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c,ab;n½rm:al;GaRs½yeTAnwgtMél µ nig σ  . 
cMNaM³ 
X eKarBtamc,ab;N½rm:al;EdlmansgÇwmKNit E(X)=µ nig v:arüg; σσ =)(X  
sresr . ),( 2σµN
lkçN³³ 
1- edayc,ab;N½rm:al;Cac,ab;RbU)ab‘ÍlIetenaHRklaépÞEdlx½NÐedayExSekagN½rm:al;nigGk½S  

Gab;suIsesµI 1 . 
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                                                      S=1 
 
                                                                         X 
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2-ExSekagN½rm:al;manlkçN³qøúHeFobnwgtMél sgÇwmKNit E(X) . 
 
 
 
                                                    0.5    0.5      
                                                                                       
                                                          E(X)                  X 
 
3- edaysarExSekagN½rm:al;manlkçN³qøúHenaH ³ 
                           mean(X)=Median(X)=Mode(X) 
Median : 
 Median(X) KWCatMélEdlEck population CaBIrEpñkesµIKña (X RtUv)anerobtamlMdab; 
ekIn b¤ cuH ). 
 Mode : 
Mode(X) KwCatMélGefrécdnü X EdlmaneRbkg; (frequency) x<s;CageK . 
c,ab;n½rm:al;bRgÜmkNþal (Standard normal distribution) 

RKb;Gefrécdnü X énc,ab;n½rm:al;EdlmantMélmFüm µ nig v:arüg; GacbMElgeTACa 
Gefrn½rm:al;bRgÜmkNþal (Standard random variable of normal 
distribution) EdlkMNt;edayRbmaNviFIdUcxageRkam ³ 

2σ

σ
µ−

=
XZ  

Edl E(Z)=0 nig V(Z)=1  . 
dUecñHdg;sIuetr)ayénc,ab;n½rm:al;bRgÜmkNþalkMNt; eday ³ 
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]TahrN¾ 
 snµtifa Z ~N(0,1) cUrkMNt; ³ 
1- P(0<Z<0.5) 

edIm,IKNnatMélRbU)ab‘ÍlIet enHeyIgGaceRbItaragn½rm:al;bRgÜmkNþalEdlmanRsab; b¤k¾ 
eRbI S-plus edIm,IsMrYlkñúgkarKNna . 
tarag n½rm:al;bRgÜmkNþalGacGnuBaØatieGayeyIgKNnaRklaépÞ Edl Z ERbRbÜlBItMél 0 
eTAtMél z NamYy EdlmanrUbPaBdUcxageRkam ³ 
 
                                                                       P(0<Z<z) 
 
 
                                                0      z              Z 
S-plus: 
EnAkñúg S-plus eyIgGaceRbI command pnorm(z) (probability of normal 
distribution) EdlGnuBaØatieGayKNnaRkLaépÞEdl  Z  ERbRbYlBI -  mktMél z 
NamYy . 

∞

edayeRbItarag P(0<Z<0.5)=0.1915 
S-plus: probability<-pnorm(0.5)-0.50 

2- P(-2.24<Z<1.12) 
 
 
 
 
                        -2.24     0   1.12 
        P(-2.24<Z<1.12)=P(-2.24<Z<0)+P(0<Z<1.12) 
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                                   = P(0<Z<2.24)+P(0<Z<1.12) 
                                   = 0.4875 + 0.3686=0.8561 
 
  z        0.00  0.01  0.02  0.03  0.04 0.05                          0.09 
0.0 
0.1 
0.2 
  
 
1.0 
1.1                         0.3686 =P(0<Z<1.12) 
1.2 
 
 
2.0 
2.1 
2.2                                        0.4875=P(0<Z<2.24) 
 
 
Splus:  proba<- pnorm(1.12)-pnorm(-2.24) 
 
 
kñúgkrNIEdleyIgsÁal;RklaépÞEdlx½NçedayExSekagn½rm:al;bRgÜmkNþalnwgGk½SGab;sIus 
eyIgGackMNt;tMél z enAelIGk½S Z edeyeRbItaragb¤ edayGnuvtþ tam S-plus 
programming dUcxageRkam ³ 
 
                                             P(0<Z<z) 
 
    
 
                           0    z                Z 
]TahrN¾ P(0<Z<z)=0.4750  
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edayeRbItaragn½rm:al;bRgÜmkNþal naMeGay z=1.96 
 
 
         z   0.00  0.01 …………  0.06 …….. 
       0.0 
       0.1 
         . 
         . 
         . 
       1.9                                    0.4750 
 
S-plus: qnorm= quantile of normal distribution 
           ebI RklaépÞesµI P(0<Z<z)=0.4750 naMeGay z<- qnorm(0.50+0.4750) 
 
edayeRbI S-plus programming eyIgbegáIttaragn½rm:al;bRgYmkNþalEdlGnuBaØatieGay 
eyIgGacKNna P(0<Z<z) Edl Z CaGefrn½rm:al;bRgYmkNþal ³ 
 
 
         function() 
         { 
 z1 <- seq(0, 0.09, 0.01) 
 z2 <- seq(0, 3.9, 0.1) 
 z <- seq(0, 3.99, 0.01) 
 prob <- pnorm(z) - 0.5 
 Table <- t(array(prob, dim = c(length(z1),  
        length(z2)))) 
 Table <- cbind(c(z2), Table) 
 Table <- rbind(c(NA, z1), Table) 
 return(Table) 
          } 
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               Standard of Normal Distribution P(0<Z<z)= dze
zz 2

2
1

0 2
1 −

∫ π
 

 
      Z      0.00       0.01       0.02       0.03      0.04       0.05     0.06      0.07       0.08     0.09 
 
    0.0   0.0000  0.00399  0.00798  0.0120  0.0160  0.0199  0.0239  0.0279  0.0319  0.0359 
    0.1   0.0398  0.04380  0.04776  0.0517  0.0557  0.0596  0.0636  0.0675  0.0714  0.0753 
    0.2   0.0793  0.08317  0.08706  0.0910  0.0948  0.0987  0.1026  0.1064  0.1103  0.1141 
    0.3   0.1179  0.12172  0.12552  0.1293  0.1331  0.1368  0.1406  0.1443  0.1480  0.1517 
    0.4   0.1554  0.15910  0.16276  0.1664  0.1700  0.1736  0.1772  0.1808  0.1844  0.1879 

0.5 0.1915  0.19497  0.19847  0.2019  0.2054  0.2088  0.2123  0.2157  0.2190  0.2224 
 

    0.6   0.2257  0.22907  0.23237  0.2357  0.2389  0.2422  0.2454  0.2486  0.2517  0.2549 
    0.7   0.2580  0.26115  0.26424  0.2673  0.2704  0.2734  0.2764  0.2794  0.2823  0.2852 
    0.8   0.2881  0.29103  0.29389  0.2967  0.2995  0.3023  0.3051  0.3078  0.3106  0.3133 
    0.9   0.3159  0.31859  0.32121  0.3238  0.3264  0.3289  0.3315  0.3340  0.3365  0.3389 

1.0 0.3413  0.34375  0.34614  0.3485  0.3508  0.3531  0.3554  0.3577  0.3599  0.3621 
 

    1.1   0.3643  0.36650  0.36864  0.3708  0.3729  0.3749  0.3770  0.3790  0.3810  0.3830 
    1.2   0.3849  0.38686  0.38877  0.3907  0.3925  0.3944  0.3962  0.3980  0.3997  0.4015 
    1.3   0.4032  0.40490  0.40658  0.4082  0.4099  0.4115  0.4131  0.4147  0.4162  0.4177 
    1.4   0.4192  0.42073  0.42220  0.4236  0.4251  0.4265  0.4279  0.4292  0.4306  0.4319 

1.5 0.4332  0.43448  0.43574  0.4370  0.4382  0.4394  0.4406  0.4418  0.4429  0.4441 
 

    1.6   0.4452  0.44630  0.44738  0.4484  0.4495  0.4505  0.4515  0.4525  0.4535  0.4545 
    1.7   0.4554  0.45637  0.45728  0.4582  0.4591  0.4599  0.4608  0.4616  0.4625  0.4633 
    1.8   0.4641  0.46485  0.46562  0.4664  0.4671  0.4678  0.4686  0.4693  0.4699  0.4706 
    1.9   0.4713  0.47193  0.47257  0.4732  0.4738  0.4744  0.4750  0.4756  0.4761  0.4767 

2.0 0.4772  0.47778  0.47831  0.4788  0.4793  0.4798  0.4803  0.4808  0.4812  0.4817 
 

    2.1   0.4821  0.48257  0.48300  0.4834  0.4838  0.4842  0.4846  0.4850  0.4854  0.4857 
    2.2   0.4861  0.48645  0.48679  0.4871  0.4875  0.4878  0.4881  0.4884  0.4887  0.4890 
    2.3   0.4893  0.48956  0.48983  0.4901  0.4904  0.4906  0.4909  0.4911  0.4913  0.4916 
    2.4   0.4918  0.49202  0.49224  0.4925  0.4927  0.4929  0.4931  0.4932  0.4934  0.4936 

2.5 0.4938  0.49396  0.49413  0.4943  0.4945  0.4946  0.4948  0.4949  0.4951  0.4952 
 

    2.6   0.4953  0.49547  0.49560  0.4957  0.4959  0.4960  0.4961  0.4962  0.4963  0.4964 
    2.7   0.4965  0.49664  0.49674  0.4968  0.4969  0.4970  0.4971  0.4972  0.4973  0.4974 
    2.8   0.4974  0.49752  0.49760  0.4977  0.4977  0.4978  0.4979  0.4979  0.4980  0.4981 
    2.9   0.4981  0.49819  0.49825  0.4983  0.4984  0.4984  0.4985  0.4985  0.4986  0.4986 

3.0 0.4987  0.49869  0.49874  0.4988  0.4988  0.4989  0.4989  0.4989  0.4990  0.4990 
 

    3.1   0.4990  0.49906  0.49910  0.4991  0.4992  0.4992  0.4992  0.4992  0.4993  0.4993 
    3.2   0.4993  0.49934  0.49936  0.4994  0.4994  0.4994  0.4994  0.4995  0.4995  0.4995 
    3.3   0.4995  0.49953  0.49955  0.4996  0.4996  0.4996  0.4996  0.4996  0.4996  0.4997 
    3.4   0.4997  0.49968  0.49969  0.4997  0.4997  0.4997  0.4997  0.4997  0.4997  0.4998 

3.5 0.4998  0.49978  0.49978  0.4998  0.4998  0.4998  0.4998  0.4998  0.4998  0.4998 
 

    3.6   0.4998  0.49985  0.49985  0.4999  0.4999  0.4999  0.4999  0.4999  0.4999  0.4999 
    3.7   0.4999  0.49990  0.49990  0.4999  0.4999  0.4999  0.4999  0.4999  0.4999  0.4999 
    3.8   0.4999  0.49993  0.49993  0.4999  0.4999  0.4999  0.4999  0.4999  0.4999  0.4999 
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    3.9   0.5000  0.49995  0.49996  0.5000  0.5000  0.5000  0.5000  0.5000  0.5000  0.5000 
 

lMhat; ³  
1- lT§plénkarsikSaviPaKeTAelIBinÞúnisSit EdlsikSamuxviC¢a “Introduction to 

computer “EdlmkBI department epSg² )aneGaydwgfa BinÞúenHeKarBtamc,ab; 
n½rm:al; Edlman sgÇwmKNitesµI 70 nig v:arüg; esµI 100 . 
k- kMNt;emKuNbMErbMrYl (coefficient of variation) énBinÞúnisiStTaMgenH . 
x- ebI X CaBinÞúnisSitTaMgenH etImannisiStb:unµanPaKryEdlmanBinÞúx<s;Cag 82  ? 
K- etIeKRtUveRCIserIsBinÞútUcCagb:unµanedIm,IeGay)annisSit 25% ?  

 
2- CeNþIrynþénGaKarmYykEnøgGacpÞúkTMgn;)anEt 800kg . snµtifaTMgn;énGñkeRbIR)as;  

CeNþIrenHeKarBtamc,ab;n½rm:al;Edlman mFümesµI 80kg nig v:arüg; 100kg . 
etIeKRtUvGnuBaØateGaymnusSy:ageRcInb:unµannak;Ci³CeNþIrenH ebIsinNaeKcg;eGay 
RbU)ab‘ÍlIet énkarelIsbnÞúkkñúgCeNþIrenHminelIsBI 10-4 ? 

cMNaM³ 
ebI  ),(~..,),........,(~),,(~ 22

222
2

111 nnn NXNXNX σµσµσµ

ehIy X1,X2,….,Xn minGaRs½yKña enaH Y=X1+X2+…+Xn  
).....,...(~ 22

2
2

121 nnNY σσσµµµ ++++++  . 
 
3- Rkumhu‘n mYyenATIRkugPñMeBjman bMNgcg: naMcUlnUvRbePTm:UtU YAMAHA  mYycMnYn . edIm,I 

eGayTIpSaenH manlkçN³ l¥RbesIrsMrab;Rkumhu‘nenHluHRtaEt 18% énGñkrs;enA kñuuuúgTIRkug 
PñMeBjmanR)ak;cMNUlRbcaMEx  y:ag tic $300 . snµt; faenAkñuuuúgTIRkugPñMeBj cMNUlRbcaM 
Exrbs;RKYsar nimYy ² eKarBtamc,ab;Nrmal;Edlman tMél mFüm $250 nigKMlatKMrU (standard 
deviation) $100 . etI PñMeBjGackøayeTACaTIpSal¥RbesIrrbs; Rkum hu‘nenHEdrb¤eT ? 

 
4- Rkumh‘unmYymanbMNgcg;beBa©jplitplrbs;xøÜnenAkñúgTIpSamYykEnøg . edIm,IeGayTIpSaenHCatMbn;   
      mYyEdlmanlkçN³l¥RbesIrsMrab;Rkumhu‘nenHluHRtaEt 55% énRKÜsarEdlrs;enAkñúgtMbn;enHman  
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      R)ak;cMNUlRbcaMqñaM $12500 y:agtic .  snµt;fa enAkñúgdMbn;enHR)ak;cMNUlRbcaM qñaMCamFümrbs; 
      RKÜsarnimUy ² esµI  $12000 ehIyEdlmanKMlatKMrU (standard deviation) esµI $2500 .  
      etItMbn;enHCaTIpSal¥RbesIrsMrab;Rkumh‘unenHEdrb¤eT ? ebIsinNaR)ak;cMNUlRbcaMqañMrbs;RKÜsarnimYy ²   
      eKarBtamc,ab;  Nr½m:al; (normal) . 
 
4- Rkumh‘unsagsg;mYy)anbBa¢ak;faedIm,Isagsg;GaKarmYyEdlman 10 ElVg kMBs; 4 Can; RBgTaMgman  
      k,ac;rcnal¥RbNitRtUvcMNayeBlCamFüm 50 s)aþh¾ nigKMlatKMrU (standard deviation) 5  
     s)aþh¾ .  \LÚvenHRkumhu‘nenHmanbMngcg;edjéføelIKMeragsagsg;mYyEdlmanlkçN³dUcxagelI  
      edaybBa¢ak; BIeBl evlac,as;las;kñúgkarsagsg;enAkñúgkic©snüaehIyEdlmanRbU)ab‘ÍlIetén  kar  
      eKarB kic©snüaesµI 90% .    
      etIRkúmh‘unenHRtUvbBa¢ak;kñúgkic©snüacMnYnb:unµans)aþh¾edIm,IsMerc karsagsg;enH ebIsinNaeeKsnµti;fa    
      eBlevlacaM)ac;kñúgkarsagsg;eKarBtamc,ab;Nr½mal;  (normal) .       
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I-c,ab;eTVFa (The Binomial distribution) 
    c,ab;enHGnuvtþEtcMeBaH)atuPUtTaMgLayNaEdlmanlT§plEtBIr ³ eCaKC½y (success) b¤ 
braC½y (failure) ; )anb¤ min)an ; Gac b¤ minGac ; vtþman b¤ Gvtþman . l.  
  Gefrécdnü Bernoulli : 
  niymn½y ³ Gefrécdnüdac; (Discrete random variables) TaMgLayNaEdlTTYl    
  tMél 1 nig 0 ehIyEdlmanRbU)ab‘ÍlIeterog p nig 1-p ehAfaGefrécdnü Bernoulli .  
  k-  X CaGefrécdnü  Bernoulli X GacTTYltMéldUcxageRkam ³ 
                           X=  

⎩
⎨
⎧

)(,0
)(,1

failure
sucess

   x-taragr)ayRbU)ab‘ÍlIeténGefrécdnü Bernoulli ³           P(X=xi) 
                           X       1      0 
                 P(X=xi)   p     1-p                      1-p 
                                                                             p     
                                                                                                               
                                                                                0     1         X      
 K- sgÇwmKNitnigv:arüg;énGefr Bernoulli ³ 
          Edl i

n

i
i pxXE ∑

=

=
1

)( )( ii xXPp ==  

        pppXE =−+= )1(*0*1)(

         )1(*)0(*)1())(()( 222

1
pppppXExXV i

n

i
i −−+−=−= ∑

=

                   )1(])1)[(1( 2 pppppp −=+−−=
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dUecñH ³                              

s 
 

E(X)=p 
V(X)=p(1-p) 

 
viBaØasa Bernoulli nigc,ab;eTVFa ³ 
snµtifaeKeFVIkarGegát n dgénviBaØasa Bernoulli . kMNt;RbU)ab‘ÍlIetedIm,IeGaymankarekIt 
eLIgén x RBwtþikarN¾kñúgKMrUsßiti (sample) n ebIsinNaRbU)ab‘ÍlIeténkarekIteLIgénRBwtþikarN¾ 
kñúgkarsakl,gmþg ² esµI p . 
karKNnaRbU)ab‘ÍlIetEbbenHeGayeQµaHfa  :c,ab;eTVFa : (Binomial) . 
c,ab;eTVFa³(Binomial distribution) 
snµtifaeyIgman n viBaØasa bernoulli (minGaRs½ynwgKña) EdlenAlT§plénviBaØasanimYy² 
karekIteLIgénRBwtþikarN¾manRbU)ab‘ÍlIet p nigpÞúyBIenHmanRbU)ab‘ÍlIet 1-p dUecñHRbU)ab‘ÍlIetén 
x RBwtþikarN¾EdlekIteLIgkñúg n viBaØasa bernoulli kMNt;eday ³ 
                                         xnxx

n ppCxXP −−== )1()(

                                                       10;,....,2,1,0,)1(
)!(!

!
≤≤=−

−
= − pnxpp

xnx
n xnx  

c,ab; Binomial GaRs½yeTAtamtMél n nigh p . 
S-plus:  Binomial<-dbinom(x,n,p) Edl ³ 
                 x CacMnYnRBwtþikarN¾EdlekIteLIgkñúgKMrUsßiti  n 
               n CaKMrUsßiti (sample) 
               p CaRbU)ab‘ÍlIeténkarekIteLIg énRBwtþikarN¾kñúgviBaØasa Bernoulli mþg ² 
sgÇwmKNit nig v:arüg;énGefreTVFa ³ 
ebI X ~B(x,n,p) enaH ³ 
       )1()(),1()(,)( pnpXpnpXVnpXE −=−== σ  
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]TahrN¾ ³ 
eRkayBIkarviPaKeTAelIcarwklkçN³énGtifiCntamry³énkareFVI questionnaire )aneGay 
dwgfa kñúgcMeNamGñkTij 5 nak;man 3 nak; (p=0.60))anrg\T§iBlénm:ak;BaNiC¢kmµ. nayk 
Marketing én hagTMnijd¾FMmYy )aneFVIRbCamtieTAelIGñkTijsmÖar³cMnYn 20 nak;eday 
écdnü . 
kMNt;RbU)ab‘ÍlIetedIm,IeGayy:agtic GñkTij 10 nak;rg\T§iBlénm:ak;BaNiC¢kmµ ? 
 
cMelIy³ 
    snµtifa x CacMnYnGñkTijEdlrg\T§iBlénm:ak;BaNiC¢kmµkñúgkarTijsmÖar³eRbIR)as;. dUecñH x 
GacTTYltMél BI 0 eTA 20 .edayGnuvtþc,ab;eT§Fa eyIg)an ³ 

xx

x
xXP −

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
== 20)4.0()60.0(

20
)(  

xC
x 20

20
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛  

dUecñHRbU)ab‘ÍlIetedIm,IeGayGñkTijticCag 10 nak;rg\Ti§Blénm:ak;BaNiC¢kmµkMNt;eday ³ 
xx

x x
XP −

=

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=≤ ∑ 20

9

0

)40.01()60.0(
20

)9(  

               1199
20

1911
20

2000
20 )40.0()60.0(....)40.0()60.0()40.0()60.0( CCC +++=

              = 0.1273 
S-plus : 
   dbinom: density of binimial distribution 
   dbinom Ca command sMrab;kMNt;c,ab;eTVFa Edlman):ar:aEm:RtsMxan;² 3 ]TahrN¾ ³ 
                          dbinom(x,n,p) 
    x : CacMnYnRBwtþikarN¾EdlekIteLIgkñúgkarsakl,g n dg 
     n : TMhMénkarsakl,g (sample size) 
    p : CaRbU)ab‘ÍlIeténkarekIteLIgénRBwtþikarN¾kñúgkarsakl,gmYydg  
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          function() 
         { 
       x <- 0:9 
       proba <- sum(dbinom(x, 20, 0.6)) 
       return(proba) 
         } 
        solution : proba=0.1273 
 
lMhat; ³ 
1- kñúg College mYykEnøg kMriténkarRblgFøak;muxviC¢a “ Introduction to  

computer” esµI 40%  . kñúgcMeNamnisSit 15 nak;EdlcuHeQµaHeronmuxviC¢aenH kMNt; ³ 
k- RbU)ab‘ÍlIetedIm,IeGaymannisSitmñak;Kt;RblgFøak;muxvIC¢aenH ? 
x- RbU)ab‘ÍlIetedIm,IeGaykñúgcMeNamnisSitTaMgenH manCagBak;kNþalRblgFøak;muxviC¢aenH? 
K- kMNt;cMnYnnisSitkñúgcMeNamnisSitTaMg 15 nak;enHedIm,IeGayRbU)ab‘ÍlIetedIm,IFøak;man    
     tMél Gtibrma ? 
cMelIy³ k- p=0.0047, x- p=0.2131, K- n=6 

2- GñkTTYlxusRtUvénRkumh‘unynþehaH “ swiss air” )anbBa¢ak;fa 10% éneP¶ovrbs; Kat;  
kk; sMbut first class . kñúgcMeNameP¶ov 5 nak; Edlnwgmkkk; sMbuRtynþehaH cUrkMNt; ³ 
1- RbU)ab‘ÍlIetedIm,IeGayKµannrNamñak;kk; first class ? 
2- RbU)ab‘ÍlIetedIm,IeGaymanBIrnak;Kt;kk; first class ? 
3- kñúgcMeNameP¶ov 5 nak;Edlnwgmkkk; sMbuRt kMNt;cMnYnGtifiCnEdlkk; first class 

ehIyEdlRbU)ab‘ÍlIetmantMélGtibrma ? 
cMelIy³ k- 0.5905, x- 0.0729, K- n=0  

 


