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�¢¥¤¥¨¥

� §¨áë©   «®£ H-äãªæ¨¨ ¬®£¨å ¯¥à¥¬¥ëå áå¥¬ â¨ç® ¯®áâà®¥ ¢ à ¡®â¥ �£ã¥ �ã-
  �å ® [1]. �®íâ®¬ã ¢ ¯. 1 ¤ ®© áâ âì¨ ¡®«¥¥ ¤¥â «ì® ¨§ãç ¥âáï ¡ §¨á ï H-äãªæ¨ï ¤¢ãå
¯¥à¥¬¥ëå,   ¢ ¯. 2 ¯à¨¢¥¤¥ë á®®â¢¥âáâ¢ãîé¨¥ ä ªâë ¤«ï ¡ §¨á®© H-äãªæ¨¨ ®¤®© ¯¥à¥-
¬¥®©.

� §¨áë¥ H-äãªæ¨¨ ®¯à¥¤¥«ïîâáï ¨â¥£à « ¬¨ �¥««¨ {� àá , ï¤à ¬¨ ª®â®àëå ï¢«ï-
îâáï ¯à®¨§¢¥¤¥¨ï áâ¥¯¥¥© q-£ ¬¬ -äãªæ¨© [2]{[7]. �«ï ¡ §¨áëå H-äãªæ¨© ¯®«ãç¥ë: ¤®-
áâ â®çë¥ ãá«®¢¨ï áå®¤¨¬®áâ¨, ¨â¥£à «ìë¥ á¢ï§¨, á¬¥¦ë¥ á®®â®è¥¨ï ¨ ¥ª®â®àë¥ ¤àã£¨¥
ä®à¬ã«ë. �à¨¢¥¤¥ë ¯à¨¬¥àë.

1. � §¨áë©   «®£ H-äãªæ¨¨ ¤¢ãå ¯¥à¥¬¥ëå

�¯à¥¤¥«¥¨¥ 1. � §¨áë¥ H-äãªæ¨¨ ¤¢ãå ¯¥à¥¬¥ëå ®¯à¥¤¥«¨¬ ¤¢ãªà âë¬ ¨â¥£à -
«®¬ �¥««¨ {� àá  [8]:

Hq(x; y j p;m; �; a; b) = �
1

(2�)2

Z
Ls

Z
Lt

nY
i=1

�mi

q (�i + ais+ bit)
xs

sin(�s)
yt

sin(�t)
ds dt; (1.1)

¢ ª®â®à®¬ jqj < 1, p |  âãà «ì®¥ ç¨á«®,

m = (m1;m2; : : : ;mp); � = (�1; �2; : : : ; �p); a = (a1; a2; : : : ; ap); b = (b1; b2; : : : ; bp);

£¤¥ mi | æ¥«ë¥, �i | ª®¬¯«¥ªáë¥, ai ¨ bi | ¤¥©áâ¢¨â¥«ìë¥ ç¨á« ;

(a; q)1 =
1Y
n=0

(1� aqn); �q(�) =
(q; q)1
(qs; q)1

(1� q)1��

| q-£ ¬¬ -äãªæ¨ï.
�®âãà ¨â¥£à¨à®¢ ¨ï Ls (á®®â¢¥âáâ¢¥® Lt) ¨¤¥â ®â �i1 ¤® i1 â ª, çâ® ¯®«îáë äãªæ¨©

�mi

q (�i + ais + bit) á mi > 0, ai < 0 (á®®â¢¥âáâ¢¥® �mi

q (�i + ais + bit) á mi > 0, bi < 0) «¥¦ â
á¯à ¢  ®â ª®âãà ,   ¯®«îáë äãªæ¨© �mj

q (�j + ajs + bjt) á mj > 0, aj < 0, i = 1; p, j = 1; p
(á®®â¢¥âáâ¢¥® �mj

q (�j + ajs+ bjt) á mj > 0, bj > 0) «¥¦ â á«¥¢  ¨  å®¤ïâáï ¯® ªà ©¥© ¬¥à¥
  ¥ª®â®à®¬ à ááâ®ï¨¨ " > 0 ®â ª®âãà®¢.

� áâë¬¨ á«ãç ï¬¨ ¡ §¨áëåH-äãªæ¨© ¤¢ãå ¯¥à¥¬¥ëå ï¢«ïîâáï,  ¯à¨¬¥à,H-äãªæ¨¨
[8]{[10] ¨ G-äãªæ¨¨ [11]{[13] ¤¢ãå ¯¥à¥¬¥ëå.

� ª ç¥áâ¢¥ ¨««îáâà æ¨¨ ¯à¨¢¥¤¥¬
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�à¨¬¥à 1. �ãáâìmi = 1, i = 1; n1, ai = �i > 0, bi = 0, �i = 1�ci;mj+n1 = 1, j = 1;m1, �j+n1 =
dj , aj+n1 = ��j < 0, bj+n1 = 0; mm1+k = �1, �m1+k = ck, am1+k = ��k < 0, bm1+k = 0, k = 1 + n1; A;
mm1+1+A = �1, �m1+1+A = 1, am1+1+A = �1, bm1+1+A = 0; m1+A+j = �1, �1+A+j = 1� dj , a1+A+j =
�k > 0, b1+A+j = 0, j = 1 +m1; B; m1+A+B+i = 1, i = 1; n2, �1+A+B+i = 1 � ei, a1+A+B+i = 0,
b1+A+B+i = i > 0; m1+A+B+n2+j = 1, j = 1;m2, �1+A+B+n2+j = fj, a1+A+B+n2+j = 0, b1+A+B+n2+j =
��j < 0; m1+A+B+m2+k = �1, k = 1 + n2; C, �1+A+B+m2+k = ek, a1+A+B+m2+k = 0, b1+A+B+m2+k =
�k < 0; m1+A+B+m2+C+1 = �1, �1+A+B+m2+C+1 = 1, a1+A+B+m2+C+1 = 0, b1+A+B+m2+C+1 = �1;
m2+A+B+C+i = �1, i = 1 +m2;D, �2+A+B+C+i = 1 � fi, a2+A+B+C+i = 0, b2+A+B+C+i = �i > 0;

p = A + B + C + D + 2; C = E(1 � q)n1+n2�m1�m2�A�C�2+
P

A+B+1

i=1
ai sign(mi)+

P
C+D+1

j=1
bj sign(mj), E =

[(q; q)1]A+B+C+2�2m1�2m2�2n1�2n2 , â®£¤ 

CHq

�
x(1� q)

P
A+B+1

i=1
ai sign(mi); y(1� q)

P
C+D+1

j=1
bj sign(mj)

��
p;m;�;a;b

�
=

= Hm1;n1
A;B

"
x; q

����� (c1; �1); : : : ; (cA; �A)(d1; �1); : : : ; (dB ; �B1)

#
Hm2;n2

C;D

"
y; q

����� (e1; 1); : : : ; (eA; A)(f1; �1); : : : ; (fB ; �B1)

#
:

�ãªæ¨¨ ¢¨¤  Hm;n
A;B ®¯à¥¤¥«¥ë ¢ [14], [15].

�á«¨, ªà®¬¥ íâ®£®, �i = 1, �j = 1, i = 1; A, j = 1; B, k = 1, �h = 1, k = 1; C, h = 1;D, â®

CHq

�
x(1�q)A�B+1; y(1�q)C�D+1

��
p;m;�;a;b

�
= Gm1;m1

A;B

"
x; q

����� c1; : : : ; cAd1; : : : ; dB

#
Gm2;m2

C;D

"
y; q

����� e1; : : : ; eCf1; : : : ; fD

#
:

�ãªæ¨¨ ¢¨¤  Gm;n
A;B ¢¢¥¤¥ë ¢ [14], [16].

�¥®à¥¬  1.1. � §¨á ï H-äãªæ¨ï ¤¢ãå ¯¥à¥¬¥ëå (1:1) áå®¤¨âáï, ¥á«¨ (áà. [14], [15])

j arg xj < �; j arg yj < �: (1.2)

�à®¬¥ íâ®£®, ¯ãáâì mi = 1, bi = Ai, i = 1;m, mm+j = �1, �m+j = �j, am+j = cj , bm+j = Cj,

j = 1; n, mm+n+k = �1, k = 1; 4, �m+n+1 = 0, am+n+1 = 1, bm+n+1 = 0, �m+n+2 = 1, am+n+2 = �1,
bm+n+2 = 0, �m+n+3 = 0, am+n+3 = 0, bm+n+3 = 1, �m+n+4 = 1, am+n+4 = 0, bm+n+4 = �1,
p = m+ n+ 4, â®£¤  á¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥ ¯à¥¤¥«ì®¥ à ¢¥áâ¢®:

lim
q!1

�

Hq(x; y j p;m; �; a; b) = H(x; y; (�; a;A)m; (�; c; C)n);

¢ ª®â®à®¬ H(x; y; (�; a;A)m; (�; c; C)n) ï¢«ï¥âáï H-äãªæ¨¥© ¤¢ãå ¯¥à¥¬¥ëå [9], [11].

�¥®à¥¬  1.2. � ãá«®¢¨ïå (1:2) á¯à ¢¥¤«¨¢ë à ¢¥áâ¢ 

a)

Z +1

0

Z +1

0

xs�1yt�1Hq(zx;wy j p;m; �; a; b)dx dy =

=
z�sw�t

sin(�s) sin(�t)

pY
i=1

�mi

q (�i � ais� bit); 0 < Re s < 1; 0 < Re t < 1;

¡)

Z +1

0

Z +1

0
x�1=2y�1=2Hq(x; y j p1;m1; �1; a1; b1)Hq(zx;wy j p2;m2; �2; a2; b2)dx dy =

= z�1=2w�1=2Hq(z
1=2; w1=2 j p1 + p2;m1; �1;�

1
2
a1;�

1
2
b1;m2; �2 �

1
2
a2 �

1
2
b2;

1
2
a2;

1
2
b2): (1.3)
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�®ª ¦¥¬,  ¯à¨¬¥à, ãâ¢¥à¦¤¥¨¥ ¡). �§  á¨¬¯â®â¨ç¥áª®© ®æ¥ª¨ ¤«ï H-äãªæ¨¨ ([17],
á. 278) á«¥¤ã¥â, çâ®

Hq(x; y j p;m; �; a; b)! C ¯à¨ x! 0; y ! 0;

Hq(x; y j p;m; �; a; b) = O(jxj�1jyj�1) ¯à¨ x! +1; y ! +1:

�á«®¢¨¥ (1.2) ®¡¥á¯¥ç¨¢ ¥â  ¡á®«îâãî áå®¤¨¬®áâì Hq(zx;wy j p2;m2; �2; a2; b2) ¨ ¨â¥£à « 
(1.3). �âáî¤  ¨ ¢ á¨«ã ãâ¢¥à¦¤¥¨ï  ) ¨¬¥¥¬

Z +1

0

Z +1

0

x�1=2y�1=2Hq(x; y j p1;m1; �1; a1; b1)Hq(zx;wy j p2;m2; �2; a2; b2)dx dy =

= �
1

(2�)2

Z
Ls

Z
Lt

p1Y
i=1

�mi

q (�1i + a1is+ b1it)
�Z +1

0

Z +1

0

x1=2+s�1y1=2+t�1 �

�Hq(zx;wy j p2;m2; �2; a2; b2)dx dy
�

ds dt

sin(�s) sin(�t)
=

= �
1

(2�)2

Z
Ls

Z
Lt

p1Y
i=1

�mi

q (�1i + a1is+ b1it)
p2Y
j=1

�mj

q (�2j � a2j( 12 + s)� b2j( 12 + t))�

�
z�s�1=2w�t�1=2

sin(�s) sin(�t) sin�(s+ 1=2) sin �(t+ 1=2)
ds dt =

=
z�1=2w�1=2

��2

Z
Ls

Z
Lt

p1Y
i=1

�mi

q (�1i � a1is� b1it)
p2Y
j=1

�mj

q (�2j �
1
2
a2j �

1
2
b2j � a2js� b2jt)�

�
z�sw�t

sin(2�s) sin(2�t)
ds dt =

=
z�1=2w�1=2

(2�i)2

Z
Ls

Z
Lt

p1Y
i=1

�mi

q (�1i �
1
2
a1is�

1
2
b1it)

p2Y
j=1

�mj

q (�2j �
1
2
a2j �

1
2
b2j + 1

2
a2js+ 1

2
b2jt)�

�
zs=2wt=2

sin(�s) sin(�t)
ds dt:

�§ (1.1) ¨ ä®à¬ã« (1.10.5), (1.10.9), (1.10.11) ¨§ ([18], á. 38) ¢ëâ¥ª ¥â

�¥®à¥¬  1.3. �¬¥îâ ¬¥áâo à ¢¥áâ¢ 

 ) x�ky�hHq(x; y j p;m; �; a; b) = (�1)k+hHq(x; y j p;m; �+ ka+ hb; a; b), k, h | æ¥«ë¥ ç¨á« ;
¡) q�kHq(q�kx; qbky j p;m; �; a; b) = Hq(x; y j p;m; �; a; b) + (q � 1)Hq(x; y j p;m; �; a; b;

1;�1; �k; ak; bk; 1; 1; 1 + �k; ak; bk), £¤¥ mk > 0, k = 1; p;
¢) q�k�1Hq(q�kx; qbky j p;m; �; a; b) = Hq(x; y j p;m; �; a; b) + (q � 1)Hq(x; y j p;m; �; a; b;

1; 1; �k ; ak; bk; 1;�1; �k � 1; ak; bk), £¤¥ mk < 0, k = 1; p;

£) Hq(x; y j p;m; 2�; 2a; 2b) = (1 + q)
P

p

i=1
mi(2�i�1)�

�
P

p

i=1
mi

q2 ( 1
2
)Hq2

�
x(1 + q)2

P
p

i=1
aimi,

y(1 + q)2
P

p

i=1
bimi j 2p;m; �; a; b;�+ 1=2; a; b

�
;

¤) ¥á«¨ n > 2, r = qn, â®

Hq(x; y j p;m; n�; na; nb) =
�
1� r

1� q

�Pp

i=1
mi(n�i�1)�

�r

�
1
n

�
: : :�r

�
n� 1
n

���Pp

i=1
mi

�

�Hr

�
x

�
1� r

1� q

�Pp

i=1
miai

; y

�
1� r

1� q

�Pp

i=1
mibi ���np;m; �; a; b;m;�+1=n; a; b; : : : ;m;�+(n�1)=n; a; b

�
:
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�¥®à¥¬  1.4. �ãáâì Hq(�j�1) ï¢«ï¥âáï ¡ §¨áë¬   «®£®¬ H-äãªæ¨¨, ¯®«ãç îé¨¬áï ¨§

ä®à¬ã«ë (1:1), ¥á«¨ ¢ ¥¥ ¯à ¢®© ç áâ¨ ¬®¦¨â¥«ì �mj

q (�j+ajs+bjt) § ¬¥ï¥âáï ¯à®¨§¢¥¤¥¨¥¬
�sign(mj)
q (�j�1+ajs+bjt)�mj�sign(mj)

q (�j+ajs+bjt). �®£¤  á¯à ¢¥¤«¨¢ë à ¢¥áâ¢  ¯à¨ a = ai = aj,

b = bi = aj, 8i; j = 1; p,

 ) (1� q)[Hq(�j � 1)�Hq(�i � 1)] = Hq(qax; qby j p;m; �; a; b)

(
q�i � q�j ;

q�i�1 � q�j�1;
mi 7 0, mj ? 0;

¡) (1� q)[Hq(�j � 1) �Hq(�i � 1)] = Hq(qax; qby j p;m; �; a; b)

(
q�i�1 � q�j ;

q�i � q1��j ;
mi 7 0, mj ? 0.

�®ª § â¥«ìáâ¢® ®á®¢ ®   ä®à¬ã«¥ (1.10.5) ¨§ ([18], á. 38) ¨ ®¯à¥¤¥«¥¨¨ (1.1).

�¥®à¥¬  1.5. �à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© (1:2) ¨¬¥îâ ¬¥áâ® à ¢¥áâ¢  (áà. [14])
 )

(1� q)��

�q(� � )

Z 1

0

Z 1

0

x��1y�1Eq(qx)(1 � ay)���1Hq(zx��; wy�� j p;m; �; a; b)dqx dqy =

= Hq(z(1 � q)��; w j p;m; �; a; b; 1; 1; �;��; 0; 1; 1; �; 0;�; 1;�1; �; 0;�);

£¤¥ Re � > 0, Re � > 0, Re  > 0, Re � > 0, Re(� � ) > 0;
¡)

(1� q)����1

2�i

Z 1

0

Z
Ly

x��1y��Eq(qx)eq(qy)���1Hq(zx
��; wy j p;m; �; a; b)dqx dy =

= Hq(z(1 � q)��; w(1 � q) j p;m; �; a; b; 1; 1; �;��; 0; 1;�1; �; 0;��)

¯à¨ Re� > 0, Re � > 0, Re � > 0;
¢)

(1� q)��1

2�i�q(� � )

Z 1

0

Z
Ly

x�1y��eq(qx)(1� ay)���1Hq(zx
��; wy� j p;m; �; a; b)dqx dy =

= Hq(z; w(1 � q)� j p;m; �; a; b; 1; 1; �; �;�; 0; 1;�1; �; 0;��);

£¤¥ Re � > 0, Re � > 0, Re  > 0, Re � > 0, Re(� � ) > 0.

�®ª § â¥«ìáâ¢® á«¥¤ã¥â ¨§ (1.1) ¯®á«¥ ¯¥à¥áâ ®¢ª¨ ¯®àï¤ª  ¨â¥£à¨à®¢ ¨ï ¨ ¯à¨¬¥¥¨ï
á«¥¤ãîé¨å ä®à¬ã« ¨§ ([19], á. 372):

1.
G(q)
1� q

Z 1

0

x��s�1Eq(qx)dqx = G(q��s), G(q�) =
1Y
n=0

(1� q�+n)�1,

2.
1

1� q

Z 1

0

x��1(1� qx)��1dqx =
1Y
n=0

(1� q�+�+n)(1� q1+n)
(1� q�+n)(1 � q�+n)

,

3.
1
2�i

Z
L

eq(sx)(sx)�r�1ds =
xr

(1� q)r
.

2. � §¨áë©   «®£ H-äãªæ¨¨ ®¤®© ¯¥à¥¬¥®©

�¯à¥¤¥«¥¨¥ 2. � §¨á ï H-äãªæ¨ï ®¤®© ¯¥à¥¬¥®© § ¤ ¥âáï ¨â¥£à «®¬ �¥««¨ {
� àá 

Hq(z j p;m; �; a; b) =
1
2�i

Z
Ls

Qp
m;�;a(s)

zs

sin(�s)
ds; (2.1)

¢ ª®â®à®¬ Qp
m;�;a(s) =

pQ
i=1

�mi

q (Ai + ais), Ai = 1=2 � (�i � 1=2) sign ai,   ¢¥ªâ®àë m, � ¨ a â¥ ¦¥,

çâ® ¨ ¢ ®¯à¥¤¥«¥¨¨ 1.
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�®âãà Ls ¯à®å®¤¨â â ª, çâ® ¯®«îáë äãªæ¨© �mi

q (Ai + ais) á mi > 0, ai(7)0 «¥¦ â á¯à ¢ 
(á«¥¢ ) ®â Ls ¨  å®¤ïâáï ¯® ªà ©¥© ¬¥à¥   ¥ª®â®à®¬ à ááâ®ï¨¨ " > 0 ®â ª®âãà .

� áâë¬¨ á«ãç ï¬¨ ¡ §¨á®©H-äãªæ¨¨ (2.1) ï¢«ïîâáïHq-äãªæ¨¨ [14], [15] ¨Gq-äãªæ¨ï
[14], [16], H-äãªæ¨ï �®ªá  ¨ G-äãªæ¨ï �¥©¥à  [20].

�â¬¥â¨¬, çâ® ¨¬¥¥â ¬¥áâ®   «®£ ¯à¨¬¥à  1, ª®â®àë© ¬ë ®¯ãáª ¥¬. �à¨¢¥¤¥¬ ¡®«¥¥ ¯à®áâë¥
¯à¨¬¥àë.

�à¨¬¥à 2.  ) Hq(�z j 1; 1; 1 � �;�1; 1; 1; 1 � �; �1; 1; �1; 1 � ; �1; 1; �1; �2; �1) =
�q(�)�q(�)

�q()
2�1(q�; q�; q ; q; z), jzj < 1, j arg(�z)j < �, £¤¥ 2�1(q�; q�; q ; q; z) | q-  «®£ [21] £¨-

¯¥à£¥®¬¥âà¨ç¥áª®© äãªæ¨¨ 2F1(�;�; ; z);

¡) Hq(z j 1; 1; �; 1; 1; 1; 1 � �;�1; 1;�1;�2;�1; 1; 1;�1; �; 1) =
(�zq�;�z�1q�+1; q)1
(�z;�qz�1; q)1

�q(� + �),

0 < q < 1, �Re� < Re s < Re � [22];

¢) Hq(�z j p;m; �; a) =
�q(a1) : : :�q(ar+1)
�q(�1) : : :�q(�r)

r+1�r(qa1 ; : : : ; qar+1 ; q�1 ; : : : ; q�r ; q; z), £¤¥ [18]

mi = 1; i = 1; r + 1; mi = �1; i = r + 2; 2r + 2;

ak = �1; k = 1; 2r + 2; �h+r+1 = �h; h = 1; r; �2r+2 = 1:

�¥®à¥¬  2.1. �à¨ j arg zj < � ¡ §¨áë©   «®£ H-äãªæ¨¨ áå®¤¨âáï. �à®¬¥ íâ®£®, ¯ãáâì

mi = 1, ai > 0, i = 1; n; mn+j = 1, �n+j = �j , an+j = �b2 < 0, j = 1;m; mm+k = �1, �m+k = �k,

am+k = �ak < 0, k = n+ 1; A+ 1; �m+A+1 = 1, am+A+1 = �1; mA+1+k = �1, �A+1+k = �k,
aA+1+k = bk > 0, k = m+ 1; B + 1; �A+B+2 = 1, aA+B+2 = 1; p = A + B + 2, â®£¤  á¯à ¢¥¤«¨¢®

¯à¥¤¥«ì®¥ à ¢¥áâ¢®

lim
q!1

�

Hq(z j p;m; �; a) = Hm;n
A;B

"
z

����� (�1; a1); : : : ; (�A; aA)
(�1; b1); : : : ; (�B ; bB)

#
:

�¥®à¥¬  2.2. �á«¨ j arg zj < �, â®

 )
Z +1

0
xs�1Hq(zx j p;m; �; a) = �

z�1

sin(�s)
Qp
m;�;a(s), 0 < Re s < 1;

¡)
Z +1

0

x�1=2Hq(x j p1;m1; �1; a1)Hq(zx j p2;m2; �2; a2)dx = z�1=2Hq(z j p1;m1; �1;�
1
2
a1; p2;m2;

�2 �
1
2
a2;

1
2
a2).

�¥®à¥¬  2.3. �¬¥îâ ¬¥áâ® à ¢¥áâ¢ 

 ) z�kHq(z j p;m; �; a) = (�1)kHq(z j p;m; �+ ka; a), k | æ¥«®¥ ç¨á«®;
¡) qAkHq(qakz j p;m; �; a) = Hq(z j p;m; �; a)+(q�1)Hq(z j p;m; �; a; 1; 1; �k+1; ak; 1;�1; �k ; ak),

£¤¥ mk > 0, k = 1; p;
¢) qAk�1Hq(qakz j p;m; �; a) = Hq(z j p;m; �; a) + (q � 1)Hq(z j p;m; �; a; 1; 1; �k ; ak; 1;�1;

�k � 1; ak), £¤¥ mk < 0, k = 1; p;
£) Hq((1 + q)�1 j 1; 1; 1; 2) = (1 + q)�1��1q2 (

1
2
)Hq2(1 + q j 1; 1; 1; 1; 1; 1; 1

2
; 1);

¤) ¯ãáâì n > 2, r = qn, â®£¤ 

Hq

�
1� q

1� r

���� 1; 1; 1; n
�
=
1� q

1� r
��1r

�
n� 1
n

�
: : :��1r

�
1
n

�
Hr

�
1� q

1� r

���� 1; 1; 1; 1; 1; 1; n� 1
n

; 1; : : : ; 1; 1;
1
n
; 1
�
:

�¥®à¥¬  2.4. �ãáâì Hq(ai�1) ï¢«ï¥âáï ¡ §¨á®© H-äãªæ¨¥©, ¯®«ãç îé¥©áï ¨§ ä®à¬ã«ë

(2:1), ¥á«¨ ¢ ¥¥ ¯à ¢®© ç áâ¨ ¬®¦¨â¥«ì �mi

q (Ai+ais) § ¬¥ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ �sign(mi)
q (Ai�

1 + ais)�mi�sign(mi)
q (Ai + ais), â®£¤  á¯à ¢¥¤«¨¢ë à ¢¥áâ¢ 

 ) (1 � q)[Hq(�j + 1) � Hq(�i + 1)] = (q��i � q��j )Hq(q��iz j p;m; �; a), mi ? 0, mj ? 0,
ai = aj ? 0;
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¡) (1� q)[Hq(�j � 1) �Hq(�i � 1)] = (q�(1��i) � q�(1��j))Hq(q��iz j p;m; �; a), mi ? 0, mj ? 0,
ai = aj ? 0;

¢) (1 � q)[Hq(�j � 1) � Hq(�i � 1)] =

(
q1��i � q��j

q�j � q�j�1

)
Hq(q

��iz j p;m; �; a), mi > 0, mj < 0,

ai = aj ? 0.

�®ª § â¥«ìáâ¢® ®á®¢ ®   ä®à¬ã«¥ (1.10.5) ¨§ ([18], c. 38) ¨ ä®à¬ã«¥ (2.1).

�¥®à¥¬  2.5 (áà. [14]). �ãáâì j arg zj < �, â®£¤  ¨¬¥îâ ¬¥áâ® à ¢¥áâ¢ 

 ) (1 � q)��
Z 1

0

x��1Eq(qx)Hq(zx
�� j p; m; �; a)dqx = Hq((1 � q)��x j p; m; �; a; 1; 1; �; ��),

Re� > 0, Re � > 0;

¡) ��1q (� � �)
Z 1

0

x��1(1 � qx)����1Hq(zx
� j p;m; �; a)dqx = Hq(z j p;m; �; a; 1; 1; �;�; 1;�1;

�;�), Re� > 0, Re � > 0, Re  > 0, Re(� � �) > 0;

¢)
(1� q)��1

2�i

Z
L

x�eq(qx)Hq(zx� j p;m; �; a)dqx = Hq((1�q)��z j p;m; �; a; 1;�1; �;��), Re � > 0.
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