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#k̄±YB¼�ºḱ«
²k¼�a

BÇM,(u�Ç̄BÇ½­µl,|Bin±�³M°)¬B́]­T{B¢̄A»�½q¼�nj,»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�
S¼µBÇ«­¼¼�ÇUJBMnj»�¼L�§Ak�MB«»T�B¼µn̈ B�«njAnºnB¢̄A»�½q¼�°k®TvµºEn©µo¢½k�½
nj»Ø�¦U°j­½A¬B¼«�ÀTiA°�Aq̄ Ø¥d«/k®®�»«k¼½FU»®µlºBµ»£s½°°,»®µlR¿Be,­µl
»ÇioÇM¬j±ÇMo½mQSiB®Ç{³M³TvMA°ºnB¢̄A»�½q¼�Jm�°�k�B½C:³�SwA³T�́¯³¦Ãv«­½A
k¼�FU»¢TvMA°­½A °̈q§oM»®¼z¼QºnB¢̄A»�½q¼�¬B¼«Be?³̄B½SwA»®¼z¼Qn±�³M|Bi�½B�e

/k®Tvµ¬Co�®«¥MB�«·Twj»§°;k®®�»«
²k̄nB¢̄/�ÀTiA­½Aº°B�A°ºB®L«oMºnB¢̄A»�½q¼�oMSwAºk�̄ºk®MRn±�o�Be·§B�«
�k�ºAoM³�jo�kµA±i¤¿kTwA,SwA��A±«»®¼z¼Q¬AnB¢̄A»�½q¼�BMj±i,³¦Ãv«­½Anj³�
,(»TiB®{̈Aq¦TwA°»TiB®{S§¿j̈ Aq¦TwA)¬C�±̄°joµpA»«Aq¦TwA·�MAnj±]°,ºnB¢̄A»�½q¼�
k̄Aj»«»�T®«An»TiB®{­¼®a¬B�«A²k̄nB¢̄,¤Be­½ABM/SwAºn°o�,»®µl°»�½q¼�o«A¬B¼«
,o¼Çv«­½A¬j±ª¼QBM°A/kµj»«nAo�nB�̄Ajn±«An¬C»T�o�«�±̄pA»«Aq¦TwA�MA°n©�Swj°

/kµj¬Bz̄AnºnB¢̄A»�½q¼�Jm�BUk®�»«xÀU

Äq¦TÇwA,ºnAk½kQ»µB£C,»®¼vQºnB¢̄A»�½q¼�,»®¼z¼QºnB¢̄A»�½q¼�:Bµ²rA°k¼¦�
/»TiB®{̈Aq¦TwA,»TiB®{S§¿j
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³«Øk�«
jn°Co�Ç̄nj»�¼L�§Ak�MB«ºA²k½A¬A±U»«An(1)ºnB¢̄A»�½q¼�,²jBw�½o�U�½nj
»�½q¼Ç�n±Ç«A�±�BÇ«°y¼Mºq¼a_¼µ°SwA(2)<»�½q¼�>q¼a³ªµjnAjk¼�FU³�
n±Ç�³ÇM,SwAbo�Ç«²kÇ½A­½AJBMnj³�»µ±L̄AºBµWdM·̄B¼«nj(3)/jnAk̄j±]°
²B¢̄u®]­½ABMS�§Bh«nj³�»̄B½o]Svh̄:jAjq¼ªU©µpAAn²°o£°j¬A±U»«»Ø¦�
,¥MB�«nj;k®®�»«³z�B®«¬C�k�njHwBwA°k̄oM»«©¦�³MSwj¬B́]°»«jC³M
»®TL«B́ C̄¬B¼«RB�ÀTiA°k®®�»«j±iºBµWdMbo�³MRnjBL«¬°njpA °̈j¬B½o]
�ÀTiA/k̄nAj²k½A­½Aºk®MRn±�°�½o�Unj�½oµ³�SwA»Ø�BiRB�eÀ«oM¬B½oÇ]BÇMBÇØ«A,j±{»«bo�«o¼iA¬B½o]nj(4)»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�¬B¼«:³�SwA³¦Ãv«­½A³Mo�B̄,°j­½A¬B¼«�ÀTiA³�B®�«­½kM;SwA�LUo«q¼̄Svh̄
³ÇM|BÇi�½B�e»ioM¬j±Mo½mQSiB®{³M³TvMA°ºnB¢̄A»�½q¼�Jm�°�k�B½C
,n±�m«»¢TvMA°³Mc½o~U­ª�BUSwA¬C»Qnjo�Be·§B�«?³̄B½SwA»®¼z¼Qn±�
oÇMºk�Ç̄ ,�½oÇ�­½kÇM/Sv¼Ç̄oØv¼Ç«WdÇMjn±Ç«ºo½mQSiB®Ç{³Ç�kÇÇµj¬BÇÇz̄/k{kµA±ijnA°ºnB¢̄A»�½q¼�

(5)»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼��oTz«ºBµ³®¼«p
���,³§B�«­½AnjB«³�k̄nAjºnB¼vM�oTz«ºBµ³®¼«p»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�
:pASwARnBLÇ��oTÇz«·®¼Ç«p­¼TvhÇ̄ (6)/©¼®�»Ç«²nBÇ{AB́Ç̄CpAjn±Ç«k®ÇÇa³ÇÇM
³ÇM<»®Çµl>°<»�½q¼Ç�>¬B¼Ç«»Ç«Aq¦TÇwA·�ÇMAnoMk¼�FU°)(7)»½B®TMAºnB¢̄A»�½q¼�
¥�AØkekwn»«o�̄³M³�An»½B®TMAºnB¢̄A»�½q¼�(/»½B®TMAºnB¢̄A»�½q¼�·\¼T̄¬A±®�
°k{¥ÄB�¬AkMk½BMºnB¢̄A»�½q¼�oM­T{Am£³Ød�°¬k{¥ÄB�ºAoM³�SwA»½B�ØjAºk®MRn±�³̄±£­½A¬A±U»«,j±{»«²k̄A±i<»¦�AkeºnB¢̄A»�½q¼�>H��M°n­½ApA
oµo£A���°o£A;SwA�jB�Wk®̄B«­�ª«¬B́]�½njºnB¢̄A»�½q¼�>(1):jo�



   
   

 

135Ê»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�¬B¼«�ÀTiAºB®L«oMºnB¢̄A»�½q¼�oMºk�̄

¬CpA(8)"SwBÇ�°¬°q�A»M"»P��½,k{BMWpAºA»¦�Ake»�½q¼�»P�³�»̄B́]
»�½q¼�°o�¼Ç«»P��½³�»®�ª«¬B́]oµ>:ºo¢½jºk®MRn±�njB½°(9)</k{BM

(10)</SwA¬CpA¥«B�»P��½,k{BM��A°¬B́]pA»¦�AØke
B«¬B́]jn±«njºnB¢̄A»�½q¼�k{BMB®Mo£A:S�£k½BM,�½o�U­½A­T�o£o�̄njBM
­½A³M³T�̄­½A/k{BMxj±ipA»¦�AØke»�½q¼�»P��½¬B́]Sv½BM»«,k®��k�
»P�­½A,j±{¬B́]pA»¦�AØke»�½q¼��Bd§³M»P��½·¼́U³MRnjBL«o£A³�SwB®�«
³�,»P�°»¦�A¬B́]°joµ:j±MkµA±h̄»¦�A·̄±ª̄pAoTª�B½oTz¼MºA³�Ø§Æ«¥«B{
³T�̄­¼ªµ/j±Mk®µA±i¬Bv�½H�¼�j,SwA»¦�A¬B́]»�½q¼�ºBµyhMº°Be���
¬B¼«�ÀTiA·®¼«p,SwAj±iºk®MRn±�­½AnjºnB¢̄A»�½q¼�xo½mQ[½BT̄pA³�
q¼Ç̄oU�¼Ç�j¬A±U»Ç«An³\¼TÇ̄­Ç½A/jn°C»Ç«©µAo�An»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�
�½B�Çe,¤BX«ºAoM(11),<»�½q¼��½B�e>bÀ��ApA³�®½A�o�BM:jo�ºk®MRn±�
BÇ½¤B~ÇØUA­¼®̀ ªµ,©¼®�jAo«AnxA²k®½C¶k{¥«B�S§Benj�½q¼�B½�½q¼��jB�
Ank®̄B«n±U·�L{­½A°³T�o£o�̄njnA°³�L{»Un±�³MAn»�½q¼��½B�e¬C̈ BªU���
o¼L�U³MB½¬B́]̈BªU°Ø̈BUS¼µB«³�SwA»®¼¼LUQ³�©¼®��o�­¼®̀ ªµ°©¼«B®MP
·\¼T̄,Rn±�­½Anj,k®�»«¬B¼Mk{BM³T{Ajj±]°SwA­�ª«³�An»T�¼�eoµo¢½j
:³�j±MkµA±i�jB�­½A²B£¬C,k{BM�jB�ºnB¢̄A»�½q¼�o£A:j±MkµA±i­¼®an±�m«
�½B�Çe»«BªU q̈¦Tv«B«¬B́]»¦�AØke»�½q¼��½B�eB½)SwAQ̈q¦Tv«P(2)

(/k®TvµB«¬B́]
,k{BM�jB�ºnB¢̄A»�½q¼�o£A:©¼½±¢M³�SwA¬CºA³T�̄­¼®a¬B¼Mo¢½j²AnBØ«A:k{BM�jB�o½p»�o{RnBL�k½BMHUn°o�

/(P®Q)Q²B£¬CPo£A(3)
»v½±̄pBÇM¥¼~�U³MAn(2)©�e³\¼T̄­½A­T�o£o�̄njBM©¼µA±hMo£A,­½AoMB®M

:j±M©¼µA±i³]A±«»UnBL�­¼®aBM,©¼®�



   
   

 

Ê1361390q¼½BQ,¤°A²nBª{,©́¯¤Bw

Swjnj/�§A:SwA [¬B́]JBMnj]�½B�e»«BªU q̈¦Tv«�½Ao{­½A�Ø�dU>(4)
�±�­¼¼LU³�B�ØjA­½Axo½mQ/J;(¬CRB¼Äq]̈BªUBM)��A°¬B́]»�½q¼�­¼¼LU­T{Aj
­½Axo½mQ/Z;SwA¬CRB¼Äq]·ªµnj��A°¬B́]pA}�̄°K¼�»M°¥«B�­¼¼LU�½

(12)</SwAxj±i»¦�AØke»�½q¼�»P�,��A°¬B́]­½A³�B�ØjA
/SwA»��®«³�¦M,Sv¼̄»Ø¦�̈Aq¦TwA ÖRn°o�B½ Äq¦TwA­½A³�jo�k¼�FUk½BM³TL§A
;©¼Tvµ°n³M°n»�½q¼�o«A�w±U»®µlo«A»¢̄±¢aß»��®«̈ Aq¦TwABMB«,o¢½j¬B¼M³M
­Ç½A³�®Ç½A,uQ/SwAnB£pBÇwq¼Ç̄ºnBÇ¢̄A³̄BÇ£°jBM,¤BX«ºAoM,»Ø¦�̈ Aq¦TwA³�Aoa
oM³Twj°j³�SwAºo«A,jnAjj±]°©µ»��®«�Bd§³M°jnAjj±]°­Ø¼�U°̈ Aq¦TwA(13)/k̄nAjo�̄�B�UA¬Cow
³Mo�B̄»Ø¦�n±�³M»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�¬B¼«�ÀTiA³�©½jo�²nB{ABØ«A»ÇioÇM³Ç�SwA­Ç½A³ÇM³TÇvMA°,ºnBÇ¢̄A»�½q¼�ºo½mQk¼½FUB½C:³�SwA³¦Ãv«­½A
jo�SØ�jk½BM»§°?³̄B½k®{BMo½mQSiB®{,»®¼z¼Qn±�³M,�½B�epA|BiºBµ³̄±£
B́Ç̄C³M³�Sv¼̄»Ø�Bi�½B�e¬CpA»�½°SwA»®¼vQºA²p±«CºnB¢̄A»�½q¼�³�³�k®Tvµ­½A³M¥ÄB�¬±wk½±½jk§B̄°jk®̄B«¬B�±v¦¼�pA»ioM,»Ø¦�n±�³M/k{²nB{A
jAkª¦Ç�ºn°oÇ�BÇ½»«±́�Ç«»T�¼�Çek½BÇM,k{BÇM�jBÇ�o£AºnB¢̄A»�½q¼�HwBwA
An¬C°k̄o½mQ»ªÇ̄ An»µB£k½j­¼®a¬B�±v¦¼�K¦�A³�SwA»§Benj­½A(14)/j±{
nj³Ç�ºnBÇ¢̄A»�½q¼Ç�pA»̄B¼ÇM(15)/k®Ç̄Aj»Ç«�kÇÇ~§A­�ªÇÇ«,�kÇÇ�Rn±ÇÇ�nj
/k®�»Ç«o½mQ¬BÇ�«AAnºq¼Ça­¼®Ça,kÇ{²nBÇÇ{A¬C³ÇÇM(1)¶nBªÇÇ{ºk®MRn±ÇÇ�
¬B́Ç]�½nj»Un±Ç�njºnBÇ¢̄A»�½q¼Ç�³�k½±£»«B«³M(1)¶nBª{ºk®MRn±�
�BL�Ç̄A k̈Ç�B½�BL�̄AJBMnjBØ«A,k{BM|Bi�½Ao{»ioMBM�L�®«³�SwA�jB�B½�BL�̄A³�ÇR¿Be­½Aº°joµºAoMAn²An°k®�»«R±�w�½Ao{­½ABM��A°¬B́]
³�k®�̄�k�K¦�«­½A,B«¬B́]JBMnjk½B{/jnAm£»«pBMÇk®{BM»«�BL�̄A k̈�
­{°nÂ«B�BØ«A</k{BM¬CpA»TiB®{¬A°n»P��½Sv½BM»«,¬CpA»�½q¼�»P��½>



   
   

 

137Ê»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�¬B¼«�ÀTiAºB®L«oMºnB¢̄A»�½q¼�oMºk�̄

njºnBÇ¢̄A»�½q¼Ç�,»̄B�«A­¼®a³M¬k{¥ÄB�Rn±�nj°,�½Ao{­½Anj³�SwA
AnºnB¢̄A»�½q¼�b±�°³Mn±�m«ºk®MRn±�,­½AoMB®M/j±MkµA±h̄�jB�B«¬B́]
/jpBw»«oØv¼«Anºo¼v�U­¼®a¬B�«A©�SwjB½k®�»«»�o�«�k~§A­�ª«ºA²k½A³M³TvMA°ºnB¢̄A»�½q¼�¶k½A¥�A©�w°Sd�B½C:³�SwA­½AowoMWdM,��A°nj
³�SwA­{°n,uQ?³̄B½SwA»®¼z¼Qn±�³M|Bi�½B�epA»ioM¬j±Mo½mQSiB®{
³�¦M;j±{»«»®¼vQB½»®¼z¼QRB��³M�~ØT«³�Sv¼̄ºnB¢̄A»�½q¼�­½A,��A°nj
RBeÀ��A°/SwA(3)B½(2)©�enj³T�́¯ Äq¦TwA,jo¼£»«j±i³MAnRB��­½A³̀ C̄
owoMWdM³�B®�«­½kM;k®{BMB®�«­½A¬qµnk®̄A±U»«»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�
/ºnB¢̄A»�½q¼�j±i³̄°SwA(3)°(2)nj²nB{Ajn±«Rn°o�¬j±M»®¼vQB½»®¼z¼Q

:kv½±̄»«²nBM­½Anj»®¼vQºnB¢̄A»�½q¼�»¦�A¬B¼«BepA­¼¦£¿�«,¤BX«ºAoM
SwA³¦Ãv«­½AowoM»Ø¦�n±�³M»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�¬B¼«�ÀTiA
j±ÇiBØ«A?³̄B½k®Tvµo½mQSiB®{,»®¼z¼Qn±�³M,|Bi�½B�e»ioMB½C:³�
¬AnB¢̄A»�½q¼�©µ°»®¼z¼Q¬AnB¢̄A»�½q¼�©µ/Sv¼̄B́ C̄pA»�½ºnB¢̄A»�½q¼�
(16)/SwAo½mQSiB®{»®¼vQn±�³MH�o�ºnB¢̄A»�½q¼�³�k®Tvµ¬CoM»®¼vQ
j±ÇiºnBÇ¢̄A»�½q¼Ç�³Ç�k®®�»Ç«k¼Ç�FU©Çµ»®¼z¼ÇQ¬AnB¢̄A»�½q¼�,o¢½jº±wpA
¬AnBÇ¢̄A»�½q¼Ç�>:kv½±̄»Ç«²nBM­Ç½Anj¬±Çv�],¤BXÇ«ºAoÇM/SwA»®¼vQºA²p±«C
BM,SwA�k~§A­�ª«°»®¼vQºA²p±«CºnB¢̄A»�½q¼�³�®½A³M¬k{¥ÄB�nj,»®¼z¼Q
n±́z«ºBµ¤¿kTwApAºnB¼vM³�̄C³�Ài(17)</k®Tvµ��A±«¬AnB¢̄A»�½q¼�o¢½j
,(S�o�«¤¿kTwA°t±��«°K½B�»®µlRB¼�¼�WdMo¼�̄)ºnB¢̄A»�½q¼�Øjnnj
nj(18)/jnAjj±Ç]°»®Çµl°»�½q¼Ç�¬B¼Ç«»T�o�Ç«»�BÇ�{³Ç�k®TÇvµ­½AoM»®TL«
»�½q¼��½B�epA»TiB®{S�o�«»«Aq¦TwAj±]°nB�̄A»QnjB́ C̄pA Äk�oµ,S�¼�e
Q̈q¦Tv«P>¬C³M³]±UBM³�An(2)¶nBª{ºk®MRn±�o£A/k®Tvµ»®µl�½B�e³M
An»½BÇ�ØjA Äq¦TÇwA­Ç½A,¤¿kTwA³woµ³�j±MkµA±i­{°n,©½o¼¢Mo�̄nj<SwA
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Äq¦TÇwA°,³¦MB�Ç«Bµ¤¿kTwA­½ABM»�±̄³Mk½BMnB¢̄A»�½q¼�,­½AoMB®M/k®®�»«nB�̄A
»�kµ­¼®aj±ix°n³M Äk�oµ»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�/k®�³¼]±UAn»½B�ØjA
»¢̄±¢a,¬CºB®L«oM³�SwA­½AºnB¢̄A»�½q¼�ºB�T�A,¤Beoµ³M/k®®�»«¤BL̄jAn
o�Ç̄³M»�½q¼�o¼�AkTMAnj³�An¬Co�B®T«»®µlS§Be»¢̄±¢a»�½q¼�S§Be�½

/jo�kµA±i­Ø¼�T«,kwn»«
»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�¬B¼«�ÀTiA

°»®¼z¼ÇQºnB¢̄A»�½q¼�¬B¼«�ÀTiAºB®L«,²jBwnB¼vM¬B¼Mnj³�k{²nB{AoTz¼Q
°»®µl�½B�e¬B¼«¬AnB¢̄A»�½q¼�»½B�ØjA Äq¦TwA»TiB®{S�o�«S¼��°An»®¼vQ
¬A±U»«AnRn°o�B½ Äq¦TwA­½AB½C:³�SwA¬C�ÀTiAFz®«/kµj»«¥¼�zU»�½q¼�

:kv½±̄»«¬±v�]?³̄B½S�o£o�̄nj»®¼vQ»TiB®{S�o�«�Bd§³M
ºq¼a»®µlS¼µB«o£A///!�±®ª«ºA»�½q¼�o¼�»£s½°oµ»®�½ºnB¢̄A»�½q¼�
�½»�½q¼�S§Be»¢̄±¢a¬jo�}hz«²B£¬C,k{BL̄»�½q¼�S¼µB«oM²°À�
An»�½q¼Ç�S§BÇe»¢̄±Ç¢a/jn°CkµA±ïp¿An¬C»®µlS§Be»¢̄±¢aq¼a
»®ÇµlS§Be³M¬k¼zhM­Ø¼�UºAoM³�³̀ C̄ B̈ªU,Rn±�­½Anj;k¼®�}hz«
�½­¼�ÇU­½A,³TL§A///k¼®�M³�Sv¼̄ºo¢½jnB�°k½A²jAj̈ B\̄AAnSwA»�B�
,k®�»«©¼v�U»®¼vQ°»®¼z¼Q�A±̄A³MAnºnB¢̄A»�½q¼�³̀ C̄///Sv¼̄»Ø¦�­Ø¼�U
³¼LÇ{»®Ø¼�U?»®¼vQB½SwA»®¼z¼Q;SwA»«Aq¦TwA·�MAnB½­Ø¼�U­¼ªµS¼µB«
B½k®µj»«¥¼�zUAn<�§A>¥�{³�»�B�̄¬B�«�w±U¬j±M<¥�{Ç�§A>­Ø¼�U(19)?Svµ¬CnjH2O³�»Ø¦d«�w±USvµ¬CnjJC³�»Ø¦d«­Ø¼�U³¼L{»®Ø¼�U(X®Y)»«Aq¦TwA·�MAn�½S¼µB«¬j±M»®¼vQB½»®¼z¼QowoM�ÀTiA��A°nj,uQ
nB®��o�nj³�S�¼�e­½A,¤BX«ºAoM,B®�«­½kM;SwA»TiB®{S�o�«WdM/SwA
H2O­Ç«SwjnB®��o�nj³�SwAS�¼�e­½A q̈¦Tv«jnAjj±]°JC­«Swj



   
   

 

139Ê»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�¬B¼«�ÀTiAºB®L«oMºnB¢̄A»�½q¼�oMºk�̄

·�ÇMAn­Ç½AºBµ³�Ø§ÆÇ«pA»Ç�½nj²kÇ{²jAjnAoÇ��½B�Çe»®�Ç½/k{BÇM³TÇ{Ajj±]°
·�ÇMAn­Ç½A³ÇMSLÇv̄BÇ«»T�o�Ç«S¼��°,¤Be/SwAºo¢½j¬C q̈¦Tv«,»«Aq¦TwA
�½pA»®¼vQn±�³M°»Mo\UºBµy½B«pCpAk�M,¤BX«ºAoM?SwA³̄±¢a»«Aq¦TwA
B½jo�ZBT®TwAAnÇY»®�½Ço¢½j�o�¬A±U»«ÇX»®�½Ç»«Aq¦TwA·�MAn­½A�o�
¬BªµJC³�©¼̄Aj»«?SwAoØv¼«q¼̄»®¼z¼Qn±�³M,¬B�«A�o�³M,o�̄jn±«ZBT®TwAq¼̄HUn°o�³�©¼̄Aj»«,»�P½o�RB]B\TeA­T�o£o�̄njBM,­¼®̀ ªµ;k{BM»«H2O¬j±M»®¼vQºn°o�,­½AoMB®M(/k®TvµSMBY Ø¤AjH2O©µ°JC©µ³�Aoa)SwA­¼®aoÇwoÇMWdMBØ«A(20)/�B�ØUAjn±«°�°o�«SwAºo«AºAºo�̄ºBµ»̄Bªµ­½A­¼®aÂXÇ«)»�½q¼Ç��½B�ÇepA»¦¼~�ÇU»�BÇ�nk�³MRB�À�ABMj±{»«B½C:³�SwA­½A

?o¼iB½jo�ZBT®TwAJCJBMnjAn�½B�ëBªU,»®¼z¼Qn±�³M,(H2Obo{,k{²joMnB�³M�±�¤±�¥�̄nj³�An»§BX«,j±{oU­{°nWdM³�®½AºAoM
³]A±«»«Aq¦TwA·�MAn�½j±]°ºAoMS§Be°jBMB«,¤BX«­½A³M³]±UBM/jAj©¼µA±i
°joµ­½A/»®¼vQ¬AnB¢̄A»�½q¼���±«(2;»®¼z¼Q¬AnB¢̄A»�½q¼���±«(1:©¼Tvµ

:k̄±{»«}hz«ŚMBz«�½�½o�pA��±«
¥�{-x> q̈¦Tv«,x»�¼d«S§Be³M�B�̄ºo¼£nAo�¬B�«:̈ Aq¦TwASvh̄ºB®�«Ê

(/¬j±M¥�{¬ x»�¼d«S§Be³M�B�̄ºo¼£nAo�¶±d̄)SwA<¬j±M
SwA¬B�«¬CnjJCj±]°̈q¦Tv«,¬B�«�½njH2Oj±]°:̈ Aq¦TwA °̈jºB®�«Ê(/¬B�«¬CnjJCj±]°¬¬B�«�½njH2Oj±]°)¬Co¢½jºBµ¤jB�«B½(2)©�enj»½B�ØjA Äq¦TwA»®¼z¼QºnB¢̄A»�½q¼�¬B¼«Be
ºnBÇ¢̄A»�½q¼Ç�¬B¼«BÇe°(21)k̄o¼£»Ç«o�Ç̄njSvh̄ºB®�«³MAn(4)°(3)»®�½
¬B¼Ç«,»®¼z¼ÇQºnBÇ¢̄A»�½q¼Ç�ºB®LÇ«oÇMuQ(22)/k̄nAjo�̄njAn̈ °jºB®�«»®¼vQ
ºA»T�o�«�B�{,�½B�eo½Bw°jnAm£»«B«nB¼TiAnj©§B�JBMnj�½q¼�³�»�½B�e
�½o�ÇU°jBÇM©¼ÇµA±hMo£A,o¢½jº±wpA/j±{oQ³Mo\UBMkµA±hM³�jnAk̄j±]°
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njBM³�©¼½±¢M©¼̄A±U»«,©¼®�¬B¼MAn»®¼vQ¬AnB¢̄A»�½q¼�o�̄­¼¦£¿�«ºjB́®z¼Q
:�½o�U°j­½A­T�o£o�̄

o£A���°o£A,SwAQ̈q¦Tv«»TiB®{B®�«�Bd§³MP:»TiB®{B®�«̈ Aq¦TwA(1
/Q°P(³�k{BM�®Tª«)³�k{BM­�ª«o¼�

�kÇ�oÇ£A���°o£A,SwAQ̈q¦Tv«»TiB®{�Bd§³MP:»T�o�«̈ Aq¦TwA(2
(23)/k{BM»®¼z¼Qºo«AQ¬P,»{pnA�MBU»�o{

°̈j̈ Aq¦TÇwAnBÇ�̄A³ÇM»§°,k̄o½mQ»Ç«AnSvh̄̈Aq¦TwA¬AnB¢̄A»�½q¼�³�S�£k½BM
/SwA °̈j̈ Aq¦TÇwApA¥�TÇv«ºnBÇ¢̄A»�½q¼Ç��kÇ�:³Ç�k®®�»Ç«¬B¼M°k̄pAjoQ»«

/jnAjS½q�o«<»®¼z¼Q Äq¦TwA¶k½A>oM�ÀTiA,­½AoMB®M
,©¼{BÇM³TÇ{Aj³�ÀÇin±Ç�³MAn²k½A­½A©¼µA±hMJB®�ApAºo¼£±¦]ºAoMo£A

:S�o£o�̄nj³̄±£­½AAn¬C¬A±U»«
:SwA [¬B́]JBMnj]�½B�e»«BªU q̈¦Tv«,»®¼z¼Qn±�³M,o½p�½Ao{�Ø�dU>(5)
B�ØjA­½Axo½mQ(J),¬CRB¼Äq]̈BªUBM��A°¬B́]»�½q¼�­¼¼LU­T{AjSwjnj(�§A)
°SwA¬CRB¼Äq]·ªµnj��A°¬B́]pA}�̄°K¼�»M°¥«B�­¼¼LU�½�±�­¼¼LU³�

(24)</SwAxj±i»¦�AØke»�½q¼�»P�,��A°¬B́]­½A³�B�ØjA­½Axo½mQ(Z)
,o¢½jRnBL�³M?³̄B½jnAjj±]°B½C³�SwA»TiB®{�B�{owoMWdM,��A°nj
?³̄B½SwA»TiB®{j±]°�B�{�½ q̈¦Tv«»®¼¼LU�B�{­½AB½C:³�SwA­½AywoQ
B̈ªÇU»®¼z¼Qn±�³M¬B́]»�½q¼��½B�epA»¦¼~�U»�B�nk�³MRB�À�ApA¬A±TMo£A
­¼MB́®U³̄³�k{K¦�«­½A³M¥ÄB�¬A±U»«²B£¬C,jo�ZBT®TwA°SiB®{An¬B́]S¼µB«
,»TiB®{j±]°�Bd§³M,<kwn»«o�̄³MºØjB«o¼�o«AºjBMnj>³�ºn±«A°ºØjB«n±«A
³M¬A±U»«»Ø¦�n±�³M/jnAk̄j±]°©µ»T�o�«�Bd§³M»�B�{³�¦M;jnAk̄j±]°»�B�{
³MAn}h{,°j¬C³M»�®«B½SLX«gwBQ³�jo�²nB{An±�m«̈ Aq¦TwAJBMnjywoQ°j

:jAjkµA±i�±w»®¼vQB½»®¼z¼QºnB¢̄A»�½q¼�y½Ao£°jpA»�½º±w
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|BiºBµ³̄±£»ioM³�SwA­½A³M³TvMA°,ºnB¢̄A»�½q¼�ºo½mQk¼½FUB½C(1N)
BÇ½C,o¢½j¬B¼M³M?³̄B½k®{BMo½mQSiB®{»®¼z¼Qn±�³M(25)¤±�¿A»¦�,�½B�epA

?³̄B½SwA °̈jywoQ³MSLX«gwBQ°o£njºnB¢̄A»�½q¼��k�
?jnAjj±]°o¢½j�½B�e³M»�½q¼��½B�epAºA»®¼z¼Q�BLUnA_¼µB½C(2N)

k{BM³a<�½B�epA|BiºBµ³̄±£»ioM>B½<o¢½j�½B�e>pAn±�®«³�®½A³M³TvM
©¼v�UyhM³w³MywoQ°j­½ApA Äk�oµ,j±{}hz«³̄±¢a�½B�e­½A¶o½Aj°
�kÇ�BÇ½C:³�k¼woQ³̄±£­½A¬A±U»«,©½o¼¢Mo�̄njAn(5)©�eo£AuQ/k̄±{»«
©�e­½ApA»�Ak~«_¼µB½C:³�®½A °̈j°?SwA³TvLªµ(5)�k�BMºnB¢̄A»�½q¼�
¬Bz̄QBMAnB́ C̄Q¬P»«Aq¦TwA·�MAnnj³�An»�½B�e¶o½Ajo£A?³̄B½jnAjj±]°
�½B�e(3)°(26),»�½q¼�Ç»¦d«�½B�e(2),�½B�e»«BªU(1) ßSªv�³w³M,©½jAj
y{BÇM�±Ç�ywoÇQ°jnj³Çw­Ç½AJoÇ�BÇM²BÇ£¬C(28),©¼®Ç�©¼v�U(27)ºnAk½kQ
Äq¦TÇwA¶kÇ½A>BM»Ø¦�n±�³MAn�ÀTiA Ø¥d«o£A­½AoMB®M/j±M©¼µA±i³]A±«ywoQ

:jo�}hz«³̄±£­½A¬A±U»«An²k½A³w­½A,©¼{BM²jo�»�o�«<»®¼z¼Q
­½AoMB®M/SwA�½B�ëBªU q̈¦Tv«,»TiB®{�Bd§³M,P:»®¼z¼Q»«±ª�̈Aq¦TwA¶k½AÊ
ZBT®TÇwA³ÇM»®¼z¼Qn±�³MPpA¬A±TMk½BM,k{BM³T{Ajj±]°³«p¿©¼µB�«o£A,²k½A
nj³�®½A°,<k½C»«x±]³M³]njk�nj°SwAH2OÖJC>o¼�̄;SiAjoQ»�½B�e(/ºnØ±~U¥MB�S�¼�eoµ,»Ø¦�n±�³M°)jnm£»«³a»~h{oµ­µlÇ»Ø¦d«�½B�e·ªµ̈q¦Tv«,»TiB®{�Bd§³M,P:»®¼z¼Q»�½q¼�Ç»Ø¦d«̈ Aq¦TwA¶k½AÊ
¬B́Ç]nj³�j±{»«j°kd«»�½B�e³M»½B�ØjA�½B�e¶o½Aj,²k½A­½Anj/SwA»�½q¼�
o�Ç�njJC>:o¼�̄;jo¼£»«nAo�»�v¦�B½»ª¦�ºBµyµ°sQ�±�±«H«±ª�°SwB«
<////°,j±{»«ºnB]Bµ²±�pA³�SwA»MCBµ³̄Bij°nJC»¦�A�L®«,jk®M»«g½³]nj
ºnAk½kÇQ�½B�ÇëBªÇU q̈¦Tv«,»T�o�«�Bd§³M,P:»®¼z¼QºnAk½kQ Äq¦TwA¶k½AÊ
ºBL½pJ°o�ºB{BªUpA»{B̄ Øue:SwAnAo�­½ApAºnAk½kQ»µB£CºBµ¤BX«/SwA
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(29)////°K¼w�½¬k¼½±M Øue,B«ºAoMJBT�C:j±M©¼µA±i³]A±«ywoQy{­½ABM,³w­½ABMo�B®Unj
»«±ªÇ�̈ Aq¦TÇwA¶kÇ½A>�kÇ�³M³TvMA°,ºnB¢̄A»�½q¼�ºo½mQk¼½FUB½C(1/1N)

?³̄B½SwA<»®¼z¼Q
Ç»Ø¦dÇ« Äq¦TÇwA¶kÇ½A>�kÇ�³M³TvMA°,ºnB¢̄A»�½q¼�ºo½mQk¼½FUB½C(2/1N)

?³̄B½SwA<»®¼z¼Q»�½q¼�
ºnAk½kÇQ Äq¦TÇwA¶k½A>�k�³M³TvMA°,ºnB¢̄A»�½q¼�ºo½mQk¼½FUB½C(3/1N)

?³̄B½SwA<»®¼z¼Q
»½Bµ»¢TvMA°­¼®a³�k®Tvµ­½A³M¥ÄB�»®¼vQ¬AnB¢̄A»�½q¼�,jn±«³woµnj
»½Bµ»¢TÇvMA°­¼®Ça³Ç�k®Tvµ¬CoM»®¼z¼Q¬AnB¢̄A»�½q¼�,¥MB�«nj;jnAk̄j±]°
¬C³ÇM»ÇUCºBµWdÇMnj³�jnAjj±]°»UB�eÀ«,JBM­½Anj,³TL§A(30)/jnAjj±]°

/SiAjoQ©¼µA±i
?jnAjj±]°�½B�e»«BªU³M»�½q¼��½B�epA»®¼z¼Q�BLUnAB½C(1/2N)

¬CgwBQ»®¼z¼Q¬AnB¢̄A»�½q¼�BØ«A,»�®«AnywoQ­½AgwBQ»®¼vQ¬AnB¢̄A»�½q¼�(31)/k®̄Aj»«SLX«An
?jnAjj±]°»�½q¼�Ç»Ø¦d«�½B�e³M»�½q¼��½B�epA»®¼z¼Q�BLUnAB½C(2/2N)
nj,BvM³a³�SwA¬C»®¼vQ¬AnB¢̄A»�½q¼�ºEn,»�½q¼�Ç»Ø¦d«�½B�eJBMnj
­½A³M¥ÄB�»®¼z¼Q¬AnB¢̄A»�½q¼�BØ«A/k{BM³T{Ajj±]°»�BLUnA­¼®a,jnA±«pA»ioM(32)/jnAjj±]°»�BLUnA­¼®aH���³�k®Tvµo«A

?jnAjj±]°ºnAk½kQ�½B�e³M»�½q¼��½B�epA»®¼z¼Q�BLUnAB½C(3/2N)
,¥MB�Ç«nj;k®Ç̄Aj»Ç«»�®Ç«AnywoÇQ­Ç½A³ÇÇMgwBÇÇQ»®¼ÇÇvQ¬AnBÇÇ¢̄A»�½q¼ÇÇ�

(33)/k®®�»«k¼�FU»�BLUnA­¼®aj±]°oM»®¼z¼Q¬AnB¢̄A»�½q¼�
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»®¼z¼QºnB¢̄A»�½q¼�»wnoM°k�̄
SLX«gwBQ»®�½Ç²nB{Ajn±«S�¼�e³Twj³woµ³�k̄A»�Øk«»®¼z¼Q¬AnB¢̄A»�½q¼�
k½BM²nBM­½Anj/k̄o½mQSiB®{»®¼z¼Qn±�³MÇ(3/2)°,(2/2),(1/2)ºBµywoQ³M
JBMnjBØ«A;k{²AoªµB́ C̄BM¬A±TMºØkeBU,(2/2N)jn±«nj,kwn»«o�̄³M:³�S�£/SwA­�ª«o¼�,²k̄nB¢̄o�̄³M°,nA±{jB́ C̄BM»µAoªµ,(3/2N)°(1/2N)
³M°Bµ²rA°¥ª�pAB́ C̄ Ø|Bi»Ø�¦UAn»®¼z¼Q¬AnB¢̄A»�½q¼�»®¼z¼QZBT®TwAºB®L«(34)Ao¢̄B½Bª̄pBÇMB́ Ç̄C,Á°A/kµj»Ç«¥¼Ç�zUS¼�Ç�A°BÇMBÇ«jn±ioMnj¬BMp»Ø¦�n±�
nBªÇ{³ÇM»UB�ÀÇ�A�MB®Ç«Bµ©ÇaoQ°Bµ³z�̄ ß©ÄÀ�k®̄B«Bµ²rA°,B́ C̄ºEn³M/k®Tvµ
»�±̄pAB́ C̄,o¢½j�o�pA/k®TvµB½k®{BMk½BM³̄±¢aBµq¼a³�®½AJBMnjk̄°n»«
,�Ç�A°nj/k®®�»Ç«�B�j(35)<ºjo�nB�»½Bª̄pBM>¬A±®�BM»½Bª̄pBMpAºjo�nB� ±̈́�«
SwA¬C³M³TvMA°j±i,¬BMp¬B£rA°¬j±MRB�À�A�L®«­½A³�k®®�»«o��­¼®aB́ C̄
±d̄�½»®�½;k®{BM,k®Tvµ³�¬B®a,Bµq¼aB½»�½q¼�n±«ApAºjo�nB�Bµ²rA°­½A³�
�o{°j³M�°oz«Ö¬j±M�L®«±d̄­½A,­½AoMB®M/k®{BM³T{Aj»�½q¼�n±«ApAS¼�MBU
B½jo�nB�­½A³�k{BM}hz«k½BMH¼̄BY;k{BM¬B¼«njºjo�nB�ºA³�MAnk½BMÁØ°A:SwA:kv½±̄»«JBM­½Anj¬±v�],¤BX«ºAoM/SwA»T¼�MBUB½jo�nB�³̄±¢aS¼�MBU
³M,©½oM»«nB�³MAnBµ³z�̄°Bµ©aoQ³�»�½o�¬Bªµ³MSwnj¬A±U»«AnBµ²rA°
B«/k®®�»«¥ªeAn»�o�RB�À�A;k®̄B½Bª̄»«pBMAnBµq¼a»¢̄±¢aB́ C̄/joMnB�
»¢̄±Ç¢a,k½oÇiq�oÇ«�½·z�Ç̄�½º°noM¡̄oiow·��̄�½³�©¼̄Aj»«
³Ç�k®�»Ç«¥ªÇeAn»�ÀÇ�A¬BªÇµ,�Ç�A°nj;k̄B½Bª̄»«pBÇMAnBµq¼a[»ioM]
ºo�iq«o�©aoQ�½,±d̄­¼ªµ³M/k®®�»«¥ªe<k¼TvµB\®½ABª{>ºBµ²rA°
,Bµ©ÇaoÇQ»½BÇ̄A±ÇU/kµj»«¬Bz̄»LwB®«po�³M<o�i>¶rA°³�kµj»«¬Bz̄An
³M³�kµj»«²pB]A¬C³M³�¬B́]�B�°A»½Bª̄pBMºAoMRÀª]°Bµ²rA°,Bµ³z�̄
ºAºjo�nB�·�MAn³M³TvMA°,k̄±{³T�o£o�̄nj¬B́]¶nBMnjRB�À�A�L®«¬A±®�
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­Ç½ApA°RÀªÇ],BÇµ²rA°,Bµ³z�̄,Bµ©aoQ)»�½q¼�ºBµnBTiBw¬B¼«³�SwA
(36)/SwAjo�nB�­½AS¼µB«oMB«�Ao{A²Aoªµ³M¬B́]�B�°A»¢̄±¢a°(Swj
­½Anj>:¤BX«­½ABM©µ¬C,kµj»«³ÄAnA¬BMp³Mj±i²B¢̄­½AoM©µ»§¿kTwA¬±v�]
¬j±M�jB�ºAoM³�SwA²B£C,k̄AkM»wnB�³�u�oµ</jnAjj±]°»§k®�nB́a,�BUA
/k{BM­¼®ak½BM©µHUn°o�;k{BM³T{Ajj±]°�BUAnj»§k®�nB́ak½BM,³¦ª]­½A
ºo«A�BUAnj»§k®�nB́a¬j±M,¬CºAjA B̈¢®µ³M,³¦ª]­½A¬j±M�jB��o{³M»®�½
»¢̄±¢apAºjo�nB�B«¬B£rA°ÁØ°Ao£A³�k®�»«k¼�FU¬±v�],��A°nj/SwAºn°o�¬k¼®{̈B¢®µ³Mk½BMB«²B£¬C,k{BL̄}hz«jo�nB�­½A»¢̄±¢aH¼̄BY°k®{BL̄Bµq¼a
RAo¼L�ÇU,°AºEn³ÇM/©¼ª́�Ç̄q¼Ça_¼Çµ,<jnAjj±Ç]°»§k®Ç�nB́Ça,�BÇUA­Ç½Anj>
ÁØ°A»®�½;SwASLX«©µ(3/2)ywoQgwBQ°k̄nAjAn��°­¼ªµq¼̄ ³̄BwB®{¬A°n­Ç½A»¢̄±Ç¢aH¼̄BY°k̄A¬B́]njBµq¼a»¢̄±¢apAºjo�nB�³̄BwB®{¬A°nRAo¼L�U
An<©z�»«jnj­«>·¦ª]³�»̄B«p,Rn±�­½Ao¼�nj/SwA}hz«B«ºAoMjo�nB�
»v�»T�°³�®½Ak®̄B«;k½±£»«³a°A³�©¼ª́�»ª̄:©¼½±¢Mk½BM,©½±®{»«»v�pA
SwAºq¼apAºjo�nB�<JC>¶rA°³�jnAjk¼�FUÁØ°A,SwAH2O¬BªµJC:k½±£»«¶±d̄pAºjo�nB�<JC>¶rA°H¼̄BY°(j±L̄ºq¼aoM Ø¤Aj¬±a,S{Aj»ª̄»½B®�«JC³̄o£°)
njk½BM¬s¼v�A°¬r°nk¼µÂX«³�kµj»«¬Bz̄­½A°SwA¬s¼v�A°¬r°nk¼µ­T�o£nAo�
­Ç½Ao¼Ç�nj/S�Ç£<JC>¬C³ÇM¬A±TM³�k̄±zMºq¼aBUk̄o¼¢MnAo�H2OK¼�oU�½/k¼ª́�»ª̄An<SwAH2O¬BªµJC>·¦ª]ºB®�«Â�A³�k¼½±¢Mk½BMBª{,Rn±�,SwA»£s½°�½·̄Bz̄<jnj>¶rA°Ç¤BX«ºAoMÇ©¼̄Aj»«B«³�®½A�o�BM,­½AoMB®M
»®�½;k{BMkµA±i»«³aoµ:©¼T�£/©½nAm£»«KAny«B̄,k{BMkµA±i»«³aoµ¤Be
k®«jnjºq¼a:©¼½±£»«»T�°³�©¼̄Aj»«BØ«A!SwAºA»£s½°³aK­½A³�©¼̄Aj»ª̄jnj³Ç�©¼̄Aj»«�½o�­½A³Mo¢½j¿Be/jnAjAnK»£s½°­T{Aj»£s½°»®�½,SwA
,SwA­�ª«,³TL§A/K»£s½°­T{Aj»£s½°;SwA»£s½°�½·̄Bz̄<jnj>:Sv¼a·̄Bz̄
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/Sv¼a»£s½°­½A³�j±M¬CpA�nB�B«WdMBØ«A;j±{K»£s½°j±i·̄Bz̄<jnj>ºp°n°³¦ª]­½A¬B£rA°</SwAk¼�w�oM³�jnAjn°BM°A>:k{BM­½Ak̄A±U»«o¢½j¤BX«
�¼�±UAn»½Bµ»£s½°�±̄³a,k®�»«¥ªe<°A>oMAn­T{Ajn°BM³�³¦ª]­½Aj±i
;k®�»«�¼�±UAn»�½q¼�ºBµ»£s½°³¦ª]­½A³�SwA¬CoMnB¢̄A»�½q¼�?k®®�»«
³ÇM¤AjpAo¼Çv«Ø»Ç�ºAoÇMBØ«A/k{BM»�½q¼�ºo«Ak½BMn°BM­½A�]o«°¤±§k«»®�½/©¼ª́�MAn³¦ª]©¼{BM³Tv̄A±U,©¼½±¢MoT́ M,B½©¼̄A±TMk½BM¤Ø°A,(�]o«³M²rA°)¤±§k«°¬j±ÇM,»wB®{B®�Ç« B̈�Ç«nj,(»®¼z¼ÇQ)»Mo\ÇU¥L�BÇ«n±Ç�³MB«³�®½A»®�½­½A°
°²rA°­¼MB\®½A³�»«Aq¦TwA,��A°nj/©¼̄Aj»«An�]o«°²rA°­¼Mjo�nB�­½A»¢̄±¢a

/SwA»®¼z¼Q»«Aq¦TwA,jnAjj±]°kµj»«�B]nA¬C³M³�»�]o«
(37)»½Ao£�mepAºo½q£B̄ºB®L«oM¤¿kTwA

,»®¼z¼QºnB¢̄A»�½q¼�­T�o½mP̄Rn±�nj¬AnB¢̄A»�½q¼�³�SwA­½A¤¿kTwA ØK§³�j±M­½AoM�o�,»TiB®{B®�«¤¿kTwAnj/k̄A³̄B½Ao£�me»��±«lBhØUA³Mn±L\«
­¼®Ça³ÇM¥ÄBÇ�³�wÀ�pAºnB¼vMBØ«A/k®TvµSwnj°»�¼�e»TiB®{¬A°nRB�B~ØUA¥¼§j­½A³MB�i­½A/SwB�ipAºA³]nj­Øª�T«B«»®µl¬BMpAo½p;k®Tv¼̄»�±�±«»ÇUAl»£sÇ½°,R¿BÇe­Ç½A³ÇM»ÇØveR¿BÇepAºA³̄B¼«BÇ�nØ±~ÇU³Ç�kTÇ�A»«�B�ØUAB]_¼µnjºnB¢̄A»�½q¼�³M³]±UBM³�Bµ»£s½°pA»�±~hM�±̄B½(38)ºA³̄±£�¼�

/k®�»«¥ªe,k̄±{»ª̄¬B½Bª̄
,k̄±{»ª̄¬B½Bª̄B]_¼µnj³Ø«B�¬BMpnj²k{�¼�±UºBµ»£s½°³�S§Be­½AnjBÇ«º°ny¼ÇQ·®½qÇ£B́®ÇU,©½°oÇMy¼ÇQBÇµjnAk̄BTÇwA­½oU³̄Ao¼£ShwBM©¼µA±hMo£A
RB�B~ÇØUA B̈ªÇU»Ø¦Ç�n±Ç�³ÇM°BÇµ²rA°BÇ½RÀªÇ]­½Ak½BM/j±MkµA±i»½Ao£�me
°/j±{»«<�±�±«ºB�T̄A³M³L§Bw>B«WdM,Rn±�­½Anj/©¼®��meAn»®¼®a­½A
¬C»�B~ØUA»�½q¼�ºBµ»£s½°,³Ø«B�»wB®{¬A°n¬BMppAB«©́�³�S�£¬A±U»ª̄o¢½j
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»L¦�Ç«<­Çµl>¶nBÇMnj̈ A±Ç�BÇ«»TÇ�°,oÇ¢½jRnBLÇ�³ÇM/jo�kµA±inB�{CAn¬BMp
°¬BÇ£rA°­Ç½A¬±Ça;©¼Ç̄A±i»«B½©¼v½±̄»«<_¼µ>¶nBMnj,©¼̄A±i»«B½©¼v½±̄»«

/k®Tv¼̄»�½q¼�»£s½°³̄±£_¼µFz®«RB�B~ØUA°RÀª]
ºn±�An¬BMp³�®½A¬C°Svµ©µºo¢½j²An,»®¼z¼QºnB¢̄A»�½q¼�BM�MB�«BØ«A,¤Be­¼�nj;k{BM�½jq̄³Ø«B�¬BMp³M³�©¼{BM³T{Aj¬BMppA»ª́�B½©¼®�y½¿BQnj/©¼{BL̄�me³Mn±L\«BUk®{BM»�½q¼�ºBµ»£s½°Ç»¢ªµÇ»�B~ØUAºBµ»£s½°
­¼®a�½BM°,²k{y½¿BQ¬BMp�½nj³�SwA¬CoM»®¼z¼QºnB¢̄A»�½q¼�o�̄,��A°
�BLUnA�½pA,k{BM»�½q¼�ºBµ»£s½°pA»�BeyUB�B~ØUA B̈ªU³�³Ø«B�¬BMppA»ª́�¬BÇ£rA°BÇ½RB�B~ÇØUABÇ½RÀªÇ]­Ç½A»®¼z¼ÇQn±�³MB«,»�½q¼�ºBµ»£s½°KwB®«
pA°,S�§BhÇ«»TiB®{¬A°n¬BMp�meBM,­½AoMB®M/©¼®�ZBT®TwAAn³Ø«B�»wB®{¬A°nKv�³ÇMo\®Ç«¬BÇMp¬C©́Ç�,¬CºB®LÇ«oÇMÁØ°A³�j±{»«S½Bªe¬BMpnj»z½¿BQ¬C³�»½Bµ»£s½°n±�a©¼®¼LM³�kµj²pB]AH¼̄BY°j±{¬C»�½q¼�»�B~ØUAºBµ»£s½°
;k½Bª̄»Ç«S¼�LU»�½q¼�n±«ApA,»®¼z¼Qn±�³M,k®�»«JBhT̄A¬k̄B½Bª̄ºAoM¬BMp
,Rn±�o¼�nj)jpBw­�ª«¬BMppAB«©́�An¬C»¢̄±¢a©µ°jo�nB�j±]°©µ»®�½

(39)(/j±MAo£�mek½BM
:jo�ºk®M�ª]³̄±£­½A¬A±U»«An»®¼z¼QºnB¢̄A»�½q¼�³Mo�B̄¤±�A,»Ø¦�n±�³M
BÇ½²k{�Ç�°»®ÇµlºBµ»£sÇ½°,»®ÇµlR¿±ªdÇ«BÇ½RB�¼�±ÇUpABÇ«©́�(1

/jnAj»«³�o�B«³MAnRB�¼�±UB½Bµ¥ªe¬C�w±U²k{¥ªe
n±Ç«Anj³�±MoÇ«»®ÇµlºBµ²nBÇ¢̄A,»®ÇµlR¿±ªdÇ«BÇ½RB�¼�±UpAB«©́�(2

/jnAj»«³�o�B«³MAn(»�½q¼�n±«Anjº±�®«B½)»�½q¼�
/k®Tvµ»�½q¼�n±«A(njº±�®«B½)nj»½Bµ²nB¢̄ABµjo�nB�(3

/©¼̄Aj»«AnBµjo�nB����B«°k̄nAj³̄B£k®a�Ø�dU»®µlR¿Be(4
»®ÇµlRAjB®ÇwApAj±Çi©́Ç�pAAnq¼a³ªµB«³�k{kµA±i³\¼T̄ ,¤±�A­½ApA



   
   

 

147Ê»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�¬B¼«�ÀTiAºB®L«oMºnB¢̄A»�½q¼�oMºk�̄

�½¿BÇM�oÇ{nB́Çaxo½mÇQRn±Ç�njBªÇ{,oÇ¢½jRnBLÇ�³ÇM/©¼Ç̄AkM©¼̄A±U»«
³�n±�¬Bªµ³�SwA­½A»®¼z¼QºnB¢̄A»�½q¼�ºEn/j±Mk¼µA±i»®¼z¼QnB¢̄A»�½q¼�
o£A,k̄nAjo�̄�AoT{A(1)jn±«nj¬j±M»®¼vQB½»®¼z¼QpA�nB�¬AnB¢̄A»�½q¼�·ªµ

(40)/k{k®µA±i»®¼z¼QnB¢̄A»�½q¼�,k®®�¤±L�»§Ø°AoM²°À�©µAn»«°jkÇ̄A±U»«»®µlR¿±ªd«pAB«©́�B½C/kwn»«o�̄³MK¼\�ºnk�B�ØjA­½ABØ«AoÇ��¬±v�],³̄±ª̄ºAoM?SwA­�ª«ºq¼a­¼®an±�a?k½±¢MB«³MjB½pnk�­½A
­Ç½A³ÇMkÇ̄A±U»Ç«B́ C̄¬joM B̈̄°o¢½k�½pA¤B�{ÒA}¼hzUnjB«»½B̄A±U³�k®�»«
©µAn̈ Øn±U¤BX«°A,(W¦X«)¥�{ß¤BX«oM²°À�,n±�®«­½AºAoM/k½±¢MgwBQR¿AÆw°¬j±ÇM¥�{»XØ¦XÇ«»®�Ç½ÇBµ²nB¢̄A­½Aº°joµ³�k½±¢MkµA±i»«°(41)jn°C»«
pA°,ºjo�nB�©µ»®µlR¿Be,o¢½j�o�pA;k̄Aºjo�nB�ÇjB~T�A�½¬j±M»«Øn±U»�BÇ�jo�nB�}¼hzU,©µk®̄B«jnA±«­½A·ªµnj»®�½/k®Tvµ©µk®̄B«,�Bd§­½A
BÇU©¼{BÇM³TÇ{AjAnW¦ØXÇ«�B�Ç̄ºo¼Ç£nAo�¶±d̄¤±«o�³�Sv¼̄pB¼̄,»§Ø°Anj:SwAjB~TÇ�A°jnj³Ç�©¼Ç̄AkÇMSv¼Ç̄ p̈¿,»«°jnj;SwA¥�{»X¦ØX«³�©¼µj}¼hzU
©¼ª́�MBUSwA²k«C­¼½BQBµB\�njk½oiRnk�°²k{¬Ao£»½Bµ¿B�³aH�¼�jR°B�T«
pA°/©¼̄AkMAn»�½q¼�RB�B�ØUAH�¼�jSv¼̄ p̈¿©µ»«±wnj;SwA»«Øn±UjB~T�A³�An»̄Bv�½ºjo�nB�y�̄���°k̄A³̄B£k®a�Ø�dUS¼¦MB�ºAnAj©µ»¢ªµ,o¢½jº±w
�Ç½AoÇ{oÇµnj³a°)­¼�Bv§Aº°BvT«³a°k{BM³½°Aq§A©ÄB�³aW¦ØX«/k®®�»«ºpBM
�¼�j¤±«o�pA�nB�,̈A±�B«°k®�»«B�½AAn¬j±MW¦ØX«ºjo�nB�y�̄©µpBM,(o¢½j
nj/SwA»�½q¼�n±«AnjºA²nB¢̄AH�o�,¬j±M¥�{»XØ¦X«³�©¼̄Aj»«,�B�̄ºo¼£nAo�
­½A¬±v�]ºB�ØjA,¤Be/SwAuM­¼ªµ°©½nAj¬j±M»XØ¦X«pAºjo�nB�»Ø�¦UB«,��A°
»Ø�¦ÇU­¼ªÇµk½BÇM©Çµ»TiB®Ç{¬A°nRB�B~ÇØUA°»®ÇÇµlR¿BÇÇeJBÇÇMnj³ÇÇ�SwA

/©¼{BM³T{Aj»®µlR¿Be³MAn³̄B½Ao£jo�nB�
»®ÇµlR¿BÇe¬±ÇaÁØ°A:³Ç�joÇ�ºk®MRn±Ç�³̄±£­Ç½AAnWdÇM¬A±U»Ç«HT½B́¯
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R¿BÇenjR°B�ÇU q̈¦TÇv«»®ÇµlR¿BÇenjR°B�ÇU,k®®�»Ç«ºpBÇM»Ø¦Ç�ºBµy�̄
q̈¦TÇv«©Çµºjo�nBÇ�ºBµy�Ç̄nj»̄BÇv�½,­Ç½AoMB®M)k{kµA±i»Ø¦�°ºjo�nB�
¬BÇz̄ºAoÇM»̄BMp,»TiB®{¬A°n¬BMpo£AH¼̄BY;(j±MkµA±i»®µlR¿Benj»̄Bv�½
pA»¦¼~�U»�B�nk�³MȳAj>:³�j±{»«³\¼T̄B́®½ApA;k{BMºjo�nB�ºBµ²nB¢̄A¬jAj
Anºjo�nB�RB�À�A·ªµ»®¼z¼Qn±�³M³�®½A¥¼§j³M,»�½q¼�RAo¼L�UKveoM¬B́]
B«³M»®µlRAo¼L�UºB®L«oMAn¬B́]pA»T{AjoM,»®¼z¼Qn±�³M,jAjkµA±i³ÄAnAB«³M

</jo�kµA±i³ÄAnA
­½AoM¬BMp³�»�Ø¦vUBMB«,(///°¬j±M¥�{»XØ¦X«)k{²jn°C³�»½Bµ¤BX«·ªµnj
jn±«nj°,�B�̄ºo¼£nAo�¶±d̄pA¬j±M¥�{»XØ¦X«jn±«nj:©¼́]A±«jnAjBµ²nB¢̄A
­TÇv̄Aj¬°kÇM}¼hÇzU»½BÇ̄A±ÇU¥«BÇ{³Ç�»�Ø¦ÇvUÇºjo�nBÇ�y�̄,»®µlR¿Be
k½BÇM»Ø�BÇi�jBÇ�ºBµ»�oÇ{,B́®½A·ªµnj,��A°nj/j±{»«³�±Mo«ºBµ¤±«o�y�̄³M»�½q¼�pAºo¢½jnj°,¥�{³Mºo¼£nAo� Ø¥d«pA»�½nj:k®{BM³T{Ajj±]°

/»®µlS§Be³Mºjo�nB�y�̄pA°ºjo�nB�
»®¼z¼QºnB¢̄A»�½q¼�RÀ��«pA»ioM

³Mo�B̄RAjAo½A­½A·ªµ³�©¼®�²nB{Ak½BM,»®¼z¼QºnB¢̄A»�½q¼�RAjAo½Abo�pA¥L�
�±�±Ç«³Ç�Aoa;jo�©¼µA±h̄(2/2N)pA»TLd�B«°k®Tvµ(3/2N)°(1/2N)
nj,o¢½jº±wpA/SwAºnAk½kQ»µB£C�½B�e,­½AoMB®M°,¬kM°­µl·�MAnB«»¦�A

(42)/jnAjj±]°o�̄�B�ØUA¬B½o]°j­½A¬B¼«,�½B�e­½AJBM
:(1/2N)oMjnA°RAjAo½A(1

oÇµºAoÇM»TiB®Ç{�BÇd§³ÇM�½B�ÇepA»ÇioÇM:»T�o�«�Bd§³M¬j±M³TvM(1/1
­½AJBMnjB́ C̄°SwA3©µBµ­¼�§j°Bµ²q̄BP«B{ºAoM»Te9nm]/k̄A³TvMºj±]±«
»®¼z¼Q,¬j±M»®¼z¼Q³�k{BM­½AoM�o�o£A¤Be/k̄A³TvM,»TiB®{�Bd§³M,S�¼�e



   
   

 

149Ê»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�¬B¼«�ÀTiAºB®L«oMºnB¢̄A»�½q¼�oMºk�̄

(43)/SwA¥�BM»®¼z¼Q»«±ª�̈Aq¦TwAqU²B£¬C,k{BMB«ºAoM¬j±M
,²p±Çe­½AºnBT{±̄SØ®wnj,»{pnA°jRÀª]:»{pnA°jRÀª]�o�(2/1
qÇU³Ç�k{kµA±i¬CK]±«¬j±M»{pnA°j­½A:©¼½±£»«,¤Be/k̄ARB�°o�«¾q]
­Ç½A³ÇM/j±Ç{j°kdÇ«»®Ø¼�«»TiB®{B®�«�Bd§³M�½B�e³M,»®¼z¼Q»«±ª�̈ Aq¦TwAºBµ±Ç«­T{AjºB®�«³M³�SwAtB�³ª¼̄B½°tB�o¼�B½,tB�B½<k¼�w>,�½o�
oM ±̈wS§Be¬±aBØ«A;©¼́]A±«»{pnA³w��®«BMB«,S§Be­½Anj/k{BM»«SzQ©�²joªÇ{­Ø¼�TÇ«,»TiB®{B®�Ç«�BÇd§³ÇM,Sv¼̄­Ø¼�T«�°o�«»{pnA°j��®«ºB®L«,­Ç½AoMB®M/k̄o½mQSiB®{­Ø¼�T«»TiB®{B®�«�Bd§³M ß�½B�e���,»�o�pA/j±{»ª̄o½mQSiB®Ç{³Ç̄ BÇ½SwAtB�<k¼�w>³�®½A,»�½q¼�RB�À�A B̈ªUtBwAoM»Te
¬j±M»{pnA°jk½BMB½,»®¼z¼Q»«±ª�̈ Aq¦TwAqU��eºAoMBª{>:³�®½AHT½B́¯/Sv¼̄
(44)</k¼®�j°kd«»®Ø¼�«»TiB®{B®�«�Bd§³M�½B�e³Mk½BMAn²k½A³�®½AB½k¼®�jnAnºB�ØjA­½A:»̄B�«Ao¼�¤Be­¼�nj°»¦¼¦dUo¼�º°B�joMAoMnj²k½AºB®¢®U(3/1
,¤Be</jnAjj±]°j±]±§AK]A°ºAki�½>:k½o¼¢Mo�̄njAn»̄B�«Ao¼�°»¦¼¦dUo¼�
»TÇeyMmÇ�°�k�,k{BL̄»®¼z¼Q,SwA»¦¼¦dUo¼�³�»§Be­¼�njo£AB�ØjA­½A
¬B¼Ç«,»�oÇ�pA/j±{»ªÇ̄SMBÇY©Çµ©§BÇ�pA»�½q¼Ç�ºBµ­¼¼LÇU­½oU¥«BÇ��w±ÇÇU
�o�³MºpB¼̄,¬B́]RB�B�ØUAc¼�±UºAoM³�®½AoM»®L«Svµ»��A±U,¬AnB¢̄A»�½q¼�
³ÇM°k{BLÇ̄»®¼z¼ÇQºoÇ«ABÇ�ØjA­Ç½AJm�o£A,­½AoMB®M/Sv¼̄j±]±§AK]A°»½Aki
j±]±Ç«oÇµ¬±Ça²BÇ£¬C,k½B¼Ç̄ p̈¿»�½q¼Ç�ºBµ­¼¼LÇUpA»®¼z¼ÇQn±Ç�³ÇM,»UnBL�
HªTe,uQ/k{BM�¦�k½BM²k½A,jnAjj±]°»¦�AØke»�½q¼�»P��½njºA»̄B�«Ao¼�

/k½B¼M p̈¿»�½q¼�ºBµ­¼¼LUpA»®¼z¼Qn±�³MyMm�k½BM
n±Ç�³ÇMBÇ�ØjA­Ç½A³�k®�»«­{°nºnB¢̄A»�½q¼�¬j±M»®T�o½mQB½�k�B½CBØ«AgwBÇQywoÇQ­½A³Mk®̄A±U»ª̄»TeAn³M»®¼z¼Q¬AnB¢̄A»�½q¼�?SwAJm�»®¼z¼Q
nB�njºj±]±§AK]A°ºAki_¼µ>³�®½AoM»®L«j±i nqMºB�ØjAo½ppA°k®µj»�®«
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HUn°oÇ�°JlBÇ�BÇ½B�ØjA­½A,¬j±M»{pnA°j�o�BMAo½p;k®®�»§Bi³̄B{,<Sv¼̄
°,JlB�»¦¼¦dUn±�³M³̄B�ØjA­½ABØ«A/k{BM»«�jB�HUn°o�°�jB�B½SwAJlB�»®¼z¼ÇQn±�³MB�ØjA­½A³�S�£¬A±U»«³̄±¢a,uQ/SwA�jB�»¦¼¦dUn±�³M³̄(45)!?SwAJlB�
ºAki,»̄±�À�ARB¼Ø¦�pAo¼�/SwAj±]±«º°B�jSwj­½ApAºjB½pºBµ¤BX«
q¼̄»ª¦�º°B�j»ioM;»�¼L�§Ak�MB«º°B�jpAºnB¼vM,»Ø¦�n±�³M°,j±]±§AK]A°
©UAºAoM<o¢®½j°o{>·§jB�«,(�½q¼�Ç»ª¼{B½)»ª¼{njÂX«/k̄nAj»�½Ao{­¼®a
³]A±«©v]k®a�°o�«¥��«BM,o¢½jjnA±«njBØ«A,jnAj»¦¼¦dU»hwBQ¬r°nk¼µ²jB�TwA»®¼ªhUºBµx°npAgwBQºAoM³§jB�«,jnA±«­½ABMjn±ioM B̈¢®µnj/SwA
ºkµA±{,³TL§A/k®Tv¼̄»¦¼¦dU³]°_¼µ³Mº°B�j°©¼Tvµ°n³M°n¤BªTeABMB«;k®�»«
­½ABØ«A;jnAjj±]°o�B®�̈ BªUºAoMºA³̄B¢½ºBµgwBQ³�®½AoM»®L«SwASwjnj�½B�e�w±U,»TiB®{B®�«�Bd§³M,o�B®�­½A�½B�e³�k{BM¬Co¢̄B¼M���k½B{o«A
BÇ½k®{BM²k{ZBT®TwAB́ C̄pA»®¼z¼Qn±�³M°Â¼¦dU³�®½A³̄°k̄A²k«C p̈¿»�½q¼�

/k®½CnBª{³Mo½mQZBT®TwA»Te
:(3/2N)³Mo�B̄RAjAo½A(1

�½B�Çe»®¼z¼ÇQn±Ç�³ÇM ßZBT®TÇwAJBÇMnj»®¼z¼QºnB¢̄A»�½q¼�»wBwA¥�z«ÁØ°A²nBÇ{A¬C³M­½ApAy¼Q³�SwA»TiB®{S�o�«�B�{j±]°·¦Ãv«¬BªµºnAk½kQ
»P�³�jo�°j³�kwn»«o�̄³Mo½mQnØ±~U©\v®«n±�³M,¤BX«ºAoM,��A°nj/k{ºo¢½j°,²B£CºnAk½kQn±�³M»�½³�k®{BM¬B®ak®̄A±TM,k®Tvµo¢½k�½»�½q¼�
­�ª«B̄»®¼z¼Qn±�³MBµ»L«Ap/(46)»L«Ap�½Çk{BMºnAk½kQ»µB£CpAºnB�H«BªU
¤¿kTÇwA·¦¼Çw°³ÇM��Ç�³Ç�An»��B®U_¼µBµ»L«Ap¶k½A,��A°nj/k®wn»ª̄o�̄³M
³ÇMo�BÇ̄¤¿kTÇwA³woµ,©½jo�²nB{A³�¬B®a/jnAk̄oMnj,jo��z�j±zM»®¼z¼Q

/k®TvµºnAk½kQ»µB£C©¼µB�«ºpBwºjo�nB�Jm�
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nj¬±Çv�]k¼Ç�FUHwBÇwA/jnAm£»«Sz¢̄A³T�̄­¼ªµoM»®¼z¼QºnB¢̄A»�½q¼�
¥¼§j­¼ªµ³M©µ»½Bª̄pBM ±̈́�«°Bµ²rA°o¢̄B½Bª̄pBMy�̄oM»TiB®{S�o�«¤¿kTwA
Â«BÇ�»�½q¼Ç�Ç»Ø¦dÇ«�½B�ÇeJBÇMnj»½Bª̄pBÇM³ÇM¥Øw±ÇU,²k̄nB¢̄ºEn³MBØ«A/j±M,»�½q¼Ç�Ç»Ø¦dÇ«RAo¼L�ÇUpAºnB¼ÇvM³�kwn»«o�̄³M,o¢½j¬B¼M³M/Sw±£gwBQ
±§°;k®{BÇM³T{Aj»®¼z¼Q(48)<¬jAjÇB®�«>°(47)<�]o«ÇS¼LXU>»«±́�«ºBµ¥¼¦dU
H�o�³�̄CB½°k®{BM�k~§A­�ª«¬j±M»®¼z¼Q­¼�nj»«±́�«¥¼¦dU�±̄°j­½A³�̄C
³M,ºnAk½kQ»µB£CRAo¼L�UJBMnjBØ«A(49)/k{BM³T{Ajj±]°¥¼¦dU�±̄°j­½ApA»�½oµk�B�ºnAk½kQ»µB£CRAo¼L�U,��A°nj/kwn»ª̄o�̄³MSwnj­hw­½A,º°n_¼µ

/k®Tvµ»«±́�«¥¼¦dU³̄±£°j
»½Bµ¥¼¦dÇU­¼®Ça³Ç�k̄o½mPÇM»®¼z¼Q¬AnB¢̄A»�½q¼�³�SwA­�ª«Â«B�,³TL§A
»½Bµ¤BX«nj³�k®®�ºq¼a¬Cxo½mQ³MR±�jAnB«,�±�nj;k{BM³T{Ak̄j±]°
oM¬BMp³�»�Ø¦vUBMB«,¬CºB®L«oM°,kµj»«º°nB́ C̄k½jpA<¬j±M¥�{»XØ¦X«>k®̄B«
nj°,�B�Ç̄ºo¼Ç£nAoÇ�¶±d̄pA¬j±M¥�{»XØ¦X«jn±«nj:©¼́]A±«jnAjBµ²nB¢̄A­½A
­TÇv̄Aj¬°kM}¼hzU»½B̄A±U¥«B{³�»�Ø¦vUÇºjo�nB�y�̄,»®µlR¿Bejn±«
ºBµ»�oÇ{,B́®½A·ªµnj³�k̄o¼£»«³\¼T̄o«A­½ApA°/j±{»«³�±Mo«ºBµ¤±«o�
ºo¢½jnj°,¥�{³Mºo¼£nAo� Ø¥d«pA»�½nj:k®{BM³T{Ajj±]°k½BM»Ø�Bi�jB�/»®µlS§Be³Mºjo�nB�y�̄pA°ºjo�nB�y�̄³M»�½q¼�pA
;joÇ�lBhÇØUAAn»��±«­¼®a¬A±U»ª̄,ºnAk½kQ»µB£Cjn±«nj,²k̄nB¢̄ºEn³M
³M�Ø¦�T«°k®TvµpAk̄A©za³M³TvMA°°±¼T�sM±wHwBwAºnAk½kQ»µB£CR¿Be³�Aoa
­½ApA»ª́�B«,<©z�»«jnj­«>:k½±£»«»v�»T�°³�SwASwnj/|Biºjo�
�±�±«oMB«�Ø¦vU¶k®µj¬Bz̄º°n_¼µ³M©́�­½A³�jo�S�jk½BMBØ«A;©½nAj°A·T�£­Ç½A©́Ç�³M,j±iºnAk½kQRB¼Mo\UBM�½Ao{­½AŚMBz«tBwAoMH�o�B«/Sv¼̄
±U>³�®½Ao¼�̄»UÀª]¬jo�AjA,S�¼�enj/}�B̄n±�³M©µ¬C;©¼½C»«¥ÄB̄³¦ª]
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°²Øo«p°nRB¼MjAnj<!²nAj»Øven±]³ao½±�¤jnjJBT�CJ°o�ºB{BªU»̄°j»ª̄njBM,¬±v�]»½B�ØjA�Ø¦vUpA�nB�»TeBª{³�SwA¥¼§j­¼ªµ³MSwnj,»ªwno¼�
An»Øve­¼®aj±Mk¼µA±h̄njB�©µ©§B�»�½q¼�­�ª«RB�À�A B̈ªU­T{AjSwj/k¼®�­¼¼LU
njºo¢½j²AnpA³�jo�²nB{Apo«Ba¤¿kTwA³M¬A±U»«,WdM¬k{oU­{°nºAoM
ºAoÇMB®�Ç«°j¬A±U»Ç«»Ø¦�n±�³M,°A¤¿kTwAºB®L«oM/SwA�±�±«­½ARBLYA»Q

:S�o£o�̄nj<»½Bª̄pBM>
o£AH�o�;SwA²k{»½Bª̄pBM<�§A>,»½Bª̄pBM�±̄­½Anj:ºjo�nB�»½Bª̄pBM(1
pA<�§A>¤BL�njAnKwB®«nBT�n©Tv¼w�½B½°kµkM»hwBQ<�§A>³M©Tv¼w�½

/kµj¬Bz̄j±i
o£AH�o�;SwA²k{»½Bª̄pBM<�§A>,»½Bª̄pBM�±̄­½Anj:ºnAk½kQ»½Bª̄pBM(2

/k{BM<�§A>¬±a³̄BµB£CºA³Mo\UKeB�©Tv¼w�½
¬A±®�³M¬A±U»«An»®¼¼LU�B�{¬jo�oQºAoM¬±v�]nB�¬B½o]Ø¥�,o¢½jº±wpA
Bµjo�nB�c¼�±U(1)³�ºn±�³M;X¬±a»\̄B¼«�½­T�B½ºAoMS�o£o�̄nj»{ÀU
/k{BÇM»�BÇ�ºnAk½kQ»µB£Cc¼�±UºAoMXc¼�±U(2)°k{BM»�B�Xc¼�±UºAoM
°AºEn³M,��A°nj/k®�ºpBMAn»\̄B¼«­½Ay�̄SwAnAo�¬±v�]¶nB{Ajn±«»½Bª̄pBM
jo�nB�ºB®L«oMAnBµ»½Bª̄pBM­½A©¼̄A±U»«B«°k®TvµB¼{Ao¢̄B½Bª̄pBMB«»®µlR¿Be
/©¼®�bo{B́ C̄jo�nB�ºB®L«oMAn»®µlR¿Be©¼̄A±U»«,­½AoMB®M/©¼µjc¼�±UB́ C̄

»z�̄­¼®ak̄A±U»ª̄,B®�«°jpA�½_¼µnj,»½Bª̄pBM³�SwB®L«­½AoMpo«Bak�̄
»½Bª̄pBÇMpA¤Ø°AºB®�«nj³�K¼UoU­½A³M;k®�B�½AºnAk½kQ»µB£C�½B�eJBMnjAn
Ö»½Bª̄pBÇM­¼¼LÇUBÇØ«A,joÇ�kÇµA±i­¼¼LUAn»½Bª̄pBM Öjo�nB�­¼¼LU,(ºjo�nB�»½Bª̄pBM)­¼¼LUAn»µB£CÖ»½Bª̄pBM­¼¼LUq¼̄»½Bª̄pBMpA °̈jºB®�«nj/jo�kµA±h̄­¼¼LUAn»µB£C�BÇ�{,jn±Ç«°joÇµnj/jo�kµA±h̄­¼¼LUAn»½Bª̄pBM Öjo�nB�­¼¼LUBØ«A,jo�kµA±i
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(50)/k̄B«»«»�BMºnAk½kQ°ºjo�nB�¬B¼«»®¼¼LU
¤¿kTÇwA,³TÇL§A/Sv¼̄©́«³]°_¼µ³M¬±v�]̈°j¤¿kTwA³�®½A©µoiC·T�̄
ºnB¢̄A»�½q¼�¬B�§Bh«ºAoMBØ«A,k{BMS¼ªµABMnB¢̄A»�½q¼�ºAoMSwA­�ª«n±�m«/Sv¼̄S¼ªµAºAnAj

»®¼vQºnB¢̄A»�½q¼�»wnoM°k�̄
pA¥�Tv«ºnB¢̄A»�½q¼�Jm�B½�k�oM»®L«»®¼vQ¬AnB¢̄A»�½q¼�ºB�ØjAjn±«nj
³M»�®«gwBQ»®�½Ç²nB{Ajn±«S�¼�e³Twj³woµ¬j±Mo½mQSiB®{»®¼z¼Qn±�³M
ywoQ°jJBMnjºo�̄oµpA�nB�³�S�£k½BMÇ(3/1)°,(2/1),(1/1)ºBµywoQ
/jAj¬Bz̄»µAoªµB́ C̄BM¬A±U»«»Thw³M(3/1N)jn±«njkwn»«o�̄³M,Svh̄

/jnAjj±]°ºA»¢TvMA°­¼®aB́ C̄ºEn�ÀioM³�jo�k¼�FUk½BM
:³Ç�joÇ�o½o�U³̄±£­½A¬A±U»«An»®¼vQºnB¢̄A»�½q¼�º°ny¼Q¥��«­¼Tvh̄
HUn°oÇ�»®�Ç½;j±{»Ç«²joªÇ{ºn°o�»�k�,SwAH2OJC³�®½A¬j±M�jB�°jnAjj±]°©µºo¢½j¬B�«A,SiB®{̈B�«njBØ«A/k{BM»«H2OJC³�SwA�jB�,»̄Bªµ­Ç½A­½A³�®½ABª�/k{BL̄H2OJC³�SwA»TiB®{B½»T�o�«¬B�«A­½A,¬CnjBª{,»®¼vQºn°o�»̄Bªµ­½A©�e�½BM³́]A±«nj,��A°nj/SwAk½k]»�z�
,³Mo\UpAuQ³�®½A(1:k¼Tvµ°n³M°n¬B�«A°jBM(»TiB®{�Bd§³MB½)SiB®{̈B�«
³�̄C(2;(k½CnBª{³MH2O¬BªµJC,¤BX«ºAoM)k{BMnAo�oMWdMjn±«»̄Bªµ­½AºAoM»¦¼{C·®{BQK¦�«­½A°(/k{BMnB�njo¢½j»L¼�oU,JC¤BX«nj)k{BL̄nAo�oM
,¤BÇe­¼Ç�nj°,q¼Ça°j¬j±ÇM©Çµ»�½q¼�»P�k½B{:SwA»®¼vQºnB¢̄A»�½q¼�
­�ª«o¼�(BµSwA±i°Bµn°BM¥X«)»TiB®{»®µlR¿Be�Bd§³MB́ C̄¬j±MR°B�T«
ºAoM³�»�½Ao{nj/Sv¼̄¤A±®«­½kMo«A,»µB£CºnAk½kQR¿Bejn±«njBØ«A/k{BM­¼®ÇaH2O°JCjn±Ç«nj,jnAjj±Ç]°<///³¼LÇ{»Øve>»£s½°»®µlR¿Be­¼ªµ
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/k̄AR°B�T«Â«B�B́ C̄°jnAk̄j±]°ºA»£s½°
Ç­«¤C²k½A»P�°­«An»̄Bv�½ºjo�nB�ºBµy�̄o£A»TeSwA­�ª«­½AoMB®M
j±Çi³ÇMS§BÇeÂXÇ«¬C·ª¼ª�³M­«���©µpBM,©¼{BM³T{AjÇ­«º±¦�°j»L«Ap
pA/k®Ç�̄tBÇveAAnq¼Ça_¼Çµ°A°/©{BM³T{AjAn(»��A°jnj)¬jpjB½o�°¬k¼̀ ¼Q
ºnB¢̄A»�½q¼�,uQ/j±MkµA±i­«»�½q¼�S¼µB«oM³�B�Aºq¼a,­«»µB£C,°n­½A
¤¿kTÇwA­Ç½ABØ«A/Sv¼̄»�½q¼�³�k«C¬B¼«³MºA»£s½°pAWdM¬±a;SwAJm�o�Ç̄³ÇM­�ªÇ«»§°,k®Tv¼Ç̄­�ªÇ«±¦Ç�°jºBµ»L«Ap³�®½A¬C°jnAj»hwBQ»L«Ap
»�½q¼�S¼µB«¬C Ø̈k�«³�ºA³¼�o{/SwA»®¼vQºo«A¬C¬B�«A k̈�Ao½p;k®wn»«
xo½mQ­¼ªµBØ«A/j±{»«jAkª¦�»®¼vQºn°o�,SwA³̄BµB£CS¼µB«¬C»§BU°,­«»®¼ÇvQºnB¢̄A»�½q¼�ºAoMºØk]RÀ�z«,»µB£Ck�B�¤C²k½A»P�»TiB®{¬B�«A

:k̄o¼£»«nAo�B«oMAoMnj¬B�«A°j³�K¼UoU­½A³M/jo�kµA±ijB\½A
ºnAk½kQ»µB£C­«���°©¼Tvµ¬Bv�½H��A°,»�½q¼��Bd§pA,­«»L«Ap°­«/1

/̈nAj
ºnAk½kQ»µB£C¬Ak��nj°©¼Tvµ¬Bv�½H��A°,»�½q¼��Bd§pA,­«»L«Ap°­«/2

/©¼̄Bv�½©µ
�Ø�dU °̈jS§Be³�®½A³MS{Ajn°BMºAoM»¦¼§jB½SiB®{³�©¼®�RBLYA³̄±¢aBØ«AjnAj»¦Ç¼§jB½k̄Aj»«³�SwA­½A»®¼vQnB¢̄A»�½q¼�ºB�ØjA?©½nAjSwjnj,jnAj

?k®�»«¤kTv«AnB�ØjA­½A³̄±¢a°A»§°;SwAnAo�oM»«°j­½A³�®½AoM»®L«
·ªÇµ�BÇ�°jn±Ç«³�jo�²nB{A»�°o�«¬BµoM³M¬A±U»«,ywoQ­½A³MgwBQnj
oµpA»L«Apo£A:j±{»«³«B�A¬AnB¢̄A³̄B£°joMAoMnj¬BµoM­½A/SwA¬AnB¢̄A»�½q¼�
©®�»Ç«k¼§±U­«An³̀ C̄ B̈ªUk̄A±TMk½BM,k{BM»«»µB£Ck�B�°SwA­«»P��Bd§
B̈ªÇUk½BÇM,��A°nj;kµj̈ B\̄Ao¼�̄³Mo¼�̄An­«»�½q¼�ºBµnBT�n·ªµ°k®�k¼§±U
¬±̀ªµÂX«;jpBvM­«»P�AnRÀª]k̄A±TMk½BM°A/k{BM³T{AjAn­«»TiB®{R¿Be
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c�A°­«ºAoM,³̄Ao¢̄¬°nj°³�wA°»Mn±�³M:³�j±{ZnBiȳBµjpA³¦ª]­½A,­«
»LÇ«Ap:»®�½,³¦ª]­½A/SwA Ä»�½q¼�y½AnCºAn°nj»µB£C­½A°©µB£C³�SwA
©¼Ç̄A±U»ªÇ̄SiB®Ç{̈B�Ç«njB«,S§Be­½Anj/SwA²B£C°Sv¼̄»L«Ap³�k½±£»«
¬AnB¢̄A»�½q¼�­«Aj¥�z«­¼ªµBØ«A!³̄B½SwA»L«ApH��A°³�©¼̄AkMB½©¼®�¤¿kTwA°k®Tv¼Ç̄»LÇ«Ap³Ç�k®®Ç�¤¿kTÇwABÇ½RBLYAk®̄A±U»ª̄©µB́ C̄/jo¼£»«©µAn»®¼vQ
»T�o�«¬B�«A­¼M³�Sv¼̄njB�»®¼vQºnB¢̄A»�½q¼�,��A°nj/k̄nAj³̄BµB£CRB¼Mo\U
:jnAm¢Mq¼ªU,k{BL̄»L«Ap³�»T�o�«¬B�«A­½A°k®{BM»L«Ap³�wÀ�­½Aj±i³�®½A
/©¼®Ç�bo�Ç«ºoU©¼�Tv«n±�³MºnB¢̄A»�½q¼�ºAoMAn¥�z«©¼̄A±U»«¬±®�A
¬BÇ�«A°j³Ç�k̄o½mPÇMk½BM,(»®¼z¼Q¬AnB¢̄A»�½q¼�³̄°)»®¼vQ¬AnB¢̄A»�½q¼�
³�®½A(1):[k®µkMAn»TiB®{¬B�«A°jj±]°¶pB]Ak½BMB½]jnAjj±]°»TiB®{
ºA»½BÇ̄A±U_¼µ°k®Tvµ��A°nj³�k®Tvµ³̄±£¬BªµH�¼�j»�½q¼��Bd§³MB¼{A
(2)°jnAk̄j±]°[ºnAk½kQ»µB£C¬BªµB½]¬±£B̄±£ºBµtBveA·Mo\U³MSLv̄
S¼¦MBÇ�°k®TÇvµ�Ç�A°nj³�k®Tvµ³̄±£¬BªµH�¼�j»�½q¼��Bd§³MB¼{A³�®½A
,kwn»«o�̄³M/jnAjj±]°[ºnAk½kQ»µB£C¬BªµB½]¬±£B̄±£ºBµtBveA³Mo\U
¶k½B�_¼µ»§Ø°A/jnAk̄j±]°»«°j³̄°»§Ø°A³M¬k{¥½BªT«oM»®L«»¦¼§j_¼µ(51)/jnAk̄»«°joM»£jBwKveoMºA²k½B�_¼µ°»®¼¼LU
¬C³ÇM¬A±U»«»®¼vQºnB¢̄A»�½q¼�³¼¦�oMBµ»L«ApWdM³M³]±UBM³�ºo¢½j¥¼§j
³̄±£_¼µÇ °̈j»��®«¬B�«AB½(2)¶nBª{»®�½Ç»«°j­T�o½mQ³�SwA­½Ajo�²nB{A
»®¼¼LU³M»«°jBM³�jo�²nB{A¬A±U»ª̄q¼a_¼µ³M,��A°nj/jnAk̄»§Ø°AoM»®¼¼LUSØ½q«,<k{BLÇ̄H2OJC>°<k{BMH2OJC>:»��®«¬B�«A°j¬B¼«pA/kwoM»§Ø°ApAoT́ M;kµj»«c¼�±UoT́ MAnB«RB¼Mo\U°/jnAjSØ½q«»«°joMÇ­¼¼LUnjÇ¤Ø°A»��®«¬B�«A°̈±Çw¥Ç¼§j/kÇ̄nAk̄ºo¢½joM»TØ½q«­¼®aBµ»L«Ap»��®«¬B�«A°jpA�½_¼µBØ«A(52)/SwA»TiB®{j±]°WdM»TeAn°»£jBwnjSØ½q«­¼ªµ̈k�©µ̈nB́a
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ºo¼£³\¼T̄
RB�BLÇUnA¬B®Ça¬Ak��©�n»¦�>:³�k®Tvµ³T�̄­½A»�Øk«»®¼vQ¬AnB¢̄A»�½q¼�/1
B½»�½q¼�ºBµ»£s½°ºnAk½kQ©¼µB�«,¤Be­¼�nj,WdMjn±«©¼µB�«­¼MºA»®¼z¼Q
oÇM¥Ç�A,»®¼ÇvQºnBÇ¢̄A»�½q¼Ç�nj,°n­Ç½ApA(53)</k®®�»Ç«}hÇz«Anºjo�nBÇ�
,(1/2)ºBµywoÇQ³ÇM³Ç�SwA»hwBQoµpAºnB¢̄A»�½q¼��k�°Jm�¤À�TwA
An¥�A­½ABU©½jo�xÀU,o�Be·§B�«nj,KLw­¼ªµ³M/j±{²jAj(3/2)°,(2/2)
o¼L�U³MB½»®¼z¼QRB�BLUnAj±]°,ºnB¢̄A»�½q¼��k�ºAoM³�©¼µj¬Bz̄°©¼®�k�̄
³ÇM»®¼ÇvQ¬AnBÇ¢̄A»�½q¼Ç�gwBÇQ,­½AoMB®M/SwAºn°o�̈Aq¦TwA¬j±M»®¼z¼Qo¢½j
³Ç�K¦�Ç«­½Anj,³TL§A/»�®«³̄,k{BMSLX«k½BM(3/1)°,(2/1),(1/1)ºBµywoQ
¬AnBÇ¢̄A»�½q¼Ç�BÇM²k̄nB¢̄,k®{BM³T{Aj»�®«gwBQk½BM(3/2)°(1/2)ºBµywoQ

/SwAºEn©µ»®¼vQ
¬j±Mo½mQSiB®{³M³TvMA°ºnB¢̄A»�½q¼��k�,»®¼z¼Q¬AnB¢̄A»�½q¼�o�̄pA/2
°,(2/1),(1/1)ºBµywoÇQ³ÇMk½BÇM,­½AoMB®M;SwA»®¼z¼Qn±�³MºnAk½kQ�½B�e
¬±ÇaBÇØ«A;©¼�Ç�A±Ç«»®¼z¼Q¬AnB¢̄A»�½q¼�BM,³®¼«p­½AnjB«/jAjSLX«gwBQ(3/1)nA±TwA(3/2)°,(2/2),(1/2)ºBµywoQ·ªµ³MSLX«gwBQoM»®¼z¼QºnB¢̄A»�½q¼�
¬jAj¬BÇz̄»®¼z¼QºnB¢̄A»�½q¼�³M³T�B½|B~TiAºjB�T̄AyhMnjB«xÀU,SwA

/k{BM»«gwBQ­½AJm�
:j±{»«ºk®MRn±�³̄±£­½A,»Ø¦�n±�³M,ºnB¢̄A»�½q¼�Øk�oMB«¤¿kTwA/3

;SwA¥�BM»®¼vQºnB¢̄A»�½q¼�(�§A
;SwA¥�BM»®¼z¼QºnB¢̄A»�½q¼�(J
/SwA¥�BMºnB¢̄A»�½q¼�,uQ(Z

©½jo�»�w,»®¼vQºnB¢̄A»�½q¼�»wBwA¥�A Øk�oM¤¿kTwA°j³M²nB{ABMB«
»®¼z¼Qn±�³MpA¥�Tv«¬A±U»ª̄AnºnB¢̄A»�½q¼�Jm�B½�k�·¦Ãv«³�©¼µj¬Bz̄



   
   

 

157Ê»®¼vQ°»®¼z¼QºnB¢̄A»�½q¼�¬B¼«�ÀTiAºB®L«oMºnB¢̄A»�½q¼�oMºk�̄

BM,­¼®̀ ªµ;¤¿kTwA(�§A)k®M:jo�»wnoMºnAk½kQ»µB£C�½B�e¬j±Mo½mQSiB®{
»Ø¦�n±�³M°ºnAk½kQ�½B�e»®¼z¼Qn±�³MZBT®TwAk�̄nj³�»½Bµ¤¿kTwA³M¥Øw±UpA¥�TÇv«°»®¼z¼Qn±�³MZBT®TwA³�©¼µj¬Bz̄©½jo�»�w,©½jn°C�½B�e»«BªU
»¢TvMA°¬±a,­½AoMB®M/¤¿kTwA(J)k®M:Sv¼̄­�ª«ºnAk½kQ»µB£C�½B�e·Mo\U
,SwA¬C¬j±ÇMoØv¼Ç«³M³TvMA°ºnB¢̄A»�½q¼��k�³�ºo«A°)jnAjj±]°n±�m«/SwAJlB�ºnB¢̄A»�½q¼�,(k{BM»«oØv¼«B̄



   
   

 

Ê1581390q¼½BQ,¤°A²nBª{,©́¯¤Bw

BµS{±̄»Q///////////////////////////////////////////////////////////////
1.Physicalism.
2.Physical.
:�n/S�o£o�̄nj,SwA�B�°jn±«³�»�½o�U¬A±®�³M¬A±U»«AnºnB¢̄A»�½q¼�pA²jBw°³¼§Ø°A�½o�U­½AÇ3

J.L.Dowell,"FormulatingtheThesisofPhysicalism:AnIntroduction",PhilosohphicalStudies,v.
131,p.1.

4.APrioriandAposterioriphysicalism.
kÇ̄A±U»ªÇ̄°Sv¼Ç̄»�v¦�RB�oTz«­½A¬jo�Swó�,º°n_¼µ³M,RB�AoT{AWdM³Mj°n°pAB«ºB®MÇ5
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