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�é¢^�þf��©� (QKD) XÚ´ÄurP~�f-1óÀ��ü1f
, 1fê©åôÂ4���

Ï&V�3�n�^�e QKD �DÑålÚ��)¤Ç, æ^�ê½Æép¾��Æ¥ü1f�OêÇ!
ü1fOÃÚØèÇ©O?1ÚOÞá©Û, |^Vp¾�'�
 1310 nm Ú 1550 nm ^�e, ?èóÀ��Ý
� (N = 106—N = 1012) ¢S QKD �Æ¥���)¤Ç�S�DÑål�m�'X!S�DÑål�?è�Ý
�Cz�'X, �ÑóÀ?è�ÝO�� N = 1012 �, �����S�DÑål� 135 km.
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1 Ú ó

þf��Ï&´þf&E�Æ�­�©|,
Ù'�3uþf��©� (QKD), QKD U4Ï&
V� (Alice Ú Bob) ����Ã^�S���. @
3 1984 c Bennett �JÑ
1�� QKD �Æ ——
BB84 �Æ, ��JÑ
Äuü������ QKD
�Æ ——B92 �Æ [1,2], �c, ïÄ$ØèÇÚ�å
lS�� QKD XÚ¤�þf��Ï&r�¢^z
�'� [3−7]. �é¢^� QKD XÚ´ÄurP~
�f-1óÀ��ü1f
, �fö Eve �^1f
ê©åôÂ (PNS) ¼�&E. 1fê©åôÂ4�
��
Ï&V�3�n�^�e QKD �DÑål
Ú��)¤Ç, p¾��Æ [8−10] �JÑé�§Ý
þ)û
ù�JK, ,
, 3¢SÏ&L§¥, Ï&
V�duO�UåÚ�;Uå��Ï�U��k
��&ÒóÀ, ù«�/e7½¬Ú\ÚOÞá�
Ï�, ?
ü$S���)¤ÇÚ��S�DÑå
l. 3p¾� QKD ïÄL§¥, �kïÄ<
éX
Ú�ÚOÞá�¹?1
©Û [11−13], �ù
©Û
�´3 GLLP úªþ{ü�?¾, v3nØ�{þ
éÚOÞá�XÚ©Û. �©ò/ÏêÆóä ——
�ê½Æép¾��Y¥ü1f�OêÇ!ü1

fOÃÚØèÇ©O?1ÚOÞá©Û, ¿�Ñÿ
þ��k��ÚÃ¡��ÿþ��ý¢��m�
Ø�, �Ñþf��¤èÇ�ålCz�'X; Ï
L©Ûþf��©�¢�¥1
�õ1fA5Ú
?è�Ý5�OXÚ¥ëê�Þá�¹, ?
©Û
ÚOÞáé¤èÇ�K�.

2 nØ�O�úª

3¢�^�ØC��¹e, k5Æ��Å¯
��þ­EÑy�  ¬¥yÑ7,�ÚOA
5, ùÒ´�ê½Æ�Ly/ª. æ^ λ L«é
�N¯�ÿþ������, d�ÿþ�k�U�
ÿþ(J (éu'AØèÇ, d = 2 ´Ï��3
“Alice = Bob” Ú “Alice6=Bob” ü « � ¹), b �
^ M �ÿþ��5�O¯� σ(σ �²;¯�½
þf�), 3¢�°Ý��S�3e¡�L�ª∣∣λM − λ∞∣∣ 6 1

2
ξ(M, ε)

=
1
2

√
2[ln(1/ε) + d ln(M + 1)]

M
,(1)

ùp λM L«é σ � M ���ÿþ����ÿþ
�, λ∞ L«?1Ã¡gÿþ���¯��ý¢�;
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ε�XÚ����ØVÇ, �âù�½Â, éu “�
gB\�è” ù��\��{5`, �@���3
°Ý ε ��S´S��, 
ôÂößé&E�VÇ
��k ε.

3¢SXÚ¥¦^k����?1?è�, &
Ò�Úp¾��ü1fOêÇ Y1 ÚØèÇ e1 �
3�éÚOÞá. du-1ì�) m > 11óÀ�
VÇ�~�, �©é&Ò�Úp¾� 1 6 m 6 10
1f?1©Û, ©O�ÄÙéÏ&XÚ¥ü1fO
êÇÚØèÇ��z.

�©æ^Vp¾���Y?1ïÄ, ν1 Ú ν2

� Alice Ú Bob ÀJ�ü�p¾�, µ�&Ò�, ¿
÷v: ν1 + ν2 6 µ 6 1, ν1 6 ν2. �â�ê½Æ, x 1
f��OêÇ Y M

x ÷ve¡�ÚOÞáØ�ª:∣∣Y M
x − Y ∞

x (σ)
∣∣ 6 1

2
ξ(M, ε), (2)

ª¥� Y M
x �L Alice ¦^ M �óÀé��?è

�ÿ�� x 1f��OêÇ, Y ∞
x �L Alice ¦^

Ã¡õ�óÀé��?è�ÿ�� x 1f��O
êÇ. e¡©Oé&Ò�Úp¾� x 1f�OêÇ
�ÚOÞá?1©Û:∣∣Y nxµ

xµ − Y ∞
xµ

∣∣ 6 1
2
ξ(nxµ, ε) =

1
2
ξ(Nµpxµ, ε),(3)

|Y nxν
xν − Y ∞

xν | 6 1
2
ξ(nxν , ε) =

1
2
ξ(Nνpxν , ε), (4)

Ù¥ nxµ Ú nxν L«^5�O&ÒóÀÚp¾�
óÀp x 1f�OêÇ���óÀ. Nµ Ú Nν ©
OL«&Ò�Úp¾��óÀêþ,óÀ¥ x 1f
��VÇÑl Poisson ©Ù. (Ü (3) ª, �±��
3k�����¹e x 1f&Ò�Ú x 1fp¾
��mOêÇ��éÚOÞáL�ª:

δYxν =
∣∣Y nxν

xν − Y nxµ
xµ

∣∣
6 1

2
ξ(Nµpxµ, ε) +

1
2
ξ(Nνpxν , ε). (5)

Ó�, é x 1f��ØèÇ?1ÚOÞá�Ä, �
±�� x 1f��&Ò1Úp¾�ØèÇ��é
ÚOÞáL�ª:

δexν =
∣∣∣en′

xν
xν − e

n′
xµ

xµ

∣∣∣ 6 1
2
ξ(NµpxµY nxµ

xµ , ε)

+
1
2
ξ(NνpxνY nxν

xν , ε), (6)

3�Ä (4) ª�¹e, üp¾��OêÇ©O�

Qν1 = Y
n0ν1
0ν1

e−ν1 + Y
n1ν1
1ν1

ν1e
−ν1 +

∞∑
i=2

Y
niν1
iν1

νi
1

i!
e−ν1

6 Y
n0ν1
0ν1

e−ν1 +
(
Y

n1µ

1µ + δY1ν1

)
ν1e

−ν1

+
10∑

i=2

(
Y

niµ

iµ + δYiν1

) νi
1

i!
e−ν1

+
∞∑

i=11

Y
niν1
iν1

νi
1

i!
e−ν1

= Y
n0ν1
0ν1

e−ν1 + Y
n1µ

1µ ν1e
−ν1 +

10∑
i=2

Y
niµ

iµ

νi
1

i!
e−ν1

+
10∑

i=1

δYiν1

νi
1

i!
e−ν1 +

∞∑
i=11

Y
niν1
iν1

νi
1

i!
e−ν1

Qν2 = Y
n0ν2
0ν2

e−ν2 + Y
n1ν2
1ν2

ν2e
−ν2 +

∞∑
i=2

Y
niν2
iν2

νi
2

i!
e−ν2

> Y
n0ν2
0ν2

e−ν2 +
(
Y

n1µ

1µ − δY1ν2

)
ν2e

−ν2

+
10∑

i=2

(
Y

niµ

iµ − δYiν2

) νi
2

i!
e−ν2

+
∞∑

i=11

Y
niν2
iν2

νi
2

i!
e−ν2

= Y
n0ν2
0ν2

e−ν2 + Y
n1µ

1µ ν2e
−ν2 +

10∑
i=2

Y
niµ

iµ

νi
2

i!
e−ν2

−
10∑

i=1

δYiν2

νi
2

i!
e−ν2 +

∞∑
i=11

Y
niν2
iν2

νi
2

i!
e−ν2 , (7)

Ï: Qi = Yi
µi

i!
e−µ, �âü1fOêÇ�e���

Ñü1fOÃ�e��

Q1µ > QL,ν1,ν2
1µ =

µ2e−µ

µν1 − µν2 − ν2
1 + ν2

2[
Qν1e

ν1 − Qν2e
ν2 − ν2

1 − ν2
2

µ2

(
Qµeµ − Y

n0µ

0µ

)
−

(
eν1 −

10∑
i=0

νi
1

i!

)
− A

]
, (8)

ùp A =
10∑

i=1

(
δYiν1

νi
1

i!
+ δYiν2

νi
2

i!

)
. �OêÇ�©

Ûaq, ��Ñ&Ò��ü1fØèÇþ��

e1µ 6eU,ν1,ν2
1µ

=
Eν1Qν1e

ν1−Eν2Qν2e
ν2− 1

2
(
Y

n0ν1
0ν1

− Y
n0ν2
0ν2

)
+B

Y
n1µ

1µ (ν1 − ν2)
,

(9)

Ù¥:

B =
10∑

i=1

(
δYiν1

νi
1

i!
+ δYiν2

νi
2

i!
+ δeiν1

νi
1

i!
+ δeiν2

νi
2

i!

)
.

nÜü1fOÃ�e�ÚØèÇ�þ�, ��?�
��S���)¤Ç�úª, RL L«�ªS��
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�)¤Ç�e�:

RL =
Nµ

2(Nµ + Nν)

{
− 1.2QµH (Eµ)

+QL,ν1,ν2
1µ

[
1 − H

(
eU,ν1,ν2
1µ

)] }
. (10)

ã 1 3 1310 nm Ï&I�, ØÓóÀ�Ý?è���)¤Ç
�S�DÑål�m�'X

3 (J�?Ø

�Ä¢S QKD �Æ¥¦^����ÝÑ´k
��, �
ê�O��{B, ùpæ^ý�� + f
�Z��Vp¾��Æ, 4 ν2 → 0, (Ü±þ�§,
���&Ò��ü1fOêÇ�e� Y1, ü1f
OÃe� Q1µ ÚØèÇþ� e1µ. ÀJÅ�Ú1r
©O� λ = 1310 nm, µ = 0.48 �f-1�ZóÀ
��Ï&1
, ν2 → 0 cJe, �±��æ^ØÓ
óÀ�Ý?è���)¤Ç�S�DÑål�m
�'X, �ã 1. dã��, �X��?è�Ý�Ø
äO\, ���S�DÑål�ÅìC�; �?è

óÀ��Ý� N = 106 �, S����DÑål
´ 43 km; �?èóÀ��ÝO�� N = 1010 �,
S����DÑål®²��
 68 km, �Ã¡õ
p¾��ìC�¹��� 1 km. ÀJÅ�Ú1r©
O� λ = 1550 nm, µ = 0.48 �f-1�ZóÀ�
�Ï&1
, 3 ν2 → 0 cJe, ���æ^ØÓó
À�Ý?è���)¤Ç�S�DÑål�m�
'X, �ã 2. lã¥�±²wwÑ, ���S�D
Ñål���?èæ^�óÀ�ê�m¤�', �
X?è�Ý�ØäO\, ���S�DÑålÅì
�C4��¹. ¦^ 1550 nm �ü�1n, �óÀ
?è�Ý� N = 108 �, �����S�DÑål
´ 74 km; eóÀ?è�ÝO�� N = 1012 �, �
����S�DÑålÒO\� 135 km.

ã 2 3 1550 nm Ï&I�, ØÓóÀ�Ý?è���)¤Ç
�S�DÑål�m�'X
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Abstract

Decoy state has proven to be a very useful method of significantly enhancing the performance of a quantum key distribution

(QKD) system with practical light sources. The data-set size in practical QKD protocol is always finite, which will cause statistical

fluctuations. The gain and the error rate of the quantum state are analyzed by considering absolutely statistical fluctuation. The relation

between key generation rate and the secure communication distance is shown with exchanged quantum signal (N = 106−1012) by the

method of two-decoy-state protocol under the condition that communication wavelength is 1310 nm (or1550 nm). The result indicates

that the minimal number of exchanged quantum signals increases obviously with the increase of transmission distance. The secure

transmission distance is 135 km under the condition that quantum signal is 1012.
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