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monacemTa analizi da statistika  

(leqciaTa kursi – 2013w) 
 

(Gprof. gia sirbilaZe ) 
 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti  

zust da sabunebismetyvelo mecnierebaTa fakulteti 

kompiuterul mecnierebaTa departamentiA 
 

avtoris winasityvaoba 
    monacemTa analizi da statistika Seiswavlis rogorc statistikur  
monacemTa sistematizaciis, analizisa da gamoyenebis meTodebs Teoriuli Tu 
praqtikuli daskvnebis miRebis mizniT, aseve statistikuri programuli 
uzrunvelyofis gamoyenebis SesaZleblobebsa da perspeqtivebs. mas xSirad 
statistikur gadawyvetilebaTa Teoriasac uwodeben. rogorc diskretul 
albaTobaTa analizi, romelsac Tqven sagnis swavlebis pirvel leqciebze 
gaecaniT, aseve statistikis safuZvlebi Seiswavlis masobrivi movlenebis 
SemTxveviT xdomilebaTa Tu parametrTa raodenobrivi xasiaTis 
kanonzomierebebs. albaTobaTa analizSi, viciT ra raime movlenis buneba da 
misi sawyisi albaTuri  ganawileba, vikvlevT ama Tu im maxasiaTeblis 
ganawilebas da mis parametrebs, romelic dakavSirebulia masobriv movlenasTan. 
statistikaSi yvelaferi piriqiTaa: sawyisad iTvleba eqsperimentuli monacemebi. 
rogorc wesi es SemTxveviT populaciebze dakvirvebiT miRebuli monacemebia, 
xolo moiTxoveba gavakeTod daskvnebi masobrivi movlenis evoluciaze Tu 
qcevaze (misi ganawilebis TerminebSi) an SevafasoT  populaciaTa parametrebi 
da amiT SeviqmnaT sarwmuno warmodgenebi  masobrivi movlenis Sesaxeb. didi 
raodenoba monacemebis damuSaveba, analizi da misi miznobrivi gamoyeneba 
Tanamedrove informatikis prioritetuli mimarTulebaa. cxovrebis dRevandel 
rTul garemoSi adamiani, misi inteleqti Tu codna uZluria Tavi mouyaros 
erTad yvela saWiro informacias da masze dayrdnobiT miiRos optimaluri 
gadawyvetileba. mizezi mravalia: esaa monacemTa didi raodenoba misi 
ganuzRvreli da winaaRmdegobrivi, xSirad ki arazusti warmodgenebiT. yovelive 
es exeba mraval gamoyenebiT dargs: ekonomikas da bizness, eqsperimentul 
fizikas, qimias da biologias, sociologias da fsiqologias, lingvistikas da 
sxva. informatikoss, romelic SeiaraRebulia gamoyenebiTi statistikis 
meTodebis codniTa da misi programuli uzrunvelyofiT, SuZlia daexmaros 
yvelas maTi statistikuri monacemTa damuSavebis, anlizisa da sinTezis 
amocanebSi. amisaTvis saWiroa SeviswavloT statistikur monacemTa damuSavebis 
meTodebi, masobrivi movlenis aRmweri sidideebis Sefasebis parametruli 
meTodebi, aseve intervaluri Sefasebis meTodebi, da bolos statistikuri 
gamocdaTa da statistikuri daskvnebis Teoriis elementebi.  mniSvnelovania 
regresiuli analizis elementebis codnac. 
     paralelurad yovelive amisa unda gavecnoT EXCEL – is im procedura-
funqciebs, romlebic uzrunvelyofen zemoT CamoTvlili amocanebis konkretul 
realizacias. 
L  leqciaTa kursi gankuTvnilia Computing-is (zogadad informatika) yvela 
specialobebis (maT Soris “kompiuteruli mecniereba”) swavlebis 
studentebisaTvis. leqciaTa kursi Seesabameba msoflioSi aRiarebuli 
kompiuteruli sazogadoebebis- ACM –sa da IEEE-is Computing-is 
meTodologias. 

    leqciTa kursi Sedgeba TxuTmeti leqciisgan da danarTisgan. yovel 
leqciaSi saleqcio masalasTan erTad warmodgenilia savarjiSo amocanebi, 
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EXCEL – is statistikuri funqciebi da kiTxvari TviTSemowmebisTvis. danarTi 
Sedgeba statistikuri cxrilebisgan.  
 

KTMWBF I    EO>DTNB ITV"{DTDB"B CBLBLTT<B 

 

 

§ 1. UFYFOBKT<BC  AEYMWBF LF UFYFOBKT<BC  CBVRDHBDT 
 
 

  

 

lbcrhtnekb X itv'[dtdb'b cblblt bqt,c x1<x2<<xr vybidytkj,t,c^ itcf,fvbcfl 

p1,p2,..., pr fk,f'j,t,b'^ vfiby  

FX (xk) = P{X  xk}= p1 + p2 +  + pk =


k

i

ip
1

, 

[jkj .jdtkb x-bcf'dbc [xk, xk+1) bynthdfkblfy  

FX (x) = P{X  x}= F (xk) & 

 fvhbufl^ FX(x) ofhvjflutyc fhfrkt,fl aeymwbfc lf bc fct xfbotht,f% 




































xx

xxxp

xxxpp

xxxp

xx

xF

r

kk

k

i

i

X

hjwf

hjwf

hjwf

hjwf

hjwf

,1

.

,,

,,

,,

,,0

)(

1

1

3221

211

1



                                                 (1.2) 

 fv aeymwbbc uhfabrc fmdc itvltub cf[t: 

 p1+p2+
...
+pr=1

 x1               x2                             x3      
.   .   .        

 xr                 x

 p1

 p1+p2

 F(x)

 

yf[& 3.2. 

 

yt,bcvbthb lbcrhtnekb itv'[dtdb'b cblblbc ufyfobkt,bc aeymwbf fhfrkt,flb^ 

e,fy-e,fy velvbdb^ vfh]dyblfy eo.dtnb aeymwbff& fvfc'fy F(x)-bc o.dtnbc othnbkt,bf xk, 

k=1,2,..., lf yf[njvbc cblblt xk othnbkib pk=P{X=xk} fk,f'j,bc njkbf&  

(1.2)-blfy w[flbf^ hjv flubkb fmdc njkj,fc%  

pk = FX (xk) – FX (xk–1),     (1.3) 

d'mdf'^ X fhbc itv'[dtdb'b cblblt& x yfvldbkb wdkflbc 

FX(x) = P{Xx}     (1.1) 

aeymwbfc tojlt,f X itv'[dtdb'b cblblbc ufyfobkt,bc aeymwbf& 
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buekbc[vt,f^ hjv FX (x0)=0& 

yt,bcvbthb X itv'[dtdb'b cblblbc ufyfobkt,bc aeymwbfc fmdc itvltub 'dbct,t,b 

1. vjyjnjyehj,bc 'dbct,f% 'e x1<x2^ vfiby FX(x1)FX(x2); 

2. FX()=
x

lim FX(x)=0 lf FX()=
x

lim FX(x)=1; 

3. ufyfobkt,bc aeymwbf vfh]dyblfy eo.dtnbf& 

'e vjwtvekbf X lbcrhtnekb itv'[dtdb'b cblblbc ufyfobkt,bc aeymwbf FX(x)^ 

vfiby fldbkbf vbcb ufyfobkt,bc rfyjybc fqlutyf% FX(x) ufyfobkt,bc aeymwbbc o.dtnbc 

othnbkt,b ofhvjflutyty X itv'[dtdb'b cblblbc itcfskj vybidytkj,t,c^ [jkj 

itcf,fvbcb fk,f'j,t,b ufvjb'dkt,f (1.3) ajhvekb'& 

dbn.db'^ hjv X fhbc eo.dtnb itv'[dtdb'b cblblt^ 'e fhct,j,c v'tk qthspt 

ufycfpqdhekb bct'b fhfefh.jab'b f(x) aeymwbf^ hjv X itv'[dtdb'b cblblbc ufyfobkt,bc 

FX(x) = P{Xx} aeymwbbcf'dbc 






x

X dyyfxF )()( .     (1.4) 

f(x) aeymwbfc X itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdt tojlt,f& 

xdty duekbc[vj,'^ hjv f(x) aeymwbf eodtnbf v'tk qthspt ufhlf^ itcfskt,tkbf^ 

othnbkt,bc cfchekb hfjltyj,bcf& (1.4)-lfy ufvjvlbyfht ufyfobkt,bc cbvrdhbdbc 

'dbct,t,bf 

1. f(x)≥0, -∞<x<∞, 

2. 1)( 




dxxf , 

3.  FX'(x) = f(x),  f(x) aeymwbbc eo.dtnj,bc othnbkt,ib&   

 4. 'e a lf b cfchekb hbw[dt,bf 

P{aXb}=P{aXb}=P{aXb}=P{aXb}= 
b

a

dxxf )(   F (b) – F (a).     (1.5) 

erfyfcrytkb njkj,f [fpc ecdfvc bv ufhtvjt,fc^ hjv yt,bcvbthb x-bcf'dbc 

P{X=x}=0. 

fvhbufl^ fk,f'j,f bvbcf^ hjv X itv'[dtdb'b cblblt vj'fdclt,f hfbvt bynthdfkib 

cbvrdhbdbc aeymwbbc uhfabrcf lf Ox qthsc ijhbc vj'fdct,ekb bv abuehbc S(A) 

afh'j,bc njkbf^ hjvtkbw x=a lf x=b othnbkt,ib fqvfh'ek vfh'j,t,c ijhbcff 

vjmwtekb (b[&yf[& 1.1)& 
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P{aXb}=S(a,b)=S(A) 

yf[&1.1 

itdflfhj' (1.2) lf (1.3) ajhvekt,b^ hjvtk'fw flubkb fmdc lbcrhtnekb 

itv'[dtdb'b cblblbcf'dbc^ itcf,fvbcfl (1.4) lf (1.5) ajhvekt,c& fldbkb itcfvxytdbf fv 

ajhvekt,bc vcufdct,f^ ufyc[dfdt,f rb bvfib vlujvfhtj,c^ hjv itrht,bc jgthfwbf 

itbwdfkf cbvrdhbdblfy byntuhfkbc fqt,bc jgthfwbb'^ hfw^ hjujhw dbwb'^ itrht,bc 

jgthfwbbc eodtnb fyfkjubf& fmdt fqdybiyj'^ hjv ecfchekjl vwbht x-bcf'dbc flubkb 

fmdc itvltu vbf[kjt,b' njkj,fc 

P{xXx+x}  fX(x)x     (1.6) 

vfufkb'b 1.1. vjwtvekbf aeymwbf  
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f) ufycfpqdht' a gfhfvtnhbc bc vybidytkj,f^ hjvkbc'dbcfw f(x) ufyfobkt,bc cbvrdhbdtf* 

,) bgjdt' itcf,fvbcb FX(x) ufyfobkt,bc aeymwbf*  

u) bgjdt' fk,f'j,f bvbcf^ hjv FX(x) ufyfobkt,bc aeymwbbc vmjyt itv'[dtdb'b cblblt 

vj[dlt,f (2, 4] iefktlib& 

fvj[cyf& dbyfblfy f(x)0^ hjwf a0, a gfhfvtnhbc  vybidytkj,f ufvjb'dkt,f 

cbvrdhbdbc bv 'dbct,blfy^ hjv  






duuf )( =1& 

xfdfnfhj' ufvj'dkt,b& udfmdc 
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fvhbufl^ vbdbqt'^ hjv a=1/9. 

ufyfobkt,bc aeymwbbc ufvjcf'dktkfl dbcfhut,kj' ajhvekb' FX(x)= 

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vtcfvt itrb'[dfpt gfce[bc vbcfqt,fl dbcfhut,kj' (1.5) ajhvekb'& vbdbqt,' 

P{2<X<4}=FX(4) – FX(2) = 19/27.                                                    

 

§ 2. EO>DTNB ITV"{DTDB"B CBLBLBC VF"TVFNBREHB KJLBYB^ LBCGTHCBF 

 

eo.dtnb nbgbc X itv'[dtdb'b cblblbc vf'tvfnbrehb kjlbyb tojlt,f 

EX= 




dxxxf )(      (1.7) 

hbw[dc^ cflfw fX(x) fhbc X itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdt^ 'e 



 5 

wyj,bkbf^ hjv  




duufu )( & 

 

eo.dtnb ufyfobkt,bc itv'[dtdfib  vf'tvfnbrehb kjlbybc itvltub 'dbct,t,b 

byntuhfkbc 'dbct,t,blfy ufvjvlbyfhtj,c& 

1.  Ec=c^ fye velvbdbc vf'tvfnbrehb kjlbyb fv velvbdbc njkbf& 

2.  E(cX)=cEX, fye velvbdb uflbc vf'tvfnbrehb kjlbybc ybiybc ufht'* 

3.  E(c1X1+c2X2)=c1EX1+c2EX2^ fye ohabdb rjv,byfwbbc vf'tvfnbrehb kjlbyb 

kjlbyt,bc ohabdb rjv,byfwbbc njkbf* 

4.  'e X lf Y itv'[dtdb'b cblbltt,b lfvjerblt,tkbf^ vfiby EXY=EXEY. 

 itv'[dtdb'b cblblbc vtjht vybidytkjdfyb vf[fcbf't,tkb itv'[dtdb'b cblblbc 

lbcgthcbff 

DX=E(X-EX)
2
=EX

2
-(EX)

2
. 

cflfw EX
2 - X itv'[dtdb'b cblblbc vtjht hbubc vjvtynbf& fvfc'fy eo.dtnb itv[dtdb'b 

cblblbcf'dbc 






 ,)()( 2 dxxfEXxDX  

[jkj 






 dxxfxEX )(22 . 

lbcgthcbf frvf.jabkt,c itvltu  'dbct,t,c: 

1) 'e c velvbdbf^ vfiby Dc=0& 

2) D(aX+b)=a
2
DX^ t&b& itv'[dtdb' cblbltpt velvbdbc lfvfnt,f vbc lbcgthcbfc fh wdkbc^ 

[jkj velvbdb vfvhfdkb rdflhfnekb [fhbc[b' uflbc lbcgthcbbc ybiybc ufht'& 

3) 'e X lf Y itv'[dtdb'b cblbltt,b lfvjerblt,tkbf^ vfiby D(X+Y) =DX+DY& 

 

§ 3. VJLF^ VTLBFYF^  UFYFOBKT<BC RDFYNBKB 

 

eo.dtnb nbgbc ufyfobkt,bc vjlf tojlt,f hbw[db'b qthsbc bv othnbkbc f,cwbcfc^ 

hjvtkibw ufyfobkt,bc cbvrdhbdt fqotdc kjrfkeh vfmcbvevc* vjlf Mo cbv,jkj'b 

fqbybiyt,f  

w[flbf^ itcfskt,tkbf fhct,j,ltc hfvltybvt vjlf& vfifcflfvt^ ufyfobkt,bc vjlbc 
vjcfst,yfl cfzbhjf vbcb cbvrdhbdbc vfmcbvfkehb vybidytkj,bc itcf,fvbcb f,cwbcbc 
vjst,yf& ufyfobkt,t,c^ hjvtk'f cbvrdhbdtcfw uffxybf th'b fct'b othnbkb^ eybvjlfkehb 

tojlt,f& wfkrtekb ufvjyfrkbct,bc ufhlf (hjujhbwff vfufkb'fl^ [a,b] bynthdfkib 
'fyf,fhb ufyfobkt,f)^ vjvfdfkib hjujhw otcb^ xdty cfmvt udtmyt,f eybvjlfkeh 
ufyfobkt,t,'fy&  

eo.dtnb ufyfobkt,bc vmjyt X itv'[dtdb'b cblblbcf'dbc^ Me vtlbfyf bct'b 

othnbkbf^ hjvkbc @vfhw[ybd# lf @vfh]dybd# X itv'[dtdb'b cblblbc vj[dtlhbc 
fk,f'j,t,b njkbf&  

P{X≤Me}=P{X≥Me}=1/2                                          (1.8) 
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d'mdf'^ eo.dtnb X itv'[dtdb'b cblblbc ufyfobkt,bc aeymwbff F(x). ufyfobkt,bc p-

rdfynbkb fhbc fhuevtynbc bc xp vybidytkj,f^ hjvkbc'dbcfw  F(xp) = p. itdybiyj'^ hjv 

vtlbfyf itbskt,f ufybcfpqdhjc^ hjujhw 1/2 hbubc rdfynbkb fye Me=x1/ 2. 

ufyfobkt,bc cbvrdhbdbc nthvbyt,ib p-rdfynbkbcf lf vtlbfybc uhfabrekb 

ofhvjlutyf itvltubf (b[& yf[& 1.2) 

 
yf[& 1. 2 

 

 mdtvj'^ 1.1 w[hbkib vb'b't,ekbf itv'[dtdb'b cblbltt,bc hbw[db'b vf[fcbf't,-
kt,bc ufvj'dkbc ajhvekt,b lbcrhtnekb lf eo.dtnb ufyfobkt,t,bcf'dbc 

w[hbkb 1.1. 

hbw[db'b vf[fcbf't,kt,b 
lbcrhtnekb 

nbgb 
eo.dtnb 

nbgb 

vf'tvfnbrehb kjlbyb EX=


r

i
ii fx

1

 EX= 




duuuf )(  

k-ehb hbubc vjvtynb EX
k
=



r

i
i

k
i fx

1

 EX
k
= 





duufu k )(  

lbcgthcbf DX=E(X–EX)
2
=EX

2
–(EX)

2
 

cfiefkj rdflhfnekb 
uflf[hf X = + DX  

p-rdfynbkb xp ={x : F(x) = p} 

vtlbfyf Me = x1/2 = min{x : F(x)  1/2} 

 

 

§ 4. SBHB"FLB EO>DTNB UFYFOBKT<FYB 

 

 4.1. "FYF<FHB UFYFOBKT<F [a,b] IEFKTLIB 

dbn.db'^ hjv X itv'[dtdb' cblbltc fmdc 'fyf,fhb ufyfobkt,f [a,b] iefktlib 

(<a<b<+)^ fye X 'fyf,hfl ufyfobkt,ekbf [a,b] iefktlib^ 'e vbcb ufyfobkt,bc 

cbvrdhbdtf  

f(x) = 









&[dtdfibitv' obyffqvltu

e'

,0

,,
1

bxa
ab    (1.9)  

vbc uhfabrc fmdc itvltub cf[t: 
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     f(x) 
 

   1/(b–a) 

 

 

 

      a     0                             b     x  
 

yf[& 1.3 

X itv'[dtdb'b cblblbc 


x

dssfxF )()(  ufyfobkt,bc aeymwbfc fmdc cf[t 

F(x) = 














.,1

,),/()(

,,0

bx

bxaabax

ax

hjwf

hjwf

hjwf

   (1.10) 

yf[& 1.4-pt fv aeymwbbc uhfabrbf vjwtvekb  

1

a          0                          b                            x

F(x)

 

yf[& 1.4 

'e ab^ vfiby (1.7)-lfy vbdbqt,'^ hjv 

P{X} =F()–F()= ()/(b–a),   (1.11) 

fye fv iefktlib vj[dtlhbc fk,f'j,f njkbf 1.3 yf[fppt ufvjcf[ekb lfinhb[ekb 

vfh're'[tlbc afh'j,bcf& X itv'[dtdb'b cblblbc hbw[db'b vf[fcbf 't,kt,bf: 

EX=(a+b)/2,          DX = EX
2 
– (EX)

2
 = (b–a)

2
/12, 

X = (b–a)/(2 3 ). 

(1.10)-bc sfkb' udtmyt,f^ hjv 

F((a+b)/2) = ((a+b)/2–a)/(b–a) = 1/2 

 lf vfifcflfvt^ Me=(a+b)/2 ofhvjflutyc ufyfobkt,bc vtlbfyfc& hfw itt[t,f 'fyf,fhb ufyf-

obkt,bc vjlfc^ w[flbf^ hjv [a, b] iefktlbc yt,bcvbthb othnbkb itbskt,f xfd'dfkj' 

ufyfobkt,bc vjlfl&  

(a,b) bynthdfkpt 'fyf,hfl ufyfobkt,ekb X  Itv'[dtdb'b cblblt 

f(x)=












.,0

,,
1

bxax

bxa
ab

 fy     hjwf

hjwf
        F(x) = 















.,1

,),/()(

,,0

bx

bxaabax

ax

hjwf

hjwf

hjwf

 

 

EX=(a+b)/2,        DX= (b–a)
2
/12, Me=(a+b)/2 
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4.2 TMCGJYTYWBFKEHB UFYFOBKT<F 



 gfhfvtnhb' (>0) tmcgjytywbfkehfl ufyfobkt,ekb tojlt,f bct' X itv'[dtdb' 

cblbltc^ hjvkbc ufyfobkt,bc cbvrdhbdtf:  








  .0,

,0,0
)(

xe

x
xf x

 

cbvrdhbdbc uhfabrc fmdc itvltub cf[t% 

f(x)

e


e
-

0
x

 
yf[& 1.5 

lfinhb[ekb fhbc afh'j,b ofhvjflutyc tmcgjytywbfkehb ufyfobkt,bc vmjyt X 

itv'[dtdb'b cblblbc [] bynthdfkib vj[dtlhbc fk,f'j,fc& itcf,fvbc ufyfobkt,bc 

aeymwbfc fmdc itvltub cf[t% 

F(x) = 







 .0,1

,0,0

xe

x
x hjwf

hjwf
 

tmcgjytywbfkehfl ufyfobkt,ekb X itv'[dtdb'b cblblbc vf'tvfnbrehb kjlbybf 

EX=


 







1
)(

0

duueduuuf u , [jkj lbcgthcbf DX=1/
2 lf vfifcflfvt^ X=1/& fvhbufl^ 

tmcgjytywbfkehb ufyfobkt,bc gfhfvtnhb ofhvjflutyc vbcb vf'tvfnbrehb kjlbybc 

it,heyt,ek cblbltc& hflufy ufyfobkt,bc cbvrdhbdt rkt,flbf^ bc 'fdbc vfmcbvfkeh 

vybidytkj,fc fqotdc x=0 othnbkib lf fvbnjv ufyfobkt,bc vjlf Mo=0* hfw itt[t,f 

vtlbfyfc^ fldbkb cfxdtyt,tkbf^ hjv M=(1/)ln2. 

 

tmcgjytywbfkehfl ufyfobkt,ekb X itv'[dtdb'b cblblt 

f(x) = 







 .0,

,0,0

xe

x
x  

F(x) =  







 .0,1

,0,0

xe

x
x hjwf

hjwf
 

EX=


1
,    DX=1/

2
,    Me=



1
ln2, 
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§ 4.3 YJHVFKEHB UFYFOBKT<F 

 

X itv'[dtdb' cblbltc^ hjvkbc ufyfobkt,bc cbvrdhbdtc fmdc itvltub cf[t: 

)(, xf 

2

2

2

)(

22

1











x

e ^    (1.12)  

tojlt,f yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblblt&  

ufyfobkt,bc  lf  gfhfvtnht,bc ibyffhcb bvfib vlujvfhtj,c^ hjv bcbyb 

itcf,fvbcfl ufyfobkt,bc vf'tvfnbreh kjlbycf lf cfiefkj rdflhfnek uflf[hfc 

ofhvjflutyty% =EX, [jkj  DX   gfhfvtnhb' ufybcfpqdht,f ufyfobkt,bc 

cbvrdhbdbc vlt,fhtj,f hbw[d'f qthspt^ rthsjl rb – vbcb vfmcbvevbc othnbkb^ fye vjlf% 

hfw eahj lblbf vf'tvfnbrehb kjlbyb^ vb' eahj vfh]dybdff ofyfwdkt,ekb ufyfobkt,bc 

cbvrdhbdbc uhfabrb& fvfc'fyfdt^  gfhfvtnhbc wdfkt,flj,f fhfdb'fh ufdktyfc fh f[ltyc 

ufyfobkt,bc cbvrdhbdbc uhfabrbc ajhvfpt&  udbxdtyt,c ufyfobkt,bc cbvrdhbdbc 

ufikbkj,fc% hfw eahj lblbf ^ vb' eahj ufikbkbf ufyfobkt,bc cbvrdhbdbc uhfabrb (b[& 

yf[& 1.6 lf 1.7). (1.12)-b' ufycfpqdhekb cbvrdhbdbc aeymwbf x fhuevtynbc cbvtnhbekb 

aeymwbff^ x= ohat ofhvjflutyc vbcb cbvtnhbbc qthsc fye )(2,
xf 


= )(2,

xf 


* 

)(2,
xf


eybvjlfkehb cbvrdhbdtf^ bc vfmcbvfkeh vybidytkj,fc qt,ekj,c^ hjwf x =  lf 

)(2,
xf


=1/ 22 * fv ufyfobkt,bc vjlf^ vtlbfyf lf cfiefkj njkbf* M0 = Me = &  

bc afmnb^ hjv X itv'[dtdb'b cblblt yjhvfkehflff ufyfobkt,ekb gfhfvtnht,b'  

lf ^ vjrktl fct xfbotht,f X~N(,& 

 

 

yf[& 1.6 

 

 

yf[& 1.7 
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fqdybiyj' yjhvfkehb ufyfobkt,bc itvltub 'dbct,t,b:  

N1. 'e  X~N(,^ vfiby fv itv'[dtdb'b cblblbc  yt,bcvbthb Y=aX+b ohabdb 

rjv,byfwbf^ cflfw a lf b yfvldbkb hbw[dt,bf^ rdkfd yjhvfkehflff ufyfobkt,ekb^ 

Y~N(a+b,a. rthsjl^  

f)  'e X~N(,^ vfiby 





X
Z  ~ N(0,1),                                                            ( 1.13)

,)  'e       Z~N(0,1),   vfiby  ZX  ~ N(,)                                                                            (1.14) 

N2. 'e X1~N(,), X2~N(,) lf X1 lf X2 lfvjerblt,tkb itv'[dtdb'b cblbltt,bf^ vfiby 

X1X2 itv'[dtdb'b cblblt rdkfd yjhvfkehflff ufyfobkt,ekb gfhfvtnht,b' lf 

 2

2

2

1   

N(0,1) ufyfobkt,bc vmjyt itv'[dtdb' cblbltc tojlt,f cnfylfhnekb yjhvfkehb 

ufyfobkt,bc vmjyt itv'[dtdb'b cblblt^ [jkj N(0,1) ufyfobkt,fc – cnfylfhnekb 

yjhvfkehb ufyfobkt,f& cnfylfhnekb yjhvfkehb ufyfobkt,bc cbvrdhbdtc fqybiyfdty 

(x)-b'^ [jkj ufyfobkt,bc aeymwbfc – (x)-cbv,jkj'b&  

2

2

2

1
)(

x

ex



  ^ 

lf 

dueduux
x

u
x









2

2

2

1
)()( . 

fhct,j,c w[hbkt,b^ hjvkt,ibw nf,ekbht,ekbf (x) aeymwbbc vybidytkj,t,b^ 

hfw cfiefkt,fc udfsktdc ufvjd'dfkj' yjhvfkeh itv'[dtdb' cblbltc'fy 

lfrfdibht,ekb yt,bcvbthb [ljvbkj,bc fk,f'j,f&  

(x) aeymwbbc keoj,blfy ((x) =(–x)) ufvjvlbyfhtj,c^ hjv  

),(1)( xx   (0) = 0,5.     (1.15) 

 fv 'dbct,t,bc ufvj cnfylfhnekb yjhvfkehb ufyfobkt,bc aeymwbbc w[hbkt,b^ hjujhw 

otcb^ vjwtvekbf v[jkjl x fhuevtynbc lflt,b'b vybidytkj,t,bcf'dbc&  

vjdb.dfyj' rbltd th'b vybidytkjdfyb afmnb% 'eX~N(0,1), vfiby 

P{|X|x} = 2(x)–1,    (1.16) 

hfw ufvjvlbyfhtj,c P{|X|x}=(x)–(–x) lf (1.15) 'fyfafhlj,t,blfy& 

vfufkb'b 1.2. ufvjd'dfkj' X~N(0,1)-cf'dbc itvltub fk,f'j,t,b% 

f) P{X<1.2}, ,) P{X>0.5}, u) P{X<–0.3}, l) P{–0.3<X 0.7}, t) P{|X| 2.3}. 

fvj[cyf& f) ufycfpqdht,bc 'fyf[vfl^ P{X<1.2}=(1.2) lf eiefkjl w[hbkbc x 

cdtnib dtst,' vybidytkj,fc 1.2 lf bubdt cnhbmjybc (x) cdtnblfy fvjdoth' (1.2)-bc 

vybidytkj,fc^ hjvtkbw 0.88-bc njkbf& fvhbufl P{X<1.2}=0.88. 

,) {X>0.5} lf {X0.5} eh'bth'cfobyffqvltuj [ljvbkj,t,bf^ fvbnjv 
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P{X>0.5}=1–P{X0.5} 

lf rdkfd w[hbkbc cfiefkt,b' dgjekj,' fv [ljvbkj,bc fk,f'j,fc: 

P{X>0.5}=1–P{X0.5}=1–0.69=0.31. 

u) P{X<–0.3}-bc ufvj'dkbcfc dbcfhut,kj' (1.12) ajhvekb'  

P{X<–0.3}=(–0.3)=1–(0.3)=1–0.62=0.38. 

l) itv'[dtdfib fk,f'j,bc ufvjcf'dktkfl dbcfhut,kj' (1.5) ajhvekb' 

ufyfobkt,bc aeymwbbcf'dbc& udtmyt,f  

P {–0.3<X0.7} = (0.7)–(–0.5) = 0.75–0.31 = 0.44. 

t) (1.12)-bc sfkb' P{|X |1.3}= 2(1.3)–1 = 20.9–1 = 0.8.  

 

hjujhw dbwb'^ N(0,1) ufyfobkt,bc p (0<p<1) hbubc xp rdfynbkb frvf.jabkt,c 

njkj,fc: 

(xp) = p. 

'dfkcfxbyjt,bcf'dbc b[& yf[& 1.8. 

 

yf[& 1.8 

dbyfblfy (0)=1/2^ cfblfyfw x1/2=0, fvbnjv xp<0, hjwf p<1/2 lf xp>0, hjwf p>1/2. 

hflufy (–x)=1– (x), fvbnjv 

xp = – x1– p     (1.17) 

lf yjhvfkehb ufyfobkt,bc rdfynbkt,bc w[hbkb vjwtvekbf p-c v[jkjl bv vybidytkj-

,t,bcf'dbc^ hjvkt,bw 1/2-pt vtnbf. 

vfufkb'b 1.3. d'mdf'^ X~N(0,1). dbgjdj' k-c bc vybidytkj,f^ hjvkbcf'dbcfw  

f) P{Xk}=0.8; ,) P{Xk}=0.3; u) P{X>k}=0.1; l) P{–k<X<k}=0.9; t) 

P{|X|>k}=0.15.  

fvj[cyf& f) gbhj,bc 'fyf[vfl^ (k)=0.8^ fye cfsbt,tkbf N(0,1) ufyfobkt,bc 0.8-

rdfynbkb&  -t,bc cdtnib dtst,' hbw[db' vybidytkj,fc 0.8-c lf vbc ufcodhbd x-t,bc 

cdtnib itcf,fvbc vybidytkj,fc^ hjvtkbw vbf[kjt,b' 0.85-bc njkbf^ t&b& k 0.85. 

,) gbhj,bc 'fyf[vfl^ (k)=0.3^ fye cfsbt,tkbf N(0,1) ufyfobkt,bc 0.3-rdfynbkb& 

vfuhfv -bc cdtnib fhcfl fh ud[dlt,f vybidytkj,f 0.3& hfc ybiyfdc tc~ hflufy 0.3<0.5 lf 

0.5=(0), fvbnjv (k)<(0) lf t&b&^ k<0. fvbnjv (4.15)-bc sfkb' udtmyt,f% (k)=1–(–k)=0.3, 
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fye (–k)=0.7. f[kf erdt f)-c vcufdcfl^ -bc cdtnib dtst,' hbw[db' vybidytkj,fc 0.7-c lf 

vbc ufcodhbd x-t,bc cdtnib itcf,fvbc vybidytkj,fc^ hjvtkbw vbf[kjt,b' 0.55-bc njkbf^ 

t&b& –k0.55 lf k–0.55. 

u) P{X>k}=0.1 njkj,blfy ufvjvlbyfhtj,c^ hjv P{Xk}=0.9 lf obyf itv'[dtdt,bc 

fyfkjubehfl dgjekj,'^ hjv k 1.3. 

l) w[flbf^ hjv hflufy P{–k<Xk}=2(k)–1=0.9, udtmyt,f^ hjv (k)=0.95, cfblfyfw 

k1.65. 

t) w[flbf^ hjv P{|X|>k}=0.15 njkj,blfy ufvjvlbyfhtj,c P{|X|k}=0.85 njkj,f^ 

cfblfyfw 'fdbc v[hbd vbdbqt,'^ hjv 2(k) –1=0.85 fye (k)=0.925 lf k1.45.  

uflfdblt' pjuflb itv'[dtdbc ufy[bkdfpt& d'mdf' X~N(,

), cflfw  lf  

gfhfvtnht,bc hbw[db'b vybidytkj,t,b wyj,bkbf& fv itv'[dtdfib {Xx} [ljvbkj,bc 

fk,f'j,f vfhnbdfl ufvjb'dkt,f& vfh'kfw 

P{Xx} = P 






 










 xX
=  







 



x
.   (1.18) 

fyfkjubehfl 

P{a<Xb} = P{X  b}–P{ X  a}= (b–)/(a–)/ (1.19) 

vfufkb'b 1.4. wyj,bkbf^ hjv cfrjylbnhj mfh[ybc vbth ufvjidt,ekb abkf 

ijrjkflbc ojyf yjhvfkehflff ufyfobkt,ekb  400 uh-bc njkb cfiefkj'b lf 20 uh-bc 

njkb cfiefkj rdflhfnekb uflf[hb'& hfc elhbc fk,f'j,f bvbcf^ hjv vfqfpbfib yf.blb  

abkf ijrjkflbc ojyf bmyt,f 

f) fh fqtvfnt,f 410 uh-c^ 

,) fqtvfnt,f 425 uh-c^ 

u) fh fqtvfnt,f 380 uh-c^ 

l) fqtvfnt,f 395 uh-c^ 

t) vtnbf 390 lf yfrkt,bf 412 uh-pt& 

amoxsna f)  fvhbufl X~N(400,20) cfsbt,tkb P{X<410} fk,f'j,bc hbw[db'b 

vybidytkj,f (4.18)-bc 'fyf[vfl 

P{X410} = P 






 




20

400410

20

400X
=  









2

1
. 

eiefkjl w[hbkbc x cdtnib dtst,' vybidytkj,fc 0,5 lf bubdt cnhbmjybc (x) 

cdtnblfy fvjdoth' (0,5)-bc vybidytkj,fc^ hjvtkbw 0.69-bc njkbf& cf,jkjjl^  

P{X<410}=0.69. (69% itv'[dtdfib abkf ijrjkflbc ojyf yfrkt,bf 410 uh-pt)  

,) P{X>425} = 1-P{X<425}=1-   25.11
20

400425








 
=1-0,89=0,11. 

fvhbufl^ fk,f'j,f bvbcf^ hjv vfqfpbfib yf.blb  abkf ijrjkflbc ojyf fqtvfnt,f 

425 uh-c fhbc 0,11-bc njkb  (fye 11% itv'[dtdfib abkf ijrjkflbc ojyf vtnbf 410 uh-pt) & 
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u) P{X<380}=P 






 




20

400380

20

400X
=(-1)=!-(1)=1-0,84=0,16 

fvhbufl^ fk,f'j,f bvbcf^ hjv vfqfpbfib yf.blb  abkf ijrjkflbc ojyf yfrkt,bf 

380uh-pt fhbc 0,16-bc njkb  (fye 16%) & 

l) fyfkjubehfl fk,f'j,f bvbcf^ hjv vfqfpbfib yf.blb  abkf ijrjkflbc ojyf 

fqtvfnt,f 395uh&-c fhbc 0,59-bc njkb  (fy 59%) & 

t) cfsbt,tkb fk,f'j,bc hbw[db'b vybidytkj,f ufvjb'dkt,f whbkehb 

vybidytkj,t,bc vfhnbdb rjv,byfwbb'& 

P(390<X<412)=(0,6)-(-0,5)=0,41 (41%).                                                                          

 

f[kf ufvjd'dfkj' itvltub fk,f'j,t,b%  

P{|X–|  k} = P{–k< X  +k}, k=1,2,3,4. 

(4.18) lf (4.19)  ajhvekt,blfy w[flbf^ hjv cfvfh'kbfybf njkj,f  

P{|X–|  k} = P{|Y|  k}= 2(k)–1^ 

cflfw Y=


X
~N(0,1)^ cfblfyfw w[hbkbc lf[vfht,b' udtmyt,f% 

 

k 1 2 3 4 

P{–k<X+k} 0.6827 0.9545 0.9973 0.9999 

 

bc afmnb^ hjv P{|X–|3}=0,9973^ wyj,bkbf cfvb cbuvfc otcbc cf[tkojlt,b'&  

cnfylfhnekb uflf[hbc bynebwbehb bynthghtnfwbf itvltuib vlujvfhtj,c% 'e 

vjyfwtvt,b vbqt,ekbf yjhvfkehb ufyfobkt,bc vmjyt gjgekfwbblfy^ vfiby 

bynthdfkb [ x –s, x +s] itbwfdc vjyfwtv'f ~ 68%-c^ 

bynthdfkb [ x –2s, x +2s] itbwfdc vjyfwtv'f ~ 95%-c^ 

bynthdfkb [ x –3s, x +3s] itbwfdc vjyfwtv'f ~ 99%-c^ 

bynthdfkb [ x –4s, x +4s] itbwfdc ghfmnbrekfl .dtkf vjyfwtvc& 

f[kf dbgjdj' N() ufyfobkt,bc p-rdfynbkb%  

P{X  yp} = p. 

cflfw^ hjujhw erdt fqdybiyt'^ X = +Y, cflfw Y~N(0,1)& fvbnjv  

P{X yp}= P{(X–) /  (yp–) /}= P{X(yp–) /} = ((yp–) /) = p^ 

cfblfyfw (yp–)/ = xp^ fye 

yp = + xp.     (1.20) 
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vfufkb'b 1.5. X itv'[dtdb'b cblblt N(5,4) rfyjyb'ff ufyfobkt,ekb& dbgjdj' bct'b 

a, blf c hbw[dt,b^ hjvtk'f'dbcfw%  

f) P{X a}=0.7^ ,) P{X>b}=0.4^  u) P{| X–5|  c}=0.8.  

fvj[cyf& f) ufyfobkt,bc aeymwbbcf lf rdfynbkbc ufycfpqdht,bc 'fyf[vfl^ (1.20)-

blfy vbdbqt,'^ hjv a=y0.7=5+4x0.7. w[hbkb A1-bc vb[tldb' (b[& lfyfh'b) x0,7=0.55, t&b& 

a=5+40.55 =7.2. 

,) hflufy P{X>b}=1–P{Xb}, P{Xb}=0.6 lf N(0,1) ufyfobkt,bc rdfynbkt,bc w[hbkb-

lfy x0,6=0.25, fvbnjv b=4

0.25+5=6. 

u) P{|X–5|c} = P{|X–5|/4c/4} = (c/4) – (–c/4) = 2(c/4) –1 = 0.8^ cfblfyfw (c/4) = 

0.9 fye c = 4X0.9 = 41.3 = 5.2.                                                             

                                           

                      

yjhvfkehfl ufyfobkt,ekb X itv'[dtdb'b cblblt 

X~N(,

)                                                                          X~N(0,1) 

2

2

2

)(

2
,

2

1
)( 












x

m exf                                                   2

2

2

1
)(

x

ex





  


 

 






x
t

dtexF
2

2

2

)(

2
,

2

1
)(                                         duex

x
u







2

2

2

1
)(  

EX= ,          DX = 
2
                                                         EX= 0,          DX = 1 

2k=13 (2k–1)(


k 
, k=1,2,...          2k=13(2k-1)

 
, k=1,2,... 

2k+1=0, k=0,1, ...2k+1=0, k=0,1,... 

 

 

 

§ 4.4. -UFYFOBKT<F 

 

d'mdf'^ X1,X2,...,Xk lfvjerblt,tkb itv'[dtdb'b cblbltt,bf^ cnfylfhnekb yjhvf-

kehb ufyfobkt,b' (Xi~N(0,1), i=1,2,...,k). vfiby fv itv'[dtdb'b cblbltt,bc  

X2(k)= 22
2

2
1 kXXX        (1.21)  

rdflhfnt,bc ]fvbc ufyfobkt,fc eojlt,ty 2
(k) ufyfobkt,fc (fye 

2 
("[b rdflhfn")-ufyfob-

kt,fc k 'fdbceakt,bc [fhbc[b')& itcfrht,'f hfjltyj,f k (1.21)-ib fv ufyfobkt,bc 

gfhfvtnhc ofhvjflutyc& dbyfblfy X2
(k)

 fhfefh.jab'bf^ 2
(k) ufyfobkt,bc cbvrdhbdt yekbf 

efh.jab' yf[tdfhqthspt& hjwf k2, 

(k)-ufyfobkt,bc cbvrdhbdt rkt,flb aeymwbff^ [jkj 

hjwf k>2 vfc uffxybf vfmcbvevb x = k–2 othnbkib. hflufy 12 iEX ^ (1.21)-lfy vbdbqt,'^ 

hjv  

kEXEXEXEXkEX
k

i
ik 

1

222
2

2
1

2 )( . 
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fctdt vbbqt,f^ hjv DX
2
(k)=2k& yf[& 1.9-pt vj.dfybkbf 2

(k) ufyfobkt,bc cbvrdhbdbc uhfabrb  

k-c c[dflfc[df vybidytkj,t,bcf'dbc&  

 

yf[&  1.9 

vjud.fdc 2
(k)-ufyfobkt,bc pjubth'b 'dbct,f% 

'e X~
2
(k), Y~

2
(m) lf X lf Y lfvjerblt,tkb itv'[dtdb'b cblbltt,bf^ vfiby 

X+Y~
2
(k+m), fye 2

-ufyfobkt,bc vmjyt lfvjerblt,tkb itv'[dtdb'b cblbltt,bc itrht,b' 

vbbqt,f rdkfd 2
-ufyfobkt,bc vmjyt itv'[dtdb'b cblblt^ hjvkbc 'fdbceakt,bc [fhbc[b 

itcfrht,'f 'fdbceakt,bc [fhbc[t,bc ]fvbc njkbf& 

 d'mdf'^ X~
2
(k) lf 

P{X>xn, }=P{X(xn, }=

(xn, fhtc 2ufyfobkt,bc wfkv[hbd^ vfh]dtyf (ptlf)  pjvbc fhtc^ [jkj   xn, c ptlf  

rhbnbrek othnbkc eojlt,ty&  lfyfh'ib (w[hbkb A3) vjwtvekbf 2
-ufyfobkt,bc ptlf 

-rhbnbrekb othnbkt,bc hbw[db'b vybidytkj,t,b c[dflfc[df k-cf (k=1,2,..,30) lf -

cf'dbc (=0.01; 0.025; 0.05; 0.95; 0.975; 0.99);  

2(n)

2
n,  x

 

 
yf[ 1.10 

 

 

§ 4.5. CNBELTYNBC t(k)-UFYFOBKT,F 

 

cnbeltynbc t(k)-ufyfobkt,f fy hjujhw fv,j,ty^ cnbeltynbc t-ufyfobkt,f k 

'fdbceakt,bc [fhbc[b' fmdc itv'[dtdb' cblbltc  

,
/)(

)(
2 kkX

X
kT       (1.22) 
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cflfw X~N(0,1), X
2
(k)-c fmdc 2

-ufyfobkt,f k 'fdbceakt,bc [fhbc[b' lf X lf X
2
(k) 

itv'[dtdb'b cblbltt,b lfvjerblt,tkbf& vjdb.dfyj' fv ufyfobkt,bc cbvrdhbdbc uhfabrb% 

 
yf[& 1.11 

t(k)-ufyfobkt,bc hbw[db'b vf[fcbf't,kt,bf% 

ET(k)=0, DT(k) = 












.20,

,2,
2

k

k
k

k

hjwf

hjwf
 

yjhvfkehbc vcufdcfl^ t-ufyfobkt,bc cbvrdhbdtw cbvtnhbekb lf eybvjlfkehbf& 

x=0 othnbkb ofhvjflutyc fv ufyfobkt,bc vtlbfyfcfw^ vjlfcfw lf cfiefkjcfw&  

 d'mdf'^ X~ t(k) lf 

P{X>tn, }=P{X(tn, }=

(tn, fhtc t(k)-ufyfobkt,bc wfkv[hbd^ vfh]dtyf (ptlf)  pjvbc fhtc^ [jkj   tn, c 

ptlf  rhbnbrek othnbkc eojlt,ty&  lfyfh'ib (w[hbkb A4) vjwtvekbf t-ufyfobkt,bc 

ptlf -rhbnbrekb othnbkt,bc^ tk,-c hbw[db'b vybidytkj,t,b c[dflfc[df k-cf (k=1,2,..,30) 

lf -cf'dbc (=0.01; 0.025; 0.05; 0.95; 0.975; 0.99). itdybiyj'^ hjv t(k)-ufyfobkt,fc 

(hjujhw 0-bc vbvfh' cbvtnhbek ufyfobkt,fc)^ fmdc bct'bdt 'dbct,t,b^ hjujhbw fmdc 

cnfylfhnekb yjhvfkeh ufyfobkt,fc& rthsjl^ tk,1tk, hjwf 'fdbceakt,bc [fhbc[b 

k (ghfmnbrekfl^ hjwf k>30)^ t-ufyfobkt,f cohfafl ef[kjdlt,f cnfylfhnek 

yjhvfkeh ufyfobkt,fc%  

P{T(k x}  (x). 

 
yf[& 1.12.   t ufyfobkt,bc ptlf -rhbnbrekb othnbkt,b^ tn,. 
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§ 5. FCBVTNHBF LF TMCWTCB 

xdty ufydb[bkt' ufyfobkt,f'f hbw[db'b vf[fcbf't,kt,b^ vf'tvfnbrehb kjlbyb^ 

lbcgthcbf^ v'tkb lflt,b'b k hbubc cfchekb cfo.bcb lf wtynhfkehb vjvtynt,b&  

wtynhfkehb vjvtynt,bc vtidtj,b' ufybcfpqdht,f bct'b vybidytkjdfyb 

vf[fcbf't,kt,b hjujhbwff fcbvtnhbbcf lf tmcwtcbc rjtabwbtynt,b& 

 fcbvtnhbbc pjvfc cfaesdkfl tlt,f cfiefkj re,ehb uflf[hf lf fcbvtnhbbc 
rjtabwbtync fyufhbij,ty 

 = 
3

3)(



EXXE 
 

ajhvekb'& cfiefkj re,ehb uflf[hf cfiefkt,fc udfsktdc eahj chekfl 

ufdb'dfkbcobyj' itv'[dtdb'b cblblbc lblb uflf[ht,b& ufyfobkt,bc fcbvtnhbbc 

itv'[dtdfib ufyfobkt,bc vhelbc th'b v[fht bsktdf eahj lbl re,eh uflf[hfc vtjht 

v[fhtc'fy itlfht,b' lf hflufy re,ehb uflf[hbc lhjc uflf[hbc ybifyb yfhxeylt,f^ 

re,eh uflf[ht,c ijhbc ufyc[dfdt,f fxdtyt,c lflt,b' fy efh.jab' fcbvtnhbfc& 

'e X itv'[dtdb'b cblblbc ufyfobkt,f cbvtnhbekbf 'fdbcb EX cfiefkj 

vybidytkj,bc vbvfh'^ vfiby X itv'[dtdb'b cblblbc .dtkf rtynb hbubc wtynhfkehb 

vjvtynb yekbc njkbf& fmtlfy ufvjvlbyfht fcbvtnhbbc rjtabwbtynbw yekbc njkbf& 

 'e >0, vfiby ufyfobkt,f vfh]dybd fcbvtnhbekbf (yf[& 1.13)^ [jkj <0 ybiyfdc^ hjv 

ufyfobkt,f vfhw[ybd fcbvtnhbekbf (yf[& 1.14)& 

 

         
yf[& 1.13    yf[& 1.14 

itdybiyj'^ hjv yjhvfkehb lf rthsjl cnfylfhnekb yjhvfkehb ufyfobkt,bc lf t-

ufyfobkt,bc fcbvtnhbbc rjtabwbtynb yekbc njkbf^ [jkj 2 ufyfobkt,bc fcbvtnhbbc 

rjtabwbtynb lflt,b'bf&  

 tmcwtcbc rjtabwbtynb e f[fcbf't,c ufyfobkt,bc rjywtynhfwbbc [fhbc[c cfiefkj 

vybidytkj,bc bhudkbd& bub ufvjb'dkt,f 

e = 3
)(

4

4






EXXE
 

ajhvekb'& hfw eahj lblbf e, vb' vtnflff rjywtynhbht,ekb ufyfobkt,f -c bhudkbd^ 

fye cbvrdhbdtc -othnbkib fmdc vfqfkb gbrb^ lf gbhbmb' 
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yf[& 1.15 

 

'e hfbvt eodtnb ufyfobkt,bc vmjyt X itv'[dtdb'b cblblbc tmcwtcbc rjtabwbtynb 

lflt,b'bf^ tc vbe'b't,c bvfpt^ hjv cnfylfhnekb itv'[dtdb'b cblblbc 
DX

EXX 
 

ufyfobkt,bc cbvrdhbdt yekbc vblfvjib eahj ufotkbkbf ptdb'^ dblht cnfylfhnekb 

yjhvfkehb ufyfobkt,bc cbvrdhbdt& 

t-ufyfobkt,bcf'dbc e tmcwtcbc rjtabwbtynb efh.jab'bf& 

 

 
RB"{DT<B "DB"ITVJOVT<BCF"DBC 

 

 hjujh itv'[dtdb' cblbltc tojlt,f eo.dtnb~ 

 hjujh aeymwbfc deojlt,' eo.dtnb itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdtc~ 

 hf lfvjrblt,ekj,ff eodtnb itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdtcf lf 
ufyfobkt,bc aeymwbfc ijhbc~ 

 itbskt,f 'e fhf^ hjv fhuevtynbc hfbvt vybidytkj,bcf'dbc f) ufyfobkt,bc aeymwbf 
vtnb b.jc th'pt? ,) ufyfobkt,bc cbvrdhbdt vtnb b.jc th'pt? u) ufyfobkt,bc aeymwbf 
b.jc efh.jab'b? l) ufyfobkt,bc cbvrdhbdt b.jc efh.jab'b? 

 hjujh ufvjb'dkt,f X itv'[dtdb'b cblblbc ufyfobkt,bc aeymwbb' fy ufyfobkt,bc 
cbvrdhbdb'  (a<X<b) [ljvbkj,bc fk,f'j,f~ 

 hfc tojlt,f eo.dtnb itv'[dtdb'b cblblbc vf'tvfnbrehb kjlbyb* lbcgthcbf* cfiefkj 
rdflhfnekb uflf[hf~ 

 hjujh ufybvfhnt,f eo.dtnb itv'[dtdb'b cblblbc vtlbfyf lf vjlf~ 

 hf itv'[dtdfib tojlt,f eo.dtn itv'[dtdb' cblbltc 'fyf,hfl ufyfobkt,ekb~ 

 hfc elhbc (a,b) –pt 'fyf,hfl ufyfobkt,ekb itv'[dtdb'b cblblbc vf'tvfnbrehb 
kjlbyb lf lbcgthcbf~ 

 hf itv'[dtdfib tojlt,f eo.dtn itv'[dtdb' cblbltc yjhvfkehfl ufyfobkt,ekb~ 

 hjujhb cf[t fmdc yjhvfkehfl utyfobkt,ekb itv'[dtdb'b cblblbc cbvrdhbdtc~ hf 
ibyffhcb fmdc cbvrdhbdbc ufvjcf[ekt,fib itvfdfk gfhfvtnht,c~ hfc elhbc 
yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblbllbc vjlf^ vtlbfyf~ 

 hjujh itv'[dtdb' cblblt'f hjujhb aeymwbff  rfyjyb' ufyfobkt,ekb itv'[dtdb'b 
cblblt~  hbcb njkbf ufyfobkt,bc 'fdbceakt,bc [fhbc[b~ 

 hjujh itv'[dtdb' cblblt'f hjujhb aeymwbff cnbeltynbc rfyjyb' ufyfobkt,ekb 
itv'[dtdb'b cblblt~ hbcb njkbf ufyfobkt,bc 'fdbceakt,bc [fhbc[b~ 

 hjujh itv'[dtdb' cblblt'f hjujhb aeymwbff abithbc rfyjyb' ufyfobkt,ekb 
itv'[dtdb'b cblblt~ 

 
 

CFDFH}BIJT<B 
 

1.1. X itv'[dtdb'b cblblbc ufyfobkt,bc aeymwbff FX(x)& hjujhbf Y=aX+b itv'[dtdb'b 

cblblbc FY(x) ufyfobkt,bc aeymwbf^ cflfw a lf b velvbdt,bf&  

 

1.2. vjwtvekbf X itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdbc uhfabrb: 
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bubdt uhfabrpt ffut' Y=X+b 
itv'[dtdb'b cblblbc ufyfobkt,bc 
cbvrdhbdbc uhabrb^ cflfw b>0 velvbdbf 

1.3. eo.dtnb X itv'[dtdb'b cblblbc ufyfobkt,bc aeymwbff 

F(x)=















.2/,1

,2/0,sin

,0,0

x

xx

x

 

hbcb njkbf% f) cbvrdhbdt^ ,)  4/2  xP * 
 
1.4. eo.dtnb X itv'[dtdb'b cblblbc ufyfobkt,bc aeymwbff 

F(x)=














.4/,1

,4/0,2sin

,0,0

x

xx

x

 

hbcb njkbf f) )(xf  cbvrdhbdt^ ,) P{X}. 

 

1.5. eo.dtnb X itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdtf 

 f(x)=














.2,0

,21,
2

1

,1,0

x

xx

x

 

hbcb njkbf f) F(x) ufyfobkt,bc aeymwbf^ ,) P{1/2<X3/2}, u) EX, l) p=1/3 ljybc rdfynbkb^ 
t) DX. 
 

1.6. X itv'[dtdb'bcblblbc ufyfobkt,bc aeymwbff 

F(x)= 














4,1

,42,15,0

,2,0

x

xx

x

hjwf

hjwf

hjwf

 

bgjdt' fk,f'j,f bvbcf^ hjv X itv'[dtdb'b cblblt vbbqt,c f) 0^2-pt yfrkt, vybidytkj,fc^ ,) 
3-pt yfrkt, vybidytkj,fc^ u) 3-pt fhfyfrkt, vybidytkj,fc^ l) 5-pt fhfyfrkt, vybidyt-
kj,fc& 
 

1.7. X itv'[dtdb'bcblblbc ufyfobkt,bc aeymwbff 

F(x)=














1,1

,10,

,0,0
2

x

xx

x

hjwf

hjwf

hjwf

 

bgjdt' fk,f'j,f bvbcf^ hjv X itv'[dtdb'b cblblt j'[b lfvjerblt,tkb lfrdbhdt,bc 
itltufl cfv]th vbbqt,c vybidytkj,fc (0.25; 0.75) bynthdfkblfy&  
 

1.8. X itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdtf 

f(x)=








)1,0(,0

),1,0(,2

x

xx

hjwf

hjwf
 

hbcb njkbf f) F(x) ufyfobkt,bc aeymwbf^ ,) EX, DX, u) p=4/9 ljybc rdfynbkb  
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1.9. X itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdtf 

f(x)=








)2,0(,0

),2,0(,)2/1(

x

xx

hjwf

hjwf
 

hbcb njkbf X itv'[dtdb'b cblblbc vf'tvfnbrehb kjlbyb~ 
 

1.10. X itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdtf 










).4,2(,0

),4,2(,6)2/9()4/3(
)(

2

x

xxx
xf

hjwf

hjwf
 

bgjdt' f) vjlf^ ,) vf'tvfnbrehb kjlbyb^ u) vtlbfyf^ l)ufyfobkt,bc aeymwbf^ t)ufvj'dfkt' 
P{2<X<3}. 

 

1.11. X itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdtf 










).5,3(,0

),5,3(,4/456)4/3(
)(

2

x

xxx
xf

hjwf

hjwf
 

bgjdt' f) vjlf=4^ ,) vf'tvfnbrehb kjlbyb^ u) vtlbfyf^ l) ufyfobkt,bc aeymwbf& 
 

1.12. eo.dtnb X itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdtf 

 f(x)=








).1,0(,0

),1,0(),2( 2

x

xxxC
  

hbcb njkbf 

 f) C rjtabwbtynb, ,) EX, u) F(x) ufyfobkt,bc aeymwbf^ l) P{–3X1/2}  
 

1.13. 

1.vjwtvekbf eo.dtnb X itv'[dtdb'b 
cblblbc ufyfobkt,bc cbvrdhbdbc uhfabrb&  
f) fyfkbpehb cf[b' xfotht' ufyfobkt,bc 
cbvrdhbdt lf ufyfobkt,bc aeymwbf& 

,) ufvj'dfkt' P{2X4}. 

 

x 

 f(x) 

3 1 

¼ 

¾ 

 
 

1.14. 

1.vjwtvekbf eo.dtnb X itv'[dtdb'b 
cblblbc ufyfobkt,bc cbvrdhbdbc uhfabrb&  
f) fyfkbpehb cf[b' xfotht' ufyfobkt,bc 
cbvrdhbdt  

,) ufvj'dfkt'P{2X3}. 

 

x 

 f(x) 

 4 1 

2/3 
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KTMWBF II,III  FK<F"J<BC  "TJHBBC  PJUBTH"B  PQDFHB"B  
"TJHTVF 

 
 
 itv'[dtdb' cblblt'f lblb hfjltyj,bc ]fvt,bc .jafmwtdf cgtwbfkeh itcofdkfc 

cfzbhjt,c& vfufkb'fl^ ufydb[bkj' lfvjerblt,tkb^ th'yfbhfl ufyfobkt,ekb X1,X2,...,Xn 

itv'[dtdb'b cblbltt,bc fhb'vtnbrekb cfiefkj  




n

i
in X

n
X

1

1
. 

lfdeidf'^ hjv EXi=^ DXi=

, i=1,2,..,n. vf'tvfnbrehb kjlbybcf lf lbcgthcbbc 'dbct,t,bc 

ufvj  

E nX  = ,    D nX  = 
n

2
,    (2.1) 

fye nX  itv'[dtdb' cblbltc bubdt cfiefkj fmdc^ hfw .jdtk itcfrht,c^ vfuhfv [fcbf'lt,f 

n-]th eahj vwbht ufafynekj,b' 'fdbcb cfiefkjc vbvfh'^ dblht 'b'jtekb itcfrht,b& 

mdtvj' xdty vjdb.dfy' lt,ekt,t,c fhb'vtnbrekb cfiefkjc .jafmwtdbc itcf[t, 

itcfrht,'f hfjltyj,bc phlbcfc^ hjvkt,bw t.hlyj,f ]fvbc lbcgthcbbc itvwbht,bc 

fqothbk tatmnc lf itdt[t,b' itv'[dtdb' itcfrht,'f ]fvt,bc ufyfobkt,bc c[df 'dbct,t,c& 

 

 

§ 1. XT<BITDBC ENJKJ<F 

 

X itv'[dtdb'b cblblbc cfre'fhb vf'tvfnbrehb kjlbybcfufy uflf[hbc 

itcfafct,kfl b.tyt,ty t&o& xt,bitdbc enjkj,fc^ hjvtkbw vbbqt,f itvltub tktvtynfhekb 

enjkj,blfy& 

d'mdf'^ X hfbvt lflt,b' vybidytkj,t,bfyb itv'[dtdb'b cblbltf^ hjvkbc 

vf'tvfnbrehb kjlbyb cfchekbf% EX < & vfiby yt,bcvbthb lflt,b'b  hbw[dbcf'dbc 

P{X   } EX / .     (2.2) 

vfh'kfw^ 'e itvjdbafhukt,b' X lbcrhtnekb itv'[dtdb'b cblblb'^ hjvtkbw 

qt,ekj,c x1, x2,..., xr lflt,b' vybidytkj,t,c p1, p2, ..., pr fk,f'j,t,b'^ udtmyt,f 

EX = 


r

i

ii px
1

= 
ixi

ii px
:

+ 
ixi

ii px
:

 
ixi

ii px
:

  
ixi

ip
:

=  P{X   }. 

fvb' enjkj,f (2.2) yfxdtyt,bf& bub fctdt vfhnbdfl vnrbwlt,f pjufl itv'[dtdfib&  

 

xt,bitdbc enjkj,f& d'mdf'^ X hfbvt itv'[dtdb'b cblbltf cfchekb DX lbcgthcbb'^ 

vfiby cfvfh'kbfybf itvltub enjkj,f% 

P{|X–EX|  }  DX / 
&     (2.3) 

 

lfvnrbwt,f& w[flbf^ hjv P{|X–EX|  }= P{(X–EX)
2 
 


}. (6.2) enjkj,bc sfkb' 

P{|X–EX|  } = P{(X–EX)
2 
 


} E(X–EX)

2 
/ 


= DX / 


 

xt,bitdbc enjkj,f itbskt,f xfbothjc trdbdfktynehb ajhvb':  
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P{|X–EX|   DX }  1/
&    (2.4) 

tc enjkj,f yf'kfl ofhvjfxtyc lbcgthcbfc^ hjujhw uf,ytdbc vf[fcbf't,tkc% 

(2.4)-bc sfkb' X itv'[dtdb'b cblblbc cfre'fhb EX vf'tvfnbrehb kjlbybcfufy  DX -pt 

fhfyfrkt,b uflf[hbc fk,f'j,f fh fqtvfnt,f 1/
 cblbltc& 

 itybidyf& (2.3) enjkj,f itbskt,f xfbothjc  itvltub tmdbdfkty-nehb  cf[b':  

P(|X-EX|  > 1–
2

DX
 

fv cf[b' xfothbkb  xt,bitdbc  enjkj,f  ufycfpqdhfdc  |X-EX|< [ljvbkj,bc  fk,f'j,fc^   

hjvtkbw   mdtdblfyff   itvjcfpqdhekb 1-DX/
2  cblblb'& 

vfufkb'b 2.1. itfafct' ptvjlfy P{|X–EX|2}, 'e wyj,bkbf^ hjv DX=2.  

fvj[cyf& dbcfhut,kj' (2.3) ajhvekb' udtmyt,f  

P(|X–EX|  2)  DX / 2

= 2/2

2 
= 1/2& 

cfpjufljl xt,bitdbc enjkj,f bsktdf vf'tvfnbrehb kjlbybcfufy itv'[dtdb'b 

cblblbc uflf[hbc v[jkjl e[ti itafct,fc^ hfcfw flfcneht,c itvltub 

vfufkb'b 2.2. d'mdf'^ EX=DX=

 lf 3vfiby xt,bitdbc enjkj,b' udtmyt,f% 

P{|X–|3}<

/(9


) = 1/9  0.1111. 

'e lfdeidt,'^ hjv X ufyfobkt,ekbf yjhvfkehfl  lf  gfhfvtnht,b'^ vfiby^ 

hjujhw itcf,fvbcb w[hbkt,blfy xfyc^ bvfdt [ljvbkj,bc fk,f'j,f lblb cbpecnb' 

njkbf 0.0027 hbw[dbcf, hfw ufwbkt,b' yfrkt,bf dblht 1/9. 

 

 

§ 2. LBL HBW{D"F RFYJYB 

 

d'mdf' X1,X2,...,Xn,... lfvjerblt,tkb th'yfbhfl ufyfobkt,ekb itv'[dtdb' 

cblblt'f vbvltdhj,ff  vf'tvfnbrehb kjlbyb'f lf 2 lbcgthcbb'& 

ufydb[bkj' 

nX  = 


n

i
iX

n 1

1
 

itv'[dtdb'b cblbltt,bc vbvltdhj,f& (2.1) ajhvekbcf lf xt,bitdbc enjkj,bc sfkb'^ 

yt,bcvbthb lflt,b'b  hbw[dbcf'dbc udtmyt,f% 

P{| nX –E nX |>} = P{| nX –|>}  
2

nXD
=

2

2





n
,  (2.5) 

cfblfyfw bvbc uf'dfkbcobyt,b'^ hjv 
2

2





n
  0^ hjwf n  ^ vbdbqt,'^ hjv 

P{| nX –| > }  0,  hjwf  n  .   (2.6) 

erfyfcrytkb 'fyfafhlj,f cfvfh'kbfybf bv itv'[dtdfibw^ hjltcfw itv'[dtdb' 

cblbltt,c fh uffxybf' cfchekb lbcgthcbf& cf,jkjjl itbskt,f xfvjdf.fkb,j' 'tjhtvf^ 

hjvtkbw lbl hbw[d'f rfyjybc cf[tkb'ff wyj,bkb 

 

lbl hbw[d'f rfyjyb& 'e X1,X2,...,Xn,... th'yfbhfl ufyfobkt,ekb lfvjerblt,tkb 

itv'[dtdb'b cblbltt,bf cfth'j  vf'tvfnbrehb kjlbyb'^ vfiby yt,bcvbthb lflt,b'b  
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-bcf'dbc 

0
1

lim
1













n

i
i

n
X

n
P .    (2.7) 

 

itv'[dtdb' cblblt'f Y1,Y2,..,Yn,... vbvltdhj,fc tojlt,f fk,f'j,b' rht,flb Y 

itv'[dtdb'b cblblbcfrty^ hfw YY
P

n   cbv,jkj'b fqbybiyt,f^ 'e yt,bcvbthb lflt,b'b -

bcf'dbc 

n
lim P{|Yn–Y|>}=0.     (2.8) 

fmtlfy ufvjvlbyfht lbl hbw[d'f rfyjyb vjrktl fct xfbotht,f% 

nX  
P

  . 

 f[kf ufydb[bkj' th'b vybidytkjdfyb rthsj itv'[dtdf^ hjltcfw Xi itv'[dtdb'b 

cblbltt,b ,thyekbc itv'[dtdb'b cblbltt,bf ofhvfnt,bc p fk,f'j,b'  

 

Xi 
1 0 

p 1–p 

 

fv itv'[dtdfib nX = 


n

i
iX

n 1

1
=

n

Sn  ofhvjflutyc ofhvfnt,bc afhlj,b' cb[ibhtc n 

lfvjerblt,tk wlfib& dbyfblfy EXi=p^ fvbnjv lbl hbw[d'f rfyjyc ,thyekbc cmtvbcf'dbc 

tmyt,f itvltub cf[t% 

 

,thyekbc 'tjhtvf &  

0lim 











p
n

S
P n

n
,        








 p

n

S P
n  

 

 kbnthfnehfib 
n

Sn  afhlj,b' cb[ibhtc eojlt,ty ithxtdb' ghjgjhwbfc lf vfc nP


 

cbv,jkj'b fqybiyfdty^ nP


=
n

Sn &  

xfd'dfkj'^ hjv p fhbc bv ecfchekj gjgekfwbbc ghjgjhwbfl^ hjvtkbw ,thyekbc 

itv'[dtdb' cblbltc ittcf,fvt,f& vfiby  ,thyekbc 'tjhtvf itvltuyfbhfl xfbotht,f% 

nP
 P

  p. 

 

 

 

 

 § 3. WTYNHFKEHB PQDFHB"B "TJHTVF (RKFCBREHB) 

 

d'mdf' X1,X2,...,Xn,... lfvjerblt,tk yjhvfkehfl ufyfobkt,ekb itv'[dtdb' 

cblblt'f vbvltdhj,ff  cfiefkj'b lf 2 lbcgthcbb'& hjujhw wyj,bkbf  Sn=X1++Xn 
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itv'[dtdb'b cblblt rdkfd yjhvfkehflff ufyfobkt,ekb n cfiefkj'b lf n
2 

lbcgthcbb'^ [jkj yjhvbht,ekb ]fvt,bc ufyfobkt,f yjhvfkehbf yekjdfyb cfiefkj'b 

lf th'tekjdfyb lbcgthcbb'^ t&b& 

2



n

nSn  ~ N(0,1).    (2.9) 

 gbhbmb'^ 'e lfvjerblt,tk th'yfbhfl ufyfobkt,ek itv'[dtdb' itcfrht,'f 

]fvbcf'dbc sfkfibf (2.9)^ vfiby fv itv'[dtdb' cblblt'f cfth'j ufyfobkt,f fewbkt,kfl 

yjhvfkehb fqvjxylt,f& fvhbufl^ hjltcfw Xi itv'[dtdb' cblblt'f ufyfobkt,f yjhvfkehb 

fhff^ Sn itv'[dtdb'b cblblbc ufyfobkt,f fh itbskt,f b.jc yjhvfkehb& vbe[tlfdfl fvbcf 

yjhvbht,ekb ]fvt,bcf'dbc ufhfynbht,ekbf vbf[kjt,b'b yjhvfkehj,f^ hjltcfw 

itcfrht,'f hfjltyj,f ecfchekjl bphlt,f& fv afmnbc pecnb ajhvekbht,f wyj,bkbf 

wtynhfkehb pqdfhb'b 'tjhtvbc cf[tkojlt,b'& 

 

 

wtynhfkehb pqdfhb'b 'tjhtvf& Tu X1,X2,...,Xn lfvjerblt,tkb th'yfbhfl 

ufyfobkt,ekb itv'[dtdb'b cblbltt,bf cfth'j  vf'tvfnbrehb kjlbyb'f lf 

cfchekb 2
 lbcgthcbb'^ [jkj  Sn=X1+X2++Xn, vfiby 

0)( 










xx

n

nS
P n




, hjwf n,   (2.10) 

cflfw  (x) fhbc cnfylfhnekb yjhvfkehb ufyfobkt,bc aeymwbf& 

 

 vfuhfv wtynhfkehb pqdfhb'b 'tjhtvbc (2.10) ajhvekbht,f fhff cfrvfhbcb bv 

afh'j ufdhwtkt,bc fcf[cytkfl^ hjvtkbw yjhvfkeh ufyfobkt,fc uffxybf cek 

c[dflfc[df vjdktybc vjltkbc hjkib& fhct,j,c ,tdhfl eahj pjuflb gbhj,t,b^ hjwf 

flubkb fmdc lfvjerblt,tk (fy 'eylfw lfvjrblt,ek) itv'[dtdb' cblblt'f ]fvt,bc 

ufyfobkt,bc cbf[kjdtc yjhvfkeh ufyfobkt,fc'fy gbhj,bc .dtkfpt pjuflb 

ajhvekbht,f cbn.dbthfl itbskt,f fct ufvjb'mdfc% itcfrht,'f hfjltyj,bc phlbcfc 

'b'jtek vf'ufyc ufhrdtekb fphb' 'fyf,hfl vwbht odkbkb eylf it/mjyltc v'tkc 

]fvib& fvbnjv 

  

ghfmnbrekb cbnefwbt,bc ufy[bkdbcfc^ 'e hfbvt cblblt ,tdhb c[df vwbht cblblbc 

]fveh tatmnc ofhvjflutyc^ vfiby vbdbxytd'^ hjv fqybiyekb cblblbc ufyfobkt,bc 

rfyjyb  yjhvfkehbf& 

 

 (2.10) 'fyfafhlj,blfy vfhnbdfl ufvjvlbyfhtj,c itvltub afmnb 

)(xxn
X

P n 



















, hjwf n. 

fvhbufl^ lfdfcrdyb'^ hjv%  

 

itcfrht,'f cfrvfjl lblb hfjltyj,bcf'dbc fv cblblt'f fhb'vtnbrekb cfiefkj nX  

vbf[kjt,b' yjhvfkehflff ufyfobkt,ekb    cfiefkj'b lf  
2
/n  lbcgthcbb'& 
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kbnthfnehfib^ hjvtkbw t[t,f cnfnbcnbrbc ufvj.tyt,b' fcgtmnt,c^ wtynhfkehb 

pqdfhb'b 'tjhtvf cojhtl fv nthvbyt,ibf xfvj.fkb,t,ekb& 

 

,thyekbc cmtvbcf'dbc ofhvfnt,bc velvbdb p fk,f'j,b'^ 0<p<1, q=1–p wtynhfkehb 

pqdfhb'b 'tjhtvf bstyc itvltu ajhvfc%  .jdtkb yfvldbkb x-bcf'dbc  

)(xx
npq

npS
P n 
















^ hjwf n.   (2.11) 

 

sadac Sn  - n cdaSi « warmatebis » absoluturi sixSirea (warmatebaTa 

ricxvia). cobilia, rom DSn=npq. 

      fv  'tjhtvbc vtidtj,b' itcfskt,tkbf ufvjb'dfkjc Sn itv'[dtdb'b cblblbc pqdfhb'b 
ufyfobkt,fw^ cf[tklj,h^ 













 


npq

npx
xSP n }{ 0, hjwf n.   (2.12) 

fmtlfy erdt vfhnbdfl ufvjvlbyfhtj,c 
 

vefdh-kfgkfcbc 'tjhtvf& hjujhbw fh eylf b.jc a lf b yfvldbkb hbw[dt,b, a<b, Sn 

itv'[dtdb'b cblblbcf'dbc sfkfibf itvltub  vbf[kjt,b'b  ajhvekf: 













 














 


npq

npa

npq

npb
bSaP n }{ ,    hjwf n.   (2.13) 

 'e n cfrvfjl lblbf lf ofhvfnt,bc p fk,f'j,f fh fhbc f[kjc fy 1-'fy fy 0-'fy^ 
,byjvehb ufyfobkt,bc vbf[kjt,f yjhvfkehb' cfrvfjl pecn itltut,c bsktdf&  

vfufkb'b 2.3. 100 lfvjerblt,tk wlfib A [ljvbkj,bc ufy[jhwbtkt,bc fk,f'j,f 

velvbdbf lf 0.8-bc njkbf&yjhvfkehb fghjmcbvfwbbc ufvj.tyt,b' bgjdt' fk,f'j,f bvbcf^ 

hjv A [ljvbkj,f 100 wlfib ufy[jhwbtklt,f: f) fhf evwbhtc 75-]th lf fhf evtntc 90-

]th * ,) fhf evwbhtc 75-]th * u)fhf evtntc 90-]th & 

fvj[cyf& fvjwfybc gbhj,bc 'fyf[vfl^ n=100^ p=0.8^ a=75^ b=90 lf cfsbt,tkbf itvltub 

fk,f'j,t,b: f) P{75X90}^ ,)P{X75}^ u) P{X90}&  

f) (2.13)-bc sfkb' udfmdc  

P{75X90}=



90

75

)1(
k

knkk
n ppC  



























2.08.0100

8.010075

2.08.0100

8.010090
= 0.888. 

,) A [ljvbkj,bc ufy[jhwbtkt,f fhf evwbhtc 75-]th ybiyfdc^ hjv bc ufy[jh-

wbtklt,f fy 75-]th fy 76-]th lf f&i& 100-]th& fvbnjv P{X75}= P{75X100} lf fv 

itv'[dtdfib eylf xfd'dfkj'^ hjv a=75^ [jkj b=100& cf,jkjjl^ fyfkjubehfl obyf 

fvjwfybcf^ vbdbqt,' P{X75}=P{75<X100}= (5)(–1.25)= 0.89. 

u) A [ljvbkj,f ufy[jhwbtklt,f fhf evtntc 90-]th ybiyfdc^ hjv A [ljvbkj,f fy fh 

ufy[jhwbtklt,f fy ufy[jhwbtklt,f 1-]th fy 2-]th lf f&i& 90-]th& fvbnjv fyfkjubehfl ,) 

itv'[dtdbcf vbdbqt,'^ hjv  P(X90)=(2.5)–(–20)=0.99&                     
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vfufkb'b 2. 4. fk,f'j,f bvbcf^ hjv vpf [tkcfo.j'f gfhnbblfy itv'[dtdb' 

ithxtekb [tkcfo.j cfzbhjt,c lfvfnt,b' htuekbht,fc 0,05-bc njkbf& 'e  itvjovt,bcfc 

fqvjxylf^ hjv ithxtek [tkcfo.j'f 6%-pt vtnb cfzbhjt,c lfvfnt,b' htuekbht,fc^ vfiby 

'dkbfy^ hjv cnfylfhnc fh ittcf,fvt,f v'tkb gfhnbf& bgjdt' fk,f'j,f bvbcf^ hjv  

[tkcfokj'f gfhnbf fh ittcf,fvt,f cnfylfhnc^ 'e  fvbcf'dbc  eylf itfvjovjy 500 

[tkcfo.j & 

 fvj[cyf& dbcfhut,kjl ,thyekbc wlf'f cmtvb'& xfd'dfkj'^ hjv flubkb fmdc 

@ofhvfnt,fc"^ 'e [tkcfo.j cfzbhjt,c lfvfnt,b' htuekbht,fc&  t&b& gbhj,bc 'fyf[vfl 

n=500, p=0,05, np=25, npq=23,8, (npq)
1/2

=4,87 . (2.13)-bc sfkb' 














 














 


8,23

2530

8,23

25500
}50030{ nSP (97)-(1,03)=1-0,803+0,192.      

SeniSvna : ,thyekbc wlf'f cmtvfib^ hjltcfw ofhvfnt,bc fk,f'j,f  p f[kjcff 

yek'fy lf np lblb fhff^ yjhvfkeh vbf[kjt,fc fv]j,byt,ty gefcjybc vbf[kjt,fc : 

P{Sn x}  np
x

k

k

e
k

np 




0 !

)(
&    (2.14) 

fv 'fyflj,bc vfh]dtyf v[fhtc vj'fdct,ekb ufvjcf[ekt,f ofhvjflutyc =np  

gfhfvtnhbc vmjyt gefcjybc ufyfobkt,bc aeymwbfc&  

 

 

 

RB"{DT<B  "DB"ITVJOVT<BCF"DBC 

 

 xfvjf.fkb,t' lf ufvjb.dfyt' xt,bitdbc enjkj,f 

 xfvjf.fkb,t' lf lffvnrbwt' lbl hbw[d'f rfyjyb& 

 xfvjf.fkb,t' lbl hbw[d'f rfyjyb ,thyekbc  wlf'f cmtvbcf'dbc& 

 xfvjf.fkb,t' wtynhfkehb pqdfhb'b 'tjhtvf& 

 xfvjf.fkb,t' wtynhfkehb pqdfhb'b 'jhtvf ,thyekbc wlf'f cmtvbcf'dbc 

 xfvjf.fkb,t' wtynhfkehb pqdfhb'b 'tjhtvf ghjgjhwbt,bcf'dbc muavr-laplasis 

Teorema.& 

 

 

 

& 

 

§ 4. EXCEL 

ufydb[bkj' Excel-bc itvltub cnfnbcnbrehb aeymwbt,b& 
NORMDIST, NORMSDIST, NORMINV,  NORMSINV, EXPONDIST, CHIDIST, 

CHIINV, TDIST, TINV, FDIST,FINV, 

hjvtk'f xfothbcfc ufvj.tyt,ekb fqybidyt,bc bynthghtnfwbf lf ibyffhcj,hbdb 

lfndbh'df vjwtvekbf   1.3  w[hbkib  
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fqybidyf ibyffhcb 
x ufyfobkt,bc cbvrdhbdbc fy ufyfobkt,bc aeymwbbc fhuevtynbc 

hbw[db'b vybidytkj,f 
Mean ufyfobkt,bc vf'tvfnbrehb kjlbyb 

Stanard 

deviation 

ufyfobkt,bc cfiefkj rdflhfnekb uflf[hf  

Cumullative 'e Cumullative gfhfvtnhbc hbw[db'b vybidytkj,f yekbc 
njkbf^ cnfnbcnbrehb aeymwbf  udfsktdc ufyfobkt,bc 
cbvrdhbdbc hbw[db' vybidytkj,fc& 
'e Cumullative gfhfvtnhbc hbw[db'b vybidytkj,f th'bc njkbf^ 
cnfnbcnbrehb aeymwbf  udfsktdc ufyfobkt,bc aeymwbbc 
hbw[db' vybidytkj,fc& 

Lambda gfhfvtnhb 

Probability fk,f'j,bc P ljyt^ hjvkbc'dbcfw cfaesdtkpt ufvjb'dkt,f 
rdfynbkb& 

Deg freedom ufyfobkt,bc 'fdbceakt,bc [fhbc[b  

Probability P{X>x} fk,f'j,bc vybidytkj,f 
Tails 'e Tails gfhfvtnhbc hbw[db'b vybidytkj,f th'bc  njkbf^ 

TDIST aeymwbf  udfsktdc wfkv[hbd  T(n)>x fhtib vj[dtlhbc  
fk,f'j,fc^ P{T(n)>x}-c,  cnbeltynbc ufyfobkt,bcf'dbc &  
'e Tails gfhfvtnhbc hbw[db'b vybidytkj,f jhbc  njkbf^ TDIST 

aeymwbf  udfsktdc jhv[hbd  |T(n)|>x bynhdfkib vj[dtlhbc^ 
fk,f'j,fc^ P{T(n)>x}-c,  cnbeltynbc ufyfobkt,bcf'dbc &  

    
 

NORMSDIST   aeymwbbc xfothbc cbynfmcb fct'bf: 

NORMSDIST (z) .  

NORMSDIST aeymwbb' ufvjbfyufhbit,f cnfylfhnekb yjhvfkehfl ufyfobkt,ekb X 

itv'[dtdb'b  cblblbcf'dbc P(X z) fk,f'j,f  ajhvekb' due

z u





2

2

2

1
. 

vfufkb'b& 

ufvjd'dfkj'  X~ N(0,1)-cf'dbc itvltub fk,f'j,f& P(X 1.37).  

fvj[cyf& 

vjwtvekbf_ cnfylfhnekb  yjhvfkehb ufyfobkt,bc vmjyt itv'[dtdb'b cblblt&  

ufvjdb.tyj' aeymwbf NORMSDIST, hjvtkbw fct xfbotht,f% 

NORMSDIST(1.37)=0,91.  

fvj[cybc itltufl vbdbqt,'^ hjv cfsbt,tkb [ljvbkj,bc fk,f'j,f fhbc 0.91.      

 

NORMDIST   aeymwbbc xfothbc cbynfmcb fct'bf: 

NORMDIST (x, Mean, Stanard deviation, Cumullative).   

NORMDIST aeymwbbc  vybidytkj,f^ hjwf Cumullative =0, ufvjbfyufhbit,f ajhvekb' 

2

2

2

)(

22

1







x

e . 

NORMDIST aeymwbbc  vybidytkj,f^ hjwf Cumullative =1, ufvjbfyufhbit,f ajhvekb' 

due

x u









2

2

2

)(

2

1
. 
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vfufkb'b& 

X~ N(3,4) itv'[dtdb'b cblbltcf'dbc  ufvj'dfkt' itvltub fk,f'j,f P(X 1.37).  

fvj[cyf& 

vjwtvekbf_ yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblblbc:  

cfiefkj vybidytkj,f^ Mean= 3; 

cfiefkj rdflhfnekb uflf[hf^ Stanard deviation=4; 

Cumullative=1. 

fv itv'[dtdfib  NORMDIST aeymwbf fct xfbotht,f% 

NORMDIST (x, Mean, Stanard deviation, Cumullative)=NORMDIST(1.37,3,4,1).  

fvj[cybc itltufl vbdbqt,'^ hjv cfsbt,tkb [ljvbkj,bc fk,f'j,f fhbc 0.3418.    

 

vfufkb'b& 

wyj,bkbf^ hjv cfrjylbnhj mfh[ybc vbth ufvjidt,ekb abkf ijrjkflbc ojyf 

yjhvfkehflff ufyfobkt,ekb  400 uh-bc njkb cfiefkj'b lf 20 uh-bc njkb cfiefkj 

rdflhfnekb uflf[hb'& hfc elhbc fk,f'j,f bvbcf^ hjv vfqfpbfib yf.blb  abkf 

ijrjkflbc ojyf fh fqtvfnt,f 410 uh-c& 

fvj[cyf& 

vjwtvekbf_ yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblblbc:   

cfiefkj vybidytkj,f^ Mean= 400; 

cfiefkj rdflhfnekb uflf[hf^ Stanard deviation=20; 

Cumullative=1. 

fv itv'[dtdfib  NORMDIST aeymwbf fct xfbotht,f% 

NORMDIST (x, Mean, Stanard deviation, Cumullative)=NORMDIST(410,400,20,1)  

fvj[cybc itltufl vbdbqt,'^ hjv 69% itv'[dtdfib vfqfpbfib yf.blb  abkf ijrjkflbc ojyf 

fh fqtvfnt,f 410 uh-c&             

 

NORMSINV    aeymwbbc xfothbc cbynfmcb fct'bf: 

NORMSINV  (Probability),   

aeymwbf NORMSINV udb,heyt,c cnfylfhnekb yjhvfkehb ufyfobkt,bc  p ljybc 

rdfynbkbc hbw[db' vybidytkj,fc&   

vfufkb'b& 

X~N(0,1), bgjdt' p=0.42 ljybc rdfynbkb&   

fvj[cyf& 

vjwtvekbf_ cnfylfhnekb  yjhvfkehb ufyfobkt,bc vmjyt itv'[dtdb'b cblblt&  

 fv itv'[dtdfib  aeymwbf NORMSINV fct xfbotht,f% 

NORMSINV  (Probability)=NORMSINV (0.42)  

fvj[cybc itltufl vbdbqt,'^ hjv cnfylfhnekb  yjhvfkehb ufyfobkt,bc vmjyt 

itv'[dtdb'b cblblbcf'dbc  p=0.42 ljybc rdfynbkb  0.2-bc njkbf.     

 

NORMINV    aeymwbbc xfothbc cbynfmcb fct'bf: 

NORMINV  (Probability, Mean, Stanard deviation).   
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aeymwbf NORMINV udb,heyt,c fhfcnfylfhnekb yjhvfkehb ufyfobkt,bc  p ljybc 

rdfynbkbc hbw[db' vybidytkj,fc&    

vfufkb'b& 

X~N(7,5), bgjdt' P=0.75 ljybc rdfynbkbc  vybidytkj,f& 

fvj[cyf& 

vjwtvekbf_ yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblblbc:  

cfiefkj vybidytkj,f^ Mean= 7; 

cfiefkj rdflhfnekb uflf[hf^ Stanard deviation=5; 

fv itv'[dtdfib  NORMINV aeymwbf fct xfbotht,f% 

NORMINV  (Probability, Mean, Stanard deviation)=NORMINV (0.75,7,5).  

fvj[cybc itltufl vbdbqt,'^ hjv X~N(7,5)-cf'dbc p=0.8 ljybc rdfynbkb  10,37.-bc njkbf&   

 

 

EXPONDIST   aeymwbbc xfothbc cbynfmcb fct'bf: 

EXPONDIST (x, Lambda, Cumullative).   

EXPONDIST aeymwbbc  vybidytkj,f^ hjwf Cumullative =0, ufvjbfyufhbit,f ajhvekb' 

e
-x

, 

EXPONDIST aeymwbbc  vybidytkj,f^ hjwf Cumullative =1, ufvjbfyufhbit,f ajhvekb' 

e
-x

.
vfufkb'b& 

X~Exp (0.2)& ufvj'dfkt' itvltub fk,f'j,f P(X 5).  

fvj[cyf& 

vjwtvekbf_ tmcgjytywbfkehfl ufyfobkt,ekb itv'[dtdb'b cblblbc:  

byntycbdj,f Lambda = 0.2. 

fv itv'[dtdfib  EXPONDIST aeymwbf fct xfbotht,f% 

EXPONDIST (x, Lambda, Cumullative)=NORMINV (5,0.2,1).  

fvj[cybc itltufl vbdbqt,'^ hjv X~Exp (0.2)-cf'dbc P(X 5)=0.63.     

 

CHIDIST   aeymwbbc xfothbc cbynfmcb fct'bf: 

CHIDIST (x, Deg freedom).   

CHIDIST  aeymwbf fyufhbij,c   {X>x} [ljvbkj,bc fk,f'j,fc (k)-ufyfobkt,bc vmjyt 

itv'[dtdb'b cblblbcf'dbc  

vfufkb'b& 

d'mdf'^  X~
2
(8). ufvj'dfkt' itvltub fk,f'j,f P(X>5).  

fvj[cyf& 

vjwtvekbf% "[b rdflhfn"-ufyfobkt,bc vmjyt  itv'[dtdb'b cblblbc 'fdbceakt,bc [fhbc[b^ 

Deg freedom=8. 

fv itv'[dtdfib  CHIDIST aeymwbf fct xfbotht,f% 

CHIDIST (x, Deg freedom)= CHIDIST (5,8).  

fvj[cybc itltufl vbdbqt,'^ hjv X~
2
(8).)-cf'dbc P(X>5)=0.76.     
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CHIINV aeymwbbc xfothbc cbynfmcb fct'bf: 

CHIINV(Probability, Deg freedom). 

lfdeidf'^  Probability, k= Deg freedom.

CHIINV aeymwbf udb,heyt,c a-c bv vybidytkj,fc^ hjvkbc'dbcfw    (k)-ufyfobkt,bc 

vmjyt itv'[dtdb'b cblblbcf'dbc P{

(k)>a}= 

vfufkb'b& 

d'mdf'^  X~
2
(13).bgjdt' a-c bc vybidytkj,f^ hjvkbc'dbcfw P{X>a}=0.25. 

fvj[cyf&   

vjwtvekbf% "[b rdflhfn"-ufyfobkt,bc vmjyt  itv'[dtdb'b cblblbc 

 'fdbceakt,bc [fhbc[b^ Deg freedom=13. 

ptlf fhbc fk,f'j,bc hbw[db'b vybidytkj,f^ Probability=0.25. 

fv itv'[dtdfib  CHIINV aeymwbf fct xfbotht,f% 

CHIINV(Probability, Deg freedom)=CHIINV (0.25,13). 

fvj[cybc itltufl vbdbqt,'^ hjv "[b rdflhfn"-ufyfobkt,bc vmjyt itv'[dtdb'b 

cblblbcf'dbc^ hjvkbc 'fdbceakt,bc  [fhbc[b 13-bc njkbf^  ptlf  0.25 rhbnbrekb 

othnbkbc hbw[db'b vybidytkj,ff  15,98.    

TDIST   aeymwbbc xfothbc cbynfmcb fct'bf: 

TDIST (x, Deg freedom, Tails).   

TDIST(x,k,1) aeymwbf fyufhbij,c  t(k) ufyfobkt,bc vmjyt itv'[dtdb'b cblblbcf'dbc 

wfkv[hbd  T(k)>x fhtib xfdfhlybc   P{T(k)>x} fk,f'j,fc^   

TDIST(x,k,2) aeymwbf fyufhbij,c  t(k) ufyfobkt,bc vmjyt itv'[dtdb'b cblblbcf'dbc  

jhv[hbd  |T(k)|>x fhtib xfdfhlybc P{|T(k)|>x}  fk,f'j,fc& 

vfufkb'b& 

d'mdf'^  X~
2
(8). ufvj'dfkt' itvltub fk,f'j,f P(X>5).  

fvj[cyf& 

vjwtvekbf% "[b rdflhfn"-ufyfobkt,bc vmjyt  itv'[dtdb'b cblblbc 

 'fdbceakt,bc [fhbc[b^ Deg freedom=8. 

vb'b't,ekbf^ hjv fht wfkv[hbdbf (P(X>5). 

 fv itv'[dtdfib  TDIST aeymwbf fct xfbotht,f% 

TDIST (x, Deg freedom, Tails)=TDIST (5,8).  

fvj[cybc itltufl vbdbqt,'^ hjv X~
2
(8)-cf'dbc P(X>5)=0.76.    

 

TINV aeymwbbc xfothbc cbynfmcb fct'bf: 

TINV (Probability, Deg freedom). 

lfdeidf'^  Probability, k= Deg freedom.

TINV aeymwbf udb,heyt,c a-c bv vybidytkj,fc^ hjvkbc'dbcfw    t(k)-ufyfobkt,bc vmjyt X 

itv'[dtdb'b cblblbcf'dbc P{X> a }= 

vfufkb'b& 

d'mdf'^  X~t(13).bgjdt' a-c bc vybidytkj,f^ hjvkbc'dbcfw P{X> a }=0.25. 
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fvj[cyf&   

vjwtvekbf% t-ufyfobkt,bc vmjyt  itv'[dtdb'b cblblbc 

 'fdbceakt,bc [fhbc[b^ Deg freedom=13. 

fv itv'[dtdfib  TINV aeymwbf fct xfbotht,f% 

TINV (Probability, Deg freedom)=TINV (0.25,13).  

fvj[cybc itltufl vbdbqt,'^ hjv t-ufyfobkt,bc vmjyt itv'[dtdb'b cblblbcf'dbc^ hjvkbc 

'fdbceakt,bc  [fhbc[b 13-bc njkbf^  ptlf  0.25 rhbnbrekb othnbkbf 1.20.     

 

FDIST   aeymwbbc xfothbc cbynfmcb fct'bf: 

FDIST (x, Deg freedom, Deg freedom).   

FDIST aeymwbf fyufhbij,c  abithbc ufyfobkt,bc vmjyt X itv'[dtdb'b cblblbcf'dbc 

P{X>a} fk,f'j,fc& 
vfufkb'b& 

d'mdf'^ X~F(14,8) ufvj'dfkt' itvltub fk,f'j,bc P(X>2.1).  

fvj[cyf& 

vjwtvekbf% F-ufyfobkt,bc vmjyt  itv'[dtdb'b cblblbc: 

 'fdbceakt,bc [fhbc[b Deg freedom=14, 'fdbceakt,bc [fhbc[b Deg freedom=8 

fv itv'[dtdfib  FDIST aeymwbf fct xfbotht,f% 

FDIST (x, Deg freedom, Deg freedom)=FDIST(2.1,14,8).  

fvj[cybc itltufl vbdbqt,'^ hjv F-ufyfobkt,bc vmjyt itv'[dtdb'b cblblbcf'dbc^ hjvkbc 

'fdbceakt,bc  [fhbc[t,bf 14  lf 8^  cfsbt,tkb fk,f'j,f   0.13   -c njkbf&&    

 

FINV   aeymwbbc xfothbc cbynfmcb fct'bf: 

FINV (Probability, Deg freedom, Deg freedom).   

lfdeidf'^  Probability, k1= Deg freedom, k2= Deg freedom.

FINV aeymwbf udb,heyt,c a-c bv vybidytkj,fc^ hjvkbc'dbcfw    F(k1,k2)-ufyfobkt,bc vmjyt 

X itv'[dtdb'b cblblbcf'dbc P{X> a }= 

vfufkb'b& 

d'mdf'^  X~F(13,17).bgjdt' a-c bc vybidytkj,f^ hjvkbc'dbcfw P{X> a }=0.1. 

fvj[cyf&   

vjwtvekbf% F-ufyfobkt,bc vmjyt  itv'[dtdb'b cblblbc 

 'fdbceakt,bc [fhbc[b Deg freedom=13, 'fdbceakt,bc [fhbc[b Deg freedom=17. 

fv itv'[dtdfib  FINV aeymwbf fct xfbotht,f% 

FINV (Probability, Deg freedom, Deg freedom)=FINV (0.1,13,17).  

fvj[cybc itltufl vbdbqt,'^ hjv F-ufyfobkt,bc vmjyt itv'[dtdb'b cblblbcf'dbc^ hjvkbc 

'fdbceakt,bc  [fhbc[t,bf 13 lf 17^  ptlf  0.1 rhbnbrekb othnbkbf 1.94.     
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CFDFH}BIJT<B 

 

2.1. hfc elhbc yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblblbc vf'tvfnbrehb kjlbyb 
lf lbcgthcbf^ 'e ufyfobkt,bc cbvrdhbdtc fmdc itvltub cf[t:  

8

)3(

,

2

8

1
)(






x

exf


  

 

2.2. hfc elhbc yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblblbc vf'tvfnbrehb kjlbyb 
lf lbcgthcbf^ 'e ufyfobkt,bc cbvrdhbdtc fmdc itvltub cf[t:  

5
,

2

5

1
)(

x

exf





  

2.3. fvjotht' yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdbcf 
lf aeymwbbc ufvjcf[ekt,t,b^ 'e vf'tvfnbrehb kjlbyb -4-bc^ [jkj lbcgthcbf 5-bc 
njkbf& 
 
2.4. fvjotht' yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdbcf 
lf aeymwbbc ufvjcf[ekt,t,b^ 'e vf'tvfnbrehb kjlbyb –3-bc^ [jkj cfiefkj 
rdflhfnekb uflf[hf 2-bc njkbf& 
 
2.5. d'mdf'^ X~N(0,1)* w[hbkt,bc ufvj.tyt,b' ufvj'dfkt' itvltub fk,f'j,t,b%  

a) P{X<1}, b) P{X<–0.7}, g) P{X<1.96},  d) P{X<–1.6},   e) P{X<2.33}, v) P{0.3<X<2.9}. 

2.6. d'mdf'^ X~N(0,1),  

f) P{X<}=0.8P{X>itflfht' th'vfyt'c itvltub hbw[dt,b: |a| lf ||& 

, ) P{X<}=0.4, P{X>}=0.6. itflfht' th'vfyt'c  lf hbw[dt,b& 

u) P{X>}=0.8, P{X>}=0.4. hfc elhbc P{X<}? 

 

2.7. X~N(0,1), bgjdt' p=0.42 ljybc rdfynbkbc hbw[db'b vybidytkj,f& 
 

2.8. X~N(0,1), bgjdt' p=0.38 ljybc rdfynbkbc hbw[db'b vybidytkj,f& 
 

2.9. X~N(0,1), bgjdt' p=0.85 ljybc rdfynbkbc hbw[db'b vybidytkj,f& 
 

2.10. X~N(0,1), bgjdt' p=0.75 ljybc rdfynbkbc hbw[db'b vybidytkj,f& 
 

2.11. X itv'[dtdb'b cblblt N(3,4) rfyjyb'ff ufyfobkt,ekb& ufvj'dfkt' itvltub 
[ljvbkj,bc fk,f'j,t,b f) P(X 1), ,) P(X>6). 
 

2.12. X itv'[dtdb'b cblblt N(5,16) rfyjyb'ff ufyfobkt,ekb& dbgjdj' bct'b  lf  

hbw[dt,b^ hjvkt,bcf'dbcfw  f) P{X }=0.7^  ,) P{X>}=0.4^  u) P{<X }=0.8& 
 

 
2.13. N(8,7), ufycfpqdht' b^ hjvkbc'dbcfw P{5<X<b}=0.4. 

 

2.14. N(13,8), ufycfpqdht' b^ hjvkbc'dbcfw P{9<X<b}= 0.3.  

 

2.15. N(10,9), ufycfpqdht' b^ hjvkbc'dbcfw P{7<X<b}= 0.4.  
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2.16. N(4,6), ufycfpqdht' b^ hjvkbc'dbcfw P{1<X<b}= 0.4.  

 

2.17. X~N(5,5)& bgjdt' vf'tvfnbrehb kjlbybc vbvfh' bct'b cbvtnhbekb () bynthdfkb^ 

hjvkbc'dbcfw P{<X<}=0.8. 

 

2.18. X~N(8,6)& bgjdt' bct'b wfk[vhbdb vfh]dtyf (a,+) bynthdfkb^ hjvtkibw X 

itv'[dtdb'b cblblbc vj[dtlhbc fk,f'j,f 0&2-bc njkbf& 
 

2.19. X~N(13,7)& bgjdt' bct'b wfk[vhbdb vfhw[tyf (–,a) bynthdfkb^ hjvtkibw X 

itv'[dtdb'b cblblbc vj[dtlhbc fk,f'j,f 0&1-bc njkbf& 
 

2.20. X~N(0,1), bgjdt' p=0.95 ljybc rdfynbkbc hbw[db'b vybidytkj,f& 
 

2.21. X~N(4,8), Y~N(13,6)& hjujhbf X–Y itv'[dtdb'b cblblbc ufyfobkt,bc rfyjyb? 

 

2.22. X~N(34,7)& bgjdt' bvbc fk,f'j,f^ hjv X itv'[dtdb'b cblblt vbbqt,c vybidytkj,fc 
(20^ 50) bynthdfkblfy& 
 

2.23. X~N(20.6)& bgjdt' bvbc fk,f'j,f^ hjv X itv'[dtdb'b cblblbc uflf[hf vf'tvfnbrehb 
kjlbybcfufy bmyt,f 3-pt yfrkt,b& 
 

2.24. lflt,b'bf 'e efh.jab'b N(0,1) ufyfobkt,bc P=0.7 ljybc U0.7 rdfynbkbc hbw[db'b 
vybidytkj,f? 

 

2.25. N(0,1) ufyfobkt,bcf'dbc dbgjdj' p=0.4 ljybc rdfynbkbc hbw[db'b vybidytkj,f& 
 

2.26. X~N(7;3), Y~N(5;4), itvltub fk,f' j,t,blfy P{X>5}, P{Y>7}hjvtkbf vtnb?  
 

2.27. X lf Y lfvjerblt,tkb yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblbltt,bf& fvfc'fy 
EX=-6 DX=9, EY=-4, DY=4. bgjdt' fk,f'j,f bvbcf^ hjv Z=X+2Y itv'[dtdb'b cblblt 
j'[b lfvjerblt,tkb lfrdbhdt,bc itltufl jh]th vbbqt,c vybidytkj,fc (-17; -12) 
bynthdfkblfy& 
 

2.28. X lf Y lfvjerblt,tkb yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblbltt,bf& fvfc'fy 
EX= 5 DX=9, EY= -7, DY=4. bgjdt' fk,f'j,f bvbcf^ hjv Z=X-2Y itv'[dtdb'b cblblt [e'b 
lfvjerblt,tkb lfrdbhdt,bc itltufl cfv]th vbbqt,c vybidytkj,fc (16; 22) bynthdfkblfy&  

 

2.29. lfotht' yjhvfkehfl ufyfobkt,ekb bv itv'[dtdb'b cblblbc ufyfobkt,bc cbvrdhbdt^ 
hjvkbc vf'tvfnbrehb kjlbyb lf lbcbgthcbf njkbf (-1;2) bynthdfkib 'fyf,hfl 
ufyfobkt,ekb itv'[dtdb'b cblblbc itcf,fvbcb vybidytkj,t,bcf& 
 

2.30. vfqfpbf dfzhj,c vfvfrfwbc rjcnevt,b'& wyj,bkbf^ hjv vj'[jdyf vfvfrfwbc 
rjcnevt,pt yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblbltf 52-bc njkb cfiefkj'b lf 
3-bc njkb cfiefkj rdflhfnekb uflf[hb'& hbcb njkbf vj'[jdybc ghjwtynekb 
hfjltyj,f 48 pjvbc rjcnevpt^ 'e fv pjvbc rjcnevt,c ufycfpqdhfdc (47-49) bynthdfkb&  
 

2.31. vfqfpbf dfzhj,c vfvfrfwbc rjcnevt,b'& wyj,bkbf^ hjv vj'[jdyf vfvfrfwbc 
rjcnevt,pt yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblbltf 52-bc njkb cfiefkj'b lf 
3-bc njkb cfiefkj rdflhfnekb uflf[hb'& hbcb njkbf vj'[jdybc ghjwtynekb 
hfjltyj,f 50 pjvbc rjcnevpt^ 'e fv pjvbc rjcnevt,c ufycfpqdhfdc (49-51) bynthdfkb&  
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2.32. X ~t(26). bgjdt' a-c bc vybidytkj,f^ hjvkbc'dbcfw P{X>a}=0. 975  

 

2.33. X ~t(17). bgjdt' a-c bc vybidytkj,f^ hjvkbc'dbcfw P{X<a}=0.9 
 

2.34. X ~t(15). bgjdt' a-c bc vybidytkj,f^ hjvkbc'dbcfw P{X<a}=0.05  

 

2.35. X ~t(13). bgjdt' a-c bc vybidytkj,f^ hjvkbc'dbcfw P{X>a}=0.99 

 

2.36. X ~(27). bgjdt' a-c bc vybidytkj,f^ hjvkbc'dbcfw P{X<a}=0.975 

 

2.37. X ~(17). bgjdt' a-c bc vybidytkj,f^ hjvkbc'dbcfw P{X<a}=0.99 

 

2.38. X ~(17). bgjdt' a-c bc vybidytkj,f^ hjvkbc'dbcfw P{X>a}=0.95 
 

 2.39. X yjhvfkehb itv'[dtdb'b cblblbc vf'tvfnbrehb kjlbyb lf cfiefkj rdflhfnekb 

uflf[hf  Sesabamisad njkbf 10 lf 2-bc& dbgjdj'% f) P{12X14}^ ,) P=1/3 ljybc rdfynbkb* 
 

2.40. X yjhvfkehb itv'[dtdb'b cblblbc vf'tvfnbrehb kjlbyb lf cfiefkj rdflhfnekb 

uflf[hf Sesabamisad njkbf 20 lf 5-bc& dbgjdj'% f) P{15X25}^ ,) P=1/4 ljybc 
rdfynbkb* 
 

2.41. X  yjhvfkehb itv'[dtdb'b cblblbc vf'tvfnbrehb kjlbyb =10^ [jkj 

P{10X20}=0.3& dbgjdj'% P{0X10} 
 

2.42. X  yjhvfkehb itv'[dtdb'b cblblbc vf'tvfnbrehb kjlbyb =25^ [jkj 

P{10X15}=0.2& dbgjdj'% P{35X40}. 
 

2.43. d'mdf' X~N(,
2
). dbgjdj' X  yjhvfkehb itv'[dtdb'b cblblbc 7.0p  ljybc 

rdfynbkb^ 'e =2, =1. 
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KTMWBF  IV   VJYFWTV"F GBHDTKFLB LFVEIFDT<F 
 

bcnjhbekfl xfvj.fkb,lf  cnfnbcnbrbc itvltub ufycfpqdhf% tc fhbc vf'tvfnbrbc 

lfhub^ hjvtkbw itbcofdkbc cnfnbcnbrehb vjyfwtvt,bc cbcntvfnbpfwbbc^ fyfkbpbcf lf 

ufvj.tyt,bc vt'jlt,c 'tjhbekb lf ghfmnbrekb lfcrdyt,bc vbqt,bc vbpyb'& cbn.dfc 

cnfnbcnbrf ("statistics ") cfaesdkfl eltdc kf'byehb "statista" - cf[tkvobaj vjqdfot fy 

"stato" - cf[tkvobaj& fv cbn.dbc mdti 'fdlfgbhdtkfl buekbc[vt,jlf cf[tkvobaj 

vjqdfotj,bc hfjltyj,hbdb [fcbf'bc vjyfwtvt,bc fqothf* vjcf[ktj,bc^ fqt,ekb 

vjcfdkbc^ cf[tkvobaj [fpbybc lfyf[fh]t,bc fqothf lf c[df& monacemTa analizisa 

da gamoyenebiTi cnfnbcnbrbs 'fyfvtlhjdt vt'jlt,b tv.fht,f lf fhct,b'fl ufvjb.tyt,c  

diskretuli fk,f'j,bc faqtebsa da  wyt,t,c& 

hjujhw diskretuli fk,f'j,f^ bct monacemTa analizi da  cnfnbcnbrf  

itbcofdkbc vfcj,hbd vjdktyt,ib itv'[dtdb'  SedegTa ([ljvbkj,f'f)  hfjltyj,hbdb 

[fcbf'bc rfyjypjvbtht,t,c&  

vjdktyfc tojlt,f vfcj,hbdb^ 'e fv vjdktybc lfrdbhdt,f th'cf lf bubdt gbhj,t,ib 

,tdh]th itbskt,f bmyfc ufy[jhwbtkt,ekb& itv'[dtdb' [ljvbkj,f'f mdti rb buekbc[vt,f 

bct'b vfcj,hbdb vjdktyf^ hjvkbc lfvf[fcbf't,tkb hfjltyj,hbdb (hbw[db'b) 

vybidytkj,t,bc obyfcofh ufycfpqdhf iteskt,tkbf& fvfc'fy lfrfdibht,b' ufydcfpqhj' 

t&o& itv'[dtdb'b tmcgthbvtynb& 

itv'[dtdb'b tmcgthbvtynb1 (wlf) tojlt,f gbhj,f'f hfbvt ufhrdtekb S 

rjvgktmcbc ufy[jhwbtkt,fc^ hjvkbc lhjcfw buekbc[vt,f^ hjv% 

1. tmcgthbvtynbc xfnfht,fvlt itcfskt,tkbf .dtkf itcfskj eh'bth'ufvjvhbw[fdb 

itltubc vb'b't,f& 

2. tmcgthbvtynbc xfnfht,fvlt iteskt,tkbf vbcb  SesaZlo itltubc wfkcf[fl 

ufycfpqdhf& 

3.    itcfskt,tkbf tmcgthbvtynbc vhfdfk]thflb ufyvtjht,f& 

gbhdtk 'fdib xdty ufydb[bkfd' itv'[dtdb'b tmcgthbvtynbc vhfdfk]thflb ufvtjht,bc 

itltufl tmcgthbvtynbc lfvf[fcbf't,tkb lfrdbhdt,ekb (hbw[db'b) vybidytkj,t,bc^ fye    

vjyfwtv'f gbhdtkflb lfveifdt,bc ( monacemTa analizis) vt'jlt,c^ [jkj vjvltdyj 

'fdt,ib  ufdtwyj,b'  gamoyenebiTi cnfnbcnbrbc cfaesdkt,c & 

 

§ 1. VJYFWTVT<BC CB{IBHT"F UFYFOBKT<F LF VBCB UHFABREKB 

OFHVJLUTYF 

 

vjyfwtvt,bc mdti buekbc[vt,f j,btmn'f hfbvt cbvhfdkbc hfjltyj,hbd fy 'dbct,hbd 

vf[fcbf't,tk'f lfrdbhdt,ekb vybidytkj,t,bc th'j,kbj,f& vjyfwtvb itbskt,f b.jc 

abpbrehb ufpjvdbc itltub (vfufkb'fl^ ojyf fy cbvfqkt lf a.S.)^ gfce[b rb'[dfpt (rb fy 

fhf) fy hfbvt ybiybc vb[tldb' rkfcbabrfwbbc itltub&  

lfrdbhdt,ekb hfjltyj,hbdb vf[fcbf't,kt,bc vb[tldb' itbskt,f ufydfc[dfdj' 

lbcrhtnekb lf eo.dtnb vjyfwtvt,b& lbcrhtnekb vjyfwtvt,b qt,ekj,c v[jkjl wfkrt-

                                                 
1 ptlcfh'fdb @itv'[dtdb'b# mdtvj' [ibhfl ufvjnjdt,ekb bmyt,f& 
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ek bpjkbht,ek vybidytkj,t,c^ [jkj eo.dtn vjyfwtvt,c iteskbf vbbqjc yt,bcvbthb 

(yfvldbkb) hbw[db'b vybidytkj,f hfbvt cfpqdht,ib& lbcrhtnekb vjyfwtvt,b xdtekt,hbd 

'dkbc itltufl vbbqt,f& fct't,bf^ vfufkb'fl^ j]f[bc otdh'f hfjltyj,f^ vc[dbkb 

abhvt,bc idbkj,bkb abhvt,bc hfjltyj,f^ j'f[t,bc hfjltyj,f ,byt,ib lf f&i& fct' vj-

yfwtvt,c lbcrhtnekb tojlt,f& lbcrhtnekb vjyfwtvt,bc fknthyfnbdf eo.dtnb 

vjyfwtvt,bf^ hjujhbwff ojyf^ cbvfqkt^ cbwjw[kbc [fyuhskbdj,f^ itvjcfdfkb lf c[df& 

vfufkb'fl^ ojyf ,eyt,b'ff eo.dtnb vf[fcbf't,tkb^ 'jhtv vjwtvekb cbpecnb' 

ufpjvdbcfc bcbw rb itbskt,f lbcrhtnekfl xfb'dfkjc& fvltyfl ufpjvdbc vjwtvekb 

cfpecnbcf'dbc fknthyfnbdf – lbcrhtnekb lf eo.dtnb – gbhj,b'bf& 

 mdtvj' xdty vjdb.dfy' vjyfwtv'f 'dfkcfxbyj^ rthsjl w[hbkehb lf uhfabrekb 

ofhvjlutybc vt'jlt,c^ hjvkt,cfw ufdtwyj,b' vfufkb't,bc cfaesdtkpt 

vfufkb'b 4.1. vc[dbkb rjvgfybbc rflht,bc ufy.jabkt,bc eahjcc lftdfkf 

xftnfht,byf 'fyfvihjvtk'f cfvcf[ehib fh ufvjw[flt,bc fyfkbpb& mdtdb' vjwtvekbf 

erfyfcrytkb 21 cfveifj lqbc ufyvfdkj,fib cfvcf[ehib fh ufvjw[flt,ek 

'fyfvihjvkt,'f hfjltyj,t,b& 

1,  1,   2,   2,   1,   0,   2,   3,  2,   2,   1,   1,   4,   3,   1,   0,    2,   1,   4,   1,   3 

fct' vjyfwtvt,c lbcrhtnek vjyfwtvt,c eojlt,ty^ dbyfblfy lfrdbhdt,ekb 

vybidytkj,t,b (cfvcf[ehib fh ufvjw[flt,ek 'fyfvihjvtk'f hfjltyj,f) qt,ekj,c 

v[jkjl v'tk hbw[db' vybidytkj,t,c& 

vjwtvek hbw[d'f th'j,kbj,f ofhvjflutyc n=21  vjwekj,bc ithxtdfc& ithxtdbc 

vjwekj,f lfrdbhdt,f'f hfjltyj,bc njkbf& fct'b cf[b' xfothbkb vjyfwtvt,bc 

ufvj.tyt,f itvlujvb fyfkbpbcf'dbc vtnfl sytkbf& fvbnjv^ egbhdtktc .jdkbcf^ xdty 

ufdtwyj,b' vjyfwtv'f lfveifdt,bc lf ofhvjlutybc itvltu vfhnbd [th[t,c%  

f) uflfdfkfuj' lfrdbhdt,ekb vybidytkj,t,b phlbc vb[tldb'&  

0,   0,   1,  1,   1,   1,   1,   1,   1,   1,   2,   2,   2,   2,   2,   2,  3,  3,   3,  4,   4 

vbqt,ek  vbvltdhj,fc dfhbfwbekb  vorhbdb  tojlt,f& 

dfhbfwbekb vorhbdblfy xdty fldbkfl  itudbskbf  fvjdothj' vfcib itvfdfkb 

ufyc[dfdt,ekb hbw[db'b vybidytkj,t,b^ fye dfhbfynt,b lf fv vybidytkj,f'f cb[ibhtt,b^ 

fye dfhbynt,bc ufvtjht,f'f hfjltyj,f& vjwtvek dfhbfwbek vorhbdib 5 ufyc[dfdt,ekb 

hbw[db'b vybidytkj,ff& tc vybidytkj,t,bf 0,1,2,3,4. erfyfcrytkb 21 cfveifj lqbc 

ufyvfdkj,fib v[jkjl jh]th ufvjw[fllf .dtkf 'fyfvihjvtkb^ hdf]th fh ufvjw[fllf 

v[jkjl th'b lf f&i& .dtkf fv byajhvfwbfc 'fdb vjde.fhj' 4.1 cf[bc w[hbkib  

w[hbkb 4.1 

fh 

ufvjw[flt,ek'f 

hfjltyj,f 

(dfhbfynb) 

0 1 2 3 4 

lfrdbhdt,ekb 

lqtt,bc 

hfjltyj,f 

ufwltybkb lqtt,bc 

hfjltyj,f 

(cb[ibht) 
2 8 6 3 2 21 

 

w[hbkbc gbhdtk cnhbmjyib vb'b't,ekbf cfvcf[ehib fh ufvjw[flt,ek 

'fyfvihjvtk'f hfjltyj,t,b^ [jkj vtjht cnhbmjyib 'fyfvihjvtk'f fqybiyekb 
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hfjltyj,bc vbth ufwltybk lqt'f hfjltyj,f fye cb[ibht& w[hbkb 4.1 udfsktdc 

cfvcf[ehib fh ufvjw[flt,ek 'fyfvihjvtk'f cb[ibhekb ufyfobkt,bc cehf'c& 

'e uflfdfk' afhlj,b' cb[ibhtt,pt 














fvjwekj, ithxtdbc

cb[ibht
cb[ibht bb'afhlj, ^ 

vfiby w[hbkb 4.1-bc vfubth udtmyt,f afhlj,b' cb[ibht'f itvltub ufyfobkt,f 

w[hbkb 4.2 

dfhbfynt,b 0 1 2 3 4 ]fvb 

afhlj,b'b 

cb[ibht 21

2
 

21

8
 

21

6
 

21

3
 

21

2
 1 

 

4.1 lf 4.2 w[hbkt,b itbskt,f othnbkjdfyb lbfuhfvbc (yf[& 4.1)^ fy vtcthekb lbfuhfvbc 

(yf[& 4.2) cf[b' ufvjbcf[jc  

 

 
 
 
 
 
 
 

 
 
 

x
(i)

 

ni 

x
(i)

 

. 
. 

. . . 

yf[& 4.1. cb[ibht'f ufyfobkt,bc 
othnbkjdfyb lbfuhfvf 

yf[& 4.2. afhlj,b' cb[ibht'f 
ufyfobkt,bc vtcthekb lbfuhfvf 

hi 

 
 

 [ibh itv'[dtdfib ufyb[bkfdty t&o& gjkbujycfw& lbcrhtnekb vjyfwtvt,bcf'dbc 

gjkbujyb vbbqt,f othnbkjdfyb lbfuhfvbc othnbkt,bc itth't,b'& vfc itvltub cf[t fmdc 

(b[& yf[& 4.3 )& 

 

 
 
 
 
 
 
 

x
(i)

 

hi 

 
yf[& 4.3. gjkbujyb 

 

 ufydcfpqdhj' t&o& lfuhjdbkb afhlj,b'b cb[ibhbc aeymwbf* w[hbkb 4.2-b' 

ufycfpqdhekb dfhbfynbc vjwtvekb vybidytkj,bc'dbc lfuhjdbkb (afhlj,b'b) cb[ibht 

ufybcfpqdht,f hjujhw bv dfhbfynt,bc (afhlj,b'b) cb[ibhtt,bc ]fvb^ hjvkt,bw fh fqt-

vfnt,f dfhbfynbc vjwtvek vybidytkj,fc (b[& w[hbkb 4.3) 

w[hbkb 

1.3dfhbfynt,b 
0 1 2 3 4 

lfuhjdbkb 

afhlj,b'b 

cb[ibht 
21

2
 

21

2
+

21

8
 

21

2
+

21

8
+

21

6
 

21

2
+

21

8
+

21

6
=

21

3
 1 
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'e x
(1)

,...,x
(s) -b' fqdybiyfd' phlflj,b' lfkfut,ek ufyc[dfdt,ek lfrdbhdt,ek 

vybidytkj,t,c^ ni-b' itcf,fvbc cb[ibhtt,c^ [jkj hi=ni/n, i=1,2,..s, afhlj,b' cb[ibhtt,c^ 

cflfw h1 + h2 +  + hs = 1^ vfiby vjwtvekb yfvldbkb x hbw[dbcf'dbc lfuhjdbkb afhlj,b'b 

cb[ibhtebiT  ufybcfpqdht,f Fn(x) --- empiriuli ganawilebis funqcia, hjujhw bv 

x
(i) vybidytkj,f’f afhlj,b’ cb[ibhtt,bc ]fvb^ hjvkt,bw x-c fh fqtvfnt,f (fye x-pt 

yfrkt,bf fy vbcb njkbf)& udfmdc 

Fn(x) = 



























.,1

............................

,,

...........................

,,

,,0

)(

)1()(1

)2()1(1

)1(

xx

xxx
n

n

n

n

xxx
n

n

xx

s

kkk
 

Eempiriuli ganawilebis funqciis grafiki savaraudod aseTia: 

 

yf[& 4&4& revekfnfc uhfabrb (s=3) 

 

hjujhw fmtlfy xfyc^ Fn(x) aeymwbf e,fy-e,fy velvbdbf lf vbcb phlf [lt,f x(1)
,...,x

(s)
 

othnbkt,ib& x
(1)-fvlt Fn(x) yekbf^ x

(n)-bc vfh]dybd (vbcb xf'dkb') rb – 1& .jdtk x
(k) 

othnbkib Fn(x) aeymwbf vfnekj,c hk=nk/n afhlj,b'b cb[ibhbc njkb cblblb'^ cojhtl 

tc erfyfcrytkb ufhtvjt,f ybiyfdc^ hjv Fn(x) vjbwfdc afhlj,b' cb[ibht'f ufyfobkt,b' 

vjwtvek byajhvfwbfc& 

lfuhjdbk (revekfwbeh) cb[ibht'f^ fy afhlj,b' cb[ibht'f aeymwbfc pju]th 

revekfnfc eojlt,ty& 

vfufkb'b  4.2.  4.1 vfufkb'ib vj.dfybkb vjyfwtvt,bcf'dbc lfuhjdbk afhlj,b' 

cb[ibht'f aeymwbff 

F21(x)=




























.4,1

,43,21/19

,32,21/16

,21,21/10

,10,21/2

,0,0

x

x

x

x

x

x

 

 

 

               Fn(x) 
 
 
 
 
 
 
 
 

 

x
(1)

          
             

x
(2)

                 x
(3)                         x 

1 
h3 

h2 

h1 
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§ 2. VJYFWTV"F LF}UEAT<F& CB{IBHT"F BYNTHDFKEHB 

UFYFOBKT<F 

 

 hjujhw fqdybiyt'^  vjyfwtvt,c deojlt,' eo.dtnc^ 'e bcbyb qt,ekj,ty yt,bcvbth 

namdvil vybidytkj,t,c hfbvt SualedSi& fct'b eo.dtn vjyfwtv'f fqothbcfc vbvfh'fdty 

vjyfwtv'f lf]ueat,fc lf gamoTvlian cb[ibhtt,c lf]ueat,ekb vjyfwtvt,bcf'dbc& 

lf]ueat,bc vbpyb' bynthdfkb^ hjvtkibw vj'fdct,ekbf lfrdbhdt,ekb vybidytkj,t,b 

vbybvfkehb vybidytkj,blfy vfmcbvfkeh vybidytkj,fvlt lfb.jaf njkb fy fhfnjkb 

cbuhsbc hfvltybvt mdtbynthdfkfl% 

vfufkb'b 4.3. lblb pjvbc fdnjvfymfyt,ib cfodfdbc lfyf[fh]bc lfcflutyfl 100 

fdnjvfymfyfpt xfnfhlf lfrdbhdt,t,b& 4&4 w[hbkb udbxdtyt,c ufh,tybc bv vfysbkc vbkt,ib  

(1 vbkb = 1.609 rv)^ hjvtkcfw .jaybc 1 ufkjyb (1 ufkjyb = 3.78 k) cfodfdb (1 

vbkb/ufkjypt = 1.426 rv/k)& 

w[hbkb 4&4    cfodfdbc [fh]pt 100 lfrdbhdt,bc itltut,b 

 

 

fv vjyfwtvt,bc lfveifdt,f vlujvfhtj,c itvltuib% 

f) lfrdbhdt,ek vjyfwtvt,c ijhbc eylf vjbst,yjc vbybvfkehb lf vfmcbvfkehb 

vybidytkj,t,b& ofhvjlutybk vjyfwtvt,ib evwbhtcb hbw[db'b vybidytkj,ff 14,1^ [jkj 

elbltcb – 23^9& tc jhb hbw[db ufydcfpqdhfdc vjyfwtv'f ufafynekj,bc evfhnbdtc 

vf[fcbf't,tkc – uf,ytdbc lbfgfpjyc& uf,ytdbc lbfgfpjyb fhbc c[dfj,f vjyfwtv'f 

vfmcbvfkeh (elbltc) lf vbybvfkeh (evwbhtc) hbw[db' vybidytkj,t,c ijhbc^ uf,ytdbc 

lbfgfpjyb= 23^9 -14,1=9,8. 

 itybidyf& uf,ytdbc lbfgfpjyb ufvj'dkbcf lf bynthghtnfwbbc cbvfhnbdbc ufvj 

afh'jl ufvjb.tyt,f bct'b fvjwfyt,bc uflfo.dtnbcfc^ cflfw ufvj'dkbc cbcohfatcf lf 

vfhnbd ibyffhcc uflfvo.dtnb hjkb tybzt,f^ vfufkb'fl [fhbc[bc rjynhjkbc cathjib&  

,) itvlujvbcf'dbc fewbkt,tkbf lf]ueat,f'f bynthdfkt,bc ufvj.jaf& fvbcf'dbc 

evtntc itv'[dtdfib uf,ytdbc lbfgfpjyc .jaty th'b lf bubdb cbuhsbc lff[kjt,b' 5–10 

mdtbynthdfkfl& vjwtvekb ithxtdbcf'dbc lf]ueat,bc 5 njkb cbuhsbc bynthdfkb 

fdbhxbj'& cbvfhnbdbcf'dbc vbybvevfl fdbqj' 14^ [jkj vfmcbvevfl – 24^ [jkj 

vbkb / ufkjypt 

19.0 

15.1 

18.2 

19.1 

21.9 

21.5 

18.8 

14.3 

20.9 

20.5 

20.8 

21.8 

20.5 

21.6 

20.2 

22.6 

15.1 

19.2 

18.5 

18.1 

22.0 

21.1 

15.3 

19.0 

14.5 

18.7 

16.5 

19.7 

20.2 

20.7 

22.7 

21.5 

16.2 

18.3 

14.1 

19.2 

20.5 

17.1 

18.2 

21.3 

20.0 

21.1 

16.3 

18.6 

22.9 

22.8 

19.1 

21.4 

20.2 

16.9 

18.9 

15.5 

22.8 

22.1 

20.2 

21.6 

17.4 

21.9 

22.4 

20.3 

16.6 

19.3 

22.7 

17.5 

17.3 

21.7 

19.7 

21.7 

20.4 

23.9 

16.8 

15.1 

21.9 

22.9 

22.6 

20.5 

19.2 

19.2 

21.6 

18.8 

20.8 

20.6 

22.5 

21.7 

19.3 

22.7 

16.4 

23.9 

21.3 

21.1 

14.7 

16.8 

17.1 

18.7 

21.7 

20.4 

21.9 

19.6 

22.4 

21.9 
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mdtbynthdfkbc cbuhstl - 2  (=2)&  fvhbufl^ lf]ueat,bc bynthdfkt,bf* 16, (16,18], 

(18,20], (20,22], >22. .jdtkb mdtbynthdfkbcf'dbc lfdb'dfkj' bv fdnjvfymfyf'f 

hfjltyj,f^ hjvtk'f ufh,tyc ufycfpqdhfdc fqybiyekb mdtbynthdfkb& fvhbufl^ 

vbdbqt,' lf]ueat,ek vjyfwtv'f cb[ibhekb ufyfobkt,bc itvltu cehf'c& (lf]ueat,bc 

mdtbynthdfkt,c ufycfpqdhfdc itvltub hbw[db'b vybidytkj,t,b% 16, 18, 20, 22.). 

w[hbkb 4.5 

ufh,tyb 16 –18 –20 –22 22 

fdnjvfymfyf'f 

hfjltyj,f 
9 13 24 38 16 

lf]ueat,ekb vjyfwtvt,bc uhfabrekb ofhvjlutybcf'dbc fut,ty t&o& /bcnjuhfvfc& 

/bcnjuhfvf (histogram) fhbc lbfuhfvf^ hjvtkbw lf]ueat,ek vjyfwtvt,c ofhvjflutyc 

(fcf[fdc) wfkrtekb vfh're'[tlt,bc cfiefkt,b'& f,cwbcf'f qthspt uflfbpjvt,f 

mdtbynthdfk'f cfpqdht,b lf 'b'jtek mdtbynthdfkpt fbut,f vfh're'[tlb^ hjvkbc aest 

mdtbynthdfkbc  cbuhsbc njkbf^ [jkj cbvfqktf ni/n^ cflfw ni mdtbynthdfkib 

vj[dtlhbk ithxtdb' vybidytkj,f'f cb[ibhtf^ n ithxtdbc vjwekj,ff&  

/bcnjuhfvbc fut,bc otcbc 'fyf[vfl^ .dtkf mdtbynthdfkt,pt fut,ek vfh're'[tlt,bc 
afh'j,t,bc ]fvb th'bc njkbf* 'b'jtek mdtbynthdfkpt fut,ekb vfh're'[tlt,bc 
afh'j,b fv mdtbynthdfkib xfdfhlybk (vj[dtlhbk) ithxtdb' vybidytkj,f'f 
afhlj,b'b cb[ibhbc njkbf&  

mdtdb'^ yf[& 4&5&  ufvjcf[ekbf 4&5 w[hbkbc vb[tldb' fut,ekb cb[ibht'f /bcnju-

hfvf&  

 

 
 

 

 

 

 

 

 

 

 

 

       0     14     16     18      20     22      24      vbkb/ufkjypt 

(a) 5 bynthdfkb 

vfymfyt,bc hfjltyj,f 

35 – 

30 – 

25 – 

20 – 

15 – 

10 – 

5 – 

      

 
yf[& 4.5.     cfodfdbc [fh]bc cb[ibht'f /bcnjuhfvt,b 100 vjyfwtvbcf'dbc 

 

 

§ 3. GJKBUJYB 

 

 /bcnjuhfvfc'fy th'fl ufyb[bkfdty t&o& gjkbujycfw& bynthdfkehb 

vjyfwtvt,bcf'dbc gjkbujyb vbbqt,f /bcnjuhfvbc itvflutytkb vtpj,tkb vfh're'[tlt,bc 
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ptlf aestt,bc iefothnbkt,bc itth't,b'& 'e mdtbynthdfkt,bc cbuhstf ^ vfiby gbhdtkb 

mdtbynthdfkbc vfhw[ybd^ vbcb iefothnbkblfy  vfysbkpt lf ,jkj mdtbynthdfkbc 

iefothnbkblfy vfh]dybd bubdt  vfysbkpt fbqt,f othnbkt,b lf bcbybw eth'lt,f 

vbqt,ekb nt[bkbc ef[kjtc othnbkt,c (yf[& 4&6)& fvudfhfl vbqt,ek nt[bkc (hjvtkbw 

erdt lfchekt,ekb gjkbujybf) lf Ox qthsc ijhbc afh'j,b 1-bc njkbf& 

0       a0              a1                 a2 a3            x

 
yf[  4&6&     gjkbujyb 

 

 

§ 4. CB{IBHT"F UFYFOBKT<BC AJHVT<B&  

 

/bcnjuhfvbcf lf gjkbujybc vtidtj,b' xdty itudbskbf lfdflubyj' ufyfobkt,f'f 

nbgj,hbdb ajhvt,b^ hfw vybidytkjdfybf ufyfobkt,f'f itlfht,bcfc& (b[& yf[& 4.7)& w[flbf^ 

hjv hfw vtnbf ithxtdbc vjwekj,f lf lf]ueat,bc bynthdfk'f hfjltyj,f lf hfw 

yfrkt,bf bynthdfkbc cbuhst^ vb' eahj ukedb bmyt,bfy /bcnjuhfvf lf gjkbujyb& fvbnjv 

cb[ibhekb ufyfobkt,bc cfdfhfelj ajhvt,b itudbskbf ukedb obht,bc vtidtj,b' 

ofhvjdblubyj'& 

 gbhdtkb nbgbc vhelb bv ufhtvjt,fc fcf[fdc^ hjv rblehf vybidytkj,fyb eahj 

bidbf'fl ud[dlt,f^ dblht iefktlehb& fvfc'fy b vhelb eahj vljhtl bwdkt,f^ dblht a 

vhelb& jhbdt vhelc th'flth'b odthj fmdc vybidytkj,f'f cbvhfdkbc iefib lf fv 

vybidytkj,bc bhudkbd tc vhelt,b cbvtnhbekbf& 

 
I nbgb  II nbgb

a

a

b

b

 

yf[& 4.7.     cb[ibht'f (afhlj,b' cb[ibht'f) ufyfobkt,bc nbgt,b 

 

 vtjht nbgbc ufyfobkt,f fcbvtnhbekbf odthjc itcf,fvbcb vybidytkj,bc 

(bynthdfkbc) ufhitvj& b vhelb vfhw[ybd lfvhtwbf^ vfh]dybd rb wbwf,jl tidt,f& 

vfmcbvfkehb cb[ibhbc vybidytkj,bc vfhw[ybd vybidytkj,f'f cgtmnhb eahj ufybthbf^ 

dblht vfh]dybd^ lf fv vybidytkj,bcfufy th'b lf bubdt vfysbkpt uflf[hf'fufy vfhw[tyfc 

eahj vtnb cb[ibht fmdc dblht vfh]dtyfc& fvudfhb fcbvtnhbf fhbc vfhw[tyf fcbvtnhbf& a 
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vhelb cb[ibht'f pecnfl it,heyt,ek .jafmwtdfc udbxdtyt,c^ fye vfh]dtyf fcbvtnhbf 

uffxybf&  

f[kf xdty ufydcfpqdhfd' hbw[db' vf[fcbf't,kt,c^ hjvkt,bw cfiefkt,fc bsktdf 

itreviekb ajhvb' lfdf[fcbf'j' hbw[db' vjyfwtv'f tcf 'e bc 'dbct,f^ rthsjl^ cfl lf 

hjujh fhbfy vjyfwtvt,b ufykfut,ekb^ cfl fhbc vf'b ufyfobkt,bc wtynhb^ hjujhbf 

vf'b ufafynekj,f^ cbvtnhbekbf 'e fhf vjyfwtv'f ufykfut,f wtynhbc vbvfh'^ 

fcbvtnhbekj,bc hf nbg'fy udfmdc cfmvt lf c[df& ufhlf fvbcf^ tc hbw[db'b 

vf[fcbf't,kt,b udbfldbkt,c vjyfwtv'f jhb ]ueabc^ vfufkb'fl^ jhb ithxtdbc 

itlfht,fc ptvjxfvj'dkbkb 'dbct,t,bc vb[tldb'& rthsjl^ vjyfwtvt,b^ hjvkt,bw 

[fcbf'lt,f cb[ibht'f ufyfobkt,bc vcufdcb ajhvt,b'^ itbskt,f ufyc[dfdlt,jlyty 

sbhb'flfl jhb ybiyb'% 

(1) ljyb' fye bv wtynhfkehb vybidytkj,b'^ hjvkbc ufhitvjw b.hbfy 'fdc vjyfwtvt,b&  

(2) lfrdbhdt,ekb vybidytkj,t,bc wtynhbc vbvfh' uf,ytdb' fye ufafynekj,b'& 

cbnefwbt,bc 'dfkcfxbyjl ofhvjcflutyfl b[& yf[& 4.8–4.10, cflfw ufyfobkt,f'f 

/bcnjuhfvt,b cmtvfnehfl^ ufukedt,ekb cf[b'ff vjwtvekb& 

 cojhtl fv jhb ybiybc itcf,fvbcfl itvf]fvt,tkb (rht,cb'b) hbw[db'b 

vf[fcbf't,kt,b gbhj,b'fl itudbskbf lfd.j' jh sbhb'fl ]ueafl& gbhdtk ]ueac 

vbtre'dyt,f vjyfwtv'f ufykfut,bc wtynhbc^ fye hjujhw fv,j,ty^ wtynhfkehb 

ntyltywbbc cfpjvt,b& tctybf% ithxtdbc cfiefkj fye fhb'vtnbrekb cfiefkj^ ithxtdbc 

vtlbfyf lf vjlf& vf' vjyfwtv'f kjrfkbpfwbbc cfpjvt,cfw eojlt,ty& 

 

 

yf[& 4&8&     ufyfobkt,f'f vcufdcb ajhvf^ ljyt'f (wtynht,bc) ufyc[dfdt,f& 

 

 

 

yf[& 4&9&    ufyfobkt,f'f vcufdcb ajhvf^ th'yfbhb ljyt^ ufyc[dfdt,f ufafynekj,fib& 

 



 43 

 

yf[& 4&10.     ufyfobkt,f'f vcufdcb ajhvf^ ljytt,bcf lf ufafynekj,bc c[dfj,f& 

 

 vtjht ]ueaib itlbc vjyfwtv'f uf,ytekj,bc fye dfhbf,tkj,bc cfpjvt,b& fv ]ueabc 

cfpjvt,blfy xdty ufydb[bkfd'  uf,ytdbc lbfgfpjyc^ ithxtdbc lbcgthcbfc lf cfiefkj 

rdflhf-nekb uflf[hfc^ dfhbfwbbc rjtabwbtync& 

 'dbct,hbdb vjyfwtvt,bcf'dbc .dtkfpt ufdhwtkt,ekb lf cfcfhut,kj hbw[db'b 

vf[fcbf't,tkbf ithxtdb'b ghjgjhwbf (afhlj,b'b cb[ibht)^ hjvtkbw vbudb'b't,c^ 'e 

hfvltyfl [ibhfl ud[dlt,f hfbvt rthsj 'dbct,bc vmjyt j,btmnb (fy bylbdblb) ithxtdfib& 

 

 

§ 5. FHB"VTNBREKB CFIEFKJ (CFIEFKJ) 

 

 fhb'vtnbrekb cfiefkj (fye^ e,hfkjl cfiefkj-sample mean) ofhvjflutyc 

wtynhfkehb ntyltywbbc th'-th' .dtkfpt ufdhwtkt,ekcf lf ufvzbhdfkt ibyffhcbc 

vmjyt cfpjvc& 

d'mdf'^ xdty ufudfxybf hjvtkbvt abhvbc okbehb cfghjwtynj itvjcfdfkb ,jkj f'b 

okbc ufyvfdkj,fib& tctybf 

8.1;   – 6.2;   20.9;   – 2.7;   33.6;   42.9;   24.4;   5.2;   3.1;   30.5. 

hjujhbf abhvbc cfiefkj okbehb itvjcfdfkb fv f'b okbc ufyvfdkj,fib~ cfiefkj 

itvjcfdfkb ufvjb'dkt,f itvltub otcb'% itdrht,' .dtkf vjyfwtvc lf itvltu ufd.ja' 

okt,bc hfjltyj,fpt^ t&b& ufvjb'dkt,f vj.dfybkb hbw[dt,bc fhb'vtnbrekb cfiefkj% 

10

30.53.15.224.442.933.62.7)(20.96.2)(8.1 
 = 16. 

fvhbufl^ cfiefkj okbehb itvjcfdfkb fhbc 16%& 

 hflufyfw hbw[db'b vjyfwtvt,bc .jdtkb cbvhfdkbcf'dbc fhb'vtnbrekb cfiefkj 

ufvjb'dkt,f th'b lf bubdt upb'^ tc ufvj'dkt,b vjcf[th[t,tkbf ufvjbcf[jc cbv,jkehfl& 

 d'mdf'^ vjwtvekbf hbw[dt,b' ufvj[fnekb n lfrdbhdt,f (n vjwekj,bc ithxtdb'b 

vybidytkj,t,b hfbvt gjgekfwbblfy)^ hjvkt,cfw xdty fqdybiyfd' x1, ..., xn cbv,jkjt,b'& 

vfiby fv vjyfwtv'f fhb'vtnbrekb cfiefkj fqbybiyt,f nx -b' lf ufvjb'dkt,f ajhvekb'% 








n

i

i
n

n x
nn

xx
x

1

1 1....
,                                                                 (4.1) 

 fhb'vtnbrek cfiefkjc itbskt,f vbtwtc itvltub vfhnbdb bynthghtnfwbf% 

fhb'vtnbrekb cfiefkj fhbc ithxtdbc th' bylbdblpt fy j,btmnpt vjcekb ]fveh 

lfrdbhdt,f'f obkb (cfiefkj hfjltyj,f)& 

 vfufkb'b 4.4. itcofdkbkbf 10 j]f[ib ,fdid'f hfjltyj,f& itcf,fvbcb vjyfwtvt,bf 

3,  2,  1,  1,  2,  3,  3,  1,  2,  2. 

vfiby th' j]f[pt vjcekb ,fdidt,bc cfiefkj hfjltyj,f bmyt,f 
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10

2213321123 
 = 2, 

t&b& 2 ,fdidb& fvhbufl^ 'e 10 j]f[c ]fvib .fdc 20 ,fdidb^ vfiby fhb'vtnbrekb cfiefkj 

elhbc ,fdid'f bv hfjltyj,fc^ hjvtkbw vjdbljlf th' j]f[pt ,fdidt,b 'fyf,hfl hjv 

uftyfobkt,byf'& 

vjdb.dfyj' fhb'vtnbrekb cfiefkjc itvltub 'dbct,f& 

cfiefkjlfy uflf[ht,bc ]fvb yekbc njkbf% 





n

i

ni xx
1

)(  = 0.     (4.2) 

vfh'kfw^ 





n

i

ni xx
1

)(  = 



n

i

ni xnx
1

 = n 
















n

n

i

i xx
n 1

1
 = n ( nx – nx ) = 0. 

 tc 'dbct,f bsktdf bvbc f[cyfc^ 'e hfnjv ofhvjflutyc x  vjyfwtv'f ufykfut,bc 

wtynhbc vf[fcbf't,tkc& fv vbpyb' ufdfhrdbj' fhb'vtnbrekb cfiefkjc abpbrehb 

ibyffhcb& ofhvjdblubyj' eojyj th'udfhjdfyb qthsb^ hjvtkptlfw x1, ..., xn rjjhlbyf-

nt,bc vmjyt othnbkt,ib ufykfut,ekbf th'tekjdfyb vfct,b& fv itv'[dtdfib^ vj.dfybkb 

'dbct,blfy ufvjvlbyfht^ x  ofhvjflutyc bv cf.hltyb othnbkbc rjjhlbyfnc^ hjvkbc 

vbvfh'fw qthsb ojyfcojhj,fib bv.jat,f fye x  fhbc cbvsbvbc wtynhb&  

d'mdf'^ x1, ..., xn lf y1, ..., yn njkb vjwekj,bc jhb ithxtdff& itdmvyf' f[fkb ithxtdf 

z1 = x1  y1, ..., zn = xn  yn & vfiby fldbkfl vjovlt,f^ hjv 

nz  = nx  ny . 

              'e x1, ..., xn lf y1, ..., ym jhb ithxtdff^ vfiby 

x1, ..., xn, y1, ..., ym 

ufth'bfyt,ekb ithxtdbc fhb'vtnbrekb cfiefkj vjbwtvf ajhvekb'% 

mnz   = 
mn

n


nx +

mn

m


my  

fye mnz   fhbc wfkrtek fhb'vtnbrek cfiefkj'f itojybkb ]fvb^ itcf,fvbcfl^ 1=
mn

n


 

lf 2=
mn

m


^ ojyt,b'& itdybiyj'^ hjv 1 + 2 = 1& 

 bvbc ufvj^ hjv cfiefkj fldbkb ufvjcf'dktkbf^ uffxybf vfhnbdb bynthghtnfwbf lf 

vfcpt itbskt,f vf'tvfnbrehb jgthfwbt,bc xfnfht,f^ bc ofhvjflutyc vjyfwtv'f wtynhbc 

th'-th' .dtkfpt ufdhwtkt,ek hbw[db' vf[fcbf't,tkc&   

 

  

§ 6. VTLBFYF 

 

vtlbfyf (median)^ fhb'vtnbrekb cfiefkjc itvltu^ ofhvjflutyc wtynhfkehb 

ntyltywbbc .dtkfpt ufdhwtkt,ek cfpjvc& 

 hjujhw wyj,bkbf @vtlbfyf# fhbc @ief#-c cbyjybvb& cbyfvldbktibw^ vtlbfyf 

ufybvfhnt,f^ hjujhw vjyfwtv'f dfhbfwbekb vorhbdbc (fye phlbc vb[tldb' lfkfut,ekb 

lfrdbhdt,t,bc vorhbdbc) ief vybidytkj,f bv fphb'^ hjv vfcpt yfrkt,b hbw[db'b vybidyt-
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kj,bc vjyfwtv'f hfjltyj,f vfcpt lblb hbw[db'b vybidytkj,bc vjyfwtv'f hfjltyj,bc 

njkbf&  

ufydb[bkj' itvltub vfufkb'b& 

vfufkb'b 4.5. 9 cfveifj lqbc ufyvfdkj,fib cfvcf[ehib fh ufvjw[flt,ek 

'fyfvihjvkt,'f hfjltyj,t,bf& 

3,  5,   1,  1,   0,   4,   3,  2,   0 

dfhbfwbek vorhbdfl lfkfut,ekb vjyfwtvt,bf   

0,   0,   1,   1,   2,   3,  3,   4,   5 

vj.dfybk vfufkb'ib lfrdbhdt,f'f hfjltyj,f rtynbf (n=9) lf vtlbfyf^ hjvtkbw Me-b' 

fqbybiyt,f^ vfh'kfw fhbc dfhbfwbekb vorhbdbc ief otdhb^ Me =2. 

'e lfrdbhdt,f'f hfjltyj,f keobf^ vfufkb'fl n = 2k^ vfiby vtlbfyf vjyfwtv'f 

dfhbfwbekb vorhbdbc  k-ehb lf (k+1)-t otdht,bc cfiefkj fhb'vtnbrekbf& 

lfdeidf' dfhbfwbek vorhbdfl lfkfut,ekb n=10 vjwekj,bc vjyfwtvt,bf  

1,  1,  3,  3,  4,  5,  5,  6,  7,  9 

fv itv'[dtdfib vtlbfyf^ dfhbfwbek vorhbdib hbub' vt[e't lf vttmdct otdht,bc 

cfiefkj fhb'vtnbrekbf 

5,4
2

54



Me . 

 

§ 7. VJLF 

 

 wtynhfkehb ntyltywbbc vtcfvt cfpjvc ofhvjflutyc vjlf (mode)& bc ofhvjflutyc 

bv vybidytkj,fc ithxtdblfy^ hjvtkbw .dtkfpt [ibhfl ud[dlt,f& vfufkb'fl^ 'e xdtyb 

vjyfwtvt,bf 

2,  3,  5,  4,  6,  4,  7,  1, 

vfiby vjlf bmyt,f 4^ hflufyfw bc 2-]th itud[dlf ithxtdfib^ .dtkf lfyfhxtyb lfrdbhdt,f rb 

th'[tk& 

'e fut,ekb udfmdc fct 'e bct vbcfqt,b /bcnjuhfvf (fye /bcnjuhfvf^ hjvtkbw 

fltrdfnehfl fqothc vjyfwtv'f cb[ibhek ufyfobkt,fc)^ vfiby vjlfkehb bynthdfkb 

bmyt,f bc bynthdfkb^ hjvtkcfw ittcf,fvt,f /bcnjuhfvbc vfmcbvfkehb vybidytkj,f& 

fvhbufl^ vjlfkehb bynthdfkb ofhvjflutyc bv bynthdfkc^ hjvtkibw vj[dlf 

lfrdbhdt,f'f .dtkfpt lblb hfjltyj,f& ufhrdtekj,bcf'dbc vjlfc eojlt,ty vjlfkehb 

bynthdfkbc ief othnbkc& 'e ithxtdbc vjwekj,f lblbf^ fv]j,byt,ty vjyfwtv'f 

lf]ueat,fc lf vjlfkehb bynthdfkbc vjst,yfc& 

 fldbkb itcfvxytdbf^ hjv vjlbc (vjlfkehb bynthdfkbc) vjst,yf cfrvfjl h'ekbf& bv 

bynthdfkbc vb'b't,f^ hjvtkibw vj[dlf lfrdbhdt,f'f vfmcbvfkehb hfjltyj,f^ 

lfvjrblt,ekbf bvfpt^ 'e hjujh lfdf]ueat' vjyfwtvt,b& cf[tklj,h^ bvfpt 'e hf cbuhsbc 

bynthdfkt,fl lfd.fdb' bynthdfkb [x(1), x(n)]& fvbnjv vjlfkehb bynthdfkbc ufycfpqdhfc 

'fy cltdc .dtkf bc cbh'ekt^ hjvtkbw lfrfdibht,ekbf /bcnjuhfvt,bc fut,fc'fy& 

 itbskt,f fqvjxyltc^ hjv bc vybidytkj,f^ hjvtkbw .dtkfpt [ibhfl ud[dlt,f jhbf 

fy jhpt vtnbw rb& itvlujvib xdty dbuekbc[vt,'^ hjv cfmvt udfmdc t&o& eybvjlfkeh 

ufyfobkt,t,'fy t&b& hjltcfw vjlf th'flth'bf^ fylf udfmdc th'flth'b vjlfkehb 

bynthdfkb&  
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 ithxtdb'b vjlbc bynthghtnfwbf offufdc .jdtklqbeh w[jdht,fib cbn.df @vjlbc# 

vybidytkj,fc& hjujhw bc^ hfw @vjlfibf# (fye .dtkfpt [ibhbf^ ufdhwtkt,ekbf) itbskt,f 

cekfw fh fqothltc cfth'j cnbkc lf fctdt ithxtdb'b vjlfw f[fcbf't,c lfrdbhdt,f'f 

v[jkjl vwbht yfobkc& 

 ithxtdb'b vjlf bsktdf vybidytkjdfy byajhvfwbfc c[dflfc[df cfmjykbc ufvjvidt,b 

abhvbcf'dbc^ vfqfpbbc vakj,tkbcf'dbc^ rjycnhemnjht,bcf'dbc^ hjvkt,bw fojlt,ty 

cfmjytkc cgtwbabreh ,fpht,c& vfufkb'fl^ nfycfwvkbc vfqfpbbc vakj,tkvf eylf bwjltc 

rjcnevt,bc .dtkfpt ufdhwtkt,ekb pjvt,b^ hf'f ufb'dfkbcobyjc tc afmnb cfmjykbc 

vjvfhfut,bcfc* cff't,bc vofhvjt,tkvf eylf bwjltc^ 'e hf rkfcbc cff't,b b.blt,f .dtkfpt 

[ibhfl^ bv vbpyb'^ hjv ufpfhljc fv rkfcbc ghjlemwbbc ofhvjt,f& 

xdty itdbcofdkt' wtynhfkehb ntyltywbbc (fye vjyfwtv'f wtynhbc vlt,fhtj,bc) cfvb 

hbw[db'b vf[fcbf't,tkb% ithxtdb'b cfiefkj^ ithxtdb'b vtlbfyf lf ithxtdb'b vjlf& 

firfhff^ hjv tc cfvb vf[fcbf't,tkb chekfl dth fqothc vjyfwtv'f cbvhfdkbc 

'dbct,t,c& 

itvltub rb'[df^ hjvtkbw lfudt,flt,f vjyfwtv'f cbvhfdkbc 'dbct,t,bc 

ufvjcfrdt'fl bmyt,f itvltub: hjujhbf vjyfwtv'f ufafynekj,f cfth'jl lf rthsjl^ 

cfiefkj vybidytkj,bc vbvfh'~ hjujhbf vjyfwtv'f wdfkt,flj,bc (dfhbf,tkj,bc) 

[fhbc[b lf hf cblbltt,b' itbskt,f vbcb lf[fcbf't,f~ 

 

 

§ 8.       RDFHNBKT<B 

 

§ 2-ib xdty ufydcfpqdht' vjyfwtv'f ufafynekj,bc th'-th'b evfhnbdtcb hbw[db'b 

vf[fcbf't,tkb-uf,ytdbc lbfgfpjyb (range)^ hjvtkbw ofhvjflutyc c[dfj,fc ithxtdbc 

vfmcbvfkeh (elbltc) lf vbybvfkeh (evwbhtc) otdht,c ijhbc^ [jkj § 6-ib vtlbfyf& Me- 

vtlbfyf^ hjujhw dbwb'^ dfhbfwbekb vorhbdbc ief vybidytkj,ff& vtlbfybc ufycfpqdhbc 

itvltu dfhbfwbek vorhbdib Me-bc vfhw[ybd ufykfut,ekb vjyfwtvt,bc vtlbfyfc^ Q1-c^  

gbhdtk rdfhnbkb tojlt,f^ [jkj dfhbfwbek vorhbdib Me-bc vfh]dybd ufykfut,ekb 

vjyfwtvt,bc vtlbfyfc^ Q3-c^ vtcfvt rdfhnbkb tojlt,f&  w[flbf^  vtlbfyfc vtjht rdfhnbkcfw 

eojlt,ty^ Q2=Me. e[tifl hjv d'mdf'^ (Q1,Me,Q3) rdfhnbkt,b vjyfwtv'f cbvhfdktc j'[ 

njk yfobkfl .jaty& 

 vfufkb'b 4.6. vfhrtnbyubc rjyceknfynb itbcofdkbc ,jcnytekbc vfqfpbbc 50 

v.bldtkc& th'-th'b cblblt^ hjvtkbw vfc fbynthtct,c^ fhbc 'b'jtekbc vbth lf[fh]ekb 

'fy[f& dfhbfwbek vorhbdfl lfkfut,ekb lf ljkfhbc lfvhudfkt,ekb cbpecnb' vjyfwt-

vt,b itvltubf% 

2    6    6    8    9  10  11   11  12  12  13  13  14  14  14  15  15  16 

17  18  18  18  19  19  20 || 20  20  21  23  26  27  28  29  30  31  32 

33  33  34  36  37  39  40    43  45  52  61  63  64  69 

vjdst,yj' vtlbfyf& hflufy n = 50 keobf^ fvbnjv 

Me= 20. 

fm fewbkt,kfl eylf itdybiyj'^ hjv 'evwf Me=20^ bc fh tv'[dtdf dfhbfwbekb vorhbdbc 

fhwth' otdhc% vbcb gjpbwbf fhbc dfhbfwbekb vorhbdbc 25-t lf 26-t gjpbwbt,bc 

fhb'vtnbrekb cfiefkj (vbqt,ekb it'fy[vt,ff rdfhnbkt,bc ptvj' itvj'fdfpt,ekb 
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otcb' ufvj'dkbcfc& tc gjpbwbf fqybiyekbf ||-b')^ fv gjpbwbbc vfhw[ybd vj'fdct,ekbf 25 

otdhb^ hjvtk'f vtlbfyf fye chek vjyfwtv'f gbhdtkb rdfhnbkbf (n = 25)& 

Q1 = 14. 

vtlbfybc (Me-bc) vfh]dybdfw 25 otdhbf vj'fdct,ekb^ hjvtk'f vtlbfyf^ fye chek vjyf-

wtv'f vtcfvt rdfhnbkbf vtlbfybc gjpbwbblfy vfh]dybd vt-13-t gjpbwbfpt v.jab otdhb% 

Q3 = 33. 

fvhbufl^ vj.dfybkb vjyfwtvt,bcf'dbc Me=20, Q1=14, Q3=33&  

 rdfhnbkt,b vtlbfyfc'fy th'fl^ t&b& Me, Q1, Q3 cfvtekb udfsktdc ufhrdtek 

ofhvjlutyfc vjyfwtv'f wtynhbc^ uf,ytdbcf lf ufyfobkt,bc (ufukedt,ekb /bcnjuhfvbc fy 

gjkbujybc) ajhvbc itcf[t,& ptvj' ufy[bkek vfufkb'ib bc afmnb^ hjv Q3 eahj ijhcff 

vtlbfybcfufy^ dblht Q1 fye 13 = Q3– Me>Me– Q1 = 6, vbe'b't,c bvfpt^ hjv ufyfobkt,f 

vfh]dybd fcbvtnhbekbf (fye vbcb vfh]dtyf ,jkj eahj ufotkbkbf^ dblht vfhw[tyf)& 

 vfysbkb rdfhnbkt,c ijhbc ofhvjflutyc ufafynekj,bc vfhnbd cfpjvc^ hjvtkbw 

f[fcbf't,c dfhbfwbek vorhbdib rdfhnbkt,c ijhbc vj'fdct,ek vjyfwtv'f ufafy-

nekj,bc [fhbc[c (ief 50%-bfyb pjybc uf,ytdfc)& vfc tojlt,f rdfhnbk'ijhbcb uf,ytdbc 

lbfgfpjyb (Interquartil range – IQR)% 

IQR = Q3 – Q1 

 ufy[bkek vfufkb'ib IQR = 33–14 = 19& 

 Q1 lf Q3 rdfhnbkt,b lf rdfhnbk'ijhbcb uf,ytdbc lbfgfpjyb vluhflb vf[fcbf't,-

kt,bf& fhwth'b vf'ufyb fh htfubht,c [Q1, Q3] bynthdfkbc ufht' vj'fdct,ek 

lfrdbhdt,t,bc yt,bcvbth bct' wdkbkt,fpt^ hjvtkbw fv lfrdbhdt,t,c rdkfd [Q1, Q3] 

bynthdfkbc ufht' njdt,c^ 'fyfw bynthdfkbc bvfdt v[fhtc^ cflfw flht bv.jat,jlf& 

ufy[bkek vfufkb'ib^ gbhdtkb 12 otdhbc yt,bcvbthb bct'b wdkbkt,f^ hjv fhwth'vf fh 

vbbqjc 14-pt vtnb vybidytkj,f lf ,jkj 12 otdhbc bct'b wdkbkt,f^ hjv fhwth'vf 

vf'ufyvf fh vbbqjc 33-pt yfrkt,b vybidytkj,f^ fh itwdkbc fhw Q1-c^ Q3-c lf fhw IQR-c& 

 hflufy vtlbfyf^ gbhdtkb lf vtcfvt rdfhnbkt,b (Me, Q1, Q3) fh itbwfdty byajh-

vfwbfc ufyfobkt,bc (ufukedt,ekb /bcnjuhfvt,bc) relt,bc itcf[t,^ fvbnjv ufyfobkt,bc 

ajhvbc itcf[t, eahj chek byajhvfwbfc bsktdf [e'tekb 

Q0=xmin,        Q1,        Q2= Me,        Q3,        Q4=xmax . 

 ,jcnytekbc vfqfpbbc v.bldtk'f lfyf[fh]t,bc vjyfwtvt,bcf'dbc (vfufkb'b 4.6) tc 

[e'tekbf 

xmin = 2,  Q1 = 14,  Me = 20,  Q3 = 34,  xmax = 69. 

 

 

§ 9. LBCGTHCBF  

 

lbcgthcbf (variance) ofhvjflutyc vjyfwtv'f cfiefkjc vbvfh' ufafynekj,bc 

th'-th' evybidytkjdfytc cfpjvc& 
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 d'mdf'^ vjwtvekbf n vjwekj,bc x1, ..., xn ithxtdf& ufvjd'dfkj' fhb'vtnbrekb 

cfiefkj nx = 


n

i

ix
n 1

1
 lf vbcufy uflf[ht,b 

x1– nx , x2 – nx , ... , xn – nx  

(itdybiyj'^ hjv 



n

i

ni xx
n 1

)(
1

= 0^ fvbnjv^ hjujhw erdt d'mdb'^ ufafynekj,bc cfpjvfl 





n

i

ni xx
n 1

)(
1

 fh ufvjlut,f)& ufvjd'dfkj' uflf[hf'f rdflhfnt,b 

(x1 – nx )
2
, (x2 – nx )

2
, ... , (xn – nx )

2
 

lf vf'b fhb'vtnbrekb cfiefkj& udtmyt,f ithxtdb'b lbcgthcbf 

2
ns  = 




n

i

ni xx
n 1

2)(
1

.                     (4.3) 

 'e x1, ..., xN ofhvjflutyc gjgekfwbfc (lf fhf ithxtdfc)^ vfiby gjgekfwbbc cfief-
kjf 

 = 


N

i

ix
N 1

1
, 

[jkj 


2
 = 




N

i

ix
N 1

2)(
1

                       (4.4) 

ufvjcf[ekt,fc tojlt,f gjgekfwbbc lbcgthcbf& 

 itvltu 'fdt,ib lbcgthcbbc wyt,f itvjqt,ekb bmyt,f ecfchekj gjgekfwbbcf'-

dbcfw& fm rb itvjdbafhukt,b' v[jkjl bv afmnbc fqybidyb'^ hjv ithxtdb'b lbcgthcbf 

ofhvjflutyc gjgekfwbbc lbcgthcbbc tvgbhbek fyfkjuc^ hjvtkbw lfrdbhdt,f'f hbw[dbc 

ecfchekjl phlbcfc vbbcohfabc gjgekfwbbc lbcgthcbbcfrty& 

 itvlujvib xdty dyf[fd'^ hjv n vjwekj,bc ithxtdb'b vybidytkj,t,bcf'dbc^ 

vjcf[th[t,tkbf ufafynekj,bc jlyfd vjlbabwbht,ekb cfpjvbc ufy[bkdf^ hjvtkcfw 

itcojht,ekb ithxtdb'b lbcgthcbf tojlt,f% 

2'
ns = 






n

i

i xx
n 1

2)(
1

1
=

1n

n 2
ns                                                    (4.5) 

 hflufy ithxtdb'b lbcgthcbbc ufvj'dkfvlt nx  erdt ufvj'dkbkbf^ ithxtdb'b 

lbcgthcbbc  lf itcojht,ekb ithxtdb'b lbcgthcbbc eahj vfhnbdfl ufvjcf'dktkb 

ufvjcf[ekt,t,bf 

s
2
 = 

n

1




n

i

nxx
1

22 )( = 
 

2

22

n

xxn ii  
,                    (4.6)  

2'
ns = 



















n

i

ni xnx
n 1

22

1

1
=

 
)1(

22



 
nn

xxn ii
.                                              (4.7) 

itybidyf& 'e gjgekfwbbc  cfiefkj wyj,bkbf^ vfiby ithxtdb'b lbcgthcbf ufyb-

cfpqdht,f ajhvekb' 

s
2
 =  



n

i
ix

n 1

2)(
1

.                           (4.8) 
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fmdt fqdybiyj'^ hjv (4.6) ajhvekb' ufvjb'dkt,f gjgekfwbbc^ [jkj (1.7)-b' ithxtdbc 

lbc-gthcbf& 

vfufkb'b 1.7. itvltub vjyfwtvt,bcf'dbc 2,4,7,11 ufvjd'dfkj' ithxtdb'b 

cfiefkjcf lf ithxtdb'b lbcgthcbbc hbw[db'b vybidytkj,t,b& 

fvj[cyf& ufvj'dkt,b xfdfnfhj' itvltub w[hbkbc ufvj.tyt,b'% 

 

n xi 
2
ix  

1 2 4 

2 4 16 

3 7 49 

4 11 121 

 24 190 

 

vbdbqt,' 

,64 x  s
2
 = 

n

1




n

i

nxx
i

1

22 )( = 
4

1
190-6

2
=12.5.    

 hjujhw d[tlfd'^ ithxtdb'b lbcgthcbf vrfwhfl ufycfpqdhekbf^ ufvjb'dkt,f 

.dtkf lfrdbhdt,bc cfaesdtkpt lf fldbkfl tmdtvlt,fht,f fkut,hek jgthfwbt,c& fvfc'fy^ 

ithxtdb'b lbcgthcbbc ufypjvbkt,f elhbc lfrdbhdt,f'f ufypjvbkt,bc rdflhfnc& vfuf-

kb'fl^ 'e lfrdbh-dt,t,b bpjvt,f oe't,ib (rbkjuhfvt,ib^ kfht,ib^ ljkfht,ib)^ vfiby 

lbcgthcbbc cfpjvb th't-ekbf o'2 (ru2^ kfhb2^ ljkfhb2)& 

 

  

§ 10. CNFYLFHNEKB UFLF{HF  

 

 cnfnbcnbrjcc [ibhfl tcfzbhjt,f ufafynekj,bc bct'b cfpjvb^ hjvtkbw fvfdt 

th'tekt,ib bpjvt,f^ hfw cfo.bcb vjyfwtvt,b& fct'b cfpjvb vfhnbdfl vbbqt,f ithxtdb'b 

lbc-gthcbblfy rdflhfnekb atcdbc fvjqt,b'& 

cnfylfhnekb uflf[hf (standard deviation) ofhvjflutyc rdflhfnek atcdc 

ithxtdb'b lbcgthcbblfy 

2ss  ,      (4.9) 

cnfylfhnekb uflf[hf^ bctdt hjujhw lbcgthcbf^ pjvfdc ufafynekj,fc cfiefkjc 

vbvfh' lf ufvjb.tyt,f vfiby^ hjltcfw vjyfwtv'f wtynhbc cfpjvfl vbqt,ekbf cfiefkj& 

w[flbf^ hjv  s  = 0 vfiby lf v[jkjl vfiby^ hjltcfw .dtkf xi njkbf& 

 fmdt fqdybiyj'^ hjv cblbltc 

n

s
      (4.10)   

cnfylfhnek itwljvfc (standard error) eojlt,ty& 
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§ 11. CNFYLFHNEKB UFLF{HBC BYNTHGHTNFWBF& XT<BITDBC 

ENJKJ<F 

 

 cnfylfhnekb  uflf[hf vtnfl cfcfhut,kj vf[fcbf't,tkbf& cnfylfhnekb 

uflf[hbc vtidtj,b' itcfskt,tkb lfcrdyt,bc ufrt't,f c[dflfc[df bynthdfkt,ib 

vj[dtlhbk vjyfwtv'f obkbc itcf[t,& fvbc itcfskt,kj,fc bsktdf xt,bitdbc enjkj,f^ 

hjvtkbw fct ajhvekbhlt,f% [ x – ks, x + ks] bynthdfkib vj[dtlhbk vjyfwtv'f afh-

lj,b'b cb[ibht (fye fv bynthdfkib vj[-dtlhbk vjyfwtv'f hfjltyj,bc afhlj,f ithxtdbc 

n vjwekj,fc'fy) fhfyfrkt,bf 









2

1
1

k
-pt& 

 xt,bitdbc enjkj,f bsktdf [ x –ks, x +ks] bynthdfkib vj[dtlhbkb lfrdbhdt,t,bc 

afhlj,b'b cb[ibhbc mdtlf cfpqdfhc^ hjltcfw x -bcf lf s-bc ufhlf c[df byajhvfwbf 

lfrdbhdt,f'f ufyfobkt,bc itcf[t, fh ufudfxybf& 

w[hbkb 1.6. xt,bitdbc enjkj,bc bkecnhfwbf 

 

xt,bitdbc fqybiyekb enjkj,f yf'kfl vbe'b't,c cnfylfhnekb uflf[hbc 

bynthghtnfwbfpt lf vbc  vybidytkj,fpt& 

 

 

 § 12. ITHXTDB"B DFHBFWBBC RJTABWBTYNB  

 

vjyfwtv'f cbvhfdkbc dfhbfwbbc rjtabwbtynb (ithxtdb'b dfhbfwbbc rjtabwbtynb 

(sample coefficient of variation)^ hjvtkbw fqbybiyt,f CV-'b vjbwtvf ajhvekb' 

CV = 
x

s
 fy  CV ' = 

x

s'
, 0x .    (4.11) 

 w[flbf^ hjv dfhbfwbbc rjtabwbtynb eufypjvbkt,j cblbltf& 

 'e cnfylfhnekb uflf[hf ufvjb.tyt,f vjyfwtv'f th'b cbvhfdkbc wdfkt,flj,bc 

lfcf[fcbf't,kfl^ dfhbfwbbc rjtabwbtync evtntc itv'[dtdfib b.tyt,ty vjyfwtv'f jhb 

cbvhfdkbc ufafynekj,bc [fhbc[bc itcflfht,kfl& dfhbfwbbc rjtabwbtynb b'dfkbc-

obyt,c cfiefkjc cblbltcfw lf afmnj,hbdfl^ pjvfdc cfiefkjc th'tekpt vjcek cnfy-

lfhnek uflf[hfc& itcfskt,tkbf^ hjv vjyfwtv'f th'b cbvhfdkbc cnfylfhnekb uflf[hf 

eahj lblb fqvjxyltc vtjht cbvhfdkbc cnfylfhnek uflf[hfpt^ vfuhfv dfhbfwbbc rjtab-

wbtynt,bcf'dbc udmjyltc it,heyt,ekb 'fyfafhlj,f& dfhbfwbbc rjtabwbtynb cfiefkj'f 

ufyc[dfdt,bc afmnjhbc ufvjhbw[dbc cfiefkt,fc bsktdf& 

bynthdfkb afhlj,b'b 

cb[ibht 

ghjwtynekb 

hfjltyj,f 

[ x –s, x +s]  0  0% 

[ x –2s, x +2s]  3/4  75% 

[ x –2.5s, 

x +2.5s] 

 21/25  84% 

[ x –3s, x +3s]  8/9  89.9% 

[ x –4s, x +4s]  15/16  93.7% 
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 vfufkb'b 4.8. ufydb[bkj' hfbvt jhb abhvf^ hjvtkbw eidt,c th'b lf bubdt nbgbc 

ghjlemwbfc (d'mdf'^ cf'fvfijt,c)& d'mdf'^ fv abhvt,bc okbeh uf.bldf'f phlbc ntvgb 

wdfkt,flbf okblfy okfvlt lf vjwtvekbf 4.7 w[hbkbc vtidtj,b' (vjyfwtvt,b ufvj[fne-

kbf ghjwtynt,ib)& 

w[hbkb 4.7. 

 I otkb II otkb III otkb IV otkb V otkb 

abhvf M 13.7 23.9 18.3 –52.8 39.1 

abhvf T 8.4 14.0 28.9 –19.9 50.0 

 lfdhoveylt'^ hjv T abhvbc uf.bldf'f phlbc ntvgb eahj cnf,bkehbf^ dblht M 

abhvbcf^ fye M abhvbc uf.bldf'f phlbc ntvgbc dfhbf,tkj,f (wdfkt,flj,f) eahj skbthbf 

T abhvfc'fy itlfht,b'& 

fvj[cyf& hflufy lbcgthcbf vjyfwtv'f dfhbf,tkj,bc .dtkfpt 'dfkcfxbyj cfpjvbf& 

.jdtkb nhtcnbc vjyfwtvt,bc vb[tldb' ufvjd'dfkj' 'b'jtekb vf'ufybc cfiefkjt,b^  

itcojht,ekb ithxtdb'b lbcgthcbt,b^ dfhbfwbbc rjtabwbtynt,b lf itdflfhj' bcbyb 

th'vfyt'c& vbdbqt,' 

Mx =8.44%, 2'
Ms =

4
1 (5.26

2 
+15.46

2 
+9.86

2 
+61.24

2 
+30.66

2
)  1263.57(%)

2
, '

Ms =35.55% 

Tx =16.28%, 2'
Ts =

4
1 (9.88

2 
+2.28

2 
+12.62

2 
+36.18

2 
+33.72

2
)  668(%)

2
, '

Ts =25.85% 

'
MCV  = 

M

M

x

s '

  4.21,  '
TCV  =  

T

T

x

s '

 1.59,      '
MCV  > '

TCV  

hflufy '
MCV  > '

TCV ^ fvbnjv itudbskbf lfdfcrdyf'^ hjv M abhvbc uf.bldf'f phlbc 

ntvgbc dfhbf,tkj,f okt,bc vb[tldb' eahj vfqfkbf^ dblht T abhvbcf& 
 
 
 

 

§ 13. FCBVTNHBBCF LF TMCWTCBC ITHXTDB"B RJTABWBTYNT<B 
 
fcbvtnhbbc ithxtdb'b rjtabwbtynb tojlt,f cblbltc 

3

1

3)(
1

s

xx
n

n

i
i

n

 

 


.                     (4.12) 

 tc rjtabwbtynb bsktdf cb[ibht'f /bcnjuhfvbc cbvtnhbekj,bc (fy fcbvtn-

hbekj,bc) itcf[t, lfcrdybc ufrt't,bc cfiefkt,fc vbcb fut,bc ufhtit& rthsjl^ 'e 

n



   0, 

itudbskbf lfdfcrdyf'^ hjv cb[ibht'f /bcnjuhfvf fhff cbvtnhbekb x -bc vbvfh'^ eahj 
vtnbw^ 'e 

n



  > 0  ( n



 <0) 
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vfiby cb[ibht'f ufyfobkt,f vfh]dybd (vfhw[ybd) fcbvtnhbekbf& vfh'kfw^ 'e n



 >0^ vfiby 

 


n

i
i xx

1

3)( >0^ cfblfyfw ufvjvlbyfhtj,c^ hjv x -lfy lflt,b' uflf[hf'f re,t,bc ]fvb 

fqtvfnt,f x -lfy efh.jab' uflf[hf'f re,t,bc ]fvc^ hfw vbe'b't,c bvfpt^ hjv x -bc 

vfhw[ybd v.jab lfrdbhdt,t,b eahj rjywtynhbht,ekyb fhbfy x 'fy^ dblht vfh]dybd 
v.jayb^ fye cb[ibht'f ufyfobkt,f vfh]dybd fcbvtnhbekbf& 
 tmcwtcbc ithxtdb'b rjtabwbtynb tojlt,f cblbltc 

3

)(
1

4

1

4



 

 


s

xx
ne

n

i
i

n .                       (4.13) 

 itvlujv 'fdt,ib xdty ufydb[bkfd' fcbvtnhbbcf lf tmcwtcbc rjtabwbtynt,c gjge-

kfwbbcf'dbc lf vf'pt cfe,fhb lfodhbkt,b' bm udtmyt,f& fm itvjdbafhukt,b' v[jkjl 

bvbc fqybidyb'^ hjv tmcwtcbc rjtabwbtynb fhbc cb[ibht'f /bcnjuhfvbc x -bc vblfvjib 

ptdb' ufotkbkj,bc (fye odtnbfyj,bc) cfpjvb& 

 

 

  

 § 14. EXCEL 

 

ofhvjubluty' Excel-bc  cnfnbcnbreh  aeymwbt,c^ hjvkt,bw [ibhfl ufvjb.tyt,f 
vjyfwtv'f gbhdtkflb lfveifdt,bc lhjc: 

 

AVERAGE, COUNT, FREQUENCY, KURT, LARGE, MAX, MEDIAN, MIN, MODE, 

QUARTILE, SMALL, STDEV, STDEVP, SKEW, VAR, VARP. 

 

w[hbkib vjwtvekbf fv aeymwbt,bc xfothbcfc ufvj.tyt,ekb fqybidyt,bc 

bynthghtnfwbf lf ibyffhcj,hbdb lfndbh'df  

fqybidyf ibyffhcb 
Number vybidytkj,f'f (hbw[db'b) cbvhfdkt 

Value vybidytkj,f'f cbvhfdkt 

Data 

array 

vjyfwtvt,b 

Bins 

array 

vjyfwtv'f lf]ueat,bc bynthdfkt,b 

Array cbvhfdkt^ w[hbkb 

Quart vtj'[tlb 

  

 mdtdb' xdty vjdb.dfy' fqybiyekb aeymwbt,bc ufvj.tyt,bc vfufkb't,c itvltub 

vjyfwtvt,bc cfaesdtkpt% 

18.5 29.22 28.67 18.27 30 12.3 9.41 9.69  

13.61 23.22 9.08 36.22 11.55 40.92 17.16 39.48 (1) 

21.22 30 18.83 27.19 10.77 29.74 17.98 5.99  

26.38 24.11 25.48 33.38 15.11 22.73 20.67 20.75  

25.99 9.49 14.57 20.04 16.13 30 18.17 59.27  
dbuekbc[vt,'^ hjv vjyfwtvt,b xfothbkbf Excel-bc lfd'hbc aehwkbc B2:I6 fhtib& 
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AVERAGE aeymwbbc xfothbc cbynfmcb fct'bf: 

AVERAGE(Number1, Number2,..). 

AVERAGE - ufvjbfyufhbit,f hbw[db'b vjyfwtvt,bc fhb'vtnbrekb cfiefkj&  

vjyfwtv'f (1) cbvhfdkbcf'dbc AVERAGE aeymwbf fct xfbotht,f: 

 AVERAGE(Number1)=AVERAGE(B2:I6). 

ufvj'dkbc itltufl vbdbqt,'^ hjv vjyfwtvt,bc fhb'vtnbrekb cfiefkj 22,28-bc njkbf& 

COUNT aeymwbbc xfothbc cbynfmcb fct'bf: 

COUNT(Value 1, Value 2,..). 

COUNT– ufvjbfyufhbit,f hbw[db'b nbgbc  vjyfwtv'f hfjltyj,f& 

vjyfwtv'f (1) cbvhfdkbcf'dbc COUNT aeymwbf fct xfbotht,f: 

 COUNT(Value1)= COUNT (B2:I6). 

ufvj'dkbc itltufl vbdbqt,'^ hjv vjyfwtv'f hfjltyj,f (1) cbvhfdktib 40-bc njkbf& 

FREQUENCY aeymwbbc xfothbc cbynfmcb fct'bf: 

FREQUENCY(Data array, Bins array). 

FREQUENCY– ufvjbfyufhbit,f vjyfwtv'f hfjltyj,f^  hjvkt,bw tre'dybfy obyfcofh 

ufycfpqdhek lf]ueat,bc bynthdfkt,c&  

vjyfwtv'f (1) cbvhfdkbcf'dbc ufvjdbfyufhbij' vjyfwtv'f hfjltyj,f^  hjvkt,bw 

tre'dybfy  lf]ueat,bc itvltu bynthdfkt,c: (-,12], (12, 25],(25,40},(40,+)&  

itybidyf& lf]ueat,bc fqybiyek j'[ bynthdfkc ufycfpqdhfdc itvltub cfvb hbw[db'b 

vybidytkj,f: 12, 25, 40. vfh'kfw^ 12 fhbc gbhdtkb bynthdfkbc ptlf cfpqdfhb, 

hjvtkbw fvfdt lhjc vjvltdyj bynthdfkbc mdtlf cfpqdfhbf lf f&i&^ 40 fhbc  ,jkj 

bynthdfkbc mdtlf cfpqdfhb& lfdeidf'^ hbw[db'b vybidytkj,t,b 12, 25, 40 xfothbkbf 

Excel-bc lfd'hbc aehwkbc B4:B6 fhtib&  Bins array (B8:B10) fhbc ufycfpqdhbc 

itvltu^ cfzbhjf ufybcfpqdhjc bv fhbc vbcfvfh'b^ hjvtkibw xfbotht,f ufvj'dkbc 

itltut,b (lfdeidf' tc fhtf C8:C11)& hjvkt,bw tre'dybfy B4:B6  xfyfothb' 

ufycfpqdhek lf]ueat,f'f bynthdfkt,c& ufvj'dkt,bc xfcfnfht,kfl th'lhjekfl 

lfdfzbhj' rkfdbit,c: Shift+Ctrl+Enter. 

vjyfwtv'f (1) cbvhfdkbcf'dbc FREQUENCY aeymwbf fct xfbotht,f: 

FREQUENCY(Data array, Bins array)= FREQUENCY(B2:I6, B8:B10). 

ufvj'dkbc itltufl C8:C11 fhtib xfbotht,f ufvj'dkbc itltut,b 

7 

18 

13 

2 
 

 

KURT aeymwbbc xfothbc cbynfmcb fct'bf: 

KURT(Number1, Number2,..). 

KURT- ufvjbfyufhbit,f ithxtdb'b fcbvtnhbbc rjtabwbtynb ajhvekb' 
3

3)(

ns

xx 
 .    
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vjyfwtv'f (1) cbvhfdkbcf'dbc KURT aeymwbbc ufvjcffyufhbit,kfl aeymwbf fct 

xfbotht,f: KURT(Number1)= KURT(B2:I6). 

ufvj'dkbc itltufl vbdbqt,'^ hjv vjyfwtvt,bc fcbvtnhbbc rjtabwbtynb 2.534bc njkbf& 

LARGE aeymwbbc xfothbc cbynfmcb fct'bf: 

LARGE(Array,k.) 

LARGE– ufvjbfyufhbit,f elbltcb k-ehb otdhb&  

vjyfwtv'f (1) cbvhfdkbcf'dbc cblblb' vtcfvt otdhbc  ufvjcffyufhbit,kfl aeymwbf fct 

xfbotht,f: 

 LARGE(Array,k.)= LARGE(B2:I6,3). 

ufvj'dkbc itltufl vbdbqt,'^ hjv cblblb' vtcfvt otdhb  vjyfwtv'f cbvhfdktib 39,48-bc 

njkbf& 

MAX aeymwbbc xfothbc cbynfmcb fct'bf: 

MAX(Number1, Number,..). 

MAX – ufvjbfyufhbit,f elbltcb  vybidytkj,f&  

vjyfwtv'f (1) cbvhfdkbcf'dbc elbltcb  vybidytkj,bc ufvjcffyufhbit,kfl aeymwbf fct 

xfbotht,f: 

MAX(Number1)=MAX (B2:I6). 

ufvj'dkbc itltufl vbdbqt,'^ hjv elbltcb hbw[db'b vybidytkj,f  59.27-bc njkbf& 

MEDIAN aeymwbbc xfothbc cbynfmcb fct'bf: 

MEDIAN(Number1, Number2,..). 

MEDIAN– ufvjbfyufhbit,f vjyfwtv'f vtlbfyf&  

vjyfwtv'f (1) cbvhfdkbcf'dbc vtlbfyfc  ufvjcffyufhbit,kfl MEDIAN aeymwbf fct 

xfbotht,f:  

MEDIAN(Number1)= MEDIAN(B2:I6). 

ufvj'dkbc itltufl vbdbqt,'^ hjv vtlbfyf 20.71-bc njkbf& 

MIN aeymwbbc xfothbc cbynfmcb fct'bf: 

MIN(Number1, Number2,..). 

MIN–ufvjbfyufhbit,f evwbhtcb vybidytkj,f& 

vjyfwtv'f (1) cbvhfdkbcf'dbc evwbhtcb vybidytkj,bc ufvjcffyufhbit,kfl aeymwbf fct 

xfbotht,f:  

MIN(Number1)=MIN (B2:I6).  

ufvj'dkbc itltufl vbdbqt,'^ hjv evwbhtcb vybidytkj,f 5.99-bc njkbf& 

MODE aeymwbbc xfothbc cbynfmcb fct'bf: 

MODE(Number1, Number2). 

MODE–  ufvjbfyufhbit,f vjyfwtv'f vjlf&  

vjyfwtv'f (1) cbvhfdkbcf'dbc vjlfc  ufvjcffyufhbit,kfl aeymwbf fct xfbotht,f:  

MODE(Number1)=MODE (B2:I6).  

ufvj'dkbc itltufl vbdbqt,'^ hjv vjlf 30-bc njkbf&  
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QUARTILE aeymwbbc xfothbc cbynfmcb fct'bf: 

QUARTILE(Array,Quart). 

QUARTILE(x1:xn,k)   - ufvjbfyufhbit,f  vjyfwtv'frdfhnbkb; 

hjwf k=0  ufvjbfyufhbit,f evwbhtcb vybidytkj,f^ 

hjwf k=1  ufvjbfyufhbit,f gbhdtkb rdfhnbkb (25 ghjwtynbkb), 

hjwf k=2  ufvjbfyufhbit,f vtjht rdfhnbkb^ vtlbfyf (50 ghjwtynbkb), 

hjwf k=3  ufvjbfyufhbit,f vtcfvt rdfhnbkb (75 ghjwtynbkb), 

hjwf k=4  ufvjbfyufhbit,f elbltcb  vybidytkj,f& 

itybidyf& Q1 gbhdtkb lf Q3 vtcfvt rdfhnbkbc hbw[db' vybidytkj,t,c  Excel-b 

ufvjb'dkbc itvltub fkujhb'vb':  dfhbfwbekb vorhbdbc k-ehb tktvtynbc hbw[db'b 

vybidytkj,f fqdybiyj' x[k]-'b& 'e vjyfwtv'f hfjltyj,ff n, vfiby  
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vjyfwtv'f (1) cbvhfdkbcf'dbc vtcfvt hbubc rdfhnbkbc ufvjcffyufhbit,kfl aeymwbf fct 

xfbotht,f:  

QUARTILE(Array,Quart)=QUARTIL(B2:I6,3). 

ufvj'dkbc itltufl vbdbqt,'^ hjv vtcfvt hbubc rdfhnbkb^ fye 75 ghjwtynbkb 28.8075-bc 

njkbf& 

SMALL aeymwbbc xfothbc cbynfmcb fct'bf: 

SMALL(Array,k). 

SMALL– ufvjbfyufhbit,f evwbhtcb k-ehb otdhb&   

vjyfwtv'f (1) cbvhfdkbcf'dbc hbub' vtjht evwbhtcb vybidytkj,bc ufvjcffyufhbit,kfl 

aeymwbf fct xfbotht,f:  

SMALL(Array,k)=SMALL (B2:I6,2). 

ufvj'dkbc itltufl vbdbqt,'^ hjv  rkt,fl dfhbfwbek vorhbdib vtjht tktvtynb   9.08-bc 

njkbf& 

STDEV aeymwbbc xfothbc cbynfmcb fct'bf: 

STDEV (Number1, Number2,..). 

STDEV – ufvjbfyufhbit,f ithxtdbc cnfylfhnekb uflf[hf (rdflhfnekb atcdb 

itcojht,ekb ithxtdb'b lbcgthcbblfy) ajhvekb'  

2/1

2)(
1

1
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
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 xx

n
i  

vjyfwtv'f (1) cbvhfdkbcf'dbc ithxtdbc cnfylfhnekb uflf[hbc ufvjcffyufhbit,kfl 

aeymwbf fct xfbotht,f: 



 56 

STDEV (Number1)= STDEV (B2:I6). 

ufvj'dkbc itltufl vbdbqt,'^ hjv  ithxtdbc cnfylfhnekb uflf[hf 10.54-bc njkbf& 

STDEVP aeymwbbc xfothbc cbynfmcb fct'bf: 

STDEVP(Number1, Number2,..). 

STDEVP  – ufvjbfyufhbit,f gjgekfwbbc cnfylfhnekb uflf[hf (rdflhfnekb atcdb 

ithxtdb'b lbcgthcbblfy) ajhvekb' 
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vjyfwtv'f (1) cbvhfdkbcf'dbc gjgekfwbbc cnfylfhnekb uflf[hbc ufvjcffyufhbit,kfl 

aeymwbf fct xfbotht,f: 

STDEVP(Number1)=STDEVP (B2:I6). 

ufvj'dkbc itltufl vbdbqt,'^ hjv  gjgekfwbbc cnfylfhnekb uflf[hf 10.41-bc njkbf& 

 

SKEW aeymwbbc xfothbc cbynfmcb fct'bf: 

SKEW Number1, Number2,..). 

SKEW  -  ufvjbfyufhbit,f ithxtdb'b tmcwtcbc rjtabwbtynb ajhvekb' 3
)(

4

4


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ns

xx
. 

vjyfwtv'f (1) cbvhfdkbcf'dbc tmcwtcbc rjtabwbtynbc ufvjcffyufhbit,kfl aeymwbf fct 

xfbotht,f:  

SKEW (Number1)=SKEW (B2:I6). 

ufvj'dkbc itltufl vbdbqt,'^ hjv  ithxtdb'b tmcwtcbc rjtabwbtynb 1.154-bc njkbf& 

VAR aeymwbbc xfothbc cbynfmcb fct'bf: 

VAR(Number1, Number2,..). 

VAR– ufvjbfyufhbit,f itcojht,ekb ithxtdb'b lbcgthcbf ajhvekb': 
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vjyfwtv'f (1) cbvhfdkbcf'dbc itcojht,ekb ithxtdb'b lbcgthcbbc ufvjcffyufhbit,kfl 

aeymwbf fct xfbotht,f:  

VAR(Number1)=VAR(B2:I6). 

ufvj'dkbc itltufl vbdbqt,'^ hjv  itcojht,ekb ithxtdb'b lbcgthcbf 111.38-bc njkbf& 

VARP aeymwbbc xfothbc cbynfmcb fct'bf: 

VARP (Number1, Number2). 

VARP   – ufvjbfyufhbit,f ithxtdb'b lbcgthcbf (gjgekfwbbc lbcgthcbf) ajhvekb': 

2
ns =
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vjyfwtv'f (1) cbvhfdkbcf'dbc gjgekfwbbc lbcgthcbbc ufvjcffyufhbit,kfl aeymwbf fct 

xfbotht,f:  

VARP (Number)=VARP (B2:I6). 
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ufvj'dkbc itltufl vbdbqt,'^ hjv  ithxtdb'b lbcgthcbf 108.38-bc njkbf& 

 

mdtdb'^ w[hbkib ofhvjlutybkbf cnfnbcnbrehb mdtghjuhfvt,bc Descriptive 

Statistics, Histogram xfothbcfc ufvj.tyt,ekb fqybidyt,bc bynthghtnfwbf lf 

ibyffhcj,hbdb lfndbh'df 

 

Array cbvhfdkt^ w[hbkb 

Data array vjyfwtv'f cbvhfdkt 

Quart vtj'[tlb 

Number vybidytkj,f'f (hbw[db'b) cbvhfdkt 

Value vybidytkj,f'f cbvhfdkt 

Grouped lf]ueat,ekb 

Labels ofhothf^ vjybidyf 

Chart Output uflfvh'dtkt,bc uffmnbeht,b' fvjb,tzlt,f vjyfwtv'f 
cb[ibhekb ufyfobkt,bc w[hbkb lf /bcnjuhfvbc 
uhfabrb 

Cumulative Percentage uflfvh'dtkt,bc uffmnbeht,b' lfvfnt,b' fvjb,tzlt,f 
lfuhjdbkb cb[ibhekb ufyfobkt,bc w[hbkb lf 
revekfnfc uhfabrb 

Pareto(Sorter histogram) uflfvh'dtkt,bc uffmnbeht,bc itv'[dtdfib fqybiyekb 
vjyfwtvt,b lf itcf,fvbcb uhfabrb uflfkfut,ekb bmyt,f 
cb[ibht'f phlflj,b' 

 

 

Descriptive Statistics  mdtghjuhfvf (1) vjyfwtvt,bc cfaesdtkpt ufvjb'dkbc vjyfwtv'f 

itvltu hbw[db' vf[fcbf't,kt,c 

  

Column1 

    

Mean / cfiefkj fhb'vtnbrekb 22.28 

Standard Error / cnfylfhnekb itwljvf 1.67 

Median / vtlbfyf  20.71 

Mode / vjlf  30.00 

Standard Deviation / cnfylfhnekb uflf[hf- 10.54 

Sample Variance / itcojht,ekb ithxtdb'b 
lbcgthcbf 111.16 

Kurtosis / fcbvtnhbbc ithxtdb'b rjtabwbtynb 2.53 

Skewness / tmcwtcbc ithxtdb'b rjtabwbtynb 1.15 

Range / uf,ytdbc lbfgfpjyb  53.28 

Minimum / vbybvevb 5.99 

Maximum / vfmcbvevb 59.27 

Sum / ]fvb 891.29 

Count / vjyfwtv'f hfjltyj,f 40.00 

Largest(3) / vtcfvt elbltcb vybidytkj,f) 39.48 

Smallest(2) / vtjht evwbhtcb vybidytkj,f 9.08 

Confidence Level(95.0%) ylj,bc bynthdfkb* 3.37 
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f[kf  fdfuj' /bcnjuhfvf& /bcnjuhfvbc fcfut,fl fdbhxbj' vjyfwtv'f lf]ueat,bc 

itvltub  tmdcb bynthdfkb 

[min, 15],(15,25],(25,35],(35,45],(45,55],(55,max]. 

fmdt fqdybiyj'^ hjv fhff fewbkt,tkb uf,ytdbc lbfgfpjyb lfb.jc th'b lf bubdt cbuhsbc 

mdtbynthdfkt,fl& Excel-bc cfveifj  lfd'hbc aehwkib xfdothj' fqybiyekb lf]ueat,bc 

ufyvcfpqdhfdb itvltub ([fpufcvekb) hbw[b'b vybidytkj,t,b: d'mdf' 15,25,35,45,55. 

mdtghjuhfvbc htfkbpfwbb' dqt,ekj,' cb[ibhekb ufyfobkt,bc w[hbkc lf /bcnjuhfvbc 

itvltu uhfabrek ufvjcf[ekt,fc& 

 

cb[ibhekb ufyfobkt,bc  w[hbkb udfsktdc itvltu 

byajhvfwbfc: 

vjyfwtv'f hfjltyj,f^ hjvkt,bw yfrkt,b fy njkbf 15-pt 10-

bc njkbf; 

vjyfwtv'f hfjltyj,f^ hjvkt,bw vtnbf 15-pt lf yfrkt,b fy 

njkbf 25-pt 16-bc njkbf; 

.... 

vjyfwtv'f hfjltyj,f^ hjvkt,bw vtnbf 55-pt th'bc njkbf& 

 

[jkj /bcnjuhfvbc uhfabrc itvltub cf[t fmdc 

 
 

 

 

 

 

 

 

rb'[dt,b 'db'itvjovt,bcf'dbc 

 

hf buekbc[vt,f vjyfwtvt,bc mdti~ 

hfc ofhvjflutyc cnfnbcnbrehb gjgekfwbf~ 

hjujh ufybcfpqdht,f ithxtdf^ ithxtdbc vjwekj,f~ hfc ofhvjflutyc afhlj,b' 

cb[ibht'f ufyfobkt,f~ 

hjujh ufvjb'dkt,f ithxtdb'b cfiefkj lf hf 'dbct,t,b fmdc vfc~ 

hjujh ufvjb'dkt,f ithxtdb'b vtlbfyf^ ithxtdb'b vjlf~ 

hjujh ufybcfpqdht,f ithxtdbc uf,ytdbc lbfgfpjyb~ 

hfc ofhvjflutyc ithxtdbc lbcgthcbf lf hjujh ufvjb'dkt,f bub~ 

hjujh fbut,f /bcnjuhfvf^ gjkbujyb~ 
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CFDFH}BIJT<B 

4.1. ,fdid'f acbmjkjuc fbynthtct,c^ hf lhjc [fh]fdty ,fdidt,b ntktuflfwtvf'f 

cf.eht,kfl& bc fuhjdt,c vjyfwtvt,c 100 itv'[dtdb' ithxtekb ,fdidbcfufy& tc ithxtdff^ 
'e gjgekfwbff~ 
 

4.2. f[ctyb'^ ithxtdff 'e gjgekfwbf mdtvj' xfvj'dkbkb vjyfwtvt,b% 

(a) 40 cneltync^ hjvkt,bw itv'[dtdb' uffxthtc eybdthcbntnbc tpjib^ itrb'[dt,b 
lfecdtc lf xfothtc gfce[t,b* 

(b) rb'[dt,b lftupfdyf 200 flfvbfyc^ hjvkt,bw itv'[dtdb' ffhxbtc ntktajyt,bc yjvht,bc 
obuyblfy lf vbqt,ekbf gfce[t,b* 

(c) jhb rfhnbc .dtkf itcfskj fhxtdf'f cbf 52 rfhnblfy& 

 

4.3. f[ctyb'^ eo.dtnbf 'e lbcrhtnekb itvltub vjyfwtvt,b% 

(a) 20 vfcofdkt,kbc okbehb itvjcfdkt,b* 

(b) cfmfkfm'fijhbcj cfntktajyj cfe,ht,bc jltyj,f vjwtvekb ajcnblfy .jdtk 'dtib* 

(c) 'b'jtekb cfe,hbc [fyuhskbdj,f& 
 

4.4. d'mdf'^ vjyfwtv'f hfbvt cbvhfdkbcf'dbc vjwtvekbf 




n

i
ix

1

 = 110,  


n

i
ix

1

2  = 3150,  n=10. 

f) ufvj'dfkt' x ^ s2
, s* 

,) itcfskt,tkbf 'e fhf fv vjyfwtvt,b' vtlbfybc ufvj'dkf~ 
 

 4.5. f) d'mdf'^ n=9 lf vjyfwtv'f cbvhfdkbc itcf[t, ufudfxybf itvltub byajhvfwbf% 

cblblb' vt[e't tktvtynb t&b& x(5)=17& itcfskt,tkbf 'e fhf vtlbfybc ufvj'dkf~ 

,) d'mdf'^ n=20 lf x(10)=14, x(11)=17& hfc elhbc vtlbfyf lf hf gjpbwbf erfdbf vfc~ 
 

 4.6. ufydb[bkj' vjyfwtv'f jhb A lf B cbvhfdkt 

A 1  1  2  2  2  2  2  3    10 

B 1  1  2  2  2  2  2  3  100 

ufvj'dfkt' 'b'jtekb vf'ufybcf'dbc cfiefkj^ vtlbfyf^ uf,ytdbc lbfgfpjyb^ Q1, Q3^ 
cnfylfhnekb uflf[hf* 
 

4.7. d'mdf'^ vjyfwtv'f hfbvt cbvhfdkbcf'dbc ufvj'dkbkbf itvltub cblbltt,b% 

xmin=20,  Q1=40,  Q2=45,  Q3=50,  xmax=60. 

uffrt't' cmtvfnehb lfcrdyf /bcnjuhfvbc ajhvbc itcf[t,& 
 

itvlujvb fvjwfyt,b SegiZliaT fvj[cya' Excel-bc itcf,fvbcb aeymwbt,bc  ufvj.tyt,b' 
 

4.8. th'-th'b eybdthcbntnbc ufvj.tyt,b'b vf'tvfnbrbc afrekntnbc 25 
'fyfvihjvkbc ufyfobkt,f 'fyfvlt,j,t,bc vb[tldb' itvltubf% 

 
kf,jhfynb 8 
flvbybcnhfwbekb 
gthcjyfkb 

4 

vfcofdkt,tkb 6 
eahjcb vfcofdkt,tkb 4 



 60 

ljwtynb 2 
ghjatcjhb 1 

 
ffut' 'fyfvihjvtk'f 'fyfvlt,j,t,bc ufyfobkt,bc ohbekb lbfuhfvf& 

 

4.9. itvltub vjyfwtvt,b bsktdbfy ufhrdtekb fcfrbc ,fdidt,bc cbn.df'f vfhfubc 
vjwekj,fc% 

205, 377, 292, 300, 179, 240, 300, 190, 680, 250, 

280, 170, 211, 266, 303, 350, 375, 288, 360, 225. 

ffut' cb[ibht'f lf afhlj,b' cb[ibht'f ufyfobkt,f& 
  

4.10. nehbcnekvf abhvfv ufvjrb'[f cfvij,kjib lf,heyt,ekb nehbcnt,b^ 'e 
hfvltyb ajnj-abhb lf[fh]tc vjupfehj,bc lhjc^ gfce[t,b itvltubf% 

8 6 3 11 14 8 9 16 9 10 5 11 7 8 10 9 12 13 9 

f) ufvj'dfkt' cfiefkj^ vtlbfyf^ Q1, Q3* 

,) ufvj'dfkt' uf,ytdbc lbfgfpjyb^ IQR^ ithxtdb'b lbcgthcbf^ cnfylfhnekb uflf[hf* 
 

4.11. NED-tktmnhjybrcbc veit,bc vwbht hfjltyj,f ufvjrb'[ekb bmyf bv vbpyb'^ 

hjv lftlubyf' 'e hjujhbf nbgbehb cff'j,hbdb fyfpqfeht,f ($-ib)^ itltufl vbbqtc% 

9.50,  9.00,  11.70,  14.80,  13.00. 

f) tc ithxtdff 'e gjgekfwbf~ 
,) hfc elhbc fhb'vtnbrekb cfiefkj^ vtlbfyf^ lbcgthcbf& 

 

4.12. bvbcf'dbc^ hjv fvthbrekvf cffdflv.jajt,vf vbbqjy lf[vfht,f c[dflfc[df 
cfv'fdhj,j 'e rthsj ghjuhfvbcfufy^ cfzbhjf okbehb abyfycehb fyufhbit,bc ofhlutyf^ 
hjvkbc th'-th'b v'fdfhb vf[fcbf't,tkbf chekb hfjltyj,f cfojkt,bcf^ hjvkt,bw 

ufyre'dybkbf gfwbtynt,bcf'dbc& mdtvj' vj.dfybkbf vjyfwtvt,b bv 54 cffdflv.jajib 
cfojkt,bc hfjltyj,bc itcf[t,^ hjvtk'f abyfycehb fyufhbibw lfvfrvf.jabkt,kfl bmyf 
vbxytekb&  

 

303 550 243 282 195 310 288 188 190 

335 473 169 292 492 200 478 182 172 

231 375 171 262 198 313 600 264 311 

371 145 242 278 183 215 719 519 382 

249 350 99 218 300 450 337 330 252 

400 514 427 533 930 319 210 550 488 

ffut' afhlj,b' cb[ibht'f ufyfobkt,f lf]ueat,bc 10 bynthdfkb'& 
 

4.13. fvj[ctyb' 1.12 cfdfh]bij lf]ueat,bc cfvb bynthdfkbcf'dbc& itflfht' 
vbqt,ekb ufyfobkt,f obyfc& hjvtkb eahj vtn byajhvfwbfc itbwfdc~ hfnjv pqelfdc 
bynthdfkt,bc itecf,fvj hfjltyj,f afhlj,b' cb[ibht'f ufyfobkt,fib fhct,ek 
byajhvfwbfc~ 

 

4.14. fvj[ctyb' 1.12 cfdfh]bij^ jqjyl erdt 25 lf]ueat,bc bynthdfkbcf'dbc& 
itflfht' itltub obyf jh cfdfh]bijc& 
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4.15. mdtvj' vj.dfybkbf 32 cffmwbj cfpjufljt,bc fmwbf'f vakj,tkt,bc vjut,f'f 
ghjwtynt,bc w[hbkb uflfcf[flt,bc uflf[lbc itvltu& 

 

10.6 

12.5 

14.6 

7.9 

10.8 

10.6 

6.5 

11.9 

10.8 

6.0 

6.0 

5.9 

16.2 

13.3 

10.1 

9.0 

14.8 

10.7 

12.8 

10.0 

18.4 

8.7 

8.7 

12.0 

10.8 

11.0 

10.1 

10.6 

10.7 

15.4 

7.5 

9.1 

(a) fv vjyfwtvt,b' ffut' afhlj,b' cb[ibht'f /bcnjuhfvf idblb njkb bynthdfkb'^ 

hjvtk'fufy 'b'jtekbc cbuhstf 2 lf gbhdtkbc vfhw[tyf ,jkjf 5.55* 

(b) ffut' afhlj,b' cb[ibht'f gjkbujyb* 

(c) hjujhbf 'mdtyb fphb' bvbc ifycb^ hjv itv'[dtdb' fhxtekb cffmwbj cfpjufljt,bc 

otdhbc vjut,bc ghjwtynb 15.55-pt vtnbf~ 

(d) hjujhbf bvbc ifycb^ hjv itv'[dtdb' fhxtekb cffmwbj cfpjufljt,bc otdhbc vjut,bc 

ghjwtynb 9.55-pt yfrkt,bf~ 

(e) hf ifycb fhct,j,c bvbcf^ hjv itv'[dtdb' fhxtekb cffmwbj cfpjufljt,bc otdhbc 

vjut,bc ghjwtynb 9.55-cf lf 15.55-c ijhbcff~ 
 

4.16. itvltub vjyfwtvt,b itflutyty vcjakbjc 57 elbltcb /blhjtktmnhjcfluehbc 
cbvskfdhtt,c vtufdfnt,ib%  

12600 

10080 

10060 

6480 

6400 

6096 

6000 

5328 

5225 

4500 

4150 

4050 

3600 

3575 

3409 

3300 

3200 

2700 

2700 

2700 

2680 

2650 

2637 

2610 

2560 

 

2400 

2400 

2304 

2300 

2300 

2250 

2124 

2100 

 

2100 

2069 

2031 

2030 

2000 

2000 

2000 

1979 

 

1824 

1807 

1800 

1800 

1800 

1800 

1750 

4600 

1950 

1890 

2100 

2100 

2500 

2416 

2715 

2820 

(a) ffut' aj'kt,bfyb qthjt,bc vcufdcb lbfuhfvf (aj'kbc th'tekb b.jc 10 vtufdfnb^ 

lffvhudfkt'^ jhb ybifyb lfenjdt' aj'jkc^ lfyfhxtyb qthjc vbfre'dyt')^ vbbqt,' 12 
/jhbpjynfkeh qthjc& hf bynthdfkibf vj'fdct,ekb vjyfwtv'f sbhb'flb 
evhfdktcj,f~ 

(b) ffut' aj'kt,bfyb qthjt,bc vcufdcb lbfuhfvf bct^ hjv (a) lfdfkt,bc gfce[fl erdt 
fut,ekb 'b'jtekb /jhbpjynfkehb qthj lf.j' jh qthjl% gbhdtkb eylf 

itlut,jltc aj'kt,bcfufy^ hjvtk'f gbhdtkb wbahbf hjvtkbvt 0-blfy 4-bc xf'dkb' 

[jkj vtjht – aj'kt,bcfufy^ hjvtk'f cfo.bcb wbahbf hjvtkbvt lfyfhxty'fufy& 

gbhdtkb qthj fqdybiyj' L-b'^ vtjht – H-b'^ vfufkb'fl^ 2L lf 2H qthjt,b& 
 

4.17. jwlfhdf gbhb vjyfobktj,lf cf[tkvobaj ghjuhfvb' cjwbfkeh cfveifjpt 
'fyfvlt,j,f'f lfcfrfdt,tk rjyrehcib& ntcnbht,bc xfnfht,bc itltufl vbqt,ekbf 
itvltub mekt,b%  

 

79 

93 

97 

87 

86 

98 

76 

68 
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84 

86 

77 

63 

46 

88 

87 

92 

68 

72 

81 

70 

66 

98 

59 

91 

94 

85 

88 

79 
 

(a) ffut' afhlj,b' cb[ibht'f /bcnjuhfvf 9 mdtbynthdfkb'^ gbhdtkbc vfhw[tyf ,jkj 

b.jc 44.5* 

(b) ffut' aj'kt,bfyb qthjt,bc vcufdcb lbfuhfvf& bubdtf 'e fhf ajhvf~ hf lfvfnt,b' 
byajhvfwbfc itbwfdc aj'kt,bfyb qthjt,bc vcufdcb lbfuhfvf /bcnjuhfvfc'fy 
itlfht,b'~ 

 

4.18. mdtvj' vj.dfybk w[hbkib vjwtvekbf fii-c 13 infnbc itvjcfdkt,b th' cek 

vjcf[ktpt 1983 otkc (vjyfwtvt,b ufvjcf[ekbf ljkfht,ib) 

9999, 9342, 11769, 12580, 9560, 10719, 9031, 12516, 12051,10920,13239,16820, 12101. 

f) vjst,yt' cfiefkj^ vtlbfyf^ Q1, Q3^ xmin, xmax* 
,) abmhj,' 'e fhf^ hjv fv itv'[dtdfib cfiefkj ert' f[fcbf't,c nbgj,hbd itvjcfdkt,c^ 
dblht vtlbfyf~ 

u) ufvj'dfkt' Q1–xmin, Q2–Q1, Q3–Q2, xmax–Q3 (ufdb[ctyj'^ hjv Q2 fhbc ithxtdb'b vtlbfyf)* 
l) hjujhb bmyt,jlf tc c[dfj,t,b^ vjyfwtvt,b hjv ( x -bc vbvfh') pecnfl cbvtnhbekfl 
.jabkb.j ufyfobkt,ekb~ 
t) u) geymnib ufvj'dkbkb cblbltt,bc vb[tldb' itubskbf' 'e fhf lffcrdyf'^ hjv 
vjyfwtvt,b cbvtnhbekflff ufyfobkt,ekb~ 
 

4.19. fii-ib infnt,bc vb[tldb' okbehb itvjcfdfkb th' cek vjcf[ktpt ($1000) 
fhbc 

11.1, 17.7, 13.2, 10.7, 16.8, 15.1, 19.2, 15.1, 18.9, 14.3, 13.2, 14.7, 11.4, 15.4, 12.9, 13.2, 14.4, 

11.1, 11.2, 12.7, 16.6, 17.5, 14.1, 14.7,   9.5, 13.6, 11.9, 13.8, 15.1, 15.9, 18.3, 11.1, 17.1, 12.2, 

12.3, 18.7, 12.4, 12.2, 13.9, 14.7, 11.1, 11.9, 11.8, 13.5, 10.7, 12.8, 15.4, 14.5, 10.5, 13.8, 13.2. 

f) ffut' cb[ibht'f ufyfobkt,f* 

,) ufvj'dfkt' cfiefkj^ vtlbfyf^ Q1, Q3^ xmin, xmax* 20-ghjwtynbkb^ gbhdtkb lf ,jkj 
ltwbkt,b* 
u) ufvj'dfkt' uf,ytdbc lbfgfpjyb^ lbcgthcbf lf cnfylfhnekb uflf[hf* 
l) ufvj'dfkt' fcbvtnhbbcf lf tmcwtcbc rjtabwbtynt,b* 
t) fhbc 'e fhf ufyfobkt,f cbvtnhbekb~ 
 itf]fvt' vbqt,ekb itltut,b& 
 

4.20. itv'[dtdb' ithxtekb 100 vfymfybcf'dbc lflutybkbf vfysbkb (vbkt,ib)^ 

hjvtkcfw vfymfyf ufbdkbc 1 ufkjyb ,typbybc vj[vfht,bcfc& vjyfwtvt,b lf]ueat,ekbf 
itvltub w[hbkbc vb[tldb'% 

 

,typbybc vj[vfht,f [14,16) [16,18) [18,20) [20,22) [22,24) 
vfymfyf'f 
hfjltyj,f 9 18 24 38 16 

 
ffut' cb[ibht'f /bcnjuhfvf& 
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4.21. ufhrdtek htubjyib j]f[ehb itvjcfdkt,bc itcofdkbc vbpyb' itv'[dtdb' 

itfhxbtc 12 j]f[b^ hjvtk'f okbehb itvjcfdkt,bc vjyfwtvt,b (f'fcj,b' $-ib) itvltubf% 

19.9  23.5  33.5  17.45  19  21  37.7  41.4  17.25  18  19.24  22.21 

f) ufvj'dfkt' cfiefkj^ vtlbfyf& hjvtkb vf'ufyb eahj ufvjlut,f nbgbehb itvjcfdkt,bc 
lfcf[fcbf't,kfl~ 

,) ufvj'dfkt' Q1, Q3^ xmin, xmax* gbhdtkb lf vtw[ht ltwbkt,b* 

u) ufvj'dfkt' uf,ytdbc lbfgfpjyb^ IQR,  lbcgthcbf^ cnfylfhnekb uflf[hf* 
 

4.22. NYSE-c fmwbt,bc ithxtdbcf'dbc vbqt,ekb bmyf afcb/fvjyfut,b afhlj,bc 
itvltub vjyfwtvt,b% 

15.3  9.7  12.4  21.0  62.3  9.5  5.3  8.6  29.7  43.4 

ufvj'dfkt' cfiefkj^ vtlbfyf^ uf,ytdbc lbfgfpjyb^ Q1, Q3^ x , x~ ^ lbcgthcbf^ cnfylfhnekb 
uflf[hf^ fcbvtnhbbcf lf tmcwtcbc rjtabwbtynt,b* 
 

4.23. lbl cfbydtcnbwbj abhvfc cehc itbcofdkjc vbcb fmwbt,bc ,hjrth'f fcfrt,bc 
ufyfobkt,f& abhvf abmhj,c^ hjv tc byajhvfwbf cfcfhut,kj bmyt,f f[fkb rflht,b' 

itdct,bcf lf sdtkb rflht,bc uf'fdbceakt,bc gjkbnbrbc itcfveifdt,kfl& 25 
,hjrthbcfufy itlutybk ithxtdfib fcfrt,bc vjyfwtvt,b itvltubf% 

50  64  32  55  41  44  24  46  58  47  36  52  55 54  44  66  47  59  51  57  49  28  42  38  45 

f) ufvj'dfkt' vtlbfyf^ Q1, Q3^ vjlf^ xmin, xmax* 
,) ufvj'dfkt' cfiefkj^ lbcgthcbf^ cnfylfhnekb uflf[hf* 

u) ffut' cb[ibht'f ufyfobkt,f (vjyfwtvt,b lf.fdb' 5 bynthdfkfl a0=20)& 
  

4.24. afcb/fvjyfut,b afhlj,f (P/E) lbl hjkc 'fvfij,c cfbydtcnbwbj fyfkbpib^ 
hflufy bc th'lhjekfl itbwfdc byajhvfwbfc fmwbbc hbcrbfyj,bcf lf vbcb ufskbtht,bc 

itcfskt,kj,t,bc itcf[t,& mdtvj' vj.dfybkbf fdcnhfkbbc 30 bylecnhbekb fmwbbc P/E 

afhlj,f (1992o&^ 31 vfbcb)% 
 

15.1 

25.1 

14.4 

15.3 

17.8 

11.3 

20.4 

10.6 

21.1 

14.1 

22.1 

20.4 

11.7 

18.1 

20.5 

17.2 

18.7 

19.4 

30.3 

21.2 

17.2 

17.2 

18.8 

9.7 

11.2 

17.6 

15.7 

8.6 

19.2 

21.9 

f) ufvj'dfkt' cfiefkj lf cnfylfhnekb uflf[hf* 
,) ffut' /bcnjuhfvf* 
 

4.25. itvltu w[hbkib vj.dfybkbf fii-c th'j,kbdb yfwbjyfkehb ghjlemnbc 

vjyfwtvt,b 1970–1984 okt,ib (vbkbfhl $-ib)& cf,fpbcj otkbf 1972& 
 

1970 

1971 

1972 

1973 

1974 

1085.6 

1122.4 

11.85.9 

1254.3 

12.46.3 

1975 

1976 

1977 

1978 

1979 

1231.6 

1298.2 

1369.7 

1438.6 

1479.4 

1980 

1981 

1982 

1983 

1984 

1475.0 

1512.8 

1480.0 

1534.7 

1639.0 

 
f) ufvj'dfkt' cfiefkj^ vtlbfyf^ lbcgthcbf lf cnfylfhnekb uflf[hf* 
,) ufvj'dfkt' fcbvtnhbbc rjtabwbtynb^ fhbc 'e fhf vjyfwtvt,b vfhw[ybd fcbvtnhbekb~ 
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KTMWBF V,VI CNFNBCNBREHB  GJGEKFWBF LF CNFNBCNBRF 
 
 

§ 1. SBHB"FLB WYT<T<B 
 

lfdeidf' udfmdc tktvtyn'f hfbvt  cbvhfdkt^ hjvkbc .jdtkb otdhb  [fcbf'lt,f                                          

hfjltyj,hbdb fy 'dbct,hbdb  vf[fcbf't,kbc rjyrhtnekb vybidytkj,b'&  

cnfnbcnbrehb gjgekfwbf fhbc rjyrhtnekb vf[fcbf't,kbc .dtkf itcfskj 

vybidytkj,bc th'j,kbj,f& 

 

dbn.db'^ hjv gjgekfwbf chekflff vjwtvekb^ 'e itcfskt,tkbf tktvtyn'f 

fqybiyekb cbvhfdkbc .dtkf tktvtynbc uflfhxtdf lf vf''dbc vf[fcbf't,kbc hbw[db'b 

vybidytkj,bc ufycfpqdhf&  

eylf fqbybiyjc^ hjv cnfnbcnbreh gjgekfwbfpt cfe,hbcfc (ptlcfh'fdb 

cnfnbcnbrehb mdtvj' [ibhfl ufvjnjdt,ekb bmyt,f) fh buekbc[vt,f^ hjv .dtkf itcfskj 

vybidytkj,f vfh'kfw lfrdbhdt,ekbf& gjgekfwbf itbskt,f b.jc hjujhw htfkehb^ bct 

ofhvjcf[db'b fye rjywtgnefkehb& 

 gjgekfwbbc cfgbhbcgbhjl ithxtdf fye fvjrhtaf v[jkjl pjubth' lfrdbhdt,ek 

vybidytkj,fc itbwfdc& 

ithxtdf fye fvjrhtaf fhbc lfrdbhdt,f'f th'j,kbj,f^ hjvtkbw itflutyc gjgekfwbbc 

v[jkjl hfbvt yfobkc& 

 cnfnbcnbrehb rdktdbc cf,jkjj vbpfyb gjgekfwbbc itcofdkff&  

gjgekfwbfcf lf ithxtdfib itvfdfk vjyfwtv'f hfjltyj,fc vbcb vjwekj,f /mdbf& 

gjgekfwbbc vjwekj,f cfchekbw itbskt,f b.jc lf^ hjwf gjgekfwbf ofhvjcf[db'bf^ 

ecfchekjw& ithxtdf .jdtk'dbc cfchekb vjwekj,bcff& 

itv'[dtdb'b cblblbc wyt,bc itvjqt,bc itvltu itcfskt,tkb [lt,f gjgekfwbbc 

fqothf hfbvt X itv'[dtdb'b cblblbc vtidtj,b'& vfufkb'fl^ 'e udfmdc cfchekb cbvhfdkt^  

hjvkbc chekb fqothf udfsktdc itvltu cehf'c: gjgekfwbf itlut,f hfjltyj,hbdb 

vf[fcbf't,kbc N vybidytkj,bcfufy^ hjvtk'f ijhbc fhbc k ufyc[dfdt,ekb vybidytkj,f& tc 

vybidytkj,t,b b.jc x1,x2,...,xk. d'mdf'^ xi-bc cb[ibhtf ni (t&b& ni fhbc gjgekfwbbc bv 

tktvtynt,bc hfjltyj,f^ hjvtk'f vybidytkj,t,bw xi-bc njkbf)^ 


k

i
in

1

=N^ vfiby gjgekfwbf 

fqbotht,f lbcrhtnekb X itv'[dtdb'b cblblb'^  hjvkbc ufyfobkt,bc rfyjybf 

  X  
  x1  x2  . . . xk 

 
  p1  p2 . . .  pk 

cflfw 

pi=P{X=xi}=
N

ni , i=1,2,...,k. 

 tc lfidt,f ,eyt,hbdbf bv 'dfkcfphbcb'^ hjv gjgekfwbblfy itv'[dtdb' fhxtekb 

tktvtynbc vbth xi vybidytkj,bc vbqt,bc fk,f'j,f ni/N itafhlt,bc njkbf& 

itvlujvib gjgekfwbfc ufdfbubdt,' vbc fqvoth X itv'[dtdb' cblbltc'fy lf 

gjgekfwbbc ufyfobkt,bc mdti dbuekbc[vt,' X-bc ufyfobkt,bc rfyjyc& fvfc'fy^ 

ufyfobkt,bc rfyjyb itbskt,f vjwtvekb b.jc yt,bcvbthb ajhvb'% lbcrhtnekb 
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ufyfobkt,bc rfyjyb'^ ufyfobkt,bc aeymwbb'^ ufyfobkt,bc cbvrdhbdb' lf c[df& gjgekfwbfc 

fqvothb X itv'[dtdb'b cblblbc hbw[db' vf[fcbf't,kt,c (cfiefkjc^ lbcgthcbfc^ 

cnfylfhnek uflf[hfc lf c[df) gjgekfwbbc gfhfvtnht,b tojlt,f'& 

lfdeidf' X itv'[dtdb'b cblblbc lfrdbhdt,ekb vybidytkj,t,bf x1,x2,...,xn: x1 fhbc 

gbhdtkb lfrdbhdt,ekb vybidytkj,f^ x2 – vtjht lf f&i& lfrdbhdt,t,bc vjgjdt,fvlt .jdtkb 

rthsj lfrdbhdt,f ufyecfpqdhtkbf (lfrdbhdt,bc fye wlbc itltubc obyfcofh ufyzdhtnf 

iteskt,tkbf)^ hbc ufvjw^ vjyfwtvt,bc vjgjdt,fvlt lfrdbhdt,t,c ufydb[bkfd'^ hjujhw 

itv'[dtdb' cblbltt,c lf fqdybiyfd' X1,X2,...,Xn cbv,jkjt,b'^ htfkehfl lfrdbhdt,ek 

x1,x2,...,xn vybidytkj,t,c rb vbdbxytd' X=(X1,X2,...,Xn) itv'[dtdb'b dtmnjhbc rjyrhtnek 

htfkbpfwbfl&  

dbn.db'^ hjv X=(X1,X2,...,Xn) itv'[dtdb'b dtmnjhb ofhvjflutyc n vjwekj,bc 

itv'[dtdb' ithxtdfc (fy^ e,hfkjl^ ithxtdfc) vjwtvekb gjgekfwbblfy (utythfkehb 

th'j,kbj,blfy)^ 'e  X1,X2,...,Xn ofhvjflutyc lfvjerblt,tk th'yfbhfl ufyfobkt,ek 

itv'[dtdb' cblbltt,c^ hjvtk'f cfth'j ufyfobkt,f tv'[dtdf gjgekfwbbc ufyfobkt,fc& 

 [ibhfl ufvjb.tyt,f itvltub nthvbyjkjubfw% X1,X2,...,Xn vbvltdhj,f ofhvjflutyc 

lfvjerblt,tk lfrdbhdt,t,c X itv'[dtdb' cblbltpt^ hjvkbc ufyfobkt,bc rfyjybf F(x) & 

gbhdtk 'fdib xdty ufdtwfyb' hbw[db'b vjyfwtvt,bc (ithxtdb'b vybidytkj,t,bc) 

ofhvjlutybcf lf lfveifdt,bc [th[t,c& ithxtdb'b vybidytkj,t,bc (vjyfwtvt,bc) 

cfaesdtkpt db'dkblb' c[dflfc[df vf[fcbf't,kt,c* .jdtkb vf[fcbf't,tkb b.j 

x=(x1^x2,...,xn) ithxtdb' vybidytkj,f'f cfaesdtkpt ufvj'dkbkb T(x1,x2,...,xn) hbw[db'b 

aeymwbf& vfuhfv^ hjujhw fqdybiyt'^ x=(x1^x2,...,xn) dtmnjhb fhbc X=(X1, X2,….,Xn) 

itv'[dtdb'b dtmnjhbc th'-th'b itcfskj vybidytkj,f^ fvbnjv Tn(x)=T(x1,x2,...,xn) cblblt 

ofhvjflutyc Tn(X)=T(X1,X2,...,Xn) itv'[dtdb'b cblblbc th'-th' lfrdbhdt,ek 

vybidytkj,fc Tn(X)-bc vybidytkj,f'f cbvhfdkblfy& 

ithxtdb'b vybidytkj,t,bc yt,bcvbth Tn(x)=T(x1,x2,...,xn)  aeymwbfc^ hjvkbc fut,bc 

fkujhb'vb wyj,bkbf^ cnfnbcnbrfc  (Semfasebels) eojlt,ty&  

 

cnfnbcnbrfc xdty itd[tlfd' jhyfbhfl% 

 hjujhw hbw[dc* 'e Tn aeymwbbc fhuevtynfl fdbqt,' x1,x2,...,xn ithxtdb' 

vybidytkj,t,c& tn=T(x1,x2,&&&,xn) cnfnbcnbrbc lfrdbhdt,ekb (htfkbpt,ekb) 

vybidytkj,ff&  

 hjujhw itv'[dtdb' cblbltc* 'e Tn aeymwbbc fhuevtynfl fdbqt,' X1,X2,...,Xn ithxtdfc^ 

vfiby bubdt Tn=T(X1,X2,...,Xn) aeymwbf ofhvjflutyc itv'[dtdb' cblbltc&  

c[df cbn.dt,b' hjv d'mdf'^ cnfnbcnbrf ofhvjflutyc cblbltc^ hjvkbc 

vybidytkj,f itbskt,f ufvjb'dfkjc ithxtdb'b vjyfwtvt,bc cfiefkt,b'& vjyfwtvt,bc 

vbqt,fvlt cnfnbcnbrt,b ufyb[bkt,f hjujhw itv'[dtdb'b cblbltt,b^ lfrdbhdt,t,bc 

xfnfht,bc itvltu rb hjujhw hbw[dt,b&  
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fct vfufkb'fl^ .jdtkb lfrdbhdt,ekb x1,x2,...,xn vybidytkj,t,bcf'dbc x = 


n

i
ix

n 1

1
-c 

(s2
= 




n

i

i xx
n 1

2)(
1

) hbw[db'b vybidytkj,f  fhbc itcf,fvbcb otcb' fut,ekb 


n

i
in X

n
X

1

1
 

(S
2
= 




n

i

i XX
n 1

2)(
1

) itv'[dtdb'b cblblbc lfrdbhdt,ekb vybidytkj,f&  

 cnfnbcnbrfc^ ufy[bkekc hjujhw itv'[dtdb' cblbltc^ uffxybf 'fdbcb ufyfobkt,bc 

rfyjyb^ hjvtkcfw tojlt,f cnfnbcnbrbc ithxtdb'b ufyfobkt,f& .jdtkb rthsj 

cnfnbcnbrbc ufyfobkt,f lfvjrblt,ekbf fhf v[jkjl ithxtdbc n vjwekj,fcf lf gjge-

kfwbbc ufyfobkt,fpt^ fhfvtl bv vt'jlptw^ hjvkb'fw ofhvjt,c ithxtdf&  

itvlujvib lfdeidt,'^ hjv gjgekfwbblfy fvjrhtaf [lt,f bct'b otcb'^ hjv n vjwe-

kj,bc X1,X2,...,Xn ithxtdf ofhvjflutyc lfvjerblt,tk th'yfbhfl ufyfobkt,ek 

itv'[dtdb' cblbltt,c^ hjvtk'f cfth'j ufyfobkt,f tv'[dtdf gjgekfwbbc ufyfobkt,fc& 

vfufkb'fl^ tc gbhj,t,b cheklt,f^ hjltcfw ithxtdf ofhvjt,c fy ecfchekj (ofhvjcf-

[db'b) gjgekfwbblfy fylf cfchekb gjgekfwbblby lf,heyt,b' (vjytnbc fy rfvf'kbc n-

]th fult,f^ hfbvt itv'[dtdb'b tmcgthbvtynbc n-]th ufvtjht,f lf c[df)& 

X itv'[dtdb'b dtmnjhbc ufyfobkt,bc vtidtj,b' erdt itcfskt,tkbf cnfnbcnbrbc 

ufyfobkt,bcf lf vbcb hbw[db'b vf[fcbf't,kt,bc ufvj'dkf& pjubth' itv'[dtdfib 

[th[lt,f cnfnbcnbrbc pecnb ufyfobkt,bc lflutyf^ [jkj pjubth' itv'[dtdfib rb 

v[jkjl pqdfhb'b ufyfobkt,bcf& 

ufydb[bkj' itvltub 2  itv'[dtdf& 

1& lfdeidf'^ X1,X2,&&&,Xn ofhvjflutyc ithxtdfc ,thyekbc rfyjyb' ufyfobkt,ekb utyt-

hfkeh th'j,kbj,blfy^ XiBi(1, p), sadac p warmatebis albaTobaa erT cdaSi 

(ix. Semdegi leqciis Sesavali), i=1,2,...,n& ufydb[bkj' cnfnbcnbrf (th'bfyt,bc 

ufvjxtybc afhlj,b'b cb[ibht n lfvjerblt,tk wlfib) 

nP


= nX  = 


n

i
iX

n 1

1
=

n

S n  

lf lfdflubyj' vbcb ufyfobkt,bc rfyjyb& &  

hflufy X1,X2,...,Xn itv'[dtdb'b cblbltt,b qt,ekj,ty v[jkjl jh vybidytkj,fc^ 

yekcf lf th'c^ vf'b ]fvb Sn=X1+X2+..+Xn ^ hjujhw dbwb'^ ,byjvehfl ufyfobkt,ekb 

itv'[dtdb'b cblbltf^ t&b& 

,)1(}{ knkk
nn ppCkSP    k = 0,1,..., n ^ 

fvbnjv nP


 = nX  = 


n

i
iX

n 1

1
-bc itcfskj vybidytkj,t,bf 0, 

n
1 , 

n
2 ,... , 1, fvfc'fy 

,)1( knkk
nn ppC

n

k
PP 











   k=0,1,...,n,    
n

pp
PDpPE nn

)1(ˆ,ˆ 
    

nP


 cblblbc cnfylfhnbpfwbbc itltufl   






















xkk

knkk
n

n ppCx
npp

pP
P

;

)1(
/)1(

ˆ
 

fvfdt lhjc^ vefdh-kfgkfcbc 'tjhtvbc sfkb' (b[& leqcia 2-3)) hjwf n 
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



















x
npp

pP
P

n

/)1(
  (x), 

t&b& cfrvfhbcfl lblb n-bcf'dbc nP


 itv'[dtdb'b cblblt (cnfnbcnbrf) vbf[kjt,b' yjhvf-

kehflff ufyfobkt,ekb p cfiefkj'b lf pq/n lbcgthcbb'& fvhbufl xdty lfdflubyt'  nP


-bc 

hjujhw pecnb^ fctdt vbf[kjt,b'b ufyfobkt,bc rfyjyb& 

 

2& f[kf lfdeidf'^ hjv X1,X2,&&&,Xn ithxtdf vbqt,ekbf yjhvfkehfl  ufyfobkt,ekb utyt-

hfkehb th'j,kbj,blfy& fv itv'[dtdfib^ hjujhw flht fqdybiyt'  (b[& leqcia 2-3)^ 

lfvjerblt,tkb  yjhvfkehfl  ufyfobkt,ekb itv'[dtdb'b cblbltt,bc ohabdb rjv,byfwbf 

rdkfd yjhvfkehflff ufyfobkt,ekb^ fye  

nX  = 


n

i
iX

n 1

1
 

yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblbltf&  

 ufdfrt'j' th'b vybidytkjdfyb itybidyf% 'e ithxtdf fh fhbc vbqt,ekb yjhvfkehb 

rfyjyb' ufyfobkt,ekb utythfkehb th'j,kbj,blfy^ vfuhfv n cfrvfhbcfl lblbf (n>30) 

wtynhfkehb pqdfhb'b 'tjhtvbc 'fyf[vfl ( b[& leqcia 2-3) itudbskbf xfd'dfkj'^ hjv 

nX  = 


n

i
iX

n 1

1
  

itv'[dtdb'b cblblt vbf[kjt,b' yjhvfkehflff ufyfobkt,ekb&  

fvhbufl fv nX  cnfnbcnbrbcf'dbc (ithxtdb'b cfiefkjcf'dbc) xdty lfdflubyt'^ 

hjujhw pecnb^ fctdt vbf[kjt,b'b ufyfobkt,bc rfyjyb c[dflfc[df lfidt,t,ib& 

nX cnfnbcnbrbc pecnb fy pqdfhb'b ufyfobkt,bc rfyjybc wjlyf cfiefkt,fc vjudwtvc 

dbcfe,hj' nX -bc fk,f'eh 'dbct,t,pt^ hfcfw uflfvo.dtnb vybidytkj,f fmdc cnfnbc-

nbrehb lfcrdyt,bc vbqt,bcf'dbc&  

 

 

§ 2. ITHXTDB"B CFIEFKJC VF"TVFNBREHB KJLBYB LF LBCGTHCBF 

 

 d'mdf' X1,X2,...,Xn lfvjerblt,tkb ithxtdff gjgekfwbblfy^ hjvkbc cfiefkjf  lf 

lbcgthcbff 2& ufvjd'dfkj' ithxtdb'b cfiefkjc^ 


n

i
in X

n
X

1

1
-c vf'tvfnbrehb kjlbyb lf 

lbcgthcbf& vf'tvfnbrehb kjlbybcf lf lbcgthcbbc 'dbct,t,bc uf'dfkbcobyt,b' vbdbqt,'^ 

hjv: 

E nX  = E 


n

i
iX

n 1

1
= 



n

i
iEX

n 1

1
= 

n

1
 n= , 

[jkj 

D nX  = D 















n

i

iX
n 1

1
 = 



n

i
iDX

n 1
2

1
= 

n

2
& 

fvhbufl^ ithxtdb'b cfiefkjc vf'tvfnbrehb kjlbyb njkbf utythfkehb 

th'j,kbj,bc vf'tvfnbrehb kjlbybcf^ [jkj ithxtdb'b cfiefkjc lbcgthcbf n-]th 
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yfrkt,bf utythfkehb th'j,kbj,bc lbcgthcbfpt& itdybiyj'^ hjv vbqt,ekb itltub 

cfvfh'kbfybf yt,bcvbthfl ufyfobkt,ekb gjgekfwbbcf'dbc& fvfc'fy^ lbl hbw[d'f rfyjybc 

sfkb'^ nX 
P ^ hjwf n. 

daskvna: 

'e X1,X2,...,Xn lfvjerblt,tkb th'yfbhfl ufyfobkt,ekb itv'[dtdb'b cblbltt,bf lf 

EXi=, DXi=
2 lf nX = 



n

i
iX

n 1

1
^ vfiby 

E nX  = , D nX =
n

2
,   nX 

P  

 

 

§ 3. ITHXTDB"B LBCGTHCBBC VF"TVFNBREHB KJLBYB 

 

ufvjd'dfkj' 

2
nS

 
=  



n

i
ni XX

n 1

2)(
1

 

ithxtdb'b lbcgthcbbc vf'tvfnbrehb kjlbyb& dbyfblfy hfbvt Y itv'[dtdb'b cblblbc 

lbcgthcbf  DY=EY
2
–(EY)

2 njkj,b' vjbwtvf& udfmdc% 

E 2
nS

 
= 








 


n

i
ni XX

n
E

1

2)(
1

. 

hjujhw dbwb'  

 


n

i
ni XX

n 1

2)(
1

=    
 
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i

n

i

nini

n

i

nini XX
n

XX
n

XXXX
n 1 1

22

1

22 1
2

1
2

1
= 




n

i

ni XX
n 1

221
 

fvbnjv 

E 2
nS

 
= 

















n

i

ni XX
n

E
1

221
 = 




n

i

ni XEEX
n 1

221
, 

EXi
2 

= DXi +(EXi)
2 

= 
2
+

2
, 

E 2
nX  = D nX +(E nX )

2
 =

n

2
+

2
, 

cfblfyfw 

n

n

n
 ESn

12
2

22 



 . 

fvhbufl E nX = njkj,bcfufy ufyc[dfdt,b'^ 22 nES & fv vbptpbc ufvj ufyb[bkfdty 

itcojht,ek ithxtdb' lbcgthcbfc^ hjvtkbw itvltub ajhvekb' ufybcfpqdht,f 

 








n

i
ninn XX

n
S

n

n
 S

1

222' )(
1

1

1
.    (5.1) 

fldbkb cfyf[fdbf^ hjv 

2222' 1

11
  


















n

n

n

n
S

n

n
EES nn . 

fmdt fqdybiyj'^ hjv 2'
nS  

P  
2

, hjwf n. 
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daskvna: 

'e X1,X2,...,Xn lfvjerblt,tkb th'yfbhfl ufyfobkt,ekb itv'[dtdb'b cblbltt,bf lf 

EXi=, DXi=
2
 lf S '

2 ufycfpqdhekbf (7.1) 'fyfafhlj,b'^ vfiby 

E 2'
nS  = 

2
, 2'

nS 
P 

2
, hjwf n. 

 

 

§ 4. ITHXTDB"B CFIEFKJCF LF LBCGTHCBBC UFYFOBKT<BC RFYJYB  
YJHVFKEHB GJGEKFWBBCF"DBC 

 

hjujhw fqdybiyt'^ yt,bcvbthb Tn cnfnbcnbrbc cfdfhfelj .jafmwtdfc fqothc vbcb 

ufyfobkt,bc rfyjyb& fv gfhfuhfaib xdty vjdb.dfy' ithxtdb'b cfiefkjcf lf ithxtdb'b 

lbcgthcbbc ufyfobkt,bc rfyjyt,c v[jkjl bv itv'[dtdbcf'dbc^ hjltcfw gjgekfwbf 

(utythfkehb th'j,kbj,f) yjhvfkehflff ufyfobkt,ekb& 

d'mdf'^ X1,X2,...,Xn ofhvjflutyc ithxtdfc yjhvfkehb gjgekfwbblfy^ Xi  N(
2
), 

i=1,2,...,n. cnobilia, rom nX  ofhvjflutyc lfvjerblt,tkb yjhvfkehfl ufyfobkt,ekb 

itv'[dtdb'b cblbltt,bc ohabd rjv,byfwbfc 

nX  ~ N (, 
/n)&     (5.2) 

uflfdblt' 2
nS  ithxtdb'b lbcgthcbbc ufyfobkt,bc rfyjybc lflutyfpt& fvbcf'dbc 

egbhdtktc .jdkbcf lfdflubyj'^ 'e hjujhb ufyfobkt,f fmdc ithxtdb' lbcgthcbfc 2
nS  bv 

itv'[dtdfib^ hjltcfw gjgekfwbbc cfiefkj wyj,bkbf&  

 


n

i
in X

n
S

1

22 )(
1

.     (5.3) 

hflufy Xi~N(
2
) vbdbqt,'^ hjv (Xi–)/N(0,1)^ t&b&  














 

n

i

in XSn

1

2

2

2

 ofhvjflutyc 

N(0,1) rfyjyb' ufyfobkt,ekb lfvjerblt,tkb itv'[dtdb'b cblbltt,bc rdflhfnt,bc ]fvc 

lf vfifcflfvt^ vfc fmdc -ufyfobkt,f 'fdbceakt,bc [fhbc[b' n(b[& leqcia 1) :    

2

2



nSn
~ 

2
(n).      (5.4) 

 itdybiyj'^ hjv 2
nS  cnfnbcnbrbc (5.3) ufvjcf[ekt,fib (Xi–), i=1,...,n, fhbfy 

lfvjerblt,tkb itv'[dtdb'b cblbltt,b& cek c[dfyfbhflff cfmvt S
2
-bcf'dbc% 

2

2



nnS
 fh 

ofhvjflutyc lfvjerblt,tkb itv'[dtdb'b cblbltt,bc rdflhfnt,bc ]fvc^ (Xi– nX ) 

itv'[dtdb' cblbltt,c uffxybf' th'b @,vf#* rthsjl^ 



n

i

ni XX
1

0)( & fv itv'[dtdfib 

cfvfh'kbfybf itvltub afmnb 
2

2



nnS
~ 

2
(n–1)& fvfc'fy^ itbskt,f lfvnrbwltc^ hjv nX  lf 2

nS  

lfvjerblt,tkb itv'[dtdb'b cblbltt,bf& cf,jkjjl^ .dtkf xfvj'dkbkb afmnb itudbskbf 

xfvjdf.fkb,j' itvltub 'tjhtvbc cf[b'^ hjvtkbw tre'dybc abithc (R. A. Fisher)% 

'e X1,X2,...,Xn itv'[dtdb'b ithxtdff yjhvfkehfl ufyfobkt,ekb utythfkehb 
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th'j,kbj,blfy , 
2 gfhfvtnht,b'^ vfiby 

f) nX  lf 2
nS  ( 2'

nS ) itv'[dtdb'b cblbltt,b lfvjerblt,tkbf* 

,) nX  ~ N(,
2
/n); 

                u) 
2

2')1(



 nSn
~ 

2
(n–1). 

 

yjhvfkehb gjgekfwbblfy vbqt,ekb ithxtdbcf'dbc ufydb[bkj' itvltub   jhb 

cnfnbcnbrf% t&o& Z cnfnbcnbrf lf T cnfnbcnbrf 

Zn = 
n

X n




,      (5.5) 

Tn = 
1



nS

X

n

n ,     (5.6) 

 abithbc 'tjhtvbc sfkb' fldbkfl vbdbqt,'^ hjv Zn cnfnbcnbrfc fmdc 
cnfylfhnekb yjhvfkehb ufyfobkt,f^ [jkj Tn cnfnbcnbrfc fmdc cnbeltynbc t 
ufyfobkt,f n–1 'fdbceakt,bc [fhbc[b'& vfh'kfw ofhvjdblubyj' Tn cnfnbcnbrf itvltub 
cf[b' 

Tn =

)1(
)1(
2

2







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n
Sn

n

X

n

n

. 

vfiby abithbc 'tjhtvbc sfkb' 

n

X n




~N(0,1), 

2

2)1(



 nSn
~

2
(n–1), 

fvfc'fy 
n

X n




 lf 

2

2)1(



 nSn
 itv'[dtdb'b cblbltt,b lfvjerblt,tkbf& 'e f[kf ufdb[ctyt,' 

cnbeltynbc t ufyfobkt,bc ufyvfhnt,fc( ix. leqcia 1)^ vbdbqt,' cfcehdtk itltuc& 
 

 

 

§ 5      CNFNBCNBREHB VJLTKT,B LF  wertilovani Sefasebis amocana 

 

 FVJWFYBC LFCVF& lfdeidf' gjgekfwbbc fqvothb ufyfobkt,bc aeymwbbc fyfkbpehb 

cf[t wyj,bkbf& xfd'dfkj'^ hjv bc itbwfdc ewyj,  gfhfvtnhc& ewyj,b gfhfvtnhbc lfcfidt, 

vybidytkj,f'f cbvhfdkt fqdybiyj' 'b& fvb' xdty duekbc[vj,'^ hjv {F(x;);} 

ufycfpqdhfdc ufyfobkt,bc aeymwbf'f gfhfvtnhek j]f[c& xdty [ibh itv'[dtdfib db[vfh' wyt,fc 

@vjwtvekbf cnfnbcnbrehb vjltkb#-- {F(x;);} gfhfvtnhekb j]f[bcf'dbc& vjltkc tojlt,f 

eo.dtnb fy lbcrhtnekb^ 'e gjgekfwbbc ufyfobkt,f itcf,fvbcfl  eo.dtnbf fy lbcrhtnekb& 

xfvjd'dfkj' sbhb'flb gfhfvtnhekb vjltkt,b^ hjvkt,cfw xdty itd[dlt,b' 

vjvfdfkib lf vbde'b'j'^ 'e hf cbnefwbfib b.tyt,ty fqybiyek vjltkt,c& 

1) ,byjvehb vjltkb ( XBi(n, p) vjltkb) % X itv'[dtdb'b cblblt ufyfobkt,ekbf ,byjvehfl 

wlf'f n hbw[db'f lf ofhvfnt,bc ewyj,b p fk,f'j,b'^ 0< p <1& EX=np.  

      fv vjltkbc rthsj itv'[dtdff ,thyekbc cmtvf - XBi(1, p) vjltkb& EX=p. 

,byjvehb vjltkbc ofhvjij,f rfhuflff wyj,bkb diskretuli albaTobidan. 
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2) gefcjybc vjltkb ( X() vjltkb)% X itv'[dtdb'b cblblt ufyfobkt,ekbf gefcjybc rfyjyb'^ 

hjvkbc  gfhfvtnhb ewyj,bf^  = EX.  

gefcjybc vjltkb fqothc bidbf' [ljvbkj,f'f cmtvfc& hjujhw udf[cjdc^ gefcjybc ufyfobkt,f 

ofhvjflutyc pqdfhb' itv'[dtdfc ,byjvehb ufyfobkt,bcf'dbc^ hjltcfw ofhvfnt,bc fk,f'j,f^ p 

vbbcohfabc yekbcfrty^ bct hjv np=^ cflfw  gefcjybc ufyfobkt,bc gfhfvtnhbf& gefcjybc 

vjltkbc ofhvjij,f rfhuflff wyj,bkb diskretuli albaTobidan. 

3) tmcgjytywbfkehb vjltkb ( Xexp() vjltkb)% X itv'[dtdb'b cblblt ufyfobkt,ekbf 

tmcgjytywbfkehb rfyjyb'^ hjvkbc ufyfibkt,bc cbvrdhbdtc fmdc itvltub cf[t%  

f(x;) =









.0,0

,0,

x

xx

 hjwf

 hjwf
 

fqybiyekb ufyfobkt,bcf'dbc EX=1/ vfxdtyt,kbfyb ufyfobkt,bc vf'tvfnbrehb kjlbyb 

ofhvjflutyc  gfhfvtnhbc it,heyt,ek cblbltc&  

4) yjhvfkehb vjltkb% hflufy ufyfobkt,fc uffxybf 2 gfhfvtnhb^ itbskt,f ufvjd.j' itvltub 

cfvb itv'[dtdf& 

a) XN(, 2
0 ) vjltkb% ewyj,bf   cfiefkj^  [jkj  lbcgthcbf  wyj,bkbf  lf  elhbc  2

0 -c& fv 

itv'[dtdfib ufyfobkt,bc aeymwbf 

F(x;)= )(2
0,

x


 ), –<<,  ewyj,bf^ 0<
2

0 <, 2
0 abmcbht,ekbf. 

b) XN(,
2
) vjltkb% lbcgthcbf ewyj,bf^ [jkj cfiefkj wyj,bkbf lf elhbc -c& & fv 

itv'[dtdfib  

F(x;

)= )(2

0 ,
x


 ,  abmcbht,ekbf^ 

 ewyj,bf . 

c) XN(,
2
) vjltkb% ewyj,bf hjujhw cfiefkj^ bctdt lbcgthcbf& fv itv'[dtdfib  

F(x;

)= 2,
 (x), ewyj,bf hjujhw ^ bct 



fm .dtkufy (x) ofhvjflutyc  cfiefkjcf lf 2 lbcgthcbbc vmjyt yjhvfkehb 

ufyfobkt,bc aeymwbfc& 

yjhvfkeh vjltkc db.tyt,' vfiby^ hjltcfw tmcgthbvtynbc itltupt ufdktyfc f[ltyc 

lfvjerblt,tkb itv'[dtdb'b afmnjht,bc lblb hfjltyj,f lf fvfc'fy^ 'b'jtekbc ufdktyf 

cf,jkjj itltupt evybidytkjf& fv itv'[dtdfib wtynhfkehb pqdfhb'b 'tjhtvf udrfhyf[j,c^ hjv 

yjhvfkehb vjltkb fltrdfnehfl fcf[fdc tmcgthbvtync& yjhvfkeh vjltkt,c^ hjujhw otcb^ 

d[dlt,b' ufpjvdf'f 'tjhbfib& 

          wertilovani Sefasebis amocanaa gjgekfwbbc fqvoth X itv'[dtdb' cblbltpt 

lfrdbhdt,t,bc cfaesdtkpt ufdfrt'j' cnfnbcnbrehb lfcrdyt,b {F(x;);} cnfnbcnbrehb 

vjltkbc  ewyj,b  gfhfvtnhbc ztivfhbnb vybidytkj,bc itcf[t,f&  othnbkjdfyb itafct,bc 

fut,bc fvjwfyf vlujvfhtj,c itvltuib% eylf vjbst,yjc bct'b Tn(X)=Tn(X1,...,Xn) cnfnbcnbrf 

(itvafct,tkb)^ hjvkbc hbw[db'b vybidytkj,f tn(x)=Tn(x1,...,xn), ufhrdtekb fphb'^ itbs-

kt,f xfb'dfkjc ewyj,b  gfhfvtnhbc ztivfhbnb vybidytkj,bc hbw[db' vbf[kjt,fl lf 

ufvj.tyt,ekb bmyfc vbc yfwdkfl& fct' vbf[kjt,fc  xdty deojlt,' othnbkjdfy itafct,fc& 

 xfvjdf.fkb,j' Tn(X)=Tn(X1,...,Xn) itvafct,tk'f (itv[dtdb' cblblt'f) cfcehdtkb 

'dbct,t,b&  
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§ 6. ITVAFCT<TK"F "DBCT<T<B 
 
 

vTqvaT mocemulia raime cnfnbcnbrehb vjltkb  - {F(x;);}, sadac   ucnobi 

parametria.  

1. Tn(X)=Tn(X1,...,Xn) itvafct,tkc (cnfnbcnbrfc)     ucnobi parametrisTvis  

tojlt,f xfeyfwdkt,tkb^ 'e yt,bcvbthb  n-cf'dbc 

ETn(X) = .     (5.7) 

'e itafct,f fh frvf.jabkt,c (5.7) njkj,fc^ vbc'dbc ufybvfhnt,f cblblt 

b() = ETn(X) – , 

hjvtkcfw itafct,bc xfyfwdkt,f tojlt,f&  

xfeyfwdkt,kj,bc 'dbct,f ybiyfdc^ hjv 'e xfdfnfht,' vhfdfk ufyvtjht,b' tmcgthbvtync 

(fye vbdbqt,' n vjwekj,bc ithxtdf'f cthbt,c)^ vfiby fut,ek itafct,f'f cfiefkj vybidytkj,f 

f[kjc bmyt,f gfhfvtnhbc ztivfhbn vybidytkj,fc'fy& tc 'dbct,f cfiefkt,fc udfsktdc lfhove-

yt,ekb db.j'^ hjv cbcntveh itwljvt,c flubkb fhf fmdc&  

 2.  Tn= Tn(X1,...,Xn)) itvafct,tkc      ucnobi parametrisTvis tojlt,f sfkvjcbkb 

(fye^ hjujhw pju]th fv,j,ty^ sfklt,ekb)^ 'e yt,bcvbthb  cf'dbc  

P{|Tn-|< hjwf n.                                           (5.8) 

'e itafct,bc xfeyfwdkt,kj,bc 'dbct,f lfrfdibht,ekbf ithxtdbc abmcbht,ek 

vjwekj,fc'fy^ sfkvjcbkt,f itafct,bc fcbvgnjnehb (pqdfhb'b) 'dbct,ff& bc f[fcbf't,c 

itafct,bc mwtdfc^ hjltcfw ithxtdbc n vjwekj,f ecfchekjl bphlt,f& 

(5.7) lf  (5.8) gbhj,fc th'b lf bubdt ewyj,b gfhfvtnhbc'dbc itbskt,f frvf.jabkt,ltc  

hfvltybvt c[dflfc[df itvafct,tkb& fct' itv'[dtdfib egbhfntcj,f eylf vbdfybzj' evwbhtcb 

lbcgthcbbc vmjyt itvafct,tkc&  fm xdty itvjdbafhukt,b' th'ufypjvbkt,bfyb  gfhfvtnhbc 

xfeyfwdkt,tk cnfnbcnbrf'f rkfcbc ufy[bkdb'& ,eyt,hbdbf itafct,f'f [fhbc[bc itlfht,bc 

vbpyb' ufvjdb.tyj' vf'b lbcgthcbt,b& lfdfpecnj'^ hfc duekbc[vj,'% hjujhw erdt dbwb'^ 

gfhfvtnhekb cnfnbcnbrehb vjltkbcf'dbc itcfskt,tkbf fbujc gfhfvtnhbc vhfdfkb 

xfeyfwdkt,tkb cnfnbcnbrf& lfdeidf'^ hjv  gfhfvtnhbc  itcfafct,kfl  db.tyt,'  jh 

xfeyfwdkt,tk T1 lf T2 cnfnbcnbrt,c& lfdcdf' itrb'[df: fv jhb cnfnbcnbrblfy hjvtkb  

udfsktdc ewyj,b gfhfvtnhbc ert'tc itafct,fc? fv itv'[dtdfib^ ,eyt,hbdbf itafct,f'f 

[fhbc[bc itlfht,bc vbpyb' ufvjd'dfkj'  vf'b lbcgthcbt,b&  

fvbnjv xfd'dfkj'^ hjv T1 lf T2 xfeyfwdkt,tk cnfnbcnbrt,c ijhbc ert'tcbf T1^ 'e 

DT1  DT2      (5.9) 

.jdtkb -cf'dbc^  lf -c th'b vybidytkj,bcf'dbc vfbyw flubkb fmdc vrfwh enjkj,fc& 

itvafct,tk'f itlfht,bc (5.9) rhbnthbevblfy ufvjvlbyfht itudbskbf itvjdbqj' 

jgnbvfkehb cnfnbcnbrbc itvltub wyt,f% 

3. xfeyfwdkt,tk T*
=T

*
(X) cnfnbcnbrfc      ucnobi parametrisTvis tojlt,f jgnbvfkehb^ 

'e yt,bcvbthb c[df xfeyfwdkt,tkb T=T(X) cnfnbcnbrbcf'dbc^ 

DT
*
 DT  

yt,bcvbthb  -cf'dbc -lfy& 

wina da mimdinare leqciaTa masalaze dayrdnobiT vjdb.dfyj' ufy[bkekb 

gfhfvtnhekb vjltkt,bc ewyj,b gfhfvtnht,bc  itvafct,tk'f 'dbct,t,b% 
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 


n

i
in X

n
X

1

1
- ithxtdb'b cfiefkj fhbc ewyj,b utythfkehb cfiefkjc xfeyfwdkt,tkb^ 

sfkvjcbkb itvafct,tkb&  

 yjhvfkehfl ufyfobkt,ekb gjgekfwbbc itv'[dtdfib ithxtdb'b cfiefkj yjhvfkehflff 

ufyfobkt,ekb& c[df itv'[dtdfib^ wtynhfkehb pqdfhb'b 'tjhtvbc 'fyf[vfl^ ithxtdb'b 

cfiefkj fcbvgnjnehfl yjhvfkehflff ufyfobkt,ekb& 

 2
nS  - ithxtdb'b lbcgthcbf fhbc ewyj,b lbcgthcbbc xfyfwdkt,ekb^ vfuhfv sfkvjcbkb 

itvafct,tkb 

 2
nS   - itcojht,ekb ithxtdb'b lbcgthcbf fhbc ewyj,b lbcgthcbbc xfeyfwdkt,tkb^ 

sfkvjcbkb itvafct,tkb 

itybidyf& bv itv'[dtdfib^ hjwf cfiefkj wyj,bkbf t&b& EX=^ ewyj,b lbcgthcbbc  

itvafct,kfl ufvjb.tyt,f cnfnbcnbrf 

2S  =  


n

i
iX

n 1

2)(
1

. 

 fldbkb cfyf[fdbf^ hjv 

E 2S  = 
2
, 

t&b&^ 2S  ofhvjflutyc ewyj,b lbcgthcbbc xfeyfwdkt,tk itvafct,tkb & 

  

LFCRDYF& lfdeidf' utythfkehb th'j,kbj,bc gfhfvtnht,bc^  vf'tvfnbrehb kjlbybc lf  2 

lbcgthcbbc  ztivfhbnb vybidytkj,t,b ewyj,bf lf vbqt,ekbf  n vjwekj,bc x1,x2,...xn ithxtdb'b 

vybidytkj,t,b fqybiyekb gjgekfwbblfy& vfiby fv ithxtdb'b vybidytkj,t,bc cfaesdtkpt 

ufvj'dkbkb 



n

i

in x
n

x
1

1
-ithxtdb'b cfiefkjcf lf 







n

i

nin xx
n

s
1

22 )(
1

1
- itcojht,ekb 

ithxtdb'b lbcgthcbbc hbw[db'b vybidytkj,t,b itbskt,f xfb'dfkjc gjgekfwbbc ewyj,b 

cfiefkjcf lf lbcgthcbbc ztivfhbnb vybidytkj,t,bc vbf[kjt,b' vybidytkj,t,fl (itafct,fl)&  

 

w[hbkb &  ewyj,b gfhfvtnhbc itvafct,kt,b 

vjltkb ewyj,b 

gfhfvtnhb 

ewyj,b gfhfvtnhbc 

itvafct,tkb 

XBi(n,p) p 



n

i

in X
n

X
1

1
 

X, EX=

DX=
2

0  
 




n

i

in X
n

X
1

1
 

X, EX=

DX=


 



n

i

in X
n

X
1

1
 

X, EX=

DX=



 




n

i

iX
n

S
1

2

0

2 ,)(
1

  

X, EX=

DX=



 







n

i

i XX
n

S
1

22 ,)(
1

1
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 vfufkb'b. vjwtvekbf 9 xdtekt,hbdb fmwbbc okbehb fvjyfut,bc vybidytkj,t,b& tc 

vjyfwtvt,b ofhvjflutyc ithxtdfc fmwbf'f fvjyfut,t,bc lblb gjgekfwbblfy^ hjvtkbw 

yjhvfkehflff ufyfobkt,ekb& tc vjyfwtvt,bf% 

11,   13,   8,   9,   12,   8,   11,   10,   8. 

f) hbcb njkbf gjgekfwbbc cfiefkjc xfeyfwdkt,tkb itafct,f~ 

f) hbcb njkbf gjgekfwbbc lbcgthcbbc xfeyfwdkt,tkb itafct,f~ 

 fvj[cyf& f) gjgekfwbbc cfiefkjc xfeyfwdkt,tkb itafct,ff 

10
9

81011812981311



x , 

,) gjgekfwbbc lbcgthcbbc xfeyfwdkt,tkb itafct,ff 

1,3
8

)108()1013()1011(
'

222
2 





s .      

fqybiyekb itafct,t,b^ ufvj'dkbkb rjyrhtnekb n vjwekj,bc ithxtdbc cfaesdtkpt^ 

hjujhw otcb^ ufyc[dfdlt,f ewyj,b gfhfvtnhbc ztivfhbnb vybidytkj,bcfufy lf xdty'dbc fh fhbc 

wyj,bkb^ 'e hfvltyfl lblbf tc ufyc[dfdt,f - fv lhjc xdty^ hf 'mvf eylf^ deidt,' ufhrdtek 

itwljvfc& othnbkjdfyb itafct,bc yfrkb bcff^ hjv v[jkjl vbcb lfrdbhdt,ekb vybidytkj,bc 

wjlyf fh bsktdf fv itwljvbc cblblbc lflutybc cfiefkt,fc& 

tc vjcfpht,f udb,bsut,c^ hjv othnbkjdfyb itafct,f – th'b hbw[db^ itdwdfkj' 

bynthdfkehb itafct,b' – v'tkb bynthdfkb'& fvfc'fy^ bynthdfkb bct eylf b.jc ithxtekb^ hjv 

xdtyb vnrbwt,f^ hjv gfhfvtnhbc ztivfhbnb vybidytkj,f tre'dybc fv bynthdfkc^ vwlfhb fqvjxyltc 

v[jkjl bidbf' itv'[dtdfib (intervaluri Sefasebis amocanebs ganvixilavT  VII -VIII 

leqciebSi).& 

 

RB"{DT<B "DB"ITVJOVT<BCF"DBC 

1. ra aris statistikuri populacia? 
2. ra aris SerCeva anu amokrefa? SerCeviTi mniSvneloba? 
3. ra aris statistikuri kvlevis saboloo mizani zogadad? 
4. ra aris SerCevis moculoba? 
5. ra aris populaciis ganawoleba? 
6. ra aris populaciis parametri? 
7. ganmarte SerCevis, rogorc SemTxveviTi veqtoris warmodgena 
8. ra aris statistika (Semfasebeli) ?   
9. ganmarte statistikis ormagi Sinaarsi 
10. ganmarte statistikis ganawileba—SerCeviTi ganawileba 
11. ganmarte SerCeviTi ganawilebis dadgenis ori xerxi, zusti da     

asimptoturi 
12. gamoiyvane binomialuri SerCevis rogorc zusti aseve   

asimptoturi ganawilebani 
13. gaakeTe mosazreba-daskvna damoukidebeli, erTnairad ganawilebuli  

SerCevisTvis SerCeviTi saSualos asimptoturi ganawilebis Sesaxeb 
14. gamoiyvane SerCeviTi saSualos lodini da dispersia 
15. gamoiyvane SerCeviTi dispersiis lodini 
16. ganmarte Sesworebuli SeCeviTi dispersia da misi Semotanis mizezi 
17. ra SerCeviTi ganawileba aqvs normaluri populaciis SerCeviT 

saSualos? 
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18. ra SerCeviTi ganawileba aqvs normaluri populaciis SerCeviT 
dispersias, rodesac populaciis lodini cnobilia (gaakeTe 

komentari kvadrat ganawilebidan)               
19. ra SerCeviTi ganawileba aqvs normaluri populaciis SerCeviT 

dispersias, rodesac populaciis lodini ucnobia (gaakeTe 

komentari kvadrat ganawilebidan)               
20. Camoayalibe fiSeris Teorema 
21. ra ganawileba aqvT Z  da  T  statistikebs? 
22. Ra aris statistikuri modeli? 

23. hfc ybiyfdc @vjwtvekbf gefcjybc vjltkb#? 

24. hfc ybiyfdc @vjwtvekbf ,byjvehb vjltkb#? 

25. hfc ybiyfdc @vjwtvekbf yjhvfkehb vjltkb#? 

26. hfc ybiyfdc @vjwtvekbf tmcgjytywbfkehb vjltkb#? 

27. Camoayalibe wertilovani Sefasebis amocana 

28. Camoayalibe Semfaseblis (statistikis) Caunacvlebadobis Tviseba 

29. Camoayalibe Semfaseblis (statistikis) Zalmosilobis Tviseba 

30. Camoayalibe Semfaseblis (statistikis) optimalurobis Tviseba 

31&   vjb.dfyt' xfeyfwdkt,tkb lf xfyfwdkt,bc vmjyt cnfnbcnbrt,bc vfufkb't,b&  

32& vjb.dfyt' Zalmosili  cnfnbcnbrt,bc vfufkb't,b& 

 

 

 

 

 

§ 5.  EXCEL 
fqdybiyj'^ hjv monacemTa analizisa da gamoyenebiTi cnfnbcnbrbc 

fvjwfyff lfrdbhdt,t,bc cfaesdtkpt cnfnbcnbrehb lfcrdyt,bc ufvjnfyf itcfcofdkb  

fk,f'ehb vjltkbc itcf[t,&  vjvfdfkib xdty dbuekbc[vt,'^ hjv htfkehb abpbrehb 

ghjwtct,bc htfkbpfwbt,bc lhjc xdty dfrdbhlt,b' fvf 'e bv rfyjyb' ufyfobkt,ek 

itv'[dtdb' cblblt'f lfrdbhdt,ek vybidytkj,t,c& lfdeidf' x1,x2,…,xn hfbvt rfyjyb' 

ufyfobkt,ekb itv'[dtdb'b cblblbc  lfvjerblt,tk lfrdbhdt,f'f vbvltdhj,ff& fk,f'j,bc 

cnfnbcnbrehb ufycfpqdht,bc 'fyf[vfl yt,bcvbthb A [ljvbkj,bc ufy[jhwbtkt,bc 

afhlj,b'b cb[ibht bubdt A [ljvbkj,bc ufy[jhwbtkt,bc fk,f'j,bc njkb eylf b.jc&  

vf'tvfnbrehb vt'jlt,b cfiefkt,fc bsktdf "[tkjdyehfl" vbdbqj' fct'b 'dbct,bc vmjyt 

hbw[d'f vbvltdhj,f^ hjvkt,cfw actdljitv'[dtdb'  hbw[dt,c eojlt,ty& 

actdljitv'[dtdb'b  hbw[dt,bc vbqt,bc (cbvekfwbbc) vt'jlb cfvtwybthj kbnthfnehfib 

[ibhfl vjynt-rfhkjc vt'jlbc cf[tkb' vjb[ctybt,f& tc cf[tkb bvb' fb[cyt,f^ hjv tc 

vt'jlb b.tyt,c itv'[dtdb'b hbw[dt,bc vbvltdhj,t,c^ hjvtk'f hjkib itbskt,f fdbqj' 

(vfufkb'fl) vjynt-rfhkjc rfpbyjib htuekfhekfl ufvjw[flt,ekb 'fvfit,bc itltut,b& 

ghfmnbrfib (lqtc)  itv'[dtdb'b hbw[dt,bc utythbht,f [jhwbtklt,f rjvgbenthbc 

cfiefkt,b' (mdtvj' cbn.dt,c utythbht,f^ vjltkbht,f^ cbvekbht,f cbyjybvt,fl 

xfd'dkb')& 

 

Excel-bc mdtghjuhfvf Tools/Data Analysis/Random Number Generation cfiefkt,fc 

udfsktdc vbdbqj' c[dflfc[df rfyjyb'  ufyfobkt,ekb actdljitv'[dtdb'b hbw[dt,bc 
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htfkbpfwbt,b& mdtghjuhfvbc ufvj.tyt,bcfc ufvj.tyt,ekb fqybidyt,bc bynthghtnfwbf lf 

ibyffhcj,hbdb lfndbh'df vjwtvekbf w[hbkib& 

fqybidyf ibyffhcb 

Number of Variables lfrdbhdt,ek cthbf'f hfjltyj,f 

Number of Random 

Numbers 

vjyfwtv'f hfjltyj,f cthbfib 

Distribution ufyfobkt,bc rfyjyb 

Discrete lbcrhtnekb 

Value and Probability 

Input Range 

vb'b't,ek eylf bmyfc lfd'hbc aehwkbc bc fht 
(dthnbrfkehb jhbtynfwbb')^ cflfw obyfcofh 
xfothbkbf lbcrhtnekb ufyfobkt,bc rfyjyb^  hjvkbc 
cfaesdtkptw eylf uf'fvfiltc gctdljitv'[dtdb'b 
cblbltt,b& 

Uniform 'fyf,fhb  

Parameters itcf,fvbc e]ht,ib vb'b't,ek eylf b.jc 'fyf,fhb 
ufyfobkt,bc (a,b) iefktlb 

Normal  yjhvfkehb  

Mean cfiefkj 

Stadard Deviation cnfylfhnekb uflf[hf 

Bernouli  ,thyekb  

Binomial  ,byjvehb 

p-value p gfhfvtnhbc hbw[db'b vybidytkj,f 

Number of Trials n gfhfvtnht,bc hbw[db'b vybidytkj,t,b ,thyekbc 

cmtvfib 

 Poisson  gefcjyb  

Lambda  gfhfvtnhb 

 

Itybidyf&  

d'mdf'^ cthbf'f hfjltyj,ff k^ [jkj vjyfwtv'f hfjltyj,f cthbfib n-bc njkbf^ 

vfiby fqybiyekb ghjuhfvf vjudwtvc kn hfjltyj,bc actdljitv'[dtdb'b hbw[dt,bc 

cbvhfdktc&  'b'jtek cdtnib xfothbkb bmyt,f n vjwekj,bc ithxtdb'b vybidytkj,t,b^ 

[jkj  k vtpj,tk cdtnib uf'fvfit,ekb cthbt,bc itltut,b& 

Output options dtkbc uflfvh'dtkt,b (Output Range, New Worksheet by, New Workbook ) 

ufycfpqdhfdty utythbht,ekb vjyfwtvt,bc ufvjnfybc flubkvlt,fhtj,fc& 
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KTMWBF VII, VIII ITAFCT<BC  BYNTHDFKEHB  VT"JLB 
 
 

§ 1. YLJ<BC BYNTHDFKBC FUT<F YJHVFKEHB GJGEKFWBBC 

CFIEFKJCF"DBC  

 

1. XN() VJLTKB&      d'mdf'^  

X=(X1,...,Xn)                                                           (8.1) 

fhbc n vjwekj,bc ithxtdff& hjujhw  dbwb'^  utythfkehb  cfiefkjc  "rfhu" itafct,fc 

ofhvjflutyc ithxtdb'b cfiefkj 





n

i

in X
n

X
1

1
~N(,/ n ) .                                                 (8.2) 

X -bc cnfylfhnbpfwbf udfsktdc  

Zn =
n

X n

/0


 ~ N(0,1)                                                    (8.3) 

 (8.3)-bc 'fyf[vfl yt,bcvbthb obyfcofh ufycfpqdhekb (1-)-'dbc fldbkb vjcfst,ybf 

yekbc vbvfh' cbvtnhbekb bct'b (-z2, z2) bynthdfkb^ hjvtkibw Zn-bc  vj[dtlhbc 

fk,f'j,f (1-)-c njkbf^ t&b&   

 2/2/   zZzP n  =
















  2/

0

2/
/

z
n

X
zP n =1–.                     (8.4) 

hjujhw otcb bqt,ty -c itvltu hbw[db' vybidytkj,t,c  =0,1; 0,05; 0,01& (b[&yf[&8.1,cflfw 

fhfufvemt,ekb  abuehbc afh'j,b (1-)-c^  fye v'tkb afh'j,bc (1-)100%-c njkbf)& 

 

            –z
/2                    z/2

 
yf[. 8.1. 

z-c cnfylfhnekb yjhvfkehb ufyfobkt,bc ptlf -rhbnbrek othnbkc^ [jkj -z-c 

mdtlf  rhbnbrek othnbkc^ eojlt,ty& z/2-bc hbw[db'b vybidytkj,f vfhnbdfl 

ufybcfpqdht,f ufyfobkt,bc w[hbkbc cfiefkt,b'& 

davuSvaT, rom ithxtdbc vjwekj,f n lf utythfkehb lbcgthcbf wyj,bkbf (^ = 

ithxtdb'b vybidytkj,t,bc cfaesdtkpt fldbkb ufvjcf'dktkbf X - ithxtdb'b 

cfiefkjc hbw[db'b vybidytkj,f& fvhbufl^ th'flth'b ewyj,b^ hjvtkcfw itbwfdc (8.4) 

ufvjcf[ekt,f fhbc ufythfkehb th'j,kbj,bc  ewyj,b cfiefkj-& erfyfcrytkb 

ufvjcf[ekt,bc abuehek ahx[bkt,ib xfothbkb enjkj,f uflfdothj' -bc vbvfh'% 
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






 




  102/02/

n

z
X

n

z
XP & 

fmtlfy 








 



 

n

z
X

n

z
X 02/02/ ,              (8.5) 

ofhvjflutyc (1– ylj,bc fk,f'j,b' fut,ek  ylj,bc bynthdfkc&  n  vjwekj,bc  

ithxtdfc deojlj' cthbf&  ufyvtjht,b' cthbt,ib fv otcb' fut,ekb ylj,bc bynthdfkb  

itbwfdc ewyj,b gfhfvtnhbc ztivfhbn  vybidytkj,fc wlf'f cthbf'f (1–)100 

itv'[dtdfib& fv bynthdfkc (1–)100%-bfy ylj,bc bynthdfkcfw eojlt,ty& 

 

(1-)-ylj,bc bynthdfkb XN() vjltkbc cfiefkjcf'dbc ufvjb'dkt,f itvltub 
ajhvekb' 
 

               






 



  2/

0

2/

0 , z
n

xz
n

x                                                    (8.6) 

x  ithxtdb'b cfiefkjc hbw[db'b vybidytkj,ff^ 

z- cnfylfhnekb yjhvfkehb ufyfobkt,bc  ptlf pjvbc rhbnbrekb othnbkbf& 

 

 (1-)-ylj,bc bynthdfkbc cojhb bynthghtnfwbf taesyt,f fk,f'j,bc itvltu 

cb[ibhek bynthghtnfwbfc%  

 'e hfbvt tmcgthbvtyn'fy lfrfdibht,ekb A [ljvbkj,bc fk,f'j,f^ P(A)=(1)^ 

vfiby fv tmcgthbvtynbc vhfdfk]th ufyvtjht,bcfc A [ljvbkj,f ufy[jhwbtklt,f 

lff[kjt,b' (1–)100% itv'[dtdfib (fye A [ljvbkj,bc afhlj,b'b cb[ibht 

vbf[kjt,b' (1–)-c njkb bmyt,f)&  

 'e  (1–) th''fy f[kjv.jab hfbvt hbw[dbf^ vfiby ghfmnbrekfl itudbskbf  

xfd'dfkj'^  hjv fqybiyekb [ljvbkj,f th'tekjdfy  wlfib TiTqmis .jdtk'dbc   

ufy[jhwbtklt,f&  

ghfmnbrfib xdty [tk' udfmdc v[jkjl th'b ithxtdf^ ufvjb'dkt,f v[jkjl th'b 

ithxtdb'b cfiefkj lf fbut,f v[jkjl th'b (1-)-ylj,bc bynthdfkb& .jdtk wfkrtek 

itv'[dtdfib xdty fh dbwb' itbwfdc 'e fhf bynthdfkehb itafct,f (ylj,bc bynthdfkb) 

gjgekfwbbc cfiefkjc& eahj vtnbw^ fh fhct,j,c upf^ hjvtkbw lfudfhoveyt,lf xdtyb 

lfcrdybc cbcojhtib& (1-)-ylj,bc bynthdfkbc ptvjvj.dfybkb bynthghtnfwbfbc 

'fyf[vflfw ifycb bvbcf^ hjv rjyrhtnekb ithxtdf fh tre'dybc bv ithxtdf'f hbw[dc^ 

hjvkt,bc'dbcfw fut,ekb ylj,bc bynthdfkb fh afhfdc gjgekfwbbc cfiefkjc^ vtnfl 

vwbhtf% 100-lfy ~ 100. vfufkb'fl^ 100 dfhbfynblfy – 10^ 'e (1-)=0.9, 100-lfy 1^ 'e (1-

)=0.99)& fmtlfy erdt firfhf [lt,f hfvltyfl vybidytkjdfybf ylj,bc (1-)-ljybc cojhfl 

ithxtdbc ghj,ktvf&                  

 

2. XN(,) VJLTKB&  ufycf[bkdtk itv'[dtdfib jhbdt gfhfvtnhb lf 
 ewyj,bf& 

hjujhw dbwb'^  lf 
gfhfvtnht,bc @rfhub" itafct,t,bf ithxtdb'b cfiefkj lf 

itcojht,ekb ithxtdb'b lbcgthcbf& fvfc'fy 
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n

X n




~N(0,1), 

2

2)1(



 Sn
~

2
(n–1). 

abithbc 'tjhtvbc sfkb' fqybiyekb itv'[dtdb'b cblbltt,b lfvjerblt,tkbf& 'e f[kf 

ufdb[ctyt,' cnbeltynbc t ufyfobkt,bc ufyvfhnt,fc^ vbdbqt,'^ hjv  

Tn =

)1(
)1(

2

2










n
Sn

n

X n

=
nS

X n

/'


~t(n-1). 

yt,bcvbthb obyfcofh ufycfpqdhekb (1-)-'dbc fldbkb vjcfst,ybf yekbc vbvfh' 

cbvtnhbekb bct'b  
2/,12/1,1 ,

 nn tt bynthdfkb^ hjvtkibw Tn cnfnbcnbrbc vj[dtlhbc 

fk,f'j,f (1-)-c njkbf^ t&b& flubkb fmdc itvltu 'fyfafhlj,fc 













  2/,12/1,1

/



n

n
n t

nS

X
tP =1- 

cflfw tn-1,1-/2 lf tn-1,/2 cnbeltynbc t(n-1) ufyfobkt,bc mdtlf lf^ itcf,fvbcfl^ ptlf /2 

pjvbc rhbnbrekb othnbkt,bf&  fv afmnpt lf.hlyj,b' (1–)-ylj,bc bynthdfkb ewyj,b 

cfiefkjcf'dbc fbut,f pecnfl bubdt upb'^ hjujhw wyj,bkb lbcgthcbbc itv'[dtdfib& 

rthsjl 









  2/,12/,1

'
;

'
nn t

n

s
xt

n

s
x , 

ofhvjflutyc (1– ylj,bc fk,f'j,b' fut,ek  ylj,bc bynthdfkc ewyj,b cfiefkjcf'dbc& 

 

(1–)-ylj,bc bynthdfkb N(,) vjltkbc cfiefkjcf'dbc ufvjb'dkt,f itvltub 

ajhvekb' 









  2/,12/,1

'
;

'
nn t

n

s
xt

n

s
x ,                                               (8.7) 

cflfw x  lf s ' ithxtdb'b cfiefkjcf lf^ itcf,fvbcfl^ cnfylfhnekb uflf[hbc 

hbw[db'b vybidytkj,t,bf^ [jkj tn-1,/2 cnbeltynbc t(n-1) ufyfobkt,bc ptlf /2 pjvbc 

rhbnbrekb othtbkbf& 

 

vfufkb'b ufydb[bkj' vjyfwtvt,b^ hjvkt,bw ofhvjflutyc hjvtkbvt abhvbc 

vjcfvcf[eht'f 25 cfntktajyj cfe,hbc [fyuhskbdj,fc (ufvj[fnekc oe't,ib)& 

11.8 3.6 16.6 13.5 4.8 

8.9 9.1 8.6 4.5 11.8 

10.2 8.4 10.6 6.8 9.6 

15.3 12.3 8.5 15.9 18.7 

6.2 11.2 10.4 7.2 5.5 

fv vjyfwtvt,bc cfaesdtkpt fdfuj' 0,95 ylj,bc bynthdfkb abhvbc vjcfvcf[eht'f 

cfntktajyj cfe,ht,bc cfiefkj [fyuhskbdj,bcf'dbc& 
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fvj[cyf& egbhdtktc .jdkbcf ufydcfpqdhj'^ fvjwfybc gbhj,bc itcf,fvbcb 

gfhfvtnhekb vjltkb& dbyfblfy abhvbc vjcfvcf[eht'f cfntktajyj cfe,hbc 

[fyuhskbdj,f lfvjrblt,ekbf vhfdfk afmnjhpt^ cfdct,b' ,eyt,hbdbf^ wtynhfkehb 

pqdfhb'b 'tjhtvbc 'fyf[vfl  xfd'dfkj'^ hjv vjyfwtvt,b vbqt,ekbf yjhvfkehfl 

ufyfobkt,ekb gjgekfwbblfy& gjgekfwbbc jhbdt gfhfvtnhb^ cfiefkj lf lbcgthcbf 

ewyj,bf& ufvjd'dfkj' ithxtdb'b cfiefkj lf cnfylfhnekb uflf[hf% x =10, s
'
=3.92, 

t0.025,24=2.064. 

 dbcfhut,kj' (8.7) ajhvekb'& 95%-bfyb ylj,bc bynthdfkb cfiefkjcf'dbc bmyt,f 

 (8.38 ; 11.62).           

 

§2. YLJ<BC LJYBC CBPECNT LF ITHXTDBC VJWEKJ<BC VJST<YF& 

hjujhw dyf[t'^  (1–)-ylj,bc bynthdfkbc cbuhstf 2/

02 


z

n
. hjujhw dbwb'^ hfw eahj 

lblbf (1–)^ vb' eahj lblbf 2/z  lf vfifcflfvt^ ufybthbf ylj,bc bynthdfkb lf gbhbmb'& 

'e ithxtdbc n vjwekj,f abmcbht,ekbf^ ylj,bc bynthdfkbc cbuhsbc (fye itafct,bc 

cbpecnbc) itvwbht,f itcfskt,tkbf v[jkjl ylj,bc ljybc^ (1–)-c itvwbht,bc [fh]pt^ 

[jkj abmcbht,ekb (1–) ylj,bc ljybc lhjc bynthdfkbc cbufyt vb' eahj vwbhtf^ hf 

eahj lblbf ithxtdbc vjwekj,f^ n (t&b& bphlt,f bynthdfkehb itafct,bc cbpecnt)& 

,eyt,hbdbf bcvbc fvjwfyf% ylj,bc abmcbht,ekb (1–)-ljybcf'dbc vjbst,yjc 

ithxtdbc bc vbybvfkehb n* vjwekj,f^ hjvtkbw epheydtk.jac itafct,bc obyfcofh 

abmcbht,ek cbpecntc (L cbuhstc)& 

hflufy^ (1–)-ylj,bc bynthdfkbc cbuhstf 2/

02 


z

n
^ fvbnjv cfcehdtkb vjwekj,f^ 

n* vjcfst,ybf itvltub ufynjkt,blfy% 

2/

02



z

n
 = L, 

cfblfyfw vbdbqt,' 

n* = 

2

2/

02







 
z

L
. 

fye n* fhbc bc evwbhtcb v'tkb hbw[db^ hjvtkbw vtnbf 

2

2/

02 






 
z

L
-pt^ t&b& 

n* = 1
2

2

2/

0 




















 
z

L
.                   (8.8) 

hfw eahj vwbhtf bynthdfkbc cbuhst^ vb' eahj lblbf n*^ hfw cfdct,b' t'fy[vt,f 

xdtyc bynebwbfc^ fvfdt lhjc n* ofhvjflutyc 2 lbcgthcbbcf lf 1– ylj,bc ljybc phlfl 

aeymwbfc& 

vfufkb'b .  d'mdf'^ = 3.5, (1–)=0.95, L=1^ vfiby z 0,025=1,96 lf  

n* = [71,96]
2
+1 = 189.     
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 §3. YLJ<BC BYNTHDFKB GJGEKFWBBC CFIEFKJCF"DBC ITHXTDBC 

LBLB VJWEKJ<BC ITV"{DTDFIB&  f[kf ufydb[bkj' itv'[dtdf^ hjltcfw 

gjgekfwbf fhff yjhvfkehfl ufyfobkt,ekb& ]th dbuekbc[vj'^ hjv  gjgekfwbbc 

cfiefkj ewyj,bf^ [jkj lbcgthcbf wyj,bkbf& wtynhfkehb pqdfhb'b 'tjhtvbc sfkb'^ 

hjwf ithxtdbc n vjwekj,f cfrvfhbcfl lblbf 

Zn = 
n

X n

/0


 

cnfnbcnbrfc vbf[kjt,b' cnfylfhnekb yjhvfkehb ufyfobkt,f fmdc& fv afmnbc 
ufvj.tyt,b'^ obyf geymnt,ib xfnfht,ekb cnfylfhnekb vc]tkj,b' itudbskbf 
lfdfcrdyf'^ hjv 

( nx –z/2/ n ; nx +z/2/ n )    (8.9) 

bynthdfkc fmdc vbf[kjt,b' 1– ylj,bc ljyt& fct' bynthdfkc^ [ibhfl^ fcbvgnjneh 

ylj,bc bynthdfkcfw eojlt,ty& 

 bv itv'[dtdfib^ hjltcfw gjgekfwbbc lbcgthcbfw ewyj,bf^ ufyb[bkt,f 

nS

X

n

n

/'


 

cnfnbcnbrf^ hjvtkbw n-bc cfrvfhbcfl lblb vybidytkj,bcf'dbc (bv lfvfnt,b'b afmnbc 

uf'dfkbcobyt,b'^ hjv 2' 
P

nS ^ hjwf n)^ vbf[kjt,b' yjhvfkehflff ufyfobkt,ekb^ 

yekjdfyb cfiefkj'b lf th'tekjdfyb lbcgthcbb'& fmtlfy^ cnfylfhnekb vc]tkj,bc 

ufvj.tyt,b'^ itbskt,f ufrt'ltc lfcrdyf% bynthdfkb 

( nx –s'z/2/ n  ; nx +s'z/2/ n )   (8.10) 

ofhvjflutyc 1– ylj,bc ljybc fcbvgnjneh bynthdfkc (vbcb ylj,bc ljyt vbf[kjt,b' (1–

)-c njkbf)& 

 hjltcfw n30^ (8.10) bynthdfkb itbskt,f ufvj.tyt,ekb bmytc ewyj,b cfiefkjc 

bynthdfkehb itafct,bcf'dbc (1–)100%-bfyb ylj,bc ljyb'^ pjufl itv'[dtdfibw& 

 
 

§ 4. YLJ<BC BYNTHDFKB YJHVFKEHB GJGEKFWBBC LBCGTHCBBCF"DBC 
 

XN(,) VJLTKB& ufycf[bkdtk itv'[dtdfib gjgekfwbbc ewyj,b 2 lbcgthcbbc  








n

i

nin XX
n

S
1

22 )(
1

1
 

itafct,fc (cnfnbcnbrfc) fmdc -ufyfobkt,f 'fdbceakt,bc [fhbc[b' n-1 ^ fye 

2

2)1(



 nSn
~ 

2
(n-1), 

hbc cfaesdtkptw  obyfcofh ufycfpqdhekb  (1-)-'dbc  














  1

)1(
2/,12

2

2/1,1 n

n

n

Sn
P ^                                (8.11) 
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cflfw 
2

n,p  fhbc 
2
(n) ufyfobkt,bc ptlf  p-rhbnbrekb othnbkb& (8.11)-bc cfaesdtkpt^ 

fyfkjubehfl obyf itv'[dtdbcf^ fbut,f ylj,bc bynthdfkb gjgekfwbbc lbcgthcbbcf'dbc&  

 

(1–)-ylj,bc bynthdfkb N(,)  vjltkbc lbcgthcbbcf'dbc ufvjb'dkt,f itvltub 
ajhvekb' 

























2

21,1

2

2

2,1

2 )1(
,

)1(

nn

snsn
,    (8.12) 

cflfw 2
n-1, pfhbc 

2
(n–1) ufyfobkt,bc ptlf p-rhbnbrekb othnbkb& 

vfufkb'b yjhvfkehfl ufyfobkt,ekb utythfkehb th'j,kbj,blfy vbqt,ekbf 

n=25-bc njkb fvjyfhxtdb lf vbc cfaesdtkpt ufvj'dkbkbf itcojht,ekb ithxtdb'b 

lbcgthcbf S'
2
=3^5& (1-)=0&9 ylj,bc fk,f'j,b' ffut' ylj,bc bynthdfkb utythfkehb 

lbcgthcbbcf'dbc& 

fvj[cyf% w[hbkbc cfiefkt,b' dbgjdb' 
2
/2;n=

2
0.05;24=36,41 lf 

2
1-

/2;n=
2

0.95;24=13,84. 0&9 ylj,bc fk,f'j,b' ffut' ylj,bc bynthdfkbf 

 32,6;40,2
84,13

5,325
;

41,36

5,325








 
&                                                       

 

 

§ 5. <THYEKBC CMTVFIB OFHVFNT<BC EWYJ<B FK<F"J<BC 

(GJGEKFWBBC  GHJGJHWBBC) BYNTHDFKEHB ITAFCT<F 

 

 ,thyekbc  cmtvfib ewyj,b p fk,f'j,bc cfert'tcj othnbkjdfyb itafct,ff 

afhlj,b'b cb[ibht^ 

nP


 = 
n

n ,     (8.13) 

cflfw^ n= 


n

i
iX

1

 ofhvfnt,f'f hfjltyj,ff n lfvjerblt,tk wlfib^ fvfc'fy 

E nP


 = p, D nP


 = 
n

pp )1( 
. 

ewyj,b p fk,f'j,bcf'dbc ylj,bc bynthdfkbc fcfut,fl b.tyt,ty cnfylfhnbpfwbbc 

itltufl vbqt,ek cnfnbcnbrfc 

n

pp

pP n

)1( 




, 

hjvtkbw^ 'e ithxtdbc vjwekj,f n cfrvfhbcfl lblbf^ vbf[kjt,b' yjhvfkehflff 

ufyfobkt,ekb^ yekjdfyb cfiefkj'b lf th'tekjdfyb lbcgthcbb'^ vfuhfv fv cnfnbcnbrbc 

ufvjcf[ekt,fib vybidytkb itbwfdc itcfafct,tk p gfhfvtnhc^ hfw fsytkt,c 

cnfylfhnekb upb' ylj,bc bynthdfkbc fut,fc& 

 itbskt,f ufvjdb.tyj' ufvfhnbdt,ekb vblujvf^ hjvkbc 'fyf[vflfw vybidytkib 

ewyj,b p eylf itbwdfkjc vbcb 


nP  itafct,b' lf fmtlfy vj.jkt,ekb ylj,bc bynthdfkb 

fbujc cnfylfhnekb vc]tkj,b'&  
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ithxtdbc lblb vjwekj,bc itv'[dtdfib (1–)-ylj,bc bynthdfkb Bi(1, p) vjltkbc 
ewyj,bc fk,f'j,bcf'dbc ufvjb'dkt,f itvltub ajhvekb' 
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n
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 vfufkb'b cfofhvj eidt,c ufhrdtekb nbgbc ghjlemwbfc& vtyt]thc fbynthtct,c 

itfafcjc ltatmnehb ghjlemwbbc ghjgjhwbf& fv vbpyb' ithxtekb b.j 400 th'tekb^ 

hjvtk'f ijhbc ltatmnehb fqvjxylf 60& 99%-bfyb ylj,bc ljyb' ffut' bynthdfkehb 

itafct,f cfofhvjc vbth ufvjidt,ekb ltatmnehb ghjlemwbbc ewyj,b ghjgjhwbbcf'dbc& 

 fvj[cyf& 

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
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n

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bynthdfkbf 

400
85.015.058.215.0   = 0.150.046. 
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§ 6.  EXCEL 

ufydb[bkj' Excel-bc cnfnbcnbrehb aeymwbf& 
CONFIDENCE, 

hjvkbc xfothbcfc ufvj.tyt,ekb fqybidyt,bc bynthghtnfwbf lf ibyffhcj,hbdb 

lfndbh'df vjwtvekbf w[hbkib  

 
fqybidyf ibyffhcb 

Alpha 

fkaf 

Standard dev cnfylfhnekb uflf[hf 

Size vjwekj,f (ithxtdbc) 

 

CONFIDENCE   aeymwbbc xfothbc cbynfmcb fct'bf: 

CONFIDENCE (Alpha, Standard dev, Size),   

CONFIDENCE - ufvjbfyufhbit,f yjhvfkehb gjgekfwbbc cfiefkjcf'dbc (1-)ylj,bc 

bynthdfkbc yf[tdfhcbuhst ajhvekb'   
n

z 02/  & 

vfufkb'b& 

hbcb njkb bmyt,f yjhvfkehb gjgekfwbbc cfiefkjcf'dbc 0.95 ylj,bc fk,f'j,b' 

fut,ekb ylj,bc  bynthdfkbc yf[tdfhcbuhst^ 'e gjgekfwbbc cfiefkj rdflhfnekb 

uflf[hf 8.3-bc^ [jkj ithxtdbc vjwekj,f 38-bc njkbf~  

fvj[cyf&   

vjwtvekbf% ylj,bc fkj,f'j,f1-=0.95, ithxtdbc vjwekj,f^ n=38, gjgekfwbbc cfiefkj 

rdflhfnekb uflf[hf^ 3.7.  

fv itv'[dtdfib  CONFIDENCE aeymwbf fct xfbotht,f% 

CONFIDENCE (Alpha, Standard dev, Size)=CONFIDENCE (0.05,8.3,38).  

fvj[cybc itltufl vbdbqt,'^ hjv ylj,bc  bynthdfkbc yf[tdfhcbuhst njkb bmyt,f 2,64-bc& 

 

 

RB"{DT<B "DB"ITVJOVT<BCF"DBC 

 

 Ra aris ndobis intervali? 

 aageT ndobis intervali ucnobi generaluri saSualosTvis  XN() 

modelSi. 

 aageT ndobis intervali ucnobi generaluri saSualosTvis  XN() 

modelSi. 

 aage optimaluri SerCevis moculoba XN() modelSi. 

 aageT ndobis intervali ucnobi generaluri saSualosTvis  SerCevis 

didi moculobis SemTxvevaSi. 

 aageT ndobis intervali ucnobi generaluri dispersiiTvis  XN() 

modelSi. 
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 aageT ndobis intervali ucnobi proporciisTvis bernulos sqemaSi. 

 fqotht'^ hjujh bvjmvtlt,c ewyj,b cfiefkjcf'dbc fut,ek abmcbht,ekb  1 ljybc 

ylj,bc bynthdfkbc cbuhstpt% a) ithxtdbc vjwekj,bc phlf^ b) cnfylfhnekb 
uflf[hbc phlf& 

 fqotht' hjujh fhbc lfvjrblt,ekb ylj,bc bynthdfkbc cbuhst ylj,bc ljytpt& 

rthsjl^ hf vjedf ylj,bc bynthdfkbc cbuhstc^ 'e% a) ylj,bc ljyt ufbphlt,f 95%-lfy 

99%-vlt^ b) ylj,bc ljyt itvwbhlt,f 95%-lfy 90%-vlt& 
 

 

CFDFH}BIJT<B 
 

8.1. vjwtvekbf 10 gfce[bcvut,tkb vlbdybc okbehb [tkafcb ($ 1 000-ib) 
35.0 67.5 51.5 53.0 38.0 42.0 29.5 31.5 46.0 37.5 

xf'dfkt'^ hjv gfce[bcvut,tk vlbdfy'f [tkafct,bc gjgekfwbf yjhvfkehflff 
ufyfobkt,ekb lf vjst,yt'% f) cfiefkj [tkafcbc xfeyfwdkt,tkb^ sfkvjcbkb lf 
tatmnehb itafct,f^ ,) lbcgthcbbc xfeyfwdkt,tkb lf sfkvjcbkb itafct,f^ u) $ 40 000-pt 
vtnb [tkafcbc vmjyt gbh'f ghjgjhwbf gjgekfwbfib& 
 

 8.2. cfntktajyj rjvenfnjhib .jdtk oe'ib fhfcojh itth't,f'f hfjltyj,f gefcjybc 

rfyjyb' ufyfobkt,ekb itv'[dtdb'b cblbltf ewyj,b  byntycbdj,b'& fabmcbht,lyty 
fhfcojh itth't,f'f hfjltyj,fc .jdtk oe'ib& lfrdbhdt,t,bc itltut,bf%    

3   4   1   2   0   2   4   3   0   5   1   1   2   1   1 

 hbcb njkbf  gfhfvtnhbc xfeyfwdkt,tkb lf tatmnehb itafct,f~ 
 

8.3. fqotht'^ hjujh bvjmvtlt,c ewyj,b cfiefkjcf'dbc fut,ek abmcbht,ekb 1 ljybc 
ylj,bc bynthdfkbc cbuhstpt% f) ithxtdbc vjwekj,bc phlf^ ,) cnfylfhnekb uflf[hbc 
phlf& 
 
8.4. fqotht' hjujh fhbc lfvjrblt,ekb ylj,bc bynthdfkbc cbuhst ylj,bc ljytpt& 
rthsjl^ hf vjedf ylj,bc bynthdfkbc cbuhstc^ 'e% f) ylj,bc ljyt ufbphlt,f 95%-lfy 99%-
vlt^ ,) ylj,bc ljyt itvwbhlt,f 95%-lfy 90%-vlt& 

 
8.5. yjhvfkehb gjgekfwbblfy^ hjvkbc lbcgthcbf 100-bc njkbf^ fqt,ekbf ithxtdf^ 
hjvkbc vjyfwtvt,bf 

12 8 22 15 30 6 39 48 

ffut' 90%-bfyb ylj,bc bynthdfkb ewyj,b cfiefkjcf'dbc& 
 

8.6. n=75 vjwekj,bc ithxtdbc vjyfwtvt,vf vjudwf% nX =27.3, S'=7.8& ffut' 99%-bfyb ylj,bc 
bynthdfkt,b ewyj,b cfiefkjcf'dbc& 

 
8.7. th'-th'b lblb eybdthcbntnbc cneltynt,bcfufy fqt,ekb bmyf n=70 vjwekj,bc 
ithxtdf& vf'b ufvjrb'[dbc cfaesdtkpt lfflubytc^ hjv vf' vbth th'b rdbhbc vfysbkpt 

cfibyfj lfdfkt,t,pt lf[fh]ekb cfiefkj lhj itflutyc 14.3 cff'c& xf'dfkt'^ hjv =4 
lf f) hjvtk gfhfvtnhek vjltkc ufvjb.tyt,' fv gbhj,t,ib~ ,) ffut' 99%-bfyb ylj,bc 
bynthdfkb ewyj,b cfiefkjcf'dbc&   
8.8. cflfpqdtdj rjvgfybf fnfht,c afct,bc (ghtvbt,bc) rfnfkjubc htdbpbfc& hbub' fmnefhc 
cehc itfafcjc bv vj'[jdyf'f cfiefkj cblblt^ hjvkt,bw ufvjodtekbf cf[fyshj 
itv'[dtdt,b' ufhrdtekb nbgbc cfw[jdht,tk cf[kib& ithxtdbc hjkib fqt,ekb bmyf 
,jkj okbc fyufhbicojht,bc vjyfwtvt,b& cek ofhvjlutybkb b.j 19 cf[fyshj itv'[dtdf^ 
hjvtk'f vj'[jdyt,bc cfiefkj cblblt fqvjxylf $ 73 249^ itcojht,ekb cnfylfhnekb 
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uflf[hf rb – $ 37 246& f) hjvtk gfhfvtnhek vjltkc ufvjb.tyt,' fv gbhj,t,ib~ ,)  ffut' 
99%-bfyb ylj,bc bynthdfkb ewyj,b cfiefkjcf'dbc& 

 
8.9. itv'[dtdb'b cblblt tvjhxbkt,f yjhvfkehb ufyfobkt,bc rfyjyc& ffut' 95%-bfyb 
ylj,bc bynthdfkb ewyj,b lbcgthcbbcf'dbc^ 'e ithxtdbc vjwekj,ff n=22^ [jkj 
itcojht,ekb ithxtdb'b lbcgthcbf 17,5. 

 

8.10. ,fyrbc vtyt]thc fbynthtct,c itfafcjc ltgjpbnt,bc cfiefkj vjwekj,f rkbtynt,bc 
ufhrdtekb rkfcbcf'dbc& 400 fct'b ltgjpbnbcfufy fqt,ekb itv'[dtdb'b ithxtdbc 

cfiefkjv itflubyf nX =6.2 (1000$)^ [jkj itcojht,ekb cnfylfhnekb uflf[hff – S '=2.2 

($1000)& f) hjvtk gfhfvtnhek vjltkc ufvjb.tyt,' fv gbhj,t,ib~ ,)   ffut' 95%-bfyb 
ylj,bc bynthdfkb ltgjpbnt,bc cfiefkj vjwekj,bcf'dbc& 

 
8.11. afhvfwtdnekb ofhvjt,bc ghjlemwbbc^ [fhbc[bc rjynhjkbc vtyt]thvf^ obyf 
bcnjhbblfy ufvjvlbyfht bwbc^ hjv .jdtkb wfkrtekb rfacekf itbwfdc vbyfhtd'f 
ufhrdtek ljpfc^ fvfc'fy ljpt,b vth.tj,c& rjynhjkbc vtmfybpvb fhtuekbht,c vbyfhtd'f 
ljpbc cfiefkj ljytc& gthbjlekfl rjynhjkbc vtmfybpvb vo.j,hblfy ufvjlbc lf 
itcfskjf^ vbyfhtd'f ljpbc cfiefkj ljyt fqfh fqvjxyltc lfcfidt, afhukt,ib& 
rjynhjkbc vtmfybpvbc itvjovt,bc vbpyb' vpf ghjlemwbblfy fbqt,f c[dflfc[df 
vjwekj,bc itv'[dtdb'b ithxtdf lf fbut,f ylj,bc bynthdfkb gjgekfwbbc 
cfiefkjcf'dbc& b'dkt,f^ hjv vbyfhtd'f ljybc dfhbf,tkj,f lff[kjt,b' velvbdbf lf 

vjbwtvf cnfylfhnekb uflf[hb'^ =2.5 (ljpbc th'tekb)& 
ithxtdt,bc vb[tldb' vbqt,ekb itltut,b fhb'vtnbrekb cfiefkjcf'dbc itvltubf% 

1. n= 25, nX =153.4; 2. n=100, nX =125.6; 3. n=200, nX =148.9; 4. n=500, nX =206.4. 

f) hjvtk gfhfvtnhek vjltkc ufvjb.tyt,' fv gbhj,t,ib~ 
,) ffut' 95%-bfyb ylj,bc bynthdfkb ewyj,b cfiefkjcf'dbc lf fqotht'^ 'e hjujh 

bwdkt,f ylj,bc bynthdfkt,bc cbufyt lfrdbhdt,f'f hbw[dbc phlfc'fy th'fl& 
 

8.12. th'-th'b lblb ,fyrbc rkbtyn'fufy itv'[dtdb' itbhxf 25 rkbtynb lf ituhjdt,ekb 
bmyf itvltub vjyfwtvt,b% 1. 'b'jtekb vf'ufybc cf,fkfycj fyufhbipt v.jab 'fy[t,bc 
cblblt* 2. bv rkbtyn'f ghjgjhwbf ithxtdfib^ hjvkt,cfw uffxybf' cflt,bnjhj ,fhf't,b 

(


p =0.433)& fv vjyfwtvt,bc cfaesdtkpt itcfafct,tkbf ,fyrbc rkbtyn'f cf,fkfycj 
fyufhbibc cfiefkj cblblt (,fyrbc .dtkf rkbtynbc cf,fkfycj fyufhbibcfufy itlutybkb 
gjgekfwbbc cfiefkj) lf cflt,bnjhj ,fhf'bc vmjyt rkbtyn'f ghjgjhwbf& 

cf,fkfycj fyufhbibcf'dbc ufvj'dkbkb bmyf ithxtdb'b cfiefkj nX =$1499.9 lf 

cnfylfhnekb uflf[hf S '=596.9& 
f) hjvtk gfhfvtnhek vjltkc ufvjb.tyt,' fv gbhj,t,ib~  
,) ffut' 99%-bfyb ylj,bc bynthdfkb ewyj,b cfiefkjcf lf lbcgthcbbcf'dbc& 
u) ffut' 95%-bfyb ylj,bc bynthdfkb cflt,bnjhj ,fhf'bc vmjyt rkbtyn'f 
ghjgjhwbbcf'dbc& 

 
8.13. itcfafct,tk gfhfvtnhc ofhvjflutyc bv v.bldtk'f ghjgjhwbf gjgekfwbfib^ 
hjvkt,bw fv]j,byt,c X vfhrbc rjycthdbht,ek ghjlemwbfc Y vfhrbcfc& fv vbpyb' 
itv'[dtdb'fl ithxtek 100 flfvbfyc lfehbulf X lf Y vfhrbc rjycthdt,b tnbrtnt,bc 
ufhtit lf bv afmnjh'f xfvjyf'dfkb^ hjvtk'f vb[tldb'f eylf itafct,ekb.j 
rjycthdbht,ekb ghjlemwbbc [fhbc[b& bc vfhrf^ hjvtkbw vbbqt,lf .dtkfpt vfqfk 
fuhtubht,ek itafct,fc afmnjht,bc vb[tldb'^ xfb'dkt,jlf ert'tcfl& vbqt,ekb bmyf 
itltut,b% 

bv gbh'f hfjltyj,f^ hjvkt,bw fv]j,byt,ty X vfhrbc rjycthdc – 59, 
bv gbh'f hfjltyj,f^ hjvkt,bw fv]j,byt,ty Y vfhrbc rjycthdc – 37, 

          lfyfhxtyt,b –   4. 
f) itfafct' gjgekfwbbc ewyj,b ghjgjhwbf& 
,) ffut' 99%-bfyb ylj,bc bynthdfkb& 
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8.14. fvjvhxtdtk'f cbblfy fqt,ekb bmyf n=1000 vjwekj,bc itv'[dtdb'b ithxtdf& 
'b'jtek fvjvhxtdtkc eylf ittafct,byf ghtpbltynbc gjgekfhj,f vbvlbyfht vjvtynib& fv 
vbpyb' fvjvhxtdtkc lflt,b'b gfce[b eylf uftwf v[jkjl th'pt itvltub cfvb 
obyflflt,blfy% 

1. ghtpbltynb rfhufl fchekt,c vjdfktj,fc* 
2. ghtpbltynb dth fchekt,c vjdfktj,fc* 
3. fphb fh ufvfxybf& 
gbhdtk obyflflt,fpt lflt,b'b gfce[b ufcwf 59%-vf& fv vjyfwtvt,bc cfaesdtkpt% 

f) itfafct' bv gbh'f ghjgjhwbf gjgekfwbfib^ hjvkt,bw lflt,b'fl fafct,ty 
ghtpbltynbc vjqdfotj,fc*& 
,) ffut' 95%-bfyb ylj,bc bynthdfkb fv ghjgjhwbbcf'dbc& 
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leqcia IX,X,XI   parametrul hipoTezaTa Sermowmeba 

 

 

fv leqciaSi xdty ufdtwyj,b'  t&o& gfhfvtnhek /bgj'tpf'f itvjovt,bc vt'jlt,c& 

cfpjufljl^ hfbvt vjcfpht,fc gjgekfwbbc ufyfobkt,bc rfyjybc fy vbcb hbw[db'b 

vf[fcbf't,kt,bc itcf[t, cnfnbcnbrehb /bgj'tpf tojlt,f& cnfnbcnbreh /bgj'tpt,c H 

cbv,jkj'b fqybiyfdty (gbhdtkb fcj byukbcehb cbn.dbcf Hypothesis – /bgj'tpf)& 

/bgj'tpfc tojlt,f vfhnbdb^ 'e bc wfkcf[fl ufycfpqdhfdc utythfkehb th'j,kbj,bc 

ufyfobkt,bc rfyjyc& obyffqvltu itv'[dtdfib /bgj'tpfc  tojlt,f h'ekb& xdty lfdeidt,'^ 

hjv gjgekfwbbc ufyfobkt,bc rfyjybc analizuri saxe  wyj,bkbf^  vfuhfv ufyfobkt,f 

lfvjrblt,ekbf raime  ewyj, gfhfvtnhpt& fv itv'[dtdfib /bgj'tpf afmnbehfl fhbc 

vjcfpht,f ewyj,b gfhfvtnhbc hbw[db'b vybidytkj,bc itcf[t,^ hbc ufvjw fct' 

/bgj'tpt,c gfhfvtnhek /bgj'tpt,c eojlt,ty&  

gfhfvtnhek /bgj'tpf'f itvjovt,bcfc sbhb'fl (yekjdfy) H0 /bgj'tpfc'fy th'fl 

ufyb[bkt,f fknthyfnbekb (cfobyffqvltuj) H1 /bgj'tpf&  d'mdf'^ utythfkehb 

th'j,kbj,bc ewyj,b gfhfvtnhbc itcf[t, itcfvjovt,tkbf itvltub cf[bc /bgj'tpt,b:  

                  f) H0 : =0,                 ,) H0 : =0,                          u) H0 : =0, 

 H1 : >0,            H1: <0,                                  H1 :  0,                 (9.1) 

.dtkufy    ofhvjflutyc hfbvt wyj,bk hbw[dc&  a), b) da g) hipoTezebSi h'ek H1 

fhnthyfnbdt,c^ itcf,fvbcfl^ tojlt,f vfh]dtyf wfkv[hbdb^ vfhw[tyf wfkv[hbdb lf 

jhv[hbdb fknthyfnbdf& 

/bgj'tpf'f itvjovt,bc fvjwfyf vlujvfhtj,c bct'b otcbc – cnfnbcnbrehb 

rhbnthbevbc (fy vjrktl rhbnthbevbc) xfvj.fkb,t,fib^ hjvtkbw cfiefkt,fc vjudwtvc 

gjgekfwbblfy vbqt,ekb x1,x2,...,xn  ithxtdbc cfaesdtkpt vbdbqj' uflfo.dtnbkt,f% fy 

efhd.j' yekjdfyb /bgj'tpf^ fy xfd'dfkj'^ hjv vjyfwtvt,b yekjdfyb /bgj'tpbc 

efh.jabc cfiefkt,fc fh udfsktdc& fvbcf'dbc ufyb[bkfdty cgtwbfkehfl ithxtek 

Tn=T(X1,X2,...,Xn) cnfnbcnbrfc^ hjvkbc itcfskj vybidytkj,f'f cbvhfdktc .jaty jh 

'fyferdt' U0 lf U1 fhtl&  x=(x1,x2,...,xn) lfrdbhdt,t,bcf'dbc^ 'e  Sefaseba- tn=Tn(x)U1, 

vfiby H0 /bgj'tpfc efhd.ja'^ fye gadawyvetilebad miviCnevT H1 /bgj'tpfc^ [jkj 

'e tn=Tn(x)U0^  vfiby dbn.db'^ hjv H0 /bgj'tpbc efh.jabc cfaesdtkb fh fhct,j,c& 

uflfo.dtnbkt,bc vbqt,bc fct'b otcbc ufvj^ U0 cbvhfdktc H0 /bgj'tpbc  vbqt,bc fhtc^ 

[jkj U1 cbvhfdktc rhbnbrek fhtc eojlt,ty& Tn=T(X1,X2,...,Xn) cnfnbcnbrfc 

rhbnthbevbc cnfnbcnbrf (fye ntcnbc cnfnbcnbrf) tojlt,f& cfcehdtkbf^ hjv 

rhbnthbevbc cnfnbcnbrf b.jc vfhnbdfl ufvjcf'dktkb lf hfw eahj vybidytkjdfybf^ 

eylf dbwjlt' vbcb pecnb fy pqdfhb'b ufyfobkt,f&  

/bgj'tpf'f ufhxtdbc ptvj' xfvj.fkb,t,ekb otcbc ufvj.tyt,bcfc xdty itbskt,f 

lfdeidf' itvltub jhb cf[bc itwljvf% 

1) efhd.j' H0 /bgj'tpf vfiby^ hjltcfw bc cfvfh'kbfybf& fct' itwljvfc gbhdtkb udfhbc 

itwljvf tojlt,f& 

2) fh efhd.j' H0 /bgj'tpf vfiby^ hjltcfw bc cfvfh'kbfyb fh fhbc& fct' itwljvfc vtjht 

udfhbc itwljvf tojlt,f&  
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9.1 w[hbkib yfxdtyt,bf uflfodtnbkt,bc vbqt,bc itcfskj dfhbfynt,b lf itcf,fvbcb 

itwljvt,b& 

 

w[hbkb 9.1 

 
u f l f o . d t n b k t , f 

fh efhd.ja' H0-c (Tn(x)U0) efhd.ja' H0-c  (Tn (x)U1) 

cfvfh'kbfybf 
H0 

vbqt,ekbf cojhb 
uflfo.dtnbkt,f 

vbqt,ekbf fhfcojhb uflfo.dt-
nbkt,f^ gbhdtkb udfhbc itwljvf 

cfvfh'kbfybf 
H1 

vbqt,ekbf fhf cojhb uflfo.dt-
nbkt,f^ vtjht udfhbc itwljvf vbqt,ekbf cojhb uflfo.dtnbkt,f 

 

gbhdtkb udfhbc itwljvbc fk,f'j,fc  fcj'b fqybiyfdty 

P{ Tn U1| H0},                                               (9.2)  

cflfw xfyfothb P{TnU1|H0}fqybiyfdc {TnU1} [ljvbkj,bc fk,f'j,fc H0 /bgj'tpbc 

cfvfh'kbfyj,bc gbhj,t,ib& 

cfcehdtkbf rhbnbrekb fht bct itbhxtc^ hjv gbhdtkb udfhbc itwljvbc fk,f'j,f 

b.jc vwbht&  hjujhw otcb^ obyfcofh  fabmcbht,ty gbhdtkb udfhbc itwljvbc fk,f'j,bc 

hfbvt vwbht  ljytc^ hbc itvltu ufycfpqdhfdty   rhbnbrek fhtc. hbw[dc rhbnthbevbc 

vybidytkjdyj,bc ljyt tojlt,f&  

 ljyt fvjwfybc ibyffhcblfy fbhxtdf* [ibhfl =0.05 (fy 0.01-c)^ hfw bvfc ybiyfdc^ 

hjv fcblfy cfiefkjl [e' (th') itv'[dtdfib itcfskjf efhd.j' cfvfh'kbfyb H0 

/bgj'tpf& 

H0 /bgj'tpbc cfvfh'kbfyj,bcfc {Tn(X)U1} [ljvbkj,bc fk,f'j,f fh fqtvfnt,f 

-c^ rb bvltyfl vwbhtf^ hjv -c njkb fk,f'j,bc vmjyt [ljvbkj,bc ufy[jhwbtkt,f 

th'tekjdfy wlfib ghfmnbrekfl iteskt,tkfl itudbskbf xfd'dfkj', fvbnjv bc afmnb^ 

hjv Tn cnfnbcnbrbc lfrdbhdt,ekb vybidytkj,f fqvjxylf U1 fhtib  fye {Tn(X)U1}  

[ljvbkj,f vfbyw ufy[jhwbtklf^ vtn.dtkt,c bvbc cfcfhut,kjl^ hjv H0 /bgj'tpf 

vwlfhbf&  

fvhbufl^ H0 /bgj'tpbc itvjovt,bc otcb itvltuyfbhfl itudbskbf xfvjdf.fkb,j'% 

obyfcofh lfcf[tkt,ekb -cf'dbc^ 'e vjwtvekb x=(x1,x2,...,xn) htfkbpfwbf bct'bf^ hjv 

tn=Tn(x)U1, vfiby H0 /bgj'tpfc efhd.ja'& obyffqvltu itv'[dtdfib^ (tnU1 H0 /bgj'tpbc 

efh.jabc cfaesdtkb fh fhct,j,c& itdybiyj'^ hjv afmnb  tnU1 fh fvnrbwt,c^ hjv  

/bgj'tpf cfvfh'kbfybf* bc v[jkjl vbe'b't,c bvfpt^ hjv vjyfwtvt,cf lf 'tjhbek 

lfidt,t,c ijhbc 'fy[vj,f cfrvfhbcfl rfhubf ( ljytpt)& cf,jkjj itltub vybidytkjdyfl 

b'dkt,f vfiby^ hjwf H0 /bgj'tpf efh.jabkbf& 

xdty ufydb[bkfd' itv'[dtdt,c^ hjltcfw ewyj,b  gfhfvtnhb^ hjvkbc'dbcfw 

vjovlt,f  (9.1) cf[bc /bgj'tpf^ fhbc 

 yjhvfkehb gjgekfwbbc vf'tvfnbrehb kjlbyb ^ hjltcfw cfiefkj rdflhfnekb 

uflf[hf wyj,bkbf (XN() vjltkb) 
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 yjhvfkehb gjgekfwbbc vf'tvfnbrehb kjlbyb ^ hjltcfw cfiefkj rdflhfnekb 

uflf[hf ewyj,bf (XN() vjltkb) 

 yjhvfkehb gjgekfwbbc  lbcgthcbf (XN() vjltkb) 

 ofhvfnt,bc ewyj,b fk,f'j,f p  ,thyekbc cmtvfib ( XBi(1, p) vjltkb) 

 

 

§1.  ?BGJ"TPF"F ITVJoVT<BC FVJWFYF YJHVFKEHB GJGEKFWBBC                    

CFIEFKJCF"DBC 

 

lfdeidf' yjhvfkehb gjgekfwbbc vf'tvfnbrehb kjlbybc itcf[t, ufvj'mvekbf 

itvltub /bgj'tpt,b 

         f) H0 : =0,             ,) H0 : =0,                 u) H0 : =0, 

     H1 : >0,                    H1: <0,                             H1 :  0,                                    (9.3) 

cflfw .dtkufy  ofhvjflutyc hfbvt wyj,bk hbw[dc& eylf ufdfhxbj' jhb itv'[dtdf% 

1) gjgekfwbbc cfiefkj rdflhfnekb uflf[hf  wyj,bkbf lf bc -bc njkbf ( XN() 
vjltkb)^  

2) gjgekfwbbc cfiefkj rdflhfnekb uflf[hf  ewyj,bf (XN() vjltkb)&  

N() vjltkbc itv'[dtdfib^ H0 /bgj'tpf vfhnbdbf^ [jkj fknthyfnbdf h'ekbf& N() 

vjltkbc itv'[dtdfib^ hjujhw yekjdfyb^ bct fknthyfnbekb /bgj'tpt,b  h'ekbf& 

 

§ 1.1.  /BGJ"TPF"F ITVJOVT<F XN() VJLTKBCF"DBC 
 

f) fknthyfnbdf vbe'b't,c v[jkjl bv afmnpt^ hjv >0. rhbnthbevbc 

cnfnbcnbrfl fdbhxbj' nX  ithxtdb'b cfiefkj, hjvtkbw utythfkehb cfiefkjc 

xfeyfwdkt,tkb itafct,ff& fvbc ufvj x1,x2,...,xn  ithxtdbc cfaesdtkpt uf-vj'dkbkb 




n

i
in x

n
x

1

1
-bc vybidytkj,f^ hjujhw otcb^ f[kjc eylf b.jc ewyj,b  gfhfvtnhbc ztivfhbn 

vybidytkj,fc'fy% nX -vf  lblb fk,f'j,b' eylf vbbqjc hbw[db'b vybidytkj,f bc 

@vblfvjlfy" yekjdfyb /bgj'tpbc cfvfh'kbfyj,bc itv'[dtdfib  lf -pt @lblb" hbw[db'b 

vybidytkj,f vfh]dtyf wfkv[hbdb  fknthyfnbdbc cfvfh'kbfyj,bc itv'[dtdfib& 

t&b& nX -bc vbth  @lblb" vybidytkj,bc vbqt,f vtn.dtkt,c H1 /bgj'tpbc cfcfhut,kjl& 

fvbnjv rhbnbrekb fht ufydcfpqdhj' itvltuyfbhfl U1=( xrh ,+). 

yekjdfyb /bgj'tpbc cfvfh'kbfyj,bc itv'[dtdfib ntcnbc nX cnfnbcnbrfc fmdc 

N(0, n/0 ) ufyfobkt,f& 'e lfdfabmcbht,' gbhdtkb udfhbc itwljvbc  fk,f'j,bc 

hbw[db'b vybidytkj,bc^ vfiby vjcfst,ybf bct'b xrh^ hjvkbc'dbcfw 

  

























 












 





n

x

n

x

n

X
P|HxXP n

n

0

0

0

0

0

0

0 1
rhrh

rh ,   (9.4) 

cfblfyfw rhbnbrekb othnbkb  xrh ufybcfpqdht,f itvltub ajhvekb' 
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xrh = 0+x1– 
n

0
,     (9.5) 

cflfw x1– fhbc cnfylfhnekb yjhvfkehb ufyfobkt,bc (1–)-rdfynbkb& x1– rdfynbkc 

fctdt eojlt,ty cnfylfhnekb yjhvfkehb ufyfobkt,bc ptlf -rhbnbrek othnbkc lf z 

cbv,jkj'b fqybiyfdty% x1– = z& 

ufy[bkek itv'[dtdfib^ fctdt ,eyt,hbdbf^ ntcnbc cnfnbcnbrfl fdbhxbj' 

cnfylfhnbpt,ekb ithxtdb'b cfiefkj^ hjvkbc'dbcfw rhbnbrekb fhtf cnfylfhnekb 

yjhvfkehb ufyfobkt,bc ptlf (vfh]dtyf) (b[& (9.4)) pjvbc fht 

U1 = {z }.     (9.6) 

vfh'kfw^ lfdeidf' rhbnbrekb fhtf  U1 = {c }. 'e lfdfabmcbht,' gbhdtkb udfhbc 

itwljvbc  fk,f'j,fc^ vfiby  

      cHcZP n 1| 0                    (9.7) 

lf 

c = x1– =z

fvhbufl nX lf Zn cnfnbcnbrt,bcf'dbc fut,ekb rhbnbrekb fhtt,bc itcf,fvbc  xrh 

lf z  rhbnbrek othnbkt,c ijhbc rfdibhb vjbwtvf  (9.5) ajhvekb'& 

rdkfd xfvjdf.fkb,j' /bgj'tpf'f ufhxtdbc rhbnthbevb% 

'e vjwtvekb x=(x1,x2,...,xn) ithxtdb'b vybidytkj,bcf'dbc lf  vybidytkjdyj,bc 

ljybcf'dbc 

nx > 0+z 
n

0       ( fy   zn z )^          (9.8) 

vfiby H0 /bgj'tpfc efhd.ja'^ obyffqvltu itv'[dtdfib H0 /bgj'tpbc efh.jabc cfaesdtkb 

fh udfmdc&  

cf,jkjjl gj'tpf'f itvjovt,bc fvjwfybc uflfo.dtnf itbskt,f lfb.jc itvltu 

tnfgt,fl% 

I.  cnfnbcnbrehb vjltkbc ufycfpqdhf 

II &  H0 lf H1 /bgj'tpt,bc xfvj.fkb,t,f 

III & rhbnthbevbc Tn cnfnbcnbrbc ithxtdf 

IV & vybidytkjdyj,bc  ljybc vb'b't,f lf U1 rhbnbrekb fhbc lflutyf  

V. tn=Tn(x)-bc  hbw[db'b vybidytkj,bc ufvj'dkf^ 

VI. uflfo.dtnbkt,bc vbqt,f  

/bgj'tpf'f itvjovt,bc vtjht trdbdfktynehb upf vlujvfhtj,c itvltuib% 

x1,x2,...,xn ithxtdb'b vybidytkj,t,bc cfaesdtkpt ufvjd'dfkj' ntcnbc Zn cnfnbcnbrbc  

zn=
n

xn

0

0




 hbw[db'b vybidytkj,f  lf itvltub fk,f'j,f^ hjvtkcfw P-vybidytkj,fc 

eojlt,ty 

P-vybidytkj,fc =P{Zn zn | H0}=1–( zn).                          (9.9) 
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w[flbf^ hjv 'e P-vybidytkj,f^ vfiby znzhfw bodtdc H0 /bgj'tpbc efh.jafc& tc 

udfsktdc itvltub lfcrdybc ufrt't,bc itcfskt,kj,fc% x1,x2,...,xn ithxtdb'b vybidytkj,t,bc 

cfaesdtkpt yt,bcvbthb  P vybidytkjdyj,bc ljyb' [lt,f H0 /bgj'tpbc efh.jaf& 

vfifcflfvt P-vybidytkj,f fhbc bc vbybvfkehb vybidytkjdyj,bc ljyt^ hjvkb'fw x1,x2,...,xn 

vjyfwtvt,b' H0 /bgj'tpfc efh.d.ja'& cf,jkjjl^ itbskt,f xfvjdf.fkb,j' /bgj'tpf'f 

ufhxtdbc itvltub rhbnthbevb% 

vjwtvekb  vybidytkjdyj,bc ljybcf'dbc^ vjyfwtvt,bc cfaesdtkpt H0 /bgj'tpfc 

efhd.ja'^ 'e P-vybidytkj,f   



axla ganvixiloT b) da g) alternativebi: 

,) fknthyfnbdf& fyfkjubehb vc]tkj,bc cfaesdtkpt vfhw[tyf wfkv[hbdb fknth-

yfnbdbcf'dbc lf ntcnbc Zn cnfnbcnbrbc'dbc rhbnbrekb fhtf cnfylfhnekb yjhvfkehb 

ufyfobkt,bc mdtlf  pjvbc fht% U1=(–,–z], [jkj  

P-vybidytkj,f =P{Zn zn | H0}=( zn). 

u) fknthyfnbdf& fv itv'[dtdfib fknthyfnbdf jhv[hbdbf& zn=
n

xn

0

0



 -bc lblb 

vybidytkj,t,b vtn.dtkt,c H1 fknthyfnbdbc cfcfhut,kjl& ntcnbc Zn cnfnbcnbrbc'dbc 

vybidytkjdyj,bc ljybc rhbnbrekb fht itlut,f jhb yfobkbcfufy% cnfylfhnekb 

yjhvfkehb ufyfobkt,bc /2 pjvbc mdtlf lf /2 pjvbc ptlf rhbnbrekb fhtt,bc 

ufth'bfyt,bcfufy% U1=(– , – z][z, +). 

P-vybidytkj,f =2·P{Zn zn| | H0}=2·(1–( zn)). 

P-vybidytkj,f fhbc vybidytkjdyj,bc ljybc bc vbybvfkehb vybidytkj,f^ 

 hjvkb'fw x1,x2,...,xn vjyfwtvt,bc cfaesdtkpt H0 /bgj'tpfc efh.d.ja'&  

 
 

/bgj'tpf'f itvjovt,bc fkujhb'vb XN() vjltkbc cfiefkjcf'dbc 
 

/bgj'tpf%                                                           H0 : =0

vybidytkjdyj,bc ljyt%                                                 

ntcnbc cnfnbcnbrf%                                           
n

X
Z n

n



 0 ~N(0,1) 

rhbnthbevbc cnfnbcnbrbc vybidytkj,f% 
n

x
z n

n



 0  

fknthyfnbdf                              rhbnbrekb fht U1 (H0-bc efh.jabc fht) 

H1 : =1>0  [ z+) 

H1 : =1<0  (- , –z 

             H1 : 1  (-  , –z/2][ z/2 , +)

cflfw  z  fhbc N(0,1)ufyfobkt,bc ptlf -rhbnbrekb othnbkb& 
 

uflfo.dtnbkt,f% 'e 
n

x

n
nz
0

0




 U1, H0 /bgj'tpfc efhd.ja'^ obyffqvltu itv'[dtdfib 

H0-bc efh.jabc   cfaesdtkb fh udfmdc& 
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itybidyf&  

hjltcfw ithxtdf vbqt,ekbf  fhf yjhvfkehb  gjgekfwbblfy^  vfuhfv ithxtdbc 

vjwekj,f n cfrvfjl lblbf (n>30)^ wtynhfkehb pqdfhb'b 'tjhtvbc sfkb'^ nX  

itv'[dtdb'b cblblt vbf[kjt,b' yjhvfkehflff ufyfobkt,ekb^ hbc ufvjw  cnfnbcnbrehb 

/bgj'tpt,bc itvjovt,bc ptvj' vj.dfybkb rhbnthbevt,b fv itv'[dtdfibw ufvjb.tyt,f&  

 

vfufkb'b 1. cfvhtw[fjc vakj,tkc cehc uf.bljc 'fdbcb cfofhvj& bub gjntywbeh 

v.bldtkc fhoveyt,c^ hjv cfofhvjc lqbehb itvjcfdfkb erfyfcrytkb [e'b okbc vfysbkpt 

itflutylf $675-c^ cnfylfhnekb uflf[hb' $75& itv'[dtdb' fhxtekb 25 lqbc cfiefkj 

itvjcfdfkvf itflubyf $638& =0&01 vybidytkjdyj,bc ljyb' fmdc 'e fhf cfaesdtkb 

v.bldtkc fvnrbwjc^ hjv cfofhvjc vakj,tkb fh fhbc cojhb~ ufycfpqdht' P-vybidytkj,f& 

fvj[cyf:  fvj[cybcfc db[tkvsqdfytkjl fvjwfybc uflfo.dtnbc ptvj' vjwtvekb 

'fyvbvltdhj,b' 

I. cnfnbcnbrehb vjltkbc ufycfpqdhf 

dbyfblfy cfofhvjc .jdtklqbehb itvjcfdfkb vhfdfk afmnjhptf lfvjrblt,ekb 

(rkbtynt,bc hfjltyj,f^ itrdt't,bc vjwekj,f^ itchekt,bc dflf lf c[df)^ 

wtynhfkehb pqdfhb'b 'tjhtvbc 'fyf[vfl xfd'dfkj'^ hjv  fqybiyek htfkeh 

cbnefwbfc rfhufl fqothc N(), =75, vjltkb& 

II. H0 lf H1 /bgj'tpt,bc xfvj.fkb,t,f 

v.bldtkbcf'dbc vtnfl vybidytkjdfybf Seamowmos^ hjv cfofhvjc .jdtklqbehb 

itvjcfdfkb fh b.jc  675-pt yfrkt,b& fvbnjv /bgj'tpt,b xfvjdf.fkb,jl itvltuyfbhfl 

H0 : =675,  

H1: < .  

III& rhbnthbevbc cnfnbcnbrbc ithxtdf& 

ntcnbc cnfnbcnbrf b.jc Zn cnfnbcnbrf& 

IV& vybidytkjdyj,bc  ljybc vb'b't,f lf U1 rhbnbrekb fhbc lflutyf  

gbhj,bc 'fyf[vfl =0&01^ [jkj rhbnbrekb fhbf (-, -z0,01)= (-, -2,33) 

V. zn-bc  hbw[db'b vybidytkj,bc ufvj'dkf& 

zn=  75/5)675638( -2,47 

VI. uflfo.dtnbkt,bc vbqt,f& 

dbyfblfy zn=-2,47<-2,33=-z0,01^ yekjdfy /bgj'tpfc defh.ja'^ t&b& xfd'dkb'^ hjv 

cfofhvjc vakj,tkb fh fhbc cojhb&  

VII. P-vybidytkj,bc ufycfpqdhf& 

P-vybidytkj,f=P(Zn<-2,47)=0,07. 
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§ 1.2. /BGJ"TPF"F ITVJOVT<F X N() VJLTKBCF"DBC 
 
 

N() vjltkbc itv'[dtdfib^ hjujhw yekjdfyb^ bct fknthyfnbekb /bgj'tpf 

h'ekbf&  ewyj,  lf 
gfhfvtnht,bc @rfhub" itvafct,kt,bf ithxtdb'b cfiefkj lf 

itcojht,ekb ithxtdb'b lbcgthcbf& fvfc'fy 

n

X n




~N(0,1)     lf 

2

2)1(



 Sn
~

2
(n–1) 

lfvjerblt,tkb itv'[dtdb'b cblbltt,bf& 'e f[kf ufdb[ctyt,' cnbeltynbc t ufyfobkt,bc 

ufyvfhnt,fc^ vbdbqt,'^ hjv  

Tn =

)1(
)1(

2

2










n
Sn

n

X n

=
nS

X n

/'


~t(n-1). 

N() vjltkbc itv'[dtdfib gjgekfwbbc vf'tvfnbrehb kjlbybc itcf[t, (9.3) /bgj'tpt,bc 

itvjovt,bcfc ntcnbc cnfnbcnbrff  

Tn = 
nS

X

/

0




~t(n-1)^               (9.10) 

romelic ar Seicavs modelis ucnobparametrs dahjvkbc cfaesdtkptw^ 

cnfylfhnekb upb'^ fbut,f  fknthyfnbdbc itcf,fvbcb  rhbnbrekb fht&   

fqybiyekb rhbnthbevb ufvjb.tyt,f^ hjwf n<30. hjltcfw n bphlt,f^ hjujhw dbwb'^  

cnbeltynbc ufyfobkt,f ef[kjdlt,f yjhvfkeh ufyfobkt,fc^ hbc ufvjw ufyfobkt,bc 

rhbnbrekb othnbkt,bc  vjcfst,yfl cfhut,kj,ty cnfylfhnekb yjhvfkehb 

ufyfobkt,b'& 

 

/bgj'tpf'f itvjovt,bc fkujhb'vb N() vjltkbc cfiefkjcf'dbc 
(gfnfhf vjwekj,bc ithxtdbc itv'[dtdfib^ n<30) 

  

/bgj'tpf% H0 : =0

vybidytkjdyj,bc ljyt%  

rhbnthbevbc cnfnbcnbrbc vybidytkj,f% Tn = 
nS

X n

'

0 ~ t(n–1) 

rhbnthbevbc cnfnbcnbrbc vybidytkj,f% tn = 
ns

xn



 0  

fknthyfnbdf  rhbnbrekb fht U1 (H0-bc efh.jabc fht) 

H1 : 1>0   [ tn–1, +) 

H1 : 1<0   (-  , –tn–1] 

H1 : 1   (-  , –tn–1/2][ tn–1, /2+) 
 

uflfo.dtnbkt,f% 'e tn = ns

xn



 0
U1, H0 /bgj'tpfc efhd.ja'^ obyffqvltu itv-

'[dtdfib H0-bc efh.jabc   cfaesdtkb fh udfmdc& 
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vfufkb'b 2. f[fkb tktmnhjyekb [tkcfo.jc itvjovt,bc vbpyb'^ rjvgfybfv 

uflfo.dbnf ufvjeidfc v[jkjl tmdcb fct'b [tkcfo.j& .jdtkb vf'ufybcf'dbc ufbpjvf lhj 

[tkcfo.jc vo.j,hblfy ufvjcdkfvlt^ hbc itltuflfw vbqt,ekb bmyf itvltub fvjyfhxtdb% 

59.2, 68.3, 57.8, 56.5, 63.7 lf 57.3 cff'b& udfsktdc 'e fhf tc ithxtdf cfrvfhbc cfaesdtkc 

=0.05 vybidytkjdj,bc ljyb' itvltub lfcrdybc ufcfrt't,kfl% f[fkb [tkcfo.jc 

cbwjw[kbc cfiefkj [fyuhskbj,f fqtvfnt,f 55 cff'c& 

fvj[cyf& db[tkvsqdfytkjl fvjwfybc uflfo.dtnbc ptdb' vjwtvekb 'fyvbvltdhj,b' 

I. cnfnbcnbrehb vjltkbc ufycfpqdhf 

dbyfblfy tktmnhjyekb [tkcfo.jc cbwjw[kbc [fyuhskbj,f vhfdfk afmnjhptf 

lfvjrblt,ekb^  wtynhfkehb pqdfhb'b 'tjhtvbc 'fyf[vfl xfd'dfkj'^ hjv  fvjwfybc 

gbhj,t,b fqbotht,f N(),  vjltkb'& 

II&  H0 lf H1 /bgj'tpt,bc xfvj.fkb,t,f 

rjvgfybbcf'dbc  vtnfl vybidytkjdfybf^ hjv [tkcfo.jc cbwjw[kbc cfiefkj 

[fyuhskbj,f fqtvfnt,jltc 55 cff'c& fvbnjv /bgj'tpt,b xfvjdf.fkb,jl itvltuyfbhfl 

H0 : =55; 

H1 : >55.  

III & rhbnthbevbc cnfnbcnbrbc ithxtdf& 

ntcnbc cnfnbcnbrff Tn cnfnbcnbrf& 

IV & vybidytkjdyj,bc  ljybc vb'b't,f lf U1 rhbnbrekb fhbc lflutyf  

gbhj,bc 'fyf[vfl =0&05^ n=6, U1= (tn–1, ,+,)= (2,015, +) 

V. tn-bc  hbw[db'b vybidytkj,bc ufvj'dkf& 

nx  =60.4667, 2s  ==21.2587.,      tn = 
ns

xn



 55
=2.9 

VI. uflfo.dtnbkt,bc vbqt,f& 

 hflufy t cnfnbcnbrbc lfrdbhdt,ekb vybidytkj,f vtnbf 2.015-pt xdty eredfult,' 

H0 /bgj'tpfc^ fye fhbc cfrvfhbcb cfaesdtkb vnrbwt,bc^ hjv f[fkb [tkcfo.jc cfiefkj 

cbwjw[kbc [fyuhskbdj,f fqtvfnt,f 55 cff'c& 

VII. P-vybidytkj,bc ufycfpqdhf& 

P-vybidytkj,f ufvjb'dkt,f EXCEL-bc itcf,fvbcb cnfnbcnbrehb aeymwbbc 

ufvj.tyt,b'&  

 P-vybidytkj,f=0.017.  

 

vfufkb'b 3. yjhvfkehfl ufyfobkt,ekb utythfkehb th'j,kbj,bcf'dbc 

vbqt,ekbf 50 vjwekj,bc ithxtdf& ithxtdbc cfaesdtkpt ufvj'dkbkb ithxtdb'b cfiefkj 

lf itcojht,ekb ithxtdb'b lbcgthcbf itcf,fvbcfl 10,7 lf 7,4-bc njkbf& 0.05 

vybidytkjdyt,bc ljyb' itfvjovt' H0:=10 yekjdfyb /bgj'tpf H1: 10 fknthyfnbdbc 

vbvfh'% 

f) hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~ 
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,) itbwdkt,f 'e fhf gfce[b^ 'e fknthyfnbek /bgj'tpfl ufydb[bkfd' H1:>10 

fvj[cyf& fvjwfybc gbhj,t,b fqbotht,f N()  vjltkb'^ 0,05, nx  =10,7, 2s =7,4, 

n=50. ntcnbc cnfnbcnbrff Tn cnfnbcnbrf^ hjvkbc lfrdbhdt,ekb vybifytkj,ff 

    tn = 
ns

x on




=1,81 

dbyfblfy n>30, jhv[hbdb rhbnbrekb U1=(-, -xrh)(xrh ,+)  fhbc rhbnbrekb  xrh 

othnbkbc  vjcfst,yfl eylf dbcfhut,kjl cnfylfhnekb yjhvfkehb ufyfobkt,b'& 

xrh=z0,025=1,96,  H1: 10 fknthyfnbdbc itv'[dtdfib lf  xrh=z0,05=1,64, H1:>10 

fknthyfnbdbc itv'[dtdfib&    

 fvhbufl^ H1: 10 fknthyfnbdbc itv'[dtdfib% 0,05 vybidytkjdyj,bc ljyb'^ 

yekjdfyb /bgj'tpbc efh.jabc cfaesdtkb fh udfmdc^ [jkj^ H1:>10 fknthyfnbdbc 

itv'[dtdfib^ efhd.ja' yekjdfy /bgj'tpfc fknthyfnbdbc cfcfhut,kjl&     

 
 

§ 2. ?BGJ"TPF"F ITVJOVT<F N(,) VJLTKBC  LBCGTHCBBCF"DBC 
 

f[kf ufydb[bkj' itv'[dtdf^ hjltcfw yjhvfkehb gjgekfwbblfy vbqt,ekb 

ithxtdbc cfaesdtkpt itcfvjovt,tkbf itvltub cf[bc /bgj'tpt,b gjgekfwbbc lbcgthcbbc 

itcf[t, 

 

                f)  H0 : 

= 2

0 ,               ,) H0 : 

= 2

0 ,        u) H0 : 

= 2

0 , 

                 H1  : 

> 2

0 ,                H1  : 

 2

0 ,          H1  : 

 2

0  

(vfh]dtyf wfkv[hbdb 

fknthyfnbdf) 

(vfhw[tyf wfkv[hbdb 

fknthyfnbdf)              

(jh[hbdb 

fknthyfnbdf) 

 

.dtkufy 2
0  ofhvjflutyc hfbvt wyj,bk hbw[dc& dbyfblfy  ewyj,bf^ hjujhw yekjdfyb^ bct 

fknthyfnbekb /bgj'tpf h'ekbf&  

hflufy  

 





n

i
in XX

n
S

1

22 )(
1

1
.    (9.11) 

 ewyj,b lbcgthcbbc xfeyfwdkt,tk itafct,ff^  fvbnjv rhbnthbevbc cnfnbcnbrff 

2

2
0

2)1(



 nSn
~ n–1).    (9.12) 

dbwb' hf rhbnthbevbc cnfnbcnbrbc ( ntcnbc  cnfnbcnbrbc)  ufyfobkt,bc rfyjyb 

cnfylfhnekb upb' fbut,f  fknthyfnbdbc itcf,fvbcb  rhbnbrekb fht&  
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/bgj'tpf'f itvjovt,bc fkujhb'vb yjhvfkehb gjgekfwbbc lbcgthcbbcf'dbc 

(gfnfhf vjwekj,bc ithxtdbc itv'[dtdfib^ n<30) 

 

/bgj'tpf H0 : 
2
= 2

0  

vybidytkjdyj,bc ljyt 

rhbnthbevbc cnfnbcnbrbc vybidytkj,f 
2
0

2)1(



 sn
 

fknthyfnbdf  rhbnbrekb fht 

H1 : 2> 2
0 ,                                    U1=[

2
,1 n ) & 

H1 : 2 2
0 ,                                    U1=(0, 

2
1,1 n  

H1:
2 2

0                               U1 =(0, 
2

2/1,1 n [
2

2/,1 n )  

cflfw  2
n,p  fhbc nufyfobkt,bc ptlf -rhbnbrekb othnbkb 

 

vfufkb'b 4. yjhvfkehfl ufyfobkt,ekb utythfkehb th'j,kbj,blfy fvjrht-

abkbf n=24-bc njkb vjwekj,bc ithxtdf lf vbc cfaesdtkpt ufvj'dkbkbf itcojht,ekb 

ithxtdb'b lbcgthcbf^ 2s =17.3, =0.05 vybidytkjdyj,bc ljybcf'dbc itdfvjovj' 

/bgj'tpt,b  

H0 : 

=15, 

H1 : 

>15. 

fvj[cyf& fvjwfybc gbhj,blfy ufvjvlbyfht cfmvt udfmdc wfkv[hbd vfh]dtyf 

rhbnthbev'fy&  ufyfobkt,bc w[hbkblfy =0.05-cf'dbc dgjekj,' ptlf rhbnbrekb 

othnbkbc vybidytkj,fc 2

05.0,23 =35.17^ db'dkb' rhbnthbevbc cnfnbcnbrbc hbw[db' 

vybidytkj,fc lf hflufy 2
24 =23·17.3/15=26,53<35,17= 2

05.0,23 ^ dfcrdyb'% =0.05 

vybidytkjdyj,bc ljyb' yekjdfyb /bgj'tpbc efh.jabc cfaesdtkb fhf udfmdc& 

fvb' xdty lfdfchekt' /bgj'tpf'f itvjovt,bc fvjwfyt,bc vbvj[bkdf yjhvfkehfl 

ufyfobkt,ekb utythfkehb th'j,kbj,bc gfhfvtnht,bcf'dbc& 

 

 

§ 3.  EWYJ<B FK<F"J<BC ITCF{T< ?BGJ"TPF"F ITVJOVT<BC FVJWFYF  <THYE-

KBC CMTVFIB 

 
d'mdf'^ X=(X1,...,Xn) n vjwekj,bc ithxtdff ,thyekbc rfyjyb' ufyfobkt,ekb 

utythfkehb th'j,kbj,blfy ofhvfnt,bc ewyj,b p fk,f'j,b'& fv ithxtdbc cfaesdtkpt^  

vybidytkjdyj,bc ljyb'^ itcfvjovt,tkbf /bgj'tpt,b 

f) H0 : p = p0, ,) H0 : p = p0, u) H0 : p = p0, 

    H1 :p > p0,     H1 : p < p0,     H1 : p  p0. 
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hjujhw dbwb'^ 


nP =Sn/n ofhvjflutyc ewyj,b p fk,f'j,bc xfeyfwdkt,tk itafct,fc lf 

yekjdfyb /bgj'tpbc cfvfh'kbfyj,bcfc E


nP =p0, D


nP = n

pp )1( 00 
 xdty itdbcofdkb' v[jkjl bv 

itv'[dtdfc^ hjltcfw ithxtdbc n vjwekj,f bvltyfl lblbf^ hjv n lf p gfhfvtnht,bc vmjyt ,byjvehb 

ufyfobkt,bcf'dbc itcfskt,tkbf yjhvfkehb fghjmcbvfwbbc ufvj.tyt,f& fv itv'[dtdfib 

rhbnthbevbc cnfnbcnbrfl ufvjb.tyt,f  

n

pp

pP
Z n

n
)1( 00

0








 ~ N(0,1)     (9.13) 

cnfnbcnbrf&  
 

/bgj'tpf'f itvjovt,bc fkujhb'vb ewyj,b  p fk,f'j,bc itcf[t, ,thyekbc cmtvfib 

(lblb vjwekj,bc itv'[dtdfib) 

 
/bgj'tpf H0 : p = p0

vybidytkjdyj,bc ljyt 

rhbnthbevbc cnfnbcnbrbc lfrdbhdt,ekb vybidytkj,f z =

n

pp

pp

)1( 00

0






 

fknthyfnbdf rhbnbrekb fht U1 (H0-bc efh.jabc fht)  

H1 : p>p0,  [ z ) 

H1 : p<p0,  (- , –z ] 

H1 : pp0,  (-  , –z/2][ z/2 , +) 

cflfw  z  fhbc N(0,1)ufyfobkt,bc ptlf -rhbnbrekb othnbkb& 
 

uflfo.dtnbkt,f% 'e z  U1^ H0 /bgj'tpfc efhd.ja'^  obyffqvltu itv'[dtdfib H0-bc 
efh.jabc cfaesdtkb fhf udfmdc 

 

 

vfufkb'b 5. d'mdf'^ [fhbc[bc rjynhjkbc vtyt]thc cehc ufbujc^ fqtvfnt,f 'e fhf 

f[fkb lfyflufhb' lfvpflt,ekb ltatmnehb gfrtnt,bc obkb 10%c& fvjwfybc 

uflfcfo.dtnfl ithxtekb 200 gfrtnblfy 26 ltatmnehb fqvjxylf& fmdc 'e fhf cfaesdtkb 

vtyt]thc fvnrbwjc^ hjv f[fkb lfyflufhb fh frvf.jabkt,c vbc vj'[jdyt,c^ 'e bc 'fyf[vff^ 

hjv vbc vbth vbqt,ekb uflfo.dtnbkt,bc hbcrb fh fqtvfnt,jltc 0.05-c&  

fvj[cyf& f[fkb lfyflufhb fh lffrvf.jabkt,c vtyt]thbc gbhj,t,c^ 'e ltatmnehb 

gfrtnt,bc obkb gjgekfwbfib bmyt,f 10%-pt vtnb (p>0.1). fvbnjv bc fct f.fkb,t,c 

/bgj'tpt,c% 

H0 : p0=0.1, 

H1 : p1>0.1. 

yjhvfkehb ufyfobkt,bc w[hbkt,blfy dgjekj,'^ hjv z0.05=1.645 lf vfifcflfvt^ 

rhbnbrekb fht bmyt,f U1=[1.645;+). rhbnthbevbc cnfnbcnbrbc ithxtdb'b vybidytkj,ff 
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zn = 




9.01,0200

1,020026
1.415, 

hflufy 1.415<1.645 fye zU1^ H0 /bgj'tpbc efh.jabc cfaesdtkb fhf udfmdc& 

 

 

 

§ 4. RFDIBHB ?BGJ"TPF"F ITVJOVT<BCF LF BYNTHDFKEHB 

ITAFCT<BC FVJWFYT<C IJHBC 

 

 ewyj,b  gfhfvtnhbc itcf[t, vfhnbdb /bgj'tpbc itvjovt,bc fvjwfyfcf lf fvfdt 

gfhfvtnhbcf'dbc ylj,bc bynthdfkbc fut,bc fvjwfyt,c ijhbc fhct,j,c vzblhj rfdibhb& 

cfbkecnhfwbjl lfdflubyj' eh'bth'rfdibhb /bgj'tpbc itvjovt,fcf lf ylj,bc 

bynthdfkbc fut,bc fvjwfyt,c ijhbc N() vjltkbcf'dbc& 

 hjujhw dbwb'^ ntcnbc nX  cnfnbcnbrbc'dbc^  H0 : =0 vfhnbdb /bgj'tpbc 

itvjovt,bcfc H1 : 0 h'ekb fknthyfnbdbc obyffqvltu -vybidytkjdyj,bc ljyb' H0 

/bgj'tpbc vbqt,bc fhtf  

U0=( 0-z /2
n

0
, 0+z /2

n

0 ), 

[jkj 

( nx -z /2
n

0
, nx +z /2

n

0
) 

itv'[dtdb'b bynthdfkb ofhvjflutyc (1–)-ylj,bc bynthdfkc cf'dbc& jhbdt tc 

ufvjcf[ekt,f itltubf bv afmnbc^ hjv 'e  nX ~N( n/2

0  ), vfiby 





 













 1

/
2/

0

2/ z
n

X
zP n & 

fvhbufl^ 'e itcfvjovt,tkbf H0:=0 /bgj'tpf H1 : 0 fknthyfnbdbc vbvfh'^ vfiby H0 

/bgj'tpf eylf efhd.j'  vybidytkjdyj,bc ljyb'^ 'e 0 fh tre'dybc (1–)-ylj,bc 

fk,f'j,b' fut,ek ylj,bc bynthdfkc& 

 

§ 5.  VFHNBDB ?BGJ"TPT<BC ITVJOVT<F XN(,) VJLTKBCF"DBC    
 

axla ganvixiloT martivi hipoTezebi normaluri modelis 

saSualosTvis, rodesac alternatiuli nawili martivia. 

d'mdf'^ n vjwekj,bc X1,X2,...,Xn& ithxtdbc cfaesdtkpt^ obyfcofh ufycfpqdhekb -

vybidytkjdyj,bc ljybcf'dbc^ itcfvjovt,tkbf itvltub vfhnbdb /bgj'tpt,b  

H0 :=0^ 

H1 : =1,1>0,                                                                                                    (9.14) 

cflfw 0lf 1 hfbvt wyj,bkb hbw[dt,bf&   
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bv itv'[dtdfib^ hjltcfw vjovlt,f H0:=0  /bgj'tpf h'ekb H1 : >1 fknthyfnbdbc 

obyffqvltu^ rhbnbrekb fht lfvjrblt,ekb b.j bv afmnpt^ hjv >0, fvbnjv ,eyt,hbdbf^ 

ufvjdb.tyj' bubdt rhbnthbevb vfhnbdb H1: =1,1>0, fknthyfnbdbc itv'[dtdfibw& 

rhbnthbevbc nX cnfnbcnbrbcf'dbc rhbnbrekb fhtf ufyfobkt,bc ptlf  pjvbc fht%  

U1=[0+z  
n

0 , +). 

 

vfhnbd /bgj'tpf'f itvjovt,bc fkujhb'vb XN(,) vjltkbcf'dbc 

/bgj'tpf% H0 :=

vybidytkjdyj,bc ljyt%  

rhbnthbevbc cnfnbcnbrf (ntcnbc cnfnbcnbrf)%  Z = 
n

X n



 0 ~N(0,1) 

rhbnthbevbc cnfnbcnbrbc lfrdbhdt,ekb vybidytkj,f% z = 
n

xn



 0  

fknthyfnbdf rhbnbrekb fht U1 (H0-bc efh.jabc fht) 

H1 : =  z > z

H1 : =  z < –z

cflfw  z  fhbc N(0,1)ufyfobkt,bc ptlf -rhbnbrekb othnbkb& 

 

uflfo.dtnbkt,f% 'e 
n

xnz



 0 U1, H0 /bgj'tpfc efhd.ja'^ obyffqvltu itv'[dtdfib 

H0-bc efh.jabc   cfaesdtkb fh udfmdc 

 

 

vfufkb'b 6. fvjqt,ekbf n=16 vjwekj,bc ithxtdf yjhvfkehfl ufyfobkt,ekb 

utythfkehb th'j,kbj,blfy lf ithxtdbc cfaesdtkpt ufvj'dkbkbf ithxtdb'b cfiefkj 

x 17.8& cfiefkj rdflhfnekb uflf[hf wyj,bkbf^ =7 =0^05 vybidytkjdyj,bc ljyb' 

eylf itvjovltc /bgj'tpt,b  

H0 : =19^ 

H1 : =15& 

fvj[cyf& 
I & rhbnthbevbc  cnfnbcnbrbc ithxtdf 

rhbnthbevbc cnfnbcnbrfl fdbhxbj' yjhvbht,ekb ithxtdb'b cfiefkj 

Zn= 
n

X n

0

0




, 

 

II & vybidytkjdyj,bc  ljybc vb'b't,f lf U1 rhbnbrekb fhbc lflutyf  

            fknthyfnbdbc sfkb' cfmvt udfmdc vfhw[tyf wfkv[hbd rhbnthbev'fy^ =0.05, z0.05 = 

1.65, U1=(-, -1.65

III. rhbnthbevbc cnfnbcnbrbc lfrdbhdt,ekb vybidytkj,bc ufvj'dkf& 
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zn = 
n

xn

0

0




= 68.0

4/7

198.17



. 

IV. uflfo.dtnbkt,bc vbqt,f  
dbyfblfy 

zn = – 0.68 > – 1.65  

0.05 vybidytkjdyj,bc ljyb' H0 /bgj'tpbc efh.jabc cfaesdtkb fh udfmdc& 
V. ufvjd'dfkj' P-vybidytkj,f% 

P = P {Z  –0.68}= (–0.68) = 0.25.

dbyfblfy P=0.25>0.05=^ fvbnjv 0.05 vybidytkjdyj,bc ljyb' H0 /bgj'tpbc efh.jabc 

cfaesdtkb fh udfmdc&      
 

 

§ 5. 1.  CBVSKFDHT& 

 

bc hjv /bgj'tpt,b vfhnbdbf^ cfiefkt,fc udfsktdc  ufvjdb'dfkj' vtjht udfhbc itwljvbc 

fk,f'j,f, rodesac pirveli gvaris Secdomis albaToba cnobilia: 

U0 U1
 

yf[& 9.1 

9.1. yf[fppt vjwtvekbf ntcnbc cnfnbcnbrbc cbvrdhbdbc uhfabrt,b   gfhfvtnhbc 

/bgjntnehb  vybidytkj,t,bcf'dbc& hjujhw flht fqdybiyt'^ gbhdtkb udfhbc itwljvbc 

fk,f'j,fc  fcj'b fqybiyfdty& hfw itt[t,f vtjht udfhbc itwljvbc fk,f'j,fc^ vfc  fcj'b 

fqybiyfdty lf 

 

P{ nX U1|cfvfh'kbfybf H0} P{ nX U1|H0},               (9.15) 

P{ nX U1|cfvfh'kbfybf H1}P{ nX U1|H1}.               (9.16) 

 

H0 /bgj'tpbc efh.jabc fk,f'j,fc^ hjwf cfvfh'kbfybf H1 fknthyfnbdf^ fye 

P{ nX U1|H1}                                   (9.17)  

cblbltc  rhbnthbevbc cbvskfdhtc eojlt,ty&  

itdybiyj'^ hjv (9.15) lf (9.17) ufvjcf[ekt,t,ib kfgfhfrbf th'b lf bvfdt 

[ljvbkj,bc^ nX  itv'[dtdb'b cblblbc rhbnbrek fhtib vj[dtlhbc fk,f'j,fpt^ v[jkjl 

gbhdtk itv'[dtdfib yekjdfyb^ [jkj vtjht itv'[dtdfib – fknthyfnbekb /bgj'tpbc 
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cfvfh'kbfyj,bc lhjc* gbhdtkb udfhbc itwljvbc fk,f'j,f ufycfpqdhfdc fhfcojhb 

uflfo.dtnbkt,bc vbqt,bc fk,f'j,fc bv itv'[dtdfib^ hjwf cfvfh'kbfybf yekjdfyb 

/bgj'tpf^ [jkj rhbnthbevbc cbvskfdht ufycfpqdhfdc cojhb uflfo.dtnbkt,bc vbqt,bc 

fk,f'j,fc bv itv'[dtdfib^ hjwf cfvfh'kbfybf H1 /bgj'tpf & 

 lfdeidf'^ vfhnbdb H0 lf H1 /bgj'tpt,bc ufhxtdbcfc vybidytkjdyj,bc 

=0.05ljybcf'dbc fbuj rhbnbrekb fht lf ufvj'dkbk bmyf rhbnthbevbc cbvskfdht^ 

hjvtkbw^ d'mdf'^ 0.65-bc njkbf& tc bvfc ybiyfdc^ hjv H1 fknthyfnbdbc cfvfh'kbfyj,bc 

lhjc fcblfy cfiefkjl 65 itv'[dtdfib vbdbqt,' cojh uflfo.dtnbkt,fc (efhd.ja' H0-c)^ 

[jkj 100-lfy cfiefkjl 35 itv'[dtdfib dbqt,' fhfcojh uflfo.dtnbkt,fc (fh efhd.ja' 

H0-c). 

vfh]dtyf wfkv[hbdb rhbnthbevbcf'dbc lf ntcnbc  nX  cnfnbcnbrbcf'dbc^  

rhbnthbevbc cbvskfdhtf  

P{ X n>xrh|H1}=1–(z n (1–0)/) 











 


n
z

/
1

0

01




               (9.18) 

itybidyf& cbvskfdhbc bubdt vybidytkj,fc vbdbqt,'^ 'e rhbnthbevbc cnfnbcnbrfl 

fdbhxtd' Zn-c& 

  










 





















n

z
n

X
PHz

n

X
PHzZP nn

n
//

)(
|

/
|

0

01

0

010
1

0

0
1












  













 


n
z

/
1

0

01




  .   (9.19) 

hjujhw vbqt,ekb ufvjcf[ekt,t,blfy xfyc^ rhbnthbevbc cbvskfdht fhct,b'flff 

lfvjrblt,ekb fknthyfnbek /bgj'tpfpt& 'e ufdb[ctyt,'^ hjv (x) aeymwbf phlflbf^ 

fldbkfl lfdhoveylt,b'^ hjv rhbnthbevbc cbvskfdht fhuevtynbc phlflb aeymwbff: 

hfw eahj lblbf c[dfj,f -cf lf -c ijhbc^ vb' eahj lblbf rhbnthbevbc cbvskfdht^ fye 

H1-bc vbqt,bc fk,f'j,f H1-bc cfvfh'kbfyj,bc gbhj,t,ib bphlt,f -bc phlfc'fy th'fl^ 

hfw bvfc ybiyfdc^ hjv H1-bc cfvfh'kbfyj,bc lhjc x1,x2,...,xn vjyfwtvt,bc cfaesdtkpt 

fhfcojhb uflfo.dtnbkt,bc vbqt,bc ifycb vwbhlt,f&  

 

vfufkb'b 7. ufvjd'dfkj' rhbnthbevbc cbvskfdht  vfufkb'b 6-cf'dbc&  

fvj[cyf& vfhw[tyf wfkv[hbdb rhbnthbevbcf'dbc (H1: ) rhbnthbevbc 

cbvskfdht ufvjb'dkt,f itvltub ajhvekb' 

P{Zn<- z| H1}= (-z n (1–0)/)=(-1,64-16/7)=(0,64)=0,73.  

 tmcgthbvtynbc lfutuvdbcfc tmcgthbvtynfnjhbcf'dbc vybidytkjdfybf th'bc v[hbd^ 

gbhdtkb lf vtjht udfhbc itwljvt,bc fk,f'j,f'f cbvwbhbc vbqotdf lf vtjhtc v[hbd^ 

lfyf[fh]t,bc ufvj^ wlt,bc vbybvfkehb hfjltyj,bc xfnfht,f& ufydb[bkj'   itvltub 

fvjwfyf% ufydcfpqdhj'^ hbcb njkb eylf b.jc wlt,bc bc vbybvfkehb hfjltyj,f^ n*^ 

hjvkbc'dbcfw gbhdtkb udfhbc itwljvbc fk,f'j,f -c njkbf^ [jkj vtjht udfhbc 

itwljvbc fk,f'j,f yfrkt,bf -pt^ cflfw lf  obyfcofh vjwtvekb cblbltt,bf& 
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fvjwfyf fvjd[cyf' vfh]dtyf wfkv[hbdb rhbnthbevbcf'dbc& lfdfabmcbhj' 

0<<1. ithxtdbc abmcbht,ekb vjwekj,bcf'dbc vjdst,yj' xrhxrh(, n) bct^ hjv 

gbhdtkb udfhbc itwljvf -c njkb ufvjdbltc& udtmyt,f%  

xrh+ z / n     (9.20) 

vfh'kfw 

  



 











 z
n

X
PxXP n

/

0

rh . 

f[kf n bct itdfhxbj'^ hjv vtjht udfhbc itwljvbc P{ X n< xrh|H1} fk,f'j,f fh 

fqtvfnt,jltc cfye flubkb /mjyltc itvltu enjkj,fc 

P{ X n< xrh|H1}= 


















n

nx 1),(rh
& 

(x) aeymwbbc phlflj,bc ufvj  

 



x

n

x 1rh


cflfw x cnfylfhnekb yjhvfkehb ufyfobkt,bc -rdfynbkbf^ t&b& x= –z& erfyfcrytk 

enjkj,fib itdbnfyj' xrh-c vybidytkj,f (9.16)-blfy lf fvjd[cyf' tc enjkj,f n-bc 

vbvfh'& udtmyt,f 

n*  
2
(z+z)

2
/()

2
     (9.21) 

fvudfhfl^ ithxtdbc vbybvfkehb hfjltyj,f n*, hjvkbc'dbcfw gbhdtkb udfhbc 

itwljvbc fk,f'j,f -c njkbf^ [jkj vtjht udfhbc itwljvbc fk,f'j,f yfrkt,bf -pt 

vjbwtvf itvltub ajhvekb'  

n* =[
2
(z+z)

2
/()

2
 ,   (9.22) 

cflfw [a] fqybiyfdc a hbw[dbc v'tk yfobkc& vfifcflfvt^ ithxtdbc vbybvfkehb vjwekj,f fhbc  bc  

vbybvfkehb  yfnehfkehb hbw[db^ hjvkbcf'dbcfw cheklt,f (9.17)&  dbyfblfy z1–= –z (9.18) 

ufycfpqdhfdc ithxtdbc vbybvfkeh vjwekj,fc hjujhw vfh]dtyf^ bct vfhw[tyf wfkv[hbdb 

rhbnthbevbcf'dbc& 

 

vfufkb'b 8. itdfafcj' wlt,bc hf vbybvfkehb hfjltyj,ff cfzbhj bvbcf'dbc^ hjv 

vbqotekb bmyfc =0.05, =0.1 vybidytkj,t,b yjhvfkehb ufyfobkt,bc cfiefkjc itcf[t, 

itvltub /bgj'tpt,bc itvjovt,bcfc% H0 : =8, H1 : =11, 
2 wyj,bkbf^ =7. 

fvj[cyf&  yjhvfkehb ufyfobkt,bc w[hbkt,blfy dbgjdj' z0.1 lf z0.05. udtmyt,f z= 

1.29, z= 1.64. (9.18)-bc sfkb'^ vbdbqt,' n>47, vfifcflfvt^  n*
=48& 

fvb' xdty lfdfchekt' yjhvfkehb gjgekfwbbc cfiefkjcf'dbc vfhnbdb /bgj'tpt,bc 

ufhxtdbc fvjwfybc vbvj[bkdf&   

  

vbqt,ek pjubth' itltuc 'fdb vjde.fhj' itvltu w[hbkib 
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vjltkb /bgj'tpt,b 
rhbnthbevbc  

cnfnbcnbrf 

vybidytkjdyj,bc ljyb' 

efh.ja' H0-c^ 'e 

XBi(n,p) 
H0 : p = p0 

H1 : pp0, 

)1,0(~
)1(

AS

00

0 N

n

pp

pP n






 |z| =

n

pp

pp

)1( 00

0






 z 

XN() 
H0 :=

H1 : 

=

Z = 
n

X n

0

0




~N(0,1) z = 

n

xn

0

0




 z

XN() 
H0 :=
H1 : 

Z = 
n

X

o

n



 0 ~N(0,1) |z| =
n
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0
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


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KK RB"{DT<B "DB"ITVJOVT<BCF"DBC 

 

1. ras ewodeba statistikuri hipoTeza? 

2. parametruli hipoTezis Semowmebis nulovani da alternatiuli 

nawilebi 

3. marjvena calmxrivi, marcxena calmxrivi da ormxrivi alternativebi 

4 hipoTezis Semowmebis wesi—statistikuri kriteriumi 
5 testis (kriteriumis) statistika 
6 kritikuli are da nulovani hipoTezis miRebis dasaSvebi AareE 
7 pirveli da meore gvaris Secdomebi 
8 pirveli gvaris Secdomis albaToba da mniSvnelovnebis done 

9 hipoTezis Semowmeba  XN(,)   modelis populaciis saSualosTvis 

10. Camoayalibe  XN(,)   modelSi HhipoTezis garCevis  algoriTmi 
populaciis saSualosTvis 

11. Camoayalibe  XN(,)   modelSi HhipoTezis garCevis  kriteriumi 
populaciis saSualosTvis 

12. A marjvena calmxrivi, marjvena calmxrivi da ormxrivi kritikuli 

areebi XN(,)   modelSi populaciis saSualosTvis 
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13.  hipoTezis Semowmeba  XN(,)   modelis populaciis saSualosTvis 

14. Camoayalibe  XN(,)   modelSi HhipoTezis garCevis  algoriTmi 

populaciis saSualosTvis 

15. Camoayalibe  XN(,)   modelSi HhipoTezis garCevis  kriteriumi 

populaciis saSualosTvis 

16. marjvena calmxrivi, marcxena calmxrivi da ormxrivi kritikuli 

areebi XN(,)   modelSi populaciis saSualosTvis 

17. hipoTezis Semowmeba  XN(,)   modelis populaciis dispersiisTvis 

18. Camoayalibe  XN(,)   modelSi HhipoTezis garCevis  algoriTmi 
populaciis dispersiisTvis 

19. Camoayalibe  XN(,)   modelSi HhipoTezis garCevis  kriteriumi 
populaciis dispersiisTvis 

20. marjvena calmxrivi, marcxena calmxrivi da ormxrivi kritikuli 

areebi XN(,)   modelSi populaciis dispersiisTvis 
21. hipoTezis Semowmeba  bernulis  sqemaSi populaciis ucnobi 

warmatebis albaTobisTvis 
22. Camoayalibe  bernulis  sqemaSi HhipoTezis garCevis  algoriTmi 

populaciis ucnobi warmatebis albaTobisTvis 
23. Camoayalibe  bernulis  sqemaSi HhipoTezis garCevis  kriteriumi 

populaciis ucnobi warmatebis albaTobisTvis 
24. marjvena calmxrivi, marcxena calmxrivi da ormxrivi kritikuli 

areebi bernulis  sqemaSi populaciis ucnobi warmatebis 
albaTobisTvis 

25. kavSiri hipoTezaTa Semowmebisa da intervaluri Sefasebis amocanebs 
Soris 

26. Camoayalibe martivi hipoTezis Semowmeba  XN(,)   modelis 
populaciis saSualosTvis 

27. Camoayalibe  XN(,)   modelSi martivi HhipoTezis garCevis  
algoriTmi populaciis saSualosTvis 

28. simZlavris gamoTvla XN(,)   modelSi martivi HhipoTezis 
garCevis  amocanaSi 

29. gamoTvale ithxtdbc vbybvfkehb hfjltyj,f n*, hjvkbc'dbcfw gbhdtkb udfhbc 

itwljvbc fk,f'j,f -c njkbf^ [jkj vtjht udfhbc itwljvbc fk,f'j,f yfrkt,bf -
pt 

 

§ 6.  EXCEL 

 

ufydb[bkj' Excel-bc cnfnbcnbrehb aeymwbf    

ZTEST, 

hjvkbc xfothbcfc ufvj.tyt,ekb fqybidyt,bc bynthghtnfwbf lf ibyffhcj,hbdb 

lfndbh'df vjwtvekbf w[hbkib  

 
fqybidyf ibyffhcb 
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Array 

fht (lfrdbhdt,ek vjyfwtv'f) 

x cfiefkj (gjgekfwbbc) 

Sigma cnfylfhnekb uflf[hf (gjgekfwbbc) 

 

ZTEST   aeymwbbc xfothbc cbynfmcb fct'bf: 

ZTEST (Array, x, Sigma).   

ZTEST - ufvjbfyufhbit,f Zn cnfnbcnbrbc lfrdbhdt,ekb 
n

x
z

o

n

n
/

0




  vybidytkj,bcf'dbc 

P-vybidytkj,f^ fye  

















n

x
ZP

o

n

/

0  fk,f'j,f&  

 
vfufkb'b& 

yjhvfkehb gjgekfwbblfy^ hjvkbc cfiefkj rdflhfnekb uflf[hf^  =5, vbqt,ekb  

8.5 3.61 11.22 16.38 15.99 18.67 -0.92 8.83 15.48 4.57 6.55 1.55 

ithxtdbc  cfaesdtkpt itcfvjovt,tkbf itvltub /bgj'tpt,b% 

H0 : =10^ 

H1 : >10 

hbcb njkbf P-vybidytkj,f~  

fvj[cyf&   

fv itv'[dtdfib  ZTEST aeymwbf fct xfbotht,f% 

ZTEST (Array, x, Sigma)=ZTEST (D13:O13,10,5).  

fvj[cybc itltufl vbdbqt,'^ hjv P-vybidytkj,f = 0,035. 

 
 

 

CFDFH}BIJT<B 
 

9.1. cfvhtw[fjc vakj,tkc cehc uf.bljc 'fdbcb cfofhvj& bub gjntywbeh v.bldtkc 
fhoveyt,c^ hjv cfofhvjc lqbehb itvjcfdfkb erfyfcrytkb [e'b okbc vfysbkpt itflutylf 
$675-c^ cnfylfhnekb uflf[hb' $75& itv'[dtdb' fhxtekb 30 lqbc itvjcfdfk'f cfiefkj 

cblbltv itflubyf $625& =0&01 vybidytkjdyj,bc ljyb' fmdc 'e fhf cfaesdtkb v.bldtkc 
fvnrbwjc^ hjv cfofhvjc vakj,tkb fh fhbc cojhb~ 
f) itflubyt' vjltkb^ hjvtkbw ittcf,fvt,f fvjwfybc gbhj,fc lf xfvjf.fkb,t' /bgj'tpt,b& 
,) ufvj'dfkt' rhbnthbevbc cnfnbcnbrf lf ufycfpqdht' rhbnbrekb othnbkb & 
u) hf uflfo.dtnbkt,fc vbbqt,'~& 
l) ufycfpqdht' P-vybidytkj,f& 
 

9.2. cf,ehfdt,bc mfh[ybc vjyfwtvt,b' cf,ehfdvf eylf ufbfhjc cfiefkjl 60 000 
vbkb^ cnfylfhnekb uflf[hb' 5 000 vbkb& cfnhfycgjhnj rjvgfybfv ufvjcwflf 48 cf,e-
hfdb& fqvjxylf^ hjv cf,ehfdt,vf ufbfhtc cfiefkjl 58 380 vbkb& ufvjb.tyt' 
vybidytkjdyj,bc ljyt 0&02 lf itfchekt' itvltub lfdfkt,f% 
f) itflubyt' vjltkb^ hjvtkbw ittcf,fvt,f fvjwfybc gbhj,fc lf xfvjf.fkb,t' /bgj'tpt,b& 
,) ufvj'dfkt' rhbnthbevbc cnfnbcnbrf lf ufycfpqdht' rhbnbrekb othnbkb & 
u) hf uflfo.dtnbkt,fc vbbqt,'~& 
l) ufycfpqdht' P-vybidytkj,f& 
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9.3. htcnjhfybc vvfh'dtkb fw[flt,c^ hjv rkbtyn'f vjvcf[eht,bc cfiefkj lhjf 

3 oe'b^ cnfylfhnekb uflf[hb' 1 oe'b& itfvjovtc 50 rkbtynbc vjvcf[eht,bc lhj& bub 
fqvjxylf^ cfiefkjl 2&75 oe'bc njkb& vybidytkjdyj,bc ljyb' 0&05 itubskbf' 'e fhf 
lffcrdyf'^ hjv vjvcf[eht,bc lhj 3 oe'pt yfrkt,bf~ 
f) itflubyt' vjltkb^ hjvtkbw ittcf,fvt,f fvjwfybc gbhj,fc lf xfvjf.fkb,t' /bgj'tpt,b& 
,) hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~& 
u) ufycfpqdht' P-vybidytkj,f& 
l) ffut' 95%-bfyb ylj,bc bynthdfkb rkbtyn'f vjvcf[eht,bc cfiefkj lhjbc'dbc& 
 

9.4& yjhvfkehfl ufyfobkt,ekb utythfkehb th'j,kbj,bcf'dbc fvjrhtabkbf 
n=16-bc njkb vjwekj,bc ithxtdf lf vbc cfaesdtkpt ufvj'dkbkb ithxtdb'b cfiefkj lf 
itcojht,ekb ithxtdb'b lbcgthcbf^ itcf,fvbcfl^ 13&9-bcf lf 3&6-bc njkbf&  

f) =0.05 vybidytkjdyj,bc ljybcf'dbc itfvjovt' H0 : =13 yekjdfyb /bgj'tpf H1 : 13 
fknthyfnbdbc vbvfh'^ 

,) itbwdkt,f 'e fhf gfce[b^ 'e fknthyfnbekb /bgj'tpf bmyt,f H1 : >13. 

 

9.5. f[fkb tktmnhjyekb [tkcfo.jc itvjovt,bc vbpyb'^ rjvgfybfv uflfo.dbnf 
ufvjeidfc v[jkjl tmdcb fct'b [tkcfo.j& .jdtkb vf'ufybcf'dbc ufbpjvf lhj [tkcfo.jc 
vo.j,hblfy ufvjcdkfvlt^ hbc itltuflfw vbqt,ekb bmyf itvltub ithxtdf% 59.2, 68.3, 57.8, 

56.5, 63.7 lf 57.3 cff'b& udfsktdc 'e fhf tc ithxtdf cfrvfhbc cfaesdtkc =0.05 ylj,bc 
ljyb' itvltub lfcrdybc ufcfrt't,kfl% f[fkb [tkcfo.jc cbwjw[kbc cfiefkj [fyuhskb-
dj,f fqtvfnt,f 55 cff'c~ 
f) itflubyt' vjltkb^ hjvtkbw ittcf,fvt,f fvjwfybc gbhj,fc lf xfvjf.fkb,t' /bgj'tpt,b& 
,) ufvjd'dfkj' ithxtdb'b cfiefkj lf cfiefkj rdflhfnekb uflf[hf& 
u) ufvj'dfkt' rhbnthbevbc cnfnbcnbrf lf ufycfpqdht' rhbnbrekb othnbkb 
l) hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,& 
t) ffut' 95%-bfyb ylj,bc bynthdfkb [tkcfo.jc cbwjw[kbc cfiefkj 
[fyuhskbdj,bcf'dbc& 
 

9.6. @cohfab vjvcf[eht,f# fvnrbwt,c^ hjv vbcb gthcjyfkb fdnjvj,bkbc pt'bc 
ufvjwdkfc^ pt'bc abknhbc ufvjwdkfc lf lfpt'dfc fcoht,c 15 oe'ib& itfvjovtc 21 
vfymfybc vjvcf[eht,bc lhj& vjvcf[eht,bc lhj cfiefkjl fqvjxylf 17 oe'b^ ithxtdbc 

cnfylfhnekb uflf[hf 5 oe'bc njkbf& vybidytkjdyj,bc ljyb' =0&05^ itfvjovt' 
@cohfab vjvcf[eht,bc# vnrbwt,bc cfvfh'kbfyj,f& 
f) lff[fcbf't' fvjwfybc gbhj,b' ufycfpqdhekb itv'[dtdb'b cblblt lf xfvjf.fkb,t' 
/bgj'tpt,b&& 
,) fknthyfnbdblfy ufvjvlbyfht fbhxbt' rhbnthbevb& 
u) ufvj'dfkt' rhbnthbevbc vybidytkj,f lf ufycfpqdht' rhbnbrekb othnbkb 
l) hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~ 
 

9.7. yjhvfkehfl ufyfobkt,ekb utythfkehb th'j,kbj,bcf'dbc vbqt,ekbf 26 
vjwekj,bc ithxtdf& ithxtdbc cfaesdtkpt ufvj'dkbkb ithxtdb'b cfiefkj lf 
itcojht,ekb ithxtdb'b lbcgthcbf 10,1 lf 7,5-bc njkbf& 0.05 vybidytkjdyt,bc ljyb' 

itfvjovt' H0:=9 yekjdfyb /bgj'tpf H1: 9 fknthyfnbdbc vbvfh'% 
f) hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~ 

,) itbwdkt,f 'e fhf gfce[b^ 'e fknthyfnbek /bgj'tpfl ufydb[bkfd' H1:>9 

 

9.8. vjnjwbrkt,bc vofhvjt,tkb fw[flt,c^ hjv uhstk upfpt vjnjwbrkb 
lf[fh]fdc cfv kbnh cfodfdc 78 rbkjvtnhpt& xffnfhtc tmcgthbvtynb& vjnjwbrkvf cfvb 
kbnhf cfodfdb' ufbfhf 88, 82, 81, 87, 75, 79, 84, 76, 80, 78 rbkjvtnhb& ufvjb.tyt' 
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vybidytkjdyj,bc ljyt 0&01 lf uffrt't' lfcrdyf^ fhbc^ 'e fhf cfvb kbnhf cfodfdb' 
ufdkbkb cfiefkj vfysbkb eahj vtnb dblht ufvjw[flt,ekb 78 rbkjvtnhb& 
f) lff[fcbf't' fvjwfybc gbhj,b' ufycfpqdhekb itv'[dtdb'b cblblt lf ufycfpqdht' 
/bgj'tpt,b& 
,)  ufvj'dfkt' ithxtdb'b cfiefkj lf cfiefkj rdflhfnekb uflf[hf& 
u) ufvj'dfkt' rhbnthbevbc lfrdbhdt,ekb vybidytkj,f lf ufycfpqdht' rhbnbrekb 
othnbkb& 
l) hf uflfo.dtnbkt,fc vbbqt,'~ 
t) 0.9 ylj,bc fk,f'j,b' ffut' ylj,bc bynthdfkb gjgekfwbbc cfiefkjcf'dbc& 
 

9.9. ufpt'bc wyj,b' okbehb cfghjwtynj ufyfrdt'b lbl ,fyrt,ib fqtvfnt,f 9%-c& 8 
vwbht vfyrblfy fqt,ekvf ithxtdfv fxdtyf itvltub cfghjwtynj ufyfrdt't,b 10.1, 9.3, 9.2, 

10.2, 9.3, 9.6, 9.4, 8.8& itubskbf' 'e fhf^ 0.01 vybidytkjdyj,bc ljyb'^ lffcrdyf'^ hjv 
vwbht ,fyrt,bc cfghjwtynj ufyfrdt'b fqtvfnt,f 9%-c~  
f) lff[fcbf't' fvjwfybc gbhj,b' ufycfpqdhekb itv'[dtdb'b cblblt lf ufycfpqdht' 
/bgj'tpt,b& 
,) xffnfht' fewbkt,tkb ufvj'dkt,b& hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~& 
u) 0.9 ylj,bc fk,f'j,b' ffut' ylj,bc bynthdfkb bc cfghjwtynj ufyfrdt'bcf'dbc& 
 
 

9.10. yjhvfkehfl ufyfobkt,ekb utythfkehb th'j,kbj,bcf'dbc vbqt,ekbf 
n=16-bc njkb ithxtdf lf vbc cfaesdtkpt ufvj'dkbkbf itcojht,ekb ithxtdb'b 

lbcgthcbf^ hjvkt,bw 1&5-bc njkbf& 0.1 vybidytkjdyt,bc ljybcf'dbc itfvjovt' H0:

=10 

yekjdfyb /bgj'tpf H1:
 10 fknthyfnbdbc  vbvfh'% 

f) xffnfht' fewbkt,tkb ufvj'dkt,b& hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~& 

,) itbwdkt,f 'e fhf gfce[b^ 'e fknthyfnbek /bgj'tpfl ufydb[bkfd' H1:

>10. 

 

9.11& yjhvfkehfl ufyfobkt,ekb utythfkehb th'j,kbj,blfy fvjrhtabkbf n=23-
bc njkb vjwekj,bc ithxtdf lf vbc cfaesdtkpt ufvj'dkbkbf itcojht,ekb ithxtdb'b 

lbcgthcbf^ 2s =5,22& =0.05 vybidytkjdyj,bc ljybcf'dbc itfvjovt' H0 : 

=10 yekjdfyb 

/bgj'tpf H1 : 

10 fknthyfnbdbc vbvfh& 

 
9.12& yjhvfkehfl ufyfobkt,ekb utythfkehb th'j,kbj,blfy fvjrhtabkbf n=16-

bc njkb vjwekj,bc ithxtdf lf vbc cfaesdtkpt ufvj'dkbkbf itcojht,ekb ithxtdb'b 

lbcgthcbf^ 2,262 s &  

f) =0.05 vybidytkjdyj,bc ljybcf'dbc itfvjovt' H0 : 

=15 yekjdfyb /bgj'tpf H1 : 


15 

fknthyfnbdbc vbvfh&  

,) itbwdkt,f 'e fhf gfce[b^ 'e fknthyfnbekb /bgj'tpf bmyt,f H1 : 

>15. 

u) 0.95-bc ylj,bc fk,f'j,b' ffut' ylj,bc bynthdfkb gjgekfwbbc lbcgthcbbcf'dbc & 
 

9.13. ufpt'bc wyj,b' rjkt]bc lfv'fdht,ek'fufy 1/3-c tkbc cfveifj& th'b 
crjkbc 200 lfv'fdht,ekbcfufy 80-vf vbbqj cfveifj& vybidytkjdyj,bc ljyb' 0&02^ 
itbskt,f 'e fhf lffcrdyf'^ hjv fv rjkt]bc lfv'fdht,ekt,b qt,ekj,ty cfveifjc eahj 
vtnb ghjgjhwbb' dblht 1/3-bf~ 
f) lff[fcbf't' fvjwfybc gbhj,b' ufycfpqdhekb itv'[dtdb'b cblblt lf  xfvjf.fkb,t' 
/bgj'tpt,b 
,) hf cnfnbcnbrf ufvjb.tyt,f fv itv'[dtdfib^ hjujhbf vbcb ufyfobkt,bc rfyjyb& 
u) ufvj'dfkt' rhbnthbevbc lfrdbhdt,ekb vybidytkj,f lf ufycfpqdht' rhbnbrekb 
othnbkb& 
l)hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~  
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9.14. ;ehyfkib ufvjmdt.yt,ekb wyj,bc vb[tldb' fvthbrtk vfvfrfwc rdbhfib fmdc 40 
'fdbceafkb cff'b& ufy[jhwbtklf fv wyj,bc lfvjerblt,tkb itvjovt,f& fqvjxylf^ hjv 
itv'[dtdb' fqt,ek 60 vfvfrfwc cfiefkjl rdbhfib 37&8 'fdbceafkb cff'b /mjylf& 
ithxtdbc cnfylfhnekb uflf[hf b.j 12&2 cff'b& itubskbf' 'e fhf lffcrdyf'^ hjv 

;ehyfkbc wyj,f fh fhbc cojhb~ ufvjb.tyt' vybidytkjdyj,bc ljyt =0&05& 
f) hf cnfnbcnbrf ufvjb.tyt,f fv itv'[dtdfib^ hjujhbf vbcb ufyfobkt,bc rfyjyb& 
,) xffnfht' fewbkt,tkb ufvj'dkt,b& hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~& 
 
 

9.15. fhbc wyj,f^ hjv fdnjvfymfybc shfdbc yfgthorkbfyb cfy'kbc veifj,bc 
[fyuhskbdj,f fhbc 22100 vbkb& vofhvjt,tkb fw[flt,c^ hjv cfy'kbc veifj,bc cfiefkj 
[fyuhskbdj,f vtnbf 22100 vbkpt& 18 tuptvgkfhbc itcofdkfv fxdtyf^ hjv veifj,bc 
[fyuhskbdj,f fhbc cfiefkjl 23400 vbkb^ ithxtdb'b cnfylfhnekb uflf[hb' 3000 vbkb& 

vybidytkjdyj,bc ljyb' =0&05 itfvjovt' vofhvjt,tkbc fphbc cbcojht& 
f) lff[fcbf't' fvjwfybc gbhj,b' ufycfpqdhekb itv'[dtdb'b cblblt lf ufycfpqdht' 
/bgj'tpt,b& 
,)hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~ 
u) ffut' 95%-bfyb ylj,bc bynthdfkb yfgthorkbfyb cfy'kbc veifj,bc [fyuhskbdj-
,bcf'dbc&  
 

9.16. fdnjvj,bkbc vofhvjt,tkb abhvf fw[flt,c^ hjv mfkf,ib fdnjvj,bkb 10 
kbnhb cfodfdb'  ufbdkbc 125 rbkjvtnhc&  xffnfhtc tmcgthbvtynb& fdnjvj,bkvf 10 kbnhf 
cfodfdb' ufbfhf 125, 117, 130, 131, 126, 113, 115, 119, 116, 128 rbkjvtnhb& ufvjb.tyt' 
vybidytkjdyj,bc ljyt 0&05 lf uffrt't' lfcrdyf^ ufbdkbc^ 'e fhf fdnjvj,bkb 10 kbnhf 
cfodfdb' cfiefkjl 125 rv-pt yfrkt, vfysbkc&  
f) lff[fcbf't' fvjwfybc gbhj,b' ufycfpqdhekb itv'[dtdb'b cblblt lf ufycfpqdht' 
/bgj'tpt,b& 
,)  ufvj'dfkt' ithxtdb'b cfiefkj lf cfiefkj rdflhfnekb uflf[hf& 
u) ufvj'dfkt' rhbnthbevbc lfrdbhdt,ekb vybidytkj,f lf ufycfpqdht' rhbnbrekb 
othnbkb& hf uflfo.dtnbkt,fc vbbqt,'~ 
l) 0.9 ylj,bc fk,f'j,b' ffut' ylj,bc bynthdfkb gjgekfwbbc cfiefkjcf'dbc& 
 

9.17. [fhbc[bc rjynhjkbc vtyt]thc cehc ufbujc^ fqtvfnt,f 'e fhf f[fkb 

lfyflufhb' lfvpflt,ekb ltatmnehb gfrtnt,bc obkb 10%c& fvjwfybc uflfcfo.dtnfl 
ithxtekb 200 gfrtnblfy 26 ltatmnehb fqvjxylf& vybidytkjdyj,bc ljyb' 0&01^ itbskt,f 
'e fhf lffcrdyf'^ hjv f[fkb lfyflufhb' lfvpflt,ekb ltatmnehb gfrtnt,bc obkb 10% -
pt  vtnbf ~ 
f) lff[fcbf't' fvjwfybc gbhj,b' ufycfpqdhekb itv'[dtdb'b cblblt lf  xfvjf.fkb,t' 
/bgj'tpt,b 
,) xffnfht' fewbkt,tkb ufvj'dkt,b& hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~& 
 

9.18. 120 lfvjerblt,tk wlfib cfbynthtcj [ljvbkj,f 25-]th ufy[jhwbtklf& 0.05 
vybidytkjdyt,bc ljybcf'dbc itfvjovt' yekjdfyb /bgj'tpf H0: p=0.25 fknthyfnbekb 
/bgj'tpbc H1: p 0.25 vbvfh'. 

f) hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~ 
,) fvj[ctyb' bubdt fvjwfyf^ hjltcfw fknthyfnbek /bgj'tpfc fmdc itvltubcf[t% 
H1:p>0,25. 

 

9.19. N(^49) rfyjyb' ufyfobkt,ekb utythfkehb th'j,kbj,bc cfiefkjc itcf[t, 
ufvj'mvekbf jhb /bgj'tpf 

H0 : =25^ 

H1 : =19. 
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=0.01 vybidytkjdyj,bc ljyb' /bgj'tpt,bc itcfvjovt,kfl vbqt,ekbf n=64 vjwekj,bc 
ithxtdf^ hjvkbc cfaesdtkpt ufvj'dkbkb ithxtdb'b cfiefkjf^ x =23,8. 
f) vfhnbdbf 'e h'ekbf /bhj'tpt,b~ 
,) fknthyfnbdblfy ufvjvlbyfht fbhxbt' rhbnthbevb& 
u) hjujh ufybcfpqdht,f rhbnbrekb fht~ 
l) ufvj'dfkt' rhbnthbevbc cnfnbcnbrf lf ufycfpqdht' rhbnbrekb othnbkb& 
t) hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,& 
d) ufycfpqdht' P-vybidytkj,f& 
 

9.20. N(^36) rfyjyb' ufyfobkt,ekb utythfkehb th'j,kbj,bc cfiefkjc itcf[t, 
ufvj'mvekbf jhb /bgj'tpf 

H0 : =6,5, 

H1 : =9. 

/bgj'tpbc itcfvjovt,kfl vbqt,ekbf n=49 vjwekj,bc ithxtdf^ hjvkbc cfaesdtkpt 

ufvj'dkbkbf ithxtdb'b cfiefkj^ x =8.1. =0.01 vybidytkjdyj,bc ljybcf'dbc 
ufycfpqdht'^ cfvfh'kbfybf 'e fhf yekjdfyb /bgj'tpf& 
f) fknthyfnbdblfy ufvjvlbyfht fbhxbt' rhbnthbevb& 
,) hjujh ufybcfpqdht,f rhbnbrekb fht~ 
u) ufvj'dfkt' rhbnthbevbc cnfnbcnbrf lf ufycfpqdht' rhbnbrekb othnbkb& 
l) hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,& 
t) ufycfpqdht' P-vybidytkj,f& 
 

9.21. yjhvfkehfl ufyfobkt,ekb gjgekfwbbc cfiefkjcf'dbc^ hjvtkbw 

[fcbf'lt,f 15-bc njkb cnfylfhnekb uflf[hb'^ =0.05 vybidytkjdyj,bc ljyb'  
itcfvjovt,tkbf /bgj'tpt,b% 

 H0 : =50, 

 H1 : =60. 

n=64 vjwekj,bc ithxtdbc cfaesdtkpt ufvj'dkbkb ithxtdb'b cfiefkjf^ x =54. 
ufycfpqdht' cfvfh'kbfybf 'e fhf yekjdfyb /bgj'tpf& 
f) hjujh ufybcfpqdht,f rhbnbrekb fht~ 
,) ufvj'dfkt' rhbnthbevbc cnfnbcnbrf lf ufycfpqdht' rhbnbrekb othnbkb & 
u) hjujhbf 'mdtyb uflfo.dtnbkt,f H0-bc itcf[t,~ 
l) ufycfpqdht' P-vybidytkj,f& 
 

9.22. ,fyrbc vtyt]thc cehc =0.05 vybidytkjdyj,bc ljyb'^ n=169 vjwekj,bc 
ithxtdb'b vybidytkj,t,bc cfaesdtkpt itfvjovjc /bgj'tpf bvbc itcf[t,^ fhbc 'e fhf 
ltgjpbnt,bc cfiefkj vybidytkj,f 105-bc njkb& ofhcekb ufvjwlbkt,bc 'fyf[vfl bc 
'dkbc^ hjv ltgjpbnt,b yjhvfkehfl ufyfobkt,ekb itv'[dtdb'b cblbltt,bf 45-bc njkb 
cfiefkj rdflhfnekb uflf[hb'&  
f) hf cnfnbcnbrf ufvjb.tyt,f  /bgj'tpbc itvjovt,bcf'dbc?  
,) ufycfpqdht' rhbnbrekb fht rhbnthbevbc cnfnbcnbrbcf'dbc& 
 

9.23.  yjhvfkehfl ufyfobkt,ekb utythfkehb th'j,kbj,blfy^ hjvkbc lbcgthcbf 

wyj,bkbf^ 2
=100 fvjqt,ekbf n=49 vjwekj,bc ithxtdf lf vbc cfaesdtkpt ufvj'dkbkbf 

ithxtdb'b cfiefkj^ x 42 =0.05 vybidytkjdyj,bc ljyb' itcfvjovt,tkbf itvltub 
/bgj'tpt,b% 

H0 : =37, 

H1 : =41. 
f) hjvtk cnfnbcnbrfc ufvjb.tyt,' fv itv'[dtdfib lf hjujhbf vbcb ufyfobkt,f~ 
,) hjujh ufybcfpqdht,f rhbnbrekb fht~ 
u) ufvj'dfkt' rhbnthbevbc cnfnbcnbrf lf ufycfpqdht' rhbnbrekb othnbkb & 
l) hf uflfo.dtnbkt,fc vbbqt,'~ 
t) hbcb njkbf vtjht udfhbc itwljvbc fk,f'j,f& 
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d)wlt,bc hf vbybvfkehb hfjltyj,ff cfzbhj bvbcf'dbc^ hjv =0.05 vybidytkjdyj,bc 
ljyb' fqybiyekb /bgj'tpt,bc itvjovt,bcfc vtjht udfhbc itwljvbc fk,f'j,f yfrkt,b 
b.jc 0.1-pt~ 
 

9.24. yjhvfkehfl ufyfobkt,ekb utythfkehb th'j,kbj,blfy^ hjvkbc lbcgthcbf 

wyj,bkbf^ 2
=121 fvjqt,ekbf n=36 vjwekj,bc ithxtdf lf vbc cfaesdtkpt ufvj'dkbkbf 

ithxtdb'b cfiefkj^ x 52 =0.01 vybidytkjdyj,bc ljyb' itcfvjovt,tkbf itvltub 
/bgj'tpt,b% 

H0 : =56^ 

H1 : =52& 
f) hjvtk cnfnbcnbrfc ufvjb.tyt,f fv itv'[dtdfib lf hjujhbf vbcb ufyfobkt,f~ 
,) hjujh ufybcfpqdht,f rhbnbrekb fht~ 
u)  ufvj'dfkt' rhbnthbevbc cnfnbcnbrf lf ufycfpqdht' rhbnbrekb othnbkb& 
l) hf uflfo.dtnbkt,fc vbbqt,'~ 
t) hbcb njkbf rhbnthbevbc cbskfdht~ 
 

9.25. N(^100) rfyjyb' ufyfobkt,ekb gjgekfwbbcf'dbc^ n=49 vjwekj,bc ithxtdbc 
cfaesdtkpt itcfvjovt,tkbf itvltub /bgj'tpt,b 

H0:=0=10^ 

H1:=1=5& 
0.01 vybidytkjdyt,bc  ljybcf'dbc hbcb njkbf  rhbnthbevbc cbvskfdht& 
 
 
 
 

9.26. N(^25)rfyjyb' ufyfobkt,ekb gjgekfwbbcf'dbc^ n=36 vjwekj,bc ithxtdbc 
cfaesdtkpt itcfvjovt,tkbf itvltub /bgj'tpt,b 

H0:=0=10^ 

H1:=1=12& 
f) 0,05  vybidytkjdyt,bc  ljybcf'dbc hbcb njkbf  rhbnthbevbc cbvskfdht&    
,) ithxtdbc hf vbybvfkehb vjwekj,ff cfzbhj bvbcf'dbc^ hjv gbhdtkb lf vtjht udfhbc 
itwljvt,b fh fqtvfnt,jltc   itcf,fvbcfl 0,05-cf  lf 0,1-c& 
 

9.27. ithxtdbc hf vbybvfkehb vjwekj,ff cfzbhj bvbcf'dbc^ hjv gbhdtkb lf vtjht 
udfhbc itwljvt,b fh fqtvfnt,jltc itcf,fvbcfl 0&05-cf lf 0&1-c itvltub /bgj'tpbc% afrek-
ntnbc cneltynt,bc cfiefkj htbnbyub 50-bf^ itvjovt,bc lhjc fknthyfnbdbc 
obyffqvltu^ hjv cfiefkj htbnbyub 47-bc njkbf& wyj,bkbf hjv cnfylfhnekb uflf[hf 
10-bc njkbf&  
 

9.28& yjhvfkehb gjgekfwbbc  lbcgthcbf  7-bc njkbf& cfiefkjc itcf[t, fhct,j,c 
itvltub /bgj'tpt,b 

H0:=0=8,3 

H1:=1=5& 
/bgj'tpt,bc itvjovt,f eylf ufydf[jhwbtkjl n=25 vjwekj,bc ithxtdbc cfaesdtkpt& 

=0.01  vybidytkjdyt,bc  ljybcf'dbc ufycfpqdht' hbcb njkb bmyt,f rhbnthbevbc 
cbvskfdht         
 

9.29. vpf ghjlemwbbc vf[fcbf't,tkb cblblt yjhvfkehflff ufyfobkt,ekb& 

vtyt]thc cehc n=9 vjwekj,bc ithxtdbc cfaesdtkpt 0.05vybidytkjdyj,bc ljyb' 
itfvjovjc itvltub /bgj'tpt,b:  

H0:EX=10, 

H1:EX=6. 
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ofhcekb ufvjwlbkt,bc 'fyf[vfl^ vtyt]thb 'dkbc^ hjv cfiefkj rdflhfnekb uflf[hf 8-
bc njkbf& fv gbhj,t,ib hbcb njkb bmyt,f  vtjht udfhbc itwljvbc fk,f'j,f&  
 

9.30. yjhvfkehfl ufyfobkt,ekb gjgekfwbbcf'dbc^ hjvtkbw [fcbf'lt,f 4-bc 

njkb cnfylfhnekb uflf[hb'^ =0.05 vybidytkjdyj,bc ljybcf'dbc itcfvjovt,tkbf 
/bgj'tpt,b% 

 H0 : =2, 

 H1 : =3. 

bgjdt' ithxtdb'b vjwekj,bc vybidytkj,f n, hjvkbc'dbcfw rhbnthbevbc cbvskfdhtf 0,6. 

 

9.31. yjhvfkehfl ufyfobkt,ekb gjgekfwbbcf'dbc^ hjvtkbw [fcbf'lt,f 4-bc 

njkb cnfylfhnekb uflf[hb'^ =0.05 vybidytkjdyj,bc ljybcf'dbc itcfvjovt,tkbf 
/bgj'tpt,b% 

 H0 : =17, 

 H1 : =15. 

bgjdt' ithxtdb'b vjwekj,bc vybidytkj,f n, hjvkbc'dbcfw rhbnthbevbc cbvskfdhtf 0,8. 

 

9.32. yjhvfkehb utythfkehb  th'j,kbj,bc vf'tvfnbrehb kjlbybc vbvfh' 
fhct,j,c itvltub /bgj'tpt,b  

 H0:  
 H0:  

n vjwekj,bc ithxtdbcf'dbc^  vybidytkjdyj,bc ljyb'^  ufvj'dkbk bmyf rhbnthbevbc 
cbvskfdht^ hjvtkbw 0.5 -bc njkb fqvjxylf& rhbnthbevbc cbvskfdht vbbxybtc 
fhfcfrvfhbcfl& fv vbptpb' j'[]th phlbfy ithxtdbc vjwekj,fc& hbcb njkb bmyt,f 
rhbnthbevbc cbvskfdht bubdt vybidytkjdyj,bc ljybcf'dbc?  
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KTMWBF XII,XIII*  FHFGFHFVTNHEKB  ?BGJ"TPF"F 

ITVJoVT,F 

FGHAAGG 

§ 1& 
2
-RHBNTHBEVB    diskretuli populaciisTvis 

d'mdf' gjgekfwbf fqbotht,f lbcrhtnekb X itv'[dtdb'b cblblb'^  hjvkbc 

ufyfobkt,bc rfyjybf 

  X  
  x1  x2  . . . Xk                                      

(12.1)   p1  p2 . . .  pk 

cflfw 

pi=P{X=xi}      , i=1,2,...,k, 

gjgekfwbf ucnobi diskretuli ganawilebaa.  

  f[kf lfdeidf'^ hjv gjgekfwbblfy fqt,ekb n (n gacilebiT metia k-ze) 

vjwekj,bc ithxtdbc itltufl hbw[db xi itud[lf ni-]th^ i=1,2,...,k, cflfw 0nin .jdtkb i-

'dbc lf nn
k

i
i 

1

& fv ithxtdbc cfaesdtkpt udbylf itdfvjovj' /bgj'tpf 

       H0 : p1=p01, p2=p02, ... , pk=p0k 

Ha : pip0i   th'b  vfbyw  i-c'dbc 

 

sadac p01, p02, ... , p0k - rjyrhtnekb /bgjntnehb fk,f'ehb ufyfobkt,ff  (duekbc[vj,'^ 

hjv cfchekb gjgekfwbbc itv'[dtdfib ithxtdf gjgekfwbblfy fbqt,f lf,heyt,b')*& 

uflfo.dtnbkt,bc vbqt,bc otcb vjb'[jdc ni lf np0i cblbltt,c ijhbc uflf[hbc bct'b 

pjvbc itvjqt,fc^ hjvkbc vb[tldb' H0 /bgj'tpbc efh.jaf eylf vj[ltc vfiby^ hjltcfw 

uflf[hf cfrvfhbcfl lblbf& 

 H0 /bgj'tpbc itvjovt,bc vbpyb' ,eyt,hbdbf th'vfyt'c itdflfhj' lfrdbhdt,ekb 

lf vjcfkjlytkb cb[ibhtt,b& 'e H0 /bgj'tpf vfh't,ekbf^ vfiby np0i vjcfkjlytkb lf ni 

lfrdbhdt,ekb cb[ibhtt,b f[kjc eylf b.jc th'vfyt''fy lf gbhbmb'^ hjltcfw pi-c 

ztivfhbnb vybidytkj,t,b cfuhsyj,kfl ufyc[dfdlt,f yekjdfyb /bgj'tpb' ufycfpqdhekb 

fk,f'j,t,bcfufy^ vjcfkjlytkb lf lfrdbhdt,ekb cb[ibhtt,bw vrdt'hfl eylf 

ufyc[dfdlt,jlyty& 

 

w[hbkb 1. lfrdbhdt,ekb lf vjcfkjlytkb cb[ibhtt,b 

 i=1 i=2 . . . i=k ]fvb  

lfrdbhdt,ekb n1 n2 . . . nk n (12.2) 

vjcfkjlytkb nP01 nP02 . . . nP0k n  

  

,eyt,hbdbf^ vjcfkjlytk lf lfrdbhdt,ek cb[ibhtt,c ijhbc ufyc[dfdt,bc cfpjvfl (n1–

np01)
2
, ... , (nk–np0k)

2
 rdflhfnekb uflf[ht,b^ [jkj cfth'j pjvbc hjkib  

2


  = 


k

i i

ii

np

npn

1 0

2
0 )(

                 (12.3) 
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cnfnbcnbrf ufvjdb.tyj'^ hjvtkbw vbf[kjt,b' ufyfobkt,ekb bmyt,f 2 ufyfobkt,bc 

rfyjyb' (k–1)-bc njkb 'fdbceakt,bc [fhbc[b'& 

 vybidytkjdfybf^ hjv (12.3) ajhvekb' ufycfpqdhekb cnfnbcnbrbc pqdhekb 

ufyfobkt,f fh fhbc lfvjrblt,ekb /bgj'tnehb fk,f'j,t,bc rjyrhtnek vybidytkj,t,pt&  

/bgj'tpbc lhjc  (12.3) .jdtk'dbc (k–1)-bc njkb 'fdbceakt,bc [fhbc[bc vmjyt 2 

ufyfobkt,fc tv'[dtdf& 

 tc ufhtvjt,f cfiefkt,fc udfsktdc fdfuj' rhbnbrekb fht 2 ufyfobkt,bc w[hbkbc 

vb[tldb'& ufy[bkekb H0 /bgj'tpbc itvjovt,f [lt,f itvltuyfbhfl% lfdfabmcbhj' hfbvt 

vybidytkjdyj,bc ljyt  (vfufkb'fl fdbqj' =0.1; 0.05 fy 0.01) lf vjdyf[j' (k–1) 

'fdbceakt,bc [fhbc[bc 
2 ufyfobkt,bc itcf,fvbcb ptlf rhbnbrekb vybidytkj,f 

(w[hbkbc vb[tldb')^ hjvtkcfw fqdybiyfd' 2
,1 k -'b& 'e flubkb fmdc enjkj,fc 

2


  > 2
,1 k  

vfiby H0 /bgj'tpfc efhd.ja'^ [jkj hjltcfw cheklt,f 

2


   2
,1 k  

cfobyffqvltuj enjkj,f^ dfcrdyb'^ hjv lfrdbhdt,ekb vjyfwtvt,b fh tobyffqvltut,f H0 
/bgj'tpfc^ fye fhct,ekb vjyfwtvt,b fh bsktdf yekjdfyb /bgj'tpbc efh.jabc cfaesdtkc& 
 

vfufkb'b 1. lbcrhtnekb X  gjgekfwbblfy vbqt,ekb 1000 vjwekj,bc ithxtdb' 

vybidytkj,t,c ijhbc itv'[dtdb'b cblblbc vybidytkj,f 0 itud[lf 343-]th^ vybidytkj,f 1 - 

372-]th^ vybidytkj,f 2- 201-]th^ vybidytkj,f 3 - 68-]th^ [jkj cfvpt lblb vybidytkj,f 16-

]th& =0,05 vybidytkjdyj,bc ljyb' itdfvjovj' H0 yekjdfyb /bgj'tpf bvbc itcf[t,^ hjv 

ithxtdf vbqt,ekbf =1-bc njkb byntycbdj,bc vmjht gefcjybc rfyjyb' ufyfobkt,ekb 

utythfkehb th'j,kbj,blfy & 

 yekjdfyb /bgj'tpbc cfvfh'kbfyj,bc itv'[dtdfib 

p01=P{X=0}=0,368,        p02=P{X=1}=0,368,       p03=P{X=2}=0,184,   p04=P{X=3}=0,061.        

p05=P{X>3}=0,019. 

cnfnbcnbrbc lfrdbhdt,ekb vybidytkj,bc ufvjcf'dktkfl dbcfhut,kjl 2 w[hbkb'    

w[hbkb 2 

i ni np0i ni-np0i (ni-np0i)
2
/np0i 

1 343 368 -25 1.68 

2 372 368 4 0.05 

3 201 184 17 1.56 

4 68 61 7 0.73 

5 16 19 -3 0.47 

     4.59 

fvhbufl^ (11.3) ajhvekbc cfaesdtkpt vbdbqt,' 
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2


 =4,51. 

2 ufyfobkt,bc w[hbkblfy dgjekj,'^ hjv ptlf rhbnbrekb vybidytkj,f  .49,92
05,0,4   

dbyfblfy flubkb fmdc enjkj,fc 2


 =4,51< 2
05,0,449,9  ,H0 /bgj'tpbc efhd.jabc 

cfaesdtkb fh udfmdc&  
 
  

vfufkb'b 2& XVIII cfereytib ,beajyvf xffnfhf n=4040 lfvjerblt,tkb wlf vjytnbc 

fult,fpt^ hbc itltuflfw uth,b ufvjxylf N1=2048 wlfib^ [jkj lfyfhxty N2=n– N1 

itv'[dtdfib ufvjxylf cfafcehb& t'fy[vt,f 'e fhf tmcgthbvtynbc itltub /bgj'tpfc^ hjv 

fhct,j,c uth,bc ufvjxtybc velvbdb P fk,f'j,f^ hjvtkbw 1/2-bc njkbf (fye^ vfh't,ekbf 

'e fhf /bgj'tpf vjytnbc cbvtnhbekj,bc itcf[t, lf uth,bcf lf cfafcehbc ufvjxtybc 

fk,f'j,f .jdtk wlfib th'b lf bubdtf; =0.05 )& 

 dbfyufhbij' 2


  cnfnbcnbrf (12.3) ajhvekbc vb[tldb'& (12.3) ufvjcf[ekt,fib 

P01=P02= 1/2, n=4040, N1=2048 vybidytkj,t,bc xfcvb'^ vbdbqt,'  

 

i ni np0i ni-np0i (ni-np0i)
2
/np0i 

1 2048 2020 28 0.388 

2 1992 2020 -28 0.388 

     0.776 

 

fvhbufl^ 

2


  = 0.776. 

 hflufy th'bc njkb 'fdbceakt,bc [fhbc[bc 
2 ufyfobkt,bc =0.05 

vybidytkjdyj,bc ljybc rhbnbrekb vybidytkj,f 2
05.0,1 =3.841 fqtvfnt,f 2



  cnfnbcnbrbc 

htfkbpt,ek vybidytkj,fc^ itudbskbf xfd'dfkj'^ hjv tmcgthbvtynbc itltub fh 
tobyffqvltut,f /bgj'tpfc& itdybiyj'^ hjv fk,f'j,f bvbcf^ hjv fqybiyekb tmcgthbvtynbc 

xfnfht,bcfc 2


  cnfnbcnbrf vbbqt,c 0.776-pt vtn vybidytkj,fc (bv lfidt,b'^ hjv P=1/2) 

lff[kjt,b' 0.38-bc njkbf lf fct'b [ljvbkj,bc ufy[jhwbtkt,f (fye 2


  cnfnbcnbrbc 

fct'b uflf[hf) cfdct,b' ,eyt,hbdfl itbskt,f xfb'dfkjc&           
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§ 2. 
2-RHBNTHBEVB uwyveti populaciisTvis 

 

 xdty f[kf ufydb[bkfd' /bgj'tpbc itvjovt,bc fvjwfybc fkujhb'vc eo.dtnb 

th'ufypjvbkt,bfyb /bgj'tnehb F0(x) ufyfobkt,bc aeymwbbcf'dbc& 

 fct'b /bgj'tpbc itvjovt,bc vbpyb'  eo.dtnb X itv'[dtdb'b cblblbc itcfskj 

vybidytkj,f'f fht lfd.j' th'vfyt'bc ufvjvhbw[fd 1,2,...,k cbvhfdktt,fl 

(bynthdfkt,fl)& i cbvhfdktt,c^ hjujhw otcb^ bhxtdty vbvltdhj,b' bynthdfkt,fl 
lfrdbhdt,flb itv'[dtdb'b cblblbc vybidytkj,f'f cbdhwblfy ('evwf tc fh fhbc 
fewbkt,tkb)& cbvfhnbdbcf'dbc^ fdbqj' hbw[d'f qthsbc 

1 = (–, a1], 2 = (a1, a2], ... , k–1 = (a k–2, a k–1], k = (ak-1, ) 
lfyfobkt,f& 

 hflufy F0(x) ufyfobkt,bc aeymwbf wyj,bkbf^ xdty itudbskbf lfrdbhdt,flb X 

itv'[dtdb'b cblblbc .jdtk i bynthdfkib vj[dtlhbc fk,f'j,bc ufvj'dkf (w[flbf^ bv 

lfidt,b'^ hjv H0 /bgj'tpf vfh't,ekbf)& 'e p0i-'b fqdybiyfd' X itv'[dtdb'b cblblbc i 

bynthdfkib vj[dtlhbc fk,f'j,fc H0 /bgj'tpbc lhjc^ vbdbqt,'^ hjv 

p01=F0(a1), p02=F0(a2) – F0(a1), ... , p0k=1–F0(ak-1).  (12.4) 

ni-b' fqdybiyj' i bynthdfkib vj[dtlhbk ithxtdbc tktvtyn'f hfjltyj,f& yekjdfyb 

/bgj'tpbc cfvfh'kbfyj,bc itv'[dtdfib bubdt bynthdfkib vj[dtlhbk ithxtdbc 

tktvtyn'f hfjltyj,f np0i -bc  njkbf& 

 fvhbufl^ /bgj'tpbc itcfvjovt,kfl dfut,' bctd (12.3) ajhvekb' ufycfpqdhek 2


  

cnfnbcnbrfc^ hjvtkbw fcbvgnjnehfl fctdt ufyfobkt,ekb bmyt,f 2 rfyjyb' (k–1)-bc 

njkb 'fdbceakt,bc [fhbc[b'& fvbnjv fv /bgj'tpbc itvjovt,f [lt,f xdty'dbc erdt 

wyj,bkb upb'^ obyf geymnib ufy[bkekb itv'[dtdbc vcufdcfl& 

 bcvbc rb'[df^ hjujh itdfhxbj' k-c vybidytkj,f lf dayofis ai cfpqdht,b~ fv 

rb'[dfpt vrfwhb^ wfkcf[f gfce[b fh fhct,j,c& fhct,j,c 'tjhbek ufvjrdktdt,pt lf 

ghfmnbrfpt lf.hlyj,bkb htrjvtylfwbt,b& 

 ]th vjdb.dfy' htrjvtylfwbt,c k-c itcfhxtdfl& hjwf ithxtdbc vjwekj,f vwbhtf^ tc 

rhbnthbevb fh ufvjb.tyt,f^ hflufy bc fh vjudwtvc cfylj uflfo.dtnbkt,fc& 'e ithxtdbc 

vjwekj,f n>50, k bct eylf itdfhxbj'^ hjv cb[ibhbc vjcfkjlytkb hfjltyj,f npi fh b.jc 

yfrkt,b 5-pt (ev]j,tcbf^ 'e npi10) .jdtkb bynthdfkbcf'dbc& 'e ithxtdbc vjwekj,f 

100-lfy 200-vltf ghfmnbrfib [ibhfl cfhut,kj,ty k-c vybidytkj,t,b' 12-lfy 16-vlt& 

hjltcfw 200n400, k-c bhxtdty [16;20] bynthdfkblfy& 'e n>1000, k-c bqt,ty 25-bc 

njkfl&  [ibhfl cfzbhj [lt,f k-c hfvltybvt vybidytkj,bc vjcby]df& 

 vfc itvltu hfw k ufycfpqdhekbf^ ai hbw[dt,bc lfcflutyfl ufvjb.tyt,f^ egbhfntcfl^ 

jhb [th[b& 

 1& njk fk,f'j,f'f [th[b& ai ufybcfpqdht,f bct^ hjv .jdtk bynthdfkSi ithxtdb'b 

vybidytkj,bc vj[dtlhbc fk,f'j,f 1/k-c njkb b.jc&  

2& njkb bynthdfkt,bc [th[b& itcfskj vybidytkj,f'f  simravle lfb.jaf k 

raodenoba njkb  sigrZis mqone yfobkfl&  

bynthdfkis cfpqdht,bc lflutybc itvltu ufybcfpqdht,f bynthdfkSi ithxtdb'b 

vybidytkj,t,bc vj[dtlhbc fk,f'j,t,b  (12.4)  ajhvekt,b'. 
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'e fqvjxylf^ hjv hjvtkbvt  bynthdfkSi  cb[ibhbc vjcfkjlytkb hfjltyj,f yfrkt,bf 5-

pt^ vfiby th'b fy hfvltybvt vtpj,tkb bynthdfki eylf ufth'bfyltc th' bynthdfkfl  

vfufkb'b 3& f&tbnrtyvf itbcofdkf cff't,bc itvrt't,tk cf[tkjcyjt,ib ufvjatybkb 

cff't,bc xdtyt,t,b& vjud.fdc vbqt,ek lfrdbhdt,f'f w[hbkb^ lf.jabkb 12 ]ueafl^ cff'bc 

bchbc wbath,kfnpt vlujvfhtj,bc vb[tldb' 

iefktlt,b 

wbath,kfnp

t 

lfrdbhdt,ekb 

cb[ibhtt,b 

iefktlt,b 

wbath,kfn

pt 

lfrdbhdt,ek

b cb[ibhtt,b 

0–1 

1–2 

2–3 

3–4 

4–5 

5–6 

41 

34 

54 

39 

49 

45 

6–7 

7–8 

8–9 

9–10 

10–11 

11–12 

41 

33 

37 

41 

47 

39 

 

 itdfvjovj' vfhnbdb H0 /bgj'tpf^ hjv cff'bc bchbc vlujvfhtj,f 'fyf,hfl fhbc 

ufyfobkt,ekb (0,12) bynthdfkib^ h'ekb Ha fknthyfnbdbc obyffqvltu (Ha: H0 fh fhbc 

vfh't,ekb)& fv vfufkb'ib n=500, P0i=1/12, i=1,2,...,12 lf .jdtk bynthdfkib cff'bc bchbc 

vj[dtlhbc vjcfkjlytkb hfjltyj,f nPoi41.67& fvbnjv (12.3) njkj,b' ufycfpqdhekb 

2


  cnfnbcnbrf lff[kjt,b' vbbqt,c 10-bc njk vybidytkj,fc& hflufy tc cnfnbcnbrf 

lff[kjt,b' 11-bc njkb 'fdbceakt,bc [fhbc[bc vmjyt 2 rfyjyb' fhbc ufyfobkt,ekb^ 

fk,f'j,f bvbcf^ hjv 2


  cnfnbcnbrfv vbbqjc 10-pt lblb vybidytkj,f^ lff[kjt,b' 0.47-bc 

njkbf (b[& 2 ufyfobkt,bc w[hbkb)& fvbc ufvj^ dfcrdyb'^ hjv tmcgthbvtynbc vjyfwtvt,b 

t'fy[vt,f H0 /bgj'tpfc yt,bcvbthb vybidytkjdyj,bc ljybcf'dbc^ hjvtkbw vj'fdct,ekbf 

0-cf lf 0.47-c ijhbc& fye vbqt,ekb vjyfwtvt,b fh udfsktdty H0 /bgj'tpbc efh.jabc 

fhfyfbh cfaesdtkc^ 'e <0.47&   


2-rhbnthbevbc ufvj.tyt,bc cathj fh fvjboeht,f v[jkjl vfhnbdb /bgj'tpt,bc 

itvjovt,b'& fv rhbnthbevbc ufvj.tyt,f itcfskt,tkbf bv itv'[dtdfibw^ hjltcfw 

/bgj'tnehb ufyfobkt,bc aeymwbf ewyj, gfhfvtnht,c itbwfdc&  vjdb.dfyj' itcf,fvbcb 

vfufkb't,b& 

 

vfufkb'b 4. lbcrhtnekb X  gjgekfwbblfy vbqt,ekb 200 vjwekj,bc ithxtdb' 

vybidytkj,t,c ijhbc itv'[dtdb'b cblblbc vybidytkj,f 0 itud[lf 14-]th^ vybidytkj,f 1 - 

31-]th^ vybidytkj,f 2- 47-]th^ vybidytkj,f 3 - 41-]th^ vybidytkj,f 4 - 29-]th^ vybidytkj,f 

5 - 21-]th^ vybidytkj,f 6 - 10-]th^ vybidytkj,f 7 - 6-]th^ vybidytkj,f 8 - 2-]th&   =0,05 

vybidytkjdyj,bc ljyb' itdfvjovj' H0 yekjdfyb /bgj'tpf bvbc itcf[t,^ hjv ithxtdf 

vbqt,ekbf ewyj,b byntycbdj,bc vmjht gefcjybc rfyjyb' ufyfobkt,ekb utythfkehb 

th'j,kbj,blfy&  dbyfblfy  /bgj'tpf h'ekbf^ egbhdtktc .jdkbcf itdfafcj' byntycbdj,f& 

vjyfwtvt,bc cfaesdtkpt 
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 )28...413472311(
200

1
̂ 

yekjdfyb /bgj'tpbc cfvfh'kbfyj,bc  gbhj,t,ib^ =2.9  byntycbdj,bc vmjyt gefcjybc 

ufyfobkt-,bc cfdfhfelj lfrdbhdt,ekb  ne=nP{X=k} vybidytkj,t,b vjwtvekbf  3    

w[hbkib  

w[hbkb 3    

lfrdbhdt,t,b 

k 

cb[ibht 
n0 P{X=k} 

vjcfkjlytkb 
cb[ibht 

ne 
0 14 0.0550 11.00 
1 31 0.1596 31.91 
2 47 0.2314 46.27 
3 41 0.2237 44.73 
4 29 0.1622 32.43 
5 21 0.0940 18.81 
6 10 0.0455 9.09 
7 5 0.0188 3.77 
8 2 0.0068 1.37 

>8 0 0.0031 0.61 
 


2 cnfnbcnbrbc hbw[db'b vybidytkj,bc ufvjcf'dktkfl dbcfhut,kjl 4 w[hbkb' 

w[hbkb 4    

k n0 ne n0-ne (n0-ne)
2 (n0-ne)

2/ne 

0 14 11.00 3.00 8.9722 0.81530 
1 31 31.91 -0.91 0.8344 0.02614 
2 47 46.27 0.73 0.5263 0.01137 
3 41 44.73 -3.73 13.9282 0.31136 
4 29 32.43 -3.43 11.7699 0.36292 
5 21 18.81 2.19 4.7969 0.25501 
6 10 9.09 0.91 0.8255 0.09080 
7 5 3.77 1.23 1.5217 0.40400 

>8 2 1.98 0.02 0.0004 0.00020 
     2.27714 

 

dbyfblfy N=200  vybidytkj,t,c ijhbc fhbc  k ufyc[dfdt,ekb vybidytkj,f^ 2rhbnthbevbc 

cnfnbcnbrbc  'fdbceakt,bc [fhbc[b  ufvjb'dkt,f ajhvekb'& 

k-p-1, 

cflfw p obyfcofh itafct,ek gfhfvtnh'f hfjltyj,ff& fvhbufl^  dbyfblfy k-p-1=9-1-

1=7, 2 ufyfobkt,bc ptlf rhbnbrekb vybidytkj,f  .067.142

05,0,7  ^ [jkj  cnfnbcnbrbc 

lfrdbhdt,ekb vybidytkj,f 2.77-bc njkbf^  H0 /bgj'tpbc efhd.jabc cfaesdtkb fh udfmdc& 

 
 

 

 

 



 119 

§ 3.* JHB ITHXTDBC LFVJERBLT<KJ<BC ?BGJ"TPBC ITVJOVT<F 
 

 

 ofhvjdblubyj'^ hjv gjgekfwbblfy fqt,ekbf n vjwekj,bc ithxtdf lf fv ithxtdbc 

tktvtynt,b rkfcbabwbht,ekbf jhb raime A lf B ybiybc vb[tldb'& lfdeidf'^ hjv 

lfrdbhdt,f'f .dtkf itcfskj itltub (fy gjgekfwbbc .dtkf tktvtynb) lf.jabkbf A ybiyb' 

A1,...,Ak^ [jkj B ybiyb' B1,...,Br rfntujhbt,fl (fy rkfct,fl)& gjgekfwbbc .jdtkb 

tktvtynb tre'dybc pecnfl th' rfntujhbfc A ybiybc itcf,fvbcb hjvtkbvt rkfcblfy lf 

fctdt pecnfl th' hjvtkbvt rfntujhbfc B ybiybc vb[tldb'& fvbnjv lfrdbhdt,ekb 

vjyfwtvt,b b.jaf rk hfjltyj,bc AiBj fhf'fdct,fl ]ueafl&  

        'e nij -b' fqdybiyfd' bv vjyfwtv'f hfjltyj,fc^ hjvkt,bw th'lhjekfl tre'dybfy A 

ybiybc i-eh lf B ybiybc j-eh rfntujhbfc lf xfdoth' fv cblbltc w[hbkbc i-ehb cdtnbcf lf 

j-ehb cnhbmjybc uflfrdt'fpt^ vbdbqt,' jhufypjvbkt,bfy (kr-pt) ybify'f iteqkt,bc 

mdtvj' vj.dfybk w[hbkc^ hjvtkcfw b.tyt,ty A lf B ybiyt,bc lfvjerblt,kj,bc /bgj'tpbc 

itcfvjovt,kfl& 

 

w[hbkb 5   ybify'f iteqkt,bc  sixSiruli w[hbkb 

 B 
B1 B2 … Bj … Br 



A  

A1 n11 n12 … n1j … n1r n1   

A2 n21 n22 … n2j … n2r n2  (12.5) 

                  

Ai ni1 ni2 … nij … nir ni   

                  

Ak nk1 nk2 … nkj … nkr nk   

 n1 n2 … n j … nr n   

 

fv w[hbkib (ni,1ik) lf (nj,1jr) cblbltt,b fqybiyfdc A lf B ybiyt,bc itcf,fvbc 

vfhubyfkeh cb[ibhtt,c& 

 ni ofhvjflutyc ithxtdbc bv tktvtyn'f cb[ibhtc^ hjvkt,bw vj[dlyty i-eh rkfcib 

A ybiybc vb[tldb'^ [jkj nj fhbc ithxtdbc tktvtyn'f hfjltyj,f^ hjvkt,bw vj[dlyty j-eh 

rkfcib B ybiyb'& 

 itdybiyj'^ hjv ni (itcf,fvbcfl n.j) i-eh cnhbmjyib (itcf,fvbcfl j-eh cdtnib) 

vjwtvek cb[ibht'f ]fvbc njkbf 

ni= 


r

j
ijn

1

, n.j=


k

i
ijn

1

. 

 ufhlf fvbcf^ w[hbkbc .dtkf nij cb[ibht'f ]fvb lfrdbhdt,f'f cfth'j hbw[dbc^ fye 
ithxtdbc vjwekj,bc njkbf lf 






k

i

in
1

 = 




r

j

jn
1

 =  
 

k

i

r

j
ijn

1 1

 = n. 
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 itvjdbqj' itvltub fqybidyt,b 

 Pij-b' fqdybiyj' fk,f'j,f bvbcf^ hjv gjgekfwbblfy itv'[dtdb' fhxtek tktvtynb 

fqvjxylt,f th'lhjekfl A ybiybc  i-ehb lf B ybiybc  j-ehb rfntujhbfib& vfiby  

Pi  = 


r

j
jiP

1

 bmyt,f fk,f'j,f bvbcf^ hjv gjgekfwbbc tktvtynb fqvjxylt,f i-ehb 

rfntujhbfib  A ybiybc vb[tldb'^ [jkj 

P j = 


k

i
jiP

1

 – fk,f'j,f bvbcf^ hjv gjgekfwbbc tktvtynb vj[dlt,f j-eh 

rfntujhbfib B ybiyb'& 

fvhbufl^ xdty itudbskbf xfd'dfkj'^ hjv (12.5) ofhvjflutyc  n lfvjerblt,tkb 

lfrdbhdt,bc itltuc fk,f'eh vjltkpt^ hjvkbc th'j,kbdb ufyfobkt,bc rfyjybf 

 

w[hbkb 6   niSanTa erToblivi ganawilebis cxrili 

 Y 
B1 B2 … Bj … Br 



X  

A1 P11 P12 … P1j … P1r P1  (12.6) 

A2 P21 P22 … P2j … P2r P2   

                  

Ai Pi1 Pi2 … Pij … Pir Pi   

                  

Ak Pk1 Pk2 … Pkj … Pkr Pk   

 P1 P2 … P j … Pr 1   

 

cflfw A1,A2,...,Ak fhbc A ybiybc itcfskj itltub^ [jkj B1,B2,...,Br – fhbc B ybiybc itcfskj 

itltubf& 

 

'fy[vj,bc /bgj'tpbc itvjovt,f&  

hjltcfw Pij fk,f'j,t,b vjwtvekbf^ fv fk,f'j,f'f (12.5) lfrdbhdt,ek vjyfwt-

vt,'fy 'fy[vj,bc /bgj'tpbc itcfvjovt,kfl itbskt,f ufvjdb.tyj' 




2
 = 

 
 
 

k

i

r

j ji

jiji

Pn

Pnn

1 1

2

.    (12.7) 

cnfnbcnbrf^ hjvtkbw vbf[kjt,b' 2 rfyjyb' fhbc ufyfobkt,ekb^ hjvkbc 'fdbceakt,bc 

[fhbc[b  f =(rk–1)-bc njkbf^ th'flth'b^  
 

k

i

r

j

jin
1 1

= n  itpqeldbc ufvj& 

lfvjerblt,kj,bc /bgj'tpbc itvjovt,f& 

hjltcfw A lf B ybiyt,b lfvjerblt,tkbf^ vfiby .jdtkb i-cf lf j-cf'dbc eylf 
itchekltc njkj,f 

Pi j = Pi  P. j,  1  i  k,  1  j  r,   (12.8) 

cflfw 
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




k

i
iP

1

 = 1, 




r

j
jP

1

=1.    (12.9) 

hjujh eylf itdfvjovj' A lf B ybiyt,bc lfvjerblt,kj,bc /bgj'tpf 
fhct,ekb lfrdbhdt,t,bc cfaesdtkpt~ 

 

f) ufydb[bkj' itv'[dtdf^ hjltcfw Pi  lf P. j vfhubyfkehb ufyfobkt,t,b wyj,bkbf& 

fv itv'[dtdfib (12.7) ajhvekb' vjwtvekb 



2 cnfnbcnbrf^ Pi j fk,f'j,t,bc vfh-

ubyfkehb ufyfobkt,t,b' ufvjcf[dbc itvltu bqt,c itvltu cf[tc% 

 




2
 = 

 

  

k

i

r

j ji

jiji

PPn

PPnn

1 1

2

    (12.10) 

(12.7) udfsktdc ]fveh uflf[hfc vjcfkjlytk lf lfrdbhdt,ek cb[ibhtt,c ijhbc& fv 

cnfnbcnbrfv itbskt,f rhbnbrek vybidytkj,fpt lblb vybidytkj,f vbbqjc /bgj'tneh 

vfhubyfkeh ufyfobkt,t,cf lf vfhubyfkeh cb[ibhtt,c ijhbc ufyc[dfdt,bc lf fhf A lf B 

ybiyt,c ijhbc lfvjrblt,ekt,bc fhct,j,bc ufvj& fvbnjv 2


  cnfnbcnbrblfy ufvj.jaty jh 

rjvgjytync 

2
1



  = 
 


 

 
k

i i

ii

Pn

Pnn

1

2

, 2
2



  =
 


 

 r

j j

jj

Pn

Pnn

1

2

 , (12.11) 

  

(hjvkt,bw ufvjcf[fdty /bgj'tneh vfhubyfkeh ufyfobkt,t,cf lf vfhubyfkeh cb[ibhtt,c 

ijhbc uflf[hbc cblbltc) lf lfvjerblt,kj,bc /bgj'tpbc itcfvjovt,kfl b.tyt,ty 

2
3



 = 2


 – 2
1



 – 2
2



  c[dfj,fc& (12.10) lf (12.11) ajhvekt,blfy^ vfhnbdb ufhlfmvyt,bc itvltu 

dbqt,'^ hjv 

 

2
3



 = 2


 – 2
1



 – 2
2



 =
 

 


  

k

i

r

j ji

jiijjiji

PnP

PPnPnPnn

1 1

2

 .  (12.12) 

 

hflufy 2


 , 2
1



  lf 2
2



  cnfnbcnbrt,c lff[kjt,b' fmd' 2 ufyfobkt,f lf vf'b 'fdbceakt,bc 

[fhbc[t,b itcf,fvbcfl (rk–1)-bc, (k–1)-bcf lf (r–1)-bc njkbf (itdybiyj'^ hjv 2
3



  

cnfnbcnbrf lflt,b'bf)^ 2
3



  cnfnbcnbrfw vbf[kjt,b' ufyfobkt,ekb bmyt,f 2 rfyjyb' lf 

vbcb 'fdbceakt,bc [fhbc[b njkb bmyt,f rjvgjytynt,bc 'fdbceakt,bc [fhbc['f 

c[dfj,bc^ fye  f = (rk–1) – (r–1) – (k–1) = (r–1)(k–1)& fvhbufl^ 2
3



  cnfnbcnbrf itbskt,f 

ufvj.tyt,ekb bmytc ybify'f lfvjerblt,kj,bc /bgj'tpbc itcfvjovt,kfl^ wyj,bkb 

vfhubyfkehb ufyfobkt,t,bc itv'[dtdfib& 

jhb ithxtdbc lfvjerblt,kj,bc /bgj'tpbc itvjovt,f& 

jhufypjvbkt,bfy (kr-pt) ybify'f iteqkt,bc (12.5) w[hbkbc cf[bc vjyfwtvt,b fhbc  n 

lfvjerblt,tkb lfrdbhdt,bc itltub fk,f'eh vjltkpt^ hjvkbc th'j,kbdb 
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ufyfobkt,bc rfyjybf (12.6) lf Pi , Pj vfhubyfkehb ufyfobkt,t,b wyj,bkbf& 

yekjdfyb /bgj'tpf% H0 : P1j = P2j =  = Pkj, j=1,2,...,r 

fknthyfnbekb /bgj'tpf% Ha : H0 fh fhbc vfh't,ekb 

cnfnbcnbrbc vybidytkj,f 2
3



 = 2


 – 2
1



 – 2
2



 =
 

 


  

k

i

r

j ji

jiijjiji

PnP

PPnPnPnn

1 1

2

 

efh.jabc fht       2
  2

)1()1(,  rk  

 

 

vfufkb'b 5. cfbkecnhfwbjl vjdb.dfyj' ,tbncjybc wyj,bkb vfufkb'b nr,bkb 

ve[eljc jhb ybiybc utybc lfvjrblt,ekj,bc itcf[t,& th'b ybifyb ofhvjflutyc .dfdbkbc 

itathbkj,fc (bbcathb fy ob'tkb)^ [jkj vtjht ittcf,fvt,f .dfdbkbc vndhbc ajhvfc 

(vjuhsj fy vhudfkb)& ( b[bkt vjyfwtvt,b mdtvj' vj.dfybk ybify'f iteqkt,bc (7 w[hbkib) 

 

w[hbkb 7. nr,bkb ve[eljc ufyfobkt,f vbcb .dfdbkbc athbcf lf vndhbc ajhvbc vb[tldb' 
 .dfdbkbc itathbkj,f 
vndhbc ajhvf bbcathb ob'tkb cek 

vjuhsj 296 27 323 

vhudfkb 19 85 104 

cek 315 112 427 

 

xfd'dfkj'^ hjv 7 w[hbkb ofhvjflutyc  n=427 lfvjerblt,tkb lfrdbhdt,bc itltuc 

fk,f'eh vjltkpt^ hjvkbc th'j,kbdb ufyfobkt,bc rfyjybf 

w[hbkb 8. 

 .dfdbkbc itathbkj,f 
vndhbc ajhvf bbcathb ob'tkb cek 

vjuhsj 9/16 3/16 3/4 

vhudfkb 3/16 1/16 1/4 

cek 3/4 1/4 1 

 
ufyfobkt,bc rfyjybc 'fyf[vfl lfidt,ekbf^ hjv vfhubyfkehb ufyfobkt,t,b b.jabfy 

1:3 ghjgjhwbb'^ fye fk,f'j,f bvbcf^ hjv itv'[dtdb' fqt,ek ve[eljc .dfdbkc 

fqvjfxylt,f ob'tkb athb (itcf,fvbcfl bbcathb) njkbf 1/4-bc (itcf,fvbcfl 3/4-bc)^ [jkj 

fk,f'j,f bvbcf^ hjv vbcb .dfdbkbc vndhbc ajhvf vudhfkb fy vjuhsjf fctdt itcf,fvbcfl 

1/4-bcf lf 3/4-bc njkbf& 'e tc jhb vf[fcbf't,tkb vtvrdblhtj,b' th'vfyt'bcfufy 

lfvjerblt,kfl uflftwtvf^ vfiby cb[ibhtt,b^ ybify'f iteqkt,bc 7 w[hbkib^ lff[kjt,b' 

eylf frvf.jabkt,lyty 9:3:3:1 afhlj,fc& 

dbwb' hf vfhubyfkehb ufyfobkt,t,b^ yekjdfyb /bgj'tpbc lhjc dbfyufhbij' 2


  

cnfnbcnbrbc vybidytkj,f (12.10) ajhvekbc vb[tldb' itvltuyfbhfl  
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 nij jiij PPP   ji PPn    jiij PPnn   2
 jiij PPnn  

 

ji

jiij

PnP

PPnn



 /
2

 

vjuhsj/ 
bbcathb 296 0.75 240.1875 55.8125 3115.035 12.96918 
vhudfkb/ 
bbcathb 19 0.25 80.0625 61.0625 3728.629 46.57148 
vjuhsj/ 
ob'tkb 27 0.75 80.0625 53.0625 2815.629 35.16789 
vhudfkb/ 
ob'tkb 85 0.25 26.6875 58.3125 3400.348 127.4135 

n= 427    
2



 = 222.122 
 

fyfkjubehfl ufvjb'dkt,f 2
1



  lf 2
2



  cnfnbcnbrt,bc hbw[db'b vybidytkj,t,b: 

 ni Pi. n Pi. ni.- nPi. 
           (ni.- nPi.)

2         (ni.- nPi.)
2/nPi. 

vjuhsj 323 0.75 320.25 2.75 7.5625 0.0236 
vhudfkb 104 0.25 106.75 -2.75 7.5625 0.0708 

n= 427    
2
3



 = 0.0944 
 

 n.j P.j nP.j n.j- nP.j 
        (n.j- nP.j)

2        (n.j- nP.j)
2/ nP.j 

bbcathb 315 0.75 320.25 -5.25      27.5625 
               

0.086066 
ob'tkb 112 0.25 106.75 5.25       27.5625               0.258197 

n= 427    
2
3



 =             0.3443 
 
fvhbufl  

2


 =222.122, 2
1



 =0.0945 lf 2
2



 = 0.3443- 

lf fk,f'j,f bvbcf^ hjv 3-bc njkb 'fdbceakt,bc [fhbc[bc 2 ufyfobkt,bc vmjyt 

itv'[dtdb'vf cblbltv vbbqjc fv hbw[dpt lblb vybidytkj,f^ sfkbfy vwbhtf (vfufkb'fl^ fv 

ufyfobkt,bc 0.01 fk,f'j,bc itcf,fvbcb rhbnbrekb vybidytkj,f 11.345-bc njkbf) tc 

vbe'b't,c bvfpt^ hjv cfth'j uflf[hf tmcgthbvtynbc htfkeh lf vjcfkjlytk itltut,c 

ijhbc lblbf& dyf[j'^ [jv fh fhbc tc uflf[hf ufvjodtekb bvb'^ hjv w[hbkib vjwtvekb 

vfhubyfkehb cb[ibhtt,b fh t'fy[vt,bfy xdtyc lfidt,fc wfkrtek ybify'f 1:3 ghjgjhwbb' 

ufyfobkt,bc itcf[t,& (b[& w[hbkb 8) 2
1



  lf 2
2



  cnfnbcnbrt,bc hbw[db'b vybidytkj,t,b 

sfkbfy vwbhtf 1-bc njkb 'fdbceakt,bc [fhbc[bc vmjyt 2 ufyfobkt,bcf'dbc& tc ybiyfdc^ 

hjv wfkrt fqt,ekb dtmnjhb (.dfdbkbc athb fy vbcb vndhbc ajhvf) bct'b cb[ibhb' xylt,f^ 

hjujhw vjcfkjlytkb b.j& 

 vtcfvt rjvgjytynbcf'dbc udfmdc% 

2
3



 =221.6833, 

hfw sfkbfy lblbf 1-bc njkb 'fdbceakt,bc [fhbc[bc 
2 ufyfobkt,bcf'dbc& fv 

cnfnbcnbrt,bc cfth'j vybidytkj,f 

2


  = 0.0945+0.3443+221.6833 = 222.1221 
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fxdtyt,c^ hjv chekb uflf[hf /bgj'tpbcfufy rjywtynhbht,ekbf ]fvbc vtcfvt 

rjvgjytynib& fvbnjv^ uflf[hf /bgj'tneh lf htfkeh cb[ibhtt,c ijhbc ufvjodtekbf 

ufy[bkek ybiyt,c ijhbc lfvjrblt,ekt,b' lf /bgj'tpf bvbc itcf[t,^ hjv .dfdbkbc athb 

lf vbcb vndhbc ajhvf vtvrdblhtj,b' th'vfyt'bcfufy lfvjerblt,kfl uflftwtvf eylf 

eredfulj'&   

 

 ,) ufydb[bkj' itv'[dtdf^ hjltcfw Pi  lf Pj vfhubyfkehb ufyfobkt,t,b ewyj,bf& 

   

fv itv'[dtdfib  ybify'f lfvjerblt,kj,bc H0 /bgj'tpf^ hjvtkbw (12.8) njkj,bc 

itchekt,fc ybiyfdc^ fh fpecnt,c ewyj, gfhfvtnh'f (fye vfhubyfkeh ufyfobkt,f'f) 

vybidytkj,fc lf cfzbhj [lt,f vf'b itafct,f vjwtvekb ithxtdbc cfiefkt,b'& 'e 





iP  = 
n

n i 
, jP 



 = 
n

n j
.                            (12.13) 

itafct,t,c xfdcdfv' (12.10) ajhvekb' vjwtvek ufvjcf[ekt,fib^ vfhubyfkehb 
ufyfobkt,t,bc yfwdkfl^ vbdbqt,' 

2


  = 
  


















k

i

r

j ji

ji

ji

n

nn

n

nn
n

1 1

2

                               (12.14) 

cnfnbcnbrfc& 
 
 
 
 

jhb ithxtdbc lfvjerblt,kj,bc /bgj'tpbc itvjovt,f& 

jhufypjvbkt,bfy (kr-pt) ybify'f iteqkt,bc 5 w[hbkbc cf[bc vjyfwtvt,b fhbc  n 

lfvjerblt,tkb lfrdbhdt,bc itltub fk,f'eh vjltkpt^ hjvkbc th'j,kbdb 

ufyfobkt,bc rfyjybf (12.6) lf Pi , Pj vfhubyfkehb ufyfobkt,t,b ewyj,bf& 

yekjdfyb /bgj'tpf% H0 : P1j = P2j =  = Pkj, j=1,2,...,r 

fknthyfnbekb /bgj'tpf% Ha : H0 fh fhbc vfh't,ekb 

cnfnbcnbrbc vybidytkj,f  
2
 = 

  


















k

i

r

j ji

ji

ji

n

nn

n

nn
n

1 1

2

 

efh.jabc fht       2
  2

)1()1(,  rk  

 

 
 

vfufkb'b 6. cjwbjkjuc cehc itfvjovjc /bgj'tpf bvbc itcf[t,^ hjv j]f[ib 

,fdidt,bc hfjltyj,f fh fhbc lfvjrblt,ekb j]f[bc itvjcfdfkpt& itv'[dtdb'b ithxtdbc 

itltut,b^ hjvtkbw vbqt,ekbf 385 j]f[pt lfrdbhdt,b'^ vjwtvekbf 9 w[hbkib% 
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w[hbkb 9. 

,fdidt,bc 
hfjltyj,

f 

itvjcfdfkb (f'fcj,b' $-ib) 

0–6 

A]ueab 

6–12 

B]ueab 

12–18 

C]ueab 

18-pt vtnb 

D]ueab 
cek 

0 
10 

 

9 

 

18 

 

24 

 
61 

1 
8 

 

12 

 

25 

 

31 

 
76 

2 
24 

 

28 

 

23 

 

28 

 
103 

3 
26 

 

24 

 

20 

 

6 

 
76 

4 fy vtnb 
32 

 

22 

 

18 

 

7 

 
79 

cek 100 95 104 96 395 

 

fhbc 'e fhf tc vjyfwtvt,b cfrvfhbcfl 'dfkcfxbyj bvbcf'dbc^ hjv =0.01 ylj,bc ljyb' 

vbdbqj' /bgj'tpf j]f[ib ,fdidt,bc hfjltyj,bc j]f[bc itvjcfdkbcfufy 

lfvjerblt,kj,bc itcf[t,~ 

fvj[cyf% 
2 cnfnbcnbrbc lfrdbhdt,ekb vybidytkj,bc ufvjcf'dktkfl 

dbcfhut,kjl itvltub w[hbkb' 

 

 
0

ijn  n

nn
n

jie

ij


  0

ijn - e

ijn   
2

0

ijn e

ijn    e

ij

e

ij nn /n
2

0

ij   

A0 10 15.44 -5.44 29.63 1.92 
A1 8 19.24 -11.24 126.35 6.57 
A2 24 26.08 -2.08 4.31 0.17 
A3 26 19.24 6.76 45.69 2.37 
A4 32 20.00 12.00 144.00 7.20 
B0 9 14.67 -5.67 32.16 2.19 
B1 12 18.28 -6.28 39.42 2.16 
B2 28 24.77 3.23 10.42 0.42 
B3 24 18.28 5.72 32.74 1.79 
B4 22 19.00 3.00 9.00 0.47 
C0 18 16.06 1.94 3.76 0.23 
C1 25 20.01 4.99 24.90 1.24 
C2 23 27.12 -4.12 16.97 0.63 
C3 20 20.01 -0.01 0.00 0.00 
C4 18 20.80 -2.80 7.84 0.38 
D0 24 14.83 9.17 84.17 5.68 
D1 31 18.47 12.53 156.98 8.50 
D2 28 25.03 2.97 8.80 0.35 
D3 6 18.47 -12.47 155.52 8.42 
D4 7 19.20 -12.20 148.84 7.75 

     58.44 
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vtcfvt cdtnib vj'fdct,ekb hbw[dt,b ofhvjflutyc w[hbkbc (i;j) e]hfib j]f[t,bc 

vjcfkjlytk hfjltyj,bc itafct,fc&  

fvhbufl^ cnfnbcnbrbc lfrdbhdt,ekb vybidytkj,f  58.44-bc njkbf^ [jkj 

'fdbceakt,bc [fhbc[b njkbf (r–1)(k–1)=12.  rhbnbrekb  vybidytkj,ff 2
12, 0.01=26.2170. 

uflfo.dtnbkt,f% hflufy 2


 > 
2

12, 0.01^ xdty efhd.ja' H0-/bgj'tpfc^ fye dfcrdyb'^ hjv 

j]f[ib ,fdidt,bc hfjltyj,f lf j]f[bc itvjcfdfkb fh ofhvjflutyc lfvjerblt,tk 

rkfcbabrfwbt,c& 
 
 

KK RB"{DT<B "DB"ITVJOVT<BCF"DBC 

 

1. Camoayalibe araparametruli hipoTeza diskretuli ganawilebisTvis 

2. gansazRvre 2   ganawileba diskretuli ganawilebisTvis 

3. gansazRvre gadawyvetilebis miRebis wesi araparametrul 

hipoTezaSi diskretuli ganawilebisTvis 

4. Camoayalibe araparametruli hipoTezis Semowmebis algoriTmi 

uwyveti ganawilebis funqciisTvis 

5. uwyveti populaciis mniSvnelobaTa simravlis dayofis ori: tol 

albaTobaTa da tol mniSvnelobaTa dayofis xerxebi 

araparametruli hipoTezis Semowmebis algoriTmSi  

6. gansazRvre 2   ganawileba uwyveti ganawilebisTvis 

7. gansazRvre gadawyvetilebis miRebis wesi araparametrul 

hipoTezaSi uwyveti ganawilebisTvis 

8. gansazRvre erToblivi  niSanTa (orniSniani) SeuRlebis   

sixSiruli cxrili 

9. gansazRvre orniSniani erToblivi albaTuri ganawilebis cxrili 

10. Camoayalibe jhb ithxtdbc lfvjerblt,kj,bc /bgj'tpf, hjltcfw Pi  lf P. j 

vfhubyfkehb ufyfobkt,t,b wyj,bkbf&  

11. Camoayalibe jhb ithxtdbc lfvjerblt,kj,bc /bgj'tpf, hjltcfw Pi  lf Pj 

vfhubyfkehb ufyfobkt,t,b ewyj,bf& 
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CFDFH}BIJT<B 
 

12.1. 164 cneltynbc cbvfqkt'f ufpjvdb' vbqt,ekb itltut,b lf]ueat,ekbf 
vjyfwtvt,bc [e' c[dflfc[df bynthdfkib vj[dtlhbc vb[tldb' 

bynthdfkbc 
cbuhst lbebvt,ib 

cb[ibhtt,b 

61–64 

65–68 

69–72 

73–76 

77–80 

10 

21 

83 

49 

1 

t'fy[vt,f 'e fhf tc vjyfwtvt,b /bgj'tpfc^ hjv cbvfqkt'f ufyfobkt,f yjhvfkehbf 

cfiefkj vybidytkj,b' 70 lbebvb lf cfiefkj rdflhfnekb uflf[hb' 3 lbebvb (1 

lbebvb=2.5cv) 
 

12.2. mdtvj' vj.dfybk w[hbkib fqybiyekbf th' vfqfpbfib rjyrhtnekb cfmjykbc 
htfkbpfwbf'f hfjltyj,t,b rdbhbc lqtt,bc vb[tldb' 

lqt jhif,f'b cfvif,f'b j'[if,f'b [e'if,f'b gfhfcrtdb 

uf.blekb  
cfmjykbc 

hfjltyj,f 
49 35 32 39 45 

itbskt,f 'e fhf lfdfcrdyf'^ hjv uf.blekb cfmjytkb 'fyf,hfl fhbc ufyfobkt,ekb rdbhbc 
lqtt,bc vb[tldb' (fye t'fy[vt,f 'e fhf tc vjyfwtvt,b 'fyf,fh lbcrhtnek ufyfobkt,fc)~ 

 

12.3. vjwtvekbf 1725 vjcofdkbc rkfcbabrfwbf (1) nfycfwvkbc [fhbc[bcf lf (2) 

ujyt,hbdb eyfhbc vb[tldb'& vtjht ybiybc itv'[dtdfib vbqt,ekb b.j fct'b uhflfwbf A – 

ujyt,hbdfl xfvjhxtybkb^ B – ytkb lf xkeyub^ C – xkeyub^ D – ytkb vfuhfv zrdbfyb^ E – 

cfrvfjl zrdbfyb^ F – firfhfl eyfhbfyb^ G – ahbfl eyfhbfyb& ufycfpqdhj'^ fhbc 'e fhf 
xfwvekj,bc [fhbc[b lfvjrblt,ekb ujyt,hbd eyfhpt&  

 

hjujh bwdfvc 

eyfhb 

Alf

B 
C D E F G ]fvb 

sfkbfy rfhufl 33 48 113 209 194 39 636 

rfhufl 41 100 202 255 138 15 751 

fhf eifdc 39 58 70 61 33 4 265 

welfl 17 13 22 10 10 1 73 

]fvb 130 219 407 535 375 59 1725 

 

12.4. w[hbkib vj.dfybkbf 818 itv'[dtdf^ hjvkt,bw rkfcbabwbht,ekbf jhb ybiybc 

vb[tldb' (1) fwhbkbf 'e fhf mjkthbc obyffqvltu (2) lffdfllf 'e fhf& 
 

 
fhflffdflt,e

kyb 
lffdflt,ekyb ]fvb 

fwhbkt,b 276 3 279 
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fhffwhbkt,b 473 66 539 

]fvb 749 69 818 

 
ufycfpqdht' fv vjyfwtvt,bc vb[tldb'^ tatmnehbf 'e fhf fwhf fdflv.jaj,bc 

ufdhwtkt,bc obyffqvltu&  
 

12.5. itdflfhj' vrehyfkj,bc jhb vt'jlb& 80 fdflv.jablfy 40 vrehyfkj,c 

cgtwbabrehb cfiefkt,b'^ 40 rb rjycthdfnjhekfl& vrehyfkj,bc itltut,b uf.jabkbf 3 

rkfcfl: cohfab ufyrehyt,f^ ytkb ufyrehyt,f^ eitltuj vrehyfkj,f& itltut,b 'fdvj.hbkbf 
w[hbkib& 

 

vrehyfkj,bc  

itltub 

v r e h y f k j , f 

]fvb rjycthdfnj

hekb 

cgtwbabrehb 

cohfab 
ufyrehyt,f 

14 22 36 

ytkb 
ufyrehyt,f 

18 16 34 

eitltuj 
vrehyfkj,f 

8 2 10 

]fvb 40 40 80 

 
 ufycfpqdht'^ vjmvtlt,c 'e fhf f[fkb vt'jlb' vrehyfkj,f vrehyfkj,bc 

itltupt& 
 

12.6. d'mdf' udfbynthtct,c ufydcfpqdhj' fhbc 'e fhf fhct,b'b ufyc[dfdt,f 
htuekfhekb cfntktdbpbj ghjuhfvt,bc vf.eht,tk'f ijhbc vf'b cmtcbc vb[tldb'& 
fqt,ekbf itv'[dtdb'b ithxtdf lf .jdtk gbhjdyt,fc trb'[t,bfy 'e hjvtk ghjuhfvfc 
fybzt,c bc egbhfntcj,fc& ufvjrb'[dbc itltut,b vj.dfybkbf w[hbkib 

 
cfcehdtkb 

cfntktdbpbj 
ghjuhfvf 

vf.eht,tk'f cmtcb 
]fvb 

rfwt,b mfkt,b 

(

1) 

dtcnthyb 32 18 50 

(

2) 

nhbkthb 17 13 30 

(

3) 

lhfvf 27 33 60 

(

4) 

rjvtlbf 13 7 20 

(

5) 

dfhbtnt 24 16 40 

]fvb 113 87 200 

 
ufycfpqdht'^ tobyffqvltut,f 'e fhf vj.dfybkb vjyfwtvt,b yekjdfy /bgj'tpfc 

cfntktdbpbj ghjuhfvt,bc vf.eht,tk'f cmtcbcfufy lfvjerblt,kj,bc itcf[t,& 
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12.7. vfhrtnbyubc vtyt]thc cehc ufycfpqdhjc fhbc 'e fhf fhct,b'b ufyc[dfdt,f 
htubjyt,c ijhbc^ ufhrdtekb f[fkb ghjlemnbc vj[vfht,bc 'dfkcfphbcb'& mdtvj' 
vj.dfybkb vjyfwtvt,b vbqt,ekbf fv ghjlemnbc vjv[vfht,tk'f ithxtdb'b vt'jlb' 
ufvjrb'[dbc itltufl& 

 

vj[vfht,b
c [fhbc[b 

mfkfmb 
]fvb 

,f'evb me'fbcb ',bkbcb 'tkfdb 

(

1) 

lf,fkb 22 35 0 5 62 

(

2) 

pjvbthb 84 55 8 24 171 

(

3) 

vfqfkb 25 17 22 12 76 

]fvb 131 107 30 41 309 

 
yekjdfyb /bgj'tpf ybiyfdc mfkfmbcfufy ghjlemnbc vj[vfht,bc [fhbc[bc 

lfvjerblt,kj,fc& bfyufhbit' 2 cnfnbcnbrf& ufycfpqdht' sbhb'flb cnfnbcnbrbc 
'fdbceakt,bc [fhbc[b& ufycfpqdht' sbhb'flb cnfnbcnbrbc rhbnbrekb vybidytkj,f& 
ufycfpqdht'^ eylf vbdbqj'^ 'e eredfulj' yekjdfyb /bgj'tpf& 
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leqcia XIV, XV  umcires kvadratTa meTodi da wrfivi regresia 
 
$1. umcires kvadratTa meTodis warmodgena 

 
vTqvaT raime statistikuri populaciis aRmweri X da Y SemTxveviTi sidideebi 

dakavSirebulia Y= (X) funqcionaluri damokidebulebiT, Tanac  _ CvenTvis  ucnobi 

funqciaa. statistikis erT-erTi ZiriTadi amocanaa X daY sidideebze cdiseuli 

dakvirvebebis safuZvelze  ganisazRvros.    damokidebuleba. 

 davuSvaT rom arsebobs saSualeba cdiseul X = xi mniSvnelobaze (X sididis i-

ur realizaciaze) ganisazRvros, gaizomos (cdiseulad) Y sidide. e.i. zomadia Semdegi 
sidide:    

{Y/X = xi}. 

vTqvaT  tardeba n damoukidebeli cda. i -uri cdis CatarebiT Y sididis realizacia 

aRvniSnoT   yi -iT, maSin yi      xi  sididesTan SeiZleba funqcionalurad ase davakavSiriT: 

yi =  (xi) + i , 

sadac  vuSvebT rom i _ i -uri cdis“”SemTxveviTi cdomilebaa”, ise rom i -

cdomilebis molodini 0-is tolia. davuSvaT, rom 

              E{Y/X= xi} = (xi). 

e.i. Y SemTxveviTi sididis“”saSualo” mniSvneloba (maT.lodini), roca X sidide miiRebs 

Tavis xi mniSvnelobas tolia  (xi)-is. am pirobiT maTematikur lodins(rogorc x-ze 

damokidebul funqcias),     

             E{Y/X = x} = (x) 

ewodeba Y sididis regresiis wiri X  sidideze. 

Y= (X) _ funqcionaluri damokidebulebis aRdgena, Sefaseba, ageba SerCeviTi {xi,yi }
n

i 1  

sidideebiT _ gamoyenebiTi statistikis umniSvnelovanesi amocanaa.mas  
regresiuli analizis amocana ewodeba.        

      SevniSnoT, rom E i =0, e.i. SemTxveviTi cdomilebis “saSualo” nulis tolia, rac 

realobis bunebrivi warmodgenaa. ganvixilavT SemTxvevas, roca D i = 2 , i= n,1  da i _ 

normaluri kanoniTaa ganawilebuli: i _ N(0, 2 ). i  damoukidebelia j -gan ( ji  ). 

vTqvaT X= xi  realizaciaze Y sididis modeluri, funqcionaluri  mniSvnelobaa          

 

                                                 )(ˆ
ii xy  .   

xolo  yi _ i - uri cdis realizaciaa Y sidideze, romelic zogadad gansxvavdeba misi 

modeluri (regresiuli) iŷ  mniSvnelobisgan da gansxvaveba tolia  i -uri cdis 

SemTxveviTi cdomilebis: 

    iiiiii xxyy   )()(ˆ .  

Tu sakoordinato sibrtyeze movniSnavT (xi ,yi) wertilebs da gavatarebdiT savaraudo 

y= )(x - wirs, maSin (xi ,yi) wertilebi gabneuli iqnebian wiris gaswvriv i  “mcire” 

cdomilebis rigiT. e.i.  yi _SemTxveviTi sidide ganawilebulia normaluri kanoniT, 

maTematikuri molodiniT: E ii yy ˆ  , dispersiiT: D iy = 2 . “3 ”-s wesis gaTvaliswinebiT 

SeiZleba warmovadginoT Semdegi grafikuli interpretacia: 
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                                                                                      )(xy   

                           3ˆ iy  

                          

                         )(ˆ
ii xy   

                                 iy                          i  

                           3ˆ iy  

 
 
 
 

                                    0                          ix                           x 

 
 

Cven ganvixilavT Semdeg regresiul amocanas:  {xi,yi }
n

i 1   -cdiseul monacemebze  

dayrdnobiT aigios iseTi  - funqcia, romelic  “saukeTesod” aRwerdes  (eTanadebodes)  

cdiseul Sedegebs garkveuli azriT. 
 es amocana cnobilia eqsperimentul  monacemTa  “gagluvebis”  amocanis saxiT, 
romlis zogadi amocanidan gamovyofT erT, metad gavrcelebul amocanas, rodesac ar 

arsebobs  y= )(x  funqciis saxe, Tumca is ekuTvnis garkveul funqciaTa F klass, sadac  

funqciebi gansxvavdebian erTi an ramodenime parametris ricxviTi mniSvnelobebiT. 
vTqvaT 

    )(x = ),...,,;( 21 mx  , 

sadac  m ,...,, 21   _raime parametrebia. maSin )(x _ saukeTeso funqciis povna 

daiyvaneba m ,...,, 21   parametrTa Sefasebaze, gamomdinare cdiseuli monacemebis  

gamoyenebiT. e.i. gamoikveTa parametruli Sefasebis statistikuri amocana. da ra Tqma 
unda parametrTa Sefasebani aiReba maTi dasaSveb mniSvnelobaTa aridan.                
 “parmetrTa saukeTeso Sefaseba” SeiZleba gagebul iqnas sxvadasxva azriT. Cven 
momavalSi am cnebas davukavSirebT umcires kvadratTa meTods, romelic praqtikaSi 
rogorc yovelTvis gvaZlevs damakmayofilebel da zogjer sakmaod karg Sedegebs-
Sefasebebs. rac mTavaria mivyavarT umartives gamoTvlebamde. 

gansazRvreba 1: m ,...,, 21  ucnobi parametrebi, romlebic cxadad iZlevian  

Y= ),...,,;( 21 mx   damokidebulebas , ganisazRvrebian ”saukeTesod” umcires 

kvadratTa maTodis azriT , Tu iy  _ eqsperimentaluri mniSvnelobebisgan 

),...,,,(ˆ
21 mii xy  _ modeluri, gagluvebul (regresiuli) mniSvnelobaTa gadaxrebis  

ii yy ˆ , i= n,1 , kvadratebis jami minimaluria: e.i. minimaluria: 
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    



n

i

mii xy
1

2

21

2 )],...,,,([   

    
_ sidide.  

    Tu {xi,yi}_realizaciebia, maSin 
     

           ),...,,( 21

22

m   (14.1) 

 
da umcires kvadratTa meTodis amocana miiyvaneba mravalcvladiani funqciis 

eqstremumis wertilis povnis amocanaze. Tu  ( **

2

*

1 ,...,, m )  (14.1) funqciis minimumis 

wertilia: 
     

                    



n

i

miim xy
m 1

2

21
,...,,

**

2

*

1

2 )],...,,,([min),...,,(
21




, 

 

maSin mas ewodeba ( m ,...,, 21 ) -parametrTa umcires kvadratTa meTodis azriT 

saukeTeso Sefaseba: ganixileba Sefaseba: 
 

                     ),...,,;()( **

2

*

1

*

mxx                     (14.2) 
 

romelsac regresiuli wiri ewodeba da yoveli  X=x  realizaciisas keTdeba 
“prognozi” 

Y sididis mniSvnelobisTvis:  

             )(* xY  .                          (14.3) 

 
ganmarteba 2:  Y sididis mniSvnelobis prognozi, roca cnobilia X=x mniSvneloba, 
ganisazRvreba (14.3) tolobiT. 

prognozi saSualebas iZleva cdis Cautareblad X=x mniSvnelobaze SevafasoT Y  
sididis mniSvneloba, romelic saukeTeso iqneba umcires kvadratTa meTodis azriT.  

 
 
 
 
 
umcires kvadratTa meTodis amocanis amoxsnis erTi realizacia 

Tu   funqcias gaaCnia uwyveti pirveli rigis kerZo warmoebulebi,  
k





 2

; k m,1  

maSin gamoviyenebT  ra eqstremumis arsebobis aucilebel pirobas (cxadia minimumi 

arsebobs: 2 0 ), maSin miviRebT eqstremumis wertilTa povnis gantolebaTa sistemas,  

(m gantoleba,m ucnobi): 
 

     
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
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.           (14.4) 

         k= 1,2,…,m 
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Tu (14.4) sistemis amoxsna ( **

2

*

1 ,...,, m ), 2 _funqciis minimumis wertilia, maSin igi 

warmoadgens umcires kvadratTa meTodis  amocanis amoxsnas, anu ),...,,( 21 m  

parametrTa Semfasebels: 
 

                             ),...,,( 2211

*

nnkk yxyxyx  ,    mk ,1 .              (14.5) 

ra Tqma unda saWiro iqneba *

k  _SemfasebelTa statistikuri gamokvleva: ndobis 

intervalTa ageba, korelaciuri analizi, statistikur hipoTezTa Semowmeba. yovelive 

es amocanebi gadawydeba mocemuli F funqciaTa klasis magaliTebze: wrfivi, kvadratuli 
da a.S. aq Cven ganvixilavT mxolog wrfiv SemTxvevas. 
 
 
 
$2. wrfivi regresiuli analizis elementaruli Sefasebani.  

 
ganvixiloT F funqciaTa wrfivi klasis magaliTi. vTqvaT bkxx )(  _ wrfivi 

regresiaa: maSin 





n

i

ii bkxy
1

22 .)(  2 = 2 (k,b).                   (14.6) 

ganvixiloT gantolebaTa sistema: 
 

0
2






k


            




n

i

iii xbkxy
1

0)(  

           

0
2






b


            




n

i

ii bkxy
1

0)( ,                                                     (14.7) 

 
saidanac vRebulobT erTaderT amoxsnas:  
 

2'2

11

2

111*

~

x

xy

n

i

i

n

i

i

n

i

i

n

i

i

n

i

ii

S

R

xxn

YxYxn

k 





















  

                                                                                          (14.8) 

.** xkyb   

sadac xyR
~

= yxxyRxy 
~

_SerCeviTi kovariaciaa X daY sidideebs Soris; 

2

xS = 2

1

22 )(
11

n

n

i

ix x
n

x
n

S  


- SerCeviTi dispersiaa                                                                            

radgan 2 -s  gaaCnia minimumi, amitom (k*,b*) _ 2 -is eqstremumis erTaderTi wertili 
iqneba, amitom is minimumis wertilia: 
 

).,(inf),( 2

),(

**2

2
bkbk

Rbk



  

e.i.  k* da b* statistikebi k da b parametrebis saukeTeso Sefasebebia(umcires 
kvadratTa azriT). 

maSin bkxx )(  _ wrfivi regresia sabolood miiRebs aseT saxes: 
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                                   x
S

R
yX

S

R
YXY

x

xy

x

xy

22

~~

)(   

iqidan, rom SerCeviTi korelaciis kieficienti ganisazRvreba rogorc 

yx

xy

xy
SS

R
~

~   , 

maSin  Y= (X) _ wrfivi regresiis wiri miiRebs saxes: 

                                          ).(~ xX
S

S
yY

x

y

xy                        (14.9) 

miRebuli wrfe yvela y=kX+b wrfeebidan yvelaze sukeTesod”umcires kvadratTa 
meTodis azriT aRwers XY   damokidebulebas. 

 e.i. wrfivi regresiuli wiris asagebad saWiroa  yxxy SSxy ,,~,,   _ SerCeviTi 

parametrebis gamoTvla. SevniSnoT, rom wrfivi regresiis wiri gadis ),( yx  wertilebze:  

 

                                     y 

  

                                                     ** bxky   

                          iy  

                          y  

 
       

                                             x    ix                        x 

 
 
 
 
 

SeniSvna: sakoordinato sibrtyeze ( ii yx , ), ni ,...,2,1  wertilTa simravles monacemTa 

gabnevis diagrama ewodeba. 
 
 
 
 
$3 wrfivi regresiis parametrTa Sefaseba ndobis intervalTa meTodiT 

 

       imisTvis,  rom  *k   da  *b   Semfaseblebis  safuZvelze  gavakeToT  daskvnebi   

k   da  b   parametrebis  Sesaxeb,  visargebloT  daSvebiT,  rom  Y -is  ganawileba  

fiqsirebuli  jx -Tvis  aris  normaluri.  SeiZleba vaCvenoT,  rom  k   da  b   ucnobi  

parametrebis  *k   da  *b   Semfaseblebi  normalurad  iqneba  ganawilebuli 

(fiqsirebuli  ),...,,( 21 nxxx   realizaciisTvis) Semdegi parametrebiT: 

*k  
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bN . 

                          

axla  k   da  b   parametrebisTvis  )1(  - donis  ndobis  intervalebis  agebis   
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Sesaxeb.:  

 1.   Tu  2   cnobilia,  maSin  ndobis  intervalTa  agebis  cnobili  midgomis 
gamoyenebiT, )1(    donis  ndobis  albaTobiT  gveqneba  Semdegi  ndobis  intervalebi  

k   da  b  
parametrebisTvis. 
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2.   Tu  
2  ar  aris  cnobili,  maSin  agebuli  ndobis  intervalebSi  

2 -is  nacvlad  
Caismeba  misi  miaxloeba,  Caunacvlebeli  statistika: 

 






n

j

jj bxky
n

S
1

2**2' )(
2

1
 . 

Tumca  arsebobs  ufro  zusti  midgomac da gveqneba Semdegi intervalebi: 
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SevniSnoT, rom  agebuli  ndobis  intervalebis  bazaze  SeiZleba  ganxiluli  iyos  
statistikuri  parametruli  hipoTezebi  b   da  k (aseve   )  parametrebis  mimarTac 

(aq ar ganvixilavT). 
 
 
 
 
$4  magaliTebis ganxilva wrfivi regresiis gamoyenebaze 
 

ufydb[bkj' vfufkb'b: eshfdb mjyt,bc rjvgfybbc futync cehc ufyzdhbnjc th'b 

j]f[bcf'dbc ufyre'dybkb cfw[jdht,tkb cf[kbc ufcf.blb afcb& uekvjlubyt ufyc]bc 

itvltu vfy lffcrdyf^ hjv cf[kbc ufcf.blb afcb .dtkfpt vzblhjl lfrfdibht,ekbf vbc afh-

'j,'fy& fv /bgj'tpbc itcfvjovt,kfl vfy itv'[dtdb' itfhxbf flht uf.blekb 15 cf[kbc 

vjyfwtvt,b^ hjvkt,bw 'fdvj.hbkbf mdtvjvj.dfybk w[hbkib^ cflfw ufvj.tyt,ekbf 
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fqybidyt,b% X – cf[kbc afh'j,b (10v2)^ Y – cf[kbc ufcf.blb afcb ($1000)^ hflufyfw xdtyc 

vbpfyc itflutyc cf[kbc afcbc (lfvjrblt,ekb wdkflb) ghjuyjpbht,f vbcb afh'j,bc 

(ghtlbmnjhbc) vtidtj,b'& 

 

 

w[hbkb 1 

x Y x Y x Y 

20.0 89.5 14.3 82.5 22.0 112.6 

14.8 79.9 27.5 126.3 19.0 120.8 

20.5 83.1 16.5 79.3 12.3 78.5 

12.5 56.9 24.3 119.9 14.0 74.3 

 18.0 66.6 20.2 87.6 16.7 74.8 

 

1& Chart Wizard – (XY Scatter) aeymwbbc ufvj.tyt,b' itdflubyj' uf,ytdbc lbfuhfvf  
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uf,ytdbc lbfuhfvblfy xfyc^ Y wdkflbc X-bcfufy lfvjrblt,ekt,fib 'fdc bxtyc 

ohabdj,bc ntyltywbf lf itcfskt,tkbf^ hjv vfhnbdvf htuhtcbfv rfhufl fqothjc bub& 

vfifcflfvt^ fvjwfybc vf'tvfnbreh vjltkfl itbskt,f fdbhxbj'  (aq B1=
*k   lf    B0 =

*b ) 

Yi = B0 + B1xi +i , 

 

2&  ufvjd'dfkj' cblbltt,b% 


n

i
ix

1

, 


n

i
iY

1

, 


n

i
ix

1

2 , 


n

i
iY

1

2 , 


n

i
iiYx

1

, 

fvbcf'dbc itdflubyj' itvltub cf[bc w[hbkb% 

w[hbkb 2. 

n xi Yi 
2
ix  2

iY  xi Yi 

1 20.0 89.5 400.00 8010.25 1790.00 

2 14.8 79.9 219.04 6384.01 1182.52 

3 20.5 83.1 420.25 6905.61 1703.55 

4 12.5 56.9 156.25 3237.61 711.25 

5 18.0 66.6 324.00 4435.56 1198.80 

6 14.3 82.5 204.49 6806.25 1179.75 

7 27.5 126.3 756.25 15951.69 3473.25 

8 16.5 79.3 272.25 6288.49 1308.45 

9 24.3 119.9 590.49 14376.01 2913.57 

10 20.2 87.6 408.04 7673.76 1769.52 
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11 22.0 112.6 484.00 12678.76 2477.20 

12 19.0 120.8 361.00 14592.64 2295.20 

13 12.3 78.5 151.29 6162.25 965.55 

14 14.0 74.3 196.00 5520.49 1040.20 

15 16.7 74.8 278.89 5595.04 1249.16 

 272.6 
1332.

6 
5222.24 124618.42 25257.97 

udtmyt,f% 

x = 


n

i
ix

n 1

1
=

15

6.272
=18.17,   Y = 



n

i
iY

n 1

1
=

15

6.1332
=88.84. 

w[hbkib xfnfht,ekb ufvj'dkt,bc vtidtj,b' fldbkfl ufvjb'dkt,f SSX, SSXY lf SSY 

cblbltt,bw^ 'e dbcfhut,kt,' ufvfhnbdt,ekb ajhvekt,b'% 

SSX=
 

n

x
x i

i

2
2 
 , SSY=

 
n

Y
Y i

i

2
2 
 , SSXY=

   
n

Yx
Yx

ii

ii


   

vbdbqt,'% 
SSX= 268.19, SSY = 6230.24, SSXY = 1040.18. 

3.    ufvjd'dfkj' B0 =
*b  lf B1=

*k     itafct,t,b (14) ajhvekt,b'&  vbdbqt,'% 

b1=
X

XY

SS

SS
=

19.268

18.1040
=3.88 ,  b0=Y –b1 x =88.84–3.8818.17=18.34. 

fvhbufl htuhtcbbc ohabc itafct,ff% 



Y  = 18.34+3.88x 

vjyfwtvt,b udfsktdc itvltu uhfabrek cehf'c 
 

                      Y
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yf[&  14.1 

rjtabwbtynt,bc bynthghtnfwbf& b1-bc ufvj'dkbkb vybidytkj,ff 3.88 ($1000-ib)^ hfw 

ybiyfdc^ hjv cf[kbc afh'j,bc .jdtkb th'b th'tekb' ufphlf bodtdc cf[kbc afcbc 

cfiefkjl $3880-b' ufphlfc& fvfc'fy b0 =18.34. hjujhw flht d'mdb'^ b0 fhbc bc othnbkb^ 

hjvtkibw htuhtcbbc itafct,ekb ohat rdt'c Y qthsc^ t&b&^ hjwf x=0,


Y =18.34 ($1000-ib)^ 

fye yekjdfyb afh'j,bc cf[kbc cfiefkj afcbf $1834^ hfw fphc vjrkt,ekbf& hjujhw 

otcb^ xdty fh itudbskbf vbdwt' 


Y -c byntghtnfwbf^ hjltcfw X wdkflbc vybidytkj,f fh 

tre'dybc X-bc lfrdbhdt,ek x1,x2,...,xn vybidytkj,f'f uf,ytdbc lbfgfpjyc^ fye hjwf 

x<xmin=min(x1,x2,..,xn) fy x>xmax=max(x1,x2,..,xn). ufy[bkek vfufkb'ib xmin=12.3, xmax=27.5& 

hflufy x=0 fh tre'dybc [12.3;27.5] bynthdfkc^ fvbnjv xdty fh itudbskbf 


Y  vybidytkj,bc 

cfbvtlj bynthghtnbht,f^ hjwf x=0. 
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4& ufvjd'dfkj'  SSE Semdegi formuliT: 

SSE = SSY –
X

XY

SS

SS 2)(
 =6230,24 –

19.268

)18.1040( 2

=21995.88, 

cfblfyfw  vbbqt,f ewyj,b lbcgthcbbc -bc  
*2  itafct,f 

*2 = S2
=

2n

SSE
=

13

88.21995
=168.91. 

5& ufvjd'dfkj' 
0bS lf 

1bS  Sesabamisi variaciis koeficientebis formulebiT:  

2

0bS = 168,91 
 19,26815

24,5222
219.26,   2

1bS = 168,91  
19,268

1
 0.794, 

1bS  = 0.794. 

6& ufvjd'dfkj' ltnthvbyfwbbc rjtabwbtynb% 

R
2
 = 1– 

SST

SSE
= 0.648. 

ltnthvbyfwbbc rjtabwbtynbc ufvj'dkbkb vybidytkj,f udbxdtyt,c^ hjv vfhnbdb 

htuhtcbb' fb[cyt,f cf[kbc ufcf.blb afcbc dfhbfwbbc v[jkjl 64.8%, lfyfhxtyb 35.2% 

fe[cytkb hxt,f& cfzbhjf itbhxtc c[df vjltkb& 

7&  Tu davrCebiT am modelSi, maSin fdfuj' ylj,bc bynthdfkb B1-bcf'dbc&  

ylj,bc ljytl fdbqj' 0.95.  maSin zemod Cawerili formulebis Tanaxmad 0.95  

ylj,bc fk,f'j,b' fut,ekb ylj,bc bynthdfkbf 

 [1.49, 6.27 ]. 

Aanalogiura gamoiTvleba B0 -is  ylj,bc bynthdfkb. 

8& fdfuj' ylj,bc bynthdfkb E(Y|X=x*)-bcf'dbc^ x*=20& ylj,bc ljytl fdbqj' 1=0.95, 

/2=0.025. dbcfhut,kj' ndobis intervalis formuliT prognozis 

mniSvnelobisTvis, romelic misi gamoTvlis parametrebis ndobis 

intervalebis mativi, wrfivi gardaqmnebiT miiReba. flht xfnfht,ekb 

ufvj'dkt,b', hflufy b0=18.34, b1=3.88^ fvbnjv htuhtcbbc ohabc itafct,ff  



Y (x)=18.34+3.88x 
 lf 




*)(xY


Y (20) = 18.34 + 3.88·20 = 95.94. 

fvhbufl        


Y (20) = 95.94. 

x = 18.17 , SSX = 268.19, t 0,025, 13=2.16 

f[kf ufvjd'dfkj' 

t13,0.025S
22

2*

)(

)(1

xx

xx

n
i 


  = 2.16013

19.268

)17.1820(

15

1 2
  = 7.9 

vfifcflfvt 0.95 ljybc ylj,bc bynthdfkb bmyt,f 

95.94  7.9,         fye                 88.04<E(Y|X=20)<103.84     . 
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KK RB"{DT<B "DB"ITVJOVT<BCF"DBC 

 

1. Camoayalibe umciresi kvadratebis meTodis gamoyenebis idea ori 
statistikuri populaciis funqcionaluri damokidebulebis 
dasadgenad 

2. ra aris regresiis wiri da “SemTxveviTi” Secdoma regresiul 
modelSi 

3. Camoayalibe regresiuli analizis amocana, rogorc parametruli 
Sefasebis meTodi ori statistikuri populaciis funqcionaluri 
damokidebulebis dasadgenad 

4. umcires kvadrtTa meTodis azriT saukeTeso Semfasebeli da 
prognozis cneba regresiul amocanebSi 

5. regresiuli amocanis erTi gadawyvetis Sesaxeb 
6. wrfivi regresia da umcires kvadratTa meTodi: regresiis 

parametrebis Sefaseba umciresi kvadratebiT 
7. wrfivi regresiis parametrebis Sefaseba ndobis intervalebis 

meTodiT 
8. amoxseni magaliTebi wrfivi regresiis gamoyenebaze EXCEL-is 

funqciebiis saSualebiT 
 
 

 
 

 

§ 5. EXCEL-is wrfivi regresiis amocanebi 

 

vfhnbd ohabd htuhtcbek vjltk'fy lfrfdibht,b' ufydb[bkj' EXCEL -bc 

itvltub cnfnbcnbrehb aeymwbt,b: 

DEVSQ, INTERCEPT, LINEST, PSQ. 

 
vjdb.dfyj' fqybiyekb cnfnbcnbrehb aeymwbt,bc xfothbcfc ufvj.tyt,ekb fqybidyt,bc 

bynthghtnfwbf lf ibyffhcj,hbdb lfndbh'df  

bynthghtnfwbf lf ibyffhcj,hbdb lfndbh'df  

fqybidyf ibyffhcb 
Known y's wyj,bkb lfvjrblt,ekb wdkflbc vybidytkj,t,b 

Known x's wyj,bkb lfvjerblt,ekb wdkflbc vybidytkj,t,b 

x lfvjerblt,tkb wdkflbc vybidytkj,f 

Const  fvfc'fy 'e const=0^ vfiby buekbc[vt,f htuhtcbbc ohat uflbc 
rjjhlbyfn'f cf'fdtpt& 

 
DEVSQ    aeymwbbc xfothbc cbynfmcb fct'bf: 

DEVSQ  (Number1,Nuvber2).   

aeymwbf DEVSQ ufvjb'dkbc  lfrdbhdt,ekb vybidytkj,t,bc vf'b cfiefkj 

vybidytkj,blfy uflf[ht,bc rdflhfnt,bc ]fvc  (14.7)  ajhvekbc cfaesdtkpt&  

INTERCEPT aeymwbbc xfothbc cbynfmcb fct'bf: 

INTERCEPT (Known y's, Known x's).   

INTERCEPT aeymwbf ufvjb'dkbc^ evwbhtc rdflhfn'f vt'jlbc cfaesdtkpt^   Bo 

rjtabwbty-nbc  bo itafct,fc (14.6) ajhvekb'&  
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LINEST aeymwbbc xfothbc cbynfmcb fct'bf: 

LINEST(Known y's, Known x's,const,Stats).   

LINEST aeymwbf ufvjb'dkbc^ evwbhtc rdflhfn'f vt'jlbc cfaesdtkpt^   B1 

rjtabwbtynbc b1 itafct,fc&  

 

FORECAST aeymwbbc xfothbc cbynfmcb fct'bf: 

FORECAST (x,Known y's, Known x's).   

FORECAST aeymwbf ufvjb'dkbc itafct,ekb htuhtcbbc ohabc cfaesdtkpt cfghjuyjpj 

vybidytkj,fc& 

PSQ aeymwbbc xfothbc cbynfmcb fct'bf: 

PSQ (Known y's, Known x's,). 

PSQ aeymwbf ufvjb'dkbc gbhcjybc rjhtkfwbbc rjtabwbtynbc rdflhfnc^ ltnthvbyfwbbc 

rjtabwbtynbc vybidytkj,fc (14.19) ajhvekb'&  

 
 
 
 

CFDFH}BIJT<B 
 

itvlujvb fvjwfyt,b SegiZliaT fvj[ctyb' Excel-bc ufvj.tyt,b' 
 

14.1. ufvjcfhrdtdbf hjujhff lfvjrblt,ekb ihjvbc yf.jabtht,f (Y) cfveifj'f 
vtmfybpfwbbc ljybcfufy (X) 14 cfvhtodtkj cfofhvjc vjyfwtvt,b'& cfveifj'f vtmfybpfwbbc 
ljyt ofhvjflutyc fv[cytk wdkflc& vjyfwtvt,b vj.dfybkbf w[hbkib 
 

cfofhvj  1       2       3       4       5       6       7       8       9      10     11     12     13    

14 

X 
20     24     28     30     31     33     34     37     38     40     41     43     45     

48 

Y 
32     30     36     40     41     47     56     54     60     55     61     67     69     

76 

 
f) ffut' ylj,bc bynthdfkb E(Y | x

*
)-'dbc^ hjwf x* 

= 40. 

,) ffut' ylj,bc bynthdfkb Y(x
*
)-bcf'dbc^ hjwf x* 

= 40. 

14.2. abhvt,vf^ hjvtk'f ,bpytcbf cohfab ,tzldf-ufvhfdkt,f^ htrkfvbcf'dbc 
ufvj.jabkb 'fy[f (X) lf[fh]tc mfkfmbc fdnj,ect,bc ufxtht,t,pt ufyw[flt,t,bc 
ufvjrdhfib& fvjwfyf vlujvfhtj,c ufdfhrdbj' hfvltyfl tatmnehb b.j fct'b htrkfvf^ 
hjujh bvjmvtlf vfy ghjlemwbbc ufcfqt,bc ljytpt (Y)& vjyfwtvt,b vjwtvekbf w[hbkib% 
 

abhvt,b   A       B       C       D       E 

X (f'fcb) 
 2       4      5       7       3 

Y (f'fcb) 
10    40     30    50      20 

 
itfafct' 'dbehb uf.bldf^ hjvtkbw $4500 cfhtrkfvj [fh]t,b' fhbc ufvjodtekb& 
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14.3. fuhjyjvb^ hjvtkbw veifj,c @fuhbrj#-ib fofhvjt,c tmcgthbvtynt,c '[tdflb 
cfcemb'^ njkb cblblbc vbobc yfrdt't,pt& (X) cfcembc hfjltyj,f (njyf)^ (Y) itvjcfdfkb 
(fcb ,eitkb)& vjyfwtvt,b vjwtvekbf w[hbkib% 

yfrdt'b  A       B       C       D 

X 
 2       1        3           4 

Y 
 7      3          8        10 

itfafct'^ 'e hfvltyb vjcfdfkb vjdf 3 njyf cfcembc ufvj.tyt,b'& 

14.4. r,bkbc gfcnbc uf.bldt,b^ hjujhw xfyc^ skbthflff lfvjrblt,ekb htrkfvbc 
ljytpt& htrkfvbc okbeh [fh]t,cf lf uf.bldt,c ijhbc lfvjrblt,ekt,f c[dflfc[df 
gfcnbc vofhvjt,kbcf'dbc vjwtvekbf w[hbkib% 

  A       B       C       D 

okbehb [fh]b htrkfvfpt (vbkbjyb $) 
 2       4      3       1 

okbehb uf.bldt,b ( vbkbjyb $) 
50     70    60     20 

f) cfiefkjl hf vjwekj,bc uf.bldt,bf vjcfkjlytkb^ 'e htrkfvfpt ufotekbf $1.9 
vbkbjybc [fh]t,b~ 
,) hfc elhbc 95% ylj,bc bynthdfkb gfcnt,bc cfiefkj uf.bldt,bcf'dbc^ bv ]ueabcf'dbc^ 
hjvtk'f htrkfvfpt lfb[fh]f $1.9 vbkbjyb~ 

14.5. itvltu w[hbkib ofhvjlutybkbf fvthbrbc itth't,ek infnt,bc (X) gbhflb 
ovbylf itvjcfdkt,bcf lf (Y) cfvjv[vfht,kj [fh]t,bc (vbkbfhl $-ib) vjyfwtvt,b 1964-

1968  okt,ib 
 

X 
401     433     466     492     

537 

Y 
438     473     512     547     

520 

14.6. c[dflfc[df abyfycehb bycnbnenbc vbth lflutybkb cfghjwtynj ufyfrdt't,b 
itcfskjf fcf[fdltc bvfc^ 'e hfvltyfl vrfwhflff lfwekb vf' vbth ufwtvekb ctc[t,bc 
itafct,bc cnfylfhnt,b% hfw eahj lf,fkbf cfghjwtynj ufyfrdt'b (X)^ vb' eahj vfqfkbf 
cnfylfhnt,b (lf^ vfifcflfvt^ eahj lf,fkbf ctc[t,bc lfe,heyt,kj,bc (ltajknt,bc) (Y) 
ufyfrdt'b& fv 'dfkcfphbcbc itvjovt,bc vbpyb' ituhjdt,ekbf itv'[dtdb' 9 abyfycehb 
rjvgfybbc vjyfwtvt,b^ hjvkt,bw ofhvjlutybkbf w[hbkb'% 

 

X 7,0 6,6 6,0 8,5 8,0 7,5 6,5 7,0 8,0 

Y 38 40 35 46 48 39 36 37 44 

 

vjst,yt' 95%-bfyb cfghjuyjpj bynthdfkb ltajknt,bc ufyfrdt'bcf'dbc^ hjltcfw 
cfghjwtynj ufyfrdt'b  8%-bc njkbf& 

14.7. mdtvjvj.dfybkb vjyfwtvt,b ofhvjflutyc lfrdbhdt,t,c rdt,bc ghjlemnt,pt 
cfwfkj afct,bc byltmcbcf (Y) lf cfvhtodtkj ofhvjt,bc byltmcbc (X) vybidytkj,t,pt 10 
okbc vfysbkpt& 
 

otkb   1        2        3        4        5        6        7        8       9        10 

Y 
100    101    113    115    113    113    111    112    115    120 
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X 
  64     75       81      84      91      85      96      99    100      93 

ffut' 95%-bfyb ylj,bc bynthdfkb afct,bc byltmcbc cfiefkj vybidytkj,bcf'dbc lf 99%-
bfyb cfghjuyjpj bynthdfkb afct,bc byltmcbcf'dbc^ hjltcfw cfvhtodtkj byltmcbc 
vybidytkj,ff x*

=98. 

14.8. mdtvjvj.dfybkb vjyfwtvt,b ofhvjflutyc ]fvehb cfvjv[vfht,kj rhtlbnbcf ($ 

vbkbjyj,b') (X) lf abyfyceh lf cfvhtodtkj ufrjnht,f'f hfjltyj,bc (f'fcj,b')  (Y) 
lfrdbhdt,ek vybidytkj,t,c ufhrdtekb 10 okbc ufyvfdkj,fib 
 

otkb   1        2        3        4        5        6        7        8       9        

10 

Y 
 21      23      28      31      32      39      43      45     46       

52 

X 
 92      80      76      89     111    110    127    137    150    

141 
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danarTi (cxrilebi) 
 
 
A0. EXCEL-bc cnfnbcnbrehb aeymwbt,b 

 

A1. cnfylfhnekb yjhvfkehb ufyfobkt,bc aeymwbbc vybidytkj,t,b 

 

A2. cnfylfhnekb yjhvfkehb ufyfobkt,bc ptlf -rhbnbrekb othnbkt,b (z)  

 

A3. 
2
 ufyfobkt,bc ptlf -rhbnbrekb othnbkt,b ( 2

,n ) 

 

A4. t ufyfobkt,bc ptlf -rhbnbrekb othnbkt,b (tn,) 
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A0. EXCEL-bc cnfnbcnbrehb aeymwbt,b 

 

AVERAGE(x1:xn) 


n

i

ix
n 1

1
 

BINOMDIST(k,n,p,0) Pn{Sn = k} = k
nC

 
p

k 
(1–p)

n-k
 

BINOMDIST(k,n,p,1) P{Sn  k}= 


k

i

i
nC

0

 p
I
(1–p)

n-I
 

CHIDIST(x,n) P{
2
(n)>x} 

CHIINV(p,n) P{
2
(n)>x}=p    x 

COMBIN(n,r) r
nC =

!r

Ar
n  = 

)!(!

!

rnr

n


 

CONFIDENCE(,,n) 






 


n
z 2/  

CORREL(x1:xn, y1:yn) 
YX

yx

YX




),cov(
,  

COUNT(x1:xn) n   –   vjyfwtv'f hfjltyj,f 

COVAR(x1:xn, y1:yn) cov(X,Y)=   ))((
1

YiXi yx
n

= yxyx
n

n

i
ii 

1

1
 

CRITBINOM(n,p,) =P{Sn  k}= 


k

i

i
nC

0

 p
i
(1–p)

n-i
    k 

DEVSQ(x1:xn) 



n

i
i xx

1

2)(  

EXPONDIST(x,,0) f(x;)=e
–x

 

EXPONDIST(x,,1) F(x;)=1–e
–x

 

FACT(n) n! 

FDIST(x,n1,n2) P{F(n1,n2)>x} 

FINV(,n1,n2) =P{F(n1,n2)>x}    x 

FORECAST(x,y1:yn,x1:xn) y=b0+b1x 

FREQUENCY(x1:xn,k) vjyfwtv'f hfjltyj,f hjvkt,bw fh fqtvfnt,f k-c 

FTEST(x1:xn, y1:ym)  22
, yxnn ssFP

yx
 +
















22,

1

yx

nn
ss

FP
yx

 

HYPGEOMDIST(k,n,A,N) P(k,n,A,N)=
A
N

kA
nN

k
n

C

CC 


 

INTERCEPT(y1:yn,x1:xn) b0-bc itafct,f ohabdb htuhtcbbcf'dbc 

KURT(x1:xn) 
3

3)(

ns

xx 
, fcbvtnhbbc rjtabwbtynb 
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LARGE(x1:xn,k) elbltcb k-ehb otdhb 

LINEST(y1:yn,x1:xn,1,  ) b1 itafct,f^ hjltcfw vjltkib b0 yekbc njkbf 

LINEST(y1:yn,x1:xn,0,  ) b1 itafct,f^ hjltcfw vjltkib b0 fh elhbc yekc 

MAX(x1:xn) max(x1;x2;...;xn) 

MEDIAN(x1:xn) x~ =median(x1;x2;...;xn) 

MIN(x1:xn) min(x1;x2;...;xn) 

MODE(x1:xn) vjlf 

NORMDIST(x,,,0) f(x)=
2

2

2

)(

22

1







x

e  

NORMDIST(x,,,1) F(x)= 









x
t

dte
2

2

2

)(

22

1
 

NORMINV(p,,) p=
2

2

2

)(

22

1









x

e       x 

NORMSDIST(x) (x)= 






x t

dte 2

2

2

1
 

NORMSINV(p) p= 






x t

dte 2

2

2

1
      x 

PERCENTILE(x1:xn,p) P=p100  hbubc ghjwtynbkb (0p1) 

PERMUT(n,r) 
r
nA  = 

)!(

!

rn

n


 

POISSON(k,,0) P{X = k} = 
e

k

k

!
 

POISSON(k,,1) P{X  k} = 


k

i

i

e
i1 !

 

PROB(x1:xn, p1:pn,a,b) P{axb} 

QUARTILE(x1:xn,k) 

k=0  Q0=min(x1;x2;...;xn) 

k=1  Q1=gbhdtkb rdfhnbkb (25 ghjwtynbkb) 

k=2  Q2=vtlbfyf^ vtjht rdfhnbkb (50 ghjwtynbkb) 

k=3  Q3=vtcfvt rdfhnbkb (75 ghjwtynbkb) 

k=4  Q4=max(x1;x2;...;xn) 

RSQ(y1:yn,x1:xn) R
2
 

SKEW(x1:xn) 3
)(

4

4




ns

xx
, tmcwtcbc rjtabwbtynb 

SLOPE(y1:yn,x1:xn) b1-bc itafct,f ohabdb htuhtcbbcf'dbc 
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SMALL(x1:xn,k) evwbhtcb k-ehb otdhb 

STANDARDIZE(x,,) 


x
 

STDEV(x1:xn) s' 

STDEVP(x1:xn) s 

SUMPRODUCT(x1:xn, p1:pn) EX=


n

i

ii px
1

 

TDIST(x,n,1) P{T(n)>x} 

TDIST(x,n,2) P{|T(n)|>x} 

TINV(p,n) p= P{|T(n)|>x}      x 

TREND(y1:yn,x1:xn,x,0) 


Y =b1x 

TREND(y1:yn,x1:xn,x,1) 


Y =b1x+b0 

TTEST(x1:xn,y1:yn,k,1) 
k=1, P{Tn,n>t} 

k=2, P{|Tn,n|>t} 

lfo.dbkt,ekb 
vjyfwtvt,bcf'dbc 

TTEST(x1:xn,y1:ym,k,2) 
k=1, P{Tn,m>t} 

k=2, P{|Tn,m|>t} 
ewyj,b^ njkb 
lbcgthcbt,bc itv'[dtdfib 

TTEST(x1:xn,y1:ym,k,3) 
k=1, P{Tn,n>t} 

k=2, P{|Tn,n|>t} 

ewyj,b^ fhfnjkb 
lbcgthcbt,bc itv'[dtdfib 

VAR(x1:xn) 2'ns =
 

)1(
)(

1

1
22

2











nn

xxn
xx

n

ii

i  

VARP(x1:xn) 2
ns =

 
2

22
2)(

1

n

xxn
xx

n

ii
i





  

ZTEST(x1:xn,0,) 

















n

X
ZP n 0 , cflfw Z~N(0,1) 

 

 

Tools/Data Analysis-bc ufvj.tyt,ekb cnfnbcnbrehb aeymwbt,b 
 

Anova: Single Factor, 

Correlation 

Covariance 

Descriptive Statistics 

F-Test Two-Sample for Variances 

Histogram 

Random Number Generation 

Regression 

t-Test: Paired Two Sample for Means 

t-Test: Two Sample Assuming Equal Variances 

t-Test: Two Sample Assuming Unequal Variances 

z-Test: Two Sample for Means 
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A1. cnfylfhnekb yjhvfkehb ufyfobkt,bc aeymwbbc vybidytkj,t,b& 
 
 







x
t

dtex 2

2

2

1
)(  

 
 

 

 

x (x) x (x) x (x) x (x) x (x) x (x) 

0.00 0.500 0.33 0.629 0.66 0.745 0.99 0.838 1.32 0.906 1.65 0.950 

0.01 0.503 0.34 0.633 0.67 0.748 1.00 0.841 1.33 0.908 1.66 0.951 

0.02 0.507 0.35 0.636 0.68 0.751 1.01 0.843 1.34 0.909 1.67 0.952 

0.03 0.511 0.36 0.640 0.69 0.754 1.02 0.846 1.35 0.911 1.68 0.953 

0.04 0.515 0.37 0.644 0.70 0.758 1.03 0.848 1.36 0.913 1.69 0.954 

0.05 0.519 0.38 0.648 0.71 0.761 1.04 0.850 1.37 0.914 1.70 0.955 

0.06 0.523 0.39 0.651 0.72 0.764 1.05 0.853 1.38 0.916 1.71 0.956 

0.07 0.527 0.40 0.655 0.73 0.767 1.06 0.855 1.39 0.917 1.72 0.957 

0.08 0.531 0.41 0.659 0.74 0.770 1.07 0.857 1.40 0.919 1.73 0.958 

0.09 0.535 0.42 0.662 0.75 0.773 1.08 0.859 1.41 0.920 1.74 0.959 

0.10 0.539 0.43 0.666 0.76 0.776 1.09 0.862 1.42 0.922 1.75 0.959 

0.11 0.543 0.44 0.670 0.77 0.779 1.10 0.864 1.43 0.923 1.76 0.960 

0.12 0.547 0.45 0.673 0.78 0.782 1.11 0.866 1.44 0.925 1.77 0.961 

0.13 0.551 0.46 0.677 0.79 0.785 1.12 0.868 1.45 0.926 1.78 0.962 

0.14 0.555 0.47 0.680 0.80 0.788 1.13 0.870 1.46 0.927 1.79 0.963 

0.15 0.559 0.48 0.684 0.81 0.791 1.14 0.872 1.47 0.929 1.80 0.964 

0.16 0.563 0.49 0.687 0.82 0.793 1.15 0.874 1.48 0.930 1.81 0.964 

0.17 0.567 0.50 0.691 0.83 0.796 1.16 0.876 1.49 0.931 1.82 0.965 

0.18 0.571 0.51 0.694 0.84 0.799 1.17 0.879 1.50 0.933 1.83 0.966 

0.19 0.575 0.52 0.698 0.85 0.802 1.18 0.881 1.51 0.934 1.84 0.967 

0.20 0.579 0.53 0.701 0.86 0.805 1.19 0.882 1.52 0.935 1.85 0.967 

0.21 0.583 0.54 0.705 0.87 0.807 1.20 0.884 1.53 0.936 1.86 0.968 

0.22 0.587 0.55 0.708 0.88 0.810 1.21 0.886 1.54 0.938 1.87 0.969 

0.23 0.590 0.56 0.712 0.89 0.813 1.22 0.888 1.55 0.939 1.88 0.969 

0.24 0.594 0.57 0.715 0.90 0.815 1.23 0.890 1.56 0.940 1.89 0.970 

0.25 0.598 0.58 0.719 0.91 0.818 1.24 0.892 1.57 0.941 1.90 0.971 

0.26 0.602 0.59 0.722 0.92 0.821 1.25 0.894 1.58 0.942 1.91 0.971 

0.27 0.606 0.60 0.725 0.93 0.823 1.26 0.896 1.59 0.944 1.92 0.972 

0.28 0.610 0.61 0.729 0.94 0.826 1.27 0.897 1.60 0.945 1.93 0.973 

0.29 0.614 0.62 0.732 0.95 0.828 1.28 0.899 1.61 0.946 1.94 0.973 

0.30 0.617 0.63 0.735 0.96 0.831 1.29 0.901 1.62 0.947 1.95 0.974 

0.31 0.621 0.64 0.738 0.97 0.833 1.30 0.903 1.63 0.948 1.96 0.975 

0.32 0.625 0.65 0.742 0.98 0.836 1.31 0.904 1.64 0.949 1.97 0.975 
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A1. (ufuhstkt,f) 
 

 

x (x) x (x) x (x) x (x) x (x) 

1.98 0.976 2.26 0.988 2.54 0.994 2.82 0.997 3.10 0.999 

1.99 0.976 2.27 0.988 2.55 0.994 2.83 0.997 3.11 0.999 

2.00 0.977 2.28 0.988 2.56 0.994 2.84 0.997 3.12 0.999 

2.01 0.977 2.29 0.988 2.57 0.994 2.85 0.997 3.13 0.999 

2.02 0.978 2.30 0.989 2.58 0.995 2.86 0.997 3.14 0.999 

2.03 0.978 2.31 0.989 2.59 0.995 2.87 0.997 3.15 0.999 

2.04 0.979 2.32 0.989 2.60 0.995 2.88 0.998 3.16 0.999 

2.05 0.979 2.33 0.990 2.61 0.995 2.89 0.998 3.17 0.999 

2.06 0.980 2.34 0.990 2.62 0.995 2.90 0.998 3.18 0.999 

2.07 0.980 2.35 0.990 2.63 0.995 2.91 0.998 3.19 0.999 

2.08 0.981 2.36 0.990 2.64 0.995 2.92 0.998 3.20 0.999 

2.09 0.981 2.37 0.991 2.65 0.995 2.93 0.998 3.21 0.999 

2.10 0.982 2.38 0.991 2.66 0.996 2.94 0.998 3.22 0.999 

2.11 0.982 2.39 0.991 2.67 0.996 2.95 0.998 3.23 0.999 

2.12 0.983 2.40 0.991 2.68 0.996 2.96 0.998 3.24 0.999 

2.13 0.983 2.41 0.992 2.69 0.996 2.97 0.998 3.25 0.999 

2.14 0.983 2.42 0.992 2.70 0.996 2.98 0.998 3.26 0.999 

2.15 0.984 2.43 0.992 2.71 0.996 2.99 0.998 3.27 0.999 

2.16 0.984 2.44 0.992 2.72 0.996 3.00 0.998 3.28 0.999 

2.17 0.985 2.45 0.992 2.73 0.996 3.01 0.998 3.29 0.999 

2.18 0.985 2.46 0.993 2.74 0.996 3.02 0.998 3.30 0.999 

2.19 0.985 2.47 0.993 2.75 0.997 3.03 0.998 3.31 0.999 

2.20 0.986 2.48 0.993 2.76 0.997 3.04 0.998 3.32 0.999 

2.21 0.986 2.49 0.993 2.77 0.997 3.05 0.998 3.33 0.999 

2.22 0.986 2.50 0.993 2.78 0.997 3.06 0.998 3.34 0.999 

2.23 0.987 2.51 0.993 2.79 0.997 3.07 0.998 3.35 0.999 

2.24 0.987 2.52 0.994 2.80 0.997 3.08 0.998 3.36 0.999 

2.25 0.987 2.53 0.994 2.81 0.997 3.09 0.999 3.37 0.999 

 

 

 

A2. cnfylfhnekb yjhvfkehb ufyfobkt,bc ptlf -rhbnbrekb othnbkt,bc^ z-c 
vybidytkj,t,b 

 
 

 
 

 

 0.1 0.05 0.025 0.125 0.01 0.005 0.002

5 

0.001 

z 1.28 1.64 1.96 2.24 2.33 2.57 2.81 3.08 
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A3. 
2
 ufyfobkt,bc ptlf -rhbnbrekb othnbkt,b^ 2

,n & 
 
 

 
 

 

 

 

n 0.99 0.975 0.95 0.9 0.1 0.05 0.025 0.01 

1 0.0002 0.0010 0.0039 0.0158 2.7055 3.8415 5.0239 6.6349 

2 0.0201 0.0506 0.1026 0.2107 4.6052 5.9915 7.3778 9.2104 

3 0.1148 0.2158 0.3518 0.5844 6.2514 7.8147 9.3484 
11.344

9 

4 0.2971 0.4844 0.7107 1.0636 7.7794 9.4877 
11.143

3 

13.276

7 

5 0.5543 0.8312 1.1455 1.6103 9.2363 
11.070

5 

12.832

5 

15.086

3 

6 0.8721 1.2373 1.6354 2.2041 
10.644

6 

12.591

6 

14.449

4 

16.811

9 

7 1.2390 1.6899 2.1673 2.8331 
12.017

0 

14.067

1 

16.012

8 

18.475

3 

8 1.6465 2.1797 2.7326 3.4895 
13.361

6 

15.507

3 

17.534

5 

20.090

2 

9 2.0879 2.7004 3.3251 4.1682 
14.683

7 

16.919

0 

19.022

8 

21.666

0 

10 2.5582 3.2470 3.9403 4.8652 
15.987

2 

18.307

0 

20.483

2 

23.209

3 

11 3.0535 3.8157 4.5748 5.5778 
17.275

0 

19.675

2 

21.920

0 

24.725

0 

12 3.5706 4.4038 5.2260 6.3038 
18.549

3 

21.026

1 

23.336

7 

26.217

0 

13 4.1069 5.0087 5.8919 7.0415 
19.811

9 

22.362

0 

24.735

6 

27.688

2 

14 4.6604 5.6287 6.5706 7.7895 
21.064

1 

23.684

8 

26.118

9 

29.141

2 

15 5.2294 6.2621 7.2609 8.5468 
22.307

1 

24.995

8 

27.488

4 

30.578

0 

16 5.8122 6.9077 7.9616 9.3122 
23.541

8 

26.296

2 

28.845

3 

31.999

9 

17 6.4077 7.5642 8.6718 
10.085

2 

24.769

0 

27.587

1 

30.191

0 

33.408

7 

18 7.0149 8.2307 9.3904 
10.864

9 

25.989

4 

28.869

3 

31.526

4 

34.805

2 

19 7.6327 8.9065 
10.117

0 

11.650

9 

27.203

6 

30.143

5 

32.852

3 

36.190

8 

20 8.2604 9.5908 10.850 12.442 28.412 31.410 34.169 37.566
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8 6 0 4 6 3 

21 8.8972 
10.282

9 

11.591

3 

13.239

6 

29.615

1 

32.670

6 

35.478

9 

38.932

2 

22 9.5425 
10.982

3 

12.338

0 

14.041

5 

30.813

3 

33.924

5 

36.780

7 

40.289

4 

23 
10.195

7 

11.688

5 

13.090

5 

14.848

0 

32.006

9 

35.172

5 

38.075

6 

41.638

3 

24 
10.856

3 

12.401

1 

13.848

4 

15.658

7 

33.196

2 

36.415

0 

39.364

1 

42.979

8 

25 
11.524

0 

13.119

7 

14.611

4 

16.473

4 

34.381

6 

37.652

5 

40.646

5 

44.314

0 

26 
12.198

2 

13.843

9 

15.379

2 

17.291

9 

35.563

2 

38.885

1 

41.923

1 

45.641

6 

27 
12.878

5 

14.573

4 

16.151

4 

18.113

9 

36.741

2 

40.113

3 

43.194

5 

46.962

8 

28 
13.564

7 

15.307

9 

16.927

9 

18.939

2 

37.915

9 

41.337

2 

44.460

8 

48.278

2 

29 
14.256

4 

16.047

1 

17.708

4 

19.767

7 

39.087

5 

42.556

9 

45.722

3 

49.587

8 

30 
14.953

5 

16.790

8 

18.492

7 

20.599

2 

40.256

0 

43.773

0 

46.979

2 

50.892

2 
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A4. t ufyfobkt,bc ptlf -rhbnbrekb othnbkt,b^ tn,. 

 
 

 
 
 
 

 

n 0.1 0.05 0.025 0.01 0.005 0.0025 0.001 

1 3.078 6.314 12.70

6 

31.82

1 

63.65

6 

127.321 318.289 

2 1.886 2.920 4.303 6.965 9.925 14.089 22.328 

3 1.638 2.353 3.182 4.541 5.841 7.453 10.214 

4 1.533 2.132 2.776 3.747 4.604 5.598 7.173 

5 1.476 2.015 2.571 3.365 4.032 4.773 5.894 

6 1.440 1.943 2.447 3.143 3.707 4.317 5.208 

7 1.415 1.895 2.365 2.998 3.499 4.029 4.785 

8 1.397 1.860 2.306 2.896 3.355 3.833 4.501 

9 1.383 1.833 2.262 2.821 3.250 3.690 4.297 

10 1.372 1.812 2.228 2.764 3.169 3.581 4.144 

11 1.363 1.796 2.201 2.718 3.106 3.497 4.025 

12 1.356 1.782 2.179 2.681 3.055 3.428 3.930 

13 1.350 1.771 2.160 2.650 3.012 3.372 3.852 

14 1.345 1.761 2.145 2.624 2.977 3.326 3.787 

15 1.341 1.753 2.131 2.602 2.947 3.286 3.733 

16 1.337 1.746 2.120 2.583 2.921 3.252 3.686 

17 1.333 1.740 2.110 2.567 2.898 3.222 3.646 

18 1.330 1.734 2.101 2.552 2.878 3.197 3.610 

19 1.328 1.729 2.093 2.539 2.861 3.174 3.579 

20 1.325 1.725 2.086 2.528 2.845 3.153 3.552 

21 1.323 1.721 2.080 2.518 2.831 3.135 3.527 

22 1.321 1.717 2.074 2.508 2.819 3.119 3.505 

23 1.319 1.714 2.069 2.500 2.807 3.104 3.485 

24 1.318 1.711 2.064 2.492 2.797 3.091 3.467 

25 1.316 1.708 2.060 2.485 2.787 3.078 3.450 

26 1.315 1.706 2.056 2.479 2.779 3.067 3.435 

27 1.314 1.703 2.052 2.473 2.771 3.057 3.421 

28 1.313 1.701 2.048 2.467 2.763 3.047 3.408 

29 1.311 1.699 2.045 2.462 2.756 3.038 3.396 

30 1.310 1.697 2.042 2.457 2.750 3.030 3.385 
 
 

 

 

 

 



 152 

s a r C e v i 
 
 
 

1. avtoris winasityvaoba                                                1 

2. leqcia I uwyveti SemTxveviTi sidideebi      2 

3. leqcia II, III albaTobis Teoriis zogierTi zRvariTi Teorema      21 

4. leqcia IV monacemTa pirveladi damuSaveba          35 

5. leqcia V, VI statistikuri populacia da statistika        64 

6. leqcia VII, VIII Sefasebis intervaluri meTodi         77 

7. leqcia IX, X, XI parametrul hipoTezaTa Semowmeba         88 

8. leqcia XII, XIII araparametrul hipoTezaTa Semowmeba       113 

9. leqcia XIV, XV umcires kvadratTa meTodi da wrfivi regresia   130 

10. danarTi (cxrilebi)                                                  143 

11. sarCevi                                                      152 

12. literatura                                                          152 
 

 
 
 

 
 

 

 

 
 

 

 

l i t e r a t u r a 
 
[1] g. sirbilaZe, leqciaTa kursi “monacemTa  analizi da statistika. 2007.                            
[2] g. mari, a. mosiZe, statistika.    saxelmZRvanelo ESM – Tbilisis                                  

studentebisTvis. Tbilisi, 2005. 

[3] James  T. McClave, Terry Sincich, First Course in Statistics, A (9th Edition), ISBN   0131499793,    

2005. 
[4] В.Е. Гмурман. Руководство к решению   задач по теории вероятностей и математичес-                 

кой  статистике. М., Высшая школа, 1998.                            
 
 
 
 
 
 
 
 
 
 


