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�â�m©Eû���V:·Üû�Cq�., í�
�m©Eû��Çé)Ô|�áÂXê µa Úk�Ñ
�Xê µ′

s (¯Ý�)ÛL«, XÚïÄ
3ráÂ^�C1«�áÂXê µa Úk�Ñ�Xê µ′
s éû��1

f©Ù�K�. ïÄL²: áÂXê�(¯Ý�1�&ÿìmå ρ �O\¥�5O�, Ù�Ç�'u (µ′
s/µa)

1/4,

'~Xê�� 1.4, Ó�¼���`z�&ÿål ρopt, ål1� 3.4 �Ñ$²þgd§, 3ù�ål?k�Ñ�
Xê�CzéÿþáÂ�K���. ù�ïÄéu)Ô|��1Æ5�ÿþ±9û��1ÌEâ�A^äk
�¿Â.

'�c: |�1Æ, û��, P3 Cq, ·Üû�Cq

PACS: 42.25.Dd, 42.62.Be, 87.10.−e

1 Ú ó

3)Ô�Æ+�, ïÄ13)Ô|�¥�D
Â5Æ´uÐ�«;¾�1ÆÃMú�äÚ£�
Ãã�cJÚÄ: [1−3]. ïÄL², )Ô|�L¡
�û��1©Ù�)Ô|��1Æ5�k', �
k´L�)Ô|��SÜ&E, �O(¼�T&
E, I(½�Z�&ÿål [4,5]. 3Ñ$nØ¥, )
Ô|��1Æ5�^áÂXê µa!k�Ñ�X
ê µ′

s ÚÑ��¼ê p(θ) £ã. 3û�Cqe, Ë
�rÝ��áÂXê µa Úk�Ñ�Xê µ′

s k',
µ′

s = µs(1 − g), Ù¥ g ´Ñ��¼ê p(θ) ���
V4�Ý, ¡�0����É5Ïf. 3û�Cq
e, Ï~U
¦)Ñ$�§, �����é{ü�
)Û) [6,7]. 1997 c Kumar � [4] æ^û�Cq�
.ïÄ
Cù	1Ì 800—2500 nm «�k�Ñ�
Xê µ′

s Czéû��1f©Ù�K�, ïÄ(J
�ÑÏLN�1�&ÿìmåU
¦k�Ñ�

Xê�Czéû��1f�K�~���. 2001
c Liu[5] 3û�Cq?�)�Ä:þÏL?Øû�
�éáÂXê µa Úk�Ñ�Xê µ′

s �(¯Ý±
¼��Z�&ÿål, Ó���é|�áÂëþ�
k�ÿþ. þãïÄnØÄuû�Cq, TnØ�
.=épÑ��fáÂ0�â´k�� [7]. �¤ï
Ä�)Ô|�é1�áÂ�éuÑ��~��, �
æ^Äuû�CqnØ��m©Eû��éáÂ
XêÚk�Ñ�Xê�(¯Ý5¼�áÂCz�
&E, ±��)Ô|�1Æëþ�ÃMÿþ.

éu��)Ô|�5`, þ´Ñ��uáÂ,
�|�NSu),«Ú�5¾C�, éuA½Å�
�1, ¾C|�¬w«Ñ��~|�é1ØÓ§Ý
�áÂ, k�w«ÑráÂA5, ù«�¹eI�
kÙ¦�nØ�.½�ý�{5©ÛT¾C|�
�1ÆA5. 8cÊHæ^�©Û�{� P3 Cq
�.Ú Monte Carlo �{. 2001 c, Hull Ú Foster[8]
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\
£ã�¼ê���Ý γ Ún�Ý δ. 2011 c
Ü�ï� [9] Äuü: P3 Cq�.ïÄ
�m
©Eû�����Ñ�ëþ(¯Ý, ¿�Ñd P3

CqnØ����Z&ÿmå'û�CqnØ�
���Z&ÿmå��C1. P3 Cq�.�Ä

Ñ��¼ê���Ý γ Ún�Ý δ, UO(£ã
1NCráÂ)Ô|��1Ë�©Ù, �T�.
�êÆL�ªLuE,, Ø·u|�1Æëê�
�ü. X¬ï� [7] 3û�Cq�.Ú P3 Cq�
.�Ä:þ, �ã
��·ÜuráÂ0��·Ü
û�Cq�., |^T�.����m©Eû��
Ç RHybrid(ρ) U
A^uáÂXê���$�ì
Ç�Ñ�0�, ¿�3V:Cqe, RHybrid(ρ) U

�Ð/£ã1NC�û��1©Ù.

�©ÄuV:·Üû�Cq�., ïÄ
�
m©Eû��Ç�|��áÂXê µa Úk�Ñ�
Xê µ′

s (¯Ý�'X, áÂXê(¯Ý Sa Úk�
Ñ�Xê(¯Ý Ss′ L«d µa Ú µ′

s �Cz��û
��Cz��éþ, �N
 µa Ú µ′

s é·Üû�C
qû���K�. d·Üû�Cq�.Ñu, í�

ü:ÚV:^�e Sa Ú Ss′ �)ÛL�ª,
ïÄ
1Cqé Sa Ú Ss′ �K�, 3dÄ:þ?
1
ê�©ÛÚ'�. ù�(½ráÂ�NÈ)Ô
|��Z�û��ÿþål±¼�|�áÂ9Ù
Cz&EJø
��nØ�â.

2 V:·Üû�Cq��m©Eû
��Ç

�ÄÃ�[-1åR�\���Ã�þ!0
�L¡ (�ã 1), 3V:Cq^�eÏL¦)Ñ
$�§��	í>.^�e·Üû�Cqû��
Ç [10,11]

R2,Hybrid(ρ)

=
1
4π

∫
2π

[1 − Rfres(θ)]
[
ϕ02,Hybrid(ρ, z)|z=0

+ 3Dasym
∂ϕ02,Hybrid(ρ, z)

∂z

∣∣∣∣
z=0

cos θ

]
× cos θdΩ, (1)

ª ¥ Rfre(θ) ´ Fresnel � � X ê [12], ρ �
1  � & ÿ ì m å, 	 í > . ^ � e �
Ë � Ï þ ϕ02,Hybrid(ρ, z) = ΦG,Hybrid(ρ, z) ⊗
q2,Hybrid(z)[13], V:Cq¼ê

q2,Hybrid(z) =
1
2
a′[δ(ρ, z − z01) − δ(ρ, z

+ (2zb,Hybrid + z01))

+ δ(ρ, z − z02) − δ(ρ, z

+ (2zb,Hybrid + z02))],

Ù¥ z01 = 2/µ′
t, z02 = 0 �ü�:1� � (ë

�ã 1 ¤«).
·Üû�Cq�Ë�Ïþ:

ΦG,Hybrid(r) =
1

4πDasym

1
r

exp(−ν−r),

zb,Hybrid = 2ADasym,

ì C û � X ê Dasym = µa/ν2
−, ì C P ~ X

ê ν− =
1√
18

(β −
√

β2 − γα)1/2, A = (1 +

Reff)/(1 − Reff), Reff = −1.440n−2
rel + 0.710n−1

rel +
0.668 + 0.0636nrel, β ≡ 27µa(µa + µ′

s) + 28µa(µa +
µ′

sδ) + 35(µa + µ′
sγ)(µa + µ′

sδ), γα ≡ 3780µa(µa +
µ′

s)(µa + µ′
sγ)(µa + µ′

sδ), γ = (1 − g2)/(1 − g1),
δ = (1 − g3)/(1 − g1).

@

ρ

@

@
Z

Z

ã 1 �m©Eû��ÿþ�n«¿ã

3 û��é1Æëþ�(¯Ý

û��ÇéáÂXê µa Úk�Ñ�Xê µ′
s

�(¯Ý½Â� [4,5]

Sa = −∂ lnR(ρ)
∂µa

= − 1
R(ρ)

∂R(ρ)
∂µa

,

Ss′ = −∂ lnR(ρ)
∂µ′

s

= − 1
R(ρ)

∂R(ρ)
∂µ′

s

. (2)

Sa Ú Ss′ L«d µa Ú µ′
s �Cz��û��Cz

��éþ, �N
 µa Ú µ′
s é·Üû�Cqû��

�K�.
|^ (1) ª, í����V:·Üû�Cq

û��Çé µa �(¯Ý Sa,2:

184214-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 184214

Sa,2(ρ; z0) = − 1
RHybrid

∂RHybrid

∂µa

= − 1
2

[
1

RHybrid(ρ; z0 = z01)

(
0.118

∂ϕ0,Hybrid(ρ; z0 = z01)
∂µa

+ 0.306
∂jHybrid(ρ; z0 = z01)

∂µa

)
+

1
RHybrid(ρ; z0 = z02)

(
0.118

∂ϕ0,Hybrid(ρ; z0 = z02)
∂µa

+ 0.306
∂jHybrid(ρ; z0 = z02)

∂µa

)
, (3)

Ù¥,
∂ϕ0,Hybrid

∂µa
=

∂ϕ0,Hybrid

∂Dasym

∂Dasym

∂µa
+

∂ϕ0,Hybrid

∂ν−

∂ν−
∂µa

+
∂ϕ0,Hybrid

∂r1

∂r1

∂µa
+

∂ϕ0,Hybrid

∂r2

∂r2

∂µa

+
∂ϕ0,Hybrid

∂a′
∂a′

∂µa
,

∂ϕ0,Hybrid

∂Dasym

∂Dasym

∂µa
=

−a′

4πD2
asym

(
e−ν−r1

r1
− e−ν−r2

r2

)(
∂Dasym

∂ν−

∂ν−
∂µa

+
1

ν2
−

)

=
−a′

4πD2
asym

(
e−ν−r1

r1
− e−ν−r2

r2

)(
−2µa

ν3
−

∂ν−
∂µa

+
1

ν2
−

)
,

∂ϕ0,Hybrid

∂ν−

∂ν−
∂µa

=
−a′

4πDasym
( e−ν−r1 − e−ν−r2)

∂ν−
∂µa

,

∂ϕ0,Hybrid

∂r1

∂r1

∂µa
=

−a′

4πDasym

e−ν−r1

r1

(
ν− +

1
r1

)
∂r1

∂z0

∂z0

∂µa

=
−a′

4πDasym

e−ν−r1

r1

(
ν− +

1
r1

)
z0

(ρ2 + z2
0)1/2

∂z0

∂µa
,

∂ϕ0,Hybrid

∂r2

∂r2

∂µa
=

a′

4πDasym

e−ν−r2

r2

(
ν− +

1
r2

)(
∂r2

∂z0

∂z0

∂µa
+

∂r2

∂zb,Hybrid

∂zb,Hybrid

∂µa

)

=
a′

4πDasym

e−ν−r2

r2

(
ν− +

1
r2

)(
z0 + 2zb,Hybrid

[ρ2 + (z0 + 2zb,Hybrid)2]1/2

∂z0

∂µa

+
2(z0 + 2zb,Hybrid)

[ρ2 + (z0 + 2zb,Hybrid)2]1/2

∂zb,Hybrid

∂µa

)
,

∂ϕ0,Hybrid

∂a′
∂a′

∂µa
=

−µ′
s

4πDasym

(
e−ν−r1

r1
− e−ν−r2

r2

)(
1

µa + µ′
s

)2

;

djHybrid

dµa
=

∂jHybrid

∂z0

∂z0

∂µa
+

∂jHybrid

∂zb,Hybrid

∂zb,HYbrid

∂µa
+

∂jHybrid

∂ν−

∂ν−
∂µa

+
∂jHybrid

∂r1

∂r1

∂µa

+
∂jHybrid

∂r2

∂r2

∂µa
+

∂jHybrid

∂a′
∂a′

∂µa
,

∂jHybrid

∂z0

∂z0

∂µa
=

a′

4π

[(
ν− +

1
r1

)
e−ν−r1

r2
1

+
(

ν− +
1
r2

)
e−ν−r2

r2
2

]
∂z0

∂µa
,

∂jHybrid(ρ)
∂zb,Hybrid

∂zb,Hybrid

∂µa
=

a′

2π

(
ν− +

1
r2

)
e−ν−r2

r2
2

∂zb,Hybrid

∂µa
,

∂jHybrid

∂ν−

∂ν−
∂µa

=
a′

4π

[
z0

e−ν−r1

r2
1

− z0

(
ν− +

1
r1

)
e−ν−r1

r1
+ (z0 + 2zb,Hybrid)

e−ν−r2

r2
2

− (z0 + 2zb,Hybrid)
(

ν− +
1
r2

)
e−ν−r2

r2

]
∂ν−
∂µa

,
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∂jHybrid

∂r1

∂r1

∂µa
=
−a′z0 e−ν−r1

4πr2
1

[
3ν−
r1

+
3
r2
1

+ ν2
−

]
∂r1

∂z0

∂z0

∂µa

=
−a′z0 e−ν−r1

4πr2
1

[
3ν−
r1

+
3
r2
1

+ ν2
−

]
z0

(ρ2 + z2
0)1/2

∂z0

∂µa
,

∂jHybrid

∂r2

∂r2

∂µa
=
−a′(z0 + 2zb,Hybrid) e−ν−r2

4πr2
2

[
3ν−
r2

+
3
r2
2

+ ν2
−

](
∂r2

∂z0

∂z0

∂µa
+

∂r2

∂zb,Hybrid

∂zb,Hybrid

∂µa

)

=
a′

4πDasym

e−ν−r2

r2

(
ν− +

1
r2

)(
z0 + 2zb,Hybrid

[ρ2 + (z0 + 2zb,Hybrid)2]1/2

∂z0

∂µa

+
2(z0 + 2zb,Hybrid)

[ρ2 + (z0 + 2zb,Hybrid)2]1/2

∂zb,Hybrid

∂µa

)
,

∂jHybrid

∂a′
∂a′

∂µa
=
−µ′

s

4π

[
z0

(
ν− +

1
r1

)
e−ν−r1

r2
1

+ (z0 + 2zb,Hybrid)
(

ν− +
1
r2

)
e−ν−r2

r2
2

](
1

µa + µ′
s

)2

;

,	,

∂z0

∂µa
=


−2

(µa + µ′
s)2

, z0 = z01

0, z0 = z02

,
∂zb,Hybrid

∂µa
=

2A

ν2
−

− 4Aµa

ν3
−

∂ν−
∂µa

,

∂ν−
∂µa

=
∂ν−
∂β

∂β

∂µa
+

∂ν−
∂γα

∂γα

∂µa
,

∂ν−
∂β

=
1 − β√

β2 − γα

6
√

2(β −
√

β2 − γα)1/2
,

∂β

∂µa
= 180µa + 27µ′

s + 63µ′
sδ + 35µ′

sγ,
∂ν−
∂γα

=
1

12
√

2(β −
√

β2 − γα)1/2(β2 − γα)1/2
,

∂γα

∂µa
= 3780[4µ3

a + 3µ2
aµ

′
s(1 + γ + δ) + 2µaµ

′2
s (γ + δ + γδ) + µ′3

s γδ].

Ón, �í�ÑV:·Üû�Cqû��Çé µ′
s �(¯Ý Ss′,2:

Ss′,2(ρ; z0) = − 1
RHybrid

∂RHybrid

∂µ′
s

= − 1
2

[
1

RHybrid(ρ; z0 = z01)

(
0.118

∂ϕ0,Hybrid(ρ; z0 = z01)
∂µ′

s

+ 0.306
∂jHybrid(ρ; z0 = z01)

∂µ′
s

)
+

1
RHybrid(ρ; z0 = z02)

(
0.118

∂ϕ0,Hybrid(ρ; z0 = z02)
∂µ′

s

+ 0.306
∂jHybrid(ρ; z0 = z02)

∂µ′
s

)
(4)

∂ϕ0,Hybrid

∂µ′
s

=
a′

4π

{
1

µar1

[
(2 − ν−r1)ν−ν′

− − ν2
−

(
ν− +

1
r1

)
r′1

]
e−ν−r1 − 1

µar2

[
(2 − ν−r2)ν−ν′

−

− ν2
−

(
ν− +

1
r2

)
r′2

]
e−ν−r2

}
+

1
(µa + µ′

s)

(
1 − µ′

s

µa + µ′
s

)
ϕ0,Hybrid

a′ ,

∂jHybrid

∂µ′
s

=
a′

4π

{
e−ν−r1

r2
1

z′0

(
ν− +

1
r1

)
− e−ν−r1

r2
1

z0

[
3
(

ν− +
1
r1

)
r′1
r1

+ ν−ν′
−r1 + ν2

−r′1

]
+

e−ν−r2

r2
2

(z′0 + 2z′b,Hybrid)
(

ν− +
1
r2

)
− e−ν−r1

r2
1

(z0

+ 2zb,Hybrid)
[
3
(

ν− +
1
r2

)
r′2
r2

+ ν−ν′
−r2 + ν2

−r′2

]}
+

1
(µa + µ′

s)

(
1 − µ′

s

µa + µ′
s

)
jHybrid

a′ ,

β′ =
∂β

∂µ′
s

= 27µ′
a + 35µaγ + 63µaδ + 70µ′

sγδ,
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γ′
α =

∂γα

∂µ′
s

= 3780µa[(µa + µ′
sγ)(µa + µ′

sδ) + (µa + µ′
s)γ(µa + µ′

sδ) + (µa + µ′
s)(µa + µ′

sγ)δ],

ν′
− =

∂ν−
∂µ′

s

=
1

2
√

18
1√

β −
√

β2 − γα

[
β′ − 1

2
√

β2 − γα

(2ββ′ − γα)
]
,

z′0 =
∂z0

∂µ′
s

=


−z2

01

2
, z0 = z01

0, z0 = z02

, r′1 =
∂r1

∂µ′
s

=
z0z

′
0

r1
, z′b,Hybrid =

∂zb,Hybrid

∂µ′
s

= −4Aµaν
−3
− ν′

−,

r′2 =
∂r2

∂µ′
s

=
z0 + 2zb,Hybrid

r2
(z′0 + 2z′b,Hybrid).

4 (J�?Ø

�âþã©Û, Sa,2 Ú Ss′,2 ´)Ô|��1Æ
ëþ µa, µ′

s, γ Ú δ �¼ê. �©ÛÚ'��B, 3
e¡�?Ø¥, À� Henyey-Greenstein �¼ê [14]

£ã|��Ñ��¹, ��ëþ γ = 1.9, n�ë
þ δ = 2.71, �éò�Ç nrel = 1.4 ØC. Ó�æ
^ Wang � [15] ?�� Monte Carlo (MC) �[§
S�����Ç RMC(ρ) ��u�IO, ©Û'�
V:·Üû�Cq�.eáÂXê�(¯Ý.
ã 2 ¥�Ñ
3ü:ÚV:·Üû�Cq�
.eáÂXê�(¯Ý, ¿�� MC �[(J'�.
lã 2 wÑ, 3��&ÿì�1�«���S,
d MC �[¤¦��(¯Ýþ���, �V:·
Üû�Cq¤¦(JÄ��Ó, ü:·Üû�
Cq¤¦(J3C1S(¯Ý� MC �[(J
�Oé�, ?�Úy¢ü:·Üû�Cq�.Ø
·Ü1NC|�1ÆA5�£ã [7].

ã 2 ØÓ:Cqe�·Üû�Cq� MC �[(J¤
���áÂXê�(¯Ý�'�

ã 3 ´V:·Üû�Cq�.áÂXê

�(¯Ýê� Sa,2 O�(J, ã¥�Ä
o«
� ¹, � µa © O � 0.5 mm−1, 0.8 mm−1 �, µ′

s

� 1.0 mm−1, 1.5 mm−1 ��áÂXê(¯ÝC
z. lã 3 ¥uy: 31�&ÿìmå ρ �Ó�,
Sa,2 � µa ~�O�, �X µ′

s �O\O�.

ã 3 V:·Üû�Cq�m©Eû��éáÂXê�
(¯Ý

?�ÚïÄuy, áÂXê�(¯Ý Sa,2 � ρ

� O \ ¥ � 5 O �, Ù � Ç � ' u (µ′
s/µa)1/4,

ÏL¼ê[Ü�Ñ��áÂXê(¯Ý�{z
úª:

Sa,SHDA ≈ 1.4ρ(µ′
s/µa)1/4. (5)

ã 4 Úã 5 �áÂXê µa ©O� 0.5 mm−1,
0.8 mm−1 �, dT{zúª Sa,SHDA Úúª Sa,2

O � � � � á Â X ê ( ¯ Ý C z  � 9 ü �
� . m � � é Ø � ∆Sa/Sa = |Sa,SHDA(ρ) −
Sa,2(ρ)|/Sa,2(ρ), µ′

s �A���ã 3 �Ó. dã 4
Úã 5 ¤«, 3��Ñ$²þgd§±	 ρ > 1.0l′t,
Ù¥Ñ$²þgd§ l′t ≡ 1/(µa + µ′

s), Sa,SHDA
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� Sa,2 m��éØ��u 5%, �� ρ �O��é
Ø�~�. ±þ© ÛL ², T{ zú ª Sa,SHDA ¼

êU
£ãráÂC1«�|��û��Çé
áÂXê(¯Ý�Cz.

ã 4 � µa = 0.5 mm−1 � (a) d{zúª Sa,SHDA ÚV:·Üû�Cqúª Sa,2 ���(¯Ý; (b) üöm��éØ�

ã 5 � µa = 0.8 mm−1 � (a) d{zúª Sa,SHDA ÚV:·Üû�Cqúª Sa,2 ���(¯Ý; (b) üöm��éØ�

ã 6 ¥�Ñ
3ü:ÚV:·Üû�C
q�.ek�Ñ�Xê�(¯Ý, ¿�� MC �[
(J'�. lã¥�±wÑdü:Cq¦��k

�Ñ�Xê�(¯ÝÚV:Cq¦��(¯Ý
�Czª³�´=31NCØÓ, dd3�½§
Ýþ�`²
1CqéC1«�û��)�
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K�´é��, V:·Üû�Cq�.�·Ü£
ãráÂ1NC|�1ÆA5.

ã 6 ØÓ:Cqe·Üû�Cq� MC �[¤���
k�Ñ�Xê(¯Ý'�

ã 7 �Ñ
3�ráÂ0�dV:·Üû
�Cq�.�Ñ�k�Ñ�Xê�(¯Ý Ss′,2 �
1�&ÿìmå ρ �Cz(J. ã¥Ó��Ä

o«�¹, � µ′

s ©O� 1.0 mm−1, 1.5 mm−1, µa

� 0.5 mm−1, 0.8 mm−1 �k�Ñ�Xê Ss′,2 �C
z. lã 7 ¥uy: Ss′,2 3C1«�SÙ��K
�, � ρ = 2 mm �m�, Ù���. ã¥�o^
�þ3å1 2 mm �m?, (¯Ý Ss′,2 = 0,
�Ò´`3ù� �?k�Ñ�Xê�Cz¿
ØK�û��1©Ù, Ó�éA Ss′,2 = 0 ��
Z`zål ρopt � µ′

s (½ µa, = µ′
s ØC µa Cz

� Ss′,2 = 0 �ål ρopt �Cz) �CzCz. �
k�Ñ�Xê3,ã«�Cz�, �é��A��
Zål ρopt, 3dålNC�Â��û��1©Ù
ØÉÑ�K�, ?&ÿ�'u|�áÂ�&E.
ã 8 w«
 µa ©O� 0.4, 0.6, 0.8, 1.0 mm−1 �, µ′

s

��éu�Zål ρopt �K�, ρopt �Cz��
l 1.15—3.75 mm, � µa �é���, ρopt ~��
É µ′

s �CzK��é~f, � µa = 1.0 mm−1, µ′
s

Cz��l 0.5—2.0 mm−1 �, ρopt l 2.68 mm C
z� 1.10 mm, ��� 3.4 l′t.

� ? � Ú © Û Ss′,2 3 å 1  Ø Ó å l �
� C z � ¹, ã 9 � Ñ 
 � µa = 0.5 mm−1,
µ′

s = 0.5 mm−1, 1.0 mm−1, 1.5 mm−1 �V:·Ü
û�Cq) R2,Hybrid(ρ) �Cz�¹. lã¥�±
wÑ: �C1?, �XÑ��O\û��1©Ù
�O\, L²1NC�Â��õ´ÏL|� L�

ã 7 V:·Üû�Cq�m©Eû��ék�Ñ�X
ê�(¯Ý

ã 8 k�Ñ�Xê(¯Ý Sopt = 0 � ρopt �X µ′
s �C

z�¹

ã 9 ØÓÑ��¹e�V:·Üû�Cq�m©Eû
��1©Ù

��Ñ�1f, �XÑ�O\ (Ñ�âfêOõ) �
Ñ�AÇO�, Kd Ss′,2 ½Âª��K�; �l1
?, �XÑ�O\û��1©Ù~�, L²�l
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1�Â��õ´²L��|��1f, �XÑ�
O\c�Ñ�AÇO�, d|�L¡�Â��1f
ê�A~�, Kd Ss′,2 ½Âª����; 3,ål
?, Ss′,2 ��", L²c�Ñ$Ú��Ñ$�1f
��²ï, Ñ�CzØK�1Ë�©Ù.

5 ( Ø

ÏL±þéV:·Üû�Cq�.áÂX
ê(¯Ý Sa,2 Úk�Ñ�Xê(¯Ý Ss′,2 �XÚ
©Û, ·��Ñ±e(Ø: 1) 1CqéC1«
�ráÂ|��m©Eû���K�Ø��À, V
:·Üû�CqU�O(£ãC1ráÂ)
Ô|��1ÆA5; 2) �{BO(©ÛáÂXê
é�m©Ùû�1f©Ù�K�, ��
��3r
áÂ^�C1«�£ãáÂXê(¯Ý�{z
L�ª Sa,SHDA ¼ê; 3) ÏLN�1�&ÿìm
å ρ, �¼���`z�&ÿål ρopt, 3Tål?
k�Ñ�Xê�Czé�m©Eû��1f�©

Ù�ü��$. 3��1Åã (λ = 400—600 nm)
ÚCù	Åã (λ > 1.0 µm) �)Ô|�1Æë
þ�ÿþ¥, k�Ñ�Xê�����3 0.5—
1.5 mm−1, ÏLþã©Û�ÑÙ`zmå ρopt ��
� 3.4 l′t.

±þ?Øý3ráÂ�NÈ)Ô|�¯K.
éuráÂ�Ñ�0�, duáÂXê'��, �
��l1?�1Ë�rÝé�, ÏdI�é1
NC�Ë�|?1ÿþ. 1NC�1Ë�©Ù�
Ñ��¼ê�p�ëþ γ Ú δ k', �©ïÄ�·
Üû�Cq�., Ùû�Xê Dasym �)
£ãÑ
�0��p�1Æëþ γ Ú δ[8]. �
;�ëþ γ

Ú δ �?ØráÂ�¹�5E,5, �©6�z�

ép�ëþ γ Ú δ �?Ø, k'ù�¡�nØÚ
¢�ïÄ�3mÐ¥. T�ó�éudû��ÿþ
¼�¹N|�áÂ9ÙCz&E, ½±d��â?
11Æ&��O±?�Ú?1)Ô�Æ�ä£�
�äk�¿Â, Ó��éÃ�uÿ|�Ñ�9Ù
Cz&Eäk��nØë�d�.
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Abstract
Based on a theoretical model for spatial diffusion reflection with two-point-source hybrid diffusion approximate to a semi-infinite

homogeneous turbid medium, expressions of the sensitivities for the absorption coefficient µa and the reduced scattering coefficient µ′
s

are derived, and the effect of the sensitivities of the two optical parameters µa and µ′
s on diffuse reflectance is studied systematically in

small volumes of highly absorbing medium. The results show that the sensitivity of the absorption coefficient increases approximately

linearly with the increase of source-detector separation ρ, with a slope proportional to 1.4 (µ′
s/µa)

1/4, and also indicate an optimal

probe spacing ρopt at which a variable reduced scattering coefficient has a smallest effect on the measurment of optical absorption in

the turbid medium. The value of ρopt is approximately equal to 3.4 times transport mean free path. The study is of great significance

for the measurment of the optical properties of biological tissues and the application of diffuse reflecance spectroscopy technology.
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