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«t4nGnubtnflp4wG ~nLJL t tnWLPU pwGw4wu.fbu 4.bJ1LnL6bL p­

flW4wG tnGtnbuw4wG bpl.tnLJ~Gbro · hpliG4.bLn4. tnbum~Jwu dwuw­

Gw4w4rg G4_w6muubrr l.t bqrw4wgm~JmG wGbLm huwrw4.n­

flnL~Jmu oGabnnlli)PtnWf14liwG ub~ni)Gbpp 4.J1W» (UwumhLunG) : 

«t4nGnuhtnrr4wJr hpuGw4wG tuGilrJlO tnbuw4wG tnGtnbuw­
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« t4nGnubtnJ1r4w JP uu.fwtnw4o tnGtnbuwq.ptnw4wG orhGpub-

110 tPnran4_ hwutnwtnl{w6 WJli)JmGpGbppg ptubguhLG t: t4nGnubtn­

llr4wG LJlwgGmu t tnGtnhuwq.ptnw4wG tnbum~Jmuo· Wfll)hu ou­

l)mu4_w6 wnGim~Jmuuhro utnmQ.bLm l.t 6zq.ptnbLm hwuwr oq.­
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UJu Q.Pfl!?D «t4nunubtnrr4w» wnwr4wJr hwJhphG tbq4.n4. w­
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4wq.rw4wG 4.wr4w6Gbpp utnmq.uwuo ou~brgn11ru 6wun~wgGhtG 

t: Q.pflJ?D wnw2ru hbfl~pu hwugbwq.pl{w6 t tnGtnbuwq.btnGbflpu l.t 

hwtn4wu.fbu tnGtnbuwq.ptnm~Jmu mumuuwupJlnll muwun11Ghri1G: 

Q.pJlj?Q PWI14wgw6 t Ghrw6m~JnLUpg , bpbp uwuhrllg l.t hw-

4.ht4.w6Gbrpg: 

ubpw6m~Jmumu Gbp4WJWg4_bt bu t4nunubtnpp4WJP ub~n­

I)Wpwum~JWU hpumupubflJJ , t4nGnlibtnflp4w4wG linl)hLP wnwua­

Gwhwtn4m~JmuuhJ1JJ l.t t4nGnubtnf1114wJmu oq.tnwq.nr64.nlltn4.JwL­

Gbpp atttro Lt wllpJmpubpo : 
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4w6 q.uwhwUlw~wuubp~ L. wphbuUlw4wunpbu UU1Wg4w6 Qb-

6m~Jmuubp~ UluUlbuwq.~Ulw4wu Qb~uwpwum~1muubpo : 

Q.pQ~ bppnpl'). QwumQ Qb4uwpwu4w6 bu l').wuw~wu lllWJQWu­

ubrQ pw4wrwrnrt q.6wJ~u pwqQw~wijl Qnl').bL~ h~Qmueubmf 
hwQWlllWUlwutuwu 4b!lLnL6nL~JnLUUb(l ~WUlW!10LnL h~Q(iw~w(i 
hwu4wgm~Jmuubrn4 L. L4WJQwuubrn4: Lmuwpwu4w6 bu 4wr-

4w6ubr~ UUlnLq.Qw(i wnwuauwhwUl~nL~JnLUUD!1Q pwqQw~~ nbq.­

rbu~WJ~ Qnl').bL~ hwQWil , ~U~L4bU uwL. wuhrwabzUl UlOUUlD(lQ, 

'lrwug~g ptunrt bqrw~wgm~JmuubrQ : 

'lwuw~wu q.6wJ~u nbq.rbu~wJ~ Qnl').bL~ bu~w'lrm~1 muubr~ 
L4WJQWUUb!1Q UUlnLQ.DLnL Ul4WU1W4n4 hw4bL4W6ubrmQ ubr~w­

JW94W6 bu pwqQw~nL~ubwrm~Jwu, hbUlbrnu4bl').wuUl~~m~1 wu, 
w4Uln4nnbuwg~WJ~ h~Quwtuu'l~rubr~ hwQwnnUl tm~JnLUQ L. 

rwwug hWJUlUWpbrQw(i DflWUW~ubro : 

1brt~uw~(ibi1Q zunrhw~wl 4L~(jb(i Q.llQ~ ~wnmgt.tw6Q~ , Ulbfl 

q.Ulw6 411~l4nLQubr~ . wuhrwabzUl wwgmg~~ Qb~uwpwum~Jmu­

ubr~ 4bllWPb!1JWL UlDflb~WUl4nL~JWU , ~U~L4bU uwL. ~WUlW!14W6 

'l~Ulnrtm~Jmuubr~ L. wnw2w114m~Jmuubr~ hwQw11 : 

utruontra3ntu 

S uUlbuwq.~UlnL~JnLUQ , ~U~L4bu q.~UlbUQ , I').~UlW!1~nLQ t 

UlUUlbUnL~JWU qwrq.wgQwu or~uw~wijlm~JmuubrQ. 

UW~WJU QWUW~W~WU q.uwhWUlW~WU ~~ UlWL~U rwwug: UJUL4bU, 

QUUl Q~~!1nUluUlbuwq.~UlnL~JWU , U14JWL WL4!1WUQ~ L4WhWU2Wil~Q 

hw~WI').W(lO hwQbQWUlW4Wu t U14JWL Wll.lllWUQWUlbUW~~ Q~2~(j 

ZnL4WJW4WU q.(i~(j L. nLfl~fl hwQbQWUlW~WU t UL4Wilnfl~ b~W­

QUl~(i: CuUl Qw~rnUluUlbuwq.~Ulm~Jwu ' wQpnf12W~wu L4Whwu-

2WI14Q hW~WI').W!10 hwQbQWUlW~WU t Q.U0!1~ QW~Wili').W~~(j L. 

L4WJQWuw4nr4w6 t 1').!1WQW4W!14WJ~U L. hW!1~WPJnL2DUlWJ~U QW­

flWQW4WunL~jWQp: ru~L4bU UlbuumQ buQ, UlUUlbuwq.~UlnL~JWU 

Ulbum~JWU 1').!1nLJ~Ub!1Q ~11bug punl)~n4 nrw~w~w(i bu: t~nun­

QbUl!1~~w(i mumQuwu~rmQ t UlUUlbuw~wu brL.nq~ubr~ ewuw-

4w4wu or~uw~wijlm~JmuubrQ : UJu oq.Ulwq.nr6bLn4 4~6w~wq.­

rm~JWU, UlUUlbuwQw~bQWUl~~w~wu, Qw~bQWUl~~w~w(j 4~6w­

~WQ.!1nL~JWU Qb~nl').ubrQ · tQL4~11~4 q.uwhwUlw~wu t UlWL~u UluUlb­

uwq.~UlnL~Jwu 'll'lnLJ~ubr~u : SuUlbuwq.~UlnL~JWu Ulbum~Jwu bq­

rw~wgm~JmuubpQ UUlnLQ.DLnL UL4WUlW~n4 t~nunQbUl!1~~w(i oq.­

UlWq.nr6mQ t uwL. 4~6w~wq.rm~JWU U14JWLUbllQ: U4bL~(j ' b~b 4~-

6w~wq.rw~w(i U14JWLCibrQ 6pzU1 ~b(i q.CiwhwU14w6, t~nCinubUl!1P-
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flO 6jlzlll ~bG qGwhwmttwo, tljnGnliblllpjll.jwG lizwl.jmli t WJil utuwL­

Gbpo hWJlllGwpbpbtm h 6zlllblm obf}n!lGbp: 

tljnGnliblllpjll.jwJjl mumoGwujlpntf}JWG hpliGwl.jwG qnpojlpQ 

nbqpbujlwjjl 4bfltm6mf}JnLGG t , npQ J}nLJl t lllWlPU li.IW[lqbl lib4 

lf1nlf1ntuwl.jwGjl qqwJnLUnLJ}JnLUQ WJL lf1nlf1ntuw4wGjl Gljwlllliwop: 

r lllW[lpb[lnL!}JnLU l.jnnbuwgjlwjjl 4bflLnL0nLJ}JWG, npQ gnljg t lllW­

LPU bp4m lf1nlf1ntuwl.jwGGbpjl lill2h l.Jwl41l wulllp6wGo. nbqpbujlw­

JP 4bfltnLOnLJ}JnLUIJ lf1npomo t qGwhwlllbL h 4wGtuwlllbubt oblj 

lf1nlf1ntuwl.jwGjl lill211G wpctbpo obl.j WJL lllfl4WO WfllllWOjlG( t4qn­

qbG) lf1nlf1ntuwl.JwGjl hjlowG 4pw: 'Tlblllp t Gzbt. np nbqpbujlWJP 

4bfllnLOnL!}JWG ctwowGw4 bGJ}Wilf14mli t , np lf1nlf1ntuwl.jwGGbpjl 

4WL41J 41l6wl.jwqpwljwG t, n~ !}b. ,mG4gjlnGwl, WJujlGpG lf1nlf1n­

tuw4wGGbp[! L4WlllWhwljwG pGnLJJ} mGbG: 

t4nGnOblllpjll.jwjjl llWUQGJ}W9[! l.jwpbtjl t pwdwGbt bpl.jm OW­

up' lllbuwl.jwG h l.jjlpwnwl.jwG: 

Sbuwl.jwGo mumoGwujlpmO t npnzwl.jjl Obf}n!lGbp· UlGUlbuw­

ljwG bphmJJ}GbpiJ qGwhwlllbtm hwowp, lizwljmo t 41l6wl.jwqpw­

l.jwG Onllbl Gbp ljjlpwnbt n4 OWJ}bOwlll jl4wl.jwG 4116wljwqpw4wG 

4brtm6mf}JWG libf}n!lGbpo: L!jlpwnwl.jwG tl.jnGnliblllpjll.jwG oqlllw­

qnpomo t lllbuwl.jwGjl bqpwhwGqmoGbpo· Ululllbuwqjllllmf}JWG 

npht pGwqwttwnp mumoGwujlpmf}JWG hwowp: UJujlGpG' Ulbuw­

l.jwGo lizwl.jmo t lllbtuGpljw, jlul.j 4rpwnw4wGo llW oqlllwqnpomo 

qnpoGwl.jwGmo: 

• 
• 
• 

t4 nGnob l1l pjll.jw JP Obf}n!lwpwGmf}JnLGIJ 

l.tmJJ}Gbpjl qGwhwlllliwG h 4bfllnLOnLJ}JWG 

Ulbumo t. 

IJUUlflbL L'Wf}bOwllljll.jwl.jwG lin!lbt . 

4bpwlf1ntubt WJG 4116wljwqpwljwG Onllbtll . 

qlllubl hWOWL4WlllWUtuwG lllt.l.JWtGbp , 

lllUlllbuwl.jwG bp­

ctwowGw4 Gwtuw-

ubrUontl03ntu 15 

• hwzttwp4bl linllhlll qnpowl.jjlgGbpQ, 
• ulllmqbl linllblQ, l.jwlllWflbL l.jwGtuwlllbumoGbp mGlllbuwl.jwG 

bphnLJJ}Plflmtmtumf}JWG owujlG: 
<DnpobGp Gzttwo hw2nflllWl.jWGnLJ}JnLUQ Gbp4WJWgGbt lllUUlb-

uwqjlmwl.jwG npht hwu4wgmf}JWG opjlGw4n4: rG~1..4bu qplllbGf?, 

QUlll ow4pnlllGUlbuwqjllllW4WG mbuntf}jWU. wqqwjjlG WflllJnLUf?l} 

lf1w4 UlGlllbumf}JmGmo pwctwGttnul t bpbp tuliPP. 

Y = C + l + G, 

nplllb'l. 

C-G u1..4wnmliG t, 

I-o· GbflllflntOGbpQ, 

G-G' L4bmw4wG qGmoGbpo: , 
rp hbpf}jlG, u1..4wnmoo ,mGljgjlw t bljwlillljlg, pull GbflllflmoGbpQ 

l1l nljnuWilflnLJPil9: 
~bllll.twpwp, bljwommGbpjl Lt u1..4wnowG lf1ntuhwpwpbpmf}-

1mGGbpQ ljwpn'l bGp qGwhwlllbL hbllll.LJWL Owf}bliwllljl4w4wG on-

llhlll oqGntf}JWOp' 

Y= ~o+~1X 
nplllb!l' X-o b4wlimlllG t,Y-o u1..4wnmoG t, jlu4· ~o-G l.t ~1 -G linllbLP 

qnp6w4jlgGbpG bG: CG!l npmo, ~o -G llltUWl ,mG4g!lWJP wqwm 

wG11woG t. ru4 ~1 -o· wG4JmGwJ!lG qnpow4rgo. npo gnLJg t lllW­

lllu , f}b jlG~l4bu t l}lnltlntuttmo UL4wnmoo bljwOlllP ob4 opw4nfl 

w4btWGWLnL !lbl4Pnt0: StlJWl ,mG4gjlwG mGjl hblllhJWl qpw,p-

4w4wG Ulbupo (qpw,ll4 1 ). 
UJu owf}bliwlllp4w4wG lin!lblO bGJ}WilflnLO t. np u1..4wnowG h 

b4wlillljl 0jl2Lt qnJnLf}JnLG mGjl npnzw411 4wtu4w6nLJ}JntG: tljnGn­

Oblllpjlljw4wG UlbuwuljjmGjlg llltUWl On!lblO f}bfljl t, pwGp np 

nnw4wG tuwGpmu qpbf}b hGwnwttnn ~t, np mwppbp tuupbpp 



16 SUPPU4Uut40uOUbSP~4U 

y 

!~ 
~------------------------------- X 

Q.nw~~Lj 1. Uli/wntfw{j uwhtfwuwJ/10 hwfttfwu .:Pmuftgftwu 

UUjwnliwu hw4~w6m~JnLU[! hw~wuwfl Ltlup: l"f1w4wumli b4wlil11p 

lib4 lipw~n[l w~bLWUWLnL l'].bUj_emli UUjWnliw(i ~W[l.QWqp6[! WJ'l 

11Jlipb[1p hWUW[l l11W[1pb[1 t: t;~b Lfln[lob(i_e UjWJUWUW4Wu O[lpuw-

4n~ Ubf14WJWQUbL UUjWilnLU[! l11W[lpb[1 b4wliml11 mubgn'l. tuupbflp 

hWUW[l (Ulb'u W'l.JnLUW4 1), WUjW 4l11bu(ib(i_e, n[l Upl.aunLJU b4w­

UnLU1 mubgn'l. tuupbflp UUjWilUWU ~W[l.Qwqp6Q UlW[lpbfl~nLU t 

upujwugpg: Of1n2w4p l'].bUj.Qb[lmu, w~bLtl .etl~ b4wliml11 mubgn11.p 

UUjWilnLU[! 4Wfln'l. t qb[lwqwugbl 2Wl11 b4WUnLU1 mubgn11.p UUjW­

IlnLU[!: Ujumwubuwjup~. UjbUl_e t U2bL, n[l ~UWJWO l11Wl11Wumuub­

f1PU, tuupbflp litl2tlG UUjwnmu[! nL'l.P'l. hwubliwl11w4wG t GflwGg b-

4wliml11GbflpG: 

iw2~tl wnGbLn~ UUjwnuwG 6w~wLGbflp l11Wl11wGmuGbflo· 

4WflbLtl t Gbp4wJwgGbL UUjwnuwG uwhuwGwJpG hw4liwG t4n­

unlibl11fltl4w4wG lin'lbl[! (l11b'u ctf1W~P4 2). 

Yt= ~o+~,Xt+Et 

17 

n[ll11b'l.' Et-G linl'].bLtl utuwLG r WJG P"L"fl qn[16nGGb[1p hwG[lwqm­

UW[l[!, n[lnG.e wq11mli bG uUjwnuwG ~flW , uw4wJG n[ln2w4pnf1bG 

[!G'lctf14~w6 ~bG linflbLmli: 

Urumuwlj 1. l;ftwtfnu.nObfTIJ u Uli/Wntfwu owt./wfubfTIJ (hwq.fJ[TWtf) 

~ 
tljwumUlubn 

2 4 6 8 10 12 14 

1.4 2.1 3.1 5.3 7.6 10.0 11 .0 

UUjwnmli 1.6 2.2 3.5 5.5 8.5 10.6 11 .4 

1.7 2.4 3.8 6.7 8.6 11.1 12.5 

1.8 2.8 4.5 7.4 9.2 11 .2 12.8 

1.9 3.2 5.2 7.5 9.3 11 .4 13.3 

V~2~Ci 1.68 2.76 4.02 6.48 8.64 10.86 12.2 

u1.4wnmu 

y 

~----------------------~------- X 

Q.nw~~lj2 . Uli/wntfwuuwhtfw0wJftuhwfttfwut.//16wftwq{TwftwO 

r---------"'t.:"rmf!.,..,.ILJt/wOmpJnLU/J 
4. rrn ti ~ Q f' ~) ···} ~ . .\' f'l tJ ·~ J 
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Un!lbl[) ljwnmgbLmg hbmn WJU L4GLnQ t quwhwmb( qmGbLnt.l. 

hwuw~wmwutuwu mLl.JwLGhr[!: SLl.JwLGhrr wnljwJm~Jmuo l..t 

6zmnL~JnLU[! tljnGnubmrtJLJwljwG 4hrLm6m~JWU wubuwljwrunr 

Gwtuw~wJuwuubrtJg ublju t : uzbGQ, nr t4nunubmrr4wJmu oq­

mwqnrolJ.nq mLl.JwLGhro 4wrnq bu LllGbL. 

I . owuwuwljwJru zwr_pbr' mLl.JwLGhr. nrnGQ wrmwhwJmmu bu 

mumbuwljwu brl..tmJ~r Ltlnlfmtum~Jmuo ctwuwuwLJr ou~wg­
Qmu, 

2. qwuqll_w6wJru zwrQbr' mLl.JwLGbr, nrnGQ wrmwhwJmmu bu 

GmJG mumbuwljwu brl..tmJ~r pwqum~Jmuubr. 

3. tuwn[!· LnLUWLGbr. nrnGQ L4Wrmuwljmu b(i brunLJ~GbrtJ mw­

rwawljwG u dwuwGwljwJrG LtlnLtlntum~JmGGbro : 

ctwuwGwljwJruo WJG mLl.JwLGbru bu, nrnGQ gmJg bu mwLru n­

rnzw4r awuwuwljwhwmll_womu muunbuwljw(i brl..tmJ~r LtlnLtln­

tum~JWU lltJGwutJLjwJtJ ortJGw~wLtlm~JmGGbro: 

tljnunubmrr4wJr hwuwr qwuqll_wowJru unLl.JwLGbr LJwrhLil t 

hwUwflbL qJmqwunGmbuwljwG uzwljwpmJubrtJ ur2tJG pbr_pwun­

ll_m~Jwu gnLgwGtJzubro· 4wtu4w6 hnqtJ pbrrrm~JmGtJg, nnnquwG 
huwrw4nrm~JmfiubrtJg 1..t WJLfi : 

tuwn[! unLl.JwLfibrtJ ortJuwlj t wnwG~tJG [!Gljbrm~Jwfi pwdub­

mnuubrr 4mrur unwunwumuubro owuwuwljtJ [!fi~wg_pmu : 

Ubr hwurwl.4bmm~Jmfimu Ull.jwnuwG uwuru unLl.JwLGhrll 

L4WzunnuwljwG wqpJmro 11 wqqwJtJG 41llSwljwqrw4wG ownw­

JnL~JWU t.ml.JwLGbru bu wqqwJru hwuwtuwnu ubr_ptJG wrllJmG_ptJ 

(1uU) wrmwllllnt.~JWU u pwztuuw(i lJ.brwpbrJWL: ~UWJWO 1uU 

unLl.JwLfibr[! ubr4WJWgll_mu b(i Gwl..t UjGLnWljw(i WJL uwruruubrr 

ljnqurg: OrtJGwlj, 11 ljbumrnuwljwu pwGLJr unwrb4wu hwz4bun-

4m~JmuubrtJ wnw2ru· «Suunbum~Jwfi [!fi!lhwumr pum~wqrro» 
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pwdumu unrtJ.mu b(i uwljrnmuunbuwljw(i rrw4tJ!Sw~r. 11 Ujbunw­

ljw(i PJnL2btJ u 11 tJ.tSwrwJtJG hwzlj_bljznll mLl.JwLGbr[!, nrnug htJ­

uwG tJ.rw huwrwtJ.nr t ljwunwrbL tljnunt'ibunrtJLJw~wG 4hrLm6m~­

JmGGbr' unuunbuwljwu qwrqwguwG Qfillhwumr Qwfiw~wljwG o­

rruw~wLtlm~1muubrr pwgwhWJLnUWU hwuwr: 

Y.bro u2tJ.w6 wqpJmrubrtJg hwuw1..4wmwutuwu unLl.JwLGbr 

hwtJ.wQwqrbLmg hbunn' ljwrbLtJ t nbqrbutJwJtJ tJ.brLm6m~JWU UtJ-

2ngntJ. quwhwunbL unllhLil qnrowljtJgubro: Q.nJm~JmG mfibu qnr­

owljtJgubrr q.GwhwunuwG till QwGtJ bqwfiwljubr: UbGQ Ljubr~w­

JwgGbfiQ LtlnQ!lWQ.nLJU QWnwljmutJGbrtJ Ub~n'l[!, Oil[! Ub6 4tJrw­

nm~jnLU mGtJ tljnfint'ibunrtJ4wJmU: Q.rwLJwGm~Jwfi Ub2 hw!Swtu 

oq.unwqnrotJ.mu t ub~n'lr wfiqLbrbu hwl4w4muo OLS (Ordinary 

Least Square): 

SLl.JwL un'lbl[) brLJ~wLtl nbqrbutJwJtJ Un'lbL t, QWfitJ nr LJwtuJWL 

LtlnLtlntuwljwu[!· Ull.jWilnLU[!, pwgwunrlJ.mt'i t Ublj LtlnLtlntuwljwGtJ' b­

ljwumunubrtJ oqum~Jwup : 

t~b Ltlnr~bfiQ Gbr4wJwgGbL n~ ~b wupnq2wljwG, WJL WL4-

rwupwunbuw4r Ull.jWrlnLU[!, Wll.jW, [!ULO UtJljrnunfiunbuwq.tJunm~­

JWU. w1u mqtJq hwubt'iwmwljwG t uL4wnnqr bljwuunru l..t hwljw-

11wr~ hwubuwunwljwu· unLl.JwL WUj!lWGpwunl:iuwljtJ UtJ2tJfi 2nL4w­

JWljw(i q.GtJG: 1bunl..twpwr. unLl.JwL htJt'iGwhwrgr Lmouwu hwuwr 

4rrwntJ.nq unllhll:! ljmfibuw hbunuJWL unbup[!. 

Yt= Po+P1Xt+P2Xt+ Et 

nrunbq' Po -{j 4WJnLU Ull.jWnmt'i(i t' 

p1 -G ull.jwnuwu uwhUwGwJrG hwljmuu t bljwuunr Gljwunuwup, 

p2 -u· ull.jwnuwu owll_wL11 4wtu4w6m~JmGG t WL4!1WfiQwmbuw4r 

q.GtJg, 

E1 -G un'lhLtJ utuwLfi t: 
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uzbGp, np WJG Llni'J.bL[!, npmll ~wtuJWL t.fmt.fmtuw4WG[! pw­

gwtnpl{mll t Llb~pg wl{bLP lflnt.fmtuw4wGGbpnl{, ~n~l{mll t pwqllw­

~wlfl nb<fpbupwJp LlnllbL: 

S4JwL pwGwolt[! hwrSwtu ~n~l{mll t l{wppw<f6p pwGwolt, pw­

Gp np wptnwhwjtnmll t tnl{JWL wu.lllwGpwtnbuw~p G~wtnllwllp 

ULI.jwnnrtr l{wppw<fp6o' ~wtul{w6 rr. b~wtltnpg lt WUjpwGpp <fGpg: 

ULI.jwnnrtr l{wppw<fp6[! pwgwhwJtn ~bpL.w tlnllbLP <fnp6w~pgGb­

lll:! <tGwhwtnbLmg hbtnn, uw~wJG GzbGQ. np tnbuw~wGnpbG b1-[! 

wptnwhwjtnmtl t llllW~wG, pu~ br[! ' pwgwuw~wG 4wtul{w6m~­

JnLG: 

Uni'J.bLP (fnp6w~pgGbp[! <tGwhwtnbLnL9 hbtnn wGhpwdbztn t 
UlnnL<fbL' Utnwgl{w6 W(li'J.JnLGpGbp[! hUJtlWUjWtnwuj"uwGmtl bG 

W(li'J.Jnp tnGtnbUW<fPlnnL~JWG tnbuw~wG 'lllnLJ~GbppG : O.b<fpbupw­

JP l{bpLm6m~JWG W(li'J.JnLGpGbpp hwtlUJUjWtnwutuwGbLPnL~JnLG!J 

tnGtnbUW(fptnw~wG tnbum~JWG[! UlnnL<f~nLtl t l{plSw~W<f(lW~WG 

l{wp~w6p tnbutnp Llp2ngnl{: 

b~b tnl{JWL tlnllbL[! hwutnwtnmll t Gzl{w6 l{wp~w6[! , WJG ~w­

rbLP t O<flnW(fnp6bL hbtnW(fW ~wGtuwtnbumllGbpp lt tnGtnbuw4wG 

pwrtwpw~wGm~JwG tlzw4tlwG hwllwp: 

UUUI 

,U'-lUuU4Uuntra3ntuutri"' stuntra3Uu t'-l 

'-li"'nU4UQrntra3Uu ,i"'untu~utrc 

qLnttu 1 

1U'-I.UuU4Uumraantuubrl" sbumraauu surrbre 

1.1.lflwtnwhwpGbp 

::J wuwpw~m~JWG lt pGm~JWG oppGw~wlflm~JmGGbpG m­

l umllGwup(lbLru lt uwhtlwGbLru hwr4 t LrGmll 4wtnw(lbL 

lflnpobplt 'ltunmllGbp: 
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lJ~ltGnLJG L4WJUwGGbpmli ~wmwrt.tnll Lflnrobr~ wrrlJnLG.Q­

Gbro ~wrn11. bG mwnpbr L~Gbt: Un ~b!ll4 wuwo· Lflnro~ ~wli 'l~Ln­
liwG WllflJnLG_pGbro L4Wtnwhw~wG pGmJ~ mGbG, flrwG_p hGwrw­

Ltnr !t li~wG2wGw~ 4wGtuwmbubL: 

'Tlwmwhwr~ uwhliwGmuo LnWLm hwuwr wGhpwctb2m t 

tn4JWL Lflnpo~G hWUWL4WLnWutuwun11. LOW(l(lW~wG L4WLnwhwpGb­

ll~ ~wli bL.Qb(l~ mwnwom~JWU Q.Wil.WLPW(l[! : 

UwhtlwunuJ 1. <Dnra~· ~rwr pwgwnn11. bL.Qb!l~ ~wliwJw~wG 

0 pwqlim~JnLU[! wGL{wGmu bG_p LOW(l(lW~wG L4WlnWhwpGbr~ 
~wli bwbr~ mwrwonL~JmG, b~b Lflnro~ gwG~wgwo bL.Q ~wrbL~ t 

Gbp~WJWgGbL 0- pwqlim~JWU LOW(l(lbn~ U~2ngnt.{: 

0 pwqlim~JWU LOW(l(lb(l[! U2WUW~bG_p w-nt.{ l.t flnwG_p wGL{w­

GbG_p mwrrw~wG L4WtnwhwpGbp ~wli bL.Qbp : 

'Jj1lnnrzmp;mu. <Dnra~· ~rwr pwgwnn11. bL.Qb!l wubLn4' G~w­

m~ mGbG_p Lflnro~ WJGL4~U~ bL.Qbp, npnG_p hwliwmb11. hwGflbu QWL 

!bG ~wrnll.: UjUlnbll.~9 hbml.tmli t, nr. [!ULO tm~JWU, Lflnro~ LOW(l-

rw~wG L4WLnWhW(l[! ~wli bL.QI! Lflnpo~ !ln(lnht.{nll. bL.QG t , lt 0 pwq­

lim~JnLGQ ' Lflnro~ pnLnr !Ln(lnht.{nll. bL.Qbp~ pwqlim~JmG : 

PbpbG_p li~ _pwG~ op~Gw~ . 

1 . tG~wf1pbG_p' Gbmt.{wo t ubmwll.Wfl(lWli[!: t~b libtnwll.W'l­

rwli~ u~ bpbu[! G2wuw~bG_p A-nt.{, ~u~ UJOLU[! B-nt.{, WL4W 0-G 

~wqlit.{wo Lu~G~ Lflntupwgwnnll. A l.t B bL.Qbp~g : 

2 . tG~wflrbG_p ' GbLnt.{wo t qwno: f2wG~ nr qwnG mG~ t.{bg G~u-

tnbp, WL4W W~uhWJLil t , np 0-G PWil.~WQWO ~L~G~ 6 LnW(l(lb(l~g: 

l.J2t.{wo bp~m on~Gw~GbpG mGbG li~ [!GflhwGpm~JmG . bp~m­

umli tL 0-mwpwompJmG[! 4br2w4nr t: Uw~wJG L4bLn.Q !t ~wp6bL, 
nr qnjnL~JnLU !nLGbu wGL{b(l2 LOW(lWOnL~JWlip Lflnrobr: PbpbG.Q 
wm1.4~u~ Lflnro~ or~Gw~ : 
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3 . tG~Wfl(lbG_p' libLnWil.Wfl(lWUQ Gbmt.{mli t WJG_pwG, li~G!Lt 

bp~.tw A-bpbuo: UJu flbl4.Qmli np1.4bu Lflnro~ mwrrw~wG bL.e· ~w­

rbL~ t Gbp~wjwgGbL hbtnl.tJWL hW20!1flW~wGm~JmGo'(B ,B , .. . ,B,A): 

'Tlwpq t, np G2t.{w6 hW20(lflW~wGm~jmGGbpG wGL{b(l2 2Wln bG, lt 

pnLnrG ~rwr~g mwppbp, muLn~ WJU flbl4.Qmli 0 -G !~ ~wrn11. L~GbL 

4br2w4nr. wJG wG4br2 pwqlim~JmG t: 
1bmwqwjmli ~fl~LnW(l~bG.Q li~wJG WJG flbl4.Qbfl[!, bpp 0-G 

t.{b(l2Wt.{np ~wli hW24bL~ pwqlim~JnLU t : l.Jliwu LnW(l(lW~WG bL.Qb­

pnt.{ mwrwom~JmGGbp~G wGL{wGmu bG fl~u~pbm mwpwom~JmG­
Gbp: 

Uwhtlwumtl 2. 'Tlwtnwhwr WUbLn4 ~hwu~wGwG_p 0-~ gwG­

~wgwo bG~wpwqlim~JmG : 

'TlwmwhwpGbro oGflhwGrwl4bu G2wGw~mli bG LWtn~Gw~wG 

WjpmpbG~ ubowmwnbpnt.{: Uumli bG_p'A ~ n L4WlnWhW(l[! LObll.~ t 

mGbgbL, b~b Lnbll.~ t mGbgbL A-~G L4Wln~wGnll. nr~.tt LOW(l(lW~wG 

L4Wtnwhwp: 

UwhliwGmli 2-~G hwliwpctb.Q t hbtnl.tJWL. wnw4bL mwrwo­

t.{wo uwhliwGmuo. 

Uwhtlwumtl 2: <t>nro~ ~wli 'l~mliwG JnLflW.QWG!Jmr hGwrw­

t.{nr wrflJnLG.Q wGL{wGmli bG_p L4Wtnwhwp: 

Uwhtlwumtl 3. A l.t B L4WLnwhwpGbp~ qmliwp'AUB(A+B), 

wGL{wGmli bG WJG L4Wtnwhwro. nrl! pw11.~wgwo t A-~G ~wu B-~G 

L4WLn~wGn11. LOW(l(lW~wG L4WLnWhwpubp~g : 

QwG~ np, QULO uwhliwGmu 2-~. L4WLnWhW(l t !1-~ ~WUW­

JW~WG bG~wpwqlim~JnLUQ , mum~ L4Wtnwhwro ~wrbL~ t GnLJ­

GwgGbL pwqlim~JWU hbtn, nrG wt.{bL~ t hb2LOWgGmli L4WLOWhwr­

Gbr~ li~21.t qnpOnll.nL~JmGGbp~ ~wmwpmlio: 

A ~.t B L4WLnwhwpGbr~ qmliwro Gbp~wJwgt.{wo t l.J~. 1.1-mli: 

UwhliwGmli 3-~G hwliwpctb_p t hbtnl.tJWL uwhliwGmli[!. 
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UwhtJwunuJ 3 : A l.t 8 UjWU1WhWf1Ubf1tl qmUWfl AUB-G, UjW­

U1WhWf1 t, nf1n llbl4QnLU hWUilbU t qWLtlU A l.t B UjWU1WhWf1Ubf1tl9 
qnub ublur 

l!lj . 1.1 

UwhtJwumtJ 4. A l.t 8 UjWU1WhWf1Ubfltl W(lUlWilflJWL'AnB 

(AS), wGt./_wGmu b(j WJU UjWUlWhW(l[!, n(l(! PWfl4wgw6 t unwctw­

uwGw4 A-nu l.t B-nu UjWU14wGnf1 UlW(lf1W4wG UjWU1WhWf1Ubfltlg : 

14. 1.2-mu l4WU14br~w6 t Ans l4WU1whwf1o: 

l!lj .1.2 

. Uwhuwumu 4-tlG hwuwrctbg t hbUlltJWl uwhuwumu[!. 

UwhtJwumtJ 4: A 1.t B L4WU1whwf1Gbfltl WJlUlWilflJWL AnB-G, 

UjWU1WhWf1 t. nf1U tlflbung UbJ14WJWQUnLU t A l.t B UjWUlWhW(lUbJltl 
hwuwUlbfl hwG11bu qww: 

UwhtJwumtJ 5. A l.t B UjWUlwhwrGbfltl UlWflpbrmpJmG' 

A\B(A-8), wG~wGmu bG WJG l4WU1whwrn. nf1£.! pwf14wgw6 t A-n 

WJU UlWf1f1W4wG UjWU1WhWf1Ubfltlg. nf1nUQ ~b(j UjWU14WGmu B-nu: 
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l!lj .1.3 

Uwhuwumu 5-tlG hwuwflctbQ t hbUll.tJWL uwhuwunul£!' 

UwhtJwumtJ 5 : A l.t 8 UjWU1WhWf1Ubf1tl UlWflpbflnLPJnLU A\8-G 

WJU UjWUlWhWflU t , nf1n llbl4QnLU A UjWU1WhWf1(! hWU'lbU t qwlnu 

wnwug 8 UjWUlwhwfln: 

UwhtJwumtJ 6. 0 pwqumpJnLU[! wG~wGmu bG hw~wuUltl 

UjWU1WhWf1: 

0 -G, nf1UjbU bGpwpwqumpjmG, tlGgGtlG UjWU1WhWf1 t. WJU­

L4tlun UjWUlWhWfl, nf1 t./lnflOtl JnLflWQWU~nLfl bLQtl 'lbUjQnLU. wGh­

f1Wdb2UlWPWf1 Ulbfltl t mubumu, WJUUlbfltlg tL WI1W2WQbL t WU~W­

UnLU[!' hwifwumftl4WUlwhwf1: 

f2wun nf1 0 'lWUlwf14 pwqumpJmun 4wf1bLtl t hwuwrbL gwu-

4wgw6 pwqumpJwG bGpwpwqumpJmG, muUln WJU GnLJGL4bu 

UjWU1WhWf1 t: Uju UjWU1WhWf1[! , n UlWflpb(lnLPJnLU n -n . t./lnron 

JnL(lWQWU~nL(l bLQtl 'lbUjQnLU WUh(lwctb2UlWPWJl Ulbfltl ~tl mub­

Gmu: 

UwhtJwumtJ 7. 0 UjWUlWhWflu wG~wGmu bG wGhw~WUUltl 

UjWU1WhWf1: 

UwhtJwumtJ 8. A UjWUlWhW(l[l 4n~~mu t B-tl uwuuw~n(l 

llbl4e'A ~B. bpb A UjWUlwhwfln hwu11bu qwLmg, hwu11bu t qw­

Lnu Gwl.t B-G: 
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UwhtJwunuJ 9. A lL B ~wmwhwpGbp!J 4n~qmli bG hwliwpctbp 

4wli hwqwuwp, bf)b A-G B-p liwuGwqnp tlb~pG t, pu4 B-G'A-p 

liwuGwqnptlbUJp!J: 

(A=B, bf}b A c;;;; B, B c;;;; A) 

UwhtlwumtJ 10. A lL B ~wmwhwpGbp!J 4n~qmu bG wGhwliw­

mbrtbLtJ, bf}b An B = 0 : 

UwhUwGnLli 10-IJ 4wpbLtJ t olLw4bp~bL GwlL hbUllLJWL4bp~· 
UwhtJwlimtJ 10: A LL B ~wmwhwpGbp!J 4n~qmu bG wGhwuw­

mbrtbLtJ, bf}b 1111wGgpg lib4tJ hwG11bu qww mti.Jwl t.tJnpomu pwgw­
nmu t Ujmup hwG11bu qww: 

UwhtlwlimtJ 11. A ~wmwhwp!J 4n~qmu t A ~wmwhwpp 

hw4WllPP ~WUlWhwp 4wli A-p wwgmu, bf}b A= 0\A: 

l.J4wp 1.4-nLu Gbp4wJwgqw6 t A-p hw4WllPP ~wmwhwp!J : 

14.1. 4 

UwhtJwunuJ 12. A1, A2, ... , An UjWmwhwpGbpn mti.Jwl t.tJnp­

omu 4wqumu t;(j lPPtl tumup, tif}b WJll UjWUlWhwpGbppg wnGn­

qwqG liti4n wGhpwctbzmwpwp hwG11tiu t qwltJu: 

UwhuwGmlipg hbmlLmu t , np bf)b A1, A2, ... , An ~wmwhwp­
Gbpn 4wqumu bu LPPtl tumup , GzwGw4mli t'Gzqw6 UjwmwhwpGh­

PIJ ul.ljwnmu hG 4lnpop pnlnfl hGwpwqnp WflllJmGpGhpn: UJL 4hfll4 

wuw6' A1, A2 • ... , An ~wmwhwrGbptJ LPPtl tumup 4wqubw hw­

liwrctbp t' A, U A2 U .. . U An= 0 : 
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tGf}WtlflbGp. Gbmqw6 t bp4m qwn: Op~bu mwppw4wG ~w­

mwhwpGbpp mwpw6mf}JmG' 4wflbLtJ t llPUlWfl4bL ( i, j ) i = 1,6; 

j = 1,6 f}qwqmjqbpp pwqlimf}JnLGIJ, npnGg f}Ptl!J hwqwuwp t 

36-p: '1pmwp4bGp A={ i+j $ 3 } lL B={j=6} ~wmwhwpGbp!J : 

UjuUlbrt A -G {(1 , 1 ); (1 ,2); (2, 1)} mwppw4wG ~wmwhwpGbpp 

pwqlimf}JmGG t , pu4 B-G· {(1 ,6); (2 ,6); (3,6); (4 ,6) ; (5,6) ; (6 ,6)} 

mwppw4wG ~wmwhwpGbpp pwqlimf}JnLG!J: 

rG~~bu mbuGmli bGp'A lL B ~wmwhwpGbpiJ upwctwuwGw4 

hwG11bu ~bG 4wpnrt qwl: UJUUlbrttJg hbmlLmli t, np A lL B-G wGhw­

uwmbrthLtl ~wmwhwpGbp bG: 

'1pmwp4hGp AUB ~wmwhwp!J : Qum uwhUwGuwG' 

AUB={(1,1); (1,2); (2,1) ; (1,6); (2,6) ; (3,6) ; (4 ,6); (5 ,6)} 

tGf}WtlflbGp'C={j (qnLJq t)}, WJUUlhrt C-G hbmlLJWL mwppw-

4wG ~wmwhwpGbppg pwrt4wgw6 ~wmwhwp t'{(1 ,2) ; (1,4) ; 

(1 ,6); (2,2); (2,4); (3,2); (3,4) ; (3,6) ; (4,2) ; (4,4) ; (4,6) ; (5,2) ; (5.4); 

(5,6) ; (6,2); (6.4) (6 ,6)}: 

A lL C ~wmwhwpGbpp WflUlWllflJWLIJ 4LtJGp hbmlLJWL ~wmw­

hwp!J. AC={(1 .2)}: 

A lL C ~wmwhwpGbpp mwppbpmf}jnLGIJ 4LtJGbG hbUllLJWL 

~WU1WhWp!J ' A\C={(1 . 1 ); (2 .1 )}: 

C ~wmwhwpp hw4wlltJP Ujwmwhwpn 4LtJGp' 

c ={(1 ,1 ); (1 ,3) ; (1 ,5) ; (2, 1 ); (2,3); (2,5) ; (3 , 1 ); (3 ,3) ; (3 ,5) ; 

(4 , 1); (4,3); (4,5) ; (5, 1 ); (5,3) ; (5,5) ; (6 , 1 ); (6,3); (6,5)}: 

'l)wpq t , np C LL C UjwmwhwpGhpn 4wqumu bG LPPtl 

tum lip ' c U c = n : 



28 
SUf'f'U4Ut. t4nt.nUbSf'.t">4U 

'l)wLnwhw,Gbrfl q.nulw,flG. Wf1UlWfl11JWLflG LL LnWflpbrm~-
JWGQ pun11nz bG hbLnlLJWL w4GhwJUl hwU14nt~JntGGbf1[! 
([!G~brgnrtflG wnw2Wf14t.lmll t WUjwgmgbL flupGmrmJG). 

1. AUA=A 

2. AU 0 =A 

3. AUn= n 

4. AUA= n 

5. AnA=A 

6. An 0 = 0 

7. Ann=A 

8. AnA :0 

9. A\A=0 

10.0\A::A 

11.A\B==Ans 

'7-ju.nnrzmp;mu. 4-ll'l hwU14nt~JntGflg hbUli.Lnttl t, nr A lL A 

l4WU1whwrubi1Q 4wqllmtl bG Lllflt.l tumllp, 8-11'1 hwU14nL~JmGflg 
hbUli.Lmtl t, nr A LL A l4WU1whw,ubro wGhwllwUlbrtbLfl bG, flu4 

10-r'l hwm4m~JntGflg hbmLLmtl t. n11 b~b A -Q A-fl hw4w'lflf1G t, 

Wlljw A-G tL 4Lf1Gfl A -fl hw4w'lfli1Q: 

Lwtu 'lfllllWI14bG_p llfl l4~!1qwq.mJG flbUjp, bflp Q pwqtlm~JnL­
GQ t.lbf12Wt.lnr t lL PWrt4wgwo t wGhwtlwmbrtbLfl lL hwt.twuwrwh­
Gwrwt.tnr ll1Wf111W4wu Ujwmwhwrubrflg: 
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'7-/lmnrzmp;mu 1. UJumbrt Ujwmwhwrubrr hwt.twuwrwhGw­

rwt.tnrm~JnLGQ wtlbGwJG tunrm~Jwllp huwnwt.tnr ~t uwhUwGbL, 

PWJg WjGntwllbGwjGflt.l 4wrbLfl t Gbfl[!llpnGbL Q.WrJ.WtPWflfl ruwu­
Ln[! hbUllLJWL olLnt.l' 

A,B,C... l4WU1whwrubro mt.lJwL lflnr6mu hwt.twuwrwhGw­

rwt.tnr bG, b~b hfltlp ~4w UjUflbLnt, nr flflWGgflg llb4fl hWGflbu qw­

LQ qbflwflwubLfl t, pwG llJmuubrfluo: Orruw4. b~b dflwLnbuw4 

flbUlWLUbflflg J:!Wrt4wgwo tullpflg UjWU1Whw4wG t.lbrgGbG_p dtJ flb­

lllWL, Wlljw JnLflwpwG~mr flbmwLfl brLLwG qwL£! hwt.twuwnwhGw­

rwt.tnr t: 'l)wrq t, nr b~b flblllWLUb!1[! llflwLnbuw4 aflGbflG lL rrw-

11fl9 UlWflpbn flbmwL Gbrfl pwGw4Gbro LflGbflG LnWflpbfl, WL4W JnL­

rwpwG~mr flblllWLfl brlLwG Q.WLQ hwt.twuwrwhGw11wt.ln11 ~tn Lfl­
Gfl: 

bG~WflflbG_p'mt.lJwL lflnromd !l=={ro,. rob···rok, rok+I· ··con }, 

nnUlbrJ. ro i, i == 1:n lllWflf1W4wG UjWlllWhWf1Ubf1 bG, nrn(j_p hwt.twuw­

flWhGwrwt.tnr bG, qmJq wn qmJq wGhwdwLnbrtbLfl 

(ro n ro i: 0, i -:1: j ) lL 4wqdmd bG Ujwmwhwrubnfl Lllflt.l tumdp: 

CJ) i, i == 1,n UlWf1f1W4wG UjWlllWhWf1Ubf1[! 4f16WLn wGt.twGbG_p tJlnr­

ofl mwrrw4wG bwbr: 

'lflgmp, lflnrofl nrl!t k ~t.lnt.l lllW!1f1W4WG bL.Qbfl , Of1f1Gw4. 

w i ... ,m i Gbf14WJWgGml) bG nrl!t A UjWLnWhWflfl llwuGwt.lnfl 1 k 

UJL 4bfll4 wuwo A == {w i
1
,Wi

2 
, .. . ,m iJ: 

W 1• , .. ... ,mi UlWf1f1W4wG bL.ebno A l4WU1whwrfl hwllwr wG-1 k 

t.lwGbG_p Ulljwumwt.tnr: U4GhWJUl t, nr UlllJWL flbUjpntd A UjWU1W­

hwrG mGfl K ~t.lnt.l UUjWuLnwt.lnn bL.Qbf1: 



30 surru4ULt4nLnubsr~4U 

A 1..4Wlllwhwp~ hwlj_wGw~wGm~jmGo G2wGw~bGE P(A)-nlj_: 

~w2ll,~ wnGbLnlJ. Q-~G lj_bpwpbpnrt 1..4WJUWGGbpo' uwhuwGbGE A 

l..4Wlllwhwp~ hwlj_wGw~wGm~JmGo : 

UwhiJwunuJ (fJwuwljwu uwhiJwumiJ). A l..4Wlllwhwp~ hwll,w­

Gw~wGm~JwmGo mll.JwL lflnpomu hwll,wuwp t l..4Wlllwhwp~ hw­

uwp Ul..4WUUlW4,np UlWflflW~WG bLEbfl~ ~4.~ L. mll.JWL lflnpo~ pnlnfl 

mwppw~wG bLEbfl~ ~4.~ hwpwpbpm~jwGo' P(A) == K :· 
n 

u2bGE WJU uwhuwGmu~g hbmL.nrt 1..4Wlllwhwp~ hwlj_wGw~w-

Gm~JwG u~ EWU~ hwlll~nL~jmGGbp ' 

1. P(Q)=1 

2. P(0 )=0 

3. t~b Ar;;;_ B=> P(A) ~P(B) 

4. O~P(A) ~1 . gwG~wgwo A 1..4Wlllwhwp~ hwuwp: 

5. t~b A=B=>P(A)=P(B)(hw~wnw~o n~ ll~2m t 6~2m) : 

6. ~wtfwuwljwump;muubf1/1 qmilwf1ilwu pbn[1biJ'qm;q wn 

QnLJQ wuhwiJwmlif}li[/111/Wif1WhW{1Uli{1/1 hwiJw{T. 

'l~gmE . A1 •... .An 1..4WlllwhwpGbpo qmJq. wn qnLJq. wGhwuw­

mbrtbL~ bG (A;nAi=0,i:t:j), WJ'l 'lbl..4EnLil mbrt~ mG~ hbmL.JWL hwlj_w­

uwpm~Jmuo · 

P(A 1U A 2 U · · · U An)== P(A 1 )+ P(A 2 )+ · · · + P(An) 

~wll,wuwpm~JnLUQ G2wGw~mu t , np qnLJQ. wn qmJq. wGhw­

uwmbrtbL~ l..4Wlllwhwpubp~g q.nGb ub~~ hwG11bu Q.WLnL hwlj_wGw­

~wGm~JnLU(! hwlj_wuwp t WJ'l 1..4WlllwhwpGbp~ hwlj_wGw~wGm~­

JmGGbp~ q.muwp~G : 

7. ~wtfwuwljwump;muubf1/1 qmilw{1ilwu plinf1bil 'gwuljwgwo 

f1/Wif1WhLU[1Uli{1/1 hWVW{T. 

'l~QnLE mGbGE A1 . ... ,An 1..4WlllwhwpGbpo: Uju 1..4WlllWhwpGb­

flQQ q.nGb ublj~ hwG11bu Q.WLnL hwlj_wGw~wGm~JnLU[! ~WflbL~ t 
hw2ll.bL hbmL.JWL pwGwoL.nlj_' 
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i=1 k j 

+ L,P(A; n Ai n Ak)-· ·· + (-1r-1P(A1 n ·· ·nAn) : 
i< j<k 

UwuGwlj_np llbl..4EnLU, bpp n=2, pwGwaL.u ~uG11mG~ hbmL.JWL 

mbUEU' 

P(A 1 U A 2 )= P(A1 )+ P(A2 ) - P(A 1 n A 2 ): 

8. t~b A1, .. . ,An 1..4WlllwhwpGbpo qmJq. wn qnLJq. wGhwuwmb­

rtbL~ bG L. Lf1~4. tumup bG ~wqumu, w1..4w ' 

P( A 1 ) + P( A 2 ) + .. · + P(A n ) = 1 : 

Uw hbmL.mu t 6-fl'l hwm~m~JmG~g. ~u~ WJU hwm~m~JmG~g 

hbmL.mu t, np hw~w'l~fl 1..4WlllwhwpGbp~ hwuwp mbrt~ mG~ 

hbmL.JWL hwll,wuwpm~JmGu' 

P(A)+P(A)= 1: 

UJdu uwhuwGbGE 1..4Wmwhwp~ hwll,wGw~wGm~Jmuu'ubrt­

uwgGbLnll. uwhuwGwlflw~muGbpQ Q mwpwom~JWU ll,pw: 

tG~W'lflbGE ' Q -G lJ.bf12WlJ.np ~wu hw2lJ.bL~ pwqum~Jmu t: 
UwhiJwunuJ Swppw~wG 1..4WlllwhwpGbp~ hwll,wGw~wGm~­

JmGGbpo mplj_wo bG, b~b Q pwqum~JWG lj_pw mplj_wo t n~ pw­

gwuw~wu P ~ll.wJ~G :pmGLjg~w. WJU1..4~u~G. np L,P(w) == 1: 
(•) en 

UwhiJwunuJ A 1..4Wlllwhwp~ hwlj_wuw~wGm~JnLU wulj_wGmu 

bu hblllL.JWL P(A) ~~ll.u ' P(A)= L,P((I)) : 
roe A 

1/lmnrJmp;mu. ~wlj_wGw~wGm~JwG 4.bf12~Ci uwhuwGmuu 11wuw­

~wu uwhuwuuwG hwubuwm wlJ.bL~ [!UI}hwGpw~wu t: UJumbrt ~~ 

1..4WfllllW'lf14.w6, np pnlnfl P(w) hwlj_wGw~wGm~JmuGbpo L~CibG ~ -
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pwp hwLtwuwp, ~G~1.4bu Gwl.t, ~ UlwppbpmpjmG qwuw4wG uwh­

owGowG, qnpomo t Gwl.t WJU qbUjQbpmo, bpp ijlnpo~ U1W[lpw4wG 

btQbp~ pwqompJnLUIJ wGLlbP2 hwzt.lbt~ pwqompJmG t: Uw4wJG 

WJU uwhowGmoG mG~ o~ zwUl obo pbpmpJmG. hwLtwGw4wGmp­

JWG uwhowGmO[J ~~ qnpomo, bpp 0 -G wGt.lb112 n~ hwzt.lbt~ pwq­

ompJmG t, op~Gw4 (0, 1) 0~2W4WJQ(J : UJU 'lbl4Q~ hwowp 

4~pwnLtmo t hwLtwGw4wGmpJwG LtntOnqnpnLt~ weu~nOwll1~4' 

hwt.lwGw4wGmpJWU wobGw[JGqhwGmp hwowpt.ln'l. uwhowGmO[J: 

liJ'l uwhowGmOIJ 1JG4wtbtm hwowp wGhpwctbzUl t owunp t~Gbt 

pwpopwqmJG hwupwhwzt.l~g npnzw4~ GwtuGw4wG hwu4wgm­

pJmGGbp~ : UJu UjWUllSwnnLt. ~bGQ Gbp4wJwgGmo h~2JWL uwhow­

GmOIJ, ~u4 gwG4wgn11.Gbp[J WJU 4wrn'l. bG qUlGbt, op~Gw4 

(EopoBKOB A. A Teop1m BepoHTHOcTeli, 1986, rA.4.,) qpemo: 

Qul.Jl Llb112~G uwhowGowG'L4wll1whwp~ hwLtwGw4wGmpJWU 

pntnr. 1-8 hwll14mpJmGGbp[J Ulb'l.~ mGbG: Pwg~ WJfl, Ulb'l.~ mG~ 

Gwl.t hbUll.tJWL hwll14mpJmG[J: 

9. 11~gmQ, A1 ,A2, ..• ,A,, ... UjWUlWhwpGbp[J qnLJq wn qnLJq 

wGhwOwUlb'l.bL~ bG, WJ'l qbL4QnLO 4~pwnbt~ t hbUll.tJWL hwLtwuw­

pmpJnLUIJ' 

P(QAil = ~P(AJ 
UJu hwll14mpJmUIJ 6-pq hwll14nLPJWU IJUflhwGpwgmoG t. WJU­

Ulb'l. UjWUlWhwpubp[J t.lb[12Wt.lnp ~b(j: 

1.3. U~wgmpjmGGbp~ UlbumpJWU UlWppbp[J 

iwLtwGw4wGmpJmGGbp~ I)Wuw4wG uwhowGmOIJ 4~pwnbtm 

hwowp wGhpwctbzUlmpJmG t wnw2wumo qli1Gbt lflnpo~ pntnr 

U1Wppw4wG btQbp~ l.t UjWUlwhwp~ UUjWUUlwt.lnp btQbp~ p~Lt!J: 

'lU4UuU4UWtlcl3ntuutr~ stuntlcl3Uu surrtrc 33 

UJu pt.lbp!J o~2U1 hbzUlmpJwOp ~bG qli1GLtmo: 11pw hwowp 4~pwn­
Ltmo t o~wgmpjmGGbp~ UlbumpJmG[J: 

bupwqpbue· A-pwqompJnLUIJ Ltbr2wt.tnr t: A-pwqompJwG 

UlW[l[lbp~ ewGw41J G2wGw4bGQ n(A)-nLt: 

Op~Gw4, bpb M{0,1 ,2, ... 9}, Wl4W n(M)=10: 

labnpbO. ~hwUlt.ln'l. A l.t B LlbP2WLtnp pwqOmpjmGGbp~ O~w­

LtnpowG UlW[l[lb[l~ QWUW41J hwt.twuwp t fl[lWUg UlW[l[lbp~ QW­

Gw4Gbp~ qmowp~u· 

bpb AOB= 0, Wl4W n(AUB)=n(A)+n(B): 

UwhtlwunuJ. 4wOwJw4wG A l.t B pwqompjmGGbp~ hwowp 

11b4WPU1JWU wpUlW'lPJWt'AxB wubtnLt hwu4wGmo bGQ pntnr 

hGwpwLtnp (a ,b) qnLJqbp~ pwqompJnLUIJ, npUlb'l. aeA;beB: 

ULlbt~ 4wplfAxB={(a,b): ae A,beB }: 

Of7f7uwlj 1. bpb A={a,b},B={x,y,z}, WL4W 

A xA={(a,a); (a,b ); (b,a); (b,b)} 

AxB={(a,x); (a,y); (a,z); (b,x); (b,y); (b,z)}: 

Of7f7uwlj 2. 'Tlwp~ tuopw4mO 4wG bp4m Ul'l.WGbp'PwqpwUlG 

m 11wll~PIJ l.t bpbQ W'1.2~4'Upo~GbG , Uwp~woG m umGbG: 

Q.UlGbGQ, pb QWU~o U1W[lpbpw4nll t hGwpwLtnp Gpwug~g 4wqObt 

UjWpwqmJq (Ob4 Ul'l.W l.t Ob4 W'1.2~4) : 
~wG~ np tuopw4mO 4w bpbQ W'1.2~4. mpboG 1.4W[lwqnLJqbp1J, 

npnug owuGw4~91J 4wpn11. t t~Gbt PwqpwUl[J, bpbQG bG (Gzt.tmo 

bG wGmGGbp~ u4qpGwUlwnbp[J)' 

(P, U), (P , U), (P, u): 
11wt.l~P~ OwuGw4gmpJWOp 4wqOt.ln'l. UjW[lWqnLJqbp[J l.tu b-

pbQG bG' 
(11, U), 11, U), (11, u): 
=lbUll.twpwp, hGwpwLtnp UjW[lwqnLJqbp~ ewGw41J 4t~-

(j~'2x3=6: bpb A-nll GzwGw4bGQ tuopw4~ Ul'l.wubp~ pwqompJm­

G[J'A={P, 11}, ~u4 B-nt.l'W'l.2~4Gbp~G[J'B={U , U, u}, WL4W AxB pwq-
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UntpjntGQ 4L~G~ UjW(1Wqmjqb(1~ pwqUmpjmGQ, u ~G~Ujbu Ulb­

uwGe. 

n(AxB)=n(A) ·n(B) (1 .1) 

4w(1bL~ t gmJg UlWL, n(l (1.1) pwGwal.LQ 6~2Ul t ljwuwJwljwG 

Au B 4.b(12w4.n(1 pwqumpJntGGb(l~ hwUw(l: 

Uwhtlwunuf. A1. A2 •. .. , A,.. pwqompJmGGb(l~ 11bljw(1LI1JwG 

W(1LI1Wil(1JWL. A1xA2x ... xA,.. ljn~t.lmo t WJG (a1, a2, ... ,ak) hw4.wew-

6mGb(1~ pwqUntpjntGQ, n(lnGg hwUw(l a1eA1,a2eA2 , . .. ,akeA,.: 

K p~t.I.Q ljn~t.lmo t (a1,a2, ... ,ak) hwt.lwewom~ b(lljw(lntpJmG, 

~ulj am-Q'hw4.wew6m~ m-(llllJnn(lll~GWUl ~ = 1,k): 

labn(lbU. 4wUwjwljwG A1 ,A2, ... ,A,. 4.b(12W4.n(1 pwqompjntGGb­

(1~ hwUw(l· 

(1 .2) 

UwuGw4.n(1WL4bu, bpb pnln(l Ak pwqompJmGGb(lQ hwuoG4-

Gmu bG, WL4W G2wGwljbLnt.l A K =A x A x ··· x A, ljmGbGwGe. 
~ 

K 

n(A,.)=(n(A) )k: 

Of1f70wlt 3. ~GbGe WJG bnwG~2 pt.lb(l~ ewGwljQ, n(lnGe ~bG 

UjW(lntGwljmo ljbGUl p4.wG2wGGb(1: u2wGwljbGE A={2,4,6,8,}, 

8={0,2,4,6,8}: 

!lwG~ n(l Pt.l~ wnw2rG p4.wG~2Q ~~ ljw(ln'l. L~GbL 0 , muUl~ 

G2t.lw6 p4.b(1G mGbG hbUluJWL Ulbueo' 

UJUL4~un4.. WJil p4.bl1~ pwqumpJntGQ ljw(lbL~ t Gb(lljWJwgGbL 

AxBxB llb4w(1UlJWG W(1U1Wil(1JWL~ Ulbuent.l. nLUUl~ ll(lWGg ewGw-

4D ljw(lbL~ t hw2t.lbL (1.2) pwGwal.Lfl u~2ngnt.l' 

n(AxBxB)=n(A) · (n(B))2=4·52=100 
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Uwhtlwunuf. n U1W(1(1 UjW(1mGw4n'1. pwqumpJWG k Ulw(1pb(1 

U1W(1(1b(1~g ljwqu4.w6 hwt.lwewomGb(lQ ljn~4.mu bG n U1W(1(1~g 

k- wljwG ljw(1qw4.n(1nLPJmGGb(1: 
n U1W(1(1~g k-wljwG ljw(1qw4.n(1mpjntGGb(1~ ewGwljQ G2wGw-

ljmu bG' A~: 

UJuUlb'l. k=O, 1 ,2, ... ,n, QGil n(lmU, 0 UlW(1(1~g ljwqu4.w6 ljw(1-

qw4.n(1mpJmG QGilntG4.w6 t hwuw(lbL llWLilW(14 pwqumpJmGQ, 

muLil~ A~ = 1: 4w(1bL~ t gnLJg UlWL, n(l A~ -G hGw(1w4.n(1 t hw2t.lbL 

hbLiluJWL pwGwal.Lnt.l' 

Ak = n! , n(1Ulb'1.' n!=1 ·2·3 ····· n, ~u4 0!- QGilmG4.w6 t 
n (n- k) ! 

hwUw(lbL 1: 

Of1f70wlj 4. q.UlGbGe b(lbE p4.wG2wG mGbgn11. hbnwtunu~ hw­

Uw(1Gb(1~ ewGwljQ: 
!lwG~ n(l p4.WG2wGGb(1~ ewGw4Q 10 t, WUjW hbnwtunu~ hw-

UW(1Gb(1~ ewGwljQ hw4.WUW(1 4L~G~' 

A 3 _ 1 O! = ~ = 1 0. 9 · 8 = 720 : 10 - (10-3) 7! 

Uwhtlwunuf. n-U1W(1(1 L4W(1mGw4n'1. pwqompJwG n-wljwG 

ljw(1qw4.n(1ntpJmGGb(1G wGt.lwGmu bG Ulb'l.wttmtumpJmGGb(l n 

U1W(1(1~g : 

n-LI1W(1(1~g Ulb'l.wttmtumpjmGGb(l~ ewGwljQ G2wGwljmo bG 

Pn: UJG ljw(lbL~ t hw2t.lbL hbLiluJWL pwGwal.Lnt.l'Pn=n!: 

0[1/10wlj 5. q.UlGbGe. pb q(1WilW(1wljmU 5 q~(1EQ ewG~ 

U1W(1pb(1w4n4. ljw(lbL~ t llwuwt.ln(lbL: 

UbGE UjbLilE t qUlGbGE 5 U1W(1(1 UjW(1ntGw4n'1. 5-wljwG ljw(1-

qw4.n(1ntpJmGGb(1~ p~t.I.Q, WJU~GeG'5 U1W(1(1~g ljwqo4.w6 Ulb'l.w­

LtlntumpJmGGb(l~ ewGwljQ. Ps=5!= 1·2·3-4·5=120: 
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Uwhtlw/JnuJ. n lllWflfl UjwpmGw~nrt pwqumpjwG k ll1Wflfll19 

~wqliLJ.wo bGpwpwqlimpjmGGbp[! ~n~LJ.mli bG n ll1Wflfll19 k -w~wG 

q n Lq.np11n LpJn LGGbp: 

n ll1Wflfll19 k-w~wG qmq.nf111nLPJmGGbfll1 ewGw~[! G2wGw~mu 

bG c~ : 

~nLQ.Ofll1nLPJnLGGbfll1 PI1Ll.r::! ~WflbLI1 t hw2LJ.bL hblllllJWL pw­

GwOllnLJ.' 

ck = n! 
n k!(n- k) ! 

0[1/7/Jw{j 6. '111gme, mGbGE lil1 pwqlimpjnLU, np[! UjWpmuw­

~mu t N pLJ.nLl. npllt lllbuw~l1 hwuwubn wnwp~wubp , [!Uil npmli'M 

wnwp~wGbp odUlLJ.wo bG A hWU1~wGI12nLJ., 11u~ uuwgwo N-M=L 

wnwp~wubpu WJI'l hwU1~wGI12nLl. odUlLJ.wo ~bG : 

Um pwqumpjmGI1g LJ.bpgLJ.mli t WJGL411ul1 n wnwp~wubp L4W­

pmGw~nrt bupwpwqlimpJmu, nrl1 lib2 m wnwp~wubp odlllLJ.wo bG 

A hwlll~wGI12nLJ.: Q.UlGbue G~wpwq.pLJ.wo n-Jw~Gbpl1 ewuw~[! : 
f2wGI1 np n-Jw~mu m wnwp~wubp odlllLJ.wo bu A hwlll~mp­

JWUp, mull111 n- m = P. wnwp~wGbp odUlLJ.wo !bG: UJUU1brtl19 

hblllllmli t, np GuwG hwlll~nLpjwlip n-JW~Gbpl1 PI1Ll.r::! hwLJ.wuwp 

~LI1GI1 ' C~ · C[ Wflli1WI1flJWLI1: 

1.4. 1wLl.w£iw~w£impjm£i£ibpl111wuw~wG uwhliwGliwG 

npn2 ~1111wnmpjmG£ibp 

Uju L4Wpwq.pw4>mli ~1111li1Wfl~bue , ~nG~pbU1 L4Wlllwhwpl1 hw­

LJ.wGw~wGmpjwG hw2Ll.mli[! · ~11rw nbLnLl. hw LJ.wGw~wGmpjmGGbpl1 

11wuw~wu uwhuwumli[!, hwLJ.wGw~wGmpJmGGbpl1 q.muwpuwu 

pbnpbliGbpG m hwlll~mpjmGGbp[! , I1G~L4bu Gwll lil1wgmpjmGGbpl1 

UlbumpjWU U1Wfll1bf1[!: 
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lv/JI}/7{1 1. Opwpmli brtwo 100 LnLUWU~wpubpl1 lib2 t ttlGUl[!p­

LJ.nrt G~wp[! : Of1Wfll19 UjWlllWhw~w(j hwGLJ.wo t 10 G~wp : Q.UlGbL 

hwLJ.wGw~wumpjnLG[! , np llflWUQ lib2 ~LI1GI1 ttlGlllpLJ.nrt G~Wp[! : 

LmonuJ. UJulllbrt ttlnpO£! 100 LnLuwG~wpubpl1g 10 G~wf111 L4W­

lllwhw~wG [!UlllflnLPJnLGG t : <Dnp011 pnlnfl lllWflflW~wG btebfll1 pi1-

Ll.r::! hwLJ.wuwp ~LI1GI1 c~go -11 : Ubq hblllWEflEflnrt UjWUlWhWfl[! U2W­

Gw~bue A-nLJ., wJui1Geu· 1 o G~wpubrl1 ub2 ~LI1GI1 ttlGlllflLl.nrt G~w­

r£:!: 1w2LJ.bue A UjWU1Whwrl1 hwuwp UUjWUUlWLJ.np UlWflflW~w(j bL­

ebrl1 PI1Ll.£! : tpb 10-119 lib~[! ttlGlllpLJ.nrt G~wru t , wL4w uuwgwo 

9-mu !t ttlGlllflLl.nrt G~Wfl£!, mull111 GUjwulllwLJ.np lllWflflW~wG bLeb-

1111 ewuw~[! ~LI1GI1 C~9 : Ujulllbrtl19 hblllllmli t, np. 

99! 
9!(99- 9)! 

100! 
10!(100-10)! 

10!·90! =01 
9!·90!·100 ' 

lv/JI}/lfl 2. tuupmu ~w 12 muwGnrt. n11nGgl1g 8-£! ll111pw­

L4blllmli t OU1WI1 LbqLJ.I1 : Qulll gmgw~l1 UjWlllWhw~wG [!Ulllflll.wo t 

9 muwGnrt: Q.UlGbL hwLJ.wGw~wumpJmU£!, n11 G11wug ub2 ~w 

OlllWfl Lbq4.1111liwgmpjwlip 5 muwGnrt: 

LmonuJ. 'flwlllwhwpl1 UUjWUUlWLl.nr UlWI1flW~WU bLebrl1 ew­

UW~(! Q.UlUbLm hwliwp ~wrbLI1 t oq.lllLl.bL Gwtunr11 Ujwpwq.pw4>11 

011I1Gw~ 6-11g· n-11 ttlntuwpbG UlbrtWI'lflbLnLl. 8, m-11 tt1ntuw11bG 5, L-11 

ttlntuwpbG' 4 ll f -11 ttlntuwpbG 4: 

4mubuwue C5 -C 4 =~= 6 •
7

•8 =56 • 8 4 5!3! 2. 3 . 

<Dnp011 pnLnr lllwppw~wu bLEbrl1 ewuw~£! ~LI1GI1' 

cs = ~ = 1 o ·11·12 = 220 12 9!·3! 2·3 
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p = 56 = ~· 
220 55 . 

fuOfJ/Jf7 3. S2uwG mnuutppg, npnGg hwuwpGtpG tG 1, 2, 3, .. . 

.. . 20 UJWlilWhw~wG L1_bpgL1_bL t lit~ mnuu: npnzbL. 

w) L1_bpgL1_w6 mnuup hwuwpp'3-11 ~wu 7-11 Ltrw pwctwGLttLm 

hwL1_wGw~wGmpJmu(! , 

p) L1_bpgL1_w6 mnuup hwuwpp' 3-11 ~wu 4-11 pwctwGLttLm hw­

LtwGw~wGmpJmuo : 

Lnu7nuJ: w) UJG UJwmwhwpGtpo, npnGg 'lbUJemu L1_tpgL1_w6 

mnuup hwuwp(! ~pwctwGLttJ 3-j"l L. 7-j"l, GzwGw~tGe A L. 8 : U~G­

hWJlil t, np lflnp~j1 UjWJUWuutrmu, bpb L1_tpgL1_w6 lilnUuj1 hWUWfl(! 

pwctwGL1_mu t 3-j"l, Wl.ljw iP pwctwGL1_j1 7 -j1 : tlj1zm t GwL. hw~wnw­

~o : 4j1pwntGe hwL1_wGw~wGmpJmGGtpj1 qmuwpuwG ptnptlio A L. 

8 wGhwliwlilbflbLP UJWlilwhwpGtpj1 hwliwp' 

P(A U B) = P(A) + P(B) : 

UjUlilbfl A UjWlilWhwrtt hwuwr UUjWUlilwLtnr mwrrw~wG bL­

etpG tG {3,6,9,12 ,15,18}' 6 hwm, pu~ B-j1 hwuwr {7 ,14}' 2 hwm, 

ttu~ lflnr~tt pnl nrmwrrw~wG twtrll PPL1.£! 20 t: 
UJUUJj1unL1_, nrnGtLtt hwL1_wGw~wGmpJnLG[! hwL1_wuwp ~Lj1Gj1 ' 

P(AUB) = ~+2_ =~ = 04 
20 20 20 ' 

p) UJu 'lbUJemu L.u GzwGw~tGe A L. c wJG UJWmwhwpGtro. 

npnGg 'lbUJemu L1_bpgL1_w6 mnuutt hwuwpo pwctwGLtmli t 3-11 L. 4-p: 

'TJwpq t , np qnJmpJmu mull WJuUJj1uj1mnuu' (orj1Gw~ 12 hwuwrtt 

mnuuo}, npp hwuwro pwctwGLtmu t ttGiUJbu 3-p, wJGUJtu tL 4-p, 

mumtt WJU 'lhUJemu A L. c UJwmwhwrutro wGhwuwmbflbLI1 ibG: 

P(AUC) hwL1_wGw~wGmpJmu[! qmGtLm hwuwr ~llrwntGe hwLtw­

Gw~wGmpJmGGtrtt qmuwruwG ptnrtli[! ~wliwJw~wG UJWlilw­

hwrGtrtt hwuwr · 

'IU4UuU4Uuntfaan~uutr~ stun~aauu surrtr e 39 

P(AUC)=P(A)+P(C)-P(AnC), 

'TJwpq t, np 

P(A)= ~ ,P(C)= ~ ,P(AnC)= -
1 

: 
20 20 20 

1.5. =!wL1_wGw~wGmpJWU Lttt!Sw~wqpw~wG uwhuwGmuo 

1.3 UJwrwqrw~mu mrLtw6 hwL1_wGw~wGmpJwG uwhuw­

GmuGtrtt utt2ngnL1_ hw!Swtu hGwrwLtnr it qmGtL UJWlilwhwpj1 hw­

LtwGw~wGmpJmu[! , ewGj1 np, GzLtw6 uwhuwGmuGtpmu ~wG lflnp­

~11 lilWflflW~WG tLetpj1 uwhuwGwlflw~muGtp, nrnpe lij1zlll it. np 

mbflp tG mGtGmu: uliwG 'ltUJetpmu mL!JWL lflnp~j1 htm ~WUjL1_w6 
UJWlilwhwpj1 hwLtwGw~wGmpJmG[! npnztLttu hj1uGL1_mu bG GnqG 

lflnp~j1 Gwtunr'l ~wmwrmuGtpp wr'lJmGeGtrtt Ltrw' UJWhUJwGt­

LnLt lflnr~ll ~wmwnuwG UJWJUWGGtp[!: tupW'll1tGe unlju UJWJ­

uwGGtrmu ~WlilWJlL1.W6 n lflnr~tnmu utq htmwerernll. A UjW-
m 

mwhwr£! ttnw~wGwgtL t m wGqwu: UJ'l 'ltUJemu - hwpwpt-
n 

!1nLPJnLU[! ~niLtmli t n lflnr~trtt [!Gpwgemu A UjWlilWhWrtP hwG­

'lbU qWLnL hw!SwtumpjmG: uztue hw!SwtumpjWU lip ewuj1 hwlll-

~mpjmuutr' 

m 
1. - ;:: 0 

n 
2. =!wL1_wumj1 UJWlilwhwrtt hw!SwtumpjmG[! hwLtwuwp t 1-j"l: 

(m = n) 
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3. bpt A La B L4WlllWhwrGtro wGhwliwlllb'l.btl1 tG La A L4W­

lllwhwrl1 hw6wtumpJmGo m1 t , 11u4 B L4Wlllwhwri1Go' m2 
, w-

n n 

L4W AUB-11 hw6wtumpJmGo hw4,wuwr 4ti1GI1 A La B L4WlllwhwrGt-

rl1 hw6wtumpJmGGtpl1 qmuwri1G' m1 + m2 
: 

n 

Ut6 p4,n4. Lttnp<'ltpl1g pw11.4wgw6 hW20flllW4wGmpJmGGt­

flnLU, npnGE 4WlllW(14,mu tG lil1l.aGmjG L4WJUWGGtrmu, A L4WlllW­

hwpl1 hwGqtu qwtm hw6wtumpJmGo qptpt ~11 LttnLttntu4.mli . np­

EWG lit6 t Lttnr<'ltrl1 n PI14.0 JnLflWEWGBnL!l hW20flllW4wGmpjm­

Gmu, WJGEWG w4.btl1 LttnEr tG hw6wtumpjwG wrcttEGtrl1 zb'l.nLU­

Gtro: 

Uu4,w6o hwulllwlll4,w6 t pwquwpl14. Lttnr<'ltrn4.. 'l-rwGgl1g 

4wrttl1 t Gzbt Gnrw611GGtrl1 utnl1 nrnzuwG GL4Wlllw4n4. lllWflpbfl 

tr4rGtrmu 4wlllwr4.w6 Lttnr<'ltro: 'llwlllwhwrl1 hw6wtumpJmG­

Gtru llrut.anr4.tt tG wJGL4tu, I1G~1..4tu G4wrwqrt.lw6 t t.ltpmu: 

1WJUlGj1 t PJm4>nGI1 Lttnr<'lo : UblllW'l.WilflWU[! 4040 wGqwu Gblllt­

tn4. L4Wflqbt t , nr «qtrp[!» L4Wlll4trn'1. 4n'l.lil1 t.lrw UblllW'l.WilflW­

lil1 oG4Gbtm hw6wtumpjmGo 0,5080 t, WJUI1GEG' ulllwg4_bt t lill 

Pl1t.l. Ofl[! ZWlll linlll t «qtppl1» t.I.JlW oG4Gbtm L4WlllWhWfll1 hwt.lw­

Gw4wGmpjWG[! La WJtG: 111liGt.lbtn4. htllll.aJWL tr4m hwGqwuwGE­

Gtpl1 4,pw 4wflbtl1 t tqpwhwGqtt. 

1. ut6 p4,nt.l Lttnr<'ltrl1g PW'1.4wgw6 hW20flllW4wGmpJmGGt­

flnLU, hw6wtumpJnLG[! L4Wh1..4wGmu t hwUWflJW lil1l.aGnLJG wpctbE[! , 

2. tpp hGwpwt.lnp t ti1Gmu hwzt.lbt L4Wlllwhwpl1 hwt.lwGw4w­

GmpJmGo ut6 pt.ln4. Lttnp<'ltpl1 ctwuwGw4 Ulllwg4,w6 hw6wtump­

jnLG[! , Lttnr<'ltrl1 PI14.0 ut6wgGbtl1u, lllWlllWG4,mu t qlllGt.lw6 hw­

t.lwGw4wGmpJWG zmr20: 

Uut.lw6o hl1liE t lllWtl1u bGpwqrttm, np EGGwp4t.ln'1. A 

L4WlllWhWJ111 hwuwr qnjnLpjmG mGtJ WJGL411UI1 hWUlllWUlnLG ut-

6mpjmG, nrl1 2nll120 UlWUlWGt.lmli t llflW hw6wtumpjmGo: UJUL411-
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unt.l. 4wrbtl1 t lllWL A L4Wlllwhwrl1 hwt.lwGw4wGmpJwG t.ltJ6w-

4wqrw4wG uwhuwGmuo: 
UwhtiwunuJ A L4Wlllwhwpl1 hwt.lwGw4wGmpJmGo wJG hwu­

lllWUlmG ub6mpjmGG t, npl1 ZnLJ12[! lllWUlWGt.lmli t L4WlllWhwrl1 

hwbwtumpjmG[! lil1l.aGnLJG L4WJUWGGbrmu 4WlllWflt.I.W6 ub6 p4,nt.l 

Lttnp<'lbrl1g pw11.4wgw6 lllWflpbfl ubpl1wGtpmu: 

'1/wmrzmp;mu 1. UwhuwGuwG lib2 Gzt.lw6 hwulllwlllmG ub-

6mpJWG qnJnLPJnLG[! La lil1w4mpjmGo htllll.amu t PbnGnqtJtJ ptnrt­

uj1g , np[l 4lllflt.ll1 htlllwqwJmli: 
'1/wmrzmp;mu 2. Qulll Gzt.lw6 uwhuwGuwG' wGhGwr t 6zqrtJlll 

npnzbt L4WlllWhwpj1 hw4,wGw4wGmpJmG(I: Uw4wJG WJil hwt.lw­

Gw4wGmpJWG hwuwp 4Wflbtl1 t qlllGbt pwt.lw4wGw~wLtt linlll wr­

ctbE, npG WJGEWG wt.lbtl1 Unlll 4t11GI1 611zlll wpcttEtJG , OflEWG ut6 t 

4wlllwrt.lw6 Lttnp<'ltrll Pl14.o : 

1.6. 'llwlllwhwpll L4WJliwGw4wG hw4,wGw4wGmpJmG(I La 

hw4,wGw4wGmpJmGGbpj1 pwqliWL4Wlll4liwG ptnrbli(l 

Uwhtfwunuf. A L4Wlllwhwrl1 L4WJliwGw4wG hwt.lwGw4wGmp­

JnLG(l B L4WlllwhwptJ 11flw4wGwguwG L4WJliwGnt.l. A L4Wlllwhwrl1 

hwt.lwGw4wGmpjmGG t WJG L4WJUwGn4.. nplllb'l.ll t mGbgbt B L4W­

UlWhWJ1(l: 
A L4Wlllwhwpl1 L4WJUwGw4wG hw4,wGw4wGmpjmGtf B L4W­

UlWhwpj1 11flw4wGwguwG L4WJUWGn4. GzwGw4tGE Ps(A) 4wli 

P(A\B): 

8mJg UlWGE, nr P(A) La Ps(A) hwt.lwGw4wGmpJmGGtro lllW!l­

ptp bG (IGqhwGflWL4bu: 
Of7ftuwl;. bGpwqpbGE' Gblllt.lw6 t tr4m qwn: Q.UlGbGE hwt.lw­

Gw4wGmpJmGo WJG L4Wlllwhwpl1. trp qwntptJ t.lrw hwJlllGt.lw6 
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Gpzbpp q.nulwp(! 3 t , pG~1.4bu GwlL Gzt.lwo L4Wl11whwpp L4WJliwGw-

4wG hwt.lwGw4wGm~JmG[! ' wnw2tJG qwnp t.lrw 1 hWJlilGt.lbtm 

L4WJLiwGnt.l: 

LmonuJ. A-nt.l uzwGw4bGe uzt.tw6 L4WU1WhWp[! , X-nt.l'wnw-

2PU qwnp t.lrw hWJl11Gt.lw6 ~llt.lt:!. Y-nt.l'brlwnrll qwnp t.lrw hwJlilG­

t.lwo ~llt.lt:! . B-nt.l'wnw2tJG qwnp t.lf1w 1 pwgt.lbtm L4Wl11whw11[! : UJu 

GzwGw4mliGbptJ llbl4emli' 

P(A) = P(X + Y = 3) = 2_ = _1 
36 18 

Pa(A) = Px=1(X + Y = 3)=~; 
6 

Ut.lbttJ LiwGpwliwuG G4wf1wq.f1bue t.lbf1211G hwt.lwGw4wGm~­

JWU UlilWgnLLi[!: !2w[ip n[l wnw2tJG qwnp t.lf1W , [!Ulil L4WJliWGp, Wf1-

llb[j hwJlilut.lbL t 1-Q, mulilp lflnf1op lilwprw4wG btebrtJ ~llt.lt:! 36-

llg lflnef1wgbl LL llWf10bL t 6, tJu4 G1.4wul11wt.lnr btebrll ~llt.lt:! 11w 11-

obt t lib4[!. WJU t' y=2: UJUL4tJunt.t. (!UUl hwt.lwGw4wGmpjWU llW­

uw4wG uwhliwGLiwG' L4wJLiwuw4wG hwt.lwGw4wGm~JnLU(! hwt.lw­

UWf1 t 1/6: 

rG~1.4bu UlbuGmli bGe, P(A)* P8 (A) : rhwp4b, Ul11Wgt.lw6[! ~p 

uzwGw4mli, nf1 P(A) lL Pe(A) hwt.lwGw4wGm~JmGGbp[! ~bG 4wf1nll 

ttJGbt pf1Wf1 hwt.lwuwf1: 

UwhtJwumtJ. A lL B L4Wl11whwf1Gbp[! 4n~t.lmli bu wG4wtu, b~b 

llf1Wugpg JnLf1wewG!Jmpp hwt.lwGw4wGm~JnLU(! 4wtut.lw6 ~t. WJG 

hwGq.wliwuetJg' LiJmu L4Wl11whwf1(! Ulbr[p t mGbgb[, ~b · n~ : 

UwhliwGmlipg hbUllLmli t. n11 

Q.njnL~JnLU mGp A lL B L4Wl11WhWf1Ubf1p wG4wtum~­

JWG't.lbf1lLmli pbf1t.lw6 uwhliwGLiwG[! hwliwf1dbe uwhLiwGmli (llW 

4wf1bLil t WL4wgmgb[) : Swue WJil uwhliwGmLi[!' 
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Uwht1wumt1. A lL B L4Wl11WhWf1Gbp[! 4n~t.lmli bG wG4wtu. b~b 

Ulbr[p mGp hblillLJWL hwt.lwuwpm~JnLG[! ' 

P(A n B)= P(A) · P(B) : 

Of1f1uwl{. tG~Wilf1bGe' A L4Wl11whwf1(! tJpbGpg Gbf14WJwgumli 

t Liblilwr[Wilf1WLip upLiblilf1P4 bf14m GbUlmLiubppg wnw2tJGtJ 

llbl4emli «q.bf1 p» [! G4GbLQ, tJu4 B-G · bf14f1nrll GbUlLiW G dw LiwGw4 

«q.pf1» QG4Gb[[! : 8m]g UlWU£?, nf1 A lL B L4WlilwhwpGbf1G w04wtu 

bG: 
uwtu . AnB L4WU1Whwpp hwliw[l UL4WUlilwt.lnr btebf1p ~llt.lt:! 

hwt.lwuwf1 t 1-p, tJu4 i,flnpop pntnf1 l11Wf1pw4wG btebrll ~llt.lt:! hw-

t.lwuwf1 t 4-p, mulilp P(A n B)=_!_ : '11wpq t, nf1 P(A) = ~; P(B) = ~ : 
4 2 2 

UJulilbr[pg hblillLmli t, np P(AnB) = ~ = P(A)·P(B)=~ - ~ . m[lbLiG 
4 2 2 

AlL B L4WU1whwpGbpG wG4wtu bG: 

YW[lb[p t gnljg UlW[, nr b~b A lL B L4WU1WhWf1Ubf1(! wG4wtu 
- - - -

bG, WL4W wG4wtu 4ttJGbu GwlL A lL B, A lL B , A lL B 

L4WU1WhW[1Ubp[! : 

PwqliWL4Wl114LiwG ~bnpbLi . t[14m L4WUlwhwf1Gbf1p hwliwlilbr[ 

Ulbr[p mubGW[nL hwt.lwGw4wGnL~JnLU(! hwt.lwuw[l t'L4Wl11WhW[l­

Gb[lpg lib4tJ hwt.lwGw4wGm~JnLU(! pwqLiWL4Wl114w6 LiJnLU L4Wl11W­

hwpp L4WJLiwGw4wG hwt.lwGw4wGm~JwLip'wnw2tJG L4Wl11WhWf1P 

Ulbr[p mubGW[nL L4WJLiwGnt.l, WJUpGeG' 

P(A n B) == P(AfA (B) = P(B) · Pa(A) (1 .3) 

UwuGwt.lnf1 llbl4£?nLli , bf1p A lL B L4Wl11WhWf1GbpG wG4wtu bG , 

WL4W (1 .3) hwt.lwuW[lnL~JnLU[! [!UilmGmLi t hblillLJWL UlbU£?[!. 

P(A nB) = P(AXB) : 
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~LLw~b(1L4L{W6 pwqllWL4WLn~llwG ~bnpbllQ ~WflbLP t QG'lhWG­

pwgGbL bp~mupg wl{bLP L4WLnwhwpGbpp hwllwp' 

labnpbll . A,, A2, ···, An L4WLnwhwpGbpp hwllwp Lnbrtp mGp 

hbLnlLJWL hwl{wuwpm~JmGQ. 

P(A1 n A2 n ·· ·nAn) = P(A, )· P A, (A2 fA, nA2 (A3 )· · · 

·· ·PA,nA2n···nA"_, (An) 
(1.4) 

Uwhtlw£inuf. A1, A2, · · ·, An L4WLnwhwpGbpQ ~n~L{mll bG hw­

llwtullpm~JWG llb2 wG~wtu. b~b 'lPWGgpg JnLPWQWG~mpp llGw­

gw6 L4WLnwhwpGbppg gwG~wgw6 tullpp ppw~wGwgllwG L4WJ­

IlwGnl{, hwl{wuwp t WJ'll4WLnwhwpp n~ L4WJilwGw~wG hwl{wGw­

~wGm~JWGQ, WJUpGgG' 

PA nA n .. nA (Ai) = P(Ai} i = 1, n 
11 12 IJ 

UwhllwGmllpg hbLnlLmll t, np b~b A1,A2, ... ,An l4WLnwhwpGb­

pG wG~wtu bG hwllwtullpnt~jwG llb2, WL4W Lnbrtp mGp hbLnlLJWL 

hwl{wuwpm~J mGo · 

4wpbLP t gntjg LnWL, np hwllwtullpm~JWG llb2 L4WLnwhwpGb-

11P wG~wtum~JWG uwhllwGilwGo hwllwpctbg t hbLnlLJWL uwhllw­

Gmllo' 

Uwhtlw£inuf. A1, A2, ·· ·, An l4WLnwhwpGbpQ ~n~L{mll bG hw­

llwtullpm~JWG llb2 wG~wtu, b~b ~WOWJW~WG i1, i2, ···, ii pGw~wG 

~L{bpp hwllwp"1 ::; i1 < i2 < .. ·< ii ::; n, j=1,2,3, .. ·, n Lnbrtr mGp 

hbLnlLJWL hwl{wuwpm~JmGo" 

piA . nA n ... nA )= P1A )·P1A \ .. pl.-..): 1(' ,, 12 1, \i ., ~ 12 ' \('• , 

45 

UwhllwGmllpg hbLnlLmll t. np b~b A,, A2 , ··· , An L4WLnwhwp­

GbpG wG~wtu bG hwllwtullpm~JWG llb2 , WL4W 'lPWGQ qnLJq. wn 

qmJq. wG~wtu bG: 
'TlbLnQ t hwLnm~ GzbL. np hw~wnw~o n~ llpzLn t 6pzLn, WJ-

upGgG' L4WLnwhwpGbpp qnqq. wn qmJq. wG~wtum~JmGpg ~p 

hbLnlLmll hwllwtullpm~JwG llb2 'lrwGg wG~wtum~JmGo : UJu ~w­

L4W4gm~Jwllp pbpbGQ PbnGzLnbJGp oppGw~o: 
0{1ft£iwlj. ').pLnwp~bGQ hbLnlLJWL t.Pnp~o: ').pgmg, hwp~nt~JWG 

L{pw GbLnl{mll t ~wGnGwl{np gwnwGpuLn (LnbLnpwb'lp), npp bpbQ 

GpuLnbpQ hwllWL4WLnwutuwGwpwp Gbp~L{w6 bG ~wpllpp, ~w­

L4nLJLn LL ~wGw~. pu~ ~nppnp11 GpuLnQ Gbp~L{w6 t Gzl{w6 bpbg q.nLJ­

Gbpnl{: 
A-nl{ GzwGw~bGQ WJG L4WLnWhWf1Q , npp 'lbl4QnLil , GbLnbLntQ 

hbLnn , 'lrllw~nrtlliJ ~LpGp ~wpllpp q.nLJGnl{ Gbp4L{w6 GpuLnQ, B­

nl{' bpp 11pow~nrtllo ~WL4nLJLn GpuLnG t LL C-nl{' bpp ~wGw~ GpuLnG 

t: 'Tlwpq t. np 

2 1 
P(A) = P(B) = P(C) = 4 = 2 . 

P(A n B)=~=~ . ~ = P(A)P(B} 
4 2 2 

P(A n C)=~=~ · ~= P(A)P(C), 
4 2 2 

P(B n C)= ~ = ~ · ~ = P(B )P(C} 
4 2 2 

UJuLnbrtPQ hbLnlLmll t. np A, B, C L4WLnwhwpGbpo qnLJq. wn 

qmjq. wG~wtu bG: 9nLJg LnWGQ , np A, 8, C L4WLnWhwpGbpQ hw­

llwtullpm~JWG llb2 wG~wtu ~bG : 

U~GhWJLn t, np 

P(Ansnc)=: 
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rG!U1bu mbuGmu bGp P(AnBnC):FP(A)P(B)P(C), mum~ 

A, B, C U1Wlllwhw[1Gbfl[! hwuwtullpmf)JWG llb2 wGLjwtu !bG: 

labnJlbU. tGJ}W'lflbGf!. A-G npltt U1Wlllwhwp t, 81, 82 , • •• , Bn-IJ 

qnLJq. wn qnLJq. wGhwuwmbll.bL~ U1WlllWhwpGbp bG, npnGf! mGbG 

'lflW4wG hwLtwGwljwGmf}JmG' P(Bi ) > 0; i = 1,n, lt A ~ LJBi : 
i=1 

UJu U1WJUWGGbp~ 'lbl!1f!nLUlllbll.~ mGj1 hbmltJWL pwGwi'llt[!' 

n 

P(A) = L:P(BJ P6 ; (A), (1.5) 
i=1 

(1 .5) pwGwi'lltG wGLtwGmu bG Lfl~Ll hwLtwGwljwGmf}JWG pw­

Gwi'llt, B,, ···,Bn U1Wlllwhwf1GbpG wGLtwGmu bG Ltwpljw6Gbp: '-lbJ1-

2~(j wGLtwGmll[! U1WlllWhwljwG !t. j;!WGj1 np [!Ulll f}bnpbu~ U1WJUW­

(j~'A U1WlllWhWf1[! 4wrnll. t ~pwljwGwGWL B,, " ' ,Bn -~g ublj~ hblll, 

WJU~Gf!G'A-~ hwuwp 8 1, .... Bn U1WlllwhwpGbp[! hwG11bu bG q.wl~U 

nfll!1bu Ltwr4w6Gbf1: 

luuflflfl 1. t[lljm q.G11w4 l!1WflmGw4nll. uwttJnp~ ub2 q.gt.lbL t 

UU1~lllw4 q.G11w4, np~g hbmn WJGlllbll.~9 U1Wlllwhw4wG hwGLlbL t 

llb4 q.G11w4: Q.mGbL hwLtwGwljwGmf}JnLG[!, np hwGLtw6 q.G'lW41J 

4L~G~ UU1~lllwlj , bf}b uwttJnpmll Gwtuwt11bu q.mGLtw6 q.G'lw4Gbp~ 

q.nLJGtl uwu~G pnlnfl hGwpwt.lnp bGJ}W'lflnLJ}JmGGbp[! hwLtwuw­

rwhGwflwLlnfl bG: 
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Lnu7nu1. A-nt.l GzwGwljbGp WJG U1WlllWhWfliJ, nfl~ 'll:il!1PnLU 

hwGLtw6[! UU1~lllw4 q.G11w4 t: 1GwflwLtnf1 bG uwltJnflnLU 

Gwtuwl!1bu b11.w6 q.G'lw4Gbfl~ uwu~(j hblllltJWL bGJ}W'lflnLJ}JnLGGb­

fliJ (Llwf14w6Gbfl[!). B, ' UU1~lllW4 q.G'lW4 !4Wfl, B2' ublj UU1~lllW4 

q.G11w4 4wf1 , B3' bf14m UU1~lllw4 q.G11w4 4wf1: J;!w (j~ nf1 mGbGf! b­

flbf! Ltwf1ljW6, n[lnGj;! Ljwqllmll l:;(j U1WlllWhW[1Gb[l~ lfl ~Ll tumllp lt 

'lflWGj;! hwt.lWUWflWhGWflWLlnfl b(j, mum~· 

P(B1) = P(B2 ) = P(B3 ) = i: 
'llwjllwGwljwG hwLtwGwljwGmf}JnLG[!, nfl LjhwGLt~ UU1~lllw4 

q.G'lw4' wJG U1WJUwGnLt. nfl uljqpmu uwltJnflnLU !~ bll.bL UU1~lllw4 

q.G11w4. 

1 
Ps, (A)= 3 : 

'llwJUwGwljwG hwLtwGwljwGmf}JnLG[!, n11 LjhwGLt~ UU1~lllwlj 

q.G'lw4' wJG U1WJUwGnLt. nfl uljqpmu uwltJnflnLU 4wf1 1 UU1~lllw lj 

q.G11w4. 

2 
P6 2 (A) = 3 : 

'llWJilwGwljwG hwLtwGwljwGmf}JnLG[!, n11 ljhwGLt~ UU1~lllw4 

q.G'lw4' wJG U1WJUWGnLt. nf1 uljqpmll 4wf1 2 UU1~lllw4 q.G11w4. 

P6 3 (A) = 1 : 

OflnGbLI1 hwLtwGwljwGmf}JnLG[! , n11 LjhwGLt~ UU1!1lllw4 q.G11w4, 

4wflbLI1 t hwzLlbL Lfli1Ll hwLtwGwljwGmf}JWG pwGwi'lltnLt. pwGn np 

pwt.lWflWflt.lW6 l:;(j pwGwi'lltj1 411 flWObL!1nLJ}JWG hwuwp wGhpw­

dbzlll pnLnflll1WJUWGGbp[! (ummq.bL j1Gf!GmpmJG)' 
3 

P(A) = L:P(BifB; (A)= P(B1)P6 , (A)+ P(B2 ) · P6 2 (A)+ 
i=1 

1 1 1 2 1 2 
+ P(B3 )·P6 ·(A)=- ·- +-·- + - ·1 =-

3 33333 3 



48 surru4uut4nunucsr~4U 

latmpbu. tupWilflbGe'A u 8,, 82, ··· , 8n L4WUlwhwpubp(l pw­

l{wpwpmu bu unLJG L4Wpwqpw~~ Gwtunflll pt:mpt;U~ l4WJliwGGb­

p~G u, pwg~ WJil, P{A)>O: UJil llGl4EnLU IIlGil~ nLG~ hbUluJWL 

pwGwouo (Pw;bu/1 pwuwoL)' 

PA(8j) = ~ (8j)Psi (A) : 

IP(8i) P8 i {A) 
i=1 

luufJ.ftfl 2. ~WUlnt4 h~l{WGilwGng b(i (IUilntGl{mu U~2~G hwz­

l{nl{ 50% K h~l{WUilnLPJWUp, 30%'L h~l{wGilnLPJWUP 20 %'M h~­

l{wGilnLPJWUP h~l{wG!lGbp : K h~l{wG!lnLPJnLU(I lfl~tl pmdbLm hw­

l{wGwl!wGmpjmG(I hwl{wuwp t 0,7-~. L u M h~l{wGilnLPJmGGbp~ 

hwuwp WJil hwl{wGw4wGmpJmGGbp(l hwliWL4WUlwutuwGwpwp 

hwl{wuwp bG ' 0,8-~ u 0,9-~ : ~~l{wG!lwGng (IU!lnLGl{w6 h~l{WGil(l 

wnn112 t llnLflU qptlbt: Q.UlGbL hwl{wGw4wumpjmGQ, np Gw h~­

l{wGil tp K h~l{WUilnLPJWUp : 

Lnu7nuJ. A-ntl Gzwuwl!bue WJG l4WUlwhwp(l , np~ llbl4emu 

h~l{WUilWGng (IU!lnLGl{w6 h~l{WUil(l wnn112 t llnLflU qpl{br 8,, 82, 

83 uzwuwl!bGE WJU l4WU1WhwpGbp(l, (IUIIl npnGg' hWUWL4WUlWU­

tuwGwpwp h~l{wG11wGng (IUilntGl{w6 h~l{wGil(l h~l{WGil tp K, L, M 

h~l{WUilnLPJmGGbpnl{: Ubp GL4WII1W4G t qiilGbL P A (81) hwl{wGw-

4wGmpJnLU(I: ~b21Il t UIIlmqbL, np A, 8, 82, 83 pwl{wpwpmu bG 

Gwtunflll pbnpbU~ L4WJUWGGbp(l: 

luGilfl~ UltlJWLGbp~g mGbue, np 

P(81) = i, P(82 ) = 
1
3

0 
,P(83) = i ,P8 , (A)= 0,7; P8 2 (A)= 0,8; 

P8 3 (A)= 0,9 : 

UU1wgl{w6 hwl{wGw4wGmpjmGfibp(l UlbrtWilflbLntl Pwjbu~ 

pwGwou~ ub2, 4mGbGwue . 

49 

P(81)·P8 , (A) _ 

PA (
81

) = p (81 )Ps, (A)+ P(82 )P8 2 
(A)+ P (83)Ps

3 
(A)-

0,5 ·0.7 5 
= 0,5 . 0,7 + 0,3. 0,8 + 0,2 . 0,9 11 

UJU l4Wf1Wqpw~mu 4euuwp4bue WJUL4~U~ ~npo, np~ UlWfl­

pwl!wG bL.Ebfl~ pwqumpJmGQ hwztlbL~~g wtlbL~ pwpop 4wpq m­

Gbgnrt wul{bfl2 pwqumpJmu t: lJL!wpwqpbue ~npo(l . 

'1-~gme. M 4bll1Q l4WIIlwhw4wG Gbiill{mu t A8 hwUll{w6~ 

l{pw, np~ bpl!wpmpJnLU(I hwl{wuwp t L-~ : 

Uwhuwubue. pb ~G!~ t hwl{wuwp A8 hwUll{w6~ l{pw 

qUlGl{nrt gwG4wgw6 CD hwUll{W6~ l{pw M l!bUl~ QG4GbLm hwl{w­

Gwl!wGmpJnLU(I: 

4wUlwpbGE hbUluJWL pGwl!wG weu~nuwll1~4 bupWilflnLpJm­

GQ' CD hwUll{w6~ l{pw QG4GbLm hwl{wGwl!wGmpJmG(I mrt~ll hw­

ubUwiilwl!wG t WJil hw1Ill{w6~ bpl!wpmpJWU(I, u 4wtul{w6 !t CD-~ 

ll~flE~9 A8 hwUll{W6~ l{pw, WJU~ueu' 

P{M E CD)= KX , 

npUlbrt'X-Q CD hwUll{w6~ bpl!wpmpjmGG t, ~u4 K-G hwuiilw­

UlnLU ub6mpjmu t: Uwuuwl{npllbl4emu 4mubuwue' 

P(M E A8) = KL = 1 , 

np1Ilbrt~9· K = ~ , u hbiiluwpwp · P(M E CD)= ~ : 
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UwhtJwunuJ. UJG L4wmwhwpp hwLtwGw~wGm~JmG[!, np L4W­

mwhwpwp AB hwmLtwor Ltrw Gl:imLtwo ~l:im[! ~[!G~Gr CD hwm­

Ltwor Ltpw , hwLtwuwp t CD l.t AB hwmLtwoGI:ipp l:ip~wpm~JmGGI:i­

rr hwpwpl:ipm~JWG[! : 

UJu ~l:i!1L4 uwhowGLtwo hwLtwGw~wGm~JnLG[! ~n~Ltmo t l:ip~­

pw~wlJlw~wG hwLtwGw~wGm~JmG : 11:izm t ummq.l:it , npl:ip~pw~w­

lJlw~wG hwLtwGw~wGm~JnLG[! odmLtwo t hwLtwGw~wGm~JWG 

fl.WUw~wG uwhowGllwG hwm~m~JmGGI:ipnLt: 

1wllwGllwG l:ifl.wGw~nLt ~wpl:ittl t uwhllwGI:it l:ip~pw~wlJlw­

~wG hwLtwGw~wGm~JnLG[! hwp~m~JWG l.t mwpwom~JWG lil:i2, 

lltlwJG ~l:i wJu fl.OL4Qmli l:ip~wpm~JmG pwn[! L41:ime t lJlntuwrrGLtr 

hwliWL4WlflWUtuwGwpwp'liw~l:ipl:iu l.t OWltWl pwnl:ipnlt, WJ­

upGQG' I:i~l:i ~l:ilfl[! L4WlflWhw~wG Gl:imltmli t hwp~nL~JWG D mp­

pnLJ~P lil:i2, npp llw~l:ipl:iu[! q.nJnL~JmG mGp 1.t hwLtwuwp t S0 -p, 

pu~ d mppmJ~[! [!G~wo t D-p lil:i2, npp llw~l:ipl:iu[! hwLtwuwp t Sd­

p, WL4W hwLtwGw~wGm~JnLG[!, np ~l:im[! ~[!G~Gp d mppnLJ~P lil:i2, 

hwLtwuwp t Sd-P hwpwpl:ipm~JWG[! So-r· 

P(MEd)=~: 
So 

umJG ~l.tnlt G l.t gEG llwpllpGGI:ipp hwllwp· 

v 
P(M E g)=-f · 

G 

npml:ifl.. VG l.t V9 hwliwlllwmwutuwGwpwp G l.t g llwpopGGI:ipp 

owLtwtGI:ipG l:iG: 

/uu!J./lf7.(hwu!J./lutt1wu fuu!J./lf7}. bp~m muwGnfl. L4WJliwGwLtnr­

Ltl:it l:iG hwGfl.pllll:il npnzw~p LtwJpmll· opLtw 12 l.t 13 dwlil:ipp lip21.t: 

1 
Unw2pG l:i~nfl.[! UL4Wumll t l:ip~pnpfl.pG 4 dwll, nppg hl:imn hl:inw-

Gmll t: ClmGI:it hwLtwGw~wGm~JnLG[! , np hwGfl.PL4nLli[! ~~WJWGw, 

l:i~l:i JnLPWQWG~mp muwGnfl. L4Wmwhw~wG t [!Gmpmll pp q.wtm 

w~G~wp~[! 12-pg lipG~I.t 13-[! dwlll:ipp lip2W~WJQnLli: 
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Lnu!JmtJ. 'TlwJllwGw~wG [!Gfl.mGI:iGQ, np dwli[! 12-[! 0 dwliG t. 
pu~ 13-[! '1-[!: bG~wfl.pl:iGQ . wnw2pG[! Q.WLPU t X dwlipG, l:ip~pnp­

fl.[!·y dwlipG, [!Gfl. npmll'O~x~1, O~y~ 1: nrllll:iuqp muwGnll.GI:ip[! 

1 
hwGfl.tlllll:iG, wGhpwdl:izm t, np lx- Yl ~ 4 : 4nnpfl.pGwmwJpG hwp-

~m~JWG Ltrw. 

{O ~ x ~ 11.t 
O ~ y ~ 1 

0 ~ X ~ 1 

0 ~ y ~ 1 

1 
lx - yl ~ 4 

L4WJliwGGI:ip[! pwLtwpwpnll. mppnLJ~GI:ip[! hwliwlllwmwutuwGw­

pwp ~ttlGI:iG'1 ~nfl.llnlt OABC ewnw~mupG l.t OMNBKN - Ltl:igwG~­
JnLG[! (mo·u G~ . 1.5): 

y 

A 

l. .............. . 
4 

L 
3 
4 

K 

c 
X 

u~. 1.5 
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tuG'ltJJl[! 4.bflw~ltw4bfll4bGJ;? hblllltJWL 4bfll4: bG~W'lflbGJ;? . (x, 

y) 4bll1[! l4Wlllwhw4wGnJ1bG Gbll14.w6 t OABC {?wnw4mum ub2: 

QlllGbL hw4.wGw4wGm~JnLG[!, nJl WJG 4nG4GtJ OMNBKL 4.bgwG4-

JWG ub2: =lwzll.bGJ;? SoAsc Lt SoMNBKL: ~wGp nJl OABC-G 1 4n11.un4. 

EWnw4mup t, Wl4W SoAsc=1 : u4.1.5-pg bflltmu t, nJl' 

1 (3) 2 9 .!lMAN = .!lLCK lt S~MAN =-. - =-
2 4 32' 

WJUlllbll.tJg hblllltmu t, n11 

9 7 
SoMNBKL = SoAsc- 2S~MAN = 1- 2 ·- =-: 

32 16 

Oqlllwqnjl6bLn4. bf14PW!Wltlw4wG hw4.wGw4wGm~JwG uwhuw­

limuu· hwll~nL~JwG ll.11w l4WhwG2ll.n11. hw4.wGw4wGm~JnLG[! hw-
4.wuwll 4LtJGp · 

7 

p = S OMNBKL = 16 = !...._ . 
SoAsc 1 16 · 

1.9. Qnub ub4 l4Wll1WhWJ1p bflltWLm 

hw4.wGw4wGnL~JnLli[! 

'1pgm{?, A1, A2•·· , An l4WLI1WhWJ1Ubjl[! hwuwtuupm~JWU tlb2 

wG4wtu bG lt P(A1) = P1 ,P(A2) = P2,· .. ,P(An)= Pn: 

Cl>nfl~P Wll'lJnLGJ;?mtl 4WJ1nll bG lllbll.p mGbGWL WJ'l pnlnJll4W­

lllwhwJ1ubjl[! 4wu 'lflWGg tltJ tlwuu. 4wu n! tlb4u: 

A-n4. GzwGw4bGJ;? WJU l4WlllwhwJ1(!, nJlG pflbGpg Gbll4WJwg­

GnLtl t A1. A2 ..... An l4Wll1WhWj1UbJlpg qnub ub4p hwG'lbU QWL[! : 
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'llwJlq t, nJl A lt A1 n A2 n ··· nAn L4WlllwhwJ1GbJ1[! hw4W'lPJll4W­

ll1Whwf1Gbfl bG, mulllp' 

P(A)+ P{A1 n A2 n . ··nAn)= 1 

4wJ1bLtJ t gnLJg lllWL. nJl , b~b A1, A2, ... , An. l4Wlllwhwf1Gbjl[! 

hwuwtuupm~JwG ub2 wG4wtu bG, WL4W wG4wtu 4LtJGbG Gwlt 

A1, A2 ···, An L4Wll1WhWj1GbJ1[! , mjlbUG. 

UJUL4tJun4., WL4WgmgbgpGJ;? hbllll.&JWL ~bnjlbU[! · 

rabnjlbU. =lwuwtuupm~JWG Ub2 wli4wtu A1, A2, ···,An L4Wll1W­

hwj1Gbjlpg qnGb ub4p hwG11bu QWLnL hw4.wGw4wGm~JnLG[! hw-

4.wuwf1 t 1-p Lt A1, A2 ·· ·,An l4Wlllwhwj1Gbflp hw4.wGw4wGm~JmG­

Gbflp WjllllW'lJlJWLP lllWjlpbjlnL~JWG[! : 

luUfJ/1{1. YWUJ12P {?WG'lll.bLnL hwUWjl pw4.w4wG t ub4 wll.pw­

gpnG nmup: QlllGbL hw4.wGw4wGm~JnLU[! , n11 4wUnL112t:! 4I?WG'l4.P . 

b~b 'lJlW ll.llw, pflWJlpg wG4wtu, qgll.bfl 4 nmupbjl, njlnGg'4wUJ1-

2rG 'lPl4!bLm hw4.wGw4wGm~JmGGbJ1[! hwtlwl4WlllwutuwGwpwJ1 
hW4.WUWJ1 t:;(j'0 ,3; 0,4; 0,6; 0,7: 

LmanuJ. Qulll tuG'lllP l4WJUWGp' 4wUm112t:! 4I?WG'l4.tJ, b~b 4 

nmupbflpg qnGb ub4t:! 'lPl4!P 4WUJ12tJG: 'llwlllwhwJ1GbJ1[! GzwGw-

4bGJ;? A1, A2, A3 lt ~. nJ1nG{? hwUWL4WlllwutuwGwpwJ1 pflbGgpg 

Gbfl4WJWgGmtl b(J WI1W2PU, bf14Jlnjl'l, bflJlnJl'l Lt !nJljlnJl'l nmupbflp 

'lPl4!bLU 4wtlJ12tJG: Ub11 tuG'lPJlU t QlllUbL 'lflwugpg qnub ub-

4r'4wtlf12PU 'lPl4!bLm hw4.wGw4wGm~Jmuu: uz4.w6 hw4.wGw4w­

Gm~JmG[!, [!Ulll 4.bJ1ltmu wu4.w6p, hw4.wuwJ1 4LtJGp' 

= 1- (1- o.3X1- o.4X1 - o.6X1- o,7) = 1- o,7 . o,6 . o.4. o.3 = o,9496 
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UwhtJwunuJ. a>np(lt:ip[] ~n!4.mll bG wG~wtu, bpt:i, ~wllwJw~wG 

lflnp(l~ tiLe~ hwqwGw~wGmpJmCio ~wtu4,w6 !t OJmu lflnp(ltJpmll 
hwG11bu b~nrt hLehp~g: 

0(1/luwll Ut:imwrtW'lflWO[] n wGqwll Gbm4,w6 t ~wll qwno n 
wGqwll Gt:imqw6 t: 

'l~mwp~tJGe G1, G2, ... , Gn wG~wtu lflnp(lbp[], npnGg~g Jmpw­

ewG!JmpG m(i~ t:ip~m t:ite'A ~wll A: t;GpW'lflhGe' P(A) = p' 

P(A)= q, npmbrt q=1-P: 'llwhwG2L!mll t npnzhL WJ'l n wG~wtu 
lflnp(lbpmll A Ujwmwhwp~ m wGqwll mbrt~ mGtJCiwLm hwqwGw­

~wGmpJmCio : tpt:i WJ'l hwqw(iw~wGmpjmGo Gzw[jw~tJ(je p n(m)­

nq, Wlljw ~wrnrt tJGe ~~pwnbL ht:iml.aJWL pwCiw(IL.ao • 

(1.6) 

npG wGqwGmll tJ(j PbpCimL~~ pwGw(ll.a: 

UJu pwCiw(ll.a~ ll~2ngnq npnzqmll t A Ujwmwhwp~ bpl.amllGt:i­

fl~ wlltJGwhwqwGw~wG p~qo: 'llwpqwpwGtJGe. pb ~OG! bGe hwu­

~wGmll Ujwmwhwp~ t:ipl.amllGt:ip~ wllbGwhwqwGw~wG p~4. wut:i­

Ln4.: 

'l~mwp~qw6 lflnp(ltJp~ dwllwGw~ A Ujwmwhwpo ~wrnrt t 

hwG11hu qwL m wGqwll, La m-o ~wrnrt t oG'lmCibL 0, 1, 2, ···,n wp­

dbeGbp~g npl.at llb~o. []Ci'l npmll JnLflWEWCi!JnLfl[] npnzw~~ hwqw­

Gw~wGmpJwllp, npo npnzqmll t (1.6) pwGw(ll.anq: 'llwmwhwp~ 

bpl.amllGbp~ WJCi p~q[] , np~G hwllwUjwmwutuwGmll t wllbGwllb6 

hwqwGw~wGmpJwmGo ~n!4.mll t UjWtnwhwp~ t:ipl.amllGbp~ wllt:i­

GwhwqwGw~wG p~q: 

tpt:i (np-q)-G wllpn112 p~q t, WL4W qnJnLpJnLCi mGtJG t:ip~m w­

lltJGwhwqwGw~wG pqt:ip, 'lrwGe tJG'np-q La np+p (w~CihWJlfl t np 
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4.hfl2~Ciu wllpnrw p~4. t), t:ipt:i np-q-G wllpnrw !t, WL4W qnJmpJmCi 

mG~ Ujwmwhwp~ t:ipl.amllGt:ip~ ll~wJCi llt:i~ wlltJGwhwqwGw~wG 

P~4.. nru UjWlfl~WCimll t (np-q;np+p) ll~2W~WJE~Ci: 'llt:ime t Gzt:it. 

np t:ipt:i np-q-G wllpnrw !t, WL4W ll~2w~wmmll qnJmpJmCi ~mGtJGw 

ll~w~ wllpnrw p~q[], ewG~ np np+p-(np-q)=1: 

UJdll 'l~tnwp~tJGe G1, G2, ... , Gn wG~wtu lflnp(ltJp, npnGg~g 

JnLflWEWCi!JnLflG mG~ S wGhwllwmt:irthL~ hLebp ' A1, A2, ... , As, []Ci'l 

npmll'Ak(k=1, 2, .. . , S) Ujwmwhwp~ hwqwGw~wGmpJmCio ~w­

tumll !nLG~ lflnp(l~ hwllwp~g La hwqwuwp t Pk-~· 

P(Ak) = Pk,k = 1,2, .. ·,S 

P1 + P2 + .. . + Ps = 1: 

'llwhwG2L!mll t npnzbL A1 Ujwmwhwp~ m, wGqwll, A2 UjW­

mwhwp~'m2 wGqwll ,· .. As UjWtnwhwp~· ms wGqwll hwCi'lhu qWLnL 

hwqwGw~wGmpJmGo : UJ'l hwqwGw~wGmpJmGo GzwGw~tJGe 

Pn (m,, m2, ·· ·, m5 ) : Q.m(iqw6 t, np. 

U~GhwJm t, np (1 .7) pwGw(ll.ao (1 . 6)-~ oG'lhwGpwgmliG t: 
tuCi'l~flGhp~ li~2ngnq gnLJg mwGe, pb ~Ci!L4hu tJG qnp6mli 

(1.6) m ( 1. 7) pw(iw(ll.atip[] La ~Ci!Ujt:iU ~Wflbl~ t qmCit:iL UjWlflWhWp~ 

wlibGwhwqwGw~wG p~qo : 

lvu!J./1(1 1. CGmwG~emli ~w 5 t:ipt:ituw : Q.mCibL hwqwGw~w­

GmpJmGo. np GpwGg~g t:ip~muo mrtw bG, qmCibL mrtwGt:ip~ wlit:i­

GwhwqwGw~wG p~qo : (Srtw 6G4.bLm hwqwGw~wGmpJmCio oG­

'lnLCihL 0,51' W'12~~ 6G4.bLnLCi[] ' 0,49): 

LnufnuJ. npUjhU A UjWlflWhwp'qt:ipg(ib(ie lfl'lW 6GqbL[], A­

o ' tJCipW'lflbGe'wrt2~~ 6Ci4.hLm UjWtnwhwpG t: Q.mGtJGe hwqwGw­

~wGmpJnLCi[] WJG UjWtnwhwp~, np 5 wG~wtu lflnp(ltJpmli (lflnp(lb-
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PP wGLtwtumpJnLU[! bupwrw4.mli t) A L4Wtnwhwp[! hwul)bu Lfq.w 2 

wuq.wli: Oq.tn4.bLn4. PbpGmLPP pwuwal.tpg Ltmubuwue· 

P5(2)= c~(0,51f o(0,49f = ~(0,51f o(049f = 
2!o3! I 

= 10 °(0,51f 0(0,49)3 ~ 0,306: 

UJdli q.mubue tn'l.wubpp wlibuwhwqwuwLtwu ppq[!: 

nP - q = 5° 0,51- 0,49 = 2,06 wlipn11.2 !t: 

nP-q=5·0,51 +0,51 =3,06: 

uzwuwlfbue Wlibuwhw4_w(jwlfw(j ppq[! m0 , [!UUl qbpl.tmli wuqw­

Op m0 E (nP - q; nP + P). wJupueu m0 E (2,06; 3,06): t"G!L4bu mbu-

Gmli bue, Gzqw6 lip2WltWJJ;1nLli q.nJnLf}JnLU mup lipWJU liblf wli­

pn'l.2 pp4_'3-[!, mutnp m0 =3: 

luu!J/1(12° 5 UL4PtnWlf, 7 ul.t l.t 8 l.fwplipp q.ul)wlfubp L4WflnLUW­

lfn'l. uw4lnppg hwuqmli bu L4Wtnwhwlfwu 6 q.Gflwlfubp: npnzbL 

UL4ptnwlf, ul.t l.t Ltwplipp q.GflwltGbpp' hwqwuwp !Wtrn4. hwul)bu 

q.wLm hwqwGwlfwGmpJnLU[!: 

LnufnuJ. Ujutnb'l. P1 = P(A1) = P(u1..4) = 2~ = ± , 
P2 =P(A2)=P(ul.t)= ;O; P3 =P(A3)=P(Ltwr)=~: 

4ppwnbLn4. (1 0 7) pwuwol.t[!' npnGbLtl hwqwuwlfwumpJmu[! 

ltLtlGtl, 

6! ( 1 )
2 

( 7 )
2 

( 2 )2 P222= - o- o-- 0 
s( I I ) 2! o2! o2! 4 20 5 -Oo 11 o 

QGI)hwurwl4bu (1°6) pwGwal.tn4. hwqwuwlfwumpJwu hwz­

qmli[! l)dqwpwumli t (bppbliG' flWilumli wuhuwp), bpp 4lnpabpp n 

ppq[! zwtn lib6 t: Ujl) L4WUliSWiln4. jllputn oq.tnwlfwp t I)Wilumli 

Umw4_p-LWL4lWUP Lnlfwl uwhliwuwjpu pbnpbli[!: 
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labnpblio tpb A L4Wtnwhwpp P hwqwuwlfwumpJnLU[! n wu­

lfwtu 4lnpobpmli hwumwmmu t l.t mwppbp t qpnJpg m liblfpg, 

WL4W tnb'l.P mup hbtnl.tJWl hwqWUWflnLf}JnLU[!' 

l 
(m- npf 1 1 ---

lim P n (m) : e 2
"pq = 1 

n->co ~2rmpq 

labnpblipg hbtnl.tmli t, np pwqwlfwGW!Wtr libo n-p hwliwp 

Pn(m)-1:! LtwrbLtl t 41ntuwppGbL' 

1-=.-1-= e __ (~--n:-f 1 WflUlWhWJUlnLf}jWlip: l ~2rmpq 
x2 

4wmwpbue hbtnl.tJWL uzwuwltmliubp[!' <p(x) = ;._. e -2 
..;2rt 

m-np 0 X=--
~npq 0 

UJu Gzwuwltmliubpn4.Ltmubuwueo 

uzbue <p(x) ~mulfgpwjp npnz hwtnlfmpjmuubp' 

10 <p(x) > 0, x -p pnLnfl wpdbeubpp hwliwp, 

20 <p(x) -[! Gqwqn11. ~mulfgpw t l.t lim <p(x) = 0 
X-> OO 

30 <p(x)-1:! qnLJq. ~mulfgpw t' <p(-x)= <p(x) : 

(1 08) 

<p(x) ~mulfgpwJp wpdbe[!, bpp mpqwo t x-p wpdbe[! q.mumli 

!:;(j W'l.JnLUWlfpg(Lnb'u hw4_bL4.WO Ill): tpb x>4, WL4W <J>(X)·[! l.fwpb­

LP t (!UflnLUbl 0: 
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lvOfJftfl 3. Ub4 wGqwu 4rw4bL~u ~~11wtu~ tunguwG hwijwGw-

4wGm~JmGQ hwijwuwr t 0 , 8-~ : Q.UlGbL hwijwGw4wGm~JmGQ, nr 

100 wGqwu 4rw4bL~u ~~rwtu£! 4tungij~ m11.~11. 75 wGqwu: 

LmtmuJ. J2wG~ nr n-Q ubo t'n=100, oqUlijbGe Umwttr-LwUl­

LWU~ Ln4wL uwhuwGwJ~G ~bnrbu~g · 

P100 (75) "' ~4'(x) 
100pq 

P=0.8; q=1-0.8=0.2; 

x = m - np = 75 - 1 00 · 0,8 = -5 = _125 
~npq ~100 · 0,8. 0,2 4 ' 

4'(x) = (p(-1,25) = 4'(1,25) = 0,1826 : 

UJuUlbll.~9 hbUlL.mu t. nr P100 (75) "' ± · 0,1826 = 0,04565 : 

~wztt~ wnGbLntt. nr brp n-+ oo • m-~ wrcrbeGI:ir~ hwijwGw-

4wGm~JmGGbr£! O<fUlnLU bG q[lnj~. WUjW ubo ~ijnij Lflnrobr~ dw­

uwGw4 A UjWUlWhW[l~ m wGqwu ~rw4wGwGWLnL hwijwGw4w­

Gm~JnLG[! L~GbLntl zwUl Lflner ' hbUlWf![lf![lnL~JmG ~~ Gbr4wJwg­

Gmu: UijbL~ ubO hbUlWf!!lf![lnL~JmG t Gbr4wJwgGmu ubo ~ijnij 

Lflnflobr~ dwuwGw4 A UlWUlwhwr~ hwGfll::iu <tWLm m ~tt~·nrnz 
uwhuwGGI::irmu qUlGtlbLm hwijwGw4wGm~JmGQ : UJu wnmunij ~r 

GzwGw4wL~ fll::ir mG~ Umwttr-LwUlLWU~ ~GUll::iqrwLWJ~G ~l::in[ll::i­

U£! : UrUlwatGe wJG: 

ICJI::inrl::iu. t~l::i n wG4wtu Lflnrobrmu A UlWUlwhwr~ P hwijw­

Gw4wGm~JnLG£! hWUUlWUlmG t L. UlW[1pb[1 t 0-~g m ul::i4~g 

(O<P<1 ). WL4W hwijwuwrw~wlfl [!UUl a-~ L. b-~ (- oo ~ a ~ b ~ +oo). 
b[lp n-+ oc Ull::ill.~ mG~· 

P 1 a ~ m~ < b -+ ~ Je-2dz J ) b z
2 

l -vnpq v2rt a 

(1 .9) 
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4WUlW[1bGe hbUlL.JWL GzwGw4muGbrQ'Pn(K, , K2)-Q hwijwGw-

4wGm~JmGG t WJG UjWUlwhwfl~ , nr n wG4wtu Lflnrobrmu A UlW­

UlWhW!l£! hwGflbU t b4bL K,-~g n~ UlW4wu wGqwu L. n~ wtlbL~. 

ewG K2 wGqwu , 

2 
1 X -~ 

<t>(x) = rn- Je 2 dz: 
"2rt 0 

Q.UlGI::iGe WJGUl~u~ a L. b, nr K1 = a~npq + np, K2 = b~npq + np : 

K1 -np K2 - np _ 
4mGI::iGwGe a = r:= L. b = r:= . 

vnpq vnpq 

UJu GzwGw4muGI::irntl (1 .9)-Q 4<trll~ hl::iUlL.JWL Ulbuentt· 

lim P(K 1 ~ m < K 2 ) = <l>{b)- <I>( a) (1 .10) 
n-w l 

OqUlijl::iLntl (1 . 10)-~g· oL.w41::irUll::iGe Umwijr-LwUjLWU~ ~G­
Ull::i<t[lWLWJ~G ~l::in[ll::ili~ hbUlL.wGen. nrG wLtl::iL~ t hbzUlwgGmu ~l::in­
rl::iu~ 4~rwnm~JmGQ 4nG4rbUl tuG'l~rGI::ir Lm6bL~u : 

=fbm/..,.wOp. t~l::i Ulbll.~ mGI::iG ~l::inrl::ili~ UlWJliwGGbfl[!, WL4W 

pwijw4wGw~wlfl ul::io n-l::ir~ hwuwr. 

P
0
(K1,K2 )o::: <l>(b)-<l>(a) , 

K1 -np K2 -np. 
nrUll::ill. a= r:= ,b = r:= . 

vnpq vnpq 

<l>(x)- 4>mG4g~wG 4n~ijmli t lWUlLWU~ 4>mG4g~w: uzbGt;! WJU 

4>mG4g~wJ~ nrnz hwU14m~JmGGbr' 

1 . <1>(0) = 0 . 

2. <t>(x) -Q w~n11. 4>mG4g~w t , 

3. lim <t>(x) = _!_. 
n-->"' 2 
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4. <I>(x) -[] ljbGm ~mGljgtJw t ' <I>(-x) = -ct>(x): 

uljwmtJ mGbGwLn4. 3-!lll hwmljmpJnLG[], <+nroGwljwGmli []G-

IlnLG4_w6 t , nr brp x>4, <t>(x) -o []G!lmGmli bG hw4_wuwr .!_ -tJ : 
2 

<I>(x) ~mGljgtJwJtJ wrctbJ,?Gb!l[] ljwrbLtJ t qUlGbL <+lli:?tJ 4.br2mli 

Obr4wJwg4_wo wrumuwljtJg (mbu hw4.bL4.w6111): 

luufJftf1 4. 'llwmwhwrtJ hwG11bu <fWLnL hw4_wGwljwGmpJmG[] 

21 wuljwtu Ljlnr~b!ltJ9 JnL!lWJ:?WG!.JnL!lnLLi 0, 7 t: Q.m(ibl hw4_wuw­

ljwGmpjnLG[], nr UjWlllWhW!l[] hwG!lbU lj<fW ltJn!l~brtJg libowliwu­
GmpjmGmli: 

Lnufnlll. Ubr tuGiltJ!lG t nrnzbL P21 (11 , 21) , hw4_wGwljwGmp­

JnLG[]: 0<flll4_b(iJ,? Umw4_r-LWUjLWUtJ tJumbq.!lWLWJtJG pbnrblitJ 

hbmllwGJ:?tJg: tuullrtJ l4WJliwGGbrtJ llbl4J:?mli ' 

11-21 ·07 
a = · "" -1762 

~21 · 0.7 · 0,3 • 

21-21·07 
b = ' = 3 

~21 · 0.7·0,3 ' 

<I>( - 1. 762) = -<1>(1. 762) "" -0.4608 

<1>(3) "" 0.49865 

UJUlllbll.tJ9 hbmllmli t , nr. 

P21(11;21) ::::: 0,49865 - (- 0,4608) = 0,95945 : 

'-lbr2ru br4m pbnrbliGbrtJ Lib2 bGpwllr4.nLLi tr . nr A Ujwmw­

hwrtJ P hw4_wGwljwGmpJmG[! JnL!lWJ:?WG~Jmp Ljlnr~mli ljwtumli 

~mutJ n-tJg, uwljwJG llW LitJzm ~t . nr WJill4bu t: UJctli lltJmwrl.tbGJ:? 

WjG llbUjJ:?[! , brp P-G, wGljwtu liGWLn4. Ljlnr~r hwliwrtJg (Ljlnr~brtJ 
m4.JwL hw2nrllwljwGmpJmumli), ~<+mmli t, qrnJtJ brp, Ljlnr~brtJ 
PtJ4.r::! ~<flllmli t wG4.b!12nLPJWG: '-lb112tJG litJtnp[! GbrljwjwgGbGJ:? 
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w4.bLtJ Liwurwliwuu: tupwllrbGJ:? wnw2tJG hw2nrllw4wGmpJmuo 

pw11.4wgwo t n=1 Ljlnr~tJg, WJUlllbll. A UjWlllwhwrtJ hw011bu <fWLm 

A. 
hw4_wuwljwumpJmG[] OzwGwl.jbGJ:? P1 = 1 . brl.trnrll hw2nrllw-

l.jwumpJmG[! pw11.Ltwgwo t n=2 Ljlnr~brtJg, WJU hw2nrllwLtwGm­

PJWG JnL!lWJ:?WU!.JnL!l Ljlnr~mli A UjWlllwhwrtJ hw4_wuwl.jwump­

JmG[! hwumwmmu t , WJG Gzwuwl.jbGJ:? Pz ll n-rll hw2nrllw-

LtwumpJmG[! pw11.1.twgwo t n Ljlnr~brtJg, JnL!lWJ:?WG!.Jmr Ljlnr~mli 

A. 
A UjWlllwhwrtJ hw4_wGwl.jwumpJmG[! Ozwuwl.jbGJ:? Pn =- ll WJLG: 

n 

Ujulllbll. A. > 0 hwumwmm(i t: rG~UjbU mbuumli bGJ,? , JnL!lWJ:?WU~­

JnL!l hw2nrllw4wGmpJmGmli UjWlllwhwrtJ hw4_wuwljwumpJmG[! 

hwumwmmu t. tJuLt hw2nrllwLtwGmpJmGtJg hw2nrllwLtwGmpJmG 

wugGbLtJu Ljlnl.jlntu4_mli t. [!Gil nrmli ' hw4_wGwl.jwumpjwG mbuJ:?tJg 

hbmllmli t. nr bpb ubrtJwJtJ Ljlnr~brtJ ptJ4.r::! w04.b!12 Libowgumli 

bGJ,?, WUjW WjG ~<flllnLLi t 0-tJ: 

UJu llbl4J:?nLli Pn(m) hw4_wuwl.jwGmpJmG[! nrnzbLm hwliwr 

LttJrwnbLtJ t 'TlmwunGtJ pbnrbli[!: 

'llmwunutJ pbnrbli. tpb UjWlllwhwrtJ hw4_wGwljw jmpJmG[! n 

wGLtwtu Ljlnr~brtJg pw11.4wgw6 hw2nrllw4wGmpJWU JnL!lWJ:?WG~-

JnL!l Ljlnr~mli UnLJUU t ll hw4_wuwr t !:(A. > o) . WUjW tnbll.tJ mGtJ 
n 

hbmllJWL htu4_wuwrmpjmG[! · 

(1 .11) 

4tJrwnmpJmGubrtJ ctwliwGwl.j, brp Ljlnr~brtJ ptJ4.o pw4_wLtw­

Gw~wl.j1 Libo t, Pn(m) hw4_wuwl.jwumpjmG[! [!Gilm04_w6 t 4.brgGbL 

e- '-. "-m LibompJWU[! hw4_wuwr. WJutJGJ:?G' 
m! 
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( 1.12) 

fu{jfJ.flfl 7. 'lbmwtGbp UIWlnJlWUlnbL~U tunlnwu~ 0~2~G lnn~n­

U[! lnt.lJWL q.npowpwumo 0,5 % t : OpnzbL WJU hwttwuw~wum~Jm­

G[! , np L4Wlnwhw~wu ltbpgltwo 500 flblnWLUbJl~ Llb2 tunlnwu 'lb­

lnWLUbJl~ ~~lt[! ~~ wugumll 4-~g: 

Lmd'nul. h.JUI)Jl~ UIWJOwGGbp~g mubue, np 'lblnWL~ tunlnwu 

L~Gbtm hwttwuw~wum~JnLU[! hwttwuwp t' P = 0·
5 = _1_ 

100 200 ' 

500 
n=500, WJUlnb'l.~Q hblnL.mu t, np /... = 

200 
= 2,5: Oq.lnltbtnlt hw-

ttwuw~wum~JmGfibp~ q.muwpuwG ~bnpbU~g L. (1.12) pwuwaL.~g · 

~mubuwue . 

P{m $; 4) = P{m = 0 U m = 1 U m = 2 U m = 3 U m = 4) = 

= P{m = O) +P{m = 2)+P{m = 3) + P{m = 4) = 

QLO~tu 2 

'llUSU1U4Uu Ubont1Cl3ntuubr IJq 

PUCh.JUUu l>ntu48~Uubr 

2.1. 'llwlnwhw4wu ubom~Jmuubp 

UJu q.pemu tuufl~Jl ~~ 'lJlltmll hwttwuw4wGm~Jmuubp~ 

lnbum~Jwu npnz h~uuw~wu q.w'l.w4'Jwpubp~ uwhuw­

umllubJl[! lnWL tu~uln uw~bUWln~4w4wG 6zq.JllnnL~Jwllp : CG~bp­

gn'l.[! . huwpwttnJl t. WllW2~U wuq.wu q.npcr mu~ Gllwu q.W'l.W4'Jwp­

(Jbp~ hbln L. [!Uln mubgwcr Llw~bOWln~~w~w(j q.~lnbL~eubp~. 

UIWlnJlWuln ~t 1JG4wtbtm 6zq.Jl~ln uwhowumoubp[!: 

ullwu q.W'l.W4'Jwpubp~g t uwL. «UIWlnwhw~w(j ObOnL~JnLU» 

hwu4wgm~jnLU[! : u~wpwq.pbue. ~b ~(j~ b(j ~pbug~g Gbp4WJWQ­

Gmo L4Wlnwhwljwu LlMm~Jmuubp[! : 
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'lpgmQ, mGbGQ npl.tt Lflnp~p hbm 4wl4lJ.LU6 UlLUflflLU4WG 1.4LU­

UlLUhwpGbpp n pwqllm~JmG: '1pmwp4bGQ npl.tt X(ro) ~mG4gpw', 

npp npn21lwG mppnLJ~(! n -G t. pu4 wpctbeGbp oG11mGmll t R1-pg· 

ppw4wG ~lJ.bpp pwqllm~JmGpg, WJutJGeG' gwG4wgw6 roEn hw­

llwp R1 pwqllm~JmGmll q.nJm~JmG mGp lltJw4 X ~plJ.[! , WJUL4bu 

np' X(ro)=X: 

'Tlwmwhw4wG llb6m~JnL£i(! , ~bl.t GllwG t unqnpw4wG ~mG4-

gtJwJtJG, uw4wJG mGp Gwl.t mwppbpm~JmG. LUJG Lflnp~p oG~wg­

QnLil L4WU1Whw4wGnpbG t (!UilmGmll npl.tt wpctbQ • pp hGwpwqnp 

wpctbQGbpp pwqllm~JmGpg: np1.4bu oppGw4 4WflbLtJ t llPU1Wf14bL 

Gbmqwo qwnp 4tmtpp ~tlll.o. 2UlWL4 oq.Gm~JwG opqw 4wGj_bpp 

~plJ.[!, lJ.pCiw4wtuwflnll. 2whw6 q.mllwpp j_UJLfl[!, npl.tt UJL4f1WUQP 

UL4WnllwG 6wqWL[! , npl.tt LUL4flLUUQP wnLU2Wf14(!, L4Whw£i2Wf140 l.t 

wnG: 

UlJ.bLtJ llwGpwllwuG llPU1Wf14bGQ qwnp L4LUf1qwq.nLJG oppGw-

4o: lJbq hWJUlUP t, np qwnp hbm 4Wl4lJ.W6 Lflnp~p UlWflflW4wG 

L4LUU1LUhwpGtpp n pwqllm~JnLU(! html.tJLULG t' {1, 2, 3, 4, 5, 6}: 

UJUUlbfl, np1.4tu X(ro) lJ.bpglJ.mll t ro -u· X(ro)=ro, LUJupGQG' X( I )=1, 

X(2)=2, ... X(6)=6: 'Tlwpq t. np qwn[! GbmbLPU GwjuopnQ hwJUlGp 

iP LtJGmll WflllJnLUQ(!, uw GnLJGG t, ~b G2qw6 L4WU1Whw4wG llb­
OnL~JnLU(! l4WUlwhw4wGnptG t [!Gilm£imll pp wpctteGtpo: 

CGilhWGflLUL4bU L4WU1LUhLU4LUG llt6m~JnLU(! hwllwplJ.mll t 

mpqwo l.t hwqwGw4wGm~JmGGbpp mbum~JLUG mumllGwuppllwG 

wnwp4w. t~b mpqwo t WJill4WUlwhw4wG llbom~Jwu hGwpwlJ.np 

wpctbQGtpp pwqllm~JmGo l.t LUJil wpctteGtpo oG11mGbLm hwlJ.w­

Gw4wGm~JmGGtpo: Uw4wJG 2WU1 hwqlJ.wllbl4 bG mpqwo LtJGmll 

lJ.bp[! G2ll.w6Gbp[!. LUJil t L4UJU1Ciwno. np mumllGwupplJ.mll t 1.4w-

·x((l) )-u untJ.nrw4wu ~4LUJ~u wpqmlibullln4 :pmu4g~wubp~g lllwppbpl1_mli t upw­

unl1_, np X(t•J)-~ npn2liwu Ul~flnLJ~[! · 0 pwqlimpJnLU(! , n~ li~2lll t ~4LUJ~U pwqlim~­

JnLU: 
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mwhw4wG llbom~JWU 4wpl.tnpwq.mJG pGm~wq.rt'lHf PW2tullwG 

~mG4gpwG : 

UwhtlwunuJ X(ro) l4WUlwhw4wG llb6m~JWU pw2tullwG 

~mG4gt'lw t 4nilJ.mll ppw4wG ~lJ.bpp pwqllm~JwG lJ.pw mpqwo 

F(x) ~mG4gpwG, npp wpctbQGbp[! npn2Ltmll bG hbmltJWL hwqwuw-

pm~Jwllp' 

F(x)=P(X(ro )<x): 

'JfJmnrzmp;mu 1. {X(ro) < x} -(! ppbGpg Gbp4wJwgGmll t L4UJ­

mwhwp, WJUt'lGeG' WJG ro -bpp pwqllm~JnLU(!, npnGg hwllwp Ulbflll 

mGp X(ro)<x wGhwqwuwpm~JnL£i(!: 

'1fJmnrzmp;mu 2. {X(ro) < x} L4WU1whwpo 4wrbLt'l t Gbp4w­

Jwg£ibL hbml.tJLUL ~l.tnq· X(ro) E (- oo,x), WJUP£iQG' F(x) PW2tullwG 

~mG4gpwG L4WU1Whw4wG llb6m~JLUU (- oo, x) llt'l2W4LUJQP£i L4WU1-

4w£ibLnL hwqwGw4wGm~JmGG t: 

'JfJmnrzmp;mu 3. nrn2 hbflpGw4Gbp PW2tullw(i ~mG4gpwG 
uwhllwGmll bG nj_ jupum wGhwqwuwpm~JLUG llp2ngnq' 

F(x)=P(X(ro)~ x): UJU uwhllwGmll(! GmJ£il4bu Q£illm£ibLP t, uw4WJU 

WJUL4bu uwhllwGqwo pw2tullwG ~mG4gt'lWJP hwm4m~JmGGbp[! 
Lflnep-t'lGi mwppbplJ.mll bG lJ.bp[! uwhllwGqwo pw2tullwG ~mG4-

gpwJt'l hwm4m~JmGGbppg: 

u2bGQ L4LUUlLUhw4wG llb6m~JWU PW2tullwG ~mG4gpLUJP 

hwm4m~JmGGbp[!. 

1. 0 ~ F(x) ~ 1 : 

UJU hwm4m~JmGG w4GhWJUl t, ewGp np F(x) -(! uwhllwGqmll 

t np1.4bu hwqwGw4wGm~JmG. WJU CiP2Ul t Gwl.t llPUlnflnL~JmG 

3-mll G2ll.w6 pw2tullwG ~mG4gPLUJP hwllwp: 

2. F(x)-[! j_GlJ.wqnfl ~mG4gt'lw t, WJUP£iQG' gwG4wgw6 X1 l.t X2 

~lJ.bpp hwllwp x1<X21.4WJilwGpg hbml.tmll t, np F(x 1 )~ F(x2) : 
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8nljg mwGp WJU hwmljmpjwG 6zuwpmwgtmLpjmG[}: Qum hw­

t.J.wGwljwGmpjmGGbp~ qmuwruwG pbnpbu~ · X=X(w) L4Wmwhw­

ljwG tlbompJWG wpdbp~· x2 - ~g 41ner L~GbLm hwt.J.wGwljwGmpJm­

Gn 4L~G~· 

P(X < x2 ) = P(X < x1 U x1 :::;; X < x2 ) = P(X < x1 )+ P(x1 -:; X < x2 ) 

ljwu F(x 2 )=F(x 1)+P(x 1 :::; X <x2 ), 

pWJQ P(x1 -:; X< x2 ) ;;::: 0, mum~ F(x 2 ) ;;::: F(x1) : 

UJu hwmljmpJmG~g hbml.tmu t. np. 

P(x 1 :::;; X < x2 )= F(x 2 )-F(x 1), 

ljwu, nr GnLJGG t' P(X E lx 1,x2 )) = F(x 2 )-F(x1 ) : (2 .1) 

trl.Jrnrll hwmljmpJmGn L4Wh1..4wGt.J.mu t Gwl.t ll~mn11mpJmG 
3-mu uwhUwGt.J.wo pwztuuwfi ~mfiljg~wJ~ hwuwr: 

3. PwztutlwG ~mGljg~wJ~ hwuwr mb11~ mfibG hbml.tJWL hwt.J.w­
uwrmpJmGfibrn · 

lim F(x) = 0 , 
X-+oO 

lim F(x)= 1: 
X-+ +oo 

(2.2) 

(2.3) 

trrnr11 hwmljmpJmGn GnLJfi1..4bu L4Wh1..4wGt.J.mu t ll~mn'lmp­

Jmfi 3-mu uwhtlwGt.J.wo pwztutlwfi ~mGljgjlwJr hwuwr: 

4. PwztuuwG ~mGljgjlwG owtujlg wG[}GilhWm ~mfiljgjlw t. WJ­
ujlfipG. 

lim F(x) = F(x 0 - 0) = F(x 0 ) ; 
xtx0 

UJU hwmljmpJmGjlg hbml.tmtl t. np, [}GilhwGmp wnuwup, 

pwztuuwG ~mGljgjlwG wGnGilhWm ~mGljgjlw !t. WJG ujlwjG 

owturg wGnG11hwm t , orrGwlj' qrw~~4 2.2-mu Gbrl.JwJwgt.J.wo 
~mfiljgjlwG. 

'TlUSU'lU~UL UbOnt03ntLLbP b4 PUCtuUUL l>ntL~S~ULbP 

F(x) 

1 
F(x, +0) 

0 
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X 

<+pw-1>114 2.1 

x=x0 ljbmmu owtu~g wGnG11hwm t . uwljwJG W2~9 wGnG11hwm 

!t. pwG~ nr lim F(x) = F(x 0 + 0) * F(x 0 ), mum~ ~mGljg~wG x=xo 
x.!.xo 

ljbmmu wGnG11hwm !t: 

Oqmt.J.bLnt.l. pwztutlwG brl.Jrnrll l.t trrnrll hwmljmpJmGGbp~g· 

l.JwrbL~ t gmJg mwt. npmb11~ mG~ hbml.tJWL hwt.J.wuwpmpJmGn' 

(2.4) 

tpb x0 ljbmn pwztuuwG ~mGljg~wJ~ wfinGilhwmmpjwG ljbm 

t . WL4W F(xo+O)=F(xo) l.t (2.4) pwGwol.t~g ljhbml.t~. nr 

P(X = x0 )= 0 : 

UJUL4~unt.J. , ljw[ln'l bGp ol.twljbfll4bl pwztuuwG ~mGljg~WJ~ 

hwmljmpJmGfibp~g ptun11t1~ zwm ljwpl.tnr hbml.twGp: 

~1Jll1uwup. ~wt.J.wfiwljwGmpjmG[}, np 1..4wmwhwljwG tlbomp­

JnLG[} LJnG11mG~ ~11 nrl.tt wrcrben. hwt.J.wuwr t WJil ljbmmu pwztu­

uwG ~mGljg~wJ~ tuqllwG pn~!!?~G · F(xo+O)-F(xo): 
:Jl.twljbfll44.wo hbml.twGen hGwrwt.l.nrmpJmG t mwL~u "! 

u~wJG hwzt.l.bL P(X E lx1.x 2 )) hwt.J.wGwljwGmpJmfin. WJL Gwl.t 

P(X E(x 1,x2 )), P(X E(xtx 2D. P(X E[x 1,x2 J) hwt.J.wGwljw­

GmpJmGGbrn: 
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P(X e [x1:x2 D= P(X e [x1.x2 )U {x 2 })= P(X e [x1.x2 )U X= x2 )= 

= P(X e [x1.x2 ))+ P(X = x2 ) = F(x 2 )-F(x1)+ F(x 2 + 0)- F(x 2 ) = 
=F(x 2 +0)-F(x1): 

1wllwGllwG CIL.ntl, 4wl1bL~ t hwztl.bL GwL. OJmu hwtl,wGwl.jw­

GmpJnLGGbp[!. lli1WGJ? tunphnLflll t ISlptJ.mll hwztJ.bL [!Gpbi1Qnll.~G 

~GJ?GnqmLJG, WJU~GJ?G' WfliJlWhWJISlbL pwztullwG ~mGl.jg~wJ~ ll~-

2ngntl,: 

I'J)biJl!? t Gzbt. np pwztullwG ~mGl.jg~wJ~ !"flfl"flll hwiJll.jmpJm­

G[! !P UjWhUjwGtl,nul !Jfunnrzmp;mu ~nLll uwhllwGtl,w6 pwztullwG 

~mG4g~WJ~ hwllw11. WJUISlbll. pwztullwG ~mGl.jg~wG hwGfl~UW­

Gnul t W2~9 wG[!GflhWIJl ~mGl.jg~w : 'Tlwpq t, np WJU flbllj!?mtl 4ln­

tutl.mo t GwL. (2.4)-[! L. [!GflmGmll t hbiSluJWL IJlGUJ?[!. 

P(X =x0 )=F(x0 )-F(x 0 - 0): (2.5) 

UJctll CIL.wl.jbpUjbGI? hwtl,wGwl.jwGmpjmGGbp~ IJlbumpJWG 

wnwGgpwJ~G pbn11bllGb11~9 llbl.j[!: 

labn11bll. tpb n11L.t F(x) ~mGl.jg~w pwtl,wpw11mll t pwztullwG 

~mG4g~WJ~ (2-4) hwiJll.jmpjmGGbp[!, WUjW qnjnLpjmG mG~ n hw­

tl,wGwl.jwGmpjWG IJlWI1w6mpjmG L. fli1W tl,pw n11nztl,w6 X(w) UjW­

IJlwhwl.jwG llb6mpjmG, WJUUjbu n11 F(x) ~mGl.jg~wG hwG11~uwGmll 
t X(w) UjWIJlwhwl.jwG llb6mpjwG pwztullwG ~mGl.jg~wG : 

'1funnrzmp;mu 1. rabn11Mmll !~ Gztl,w6 pwztullwG ~mGl.jg~WJ~ 

wnw2~G hwiJll.jmpJnLG[!, J?WG~ n11 WJG hbiJlL.mll t (2-4) hwiJll.jmp­

JmGGbi1~Q: 4bpL.mll wnw2~G hwiJll.jmpJnLU[! 1Jlfltl.w6 t mumgnll.W­

l.jwG GUjWIJlWl.jGbpntl,: 

'1funnrzmp;mu 2. rabnpMmll Gztl,mll t, n11 qnJnLpJmG mG~ 

X(w) UjWIJlwhwl.jwG llb6mpJmG, n11 F(w)-G lli1W pwztullwG ~mGl.j­

g~wG t, uwl.jwJG !UlGISlJ? t 4wl16bL, n11 qnJnLpjmG mG~ ll~wl.j 
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X(w)-G: Un 4bi1Ul wuw6' hGw11wtl.n11 t, n11 1J1WI1Pbl1 UjWIJlwhwl.jwG 

llb6mpJmGGbl1 mGbGwG GmJG pwztullwG ~mGl.jg~wG: Pb11bGR ll~ 

011~Gwl.j : 

'l~IJlWI14bGJ? hbiSluJWL UjWIJlWhwl.jwG llb6mpjmGGbl1[!. 

x1(w) = {1, bpb (l) E A 
0, bpb w ~A 

( ) {
0, bpb wE A 

L. x2 w = 
1, bpb w ~A, 

n111J1bll.' P(A) = 1/2: 

1bz1Jl t uiJlmqbL, np X1(w) L. X2(w) UjWIJlwhwl.jwG llb6mpJmG­

Gbl1[! L~UbLntJ. IS1Wf1Pbl1' mGbG GmjG pwztullwG ~mGl.jg~wG' 

1

0, bpb X~ 0 

F(x) = ~, bpb 0 < X ~ 1 : 

1, bpb X > 1 

'l~U411b1Jl UjWIJlWhwl.jwG llb6mpjnLU[! uwhllwGbLnL hwllw11 

wGh11wctbz1S1 t hwul.jwGwL. pb n11 pwqllmpjmGGbpG bG 4n!tl.mll 

hwztl.bL~ pwqllmpJmGGbl1: 

CGflhWGI1WUjbu hwztJ.bL~ pwqllmpjmGGbi1G wGtJ.bfl2 pwqllmp­

jnLGGbl1~ UjWI1qwqnLJG flGUjJ?bi1G bG: 'li1WUJ? WJGUj~U~ pwqllmp­

JmGGbl1 bG, n11nGg IJlWI1flGI1[! l.jw11bL~ t hwllWI1W4WLbL 4wll, wtJ.bL~ 

tu~uiJl ' pwqtlmpJWG IJ1Wfli1GI1[! l.jw11bL~ t flUbL 4lntull~WI10bJ? hw­

tlWUjWIJlwutuwGmpjwG tlb2 pGwl.jwG pt.J.bl1~ hbiJl: 011~Gwl.j' wtl­

P"I12 pt.J.bl1~ pwqtlmpjnLG[!, nwg~nGWL ptl,bp~ pwqllmpjmG[! L. 

wnG: 
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UwhliwGI::iGE fltm4Jll::iLn UJWLnwhwljwG ul::iampjmGo: 

UwhilwiJnuJ. X=X(ro) UJWLnwhwljwG uMmpJmGo ljnj_4_mu t 

flpuljpl::iLn UJWLnwhwljwG uMmpjmG, l::ipl::i flflW wpctl::iEGI::iflp pwq­

umpjmGo 4.l::ifl2W4.np ljwu hwz4.1::iLI1 pwqlimpjmG t: 
OflUjl::iU flpuljpl::iLn UjWLnwhwljwG Lll::i6mpjwG UjwpqwqnLJG 

oppGwljGI::ir ' 4wrl::iLI1 t Gzl::iL Gl::iLn4_w6 qwnp ljl::iLnl::iflp pp4_[! , n L.jlnp­

ol::irnu.'i UjWLnWhWJlP hwGfll::iU qWLnL Pl14.o . np~t UUjWUWpljliwG hw­

Llw4wrqmli OJ14.W uGpwgEmli Gbfl4WJWg4_w6 UjWhWG2Wfl4GI::irll 

PPtlU ~ wnG: 
UwhilwiJnuJ. 'lpuljpl::iLn UJWLnwhwljwG liMmpJwG pwztuuwG 

opl::iGE ljnj_tlmli t UjWLnwhwljwG ul::iampjwG pnLnfl hGwpw4.nr WJl­

ctl::iEGI::irll ~ WJfl wrctl::iEGI::iru uLnwGwLm hw4_wGwljwGmpJmGGI::irl'l 

hwuwtulipmpJmGo: 

UjUUjpun4_, bpl::i X=X(ro) UjWLnWhwljwG ubampjwG WflOI::iEGI::iro 

GzwGwljbGE. 

P, , p2· ···· ·· Pn, ..... , 

nrLnl::ifl. Pk=P(X=xk) , k=1 ,2,3 ... ... ,n, .. .. . 

WUJw· X UJWLnwhwljwG liMmpJwG pwztuuwG opl::iGEu ljwpl::iLI'l t 

LnWL hl::iLn~JWL W'lJnLUWljplip2ngn4_' 

Xlx1 x 2 ·· ·X · · · I I t n I • 

P P1 P2 ··· P ···. 
I I t n t 

'llwrq t, nr Pk hw4_wGwljwGmpJmGGI::ipo pw4_wpwrmu l::iG 

hl::iLn~JWl UjWJUWGGI::ip[!. 

0 ~ Pk ~ 1, k = 1,2,-· ,n,·· ·, (2.6) 

(2.7) 
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6pzLn t Gw~ hwljwnwlj[! . l::ipb mGI::iGE q,, q2, .. . , qn ·· · p4.1::irj'l 

hw2nflflW4wGmpJmG, nrnGE pw4_wpwrmli l::iG (2.6) ~ (2.7) UJWJ­

liwGGI::ifl[!, WUjW qnjnLJ'}jnLG mGp nr~t flpuljpl::iLn UjWLnwhwljwG lil::i­

OnLpjmG, nrr pwztuuwG opl::iGEG t' 

Yly,,y2·· ·· ,Yn •·· : 
q q,,q2•· · ,qn•· · 

'-lwUJ qnJnLPJnLG mGp flpuljpl::iLn UJWLnwhwljwG libampjwG 

pwztuuwG orl::iGEj'l ~ pwztuliwG ~mGljgpwJp lip2~: bpl::i Lnp4_w6 t 

flpuljfll::iLn UjWLnwhwljwG lil::iampjWG pwztuliwG opbGE[!, WUJW flflW 

pwztuuwG ~mGljgpwG npnz4.mli t hl::iLn~JWL pwGwa~n4.· 

(2.8) 

nrLnl::irf qmuwpu Lnwrwo4_w6 t k-p wJG pnlnJl wpctbEGI::irp 4_pw, n­

pnGg hwliwUJwLnwutuwGnfl xK -oro LllnErl::iG x -pg: 

UJctli l::iGpwflpl::iGE' Lnf14.w6 bG flpuljfll::iLn UJWLnwhwljwG lil::i­

ampjwG F(x) pwztuliwG ~mGljgpwG ~ wGhwJLn P1, P2 , . .. 

hw4_wGwljwGmpjmGGI::ippG hwliWUJWLnwutuwGnfl x, h , ... wrctl::iE­

GI::ip[! . qLnGI::iGE pwztuuwG opl::iGEu: 0qLn4.1::iLn4. (2.4) pwGwa~pg· 

ljmGI::iGwGE' 

PK = P(X = xK) = F(xK +0) - F(xK) : 

'lpLnWJlljbGE flpuljpl::iLn UjWLnwhwljwG ubampjwG pwztuliwG 

~mGljgpwJp wGWLPLnP4 ~ qrw~pljwljwG Lnl::iUE[! , bflp flflW wpctbE­

Gbpp pwqlimpjmG[! 4.l::ifl2W4.np t, pulj pwztuliwG Ofll::iGE[! ' Lnp4_w6. 

Xlx 1,x 2, · · , X0 

P P1,P2, ··,Pn. ' 
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F(X) = 

surrU4U~t4n~nutsr~4u 

0 , bpbx~x 1 
P1, bpbx1 < x ~ x 2 
P1 +P2, bpbx 2 < X ~ x 3 

F(x) 

~ 
p3: 

p~ 
P,t?-. -~2 : : 

X, Q X2 X3 X4 

·············· -----

X 

Qpw~jllt 2.2 

Q.llw~~~ 2 . 2-~g bllltmu t. nil 'l~U~Ilblfl L4Wlflwhw~w(i llbomp­

JW£i pwztuuwG ~m(i~g~w(i mG~ hbUlltJWL wnwGoGwhwm~mpJmG­

(ibllQ. 

1. 'lllW <tflW~~~[! WUUl~lSw(iwolt t, 

2. WJG tuqll.mo t x1 .x2. ··· .xn ~bmbllmu lt tuquwG pn~teGbllQ 

hwOWL4WlflwutuwGwpwll hwll.wUWil b(i' P1, P2, ··· , Pn: 

l=!bllb£iE 'l~U~IlbUl L4Wlflwhw~w(j llbOmpjm(i(ibll~ ll~ EW£i~ 

Oll~Gw~Gbp , nllnGe mpll.wo bG pwztuuwG ollbGe~ u~2ngn4.: 

'TJUSU'IU4U~ Ub0nt1Cl3nt~~tr b4. PUCtuUU~ :b0t~49~Ut..tr 73 

OflftUwf; 1. ublmtwo qwn~ ~blflbll~ P~ll.D L4Wlflwhw~w(i ob­

ompjmG t, nil~ pwztuuwG Ollb£iEQ lflllll.mu t hbmltJWL wrumuw­

~nll· 

X 1, 2, 3, 4, 5, 6 -------
P111111 

6'6'6'6'6'6' 
Oflftuwq 2. l=!bll£inLL~~ lflnllObllnLU A L4WlfiWhW1l~ hw£i11bu 

qwtm m P~llD L4Wlf1Whw~wG ubompJmG t, nil~ pwztuawG Ollb£iEQ 

lflllllmu t hbmltJWL wrumuw~nll· 

ml 0, 1, 2, 
p C Oqn C 1 Pqn-1 C 2p2qn-2 

n , n ' n ' 

n 

.C~P", 

Ck - n! k 0 n P P(A) q = 1- P: 
" - k!(n-k)! ' = '' = ' 

Ujumbq w£ihllwdbzmmpJm£i ~w ummctbtm hbmltJWL hw4.w­

UWilnLPJnL£iQ. 

C0q2 +C1Pqn-1 +C2p2qn-2 +···+C"P" =1 · n n n n · 

UjG lS~2lfl t, ewG~ nil 'lllW owtu UWU[! hwll.wUWil t (P+q)" ' ~u~ 

4.bll2~£iu w~GhWJlfiWPWil hwll.wuwll t 1-~ : 

Umwgll.wo hw4.wGw~wGmpJm£i£ibll~ pwztumuo ~n~ll.mll t hw-

4.wGw~wGmpjmG£ibll~ p~Gnuw~w(i pwztumu: 

OflftUwf; 3. X L4Wlf1Whw~w(j ubompjm(i(i m(i~ '1lmwun(i~ hw-

4.wGw~w(impJm£i(ibll~ pwztumuo. bpb 'lllW pwztuuwG Ollb£iEQ 

lflllll.mo t hbmltJWL wrumuw~nll· 

~ 0 , 1 , 2 , 3 , ···, n , 

PI -A 1 -A A2 -A A3 -A A." -A e 1\e - e - e · · · - e 
' ' 2! '3! ' ' n! 

nllmbq · A.>O: 
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2.3. UG[!G'lhWtn UjWtnwhw4wG ub6mpjnLGGbp 

UwhtlwunuJ. X=X(ro) UjWtnwhw4wG ub6mpJnLUIJ 4nit.lmu t 

WG[JG'lhWtn 4wu pwgwp~w4 WU[JG'lhWtn, bpb qnJnLPJnLU mujl ujl 
npl.tt f(x) ni pwgwuw4wG ~m04gjlw,· WJUUjjlujlu, np 

X 

F(x) = Jt(u~u : 
-<n 

Uwhuwumujlg hbtnl.tmu t , np bpb F(x) ~m04gjlwu mGjl 

wG[JG'lhWtn w6wugJWL, WUjW. f(x)=F'(x) : 

f(x) ~m04gjlwu wGLtwGmu bG X=X(ro) Ujwtnwhw4wG ub6mp-
+<n 

JWU tutnnLpJWU ~mG4gjlw : 'llwpq t, np Jt(x~x = 1: 
- oc 

1wjtnujl t, np P(x1 ~ X < x 2 ) = F(x 2 )- F(x1 ) (tnb'u pwGw~l.t 

1.1 ), WJU WfltnWhWjtnbGQ tutnmpJWU ~mG4gpwjjl Uj12ngnt.1.' 

UtnwgLtw6jlg hbtnl.tmu t, np x 1 ~X<x2 wGhwLtwuwpnLpJwG jl­

pw4wGwguwG hwt.lwGw4wGmpJmuo pt.lwutbu hwt.lwuwp t WJU 

4npw<fp6 ub'l.wujl Llw4bpbuj1G, npo uwhuwGwttJw4Ltw6 t y=f(x) 

4nrnt.l, wpugjluubpjl wnwugent.l l.t x=x1 , x=x2 4btnbpnt.l wugGn11. 

wpugjluGbpjl wnwugQjlG nl'l.'l.WhWJW9 nL'l.P'l.0bpnt.l: uzt.lw6 
4npw<fp6 ub'l.WUIJ gnqg t tnpt.lw6 hbtnl.tJWL G4wpmu· 

y 

y=f(x) 

X 
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PbpbGQ ujl QWUjl hwjtnujl WU[JG'lhWtn UjWtnwhw4wG ub6mp­

JnLUUbpjl opjluw4Gbp: 

Oflfluwlj 1. 'llwtnwhw4wG ub6mpjnLUIJ [a, b) Uj12W4WJQnLU 

mujl hwt.lwGw4wGmpjm00bpjl hwLI.WUWflWiWttJ pwztumu, bpb 

'lflW hwt.lwGw4wGmpjmGGbpjl tutnmpjwG ~nLG4gjlwG mujl hbtn­

l.tJWL tnbUQ[J' 

l 1 
( ) 

--, bpb a ~ x ~ b 
fx = b-a 

0, bpb x < a 4wu x. > b 

(2.10) 

nLubGwLnt.l tutnmpJWU ~m04gjlwjp (2 .1 0) tnbUQ[J. 4Wfl0'1. bGQ 

qtnGbL pwztuuwG ~mG4gjlwo· 

X X a l
o , bpb x ~ a 

F(x)= J(u~u = - -- , bpb a < x ~ b : 
b-a a 
1 , bpb X > b 

(2.11) 

l::iupW'lflbGQ · [x1, x2) ur2w4WJQIJ npl.tt ur2w4WJQ t [a, b) ur2w-

4wmr Gbpumu: Cutn (2.9) pwGw~t.tr' 4mGbuwue. 

UjUUjjlUnt.l, bpp X UjWtnwhw4wG ub6mpjnLU[J [a, b) UP2W4WJ­

QnLU mGjl hwt.lwGw4wGmpJm0Gbpjl hwLtwuwpwiwttJ pwztumu, 

WUjW [a, bJ-r Gbpumu (ftnGLI.n'l. Uj12W4WJEnLU oG4GbLnL hwt.lwuw-

4w0nLpjnLU[J nL'l.P'l. hwubuwtnw4wG t WJ'l ur2w4wJQP bp4wpmp­

JWUIJ l.t 4wtumu imGjl 'lflW '1PflQP9 [a, b] Uj12w4WJQP ubpumu: 

3mpwQWUiJnLfl UjWtnwhw4wu Ub6mpjnLU 4WflbLP t ~l.tw­

ttJntubL WJUUjGU, np utnwgt.lw6 UjWtnwhw4wG ub6mpjnLU[J [0, 1) 
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0P2W~WJQnul mGbGw hwqwGw~wGmpjmGGbflp hwqwUWflWiWt.fl 

pwztumu: UJil t q~wJmU hblillLJWL pbnpMrf 

fabnpbu. 'lpgme, X=X(ro)-G ~WUWJW~WG ~WlilWhw~wG ub-

6-mpjmG t' F(x) pwztuuwG ~mG~gpwJnq, WJil llb~emu y=F(X) 

~wlilwhw~wG oMmpjmG[! (0,1] 0P2W~WJj;?nLU mGp hwqwuwpw­

iWt.fl pwztumu: 

Of1/luw(j 2. =iwtfwuw(jwump;muubf1/1 gmgfw;/10 pw2tunuJ: X 
~wlilwhw~wG obOmpjmG[! bGpwp~qmu t hwqwGw~wGmpjmGGb­

llP gmgiWJPG pwztuowG, bpb llllW tulilmpjwG ~mG~gpwG mGp 

hblillLJWLlilbuen· 

f(x) = {0 , bpb x :o; 0 , 
A.e -Ax , bpb X > 0 

npU1b'l A.>O lL ~nittmu t gmgiWJpG pwztuowG ~wpwUbU1p : 

tuU1nLPJWG ~mG~gpwjp qpw~p~p U1bUj;?(! ~WU1~bpGw6 t qpw~p~ 
2.4-mu: 

PwztuuwG ~mG~gpwJp Ulbuen ~LtlGtl' 

F(x) = {0 • bpb x :o; 0 : 
1- e -Ax, t:;pt:; X > 0 

f(x) 

0 X 
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Of1/luw(j 3. UnwqbL hw!Swtu hwG11p~n'l ~Wlilwhw~wG Ub6m­

pjmGGbppg bG a lL cr ~wpwUblilpbpnq GnpUwL pwztuttwo ~wlilw­

hw~wG ob6mpjmGGbp[!, nrnGe wGqwGmu bG GwlL qwmujwG ~w-

lilwhw~wG ubompJmGGbplL ~p!Swlil qpmu bG' X-N(a, cr): 

X ~WlilWhw~wG Ub6mpjmG[! pwztuqw6 t GnpUWL a lL cr ~w­

pwUblilpbpnq, bpt:; llllW tulilmpjwG ~mG~gpwG mGp hblillLJWL 
lilbUj;?(!. 

(x-a)" 
1 --

f(x)=--e 202 
, XE(- oo,+oo) : 

&cr 

X 
{u- a)" 

1 --
F(x) = rn- Je 2 02 du : 

v 2ncr -~ 

'ldqwp it UU1mqbL, np F(x) ~mG~gpwG , ppne. ~wiilwhw~wG 

ubompjwG pwztuowG ~mG~gpw t. WjUpGeG' pwqwpwrmu t 2-4 

hwiil~mpjmGGbp[! : 

tpp a=O, cr=1 , w~w ~wU1whw~wG obompJmGG wGqwGmu 

bG UU1WGilWI1U1 GnpUWL ~WU1Whw~w(j ubompjmG: 

4wrbttl t gnljg U1WL, np GnpUWL pwztuqw6 ~WU1Whw~wG ub-

6mpjWG y=f(x) tulilmpjwG ~mG~gpwG mGp oweupomu X=a ~t:;-

U1nLU lL Ymax = y{a)= ~ , llllW qpw~p~[! hwUWiWt.fl t (upUbU1-
crv2n 

pp~) X=a nL'l'lP G~wU1owop , mGp 21120wG bp~m ~bU1' x=a±cr lL 

lim f(x) = 0 : tuU1nLpJwG ~mG~gpWJP qpw~p~G mGp hbUllLJWL 
X-+"' 

Ulbuen (Ulb'u qpw~p~ 2.5): 

a ~wpwUbUlpp t.flnt.flntuowG ctwuwGw~ ~np(! ~Ulb'lwt.flntutttl 

wpugpuGbpp wnwGgenq· it.flntubtntt Pll OLLn: 
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f(x) 

0 X 

a l4Wf1WUbtn[l[! pGmpwq[lmtl t ~nfl~ lflnt.lw6mpJnLG[! wpug~u­

Gbfl~ wowGg_g~ G~wtntlwtlp: q.flW~~~ 2.6-mtl pbflt.lW6 bG a~. a2; 

a,<a2 l4Wf1WUbtn[lbfl~G hwuwl4wtnwutuwGnrt ~n[lbfl[!. hwutnw­

tnmG a l4Wf1WUbtn[1bfl~ !lbl4£lnLU: 

y 

1 
cr,ffrr 

1 
(12 <J'2ii ... ... ... .. .. " ... . 

a X 

Qpw:jlp~ 2.6 

U~uhwJtn t. n[l utnw£ii1Wfltn Gnf1UWL l4Wtnwhw~wu tlb6mpJw£i 

tutnmpJWG ~mG~g~WJ~ qpw~~~[! ~LPG~ hwtlw~wlfl · OP!l~GwtnGb­

fl~ wowug_g~ G~wtnuwup l.t ~mubuw q[lw~p~ 2. 7 -mu l4Wtn~bfl­

t.lw6 tnbu_g[! : 
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y 

1 
"& 

0 X 

Qpw:jlp~ 2.7. 

lflw[lqwqnLJG hw2t.lWfl~Gbf1~9 hbtnn ~WflbL~ t qtnGbL Gn[lUWL 

l4Wtnwhw~wG ubompjwG' n[ll.tt U~2W~WJEnLU [!G~GbtnL hwt.lw­

Gw~wGmpjnLU[!, [!Gil n[lmu· WJUtnbrt G2wGw~mp]mG ~mG~ t1~2W­

~WJ£l~ pwg, lflw~ ~wtl ~~uwpwg L~GbL[! , _gwG~ n[l Gn[lUWL 

l4Wtnwhw~wG tlbompjwG PW2tut1wG ~mG~g~wG wubGm[lb£1 w­

G[!G!lhWtn t. WJU~G_gG ' l4Wtnwhw~wG ubompjWG n[ll.tt W[ldb_g 

utnwGwtm hwt.lwGw~wGmpjnLU[! hwt.lwUW[l t q[lnj~: 

u2t.lw6 hwt.twGw~wGmpjmG[! hw2t.lWfl~t.lmt1 t hbtnl.tJWL pw­

Gwol.tnt.l' 

( ) (x2 -a) (x1 -a) Px 1 :s; X < x 2 =<1>-a- -<1>-a-, 

n[ltnbrt' <l>(x)-[! LWl4LWU~ ~mG~g~wG t' 

2 
1 X -~ 

<t>(x) = ~ Je 2 dz 
v2n o 

UwuGwt.lnp!lbl4£lnLU, bpp x1=a-3cr, x2=a+3cr, ~mubuw[i_g ' 

P(a- 3cr :s; X < a + 3cr) = 2<1>(3) ::::: 0,997, 

WJU~G_gG' a l.t a l4Wf1WUbtnpbf1nt.l Gn[lUWL pw2tut1wu !lbl4£lnLU 

0,997 hwt.lwGw~wGmpJWUp (WJU~G_gG' hwUW[lJW hwt.lwutn~) ~w­

flbL~ t l4G!lbL. n[l 1.4wtnwhw~wG tlbompjmG[! ~2brtt.l~ a -~g n~ 
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w~bL, QWG 3cr llb6mpjwllp: unpUWl pwztu~w6 ~WlllWhw4wG ub­

OnLJ'}JWG WJU hwlll4mpJmGo 4n!~mu t «bflbQ upqllwJtJ» 4wGnG: 

'llwlllwhw4wG llb6mpJmGGt;pp oppGw4Gbpmu (flru4pblll 4wu 

wGQGflhwlll) UlbuGmu bGQ, np pwztuuwG ~mG4gtJwGbpQ , pwztu­

llwG opbGQGbpQ L. tulllnLJ'}JWu ~mG4gpwGbflQ 4wtu~w6 t;G llb4 

4wu llp ewGp ~wpwublllpbppg: 1WJU1Gp t. np WJll ~wpwllblllflbflQ 

mGt;G npnzw4p pllwulllGbp, WJL 4bfl~ wuw6' l)flWGQ ~wmwhw-

4wG llb6mpJwG npnzw4r pGmpwqptJ!Gbp t;G: 

2.4. tr4!WLP ~wlllwhw4wG ub6mpjmGGbp 

'lpgmQ, mGbGQ X lL Y ~wlllwhw4wG ub6mpJmGGbpQ: 

UwhtJwunuJ: tp4m ~wlllwhw4wG ub6mpJmGGbppg 4wqu­

~w6 (X, Y) hwllw4Wfl(lQ 4n!~nLU t bfl4!WLP ~WlllWhw4wG ut;6mp­

JnLG 4wll ~wlllwhw4wG ~b4lllnp: 

tr4!WLP ~wlllwhw4wG ub6mpJnLUQ hw6wtu GzwGw4mu t;G 

llb4 UlWnn~' Z=(X,Y): 

Uwhtlwumtl: bfl4!WLP ~wlllwhw4wG ub6mpJwG pwztuuwG 

~mG4gtJwG x L. Y lflnlflntuw4wGGbp~g 4wtu~w6 F (x, y) ~mG4-

gpwG t, npp wpdbQGbflQ npnz~mu bG hbllli..LJWL 4br~· 

F(x, y) = P(X < X n y < y ~ - 00 ~ X ::::; +OO' - 00 ::::; y ::::; +OO : 

PwztuuwG ~mG4gtJwG mGp hbUluJWL hwlll4nLPJnLGGbpo' 

1. O::s;F(x, y) ::::;1: 

2. F(x,y) ~mG4gpwG QUU1 JnLflWQWU!JnLfl wpqmubGUlp, 

!G~wqnf1. ~mG4gtJw t' 

F(x1. y) :::;F(x2. y), X1<x2 

F(x, Y1) ::s;F(x, Y2). Y1<y2: 

3. Cum JnLflWQWG!Jmp wpqnulbump' ~wtupg wGQiil)hwll1 t. 

'llUSU'IU4Uu Ubontl03ntuubr b4 PUCtuUUu l>ntu4S~UubP 

4. 4wuwJw4wG x -r LL y -r hwuwr, 

F(- co, y) = F(x,-oo) = F(- co,-oo) = 0: 

5. 4wuwJw4wG x -r u y-tJ hwuwp (x * - oo, y * - oo) 

F(x,+co) = Fx (x), 

F(+ co,y)= Fy(y), 

81 

nplllbrf Fx(x) lL Fv(Y) ~mG4gtJwGbpQ hwuw~wl.llwutuwGwpwp X L. 
Y ~wlllwhw4wG ub6mpjmGGbpp pwztuuwG ~mG4gtJwGbpG bG, 

6. F(- co,+co) = 1 , 

7. F(x, y)=F(y, x): 

1w~wGw4wGmpJmGGbpp pwztuuwG bfl4!wlfl ' F (x, y) ~mG4-

gpwJp lip2ngn~ 4wflbLtJ t WfllllWhWjlllbL WJU hw~wGw4wGmpjnL­

u(J, np X ~WUlwhw4wG ub6mpjnLUQ 4oG4Gr [x1.x2) UP2W4WJRnLU 

U, upwdwuwGw4. Y-o 4oG4Gp [Y1. Y2) UP2W4WJQnLU, WJUPGQG' 

M(X,Y) 4bmQ (~wmwhw4wG ub6mpJmG 4nnpflpGwmGbp mGb­

gnrt) 4oG4GtJ qpw~r4 2.8-mu zmrrtuw~np~w6 nLil.f1.WG4JwG ub2: 

y 

0 x, x, X 

Qpw~~~ 2.8 
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(2.12) 

(2.12) pwGw(llt[! hwutuwmttn t (2.1) pwGw(llttl htm: 

Uwhuw/Jnu.J. X lt Y l4WLnwhw4wG ut6mpjmGGtp[! 4ngtmu tG 

wG4wtu. tpt' 

F (x ,y)=F x(x )· Fv(y): 

tp4~wtfl l4WLnwhw4wG ut6mpjmGGtp[!, tlG~t4bu ut4 ~wtflw­

Gn l4WLnWhw4wG ut6mpjmGGtp[! , 4wrttn t I}WUW4wpqtL [!Uln 

lltlu4rtm lt wG[!GI}hwm l4WLnwhw4wG ut6mpjmGGtpn: 

Uwhuw/Jnu.J. tpt X lt Y l4WLnwhw4wG ut6mpjmGGtp[! llnu4-

ptm l4WlnWhw4wG ut6mpjmGGtp tG, Wl4W (X, Y) tr4~wtfl l4W­

mwhw4wG ut6mpjmG[! 4n~4_mu t llnu4ptm tp4~wtfl l4WLnwhw-

4wG ut6mpJmG, npn pwztuuwG optGp 4n~4_mu t llflW wpdtpGtpn 

lt hwllwt4wmwutuwG hw4_wGw4wGmpJmGGtrn hwuwtuupmp­

JnLG[!, np[! mp4_mu t htmltJWL wrumuw4n4.' 

X x1. x2 . ... X; .. . Xn 

y 

Y1 p11 · p21· ... P;1 .. .. Pn1 

Y2 p12· P22, ... pi2· ... Pn2 

... . .. . .. . .. . .. 

Yk p1k. p2k· ... pik> ... Pnk 

... . .. . .. . .. . .. 

Ym P1m. P2m. ··· P;m, .. . Pnm. 

npmb'l' 

P;k = P(X =X; n Y = Yk), i = 1,2,- ·· ,n k = 1,2, · ·· ,m : 

n m 

U4Ghwjln t, nr 0 ::; P;k ::; 1, L L pik = 1: 
i=1 k=1 
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tpt mrutw6 t (X, Y) tp4~wtfl l4WLnwhw4wG ut6mpjwG 

pwztuuwG optGp[!, 4wrttn t npnztL X lt Y l4WLnwhw4wG ut6mp­

JnLGGtpng JnLflwpwG~mrn pwztuuwG optGp[!: uzwGw4tGp' 

P;. = P(X =xi), P.k = P(Y = Yk} i = 1,n, k = 1,m, 

m 

P;. = Lpik• i = 1,n, 
k=1 

n 

P.k = Lpik• k = 1,m 
i=1 

tpt hwjmGn t llnu4ptm tp4~wtfl l4WLnwhw4wG ut6mpJwG 

pwztuuwG optGp[! , Wl4W WJill4WLnWhw4wG ut6mpjwG pwztuuwG 

~mG4gnwG 4tnGn. 

F(x,y) = Lpik. 

npmtrf qmuwpmu[! mwpw64_mu t WJG i lt k wpdtpGtrn 4.rw . n­

pnGg hwuwr x;<x , yk<y: 

'1nu4ntm X lt Y l4WLnwhw4wG ut6mpjmGGtnn hwuwp mt11n 

mGn htmltJWL ptnptu[! : 

fatnptu . nrl4tuqn llnu4ptm X lt Yt4wmwhw4wG ut6mpjmG­

Gtp[! tnGtG wG4wtu. wGhpwdtzm t 1..t pw4_wpwp, nr mt11n mGtGw 

htmltJWL hw4_wuwpmpjnLG[! · 

P;k = P;.P•k • i=1,n, k=1,m: 

nLumuGwunptGp llnu4ptm tp4~wtfl l4WLnwhw4wG ut6mp­

JWG un Oflt1Gw4: 

utmmu tGp tr4m qwn. llngmp' X-[! WJG 4tmtrn Pn4.G t. np 

pwg4_mu t wnw2nG qwnn 4.rw. nu4 Y-[!' WJG 4tmtrn Pn4.£:! , np 

pwg4_mu t tr4rnrll qwnn 4.rw: '1nmwr44.mu t (X, Y) tr4~wtfl 

l4WLnWhw4wG ut6mpjnLG[!: YWnmgtGp (X, Y) tp4~wtfl l4WlnW­

hw4wG ub6mpJWG pwztuuwG opbGp[! : 

'11wpq t , np X lt Y l4WLnwhw4wG ut6mpjmGGtpn pwztuuwG 

wrumuw4Gbp[! 4ttlGbG' 
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X 1, 2, 3, 4, 5, 6 p p 1 
p -1 -1 -1 -1 -1 -1 ' i = i• = 6 ' i = 1·6 ' 

6'6' 6' 6'6'6' 

y 1, 2, 3, 4, 5, 6 
-------
q111111' 

6'6'6 '6'6'6' 

(X, Y)-tl hGwflwt.l.nfl W[ldbQGb[lG bG (i, k), i = 1,6 , k = 1,6, ~u~ 

Pik = P(X =in Y = k) = -1 
: U~GhwJLn t, n[l X u Y Ujwmwhw~wG 

36 

lib6mpJmGGbflG wG~wtu bG ' Pik=Pj.P.k: 

UJul4runt.J., pwztuliwu o[lbGQO ~mflt.l.tl hbmuJWL wrumuw~nt.J. . 

r:z 1 2 3 4 5 6 

1 1/36 1/36 1/36 1/36 1/36 1/36 

2 1/36 1/36 1/36 1/36 1/36 1/36 

3 1/36 1/36 1/36 1/36 1/36 1/36 

4 1/36 1/36 1/36 1/36 1/36 1/36 

5 1/36 1/36 1/36 1/36 1/36 1/36 

6 1/36 1/36 1/36 1/36 1/36 1/36 

UJdli uwhliwGbGQ bfl~!w4'1 wGoG!lhWln UjWlnwhw~wG libom­

pJmGo: 

UwhilwiJnuJ. Gfl~!w4'J (X, Y) Ujwmwhw~wG lib6mpJmGo ~n!­

t.J.mli t wGoG11hwm, bpb qnJmpJmG mGr f(x , y) ~ 0 ~mG~g~w. wJG­

L4~u~G. n[l ~WUWJW~WG X-~ u y-tl hwliW[llnbll.tl mGtl. 
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)( y 

F{x, y) = J J f{u, v )du dv , 

f(x,y) ~mu~grwu w(jt.J.wumli b(j b[l~!W4'J UjWLnWhW~WU Ub­

OnLpjWU tummpJwu ~mu~grw: 
+a:l +cn 

UwhliwGmlitlg hbmumli t, n11 J Jt(u, v )du dv = 1 u, bpb qn-
-a::; -oo 

a2F{x ) 
jnLpjmG mGr ax~y tuwno wowGgJWLO u WjG wGoullhWLn t. 

WUjW. f{x, y) = 82F(x, y) : 
axay 

tpb hwJmGr t (X, Y) wGoG11hwm UjWmwhw~wG libompJwu 

F(x,y) pwztuliwG ~mG~grwG, WL4W ~wflbLtl t qmGbL X l.t Y L4W­

mwhw~wu libompJmGGbfltl pwztuliwG u tummpJwG ~mu~grwub-

110: liJil ~mG~gtlwGb[lG mGbG hbLnuJWL mbUQQ. 

)( +<r.l 

Fx {x) = J J f{u, v) du dv , (2.13) 
- IY) - 00 

y + <r.l 

Fy{y) = J Jt{u, v )dv du , (2.14) 
- 00 - "' 

+a:l 

fx{x)= Jt{x,y)dy , (2.15) 
- <r.l 

+ <r.l 

fy{y)= Jt(x,y)dx : (2.16) 
- ·YJ 

'Ttwmwhw~wG lib6mpjmGGb[l~ wG~wtumpJmGo gnLJg LnWLnL 

hwliwfl hwowtu oqmt.J.mli bG hbmuJWL pbnflbli~g : 

rabn[lbli. tpb (X,Y) bfl~!W4'J Ujwmwhw~wG lib6mpjmuu w-

GoG!lhWm t, f(x ,y) tulnmpJwG ~mu~g~wJnt.l. , WL4W n[llljbuq~ X u Y 

Ujwmwhw~wu libompJmuGbflo LtlGbG wG~wtu. wGh[lwdbzm t u 
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pwt.lwflWfl, np l.l1b'l.l'l mGbGw f(x, y) == fx (x)· fy (y) hwqwuWflnL~JnL­

G[!: 

nputbu WG[!Gqhwm bpl.j~wt.l'l L4Wli1Whwl.jwG Lib6m~JWG Oflt'l­

Gwl.j, llt'lll1Wfll.jbG,p bpl.j~wt.l'l GnflUWL pwztut.lw6 L4WU1whwl.jwG ub-

6m~JnLG[!: 

t;pl.j~wt.l'l L4WU1whwl.jwG (X, Y) ub6m~JnLU[! pwztut.lw6 t Gnp­

OWL, b~b llflW hwt.lwGwl.jwGm~JmGGbpt'l pwztuliwG tumm~JWG 

:t>mGl.jgt'lwG mGr' 

f(x, Y) == 1 expl - ( 1 2 [(x-:)2 -
27tcr 1 cr 2~ 21 - r ) cr 1 

mbup[!, np[! L4WflnLUWl.jmu t hpuq L4WflWUbll1flbp ' 

a, b, cr,>O, cr2>0 La r, [!Uil npmu· I r I< I: 

4wflbLI'l t gnLJg ll1WL, np. 
+ctJ +::n 

f(x,y);:::O La J J f(x, y )dx dy = 1 : 

Oqmt.lbLnt.l t.lbfl[! Gzt.lw6 (2.15) h (2.16) pwuw(Jhbpt'lg' l.jwflbLtJ 

t UU1WUWL X h y L4WU1whwl.jwG ub6m~jmGGbfll'l tumm~JWU :t>mGl.j­

grwGbp[!: UJil tumm~JWG :t>mGl.jgt'lwGbpG mGbG hbmhJWL mbup[! ' 

(y-af 

f Y (y) = r,)_ e- 2cr~ 
-.;27tcr 2 

Umwgqw6t'lg hbmhmu t, np X h Y L4WU1whwl.jwG ub6nL~JnLG­

Gbfl[! pwztut.lw6 bG GnpUWL, hwuwutwmwutuwGwpwp· (a, cr 1) h 

(b , cr2) L4WflWUbU1flbflnt.l: 

l.JuwGwmtJut (Jhnt.l uwhuwGt.lnul t n-~wt.l'lwGp utwmwhwl.jwG 

ub6m~JnLu[! · (X,, X2 , ... , Xn) h llflW pwztuuwG :t>mGl.jgt'lwG' 
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F(x 1,x 2 , .. ·,xn)=P(X 1 < x,nX 2 < x 2 n .. -Anxn < xn) : 

1bmwqwJmli wGhpwdbz 4LI'IGI'l oqmwqnp6bL X,, X2 , .. . , Xn 

L4WU1Whwl.jwG ub6m~jmGGbfll'l wGl.jwtum~JWU qwf1.Wt.I'!Wfl[!, WJI'l 

utwmCiwnnt.l uwhuwGbG,p WJG: 

Uwht.fwunuJ: X1, X2, ... , Xn utwmwhwl.jwG ub6m~JmGGbpG wG-

l.jwtu bG, b~b l.jwuwjwl.jwG x1, x2, ... . Xn ~t.lbfll'l hwuwp ll1bf1.p mGI'l 

hbU1hJWL hwqwUWflnL~JnLG[! ' 

F(x 1,x2 , ··· ,X 2 ) = Fx, (x 1 ) · Fx
2 

(x 2 ) · · · · · Fx" (xn ): 

t;G~wqpbG,p' X-[! L4WU1whwl.jwG Lib6m~JnLG t, t'lul.j y=<j>(X}' 

npl.tt :t>mGl.jgrw: 'lt'lmwpl.jbG,p Y=<j>(X) L4WU1whwl.jwG ub6m~JnLG[!: 

Ul.jqpmu bG~wqpbG,p , np X L4Wlilwhwl.jwG lib6m~jnLG[! lll'lu4-

flbll1 t . WJUU1bf1.1'!9 l.jhbml.tt'l, np <j>(X) L4WU1Whwl.jwG Ub6m~jnLG[! 

GnLJGutbu 4LI'IGI'lllt'lul.jpbm' <Jl(X;), i=1 ,2 , ... , n, .. . wpdbpGbpnq, np­

U1bf1. X; , i=1,2 , ... ,n, ... X L4WU1whwl.jwG Lib6m~JWG wpdbpGbp[! , t'lul.j 

<j>(X)-p wpdbpGbpG bG, umwGwtm hwt.lwGwl.jwGm~jmGGbp[! 4LI'l­

GbG' 

P(<Jl(X) = <Jl(Xd) = P(X =X;)= P;. i = 1,2, ... ,n, ·· · 

t;~b (X, Y}-[! llt'IUl.jflblil L4WU1whwl.jwG Lib6m~JnLG t. t'lul.j 

Z=<j>(x,y}-[! ' bpl.jm t.l'lnt.l'lntuwl.jwGpg 4wtut.lw6 :t>mGl.jgpw, WL4W 

hwliwGLiwG (Jhnt.l <j>(X,Y) L4WU1Whwl.jwG lib6m~JWU wpdbpGbfl[! 

4Lt'1GbG' <Jl(X;,Yi); i=1 ,2, .. .. n; j=1 ,2, ..... m, t'lul.j hwliwutwmwutuwG 

hwt.lwGwl.jwGm~JmGGbp[!' 

P(<Jl(X, Y) = <Jl(X;, y i )) = P(X = X; n Y = y i) = Pii, i == 1,2, ... , n, .. ·, 

j = 1,2, .. · , m, .. · : 



88 surru~uut~nunubsrr~u 

UJOU bG~HUflpbG_g' X-[! WG[!GflhWUl UfWUlwhw~wG ubOmpJn,LG 

t' F,(x) pw2tuuwG ~mG~g~wJml.: tGpwrwbG_g' y=q>(x) ~nLG~g~wG 

unGnlllnG t (w6nrt ~wu Gll,wqnrt). nLUUl~ ctnJnLpJnLG mG~ 'lPW hw­

~W'lW(l<".. ~mG~g~wG' x=\l'(y): 'l~UlW(l~bG_g Y=q>(X) UfWlllwhw~wG 

ub6nt.pjnt.G[! L. ctlllGbG_g 'lPW pw2tuuwG ~mG~g~wG : u2wGw~bG_g 

WJG F2(y): Culll pw2tuuwG ~mG~g~wJ~ uwhuwGuwG' 

F2 (y) = P(Y < y) = P(q>(X) < y) : 

tpb Y=q>(X) -[! w6nrt ~mG~g~w t. WUfW cp(X)<y wGhwll,wuw­

pmpjnt.G[! hwuwpdb_g t X<'l'(y) wGhwll,wuwpmpJWGIJ, ~u~ bpb 

Y=q>(X) -[! Gll,wqnrt ~mG~g~w t. WUfW q>(X)<y wGhwll,wuwpmpJm­

Go hwuwp<tbe t X> 'l'(y) wGhwll,wuwpmpJwGo: 

Unw2~G 'lbUfemu ~mGbGwGe . 

F2(Y)= P(X < 'I'(y))= F1('I'(y)): (2.17) 

tpb f,(x) -n4 G2wGw~bG_g X UfWUlwhw~wG ub6mpJwG j'ulllmp­

JWG ~mG~g~wG, f2(y)-nll,' Y=q>(X) UfWUlwhw~wG UbOnt.pjwG 

j'ulllnLPJWG ~mG~g~wG, WUfW Octlll4bLn4 (2.17) pwGw<'IL.~g' 

~UUlWGwG_g. 

f2 (y) = f1 ('I'(y )) · 'I''(y); bpb ctnJnLPJnLG mG~ 'l'(y)-~ w6wGg-

JWLIJ • L. t, ('I'(y )) = aF, (t)l : 
at l='t'(y) 

tp~pnp'l 'lhUf_gmu, bpp q>(X)-IJ Gll,wqnrt ~mG~g~w t, ~mGb-
GwG_g. 

F2 (y) = P(X > 'I'(y )) = 1- F1 ('I'(y) + 0 ) : (2.18) 

Uju hwll,wuwpmpJmG~g ~hblllL.~, np. 

f2(y)= -f,('I'(y))'l''(y): 

tGpw'lpbG_g' X L. Y 'l~U~(lblll UfWUlwhw~wG Ub6nt.pjnt.GGbp[! 

wG~wtu bG, oG'l npmu' 'lPWGg pw2tuuwG opbG_gGbpiJ lllpll,w6 bG 

hbUlL.JWL W'lJnLUW~Gbpnll,. 

XI x,, ·· · ·· ·Xn • 'i....l y, .... ... ym 
P P,, ..... pn q q,,·····qm 

'l~Ulwp~bG_g Z=X+Y UfWUlwhw~wG ub6mpjnt.G[!: 

U~GhWJUl t. np 'lPW wpdb_gGbp~ pwqumpJnLGIJ ~L~G~' 

~;+Yitfri={ZK}, nplllbrtZk=X;+yi : 

i=1.m 

n 

P(Z = Zk)= l:P(X =X; nv = ZK - x;)= 
i=1 

89 

1~uw bGpW'l(lbG_g' X L. Y UfWUlwhw~wG ub6mpjnt.GGbJ1G 

wG[!G'lhWlll bG m wG~wtu. X L. Y UfWUlwhw~wG ub6nt.pjmGGbp~ 

j'uUlnLPJWG ~mG~g~wGbp[! hwUWUfWUlwuj'uwGwpwp G2wGw~bG_g 

f1(x), f2(y) : UJ'l 'lbUfemu Z=X+Y UfWlllwhw~wG Ub6nt.pjwG f(z) 

j'ulllnt.pjwG ~mG~g~wG npn2Ll,mu t hblllL.JWL pwGw<'IL.nll,' 
+>? 

t(z) = Jt1(x)t2(z- x}:ix: 

YW(lbL~ t 9nLJ9 UlWL, np bpb bp~m wG~wtu UfWUlWhw~wG ub-

6mpjnt.GGbp mGbG lflmwunG~ PW2j'unt.U[!' A., L. A.2 UfW(lWUbUlpb­

pnll,, WUfW 'lPWGg ctmuwp~ (~nUUfnq~g~WJ~) pw2tumuo ~L~G~ 

lflmwunG~ pw2tumu, np~ UfWpwUblllpiJ hwll,wuwp ~L~G~ A., + A.2 : 

umjGWUl~Uf W(l'lJnLG_g UUlWgll,mu t GwL. wG~wtu GnpUWL 

PW2tu4w6 UfWUlWhw~wG ub6nt.pjnt.GGbp~ ctmUwp~ hwuwp, WJ­

u~GeG. bpb wG~wtu UfWUlWhw~wG ub6nt.pjnt.GGbp[! PW2tu4w6 bG 

GnpUWL, hwUWUfWUlwutuwGwpwp' (a1,cr 1) L. (a1, cr 2) UfW(1WUbU1-

pbJln4. WUfW 'l(lWGg ctnLUW(liJ GnLJGUfbu pw2tuLl.w6 ~L~G~ GnpUWL' 

( a1 + a2, ~ cr~ + cr~ ) UfW(lWUblllpbpnll,: 
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4.l::if12nul 11PU1Wfl~l::iu~ Gwl.t l::ifl~nL wu~wtu L4WU1Whw~wu lil::i-

6mpjmuul::if1p ~wunrllP PW2tumuo: "lpgm~. X l.t y wu~wtu L4W­

U1WhW~WU lil::i6mpjnLUUI::ifl[) hWUWL4WU1wutuwuwpWf1 mul::iu 

f1(x),f2(y) ttJU1mpJwu ~mu~gpwul::iro: '1pU1wf1~ttmu t z = ~ L4W-
Y 

Ulwhw~wu libompJmuo: UJu L4WU1whw~wu ubOmpJwu f(z) 

ttJU1mpJwu ~mu~gpwu ~mubuw hbU1llJWL Ulbu~o· 
+~ 0 

f(z)= J yf2 (Y~1 (zy~y- Jyt2 (y~1 (zy~y: 
0 -~ 

2.6. 1wttwuw~wumpjmuubrll x2
• 

UU1JnL!lbGU1p ~..t !bl12brl1 pw2tumuubno 

UJUL4PUP PW2tumliul::if1 mul::ignll L4WU1whw~wu libompjmGGI::i­

[1[) 2WU1 bu ~PflWilltmli liwpbliwU1p~w~wu lttJ6w~WQ.flnLPJWU lil::i2 

l.t, liwuuwttnrw1.4bu, t~nunlil::iU1flP~WJmli, l::iflp hwr~ t LllGmli uU1m­

q.bL LttJ6w~WQ.flW~WU Ltwr~woul::i[l. llflWU~ OWilWJnLli bu nf1L4I::iU 

lttJ6w~wq.(lw~wu hWJU1WUP2UI::i(l: 

l.l pw2tumli 

"lpgm~. X1, X2, .. .. , Xn L4WU1Whw~wG libompjmGGI::iflG wG­

~wtu, UU1WUI1Wf1U1, GnrliwL L4WU1whw~wG libompJmGGI::ifl l::iG , WJ-

upG~u· xi - N(0,1), i = 1,n: 

2 ( n 2 1bU1llJWL L4WU1Whw~w(j ul::iompjWG[)' X n) = L xi ' wGLtw-
i=1 

Gmli bG X2 L4WU1whw~wG libOmpJmG, pu~ u(lw pw2tuliwG[!' n w­

qwU1mpJwG WUU1p6wGnlt X
2 pw2tumli : 1WjU1Gp t /(n) L4WU1WhW­

~w(j libompjwG ttJU1nLPJWU ~mG~gpwG, nrG mGp hl::iU1llJWL Ull::iU~[!· 
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1 (X ~~-1 
( X l 

t(x) = 2~ r~) 2) . exp - 2)' 

b[lp X> 0, f(x)= 0, l::iflp X ~ 0 

n[1U11::irf r q.wliliw-~mu~gpwu nrn2Ltmli t. 

"' r(t) = Jx 1-xe-xdx, t>O 
0 

hwttwuwrmpJwlip: Uwuuwttnr 111::iL4~mu, l::iflp t-G puw~wu Plllt t' 

r(t)=(t-1)! : 

2. UU1JnL!ll::iGU1P pw2tumu (t-pw2tumu) 

tupW!lfll::iu~· Xo, x1 ... ... , Xn-D UU1WUI1Wf1U1, un[lUWL, wu~wtu 
L4WU1WhW~WU lil::i6mpjmGul::i[11::iG, 

WJillll::iL4~mli ' t(n) = 

L4WU1WhW~WU lil::iompjWU PW2tuliwu[) wuttwGmli l::iG n wqWU1nLP­

JWU wuU1pU16wGnLt UU1JnLill::iGU1p pw2tumli ~wli t-pw2tumli: 1wLtw­

Gw~wGmpJmGGI::iflP pw2tuliwu ttJU1nLpJWG ~mG~gpwG mGp 

hl::iU1llJWl Ull::iU~[)· 

U~GhWJU1 t, nr WJU qnLJq. ~mG~gpw t: 

3. !bl12bflll pw2tumu (F-pw2tumu) 

tupW!lfll::iG~· X1, .. . . , Xm. Y1, . . .. , Yn-1:! UU1WUI1Wf1U1, Gn[lliWL, 

wu~wtu L4WU1whw~wG lil::i6mpJmGGI::iflP hwliwttJlipmpJmG t: 

1bU1ltJWL L4WU1WhW~WG lil::i6mpjwG' 
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1 -/(n) 
n 

pwztuliwO[! W0~w0mli l::i0 (m, n) WqWUlnL~JW0 WUU1~6w001::i(ln~ 
l>~zl::ill~ pwztumli ~wli F-pwztunul: 'l11w tumm~JWO ~mO~g~wO 
mO~ hl::il11L.JWL lill::iUp[!' 

P(x)= r[(m+n)/2)mn¥2 .nr¥2 xn¥2-1 
( ) ( ) 

l::i(lp x>o; 
r m/2 r n/2 (mx + n)(m+n)/2 • 

P(x) = o. l::irp x ~ 0: 

2.7. 'llwmwhw~wO lil::i6m~Jw0 liw~l::iliwm~~w~wO 

Ul4WUnLU[! L. 'lllW hwm~m~jmOOI::iriJ 

U~O~L. WJctli l4Wmwhw~wo lil::iom~JmOOI::iru pOm~wqr~mli 
t~O pwztuliwO ~mO~g~wOI::ir~. pwztuliwO orl::iOpOI::ir~ L. pwztuliwO 

tumm~JwO ~mO~g~wOI::ir~ li~2ngn~: Uw~wJO X l4Wl11whw~w0 lil::i-
6m~JW0 hwliwr qnJnL~JmO mOI::iO OwL. WJL · ~~WJ~O pOm~wqr~~­
OI::i(l : UJ'l pOm~wqr~~OI::ir~g t l4Wl11whw~wo lil::iom~JwO liw~l::iliw­
m~~w~wo Ul4WUnLU[!: 11::imwqwjmli QnLJQ ~Ulll~~ . nr WjO p0m­

~wqrmli t l4Wl11Whw~wo lil::iom~jWO li~2~0 wrctl::ip[!: Ujfl t l4Wl11-

6wnu. nr 2Wl11 hw!Swtu liw~l::iliWUl~~W~WO Ul4WUUWO[! w0~w0mli 
l::iO li~2~0 wrctl::ip: 

uwtu UWhliw01::i0p liw~l::iUWUl~~W~WO Ul4WUnLOO fl~U~fll::iUl 
l4Wmwhw~wo lil::iom~JmOOI::ir~ hwliwr: 

tO~w'lrl::iOp' X l4Wl11Whw~w0 ol::i6m~jWO pwztuowo orl::iOpO 

t' Xlx1,x2 ..... xn,. .. : 
p P1 ,P2, .. ·,Pn .... 
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Uwhtlwunul. 'l~u~rl::im l4Wl11whw~w0 lil::i6m~Jw0 liw~l::iliwm~­

~w~wO u1.4wumli ~n~~mli t WJ'l lil::i6m~Jw0 pnLnr h0w(lw~nll w(l­

ctl::ipOI::i!l~ L. hwliwl4Wl11wutuwO hw~w0w~w0m~Jm001::i!l~ W(l­

l11WflflJWL01::i!l~ q.mUW(l[!, 1.4WJUW0n~. n11 WJ'l qmUW(l[! pwgW(lOW~ 

qmqwlil::im t: 1w~wnw~ fll::il.4emli' liw~l::iliwm~~w~wO U1.4wumli 

qnJnL~JmO ~mo~·: 

X l4Wl11whw~wO lil::i6m~Jw0 liw~l::iliwm~~w~wO Ut.4wumli[! 

OzwOw~l::iOp E(X)-n~ (qnJnL~JmO mO~ OwL. M(X) OzwOw~mli[!) : 

00 00 

Qum uwhliwOliwO' ~mOI::iOwOp . E(X) = :~:> i Pi, l::i~l::i :LixijPi < oo : 
i~1 i~1 

UwuOw~n11 fll::il4EnLli, l::i(lp X-[! [!OflmOmli t ~l::ir2w~n11 W(lctl::ip­

OI::i!l. Wl4W X l4Wl11whw~wO lil::i6m~Jw0 liw~l::iliwm~~w~wO u1.4w-
n 

umli[! li~zm qnJnL~JmO mO~ L. hw~wuwr t' E(X) = L xiPi : 
i~1 

fa~Wfl~l::i0p nrnz hWjl110~ fl~U~fll::iUl l4WU1WhW~WO lil::i6m~­

jnL001::ir~ liw~l::iliwm~~w~wo ul4wumliOI::iru: 

1. t~l::i X l4Wl11whw~w0 lil::i6m~Jm00 mO~ hl::imL.JWL pwztuliwO 
orl::iOp[!. 

~ 0, 1 . 0 :$ p :$ 1 . 
P]1- P = q,P 

Wl4W' E(X)=P: 

2. t~l::i X l4Wl11whw~w0 lil::i6m~Jm00 mO~ hw~wOw~wOm~­

JmOOI::i!l~ p~Onliw~wO pwztumli (2.2), w1.4w' EX=np: 

• CGflhLUGflLUUjbu, Liwf}bliwun~ljwljwG uUjwumli[! ljwflbL~ t uwhuwGbL gwGljwgw6 

UjLUunwhwljwG ubOnLj:}JlUU hLUULU[l ublj pwGwalLn~. np LU[lunwhwjun~mu t Lbpbq~ 
~GunbqflWL~ Li~2ngn~. uwljwJG LUJII uwhuwGmli[! ~fl pwflflnLf}JLUG Ujwun6wnn~ LUJU­

unb'l ~~ unp~~ : 
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3. b~b X UJWmwhwlfwG ub6nt~jntGG mGp 'TlmwunGp pwztum­

u A.> 0 UJW!1WUblll!1nt.l ( 2.2), WUJW. E(X)= A: 

UJUUjpunt.l., 'Tlmwun(jp pwztuuwG UJW!1WUblll!1[! UU1WGmu t p­

UWUU1, Wjup(jp(j' hwt.I.WUW!1 t UjWU1Whwlfw(j ub6nt~jWG UP2PG 

W!ldbppG: 

Ujdu pb,b(jp up O!lp(jwlf, n,(j wt.l.bLP QWJUlnLG gnljg lfU1W uw­

~buwmplfwlfw(j uUJwuuwG up2pG w11dbp LPGbL[!: 

0[7/luwlr 4.p6wlfwtuwllmu zwhmuGb!l[! pwztut.l.w6 bG 

hbU1L.JWL lfbi1UI· 

m1 2Whntu' JnL!1WQWG!Jnt!1[! x, 1l!1WU W!1dnllnL~JWUp, 

m2 zwhmu' JnL!1WQWG!Jnt!1[! X2 11!1WU W!1dnllnt~jWup, 

mk zwhmu· JnL!1WQWG!JnL!1[! Xk 11!1WU W!ldnllnL~JWUp, 

n!llllbll' m,+m2+ ... +mn=n: qU1GbGp t.l.p6wlfwtuwllp 1.11nuup 

2whmup up2pG w11dbpo: Snuup zwhmup 1111wuwl.fwG w11dbpo 

(j2wGwlfb(jp X: UJ(j UIWU1Whwlfw(j ub6nt~jntG t, n,p PW2tuuw(j 0-

!lb(jp(j t' 

~ x1, x2, ···, xk . 

Pl m1 m2 mk 
P(X =xi)=~. i = 1,k: 

n 
--···-

' ' ' n n n 

UJulllbllP9 hbmL.mu t, n11 

k 

UJUU1bll Iximi ub6nt~jntG[! 2Whmu(jb!1P oG!lhWGnt!l qm­
i=1 

uw11(j t, pulf n-o· t.l.p6wlfwtuwllp 1.11nuub!1P ~Pt.I.O, mu1.11p E(X)-[! 

1.11nuup up2pG 2whmuG t: 
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Ujdu uwhuw(jb(jp wGoG!lhWU1 UIWU1Whwlfw(j ub6nt~jw(j uw­

~bUWU1plfwlfw(j UUjWUnLU[!: 

bG~Wil!lb(jp' X UIWlllWhwlfw[j ub6nt~jntG[! wGoG!lhWU1 t' f(x) 

tumm~JwG ~mGlfgpwJnt.l.: 

UwhtlwunuJ. X wGoG!lhWU1 UIWU1Whwlfw(j ub6nt~jw(j uw~b­

UWU1plfwlfw(j UUIWUnLU lfn~t.l.mu t hbU1L.JWL ub6nt~jmGo' 
+<X> 

E(X) = Jxt(x) dx , 
-<X) 

UIWJuwGnt.l., n11 pGll1bq!1WLO pwgw,awlf qmqwub1.11 t , hwlfwnwlf 

llbUIQnLU uw~bUWU1plfwlfw(j UUIWUnLU qnjnL~Jm(j ~m(jp: 

fat.l.w!llfbGp up pw(jp hWJU1Gp wGoG!lhWU1 UJWI.llwhwlfw(j ub-

6nt~jntGGb!1P uw~bUWU1plfwlfw(j UU1WUntuGb!1[!: 

1. b~b X UjWU1WhwlfwG ub6nt~jnLG[! [a, b] UP2WlfWJQnLU mGp 

hwt.1.wuw11w~wtfl pw2tumu (2.2), WUJW. 

E(X) = a+ b: 
2 

2. b~b X UIWU1Whwlfw(j ub6nt~jm(j(j mGp hwt.l.wGwlfw(jm~­

jntGGb!lP gmg~wJpG pw2tumu A>O UIW!1WUbll1!1nt.l. ( 2.2), WUJW. 

E(X)= _!_: 
A 

3. b~b X UjWU1Whwlfw(j ub6nt~jntG[! PW2tut.l.w6 t (jn!1UWL a, cr 

UIW!1WUblll!1b!1nt.l. (2.2), WUjW. 

E(X) =a, 

WJU UIWll16wnnt.l. a UIW!1WUbll1!10 hw6wtu wG t.l.wGmu b(j 

pwztuuwG lfbGll1!1nG: 

4. b~b X UjWU1Whwlfw(j ub6nt~Jm(j(j m(jp "/ PW2tumu' 

n wqwU1nt~jWG WUU1p6wGnt.l. ( 2.6), WUIW. 

E(X)=n, 

5. b~b X UjWU1Whwlfw[j ub6nt~jm(j(j mGp UU1Jntllb(jU1p PW2-

tumu ( 2.6), wUJw· E(X)=O, 
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6. tpb X UjWt.nwhw4wu tlbompjmuu mu~ l>~zbr~ pwzfumu· 
(n, m) wqwmmpJwu wum~6wuGbrn4. ( 2.6), WUJW. 

E(X)=-n-: 
n-2 

'Tlwt.nwhw4wG tlbOmpJWG uwpbtlwt.n~4w4wG UUjWunulG mG~ 
hbt.nltJWL hwt.n4mpjmGGbrr:!' 

1. =!wumwt.nmG ubompjwG uwpbtlwt.n~4w~wG UUjWunuln hw­
ll,wuwr t hbGg ~rbG, WJu~upG ' 

E(C)=C, C=const: 

2. =Jwut.nwt.nmu Wfll.IlWflfl~m ~WflUL~ t flnLflU pbrbL UWpbtlw­
l.Il~~W~WG UUjWUUWG uzwu~ lilW~~g, WJU~GpG' 

E(CX)=CE(X): 

3. 4br2wlJ.nr plj_nlj_ UjWt.nwhw~wG tlbompjmGGbr~ q.muwr~ 
UWf}bUWt.n~~W~WU UUjWUOLUQ hWlj_WUWfl t WJfl UjWt.nWhW~WG tlb­

OnLf}jnLUUb[l~ uwpbtlwt.n~4w~wG UUjWumuGbr~ q.nLuwr~G . WJ­
u~GpG ' 

E(X1+X2+ ... +Xn)=E{X1)+E{X2)+ ... +E(Xn): 

4. Uu~wtu UjWt.nwhw~w(j ubompjmGGbr~ Wfll.IlWflflJWL~ uw­
pbtlwt.n~4w~wG UUjWUnLU[! hwlj_wuwr t WJfl UjWt.nwhw~wG tlb­

OnLf}JnLUUUfl~ uwpbtlwt.n~4w4wu UUjWumuGbr~ Wfll.IlWflflJWL~G. 
WJU~Gpu' 

E(X·Y)=E(X)·E(Y), 

nrt.nbrf X lt Y UfWt.nwhw~wG tlbOmpJmGGbru wG~wtu bG: 

5. tpb X u Y UfWt.nWhw~w(j tlbompjnLGGbr~ hwuwr 
P(X :2: Y) = 1, WUJw· E(X) :2: E(Y): 

6. tpb X lt Y UJWt.nwhw~wu ubompJmGGbr~ hwuwr 
P(X=Y)=1, WUJw· E(X) = E(Y): 

7. tpb X:o:O lt E(X)=O, WUjw· P(X=0)=1: 

8. :Jbpftz&/1 WUhWt/WUW(Jfll{}jfllU[!. tpb X UjWt.nwhw~wG ub­

OnLf}JnLU[! n~ pwgwuw~wG t' X:o:O, WUfW ~WUWJW~w(j c>O plj_~ hw­
UWfl t.nbll.~ mu~ hbt.nltJWL wGhwll,wuwrmpJmuo· 
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P(X :o: ~::):s;E(X): 
e 

9. tpb X UJWt.nwhw4wG ubompJnLG[! fl~u4rbt.n t , ~u4 <p 4JmG4-

g~wG nrnzlj_wo t X UjWt.nwhw4wG ubOmpJwG hGwrwlJ.nr wrdbp­

Gbr~ pwqumpJWU 4.rw . WUjW <p(X) UjWt.nwhw4wG ubompjwG uw­

pbtlwt.n~4w4wG UUjWUnLU[! nrnzlj_mu t hbt.nuJWL pwGw<':lunll,' 
n 

E(<p(X )) = L <p(x ; )P; 

nrt.nbll.' x1. x2 ... . , Xn pll,brn X UjWt.nwhw4wG ubompjwG wrdbp­

GbrG bG, ~u4 P; = P(X = x;} i = 1,n :· 

10. tpb X UjWt.nwhw4wG ubOmpjnLG[! wG[!GflhWt.n UjWt.nwhw-

4wG ubompJmG t' f(x) tummpJwG 4JmG4g~wJnlJ. , ~u4 <p 4JmG4g~wu 

nrnzlj_wo X UJWt.nwhw4wG ubompJwG wrdbpGbr~ pwqumpJWU 

4.rw WG[!GflhWt.n 4JmG4g~w t, WUJW <p(X) UjWt.nwhw4wG ubomp­

JWG uwpbtlwt.n~4w4wG UUfWUnLU[! nrnzlj_mu t hbt.nuJWL pw­
uw<':lunlj_' 

+"-> 

E(<p(X )) = J <p(x )f(x )dx : 
-00 

'1/llflnf]ntpJntU. 4-rll hwt.n4mpJwG ub2 hw4wnw4 UjGflnLU[! n~ 

u~zt.n t.nbll.~ mG~ : UJG t.nbll.~ mG~. brp X u Y UJWt.nwhw4wG ub­

ompJmGGbrn pwztull,wo bG GnrliwL, WJU~GpG' bpb X u y UjWl.IlW­

hw4wG ubompJmGGbrn pwztulJ.wo bG GnrllwL u E(X·Y)=EX·EY, w­

UJW Xu Y UjWt.nwhw4wG ubOmpjmG!ibrG wG4wtu bG: 

E(<p(X)) = f <p(X; f; ' b~b U~LUJU fl<p(X; ~P; <X): 
i=1 i=1 
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2. 8. 'Tlwmwhw~w(i libompJwu fl~UL4hru~w(i 

LL 11rw hwm~mpJmuubpl} 

'Tlwmwhw~wu libOmpJwu ~wplLnpwqnLJu pt.J.wJ~u pumpw­

qp~~(il:ippg t 'l~UL41:ipu~w[i, np(! gnljg t lilWLPU L4WlilWhw~w(j lil:i­

OnLpJWU li~2~u gwnw~muwJ~u gpt.J.wompJwu (21:i'l.liwu) wum~6w­

un li~2~(j WpdbQ~g · liwpl:iliwt.Ilp~W~WU UL4WUnLlipg : 

'Tlwmwhw~wu lil:iompJwu fl~UL4I:iru~wu unt.J.npwpwp u2wuw­

~mli bu V(X) ~wli D(X): 

UwhtlwunuJ. 'Tlwmwhw~wu libompJwu fl~UL4I:iru~w t ~n~­

t.J.mli L4Wt.Ilwhw~wu lil:iompJwu' ~r liwpl:iliwm~~w~wu u1.4wum­

li~g 2b'l.liwu gwnw~mum liwpbliwm~~w~w(i UL4WUnLlil} , WJ­
upug(i ' 

V(X)=E(X-EX)2
, 

1w2t.J.~ wnCibLnt.J. uwt'LJnpfl L4Wpwqpw4Jmli olLw~bpL4t.J.w6 liw­

pbliwt.Il~~w~w(i UL4wuliwu 9 LL 10 hwm~mpJmuubp(!' fl~u~pbm X 

L4Wlilwhw~wu lil:iompJwu fl~UL4bru~wu ~wrbL~ t hw2t.l.~ hl:imlLJWL 
pwuwoLLnt.J.' 

n 

v(x) = I:(xi- E(X))
2
Pi, 

i=1 

npt.Ilb'l.' x1. ···, Xn L4Wlilwhwljwu libompJwu wpdl:igul:ipu l:i(i, 

Pi = P(X = xi) i = 1, n, ~ulj wui}UflhWI.Il X L4Wlilwhw~wu lil:i­

ompJWU 'l~UL41:ipu~w(j' 

+o:> 

v(x) = J(x- E(x))2 f(x) dx, 

npt.Ilb'l.' f(x) -1} X L4Wt.Ilwhwljwu libOmpJWU tummpJWU 4Jmuljgpwu 

t: 
'Tlwmwhwljwu libOmpJWU fl~UL4I:iru~wu hw2t.l.bLm hwliwp bp­

pl:iliu hwpuwr t, uwhliwumli~g umwgt.J.wo, hbmlLJWL pwuwoLLn· 
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V(X)=E(X2)-[E(X)f 

lat.J.wp~bGQ lip gwu~ hwJmur pw2tumliubp mubgn11. L4WlilW­

hw~wu libOmpJmuubp~ fl~UL4bru~wuhrn: 

1.bpb X L4Wt.Ilwhw~w(i libompJnLuu mu~ hl:imlLJWL pw2tuliwu 

opl:iGQI} ' 

x\_o. 1. 
p q, p 

q+p = 1, 

WL4W ' V(X) = p q: 

2. bpl:i X L4Wt.Ilwhw~w[i lil:iompJm(i(i mu~ hwt.J.wuw~w­

GmpJmuubp~ p~unliwljwu pw2tumli ( 2.2) , w1.4w' V(X)=npq: 

3. bpl:i X L4Wmwhwljwu libompJmGG mu~ hwt.J.wuwljw­

umpJmuul:ip~ 'Tlmwun(ip PW2t'unLli A>O L4Wpwlil:impl:ipnt.J. (2.2) , 

WL4W, V(X)= A 

4. bpl:i X L4Wt.Ilwhw~wu lil:iompJmGG (a, b) li~2w~wmmu 

(b- a)2 

m(ip hwt.J.wuwpw~wt.fl PW2tumu (2.2) , WL4W ' v(x) = : 
12 

5. bpl:i X L4Wt.Ilwhwljwu lil:iompJmu(i mu~ hwt.J.wuwljw­

umpJmuubpp gmg~WJ~U PW2t'umli A>O L4WPWUI:it.Ilpnt.J. (2 .2) , 

w1.4w' v(x) =--;- : 
A 

6. bpl:i X L4Wt.Ilwhwljwu libompJnLUI} pw2tut.J.w6 t unpliwL 

a, a L4Wpwlil:impl:ipnt.J. (2 .2) , w1.4w ' V(X)= cr
2

: 

7. bpl:i X L4Wmwhwljwu ubompJmuu mu~ l pw2tunur 

n wqwmmpJWU wum~6wunt.J. (2 .6) , WL4W . V(X)=2n: 

8. bpb X L4WlilWhwljwu lil:iompJm(i(i m(i~ UlilJnLflbum~ 

pw2tunLlil} ' n wqwmmpJwu wum~6wunt.J. (2 .6), WL4W . 

V(X)=-n- : 
n - 2 
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9. bpb X L4Wtnwhw4wu libompJmuu mu~ :b~zbr~ pwz­

tumli' (n, m) wqWLnnLPJWU WULn~lSwuGbpmt ( 2.6), WL4W. 

V(X)= 2n
2
(m+n-2): 

m(n - 4 Xn - 2 )2 

"lwtnwhw4wG lib6mpJwu ll~UL4bru~wG mG~ hbtnuJWL 
hwtn4mpJmGubriJ· 

1. =iwutnwtnmu lib6mpJwG ll~UL4bru~wG hwLtwuwr t qpn­
J~· V(C)=O: 

2. "lwt.nwhw4wu lib6mpJwG ll~UL4bru~wu n~ pwgwuw-

4wu t' V(X);:::O, ll~UL4bru~wG hwt.l.wuwr t 0-~ WJu LL li~wJG WJG 

llbl4J?nLli, bpp P(X=C)=1, nJltnbrf C-G hwutnwtnmu t (4wtut.l.w6 
~t (J) -~g): 

3. =iwutnwtnmG WflLnWI'}fl~~IJ 4wrbL~ t l'}nLflU pbflbl I)~U­
L4bf1U~WJ~ Gzwu~ tnw4~g pwnw4mu~ wutn~lSwunLt. WJu~upu · 

V(CX)=C2V(X): 

UwhtlwunuJ: 'llwtnwhw4wu lib6mpJWG ll~UL4bru~wJ~ pwnw-

4mu~ WflOWLn~ Wfldbp[! 4n~LI.mli t li~2~(j pwnw4muwj~(j zbrtmli : 

uzwGw4bLnLI. WJU a (X) 4wli a' 4mubuwup. 

a= a( X)= JV(Xj: 

4. '-lwliWJW4wG C hwutnwtnmG~ hwliwp tnbrt~ mu~· 
V(X±C)=V(X) hwLI.wUWflnLPJnLUQ: 

5. UG4wtu L4Wtnwhw4wG lib6mpJmGGbfl~ qmliwfl~ 4wli 

t.nwf1pbf1mpJwu ll~UL4bru~wG hwLtwuwr t llflWGg ll~UL4bflu~wGb­
r~ qmliwp~G. WJu~(jp(j . 

V(X±Y)=V(X)+V(Y): 

4Wf1bl~ t QOLJQ UlWL, 0[1 bpb X1. X2, ... , Xn -[! wu~wtu UjWUlWhw~w(j llb-

6"'~J"'00ho "'· w"'w · v( t, x; = t, v (X; ) } 
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6. '-lwliwJw4wu X LL Y 1.4wtnwhw4wu lib6mpJmuubf1~ hwliwfl 

tnbrt~ mu~ hbtnuJWL hwLI.WUWflnLPJnLUQ. 

V(X+Y)=V(X)+V(Y)+2 cov(X, Y), 

nptnbrt' Cov(X, Y)=E((X-EX)(Y-EY)) u wGLI.wGmli bu Xu Y L4WLnw­

hw4wG lib6mpjmuGbfl~ li~2LL 4nt.l.wfl~Wg~w 4wli 4nnbuwg~nu lin­

libutn: UJu lib6mpJmuG wLI.bL~ liwuflwliwuG 4Gbr4wJwgubup hw-

2"1111 L4Wf1Wqf1W~mli : 

7. ?bp/Jzu/J WUhWt/WUWf7nL/}JWU WJL q(1bfwdu 

'-lwliwJw4wG X L4Wtnwhw4wG lib6mpJWU hwliwfl lL 4wliWJW-

4wu e>O PLI.~ hwliwfl tnbrt~ mG~ hbtnuJWL wuhwLI.WUWflnLPJnLUQ. 

P~X - EXj ;::: e) :s; V(~) : 
e 

8. g(x)=E(X-x)2 ~mG4g~wG QUI'}mumli t ~r LflnpJlwqnLJu Wfl­

dbpQ x=EX 4btnmli lL hwLtwuwf1 t X L4Wt.nwhw4wG lib6mpJWU 

ll~UL4bf1U~WJ~u· min g(x)=V(X): 

2.9. "lwtnwhw4wG lib6mpJWU pt.I.WJ~U WJL 

pumpwqfl~~Gbfl 

Uwhtlwumtl. "lwtnwhw4wG lib6mpjwG k 4wf1q~ u4qpGw4wG 

linlibut.n 4n~LI.mli t L4WU1WhW4wG lib6mpjWU k WULn~lSwG~ liwpb­

OWLn~4w4wG UL4Wumoo· 

Vk=E(Xk), k=O, 1, 2, .. . 

bpb X-Q ll~U4flbtn ~wtnwhw4wG lib6mpjmG t' 

X x1,x 2 , .. · ,Xn 

p P11P2, ... ,pn , 
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n 

Wl4W' VK = LX~Pi : 
i=1 

t~b X-o wGoG11hwm 1..4Wl11whwlfwG lib6nL~JmG t' f(x) tumm~­

JWG :f>mGlfg~wjmJ., Wl4W 
+"l 

vk = Jxkt(x)dx: 
-co 

l.JlfwmbGp, n(l 1..4W111WhwlfwG ub6m~JWG liw~bliwm~lfLUl.fwG 

U1..4WUmliG wnW2tlG lfw(le+P ulfqpGwlfwG unubGmG t: . 
UwhilwunuJ. 'llwmwhwlfwG lib6m~JwG k l.fw(le+P lfbGm(lnGw­

lfwG linubGm Lfn!ll_mu t X-E(X) zb'l.liwG k wump6wGp uw~bliwm~­

lfwlfwG Ul4WUnLU(! , WJU~GpG' 

Ilk = E(X- E(x)t ,k = 0,112, .. · : 

'lpulf(lbl11 l4Wl11whwlfwG lib6m~JWG hwliw(l l.fmGbGwGp. 

Ilk =±(xi-E(x))kPi , 
i=1 

pulf wGoGilhwm 1..4Wl11whwlfwG lib6m~JWG hwuw(l' 
+ co 

Ilk = J(x- E(x))kt(x) dx : 
- co 

UwuGwlj_n(lWl4bu' llo=1, J.1 1=0, f.l2=V(X): QGilhWG(lW1..4bu b(l­

(ln(lll. Lfw(le+P lfbGm(lnGwlfwG linubG111[! pGm~we+(lmli t X l4W111W­

hwlfwG ub6m~JwG pwztuuwG hwliw!wLtlm~JmGo (u~libm(lhl.fm~­

JnLG(!) : ,_.(lnp, b~b X l4Wl11WhwlfwG lib6m~jmGG mG~ h~liW!WLtl 

(u~libm(l~lf) pwztumli x=E(X) nL'l'l.P Glfwmuwlip, WJu~GpG JnL(lW­

pwGLJm(l X-EX zb'l.liWG hwliw(l e+nJnL~JmG mGp hwlj_wuw(l hwlj_w­

GwlfwGm~Jwlip ll(lWG hwlfwll~(l zb'l.nLli, Wl.l.IW' 

ll 3 = ±{xi - E(X))
3

Pi 
i=1 
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W(l111WhWJI11nL~jWG lib2 hWliWl4Wl11UJutuwG C+nLUW(lbt~Gb(l[! 
!bqnpwgGmli bG li~liJwGg, L. b(l(ln(l'l ~UJ(le+~ LfbGm(lnGwl.fwG lin­

libGmo hwlj_wuw(llJ.nLli t q(lnJ~: t~b bn(lnn 11 lfw(le+~ LfbGm(lnGwl.fwG 

linubGmo q(lnJ~ hwll_wuw(l !t' GzwGw~mu tl n(ll4Wl11whwl.fwG lib-

6m~JwG pwztumuo hwuw!wLtl !t: n(l~wG b(l(ln(lll Lfw(le+~ linlibGmo 

unm t 0-~. WJGpwG l4WlilwhwlfwG Ub6rlL~jWG pwztumli[! x=E(X) 
nl'l.'l.~ Glfwmliwup linlll t hwliw!wLtlnL~JUJGo : 

UlfqpGwlfwG L. ~bGm(lnGwl.fwG unubGmGb(l[! LtlntuwllW(low­

PW(l W(l111WhWJ111lJ.mu bG li~liJwGgnLJ. : Sb'l.~ mGbG hbmL.Jwt pw­
GwoL.b(l[! · 

Ilk = vk - c~ v1 vk-1 + c~vlvk-2 - · .. i- (- 1)k v
1
k I 

vk = Ilk + c~ v11-lk -1 + c~v12 ll k- 2 + · · · + v
1
k I 

' i k! 
n(lmb'l. Ck =. 1(k - ')t' i = 1,k : 

I. I . 

Uwht1wumt1. 'TlwlnwhwlfwG lib6nL~JwG pwztuuwG wu~libm­
(l~w lfn!ll.mli t b(l(ln(lll l.fw(l<+~ l.fbGln(lnGwlfwG linlibGmp hw(lwpb­
(lnL~JnLG[! lip2~G pwnwl.fmuwJpG zb'l.llwG tun(lwGW(lllPG' 

3 

A s =~ : 
cr 

Uuplibm(lpwG ll(lW~wG t, b~b PLUztuuwG Lfn(lp «b(ll.fW(l liWU[!» 

e+mGlj_mli t liw~buwmplfwl.fwG u1..4wumupg w2, pwgwuwl.fwG t, b­

~b l.fn(l~ «b(llfw(l liwuo» e+mGll_mli t liw~bliwm~lfwlfwG u1..4wum­

lipg owtu: Uu~lib111(lpwG hwll_WUW(l t 0-h , b(lp pwztuliwG l.fn(l[! hw­
UW!WLtl t x=EX nl'l.'l.~ Gl.fwmuwlip: 

Q.n(l6GwlfwGnLu wuplibm(lpWJP GzUJG[! n(lnzmli bG linllwJ~· 
(tumm~JWG :f>mGlfg~wJp liwpu~limlip l.fblll) Glfwmliwlip tumm~JwG 
:f>mGlfgpwJ~ e+(lw:f>pl.f~ ll~(lpnlj_: t~b GzlJ.w6 e+(lw:f>plfp «b(ll.fw(l liw­

U[!» llWUWlj_n(llj_w6 t linllWJpg W2, Wl4w As>O, pulf b~b llWUWlj_n(l­

lj_w6 t linllWJpg owtu. W1..4W' As<O, (111b'u C+(lW:f>plf 2.9, C+(lW:f>~Lt 
2.10): 
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f(x) 

0 M (llnllW) X 

f(x) 

0 X 

Q[lw~~4 2.10 

UwhtJwunuJ. 'llwmwhw4w0 lib6mf}JW0 pwztuuwO tpugbu wO­
l{wOmu bO hbmuJWL ub6mf}Jm0o· 

4 

Ek =~-3 · 4 . 
cr 

UJu p0mf}WQ.(1~~Q gnLJg t UlWL~U L4WU1Whw4w0 lib6mf}JW0 

pwztuliwO «l{b(lbLQ~» lib6 4wli ijlnpp L~ObLQ m4.JwL UJWLilwhw4wO 

lib6mf}JWO liwf}bliwm~4w4w0 UL4wuliwO L. ll~UL40(1U~WJ~0 hwl{w­

UW(1L4W(1WlibU1(1b(1n4, OnpliwL pwztuuwO hwlibliwm: 
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unrulwL pwztuuwO hwuwp Ek=O, mum~. bf}b npL.t L4Wlilwhw-

4wO ub6mf}jW0 pwztuuw(j tpugbuQ lilW(1J:!0(1 t 0-~g, WL4W WJ0 

U1W(1J:!0(1 t 0n(1UWL~g : 

bf}b l4WU1Whw4w0 ub6mf}JW0 pwztuuwO tpugbuo 'li1W4w0 t, 

WL4W 'l(1W pwztuliw(j 4np(j m(j~ wl{bL~ J:!W(10(1 L. «UnL(l» Q.WQ.Wf}, 

pwO OnpliwL 4n(1Q (OnpliwL pwztu4.w6 L4Wl!lwhw4w0 lib6mf}JW0 

tummf}JWO ~m04g~WJ~ Q.(1W~~4Q), hw4wnw4 llOL4PnLli (Ek<O) 

hwlibtlwm4.nrt 4np0 mO~ w4.bL~ gw6p L. «hW(lf}» q.wq.wf}, pwO 

0n(1UWL 4n(1Q (mb'u Q.(1W~~4 2. 11, Q.(1W~~4 2. 12): 

f(x) 

0 X 

Q[lw~~4 2.11 

f(x) 

(hwllbllwlmln'l. 
ljnp) 

·· ... . .. . 

0 X 

Q(lw~~4 2.12 
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Uwhtfwunu.I: fTJwmwhwl.jw(i ubom~jw(i ubl'l~WGW(U~2GWil­
dbp) l.jngtmu t WJG xo ~~Ll.o. nil~ hwuwll mb'l~ mGbG hbmltJWL wG­
hwLtw UWilnL~JmGGbll[:f 

F(x 0 ) ~ ; , F(x 0 + 0) ~ ~ , 

npmb11' F(x 0 +0)= lim F(x): 
X ~ Xo 

UwuCiwLtnllWl4bU wGoG!'lhWUl l4WU1Whwl.jw(i ubom~jm(i(ibll~ 
hWUWil, WJCi nllnzLl.mu t hbUll.tJWL hwLl.WUWilnL~JWup' 

Xo oo 

jt(x}jx= jt(x}jx=2: 
- oo Xo 2 

Uwhtfwumtf. a 4Wil<t~ 4Ll.wGm~L a E(O, 1 ), l.jn~Ll.mu t WJCi Xa 

~~Ll.Q , np~ hwuwll F(XcJ~a. F(X,+O)~a : b~b X l4Wlllwhwl.jw(i 

ubOnL~jm(i(j WCiQCi!'lhWUl t , Wl4W Xa l.jLl.wCiUl~LQ nllnzLl.mu t 

hbmltJWL hwLtwuwllnL~JWup ' F(Xa)=a: Ul.jCihWJUl t, nil ubl'l~w(iw(j 
~llbCi~g Cibpl.jwJwgCimu t a 4Wil<t~ 4Ll.wCim~r 

2.10. bpl.j~wt.fl ~WUlWhwl.jw(i ubOnL~JWCi p(im~wqp~~(ibp[! 

UwhLfwunuJ. bll4~wt.fl Z=(X, Y) l4WU1Whwl.jw(i ubOrll~JWCi uw­

~buwm~l.jwl.jw(i UL4wumu l.jwu u~2~G l.jn~Ll.mu t hbmltJWL bll4~wt.fl 
Ll.bl.jmnpo' E(Z}=(E(X), E(Y}), nil~ l.jnnlll'l~GwmCibll(j b(i X Lt Y l4W­

mwhwl.jw(i ubOnL~jm(i(ibll~ uw~buwm~l.jwl.jw(i Ul4WUnLu(ibllQ: 

ul.jwmb(ip, nil blll.j~wt.fl l4WU1Whwl.jw(j ubOnL~jWCi uw~bUWUl~­
l.jwl.jw(i Ul4WUnLUQ, ~ UlWilPbllnL~jnLCi ubl.j ~wt.flw[i~~ . WJLI.tU ~~Ll. ~t. 
WJCi Ll.bl.jmnll t (l.jwu ~Ll.wqnLJq) : 

UwhLfwunuJ. bll4~wt.fl Z=(X, Y) l4WU1Whwl.jw(i ubom~JWCi 
(k,m)-lll'l l.jWil<f~ ul.jqp(iwl.jw(j unub(im l.jn~Ll.mu t Xk l.t ym l4WU1W­

hwl.jw(j ub6m~JnLUUbll~ WlllllWI'lllJWL~ U~2~Ci[! , WJU~(ip(j ' 
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Vkm=E(Xk.Ym) : 

UwuGwLl.nll 11buu~mu Vko=E(Xk) (k=O, 1 ,2 ... ) ubom~JnLGQ X 

l4WU1Whwl.jw[i ub6nL~JWG k-lll'l l.jWil<t~ unub(im(j t, ~ul.j Vom=E(Ym) 

(m=O, 1 ,2 .. . ) ub6m~jnLGQ' Y l4WU1Whwl.jw(j ub6m~jw(i m-lll'l l.jWil­

q~ unubGmo: 4~1lwnm~JmGGbll~ ub2 twl.jwG GzwGwl.jm~JmG mG~ 

V11=E(X·Y) unubGmo: 

UwhLfwunuJ. bll4~wt.fl Z=(X,Y) l4WU1Whwl.jw(i ubom~jw(i 

(k,m)-lll'l l.jWil<t~ l.jbGmllnGwl.jw(i unubGm l.jn~Ll.mu t (X-EX)k l.t 

(Y-EY)m l4Wll1Whwl.jw(i ub6m~jm(i(ibll~ WlllllWI'lllJWL~ uw~buw­

Ul~l.jwl.jw(i Ul4WUnLU[! , WJU~(ip(j' 

~~km = El(x - E(X))k (Y- E(Y)r J 
b~b blll.j~wt.fl Z=(X,Y) l4Wlllwhwl.jw(i ub6m~jnLCi[! l'l~Ul.jllblll t 

{Pii}i = 1,n,j = 1,S pwztuuwG OllbCipnLl.. Wl4W . 

~~km = I± [(xi - E(X))k (y i - E(Y)fPJ , 
i=1 j=1 

~ul.j, b~b Z=(X,Y) l4WU1Whwl.jw(i ubom~JnLCi[! WCi[!Ci!'lhWUl t' 
f (x , y) tumm~Jwlip , Wl4W. 

+ ::0 +CG 

~~km = j j(x-E(x)t(y - E(v)r f(x ,y}jxdy : 

UwuCiwLl.nll l'lbl4J2nLU !lkO l.t !lorn unub(im(ibll[! hWUWl4WU1WU­

tuwGwpWil X l.t y l4WU1Whwl.jw(i ubom~jm(i(ibll~ k l.t m l.jwpq~ 

l.jbGmllnGwl.jw(i unubCimGbllG bG, ~ul.j ~t2o l.t 11o2 unubGmCibpo' X l.t Y 

l4WU1Whwl.jw(j ubOnL~jm(i(ibll~ l'l~Ul4bllU~WCibll[!: 

tl.jn(inliblllll~l!wJnLU ubo GzwCiwl.jm~JmCi m(i~ ' 

~~ 11 = E[(X- E(X)XY- E(Y))] 

unubCiUlQ, nll~(j wGLl.wCimu b(i X l.t y l4WU1Whwl.jw(i ubom~jm(i[ib­

ll~ U~2Lt l.jnLl.Wil~Wg~w l.jwu l.jnnbuwg~n(j unub(im: Ujumhbml.t 
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ubGQ ~oq.Lnwq.np6bGQ ~mtwr~wgpw LnbflU~GIJ l.t WJG ~GzwGw~bGQ 
Cov(X,Y) = 1111: 

1bzLn t LnbuGbL, np' 

Cov(X,Y)=E(X·Y)-E(X)E(Y): 

b~b X l.t Y L4WLnwhw~wG llb6m~jmGGbpG wG~wtu bG, WL4W 

4.bfl2~G pwGwal.t~g hbLnl.tmll t. n11 Cov(X,Y)=O, hw~wnw~o n! 

u~zLn t 6~zLn : 

Uwht1wunul. b~b X l.t Y L4WU1whw~wG ub6m~JmGGbp~ u~21.t 

~n4,wp~wg~wG hw4,wuwp t 0-~. Wl4W wumu bG, np X l.t Y l4W­

Lnwhw~wG ubom~JmGGbpiJ !~nnbLwg4,w6 bG: 

fabnpbu. b~b Z=(X,Y) bfl~!Wlfl l4WLnWhw~wG ubom~jnLGIJ 

pwztu4.w6 t GnpUWL l.t X, Y l4WU1whw~wG ub6m~JmGGbp1J !~nnb­

LWg4,w6 bG, Wl4W llflWGQ wG~wtu bG: 

Uwht1wumt1. bfl~!Wtfl Z=(X, Y) l4WLnWhw~wG ub6m~jWG ~n-

4,wp~wg~nG uwLnp~g wG4,wGmu bG hbUll.tJWL uwLnp~giJ · 

v(z) = (11 20 1111) 
1111 1102 

U~GhwJLn t. np ~n4,wp~wg~nG UWLn(l~giJ u~ubLnfl~~ UWLnfl~g 

t, WJU~GQG ' V(Z)=(V(Z))', npLnbll (V(Z))·-IJ ~n4,w[l~wg~nG UWLnfl~­
g~ 2fl24.W6 UWlflll~gG t: 4n4,wr~wg~nG UWLnll~g~ cutuw4.nr wG~­

jntGwq.6~ 4,pw q.LnG4,mu bG hll~!Wtfl l4WLnwhw~wG ub6m~JWG 

PWilWilll~!Gbll~ ll~Ul4hllU~wGb!11J, ~u~ wG~jmGwq.o~g llnt(lu' 

PWilWilll~!Gbr~ u~21.t ~n4.wr~wg~wGbflo : 

0{1/luwq. bG~WilllhGQ' hll~!Wtfl Z=(X,Y) L4WLnwhw~wG ub-

6m~jntGI} pwztu4.w6 t GnpUWL (2.4 ): 0q.Ln4.bLn4. br~!Wtfll4wLnw­

hw~wG ub6m~JWG pGm~wq.[l~!Gbr~ uwhuwGmuGbr~g· ~WilbL~ t 

UJU CizwCiw~nlllQ ~ll.lbllli? t ztjln~bL q~Ull.lbflU~WJ~ hblll: OCiqhwCiflWLI.IbU bfl~~wtjl 

~wl.l wltbL~ pwfl?lfl ~wtjlnf1W~wCim~JWLlp li.IWlllwhw~wCi Llbom~JnLCiCibfl~ hwllwr 

q~ull.lbflu~w ~~ uwMwGijmll. WJG tjlntuwfl~CiijnLI.l t ~nttwr~wg~nG Llwlllfl~gnij : 
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b~b (x,y) 4,b~Lnnrn GzwGw~bGQ x. E(Z) 4,b~Lnnrn· a, V(Z) 

UWlflll~gn' 2: l.t bG~WilflbGQ, nr 2: UWLn[l~g~ nrnz~!l} qrn !t. WJ­

u~GQG ' 

jij = (cr1cr2)2 -r 2(cr1cr2)2 * 0, 

Wl4W bll~!Wlfl L4WLnWhW~WG ub6m~jWG tuLnnt~jWG :f>mG~g~wG 

~wrbL~ t q.rbL hbLnl.tJWL uwLnr~gwJ~G LnbuQn4,' 

f~)= 1 exp(- _!~ -a}L-1 ~ -a)). 
2nv'fij 2 

nrLnbll \"' - a = (x - a 1• y - a 2 ) = , ~ -n , t ) 1 (X - a1 ) " _1 
Y -a2 

2: UWLnll~g~ hw~WilWilO UWLn[l~gG t. WJU~GQG' 

1 1 

r -1 = (1-r)cr~ - cr1cr20-r
2

) . 
r 1 

cr1cr 20-r 2) cr~0-r 2 ) 
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t4nGnobmri14WJj1 hj1oGw4wG tuGfli111Gbjlj1g llb4G t lllWilqbL X 

La Y UJWIIlwhw4wG ob6m~JmGGbrj1 4wtut.lw6m~jwG ala[! La qGw­

hwlllbL 4wtut.lw6m~JWG ~wttlo : UJu tuG!llllll! Lm6bLm hwowr ll.lblllf? 

t hwu4wGWL, njl br4m UJWIIlwhw4wG ob6m~jmGGbj1 4wll 4Wlll­

t.lw6 bG :f>mG4gj1nGwL 4wtut.lw6m~JWOp ' qnJnL~JmG mGj1 q> :f>mG4-

gj1w, WjGUJj1Uj1G, nr Y=q>(X), Ltwo 4WUJt.lw6 bG n~ :f>mG4gj1nGWL 

4wtut.lw6m~JWOp (GowG 4wtut.lw6m~JWG[! wGt.lwGmo bG t.ll16w-

4wqrw4wG) Ltwo wG4wtu bG: 

tr4m ll.lWIIlwhw4wG ob6m~jmGGbjlj1 0j12La :f>mG4gj1nGWL 

4wtut.lw6m~JnLG[! hwqt.lwflbUJ t hwGflllll.lnLO, f?WGj1 njl hj1oGw4w­

Gmo Wjfl obom~jmGGbrllg qnGb llb4o qmGt.tmo t lllWIIlWhw4wG 

qnronGGbrll wqflbgm~JwG Gbrf?n, wJu flbll.lf?nLO X La Y lllWIIlwhw-

4wG Ob6m~jmGGbjlj1 Oj12la wnw2wGmo t t.lj16w4wqrw4wG 4wtu­

t.lw6m~jmG : Opj1Gw4. IIlGIJlbuwqj11IlnL~jmGj1g hWj111Gj1 t, nr Wlll­

jlWGf?ll UUJWilOWG owt.tww 4wtut.lw6 t qGrg. uw4wJG ttlnroo gnqg 

t IIlWLilU, nr qGr oj1laGnqG OW4WilflW4jlG hWOWUJWIIlWUtuwGmo 

bG UUJwnowG IIlWjlpbjl 6wt.lwLGbr. WJujlGf?G ' qGil La Ull.lWilOWG 

lll12la ~4w :f>mG4gj1nGWL 4wtut.lw6m~JmG , WJ!l 4wtut.lw6m~JnLG[! 

t.ll16w4wqrw4wG t: 

UwhtfwunuJ. Uumo bG' Y UJWIIlwhw4wG obom~JWG 4wtut.lw-

6m~JnLG[! X UlWIIlwhw4wG ob6m~jmGj1g LtnnbuwgrnG t, b~b qn­

JnL~JmG mGj1 :f>mG4gj1nGwL 4wtut.lw6m~JmG X-11 wpdbf?Gbrll La 

fljlWGg hWOWUJWIIlWUtuwGnl1 Y UlWIIlWhW4WG ObOnL~JWG Wj1dbf?­

Gbjlj1 lli1211GGbrll lli12La: 

tr4m. X La Y UJWIIlwhw4wG obom~JmGGbrjl or2La q6wjjlG 

4wtut.lw6m~JmGo ~wttlt.tmo t 4nnbuwgpwJjl qnrow4rgr or2ngnt.t: 

UwhtfwunuJ. X La Y UJWIIlWhw4wG obom~jmGGbrll 4nnbuw­

gpwJI1 qnr6w4rg t 4n~t.tmo hbmlaJWL obom~JmGo' 

r(X Y) = Cov(X, Y) . 
' JV[X)JV(Y) . 
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4nnbuwgrwJI1 qnp6w4jlgG mGil hbmlaJWL hwm4nL~JmGGbjl[! . 
1. 4WOWJW4WG X Lay UlWIIlWhW4WG obom~jnLGGbpll hwowp' 

-1 -:;r(X,Y) -:;1: 
2. t~b r(X.Y)=1, WUJW. Y=aX+b, a>O, 

b~b r(X,Y)=-1, Wlllw· Y=aX+b, a<O: 
3. npf?WG lr(X.Y)I-o onmbGmo t ob4j1G, WjGf?WG X Lay UlWU1W­

hw4wG obom~JmGGbrll 4wtut.lw6m~JmG[! obowGmo t, ru4 nrf?wG 

lr(X.Y)I-o onm t O-rG. wJGf?wG 4wtuLtw6m~JmGo ~nqwGmo t: 
4. t~b X La Y lllWmwhw4wG obom~JmGGbrG wG4wtu bG, 

Wll.IW. r(X,Y)=O:· 

2.11. Pwqow~wttl GnjlOWL UlWU1Whw4wG obom~jmG , 
1111w hwm4m~JmGGbp[! 

UwhtiwunuJ. Pwqow~wttl (n-~wttlwGjl)' Z=(X1.X2, .. ,Xn)' UlW­

mwhw4wG obom~JwG[! (L1_b4mnpj1G) wGLj_wGmo bG ~Lj_bpwubrl1_w6 , 
GnjlOWL PW2tuLtw6 UlWU1Whw4wG obom~jmG (L1_b4mnr). b~b '111W 

PW2tuowG tumm~jWG :f>mG4grwG mrLtmo t hbmlaJWL hwLtw-

UWjlnL~JWOp' 

t(x)= 1 exp(-_!(x-m)' ~-1 (x-m)l, 
(2rr)rV2\~\V2 2 ') 

nrmbl1' XER0 , mER0
, I-G nxn - ~wttlwGr urobmrr4. '1flW4wG 

npn2Ltw6 owmrrg t (I=I' La I>O): 

• t:;pb 4nnbuwgtJWJP qnpow4l191:! hwlj_wuwr t qpnJp, WL4W rwwGpg [!GtlhwGmp wn­

liwlip ~11 hbmL.mli , nr X L. Y L4Wl.I1Whw4wG libompJmGGbpG wG4wtu bG (mb u unl)G 

L4W[1Wq[1W~tJ W11W2PG pbnpbli[!): 
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m 4b4Lnnpo u L liwLnptJgo unpliWL pwztuliw(j L4Wf1Wlibtnpbp(j 

bu: b~b m=O, tJulj I=l (litJw4np llwtnptJg), WL4W L4WLnwhwljwG 

llb6nL~JWUU wG4wumll b(j Ul.IlWUI1Wf1Ln unpliWL l4WLnwhwljw(j 

llb6m~Jmu: Un4npwpwp Z L4WLnwhwljwG llb6m~Jwu' m u I 

L4Wf1Wlibtnpbpn4 unpliWL pwztu4w6 LtJGblQ ljplSWLn qpmll b(j 

hbtnuJWL ~un4' Z-N(m, L): 

ra4wpljbup pwqliW!Wtn unpliWL pwztu4w6 L4WLnWhwljwu 

lib6m~Jwu htJliuwljwG hwtnljm~JmuubpQ. 

1. b~b Z- N(m, L), WL4W E(Z)=m, V(Z)= I. nptnbrf V(Z)-Q Z 

L4Wlilwhwljwu lib6m~Jwu ljn4wptJwgtJnu llwtnptJgu t' 

V(Z)=E((Z-m)(Z-m '): 

2. unpllWL pwztu4w6 4bljl.IlnptJ ljwliWJWljw(j bu~w4bljtnnp[! 
unLJUL4bU unpllWL t pwztu4w6: 

3. b~b Z-o u Y-o unpliwL pwztu4w6 wuLJwtu 4b4tnnpubp bu, 

WL4W u = (~) 4bljtnnpo UnLJUL4bU 4Lrur unpliWL pwztu4w6: 

4. b~b U = (~) 4bljLnnpQ unpliWL t pwztu4w6, tJulj Z u Y 

L4WLnwhwljwu lib6m~Jmuubpo !4nnbLwg4w6 bu, WL4W 11!1Wup 

4LtJGbu wuljwfu: 

5. b~b Z L4WLnwhwljwu lib6m~JnLUQ n-!WtnwutJ unpliWL 

pwztu4w6 4bljtnnp t' m u I L4Wpwllbtnpbpn4, A-G' kxn-!wijlwutJ 

llwtnptJg, L-Q' k-!wijlwutJ 4bljl.Ilnp (kx1), WL4W k !WijlwutJ Y=AZ+L 

L4Wlilwhwljwu lib6m~Jmuo pwztu4w6 4Lrur unpliwL Am+L u 

AIA' L4Wf1Wlibtnpbpn4: 

6. b~b C:-Q n-!WtnWutJ ULnWUI1Wf1Ln unpliWL pwztu4w6 

L4WLnwhwljwu lib6m~jmu t' X=Ac: + a, Y=Bc: + b, nptnbrf A-u pxn 

!WtnwGtJ llwtnptJg t, B-u· qxn-!wLtlwur liwtnptJg, aERP, bERq, 
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WL4W Cov(X,Y)=AB': Uwuuw4npwL4bu, X u Y L4WLnwhwljwu 

4b4tnnpubpQ 4LtJ(jb(j wuljwtu litJWJU u litJWJU WJU 11bl4f?nLU, bpp 

AB'=O: 

7. b~b c:-Q n-!WijlwutJ ULnWUI1WfiLn unpliWL pwztu4w6 

L4WLnwhwljwu lib6m~Jmu t, tJulj M-o' nxn-!wijlwutJ tJ11buL4ntnbutn 

llwtnptJg, WL4W c:'Mc: L4WLnwhwljwu llb6nL~JnLUQ pwztu4w6 t X2 

pwztuliwlip' rank(M) wqwtnm~JWU wutntJCSwGn4: 

8. b~b Z-o n-!wijlwur unpliWL pwztu4w6 L4WLnwhwljw(j 

lib6m~Jmu t' m u I L4Wf1Wllbtnpbpn4. WL4W (Z-m)'I-1(Z-m) 

L4WLnwhwljwu lib6m~JnLUQ pwztu4w6 t X2 pwztuliwlip' n 

wqwLnnL~Jwu wutntJCSwun4: 

9. b~b ' x1. x1 ..... , Xn L4WLnwhwljw(j lib6m~jmuubpQ wuljwtu. 

a u cr L4W(lWUbtnpbpn4 unpliWL pwztu4w6 liblj !WijlwutJ l4WLnW-

- 1 n 
hwljwu lib6m~jmuubp bu. WL4W' X =-I xi u 

n i=1 

L4WLnWhWljWU lib6m~JnLUubp(j wuljwtu bu: 

10. 9-[111 hwLn4nL~JWU L4WJUWuubptJ 110l4f?nLli 

_.;..±{xi- X f L4WLnwhwljwu lib6m~Jmuo pwztu4w6 t l 
() i=1 

pwztullwlip n-1 wqwtnm~Jwu wutntJCSwun4: 

11. 9-[111 hwtnljm~JWU L4WJUWuubptJ 11bl4f?nLU. 

(X- a }In 

-
1 f(xi-xf 

n -1 i=1 

UtnJml1butntJ pwztuliwlip' n-1 wqwtnm~Jwu wutntJCSwun4: 



114 SUPPU4Uut4nunUtSP~4U 

2012° Ub6 ~4bflp OflbGI?: 1wijwGw4wGm~JnLGGbflp 

4bGll1[1nGw4wG uwhowGwjpG u ULmg4m ~bn[lbOGbfl~ 

Ub6 ~4bflp OflbGI? wubLn4 hwu4wGmo bGI? op zwflE uwhow­

GwJpO ~bn[lbOGbfl , n[lnGI? hwulllwlllmO bG, n[l Opwijn[lpG OnUl hw­

ijwGw4wOm~JWOp lllbll.tl 4mGbGwG n[lnz L4Wlllwhw[1Gbfl , n[lnOI? 

ijb[1wpbf1mO bG ob6 ~ijnij ~wlllwhw4wG ob6m~JmGGbflp qmow­

flpO: 

b~b X1, X2, 0 0 0, Xn. 0 0 0 L4WU1whw4wG ob6m~jmGGb[1p hw2n[l­

'lW4wOm~jwG wnw2t1G n wG'lwOObflp Otl2tl0 ~ijwpw0w4w0p hw­

Owfl qnJnL~JmO mGp a1, a2, 0 0 00, an. 00 oo ~4WJp0 hw2nf1'lW4wGm~­

JnLG, WJ0l4pup0, n[l 4wOwJw4wO E>O ~4tl hwOwfl lllbll.tl mOp 

hbUluJWL hwijWUW[lnL~jmO~ · 

(2019) 

WL4W wumo bG, nf1 Ulbll.tl t mObgbL ob6 ~4bflp OflbGI?o: 

Ub6 ~4bflp OflbGI?tl wobGwoG'lhwGmfl ~bnflbO~ . w04wtu L4W­

Ulwhw4wG ob6m~JmGGbflp hwOwfl, ~bppzup ~bn[lbOG t: UtlO!LL 

WJG C\uw4bfll4bLIJ UlWOE hbUluJWL uwhowOmoObfl~: 

UwhtJwunuJ: 'TlwU1whw4wG ob6m~JmGGbflp X1, X2, ... , Xn . .. :. hw-

2nf1'lW4wOm~JmGo hwOWflJW hwijwuUlp (hwijwuUlp pwnp Ltln­

tuwflbO hw6wtu oqlllwqn[16ijmo t wobOm[lbE pwn~) qmqwOp­

UlnLO t X ~wlllwhw4wG Ob6m~JWG~. b~b 

P( lim Xn = x) = 1 ( xn ~ Xh.h.) : 
n.....,. ::t) n----. :t:: 

(2 .20) 

UwhtJwumtJ: 'TlwU1whw4wO ob6m~JmGGbflp X1, X2, ... , Xn . .. .. 

hw2nf1'lW4w0m~JmOo IJUUl hwijw0w4w0m~JWG qmqwOplllmO t 
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X L4Wlllwhw4wG Ob6m~JWG~. b~b 4wOWJW4wG E>O ~4tl hwOwfl 

Ulbll.P mGp hbllluJWL hwijWUW[lnL~jmG~ · 

lim P~Xn- XI> E)= 0 (p lim Xn = X,Xn .: x): (2021) 
n~O') n~co n---+co 

YWflbLtl t gnljg UlWL, n[l b~b ~WU1Whw4wG ob6m~jmGGb[lp 

{Xn} hw2nfl'lW4wGm~jmGo hwOWflJW hwijwuUlp qmqwOpUlmO t X 

l4Wlllwhw4wG Ob6m~JW01J, WL4W qmqwOplllm~JmGo Ulbll.tl mGp 

Gwu ~ulll hwijwGw4wGm~JwO: 1w4wnw4~ n! dpzll1 t 6pzU1: 

UJcto CILLw4bfll4bGe ~bppzun ~bnflbo~· 

fabn[lbOo 'lpgmi?, X1, X2, 000 , Xn. 00 0 w04wtu L4Wll1whw4wG ob-

6m~Jm0Gbflp hw2nf1'lW4wGm~JmG t, n[lnOg hwOw[l qnJnL~JmG m­

Gp ow~bOWU1p4w4wO UL4WUmO' E(Xk)=ak, k=1 ,2,0 0 00 u 'lPUL4b[1-

upw V(Xk)=bk < L 4wOwJw4w0 k-p hwOwfl, WJ'l 'lbl4I?nLO Ulbll.tl m­

Gp Ob6 ~ijb[lp O[lbGI?~· 4wOWJW4w0 E>O ~ijp hwOW[l 

(2.22) 

'JfnnnfJnLPJnLU 1. fabn[lbOpg hblllumo t, n[l X1, X2, ... , Xn . .... 

l4Wlllwhw4wG Ob6m~JmGGbflp on2t10 ~ijwpwOw4wG~ ~uUl hwijw­

Gw4wGm~JWG qmqwOplllmO t hwOWL4WlllWUtuwO ow~bOWU1p4w-

4wO UL4wumoOb[1p' a1. a2, .. .. , an •... . on2t1G ~ijwpwGw4w0pG, uw 

GzwGw4mO t, n[l pwijw4wGW!WLP ob6 n-b[lp hwOW[l L4WU1Whw-

4wG Ob6m~JmGGbflp on2t1G ~ijwpwGw4wG~ u ow~bOwll1p4w4wG 

UL4wumoGb[1p on2t10 ~ijwpwGw4wG~ hwOWflJW hwijwuw[l bG: 

'J.fnnnf]nLpJnLU 2. b~b X1, X2 ,0·0· Xn ... . wG4wtu L4Wll1whw4wG 

Ob6m~Jm00bf11J OnLJO Clunij bO pwztuijw6 u qnJnL~JmG mOp 'lflWGg 

Ow~bOwlllp4w4wG u~wumo~· E(Xk)=a, k=1, 2, ... u 'lPU~bflupwG 

V(Xk)=b, k=1 ,2, ... , WL4W Opwijn[lp aqUlnll. hwijwGw4w0m~JWOp 
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4wrbL~ t ~GflbL. nr x,' x2 •.. . I Xn . .... ~WLnwhw4wG dbom~jmG­

Gbr~ d~2~G ~t.l.wpwGw4wGQ p~~ t LnWf1pbrt.l.md ~wLnwhw4wG ub­

om~JmGGbr~ dw~buwLn~4w4wG u~wumd~g. bf1p n-Q ubowGmu t 
wGt.l.br2nrbG, wJu~GpG ' 4wuwJw4wG E>O ~4.~ hwuwr 

(2.23) 

=ll:imb.wliR. (PI:i(llimt/1/1 pf:in(lf:iu): b~b PbrGmL~~ wG4wtu Lj1nr-

6bpmu A ~wLnwhwr~ · JmrwpwG~mr Ljlnramu Lnb'1~ mGbGwLm 

hwt.l.wGw4wGm~JnLGQ hwumwLnmG t La hwt.l.wuwr t P(O<P<1), ~u4 

Lj1nr6bp~ ~~t.I.Q ' n -Q, aq.Lnmu t wGt.l.bf12nL~JwG, w~w u~wt.l.nr~ 

aq.Lnn'1 hwt.l.wGw4wGm~JWUp 4wrbL~ t ~GflbL, nr ~wLnwhwr~ 

brl.tmuGbr~ hwowtum~JwG zb11muQ flrw' JmrwpwG~mr wnwG­

. a~G Lj1np6mu Lnb'1~ mGbGwLm hwt.l.wGw4wGm~JmG~g Ljlnpr t Gw­

tuw~bu Lnflt.l.w6 gwG4wgw6 E >0 ~t.l.~g. WJU~GpG ' 

lim P( lm - PI < £) = 1 , 
n->ao n 

(2.24) 

npLnb'1 m-Q A ~wLnwhwr~ bpl.tmdGbr~ ~~t.I.G t' n wG4wtu 

Ljlnrobrmu: 

l.f~rwnm~JmGGbrmu wt.l.bL~ zwLn oq.Lnwq.nrot.l.mu t PbrGm­

L~~ ~bnrbu~ w~wgnljg~g hbLnl.tn11 hbLnl.tJWL pwGwal.tQ' 

(2.25) 

bflp n-Q pwt.l.w4wGw~wt.j1 dbO t: (2.25) pwGw6l.tmd ct>(x) 

4>mG4g~wG Lw~LWU~ 4>mG4g~wG t: 

b~b X, , X2 .... , Xn . .... ~wLnwhw4wG db<'Jm~jmGGbp~ hw2nr­

flW4WGnL~JWG WllW2~G n WGflWUGbp~ u~2~G p4.wpwGw4wG~ hw-
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uwr q.nJnL~JmG mG~ a1, a2, .. . , an . ... ~t.I.WJ~G hw2nrflw4wGm~JmG, 

WJG~~u~G. nr Lnb'1~ mG~ 

P{ limiX1+X2 + .. · + X2 _a1+az+ .. ·+anl=0}= 1 (2.26) 
n-HO n n 

hwt.l.wuwrm~JmGQ , w~w wumu bG, nr Lnb'1~ mG~ ubo ~t.l.br~ m­

db'1wgt.l.w6 opbGp[!: (2.26) hwt.l.wuwrmL~JnLGQ 4wflbL~ t q.rbL Gwl.t 

hbLnltJWL Lnbupnt.l.' 

lim lx1 + x2 + ... + x2 a1 + a2 ~ . .. +an I= O,h. h-: 
n-> <>:> n 

fabnpbu. b~b X1, X2, .. . , Xn ... .. wG4wtu ~wLnwhw4wG ub­

om~JmGGbpQ GnLJG 6l.tnt.l. bG pwztut.l.w6 La q.nJnL~JmG mG~ flflwGg 

uw~bUWLn~4w4wG U~WUnLU[!' E(Xk)=a, k=1' 2, ... , w~w' 

X1+Xz + .. ·+Xz h h. __,__.;___ __ -=... ~ a, . . 
n 

'l~gmp, X1, X2, .. . , Xn . ... wG4wtu ~wLnwhw4wG ubom~jmG­

Gbr bG ' hwuw~wLnwutuwG a, , a2, ... , an .... uw~buwLn~4w4wG 

u~wunulGbrnt.l.. b1, b2, ... , bn, .. . fl~u~bru~wGbrnt.l. . c,, c2 .... , Cn, 

... brrnr'l 4wrq.~ pwgwp6w4 4bGLnpnGw4wG umlbGLnGbrn{ 

uzwGw4bGp. 

UJ'l flb~pmu hwt.l.wGw4wGm~JmGGbr~ Lnbum~JwG wnwGg­

PWJ~G· 4bGLnpnGw4wG uwhdwGwj~G ~bnpbdQ, nrQ w~wgmgt.l.w6 

t w4wflbd~4nu U.U. Ljw~mGnt.l.~ 4n11u~g La WJ'l ~wLn6wnnt.l. hw-

• X UjWLilWhwljwu obompJWU k ljwpqt'J pwgwpowlj ljbuLilpnuwljwu onobuLil 

wubLml hwuljwumo buQ EIX- EXIk obcrntpJmu!J: 
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Gml.~ l4WJUwu), WL4w' 
JB:: 

l4WU1Whw~w(j Ut:iOmpJWU 

hwijwuw~wumpJmGGbfl~ pwztuuwu uwhUwuwJ~G 1>mu~g~wu, 

bflp n-(! oq.lilmU t wG4bll2nLPJWu, ~L~G~ hwijwuw~wumpJmGGbfl~ 
GnflUWL pwztuuwu 1>mu~g~wo· o l.t 1 l4WflWUblilllblln4. wJu~Ggu· 

n 

L:(Xk-ak) 1 x -~ 
limP _k~-1--::=-- < x = -- Je 2 dt: 

n--.oo JB: .fj; -oo 

'Tlwrqwpwubug LJWL4mGnij~ l4WJUWU~ ~UWUUl[!: 

'l~UlWil~bGQ. 

k = 1,2,··· ,n,···, 

l4Wlilwhw~w(j ub6mpjmuubr[!: LJWL4nLGnij~ l4WJUWU[! WJU Gzw­

Gw~muubrn4 ~q.f14~ hbl.Ill.tJWL ~blll4· 

lim i:E(\Ynk\3
) = 0: 

n-+oo k=1 

nrl4buq~ Ulb'l.~ mubuw WJU l4WJUWG[!, wGhrwdbzl.Il t. nJll.Ilb­
'1.~ mubGw hbl.Ill.tJWL hwijWUWflnLPJnLU[!' 

(2.27) 
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UjdU OQ.l.IlWQ.nJ16bLn4 ~bp~zl.t~ wuhwijwuwrmpjnLU[! hbl.Ill.tJWL 

l.Ilbugnij' 

E\X\
3 

P~XI ~e)~ -3- I ~mubuwug. 
e 

E(\Ynk\
3

) 

P~Ynkl ~e)~ 3 : 
e 

Oq.l.Ilwq.nf16bLn4 (2.27) hwijWUWflnLPJnLU[!, ~Ul.IlWUWUQ , nr 

Ynk L4Wl.Ilwhw~w(j ub6mpjmuubf1[!, brp n-[! Oq.lilmU t wuuwhuw­

GmpJWU, [!Ul.Il hwijwuw~wumpJWU qmq.wU~l.IlnLU bu qJlnJ~, WJ­

u~Ggu' ~WUWJW~w(j e>O pij~ hWUWfl l.Ilb'l.~ mu~ hbl.Ill.tJWL hwijw­

UWflnLPJnLU[!' 

k = 1,2, ···,n,· ·· 

k = 1,2,-· ·,n,··· 

UjUl.Ilb'1.~9 hbl.Ill.tmu t. nf1 LJWL4nLUnij~ l4WJUWU[!, xk (k=1' 2, 

... , n .. ) Ub6mpjnLUUbll~ ijf1W llf14bLnij, l4WhWU2nLU t, nJl ~WUWJW­

Xk -ak 
~WU k-~ l.t pWijW~WUW~Wlfl Ub6 n-bfl~ hWUWil l4WlilW-

JB:: 
hw~wu ub6mpJmuubf1[! Unl.Il L~Gbu qJlnJ~ : 

UJUl4~unij, ~bUl.IlllnGw~w(j uwhuwGwJ~U pbnJlbU~ ~uwul.Ilu 

WJU t, n11 pwijw~w(jw~wlfl lflnQJl, PWJQ Ub6 pijnij l4WlilWhw~w(j 

ub6mpjmGGbll~ q.muwr~ pwztuuwu uwhuwuwj~U 1>mu~g~w(j 

ul.IlwGilWfllil unf1UWL pwztuuwu 1>mu~g~w t: 

UJdU Gbr~wjwgubug l.tu ub~ uwhuwuwJ~U pbnflbU' ULmg~m 

pbnrbU[! , n11[! t~nunUbl.Illl~~WJnLU hwCiwtu t ~~Jlwnijmu: 
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'l~gmp , Ulflt.lWO t ~WU1Whw4wu ub6m~JnLUUbf1~ k (hwUl) 

hw2nf1f1W4wum~Jmuubn' ~ ~ } j = 1, k l.t g(x1, x2, ··· , xk) ~mG4-
g~wu: UJfl flb~pmu ULmg4m ~bnnbuo 4{ll.tw4bfl~t.l~ hbUlltJWL 
4bfl~ . 

fabnpbU. tiU~Wfl(lbup' {x~} ~WU1Whw4wu ub6m~jnLUUb(l~ 
hw2nf1f1W4wum~JnLU0bp~g JnLflWPWU~nL(lQ QUUl hwt.lwGw4w-

um~Jwu qmq.wu~Ulmu t hwuUlwUlmu~· 
. p -

X~ -4 Ci ,j = 1,k l.t 
n - Hf.} 

g(x1 . x2 . ·· ·, xk) ~mG4g~w(j WUQUflhWUl t (C1. c2 •. .. ,Ck) 4bUlmU: 

UJflflb~pmu· 

g(X~,X~, · · · , X~).: g(C1,C2, ···,Ck) : 
n-+"-> 

tiu~wflpbup· x t.t Y ~wU1whw4wu ubom~Jmuubro 11~u4pbU1 
bu hbUlltJWL pwztuuwu opbupubnnt.l' 

X x 1 ,x 2 ,· .. ,X 0 

p P1- • p 2-> · · • p n· 

~ Y1.Y2 ····. Ym 
p P.1 • P.2 • · · · .P.m 

npUlb'l.' Pi• = P(X = xi~ i = 1,n; P.k = P(Y = Yk} k = 1,m : 

QuUl hwt.lwGw4wum~Jmuubp~ pwquw~wU14uwu ~bnpbU~ · 
4mubuwup. 

Pik = P(x =xi n v = Yk) = Pi.Px=x; (v = Yk) = P.kPY=yk (x =xi): 

(2.28) 
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UJuUlb'l.~g hbUll.tmu t, np (2.28) hwt.lwuwpm~JWU ub2 Ulb'l. 

Q.UlWO ~WJUWGw4wG hwt.lwGw4wGm~JnLUUbflO 4wflbL~ t ubp4w­

JWgGbL hbUlltJWL {ll.tnt.l' 

Uju~~unt.l , b~b Y=yk ~ = 1,m ). w~w X ~WU1whw4wG ub6m~­

JWU ~wJuwuw4wG pwztuuwu opbupo 4L~G~ . 

l.t b~b X=xk ~ = 1,n). y ~WU1Whw4wG ub6m~jWU ~WJUWGw-

4wu pwztuuwu opbupo 4L~G~ . 

Y1· Y2 ····, Yn 

Pi1 Pi2 Pim. 
Pi• ' Pi• ' ... ' Pi• . 

UwhtlwfinuJ. X ~WU1Whw4wG ub6m~JWU ~WJUWuw4wG uw­

~bUWU1~4w4wG u~wumuo· Y=yk ~wJuwunt.t. npnzt.tmu t hbUll.tJWL 
pwGw{ll.tnt.l' 

lJuwu {ll.tnt.l 4Wflbl~ t uwhuwubl Y ~WU1Whw4wG ub6m~JWU 

L4WJUWGw4wu uw~bllwU1~4w4wG u~wumllo ' X=xi ~Wjllwunt.l' 
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Uwhtlwunu.J: X L4Wlllwhw~wu llb6mpJwu LllWJOwuw~wu llw­

pbllwm~~w~wu UL4WUmO[!, b(1p mr4,w6 t Y L4Wlllwhw~wu llb-

6mpJnLU[! ~wo Y L4Wmwhw~wu ub6mpJwu LllWJliwunLJ., ~rbu~g 

ubr~wjwgumll t Y-~g ~wtuLJ.w6 LllWUlWhw~w(j lib6mpjmG' 

E(X\Y), nr~ wrdbpubru bu E(X\Y=yk). k = 1,m pLJ.b!lQ. ~u~ WJil 

wrdbpub!l[! umwuwLm hwlj_wuw~wumpJmuubru bu P.k pLJ.brQ: 

'i/1lnnrzmp;mu. r lllW!1Pb(1nLf}JnLU X L4Wlllwhw~w(j lib6mpJWU 

liwpbliwm~~w~wu UL4Wullwu' LllWJOwuw~wu liwpbliwm~~w~wu 

UL4WUnul[!' E(X\Y), p~Lj_ ~t. WJu L4Wlllwhw~w(j lib6mpJmu t: 

Ujdli buf}Wil!lbGp' X u Y L4Wlllwhw~w(j lib6mpJmuub!1(j 

wu[!ullhwm bu' hwliWL4Wlllwutuwuwpwr f1(x) u f2(y) tummpJwu 

~mu~g~wubrnLJ.: uzwuw~bup f(x,y) -nlj_ (X,Y) b!l~~WLP L4Wlllwhw­

~wu lib6mpJwu tummpJwu ~mu~g~wu: 

Uwhtlwumtl. X L4Wlllwhw~wu lib6mpJwu LllWJliwuw~wu 

tummpJWU ~mu~g~w· Y=y LllWJUWunlj_, wulj_wumli b(j hbllluJWL 

~mu~g~wu' 

f
1
(x\y)= f(x,y) f

2
(y)-;t:O : 

f2 (y) ' 

uliw(j aunlj_ uwhliwulj_mli t uwu Y L4WlllWhw~w(j Ob6mf}JWU 

LllWJOwuw~wu tummpjwu ~mu~g~wu· X=x LllWJliwunlj_' 

( ) f(x, y) ( ) . 
f2 Y \X = -( -) , f1 X -;t: 0 . 

f1 X 

Oq.mLJ.bLn4. (2.15) u (2.16) pwuwaubr~g· LllWJOwuw~wu 

tulllnLf}JWU ~m(j~g~wub(1[! ~W!lbL~ t q.(1bL hbllluJWL aunlj_' 

f1 (x \ y) = +"' f(x, y) 

Jt(x, y )dx 

f 2 (y \ x) = .,.,f(x, y) : 
Jt(x, y )dy 
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UwhtlwunuJ. X L4Wlllwhw~wu lib6mpJWU LllWJliwuw~wu liw­

pbliwm~~w~wu UL4WUmli' Y=y LllWJUwunlj_, wulj_wumli b(j 

hbmuJWL y-~g ~wtu4,w6 ~mu~g~wu' 

+<10 

<p(y) = E(X \ Y = y) = J x f1 (x \ y )dx : 

Uwhtlwumtl': X L4Wlllwhw~wu lib6mpJwu LllWJliwuw~wu liw­

pbllwm~~w~wu UL4wumli' Y L4Wlllwhw~wu lib6mpJwu LllWJUW­

unlj_, wulj_wumli bu <p(Y) L4Wlllwhw~w(j lib6mpjntu[!' 

E(X \ Y) = <p(Y): 

uzbup L4WJUWUW~WU liwpbliwlll~~w~w(j UL4WUUWU nrnz w-

nwLJ.bL ~~rwnLJ.n'l. hwm~mpJmuub(1. 

1. E(E(X\Y))=E(X): 

2. E(g(Y)X\Y)=g(Y)E(XIY), nrmb11. g-u n11ut ~mu~g~w t. 

3. tpb X u Y L4Wlllwhw~w(j lib6mpjmuub!1(j wu~wtu bu, 

WL4W, E(X\Y) = E(X): 

uzlj_w6 hwlll~nLf}JnLUUb!l[! 6~2lll b(j ~(j~L4bU ll~U~(1blll, WJUL4bU 

tL wu[!Gilhwm L4Wlllwhw~wu lib6mpJmuub!1~ hwuwr: 

• CCiflhWCiflWL4bU X L4Wli1Whwljw(i ub6nL~jWCi L4WJUwCiwljw(i uw~bUWliltJ4w-

4wCi UL4WUnLU[}. E(X\Y) , wlj_bltJ 6zqptJU1 uwhUw(ilj_mU t LbpbqtJ tJCiUlbqpwltJ UtJ2n­

gnlj_: Uw4wJCi WJfl uwhuwCimuCi WJUUlbll. ir Cibr4wJwg4.r pwpflnL~JwCi L4Wlll!Swnnlj_: 

SwCiljwgn!J.CibrCi WJCi 4wrn11. b(i qlilCibL. optJCiw4. hbUluJWl qrpnur (A.A. 6oposKos, 

TeoplUI sepoHTHOCTeil, 1986 r., rA.4, § 2): 
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3.1. 4.bl1gl[w6{1WJ~G (QGtni1WG{1WJ~G) pwqum~jmG, 

fli1W h~uGwl.jwG pGm~Wcti1~!GbpQ 

3 nLI1W{1WGLJnLI1 X UjWtnwhwl.jwG ub6nL~jnLG ll1~t.l. Gl.jw-

11Wctl1t.l.nLU t ~11 F(x) pwztuuwG ~mG~g~wJnl[: b~b hwJtn­

G~ t pwztuuwG ~mG~g~wG , WUjW hGWI1Wt.l.nl1 t nl1nzbL UjWtnwhw­

l.jwG ubom~JwG · npllt U~2W4WJ{1nLU QGl.jGbLnL hwl[wGwl.jwGm~JnL­

GQ, uw~buwtn~~w~wG UUjWUnLUQ lL ll~UUjbi1U~WG, ~G!UjbU Gwll, 

u~qpGw~wG lL ~bGtn11nGw~wG unubGtnGb11o: 

ctn116Gw~wGmu, unl[ni1WPWI1 , hwjtnG~ !~ L~Gmu ubq hb­

tnW{111£111nll. X UjWtnwhw~wG ubom~jwG pwztuuwG ~mG~g~wG , 

hbtnllwpw11 hGw11wt.1.n11 ~~ L~Gmu qtnGbL X Ujwtnwhwl.jwG ubom~­

JWG pGm~wq11~~Gb11Q: UJu UjWtnt'iwnnl[ hwp~ t l~Gmu UjWtnwhw­

~wG ubom~JwG G~wtnuwup tfln11ob11 ~wu 11~tnmuGb11 ~wtnwl1bl : 
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011~Gw~. b~b X UjWtnwhw~wG ubom~jnLGQ n11llt Wllji1WG{1~ UUjW­

nmuG t , WUjW X-~ hWUW11 ~WtnWI1t.I.W6 tfln110~ tm~jmGG WJG t, nl1 

l[b11gGmu bGe Gwtun1111 dwuwGw~whwtnl[w6Gbl1~ ulljwnuwG wp­

dbeGbi1Q, n11nG{1 X UjWtnwhw~wG ubom~JWG ~t.I.WJ~G wpdbeGbpG 

bG : SGtnbuwq~tnnL~JWG ub2 «tfln11o ~WtnWI1bL» GzwGw~mu t' 
t.l.bl1gGbL tnt.I.JWL ubom~jWG Gwtunl11l dwuwGw~whwtnl[wo~ Wl1db­

{1Q: 

UwhtfwunuJ. X1, X2 .. .. , X n hw2nflflW~wGm~JnLGQ wGl[wGmu 

bG n 6wt.l.wlnt.l. UjWtnwhw~wG l[bpgl[woe (t.l.bl19t.I.W6{1wJ~G pwq­

um~JmG ~wu QGtni1WG{1), b~b X1, X2 ..... Xn ~t.l.bi1Q utnwgl[bL bG ni1-

Ujbu n11llt X UjWtnwhw~wG ubom~JWG wG~wtu ~11wctn116muGbp 

(nbwL~qwg~w) : 

Uwhtfwumtf. X UjWtnwhw~wG ubom~JWG w11db{1Gb11~ pwq­

tfmp;mu£! wGl[wGmu bG ctltuwl[np hwuwtuupm~JmG: 

S11l[w6 uwhuwGmuGbl1~9 hbtnllmu t, n11 UjWtnwhw~wG l[bpg­

l[woeo ctltuwt.1.n11 hwuwtuupm~JWG n11llt bG~wpwqum~JmGG t: 

bG~Wfll1bGe· X1, X2, .. .. , X n hw2nl1flW~wGm~JnLGQ X UjWtnW­

hw~wG ubom~JWG G~wtnuwup ~WtnWI1t.I.W6 tfln110bl1~ Wl1flJnLG{1-

GbpG bG : "lw11q t, n11 tfln11ob11~9 hbtnn WJ'l WflflJmGeGbi1Q hwJtnG~ 

~l[b11 bG, ~u~ tfln110~9 WllW2 fli1WGg~g JnLI1W{1WGLJnLI1Q, n11UjbU 

tfln110~ hGW11Wt.l.n11 Wl1flJnLG{1 , UjWtnwhw~wG ubom~jnLG t , ni1G m­

G~ GnqG pwztuuwG ~mG~g~wG lL hbtnllwpw11· GmJG pGm~Wcti1~!­

Gbi1Q. ~G! n11· fl~tnwp~t.l.nll. X UjWtnwhw~wG ubom~JnLGQ : CGfl n-

11nLU, tfln110~g WllW2 x1. x2 ..... , X n UjWtnwhw~wG ubom~jmGGb-

11~ hw2n1111W~wGm~JnLGQ ~w11n11. t ll~tnWI1~t.l.bl n11UjbU wG~wtu 

UjWtnwhw~wG ub6m~JmGGbl1~ hw2n1111W~wGm~JmG: 

Vw~buwtn~~w~wG l[~t'iw~wq11m~JwG h~uGw~wG tuGfl~I1Gb-

11~9 t , bLGbLnt.l. tf1n11ob11~ Wl1flJmGeGbl1~9. utnwGwl t.l.~t'iw~wq11w­

~wG qGwhwtnwl.jwGGbl1 wGhwJtn pwztuuwG ~mGl.jg~wJ~ . pGm­

~Wcti1~!Gbl1~ lL UjWflWUbtnflbl1~ hwuw11: 
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UwhtlwunuJ. 4.~6w4wq.pw4wG q.Gwhwlilw4wG wubtnt.l. hwu-

4wGmli bG~ 4wliWJW4wG :j>mG4g~w X,, X2, .. .. , X n ijbpgijw6~w­

J~G j:!wqtlnLf}JnLG~g 4wtut.l.w6' 

8 =en( x,, x2_ .... .... . , xn} 

UwhtlwunuJ. X L4Wlilwhw4wG tlb6ntf}JWG hblil 4wli1Wflt.l.w6 

ljlnpobp~ WflflJmG~Gbp~ tl~2~G f}ijwj:!wGw4wGQ · 

wGt.l.wGmtl bG X L4Wlilwhw4wG lib6ntf}JWG t.l.bpgijw6~WJ~G tl~2~G, 

~u4 n > 1 flbl4~mli . 

var(x) = s2 = 6 = (x, -xl + (x2 - xf + ... + (xn- xJ = 
n -1 

=-
1 f(xi -xf 

n -1 i=1 

tlb6nLf}JWG(}' ijbpgijw6~Wj~G fl~UL4bflu~w : ' 
1wtlwGliwG oltnt.l. uwhliwGt.l.mli bG X L4Wlilwhw4wG lib6mf}­

JWG t.l.bpgijw6~WJ~G u4qj:!Gw4wG lt 4bGlilpnGw4wG lintlbGlilGbp(}, 

nrmG~ hwliWL4Wli1WUtuwGWj:!Wfl mGbG hblill.tJWL lilbU~[} 

n 

LX~ 
- ..::i=:.:..1 __ _ 
Ilk = k= 1,2, .. . -v _ i=1 

k---, 
n n 

U)UUlb'l., ~ IIlWflJ!bflnLJ'}JnLU t{bflglj_wOQWJ~U fl~UL4bf1U~W)~ [!UflnLUlj_w6 

1 
uwMwuowu, 'l~IIlWfl4t.lmo t nL'1'14.w6 4.bflg4.w6QwJ~U fl~UL4bflu~wu (- -~ 

n 
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1bzli1 t G4wlilbt, np uwhOwGt.l.w6 j:!ntnfl lib6mf}JnLGGbpQ t.l.~-

6w4wq.pw4wG q.Gwhwlilw4wGGbp bG: 

Ujdli fl~li1Wfl4bG~ Z= (X, Y) bp4~wlj1 L4Wlilwhw4wG lib6mf}­

JnLG(} , np~ j:!wztuliwG :j>mG4g~wG, hblilltWj:!Wfl flflW j:!Gntf}wq.p~~­

GbpG wGhWJlil bG : uzt.l.w6 wGhWJlil lib6ntf}JntGGbpQ q.Gwhwlilbtm 

hwliwp wGhpwdbzlilnLf}JnLG t wnw2wGmli Z L4Wlilwhw4wG lib-

6mf}JWG G4wlilliWlij:! 4wli1Wflbt n wG4wtu ljlnpobp' 

Z,=(X,,Y,), Z2=(X2,Y2), .. .... , Zn=(Xn,Yn): 

Ulilwgt.l.w6 hw2nf1f1W4wGmf}JnLG[} wGt.l.wGmli bG bp4~wlj1 Z 
1..4Wli1Whw4wG lib6ntf}JWG n 6wt.l.wt mGbgn11 ijbpgijw6~wj~G j:!Wq­
linLf}jntG: 

UwhtlwunuJ. bp4~wlj1 Z L4Wli1Whw4wG lib6mf}JWG t.l.bpgt.l.w6-

~WJ~G li~2~G wubtnt.l. hwu4wGmli bG~ hblilltJWL f}ijwqnLJq.(} · 

Z = {X,"Y) nplilbll.' 

- 1 n 
y =-2:Yi : 

n i=1 

Uwhtlwumtl. X 1.t Y L4Wlilwhw4wG tlb6nLf}JnLGGbp~ t.l.bpgijw6-

~WJ~G (QGlilpwG~WJ~G) 4nt.l.wp~wg~w wubtnt.l. hwu4wGmli bG 
hblill.tJWL lib6ntf}jnLG[}' 

cov(X,Y)= Cxv =-
1
-I[(xi -xXvi- "Y]: 

n -1 i=1 

Uwhtlwumtl. bp4~wlj1 Z L4Wlilwhw4wG lib6mf}JWG 4nt.l.wp~w­

g~nG liwlilp~g wGijwGmtl bG hblill.tJWLliWlilfl~Q[} . 

nplilb'1 s~ l.t s~ lib6nLf}jntGGbp(} hwliWL4Wli1WutuwGwj:!Wfl X l.t y 
L4Wli1Whw4wG lib6ntf}jntGGbp~ t.l.bpgijw6~WJ~G fl~UL4bflu~wGbpG 

bG: 
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UwhtlwunuJ. X h Y l.ljwmwhw4wG libom~JmGGbpp Llbf1gqwo­

f?WJpG 4nnnuwgpwJp q.np6w4pg wGqwGmli t:iG' 

3.2. <I>np<IGw4wG pwztuuwG h tutnm~JwG ~mG4gpw 

(hputnnq.pwli) 

tG~W'l(lhup · X l.ljWUlWhw4wG ut;Om~JWG pwztuuwu ~mG4-

9PWJP tnbupG wGhwJtn t : 4wnmgt:iGp wGhwJm pwztuuwG ~mG4-

gpwJp q.Gwhwtnw4wGo: 

Uwhtlwumtl. t~t:i qt:ipgqwopwJpG pwqum~JwG mwpf1hll[} 'lW­

uwqnpqwo t:iG weiUwG 4wli GqwqliwG 4wpq.nq, Wl.ljW utnwgqwo 

hW2n(l'lW4WunL~JnLU[} wuqwGmu t:i(j qwppwgpnu zwpp: 

Unwug [}G'lhwGpm~JnLG[} tuwtuUlt:iLm, t:iu~W'l(lhGp' X1, X2 , .... 

... Xn Llhf1gqwopwJpG pwqum~JmGn qwppwgpnG 2Wilf? t: 8wG4w­

gwo x ~Llr hwliwp m (x)-nLl GzwGw4t:iGp qwppwgpnG zwppp WJG 

lnW(lf10f1p ~pq(! , npnGp lflnpp t:i(j x-pg: UJ'l UlWf1(lO(lp hw6wtum~-

JnLU[} 4LrGr' m(x) : UJul.llrunq, X l.ljwmwhw4wG lit:iom~JwG lflnp<l-
n 

Gw4wG pwztuliwG ~mG4gpw wGqwGmu t:iG ht:imhJWL ~mG4gpwG 

F n (x) = m(x) : 
n 

U4GhWJUl t , np 

F(x) = 

0, 

1 
n 
2 

n 

k 
n 
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X :<.;; X1 

F n(x) lflnp<IGw4wG pwztuuwG ~mG4gpwG mGp unLJG hwm-

4m~JmGGbp(} , pG! np' X l.ljWUlWhw4wG lit;Om~JWG pwztuliwG 

~mG4gpwG : UGhWJUl pwztuuwG F (x) ~mG4gpwJp h lflnp<IGw4wG 

pwztuliwG ~mG49PWJP lip2h 4Wl.ll[} hwumwmqmli t ht:imhJWL ~bn- . 

f1blip hwliw<lwJG: 

q.LPLlbG4nJp ~bnf1bli. t~t; F(x) pwztuuwG ~mG4gpwG wG-

nG'lhwm t, Wl.ljW Fn(X)-p h F(x)-p wnwqhLWQ.nLJG zt:i'l.liw(j ' gwu-

4wgw6 E > 0 ~LlP9 lflnpp LtlGbLnL hwqwGw4wGm~JnLU[} <lq.mmli t 

lib4p, bpp lflnf1<lhpp n ~pq[} <lq.mmli t wGqti(l2nL~jWG , WJUpup(j ' 

~~ {!~,d F,(x)- F{x) I<')= 1 

q.LPLlhG4nJp ~bnpblipg htmhmli t, np t;~n lflnp<lbpp ~PLln pwqw-

4wGw!wtfl libo t , Wl.ljW wuhWJUl F(x)-[} 4w(lbLP t lflntuwf1pGbL 

Fn(x)-nq: UJU pliwumnq Fn(x) lflnp<IGw4wG pwztuuwG ~mG4gpwG 

wGhwJm F(x) pwztuuwG ~mG4gpwJp hwliwp pwLlw4wGpG LWLl 

q.Gwhwmw4wG t: 

Ujdli bu~W'l(lt:iGp, X l.ljWUlwhw4wG libom~JmGG wG[}G'lhwm 

l.ljwmwhw4wG libom~JmG t, h 'lllW F(x) tumm~JWG ~mG4gpwG 

wGhWJUl t: 4wnmgt:iup wuhWJUl tumm~JWG ~mG4gpwjp hwUWf1 

pG!-nll pliwumnq [}U'lntGbLP q.Gwhwmw4wG fn(x) , np(} 4wGqw-
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Gbup tlln(lM.- w~wG tmnmpjwG :f>mG~g~w , ~u~ ll(lW q(lw:J!~~~o· 
h~uumq(lwli : 

<+nJnLPJI'l LU mu~ (a , b) li~2W~Wjp, n(llllGil. [!U~WO bG tlln(16G(l~g 

umwgLtwo X,, X2 , ··" Xn w(ldbpub(luo: Pwdwubup WJG r hwLtwuw(l 

G(l~W(lnLPJW\lp li~2W~WJQG(l~· 

b - a 
n(lnGg~g JnLf'lwpwG~m(l~ b(l~W(lnLpJmGo h = - - t: mk (k = 1 ,2 , 

r 

... , r) -nLt G~wGw~bGp 4b!lg4wopwJ~G pwqlimpJwG WJG W(ldbp-

ub(l~ P~Lto. 'l(lnup k-(111' (x~ _tx~ j li~2W~WJQnLli b(i: Uju 11GUWnLli 

mk 
- (k = 1 , 2, ... ,r) hw(lwpb(lnLPJnLUQ ~(lbG~g ~ub(l~WJwgG~ X 

n 

UjWll1WhW~4J(j libompjwu· (x~ _ 1 _ X~ j li~2W~Wjpmli [!G~GbLm hw­

lSwtumpjmG b: 

UwhtlW-IJnuJ. X UjWlllwhw~wG libompjwG 4ln(16Gw~wG 

tummpJwu l:>mu~g~w ~n~Ltmu t hbml...JWL :f>mG~g~wu · 

0, x ~ a 

1 m1 a < X ~ X11 
h · ~· 

1 m2 -·-
h n 

1 mr 

h n 
0, 

1 x1 x1 < x ~ 2 

1 x1 
xk- 1 < x ~ k 

X1 < x1 
r - 1 < X - r 

X > b 
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<l>n(16Gw~wG tummpjwG :f>mG~g~wJ~ q(lw:f>~~~ (h~umnq(lw­

li~) linmwLtn(llllbUp[! ~L~(j~ hbllll...JWLQ. 

y 

a x: x; x:.. x: b X 

1bzm t ummqbL, n(l 4ln(16Gw~wu tummpJWU :f>mG~g~wG mG~ 

hwLtwuw~wumpJmuub(l~ tummpJwu :f>mG~g~wJ~ hwm~mpJmG­

Gb(lQ. 

1. fn(X)~ 0 

+c<J 

2. Jtn(x1fx = 1: 
-c<J 

UGhWJlll tummpjwu f(x) :f>mG~g~wJ~ L. tlln(16Gw~wu tummp­

JWU :f>mG~g~wJ~ u~2L. ~WL4Q hwumwmLtmu t hbllll...JWL pbn(lbU~ 

u~2ngn4: 

rabn(lbU. t;pb f(x) :f>mG~g~w(i WU[!UilhWlll t, WUjW tlln(16Gw­

~w(i tummpjwG :f>mG~g~WJ~ L. wuhWjlll tummpjWu :f>mu~g~WJ~ W­

nwLtbLWqnlju zbrtuwu· gwG~wgwo e > 0 P4~g tllnp(l L~GbLm hw­

Ltwuw~wumpjmGo 6qmmu t ub~~ . b(lp tlln(16b(l~ n p~4.0 6qmmu t 
wG4_b(12nLPJWG , WJU~GpG' 

~~{;'~,d t,(x) ~ t(x) I<+ 1 

<+nJnLPJnLU mG~ WJU pbn(lbU~ w4.bL~ tu~um UjU11nLUQ, n(l[! 

<+!14mu t hbllll...JWL 6L.n4· 
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fabn[lbU~g hblfll!nLU t, n[l OJ}b tfln[l(lb[l~ 1}~40 pw4w4wGW!Wtfl 

Ub6 t , Wt.qW 4wflbl~ t f(x) tumnLJ}JWG ~mG4g~wG tflntuwr~GbL 

fn(x)-n4: UJu ~uwumn4. fn(x)-Q wGhwJlfl tummf}JWU ~mG4g~WJ~ 

hwuwr pw4w4wGW!Wtfl LW4 qGwhwmw4wG t: 

f).~gmE. X t.qWlflWhw4wG ub6nLJ}JWU PW2tullwG ~mG4g~WJ~ 

lflbUJ?[! hWJlflU~ t, uw4WJU WJU 4wtu4w6 t e wGhWjlfl t.qW[lWOblfl­

[l~g · F (x , e): 

Uwhtfwunul. e wGhWJlfl t.qW[lWUblfl[lO[l~ B == en (X1, ... .Xn) 4~-

6w4wqrw4wG qGwhwmw4wGo 4n!4mll t wG2b'1bL~. bf}b mb11~ 

mG~ hblfliAJWL hw4wuwflnLJ}JnLU[!. 

E(e ) == e: 

QGI").hwG[lwt.qbu, bf}b qGwhwmw4wG[! wG2b'1bL~ t. !~ G2wGw-

4mll , nr WJU wGhwjlfl LqW[lWOblfl[l~ wllbGWLW4 qGwhwmw4wGG 

t. uw4wJG WJI"J. qGwhwmw4wGo n! wG2b'1bL~ qGwhwmw4wGGbr~ 

G4wmuwup mG~ WJG wnw4bLnLJ}JnLGQ, nr f'l.flW ll~2~Go hw4wuwr 

t quwhwm4n'1 ub6mJ}JwGo: UJu mbuw4bm~g . mumuGwu~rn11o 

tflnr(lmu t wGhwJlfl t.qwflwllbmr~ hwllwr 4wnmgbL wG2b11bL~ 

qGwhwmw4wG: 

Of1f7uwq. tGJ}WrJ.!lbGE X t.qwmwhw4wG llb6mf}JWG llwJ}bllw­

m~4w4wG ut.qwumllo wGhWJlfl t' EX= a: 
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nru.qbu a wGhWJlfl pGnq}Wq[l~!~ qGwhwmw4wu· I"J.~lflWfl4bGE 

- 1 n 
X =-I xi 4brg4w6EWJ~G u~2~uo : 8nqg mwGE. nr wJG wG2b-

n i=1 

'10L~ qGwhwmw4wG t. 

E(x)= E[~ fxi J = ~ IE(Xi) =~fa = ~· n ·a== a: 
n i=1 n i=1 n i=1 n 

UJUlflb'1 oqm4bg~GE UWJ}bllwm~4w4wG ut.qwuuwG hwm4mJ}­

JmGGbr~g lA GrwG~g. nr [!Ulfl[lWUE~ wGI").wUGb[l[! PW2tu4w6 bG 

WJUt.qbu , ~Ggqbu X t.qWlflWhw4wG ub6nLJ}JnLU[! : 

l..mLJG (ll!n4 4wrbL~ t gmJg lflWL nr wGhWJlfl rJ.~ut.qbflu~wJ~. X 

lA Y t.qwmwhw4wG Ub6mJ}jnLGGb[l~ 4n4Wfl~Wg~WJ~ lA 4nnbuw­

g~WJ~ qnr6w4g~ hwuw11 wG2b'1bL~ qGwhwmw4wGGbr 4hwGI").~­

uwGwG hwllwt.qwmwutuwG 4brg4w6EWJ~G pGnLJ}Wqll~!Gb[l[!: 

Uwhtfwunuf. e wGhWjlfl t.qW[lWUblfl[l~ e:: en (x1 .. .. ' xn) 4~-

6w4wqrw4wG qGwhwmw4wGo 4n!4mll t mGw4wJ~G . bf}b 

p lim en(x1• "', xn)= e : 
n--+ CJ:: 

Uju l").bt.qEnLU GnqGt.qbu !~ 4WilbL~ WUbL. nr mGw4WJ~U qGw­

hwmw4wGGbrG wubGwLw4G bG, uw4wJG bf}b qGwhwmw4wG[! m­

Gw4WJ~G t. Wt.qW pw4w4wGW!Wtfl ub6 n-b[l~ hwuwr lA gwG4w­

gw6 E > 0 1}4~ hWUW[llflb'1~ mu~· 

Oqm4bLn4 Ub6 J}4bll~ OflbGE~g· 4wflbL~ t gnqg lflWL nr wG­

hWJlfl UWJ}bllwm~4w4wG ut.qwuuwG, I"J.~Ut.qbflu~WJ~ . u4qpGw4wG 

lA 4bGmrnGw4wG unubGmGbr~ . X lA Y t.qwmwhw4wG ub6mJ}JmG­

Gbr~ 4n4wll~wg~wJ~ lA 4nnbuwg~wJ~ qnr6w4g~ hwuwr mGw-

4wJ~G qGwhwmw4wGGbr bG hwllwt.qwmwutuwG 4bllg4w6EWJjlG 

pGmJ}Wq[l~!Gb!l[! : 
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lmfT)Ulq4 mlJqlJlU~ UIJ1UfdluLlmnm}lm41Jm ~Llq!;lmLl.,-umu ·~ ~lqlJqZ 

-IJm IJIJm~mmm4m1Jb 8 duq '!;lluatnqll Llupm1Jnmf1 ·a!Jm?li1QI: 

: 8 -( ~)3 = ( e)q lJqmLlu 

, (8ti _ 
z[( e),q + ~] <(~)A 

.UIJlUfdlUU 

-mnm}lm41]m 1mfT)Ulq4 ~IJlU ~lJqUl !;lluatnqlJ ~Llql]l]m!;lfmtn nfn 

:"' > [(e'x%u1e ]3 = xP(e'x)d J(e'x~u1e ]f = ( e}"l 
l 

,TJ ~-e umu ~ ~lq51JqLlq¢~u 

Llm!;lm4 83X IJm~mfm!;lm~ 1Jm~5~1Jlu<t IJmfdluUl~ (e'x)d ·z 
:(IJm!;lfmtn IJmfdluLlmfhubqu) 5~LlUlq!;l 

-mumtn e ~? Qm}l~m~ UIJlUfdlU!;lbmd {O < (e'X)d : uCJ3X}=8. ~ 

.uuqlJIJm!;lfmtn lmfT)Ulq4 IJqlJlU ~uqm 

,al)qLlllmdl)q :5~LlUlq!;lmLlmtn 8 Qm}l~m~ .~ 1Jm~5~1)1U¢ IJmfdlUUl~ 

IJm!;l~Zmd ~Llum~q}l 1Jm~m4mmmtn ( uX ···· ·zx '~x) 1Jm~5~1Jlu<t 

uCJ3X '(8 'X)d 'alUD~tJ il1]7Ufdwtlmnmj7mql)m tjtlqpmtlry-Umlj 

,l)fm al)qtnLlq~mT)C :UI)lUfdluLlmn 

-m}lm41]m ~Llq!;lmLl.,-umu ~IJlU tnm~ l)qLlulJm~mo~illJm mq4 IJmil 

-QlUl ~UUIJ~ nfn :U!;llUUlUUln IJmfdlu}l~Ul~q¢~ ~IJm~mU1m4ml)b ~ 
llumd ~lq}ln :LlqlJ!;lqLluqd 1J~fm1Jmi14mn Qm}ltnm~ mq4 ~alJqLlo 
~Llq}ld Qq!;l lqQLlubmmbo ~ mZqpmLl41]m Llm!;lm4 1ulqb1uU1n UIJlUfd 

-lUIJfm~mlJlU ~n~ '}luLlqi]~Llm}lZm4 ~~mlJlJ1u ~ !;llU}lbluUln ·alJqLlo 

nqtnuu 'UIJlUfdlu~lqlJqZIJm ~1Jm~mmm4ml)b nqtnmu1Jm4UIJiJ 

:1J1Ufdlu~Ulm4 ~~UluUlhl!;l~nm UIJlUfdlUIJfm~mlJlU 'IJmLlll 

IJlufdluLlqdLlmm ~ ·o~lm}lmQ (~aQm}l5Llq}l) ~a1JmLlm1Jll 1Jq? Qm}l 

-~m~ UIJlUfdlU}l~Ul~q<t~ T) UIJlUfdlU~lqlJqZI]m Llu 'T)mlJ al)qZI) 

9£~ ~JqJJns ~nE0~UJbn~n94r ~n~n~4snnq0nn 

:}lumnm!;l~ ~!;llU!;l~IJ~il IJm!;lllqZ IJ~fmmu~muma IJtlO 

-~!:1 .~ IJIJflubm}lmllJfm mtnm ·~ }lljm~q<t~ UIJm~mUlm4mlJb qdq 

:ll!;llUOm.Qq!;ll]mfdlUU1UbZ9 l)m!;l~UmUlU!;ll)mfdlUQq!;llJU}l 

-Ulm4m1Jb TJ ~1Jm~mmm4ml)b }lu5uOLj!;l IJm!;15mQq!;l Ljlm}lmQ LjaQm}l 

-5Llq}l ~ !;llU}lu4mtnm mtnm ·~ IJLjfm~mlJlU ll1Jm~mmm4m1Jb qdq 

:O~IJ1UfdlUQq!;llJUpUlm4ml)b !;llUpLJqdLJmUl 

~ ?~a ll1]m~mmm4m1Jb Llu 'lqlll]tn ~ Ljlqum~ d!;lmfdlulJm~mlJ 

-m}lm4 UlU!;l 1J~Llu}lm4!:1 'mu}l 1Jmi144 1Jm!;15mQq!;l Ljlm}lmQ LjaQm}l 

-5Llq}l Llu ·~ !;llU~mlJmZIJ ·~ ~lqlJqZI]m IJIJm~mUlm4mlJb qdq 

:llLlql] 

-l)m~mUlm4mlJb 1Jm~mubm~m94P Qm}ll)m!;14mn ffl]qLlbmdlUIJd 

:I)~Lllll)~ lJu}lQlul !;llUIJm~nmmmhlm!;lm4 l)q mmZ 

~lq}lm IJUqlJIJlufdlu~Ulm4 1Jm~mubm~m94P Ljuu 'UIJm~mUlm4mlJb 

l]fm ~UUllJU ~ amqtn lllJuLl~nml)!;llUnlU mtnm 'p~m~q¢~ .umuf!;l ~n~ 

·~ LjlqlJqZIJm ll~q!;l .~mlJ~Llo '6Llm4 IJmfdlUUUllJU TJO~!;l LjLlql)l)m~mU1 

-m4m1Jb 1Jm~mubm~m9~P 1u~Llq ~Llmq!;lmLlmtn mfm41Jm IJflUIJTJtlil 

~ !;llUIJmOmum qdq 'IJqlJlU? IJlufdlulq}lmum ~mQLlmomd d!;lm!;lUlm~IJ 

~muf!;l iJ~q!;l llLlq1JIJm~mmm4mlJb Ljtnljm ffquq Qm}l1Jmi14mn 

:!;11unmll LjLlq1JIJm~mU1 

-m4ml)b ~lqlJqZIJm ~ IJIJflubmuau~ IJmljnuqtnnljll mull mtnm 'pljU1 

-~q¢~ TJ ~ ~lqlJqZI)m ll1Jm~mUlm4mlJb ~ qdq Llu 'lqZI) ~ amqu.. 

:~ IJIJm~mUlm4m1Jb 

l)m~mfm!;lm~ ~LlUlq!;lmLlmtn Ulfm41J m e iJ-( ux' ... '~x)d> llqmnfm 

d> 

'z(8 -(ux'····~x)d>)3U!W = z(8 -(ux'····~x)ue)3 

UIJlUfd1uLlmnm}lm4 lmfT)U1q4 LjlJlU 

~llqm qdq '}lljm~q<t~ ~ !;llup?u~ ll1Jm~mmm4ml)b 1Jm~mubm~m94P 

(ux· ... ·~x)ue = ~ 

Llm!;lm4 ~LlUlq!;lmLlmtn mrm41Jm 8 ·pw!Jmpqmn 

n~4Jsqnu~u~~~n~nJJns v£~ 
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v(e) ~ ~( ): 
In 6 

In (e) ubompJnLGG wG4wGmu bG 6-~ l!bpwpbpJWL ~G:tJnpuw­

g~WJ~ QWGwlj (X,, X2, .... , Xn) pwquw~WtP UJWLnwhwljwG uhOmp­

JWU ub2: 4wpbt~ t gnljg LnWL, np bpb X,, .... , Xn UJWLnwhwljwG 

utompjmGGbpG wGLJwtu tG L. u~wGuwG pwztu4wO f(x,e), XE R
1 

tuLnmpJwG 4JmGljg~wJn4 (pwztuuwG opbGQn4). WUJW 

In(e) = ni,(e) , npLnbrf I1(e)-n e-~ 4trwpbpJWl ~G:t>nruwg~wJ~ 

QWGwljG t Xi UJWLnwhwljwG utompJwG ut2 ( i = 1, n ). 

fl.wn-4pwubp~ wGhwl!wuwpmpJnLU[! gnLJg t LnWL~U q.Gwhw­

LnwljwG~ 'l~UUjbpu~WJ~ GbpQ~G bqp[!' [
1 

+ b/)))
2 

, muLn~, bpb 
In e 

q.GwhwLnwljwGG wGzbflbL~ t L. fl.wn-4pwubp~ wGhwl!wuwpmpJwG 

ub2 Lnbfl~ m(i~ hwl!wuwpmpjmG, WUJW ljwrtL~ t UJU'lbL, nr q.Gw­

hwLnwljwGu t:t>t4Ln~4 t: 

UJdu aL.wljbpUJbGQ u~ pbnpbu, np~ u~2ngn4 hGwpw4nr t ~­
uwGwt. pb Ln4JWL q.GwhwLnwljwGG wGhWJLn UJWpwubLnp~ hwuwp 

tPnQpwq.nljG 'l~UUjbf1U~WJn4 t, pb' nr 

tabnpbu. npUjbuq~ S q.GwhwLnwljWG[! Lnl!JWL 6 UJWflWUbLnpp 

hwuwp L~G~ '-PnQpwq.nLJG 'l~UUJbpu~wJn4, wGhpwdbzLn t L. pw4w­

pwp, nr p (x, e)· :t>mGljg~wG GbpljWJW94~ hbLnL.JWL LnbUQn4' 

P(x, e)= h(x ~Aii+B' 

npLnbfl. A-G L. B-G 4wtu4wO bG u~WJU 6-~g. ~ulj h(x)-[!' 

u~WJG x-~g : 

P(x.El) ~mGljgpwG (lUUl[lwGpp U1W!1!1b[lml, ljwqlill,w6 (X,, Xz . .... Xn) 
UjWUlwhwljwG ll,bljUlnrl1 tuUJnl~JWU ~muljgpwu t: 
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X UJWLnwhwljwG ubOmpJWG PLLJztuuwG :tJmGljg~wG unl!npw­

pwp UJWpmGwljmu t npnzw4~ hwuLnwLnmGGbfl, nrnGQ ljn~4mu 
tG pwztuuwG UJWpwutLnptp: 

!2GGwpljbGQ WJ'l UJWpwubLnpbip~ q.GwhwLnwljwGGbr~ ljw­

nmguwG tuG'l~f1[! : 

tGpw'lpbGQ X UJWLnwhwljwG UbOmpjmGG mG~ F (x, 61, 62, 

.. .. ,ek) npnzwlj~ pwztuuwG :t>nt.Gljg~w . nr~ ub2 uLnGnfl 

e,, e2, ... . ,ek UJWflWUhLn[lbpG wGhWJLSI bG , WJ'l X UJWLnwhwljwG ub­

OmpjWG GljwLnuwup ljwLnwr4wO n wGLJwtu '-Pnrobr~g uLnwg4bt t 

X,, X2 .... Xn 4brg4wOQWJ~G pwql:lmpJnLU[! : 'llwhwG2l!mu t ljw­

nmgbL wGhwJLn. 61, 62 .. .. . ,ek UJWfl~libLnflbfl~ hwuwf1 q.GwhwLnw­

ljwGGbr : 

ubpljwjwgGbGQ WJU tuG'lfl~ LnLCuwG tr4m bflwGwlj: 

Unw2~G bflwGwlj[! ljn~Ltmu t «lJnutGLnGtr~ bflwGwlj»: UJ'l b­

flwGwlj~ tmpjmGG WJU t . nr. ~ULUGwtn4 wGhWJLn unubGLnGtr~ 

q.GwhwLnwljwGGbp[!, ljwrtL~ t ULnllJGwt GwL. wGhwJLn UJWf1wubLn­

rtr~ q.GwhwLnwljwGGtr[!: 1wz4~ wnGbtn4. nr unubGLnGbpG WJ'l 

UJWpwubLnpbp~g :tJmGljg~wGbp bG , LjmGtGwGQ. 

E(X) = a(e,, e2 ..... ,ek). 

V(X) = b(e,, e2 ... .. ,ek). (3 .1) 

E(x I )= m, (e1.e2 ... . 'ek) p = 2:,3, ... 

Etx -E(x)Y J= 11 1 (e1.e2 ... .. ek) P. = 3,4, .. . : 

UJu hw4wuwpmpJmGGbpmu wGhwJLn u~2~G wpdbQ[!, 'l~u-

UJbpu~wG L. unubGLnGbp[! '-Pnt\.Jwp~Gbt n4 hwUWUJWLnwutuwG 

hWJLnU~ q.GwhwLnwljwGGbpn4' X. s 2 ' v,, jl, utompjmGGbpn4. 

ljuLnwGwGQ wGhWJLn 6,, 62, ... ek U..,wpwUhLnphfl~ hwuwr hhLnL.JWL 

hw4wuwpmuGhf1~ hwuwljwrq.u· 



138 surru4Uut4nunutsr~4U 

(3.2) 

nr[! 8, , 82, .. . 8k -bll~ G4wlllUWUp LnL6bLn4' 4ulllwGwGl? nrnGbLtJ 

ctGwhwlllw4wGGbr£.! : 

fJjunnrzmp;mu. l.J2bG2, nr (3.2) hwuw4wrq.tJ tflntuwrbG (3.1 )­

~g oq.lllltbLntt· 4wrbLtJ tr 4wnmgbL k hwttwuwrmuGbrntt WJL hw­

tlw4wrq.: 

0{1/luw[f. tGpWflllbGl?. X UjWlllwhw4wG ub6mpjmGG mGtJ 

gmg~wJ~G pw2tumu· 

( 
{

0, X :S: 0 
F x, 8) = _0 , nplllb'l 8>0 UjWpwUblllllG wGhWJlll t : 

1-e x,X>O 

nLGbGl?, nr E(X)= 118, ru4 uwpbUwllltJ4w4wG UUjWUUWG 

q.Gwhwlllw4wG[!. X: 

nLUlllP unubGUlGbr~ b'lwGw4~ hWUWOWjG' X=_! hwttwuw-
8 

rmu~g 4mGbGwGl?, nr· 9 = ~ : 
X 

UGhWJlll UIWilWliblllll~ q.Gwhwlllw4wGGbrtJ 4wnmguwG br4-

rnr'l b'1WGW41J 4n~ttmu t «ti2UWplllwGuwGmpjWG UWl?U~UnLU~ 

G'1WGw4»: Ujfl b'lwGw4~ u4qpmGl?G WJG t. nr tflnrobpmu Ull1WQ­

ttw6 X1 , X2 .. .. . Xn wrctbl?Gbll[! hwGfl~uwGmu bG UjWlllwhw4wG 

libOmpjWG wubGwhwttwGw4wG wrctbl?Gbp[!, WJ'l UjWlll!Swnntt 

wGhWJlll UjWpwUblllpbp~ wubGWLW4 q.Gwhwlllw4wGGblliJ 4L~GbG 

WJG wrctbl?Gbp(J, nrnGg flbUjl?nLU tflnrobrmu Ulllwgttwo (X1 ' x 2 . 

.... Xn) WllflJnLGl?IJ 4mGbGw ub6wq.nLJG hwttwGw4wGmpjmGo: 
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t;Gpwf1pb£il?. (X1, X2 , .... Xn) UjWlllwhw4wG libompjwG tulllmp­

JWG ~mG4g~wG (pw2tuliwG opbGl?[!) P(x, 81, 82, .. . 8k) ~mG4g~wG t 

XER" , nriJ 4wtuttw6 t 81 , 82, .. . 8k wGhwJlll UjWpwliblllpbp~g: 

tulllntpjwG ~mG4g~wJtJ lib2 x-tJ tflntuwpbG lllb'lWflpbGl? (X1. X2 . ... 

Xn) 4b4lllnp[! 1.1 4wlllwpbGl? hbllll.tJWL G2wGw4mliGbp[!' 

L=L(X, .X2, ... Xn. 8,,82, ... 8k)=P(X1 .X2, ... Xn. 81 , 82, .. . 8k), € =In L : 

L UjWlllwhw4wG libOnLpJnLG[! wGttwGmli bG !S2UWplllwGliw­

GmpjwG ~mG4gtJw, tJu4 f -[! Lnq.wpppliw4wG !S2UWplllwGuwGmp­

JWG ~mG4gtJw: 

Uwl?utJliwL !S2liwplllwGuwGmpJwG q.Gwhwlllw4wG wGttwGmu 

bG WJG 9 = 9ML ubompjnLG[!, np[! UWl?UPUtJqwgGmu t L !S2UWp­

UlWGUwGmpjwG ~mG4gtJwG (4wu, nr GnLjGG t' f ~mG4gtJwG), WJ­

utJGl?G' L(X 1.X2 ..... , Xn.9t9 2 ..... , 9k ) = max L(X1.X2 ... .. X 0 .81.82 .. .. , 8k) 

Q.Gwhwlllw4wGp ML tJGflbl?U[! wGq.LbrbG hWUjwttmu t 

(Maximum Likelihood): 

L ~mG4gtJwJtJ tl?ulllpbumur wGhpwctb2lll UIWJUwGpg oq.lllltb­

Lntt· ulllwgttmu t hblllltJWL hwliw4wrq.[!· 

aL = 0 ae, 

lm6bLn4 hwllw4Wilq.IJ wGhWJlll 81 , 82, .. . 8k UjWilWUblllllblltJ 

G4wllluwup· 4ulllwGwGl?. 

9, = e,(x1.x2.· .. . xn), 

82 = 92(x,x2."" ">xn) 
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qGwhwtnw~wGGb(l[}: 

Of7ftuwt;. bGpwrwbGf1. X UJWtnwhw~wG llb6mpJmGG mGp 
Gn(lllwL pw2tumo 

(x-af 1 --
P(x, a,cr) = r;;- e 2cr

2 

cr..; 2rt 

tutnmpJwG ~mG4gpwJnt.l, n(lp a I.,. cr UjW(1WObtn(1b(1G wGhWJln bG: 

'1pgmf1, mubGf1 X, , X2 , ... , Xn t.lb(1gt.lw6f1WJpG pwqllmpJnLG[}: 

'1ptnw(1~bGf1 (X,, X2 . .... , Xn) n - !WlflwGp UjWtnwhw4wG llb-

6mj}JWG tutnmpjwG ~mG4gpwG (X,, x2 . .. .. , Xn) 4btnmll, WJG ~m­
GbGw hbtni.,.JWLlnOUf1[}. 

1 n 

1 --2 ~(Xk -af 
L = F>(x1.x2 ... .. , xn.a, cr) = e 2cr H 

(2n)~ cr" 

ti20W(1tnwGllwGmpJwG u4qpmGJ;1p hwllwowjG' LnL6bGf1 hbtn­
I.,.JWL hwllw4w(1q[}· 

n11n hwllw(1dbf1 t 

1 n 
- 2 I(xk -a)= o 
cr k=1 

n 1 n 
- -+-I(xk -a)2 =0 cr 3 cr k=1 

a=X 
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2 _ 1~(x -x\2_n-1s2 · cr - -~ k - ) --- . 
n k=1 n 

CGI)hWG(lwUjbu , llnllbGtnGb(lp b11.wGw~mt utnwgt.lw6 qGwhw­

tnw~wGGb(l[} llb6wllwuwllp LtJGmll bG mGw~wJpG, pu~ llwf1upllwL 

62UW(1tnwGllwGmpJwG b'l.wGw4nt.l utnwgt.lw6 qGwhwtnw~wGGb­

(1[} mGw4wJpu I.,. llb6 n-b(lp I)OUJf1nLU t~b~tnpt.l: 

'1pgmf1, X UJWtnwhw4wG llb6mpJwG pw2tuowG 8 UJW(1W­

llbtn(1G wGhWJln t: l.Jwtun(ll) UjW(1Wq(1w~mO gmjg tn(lt.lbg, pb tJG!­

Ujbu 4W(10LP t 8 wGhWJln UjW(1WObtn(1p hwOW(l ~wnmgbL, tJG!-n[l 

pllwutnnt.l, LWt.l t.ltJ6w~wq(1w~wG qGwhwtnw~wG , uw~wJG hw6wtu 

wGh(1wctb2tn t LrGmo ~wnmgbL wJGUJpup tnp(lnLJp, n11r llb2 ~nG~­

Gp wGhwJtn UJWflWObtn[l[}. n(1n2w~p hwt.twuw~wGmpJwllp : 

0(1pGw4. WJUUJpup tuGI)p(l ~wnw2wGw, bpb mumlluwup[ln­

'l.PG !bG pwt.lw(1W(1nLO utnwgt.lw6 qGwhwtnw~wGp t.ltJ6w~wq[1w­

~wu hwtn4mpJmGGb(1[} : 

4.b(11.,.mll G2t.lw6 n(1n2w~p hwt.lwGw~wGmpJmGG wGLtwGmll bG 

hmUWLPnLPJWU llw4W(11)W~ : 

bGpWI)(10Gf1 X1, X2, .. .. , Xn hw2n(11)W~wumpjnLG[} X UjWlnW­

hw4wG llb6mpJwG n(ll.,.t n 6wt.lWLP t.lb(1gt.lw6f1WJpG pwqllmpjnLG 

t, pu4 aE (0,1): 

UwhtJwunuJ. 8 wGhWJln UJW(1WObtn(1p hwllw(l Dn=Dn(X,, X2. 

... . , Xn ) pwqllmpJmGn 4n!t.lmll t LtutnwhbLP pwqllmpjmG a hm­

UWLPnLPJWG llw~W(li)W~nt.l, bpb tnb'l.P mGp hbtni.,.JWL hwt.lwuw­

(lnLpJmGn· 



142 surru4ULt4nunutsrr4U 

tpb e UjWpwubmp[! ub~ ~w4'awGp t , WUjW Dn pwqtlmpjnLU[! 

[!Gmrntmu t npUjbU up2w~wm ~ WJU Ujwm6wnml «LI.umwhbLr 

pwqumpJmU» mbptlpGp 4'antuwpbG oqmwqnp6mu bG «LI.umwhbLr 

up2w~wu~» mbpupG£!: 

~umwhbLP UP2W~WJf?P ~wnmguwG hwuwp ~ppwnLI.mu t 

hblfl~JWL [!UilhWUnLJl unmbgmu[!: uwtu' 4'1Gmp4.mtl t WJUUjpUp hn 

(x, , " " ' Xn, e) ~mG~gpw , np hn (X1. x2 . .... , Xn. e ) UjWlflWhw~w(j ub-

6mpJWU pwztumu£! ~wtu4.w6 apGp e-pg: UJGmhbm~. bpb qmG4.w6 

t hn (x, "" ' Xn, e) ~mG~gpwG, npnzw~p aE (0,1) PLI.P hwtlwp llP­

lflWP~LI.mu t hbm~JWL hwLI.wuwpmu£!· 

P(hn(X 1 . .. . . Xn ;e) e In)= a, 

npmb'l In -[! 0P2W~WJE t: 

YWPGLP t gnljg lflWL, np bpb hWjlflUp t hn(X1 . x2. "" ' Xn, e ) 

UjWlflwhw~w(j ub6mpjWU pwztumtl[!, WUjW ~qmGLI.p 4.bJ12PU hw­

LI.wuwpnLU[! pw4.wpwpnf1 In UP2W~WJf? (hGwpw4.nJ1 t, np WJU 

apGp upw~[!) : 

tpb hn(X1. x2 . .... , Xn, e) E In wnG~mpjm(ipg ~WJlGLP t e -p 

hwuwp qmCibL WJCiUjpUp Dn(X1 . x 2 ... .. , Xn) pwqumpjmCi , np 

hn(x1. ... ,Xn;e) e In <=> e E on(x,, .... xn) , WUjW Dn(X1, x2 ... .. , Xn) 

pwqumpJnLCi£! ~LpCip e -p Ll.umwhbLP pwqumpJmCi£! : ru~ bpb hn(X1, 

x 2 ..... , Xn, e ) E In wn(i~mpjnLCi[! hGwpwLI.np ~t «LnL6bp> e-p 

Ci~wmuwup, WUjW wCihpwctbzm t 4'1CimpbL nLJ1P2 hn (x 1, .. .. , xn, e) 

~m(i~gpw ~ UnLJU£! ~WlflWPGLilPW Ciljwmuwup: 

Of7ftuwq. YwnmgbCif? Ll.umwhbLP UP2W4WJf? Cinpuwl pwztu-

4.w6 UjWlflWhwljw(i ub6nLpJWU a wGhWJlfl tlwpbuwmpljwljwG 

UUjWUUWCi hwtlwp, bpp llPUUjGJ1Upw(i CinljCiUjbU wCihWjlfl t : 

UjUUjpUnLI.. bCipWilJ14.mu t. np X - N (a, cr ), pulj x1 . x2 . .. .. , Xn 

hw2nrllw4wGmpJnLU£! X QLtuw4.nJ1 hwuwtuupmpJWCi np~t 4.bpg-

4.w6f?WJpCi pwqompJmCi t: 
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=lWJlflUp t, np. 

--;=={x=-=a~}Jn=n = = (x - a }Jn 
_ 1_ ±(xi - xf Sx 
n -1 i=1 

UjwmwhwljwG ub6mpJmGG mCip UmJmllbCimp pwztumu£!· n-1 w­

qwmmpJwG wump6wCin4. (WJU UjWlflwhwljwCi ub6mpJmCi[! 

Ll.bp~mtl Ciljwpwqp4.w6 hn(X1, X2 , .. .. , Xn. e ), UjWlflWhwljw(i ub-

6mpjm(i(i t) : 

tCipwllpbCiE' ae (0, 1) npnzw4r hmuWLPnLPJWCi owljwpllw4 t: 
Oqmwqnp6bLn4. UmJnL!lbCimp pwztuuw(i hwuw~w4'ampJmCi£! ~ hw­

uwUjwmwutuwG W'1JnLUW4£! ~wo 6pwqpwjp(i 4'awpbp[!' 4WJ1GLP t 

qmCibL WJCiUjpup ta pp4., np · 

Lm6bCiE' 

~ ' t. wGhwtjwuwrnLpJnLG~ a-~ G~wuulw~p . 
~m(ib(iwGf? . 

(
-X- Sxta -X Sxta) 

a e ..}n, + ..}n , 

mump· 

P(ac (X- sin• ,X+ sin. ))oa 
UJulflbflpg hbmumu t. np wCihWJlfl a uwpbUwmpljwljw(i 

UUjWUOWCi hWUWJl. 

(
X_ Sxta X+ S xta j 

..}n' ..Jn ) 
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UP2W4WJe[! 4ttJGtJ t.l.umwhbttJ 0P2W4WJE a hnLUWLtJnLpjWG uw-

4WflllW4nt.l.: 

3.5. ~tnSwljwq.pwljwG t.l.wpljw6Gbpl.t llf1WGg ummq.nLU[! 

UwhtfwOnuJ. ~p6wljwq.pwljwG t.l.wpljw6Gbfl ljn~t.l.mu bG WJG 

bGpWilflnLpjmGGbp[!, n[lnGe t.l.bpwpbpmu bG l.l..IWlllwhwljwG ob­

ompjwG wGhWJlll pwztuuwG[! , pwztuuwG wGhwjlll l.l..IWflWUblll[lb­

flpG l.t wGhWJlll pGmpwq.ptJ~GbptJG: 

UjUlllb'l. ljr)plllwpljbG];1 upwjG wGhWjlll l.l..IWflWUblllpbptJG ljwu 

pGmpwq.ptJ~GbptJG t.l.bpwpbrm'l. t.l.tJ6wl.JwctrwljwG t.l.wpljw6Gbp[! : 

QGr)hWGflWl.llbU wGhWjlll 8 l.l..IWflWUblllpp hwowp wnW2W­

flflt.l.nLU t bflljm t.l.wpljwo· H0 : 8EZo l.t H1 : 8EZ1, WJUlllb'l. Z0 l.t 

Z1-[! nf1nzw4r pwqumpJmGGbfl bG, wnw2tJG t.l.wpljw6[! bGpwll­

pmpJmG t (Ho) WJG uwupG (:), np wGhWJlll l.l..IWflWUblllp[! l.l..IWlllljw­

Gmu t Zo pwqumpJwG[!, pulj bpljpnrll t.l.wpljw6[! (H1). np wGhWJlll 

l.l..IWflWUblllp[! l.l..IWlllljwGmu t Z1 pwqompjWG[!: H0 t.l.wpljwoG wG­

t.l.wGmu bG qpnJwljwG (hpuGwljwG) t.l.wpljwo, tJulj H1 t.l.wpljw6[!' 

upgwljgn'l. (WLlllbpGwmtJt.l.) t.l.wpljwo: 

bpb Z pwqompjmG[! PW'l.ljwgwo t ublj ljbmtJg ( Z= {80 } ), 

Wl.l..IW Ho : 8EZ t.l.wf14w6G wGt.l.wGmu bG l.l..IWflq t.l.wpljwo, hwljw­

nwlj r)Gl.llf1nLU. pwpr): 

bpb upgwljgn'l. t.I.WflljWO[! ~r Gzt.l.w6, Wl.l..IW l.llbllle t hwuljw­

GWL, np npl.llbU opgwljgn'l. t.l.wpljwo t t.l.bpgt.l.w6 qpnjwljwG 

t.l.wpljwotJ hwljwr)pfl bGpwllflnLPJnLG[!, optJGwlj. 

bpb H0 : 8 > 3, Wl.l..IW H1 : 8 ::; 3: 

~tJ6w4wctrw4wG t.l.wf1ljw6GbptJ ummctmu ljwu t.l.tJ6w4wctrw-

4wG mbum wGt.l.wGmu bG X1 , X2 ... .. , Xn t.l.bpgt.l.woewJtJG pwqump­

JWG t.l.rw hpoGt.l.w6 ljwUwJwljwG ctnpo[!Gpwg[!, nrr Wflr)JmGemu 
umwgt.l.mu bG hbml.tJWL LnL6muGbp[!· 
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1. qpnjwljwG t.l.wpljw6[! obpdbtm htJuf1bf1 ~ljwG, 

2. ubfldbL qpnJwljwG t.l.wpljwo[!· tJ oq.mm opgwljgn'l.tJ: 

ewGtJ np t.l.tJ6wljwq.f1wljwG t.l.wpljw6[! ummq.btm hwuwp oq.­

mwq.npot.l.mo t xh .. , Xn l.l..IWlllWhWljwG t.l.bpgt.I.WOf1[!, Wl.l..IW , pGw­

ljwG t , np ttJGbG utuwL tm6muGbp: Upw hbm ljwl.llt.l.w6, ummq.uwG 

utuwtGbfl[! ljw[ln'l. bG ttJGbL bflljnL mbuwljtJ. 

1. wnw2tJG mbuwljtJ utuwtG WJG t, bpp qpnJwljwG t.l.wpljw6[!, 

ttJGbtnt.l. 6tJzm, ubpdmu bGe. 

2. bpljpnplllllbuwljtJ utuwtG WJG t, bflp [!GilmGt.l.mo t qpnJW-

ljwG utuWL t.l.wpljw6[! : 
Unw2tJG l.t bpljflnfllllllbuwljp utuwtGbfl ljwmwpbtm hwt.l.wGw-

ljwGmpjmGGbp[! hwUWl.l..IWlllWUtuwGwpwp GzwGwljbGJ;1' 

a= P(H1/H0), 13 = P(Ho/H1), 

a hwt.l.wGwljwGmpJmG[! wGt.l.wGmu bG mbumr GzwGw4wLtJmpJwG 

uwljWflllWl.J, tJulj 1- l3 ppt.l.[!. mbulllp hqnpmpjmG: 

l'flwpq t, np mbum[! l.l1Glllf1 t ttJGp WJGl.lltJutJO, np a l.t 13 pt.l.bfl[! 

ttJGbG wnwt.l.bLwq.nLJG, uwljwJG hGwpwt.l.nfl ~tJ LtJGmu llf1wGe upGtJ­

utJqwgGbL utJwdwuwGwlj: UJill.l..IWllllSWnnt.l. Gwtu ~pf1UnLU bG mbu­

mp GzwGwljwttJmpjwG uwljWflllWl.J[! pG~-np pnLJLWlllflbLtJ uwljwp­

llWl.Jmu: w1Gmhbml.t l.j'lnpomu bG q.mGbL ummq.uwG wJGl.lltJutJ ol.t 

Ljwu mbum, nptJ hqnpmpJmG[! ubowq.nLJGG t (GnLJGG t. np bpljpnpr) 

mbuwljtJ utuwL ljwmwrbtm hwt.l.wGwljwGmpJmG[! l.j'lnepwq.nLJGG 

t) : . 
Q.npoGwljwGmu mbumbptJ ljwnmguwG hwuwp ljppwnt.l.mo t 

hbllll.tJWL unmbgmu[!: bGpWilflbGJ;1' ljw[lbLtJ t q.mGbL WJGl.lltJutJ to 
= 4, (X1, .... , Xn ) l.l..IWlllWhwljwG ubompJmG, np, bpb 6tJzm t Ho 

• qnpoGwl.jwGnul GzwGwl.!wL~nLpJwG liwl.jwpllwl.![! [!Gmptlmli t WJGQwG LflnQp , np 
mtlJwL tuGilP~ zr2wGwl.jGbpmli WJ'l hwtlwGwl.jwGmpjwlip L4WU1WhwpGbp ~pwl.jw­
Gmli mb'l.~ ~bG mGbGmli: SGLnbuwq~Lnwl.jwG tuGiltlPGbpmli [!GilmGttwo t. np 

a e[0 ,1; 0,001] : 
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Lj_wp4w6o. Wl4W 'lPW pwztuliwG ~mG4g~wG hWJUlG~ t (4wli l'inlll t 
~G!-nr hWJUlG~ pwztul'iwG): to 1.4WUlwhw4wG l'ib6m~JmGo wGLj_w­

Gml'i bG 4.~6w4wqpm~Jm£i 4wli 4.~6w4wqpw4wG hWJUlWG~z: nfl­

L4bu tn hw6wtu QGUlpLj_mli bG Gnpl'iwL. l. UU1JnL!lbGU1~ La il~zbp~ 
pwztuml'iGbp mGbgnrt L4Wli1Whw4wG l'ib6m~JmGGbpo: 

UjGmhblllla to L4WU1whw4wG l'ib6m~JW£i hGwpwLj_np wpdbpGb-

11~ pwql'im~Jmlio Ulpnhml'i bG bp4m !hWU14_nrt bG~wpwql'im~Jmli­

Gbp~. npnGg~g l'ib4ml'i hwJUlWG~z~ WJG wpdbpGbpG bG, npnGg 

!lbl4pml'i Lj_wp4w6o l'ibpd'Lj_ml'i t. ~u4 l'iJmuml'i' WJG wpdbpGbpiJ, 

npnGg !lbL4pmli Lj_wp4w6o oG!lmGLj_ml'i t: Unw2~G bG~wpwqlim~­

JnLGIJ wGLj_wGmli bG 4P~ll1~4w4wG lll~PnLJ~, ~u4 bp4pnr'lo· 

Lj_wp4w6~ oG!lmlil'iwG Ul~pnLJ~ : l.lzLj_w6 bp4m Ul~pmJ~Gbp~ pw­

dwGl'iwG (bqflWJ~G) 4blllbpG wGLj_wGml'i bG 4fl~ll1~4w4wG 4blllbf1: 

4p~U1~4w4wG Ul~pnLJ~~ QlilllflnL~JmGo 4wtu4.w6 t a GzwGw4w­

l~nL~JwG liw4wr'lw4~g. to 4.~6w4wqpm~Jm£i~g La l'ipgwLtgnrt 

Lj_wp4w6~ Ulbup~g : UJ'l l'iwu~G l'iwGrwl'iwuG 4Gbp4WJW94.~ 

qpp~ bp4pnp!ll'iwuml'i : t~b QGU1pLj_w6 t ka 4fl~U1~4w4wG Ul~flnLJ­

~IJ, WL4W 'l~Ulwp44_ml'i t P(tnEKa) = a hwLj_wuwpm~jmGo: t~b 

to fi~Ul . E Ka, WL4W Lj_wp4w6o l'ibpd'Lj_ml'i t' ~ oqmlll l'ipgw4gn11~. hw-

4wnw4 !lbl4pml'i h~l'ipbp !4wG Lj_wp4w6o llbrdbLm: UJuUlb'l 

to rj~Ul -o to 4.~6w4wqpm~JwG WJG wpdbpG t, npo uUlwg4.bL t 4.brg­

Lj_w6p~ U1Wppbp[!, nf1L4bU ~Lj_bp, lr,-~ l'ib2 UlbrtW'lPblnLQ: 

qnjnL~jnLG mG~ 4WL4 Lj_ulllwhbL~ l'i~2W4WJP~ La Lj_bplanLli G4w­

pwqpLj_w6 Lj_wp4w6~ UUlnLql'iwG l'i~2la : rpnp, b~b 8 wGhWJUl UjW­

pwl.'iblllp~ hwl'iwr qU1GLj_w6 t Dn Lj_uUlwhbL~ l'i~2W4WJPIJ . 1-a hm­

UWL~nL~JWG liw4WP'lW4n4. La bG~W'lflbGp ' 'l~Ulwp44_ml'i t H0:8=80 

Lj_wp4w6o. Wl4W Lj_wp4w6o 4oG!lmG4.~ (l'ibpdbLm h~l'ipbfl !4wG), 

bpp 8oEDn. hw4wnw4 !lbL4pml'i 4l'ibpd4_~ : 

UUU II 

br4nt <Dn<Dntuu4uun'-l. 
ntJQ.rbUI"'USI"' un'lbL 

U nw2p0 llwumli Obf14WJWQflbL bOp hwlj_wGw4w0m~jwO La Lj_ptSw-

4wq.(1nL~JW0 UlbumpjmOObfl~ hplim0p0b(1Q, n[lnOp w0h[lw­

ctbzU1 Owtuwl4WJUW0 bG t4n0nliblllf1~4wJ~ rwnLJpObflQ hwu4w0wLm, 

t4n0nliblllflp4w4w0 linl)bLObflQ LtwnmgbLm La q.GwhwLnbLm hwliwp: 

bf14f1nfl'l liwumll lib4Gwpw0Lj_mli t wlib0Wl4Wflq· bf14~wt.j1 nbq.­

pbupwJp linl)bLQ. nf10 oq.Lnwq.np6Lj_mli t bp4m t.jlnt.jlntuw4wGGbpp 

lip2La hw[lwpbpm~JmOObpQ pwgwhWJlllbLnL hwliwp: bf14~wt.j1 

linl)bLmli lib4 t.jlnt.jlntuw4w0Q' LtwtuJWL[! , WflU1WhWJU14.mli t lib4 nLflP2 

w04wtu' Ltwll pwgWLnfln'l t.jlnt.jlntuw4w0p oq.Om~Jwlip : 



QLnttu 4 

tP4~U<I> fltQ.PtUI"'U3r Q.5U3ru Vn'ltl 

4.1. 1wuwtuupmpJw£i 1.1 oGrnpwGell nhq.pbujlwJil 

~m£i4gjlw£ibp 

h £i!UJhu WJ1flbu u2hL hue. t4nunubmr!l4wJjl mumuuwujl­

/ 
1 

rmpjwG wnwr4wu t.ljl6w4wq.rw4wu mt.lJwtGbpu hu, 

jlu4 q.nrolleo· nhq.rbujlwJ!l t.lhrtm6mpJmuo: t4nunubtnpjl4wu 

hjluGt.two t uwpMwmjl4w4wu t.lll6w4wq.pmpJw£i t.trw. npo unt.tn­

rtgumu t, ph jlG~Ujhu hqrw4wgmpJmuGbr wuhL hwuwtuupmpJWU 

uwujl(i' htuhtnt.l [!utnpwuejlmt.lJwtubpjlg: 

1wuwtuupmpJwu nhq.rbujlwJil ~mu4gjlwu (1fll>) wptnwhwJ­

mmu t Y 4wtuJWL tflntflntuw4wujl lll121lu 4wll UUJWut.lnrt wpctheo 
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JmpwewGvmp X t.flnt.Pntuw4wG~ hwuwp: Vwpbuwm~4npb£i 1fll> 

4WJ1hl~ t (ibp4WJWQ£ihL WJ UUjhU. 

(4.1) 

npmhrf E ( Y I Xt )-G Ulpt.nwhWJlilnLU t Y-~ u~2~£i 4wu UUJWUt.ln'l. 

wpcthetf UjWJUW£iwt.lnJ1t.lLU6 X1-~ mt.lJWL wpcthent.l. 4wll Y-~ UjWJ­

uw£iw4w£i UUjWUt.ln'l. lUpdheo (mh"u uwu I, 2.13): U2h£ie. np WJU 

flhUJemu hGpwflpt.tmu t, np Y-~ JmpwewG~ml1 uUJwut.lnrt UJWJUw­

Gw4wG wpctbeo q.6wJ~£i lmG4g~w t X1-~g : 

uhpw6mpjm£imu £i2t.lW6 op~£iw4mll hwuwtuupmpjw(i nbq.­

phu~WJ~ q.~oo (1flQ.) p£inLpwq.pmu t u~2~£i uUJwnmuo. WJ£i flhUJ­

emu, hpp UUjWOOLU[! lllt.Uppbp tuuphp~ hWUWJ1 li1Wli1W£it.lmU t U~-

2~(j~ 2nL!12[!: 1flQ.-(i wGgGmu t Y-~ UJWJUw£iw4wG u~2~Gnt.t: tph 

u4wflhq.pwu~ u~2ngnt.t tflnpCihGe Ghp4wJwgGht 1flQ.-G, WUJW 

4mhu(ih£ie. np WJG Y-~ U~2~(j wpctheG t' lilt.lJWL x~-~ hwuwp (mhu 

q.pw~~4 4.1 ): 1hmltwpw p, Y1-~ mwmwGmuGhp[! ~11 uUJwut.tn'l. wp­

cthe~g 4wpht~ t £ih!14WJUJg£ihL. 

(4.2) 

nplilh'l.' Et -(j 1fll>-jl utuwL(i t, WJUpGeG' UUjWnUw(i 2h'l.nLU£i t ujl-

211£i wpcthejlg: 1fll>-jl utuww UJWlilwhw4w£i uh6mpJm£i t, npG ~­

pbGjlg Ghp4wJwg£imu t unflhtmll w£i'lQ.!14t.lw6 q.nponGGbpjl wqflb­
gmpJmGo: 

uhpw6mpjm£inLU phpt.lw6 opjl£iw4mll hwuwtuupmpjnLU[! 

PW'l.4Wgw6 t hjl(iq. tuupjlg: rpw4wumu hwuwtuupmpjnLG[! q.phpb 

huwpwt.lnp ~t 'lPli1UJp4hL wupnrt2nLPJWUp, hhmllwpwp WJU q.uw­

hwmhtm hwuwp oq.mt.tmu hue [!Ulilpwuejlmt.lJwtuhpjlg 4wll (!Ul11-

!1W£iejlg, oGfl npmu· t4nunuhmpjl4wu hupwflpmu t, np oumpwueo 

UjWli1Whw4w£i t: 
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y 

12.2 .. .... ... ..... ..... ............. ......... .. .. .. . 

6.48 . 

1.68 . 

~-L--~~--~--L--L--~~--~--L-X 

2 4 6 8 10 12 14 

Qpw:Pf14 4.1 . UUJwmJwu UJWJtlwuwt;wu pwzfumtllJ li7Wf1pbf1 

futlpbf1f1 hwtlwf1 

b~b Gbpw6nt~JmGmu Gbpl.jwJwglt_w6 oppGwl.j[! 'lPLnWpl.jbGp 

np1..4bu hwuwtuupm~JntG , w1..4w LnllJWL hwuwtuupm~JmGpg l.jw­

f1nl1 bGp L4WLnwhwl.jwG npL.t QGLnpwGp l.jwLnwflbL (Lnb'u wrum­

uwl.j 4.1): 

Urumuw4 4.1. UUJwntlwu l.;wfutfwamp;muo bl.;wtlmflg 

UUJwnmtl (Y) 1.6 2.4 4.5 7.5 8.5 10 11.4 
(hwq. f1f1Wtl) 

l:;l.;wtlmmubf1 (X) 2.0 4.0 6.0 8.0 10 12 14 
(hwq. f1f1Wtl) 

SllJWL 'lbl4Qntli l.jwpn11 bGp Lnwppb[l [!ULnpwGpGbp l.jwqlibL 

(Lnb'u Clf1W-l>P4 4.2), pwJg rwwGgpg npG wLtbLP ULnnLJCl l.jGbpl.jw­

JWgGn ppwl.jwG hwuwtuupm~Jmuo · 'ldltwfl t wubL: UpwJG l.jwpb­

LP t GzbL, np [!ULn[lWUQ[! npwl.jwG hwuwtulipnt~JWU linLnwlt_npb­

gmuG t : 

1wuwtuupm~JWG nbClpbupwJp ClPO[! Lnbuwl.jwG ClWilWlPWfl t, 
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hbLnL.wpw[l :mq.-p Clnpowl.jpgGbpG wGhWJLn bG: 1wliwtulipm~JWU 

JnLflWQWU!JnLfl Lnplt_wo X1-p hwliwp Yt -G uLnntuwuLnpl.j lflmjlntuw­

l.jwG t' hwlt_wGwl.jwGm~JWG L4WJliwGwl.jwG pwztumlinlt_ L. 

E( Y I Xt) = i3o + j3,Xt lip2pGnlt_: 

y 

12.5 

7.5 

1.5 

L__L~--~-L--L--L~--J-~--~x 
2 4 6 8 10 12 14 

Qpw:Pf14 4.2. nbqf1bu/1w;/1 qflao bf1/.;m mwf1pbf1 

f!Ull7f1WUpubf1/1 hwtlw[1 

CGLnpwGen nbClflbunwJn Clnoo (cnq.) tlil4t'lflr4 t : cnq.-n Jnt­

pwpwGLJmfl Ln[llt_wo X1-p hwliwp QGLnpwGpp Y l.JwtuJWL ijlnlflntuw­

l.jwGo Y-n 'lPLnWf14bLn l.jwu ClGwhwLnlt_wo Wfl'lJntGpG t : cnq.-o l.jw­

flbLn t Gbpl.jwJwgGbL hbLnL.JWL Lnbupnlt_. 

(4.3) 

npLnbll. e1 - G QGLnpwGpn uGwgnp!lG t: l.JzbGp, np, n Lnwppbpm­

~JntG utuwLtJ, LiGwgn[l'l[! 'lPLnWfll.JbLP t: 1bLnL.wpwp utuww ClGW­

hwLnlt_ntli t liGwgnfl'lP lip2ngnlt_ l.jwu wLtbLt'l 6t'lzLn' linLnwlt_npbg-

Lt_mli t 'lflW un2ngn Lt_: 
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y 

~--~~~----------------~~--------X 

q.rw!j>plj 4.3. =iwtlwfwlpmp;wO L oOmf1w0p/1 

nbq(1bU{1Wj{1 qObf10 

UJul4rumL l.jwpn11 bGp bqpwl.jwgGbL, np nbqpbupwJr llbrLm­

OI)L~JwG hpliGwl.jwG GL4WlflWl.j[! QGtnpwGpp nbqpbupwjp qop hp­

Litu(j Ltrw hwliwfulipm~JwG nbqpbupwJr qop qGwhwtnmliG t 
(l.l)b'u qpw~r4 4.3): QG'l npmli, Qll<l-o l.jwpn11 t qbpwqwGgbL 

1f\t+o • pG~1.4bu Xrmli LI qp2bL =mt+G, rG~L4bu Xi-mli, LI WJ'l tnw­

tnwGmliGbpiJ wGfumuwLttbLr bG : 

I"'G~L4bU hwlinql!bgpGp, hwliwfulipnL~jWG nbq[lbUpWJp qp6[! 

4lu[lbLtl t qGwhwtnbL QGtn[lwGpp nbq[lbupwJp q6p hpliwG llpw : 

qt'!JnL~JmG mGbG Qllt+p qGwhwtnliwG Lip pwGp Lib~n11Gb[1 : UbGp 

4Gbf14WJwgGbGp LttnppwqmJG pwnwl.jmupGbflp Lib~n11o. npo 

Li<w4llbL t qb[lliwGwgp Liw~bliwtnpl.jnu YWPL qwmup 4n'1Litlg LI 

Li~6 l.jr(1WilnLf'JnL£i m[ir tl.jn[inlibtn[lrl.jWjnLli : 
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t;G~W'l[lbGp' bpl.j~WLP hwliwfulipm~JWG nbqpbupwJp ~mGl.j­

gpwG t' 

~wGr np WJG 'lrtnwp4bLr ~t . mutnp 11w qGwhwtnmli bGp 

QGtnpwGpp nbq[lbupwJp ~mGl.jgpwJnll' 

nptnbll"Y -[! Y-r qGwhwtnLtwo W[ldbpG t: 

liJUlflbl'lpg' 

e1 = Y1 - bo- b1Xt = Y,- Y (4.4) 

(4 .4)-pg b[ll!mli t, n11 LiGwgn[lllGb!lD ppwl.jwG li qGwhwtnLtwo 

Y-p tnwtnwGmliGb[lG bG: 

y 

• 
e3 

e, : • . • : • 
: e : : e. 
: 2 • . 

• 

~----~------~--~~~--~------- X 
X, X2 X3 X, X5 X6 

q.rw!l>r4 4.4. C0lii(1W0p/1 nbq(1bU/1WJ/1 q{1ao [, t10wgn(1f}0b(1/1 

ul/mtfwamp;mOo 

Ub[l hpliGwl.jwG GL4wtnwl.jG t Qllt+G QGtnpbL WJGL4bu, n11 WJG 

hGwflwl!nppG ~WLP Lintn LPGP pflwl.jwG Y-pG: liJ'l GL4Wlflwl.jnll 

Qfl.q-(i L4bU1Q t l.jwnmgbL WJ£il4bu, n(l llGwgn[lllGbrr qmliwro' 
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n 

L e 1 , LtlGtl nrewG hGwrwt.l.nr t Ltlner : 2wltlwGrz QGilmGbLnt.l. 
1=1 

I el =I (Y1 - Y )-o Gt.J.wqwqnqGtl hwugGbw· hGwrwt.l.nJl t, nJl 
1=1 1=1 

WJG hwt.J.wuwfl LrGr qJlnJp wJG llbl4enul, bflp liGwgnJlllGbflQ 

qmGt.J.bG LWJG litl2W~WJQbflnLli (mb'u qf1w~r~ 4.4): nfll4buqp tum­

uwltlbGQ mt.l.JwL htlliGwtuGilfltlg, ~Wflnl'l bGQ oqmt.J.bL LtlnerwqnqG 

QWnw~mutlGbfltl ~wltlwGrztlg , nJltl llbl4QnLli Qflq...Q ~hWUlllW­

lllWqJlt.J.p WJGL4bU, nJl litl2t1G QWnW~nLUWJtlG zbl'lnLliQ' 

f. e~ =f. (Y1 - Y}. LtlGtl wlibGwltlnero: 
1=1 1=1 

n 

St.l.JwL llbl4Qmli L e~ -G nbqrburwJr liGwgnr11Gbptl ewnw-
1=1 

n 
~mupG t, QGil npmli, L e 1 -G ewnw~mur pwpopwgGbLm llbl4-

1=1 

emli wt.l.bLtl lib6 ~zrn ~UlllWGwG WJG liGwgnrllGbflQ, npnGe wijb­

LP lib6 lip2w~wmbrmli bG: UJctli qmGbGe b0 LL b, qnp6w~rgGbpG 
n 

WJGL4bu , nr Ie~ LtlGr GijwqwqnqGQ. 
1=1 

n n 

min ~ Ie~ = L (Y1 - bo - b1X1)
2 

1=1 1=1 

UJil GL4WU1w~nt.1. hwijwuwpmliQ liwuGw~r w6wGgbGe QUlll 

bo -p LL b1-P LL ulllwgw6 hwijwuwpmliGbpQ hwijwuwflbgGbGe 

qpnJr. 

(4.5) 

n n n 

IY~- Ibo -b1LX1 = o 
1=1 1=1 1=1 

LL pwctwGbLnt.l. n-p, umwGmli bGQ. 

b0 = Y - b1X 
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(4 .6) 

nJllllbl'l Y lL X -G hwliwl4wlllwutuwG qnp6w~pgGbptl lip2pG 

wpctbeGbpG bG, wJurGeG· X= {1/n)fx~ LL Y = ~E Yl : 
1=1 1=1 

Sbi1WilflbLnt.l. umwgijw6 b0-G 4.5-tl bfl~Jlnflll hwijwuwpliwG 

lib2 LL hwijwuwpbgGbLnt.l. qpnJr· ~mGbGwGQ. 

fx1Y1 -{Y-b1x[,x1 -b 1 IX~ = 0 
1=1 1=1 1=1 

n -
ewGp nr IX1 = nX , WL4W. 

1=1 

n 
IX1Y1 -nXY 

b1 =..!.:1-~1 ___ _ 

fx~ - nX 2 

1=1 

(4.7) 

St.l.JWL b0 , b1 qnp6w~tlgGbpG wGijwGmli bG hwliwhwp~ijw6 

OLS (Ordinary Least Square) qnp6w~tlgGbp, ewGtl np hwzijwp~­

ijw6 bG LtlnerwqnLJG ewnw~mupGbptl ~wltlwGrznij: '1-pwGe ~b­
UlWJtlG qnp6w~tlgGbp bG , npnijhbmu lllt.l.JWL QGlll(lWGQp hwliWfl 

mGbG lib~ umnqq wpctbe: 
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1-funnrzmpJntU. OLS 1.Hi~n11mt qGwhwu11.{w6 Qf1q..Q l.11wrunw­

'lPf1 hwtnnul t X -jll.a Y -r llll21lG w(lctbpGbfliJ, pwGI1 nJ1 (4.6) hw­

t.l.wuwf1ml.lrg ~utnwGwGp. 

12wGw~bGp' 

x1 =X 1 -X,La 

Yt = Y,- Y, 

(4.8) 

nrtnbfl" x,-G La y,-G Gbfl~WjWgunLI.l b(i hwllWU1WlflWUtuwG 

lflnlflntuw~wGGbflll 20flml.lo l1rtbGg 1.1112110 w(lctbpjlg: <Dn(l<':lbGQ 
qGwhwtnbL. 

n 

min ~ L (y, - b0 - b1x1)
2 

1=1 

n 

~11gGbrtG bG (wJumhbtnl.a hw~jlr6m~JWG Gl.11wlflw~nt.l. L -G 

~Gbfl~WJwgGbGp wnwGg !lG'lbQuGbf111) . 

bo=o. b1 = Ix,y, = I(x, - xXv,- v) 
Ix~ r(x,- x) 

(4.9) 

UJul1111unt.l., utnwgwGp wG~JnLUWJpG qnr6w~gjl qGwhwtnl.lwG 

Gnfl hwt.l.wuw(lmll, nrjllljl2ngnt.1. ~Wf10LP t Gbfl~WJWgGbL. 

(4.10) 

UJu hwt.l.wuw(lllwG llb2 wqwtn wG'lwllo pwgw~wjml.l t, nJ1[! 

pwt.l.w~wGI1G hb2tnwgGml.l t nbqrbul1wJI1 Wfl'lJnLGQGbrtr hw2-

t.l.wr4Gbro: 

4.3. 'lwuw~wG q6wJrG nbqf1burwJr lln'lbLr 

bG~W'lflnL~JmGGbfl[! 
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OLS qn(16w~rgGbf1Q utnwGwLmg hbtnn hwrg t 6wqm1.1· n11-

pwGnt.l. t Qf1q-[! 6112Ln Gbfl~WJwgGml.l 11f1w~wG 1f1q..o: Ubq hwl.lwf1 

Wfl'lOU ~wrq t, nr Y-o ~WtuJWL t 11G~U10U pwgWLnf1nfllflmtmtuw­

~wGI1g, WJGU1bu tL utuwLrg: rG~l.11bu wr11bG G~wtnbgi1Gp, X pw­

gwtnf1nfl lflnlflntuw~wGo 1111 pGmJ~nt.l. utnntuwutnl1~ ~t' 11 ~.nwrpb­

flnL~JmG utuwLI1. nJliJ lln'lbLmll ~pwgwhwJLnt.l.w6 lflnlflntuw~wGGb­

rr wq'lbgm~JWG ~wlflG t Y-11 t.l.rw: 1b~.nl.awpwr, lli1G~l.a n11n2w~11 

U1Wlfl~0(1Wgml.l ~~wql.lb(ip utuwLI1 t.l.bf1WP01"1JWL, ~b(ip 4wf1nTl 

t.l.utnwh LllGbL nJ1 Qf1~-Q 6112Ln t pGm~wq(lmll 1n~-o: UJ'l Gl.11w­

Lnw~nt.l. 11wuw~wG q6wJI1G nbqrbul1wJll lln'lbLIJ ('lqnu) nJ1n2w411 

bG~W'lrtnL~JmGGbrt t ~w~.nwrml.l nbqf1burwJr ~mG4gl1wJI1l.a utuw­

Lll t.l.brtWPOflJWt: 

bG. 

'lwuw~wG q6wJI1G nbqrbul1wJI1 lln'lbLI1 bG~w'lrtnLPJnLGGbflG 

1. nbq{7bU/1WJ/1 tlnl)blf! QOWJ/TU t UJWf7WUbtn{7bf7ntf. 

(4.11) 

UJG ~wrnfl t LI1GbL n~ q6wJI1G lflmtmtuw~wGGbJ1nt.l.' 

Y1 = Po + P1X1
2 + s1, pwjg' q6wjjlG U1Wf1Wllbi.Ortbf1nt.l.: 

ilUJWgntjg. 

rG~l.11bU qjltnbGQ. 
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X 1 -X 
t~b ( _)2 GzwGw4bGp K, WJG 4Lt'1Gr n~ ull1ntuwull1t'l4. 

L x, - X 

pwGr nf1 X-[! ull1ntuwull1t'l4 ~t: 1bll1lLwpwf1 

b1 = LK,Y, (4.12) 

gwGr nfl K-G uU1ntuwull1t'l4 ~t, w~w b-G q6wJt'IG 4>mG4grw t 

[!GUlflWGpt'l Y-rg : 1bll1LLwpwf1, nbqflburwJt'llin'lbll:! q6wJt'IG t ~w­

f1wlibll1flbnn4.: 

2. UfuwL/1 uftpftu L;wu UUjWUtjnrz W{1dbp[J hwtjWUWf1 t q{1n;ft. 

E ( £1 ) = 0 

UJut'IGpG· Ulf14.w6 X-t'l hwliwfl utuwLt'l ~WJliwGw4wG lit'12t'1G 

wfldbp[! hw4_wuwf1 t qnnJr: Uu4_w6G w4.bLt'l ~wll14bpw4_n[l 4w[lnll. 

bGp Gbf14wJwgGbt qf1w4>t'l4t'l lit'12ngn4. (Ulb·u qf1w4>r4 4.5), nf1-

Ulbll.t'l9 bfllLnLli t , nfl b~b UfuWl[! lliWflpb[lWpWfl Wq'lbQnL~jnLG ~m­

Gt'i Y-t'l lit'12t'1G w[ldbpt'l 4.flw , w~w 'lflW 'lllW4wG LL pwgwuw4wG 

w[ldbpGbfl[! lit'lliJwGg ~bqnpwgGmli bG: 

3. )<t - {j Ul/1nfuWUll1j7f; j{. 

ubf1W6nL~jmGmli Gbf14WJWgijw6 Oflt'1Gw4t'lg UlbuGmli bGp, 

nf1 Gwtu· X-r wfldbp[! ~bUlp t hwull1wll1wqf14.t'l JnL(lwpwGvmfl 

tulipt'l hwliw(l, w~w 'lt'lll1wf144.t'l Y-r Ltlmtmtum~JnLG[!: 1bll1lLwpwf1, 

X1 -G hWUUlWUlnLG t: 

4. UfuwLft f)/1UU/bf1uftwu hnunul;bfJWUll1/1l; (hwuwgf1ftt/) t. 

var(E)=cl 

Sf14.w6 X -t'l hwliwfl utuwtr 'ltJu~b[lurwG hwull1wll1mG t, WJ· 

urGpG' hnlinu4b'lWUU1t'i4 t (Ulbu qnw4>t'l4 4.6w): 

y 

y 

•• 
•• • • ····· 

tP42U<D fltQPtUrU3P QoU3Pu Un'ltl 

• • 
!~'. ······ 

. , . .. .. .. 

-···· ····· ··· • 
• • • •• 
• 
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X 

qflw~l14 4.6 w) UfuwL/1 hmlnuljbl]wumftlj (hwuwgf7/1t/) pwzfumu 
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t~b mr4w6 X-~ hwliwfl Y-~ wrdbJ?G ~f1li~2~G wrdbJ?~9 lflW-

lflWG4mli t n! hWUlflWlflmG I)~UL4bf1U~WJn4 , WJU~Gj?G ' utuwL~ l4WJ-

liwGw~wG ll~UL4bf1u~wG lflWlflwG4mli t Y-~ hblfl li~wu~G. WL4W 

WjG hblflbJ1nU~bi)WUlfl~~ (lflWf1W9f1~4) t (lflb'u (fflW~~~ 4.6 p). 

5 UfuwL ubf1/1 tlf!plt 1Ltw wt./ll1n[fnnouwgf!w. 

cov ( c,e,-j) = 0 , pn[nf1 j ~ 0 Wf1dbpubf1/1 hwtlwf1: 

t~b utuwLGbfl~ li~2u !~W hbfl~w~wG ~nnbuwg~w ~wli w4-
lfln~nnbuwghw. WL4W utuwLGbfl(! li~lijwGg~g ~WtuJWL !bG, 

WJu~GJ?G . wG~wtu bG: U4lfln~nnbuwg~wG ll~lflWJ1~mliGbf1~ li~21.t 

bflw6 ~nnbuwg~wG t dwliwGw~~ oG~wgj?mli ~wli lflWf1w6m~Jm-
Gmli : 

y 
• 

• • • • 

• 

• 

... ~· - · · " ' ······· 

X 

Q.pw-1>114 4.6. p) U/uw[ft hbmb{1nu{jbf]wumftlj 

(mw{1wgf7ftt/) pwzfunul 

t~b ClflW~~~~ O(fGnL~JWOp lflbflWI)flbGJ? utuwLGbp[! (!Ulfl 

dwliwGw~~ . ~wpn'l bGJ? lflbuGbL. np wnw2~G l)bl4J?nLO utuwLGbp~ 

lih2Lt ~w llllW~wG ~wtu4w6m~JmG (!fi1W~~~ 4.7 w), ~u~ bp~pnpl) 
l)bl4J?nLO utuwLGbpo li~liJwGg~g wG~wtu bG (ClflW~~~ 4.7 p): 

e,e 

)( 

)( 

)( 

0 
)( )( 

)( 

e,e 

)( 

0 
)( 

)( )( 

tpy:)U<D fltQPtU~U3~ QoU3~u UO'lbl 161 

)( 

)( )( 

)( )( 

)( 

)( )( )( 

)( )( 

)( 

)( 

)( 

ctwllwGwlj 

w 

)( ctwllw!iwlj 
)( 

)( 

Q.pw-1>114 4 .7 w) 'Jf1w{jwu wtfll1nljnnbuwgftw 

p) !Jf1n ljnnbuwgftw 

'lwuw~wG (f6Wj~G nb(fflbU~WJ~ linl)bl[! bG~WI)flnLli t, nr 

nb(fflbu~wJ~ utuwLGbfl~ li~21.t !~w ~nnbuwg~w. J?WG~ nfl, b~b br­

~m utuwLGbfl~ li~21.t ~w l)flw~wG ~wli pwgwuw~wG ~nnbuwg~w . 

wL4w Y-o ~wtuJWL t n! li~wJG Et -~g. wn Gwl.t Et-i -~g : 

6. naq{1bU/IWJ/1 tlnrJOLO D/12ll1 t punf1nzt.fwb: 

UJu~GJ?G. nb(fflbU~WJ~ linl)bl[! pGnrn2liwG 2b11mli ~wli pGn-

11n2owG utuwL !~ L4Wf1mGw~mli : 'lw G2wGw~4mli t. np linl)bLO 



162 SUPPU4Uut40uOUtSP 

[!G'lq(lljnul t l'i~2Ul pwgWlilflnfl lflmtmtuwltwGGbfl , L. UJW(lq t 'l(lW 

:pmGljg~nGLUL ()L.Q: 

7. lfnfJbLD 1/1 u;wpm/Jwl;nuJ pwqtlwl;ntft/Jbwpmp;m/J, 

WJU~GQG' lin'lbLmli [!G'l<l!llttl.w6 b(lljnt lflnlflntuwltwGGb(l~ li~2L. 

~Ltw hwuUlUJUlmG qOWJ~G ltwtutJ.wompJmG: 

'1wuwljwG qOWJ~G nbq(lbU~WJ~ bGPW'l(lnLpntGGb(l~ UjWJliWG­

Gb(lmli OLS llbpn'lntl. hw2tl,W(lljtl,w6 ~(lwljwG qn(lOWlj~gGbfl~ tl.~­

l'iwljwq(lwljLUG hwUlljntpJmGGb(l[! (lL.wljb(lUJtl,wo bG Clwmu-Uw(l­

Ltntl.~ pbnpbllmli: 

Qwnw • lfw(l/;nt//1 pbn(lbtl[J. '1wuwljwG qOWJ~G nbq(lbu~WJ~ 

lin'lbl~ bGPUJ'l(lnLPJmGGb(l~ UJWJliwGGb(lmli OLS qn(l6wlj~gGbflQ 

pnLn(l wG2b11. qOWJ~G qn(lowlj~gGbfl~ li~2L. mGbG GtJ.wqwqnqG 

'l~UUJb(lu~w . WJU~GQG. LWtl.wqmJG q6wJ~G wG2b11bL~ qn(lowlj~g­

Gb(l bG' wGqLb(lbG BLUE (Best Linear Unbaised Estimators): 

1bUlL.wpw(l, OLS bo L. b1 qnpowlj~gGb(lQ. 

- qOWJ~G bG 

- wG2b11bl~ bG' 

E(bo) = ~o 

E(b1) = ~1 

- mGbG GtJ.wqwqnqG 'l~UUjb(lu~w : 

UUJwgmgbGQ, n(l b1 qn(lowlj~gG wG2b11bL~ t , WJu~GpG· 

E(b1) = ~, 

1wliw(lwJG (4.12)-~· 

tP4::!UCl> OtqrtUrU3r qOU3ru UO'ltl 

b1 = LKtYt = LKt(~o+~1Xt+Bt) 

1bUlL.wpwf1· 

b1 = ~oLKt + ~1LKtXt+LKtet 

rG~UJbU q~UlbGQ' 

I,K _ L (xt -X) = 1 
_ · I.(X 1 -x) 

1
- I,(X

1 
-XJ I,(Xt -XJ 

1bUlL.wpw(l· 

b1 = ~1 + I,KtEt 

4wli UUjWUliwG wpdbQGbp~ UlbUQntJ.' 

E(b1) = ~ 1 +E(I,KtEt) 

gwG~ np K1-G uUlnl\JWUUl~lt ~t. WUJW. 

E(b1) = P1 + I,KtE(Et) 

1wliw(lwJG Cl'1flU-~ bGpW'l£lnLPJnLG 2-~· E(Et) =0 

1bUlL.wpw(l· 

E(b1) =~1 

rG~G tL UjWhWG2tJ.mli tp WUjWgmgbr 
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(4.13) 

(4.14) 
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U~wgmgbGp, n[l b, qn[16w~~g(j mG~ GLtwqwqmJG fl~u~b[l­

u~w: 'l[lW hWilW[l ~btnp t ~W[lqbl, f}b ~(j!~ t hWL!WUW[l b 1 -~ 
fl~U~bflu~wG: 

Unw2~(j llwumll G2L!w6 J:!UnLf}Wq[lnLf}JWU hwllwCiwju· 

J2wG~ n[l E( b1) =p1, 

hbtnl.Lwpwfl· 

1wllwCiwJG 4. 13-~ · 

b, - p1 =I K,E,. WJU~GpG' 

+ 2K,K2E1E2 + 2K2K3E2E3 + 2Kn-1KnEn-1En )2 j . 
4wlf 

var(b 1) = El(K/E/ + K/E/ + ... K/En 2 +2K1K2(E1E2) + ... 

... + 2Kn-1Kn(En-1En) J 

4wll 

var (b1) = K/E(E/) + K2
2
E(E/) + ... + K/E(En2

) + 2K,K2E(E1E2) + 

... + 2Kn-1 KnE(En-1En) 

1wllwCiwJG flq.flu-~ bGf}WflflnLf}JnLU 4-~ - var(b)-constant 
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1btnl.Lwpwf1· 

var(b1) = Kfcr 2 + K~cr 2 + ... + K~cr 2 
= cr

2 
I Kf 

u2bGp, nJl ll~WJU flCUlU-~ bGf}WflflnL!}JnLUUbfl~ ~WJI1WGGb­

cr2 
flnLil t. var(b1) = ( _)2 I x, -X 

nfl~buq~ w~wgmgbGp, n[l b1-G mG~ GLtwqwqnLJU fl~u~bfl­

u~w. hwllbllwtnbGp p 1 -~ WJL[]ULnflWUJ2WJ~U b. qn(lOW~g~ hbtn, bG­

f}WflflbLnll, n[l Llbfl2~Gu UnLJU~bu qOWJ~G qn[lOW~~g t' GLtwqw­

qmJG fl~U~b[lU~WJnLt: 

CuflmGtup· b. = Iw,v, 

n[ltnbrt' W1 -G utnntuwutn~~ !t. pwG~ nJl bGf}Wflflllmll t, n(l b. -G 

qOWJ~U l.L WU2brtbl~ qn[lOW~~g t: nLutn~ · 

b. = Iw,Y, = Iw,(bo+b,X,+Et) = boiW,+ b,Iw,x,+ Iw,E, 

4wll u~wullwG W[lctbpGbfl~ tnbupnLt· 

E(b.) = bo Iw,+ b, Iw,X,+ Iw,E(E,) 

'-lbfl2~G qmllw[lbL~G. flq.flU-~ bGf}WflflnLf}JWU hwllwCIWJU, 

hwLtwuwfl t q[lnJ~. pwG~ nJl E(Et) =0: 1btnl.Lwpwfl. 

E(b.) = boiW,+ b,Iw,x, 

nfl~buq~ b·-u L~G~ wG2brtbL~. Iw,-u ~btnp t hwLtwuwfl L~G~ 

q[lnJ~ l.L Iw,XcG ~btnp t hwLtwuWfll~(j~ llb~~: UJfl flb~pmll' 
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S2wG~ np, 

var(Y1) = var(c:1) = cr 2 

w~w· 

var(b·)=cr 2 LW1
2 =cr2 L(W1 - K1 +K1)

2 =cr2 L(W1 -K 1)
2 + 

+cr 2 LK~ +2cr 2 r(w, -K,)<, 

=lwqwuwpuwG Llb112~G ClnLUwpbL~G hwqwuwp t qpnJ~, 

npnqhbmL.. 

1 

2 . 2"( )2 0" var(b ) = cr £.... W1 -K1 + ( -\2 
L x, -X) 

(4 .15) 

S2wG~ np (4.15) hwqwuwpuwG wnw2~G ClnLUwpbL~G llPW-

4wG t, 4wpn11. bGp wubL np, var(b.)>var(b,), WJU~GpG b·-~ 
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pwztumuG ~11 u~2~G wpctbp~g wLtbL~ gpqw6 t, pwG b,-~G[!: 

=lbmL.wpwp b1-[! pnlnll wGzbll.bL~ Clnp6w4~gGbp~ u~2L. mG~ Gqw­

qWClnLJG ll~U~bpu~w. ~G!G tL ~whwG2qmu tp w~wgmgbL (mb'u 

Cli1W~~4 4.8): 

13. 
b,, b* 

qflw:P~4 4.8. bt-/1 L. b. -/1 pwzfunuJubfl/1 g[ll/womp;mu!J 

rG!~bu mbuwGp, 

(4.16) 

(4.17) 

=lwuw~wmwutuwGwpwp bo-G pnlnll wGzbll.bL~ Clnp6w4~gGb-

11~ ub2 mG~ GqwqWClnLJG ll~U~bpu~w, np[! hwqwuwp t". 

• UlllwgnLJQ[!. np bn-G GnLJGUll:lU wG21:irtl:lLP t ' Gl{wqwqnLJG llPUUll:l(lUpWJntt. llll:i U 
MarHyc 5I.n . 3 KoHoMeTpHKa. M .,2000, t2.JB: 
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(4.18) 

(4.19) 

,wunqLI.bg~GQ , n(l OLS ubpnqnLI. hw2LI.W114LI.w6' q.n(lOWL!~g­

Gb(lG wG2bflbL~ bG u nLGbG GLI.wqwq.mJG ll~UL4b(lu~w : 

qn(l6'wlt~gub(l~ q~uL4b(lu~wG hw4wnw4 hwubUwmwl!wG t 

LXt2 -~G : Uju~GgG ' ~Gwwu ubo L~GbG Xt-~ t.flwumwg~ UlWUlW-

GmuGb(l[! 4wu x~-~ gwGwltub(l[!, wJGQwG b1-~ q~uL4b(lu~wG t.flnQ(l 

4L~G~ : 

u2bGQ Gwu, n(l bo. b1 q.n(l6'w4~gGb(l[! U~UJWGg~g 4wtuJWL bG, 

u ll(lWUQ 4wtuLI.w6'mpJWU ~WtP[! nrn2L1.mu t hbUluJWL pwGw~l..tnLI.' 

Cov(b 0b1) = -X var(b 1) = -x(~] 
IXf 

(4.20) 

gw(J~ n(l b1 1l~UL4b(lU~WU ll(lWL!WG t, WL4W b0 u b1 

ltnLtwr~wg~wG 4wtuLI.w6' t X-~ G2wG~g : bpb X -[! pwgwuwl!wG t, 

WL4W bo u b1 ltnLtwr~wg~wG llllWltwG t u· hw4wnw4[!· : 

Gujarati. Damodar N. : Basic Econometrics., McGraw-HilL New York. 1995 . 

169 

u2LI.bg, n(l t.flnQ(lwq.nLJG gwnwltmu~ub(l~ ubpnqnLI. q.Gwhwm­

Ltw6' q.nrowlt~gub(l[! pnLn(l wG2b11 q.OWJ~G q.n(l6'w4~gGb(l~ u~2u 
mGbG GLI.wqwq.nl]G ll~UL4b(lu~w : UJu~Ggu· bo-G, b1-l:! LWLI.wq.nLJG 

q.OWJ~U wG2bflbL~ q.n(l6'w4~gub(l bG: 

Uwl!wJG b0 , b1 q.nr6'w4~gub(l~ q~uL4b(lu~wG q.GwhwmbLm 

hWUW(l wuh(lwd'b2Ul t L4W(lqbL, pb ~(J~~ t hwLI.WUW(l utuWL~ ll~U-

L4b(lU~WG' cr 2 
: 

<l>ng(lwq.nLJG gwnwl!mu~ub(l~ ubpnqnLI. utuWL~ 1l~UL4b(lu~wG, 

n(l[! Ul(lLI.WO X1-~ hwUW(l ~(lbG~g ub(ll!WJWgGmu t ~>t-~ u Yc~ L4WJ­

uwGw4wG q~uL4b(lu~wG, q.mGbLm hwuw(l oq.mLI.bGQ hbUluJWL 

hwLI.WUW(lnLU~g . 

gw(J~ n(l E(E1) = 0 (mb'u bGpwq(lmpjmG 2), u ~>t -G ll~UlW(ll!bL~ 

~t, WJU unmwLI.nrbgLI.mu t e~-~ u~2ngn4. 

2 Ief s = - -
e df. 

SLI.JWL qbL4QnLU wqwmmpjWU WUUl~6wG[! (d .f) (mb'u uwu I, 

3.4) . hwLtwuw(l r (n-2), WJU~GgG ' ll~UlW(ll!muub(l~ gwGw4~9 hw­

Gwo brl!m. gwG~ n(l mGbGQ bpl!m' Po u P1 q.np6'w4~gGbp: 

,bml..twpw(l ltumwGwGQ. 

(4.21) 
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Urumuw4 4.2. tqwlfnunubf1/1 I.J UU/Wniiwu awt/wtubf1/1 hwztfwf1qmii£! 

t/lnp{1wqm;u pwnwqmuf7{jbf1/1 iibpnfJnt/ 

Yt Xt XtYt x? Yt=ba+b1Xt et= Yt -Yt et 
2 Yt- Y (Yt- Y)2 

1.6 2.0 3.2 4 1.34 0.26 0.068 -4 .96 24.602 

2.4 4.0 9.6 16 3.08 -0.64 0.41 -4 .16 17.306 

4.5 6.0 27.0 36 4.82 -0.32 0.102 -2.06 4.244 

7.5 8.0 60.0 64 6.56 0.94 0.884 0.94 0.884 

8.5 10.0 85.0 100 8.30 0.20 0.04 1.94 3.764 

10.0 12.0 120.0 144 10.04 -0.04 0.002 3.44 11 .834 

11 .4 14.0 159.6 196 11 .78 -0.38 0.144 4.84 23.426 

"'Y= "'Xt= "'XtY= "'Xt= L.e?= "'(Yt -Y)
2 

45.9 56.0 464.4 560 1.65 =86.06 

IXtYt- nXY 464.4-7 .8 . 6.56 
b1 = = "" 0.87 

IX~ - nX 2 560- 7(8)2 

b0 = Y- b1X = 6.56- 8 · 0.87 = -0.4 

S~=Ie~ =1.65= 0.33 
n -2 5 

52 = s~ · IX~ = 0.33 . 560 = 0 24 
be n(fx~-nx 2 ) 7(560-7 · 64) . sbo=0.4

9 

0
·
33 

= 0.003 
560-7 . 64 

sb = o.055 
1 
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S/-G 1111wljw!i, pwjg w!ihWJlfl cr 2 -11 4btnwJI1G q.n116wljl1gG t. 

n1111 UtnW!iflWI1lfl utuwl(j t. 

S =JSf = Jie~ 
e e n- 2 (4.22) 

u2b!iQ, n11 Se -G Gwl.t q.GwhwtnowG UlflWUflWI1lfl utuwLG t, QW-

Gl1 n11 WJG Y- l12b11muG t 1111 u11211u L4WJUwGwljwG w11dbgl1g: 

4.6. 'lbtnb11UI1Gwgl1wJI1 q.n116wljl1go 

llbq.11bul1wJI1 UnflbUJ 4wl1bLI1 t lll1tnwl14bL Gwl.t WJ!i tnbuwG4-

JnLul1g, pb 11G~ ~wtflml t X- 11 I1G~n11uwgl1wG pwgwtn11mu l.t hbtnw-

q.wJmU ljwutuwtnbumu Y-11 t.1.w11ewq.l16r:r tpb Y-11 tnwtnwGmu!ib-

111:! 100%-nt.l pwgwm11t.J.mu bG X-11 pG~n11uwgl1wJnt.l (tnb'u q.11w~114 

4.9 11 ), w1..4w 4w11n11 bGQ wubL. n11 ub11 pnln11 llPLnWI14mo!ibl1[! 

outn11wuep nbq.l1bupwJp q.611 t.1.11w bG, wJupGeu· WJG wupnrwnt.J.pG 

[!Uilq.l14mu t tnl1t.lw6 tnt.I.JWLUbl1[! : tt.l hwljwnwlj[!, huw11wt.1.n11 t. n11 

X-11 pG~n11uwgl1wG [!GilhWGI1WL4bu ~pwgwtni1P Y-p t.1.w11ewq.p6[! 

(tnb'u q.11w~plj 4.9 w ): 

'lbtnbi1UI1GwgpWJP q.n116wljl1g[! gnLJg t LnWLI1U, pb pG~ ~wtflnt.J. 

t [!Utni1WUQP nbq.11bui1WJP q.jl6[! [!Uil<l[lljmu tnt.I.JwLGbl1[! : tpb pnln11 

lll1tnWI14nLUGbl1[! nbq.11bul1wJI1 q.611 t.li1W bu , WL4W llbtnb11UI1Gw­

gl1wJI1 q.ni16Wljl1g(! hwt.J.WUWI1 t Ubljl1 (q.I1W~I14 4.9 11): ,Wljwnwlj 

llOL4QnLU, hwt.1.wuw11 t q11n111 (q.11w~p4 4.9 w): UJui1Geu· 4wnbLI1 t 
bq11wljwgGbL. 11GwwG uGwgnl11lUOI1[! untn t;(j nbq.11bui1WJP q.611G. 

WJGQWU llbtnb11Up!iwgpwJI1 q.ni16WljpgG wt.lbLI1 ub6 t (tnb u q.I1W­

~P4 4.9 q.) 1..1· hwljwnwlj[! (tnb'u q.11w~p4 4.9 p ): 



172 

00 
w p 

• q 

q.rw~~~ 4.9. '1limli{ltl/7uwgf7w;f7 qn{low/;g/7 w{ldlipuliflf! 

w) I =o. q) I= 1 

'1-bmbpupGwgpwJp q.np6w4pg[! hwzllblm hwuwp (4.4)-1:! Gbp-

4wJwgGmu bGQ. 

VI = V + el mbuQnq: ,wqwuwpmpJwG bpl!m 4nrLUpg 

hwGbln4. Y. 4umwGwGQ (v1 - v) = (V1 - Y)+ e1 

tp4m 4nrLUpg pwpopwgGbLn4. Qwnw4mup ll wpmwhWJlnbLn4. 

q.nLuwpp (L) mbuQnq· 4umwGwGQ. 

,w4.wuwpuwG 4.bP2PG q.muwpbLpG' 

21: (vi -Y~ 1 • hwqwuwp t qpnJp , npnqhbmll. 

Let=O 

173 

L:(V1 - v)2 
= L:(V1 - YJ + L:e~ 

t t t 
TSS ESS RSS 

npmbrf 

TSS (Total Sum of Squares) - Gbp4WJWgGmu t V-p [!Gqhw­

Gmp 11PUL4bpupwG pp up2pG wpdbQpg, 

ESS (Explained Sum of Squares)- Gbp4WJWgGmu t unqblmu 

pwgwmpqw6 11PUL4bpupwG, 

RSS (Residual Sum of Squares)- Gbp4wJwgGmu t unqblmu 

~pwgwmp4.w6 11PUL4bpupwG: 

f2wGp np· TSS=ESS+RSS, 

pu4 qbmbpupGwgpwJp q.np6w4pgG, pG~1..4bu wpqbG wu4.bl t. gnLJg 

t lnWLPU unqblmU pwgwmpqwo qpu1..4bpupwG. ll hwqwuwp t' 

(4.23) 

1"G~1..4bu mbuGmu bGQ, qbmbpupGwgpWJP q.np6w4P91:! qpw-

4wG t. q.mGqmu t qpnjpg ub4 UP2W4WJQnLU ll q.Gwhwmmu t V-p 

WJG UWU[!, np[! pwgwmp4.w6 t nbq.pbupWJP unqbln4. (mb'u 

q.pw~p4 4.1 0): 

l"p pGnLJpn4. qbmbpupGwgpwJp q.np6w4P91:! zwm unm t wnw-

2PG uwumu Gbp4WJWgqw6 L!nnbuwgpWJP q.npowl!gpG, np[! 4wpb­

lP t hwz4.bl GwllqbmbpupGwgpWJP q.np6w49P up2ngnq. 

r = ±J;2 (4.24) 
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y 

q11w~p4 4.10. Y-/7 zt;rznuJubf7f! tlftpftu Wf7dbpf7g 

I"> U1WppbpmpJmG 'lbU1bplipGwgpwJp qnp6w4gp, 4nnbuw­

gpwJp qnp6w4P9r::! 4wrn'1 t LtlGbL tlG!l4bu 'lllW4wG, WJGL4bu tL pw­

gwuw4wG: UJG 4wpn11 t qm4.bL -1-pg +1 Litl2w4wmmli: Uw4wJG 

nbqpbupWJP 4.b!llm6mpJWG mbuwG4JmGpg 'lbU1bplipGwgpwJp 

qnp6w4pg[! Gwtu[!GU1pbLP t, nwGp np gnLJg t U1WLPU, pb 4wtuJWL 

lflmtmtuw4wGp 'lPUL4011UPWJP np hwliwliwuGnLpJmGG t pwgw­

mp4,w6 X pwgwU1pn'llflnlflntuw4wGn4,: 

Orftuwq 1. UJdli, bpp wp11bG qpU1bGn' tlG!L4bu qGwhwU1bL 

nbqpbupwJp Lin'lbLP qnp6w4pgGbpfl u 4wrn'1 bGn hw24.bL 'lbU1bp­

LipGwgpwJp qnp6w4pg[! , lflnpobGn qGwhwmbL GbP'lllmliGbpp u 

4,bp2Gw4wG WP'lJnLGQp lip2u 4Wl4fl: UJ'l GL4wU1w4n4. oqmwqnp-

6bGn W'1JnLUw4 4.3-p m4.JwLGbp(l : 

br4~U<t> flbQrt;U~U3~ Q6U3~u UO'lt;L 175 

Urumuw4 4.3: %U-/7 oqmwqnrufnulf! (1996 p . hwumwmmu qubf7ntf) 

~wuwtuwnu ~wuwtuwnu 

Ubfl~p(j Wfl'1JnLU~ ubfl1111nulub11 

1996 1 bn. 84.6 10.5 

2 bn. 134.3 25.2 

3 bn. 219.0 36.1 

4 bn . 223.3 60.1 

1997 1 bn. 87.1 12.7 

2 bn . 137.0 23.5 

3 bn. 266.6 43.6 

4 bn. 232.5 59.0 

1998 1 bn. 92.8 10.7 

2 bn. 146.7 24.2 

3 bn. 243.4 45.3 

4 bn. 250.4 66.8 

1999 1 bn . 97.1 12.0 

2 bn. 154.9 34.7 

3 bn . 261 .0 43 .9 

4 bn . 244.5 49.5 

2000 1 bn. 97.4 12.9 

2 bn. 160.6 36.0 

3 bn. 268.7 46.0 

4 bn. 276.5 57 .6 

<I>nnpwqnLJG nwnw4mupGbpp libpn11n4. qGwhwU14,w6 nbqpb­

upwJp 4.b!llm6mpJWG Wll'lJn~GnGbpG bG' 

• 

1\ 

=n.J = -8.92 +0.24 1uu 
(4.819) (0.025) 

(=0.8 Se =7.46 

'1WJWUU'lWG. SGI!lbuw~w(i llj111lmllGbp. t:Jnwllujw~wJpG J}nrtw(l~mll , '1mGL1_wp-
llwpU'l , 2001 J} .: 
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<l>w4wq.6brmul pbr4w6 bG q.np6w4jlgGbpjl umwGI)wpm 

utuwLGOjl[! : t>G~UjOU mbuGnul bGp, b,=0.24 , WJUjllipG' llb4 ujlwttnr 

4br21iw4wli Wlli)JmGpjl wtSjlli hwUwUjwmwutuwli' Gb!ll)llmllGb!l[! 

4wqllmll bG 0.24·: 

Utlljlnt.f'lmll 

,wuwtullpm~Jwli nbq.pbujlwJjl q.l16[! mbuw4wli Q.Wilw4lwr t 

,llQ.-jl Jmpwpwli~mr mr4w6 X-jl hwllwr. utuwLii umntuwumjl4 

t, t.... l)flW hw4wliw4wGm~Jwli UjWJllwGw4wli pwztumll[! hwU[!G4-

Gmu t Y-11 pwztuuwli[! : 

CGmpwlipjl nbq.rbujlwJjl q.jl6[! (CilQ.) tllUjllllll4 t , Cllq...jl uGw­

gnrl)l:! utuwLil l)jlmwr44w6 wrdbpG t : CGmrwGpjl nbq.pbujlwJjl 

4JmG4gjlwJjl q.nr6w4jlgGb!l[! hwllwtuupm~JWG q.np6w411gGbrll 4b­

LnWJjlG q.liwhwmw4wlilibrG bli : ,bmt....wpwr l)jlwGgjlg JmrwpwG~­

JnLfl[! Ujwmwhw4wli llb6m~JmG t· hwllwUjwmwutuwli Ull211Gn4, 

l)jlUUjOflUjlWJn4 1.... ULnWiii)WjlLn ut'tJWLn4: 

11bq.jlbujlwJI1 4bllLnL6nL~JWG hjlllp[! I)WUW4wG Unl)bLii t , njljl 

bG~wl)rm~JmGGb!l[! 4wrt....nr bG 41ltSw4wq.rw4wli 4brtm6m~JwG 

hwllwp: 'lwuw4wG nbq.rbul1wJjlOnl)bLil bli~WI)flnL~Jmlilibrll UjWJ­

llwliGbrnul 4lnprwq.mJii pwnw4mujllibpjl llb~nl)n4 q.Gwhwm4w6 

q.nr6w4jlgGbp[! pnLnr wGzbllbLil q.6wJjlG q.nr6w4jlgGbpjl 111121.... m­

Gbli G4wqwq.mJii l)jlUUjbjlujlw, l)!lWGp twLtwq.nLJG q.6wJjlG wlizb­

llbLil q.nr6w4jlgGbr bG: 

'lbmbplljlliwgjlwJjl q.nr6w4jlg[! gnLJg t LnWLjlu , ~b Y-11 mw­

mwGmuGbrll nrllwuli t pwgwmr4mll X-11 mwmwlimulibrntt: 

tr4!:1U<Il ntQrturu3r QoU3r~ unrltL 

4.1. Pwgwmpbp hbmi....JWL hwu4wgm~JmliGbrl111llwum[! · 

w) pwgwmrn11 4ln41ntuw4wG 

p) 4wtuJWL 4ln4lntuw4wli 

q.) hwllwtullpm~JWG nbq.rbul1wJI1 q.jl6 

I)) q.6wJjlli nbq.pbujlwJI1llnl)bL 

b) utuwLI1 hnunu4bl)wumjl4 pwztumo 

q) nbq.jlbUjlWJI1 uliwgnjll) (et) 

t) [!limrwGpl1 nbq.rbul1wJjl q.jl6 

[!) l)bmbrlljlliwgjlwJjl q.nr6w4jlg 

4.2. Pwgwmrbp. 

177 

w) t>G~n~4 t mwppbr4mll nbq.rbujlwJjl utuww nbq.pbul1wJjl 

llGwgnpl)jlg: 

p) t>li~m~ bli 4lnppwq.nLJG pwnw4mujllibrjl ub~nl)n4 q.Gw­

hwm4w6 nbq.rbujlwJjl q.nr6w4jlglib!l[! hwuwr4mll tw4wq.mJG 

wGzbll.bLil q.nr6w4jlglibr: 

q.) t>li~n~4 bli mwppbr4mll Ujwmwhw4wli 4ln4lntuw4wGjl 

UjWJOwGw4wli 1.... n~ UjWJOWGW4wG UUjWUmlllibp[!: 

I)) t>G~n~4 t mwrpbpttmu l)bmbplljlliwgjlwJjl q.np6w4jlg[! 

4nnbuwgjlwJjl q.nr6w4gjlg: 

4.3. <Dnrc)bp pwgwhwJLnbL, ~b mbuw4wGnrbli jlG~ Gzwli 

Ujbmp t mGbGw wli4JmGwJjlli q.nr6w41191:! hbmL.JWL 'lbUj2brmul. 
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w) Gb(lll(lnulGbp 

p) W~(lWUJ;?~ ~WhWG2WP4 

q) u~wnnu~ 

'1) Ljln11r ~whwG2wr4 

b) tflnllp WI2W2Wfl4 

q) Gwtuwqwh~ 

hbll~Gw4m!)JmG 

Pwgwlilpnll 

Ljlnljlntuw4wG 

tnn4nUWil(lnLJJ;? 

w~pwGJ;?~ q~G 

b4w~ml11Gbp 

l1ln4nuWil(lnLJE 

tnn4nuwll(lnLJE 

~G.l>uwg~wJ~ lilb~~bp 

4.4. X-r La Y-p hpGq l)ptnwr4nulGbppg hbtnn utnwg4bL bG 

hbtnlaJWL W(ll)jnLGJ;?Gbp[!' 

:LY 2 = 676 

:LX 2 = 1089 La :LXY = 200.5 

Q.(iwhwtnb'E nbqpbupwJp qnp6w4pg(ibp[!: 

4.5. bf}b m(ib(ip X La Y tflntflntuw4wGGbp, La b1-[! X-p nbqpb­

upwJp wG4JmCiwJpG qnp6w4pgG t' Y-pg 4wtuttwo, pu4 br[!. Y-p 

nbqj1bupwJp wG4JmGwjpG qnp6w4pg[!· X-pg 4wtu4w6, w~w 

gnLJg tn4bp' 

w) pGj_pG t hwttwuwp boLa b1 qnp6w4pg(ibpp wptnWI)(lJWL[!, 

p) nr bo = 1/b1 lipwjG WjG l)b~pm~. bpp ~ = 1: 

4.6. b!l4iwlfl nbqpbupwJp linl)bLr· Y, = bo + b1X1 + e,, X 

tflntflntuw4wG[! bpbpn4 pwqliw~wtn4bL[! pGj_~pup wql)bgm!)JnLCi 

tr4~U<I> ntQrturu3r QoU3ru unrltL 179 

4mGbGw nbqptmpwJr linl)bLr qnp6w4rgGbpp, '1!lwGg utnwGI)wptn 

utuwLGbpp La nbqpbupwJr liGwgnpi)Gbpp 4rw: 

4 . 7. UflJnwwftnuJ ll1f1l/WO t 1996-2000pp. =!=! hwtlwfuwnu ubppf/u 

Wf1fJJnLUpf! · hwztfwpfttfwa f!upwgflft L. 1996p. hwumwmmu qubpnq' 

,wuwtuumu GbllQ~u ,wuwtuwnu GbllQ~u 

WllflJnLUQ WllflJnLUQ 

([!G~wg~lj qubrml.. (1996~ . hWUlllWlllnLU 

Ulll'l 'lllWU) qubrntl.) 

1996 1 bn . 82.5 84.6 

2 bn . 133.6 134.3 

3 bn. 219.1 219.0 

4 bn. 231 .0 223.3 

1997 1 bn. 93.3 87.1 

2 bn. 159.2 137.0 

3 bn. 266.2 266.6 

4 bn. 285.6 232.5 

1998 1 bn. 124.7 92.8 

2 bn. 198.0 146.7 

3 bn. 308.3 243.4 

4 bn . 324.4 250.4 

1999 1 bn. 130.2 97 .1 

2 bn. 216.9 154.9 

3 bn. 325.7 261 .0 

4 bn. 314.6 244.5 

2000 1 bn . 131 .0 97.4 

2 bn. 218.5 160.6 

3 bn. 328.0 268.7 

4 tm. 355.8 276.5 

=!wJWulllwu . Sulllbuwljwu u~lllmuubr . tnwuuJwljwJ~u ~nf1wrljmu . ,m!Jtl.wr· 
UW!1lll. 2001 ~. : 
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w) Ulbfl.WI'lf1bLnt.l Gwtu' oG~wg~~ qGbpmt 1uU-G [!UUl dwllw­

Gw~~ L. [!GI'lnt.GbLnt1. np 1uU-G ~WtuJWL t dwllwGw~~g, lflnEJ1W­

qnLJG EWnw~mu~Gbp~ l1b~n11ml qGwhwUlbE llnl'lbL~ qnp6w~~gGb­

f1[! , w~w GnLJG[! ~WU1Wf1bE hwuUlWUlmG qGbpnij1uU-~ hwllwp: 

p) qGwhwU1ijw6 qnp6w~~gGbp~ h~llwG ijpw pGm~wqpbE 

~G~uwg~WJ~ U1bl1~~ 11~Gwl1~~w(j Ulf1ijw6 U1Wf1~Gbp~ hwllwp: 

4.8. Ufljmuw~ 4 .2-~ Wf11'lJnLGEGbp~ h~llwG ijpw qGwhwUlbE 

u~wnllwG ll~~~(j tLWUUl~~m~JmGo 

4.9. ubf1~WJWgijw6 U1l1JWLGbp~ h~llw(j ijpw qGwhwUlbE 

l'lbUlbpll~Gwg~WJ~ qnp6w~~g[!, Gwtu' wqwUl wG11wl1~ wn~wJm­

~Jwllp, w~w· wnwGg wqwUl wG11wl1~: 

70 65 53 50 35 30 25 

5 11 15 17 20 19 27 1 J ~6w~wqpw~w(j bqpw~wgm~JWG oqGm~Jwllp ~Wf1bL~ t 

'-1. UUlmqbL' hGwpwijnp t Wf11'lJnE [!GUlpWGE~ h~llw(j ijpw 

qGwhwUlbL hwllwtullpm~Jnt.G[!: uwtunJ11'l qLtumll gmJg Ulijbg~GE' 

~(j~~bu qGwhwUlbL nbqpbu~wJ~ qnp6w~~gGbf1[!, npnGE ~bUlWJ~(j 

bG, EWG~ np JnLf1WEwGvmp [!GUlpWGE~ hwllwp mGbG llb~ wpdbE: 

q(jwhwUlllwG Ulbum~Jnt.G[! pwf1.~wgw6 t bp~m llwu~g · ~bUlwJ~G 

L. Ul~f1nLJ~WJ~G : 1bU1L.wpwp, b~b qnp6w~~gGbp~ qGwhwUlmllo 

L1~6w~wqpm~JWG ll~ ~nf1.l1G t, w~w ijwp~w6~ UUlmqmll[!' lljmu 

~nflllo: 

OLS qnp6w~~gGbp~ ij~6w~wqpw~w(j hwUl~nL~JmGGbp[! pw­

gwhwjUlbLmg hbUln hwpg t 6wqml1, ~b l'lf1WGE ~(j~~~u~ pwztu­

llw(j olt m(jb(j : .12w(j~ np WJI'l qnp6w~~gGbf1[! q6wj~(j ~wtuijw-
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OnLJ:)JnLG mGbG Y-jlg , l.t Y-G Pfl hbfl~llu q.owJpG ~wtuqwOmJ:)mG 

mull E1 -jlg , WUlW ~wf1nrt bGQ wubL, nf1 b0 , b1 q.nf10w~jlgubfl(! 

q.OwJpu ~wtuqwOnLJ:)JnLG mubG utuwLpg: =lbml.twpwfl, q.nf10W~jlg­

ubflp pwzfullwG al.t(! UjWflqbLnL hWUWfl WGhflwdbzm t utuwLil 

pwztullwu qbf1Wpbf1JWLl.tU llb~ bGJ:)Wil(lnLJ:)JnLG wGbt: 

uzbGQ, nf11lllG!l.t Wjdll utuwLilllwujlG bGJ:)WilflnLJ:)JnLUUbfl(! qb­

flWpbflnLO tjlG llflW punLJJ:)pU , WJL n! J}b llflW pwztullwG{!: 

'lwuw~wG unflOWL q.OwjpG nbq.flbujlwJtt llnllbl(! bGJ}Wilf1nul t , 

nf1 wllbG lljl utuwL Gnflllw L t pwztuqwo qf1n lli121'1Gnq l.t a2 

llPUUjbflupwJnq: 

rG!UjbU wultbL t, utuww llflbujlg Gbf14WJWgumll t WJU pnlnfl 

q.nf10nGGbflll WqllbQnLJ:)JnLUUbfl(!, nrtnGQ nLf'\.rtW~pnflbU (!UilQ.fl~ttwo 

!bG llnllbLmll: t!}b WJil q.nf10nGGbflll wqllbQmJ:)JnLU(! t.flnen t l.t UlW­

mwhw~wG punLJJ} mujl, WUjW hwllUJOWJU ~bUUlflnGw~wG 

uwhllwGwJjlG J:)bnflblljl (mb'u llwu I, 2.11 )' UfuWL{! Gnf10WL t pwztu­

qwo: ~wGjl nfl JnLflWQWU!JnLfl q.OWJilG ~WtuJWL t.flnt.flntuw~wG 

jlGQGjlG GnflllWL t pwztuqwo, WUlW bo, b1 q.nf10w~jlgGbfl{! l.tu Gnfl­

llwl bG pwztuqwo: 

=lbml.twpwfl , b!}b Et - N(O;a\ WL4W b0-G Gnf10WL pwzfuqwo t 

~o lli121'1Gnq l.t crbo
2 

'lPUUlbflUpWJnq. 

bo - NWo. crbo
2

) , 

nflll Z q.nf10w~jlg[! umwG'lWfllllwgqwo GnflllWL pwztullwu t bG­

J:)Wfl~LtnLil qf1n lli121'1Gnq l.t 1 llPUUlbflullwJnt.J.. 

Z = bo -~o , Z- N (0,1) 
abo 

UlllJnL!lbGmjl t pwztullwG hwllwaUJJG. 

t - bo - ~o 
n- 2 - S 

bo 

Sl'rm301' 'luu~usmu t4 4Ur'4Uol' usmqmu 

=lwtlwlljwlllwutuwuwpwfl b1-1l hwllwfl· 

b1- NW 1. crb/) 

nf1mbrt' 

Z = b1 - ~ 1 Z- N (0 1) 
2 ' ' 

ab, 
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uzbGQ Gwl.t, nf1 unflOWLWgqwo bGJ}W'lflnLJ:)JWU UjWJOWGGb­

s2 
flnLO X 2 

= (n - 2)---} 
a 

bu!}Wfl~qmll t X2 pwztullwu· (n-2) wqwlllnLJ:)JWG wumjl6wunq: 

unf10WLWgqwO bGJ:)WilflnLJ}JWU UjWJOWGGbflnLO OLS q.nf10W-

~jlgubf1G mubG hbml.tJWL hwm~nLJ:)JnLGGbfl(!. 

- wGzbrtbLil bG, 

- mubG Gqwqwq.nLJG 'lPUUlbflupw, 

- UjWflpbflWPWfl bG, WJUPUQG' PU!QWU llbo bG (!UUlflWUQP ow-

ltWLUbflU, WJGewG q.nf10w~jlgGbflt:! llnm bu llflbug llflw~wu Wfl­

ctbeGbflllG: 

UJulllllunq, GnflllWLwgqwo bu!}WilflnLJ:)JWG UlWJilwGGbflmll 

OLS q.nf10W~jlgubf1G mGbG Gqwqwq.nLJG llPUUlbflujlw' wG~wtu 

UflWGjlg' q.Owjpu bG, J:)b ' nf UJullGeG' GnflOWLwgqwo bGJ:)WilflnLJ}­

JWU UjWJilwGGbflmll OLS-jl q.nf10W~jlgubf1(! LWqwq.nLJG wuzbrtbLil 

q.n flOW ~jlgGbfl bG : 

uzbGQ Gwl.t, nf1 GnflOWLWgqwo bGJ}WilflnLJ:)JnLU(! hUWflWLtn-

llnLJ:)JnLU t lllWLPU GnflOWL, t l.t X2 pwztumllGbflG oq.mwq.nf10bL 

qjl6w~wq.nw~wG qwf1~woubfl(! ummq.bLm hwllwf1: 



184 surru~uut~nunutsrr~u 

5.2. '-l.wf1ljw6p ulnmq.mu 

'-l.wnljwor ulnmq.muo ljwrLanr flbf1 mGr t.J.rowljwq.rmpJm­

Gmu: ~blnl.awpwr ubf1 hw2n11'l pwJLG t' Gbr4wJwgGbL. pb tJG~Ujbu 

ljwnmgbL t.J.ulnwhbLtJnLPJWG (t.J.ulnwhbLtJ) lnpf1nLJp La t.J.p6wljwq.nn­
f1bG ulOmq.bL t.J.wnljwoo: 

4.wnljw6G ulnmq.bLtJu hGwrwt.J.nr t Gwtuornp hulnwlj uUjw­

umuGbr m(ib(iwl q.np6wljpg(ibpp t.J.bpwpbpJWL: PGwljwGwpwfl , 

mumu(iwupf1nLPJWG p(iwq.wt.J.wn[! UjblOp t WnW2Wflljp t.J.wpljw6p 

pGmJpQ: 4.wpljw6p Ulnmq.uw(i hpuGwljwG GUjwlnwlj(i t' UjwpqbL. 

pb q.Gwhwlnt.J.w6 Wflf1JmGpGbf1G tJGmwGnt.J. bG hwuwlljwlnwutuw­

Gmu wnw2Wf144.w6 t.J.wrljw6tJG: 

rG~UjbU W(lflbG (i2bL bGp, t.l.rowljwq.pmpjmGmu wnW2W(llj­

t.J.w6 t.J.wpljw6G wGt.J.wGt.J.mu t qpnJwljwG t.J.wpljwo· H0, np(i ulnmq.­

t.J.mu t 11 hwljwflrmu WJLQGlnpwGpwJtJG!l ' H1-p: 

'-l.powljwq.(lmpJmGmu ub6 lOWflWOmu t q.lnbL q(lnJwljwG 

t.J.wpljwop wnW2W(lljmuo' Ho:P=O, pw(ip np WJG UjW(lqmu t' rnw­

ljwumu Y-Q ljwtuJWL t X-pg, pb' nr UwljwJG t.J.wpljw6Q hpuGwljw­

Gmu Ujblnp t ljwnmgt.J.p lnbumpJwG UUjwumuGbptJG hwuwUjw­
lnwutuwG: 

~O(lf10fl'l q.Ltumu (ib(lljWjWgt.J.w6 oppGwljp hWUWfl ljwpnrt bGp 

ljwGtuwlnbubL, nn hwuwtuwnG Gb(lflf'lnLliGbp[! fl(lwljw(i ljwtut.J.w-

6mpjm(i m(ib(i t.l.br2GwljwG W(lflJnLGppg: ~blnl.awpwp ljwrnrt bGp 

qnnJwljw(i t.J.wnljw6 wnw2Wf14bL' H0:p,=0.3' 11 hwljwflpmu WJ­

LQUlnf1WGpwJ!lG!l ' H1:p1.;e0.3 : UJupGp(i ' 

Ho: p,= 0.3 

H1: p1.;e0.3 

St.I.JwL ortJGwljmu q.Gwhwlnt.J.w6 b1-Q hwt.J.wuwn t 0.24 -11. 

PWJQ 0.24-Q t.J.p6wljwq.pnpb(i lOW(lpbp t 0.3-pg, pb' % W(lflbG 

t.J.wrljwor ulnmq.uwG hwrg t: 

Srrnt31ar lluU'IUSntU t4 4Ur~U5 r USntllntU 

UflflbG wut.J.bL t' b, - NW,. a~, }, nrr 

Z==b,-p, ; La Z-N(0,1} 
a2 

b, 
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O(llnbrt' Sb, q.np6wljpg[! q.Gwhwlnt.J.w6 UlOWGflWfllO utuwLG t: 

CGflmGbLnt.l. ex = 5%. UlnJnLflbGlnp t pw2tumunt.J. ljwnmgbGp 

t.J.ulnwhbLil (QGflmGuwG} lnPflnLJP b,-p hwuwr. 

(5.1} 

nplnbrt' tcx12-G t-p ljpplnpljwljwG ljblnG t' x /2 GzwGwljWLPnLPJWG 

UWljW(lflWljnt.J.: '-l.ulOwhbLtJ lnp(lnLJPQ lj(lplnpljwljwG lnp(lnLJppg 

pwdwGnrt ljbl0bf1Q ljn~t.J.mu b(i 4fllllnpljwljwG ljblnbp: 

'-l.bp[! G2t.J.w6 hwt.J.wuwrmuo p,-p 95% t.J.ulnwhbL!llnppnqpG t. 
La bpb qrnJwljwG t.J.wpljw6nt.J. wnw2wrl!t.l.w6 wrdbpQ t.J.ulnwhbLil 

litJ2w4wJpmu t, WUjW Ujblnp t QGflmGbL t.J.wrljwoo: '-l.ulOwhbLil 

lOp(lnLJppg flnL(lU q.lnGt.J.nrt UP2W4WJPG wGt.J.wGt.J.mu t ubpduwG 

ljwu ljpplnpljwljw(i lnppnqp, La bpb wnw2Wflljt.J.w6 p, -Q 4rll­

lnpljwljwG litJ2w4wJpmu t, WUjW Ujblnp t libfldbL wnw2wrl!t.l.w6 

t.J.wpljw6Q (lnb·u q.pw~r4 5.2): UGfl(lWflwnGwLnt.l. libfl ortJGw­

ljp(i ' t pw2tuuwG ~mGljgpwJp wrtJmuwljpg (lOb u hwt.J.bLt.J.w6 Ill} 

x /2= 2.5%-p hWUW(l q.ln(ib(ip 18 wqwlnnLPJWG WUlnp6wGnt.J. lj(lp­

lnpljwljw(i t-Il wpdbpQ, Of1Q hwt.J.wuwp t 1.725: 

UrflbG hw24.Wfl44.w6 WflflJnLGpGbpQ lnbrtwfl(lbLnt.l. (5.1 }-mu , 

ljulnwGwGp. 

P(0.24-1 .725·0.025 :::;;p,:::;; 0.24+1 .725-0.025) = 0.95, WJUpGpG, 

P(- 0.20 :::;;p, :::;; 0.28} = 0.95: 
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-0.20 0.28 

Qrw~plj 5.1. Pt-/1 95% lfumwhlit/1 11/lpwl;w;pf! 

.gw(j~ n11 q[lnJwl.jwu Ltwfll.jwontt wnw2Wfl4Ltwo ~ 1 -Q ttumw­

hbL~ U~2W4WJP~g llnLflU t (mb'u qf1w1>~4 5.1 }, WUjW Ltwfll.jWOQ 
ubfldttmu t: 

uzbup, n[l c/ hwUW[l ttumwhbL~ U~2W4WJP l.jwnmgttmu t X2 

pwztumlintt. pwu~ n[l , ~u~Ujbu q~mbu{? , Cin[lliWLwgttwo bCi~w­

llflnL~Jwu UlWJliwGCib[lmli. 

s2 x2 = (n-2)-e 
(J2 

1bmLwpwf1· cr 2
- ~ 95% ttumwhbL~ lil~flnLJ~Ci t. 

[ 
8 2 8 2 ] P(n-2)--f- :s; cr 2 :s; (n-2)-

2
-e- =0.95 

X rx/ 2 X1- rx/ 2 

(5.2) 

n[llilbrt' X2
oc1z L x\"'12 -Ci X2 

pwztuuwG 41l~lil~Ljwl.jwG l.jbmb[lG bu: 

uzbup, n[l Ub[ll.jWJWgttwo brtwCiwl.j~g pwg~. lt~6wl.jwq[lm~­

JnLUnLU qnJnL~Jmu mu~ Ltwfll.jwoo ummqblm Lu libl.j brtwCiwl.j, n11~ 

oqum~JWUp l.jwflbL~ t hbzmm~JwUp ummqbL wnw2w114ttwo 

q[lnJtlll.jwu Ltwfll.jwoo: U[ll}bCi Cibfl4WJwgttw6 Ofl~uwl.jnlt pwgwm­

[lbup WJU brtwuwl.Jr oqmwqn[l6muo: q.~mbup , n11 unflliWLwgttwo 

bCi~WilflnL~JWU UjWjliwGCib[lmU. 

t = b1 - ~1 
sb 

1 
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(5.1) -Q nuv1.wl.J~n[lbu hwzttwf14bLm l.jwfl~P ~l.jw, pwG~ n11 

q[lnJwl.jwG ttwfll.jwontt wnw2w114Ltwo t. n11 ~flwl.jwu ~ , =0.3: 

1bmLwpwf1· 

t = b1- 0.3 

sb1 

t~b b1 - ~ 1 pWQW[lc:lWl.j W[ldbp[! UbO t hWUWUjWlilWUtuwu wqw­
Sb1 

lilnL~JWU WUI.I1~6wuntt t-~ l.j[l~lil~l.jwl.jw(j W[ldbp~g . WUjW 

q[lnJwl.jwu ttwfll.jwoo libfldttmu t . 

b~b b1 - ~ 1 pwgw[lc:lwl.j W[ldb{?[! t.fln!?fl t hWUWUjWlilWUtuwu 
sb 

1 

wqwmm~JWU wum~6wuntt t-~ 4fl~l.I1~Ljwl.jwu Wfldbp~g. WUjW 

q[lnJwl.jwu Ltwfll.jWOQ QCillmuLtmli t: 

uzbu{?, n11 t- (j lt~6wl.jwq[ln[lbu uzwuwl.Jwl~Q t. b~b 41l~II1t1-

Ljwl.jwu mrflnLJ~~ uwhliwGCib[lmli t, L wnw2Wfl4ttwo q[lnJwl.jwCi 

Ltwfll.jWOQ libfldltmli t: 1wl.jwnwl.j l}bUjpmli, bflp WJU ttumwhbL~ 

mrflnLJ~nLli t. WUjW wumli bG ' t-Ci Lt~6wl.jwq[ln[lb0 CizwCiw4wL~9 

~t. L wnW2Wfl4ttwo ttwf1l.jwoo QCillmGttmu t: t~b mzwll~ll 

ll~lilwfll.jbCii? t-~ pwztuliwu wrumuwl.jo. WUlW Ljul.jwmbCii?. n11 

lilflltWO wqwmm~JWU wumr6wuntt t-~ W[ldbp~ libo L~UbLnL hw­

ttwuwl.jwCim~JnLU[! wum~6wuwpwf1 t.flnpf1wumli t: 1bmLwpwf1 t-~ 

libo Wfldbpo q[lnJwl.jwG ttwfll.jwo~ libflduwG UlWJliwu t: UttbLrG. 

hwliwc:lwJO «2-t» CizwCiwl.JwL~nL~JwO l.jw[lq~· 20-~g wttbL~ wqw­

lilnL~JWU L a= 5 CizwCiwl.JwL~nL~JWU liwl.jWflllW4nLt wnw2Wfl4-

Ltwo q[lnJwl.jwCi ttwfll.jwoo· H0:~,=0. l.jwflnrt t libfldltbL. b~b t-~ Wfl­

dbp[! ubo t bfll.jmu~g : 

'-l.bflQ Gzttwo ttwfll.jwoo bfll.jl.Jnrtliwu~ t. pwG~ n11 WJLQUlilflWCi­

PWJ~u ttwfll.jwoo nf1nzwl.j~nf1bu ~~ l.jwutunllnzmu· ~flwl.jwG ~,-[! 

libo t ~b t.flnpfl q[lnJwl.jwG ttwfll.jwontt wnw2w114ttwo wfldbp~g . 
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WJuhGpG' G~wUlh t wnGmli hwLI.wGw~wGnL~JWG pwzluliwG bn~m 
hw~wllhn liwul:in[! (Ulb·u qnw~h~ 5.2): 

f(t) 

-2.101 

95% 
qutnwhtlt~ 
ln~l'lnLJf3 

0 +2.101 

qflw4>n4 5.2. 18 wqwmmpJwu wumf7lfwuntf lif7Ltitn'l.ilwuf7 

mbum/7 tfumwhlit/1 l.t Ltf7/1tn/1Ltwftwu tn/1f7nLJpubf7f! 

Y.wr~w6[! lihw~n'l.liwGh t, b~b WJL[!GUlpwGpwJhG 4.wn~w6o 
~wGtunrnznLli t. nn hrw~wG P1-[! lib6 t qnnJW~WG 4.wr~w6n4. 
wnw2wr~LI.w6 wpdbphg: UJUL4bu onhGw~. b~b qpnJw~wG 

4.wr~w6G WllW2Wn~mli t, nr Ho:P1=0.3, hu~ WJL[!GUlflWGQWJhGo' 

H1 : P1 >0.3, w1..4w 4.wr~w6o w2w~n11.liwGh t (Ulb'u qnw~h~ 
5.3 ), hw~wnw~ llbl4QnLli WJG owtuw~n'l.liWGh t: 

f(t) 

95% 
qutnwhbt~ 
ln~f1nLJf3 

0 1.734 

~fl~Ln~~w~wu 
ln~f1nLJf3 

I 

qflw4>n4 5.3. 18 wqwmmpJwu wumf7lfwuntf wpwftnf]ilwu/1 

mbutnf7 Ltf7/1tnf7Ltwftwu tn/1{7nLJPf! 
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Ull.Jmuw~h oqGnL~Jwlip Gbn~wJwgGbGp t UlbuUlh bqnw~w­

gm~JWG ~wGnGGbp[! Po. P1 -h hwliwn 

Urumuwlj 5.1. t mbum/7 bqf7wftwgmpJwu ftwunuubf7f! 

'-lWflljW- '-lWflljWO lJbflc:tbL Ho, '-lWflljWO lJbflc:tbL Ho , 
on ~t.to bpb bpb 

t[llj- Ho: Po=O ltl ~ t a/2.n-2 Ho: P1=0 itl ~ ta/2.n-2 
4n11.uwGn H1 : Po* 0 H1 : p1;eO 

U2wljn11.- Ho: Po=O ltl ~ ta.n-2 Ho: P1-0 itl ~ ta,n-2 
uw(in H1 : Po>O H( P1>0 

Owtuw- Ho: Po=O ltl ~ ta.n-2 Ho: P1-0 ltl ~ ta.n-2 
4n11.uwGn H1: Po<O H( P1<0 

UJdli ~wrn 11 bGp U1LI.JWL b11.wGw~n4. uUlmqbL qnp6w~hgGI:inh 

GzwGw~wthnL~JnLG[! : 

b1 -h hwliwr· t= (0.24-0.3)/0.02=1-31=3: 

~wGh np 3>2.101-hg, hbU1L.wpwn qpnjw~wG 4.wr~w6[! 

llbrdLI.mli t, WJuhGpG' b1-o Ll.h!Sw~wqrnrbG GzwGw~wLhg t: 
UntjG linUlbgliwlip hGwrwLI.nr t hbzUlnL~JWlip UUlmqbL ci -h 

GzwGw~wLhnt~JntG[!, nnh bqpw~wgm~JwG ~wGnGGbp[! Gbp~w­

JWg4.w6 bG 5.2 W'l.JnLUW~mli: 

Up11bG L4Wflq t , nr 4.wr~w6[! ~wnmgbtmg hbUln lldLI.wn ~t 

UUlmqbL[!, uw~wJG 4.wr~w6h libpdmli[! ~wli oG11mGmli[! ~wtu­

qw6 t Gwlt a-h GzwGw~wthnL~JwG liw~WflllW~hg (Ulb'u qnw~h~ 

5.4): ~rw~wGmli lldLI.wn t WUI:iL, ~b a-h nr liw~WflllW~G t Gwtu­

[!GUlflbLh . pwGh nr. b~b lflnrobGp GLI.wqbgGbt WllW2hG Ulbuw~h 

utuwth hwqwGw~wGm~JnLG[!, bpp librdLI.mli t !ShzU1 4.wr~w6[! , 

w1..4w l:ir~rnrll Ulbuw~h utuwLh hwLI.wGw~wGm~JmGo lib6wGmli 

.. t, bpp oG 11nLGLI.mli t n~ !ShzU1 4.wr~w6o : 1hliGwtuGilhlll:! tm6b­

Lm GL4WU1w~n4. Ll.h!Sw~wqnm~JnLG[! wnw2wn~mli t qU1Gbt p-h 

wrdbp[! , nro t UlbUUlh UUlnljq GzwGw~WLhnL~jWG liw~Wfli)W~G t: 
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Urumuwl.j 5.2. x tnliutn/lliq(lw/;wgmp;wu t;wunuuliflf! 

4wrl.jwo~ ot...o 4wrl.jw6 UbrctbL Ho, b~b 

Ha:a
2= ao2 

( )s~ 2 
brl.jl.jnflUWG~ Ho:a2 i=ao2 n- 2 - 2 ~ Xa/2.n- 2 

a 

l.jwu 

( )s~ 2 n - 2 - 2 :S X 1-a/2.n- 2 
a 

Ha:a
2= ao2 

( )s~ 2 
U2w4nflUW0~ Ho: a

2
>ao

2 n -2 - 2 ~ Xa.n-2 
a 

Ha:a
2= ao2 

( )s~ 2 
~wtuwl.jnflUWG~ Ho:a2< ao2 n - 2 - 2 :S X 1-a.n- 2 

a 

=lblllliwpwp , p-u qpnJw~w(j Llwfl~WO[! llbpdbLnt GLlwqwq.nLJu llw­

~WflllW~u t: Ubr opruw~r llbll.IEntll hwLtwuw~w(jm~jntU[! , nr t -u 

~Lrur 9.83, 18 wqwlllnt~JWU WUliltlelwunLt b[l~~nll.llwur LnbUliltl 

hwllwr . 0.0001-rg lflner t : 

=lbLnliwpwp p-r W[ldbE[! , np(j tlpbGtlg ub[l~WJWQUntll t LnbULntl 

huLnw~ Gzwuw~wLrm~Jmuu. pwLtw~wuru lflner t. wJurueu· 

LnbUlil[! LlrCSw~wq.[ln[lbu uzwuw~WLtl9 t : 

·2.878 ·2.1 01 ·1 .734 0 1.734 2.101 2.878 18 d.f. 

Clrw~~l.j 5.4. 18 wqwtnmp;wu wutnf76wunt/li(l/;/;nr/ffwuf71/w(l/;wof7 

! -u a -/7 tnW(Ipli(llfW/;W(If]W/;uli(l/7 f]lif.J.IpnLif 

srrnt3fclr Qt..U'iUSntU t'-1 -tUr4Uo r USntQntU 191 

4wpnll. bue bqpw~wgGbL, np ruwwu llb6 t t-r wpdbiH! li 

hWOWll.IWlilWUtuwuwpwp lflnEfl t p-r wpdbE[!, WJUEWU lilbUlil[! 

LlrCSw~wq.[ln[lbu uzwuw~WLtl9 t : 

5.3. rlbq.rburwJr LlbflLnt6nt~JWG wrrumueGbrr 

q.uwhwlllntll[! 

1"-G~l.l.lbU Wflllb(j GzbL bue. q.6wJru nbq.rburwJr llWUW~WU lln­

llbLr ('lQ.rlU) bu~WilflnL~JntGGbp[! ~wpl.inp llbfl mubu q.nr6w~rg­

ubflr u 2wuw~wLrm~Jwu hwllwr : =lblllliwpwp, q.np6w~rgubru 

q.uwhwlilbLnt9 hbllln ~wrl.inr t ulilmq.bL' pwLtwpwpmll bu , Wflll­

Jne, nbq.[lburwJr WflllJntGeub[l[! llWUW~w(j L4WJllwuub[l[! , ~b· n~: 

UJil UL4WlilW~nLl ~wrnll. bue nbq.pburwJr llnllbLr WflllJnLUEUbflr 

pwLlwflWfl LtlGbLnt LlbpwpbflJWL nrnzw~r ~wlflwurzubfl uwhllw­

GbL. 
q.nr6w~rgubfl[! ll.lblilE t mubuwu lilbuw~wunrbG CStlzlil uzwG 

li ~wlfl, 

WU~JnLUWJtlU q.nrow~rgu ll.lblilE t uzwuw~wLrnpbG lilW[lpb[l-

Llr qrnJr9. 

11blilbpllrGwgrwJr q.npow~gr llw~wr11w~u ll.lblilE t Lrur pw-

Ltw~wGw~wlfl PWflOfl , 

nbq.[lbUtlWJtl llnllbl[! ll.lblilE t pwLlWflWfltl 'lQ.rlU-r bu~Wil[lnt~­

jntGub[l[!, hblllliwpwp' llnllbLtl utuwLGb[l[! ll.lblilE t Gn[lllWL 

pwztuLtw6 Lrubu , l.i llnllbll! ~ll.lblilE t ll.lwrmuw~r · 

- pGnrnzllwu utuwt. 

- pwqllw~nLrGbwrm~JmG , 

- hblilbpnu~bllWUliltl~nt~JnLU, 

- wLtliln~nnbuwgrw : 
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UtuwLCibfl~ unpliwL L~CibLm bupwrwmpJnLCi[! uUlmqbLm Ci1..4w­

U1w~ml, llbqpbu~WJ~ LJ.bf1LnL6nLpJWU liuwgnflllUbfl(! ~Wflbl~ t (ibp­

~WJWQUbL h~uUlnqpwu~ u~2ngn4., np[! huwpwLJ.npmpJmu ~Ulw n­

f1n2w~~ ~wp6~Q ~wqlibL hwLJ.w(iw~wumpJWU pw2tuuwu tuUlm­

PJWU UlbUQ~ 4.bpwpbf1JWL: u2bCiQ, np bpb pw2tuuwu UlbUQ(! Ciuwu 

t CinpliwL pw2tuuwu Ulbue~u . w1..4w ~wflbL~ t bupwrlflbL. np utuwL­

Cibfl[! unflUWL b(i PW2tu4.w6: 

0{1/lfiw/j 2. 

q(iwhwUlbCiQ QbJUUJWCi UL4W11liwu uwhuwuwJ~Ci hw~mli[! ,, 

hwUWfl, WJCimhbUlL. UUlmqb(iQ' pwLJ.WflWflnLU b(i , WflllJOQ, Unllbl~ 

WflllJmueubfl(! 11wuw~wu q6wJ~Ci linllbL~ bupW'lflnLpJmuubp[!: 

U1..4wllliwu uwhuwCiwJ~U hw~mli[! quwhwUlbLm hwuwp oqU1-

4.bCiQ =l=l wqqwJ~Ci 4.~6wljwqpwljw(i 6wllWJnLPJWU 2000p. hpw­

L4Wf1W~w6 U14.JwLCibp~g (Ulb'u wrumuwlj 5.3) : 

Urumuw~ 5.3· . 

Puw{jf nL{}JWU f}f7Wtlw{jwu b{jwtfnu.nUb{l/1 I.J ow/llub{l/1 fJ/IUwtf/lltwD 

PGwl.j~nL~JWu llflWUW- PGwl.j~m~Jwu 

Swp~/wu~u ~wG b~wumU1Gbp[! llflWUwl.jw(j 6wtuubp[! 

(ulG llflWU) (ul(j llflWU) 

1999~ . hmGtl.wp 37927.7 43559.7 

tPbUlfltl.Wfl 36321.4 35628.7 

0WflU1 43127 .1 43616.5 

WUjfl~l 40587.4 40477.5 

UWJ~U 45292.6 44334.4 

hmG~u 47413.6 46961 .7 

hml~U 52172.9 51610.2 

oqnuUlnu 47973.3 49597.8 

1wJWUl11wu~ 1wurwL4bl11ntf)Jwu ungtJwL-l11Ul11buw4wu 4Niw4Q 2000 p. 

hnLu4.wr-'1b4l11b upbrtJu: 
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Puwl.j~nL~JWU llflWUW- PGw~~m~JWu 

Swp~/wu~u ~wG b~wunu.nGbpu llflWUW~w(j 6wtuubp[! 

(ul(j llflWU) (ul(j llflWU) 

ubUJUlbupbp 60242.7 58839.9 

hn4U1bupbp 64429.6 64292.1 

unjbupbp 60276.0 59732.3 

lll:i4U1bupbp 91327.4 93014.7 

2000~ . hmGtJ.wp 48068.6 46533.3 

t.tJbU1f14.Wfl 31212.5 39605.7 

UWflUl 46320.8 44648.9 

WUjfl~l 39915.0 41635.4 

UWJ~U 46970.9 45457.9 

hmu~u 51404.1 50117 .6 

hml~u 61501.4 55873.2 

oqnuUlnu 62369.3 60292.5 

UbUjUlbUpbfl 67564.2 64794 .5 

hn~Ulbupbp 58990.8 57849.7 

GnJbupl:ip 78272.5 69322.6 

lll:i4U1bupbfl 105783.6 105851 .7 

<l>nQpwqnLJU QWilwljmu~(ibp~ libpn11nLJ. q£iwhwU1LJ.w6 llbq[lb­

U~WJ~ WflllJnLUQUbfl(i b(i (MINITAB 6pwqpwJ~U ijlwpbp~ u~2ngn4. 

~WU1Wf14.w6 11bqpbu~WJ~ WflllJnLUQUbfl(! Cibp~wJwgLJ.w6 b(i U1Ll.JWL 

qltu~ hw4.bLLJ.w6 5.1-mu). 

Pt15 = 3519 + 0.93 P'lb 

sba.bl =(2109) (0.0365) 

t = (1 .67) (25.42): 

rui1..4bu Ulbu£imu bue· 

UL4WilliwG uwhuwGwJ~G hw~mU[! llflW~w(i t L. hwLJ.wuwfl t 

0.93, ~Gil! hwUWL4WU1WutuwGmli t ~bjuu~ llflnLJp~Ci. 
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wu4JmuwJpu qn[16w4gp Wf'ldbp[! GzwGw4wLrnf1bu mwf1pbf1-

t.J.nul t qJ1nJpg, pwup nf1 llf1W t- p Wf'ldbp[! iWtllwqwug Llb6 t , 

hbmuwpwf1' mbutn[! GzwGw4WLP9 t. 
!lbtnbf1LlpuwgpwJp qnf16w4pg[! hwt.J.wuwf'l t 0.97 , hbmuwpwf1 

4wf1nrt bup WUbL, nf1 pGW4inLPJWU llf1WOW4Wu 6wtuubf1[! 

97%-nt.l. pwgwtnf1t.l.mll bu pGW4inLPJWU llf1WLlw4wG b4wllmm­

ubf1nt.l., 

nbqf1bupwjp Lluwgnf1!lUbf1p hpumnqf1WO[! ubf14WJwgt.J.w6 t 

hwt.J.bLt.J.w6 5.1-p qf1w~p4 (w)-mll , hwllwowju nf1p utuwLGbf'l[! 

unf10WL bu pwztut.J.w6, 

pwup nf1 Lln!lbL[! bf14iWtP t , w1.4w pwqllw4nLtJGbwf1nLPJWu 

hplluwtuG!lPf'l iP wnw2wuw (tnb'u hwt.J.bLt.J.w6 II U): 

hwt.J.bLt.l.w6 5.1-p q[lw~r4 (p) -p oqumpJwllp 4wf1nrt bup G4w­

tnbL, nf1 Lln!lbLP Lluwgnf11lubf1[! hwllwiwtll bu pwztut.l.w6, 

hbmuwpwf1 Lln!lbl[! iP L4Wf1muw4mll hbtnbf1nu4bllwump-

4mpJmu (mb'u hwt.l.bLt.l.w6 II P): 

mbrtW!lf'lbLnt.l. Lluwgnf1!lubf1[! [!Utn dwllwGw4r 4wtut.J.w6mpJwu· 

4hwllnqt.J.bup, nf1 Lln!lbLmll i4W wt.J.mnLtnnbuwgpw (mb'u 

hwt.l.bLt.I.W6 5.1-p qf1w~p4 (q) , OW t.J.p6w4wqf1w4wG[!' 2.32 t , 

nf1[! unLJGL4bU t.I.4WJnLO t, nf1 Lln!lbLmll i4W llf1W4Wu 4wll pw­

gwuw4wu Ltnnbuwgpw (mb'u hwt.l.bLt.l.w6 II q.), 

UJu wllbu[! t.1.4wJmll t, nf1 Lln!lbl[! pwt.l.wf1wf1mll t t.l.bf'lO Gzt.J.w6 

iwtllwupzubf1[!: 1bmuwpwf1 4wf1nrt bup bqf1w4wgGbL. nf1 u1.4wn­

Llwu uwhllwuwJpu hw4mllo 11 hwllwf'l hwt.J.wuwf1 t 0.93: UJupGpG' 

b4wllmmubf10 Llb4 Llpwt.l.nf1nt.l. wt.l.bLwGwLm !lbl4EnLLl 6wtuumllub­

f1[! 4wt.l.bLwGwG 0.93-nt.J., 4wll b4wllmmubf1[! 1000 llf1Wllnt.l. wt.J.b­

LWUWLnL !lbl4Emll, 6wtuumllubf10 44wqllbu 930 llf1wll : 
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4btnwJpu '-' tnpf1nLJPWJpu quwhwmmllo t.J.p6w4wqf1nLPJWu 

bf14m PWI1Wilf1PiGbf1u bu: Unw2punt.1. quwhwmt.J.mll bu nbqf1bupw­

JP Lln!lbLP qnf16w4pgubf1[! , bf14f1nf1!lnt.l. bqf1w4wgmpJmu t 4wtnwf1-

t.l.mll qnf16w4pgubf1p GzwGw4WLPnLPJWu t.J.bflwpbflJWL: 

o..lwf14W6[! 4wf1bLP t ummq.bL bf14m brtwGw4nt.J.: Unw2pup 

!lbl4EnLLl t.J.umwhbLP tnpf1nLJP t Ltwnmgt.J.mll hwllWL4Wtnwutuwu 

q.nJ16w4gtJ hwllwf1, '-' bpb q[lnJw4wG t.l.wf14w6nt.l. wnw2Wf14t.l.w6 

wfldbp[! qmut.J.mll t WJ!l tnpflmJppg llnLflU , w1.4w t.l.wf14w6o Llbfld­

t.J.mll t : 1w4wnw4 !lbl4I?mll ' ou!lmut.J.mll t: bf14f1nf11l brtwuw4r Llp-

2ngnt.J. nLI111W4pnf1bU hwzt.J.wf14t.J.mll t t-p W[ldbp[!' WUhWJlfl j3-p 

Wf1dbpp tllntuwf1bu mbrtW!lflbLnt.l. q[lnJw4wG t.l.wf14w6nt.l. wnw-

2Wf14t.l.w6 Wf'ldbpo: tpb umwgt.J.w6 WflllJnLupo qb[lwqwugmll t t-p 

4f1ptnp4w4wu Wf1dbpo, WL4W t.l.wf14w6o Llbfldt.l.mll t, hw4wnw4 

!lbl4I?mll' oullmut.J.mll t : 

Unw2ru 4wll bf14f1nf11l mbuw4r utuwL pmJL mwlmg tumuw­

tllbLm hwllwfl wuhf1wdbztn t hwzt.J.wf14bL t.J.p6w4wqf1nLPJWU tnbu­

tnp p Wfldbpo, nf1o gmJg t tnWLPU qJlnJw4wu t.l.wf14w6nt.l. wnw-

2Wf14t.l.w6 Wfldbp umwGwLm umnLJq hwt.J.wGw4wumpJmuo: 

o..lwf14w6[! ummqbLmg hbmn wuhf1wdbzLI1 t ulilmq.bL, pb pw­

t.l.wf1Wflmll t , WflllJnp, Lln!lbl[! q6wJpu llWuw4wG nbq[lbupwJp Lln­

!lbLP bupWilflnLpjmuubfl[! : UJ!l UL4WLI1w4nt.J. 1.4btnp t hWJLiluwpbflbL 

tuwtul11t.l.w6 q.')flU-p bupW!lflnLpJmuubflp wn4WJnLPJmuo: q.')flU-p 

bupwllf1nLpJmuubf1p tuwtulilmllubfl[! huwf1wt.l.nf1 t hwJLiluwpbflbL 

q[lw~p4p oqumpjWOp, nJl[! ubf14WJWgt.J.bL t Of1puw4 2-mll: uzbup, 

nJl t4nunllbl11flp4wJmll wnw2wf14t.l.mll bu tuwtul11mllubf1p hwJLil­

uwpbflllwu pwqtlwppt.J. LilbULilbfl , n[lnugpg Up pwupU[! Ubf14WJWg­

flbl bup hwt.J.bLt.J.w6ubf1mll: 
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1llf18t;f1 t;~ tul/Jt>flut;fl 

5.1. PwgwmpbJ? hbmi...JWL hwultwgm~JmuGbrp puwumo. 

w) qpnJwltwG ijwpltw6 

p) GzwuwlfWLPnL~JWU uwlfwpl)wlf 

q) WJLQUUlflWUJ?WJpu ijwplfw6 

I)) ltflpmpltwlfwG ltbmbp 

b) ubpduwu mrrnLJ~ 

q) umnljq GzwGwltWLPnL~JWU uwlfwpl)wlf 

t) bpltltnrttlwGp t.lwpLtw6: 

5.2. PwgwmrbJ?. 

I"Gin~ij t UlW[lpb[lijnLU I)WUWlfw(j q6wjpu nbqpbupwjp Unl)bl[! 

l)wuwlfwu GnpliwL q6wjpG nbqpbupwJp linl)bLtJg : 

5.3. r~Gi bJ? lfwp6mu. 

w) 4wflbLP t , Wfli)JnJ? , nbqpbupwjp ll.bfllm6m~JWU wpi)JnLGJ?Gbp[! 

hwuwpbL pwijwpwp, b~b tuwtumll.w6 t GnpliwLm~JwG UjWJUWu(! : 

p) =wwpwijnp t, Wfli)JnJ? , np l)bUlbpupuwgpWjp qnp6wlfgp UW­

lfWfli)Wlf[! LtJGp pwll.wLtwGwiwt./1 gw6p (qpnJpG unm), uwlfwJG qnp6w­

lfpgubfl[! LtJGbG GzwGwltwLtJg: 

q) 4wpnrt t , wpi)JnJ?, t mbumo LtJGbL GzwGwltwLtJg, bpp a=5% L. 

atJGbL GzwuwlfwLtJg , bpp a=10%: 

'l) 4wrbLtJ t. Wfli)JnJ? , bu~WI)flbL. np GnpliwLm~JwG bG~wl)pm­

~Jwu UjWJUWGGbpmu uuwgnpi)Gbpp qmUWfl[! UjbUlJ? t hwijwuwp LPUP 

qrnJr: 
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5.4. ub[1W6nL~JnLUnlll pb[1ijW6 Oflpuwlfpg lfwqubJ? UjWUlWhW­

lfw(j oumrwGJ?: q(jwhwmbJ? mll.JwL oumpwGJ?p qnp6wlfpgubro L. 

l)flWug hwuwp LtwnmgbJ? 95% ijumwhbLtJ mprmw UmmqbJ? ijwplfw-

6o' Ho : p, = o , H, : p, ;otO: 

5.5. rlbqpbupwjp ll.bflLnL6nL~jmGpg UjWflqll.bL bu hbmi...JWL Wfl­

I)JnLUJ?Ubfl[!. 

yl = 12.03 - 2.15 XI 

sb b =(0.632) ( ~ = 0.88 
0· , 

t = ( ) (-8.431) n=12 

LpwgpbJ? pwg ~nrtGll.w6 wpi)JnLGJ?Gbro : 

5.6. qLmtu 4-mu Gzll.w6 oppuwlfp ' b0 qnp6wlfgp hwuwp lfwnm­

gbJ? 95% ijumwhbLtJ mppmJ~ L. ummqbJ? qrnJwltwG ijwplfw6o: unLJG 

qnp6wlfgp hwuwp LtwnmgbJ? 90% ijumwhbLP mppnLJ~· ummqbLnll. 

ll.bfl[! Gzijw6 ijwplfw6o: I"~ Gi bJ? lfwp6mu, mll.JwL l)bUjJ?nLU a-p nr uw­

ltWfli)WlfG t GwtuoumpbLtJ I.. tJGim: 

5. 7. Urz;nwwqnuJ t.n{ll/W6li0 Ul!U fJflfWfl/1, tl/{ln;/1 L. nnwwl;wO 

nmpfm hw2l/Wf1/;w;f10 tfln/Uwfldbpubfi!J =r~ fJfiWtlnl/ 

(2000 {J. t.nt/JWL ub{lnl// 

Uupu 1 Ul.Jl.J 1 rlrl 1 b4.rn 
l)nLWfl 

1muttwr 526.91 18.31 535.24 

<Dbmpijwp 527.86 18.06 519.66 

Uwpm 527.47 18.25 508.84 

1wJWUUlwu~ 1wupwUjbUlnL~Jwu ung~wL-l1luUlbuw4wu ~~Ciw4n . hmuLJ.wr­

llb4Ulbilpbf1. 2000~ .: 
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Uu~u 1 ULJU 1 rlrl 1 t4.rn 
'lnLW(l 

UL4!1~L 530.90 18.48 503.99 

UwJ~u 534.14 18.79 482.97 

=lmG~u 543.64 19.12 515.32 

=lmt~U 548.11 19.58 516.27 

Oq.numnu 540.49 19.46 490.18 

UtL4mbupb11 539.96 19.39 472.15 

=lnl.jmtupbfl 544.69 19.48 467.45 

unjtupbfl 555.46 19.94 475.10 

'1tljmtuptfl 554.56 19.75 479.96 

w) 3mflwpwG~JnLI1 t.flntuwfldbp~ hwuw11 hwzt.J.wfll.jbp un'lbL~ 

q.n,owl.j~gGbfl~ . 

n p m b rf 

Y, -G t.flntuwpctbe~ t.flnt.flntumf'}JmGG t' [!Ul11 ctwliwGwLt~. 

X1-G ctwliwGwltG t (t=1 ,2, ... 12), 

e,-G linJlbL~ utuwLG t: 

p) rG~ tqpwLtwgmf'}JmG ltwpbL~ t wGbL JmpwewG~mp t.flntu­

wpctbe~ 4_bpwpbpJWL: 

q.) 3mpwewG~mp bpltp~ t.flntuwpctbe~ b1 wGLtJmuwJ~G q.np­

owltg~ hwliwp Ul1lmq.b];1 4_wpltWO[! , [!UUl np~ · WJU hw4_wuwp ~t 

qpnJ~ : 

'l) rG~~ t hw4_wuwp nmuwLtwG nmptm t.flntuwpctbe~ q.np­

owltg~ hUUlWlt GzwGwLtwL~nLJ:)JWG liwltWpJlwLtu: 
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~wtfbfl/Wtf 5. 1 

Regression Analysis: Cons versus Inc 

The regression equation is 

Cons= 3519 + 0 .927 Inc 

Predictor Coef 

Constant 3519 

Cons 0 . 92736 

SE Coef T p 

2109 1. 67 0.109 

0.03648 25 . 42 0.000 

s = 3062 R-Sq = 96.7% R- Sq(adj) = 96 .6% 

Analysis of Variance 

Source DF ss MS F p 

Regress i on 1 605952 1 215 60595212 1 5 646 . 41 0.000 
Residual/ 22 206231633 9374 1 65 

Erro r 

Total 23 6265752848 

Unusual Observations 

Obs Cons Inc Fit SE Fit Residual St Resid 

24 105784 1 05852 101619 1947 4233 1.79 

Durbin-Watson stat i st ic = 2 . 32 
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Histogram of the Residuals 
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PUDUU'-!r <I>n<I>ntuU'-!Uuutrn4 

ntQ.rturuar un'ltL 

Ublj wGI.jwtu i.flntl'mtuw4wGn4_ nb(lpbujlwjjl linflbliJ 411-

[lWnll.mli t bpljm iJWGwljwljwG i.flni.flntuwljwGGbpjl hw­

pwpbpwljgmpJwG pwgwhwjmliwG hwliwp, uwljwJG flW ill GzwGw­

ljmli, np nb(lpbujlwJjl hw4_wuwpmliGbpjllijl2ngn4_ 4.bfltm6mpJmGo 

ljwpn11. t O(llllW(lnp64.bL lijlwJG bpljm i.flni.flntuwljwGGbpjl i.flntu-

4wl.44.w6mpJmGo pwgwhwjmbtm hwliwp: Umnpl.t ljGbpljwjwglJ.bG 

libljjlg wlJ.bLil wGI.jwtu i.flni.flntuwljwGGbpnlJ. nb(lpbujlwjjllinflbLil hjl­

limG!JGbp[! , WJUL4bu 4nilJ.w6' pwqliwljjl nb(lpbujlwG: 
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6.1. Pwquwljp ttJnttJntuwljwGGI:ipntl nl:iq.pl:iupwJp 

Unflhlt'l [!GflhwGmJl pGmpwq.pp[! 

J-- Gpwflpl:iGQ. q.nJnLpJmG mGI:iG PI1WJ1P9 wGljwtu k ttJnttJn­

lJ tuwljwGGI:ip, npnGQ wqflnLU l:iG ul:ilj WJL ttJnttJntuwljwGp 

tlrw: UjuoppGwlj Unfll:il[! ljwphlr t Gl:iJlljWJWgGI:iL hl:ii.IluJWL ljl:iJlllj . 

(6 .1) 

nJllill:irt. Y -[! ljwtuJWL ttJnttJntuwljwG t, pulj x1, x2 .... xk-G wGljwtu 

ttJnttJntuwljwGGI:ipl:iG, ~o . ~1. ~2 .. · ~k -G q.nrowljpgGI:irG l:iG, pulj et -G 

uGwgnpflG t: CGfl npnul, wGljwtu ttJnttJntuwljwGGI:iJl[l ljwrnrt l:iG 
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hwGfll:iu q.wl nJllljl:iu WJL ttJm.PntuwljwGGI:irrg :f>mGljgtJwGI:iJl ljwu 

l:iGpwrlJtlhL ?lU.wttJntumpJmGGI:irr: 

'llwrqmpJwG hwuwr pwquwljr ttJnttJntuwljwGGI:irntl nl:iq.rl:i­

urwJp Unfll:iL[l Gl:iJlljWJwgGI:iGQ l:iJll:iQ ttJnttJntuwljwGGI:iJlntl Unfll:iLr 

lill:iuJ?ntl. 

(6 .2) 

UjUI.Ill:irt ~o-G ljn~ttmu t wqwi.Il WGflwU: nrnz hl:irttJGwljGI:iJl 

(qnL2Wf1WI.Ilp , ~nGunG) hwuwpmU l:iG , nJl WJU q.nJlOWljpg[l gnljg t 

lilWLPU WJG pnLnJl ttJnttJntuwLJwGGI:irp ur2rGwgttwo wqfll:igmpJm­

G[l, nrnGQ ~l:iG [lGflq.Jlljt.J.I:iL Unfll:iLmU: CGflmG4,wo t WJU q.nrowljtJ-

9[1 Gl:irlJwJwgGI:iL nJllljl:iu LJwtuJWL ttJnttJntuwljwGp ur2rGwgttwo 

wrctl:iQ, l:iJlp wGLJwtu ttJnttJntuwljwGGI:iJl[l hwttwuwr l:iG qJlnJr ljwu 

:f>rJ?uttwo l:iG: UGLJwtu ttJnttJntuwljwGGI:iJlp pwquwlljwlilljp~GI:iJl[l 

ljn~ttmu l:iG uwuGwljp nl:iq.pl:iupwJp q.nrowljtJgGI:ir : =!wrlj t Gzl:iL, nr 

ttJnQpwq.mjG QWnwljmupGI:iJlp Ul:ipnflp oq.111wq.np6UwUp nl:iq.Jll:i­

upwjp q.nrowljpgGI:ipp hwzttwrljuwG ctwuwGwlj nl:iq.Jll:iupwJp un­

'lhLP hpuGwljwG l:iGpWflf1nLpJmGGI:iJ1[l UjWhUjwGttmu l:iG GwU. pwq­

uwljp ttJnttJntuwljwGGI:ipp fll:illjQmU : 

Uju l:iGpwflJlnLpJmGGI:iJl[l hwztlr wnGI:iLntl' ljwJlhLP t UjGfll:iL, nr 

ljwtuJWL ttJnttJntuwljwGtJ Up2pG UjWJUWGwljwG UlljWUtlnrt WJldl:iQ[l, 

nJl[l L4WJUwGwttnrttwo t wGLJwtu ttJnttJntuwljwGGI:irr :f>pJ?uttwo 

WJldl:iQntl , Gl:iJlljWJWgtlnul t WJUUjl:iu. 

UJul4runtt, ljwJll:iLr t l:iqrwhwGq.l:iL, nJl pwquwljr nl:iq.rl:iupwJr 

tlhf1LnLOmpJmGGI:ipG wGljwtu ttJnttJntuwljwGGI:irr L4WJUwGwljwG 

l>rJ?uttwo WJlGI:iQGI:irr nl:iq.rl:iupw l:iG U., ttJwui.IlnJll:iG , Gl:iJ14WJW9-

Gmu l:iG LJwtuJWL ttJnttJntuwljwGr ur2rGwgttwo wrctl:iQ[! wGLJwtu 

ttJnttJntuwLJwGGI:irr 111t1JwL wrctl:iQGI:irr 'lhl4Qmu: 



204 surru4ULt4nLnutsr~4U 

flbq.rt:wrwJr q.nrow~tJglibrr hwzttwr~uwli hwuw11 ~rrwn­
Ltnll Ubpnfllib[lpg LWJli LnW[lWOnLU mlip hwzttwr~uwli Ljlnerwq.nljli 

ewnw~muplibrtJ Ubpnf1[! (OLS): Uju ubpnfl[! blipWflflnLU t uGw­

gn[lfllibrtJ ewnw~muplibflp q.muwrr uplipupqwgmu: (6 .2) unflbl[! 

~W[lbLtJ t lib[l~WJWglibL. 

(6.3) 

n[lLnbll.' bo, b,, b2 q.n[lOW~pglibfl[! hWUWl.ljWLnwutuwliwpW[l ~o , ~l , 

~2-r hwzttwr~ttwo wrdbelibrG bli QliLnrwlier hwuwr: b0 , b1, br[! 

~WflbLtJ t hwzttwfl~bL ' ~tJrwnbLntt OLS ubpnf1[!: Ujul.ljbu , (6 ,3)-pg 

4uLnwgtttJ. 

(6.4) 

(6 .4)-[! ewnw~mur wuLnpowli pwr<'lrwglibLntt' ~uLnwGwGe 

rrw4wli Yt-P l.t hwzttwr~ttwo Yt -r PWQWJl<'lW~ LnWflpbflnLPJWli 

ewnw4muplibfl[!, WJGmhbLnl.t' WJfl ewnw~mutJGbflp q.mUWfl[! . 

(6.5) 

I">G~l.ljbu GzltbL t liwtunJlfl q.Lmtulibrmu , Ljlnerwq.mJli ewnw­

~mupGbflp ubpnfl[! uliwgnrfllibrtJ ewnw~mupGbflp uplipupqwg­

uwli tuGflpfl t, n[l[! LnLObLm hwuwr (6.5)-[! w6wligmu bliE [!ULn b0 , 

b, , b2 q.nrow~tJglibrtJ l.t hwttwuwrbglimu o-r: 

aL:et 
oL:bo = 2I(Yt - bo -b1X11 -b2X 21 )(-1)=0 (6.6) 
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UJlimhbLnl.t, l.ljWJlqbglibLntt (6.6)-t:! ' ~uLnwliwlie . 

(6 .7) 

q.muwruwli lizwli[! Ltbrwpbrmu t JnLflWEWliiJmr Ljlnl.jlntuw­

~wlitJ LnltJwLlibrr pwqumpJwli n LnWflflbrtJli : <Dnl.jlntuw~wGlibfltJg 

JnLJlWEWU~JnLflP hwUW[l ~WIIlW[lbliE 

X1t = X11 - X11, X2t = X21- X21, Yt = Yt- Yt lizwGw~mulib[l[!, 

n[lLnbll. X11, X21, Y1 -li hwUWl.ljWLnwutuwli Ljlnl.jlntuw~wlilib[lp 

l.ljW[lq pttwpwliw~wli utJ2tJlili bli: Lm6bLnlt (6 . 7) hwttwUWJlnLUGb­

llP hwuw~wrq.[!, nr[!. LjlwuLnnflbG, brbe hwttwuwrmu t' brbE (ba , 

b1, b2 ) wlihWJLnntt. ~uLnwGwlie . 

(6.8) 

(6 .9) 

(6 .10) 

t">li~1..4bu brl.tmu t (6.9) l.t (6 .10) hwttwuwrmulibrtJg, b1-tJ l.t 

b2-r hwJLnwrwrlibflt:! GnLJlili bli, l.t bfl~muli tL hwliflbu bli q.wLru 

n[ll.ljbU l.ljW[lq nbq.Jlbupwjp UnflbLr L[lWgmulibr: Pwquw~r nbq.Jlb­

upwjp q.nrow~pglibfltJ hwzttwr~mu[! wnwttbL 1..4Wflq l.ljWLn~bflwg­

libLm hwuwr . pwquw~r nbq.rbutJwJr Unflblt:! pGmpwq.rn11. hwttw-
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UJul4tlUnq, pwqtlw411 t.Pnt.Pntuwlfwuul:ipnll. nl:iqpl:iul1wJI1 tlnJll:i­

LnLtl wulfwtu t.Pnt.Pntuwlfwuul:ipl1 qnp6wlfl1gGI:ipQ lfwpnf1. bug ul:ip­

lfwJwgul:iL hl:iUluJWL Lfl:ip1.4 . 

b = (X'Xr1 X'Y (6.17) 

b-u hWUJll:iu t qwll1u np1.41:iu nl:iqpl:iul1wJI1 hwqwuwptlwu qnp-

6wlfl1gGI:ipl1 ll.l:i4Ulnp: b1-o LtwtuJWL t.Pnt.PntuwlfwGI1 t111211G wpctl:igl1 

t.Pnt.PntumpjmGG t' E( y I x1 .X2)·. x, wGLtwtu t.Pnt.PntuwlfwGI1 tll:i4 

t111wll.npnq t.Pnt.PntumpJwG Glfwllltlwtlp, l:ipp X2 wGLfwtu t.Pnt.Pntuw­

lfwGo ~11guqw6 t: UJL 41:iPI.4 wuwo· JlW E( Y I X1,X 2) -11 wGlfJmGw­

JI1G qnp6wlfl1gG t x,-11 Glfwllltlwtlp, l:ipp X2-0 ~11guqw6 t' W(lUlW­

gnLI:iLnll. X, wGLtwtu t.Pnt.PntuwlfwGI1 nLf1.f1.W411 wqJll:igmpJmGo 

lfwtuJWL Ltlnt.PntuwlfwGI1 tll12tJG wpctl:igl1 qpw: unLJG llunq, b2-o 

LtwtuJWL t.Pnt.PntuwlfwGI1 t111211Gwgqw6 wpctl:igl1 t.Pnt.PntumpjmGG t' 

E(Y I x 1.X2). x2 wGlfwtu t.Pnt.PntuwlfwGp tll:i4 t111wll.npnll. t.Pnt.Pn­

tumpjwG Glfwllltlwtlp , l:ipp X1 wGlfwtu t.Pnt.PntuwlfwGo ~11guqw6 t : 

Un 41:iPI.4 wuwo, 'lW E(Y I X, ,X2) -11 wGlfJmGwJI1G qnp6wlfl1gG t 
X2-11 Glfwllltlwtlp, l:ipp X,-Q ~11guqw6 t' W(lUlWQnLI:iLnll. x2 wGLtwtu 

t.Pnt.PntuwlfwGI1 nLf1.f1.Wltl1 wqJll:igmpJmGo LtwtuJWL t.Pnt.PntuwlfwGI1 

tli12I1G wpctl:igl1 ll.pw: Y.l:ipo G2qwoo huUlwlfl:igGI:iLm hwtlwp '111-

lllwplfl:iGg hl:iUluJWL oppGwLto" =luU 11pwlfwG wpctl:igp (Y) ~mG4-
gl1nGwL lfwtuqwompJmGo =luU oGpwgl14 qGI:ipnq wpctl:igl1g (X,) u 

qGI:ipi111G'll:iQul1g (X2): =luU 11pwlfwG wpctl:igo hw2ll.wplfqmt1 t ' l:iL­

GI:iLnll. =luU oGpwgplf qGI:ipnq wpctl:igl1g u qGI:ipl1 I1GJll:igul1 tll12ngnq 

hw2ll.wplfll.w6 qGI:ipp Jll:i~UWUlnpp lfppwntlwG tll12ngnq: UwlfwJG 
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WJU t.Pnt.Pntuwlfwuul:ipl1g Jmpwgwuvmpl1 wqJll:igmpJmUQ wnwu­

lli1G Lfwpnf1. t hWUJll:iU qwL hl:iUluJWL lfl:ipu.r tupwJlpl:iug' wuhpw­

ctl:i2Ul t hwulfwGwL qul:ipl1 w611 wqJll:igmpJnLUQ =ruu 11pwlfwu wp­

ctl:igl1li.Pw: 'Tll:iUlQ t lfwlllW(lDL hl:iUluJWL QWJLI:i(lQ. 

1. 4wqtll:iL nl:iqpl:iul1wJI1 hwqwuwpmtl' 11pwlfwu qul:ipnll. =luU-u 

np1.41:iu LtwtuJWL, 11u4 qul:ipl1 11GJll:iQUQ. wGLtwtu t.Pnt.Pntuwlfwu oq-

Ulwqnp61:iLnll.. 

(6. 18} 

Uw 1.4w(lq nl:iqpl:iul1wJI1 hwqwuwpmtl t. npllll:i'l. X21 -G qGI:ipl1 

11GJll:iQuG t: 
2. 4wqtll:iL nl:iqpl:iul1wJI1 hwqwuwpmtl· oGpwgl14 qGI:ipnll. 

=luU-G np1.41:iu LfwtuJWL, 11u4 qGI:ipl1 11G'll:iQuQ· wGLtwtu t.Pnt.Pntuw-

lfwG oqUlwqnp61:iLnll.. 

npllll:i'l. e21-G GnLJG1.41:iu t1GwgnpJlWJI1U wpctl:iQ t: 

UJUI.4punq, (6.18)-119 u (6.19)-119 hl:iUlumtl t , np. 

(6.19) 

(6.20) 

(6.21} 

npllll:i'l. Y
1

-G u X
11 

-G hw2ll.wpltll.mt1 l:iG (6.18) u (6. 19) nl:iqpl:iul1w­

GI:ipl1 hwqwuwpmt1GI:ipl1g: 

e
11 

-G Y1-l1 wpctl:igG t' wnwGg X2t wGLtwtu t.Pnt.PntuwlfwGI1 wqJll:i-

gmpJwG, pulf e
21 

-G X11-l1 wpctl:igu t' wnwug X2t wGLtwtu t.Pnt.Pntuw­

lfwGI1 wqJll:igmpjwG: UJU1.411unq, e 11 u e21 tlGwgnpJlUG(lQ, LPWUUln­

pl:iG , Y1 u X11 t.Pnt.Pntuwlfwuul:ipu l:iG' wnwGg X21 t.Pnt.PntuwlfwGI1 

wqJll:igmpjwG: 
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4wqllbup nbqpbut'lwJn hwl[wuwpnur e 11 l.t e 21 l.jlmtmtuw-

4wuubpnl[. 

(6.22) 

nplllbrt e3t -u lluwgnp11G t: a1-[! (6.22) hwl[wuwpllwu lib2 lib4Gw­

pwul[mli t n(ll..ljbu X, l.jlnl.jlntuw4wun nlllllW4t'l WqllbQnL!}Jni.U Y -t'l 

t.lrw 4wli 4WtuJWLI.jlnl.jlntuw4wup nrw4wu WU4JnLUWJt'IU qnr6w-

4t'I91J X,-n G4wlllliwap, wJupupu b,-n hwzt.lwr4t.lw6 wrdbpu : 

br4rw~wl.jlnrbu WJU 4wrbtt'l t ubr4wJwgGbt hbmltJWL mbu­
pnl[. 

Qpw~fl4 6.1. f>{lwqwu qubflnt/ =iuU t/mt/mfump;muo · Ltwfutfwo 

f!upwg/llt qubflnt/ %U-/7g 
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6.2. o..twr4w6ubp 

'llblllp t G4wlllt'l mubGwt. np npnzw4n libpn11Gbpnl[ hwzl[wp-

4mliu 11br2 ~t'l uzwGw4nul, pb UlllWgl[w6 qnp6w4ngubp(j WOpnrt-

2nLPJWOp 4wll llwuGw4nnpbu 4wrnrt bu wplllwgntbL 4wtuJwtl.jln­

l.jlntuw4wun t.lrw wG4wtu l.jlnl.jlntuw4wGubpt'l wqllbgmpJmGIJ, bpb 

linllbliJ ~t'l pwl[w(lW(lnt.O llWUW4wG q6WJt'IU linllblt'l ht'lllGw4wG 

bupw 11rmp1muubru: rug.Ljbu wr11bu ubr4wJwgt.lbL t. ht'll1Gw4wu 

bUJ}WilflnLJ}JnLU t WJU l.jlWUlll[!, n(l linllblt'l lluwgn(lllWJt'IU W(ldbpub­

(1[! L.Ljblllp t mubuwu unrliwt pwztumu· O-n hwl[wuwr llt'12nunl[l.t 

4w1mu t.twrnwgnwJnt.l: Unl.tumJG bupwllflnLpJmuubru. GnLJUL.Ljbu 

Gzt.lbL t. lllWflW6l[mll bu pwqliw4t'l nbq(lbut'lwJt'l linllbLt'l t.lrw: 

bf14m l.jlnl.jlntuw4wGnl[linllbLt'l hwllw(l Gwtu l.t WrlW2 L.Ljblllp t 

hwzl[wf14bL nbq(lbut'IWJt'l qnr6w4ngGbflt'l l[wrnwgnwu l.t 4WJnLU 

utuwliJ, n(lnUp 4wf1nrt b(j nrnzw4t'l l..ljWlll4bflWQnLU LnWL nbq(lb­

ut'IWJP qn(16w4ngubpt'l' lllWflpbp [!ULnflWUpubpt'l !lbL.Ljpmll mGbgw6 

l.jlnl.jlntuw4wGmpJwu t.lbrwpbf1Jwr UJu gmgwGnzn hwzt.lwr4mliu 

4WlllW(ll[mli t bf14nL hpllGw4wu· l..ljWflWObl.llflbflt'l t'lrw4wG Wfldbp­

Ubflt'l hwliwr l[umwhbtt'l lit'12w4wJpbf1 uwhliwGbtm l.t t.lntiw4wq­

flW4wG t.twr4w6Gbflp l.llbumwl[nrllwu Ul..ljwmw4nl[: llbqrbut'lwJP 

qnp6w4ngubrt'l t.twrnwgnwu l.t 4wJmu utuwtubru hwzt.lwr4t.lmli 

b(j ubrpnUzJWL hwl[wuwrmliubrt'l lit'12ngnl[, nrnGp UlllWgl[mli b(j 

(6.8), (6.9) 1.t (6.10) hwl[wuwrmllubrt'lg. 

(6.24) 

(6.25) 
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(6.26) 

(6.27) 

(6.28) 

(6.24), (6.26) L. (6.28) hw4.wuwpmliGbp[! hwliWL4WUlwutuw­

Gwpwp gnqg t;G UlWL~U bo, b1, b2 qnp6w4~gGt;p~ 4wJmG utuwLGb­

p[! : 'llbUlQ t G4wU1~ mGt;GwL, np (6.23), (6.25) L. (6.27) hw4_wuw-

pmliGbpmli cr2 -[! hwliwtulipmpjwG utuwL~ ~rw4wG 4_wp~wg~wG 

t : UJu· ~rw4wGmli wGhWJUl gmgwG~2[!, hw24.wr44.mli t' 

8 2 =Let 
e n- 3 

(6.29) 

npUlO'l S~ -[! hwG'lbU t qWL~U np1.4bU cr2 -~ hW24_wp44_w6 wpctbp: 

'LI2bGp, np Se = ../Sr nbqpt;u~WJ~ 4wJmG utuwLG. t, np[! gmjg t 

UlWL~U hW24.W!144.w6 nt;qpt;u~WJ~ q6~g Y wpctt;pGt;p~ 4WJnLG 

UlWUlwGmli[!: (6.29) hw4_wuwpliwG lib2 Let -G liGwgnp11Gbp~ 

pwnw4mu~Gt;p~ qmliwpG t. hw24.wr44.mli t Let = (Y1 - Y1 )
2 

pwGw<3L.n4_, n(l[! 4w(lbL~ t GnqGwgGt;L hbUlL.JWL hw4_wuwpliwG 

hbUl. 

Let= L(etet)= Let(Yt -b1X1t -b2x2t)= 

= LetYt -b1Letx1t -b2Letx2t = LetYt = (6.30) 
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(6.29) hw4_wuwpliwG lib2 (n-3)-[! wqwUlmpjwG WUU1~6wGG t : 

n-[!· L/mt.tmtuw4wGGt;p~g JnLpwpwGLJnLfl~ pwqlimpjwG U14.JwLGt;p~ 

p~4_[! , ~u4 3-[!· lin'lt;L~ qnp6w4~gGt;p~ p~4.[! : 'LI2bGp, np wqwUlmp­

JWG wuU1~6wG[! [!GUlpwGp~ U14.JWLGt;p~ p4.~ L. nbqpt;u~WJ~ qnp-

6w4~gGt;p~ pwgwp<3w4 Ulwppt;pmpjmGG t: CGilhwGpwgGt;Ln4. w­

ut;Gp, np wqwUlmpjwG wuU1~6wG[! G4.wqmli t' bLGbLn4. lin'lbLmli 

wG4wtu !Pmtmtuw4wGGt;p~ p4_~g. op~Gw4' 3 wG4wtu 41n~Pntuw-

4wGGbpn4. lin'lbLmli wqwUlnLPJWG wuU1~6wG[! hw4_wuwp 4L~G~ 

(n-4 )-~ : 

CG11hwGmp wnliwlip, lin'lbL~. ht;UlL.wpwp· hwliWL4WUlWU­

tuwG 4.wp4w6Gt;p~ uUlmqmli[! Gt;pwnmli t li~ pwG~ hw2nr11w4wG 

QWJL0[1. 

1. Unwuoftu qntufw{jftgubf1/1 D2wuw{jwfftmp]wu ummqnuF 

t.fwf1{jwo/1 ummqnuJnt.f: 

2. Utlpn!]pw{jwu tlnfJbL/1 u2wuw{jwf/1nLPJWU ummqnuJ, WJ­

uftupu· wu{jJmuwJftu qnf1ow{jftgubf1/1 . 0-/1 hwt.fwuwf1 Lftub­

fnL {jwtl fJbU7bf1tlftuwgftwJ/1 qn{1ow{jgft (Ff) · 0-/1 hwt.fwuwf1 

i/1Dbtm t/lwum/1 ummqnuJ: 

3. b(1/jfll {jwtJ wt/b[/7 Qfl(10W{j/7gub{1/7 hwt/WUW(1fll/}JWU Ulflfll­

qnuJ: 

4. Q.n(10W{jf7gub{1/7 . fl{1fl2W/j/7 l.l/WJUWUUb{1/7 pwt/w{1W{1b[ nL Ulflfll­

qnuJ: 

5. nf1n2wlt/1 uwhtlwuwt/lw{jmtlubf1/1u nbq{JbuftwJ/1 tlnfJbL/1 

hWUWU/WU1WUjuWUfll/}jWU ummqmtJ: 

6. nbq(1bU/1WJ/1 Uflf]b[/1 jJmu{jgj1nUW[ OIJ./1 UU1fllQfll/J: 
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t:;G~WilllbGe ' wGhpwctbzlll t ulllmqbL pwquwlj~ nbqpbu~wJ~ 
wGLJwtu Ltln~ntuwljwGGbp~g npL.t ublj~ Wqllbgm~JnLU[J 4wtuJWL 

LtlnLtlntuwLJwG~ t.lpw: UJu~GeG, t.llbllle t ulllmqb( WllllJne pwquwlj~ 
nbqpbu~wJ~ qnpowlj~gGbpu lllwppbpt.lmu bG 0-~g. ~b- nr UJu bG­

~WilllnL~JmGG tL hbGg ljhwGil~uwGw qpnJWljw(i t.lwpljw6: ~wG~ 

np bo. b1, briJ mGbG Gnpuwl pwztumu L. hwuwUjwlllwutuwGw­

pwp ~1. ~2 . ~3-~ hwt.twuwp u~2~G. LtlnepwqnLJG ewnwljmu~Gbp~ 
ub~nll~ h~uGwljwG ' (6,23), (625) L. (6.27) bG~WilllnL~JmGGbpiJ hw-

UWilllbLnt.l cr
2 -~G s~ -nt.l ~ntuwp~GbLnL hGwpwt.lnpnL~JWU hbUl' 

ljwpbL~ t U!UilbL. np nbqpbu~wJ~ qnp6wlj~gGbpG mGbG t (UlllJnL­

!lbGUl~) pwztumu: 

UJu~GeG ' 

(6.31) 

t - b1 - ~1 - t 
- S (n-3) 

b1 
(6.32) 

(6.33) 

nplllbJl.. (n-3)-u t pwztuuwG wqwlllm~JwG wulll~tSwGG t, bpbe 4ln-

4lntuw4wGnt.l pwquwlj~ nbqpbu~wJ~ un11bL~ llbU!emu: 

UGili1WilW12GwGe ubp op~Gwlj~G. 

nplllbll.' Y1 - 1uUflpw~wG qubpnq (t) 

Xtt - 1uU~Gpwgfl~ qubpnq (t) 

X3t - qGbp~ ~Gilbeu(t) 
t _ rt •••• ~ ••• r ... .l .... h ............ ;... ..... . 

(6.34) 
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UGhpwctbzlll t hwzt.lwplJbL =n.JU ~upwgfl~ qubpntt L. qGbp~ ~G!lbeu 

4ln4lntuw4wGGbp~ wqllbgm~JnLUIJ =n.JU flpw~wG qubpnq 4ln~ntuw4w­

G~ t.lpw: UwuGwt.lnllWlllbu, Ujbllle t hwzt.lwplJbL =n.JU ~upwgfl~ qGbpntt 

wqllbgm~JnLUIJ 1uU flpw~wu qGbpntt gmgwG~z~ t.lpw : UJU llbt.llemu 

0-wljwG t.lwpljwou ljGbpljwJwgt.l~ (6.35)-~ Ulbuent.l, ~ulj WJLIJUlll­

llWGewJ~G t.twpljwou' (6 . 36)-~ Ulbuent.l. 

Ho : ~1 = 0 

H1 : ~1 *- 0 

(6.35) 

(6.36) 

0-wljwG t.lwpljw6[! gmjg t lllWL~U , np, ~~eubLnt.l qGbp~ ~G­

!lbeu ~n4lntuw4wGu (X2). 1uU uG~wg~4 qGbpnt.l wpctbeu (X1) wq­

!lbgm~JmG ~mG~ 1uU ~pwljwG 6wt.lwl~ (Y) t.lpw: UJLIJUlllllWGew­

J~G (H 1) t.lwpljwou bG~WilllnLU t qpnJwljwG t.lwpljw6~ (Ho) hbp­

emu, WJU~GeG. 1uU [JU~wg~lj qGbpnt.l wpctbe~ (X1) Wqllbgm~jnL­

G[J 1uU ~pwljwG qGbp~ (Y) t.lllw hwt.twuwp ~t 0-~. npiJ GzwGw­

ljmu t, np t UlbUUliJ bpljljnJl.uwG~ t' lli1W4wG ljwu pwgwuwljwG: 

UJu t.lwpljwou ulllmqbLm hwuwp ljwpnJl. bGe oqlllwqnp6bL t lllbu­

llliJ' t 411~lll~ljwljwG wpctbeu b0, b1, b2 qnpowlj~gGbp~ hwuwp 

hwzt.lwp4bLnt.l (6.31)- (6.33) hwt.lwuwpmuGbp~g· 

t = b1 - ~1 = ~ = 0,83596 = 25,43 
sb sb o,o3287 

1 1 

(6.37). 

nplllbll.' ~ 1 =0' hwuw~wJG (6.35) hwt.lwuwpuwG, (6.37) hwt.lwuwp­

uwG u~2ngnt.l hwzt.lwpljt.lw6 t-G mG~ UlllJnL!lbGUl~ pwztumu' 5-3=2 

wqwlllnL~JWU wuUl~tSwGnt.l: 

• (6.37) hwLj_wuwpllwu hwllwp h~U!1 t hWUfl~uwunLU L4WJUWuw4wu O[l~uw4 ,l.JU 

~flw4wu 6wLJ.wtubp~ LJ.bpwpbflJWL. L. WJfl hwzLJ.wp4ubpQ 4wtnwpLJ.w6 bu 

l4WJllwuw4wu tn4Jwtubp~ h~llwu LJ.pw: 
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~flnJw~w(i ~wr~won hbflQbLm hwuwr oq.mwq.nro~mu b(i 
br~m hl1u£iw~w(i unmbgmufibr: UJ£i t. 

- ~umwhbLI1 lli12W~WJQbfll1 u112ngn~ ummq.mu, 

- £i2w£iw~wLI1mpJw£i ummq.mu: 

u2wfiw~wLI1mpJwfi ummq.uw(i l)bl..ljQmu, l1£i~L4bu Wfll)bfi 

U2~hL t fiwtunfll) Q.Lmtuubrmu, ~W[l~n[l t U2WUW~WLI1nLPJWU uw­
~W[li)W~I1 " a -11 nrn2mun: 

P(- t a .::::: t .::;: t a )=1-a 
-(n-k) - (n - k) 
2 2 

(6.38) 

UJu ubpnl)n~ ummq.uwu dwuwuw~ Lf'lwumnrbu hw2~wr4-
~mu t (6.31)-(6.33) hw~wuwrmuubrl1 u112ngn~ hw2~Wfl~~w6 t 

W[ldbgl1· (6 .38) hw~WUW[lnLU[J pw~W[lWflbLm UjWJUWU[J: l:;pb WJU 

~11 PW~W[lW[l~mu, Wl..ljW hb[lQ~nLU t q[lnjw~w(j ~Wfl4WO[J, WJU t' 

nbq.rbul1wJI1 hwuwl..ljwmwutuwu q.nrow~l1go ~11 pw~wrwrl1 qrnJI1 
hw~WUW[l~hLnL UjWJUWU[J: 

Ubfl orl1£iw~l11lbL4Qmu bpb IJUI)mubug· a=0.05 ~wu a = 5%, 

Wl..ljw 2 wqwmmpJwu wuml16wul1 hwuwr 4umwg~l1 hbm~JWL hw­
~wuwrmuo· 

P(- 4.30 .::::: t .::::: 4.30) = 0.95 (6.39) 

(6.39)-mu UlbrtWI)flbLn~ (6.37)-119 hw2~W[l~~w6 t-11 W[lOGQ[J, 
~UU1W9~11· 

P(- 4.30 .::::: 25.43 .::;: 4.30) ~ 0.95 (6.40) 

UJul1£ieu· hbflQ~mu t q[lnJw~w(i ~wr4won : 

'-lumwhbLI1 lll12w~wJQbfll1 u112ngn~ ~wr4w6ubrl1 ummq.uwu 

hwuwr ~u hl1ue t hwu1111uwumu (6.38)-o: UJu hwuw 11rbLn~ 
(6.32)-11 hbm, ~umwuwfiQ. 
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nrn ~ 1 -11 hWUW[l 95% ~UU1WhhLI1 ui12W4WJQU t, ~ U2WUW4mu t, nr 

q[lnjw~w(i ~W[l~WO[! 4wf1nrt t hb[lQ~bL , bpb ~1-[! WJI) UI12W4W­

QnLU ~t : 

'-l.umwhbLI1 lli12W~WJQbfll1 oq.mwq.nrouw(i Ul12ngn~ ~wr4w6-

Ubfll1 ummq.uwu wnw~bL q.nrouw4wu unmbgmu t (6.37) hw~w­

uwruwu Ul12ngn~ hW2~Wfl4~w6 t-11 W[lObQI1 hwubuwmmpjnLU[! t 

~f111ml1~w~wu wrcthel1 hbm: UJuUjbu, bpb hw2~Wfl4~w6 t-11 wrctb­

QO q.b[lwqwugmu t U2WUW4WLI1nLPJWU [!ULn[l~WO a uw4Wfli)W4[! 

~ m~wl nbq.rbul1wJI1 unl)bLI1 wqwmmpJwu wuml16wul1u hwuw­

Ujwmwutuwunrt t-11 ~fli1Lnl1~w4wu 4bm[! , WL4W 4wflbLI1 t hbflQbL 0-

w~wu ~wr4w6o : 1wuw6wJu ubr orl1fiw411 m~wLubf111 . 

t ljppU1 . = 4,30 

t hw2l(wpljl(w6 = 25,43 

t ljppU1. = 4,30 < t hw2l(wpljljw 6 = 25,43, 

hbUl~WpW[l 4WflbLI1 t hb[1Qbl q[lnJw4w(i ~Wfl4W6[!: 

UJUL411Un~ , u4WflWQ.[l~WO ubpni)UG[l[! 4WflbLI1 t oq.mwq.n[lObL' 

ummq.bLm hwuwr JnLflwewu~mr q.nrow4gl1· 0-11 hw~wuwr Ll1ub­

LnL ~W[l~WO[J " ~WLnWflbLn~ ~b[l[J u4WflWQ.fl~WO hw2n[li)W4wu 

QWJLG[l[! : '-l.b[lnhi12JWL Of111uw4mu q.n[l6w411gubfll19 JnL[lWQWU~m­

[l[J u2wuw4wLI19 t ~116w~wq.rnrbu , wJul1ueu· qq.wLI1nrbu mwr­

pbfl t 0-11g: 

Unl)bLI1 U2wuw4wLI1mpJwu ummq.muo bupwl)[lmu t nbq.[lb­

ul1wJI1 unl)bLI1 pnlnfl q.nr6w411gubrl1· 0-11 hw~wuwr Ll1ubLm Lflwu-
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Lnp ULnmqmu, ru~ unrJ.bt.tJ l4PlnWUPnLf)JnLU[! ULnmqbt.m hwuwp 

hwzt.lr t wnuLtmu pwquw~r rJ.bLnbputJGwgtJwJtJ qnpow~gtJ ~wltJu: 
uwtunfl'l hwLnt.lw6mu U~Wf1Wctflt.lw6 libf}nrJ.[! b£if}WrJ.flnLU tp linrJ.b­

LP qnpow~tJgubptJ wnwu6tJu-wnwu6tJG uLnmqmu, npu ~r ~w 11 n 11 
pwt.l.WflWfl hwuwpt.lbt. uzwuw~WLPnLf)JWU uwupu bqpw~wgmf}­

jmuubp wGbt.m hwuwp: UJutJGeu , bf}b nbqpbutJwJr qnp6w~tJgub­

flP9 JnLflWQWU~nLfl[! wnwu6pu-wnwG6tJG hwt.lwuwp ~t 0-tJ, ~tJ 

uzwuw~mu , np qnpow~pgubp[! upwupu hwt.lwuwp ~bu t.tJGtJ 0-p : 

UJUL4tJunLt. L4bLnQ t uLnmctbL hbLnl.tJWL Ltwfl~WOIJ . 

Ho:P1=P2=0 

(6.42) 

UJuoptJGw~ Ltwp~wor uLnmqmuu ~n~Ltmu t uurJ.hwump unrJ.b­

LP ULnmqmu, np[! uzwGw~mu t• ULnmqb[. x, x2 wu~wtu LtJnltJn­

tuw~wuubptJ wqrJ.bgmf}Jmuu Y ~wtuJWL LtJnltJntuw~wutJ t.lpw: 
uzbue, np WJU UnLJUWUnLU t' 

Ho: R2=0 

(6.43) 

t.lwp~wor hbLn , npLnbrt R
2
-o pwquw~r nbqpbutJwJtJ hwLtwuwpuwu 

rJ.bLnbpupuwgpwjp qnpow~pgu t : i"G~L4bU WflrJ.bu uwhuwut.lbt. t, 

rJ.bLnbputJuwgtJwJtJ (,-2) qnpow~rgu gmJg t Lnwt.ru ~wtuJWL LtJnltJn­

tuw~wutJ t.lwppwgpwjp' wu~wtu LtJnltJntuw~wGnt.l L4WJUWGwt.lnp­

t.lw6 t.tJGbt.m wuLnp6wGu ~wu Lnn~nuu : umJuo ~WflbLtJ t wubt. 

pwquw~p nbqpbutJwJr hwt.lwuwpmuubptJ uwupu: UJutJueu , pwq­

uwljp rJ.bLnbputJuwgtJwJr qnpow~tJgo gmJg t Lnwt.ru Lnt.l.Jwt. nbqpb­

utJwJr hwt.twuwpuwu lib2 pn[.n[l wu~wtu LtJnltJntuw~wuubptJ 4nrt­

upg ~WtuJWL LtJnltJntuw~wutJ Ltwppwgpwu pumf}Wq[lnrt UWU[! ~wu 

Lnn~nuo : Pwquw~r rJ.bLnbputJGwgtJwJtJ qnpow~tJgo G7wuwlu.Jmu t 

PU ::lUU~U<D tltQrtU~U3~ Q0U3~u Un'ltl 

Pwquw~tJ nbqpbutJwJtJ rJ.bl4QnLU l.tu LnbrttJ mup· 

TSS = ESS + RSS 

hwt.lwuwpmf)JnLUIJ , npLnbrt' 

TSS = ourJ.hwGmp ewnw~mutJGbptJ qmuwptJG, 

ESS= hwzt.lwf14t.lw6 ewnwljmupubpp qmuwppu, 

RSS= uGwgnprJ.GbptJ ewnw~mutJGbptJ qmuwppu: 
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R2-[! , bpljm LtJnltJntuwljwunt.l nbqpbupwJtJ rJ.bLnbfllipuwgtJwJtJ 

ESS 
qnpow~gtJ uuwu, hwzt.lwf14t.lmli t R

2 
= TSS pwuwol.tnt.l. npu 

~WflbLtJ t ubpljwjwgGbt. hbLnl.tJWL Lnbuent.l. 

R2 = b1LYtx1t +b2LYtX21 

LY~ 
~wu 

R2 =1_RSS = 1 _ _Le ~ 
TSS LY~ 

(6.45) 

uzbue. np pwquwljtJ rJ.bLnbpupuwgpwjtJ qnpowljpgu mutJ 

litJwJG 'lflW~wu uzwu l.t 4wflnrt t qLnut.lbL 0-tJg 1 ur2w~wmmu ljwu 

0-tJg 100 litl2W~WJQmli · bf}b WflLnWhWJLnt.lmli t LnnljnuubpnLt: UJu 

gmgwurzr ublj WJL ljwpl.tnp ubljuwpwunLf}JnLU t WJU, np R2-[! 

gmJg t Lnwt.tJu , f}b npewunt.l t IJULnflt.lw6 linrJ.bLO hwliwl4wLnwu­

tuwumu tJpw~wumf}Jwuu : '-l.bpnhtJzJwL optJuwljmu R2 =99%: 

~npouw~wGmu zwLn hw6wtu bu rJ.bumbfltJ, bpp pwquw~r 

nbqpbupwjp wuljwtu ltJnltJntuwljwuubppg JnLflWQWU~nLfl[! ljwpnrt 

t wqrJ.bgmf}JmG ~mubGwt. 4wtuJWL LtJnltJntuw4wutJ Ltflw , uwljwJu 

pn[.n[l WU~Wtu ltJnltJntuw~WUUbfl[! Upwupu ~Wflnrt tJ(j WUpnrt2nL-
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PJWlip pGmpwq.rbL 4wtuJWL Lflmfmtuw4wG~: Uw GzwGw4mli t , n[l 

(6.42) 4wli (6.43) t.twr4w6~ ummq.liwG hwuwr t mbum~ 4~rwnbL~ 

~t: 

(6.42) 4wli (6.43) t.lwr4w6~ ummq.bLm hwliwr unl{nrwpwr 

4~rwnl{mli t t.lwr~wg~WJ~ l{b[lLnLOmpjwu libpnrm (ANOVA), n[l~. 

LflwumnrbG, (6.45) hwl{wuwruwO wnwG?l~O UlW[lflbfl~ l{b[1Lm6m­

PJmGO t: 

Urumuwlj 6.1. <./w[7/1Wg/1w;/1 L/b{7fnu7nt{JJWU AN OVA tlb{JnrJ[J . b[7bp 

l/mifmfuwLtwunl/ tlnfJbL/1 hwtlwf7 

4wrpwgrwJp i2wnwljmurGbrll UGI.jwtum- S2wnwljmur-

WllPJnLflQ qmliwflQ f}JWU Gbrll qmliwrr 

WUUlp15wGQ lir2!1GQ 

ESS 2 bt '> YtX1t tb2L YtX21 
btLYtx1, +ll2L Ytx2, 2 

RSS 2:et n-3 2:et 
n - 3 

TSS LYt n-1 

i"'Ci~UJbu Wfll).bG Gzt.lbL t, ewnw4mu~Gbr~ JnLflwewO~mr q.m­

uwr m(i~ ~[1 hWUWUJWUlWUtuw(j WqWUlnLI}JWU WUUl~OWU~, WJ­

u~(jE(j ' UllUWLUb[l~ WJG ewOw4mpjmG~. nr~ h~liw(i t.lrw hwz­

t.lwr44bL t : Ubr or~Ow4~ l).bUJemu WJCi 4m0buw hbmltJWL mbueo. 

Tss·- n-1=5-1=4 

RSS - n-3 = 5-3 = 2 

ESS- 2 

TSS-11 hwuwp wqWUlnLPJWU WUUltH:iWU(} UI12U1 hwlj_wuwp t n-1 . 11u~ RSS-11 t. 
ESS-11 hwuwp wqwUlnLPJWU wuUll1dwlin ~wtulJ.wo t unllbtmu nlillqf1~4.w6 
ttJnttJntuw~wlilibfll1 plJ.I1g 
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bGpWI).flbLnt.l RSS-~ Gn[lliWL pwztumu, nr~ OLS ubpnl).~ h~u­

Gw4wG bOpWI).flnLpJmOGbr~g t, (6.42) 4wli (6.43) l{wr4w6~ umm­

q.bLm hwuwr UJbUlE t 04wm~ mGbCiwL, n[l l{wr~wg~WJ~ l{b[lLnL-

6mpjwG (ANOVA) Wfli).JmGemu (6.46) -nt.l hwzt.lwr44w6 F LflnLfln­

tuw4wG~ hwliw[l~~mli mu~ 2, ~u4 hwJUlW[lW[lmli n-3 wqwmm­

~JWG wum~awGnt.l l>~zbr~ pwztumu. 

F = ESS/ 2 = b1~:),x11 +b 2 LY 1X21 / 2 

RSS/ n - 3 L:et/n-3 
(6.46) 

COI).hWG[lWUJbu, bpb nbq.[lbu~wJ~ linl).bLO m(i~ k LflnLflntuw-

4w00b[l, ~u4 l).flwGg~g JmrwewG~mr~ · n wOI).wliGbr~g 4wqlil{w6 

~UUl[lWUE, WUJW F-~ hwzt.lwr4t.lw6 wrctbe~ hwuwr~~mli 4mGb(iw 

(k-1) wqwmmpJWU wum~awG , ~u4 hWJUlW[lW[lmli' (n-k) wqwmm­

PJWG wum~awG : 

F= ESS/ k-1 = b1LYtX11 +b 2LY1X21 / k-1 

RSS/ n-k L:et/n-k 

F = R
2 
/k -1 

(1-R 2 )/n-k 

(6.47) 

(6.48) 

F-~ hwzt.lwr44w6 wrctbeo 4wtuJWL LflnLflntuw4wG~ · wG4wtu 

LflnLflntuw4wOGbrnt.l «pwgwmrt.lnrp> t.lwr~wg~wJ~ hwrwpbrm­

PJmOO t 4wtuJWL LflnLflntuw4wO~ «~pwgwmrl{nrp> t.lwr~wg~wJ~Ci: 

(6.47) l.t (6.46)-~g 4wflbl~ t bqf1w4wgGbL, n[l bpb nbq.[lbU~WJ~ 

q.nr6w4~gubro hwl{wuwr bO, WUJW 4wtuJWL LflnLflntuw4wG~ Lfln­

tflntut.lbLm hwm4m~Jm0o 4wtul{w6 t li~wJG liuwgnrll~ l{wr~w­

g~wJ~g: b~b bupWI).[lbUE, n[l Ho-0 utuwL bupwl).[lnL~JnLU t (6.42) , 

WUJW. 
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(6.49) 

(6.49) hw~WUW(lnLpjmGGb[lQ ~bG L4WhL4WG~r. n11r hbmL.wG­

pn~ (6.46)-mu L. (6.47)-mu F-r hwuw(lr~o qq.wLrn(lbG w~bLr 4Lr­

Gr hwjlilW(lW(lrg: '-lw(ll.jw6o hbpebLnL hwuw(l L4blilp t hW2~r wn­

GbL. n(l bpb (6.47)-r ur2ngn~ hW2~WI14~w6 F-r W[lctbpo q.b[lW­

qwGgmu t G2wGwl.jwLrmpjwG oGmp~w6 a. uw4W(lflW40 L. lil~WL 

nbq.rburwJr UnflbLr wqwmmpjwG wumrowGrG hWUWL4Wli1WU­

tuwG F-r 411rmrl.jwl.jwG wpctbeo. WL4W 4w[lbLr t hbpebL qpnjW-

4wG ~w(ll.jw6o : 

(6.45) L. (6.47) hw~wuwpmuGb!lr9 L4W[lq t 11wnGmu F-r L. 

R2-r nLrJ.rtw4r 4WL4Q, npmbrtr9 4W!lbLr t bqpw4wgGbL, n(l 

Ho:~ 1 =~2=0 L. ~o:R2=0 mGbG urL.GnLJG ruwumo: Uw G2wGwl.jmu t, 

n(l hb[lJ?bLn~ Ho: ~1=~ 2=0 ~w(ll.jw6o, 4hb[1pbGp GwL. Ha:R
2
=0 

~wr4w6o: 

Ub[l O[lrGw4mu F=1120.80, npo qq.wLrn[lbG q.b(lwqwGgmu t 

F=19 411rmr4w4wG W[lctbeo a.=0,05 uwl.jW[1flW4mu, hbmL.wpw[l 

4w!lbLr t hbpebL q[lnJw4wG ~w(ll.jw6o : 

Pwquw4r nbq.[lburwJr unflbLGbpr oGflhwGm[l G2wGwl.jw­

LrmpjwG ummq.uwG ubl.j WJ( wnw~bL 4w[1L.n[l gmgwur2 t hw­

uw(l~mu, WjUL4bU 4n~~w6' hW[1UW(lbg~w6 flblilb[lurGwgrwJr 

pwquw4r q.np6w4rgo: 

R2 = 1_ RSS/(n -k) = 1_ RSS(n -1) = 1_ (1- R2) n - 1 (6.50) 
TSS/(n-1) TSS(n-k) n-k 

(6.45) hw~WUW(lmurg hbmL.mu t , n(l nbq.pburwJr UnflbLnLU 

rG~pwG ub6 t wG4wtu Ltlnltlntuw4wGGbpr Pr~o. WjGpwG flblilbp-
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urGwgrwJr R2 q.np6w4rgo ub6 4LrGr: Umwg~mu t , np unflbLr n­

pw4o. 4wtu~w6 llllW wG4wtu Lt1mflntuw4wGGbpr pwGw4rg , 

4pwp6pwGw, n(lQ, rhw(ll.jb or2m bqpwl.jwgmpJmG ~t : 'lbmbpur­

GwgrwJr q.n[16w4gr GuwG hwml.jmpJmGo L4WJuwGw~np~w6 t 

llllW hw2~W(ll.juwG ctwuwGw4 wqwmmpjwG wumrowGr pwgw­

l.jWJnLPJWUp: UJurGeG' umwg~mu t, n(l mwppbp pwGwl.jmpJwup 

wG4wtu Lt1nlt1ntuw4wGGb[ln~ nbq.[lburwJr unflbLGbpo hwubuwmb­

Lru hw2~r ~r wnG~mu wG4wtu Ltlnltlntuwl.jwGGbpr Pr~o . npo WJil 

hwubuwmmpJmGo flWp6Gmu t wGruwum: UJu GL4wmw4n~ (6.50) 

pwGw6L.n~ hw2~wp4~mu t hwpuw11bg~w6 flbmbpurGwgrwJr 

q.np6w4rgo: 1wpuw[lbg~w6 flbmbpurGwgrwJr q.np6w4rgG mGr 

hbmL.JWL hwm4mpJmGGbpo. 

w) k>1, FF ~ R 2 , bpb wG4wtu Lt1nltlntuw4wGGbpr pr~o un­

flbLmu womu t , WL4W hW[1UWpbg~w6 flbmbpurGwgrwJr q.np6w-

4r90 LtlnepwGmu t flbmbrurGwgrwJr q.n(16w4grg. 

p) hw11uwpbg~w6 flbmb!lurGwgrwJr q.np6w4rgo 4wrnrt t Lr­

GbL pwgwuw4wG, hwml.jwL4bu, bpb Ltlnltlntuw4wGGbpr m~wLGb­

rr Pr~O Ltlnp(l t un11bLmu QGflq.!l4~w6 Ltlnltlntuw4wGGbpr pwGw-

4rg· n<k: 

tGpwflpbGp, pwquw4r nbq.[lburwJr UnflbLnLU L4blilp t UlilnL­

q.bL 2 4wu w~bLr wG4wtu Ltlnltlntuwl.jwGGbrr Ltlntuhw~wuwpm­

pJmGo: qn[16Gw4wGmu WJU bGpwfl(lnLpJmGo l.jwpbLr t GnLJGwgGbL 

W[lli1Wflflw4wG npL.t :PmG4grwJr uwhuwGwltlw4muGbpr ummq.­

uwG hbm: tGpwflpbGp, mGbGp nbq.[lburwJr hbmL.JWL unflbLO· 

(6.51) 

Qpnjwl.jwG L. WJLQGmpwGpwJrG ~wpl.jw6GbpQ hWUWL4Wli1WU­

tuwGwpw(l 4mGbGwG hbmL.JWLlilbupo. 

Ho : ~1 = ~2 (6.52) 
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Ho : ~1 "' ~2 ~1 - ~2 "' 0 (6 .53) 

(6.52)-mtl Gbr4wJwg4w6 qrnJwl.jwG Ltwrl.jw6[! G2wGwl.jmtl t, 

nr (6.51) nbqrbupwJp wGl.jwtu tflmpnf"uwl.jwGGbfl[! hwLtwuwr wq­

'lbgmi}JmG mGbG l.jwf"uJWL tflntflnf"uwl.jwGp Ltrw: UJu Ltwrl.jw6p 

uUlmqtlwG hwtlwr l.tu l.joqlllwqnr64t'l t UlbUUl[!, pul.j wGhrwctb2lll t 

4flt'llllt'l4w4wG wrctbQQ Ljhw24wr44t'l' 

(6.54) 

(6.55) 

(6.54) Ljwli (6.55) hwLtwuwrmuGbflp tlp2ngn4 hw24wr44w6 t 

wrctbQ[J hwlibliwUlbLn4 t-p [JGU1f14W6 a UWl.jWfl'lWL!mli n-3 wqw­

UlnLI}jWG wuUlp6wGn4 4f1Plllt'14wl.jwG wrctbQp hblll' l.jhbflQbGQ 

(6.52) Ltwrl.jw6Q, bl}b hw24wr44w6 t-G tlb6 t t 4f1Plllt'l4wl.jwGpg: 

u2bGQ, nr nbqrbupwJp qnr6wl.jpgGbflp npn2wl.jp uwhtlwGw­

tflwl.jmliGbflp hwtlwll.JwlllwutuwGmi}JnLGQ ulllmql!mli t liplLGnLJG 

Ul[lWUW pwGnLI}JWlip: 
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UJu ClLtumtl Gbf14WJW94bgpG q6wjpG pwqtlwl.jp nbqpbupwJp 

lin'lbLt'l hptlmGQGbrQ· wtlbGwllJW[lq pwqtlwl.jp nbqrbupWJP opp­

Gwl.jnLt: ClLf"uP hpliGwl.jwG Glljwlllwl.jG tr llJWUll.jb[lwgmli l.jwqlibL 

pwqliwl.jp nbqrbupwJp lin'lbLt'l liwupG, t'!G!ll.Jbu Gwl.t libl.jGwpwGbL 

pwqtlwl.jp nbqpbupWJP lin'lbLt'l qnr6wl.jpgGbflp m 'lflWGg G2wGw-

4WLPnLI}JWG hw2Ltwpl.jtlwG ul.jqpmGQ[!: 

Ubl.j WJL twl.jwG hwllll.jwGt'12 l.tu Gbf14WJWg4bg WJU ClLtumli. 

pwqliwl.jp nbqrbupWJP lin'lbl[! qGwhwlllbLPU l.jwrLLnr t QG'lhwGmp 

lin'lbLt'l G2wGw4WLPnLI}JWG ulllnLqnLli[!: 
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~wtfbL tfwo 6. 1 

The regression equation is 

1uU n~w4wfi = 837 + 0,836 1uU IJUpw9114 - 5,27 quhflh hu'lhpu 

Predictor 

Uqwlll WU'lWli 

1uU oupwgh4 

quhflh hu'lhpu 

Coef SE Coef 

837 ,48 28 ,75 

0,83596 0 ,03 287 

-5,27 2 4 0,3478 

T 

29 ,13 

25 ,43 

- l'i, 16 

p 

0 , 001 

0 , 002 

0 , 0 04 

s = 2 ,4 06 R-Sq = 99 , 9% R-Sq (adj ) = 9 9 , 8 % 

AN OVA 

Source 

Regression 

Residual Error 

Total 

DF 

2 

2 

4 

ss 
12980 ,4 

11 , 6 

12992 , 0 

'l)wJliwuwljwu ophuwLJh llllUWLUhll 

MS 

6490,2 

5 , 8 

1uU hllwLJwu 1uU oupwgh4 quhflh hu'lhpu 

661 .2 661 .2 138.1 

683.2 804.3 157.2 

733.3 955.4 170.8 

757.5 987.4 171 .8 

803.0 1033.3 170.5 

F p 

1120 , 80 0 , 001 

U11.w1S 
5.5 

21.8 

-1.3 

2.0 

0.4 

QLnttu 1 

1-t G!L4bu WfltlbG G2l!bL t Gwtunfl'l <umtuGbpnul , nbqpb­

/ 
1 

uhwJh hwl!WUW(lnLO(J ~WtuJWL u wG~wtu lflmpntuw­

~w(j(jb!lh qOWJhG lflntu~wtul!w6m~JnLG!J Gb!l~WJwgGnfl. hwl!wuw­

flnLO t: Uw~wJG hflW~wGmo, bp~m ~wll wl!bLh lflnlflntuw~wGGb!lh 

tlh~u nLfl.fl.W~h q6wJhG ~wtul!w6m~JnLG!J hwql!w'lbl4 t. "11L4bu 

~wGnG, WJ'l ~wtul!w6m~JmGGbp!J n! q6wJhG bG: 

rlbq!lbuhwJh OntlbLnLU wG~wtu lflnlflntuw~wGGbph n! qOWJhG 

~unl! hwG11bu qwl[! ~n!l!nLil t lln'lblh n! qOWJhG W!1LnWhWJLnnL~­

JnL(j ' (JULn lflnlflntuw~wGGbph : rlbq!lbuhwJh lln'lbl!J ~n!l!mll t n! 

<lOWJhG llhwJG u llhwJG WJG tlbl4J2nLil, bpp lln'lbLh L4W!1WilbLn!lb!1[J 

hwG11bu bG qwLhU n! qOwJhG ~wtu4w6m~Jwllp: qn116Gw~wGmo 

WllbGW2Wlfl!J ~hpwnl!mtl bG hbLnuJWL ~mG~ghnGWL oub!l!J-

• Lnqw11h~llw~wG q6wJhG lln'lbL, 
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• UwuGw~~ LnQ.Wil~ptlw~wG tlnl)bL, 

• 1w~WI)Wil0 tlb6mpJWU tlnl)bLGbll : 

bGpWI)IlbGfl' nllllt LnULnbuw~wG bllllnLJp Lnbuw~wGnllbG 

pGmpwq.llbLm hwtlwll oq.Lnwq.nll6t.lmtl t hbLnllJWL :pmG~g~nGwl 

~wtut.lw6mpjwG tlnl)bl(!. 

(7.1) 

nil(! , pGw~wG h~tlflnt.llnq.wll~PtlbLnt.l, ~Wiln'l. t Gbll~WJWgt.lbL hbLn­

llJWL LnbUflnt.l, 

lnY1 =lnb 0 +b1 1nX 11 +e 1 

~wtl 

nllLnb'l. a =I nb 0 : 

(7.2) 

(7.3) 

UJU tlnl)bl[! q.6wJ~G t (!ULn L4WilWlibLnllbll~ . WJU~GflG , Lnq.w­

ll~PlibLnt.l tflmfmtuw~wGGbll[!, nbq.llbU~WJ~ q.nllOW~~gGbll[! ~WilbL~ 

t hwzt.lwll~bl OLS libpnl)nt.l. flWG~ nil LnQ.Wil~ptlbL~U tflntut.lmli bG 

li~wJG tflntflntuw~wGGbll~ Lnt.I.JwLGb!l~ WlldbflGbll[! : 

UJu libpnl)~ ~~llwnliwG l)bl4flnLtl hwLn~wGzw~wGG WJG t. nil 

b, q.nllOW~~g[! gnljg t LnWL~U Y tflntflntuw~wG~ tLWULn~~nLPJnLU[! 

X tflntflntuw~wG~ G~wLnliwlip, WJU~GflG Y-~ Lnn~nUWJ~G WlllllW­

hWJLnnLPJWtlp tflntflntumpjmG[! X-~ Lnn~nUWJ~G tflntflntumpjwG 

G~wLnliwtlp : Uw~wJG hwll~ t GzbL. nil tlnl)bL[! bGpWI)IlnLtl t ~WJnLU 

tLWULn~~mpjmG X ll Y tflntflntuw~wGGbll~ tl~2ll: UubGfl Gwll, nil 

PU~UU~UCll flt;Qf'bUrU3r llOLI.JL,SrOI.JUL :1b4bf' 229 

lnQ.Wil~ptlw~wG tlnl)bLmtl wqwLn wGI)Wtl[! obllfl t pb11mtl b!l~lln!l­

I)W~wG GzwGw~mpJmG : 

y lnY 

o~-------------x OL-------- --InX 
p w 

ct(1w1>114 7 .1. w) flf7wf;wu jJmuL;gflw 

p) jJmuL;gflw;/1 q()w;flu nl;qf7buflw;/l tln!JfiL/ll.llfiupm/ {jf;f7f;w;wgmt1 

nll1.4bu ~wGnG, LnGLnbuwq.bLnGb!l~(j hbLnWflllfllln'l. wtlbGwtw­

~wG tuGil~llGbll~9 t WJU ~wtl WJG gmgwG~z~ w6~ Lnbtl1.4~ nllnzm­

tln: UJI)l4~u~ tlnl)bl[! ~wllbL~ t Gbll~WJwgGbL hbLnllJWL Lnbuflnt.l, 

(7.4) 

nllLnb'l. r-o t-ctwtlwGw~mtl Y-~ w6G t: Lnq.wll~PtlbLnt.l b11~m ~n'l.­

tl~g (7.4) hwt.lwUWilnLPJnLU[!, tlnl)bL[! ~W!lbL~ t Gb!l~WJWgGbL 

hbLnllJWl LnbU.Qnt.l. 

(7 .5) 



230 SUPPU4U1t4n1nUtSPr4U 

n11Lnb'l. ljWLnWflbLntt b0 =In Y0 l.t b1 = ln(1 + r) Lnb'l.WilflnLUubfl[!. 

WI111Jmugmu Ljmubuwug. 

(7.6) 

uljwLn~ mubuwug, n[l WJU Unllbl[! (jt}w(j t JnL[lWQWULJnL11 WJL 

q6wJ~G un11bL~ . WJU wnwG6GwhwLnljmpJwUp, n[l 4wtuJWL ljlnljln­

tuw4wG[! mu~ Lnqw[l~puwljwG <ll.t, ~u4 t ljlnljlntuw4wG[! gnLJg t 
LnWL~u ctwuwuwlj[! l.t [!G11mumu t 1 ,2,3 .... n Wfldbgubfl: UJu Ln~Lll~ 

UnllbLGbfl[! ljngtmu bG uwuGw4~ Lnqw[l~puwljwG un11bLGb11, gwu~ 

n11 U~WJU Ub4 ljlnljlntuw4wG t hwu11bu qwL~U Lnqw[l~puwljwu ljln­

tuwL!bflll.IUWu Lnbugnt{: UJu un11bl11 nbq[lbU~WJ~ qn[16w4~91:! ~flb­

G~g Gbi14WJWQGmu t t ljwjmG ljwU hWflWPbi1W4wG ljlnljlntump­

Jmu· Yt ctwuwGw4~ ljlnljlntumpJWU[! hwUWLl.IWLnwutuwG: UJu~GgG 

b, nbq[lbU~WJ~ qn[16w4~9[! Y1 ljlnljlntuw4wG~ hwf1wpbf1w4wG ljln­

ljlntumpJwu l.t t ctwuwGw4~ ljlnljlntumpJwG gwuw4G t: 

ub[lgnuzJWL Ln~Lll~ unllbLGbfl[! 4nit{mu bu hw4w11w116 ub-

6mpJwu un11bL Gb11. 

(7.7) 

Uju UnllbL Gbfl[! q6wj~G bu [!ULn qn[l6Wlj~gGb!1~ . iUWJW6 [!ULn 

wG4wtu ljlnljlntuw4wGGb[l~· q6wJ~u ibG: (7.7) Ln~Lll~ hw4wi1Wfl6 

Ub6mpJwu UnllbL~ wnwG6uwhwLnljmpJmGGbl1~9 ljwflbL~ t GzbL 
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WJU, n[l wuljwtu ljlmjmtuw4wG~ w6r::f 82[ :t)' umnbgumu t 0-~. 
~u4 4wtuJWL ljlnljlntuw4wG[! <lqLnmU t B,-~ : 

SGLnbuwq~LnnLJ:}JWU Ub2. n[lll.IOU hw4WI1W[l6 ub6mpJWU un-

110L~ Ofl~uwlj , 4Wfl0l~ t ub[lljWJWQUbL ~~l~Ll.IU~ 4nf1[!: 

qi1W~~ljn[lbu hw4WI1Wfl6 Ub6mpJWU Un11bLGbl1[! 4WI1bL~ t 

ubf14WJWQUOL hbLnl.tJWL Lnbugm{. 

y 

oL-------x 
w) 

y 

y 81>0 

8 2<0 
81 ... ..... .. .. . . 

L----+------x 
0 -82/81 

p) 

81 .... ... .. .... ....... .. . . 

q) 
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l.JI:i!1~WJWQ4bg~(i pwqllw~~ nl:iq11bu~wJ~ lln!lbL~ LI1W!1PI:i!1 

~m£i~g~n£iwL ~Ltb11, ll!1W£ig wnw(i~£iwhwm~mpJm£i£ib!1£i m ~~­

rwnllw(i qnro£iw~w(i nln!1LI1£ibp[! : ~m(i~g~n£iWL ~ltb11~ !lWUW­

~W!l<lnLO[! hwllwnnm ~wpbL~ t £ib!1~WJWQ£ibL hbml.tJWL wrumuw~~ 

mbu£n4: 

U nlll:iL~ ml:iuw~[! ~m£i~g~n£iwL ~l.t[! tLWULil~~nLPJnL£i[! 

qOWJ~(j Y = b0 + b1X 
b{ ~ ) 

Lnqwp~pllw~w(i lnY = b0 + b11nX b1 
qOWJ~(j 

Uwu(iw~~ lnY = b0 + b1X b1(X) 

ln<lW!l~POW~w(i Y = b0 + b11nX 
b{ ~ ) 

1W~W!lW!1~ 
Y = b0 + b{; ) -b{x~ ) llbompJw£i 

~UflBcfl ctJ lvl/Jf'flucfl 

1wrgl:i!1 

1. Uwhllw£ibE pwqllw~~ nbq11bu~w hwu~wgmpJnL£i[!. ~(i~n4 t 

WJ£i lilW!1PI:i!14nLO UjWpq nbq!ll:iU~Wj~g : 

2. u2bE t mbum~ oqmwqn11Mw£i wnw(i~(iwhwm~mpJm£i£ib-

11[! pwqllw~~ nbq!lbu~wjmll : 

-. . 

233 

3. u2bE F L. t mbuml:i11~ oqmwqnpoliw(i wnw£i~(iwhwm~mp­

Jm£i£ibp[! pwqliw~~ nl:iq11bu~wJmli 

4. Pwgwm11bE R2 L. R2 hW!10W!1bg4w6~ LI1W!1PI:i!1nLPJnL£i£il:i!1[! 

l.t oqmwqn11Mw£i wnw(i~(iwhwm~mpJm£i£il:i!1[!: 

lutif)/1{1 1 

4wmwpbLn4 41:i!1LnLOmpJm£i' umwgltbL b(i hbmL.JWL h~li(iw~w(i 

LI14JWL£il:i!1[! 

The regression equation is 

4.1:ip2£iw~w(i Ulljwnmll = 87183 + 3.71 Uwu£iw4nl1 £il:iP!l!1nLliGI:i!1 + 

4.16 qmm l:i~wllmm 

Predictor Coef SE Coef T p 

Uqwm w£i11wll 87183 15546 5.61 0.000 

Uwu£iwttnp £il:i!11l· 3.7138 0.4763 7.80 0.000 

!lmm b~womm 4.160 1.884 2.21 0.037 

s = 38428 R-Sq = 81.9% R-Sq(adj) = 80.5% 

Analysis of Variance 

Source DF 

Regression 2 

Residual Error 25 

Total 27 

ss MS F p 

1.67313E+11 83656437058 56.65 0.000 

36917602990 1476704120 

2.04230E+11 

Durbin-Watson statistic= 1.38 
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w) q.Gwhwl.IlbE linflbL~ G2wGw~WL~nLPJnLUQ, 

p) q.GwhwlllbE wG~wtu t.Pmtmtuw~wGGbp~ G2wGw~WL~nLPJnLUQ, 

q.) tlb~GwpwGbE wG~wtu t.Pnt.Pntuw~wGGbp~ wqflbgmpjmuo ~wtu­

JWLt.Pnt.Pntuw~wG~4.11w : 

luufJ/lf12 

4wqlibE lllulllbuw~wG 4.b!ltm6mpJWU nbq.pbu~WJ~ OnflbL' oq.lllw­

q.np6btn4. wrumuw~~ lllt.I.JWLGbpo: Ub~GwpwGbE nbq.pbu~wJ~ 

q.npow~~gGbp~ uL4wu4.n11. G2wGGbpo: 

UG4.wGw- '-lb!12UW~WG 1wliwtuwnG UwuGw4.np 

~wG 1uU . UL4WI10WU ~nu.nw~mli , Gbprwmtl-

li L G rw w tl owtuubp, OLG l'lllWO Gbp , IlL G 

liLG l'lllWO flllWli 

1996/1 82490.5 114983.1 9926.0 3868.0 

1996/2 133606.4 155611.8 24975.4 19045.4 

1996/3 219061 .0 236645.9 36042.9 26932.9 

1996/4 226051.1 231025.7 61338.3 55641 .3 

1997/1 93334.8 142488.7 14744.4 10000.4 

1997/2 159224.0 202142.4 24639.3 18555.3 

1997/3 266218.9 281733.5 48299.1 40897.1 

1997/4 285557.9 296494.1 65667.8 55957.8 

1998/1 124683.7 172961.6 16321 .6 12029.6 

1998/2 198020.6 244636.5 28629.9 22405.9 

1998/3 308304.3 309968.0 58811.6 42560.6 

1998/4 324376.2 334344.9 79061 .4 59404.4 

1999/1 130215.9 166121 .8 19585.6 11510.6 

1999/2 216913.3 229707.3 43363.2 29697.2 

1999/3 325719.0 329640.2 59312.3 44224.3 
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UG4.wGw- '-l.bp2Gw~wG 1wliwtuwnG UwuGw4.np 

~wG 1uU . UL4WI10WU ~nu.nw~mli , Gb!lflllnLli-

0 L [j l'lllW 0 owtuubp, OLG flllWO Gbp, liLG 

OLG flllWO flllWli 

1999/4 314595.9 343686.3 58957.7 50775 .7 

2000/1 130015.8 174036.0 21787.6 17886.4 

2000/2 217449.7 241640.4 42211 .5 34478.8 

2000/3 329062.3 337411 .9 60606.2 47688.6 

2000/4 354810.5 370406.9 67673.1 51350.9 

2001/1 150636.9 183700.0 21387.2 15822.0 

2001/2 234397.5 261556.8 43659.4 34356.0 

2001/3 387696.0 383487.4 75116.6 63050.7 

2001/4 402756.7 404630.9 78852.5 64947.5 

luuf)/lf13 

1wtlbtlwlllbE hbl.IllLJWL q.pw~~~GbpQ . 

y y 

uo UO 

0 L------- X 
0 ~.__ ______ X 

w) p) 

w) npn2bE wtlpnfl2W~wG owtuubp~ ~mG~g~nGWL alLQ , 

p) npn2bE uwhtlwuwJ~G LL 0~2~G owtuubp~ ~mG~g~nGWL aLLbpQ: 
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luOfJ/1f7 4 

surru~uLt~nLnutsrr~u 

rG~L4~U~ 1>mGI.jg~Gwt <3lt t wGhpwdbzLn [!GLnpbt hbLnltJWL 4wtUl!w-

6mpjnt.G[! pGmpwq.pbtm hwliwp. 

UJ) y = K a (AL) 1- a 

qGwhwLnbp linfl.bt[! Lt npnzbp uLnnplt pbpt.l.w6 op~Gw4~ 4wtu­

JWL Lflmtmtuw4wG~ ttwuLn~l.jmpJnt.G[! : PwgwLnpbp linfl.bt~ ~liwu­

t.n [! . 

Ln(CJ7uwf1wf1mp;wu owifww lflulflliump;munuJ) = 1.64 + 0.0175 dwliwGw4 

Predictor Coef 

UqwLn wGfl.wli 1.6367 

ctwliwGwl.j 0.017492 

SE Coef 

0.1321 

0.007207 

T p 

12.39 0.000 

2.43 0.022 

s = 0.3589 R-Sq = 16.9% R-Sq(adj) = 14.0% 

Analysis of Variance 

Source OF ss MS F p 

Regression 1 0.7588 0.7588 5.89 0.022 

Residual Error 29 3.7357 0 .1288 

Total 30 4.4945 

1U'-ltl4Uo I 

uusrrsuarl.J 1Ul.JrU1UCr'-l 

1.1. qnp6nrtmpJmGGbp uwLnp~gGbp~ hbLn 

UwhtlwunuJ. 04.br~g l.jwqlit.l.w6 l.jwliwJw4wG ml)l)wG4JmGw­

<3lt wrumuwl.j[! , nr~ Lnn'lbll~ p~t.l.!:! hwt.l.wuwr t n-~ . ~u4 UJmGbr~ 
p~t.l.!:! ' m-~ wGt.l.wGmli bG n x m- ~wlflwG~ tlwll1(1/1q. 

Unt.l.nrwpwfl liwLnp~gGb!l[! GzwGwl.jmli bG LWLn~Gwl.jwG WJ-

pmpbG~ lib6wLnwnbpn4., op~Gw4· 

A=(a .. )- - : 11 i: 1,n . j=1,m 

Uwhtlwumtl. A Lt B liwLnr~gGb!l[! hwt.l.wuwr bG, bpb hwli[!GI.j­

Gmli bG fl.llWGg ~wlfln'lw4wGmpJmGGb!l[!, Lt hwt.l.wuwr bG liwLn­

r~gGb!l[! l.jwqlinl) hwliWL4WLnwutuwG pt.l.b!l[! (LnW!lllO!l[!): 

UwhtlwOmtl. tpb A= (a;i) Lt B = (b;i) liWLnll~gGbrG mGbG GnqG 

n x m ~wlflnl)wl.jwGmpjmG[!, WL4W fl.PWGg q.mliwr (Lnwrpbrm­

PJmG) l.jn~t.l.mli t WJG n x m ~wlfln'lw4wGmpJmG[! mGbgnl) A+ B = 

C=(C;j) UWLnll~Q[! , nr~ C;j LnWill11:! hwt.l.wuwr t aij Lt bij LnW!lPbll~ q.m-
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Of1fluwq. 

Uwhtlwunul. n x m ~w4"Jn'lw4wGmf}JWllp A== (a;i) llwl11(1~g~ L.t 

a f}t.l~ W(1l11Wfl(1JWL 4n!t.lmll t WjG n X m !W4"Jn'1W4WGnLf}jWllp 

llwl11(1~QIJ aA == C == ( C;i ), n11~ hwllw11· 

C;i ==aa;i. i = 1,n, j = 1,m : 

Uwhtlwumtl. n x m !W4"Jn'lw4wGmf}JWllp A=(a;i) llwl11(1~g~ 

2112Ll.W6 llWLI1(1~g 4n!t.lnLll t WjG m X n !W4"Jn'1W4WGnLf}JWllp A' ::: 

(a';i) llwl.11(1~g(!, n11~ hwllw11 a';i = ai;: 

O·nhr.wq. A = (o2 13 24) ,.,,u llWLI1(1~g~ 2112Ll.W6llWLI1(1~Q(! 4L~(j~ ' 

Uwhtlwumtl. tf}b A==(a;j) l.t B==(b;i) llWLI1(1~gGb(1[! hwllWUjW­

l11WUtuwGwpw(1 mGbG n x m l.t m x k !W4ln'1w4wGmf}JmGGb(1, 

Wlljw A l.t B llwl.11(1~gGb!l~ W(1l11Wfli1JWL wGLtwGmu bG n x k !W4ln­

'1W4wGmf}JnLG mGbgn11 WJG AB = C = ( C;i ) UWLI1(1~Q(!, n11~ hw­
Uw(1· 
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n 

C;j =~:>is· bsj• i = 1,n j = 1,k : 

AB =[ ~ 
- 1 

S=1 

0 l [1 · 0 + 0. 0 
0 ·(~ ~ ~)= 0 ·1+0·0 
2 -1·1+2·0 

[ 
1 2 3] 

= 0 0 0 : 

-1-2-3 

1. 2 + 0. 0 1· 3 + 0 ·1] 
0·2+0·0 0 ·3+0·1 = 

- 1·2+2·0-1 ·3+2 ·1 

Uwhtlwumtl. tf}b llwl11(1~g~ l11n'lbll~ f}~Ll.IJ hwt.lwuw(1 t UJnL­

Gb!l~ f}t.l~G. WUjW llwl11(1~g(j wGLtwGmll bG pwnw4muwj~G llwl11-

ll~g : 

llWLI111~Q(! pwnw4muwj~G t n x n !W4"Jn'lw4wGmf}JWUp: 

Uwhtlwumtl. n x n !wttJwG~ pwnw4muWJ~G llwl11(1~gll 

a11.a22 •.. .. ,ann l11W!l!lbll~ hwuwtuupmf}JmGG wGLtwGmll bG UWLI11lll­

g~ q.Ltuwt.lnll wG4JmGwq.~6: 

Uwhtlwumtl. f2wnw4muwj~G llwl11(1~Q(! 4n!Ltmu t wG4Jm­

Gwq.6wJ~G . bf}b llllW q.Ltuwt.lnll wG4JmGwq.6~(j !UlWLI14wGn'1 l11W(1-

!lb!l(! hwt.l.WUW(1 b(j q(1nj~ : 
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OppOwq [ ~ ~ n 
UwhiJwfinuJ. UG~JmGwq6wJ~G llWUlfl~Q[], np~ qltuwttnp wG­

~JmGwq6~G ~WU1~wGn11. UlWflfll::ifl[] hwttwuwp l::iG lll::i~~. ~n!Ltmll t 
ll~wttnpllwUlp~g : 

U~wLtnpllWUlfl~Q[] unttnpwpwp G2wGw~mlll::iG I ~wll E: 

0(1/Jfiwlj. 

( 

1 0 0 ] 
I = 0 1 0 OWUlfl~Q[] 3 X 3 !WlflwG~ ll~wttnpllwUlp~g t : 

0 0 1 

UwhiJwfinuJ. DpnJw~wG llWUlfl~Q ~n!Ltmll t WJG 11wtn(1/Jgf!, 

np~ pnlnfl UlWflfll::ifl[] hwttwuwpl::iG qpnJ~ : 

rattwp~l::iG_p UWUlfl~gGI::ip~ qnp6nll.nLPJnLGGI::ip~ hl::iUl ~w~ttw6 

h~llGw~wG hwUl~nLpJmGGI::ip[f 

I. A+B=B+A 

2. (A+B)+C = A+(B+C) 

3. a(A+B)= aA+aB 

4. A+O=A 

5. (A±B)=A'+B' 

6. (A')'=A 

7. AI=IA=A 

8. A(B+C)= AB+AC 

9. (A+B)C = AC+BC 

I 0. A(BC) =(AB) ·C 

II . (AB)'= B' A , (ABC)'= C'.S'· A' 

12. AO = 0: 
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IJ.f7tnnf]mpjmfi. QGI)hwGpw~tm, llwUlp~gGI::ip~ WflUlWI)flJWLO 

lflntuwUll::ill.llwG hwUl~nLPJWilp odUlltw6 !t' AB * BA: 

UwhiJwfinuJ. s::!wnw~muwJ~G llwLnp~g~ hl::iUl_p wGLtwGmll l::iG 

qltuwttnp wG~JmGwq6~ Ltflw qU1GLtn11. UlWflfll::ifl~ qmllwpo· 

tr(A) = a11 + a22 + ..... +ann: 

UwUlp~g~ hl::iUl_p[] pwLtwpwpmll t hl::iUl~JWL hwUl~nLpJmGGI::i-

I) tr (AB) = tr (BA) , 

2) tr (In) = n, npUll::ill. In-[] n x n - !WlflwG~ ll~wLtnp UWUlfl~Q 

t. 
3) tr (aA) = atr (A), 

4) tr(A') = tr (A), 

5) tr (A ±B) = tr (A) ± tr (B): 

UwhiJwfinuJ. n x n - !WlflwG~ A UWUlfl~Q~ npn2~! (l)l::iUll::ipll~­

GwGUl) I A I. det(A) wGLtwGmlll::iG A llWUlfl~Q~Q ~wtuttw6 WJG pttw­

J~G 1>mG~g~wG, npo pwttwpwpmll t hl::iUl~JWL hwUl~nLpJmGGI::ipo · 

I. bpl::i n = 1, w~w I A I= a11 : 

2. bpl::i n > 1, w~w IAI = ± aii(- 1)i+i1Aiil· npUll::ill. Aii llWUlfl~­
i=1 

go (n-1)x (n-1) -!wlflwG~ UWUlfl~Q t. np[] uUlwgLtmll t A UWUlfl~­

g~g i-1111 Ulnll.[] ~ j-pl) UJnLG[] 21i21::iLntt: 

Ai UWUlfl~Q~ npn2~!G wGLtwGmll l::iG A llWUlfl~Q~ n-1 ~wpqw­

G~ ll~Gnp : 
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bpb n = 3, Wl4W. 

a11 a12 a13 

a21 a22 a23 = a11a22a33 + a12a23a31 + a13a21a32 -
a31 a32 a33 

ICJLtwf14bGE uwm[lpgjl n[lnzll!ll hbm 4wl4Ltwo hjlouw4wu 
hwm4mpJmuGbflo· 

1. I AB I = I A II B I. 

2. I 111 = a11· a22· ...... ·ann, O[llllbrJ. .:1-u n x n- !Wljlwujl wG4Jm-
uwq.6wjjlu OWlll[lpg t, 

3. I In I= 1, 

4. I aA I = a" lA I. 

5. IA'I= IAI, 

6. bpb A OWlll[lpgjl n[ll.tt bfl4m lllnrJ.p (ujwu) lllbrJ.bflO LjlntubGE, 

Wl4W umwgttwo owm[lpgjl n[lnzrw hwttwuwfl 4LI1Gil I A I. 

7. bpb OWlll[lpgjl O[ll.tt lllnrJ.pu (ujwuo) q.nLOW[lbGE OJnLU mn­

rJ.b[lp (UjnLUb[lp) q.OWjpU 4nllpjluwgjlwu, Wl4W Ulllwgttwo OWlll[lp-

9[! 4mubuw u4qpGw4wu owm[lpgjl "11"2P!IlG hwttwuw11 n[lnzr!. 

8. A OWlll[lpgjl O[lnzll!O hwttwuw[l t q[lnjjl WJU l.t ojlwju WJU 

flbl4Emll, bflp owm[lpgjlmnrJ.bflo (uJmubflo) q.On[lbu 4wtuJWL bu:1 

1
. a,= (a11, ... a1n), a2 =(a 21 , ... a 2n), .... , an= (a n1 , .... ann) ltb4lllnplibfl[! 4n!ttnul 

bli <+6npbli 4wtuJWL, bpb !+OJnLPJnLii mlitJ pltbptJ a, , u2 , .... an hwllwtullpmpjmu , 
nplllbq WJfl pttbptJg <+nlib llb4[! hwttwuwp !t qpnJtJ , WJUUJtJutJu , np mbqtJ mlibuw 
hbl!li.JWL hwttwuwpnlpJnLU[! a, a, +a2 a2 + .... +an an = 0: 'lw4wnw4 qbuwmll 
<+6npb[j wu4wtu t: 
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1.3. UWlll[lpgjl nwuq. 

tupwrwbuE· A llwlllf1P90 n x m !WLjlnrJ.w4wGmpJwllp liwm­

llPQ t: UwhliwubGE A owm[lpgjl nwuq.o bfl4m hwllw[lctbE uwhliw­

Gmllubflmt: 

UwhtlwfJnuJ 1. A OWlll[lpgjl nwuq. 4n!Ltmll t fl[lW q.On[lbG wu-

4wtu mnrJ.bflp (uJmubflp) obowq.nLJu Plltto: 

UwhtlwfJmtl 2. A OWlll[lpgjl nwuq. 4n!Ltmll t llbowq.nLJG 4wflq. 

mubgnrJ. 0! q[lOJW4WG Ojlun[lp 4w[lq.Q: 

A owm[lpgjl nwuq.o unLtnflwpwfl uzwuw4Ltmll t hbml.tJWL a­
l.tnLt rank (A) 4wll rang (A): 

UWlll[lpgjl nwuq.o PWL!WflW[lnLO t hbllll.tJWL hwm4nLPJnLUUb­

fl0· 
1. rank (A) :-:::; min (n, m), 

2. rank (AB) :-:::; min (rank, rank B), 

3. bpb B OWlllflP90 m x m 4wflq.p t l.t rank (B) = m, Wl4W 

rank (AB) = rank (A), 

4. bpb B OWlllflP90 n x n 4wf1q.p t l.t rank (B) = n, Wl4W 

rank (BA) = rank (A), 

5. rank (A)= rank (M') =rank (A'A): 

tupwq11buE' A llwlllflP90 EWnw4muwJpu OWlllflP9 t' n x n 

!WLjlnrJ.w4wumpJwllp: 

UwhtlwfJmtl. A OWlll[lpgu wuttwumo b(i ~LlbflWUbflL!WO, bpb 

mujl hUWflWL!Ofl obowq.nljU nwuq., WJUPUEG' rank (A)= n: 
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UwhtJwunuJ. A liWtn(l~g~ hw~W'lW(ld liWln(l~g · A-1, wGLtw­

Gmu bG WJG liwtn(l~g[!, n11~ hwliW(llllb'l.~ mG~ hbtnlLJWL hwLtwuw­
(lnLf}JnLG[!. AA-1 = A-1A =I: 

rabn(lbli. YWUWJW~WG A !4h(lWUb(l4WO pwnw~mUWJ~G UWlJl­

(l~g~ hwliw(l q.nJnLf}JmG mG~ A- 1 hw~W'lW(ld liwtn­

(l~g, WJG tL li~w~[!: l::if}b hw~W'lW(ld liWtn(l~g~ lnW(l­
(lh(l[! G2wGw~bGp aii_ n4, wutw· 

aii = (- 1)i+i1Aiil 

IAI 
i = 1, n, j = 1, n 

n(llllb'l.. I Aii 1- G A liwtnn~g~ litlGnnG t: 
0{1/luwq. 

bf}b aii:t:O, i = 1, n, WutW 

-1 

a 11 0 · · · .. 0 

0 a 22 · ·. · · 0 

• •• ••• • • •••• 0 •••••• 

0 o .... . a nn 

= 

a:;-~ 0 · · · ·. 0 

0 a2~ ... .. 0 

1w~W'lWI1d liwtnn~g~ hwtn~nLf}JnLGGbnG bG' 

1. IA-11=/A /-1, 

2. (A1r1=A, 

3. (A1)'= (A')"1
, 

4. l::if}b q.nJnLf}JnLG mGbG A-1 lL 8,-1 wutw (ABr1 = s-1 K 1: 

uusrrsuaru 'lUuPU'lUCN 

1.5. Uwlll(l~g~ ublflw~wG w(lctbpGbnLL ublflw~wG 

t!b~lllnnGhn 
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bGf}W'l(lbGp· A liwllln~g(! n x n ~w(lq.~ pwnw~muwJ~G liwlll­

n~g t: 
UwhtJwumtJ. ni q(lnJw~wG n - !WlflwG~ a 4b~llln(lG wGttw­

Gmli bG A liwtnn~g~ ublflw~wG t!b~tnn(l, ~u~ A.-f}~t![! . a ublflw~wG 

4b~llln(l~G hwliwutwtnwutuwGn'l. UWlnll~g~ ublflw~wG wnctbp, b­

f}b tnb'l.~ mG~ hbllllLJWL hw4WUW(lnLf}jnLG[!. 

Aa = A.a: (1.1) 

UwhliwGmli~g hbllllLmli t, n(l ublflw~wG 4b~llln(1Gb(l[! n(ln2-

4mli bG hWUlllWlllnLG WlllllW'l(l~!~ ri2lllnLf}JWUp: 

(1.1) hw4WUWI1nLf}jnLG[! Wl1l11Wq.l1bGp hbllli..LJWL tnbupn4' 

( A-A.I ) a = 0, nno a 4b~lllnl1~ PW'l.W'l(l~!Gb(l~ G~wtnliwup 

hwliwubn q.OwJ~G hwLtwuwnmuGb(l~ hwliw~w(lq. t: 1WJlllG~ t. 
n11 WJ'l hwliw~wnq.G mG~ n! q(lnJw~wG LnLOmli, bf}b I A-A.I I = 0: 

I A-A.I I nnn2~H! A-~ G~wlllliwup n-n'l WUlll~CiwG~ pwqliwG'lWU t: 

Uwhtfwumtf. I A-AI I = 0 hwLtwuw(lmliG wGLtwGmli bG pGm­

f}Wq.(l~! hwLtwuwnnul, nn~ W(lUWtnGb(l[! A UWlnll~g~ ublflw~wG 

wnctbpGbnG bG: 

A -- ( 21 32) ·. 0{1/luwq. l::iCif}W'l(lbGp' 

2-A. 2 

IA-A.II= =(2-1.)(3-A.)-2=1.2 -51.+4=0 
1 3-A. 

A.,= 1, "-2 = 4: 

rabnnbu . A liwlll(l~g~ l11WI1Phl1 ublflw~wG w(lctbpGbn~G hw­

liwutwtnwutuwGmu bG q.On(lbG wG~wtu ublflw~wG 

4b~lllnnGb(l: 
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IClbnnbu. tpb A uwlll(l~g~ pumpwq.r~~ hwll_wuwnmuu mu~ n 

lllW(lpbn ~nw4wG wnuwlllubr. w1.4w A uwlllr~g[! 

4wnbL~ t Gb(l4WJWQUbL hblll!J.JWL l.1lbu2nlJ.· 

A=C"1LlC, 

n(llllbrf Ll -G wG4JmGwq.6wJ~G UWlll(l~g t. ~u4 C-u· ~ll.bnwubnlJ.w6 

UWlll(l~g : 

1.6. U~ublll!l~4 UWlllll~gub(l 

Uwhtfwunuf. A uwlll(l~g[! 4n~ll_mu t u~ublll!l~4. bpb A' = A: 

0{1/luw/j. 

(
-03 -3 ~]: 
4 5 2 

IClbnnbu. tpb A-u 4wuwJw4wG uwlllr~g t, w1.4w A'A-G u~­

ublll!l~4 uwlllr~g t : 

IClbnrbu. U~ublll!l~4 uwlll(l~g~ ubtflw4wG ll_b4llln(lubnl:!· 

{a j}, i = 1,n, 4wnbL~ t [!Ulll(lbL WJUl4bU , nrl4buq~ 

4wqubu onpnunnuwlJ.nrlJ.w6 hwuw4wrq.· 

a'ia; = 0, a'iai = 1, i "1:- j: 

tupWfl(lbG2' B-G n X n - ~wijlwu~ UWlllll~Q t, nn~ UJnLUb(l[! A 

uwlllr~g~ ubtflw4wG ll.b4lllnnubru bu: B uwlll(l~g~ u~2ngnll_ 4w­

rbL~ t A uwllln~g[! pbrbL wG4Jmuwq.6wJ~G l.1lbu2~ · 

Ll = B"1AB: (1.2) 

UJulllbfl Ll - wG4Jmuwq.6wJ~u uwlllr~g~ wG4Jmuwq.~6[! 4wqumu 

bu A uwlllr~g~ ubtflw4wG wnctb2Gbr[!: 
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UwhtfwunuJ. UWlll(l~g[! 4n~ll_mu t onpnq.nGWL UWlllll~Q. bpb 

1111w uJmGbnl:! (lllnflb!l[!} 4wqumu bu orpnunnuwlJ.nrlJ.w6 hwuw-

4wnq.: 

rabnnbu. tpb B-G O(lpnq.nGWL UWlll(l~g t. Wl4W 

B' = B"1 : 

IClbnnbu. Onpnq.nGwL uwlll(l~g~ nnn2~m hwll_wuwr t 1-~ 4wu 

-1-~: 

IClbnrbu. A u~ubl11!1~4 uwlll(l~g[! 4wnbL~ t pb(lbL wG4Jmuwq.-

6wJ~G l.1lbU2~ (1.2) hwll_wuwrmpJwG u~2ngnll_. 

B 'AB = ~ : 

'-Lb!l2~(j pbnrbu~g hblll!J.mu t, nn A UWlllll~Q[! 4wrbL~ t Gbn-

4WJWgGbt hblll!J.JWL lllbU2nlJ.' 
n 

A = B!'.B ' = I A. 5 asas : 
5=1 

(1.3) 

Uwhtfwumtf. U~ublll!l~4 n x n - ~wtflwu~ A uwl11!1~9r! 4n~ll_mu 
t flllW4WG (n~ pwgwuw4wG) n(ln2lJ.W6, bpb 4WUWJW4WG n -~W­

ijlwu~ n~ qnnJw4wG a ll_b4llln(l~ hwuwn 6~2lll t hblll!J.JWL wuhw-

ll_wuwnmpJmu(!· 

a' Aa>O (4wu a' Aa<=:O}: 

Of1f1uwlj. LtwuwJw4wG A ·uwlll(l~g~ hwuwn A' A uwlll(l~g(! n~ 

pwgwuw4wG nrn2ll.W6 UWlll(l~g t: 9w(j~ nn 4WUWJW4wG n~ qnn­

JW4wG a ll_b4llln(l~ hWUW(llllbfl~ mu~. 

a' (A' A) a = (Aa)' (Aa) = y'y <=: 0: 

UJulllb'l y = Aa, ~u4 y'y -[! y ll_b4llln(l~ bn4wnmpJwG 2wnw-

4mu~G t, mulll~ WJU n~ pwgwuw4wG t: 
UwhUwumu: Uumu bu2· A ;;::: 0, bpb A-u n~ pwgwuw4wG nnn2-

ll_w6 t, A > 0, bpb A-u 'l!1W4wG nnn2ll_w6 t !J. A <=: B (A > B), bpb 

(A-B) UWlllll~Q[! n~ pwgwuw4wG ('lllW4wG) nnn2ll.W6 t: 
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fabnpbll . tpb A 2>: B, WUjW a;; 2>: b;;, i = 1, n, npmbrt a;;-G l.t b;;-G -

hwllWUjWlilwutuwGwpwp A l.t B llwmppgGbpp 

q.Ltuwt.lnr wGLumGwq.6p mwppbpG bG: 

fabnpbll. tpb A> B l.t C > 0, WUjW A + C > 8 : 

fabnpbll. tpb A > B, l.t bp~m llwmppgGbpG tL hw~WflWp6bLp 

bG, WUjW 8"1 > A 1 
: 

fabnpbll . flpw~w(j (n~ pwgwuw~w(j) npn2t.lw6 OWUlppgp ub­

ijlw~w(j wpctbeGbp[! 'lPW~wG (n~ pwgwuw~wG) bG: 

tGpwflpbue· A-G n~ pwgwuw~wG nrn2t.lw6 upllbmpp~ llwm­

PI1g t: Oq.mt.lbLnt.l (1.3) hwt.lwuwpmpjmGpg· mGbGe. np A = 
B~E3 ': =iwJmGp t . np ~ -r wG~JnLGwq.6wJpG mwppbp[! A-p ubijlw­

~wO wpctbeGbpG bG, hbml.twpwp flpwue ~LrGbG n~ pwgwuw~wG : 

UwtlllwGbGe A llwmppgp 1/2 wumplSwG' hbml.tJWL 6l.tnt.l. 
1 1 - -

A 2 = 8~ 2 8 ', 

1 

A1 0 .. ..... ..... 0 
1 1 

nnmbrt' ~2 = 0 A~ ... ..... ... 0 

1 

O .... ... O ..... .... A~ 

~w~bt~ t gmjg lnW[, n~ (Air = A : 
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1. 7. t">flbGUjnmbGm llwmppgGbp 

Uwht.fwunuf. M llwmppg(! ~n~t.lmll t pflbGUjnmbGm, bpb 

M = M2
: 

~wGp np llbq wt.lbLr 2wm wGhpwctb2m bG upllbmpp~ llwm­

ppgGbp[! , mump WJumhbml.t ~bGpwflrt.lr . np M llwmppg(! Gwl.t up­

llbmpp~ t: 
U~GhWJlil t. np n x n ~wLtmrtw~wGmpJwllp qpnJw~wG l.t llpw­

t.lnr llwmppgGbp[! pflbGUjnmbGm llwmppgGbp bG: llpmwp~bue p­

flbGUjnmbGm llwmppgp oppGw~ . np[! mwppbp t qpnJw~wGpg l.t 

llpwt.lnppg: 

0(1/Juwl;. u2wGw~bGe S-nt.l n x 1 - ~wijlwGp t.lb~mnp-uJmG[!, 

nn£! ~wqllt.lw6 t llb~bppg· S = (1, 1, .. .. 1): 

1 
llpmwn~bGe M = I -- SS' llwmnpg[! : 8nLJg mwue . nn WJU 

n 

P'lbGUjnmbGm llwmppg t. 

M2 =(I - _!ss·)(l - _!Ss') = I - ~SS' + -
1 

SS 'SS' =I- _!SS' = M 
n n n n2 n 

LtwnbLtl t gnLJg l11WL. nn WJG Gwl.t upllbmnr~ llwmnpg t' 

M'=M: 

fabnnbll . t">flbGUjnmbGm llwmppgp ubijlwljwG wnctbeubn£! o 
~wll 1 bG: 

fabnpbll . t">flbGUjnmbGm llwmnpgp nwGq.[! hwt.lwuwn t fli1W 

hbmepG: 



U. Pwqllw4nL~ubwf1nLJ3Jndj 

P.1bUlbf1n u4br"lWUUl~ 4nLJ3JnLu 

q_ Ul[Uln4nnbuwg~w 

=!U'-ltl'-I.UO II 
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=!wliwOwJu Qwmu-Vw(ll.jml.tl !}bn(lblitl' Ltlnp(lwq.nLJu pwnw­

l.jmurubntl lib!}nflml. q.QwhwLmJ.w6 q.nn6w4tlgubniJ pnLnn wuzbfl 

q.6wJtlu q.nn6w4tlgGbntl litl2li mubu OLl.wqwq.nLJO fltluL4bnurw . WJ­

utlueo· LWLl.wq.nljG q.6WJtlG wuzbflbLtl q.nn6w4tlgGbn bQ : uzbup, nn 

pwqliw4nLtl0bwnm!}JWU wn4WJnL!}JWU flbl4pmli !}bnnblitl L4WJ­

liw0Gbp[! tuwtumt.l.mli bu: 

Pwqliw4nLtlubwnm!}JnLU(! 44WJnLU t wul.jwtu LtlnLtlntuwl.jwG­

Obntl litl2li Lntl4 4nLtl0bwnm!}JWu wnl.jwJnL!}JwG liwutlO: f"lnw4w­

umli . pwgwmnnfl LtlnLtlntuwl.jwQubntl litl2li hwqt.l.Wflbl4 t Lntlt.l. 

4nLtlubwnm!}JmG hwufltlL4mli . wLl.bLtl hwowtu LtlnLtlntuw4wOubntl 

litl2li tl hWjlil t q.wltlu tutlulil q.6WJtlU 4wtuLl.w6m!}jnLG: 

ti!}b linflbLmli wnl.jw t pwqliw4nLtlubwnm!}Jmu, wJutlOpG' bn­

l.jm wul.jwtu LtlnLtlntuw4wGubnG mubG humwl.j q.6wJtlG 4wtu4w-

6m!}JmG, w1..4w flnwug fltluL4bnurwu , hbml!wpwn umwuflwnm 

utuwLGbno. !WLtlwqwGg lib6wGmli bu: UnflJnLupmli' linflbLtl q.nn-

6w4tlgub(ltl q.uwhwmt.l.w6 t-tl w(ldbpub(liJ uzwuw4wLtl9 !bG, l! w­

nw2Wil44w6 qnnJwl.jwu Ll.wn4w6o. oum n(lr· tlJlwl.jwu q.n(l6w4tl91J 

hwt.l.wuw(l t qnnJtl , hwowtuw4r [!Gflmut.l.mli t: 
Pwqliw4nLbtl0bwnm!}JWU hbml!wupnt.l. linflbLtl flblilb(llitlGw­

gtlwJtl q.nn6w4tl91J l.jwnn11 t pwLl.wl.jwGw!WLP lib6 Ltl0bL WJG flbL4-

pmli , bnp q.nn6w4tlgGb!ltl t-tl Ll.rowl.jwq.tlJliJ LtlOtl n! GzwOw4wLtlg: 

UJULI1bfltl9 l.jw(lnfl bGp bq(lwl.jwgGbt, n(l pwqliw4nLtl0bw(lnL!}JWU 

wnl.jwjnL!}jWG Uwutlu bu 44WJnLU flbmbnlitluwgtlWJtl pwnon liw-

4WI1flW41J' hwliwl4wl!lwutuwuwpwn q.Gwhwmt.l.w6 t-tl Ltlnpp wp­

dbpubpnt.l.: uzbup Owl!, np pwqliw4nLtlUbW!1nL!}JWU wnl.jwjnL!}JWU 

dwliwuwl.j linflbLtl q.np6wl.jrgubno 4wnnf1 bu utuwL OzwGGbn mub­

uwr 
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Pwqliw~nLhGbwpmpJWG wn~WJnLpJmGo ummq.bLm UUJWUlW­

~ml. ~wrbLh t JmpwpwG~mp Xt Lflmtmtuw~wGh hwliwp ~wmwpbL 

nbq.pbuhw' QUUl liGwgw6 X wG~wtu Lflnlflntuw~wGGbph, l.t q.Gw­

hwmbL 'lblllbplihGwghwJh q.np6w~hgo' R2-Q , ~wli hwliwUJwmwu­

tuwG Xt-h hwliwp' Rt2-G: uzbGp, np WJU nbq.pbuhwGbphg JnL(1W­

£UIU~nL(1Q ~ng.J.mli t odwG11w~ nbq.pbuhw: 1wliwawJG F pwztu­

liwG l.t R2-h LflntuhwpwpbpmpJmGGbph ( mb u q.Lmtu 6.2)' 

(11.1) 

nplllb'l.' n-o QUUlpwGph 6wLI.wLG t 
k-G ' wG~wtu Lflnl.flntuw~wGGbph pwGw~o : 

ctGwhwmLI.w6 Rt-G bGpwp~LI.mli t k-2 l.t n-k+1 wqwmmpJwG 

wumnowGGbpnLI. F pwztuliwG: bpb q.GwhwmLI.w6 F-h wpdbpQ q.b­

pwqwGgmli t Ft-h ~rhmh~w~wG wpdbpQ, WUJW X-bph lih2Lt q.n­

JnLpjmG mGh humw~ q.6wJhG ~wtuLI.w6mpJmG , hw~wnw~ 'lbUJ­

pmli ' X Lflnlflntuw~wGGbph lih2Lt q.OWJhG ~wtuLI.w6mpjmG q.nJmp­

JnLG !mGh: 

uzbGp Gwl.t, np pwqliw~nLhGbwpmpjmGo ~wpbLh t ummq.bL 

«4LbJGh GzwGw~WLhnLPJWG ~wpq.h» oq.GmpJwlip , QUUl nph, bpb 

JmpwpwG~mp odwG11w~ nbq.pbuhwJh 'lblllbplihGwghwJh q.np6w­

~hgo !h q.bpwqwGgmli QG'lhwGnLp ~wli GwtuGw~wG nbq.pbuhwJh 

'lblllbplihGwghwJh q.np6w~hgo , WUJW nbq.pbuhwJh lin'lbLD pwq­

liw~nLhGbwpmpjwG hhliGwtuG'lhP !h UJWpmGw~mli: 
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flbq.pbuhwJh q.np6w~hgGbph hwzLI.wp~liwG Lflnppwq.mJG pw­

nw~muhGbph OLS libpn'lh hhliGw~wG bGpW'l(lnLpJmGGbphg t lin­

'lbLh liGwgnp'lGbph' hwLI.wuwp 'lhUUJbpuhwJnLI. Ulb'l.wpwztumlio: 

UJG t . 

t = 1,2,3, .. . n 

bp~m Lflnlflntuw~wGGbpnLI. lin'lbLmli, npmb'l. WJU bGpW'l(lnLp­

JmGo UJWhUJwGLI.mli t, liGwgnp'lGbph ~wJmG 'lhUUJbpuhwJnLI. lin­

'lbLD q.pw~h~npbG ~wpbLh t Gbp~wjwgGbL hblllltJWL ~bpUJ . 

f(x) 

q.pw1Jh4 1. Uuwgn{I!Jubfl/1 hmJnul;bfJwum/ll; fJ/IUI.J.Ibfluflw 

UJG bpltmJpQ , bpp liGwgnp'lGbph hwLI.wuwp 'lhUUJbpuhwJh 

bGpW'l(lnLPJnLUQ !h UjWhUjwGLI.mli , ~n!LI.mli t hbmbpnu~b'lWUlllh­

~mpjmG, npQ ~mGbGw q.pw~h~w~wG hbUlltJWL UJWUl~bpQ. 
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f{x) 

X 

Q.11w~~4 2. Uuwgnf1fJUbf1/J hbU7bf1nuf.tbfJwuU1/Jf.t fJ/Juu;bf1uftw 

Sumbuwq.pmm~Jwu Lnbum~Jwu llb2 hbLnbrnu~btlWULnp~ 

O(ll.anLJ~Ub(lp hwllW(l ~w(j pwqliw~pLJ. UWtuWUjWJllWUUO(l , nrnup 

hpliuw~wumll L4WJllwuwLJ.nrLJ.w6 bu Lnll.JWL lintlbLtl hwllwr hpllp 

hWU'lpuwgn'l. mbum~jwup : Pwgp WJtl, wuhwLJ.wuwr tlPUUlb(lupw­

JP hwllwr hpllp ~wrn11. t hwGtlpuwuwL, WJUUjbu ~n!Ltwa· ijlmpn­

tuw~wup LnLl.JwLGbrp pwqllm~Jmupg wnwuauwgLl,w6 LnLl.JWLGbrp 

wn~wJm~Jmuu : Q.nrouw~wumli orpbllu hwGtllllllmll bu tlbl4ebr . 

b(lp lflnlflntuw~wup LnLl.JWLUb(lp pwqllm~Jmupg nrn2 U1Ll.JWLU0(1 m­

(ibumli b(i tupuU1 wnwuauwgLJ.w6 wrctbp: Uju tlbUjpmll U1Ll.JWL gm­

QWUP20 UjW(lqWUjbu ~W(lOLP t hbnwgGbL pwqllm~Jmupg, b~b . p­

hwr~b. LnLl.JwLGbrtl pwqllm~Jwu wGtlwllubrll l:fPLl.O tutluLn lflnpr 

~t: 

3mrwpwu!Jmr nbq.rbupwJp lintlbLmu hbLnbrnu~btlwuLnp­

~m~Jwu wn~wJm~Jwu hbLnl.awupubro lllWLn~brwgGbLm hwow11 
bu~wtlrbup· mubup L4Wilq nbq.rbupwJp llntlbL. 
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(11.2) 

<Dnprwq.mJu pwnw~mupubrtl llb~n11ml. hw2Ll.wr~bup nbq.rb­

upwJp b1 q.nrow~pgo La tlllW tlPUlllbrupwu hbmbrnu~btlwump­

~m~Jwu UjWjllw(i(ib(lmll' Ll,bgb(lnlltl Q.Ltumll ub(l~WJWgLl,w6 llb~n­

tlnLJ.: 

(11.3) 

(11.4) 

(11.4)-u. wu2m2Ln, ~wJmu lluwgnrtlubrll 11ol4pmll, mwrpbr­

LJ.mll t b1 tlPUUlb(lupwjpg . 

rhwr~b. b~b bu~wtlrbup· <Jf = s~, wlljw w1u pwuwat.abro 

~LtlGbpu GnLJuo: Ulibu tlbl4QnLll L40U1Q t hp2bL, nr wuq.wll hbmb­

rnu~btlWULnp~m~Jwu UjWjllw(i(ibrmll b1-U WU20'1.0LP t: 

~bU1b(lnU~btlWUU1p~nL~JWU Wll~WJnL~JWU tlOUjQnLll nbq.rb­

upWjp lintlbLil q.nrow~pgubrr. rG!Ulbu Gwl.a wllpn'1.2nL~Jwllp lln­

tlbLtl t La F LnbuLnbro 6112Ln wrtlJmupp !bG hwuq.bgup: 

UJupupu· nbq.rbupwJr q.nrow~pgubrr hw2Ltwr~llwu llpw~ 

lip2ngo WLS La GLS lib~ntlubru bu, nrnup WJU Q.llQP 2112WGw~Gb­

!lnLll ~b(j ubr~wjwgLJ.mli: 
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~bll7b[7nu/;llfJWUll7ft{jmpjWU hWjli7UWpb[7nll}f! 

,bU1bpnultb'lWUU1f1ltmf}JWU hWjUlGwpbpuwu wubGwhb2Ul lt 

L4Wflq Ubf}n'lJJ, phwrLtb. q.pw~f1LtwLtwG UnUlbgmuu t : lfpUlwrLtbGE 

hbUlltJWL q.pw~tJLtubpJJ : 

0 

e' e' e' 

. ....... .. · 
;:.: ~ : · ..... ~ ... ::: : .. 

w 

e' e' 

0 
b 

q.f1W~p~ 3. Unf}b[/1 tluwgn[7fJ/1/jwjutfwdmp;muo ljwju;w[ t/1nt/mjuw­

ljwu/1 hwztfwf7/jtfwd- wf1dbp/1g 

UJu q.pw~tJLtubpiJ Ltwnmgttwo bu UlbuwLtwunpbu. nbq.pbupw­

JP uuwgnr'lubptJ EWnwLtmutJGbrll (et) lt LtwtuJWL Lt~ntt~ntuwLtwGtJ 

hw2ttwrLtttwo ('f1) wrctbEubrntt: 

qpw~tJlt 3 w) -u gmjg t UlWLf1U, nr $n$ntuwltwGubptJ pwq­

UnLf}JnLUIJ ~mGtJ PW2tuowG nrltt hbU1wq.f16 ' brp p) - b) q.pw~tJLtGb­

ptJg JnLflWEWUVnLflpg hbUlltnLU t npltt hbU1wq.f16: 'llwpq t , np npltt 
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hbUlwq.op Ltwrm'l. bu hbUlltbL opwJu wGhwttwuwr '1PUL4brullw 

mGbgn11. UltlJWLubrJJ : ,bUlltwpwr. bf}b nbq.rbupwJil EwnwLtmup­

GbrJJ , Ltwtuttwo LtwtuJWL LtlmflntuwLtwGp hw2LtwrLtt1w6 wrctbEGb­

rf1g , mubu hbUlwq.p6' pu~1..4bu gnLJg t Ulfltlw6 p) - b) q.pw~pltGb­

pmo, WL4W l4bU1E t bqpwLtwgubL, nr On'lbLU mull hbUlbpnuLtb­

'lWUUlpltnLf}JWU tuu'lf1fl : 

Uu2m2U1 , Ltwu hbUlbrnuLtb'lWUUlpltmf}Jwu hwJUluwpbpowG 

Op 2WflE Obf)n'lubp, npnGgpg t '1lwpltf1 UlbUUlJJ : Uju UlbuUlntl wo­

flWl4U'ltlnLO bG q.pw~f1LtwLtwG Obf}n'lGbpntl LtwUlwpttwo bqpwLtw­

gmf}JnLGubpJJ , hwU1Ltwl4bu WJG 'lbl4EnLO, bpp q.pw~llltllg 11ctttwr 

t hbU1bpnultb'lWUU1f1ltmf)JWU wnLtwJnLf)JWG uwutJG bqpwLtw­

gnLf}JnLG ltWUlWflbL: SbUUliJ bGf}WilPnLU t ~mGLtgtJnGWL Ltwtuttw-

OnLf}JnLU at -11 lt X,-p utJ2Lt: 'llwpLtJJ wnw2wrLtmu t . 

2 2x ll vt cr t =a tie (11.5) 

Ltwu 

In at =In cr 2 + pIn X1 + v 1 (11.6) 

npUlb'l. v1-u uUlntuwuU1f1lt 'lllUL4bfluf1wG t: £wGf1 np cr
2 
-G unttn­

pwpwp hWJU1Uf1 ~11 Lf1Gmu, 'llwpltJJ wnw2wrLtmo t oq.Ulwq.np6bL 

nbq.pbupwjp On'lbLil uGwgnp'lGbrtJ EWnwLtmutJGbpJJ. nrl4bU on­

Ulwttnr wrctbE . 

tif}b q.uwhwU1Ltw6 P-G LttJ~wLtwq.rnpbG u2wGwLtwLI19 t , Wl4W 

un'lbLIJ 1..4wrmuwLtmu t hbU1bpnuLtb'lWUU1f1ltmf}JnLG: UJUL4f1untt 

'llwplttJ UlbUUliJ IJUf)WGmu t bpltm Ltlnqntt. uwtu hw2tlf1 ~wnGbLntl 
hbU1brnuLtb'lWUU1f1ltmf}JWG wnLtwJnLf)JnLUIJ , hw2LtwrLtttmo bu 

uGwgnr'lubptJ EWnwLtmutJubfliJ , WL4W, (11.7) On'lbLtJ 0p2ngnt1, 

hw2LtwrLtttmu bG nbq.pbupwJtJ q.nr6wltf1gGbpo: 
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,wuwowJG q6wJ~G nhqrhu~wJ~ l').wuw4wG unfl.hL~ bupwf1.­

f1nLpJmGGbr~ ' hwuwtuupmpJwG nbqrbu~wJ~ 4JmG4g~wJ~ utuwL­

Gbr~ u~2L qnJmpJmG ~mu~ hhrpw4wG 4nnbuwg~w 4wu wLtunn-

4nnbuwg~w . WJu~GeG' unllJwL fl.~unwr4muGhr~ utuwLGbr~ u~2L 

~4w fl.f1W4wG 4wu pwgwuw4wG 4nnbuwg~w : ,bunLwpwf1, unllJwL 

fl.~unwr4nulGbf1~ utuwL~ llrw WJL fl.~unwr4muGbf1~ utuwLGhf'l[! n~ 

u~ wql').bgmpJmG ~mGhG: 

ULtunn4nnbuwg~wG fl.~unwr4moGbr~ u~2L b11.w6 4nnbuw­

g~wJ~ 4w~G t dwowGw4~ [!Gpwgemu 4wu unwrw6mpJwG ob2: 

UJu punrnz t ~G~~bu dwowGw4wJ~G zwrebr~G . WJG~bu tL' unw­

rw6QWJ~G pllbf'l~G : 

tGpWfl.f'lhGQ' nbqf1bU~WJ~ utuwLiibf'l~ U~2L qnJmpJmG mG~ 

4wtul!w6mpjmG L WJfl. 4wtullw6mpJnLU[! 4wrbL~ t Gbf14WJWgGbL 

nr~hu ' 

-1 < p <1 (11.8) 

SllJwL fl.b~emo p-G wLtunn4nllwr~wg~wJ~ qnn6w4~gG t. 

31-G ' uunntuwuun~4 utuwLG t : 

(11.8)-G hwJunG~ t nr~bu wnw2~u 4wrq~ wLtunnnhqrbu~wJ~ 

hwow4wnq' AR(1 ): 

'TlbunQ t uzbL. nn AR(1 )-~ fl.h~emu t.jlnenwqmJG ewnw4mu~­

Gbf1~ ubpnf1.nll qGwhwunLtw6 qnr6w4~gGh[l[! 4nrgGmo hG LWllw­

qmjG q6wJ~G wGzh'l.bL~ qnr6w4~g L~libLm hwun4mpJmG[! : 

,bunLwpwfl , 4wnnrJ. hue hqnw4wgGbL. nr wLtunn4nnbuw­

g~wG h~uGwtuufl.~ll t t4nGnobunr~4wJ~ unbuwu4JmG~g. ewG~ nr. 

hf'lp utuwLGbr~ u~2L 4nnbuwg~wJ~ 4w~ t fl.~unwr4Ltmu, nbqrb-
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u~wJ~ Unfl.bL~ qnr6w4~gGbf1[! 4nrgGmu bG LWllwqnLJG q6wJ~G 

wGzbrJ.bL~ qnr6w4~g L~GbLm hwun4mpJmG[!: '1f1WUQ fl.Wf10JWL 

wGzbrJ.bL~ bG , pwJg Wf'lfl.bG ~mGbG GllwqwqnLJG fl.~u~bru~w . WJ­

u~GeG ' Wf'lfl.JnLGwLtbun ~bG , nr~ hbunLwGenll t.jlnerwqnLJG QWnw-

4mu~Gbr~ ubpnfl.nll qGwhwunLtw6 qnr6w4~gGbf1~ f1.~u~bf1u~wG L 

hwuw~wunwutuwG uunwGfl.wrun utuww GzwGw4wL~nrbG 4q~2bG 

qnr6w4~gGbn~ ~rw4wG Wf1fl.JnLGQGbf1[!, L t ll~6w4wq~f1[! pwllw-

4wGw~wt.j1 ub6 4L~G~ ~rw4wG wrdbQ~g : UJu~GQG ' qGwhwunLtw6 

qnr6w4~gGbf1[! 4wrnrJ. bG GzwGw4wL~nrbG unwnpbf1llbL ~flw4wG 
qnr6w4~gGbn~g : ULtunn4nnbuwg~wJ~ wn4WJnLPJWG fl.b~emu 
~bGQ 4wrn'l 4wnmgbL LtuunwhbL~([!Iil').mGuwG) un~rmJp L uunmqbL 

Ltwr4w6[! ' h~uGllbLnll t L F unbuunbn~ llrw: ,bunLwpwn. unfl.bL~ 

hmuwL~mpJwu hwuwr wGhrwabzun t. nbqrbu~wJ~ Wf'lt).JmGeub-

11[! qGwhwunbLmg hbunn , wG~wJuwG uunmqbL wllunn4nnbuwg~w­
J~ wn4wJnLPJnLG[!: 

qnJmpJmG mubG wLtunn4nnbuwg~WJ~ hwJunGwpbruwG u~ 

2Wf1Q unbuunbf1: l.Jbf14WJwgGhGQ fl.f1Wug~g ~Wf1qwqnLJGGbf1[! : 

ULtunn4nnbuwg~wG hGwrwllnr t hbzunmpJwup hWJlnuwphflbL 

qrw4J~4~ oqGmpJwup' unbrJ.Wfl.f'lbLnll qGwhwunl!w6 uGwgnflfl.Uhf'l[! 

(!uun dwuwGw4~ : Um fl.b~emu 41i4wunll~ wLtunn4nnbuwg~wJ~ 
wn4wJmpJnLG[! L pGmJp[! : 

tpb uGwgnrfl.Gbfl[! bGpwf14llmu bG nrnzw4~ hwuw4wnqllw6 

pwztuuwG (unbu qnw4J~4 4) , w~w Unfl.bl[! 4wrnrJ. t wLtunn4nnhL­

JWQ~WJ~ tuufl.~f'l ~wrmGw4hL : UJu~bu on~uw4 . wnw2~G fl.h~­
Qmu uGwgn[lf1.Ubf1~ u~2L 04wunLtmu t pwgwuw4wG 4wtullw-

6mpJmG (unb u qnw4J~4 4 w) , ~u4 hr4nnnf1. fl.b~emu 4wtuLtw-
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om~JillGQ u4qpmu llflW4wG t, hbmn 4bpw64mli t pwgwuw4wG~ 

(mb'u qpw:f>~4 4 p ): t4 pwG~ nr LiGwgnr!lGbflQ utwmwhw4wG 

pGmJ~ ~mGbG , wutw Lin'lbLQ 4wrn'l. t mGbGwL wLtmn4nnbuwg~w­

J~ tuG!l~fl: 1w4wnw4 !lbutpmu, bpp LiGwgnrllGbfl~ pwztumliQ utW­

mwhw4wG pGnLJ~ mG~ (mbu Q-Lmtu 4, qrw-1>~4 4.7p) , Lin'lbl[l ~~ 

utwrmGw4mli wLtmn4nnbuwg~w : 

E, e 
I 

X 
X X 

X 
X 

0 1-------'x::.......,.;-x----- dwuwuwlj 

X X 
X X 

X 

X 

w 

E, e 

XX 
X 

p 

qpw1>~4 4. lltfmnqnnbuwgfiw;/1 of1fluwqubf1: 
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2. =iwpnf71]W/;wuntpjWU (Run) U7bUU7 

qpw:f>~4w4wG Lib~n'l~g pwg~, w4mn4nnbuwg~WJ~ wn4WJI1l~JnL­

GQ 4wflbL~ t ummqbL Run mbum~ oqGm~jwlip : 1W211fl'lW4w­

Gm~jwG mbum~ Li~2ngn4 ummqbGp w4mn4nnbuwg~WJ~ wn4w­

JnL~JnLGIJ qLtumu 5-mu Gbfl4WJWg4w6 op~Gw4~ hwliwp: Urum­

uw4 11.1 - mu Gbr4wJwg4w6 bG nbqpbu~wJ~ qGwhwmLtwo LiGw­

gnr'lGbflQ, nr~ 4bfl2~G Ujlll.Gw4mli mr4w6 bG WJ'l uGwgnr!lGbr~ 

GzwGGbpQ: Ujdli Gbfl4WJwgGbGp nbqpbu~WJ~ uGwgnr!lGbfl~ GzwG­

Gbru hbliluJW L (ll.tn4' 

(+) (-) (+) (--- -) (+) (-) (+ + +) (-)(+) (-) (+) (------ -) (+) 

t~b hwz4bGp GzwGGbr~ hw211fl'lW4wG t.Pmtmtum~JmGGbfl[l , 

4mbuGbGp, nr ubr Ofl~Gw4mli 4w 12 hW211fl'lW4wGm~jmG : uzw­

Gw4bGp' N- nbqpbu~WJ~ 6w4WL[l , 

N1-'lflW4wG LiGwgnr!lGbfl[l, 

N2 -pwgwuw4wG uGwgnr!lGbfliJ , 

k- hW211fl'lW4wGm~jWG pwGw4Q: 

Urumuwlj 11.1. Gtm/ll 4-nuJ ub(lqw;wgtfwo 0(1/7uwqj7. nbq(lbUfiWJ/7 

quwhwmtfwo tluwgn(lqubfl!J 

et e1.1 D=et-et-1 0 2 et2 e1-Gz . 

4867.69 23694405.94 + 

-1573.69 4867.69 -6441.38 41491376.3 2476500.216 -

102.78 

-681 .01 

-1573.69 1676.47 

102.78 -783.79 

-1187.52 -681 .01 -506.51 

-527.155 -1187.52 660.37 

-292.235 -527.155 234.92 

1589.91 -292.235 1882.14 

2810551.661 10563.7284 + 

614326.7641 463774.6201 -

256552.3801 1410203.75 -

436088.5369 277887.1225 -

55187.4064 85398.3729 -

3542450.98 2527813.808 + 

-546.14 1589.91 -2136.05 4562709.603 298268.8996 -
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et e1-1 D=et-et-1 02 e? et-Gz . 

1023.30 -546.14 1569.44 2463141 .914 1047142.89 + 

315.38 1023.30 -707.92 5011 50. 7264 99464. 5444 + 

4801 .96 315.38 4486.58 20129400.1 2305889.84 + 

-1562 .97 4801 .96 -6364.93 40512333.9 2442875.221 -

7141.10 -1562.97 8704.07 75760834.56 50995309.21 + 

-1826.53 7141 .10 -8967.63 80418387.82 3336211.841 

1100.45 -1826.53 2926.98 8567211 .92 1210990.203 + 

-1620.41 1100.45 -2720.86 7403079.14 2625728.568 -

-1071 .88 -1620.41 548.53 300885.1609 1148926.734-

-4680.11 -1071 .38 -3608 .23 13019323.73 21903429.61 -

-1065.66 -4680.11 3614.45 13064248.8 1135631.236-

-1381.20 -1065 .66 -315.54 99565.4916 1907713.44 -
-375.39 -1381 .20 1005.82 1011673.872 140910.1444-

-6783.56 -375.39 -6408.17 41064642.75 46016550.6 -

4232.87 -6783.56 11016.41 121361289.3 17917103.78 + 

0 479446412.8 206231624.3 

Ujctli Run mbum~ W11Jmuw4~g (mt:i 'u hwt.J.bLt.l.w6 Ill ) q.mGbGQ 

llflW 4fl~Ln~ljwljwG wrctbQIJ 11 ummq.t:iGe qrnJw4wCi tl.wrljwou, 

hwliwowJCi nr~· nbq.[lbu~wJ~ utuwLCibflG wCi4wtu t:iCi : 4.bfliJ Gzt.J.wo 

Ofl~Gwlj~ hwliw[l ' N=24, N1= 9, N2= 15, k=12 : Run mbum~ WllJnL­

uwlj~g ljq.mCibGQ, nfl tlflW 4fl~Ln~4wljwCi WflObQGbfliJ hwt.J.w­

UWfl t:;(j 7 -~ 11 18-~ : GJ'}b rrw4wG hw2nflllW4WCinLJ'}JWG QWCiw4u 

q.mCit.J.mli t WJtlli~2w4wmmu· [7,18] , Wll.jw qrnJwljwG t.J.wrljwoo 

QCitlmGt.J.mli t : =iw4wnw4 tlbUjQmli, bflp k-G tflnefl (libo) t ljwli hw­

t.l.wuwf1 4flPLn~ljwljwG w[lctbeflCi, t.J.wr4w6u libfldt.l.mli t. WJU~CieG' 
nt:iq.rbuflwJ~ lintlblQ wtl_mnljnnbuwg~wJ~ tuCitl~fl t UjWflnLGwljmli: 

~wCi~ n[l t.l.bfliJ Cizt.J.wo Ofl~Gwljmli ' k=12 11 q.mCit.J.mli t [7,18] 

li~2WlJWJQmli , Wll.jW nbq.[lbu~wJ~ lintlbLQ wt.J.mnljnnt:iuwg~wJ~ 

tuCitl~fl ~~ UjWf1mCiw4mli: 
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3. 'Jwf1pf7/J-c./wpun/Jf7 (OW) mbum 

'1wrp~G-4.wf1unG~ d mbumu wt.J.mn4nnbuwg~WJ~ nrnzliwG 

wlibGWLnWflWOt.J.w6 mbumG t , nfl[J pumf}Wq.flt.J.mli t' 

l=n 
L (e, - e,_1 )2 

d = _:._1=-=-2 ---­
l=n 

:Let 
h1 

(11.2) 

SLiJWL mbump hwliw[1 nbq.[1bUpWJP Unf'lbLQ L4bLnj2 t lJWJnlU 

lib6m~JnlU mubuw: Sbumr. wnwtl.bLnl~JnlUU WJU t. nr hpliGt.lw6 t 
q.GwhwmtJ.w6 liuwgn[1f1Ubf1p 4Pf1WnliwG t.lrw: SLiJwL wnwt.lb­

Lnl~JWU zunrhtlt.l hGwrwtJ.nf1 t nbq.[1bupWJP tJ.bflLnL6nL~JWU ctwliw­

Gwl.j , UJmU q.n[16wl.jpgGbf1p hbm libl.jmb11. Gbf14WJW9UDL DW-p d 

Wf10bj2Q: 

OW-~ li~2ngnt.l. wt.J.mn4nnt:iuwg~wJ~ wn4WJnLJ3JnLUIJ ummq.b­

LnL hwliwfl Gwtu pwgbGQ (11.2) pwGwol1~ ~w4bflmGbfliJ . 

Unw2~G bf14m q.nr6wl.jpgGbf1Q 4wf1nll bGE linmwtlnf1bgGbL 

lib4~ . J2Wup nr f'lf1WUJ2 mwrpt:irtlmli bu 'lrmwrl.Jliwu lib4 utuwLr 

wnl.jwJnL~Jwlip, hbml1wpwf1. 

d = 2( 1 - p) : 



264 surru4U1t4n~nutsrr4U 

bf:}b qGwhwuuj_wo p-11 wpdbt>Q hwlj_wuwp t qpnJI1 L. d -G hw­

UWLljWll1wutuwGwpwp hwlj_wuwp t bpl.jmul1. WL4W Lin'lblQ j_mGI1 

wt.l_mnl.jnnbuwgl1w : t::;~b qGwhwmlj_wo p-11 wpctbet:! hwlj_wuwp t Lib-

4~ . L. d.::- 0, Lin'lbLI1 utuwLGbpl1 Li~2L. Ljw 'lflWl.jwG l.jnnbuwgl1w: t~b 

p = -1, d.::-· 4, Lin'lbLI1 utuwLGbrl1 Lii12L. Ljw pwgwuwl.jwG l.jnnbuw­

g~w : 

uzbGg, np ~ UlWflpbpm~jmG t, F l.jwu l UlbUUl~, d UlbUUl[! !~ 

wnw2wrl.jmu LjnGl.j(lbUl 4fl~Ul~Ljwl.jwG wpdbg, np~ h~uwG Lj_pw 

4wrbL~ t ubpdbL l.jwu [!G!lmGbL Lj_wpl.jw6o' 

1u.ippt1Gl.! Lt ~wpurtLJQ WrlW2Wfl4bL bG UUlnptlG dL L. t.l_bp~G du 

uwhuwGGbp (uwhuwGGbpo wrumuwl.j~ oL.nt.l_ wulflnlflbL bG '1wpp~­

Go L. '-lw~unGo, 'lflWGQ Gbpl.jwJwgt.l_w6 bG hwt.l.bLt.l.wo 111-mu) Ljwu 

Ll(l~Ul~l.jwl.jwG wpdbgGbp WJGl.llbu, np b~b qGwhwUlt.l_wo d -~ wp­

dbQQ oG4Gmu t WJ'l 4fl~Ul~Ljwl.jwG wpdbgGbp~g 'lnlflU, Wll.IW un­

'lbL[! 4wflnll. t lliWflmGw4bL 'lflW4wG Ljwu pwgwuwl.jwG l.jnnbuw­

g~w (Ulb·u ll.IWU1l.jbpl1.1): 

wGnpnz wGnrnz 

ubpctbl qn ll111 qnll111 ubpctbL 

t.l.wrl.jwoo Lj_wpl.jwOQ 

oG11mGbL t.l_wpl.jw6[! 
I 

0 du 2 4+du 4-dt 4 
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Urumuw4 11.1-~ Ult.l.JWLGbpnt.l_' (11.1 )-~ u~2ngnt.l_ hwzt.l.wr4t.l.wo 

OW t.l_~6wl.jwq~f1(! hwt.l_wuw(l t 2.32 . 

n 2 

:L(e 1 -e 1_1 ) 479446412.8 

d= 
1
=

2 
n = 206231624.3 =

2
.
32 

:Let 
1=1 

St.l.JWL 'lbummu OW wrumuwl.j~g l.jqUlGbGg, np Libl.j Lflmtm­

tuwl.jwGnt.l_ 24 'l~Ulw(ll.jmuGbp~ hwuwp· dL =1.273, du =1.446: ,Qw­

G~ np 2.32-[! oG!lmGbL~ Ul~flnlJ~nLU t, Wll.IW qpnJw4wG Lj_wpl.jwOQ, 

hwliw6wJG np~ Lin'lbLmLi !4W 'lflwl.jwG, pwgwuwl.jwG wlj_Ulnl.jnnbL­

JWg~w. oG!lmGt.l_mu t, np[! GzwGwl.jmu t, np Lin'lbL[! wt.l_Ulnl.jnnbuw-

g~wJ~ tuG'l~fl !~ ll.IWflmGwl.jmu: 
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1. (jl{X) ~mG4gjlwJjl wpdbQGbpu 

2. <t> (x) ~mG4gjlwJjl wpdbQGbpu 

3. UmJml)bumjl t pwztuuwu 4pllmll4w4wu 4bmbpu 

4. l pwztuuwu 4Pilmll4w4wu 4bmbpu 

5. l>jlzbpjl F pwztuuwu 4Pilmll4w4wu 4bmbpu 

6. ~wppflu-l{w~unujl (OW) d mbumjl wpdbQGbpu 

7. Run mbumjl 4pjlmjl4w4wu wpdbQGbp[! 
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X 0 1 2 3 4 56 7 8 9 

~- 0.3989 0.3989 0.3989 0.3988 0.3986 0.3984 0.3982 0.3980 0.3977 0.3973 

0.1 0.3970 0.3965 0.3961 0.3956 0.3951 0.3945 0 3939 0.3932 0.3925 0.3918 

0.2 0.3910 0.3902 0.3894 0.3885 0.3876 0.3867 0.3857 0.3847 0.3836 0.3825 

0.3 0.3814 0.3802 0.3790 0.3778 0.3765 0.3752 0.3739 0.3726 0.3712 0.3697 

0.5 0.3521 0.3503 03485 0.3467 0.3448 0.3429 0.3410 0.3391 0.3372 0.3352 

0.6 0.3332 0.3312 0.3292 0.3271 03251 0.3230 0.3209 0.3187 0.3166 0.3144 

0.7 0.3123 0.3101 0.3079 0.3056 0.3034 0.3011 0.2989 0.2966 0.2943 0.2920 

0.8 0.2897 0.2874 0.2850 0.2827 0.2803 0.2780 0.2756 0.2732 0.2709 0.2685 

0.9 0.2661 0.2637 0.2613 0.2589 0.2565 0.2541 0.2516 0.2492 0.2468 0.2444 

1.0 0.2420 0.2396 02371 0.2347 0.2323 0.2299 0.2275 0.2251 0.2227 0.2203 

1.1 0.2179 0.2155 0.2131 0.2107 0.2083 0.2059 0.2036 0.2012 0.1989 0.1965 

1.2 0.1942 0.1919 0.1895 0.1872 0.1849 0.1826 0.1804 0.1781 0.1758 0.1736 

1.3 0.1714 0.1691 0.1669 0-1647 0.1626 0.1604 01582 0.1560 0.1539 0.1538 

1.4 

1.5 

1.6 

1.7 

1.8 

0.1497 0.1476 0.1456 0.1435 0.1415 0.1394 0.1374 0.1354 0.1334 

0.1295 0.1276 0.1257 0.1238 0.1219 0.1200 0.1182 0.1163 0.0114 

0.1109 0.1092 0.1074 0.1057 0.1040 0.1023 0.1006 0.0989 0.0973 

0.0940 0.0925 0.0909 0.0893 0.0878 0.0863 0.0848 0.0833 0.0818 

0.0790 0.0775 0.0761 0.0748 0.0734 0.0721 0.0707 0.0694 0.0681 

0.1315 

0.1127 

0.0957 

0.0804 

0.0669 

1.9 0.0656 0.0644 0.0632 0.0620 0.0608 0.0596 0.0584 0.0573 0.0562 0.0551 

2.0 0.0540 0.0529 0.0519 0.0508 0.0498 0.0488 0.0478 0.0468 0.0459 0.0449 

2.1 0.0440 0.0431 0.0422 0.0413 0.0404 0.0396 0.0387 0.0379 0.0371 0.0363 

2.2 0.0355 0.0347 0.0347 0.0332 0.0325 0.0317 0.0310 0.0303 0.0297 0.0290 

2.3 0.0283 0.0277 0.0277 0.0264 0.0258 0.0252 0.0246 0.0241 0.0235 0.0229 

2.4 0.0224 0.219 0.0213 0.0208 0.0203 0.0198 0.0194 0.0189 0.0184 0.0180 

2.5 00175 0.0171 0.0171 0.0163 0.0158 0.0154 0.0181 0.0147 0.0143 0.0139 

2.6 00136 0.0132 0.0129 0.0126 0.0122 0.0119 0.0116 0.0113 0.0110 0.0107 

2.7 0.0104 0.0101 0.0099 0.0096 0.0093 0.0091 0.0088 0.0086 0.0084 0.0081 

2.8 0.0079 0.0077 0.0075 0.0073 0.0071 0.0069 0.0067 0.0065 0.0063 0.0061 

2.9 0.0060 0.0058 0.0056 0.0055 0.0053 0.0051 0.0050 0.0048 0.0047 0.0046 

3.0 0.0044 0.0043 0.0042 0.0040 0.0039 0.0038 0.0037 0.0036 0.0035 0.0034 

3.5 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007 0.0007 0.0007 0.0006 

3.9 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0001 0.0001 
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X 

0.0 

0.09 

0.5359 

05398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0 5753 

0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0 6141 

0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517 

0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0 6808 0.6844 0.6879 

06915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0 7190 0.7224 

0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0 7549 

0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852 

0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133 

0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389 

0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 08621 

0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0 8770 0 8790 0.8810 0 8830 

0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0 8997 0.9015 

0.9032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177 

0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319 

0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0 9441 

0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0 9545 

0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0 9633 

0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0 9693 0.9699 0.9706 

0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767 

0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817 

0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0 9854 0.9857 

0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0 9887 0 9890 

0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916 

0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934 0.9936 

0.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0 9951 0.9952 

0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964 

0.9965 0 9966 0.9967 0.9968 0.9969 0 9970 0.9971 0.9972 0.9973 0.9974 

0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9980 0 9980 0.9981 

0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986 

0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990 
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~ 
0.75 0.80 0.90 0.95 0.975 0.99 0.995 
0.50 0.60 0.80 0.90 0.95 0.98 0.99 

1 1.000 1.376 3.078 6.314 12.706 31 821 63.657 
2 0.816 1.061 1.886 2.920 4.303 6.965 9.925 
3 0.765 0.978 1.638 2.353 3.182 4 541 5.841 
4 0.741 0.941 1.533 2.132 2.776 3.747 4.604 
5 0.727 0.920 1.476 2.015 2.571 3365 4.032 

6 0.718 0.906 1.440 1.943 2.447 3 143 3.707 
7 0.711 0.896 1.415 1 895 2.365 2998 3.499 
8 0.706 0.889 1.397 1.860 2.306 2896 3.355 
9 0.703 0.883 1.383 1.833 2262 2.821 3.250 
10 0 700 0.879 1.372 1.812 2.228 2.764 3 169 

11 0.697 0.876 1.363 1.796 2.201 2 718 3.106 
12 0.695 0.873 1.356 1.782 2.179 2.681 3.055 
13 0.964 0.870 1.350 1.771 2160 2.650 3.012 
14 0.692 0868 1.345 1.761 2.145 2.624 2.997 
15 0691 0.866 1.341 1.753 2.131 2.602 2.947 

16 0.690 0.865 1.337 1.746 2.120 2 583 2.921 
17 0689 0.863 1.333 1.740 2.110 2.567 2.898 
18 0.688 0.862 1.330 1.734 2.101 2.552 2.878 
19 0.688 0.861 1.328 1.729 2.093 2.539 2.861 

20 0.687 0.860 1.325 1.725 2.086 2.528 2.845 

21 0.686 0.859 1.323 1.721 2.080 2.518 2.831 

22 0.686 0.858 1.321 1.717 2.074 2508 2.819 

23 0.685 0.858 1.319 1.714 2.069 2.500 2.807 

24 0.685 0.857 1.318 1.711 2.064 2.492 2.797 

25 0. 684 0.856 1.316 1.708 2.060 2.485 2787 

26 0. 684 0.856 1.315 1.706 2.056 2.479 2.779 

27 0.684 0.855 1.314 1.703 2.052 2.473 2.771 

28 0. 683 0.855 1.313 1.701 2.048 2.467 2.763 

29 0. 683 0.854 1.311 1.699 2045 2.462 2.756 

30 0. 683 0.854 1.310 1.697 2.042 2.457 2.750 

40 0.681 0.851 1303 1.684 2.021 2.423 2.704 

60 0.679 0848 1.296 1.671 2.000 2.390 2.660 

100 0.677 0.845 1290 1.660 1.984 2.364 2.626 

200 0.676 0.843 1.286 1.652 1.972 2.345 2.601 

:/) 0.675 0.842 1.282 1.645 1.960 2326 2.576 

' a (GzwGwljw[~nLPJWU uwljwprjwlj~ ) wnw2tJG wpcttpGbr[! Ltbpwpbpttmu bG LitJwljnrt­
uwG~. ru4 bpljpnprj[i bpljlJnrtliwGr UlbUUl~G. n-[1 wqWUlnLPJWU WUU1~6wuG t : 
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~ 0.005 1 0.010 1 0.025 1 0.050 

1 0.000039 0.00016 0.00098 0.0039 

2 0.010025 0.02010 0.50636 0.1026 

3 0.071721 0.11483 0.21580 0.3518 

4 0.206990 0.29711 0.48442 0.7107 

5 0.411740 0.55430 083121 1.1455 
6 0.675727 0.87209 

7 0.989265 1.23904 

8 1.344419 1.64648 

9 1.734926 2.08791 

10 2.15585 2.55821 

11 2.60321 3.05347 

12 3.07382 3.57056 

13 3.56503 4.10691 

14 4.07468 4.66043 

15 4.60094 5.22935 

16 5.14224 5.81221 

17 5.69724 

18 6.26481 

19 6.84398 

20 7.43386 

21 8.03366 

22 8.64272 
1-2::-:3:----1 9.26042 

24 9.88623 
~2-5-----1 1 0. 5197 

30 13.7867 

40 20.7065 
f---.50:-------; 27. 990 7 

60 35.5346 

80 51 .1720 
1--10,.-:-0---1 67.3276 

6.40776 

7.01491 

7.63173 

8.26040 

8.89720 

9.54249 

10.1957 

10.8564 

11 .5240 

14.9535 

22.1643 

29.7067 

37.4848 

53.5400 

70.0648 

1 23735 

1 68987 

2.17973 

2.71139 

3.24697 

3.81575 

4.40379 

5.00874 

5.62872 

6.26214 

6.90766 

7.56418 

8.23075 

8.90655 

9.59083 

10.2829 

10.9823 

11.6885 

12.4011 

13.1197 

16.7908 

24.4331 

32 3574 

40.4817 

57.1532 

74.2219 

1.6354 

2.1674 

2.7326 

3.3251 

3.9403 

4.5748 

5.2260 

5.8919 

6.5706 

7.2609 

7.9616 

8.6718 

9.3905 

10.117 

10.851 

11 .591 

12.338 

13.091 

13.848 

14.611 

18.493 

26.509 

34.764 

43.188 

60.392 

77.9295 

1 0.100 

0.0158 

0.2107 

0.5844 

1.0636 

1.6103 

2.2041 

2.8331 

3.4895 

4.1682 

4.8652 

5.5778 

6.3038 

7.0415 

7.7895 

8.5468 

9.3122 

10.085 

10.865 

11 .651 

12.443 

13.240 

14.042 

14.848 

15.659 

16.473 

20.599 

29.051 

37.689 

46.459 

64 .278 

82.3581 

0.250 

0.1015 

0.5754 

1.2125 

1.9226 

2.6746 

3.4546 

4.2549 

5.0706 

58988 

6.7372 

7.5841 

8.4384 

9.2991 

10.165 

11 .037 

11 .912 

12.792 

13.675 

14.562 

15.452 

16.344 

17.240 

18 137 

19.037 

19.939 

24.4776 

33 .660 

42.9421 

52.294 

71 .145 

90.1333 

u. 

n 
0.500 

0.4549 

1.3863 

12.340 

13.339 

14.339 

15.338 

17.338 

18.338 

21 .337 

22.337 

23.337 

24.337 

29.336 

39.335 

49.335 

59.335 

79.334 

100 99.334 

0.750 

1.3233 

2.7726 

4.1084 

5.3853 

6.6257 

7.8408 

9.0372 

10.219 

11 .389 

12.549 

13.701 

14.845 

15.984 

17.117 

18.245 

19.369 

20.489 

21 .605 

22.718 

23.828 

24.935 

26.039 

27.141 

28.241 

29.339 

34 .800 

45.616 

56.334 

66.981 

88.130 

109.14 

0.900 

2.7055 

4.6052 

6.2514 

7.7794 

9.2364 

10.645 

12.017 

13.362 

14.684 

15.987 

17.275 

18.549 

19.812 

21 .064 

22.307 

23.542 

24.769 

25.989 

27.204 

28.412 

29.615 

30.813 

32.007 

33.196 

34.382 

40.256 

51 .805 

63.167 

74.397 

96.578 

118.50 

5.9915 

7.8147 

9.4877 

11 .071 

12.592 

14.067 

15.507 

16.919 

18.307 

19.675 

21 .026 

22.362 

23.685 

24.996 

26.296 

27.587 

28.869 

30.144 

31.410 

32 .671 

33.924 

35.173 

36.415 

37.653 

43.773 

55.758 

67.505 

79.082 

101 .88 

124.34 

7.3778 

9348 

11.143 

12.833 

14.450 

16.013 

17.535 

19.023 

20.483 

21.920 

23 .337 

24 .736 

26.120 

27.488 

28.845 

30.191 

31 .526 

32.852 

34.170 

35.479 

36.781 

38.076 

39.364 

40.647 

46.979 

59.342 

71.420 

83 .298 

106.63 

129.56 

9.210 

11 .345 

13.277 

15.086 

16.812 

18.475 

20.090 

21 .666 

23.209 

24.725 

26.217 

27.688 

29.141 

30.578 

32.000 

33.409 

34 .805 

36.191 

37.566 

38.932 

40.289 

41 .638 

42.980 

44.314 

50.892 

63.691 

76.154 

88.380 

112.33 

135.81 
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0.995 

7.8794 

10.597 

12.838 

14.860 

16.750 

18.548 

20.278 

21 .955 

23 .589 

25.188 

26.757 

28.300 

29.820 

31 .320 

32.801 

34.267 

35.718 

37.156 

38.582 

39.997 

41.401 

42.796 

44.181 

45.559 

46.928 

53.672 

66.766 

79.490 

91 .952 

116.32 

140.17 
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~ 1 12 J 3 14 15 16 2 

1 161 200 216 225 230 234 
2 18.5 19.0 19.2 19.2 19.3 19.3 
3 10.13 9.55 9.28 9.12 9.01 8.94 
4 7.71 6.94 6.59 6.36 6.26 6.16 
5 6.61 5.79 5.41 5.19 5.05 4.95 
6 5.99 5.14 4.76 4.53 4.39 4.28 
7 5.59 4.74 4.35 4.12 3.97 3.87 
8 5.32 4.46 407 3.84 3.69 3.58 
9 5.12 4.26 3.86 3.63 3.48 3.37 
10 4.96 4.10 3.71 3.48 3.33 3.22 
11 4.84 3.98 3.59 3.36 3.20 3.09 
12 4.75 3.89 3.49 3.26 3.11 3.00 
13 4.67 3.81 3.41 3.18 3.03 2.92 
14 4.60 3.74 3.34 3.11 2.96 2.85 
15 4.54 3.68 3.29 3.06 2.90 2.79 
16 4.49 3.63 3.24 3.01 2.85 2.74 
17 4.45 3 59 3.20 2.96 2.81 2.70 
18 4.41 3.55 3.16 2.93 2.77 2.66 
19 4.38 3.52 3.13 2.90 2.74 2.63 
20 4.35 3.49 3.10 2.87 2.71 2.60 
21 4.32 3.47 3 07 2.84 2.68 2.57 
22 4.30 3.44 3.05 2.82 2.66 2.55 
23 4.28 3.42 3.03 2.80 2.64 2.53 
24 4.26 3.40 3.01 2.78 2.62 2.51 
25 4.24 3.39 2.99 2.76 2.60 2.49 
30 4.17 3.32 2.92 2.69 2.53 2.42 
40 4.08 3.23 2.84 2.61 2.45 2.34 
60 4.00 3.15 2.76 2.53 2.37 2.25 
120 3.92 3.07 2.68 2.45 2.29 2.18 
00 3.84 3.00 2.60 2.37 2.21 2.10 

kd~ hwUWfl~!~ wqwlllnLJ}JWu WULil~tSwGG t. 
k~ -Q hWjlllWflWfl~ wqwlllnLJ}jWU WULil~tSw(i(J t. 

l 7 

237 

19.4 

8.89 

6.09 

4.88 

4.21 
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3.50 

3.29 

3.14 

3 01 

2.91 

2.83 

2.76 
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2.66 

2.61 

2.58 

2.54 

2.51 

2.49 

2.46 

2.44 

2.42 

2.40 

2.33 

2.25 

2.17 

2.09 

2.01 

18 19 110 

239 241 242 

19.4 19.4 19.4 ~ 2 

8.85 8.81 8.79 
1 

6.04 6.00 5.96 
2 

4.82 4.77 4.74 
3 

4.15 4.10 4.06 
4 

3.73 3.68 3.64 
5 

3.44 3.39 3.35 
6 

2.23 3.18 3.14 
7 

3.07 3 02 2.98 
8 

2.95 2.90 2.85 
9 

2.85 2.80 2.75 
10 

2.77 2.71 2.67 
11 

2.70 2.65 2.60 
12 

2.64 2.59 2.54 
13 

2.59 2.54 2.49 
14 

2.55 2.49 2.45 
15 

2.51 2.46 2.41 
16 

2.48 2.42 2.38 
17 

2.45 2.39 2.35 
18 

2.42 2.37 2.32 
19 

2.40 2.34 2.30 
20 

2.37 2.32 2.27 
21 

2.36 2.30 2.25 
22 

2.34 2.28 2.24 
23 

2.27 2.21 2.16 
24 

2.18 2.12 2.08 
25 

2.10 2.04 1.99 
30 

2.02 1.96 1.91 
40 

1.94 1.88 1.83 
60 

120 

'X) 
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Urumuwlj 5. :btJzblltJ F pwztuuwu 411tJLntJ[jwljwu ljbLnb11[~ (a=0.05) 

(2W!1nLUW[jnL~JnLu) 

12 115 120 1 24 130 140 160 1100 1120 I X 

244 246 248 249 250 251 252 253 253 254 

19.4 19.4 19.4 19.4 19.5 19.5 19.5 19.5 19.5 19.5 

8.74 8.70 8.66 8.64 8.62 8.59 8.57 8.55 8.55 8.53 

5.91 5.86 5.80 5.77 5.75 5.72 569 5.66 5.66 5.63 

4.68 4.62 4.56 4.53 4.50 4.46 4.43 4.41 4.40 4.37 

4.00 3.94 3.87 3.84 3.81 3.77 3.74 3.71 3.70 3.67 

3.57 3.51 3.44 3.41 3.38 3.34 3.30 3.27 3.27 3.23 

3.28 3.22 3.15 3.12 3.08 3.04 3.01 2.97 2.97 2.93 

3.07 3.01 2.94 2.90 2.86 2.83 2.79 2.76 2.75 2.71 

2.91 2.85 2.77 2.74 2.70 2.66 2.62 259 2.58 2.54 

2.79 2.72 2.65 2 61 2.57 2.53 2.49 246 2.45 240 

2.69 2.62 2.54 2.51 2.47 2.43 2.38 2.35 2.34 2.30 

2.60 2.53 2.46 2.42 2.38 2.34 2.30 2.26 2.25 2.21 

2.53 2.46 2.39 2.35 2.31 2.27 2.22 2.19 2.18 2.13 

2.48 2.40 2.33 2.29 2.25 2.20 2.16 2.12 2.11 2.07 

2.42 2.35 2.28 224 2.19 2.15 2.11 2.07 2.06 2.01 

2.38 2.31 2.23 2.19 2.15 2.10 2.06 2.02 2 01 1.96 

2.34 2.27 2.19 2.15 2.11 2.06 2 02 1.98 1.97 1.92 

2.31 2.23 2.16 2.11 2.07 2.03 1.98 1.94 1.93 1.88 

2.28 2.20 2.12 2.08 2.04 1.99 1.95 1.91 1.90 1.84 

2.25 2.18 2.10 2.05 2.01 1.96 1.92 1.87 1.87 1.81 

2.23 2.15 2.07 2 03 1.98 1.94 1.89 1.85 1.84 1.78 

2.20 2.13 2.05 2.01 1.96 1.91 1.86 1.83 1.81 1.76 

2.18 2.11 2.03 1 98 1.94 1.89 1.84 1.80 1.79 1.73 

2.16 2.09 2.01 1.96 1.92 1.87 1.82 1.75 1.77 1. 71 

2.09 2.01 1.93 1.89 1.84 1.79 1.74 1.70 1.68 1.62 

2.00 1.92 1.84 1.79 1.74 1.69 1.64 1.59 1.58 1.51 

1.92 1.84 1.75 1.70 1.65 1.59 1.53 1.48 1.47 1.39 

1.83 1.75 1.66 1.61 1.55 1.50 1.43 1.37 1.35 1.25 

1.75 1.67 1.57 1.52 1.46 1.39 1.32 1.24 1.22 1.00 



274 

n 

15 

100 

Urumuw4 6. lfwrppG-'-l.w~unGp (OW) d l.I11::iul.I1p wrdl::i,pGI::iro 

0.95 

0.98 0.86 1. 73 0.74 1.93 0.62 

1.02 1.54 0.90 1.71 

1.05 1.53 0.93 1.69 

1.08 1.53 0.97 1.68 

1.10 1.54 1.00 1.68 

1.13 1.54 1.03 1.67 

1.15 1.54 1.05 1.66 

1.17 1.54 1.08 1.66 

1.19 1.55 1.10 1.66 

1.21 1.55 1.12 1.66 

122 1.55 1.14 1.65 

1.24 1.56 1.16 1.65 

1.26 1.56 1.18 1.65 

1.27 1.56 1.20 1.65 

1.28 1.57 1.21 1.65 

1.30 1.57 1.23 1.65 

1.31 1.57 1.24 1.65 

1.32 1.58 1.26 1.65 

1.33 1.58 1.27 1.65 

1.34 1.53 1.28 1.65 

1.35 1.59 1.29 1.65 

1.36 1.59 1.31 1.66 

1.37 1.59 1.32 1.66 

1.38 1.60 1.33 1.66 

1.39 1.60 1.34 1.66 

1.43 1.62 1.38 1.67 

1.46 1.63 1.42 1.67 

1.49 1.64 1.45 1.68 

1.51 1.65 1.48 1.69 

1.54 1.66 1.50 170 

1.55 1.67 1.52 1.70 

1.57 1.68 1.54 171 

1.59 1.69 1.56 1.72 

1.60 1.70 1.57 172 

1.61 170 1.59 1.73 

1.62 1.71 1.60 1.73 

1.63 1.72 1.61 1.74 

0.78 

0.82 

0.86 

0.90 

0.93 

0.96 

0.99 

1.01 

1.04 

1.06 

1 08 

1.10 

1.12 

1.14 

1.16 

1.18 

1.19 

1.21 

1.22 

1.24 

1.25 

1.26 

1.27 

1.29 

1.34 

138 

1.41 

1.44 

1.47 

1.49 

1.51 

1.90 

1.87 

1.85 

1.83 

1.81 

1.80 

179 

1.78 

1.77 

1.76 

1.76 

175 

1.74 

174 

1.74 

1.73 

1.73 

1.73 

1.73 

1.73 

1.72 

1.72 

1.72 

1.72 

1.72 

1.72 

1.72 

1.73 

1.73 

1.74 

1.74 

0.67 2.10 

0 .71 2.06 

0.75 2.02 

0.79 1.99 

0.83 1.96 

0.86 1.94 

0.90 1.92 

0.93 1.90 

0.95 1.89 

0.98 1.88 

1.01 1.86 

1.03 1.85 

1.05 1.84 

1.07 1.83 

1.09 1.83 

1.11 1.82 

1.13 1.81 

1.15 1.81 

1.16 1.80 

1.18 1.80 

1.19 1.80 

1.21 1.79 

1.22 1.79 

1.23 1.79 

1.29 1.78 

1.34 1.77 

138 1.77 

1.41 1.77 

1.44 1.77 

1.46 1.77 

1.49 1.77 

1.53 1.74 1.51 1.77 

1.77 

1.78 

178 

1.78 

1.55 1.75 1.52 

1.57 1.75 1.54 

1.58 1.75 1.56 

1.59 1.76 1.57 

0.16 3.30 

0.20 

0.24 

0.29 

0.34 

0.38 

0.42 

0.47 

0.51 

0.54 

0.58 

0.62 

0.65 

0.68 

0.71 

0.74 

0.77 

0.80 

0.82 

0.85 

0.87 

0.89 

0.91 

0.93 

0.95 

1.04 

1.11 

1.17 

1.22 

1.27 

1.30 

1.34 

3.18 

3.07 

2.97 

2.89 

2.81 

2.73 

2.67 

2.61 

2.56 

2.51 

2.47 

2.43 

2.40 

2.36 

2.33 

2.31 

2.28 

2.26 

2.24 

2.22 

2.20 

2.18 

2.16 

2.15 

2.09 

2.04 

2.01 

1.98 

1.96 

1.95 

1.94 

1.37 1.93 

1.40 1.92 

1.42 1.91 

1.44 1.90 

1.46 1.90 

N, 2 
fy-
'3 
T 
"5 
~ 
T 
~ 
~ 
To 
'11 
"12 2 

"132 

"14 2 

Ts 2 

~2 
~ 2 

Te2 

T9 2 
~2 

3 4 5 6 7 

2 2 

2 2 2 

2 2 3 3 

2 2 3 3 3 

2 2 3 3 3 

2 3 3 3 4 

2 3 3 4 4 

2 3 3 4 5 

2 3 4 4 5 

2 3 4 4 5 

2 3 4 5 5 

2 3 4 5 5 

3 3 4 5 6 

3 4 4 5 6 

3 4 4 5 6 

3 4 5 5 6 

3 4 5 6 6 

3 4 5 6 6 
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N2 

8 9 10 11 12 13 14 15 16 17 18 19 20 

2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 3 3 3 3 3 3 

3 3 3 3 3 3 3 3 4 4 4 4 4 

3 3 3 4 4 4 4 4 4 4 5 5 5 

3 4 4 4 4 5 5 5 5 5 5 6 6 

4 4 5 5 5 5 5 6 6 6 6 6 6 

4 5 5 5 6 6 6 6 6 7 7 7 7 

5 5 5 6 6 6 7 7 7 7 8 8 8 

5 5 6 6 7 7 7 7 8 8 8 8 9 

5 6 6 7 7 7 8 8 8 9 9 9 9 

6 6 7 7 7 8 8 8 9 9 9 10 10 

6 6 7 7 8 8 9 9 9 10 10 10 10 

6 7 7 8 8 9 9 9 10 10 10 11 11 

6 7 7 8 8 9 9 10 10 11 11 11 12 

6 7 8 8 9 9 10 10 11 11 11 12 12 

7 7 8 9 9 10 10 11 11 11 12 12 13 

7 8 8 9 9 10 10 11 11 12 12 13 13 

7 8 8 9 10 10 11 11 12 12 13 13 13 

7 8 9 9 10 10 11 12 12 13 13 13 14 
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N2 
N, 4 5 6 7 8 9 10 11 12 13 14 

2 

3 
'"4 9 9 

T 9 10 10 11 11 

'6 9 10 11 12 12 13 13 13 13 

~ 11 12 13 13 14 14 14 14 15 15 

~ 11 12 13 14 14 15 15 16 16 16 
fg 13 14 14 15 16 16 16 17 17 

To 13 14 15 16 16 17 17 18 18 

~ 13 14 15 16 17 17 18 19 19 

'12 13 14 16 16 17 18 19 19 20 

"13 15 16 17 18 19 19 20 20 

'14 15 16 17 18 19 20 20 21 

T5 15 16 18 18 19 20 21 22 

'16 17 18 19 20 21 21 22 

"17 17 18 19 20 21 22 23 

"18 17 18 19 20 21 22 23 

~ 17 18 20 21 22 23 23 

To 17 18 20 21 22 23 24 

15 16 17 18 

17 17 17 17 

18 18 18 18 

19 19 19 19 

20 20 20 20 
21 21 21 21 
21 21 22 22 
22 22 23 23 

23 23 23 24 

23 23 24 25 
24 24 25 25 
25 25 25 26 

25 25 26 26 

25 25 26 27 

19 20 

17 17 

18 18 

20 20 

21 21 

22 22 

23 23 
23 24 
24 25 

25 25 
26 26 
26 27 

27 27 
27 28 
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