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SIMTBSG DT — 51X, KYPEZR ETIEF Y AT —Z (unbalanced data) °, RO R
WA Z sy F— RRIFEERSC, Iy RO N D 2270 & DRRZZ BRI DR D 72 DI 2 B D53 1)
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1 V-l 2
fv(lz): (;(2) e 72 Zz>0
2v/zl—~£vj

127



128

HIFED Sew DD 1 oireZwi & LTERT D&
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L0 ET, FEIREEODO, bl ZRDODLIDIL, WS LT, HEE200EBTFIELVOT
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Regression Analysis *
1 0.27 0.33
00 2 0.31 0.31
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8 Weighted Demingregression 5 0.45 0.38
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9 1 0.87

y 5

10 1.13 0.99
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16 2.94 3.16
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FITWESS TEST OF NORMAL DISTRIBUTION
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19.2 T8IV DHAIEHRSF (censored normal distribution)
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LinL, < DT —F MR TERWEELHV ET, £ T, ~NTF AN w7 2FiE (ERSTR, <t
BOEB i 72 EHARET D) R LET, —RICT —X D 2s. d. OFPHA 95% DOFEH E L THER LET,

£, ROBENTZF —# (outlier) ZMRV RS Z &%, 51T Grubbs—Smirnov DOIEHMRIE 2 LTI~
ETEHY EH A, ROFENTLT —FDANIZOWTHTREL, EZERILN S R~ T, RY
Bt 77 — 2 NEERBEREZRFOLAE GO £, KEDWHIEEOMBEA, Grubbs-Smirnov DIEHIR
TEVIEAIITITAR D B RN R 2 LBELT, ROMENT — ¥ MV BRE ET,
ZNTIITRORDT —F T, LIFEB 51 8% ERDMICEHT 5575 DEIENFT LW TR
IR O HEIEM A I L CTAHET,
ETREEANT, FAOFEER, Y, @EZHT -2 b/Bon ool LET,

—

T—5

n=100
28] 39| 15| 14| 14 6| 12, 17] 27| 10
17/ 15| 38 12| 10| 19| 26| 14| 19, 11
19 14| 20| 22| 24| 23| 28] 31| 23| 26

19| 18| 45| 53] 27 9] 30 27| 21| 20

19] 44| 25 9| 17 6] 18 23] 10 8
10 20| 18] 17| 23| 36 9] 12| 58] 18

26/ 50| 19| 17] 22| 17| 29| 11| 34| 12
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19 I LIZIEM G LT HUI0 O & 5 IEMS3A O -4 L AR HE(R 22

bR NI T AEERLTHRT,

FITNESS TEST OF NORMAL DISTRIBUTION

Mumber of data= 100
Mean = 2244

Median = 19

Unbiased variance = 147

Sample standard deviation = 1212
Skewnese= 1603

o Kurtosiz = 2377

AN TWET O TIER S TIERWE 5 T,
EHSHORETS, EHAMEETERSNE LT,
BEIENFER LT, FbikEnbERAEZ RS THET,
TRoORXDO L 2B ML Z§H T 5 L

a

xl.('i) L 1+/1
A
Nlog " (x® —x )2 N
MLL(A)=— g2, ) +(A-DY logx,
2 pan
IEYS)
Power Transfomatio
A MML
-0.8 -239.987
-0.6 —235.143
-04 -231.713
-0.2 -229.749
0 -229.283
0.2 -230.328
04 -23287
0.6 -236.873
0.8 -242.277
1 -249.004
2 -299.224
3 -369.109

T—5= 100

FE = 224

pR{E = 19

&/IME = 6

=KIE = 66

Sk = 147

AR E= 12.1

2 SD XM : -1.3 <—- 462
JUINS AN Y% 95%RR 6.53 <— 58
ERMEDEE

EEORE

TE= 15

Z1 = 6.26

Z1=6.259 > 7=3.29 P<0.001 CIEMMEIFENEIN S,
REDKRE

gRFE = 2.38

22 = 5.23

72=5.227 > 7=3.29 P<0.001 CIERRMEIFENEIN B,

MWML=—229.28 T =0 K&7eh, MBERNPENVEL D T, EEHEL TAET,
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SN Lo 7 — 5 CHRAT LT

e

FITNESS TEST OF NORMAL DISTRIBUTION

Number of data= 100

Mean =237

Median = 2944

Unbiased variance = 0.2399
Sample standard deviation = 04897
Skewness=-0.03213

Kurtosiz = 0.04301

170

T—538= 100

Tyl = 2,976 19.6
hkfE = 2.944 19
nER = 0.2399 1.27
BERE= 0.4897 1.63
2SD X/ : 1.996 <———>3.955
FREDRE

EEORE

TR = -0.03213

AR 0.1338

P>0.05 CIE R MZEMT HIEMNTERLY,
REDKRE

RE = 0.04901

22 = 0.1078

P>0.05 CIERMZEMN T HIEMNTERLY,

KEERT, EROMERRED X5 TT,
HEE L2 BYE Ml (2 SDXED X AHEE CTT OB EEZHEVET, TORBEHEEIXITROKDO L 512k,

0.025% 0.975%
HAEETR
v =
<« <«
HiEEHEAO TROR M HEERED ERORME

Tm,me@aﬁ%ﬁin%ﬁ%J3f*wani¢o
n

xL =(x-2s)+ 2S\F =1.996 +0.4897
n
xH = (x+2s)+ 23\F =3.955+0.4897
n

A
TR :
EIR -

1.826 75> 2. 166
3.785 2 4. 124

SR LD THRICRTRERH Y 7,
RS ETFROL IR £, MEERSMCERYEVET,

Mumber of data= 100

B

FITMESS TEST OF NORMAL DISTRIBUTION
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19 I LIZIEM G LT HUI0 O & 5 IEMI3A D14 L AR HE(R 22

FEVEAE
TR 74 (6255 8.7)

kR 52,2 (44.1 °5 61.8) O 1 TZFHEM D 95% 15 HE X ]

SfEY) 19.6

BRI 7705 5212720 £33, 95%EHEXHEZEET D & J_rZS\F DIERH Y, 61D 6212725 0]
n
REMELH D ET,

ERNOIE, REHTERBERA R E a2+ 2 2 L% <, BEBRANRZEMRIT 2.4 &MFE)
6.9 BEOY TID LM TN TR~ X IS, BIERSM TP TE 5 LIS ET,

y=logx

AT PERE. RHGE)

i)
p (AAIS3LTHEBEIS80)

R RiSgE

BIENFEMT, HLEPLERRARELE LD, BICHFLEEL L CHlL ROICTEEE
Ao

ZHAXUTITIREREFHIRERITD Y A, MENONRHRELBE LIZAEKET VEFUE LR
TIERVRITERE T~ E T, 9B5%HIHDAIIERBH Y £,

SRS & 5 < OBET— 5 LI L, 5 ONDEMICBIET 5D Th 505, BORA
WT— & EAREZRIRY % B B BENH Y T,

\\\>ﬂ~
;¥
e
=
Iy
yo-
-

EZEA~OREHE) BIAEE (1993 4)

oty F7 v 7 ) §IAEE (2003 4)

I

S
i
i
W

%
Zr‘/th

Tl

171




172

H20E ZXOMOBEEOMAICONT

FERHATIRFIF T, KRICAZITH 2 LMoL FIELHIT L ET,
EEBRCTHEASND, Ay ARLEAFHHT 72 EORAITEIE L ET,

20.1 EXEINRERLTE (SBATHFER)

EEREHENED S E T O—JtlilE & ot E =7 B [y —v] THEHEATE

EJc RS

T—H &A1l 225 d34 LT LEEIL FRO X ISR £,

—EEES VAT ZEEESBAN

ERA T4 ZEREA B Bl (B2 |B3 |B4
Al d12 | d12 [ d13 |d14 AT d12 | d12 | d13 |d14
A2 d21 | d22 |d23 |d24 A2 d21 | d22 | d23 | d24
A3 d31 | d32 |d33 |d34 A3 d31 | d32 | d33 | d34

FRNEL 700 EWMDMERH DT — BT RKIC/20 £3, 2T, —HERIETH
% EARRHEBR RS H N T,

IREEAE ORTEL T 578, &R, i, 2, 720, RS, RER & TRIERZEN
ATET, ZOBMEOHERMEER LI L XL, FERICL DT —XITRIETHEL T
D DITHEARRSERITAN T, ERRSIFER T, KN L8, L9 FREE D FFR A1
DVIRTZEIZRY, AxOREDOHTHAMR HRICTEAEDOHT A TE Ed, EARRS
FERD B H A < P S AUEREEER I s> T E 9,

RHEAERNRWZ ERRYITTR, o7V 7o llEE TOMEDERZ %O
WHLTHRFTLTHnE T,

BENERE
st
7 EY HH&RE
k&S B
etk > AET—5
s A

FTERE ANRE
HSLDHIE
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19 I LICIEMME ST H U0 O & 5 IR O3 & AR HE(R 22

L 8 EH3ZEFI
1 2 3 [4 5 6 [ [7%

1 1 1 1 1 1 1 1 a1
2 |1 1 1 2 2 2 2 a2
3 v 2 2 i 1 2 |2 a3
4 1 2 2 2 ]2 N 1 44
5 2 1 2 |t 2 [t 2 a5
6 2 |1 |2 |2 |7 2 |1 d6
7 2 2 1 T 2 2 1 &
8 2 |2 |1 |2 1 1 1 a8

Bz X, A RE, pHZRY) Bn6edbbv, 2/k% (10C, 20CkhE) THhb L, 2°
TO6 AHOT =2 ZWMAHMLENHY ET, Ly (27) TRAFHANEHRCTE, 7HIHZHR

SEHI BT 8 D7 — ¥ T <, % =%T“ 8 50 1 DEBTT HAEM T, =D

SIHONTE T o % TRy U NI ENE T, RN S TEE LA, ISO D
RHENSOHEE L LTSN ET,

WET — 2 OREEORGE DB I EIC /> TWD Z &35 <, IREHIE Tl
EREORRFFE T,

FIZIXHET, 1HEE 2 BEZ A, 2 5O %E B, 2 HHllEZ C &1L, 8
DT —21%, TROL D EEN /LN LTy 7,
FEREHE, B FEBRIZOWTIE, 1381 58 JEREOHE Ll TilR~E L7,

B DN EER (nested dsign)

B11 B12 B21 B22

[cii] [ct12] [c121] [c122] [c211] [c212] [c221] [c222]

H1) HE, IR, I, KR MWVEEHOZO OEREHEIET F A b AREGE
TR, MRBRER : TECRE D720 BERHNJ ) 3R AR
W B, D5 O TEBRGIEVE) KRR mE
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20.2 ARY MILVEH

N—F AR TCIIE AR UMAHEE Z20E LE T2, ENRRERIIT —Z 1T A~
7 NVIERTOFIAZRREIC LE T, HIEBEOMIZ MR
BETIIZL ORERIIT—Z N 4, D
TROKEZEZCL Y ar o7 s Lix/ER
L, ffrL7zMEzrLET,

FOURIER

HEp gplfe - [ 2A~7 FUERT) BB EIE (1977 4F)

H CFH BEFR %L AT NVEENT MEM (Bg K> b e B —ik)
g.82m SPECTRUM
oee 7160 CORRELOGRAM - o150
K e
' ™ e
0 — 04933

H1) BRISHIZOWVWT

b D IREOIRRRAE Y 7 — TORBE (O BELE) OTHR LR, FRIIGHTICEVEZ
E—ELET,

BERFIHT & LT, TCSI L T(Trebd)# ], C(Cycle)fGER, S (Seasonality)ZEffi, I (Irregularity)
FHANC MR LI2%, ZRE2BRLET, ARMAET /L (HEREFBBEIELET L) 72 8 HIREkr
TP RCRIATE £,

2%5) RRZ A 3 [FEETT AN LMt HEE) Asv b - o2 —2x (1985 4)
WO BT, NE RIE . TREFEEERFIITAM) ARG HR (1983 45) Ry
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19 I LIC B ST B U0 O & 5 IR D11 & AR HE(R 22

20.3 ZZEEfEHrmultivariate analysis

TROAKRTHME L 5 < —im T HMERH Y 7,

WE B Ak %, HE OB, H1E R [SABRMATE BREGE (1971 4F)
ZORPUMI S Z < DEZERITORDB IR SN TWET, ZSEEMITITIT AL 2t
ERHY £7,

N A DOERIZEY, ZEEMATIHETHE I TE 2RIZR 72D T, BlGIC
HDLNANART —HIZOWTHIT L TH D Z 28D E T, BRERESCIKRE R &T
TEHZL OT—2RH N EnET,

FRAT I, BT B RN H D0 b EIEE A,

XS AL D EpH

15 [ ]

-1.5
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BHviZ

IREDHTEANE & LML R D0 T, T —FBITOAD OIZTERNEDOTT N, B
BICAIL7=b 0@ LE LT,

AR THETE WS b H D & BWETN, §ig 5 FIRESHE TOMBTIT 20,
WMETE D &) Ritid a2 AT oH 0 TH,

FEZ MDD Z & T, PLTHRBELMG L THEMNT 2 Z LKL S TT,
il 7 &, EEROT — Z T TII AR K F O FINEE TIIRIET 2 FIER RONE 722
Wi Y, T — 2T CIIBE T E 2 WA < H Y XA,

I TCHARIENE R LD THRL T EBVWET,



81 RDOEIT

AKX EFHAT, SOICRMIE LD Z ENHLbENER A,
F7, ARLCTITERREH TIEERAN LT DES L H 0 9,
ZTIT, REb UL TlEEd, (F) Tibdhe, AXHTHLAREZFI L TNET
1) Il o TR A SEEE (1960 4F)
2) R R BRI 426 AIEEIE (1990 4F)
3)  mA HIG VTR SIEIE (1983 4)
4)  BAEES M TECARRIL 5B 4 R SIENE (2008 )
5)  JRH BFRS : TREOR A GE, ZoREefiin)] HEEE (2001 4F)
6) David Burghes, Morag Borrie (HH @mk, KETHAER  FR) -
Moy FRERTHEET VEES S ) BAG L (1990 4F)
7)) PEEE RAK  TAROEH L S0 BAT R (1984 4F)
8) MEatdefi s JSA-1972 B AMKKIS (1972 4F)
9) A FE A TE, E S KRl R4
(o TR+ T T A VAR 4 — 2tk (2008 4)
10) gk Lif, 2 FHI, EROFIEE
[REf fesR LR ) HESr R (1979 4F)
1 1) /hEBE WL TRESR - SEEF AP IS FEE (1973 4)
12) [ Wik, 2 R, M AR
[MR] ITE DS LWHEENE] A — 244 (2008 4F)
3) PG A—=/v (&I, AL B TAPIEIRHEY) BEEE (1978 42)
4) SPA e TEERECE BERSE AARELTHIRS (1998 47)
5) kH ¥ (Yo7t a Xopkbly | #AaEE (2000 4)
6) THIE FEFN : DI LWiRZEae ) 2E2 R (1989 4F)
7) #eFn Bt TR AT sHAEE (1979 4)
8) Wil ¥ o A RHEFHFAAM @A (1999 47)
19) BE B—, Ak ¥y, FE S, HiE OE [ZEEME AREGE (1971 4)
20) BE wlf : TAAY MUENT JIEELE (1977 4)
2 1) R IEE : (A AV A = A0HFH) milE (1990 4)
2 2) g BIR  TEERRE~OFE2E] BIA=E (1986 4E)
2 3) Dennis R. Helse : [Statistics for Censored Environmental Data Using Minitab®
and R, Second Edition| Wiley (2012 %)
2 4) FEMES : T-ERGLBEREOTZ DD FEHiENT ) 2 3%, AT T ¢ A M,
(2016 4F)

)
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k2 BNV a7 NOFIH

T2 DOY 7 N LTI BV EHEHT L2 ENRZNDTIIRNTLE I Dy

77 7 OFERK, BGLER, FEstHET o Y 7 ¢, MO & % & 8 5 gnuplot, Maxima,
RZMNALET, DO Y 7 MIBERCTR, T —XMTicxt L CHakie1ZF-> T
WET, HRF DL OFEE ORI IR INCEY, SHITEATHHALS WY 7 T
o T EBbRET, TIESLWY 7 hTTOT, FHLTALZ 28D ET,

gnuplot

gnuplot 1%, FFED X 91X A2 AN TIUIMHAC Y 7 7 2B C& £, s 77
YERR Y 7 T,

Zrn— NI FiRR—bR_R—=U BT E T,

http://www.gnuplot.info/

gnuplot @ fit B4 T Levenberg-Marquadt 1512 L 2 FEM IR/ 2 Felha g Z & H T
£9

] ) =0l

TUME AMEbE EEREN REREOD —aR) M) fe-rd TET T

24| Lol x w7
B M R I 2 e o q
GHUPLOT T

Version 4.2 patchlevel 3
lagt nodified Mar 2003
Syetent WE-Windows 32 bit

Copyrichi (C) 1986 - 1993, 1998, 2004, 2007, 2008
Thonas Williams, Colin Kelley and many others

Ivpe “hele” to access the on-line reference nanual.
The gnuplot FAO ig available from http://wwe.gnuplot.info/faa/

Send bue reports and suzzestions to <hitp://sourceforeze.net/projects/enu

Imaginary part of complex 4th root function

[T 8= Thael Vi B B AT e T T

view: 117.000, 41.0000 scale: 1.00000, 1.00000 -

view: 64.0000, 126.000 scale: 1.00000, 1.00000

http://gnuplot.sourceforge.net/demol

_4.2/singulr.htmgnuplot demo script: singulr.dem

1ii



Maxima

Maxima (3HSRLEL Y 7 b TF, RS OB S B 2RO 720, R3O

T F£9, A4 7 Mathematica 72 ClxEmMMicdH 0, H A TOEANILINEE T,
MERE D Maxima 3 Effi72 Mathematica (238 5 LFRFE S 28 > TV E 3,

Zra— RE PR — b= BT ET,
http://wxmaxima.sourceforge.net/
B ZIE, REERSMOXDE I L TCLICRD I 2R L THET,
[ : eb}=1

> A27

TROXLIICANT D EER L EH DS ET,

integrate(1/(sqrt(2*%pi))*exp(-x*2/2),x, -inf, inf);
1

- vcMacima 072 [unsaved 1 S

File Edit faxims Egustions Akehra Gakulss Gimplfy Blotting  Mameric  Heb
fE & E¥ 06 06

i

|| wxMaxina 0.7.2 http://wxmaxima.sourceforge. net
Mazima 5.12.0 http://maxima.sourceforge.net

Using Lisp GNU Commen Lisp (BCL) GCL 2.6.8 (ska GCL)
| pistribuced under the GNU Public License. See the fila COBY
Dedicated to the memery of William Schelter.
This is a development version of Maxima. The functien bug_r
provides bug reporting information.

(311)

integrate (1/ (sqrt (2*3%pl) ) *exp (-x~2/2) ,u, -inf, inf);
| (301) 1

(3i2)

153 | ;,J

| IRUT: | A=
sy | sweiy i | e | epew | Sove. | porap. |

| Simpify (tr) 1 Expand {tr) I FReduce (ir) | Rectform | sdveons_..l Plot 30, |

| Wislcome fo wxMaxima

|Ready for user nput

H1D HE B TESRE - RO SRS Vol.37.No.1.17-35(2008 4F)
Maxima OfFE A E L TTRED b ONERE L3,
HIl #fT Maxima Af/— K 1.2.1 (2005 4)

http://www.eonet.ne.jp/~kyo-ju/maxima.pdf

v
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R

RITHEHEYT Y 7 F T,
T BIEHEE Y 7 R TES D FHAN, RITIAKIZLFEHLE N AIEEZ Y 7 M T, (5
bR CTE £, B
Zora—RITiRA—AX—UNbITAET,
http://www.r-project.org/

= o=
Jrilh R OME  EOH Sev—d LRI AT
BECEREEE
ACTTEE——— BEED
R wver=sion 2.85.1 ([2008-12-22)

Copyright (C) 2008 The R Foundation for Stabistical Computing
ISEN 3-900051-07-0

I

R[#J‘J JJFUL?TEQ IR ERILITY.
BEchEBEMY e iTEdd.
Eﬂﬁfzf%ﬁi‘lﬂt:.ﬁﬁbf(i ‘ieensze () BBLE cence () L ARLTE S

mFBn ERE LESHFDDYIONTT,

SFLAE eonteibutore () ' AL T O AL,

e, RpRD Tl — JE&HEMU%IFHT&:W#DTE[LDL\‘EG
loitationi) & ATILT{EELL.

‘Hemo] |t &kjﬂ?ﬁ\lﬁrfi%&u‘:fjfi%@'
‘nelp || e TN LD L

'nelp.scarc)’ thijjH(LJ:éf\Jbﬁ?j'ﬁmi’lii
tqu e ARThIFRE T LY.

> pomer.t.test{n=20, delta=2.0, sd=2)

Two-sarple t test power calculation

n=z
delta = %
=d =z
2ig.level = 0.05
power = 0.86BIEZS
Rlternacive = two.pided

NOTE: n ia number in Teach® mroup e

4l | B

1) (L WS, A2 wE, ARG TTR) ISR 208 LVEHT) A — 44k (2008 4F)
RiZA—T Y —ATTNo 70 s I L% 05 EBARETT,



BHOOHAESZRLET,
WERHRNT > 7 b R O EI%% power.t.testQ & L £9-,

1) BRHNZERDD
ARIXLOF 7 —2H¥(n), FEEDE (delta), s.d.=2 %>DHEIC, T XL IITATL
£

> power.t.test(n=20, delta=2.0, sd=2)

Two—sample t test power calculation

n=20
delta = 2
sd =2
sig.level = 0.05
power = 0.8689528
alternative = two.sided

NOTE: n is number in *each* group

K 71 (power)=0.8689528 N H H v £,

2) WEBERT—28ERDD
ARILOB] : SEEDZ 10-8=2, s.d.=2, 1) 0.8 #>D%IZ, Tt LI ICTANLE
7,

> power.t.test(n=NULL, delta=2.0, sd=2,power=0.8)

Two—sample t test power calculation

n=16.71477
delta = 2
sd=2
sig.level = 0.05
power = 0.8
alternative = two.sided

NOTE: n is number in *each* group

T—2In=16.71477, >FV, T—HFHI1TELETHL I LERLTHET,

R IZIF— 7l E 7 H0HT power.anova.test(), [EER DI E power.prop.testQ D H /) &
T 2B LH 0 £,

vi



&3 urs7s (BRHAHDOHE)

RRERE
Microsoft =7 &/

BE  =pow 1 (F—##NA,7— ¥ # NB,f E7 D, A E/KAEA)

Function POW1(NA, NB, D, A) As Double
Dim df As Integer
Dim RA, TD, PR2, PRAAs Double

df=NA+NB-2

A=2*A

'RA=Sqr{NA*NB/(NA+NB)) * D

TD =Application. WorksheetFunction TInv(A, df)

PR2=TD*(1-(1/@4*df)-RA

PRA=1+TD*TD/@*df)

PRA=Sqr(PRA)

PR2=PR2/PRA

PR2 =Application. WorksheetFunction NormSDist(PR2)
POW1=1-PR2

End Function

Vil




M RIERE

Microsoft =7 &/

BI%  =pow 2 (F— X NA,7 — ¥ ¥ NB,F 572 D, H E/KHE A)

Function POW2(NA, NB, D, A) As Double

Dim df As Integer
Dim RA, TD, PR1, PR2, PRA As Double

df=NA+NB-2

RA = Sqr(NA * NB/(NA+ NB)) * D

'"TD = Application.WorksheetFunction.TInv(A, df)

PR1=-TD*(1-(1/(4*df))) - RA

PRA=1+TD*TD/ (2 * df)

PRA = Sqr(PRA)

PR1 =PR1/PRA

PR1 = Application.WorksheetFunction.NormSDist(PR1)

PR2=TD * (1-(1/(4 *df))) - RA

PR2 = PR2/PRA

PR2 = Application.WorksheetFunction.NormSDist(PR2)
POW2 =PR1 + 1 - PR2

End Function

viil




