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�¢â®à ¬¨ à §à ¡®â ­  ¬¥â®¤¨ª  ®¯à¥¤¥«¥­¨ï å à ªâ¥à¨áâ¨ª ä¨§¨ç¥áª®£® á®áâ®ï­¨ï

¯®à¨áâëå ¨ ª ¯¨««ïà­®-¯®à¨áâëå áà¥¤. �®«ãç¥­ë à áç¥â­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï ®¯à¥-

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

ãâ®ç­¨âì ¨§¢¥áâ­ë¥ ª« áá¨ä¨ª æ¨®­­ë¥ ¯®ª § â¥«¨ ¬­®£®ä §­ëå ¯®à¨áâëå áà¥¤.

� áá¬®âà¨¬ ¯®à¨áâãî ¬­®£®ª®¬¯®­¥­â­ãî áà¥¤ã, ¢ ®¡é¥¬ á«ãç ¥ á®áâ®ï-

éãî ¨§ â¢¥à¤ëå ç áâ¨æ, ¦¨¤ª®áâ¨ ¨ £ § . � ª ç¥áâ¢¥ ¯à¨¬¥à  ¬®¦­® ¯à¨¢¥áâ¨

¯®ç¢ã, £àã­â, ¯®à®¤ã ¨ â. ¤. �«ï à áá¬ âà¨¢ ¥¬®£® ®¡ê¥¬  áà¥¤ë ¬®¦­® ¢ë-

¤¥«¨âì ®¡ê¥¬, § ­ïâë© â¢¥à¤ë¬¨ ç áâ¨æ ¬¨ Vs ¨ ®¡ê¥¬ ¯®à V� . �®£¤  ¯®«­ë©

®¡ê¥¬ áà¥¤ë Vt = Vs+V� , £¤¥ V� = Vw+Vg,   Vg ¨ Vw | á®®â¢¥âáâ¢¥­­® ®¡ê¥¬ë

£ §  ¨ ¦¨¤ª®áâ¨ (à¨á. 1).

�§¢¥áâ­® [3], çâ® ¤«ï ¥¤¨­¨æë ®¡ê¥¬  áà¥¤ë ¢ë¯®«­ï¥âáï ãá«®¢¨¥

m+ n = 1; (1)

£¤¥ n = V�=Vt | ®¡ê¥¬ ¯®à áà¥¤ë, m = Vs=Vt | ®¡ê¥¬ â¢¥à¤ëå ç áâ¨æ áà¥¤ë.

�à¥¤áâ ¢¨¬ ¢¥«¨ç¨­ã ¯®à¨áâ®áâ¨ n à áá¬ âà¨¢ ¥¬®© áà¥¤ë ¢ ¢¨¤¥ áã¬¬ë

n = nw + ng: (2)

�«ï ®¡ê¥¬  ¦¨¤ª®áâ¨ ¯à¨¢¥¤¥¬ á«¥¤ãîé¥¥ ¨§¢¥áâ­®¥ ®â­®è¥­¨¥

nw = Vw=Vt = nSw; (3)

£¤¥ Sw | áâ¥¯¥­ì ¢« ¦­®áâ¨ ¨«¨ ª®íää¨æ¨¥­â ¢®¤®­ áëé¥­­®áâ¨ [3]:

Sw = nw=n =W=Wsw: (4)

�¤¥áìWsw | ¯®«­ ï ¢« £®¥¬ª®áâì, á®®â¢¥âáâ¢ãîé ï ¯®«­®¬ã § ¯®«­¥­¨î ¯®à

áà¥¤ë ¦¨¤ª®áâìî:

Wsw = n�w=m�s; (5)

c
 2000 �¡à £¨¬®¢ �. �., �¥¤¥¥¢ �. �., � à¥¡®¢ �. �.
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£¤¥ �w | ¯«®â­®áâì ¦¨¤ª®áâ¨ (¢®¤ë), �s | ¯«®â­®áâì â¢¥à¤ëå ç áâ¨æ áà¥¤ë.

�®¤¥à¦ ­¨¥ £ §  ¢ ¥¤¨­¨æ¥ ®¡ê¥¬  áà¥¤ë ¡ã¤¥¬ ®æ¥­¨¢ âì ¯® ¢¥«¨ç¨­¥

ng = Vg=Vt = VV =Vt � Vw=Vt = n� nw; (6)

¨«¨ á ãç¥â®¬ § ¢¨á¨¬®áâ¨ (3)

ng = n� nw = n� nSw = n(1� Sw): (7)

�â­®è¥­¨¥ ®¡ê¥¬  £ §  ª ®¡ê¥¬ã ¯®à ­ §®¢¥¬ áâ¥¯¥­ìî £ §®á®¤¥à¦ ­¨ï ¨

®¯à¥¤¥«¨¬ á«¥¤ãîé¨¬ ®¡à §®¬

Sg = Vg=V� = V�=V� � Vw=V� = 1� Vw=V� : (8)

�ç¨âë¢ ï á®®â­®è¥­¨ï (3) ¨ (4), § ¢¨á¨¬®áâì (8) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢

¢¨¤¥

Sg = 1� Sw; (9)

¨«¨

Sw + Sg = 1: (10)

� ¢¥­áâ¢® (7) á ãç¥â®¬ (9) ¯à¨­¨¬ ¥â á«¥¤ãîé¨© ¢¨¤

ng = nSg: (11)

�«ï ®¡ê¥¬  £ §  ¢ ¥¤¨­¨æ¥ ®¡ê¥¬  à áá¬ âà¨¢ ¥¬®© áà¥¤ë ¨¬¥¥¬

ng = mg=�g = (ma +mc)=�g; (12)

£¤¥ ma | ¬ áá  áãå®£® ¢®§¤ãå , mc | ¬ áá  ¢®¤ï­®£® ¯ à . �ç¨âë¢ ï, çâ®

ma = �ana ¨ mc = �cnc, ¯®«ãç¨¬

ng = (na�a + nc�c)=�g = na�ao + na�co; (13)

£¤¥ na ¨ �a | ®¡ê¥¬ ¨ ¯«®â­®áâì áãå®£® ¢®§¤ãå , nc ¨ �c | ®¡ê¥¬ ¨ ¯«®â­®áâì

¢®¤ï­®£® ¯ à .

�à¥¤áâ ¢¨¬ § ¢¨á¨¬®áâì ¤«ï ®¡ê¥¬  £ §  (13) ¢ ¢¨¤¥ áã¬¬ë ¯à¨¢¥¤¥­­ëå

®¡ê¥¬®¢ áãå®£® ¢®§¤ãå  ¨ ¢®¤ï­®£® ¯ à 

ng = n�a + n�c : (14)

�¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥ á®®â­®è¥­¨¥ ¤«ï ¯à¨¢¥¤¥­­ëå ®¡ê¥¬®¢

n�a=n
�
c = �ao=�co; (15)
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£¤¥ �ao | ®â­®á¨â¥«ì­ ï ¯«®â­®áâì áãå®£® ¢®§¤ãå :

�ao = �a=�g; (16)

�co | ®â­®á¨â¥«ì­ ï ¯«®â­®áâì ¢®¤ï­®£® ¯ à :

�co = �c=�g: (17)

�§¢¥áâ­® [4], çâ® áã¬¬  ®â­®á¨â¥«ì­ëå ¯«®â­®áâ¥© ¡¨­ à­®© á¬¥á¨ à ¢­ 

¥¤¨­¨æ¥:

�ao + �co = 1: (18)

� ¢¨á¨¬®áâì (14) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¤àã£®¬ ¢¨¤¥ á ãç¥â®¬ (9) ¨ (11)

n�a + n�c = n(1� Sw); (19)

â®£¤  ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ á®®â­®è¥­¨¥ (15) ¨¬¥¥¬

n�a(�co=�ao + 1) = n(1� Sw); (20)

¨«¨ á ãç¥â®¬ (16)

n�a = n(1� Sw)�ao = nSg�ao: (21)

�­ «®£¨ç­® ¤«ï ¢®¤ï­®£® ¯ à  ¬®¦­® ­ ©â¨

n�c = n(1� Sw)�co = nSg�co: (22)

� ¦­® ®â¬¥â¨âì, çâ® á«¥¤ãï ª« áá¨ç¥áª¨¬ âà ¤¨æ¨ï¬ [2, 3] ¬®¦­® ¯®«ã-

ç¨âì á«¥¤ãîé¥¥:

n�a=n = S�
a = (1� Sw)�ao = Sg�ao: (23)

�­ «®£¨ç­® ¨§ á®®â­®è¥­¨ï (22) ¯®«ãç ¥âáï:

n�c=n = S�
c = (1� Sw)�co = Sg�co: (24)

�ª« ¤ë¢ ï (23) ¨ (24) ¯®«ãç ¥¬ á«¥¤ãîéãî § ¢¨á¨¬®áâì

S�
a + S�

c = Sg(�ao + �co) = Sg; (25)

ãç¨âë¢ ï (9) ¨¬¥¥¬

S�
a + S�

c + Sw = 1: (26)

�§¢¥áâ­® [1], çâ® ¯® ¬¥å ­¨§¬ã ®¡à §®¢ ­¨ï ¨ ¯® í­¥à£¨¨ á¢ï§¨ á â¢¥à¤®©

ª®¬¯®­¥­â®© áà¥¤ë à §«¨ç îâ ®¤¨­­ ¤æ âì ¢¨¤®¢ ¦¨¤ª®© á®áâ ¢«ïîé¥© áà¥-

¤ë. � ¨¡®«¥¥ áãé¥áâ¢¥­­®¥ §­ ç¥­¨¥ ¢ ä®à¬¨à®¢ ­¨¨ á¢®©áâ¢ ¯®à¨áâ®© áà¥¤ë
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¨¬¥îâ á«¥¤ãîé¨¥ áâàãªâãà­ë¥ à §­®¢¨¤­®áâ¨ ¯®à¨áâ®© ¦¨¤ª®áâ¨: ¦¨¤ª®áâì

¬®­®¬®«¥ªã«ïà­®©  ¤á®à¡æ¨¨, ¦¨¤ª®áâì ¯®«¨¬®«¥ªã«ïà­®©  ¤á®à¡æ¨¨, ¤¨ä-

äã§¨®­­ ï, ª ¯¨««ïà­ ï ¨ £à ¢¨â æ¨®­­ ï ¦¨¤ª®áâ¨.

�¡é¥¥ á®¤¥à¦ ­¨¥ ¦¨¤ª®© ª®¬¯®­¥­âë ¢ áà¥¤¥ á®áâ ¢«ï¥â

W =Wmw +Wpw +Wdw +Wcw +Wsw; (27)

£¤¥ Wmw | ¢« ¦­®áâì ¬®­®á«®©­®©  ¤á®à¡æ¨¨:

Wmw = nmw�mw=m�s; (28)

Wpw | ¢« ¦­®áâì ¯®«¨á«®©­®©  ¤á®à¡æ¨¨:

Wpw = npw�pw=m�s; (29)

Wdw | ¤¨ääã§¨®­­ ï ¢« ¦­®áâì:

Wdw = ndw�dw=m�s; (30)

Wcw | ª ¯¨««ïà­ ï ¢« ¦­®áâì:

Wcw = ncw�cw=m�s; (31)

Wsw | £à ¢¨â æ¨®­­ ï ¢« ¦­®áâì;

Wsw = nsw�sw=m�s: (32)

�à¥¤áâ ¢¨¬ ®¡ê¥¬ ¦¨¤ª®áâ¨ ¢ ¥¤¨­¨æ¥ ®¡ê¥¬  à áá¬ âà¨¢ ¥¬®© áà¥¤ë ¢

á«¥¤ãîé¥¬ ¢¨¤¥

nw = nmw + npw + ndw + ncw + nsw; (33)

¨«¨ á ãç¥â®¬ § ¢¨á¨¬®áâ¨ (4)

nmw + npw + ndw + ncw + nsw = nSw: (34)

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

­¥­â  ¬®¦­® ¯®«ãç¨âì ¨§ á®®â­®è¥­¨© (28) | (32). �ª®­ç â¥«ì­® â ª¨¥ á®®â-

­®è¥­¨ï ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

niw

njw
=

Wiw

Wjw

�jw

�iw
; (i; j = m; p; d; c; s): (35)
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�®¤áâ ¢«ïï § ¢¨á¨¬®áâì (35) ¢ à ¢¥­áâ¢® (34) ¬®¦­® ¢ëà §¨âì ®¡ê¥¬ â®©

¨«¨ ¨­®© áâàãªâãà­®© à §­®¢¨¤­®áâ¨ ¯®à¨áâ®© ¢®¤ë:

niw = nSwMiw; (i = m; p; d; c; s); (36)

£¤¥ ¤«ï ª ¦¤®© áâàãªâãà­®© à §­®¢¨¤­®áâ¨ ¢¥«¨ç¨­  Miw ¨¬¥¥â ¢¨¤

Miw

Wiw�iw
sP

i=m

Wiw=�iw

; (i = m; p; d; c; s): (37)

� ¬¥â¨¬, çâ® áã¬¬  ¢¥«¨ç¨­ Miw ¤«ï ¢á¥å áâàãªâãà­ëå à §­®¢¨¤­®áâ¥©

¢®¤ë à ¢­  ¥¤¨­¨æ¥:

sX

i=m

Miw = 1; (i = m; p; d; c; s): (38)

�«ï ®¯à¥¤¥«¥­¨ï áâ¥¯¥­¨ á®¤¥à¦ ­¨ï â®© ¨«¨ ¨­®© áâàãªâãà­®© à §­®-

¢¨¤­®áâ¨ ¯à¥¤áâ ¢¨¬ § ¢¨á¨¬®áâì (36) ¢ á«¥¤ãîé¥¬ ¢¨¤¥

niw=n = Siw = SwMiw; (i = m; p; d; c; s): (39)

�ã¬¬¨à®¢ ­¨¥¬ § ¢¨á¨¬®áâ¥© ¢¨¤  (39) ¬®¦­® ¯®«ãç¨âì

sX

i=m

Siw = Sw

sX

i=m

Miw; (40)

¨«¨ á ãç¥â®¬ á®®â­®è¥­¨ï (38)

sX

i=m

Siw = Sw; (i = m; p; d; c; s): (41)

�®¤áâ ¢«ïï § ¢¨á¨¬®áâì (41) ¢ à §¢¥à­ãâ®¬ ¢¨¤¥ ¢ à ¢¥­áâ¢® (26) ¤«ï ¢á¥å

á®áâ ¢«ïîé¨å ª®¬¯®­¥­â®¢ áà¥¤ë ¨¬¥¥¬:

S�
a + S�

c + Smw + Spw + Sdw + Scw + Ssw = 1: (42)

�ª®­ç â¥«ì­® ¨áå®¤­ãî § ¢¨á¨¬®áâì (1) ¤«ï ¥¤¨­¨æë ®¡ê¥¬  áà¥¤ë ¬®¦-

­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥:

m+ n�a + n�c + nmw + npw + ndw + ncw + npsw = 1; (43)
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¨«¨ á ãç¥â®¬ (39)

m+ nS�
a + nS�

c + nSmw + nSpw + nDdw + nScw + nSsw = 1; (44)

¢ë­®áï ®¡é¨© ¬­®¦¨â¥«ì | ¢¥«¨ç¨­ã ¯®à¨áâ®áâ¨ n §  áª®¡ª¨, ¨¬¥¥¬:

m+ n(S�
a + S�

c + Smw + Spw + Sdw + Scw + Ssw) = 1; (45)

®âªã¤  á ãç¥â®¬ (42) ®¡à â­® ¯®«ãç ¥¬ ¨áå®¤­ãî § ¢¨á¨¬®áâì (1).

�¨á. 1. �¡ê¥¬ ¨ ¬ áá  á®áâ ¢«ïîé¨å ª®¬¯®­¥­â®¢

¢ í«¥¬¥­â¥ ¯®à¨áâ®© áà¥¤ë

� § ª«îç¥­¨¥ ®â¬¥â¨¬, çâ® ¤«ï ¯à ªâ¨ç¥áª¨å à áç¥â®¢ ¢¥«¨ç¨­ã áâ¥¯¥­¨

¢« ¦­®áâ¨ ¨§ § ¢¨á¨¬®áâ¨ (4) á«¥¤ã¥â ®¯à¥¤¥«ïâì á ãç¥â®¬ ¢¥á®¢®£® á®¤¥à¦ -

­¨ï áâàãªâãà­ëå à §­®¢¨¤­®áâ¥© ¯®à®¢®© ¦¨¤ª®áâ¨.
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