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' (4) JB3) ‘ , ‘ VS = 2147.0606
6 YEMN—1 sy=  166.6442
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428 EEKEREREERRNE H2% H2E

COFBRAEEL LROARBELN D,

ri— Tyl iz RS (At s ettt

7
Y12 = ) Y21 =< T 3
1—7‘12 ’ l'—T'12

BUEDLILS ESOTHFERAT S L,
_ 0.5076—(—03933)(—0.0949) _ 0.5076—0.0373 _ 04703 _, .0

by = 1—(—0.0949} TT1-00090 ~ 0.9910

, _ —0.3933—(0.5076)(—0.0949) _ —0.3933+0.0482 _ —0.3451 03482

ya 1—(—0.09497 - 0.9910 0.9910 :
EORFERAZXDOLIICNE B,

” 1812.5550 ,y, _ 1812.5550

Y = 259.6406+0.4746 oo (X, 63.0625)—0.3482 g oo (X, —1.2921)

= 259.6406+1.6134 (X, —63.0625)— 66.3818 (X,—1.2921)
= 259.6406+1.6134 X, --101.7450—66.3818 X,+4-85.7719
= 243.6675+1.6134 X, —66.3818 X, +++-+- - e veaenssnsatateeessonesnnananesnanas (1a)

Y &Y oMoEEERTE BEEMABREE R TH5bEE, REROLARIKCE-T
HLEULTEMTES,

R = TY1b§x-z+rY2b§7£-x
HFreRATBL,

R = (0.5076) (0.4746) +(—0.3933) (—0.3482) =0.24094-0.1369 = 0.3778
" R=10.6147

RO BERE, MEERD 5> OBERES sru THEDR, sra EROARICE
S>THBEVL L EBTE S,

Syaz = ‘/Q:Rz)—syz

N,—m
HFEERAT B L,
sy — o/ L=03778) (3285355 4687) _ / (0.6222) (3285355.4687)
, 128—3 125
= %—W =4/ 163531854 —127.8796

BERGAE LTOEERORER, R OHEHOREL L A—Ths, NBHRA
K&6$ﬁ$ﬁﬁ@ﬁmioTﬁ%%@O@ﬂw%®$ﬁ¥ﬁK&&f,%b(ﬁ%w#
Eobk, FEAob-TRETEDTH B, CNEFED LOLSRIFOREENE,
DLW B, ‘
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@R B B E ¢ il i ¥ B ¥ A B &
g B m—1= 2 ReSy? =1241207.2961 RSy —1)=620603.6481 | m=3
KR ORE | No—m=125 | (1—R?) Sy?=2044148.1726 | (1 — R?)Sy?/(N,—m)=16353.1854 | N,=128
& | N—1=127 Sy = 3285355.4687 : R*=0.3778

F=620603.6481/16353.1854 = 37.9500

F SRR LT Fh(1%)—=4T8 TH 255, R BEHTERTS 3.

- TERFIBODTHETH 5,
oY OEBEERELL, IhE s Thob#E, s 2ROARICE->TH

LT ENTEB,

B 1-R
=Y A=) (N, —3)

HFERATBE, L

1—0.3778 -/ 0.6222 0.6222
Sor = /[1-(—0.0949)‘4] (128=3) ~ ¥V (1—0.0090) (125) 1/(0.9910) (125)

_ ‘v/ o022 - — 0005023 =0.07087

UV ORRBEERET 27Dt OBEEXRDOARICK>THEBTES,
t=">bsy
BFERATRLE,
b KR LTHE,
£ = blr.afsp = 0.4746/0.07087 = 6.697
by I LT,
t = biar/sp =0.3482/0.07087 = 4.913
VY ORSRCC TREEITES B,
t pERICINIE, HEE 125 bfci,
t(5%)=1979,  t(1%)=2616
ThHsrho, Z200 BIXTBHTHEETH 5.
T - FEMEEOBACHNEDELL A UFET, BREHELOBAICETEE
BOHBEEFUEARDE S 115, '
R ER R

rn—rrr, _ 04811 —(—0.5849)(—0.0681) _ 0.4811~—0.0398
1—7% 1—(—~0.0681) 1—0.0046

. b{n.z =



IEERFRFRHEASAPIERE B5228 B2E

- % —0.4433
b, = 2T —0.5849—(0.4811) (—0.0681) _ —0.5849+0.0328
yaut 1—7% 1—(—0.0681) o 1—-0.0046
= 7”6%3221 = —0.5547
EhmHER:
Y =y+bY1 21/S 3 (X - 1)+sz 15:3 2 (Xz_fz)
2147.0606 2147.0606 ( X —1.1982)

= 287.3353+0.4433 rrre (X, —111.6168) —0.6547 =g oai—

= 287.3353+41.16623 (X, —111.6168)—139.5662 (X, —1.1982)
= 287.3353+1.1662 X, —130.1675—139.5662 X,4-167.2282
= 324.3960+1.1662 X, —139.5662 X, +++ereererervnereeeeriininniuniiieiine

EAHBISRE:
R = rpbia+ryble.=(0.4811) (0.4433)+(—0.5849) (—0.5547)
=0.213340.3244=0.5377 ‘

R=0.7333 |
e e, b ERD O OEEREZ
‘/ Rz) Sy ‘/ (1—0.5377) (4609869.2216) _ /(0.4623) (4609869.2216)
Sy.az = =

167—-3 164

_ M — (120047716 —113.9946

, 164
BEOReEE LTOFTEHOKE:

ZBE | 8@ E ¥ 5 M ¥ o ¥ H WoB
=) = m—1l= 2 RESy*=2478726.6805 R2Sy?/(m—1)=1239363.3403| m=3
HEOHEE | No—m=164 | (1—R?)Sy*=2131142.5411 |(1— R?)Sy?*/(N,— m) = 12994.7716 | N,=167
& £ | No—1=166 Sy? =4609869.2216 . R*=05377

F=1239363.3403/12994.7716 = 95.3740

FafiRicthid, Faul%) 2475 & 47N 0Mich s, WKERRRIBD CHEET
b5, ‘

EHEEORRROERSEE .
1-R 1—05377 0.4623
o = ‘/(1 i) (N, — l/[l 0.0681)7] (167 —3) 2/(1—0.0046)(164)
04623 __ / 04623 _ /50028 —0.0529

0 9954) (164) 163.2456
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EEREREROEERORE
Tz ICH LTI

£ = b¥u.a]55 =0.4433/0.0529 = 8.380
Fea X LT,

t = Blyas/s5- = 0.5547/0.0520 = 10.486

Y OBBRCCTRBEICESIN,
t AR ICENE, BHE1641CHT 5 t(1%) & 2.609 & 2601 ORFICE B, #Hic™

DOBERERFEII B THETH 2., ‘

S (la) AR Ab) R, HBO3EROMEERSEMILTE L, Tz TEER
KE->TERBELLERETH S, co20RNickid, EMEREAKGED OERED
HEANTDH, AU VEMBEOHEEISADEEEI LS, AIZE, X, KEBNE
- HHEE, X, iKRAERAMEERATRIE,
(la) KoBAE, X,=6, X,=663

Y = 243.6675+(1.6134) (6)—(66.3818) (6.63)
= 243.667519.6804—440.1113 = —186.7634

(1b) KoBER, X.=8, X,=321

¥ = 324.3960+(1.1662) (8)— (139.5662) (3.21)
= 324. 3960+9 3296 —448.0075= —114.2819
LIS CRATETH B, £ 0 TLORAEER S DI EERETOTAER
A1z, ‘ :
W2 NABEOORDCAEYOAKEHEROLBE
(la) RET (1b) KRBV TRAKAEY OREBFEKIETH 3, TDRDICEH
BEMEE RS —EOMEIC L BAI, AKBEYMEDTREFhE, BN EHBEOH
RMBEICIEZOTH S, EBICH, BHSNZAKOAED BOFMICAS T, £
@%Hﬁ@ﬁoﬁﬁKmé$i$@1mw
AKEED ICHT B ES D EHBEOMRE, EREEERS, WEEEHICE T
Fbo#iF, LRMEHBESRESTEELONE, COMICED LTERR, AKGHEY
DRI, ZOWH UBREYVARAREFSC LT 2) MYERE LTHL, (La)
RART 1b) REKDBEALRAUFIETHEE TR > Th e, TOBBRBKOED T
55, , ~
WEE1LWER 250, 3EEOEROMAERY, BiczhdOTHMAUENE
SRdl, COBAK, EHMERE X (), BY0AAEAEE X (K), GY0EMREE



EI2RO 1 RELHA, RERNS XCHBERERD 2K (7T — FEMER)

N,=128 m=3 X X, Y

fl SX; SX,= 8072 SX,= 137.25 SY= 33234

¥ B F1=S8Xs/No F=  63.0625 Z= 10723 j= 259.6406

1) Sﬁﬁm, -l SX2=793322 SX,X,=9506.62 SX,Y= 2586387

2 MEHRA (SX )2/ N, =509040.5000 (SX,) (SX,)/No=8655.3281 (SX) (SY)/Np= 2095819,1250
X | (3 E=zrif, BEfEm 0—02 Sa? =284281.5000 Szyrp= 851.2919 Sxryy= 490567.8750

) wame V8, zomezoERE JSzi= 533.1806 V'SZT 'Sz =3800.4047 VST A Sy = 966419.1624

(5) #HBEEH (34 ' ra=  0.2240 rop= 0.5076

(1) Sxf, B SXi= 197.9737 SX,Y= 4258475

2 ®mEH (SXo?/No= 147.1685 (SX,) (SY)/No=  35635.6758
X;| 3 WL, FERET 12 Sxi= 50.8052 Szay=  6949.0742

4) xmasi /B), TofizoERR NSzZ= 7.1278 NSxEN Syt = 12919.5295

{5) #EB&RE (34 L = 0.5379

1 = F M SY?=11914252

2 WwEH (SY?/N,= 8628896.5313
Y| (3 ®mEXGM 12 Sy?=" 3285355:4687

4 +B3) : VS = 1812.56550

6 JON—T) sp= 1608382

N, REHEE, m BEROK

&% Ho¥ SHXIOWEMELELRNY BRI



_ BIR2ED I FELAHT, BERNS XCHEBREERD 25 (HEEKEE)
Ny=167 m=3 X, ' Y

Fl SX; SX,= 18640 SY= 47985
A #;=SX4s/N, &= 111.6168 F= 287.3353
(1) ex#, & SX?=2746612 SX,X,=21656.77 SX,Y= 6199043 -

@ @ EmH (SX:)2/ N, = 2080536.5269 (SXNSX,)/Nop=20899.1234 (SX){(SY)/N,= 5355930.5389
B) WELHM, BEEHN (1—0O Sxi= 6660754731 Sty= 843112.4611
@ s V@), TofsiseoERER NSxi= 8161345 V' Sz% ' Szf = 6603.0994 NSZEN S = 1752290.2293
6 ElEK )/ = 0.4811
() SHF, B SX,Y=  65876.92
2 BmEH (SXoP/No=" 209.9330 (SXz) (SY)/No=  53800.6671
(3) WEEHFM, WEEM (1)—©2) Szy= 12076.2529
4 HARE VE), zofizzomRR VSZI Syt = 17371.2232
(6 fHBE&H ()4) Pye= 0.6952
1) ¥ 5 ‘ SY?2=18397655

2 mEH (SY)N,=13787785.7784
8) WEEFM (1)) Sy?= 4609869.2216
@ 4B VS = 2147.0606
5) ¥ (B)No—1) sy= 166.6442
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Y(1/100 43) b L, RERORELHT, REEM, RUHEBHRKERD I
HREFLEZOIRUITICRINTVE, FRICHELHEOBBRXROBY TH S,

T~ FEMELEOEHA _

Y o#sgiEz Y, Y o X, 1o 2 BEREREEE bhe, Y O X, TNT 5ERR
ERERE by Th Db, ROEEMBHERAHIL D,

—mah N Sy = «/Sy =
?'— y+bYl-24§E(Xz Z)+b%a. 11/S = (X,— )

%ﬁKﬁbT%¢E%®EE%EW?5&,k®1ﬂ®ﬁiﬁﬁﬁﬁﬁ EoN b,
bgmz + r;zble-l =77
rubgfl-z + b;’z-l =Ty2

COERFBAEREL &, ROARBELNS,

ryi—7Tyel'yy - By — ry2—7yil2
ST iz gy = 22 V1712
1—7r% ¥ 1—7%

z —
Y12 —

BLR2ED LI ETSOTHEERATS &,

, 05076 —(0.5379) (0.2240)  0.5076—0.1205 _ 03871 _ 4o
ez = 1—(0.2240Y T T 100502 T 09498
o — 05379 —(0.5076)(0.2240) _ 05379—01137 _ 04242 _ /.o
rea = —(0.2240)* 1—-0.0502 -~ 09498 7
ERRFERABROL SN S,
H 1812.5550 1812. 5550
Y= 259.6406+0.4076 22 (X, 63, 0625) +0.4466 = Jome— (X,~1. 0723)

= 259.6406 +1.3856 (X, —63.0625)+ 113.5676 (X, —1.0723)
= 259.6406+-1.3856 X, —87.37944-113.5676 X, —121.7785
= 50.4827+1.3856 X, +113.5676 X, «++cerrrevvearrerrrererninmnmennecrenennnn! (2 a)

Y &Y oMioEEERIE BbEMBEKE R ThobH#E, R EROARICE
STHBUL CEMNTED,
R = mb’n.2+mb;n.1
MEERAT S L,
R? =(0.5076) (0.4076)4(0.5379) (0.4466) = 0.2069 + 0.2402 = 0.4471 |
R=0.6687

HeEOBEERE, BERD S OBERES sy THE DRI, sru ZROLRITE
STHBULCEMTED, ’

2
5y12=/1 —R? Sy



N5 2 5 — SRR ICET 3R (ING)

BEEARAT S L,
sps — / (1—0.4471) (3285355.4687) _

/ (0.5529) (3285355.4687)
125

128—3
=y 1816%;2'0386 =4/ 14531.7843 =120.5479
HERAEKE LTOEBROKRER, ROFERORELA(A—Th3, HLENR
X BEHERH, MRICE>TREBFOOPEVEHOFHFEFICHNT, FLIRED
DEShEE, FEOh->TRETEDOTH S,
CNEFR D L DICABATOBEENTRD LS 1T 3,
EBR | BHEE| FE  F M B ¥ K
R2Sy?)(m—1)=734441.2151 | m=3

R2Sy?=1468882.4301
(1—R?) Sy*=1816473.0386 |(1—R2)Sy?/(No—m)=14531.7843 | N,=128
R2=0.4471

Sy*=3285355.4687

WA

i} Bl om—1= 2
HEOHE | No—m=125
& | Ny—1=127

F= 734441.2151/ 14531.7843 = 50.5403

F4figickhid Fis(1%)=478 TH 205, REXbDTEETH 5,

HOTERFREDLDTHERTH 5,
Zo0 Y ODEBEBRERELL, 0k sy THHhE,

BbULCLMTE 5,
_ /_TLH—.
sor 1—7%) (N,—3)
BEERAT B L,
,/ 1—0.4471 / 05529 /05529
f1— ) (0.9498)(125) ~ ¥V 118.7250

spr ZIRDNRIC L - TH

(0.22407] (128—3
= 4/ 0.004657 =0.06824
¥V OEBUERET DDt OBERDOLRNLL->THE BV CEMNTES
t= b’/;vb/ |
HERRATS &,
b WX LTI
t = bhiafsy
Bt I LTHE
t = bys/sp =

t R ENE,

=0.4076/0.06824=>5.973

0.4466/0.06824 = 6.545

BIIE 125 10368 L TR £ (1%)=2616 TH B 25, =20 ¥ i3
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KEDHLDTHERTH S,
T~FEMEEDOBAICBVLDOELLRAUAFET, HREMEZOEAKET 34
Ewﬁﬁ%ﬁﬁiﬁm@£imméo

REAER ] (R %K -
. rn—rar,  0.4811—(0.6952)(0.1147)  0.4811—0.0797
A e 1—(0.11477 T 1-0.0132
04014
= 00865 —0-4068
, _ rn—rar, _ 0.6952—(0.4811)(0.1147)  0.6952—0.0552
Ter TR T 1—{0.11477 T 1-0.0132
_0.6400
= 0.9868 —0-6486
EEYFHER:
” - Sy _ Sy _
YV = §4+-bhrs %(er,wbn :// o (X,—F,)
'+ 2147.0606 2147.0606
— 287.3353 +0.4068 o 20 (X, — 111.6186) +0.6486 =g o5r=—-(X, — 11212)
= 287.33534+1.0702 (X, —111.6186)+172.1215 (X, —1.1212)
= 287.3353+1.0702 X, —119.4542 +172.1215 X,—192.9826
= —25.1015+1.0702 X 41721215 X, vereeneornncmennnniniieiininne., 2h)

Eﬁ%%ﬁ

R = ry bt rrabve. =(0.4811) 0. 4086)+ (0.6952) (0.6486)
= 0.1966 + 0.4509 =0.6475

R =0.8047
HEEOBRELRE, MbLME» O OBERE

S ‘/ 1R} Sy /(1—0.6475) (4609869.2216)
Yoz = 167—3

_ / (0.3525) (4(1322869.2216) _ 1624917684.9006 _ JO30BA0TS —99.5410

HERAARE L TOFEEORKRE

EBHK | 8 @ S ya) fl £ B ¥ B W%
[af =3 m—1= 2 R2S5y2=2984890.3210 R2Sy?/(m—1)=1492445.1605| m=3
HEDERZE | No—m=164 | (1—R? Sy?=1624978.9006 (1 —R2)Sy?/(No— m)=9908.4079| N,=167
4 K1 Ny—1=166 Sy?=4609869.2216 R?=0,6475

F=1492445.1605/9908.4079 = 150.6241




b5 2 & ~EREEREYT BEISE (1B) 437

Fafigicknid, Fu(l%) 3475 L 471 0ficd 5, HICERREZEODTHRE
ThH5,

EHEERIR AR OBRER X .
]/ jp .R2 v/ 1=06475 03525
=Y T=r)(N =114 67—3) _ V (1—0.0132)(164)
03595 03525 e
= 1/(0.9868) 164y = V Teisasz — ¥ 0002178 =004667
R E R O B DR
bz WX LTI

t = b¥y.o/5- =0.4068/0.04667 =8.717
Yea O LTI,
t = b¥za/ss-=0.6486/0.04667 = 13.898

t AfiRic ki, BhE1641cxT 5 £(1%) 13 2609 & 2601 DRFICH 5,

HWIC > OEERRIFRBIEHICE DD THERETH 5,

Qa)RiIcBVTE, BREHELOELIFH _>O0REFBFHOETH I 25, X,
X, CEREARALLEA, ¥ HAKKESEZEREBVELY, bRt TiRE
'ﬁ%&ﬁﬁ?:o@ﬁ@ﬁ%ﬁﬁﬁf&%méwxw&@@ﬁmémgému?ﬁﬁm
BEAMHMSD B, BOBIC X, & X, CRARNBEERALTEB L,

X, =8 X,=031
¥ = —25.1015+(1.0702) (8)+(172.1215) (0.31)
= —25.1015+8.5616 +53.3577 = 36.8176

37, Ca)RRUOCH Ry 2HEOEEREE, 2heh(la)ART 1R
ﬁﬁéﬁimﬁﬁﬁﬁ;bémé<mofw5;%n&a@ﬁ&6umﬁmﬁxf@w
REV 2b)ROFH, EREICHLTELSHFALELTVBEEREITENTES,

3 hEERERAOLES

BHiCEER, ~BEOHORXVERBIEREZERTZ2-FRLELT, 29 ARTD
@b RiIcBY3=OOEROMEE, BEERICE>TERT S LARAL, BEED
ShTHERE L TRERMOFRATAVSI LKL, ThaEAREHAE,

1) EAEWLORKA LA EICE-T, ROELZ 1 ROSHAAKERT I LENT
5250, THOROBALALFRTHELTHENES,

2 WHEREECIBNT, REEEB—2OMYER O U THgHRIRICH
BT ZERIEH LTS, WHSERCEHRTABEKZICH LTS, CoFEREHTIDEC
LMTEB, ’



BISHD I REVHR, RERTS X CHEENERD 58 (7 — 7 £HIER)

AW B R R R Y R

N,=128 m=3 X, X, Y
il SX; SX,=213.1197 SX,=250,9818 SY =299.0763
¥ B #¢=SX4s/No Z= 1.6650 #= 1.9608 = 2.3365
(1) SEHf, B ' SX = 368.43733352 SX1X,=419.27642973 SX,Y =503.69389867
2 ®mEH (SX1)*/No=354.84380100 (SX)SX,)/No=417.88410876 (SX(SY)/N, = 497.96133854
X | ) REERSR, BERD (1)—02) Sx?= 13.59353252 Sxirp= 1,39232097 - Sziy= 5.73256013
4 WA V8, zoMidzoBERR VSzf= 3.68694081 V82Z 'SaZ = 10.37041710 Sz Syt = 11.12756782
(5) EEEEN (3)/4) ' © re= 01343 = 05152
(1) B+, #Efm SX7Z=500.03546038 SX,Y =591.13364324
(2) W E K (SX2)?/ Np=492.12393696 (SX,NSY)/N, = 586.42740712
X, | (8 RWEXEHM, FEEMD 12 Sxi= 7.91152342 Sxy= 4.70623612
(4) xR JE), zofbirzoERR VSxzf= 2.81274304 VSzEd Sy = 8.48914871
(6) HEBIRH (3)/(4) | = 0554
1 ¥ 75 f SY?2=707.91076892
2 MmER ' (SY)?/N,=698.80182204
Y| (@) mEXHFM 12 Sy?=9.10894688
(4) +(3) : VSiF = 3.01810319
6) VBN~ o ; o : sy= 0.26781335

HHE HwHE
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RETHT, RERAS X CRERRERD 35 (HRSHER

(<8

,\,.\,_\,\
Ly

(S]]

¥13:O 11
Ny=167 m=3 X X, Y
SX; SX,=327.3390 SX,=2331,5856 SY =2398,9943
2] " #=SXs/N, Z= 1.9601 Fp= 1,9855 F= 2.3892
1) FHf, B SX?=657,36564100 SX, X,=651,53031021 SX,Y =787.74136157
2) B IEH (SX1)2/N, = 641.62168216 (SXNSX,)/No=649.94550131 (SX)NSY)/N,="782.07422256

REXER, HERM (1)—2)
wAaBE V38), TomdzoERER
HESfR  (3)/4)

Sxi= 1574395884
JSxt = 3.96786578

le.l'z = 1 .58480890

JS2E S22 = 12.18001942

rz= 0.1301

Szy= 5.66713901
Sz Sy* = 12.68501799
ry,= 0.4468

GSEB R B
TEESERE

YH, B

M E R :

REXLHR, BEED ()2
CWasE V@), oMz zorHRER

BRRs G/

SX 2=667.80015048
(SX,)?/N, = 658.37730615
Szi= 9.42284433
VSzI= 3.06966518

SX,Y =799.45498843
(SX,)(SY)/No=1792.22014588

Sxy= 7.23484255
VSZEV Sy = 9.81352702
ry,= 0.7372

GEBEE

93]
- 2 = =2

B R

I R
RELHR (1))
V)

Y B)N—1)

SY?=963.49257221
(SY)?/N,=953.27216427
SyF= 10.22040794
VSy? = 3.19693727
sy= 0.24813046
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EVDS ABEHNICH L THEMETH L LEZ O TH B,
HEOFIFEIXOEL TH S,
ZRIICR D HBRIALMICIRI Db D EET 5.
TvzanNg..... ........ P T PP e (i)
2L, To: 1REIQEMICEY 2 H% 0 £/ (1/100 5)
D: 1[EQOEFICET 2EHEE (m)

Ny: 1EIOEMICET 3 A4 D AKAK
a,b,c: ¥

() ROTLOXEE & LIZKORPH NS, -
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=0.011199--0.077456+0.678325=0.766980= rys

ERRTERRIXROLIKES,

VS 5 orine ASE o ASE x =
- ,2-13—” 2 Ty, 3-12 Xs"‘ 3
JSxf (Xl x1)+bY VIS 7 (X .Z’)+by 1/S 7 ( - x)

1812.555 1812.555
5398123 (X,—328. 6484)+0 149286—71—ﬁ8— (X,

1812.555
1511.988

=259.6406+0.06976 (X, —328.6484)+0.3796 (X, —107.2266)
+0.8132 (X, —167.8047)=259.6406 4-0.06976 X, —22.92654-0.3796 X,—40.7032
+0.8132 X, —136.4588 = 59.55214-0.06976 X, +-0.3796 X,-+0.8132 X, ---(4 a)

=7+ b

= 259.6406 4 0.092299

—107.2266)+0.678325-

(X,—167.8047)

Y &P ofoEEERTE BNEEMERNE R Thobeld, R 2ROARICE
STHBUL CEMTEB, '

R? = b0 1+ 052157 72+ b5t vs
BrEERATB L,

R* =(0.092299)(0.233877)+(0.149286) (0.537875)+(0.678325) (0.766981)
= 0.021587 +-0.080297 +0.520262 =0.622146

R =0.7888

e oERERE, MBEIENO OBEBREE sva THODLRIE, sran ZROLRAIC
E2THLUL CEMTE S,

/ (1—R% Sy
Sy.2; =

BFEERATE L,

_ /(1—0622146)(3285355) _ /3285355—2043970 /1241385
Sram = 128—4 = 124 = 124

=4 10011.1694 = 100.0558

v EE%@%&LT@%E%@@%@,R@ﬁﬁﬁ@@i&é<ﬁ~?&5°w§,@
RICX 2 EHEHD, BERICE>TREAOOHPENEDFETFICHSRTELL K&
DESIPE, FEODL->TRETLOTH S,

TNZETRI DTGB OEEENBROL S ITIES,




¢ ¥ 2~ EMEEC YT 2R (DB) 453

=& K B HE ¥ B # Sy % F w &
] | m—1=3 R2Sy? = 2043970 R28y2/(m—1)=681323.3333 | m=4
HEORE | No-m=124| (1—R?) Sy*=1241385 | (1—R?)Sy?/(No—m)=10011.1694 | N, =128
% th | No—1=127 Sy?=3285355 R?=0.622146

F=681323.3333/10011.1694 = 68.0563

FAHBRICINT F30%)13398 £ 394 0/ich 2, REXHLDTEETH

3. H-TERREESbOOTHETH B,
BREERRRE Y OFERERET 2100 t DEE, KOARIKE->TH BT S

CEMTED,

LTV OHHIE vC THB,
HEERATS L,
o 170622146 _ 0377854 _ o000

128—4 124

bies ITH LTI,
_ b 0.092299 0.092299 _ 0092299 _ | cocr

" JvCh  4(0.003047)(1.201104) 4/ 0.003660  0.060498

t

bg’z-xa ‘Cﬁ L/Tﬂiy

, . )
_ sz.ll3 _ 0.149286 _ 0149286  0.149286 ~ 21953
4 ‘Usz

t =
4/ (0.003047)(1.619342) 4/ 0.004934  0.070242

Blpsrz 108 LT,
/ A
blaars 0.678325 0.678325  0.678325 — 10.4444

t= VoCh 4(0.003047)(1.384472) + 0.004218  0.064946
tSFmRICENE, HEE 124 1875 t(1%) 1 2.626 & 2.616 Offic, F L < t(5%)
131984 & 1.979 ORI B 5.
BIC Vs BEBTH L, bl BHFETHY, b REDHTHETH 3.,
13, £(10%) 13 1.658 & 1.645 DRIIC, £(20%) 1% 1.289 & 1.282 OIS 5.,
T FEREEOBAICACEOE 2 HUFIET, BARHHEROBAIHT 5%

BOHELFRZZROLSILE 3,

t



WI4HEO [la HEECHG 37 v RBROMMBME (HBEHEE)

B 7 C o & = % D& =

i = c; G c - 1 ‘ 2 3

BUED I p5 527 1 ri2=0.499519 | 7,=0.221806 1 0 0

r12=0.499519 1 ra3=0.559818 0 1 0

r13=0.221806 | 77,=0.559818 1 0 0 1

(1)/ria=(1)/0.221806 4508444 2.252054 1 1/ris= 4.508444 0 . 0

(2)r2s=(2)/0.559818 0.892288 1.786295 -1 0 1/res=" 1.786295 0

@n 0.221806 0.559818 1 . 0 0 1

(4)—(5) 3.616156 0.465759 0 ria= 4508444 | —~1/ryy= —1.786295 0

(5)—(6) 0.670482 1.226477 0 0 1/rs= 1.786295 -1

(7)/0.465759 7.764007 1 0 9.679779 —3.835235 0
(8)/1.226477 0546673 1 0 0 " 1.456444 —0.815343
(9)—(10) | 7.217334 0 0 9.679779 —5.291679 0.815343
(11)/7.217334 G Ci,= 1341185 Cj,=—0.733190| Ci;= 0.112970
Ci%x (9) kiRA (04 Cn=—0.733191 Cio= 1857257 Cj=—0.877100
CiRU C; % (4)~(6) ikfRA G Cu= 0112973 | Ci,=—0877097" Ci,= 1.465959

®14%0 11b MHEEcsY 2 ERFEEREROHHE (MBEMESE)

1 ] 2 3 OB R B

Ci= 1.341185{ Ciry,= 0514319 | C,=—0.733190 | ' Ci,ry,, = —0.281164 = 0112970 Ciyrp,= 0.043322 | 7y, =0.383481
7= —0.733191 Sy, =—0509706 | Ci;= 1.857257| Ciry,= 1.201143 55=—0877100 | Cjory,=—0.609749 | 7}, =0.605188
Ci= 0112973 Chry,= 0.087859 | C;,=—0877097 | Ciyry,=—0.682114 | Ci= 1465959 | Ciry,= 11400589 | 7y = 0.777695

R Lot kogt Eogt
R OE K By1.23=0.092472 o By.14=0.327865 bys.12=0.573642

E7¥ Ho¥ SENIOWRBELELSY R



b0 2 —EFEREEY 3T (D) 455

B R AR REL
HERFEUEO Ta BXU b TRINTNS,
Bl4EODa @ (13) OsE

7.764007 Cy+Ci=9.679779  C{,=1.341185
10.412970+C5, =9.679779

Cl=9.679779 —10.412970 = —0.733191

7.764007 Cla+Ch= —3.835235  Cio=—0.733190
—5.692492 + C;, = —3.835235

Cl= —3.835235+ 5692492 = 1.857257

7.764007 Ci3+Ci= 13=0.112970
0.877100+-Cs: =
22= —0.877100

Bl4EDITa 0 (14) OFHE
4508444 C},+2.252054 Chy +Cly = 4.508444 11 =1.341185, Cj,= —0.733191

16.046657 —1.651186 +C7, = 4.508444
5 =4.508444 —6.046657 1+1.651186 =0.112973

0.892288 C/,+1.786295 C;, 4 Ci, = 1.786295 Ta=—0.733190, C:,=1.857257
—0.654217 +3.317609 + Cf,=1.786295
C%,=1.786295+0.654217 —3.317609 = —0.877097

0.221806 C’+0.559818 Ch +Chy =1 7,=0.112970, Ch,=—0.877100
0.025057 —0,491016 +Ch =1
7.=1~0.025057 +0.491016 = 1.465959
MRE

11-14 Chyryy+ Cihiry =1.3411854(—0.733191) (0.499519) -+ (0.112973) (0.221806)
=1.341185—0.366243 +0.025058 = 1.000000

Ciarya+Ciaa» 14 Clhryy=(—0.733190) (0.499519)+1.857257 +( —0.877097) (0.559818)
= —0.366242+1.857257 —0.491015 = 1.000000

Clars + Claryy+Ch+1=(0.112970) (0.221806) 4 (—0.877100) (0.559818) +1.465959
=(.025057 —0.491016 +1.465959 = 1.000000

EEREDREROFEDKRE
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= b/Yx-za -1+ b;’z-mrlz + b§’3-12r'13

=0.092472 +(0.327865) (0.499519)+(0.573642) (0.221806)
=0.09247240.16377540.127237=0.383484 = ry,
=b§r'1-2a7'12+b§/z-13'1+b§13-127‘23 .

=(0.092472) (0.499519)+0.327865 +(0.573642) (0.559818)
=0.046192+0.327865 +0.321135 =0.695192 = 7y

= b§’1-237’13 + b;’z-larza + b’Ya-xz -1

=(0.092472) (0.221806)+(0.327865) (0.559818)+0.573642
=0.020511+0.18354540.573642 =0.777698 = rrs

F[E1 R

ff=y+bsn.n% <X1—51)+b’yz.w%(Xz—z,)+b93.u%<x,—@
1 2 3

2147.061 2147.061

2147.061
3215.935

=287.3353+0.06571 (X, —361.0958)+0.8701 (X, —112.1198)-+0.3830 (X
—361.1677)=287.3353+0.06571 X, —23.7276 +0.8701 Xz —97.55544-0.3830 X,
—138.3272=27.7251 4+-0.06571 X, +0.8701 X,+0.3830 X «+--++veeerereeess (4 b)

=BERE

R*= b§’1-23rY1 + b5z 2+ bys127ys
=(0.092472) (0.383481)+(0.327865) (0.695188)+(0.573642) (0.777695)
=0.035461+0.227928 +-0.446119 =0.709508

R=0.8423
feE OREHERR 2, B BB D O OBHERE

o /(1—1{') Syf /(1—0.709508) (4600860) /4609860 —3270739
Yoz No—m) 167—4 VT 163
_ /1339130

163

=287.3353+0.092472

" ~112.1198)+0.573642 (X,—361.1677)

=4 82155215 =90.6395

HERE2ALE LTOFEBEORE !

%= 8 H B H E S B ¥ B ¥ F | Z
I Bl m—1= 3| . RuSy2=3270739 R2Sy?(m—1)=1090246.3333 |, m=4

M OBE | No—m=163 | (1—R?).Sy?=1339130 | (1—R?) Sy?(No—m)= 82155215 | No=167

% | No—1=166 Sy? = 4609869 , R2=0.709508

© F=1090246.3333/8215.5215 = 132.7057 } ~




LMD 2 R~ EMERC BT BB (MBS 457

FARFRICINT, Ful%) 3391 & 38 0Micss, o TERREIEHDTH
%’C%éo

BEREREROAEEORE:
_1—R®  1-0.709508  0.290492 -
v = No—m = 1674 = 163 — 0.001782
b%"” st Ui
’
. b 0.092472 - 0.092472 0.092472 —1.8915

‘W vCh "~ J/(0.001782)(1.341185) 4/ 0.002390  0.048888
bes I LTI

g O _ 0.327865 _ 0327865 _ 0327865 _ . .oon
VoCs 4 (0.001782)(1.857257) 4 0.003310  0.057533

b§3-12 Lcj‘-\j‘ bf ‘i

po B _ 0.573642 _ 0573642 _ 0573642 _ 1) 99yq
JvCi 4 (0.001782)(1.465959) 4/ 0.002612  0.051108 ‘

t AFRICENE, HBE 1631CHT 2 £(1%) 13 2.609 & 2.601 ORIC, M UL £(6%)

121976 & 1972 ORI H B, HIC brias BEETIEL, brons & b RILICE DD THE
THb, 158, t(10%) 13 1.658 & 1.645 DICH 5,

W50 M EMBLCSE

LCICBVTEER, WHO (i) A5 EH 4 EHR L, G &0 CHT 5, Too
EERD T HRRERDT o1,

WRELENREZLOEKOBEERYD, BELZzho 0EFMRUEREZRD I,

RELLOBARHEORIL, 5 RUG ORI TALNTO 100 AT 10

EoEEH W, RLT N@lOOF?S_»X TEbHL, D OB m) AW, -?,—@10{%

%X, cEbL, T, OB 11004) %/, To % Y THEb LT,
BEH X, X, RO Y KO0WT, REFFHA, RERMRKCHBIREAER D 7o AT
ARE, BBRO IR I IRSK TS, '
 ENICE A EOBRRKDOEY TH B,
T FEREEOSA ‘ '
Yoftemz v, Y o X4 c;cﬁm@ﬁﬁ@)fwﬁz% brioy Y DX, T % (R
BRBRHE b THODLEE, ROERIFHFERBEIL D,

S

¥ ’_J+bY1 245

<era+hmj§ (X, )



15RO 1 REEFLHM, AERMS XCHEBENERD 2K (7 — 7 REER)

N,=128 m=3 X X, Yy
i SX: SX,= 13725 SX,= 21479 SY= 33234
¥ o Fo=SXo/ N, F=  107.2266 Fp=  167.8047 | 5= 259.6406
(1) S5, B ) SX2=1979737 . SX, X, = 2862280 SX,Y= 4258475
@ ®EH (SX,)?/No=1471685 (SX1)(SXz)/ N, = 2303119 (SX,)(SY)/N,= 3563568
X, | () REEFR, MERE (12 Sxi= 508052 Sxyz,= 559161 Szy= 694907
4 wage /B, oz omERR V8xzi= 72778 N Sz 32z = 1077712 ¥ Sx%{ Sy = 1291949
(5) HEBERE (3)/4) Tiz= 0.5188 ry,= 0.5379
() wHR, #aM - SX 2 =5890385 SX,Y= 7678779
2 MmEH : (SX,)*/No= 3604277 (SX,) (SY)/No= 5576821
X,| 3 REYHRM, RERT (1)—Q) Sxi=2286108 Szy= 2101958
@) R B, oz oRER ' VSzi= 1511.988 V' SZ{Sy? = 2740561
6) fEBIEE (3)/(4) Tys= 0.7670
1 ¥ 5 M » SY?==11914252
2 WmER (SYP/N,= 8628897
Y | ) ®mEES5f (12 ‘ Sy?= 3285355
@ V3 VS = 1812555
B) +B(No—1) Sy= 160.8382

&2 Ro¥E SENIOWENELELSY RSO

No BSSHER, m REHOK



WmI5#OD 11

RETHR, RERAS X CHBERERS 55 (HEEHIEE)

N,=167 m=3. X, X, Y
f SXs SX,= 18724 SX,= 60315 SY= 47985
2 B Fo=SX:/Nq F= 1121198 &= 3611677 j=  287.3353
(1) ¥7Ff, #RE SX2=2753922 SX,X,= 8219102 SX,Y= 6587692
2 #MEHE (SX1)?/ N, = 2099330 (SX1)(SXz)/[No= 6762503 (X)) (SY)/No= 5380067
X, | B) RWERLHRM, RBxEfm 102 Szri= 654592 " Sxyxp= 1456599 Sry= 1207625
4) wtramie /@), zofti e oHRR VSxzi= = 809.069 VSzi v Sf = 2601913 N SxE A Syt = 1737120
(5) tHBAER ()4 ri2= 0.5598 Ty = 0.6952
1) 4w, BEM SX2#=232120079 SX,Y = 22700468
@ MmEH (SX,)?/ Ny =21777840 (SX5) (SY)/N,o= 17330630
X.| (3) WELHR, REE®FM 00— Sx2=10342239 Szy= 5369838
@) SRR VB, otz oBERRE VSzE= 3215935 v SzZ  Sy* = 6904809
6) HEBER 3)/4) Ty = 0.7777
L ¢ x5 SY?=18397655
2 M EH (SY?/N,=13787786
Y| (3 mE=EEHEfM (1)@ Sy?= 4609869
4) 3 VS = 2147.061
(6) . ¥ (8No—1) - sy= 166.6442

No REMEE, m REHEOK

(B A ERENERE 5 424



460 LBEARERPREEAFRSE H2% B25

BRI UTR/DNEROEREHEHT 2 &, /ﬁ(@lide VERFTRANEONS,

b2t lesz-l =Im

lebe :F0ra=rn

COERGEAEH L, ROAKD ’%bz’béo

ry1—7yel'y 7 Ty 711172

3/'1-2 = 1_1_?2 ’ Y21 = 1___er
BISED LIt ETSOVTHEERAT S &,

0.5379—(0.7670) (0.5188)  0.5379—0.3979 _ 0.1400

bra= "1 _o51s8f  ~ 1-02602 ~ 0.308 1916
4 _ 07670-(05379)(05188) _ 0.7670—02791 _ 04879 _ <o
Ta1 1—(0.5188) T 1-02692 07308

FEOUFHFERBZROLHICE 5,

1812.555 1812.555
712718 1511988 (X~ 167:8047)

= 259.6406 +0.4872 (X, —107.2266)+0.8003 (X, —167.8047)
= 259.6406 +0.4872 X, —52.24084-0.8003 X, —134.2941
= 73.1057 +0.4872 X, +0.8003 X r++ceervvvrereesrnneresaniininnmniinianannnns (5a)

Y & ¥ omoEEERTE BEEAEENE R Thbbeid, R ZROARICE
STHEULC ENTEB,

Y =259.6406+0.1916 (X, —107.2266)+0.6676

R = rybie+rrbiea
HEERAT S,
R? =(0.5379)(0.1916)-+(0.7670) (0.6676)=0.1031 +0.5120 = 0.6151
R =0.7843
W OERRE, W5ERS D OBERES, sru ThbbEE, s BROARI
XHoTAHABULLCENBTE S, k :

2
Sle_/l —R?) Sy'

BreRAT DL,

}/ (1—0.6151) (3285355) - /(0.3849) (3285355) | 1264533.1395
Svaz = 128—3 125 i 125

= J 10116.2651 =100.5796
BEERAKE LTOBERORER, ROGEROREESA—ToHs, Wb,
FRHC & B EIEH R, BRICE > TRBBEOOPEVEOTHEFICHRTELLAED




V5 s —EHREECET AT (NS 461

BE Db, FEOm->TRETEDTH 5,
CNEFTES DI BBAN ORED L MRROES 215,

EBE | AEE CA R £ B ¥ F W%
= B om—1= 2 R2Sy*=2020821.8605 R2Sy?/(m—1)=1010410.9303 | m=3
B M2 | No—m=125 (1— R?)Sy?=1264533.1395 | (1 — R2)Sy?/(No—m)= 10116.2651 | N,=128
4 | No—1=127 Sy? = 3285355 R2=0.6151

F=1010410.9303/10116.2651 = 99.8798

FafmRicshid, Fis(1%)=478 TH 505, RIEHLOTHETH S, #H-TE
BRI E DD THERTH 5, |

SO0 Y OEEBERELL, ChE s THODEE, s BROARICE>TH
LU CEMBTEB,

) 1~ R?
”=/aﬂmwr&

HFERAT S &,

Sp

- 1—0.6158 _ / 03849 /03849
~ ¥V (1—(0518871(128—3) ¥ (0.7308)(125) ¥ 91.3500

= 4 0.004213 =0.06491
V OBBRERET 500 L DRERDARICE>THBUL & LHTE B,
t="bsy ' '
MEERATS L,
b iR LT,
t = b%.a/s5-=0.1916/0.06491 =2.952
b KU TH,
£ = Byaa/sr =0.6676/0.06491 —=10.285
t ﬁﬂii%&c;nﬁi’, BHEI2 IKELTIE t(1%)=2616 Tharhb, 220 ¥ idi#ic
EHOTERTHS,
T FEMEEOBAICACEOE S FUFET, MABHFEOBAICHET A
BOFRAETEZAE, XOXHiKi 3,
B E DR A%

rn—ryry, _ 0.6952--(0.7777)(0.5598)
1—ri 1—(0:5598)*

4 =
Y12 =



462 IEEARFRFEEERFARE B28 H2F7

_ 0.6952-0.4354 _ 02598 _
= 1-03134 06866 784

b TTTTTT 07777 —(0.6952) (0.5598)
LR v —(0.5598)

_ 07777-03892 _ 0.3885 _
=~"1-03134 ~ 0.6866 ~ 02698

RER R -
_ v Sy — Sy?
Y= y+b§'1-z:/“:§% (Xl—-rl)'{‘b}’zl:;s - (X,—Z,)
2147.061 2147. 061
= 287.33534-0.3784 —@W(X —112.1198)+0.5658 — -, 3915.935 (X 361 1677)

= 287. 3353 +1.0042 (X, —112.1198)+0.3777 (X, —361. 1677)
= 287.3353+1.0042 X, —112.5907+0.3777 X, —136.4130

= 38.3316+1.0042 X, F-0.3777 X, +reeerereereerssseersressesasssisnemnsinnnenas 5b)
= AR .
R? = ryb5. 4+ rv2b¥e.. =(0.6952) (0.3784)+(0.7777)(0.5658) =0.2631+0.4400=0.7031
R=0.8385 | |
HEEOBERE, NBEAN D OBERE:
Syoas = ‘/ (1—R? Sy2 1— 07(1)2; (4??09869 / (0.2969) (4609869)

&861’2&—'10(1 “V 83455494 =91.3540

HEERLSEKE LTORERORTE

% B B @R l £ % @ ¥ 8 ¥ % P

=) Bl m—1= 2 R%Sy*=3241198.8939 R’S’yz/(m 1)= 1620599 470} m=3

HeE OB | No—m=164| (1—R)Sy?=1368670.1061 | (1— R3)Sy?/(No—m)= 83455494 | No=167
4 & | Ng—1=166 Sy? = 4609869 L R2=0.7031

F=1620599.4470/8345,5494 = 194.1873

F afRicknid, Fm(l%) 12475 L 471 ORlItH B, EﬁchE@}%Li%bkaﬁ%
TH5, :

EHER @)‘%@i‘ﬁ(@iﬁﬁubﬁ
B / = 1077031 B 0.2060
=Y T=ria(N,—3) ~ ¥ TI—(0559871 167=3) _ ¥ T=0.3134)(164) -
0.2969 __ / 02969 _ /5509637 —0.05135

(0.6866) (164) 112.6024



b3 2 5 CEMIERCET 5B (MS) 463

BEEEREROFREORE
Bria IR LTI, :
| £=Dbh/5=03784/0.05135=7.3690 -
by 1TH LT
t = bysa/ss =0.5658/0.05135 =11.0185
, CABRICENE, B 164 10355 £(1%) 1 2600 & 2.601 DORiKH 5, WL
DOBEFERFH LI EDDTHRTE B,
WEH EEAMSEXOBSEORE
(La) R~(Bb) RO, BAEDREH, EFEADHE DBRRET 3 EHBEH (R
CEoTHESNES, AL Ga)RRE B RO R INKOELBEZITVE LS,
ORD R L ERICHBT L LR TEEVY, $EICHESEELONE, HI6RE
EHERE FOREOBERERCERBEK (R OEREVEEDLSOTHS, L
COREBOTH, HEROEHAETOLOLLLE-T S, b, FEROHOR

BIGE vA>Fo& 1575~ CLiBHMELXODRECET 2
BEAHER L 0T oBRERERURABRY

el (1/100%)
la - | Fy=2436675+16134 D—66.3818 % v 127.8796 0.6147
1b | T»=3243960+1.1662 D-—139,5662% 1139946 | = 07333
2a | P,=50.4827+13856 D+ 1135676 % = 1205479 06687 -
2h | Pu=—251015+10702 D+172.1215 % 99,5410 0.8047
3a | log 7'v=06852+0.3674 log D+05302 log 10(",1" 117.1887 0.7107
3b | log T'»=04073+0.2876 log D-+0.7143 log 10(",” 97.3837 0.8155
4a — 59,5521+ 69. 76—‘17- +37. 96E +81. 32% 100.0558 0.7888
Cap | Pe=27.725146571 L 35 +87.01% +3.8307 : 90.6396 0.8423
5a | Po=131057+48722 +8003D , 1005796 0.7843
- 5D 7', =38.3316+ 100.42—N‘-/- +3.777 —lVl 91.3540 0.8385

CREL, To R 1 EOSHIc Y 3 EM D SHREOKEEE (B 1/100 5)
D 1E oSt sy 2B EE (B m)
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116). ———: Handling equipment. Wood Vol. 18 No. 5: p. 200,.201. 1953,
117) ————: Adjustable-width timber arch. Wood Vol. 20 No. 6: p. 260, 261. 1955.
Summary

1. The ﬁrsf use of tractors for skidding logs was made at about the time of
World War I in the United States of America, and the first logging arch was used
about 1927 on the west coast of the same country. '

In Japan ground skidding and arch skidding of logs by use of tractors were first
conducted after the close of World War II.

Each of these two skidding methods has become an important skidding method
not only in Japan but also in foreign countries.

2. In summer of 1955, researches were conducted into ground skidding, pan
skidding and arch skidding by use of a NTK-4 W crawler tractor with a mounted
winch (5.5 ton in weight) in the windfall in the natural forest in Tomakomai district,
Hokkaido, Japan.

The tests of ground skidding were made on level ground, and the limit of volume
" of spruce logs which could be carried surely at one turn under the given conditions
was found to be about 2 m®

The maximum drawbar pull of the tractor often had to be employed in the skidding
operation, so the capacity of the tractor is considered to be suitable for the operation.

The tests of pan skidding were made on a slope. The skidding pan was considered
to be unsuitable for the skidding operations on such a ground with abundant projections
on the surface caused by wind damage because the pan was apt to be disturbed in its
forward movement by the projections on the surface of the ground such as stumps,
and because the pan could not be moved backward by the tractor.

The tests of arch skidding were made on the same place as pan skidding. The
logging arch was remarkably superior to the skidding pan in respect to mobility in
the forest. But, because the weight of the arch was considerably greater than that
of the pan, the arch was somewhat inferior to the pan in climbing performance.

Judging from the performance of the given tractor in climbing, it is expected that
when skidding is done on a slope of 20~30 degrees by use of the given tractor, ground
skidding is more efficient than arch skidding.

3. In the summers of 1957 and 1958, research was conducted on arch skidding
and sled skidding by use of a Kato SG crawler tractor with a mounted winch (2.8 ton
_in.weight).in the natural forest in Hokkaido. [See Photo. 1.}

The topography of the ground was rather steep; and the travelling speed of the
tractor in operation was remarkably lower than the values on the level ground in the
past.  The reason therefor is thought to be that a considerable proportion of the skidding
"road was near the limit of the allowable inclination for tractor skidding.

- Comparing the given arch skidding to the sled skidding, there were nearly no differ-
ences in respect of the volume per one log skidded and the inclination of the skidding
road, but the former was superior to the latter in regard to efficiency of operation.
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Judging from the working conditions and efficiency, it is .considered that even if
use had been made of a Kato SG tractor instead of the NTK-4 W tractor in the arch’
skidding mentioned above in section 2, the efficiency of the operation would not have
been lowered so much.

4. In the summer of 1955, research was conducted on skidding operatlon by use
of a hand tractor (0.24 ton in weight) with a 3 FP engine and a trailer in the natural
forest in Hokkido. {See Photo. 2.] '

The given hand-tractor-skidder (the hand tractor connected with the trailer for
hauling logs will be called by this name) is not considered to be for practical use, be-
cause performances in climbing and running speed are low by reason of the high slip
ratio of the driving wheels; also the mechanism of the steermg device is not suitable
for skidding operation.

If a hand-tractor-skidder were so built that the slip ratio of the driving part were
less than that of the given one, and further, if such a hand tractor were equipped with
a steering system which needs only slight force for operation, the action of which
is acute, and which is efficient in keeping the running direction of the tractor
straight, the value of the hand tractor as a -skidding machme would be con51derably
enhanced. :

5. In the summer of 1960, research was conducted on ground skidding by use .
of a Ransomes MG 6 tractor (0.74 ton in weight) in the natural forest in Hokkaldo .
[See Photo. 3.] :

- The performance of the given tractor in climbing was regarded as sufficient for
skidding operation. The drawbar pull of tractors which weigh about the same as the
given tractor was thought to be sufficient in case where conifer logs are skidded, each
of which is less than about 1.2 m® in volume. '

Further, it is considered that in. case of skidding conifer logs, each of which
is about 4 m® in volume, among the tractors which would be able to be used with a
remarkable higher-efficiency than the given tractor, a crawler tractor installed with a
winch and weighing about 1.5 ton will come under the category of the lightest tractor.

6. Concerning the practical results of ground skidding and arch skidding tests by
use of tractors in Japan, 54 essays were found by the author to have been pubhshed :
up to the present. L

With reference to tractor sklddmg, hereinafter, machines, tools, workers, and the
processes of operation are referred to as the “subjects of operation”, while forests and
logs are called the “objects.of operation”. When the advantage and disadvantage in
the production efficiency of 2 sets of the “subjects of operation” are compared on.the
basis of the results of experimental operations, usually the production efficiency under
the same conditions of the “objects of operation” must be calculated from the observed
value, because conditions of the “objects of operation” are generally different in 2 kinds
of operation. In order to execute the calculation, the relation between the production k
efficiency and ‘conditions of the “objects of operation” had to be quantitatively clarified.
~In above-mentioned 54 pieces of literature, only 5 express this relation quantitatively:
A major cause for the fact that this is not done in the greater part of the literature
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seems to be that the method of expressing this relation quantitatively has not been
established yet. It is difficult to establish the method, but the necessity for realizing
it is evident. :

Recently a new method of expression had beed studied out by the auther, which
approaches closer to the realities of the relation as compared with existing methods,
even though the degree of approach is only slight; it seems to require nothing but an
allowable amount of trouble for the practical use.

The processes of the study are given as under.

7. Having observed ground skidding and - arch skidding operations by use of
NTK.4 W crawler tractors with mounted winches in 1954 and 1956 in the windfall in
the natural forest in Tomakomai district, Hokkaido, Japan; the author analyzed the
operation paying attention to the work of the tractor. [See Photos. 4~6.]

On the basis of this analysis, the author regarded the skidding operation by use of
a tractor with a mounted winch as a repetition of the following 4 operations in order
of occurrence: namely “ascent” (tractor running from a l\amding'to ldgs to be skidded).
“loading” (tractor bunching the logs with its winch), “descent” (tractor running to the
landing drawing the logs), and unloading” (tractor releasing the logs at the landing).

8. It was possible for the author at this time to examine 11 studies which show
the methods of expressing the production efficiency of arch skidding or ground skidding
with tractors with mounted winches in quantitative relation to the conditions of the
“objects of operation”. The methods which are shown in 8 studies of the eleven are
based on macroscopic theoretical formulas made up of analysis and synthesis of work
time ; the methods in the remaining 3 studies are based on regression formulas, namely
a kind of empirical formulas. Both methods have respective merits and demerits. The
statistical method, especially the method making use of a multiple regression formula,

has been investigated to no more than a slight degree. The author has researched
into this method.

9. In the above mentioned eleven studies the number of “objects of operation”

which are taken up as factors affecting the production efficiency reaches to 30.

Having examined them, the author tentatively singled out the skidding time per
'unit volume of logs in one turn of skidding as the dependent variable of the multiple
regression formula, and took up the skidding distance and the mean volume of logs
alike in one turn of skidding as independent variables. Remarkable factors in the
“objects of operation” which were not taken up as independent variables in this case
were the configuration, the climate, and the soil conditions alike of the operation~area,
and also the species of logs. These factors were dealt with as stratified factors.  There-
fore, in case where the production efficiency of a practical skidding operation is inferred
by means of an experimental operation, the conditions of the experimental operation
must be limited so that they may belong to the sameé strata as those of the practical
operations.

10. Concerning two kinds of tractor skidding mentioned above in section” 7,
multiple regression formulas. of the following form have been determined, but the
fitness of these formulas did not reach a satisfactory degree.
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where T, is the skidding time per unit volume of logs-in one turn,
“~ is a symbol of a-estimate,

D is the skidding distance in one turn,

V is the volume of logs skidded in one turn,

N is the number of logs skidded in one turn,

a, b,, and b, are parameters.

The author accordingly searched for multiple regression formulas the fitness of
which would be better, by changing the kinds of the independent variables, by using
‘equations which express surface regressmns and by increasing the number of the
independent variables from two to three.

11. Among the multiple regression formulas of 5 forms which have been deter-
mined by the author, those that belong to the following form were most excellent in
the fitness. ' :

T, =a+b, iV +b2—l§ +53% ............................................ s (ii)

where b, is the parameter, while the meanings of all other symbols are the same as
in section 10. » )
The correlation coefficients (R) between 7', and T, in this formula were as fol-
lows :——
in the case of arch skidding,

R = 0.7888 (highly -significant),
in the case of ground skidding,
R = 0.8423 (highly significant).
12. A multiple regression formula is for the estimation of the population’s mean
of the dependent variable which corresponds to a certain set of independent variables,

but it is practicable to adapt the formulas of form (ii) in the foregoing section for the
estimaton of the skidding time per unit volume of logs concerning whole turns in a

certain forest stand (7). In this case, Tlf—is used instead of A ﬂinstead of N

vV’ 3V V

anb 113 instesd of % where V anb D are respectively means of V and D and 2isa

symbol of the sum total. The accyracy of the estimate -of 7', depends main}y upon
1

v ' . B
13. Prior to the practical skidding operation by use of a tractor with a mounted

the accuracy of the estimate of

winch, if anexperimental skidding operation is conducted by 2 certain sets of the
“objects of operation” in the forest snand which is going to be skidded, and multiple
regression formulas are determined concerning each set of the “objects of operation” by
computing the parameters in formula (ii) in secnion 11, then the data for judging the
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advantage and disadvantage of the 2 sets of the “objects of operation” in production
efficiency in the given forest stand can be obtained after the method of calculation
presented in section 12,

"14. In case it is feasible to regard the number of logs skidded per unit volume
.and the. volume of logs skidded as constant in each turn in the forest stand which is
going to be skidded, the skidding distance at which arch skidding is the same as
ground skidding in the skidding time per unit volume of logs can be estimated by
use of foreging multiple regression formulas (ii).
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