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KR�Mn��®«ºAoMnBLT�A¬±«pC

/¬Ao½A·�v¦�°Sª�e»zµ°sQ·vwÆ«nB½jBTwA#/90.7.14:xo½mQÇ90.1.29:S�B½nj
falahiy@yahoo.com

#»eÀ�³Ø¦§AkwA
²k¼�a

/k½C»Ç«nBªÇ{³ÇM»�oÇ{̈BÇv�ApA©Çv�½oU©́Ç«<»Ç«°q§¥~ØTÇ«»�oÇ{>,º±®¼w��®«nj
��®«pA»zhM/SwA<»�Mn̈ Aq¦TwA>,k½k]��®«nj,»«°q§»�o{³M»�o{RAjA½oU�½jq̄
³�Svµ»�Aq̄,�Mn¬B̄Aj��®«¬B¼«/jnAj̈ B̄<�Mn��®«>,jpAjoQ»«<»�Mn̈ Aq¦TwA>³M³�k½k]
BM��B®T«¶nAq£�½B½C,hwo¢½j³M?SwA»µA±h§j¶nAq£oµ̈q¦Tv«,��B®U�½xo½mQB½C
¬C³M»�®«gwBQ°KR̈B̄³M»��®«³M,¤AÆw½A³MSLX«gwBQ?SwA�LUo«»µA±h§j¶nAq£oµ
/jnAjºoUºj±́{°oU²jBw�¼T̄Bªw,R��®«³MSLv̄,KR��®«/k«B\̄A»«R̈B̄³M»��®«³M
�ÇMn��®«¬±£B̄±£ºBµ�¼T̄Bªw°Bµ̈B�̄njBµ¤¿kTwAnBLT�A k̈�°nBLT�A¼¼�U,¤Be½ABM
½Anj/SwA²k{³TiAjoQ¬C³MoTª�,�Mn��®«RB¼MjAnj³�SwAnA±{jºnB�(KRnj»Te)
RB́ Ø]±«��®«nj¤±wo�°p±¼µ³�<nBLT�A¬±«pC> B̈̄³M»µjxpnAx°n�½pA B̈́§ABM,³§B�«
¬Bz̄¤BX«k®anjAn¬CjoMnB�°²jo�»eAØo�KR��®«ºAoM<nBLT�A¬±«pC>�½,k̄A²jo�»�o�«

/©½A²jAj

/nBLT�A¬±«pC,KR,R,�Mn��®«,»«°q§»�o{:Bµ²rA°k¼¦�



   
   

 

Ê401390q¼½BQ,¤°A²nBª{,©́¯¤Bw

³«Øk�«
ºAoÇM/kÇ̄A²kÇ{©¼v�U�¦Th«ºBµ³̄±£³M»�o{RAjA,k½k]°©½k�ºBµ��®«nj
;jjo£»«©¼v�U<»�B�ØUA>°<»«°q§>�±̄°j³M¥~ØT«»�o{,º±®¼w��®«nj,³̄±ª̄
½A(1)/j±{»«o¼v�U<̈B�»�B�ØUA>°<|Bi»�B�ØUA>©v�°j³M³Mj±iq¼̄»�B�ØUA¥~ØT«
:SwA²k{»½BwB®{»�o{RAjAºAoMo½p̈ Bv�A,k½k]��®«nj³�SwA»§Benj
Äq¦TÇwA>,<»]BT®TÇwA Äq¦TÇwA>,<»�ÇMn̈ Aq¦TÇwA>,<k¼Ç�A Äq¦TÇwA>,<ºØjBÇ« Äq¦TwA>

(2)////°,<��A°�Ài»�o{>,<ºj±́{
¬Ak®ÇanBÇ�k½kÇ]��®«nj»�o{̈Bv�ABMº±®¼w��®«nj»�o{̈Bv�A�¼L�U
½ApA�½oµnj»�o{̈Bv�ApA�½oµºBµ»£s½°pA�¼�j»µB£C³M°Sv¼̄ºA²jBw
<»«°q§¥~ØT«>,¬Bª£»M,º±®¼w��®«ºBµ»�o{¬B¼«pA(3)/SwAk®«pB¼̄��®«°j
��®«njo¢½jºBµ»�o{BM,ºØjB«̈ Aq¦TwApAo¼�,»«°q§¥~ØT«/jnAjºoTz¼MS¼ªµA
¬BÇ�«A,Bµ»�oÇ{Ç½ApA�½oÇµ�¼Ç�jSiB®{BM,°n½ApA;SwA�¼L�U¥MB�k½k]
ºBµ»�oÇ{¬B¼Ç«pA,³§B�Ç«½Anj/k½C»«©µAo�»«°q§¥~ØT«BMB́ C̄�¼L�U°³v½B�«
©́«o¼v�U°j°<»�Mn̈ Aq¦TwA>³MB́®U,SwA²k{»�o�«k½k]��®«nj³�»̄±£B̄±£

/©½pAjoQ»«¬CpA
ºk®MRn±�An<»�Mn̈ Aq¦TwA>pA¬±£B̄±£ºBµo¼v�U³�»��®«ºBµ̈B�̄·�±ª\«
Ç½A(6)/k̄±{»Ç«³TiB®Ç{(5)<»�ÇMn��®Ç«>B½(4)<�Mn��®«>»Ø¦�¬A±®�BM,k®®�»«
nj°¬CBM�BLUnAnjBµ̈B�̄o½Bw³�SwAR�Mn��®«B́ C̄½oU©́«°k̄nB¼vMBµ̈B�̄
��®«³MSLv̄AnB́ C̄¬j±M»�o��Mn��®«njBµ̈B�̄½A B̈̄/k̄±{»«³TiB®{¬C·½Bw
(7)////°R® ,Rfde,RÊ,R+,PWR,RM3,RM,KR,CR:kµj»«¬Bz̄»M±i³MR»{°n,R�Mn��®«BM¬C»¦�AR°B�U¬B¼MBM°©½pAjoQ»«KR̈B�̄³MB́®U,³§B�«½Anj

/©¼®�»«»eAØo�KRnjBµ¤¿kTwAnBLT�A k̈�°nBLT�A¼¼�UºAoM



   
   

 

41ÊKR�Mn��®«ºAoMnBLT�A¬±«pC

nBLT�A¬±«pC
/k®«B̄»Ç«(8)<»\®wnBLTÇ�A>BÇ½<nBLT�A¬±«pC>AnnBLT�A k̈�°nBLT�A¼¼�UºBµx°n
»\®wnBLTÇ�An±�®Ç«³ÇM»̄±Ç£B̄±Ç£ºBÇµx°n,Bµ¤±ªd«��®«°Bµ²nAq£��®«ºAoM
ºBµ¤°kÇ]pA²jB�TÇwA(9):pAkÇ̄ARnBLÇ�B́ C̄½oU²k{³TiB®{³�SwA²k{»eAØo�(13)/»µjxpnA°(12),¤B«ōRn±�(11),ºnAj±ª̄ºBµx°n(10),xpnA
°½oU�½oÇw»ÇµjxpnAx°n,<nBLTÇ�A¬±Ç«pC>ºAoM¬±£B̄±£ºBµx°n¬B¼«pA
��®«ºAoMAnx°n½ApAºA²jBwnB¼vMRn±�º±L̄³Ø¦§A��§/SwAx°n½oU²jBw
u�B«°p±¼µ/ºA/»](14)/SwA²jn°Ck½k]��®«»̄BL«JBT�nj�¼wÀ�ºBµ³¦ª]
»�o�Ç«An¬C°²jAjxoTv£RB́ Ø]±«��®«³M»MB½̈ B�BMAn»µjxpnAx°n¤ß±wo�³ÇMAnx°nÇ½A»�o�Ç«,j±ik{nA»wB®{nB�·«B̄¬B½BQnjq¼̄²k̄nB¢̄(15)/k̄A²jo�

(16)/SwA²k̄Ajo£oM»wnB�
��®«RB¼MjAnjAn»µjxpnAx°n©¼Tv̄A±T̄³§B�«½AxnB¢̄¬B«pBU³�B\̄CpA
nB�½A/©¼µjxoTv£�Mn��®«³MAn¤±wo�°p±¼µx°nBU©½A²jo�xÀU,©¼MB¼M�Mn
��®«½A³M»µjxpnAx°nxoTv£BØ«A;jo¼£ B̈\̄AR�Mn��®«jn±«njk½BMÁ±�A©¼ª�ÇU³�SwA»§Benj½A/jpBw»«nA±{jAn¬C³MTiAjoQ³�jnAj»½Bµ»£k¼̀ ¼Q
/SwAoU¬BwCnB¼vM(©½jo�»�o�«³«Øk�«nj³�)KR�Mn��®«³M¤±wo�°p±¼µx°n
hÇwKR��®«ºAoM»µjxpnAx°n»eAØo�pA���,³§B�«½Anj,KLw¼ªµ³M,Svh̄,³«AjAnj/©¼®�»«»wnoMºo¢½j·§B�«njAnR��®«³M¬CxoTv£°©¼½±£»«
Swj³ÇM¬C�¼T̄BªÇw°KR�ÇMn��®«ºAoM»�±�±«¥�A B̈�̄pA»µBU±�»�o�«

/©½pAjoQ»«,©½A²jo�»eAØo�¬CºAoM³�ºnBLT�A¬±«pC³M,uPw;©¼µj»«
KR�Mn��®«

³ÇM¬CºA²k�B�¥�{B½(AÙ~A)®B,<��B®UpA>�±�±«¥�A¬j°q�ApAKR��®«



   
   

 

Ê421390q¼½BQ,¤°A²nBª{,©́¯¤Bw

:k½C»«Swj³MR��®«
AÙ ~A
_______(EFQ)��B®UpA
B
k½BÇM,¬CpAy¼ÇQBØ«A;S�£©¼µA±ihw<��B®UpA>¶k�B�°�±�±«¥�A¶nBMnj²B¢Twj°»�±�±«¥�A B̈�̄»�v¦���®«»̄BL«JBT�njº±L̄/©¼®�»�o�«AnR��®«
ºAoÇM,B\®Ç½AnjBÇ«(17)/SwA²joÇ�»�o�«¥¼~�U³MAnR��®«ºAoM»�¼L�ZBT®TwA

:©¼®�»«»�o�«AnR��®«»�±�±«¥�A B̈�̄B́®U,nB~TiA
R��®«k�A±�



   
   

 

43ÊKR�Mn��®«ºAoMnBLT�A¬±«pC

��®Ç«³MAnB«R��®«³M(EFQ)<��B®UpA>�±�±«¥�A¬j°q�A,©¼T�£³�¬B®a
:k̄Bwn»«KR

(AÙ~A)®B��B®UpAEFQ
³\¼TÇ̄ An²A±Çh§j¶nAqÇ£¬A±U»Ç«,��B®UoµpA:k½±£»«<��B®UpA>¶k�B�B½¥�A
¬Cxo½mQpA�Mnß¬B̄Aj��®«,°n½ApA;Sv¼̄nB£pBwB«ºBµj±́{BMB�ØjA½A/S�o£
¶k�B�°¥�A�½,R�Mn��®«nj³�SwA²k{KLw¥�A½AnB�̄ABØ«A/k̄A²jppBMow:j°oMSwjpA<»§B~�̄AtB¼�>̈ B̄³Mºj±́{nB¼vM
AÚB
~A

[(AÚB)Ù ~A]®B <»§B~�̄AtB¼�>¥�A_____<»§B~�̄AtB¼�>¶k�B�
B
R��®«³MAnºnB¼vMRAjB�T̄A�Mn��®«¬B�§Bh«³�SwA²k{K]±«³¦Ãv«¼ªµ
½ApA»�½(19)/k̄A²jAjBµjAo½A½A³MºnB¼vMºBµgwBQ�Mn¬B̄Aj��®«(18)/k̄pBwjnA°
/©¼Ç½Aq�¼ÇMR��®Ç«³MAn<»§B~�̄AtB¼�>¶k�B�B½¥�A³�k{BM½Ak̄A±U»«BµgwBQ
³MKR��®«°j±{RBLYA<��B®UpA>¶k�B�B½¥�Aj±{»«KLw²k�B�½A¬j°q�A
³ÇM³Ç�»®¼¢ª́ÇwRAjB�TÇ̄A³ÇMk{BÇM»hwBQk̄A±U»«KR��®«,½AoMB®M/k½CSwj
½A���°RØ±��B�̄¶nBMnj/SwA²k{jnA°R��®«nj»§B~�̄AtB¼�¬j±MoLT�«B̄¬CRØ±��B�̄pA»�½³MB́®U©¼µj»«c¼]oU,³§B�«½AnjBØ«A;S�£hw¬A±U»«gwBQ¬±«pC°jnAjR��®«³MSLv̄ºoUºj±́{°oU²jBw�¼T̄Bªw,KR��®«:©¼®�²nB{A

/SwAR��®«nBLT�A¬±«pCpAoU¬BwC¬CºAoMB«nBLT�A
KR��®«�¼T̄Bªw

©½oÇ£ºk®MRn±Ç�,B\®Ç½Anj³�jnAj¬±£B̄±£ºBµºk®MRn±��Mn��®«�¼T̄Bªw
��®Ç«�¼T̄BªÇwpAºk®MRn±�½oU²jBw³�©¼®�»«³ÄAnAAn¬A±¦¼wjnB̀ ½n°Sv½oQ
<nBTiBÇw>(20),²k{²jAjSwj³M1992¤Bwnj³�,ºk®MRn±�½Anj/SwA�Mn



   
   

 

Ê441390q¼½BQ,¤°A²nBª{,©́¯¤Bw

:SwA<W,g,R,V>KØUo«»½BUnB́a<¤k«>°,<W,g,R>KØUo«»½BU³w
F=<W,g,R>
M=<W,g,R,V>
�ª«ºBµ¬B́]·�±ª\«W:j±{»«³TiBwR°g,WpA³�SwAºnBTiBwF
ßºo½mQtoTwj·�MAn�½R°k{BM»«<¤B«ō¬B́]B́®U>g,SwA(¤B«ōo¼�°¤B«ō)
V»µjxpnA�MBU¬j°q�ApA³�Sw±¢§AB½¤k«q¼̄M/SwBµ¬B́]º°n<»��±«³w>

/k½C»«Swj³M,nBTiBw³M
ºBµn±w°,<¥�B�>°,<��B�>,<��B̄>ºBµRAjA�k��½Ao{,�¼T̄Bªw½Anj
³ÇM<»�ÇMn̈ Aq¦TÇwA>�kÇ��o{BØ«A;k̄B«»«»�BM�¼wÀ�Rn±�³M»Äq]°»Ø¦�:k®�»«o¼¼�Uo½pRn±�

KR��®«�¼T̄Bªwnj»�o{�k��½Ao{

�o{³¼L{H�¼�j,g¤B«ō¬B́]nj<»�Mn̈ Aq¦TwA>�k��o{,j±{»«²k½j³�¬B®a
(21)/SwAS5��®«�¼T̄BªwºBµ¬B́]nj<k¼�A Äq¦TwA>�k�

:SwAS5�¼T̄BªwnjnBTiBw�½Ao{³¼L{nB¼vMnBTiBw�½Ao{,KR�¼T̄Bªw
KR��®«�¼T̄BªwnjnBTiBw�½Ao{:g�o{»̄Bªµ½ARgab=(a=b)

:R�o{
tB��̄ARaaa
¬nB�URabc=Rbac=Racb
ºØk�UR(ab)cd=Ra(bc)d

»MBUpBM
»½B]³MB]

ºo½mQS�o{
:©½nAjpB¼̄o½p�½o�U³wpASvh̄�½o�U°j³M,<ºØk�U>�o{̈±́�«�njºAoM



   
   

 

45ÊKR�Mn��®«ºAoMnBLT�A¬±«pC

R(ab)cd=�U$x(Rabx&Rxcd)
Ra(bc)d=�U$x(Rbcx&Raxd)
Rab(cd)=�U$x(Rcdx&Rabx)BØ«A;j±MkµA±h̄pB¼̄jn±«©µÂª�°SwA²k«B¼̄�Mn��®«RB¼MjAnj̈±w�½o�U�½o�U°jBM/SwAk®«j±w,�½o�U°j¬C�njºAoM,Svh̄�½o�U°jBM¬Cy\®w

:k½C»«njo½pRn±�³MºØk�U�o{,Svh̄
$x(Rabx&Rxcd)=$x(Rbcx&Raxd)ºØk�U
·�ÇMAn³ÇMSLÇv̄»��±«³Çw·�ÇMAnºAoÇM<ºØk�ÇU>�oÇ{,j±{»Ç«²k½j³�¬B®a
�o{°jºAoM<ºo½mQS�o{>°<»½B]³MB]>ºBµ̈B̄/SwAoU²k¼̀ ¼QnB¼vM»��±«°j

(22)/kwn»«o�̄³M©́L«<ºØk�U>̈ B̄BØ«A;k®Tvµ̈±́�«Â«B�<ºØk�U>°<¬nB�U>
»woTwj·�MAn̈ ±́�«

©¼Ç̄A±U»«,©½k{B®{C»�o{RAjA�k��o{°»woTwj·�MAn�½Ao{BM³�¬±®�A
/©¼µjbo{oT́MAnR(ab)cd°Rabck®̄B«»½BµRnBL�°»woTwj·�MAn»�v¦�̈ ±́�«

»��±«³w»woTwj·�MAn̈ ±́�«
oU²jBÇw;jnAj»woTwjc¬B́]³M,b¬B́]�½o�pA,a¬B́]:k½±£»«RabcRnBL�
³�SwB®�«½A³M,»�v¦�²B£k½jpA,RnBL�½A(23)/k®¼M»«Anc,b�½o�pA,a:³�®½A

/kµj»«³\¼T̄Anc¬B́],»�MnRn±�³M,b¬B́]�ª�³Ma¬B́]
,»̄B́]³�®½A;Bµ¬B́]¬B¼«³̄°kµj»«B®�«Bµ²nAq£°Bµ³¦ª]¬B¼«ºo¼£³\¼T̄BØ«A¬B¼«ZBT®TwApAj±~�«³�SwA½AgwBQ?SwB®�«³a³MkµkM³\¼T̄Anºo¢½j¬B́]
,¬B¼ÇMÇ½ABÇM/SwBµ¬B́]¬CnjB́ C̄ Ø̈k�«°»�o{ºBµ²nAq£¬B¼«ZBT®TwA,Bµ¬B́]
¶nAqÇ£o£A³�SwA½AH�¼�jkµj»«³\¼T̄ Anc¬B́]b�ª�³Ma¬B́]³�®½AºB®�«



   
   

 

Ê461390q¼½BQ,¤°A²nBª{,©́¯¤Bw

/SwA�jB�c¬B́]njQ,k{BM�jB�b¬B́]njP¶nAq£°a¬B́]njP®Q»�o{
,b¬B́]oMa¬B́]̈ Øk�«��°:jo�²BU±�¼®aoU²jBwRn±�³M¬A±U»«An̈ ±́�«½A)

(/kµj»«³\¼T̄Anc¬B́]
ºnAj±ª̄°ºo½±~U¬jAj¬Bz̄,Rºo½mQtoTwj·�MAn©́�njBµºnA±{jpA»�½
,»́Ç]°ºBµ��®Ç«�¼T̄BªÇwnj?jAj¬BÇz̄AnRabc·�MAn¬A±U»«³̄±¢a/SwA¬C

:k®µj»«¬Bz̄,o½pnAj±ª̄BM,»£jBw³MAnRab»��±«°j·�MAn
:jAj¬Bz̄¬A±U»«q¼̄³½±w°jRn±�³MAn³�MAn½A,S5��®«�¼T̄Bªwnj

³Mk½BM,SwA¬nB�T«°»��±«³w³�®½A¥¼§j³M,KR��®«njRabc»��±«³w·�MAn
:j±{²jAj¬Bz̄¬C�¦�oµnj³½±w°jy¦�BM°»X¦X«Rn±�

oU²jBw»§°¬nB�T«B̄nAj±ª̄,SwAnA±{jy¼M°©�¿BMnAj±ª̄©¼woU³�B\̄CpABØ«A:©¼®½q£»«oMAno½p

»��±«nB́a»woTwj·�MAn̈ ±́�«
�½o�pA,a¬B́]:k½±£»«RnBL�½A/SwAoU²k¼̀ ¼Q»�k̄AR(ab)cdRnBL�̈ ±́�«
d¬B́Ç]³ÇM,c¬B́Ç]�½oÇ�pA,x¬B́Ç]¬C³Ç�jnAj»woTÇwjºAx¬B́]³M,b¬B́]



   
   

 

47ÊKR�Mn��®«ºAoMnBLT�A¬±«pC

:SwAo½p»§°q̄Rn±�³M»��±«nB́a·�MAn½AnAj±ª̄/jnAj»woTwj

�½o�pA,x¬C³�kµj»«³\¼T̄AnºAx,b�½o�pA,a:©¼̄A±i»«¼®aAnnAj±ª̄½A
³M,P°P®Q»�o{ºBµ²nAq£o£A³�SwA¬CnAj±ª̄½AºB®�«/kµj»«³\¼T̄And,c
Qj±io£A¤Be/SwA�jB�x¬B́]njQ,k®{BM�jB�b°a¬B́]°jnj,K¼UoU
o£A¤Be;SwA�jB�x¬B́]nj»�o{¶nAq£½A,k{BMR®Sk®̄B«»�o{¶nAq£�½
½kÇMR(ab)cdRnBLÇ�,Ç½AoMB®ÇM/j±ÇMkÇµA±Çi�jB�dnjS,k{BM�jB�cnjR
c°b,a¬B́]³wnj,K¼UoU³M,R°P,P®(R®S)»�o{ºBµ²nAq£o£A³�SwB®�«
¼®aoU²jBwRn±�³M¬A±U»«An̈ ±́�«½A)/SwA�jB�d¬B́]njS,k®{BM�jB�

(/kµj»«³\¼T̄And¬B́],c°b¬B́]°joMa¬B́]̈ Øk�«��°:jo�²BU±�
,�½o�ÇU³ÇMB®ÇM,RnBLÇ�Ç½A/SwAoU²k¼̀ ¼ÇQ©Çµ½ApARa(bc)dRnBL�̈ ±́�«
¬C�½o�pAa¬B́]³�jnAj»woTwjºAx¬B́]³M,c¬B́]�½o�pA,b¬B́]:k½±£»«
ºj±��Rn±�³M»��±«nB́a·�MAn½AnAj±ª̄/jnAj»woTwjd¬B́]³M,x¬B́]

:SwAo½p



   
   

 

Ê481390q¼½BQ,¤°A²nBª{,©́¯¤Bw

¬C�½o�pAa³�kµj»«³\¼T̄AnºAx,c�½o�pA,b:©¼̄A±i»«¼®aAnnAj±ª̄½A
³M,P°P®Q»�o{ºBµ²nAq£o£A³�SwA¬CnAj±ª̄½AºB®�«/kµj»«³\¼T̄And,x
¶nAq£�½o£A¤Be/SwA�jB�x¬B́]njQ,k®{BM�jB�c°b¬B́]°jnj,K¼UoU
³�kµj»«³\¼T̄,xnjQoM Ø̈k�«��°BM,k{BM�jB�a¬B́]njQ®Rk®̄B«»�o{
»�o{¶nAq£°jo£A³�SwB®�«½kMRa(bc)dRnBL�,½AoMB®M/SwA�jB�dnjR
d¬B́]njR,k®{BM�jB�c°a,b¬B́]³wnj,K¼UoU³M,P¶nAq£°Q®R,P®Q
»�oÇ{tB¼�:jo�²BU±�¼®aoU²jBwRn±�³M¬A±U»«An̈ ±́�«½A)/SwA�jB�
And¬B́Ç],c¬B́Ç]oM¬C Ø̈k�«��°³�kµj»«³\¼T̄ An»̄B́],a¬B́]oMb¬B́]

(/kµj»«³\¼T̄
©¼woÇUAnB́Ç̄CºBÇµnAj±ªÇ̄°©Ç½jAjbo{An»��±«nB́aºBµR̈±́�«³�¬±®�A
°j,³̄±ª̄ºAoM/©¼®��½o�U²A±h§j³MAnoTz¼MºBµ��±«BMºBµR©¼̄A±U»«,©½jo�

:©½n°C»«o½pnjAn»��±«[®QR�A±̄ApA�½o�U
R(ab)(cd)e=�U$x[Rabx&Rx(cd)e]=�U$x$y(Rabx&Rcdy&Rxye)
R((ab)c)de=�U$x[Rabx&R(xc)de]=�U$x$y(Rabx&Ryde&Rxcy):SwAo½pRn±�³MB́®½AnAj±ª̄

e°d,c,b,aºBµ¬B́]°,<�w°ºBµ¬B́]>Any°xºBµ¬B́],nAj±ª̄°j½Anj
An»��±«nn»woTwj·�MAn¬A±U»«,x°n½A·«AjABM/©¼«B̄»«<�o�ºBµ¬B́]>An
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:jo��½o�U
Ra1a2...an=�U$x[Ra1a2x&Ra2a3...an] =�UR(...((a1a2)a3)...)anan-1

nBLT�A�½o�U
BÇØ«A;k̄°n»«nB�³Mo¢½k�½ºB]³M²B£³�k̄A»�¼T̄Bªẅ±́�«°j<nBLT�A>°<�k�>ºBµ¬B́]njB́®UAn�k�°k®®�»«Ak]©µpAAn̈ ±́�«°j½A¬B̄Aj��®«pAºnB¼vM
�ª«ºBµ¬B́]nj�k�/k̄oM»«nB�³MBµnBTiBw°Bµ¤k«njB́®UAnnBLT�A°,�ª«
�MBU�½o�pABµ³̄Bz̄³¦ª]�k�:SwAR°B�T«KØ�o«ºBµ³¦ª]°Bµ³̄Bz̄³¦ª]ºAoM
oMKØ�o«ºBµ¤±«o��k�BØ«A;SwAºjAjnAo�B®�«�½nj°j±{»«¼¼�U»µjxpnA°¤kÇ«njq¼̄nBLT�A/Sv¼̄ºjAjnAo�°j±{»«¼¼�UºBµRAjA�k��½Ao{tBwA
ºAnAjB́®UnBTiBwnjnBLT�ABØ«A;jnAjB®�«½k®a¤k«njnBLT�A:SwAR°B�T«nBTiBwBØ«A;SwA¬CºBµ¤k«·ªµnjnBLT�AºB®�«³M²nA±ªµnBTiBwnjnBLT�A/SwB®�«�½?SwB®�«³a³M¤k«njnBLT�A
°,»�o{o¼Ç�°»�oÇ{ºBµ¤±«oÇ�ºAoÇMKR�¼T̄BªÇÇwnj<¤kÇÇ«njnBLTÇÇ�A>

:SwAR°B�T«ºA³«Øk�«k®a°³w,°j,�½ºBµ²k�B�
KR��®«�¼T̄Bªwnj<¤k«njnBLT�A>

nR�½o�U�ª�³MBØ«A;S{±̄¬A±U»«q¼̄AnoU¿BM°ºA³«Øk�«nB́aºBµ²k�B�nBLT�AºBµ²k�B�BM¥ª�njB«³�B\̄CpA³TL§A/SwAo½mQ¬B�«A¬CpA»Ø¦�»�½o�U·ÄAnA»��±«
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/©¼®�»Ç«ºnAjj±Çi¬C�½o�ÇUpA,S{Aj©¼ÇµA±hÇ̄nB�°oÇwoU¿BÇM°ºA³«Øk�«nB́a
nBLTÇ�A�½o�Unj»�o{ºBµRAjA³�SwA½AjnAjRn°o�¬C³M³]±U³�ºA³T�̄
³M³]±U/SwAºnB]B́ C̄ºAoM�¼wÀ���®«¼̄A±�°k®Tvµ<ºjB«̈ Aq¦TwA>»¢ªµ

/j±MkµA±iBz¢µAn�¼T̄Bªw½ABMnB�nj³T�̄½A
nBLT�A¬±«pC

,KR��®Ç«�¼T̄BªwnjBµ¬BµoMRn±�°Bµ¤±«o�»\®wnBLT�AºAoM,yhM½Anj
¬BµoMoMx°n½A¬B¼®M(24)/SwA¤±wo�°p±¼µpA³T�o£oM³�©¼®�»«³ÄAnAAn»{°n
jn±«¬BµoMRn±�B½¤±«o�nBLT�A k̈�²nA±ªµB«³�B®�«½A³M;SwAnA±TwA�¦i
JB¼«B���B®U³M¬k¼wnnjo£A/©¼woM��B®U³M©¼®�»«xÀU°©½o¼£»«�o�Ano�̄
��B®U³M©¼̄A±T̄o£ABØ«A;©½o¼£»«³\¼T̄AnnBLT�A°²jAj¬Bz̄An�o�»TwnjB̄,©½j±M/©¼MB¼M¬±«pCjn±«¬BµoMRn±�B½¤±«o�ºAoM��̄¤k«�½©¼®�»«xÀU,©¼woM
,kz̄S�B½»§k«¼®ao£ABØ«A;©½o¼£»«³\¼T̄ AnnBLT�A k̈�,©¼T�B½An»§k«¼®ao£A/S�o£³\¼T̄AnnBLT�A k̈�B½nBLT�A¬A±U»ª̄o¢½j

Bµ³¦ª]�¼wÀ���®«njnBLT�A¬±«pC
RAjA³ÇM,�¦Çi¬BµoÇMºAoÇM³�SwARn±�½A³M�¼wÀ���®«njnBLT�A¬±«pC
�ªÇ�³ÇM°©¼µj»Ç«©0̈xpnABµ³\¼T̄»¦�ARAjA³M°©1̈xpnABµ³«Øk�«»¦�A
/©Ç½n°CSwj³MAnBµ³̄Bz̄³¦ª]°»�o�RAjAxpnABU©¼®�»«xÀU,�k��½Ao{
oÇ�l»§BX«,B\®½Anj(/©¼µj»«©0̈xpnAB́ C̄»¦�ARAjA³M,Bµ¤±«o�¬±«pCºAoM)
Ano½p¬BµoMRn±�nBLT�ABU©¼̄CoM(25);SwA²jAjbo{j±iJBT�njº±L̄³�©¼®�»«

:©¼\®vM�¼wÀ���®«nj
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:©½o¼£»«JlB�An³\¼T̄°©¼®�»«�o��jB�AnBµ³«Øk�«,pB�Cnj
/SwA(R°Q)¬C¼�oÇ�JmÇ� q̈¦TÇv«³\¼TÇ̄Jm�,¥�B�xpnA¤°k]³MB®M

:©¼®�»«jnA°R°QjnA±«·ªµºAoMAn©0̈xpnA,½AoMB®M
¤°kÇ]³ÇMB®M,¬C»§BUJm�°Svh̄·«Øk�«nj(ºØjB«)»�o{K¼�oU�k�BØ«A·ªµºAoMAn©0̈xpnA,½AoMB®M/SwA(P)¬C̈ Øk�«Jm�̈q¦Tv«,ºØjB«̈ Aq¦TwAxpnA

:©¼®�»«jnA°PjnA±«
,¥�B�xpnA¤°k]³MB®M,¬C̈ Øk�«Jm�°̈±w·«Øk�«nj»¦~�K¼�oU�k�BØ«A:©¼®�»«jnA°SjnA±«·ªµºAoMAn©1̈xpnA,½AoMB®M/SwA(S)¬C»§BU�k�̈q¦Tv«
;k̄kÇ{»µjxpnABµ³̄Bz̄³¦ª]°BµRAjA·ªµ,BµºnAm£xpnA½ABM³�©¼®¼M»«
�k��o�»®�½,¼Tvh̄�o�³�kµj»«¬Bz̄o«A½A/k½Ck½kQ»��B®U³�®½A¬°kM
°�jBÇ�Bµ³«Øk�Ç«SwA�ª«°Sv¼̄»��B®U_¼µ̈q¦Tv«,³\¼T̄Jm�°Bµ³«Øk�«
,nBLTÇ�A k̈Ç�Rn±�nj/SwAoLT�«B̄¿BM¬BµoMRn±�,½AoMB®M;k®{BMJlB�³\¼T̄
¬±«pCpAAnBµ³̄Bz̄³¦ª]xpnA,nB�½AºAoM/jo�³ÄAnA��̄¤k«B½��̄¤BX«¬A±U»«

:©¼v½±̄»«³̄B£Ak]°²jn°C©µjo£²k¼wn¬B½BQ³M
ºBµ³«Øk�Ç«,¬Cnj³Ç�kµj»Ç«¬BÇz̄AnxpnA¤°kÇ]pAºo�Çw,��Ç̄¤kÇ«Ç½A

/SwAJlB�¬C·\¼T̄°k̄A�jB�¿BM¬BµoMRn±�
:©¼½B«pC»«An¬C°©½n°C»«»§BX«,�¼wÀ���®«njoLT�«¬BµoMRn±�ºAoM,¬±®�A
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:©½o¼£»«JlB�An³\¼T̄°©¼®�»«�o��jB�AnBµ³«Øk�«,pB�Cnj
/SwA(S°Q)¬C¼�oÇ�JmÇ� q̈¦TÇv«³\¼TÇ̄JmÇ�,¥�BÇ�xpnA¤°k]³MB®M

:©¼®�»«jnA°oØ¼�T«°j½AºAoMAn©0̈xpnA,½AoMB®M
¤°k]³MB®M,B́ C̄»§BUJm�°Svh̄·«Øk�«°jnj(ºØjB«)»�o{K¼�oU�k�BØ«AAn©0̈xpnA,Ç½AoMB®ÇM/SwA(R°P)B́Ç̄C Ø̈k�«Jm� q̈¦Tv«,ºØjB« Äq¦TwAxpnA

:©¼®�»«jnA°R°PºAoM

xpnA¤°k]³MB®M,¬C»§BU°̈ Øk�«Jm�°̈±w·«Øk�«nj»¦~�K¼�oU�k�BØ«AoUnB�{C¬A±U»«Rn±�½A³MAn��B®U½A/SwA��B®U½A°Sv¼̄�ª«,¥�B�
¬CJmÇ� q̈¦TÇv« ±̈Çw·«Øk�«nj»¦~�K¼�oU»§BU°̈ Øk�«Jm�©¼½±¢M³�SiBw

:SwA»¦~�K¼�oU
�o�³�kµj»«¬Bz̄o«A½A/©¼wn»«��B®U³M,BµºnAm£xpnA½ABM³�©¼®¼M»«
Bµ³«Øk�«Sv¼̄�ª«;SwA¥�BM,³\¼T̄Jm�°Bµ³«Øk�«�k��o�»®�½,¼Tvh̄

(26)/SwAoLT�«¿BM¬BµoMRn±�,½AoMB®M/k{BMJlB�³\¼T̄°k®{BM�jB�
KRºAoM¬±«pCºBµ²k�B�

Ç½A·ªÇµ/©½joÇ�¬B¼ÇM,»µBU±Ç�³ÇM,�¼wÀÇ���®«ºAoMAnnBLT�A¬±«pCºBµ²k�B�
pA/ºA³«Øk�«k®aB½°jºBµ²k�B�jn±«njo¢«,k̄nAo�oMq¼̄KR��®«ºAoMBµ²k�B�
°�kÇ��Ç½Ao{KR��®«njºA³«Øk�«k®aB½°jºBµ²k�B�°»�Mn»�o{³�B\̄C
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q½BªTÇ«ŚÇ]°jÇ½ApA��®«°j½AºAoMnBLT�A¬±«pC,k̄nAjºo¢½jnBLT�A�½o�U
ºA³«Øk�«°jºBµ²k�B�ºAoMnBLT�A�½o�U°»�Mn»�o{RAjA�k��½Ao{/j±{»«
¬B¼ÇMAn»�ÇMn»�oÇ{ºAoÇM¬±«pCºBµ²k�B�SwA p̈¿B́®U,½AoMB®M;©½jn°CÂL�An

:©¼®�»«nAo�UAn³ªµ,ºn°CjB½ºAoM,�®½ABØ«A/©¼®�
KR��®«�¼T̄Bªwnj»�o{�k��½Ao{

:jn°CSwj³Mq¼̄An¬CJm��½Ao{¬A±U»«,»�o{RAjA�k��½Ao{³MB®M
»�o{<Jm��½Ao{>

KR��®«�¼T̄Bªwnj<¤k«njnBLT�A>

ºA³«Øk�Ç«�UºBµ²k�BÇ�°»�oÇ{ºBµ¤±«o�ºAoMnBLT�A,j±{»«²k½j³�¬B®a
/SwA¬Bv�½
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<nBLTÇ�A¬±«pC>ºAoM»½Bµ²k�B�¬A±U»«,»�Mn»�o{<Jm�°�k��½Ao{>pA
/jn°CSwj³M»�o{

»�Mn»�o{RAjAºAoM<nBLT�A¬±«pC>

²k�B�°¤±«o�k®aºAoMnBLT�A¬±«pC
BÇU©½o¼Ç¢MnBÇ�³ÇM,¤BXÇ«k®Çanj,©Ç½A²jo�»eAØo�³�An»̄±«pCSwA³Tv½BM¬±®�A:jjo£nB�{C¬CºBµºk®ª̄A±U
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M3¤±«o�(1
:k½o¼¢Mo�̄nj�¼wÀ�ºB½B��pAAnM3¤±«o�,pB�Cnj

M3PÚ(P®Q)k½BM,¬CnBLT�Ay\®wºAoM,Sv¼̄»�Mn»�o{¤±«o�½A»¦�ARAjA³�B\̄CpA
:©½o¼¢MJlB�g¤B«ō¬B́]njAn¬C
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:©½nAj,¥�B�xpnA¤°k]³MB®M
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g

³Ç�k®�»«k¼§±Uk½k]¬B́]�½g¤B«ō¬B́]nj»�o{Jm�,¬±«pC¶k�B�³MB®M
:SwAJlB�¬Cnj»�o{»§BU°,�jB�¬Cnj»�o{̈Øk�«

PQ

1O
x

gnj°,�jB�xnjPAo½p;k®{BM»�½k®̄A±U»ª̄x°g¬B́]°j³�SwAnB�{C
AnB«M3¤±«o�Jm�,©¼T{Aj¬B́]�½B́®Uo£A³�j±{»«̈±¦�«B\®½ApA/SwAJlB���B®U³M¬k¼wō/©¼wn»ª̄��B®U³M,©½nAj¬B́]°j¬±aBØ«A;kȪBwn»«��B®U³M�½k½BMnBLT�A k̈�ºAoMBØ«A;SwAoLT�«B̄KR��®«njM3¤±«o�³�kµj»«¬Bz̄³T�o£xpnABµ¬B́]·ªµnjk½BMBµ³̄Bz̄³¦ª]·ªµ,¤k«oµnj/©¼®�³ÄAnA��̄¤k«
¬B́]njQxpnA³�B\̄CpA/SwA²k«B¼̄Swj³Mp±®µg¬B́]njQxpnABØ«A;k®{BMxpnAB½�k�xpnAQ³M©¼̄A±U»«,jnAm£»ª̄xnj°gnj¤±«o�xpnAoMºo¼YFUg

:©¼®�»«³ÄAnA��̄¤k«°j,tBwA½AoM/©¼µkMJm�
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,jnAk̄ºo¼YFU Ö¤k«°j½Anj(///°R,Sk®̄B«)Bµ³̄Bz̄³¦ª]o½BwxpnA³�B\̄CpA
JlBÇ�¬B́Ç]°joÇµnjAn³ªµB½©½o¼¢M�jB�¬B́]°joµnjAnB́ C̄·ªµ©¼̄A±U»«
¤±«o�ºAoM³�kµj»«¬Bz̄o«A½A/©½o¼¢MJlB�An»ioM°�jB�An»ioMB½©½o¼¢M
,¿BÇM¤kÇ«°j,S�¼�Çenj!©Ç½nAj��Ç̄¤kÇ«S½B́¯»ÇM³�¦M,��̄¤k«°j³̄,M3T{±Ç̄pABÇ«/k̄±Ç{¥¼ªÇ�Uk®Ç̄A±U»«x°nS½B́¯»M³M³�k®Tvµ»~�B̄ºBµ¤k«

/©¼®�»«q¼µoQ²nA±ªµ¥«B�Rn±�³M��̄ºBµ¤k«
¤B~�̄Au�°jAnBQ(2

:©½pAjoQ»«�¼wÀ�ºB½B��pA¤B~�̄Au�°jAnBQ³M¬±®�A
(P®Q)Ú(Q®P)¤B~�̄Au�°jAnBQ
RAjAAo½p)©½o¼¢MJlB�g¤B«ō¬B́]njAn¬Ck½BM,¤±«o�½AnBLT�Ay\®wºAoM

:(Sv¼̄»�Mn»�o{¬C»¦�A
(P®Q)Ú(P®Q)

O
g

:©½nAj,¥�B�xpnA¤°k]³MB®M
(P®Q)Ú(Q®P)
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g

³Ç�k®�»Ç«k¼§±UºA²pBU¬B́]g¤B«ō¬B́]nj»�o{Jm�,¬±«pC¶k�B�³MB®M
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»�oÇ{°j,B\®½AnjBØ«A/SwAJlB�¬Cnj»�o{»§BU°,�jB�¬Cnj»�o{̈ Øk�«:j±{»«³TiBw²pBU¬B́]°j,½AoMB®M;©½nAjJlB�
PQ
10xPQ01 y

B́ Ç̄CnjQ°PxpnAAoÇ½p;k®{BÇM»Ç�½k®Ç̄A±U»ªÇ̄ y°x¬B́]°j³�SwAnB�{C
u�°jAnBQJm�,©¼T{Aj¬B́]�½B́®Uo£A³�j±{»« ±̈¦�«B\®½ApA/SwA�nB�T«
��B®ÇU³M,©½nAjq½BªT«¬B́]°j©�Swj¬±aBØ«A;kȪBwn»«��B®U³MAnB«¤B~�̄A¤kÇ«½A/©¼®�³ÄAnA��̄¤k«�½k½BM¤B~�̄Au�°jAnBQnBLT�A k̈�ºAoM/©¼wn»ª̄
pA/SwA²A±h§jg¬B́]njQ°PxpnA³�k{BM³T{AjAny°x,g¬B́]³wk̄A±U»«

/k½C»«Swj³M¤B~�̄Au�°jAnBQºAoM��̄¤k«nB́a,°n½A
T{±̄°jnAjºnB¼vMºBµ±��»̄B́]³w¤k«njºo½mQtoTwj·�MAn³�B\̄CpA
pA?SiBw»̄B́]°jAn¿BM¤k«¬A±U»«B½C©¼®¼LM³�SwAKwB®«,j±{»«»̄¿±�¬C
y°xºBµ¬B́]njj±]±«ºBµxpnABM»�nB�Ug¬B́]njj±]±«ºBµxpnA³�B\̄C
yBÇMAng¬B́Ç]BÇ«/S�oÇ£¬Bªµ½AgBMAn°j¬CpA»�½¬A±TMkwn»«o�̄³M,jnAk̄

:©¼wn»«o½p¤k«³M°©½o¼£»«¬Bªµ½A

Äq¦TwA¶k�B�(3
:©½pAjoQ»«ºA³«Øk�«�½ºBµ²k�B�pA Äq¦TwA¶k�B�³M¬±®�A

\ P®Q
_________̈ Aq¦TwA
\ ~PÚQ
ºBµ²k�BÇ�nBLTÇ�Ay\®ÇwºAoÇM/©¼®�»Ç«»wnoÇMAn¼½BÇQ³ÇM¿BÇMŚÇÇ],AkTÇÇMA
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:©½o¼¢MJlB�¬B́]¬BªµnjAn³\¼T̄°,�jB�¬B́]�½njAn³«Øk�«k½BM,ºA³«Øk�«�½
P®Q~PÚQ

01x

:©½nAj,��B̄°¥�B�xpnA¤°k]³MB®M
P®Q~PÚQ
1100100x

Svh̄��±«)xnjP®Q»�o{¬±a°;©½nAjAnRxxxtB��̄A�o{³MB®MBØ«Anj»�oÇ{<�kÇ��oÇ{>³ÇMB®ÇM,k®Tvµ�jB�(R̈°j��±«)xnj¬C Ø̈k�«°(R
:k{BM�jB�(R̈±w��±«)xnjk½BMQ,¤B«ōo¼�ºBµ¬B́]
¶k�BÇ�¼½BÇQ³ÇM¿BÇMŚÇ]³�kµj»«¬Bz̄��B®U½A

B«³�j±{³]±U(/k̄Bwn��B®U³MAnB«¬CnBLT�A k̈��o�Ao½p)SwAoLT�« Äq¦TwA
:©¼µj¬Bz̄q¼̄o½pRn±�³MAnRxxx·�MAn©¼Tv̄A±U»«

o½q£B̄,k®Tvµ�jB�OaSªw¬B́]°jnj¬C̈ Øk�«°»�o{¬±a,nAj±ª̄½Anj
kµA±i�jB�(SwAx¬Bªµ³�SwAnSªw¬B́]»®�½,B\®½Anj)̈ ±w¬B́]nj»§BU
nA±{j¬Ak®aºnAj±ª̄¼®a©¼woU³�®½ABM/k̄Bwn»«��B®U³MAnB«³¦Ãv«½A°j±M

/©¼®�²jB�TwA¼z¼QoU²jBwnAj±ª̄pA©¼µj»«c¼]oU,Sv¼̄
�½njAn³«Øk�«k½BM,<̈Aq¦TwA>¶k�B�º¿BM³M¼½BQŚ]nBLT�Ay\®wºAoMBØ«A:©½o¼¢MJlB�¬B́]¬BªµnjAn³\¼T̄°,�jB�¬B́]

~PÚQP®Q
01x
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k½kÇ]¬B́]°jÖ¤B«ōo¼�¬B́]�½nj»�o{Jm�,<nBLT�A¬±«pC>¶k�B�³MB®M
,�jB�ynj»�o{¬C̈ Øk�«,H¼̄BY;SwAnAo�oMRxyz,ÁØ°A³�jn°C»«k½kQz°yk®̄B«:SwAJlB�znj¬C»§BU°

K¼�oU,Rn±�½AnjAo½p;k®{BM»�½k®̄A±U»ª̄z°,y,x¬B́]³w³�SwAnB�{C
¬B́]�½B́®Uo£A³�j±{»« ±̈¦�«B\®½ApA/j±{»«��B®T«xpnA°jºAnAj»¦~�
BM/©¼µj¬Bz̄An(¿BM³M¼½BQŚ]pA)̈ Aq¦TwA¶k�B�nBLT�A k̈�©¼Tv̄A±U»ª̄,©¼T{Aj
njj±]±«¬B́]³w)»̄B́]nB́a��̄¤k«�½©¼̄A±U»«,¿BM¬B́]³wT�o£q½BªT«
��Ç̄¤kÇ«SwAoT́ÇMBÇØ«A;©¼®�³ÄAnA²k�B�½AºAoM(g¤B«ō¬B́]²Aoªµ³MnAj±ª̄/©½o¼¢MgAnz°,y,xpA»�½k½BM,»̄B́]°j��̄¤k«·ÄAnAºAoM/©½pBvMºoU�a±�
gAny,B\®Ç½AnjBÇ«/k̄±{»Ç«»�½o¢½j¬B́]°j,©½o¼¢Mg³�An³w½ApA Äk�oµ

:©¼®�»«³LwBd«¬CtBwAoMAnBµ¤±«o�xpnA°,̈B�jAxnjAnz°©½o¼£»«

y¼ÇQºjAoÇ½A©½o¼Ç¢Mo�̄nj¬CºAoM»{pnAoµ°SwAØ¼�T«B̄ gnjQxpnA¬±a:©¼wn»«o½p��̄¤k«³M°©½o¼£»«�jB�¬CnjAnQxpnA,k½C»ª̄

�¼�̄u��(4
:©½pAjoQ»«ºA³«Øk�«�½ºBµ²k�B�pA<�¼�̄u��>¶k�B�³M¬±®�A
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\ P®Q
_________�¼�̄u��
\ ~Q® ~P
njAn³\¼TÇ̄ °,�jBÇ�¬B́]�½njAn³«Øk�«k½BM,²k�B�½AnBLT�Ay\®wºAoM

:©½o¼¢MJlB�¬B́]¬Bªµ
P®Q~Q®~P

01x
k½kÇ]¬B́]°jÖ¤B«ōo¼�¬B́]�½nj»�o{Jm�,<nBLT�A¬±«pC>¶k�B�³MB®M
,�jB�ynj»�o{¬C̈ Øk�«,H¼̄BY;SwAnAo�oMRxyz,ÁØ°A³�jn°C»«k½kQz°yk®̄B«:SwAJlB�znj¬C»§BU°

:k½C»«Swj³MznjPxpnA°ynjQxpnA,��B̄xpnA¤°k]³MB®M,¬±®�A

°SwA�jBÇ�znj(P)¬C Ø̈k�Ç«°,�jB�xnj(P®Q)»�o{�½³�©¼®¼M»«
:©¼wn»«��B®U³M°j±{»«�jB�ynj(Q)»§BU,½AoMB®M/Rxyz:©½nAj

³�j±{³]±U/SwAoLT�«KRnj�¼�̄u��¶k�B�³�kµj»«¬Bz̄�±�±«½A
��°BM,¼®̀ ªµ;©½A²k¼wnRxzy³MRxyzpA°,²jo�²jB�TwA¬nB�U�o{pA,B\®½Anj
¬nB�U�o{pA²nA±ªµB«/©½A²k¼wnynj»§BU�k�³Mznj¬C̈ Øk�«BMxnj»�o{̈Øk�«
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²nB{A¬CjoMnB�jnA±«³Mo¢½j,³«AjAnj,°n½ApA;©¼®�»«²jB�TwAc½o�o¼�Rn±�³M
/jo�©¼µA±h̄

»�o{yhQ(5
»�½³�SwA»�o{yhQ¶k�B�,̈±w·TwjpAºA³«Øk�«�½ºBµ²k�B�pAo¢½j»�½

:©¼µj»«nAo�¬±«pCjn±«B\®½AnjAn¬C·̄B£nB́aºBµRn±�pA
\P® (QÚR) »�o{yhQ
___________________
\(P®Q)Ú (P®R)(»§BUnj¥�B�º°n)
,Ś]½AnBLT�Ay\®wºAoM/©½pAjoQ»«²k�B�½A<ß¼½BQ³M¿BM> ßŚ]³MAkTMA

:©½o¼¢MJlB�¬B́]¬BªµnjAn³\¼T̄°,�jB�¬B́]�½njAn³«Øk�«k½BM
P®(QÚR) (P®Q)Ú (P®R)

01x
:©½nAj,¥�B�xpnA¤°k]³MB®M

P®(QÚR) (P®Q)Ú (P®R)
0001x

¬B́]°jÖ¤B«ōo¼�¬B́]�½njP®Q»�o{Jm�,<nBLT�A¬±«pC>¶k�B�³MB®M
ynj»�o{¬C̈ Øk�«,H¼̄BY;SwAnAo�oMRxyz,ÁØ°A³�jn°C»«k½kQz°yk®̄B«k½k]:SwAJlB�znj¬C»§BU°,�jB�

:jn°C»«k½kQAnw°vk®̄B«k½k]¬B́]°j,½A°SwAJlB�xnjq¼̄P®RBØ«A
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w°znjQÚR³�j±{»«³\¼T̄,v°ynjP�k�°,xnjP®(QÚR)»�o{�k�pA
:SwA�jB�

QÚR
10zQÚR

01 w

znj,K¼UoU³M,Q°R³�S�o£³\¼T̄¬A±U»«,w°znj²k«CSwj³MºBµxpnApA
:k®Tvµ�jB�w°

QÚR
110zQÚR

011 w

/k®{BM»�½k®̄A±U»ª̄¬B́]°j½A³�kµj»«¬Bz̄w°znj�nB�T«ºBµxpnA
o£A/k̄A³T�o¢̄xpnABµ³̄Bz̄³¦ª]°RAjA·ªµBØ«A;©½A²k¼wō��B®U³M³�©¼®¼M»«»®�½,xpnA¬°kMRAjAB́®U,©½o¼¢Mo�̄nj�jB�AnxpnA¬°kMºBµ³̄Bz̄³¦ª]·ªµ
©¼̄A±U»«B½C/©¼wn»ª̄��B®U³M¬B®̀ ªµ°jo¼£»«xpnAq¼̄³«Øk�«nj¥�B�RAjA
²Aoªµ³MnAj±ª̄¬B́][®Q)»̄B́]y{¤k«�½°SwAoLT�«B̄¤¿kTwA¬±®�A©¼½±¢M
·�ÇMAn³Ç�SwAÇ½A³ÇM�°oÇz« Ö¤k«·ÄAnAAo½p,o¼i?©½A²jo�³ÄAnA¬CºAoM(g¬B́]
²joÇ�³LwBdÇ«,nBTiBÇw�½Ao{tBwAoM,¬B́]y{½A·ªµ¬B¼«Anºo½mQtoTwj
©½A²jo�̄³LwBd«B«°,SwAnØ±~U¥MB�»woTwj·�MAn36¬B́]y{¬B¼«BØ«A;©¼{BM,½AoMB®M/Sv¼̄nAo�oM�½̈ Ak�°SwAnAo�oMB«»̄B́]y{¤k«njB́®½ApA�½̈ Ak�³�
/©¼µB�M°o�³LwBd«¥MB�Âª�°oU�a±�»§k«³MAn¿BM¤k«³�®½ApASv¼̄ºq½o£
¬B́Ç]y{°k̄±{»Ç«¬Bªµ½Aq¼̄ z°y,©½o¼¢M¬Bªµ½AgBMAnw°,v,xo£A

:k®µB�»«°o�x°g¬B́]°j³M²k{³T�£



   
   

 

63ÊKR�Mn��®«ºAoMnBLT�A¬±«pC

SwAoLT�Ç«KR��®«nj³�An<»�o{yhQ>¶k�B�º¿BM³M¼½BQŚ],¬±®�A
:©½o¼£»«JlB�An³\¼T̄°,�jB�An³«Øk�«,¬B́]�½nj/©¼®�»«»wnoM

(P®Q)Ú (P®R)P®(QÚR)
01x

:©½nAj,¥�B�°»�o{Jm��o{°¬±«pC¶k�B�³MB®M

;o¼Çi?SwAoLT�«B̄¤¿kTwA©¼½±¢M©¼̄A±U»«B½C/©½A²k¼wō»��B®U³MB\®½Anj
njBµ³̄Bz̄³¦ª]°BµRAjA·ªµ³�SwAoLT�«B̄¤¿kTwA©¼½±¢M©¼̄A±U»«»T�°B́®UAo½p
nj(P®R°P®Q»®�Ç½)³«Øk�«»�o{ºBµRAjA/k®{BM³T�o£»®Ø¼�«xpnAnAj±ª̄BØ«A/SwAoLT�«B̄¤¿kTwA©¼½±¢M©¼̄A±U»ª̄,½AoMB®M;k̄A³T�o¢̄»{pnA_¼µx¬B́]¬Bz̄,RAjA°j½A¬B¼«»¦~�K¼�oU�k�?Sv¼axnj»�o{RAjA°j½AxpnA

?̈Ak�BØ«A;SwA�jB�°j¬CpA»�½,©�Swj³�kµj»«�k��o�BMnBM�½AnnAj±ª̄½A³�SwA¬C¤Ø°A²An:©½nAj²An°j,B\®½AnjB«��B®ÇU³ÇMAnBÇ« Ö�oÇ�°joµo£A/©½oLMy¼QP®R�k��o�BMnBM�½°,P®Q
°,k̄Bwō��B®U³MAnB« Ö�o�°jpA»�½©�Swjo£ABØ«A;SwAoLT�«¤¿kTwA,k̄BwoM
x°nÇ½A/SwAoLT�«BÇ̄¤¿kTwA²B£¬C,k̄±{»µjxpnABµ³̄Bz̄³¦ª]°BµRAjA·ªµ
ºq½o£²An½ApA,Bµ¤BX«»ioMnj)jo�q¼µoQ¬CpAk½BM�ª«keBU°SwA»̄¿±�nB¼vM
:©½o¼£»«»QAn²An½AB«/j±{²jB�TwA»§BU��n¶k�B�pA³�SwA½A °̈j²An(/Sv¼̄
znjQk½BM,k{BM�jB�ynjP°,xnjP®Qo£A,©½nAjAnRxyz·�MAn³�B\̄CpA
,¤¿kTwA¼ªµBM/Sv¼̄�jB�xnjP®Q,uQ/Sv¼̄�jB�znjQBØ«A;k{BM�jB�
:©¼wn»«��B®U³M,xnj,Rn±�½Anj/Sv¼̄�jB�xnjq¼̄P®R³�jAj¬Bz̄¬A±U»«
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/SwAoLT�«<¿BM³M¼½BQ>Ś]nj<»�o{yhQ>¶k�B�,½AoMB®M
Sz¢½B]¶k�B�(6

:SwAºA³«Øk�«�½ºBµ²k�B�pASz¢½B]¶k�B�/©½pAjoQ»«oUnA±{jºBµ¤BX«³M,¬±®�A
\P®(Q®R)
____________Sz¢½B]
\Q®(P®R)
»woTwj·�MAn°j³M©�Swj,B́ C̄nBLT�ARBLYA³�jnAj±Unj±UºBµn±w²k�B�½A
:©½o¼£»«JlB�¬B́]�½njAn¬C·\¼T̄°³«Øk�«,Sz¢½B]¶k�B�RBLYAºAoM/SwAk®«pB¼̄
nAo�oMRxyz³�k̄nAjj±]°z°y¬B́]°juQ,SwAJlB�xnjQ®(P®R)¬±a

:SwAJlB�znjP®R°,�jB�ynjQ;SwA

nAo�oMRztu³�k̄nAjj±]°u°t¬B́]°j,SwAJlB�znjP®R³�̄C¥¼§j³MBØ«A:SwAJlB�unjR°,�jB�tnjP°SwA
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·ªµnjBµRAjA·ªµ³̄°©½A²k¼wn��B®U³M³̄³�©½A²k{°n³M°n»T¼��°BM²nBM°j
tnjP¬C Ø̈k�«°k{BM»«�jB�xnjP®(Q®R)³TL§A/k̄A²k{»µjxpnABµ¬B́]
AnºA³\¼T̄¬CpABUj±{»ª̄²kµBz«ºo½mQtoTwj·�MAn,t°x¬B¼«BØ«A;SwA�jB�njBµ³̄Bz̄³¦ªÇ]³ÇM»ÇµjxpnABÇM¬A±U»Ç«³Ç�kwoÇMo�Ç̄³Mk½B{/©½n°CSwj³M
nBLT�A k̈�³M©�e,��B®UT�B¼̄BM°k̄Bwn¬B½BQ³MAnnB�k̄nAk̄xpnA³�»½Bµ¬B́]
Bµ¬B́]jAk�U¬±a,SwA²jpJBT{nB¼vM»ª�e¼®aBØ«A;jo�njB�Sz¢½B]¶k�B�½A¬B¼«nj,SwAºØk�U°,¬nB�U,tB��̄A¥«B{³�AnnBTiBw�½Ao{B«°SwAnB¼vM
S�BÇ½»��B®U,�½Ao{½A»wnoMBM³�Svµ¤BªTeA½A/©½A²jo�̄»wnoM,Bµ¬B́]
,³«AjAnjB«/k̄Bwn»«��B®U³MAnB«nBTiBw�½Ao{»wnoM;SwA¼®a,H�B�ØUA/j±{

:©¼µj»«¬Bz̄AnnB�¥eAo«
An³�MAn°j½A/k̄±{»«²kµBz«(Rztu°Rxyz)»woTwj·�MAn°j,¿BMnAj±ª̄nj
B½)ºo½mQS�o{°»½B]³MB]�½Ao{³MB®M/S{±̄¬A±U»«R(xy)tu:oU²jBwRn±�³M
oMAoM,�½o�U³MB®M,³�MAn½ABØ«A(27)/k¼wnR(xt)yu·�MAn³M¬A±U»«,(ºØk�U°¬nB�U:SwAo½p¥�{³M�½o�U½AnAj±ª̄$w(Rxtw&Rwyu)BMSwA

:©¼®�»«¥�T®«k½k]nAj±ª̄ºBµ¬B́]³MAn¼z¼QnAj±ª̄nj²k{»µjxpnAºBµ¤±«o�¬±®�A
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�jB�tnjP°k{BM»«�jB�xnjP®(Q®R)°,©½nAjAnRxtw·�MAn³�B\̄CpA
:SwA�jB�wnjQ®R½AoMB®M,SwA

�jBÇ�ynjQ°k{BM»«�jB�wnjQ®R°,©½nAjAnRwyu·�MAn³�B\̄CpA
:k{kµA±i�jB�unjR½AoMB®M,SwA

��®«njSz¢½B],½AoMB®M;©¼wn»«��B®U³M,u¬B́]nj,©¼®¼M»«³�n±�¬Bªµ
nj»��B®ÇU,SvhÇ̄²BÇ¢̄nj³Ç�SwA¬Cnj¤BXÇ«Ç½A»£k¼̀ ¼ÇQ/SwAoLT�ÇÇ«KR
/k¼wnR(xt)yu·�MAn³M,R(xy)tu·�MAnpAk½BM°j±{»ª̄²k½j¼Tvh̄ºBµnAj±ª̄
oU¬BwCBµ³�MAn½A,j±{³]±UB́ C̄³Mo£A³�Svµ�½nBMnB¼vM·T�̄°j,B\®½Anj

:k̄±{»«RBLYA°³T�B½
RBLYA¤B�T̄A½A¬B�«Ak½BM;Sv¼̄nBTiBw�½Ao{¾q],³�MAn°j½A¬B¼«¤B�T̄A(1
,<ºØk�ÇU>°<¤B�T̄A>¬±a»½Bµ̈B̄BM,SwAo½mQ¬B�«A»§B�T̄A¼®a³�®½ARBLYA)j±{
oU¬BÇwCnB¼ÇvM,<ºo½mQS�oÇ{>°<»½B]³MBÇ]>¬±a»½Bµ̈B̄BMBØ«A;k½Bª̄»«nA±{j(/SwA
¬B¼«?k¼wn̈°j·�MAn³M,Svh̄·�MAnpA,SwA p̈¿³�©¼Tv̄Aj»«k½BMB\�pA(2
³�©¼Tv̄Aj»«k½BMB\�pA;jo�nØ±~UºnB¼vMºBµ³�MAn¬A±U»«,u°,t,y,xºBµ¬B́]
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ywoÇQÇ½A³MgwBQnj?SwAk®«j±w¬Bª½AoM(Bµ³�MAno¢½j³̄°)|Bi·�MAn½A
:Sv½o¢̄o¼¼�UpAy¼QnAj±ª̄³Mk½BM,©́«nB¼vM

xnjP®(Q®R)º±Unj±U»�o{°j±{»«²k̄A±inAj±ª̄½ApAR(xt)yu·�MAn
unj(R)¬C»§BU°k®Tvµ�jB�t°ynj,K¼UoU³M,(Q°P)¬C̈ Øk�«°j;SwA�jB�
·�ÇMAn³�©¼T�£,©½jo�»«¬B¼MAn»��±«nB́a·�MAn̈ ±́�«»T�°,oTz¼Q/SwAJlB�
¬C¤Ø°A¬B́]nj±Unj±U»�o{�½o£A³�SwB®�«½A³MR(xt)yuk®̄B«»��±«nB́anj»�o{¬C»§BU»§BU²B£¬C,k®{BM�jB�ºk�M¬B́]°jnj¬C̈ Øk�«°j°k{BM�jB�
º±Unj±ÇU»�oÇ{³Ç�©¼®¼M»Ç«,¿BÇMnAj±ªÇ̄nj/j±ÇMkÇµA±Çi�jBÇ�̈nB́Ça¬B́ÇÇ]
(y°tnj³̄°)t°ynj,K¼UoU³M,(Q°P)¬C̈ Øk�«°j°SwA�jB�xnjP®(Q®R)
³\¼TÇ̄k½BÇM,©¼{BÇM³TÇ{AjAnR(xt)yu»��±«nB́Ça·�MAno£A,¬±®�A/k®Tvµ�jB�
AnR(xt)yu·�MAn©¼̄A±TMo£A³�kµj»«¬Bz̄o«A½A/SwA�jB�unjR³�©½o¼¢M
¬A±U»Ç«,jnA±Ç«pAºnB¼ÇvMnj,joÇ¢{½ABM/©¼woM��B®U³M©¼̄A±U»«,©¼®�RBLYA

/k̄BwoM��B®U³MAnB«k̄A±U»«»½Bµ³�MAn³a³�jptke
ºo¼£³\¼T̄

,»UBeÀÇ�ABÇM,©½joÇ�³ÇÄAnAKR��®«nj»\®wnBLT�AºAoM³§B�«½Anj³�»̄±«pC
/k̄j±M²jAjSwj³M1996¤Bwnj¤ß±wo�°p±¼µ³�SwAºnBLT�A¬±«pCpA³T�o£oM
BÇM³Ç�»½BµxÀU·ªµ©�n³M³�kµj»«¬Bz̄<nBLT�A¬±«pC>°j½A¬B¼«ºA³v½B�«
oUnA±{jnB¼vM¬±«pC½A,©½A²jAj̈B\̄AKR��®«ºAoMnBLT�A¬±«pCºpBw²jBw�kµ
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³�»��®«)R�Mn��®«�¼T̄Bªw³�B\̄CpA/SwARB́ Ø]±«��®«ºAoM³MBz«¬±«pCpA
KR��®«�¼T̄BªwpAoU²k¼̀ ¼Q(k̄Aj»«�±®ª«An��B®UpA²A±h§jºBµ²nAq£ZBT®TwA

/jnAjºoUnA±{jnBLT�A¬±«pCR�Mn��®«³�jAj¬Bz̄¬A±U»«,SwA
Äq¦TwA>BM©¼µA±hMAnº±®¼w��®«pA»«°q§»�o{o£A³�joM»Q¬A±U»«,B\®½ApA
°n³M°nºnA±{j°²k¼̀ ¼QnB¼vMºBµ̈B�̄BM,©¼®�¥¼¦dU<k¼�A Äq¦TwA>ºB]³M<»�Mn
°oU²k¼̀ ¼ÇQKUAo«³MBµ̈B�̄½AnjBµ¤¿kTwAnBLT�A k̈�°nBLT�A¼¼�U³�©½±{»«
<»Ç«°q§»�oÇ{>¥¼¦dUºAoM»LwB®«·®½q£<k¼�A Äq¦TwA>³�B\̄CpA/SwAoUnA±{j
³�©½o¼£»«³\¼T̄,k®½o�C»«<»«°q§»�o{>¥¼¦dUnjºnB¼vMºBµu�°jAnBQ°Sv¼̄
nA±Ç{j°²k¼̀ ¼QnB¼vM»«B�̄<»«°q§»�o{>ºAoM}�̄°K¼�»M°¥«B� B̈�̄�½
»�oÇ{¶jBÇ�§A�±Ç�ºBµºk®ªÇ̄A±UpA²jB�TwAºAoMk½BM³�SwAºA³®½qµ½A°SwA

/SiAjoQ»«°q§
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BµS{±̄»Q///////////////////////////////////////////////////////////////
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