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EREMZEETE50THEH, F v v ARICE W TIIEEORMSHT & R BIRE BT X b BERE
HEXELOLEMEBIAIL, h 2 LB (Comparison sheet) [CHIEL, FUEMTFRIC & D ELRS
MzEHL, BOERERE BE /2774, ARBRECELD, 1D0OMERCH U THREREZHT
LOTHRET 5D EREBICHLTTEZ ETHY, BHFFI IV WELVBETREZEEDEOT
H5HD, BHEDCIKTAOER, X5CTEEHHESSIEEEATYV 5 EAHHREAS, L
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Work factor (W.F)

Methods time measurement (M.T.M)

® ® ®

Basic motion time-study (B.M.T)
® Dimensional motion Times (D.M.T)
Z DRIEEDORFTIE
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2) X OFEEEORHMREOBRICHRTES OBHET ELVT &,
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(a) Ale < & DBEMBED 1~0.5% OHEMSHE % b7 LT L LEEOHIER{TL > T & 1XE#ET
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ERCHRIC X BillErE: (Measurement by historical record) X3ic T#EstaullzER:  (Statistical
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(2) *gbtE
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U EREKEL, ®I, VHBEROKEEED, lhadic b 300~350m3 bW\ TH D, FEDHERE
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Hi 71 (PS) 7 HkR# (BTDC) 25°
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MBI OIMFERBRE 2RO EEVTH B,
T2 HREER oKW

K 4 O & O B o &® O 5 O x O =
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HbEFROTEILERDS S,

S LUEHIBE, FETREY D OFEBEL BRI T 5 £ 213, RO 1 BB EHEBL T
BB, HBEVIIARNOEFIBE LKL THBFHELD B, LrL, ZOX5KEBHE, HH, AKkOX
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LOERNC XD F = vV — ORI B Z RDTH B,
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REWREE 2, HHEHS ICKEEKEHEEE DL 25 /1CE 2 b 5 &MHEF OB EEEGRE R
», 9%, 9%, VBDXENZNOFHRAINCELDTCHLOREALRTH S, ZORPLHTHESE
TRHEVEZLNTWEP O PHBRB B, KEHHOSTHE LI CECRBBRCS 5 2 &
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1AL BY7 DIhER | S | R 7 b TR SEEHH EHEEREIESR. M. R.
i W % ik S A DI sy
WoOE OB F B R.M.R. - Bjisrsfi Ty
g = . R.M.R.- 1 H4%ADH
FaLY Ty — - B
ORI 1% % 1k b
#t # | LEEEY - R.MLR.
SE VS IE]
A <45 b S 18t i) %@}J 1 H#Fﬁﬂgf: h Thig
B | SREREK kD Fesns
B A | BRI 7 D TR
% ik ) Biw -
W L 7% P
% 1k b Bl - gAY
T N TV %
BB CIRIFEELR. M. R.
i}}?ﬂ;‘ffaggifR.ll\d.R. 2 g
s 472 H 1=1 — . . - 1
fesemeii e m Y — | i Vsl oy LY S0 1 AT 72 ) hER
5510 A 5K
EHELTHRMR B & %%gg
EFh 1 R4S EE = 1 A1 BY7pohiE
, V= . R R ) — _
R E5R.MLR. RGN DB S m ) — IR E) B £ 1] ﬁf‘ DiEE R Y
- SR .
RS D | T RALR, o 1 p
pli SR gégﬁﬁhb_.$%ﬁ 1 Yo Thig
o EERTEE D 7 ) —
;?ﬁt”ﬁﬁﬁn R S %gg“$%RMR
3R B
| TR = U —
TR R B M| RN DB =y — | BRI TR R.OMLR.
LAY ERI R Y —
B - BE
5= B | E L EESA R 1AL B hThiE IR
EEsISEN 75 R.M.R.

%5, Tibb, WEEREEEOHEW, LENRZFHFCIOTIELAINS Z MM 5, RERICE

KR35 EEE RHAROFIEL Y RDONBEEFERORRE & 141,

DR E 2D  B1ERADE

S A RHETIER L OBRICOVWTALSLEEA R OTLLTHb, NOBEHREEATIHL»LT
2, #EBZEREOEHFER IV CEEIE BRI FERCL VE4xDEEC > VW THERZRDDT &
HNETH B, KEAHOLTEMRTERVEDDD, T5-AFABC I VAEEFHOEFE LTH

* 3%, 1, (5) OESOMBERKSIHHE2 N FEXEOLEHFEREL Morale 2HETIERLD

Bt
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HLATHERLEVRESADZFT DD, EIOEPLORTILELLDLDTH 5,
FHCEBRE O (FEIRAL B 3 & CHERVEHE, HECRSVCTRERESRETHDZ LEAMO LB D
THDHHB, TNLOEGLEEB L OISV UM EEHESE 2 2B AHELET 54 TH S,
BRRIEBIBIDTEETONRE LI THAIRIWTETMH 2% E, ThbbFEDORILD
BEFCEDTELLDDTH B, ZOBHE, LALBOHREBETO% DS DTS, ZOER
1ERBOEMEERTH S, BHRREMTFERIRMCS VW IEH S L icRkE2HZET 55, SEOH
FHITE W TIER 7T RECHT TEELZTROTV5E, #ERRTEOFE, ETOSEVERTLE
REBDVERR L IEECERND D, ETCBIH 1 AAEBIRELSDIOLEZLNSS, @
FEDOEBERE VTR IDWOER AL, FWIRDOTEHIED & 1 BAEER X ORR* 2k 5H T 0T

X DOt,

Bk T OE E o OR R

17
— 1A1B8| 1847k
W OR | EAR | R OB m%liﬂ@%é

¥ E 100 100 100 100 100

7 125 71 131 149 183

b

23K Kk K 5 © & kb

® 3 4 #
% X = — -
MERE | EORKR | REFTE | EABER
1 88 80 87% 52%
2 76 129 84 30
3 72 79 72 50
4 68 77 8l 52
5 73 75 86 84
6 80 70 89 64
7 80 102 78 43
SSEEITHIT 5 ETEX

1, 2{kKi3 2 ARBREDD, EFRERIIVWSARLIIDEEZLNS,

5. BEFEOEXL

LEC KT DIFRERPEE « RS FECX 2AESK DD 5, 25 VIIHAE LT L CEESED
BB LEOFIED 5 VI3 L D DTS 2 DFRIC X VTl b, (FEEORRIFMNHEL RE LA,
ZDKRAGEFHEVER LIRFIER SR, Z DR REESESHEE (Standard practice) LIRS,
DFEFRIMEFEDKAGLIRE L TRAL>DA ST, EEBRAOREIEL R 5045 5F, 1 EER %I
By HBRTHECIFER OB 3750 TH 5,

BEEEHEECIEEICET 5 — R0 B 3 X b DEZEERFT & ORItk EOB#Z T L —AgfE
ERMK, TOEECEEBERD >FHOPEMEZT L B IEERNE, HE ke —EEELL TEE
THEMEITRVT, TOBEHEEAHEEL TR DIEEEMSETL, MFTSEEPD LS

*ZOBRIBELE, 3, (6) OEMIHICK SMAMREIEE TR T L ERGSRDLN B,
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EEEFIREOERIL LA OB YRR INARTEES RV, ERib0ERRIEBRELIL D
BitEh, 2, 30ERXN120LE5EEVDS5, 0L 5 LTEEEBOKENTE TIXUDTIEESR
BECX OV RDON/-BBEEESEFEECEZTLB5DTH 5,

F4E BREEHECL IEEFBOEEL—IL

1. Eﬁﬁﬁweﬁﬁﬁﬁﬁﬁi?été

1) BREEHOLE

e XIERIR/ L A, B E 2O X S BREFHCOWT, HESHREHLE, ThBBALD,
2OUNTTCERVTEHREDID D, £ LTXh2LFHNR 1 DORKEZES L &L, SHABERS
¥ B Hinl, REMITLICHMTFSELRS,

(2) TEERFRED & &

1) v77-oWRiIhE, AT sREMSABEESARIIETROBICRD V5, 0%
D, EEEIREORMEZEL S LBNMILTV 55, $LOBRE, Bx0EBCI2>TIhETIFD
h, BMEEORVIFHEIDDE ThbbEHEXVEVREEC L AT bbhs, Thifly
FRRRERIEEEO O EWEETIIEIBRO L 5 TIUOER»E L ELETEANRDIZEN H 5 &\
5, ¥f, COXSEHESERICHSbNS L FIIHEIMO X 5 IHEMHHA 2 ODOWE DO bd
500 TW5S, ¥, YA —K (L. A. SYLVESTER) X% < ORMEHEED S0 2 D2DE VIR
BEREET T 2 &5 2 ERER (Two-speed motor theory) %#M8x, Zh#uIEE, BirphEzw
THEMROERFHE LT\ 5,

58 R
e R
= B B E M85 8
IR ANDOEEDOENIIEICH H38H TV FOREWVIF HN 2 00REBFERICES
T 5REMNSFE S P SRR 25 Fr R D il 2ODBEFBELDT

B SAE S X

2) SEOFEEICK VT, EREET LITHBL TEERMBECHESHRREZM L, v7 7 —OWF
RZL2HDLFAURBOSAHRET 5,

3) UHMOHEERENL <, ¥ BTN CREBEORRSRIISIS b0 L FIUE, (EE
I REEERNOBCE VT —E Lz e b, L2 T, BESMIYRLIEMcER
5,

4) Lpl, EERTRZSWSEREIXS VSRV, Thbb, BHTS»0HEShivS#ERIC X
DTHFEINTVS, LEcas2T, {Hx DEERIMIZES »iud s vl o T AEEER LA Lic s> T v
%,

5) XoT, —ERRiIcfTRb ST bhie w3 ERIlET 2RROAE SICHHIL THhRE X
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hs,

6) ZhOMFRFBELEOFBHEMDMTREHS TS &3 HROBHE, BRECREEOEF LW
ZE{b, RADKI, WHREOEE LD THY, ZhbOMERROFEIIERAMNELDE, b
S LHFRTIBILDOTER “IERENL £RENHTH 5,

) DEOExFHLTHE, REEZSEOBRIBR>LHBIL C, Sx5hcEEEMGTRD X4
WEL, EEEROMENKEL SENCREINIBEQVOLOOREREL LD 55LE2 5,

8) L7A2T, TOXSRHHMELDIV—THLFENAREEELRSL E, bhbhXERTE
HETREL, PHOREDOHEZEHT LR LI, TRIMEERMZBT 2@« DEESKETIELEE
FABRLTEOTERE L5 CE KRN EFSERE BT 5. L, REEIGEL ETHHEIEIDT
3, BhESHLbN T EhICEEINTH Z Lixkyv,

9) FHENHICBHTI LR, FHEEVS L0, EEENEZBERCIVTIRZ5ZETHY,
BEENCLORBRENRBEL VI LI RIOEELONTHETH 5,

BEENFEEINR LR Y, MROREUNOERIC X >TEHL, FEEFEFRCIOTLLED
THLDOTH4, FHEZERAT I VREEROBEREREICEEL L BEbh 2 RIEELXFHRT 5
ZENEEERFRIC BV TRAEAIEOREE L VW2 5,

10) HHEZERT FEREKMERO L VRS, Thbb, RHEEESICE 5510iICL 50
WEoT, BREME»bLL»LTH S, TORMBORDEIZOVTE K OETRRDOEAI0~15K S\
whHhiF k<, B 15 BRIBOITH LI TVB, £, AFF» —K (G.W.SNEDECOR) DAffFE
WkdE, FREMIELZTERDITELRL LD 20 R EFhEL SRV, Thlbtdhidhs B v
EVDOTw5, T L TEKRWHIEREREL L TR, REOKIBERED 45O 1 TRINEELRVWE
LT3,

11) %, SEOREIEHTLRERALTALSD L, BRREDLHD 1T 57-DORMITH 3
BELTHMIIVISE, Lrl, ChidftE&Picsid 52, 3B/ VW T kRE TH5
25, BRNICIEHEORALE, —FH TREEMTOLER>SOHEE dfbeRELRV., EH
W1 EREET L THEHE VS O 2RDLETNERLBVDTH B2, LHIEKRESLO»WTHBL
WEL L TORKEHEE 1 DL > TEORME KIS LD HBRELN LTIV,

12) S EIOEMHFEICH D TIEIRMITTRTS 2 L2, Tihbb, 5BHETH 5,

13) FEHERLLTO, 05D DR, FRFELSMARL IO FE 20 fVvi, 20T
O DERDEIE N 95.45%, B BEELPLTH S, HIROBBINTEDTELZENVWSZLET
T, BELLVEWIFRWD, 4 ETOREDNRERER L2, B8 TRTLS L5605 Wik
RADIBERD TR L LEND D EEX T B,

14) JEES A DIRERARET 5 & SRMAELY L O TEENERREL T LEFHELZE R
7R, THICHIBOEZE5XTR5 L &1, WERD Mot20 L L7, ZIZTV S o lXRTHED D OE
HERETHDZEFVIETHR, LABDT, Moo TIREEXTR5 L&, Mo 2bDOFLDR
EERDT, Thiz S ERELTRORITNERSRVE, BEENCRTE m »L0REREEEX
oo TRIRKROHEBIC X 5,

Finbb, HESHOXIIECT MoDF, Wi X TERATHETEEEL VETREWS, B8
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DT LI BRENIRNEE, DD VIMEERZIET D2, BEEMLICLE, £DLE miX MoiliE
SWTL B, XD XS HEELTILDT Mo+20 & LT,

15) Mo+20 &35 L, THILLT mt20 DITFICHDT, m=l.56 XD TRz LidhwiBbhs,
L7oh32C, {ERTIE95.4%~86.6% ETOMICH S, SEIDERHTOWT Mot20 iIT&EN 5 & H
HOE G —4FHELTH D2, HL 95.5~86.6% ic/n\ & XIIFTEB Y Th Bh, FRERLE < T
WHROSHEZL TV B THD, TNTHIROTIRSE & SITBET 570 & L TRBE np 2 v~
i, {n=RHBoXEE, p=FRE (0.10 74X 0.05 2{FET 5)}

16) RAKENCRERIEED & CEBRE GBHEERZE) 230 TR Y DIREHREL Vv EEX T
5.

2. BARSERETHLE

EEERIC RSV Tt SN, BROFEE, SEXMTRONEDOTH S, ZORKIFIHEIC I > TR
N-RRERE, EERRBRATCEY HESE KXo TR Sh, BHEROFERIC S Y EF
ThdL5, FHURSEFAEOTELDTITLCEBBELR S,

O LRHIFEROEDALL LT, EEMICEENT ERMERE O TE&bR itV TEERER
RETFR, H5VIMEEEEEOMFICITIRVEVOARFRL ECRILODDTH S,
HBNONIHESERL VKD DX TIRO L 5 CHEBR S 217807,
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(1) ZERAEEBRREH]

ORI EEREIRIER & U TR R ST 5,

1) $15 Ol 3 X ORIBIFR (RIBHERDC ISR h DB L & 1)

2) - {EER I 351 B BB

(2) E@roBRNX S

FerE RS 100 % T &M & ORRA DIVEEMRIFMICK 5T 2 b2, RIFRBEELMRLTH L X
85 %Lk, BAEZNHRETHEEEI9 B EMIID, 100 % DOFAERE R L, HAIS DT
CHRT 5,

(3) ENNKEHI DB X 55

Stk & OBAFRAN . < R4 85 % F 7213 99 % R A AL FEER 100 % & Rl L, EMRERICRET 5.
(4) EIBERETH O MR X 55

*EIE 1L, ) &K,
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1) &tFEEoBRESL, TORBRAECREET, POoRERSEHERRICTLLE, £FkK
D 84.9~5.0%, HMAZMRIC TS L X1198.9~14.0 BOHBIL /e dD7c & S ICEIEHITICIK ST %,
Z ORHE, EMRFIC XS i wHBRCEHRO bt v b D,

2) EFREECLICEASIORERYENT S L, BERPSORORND, L L, ZhidiAkEtt
& U TOEEFIASR DTV R WADI/EEEOMBRINIC X > THARFOEDFZ L TV 59 5T
BB, L DT, ADEERITORDICEILIDERIEENB OFZICIMOEEE L V4 <{Hb
NBEEV5BKLD D, COLDREERISEOFHEN&E 3 NOEEBOFR % D5 DML, 3AD
FlEE V5,

3) FAERITIRD 8RR T L THV- 5,

3 & =

W | Erdgors | BARORME | HAZHROLE SR D
1 LOGG rervrerenrsrnnsnnnnaniannns 5.0~14.9% 27,094 wreererrnrenns 14.0~39.9%
I D0 rereerrerereieeneinenennn 15.0~24. 9 50, Orreerenrerereneene 40.0~59. 9
m B0 reerererrrnerecentneiinenns 25. 0~34. 9 67. Sevenrennennrennnns 60.0~74., 9
v 4O crerenrrenenrieieienenenans 35.0~44. 9 80, Ovvreverernrnenenns 75.0~84. 9
v 5O eererrrereneereneeneeenens 45.0~54. 9 88, Severerrrnrenennans 85.0~91.9
VI 6O ceereeeeereirienriraeananas 55. 0~ 64. 9 94, Qrvrrrvrnrnrnrnenns 92.0~95. 9
VI TO  veererrneneneinrireenaans 65.0~74.9 Q7. Qerevrrnranrnenenns 96.0~97. 9
VI O  cereresreceresraeeseneasens 75.0~84. 9 98, Sevrerenrarereienn 98.0~98. 9

RERPERPLORMELOEEEAVTH L, HEEH1ES L2 TH R hoTHBME
BRELBITL 505 TH 5, BEMICIRTE, 1EOBENEILOREEFMI 7 ThroLT5, 1A
BE e RIEK (Z DBHELER) Tt L T68% OFRAEIATHOEL LS, Lal, BEOME
TIAT3% DFAERTH ol +T5E, FARBYL DL ED 1 EY D AR IERIZTX0.68=4.8
BThormion, KREFAERKE,LSIXT7X0.73=5.1 x5, LiDT, Z OXEBEdHHHENT
BEND BN E WS ICDIT 68 BDORERTHOTCH BHOFEERTHOTH 0B EHTEL,

BEARE 3 X RS IRK RIC oW D 5728, ThidEB oMRcEb T, (EJ L ORERTHIG

. _ + 5 BADRAEROBIFILE 40 RICRT)

o- 4) REERSZUT BRSO TEHULLT) ©
o % ’ EREETOVTIEER R, BELD, 20FiC 1[E
x 10 ) LHVOEEEARTIRTIFESTLEL SVOHE)
Toeol TLADORICRDNSC L ORVERELTH B
Z sop o/ i BTHB, TOX S RERELNSTDND T LTS5
£ 401 IVEEFIEE Lok, RELEESRIOLIDTD
§3V /- BERET,

Ve (5) PR MAE 5
s L 1) &fEOBRESTL, &2 OERNBST
0§75 2030 40 90 &0 70 80 90 100

R FEERA84.9 BLIT 5 %k (BAITHDTIL98.9
AR EORERICHET BHAORESR  FUTFUGLE) 2 OEMMITCERT 2,
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2) RAROBHSTIIROX LTS, RRLBRIISHERETSHS (U EERER, Th

DIFiEEz ), chzfiike & L TEEReHinsts<,

Pl 2IE Z 20> BRIEEHN L X5 REOBGRMKRTHLbEN, £0LXOERRERS

50% THol & THIE,
Z=a +BX eererrerronnen k=0.50

% % o @ H

w8 [ErHRo: 5 it @ | BLEHR2 | 5 m
I 0.10 FOEZERE DOFERD 5.0~14.9% £ TOR 0. 270 14.0~39. 9%
I 0.20 " 15.0~24.9 0. 500 40. 0~59. 9
m 0.30 " 25.0~34.9  # 0. 675 60.0~74.9
v 0.40 " 35.0~44.9 U/ 0. 800 75.0~84.9
A 0.50 " 45.0~54.9 1 0. 885 85.0~91.9
VI 0.60 " 55.0~64.9 It 0. 940 92.0~95.9
VI 0.70 " 65.0~74.9 1 0.970 96.0~97.9
VIl 0.80 " 75.0~84.9 0.985 98.0~98.9

D EOEMR G 20— i3 bibh st REED T { LOBENRIDTHD, LV T LiX
RAEREEZIGE, BERISRDLNAZ LR, EHS5VITEAZHNRELTC—EDV I/ A0B3D5L
WHZETHY, THITXDEIEFHE L T2 X D I3ERRME LTORVIRVFEEZ BETREVE
A0, El, KAEMEESEMLD 52V RIEPHLShIBETSVWTRENLThOEEIZXDT, B
HEDOLLA, bbNRMFRAL TV ARERBELO TR EBELLNS, HAERSIZI\WTRICH
BLBRLOVLEMREHITH 545, ZOEMFRICE ENSERTOVTRESTEERTROTE D S ORE
BURBELLEDLZDTHS5, ExiE, FHAMWCREDNIEREETH DT, LB 2MLIrOEMGLE
BB B2L5 T2, RAEMEEDO LS THRESHLBZITOVTWR 522 TH S, EEASM
IHMBOFTCHTL B VIRBHL TR L WS —BEEL BHEOEEKICH D LERLTV50

TREVWrEEZLND,

Z 2 Thhvbh 2 BINRHIC R K 5 SN ERELC LT, Ft0b00BMBER LS TIC
fhER L ORIMEZE, FHCERMMICEER S SN EREE L ORBEENTETH E21E 5005

TR EOBRI DR SNTHLRE SN 2 EHR S TR VHLEL S,

g5 £ 9 F %

L . E4)
(1) =4
Wy EY)
How %
Bfr EY)  ER EBY, AvY, ELY

1 EREUFEEREHE OR T
(1] ELDHEMRER & ok mifllEk 0Btk
i) EI L OERTEIIIRH & R0 BIER: & OEIG
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x1E¥BBoERZ AV X
GBIz X %)
B2E EXEBOFEHM, HOE
13 £ B B
*XA@lEER | N SXx SY S Xx2 SXY SYys:
B % | 101 172. 7767 172, 2425 298. 79957427 299.76640742| 302.79775067
(5l % | 101 ‘ 168. 5190 172. 2425 284. 63951616| 292. 66799543 302.79775067
E@ﬁfi@¥i&j 101 170. 6944 172. 2425 291.81548546| 296. 30024086 302.79775067
pa:1) F':J ™ ?E 101 330. 9425 172. 2425 1097. 78021905| 574.80891031| 302.79775067

Y EZ & OERTEIRIRRT (B9
X; ThThoBIERERIC X 5RAE (cm)

i) KOBIEEBEOEREHEDERE
EBE (FEXBEBo#EDRE

. . FEHF M B X TR M OB Bk | B R AR

b O = =
Sx? Sy? Sxy 7 b

5 7 3.23731623 9. 06033675 5.11798416 0. 94501 1. 580934
[ % 3. 46473041 9. 06033675 5. 28053150 0. 94248 1. 524081
EREEROEY 3. 33451327, 9. 06033675, 5. 20287623 0. 94658 1.560311
F 5 o M mE R 13. 39469128 9.06033675|  10. 42907312 0. 94669 0. 778597

) # E O B = EARRER 2 b2 (=8
x B # E Bk — -

Sdy- x? Sy-x f Y X

E % 0. 96914022 0. 09894087 11.4 1. 70537129 1. 71066040
L&) % 1. 01237641 0.10112381 11.7 1.70537129 1. 66850495
EREREOTY 0. 94223409 0. 09755776, 11.3 1. 70537129 1. 69004356
SE oM HE R 0. 94028651 0. 09745688 11.2 1. 70537129 3. 27665842

r=Sx9//(Sx®)(Sy?), b=Sxy/S-x2, Sdy-x2=Sy2—(Sxy)?/Sx?

Sy-x=+/Sdy-x3/N=2, f=(Sy+x)to(a)/¥ x100

ERC XD THADDPILWHEEDIRED/NI VD DIRIKIENS &, B FHONEE->REERED
FH-REE-EBREVOIECL D, E, BIEERED FHEDZBLOTHEDRE,LDHELFRT
RIS, ERRORERZHLT, ZORERONSVIDIFCES L, R EHITFHOME
F-EREROTFE->REEEEVOIEILL S,

Lo T, EURENRRIZYIicL o7t 2ORBICH VT, ERICRFHOMERE Lo TL 50
—FHIbLVA, EREEROFHLIIIFLALARELVOT, HERKREFHOEL LW REERED
R TR ELTHDTL 5, 27, BREROFHEV> 2L, (BEHER)-1/2L052LT
BoHHD, BE BEIVIDOELNIREYEHITER, £0FELOTET, hiY Lok
BTHBEEWBERDL S5 ITREDT,



— 74 — MERBIBMA RS F 1495
BB R MEEREHZYIC, BE ERZLRCHENEKE LAL EOREG
N = 101 I X1 X3 Y
m = 3 & &% ) % E ) 88 W7 A
Fn | 172. 7767 168. 5190 172. 2425
F 5 1. 71066040 1. 66850495 1. 70537129
X1 1) SX? & 298. 79957427 291. 58986134 299. 76640742
2) 8 F I 295. 56225804 288. 27877928 294. 64842326
3) Sz n& 3.23731625 3.31108206 5. 11798416
4) /S & 1. 79925435 3. 34909359 5. 41582635
5) 7 0. 98865020 0. 94500522
Xz 1) 284. 63951616 292. 66799543
2) 281. 17478575 287. 38746393
3) 3. 46473041 5. 28053150
4) 1. 86137863 5. 60282288
5) 0. 94247676
Yy 1 302. 79775067
2) 293. 73741392
3) 9. 06033675 ,
4) 3.01003933
5)
CEHEDHE
_ [ 3 7 = _
a e w | —G T 2 & 5 4o
1) MELD 3. 23731623 3. 31108206 1 0 7. 54839829
2) 3.31108206 | 3.46473041 0 1 7.77581247
3) 1)/3.31108206] 0.97772153 1. 00000000 0. 30201607 0 2. 27973760
4) | 2)/3. 46473041 0.95565359 1. 00000000 0 0.28862274 | 2.24427633
5 [3)—4) 0. 02206794 0. 30201607 | —O0. 28862274 | 0.03546127
6) | 5)/0.02206794 C 13. 68573913 |— 13. 07882566
7)  [Ci#3, 4 iTHA Cs —13.07882566 | 12.78744943

Bl RER

(Check) C11Sx12+CiaSxixe=1. 0000040

b =C11Sx1y+C12Sx2y=0. 92024520

¢ =C21Sx1y+CaaSx2y=0. 58730695

D
2)
3)
4)

1)
2)

D

D

2)

e

SP2=bSx1y+cSxey=8. 11817230
Sdy-x%122=Sy2— S32=9. 05033675 — 8. 11817230=0. 14216445
Sy-x1x22 = Sdy-x1%22/ (N —m) =0. 14216445/98 =0. 00145066

Ca21Sx1%92 + C22Sx22=0. 99999989

Sy-x103=1+/ Sy-x17%2% =4/0. 00145066 =0. 03808753

EAEB Rk

R?=S3?%/Sy?=8. 11817230/9. 06033675 =0. 89601220
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ZERLIE ET, TOEERMRCESURERE, SHRELZARE (1-0.05) wihid, FHOERF
PHOWERCHOTIE e=f/v N =12.7/4/22.3=0.9%, Tithb 1T il Erinik £ R
LPEATWEY,

ix) HRERETRODB\IZ X HEIER & (B IEFIRRTREE

1) BEERROBER

FHORBITIEST 57D DEERORENR, FHOER & E AR E ORORERD, HIEPH
5 —E DR THERT 5B OEMIBEIRCS 255, FHORIGEISIT 572D DEBER (RER) &Y,
KARZXEBFIE, REEZD L ELTERERRIT EOBEERDEIRIIKROXTEDLE S,

Bfepssk B; Y=—2.058—0.2734X C; Yc=7.382+0.1466X
D; Yp=—6.352+0.384X T XWEKRAE (em)
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e | M : |ow R log ¥ ¥ FHOE | FEHO[E
BRERERR |BE|  logXo " blogXo—a | @A | IRITHT
Xo b a YoEH | R % | oEEX
3;21*;305)@4% 30 | 1.4771213 | 1.728827 | —1.133552 | 1.4201352 | 26.31
80 | 1.9030900 2.1565614 | 143.40 %
B 30 | 1.4771213 | 1.560311 | —0.931622 | 1.3731466 | 23.61 | — 2.70 | —10.26
80 | 1.9030900 2.037903 | 109,09 | —34.31| —23.93
C 30 | 1.4771213 | 1.793676 | —1.181029 | 1.4684479 | 29.41 | + 3.10| +11.78
80 | 1.9030900 2.2324978 | 170.81 | +27.41 | +19.11
D 30 | 1.4771213 | 1.919240 | —1.386291 | 1.4486597 | 28.10 | + 1.79 | + 6.80
80 | 1.9030900 ' 2.2661959 | 184.59 | +41.19 | +28.72

ZOERERICEDHITE 6 HE TS,

B k22 BRARITIE U BREME RO ZE S —H T3 %,

+60
+50
+40
+30
+20
+10

0
=10
-20
-30

=40
=50

— HFEIFEEIH

|
50

X O &

|
100
(cm)

A6 X EUBEHIER OBREREIRIC X HEEE
2) HREEROE T X B EETHE DN O fE '
W 1) TEERABEOZLECS U KA ROEBILOfR % 270 TH 5238, HBOXK ARE# EITEE

U TY OEERRE 2 5 TH I 5,
B®X=1.69004356, C X =1.61515833, DX =1.70729884

X=5.01250073/3=1. 67083358 ¥ =1. 77061285

RIFHEIRRE  b=1.728827

150

| ko | 2AROTES pm SEEECIGRNT | FOEOEN |
R RERERR 5 LORE b S RHOEERE | B %
x Y—bx
B 1. 69004356 0. 01920998 0. 03321073 1. 70537129 1. 67216056 47.0068
C 1. 61515833 —0.05567525| —0.09625288 1.71604167 1. 81229455 64 9074
D 1. 70729884 0. 03646526 0. 06304213 1. 89042258 1. 82738345] 67. 2022
] 5.01250073] —0C.00000001f —0. 00000002 5. 31183854 5.31 183856!
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Y DE¥=58. 9675

B =47. 0068/58. 9675 X 100=79. 7%
C =64.9074/58. 9675 x100=110. 1%
D =67.2022/58. 9675 x100=114. 0%

D& B & ORITIE 47.0068—67. 2022/67. 2022= —30. 1%

KAEDFL% 46.9cm OB — Rz & &, HAEEBOMEER TN Ty CRIENTE) o
79.7%, #3180 % DFEREHITHEA TV 5%, HAEECOEERIIFHL TII0%, FREEDOEERR
g 114 % 720 RENTERETIRSRA S 200 T B, F7z, BAEED LHFEEBOMTA S L, HEEBOE
% BIIHREE DN E T D4RETR O P45 30 B TIF ATV B,

PEDZERBE, HIROF T 7R RENEE, ThEDEREBS 77 TREREDRVTHS I,
TN B b BOBEROAERMS, TDE EOIRET 0.019209 CHRETEDEERL TR L) EDF
~HH I BE, CiX0.055675 LT ADE~NSHILES, £5 LIz & &OFIHEMFEHOELH TV
bIFTHDH, bUEREEB. C. D2 WS ERBORMFEOENMITH T 2EITEEOEMPBEL L T v ih
E, ThbbERENOFRRES—EETHNE, LRORZEIRARNRE ZTHOTIEbLRV R
b, XOETOWERPHEFEEDEL L TRDT I LIS, LaL, KROEITIE Uik o#E
ﬁ&%gwﬁwmior&ﬁ@ﬁ@%ﬁ%&pfvé@f&%ﬁ5,%uﬁm,%%mnxorﬁﬁﬁ@
EREZB ULV,

(O] S5y *xEDE

RENVIIZERIRZER T 5 & v 5 BV L 3B GRS 23, ﬁﬁﬁﬁf@iiﬁ@%&?ifﬂﬁlﬁﬁﬂ#@@iﬁ%’z&
TERDTH B, %5 L THIRRK > TR ERTT S, Z 2 TRERBEOEM,:S D17
YA FORARBTHES LES, ChEF—Z—%TFry F LA/ T 705, EOMEEERRKTHIS
SV ATHB LD, TR ETHEbhIER ETHIE S5 bR T TR rb, Fhic
XoTHPB, Ik, BOTDTHREMRB &\ 5 EERIERAERHED & W S EER ST, Jhigd
Gt U IEERAE T B B2 R 5T 2 B, '

IXRERE AR 5 # B B E " *
B 0. 00951752 99 EIELY
D 0. 01491752 84

EHEELY B % (¢=0.05) ot ThiE
199 70,05 \_ 8/ 0.05 \_
PN<—7—J—L%,FM( 5 )_Lm
o DIEEERMIZ

(6ot (o), (G ordorres) -0 }

LLT {0.416997~0. 9633943}
ZhpbHEOEEREOHOFHKME %KD 5 & {+/0.4169997 ~+/ 0. 9633943 }

bbb, {0.646~0.982}

KO THAEEBOEER OBIEREIBAE D OEEITHR, 64.6% 55 98.2% OMlich s, €515
EHAEED OEERIIFKAEE B OB X 0 B E S p o3 E» D TR, 7Y FHIREV,
FDRZ Y F BIIBREES AL BIZED LD TR Y, HAED, ETREEETOMERED65%
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FETHELOTVWDHEWDTD, 10EFHRCESLZ LIFPBEELSLWTH D,

(F) ERfTROEFEREEDOHHOMICERS O E AV ONIREFET, KEHOT
LESEMBR—BTH DLV O ERCR LTI, BBEREYTIZESRY, RELESEDZEE W
5 LEARMECLTWaEy» D, ABEROX 5 K EHERIICERD D, »DF 5 7 OMHEHE
THHPARGERDZEPBDOLNI L EIRELCHDIDDINWTHS S, 2, F—FHRIE
BOFETHEVS T ERNENREETHZ 00, EHAME LAV — 3T/ EHE L TR
5T &,

W EOCBEL “SCAOHR 25 5bT&k

(1) BHEOFHEORE

RMEOFHROE LI, IALIERT, REXBE1IELIEEM L THE, B1EORARRED
FEEIERAROAE I EDT., B2ERRM LTS, FHoRNEOEX: (B1ERAE
+E2EOKARE) - 1/2, FIXFETRMLAE TS (B1EROE+E 2 EROE+E 3 EROE)
. 1/3’ ............ 5 f;j—,\;ﬁg-ﬂ-hbﬁ)

I E——f——72F ———713E
O Tra e mC

—A 1Ep RO — _J
(AtB)A=%2L 3 t0RoRTHnES

F——(AB+C)A=T3 L i tnKoREnk &
BAR EEOEKCKTZLEORMUMEFEHORIZFHAL X

Thbb, ELEIOEFE2 1 I FFEORIRELDITHS, £5L T, Fl1EORARF
BOEX, B2EORKABRFEHORY, E3EXOKARFHOESE, - L IEERE & ORRIIFESR~
HEHRETCERRLTH 5,

T C R 8 T E CIRH LR OSBARET 1A, $7EE TR Lo BAAsT 3
&, HOEETERM L AOMNEARKT IE, olFE AL IIELEUTORMTH O/, LAADT,

150 - 150
Yi - 0.8381% -078! Y, Y =0.8242% ~2.999
Y, r=0984 : r-0984
" o0} T 100
* Eor
1 2
z‘.
% o L
%
£ | N
a | %
& 9 r o0f
L @
1 1 1 1 1 1 1 L 1 1 i 1 1 i 1 1 1 L 1 1 i 1 1 L 1
50 100 150 0 50 100 50
@ & o B oem B & oE i om

FBR B1EOKRKARLIWHERE FOR F2EHETORARFYLWHER
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150

() SHMOM om w5

HSO0K FEIEHITOXRORFEYEIWEHER

150,

é T

v
(=]

Y3=0.8202x ~=5.967
=0.975

r

.
K

100

50

S SHMOM o s

30

)

o &/ & % (am

-

(S FHMOM I HU N

=)
o

w
o

5 BIAF 1270 18 3R (N)
NPZUNT ERIMRITI0S

150

Ya = 0.8349x - 11,155
r =095t

I

50

L
100

B & & 1% (@

:
150

HSIX F4EBECTOROEFHLWEER

i%

() nmsBH

1
50

KBo& &

06
% (m

15

B & @ i

(iui}:: ik + 90 13/
nhetk: BERRRA

=RIERENF)
1283

52K FOSEHETORARFHLWEER HFOBN K£EITLORAFETFHLWEEEOREF
BHME6ELU LT OVWTHABRRTCHIZEDLLTWEV, £, F— 2R TRCEEHEDL 2m 1D,

4.0m $% Lo ERTDHDITONWTEXZ,

DB OFED> TRV, 5 48 R~ 52 Ric th Th BUREM & T,

%5, ZoFERKICOE,

FRE Y EMCRMOADRLE, BYDVDADIEE

Zhg 1T % & DIEES3RIC

t REEBEEAWHREHOZOREZfTE D/, ThERICRT,
FAOER HREMEHK - MR REORER L L DR

wH | ¥ H R OB X U B R [H6RE| ERR eeons| DEEHE
EH St Sxy Sy? 7 b Sy-x ts
Y1 57 | 60300. 666667 | 50536. 500000 | 43769. 368421 | 0.9837 | 0.838075 | 5.073954 | 40. 56%*
Y: 47 | 42788.851064 | 35267.246809 | 30046. 299574 | 0.9836 | 0.824216 | 4.663041 | 36.56%*
Ys 35 | 25537.542857 | 20945. 765714 | 18081.087429 | 0.9748 | 0.820195 | 5.459199 | 24.01%*
Y4 20 | 10973.000000 | 9160.900000 | 8451.240000 | 0.9513 | 0.834858 | 6. 679931 13, 09**

WEEEE X, F1EORKARE Y1, E2EEITOROEFEYE

Y., HI3IEETTORRBEFHE



— 8 — | HERBRBUIERE H195

| EER
" ¥1=0.8381X—0.7806
Y3=0. 8242X — 2. 9994
Y3=0. 8202X —5. 9670
Y4=0.8349X —11. 1546
| RIRRDZEDRE \
Y1 & Y S{(y1—3)—bi(x1—%1)}2=Sy2— bl“éxnz
=43769. 368421 — (0. 838075)2 « 60360. 666667 =1415. 989172
S {(y2—32) — ba(x2 —-:Ez)}?= Syad— ba? Sxa?
=30045. 299574 — (0. 824216)2 « 42788. 851064 =978. 463806
= 2{91=31) —b1(®1 —%1) }2+ > {(y2—Fa) — ba(xa — £2) }?

Ni+Nz2—4 -
_ 1415. 9895177J2r—£791x3‘i 463806 _gq 944530
©=4.893315
o= bl—b.ﬂi I 0. 8318075—0. 8242161 0. 046
" (satsm) 489915500 som067 " 1z7en sToRn)
d.f.=57+47—4=100
Yi & V3 S{(n—51) —bi(x— 1)} 2= Sy — b2 Sx2=1415. 989172
S1{(y3—7s) — bs(xs—%s) }2 = Sys? — bs2 Sx32=18081. 087429 —
(0. 820195)2 » 25537, 542857 =901. 471596
= {1 =3) —bi(xi— %) 2+ S{(y3—F3) — bs(x3— 75)}°
Ni1+N3;—4
_ 1415, 9895177?55?214 AT1596 _or 5o4791
#=5.131742
f— b1—bs _ 0. 838075—0. 820195 0047
Hsmtsw) 5132 o eomemr omersamsE)

d.f. =57+35—4=88
Yi & Yi; S{(1—51) —bi(x— %) }2= Sy — b2 Sx?=1415, 989172
S{(ya—4) = ba( a4 — %) }2 = Sys?— b2 Sxa2=8451. 240000 — (0. 834358)? « 10973. 000002

=803. 190676

2= 2 @19 =il —2) P4 F{ (s —50) — bz — %)}

Ni+Ns—4
_ 1415. 989172+ 803. 190676 _
= T a—i 30. 399724
#=>5.513594
o= — b1—bl4 ; — 0. 8318075 —0. 8348581 : —0.056
= _\2 3 5 2
# \ Sx12+ Sx2 ) 5 513594(60300. 666667 + 10973. 000000)
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4 d.f.=57+20—4=73
Thbb, BLEORARZEES-XLLT, H2EBETORAFEFHES, EIEXEEETORA
BEHES, FAEBECTORAREHREI LERREL TTE27, WIhOBRICEWTIRED
! Emsn <, BERRROE 2AUTORENEFTRRO>TV50d, THIXMBRRAFIAEERVEVS T
‘ Likot, SHAROBHSE LN, SHEHANOKEEL <HMXSNIEZ O 2 HOKIED b LI
LT 2T TH D, BSEUTROWTREEMTRO X S IKHEEL TH <. b LEFRE b »3iExt
MICE L3I, ERFEROEEZEOT, LOIEHERMHEE SN, SHELIEOXHEMITED
FOBOY 230 TE L ECEFHREE IV THL,
FEIEDX=69.66667 Zhz LROKDFDITARALT

FIEHORAFEDEX 57.%07 FEIEFETORARFHEX 51.Y174
F2ERETORARTMES 54420  HAEHETOROETHES 47.010
INERAVTES EUTOY 2iEET 2, _
EfE e, RAFEFHESY 2o L H&h2TH L, BERIZ y=ae'®

; q ? log log p » 0 HK (p-2)

E (em)

? 1 57. 607 1. 760475 1. 76249 57,875 —0.268

: 2 54, 420 1.735758 1. 73374 54. 167 +0. 253

| 3 51.174 1. 709048 1. 70499 50. 698 +0. 476

i 4 47.010 1. 672190 1. 67624 47. 450 —0. 440

! +0.021
XoT, logp =1.79124—0.02875¢ ax q =—0.02875

" b =61. 836¢-0-06627 log @ =1.79124

‘ a =61.836

log e 10=2. 3026
2. 3026 x 0. 02875=0. 0662
(6= 5) #+0.020em TH B2 LARSEET B &5 %o < FHUE

q log b DERK : fi %
5 1. 64749 44. 411 7; HBHEK
6 1.61874 41.566 b MHER 69. 67cm OFFICHIF 5K A K
| 7 1.58999 38.905 BE
! 8 1.56124 36. 412 EER; p=61. 836e0-0662¢
(1) Bisehfs
BEHBC OV T4 OERRZ Y TRD TR, TORTROEREASE DD TIEIRRNVK
5Thb, “
e o

ki WE, x; WEEE c; S
ERIEAY = —F VDO M. 2Ly FE (M. NEzurUNDO) 1T X -0 T X cghig = ¢, REmER Y
TIIELES &wbh*cy\& WE, s x/VTE— ¢, tENCEERE LOoTe5 LEBRTENTSE
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B5b, CITHEKe, b RIRETHERABELNA (F—£1IFE 54X, 255 REH),

x2

h=1.2
@88z 10. 14557y
40,
36F
sf
H : . 281
. 5 #1 |
i .(ZE Jhi-c ) |
L ! £ 2+
1 H l
200f----—--- ----E‘-—---—- - ---.15.--..—- ---.--+ m 20
x| H id L
i o - ’ A =12+ g saaey:
- ta | 12} . .
1) M SRS AU ES—— - )
I S ! 8l
I : i af
0,,.'3,,(,;|‘I‘ e T
° b3 5(0&31’!1&12) ”° e oS B R (e
#54X BiEMOR (ZEHRZERIE) ESSR # ®m oM B o

() FHORME (ERMOEX)
BElgERAUCEL R E D AN, EtE2ANER RN LRI U S0z ko 5 & kK
HESh (BEESESEESTECAV A D ERT).

x2

L =124 — 03520, 14717

2T, L=£RME, *=/\HEE
(V) HRARFIC >V T .

HElREECRITOERZRD S L &L, HOrUDKRF ORI LS B OEREFRLIRTHIER S
v, ZOBRTRIILI,

BARBREBOBESIC L O THEINS L OHMIZIoT, RIRBERGOENE /77Ty P L
2 (56 ), TOBMRIIEIETRE VY, Ei, KOKXEE, TibbWEERLRREOVWTRTCL
TRy 2RSS (BETH), thiBEREESEELV, ZhEFORR»BEE T 2biFicizvd
g, R X AREN, hOELHCIOTRBEOBICEELZEL LV LWL 5 b AL
Ve ZOMDD SBEOREWELIC R\ TEEEED LTRSS 5> hEEL LN, Tibb, SR
EVb S ZDOERE L OCKEN L TRVELEE, 2O TENRM LI L2HET 50,
HEVIZENRMIZE 5 1 BEEROKRTREDHZEIIRHEL XD TH S5,

BREOFHOEH S &RKD 5edIT, 5§58 ROFESfiziivic, 2F2—fELIELTIE Mode,
Median % X OVERFEICENEN 3em < BV DERD B, SHRIER 52.45cm DL BN E TR D> Tw
50T, TRERIT B L KKERSHOBCHITL 5, FLTEDE &0 X W5 & X=26.62m
T, My=27.45cm L1ZL A AL TL 5, BRI O LEIEERAZBETE 220, FHE2R
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80,
° [F#8 8B
x B C
7oF » 0 x e
. 8
60F .
1% ° o * .
1R sor ’ o o [° rFE®SB
x o 1% {: TS °
& 40+ L L " sor . x
sob o e & a0 . e o
° .u‘ o ;" ° (E 0o o ° °
. o* % 50 * 30 @, : o
20F ORI MY D
P 2 .
10F . ° .
1o
0 L L L L 3 ol oy gy
0 10 20 30 40 50 0 50 100 150
B B0 18 BoS & % (m
6 (AR L BB OMER E ORIR FSTR RIEE LIWEEER L 0%
40
141
12f-=---==---- | 30
Hiof 18
gl .| | N 20 71
8 \//\ ) ~ K
6k \/#E Fel 8¢ B
af--- N o
%
il m =h
L .l 1 1 1 1 |

! 1 L 1
2245 715 3245 4245 5245 6245 7245

IMo-27.45
2662
Mdn - 24.37
e +26 -

— X R G m
(BnBLEBALEaNR=2943)

HE8 X B B o HE 5 K
EOTHRBORKME LTH L,

Mdn OFHE
N=58, N/2=29
Mdn D% % F&HH fs=13 FRFE DE k=5
O T ORI fo=24 fs DIEOTIRE  L=22.45
1oT
Mdn=L+—N/f2—s_fi>< h=22.45+ 291_324—x 5 =24.37
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FAR KRBOFHHSHE

v LR | B R wmo® R £
g A 1 =
No. X; fi | EE=® i X X2 fiXx:2
1 | 10.0~14.9| 12.45| 3 5.2 37.35 15,0025 |  465.0075 | EEHEREDTIH
2 |15.0~19.9| 17,45 | 11 19.0 191.95 | 304.5025 | 3349.5275 éé?f%‘*,z#f%
3 | 20.0~24.9| 22.45| 10 17.2 224.50 504.0025 | 5040.0250 | 779,
4 | 25.0~29.9| 27.45| 13 | 22.4| 356.85 | 753.5025 | 9795.5325
5 | 30.0~34.9| 32.45| 8 13.8 | 259.60 | 1053.0025 | 8424.0200
6 |35.0~39.9| 37.45| 5 8.6 187.25 | 1402.5025 | 7012.5125
7 | 40.0~44.9 | 42.45] 2 3.4 84.90 | 1802.0025 | 3604.0050
8 | 45.0~49.9 | 47.45| 2 3.4 94,90 | 2251.5025 | 4503.0050
9 |50.0~54.9 | 52.45
10 | 55.0~59.9 | 57.45| 1 1.7
11 | 60.0~64.9 | 62.45
12 | 65.0~69.9 | 67.45| 1 1.7
13 | 70.0~74.9 | 72.45| 2 3.4
it S| 00| 29LP PINLRE | Sr=s

FHllE X=3fX/N=1437.30/54=26. 62(cm)
ks, BERESI
Sx2=3 fa2— (3 fx)2/N=42193. 6350 — (1437. 30)2/54=3937. 5000
S2=Sx2/(n—1)="74. 2924
5=8.619
58 KAN(0.1) OHFRITHES &
m=20 O &FUE, ERED 9.4 B1EEND,

FDLEOEIBOE X O 26.62+2(8.619), F7bb, 53.86~9.38cm iz s,

LT, BOEEER?D, LR LI ZOFHEL OVWIRBOBISHES L XV, ThEFTO
BEIRICRDTY 772 RTHB L, 53.86cm o5 LAricd 500, E%EB. C. DicvwFhibhoT,
R CHA L A BAEERHEOBL L1352 VEBEA RV X5 TH B,

IV EZEUERTEIERRR

(1) I X 538/ NMEE DIBIEREK

HEHEIC X BB EREBAE L DB MNHESNL S L b TV 5, ZREBIET 52D RESH

BRTw3, TORD p 2RI X 28/ MEEEROBERKE VS,

n—1 1 n—1
. (1,10)0? S—=(1.151293))o?
p=10 " 2 =10 ” ) *logy
ny BEOK, 7L 23K THNE n—1/n BEELTH IV,
LERICAKRFOFER 2 AT

#=(1.151293) (0. 11501843)2=0. 015231
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Z 2T 0=0.11501843 i3 55 39 EDEHEEE NS,
X oT #=0.015231 DE$k 1.0357 33k BIEERIKT, T7bb#EEY % 3.57 % FIFEEL <A
T3, ‘

Uil ) FEUDSRETHR RS2
EOVERTILEEOMEL BT HERERD I LB VITKFSN S,
Q% B G-EEME OV TORERERELS HEEESR
@@ L - " " "
@4 & - " " "
FRZE2TR, 203 LBV DHKRCENLThISELRMEV S DOPBADTENIETT5.
TV 5 EUEMTEMIEIN & 12, MR L3 &30 OBIfEIC X HEMIERIZZT T, FIEE LBz

FRE EUHEHERMEME

KAE & 7 * %

(em) 1 2 3 4 5 6 | 7
16 928 18. 4 27.0 37.8 46.6 55. 1 64.3
20 13.5 27.1 40.6 54. 1 67.6 81.2 94.7
24 18.5 37.1 55.6 74.1 92.6 111.2 129.7
28 24.2 48.4 72.5 96.7 120.9 145. 1 169. 3
32 30.5 60.9 91. 4 121.9 152.3 182.8 213.3
36 37.3 74.7 112.0 149. 4 186. 7 224.1 261. 4
40 44.8 89. 6 134. 4 179. 2 224.0 268. 8 313.7
44 52.8 105.5 158. 3 211.1 263. 8 316. 6 369. 4
48 61.4 122.8 184.2 245.7 307. 1 368. 5 429.9
52 70.5 141. 1 211. 6 282. 1 352.6 423.2 493.7
56 80. 2 160. 3 240.5 320.6 400. 8 481.0 561. 1
60 90.3 180. 6 270.9 361.3 451.6 541.9 632.2
64 101.0 202.0 303.0 404.0 505. 0 606.0 707.0
68 112.2 224, 4 336. 6 448.8 561.0 673.2 785. 4
72 123.8 247.8 371. 4 495. 2 618.9 742.7 866. 5
76 135.9 271.8 407.7 543. 7 679. 6 815.5 951. 4
80 148.5 297.0 445. 6 594. 1 742.6 891. 1 1039. 6
84 161.6 323.2 484.8 646. 4 808.0 969. 6 1131. 2
88 175.1 350. 3 525. 4 700. 5 875.6 1050. 8 1225.9
92 189. 1 378.2 567. 4 756. 5 945. 6 1134. 7 1323.8
9 203.5 407. 1 610.7 814.2 1017.8 1221.3 1424.9

100 218. 4 436.9 655.3 873.8 1092. 2 1310. 6 1529. 1
104 233.8 467.5 701.3 935.0 1168. 8 1402. 5 1636. 3
108 249.5 499.0 748. 6 998 1 1247. 6 1497. 1 1746.7
112 265.7 531.5 797.2 1062.9 1328.7 1594. 4 1860. 1
116 282.3 564. 7 847.0 1129. 4 1411.7 1694. 5 1976. 4
120 299, 4 598 8 898. 1 1197.5 1496.9 1796. 3 2095. 7
124 316.0 631.9 947.9 1263.8 1579. 8 1895. 7 2211.7
128 334 7 669. 5 1004. 2 1338.9 1673. 4 2008. 4 2343. 1
132 353.0 706.0 1059.0 1412.0 1765.0 2118.1 2471. 1
136 371. 7 743.3 1115. 1 1486.9 1858. 6 2230. 3 2602.0
140 390. 8 781. 6 1172. 4 1563. 2 1954. 1 2344.9 2735.7
144 410.3 820. 7 1231.0 1641.3 2051. 6 2461.9 2872.3
148 430. 2 860. 4 1290. 6 1720. 8 2151. 1 2581. 3 3011.5

logV =1. 728827 logX— 1. 133552
Y: EUIEETRER] (B2), X: kAo (RBERYH)
W HEE OB IEREL £ =1.0357
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B0k {FEAMORFRREKOEEERE
%z ® = H B8 E | F 5 @ | FHFEEH Fo I *
B O OE JE 1 38. 21027540 MBI T RTENE
EREEOZE | (k—1)=2 0.79779877 | 0.79779877 | 27.158%* D D &g
E1I - T k=3 39. 00807417
L £ | (n—2k)=674 | 19.79926434 | 0.02937576
E1 n—k=677 | 58.80733851 ’ ’

ERREEC R EETESDS,
EERZ LOEIFE, RFPHDREIFELEZ /S 7ERbEIFFE 16K LD, K5 EEEEAIThT
N7 B OT, EFREHRO—IRTHRVWZ E—RLTh» 5,

2) EEINAEEAMOFHEDEOFEMLRE
BR BEEERFHEMOFTEEORE

(Y R X 0 BE ShCZED)

%z B & H &8 E|F F M| FHFFH $if %
4 & n—2=678 | 32.28303412 5 EKOLEKD Sdy-x?
B % B | (B-1)=2 11. 68597101 | 5.84298551%% (&tkDFEHFI) — (BEEDTFEHF)
2 % |m—k—1=676 | 20.59706311 | 0.03046903 |%55FDHKNFEHD Sdy-x?




HEOBUENERSTIIDHET BHMAE (XD 2) CKH - diff it « 8 - FH) —159—

Fo=>5. 84298551/0. 03046903 = 191. 768
BEFHEOEEBRETS & Fo=191.768 T, {E
¥8B, C, DO3 AOHIITFHEMCEELR
BENDD,
3) MEEL-/EERMITEARTENZTES
IR HARTEE E (X)) WEEL TY O
), HiyRsfEAaTHR LS,

BT TTTIITTTTT] BoY =1.02211176, Coo Y =1, 22074333,
! [ P S L I _ _
IR S rre DOV =1.19397148  ($% 57 =1.10610735)
- | [ = — —
T ol oBRENEIRY Bo X =1.22158207, C X =1.04433000
! Lo b - -
H ) ! 11‘: ||l -l D =1.20291711 R A =1
! s o 20 3040 &0 0)5 0291711, (#hF# X =1.19872324)
BooRE R M X =3. 46882918/3=1. 15627639
HI06 R (E¥A T & EIF & T OEYE
FRME R ER RS b =1. 2837653
S b FEL 5 &k D FEY SFi‘i‘JHE fiii | - #it)
fegr | THRTE ) 5 o Rmx o W %ﬁﬁmmm. B %
X x Y Y-b
B 1. 22158207 0. 06530568 0. 0838372 1.02211176 i 0. 9382746 8. 675
C 1.04433000 | —0. 11194639 —0. 1437129 1. 22074333 1. 3644562 23. 145
D 1. 20291711 0. 04664072 0. 0598757 1. 19397148 1. 1340958 13. 617
# 3. 46882918 0. 00000001 0. 0000000 3. 43682657 3. 436826 ‘
R 1. 19872324 0. 04244685 0. 0544918 1. 10610735 1.0516156 l 11. 262

. RS IR
B =8.675/11. 262x100="77.0%
C =23.145/11. 262 x100=205. 5%
D =13.617/11. 262 x100=120. 9%

XOEH 14.33cm Dl LIC A AT A FLTAy — L& Abt, FDLEOYHLOFIDES, T
WA L OBESRTRDRIE, FHEICHT5 BOHERE 77.0%, CDIE®=T 205.5%, DO H#13120.9
%LiBH, TOMEPEEBHORERDETHS, Tihbb, BIIFHMED 77% OMHTEL, CliTy;
D 2 FEDHEZELTWB L WS T LD,

() #47, EIDKHR TS OEYRE (ERREHEIC X 3 EBRE)
1) HEEOEHERE & AR RKOFEH
WI8E WEORUERE L RFIRKOFEERMED D DR
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A Study of the Application of the Normal Work Output of Forest Operations (No. 2).

A master table of standard data method in chain-saw felling and backing—1

Yukitake Yonepa, Eiseki Nakamura, Takamichi Tsuii,

Sh6zaburd WartanaBe and Kunihiko Isuit

(Résumé)

The investigation on the standard operational volume in forestry started in 1951 and

since then, although various ways of investigation were introduced, the direct data method
was the base of this investigation. In this study, the determination of the standard
operational volume from a new angle by the standard data method:--not by the direct data
method---was attempted. As to the actual status of the present operational method, the
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writer started not from establishing the standard operational volume by grasping time,
condition and operational volume, but from establishing the standard operational method,
and as a result the method which determines the standard time incidentally was adopted.
In this procedure, the writer made an examination meditatively on the various methods of
determining operational volume which we have not yet tried and discussed merits and
-demerits of indication of each operational volume. These works would be a guide to the
investigation and the application of the results to future forestry, and also help to indicate
‘the position of forestry in the general industry and the direction of development of
forestry.

In Chapter 1, the general idea of the operational volume has been discussed from the
‘writer’s viewpoint, and the terminology relevant to this report is also defined and explained.

In Chapter 2, the essentials of this investigation and the figured results of the standard
-operational volume by the direct data method based on the result of the time analysis
which was obtained from the investigation are stated, and also the calculation which is one
sstep closer to the standard data method than the direct data method is discussed.

In Chapter 3, the descriptions constitute the major part of this paper in which a
preliminary problem prior to proceeding to calculation, a logging operation by chain-saw,
is analysed into unit operation, and range and content of the unit operation are defined,
and while the nature and status of each unit operation is examined, one standard operation
method is set up.

In Chapter 4, a given direction and standard rule are determined for proceeding with
the calculation based on the previous chapter to evade confusion in the following calculation.
In order to facilitate the use of basic time table determined by the calculation, the content
is divided into 5 types as basic deduction time, basic time, additional time, and extra time,
-and the range is subject to percentage of breakout of factor operation or unit operation.

In Chapter 5, the analysis was made including the data of incidental operations on unit
-operation, bucking, scaling, removal of obstacle, trimming in stem (sutegiri cutting), trim-
ming on log-ends (sniping), supporting, lopping before final cutting, and cutting of felling
hinge (saruka cutting), which are related to final bucking operation from which the most
data are obtained or a major operations. In section 9, the results of the above calculation
‘were summarized, and factor operation 4 as basic time, factor operation 8 as the additional
‘time and 2 groups of under or above 70 cm DBH as extra time are applied. DBH is mostly
applied as a relative foactor and tree height, diameter at the top end and the diameter at
<cut face too. When it is examined to ascertain whether the standard time according to
‘the standard data method can be applied to the observation time or not from the viewpoint
of the whole bucking operation, it is found to almost coincide under DBH below 100 cm.
Particularly, the precision is higher when the average value is used rather than when the
‘highest frequency value of extra time is used.

When DBH is not divided into below and over 100 cm, the application is not good at
the point ofvover 100 cm. When it is summarized into unit operation, as the deviation of
:scaling, bucking and removal of obstacle of unit operation is highest, there is a problem

in summarization of standard time in unit operation.

In Chapter 6, following bucking, trimming, removal of large branches, removal of

hindrances, correction, rolling of logs of unit operation which are related to trimming



—216— HRHBRGR RS H1495

operation. involving many data, the analysis was made including data of incidental opera-
tions. In section 5, the summarization of each result was made and the factor operation 6
as basic time of trimming operation, factor operation 4 as additional time, and a certain
value for extra time is determined and applied. The number of branches, diameter of base
of branch, total length of felled logs and tree height were used as relative factors of cal-
culation formula. The writer could not get the expected precision in the examination of
application of standard time by the standard déta method for observation time. This seems.
due to defect of measurement technique prior to analysis and calculation rather than
shortage of data.

In Chapter 7, although an attempt was made on analysis of cutting operation, the
various data items amount to 59 which are summarized into 14 unit operations, but the:
total factor operation is as much as 120 including the items of total, and here difficulty
arises as it is to apply by calculation rule decided first. In consequence, taking consideration
of outbreak of common unit operation or factor operation, and of combination of unit
operatioh, analysis was developed. As a result, because of the liberal amount of data, the
analysis by ‘the standard data method which we consider could be developed, but the
examination on the possibility of analysis of the standard data method which covers a.

more completed stage could be done.

In Chapter 8, the arrangement of results which were calculated after Chapter 5 was
made, and the formula when the standard time for logging operation is calculated was
indicated. As one more aspect of conditional factors in the progress sheet of logging
operation, we have had doubt in the process of calculation about 2 items of gradient and
yield percentage of logging, so we made our examination on these points. That is, the
gradient is not directly related to each factor operation; nevertheless it could have an
influence upon growth or quality of a tree. Therefore, it is considered that cutting of'.
standing trees influences the progress of work. When it is analysed into unit operation or
factor operation, it is only an operation of cutting which is done in a given motion
regardless of gradient. Consequently, direct influence of gradient upon progress of work
can be seen in one day’s proceeding. Removal and walking in the operation vary with
strength of operation in parallel with change of gradient, and also speed changes too,
which is because of the fact that the proportion of such operation in the actual work
hour of one day changes the time to cut trees. Then, conditional factor of yield percentage
(utilization percentage) which has been used in the progress table so far is discussed.
In the standard data method stated above, the time is directly decided by each unit operation
‘or factor operation, and it can be said that the length of cut log or a factor of tree
height is stronger as a conditional factor in meaning than utilization percentage which has.

been used for conditional factor as prospective numerical value so far.

The analysis has been made on logging operation by the standard data method and
through this study report, the fact which we learned is that in forestry, the theory of the
standard data method can be applied. However, in this study, many problems have been
left unsolved. They include:

a. The number of workers should be limited to one for investigation.
In our investigation, 3 workers were tested but technical difference was seen among

workers. Particularly, technical difference varies with each unit operation of felling,
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bucking and trimming. Solution and analysis of such problem are ‘difficult, particularly
when the standard operation method is not established, and the writer considers that more
stress is to be placed on operational method than on skill.

b. Establishment of investigation method of trimming

In this investigation, because the observation of trimming time and measurement of
diameter of branch were made separately, the results did not coincide at the stage of
totalling, and this led to a tentative calculation. In future, because of the fact that branch
cutting by chain-saw is very short, their number is many, and such operation can be done
in walking, so it becomes a problem how to measure the total number at the time of
observation. The design has been prepared:already for the next investigation.

c. Range of removal of obstacles and its conditional factor v

Removing obstacle operation occurs in one form or another for each operation of felling,
scaling, bucking and trimming, but in our calculation and analysis it is a rough operation.
As a result, because of the fact that it influences the calculation of the total, the search
for the minimum range from the standard operation method of removal of obstacle and
conditional factor of observation and calculation is needed.

d. Investigation of places where vegetation and environmental condition are different.

Although only one place was investigated this time, the investigation on the place
where operational conditions such as growing stock of a stand, number of trees, gradient
of forest land, vegetation, size of forest trees, and their growth are different, require the
analysis of relation between these operational conditions and individual operation time to
get time value which corresponds to each operational condition. And the relation to the
standard operation method is to be ascertained.

e. Factors of appraisal of technical differece among workers and its method.

As a result of test on 3 workers, the factor which is considered the technical difference
varies with felling, logging, and trimming, and it is clear that they are not uniform at all.
The analysis of this tendency and skill from the viewpoint of whole logging operation, i.e.,
the method of appraisal on skill when 3 units of operation are integrated are problems yet
to be investigated.

f. [Establishment of standard motion and standard operation of chain-saw.

In the standard data method, when the standard operation method is established, its
effect is demonstrated. For this reason, when the standard motion is clearly provided and
implemented, the standard operation method is made clear.

g. Relationship of ¢ Logging Operation Standard ’’ to the operation standard by chain-saw.

The. logging operation standard is provided from the viewpoint of maintenance of
safety, and in this respect, it is necessary that in order to raise the productivity, clarifica-

tion of relatian of the standard operation method and compromise are to be sought.
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