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lkjka'k
mipkjksa dh Jsf.k;ksa ls fufgr vfHkdYiukvksa dk ykHkizn <ax ls mi;ksx rc gksrk gS tc Ás{k.k] ,d gh Á;ksfxd

bdkbZ ij ckj&ckj ,d vUrjky d¢ ckn nwljs vUrjky ij bl Ádkj fy;s tkrs gSa tSls fd ÁR;sd vUrjky ij ,d u;k
mipkj vuÁ;qDr fd;k x;k gksA vr% ekWMy esa vof'k"V izHkkoksa dk lekos'k bl izdkj dh vfHkdYikvksa dh lcls egÙoiw.kZ
fo'ks"krk gks tkrh gSA mipkjksa d¢ vuqØzeksa ls fufgr N% yksdfÁ; Jsf.k;ksa dh vfHkdYiukvksa dk v/;;u ,d ekWMy d¢ varxZr
fd;k x;k gS ftlesa vkxs c<+kus okys ÁHkko mu ÁR;{k ÁHkkoksa d¢ lekuqikrh gaS tgka vKkr lekuqikfrd Ákpy dfYir eku
&1 ls $1 rd gSA bl Á;ksx fl) m/;;u dk mns~n'; mu lekuqikfrd Ákpy¨a dk eku Kkr djus dk Fkk ftuds fy,
vfHkdYiuk ls vf/kdre lwpuk ÁkIr dh tk ld¢A

dqath 'kCn% Øklvksoj vfHkdYiuk,a] ÁR;{k ÁHkko] lekuqikfrd Ákpy] vof'k"V ÁHkkoA

Designs involving sequences of treatments with residuals proportional to
direct effects

Cini Varghese, Seema Jaggi, Eldho Varghese, Mohd Harun* and Devendra Kumar
ICAR-Indian Agricultural Statistics Research Institute, Pusa, New Delhi-110012, India.

Received: December 2020       Accepted: January 2021
ABSTRACT

Designs involving sequences of treatments are advantageously used when observations are taken
repeatedly from same experimental unit period after period as a new treatment is applied in each period.
Hence, inclusion of residual effects into the model becomes the most important feature of such designs. Six
popular classes of designs involving sequences of treatments are studied under a model with carryover effects
proportional to the direct effects where the unknown proportionality parameter assumed values from -1 to +1.
The objective of this empirical study was to determine the value of proportionality parameter for which maximum
information can be drawn from the design.
Key words: Crossover designs, Direct effects, Proportionality parameter, Residual effects.

çLrkouk
mipkjksa d¢ vuqØeksa ls fufgr vfHkdYiukvksa dh

lcls cM+h fo'ks"krk mipkjksa d¢ vof'k"V vFkok vkxs c<+kus
okys çHkkoksa dh mifLFkfr gS rkfd ,d gh çk;ksfxd bdkÃ
ij fofHkUu vUrjkyksa ij ckj&ckj çs{k.k fy;s tkrs gSaA ;s
vkxs c<+kus okys çHkko vyx&vyx ifjek.k vkSj vyx&vyx
çdkj ds gks ldrs gSaA dHkh&dHkh os ,d ls vf/kd mÙkjxkeh
vUrjky ds ckn lekIr gksrs gSaA dHkh&dHkh çHkko ldkjkRed
gks ldrs gSa vkSj vU; le; ij udkjkRedA ysfdu vf/kdrj
vkxs c<+kus okys çHkko ,d gh vksj gksrs gSa vFkok vU;

mipkjksa ds çR;{k çHkko ds lekuqikrh gksrs gSaA bl çdkj
dh ifjfLFkfr;ksa d¢ fy, mipkjksa d¢ vuqØekas ls fufgr
vfHkdYiuk,a vFkok çR;{k çHkkoksa d¢ lekuqikrh vkxs c<+kus
okys çHkkoksa lfgr ,d ;ksT; vkxs c<+kus okys ekWMy d¢ lkFk
Øklvksoj vfHkdYiuk,a (CODs) mi;qDr gSaA Lkekuqikfrd
çkpy vKkr gS vkSj lekuqikfrd çkpy ij iwoZ lwpuk
lgk;d gksxhA lekuqikr d¢ y{k.k ij fof'k"V #fp d¢Uæ
vFkZkr D¸kk vkxs c<+kus okys lfEeyu vFkok fujarj mipkjksa
d¢ e/; O;frjsd dk :i ysrk gS fdUrq ;g iw.kZr% ijh{k.k dh
ç—fr ij fuHkZj djrk gSA mnkgj.kkFkZ] cgqr lh lkaærkvksa
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ij twl dh feBkl irk djus d¢ fy, mPp lkaærk okys twl
ls igys okyk ehBk twl de lkaærk Lrj ls igys okyk ogh
twl de rhozrk okyk yx ldrk gSA cgqr lh çk;ksfxd
ifjfLFkfr;ksa esa ,d mipkj d¢ vkxs c<+kus okys çHkko dh
;ksT; çHkko gksus dh dYiuk dh tkrh gS tks fd mipkj ds
rqjar vFkok çR;{k çHkko ds lekuqikrh gSA lekuqikr ds
y{k.k ij fof'k"V #fp d¢Uæ vFkkZr D;k vkxs c<+kus okys
lfEeyu vFkok fujarj mipkjksa ds e/; O;frjsd dk :Ik
ysrk gS fdUrq ;g iw.kZr% ijh{k.k dh ç—fr ij fuHkZj djrk
gSA

fdlh ;ksT; vkxs c<+kus okys ekWMy ds lkFk mipkjksa
d¢ vuqØeksa ls fufgr vfHkdYiuk,a tc vkxs c<+kus okys
çHkko] ,d vKkr lekuqikfrd çkpy lfgr çR;{k çHkkoksa
d¢ lekuqikrh gksa rks mls bu ifjfLFkfr;ksa esa mi;ksx fd;k
tkrk gS (dSEIVu bR;kfn] 2001)A dSEIVu bR;kfn] (2001)
ds dqN ifj.kkeksa dks cSys ,oa dquVZ (2006) }kjk O;kidrk
çnku gqÃA cksl ,oa LVQdsu (2007) rFkk cksl ,oa Ms
(2009) us blh ;ksT; ekWMy dk mi;ksx fd;k vkSj ØkWlvksoj
vfHkdYiukvksa dh b"Vrerk dk v/;;u rc fd;k tc
çFke Øe vkxs c<+kus okys çHkko mipkjksa d¢ çR;{k çHkko ds
lekuqikrh gSa vkSj ;g ekurs gq, fd lekuqikfrdrk fu;rkad
Kkr gSA oxhZl bR;kfn (2013) us [k.M vfHkdYiukvksa dk
v/;;u rc fd;k tc lgoklh çHkko Lofl) :Ik ls
mipkjksa ds çR;{k çHkko ds lekuqikrh gSA

bl v/;;u esa mipkjksa d¢ vuqdzeksa ls fufgr N%
yksdfiz; Jsf.k;ksa dh vfHkdYiukvksa dk v/;;u ,d ekWMy
d¢ varxZr fd;k x;k gS ftlesa vkxs c<+kus okys ÁHkko mu
izR;{k d¢ ÁHkkoksa d¢ lekuqikrh gaS tgka vKkr lekuqikfrd
Ákpy dfYir eku &1 ls $1 rd gSA bl Á;ksx fl)
v/;;u dk mn~ns’; mu lekuqikfrd Ákpy¨a dk eku Kkr
djus dk Fkk ftuds fy, vfHkdYiuk ls vf/kdre lwpuk
izkIr dh tk ld¢A

ekWMy
;g ekurs gq, fd çFke vo'ks"k fn;s x, gSa] n çk;ksfxd
bdkÃ ,oa p vUrjkyksa esa v mipkjksa ds vuqØeksa ls fufgr
vfHkdYiukvksa gsrq fuEufyf[kr ;ksT; fLFkj çHkko ekWMy
fy;k tk ldrk gSA

(1)

tgkW y, Ik;Zosf{kr vuqfØ;kvksa dk ,d np1 lfn’k
gS] ] vUrjkyksa dk p lfn"k gS] ] çR;{k mipkjksa dk
v lfn’k gS] ] vo'ks"kksa dk v1 lfn"k gS] ] vuqØeksa@
bdkb;ksa dk n1 lfn’k gS vkSj   ek/;ksa dk np1 lfn’k
gSA P, çs{k.kksa cuke vUrjkyksa dk npp vfHkdYiuk vkO;wg

gS] T, çs{k.kksa cuke çR;{k mipkjksa dk npv vfHkdYiuk
vkO;wg gS] R] çs{k.kksa cuke mipkj vo'ks"kksa dk npv
vfHkdYiuk vkO;wg gS] S, çs{k.k cuke ijh{k.k bdkÃ;ksa dk
npn vfHkdYiuk vkO;wg gS ,oa

..., np)', E(vkSj E(') = 

lfgr ;kÍfPNd =qfV;ksa dk np1 lfn’k gSA
vc bl iwoZ /kkj.kk d¢ vUrxZr fd vo'ks"k çR;{k çHkkoksa d¢
lekuqikrh gS] ekWMy bl Ádkj laf{kIr g¨ tkrk Gsa

(2)

tgka  lekuqikfrd Ákpy gSA 10    gsrq iwoZ
mipkj d¢ izHkko dk vkaf'kd lekos'k gS tcfd 01  
gsrq vof'k"V ÁHkko] O;frjsd izHkko dk :i ys ysrk gSA
;fn 0  gS rks dksbZ vof'k"V ÁHkko ugha jgrk gSA ekWMy
¼2½ dh eq[; Js"Vrk ;g gS fd blesa vk¡dyu ds fy, de
Ákpy gSaA

lekuqikfrdrk Ákpy dk vk¡dyu
mipkjkas ds vuqØeksa ls fufgr vfHkdYiuk,a ftuesa]  vo'ks"k
ÁHkko] ÁR;{k ÁHkkoksa d¢ lekuqikrh gSa] dh x.kukvksa gsrq
i)fr dks vfUre :i fn;k x;k gSA lekuqikfrd Ákpy d¢
fofHkUu ekuksa d¢ fy, lekU;r% 0 ls &1 vFkok  +1 ds e/;
cnyrs gq,] ÁR;{k ÁHkkoksa d¢ ldkjkRed ;k udkjkRed
vlj ij fuHkZj djrs gq, ;ksT; vkxs c<+krs izHkko ekWMy d¢
varxZr] tcfd vkxs c<+krs izHkko mud¢ ÁR;{k ÁHkkoksa d¢
lekuqikrh gSa] cgqr lh vfHkdYiukvksa d¢ izn'kZu dk v/;;u
vuqHko fl) fof/k ls fd;k x;k gSA ;g nh xbZ ifjfLFkfr
d¢ fy, ,d mi;qDr vfHkdYiuk d¢ p;u djus esa iz;ksDrk
dh lgk;rk djsxkA

bl foU;kl d¢ vUrxZr cgqr lh larqfyr
vfHkdYiukvksa d¢ izn'kZu d¢ v/;;u djus d¢ fy, leqfpr
,l,,l dwVksa ¼ys[kd ds ikl miyC/k½ dk fodkl fd;k
x;k gSA lekuqikfrd izkpyksa ds fofHkUu eku¨a d¢ vUrxZr
ÁFke Øe vo'ks"k ÁHkkoksa t¨ fd ÁR;{k ÁHkkoksa d¢ lekuqikrh
gSa] dh mifLFkfr esa mipkj ä d¢ vuqØeksa ls fufgr iwoZ&vUrjky
,oa vfrfjDr vUrjky vfHkdYiukvksa d¢ izn'kZu d¢ v/;;u
gsrq iqu% ,l,,l dwV fy[ks x, gSaA CODs [fofy;El
(1948) }kjk fofy;El oxZ vfHkdYiuk,a] 'kekZ (1981)
}kjk fn;s x, CODs vfrfjDr- vUrjky fofy;El oxZ
vfHkdYiuk,a] iwoZ- vUrjky fofy;El oxZ vfHkdYiuk,a
cyke ¼1968½ }kjk fn;s x, ijLij vk;rh; ysfVu oxZ
(MOLs) mi;ksx djrs gq, CODs ,oa f}- vUrjky CODs]

y = TRPS

y = TRPS

= (TRPS
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dks fofHkUu Jsf.k;ksa esa mipkjksa dh fofHkUu la[;kvk (v) gsrq
lekuqikfrd çkpy d¢ fofHkUu ekuksa ¼] 1 ls +1 rd ds eku
ysdj½ d¢ varxZr mipkjksa d¢ çR;{k çHkko ls lacaf/kr O;frjsdksa
d¢ çlj.kksa dh x.kuk dh xÃ gSA Tkc  0 gS] vo'ks"k
çHkko vuqifLFkr gSaA dk b"Vre eku Kkr djus ds fy,
ge mipkjksa dh çfrÑfr;ksa (r) dh leku la[;k,a ysrs gq,
vk;rh; vfHkdYiukvksa ds lkis{k bu O;frjsdksa ds vkadyu
gsrq lwpuk dh x.kuk djrs gSaA

Lkwpuk = 







2
r

¼çR;{k çHkko O;frjsdksa dk ek/;e çlj.k)

lekuqikfrd çkpy ¼]1 ls +++ 1 rd d¢ eku
ysdj) d¢ fofHkUu ekuksa ,oa mipkjksa (v) dh fofHkUu la[;kvksa
gsrq bl lwpuk dh x.kuk Hkh dh xÃ gSA ifj.kkeksa dks Li"V
djus ds fy, v d¢ fofHkUu ekuksa d¢ fy, x.kuk dh xbZ
lwpuk dks lekuqikfrd çkpy d¢ fofHkUu ekuksa d¢ fo#)
vkysf[kr (plotted) fd;k x;k vkSj 1&6 fp=ksa esa fn;k
x;k gSA çk;ksfxd ijkl ds vanj yxHkx lHkh v gsrq ftl
 ds fy, lokZf/kd lwpuk çkIr dh xbZ] mls lekuqikfrd
çkpy dk leqfpr eku fy;k x;k vkSj mls gh vfHkdYiukvksa
dh ml Js.kh ds fy, fy;k x;k A
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mijksDr ls ;g ns[kk x;k gS fd tSls & tSls v
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gksrk gSA
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fu"d"k Z
mipkjksa ds vuqØeksa ls fufgr vfHkdYiukvksa dh

Ik'kq&iks"k.k ijh{k.kksa] yEch&vof/k —f"k ijh{k.kksa ,oa
Ik'kqfpfdRlk vkS"kf/k ijh{k.kksa esa vuqç;ksx dh cgqr vf/kd
laHkkouk,a gSaA ijh{k.k bdkÃ;ksa dh miyC/krk esa deh ds
dkj.k] mipkjksa dks ,d bdkÃ ij le; ds cnyrs vUrjkyksa
ij vuqç;qDr fd;k tk ldrk gSA D;ksafd çs{k.k ,d gh
ijh{k.k bdkÃ ij ckj&ckj fy;s tkrs gSa blfy, bu ijh{k.kksa
ij vkxs c<+kus okys çHkkoksa d¢ vlj dh mis{kk ugha dh tk
ldrh gSA mipkjksa d¢ vuqØeksa ls fufgr N% yksdfÁ;
Jsf.k;ksa dh vfHkdYiukvksa dk v/;;u ,d ekWMy d¢ varxZr
fd;k x;k gS ftlesa vkxs c<+kus okys ÁHkko mu ÁR;{k
ÁHkkoksa d¢ lekuqikrh gaS tgka vKkr lekuqikfrd Ákpy

dfYir eku &1 ls $1 rd gSA bl Á;ksx fl) m/;;u dk
mn~ns'; mu lekuqikfrd Ákpy¨a dk eku Kkr djus dk Fkk
ftuds fy, vfHkdYiuk ls vf/kdre lwpuk ÁkIr dh tk
ld¢A d¢ ml eku dks ftld¢ fy, vf/kdre lwpuk çkIr
dh xÃ gS] lekuqikfrdrk çkpy dk leqfpr eku fy;k
tkrk gS vkSj mls vfHkdYiukvksa dh fof'k"V Js.kh ds fy,
ekuk tkrk gSA
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