
HFPLTK DNJHJQ

GHJUHFVVBHJDFYBT

Ukfdf %8 Ghtlcnfdktybt 'rjyjvbxtcrjq cbcntvs

 Ghtlcnfdbv  d  yfxfkt  'rjyjvbre  rfr  cbcntve 
gjnht,ktybz b ghjbpdjlcndf7 d rjnjhjq bvttncz hfpdbnfz 
dyenhtyyzz cnhernehf7 yfghfdktyyfz yf ghtj,hfpjdfybt 
bc[jlys[  ghbhjlys[  htcehcjd  d  rjytxyst 
gjnht,bntkmcrbt ghjlerns8 "nf cbcntvf bpvtyztncz gjl 
dkbzybtv  hfpkbxys[  afrnjhjd  b  ght;lt  dctuj 
'yljutyyjuj nt[ybxtcrjuj ghjuhtccf8 "rjyjvbrf zdkztncz 
jnrhsnjq  cbcntvjq7  dpfbvjltqcnde.obq  c  dytiytq 
chtljq6 gj jnyjityb. r tt dyenhtyytq cnherneht vj;yj 
yf,k.lfnm d[jls htcehcjd bp dytiytq chtls b ds[jls 
ghjlernjd  dj  dytiy..  chtle8  Jnltkmyst  htcehcs  b 
ghjlerns  d  pfdbcbvjcnb  jn  rjyntrcnf  ,eltv  d 
gjcktle.otv bvtyjdfnm ceoyjcnyst bkb vfnthbfkmyst 
gfhfvtnhs ~j,]trns`` d wtkjv nhfycajhvfwb. htcehcjd d 
ghjlerns ,eltv yfpsdfnm pfnhfns3dsgecr d abpbxtcrjv 
dshf;tybb8

 Cnhernehf 'rjyjvbrb7 djj,ot ujdjhz7 nfrjdf7 xnj jyf 
gjpdjkztn  bp  vyj;tcndf  hfpkbxys[ htcehcjd  gjkexfnm 
vyj;tcndj  hfpkbxys[  ghjlernjd8  Gj  jnyjityb.  r 
nfrjuj hjlf cbcntvt chfpe ;t djpybrftn djghjc j njv7 
rfrbv  vt[fybpvjv  ,eltn  jceotcndkznmcz  jn,jh 
cnhernehs dytiyb[ d[jljd b ds[jljd8

 D j,otv ckexft gjcnhjtybt 'njuj vt[fybpvf jn,jhf 
nht,etn jndtnf yf djghjc j njv7 rfr ,eltn jghtltkznmcz 
wtyyjcnm  gjukjoftvs[  t.  ghbhjlys[  b 
k.lcrb[  htcehcjd  b  wtyyjcnm  dsgecrftvjq  t. 
ghjlerwbb8  Jndtn  yf  'njn  djghjc  ds[jlbn  lfktrj  pf 
ghtltks 'rjyjvbxtcrjq cbcntvs7 gjcrjkmre 'nj rfcftncz 
eljdktndjhtybz  k.ltq7  pfltdftn  j,otcndtyyst 
jnyjitybz b d wtkjv 'rjkjubxtcre. cbcntve7 c rjnjhjq 
k.lb  dpfbvjltqcnde.n8  Nhfycajhvbhetvst  htcehcs  b 
bpujnjdktyyst  ghjlerns7  dshf;tyyst  d 
cevvfhys[ wtyyjcnz[7  vj;yj yfpsdfnm cjjndtncndtyyj 
pfnhfnfvb3dsgecrjv d wtyyjcnyjv dshf;tybb8

 Ajhvekbhjdfybt  pflfxb  cdzpfyj  c  hfcgjpyfdfybtv 
d[jlzob[  d  ghjwtcc  dtkbxby  b  ddtltybtv  vtnjljd 
b[  edzprb8  Gjcrjkmre  dtkbxbys  nfr  bkb  byfxt 
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jrfpsdf.ncz  cdzpfyysvb7  nj  vj;yj  nht,jdfnm7  xnj,s 
njkmrj xfcnm bp yb[ ,skf bpdtcnyjq` lheubt dtkbxbys 
vjuen ,snm ytbpdtcnysvb8

 C  extnjv  crfpfyyjuj  aeyrwbjybhjdfybt 
'rjyjvbxtcrjq  cbcntvs  ghtlcnfdkztn  cj,jq  ckj;ye. 
pflfxe  cbyntpbhjdfybz  dytiyb[  bpdtcnys[  b 
ytbpdtcnys[  bc[jlys[  b  cjghz;tyys[  j,]trnjd  c 
dyenhtyybvb djpvj;yjcnzvb 'njq cbcntvs8

Vyjujj,hfpyst cgjcj,s ghtlcnfdktybz 'rjyjvbxtcrjq 
cbcntvs  jnhf;f.n  genb  nfrjuj  hjlf  cbyntpbhjdfybz 
ghb  hfpkbxys[  eckjdbz[81 D  'njq  cdzpb  ght;lt  dctuj 
vj;yj hfpkbxfnm ldt jcyjdyst bgjcnfcb ghtlcnfdktybz 
'rjyjvbxtcrjq cbcntvs8 Gthdfz bp yb[ jcyjdsdftncz yf 
dytiyb[ gj jnyjityb. r cbcntvt ghtlgjcskrf[7 n8t8 yf 
djpvj;yjcnz[  ghjbpdjlcndf  b  ghtlgjxntybz[  d 
gjnht,ktybb  dyt  pfdbcbvjcnbb  jn  njuj  rfrjd  ,eltn 
vt[fybpv  aeyrwbjybhjdfybz  'rjyjvbxtcrjq  cbcntvs8 
Dnjhfz  bgjcnfcm  jcyjdsdftncz  yf 
dyenhtyyb[ ghtlgjcskrf[7  yf  bycnbnenf[7 
ghbceob[ jghtltktyyjve vt[fybpve aeyrwbjybhjdfybz 
cbcntvs7  n8t8  jyf  jgjchtljdfyf  dyenhtyytq  lbyfvbrjq 
cbcntvs8  Jnc.lf  lfyyfz  bgjcnfcm  dshfpbncz  d 
vjltkz[ ghtlcnfdktybz 'rjyjvbrb xthtp aeyrwbb cghjcf 
b  ghtlkj;tybz7  n8t8  aeyrwbb7  gjcnhjtyys[  yf  wtyf[7 
lj[jlf[  b  gjdtltybb  ghjbpdjlbntktq3gjnht,bntktq  d 
ghjwtcct  aeyrwbjybhjdfybz  cbcntvs  d 
hfvrf[ njdfhyj3ltyt;yjuj vt[fybpvf8

@8 Gthdfz bgjcnfcm6 gjnht,ktybt3ghjbpdjlcndj

Htfrnbdyst  vtnjls8  Tckb  ghtlgjkj;bnm7  xnj 
'rjyjvbxtcrfz  cbcntvf  ltqcndetn  ljcnfnjxyj 
egjhzljxtyyj  b  c,fkfycbhjdfyj  cj  chtljq7  nj  jyf 
vj;tn ,snm ghtlcnfdktyf rfr cbcntvf7 d rjnjhjq lfys 
cdzpb  vt;le  bc[jlysvb  j,]trnfvb7  n8t8  vt;le 
bpdtcnysvb  pfnhfnfvb  htcehcjd  b  ytbpdtcnysv 
ghjbpdjlcndjv ghjlernjd d abpbxtcrjv dshf;tybb8 Xnj 

1 Bltz bccktljdfybz vyjujj,hfpbz cgjcj,jd ghtlcnfdktybz 'rjyjvbxtcrjq 
cbcntvs djpybrkf e vtyz vyjuj ktn yfpfl gjl dkbzybtv xntybz rybub 
Hbxfhlf  Atqyvfyf  (Richard  Feynman) |{fhfrnth  abpbxtcrb[  pfrjyjd\7 
Vjcrdf6 Vbh7 @)&(7 d rjnjhjq ,jkmijt dybvfybt ,skj eltktyj hfpkbxysv 
cgjcj,fv ghtlcnfdktybz abpbxtcrb[p cbcntv8
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rfcftncz  cjghz;tyys[  j,]trnjd7  nj  jyb  vjuen  ,snm 
dsytctys  pf  crj,rb8  Gjcktlytt  dsntrftn  bp 
ghtlgjkj;tybz7 xnj rfr cfvf 'rjyjvbxtcrfz cbcntvf7 nfr 
b b dytiybt gj jnyjityb. r ytq cbcntvs ~ghbhjlf bb 
k.lb rfr cjwbfkmyst ceotcndf` ,elen ghtlcnfdktys rfr 
xthyst zobrb7  d rjnjhs[ 'nb bc[jlyst j,]trns ,skb 
exntys  b  c,fkfycbhjdfys8  Lheubvb  ckjdfvb7 
ytgjchtlcndtyyjt  dszcytybt  cdzpb  vt;le  d[jlfvb  b 
ds[jlfvb  yt  ecnhfyztn  dytiybt  cbks7  rjnjhst  yf 
yb[  djpltqcndetn7  f  kbim  gjpdjkztn  ghtlcnfdbnm 
cbcntve ,tp b[ 'rcgkbwbnyjuj dshf;tybz8

Ecnfyjdktybt  cdzptq  vt;le  pfnhfnfvb3dsgecrjv  d 
'njv  ckexft  gjgfltn  d  rkfcc  htfrnbdys[ vtnjljd7 
gjcrjkmre  jyb  yfgjvbyf.n  htfrwb.7  d  rjnjhjq 
jghtltktyysq d[jl j,eckjdkbdftn jghtltktyysq ds[jl8

 Htfrnbdyst cdzpb7 rfr vs yb;t edblbv7 vjuen ,snm 
gjkextys bylernbdysv b ltlernbdysv gentv8 Yfxytv c 
bylernbdyjuj  genb7  n8t8  c  ghtlgjkj;tybz7  xnj  jyb 
vjuen  ,snm  gjkextys  yf  jcyjdt  yfrjgktybz 
cjjndtncnde.otq  cnfnbcnbrb8  "nf  cnfnbcnbrf  vj;tn 
,snm ghtlcnfdktyf d dblt cjjndtncnde.otq  nf,kbxyjq 
aeyrwbb8

 Tckb j,jpyfxbnm dtrnjh 'ktvtynjd pfnhfn htcehcjd 

xthtp  r,  r={r1,r3,...,ri,...,rm} b  dtrnjh 

dsgecrftvs[  gjnht,bntkmcrb[  ,kfu  xthtp  x, 
x={x1,x3,...,xj,...,xn}, nj  nf,kbxyfz  aeyrwbz  ghbvtn 

cktle.obq dbl6

r --------------- x  (I).

E;t  d  cbke  ,jkmijuj  xbckf  djpvj;ys[  dfhbfynjd 
pfnhfn3dsgecrf  ytelj,yj  gjkmpjdfnmcz  nf,kbxyjq 
aeyrwbtq8  D  'nb[  eckjdbz[  djpybrftn  tcntcndtyyjt 
cnhtvktybt  yfqnb  fyfkbnbxtcrjt dshf;tybt  lkz 
nf,kbxyjq  aeyrwbb8  Tuj  htfkbpfwbz  jpyfxftn 
yf[j;ltybt  aeyrwbb7  rjnjhfz  ,eltn  cnfdbnm  d 
cjjndtncndbb  jghtltktyysv  pfnhfnfv  jghtltktyysq 
dsgecr8  Vj;yj7  rjytxyj7  cnhjbnm  b  j,hfnye.  tq 
aeyrwb.  rjnjhfz  ,eltn  cnfdbnm  d  cjjndtncndbt 
jghtltktyyjve dsgecre jghtltktyyst pfnhfns8  Jlyfrj 
lkz  ghjcnjns  bpkj;tybz  ,eltv  dghtlm gjlhfpevtdfnm 
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njkmrj  aeyrwb.  pfnhfn3dsgecrf8  Yfpjdtv  nfre. 
aeyrwb. ghjbpdjlcndtyyjq aeyrwbtq b j,jpyfxbv tt

 

X= G (r) (II).

Nfrbv  j,hfpjv7  yfkbxbt  ghjbpdjlcndtyyjq  aeyrwbb 
gjpdjkztn  'rjyjvyj  dszcyznm  rfrbv  pfnhfnfv  ,eltn 
cjjndtncndjdfnm rfrjq dsgecr7 Dvtcnt c ntv d jnkbxbb 
jn  nf,kbxyjq  ghjbpdjlcndtyyfz  aeyrwbz  gjpdjkztn 
nfr;t jceotcndkznm 'rcnhfgjkzwb.8

Gjbcrjdst  vtnjls8  Tckb  cnhernehf  'rjyjvbxtcrjq 
cbcntvs jcnftncz abrcbhjdfyyjq bkb njxytt ljcnfnjxyj 
ecnjqxbdjq7  nj  ghb  ghjxb[  hfdys[  eckjdbz[  yfkbxbt 
ghjbpdjlcndtyyjq  aeyrwbb  ,skj  ,s  ljcnfnjxyj 
yflt;ysv bycnhevtynjv lkz dszcytybz gjdtltybz 'njq 
cbcntvs8  Vt;le ntv d cbke nt[ybxtcrjuj ghjuhtccf b 
dctdjpvj;ys[ bpvtytybq d jhufybpfwbb 'rjyjvbxtcrjuj 
vt[fybpvf72 c jlyjq cnjhjys7 b bpvtytybz ghtlcnfdktybq 
j wtyyjcnz[ d[jljd b ds[jljd 'rjyjvbxtcrjq cbcntvs 
nfrjuj hjlf ghtlgjkj;tybt j, ecnjqxbdjcnb cnhernehs 
'njq cbcntvs zdkztncz ytfl'rdfnysv8

 D  cbke  crfpfyyjuj  djpltqcndbt  yf  'rjyjvbxtcre. 
cbcntve nht,etn ddtltybz yjdjuj chtlcndf 3 cbvekzwbb 
cbcntvs7 n8t8 gjcnhjtybz fyfkjujdjq cbcntvs7 yf rjnjhjq 
vj;yj  dszcyznm7  rfr  ,eltn  hf,jnfnm  cbcntvf  ghb 
gjzdktybb yjds[ nt[ybxtcrb[ htitybq8 "nf fyfkjujdfz 
cbcntvf  ljk;yf  dszdbnm7  jnj,hfnm  ghjlerns7 
rjnjhst ,elen ghjbpdjlbnmcz b htcehcs7 rjnjhst ,elen 
pfnhfxbdfnmcz  d  cjjndtncnde.otv  rjkbxtcndtyyjv 
dshf;tybb8  Gj'njve  vtnjls  htitybz  ghj,ktvs 
yf[j;ltybz  bcrjvs[  dtkbxby  pfnhfn3dsgecrf  vj;yj 
yfpdfnm  gjbcrjdsvb bkb  ctktrnbdysvb8  Nfrjuj  hjlf 

2Rjytxyj7  vj;yj  b  d  'nb[  eckjdbz[  gjkmpjdfnmcz  ghtlcnfdktybtv  j, 
ecnjqxbdjcnb 'rjyjvbxtcrjq cbcntvs7 tckb ghtlgjkj;bnm7 xnj yfrjgktyyfz 
cnfnbcnbrf  j  cnhernehys[  bpvtytybz[  d  ytq  ljcnfnjxyf7  xnj,s  ,snm 
jnhf;tyysvb d ghjbpdjlcndtyyjq aeyrwbb8 D 'njv ckexft7 rfr bpdtcnyj7 
ghjbpdjlcndtyyfz  aeyrwbz  drk.xbn  tot  yjdsq  fhuevtyn7  rjnjhsv 
vj;tn  ,snm7  r  ghbvthe  nt[ybxtcrbt  yjdjddtltybz8  Jlyfrj  gjcnhjtybt 
nfrjq ghjbpdjlcndtyyjq aeyrwbb nht,etn juhjvyjq cnfnbcnbrb7 rjnjhe. 
dtcmvf  nhelyj  gjkexbnm8  Pf,tufz  dgthtl  pfvtnbv7  xnj  tckb  yf 
vfrhj'rjyjvbxtcrjv  ehjdyt  'ne  cnfnbcnbre  tot  vj;yj  gjkexbnm7  nj 
vj;tn  jrfpfnmcz  ghfrnbxtcrb  ytdjpvj;ysv  tt  gjkextybt  yf  ,jktt 
ybprb[ ehjdyz[ cbcntvs8

 4



fyfkjujdsq  vt[fybpv  ghtlgjkfuftn  ghtdhfotybt 
'rjyjvbxtcrjq  cbcntvs bp  xthyjuj  zobrf  d  ,tksq8  D 
cdj.  jxthtlm  cfv  ,tksq  zobr  ,eltn  jgbhfnmcz  yf 
xthyst zobrb7 yj jyb e;t ,elen jnyjcbnmcz r lheubv 
cbcntvfv8 "nbvb xthysvb zobrfvb cnfyen ght;lt dctuj 
|by;tythyst  cjjhe;tybz\8  Cdzpb  b[  d[jljd  b  ds[jljd 
jgbcsdf.ncz gj fyfkjubb c 'rjyjvbrjq |by;tythysvb 
aeyrwbzvb\8  Jnkbxbt  |by;tythys[  aeyrwbq\  jn  |
ghjbpdjlcndtyys[ aeyrwbq\  pfrk.xftncz  d  cktle.otv8 
Ghjbpdjlcndtyyst  aeyrwbb  jnhf;f.n  dyenhtyy.. 
jhufybpfwb. lfyyjq cbcntvs7 n8t8 pfdbczn jn njuj7 rfr 
k.lb jhufybpjdfkb ghjwtcc7  jgbhf.obqcz  yf dytiybt 
gj  jnyjityb.  r  ybv  eckjdbz8  By;tythyfz  aeyrwbz 
jpyfxftn  aeyrwb.7  rjnjhfz  ghbyflkt;bn  j,]trne7 
dyenhtyyzz  jhufybpfwbz  rjnjhjuj  yt  pfdbcbn  jn 
xtkjdtrf7  nfr  rfr  eghfdkztncz  |tcntcndtyysvb 
vt[fybpvfvb\7  dytiybvb  gj  jnyjityb.  r  lfyyjq 
cbcntvt8  Nfr7  r  ghbvthe7  abpbrj3[bvbxtcrbt  ghjwtccs7 
ghjbc[jlzobt d ljvtyyjq gtxb ,elen jghtltkznm cdzpb 
vt;le pfnhfnfvb ;tktpyjq hels7 rjrcf7 b lh8 htcehcjd b 
dsgecrjv xeueyf7 ikfrf b ufpjd8 Aeyrwbz7 jgbcsdf.ofz 
'nb cdzpb7  ,eltn jnyjcbnmcz r by;tythysv aeyrwbzv8 
Nthvby  by;tythyfz  aeyrwbz  eckjdysq7  nfr  rfr  c.lf 
jnyjczncz b fuhjyjvbxtcrbt aeyrwbb7 dshf;f.obt cdzpm 
vt;le crf;tv hfc[jljv elj,htybq  b  ehj;fqyjcnm. c 
njxrb phtybz ,bjkjubxtcrb[ djpvj;yjcntq8

 Lfktt7  ytj,[jlbvj  zdysv  j,hfpjv  ghtlcnfdbnm 
xthyst zobrb7 rjnjhst ajhvbhe.n cbks7 jghtltkz.obt 
d[jls b ds[jls cbcntvs8 Vtyz.obtcz nht,jdfybz chtls 
ltkf.n 'nj  nht,jdfybt jcj,tyyj  yfcnjzntkmysv8  Htxm 
bltn  j  zdyjv  ghtlcnfdktybb  ecnhtvktybq  k.ltq7 
b[  wtyyjcntq7  rfr  j  ghjbpdjlbvs[  ,kfuf[7  nfr  b 
pf,bhftvs[ e ghbhjls htcehcjd8 Nfrjt zdyjt dsltktybt 
fnnhfrnjhjd  b  b[  pfdbcbvjcntq  jn  cjjndtncnde.otuj 
j,]tvf gjnht,bntkmcrb[ ,kfu gjpdjkztn jnltkbnm ,jktt 
ecnjqxbdst jnyjitybz d cbcntvt jn ,jktt kf,bkmys[7 
rjnjhst  pfdbczn  jn  nt[ybxtcrjuj  ghjuhtccf8  Yf  'njq 
jcyjdt  vj;yj  cbvekbhjdfnm  hfpdbnbt  'rjyjvbxtcrjq 
cbcntvs7 'rcnhfgjkbhez njkmrj bpvtytybz fnnhfrnjhjd8 
Xnj  rfcftncz  yjds[  nt[yjkjubq  b  htcehcjd7  nj 
b[ gjzdktybt ,eltn exntyj e;t cbnefwbjyyj8

 Bvttncz  ldf  cgjcj,f  ghtlcnfdktybz  nfrjuj  hjlf 
cbvekzwbjyyjq  cbcntvs  lkz  'rjyjvbrb8  Jlby  bp 
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yb[  vj;yj  yfpdfnm  lbaathtywbfkmysv7  f  lheujq3 
byntuhfkmysv8 Lfyyst ghtlcnfdktybz jnkbxf.ncz  ntv 
rfr jyb jgbcsdf.n  dytiybt cbks cbcntvs8  Bc[jlyst 
j,]trns b b[ cdzpb pflf.ncz jlbyfrjdsv j,hfpjv rfr 
ghb  lbaathtywbfkmyjv7  nfr  b  byntuhfkmyjv  cgjcj,t 
ghtlcnfdktybz8

Lbaathtywbfkmysq cgjcj, ghtlcnfdktybz8 J,jpyfxbv7 
rfr  b  ght;lt7  ytbpdtcnysq  dtrnjh 
dsgecrftvs[  gjnht,bntkmcrb[  ,kfu  xthtp  x.  Ddtltv 
ntgthm cbks7 rjnjhst exfcnde.n d lfyyjv ghjwtcct rfr 
ytgjchtlcndtyyj  bpdtcnyst  dtkbxbys  bkb  gj  rhfqytq 
vtht  rfr  pfdbcbvst ytbpdtcnyst  dtkbxbys8  Dktreobt 
cbks  ~fnnhfrnjhs`7 ,elen  ghtlcnfdkznm  cj,jq 
ghtltkmyst  gjktpyjcnb gjnht,bntkmcrb[  ,kfu8  Jyb 
vjuen  ,snm  yfv  ytgjchtlcndtyyj  bpdtcnys7  yj  lkz 
j,oyjcnb ghtlgjkj;bv7 xnj jyb zdkz.ncz pfdbcbvsvb 
gthtvtyysvb6  rf;ljve  yf,jhe  gjnht,bntkmcrb[  ,kfu 
,eltn  cjjndtncndjdfnm  jghtltktyysq  dtrnjh 
b[ ghtltkmys[ gjktpyjcntq8  J,jpyfxbv 'njn dtrnjh  c8 
Jy ajhvbhetncz bp nt[ ;t dytiyb[ cjj,hf;tybq7 xnj b 
by;tythyst  aeyrwbb7  n8t8  zdkztncz  htpekmnfnjv 
cjwbfkmyj3gcb[jkjubxtcrb[ ghjwtccjd d ujkjdf[ k.ltq8 
Dshfpbv  cktle.obv  j,hfpjv  aeyrwb.7  cdzpsdf.oe. 
dtrnjh  ghtltkmys[  gjktpyjcntq  ,kfu  c  j,]tvjv 
gjnht,bntkmcrb[ ,kfu 

c =f ( x )  (III,a).

Aeyrwbz f ghtlgjkfuftncz bpdtcnyjq8
 Lfktt7  rfr  b  ght;lt7  ghtlgjkfuftv7  xnj  bpdtcnty 

dtrnjh pfnhfxbdftvs[ htcehcjd xthtp  r8 Ddtltv ntgthm 
rfr  bpdtcnyst  [fhfrnthbcnbrb  by;tythyst  aeyrwbb7 
rjnjhst lkz hfpkbxys[ nt[yjkjubq cdzpsdf.n pfnhfns 
htcehcjd  c  dsgecrjv  ghjlerwbb8  Lkz  ghjcnjns 
kbytfhbpbhetv  dct  vyj;tcndj  by;tythys[  aeyrwbq  b 
ghtlcnfdbv  b[  d  dblt  pfhfytt  bpdtcnyjq  vfnhbws 
rj'aabwbtynjd pfnhfn3dsgecrf8  Cnjk,ws 'njq vfnhbws 
gjrfpsdf.n7  crjkmrj  gj  lfyyjq  nt[yjkjubb  yflj 
pfnhfnbnm  tlbybw  lfyyjuj  htcehcf  yf  ghjbpdjlcndj 
tlbybws lfyyjuj ghjlernf8 J,jpyfxbv 'ne vfnhbwe F8

 Lkz njuj7 xnj,s cbvekbhjdfnm cbcntve ytj,[jlbvj 
cj,k.lfnm  pfrjy cj[hfytybz vfnthbb7  n8t8  yflj zdysv 
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j,hfpjv dshfpbnm nht,jdfybt7  xnj  hfc[jl  htcehcjd  yf 
ghjbpdjlcndj  ghjlernjd  gj  lfyysv  nt[yjkjubzv  yt 
vj;tn ghtdsifnm bvt.otujcz b[ yfkbxbz8 Ajhvfkmyj 
pfrjy cj[hfytybz vfnthbb d lfyys[ j,jpyfxtybz[ ,eltn 
dsukzltnm cktle.obv j,hfpjv

Ax ≤ r (III,b).

 Ddtltv ntgthm  clth;bdf.obt cbks ~htgfkcths`  lkz 
htcehcjd8  Jyb  zdkz.ncz  ytbpdtcnysvb  dtkbxbyfvb8 
J,jpyfxbv  b[  xthtp  dtrnjh  l8  C  extnjv 
ddtltyys[  j,jpyfxtybq  vj;yj  ntgthm  pfgbcfnm  pfrjy 
cj[hfytybz 'ythubb lkz cbvekbhetvjq cbcntvs

 

A* ≥ c (III,c),

ult  A* vfnhbwf7 cjghz;tyyfz vfnhbwt pfnhfn3dsgecrf 
F6 'ktvtyns tt  cnhjrb gjrfpsdf.n7 crjkmrj gj lfyyjq 
nt[yjkjubb yflj pfnhfnbnm tlbybw hfpkbxys[ htcehcjd 
yf ghjbpdjlcndj tlbybws lfyyjuj ghjlernf8

 D  hfccvfnhbdftvjv  rjyntrcnt  pfrjy  cj[hfytybz 
'ythubb jpyfxftn7 xnj wtyyjcnm pfnhfxbdftvs[ htcehcjd 
yt  vj;tn  ,snm  vtymit  wtyyjcnb  ghjbpdjlbvjuj 
gjnht,bntkmcrjuj ,kfuf8

 C  extnjv  ddtltyys[  cjjnyjitybq7 
lbaathtywbfkmyfz  vjltkm  'rjyjvbrb  ,eltn 
ghtlcnfdktyf cktle.obv j,hfpjv

 

c = f (x) (III,a)
 Ax ≤ r (III,b) (III) . 

A* ≥ c (III,c).

Cnjbn jnvtnbnm7 xnj [jnz xbckj cjjnyjitybq d (III) 
hfdyj  xbcke  ytbpdtcnys[7  'nf  cbcntvf  ythfdtycnd 

jlyjpyfxyj  yt  jghtltkztn  ytbpdtcnyst  x b  8 
Tcntcndtyyj7  jlyfrj7  gjnht,jdfnm7  xnj,s 

ytjjnhbwfntkmyst  dtrnjhs  x b   eljdktndjhzkb 
cktle.obv eckjdbzv6

  7



xj>0 =>A*j=cj
j => 0 fi A xj=rj

 Gthdjt  bp  'nb[  eckjdbq  jpyfxftn7  xnj  tckb 
ytrjnjhsq  ghjlern  ghjbpdjlbncz7  nj  tuj  ghtltkmyfz 
gjktpyjcnm hfdyf pfnhfnfv yf tuj ghjbpdjlcndj8 Dnjhjt 
eckjdbt  nfr;t  ljgecrftn  jnxtnkbde.  bynthghtnfwb.6 
tckb ytrjnjhsq htcehc bvttn gjkj;bntkmye. wtyyjcnm7 
nj  jy  gjkyjcnm.  enbkbpbhetncz  d  ghjwtcct 
ghjbpdjlcndf8 D cjxtnfybb c eckjdbzvb  (III) gjcktlybt 
cjjnyjitybz  j,hfpe.n  cbcntve7  d  rjnjhjq  xbckj 
ytbpdtcnys[ e;t hfdyj xbcke ehfdytybq8 Cktljdfntkmyj7 
bcrk.xfz dshj;ltyyyst ckexfb7 vs vj;tv j;blfnm7 xnj 
bcrjvst  gthtvtyyst  jlyjpyfxyj  jghtltkz.ncz  'njq 
cjdjregyjq cbcntvjq8

Nfrjuj  hjlf  lbaathtywbfkmye.  vjltkm  ghbyznj 
yfpsdfnm  vjltkm.  hfdyjdtcbz8  Z  djcgjkmpe.cm 
ddtltybtv 'njuj nthvbyf7  xnj,s gjzcybnm jghtltktybt 
hfdyjdtcbz  c  njxrb  phtybz  hfpkbxys[  fcgtrnjd7 
[fhfrnthys[ lkz cbcntvyjuj gjl[jlf8

 C aeyrwbjyfkmyjq njxrb phtybz vjltkm hfdyjdtcbz 
ghtcktletn wtkm. yfqnb pyfxtybz ytbpdtcnys[ dtkbxby 
d cbcntvt7  ghb rjnjhs[7  d cjjndtncndbb c  ghbyznsvb 
bylbrfnjhfvb  hfpdbnbz7  cbcntvt  j,tcgtxbdftncz 
gjcnjzyyjt7  ytbpvtyyjt hfpdbnbt ~d xfcnyjv ckexft 'nj 
vj;tn ,snm cnfnbxtcrjt cjcnjzybt`8 Nfrbv j,hfpjv7 ghb 
hfdyjdtcyjv hfpdbnbb jny.lm yt j,zpfntkmyj7 xnj,s dct 
gfhfvtnhs  jcnfdfkbcm  jlbyfrjdsvb8  Df;yj  njkmrj7 
xnj,s  gfhfvtnhs7  [fhfrnthbpe.obt  hfdyjdtcbt7 
jcnfdfkbcm ytbpvtyysvb83

3Djn  rfr  jghtltkztncz  hfdyjdtcbt  d  'rjyjvbxtcrjv  ckjdfht 

Moffat,D.,Economics Dictionary. New York: Elsevier,1976.

|Cnf,bkmyjt 'rjyjvbxtcrjt eckjdbt7 d rjnjhs[ ytn cbk7 rjnjhst 
vjukb ,s ghtljndhfnbnm cj[hfytybt 'njuj eckjdbz8 Df;yj pfvtnbnm7 
xnj  hfdyjdtcbt  3  'nj  yt  nj  ;t  cfvjt7  xnj  cnfnbrf`  hjcn 
'rjyjvbxtcrjuj  hzlf  yf[jlbncz  d  cjcnjzybb  hfdyjdtcbz7  tckb 
bpvtytybz  ghjbc[jlzn  d  cjjndtncndbb  c  lkbntkmysv  j,hfpjv  b 
vj;tn  ghjljk;fnmcz7  njulf  rfr  cnfnbrf  djj,ot  ghtlgjkfuftn 
jncencndbt bpvtytybq8\

Webster's New World Dictionary, 1980.
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Nfr7 d 'rjyjvbxtcrjq kbnthfneht nthvby hfdyjdtcbt c 
ghbkfufntkmysv lbyfvbxtcrjt ghbvtyztncz lkz vjltktq 
'rjyjvbxtcrjuj  hjcnf8  Cjcnjzybt  hfdyjdtcbz  d 
yb[ [fhfrnthbpetn nfrjq gfhfvtnh rfr gjcnjzyysq ntvg 
hjcnf84

 D  ,jktt  ckj;ys[  'rjyjvbxtcrb[  vjltkz[  c 
'yljutyysv  nt[ybxtcrbv  ghjuhtccjv  lbyfvbxtcrjt 
hfdyjdtcbt  ,eltn  [fhfrnthbpjdfnmcz  gjcnjzycndjv 
gfhfvtnhf eghfdktybz7 jghtltkz.otuj d rjytxyjv cxtnt 
hfcghtltktybt  htcehcjd  yf  djcghjbpdjlcndj  ghjlerwbb 
gj  lfyysv  nt[yjkjubzv  b  yf  cjplfybt 
yjds[ nt[yjkjubq85

 Cj  cnhernehyjq njxrb  phtybz  vjltkm  hfdyjdtcbz 
jpyfxftn  ddtltybt  vyj;tcndf  bc[jlys[  b 
cjghz;tyys[ j,]trnjd7  ytj,[jlbvs[ lkz ajhvbhjdfybz 
pfrjyjd  cj[hfytybz  vfnthbb  b  'ythubb8  Kbim 
jlyjdhtvtyyjt cj,k.ltybt pfrjyjd cj[hfytybz vfnthbb 
b 'ythubb gjpdjkztn [fhfrnthbpjdfnm hfdyjdtcbt86

 C  ghjwtccefkmyjq njxrb  phtybz  hfdyjdtcbt 
ghtlgjkfuftn vt[fybpvs7 rjnjhst ,elen ,fkfycbhjdfnm 
bc[jlyst  b  cjghz;tyyst  j,]trns  d  ghtltkf[  pfrjyjd 
cj[hfytybz vfnthbb b 'ythubb87

4

Neumann,J.,  von, "A Model  of  General Economic Equlibrium",  Review of  Economic 
Studies, 1945, no.13,pp.1-9.
5Ptkbrbyf7K8A87 |Jgnbvfkmyst dkj;tybz d yfexyj3 nt[ybxtcrbq ghjuhtcc d 
vfrhj'rjyjvbxtcrb[ vjltkz[ b vfubcnhfkmyst ntjhtvs\7 ;ehy8 |"rjyjvbrf 
b vfntvfnbxtcrbt vtnjls\7n8@@7dsg8$7 @)*^7 cnh8%^$3%&*8
6Hfdyjdtcbt byjulf jghtltkztncz njkmrj gj jnyjityb. kb,j r bc[jlysv 
j,]trnfv7  kb,j  r  cjghz;tyysv  j,]trnfv8  Nfr7  yfghbvth7  d  ckjdfht 

Webster's New World Dictionary, 1980 hfdyjdtcbt jghtltkztncz kb,j rfr

|eckjdbt d j,hfnbvjq [bvbxtcrjq htfrwbb7 d rjnjhjq ghjlerns 
bleotq  dgthtl  bkb  yfghfdktyyjq  htfrwbb  gjnht,ktys 
ghjnbdjgjkj;yj  bleotq  htfrwbtq  c  ntv  ;t  ntvgjv  rfr  jyb 
ajhvbhe.ncz b ytn bpvtytybq d hfpybwt rjywtynhfwbb ghjlernjd 
bkb htfutynjd\7 

kb,j

|rfr cjcnjzybt ,fkfycf bkb hfdtycndf vt;le ghjnbdjgjkj;ysvb 
cbkfvb\8

7

Bvtyyj  nfrjq  gjl[jl  r  jghtltktyb.  hfdyjdtcbz  lfy  d  hf,jnt  Time, 
Uncertainty, and Disequilibrium, ed. by M.Rizzo,1979:
  9



Utytnbxtcrb7 c  njxrb phtybz dpukzlf7  gjhj;lf.otuj 
gjl[jl  r  hfpdbnb.  cbcntvs7  hfdyjdtcbt  ghtlgjkfuftn 
rfr ,s jgbcfntkmyjt7 rfepfkmyjt ghtlcnfdktybt cbcntvs 
vyj;tcndjv ghjnbdjltqcnde.ob[ cbk8

 J,j,ofz  crfpfyyjt7  vj;yj  hfccvjnhtnm 
aeyrwbjybhjdfybt  'rjyjvbxtcrjq  cbcntvs  rfr  ytrbq 
nhfycajhvfnjh  dytiyb[  d[jljd  dj  dytiybt  ds[jls8 
Ghjwtcc  nhfycajhvfwbb  ghjbc[jlbn7  c  jlyjq  cnjhjys7 
ghb  yfkbxbb  dctdjpvj;ys[  nhfycajhvbhetvs[  b 
nhfycajhvbhe.ob[ chtlcnd7 f c lheujq 3 dytiyb[ cbk7 
dktreob[  cbcntve3fnnhfrnjhjd3  b  clth;bdf.ob[  tt 
ldb;tybt3 htgfkcjhjd8 Pyfxtybt fnnhfrnjhjd ~hfdyj rfr 
b  htgfkcjhjd`  d  pfdbcbvjcnb  jn  j,]tvf 
bc[jlys[ j,]trnjd7 c rjnjhsvb jyb cjghz;tys7 vj;tn7 
djj,ot  ujdjhz7  djphfcnfnm8  Ajhvfkmyj  'nj  jpyfxftn 
djuyensq dbl aeyrwbb7 rjnjhsq cdzpsdftn tt pyfxtybt b 
cjcnjzybt  bc[jlys[  j,]trnjd8  R  ghbvthe7  'nj 
cjjndtncndetn lkz aeyrwbb gjktpyjcnb ghtlgjkj;tyb.7 
xnj  |fggtnbn  ghb[jlbn  dj  dhtvz  tls\8  Bpdtcnyfz 
geirbycrfz crfprf j pjkjnjq hs,rt7 dghjxtv bvt.ofz 
gj  rhfqytq  vtht  cnfhsq  rbnfqcrbq  dfhbfyn7  nfr;t 
yfgjvbyftn  j  njv7  xnj  hjcn  gjnht,yjcntq 
jghtltktyys[ nbgjd k.ltq vj;tn jgbcsdfnmcz djuyenjq 
aeyrwbtq8

 Pyfxtybt  fnnhfrnjhjd  vj;tn  nfr;t  eufcfnm  d 
pfdbcbvjcnb  jn  hjcnf  j,]tvf  bc[jlys[  j,]trnjd7  c 
rjnjhsvb jyb cjghz;tys7  xnj ajhvfkmyj jgbcsdftncz 
dsgerkjq  aeyrwbtq8  Ghbvthfvb  tt  zdkztncz  pfrjy 
gflf.otq  gjktpyjcnb  gjnht,bntkmcrb[  ,kfu7  pfrjy 
gflf.otq  ghjbpdjlbntkmyjcnb  afrnjhf  b  lh8  D 
gjcktlytv  ckexft  vj;yj  dsltkbnm  cjcnjzybt 
yfcsotybz7  rjulf  ghtltkmyjt  pyfxtybt  fnnhfrnjhf 
cnfyjdbncz  hfdysv  yek.8  Djpvj;ys  nfr;t 

|Cbnefwbz hfdyjdtcbz3'nf cbnefwbz7 d rjnjhjq yt ghjzdkz.ncz 
ybrfrbt ntyltywbb r bpvtytyb. b rjnjhfz vj;tn ,snm kjubxtcrb 
dsdtltyf bp vjltkb7 drk.xf.otq ltqcndbt ghjnbdjgjkj;ys[ cbk8\ 
~cnh8%`8

Bynthtcyjt  ghjwtccefkmyjt  jghtltktybt  hfdyjdtcbz  ghtlkfuftn 
Webster's  New  World  Dictionary, 1980. ghbvtybntkmyj  r  ytrjnjhsv 
abpbxtcrbv ghjwtccfv8 

|Cnflbz  hflbfrnbdyjuj  vfnthbfkf7  d  rjnjhjq  ntvg 
ltpbyntuhfwbb hfdty ntvge ajhvbhjdfybz\8
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jnhbwfntkmyst  pyfxtybz  gthds[  ghjbpdjlys[  'njq 
aeyrwbb7 jpyfxf.obt7 xnj cbcntvf yfxbyftn nthznm jn 
njuj7 xnj gthtikf gjhju yfcsotybz8

 D  ckexft7  tckb  aeyrwbz  dsgerkf  b  jyf  ljcnbukf 
cjcnjzybt  yfcsotybz7  nj  hfpdbnbt  ghtrhfoftncz6 
jcnf.ncz njkmrj vt[fybpvs gjllth;bdf.obt cjcnjzybt 
yfcsotybz8  Nfrbv  j,hfpjv7  cjcnjzybt  hfdyjdtcbz 
cktletn jnkbxfnm jn cjcnjzybz  yfcsotybz8  Cjcnjzybt 
hfdyjdtcbz  tcnm  jcj,fz  njxrf8  Jyf  gjrfpsdftn7  xnj 
cbcntvf  ljcnbukf  d  lfyyjv  cjcnjzybb 
c,fkfycbhjdfyyjcnb bc[jlys[ b cjghz;tyys[ j,]trnjd d 
hfvrf[  pfrjyjd  cj[hfytybz  vfnthbb  b  'ythubb8 
Cjcnjzybt yfcsotybz nfr;t tcnm jcj,fz njxrf7 rjnjhfz 
gjrfpsdftn7 xnj cbcntvf ljcnbukf yt njkmrj hfdyjdtcbz7 
yj b d wtkjv ghtltkf cdjtuj hjcnf8

 Hfphsd vt;le  htfkmysv  pyfxtybtv  fnnhfrnjhf  d 
lfyyjv cjcnjzybb3 eckjdysq fnnhfrnjh 3 b d ghbywbgt 
djpvj;ysv  tuj  pyfxtybtv3  ,tpeckjdysq  fnnhfrnjh 3 
yfpjdtv ldb;eotq cbkjq hfpdbnbz8

 Djpvj;yj7 xnj yfkbxbt bvtyyj nfrjuj hjlf hfphsdjd 
d  pyfxtybz[  fnnhfrnjhjd  zdkztncz  ldb;eotq  cbkjq 
'djk.wbb dctktyyjq7 drk.xfz c.lf rfr ytjhufybxtcrbq 
vbh7  nfr  b  jhufybxtcrbq7  xtkjdtxtcrjt  j,otcndj  b 
cfvjhfpdbdf.obtcz  cbcntvs  c  bcreccndtyysv 
byntkktrnjv8  Cjcnjzybt  hfdyjdtcbz  kbim  gjrfpsdftn7 
xnj c kjrfkmyjq njxrb phtybz 'nj hfpdbnbt ghjbc[jlbn 
c,fkfycbhjdfyj  rfr  gj  bc[jlysv7  nfr  b  cjghz;tyysv 
j,]trnfv8  Tckb  d  cbcntvt  ytn  djpvj;yjcntq  lkz 
hfpdbnbz7  nj  njulf  pflfxf  cdjlbncz  njkmrj  r  njve7 
xnj,s gjllth;bdfnm cjcnjzybt hfdyjdtcbz88

 
Byntuhfkmysq  cgjcj,  ghtlcnfdktybz8  Byntuhfkmyst 

vjltkb  'rjyjvbrb  ghtlgjkfuf.n7  xnj  zdysv  j,hfpjv 
botncz  jlyj  xbckj7  gjpdjkz.ott  celbnm  j, 
'aatrnbdyjcnb  ldb;tybz  cbcntvs8  "nj  xbckj 
dshf;ftncz  xthtp  rhbnthbq jgnbvfkmyjcnb3  j,jpyfxbv 
tuj pyfxtybt  U, dbl cfvjuj rhbnthbz  F, f d[jlzobt d 

8

D ,bjkjubb rjyakbrn cnjhjyybrjd ujvtjcnfpbcf c dbnfkbcnfvb rfr hfp b 
jnhf;ftn cjjndtncndtyyj ghjnbdjgjcnfdktybt njxrb phtybz j gjllth;fybb 
hfdyjdtcyjuj  cjcnjzybz  b  njxrb  phtybz  j,  bcnjxybrf[  ,bjkjubxtcrjujuj 
hfpdbnbz8
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ytuj gthtvtyyst  x8 Cbcntvf cnhtvbncz r jgnbvbpfwbb 
'njuj  rhbnthbz ghb  juhfybxtybz[7  ghtlcnfdktyys[  d 
hfytt  e;t  ghbdtltyyjv  pfrjyt  cj[hfytybz  vfnthbb 

Ax≤r8  Yfpjdtv  nfrjuj  hjlf  byntuhfkmye.  vjltkm 
jgnbvfkmyjcnyjq8

 Nfr  ghbvtybntkmyj  r  hfccvfnhbdftvjve  ckexf. 
jgnbvfkmyjcnyfz vjltkm dshfpbncz cktle.obv j,hfpjv

 

U = F (x) – max  (IV, 1)
 Ax ≤ r  (IV, 3)   (1V ).
 x≥0  (1V,3)

Gjckt nfrjuj rhfnrjq [fhfrnthbcnbrb byntuhfkmyjuj 
ghtlcnfdktybz cbcntvs hfccvjnhbv tt gjlhj,ytt d cdtnt 
xtnsht[ fcgtrnjd cbcntvyjuj gjl[jlf8

Byntuhfkmysq  bkb  jgnbvbpfwbjyysq  gjl[jl  c 
aeyrwbjyfkmyjq njxrb  phtybz  ghbpdfy  dshfpbnm 
ehjdtym hfpdbnbz  cbcntvs8  Cjcnjzybt  vfrcbvevf bkb 
vbybvevf7 rjnjhe. cbcntvf ljcnbuftn7 b [fhfrnthbpetn 
nj7 xnj jyf ljcnbukf jgnbvfkmyjuj ehjdyz hfpdbnbz ghb 
pflfyys[  eckjdbz[8  Pfvtnbv7  xnj  jgnbvfkmyjcnysq 
gjl[jl  gjpdjkztn  zdysv  j,hfpjv  bpvthznm  yfcrjkmrj 
cbcntvf ghjuhtccbhjdfkf8 Tckb dpznm pyfxtybt rhbnthbz 
jgnbvfkmyjcnb  lkz  lde[  ghjbpdjkmys[  vjvtynjd 
dhtvtyb7  nj  gj  bpvtytyb.  pyfxtybz  rhbnthbz  vj;yj 
celbnm j hfpdbnbb cbcntvs8 Ghb hfdyjdtcyjv gjl[jlt 
lkz rf;ljuj bp 'nb[ lde[ vjvtynjd dhtvtyb ,skb ,s 
yfqltys hfdyjdtcyst cjcnjzybz b ytdjpvj;yj ,skj ,s 
ytgjchtlcndtyyj  chfdybnm  rfrbt  byntuhfkmyst 
bpvtytybz ghjbpjikb d cbcntvt8

 Nfrjuj  hjlf  aeyrwbjyfkmyfz  hjkm  byntuhfkmyjuj 
gjl[jlf  vj;tn  ,snm  htfkbpjdfyf7  nfr  rfr  cj 
cnhernehyjq njxrb  phtybz  'njn  gjl[jl  j,hfoftn 
dybvfybt  yf  ajhvbhjdfybt  rhbnthbz  jgnbvfkmyjcnb7 
rjnjhsq byntuhbhetn ldb;eobt cbks8  Yfkbxbt nfrjuj 
rhbnthbz  gjpdjkztn  d  rjytxyjv  cxtnt  dshfpbnm 
cevvfhye.  wtyyjcnm  ytbpdtcnys[  gthtvtyys[  xthtp 
tlbye.  crfkzhye.  dtkbxbye8  D  vjltkz[  hfdyjdtcbz 
cnhernehf  wtyyjcnys[  gfhfvtnhjd  pfnhfn3dsgecrf 
pflfyf njkmrj dtrnjhfvb8
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 C  ghjwtccefkmyjq njxrb  phtybz  byntuhfkmysq 
gjl[jl ghtlgjkfuftn7 xnj fkujhbnvs ~vt[fybpvs` gjbcrf 
jgnbvfkmyjcnb  b  hfdyjdtcbz  d  ghbywbgt  vjuen  ,snm 
ntvb  ;t8  Ghb  'njv  jgnbvfkmyjcnysq  gjl[jl  lftn 
,jkmit ghjcnjhf lkz gjcnhjtybz fkujhbnvjd7 nfr rfr d 
ytgjchtlcndtyyjq  gjcnfyjdrt  ghj,ktvs  exfcndetn 
vtymit  gthtvtyys[  ~d  lfyyjv  ckexft  ytn  wty  yf 
htcehcs`8

 Yfrjytw7 c utytnbxtcrjq njxrb phtybz byntuhfkmysq 
gjl[jl gjhj;lfkcz ds,jhjv nfrjq gjpbwbb hfccvjnhtybz 
ghj,ktvs7 ghb rjnjhjq rfr ,s ceotcndetn eghfdkz.obq 
bkb  ltvbehu7  rjnjhsq  jceotcndkztn  ghjuhfvve 
wtktcjj,hfpys[ ltqcndbq7  yfghfdktyys[ yf htfkbpfwb. 
tuj rhbnthbz jgnbvfkmyjcnb8 Ntv cfvsv byntuhfkmysq 
gjl[jl  ghtlhfcgjkfuftn  r  hfphf,jnrt  ghjwtleh 
yf[j;ltybz  ytbpdtcnys[  dtkbxby 
eghfdkz.ob[  djpltqcndbq7  gjpdjkz.ob[  cjj,hfpyj 
ecnfyjdktyyjve  rhbnthb.  jgnbvfkmyjcnb  yfbkexibv 
j,hfpjv bcgjkmpjdfnm juhfybxtyyst htcehcs8

 Byntuhfkmyjt ghtlcnfdktybt cbcntvs7 ghbdtltyyjt d 
vjltkb (1V)7 vj;tn ,snm lfktt hfpdbnj8 <jktt hfpdbnjt 
ghtlcnfdktybt ,eltn lfyj yt d dblt jlyjq pflfxb7 f d 
dblt  gfhs6  bc[jlyjq b  ldjqcndtyyjq pflfx8  Pltcm 
ghjbc[jlbn cnsrjdfybt bltq jgnbvbpfwbb b ntjhbb buh8 
"nj cnsrjdfybt dblyj bp bcgjkmpjdfybz bltb vfrcvbyf6 
ghb jghtltktyys[ eckjdbz[ d pflfxt bvttncz ctlkjdfz 
njxrf7 d rjnjhjq pyfxtyb. bc[jlyjq pflfxb yf vfrcbvev 
cjjndtncndetn  pyfxtybt  ldjqcndtyyjq  pflfxb  yf 
vbybvev8

 D hfccvfnhbdftvjv ckexft yfhzle c pflfxtq  (1V)7 
rjnjhe.  ntgthm  j,jpyfxbv  rfr  bc[jlye.  (1V  )-17 
vj;tn ,snm ghtlcnfdktyf ldjqcndtyyfz tq pflfxf (1V)-
28  D  'njq  ldjqcndtyyjq  pflfxt  d  rfxtcndt 

ytbpdtcnys[  dtkbxby  ghtlcnfyen  htgfkcjhs  3  7  n8t8 
dtrnjh  wty  yf  htcehcs`  pyfxtybt 
dct[ lheub[ bpdtcnys[ dtkbxby jcnf.ncz nt ;t6

 

 r- min.  (IV,I)-2
A* ≥ c  (V2)-2 (IV)-2
 ≥ 0  (IV,3)-2
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D  wtkjv  bc[jlyfz  b  ldjqcndtyyfz  pflfxf 
ghtlcnfdkz.ncz  d  kbytqyjv  ghb,kb;tybb  cktle.obv 
j,hfpjv6

cx - max. (IV, 1) r- min. (IV,I)-2
Ax ≤ r   (IV, 2)    (1V )-1       A*  ≥ c  (IV,2)-2  (IV)2  (V)
x≥0 (1V,3) ≥ 0 (IV,3)-2 
 

 Pyfxtybt rhbnthbz jgnbvfkmyjcnb d gthdjq pflfxt 
(1V  )-1 d  njxrt  jgnbvevf  hfdyj  pyfxtyb.  rhbnthbz 

jgnbvfkmyjcnb d ldjqcndtyyjq pflfxt (1V )-2. 
 Jlyfrj  nfrjt  ldjqcndtyyjt  ghtlcnfdktybt 

jgnbvfkmys[ pflfx7 [jnz zdkztncz ifujv dgthtl7 jlyfrj 
ytrjycnhernbdyj7 gjcrjkmre ytzcyj ntgthm rfr edzpfnm 
lfyye. gfhe pflfx8 "nf edzprf vj;tn ytgjchtlcndtyyj 
jceotcndkznmcz xthtp vt[fybpv cbvekzwbjyyjq vjltkb7 
f  vj;tn  ,snm  jgjchtljdfyf  xthtp  fyfkbnbxtcrjt 
ghtlcnfdktybt8 Aeyrwbz Kfuhfy;f b tcnm ghbvth nfrjuj 
hjlf  fyfkbnbxtcrjuj  ghtlcnfdktybz7  d  rjnjhjv 
jlyjdhtvtyyj  exntys  b  bc[jlyst  b  cjghz;tyyst 
j,]trns

L= cx- Axp +rp -----opt.         (VI).

 "nf  aeyrwbz  bvttn  dtcmvf  zcysq  'rjyjvbxtcrbq 
cvsck  d  cbcntvt  nhjqyjq  ,e[ufknthbb8  Dshf;tybt  cx 
jnhf;ftn  lj[jl7  gjkexftvsq  cbcntvjq  jn  htfkbpfwbb 
ghjlerwbb7  crf;tv  wtyyjcnb 
dsgecrftvs[  gjnht,bntkmcrb[  ,kfu8  Pfnhfns  yf 
ghbj,htntybt  htcehcjd  rp cjcnfdkz.n  dnjhe. cnjhjye 

,e[ufknthbb8 Pfnhfns yf ghjbpdjlcndj ghjlerwbb  Axp 
cjcnfdkz.n  nhtnm.  cnjhjye  ,e[ufknthbb8  Nht,jdfybt 

hfdtycndf dtkbxby c[7 hr, F[h7 jpyfxftn ybxnj byjt7 xnj 
d  njxrt  hfdyjdtcbz  wtyyjcnm  dsgeotyyjq  ghjlerwbb 
ljk;yf njxyj rjvgtycbhjdfnm pfnhfns yf ghbj,htntybt 
htcehcjd7  rjnjhst  wtkbrjv  ,skb  pfnhfxtys  yf 
ghjbpdjlcndj  ghjlerwbb7  d 
j,]tvf[  ecnfyjdktyys[  jgnbvfkmysv  gkfyjv89 

9"nj cjjndtncndetn pfrjye cj[hfytybz 'ythubb7 ghb rjnjhjv bvt.ofzcz 
gjntywbfkmyfz 'ythubz gtht[jlbn d rbytnbxtcre.7 rjnjhfz d cdj. jxthtlm 
cnfyjdbncz  gjntywbfkmyjq  'ythubtq  d  yjdjv  cjcnjzybb6  tckb  ,s 
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Cjjndtncndtyyj  yf  ,fkfyct  jhufybpfwbb  dshexrf  jn 
ghjlfyyjq ghjlerwbb ljk;yf ,snm hfdyf rfr pfnhfnfv 
yf  ghjbpdjlcndj7  nfr  b  pfnhfnfv  yf  ghbj,htntybt 
htcehcjd8  Hfpevttncz7  xnj dct  'nb endth;ltybz bvt.n 
cvsck lkz kbytqyjq vjltkb8

D  ckexft7  rjulf  rjycnhernbdyj  vj;yj  gjcnhjbnm 
aeyrwb. Kfuhfy;f7 jyf pyfxbntkmyj j,ktuxftn htitybt 
pflfxb7  cdjlz  tt  r  rkfccbxtcrbv  vtnjlfv8  Ckj;yjcnm 
htitybz  pflfx  jgnbvfkmyjuj  eghfdktybz  rfr  hfp  b 
pfrk.xfkfcm  d  ytdjpvj;yjcnb  tt  ghzvjuj  cdtltybz  r 
aeyrwbb  Kfuhfy;f7  gjcrjkmre  eckjdbz  pflfxb  pflfys 
ythfdtycndfvb6  aeyrwbz  Kfuhfy;f  ghbujlyf  lkz 
htitybz pflfx ghb hfdtycndf[8

§ #8 Dnjhfz bgjcnfcm6 cghjc3ghtlkj;tybt

Hfccvjnhbv ntgthm 'rjyjvbxtcre. cbcntve7 d rjnjhjq 
zdysv  j,hfpjv  jnltkmyj  ghtlcnfdkty  cghjc  b 
ghtlkj;tybt8  Gecnm  dct  gjnht,bntkb  dscnegf.n  rfr 
jlyf  uheggf`  d  hfdyjq  vtht  'nj  jnyjcbncz  b  r 
ghjbpdjlbntkzv8  Gjdnjhbv  gj  jnyjityb.  r  ybv  dct 
nt  ;t  hfcce;ltybz  gj  gjdjle  vtnjljd  ghtlcnfdktybz 
cbcntvs7 rjnjhst ,skb hfytt ghbdtltys ghbvtybntkmyj 
r gjnht,ktyb.3ghjbpdjlcnde8

 Gecnm  d  yfxfkt  vs  vj;tv  yf,k.lfnm  cghjc 
gjnht,bntktq rjytxys[ ghjlernjd 3 j,jpyfxbv b[ dtrnjh 

x, x={x1,x3,...,xj,...,xn} - b ghtlkj;tybt ghjbpdjlbntktq 

'nb[  ;t  ghjlernjd  3  j,jpyfxbv  b[  dtrnjh  y, 

y={y1y3,...,yj,...,yn}. Yf,k.lftvsq  gfhfvtnh7  rjnjhsq 

jghtltkztn  pyfxtybt  cghjcf  b  ghtlkj;tybz  ghjlernf 

,eltn  tuj  wtyf 3j,jpyfxbv  dtrnjh  wty  h7  h -
{h1,h3,...,hj,...,hn}8

 Gecnm  d  yfxfkt  vs  vj;tv  gjcnhjbnm  njkmrj 
nf,kbxyst aeyrwbb cghjcf b ghtlkj;tybz8 J,jpyfxbv b[ 
cjjndtncndtyyj

p .................................... x 

rbytnbxtcrfz  'ythubz  bcxtpkf  ,s7  nj  yfheifkcz  ,s  pfrjy  cj[hfytybz 
'ythubb8

  15



 p..................................... y

Pflfxf  ntgthm  pfrk.xftncz  d  njv7  xnj,s 
ehfdyjdtcbnm cghjc  b  ghtlkj;tybt8  Pfabrcbhjdfd 
jghtltktyye.  wtye  vs  gjcnfhftvcz  yfqnb  d 
cjjndtncnde.ob[ nf,kbxys[ aeyrwbz[ pyfxtybz cghjcf 
b ghtlkj;tybz7 rjnjhst hfdys vt;le cj,jq8

Yf jcyjdt 'nb[ nf,kbxys[ aeyrwbq vj;yj gjcnhjbnm 
fyfkbnbxtcrbt aeyrwbb cghjcf b ghtlkj;tybz8  

J,jpyfxbv aeyrwb. cghjcf xthtp 

X=fd( p)
 

b aeyrwb. ghtlkj;tybz xthtp

y= fs( p).

D  'njv  ckexft7  rfr  ibhjrj  bpdtcnyj7  hfdyjdtcbt 
vt;le  cghjcjv  b  ghtlkj;tybtv  ,eltn  ljcnbuyenj  d 
njxrt dpfbvyjuj gthtctxtybz 'nb[ lde[ aeyrwbq8

Tckb  ntgthm  hfcrhsnm xthyst  zobrb7  rjnjhst 
jghtltkzkb  ajhvbhjdfybt  cghjcf  b  ghtlkj;tybz7  nj 
rf;lsq  bp  yb[  vj;yj  ghtlcnfdbnm  kb,j  vjltkzvb 
hfdyjdtcbz7 kb,j vjltkzvb jgnbvbpfwbb7 jnyjczobvbcz 
cjjndtncndtyyj r gjnht,bntkzv b ghjbpdjlbntkzv8

Hfdyjdtcyfz vjltkm Hfdyjdtcyfz vjltkm 
gjnht,bntkz ghjbpdjlbntkz

px≤w (IIId,1) (IIId) Ay≤ r (IIIs,1) (IIIs) 

p≥c       (IIId,2) A*≥ wp (IIIs ,3)10

10Ytj,[jlbvjcnm rjhhtrnbhjdrb cjjnyjitybz  (IIIs,2) yf rj'aabwbtyn   
dsntrftn bp cktle.ob[ cjj,hf;tybq8 D rjytxyjv cxtnt htpekmnfns7 n8t8 

pyfxtybz ytbpdtcnys[ dtkbxby x b y7 d vjltkb gjnht,ktybb3ghjbpdjlcndf b 

d vjltkb cghjcf3ghtlkj;tybz ghb pj>O ljk;ys ,snm ntvb ;t cfvsvb8 D 

vjltkb  gjnht,ktybz3ghjbpdjlcndf  A*≥c (III,c), f  d  vjltkb 

cghjcf3ghtlkj;tybz  p≥c (IIId,2)8  D  cjcnjzybb  hfdyjdtcbz  lkz 

dct[  gjkj;bntkmys[  pyfxtybq  dtrnjhf  x 'nb  ythfdtycndf  cnfyjdzncz 

hfdtycndfvb8 Xnj,s 'nb cjjnyjitybz dsgjkyzkbcm ytj,[jlbvj7 xnj,s A* 
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  x≤ y (IIId,s) ,

ult

p3 dtrnjh wty yf rjytxyst ghjlerns7

w 3 crfkzhyfz dtkbxbyf lj[jlf gjnht,bntktq7 

 crfkzhyfz  dtkbxbyf  ghtltkmyjq  gjktpyjcnb 
lj[jlf lkz gjnht,bntktq7 

c3  dtrnjh ghtltkmys[  gjktpyjcntq 
gjnht,bntkmcrb[ ,kfu lkz gjnht,bntktq7

A 3  vfnhbwf  rj'aabwbtynjd  pfnhfn3dsgecrf 
ghjbpdjlbntktq7

r 3 dtrnjh htcehcjd e ghjbpdjlbntktq7
A* 3  cjghz;tyyfz  vfnhbwf  rj'aabwbtynjd 

pfnhfn3dsgecrf e ghjbpdjlbntktq7

 3 dtrnjh jwtyjr htcehcjd e ghjbpdjlbntktq8
D  ckexft7  tckb  dtrnjh  x bvttn  gjkj;bntkmyst 

rjvgjytyns7 n8t8

 xj>0  =>  pj=cj  ; tckb  dtrnjh  p bvttn 

gjkj;bntkmyst  rjvgjytyns7  n8t8  pj>O  =>  xj=yj  , 
gjcktlybt  cjjnyjitybz  zdkz.ncz  eckjdbzvb 
ljgjkyz.otq yt;tcnrjcnb8

D  vjltkb  (IIId) ytbpdtcnysvb  zdkz.ncz  x3  cghjc 

rjytxys[  ghjlernjd  gjnht,bntkzvb,  p3  dtrnjh  wty7  f 

nfr;t  3  ghtltkmyfz  gjktpyjcnm  b[  lj[jlf8  Xbckj 
ytbpdtcnys[  hfdyj  pltcm  xbcke  ythfdtycnd7  f  nfr;t 
ghbyzns  dj  dybvfybz  eckjdbz  ljgjkyz.otq 

yt;tcnrjcnb  (IIId,s)+8  D  vjltkb  (IIIs) ytbpdtcnysvb 

zdkz.ncz y3 dtrnjh ghjbpdjlbvjq ghjlerwbb7  3 dtrnjh 
jwtyjr htcehcjd e ghjbpdjlbntkz8

 Gjcrjkmre d cbcntvt ythfdtycnd7 ghtlcnfdktyys[ d 
vjltkz[  (IIId) b  (IIIs) b  cjjnyjitybb  (IIId,s), c 

lj,fdktybtv eckjdbq ljgjkyz.otq yt;tcnrjcnb (IIId,s)+ 
xbckj  ythfdtycnd  hfdyj  xbcke  ytbpdtcnys[7  nj  bp 

 ,skj hfdyj p .
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htitybz  lfyyjq  cbcntvs  vj;yj  gjkexbnm 
c,fkfycbhjdfyysq cghjc b ghtlkj;tybt8

 Jgnbvfkmyjcnyjt  ghtlcnfdktybt  gjnht,bntktq  b 
ghjbpdjlbntktq ,eltn lfyj d cktle.otv dblt6

Gjnht,bntkm Ghjbpdjlbntkm

U=f( x)- max. (IVd,I) py-max. (IVs,I)
 (IVd)-1 (IVs)-1

px≤ w (IVd,2) Ay ≤ r (IVs,2),
 ult w=py.

D  xfcnyjcnb7  gjcnhjtybt  jgnbvfkmyjcnyjq  vjltkb 
(IYd)-17  [fhfrnthbpe.oe.  gjdtltybt  gjnht,bntktq7 
djpvj;yj  ytgjchtlcndtyyj  bp  fyfkbnbxtcrjuj 
ghtlcnfdktybz  gjdtltybz  gjnht,bntktq7  n8t8  yf  jcyjdt 
aeyrwbb  gjnht,bntkmcrjuj  cghjcf7  drk.xf.oe.  d 
rfxtcndt cdjb[ fhuevtynjd wtys b lj[jl gjnht,bntktq8 
Nfrjuj  hjlf  endth;ltybt  jgbhftncz  yf  dslf.oe.cz 
hf,jne T8Ckewrjuj711 d rjnjhjq ,skj gjrfpfyj7 xnj ghb 
ljcnfnjxyj  j,ob[  eckjdbz[  vj;yj  ghtj,hfpjdfnm 
aeyrwb. gjnht,bntkmcrjuj  cghjcf  d jgnbvfkmyjcnye. 
vjltkm gjdtltybz gjnht,bntkz8

Rf;ljq  bp  ghbdtltyys[  dsit 
jgnbvfkmyjcnys[ pflfx  (IVd)-1 b  (IVs)-1 vj;tn ,snm 
gjcnfdktyf d cjjndtncndbb ldjqcndtyyfz pflfxf6 

 
 Gjnht,bntkm Ghjbpdjlbntkm

U=f(x)-max. w -min.                      py- max. r-min. 
 (IVd)-1 (IVd)-2                         (IVs)-1 (IVs)-2 (V)

px≤ w p≥c Ay≤ r A*≥ wp.

§$8 Kjrfkmyjt b ukj,fkmyjt ghtlcnfdktybt 
'rjyjvbxtcrjq cbcntvs

11Slutsky,E.,  1915,  "Sulla  Theoria  del  Bilancio  del  Consumatore".  Giornale  Degli 
Economisti e Rivista di Statistica, no 51,pp.1-26. 
Heccrbq gthtdjl 'njq hf,jns heccrjuj 'rjyjvbcnf ,sk jge,kbrjdfy kbim 
d @)&$u8 Cv8 Ckewrbq7T87 |Ntjhbz c,fkfycbhjdfyyjuj ,.l;tnf gjnht,bntkz\7 d 
c,8 |"rjyjvbrj3vfntvfnbxtcrbt vtnjls\7 dsg8@8 Vjcrdf6 Yferf7@)&$8
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D  ghbdtltyyjq  dsit  bc[jlyjq  vjltkb 
gjnht,ktybz3ghjbpdjlcndf  rfr  ,s  ghtlgjkfufkcz  jlby 
exfcnybr  nbgf  Hj,bypjyf  Rhepj8  Ldjqcndtyye.  gj 
jnyjityb.  r  ytq  vjltkm  d  nthvbyf[  ntjhbb  buh 
vj;yj ,skj bynthghtnbhjdfnm gfhjq buhjrjd6 jlby bp 
yb[  ghjbpdjlbn  b  gjnht,kztn  ghjlerns7  f  lheujq 
ghjlftn  ghbyflkt;fobt  tve  htcehcs8  D  vjltkb 
cghjcf3ghtlkj;tybz  ghb  hfcrhsnbb  xthys[  zobrjd7 
rjnjhst ,s cnjzkb pf cghfibdf.obv b ghtlkfuf.obv7 
vj;yj  ,skj  nfr;t  ghtlgjkj;bnm  lde[  exfcnybrjd6 
gjnht,bntkz  b  ghjbpdjlbntkz8  Jlyfrj  j,vty  vt;le 
ybvb yt  ,sk ddtlty`  rfr  ,s ghtlgjkfufkjcm7  xnj  dct 
ghjbpdtltyyjt ljk;yj ,tpdjpvtplyj eqnb r gjnht,bntk.8

Vt;le ntv d j,otv ckexft d 'rjyjvbxtcrjq cbcntvt 
bvttncz  vyj;tcndj  exfcnybrjd7  rjnjhst  dcnegf.n  d 
frns  j,vtyf8  Gjcktlytt  yt  bcrk.xftn 
ght;yb[  xfcnys[  cbnefwbq7  rjulf  bvt.ncz  exfcnybrb7 
rjnjhst  zdkz.ncz  njkmrj  dkfltkmwfvb  htcehcjd7  bkb 
dct ghjlerns e[jlzn ,tpdjpvtplyj jn ghjbpdjlbntkz r 
gjnht,bntk.8

Ghb yfkbxbb j,vtyys[ jnyjitybq djpybrftn djghjc 
j njv7 yf rfrb[ ghbywbgf[ ,elen cnhjbnmcz j,vtyyst 
jnyjitybz8  Cj,cndtyyj  ujdjhz7  htxm  bltn  j  ghbywbgt 
cbyntpbhjdfybz  cbcntvs8  D  hfccvjnhtyys[  dsit 
lde[ bgjcnfcz[ 'rjyjvbxtcrjq cbcntvs7 tckb ljgecnbnm7 
xnj nfv ,skj ,jkmit jlyjuj exfcnybrf7 ghtlgjkfufkcz 
cktle.obq  ghbywbg  cbyntpbhjdfybz  cbcntvs8  Vjltkb 
gjnht,ktybz3ghjbpdjlcndf  byntuhbhjdfkbcm  rfr  buhf  c 
yektdjq  cevvjq6  nj7  xnj  jlby  exfcnybr3gjnht,bntkm7 
jy  ;t  b  ghjbpdjlbntkm73  dsbuhsdfk7  lheujq 
exfcnybr3lth;fntkm  htcehcjd3ghjbuhsdfk8  D  vjltkb 
cghjcf3  ghtlkj;tybz gj ceotcnde djpybrfkf nfrfz ;t 
cbnefwbz7 yj c ytrjnjhsvb jnkbxbzvb8 Gjnht,bntkm d 
'njv ckexft kbim gjnht,kzk7 f ghjbpdjlbntkm7 rjnjhsq 
dkfltk  htcehcfvb7  ljk;ty  ,sk  tot  ghjbpdjlbnm7 
lj,bdfzcm  vfrcbvfkmyjuj  dsgecrf  ghjlerwbz8 
Ghjbpdtltyye. ghjlerwb. ghjcnj e ytuj pf,bhfkb8

 Nfrbv  j,hfpjv7  d  j,jb[  ckexfz[  yt  ,skj 
j,vtyys[  jnyjitybq  vt;le  exfcnybrfvb8  ~"nj  yt 
vtifkj  bv  bcgjkmpjdfnm  wtys7  xnj,s  ghbybvfnm 
kjrfkmyst htitybz7 cjukfcjdfyyst c wtksv`8
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 D lfkmytqitv bpkj;tybb ghbywbg cbyntpbhjdfybz 
cbcntvs c ytcrjkmrbvb exfcnybrfvb ,eltn hflbrfkmyj 
vjlbabwbhjdfy8

 Ghtlgjkj;bv7  xnj  rf;lsq  exfcnybr  zdkztncz 
jlyjdhtvtyyj  gjnht,bntktv  b  ghjbpdjlbntktv 
ghjlerwbb8 Rf;lsq bp yb[ bvttn cdj.7 ghbceoe. tve 
aeyrwb.  ghtlgjxntybq  b  hfpyst  djpvj;yjcnb  lkz 
ghjbpdjlcndf7 n8t8 dkflttn jghtltktyysvb nt[yjkjubzvb 
b htcehcfvb8 D 'nb[ eckjdbz[ rf;lsq exfcnybr vj;tn d 
ghbywbgt  edtkbxbnm  cdj.  eljdktndjhtyyjcnm7  tckb 
dcnegbn d j,vtyyst jnyjitybz c lheubvb exfcnybrfvb8 
Lkz  njuj7  xnj,s  j,thtxm  jlyb[  exfcnybrjd  jn 
gjczufntkmcnd  lheub[  exfcnybrjd  ghtlgjkfuftncz7  xnj 
dct htcehcs7 rjnjhst bvt.ncz e rf;ljuj exfcnybrf yt 
njkmrj ghbyflkt;fn tve7  yj b xnj ghjbpdtltyyst bv 
ghjlerns  b  lj[jl  jn  yb[  nfr;t  ghbyflkt;fn  tve8 
Jnc.lf  dsntrftn  cktle.obq ghbywbg  cbyntpbhjdfybz 
cbcntvs7  bpdtcnysq  rfr  ghbywbg  Gfhtnj3 
jgnbvfkmyjcnb6  rf;lsq  exfcnybr7  dcnegf.obq  d 
j,vtyyst  jnyjitybz7  vj;tn  gjdsifnm  ehjdtym  cdjtq 
eljdktndjhtyyjcnb7  gjrf  'nj  yt  cyb;ftn  ehjdtym 
eljdktndjhtyyjcnb  [jnz  ,s jlyjuj  lheujuj  exfcnybrf8 
Vj;yj  gjcnhjbnm  'rjyjvbxtcrbt  vjltkb  cj  vyjubvb 
exfcnybrfvb7  rjnjhst  ,elen  jcyjdfys  yf 
ghbywbgf[  cbyntpbhjdfybz  cbcntvs7 
nht,e.ob[  gththfcghtltktybz  lj[jljd  vt;le 
exfcnybrfvb8  Jlyfrj  lkz  ghjcnjns  bpkj;tybz  z 
juhfybxecm kbim Gfhtnj3jgnbvfkmyjcnm. ghbywbgjv8

Cgjcj,s  ghtlcnfdktybz  cbcntvs7  jcyjdfyyst  yf 
lfyyjv  ghbywbgt7  vjuen  ,snm  kjrfkmysvb b 
ukj,fkmysvb8  Gjl  kjrfkmysv z  bvt.  ddble 
ghtlcnfdktybt  cbcntvs7  ghb  rjnjhjv  dsltkty  rf;lsq 
jnltkmysq  exfcnybr  b  dpfbvjjnyjitybz  vt;le  ybvb 
jcyjdfys  yf  ddtltyys[  ghfdbkf[8  Gjl  ukj,fkmysv z 
bvt. ddble ghtlcnfdktybt cbcntvs7 ghb rjnjhjv frwtyn 
ltkftncz  yf  j,otv  lkz  cbcntvs  rhbnthbb  hfpdbnbz 
cbcntvs  ghb  juhfybxtybz[  yf  djpvj;yjcnb 
jnltkmys[ exfcnybrjd8

 Ghb  kjrfkmyjv  gjl[jlt7  rfr  b  d  hfyytt 
hfccvjnhtyys[  vjltkz[7  rf;lsq  jnltkmysq  exfcnybr7 
j,jpyfxbv  tuj  byltrcjv  k,  k=1,2,...,K, vj;tn  ,snm 
ghtlcnfdkty cfvsv hfpkbxysv j,hfpjv` juhfybxbdf.obt 
ghfdbkf lkz exfcnybrjd ghjzdzncz d njv7 xnj e rf;ljuj 
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exfcnybrf  gjzdkztncz  lj[jl7  jcyjdfyysq  yf  ghjlf;t 
ghjbpdtltyyjq bv ghjlerwbb8  Yb;t z ghbdj;e njkmrj 
ldf nfrb[ ghtlcnfdktybz6  hfdyjdtcyjt ~vjltkm  (G1)`  b 
jgnbvfkmyjcnyjt ~vjltkm (G3)`7 nfr rfr jyb vyt df;ys 
lkz  bkk.cnhfwbb  ytrjnjhs[  fcgtrnjd  ghj,ktvs 
vyjujj,hfpbz  cgjcj,jd  ghtlcnfdktybz  'rjyjvbxtcrjq 
cbcntvs8

Kjrfkmyjt hfdyjdtcyjt ghtlcnfdktybt
 

Ck= fk (xk) (G1,1)

Akyk≤ rk (G1,2)

 Ak*k≥ck (G1,3)     (G1)

pxk ≤ pyk (G1,4)

pk≥ck (G1,5)

∑xk ≤ ∑yk (G1,6).

Kjrfkmyjt jgnbvfkmyjcnyjt ghtlcnfdktybt

Uk=Fk(xk)-max. (G2,1) 

 Akyk≤rk  (G2,2)   (G2)

pxk ≤ pyk (G2,3)

∑xk  ≤∑yk (G2,4).

Hfdyjdtcyfz  vjltkm  (G1) c  lj,fdktybtv  eckjdbq 
ljgjkyz.otq  yt;tcnrjcnb7  rjnjhst  lkz  ghjcnjns  z 
pltcm  jgecrf.7  zdkztncz  gjkyjcnm.  jghtltktyyjq7  nfr 
rfr d ytq xbckj ythfdtycnd hfdyj xbcke ytbpdtcnys[8

 Xnj rfcftncz  ukj,fkmyjuj ghtlcnfdktybz7 nj jyj d 
cdj.  jxthtlm  vj;tn  ,snm  jcyjdfyj  yf 
lde[ hfpkbxys[ gjl[jlf[6  dyenhtyytv b  dytiytv8 Ghb 
dyenhtyytv  gjl[jlt  zdysv  j,hfpjv  bcgjkmpetncz 
ghbywbg  cbyntpbhjdfybz  cbcntvs7  ddtltyysq  ghb 
kjrfkmyjv  ghtlcnfdktybb8  D  'njv  ckexft  ghb 
ljcnfnjxyj  j,ob[  eckjdbz[  ~ght;lt  dctuj  dsgjkytybz 
cjjnyjitybz  (G3,3) rfr hfdtycndf7  n8t8  ghtlgjkj;tybb7 
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xnj  lj[jl  exfcnybrf  gjkyjcnm.  bv  bcgjkmpetncz` 
kjrfkmyjt ghtlcnfdktybt vj;tn ,snm ghtj,hfpjdfyj d 
ukj,fkmyjt8 Nfr vjltkm G2 vj;tn ,snm ghtj,hfpjdfyf d 

vjltkm G3.

 ∑Fk(xk)µk-max. (G3,1) 

 Akyk≤ rk (G3,2) 

 pxk ≤ pyk (G3,3)

 ∑xk ≤ ∑yk (G3,4),

 ult µk 'nj dtc exfcnybrf d cbcntvt b jy hfdty 
 Ukj,fkmysq  rhbnthbq  lkz  'rjyjvbxtcrjq  cbcntvs 

vj;tn ,snm ghbdytcty bp dytiyb[ cjj,hf;tybq8  "njn 
rhbnthbq  ,eltn  dshf;fnm  nht,jdfybz  yflcbcntvs7 
rjnjhjq  d  lfyyjv  ckexft  zdkztncz  xtkjdtxtcrjt 
j,otcndj b ghbhjlyfz chtlf128

Ntjhtnbxtcrb ukj,fkmysq rhbnthbq7 dshf,jnfyysq bp 
dytiyb[ cjj,hf;tybq7  zdkztncz vtytt ghjbpdjkmysv d 
njv cvsckt7 xnj gthtyjcbn wtynh nz;tcnb ghjbpdjkmys[ 
ljgeotybq7  n8t8  frnjd  dths7  yf  ajhvbhjdfybt 
ghtlgjcskjr  b  vt[fybpvf  aeyrwbjybhjdfybz 
yflcbcntvs138

12Nfrjq  gjl[jl  r  ajhvbhjdfyb.  ukj,fkmyjuj  rhbnthbz  rfr  ,s 
ghjnbdjgjcnfdkztncz  dyenhtyytve  gjl[jle7  ghb rjnjhjv ghtlgjkfuftncz7 
xnj  ghbywbg  cbyntpbhjdfybz  cbcntvs  zdkztncz  rjydtywbjyfkmysv  bkb 
jcyjdfy yf yfcbkbt jlyjq uheggs ~d ghtltkt jlyjuj kbwf3ghfdbntkz` yfl 
dctv j,otcndjv8

Tckb  extcnm  vyjujj,hfpbt  vytybq  k.ltq7  nj  dshf,jnfnm  ghbywbg 
cbyntpbhjdfybz cbcntvs rjydtywbjyfkmysv gentv dtcmvf nhelyj8 Pltcm 
dcnegf.n  d  ltqcndbt  kb,j  vt[fybpvs  ujkjcjdfybz7  kb,j  yfcbkbz7  n8t8 
dctulf tcnm 'ktvtyns ghjbpdjkmyjcnb8
13Tckb  ghjljk;bnm  wtgm  gjcnhjtybz  yflcbcntv  lkz  'rjyjvbxtcrjq 
cbcntvs7  nj  ytj,[jlbvj ,eltn  gjcnhjbnm yflcbcntve  lkz  xtkjdtxtcrjuj 
j,otcndf8 Tq vj;tn ,snm eybdthc8 Ljgecnbvj ghtlgjkj;bnm7 xnj cbcntvf 
|xtkjdtxtcrjt  j,otcndj\  pfybvftn  ghjvt;enjxyjt  vtcnj  vt;le 
jhufybxtcrbv  vbhjv  b  cjplfdftvsv  yjdsv  bcreccndtyysv  vbhjv7  d 
rjnjhjv ,eltn ujcgjlcndjdfnm bcreccndtyysq byntkktrn8

Ghb nfrjv gjl[jlt r dytiytve rhbnthb. lkz xtkjdtxtcrjuj j,otcndf 
yt  bcrk.xftncz  extn  bylbdblefkmyjuj  'vjwbjyfkmyjuj  cnhjz 
jnltkmys[ kbxyjcntq8  "nb wtyyjcnb pfkj;tyyst d xtkjdtrt7  cnfyjdzncz 
juhfybxbdf.obv  eckjdbtv`  njxytt  bv  cnfyjdbncz  jnvtxtyysq  dsit 
dyenhtyybq ukj,fkmysq rhbnthbq7 jcyjdfyysq yf cbyntpt bylbdblefkmys[ 
wtktds[  aeyrwbq8  Gjcrjkmre  dytiybq  b  dyenhtyybq  rhbnthbq7  djj,ot 
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Jlyfrj  lkz  vtyz  ctqxfc  df;yj  gjlxthryenm  yt 
bcnjxybr  gjzdktybz  ukj,fkmyjuj  rhbnthbz7  b  lf;t  yt 
kjrfkmyjcnm  bkb  ukj,fkmyjcnm  ghtlcnfdktybz 
'rjyjvbxtcrjq  cbcntvs7  f  njn  afrn7  xnj  dj 
dct[  ckexfz[  ghtlcnfdktybz  cbcntvs  cj  vyjubvb 
exfcnybrfvb  ytj,[jlbvj  ddjlbnm  cbyntpbhe.obq 
ghbywbg8  Ytpfdbcbvj  jn  njuj7  rfr  'njn  ghbywbg 
pflftncz7 n8t8 d dblt ghfdbk dpfbvjltqcndbz exfcnybrjd7 
rfr 'nj bvtkj vtcnj ghb kjrfkmyjv ghtlcnfdktybb7 bkb 
ddblt  ukj,fkmyjuj  rhbnthbz  rfr  d  ukj,fkmyjv 
ghtlcnfdktybb7 d 'njv ghbywbgt dctulf ,elen 'ktvtyns 
ghjbpdjkmyjcnb8  Ghb  rfrb[  eckjdbz[7  rfrjq  cgjcj, 
ghtlcnfdktybz cbcntvs zdkztncz ,jktt wtktcjj,hfpysv 3 
ghtlvtn cgtwbfkmyjuj hfccvjnhtybz8

ujdjhz7  vjuen  yt  cjdgfcnm7  nj  ytj,[jlbvj  dshf,jnfnm  jgthfnjhs 
cnbvekbhjdfybz7  rjnjhst  gjcnfdzn  dyenhtyybq  ukj,fkmysq  rhbnthbq  d 
cjjndtncndbt c nht,jdfybzvb dytiytuj ukj,fkmyjuj rhbnthbz8 D xfcnyjv 
ckexft7 dytiybq b dyenhtyybq ukj,fkmysq rhbnthbq vjuen cjdgfcnm d njv 
cvsckt7  xnj  jghtltkzn  jlby  b  njn  ;t  genm  hfpdbnbz  xtkjdtxtcrjuj 
j,otcndf8
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