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O : Introduction

L Et (descriptive statistics)
FLIRHERE & X IR LT T — 2 0B IHGHE CFY, 2 ) 2R L Tofma oz
LDHEICLY T=FORTHEAHE E D Z L,
B . RO, EEGHA.

TRty - HERHRERT (mathematical statistics)
T—EMNBZEDILE 72> TV DHREME & feFama ZHER 5 439,
fBil . BEAHRE . SEEHENAFRETHL L X

Rk T

HEIE - AR b RHEM OR R AR A 2 HE 925 2 &
e RERRE DD > TN E I MEREET D Z &

il ; B O FE
FERZED AT, FmaEih>YHEm, DHERD 5
SOMERET D L ALED LENH D FMEL T OfEENRRE S

Bl B E O A B
— ERF NS FHN S AU T SRR O£ A I E
SEABDPMERAETREDS (D)

%
[F3 - 7= HEE - MRE
B HEASAE CORBEWEROREE L o2 2 A, HESOHM O LN, HRME S OREK X
DH. REETHFLNL N E VIR O, FEF TE ST ARFRITH 5 LR
(1A%
CRHEERICBIT 5 0% & D DIt TR NG E
B NRE OEBR CRERAEH L TLE D 7 L EEHOMIEIER
CRFTRENBE I N TR WEA
B (X —Fy MZKDBT v r— MREDOHE
SAERDEEAEAIH S LTV 0 E
B D L7l Lofagsk Lana A4 =y MRS
NELM 2T — 2 OFEH], BN,




WE SRR 1

1 JREERY RSN

1-15HF% - 46 -

O & D E

RIT . BOEME

- BEA S (sample point) @ 2V 2 5 AIREZRAS S

- FEARZEM] (sample space) : FEASDOEKROES Q

« Fh(event) : IV 2 DHEM, BEARZEROHSES

- 22545 (empty event) : FEARRE —OLFERNVEID ZBRWFEN o

- IRt HE S (elementary event) : 7272 — DDIEAR LIS TR D FHER
555 (composite event) 1  FEEOIER N 2 G ToH5:

. JWZ A
AT SWVWIZAEZESTHEEZAD

BAE: U 02,083 04,05 06 (1 SWIADHINTHIL)
EARZER: {1,727 73,74 75,76}

g = S
o . {1},
o5 (HHE={ T

« Fi#5 4 (union of events) : AUB
ALBDL7 EL ELLE—DOBREI D LV ) FHE
- fH ¥4 (intersection of events) : ANB
AL BHWGRFARICEZ 2 &0 F
- fifi% 4 (complementary event) : A
FEADE DRV ENIFEE AnA=¢ AUA=Q
- PEICF G (disjoint events) : FHRA L CRERFSEZ Y 220 & &, AL CIIHEFS

ANC = ¢
- orBiiEH]
(AUB)NC=(ANC)u(BNC) (1.1.1)
(AnB)uC=(AuC)n(BuUCQC) (1.1.2)
- RE/LH D]
(AnB)=AUB (1.1.3)
(AUB)=ANB (1.1.4)




WE SRR 1

Offe =
- 2R (probability) : HFROE Z VLT X2 EEMITRT HD

POMBEHESGLFE UMD LS TBIbE X, HEADOKZ HHER P(A) =28

n(Q)
« 2L 212 7 (Kolmogorov) DR
L. [EEOFRIZXHLTO<SPA)<1 P(d)=0 P(Q) =1 (1.1.5)
2. BRI P(Q) =1 (1.1.6)
3. HWICHER R FRATH LTP(UA) = X P(A) . (1.1.7)
- s E B
P(AUB) = P(A) + P(B) — P(ANB) (1.1.8)

© SRt E R
FHEBBEZ ST DR TV OGERICHERANEZ DFEE, BELRMEETDHADEN
£} & He =% (conditional probability) & J O'P(A|B) & &<,

P(ANB)

- RIEEH

P(AN B) = P(A|B)P(B) = P(B|A)P(A) (1. 1.10)

< ST
F5 A L BAP(ANB) =PA)PB)Ziii/=3 & %, A& Bl (independent)
> % Y P(A|B) = P(A), P(B|A) = P(B)

23 11
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1-2 I8%1] - fLA
- 8% (permutation) : nfHOELR S EDONE, rfHOLOZEY H L TIEX7=H 0
NEZ DR EIE

n!
(n—-r)!

n'=1x2x...xn (F), 0=1 (1.2.2)

nPr=n-(n—-1)-(n—-2)(n—-r+1)= (1.2.1)

- #AE D (combination) : nfHDOELRLEDNE, rHOLOEIY H L7 b O(EFIZKIC

L7200
AT OREIX
nPr n!
nCr = T = o (1 2. 3)
% . il 1-2 %




WE SRR 1

1-3 eI - FesR A
OFEF
- 22844 (random variable) : & AMEICK L THEERN G 2 LTV HEE
- EHUE - RN ERRIC L DE
MEREEIIRLF T, FEBUYEIZ/NIFTRDOT Z EnE0
- Tfe =230 (probability distribution) : MR O FEHUE & R OBIRZ M E L TR LT LD

P(X = x) = f(x) (1.3.1)
« BHE0 A0 B (cumulative distribution function) : FEREE N H HHLL T & & D ek
F(x) = P(X < x) (1.3.2)

OHBEBY (discrete type) =284 « FIHRES DR OME & DREREE
O (continuous type)fE=RAZH < B & & D MR A K
- HGE R ORI DRI R L BA % (probability density function)

Px<X<x+dx)=f(x)dx (1.3.3)
Pl@a<X<bh) =] f(x)dx (1.3.4)
P(~o <X <) = " f(x)dx =1 (1.3.5)

- BAE0A0 B9 (cumulative distribution function) : FESREE N H HMELLT & & DR

F)=PX <x)=["_f(»dy (1.3.6)

Pa<X <b) = [ f(x)dx = F(b) — F(a) (1.3.7)

2% I 1-3

<PFB1FEZZFT>>




WE SRR 1

5 1 3 B L 7= il

BRE1-1) TR

A {ENZAZR S THEDH D LD FELL | B {EWIAZRST3LUTOERHL VW=
DY ETDD, A, BOERZEMEZEE, TNTNOMEREZHET X, PANB)BLIOP(AUB)ZK
DI,  PA|B)ZK®D L,

(251

3

A :{ ‘15 ’5 35 ’5 55 } P(A): 6

alw

B={ 1,72, 3 } P(B)=

ANB ={ ‘1" ,” 3"} P(AnB):%

AUB ={ 1" ," 2 ,” 3,5 } P(AUB) =1 P(A)+P(B)—P(ANB) =2+2-2=2
P(ANB) 2 23 2
P(AIB) =—5-=5 PQABPB)=37=:

il 1-2) Ffe=

RO AN MAE, B2 N—MfE, &5F NEOENA->TNDS.

ZOWNBEFERICEE nlIlRD L7 & 2 A OED x 8, BOBAE n—x 8 Th DHHERE KD
g

(R 151)

f(x) = MEXn-mnx (1.2.4)

NCn
BIRAL-3) : R
TSI EL, FEBUE, FERMiE SWIAERRS RO E | Rt O# O A Iz OV TRl X,
(i 2 45)
EREEX:. SN AER-T-EXOHHEDIE
FHifEx: 1,2,3,4,5,6

1R

P(X =x) = f(x) = % x =1,2,3,4,5,6 F(x) =

e R BERF O8O A E
EHEx: 0= x <360

1
f(x)=%

1
F(x)=PX<x)= gcgdy=3%

p(aSXSb):F(b)—F(a):WO“
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<< 2 FH>>

1-4 WIFHE & 08k . FEREROWHE 2 Kb 6%

OHifr¢E

- WIFFHE (expectation) @ FEZREELOME DY) (EMECIIMERIC L2 EAL & ON-))

R XDWRHEZ EX) F&/E <X TRT

%ﬁ%ﬁcﬁ” EX)=Xx-f(x) (1.4.1)
A E(X) = [x- f(x)dx (1.4.2)

Ut, Sz EICT 5720, @S OMELEE IO Z L1275, B E23 2 554813

T FNZ A B UL L.

- BIFHE TR oMY
ERIHFMEZ & > THHEITED L 2N
E(c)=fc fl)dx=c[f(x)dx=c (1. 4.3)
EB A R LT-WIrMEL, BIfEICERZ R LT D EFE LN
EX+co)=[(x+c¢) f(x)dx=E(X)+c (1. 4.4)
EBUE OIFHEIL, BIFHMEDOEHfE & F L
E(cX)=[cx f(x)dx =c[x- f(x)dx =cE(X) (1.4.5)
> HIFRFIE T TR
O
/7 HX (variance) : MESRAI O S 1LY BA &2 FK T,
il R LND 53 3V (X)
V(X) = E[{X — E(X)}?] (1.4.6)

V(X) = E[{X — EC)}?] = [X2 —2X-EX) + (E(X)) ]
= f [x2 —2x-E(X) + (E(X))Z]f(x)dx
_ f X2f (x)dx — 2E(X) f x f(x)dx + (EX))” f FOO)dx

= E[X?] — 2E(X) - E[X] + (E(0)) - E[1]

= E[x?] - (E(X)” (1.4.7)

10




WE SRR 1

mm+nﬂ=ﬂw+w%MJMMy=fw+ww&MWMMy

- B O
EBDEITIE =
V(c) =E[{c—E(c)}*)] =E[0] =0 (1. 4.8)
EHAER LT OD0E0E, b EDDEEHELW
VX+c¢)=E[{X+c—EX+)P]=E[{X—-EX)}]=VX) (1.4.9)
EREOSEIL, bEDNBICEED 2 'ENTZHDEE LW
V(cX) = E[{cX — E(cX)}?] = E[c?*{X — E(X)}?] = c2V(X) (1. 4. 10)
ORZE e ff 72
1= R 2= (standard deviation) : 23 O J7 AR
D(X) =./V(X) (1.4.11)
D E 02T, BBEFZEOfEZ o TRDOT I ENL N
Ot #E{k (standardization)
LB DOMEREL XT3 LT
_ X-EX)
=5 (1.4.12)
EERTIE, ZITHWIFHMEO, N 11CeD
_E(X-E(X)) _ E(X)-E(X) _
EQZ) = oo = b =0 (1.4.13)
_VX-EX) _ V(X)) _
V2 ="0nr = ve = (1.4.14)
HARHE 50, 0% 10 ICHB L L= b 0% — %I RZEME] L FEATW A,
O A S DTN
MR LV WHNLTH D, 2FD fFX,Y)=gX)hRY)TH D &&=,
ZFOf Z =X+ YOFHEE)IE
EZ) s EX+Y) = [[(x+y)f(X,V)dxdy
= [[ &+ gGnGIdxdy
= [xg(x)dx [ h(y)dy + [ g(x)dx [ yh(y)dy = E(X) + E(Y) (1.4.15)
ZOGEVaNx(1.4.7) XV
V(Z) = E[(X + Y)?] — {E(X + V)}? (1. 4. 16)

11
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= fng(x)dxfh(y)dy+ fog(x)dxfyh(y)dy+fg(x)dxfyzh(y)dy

=E(X?) +2E(X)E(Y) + E(Y?)
V(Z) ={E(X?*) + 2E(X)E(Y) + E(Y®)} - {E(X) + E(V)}?
=EX?)—(EX)*+EXY?) —(E()? 3 V(X)+ V() (1.4.17)

OmeREEDIE
WEREHX LV WHNLTHDH, 2FD fX,Y)=gX)hY)THD & &,
D Z = XYDOMIFRHEE (2)1X

E@) FEXY) = [[y)f (X, V)dxdy = [[(xy)g(x)h(y)dxdy

= [xg(x)dx [ yh(y)dy = E(X)E(Y) (1.4.18)
L%,
ZDSEV ()L
V(Z) = E[(XY)?] — {E(XY)}? (1. 4. 19)
E[(XY)?] = f f (y)2f (X, V)dxdy = f x2g(x)dx f y2h(y)dy = E(XDE(Y?)
= (VOO + E@)BVE) + EX)D (1. 4. 20)

V(Z) ={EX)EY?*)} —{ECOEM)}?

—VEOVE) +VEO(EW)” + V) (EX))

_ L[V L v, V) V)
=(E2) {(E(X»z T e T Gooe (E(Y))z} (1.4.21)

HRREEY (X) /(ECO) DV S0 & X 55 I A I T C

v@z) o (VX) V(Y)
(E(2)? — {(E(X))z + (E(Y))z)} (1.4.21)

12




WPRSERR 1

ORZEDIERE
MERERY LV DML THD, DFED fX,Y) =gXhY)THD L&D, X VOB Z(X, V) DHIFF
B a5z D,

*Biﬁﬁ%%V(X)/(E(X))Z\ V(Y)/(E(Y))zbid\éb\ EEOEY xy & bHIFHEDR oM T D)
Z=2X,N%Z(x=EX),y=EX)DE Y T Taylor I LT

Z(6y) 2 ZEN + 5o (=D +52 (7 =) (1.4.22)
E)X
E@) = [[{z@7) +2x -5+ Z—i ¥ =N} g dxdy = Z(%,7) (1. 4. 23)
S V()X

0Z 0Z ?
v = [y - E@pranandy = ([ 56—+ 50 -9] swnodxay

= (Z—i)z Jx =) g(x)dx + (Z—i)z [ =9?*hdy + (3) (Z—j) [(x — ©)g()dx [(y — ¥) h(y)dy

= (@) v+ (Z) v Q20

13




WE SRR 1

1-5 ~L X —A GAT & I3

O ZIH 534

L X —A AfT(Bernoulli trials) : 2 DOMIFELR LRVEREREZE 25, —RIORITT—F
DORFFERADRZ 2R p b5, ZOFEREZR UL THNICERBY RS L,

nEIO~V X —A FRITICx LT, x[EIFG A DS 2 D HeRIT

f(x) = ,Ci-p*-A—p)"* (1.5.1)

Z & “TH534f (Binomial distribution) & KO8, B(n,p) TFT

- IO D AR
Yr=of(x) = 1% 77,
TIEEM LI

(p + q)n = Z)I(lzo an . px ' Cln_x (152)
g=1—-p&RXALT
1= (p +1- p)n = ZQ=0 an ' px ’ (1 - p)n—x (153)
o f(X) =% nCx -1 —p)"*(x) =1 (1.5.4)
o TIEAHR O B 1[E| 2L O X B3 EUREIC IR Lo,
E(X) = X3=0xf(x) = X¥=0X nCx - p* - (1 —p)"*=np (1.5.5)
INEEATA0IC, HEiiE LT HEHOWNE p THEOT 5,
d n_ 9 vn s X . N—X
%(p + (I) - %ZX:O an p q (156)
np+q@" =30 nCr x-p* g™ (1.5.7)
ZOFBDZ pEET, g=1-pERATHLERDDL LD E/RDHDT,
EX)=Xt0xnCep* A=p)"*=p-np+1-p)" ' =np (1.5.8)
TS DI
VX) = E(X?) —{EQ)}* ={np(1 —p) (1.5.9)
E(X?) = YX3oox*f(x) = Xhox® 1Cy - p* - (1 = p)"™* (1.5.10)
IHNEIET A0, ML LT HEEROMNE p T2 BEMST 5,
02 n _ 92 n saaX . 4N—X
a—pz(p + )" = @ZFO nCx D" q (1.5.11)
nn—1D@+ Q" =Y30 nCx x(x—1) p*2-q"* (1.5.12)

L-oT
E(X?) = Y3 ox*f(x) = Y30 x? nCy - p* - (1 —p)"7*

n n
= p? Z(xz —x) Gy P2 (1=p)" * +p z X nCp p* - (1 —p)"*
x=0 x=0

14
IT




=p*nn—D@p+1-p)" ?}+pn(p+1-p)"}=n(n—-Dp*+np (1.5.13)
VX)) =EX?) —{EX)}* =n(n—1)p?+np — (np)? = np(1 —p) (1.5.14)
Kf;umotl [E=H = 5

0,25

0.2 F

0,15

ik

0 5 10 15 20
7.95936, 0.0721298

[ 1.5.1 n=10,p=0.6(7%) n=20,p=0.3Gk) n=20,p=0.7(F)D
TIEOYAR ORIy A B

<P AQFEZ T FT>>
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5 2 3 Bl L 7= il
(IRE 2-1) BRI & 45 Hk
XNWZAE1D5-oT-EEOMRHE L DikERD X,

(A2 151)
iszL 261sz91, 26:N3=441
N=1 N=1 N=1
.17

X = _—=

(X)=2ixg=3

6 6 )\ 2
2 _(x2) (X =13 [ 1S =9_1_(Zj 182-147 35
o°x < > (X) GZI (6ZIJ =15 ==

pliE 2-2) HIFHE & 0K
SWIAHE 2O L TOVIHED, HIFHE & iz RO X,

(R 2Z51)

: (X er Y) _ EX) er EY) _ ECO = 3.5
X+Y\ _VO+VE) V&) _35

V( 2 ) - 4 2 24

Bl 2-3) HIFHE & 43 B

ENWZAE2D5-57-LE, REVANL/NIWVWAEZSI WL ZXOME Z O, BIRE & 5z kD
i

(fiE 22451

FICEAHLDOIZ6EY

=N z(1=2=5) ([Z725 D%, 2(6—2)@Y

5 5 5
Zz=1szzz=5szz3=225
z=0 z=0 z=0
> 26-2) 15 55 35
—Z
E(Z)zz(;P(Z)Z_Z 32 3718 18

V@)= Bz - (BD) = Y P37 - (%)2 - Z¥ ()
z=0

z=1
5 5
—34.7% T18L.% T \1s
z=1 z=1

16



55 225 (35>2__ 51188 — 810  245] = 25
18/ 182 324

Bl 2-4)  WIFHE & o8
E2 0ESWVWIADEMEIC “17 ~ “107 FTOEFN (FEF2HT D) SoThHY ., HH

FRHDMERIZENBFELNET D,

(1) F20EEINVIA%5oT-L XOMREL S ERD SN

@ 20HEKESNZA%E 100 fHSs-72L &, ZOHDEEMHE (100 HOD SN2 ADHDF
+100) DOHAFHE & 4rHE A KD 72 Z

B 20HEINVZAZ100HS-72L &, “77 OHDTREEWZ A0OMOIFHE Ly %
DO VARIA

4 SWVWZAZ 7 OANTHETMETHLIRY ., X EOTIILOTTRHEZET 5, X
OHAFHE & a2 RO 72 S
| N

S(a)=>) a" = , a—S(a)=) Na"
g; l-a da g;

(iR 151)
(1) <X>=5.5

of = (x?) - (%) =22 — (2" = g.25(=33/4)

10 10

(2) (X) =(X)=5.5
DB EFE LV . 0 2=8.25/100=0.0825
(3) = 1iE B(n=100,p=0.1) DL X — 1 4T

ko, (X)=np=10

syt o? =np(l—p) =9
(4) XD T LD T HH D HERIT

P(x) = (0.1)(0.9)**

Ko THIFFIEE

< 0.1 01 0.9
X)=>NP(N)=—=>'N0O.9" =—=——=_ =10
) Nzl ) 0.9NZ=1 0.9 (1-0.9)
Syt

17



® 0.1& 0.10.9%2+0.9
X2V =3"N?P(N)===3"N?0.9" = =190
x7) NZ; ) 0.9Z 0.9 (1-0.9)

o’ =190-10* =90

Bl 2-5)  FERSAM

T IH A7 Bi(10,0.6) & Bi(20,0.3) OMARHE & ol L, G &, Bi(20,0.3) & Bi(20,0.7) D Hi£E
B & i bk, it &k,

(fg 25 51)

4 1.5.1 8, Bi(10,0.6) & Bi(20,0.3)I3MAHE, 4 #23% Ly, Bi(20,0.3) & Bi(20,0.7) Tk
5LV, HIRHEIL 6 & 14 T, WS BEEU 10 THRFRC /2 5,

BiRE  2-6) W

REERIZITEWLEINI T 4= INT ERITHENTEIN I T 4 —% RATETEITTENYTHR
HEWVWHIANND, ESNTENLETHND EWVIFERE 1/1000 DFERIZT HI-OICF,. EH L
725 i,

(fRZB) B NMHOINT T —2HE LT, U XN~ D, ZORE, fRELICENTE
INTTA—EINTERIZFENTEINI T 4 —%2REHAET 2, <N TTRTHTOHNLHHER

1 N 1 N > Y N
E (3) ThaoT, (3) <1/10002 7% k5 7 N 2RbIUL L.
2V > 1000 WL OxHAE &> T, Nlog2 > 1000 ioT\N>j;=9% o<

R EITENTEIN T T 4 —Z B MEINT BRIZHFENWTEINI T 4 —2 5MHABELT, 7V
HLIRNEFIZH R, BTTHH I,

18



W PRSEER T 1

<<% 3>

1-6 R T V55 AF

CIRT YV U DER

AL —AFATICH LT, FRADEZ 2RO EL = npZ EE LT
n-oo,p->0& LIEMREES 25

TIESHB(Mp)E u EHWTEX L T

) = nn—1)(n-— i)' n—x+1) . (%)x . (1 _%)"‘x
zgg;mﬁfﬂgofﬁf” (1.6.1)

n»>xTHHND,

fo = (1-4)" (1.6.2)

n

n — oD ERCIE(1-4)" = eh T (REMHOER)

fo) =L e = Px,p) (1.6.3)

TNERT vV 454 (Poisson distribution) & FESS,

c IRNT YV OAR D ERER

< RT3 AR OEFHE

E(X) = LyzoxP(x,p) = e Z;"zox% = pe H Z;ozo% =Hu (1.6.4)

Il O TSR OMRE L o2 b ar v AT b

C T Y U OIAR Doy

E(X?) = Z x2P(x,p) = e_”Z{x(x -+ x}%
x=0

x=0

x=2

- o M - O - o M - S
= Ilze “szo X + ue ”szO (x—1)! = HZe ”szog + pe #2x=0; = .uz +u

(x=2)!

VX)=EX2) —{(EXY¥ =p2+u—p’=yu (1.6.6)
ZHUE SO EOEEp(1 —p) > us b a v AT b

-

19




W PRSEER T 1

RT VoA OER
[F A D Z DO IFHEy = npZBEEL Tn > o,p > 0& LIZHGIREE & 5 |
FNRFERESEEBIT D ERT Y UMD 2 ENEW, BRSO TIZELSBZ 5,

Bl - SRR 10 B S L IZBI SN DB I WEH AR A D %
NI T VT OB HomETICBH SN T T VT O

X Gnuplot [F=5EEE =<
0.4 T T T T T T —
TiL=3
nu=5 —gi—
0,35 F -
0.3

o 2 4 B g 10 12 14
15,1420, 0,381708

1.6.1  u=1,3,56 DART Y 2 o3Ai DR 3A0 B,
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WERIEBR 1

1-7 ER AR

-
WMIFHMED £ ORI 72T Y X2 KT, “IHGMOIRHE & BEERZO L
b =GP
X np m (1.7.1)

L nNKREL DN 72D, Thbb, nNREL 2D ENMIIMHFE nplcTbE<E—2
ZHbD, 22T, n>1 05 EE x5, FEBUME x>>1 L7700 x 2l e LTHEX DL, HEH
saxiil

f(x)= ,Cip*- (1 —p)"~* (1.7.2)
DERKNEZ RO LT, In{f(x)IDOMEEZ RO TH L I,

In{f(x)} =In{n}—In{x}—In{(n — )3 +xIn(p) + (n—x)In(1 —p) (1.7.3)

—~In{f (1)} = ——In{x!} = < In{(n — 1)1} + In(p) — In(1 — p) (1.7.4)
ZZT
%ln{x!} = lAi_r)r(l) In{(x + Aﬁ} — Inix) = lAi_r)%lln {(x :!A)!} = £i_r2%ln{x + A}
= In{x + 1} = In{x} (1.7.5)
| i
A= T DR
In{n!} =n-In{n}—n (1.7.6)
Infl) = i In{(x + A)!} — In{x!} _ ’ (x+A)In{(x+A)} — (x+A) —xIn{x} + x
™ n{x!} = lim A = lim 2
= limy, M + In{x + A} — 1] = In{x} (1.7.7)
Lo T
~In{f()} = —In{x} + In{n — x} + In(p) — In(1 - p) = In (=) = In (1‘7”) (1.7.8)

ZHE, x=us=npD X0 L0, EE L 5,

SN (i O s R

dd—;ln{f(x)} _ _i_L (1.7.9)

n—x

Xx=u=nph & xDEIE
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WERIEBR 1

d? 1 1 n 1 _ 1
[@ln{f(x)}]xzu T u nn . weew mw(-p) . of (1.7.10)
ST, Inff)ex=pu=npDEbh TF—F—EEHTS &
1 _1 d | (x —p)? [ d? |
n{f(x)} = n{f(u)}4-(x—-u)[a;-n{f(x)ﬂxzu-+ |3z n{f(x)}xzu_+.“

= In{f (u)} — - (1.7.11)
Lo T,

fG) = £ - exp(— (1.7.12)
- B O BFEAL
T,

I exp(—a(x — b)?)dx = \E (1.7.13)
oo T, BT 5L

f @) = s exp(~ 5 (1.7.14)
CNEERSA,. £2EHT T RAGHE NI,
- IEBAR OBIHE

1 (x — w)? I (x — p)?

E(X) =fxf(x)dxsz(x—,u)-exp l— o2 ldx+ _Znazfexp Sy ]dx
=U (1.7.15)

» IEMLIAR D7 R

1 N2
V(X) = f(x —E(X)*f(x)dx = Wj(x —w?-exp [— (xzoél) ldx

»—»—,C:\
— —

f_:oexp(—a(x - b)) dx = \/g

DM % a TG LT

e 1 [n
—f (x —b)?exp(—a(x —b)*)dx = —— |-
o 2aNa
Lo T
1 (x-w?, 1 o,
V(X) = WJ-(X — 1)? - exp l— 5o? ldx = WUZ\/ 2no? =¢
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WPRSERR 1

- IEB A OME
IERAREX 1.7.1 L O 1.7.2 O X 9 722 5058 FE B3 = FF o

KT Y AR DO n DN KRE /2D LRT V) AR ITHIEHE 1 ARAER 2 u OIER SR
IZES<, = —EIORUET HIERSAAOEE n OFf, BEEFRZEITVR B2 LN T
Do

)

0.4

gauss(x,0,1) ——

b S S S S -
] R o S S ]
ab e — S —
I I e e S e S

ok e B e L o J

-4 -2 0 2 4

X 1.7.1 Bsfb S iz (n=0,0=1) IEM A Ofe=R%E AL

0.4 - gauss[x,0,1) ——
gauss(x,0,2)
gauss(x,0,0,5) —

0.35 0.7 05 o

) : o =0.

_ o\

0.75 ] o5k

0.2 Jood

0,18 ] o3 :

0.2 :
0,1 4 :
: o=2
0,05 Jooal P
0 :
i 4 2 i 2 4

X 1.7.2 SRR ERSAOR, n. o 1ZXFITRT,
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WE SRR 1

EHRSAITE 171 DL oo

distribution.

2011 Review of Particle Physics

¥ i)
0.3173 lo
1.55 %1072 Qer
2.7 =107 3o
6.3%1077 4o
5.7%1077 S5¢
2.0x1074 Gier

#F 171 OB 2OERSHTEHEE 1-ax 5256,
(J. Phys. G 37, 075021 (2010))

http://pdg.lbl.gov/2011/reviews/contents_sports.html

Table 33.1: Area of the tails o outside +4 from the mean of a Gaussian

1 i)
(.2 .28
(1.1 1.0der
0.05 1.96Ga
(.01 2.58a
0,001 3.29
10— 3.800
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WERIEBR 1

1-8 R BA%L
OFReMERE%EL
FERZER X2/t LT, FHRT A—F e OBIsE LT

®(§) = (exp(i&X)) = [ f(x)exp(i{x)dx (1.8.)
AL T, ZhaEMRI% (characteristic function) & J.5%, (MR L RS 0EHR A2 B
FHITRNTUN,)

RS AT — 7 — R L T

(8) = (exp(i£X)) = (£ 25 = n EE (xm) (1.8.2)

- HIFHE - J0HK
FetiBAEN 2 6T & BIFfE, TieR0 52 LR TE D,

a%qb(g) = f(x)a%exp(ifx)dx =i [ xf(x)exp(iéx)dx (1.8.3)
@ = 12 eod = ix) (1.8.4)
w(X) = —l—q>(§)| (1.8.5)

= *®|_ =1 f(x)afzeXp(ifx>| dx = - [ x*f(x)dx = ~(X?) (1.8.6)
£=0

2
V(X)) = (X2) = (X)? = aérqu(f)| {f¢(5)| } (1.8.7)
£=0

%%
Bl IR 5 AR O Rt B %

Y
@ (©) = (exp(ieX)) = ——— [ exp|~ S | exp(ienyax
V21mo? 202
1 .
= 21 —exp [iuf—%azfz”em [_Tcz(x_”_wzf)z] a
V LTTO
= exp [i,ug‘r - %0252] (1.8.8)

WIFHE & D RO THE D

(X) = —L—CD(§)| = —L—exp [L,uf——azgd”f . (1.8.9)

2
E:O}

V(X) = ——exp [luf - 0262]

0 1
+{=zexp |iué — 5 0%&?
a2 - {66 [ 2 ]
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ol exp O + B2 LS REELTHLED, ED2REDEPTELD &

exp l(if)(X) +

THY,

=ut+ot—-p*=o

(i5)?

2

2

azl =1+ (@EX) +

(1.8.10)

L\ 2 ()2
%(02 + (X2 +0(&3) = 1+ GOX) + %WZ) +0(87)

ED2UIZDUL TRIERIE L — BT D
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WE SRR 1

B 3 3\ B L7 (iR
B 3-1) fe=R53Am
KT oA, ERSMOERL2EE, KPICENDIRTA—XOYBENEWREEE 2 X0,
FRNECONWT, BRI ERICE L, KFIRT A—F RN LR S,
(Fg 2 4)
X 1.6.1X1.7.1 =M

BIRE 3-2) EHSAICB N T, +1 o OFPAICITEED ENTETNEEND 0, 2K 5% %5
LT OITIE, u D ENFETOMHEEE & DV ERDLH), 111 28BIEZ2 L,

(g 25151)
FLT1IDOEDORIY, 1o DIMANZ 0.317 3B D Z E g AEN 5,  1-0.317=0. 683
F1LT1IOEDELD, 0.0 2H7-251F 1.960 THDHZ ENFAEND,

Bl 3-3)  ERHAIE 21T - T, 100 FRFHI S iz, Z ORFOFHEAEIT 3 IR ER AT
KORZLERBEL 6N D0 FREBUK T DIRAERZZ O XHE X R AR E) 2R K,
KRR RTRAAE 2 ISR D 72 DI TER U EORENLEIZ L B 5N DD,

(fp 2z 151)

BONDDAAERT VGO u N RENHDIELEEZBND,

o =+ =+vN =+100 = 10 FEHERZ2=10  AHXHME 10/100=10%

W _ L =001 N =10000 H4LL L%

N

<<HF 3 FT>>
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WERIEBR 1

<< 4 F>>

2 fEBROIEA]E TER A

2-1 F bz 7 REL

UL X —A FRITB(n, p) DWIFFHEIZ< X >=np. HiliTe? =np(1-p)Th 5, ((1.5.5) (1.5.9))
HITLEHT-VDOELEOBZ 2EAY =X/n2E25 &,

W<y >= <X >/, =p (2.1.1)
STV (Y) = V(X)/n2 = <72/n2 -rd=p) (2.1.2)

Thb, 22T, “NX—ARITFBM,p)&lToT-L =2, p—e<Y=X/p<p+e
ERDMEREZZ D, £T. DHOERND

Z =[Py = [P = Wdy + ) 0 = p2f Oy + [, (v — p)2f()dy

(2.1.3)

[y =)y = 0 (2.1.4)

p—¢ 1 p—¢ 1
f v = P)*F(dy + f v = P)Pf()dy > €2 { FO)dy + f f<y)dy} = 2P|V —p| 2 &)
0 0

p+e p+e
(2.1.5)
2
== P(IY —pl =€) (2.1.6)
—J51=P(Y—p|=e)+P(Y —p|<e) (2.1.7)
THDHDT
2 —
P(Y -pl<e)s1-2-=1-27P (2.1.8)

EDEI T emlHHEb nBZRELS (0>>1/(e2) )T D EHDTLICRY 2<E3<, DFD,
AT 1 HH7Y OFZFOBZHEEE, BT EZBEE <54, FROBILHMR p 1T
ARGARGN

RIS, FEREBOHIHEZ< X >=p, HilFe* THL L&, TROERND

ute pu—e +00
ot = [-wrfeadx = [ G-wredx+ [ G-wrfeode+ [ - wireods
u—e - u+e
u—e + oo u—e + oo
> J (x — wW?f(x)dx + J (x — wW?f(x)dx = &2 [ f(x)dx + J f(x)dxl
—0o0 u+e - ute
=e2P(|X —u| =€) (2.1.9)
“P(X—ul=e) g‘s’—zz (2.1.10)

Z 1% Chebyshev’s inequality &9
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WPRSERR 1

e DTN O

1=P(X—ul=e)+P(X—ul<e (2.1.7)
Y5

PUX—ul<e)=1-% (2.1.11)
ErD, TIUT XN

p—e<X<u+e (2.1.12)
EIRDMERERLTND,

e=ocDRE, P(|X—ul<e) >0 TH7=V g,
e=20DFF, P(X—pul<e)>3/4 LELIZLNTES,

30




WE SRR 1

2-2 flR = F D FN
N B OS2 EEBRGIT) 21T o7 L X BOBOOBIE A & 5 b T HEREH A2 XD i=1. . N3
Do FTo. TNENOHIFHE & oA

< X(l) = fxif(i)(xi)dxi = U; (221)

<(X® —-p)?>=02%i=1..N (2.2.2)
LT %,
Z 2T, NHOBREOTZE 2 %

X(N) =%, x® (2.2.3)
X(N)DHIFFIE I,
Zak-/ o

2
(X(N)-< X(N) >)?) = <(Z (x® — m)) )+ <<Z(X“) - m)) (Z(X@ - u,-)))
i i j
= Ty (XD = 1) (XD = ) + (XD = 1)) (2.2.5)
Fiz, PXD =x, XD =) = FOx) fP (x)) (2.2.6)
THoHDT,
O (X0 =) (¥ = ) = [ Y 6= w0y = ) 1O P )y
i) i£j
= Yiwj J (¢ = ) fO)dx [ (y — 1) f P ()dx = 0 (2.2.7)

Y —p)fP()dx=0)  wOEFLY

A< (XN)=< X(N) >)2 >=((Ty(XxD — ui))z) +0=Yo0?

(2.2.8)
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WE SRR 1

2-3 KD LA
N [EI OIS 72 EERGAT) 21TV BOBOMEELEKXD:i = 1. NAFE Uiy (EH S T <
THEDRWICHED LT 5, 2oL EOHIFEL SHE

<X® >=y (2.3.1)

< (XD — )2 >= ¢? (2.3.2)
E35, 22T, NEIOBHED Y

s _ X(N) _1 i

X:TT—EZM) (2.3.3)
BEZ DL, WIHE L EUE

(X) = <TXD) = (2.3.4)

(X-wA =X =2 (2.3.5)

IIT, FrEYV 2 TDORERXREONS L.

PUX—ul<e)<1-2 (2.3.6)
DFD, NDoodDE &, XIFBRY < pizir-><

CHIERIE AL T 51T EEOEIZUT O R
BEAZLINTX S,
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WERIEBR 1

2-4 H LR E B

N B OS2 EERGRAT) 21TV, BOBOMEEHXD: i = 1. NO R UHeE oA (E#LAG T <
THEDRUVINCHED £ 32, 2oL X OWRHE L ke

<X® >=y (2.3.1)

< (XD — )2 >= ¢? (2.3.2)

LY B, I, EATHOMENLILN KX < 72 510 TR 1 . 43S0 ERLIC

o<,
Z= f_” (2.4.1)
N
FEFTDHE, HIFHMEO., ol 11c7 5, ((2.3.4), (2.35)%0.,)
F7. MEREHXOITH LT,
70 = X0-n (2.4.2)
EEFRTDHE, INHHFHMEO, 122D, ZIX
7 — 1 v 70
Z=5%Z (2.4.3)

ZITC, ZITHRT DR A E 2 D &

_ VAQ) VAQ) . .
o) = (exp(ie2)) = ([ [exps 2 = | [(exnis 0 = [ [0 = (200))”
(2.4.4)

11T@W@ﬁ\N%mmﬁﬁé%%%ﬁfkémf\S@Zﬁﬁ@ﬁwf

dD () = exp [% (ZO) +2 (%)2 v(z®) + 0((%)3)] (2.4.5)
EIRBATE 2, ZOOHIFHEO, 51 THLDT,
(20)) =0,((z0)) =1 (2.4.6)
ThdH, > T,
dD(if) = exp E (%)2 + 0((%)3)] (2.4.7)
Lo,
B (i) = exp E(if)z +N X 0((5—;)3)] (2.4.9)
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PR IR 1
N>oco D[Rz & % & |
@ (i&) - exp E (if)z)] (2.4.9)

ZAuE, BIEHME O . Bl OEMSA OEER I E — BT S
ERATPESN

[ URERSAICE D N 7 OMSE iR XD i = 1. N5
X-p

°/
oL B e ZO5AE N> oo DWRIR CTHARHE O . 251 OIEMR A L 72 D

Z

(2.4.10)

2
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WERIEBR 1

2-5 IEBL 0 An OMHE

Offe 2 DTN

PST 7R RX D i = 1L NIE, (ENENBID) ERDMITHED L35, T b ORERELL DT
X(N) =3, X® (2.5.1)

BEZD,

X(N) DFrMERIEEL,

® (&) = (exp(i€X(N))) = (exp(i¢ X; X D)) = [[.. [ exp(i& X x;) f (x4, Xz, .. %) dx1dxz. . dixy,
(2.5.2)

MERAERNIIMSL T, flxp, 20, 00) = [1fi(x) THD D5,

2
#©) = [ | [ ewtiend i dx = [ Jeexp(isx®) = Jeww [ifui + (if)Z%]

= exp [iEZui + (if)ZZGTiZ] (2.5.3)
b, X(NBIERIAMTH Y |
0
X = 55 2©| _ =Zu (2.5.4)
(X2 =52 0()| = Eud? +Top? (2.5.5)
£=0
VX)) = (XN = (XN)? = X oi? (2.5.6)

ThnHZ ENH 5,

Ofife R D 1)

N7 7R fERERX O i = 1. NI, F—OIERSMHICHED 55, 2D OMERERD T
XE%&X@ (2.5.7)

EHEXD, FEREEIT

Px(§) = exp [iE T + (1) T 2] = expigu + (i)’ % (2.5.9)
A /IN

(X) =p (2.5.9)
v(E) =2 (2.5.10)
DIERDA L2 D,
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WERIEBR 1

3 FEA - BEEEM - HEXE

3-1HEA & REEEA
RHEM (population) &id. #EHFRHEE THEAL LTRET . HHEAZDEETH- T, Zh
DT S NIEAR A L TBIZE L, ZOMRNOWICRERZHETET D LW IR THNW D,

A (sample) &%, RREMOEHSEESD = L, = ORHEMN B ES 26k S8 25 1] (7]
HIEEEY) # AR (sampling) & FES,

BHEM # RHT BB Z2 R (F72033T7 A —%) L) DIZx L., EAZ R T 2 81E % Hat =
(statistics) & VN9, M EITEANSREHINIEETH D, FoMetE CRICHEEHE T2
T2OICHWEND LD EHEEE L WD,

FHEMZ ERIZHET 2 DIFEAR B RGE . AL REMOR L2 HEET 2MENH D, Z O
A IIEL R S & EAELA RS (random sampling) @D 2 SO HERH V| FHetFET

(T 2 AT T 2 iim 3 D,

AR RHE - BRI DR H LR TIEARIERIIN S,

F I FHEE BEADN D REMOMEZHET D) 217 9 121F, FEARIIK L, ZpiEk s
NOMERLINDILER D D, T DIZDITER 2 ZEARRIHED B SN TER Y | Bl 2 TR HEEARN
B SNDHERDTXTE L6, EOMMPEITHEMT > 22 (BIEL) fiHE v,

FEEM S N 7 OERZRIH 2
xW:i=1..N (3.1.1)
FEAR 2 RS DT DEEASEY)E (sample mean value) Z3E A 3%

fz%Zx@ (3.1.2)

W, BEAREEED E D DT X% b 6O TR BUE (sample variance value) 35 A§ %

v? = %Z(x(i) - J?)z (3.1.3)
Z DIEARSTHIED VT
v =Vv? (3.1.4)

. EAEERA L VD
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http://ja.wikipedia.org/wiki/%E7%B5%B1%E8%A8%88%E5%AD%A6
http://ja.wikipedia.org/wiki/%E6%8E%A8%E8%A8%88%E7%B5%B1%E8%A8%88%E5%AD%A6
http://ja.wikipedia.org/wiki/%E9%9B%86%E5%90%88
http://ja.wikipedia.org/wiki/%E3%83%A9%E3%83%B3%E3%83%80%E3%83%A0
http://ja.wikipedia.org/wiki/%E6%A8%99%E6%9C%AC_%28%E7%B5%B1%E8%A8%88%E5%AD%A6%29
http://ja.wikipedia.org/wiki/%E6%AF%8D%E9%9B%86%E5%9B%A3
http://ja.wikipedia.org/w/index.php?title=%E5%8F%AF%E6%B8%AC%E9%96%A2%E6%95%B0&action=edit&redlink=1
http://ja.wikipedia.org/w/index.php?title=%E5%8F%AF%E6%B8%AC%E9%96%A2%E6%95%B0&action=edit&redlink=1
http://ja.wikipedia.org/w/index.php?title=%E6%A8%99%E6%9C%AC%E6%8A%BD%E5%87%BA&action=edit&redlink=1
http://ja.wikipedia.org/wiki/%E6%AF%8D%E6%95%B0
http://ja.wikipedia.org/wiki/%E7%B5%B1%E8%A8%88%E9%87%8F
http://ja.wikipedia.org/wiki/%E7%B5%B1%E8%A8%88%E9%87%8F
http://ja.wikipedia.org/wiki/%E6%8E%A8%E5%AE%9A%E9%87%8F
http://ja.wikipedia.org/w/index.php?title=%E6%A8%99%E6%9C%AC%E6%8A%BD%E5%87%BA&action=edit&redlink=1
http://ja.wikipedia.org/w/index.php?title=%E6%A8%99%E6%9C%AC%E6%8A%BD%E5%87%BA&action=edit&redlink=1
http://ja.wikipedia.org/w/index.php?title=%E4%BD%9C%E7%82%BA%E6%8A%BD%E5%87%BA%E6%B3%95&action=edit&redlink=1
http://ja.wikipedia.org/w/index.php?title=%E7%84%A1%E4%BD%9C%E7%82%BA%E6%8A%BD%E5%87%BA%E6%B3%95&action=edit&redlink=1
http://ja.wikipedia.org/w/index.php?title=%E7%84%A1%E4%BD%9C%E7%82%BA%E6%8A%BD%E5%87%BA%E6%B3%95&action=edit&redlink=1
http://ja.wikipedia.org/wiki/%E7%B5%B1%E8%A8%88%E5%AD%A6%E7%9A%84%E6%8E%A8%E5%AE%9A
http://ja.wikipedia.org/wiki/%E7%A2%BA%E7%8E%87
http://ja.wikipedia.org/w/index.php?title=%E6%A8%99%E6%9C%AC%E6%8A%BD%E5%87%BA%E6%B3%95&action=edit&redlink=1

WE SRR 1

3-2 FEAHER I

N 7 OEARxD: i = 1. NEMNL /2R A XD i = 1. NOFEBUET &5 25 AZARITE CRHER )
St ESNT=DENL, 2 N 7 ORERESIX R — ORERZARIZNE D 4

ERAT RN

(RERFREMPHxOi = 1. NEWORERERIE T2 2 &3, BER & R U 2 & £ -
TeH NS 72 e R AR D = 1 NOEBHERxD: i = 1. . NTEXONEFLFEMTH S
Fo. BWITMSL TRI—OfERSAIZHE S b D% ii.d.(independent identically distributed) 7
MeREH LN,

TID ORERMEFREIZ I HRtetE & LT, A (sample mean)
X =23 X0 (3.2.1)
K OFEA 73 (sample variance)
1 Y
v:=—3(x®-X) (3.2.2)

RARTE A 22
V=2 (3.2.3)
ZEATLH.(CND bHERERTH D)

TEH LT D iR AR O BRI B4 2 WIFRHE 2 R . T ORI 2 &0V D,
OFEATE R ORI E . R R e o Btk

(X) =< ZuX D) =S¥ = p (3.2.4)

1 .
V2 == > (X © = X)%)

= =3 (O )~ F - )

= S2A(XO = 0))) + 3 (X = ) - XX D = 1) (X - ) (3.2.5)
%Z«Xm_ﬂf):%ZUZZGZ (3.2.6)
IUE - D) = (R -wH) =2 (3.2.7)
23O — @)X - ) = 2(ER(XO - )} (X - ) = UK — ) = 22 (3.2.7)
£ (V2) =2 g (3.2.8)
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WPRSERR 1

* Z TAHRES B (unbiased variance)

§2=Ly? =L 3(xO - %)’
ZEANTDH L

(%) =o?
LD,

(3.2.9)

(3.2.10)

*%
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WE SRR 1

3-3#fEE

OFERTHHIHEE

A K> TR o7 — 2 22, REMOEREZ 1S L BE L2 FGTHuHERT (statistical
estimation) &9,

oL E, BENMDHEIRE L, DHEREST D/ ONTA—F) 2T —ZNLRETDH
i, NRITA RN I BTNV DHEEELE VD,

B2, REMZERSMIZEIRE L2 L EIT, M ERED T 537 A =213V & 3ilo ]
Thb, £lo. HEMEZRT vV U DHRTEERE LT E EDONRT A =X TV u ThD,

O Rt E

BEE0 E35, ith&nzT—2ZHWNWT 0 ZIRET D Pl 2 A HEE (point estimation) 4
W, FT. B OIS T DMEREEO & INT, Bl 2R, P u b ) RIS IR T D R A
BE U UIMEARTEENO L7725, ZOOITMREHXD:i=1. . NOBEKTHY .
0 =0XD)

O Z it i (statistical estimator) IIHEE R (estimator) & MRS, HFIZ
() =106

L7050 % NMEHEE & (unbiased estimator) & FES,

ZI T, EANLHAEINANMEHEEEOEBESZ, L L TEET D,

Bl - BRI S0AR DS IER AR 72 EROE LT2 A

BAEY) X =_%x® (3.3.1)

TS §7 =550 - K)° (3:32)

B, TNZENEE u L Ho *ORNRHEERTH S,
Z 2T, BEMNOHHENIE N FOEAZxD: i =1 . N OEREIND

TEASELIE  x = %z x® (3.3.3)

BARSHE v? =135 (x® - %)° (3.3.4)
. TRENRTES p Yo P L LTIET 5.

IEASEEEDS BRI D) & 5% LD TR W HEE L7272 TH 5, 7272 L REDIERING |
BEABNARE FHE, EAVEESREMOPERY 72 <EI< T EBRF R D,

<<FEBAFEZ Z FT>>
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A AL

<< 5 ZE>>
3-4 XHEHED poHE ((FRZMR)
RHEECTHEE LT /X T A —Z DT X0FHKXM 2~ T 2 & & X[EHEE (interval estimation) &
W,
{Z#E/K #(confidence level) P, <0<6,)=1—a«a
FEIRAE o 0=a=1)
LiEw D, [1-aDifhs T, B0, <0 < 0,0RPEICH D] LW IBRICARD, 6,0, (FH
(B (confidence limit) & FE5S,
N 7 OFEAx®D:§ =1 . NEMSLRMERERXD: i = 1. . NOEBETH 5, HHHEERE = 0x®)
DA BRSO L EZD

ORREED p OIXFEHEE (ERSAR - B o 2BER)
REERNITIERDSMN (W o*) TH Y . Bo#o 2N TH D & T 5,

RV p R D HEE BIIEACT Y X = EZL-X@‘(“E}?; R

A ERUIAN (1, O A HE 5o (P AR )

% Z T,
7=X# (3.4.1)
°IvN
BEZLHE, ZHIERSHNODICWEI DTHLING,
P(z;<Z<z)= fzu exp(— —)dz =1l-a (3.4.2)

LD I DN, z, 2, BRIET D, IEBSANODICX LTIE, 2= -2, THLHN D,
P()?—\/iﬁzuSuS)?+\/iﬁzu)=1—a (3.4.3)

Tho,

— I, 99% DIEFEE (1 — a = 0.99) . 95% DIFFHE (1 — a = 0.95) °90% DIEFHEL (1 — a = 0.90
NEL fEDLND, ZOREOEHEIRAOMEIZER 1.7.1 DO#E»,

99% DIEHEE (1 —a = 0.99) z, = 2.58 (3.4.5)
95% DIEHEE (1 — a = 0.95) z, = 1.96 (3.4.6)
90% DIEHEE (1 — a = 0.90) z, = 1.64 (3.4.7)
99.7% DIEHE (1 —a =0.997) z, = 3. (3.4.8)
95% DIEHEE (1 — a = 0.90) z, = 2. (3.4.9)
68% DIEHEE (1 —a = 0.68) z, = 1. (3.4.10)

Lt (F1.7.1E3H)
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http://ja.wikipedia.org/wiki/%E4%BF%A1%E9%A0%BC%E5%8C%BA%E9%96%93

WE SRR 1

ORFFHD u OIXEHEE (EMSA - FYH o *RARIOBE

B (3 B HEE RITEAEY X = S5 X

AL TE AN (1, O /I HE D

L. R o 2RI DT, ZINERTERUY,

22T, BB P ORFHEER ThH L REAK 57 ==3(XO - %) ##oT

T=2k (3.4.21)
/&

hBEZTCHhDLHE, ZIUIBHEN—-1O t594f (AFa2—F 2 boAh) 1D Z - Tn b
Z 2T, HAEEN—1 O 4340 DR RIS

rG) s
Jrv-nr(22) (f)g (3.4.22)

N

T(t,N —1) =

ThHz 55, (NDoo TIEHYA)
Z 2T E%Ix

rQ) = [ x*texp(—x)dx (3.4.23) *
EFE I,
r(+1) = ArQ)
r(;)=vm (3.4.24)
ChHZL LD

(n—1)! N=2n

r(3)= ‘/EG)H [=i@ie 1) Nezmg1™ = b23 (3.4.25)

EHERADMEIZ, BHE NITEFL

N=10 N=100
99% DIEHEE (1 —a =0.99) z, = 3.25 z, = 2.63
95% DEHEE (1 —a =0.95) z, = 2.26 z, = 1.98
90% DEHEE (1 —a =0.90) z, = 1.83 z, = 1.66

Lirs,
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WPRSERR 1

OFFEED yp O X[EHEE (Poisson 704i) (3 3.5.1,3.5.2 & H)
FEEEF 23 Poisson 73 At > T\ 5 &35,
HETn YOFESPBHI SN E, #EBICX>Tu D EREE RIES 5, Poisson 4541 D %

n

e = P(np) (1.6.3)
AT,

P(u<u,)= fO””%e‘ydy =1-a (3.4.26)
LR Dy, RO IIT KW,

IS n o3 LT BBy, =3 3.5.1 (2R~ 7,
# 3.5. 1 IIXFIERIZE 2 TR 72 BB, bR L TH 5,
B FESE n o3 Lo ERE E TIRMEIX (FZE5hETaxB25) 13 3.5.2 1ZR7,

Friz, HIE T n=0 OFFZITE A TOFHE S ATRET

P(0,u) = e¥ (3.4.27)
THHND
P(u<u)=["exp(-y)dy = 1—exp(—,) = 1—«a (3.4.28)

ERDEDITTHIT IV,
DFED . gy =-In(a)

fSHEFE 90% D EBRAE(1- o =0.9) ty, = In(10) = 2.30
TSHEFE 95% D ERRAE(1- o =0.95) ty, = In(20) = 3.00
TEHEFE 99% D EBRAE(1- o =0.99) ty, = In(100) = 4.60

HELHEK 3511 T 5,
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Table 33.3: Lower and upper (one-sided) limits for the mean v of a Poisson
variable given n observed events in the absence of background, for confidence levels

of 90% and 95%.

1— o =90% 1 —a =95%

n Vo Vup Vo Vup
)] 2.30 3.00
1 0. 105 3.89 .051 4.74
2 0.532 n.42 {1,355 f.30
3 1.10 6.68 (.818 T.75
4 1.74 7.99 1.37 0.15
D 243 09.27 1.97 10.51
G 3.15 10.53 2.61 11.84
T 3.89 11.77 3.20 13.15
o] 4.66 12.99 3.08 14.43
9 5.43 14.21 4.70 15.71

10 6.22 15.41 5.43 16.96

#%3.5.1 nFEREBNEINTEBORT Y U5 OHEE v O EFRE S L < 1% FRRE,

2011 Review of Particle Physics  (J. Phys. G 87, 075021 (2010))
http://pdg.lbl.gov/2011/reviews/contents_sports.html

Table 33.4: Unified confidence intervals [, 1] for a the mean of a Poisson
variable given n observed events in the absence of background, for confidence levels

of 90% and 95%.

1 —a =20% 1 — o =95%

T 1 153 1] 12
0 0.00 2.44 0.00 3.09
1 0.11 4,36 0.05 o.14
2 i(0.53 5.91 .36 6.72
3 1.10 7.42 0.82 8.25
4 1.47 8.60 1.37 0.76
O 1.84 9.99 1.84  11.26
fi 2.21 11.47 2.21 12.75
7 3.66  12.53 2.58  13.81
8 396 13.99 294 15.29
0 436 15.30 436 16.77

10 550  16.50 4.75 17.82

% 3.5.2 nHFHRENINT-BEORT VAR OEEHE v O EIRER L OV FIRAE,

2011 Review of Particle Physics  (J. Phys. G 37, 075021 (2010))
http://pdg.1bl.gov/2011/reviews/contents_sports.html




WE SRR 1

3-5 KFHEED Ryt o OHEE

REEE) p \Zx 9 2 HEE Tk, Boio 2B TH 5, b L<IIMMma#E Wiz, R iofEl

DONWT, KEHEEZEIT 9, T% THLSIZOWT,

NG ls2 = Z(x(l) - x) (3.5.1)
. HHE N—1O x 25 ICES 2 Enfl->Tn b
22T, HHEEN O x 2 50An OfesRE B REEIL
N N

C(y,N) = G)Z @yTlexp(— %) (3.5.2)
ThHxohb,
HHEE N O x 500 D MR Y OWIFRHE & 458U

_ o _ 2 (o N _ ()

= [, yC(y,N)dy = @fo xzexp(—x)dx = O N (3.5.3)

ar(3+2)

(Y?) —f y2C(y,N)dy = e )f Xzt lexp(—x)dx = r(zﬂ =N(N + 2) (3.5.14)
(Y?) —(Y)?> = 2N (3.4.15)
%+ Z . reduced x *
<_ s
§== (3.4.16)
rERTDHE
Sy=1 (3.4.17)
(§7) —(8)2 = = (3.4.18)
Lo T, reduced x *7° 11TV 2 & ZffEgdd U Ly,
ZOL X, EWHEE o TO reduced x DO, OFED
f: C(yN,N)dy =1 —% (3.4.19)
[PCoNNydy=1-2 (3.4.20) %%

L7 SL,SeDEIXT TEDERBY THD

HHE N FHEE «=90% EHEE «=99%
S1 S2 S Sz
0 3.84 0 7.88
5 0.23 2.20 0.08 3.35
10 0.39 1.83 0.22 2.52
50 0.69 1.44 0.54 1.59
100 0.78 1.24 0.67 1.40
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WEEER T 1

Myl e TREKOHEE
so gpye  TIOEBIEEEE (REOHE

RHEM OB BB A R0 1735 Z L 2R L TW (x) = W(x, 0) & EL,
N 7 OFEARxD:§ =1 . NEMSE 2 MERERXD: i = 1. . NOEBEE»S, B30I L TN 7D
FEARMEXxD: i = 1. NPEBRT HFERE

L) =W(D,0wx?,0) .. W™, 0) =TTwx®,0) (3.6.1)
Z K FEBS% (likelihood function) & L CEFET 5.

WERDOBUIRIBIZE R Z 0T 0O E, L@ODBERKERD X OICRE 2oz kv, i
i AE (maximum likelihood method) &V, ZD X 91 L’Cﬁ%&’)kﬂﬁ%é MW TCEEHEE
fi (maximum likelihood estimate) & FE5,

FEEROFINREL LT, LR OGO )

1(8) = In(L(B)) = zln(W(xU) 6)) (3.6.2)
ERRIZRD LI, DFY
;_61(9) =0 (3.6.3)

EIRD XHIOERET D,

 REEM AR S IER A 72 S ARGE L7236
léﬁ( IV u &3 o > THDIND ., MEREEEEIZ

W(x,u,0?) = \/%exp(— (xz_;;) ) (3.6.4)
KRR X
l(u,6%) =Y 1In (W(x(i),,u, 02)) - Z(x(l) u)z - gln(Znaz) (3.6.5)
> FNIIEE S L
CE — _Lly(® _
0= a#l(,u,az) = UZZ(x i) (3.6.6)
@ _ —
0= 6(0’2) l(u,0%) = e 2)2 (x ,u) 202 (3.6.7)
Lo T
Q= %Zx(i) =x (3.6.8)
62 =23 (x® - p)" =v? (3.6.9)
A
* %
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WE SRR 1

3-7 s/ 3k

%ﬁﬁ%@MmT I, BENE Eh, %ﬂi%ﬁﬁ#&ﬁ%h#%ahfwoo_@ﬁg

1%§* nAEE. WEICRT <a1a5%%tE§0>5&%%Eﬁiﬁéﬁ BT 572 01X, EBRSAMIC D (HEMEE
)&%ﬁéﬁ7* A AN Mﬁ?~&ﬁ%7w%ﬁ&aé%a®ﬁfﬁbﬁ7@% \NE

T2 BT NEBOED G ER/INIT DL IICETVEBERETHZ LR TX D,

NTA=Ht=tWi=1 NTHEEND NZFOHERTOREMExD:i=1..NT 5,
BIEAEDS RO /RT A —5 0 EGTeTT VS (L, 0) & IEBDAICHE S 82E (5 #o%:i=1..N)
OMTHDHET D, T8, xOii=1.NIZ, EHEIMNE (D, 0), 0, )ITHE 5 AT 2nfle =R A5k
XO:i=1. . NOFEBRELEZDLZLENTE, BEALEZBEIGLTRT A= 0 ZIRET D,

fife = L RS0

W(x,t,6,02) = == exp(- ELL (3.7.1)
ﬁﬁtﬁ%ﬁkiﬁéx#

. . . . 2
0=21(6) == ZIn (W(x®,t9,0,6,2)) = —;—gﬁﬁ(x(‘) — £(t®,6)) (3.7.2)
DFY

22 =S (xO = £(e®, 0)) 0 (3.7.3)

V

ZERNCT DL TA=H 0 ZIRTET D,

2Ty, WIESEOEEAE N, NI A—Z QO E mE L&, BHE N—m D x 2554
WZHED Z &NV - TV S
2T, HHEEN O x * 5540 Ofife 2855 FE B E X

C(y,N) = G)g@y%‘lexp(— %) (3.7.4)
ThHx bbb,

LT = [ x* te™dx (3.7.5)
HHE N O x 2000 D MR Y OHIHE & /0%

(¥ = [ yCly, N)dy = @ [ xzexp(—x)dx = "%31) =N (3.7.6)
(Y?) = [*y2Cly, N)dy = i )f 7 exp(—x)dx = ”%32) — N(N +2) (3.7.7)
(Y2) —(Y)%2 = 2N (3.7.8)
# =, reduced x 2

S=—"_ (3.7.9)

N-—
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http://ja.wikipedia.org/wiki/%E8%AA%A4%E5%B7%AE
http://ja.wikipedia.org/wiki/%E5%BE%AE%E8%A6%96%E7%9A%84
http://ja.wikipedia.org/wiki/%E7%99%BD%E8%89%B2%E9%9B%91%E9%9F%B3

WE SRR 1

BERTDH L
Sy=1 (3.7.10)
G2 G\2 — 2

($5) =85 = —— (3.7.11)
ZOEE, EHEE 1-a TD reduced x 2DfE, OF Y
fSO:C(yN, N)dy=1-3 (3.7.12)
[7CONNydy =1-2 (3.7.13)
L7025 S, SeDfEIZFE 3.6.1DERBY THD,
T, AR A ORI E -T2/
fs‘j’ CYN,N)dy=1—a (3.7.14)
b, (2362, K361 HH)
HEE N BHEE 1- «=90% BHEE 1- «=99%

S; S S1 So

0 3.84 0 7.88
5 0.23 2.20 0.08 3.35
10 0.39 1.83 0.22 2.52
50 0.69 1.44 0.54 1.59
100 0.78 1.24 0.67 1.40

# 3.6.1 HHE NI

x4 A reduced X2 D, o ZHlICE 5TV D,

HHBE N FHEE 1-«=90% FHEE 1-a=95% FHEE 1- 2 =99%
S] SJ SZ
2.71 3.84 6.63

5 1.84 2.20 5.03

10 1.60 1.83 2.32

50 1.26 1.35 1.52

100 1.19 1.24 1.35

# 3.6.2 HHE NIZ%7 5 reduced X2 DfE, o Z#HMNZE > TS,

2011 Review of Particle Physics

(J. Phys. G 387, 075021 (2010))

http://pdg.Ibl.gov/2011/reviews/contents_sports.html
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2.5_IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
2.0 [— —
- 109% — 9% ———=

szn - ]

0 10 20 30 40 50
Degrees of freedom n

=
=)

Figure 33.2: The ‘reduced’ y?, equal to y?/n. for n degrees of freedom. The
curves show as a function of n the v2/n that corresponds to a given p-value,

X 3.6.1 HHJE nlZxtd % reduced X2 DfE, o XA HNIZE STV,
2011 Review of Particle Physics  (J. Phys. G 387, 075021 (2010))
http://pdg.1bl.gov/2011/reviews/contents_sports.html
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WERIEBR 1

il . =7 VB A —IREAEf (t,a,b) =at +bE T 5,

S(a,b) =% (x® — at® — p)° (3.7.15)
> UANIRAPE S
0=-25(a,b) =35 (x® —at® - p)t® (3.7.16)
0=25(a,b) =3 (x® —at® - b) (3.7.17)
LT,
NOMO (t®)? ¢
2 2 )
o=l T(G) (3.7.18)
Za_iz Za—iz Za—iz
5 1 t®
ay_af Zw TIGE|(mx0 0
(3) =2 _ _ . 3.7.19)
b) D o) (t®)? <2x(1) (
_Zo-iz Zo-iz
I CORTOE (c©))*
D_(zcﬁ (=) - (%) (3.7.20)

N 7 ORNE L TORNEME %
x@W:i=1..N, #8502 i=1..N)

36
yWii=1..N, #R75Ho,%i=1..N)
&I 5,

HIEMEOMA(x VORI, RHOD/NT A —2 0 ZETe®T VB (x,0) %> Ty = f(x,0) &\
BN NED B D & A,
ZOLE, RN REERFESOTNNT A—H 0 BRETHITIE.
REDIEIRO X E - T, TeoflT

2
O'iz - O'yl'2 + (% x:xi) Uxiz (3721)

DEZHZ 2T,
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W PRSEER T 1
il . =7 VB A —IREAEf (t,a,b) =at +bE T 5,

1 ) ) 2
S(a,b) = Zﬁ(x(l) —at® — b)
D E/ MR BRI

/ Z: tm\ MOMG!
\ Zt(l) (t(l))) ZX(D

WFE FRoSoEbY T SE T —F7—RELT

~
S Q)
~—

- ED-ED)

dS(a,b) _o, aS(acZ b) 0
(ap)
ThoHZLICEET DL
ia o (@—2)?8%5(a,b) (b b)” 025(a, b) ) -, 0%5(a, b)
S(a,b) = 5(a,b) + 5 o2 (@5) 5 5 | (a—a)(b-b) 3adb |y

S(a,b) =S(a,b)+(a—a b- b)V(b ?)

105G b)  19%S(ab) / (t@)) t(o\

2 i

. 2 Oa (@5) 2 0dadb (@5) z Z o2
10%S(a, b) 10%S(a, b) k t(l) 1 )

27 9adb |5 2 0B7 |4 oz ZP

Z DWATHIN RETA

1 t(")
¥ = (Gaz Cab) l O-iz
Cab sz D t(l) Z (t(l)) /
O'iz

L%,
EE  AHEROBEPBEM TRV E &b, m/NEREIIEHNTE 5, L, BETINT

2

1 zt(l)
Z:(Gaz cab) 1 0;? s(a,b)
Cap Op D +@ Z(t(l)) /N m
O'iz

<<EBHFHEZ I FT>>
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WE SRR 1

5 5 a7 il

BlfE 5-1) FhLFORBREREIToTZEZ A, HOHWERM TORIGEIL 0 FRIZ -T2, 90%D
FHEXETO, BEORISEOBEHED FIREA KD X,
BRG] RT U DFR LY 2.3 T,

BIfE 5-2) FRLFOREBREREZIToT2EZ A, HDHHERM TORIGEIL S FRIE -T2, DX
I O HFRE &2 95%DEFEIE TR L,
BB KT VU DOFELY  1.84~11. 26 FHH,

BIE  5-3) FRIFORRIERZIT o7& 2 A, HORERF CORISHIL 1000 FL72 57, E
D IS E D BRHE 2 90%DIEHEEE TR k.,

FREZG EHANMEZZ DTN TED, BEERA0=31.6 1EHIMTO IOWEHXMIL2.30
=73 100073 FH,
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4 BE <<ifj 6 >3

4-1 G & M E

RHEF D ARIZ OV THT S » T SN A IRE Z #EH IR HL(“hypothesis”) & W 9,

FERTAVRE N IE LW E 9 iR DAEZEZ st iR E  (“test of hypothesis”™) & 9,

BE &, S N 7 oEADOHE xO:ii=1..N %KL T, K Ho2EHTHNE I 0
W B e,

[Fl— ORERSHNHE D NEOHEELXD:i = 1 N HIE DBREFKEE (Ctest statictics”)
KQXD, ... XM &5 % (R HoZHy: (K) = ko &t
(S8R Ho 2 MR D SE0 & RUE LTz & & OWMUERFHEOTER A % HoZ W (k: Ho) & LT

L%quH@dk:a (4.1.1)

D XTI Ro xRk D, T DI a & B AKHE(significance level”) £ 7 13fERFE L 5,
HL, NTZOEAOExD: i =1 . NrOHEONMEK D, ... x M) Bolc Ao b

MfERRHE o TG HolXZEH S iz )

EWVW D, I TERER LT,

MEGH HpDSIE LUWMZ )b 63, A SN TLE 9 MR

D EThb,

O IRRE : fEMREE o OfERRIEZ fEIkO A D AR TE T D Hik,

OMAIRE « [ A SR O MR E T D MRIETE, BRENREFH Ta b2 L O1ITT 5,

4-2 IEIRARCHE O BRIk /e (3-4 #i, #ilE 6-1 &)
1) Bt o A TH D & X DR p Ik 2 HE
WREtHy: = po Z1EHKHEL — a THRET D IZI.

7=t (4.2.1)
N

wRERA R L UL THARRE TE R D, ZITERSIMNODIZHED,

P(zp <z< ) = f;:\/%_nexp(— é)dz = % (4.2.2)

L2520 R 111 K VRD, 20 LZZ IR, 2o>Z THIUTBHITFER S 2w,
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WE SRR 1

i) BoBicd omE  (3-5 HiS )

(RitHy:o = 0 ZAFHUKEL - a CHIET B101E, RRAH 57 = L3O - %) %4> T

4= (X(:;X)Z =W-D5 (4.2.5)
wiREMaTE L L CHAIBRE TE R D, ZaUud, HHEN-1 DB A 2 R JMIHED DT,
P(k, < x? < ) = % (4.2.6)
BLW

PO<y*<k) =% (4.2.7)

ETR Dk, ky P DI E 72D,

i) B0 2SRENTH D & X ORNEY) p Ik 2 HE
RiiHy: = po  ZIEHEKYE 1- o THET DI21E,. RMESE S? = ﬁz(xﬁ) — )?)zéﬁof

T =Xt (4.2.3)
N

AR RS LCHIRETE 2 5, S0 LT85 L XITHD LI L ERNIENS &
BTEB, TR TILHABE N-10 student 2701 5.

P(to<T < o0) == (4.2.4)

LDty RO D,
Bl «=0.05 L3 5Lt,=226TH 5,
T(xD, .xM™) > £, IIT (D, ox M) < —t 72 IR, R HolZZEH SN D,

4-3 AR & HERHER

AATLARTOME=R AT (FRTHER) 25, AT ORI (FRER) (BT HD, 20
PR AR 2 BUE L2 TS FRMERZIRET 5 2 LN TE R,

ROMBEEEZTH LD

[H)

FF 495 DO A 3 BR 0O [ BT A3
RIS TWAES ... 100.0% [k
FEAIRIZHE S TR WDEEES L. 99.8% FatEt. 0.2%5ME
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WERIEBR 1

ThoHrET D, HBRIEOESTHWDF1HORELIToT & 2AH, BHERIS T,
Z DENEFIFITHE > TV D ATREMEIZ T %D,

%)

Bt RO 72 & LTh JEFIRICHE > TWRWATEEED B 5,
EAIRITHE > TV D 5%6a. BBPESH 5 ATaEMElL 100%.
FEARITHE > T WGSBS 2 aTRerElL 0.2%.

Ko T, HEHIRITHE- TV D A[EEMEIE =99.8% THA 9,

100+0.2

EZAN, HEESEXTHAD L, 50m CIE, REROREAIZBT 2IE4HICHE > TV D HE
REREO TOVRWIERN 1 X1 TH D] ZEBHERO I BITRESNLTWND

Bl % 1%, él%ﬁ? TEAIR ISR TV D 40OEIA A, 10 FEHE ﬂbflﬁf%é ERGrDNo
TWela . BPESORD T2 D ERIHE > TV DRI

1x100
(1x100)+(99999x0.2)

Th b,

4-4 XA X5 (Bayes’ Principle)
BUAIRT ORI (FRTREER) 25, BUARR OMERSM (FRER) ITRET L, FAiERLT R
ELRTITFERMEREZREST D LN TERYY,

LT D X5 R5tiE CTilm 2 E D 5

eR2% (random variable) X, Y, Z ...

FEARME (sample value) & 72 1381l (observation value) :x,y, z

BoOfE, % (parameter) :u«, 0,

fife R B %L (Probability Density Function: p.d.f) @ f(x), f (i)

S & TR FE %L (Conditional p.d.f) f(x|w), f(ulx)

= 0.5%

x, uD [FIRFE FERE%L  (joint density function) (% (1.1.10)=0X Y

flow) = flxlwf@) = fulx)f(x) (4.4.1)
EETDLH, b,
Flulx) = FOIwWfw) _ flw)f(u) (4.4.9)

f T [fGlDf)aur
ZoORTLY . 2T, fEFAHES (prior probability) & 75 & HATHERS (). B ST
TR f (x|uw) D> & F 4 iR (posterior probability) f(ulx) 235355, S REOMEITHFMSALD ZIC 2B,

B Bayes JFEIZH T 511, FAMERDPLETH S, (Bayes JFERLISNOHEE 1L TIL, FAli
MRITREERD ) BITRES LTV D)

B SSHERORD T OWNTIIRM —A ATV, (FEEHRITFRTER OREEIT O W T T
Bz T W)
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5 6 FfIC e L 7= il

il 6-1) 1IEMAA
@ Hp Tl3d 2HE TORL O HEOMIFHEN 2 57T FRTH S, —RIOWPEEITV, HIE
SNTFELRED 50 DR, [EFEE 95% T Z DGR EMER X,
%%M)Zz%ﬂ (IZoWT, X =50, oy =57,0=V50,N = 1&fRA$ 2% L ~Z =098
VN
BHEE 95% 72 DT, % 1.7.1 ® «=0.05 DHEZ R %5, §=1.960
1.96>0.98 72D T, it HplTFER 720,

BIRE 6-2)  ART VAR
BFEOFRL - OBEIZRZ) LTz, BEIX 5 F5 T, NV 7T R4y MIEHE T SR
ThHDIENynoTz, ZORKF DB S D HEEN, ERWiEfE 1fb 720 5 FRERDHE
BREAFE T o ToRe, AR 2 [FE 90% THEER K.
RG] J78F - B S -G x D> DB SR O HIEE 1 2 HEE 5 R,
BT oAz ® ER(p . TR(uDEZZK 352 MWoHF%24 9,
EHEE 90%(1- . =0.9) T FER B OMFHEILX u, =184, =99 £V u=51 THo,
L7eo T, ApBrmfEiE1rg? b &ed,
EHEE 95%(1- =0.95) CHELNIFER B OWFHMEIL  w=18u, =113 LV u=5%3 TH 5,
L7eRo T, ApBrmfEix1te: b &es,

OHFMERD L % 2T AT R, B S 7 TR x 12 xE U AR I D W18 o % e L
TWDDEN, pliX0LETHD Z EEEBEICAN, FhifER
_J0 u<O
e =|; B
FHMAT S, A XOFEI

fCelw) f(w) fCelw) f(w) f(xlw) B
xX) = == == = f(x =—e 4.4.6
flulx) f(x) Jo FGluDfwhap [y flxlu")dpr fxlw) x! ( )

EOmeD==quf0¢0du=1fu¢§eﬂﬂu=-—F%;eﬂﬂ:+(X+lJﬂf“Té“du

X

=x+1[ flulx)dp=x+1 (4.4.7)
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FoT, WIfHEIL x+1=6 FRERD L ORRT VoM B R D,

0 VOl CIZAE R fEIL 6+/6=6.0+24 b Th D, AEMmEEOREEIX 5.0fb ThHhD,

RT UG DFRNG

EHEE 90%C  BUNFREOIFHEIZw = 22,0, =115 6.0733 Th D,

L7 o T, AEpbrmfEix1.2iys b &2 b,

EHE 95% C  BUFREOWFHMEI Ty = 2.2,u, = 128 6.0158 TH D,

L7z o T, AEpbrmfEix1.2iye b &7 5,

BIRE 6-3) IEBISAG - RNT YV o5 % ()
HEHFHRRIR A SOy #1143 TORHEL
HIE % 100 [A1fT o 7= s 5,

_ 100
i s X = —— X
z o (F X&) K W 5

1 100 _
S?2=—"S"x. —Xx

99 i=1( i ) 13 25.0
ThoT,

(1) y OB (BRigR=Rmt S
y BROMWE T Sz y BROMED 725

2

4

6

8

10
m

12

ol
14

IIIIIII
16 18 2C

10% T b L LT, BEHRRIEAOMRE [ (Bq: 1 I T2 v BROMEE) O#PHEZ 95%
D BHEECHEE L2 SV, (BT 3 #1) (B L. JIERE RO MBI ER AR 120
VW, EOGIIEANMEZ R EELWET 5,

(2) HWHHRRRA LR L= X —0 y & T 5, BIOKSERIEB 23 H 5, Lt & FEEOH
ERETHELZEZA(OED, BMHRIZ 10%TEHE L), 105 OHE BH Ly
BOMEED) B0 Thol-, FUHBHIRB OEED FIREA 95%DEHEE THEE Lo S\, (F

B 2 HT)
fr &l

(1)Y =24.0+0.10 = 60 = 4.00

(3.4.1)% 062 = |2+ (0.10 x 60) = — = 0.0833

60

100

WA 9% DIEHEE /72 DT, ERSADOELY 1.960 & & 5,
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Y —196 X0, <I <Y+ 1.96 X oy
3.83<1<416 [Bq]

(2)

FIREOHEE DT, FHRT Y oS5 HFEHWS, #3.5.1 D n=0 & 5% HO>WNTHBDB L, |
FRMEIE 3.0, ZnE3->T, I7 =3.0/(0.1X10X60)=0.05 [Bq]

Gl )

P(0)=e* >0.05
' <=In0.05=In20=2In2+In5=3.0

' < 30 =0.0500

~ 0.10x10x60
BiIRE 6-4) HatHaRZ 10 7~ TREEZIT O, MHZRICOWT, Mitizhs 0.2, 0=0.05 & 25
EE L THRESRERIEL-, SR LMz 0.18,0.14, 0.27, 0.22, 0.20, 0.18, 0.23 0.24,
0.18, 0.26,0.21 &L 72 5 7=,
BRI, o DED 90%DEFEE CEFHEZ - L T A0 RETE X, 7272 L., mtidhE
OREIZH LTIE, o DIEE L TRIEOEAE O TEI N,

FRER) BRHEARICONT, EHOBRMAFEE XX &5 EX =—2iL, X, = 021
BEPHDIRIN 72D T, MR B ZEE D,
§? = =212, (X; — X)?=0.0152/9=0.001688

HUDRRBRE BR LV AEASERNT(X, 02 /N) D IERL G AGIZAE D

--C 7= X-p _ X-p _ 021-02 _ 0.01
- o/NN ~ S/VN 0.013 0.012

72D TRHIZhRIT 90%E X M CEFEE 2= L T\ 5,

=0.83 < 1.64

o lZDOWT

RIS 8 S 1o, x2 = 8208 gy o,

o2
2 2 =l e x* _ S? _ 0.001688 _ 0.001688_
Lo, reduced Y*ZFRFETHE, To=m=———m=—""=067 2D,

HHE 10 Dx? A2V T, 90%EHEXEIE  S1=0.39<0.67 72D T, 90%[EHEIX[H T
o IXBEFEE 2 7= L TW\WAH,
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WBRZERR A T (FERt) FRaRICRE4 2 E A & diE R (2012 )
kb o LHENME LD oTc, A& D K ITERICREZM TR LT WE/-S,

72T TIEA A=V ORI WD T, EEOMEEZ, iz CHEZ N TIZ LYY,
SHEPICHZDHEEZEC L ET, #HE/ — MIHEEZENL TBE £7,
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WEERRE T (Fat) £ & o

<FLREE >
WFHE EX) =[x f(x)dx
S VOO = E[X - EX)Y] = E[X?] - (E()°
-
N
<PE=R oA >
RT3 A P(x,p) = ’;—Te‘” MfHE=n =L
AN _ ; _ (x_ﬂ)z 4 _ SN\
EHRSA f(x) = ==exp(— 55 HFHE=n D= o2
} \ )
<fifi FH 51>
£ Ao TWDIEIC & HMEM x %1 DR « BB/ BIs & 3 PR
ORT VUG OMER E L TOERSMTIE S#=r=N Zxbh5,
\_
A
KEOBER PUX—pl <o) <1-25: WEEHRE TR &OFHIBEOMHIISESS
PORRER : N EOMITT, KIE WL SO ERAISES S
4 N
<BREHEE>
B (0) =w(xD,0wE?,0) .. wix®™,0) =[Twix®,6) ERKIZT D,
Bl TRk s =N (xO - f(t(i),@))2 EH/NCT %
SITHME N—m D x 25348 H
\ /
[ = . Sz i~ I\ \
<t BB REEHER - E>
A1 X=-%x0 = u~X
TR ik §2 =3 (x® - %)° = o~S/VN
(ELEVES o BEF (L LIS TRAE) uwikdd =  IEBOA
K o ZXRDD = x 25040 j
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