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,dkfèkd fu;a=.kksa ds lkFk ijh{k.k mipkjksa dh rqyuk djus ds fy, viw.kZ
Cy‚d fMt+kbu

fouk;dk1]2] ch-,u- eaMy3] jktsaæ çlkn4] ,y-,u- fou;dqekj1] ih- eqjyh2] vejs”k2] “osrk dqekjh2

lkjka”k
i‘̀BHkwfe% ;g vkys[k ,d ls vfèkd daVªksy VªhVesUV~l ds lkFk VsLV VªhVesUV~l dh rqyuk djus ds fy, vkaf’kd :i ls larqfyr f}nyh; Cy‚d
¼ihchchch½ fMtkbuksa ds dqN u, lajpuk fofèk çnku djrk gSA
fofèk;k¡% lewg foHkkT; la?k] vkSj pØh; la?k tSls la?k ;kstukvksa ij vkèkkfjr vkaf”kd :i ls larqfyr viw.kZ Cy‚d ¼ihchvkbZch½ vfHkdYiuk
dk bu lajpuk fofèk dks fodflr djus ds fy, mi;ksx fd;k tkrk gSA
ifj.kke% dq”ky ihchchch vfHkdYiukvksa dh ,d lwph ekin.M ewY;ksa v

1
 ¼VsLV VªhVesUV~l dh la[;k½ 10 v2 ¼daVªksy VªhVesUV~l dh la[;k½

¾2] r
1
 ¼VsLV VªhVesUV~l dh çfr—fr½ 10 vkSj r

2
 ¼daVªksy VªhVesUV~l dh çfr—fr½  15 ds fy, SAS dksM dk mi;ksx djds x.kuk fd,

x, fopj.k ds lkFk “kkfey gSA

“kCn dqath% lewg foHkkT; vkaf”kd :i ls larqfyr f}i{kh; vfHkdYiuk] vkaf”kd :i ls larqfyr viw.kZ Cy‚d vfHkdYiuk] vkaf”kd :i
            ls larqfyr f}nyh; Cy‚d vfHkdYiuk] SAS l‚¶Vos;j] vèkZ&fu;fer lewg foHkkT; vfHkdYiukA
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ABSTRACT
Background: This article provides some new construction methods of partially balanced bipartite block (PBBB) des igns for
comparing test treatments with more than one control.
Methods: Partially balanced incomplete block (PBIB) designs based on some association schemes such as group divisible association,
and cyclic association are used for developing these methods of construction.
Result: A catalogue of efficient PBBB designs is included for parameter values 1 (number of test treatments) 10,  (number of
control treatments) 10 and r (replications of test treatments) and (replications of control treatments) 15 along with computed
variances using SAS code.
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ifjp;
d̀f‘k] vkS|ksfxd vkSj tSfod ç;ksxksa tSls ç;ksxksa ds dbZ {ks=ksa esa]
ç;ksxdrkZ vDlj ,d lkFk dbZ VsLV VªhVesUV~l dh rqyuk
ekud ;k ekStwnk mipkj ds lkFk djuk pkgrk gS ftls
fu;a=.k mipkj dgrs gSaA ,dy daVªksy fLFkfr ds fy, cgqr
lkjs lkfgR; miyCèk gSa] mnkgj.k ds fy,] gsnk;r ,oa lg;ksxh
¼1988½( etwenkj ¼1996½( vkSj xqIrk o çlkn ¼2001½A bl
fLFkfr ds fy,] vfHkdYiukvksa dk ,d egRoiw.kZ oxZ ftls
cspgksQj o rEgkus ¼1981½ }kjk fn;k x;k gSa mls larqfyr
mipkj viw.kZ Cy‚d ¼chVhvkbZch½ vfHkdYiuk dgk tkrk gSA
blds ckn bu vfHkdYiukvksa dk vè;;u etwenkj o uksV~t+
¼1983½( uksV~t+ o rEgkus ¼1983½( fgnk;r o etwenkj ¼1984½(
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LVQdsu ¼1987] 1988½( psax ,oa lg;ksxh ¼1988½( çlkn ,oa
lg;ksxh ¼1995½( nkl ,oa lg;ksxh ¼2005½( eaMy ,oa lg;ksxh
¼2017½( vkSj eaMy ,oa lg;ksxh ¼2020½ }kjk fd;k x;k FkkA
chVhvkbZch vfHkdYiuk ges”kk lHkh ekin.M la;kstuksa ds fy,
miyCèk ugha gks ldrs gSa ;k ;gka rd fd vxj ;g miyCèk gS]
rks bls cM+h la[;k esa çfr—fr dh vko”;drk gks ldrh gSA bl
leL;k dks njfdukj djus ds fy,] tSØ‚Dl ¼1986½ us lewg
foHkkT; VªhVesUV~l ¼thMhVhMh½ vfHkdYiuk fn, gSaA bu
vfHkdYiukvksa ij vkxs tSØ‚Dl ¼1987] 1988½( tSØ‚Dl o
etwenkj ¼1989½( vkSj LVQdsu ¼1991½ us vè;;u fd;k gSA

gkyk¡fd] ,d çk;ksfxd fLFkfr ekStwn gS] ftlesa ç;ksxdrkZ
,d ls vfèkd fu;a=.k ds lkFk dbZ VsLV VªhVesUV~l dh rqyuk
djus esa #fp j[krk gSA bl fLFkfr ds fy,] “kq#vkr esa] d‚LVZu
¼1962½ us vius lkaf[;dh; fo”ys”k.k ds lkFk nks vyx&vyx
la[;k esa çfr—fr ds lkFk larqfyr Cy‚d vfHkdYiuk rS;kj fd,
gSA ckn esa] dkxs;kek o flUgk ¼1988½ us vkSipkfjd :i ls ,d
ls vfèkd daVªksy VªhVesUV~l ds lkFk dbZ VsLV VªhVesUV~l dh rqyuk
djus ds fy, larqfyr f}nyh; Cy‚d ¼chchihch½ vfHkdYiuk
uked vfHkdYiukvksa dk ,d ewY;oku oxZ is”k fd;k vkSj bu
vfHkdYiukvksa dh rkfydk,a Hkh nhaA bu vfHkdYiukvksa dk ckn
esa flUgk vkSj dkxs;kek ¼1990½( tXxh ,oa lg;ksxh ¼1996½( vkSj
eaMy ,oa lg;ksxh ¼2018½ ds }kjk vè;;u fd;k x;kA chchihch
vfHkdYiuk lHkh ekinaMksa ds la;kstu ds fy, ges”kk çkI; ugha gks
ldrk gS ;k ;fn ;g çkI; gS rks Hkh cM+h la[;k esa çfr—fr dh
vko”;drk gks ldrh gSA ,slh fLFkfr;ksa ds fy,] jko ¼1966½ us “kq:
esa fof”k’V çfr—fr vkSj muds lkaf[;dh; fo”ys’k.k ds lkFk
vkaf”kd :i ls larqfyr Cy‚d vfHkdYiuk,¡ fodflr fd, gSA ckn
esa] vfHkdYiukvksa dk lcls mi;qä oxZ] ;kuh lewg foHkkT;
vkaf”kd :i ls larqfyr f}nyh; ¼thMh ihchch½ vfHkdYiuk igyh
ckj dkxs;kek o flUgk ¼1991½ }kjk çLrkfor fd;k x;kA dqN
vU; ,lksfl,”ku ;kstukvksa ¼;kuh] pØh;] ySfVu oxZ vkSj f=dks.kh;
,lksfl,”ku ;kstukvksa½ ij vkèkkfjr bu vfHkdYiukvksa dk Hkh
vè;;u fd;k x;k gS ¼fouk;dk ,oa lg;ksxh] 2023½A bu
vfHkdYiukvksa ds Qk;nksa ij dkxs;kek o flUgk ¼1988½ }kjk ppkZ
dh xbZ gSA dkxs;kek o flUgk ¼1991½ ds vuqlkj] ;s vfHkdYiuk
QSDVksfj;y ç;ksxksa ds lapkyu ds fy, Hkh mi;ksxh gSa( mnkgj.k ds
fy,] iqjh o dkxs;kek ¼1985½( vkSj iqjh ,oa lg;ksxh ¼1986½ ns[ksaA
bl vfHkdYiuk dks vxyh dM+h esa ifjHkkf’kr fd;k x;k gSA

ifjHkk’kk
,d viw.kZ Cy‚d vfHkdYiuk ftlesa 

1
 VªhVesUV~l dk ,d lsV r

1
 ckj

vkSj nqljk 
2
 VªhVesUV~l dk lsV r

2
 ¼r

1 
 r

2
½ ckj ?kfVr gksrk gS] k

vkdkj ds b [k.Mksa esa O;ofLFkr gks] rks mls thMh ihchch vfHkdYiuk

dgk tkrk gS ;fn% ¼i½ jth lsV ds VªhVesUV~l dks pj lewgksa esa foHkkftr
fd;k tk ldrk gS ftlesa çR;sd lewg dk vkdkj qj (j=1,2) gS] vkSj ,d
gh lewg esa fdlh Hkh nks VªhVesUV~l dks igyk lg;ksxh dgk tkrk gS]
vU;Fkk nwljs lg;ksxh( ¼ii½ jth lsV esa dksbZ Hkh nks VªhVesUV~l tks ith lg;ksxh
gSa vkSj j¼i½ [k.M esa ,d lkFk gksrs gSa] tgk¡ ij i¾1]2( gSa  ¼iii½ fofHkUu lsVksa
ls dksbZ Hkh nks VªhVesUV~l 

12
¾

21
 ¼>0½ [k.M esa ,d lkFk gksrs gSaA

çrhdksa tSls 1, 2, b, r1, r2, k, j(i) ¼j¾1]2( i¾1]2]]t½] dks vfHkdYiuk
ds ekin.M dgk tkrk gSA bl vfHkdYiuk dks vke rkSj ij
vkaf”kd :i ls larqfyr f}nyh; Cy‚d ¼ihchchch½ vfHkdYiuk ds
:i esa tkuk tkrk gSA ;fn ihchchch vfHkdYiuk] lewg foHkkT;
¼thMh½ la?k ;kstuk ij vkèkkfjr gS] rks bls thMh ihchch vfHkdYiuk
dgk tkrk gSA blds vykok] ;s vfHkdYiuk VªhVesUV~l ds nks lewgksa
ds Hkhrj vkaf”kd larqyu cukrs gSa ¼çR;sd lewg esa VªhVesUV~l dh
fujarj çfr—fr gksrh gS½ vkSj lkFk gh lewgksa ds chp larqyu lajpuk
Hkh gksrh gSA è;ku nsa fd 

12
= 0 gksus ij] vfHkdYiuk esa vlac)rk

gks tkrk gS blfy, ge  
12
>0 çfrcaèk nsrs gSaA blds vykok] tc


2¼1½
 ¾

2¼2½
] bls 

2¼ ½
 }kjk n”kkZ;k tkrk gSA ihchchch vfHkdYiuk ds

fy, fuEufyf[kr ekin.M ds lacaèk ykxw gksrs gSa%

(a). v1r1+ v2r2= bk
(b). r1 (k-1)=n11nv2

(c). r2 (k-1)=n21nv2

;fn 
2¼1½
 ¾

2¼2½
 rc ¼c½ dks r

2
 ¼k&1½¾¼v

2
&1½

2¼½
$ v

1


12
 esa

ladqfpr fd;k tkrk gSA ;gka nji] j
th ¼j¾1] 2½ lsV ls fn, x,

VªhVesUV~l ds ith ¼i ¾ 1] 2½ lg;ksfx;ksa dh la[;k gSA
ys[k dks fuEukuqlkj O;ofLFkr fd;k x;k gSA èkkjk 2 lokZsÙke

ekunaM vkSj ihchchch vfHkdYiukvksa dh fopj.k lajpuk ds ckjs esa
tkudkjh çdV djrh gSA bu vfHkdYiukvksa dh dbZ ubZ fuekZ.k
fofèk;k¡ fp=.k ds lkFk èkkjk 3 esa nh xbZ gSaA ifjf”k’V B esa x.kuk fd,
x, fHkUurkvksa ¼tks SAS l‚¶+Vos;j dk mi;ksx djds fuèkkZfjr x;s
gSa½ ds lkFk vfHkdYiuk dh ,d lwph nks&lg;ksxh oxksZa ekin.M ds
lkFk tks v110, v2= 2, r110, r2  15  gS] mUgsa Hkh fn;k x;k gSA ;g
ys[k èkkjk 4 esa ,d Bksl fu’d’kZ ds lkFk lekIr gksrk gSA

lkexzh vkSj fofèk;ka
ç;ksxdrkZ dh #fp çR;sd daVªksy VªhVesUV~l ds lkFk çR;sd
VsLV VªhVesUV~l ds chp ;FkklaHko mPp ifj’kq)rk ds lkFk
çkFkfed fojksèkkHkklksa dk vuqeku yxkus esa gSA VsLV cuke
daVªksy rqyuk djus ds fy, [k.M vfHkdYiuk ds b’Vre
igyqvksa ij lkfgR; esa miyCèk ifj.kkeksa dk mi;ksx djds
vfHkdYiuk dh n{krk çkIr dh tk ldrh gSA VsLV cuke
daVªksy rqyuk djus ds fy, dq”ky ¼b’Vre½ vfHkdYiuk dh
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[kkst ds fy, lcls mi;qä ekunaM A&b’Vrerk gSA A&b’Vre
vfHkdYiuk] vfHkdYiukvksa ds çfrLièkÊ oxZ D esa çR;sd
daVªksy VªhVesUV~l ds lkFk VsLV VªhVesUV~l ds çkFkfed
fojksèkkHkklksa ds vkSlr fHkUurk dks de djrk gSA ,dy
fu;a=.k fLFkfr;ksa ds fy,] vfHkdYiuk dk çfrLièkÊ oxZ D

1

¼v,b,k½ gS] tks dh dusDVsM Cy‚d vfHkdYiukvksa dk oxZ gS
ftlesa v VsLV VªhVesUV~l vkSj daVªksy VªhVesUV~l çR;sd k
vkdkj ds b [k.M esa O;ofLFkr fd, tkrs gSaA  ,d ls vfèkd
fu;a=.kksa ds fy,] vfHkdYiuk dk çfrLièkÊ oxZ D2 (v1,v2,b,k)
gS] tks dh dusDVsM Cy‚d vfHkdYiuk dk oxZ gS ftlesa v

1

VsLV VªhVesUV~l vkSj v
2
 daVªksy VªhVesUV~l çR;sd k vkdkj ds

b [k.M esa O;ofLFkr gksrs gSaA orZeku tkap esa] ,d ls vfèkd
daVªksy VªhVesUV~l ds fy,] mu vfHkdYiukvksa ij tksj fn;k
tk,xk tks VsLV cuke daVªksy rqyuk ds fy, vkaf”kd :i ls
larqfyr gSaA vxyh dM+h esa] çR;sd daVªksy VªhVesUV~l  ds lkFk
çR;sd VsLV VªhVesUV~l dh rqyuk djus ds fy, ihchchch
vfHkdYiuk ds fy, b’Vrerk ekunaM ifjHkkf’kr fd, x, gSaA

çkIr ihchchch vfHkdYiukvksa dh n{krk dk vè;;u
djus ds fy,] ge ekurs gSa fd D(v1,v2,b,k) lHkh tqM+s gq, [k.M
vfHkdYiukvksa dk oxZ gSa ftlesa v

1
 VsLV VªhVesUV~l vkSj v

2

daVªksy VªhVesUV~l çR;sd k vkdkj ds b [k.M esa O;ofLFkr
fd, tkrs gSaA geus fouk;dk ,oa lg;ksxh ¼2023½( }kjk ppkZ
dh xbZ ihchchch vfHkdYiukvksa dh A&b’Vrerk LFkkfir
djus ds fy, i;kZIr fLFkfr dk mi;ksx fd;k gSaA i;kZIr
fLFkfr lHkh VsLV VªhVesUV~l cuke daVªksy VªhVesUV~l fojksèkkHkklksa
ds fopj.k&lgçlj.k eSfVªDl ds fu”kku dks fupyh lhek
nsrh gSA ,d vfHkdYiuk tks fupyh lhek dks çkIr djrk gS
mls A&b’Vre dgk tkrk gSA “krZ ifj.kke 2-1 esa nh xbZ gSA

ifj.kke 2-1% ihchchch vfHkdYiuk v
1
] v

2
] b] k ds leku ekuksa

ds lkFk lHkh vfHkdYiukvksa dh Js.kh esa A&b’Vre gS ;fn
lcls cM+s iw.kkZad Q+aD”ku dks n”kkZrk gS %

;gk¡ ihchchch vfHkdYiukvksa dh A-n{krk ¼E½ çkIr
djus ds fy, LVQdsu ¼1988½ ds –f’Vdks.k dks viuk;k gSaA
A&n{krk ,d dkYifud A-b’Vre vfHkdYiuk ds A&ewY;
dk vuqikr gS ftldk ekunaM eku ¼2-1½ esa fn;k x;k gS]
vfHkdYiukvksa ds fdlh fn, x, oxZ esa daVªksy VªhVesUV~l  ds
lkFk VsLV VªhVesUV~l dh rqyuk djus ds fy, U;wure gS]
vfHkdYiuk ds A&ewY; ds fy, ftldk A&n{krk ,d gh
Js.kh ds vfHkdYiukvksa esa çkIr dh tkuh gSA ;gka] A& ewY;
visf{kr VªhVesUV~l  fojksèkkHkklksa ds fopj.k&lgçlj.k eSfVªDl
dk vuqjs[k gSA bu vfHkdYiukvksa dh A&n{krk,¡ ifj.kke 2-
1 dk mi;ksx djds çkIr dh tkrh gSaA blds vykok] ;fn
A&n{krk dk eku 1-000 gS rks ,d vfHkdYiuk A&b’Vre gS
¼fouk;dk ,oa lg;ksxh] 2024½A ekin.M v1  10, v2=2, r1  10
vkSj r2  15  ds nk;js esa dqN A&b’Vre vfHkdYiuk ifjf”k’V
esa ns[ks x, gSaA lwphc) djus ds mís”; ls] geus v

2
 ¼daVªksy

VªhVesUV~l dh la[;k½ ¾ 2 rd lhfer j[kk gSA blds vykok]
nks VªhVesUV~l] V1(1) 

2, V1(2)
2, V12 

2 vkSj V2( )
2 ds chp çHkko

esa vuqekfur varj ds fy, bu vfHkdYiukvksa dh x.kuk dh
xbZ çlj.k Hkh fn;k x;k gSA ;gka] V1(1)

2 igys lsV ls nks
VsLV VªhVesUV~l ¼igys lg;ksfx;ksa½ ds chp çHkko esa vuqekfur
varj ds fy, fHkUurk dks n”kkZrk gS( V1(2)

2 igys lsV ls nks
VsLV VªhVesUV~l ¼nwljs lg;ksfx;ksa½ ds chp çHkko esa vuqekfur
varj ds fy, fHkUurk dks n”kkZrk gS( V2( )

2 nwljs lsV ls nks
daVªksy VªhVesUV~l ds fy, fHkUurk dks n”kkZrk gS( vkSj V12 (=V21)
2 fofHkUu lsVksa ls nks VªhVesUV~l ¼daVªksy ds lkFk VsLV½ ds fy,
fHkUurk dks n”kkZrk gSA ;s ek=k,¡ V1(1), V1(2), V12 vkSj V2() ;g
fuèkkZfjr djus esa Hkh lgk;d gSa fd vfHkdYiuk O;kogkfjd
gSa ;k ughaA ç;ksxdrkZ vkSj vH;kl djus okys lkaf[;dhfon~
fn, x, v

1
] v

2
 vkSj b ds fy, eku V1(1), V1(2), V12 vkSj V2( )

i<+dj rkfydkvksa ls vius O;kogkfjd mís”; ds fy, mi;qä
vfHkdYiuk dk p;u dj ldrs gSaA ifjf”k’V esa v{kj S, SR,
R, LS, T, C DySVoFkÊ ¼1973½ ls lzksr vfHkdYiuk n”kkZrs gSaA

ifj.kke vkSj ppkZ
ihchchch vfHkdYiukvksa dh fuekZ.k fofèk;ka

;g vuqHkkx dqN lkekU; ,lksfl,”ku ;kstukvksa ds vkèkkj ij
ihchvkbZch vfHkdYiuk dk mi;ksx djds ihchchch vfHkdYiuk
çkIr djus ds fy, dqN u, rjhdksa dk [kqyklk djrk gSA
ihchvkbZch vfHkdYiuk ds vfèkd fooj.k ds fy,] ijlkn ,oa
lg;ksxh ¼2007a, b½; oxÊl ,oa lg;ksxh ¼2020½( vkSj fouk;d
o izlkn ¼2023½ dks i<+ ldrs gSaA

        g (w, q) = min{g(x, z), (x, z) 
{(x, z); x= 0,1,..int {k/v2}-1; z=0, 1 ..,b, z >0, ds lkFk]

tc x=0}
g (x ,z)=                 +                 +                ,d

C (x, z)
a

B (x, z)
1

A(x, z)

a = v2(v1-1)2, d = v1(v2-1),

A (x,z)= {k (bx + z) -v2 (bx2 + 2xz +z)}/v1k,

B (x,z)= [bkv1 (k -1) -v2 (v1
 (k-1)+ k}(bx +z) +

v2(bx2 + 2xz + z]/v1k,2

C (x,z ) = bx+z. ;gk¡ int[.] lcls cMs+ iw.kkZad Q+aD”ku dks n”kkZrk gSA
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lajpuk fofèk 1
eku yhft, fd fdlh ,lksfl,”ku Ldhe ij vkèkkfjr ,d
t&,lksfl,V Dykl ihchvkbZch vfHkdYiuk gS ftldk ekin.M
v, b, r, k = 3, i i=1,2…t gS vkSj blds jth [k.M ¼x1j, x2j, x3j½]

j=1,2,...,b gSA çR;sd b [k.M esa v2 fu;a=.k 01, 02, …,
0v2

]tksM+sa tSlk dh uhps fn;k x;k gSA vc lj.kh ¼x1j, x2j, x3j

01,02,...,2v2) dks rhu [k.Mksa esa O;ofLFkr djsa% (x1j, x2j,01, 02,...,
0v2

); (x1j, x3j, 01,02,..., 0v2
) vkSj (x2j, x3j, 01,02,..., 0v2

)- ihchvkbZch
vfHkdYiuk ds çR;sd b [k.M ds fy, bl çfØ;k dks
nksgjkus ls v

1
¾v] v

2
] b¾3b] r1

¾2r] r
2
¾3b] k¾2$v

2
] 

1¼i½ ¾i]


12
¾2r] 

2¼ ½
¾3b tSls ekinaMksa ds lkFk ,d ihchchch

vfHkdYiuk çkIr gksrk gSA
mnkgj.k 1% ,d vèkZ&fu;fer thMh vfHkdYiuk] ;kuh]
DysVoksFkÊ ¼1973½ SR18 ftldk ekinaM v= 6] b¾ 4] r¾ 2]

k¾ 3] 
1
¾ 0] 

2
¾ 1] m¾ 3] n¾ 2 gS blds [k.Mksa dks uhps fn;k

x;k gS%
(1, 2, 3)
(1, 5, 6)
(2, 4, 6)
(3, 4, 5)

fofèk 1 dh çfØ;k ds vuqlkj] çkIr ihchchch vfHkdYiuk ds
[k.M dh  lajpuk bl çdkj gS%

(1, 2, 01, 02);   (2, 4, 01, 02)
(1, 3, 01, 02);   (2, 6, 01, 02)
(2, 3, 01, 02);   (4, 6, 01, 02)
(1, 5, 01, 02);   (3, 4, 01, 02)
(1, 6, 01, 02);   (3, 5, 01, 02)
(5, 6, 01, 02);   (4, 5, 01, 02)

vfHkdYiuk ds ekinaM v
1
¾6] v

2
¾2] b¾12] r

1
¾4] r2¾12] k¾4] 

1¼1½
¾0]


1¼2½
¾1] 

12
¾4] 

2¼ ½
¾12 gks tkrs gSaA v

1
10] v

2
¾2] r

1 
 10 vkSj r

2 
 15

ds fy, fofèk 1 }kjk rS;kj fd, x, vfHkdYiuk ifjf”k’V A
dh rkfydk 1 esa lwphc) gSaA
lajpuk fofèk 2
eku yhft, fd ,d t&,lksfl,V Dykl ihchvkbZch vfHkdYiuk
gS ftldk ekin.M v] b] r] k¾3] i] i¾1]2]…]t gS vkSj

blds jth [k.M ¼x1j, x2j] x3j½] j¾1]2]...]b^ gSA çR;sd b [k.M esa
v

2
¾2 $ 0

1
] vkSj 0

2
 tksM+saA lkj.kh ¼x1j, x2j] x3j] 01

]0
2
½ dks pkj [k.Mksa

esa O;ofLFkr djsa% ¼x1j]01
]0

2
½( ¼x2j]01

]0
2
½( ¼x3j]01

]0
2
½( vkSj ¼x1j]x2j]x3j½-

ihchvkbZch vfHkdYiuk ds çR;sd b^ [k.M ds fy, bl
çfØ;k dks nksgjkus ls v

1
¾v] v2¾2] b¾4b] r

1
¾2r] r2¾3b] k¾3]


1¼i½¾i] 12

¾r] 
2¼ ½
¾3b tSls ekinaMksa ds lkFk ,d ihchchch

vfHkdYiuk dk irk pyrk gSA
mnkgj.k 2% ,d vèkZ&fu;fer thMh vfHkdYiuk SR18
¼DysVoksFkÊ] 1973½ esa ftldk ekinaM v¾6] b¾4] r¾2] k¾3]


1
¾0] 

2
¾1] m¾3 vkSj n¾2 gSA fofèk 2 dh çfØ;k dks ykxw

djds] bu [k.M ds lkFk ,d ihchchch vfHkdYiuk çkIr
fd;k tk ldrk gS%

(1, 2, 3);  (2, 4, 6); (1, 4, 5); (3, 5, 6)
(1, 01, 02); (2,01, 02); (1,01, 02); (3,01, 02 )
(2, 01, 02); (4, 01, 02); (4,01, 02); (5,01, 02)
(3, 01, 02); (6, 01, 02); (5, 01, 02); (6,01, 02)

bl vfHkdYiuk ds ekin.M gSa v
1
¾6] v

2
¾2] b¾16] r

1
¾4] r

2
¾12]

k¾3] 
1¼1½
¾0] 

1¼2½
¾1] 

12
¾2] 

2¼ ½
¾12 gSaA fofèk 2 }kjk mRiUu

vfHkdYiukvksa dks ifjf”k’V A esa vkSj v
1
10] v

2
¾2] r110 o

r215 ds fy, rkfydk A2 esa lwphc) fd;k x;k gSA

lajpuk fofèk 3
eku yhft, fd ,d t-,lksfl,V Dykl ihchvkbZch vfHkdYiuk
gS ftldk ekin.M  v, b, r, k = 2, i i=1,2…t gS vkSj blds
jth [k.M ¼x1j, x2j½] j¾1]2]...]b gSA çR;sd b [k.M esa v

2
 daVªksy

VªhVesUV~l 0
1
]0

2
]…]0v2 tksM+saA lkj.kh ¼x1j, x2j]01]02

]…]0v2½ dks ¼2v
2
$1½

[k.Mksa esa O;ofLFkr djsa tSls fd% ¼x1j]01
½] ¼x1j]02

½]…] ¼x1j]0v2½( ¼x2j]01
½]

¼x2j]02
½] …] ¼x2j]0v2½ vkSj ¼x1j]x2j½- ihchvkbZch vfHkdYiuk ds lHkh

b[k.M ds fy, bl çfØ;k dks nksgjkus ls v
1
¾v] v

2
] b¾¼2v

2
$1½b]

r
1
¾¼v

2
$1½r] r

2 
¾ 2b] k¾2] 

1¼i½¾i] 12
¾r] 

2¼ ½
¾0 tSls ekinaMksa ds

lkFk ,d ihchchch vfHkdYiuk dk irk pyrk gSA
mnkgj.k 3% eku yhft;s ,d ihchvkbZch vfHkdYiuk gS tks
vèkZ&fu;fer thMh vfHkdYiuk gS ftldk ekinaM v

1
¾4]

b¾4] r¾2] k¾2] 
1
¾0] 

2
¾1] m¾2 vkSj n¾2 [DysVoksFkÊ ¼1973½

esa SR1] gSA bldk [k.M vfHkU;kl vkxs fn;k x;k gS%

rkfydk A2% fofèk 2 dk mi;ksx djds v110] v2¾2] r
1
10] r

2
15 ds fy, ihchchch vfHkdYiukA

S.N. v1 v2 b r1 r2 k λ1(1) λ1(2) λ12 λ2( ) V1(1) V1(2) V12 V2( ) E Source

1 5 2 2 0 6 1 5 3 2 1 3 1 5 0.43 0.46 0.31 0.13 0.94 C12
2 6 2 1 6 4 1 2 3 0 1 2 1 2 0.75 0.68 0.45 0.17 0.96 SR18

rkfydk A1: fofèk 1 dk mi;ksx djds v210, v2¾2, r110, r215 ds fy, ihchchch vfHkdYiukA

S.N. v1 v2 b r1 r2 k λ1(1) λ1(2) λ12 λ2( ) V1(1) V1(2) V12 V2( ) E Sourc e

1 5 2 15 6 15 4 2 1 6 15 0.40 0.42 0.27 0.13 1.00 C12
2 6 2 12 4 12 4 0 1 4 12 0.67 0.62 0.39 0.17 1.00 SR18
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ifjf”k’V B: ihchchch vfHkdYiuk ds daI;wfVax çlj.k ds fy, SAS dksMA
proc iml;
PBBBD={
1 2 5 6 ,
3 4 5 6 ,
.
.
.
2 3 5 6
}; /*Arrangement of treatments in m  n array*/
mu=j(nrow(PBBBD)*ncol(PBBBD),1,1);/*mean (mu) vector*/
/*print mu;*/
print PBBBD;
trt=j(nrow(PBBBD)*ncol(PBBBD),max(PBBBD),0);/*Design matrix–observations versus
treatments*/
k=1;
do i=1 to nrow(PBBBD);
do j=1 to ncol(PBBBD);
if PBBBD[i,j]>0
then trt[k, PBBBD[i,j]]=1;
k=k+1;
end;
end;
/*print trt;*/
r=j(nrow(PBBBD)*ncol(PBBBD),nrow(PBBBD),0);/*Design matrix-observations versus rows*/
k=1;
do i=1 to nrow(PBBBD);
do j=1 to ncol(PBBBD);
if PBBBD[i,j]>0
then r[k,i]=1;
k=k+1;
end;
end;
/*print r;*/
c=j(nrow(PBBBD)*ncol(PBBBD),ncol(PBBBD),0);/*Design matrix-observations versus
columns*/
k=1;
do i=1 to nrow(PBBBD);
do j=1 to ncol(PBBBD);
if PBBBD[i,j]>0
then c[k,j]=1;
k=k+1;
end;
end;
/*print c;*/
x=mu||trt||r;/*Combined Design matrix*/
x1=trt;

rkfydk 3% fofèk 3 dk mi;ksx djd s v
1 
10] v

2
¾2] r

1 
10] r

2 
15 d s fy, ihchchch vfHkdYiukA

S.N. v1 v2 b r1 r2 k λ1(1) λ1(2) λ12 λ2( ) V1(1) V1(2) V12 V2( ) E Source
1 4 2 2 0 6 8 2 0 1 2 0 0.67 0.58 0.48 0.50 0.83 SR1
2 5 2 2 5 6 1 0 2 1 0 2 0 0.59 0.68 0.45 0.40 0.85 C1
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(1,  2)
(3,  4)
(1,  4)

(2,  3)

vc fofèk 3 dh çfØ;k dk ikyu djrs gq,] v
2
¾2 ds

fy,] gesa [k.M ds lkFk thMh lacafèkr ;kstuk ij vkèkkfjr
,d ihchchch vfHkdYiuk feyrk gS%

(1, 01); (3, 01); (1, 01 ); (2, 01)
(1, 02); (3, 02); (1, 02); (2, 02)
(2, 01); (4, 01); (4, 01); (3, 01)
(2, 02); (4, 02); (4, 02); (3, 02)

(1, 2); (3, 4); (1, 4); (2, 3)

mijksä vfHkdYiuk ds ekinaM gSa v1¾4] v
2
¾2] b¾20] r1¾6]

r
2
¾8] k¾2] 

1¼1½
¾0] 

1¼2½
¾1] 

12
¾2] 

2¼ ½
¾0- fofèk 3 }kjk mRiUu

vfHkdYiuk dks ifjf”k’V A dh rkfydk A3 esa v
1
10] v

2
¾2]

r
1
10 vkSj r

2
15 ds fy, lwphc) fd;k x;k gSA

;gka] fofèk 1] 1-00 ds cjkcj n{krk ds lkFk A-b’Vre
vfHkdYiuk çnku djrh gS ¼rkfydk A1½A blds vykok]
fofèk;k¡ 2 vkSj 3 us 0-83 ls 0-96 rd dh n{krk ds lkFk pkj
vfrfjä vfHkdYiuk Hkh rS;kj fd,A blfy,] gk#u ,oa lg;ksxh
¼2016½ }kjk çtuu ijh{k.kksa ds fy, vfHkdYiuk] djekdj ,oa
lg;ksxh ¼2022½ }kjk vkaf”kd :i ls larqfyr 3&vfHkdYiuk]
vkSj fou;dqekj ,oa lg;ksxh ¼2023½( }kjk vkaf”kd :i ls
nksgjk, x, ihchvkbZch vfHkdYiuk ds LFkku ij ikSèkksa vkSj
tkuojksa ds ç;ksxksa dh okLrfod thou dh çk;ksfxd fLFkfr;ksa esa
bu vfHkdYiukvksa dk mi;ksx fd;k tk ldrk gS( tc daVªksy
ds lkFk VsLV dh rqyuk vR;ar egRoiw.kZ gSA

fu’d’k Z
;g vè;;u ihchvkbZch fMtkbuksa dk mi;ksx djds NksVs
[k.M vkdkj ¼;kuh] 2 k  2$v

2
½ ds lkFk ihchchch vfHkdYiuk

çkIr djus ds u, –f’Vdks.k çLrqr djrk gSA blds vfrfjä]
x.kuk dh xbZ n{krkvksa ds lkFk bu vfHkdYiukvksa dh ,d
rkfydk Hkh çnku dh xbZ gSA SAS l‚¶Vos;j] “kksèkdrkZvksa dh
fof”k’V vko”;drkvksa dks iwjk djus ds fy, bu vfHkdYiukvksa
dh fHkUurk lajpuk dh x.kuk dh lqfoèkk çnku djrk gSA
ç;ksxdrkZ vkSj vH;kl djus okys lkaf[;dhfon~ çnku fd,
x, ekinaMksa ds fy, fHkUurk ewY;ksa vkSj n{krkvksa dh x.kuk
djds rkfydkvksa ls viuh O;kogkfjd vko”;drkvksa ds fy,
mi;qä vfHkdYiuk dk p;u dj ldrs gSaA ;g “kksèk çk;ksfxd
ifj–”;ksa ds fy, egRoiw.kZ gS ftlesa VsLV VªhVesUV~l vkSj

daVªksy VªhVesUV~l ds chp rqyuk dh tkrh gS] tks —f’k]
ikfjfLFkfrdh] m|ksx] i”kqikyu vkSj fpfdRlk tSls fofHkUu
{ks=ksa esa dq”ky lekèkku is”k djrk gSA ;s vfHkdYiuk cukus esa
ljy] ;Fkksfpr vkSj mPp n{krk çnf”kZr djus okys gSa] tks
ç;ksxdrkZvksa dks O;kogkfjd vuqç;ksxksa ds fy, bUgsa viukus
ds fy, çksRlkfgr djrs gSaA
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