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çLrkouk
vuqfØ;k lrg i)fr dbZ O;k[;kRed pj vkSj

,d ;k ,d ls vf/kd vuqfØ;k pj ds chp laca/kksa dh

iM+rky djus ds fy, mi;ksx fd;k tkrk gSA ;g fof/k
c‚Dl vkSj foYlu }kjk 1951 esa is'k fd;k x;k FkkA ;g mu
fLFkfr;ksa esa mi;ksx fd;k tkrk gS tgka dbZ buiqV pj
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çfros'kh çHkkoksa dks lfEefyr djus okyh fjLi‚Ul ljQslsl ds la;kstu gsrq
lkaf[;dh; vfHkdYiuk,¡

ftrsaæ dqekj] lhek tXxh] ,Ynks oxhZl] viZ.k HkkSfed* ,oa fluh oxhZl
Hkk-—-vuq-i-& Hkkjrh; —f"k lkaf[;dh vuqla/kku laLFkku] ubZ fnYyh&110 012] Hkkjr

izkIr% ekpZ 2019                            Lohd̀r% viSy 2019
lkjk a'k

fjLikal ljQsl i)fr ¼vkj-,l-,e-½ ,d ;k vf/kd çfrfØ;k pjksa ,oa ç;ksxkRed pjksa ;k dkjdksa ds ,d lsV ds
chp laca/k dk vuqeku yxkrh gS A vkerkSj ij] vkj-,l-,e esa ;g ekuk tkrk gS fd çs{k.k LorU= gSa rFkk çfros'kh bdkb;ksa
dk dksbZ çHkko ugha gS A ysfdu ,slh fLFkfr esa tc bdkb;ksa dks fcuk fdlh vUrjky ds jSf[kd :i ls j[kk tkrk gS] ogk¡
fudVorhZ bdkb;ksa ls vksojySfiax ;k çfros'kh çHkkoksa dh mPp lEHkkouk gksrh gS A blfy, ijh{k.k dh ifj'kq)rk dk fu.kZ;
ysus esa] e‚My esa bu çHkkoksa dks 'kkfey djuk cgqr gh egRoiw.kZ gS A blds vfrfjä] ijh{k.k lapkfyr djus ds fy,] lalk/kuksa
dh miyC/krk ,oa ijh{k.k dk vkdkj ,d egRoiw.kZ dkjd gS A tSls&tSls vkdkj c<+rk gS] ijh{k.k lapkfyr djus esa 'kkfey
ykxr esa of̀) gksrh gS] ftlls ijh{k.k dh lVhdrk de gks tkrh gSA bl v/;;u esa çfros'kh çHkkoksa dks 'kkfey djus okys
fjLikal ljQsl vfHkdYiukvksa ij fopkj fd;k x;k gSA juksa dh NksVh la[;k esa fMÝsfU'k;y çfros'kh çHkkoksa lfgr çFke
vkMZj jksVscy vfHkdYiuk,¡ ¼FORDDNE½ fodflr dh x;ha gSaA
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ABSTRACT

Response Surface Methodology (RSM) approximates the relationship between one or more response
variables and a set of experimental variables or factors. In RSM, it is generally assumed that the observations
are independent and there is no effect of neighbouring units. But under the situation when the units are placed
linearly with no gaps there is high possibility of overlapping or neighbour effects from the adjacent units. So
including these effects into the model is of great importance in deciding the precision of the experiment. Further,
availability of resources and size of the experiment is important factor in conducting an experiment. As the size
increases, cost involved in conducting the experiment increases, thereby decreasing the precision of the
experiment. In this study, response surface designs incorporating neighbour effects have been considered.
Method of constructing First Order Rotatable Designs with Differential Neighbour Effects (FORDDNE) has
been developed in smaller number of runs.
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laHkkfor :i ls dqN çn'kZu eki ;k çfØ;k dh xq.koÙkk dh
fo'ks"krk dks çHkkfor djrs gSaA vf/kd fooj.k ds fy,
fuEufyf[kr lanHkksZ dk v/;u fd;k tk ldrk gS] [kqjh ,oa
d‚usZy ¼1996½ ,oa  eksaV~xksesjh ,oa isd ¼2006½A vuqfØ;k
lrg i)fr dk e‚My fuEu çdkj ls O;ä fd;k tkrk gSA

u 1u 2u 3u vu uy = f(x ,x ,x ,...,x ) + e

vuqfØ;k lrg i)fr esa ;g ekuk tkrk gS fd
çs{k.k Lora= gSa vkSj fudVorhZ bdkb;ksa dk dksbZ çHkko ugha
gSA ysfdu tc bdkb;ksa dks fcuk fdlh varjky ds lkFk
jSf[kd :i esa j[kk tkrk gSA rks ml fLFkfr esa ç;ksxkRed
bdkb;ksa dks fudVorhZ bdkb;ksa esa ykxw mipkj la;kstu ls
çfros'kh çHkko dk vuqHko gks ldrk gSA bl çdkj ;g
ekuuk vko';d gS fd vuqfØ;k u dsoy ml fo'ks"k bdkbZ
ij ykxw mipkj la;kstu ij fuHkZj djrh gS cfYd fudVorhZ
bdkb;ksa ij ykxw mipkj la;kstuksa ij Hkh fuHkZj djrh gSA
bl fo"k; esa T;knk fooj.k ds fy, mijksä lanHkksZ dk v/;;u
fd;k tk ldrk gS] Mªsij ,oa xqVeu ¼1980 ½] tXxh] lkfjdk
,oa 'kekZ ¼2010 ½ ,oa lkfjdk] tXxh ,oa 'kekZ ¼2013½A

;g çfros'kh çHkkoksa ds lkFk vuqfØ;k lrg i)fr
ij lkfgR; es ns[kk x;k Fkk fd fodflr vfHkdYiukvksa dks
vke rkSj ij cM+h la[;k esa juksa dh vko';drk gksrh gS tks
varr% Hkw[kaMksa dh la[;k esa of̀) djrh gSA ftlls ç;ksx
djus esa yxus okyh ykxr esa òf) gks tkrh gSA vr% bl ys[k
esa juks  dh NksVh la[;k esa vfHkdYiukvksa  ds cukus dh
fof/k çLrqr dh x;h gSA

vuqla/kku fØ;kfof/k% rRdky ck,a vkSj nk,a fudVorhZ
bdkb;ksa ls çfros'kh çHkkoksa dks 'kkfey djus okyk e‚My
bl çdkj fy[kk x;k gSA

vkO;wg :i esa Y = GX + e  ,G çfros'kh vkO;wg gSA ftldk
v‚MZj N × (N + 2) gSaA rFkk X dk vkMZj (N + 2) × (v +1) gSaA
vxj G Kkr gS]  = (Z’Z)-1Z’Y

tgk¡ Z = GX  ,oa  D() = σ2(Z’Z)-1

FORDDNE ds fuekZ.k dh fof/k% 2v-1 ds mPpre Øe dks
daQ‚maM djds mldh vk/kh çfr—fr çkIr djsa] ifj.kke
Lo#i juks dh la[;k ?kVdj 2v-2 gks tkrh gSA çkIr vk/kh
çfr—fr ¼dh Cy‚d½ dks mlds uhps ,d ckj vkSj fy[ks] vc
,d vfrfjä dkjd ds fy,] çfof"V;ksa -1 vkSj -1 ls 'kq:
gksus okyk ,d u;k d‚ye bl çdkj tksM+s dh igys 2v-2/2
dh çfof"V;k+1 ,oa 'ks"k 2v-2/2 dh çfof"V;k &1 gksA
varr% lhek Iy‚V bdkb;k vkSj vojks/k ds xq.kkad 'kkfey
djus ds i'pkr çkIr vfHkdYiuk 2v-2/2 juks esa FORDDNE
gSA tgk¡ v dkjdks dh la[;k dks çnf'kZr djrk gSA v ¾ 4
ds fy, vfHkdYiuk vkO;wg ,oa çfros'kh vkO;wg ¼G½
fuEuyf[kr :i ls fy[kk tkrk gSA

mijksä vfHkdYiuk α1  =  0.1 ,oa α2  =  0.3 ysus ij]

u =1,2,...,n
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mijksä vfHkdYiuk α1  = 0.1 ,oa α2  = 0.3 ysus ij]

vuqekfur çfrfØ;k ds çlkj V ( 0) = σ2 x’0(Z’Z)-1 x0

dk eku 0.734σ2  gSa , tks vfHkdYiuk ds lHkh fcanqvksa ds
fy, leku gSA fuEufyf[kr vfHkdYiuk dsoy     esa
jksVsVscy gSA vr% mijksä fof/k }kjk jfpr vfHkdYiuk de
juks  esa  vuqekfur çfrfØ;k dh lVhdrk dks cjdjkj j[krk
gSA ftlls ç;ksx esa yxus okyh ykxr esa dkQh gn rd
cpr gksrh gSA

fu"d"k Z
lalk/kuksa dh miyC/krk vkSj ç;ksxkRed lkexzh

dk vkdkj fdlh Hkh çdkj ds ç;ksx djus esa nks egRoiw.kZ
dkjd gSA tSls&tSls vkdkj c<+rk gS] ç;ksx dh ifj'kq)rk
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de gks tkrh gS] blfy, çfros'kh çHkkoksa dks 'kkfey djrs
gq, vuqfØ;k lrg vfHkdYiuk fodflr fd, x, gSa] tks
dh igys dh rqyuk esa vkdkj esa Hkh NksVs gSaA fodflr dh
x;h vfHkdYiuk;sa ç;qä pjksa dh fLFkjrk lqfuf'pr djrh gSA

lanHk Z
Draper, N.R. and Guttman, I. (1980). Incorporating

overlap effects from neighbouring units into
response surface models. Applied Statistics,
29(2) :128-134.

Jaggi, Seema, Sarika, Sharma, V.K., (2010). Response
surface analysis incorporating neighbour
effects from adjacent units. Indian Journal
of Agri. Sciences. 80:a 719-723.

Khuri, A.I, Cornell, J.A., (1996) Response Surfaces-
Designs and Analysis. Marcel Dekker, New
York.

Montgomery, D. C., Peck, E. A., (2006). Introduction
to Linear Regression Analysis. John Wiley &
Sons, New York.

Sarika, Jaggi, S. and Sharma, V.K. (2013). First order
rotatable designs incorporating neighbour
effects. Ars Combinatoria, 112, 145-159.


