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NõïÄ¤J. Äu©/Úg�qnØ,
�þïÄ(Juy, ¥fË�1ÍÜìD(&Ò!
7ápë>[£D(&Ò!EÍË�D(&Ò�
þäk²w�©/A5 [1−3], ¿�±|^©/�
ê, ïÄ©E(½5&Ò��Å&Ò��{ [4]. ù
`², ©/�&Ò�m�3X�«g,éX, 
�
´ù«éX, C½
©/nØ^u&Ò?n�Ä:,
m8
&ÒA^�#+� [5].

�ÅD(A5�©Û�kNõ~^�{. 3
é/�£Å�©Û¥, {I MIT ��Æ[ Her-
rmann Ú Stark[6] JÑ
üºÝfÅ�&Ò©Û�
{, Costa � [7] JÑ�õºÝ��{é)n�mS
��Ã5K§Ý��
£ã, ù
�{þ�^uï
á>fD(�©Û�.. 3éóÀD(�ïÄ¥,
Torı́o Ú Sánchez[8,9] JÑ
Ó�æ^Y²9R�ü
�4¶éóÀ?1©Û��{, ¿�Ñ
óÀ�Ì
Ý©Ù9\OÌÝ©ÙþÑléê��©Ù�¢
�(J. 
ï� [10] 3]2�âÑ�1óÀ&ÒÌ
Ý!°Ý�Å5©ÙA�ïÄ��uy, éA�O
ê©ÙÑl±g,ê�gCþ�éê��©Ù/
ª, @�ù«y�´�Å&ÒäkÚO©/A��

Ly. ±þïÄ(JL², |^©/9g�qnØ
é�ÅD(&Ò���A5?1©Û, éïÄ�Å
&ÒSÜ(��ÚOA5äk­�¿Â.

�©A^ PCI-9812 p�êâæ8k, é]2�
â1Ñ�Oê1>Daì�.D(&ÒÌÝ�?
1P¹, ¿é&Ò�S���P¹�?1�[�Ú
O©ÛïÄ. ±&Ò4�� fMax, 4�� fmin �Ä
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bl̃X
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þ z ∼ ln
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1
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ê1>Daì�D(&ÒÑ\O�Å�;, ë�
ã 1, 
�?1êâO�©Û?n.

ã 1 1>Daì�.D(&ÒÿþXÚ«¿{ã

D(&Òäk�Å&Ò�Ä�A�, &ÒÌ�
*ÿ�éAu±�S�gCþ�¼ê f (t), t > 0,
ë�ã 2.

ã 2 1>Daì�.D(&ÒA�þ«¿ã

?¿&Ò f (t) �ÿþ(JU
^ N ��
��8Ü£ã {fi}, i = 1, 2, · · · , Nt. ���e

I “i =
t

∆τ
” � L � S g , ê, ∆τ � ÿ þ X

Ú ê â P ¹ � S � © E Ç. � & Ò Ì Ý © E Ç
� ∆f , �½Â f0 ≡ min {fi} − ∆f , ò {fi} C�
¤8Ü {Fi}, é ∀i ∈ [1, Nt], k Fi ≡ fi − f0 =
li · ∆f > ∆f = ∆F . li �g,ê, =S�g,ê8
Ü {li ∈ [1, 2, · · · , L]} U
�� {Fi} �N�. �k,

L ≡ max {fi} − min {fi}
∆f

+ 1.

� � � � S & Ò P ¹ � C z � ü N 5, ½
Â�Å&Ò�ü�Ä�A�þS�: 4��S
� {fM,j}, 4��S� {fm,j}, ë�ã 2 ¥�ëþ
ÎÒ.

3Ä�A�þÄ:þ�½Âäk�éÕá
5 � Ù ¦ A � þ, X � � � é 4 � Ì Ý Vj ≡

fM,j − fm,j−1, Ṽj ≡ fM,j − fm,j , 4�°Ý Tj ≡
tfM,j − tfm,j−1 , T̃j ≡ tfM,j − tfm,j . ��½ÂEÜA
�þ, X “4�Ì°È” Sj ≡ Vj · Tj , S̃j ≡ Ṽj · T̃j �
�. {FM,j}, {Fm,j} ±9þã¤kÕáA�þ�S
P¹� {Xj} þ��Åþ8Ü.

?Û8Ü {Xj} ÑU
�ê���?1­#ü
S, ù«üS(J��«/ª=8Ü {Xj} �ÚO
©Ù pX (l). ¼ê pX (l) �ê�½Â�

pX (l) ≡ Nl

N
, (1)

N �L {Xj} ��oê, Nl �L {Xj} ¥*ÿ�
÷v X = l·∆X + (Xmin − ∆X) ���ê. 3©
�ê L �k���^�e, ¼ê pX(l) �ê��
o��þ N �O�ªu­½; 
3k�*ÿ�
� [Xmin, XMax] �^�e, �ÚO�. lim

∆X→0
N→∞

L →

∞, AÛ��ã pX (l) òéAuëY5VÇ�Ý¼
ê pX (x) ��«N�/ª

pX (l) ∼ pX (x) · dx =
Nx,x+dx

N
,

x ∈ [Xmin, XMax] , (2)

Nx,x+dx � L 8 Ü Ú O � . {X} ¥ * ÿ � ÷
v xj ∈ (x, x + dx) ���ê. d(½¢�^�
eD(&Ò8Ü {fi} û)Ñ5�&ÒA�þ8
Ü {Xj} Ñäk�Å5, §��ÚO©Ù¼ê pX (l)
�m7,�3����p'é5.

3 � Å D ( & Ò A � þ Ú O ©
Ù pX (l) �ÿ½

3�©�ÿÁ^�e, &ÒÌÝ�õ�©Ù
3 4096 �S�����m� ∆V Ï�S, &Òæ
�Ç�� 20 MHz. 8Ü {fi} ����oþ N �
L 100 �.

3.1 ���ÅÅÅDDD(((PPP¹¹¹��� {Fi} ���ÚÚÚOOO©©©ÙÙÙ

1>DaìD(&ÒS�P¹��ÚO(J
ë�ã 3. ã 3 ¥S�:�Lÿþ��ÚO, ëY­
��L±ÚO©Ù4���é¡¥%�Y²º�
­�. ü«/ª�ÉL²8Ü {Fi} �ÚO©Ùä
kØé¡5.

L 1 ã 4 ¥D(&ÒÌÝ {Fi} ÚO©Ù¼ê��'ëê

ÿþé� o��þ N
ÿþêâ [Üêâ

ÚOëþ lµ ÚOëþ σln ÚOëþ lµ ÚOëþ σln

{Fi} 7894683 974.13 0.1091 978.33 0.1088
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ã 3 Ì�Oê©Ùé¡5é'

ã 4 Ì�Oê©Ù[Ü­�ã

ã 4 �Ñ±g,ê l �gCþ�éê��©
Ù pF (l) ¼ê?1[Ü�(J, N´wÑ, {Fi} �
ÚO©Ù±4p�°OÝ� pF (l) ¼êÎÜ. ¼ê
�äN/ª� (3) ª

pF (l) =
∆l · ∆F

ΩF (F − fmin + ∆F ) σln
e
−

(
ln

F−fmin+∆F
Fµ

)2

2σ2
ln

=
∆l · ∆F

ΩF l∆Fσln
e
−

(
ln l∆F

lµ∆F

)2

2σ2
ln

∆l≡1=
1

ΩF lσln
e
−

(
ln l

lµ

)2

2σ2
ln . (3)

� pF (l) ¼ ê � ë Y / ª �, = � ∆F →

0, L → ∞, K k ln lµ ≡
∞∫
0

ln l · pF (l)dl, σ2
ln ≡

∞∫
0

(
ln

l

lµ

)2

pF (l) dl. ã 4 ¥�ÚO¼ê�Ä L >

lµ À 1 ^�, �8�zXê ΩF =
√

2π, Ù{ëê
�L 1.

3.2 ��� ÅÅÅ DDD ((( &&& ÒÒÒ ÌÌÌ ÝÝÝ 444 ��� {fM,j},
{fm,j} ���ÚÚÚOOO©©©ÙÙÙ

��ÅD(�Ì�
{
fMj

}
,
{
fmj

}
?1ÚOO

�, éA�©Ù­�©Oë�ã 5 Úã 6, [Ü­�
�O�ëêë�L 2, 8�zXêþ� Ωf =

√
2π.

A��
{
fMj

}
,
{
fmj

}
�ÚO(J��.­�ÎÜ

�éÐ.

ã 5 4��
{

fMj

}
ÚO©Ù

ã 6 4��
{
fmj

}
ÚO©Ù

L 2 D(&ÒÌÝ4�
{

fMj

}
,
{
fmj

}
ÚO©Ù¼ê��'ëê

ÿþé� o��þ N
ÿþêâ [Üêâ

ÚOëþ lµ ÚOëþ σln ÚOëþ lµ ÚOëþ σln{
fMj

}
1047575 992.63 0.1065 996.28 0.1063{

fmj

}
1047575 1079.74 0.0938 1082.45 0.0936
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L 3 D(&ÒA�þ {Vj}, {Tj} ÚO©Ù¼ê��'ëê

ÿþé� o��þ N
ÿþêâ [Üêâ

ÚOëþ lµ ÚOëþ σln ÚOëþ lµ ÚOëþ σln

{Vj} 1047574 38.43 1.3854 27.17 2.2210

{Tj} 1047575 48.76 0.1942 48.87 0.1970

3.3 ��� ÅÅÅ DDD ((( AAA ��� þþþ {Vj}, {Tj} ��� ÚÚÚ
OOO©©©ÙÙÙ

��ÅD(A�þ {Vj}, {Tj} ?1ÚOO�,
éA�Oê©Ù­�©Oë�ã 7 Úã 8, [Ü­
��O�ëêë�L 3. [Ü­�À^�8�zX
ê©O� ΩV = 0.438

√
2π, ΩT = 0.995

√
2π. {Vj},

{Tj} ÚO(J��.­�pÝÎÜ.
Ù¥ {Vj} �ÚO©Ù�üN(�, �.O�

ëê÷v σ2
ln > ln lµ. éuù«lÑÝ'����

Å©Ù, �kØ�ïÄö^�¼ê/ª�OþãÚ
O¼ê [11−13].

ã 7 4�ÌÝ {Vj} ÚO­�

3.4 ��� ÅÅÅ DDD ((( EEE ÜÜÜ AAA ��� þþþ {Sj} ��� ÚÚÚ
OOO©©©ÙÙÙ

EÜA�þ {Sj ≡ Vj · Tj} ½Â�ü�ÕáA
�þ {Vj}, {Tj} �¦È. {Sj} �ÚO©Ù�äkü
N(�, ë�ã 9. [Ü­�O�ëêë�L 4, é
A�8�zXê� ΩS = 0.650

√
2π.

ã 8 4�m� {Tj} ÚO­�

ã 9 &ÒEÜA�þ {Sj ≡ Vj · Tj} ÚO©Ù

þãØÓA�þ�ÚO©Ù²wØ÷v¥%
é¡5, nØþ^��©Ù¼ê£ã¿ØÜ·. �
´, O�(JL², ÃØ§�Ly�üN/ª½ü
¸/ª, ÑU
^Ó�êÆ�.£ã. ·�@�, ù
´D(&ÒA�ëê�ÅA5�Ó����N, �
L²éê��©Ù¼ê�U�äkÊH¿Â [14].

L 4 D(&ÒEÜA�þÚO©Ù¼ê��'ëê

ÿþé� o��þ N
ÿþêâ [Üêâ

ÚOëþ lµ ÚOëþ σln ÚOëþ lµ ÚOëþ σln

{Sj} 1047574 8.07 1.4748 5.00 3.0000
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4 D(&Ò*ÿA�þ����©Ù
¼ê8�zXê

þ ã ÿ Á ê â � Ú O O � ( J L ², D (
&Ò*ÿA�ëê8Ü {Xj} þ±ép�°O
§ Ý Ñ l ± g , ê l � g C þ � é ê � � ©
Ù pX (l). 3 (3) ª�L�ÚO�.¥, {Xj} ?
¿A�þ (Xmin, Xmax, Xµ, σln, ΩX �) éA*
ÿ � � k � ê   ê � ½ � * ÿ © E Ç ∆X ~
�
O\, 
�g�p ê�äkûÐ�­½
5. �ÚOA�ëê Xµ éA� lµ ≡ Xµ

∆X
, �

,/ªþ lim
∆X→0

lµ ≡ Xµ

lim
∆X→0

∆X
→ ∞, ��é

A�ÚOA�� Xµ ªu~ê. � lim
∆X→0

X

Xµ
=

lim
∆X→0

l · ∆X

lµ · ∆X
=

l

lµ
→ const, ��3ÚO�.¥

gCþ
l

lµ
äkëYCþ�5� (J�5¿ l �g

,ê).
± e O � � y ², Ú O ¼ ê pX (l) � 8

� z X ê ΩX � {Xj} � � [Xmin, Xmax] k '.
d(1)—(3)ª��ëY5ÚO¼ê�8�z/ª∫ Xmax−Xmin+∆X

∆X→0

dX

ΩXσln

× 1
Xl

e
−

(
ln

Xl
Xµ

)2

2σ2
ln

=
∫ ln

[(
Xmax−Xmin

Xµ

) 1
σln

]
−∞

×e
− 1

2

{
ln

[(
Xl
Xµ

) 1
σln

]}2

ΩX

×d

{
ln

[(
Xl

Xµ

) 1
σln

]}

=
1

ΩX

∫ ln

[(
Xmax−Xmin

Xµ

) 1
σln

]
−∞

×e−
1
2x2

dx = 1. (4)

- ln
[(

Xmax−Xmin
Xµ

) 1
σln

]
= χ, d��©ÙÈ©L

��Ñe�È©�ê�

Φ (χ) =

χ∫
−∞

1√
2π

e−
1
2x2

dx, (5)

K��8�zXê ΩX

ΩX =
√

2πΦ (χ) . (6)

e�{z�. χ → ∞, Cqk ΩX →
√

2π. �
�3��¿Âþ, êÆÚO�.½Â� l ∈ (0,∞)
����Å*ÿA�þ {Xj} �� [Xmin, Xmax] �
Ó�N�, êÆÚO¼ê pX (l) ����Å*ÿþ
ÚO©Ù pX (x) · dx Ó�N�, ��A�þ��k
'�8�zXê ΩX TTL²ü�ÚO©Ù¿Ø
���d.

5 D(&Ò*ÿA�þ©Ù¼ê�q
5�Ôn��

ÚO�.� ∆X → 0, L → ∞ ^��, ëYg
Cþ©Ù pX (x) �©Ù��ã pX (l) ªuAÛ�
q. d�, d (3) ªëY¼ê/ª��

pX (l) dl =
e−

(
1

σln
ln l

lµ

)2

2

ΩX lσln
dl

=
e−

ln

(l/lµ)
1

σln


2

2

ΩX
d

{
ln

[
(l/lµ)

1
σln

]}

=
e−

ln

(X/Xµ)
1

σln


2

2

ΩX
d

{
ln

[
(X/Xµ)

1
σln

]}
∼ e−

z2
2

√
2π

dz, (7)

=�Ãþjþ ln
[
(X/Xµ)

1
σln

]
�A�gCþ�, ¤

k*ÿþ�Å8Ü {Xj} �©Ù¼ê� Gauss ¼ê
�q. �·�@�, ±g,ê l �gCþ�éê��
©Ù¼ê pX (l) ´D(8Ü {fi} *ÿA���Ó
�Å5����N.

�â�©¥�½n, -ÚO�.¥ü�A�þ
éA “VÇ��” ê���

pX

(
l̃X

)
∆lX =

e−

(
1

σX,ln
ln

l̃X
lX,µ

)2

2

ΩX l̃XσX,ln

∆lX

=
e−

{
1

σX,ln
ln[(l̃X /lX,µ)]

}2

2

Ωx

×∆
{

1
σX,ln

ln
[(

l̃X/lX,µ

)]}
= pY

(
l̃Y

)
∆lY

=
e−

{
1

σY,ln
ln[(l̃Y /lY,µ)]

}2

2

ΩY

×∆
{

1
σY,ln

ln
[(

l̃Y /lY,µ

)]}
(8)
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�±y², (8) ª¤áéAuD(A��ÚO©Ù
¼ê�/ªgCþ�3Xe��5C�'X

l̃Y =
(
bl̃X

) σY,ln
σX,ln , (9)

w,, (9) ª¥ü�äkÕá¿Â�gCþ l̃X , l̃Y

Ø�UÓ��g,êS�, ù´��5C���«
êiA�. ò (9) ª�\ (8) ª, �

pY

(
l̃Y

)
∆lY =

∆lY

ΩY l̃Y σY,ln

e
−(ln l̃Y −ln lY,µ)2

2σ2
Y,ln

=
∆lX

ΩY l̃XσX,ln

e
−

{
ln l̃X+ln b−

σX,ln
σY,ln

ln lY,µ

}2

2σ2
X,ln

=
ΩX

ΩY
· ∆lX

ΩX l̃XσX,ln

e
−{ln l̃X−ln lX,µ}2

2σ2
X,ln

= Z · pX

(
l̃X

)
∆lX , (10)

�âVÇ¼ê�8�z½Â, � (9) ªC�'Xé
AVÇ� �Xê� Z = ΩX/ΩY . d (9) ª¥�
ê��^���A�þ�IC�Xê

b = e
σX,ln
σY,ln

ln lY,µ−ln lX,µ

=
l
(σX,ln/σY,ln)
Y,µ

lX,µ
. (11)

ã 10 gCþC�c�ÚO¼ê­� (ã 7) é' (a) gCþ
C�cÚO¼ê­�, lX,µ = 38.43, σX,ln = 1.3854; (b) gC
þC�cÚO¼ê­�, lY,µ = 0.45, σY,ln = 0.15

þã?ØL², D(&ÒA�þÚO©Ù¼ê
��g�q+. |^ (11) ªéN´òã 7 Úã 9
¥üN©Ù­�C�¤ü¸/ª, =ã 10(b) Ú
ã 11(b), �A� Z �©O� 0.00152 Ú 0.00385.

ã 11 gCþC�c�ÚO¼ê­� (ã 9) é' (a) gCþ
C�cÚO¼ê­�, lX,µ = 8.07, σX,ln = 1.4748; (b) gCþ
C�cÚO¼ê­�, lY,µ = 0.45, σY,ln = 0.15

e��^éA�ÔnA�þ£ã (9) ªC�/
ª�, Kk

Ỹ

Yµ
=

l̃Y ∆Y

lY,µ∆Y
=

l̃Y
lY,µ

=
1

lY,µ

(
bl̃X

) σY,ln
σX,ln =

(
l̃X∆X

lX,µ∆X

) σY,ln
σX,ln

=

(
X̃

Xµ

) σY,ln
σX,ln

, (12)

Ỹ = KX̃
σY,ln
σX,ln . (13)

(9) ª�n)� (13) ª��«ÝK (N�), ë�
ã 12. k�«mS�ÚOA�þ X̃ ∈ [Xm, XM],
Ỹ ∈ [Ym, YM] N�� lY lX �IX¥�Ã�«�.
¢Sÿþ��ÚO��ãS�, N�¤Ã�êÆ�
��m�ëY¼ê. ã 12 ¥�­�� (9) ªéA,
T­��LD(&Ò {fi} A�þ�m��«ÚO
�å'X, �n)�dD(&Ò {fi} Ä�A5þÚ
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O(JLyÑ5�ÿþXÚÚO©/A5��N
/ª [15].

ã 12 D(&Ò {fi} Ä�A5 —— ÚO©/A5«¿ã

6 ( Ø

�©é1>Daì�.D(&Ò���ÌÝ
�SP¹�, D(&Ò4��!4��, ��4�
ÌÝ�!4��mm��D(&ÒA�þ�ÚO
©Ù?1�[ïÄ, uyD(&ÒA�þþ±é
p�°ÝÑléê��©Ù5Æ. ùL², D(&
ÒÕáA�þ�ÚO©Ùäk�©wÍ��q5;
Äu (8) ª�ÚO©Ù�dVg, U
�ÑÕáA
�þ�½Â�SÄ:þ�ØÓA�þ�m��¼
êC�'X Ỹ ∼ X̃

σY,ln
σX,ln . 3?¿ÕáA�þ�½

Â�S, �Ãþjëê ln
[
(X/Xµ)

1
σln

]
���gC

þ, KD(&Ò*ÿA�þ�ÚO©Ùþ�±=�
¤ Gauss ¼ê/ª. ·�@�, ù«Ú�/ª´D
(&ÒÚO©/��A��­�Ly.
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Abstract
For studying the statistical properties of characteristic quantities in noise signal, such as the amplitude of extreme, the amplituds

of the rising edge and the falling edge, the interval between extreme points and the product value of the quantities,the background noise
signal sequence values of photoelectric sensor in suspended particle counter are recorded by using the high-speed data acquisition
card. The results show that the statistical distribution of these characteristic quantities match well with the form of the log-normal
distribution, with natural number l used as the independent variable. The statistical distributions of characteristic quantities show a
high degree of similar characteristics. Based on this statistical similarity the transform relationship between the independent variables
corresponding to different characteristic quantities by power function can be derived. The similarity between statistical distribution
functions of characteristic quantities can be understood as a kind of performance of statistical fractal characteristics for noise signal
collections.
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PACS: 05.45.Df, 02.50.–r

† E-mail: bianbaomin 56@yahoo.com.cn

100505-8


