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01,00000o0000).
Sp=X1+ -+ Xn (6.1)
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000000 s, 00000000000. 000 k0000000 {S,=k}000000,4:0,...,40
oooooooo,0o00000000000000 4., 00000000000

P(Aiy, i) =P (Xi=1 (i =, i), X5 =0 (G # i1, i) =p"(1 = p)" "

i,...,1, 0000 4, ., 00000000 {S,=k}0000000000000000000

.....

P(STL :k) = Z P(Aihm,ik)

- 2%5:’“(1 —p)n k. (6.2)

ooooo{o,1,...,n,}0000000O00O0O0OOOOUODOO XO

-”X:“:<Zﬁ%mk 0<k<n

000o0o00oo0ooooooog B(e,p)OO. 0O (6.1)000000O000OOOOODO S, 0000000
ooooooo. oo

EX;] = 1-p+0-(1-p)=p. (6.3)

ooo

z:&]E:Ewdmm (6.4)
ooooo

00 6.1. XO0OOOO B(n,p)000000.
(1) E[X]=np, (2) V[X]=npq,

0000o000ooo 72 3)00O0O0O0OO.

(2) 000000
0000000000000000000000000000000000000000000. 000
ooooooooo.

00 6.2. A>00000
(1) 000000 {0,1,2,...}0000000 {(}0000

P({k})=e > k=0,1,...

0000000000DO00bO AODQOOODOOOoDOoOooa
(2) (0000000000 0) oOO0UOO0O0O0DOU0ODOO0OOD0O XO
)\k:
) — oA
PX=k)=e o

00000 XOooooo axooooooooooooobo
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0000000000000 00O00O00000X0OU0000 Bn,p)DDOOODOUOOOOnp =X (O
O000)000n—oo000O000OO

_ 7un—1y.«n—k+4)<l A)kAk<l_A)" M

000 limpyse (1+2)"=e00000

00 6.3. XO0OOOODO ADOOOODODOOOOOOOODO000 E[X]=V[X]=A 000000~
0000 E[X"] < co.

(3) 0000

0000000 p(0<p<1)000000000000D0000000. k+10000000000
000000 (1-p)kp000. 000000000000 p00000000. 00000000000
X000000p00000D00000

P(X =k)=(1—-p)*p, k=0,1,2,...

ooooobo.o0o000ooObo0o0oooobooooDboo0o xXoooooooo.

00 6.4. XOODDOO p00000000000. 0000 EX]=22, V[X]=2. 00000
000 E[X"] < cc.

uboaboodaooobgo. bgbboobbooboobooboobooboooban.

6.2 DUOOOOOO

(1) 0000 [¢,b)0000000000000

L g<ax<bO0OO
flz) =4 o=@
0 r>a,x<b000

00000000000.000000000. 00000 2=¢,b000000000001/(b—a)00
000000000000000000000000000.00,000000000 %2, 000 &%
(2) 0000
0000

de ™ 2>0000
f(z) =
0 <0000
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0000000000000 AO00000000.0000000000000000000. 00 [0,00)
0l0000000,00¢=%k=0,1,...00000000 ADODOp=2000001-2000
000000000000.A>0000000.np=XA(00)0n—occ000000000.7000
000 ADD0DDO0O0OO0. P(T=k/m)=(1-2)"2 (00000 A/n00000)000.0000
00 ¢000 [k/n,(k:+1)/n)000000.

k
)\ t
P(t000001/»0000000 AD000) = <1—>

S|

n

Ao A
1— )tz ooooQg
( n) n(n )
1
Ae M- (nODODODOO)
n

000 P(Tedt) =AeMdt000 n0000,700000 f(z) = (z>0)0000000000,
00000 ¢ € [k/n, (k+1)/n) 000 kOO0 ADODOODOD p 0 e = (3571 (2)" (1= 2)H7F,

0000000 Bk +1,p) (p=A/n)000. (k+1)2=M000n—0(00000 ks —o0o000

DDDDD)Dhmn%@pk:(%ke—M.DDDDD M000000000O00O0.00000

goo

() DO00000O0U000O0U0C0O0O0UO0O0OU0O0U0O000O00O0DOO0OUDOOUOOUOoOOoOn
ubogbouoobgboboobooboobooboboboboobooboobo. oboboan
gooobooboooooboobooogoobo Aboo.

(II) Hooo0o0O000O000O00D0O00DO0000000 AODDOODOOO0OD. O0D00DO0O0OoOOoOo
googoobgooog

00 6.5. XO0OOOOOANODOOOOOOOOOOEX] =4, VIX]=4, E[X"]=£&.

(3)E|[|[|[| meR, c>0000.000000
1 (x —m)?
f(m)mexf’<w
goooooo RI:II:IDDDDDDDDDDDDDN(m,UQ)DDDD.

00 6.6. 0000 XOOOOO N(m,e?)000000.
(1) 0000 XO0O00O00O N(m,e?)000000. 0000 E[X]=m, V[X] =02
(2) p(#0),q000000. 0000 pX+¢O0O0000000 N(pm—+gq,p?c?)000.

(0000000000000 00OO0O00OO00O0OOO00ODOO0O0OCODOOO(DOO,000
O000000000o0oooooooon).

Proof. (1)

E[X]

/ T ! e < (@~ m)2) dx
xp | -
R V2mwo? P 202

1 2
- /(0y+m)7exp <y> ody(y=2="00000)
R 2mo? 2

|
=
q
N
+
2
e}
]
o]
/?
v
N——
QL
<
3
;
5
e}
]
o)
|
w“f
~——
QL
NS
I
—
O
O
O
O



— B(X - m) 2
= /R(xm2\/227exp((m2_agn) >d:v
_ 4@my;ﬂpbf>@:ﬁ7 (6.5)
ooo ,
/RyQ\/%Texp (—?’2) dy =1 (6.6)

O00O0. (66)0 10000000000 0U0ODO (1OD0D0OOO0OOOoooOoOooooog!)).
(2)p>0000000.p<000000DOO0DOOO.

mmw<@:P@<%ﬂ
p

zZ—4q

x:%DDDDDDDD

P(pX+q<z)

z M,mQ

/ ;exp _# ldu
—oo V2mo? 20 p
: 1 (u—q—mp)z)

——exp | "2 | du. 6.8
/—oo \/ 2ma?p? ( 202p? (6.8)
(6.8)000000000000 pX+¢0000000000. 000 pX+¢0000 mp+gq, 00 p2o?
ogodobooooooooo. O

000000000 2™ 000000000000000000. 0000000000000000

o2

000700000000 Fo#)=PT<z)OUOOO XOUOOOOOOOOOOOOO.DOOUOOO

Pla<X<b) = P(

_ P(a—m§T<b—m>

a—m _X-—m b—m
< <
o o o

g g

ooooo.

T Uoooooon

0oo0UooU0oU0oUOoU0OO0 (D000)00D00D00D00D000O0O0OUO0. 000,000000000
gobooboooboo200,300,0000n000000000000000000000000¢0O
obooobO.00o00ob0200000000000000D000OO0.
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7.1 20000000

00 7.1. (1) X,YOOOOOOO (Q,FP)00000000000O0D00R200000000000
0(000000000) X=(X,Y)0Oo0OoO AcR*0000

Py (A) =P (X € A)

0000000000000 R?00000 X=(X,Y)0OOOOOOOOOO X,YOOOOO (OOO
0000)00000000000 X, YOOOOOORODODODOOOOOOOOOO

X, yooooooooooooooboo rioobooboooo
(1) X,Yyooooooo
PX=a)=p 1<i<M),PY=0bj)=¢; (1<j<N)OOODO(X,Y)O {(aiabj)}lgigM,lgjgN
go0o0oooooooooo
P((X,Y) = (ai,b;)) = pi

D000 cienacj<nPis =1000 (a;,b;) 000 p; 000000 R?00000000000000
ooooo

oo 7.2(DDDDDDDDDDDD).
00 (Mo000000 XY py=p 1<i<M), S py=¢ (1<j<N) 000000

2000000000000,0000000000000C0O00O0,000000000000O00AO
goooooooooo.ooooobooooooo.

(2) X, YOUOOOUOOUOOOoOUooOoooooo
(X,Y)DDI:II:ID[I f(x,y)[l[ll:ll]l]l]DDDDDDDDDDDDDDDDD—oo<a<b<—|—oo,—oo<
c<d<+ooO0O0O

b d
-ﬂaﬁXghcéYSd%=/h/f@yMﬂw
0000000000 7.2000000000000000

og 7.3. (X,Y)DDDDDDDDDD f(:uy)l]l]l]l:l[l[l[ll:ll:l XO0O0Ooyoooooooooo
00 fi(z), f2ly) DD DO

fw = [ sy, sl = [ feda
goooooo
goo0o00o0o0ooooooooooooooooooooooo oo
00 7.4. X,YOOOOODOOODOOO P(X =a;)=p; (1<i<M), P(Y =b;)=¢q; (L<j<N),
P((X,Y) = (ai,bj)) = pij
DDDDX,YDDDDDDDDDDDDDpij:piqj(ISiSM,lngN)DDDDDDDD.

00 7.5. X,YOOOODOOOOO fi(z), f-(y)) 00000000000000000000000000
000 f(z,y) 000000, X,YODOOOOOOOOODOOO00O0O00OO0O (2,9) 0000 f(z,y) =
filz)f(y) 00000000,
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oboocooOobooooboobooooooo.

00 7.6. (1) X,YyO0OOOOOOOOOOO E[XY] = E[X]E[Y].
(2) X,YODOODO Cov(X,Y) = E[(X—E[X])(Y-E[Y]))00D0D0. X,YyOOOOOO Cov(X,Y) =0.
(3) X,YODOOODODOOODOOO VieX + 8Y] = 2V[X] + B2V[Y).

00. () X,YOODODODODOOO0O0O0O00. {21,....2}, {y1,...,ym} 00000 X, Y OOO
0o0o00. B ={w|X(w) =2}, F; ={w | X(w)=y;} 0000

w) =Y wlp (W), Y =Y ylrw)
i=1 j=1
000140 1a(w)=1 (weADDOD), 1aw)=0 (we A°000)000 ADDDODOOOO. 00O

E <§ leE> (é YilF, (W)) ]

= Z ziy; Elp,1p,]

N, 1) >

E[XY]

= Z z;y; P(E; N Fj) (7.1)
= Z ziy; P(E;) P(F;) (7.2)

SUTL AT >

(Z :cz-P(EZ-)) ( > yjP(Fj)) = E[X]E[Y].

1<i<n 1<j<m

(7.1),(7.2) O
Ellp1p,] = Ellg,nr] = P(E; N F}),

P(EiNF;) = P{X =2;,Y =y;}) = P(X = ;) P(Y = y;) = P(E;) P(Fj)

000000000, (2)0 (1)0000000. 3)000.

ViaX +8Y] — E[{ aX + BY) — aX+5Y]}2
- E{{a D)+ BY — E[Y])ﬂ
= a"B[(X - E[X])Hﬂz (Y — EIY])’] + 208E[(X — E[X])(Y — E[Y])]
= VX + BV (7:3)

O

00 7.7. (1) X,YOOOOO E[XY]=E[X]E]Y]00000000000000000000000
00.0000000000000000 X,YODOO EXY]=EX|EY]OOOOO X,yOoOoooo
00o0oo00o0o0o0oo.

(2) X,Y0ODDOOOOOOOOOOO ¢, 000000 E[¢(X)¢(Y)] = E[¢(X)|E[p(Y) 00000
0oooooooo.
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3) Xy,...,X,00000

v

in] = Z VX

(400 76000000000000000000.00 X,0PX;=1)=p,P(X;=0)=1-p00

ooooooooooo S,=X1+---+X,00000000 B(n,p)00O.

EX;] = 1-p+0-(1-p)=p
E[(Xi-p)? = 1-p)’p+(—p)?(1—p)=p(1—p){1—p+p}=pl—p).

oono

E[S,] = E

in] = Z E[X;] =np

n 2
E[(S. —E[S.)?] = E <Z<Xi - E[XA)> =E [Z(Xi — E[XA)Q] =np(1 - p).

=1

72 RTOOO0OOO

oo 7.8.(1) Xy,...,X,00000000000000000000.»n000000 X=(Xy,...

o000 R*"O00O0OOO0O
Px(A)=P(XeA) (ACR")

000oo0o0o0ooo0o. xkO0XOOOOO(Co)ooooo.

(2)n000000 X=(Xy,...,X,)00000000 f(zy,...,2,) 00000,0000000 ACR®

oood
P(XGA)Z/f($17-~-7$n)dx1---dgcn
A

ooooo0o0.XbOoooooooooooooooboooooboooooooooo.

n000000XOO0OOOO (0DO0o0),000000000Uo0. 0000000 oooooooo

googooo.

00 7.9. n000000 X=(X,,...,X,)0000 000000
m=(E[X4],..., E[X,])
0XOO0OO0 (0000)000.00 (G,5)000
E[(X; — BEIXi))(X; — E[Xj])]
000000000 X000000000.

bobooboboooooboooobooboooooboo.boboooboobooooobooo.
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00 7.10. AUnxn-0000000O0O00OmOn000000000.0000 f(z1,...,2,)0

flay,. o an) = D (AN —ma) (@ —my)

1 1
—a ——exp | —3
V2m Vdet A 21§i§j§n
0000000000000000000000000 N(m,A)000. (A™Y),;0 ADDOO A-'0O
(i,j)DDDDD.DDD l000oo0o0oboooooon.

flxy,...,2,) O

flze, ... zp)dzy - - dxy, =1
R’n

obooooOoboooobooboooooboooobooboooooon.
m, A000000000DOO.

00 711. n000000XOO0OOOOUODOO Nm,A)UDODODODO0O XOOUO0OOOOOm, 00000
OADQDODO.

ooooooo 4e0000000.

00 7.12. (1) X = (Xy,...,X,) 0000000000 XO0000 (0000)0 {ay,...,ay} 00,
PX=a)=p; (1<i<N)ODOOOOOOOR"000000 0000

N
Elp(X)] = ¢(a;)pi.
i=1
2)X=(X,...,X,) 0000000000000000000 f(z1,...,2,) 000000R" 0000
00 0000

Elp(X)] = /n (@1, ) f(1, .. xg)day - day,.

0oooo X,,...,X, 0000000 X, 00000000, X;,...,X, 0000000, (X1,...,X,)
000000 X;000000000000000. 0000

00 7.13. n000000 {X,,...,X,}0000. 040000 X;00000 f;(zx)000000000
0000000, {X;,...,X,}0000000000000000 00000000 X=(Xy,...,X,)
00000000 f(#1,...,20) = fi(z1) - fa(z,) 0000000,

oooO0o0o0o,00o0o000000000000000000 714000000. 000000000
00¢t00000000 (00 9.6)0000000O0000U0ODODO0O0. +-00000000000 William
Gosset (1876-1937) 00D O0DO0D0D00ODO Gosset 00000 0”Student” D000 Student O ¢-0 0
000o000.0000000000000000000000000000O00OOO0OO00O0C0O0O0OO0
0000o00000.00000000000000000000O000,0000000000000O0
0,0000000000000000000O00DOO00. 00000000, 000000000000
ooooo.

00 7.14. (1) X=(Xy,...,X,) 00000000 N(m,A)000.-,000000000. PO (k,n)0
00000k v0kODO0OOODODOOO.

Y =" (PX +)
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0 k00000000000 ((000000000). YOOOO (k00)0000000.
(2)n000000 X=(X;,...,X,) 00000000000000000. {X,...,X,} 000000
00000000000000G,j(i#7)0000 X,,X;00000000000.

(3)0000 X,YOOOOOOOOOOOOOOOO0. XO0YOOOO0O0O0000000 Cov(X,Y)=0
ooo.

00 715 (000000000000).

(1) (X1,...,X,)000000000000000 7.14(2)0000000000 X,;,X,000000
{X,,...,X,})00000000000,0000000000000000000000000. 0000
0003000000,0000000000003000000000000000000000000
000000000000000. 00000000000000000000000 (0000000)
Ooooooooooooo.

(2) X;,X,0000000000000000000000000. 0000 X;3+X.0 X;—-X,000
O00. 000 Cov(Xy+X2, X1 — Xp) = E[(X1+X2)(X1 - Xp)]=1-1=0000 714 (3)000000
0.0000000000000i000000 X;00000 X;0 X,00000 X;3+X,0 X;—X,
O000000000000000.00000000000000000000.

0 716. X; (1<i<n)00000 N(m;,02) 0000000000000,
(1) (X1,...,X,)000000n000000 N(m,A)DOO0O0O0O00 m=(my,...,m,), AD (3,i)0
00¢20000000.0000

“ 1 (xi—mi)2>
P X,...,Xn cA :/ ex (— dzx dl‘n
(( 1 ) ) Ailjl \/W p o? 1

(2) Y;a?>0,5,02>000 000000
(a’l""ﬂan)a (b17'~~vbn)
gooooooo.
Y:ZaiXi, Z:szXz
i=1 i=1

0000000000.0000 (Y,2) 000000000000 (v,Z)00002000000000.
3)(2)0000Y0 Z000000000000 Y7, abe?=000000000.

00.00000 (1)000 71300000, (2)000 714(1)0000000. (3)000 7.14 (3)0
000.0000

Cov(Y,Z2) = E <Zai(Xi—E[Xi])>-ij(Xj—E[Xj])

= Y abE[(X; - E[X,))(X; - E[X;])]
i,j=1
= Y abE[(X; - E[Xi])’] = > abio; (7.9)
=1 7
ooooo. O
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00 7.17. 0 7.1600000000000 Cov(X,;, X;) =0 (i #£4) 000

COV(i aiXi, Z bin) = i aibiCov(Xi, Xl)
i=1 i=1 i=1

8 UuUguy

81 0LUuggn

0000 Xi,Xs,...,X, 0000

_ X; 4+ X,
D B s e

ugbo,0ogboooboogbogooog.

00 8.1.(1)0000 X,,...,X, 0000000000000 mO00 E[X,]=m. 00000000
00000 m.
() 0000 X,,...,X, 000000000 m, 0002000 X,0000 <.

0000000000000000
X1, Xoy oo X .

gbooab.oobouogbogbooboobobobab.

00 8.2. (1)00000000 {X1,Xs,...,X,,...} 00000000 0000 {Xy,...,X,} 000
goooo.

(2) 00000000 {X1,Xs,...,Xn,...} 0000000000

(independent and identically distributed, i.i.d. D0000)000 X, 00000000000 {X;}2, 0
goooboobogd.

OO0 83 (000OO). X1,X,,...00000000m, 00 ¢2000000000000. 8, =
X1+ +X,,X,=22000.00000e0000
lim P (|X, —m|>¢)=0.

n— oo

0000000000 X, 0000 mODDOOOO0OO0O0O00OO0O0O0.

00 84. (1) {X;}2,01id 00000000000000000000000.

(2) 0000000 X;=i000000000 X;000000000000000000000.0
0@0O00)0m=%2x1+2x24-+3ix6=35000 X+ QOopOO000000 00000
00350000000000000.

(3) 0000000000000 X;=/0000000000000 1,00000 0000000000
00.X,=%0.,0000000000000000.00000000000 X,04000000
gooooooo.

00 830 Chebyshev(DOOOOO)O0OOOODOOOOOOOO

— 0'2
P(|Xn—m[ze) < =

oooo.
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82 [DUOUOOODO

0000000000000 000000,000000000000000000000000000
0000000000. 000000000000000000,000000000000000000
oQ.

X1,Xo0,...,Xn,...000000m, 00 020000000000000. S,=X1+Xo4+X,0

oo )
_Vn (X, —m) S, —nm

2

(8.1)

o no

gboooboobooboooboboooboobodon—-00o00 T, 0000000DOO0ODOODOOODOO
goooooob.oobooboobgoobon.

00 85 (000000). X1,Xs,...,X,,...00000000000m, 0020000000000
000.7,0 (81)0000000000000000.0000¢<b000000000

2
—_z_
ez dx.

1
lim Pla<T, <b)=
n— o0 (7 ) /{1‘/27(-

00 86. JO00O0DOO0O0ODOOOOOODOOODOO OODODOOOOOOOOOOOOOOOOODOOOn

X —

go MDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
o)

goo

X, (i=1,2,..)0 P(X;=1)=p,P(X;=0)=1-p0000000000000 E[X,] =p, V[X,] =

p(1-p) 000
Sn —
lim P El d
P (a np(l — > / \/7 v

O00. 000 de Moivre-Laplace( OO O0OUO0O-0000)000000. O0O0O0O0OO0-0000000O

Stirling(DO0O0O000)000

. n!
lm — =1
n—00 /21N ne ="

0000000000000000000000000000000000000. S, =np++y/np( —p)T,
0000000000 B(n,p) 0 n000000000 N(mp,np(l—p))00000000000. 000
000000000000.

00 6. 000 100000000,0000000 SO000 PM45<SL5)0000000.

O (1) n=100,p=1/2000 SOO0D0O0 N(50,25) 0000000 §000000000000. O
0D (000)0ooooo
P(45gSg55)-:_P(44.5§S*g55.5)
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Soooo T:S\/_%ODDDDDDDDDD.DDD 139000000000

P(44.5 < § < 55.5) <T<

44.5 — D -
P( 5—50 55.5 50)

P(-1.1<T<1.1)=2x0.364 = 0.728.

0000000000 P(-1<T<1)=0.68.
(2)
55 1\ 10
P (45 <S5 <55) = ZIOOCk <2>
k=45
dooooooooooooooooor281000. DOOoOOOO0O00o0oOoOoooo. boo nOOO
goooboboboooooo.

9 Uogu

9.1 ODOUOogooobo

00 9.1. (1) 000

0000000000,000000000000000000000000
(0000D00000000000000000000)0000000. 000000000000000
00000000000.0000000000000000000.0000000000000000
oooooo.

() 000,000

000000000000000000000000000000000

(3)00000
0000000000000000000000000000000000000. 000000000
000000000.0000000000

X1, Xos oo, Xy

00000000000000000000000000. 00000000000000000000
0 (000000000)00000000000000. 00000000000000000000
00000000000000000.

(3000

00 X1,X,,...000000000000000000000.

(a) X, =Xt ooooooo.
b) $2=1y" (x,-X,)°? 0000000,

(€ uw2=-L>" (x,-%,)° 0000000,

n n—
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o0 {X,...,X,,...;00000000000000OO0O0O00O0OO0OCOOOOUOOOOOOOOOO
00000.000000000 m,s20000

lim P(|X,—m|>¢) = 0 (%)

n—oo
n

1 52 2
EXXX14&) o

i=1

7H&P< Ze) =0 ()

0000000o0o0o0,0000000 m,000200000000000.00 ()0 X, 000 mO

00000000000 (00 83) 00000000000 ULDUU0DDOULOO0DDO0OULOOOODO.

00 9.2 X,,s200000000000000000000000000«2000000000000
0000000 w=-"5s000n,0000000000000000000000 w20

00000o00000O00ooO (booooooOo)oooo.

9.2 \200,t00
O0o0o0oo0ooooooooboooooooooooooo
X1, Xo, oo, Xy e

0000000000 $2=1%" (X,-X,)% 0000« =-L3" (X,-X,)?000000000
O0000.00000s2,200000000000000000000.0000,00000000

n»-'n

ugbooboodgboogobooobgbo.bobboobooboobooban.

00 9.3. Z,,...,Z,0000000000000000000. x2=Y7,2200000 20000

oooQ
0 <0000
fu(x) = L 2" e% r>0000
221(3)
ooo.
ooo

I'(s) = -/000 ¥ e dy (s >0)

000 (00000)dfm)=(m-1)! (n=1,2,..)00000000000000000
00 93000000000 0000

Blo(30 22)] = [ (o) oo
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0000000 (000o00O0U0o00O0O0UO0O0)0D00U0000U00D0Dn=2000000000000
oo.

_ 22442

Elp(Z} +23)] = /(p(a:Q—i—yQ)%dmdy (x=rcosb,y=rsinf000000D0)
R2 s

2

0 2 _rs
2y € 2
= drdf
([:mézow(r) or

/ gp(rZ)e_érdr (r2=t000)
0

o) -t
e 2
= t dt

0000 () = 1(—eo(z) 0000

—t/2

2

¢ .

Mﬁ+ﬁ§@:/
0

—t/2

0000000000 ¢>00 fot)=———,t<00 fo() =0000. R*O000000000000
000000000000.0000000000000.

00 94. 00 9300000000y 000000000 0200000
000 n0 2000000 000.
0 9.5. Xi,...,X,,...00000 N(m,e?)0000000000000000

> (X

=1

0000 n0O x200000.
000000000o0o0o0oo0o0o.

0d 9.6. Xy,...,X, 00000 N(m,e?)000000000000.

ﬁ: (n—1)u? :Zn: Xi—Xn\’
o2 o2 — o

=1

0000n-10x200000.

00 9.7.00000000000000. Y, =%%0pp. 00 7.400000Y,000000 22
00D000D00. 00000 B, Y=Y EY?]=n-1000000n-10*000000
0ooo. Y ,%=0000000000V,...,Y,0000000000001000 00000
D00000. 0000#»-1000000000. Z=%"0p00 {2}, 0000000000
000000000. 00000000000

Il

[en}
—~

™
N
.
~

n
E aijakj
Jj=1

29



000000 {aij}i<i<n-11<j<» 0000000000000000
Ui=)Y a;Z; (1<i<n-1)
j=1

goooog
n Xi_Xn 2 n—1
S () =y
i=1 i=1

ocooooooooooo. oo r40000 Uy,...,U,,0000D0C00O0CO0ODOODDOODODOO

n Xl —Xn 2 )
Y (/") Dooon-10x*000000000.
1=1 o

0000000000000 N(m,e?)0000000000000000000000 Xy,...,X,0
0ooooo

00000000000000000000000000000000000000000. 000000
000000000. 000000000 -00000,0000 s2=1.%" (X;-X,)?000000
0000 7,0000000

7 = Vn(X, —m) _ Sp —nm
Sn VI (X - X2

gbobor-000000000D00DO000DOO0ODODOOO0ODbOODLOO. 00000 DbO0ODbODbOnDO
00000s2000000000000000000000D0000000000O0. 00000000
07,000000000000000000000.00,0000000000 William Gosset 0 0 0
ugbobodabobooboobbooboobobuooboboooboooboobooooboobobooona
O000Orn000000O0D (DOUDOOD)00D0OO. 0000 7,00000000000000¢00
0000000000000000.000 s200000«2000000000++000000000.

00 98. XO00OOOOOOOOOODOOO,YOOOOnO 20000000000 XOYOOOO

oo.oboo
X

VY/n

t(n) =

00000000
1 $2 T2
W(@) = e (1
J(@) nl/QB(n/2,1/2)< * n)
D0O0. t(n) 000000000 »0t00000

0oo )
B@A%=/:ﬂ“ﬂ—wﬁ4w p>0,¢>0
0

gbooooooboooooboooooa.

30



00.n=200000000000.2=31+t(-1<t<3),t=1%sin0(-7r/2<0<7/2)00000

1
1/2 4 /2 ’ ’ 1 L2\ 3/2
0 B(1/2,1/2) = [, <—dt = [7/7,2d0 = 21 D OO fg(x):—ﬂ(ur?) 0000000
00

(99

e e
= o(V2x [y) —— ——dady
//{oo<z<oo,y>0} V2 2

2
71/(1-%—%)

// () ydtdy (z=t/T000)
— QD —_— y y xr = 5 .
{—oco<t<oo,y>0} 4ﬁ 2

> 1 C ya+?)
= t)—— T2 dy | dt
[ et ([T i)

o0 2 o0 r2(1+ £ 2 © 2 V2
/ e_%ﬂdy = / exp —7( 7) 2r2dr = s / e Tridr = 7];3 5
0 0 2 (1+5)32 Jo (14 5)3/

goooooo. O

E

- / (1) (1)t

gooooao.

x

ke

7,000000000000000.

00 9.9. X1,...,X,0 Nm,e?)000000000000. 0000 X, 0000+«2, 0000 s20
oooooooo

Tn: =
U, Sn
0000nR-10¢00000.
oo. )
X,—m
(N
w2
0-7’7’2L
0ooooo.

() vi—~—" pQgpooooooooo (00 7.14)
g

— 12
(i) MDDDD n—10 XQDDDDD (00O 9.6)

g

X, — —1Du?
0000000. 00000 +0000000 VA mpg @ Q)U"DDDDDDDDDDDDDD.
g

o)
goo

Cov(X,,X; - X,)=000000 714(3)000 X,0 X;-X,0000000000000.

31



00 9.10. (1) 00 7.14(3)0000 X,,X;—X,00000000. E[X,]=m, E[X; —X,]=00
00

COV(Xn,Xi — Xn) = E[(Xn - m)(Xl - X'fl)]

3

1 1
= BN m X m) | B Y (X - m) (X - m)
j=1 1<j<n,1<k<n
1 1
= —o?— — no” =0
n n

gbooobooboo.goboboobooboobuoobooboobo.ooboo

00 v,...,Y, 00000000000, 000000000000000000000000 2 =
f1,...\ V), Zy = g(Yp4a,...,Y,) 0000, 2,0 2, 000000

oooo.ooo
xvoZzY.0Zz.Y,0zZ000000.0000Y!,Y,0Z2000000.

0000000000000000D. 00000000000000000000000000000
O.(Y,....Y,,2)00000000000000000Cov(Y,Y:,2)=>",Cov(Y;,Z)=0000
00 (x)000000000.000000000000000000000000 X,,0 3" ,(X;—X,)?
0Do0o0O0oO0Dooooo.

(2) 000000000000 s20n—o0c00006°0000000. 00000 u2=-25s20 02

—z2/2

0o0oooooooa.
V2T

gboogoabo.ood TWDDDDD faoi(x) 000000000000
gbooobooo.

9

(%)

n—oo

1
hm'JE/wxfwal—aﬁ%sz =
0

ntl

2\ T2
lim <1+x> e T, ()

M)

n—00 n

000000. (w)0e*00000000. (&0 2xz=t*/n0000000000000.000000
ooooo.

10 OOOd

gooooobooooooo

() 000000000000 (000000000)
(2) 000000000000 (000000000)

(3) 000000

32



() 000000000000 (000000000)
0000D00000000000000.

OO0 7. 000000000000O00010D0000000DOO00O0DODOO0O0O0 o=050kmO000
oooooooob. iocobobooooooboo1b0oooooboobobobooboooooobobon
goo

17.5, 18.0, 18.3, 17.7, 18.5, 18.0, 18.6, 17.2, 18.7, 18.2 (0 O km)

gbooobooobooesobyooooboobon.

U OD0b00oob0oboon zp0

o= 17.5+18.0+ 183+ 17.7 + 18.51+018.0 +18.6 +17.2+18.7+18.2 1807 = 18.1

gob.o00obb01ooooooooboooobooooDoooD b0, X, 000 m,OOnoOoobs00000
gboooboooooogn Xn:%DDDD.

XlO —m
——Vv10
0.5

gboboobOooboobo.ooooboboooobobooToogon

P(|IT| <1.96) =095,  P(|T| < 2.58) =0.99

000
T
P (‘1‘557"\/10‘ < 1.96) — 0.95.
o
185”7“\/10' <1.96 O

_ 0.5 - 0.5
Xlo_ﬁX196§m§X10+ﬁX196

000000, X3, 0000000000000 #,00000000

0.5 0.5
10— —— x 1.96, 10+ —— x 1.96
{xm V10 10 V10 ]

oboogoesooooooooo.obooobn

0.5 0.5
18.1 — —— x 1.96,18.1 + —— x 1.96| = [17.8,18.4].
[ V10 V10 } | ]

00 10.1. (1) OO0 990000000

{18.1 — —— x 2.58,18.1 + 05 X 2.58]

V10 V10

gboo.0o00obooooboobooooobobooobo.ooooobooboobooboobooooooboon
oooooooog.

33



(2)TDDDDDI:IDDDDDDDDEIEID.O<a§1D[I[II:I
P(T] > 2(a)) = a
goog z(a)DDDDDDDDDD 1000000 00. OO0
OO0 500 2(0.05):1.96, o0 100 2(0.01):2.58

goo.
0000000 N(m,e?)0000000O0O0D0DODOOODODOO X,,...,X,0000

X, —
T, ="/

0 N(0,1)00000

goo

oooood 1—-a.
nooooooboooboooboob z, 0000, mO00

g g

%z(a), Tp +

00000 «00000000000000000D0. 0000000000000 0000 xH)ooo
0100(l-«)00000000O00O0O0OO.

z(a) (x1)

Ty —

() 000000000000 (000000000)
ooooooooo.

o0 8. oboooboooooboooboobooooobooooobo20000000000000000
oo02582em, 0000000 O1IOO0O0O0O0DOO0. ODODOOOOOODODOOOOOOODODOO
oo o9%oo9unoooooooon.

0 0000000000000 0000000000000000000000,000000000. 0
0000000000 N(m,e?)000000. Gosset 000 (00 9.9) 0000 Xy,...,X, 0 N(m,0?)
0D0000000oo0oon

DDDDn—lDtDDDDD.DDDXﬁziﬁfﬂﬁDDDDDﬁn:¢%ZLJ&—XM2DDDD
000000.00000»=200000000.000190¢t000000000000¢¢000 (141
0o0)o0ooon

P(|t| <£2.09) =095  P(|t| <2.86)=0.99.

good

Xon —
P(‘2vam‘<zm>=095
20

34



00000
Koo — ~22 % 2.09 < m < Xop + —2%

207 /19 V19
000000 0.95000. 0000 Xag, 800 000000000 Fag = 252,520 =01100000000
00

x 2.09

252— X 900, 252+ X1 w209 = [2.45,2.57)
52— Z= X 200, 252+ s x 209 5 [245,2.57)
00009%O000000000. 0

00 10.2. (1)00 ¢?000000000n000000000000O0O0DODOO0O0OOOOOOOOOO

el LY —

Sn

obooooooooobobooooootooobob0obob. obdbn=20000000000¢
gboogbooboobooog
(2)t0000n0¢t000000000O00O00OD0. 0<a<1O000O

P(|t] = tn(a)) =
000 t,(e) 0000 0 ¢t00000 100000000. 000 n=19000000)000
00500 t9(0.05) =2.09, OO 100 #19(0.01) =2.86

000.0000000 N(m,e?)00000000000000000 X,,...,X, 0000

X
T, = ULy
Sn,
Oodd0O0On—10¢t000000O0O
X, —m
Pl—thq(a) < ——vVn—-1<t,1(a) | =1—a.
Sn,

goo

gooood 1—-a.
obooooO«00000,n000000000000000D00 z,, 000000 s, 0000,m0Od
oo

I % t1(Q), Tt —e X ta_1() (x2)

vn—1 vn—1
00000000000000000. 00000000000000000 (x2)0000 100(1—«)00
O0ooDoooooooo.

Ty —

(3000000
000000000000 ADODOOOOODO0O00O0 ADOOOODODO (00)p000000
0000000.0000p0000000.000

35



() 00000000 0U0OO0O0OU00OOO0O0U0DO (oooo)

(i) OO00D0D0O0O0ODUOOOOoDUOoOoOoOoooo

gooooooo.

00 9. 000000000000 O000DOO00DbOO0200000000000000000000 23.5
goooboobooboobgbooobogoesu,vuooooooooo.

O oooop0OO0O0O.

opDooDoooo Xy,...,X,008,=X,+---+X,00000~000000000000000
O00D0000000000000D (0000000 B(n,p). VIX)]=p(l-p) 000000000
ODoo0oooo

Xn—p

p(1—p)
0 N(,1)000000. (X,=22000).»n=200000,000000000500 19600000

n =

XQOO*P
P(mxm

< 1.96) = 0.95.

ooo
Xzoo——1'96\/mﬁp§)_(zoo+—1'96 Pl —p)
V200 V200
00000009 000.000 Xe000000000023500000009000000000
0D oo0o0o000o000000000000000000 pO0O0O000O00O0O0O. 000000
oooooooooa
() booOoooOooOoooo

p000000000,000000000.
2
1 1
p(l—p)=p—p2=—<p—> +7<

000 p(l—p)0O iDDDDDDDDDDDDDDDDDDD

1.96,/% 1.96,/%
Z200 — W@QOO + /200

googooesoooooogooo.
(i) p0000000DO00O0ODDOOOODOOUDOOOOOOD
UO00000D000 2900 =023000000

1.96 x 1/0.235 x (1 — 0.235) 1.96 x /0.235 x (1 — 0.235)
V200 V200

googoooooooooa. O
oooobooooon

0.235 —

,0.235 +

36



o0 10. 0000OO0O0OO0O0OOCOO0OOO0OOO0OO04000000000000O00O0OC0OO0OO0O06OO00OO
oooobooooooobbo oboobboobobooobooobbobooobooooboboobobooOooYson
gooooo.

O00O0O 0ooooooo0oooboobooooobooooOo0ooboobOoOob 4000000000DOBOODOO
gbooooooooobooboobooobobooobobOoobOooboobo0oo0nOO0OOOODOOOOO
X,,...,X,000. 00000 »=400000000000, Xx;000000000000000000O
goooooo

X400 —m
X0 =M /100
I

obooooOoooobooboooooooon

00 11. (1) 000000000000 0OO0O0OD 3000000000000 000D0ODO0OD 650,00
gboodobooobooboobooboobooooobooboooooboooob nOO0O0 900
oooooo.

(2) 0000000000000 0O0U0O 3000000000000000O0O0O0O0ODO60,00000
gbloooboobooboobobouooo»wOOobD9%O0O0ooooono.

0000000000 DO0000n0000000000 X4,...,X,000.00000 stDDDD
(I)DDDD n=3000000000
Xan —
wa/%)
530
oooo 290 tDDDDDDDDDDDD.(Z)DDDD n=30000000000
Xann —
MX‘/?)OO
5300

0O N(O,1)DODOOOOOooOooooooooo.

b 12. 0000o0o0o0oboobbooboobobosbbooboobb200boobboooog
gbooobOoboooobobooooobooooon

gbobo:00b000r~00000000C00D000CODOO0O0 a’anDDDp(l—p)S%DDDDDDDD
obooobOoboooooboboosoooooon

1 1
j”_ﬁ x 1.96, :z,#ﬁ x 1.96

O00000o0ooOoooo 2. gooo02000000000.

4

11 Jdog

11.1 Oogoooood

0000000000000 000000o0O0U0O00O00000O0o0DOO0O0O0 (Dooo)ooooo
0O (Qo00)oooooooooo.

37



0 11.1. 00000000000 b00b00b sooooooooooooo obooobooboooon
oo9ooooooooboboooboo.0ooboboooooboooon.

000 0OO0O003000000000000 H(HypothesisOOOODO H,OOOODOODO)OOOO.
oboooOobooooboboooooboono 300x 30=9000000000000000000.

() boooeoOOY9Y0D00OUODOOUOOUOOOUOOOLDOO,00DOO0ODOOODOOOOOOO
ooooboooooooobon.

(ii) OO0 YO0 9YUDLUDLOUDODO0DD0OULOOO0DUO0DDO0OUDOULOULOOOODUO0DOOOOUD
0000000O000O0O0O0O000o0o0O000O. (O0HOOODODOUODODOOOOOOOoDOOO
Ooooooooo).

O000000.00HOOO3000000000000 X0O B(300,03)00000000. 30000
00000000000000000000000 X00000 N(90,300x03x0.7)0000000
X0OO00OO0OoO. 000000000

P(IX — 90| > 9) if%@—%Q&@
o, X 90 N 8.5
V300 X 0.3 x 0.7 ~ /300 x 0.3 X 0.7
- P(T|>107 (TOO0OO0OODDO0O0OOOOOOO)
= 1-0.36x2=0.28
0D 0280000000000000000000000000000000000. 0

ol 11.2. 0000O0OO0O0oOo0obOOoo0ooOoboooobooooboooobooboooboOobooooan
uboboobogbobobooobooboboobobobobobooooooboboboboboboooo
gboooboobooboobo.oobooboobobobooboo

00000 (i), loo0bo0o0o00o0ooU0Oo00o0o0o0o0D0O0OUoO0DODOOoUDOOoDOOoOoDOO.
ooocooooboo,oo00o0o000.
gboooboooooboboooooooon

(1) 0OoOoOoHOOODOOO.
() 0000 HOODOOOOOOOOOOOO X,,...,X,0000 T(Xy,...,X,) 00000000,
(3) 0000 (00D0)eDD0000
P(T(Xy,...,X,) € Wo) = a
0000000000 W,0000.

(4 DO0ODUO0OO0OUOLOOO0OO0OO0d «4,...,2, 0000000000 T(xy,...,2,) 0 W, 00OOOO
gooooboooow,0b0o0boooobobooooooboon.

38



00000000 30000000000500000000000000000
Woos ={n|0<n<74000 n > 106}

gbooooooo. obobobooooooooboobooboboboooooobosb0OoOooboOobOobon
obooobOoboooooboboooboobooooboobooog.
gbooooobo0oobooboboooboboooooboonoo

O0O00OH :000 #£300

gboboobobooboobooooboobooooobo
gobooboooooooooooboooboooooooooboooooOoOoobO. cobooboooooa
ooooooooooon.

ugb 13. 0goobooobobbooboboobosobobbo.obobobobbobobooboobooboo
oooobooboobossoooooboooboobo. oooooobooooooooobobogsboan
goo.

0O 0000 HOODOOUOOOOH O
H:O0OOO30O0000,
H 000030000000

000. X;0 P(X;=1)=03,P(X;,=0)=0700000000000008=%"YX,00000
S00000 B(1000,03)00000000000S0000300000050300000000000
0000000.050000000000.000

P (S >300+a)=0.05

000 «000000000.SO00000000 N(300,1000x0.3x0.7) 0000000000000
N(300,210) 0000000 Sooooo

P (S > 300+ a) #.P@23%+a—&® (COoOooD)

_ p §-300 _ a—05
V210 T /210
a—0.5
= P(T> *1
( ~ V210 ) )
000 TON(0,1) 0000000000, x)00000000000000000000. 00000
0o

P (T > 1.65) = 0.05

ogad
a—0.5

V210
0000 e=244. 0000000000000 0O0O0O [3244,00). 00000000000 a=23900
000 [323.9,00) OOO.
ooooooboo 3so0booooobobooooooooobooooooooooooooowyoDon
goooooo. O

=1.65




00 11.3. (1) 0000 100000 P(T'>233)=001000 ‘I_ZJOT'SEQ.BSDDDD a>343. 000
0000 [334.3,00). 000000 ODO0O0OOOCOOO0OOOOOOOOOOOODOOUOO
(2) O00500000000000000000D0000DODOO00OODOOO0OOOODOOOOOO

gooooood
gboogboooboobooboobooog.

00 14 (000000). 000000000 150000,0000 300000000000000O000O
gb.0o00bo00b0 2000000000000 00b00000 1v1IvOO0O0OOOObOOODbO. o0
oboocobOobooooobobooobooboooobob1boboooobooboooooboobooooa.

O

H:O00O 100000,

H 000 10000000.

00000000000, N(1500,30)000 iid.X; (i=1,2,...)0000.0000 X, = XdtXa
oooooo

X, — 1500
— X
30

T =

vn

oboooooboooo.ooooooo

P (T >2.33) = 0.01.

&£%@@XV%ZZ%

0 X 0000000 Xg >1515.6. 000 1000000 151560000000. 0000000 HO
gbooobOobooooobooon. O

00 11.4. 00000000 30000000000000000000 9900000000000
P(|T| >258)=0.010000

30 30
1517 — — x 2.58, 1517+ —— x 2.58
V20 V20

ooooo

OO0 15. 000 10000 0000000000000 0O0O0sRS 000000 50000000000AO
go0o0O0O0O0O0OD030000000000000000elIOODO0O0O0ODODODO0ADOOOOOOOOOO
gooobooboobobobooboobobooboobooboboobgsbooboobobbo

oooo
0000 H:AOOODOODOOO0000 N(595,50)0000

0000 H:AODDOO0OOOOOOODOOO0595000000

0000000000000000 HOODAOOOOOOOOOODODODDDDODOOODOOODOODOODOOO0OO
0X,...,X,00000000 X,=XtXa0p0000

X, — 595
— X

50 v

40



0000000000000 N(0,1)0000000 70000
P(T > 1.65) = 0.05
0000000000000000 &g O

gg%@§xV%21ﬁ5

oooooobooooogon

00 16 (00000000000 D). 000000000000 1000000000000 DO0OOO 20
gboboobOobooooobooegstiboboooobo3gboooooboooooboooboobon
oooo?000s00000000000

0 0000000000000 Nm,e?)000D0D00000000000 «000000O
ooooo

H: m =100

dood2200000 Xq,...,XeeOOOOOODODODOODOO, 000000

20
_ X+ X 1 _
Xoo = #, 520 = 4| 59 > (Xi — Xa0)?

i=1
ooooooo

Xo0 — 100 ¥ /19
520

o000 1vo0t¢tdoooodtgooooooooo 1v0+ogooooooo+ooaoa
P(|t| > 2.09) = 0.05.

ooo

Xog—1
PQNS(MXVM4>Z%>—O%.
20

DDDT@L“W&dzg%fwxdeDDDDDDDDDDDDD

H—1
m X V19 = —2.18.

obooooOobooooboboooooboooobooboobooboon O

41



12 Appendix

c=1,m=000V=Y"(X,-X,)?0000n-10 200000000000

000 X =4Xy, -, X,),

S-Sk

€1 =

E‘H

n

{e;}., 000000O0O0O0O. U= (e,-...

e
=1

‘AU =

o O O

2

1 1
E)Xi - > X

ki

= (A%X,X),

1—-1 1 _1 _1
- o1-p -d o
I T SR
1 _1  _1 1_1

Ae; =0, Aep=¢, 2<k<n.
0
n—2
(n—1)(n—2)
I S
, €3 = (n—1)(n—=2) | €k =
I S
(n=1)(n—2)
0
€n = 0
1
V2
_ 1
V2

42

0
(n—k+1)

\/(n—k+1)(7L—k:+2)
1

V/(n—k+1)(n—k+2)

1

V/(n—k+1)(n—k+2)




00000Y=U0U"'X0O0O0O000o0o0

V=3I, U 'o0ooooooooy;,..

1 1 1
e G va v X
n—1 _ 1 _ 1
\/n(n—l) \/n(n—l) v/n(n—1)
0 n—2 _ 1 _ 1
- V/(n—1)(n—2) V(n—1)(n-2) (n—1)(n—2)
B 0 0 n_3 - 1 1
V(n=2)(n—-3) V(n=2)(n-3) V/ (n—2)(n—3)
1 1
Y, 0 0 0 G -7 X

LY, ON((,1)0001i1id 000,000 VO0OOOODO

On—-10?00000.000V0OX,00000000.

43



