
    
 

bdkbZ 12 Lo&lglaca/k 
 

bdkbZ dh :ijs[kk  

12-0  mís';  

12-1    fo’k;&izos”k   

12-2  Lo&lglaca/k dh ladYiuk 

12-3 Lo&lglaca/k gsrq dkj.k  

12-4 Lo&lglaca/k ds ifj.kke  

12-5 Lo&lglaca/k dk lalwpu  

 12-5-1 vkjs[kh; fof/k  

 12-5-2 MfcZu&o‚Vlu ijh{k.k  

 12-5-3 Ckzq'k&x‚MÝs ijh{k.k  

12-6 Lo&lglaca/k gsrq mipkjkRed mik; 

 12-6-1 Kkr LolekJ;.k ;kstuk % dksØsu&v‚dZV :ikarj.k 

 12-6-2 vKkr LolekJ;h ;kstuk  

 12-6-3 iqujkoÙ̀kh; çfØ;k 

12-7 i'pk;u okys e‚Myksa esa Lolglaca/k 

12-8 lkj&la{ksi    

12-9 cks/k ç'uksa ds mÙkj vFkok ladsr  

12-0 mís'; 
çLrqr bdkbZ dk v/;;u djus ds ckn vki bl ;ksX; gksaxs fd  &  
 fdlh lekJ;.k e‚My esa Lolglaca/k dh vo/kkj.kk dks js[kkafdr dj ldsa( 
 fdlh lekJ;.k e‚My esa Lolglaca/k dh fo|ekurk ds ifj.kkeksa dk o.kZu dj ldsa( 
 fdlh lekJ;.k e‚My esa Lolglaca/k dk irk yxkus dh fof/k;ksa dh O;k[;k dj 

ldsa( 
 Lolglaca/k dk irk yxkus ds fy, MfcZu&o‚Vlu ijh{k.k djus dh çfØ;k ij ppkZ 

dj ldsa( 
 Lolglaca/k dks fo;ksftr djus ds mís'; ls mipkjkRed mik;ksa dks Li"V dj ldsa( 

rFkk 
 mu ifjfLFkfr;ksa ls fuiVus ds fy, çfØ;k dh :ijs[kk rS;kj dj ldsa tgk¡ fdlh 

i'pkf;r vkfJr pj okys e‚My esa Lolglaca/k fo|eku gksA 

12-1 fo’k;&izos”k   

fiNyh bdkbZ esa geus fo"kefolkfjrk ds fo"k; ij foLrr̀ ppkZ dh FkhA ogk¡ geus ik;k 
fd fo"kefolkfjrk oLrqr% ikjaifjd jSf[kd lekJ;.k e‚My ¼CLRM½ dh vusd 

                                                             

 M‚- iwtk 'kekZ] lgk;d izk/;kid] nkSyr jke d‚yst] fnYyh fo'ofo|ky;A 
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vo/kkj.kkvksa ds 
mYya?ku dk mipkj 

vo/kkj.kkvksa esa ls ,d] ;Fkk lefolkfjrk] dk mYya?ku gSA ;fn =qfV in dk fopj.k 
lHkh çs{k.kksa esa fu;r u gks rks gesa fo"kefolkfjrk dh leL;k ls nks pkj gksuk iM+rk gSA 

bl bdkbZ esa] ge mä e‚My ¼CLRM½  dh ,d vU; vo/kkj.kk ds mYya?ku ds fo"k; 
esa ppkZ djsaxsA Lej.k djsa fd =qfV inksa ds fo"k; esa ,d vo/kkj.kk ;g gS fd ,d çs{k.k 
dk =qfV in nwljs çs{k.k ds =qfV in ls lglac) ugha gksrkA ;fn os lglac) gksrs gSa 
rks bl fLFkfr dks ^Lolglaca/k^ dh laKk nh tkrh gSA bls ^Øfed lglaca/k dh leL;k^ 
Hkh dgk tkrk gSA ;g leL;k çfrfu/;kRed ds lkFk&lkFk dky&Js.kh vk¡dM+ksa esa Hkh 
mRiUu gks ldrh gSA vkb,] Lolglaca/k dh vo/kkj.kk ij FkksM+k vkSj foLrkj ls ppkZ 
djrs gSaA  

12-2 Lo&lglaca/k dh vo/kkj.kk  

ikjaifjd jSf[kd lekJ;.k e‚My ¼CLRM½ dk ekuuk gS fd fofHkUu =qfV inksa ds chp 
lglaca/k 'kwU; gksrk gSA ge tkurs gSa fd fo"kefolkfjrk çfrfu/;kRed vk¡dM+ksa ds lkFk 
vf/kd tqM+h gksrh gS] tcfd Lolglaca/k vkerkSj ij dky&Js.kh vk¡dM+ksa ls vf/kd tqM+k 
gksrk gSA fuLlUnsg] çfrfu/;kRed vk¡dM+ksa esa Hkh Lolglaca/k ekStwn gks ldrk gSA dqN 
ys[kd ^Lolglaca/k^ 'kCn dk ç;ksx dsoy dky&Js.kh vk¡dM+ksa ds fy, djrs gSaA os 
çfrfu/;kRed vk¡dM+ksa esa Lolglaca/k dk o.kZu djus ds fy, ^Øfed lglaca/k^ 'kCn dk 
mi;ksx djrs gSaA dbZ ys[kd lekukFkZd 'kCn ds :i esa ^Lolglaca/k^ vkSj ^Øfed 
lglaca/k^ 'kCnksa dk ç;ksx djrs gSaA os çfrfu/;kRed ds lkFk&lkFk dky&Js.kh vk¡dM+ksa 
esa Hkh bl 'kCn dk ç;ksx djrs gSaA 

çfrfu/;kRed vk¡dM+ksa esa gksus okys Lolglaca/k dks dHkh&dHkh LFkkfud lglaca/k ¼le; 
dh ctk; LFkku esa lglaca/k½ Hkh dgk tkrk gSA mä e‚My ¼CLRM½ esa ge ;g ekudj 
pyrs gSa fd dksbZ Lolglaca/k ugha gksrk gSA ladsrk{kjksa esa bldk vFkZ gksxk & 

𝐸൫𝑢௜ , 𝑢௝൯ = 0  𝑖 ≠ 𝑗      … (12.1) 

lehdj.k ¼12-1½ dk vFkZ gS fd ,d çs{k.k ls lac) çlkekU; =qfV in fdlh vU; çs{k.k 
ls lac) ck/kk in ls lacaf/kr ;k çHkkfor ugha gSA mnkgj.k ds fy,] mRiknu dks 
çHkkfor djus okyh ,d frekgh esa Jfed gM+rky vxyh frekgh esa mRiknu dks 
çHkkfor ugha dj ldrh gSA bldk fufgrkFkZ ;g gS fd dky Js.kh esa dksbZ Lolaca/k ugha 
gksrk gSA blh çdkj] ikfjokfjd miHkksx O;; ds çfrfu/;kRed vk¡dM+ksa esa miHkksx O;; 
ij fdlh ifjokj dh vk; esa of̀) ls nwljs ifjokj ds miHkksx O;; dks çHkkfor djus 
dh vk'kk ugha dh tkrh gSA  

mi;qZä Jfed gM+rky ds dkj.k çHkkfor mRiknu ds mnkgj.k esa] ;fn 𝐸൫𝑢௜ , 𝑢௝൯ ≠ 0,

𝑖 ≠ 𝑗 gks rks bldk vFkZ gksxk Lolglaca/k dh fLFkfrA bldk fufgrkFkZ ;g gS fd ,d 
frekgh esa gM+rky ds dkj.k mRiUu O;o/kku vxyh frekgh esa mRiknu dks çHkkfor dj 
jgk gSA blh çdkj] ,d ifjokj ds miHkksx O;; esa o`f) ^çn'kZu çHkko^ ¼çfrfu/;kRed 
vk¡dM+ksa½ ds dkj.k ikl&iM+ksl esa vU; ifjokjksa ds miHkksx O;; dks çHkkfor dj ldrh 
gSA rnuqlkj] ;g LFkkfud lglaca/k dk ekeyk vf/kd gSA blhfy, ;g vko';d gS fd 
vk¡dM+ksa dk lko/kkuhiwoZd fo'ys"k.k fd;k tk, rkfd ;g irk yxk;k tk lds fd 
okLro esa ck/kk inksa ds chp laca/k dk dkj.k D;k gSA  

vkb,] vc Lolglaca/k dh fofHkUu fLFkfr;ksa ;k mnkgj.kksa ij lw{e –f"V Mkysa] tSlk fd 
fp= 12-1 esa n'kkZ;k x;k gSA bl fp= ¼12-1½ ds [kaM ¼a½ ls ¼d½ rd 𝑢௧ ds chp ge 
fHkUu&fHkUu çfreku ns[krs gSa] ijarq fp= ¼12-1½ ds [kaM ¼e½ esa gesa ,slk dksbZ çfreku 
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Lo&lglaca/k ugha fn[krk gSA ;g /;ku nsus dh ckr gS fd pw¡fd Lolglaca/k vf/kdka'kr% dky&Js.kh 
vk¡dM+ksa esa ns[kk tkrk gS] ge O;fäxr çs{k.kksa dks bafxr djus ds fy, iknk{kj ^i^ ds 
LFkku ij ^t^ dk ç;ksx djrs gSaA vkxs ge vFkZ'kkL= ds dqN fof'k"V mnkgj.kksa ds lkFk 
Lolglaca/k ds dkj.kksa dk v/;;u djsaxsA  

                     
  fp= 12-1% Lolglaca/k ds mnkgj.k 

12-3 Lo&lglaca/k gsrq dkj.k 

Lolglaca/k dh fo|ekurk gsrq mÙkjnk;h fofHkUu dkj.kksa ij ppkZ fuEufyf[kr LFkwy 
'kh"kksaZ ds varxZr dh tk ldrh gS & 

a) tM+rk ;k fuf"Ø;rk 

vf/kdka'k vkfFkZd dky&Js.kh vk¡dM+s tM+rk ;k fuf"Ø;rk n'kkZrs gSaA mnkgj.k ds fy,] 
ldy ?kjsyw mRikn ¼thMhih½] mRiknu] jkstxkj] eqæk vkiwfrZ vkfn vkfFkZd fØ;kdyki 
esa vkorhZ vkSj Lo;a/kkjh mrkj&p<+ko gh n'kkZrs gSaA tc dksbZ vFkZO;oLFkk eanh ls mcj 
jgh gks rks vf/kdka'k dky Js.kh Åij dh vksj gh c<+rh fn[kkbZ nsrh gSA bldk vFkZ ;g 
gS fd ,d le;&fcanq ij fdlh Js.kh dk dksbZ Hkh rnarj eku lnSo vius fiNys le; 
eku ls vf/kd gksrk gSA ;g xerk rc rd tkjh jgrh gS tc rd fd og djksa ;k 
C;kt vFkok nksuksa esa o`f) tSls dkjd ds dkj.k /kheh u iM+ tk,A vr,o] dky&Js.kh 
vk¡dM+ksa ls tqM+s lekJ;.k esa Øfed çs{k.k vkerkSj ij vU;ksU;kfJr vFkok lglac) gh 
gksrs gSaA  
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vo/kkj.kkvksa ds 
mYya?ku dk mipkj 

bl çdkj eku vkfn esa gksus okyh òf) dks gh ^tM+rk^ dgk tkrk gS] ftldk 'kkfCnd 
vFkZ gS & ,d ,slh fLFkfr tks fujarj vusd le;kof/k;ksa rd ,d leku jhfr ls cuh 
jgrh gSA eanh ds nkSj esa bldk foijhr çHkko rc fn[kkbZ iM+rk gS tc vf/kdka'k 
vkfFkZd fØ;kdyki blls ihfM+r gks tkrs gSa vFkkZr~ fuf"Ø; gks tkrs gSaA  

b) e‚My esa fofunsZ'ku =qfV;k¡ 

e‚My ds =qfViw.kZ fofunsZ'ku ds dkj.k dqN egRoiw.kZ pj ftUgsa e‚My esa 'kkfey fd;k 
tkuk pkfg, Fkk] laHkor% 'kkfey u fd, tk lds gksa ¼;Fkk] =qfViw.kZ e‚My&fofunsZ'ku 
dk mnkgj.k½A ;fn ,slk =qfViw.kZ e‚My&fofunsZ'ku gksrk gS rks ,sls =qfViw.kZ e‚My ds 
vof'k"V fu;fer çfreku n'kkZ,¡xsA ;fn vof'k"V dksbZ fHkUu çfreku n'kkZrs gSa rks ;g 
Øfed lglaca/k dks tUe nsrk gSA 

c) edM+tky lao`fr 

vusd —f"kxr oLrq,¡ ,d fof'k"V –';?kVuk çLrqr djrh gSa] ftls ^edM+tky laòfr^ 
dgk tkrk gSA bl –';?kVuk esa vkiwfrZ fdlh le;&varjky ds lkFk dher ds çfr 
viuh çfrfØ;k n'kkZrh gSA ,slk eq[;r% blfy, gksrk gS fd vkiwfrZ fu.kZ;ksa dks ykxw 
djus esa le; yxrk gSA nwljs 'kCnksa esa] blesa fodkl çfØ;k dh vof/k 'kkfey gksrh 
gSA mnkgj.k ds fy,] Qly cksus dk fdlkuksa dk fu.kZ; fiNys o"kZ dh vkiwfrZ dh 
fLFkfr vFkok Qyu esa çpfyr dherksa ij fuHkZj gks ldrk gSA bls bl çdkj fy[kk tk 
ldrk gS & 

𝑆௧ = 𝛽ଵ + 𝛽ଶ𝑃௧ିଵ + 𝑢௧       … (12.2) 

lehdj.k ¼12-2½esa =qfV in 𝑢௧  laHkor% iwjh rjg ;k–fPNd u gksA ,slk blfy, gS fd 
;fn o"kZ t esa —"kd vR;qRiknu djrs gSa rks laHko gS fd o"kZ ¼t+1½ esa os vYiksRiknu djsa 
D;ksafd os fcuk fcds eky dks fuiVkuk pkgsaxsA ;gh vkerkSj ij edM+tky laof̀r dh 
vksj ys tkrk gSA 

d) vk¡dM+k ledj.k 

dHkh&dHkh gesa çLrqr fd, x, vk¡dM+ksa dk vkSlr fudkyus dh vko';drk iM+rh gSA 
vk¡dM+ksa ds vkSlr ij fopkj djus dk gh vFkZ ^vk¡dM+k ledj.k^ gS ¼mnkgj.k ds fy, 
BECC 109 dh bdkbZ 5 ns[ksa½A ge gj rhu eghus esa vius vk¡dM+ksa dk vkSlr fudkydj 
ekfld vk¡dM+ksa dks =Sekfld vk¡dM+ksa esa cnyuk ilan dj ldrs gSaA cgjgky] ;g 
ledj.k] tks fd vusd lanHkksaZ esa okafNr gks ldrk gS] Lo;a gh ck/kkvksa ds fdlh 
fu;fer çfreku dks tUe ns ldrk gS] ftlds ifj.kkeLo:i Lolglaca/k lkeus vk 
ldrk gSA 

vk¡dM+ksa ds vk/kkj ij Lolglaca/k ldkjkRed ;k udkjkRed gks ldrk gSA vkerkSj ij] 
vkfFkZd vk¡dM+s ldkjkRed Lolglaca/k çnf'kZr djrs gSaA ,slk blfy, gS fd muesa ls 
vf/kdka'k le; ds lkFk ;k rks Åij ;k fQj uhps dh vksj c<+rs gSaA bl çdkj dk 
#>ku de ls de dqN le;] ;Fkk dqN eghuksa vFkok dqN frekfg;ksa] rd tkjh jgrk 
gSA bldk vFkZ gS fd tc rd dksbZ dkj.k vFkok vk?kkr çHkkoh u gks rc rd muls 
vpkud Åij vFkok uhps dh vksj pys tkus dh mEehn ugha dh tkrh gSA  

12-4 Lo&lglaca/k ds ifj.kke  

tc 'kwU;&Lolglaca/k dh vo/kkj.kk dk mYya?ku gksrk gS rks çfrn'kZ vk¡dM+ksa ds vk/kkj 
ij lekJ;.k e‚My ds vkdyd dqN nq"ifj.kkeksa ls Hkh xzLr gks ldrs gSaA vf/kd 
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Lo&lglaca/k fof'k"V :i ls] lk/kkj.k U;wure oxZ ¼OLS½ vkdyd fuEufyf[kr ifj.kkeksa ls xzLr ik,  
tk,¡xs & 

a) lk/kkj.k U;wure oxZ ¼OLS½ vkdyd vc Hkh jSf[kd vkSj vufHkur gh gksaxsA nwljs 
'kCnksa esa] çkpyksa ds vkdfyr eku vufHkur gh cus jgrs gSaA cgjgky] os n{k ugha 
gksaxs D;ksafd muds ikl U;wure fopj.k ugha gksxkA vr,o] ;s ¼OLS½ vkdyd 
loksZÙke jSf[kd vufHkur vkdyd ¼BLUE½ fl) ugha gksrs gSaA 

b) lk/kkj.k U;wure oxZ ¼OLS½ vkdydksa ds vkdfyr fopj.k ¼b1 vkSj b2½ vfHkur gksrs 
gSaA vr,o] fopj.kksa dk vkdyu djus ds fy, ç;ksx fd;k tkus okyk lkekU; lw=] 
vkSj mudh ekud =qfV;k¡ okLrfod fopj.kksa vkSj ekud =qfV;ksa dks de djds 
vk¡drs gSaA ifj.kker% t&ekuksa ds vk/kkj ij fdlh çkpy dks vLohdkj djus dk 
fu.kZ;] ;g fu"d"kZ fudkyuk fd dksbZ Hkh fof'k"V xq.kkad 'kwU; ls lkaf[;dh; :i ls 
fHkUu gksrk gS] ,d =qfViw.kZ fu"d"kZ gh dgyk,xkA nwljs 'kCnksa esa] lkekU; t & vkSj  
F&ijh{k.k vfo'oluh; gks tkrs gSaA- 

c) mi;qZä ds çR;{k ifj.kkeLo:i lef"V =qfV fopj.k ds vkdyu gsrq lkekU; lw=] 
;Fkk  df/RSSˆ 2   okLrfod 2  dk ,d vfHkur vkdyd çLrqr djrk gSA 

fo'ks"k :i ls] ;g okLrfod 2  de djds gh vk¡drk gSA blds ifj.kkeLo:i 
laxf.kr R2 okLrfod R2   dk ,d vfo'oluh; ekinaM cu tkrk gSA 

 

fp= 12-2% Lolglaca/k esa =qfV in ds çfreku 

+ve Lolglaca/k 

-ve Lolglaca/k 
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vo/kkj.kkvksa ds 
mYya?ku dk mipkj 

fp= 12-2 Lolglaca/k dh fofHkUu fLFkfr;ksa ds rgr =qfV inksa ds çfreku dks n'kkZrk gSA 
;gk¡ /;ku nsa fd pw¡fd lef"V =qfV in (𝑢௧)  Kkr ugha gSa] ge çfrn'kZ vof'k"V (𝑒௧) dks 
gh vafdr dj jgs gSaA  

cks/k ç'u  1 

[fn, x, LFkku esa ç'uksa ds mÙkj 50&100 'kCnksa esa nsaA] 

1) lekJ;.k e‚My esa Lolglaca/k dk D;k vFkZ gksrk gS\ Li"V djsaA  

 …………………………………………………………………………………

 …………………………………………………………………………………

 …………………………………………………………………………………

 …………………………………………………………………………….…… 

2) fdl çdkj ds vk¡dM+ksa esa Lolglaca/k dh leL;k vis{kk—r vf/kd fn[kkbZ iM+rh gS\ 
D;ksa\ 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………….…… 

3) Lolglaca/k ds çHkko'kkyh dkj.k dkSu&ls gksrs gSa\ crkb,A 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………….…… 

4) Lolglaca/k ds D;k ifj.kke lkeus vkrs gSa\ ,d&,d djds crkb,A 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………….…… 

12-5 Lo&lglaca/k dk lalwpu 

vk¡dM+ksa esa Lolglaca/k dh fo|ekurk dk irk yxkus ds vusd rjhds çpyu esa gSaA 
vkb,] buesa ls dqN çeq[k ij ppkZ djsa &  

12-5-1 vkys[kh; fof/k 

lk/kkj.k U;wure oxZ ¼OLS½ vof'k"Vksa 𝑒௧ dh dksbZ –'; ijh{kk cgq/kk =qfV inksa 𝑢௧ ds 
chp Lolglaca/k dh fo|ekurk n'kkZrh gSA bl rjg dh fp=e; çLrqfr ¼fp= 12-3½ dks 
gh ^dkykuqØe vkys[k^ ds :i esa tkuk tkrk gSA bl fp= dk çFke Hkkx =qfV inksa ds 
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Lo&lglaca/k lapyu esa dksbZ Li"V çfreku ugha n'kkZrk gSA bldk vFkZ gS fd ;gk¡ Lolglaca/k dk 
vHkko gSA ijarq fp= ds fupys Hkkx esa vki ns[ksaxs fd nks vof'k"V inksa ds chp laca/k 
igys udkjkRed gS vkSj fQj og ldkjkRed gks tkrk gSA vr,o] çfrn'kZ vof'k"Vksa dk 
vkys[ku djus ls gesa Lolglaca/k dh fo|ekurk vFkok vHkko fo"k;d igyk ladsr 
feyrk gSA 

 

        fp= 12-3% Lolglaca/k dk lalwpu dh vkys[kh; fof/k 

12-5-2 MfcZu&o‚Vlu ijh{k.k 

MfcZu&o‚Vlu ijh{k.k] ;k DW&ijh{k.k] tSlk fd bls yksdfç; :i ls dgk tkrk gS] 
Lolglaca/k dh fo|ekurk dk irk yxkus dh ,d fo'ys"k.kkRed fof/k gSA bldk 
çfrn'kZt fuEuor~ n'kkZ;k tkrk gS &  

𝑑 =
෌ (௘೟ି௘೟షభ)మ೙

೟సమ

෌ ௘೟
మ೙

೟సభ

         … (12.3) 

lehdj.k ¼12-3½ lkaf[;dhfonksa tsEl MfcZu vkSj tsÝh o‚Vlu }kjk lq>k, x, 
d&çfrn'kZt dks vkuqØfed vof'k"Vksa esa ofxZr O;odyu ds ;ksxQy vkSj oxksaZ ds 
vof'k"V ;ksxQy ds vuqikr ds :i esa ifjHkkf"kr djrk gSA mä d&çfrn'kZt dh 
lax.kuk ds fy, ge çfrn'kZ vkeki ¼n–1½ ysrs gSa D;ksafd vkuqØfed O;odyu ysus esa 
,d çs{k.k [kks tkrk gSA bl d&çfrn'kZt esa varfuZfgr dqN vo/kkj.kk,¡ fuEuor~ gSa& 

a) fdlh Hkh lekJ;.k e‚My esa dksbZ vojks/ku in 'kkfey gksrk gSA blhfy, bl 
i)fr dk ç;ksx vojks/ku in ¼;Fkk] og lekJ;.k lehdj.k tks ewyfcanq ls gksdj 
xqtjrk gS½ jfgr lekJ;.k e‚Myksa esa Lolglaca/k fu/kkZfjr djus ds fy, ugha fd;k 
tk ldrk gSA 
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b) blesa X pj xSj&çlaHkkO; gksrs gSa vFkkZr~ muds eku nksgjk, x, çfrn'kksaZ esa r; 
fd, tkrs gSaA 

c) blesa =qfV in fuEukuqlkj fodflr gksrk gS & 

𝑢௧ = 𝜌𝑢௧ିଵ + 𝑣௧,  −1 ≤ 𝜌 ≤ 1    … (12.4) 
 

lehdj.k ¼12-4½ n'kkZrk gS fd le;kof/k t ij =qfV in dk eku le;kof/k  ¼ t – 1½ esa 
=qfV in ds eku vkSj iw.kZr% ;k–fPNd in 𝑣௧ ij fuHkZj gSA fiNys eku ij fuHkZjrk dh 
lhek dks p ls ekik tkrk gS] tks fd –1 vkSj 1 ds chp fLFkr gksrk gSA 

lehdj.k ¼12-4½ esa fn, x, lekJ;.k e‚My dks çFke&dksfV LolekJ;.k ;kstuk ds 
:i esa lanfHkZr fd;k tkrk gSA bls AR¼1½ ls bafxr fd;k tkrk gSA ^LolekJ;.k^ 'kCn 
ds ç;ksx dk vFkZ gksrk gS fd =qfV in 𝑢௧ dk ,d vof/k ds vius gh i'pkf;r eku] 
;Fkk 𝑢௧ିଵ lekJ;.k fd;k x;k gSA blhfy, bls çFke&dksfV LolekJ;.k ;kstuk dgk 
tkrk gSA ;fn ge nks i'pkf;r eku ¼;Fkk]  𝑢௧ିଵ vkSj 𝑢௧ିଶ½ 'kkfey djrs gSa rks gekjs 
ikl AR¼2½ ;kstuk gksrh gSA blh çdkj] tc ge i'pkf;r ekuksa dh la[;k dks ^p* rd 
c<+krs gSa rks gekjs ikl AR¼ p½ Ldhe gksrh gSA 

d) lekJ;.k e‚My esa O;k[;kRed pjksa esa ls ,d ds :i esa vkfJr pj dk dksbZ 
i'pkf;r eku ugha gksrk gSA nwljs 'kCnksa esa] mä ijh{k.k fuEufyf[kr çdkj ds 
e‚Myksa ij ykxw ugha gksrk gS& 

𝑌௧ = 𝛽ଵ + 𝛽ଶ𝑋௧ + 𝛽ଷ𝑌௧ିଵ + 𝑢௧     … (12.5) 
 

tgk¡ 𝑌௧ିଵ Lora= pj Y dk ,d&vof/k i'pkf;r eku gSA mi;qZä çdkj ds e‚My dks 
gh LolekJ;.k ¼AR½ e‚My ds :i esa tkuk tkrk gSA ,sls mnkgj.kksa ds fy, 
d&çfrn'kZt dk ç;ksx ugha fd;k tk ldrk gSA 

lehdj.k ¼12-4½ ls p dk vkdyu fuEukuqlkj fd;k tk ldrk gS  & 

𝜌ො =
∑ ௘೟௘೟షభ

೙
೟సమ

෌ ௘೟
మ೙

೟సభ

  

 [Lej.k djsa fd nks&pj lekJ;.k e‚My esa 𝑏ଶ dk vkdyd 𝑏ଶ =
ఀ௫೔௬೔

ఀ௫೔
మ  gksrk gSA Åij 

𝜌ො dks vodfyr djus ds fy, ge ;gh x.kd rdZ ç;ksx djsaxsA ]  

vc ge lehdj.k ¼12-3½ dk foLrkj dj u;k lehdj.k çkIr dj ldrs gSa] ;Fkk & 

𝑑 =
∑ 𝑒௧

ଶ + ∑ 𝑒௧ିଵ
ଶ − 2 ∑ 𝑒௧𝑒௧ିଵ

∑ 𝑒௧
ଶ  

mi;qZä dks fuEuor~ lfUudfVr fd;k tk ldrk gS & 

𝑑 ≈ 2 ൬1 −
∑ ௘೟௘೟షభ

೙
೟సమ

෌ ௘೟
మ೙

೟సభ

൰  

ge pj d dk dksbZ lfUudfVr eku ys ldrs gSa] ;Fkk & 

𝑑 ≈ 2(1 − 𝜌ො)         … (12.6) 

tgk¡ ladsr&fpà ^lfUudVr%* bafxr djrk gSA  

lehdj.k ¼12-6½ esa 𝜌ො çFke&dksfV Lolglaca/k ;kstuk dk gh ,d vkdyd gSA uhps nh 
xbZ rkfydk 12-1 𝜌ො ds gh fofHkUu ekuksa ds fy, d&çfrn'kZt dk eku çLrqr djrh gSA 



 

165 
 

Lo&lglaca/k mä rkfydk ¼12-1½ ls ge ikrs gSa fd 0 ≤ 𝑑 ≤ 4 gSA rnuqlkj] MfcZu&o‚Vlu 
çfrn'kZt ,d fupyh lhek dL vkSj ,d Åijh lhek du çnku djrk gSA blhfy, d 
dk laxf.kr eku 0 vkSj 4 ds chp dk dksbZ eku gksrk gSA bl çdkj ds fdlh Hkh eku 
ls Lolglaca/k dh ç—fr dk vuqeku ge fuEuor~ yxk ldrs gSa& 

a) ;fn d dk eku 0 ds lfUudV gS rks ;g ldkjkRed Lolglaca/k gksus dk çek.k gSA 

b) ;fn d dk eku 2 ds lfUudV gS rks ;g 'kwU; Lolglaca/k gksus dk çek.k gSA 

c) ;fn d dk eku 4 ds lfUudV gS rks ;g udkjkRed Lolglaca/k gksus dk çek.k gSA 
 

rkfydk 12-1% 𝝆ෝ  ds vuqlkj 𝒅&çfrn'kZt dk eku 

𝜌ො  dk eku fufgrkFkZ d-izfrn'kZt dk eku 

𝜌ො = −1 iw.kZ udkjkRed Lolglaca/k 4 

𝜌ො = 0 'kwU; Lolglaca/k 2 

𝜌ො = 1 iw.kZ ldkjkRed Lolglaca/k 0 

 

vr,o] mä DW&ijh{k.k dh çfØ;k esa fuEufyf[kr pj.k vkrs gSa & 

1. lk/kkj.k U;wure oxZ ¼OLS½ lekJ;.k pyk,¡ vkSj vof'k"V 𝑒௧ Kkr djsaA  

2. çfrn'kZt d dk eku fuEuor~ laxf.kr djsa & 

𝑑 =
෌ (௘೟ି௘೟షభ)మ೙

೟సమ

෌ ௘೟
మ೙

೟సభ

        

3. fn, x, çfrn'kZ vkeki vkSj O;k[;kRed pjksa dh nh xbZ la[;k ds fy, 𝑑௅ vkSj 
𝑑௨ ds Økafrd rkfydk eku Kkr djsaA  

   fp= 12-4 esa n'kkZ, x, vuqlkj fu.kZ; fu;e dk ikyu djsaA 

 

fp= 12-4% MfcZu&o‚Vlu çfrn'kZt dh eku 'k̀a[kyk  

 

mä d&ijh{k.k dk ,d nks"k ;g gS fd blesa vfu.kZ; ds nks laLrj gksrs gSa] ;Fkk dL < d 
< dU  vkSj (4  – dU < d < 4  – dL )A 

vfu.kZ; ldkjkRed 
Lolglaca/k 

udkjkRed 
Lolglaca/k 

“kwU; 
Lolglaca/k 

vfu.kZ; 

fujLr djsa fujLr djsa fujLr u djsa 
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12-5-3 czq'k&x‚MÝs ijh{k.k  

MfcZu&o‚Vlu ds d&ijh{k.k dh dfBukb;ksa ls cpus ds fy, vFkZfefrfon Vªsoj Ckzq'k vkSj 
ysLyh x‚MÝs us Lolglaca/k ds fy, ,d ijh{k.k ekunaM çfrikfnr fd;k gS] tks fd 
viuh ç—fr esa lkfoZd gSA ;g BG&ijh{k.k bl vFkZ esa lkfoZd gS fd& 

a) ;g xSj&çlaHkkO; lekJf;;ksa ds lkFk&lkFk Yt ds i'pkf;r ekuksa dks Hkh laHkky 
ldrk gS( 

b) ;g mPprj dksfV okyh Lolglaca/k ;kstukvksa] ;Fkk A AR(2)...  vkfn ls Hkh fuiV 
ldrk gSA 

c) ;g ljy vFkok mPprj dksfV okys xfreku ek/; dks Hkh laHkky ldrk gSA 

mä BG&ijh{k.k dks LM ¼ySxzsat xq.kd½ ijh{k.k ¼ns[ksa bdkbZ 8½ ds :i esa Hkh tkuk 
tkrk gSA bl ijh{k.k dks dSls fØ;kfUor fd;k tkrk gS] ;g ns[kus ds fy,] vkb,] ,d 
nks&pj lekJ;.k e‚My ij fopkj djrs gSa] ;Fkk & 

𝑌௧ = 𝛽ଵ + 𝛽ଶ𝑋௧ + 𝑢௧       … (12.7) 

tgk¡ in 𝑢௧ fdlh 𝑃௧௛ dksfV dh LolekJ;.k ;kstuk AR(P) dk vuqlj.k djrk gS & 

𝑢௧ = 𝜌ଵ𝑢௧ିଵ + 𝜌ଶ𝑢௧ିଶ+. . . +𝜌ఘ𝑢௧ି௣ + 𝑣௧    … (12.8) 

tgk¡ 𝑣௧ 'osr jo ¼lQsn 'kksj½ vFkok çlaHkkO; =qfV in dgykrk gSA vc ge 
fuEufyf[kr lehdj.k dk ijh{k.k djuk pkgsaxs & 

𝐻଴: 𝜌ଵ = 𝜌ଶ =. . . 𝜌௣ = 0      … (12.9) 

;Fkk] ;gk¡ fdlh Hkh dksfV dk dksbZ Lolglaca/k ugha gSA vr% vc BG&ijh{k.k esa 
fuEufyf[kr pj.k 'kkfey gksaxs & 

a) lk/kkj.k U;wure oxZ ¼OLS½ fof/k ls e‚My 𝑌௧ = 𝛽ଵ + 𝛽ଶ𝑋௧ + 𝑢௧ dk vkdyu djsa 
vkSj vof'k"V et Kkr djsaA  

b) mi;qZä pj.k ¼a½ esa çkIr vkdfyr vof'k"Vksa ds p-i'pkf;r ekuksa ij vof'k"V et 
dk lekJ;.k djsa] ;Fkk e(t -1), e(t – 2), ......., e(t – p) [lehdj.k¼12-8½ dh Hkk¡fr 

c) mi;qZä pj.k ¼b½ esa lgk;d lekJ;.k ¼12-8½ ls R2 Kkr djsaA  

d) vc cM+s çfrn'kksaZ ds fy, czq'k&x‚MÝs ijh{k.k vk¡dM+ksa dh x.kuk fuEuor~ dh tkrh 
gS & 

(𝑛 − 𝑝)𝑅ଶ~𝜒௣
ଶ       … (12.10) 

bls gh LM&ijh{k.k dgk tkrk gS] D;ksafd bldk :i bdkbZ 8 esa fn, x, ,d vU; 
ijh{k.k ds leku gh gSA mä BG&ijh{k.k çfrn'kZt Lora=rk dh p fMxzh ds lkFk 
dkbZ&oxZ caVu dk vuqlj.k djrk gS] tgk¡ p lgk;d lekJ;.k ¼lehdj.k ¼12-8½½ esa 
lekJf;;ksa dh la[;k n'kkZrk gSA  
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Lo&lglaca/k ge BG&ijh{k.k ls fu"d"kZ fuEuor~ fudkyrs gSa& 

i. ;fn (𝑛 − 𝑝)𝑅ଶ > 𝜒 
ଶ
Økafrd  gks rks ge H0 dks vLohdkj dj nsrs gSa vkSj ;g fu"d"kZ 

fudkyrs gSa fd ;gk¡ de ls de ,d p 'kwU; ls lkaf[;dh; :i ls fHkUu gS] ;Fkk 
;gk¡ Lolglaca/k fo|eku gSA  

ii. ;fn (𝑛 − 𝑝)𝑅ଶ < 𝜒 
ଶ
Økafrd  gks rks ge H0 dks vLohdkj ugha djrs gSa vkSj ;g fu"d"kZ 

fudkyrs gSa fd ;gk¡ dksbZ Lolglaca/k fo|eku ugha gSA 

cks/k ç'u  2 

[fn, x, LFkku esa ç'uksa ds mÙkj 50&100 'kCnksa esa nsaA] 

1) Lolglaca/k dk irk yxkus dh fof/k;ksa dk o.kZu djsaA  

 …………………………………………………………………………………

 …………………………………………………………………………………

 …………………………………………………………………………………

 …………………………………………………………………………….…… 

2) MfcZu&o‚Vlu ijh{k.kesa O;oâr çfrn'kZt dks fu:fir djsaA  

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………….…… 

3) mu vo/kkj.kkvksa dk o.kZu djsa ftuds rgr MfcZu&o‚Vlu ijh{k.k ekU; gSA 
…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………….…… 

4) MfcZu&o‚Vlu ijh{k.k ds lkekU; nks"kksa ij çdk'k MkysaA  

 …………………………………………………………………………………

 …………………………………………………………………………………

 …………………………………………………………………………………

 …………………………………………………………………………….…… 

5) Lolglaca/k ds fy, czq'k&x‚MÝs ijh{k.k dks fdl çdkj MfcZu&o‚Vlu ijh{k.k dh 
rqyuk esa ,d la'kksf/kr :i ekuk tk ldrk gS\ 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………….…… 
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12-6 Lo&lglaca/k gsrq mipkjkRed mik; 

Lolglaca/k ds fy, mipkjkRed mik; lq>kus ds fy, ge fuEufyf[kr lehdj.k dh 
Hkk¡fr fdlh Hkh lekJ;.k e‚My esa =qfV in 𝑢௧ esa vU;ksU;kJ; dk Lo:i ekudj pyrs 
gSa &  

𝑌௧ = 𝛽ଵ + 𝛽ଶ𝑋௧ + 𝑢௧       … (12.11) 

vkSj ;g Hkh fd =qfV in AR (1) ;kstuk dk vuqlj.k dj jgk gS] ;Fkk 

 𝑢௧ = 𝜌𝑢௧ିଵ + 𝑣௧                 −1 ≤ 𝜌 ≤ 1     … (12.12) 

tgk¡ 𝑣௧ dks OLS vo/kkj.kkvksa dk vuqlj.k djus okyk ekuk tkrk gSA ge igys ml 
mnkgj.k ij fopkj djrs gSa ftlesa gesa ρ Kkr gSA ;gk¡ e‚My dks ,d fof/k fo'ks"k 
¼ftls dksØsu&v‚dZV çfØ;k dgk tkrk gS½ ls cny nsus ij lehdj.k ,d OLS&laxr 
e‚My dk :i ys ysrk gSA nwljh vksj] tc ρ  Kkr u gks rks gesa dqN ,sls ljy 
mikxeksa dh vko';drk iM+rh gS tks gesa Lolglaca/k dh fLFkfr ij dkcw ikus esa enn 
djrs gSaA pfy,] vc bu mikxeksa ij gh ppkZ djrs gSaA 

12-6-1 Kkr LolekJ;.k ;kstuk % dksØsu&v‚dZV :ikarj.k 

eku yhft, fd gesa ρ dk eku Kkr gSA ;g gesa lehdj.k ¼12-11½ esa fn, x, 
lekJ;.k e‚My dks bl Hkk¡fr cnyus esa enn djsxk fd =qfV in Lolglaca/k ls eqä 
gks tk,xkA rnarj ge :ikarfjr e‚My ij gh OLS fof/k ykxw djsaxsA blds fy, ge 
lehdj.k ¼12-11½ esa fdlh ,d&vof/k ds i'pk;u ij fuEuor~ fopkj djsaxs & 

𝑌௧ିଵ = 𝛽ଵ + 𝛽ଶ𝑋௧ିଵ + 𝑢௧ିଵ      … (12.13) 

lehdj.k ¼12-13½ dks nksuksa i{kksa ρ ls xq.kk djsaA vkidks u;k lehdj.k fuEuor~ çkIr 
gksxk &  

𝜌𝑌௧ିଵ = 𝜌𝛽ଵ + 𝜌𝛽ଶ𝑋௧ିଵ + 𝜌𝑢௧ିଵ     … (12.14) 

vc ge lehdj.k ¼12-14½ dks lehdj.k ¼12-11½ esa ls ?kVk,¡A vkidks u;k lehdj.k 
fuEuor~ çkIr gksxk &  

(𝑌௧ − 𝜌𝑌௧ିଵ) = 𝛽ଵ(1 − 𝜌) + 𝛽ଶ(𝑋௧ − 𝜌𝑋௧ିଵ) + 𝑣௧    … (12.15) 

;gk¡ /;ku nsa fd geus mi;qZä u, ck/kk in ds fy, 𝑣௧ dk ç;ksx fd;k gSA vkb,] vc 
bldks fu:fir djsa& 

𝑌௧
∗ = (𝑌௧ − 𝜌𝑌௧ିଵ)  

𝑋௧
∗ = (𝑋௧ − 𝜌𝑋௧ିଵ)  

 𝛽ଵ
∗ = 𝛽ଵ(1 − 𝜌) 

u;k :ikarfjr ekWMy fuEuor~ lkeus vk,xk & 

𝑌௧
∗ = 𝛽ଵ

∗ + 𝛽ଶ𝑋௧
∗ + 𝑣௧         … (12.16) 
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Lo&lglaca/k vc :ikarfjr pj 𝑌𝑡∗ vkSj 𝑋𝑡∗ ,d okaNuh; BLUE xq.k/keZ dgyk,xkA mä OLS 
fof/k dks lehdj.k ¼12-16½ ij ç;ksx djds çkIr vkdydksa dks lkekU;h—r U;wure oxZ 
¼GLS½ vkdyd dgk tkrk gSA Åij crkbZ xbZ :i ifjorZu dh fof/k dks gh 
dksØsu&v‚dZV :ikarj.k çfØ;k ds :i esa tkuk tkrk gSA 

12-6-2 vKkr LolekJ;h ;kstuk 

eku yhft, fd gesa ρ dk eku Kkr ugha gSA rnuqlkj gesa ρ vkdfyr djus dh fof/k 
dh vko';drk gSA ge lcls igys ml mnkgj.k ij fopkj djrs gSa ftlesa ρ ¾ 1 
gksrk gSA ;g bl vo/kkj.kk ds leku gh gksxk fd =qfV in iw.kZr% ldkjkRed :i ls 
Lo&la'kksf/kr gksrs gSaA bl mnkgj.k dks ^çFke O;odyu fof/k^ dgk tkrk gSA ;fn ;g 
vo/kkj.kk lgh fl) gksrh gS rks ,d lkekU;h—r O;odyu lehdj.k ij fopkj mä 
lehdj.k ¼12-11½ vkSj mldh çFke&dksfV LolekJ;.k ;kstukvksa ds chp varj dks 
ysdj fuEukuqlkj fd;k tk ldrk gS& 

𝑌௧ − 𝑌௧ିଵ = 𝛽ଶ(𝑋௧ − 𝑋௧ିଵ) + 𝑣௧      … (12.17) 

;Fkk, 𝛥𝑌௧ = 𝛽ଶ𝛥𝑋௧ + 𝑣௧        … (12.18) 

tgk¡ ladsrk{kj Δ ¼ftls ^MsYVk^ i<+k tkrk gS½ çFke O;odyu ladkjd dgykrk gSA 
;gk¡ /;ku nsa fd O;odyu e‚My ¼lehdj.k 12-17½ esa dksbZ vojks/ku fo|eku ugha gSA 
;fn ρ dk eku Kkr u gks rks fuEufyf[kr nks fof/k;ksa }kjk bldk vkdyu fd;k tk 
ldrk gSA 

¼i½ MfcZu&o‚Vlu fof/k 

mä lehdj.k ¼12-6½ ls ge ns[krs gSa fd d&çfrn'kZt vkSj ρ ijLij lac) gSaA ge bl 
laca/k dk ç;ksx vkdyu ρ dk eku vkdfyr djus ds fy, dj ldrs gSaA mä 
d&çfrn'kZt vkSj ρ fuEukuqlkj lac) gSa & 

𝜌 ≈ 1 −
ௗ

ଶ
         … (12.19)  

;fn pj d dk eku Kkr gks rks d&çfrn'kZt ls 𝜌ො dk eku vkdfyr fd;k tk ldrk 
gSA  

¼ii½ OLS vof'k"V ¼𝒆𝒕½ fof/k  

;gk¡ ge lehdj.k ¼12-12½ esa mfYyf[kr çFke&dksfV LolekJ;.k ;kstuk] ;Fkk 
𝑢௧ = 𝜌𝑢௧ିଵ + 𝑣௧ ij fopkj djrs gSaA pw¡fd in 𝑢௧ çR;{k :i ls çs{k.kh; ugha gS] ge 
mlds çfrn'kZ çfrLFkkuh 𝑒௧ dk ç;ksx dj fuEufyf[kr lekJ;.k pykrs gSa & 

𝑒௧ = 𝜌ො𝑒௧ିଵ + 𝑣௧         … (12.20) 

;g /;ku nsus dh ckr gS fd pj 𝜌ො pj ρ dk gh ,d vkdyd gSA y?kq çfrn'kksaZ esa pj 
𝜌ො pj ρ dk ,d vfHkur vkdyd gksrk gSA tSls&tSls çfrn'kZ vkeki esa o`f) gksrh gS] 
;g vfHkufr yqIr gksrh tkrh gSA  

12-6-3 iqujkòÙkh; çfØ;k 

bl çfØ;k dks ^dksØsu&v‚dZV iqujkof̀r çfØ;k^ Hkh dgk tkrk gSA tSlk fd igys ppkZ 
dh xbZ Fkh] ge Lolglaca/k ds fy, nks&pj e‚My ij fopkj AR¼1½ ;kstuk ds lkFk 
djrs gSaA  
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;Fkk] ge 𝑌௧ = 𝛽ଵ + 𝛽ଶ𝑋௧ + 𝑢௧ ij fopkj djrs gSa] tgk¡ lehdj.k 𝑢௧ = 𝜌𝑢௧ିଵ + 𝑣௧ 

'krZ −1 ≤ 𝜌 ≤ 1 ds lkFk gksrk gSA  

geus ljyrk ds fy, dsoy ,d gh O;k[;kRed pj fy;k gS] ijarq gekjs ikl ,d ls 
vf/kd O;k[;kRed pj Hkh gks ldrs gSaA vFkZfefrfon MksukYM dksØsu vkSj xkb v‚dZV 
}kjk lq>kbZ xbZ bl iqujkòfr çfØ;k esa fuEufyf[kr pj.k vkrs gSa& 

(i) lkekU; OLS fof/k ls lehdj.k 𝑢௧ = 𝜌𝑢௧ିଵ + 𝑣௧ dk vkdyu djsaA  

(ii) mi;qZä ls vof'k"V 𝑒௧ Kkr djsaA  

(iii) vof'k"V 𝑒௧ dk ç;ksx dj lekJ;.k 𝑒௧ = 𝜌ො 𝑒௧ିଵ + 𝑣௧ yk,¡ vkSj 𝜌ො Kkr djsaA  

(iv) Åij ¼iii½ ls çkIr 𝜌ො dk ç;ksx lehdj.k 𝑢௧ = 𝜌𝑢௧ିଵ + 𝑣௧ dks xq.kk djus ds 
fy, djsaA 

(v) vc lkekU;h—r O;odyu lehdj.k fuEuor~ çkIr djsa& 

𝑌௧
∗ = 𝛽ଵ

∗ + 𝛽ଶ𝑋௧
∗ + 𝑒௧  

tgk¡] 𝑌௧
∗ = 𝑌௧ − 𝑌௧ିଵ, 𝑋௧

∗ = 𝑋௧ − 𝜌𝑋௧ିଵ  vkSj 

𝛽ଵ
∗ = 𝛽ଵ(1 − 𝜌ො)  

(vi) ;g fuf'pr ugha gS fd mi;qZä ¼iii½ esa vkdfyr 𝜌ො gh pj ρ dk loksZÙke vkdyd 
gSA vr,o] ge u, vof'k"V 𝑒௧

∗ çkIr djus ds fy, pj.k ¼ii½ vkSj ¼iii½ ,d ckj fQj 
nksgjkrs gSaA 

(vii) vc lekJ;.k 𝑒௧
∗ = 𝜌ො𝑒௧ିଵ

∗ + 𝑤௧ pyk,¡ vkSj pj 𝜌ො dk u;k vkdy Kkr djsaA  

bl çdkj ge pj ρ dk f}rh;&pØ vkdy Kkr djrs gSaA pw¡fd ;g fuf'pr ugha gS 
fd pj ρ dk f}rh;&pØ vkdy gh loksZÙke vkdy gS] rr̀h;&pØ vkdy Kkr djsaxs 
vkSj blh çdkj vkxs HkhA ge ogh pj.k ckj&ckj nksgjkrs gSaA nksgjk, tkus okys bu 
pj.kksa ds dkj.k gh dksØsu&v‚dZV }kjk lq>kbZ xbZ bl çfØ;k dks ^iqujkof̀Ùk çfØ;k^ 
dgk tkrk gSA ge iqujkof̀Ùk dks rHkh jksdrs gSa tc pj ρ ds vuqorhZ vkdy fdlh 
NksVh&lh jkf'k ¼0-01 vFkok 0-005 ls Hkh de½ dh gh fHkUurk n'kkZrs gksaA 

12-7 i'pk;u okys e‚Myksa esa Lolglaca/k 

MfcZu&o‚Vlu fof/k rc O;ogk;Z ugha gksrh gS tc lekJ;.k e‚My esa vkfJr pj dk 
i'pkf;r eku (lagged value) ,d O;k[;kRed pj ds :i esa 'kkfey gksA ,sls e‚Myksa 
esa MfcZu }kjk lq>k, x, h&çfrn'kZt dk ç;ksx lekJ;.k e‚My esa Lolglaca/k dh 
fo|ekurk dh Kkr djus ds fy, fd;k tkrk gSA vkb,] uhps fn, x, lekJ;.k e‚My 
ij fopkj djsa& 

𝑌௧ =  𝛽ଵ + 𝛽ଶ𝑋௧ + 𝛽ଷ𝑌௧ିଵ + 𝑣௧      … (12.21) 

lehdj.k ¼12-21½ esa gekjs ikl nks O;k[;kRed pj gSa] ;Fkk 𝑋௧ vkSj 𝑌௧ିଵ, tgk¡ lkFk esa 
,d i'pkf;r vkfJr pj ds :i esa 𝑌௧ିଵ ¼,d&vof/k i'pk;u ds lkFk½ Hkh gSA 
lehdj.k ¼12-21½ ds fy, d&çfrn'kZt Lolglaca/k dk irk yxkus ds fy, O;ogk;Z ugha 
gSA ,sls e‚Myksa ds fy, MfcZu us d&çfrn'kZt dks h&çfrn'kZt }kjk çfrLFkkfir djus 
dk lq>ko fn;k gS] ;Fkk & 
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Lo&lglaca/k 

ℎ ≈ 𝜌ො = ට
௡

ଵି௡ ௏௔௥(௕య)
       … (12.22) 

tgk¡] n = çfrn'kZ vkeki] 𝜌ො = Lolglaca/k xq.kkad dk vkdyd] rFkk 𝑣𝑎𝑟(𝑏ଷ) = 
lehdj.k ¼12-21½ esa i'pkf;r vkfJr pj 𝛽ଷ ds vkdyd dk fopj.kA 

;gk¡ 'kwU;&Lrjh; ifjdYiuk 𝐻଴: 𝜌 = 0 gSA MfcZu us n'kkZ;k gS fd o`gn çfrn'kksaZ ds 
fy, h&çfrn'kZt dk h~𝑁(0,1) ds :i esa fd;k tkrk gSA lkekU; caVu ds fy, ge 
tkurs gSa fd Økafrdeku lkFkZdrk ds 5 çfr'kr Lrj ij 1-96 gS vkSj lkFkZdrk ds 1 
çfr'kr Lrj ij 2-58 gksrk gSA blh tkudkjh dk ç;ksx dj ge lehdj.k ¼12-22½ ls 
fuEukuqlkj fu"d"kZ fudky ldrs gSa & 

i) ;fn h dk ifjdfyr eku h ds Økafrd eku ls vf/kd gks rks ge H0 dks vLohdkj 
dj nsrs gSaA bl ifj.kke dh O;k[;k fcuk fdlh Lolglaca/k dh fo|ekurk ds :i 
esa dh tkrh gSA 

ii) ;fn h dk ifjdfyr eku h ds Økafrd eku ls de gks rks ge H0  dks vLohdkj 
ugha djrs gSaA bl ifj.kke dh O;k[;k Lolglaca/k dh fo|ekurk ds :i esa dh 
tkrh gSA 

cks/k ç'u 3  

[fn, x, LFkku esa ç'uksa ds mÙkj 50&100 'kCnksa esa nsaA] 

1) Lolglaca/k dh leL;k dks gy djus ds fy, dksØsu&v‚dZV }kjk lq>kbZ xbZ 
ifjorZu çfØ;k dh :ijs[kk rS;kj djsaA 

 …………………………………………………………………………………

 …………………………………………………………………………………

 …………………………………………………………………………………

 …………………………………………………………………………….…… 

2) fdlh vk¡dM+k lewg esa Lolglaca/k ds mnkgj.k esa dksØsu&v‚dZV dh iqujkòfr 
çfØ;k dks dSls ç;ksx fd;k tkrk gS\ o.kZu djsaA bls iqujko`fÙk çfØ;k D;ksa dgk 
tkrk gS\ 

 …………………………………………………………………………………

 …………………………………………………………………………………

 …………………………………………………………………………………

 …………………………………………………………………………….…… 

3) fdlh Lolglaca/k leL;k okys lekJ;.k e‚My es h&çfrn'kZt ç;ksx djus dk 
D;k ykHk gksrk gS\ 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………….…… 
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vo/kkj.kkvksa ds 
mYya?ku dk mipkj 

12-8 lkj&la{ksi    

bl bdkbZ esas lekJ;.k e‚Myksa esa Lolglaca/k dh vo/kkj.kk ij ppkZ dh xbZ gSA blesa 
Lolglaca/k dh fo|ekurk ds ifj.kke] mldh igpku vkSj ,slh fLFkfr;ksa ds fy, 
mipkjkRed mik; çnku djus okyh rduhdksa dks foLrkj ls le>k;k x;k gSA  

;g bdkbZ i'pkf;r vkfJr pjksa okys lekJ;.k e‚Myksa esa Lolglaca/k ds mnkgj.k ij 
Hkh foLr`r ppkZ çLrqr djrh gSA 

12-9 cks/k ç'uksa ds mÙkj vFkok ladsr  

cks/k ç'u 1 

1) Lolglaca/k fdUgha Hkh nks çs{k.kksa ds =qfV inksa ds chp lglaca/k dh fo|ekurk dks 
bafxr djrk gSA bldk vFkZ gS fd ;fn ;s nks =qfV in Ui vkSj Uj gksa rks Corr (Ui, 
Uj) ≠ 0  gksxk] tgk¡ i ≠ j gksxkA ikjaifjd jSf[kd lekJ;.k e‚My ¼CLRM½ esa gekjh 
,d vo/kkj.kk ;g Hkh gS fd Corr (Ui, Uj) = 0 gksrk gSA bldk vFkZ gS fd nks =qfV 
in lglac) ugha gksrs gSaA bl vo/kkj.kk dk mYya?k ugh Lolglaca/k dh fLFkfr 
gksrh gSA 

2) dky&Js.kh vk¡dM+ksa esa Lolglaca/k dh leL;k vis{kk—r vf/kd ns[kh tkrh gSA ,slk 
blfy, gS fd fdlh ,d le;&fcanq ij =qfV in dks çHkkfor djus okyh –';?kVuk 
vxys le;&fcanq ij =qfV in dks çHkkfor djus dh vf/kd laHkkouk j[krh gSA bls 
fo'ks"k :i ls ^tM+rk ;k fuf"Ø;rk^ ds dkjd ds :i esa igpkuk tkrk gSA 
çfrfu/;kRed vk¡dM+ksa dh bdkb;ksa esa bldh vis{kk—r laHkkouk de gksrh gSA 
cgjgky] çfrfu/;kRed vk¡dM+ksa esa Hkh bldh fo|ekurk ls badkj ugha fd;k tk 
ldrk gSA ,sls mnkgj.kksa esa çfrfu/;kRed vk¡dM+ksa esa LFkkfud çHkko ds dkj.k] tks 
fd ,d çn'kZu çHkko dh rjg gksrk gS] bls fof'k"V :i ls LFkkfud lglaca/k dgk 
tkrk gSA 

3) tM+rk ;k fuf"Ø;rk] e‚My esa fofunsZ'ku =qfV;k¡] edM+tky lao`fr vkSj vk¡dM+k 
ledj.kA 

4) ;s ifj.kke fuEuor~ gksrs gSa & ¼i½ U;wure oxZ vkdyd n{k ugha gksrs( ¼ii½ OLS 
vkdydksa ds vkdfyr fopj.k vfHkur gksrs gSa( ¼iii½ okLrfod fopj.kksa dh ekud 
=qfV dks de djds vk¡dk tkrk gS( ¼iv½ fdlh fof'k"V vkdfyr xq.kkad dh ^'kwU; 
lkaf[;dh; lkFkZdrk^ laca/kh ifjdYiuk ij fu.kZ; ysrs le; blesa =qfV gksus dh 
vf/kd laHkkouk gksrh gSa] ;Fkk vFkkZRk~ t&ijh{k.k vkSj F&ijh{k.k ij vk/kkfjr fu.kZ; 
vfo'oluh; gksaxs( ¼v½ vkdfyr =qfV fopj.k vfHkur gksxk( rFkk ¼vi½ R2 dk eku 
Hkzked vFkok vfo'oluh; gksxkA 

cks/k ç'u  2 

1) dkykuqØe vkys[k ¼vkjs[kh; fof/k½] MfcZu&o‚Vlu ijh{k.k vkSj czq'k&x‚MÝs ¼BG½ 
ijh{k.kA 

2) 𝑑 =
෌ (௘೟ି௘೟షభ)మ೙

೟సమ

෌ ௘೟
మ೙

೟సభ

 ;g vkuqØfed vof'k"Vksa esa ofxZr O;odyu ds ;ksxQy vkSj 

oxksaZ ds vof'k"V ;ksxQy dk vuqikr gksrk gSA 
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Lo&lglaca/k 3) lekJ;.k e‚My esa ,d vojks/ku in 'kkfey gksrk gS] lHkh X pj xSj&çlaHkkO; gksrs 
gSa] =qfV in fuEufyf[kr dk;Zfof/k 𝑢௧ = 𝜌𝑢௧ିଵ + 𝑣௧, −1 ≤ 𝜌 ≤ 1, dk vuqlj.k 
djrk gS] vkSj lekJ;.k esa O;k[;kRed pj ds :i esa vkfJr pj dk dksbZ Hkh 
i'pkf;reku ugha gksrk gSA 

4) MfcZu&o‚Vlu ds d&ijh{k.k dk ,d nks"k ;g gS fd blesa vfu.kZ; ds nks laLrj 
gksrs gSa] ;Fkk dL < d < d  vkSj (4 – dU < d < 4 – dL )- 

5) ¼i½ ;g xSj&çlaHkkO; lekJf;;ksa ds lkFk&lkFk Yt ds i'pkf;r ekuksa dks Hkh laHkky 
ldrk gS( ¼ii½ ;g mPp&dksfV LolekJ;.k ;kstukvksa] tSls AR(2)…, vkfn ls fuiV 
ldrk gS( vkSj ¼iii½ ;g ljy vFkok mPprj dksfV okys xfreku ek/; dks Hkh 
laHkky ldrk gSA 

cks/k ç'u  3 

1) bl fof/k esa ge lekJ;.k lehdj.k dks ,d vof/k i'pkf;r cuk nsrs gSa( bls pj 
ρ ls xq.kk djsa( vkSj bls ewy lekJ;.k lehdj.k ls ?kVk,¡A blls gesa ,d 
:ikarfjr lekJ;.k e‚My çkIr gksrk gSA tc bls OLS fof/k }kjk vkdfyr fd;k 
tkrk gS rks :ikarfjr e‚My ds vkdyd BLUE gksrs gSaA 

2) ikBka'k 12-6-3 esa geus ikl dksØsu&v‚dZV iqujkòfÙk çfØ;k ds pj.kksa dh :ijs[kk 
çLrqr dh gSA bls /;kuiwoZd i<+sa vkSj mÙkj nsaA  

3) bl  h&çfrn'kZt dk ç;ksx O;k[;kRed pj ds :i esa i'pkf;r vkfJr pj dh 
fo|ekurk okys lekJ;.k e‚Myksa esa fd;k tk ldrk gSA 

 


