
�« ¤¨ª ¢ª §áª¨© ¬ â¥¬ â¨ç¥áª¨© ¦ãà «

�ªâï¡àì{¤¥ª ¡àì, 2000, �®¬ 2, �ë¯ãáª 4

��� 539.217

����������� ������������� ���������

��������� �������� � ����������-�������� ������

�. �. �  «¨è¢¨«¨, �. �. �¥¤¥¥¢, �. �. � à¥¡®¢

� ¤ ®© à ¡®â¥ ¯®«ãç¥ë   «¨â¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨, ¯®§¢®«ïîé¨¥ ¯à®£®§¨à®¢ âì

ª®«¥¡ ¨ï ¯«®â®áâ¨   ¢á¥¬ ¨â¥à¢ «¥ ¨§¬¥¥¨ï á¢ï§ ®© ¦¨¤ª®áâ¨. � §à ¡®â  ï

¬¥â®¤¨ª  ãç¨âë¢ ¥â ®á®¡¥®áâ¨ áâàãªâãàëå à §®¢¨¤®áâ¥© ¯®à®¢®© ¢« £¨. �à®¢¥-

¤¥ áà ¢¨â¥«ìë©   «¨§ ¯®«ãç¥ëå à¥§ã«ìâ â®¢ á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨

¤àã£¨å  ¢â®à®¢.

�§¢¥áâ® [4], çâ® ¬¥â®¤¨ª  ®¯à¥¤¥«¥¨ï ¯«®â®áâ¨ á¢ï§ ®© ¢®¤ë, ª®â®-

à ï áà ¢¨â¥«ì® ¡®«ìè¥ á¢®¡®¤®©, âà¥¡ã¥â ¤ «ì¥©è¥£® á®¢¥àè¥áâ¢®¢ ¨ï.

�¥¬®£®ç¨á«¥ë¥ íªá¯¥à¨¬¥â «ìë¥ ¨ â¥®à¥â¨ç¥áª¨¥ ¨áá«¥¤®¢ ¨ï [2, 3] ®-

áïâ ¯à®â¨¢®à¥ç¨¢ë© ¨ ¥§ ª®ç¥ë© å à ªâ¥à.

� áá¬®âà¨¬ ¥ª®â®àë© ®¡ê¥¬ ª ¯¨««ïà®-¯®à¨áâ®© áà¥¤ë. �à¨ ¬ áá¥ áª¥-

«¥â  áà¥¤ë md, ®¡ê¥¬ ¡ã¤¥â à ¢¥

Vt =
md

�d
; (1)

  ¤«ï ®¡ê¥¬  â¢¥à¤ëå ç áâ¨æ áà¥¤ë ¨¬¥¥¬

Vs =
md

�s
; (2)

£¤¥ �d | ¯«®â®áâì áª¥«¥â  ¯®à¨áâ®© áà¥¤ë; �s | ¯«®â®áâì â¢¥à¤ëå ç áâ¨æ

¯®à¨áâ®© áà¥¤ë.

�à¥¤¯®«®¦¨¬, çâ® ¢ ¯®à å áà¥¤ë á®¤¥à¦¨âáï ¢®¤ , ¢¥«¨ç¨  (ª®«¨ç¥áâ¢®)

ª®â®à®© á®®â¢¥âáâ¢ã¥â ¬ ªá¨¬ «ì®© ¬®«¥ªã«ïà®© ¢« £®¥¬ª®áâ¨

Wmmw =Wmw +Wpw +Wdw; (3)

£¤¥ Wmw | ¢« £  ¬®®á«®©®©  ¤á®à¡æ¨¨, Wpw | ¢« £  ¯®«¨á«®©®©  ¤á®à¡-

æ¨¨, Wdw | ¤¨ääã§¨® ï ¢« ¦®áâì.

c 2000 �  «¨è¢¨«¨ �. �., �¥¤¥¥¢ �. �, � à¥¡®¢ �. �.
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�ã¬¬ àë© ®¡ê¥¬ ¦¨¤ª®áâ¨ ¢ áà¥¤¥ ¡ã¤¥â á®áâ ¢«ïâì

nw = nmw + npw + ndw: (4)

�à¥¤áâ ¢¨¬ ®¡ê¥¬ â¢¥à¤®£® ª®¬¯®¥â  ¢¬¥áâ¥ á ¦¨¤ª®© ¢ á«¥¤ãîé¥¬ ¢¨-

¤¥

Vs =
md

�s
+
mmw

�mw
+
mpw

�pw
+
mdw

�dw
; (5)

£¤¥ �mw | ¯«®â®áâì ¬®®¬®«¥ªã«ïà®© ¢« £¨, �pw | ¯«®â®áâì ¯®«¨¬®«¥ªã-

«ïà®© ¢« £¨, �dw | ¯«®â®áâì ¤¨ääã§¨®®© ¢« £¨.

�®®â®è¥¨¥ (5) ¬®¦® ¯¥à¥¯¨á âì ¢ ¤àã£®¬ ¢¨¤¥:

Vs = md

�
1

�s
�

1

�mw
�
mmw

md

+
1

�s
�
mpw

md

+
1

�s
�
mdw

md

�
: (6)

� ¬¥â¨¬, çâ® ¢¥«¨ç¨  Vs ¨§ § ¢¨á¨¬®áâ¨ (6) ¥ ï¢«ï¥âáï ª®âà ªæ¨®ë¬

®¡ê¥¬®¬ ª ¯¨««ïà®-¯®à¨áâ®© áà¥¤ë [1].

�¥«¨ç¨ã ¢« £®á®¤¥à¦ ¨ï áà¥¤ë ¡ã¤¥¬ ®æ¥¨¢ âì ¯® ¢¥àå¥¬ã ¯à¥¤¥«ã

¯®«¨¬®«¥ªã«ïà®©  ¤á®à¡æ¨¨

Hw =
W

Wmpw

; (7)

â. ¥. ¥á«¨ Hw = 1, â® ¢« ¦®áâì áà¥¤ë ¡ã¤¥â W =Wmpw.

� ¢¨á¨¬®áâì (7) ¬®¦® ¯¥à¥¯¨á âì ¢ à §¢¥àãâ®¬ ¢¨¤¥:

�mw

md

�Aw
= Hw

�mw

md

�mpw
: (8)

�¨¦¨© ¯à¥¤¥« ¢« £®á®¤¥à¦ ¨ï áà¥¤ë ¯à¥¤áâ ¢¨¬ á«¥¤ãîé¨¬ ®¡à §®¬:

�mw

md

�Aw
= Hi

w

�mw

md

�mpw
: (9)

�á«¨ áç¨â âì, çâ® Hi
w | ¨¦ïï £à ¨æ  ¢« £®á®¤¥à¦ ¨ï,   �iw | ¯«®â-

®áâì ¢®¤ë ¯à¨ íâ®© ¢« ¦®áâ¨, â® ¤«ï ¢« ¦®áâ¨ ¬®®¬®«¥ªã«ïà®©  ¤á®à¡-

æ¨¨ ¬®¦®  ¯¨á âì à ¢¥áâ¢®

Hw

�(Hw)

�mw

md

�mpw
=
Hi
w

�iw

�mw

md

�mpw
+
Hw �Hi

w

�mw

�mw

md

�mpw
(10)
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¨«¨ ¯à¥®¡à §®¢ ¨¥¬ ¬®¦® ¯®«ãç¨âì

Hw

�(Hw)
=

Hw

�mw
�

Hi
w

�mw

��iw � �mw

�iw

�
: (11)

�®á«¥ â®£®, ª ª ¬ë ¢ë¥á¥¬ ®¡é¨© ¬®¦¨â¥«ì 1

�mw
§  áª®¡ª¨, ¯®«ãç¨¬

Hw

�(Hw)
=

1

�mw

h
Hw �Hi

w

�
1�

�mw

�iw

�i
: (12)

�«ï ¢« ¦®áâ¨ ¬®®á«®©®©  ¤á®à¡æ¨¨ ®ª®ç â¥«ì® ¬®¦®  ¯¨á âì

�(Hw) =
Hw�mw

Hw �Hi
w

�
1� �mw

�iw

� (13)

¨«¨ á ãç¥â®¬ § ¢¨á¨¬®áâ¨ (7) ¨¬¥¥¬

�(W ) =
W�mw

W �W i
w

�
1� �mw

�iw

� ; (14)

£¤¥ W i
w | ¯«®â®áâì ¯à¨ Hw = Hiw.

� ¨â¥à¢ «¥ ¯®«¨¬®«¥ªã«ïà®©  ¤á®à¡æ¨¨ Hm
w < Hw � Hp

w à ¢¥áâ¢® (10)

¬®¦® ¯à¥¤áâ ¢¨âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥

Hw

�(Hw)
=
Hi
w

�iw
+
Hm
w �Hi

w

�mw
+
Hw �Hm

w

�pm
(15)

¨«¨ ¯®á«¥ ¥ª®â®àëå ¯à¥®¡à §®¢ ¨© ¨¬¥¥¬

Hw

�(Hw)
=

1

�pw

�
Hw �Hi

w

�pw

�mw

�
1�

�mw

�iw

�
�Hm

w

�
1�

�pw

�mw

��
: (16)

�ª®ç â¥«ì® § ¢¨á¨¬®áâì ¤«ï ®¯à¥¤¥«¥¨ï ¯«®â®áâ¨ ¢ ¨â¥à¢ «¥ ¯®«¨á-

«®©®©  ¤á®à¡æ¨¨ ¨¬¥¥â ¢¨¤

�(Hw) =
Hw�pw

Hw �Hi
w
�pw
�mw

�
1� �mw

�iw

�
�Hm

w

�
1�

�pw
�mw

� (17)

¨«¨ ç¥à¥§ ¢« ¦®áâì ¯®à¨áâ®© áà¥¤ë

�(W ) =
W�pw

W �W i
w
�pw
�mw

�
1� �mw

�iw

�
�Wm

w

�
1�

�pw
�mw

� : (18)
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�  ¨â¥à¢ «¥ ¤¨ääã§¨®®© ¢« ¦®áâ¨Hp
w < Hw � Hdw

w ¤«ï ®¯à¥¤¥«¥¨ï

§ ¢¨á¨¬®áâ¨ ¯«®â®áâ¨ ®â ¢« ¦®áâ¨ ¬®¦® á®áâ ¢¨âì à ¢¥áâ¢®

Hw

�(Hw)
=
Hi
w

�iw
+
Hm
w �Hi

w

�mw
+
Hp
w �Hm

w

�pm
+
Hw �Hp

w

�dw
(19)

¨«¨ ¯®á«¥ ¥ª®â®àëå ¯à¥®¡à §®¢ ¨©, ¯®«ãç¨¬

Hw

�(Hd)
=
Hw

�dw
�

Hi
w

�mw

�
1�

�mw

�iw

�
�
Hm
w

�pw

�
1�

�pw

�mw

�
�Hp

w

�
1�

�dw

�pw

�
: (20)

�ë®áï ¢¥«¨ç¨ã 1

�dw
§  ®¡é¨¥ áª®¡ª¨, ¨¬¥¥¬

Hw

�(Hw)
=

1

�dw

�
Hw �Hi

w

�dw

�mw

�
1�

�mw

�iw

�

�Hm
w

�dw

�pw

�
1�

�pw

�mw

�
�Hp

w

�
1�

�dw

�pw

��
: (21)

�ª®ç â¥«ì® ¤«ï ¤¨ääã§¨®®£® ¨â¥à¢ «  ¨§¬¥¥¨ï ¢« ¦®áâ¨ § ¢¨-

á¨¬®áâì ¯«®â®áâ¨ ®â ¢« ¦®áâ¨ ¨¬¥¥â ¢¨¤

�(Hw) =
Hw�dw

Hw �Hi
w
�dw
�mw

�
1� �mw

�iw

�
�Hm

w
�dw
�pw

�
1�

�pw
�mw

�
�H

p
w

�
1� �dw

�pw

� (22)

¨«¨ á ãç¥â®¬ § ¢¨á¨¬®áâ¨ (7)

�(W ) =
W�dw

W �W i
w
�dw
�mw

�
1� �mw

�iw

�
�Wm

w
�dw
�pw

�
1�

�pw
�mw

�
�W

p
w

�
1� �dw

�pw

� : (23)

� ¯¥à¢®¬ ¯à¨¡«¨¦¥¨¨ ¤«ï ®à¨¥â¨à®¢®çëå à áç¥â®¢, ¯à¨ ãá«®¢¨¨, çâ®

¨¦¨© ¯à¥¤¥« ¢« £®á®¤¥à¦ ¨ï  å®¤¨âáï ¢ ¨â¥à¢ «¥ ¯®«¨á«®©®©  ¤á®à¡-

æ¨¨, ¬®¦® á®áâ ¢¨âì á«¥¤ãîé¥¥ ã¯à®é¥®¥ à ¢¥áâ¢®

Hw

�(Hw)
=
Hp

�p
+
Hw �Hp

�w
; (24)

£¤¥ �w | ¯«®â®áâì ¢®¤ë � = 1£=á¬3.

�§ à ¢¥áâ¢  (24) ¯à¥®¡à §®¢ ¨¥¬ ¬®¦® ¯®«ãç¨âì

Hw

�(Hw)
=
Hp

�p
�
Hp

�w

�
1�

�w

�p

�
: (25)
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�ª®ç â¥«ì® § ¢¨á¨¬®áâì ¤«ï ¯«®â®áâ¨ á¢ï§ ®© ¢®¤ë ¨¬¥¥â ¢¨¤

�(Hw) =
Hw�w

Hw �Hp

�
1� �w

�p

� (26)

¨«¨ ãç¨âë¢ ï § ¢¨á¨¬®áâì (7) ¬®¦®  ¯¨á âì

�(W ) =
W�w

W �Wp

�
1� �w

�p

� : (27)

�  ®á®¢¥ à §à ¡®â ®© ¬¥â®¤¨ª¨ à áá¬®âà¨¬ ¬®¤¥«ìãî § ¤ çã ®¯à¥¤¥-

«¥¨ï ¯«®â®áâ¨ ¢ § ¢¨á¨¬®áâ¨ ®â ¢« ¦®áâ¨ (à¨á. 1).

�¨á. 1. �á«®¢ ï ªà¨¢ ï ¨§¬¥¥¨ï ¯«®â®áâ¨

á¢ï§ ®© ¢®¤ë ¯®à¨áâ®© áà¥¤ë

�«ï ®à¨¥â¨à®¢®çëå à áç¥â®¢ ¢ë¤¥«¨¬ âà¨ å à ªâ¥àëå ¨â¥à¢ «  ¨§-

¬¥¥¨ï ¢« ¦®áâ¨: ¨â¥à¢ « ¬®®á«®©®©  ¤á®à¡æ¨¨ HI
W � HW � HM

W ,

¨â¥à¢ « ¯®«¨á«®©®©  ¤á®¡æ¨¨ HM
W < HW � HP

W ¨ ¨â¥à¢ « ¤¨ääã§¨-

®®© ¢« ¦®áâ¨ HP
W < HW � Hd

W . �à¨¬¥¬   ¨â¥à¢ «¥ ¬®®á«®©®©

 ¤á®à¡æ¨¨ á«¥¤ãîé¨¥ à áç¥âë¥ § ç¥¨ï ¯«®â®áâ¨ | �IW = 1:8£=á¬3,

�MW = 1:44£=á¬3, ¢ ª ç¥áâ¢¥ ¢¥àå¥© £à ¨æë ¨â¥à¢ «  ¯®«¨á«®©®©  ¤á®à¡-

æ¨¨ ¨¬¥¥¬ | �PW = 1:2£=á¬3, ¤«ï ¤¨ääã§¨®®£® ¨â¥à¢ «  ¡ã¤¥¬ áç¨â âì,

çâ® �dW = �W = 1£=á¬3. �  ¨áá«¥¤ã¥¬®¬ ¨â¥à¢ «¥ HI
W � HW � HP

W äãª-

æ¨î ¢« £®á®¤¥à¦ ¨ï ¡ã¤¥¬ ®æ¥¨¢ âì ¯® ¢¥«¨ç¨¥ ®â®á¨â¥«ì®© ã¯àã£®áâ¨

¢®¤ï®£® ¯ à  P=PS . �«ï áà ¢¥¨ï ¯®«ãç¥ëå à¥§ã«ìâ â®¢ ¯à¨¢¥¤¥¬ íªá¯¥-

à¨¬¥â «ìë¥ ¤ ë¥ �ã«ìç¨æª®£® �. �. ¨§ [3], á¬. â ¡«¨æã 1.
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� ¡«¨æ  1

�¥§ã«ìâ âë íªá¯¥à¨¬¥â  ¯® ¢¥«¨ç¨¥ P=Ps
P=Ps 0.01 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0.98

�
�
P
Ps

�
1.80 1.51 1.44 1.38 1.31 1.30 1.29 1.29 1.31 1.30 1.29 1.2

�¥§ã«ìâ âë à áç¥â®¢  ¢â®à®¢ ¯® ¢¥«¨ç¨¥ Hw

Hw 0.01 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

�(Hw) 1.80 1.48 1.45 1.31 1.27 1.25 1.24 1.24 1.23 1.23 1.22 1.22

�à¨ íâ®¬ á®£« á® § ¢¨á¨¬®áâ¨ (13) ¤«ï ¯¥à¢®£® ¨â¥à¢ «  ¨¬¥¥¬

�(HW ) = HW � 1:44=(HW � 0:002), ¢â®à®© ¨â¥à¢ « á®£« á® (17) å à ªâ¥à¨-

§ã¥âáï �(HW ) = HW � 1:2=(HW � 0:017) ¨ ¤«ï ¤¨ääã§¨®®£® ¨â¥à¢ «  ¨§

§ ¢¨á¨¬®áâ¨ (22) ¯®«ãç ¥âáï �(HW ) = HW=(HW � 0:181). �¥§ã«ìâ âë à áç¥â 

¯à¨¢¥¤¥ë ¢ â ¡«¨æ¥ 1.

� «¨§ § ¢¨á¨¬®áâ¥© (10){(23) ¯®§¢®«ï¥â á¤¥« âì á«¥¤ãîé¨¥ ¢ë¢®¤ë:

1. �®«ãç¥ë¥   «¨â¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨ ¯®§¢®«ïîâ ¯à®£®§¨à®¢ âì ª®-

«¥¡ ¨ï ¯«®â®áâ¨   ¢á¥¬ ¨â¥à¢ «¥ ¨§¬¥¥¨ï á¢ï§ ®© ¢« £¨ ¨ ¢ â® ¦¥

¢à¥¬ï áà ¢¨â¥«ì® ¯à®áâë ¤«ï ¯à¨¬¥¥¨ï ¢ à áç¥â å.

2. �à¥¨¬ãé¥áâ¢® à §à ¡®â ®© ¬¥â®¤¨ª¨ § ª«îç ¥âáï ¢ ãç¥â¥ ®á®¡¥®á-

â¥© áâàãªâãàëå à §®¢¨¤®áâ¥© ¯®à®¢®© ¢« £¨.

3. �¥§ã«ìâ âë áà ¢¨â¥«ì®£® à áç¥â  ¯® ¯®áâ ¢«¥®© § ¤ ç¥ ¯®ª § «¨,

çâ® à áå®¦¤¥¨¥ á ¤ ë¬¨ íªá¯¥à¨¬¥â  á®áâ ¢«ï¥â 2{5%.
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