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Ukfdf $8 Byntuhbhe.obt gfhfvtnhs

 

§ §@8 Fyfkbnbxtcrjt ghtlcnfdktybt [jkbcnbxtcrjuj 'aatrnf

 Bpvthtybt  wtyyjcnb  rjytxyjuj  ghjlernf  lfyyjq  kjrfkmyjq  pflfxb  ljk;yj 

j,tcgtxbnm wtkjcnyjt ghtlcnfdktybt tuj drkflf d hfpdbnbt buhs7 dsgjkytybt bv 

erfpfyys[  dsit  vyjujj,hfpys[  aeyrwbq8  Yj  vj;yj  kb  lfnm  wtkjcnye. 

[jkbcnbxtcre. [fhfrnthbcnbre fyfkbnbxtcrb7 n8t8 d njv cvsckt7 xnj,s dshfpbnm tt 

xthtp  xfcnb gjpbwbb8  Tckb  ghbvbnbdyj  gjgsnfnmcz  'nj  cltkfnm7  nj  ye;yj 

ghtlgjkj;bnm7 xnj dct xfcnb jlyjhjlys b jlbyfrjdj vjuen dkbznm yf jrhe;f.ott7 

n8t8  j,kflf.n  jlbyfrjdsv  dtcjv  ~df;yjcnm.7  wtyyjcnm.`8  Ghb 

lfyys[ ghtlgjkj;tybz[ 'nb xfcnb vj;yj ghjcnj cevvbhjdfnm  ~ldf z,kjrf gk.c 

nhb z,kjrf hfdyj gznb z,kjrfv`7 b 'ne [fhfrnthbcnbre df;yj bvtnm rfr eckjdbt 

hfpdbnbz8  Jlyfrj tckb xfcnb rfxtcndtyyj hfpyjj,hfpys bkb lf;t jlbyfrjds7  yj 

j,kflf.n hfpysv |dtcjv\7 nj rfr b[ vj;yj njulf byntuhbhjdfnm d wtkjcnyjt8 "nj 

vj;yj cltkfnm7 tckb cjbpvthbnm vt;le cj,jq 'nb xfcnb c extnjv b[ |dtcf\  ~ldf 

z,kjrf7 evyj;tyyst yf dtc rf;ljuj gj (_ uhfvv7 gk.c nhb z,kjrf7 evyj;tyyst yf 

dtc rf;ljuj gj @__ uhfvv7 lflen dvtcnt %&_ uhfvv7 b 'ne [fhfrnthbcnbre yflj bvtnm 

lkz  hfpdbnbz`8  Ajhvbhjdfnm   ~j,yfhe;bdfnm`  'nb  dtcf  dtcmvf  ckj;yj8  D 

abpbxtcrb[ cbcntvf[ 'njuj elfkjcm lj,bnmcz d yfb,jkmitq vtht8  Ckj;ytt ltkj 

j,cnjbn d ,bjkjubxtcrb[ cbcntvf[7 ult 'nbvb dtcfvb zdkz.ncz7 r ghbvthe7 'vjwbb7 

d 'rjyjvbxtcrb[ cbcntvf[7 ult bvb zdkz.ncz wtys b n8g81

 Nfrbv j,hfpjv7 vj;yj fyfkbnbxtcrb dshfpbnm [jkbcnbxtcrbq 'aatrn cjcnjzybz 

xthtp tuj xfcnb7 tckb tckb byntuhbhjdfybt xfcntq lfyj xthtp b[ dtcf7 jnhf;f.obt 

gjkysq drkfl rf;ljq xfcnb d hfpdbnbt wtkjuj8 Nfr bvtyyj b gjcnhjtys vyjubt 

vfntvfnbxtcrbt  ghjwtlehs  htitybz  jgnbvfkmys[  pflfx8  Dshf,fnsdftvst  d 

'nb[  ghjwtlehf[ rjyltycbhjdfyyst  ukj,fkmyst  jwtyrb  rjvgjytynjd2  vyj;bntkb 

Kfuhfy;f2 b tcnm nfrjuj hjlf dtcf8 Jyb zdkz.ncz ukj,fkmysvb gfhfvtnhfvb d 

njv cvsckt7  xnj gjpdjkz.n jwtybnm d rf;ljv kjrfkmyjv vtcnt  gjkysq drkfl7 

rjnjhsq ytpfdbcbvj dyjcbn dfhbfwbz 'njuj rjvgjytynf d bpvtytybt htpekmnfnf 

hfpdbnbz cbcntvs d wtkjv8  ~Gjyznbt dfhbfwbq d eckjdbz[ lbcrhtnyjcnb abueh b 

1 D cbke erfpfyyjq ckj;yjcnb njxyjuj cjbpvthtybz dtcjd gfhfvtnhjd htitybt ghj,ktvs gsnf.ncz eghjcnbnm 
nfrbv gentv8 Dsltkbnm jlye7 ljvbybhe.oe. xfcnm cjcnjzybz7 gj rjnjhjq b celbnm j dkbzybb dctuj cjcnjzybz 
yf hfpdbnbt8  ~Nfrjuj hjlf gjgsnrb d yfert bpdtcnys rfr gjgsnrb gj jlyjve ghbpyfre jghtltkbnm wtkjt`8 
Jlyfrj nfrjuj hjlf ljvbyfyns dcnhtxf.ncz htlrj8
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jnyjcbntkmyj vfkjuj b[ xbckf nht,etn cgtwbfkmyjuj hfccvjnhtybz`8 Nfrjt cdjqcndj 

ukj,fkmyjcnb  vyj;bntktq  Kfuhfy;f  j,tcgtxbdftncz  ntv7  xnj  jyb  gjcnhjtys  c 

extnjv dct[ eckjdbq pflfxb6 rfr lfyyjuj bc[jlyjuj cjcnjzybz7 nfr b rjytxyjq wtkb 

b ghfdbk buhs8

 Cevvf ghjbpdtltybq rjkbxtcnd rf;ljuj rjvgjytynf yf lfyyst ukj,fkmyst jwtyrb 

gjpdjkztn  jwtybnm ehjdtym hfpdbnbz  cbcntvs yf lfyyjq cnflbb7  dszcybnm  rfr 

crkflsdf.ofzcz cbnefwbz gjdkbztn yf dtcm [jl htitybz pflfxb8 

 Tckb  ghbvtybnm  crfpfyyjt  r  if[vfnyjq  buht7  nj  'nj  jpyfxfkj  ,s7  xnj  ghb 

yfkbxbb  njxyjuj  fkujhbnvf  if[vfnyjq  buhs  vj;yj  kjrfkmyj  xthtp  jwtyrb 

vfnthbfkmys[  rjvgjytynjd  gjpbwbb  fyfkbnbxtcrb  lfnm  ukj,fkmye. 

[fhfrnthbcnbre gjpbwbb7 rjnjhfz jnhf;fkf ,s tt dkbzybt yf buhe d wtkjv8

 Jlyfrj  rjulf  ytn  njxyjuj  fkujhbnvf7  rjulf  ytn  ghjuhfvvs7  gjpdjkz.otq 

ecnfyjdbnm njxyj cdzpb vt;le xfcnm. b wtksv7 rfr njulf c[dfnbnm [jkbcnbxtcrbq 

'aatrn jn lfyyjuj gjkj;tybz if[vfnyjq buhs0

 Ytkmpz kb b d 'njv ckexft gsnfnmcz bcgjkmpjdfnm bltb njxys[ fkujhbnvjd b 

gsnfnmcz  gjcnhjbnm  jwtyrb  gfhfvtnhjd7  [fhfrnthbpe.ob[  cjcnjzybt  cbcntvs7 

rjnjhst  ,skb ,s [jhjibv  ghb,kb;tybtv r jwtyrfv7  dshf,fnsdftvsv njxysvb 

fkujhbnvfvb8 B7 rjytxyj7 yflj gjvybnm8 xnj d wtynht cnjbn pflfxf jwtyrb dctq 

gjpbwbb rfr wtkjuj8 Jwtyrf jnltkmys[ xfcntq gjpbwbb bkb lf;t jnltkmyjq abuehs 

gj2ght;ytve  jcnftncz  dtcmvf  df;yjq  c  njxrb  phtybz  djpvj;yjcnb 

ytpfdbcbvs[ b[ dfhbfwbq7 yj ghb gjybvfybb rfr 'nb jwtyrb cdzpfys c wtksv8 

 Crfpfyyjt  nht,etn  blnb  jn  wtkjuj  r  xfcnyjve7  n8t8  jn  gjpbwbb  d  wtkjv  r 

jnltkmysv tt abuehfv8 

 Cktle.obt  ldt  ghj,ktvs  ytvtlktyyj  dcnfyen  yf  'njv  genb6  @`  rfr 

cajhvekbhjdfnm  cnhernehe  gjpbwbb7  n8t8  ljcnfnjxyj  kb  juhfybxbnmcz  pyfybtv 

nfrb[ bc[jlys[ j,]trnjd rfr abuehs  ~c b[ rjjhlbyfnfvb` bkb ye;ys tot rfrbt2nj 

bc[jlyst j,]trns0 b #` rfr yf[jlbnm cjghz;tyyst j,]trns7 n8t8 jwtybdfnm abuehs7 

gjcrjkmre b[ gjkye. jwtyre jnyjcbntkmyj rjytxyjq wtkb ytkmpz lfnm0

 Yjdst djghjcs djpybryen7 tckb jndtn yf gthdsq djghjc ,eltn cdzpfy nht,jdfybtv 

ddtltybz d [fhfrnthbcnbre cjcnjzybz yjds[ bc[jlys[ gfhfvtnhjd8 Pf,tufz dgthtl7 

pfvtnbv bp j,ob[ cjj,hf;tybq7 xnj d 'njv ckexft djpybryen ldf yjds[ djghjcf6 $` 

rfr cnhjbnm vyj;tcndj 'nb[ yjds[ bc[jlys[ gfhfvtnhjd b %` rfr jwtybdfnm yjdst 

bc[jlyst gfhfvtnhs7 xnj,s jyb ,skb cjbpvthbvs yt njkmrj vt;le cj,jq7 yj b c 
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jwtyrfvb  vfnthbfkf   ~cv8  djghjc  @`  b  lfdfkb  d  wtkjv  [jkbcnbxtcre.  jwtyre 

gjpbwbb0

 Gthtqltv r jndtnfv yf 'nb djghjcs8

 Bnfr7 gthdsq djghjc rfcftncz njuj7 ljcnfnjxyj kb ghb [fhfrnthbcnbrt gjpbwbb 

juhfybxbnmcz pyfybtv nfrb[ bc[jlys[ gfhfvtnhjd rfr vfnthbfk0 Jndtn yf 'njn 

djghjc  ytgjchtlcndtyyj  ghbvsrftn  r  cjghz;tyyjve  c  ybv  dnjhjve  djghjce7 

rfcf.otvecz  jwtyrb  vfnthbfkf  d  ytnjxys[  fkujhbnvf[   ~f  hfdyj  b  d  $  b  % 

djghjcf[8  Tot  hfp  yfgjvy.7  xnj  gj  cdjtq  ghbhjlt  'nb  fkujhbnvs  yt  lf.n 

djpvj;yjcnb  ytgjchtlcndtyyj  ecnfyjdbnm  cdzpm  vt;le  lfyysvb  abuehfvb  b 

rjywjv buhs b gjkexbnm gjkye. jwtyre abueh7 ljcnfnjxye. lkz jwtyrb gjpbwbb8 

Njulf djpybrftn cktle.obq genm htitybz ghj,ktvs6  dyfxfkt lfnm  ,tpeckjdyst 

jwtyrb abueh7 n8t8 ghbvtybntkmyj r ytrjnjhsv bltfkmysv eckjdbzv8 Lfktt ddtcnb 

ljgjkybntkmyst gfhfvtnhs7 rjnjhst ljk;ys jnhfpbnm rfr vj;yj ,jkmit gjkyjne 

eckjdbq lfyyjq gjpbwbb7  tt  rjyrhtnyjcnm8 Dvtcnt c ntv jyb ljk;ys ,snm nfr 

jwtytys7 xnj,s extcnm b[ dkbzybt yf djpvj;yjcnb ,eleotuj hfpdbnbz8 Ghb 'njv 

rjvgtycfnjhyst gfhfvtnhs ,elen jnyjcbnmcz yt r jnltkmyjq abueht7 f r  uheggt 

abueh b  d  wtkjv  r  gjpbwbb8  Ghbhjlf  'nb[  gfhfvtnhjd7  gj2dblbvjve7  ljk;yf 

kt;fnm d jnyjitybz[ vt;le abuehfvb d lfyyjq rjyrhtnyjq cbnefwbb8 Bvtyyj 'nb 

jnyjitybz  b  ,skb  gjnthzys  ghb  ddtltybb  ,tpeckjdys[  wtyyjcntq  abueh8  Xtv 

gjkytt ds,hfyj vyj;tcndj 'nb[ jnyjitybq7 xtv gjkytt jwtytyf b[ df;yjcnm7 ntv7 

ghb ghjxb[ hfdys[ eckjdbz[7 vj;tn ,snm ljcnbuyenj kexitt ghb,kb;tybt r jwtyrt 

gjpbwbb d fkujhbnvt njxyjq buhs8

 Nfrbv  j,hfpjv7  jncencndbt  gjkys[  jwtyjr  abueh7  ytj,[jlbvs[  lkz  jwtyrb 

gjpbwbb7  vj;tn  ,snm djpvtotyj  gjbcrjv jwtyrb  gjpbwbb d  wtkjv xthtp  dyjdm 

ddjlbvst  ,tpeckjdyst  jwtyrb  abueh  b  jwtyrb  vyj;tcndf  gfhfvtnhjd7 

[fhfrnthbpe.ob[ jnyjitybz vt;le abuehfvb8 

 Hfccvjnhbv ntgthm dct crfpfyyjt gjlhj,ytt8

 

 § §#8 Jwtyrf     vfnthbfkf  

 Ght;lt  dctuj  rfr  fyfkbnbxtcrb  cnhjbnm  ,tpeckjdyst  jwtyrb  vfnthbfkf8  Z 

gjlhj,yj jcnfyjdk.cm yf hfccvjnhtybb 'njuj djghjcf yt njkmrj d cbke njuj7 xnj 

gj ytve bvttncz ljcnfnjxyj pfvtnyfz kbnthfnehf8 Vyt ghtlcnfdkztncz7 xnj jgsn7 

yfrjgktyysq d if[vfnf[ gj jghtltktyb. 'nb[ jwtyjr7 eybrfkty8 
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 Bnfr7 jndtn yf djghjc j, fyfkbnbxtcrb[ vtnjlf[ jghtltktybz ,tpeckjdys[ jwtyjr7 

rfr  ghfdbkj7  yt  hfccvfnhbdftncz  d  cgtwbfkmyjq  if[vfnyjq  kbnthfneht7  n8t8  d 

hf,jnf[7 ytgjchtlcndtyyj gjcdzotyys[ ntjhbb b ghfrnbrt if[vfnyjq buhs8 Tckb 

dpznm  rkfccbxtcrbq  ext,ybr  of[vfnyjq  buhs  T8Kfcrthf7  nj  nfv  ghbdjlzncz 

,tpeckjdyst jwtyrb if[vfnys[ abueh8 Ghbdjlbvst fdnjhjv cjjnyjitybz bpdtcnys 

if[vfnbcnfv8  Fdnjh  cghfdtlkbdj  pfvtxftn7  xnj  'nb  jwtyrb  dthys  kbim  d 

hfdys[  gjkj;tybz[  buhjrjd8  D  rf;ljv  jnltkmyjv  ckexft7  d  pfdbcbvjcnb  jn 

rjyrhtnyjuj hfcgjkj;tybz abueh7 cjjnyjitybz vt;le jwtyrfvb vfnthbfkf vj;tn 

dfhmbhjdfnmcz b byjulf dtcmvf pyfxbntkmyj8 Dvtcnt c ntv7 rfr b vyjubt lheubt 

if[vfnbcns7 Kfcrth ght;lt dctuj ccskftncz yf  ghfrnbxtcrbq jgsn rfr bcnjxybr 

gjhj;ltybz  'nb[  jwtyjr8  Ghbdjlbvfz  yb;t  wbnfnf  bp  Kfcrthf  yt  njkmrj 

dthbabwbhetn crfpfyyjt dsit7 yj b lftn djpvj;yjcnm xbnfntk. gjkexbnm cdtltybz 

j djpvj;ys[  xbcktyys[ pyfxtybz[ chfdybntkmyjq wtyyjcnb abueh7 rjnjhfz ,eltn 

df;yf lkz gjcktle.otuj fyfkbpf8

 \8888  e cbkmys[ buhjrjd vj;yj pfvtnbnm bpdtcnye. pfrjyjvthyjcnm hfpvtyjd7 f e  
nt[  ytvyjub[7  rjnjhst  pfcke;bdf.n pdfybz  vfcnthjd  buhs7  pfrjyjvthyjcnm 'nf 
dscnegftn  e;t  cjdthityyj  jnxtnkbdj8  D  hfdys[  gjkj;tybz[  ckjy  b  rjym7  
gj2dblbvjve7 hfdyjwtyys7 rjyz bkb ckjyf vj;yj jnlfnm pf nhb gtirb7 ldt kturbt  
abuehs 2 pf kflm. b ldt gtirb7 athpz 2 pf ldt kflmb bkb pf nhb kturbt abuehs8  
"nj gjlndth;lftncz ghfrnbrjq vfcnthjd buhs d ntxtybt ljkujuj gthbjlf dhtvtyb\8  
3Kfcrth7"87 @)$*7 cnh8$#$8

 D  cdjb[  pfrk.xbntkmys[  pfvtxfybz[  r  ext,ybre  if[vfnyjq  buhs7 

cnjzob[  ytcrjkmrj  jcj,yzrjv7  Kfcrth  ghbdjlbn  bynthtcyst  chfdytybz  vtnjlf 

jwtyrb  vfnthbfkf7  bleobt  bp  jgsnf  b  bp  vfntvfnbxtcrjuj  fyfkbpf  ghj,ktvs8 

~Kfcrth7T87 @)$*7 cnh8 $%_3$%@`8 Jy gjlxthrbdftn7 xnj dtkbrbq vfntvfnbr "qkth7 ,elexb 

ckf,sv if[vfnbcnjv7 cevtk vfntvfnbxtcrb jghtltkbnm wtyyjcnm hfpkbxys[ abueh 

dtcmvf ,kbpre. r njve7 rjnjhe. bp jgsnf gjkexbkb dtkbrbt vfcnthf8

 Ytbpdtcnyj yf jcyjdt rfrb[ ghtlgjcskjr "qkth ghbitk r cdjbv pfrk.xtybzv j 

wtyyjcnb abueh8 Yj rfr gjlxthrbdftn Kfcrth7"87 @)$* |vtnjl7 ghbvtytysq "qkthjv7 

nfbn d ct,t pfhjlsi ,eleib[ wtyys[ jnrhsnbq\8  ~cnh $#$`8

 R  cj;fktyb.7  Kfcrth  yt  lftn  ccskre  yf  hf,jne  "qkthf7  yf  jcyjdt  rjnjhjq 

vj;yj ,skj ,s htrjycnhebhjdfnm tuj [jl hfcce;ltybq7  gjkmpezcm cjdhtvtyysvb 

pyfybzvb  ghtlvtnf  ~r  cj;fktyb.  vjb  gjgsnrb  yfqnb  lfyye.  hf,jne  "qkthf7 

dgkjnm  lj  pfghjcf  cgtwbfkbcnjd  gj  "qkthe  bp  Djcnjxyj3Uthvfycrjq  Frfltvbb 

Yfer7 yt edtyxfkbcm ecgt[jv`8
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 Yj gj ntv pfvtxfybzv7 rjnjhst ltkftn Kfcrth7 vj;yj ghtlgjkj;bnm7 xnj "qkth 

bc[jlbn ghb chfdytybb wtyyjcntq abueh bp ,tlyjq gj yfghz;tyb. gjpbwbb7  n8t8 

rjulf yfkbxbt vfnthbfkf zdyj bvttn htif.ott pyfxtybt8 Ldf yfxbyf.ob[ buhjrf7 

ckexfqysv  j,hfpjv  buhf.obt7  hfpsuhsdf.n  c  lfyyjq  gjpbwbb  n2gfhnbq   ~n 

cnhtvbncz r ,tcrjytxyjcnb` b gj gj,tlbntk. celzn j vfnthbfkmyjv ghtbveotcndt8

 Kfcrth lfktt jnvtxftn7 xnj lkz "qkthf7 gj2dblbvjve7 gjldb;yjcnm abueh bvtkf 

jghtltkz.ott dkbzybt yf vfnthbfkmye. wtyyjcnm abuehs8 Gjldb;yjcnm7 d cdj. 

jxthtlm7  dspdfyf  kb,j  bvt.obvcz  yf  ljcrt  ghjcnhfycndjv  bkb  pfuhf;ltybzvb 

~jnc.lf rjym7 [jnz jy vtytt gjldb;ty xtv ckjy7 bvttn ghtbveotcndj gj chfdytyb. 

c gjcktlybv7 nfr rfr lkz rjyz pfuhf;ltybz ghjnbdybrf bvt.n vtymitt pyfxtybt`8 

 R  cj;fktyb.7  Kfcrth  b  vyjubt  lheubt  ghfrnbre.obt  if[vfnbcns  ghjdjlzn 

kbyb.  njq  |ytif[vfnyjq  kbnthfnehs\7  d  rjnjhjq  j,ce;lf.ncz  fyfkbnbxcrbt 

vtnjls jghtltktybz vfnthbfkmyjq wtyyjcnb abueh8

 Htpekmnfns7 gjkextyyst d 'njq ytif[vfnyjq kbnthfneht7 gjhfpbntkmyj cjdgflf.n 

c  htpekmnfnfvb7  dpznsvb  bp  jgsnf8  Bynthtcys  'nb  htpekmnfns  nt7  xnj  jyb 

gjpdjkz.n  xtnrj  dcrhsnm  ghbxbys  hfpkbxbq  d  vfnthbfkmyjq  wtyyjcnb  abueh8 

Ckf,jcnm 'nb[ htpekmnfnjd pfrk.xftncz d njv7 xnj djpvj;yj jgsn if[vfnbcnjd 

exbnsdfk  ,jkmitt  xbckj  df;ys[  afrnjhjd7  [jnz  b[  dkbzybt  d  ghtltkt  vjukj 

gjufifnm lheu lheuf8

 Aeylfvtynfkmyjq hf,jnjq d lfyyjq j,kfcnb vj;yj cxbnfnm cnfnm.  Taylor, H., 

18871 jge,kbrjdfyye. d Fyukbb8 D 'njq hf,jnt7 rjnjhe. z ,ele yb;t jgbcsdfnm 

,tp ljgjkybntkmys[ ccskjr7 Ntqkjh ghtlkj;bk ldf vtnjlf gjlcxtnf jnyjcbntkmyjq 

wtyyjcnb vfnthbfkf8 J,obv lkz j,jb[ 'nb[ vtnjljd zdkztncz ghtlgjcskrf  ~rfr 

dghjxtv  b  e  "qkthf`  xnj  vfnthbfk  ljk;ty  ljvbybhjdfnm  yf  ljcrt8  Ntqkjh 

ghtlkj;bk 'nj cdtcnb r cfvjq ghjcnjq cbnefwbb7 rjulf yf ljcrt tcnm kbim rjhjkm 

ghjnbdybrf b  jlyf bp  abueh  lfyyjuj  buhjrf  ~rhjvt  rjhjkz  b  gtitr`8  Rf;lfz 

abuehf cnhtvbncz cltkfnm if[ rjhjk.8 Gjcrjkmre rjhjkm yt vj;tn ltkfnm vfn 

lheujve rjhjk.7 nj jy yt exfcndetn d 'njv ghjwtcct ajhvbhjdfybz jwtyjr8 Lfktt 

pflfxf  cnfdbncz  cktle.obv  j,hfpjv6  |Rjhjkm  b  abuehf  hfpkbxys[  wdtnjd 

gjcnfdktys ckexfqysv j,hfpjv yf ldf gjkz if[vfnyjq ljcrb7  cjcnjzotq bp  n2 

rktnjr6 nht,etncz yfqnb dthjznyjcnm rjhjkz gjl if[jv8\

1 Ljcnfnjxyj gjgekzhyjt bpkj;tybt lfyyjq hf,jns N'qkjhf c ytrjnjhsvb rjvvtynfhbzvb lfyj d uk8^ 

rybub W.W.Rouse Ball, 1972, pp.171-176.
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 D jnkbxbb jn "qkthf 'njn vtnjl gjlcxtnf chfdybntkmyjq wtyyjcnb abueh lkz 

lfyyjuj  hfpvthf ljcrb  jcyjdfy  yf rjytxyjv xbckt  bcgsnfybq7  gjcrjkmre xbckj 

gjktq7 rjnjhjt vj;tn pfybvfnm rjhjkm b abuehf7 juhfybxtys hfpvthjv ljcrb8

 Ghb lfyyjv vtnjlt gjlcxtnf chfdybntkmyjq wtyyjcnb abueh7 Ntqkth j,yfhe;bk 

ytcjjndtncndbt  vt;le  dsdtltyysvb  bv  jwtyrfvb  b  ntvb7  rjnjhsvb  j,sxyj 

gjkmpe.ncz ghfrnbre.obt if[vfnbcns8 Gj'njve jy enjxybk ajhvekbhjdre pflfxb8 

Dvtcnj dszdktybz dthjznyjcnb if[f rjhjk.7 jy ddtk nht,jdfybt dszdktybz xbckf 

|,tpjgfcys[ if[jd\8 D jnkbxbb jn |ghjcnjuj if[f\ |,tpjgfcysq if[\ ghtlgjkfuftn7 

xnj rjulf hfpyjwdtnyst rjhjkm b abuehf gjcnfdktys yf ljcrt7 nj rjhjkm vj;tn 

,snm  gjl  if[jv7  yj  yt  vj;tn  pf,hfnm fnfre.oe. abuehe8  Gj ceotcnde bltz 

|,tpjgfcyjuj if[f\ b tcnm jlyjdhtvtyysq extn gjldb;yjcnb b xbckf pfuhf;ltybq8 

Lkz  chfdybntkmyjq  jwtyrb  abueh7  j  rjnjhjq  ujdjhbk  "8Kfcrth7  Ntqkjh  dsdtk 

ajhveks  lkz  gjlcxtnf  dthjznyjcnb  gjzdktybz  rjhjkz  gjl  if[jv  d  ckexft  |

ghjcnjuj\  b  |,tpjgfcyjuj  if[f\8  Yb;t  z  ghbdj;e  pfbvcndjdfyye.  bp  hf,jns 

Ntqkjhf nf,kbwe c htpekmnfnfvb tuj bpscrfybq lkz ljcrb c ghjbpdjkmysv xtnysv 

xbckjv  rktnjr7  f  hfdyj  b  lkz  ljcrb  c  ^$2vz  rktnrfvb8  Xbckj  n  d 

'nb[ nf,kbwf[ jpyfxftn hfpvthyjcnm ljcrb8

Nf,kbwf %8

Dthjznyjcnm rjhjkz ,snm gjl if[jv

Lkz if[vfnys[ ljcjr c n2 rktnjr Lkz j,sxyjq ljcrb

Ghjcnjq <tpjgfcysq Ghjcnjq <tpjgfcysq

Rjym 8(n-2)/n2(n+1) 8(n-2)/n2(n +1) 1/12 1/12

Ckjy 2/3x2n-1/n(n +1) 2/3x(n-2)(2n-3)/n2(n +1) 5/36 12/144

Kflmz 2/n +1 2(n-2)/n(n +1) 2/9 1/6

Athpm 2/3x5n-1/n(n +1) 2/3x(n-2)(5n-3)n(n +1) 13/36 37/144

 Tckb  egjhzljxbnm7  n8t8  cdtcnb  r  j,otve  pyfvtyfntk.  yfqltyyst  dthjznyjcnb 

hfpkbxys[ abueh j,]zdbnm if[ rjhjk.7 nj jyb ,elen lkz rjyz7 ckjyf7 kflmb b 

athpz cjjndtncndtyyj $7 ^7 (7 @$ d ckexft |ghjcnjuj if[f\ bkb $7 $8#^7 &7 )8#^ ~@#7 @$7 #%7 $*` 

d  ckexft  |,tpjgfcyjuj  if[f\8  Cjdgfltybt  gjcktlyb[  htpekmnfnjd  c  ghbyznsvb 

if[vfnbcnfvb cjjnyjitybzvb  ~yfgjvybv b[6 $7 $7 ^7 )` gjhfpbntkmyjt8 
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 V8Rfdti lkz j,oyjcnb ghtlkj;bk jwtybnm gtire xthtp xbckj ,tpjgfcys[ if[jd7 

rjnjhst  jyf  vj;tn  lfnm  c  djcmvjq  ujhbpjynfkb7  ult  jyf  vj;tn  ,snm 

rjydthnbhetvf d athpm8 Htpekmnfn nfrjq  jwtyrb  cjdgflftn  c  jwtyrjq  gtirb 

jnyjcbntkmyj wtyyjcnb dct[ lheub[ abueh8

 D gjcktle.obt ujls ,skb cltkfys gjgsnrb ytpfdbcbvj jn "qkthf b Ntqkjhf 

fyfkbnbxtcrb jghtltkbnm chfdybntkmye. wtyyjcnm abueh8 D jcyjde ,skf gjkj;tyf 

bltz  xbcnjq  ljcrb7  yf  rjnjhjq  gjvtofkjcm  rf;lsq  hfp  kbim  jlyf  abuehf8 

Dszcyzkjcm  crjkmrj  d  chtlytv  gthtvtotybq  vj;tn  cltkfnm  rf;lfz  abuehf  d 

pfdbcbvjcnb jn tt gjkj;tybz yf ljcrt8 R ghbvthe7  kflmz bp k.,juj gjkj;tybz 

vj;tn cltkfnm @% gthtvtotybq8 Tcntcndtyyj7 xnj b d chtlytv kflmz vj;tn cltkfnm 

nt  ;t  @%  gthtvtotybq  ~@%[&%4&%`8  Athpm  vj;tn  cltkfnm  gj  #@  gthtvtotyb.  bp 

#( rktnjr7 gj #$ bp #_ rktnjr7 gj #^ bp @# b #* bp %8 D wtkjv athpm vj;tn cltkfnm @%^&  

gthtvtotybq  (21x28+23x20+25x12+27x4)8  D chtlytv athpm cltkftn ##8*^ gthtvtotybq 

(1456/64)8 Fyfkjubxyst hfcxtns vjuen ,snm cltkfys yt njkmrj lkz rjyz b ckjyf7 yj 

b  lk  rjhjkz  b  gtirb8  Nfr  rjym  vj;tn  cltkfnm  d  chtlytv  ^8#^  gthtvtotybq 

((2x4+3x8+4x20+6x16+8x16)/64)7  ckjy  3  (8*^  ((7x14+9x10+11x6+13x2)/32)8  Xnj  rfcftncz 

rjhjkz rfr cfvjcnjzntkmyj buhf.otq abuehs7 nj jy d chtlytv vj;tn cltkfnm &8^&#^ 

gthtvtotybq ((3x4+5x24+8x36)/64)8 Gtirf vj;tn cltkfnm d chtlytv #8^ gthtvtotybz 

((2x10+3x32+4x6)/48)7 bvtz ddble7 xnj gtirb yt vjuen pfybvfnm rfr cfvjcnjzntkmyst 

abuehs  gthde.  ujhbpjynfkm  ljcrb  b  ldbufnmcz  yfpfl  c  gjcktlytq7  djcmvjq 

ujhbpjynfkb7 f nfr;t ghtyt,htufz j,hfnbvjcnm. gtirb d k.,e. abuehe7 rjulf jyf 

ljcnbuytn gjcktlytq ujhbpjynfkb8

 Yb;t z ghbdj;e ajhveks lkz gjlcxtnf chtlytuj xbckf djpvj;ys[ gthtvtotybq2 

jyb  j,jpyfxtys  Pn lkz  hfpys[  abueh1 ghb  ghjbpdjkmyjq  hfpvthyjcnb  ljcrb7 

j,jpyfxftvjq n.

Pn(R)=4(n-1)(2n-1)/n2

Pn(A)=2(n-1)(5n-1)/3n

Pn(K)=2(n-1)

Pn(C)=2(n-1)(2n-1)/3n

Pn(RJYM)=8(n-1)(n-2)/n2

Pn(G)=(n-1)(3n-4)/(n-2).

1 Dsdtltybt ajhveks lkz ckjyf ljdjkmyj ckj;yj b Ubr htrjvtyletn d 'njq cdzpb gjcvjnhtnm rybue 
K8Z8Jreytdf |Rjv,byfnjhyst pflfxb yf if[vfnyjq ljcrt\7 Vjcrdf6 JYNB7@)$^8
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 Tckb ntgthm chfdybnm wtyyjcnb abueh7 ghbyzd wtyyjcnm gtirb pf tlbybwe7 nj jyb 

,elen  cjjndtncndtyyj  lkz  rjyz7  ckjyf7  kflmb7  athpz  hfdys  #8@7  $8^7  ^8&7  )8@ . "nj 

,erdfkmyj nt ;t cfvst ghjgjhwbb vt;le wtyyjcnm. abueh7 rjnjhst ,skb gjkextys 

Ntqkjhjv d ghtlgjkj;tybb |j,sxyjuj if[f\  ~xnj,s wtyyjcnb abueh7 gjkextyyst 

ldevz erfpfyysvb vtnjlfvb7 cjdgfkb f,cjk.nyj7 yflj wtyyjcnb abueh gj Ntqkjhe 

hfpltkbnm yf rj'aabwbtyn @8%#(`8 Nfrjuj hjlf cjdgfltybz yt ckexfqys8 Chfdytybt 

ajhvek  gjlcxtnf  xbckf  if[jd  rjhjk.  b  chtlytuj  xbckf  gthtvtotybq  abuehs 

gjrfpsdftn7 xnj jyb jnkbxf.ncz kbim ntv7 xnj d gthdjv ckexft ,thtncz chtlytt 

xbckj djpvj;ys[ [jljd lfyyjq abuehs b jnyjcbncz rj dctv djpvj;ysv gjkzv7 f dj 

dnjhjv2 ,thencz cevvf dct[ djpvj;ys[ [jljd b ltkbncz yf j,ott xbckj gjktq yf 

ljcrt8

 Ltqcndbntkmyj7  crfpfyyjt  vj;yj  ghjbkk.cnhbhjdfnm  yf  ghbvtht  kflmb8  Gj 

vtnjle Ntqkjhf  ~ghb |ghjcnjv if[t\` xbckj if[jd7 rjnjhst vj;tn cltkfnm kflmz 

bp lfyyjq rktnrb jnyjcbntkmyj k.,juj hfcgjkj;tybz rjhjkz ,eltn @% n8t8 2(n-1). D 

chtlytv kflmz cevttn 'nj cltkfnm bp  (n2-1) rktnjr7 nfr rfr jlyf rktnrf dctulf 

pfyznf tq cfvjq8 Cktljdfntkmyj7 dthjznyjcnm if[f rjhjk. kflmtq ,eltn  2(n-1)/

(n2-1)=2/(n+1)8  Jxtdblyj7  xnj  'nf  ajhvekf  hfpkbxftncz  jn  ajhveks  gj  xbcke 

gthtvtotybq  2(n2-1)/(n+1)=2(n-1) yf  dtkbxbye  (n2-1). Lheubvb  ckjdfvb7  tckb 

ghjcnj  dszcyznm cevvfhye. dthjznyjcnm if[jd7  rjnjhst  kflmz  vj;tn  cltkfnm 

rjhjk. bp lfyyjq rktnrb7 nj jyf b ,eltn lkz kflmb hfdyf 2(n-1). D ckexft7 tckb 

abuehf  vj;tn  ltkfnm  hfpkbxyjt  xbck  if[jd  bp  hfpys[  rktnjr7  nj  erfpfyyst 

hfcce;ltybz d ghbywbgt jcnf.ncz d cbkt8 Xbnfntkm vj;tn kturj ghjltkfnm 'nb 

eghf;ytybz7 gjlcnfdbd d xbckbntkm rf;ljq bp ajhvek Ntqkjhf dtkbxbye  (n2-1). 

Hfpkbxbt  vt;le  dtkbxbyjq  (n2-1) b  erfpfyysv  dsit  rj'aabwbtynjv  @8%#(  lkz 

chfdybntkmyjq wtyyjcnb abueh gj erfpfyysv dsit ldevz vtnjlfvb tcnm kbim 

htpekmnfn  yjhvbhjdrb7  ds,jhf  ,fpjdjq  dtkbxbys  lkz  gjcnhjtybz 

jnyjcbntkmys[ wtyyjcntq8

 {jnz dszcytybt jnyjcbntkmyjq wtyyjcnb abueh gj ajhvekt Ntqkjhf lkz |ghjcnjuj 

if[f\  b  ajhvekf  lkz  |gthtvtotybz  abueh\  lf.n  jlby  b  njn  htpekmnfn7 

cjlth;fntkmysq cvsck pfkj;tyys[ d yb[ ghtlgjcskjr ythfdyjwtyty8 Gjcnfyjdrf 

pflfxf  Ntqkjhjv  ,jktt  cjlth;fntkmyf6  jyf  cdzpsdftn  wtyyjcnm  abueh  c 

ljcnb;tybtv rjytxyjq wtkb8 Jnc.lf ktuxt cjj,hfpbnm juhfybxtybz7 rjnjhst yflj 

gjcnfdbnm  d  j,oe.  pflfxe  yf[j;ltybz  jnyjcbntkmyjq  wtyyjcnb  abueh7  xnj,s 

gjkexbnm [jhjitt cjdgfltybt fyfkbnbxtcrb[ htpekmnfnjd c jgsnjv if[vfnbcnjd8 
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Dtcmvf nhelyj  yfqnb  'nj  cjdgfltybt  d  ckexft  gjl[jlf7  jcyjdfyyjuj  yf  j,otv 

gthtvtotybb  abueh7  d  cbke  tt  ,jkmitq  f,cnhfrnyjcnb8  Vt;le  ntv  'nf  ;t 

f,cnhfrnyjcnm bvttn b ghtbveotcndf7  nfr rfr gjpdjkztn ddtcnb jnyjcbntkmye. 

wtyyjcnm rjhjkz rfr b buhf.otq abuehs7 f nfr;t gtirb8

 Nfrbv j,hfpjv7  tckb  gjlsnj;bnm  crfpfyyjt7  nj  vj;yj  ghblnb  r  cktle.otve 

pfrk.xtyb.8  Ghbdjlbvst  chfdybntkmyst  wtyyjcnb  abueh  zdkz.ncz  cnhjuj 

aeyrwbjyfkmyj  jhbtynbhjdfyysvb  wtyyjcnzvb  c  njxrb  phtybz  b[  dkbzybz  yf 

ljcnb;tybt  rjytxyjq  wtkb  buhs8  Dvtcnt  c  ntv  jyb  zdkz.ncz  bltfkmysvb 

wtyyjcnzvb7 n8t8 gjcnhjtyysvb ghb vfrcbvfkmyj ,kfujghbznys[ eckjdbz[7 rjnjhst 

ybrjulf yt vjuen ,snm htfkmyj ljcnb;bvs d if[vfnyjq buht8 Jyb ghtlcnfdkz.n 

cj,jq  ytj,sxysq  nbg  jwtyjr7  nfr  rfr  zdkz.ncz  chtlybvb  vfrcbvfkmyj 

,tpeckjdysvb jwtyrfvb8 Ds,jh echtlytyys[ vfrcbvfkmyj ,tpeckjdys[ jwtyjr gj 

chfdytyb.  c  ds,jhjv  vfrcbvfkmyj  djpvj;ys[  jwtyjr  ghb  vfrcbvfkmyj 

,kfujghbznyjv  hfcgjkj;tybb  abueh  gjpdjkztn  cvzuxbnm  ,tpeckjdyjcnm  jwtyjr7 

ghtlgjkj;bnm ytcrjkmrj vtytt f,cnhfrnyst eckjdbz buhs7 n8t8 djpvj;yjcnm njuj7 

xnj d ytjghtltktyyjv ,eleotv hfpyjwdtnyst rjhjkb b abuehf vjuen jxenbnmcz d 

k.,jv ghjbpdjkmyjv vtcnt8

 Nfrjuj  hjlf  gjybvfybt  wtyyjcnb  abueh  gjpdjkztn  gjyznm7  xnj  d  ghbywbgt 

wtyyjcnm  abueh  dctulf  jlyf  b  nf  ;t8  Rjyrhtnbpfwbz  wtyyjcnb  abueh  ljk;yf 

exbnsdfnm rjyrhtnyjcnm cbnefwbb7  xnj  b lftncz  xthtp  gjpbwbjyyst gfhfvtnhs8 

Gj'njve7  r  ghbvthe7  pfvtxfybt  ytrjnjhs[ if[vfnbcnjd7  xnj  wtyyjcnm  abueh  d 

lt,.nt byfz7  xtv ghbyznfz d wtkjv7 jnhf;ftn afrn rjhhtrnbhjdrb b[ wtyyjcnb 

gjpbwbjyysvb gfhfvtnhfvb8  Nfr7  r  ghbvthe7  Kfcrth7"87  @)$*7  cnh8@@@7  cxbnftn7  xnj 

chfdybntkmyfz wtyyjcnm jnltkmys[ abueh  d lt,.nt  ceotcndtyyj  hfpkbxftncz  d 

pfdbcbvjcnb  jn  b[  yfxfkmyjq  gjpbwbb7  f  nfr;t  jnkbxf.ncz  jn 

ghbyzns[ j,ob[ jwtyjr abueh8 D ghbdjlbvjq yb;t nf,kbwt ^ d uhfat @ lf.ncz 

ghtlkj;tyyst  Kfcrthjv  jwtyrb  abueh  d  lt,.nt7  f  d  gjcktle.ob[  uhfaf[  3 

b[ chfdytybt c j,obvb jwtyrfvb abueh8

R  cj;fktyb.7  Kfcrth  yt  ghbdjlbn  fyfkbnbxtcrb[  vtnjljd  gjcnhjtybz 

jcj,s[  jwtyjr  abueh  d  lt,.nt8  Jlyfrj  kturj  dbltnm7  xnj  jlyjq  bp 

htif.ob[  ghbxby  bpvtytybz  jwtyjr  abueh  d  lt,.nt  gj  chfdytyb.  c  j,obvb 

jwtyrfvb zdkztncz crjdfyyjcnm abueh7 djpvj;yjcnb7 rjnjhst cjplf.n jlyb abuehs 

lkz hfpdbnbz lheub[ abueh8
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Nf,kbwf ^8 Chfdytybt jwtyjr abueh d lt,.nt 3gj Kfcrthe3 c j,obvb jwtyrfvb
Yfbvtyjdfybt Jwtyrb 

d
lt,.nt

Echtlytyyst jwtyrb Hfphsd vt;le jnyjcbntkmysvb 
echtlytyysvb jwtyrfvb d 

lt,.nt b j,obvb

lt,.n j,obt f,cjk.n8 %
Nbg abueh jnyjc8 gtirb

Gtirb d bkb e # @8$ @ _ _ _

Gtirb c bkb f @8^

Gtirb b bkb g ^4%

Gtirb a bkb h @4#

Rjym %8^ %8^ $8^ $ !_8^ !@&8*
Rjhjktd8 ckjy ^ %8*^ $8&^ $ !_8&^ !#@8&
Athptdsq ckjy %8^
Rjhjktd8 kflmz * &8^ ^ %8^ !_8^ !@@8@
Athptdfz kflmz &
Athpm @@ @@ (8^ ) 3_8^ 3_8&

 

 Vj;yj  ghtlkj;bnm  eghf;ytybt7 rjnjhjt  ljk;yj  gjpdjkbnm  xthtp  ddtltybt 

cjjndtncnde.ob[ gjpbwbjyys[ gfhfvtnhjd fyfkbnbxtcrb ghtlcnfdbnm enjxytyyst 

Kfcrthjv  wtyyjcnb  abueh  lkz  lt,.nf8  Pfbynthtcjdfyysq  xbnfntkm  vj;tn  cfv 

ghjltkfnm nfrjt eghf;ytybt8

 D  pfrk.xtybt  vjb[  hfcce;ltybq  j,  jwtyrt  vfnthbfkmys[  gfhfvtnhjd  [jxe 

yfgjvybnm7  xnj  djpvj;yjcnm  gjcnhjtybz  nfrjuj  hjlf  jwtyjr  jghtltkztncz  dj 

vyjujv cgtwbabrjq  if[vfn7 rjnjhfz j,ce;lfkfcm vyjq dsit ghb ajhvekbhjdfybb 

if[vfnyjq  buhs8  R  'njve  j,ce;ltyb.  vjue  kbim  lj,fdbnm7  xnj  d 

if[vfnf[ rf;lfz abuehf  ~rhjvt rjhjkz` vj;tn ytgjchtlcndtyyj euhj;fnm pf[dfne 

rjhjkz7  lf;t  cfvf  ,elexb  |d  ,tpjgfcyjcnb\7  n8t8  d  if[vfnf[  rf;lsq  j,]trn 

vj;tn ,snm ytgjchtlcndtyyj cdzpfy c  rjytxyjq wtkm.8  "nj lf;t jnyjcbnmcz r 

gtirt7 rjnjhfz vj;tn ghtdhfnbnmcz ghb jghtltktyys[ eckjdbz[ d k.,e. lheue. 

abuehe  ~rhjvt rjhjkz` b dsgjkybnm erfpfyye. aeyrwb.8

 Dct crfpfyyjt ghbdjlbn r bynthtcyjq b gjrf jnrhsnjq ghj,ktvt6 |D rfrjq vtht 

genm  gjcnhjtybz  if[vfnys[  ,tpeckjdys[  jwtyjr  vj;tn  ,snm  bcgjkmpjdfy  rfr 

j,obq  ghbywbg  d  lheub[  cbcntvf[7  ult  tcnm  vyj;tcndj  eybdthcfkmys[ 

ghjvt;enjxys[ j,]trnjd7  n8t8  j,]trnjd ytgjchtlcndtyyj yt cdzpfyys[ c rjytxyjq 

wtkm.7 tckb lf;t ljgecnbnm ceotcndjdfybt nfrjdjq0\

§$8 Cnhernehf gjpbwbjyys[ gfhfvtnhjd

 Gthtqltv ntgthm r djghjce j gjpbwbjyys[ gfhfvtnhjd b b[ jwtyrf[8
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 Yflt.cm7xnj  hfccvjnhtybt  genb  gjcnhjtybz  ,tpeckjdys[  vfnthbfkmys[  jwtyjr 

cltkfkj  ytcrjkmrj  ,jktt  zcysv  ytj,[jlbvjcnm  ddtltybz 

ljgjkybntkmys[  gfhfvtnhjd7  rjnjhst  vjukb  ,s  rjhhtrnbhjdfnm  pyfxtybz 

'nb[  jwtyjr  ghbvtybntkmyj  r  rjyrhtnyjq  cbnefwbb  b  j,tcgtxbnm  gjkextybt  d 

wtkjv jwtyrb ljcnbuyenjq bkb ;tkftvjq gjpbwbb8 "nb ljgjkybntkmyst gfhfvtnhs 

ljk;ys zdyj jnhf;fnm dctdjpvj;yst jnyjitybz vt;le abuehfvb7 rjnjhst7 rfr e;t 

dsit jnvtxfkjcm7 ghbpdfys pfvtybnm nj7 xnj crhsnj ltkfk ,s njxysq fkujhbnv 

if[vfnyjq buhs8

 Z  yfxye  bpkj;tybt  ghj,ktvs  c  ghtlcnfdktybz  j 

gthdbxys[ gjpbwbjyys[ gfhfvtnhf[7 n8t8 lfktt ythfpkj;bvs[ d hfvrf[ bvt.ob[cz 

chtlcnd e bccktljdfntkz8 Yf ,fpt gthdbxys[ gfhfvtnhjd gjzdzncz fuhtubhjdfyyst 

gjpbwbjyyst gfhfvtnhs nbgf cbks wtynhf7 hfpdbnbt ghfdjuj bkb ktdjuj akfyuf b 

n88g8 Jlyfrj d 'njq hf,jnt z b[ rfcfnmcz yt ,ele8 Pfvtxe njkmrj7 xnj jncencndbt 

hf,jn gj ghjwtlehfv fuhtubhjdfybz2ltpfuhtubhjdfybz if[vfnys[ gjpbwbq dtcmvf 

ceotcndtyyjt egeotybt d j,otq hf,jnt gj cjplfyb. fkujhbnvjd if[vfnyjq buhs8 

Jxtdblyj7 xnj rdfkbabwbhjdfyyst if[vfnbcns ibhjrj ghb,tuf.n r nfrjuj hjlf 

ghjwtlehfv8

 If[vfnbcns7  yfxbyfz  cj  Cntqybwf7  eltkz.n  ,jkmijt  dybvfybt  gthdbxysv 

gjpbwbjyysv gfhfvtnhfv8 Ghbvths 'nb[ gfhfvtnhjd hfp,hjcfys gj dctve ext,ybre 

"8 Kfcrthf gj if[vfnyjq buht8 D xfcnyjcnb yf cnh8  #_# hfccvfnhbdf.ncz nfrbt 

ghbdsxyst  gjpbwbjyyst  gfhfvtnhs  rfr  cldjtyyst  gtirb7  jncnfkfz  gtirf  b 

bpjkbhjdfyyfz gtirf8 Jlyfrj Kfcrth eltkzk dybvfybt gjpbwbjyysv gfhfvtnhfv7 

rjnjhst b lj cb[ gjh tot yt cnfkb j,otghbyznsvb8 Nfr jy gjlxthrbdfk df;yjcnm 

gjpbwbjyys[ gfhfvtnhjd7 j,sxyj jnyjczob[cz r rjyabuehfwbb gtitr7 lkz fyfkbpf 

dpfbvjhfcgjkj;tybz lheub[ abueh8 Hfpdbdfz Cntqybwf7 Kfcrth7 "87 @)$*7 r ghbvthe7 

erfpsdfk7  xnj |Ldf rjyz7  cnjzobt hzljv bkb nfr7  xnj b[ ltqcndbt hfdyjvthyj  

hfcghtltkztncz  yf  rjvgktrc  df;ys[  geyrnjd7  vjuen  jrfpfnm  ,jkmitt  

cjghjnbdktybt7 xtv ldf rjyz7 pfobof.obt lheu lheuf8\  ~cnh8@@(`8

 Ljcnfnjxyj  cbcntvfnbpbhjdfyysq  cgbcjr  gjpbwbjyys[  gfhfvtnhjd  ,sk7 

gj3dblbvjve7 dgthdst yf,hjcfy  Shannon, C., 19608 Yfcrjkmrj vyt bpdtcnyj7 jy b 

gjysyt  jcnftncz  d  if[vfnyjq  kbnthfneht  tlbycndtyysv  cbcntvfnbpbhjdfyysv 

cgbcrjv gjpbwbjyys[ gfhfvtnhjd; gj'njve z tuj gjkyjcnm. ghbdj;e8

 |Ajhvbhjdfybt gtitr6 

 3f3 Jncnfkst7 bpjkbhjdfyyst b cldjtyyst gtirb8
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 3,3 Jnyjcbntkmysq rjynhjkm d wtynht 3gtirb yf t%7 l%7 c%8

 3d3 Ckf,jcnm gtitr jrjkj rjhjkz 3r ghbvthe7 gtirf G.

 3u3 Gtirb yf rktnrf[7 ghjnbdjgjkj;ys[ wdtne ckjyf8

 3l3 Ghj[jlyst gtirb8

 Gjpbwbb abueh6

 3f3 Ghjldbyensq rjym 3 yf e5, d5, f5, e6, d6, f67 d jcj,tyyjcnb tckb jy pfoboty 

gtirjq b tve yt ehj;ftn yfgfltybt gtirjq8

 3,3 Kflmz yf jnrhsnjq bkb gjkejnrhsnjq kbybb8

 3d3 Kflmz yf ctlmvjq ujhbpjynfkb8

 3u3 Gfhf kfltq8

 |J,zpfntkmcndf\7 fnfrb b djpvj;yst dfhbfyns6

 3f3Abuehs7  rjnjhst  nht,e.ncz  lkz  j,jhjybntkmys[  aeyrwbq  b  gj'njve  

pfdzpfyyst7 c juhfybxtyyjq gjldb;yjcnm.8

 3,3 Fnfrf yf abuehs7 rjnjhst lf.n djpvj;yjcnm jlyjve bp buhjrjd djpvj;yjcnm  

j,vtyf8

 3d3 Fnfrf yf rktnrb7 ghbvsrf.obt r rjhjk.8

 3u3 |Cdzpftyyfz abuehf\8

 3l3 |Vj,bkmyjcnm8\  ~cnh8@&$`8 

 <jktt  hfpdbnsq  cgbcjr  gjpbwbjyys[  gfhfvtnhjd  ,sk  ghtlkj;ty  fdnjhfvb 

if[vfnyjq ghjuhfvvs |Rfbccf\8  D gthdjv dfhbfynt  'njn  cgbcjr  cjcnjzk  bp  @( 

yfpdfybq8  ~Fltkmcjy3Dtkmcrbq7U87 @)*_`8 D gjcktle.obt ujls fdnjhs 'njq ghjuhfvvs 

hfpdbkb  cgbcjr  gjpbwbjyys[  gfhfvtnhjd  b  ljdtkb  tuj  lj  $@  yfpdfybz8 

~Fltkmcjy2Dtkmcrbq7 @)($`8 Ghtlkj;tyyfz rkfccbabrfwbz gfhfvtnhjd d 'njv cgbcrt 

ljdjkmyj  ghjcnf8  Fdnjhs ght;lt  dctuj  jnltkbkb  @#  gfhfvtnhjd7  jnyjczob[cz  r 

gjkzv  b  gtirfv7  jn  jcnfkmys[  gfhfvtnhjd7  jnyjczob[cz  r  gjkzv  b  abuehfv8 

Dvtcnt c ntv jyb tot dsltkzkb @_ gfhfvtnhjd7 jnhf;f.ob[ djpvj;yjcnb lbyfvbrb 

buhs8 R xbcke nfrb[ gfhfvtnhjd jyb7 r ghbvthe7 jnytckb |Elfh yf cnfhie. abuehe 

ghjnbdybrf\7 |Elfh kturjq abuehs yf ckf,jt gjkt ghjnbdybrf\ b lh8

 Hfcce;ltybz fdnjhjd gj 'njve gjdjle nfrjds6

 | 888kflmz ljk;yf cyfxfkf fnfrjdfnm gjkt7  kt;fott yf jnrhsnjq kbybb7  pfntv 
dcnfnm  yf  ytuj7  b  yfrjytw7  dnjhuyenmcz  d  |j,;jhysq  hzl\8  D  cdj.  jxthtlm  
ghjnbdybr  ljkj;ty  ghjnbdjltqcndjdfnm  'nbv  gkfyfv  b  lj,bnmcz  gjpbwbq7  d  
rjnjhs[ cjjndtncnde.obt ghbpyfrb ,elen jncencndjdfnm8\
 ~Fltkmcjy2Dtkmcrbq7 @)($7 cnh8^^`8
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 B7 yfrjytw7 fdnjhs dsltkbkb tot nfrjq cgtwbabxtcrbq gfhfvtnh rfr |Elfh ckjyf 

yf  k.,e.  abuehe  ghjnbdybrf   ~yt  gtire`\7  rjnjhsq7  djj,ot  ujdjhz7  zdkztncz 

hfpyjdblyjcnm.7 xfcnysv ckexftv ghtlsleob[7 bkb nfrjq gfhfvtnh rfr |Udjplm\7 

jnhf;f.obq jghtltktyye. rjyabuehfwb. gtitr b abueh8 

 Gjkmpezcm yf,jhjv gjpbwbjyys[ gfhfvtnhjd7  ghtlkj;tyyjq d  erfpfyys[ dsit 

hf,jnf[7  jgbcsdf.ob[  ghjuhfvve  |Rfbcce\7  vyt  ghtlcnfdkztncz  djpvj;ysv 

ghtlkj;bnm bye. rkfccbabrfwb. 'nb[  gfhfvtnhjd8  Jyf jnhf;tyf d  nf,kbwt  &8 

Lfyyfz rkfccbabrfwbz rf;tncz vyt ,jktt cbcntvfnbxtcrjq7 nfr rfr ,kfujlfhz tt 

vfnhbxyjq  ajhvt  jyf  gjpdjkztn  xtnxt  jnhfpbnm  cdzpb  ghbpyfrjd  jnyjitybq  b 

j,]trnjd7 cjcnfdkz.ob[ 'nb jnyjitybz8 D 'njq rkfccbabrfwbb z nfr;t dsltkbk 

jnltkmyj gtirb7 nfr rfr7 d cbke cdjb[ jcj,tyyjcntq7 d n8x8 vtymitq vj,bkmyjcnb7 

jyb j,hfpe.n jnyjcbntkmyj ,jktt ecnjqxbdst cnhernehs 3 rfhrfc buhs8

 Nf,kbwf ^8
 

 Rkfccbabrfwbz gjpbwbjyys[ gfhfvtnhjd

Ghbpyfr jnyjitybq J,]trn jnyjitybq
Gjkt Gtirb Gtirb b 

gjkz
Abuehs Abuehs b 

gjkz
Gtirb7 
abuehs 
b gjkz

@#8Jnrhsnfz 
dthnbrfkm****

#8Afkfyuf

&8Bpjkbhjdfyyfz 
gtirf

$8Gtirf d 
wtynht*
^8Ghj[jlyfz 
gtirf
)8Bpjkbhjdfyyfz 
gtirf yf bkb 
gjke3jnrhsnjq 

kbybb*****

$#8
Udjplm^^^^
Cdzprf^^^^^

@)8Kturfz abuehf 
cnjbn yf ckf,jv 
gjkt ghjnbdybrf8
#_8Rjym cnjbn d 
wtynht
##8Kflmz  ~athpm` 
cnjbn  yf 
jnrhsnjq  bkb 
gjke3jnrhsnjq 
kbybb8
#$8Kflmz 
,tks[ cnjbn yf 
*3jq bkb (3jq 

ujhbpjynfkb!!!!

~#`~c` 
Ckf,jcn
m gtitr 
jrjkj 
rjhjkz 
∆

 

@_8Ckf,jt gjkt $8Elfh gtirb 
yf wtynhfkmyjt 

gjkt

@%8Rjyabuehfwbz! 

@^8Elfh  yf 
cnfhie. abuehe 

ghjnbdybrf !!

@&8Elfh  yf 
ytpfobotyye. 
abuehe 

ghjnbdybrf!!!

@*8Dbkrf!!!!

$@8Elfh ckjyf yf 
k.,e.  abuehe 
ghj  ghjnbdybrf 
~rhjvt gtirb`

@(8Kturfz abuehf fnfretn 
ckf,jt gjkt ghjnbdybrf8
#@8Kflmz  ~athpm`  yf  jnrhsnjq 
bkb gjke3jnrhsnjq kbybb8
#%8Elfh  yf  gjkt7  cjctlytt  c 
rjhjktv
#^8Athptdfz  djpvj;yjcnm 
rjhjkz!!!!!!
~%`~,` Fnfrf yf abuehs7
rjnjhst  lf.n  jlyjve  bp 
buhjrjd djpvj;yjcnm j,vtyf8

Xbckj 
cdj,jlys[ gjk

~$`~u` Gfhf 
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tq

Rjynhjkm

kfltq^^^
Vyj;tcndj 
abueh5 
ckjy  b 
kflmz 
ghjnbd 
rjyz  b 
kflmb5 
athpm  b 
rjym 
ghjnbd 
athpz  b 
ckjyf5
Ldf ckjyf 
ghjnbd 
lde[ rjytq
^^^^

Djpvj;yjcnm 
cgtwbfkmys[ jgthfwbq°°

#*8 Cltkfyf hjrbhjdrf
#(8 Gjnthzyf rjhjnrfz 

hjrbhjdrfº
#)8 Gjnthzyf lkbyyfz 

hjrbhjdrfºº
$_8 Gjnthzyf hjrbhjdrfºººº

Ghbvtxfybz r nf,kbwt ^8

 

Fhf,crbvb  wbahfvb  j,jpyfxtys  yjvthf  gfhfvtnhjd7  dpzns[  bp  cgbcrf7  ghbdtltyyjuj  d  hf,jnt 

Fltkmcjy3Dtkmcrbq7U87 @)(%7 cnh8^-3^&8 Tckb fhf,crfz wbahf ljgjkytyf ,erdtyysv byltrcjv b j,f jyb 

cjjndtncndtyyj dpzns d crj,rb7 nj 'nj jpyfxftn7 xnj jyb jnyjczncz r gfhfvtnhe7 pfbvcndjdfyyjve b 

rkfccbabrfwbb7 ghbdtltyyjq d hf,jnt R8Ityyjyf (C.Shannon, 1960). Tckb ;t gthtl gfhfvtnhjv yt 

cnjbn ybrfrjq wbahs7 nj 'nj pyfxbn7xnj jy dpzn bp lheub[ bcnjxybrjd7  rjnjhst ,elen erfpfys 

jnltkmyj8

 Dth[ybt  byltrcs  e  gfhfvtnhjd  jpyfxf.n7  xnj  r  'nbv  gfhfvtnhfv  ,elen  lfys  gjzcytybz; 

vyjujj,hfpbt 'nb[ pyfrjd ghjlbrnjdfyj xbcnj nt[ybxtcrbvb elj,cndfvb8 Ytj,[jlbvjcnm gjzcytybq 

ghjlbrnjdfyf7 d cdj. jxthtlm7 ntv7 xnj

 if[vfnbcns  b  ghjuhfvvbcns  vfibyys[  if[vfn  gjlxfc  hfpkbxf.n  yfbvtyjdfybz 

gjpbwbjyys[  gfhfvtnhjd7  ytrjnjhst  yfbvtyjdfybz  gjpbwbjyys[  gfhfvtnhjd  nht,e.n 

cgtwbfkmys[  pyfybq  zpsrf  ghjatccbjyfkmys[  if[vfnbcnjd  b  gj'njve  vjuen  ,snm  ytpyfrjvs 

xbnfntk.8

 Yb;t ghbdjlzncz j,]zcytybz r gfhfvtnhfv8

* Lkz ,tks[ 3 yf gjkz[  e4, e5,e6, d4, d5, d65 lkz xthys[ yf gjkz[ e5, e4, e3, d5, d4, d3. 

** ~Lshrf` 3 gjkt7 yf[jlzottcz gjl elfhjv gtirb ghjnbdybrf7 yf rjnjhjt cdjb gtirb yt ,m.n b yt 

vjuen ,snm d ,eleotv7 tckb yt gthtqlen yf lheue. dthrnbrfkm d htpekmnfnt dpznbz8
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*** Ckf,fz gtirf ~cnjzofz yf gjkt7 gthtl rjnjhsv ckf,jt gjkt njq ;t cnjhjys`8

**** Dthnbrfkm7 yf rjnjhjq ytn gtitr8

***** Dthnbrfkm lkz lfyyjq cnjhjys3 yf ytq tcnm gtirf bkb gtirb lheujq cnjhjys8 

! |Djpvj;yjcnm. abuehs7 d njv xbckt b gtirb7 zdkztncz k.,jt7 yf[jlzottcz gjl tt elfhjv gjkt7  

lf;t tckb jyj b pfyznj cdjtq abuehjq bkb gtirjq  ~rjnjhst jyf pfoboftn\8

!! |Abuehf jlyjq cnjhjys cnjbn yf gjkt7 zdkz.otvcz djpvj;yjcnm. abuehs ghjnbdybrf b ghb njv 

yt zdkz.otvcz djpvj;yjcnm. cdjtq abuehs7 rjnjhfz tt ,s pfobofkf\8

!!! |Abuehf jlyjq cnjhjys cnjbn yf gjkt7 zdkz.otvcz djpvj;yjcnm. abuehs ghjnbdybrf b ghbnjv 

yt zdkz.otvcz djpvj;yjcnm. cdjtq abuehs7 rjnjhfz tt ,s pfobofkf\8

!!!! | ~Dbkrf` yt vtytt lde[ elfhjd jlyjq cnjhjys yf hfpkbxyst cnfhibt b ytpfobotyyst abuehs\8

!!!!! Kflmz xthys[ yf @3jq bkb #3jq ujhbpjynfkb

!!!!!! |Gjkt7 rjnjhjt ,skj ,s djpvj;yjcnm. athpz7 tckb ,s jy cnjzk yf vtcnt rjhjkz8 Dcnfd yf ytuj7  

athpm ghjnbdybrf  ~c gjktq dthnbrfkmys[ b ujhbpjynfkmys[ djpvj;yjcntq nfr;t b kflmz7 f c gjktq 

lbfujyfkmys[ djpvj;yjcntq 2 ckjy` lftn if[ rjhjk.\8

º {jlbkf kflmz7 cnjzdifz d yfxfkmyjq gjpbwbb yf kbybb h.

ºº{jlbkf kflmz7 d yfxfkt cnjzdifz yf kbybb a.

ººº{jlbkb j,t kflmb bkb rjhjkm8 

ºººº |K.,fz abuehf bkb gtirf gthtl gtirjq ghjnbdybrf7 cnjzotq yf gthdjyfxfkmyjv vtcnt c kbybb 

c gj kbyb. f. Nfrfz rjyabuehfwbz hfpj,oftn akfyub ghjnbdybrf\8

ººººº Ytj,[jlbvjcnm lfyyjq cnjhjys pfobns lfyyjq abuehjq lheujq abuehs8

^ R ghbvthe7 ghjldbyensq gtirf g.

^^ Pltcm  gjlhfpevtdf.ncz  ytgjldb;yst  |cdzprb\7  rjulf  wtyyjcnm  ghb;fnjq  abuehs  yt  dsit 

wtyyjcnb ghb;bvf.otq abuehs; r ghbvthe7 rjym7 ghb;fnsq ckjyjv8

^^^ Vyj;tcndj  abueh  jcj,tyyj  df;yj  lkz  rjv,byfwbjyyjq  buhs7  nfr  rfr  cjplftn  ,jkmit 

djpvj;yjcntq8

^^^^ Gj vytyb. H8 Rfgf,kfyrb ckjy b kflmz dvtcnt cbkmytt rjyz b kflmb7 yj athpm b rjym vjuen 

jrfpfnmcz cbkmytt7 xtv athpm bb ckjy5 ldf ckjyf gjxnb dctulf cbkmytt lde[ rjytq8  ~Rfgf,kfyrf7H87 

@)*^7 cnh8$_3$@8

 

  Z levf.7 xnj e xbnfntkz tcnm ntgthm ljcnfnjxyj 'vgbhbxtcrjuj vfnthbfkf lkz 

hfpvsiktybz  j  vyjujj,hfpbb  gjpbwbjyys[  gfhfvtnhjd8  B[  lfkmytqitq 

rkfccbabrfwbtq z pltcm pfybvfnmcz yt ,ele6 'ne rkfccbabrfwb. cvj;tn d gjhzlrt 

eghf;ytybq  cltkfnm cfv xbnfntkm gjckt jpyfrjvktybz cj cnhernehjq jnyjitybq d 

hfpltkt gznjv lfyyjq rybub8
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 Pltcm ,s z [jntk pfvtnbnm cktle.ott8 Gjkyjnf cgbcrf gjpbwbjyys[ gfhfvtnhjd 

cjdthityyj  ytzcyf8  Ght;lt  dctuj  pfvtnbv7  xnj  zpsr if[vfnbcnjd  ,jufn7  yj  yt 

cnhju8 Gj'njve ghtlcnfdkztn ,jkmibt nhelyjcnb  ajhvfkbpjdfnm lf;t gfhfvtnhs7 

dszdktyyst if[vfnbcnfvb6 gjlxfc 'nj yt elftncz rdfkbabwbhjdfyysv if[vfnysv 

ghjuhfvvbcnfv8  "njn  vjvtyn  ljcnfnjxyj  gjlhj,yj  hfp,bhftncz  d  hf,jnt 

Fltkmcjy3Dtkmcrbq7U87 @)($7 cnh8^)3&_ b z jncskf. r ytq pfbynthtcjdfyyjuj xbnfntkz8

 Yj tckb cxbnfnm jnvtxtyyst nhelyjcnb ghtjljkbvsvb7 nj dct hfdyj ceotcnde.n 

b  lheubt  ,jktt  ghbywbgbfkmyst  nhelyjcnb8  Gjcrjkmre  vyj;tcndj  fcgtrnjd7  c 

rjnjhs[  vj;yj  cvjnhtnm  yf  vyj;tcndj  j,]trnjd7  gj3dblbvjve7  ,tcrjytxyj7  nj 

,tcrjytxyj  b  vyj;tcndj  gjpbwbjyys[  gfhfvtnhjd8  Dvtcnt  c  ntv  jcnftncz 

nhelytqifz  ghj,ktvf  ds,jhf  bp  bpdtcnyjuj  d  rf;lsq  vyj;tcndf 

gjpbwbjyys[ gfhfvtnhjd ceotcndtyys[ lkz lfyyjq pflfxb8

 Nfrbv j,hfpjv7 nhelyj gjcnhjbnm cbcntve7 bp rjnjhjq vj;yj ,skj ,s ltlernbdyj 

dsdtcnb dct vyj;tcndj gjpbwbjyys[ gfhfvtnhjd7 d rjytxyjv cxtnt ljcnfnjxys[ lkz 

gjcnhjtybz |ytgj,tlbvjuj\ fkujhbnvf if[vfnyjq buhs8

 R cj;fktyb.7 lj cb[ gjh ajhvbhjdfybt vyj;tcndf gjpbwbjyys[ gfhfvtnhjd lkz 

fkujhbnvjd  if[vfnyjq  buhs  jceotcndkztncz  yf  jcyjdt  jgsnf 

rdfkbabwbhjdfyys[  if[vfnbcnjd7  bynebnbdyj  bvb  dshf;ftvjuj8  Vyt 

ghtlcnfdkztncz7  xnj  jlyjq  bp  htif.ob[  ghbxby7  pfnhelyz.ob[  gjdsitybt 

'aatrnbdyjcnb fkujhbnvjd if[vfnyjq buhs7 zdkztncz jncencndbt ajhvfkbpjdfyyjq 

vtnjljkjubb  ajhvbhjdfybz  yjds[  gjpbwbjyys[  gfhfvtnhjd8  "nf  vtnjljkjubz 

ljk;yf  ,skf  ,s  ktxm  d  jcyjde  ghjuhfvv  dnjhjuj  gjhzlrf7  n8t8  ghjuhfvv  gj 

bpvtytyb.  ghjuhfvv7  ytgjchtlcndtyyj  dshf,fnsdf.ob[  ghjuhfvve 

if[vfnys[ [jljd8

 Yfrjytw7 hfccvjnhbv djghjc j, jwtyrt gjpbwbjyys[ gfhfvtnhjd7 gjcrjkmre jyb 

vjuen  bvtnm  hfpyjt  dkbzybt  yf  wtyyjcnm  gjpbwbb  d  wtkjv8  Vyt  ytbpdtcnys 

ybrfrbt  fyfkbnbxtcrbt  hf,jns  yf  lfyye.  ntve7  [jnz  ,s  lf;t  jnlfktyyj 

yfgjvbyf.obt  nj7  xnj  ,skj  cltkfyj  gj  jwtyrt  vfnthbfkf8  <jktt  njuj7  vyt 

bpdtcnys  ldt  hf,jns7  d  rjnjhs[  ghbdtltys  bynebnbdyst  jwtyrb 

gjpbwbjyys[  gfhfvtnhjd7  dshf,jnfyyst  rdfkbabwbhjdfyysvb  if[vfnbcnfvb8  R 

'nbv hf,jnfv jnyjczncz Fltkmcjy3Dtkmcrbq7U871 @)($  b  Slate,D.,  1988. Ghb 'njv7 

tckb  d  gthdjq  hf,jnt  kbim  ghbdtltys  bynebnbdyst  jwtyrb 

1 D gjcktlytq rybut nt[ ;t fdnjhjd7 bp rjnjhjq z ghbdtk j,ibhysq vfnthbfk gj gjpbwbjyysv 
gfhfvtnhfv7 nfrbt jwtyrb e;t yt ghbdjlzncz8
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gjpbwbjyys[  gfhfvtnhjd7  nj  dj  dnjhjq  hf,jnt  lf.ncz  byjulf  b  ytrjnjhst 

hfcce;ltybz gj gjdjle njuj7 rfr cnhjbnm 'nb jwtyrb8 D 'njq7 dnjhjq7 hf,jnt  ~n8t8  

Slate,D., 1988` j,ofz rjywtgwbz dtltybz jwtyjr yf gjpbwbjyyst gfhfvtnhs  ~hfdyj 

rfr b yf vfnthbfkmyst` gjrjbncz yf cktle.otq ecnfyjdrt6

 |D  jcyjdyjv   ~jwtyjxyfz  F8R8`  aeyrwbz  cevvbhetn  ytcrjkmrj  kturj 
gjlcxbnsdftvs[ afrnjhjd8 Ljvbybhe.obv yfxfkjv zdkztncz vfnthbfk8 Jcnfkmyjt 
jnyjcbncz r 'dhbcnbxtcrbv ghfdbkfv7 cjplfyysv lkz njuj7 xnj,s lfnm djpvj;yjcnm 
[jnz  ,s  cvenyj  extcnm  d  ghjuhfvvt  cvsck  gjpbwbb8  Yt;tkb  xtv  dshfpbnm  
ytrjnjhst  ntjhtnbxtcrb  cnhjubt  if[vfnyst  ghbywbgs7  'nb  afrnjhs  ghjcnj  
ekexif.n nj7 xnj dsit |,tpwtkmys[\ [jljd8 Cnbvek lkz jwtyobrf ghtlcnfdkztncz  
pfhfytt  euflfyysv  ghtlcrfpfybtv6  vs  pyfkb7  xnj  'nj  ,skj  cjplfyj  ,snm 
ghbvbnbdysv b nfrbv j,hfpjv ,eltn  jxtym cbkmyj pfdbctnm jn  lhtdf  gjbcrf8  
Jceotcndbnm nfrjq uke,jrbq gjbcr gjnht,jdfkj ,s7 xnj,s jwtyobr dsgjkyzk 'ne  
hf,jne ,scnhj8 Gj'njve yf ytt yt vjukj ,s [dfnbnm dhtvz cltkfnm xnj nj evyj7 b  
gj'njve jyf ljk;yf ,skf ,s ,snm ghbvbnbdyjq\8  ~cnh8 )$3)%`8

 Cjukfcyj  ecnfyjdrt7  ghbyznjq  d  wbnbhetvjq  hf,jnt7  ,skb  cltkfys  gjgsnrb7 

[jnz ,s xfcnbxyj  ~ghb ,jkmijv xbckt bynenbdyj ddtltyys[ pyfxtybq gfhfvtnhjd` 

fyfkbnbxtcrb gjlcxbnfnm wtyyjcnm ytcrjkmrb[ gjpbwbjyys[ gfhfvtnhjd8

 Nfr7 r ghbvth7 |Rjyb jwtybdf.ncz pf b[ djpvj;yjcnm hfpdbnbz b ldb;tybz gj  
yfghfdktyb. r rjhjk. b wtynhe8  Ldb;tybt r wtynhe 3'nj  cgtwbabxtcrfz  vthf  
,kbpjcnb rjyz r wtynhe ljcrb b gjlcxbnsdftncz rfr &  vbyec  eldjtyyfz cevvf  
hfccnjzybz gj dthnbrfkb b ujhbpjynfkb jn wtynhf ljcrb lj rktnrb7 ult hfcgjkj;ty  
rjym8  Gjkextyysq  htpekmnfn  pfntv  evyj;ftncz  yf  dtkbxbye  @8&888  Ghbvth6  
hfccvjnhbv  rjyz  yf  c$. Ghjyevthjdfd  dthnbrfkb  b  ujhbpjynfkb  jn  @  lj  (7  
rjjhlbyfns  rjyz  ,elen  $8$8  Wtynh  ljcrb3  $8%7  $8%7 nfr  xnj  ,kbpjcnm  r  wtynhe 
[^2@*(\.6-3  ~\.6-3)]`0. Rjym yf  KR6 ntv yt vtytt  bvttn ,kbpjcnm  [7-2*(8-\.6  
~6-\.6)]`-27  b  gjnjve  ,eltn  jwtyty  (-2)*(1.7)`-3.2  ~n8t8  jinhfajdfy  yf  P8@7  
gjcrjkmre jwtyrf jnhbwfntkmyf`8
 Ldb;tybt rjyz r rjhjk. gjlcxbnsdftncz gj3lheujve7 xtv lkz kfltq8 Vs cxbnftv  
'nj nfr6 ^ vbyec cevvf hfccnjzybq gj ujhbpjynfkb b dthnbrfkb jn rjyz r rjhjk. 
ghjnbdybrf  b  evyj;ftv  htpekmnfn  yf  @8#8  Ghbvth6  rjym  yf  KN6 b  rjhjkm 

ghjnbdybrf yf KR8 yf[jlzncz yf 1 dthnbrfkm b 3 ujhbpjynfkb lheu jn lheuf7 nfr 
xnj  ghtvbz  pf  nhjgbpv  [5-(2  -1)]*1,2. D ghjnbdjgjkj;yjcnm  'njve7  tckb  rjym 

,sk  ,s  yf  Kb37  ghtvbz  ,skf  ,s  [6-(6  ~2)]*1,2`-2,\. Nfrbv  j,hfpjv7  rjym 

dsbuhfk ,s P7^ jxrf pf rjhjktdcrbq nhjgbpv7 ldbufzcm bp  KB3 r  KN6. Gjlj,yj 
ckjyfv7  hfpdbnbt  rjytq  jpyfxftn  yt  yf[jlbnmcz  yf  gjcktlytq  ujhbpjynfkb5  
inhfa ,eltn (7$\8  ~cnh8(&`8**not edited**

 Bnfr7  jwtyrb  jnltkmys[  gjpbwbjyys[  gfhfvtnhjd  yt  cnhjzncz  cnhjuj 

fyfkbnbxtcrb6 jyb lf.ncz d jcyjdyjv bynebnbdyj7 yf jcyjdt jgsnf if[vfnbcnjd8

 Djpvj;yj7 xnj ifujv dgthtl ,skj ,s gjrf cnfnbcnbxtcrjt jghtltktybt wtyyjcnb 

gjpbwbjyys[ gfhfvtnhjd  lkz  fkujhbnvf if[vfnyjq  buhs8  Jyj  vjukj  ,s ,snm 

jcyjdfyj yf fyfkbpt c gjvjom. rjvg.nthjd ytcrjkmrb[ nsczx gfhnbq vfcnthjd b 



18

uhjccvtqcnthjd8 Gj ghjwtyne dsbuhsiys[ b ghjbuhsiys[ gfhnbq7 rjhhtkbhetvs[ c 

lfyysv gjpbwbjyysv gfhfvtnhjv vj;yj ,skj ,s celbnm j dtct gjcktlytuj8

 Rjytxyj7  wtktdfz  aeyrwbz  kjrfkmyjq pflfxb7  gjcnhjtyyfz  yf nfrjv cjxtnfybb 

echtlytyys[  ,tpeckjdys[  jwtyjr  vfnthbfkf  b  echtlytyys[  eckjdys[  jwtyjr 

gjpbwbjyys[ gfhfvtnhjd ghtlcnfdkzkf ,s cj,jq dtcmvf yfcjdthityysq ub,hbl b 

djpvj;yj lf;t ghjnbdjhtxbdsq8 Yj7 eds=

 Ghbywbgbfkmyj lheujq gjl[jl r jghtltktyb. gjpbwbjyys[ gfhfvtnhjd ghtlkj;ty 

<jndbyybr7V87@)*)8 Cjukfifzcm c ytj,[jlbvjcnm. bpvthtybz ghb jwtyrt gjpbwbb rfr 

vfnthbfkmys[7 nfr b gjpbwbjyys[ gfhfvtnhjd7 jy dvtcnt c ntv pfvtxftn6

 |Gjlj,ysq  vtnjl   ~n8t8  vtnjl  ddtltybz 
hfpkbxys[ echtlytyys[ gjpbwbjyys[ afrnjhjd F8R8` gjpbwbjyyjq  jwtyrb  d 
if[vfnf[  jib,jxty8  Gjpbwbjyysq  afrnjh7  rjnjhsq  d  jlyjq  cbnewfwbb  lftn  
gjkj;bntkmye.  jwtyrer7  d  lheujq  vj;tn  lfnm  jnhbwfntkmye.8  Yfghbvth7  
cldjtyyst  gtirb2  [jhjij  'nj  bkb  gkj[j9  Dct  pfdbcbn  jn  cbnefwbb8  Byjulf  
cldjtyyst gtirb7 gjcrjkmre jlyf yt vj;tn pfobofnm lheue.7 zdfkz.,ncz elj,ysv 
j,]trnjv fnfrb8 Yj ,sdf.n ckexfb7 rjulf cldjtybt gtitr ghbdjlbn r rjynhjk.  
gjktq7  gjktq7  xthtp  rjnjhst  ghj[jlznb  df;yst  rjvveybrfwbb   ~nhftrnjhbb 
ldb;tybz abueh`73 njulf cldjtyyst gtirb dtcmvf gjktpys8 Nj ;t vj;yj crfpfnm b  
j lheub[ gjpbwbjyys[ afrnjhf[7 d[jlzob[ d gjpbwbjyye. xfcnm nbgjdjq jwtyjxyjq  
aeyrwbb ghtlkj;tyyjq Ityyjyjv8
 D lfyyjq if[vfnyjq ghjuhfvvt ,skj ghbyznj ghbywbgbfkmyj byjt htitybt j  
gjpbwbjyyjq cjcnfdkz.otq jwtyjxyjq aeyrwbb` d jcyjde gjpbwbjyyjq jwtyrb ,sk  
gjkj;ty rjynhjkm gjktq7 bp rjnjhs[ cjcnjzn nhftrnjhbb7 d[jlzobt d VJ8 Cnjhjyf7  
rjynhjkbhe.ofz ,jkmitt xbckj gjktq7 bvttn gjpbwbjyysq gthtdtc8\  ~cnh8#!`8
 Rfr lfktt fdnjh hfcrhsdftn |Rjynhjkm gjktq3 'nj yt rjynhjkm gjktq dctq ljcrb7  
b,j bvttn wtyyjcnm njkmrj kbim nt[ gjktq7 rjnjhst vjuen ,snm bcgjkmpjdfys d  
ghtlcnjzotq buht8 Gj'njve cktletn cnhtvbnmcz r rjynhjk. gjktq nt[ nhftrnjhbq7  
gj rjnjhsv abuehs vjuen ldbufnmcz7 yj tot yt ldbufkbcm8
 D epkt lthtdf gtht,jhf7 ult vs yf[jlbvcz7 yflj hfpdthyenm dct gexrb nhftrnjhbq7  
rjnjhst tot yt ,skb hfpdthyens7 b jghtltkbnm pf rfrjq ;t cnjhjyjq rjynhjkm  
,jkmibycndf  gjktq7  cjcnfdkz.ob[  ytbcgjkmpjdfyyst  drk.xtyyst  d  buhe  
nhftrnjhbb8  "nj  gjpdjkbn  ghjuyjpbhjdfnm  htpekmnfn  buhs7  htpekmnfn  njuj  
gtht,jhf7  jn  rjnjhjuj7  d  xfcnyjcnb7  ghbikjcm  jnrfpfnmcz  d 
rjytxys[ epkf[ dfhbfynjd bp pf ytljcnfnrf htcehcjd8\  ~cnh8$@`8 

 Gjlhj,yjt  jgbcfybt  vtnjljd  dszdktybz  wtyyjcnb  gjpbwbjyys[  gfhfvtnhjd 

pfbynthtcjdfyysq xbnfntkm yfqltn d wbnbhjdfyyjq dsit rybut V8<jndbyybrf8 Z 

yt  ,thecm  chfdybdfnm  vtnjls jwtyrb  gjpbwbb7  ghtlkj;tyyst  V8<jndbyybrjv b 

R8Ityyjyjv   ~hfdyj  rfr  b  tuj  gjcktljdfntkzvb`8  Jgznm  ;t  z  vjue  jnjckfnm 

pfbynthtcjdfyyjuj  xbnfntkz  r  chfdybntkmyjve  fyfkbpe  d  wtkjv  vtnjlf 

<jndbyybrf7 lfyyjq d rybut Fltkmcjy3Dtkmcrbq7U87 @)($8 

 Yfrjytw7 gjcnhjtybt nfrjq wtktdjq  aeyrwbb  gjnht,jdfkj  ,s  jndtnf  yf 

djghjc6 |Rfr cjbpvthznm wtyyjcnm vfnthbfkmys[ b gjpbwbjyys[ gfhfvtnhjd vt;le 

cj,jq0\ Jndtn yf lfyysq djghjc d kbnthfneht gj if[vfnysv fkujhbnvfv lftncz 



19

kbim  ceue,j  bynebnbdysq8  "njn  jndtn  j,sxyj  cdjlbncz  r  njve7  xnj  cevvf 

dct[ gjpbwbjyys[ gfhfvtnhjd yt ljk;yf ghtdsifnm wtyyjcnb jn gjkgtirb lj lde[ 

gtitr8  D  xfcnyjcnb7  d  hf,jnt  Fltkmcjy3Dtkmcrjuj7U87  @)($7  jnvtxftncz7  xnj  dtc 

vbybvfkmyjq uhflfwbb vfnthbfkf 3 gjkgtirb3 |ljk;ty ,snm nfr dtkbr7  xnj,s 

ybrfrfz cevvf gjpbwbjyys[ ghbpyfrjd yt cvjukf tuj gthtdtcbnm8\  ~cnh8&)`8 Dvtcnt c 

ntv  d  nj  ;t  hf,jnt  jnvtxftncz7  xnj  |cktletn  gjlevfnm  j  ghbpyfrf[7  dtc 

rjnjhs[  ljk;ty  ,snm  chfdybv  c  dtcjv  vfnthbfkf8\   ~cnh8&)`8  Slate,D.,  1983, 

erfpsdftn7  xnj  |j,obq  dtc  ytvfnthbfkmys[  ghbpyfrjd  yt  ljk;ty  j,sxyj  

ghtdsifnm  wtyyjcnb  ghbvthyj  gjkenjhf  gtitr8\   ~cnh8  )^`8  <jndbyybr7V87  @)*)7 

pfvtxftn  |Vj;yj ghbyznm7  xnj  nfr  yfpsdftvfz  gjpbwbjyyfz  ;thndf yt  ljk;yf 

ghtdsifnm lde[ tlbybw vfnthbfkf  ~'nj ,eltn enjxytyj d 'rcgthbvtynt`8\  ~cnh8%#`8

 Nfrjuj hjlf nht,jdfybz r edtkbxtyb. dtcf gjpbwbjyys[ gfhfvtnhjd dsntrftn bp 

ghfrnbrb  ghjatccbjyfkmys[  if[vfnbcnjd8  Jyb  d 

jghtltktyys[ cbnefwbz[ yfcnjkmrj dscjrj jwtybdf.n gjpbwbjyyst gfhfvtnhs7 xnj 

ujnjds blnb lf;t yf ;thnde vfnthbfkf7 b yt njkmrj gtirb7 yj b abuehs7 dj bvz 

njuj7  xnj,s ekexibnm gjpbwb.8  Yj 'nj  e;t pf,tufybt  dgthtl8  Yb;t  d cdzpb  c 

cjjnyjitybtv rjv,byfwbjyyjuj b gjpbwbjyyjuj cnbktq  buhs z ytcrjkmrj gjlhj,ytt 

gjujdjh. j gjpbwbjyyjq ;thndt8


