3)
Ãþjê α �LD(&Ò�)�¸¥ØÓëþ
� Å Þ á ��S � � � ' C z 5 Æ, � � � ¹
e α 6= 1. � B �L�¸­½A�ëþ, = {∆V }
�n)�Õáëþ�ÅÞá��A, éu�½�ÿ
þ�¸, KkA�þ

B ≡ ∆V

∆nαn∆IαI ∆SαS∆ηαη · · ·∆HαH
, (4)

(4) ªØ÷vCþ²£ØC5. T�.��&§Ý
��âÿÁêâÚO(J\±u�. dÃþjê|
¤�D(&ÒêÆ�.�

∆V

δV
=

(
∆n

δn

)αn
(

∆I

δI

)αI
(

∆S

δS

)αS

×
(

∆η

δη

)αη

· · ·
(

∆H

δH

)αH

, (5)

��±L«�

lVi = (lni)
αn (lIi)

αI (lSi)
αS (lηi)

αη · · · (lHi)
αH .

(6)
éu�X��ÿþêâ, �¦2m�, ��

B ≡

 N

√√√√ N∏
i=1

lVi

 / N

√√√√ N∏
i=1

(lni)αn
N

√√√√ N∏
i=1

(lIi)αI

× N

√√√√ N∏
i=1

(lSi)αS
N

√√√√ N∏
i=1

(lηi)αη · · ·

× N

√√√√ N∏
i=1

(lHi)αH

 , (7)

=3VëþD(&Ò�.¥ÚOëêÀ�AÛ²
þ�/ª. dAÛ²þ��½Â��

lαX

X ≡ N

√√√√ N∏
i=1

(lXi)αX =

 N

√√√√ N∏
i=1

lXi

αX

= lX
αX

,

(8)
þª�g,éê��

ln lαX

X = ln

 N

√√√√ N∏
i=1

(lXi)αX

 = ln

[
L∏

lX=1

l
αX p̃(lX)
X

]

= αX

[
L∑

lX=1

ln lX · p̃ (lX)

]
= αX ln lX , (9)

(9) ª´é p̃ (lX) ¼ê��«��5�å'X.
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� lim
NÀL
δX→0

L ≡ lim
NÀL
δX→0

Vmax − Vmin

δX
+ 1 → ∞ ^

�, k lim
NÀL
δX→0

p̃ (lX) → p (lX) ëY/VÇ�Ý¼ê.

ò p (lX) �\ (9) ª, =k ln lX �êÆÏ"

E(ln lX) = lim
δX→0
L→∞

L∑
lX=1

ln lX · p̃ (lX)

=
∫ ∞

1

ln lX · p (lX) dlX = ln lX . (10)

Ãþjê|¤�D(&ÒêÆ�.¦^AÛþ�
�L«¤

lV =
(
ln

)αn
(
lI

)αI
(
lS

)αS
(
lη

)αη · · ·
(
lH

)αH
. (11)

duA�ëþäkÕá¿Â, Ïdî�¿Â
þ?¿ü�A�ëþ�mØ�3î���''
X. =���¹e α 6= 1, ����.¥²~Cq
� α ≈ 1.

3.3 DDD(((&&&ÒÒÒØØØÓÓÓ555���AAA���ëëëþþþÿÿÿÁÁÁêêêâââ
OOOêêê©©©ÙÙÙ

¢�ÿþ��� 8 × 106 �1>DaìD(
&ÒlÑP¹��OêÚO(Jë�ã 6. :�ê
â�Lÿþ�, ëY­��L±ÿþ�ÚO©Ù4
���é¡¥%�Y²º�­�, 3p°Ý�ÿþ
©Û¥, {Vi} �ÚOOê©Ùäk²w�ü¸Ø
é¡5.

ã 6 Ì� {Vi} Oê©Ùé¡5é'

ã 7 �Ñ±g,ê l �gCþ�éê��©
ÙÚO¼ê?1[Ü�(J, N´wÑ, ÚO©Ù
±4p�°OÝ� p (lx) ¼êÎÜ. ¼ê�äN
/ª�

p (lx) =
∆lx · δX

ΩX [X − (Xmin − δX)]σX,ln

× e
−

(ln[X−(Xmin−δX)]−ln Xµ)2

2σ2
X,ln

=
δlx

ΩX lxσX,ln
e
−

(
ln

lxδX
lXδX

)2

2σ2
X,ln

δlx≡1=
1

ΩX lxσX,ln
e
−

(
ln

lx
lX

)2

2σ2
X,ln , (12)

�ÿþ°Ý δX ªu", L → ∞, ©Ù¼ê p (lx)
�ëY¼ê/ª, ÙÚOA�ëþ!AÛþ��

éê/ª�: ln lX ≡
∫ ∞

1

ln lx · p (lx)dlx, lÑÝ

½Â� σ2
X,ln ≡

∫ ∞

1

(
ln lx − ln lX

)2
p (lx) dlx. (12)

ª � Ú O © Ù ¼ ê é Ð / ÷ v n Ø � . ©Û
¥ (10) ªéOêÚO©Ù¼ê��¦, �Ä�Ï
�ê L > lX À 1 v
õ�^�, �8�zX
ê ΩX =

√
2π [Ü, �'ëê�L 1. ��«Õá

ëþ A ��þ�����Ýþü  δA �, &ÒÌ
Ý����� Vmin = 1δV , ù����Ò´D(
ÌÝ&Ò­½ØC�Ü©, Vmax ��«Õáëþ A

����éA.

ã 7 Ì�Cz {∆Vi} Oê©Ù[Ü­�

¢�ÿþ���P¹� {Vi} ����S&
ÒCz�üN5Xã 4 ¤«, D(&Ò�5�
Ø
&ÒÌÝü�A�þ	, �kÙ¦�E,5
��A�þ: ��4���4����� (4�
ÌÝ {ψm}), ��4���4���m�°Ým
� (4�m� {κm}). ùa5��A�þ´D(&
ÒSÜ4��m�'X, U
�\[�/�x&Ò
�4�A5Ú4�Õ��&E.

¢ � ï Ä � Å D ( A � þ 4 � Ì Ý Þ
á {∆ψm} Ú4�m�Þá {∆κm}, ?1ÚOO
�, éA�Oê©Ù­�Ú[Ü­�©Oë�ã 8
Úã 9, [Ü­��O�ëêë�L 1.
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L 1 D(&ÒA�þ {∆Vi}, {∆ψm}, {∆κm} ÚO©Ù¼ê��'ëê

ÿþ ÿþêâ [Üêâ

é� o��þ N ÚOëþ lX ÚOëþ σln ÚOëþ lX ÚOëþ σln

{∆Vi} 7894683 974.13 0.1091 978.33 0.1088

{∆κm} 1047575 48.76 0.1942 48.87 0.1970

{∆ψm} 1047574 38.43 1.3854 27.17 2.2210

ã 8 4�ÌÝÞá {∆ψm} ÚO­�

ã 9 4�m�Þá {∆κm} ÚO­�

ã 8 ¥A�þ4�ÌÝÞá {∆ψm} �ÚO
©Ù�üN(�, ù´du &ÒÌÝ4��À
�~�
êâþ, O�êâ�lÑÝ, 4��~
4���$�2�gO�
lÑÝ. �.O�ë
ê σ2

ln > ln lX , éuù«lÑÝ'����Å©
Ù, �kéõïÄö^�¼ê/ª�OþãÚO
¼ê [11,12]. 4�ÌÝ {ψm} �����ÌÝ�
�����, �­½ØCþ, 4�ÌÝ����
� ψmax = Vmax − Vmin, �êâþv
õ� {ψm}
�±�����.

A�þ4�m�Þá {∆κm} �ÚO©ÙE
,´Øé¡�ü¸(�, {∆ψm} Oê©Ù�ü

N ( � Ú {∆κm} O ê © Ù � Ø é ¡ ü ¸ ( �
Ñ� (12) ª�éê���.­�p°ÝÎÜ. Ï
d, Ø=ü�5��D(&ÒA�þOê©Ù÷
v±g,êS��gCþ�éê��©Ù, 
�
D(&ÒSÜE,5��A�þOê©Ù�Ó�
÷v.

D(&Ò�\E,�ØÓ5��A�þk: D
(&Ò�ä¡È����A�þ, ¦ÈEÜA�
þ {Sm ≡ ψm · κm}; D(&Òeü÷½öþ,÷
��ÇA�þ, ûEÜA�þ {Dm ≡ κm/ψm}; £
ã&ÒÌÝ��mSÜ'X�A�þ, 'X��Ì
Ý�� {∆φi ≡ Vi+1 − Vi}.

ã 10 ¦ÈEÜA�þÞá {∆Sm} ÚO©Ù

ã 11 ûEÜA�þÞá {∆Dm} ÚO©Ù

|¤ù
EÜA�þ��ÅþÑ®²¢�y
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²÷vg,êS��éê��©Ù, éuEÜ�Å
A�þÞáOêÚO5Æ�ïÄ, U
���g/
`²�ÅL§¥�«�ÅA�þÞáATÑäk
�Ó�ÚO5Æ, ù«�Ó�ÚO5Æ�´Ù�Ó
äk��Å5��£ã.

¦ È E Ü A � þ Þ á {∆Sm} Ú O © Ù X
ã 10 ¤«, ÙüN(�du¦È$�O�
ê
â � l Ñ Ý, ¦ È E Ü A � þ­½ Ø C � Ü ©

�Ù��� Smin = ψmin · κmin, éA����
� Smax = ψmax · κmax. Ón, ûEÜA�þ­½Ø
CÜ©. Ù���� Dmin ≡ κmin/ψmax, ~�Ù­
½ØCþ, ûEÜA�þÞá {∆Dm} ÚO©ÙX
ã 11¤«.

ü¸ÚüN�(�Ó�U
ép°Ý/¦^
Ú��ÚO©Ù¼ê£ã, Ù[Ü­��O�ëê
ë�L 2.

L 2 D(&Ò {∆Sm}, {∆Dm}, {∆φi} ÚO©Ù¼ê��'ëê

ÿþé� o��þ N
ÿþêâ [Üêâ

ÚOëþ lX ÚOëþ σln ÚOëþ lX ÚOëþ σln

{∆Sm} 1047574 8.07 1.4748 5.00 3.00

{∆Dm} 1047586 15.45 0.29 15.45 0.27

{∆φi} 7894682 317.95 0.08 317.9 0.08

4 D(&Ò��ÌÝ��?Ø

±þ?Ø�ØÓ5��A�þ, duÙÀ�
��$�5Kû½Ù��Ñ3�ê�S, ,
é
u��ÌÝ&Ò���, Ù��Ø=k�ê, �k
�þ�Kê, {φi} �OêÚO©ÙXã 12 ¤«,
Ù���� φmin = Vmin − Vmax, éA����
� φmax = −φmin.

ã 12 ��ÌÝ� {φi} OêÚO­�

duD(&Ò¢�ÿþæ^�m� ∆τ æ�
��ª, ��ÌÝ��±w�D(&ÒÌÝ��
ê V ′

i = φi/∆τ , Ù�ê�´d­½ØCÚ�Å
ÞáüÜ©|¤, V ′

i = V ′
m + ∆V ′

i . D(&Ò�
�ê�±L«� V ′

i = (Vi+1 − Vi)/∆τ = (li+1 −
li)δV /∆τ = ∆liδV /∆τ , �mm� ∆τ = 1, D(&
ÒÌÝ��ê3ê�þ�D(&Ò��ÌÝ��

�, �ÅL§ÿþ¥D(&Ò�ê�ÞáN��ê
Æ�. {li} �/ª� (V ′

i − V ′
m)/(δV/∆τ)+1 ≡ li,

Ù¥D(&ÒÌÝ��ê3�Åÿþ¥�­½Ø
CÜ©� V ′

m = (Vmin − Vmax)/∆τ = φmin/∆τ , X
ã 12 ¤«. V ′

m = 320 × δV /∆τ , lz��ÌÝ�
ê¥�K­½ØC�Ü©, =ïÄD(&Ò��Ì
Ý���ÅÞá�¹, ��ã 13 �©Ù­�, �,
´Øé¡(�, U
éÐ/�éê��©Ù­�Î
Ü, [Ü­��O�ëêë�L 3.

ã 13 �ÅÞá {∆φi} ÚO9[Ü­�

nþ, éuD(�ÅL§, ØÓ5�!ØÓE
,§Ý��ÅA�þïÄ¥, A�þ���Ø==
Û�3�ê�S, �kKê��3, Kê����
�­½ØCÜ©��N, ~�ØCþ, =ïÄA�
þ�ÅÞáÜ©�Oê©Ù, ØØ´ü¸(�, �
´üN(�, Ñäk²w�Øé¡5, ¿�ÑU
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p°Ý/�g,êS��éê��©Ù¬Ü, ¿�
éê��¼êU
éÐ/÷vD(&ÒêÆ�.
éÚO©Ù¼ê��¦, ¿�±g,ê�gCþ�
éê��©Ù/ªU
éÐ/£ã�ÅL§¥�
ÅÞáÜ©�5�.

L 3 D(&ÒØÓ5�A�þ���L

{Vi} {ψm} {κm} {Sm} {Dm} {φi}

��� 2277 2276 45 102420 22.0000 430

��� 1 1 2 2 0.0135 –320

5 ( Ø

�©l�)1>&ÿìD(&Ò��ÅL§

Ñu, ïá
D(&Ò�Å5êÆ�.. ©Û�Ñ
�Å�¸¥, éÚO©Ù¼ê�÷v��5'X�
�¦, �ÅL§¥´d5�ØÓ�­½ØCÜ©�
�ÅÞáÜ©|¤. ¢�ÏLé�ÅD(&ÒÌÝ
�!4�ÌÝ!4�m�, ¦ÈEÜA�þ!ûE
ÜA�þ�ØÓ5�&ÒA�þ�ÅÞáÜ©�
ÚO©Ù5ÆïÄ, þ÷véê��©Ù. ?�Ú
©Û
A��ÑyKê�D(&Ò�ê�ÅÞá
OêÚO5�, �Ñ±g,ê�gCþ�éê��
©Ù/ª´é�ÅÞáÜ©�Å5?1ÚOOê
£ã�Ä�/ª.
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The distribution functions of characteristic quantities
for random noise signal of photodetector
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Abstract

Based on the random process of the photodetector noise signals {Vi}, the different characteristics of the two parts of the random

measurement—stability constant part and random fluctuation part are analyzed. A new mathematical model of the random noise

signal is established. The theoretical analysis shows that the statistical distributions must obey the relationship of nonlinear transform.

The distribution laws of the different characteristic quantities in the same random process are studied experimentally, such as, the

amplitude of extreme, the amplitudes of the rising edge and falling edge, the interval between extreme points, the difference between

adjacent amplitudes, the product value of the quantities and the quotient value of the quantities. And the statistical distribution of these

characteristic quantities matches well with the form of the lognormal distribution. From the theoretical and experimental results we

can conclude that the lognormal distribution plays an important role in describing the random fluctuation part characteristic of random

process.

Keywords: noise signal, random fluctuations, lognormal distribution
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