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SUMMARY

(FE2ot®

O This study was carried out to get the information about optimization methods of
thinning operation system. Using vehicular forestry machines and cable logging
machines. To realize these objectives, we conducted theoretical study and field
survey for harvesting pole-sized thinning wood.
1. Development of optimized methods for thinning operation system using forestry
machines.

1) Optimizations of operational functions of vehicular forestry machines

- To access the landing point, many obstacles like stump, branch, stone, slope,
were layed on the harvesting site. Vehicular forestry machines should be overcome
those obstacles. So, we classified these forestry site conditions for vehicular
forestry machines
Also, we analyzed the driving path of vehicular forestry machines through real
driving test and simulated driving

- The purpose of this study is to briefly review the status of several ride
vibration standards and criteria having relevance to the evaluation of ride quality of
forestry vehicles and to suggest recommendations for the effective use of such
criteria in forestry vehicle development and modification. The types and properties
of vibrations on human body were also reviewed and summarized from a
conceptual term. As most pertinent criterions to the ride quality evaluation of
forestry vehicles, 1SO2631-1(1997) and Absorbed Power criterion were considered
although they have some deficiency and shortcomings. Specially, This study was
also showed that Absorbed Power criterion would be useful for determining ride
limiting speed of forestry vehicles.

- The ride vibrations of the selected forestry vehicles were measured and
evaluated to provide the basic information for ergonomic design of forest operations.
Measurements of vibration were also carried out on a very uneven forest road to

examine a condition of high risk from vibration transmitted to the driver.



- The results showed that the vector summation levels of frequency weighted
acceleration were 0.38, 0.59, 0.87 and 1.14m/s” at each forestry vehicle, respectively.
When these results are compared with the health guidance caution zones of ISO
2631-1(1997), if average transporting work time in seat was exceed the two hours
per day, continually, they are exposed to potential health risks because wheel type
mini—forwarders appear to inner of 2-4 hours zone.

- It is difficult to count and measure the unit of equation in rear forest operation.
So, we designed automated instrumentation system for unit operation measurement
system of a vehicular forestry machine. All designed instrument items were well

measured and they can be utilized as productivity calculations.

2) Optimizations of operational functions of cable logging machines

- Stability of cable yarding system with self-propelled carriage was discussed by
theoretical tension calculation and field test. To verify usefulness of theoretical
stability evaluation of cable yarding system, skyline tension and stump anchoring
force were measured and compared with theoretical calculation. As results, we
know that measured skyline tension was similar to theoretical calculated tension.
From these results, overall stability of cable logging system could be evaluate. The
stump anchoring force correlated closely with the stump diameters. The inclination
angles that the stumps show the maximum anchoring force were ranged 5-10
degrees. It was conclude that the stumps have lost the function as an anchor when
the inclinations was so large that they could be observed.

- We also designed automated instrumentation system for unit operation
measurement system of a cable logging machines,

- In case of cable logging system, stand-alone instrumentation system 1is
required, because carriage for transporting harvested logs is operated independently.
All designed items like endless drum speed and hoist drum speed were well

measured.

3) A Study on the Ground Pressure Distribution of Ground-Based Logging

Machines



- Mathematical models describing theoretical ground pressure distributions along
the bottom of the tracts of tracted skidders and on the bottom of the tire ofwheeled
skidders were derived to provide forest managers with infformation on the
theoretical ground pressure distribution of tracked and wheeled skidders. Unlike the
average pressures typically used to estimate a skidders compaction potential
theoretical ground pressures obtained from the models presented here include the
effect of the logs being skidded, the location of the skidder’'s cener of gravity, and
ground slope. Theoretical ground pressures have been found to be better predictors
of soil compaction than average ground pressure. In this study, however, we have
not considered theoretical ground pressures on impacts of skidder;s vibrations or

other dynamic forces.

4) An analysis of tractive resistance for skidding methods.

- This study was conducted to predict the tractive resistance for tree length logs
being skidded by ground based logging machine. The mathematical models for
predicting the tractive resistance of tree length log have been developed. The
tractive resistance is expressed as a function of log weight, skidding coefficient,
and ground gradient. The skidding coefficients for four species of Korean pine,
Japanese larch, mongolian oak, and cork oak were determined under laboratory
condition using universal testing machine and small soil bin. Three different tractive
resistance models were applied to four species and compared with each other. The
ratios(T/Wt) of skidding-line tensions to the skidding log weight increased linearly
with increment in ground gradient. Semi—ground skidding generally required smaller
tensions than ground skidding under given condition. Results of this study can be
utilized as basic information for logging machine selection and power requirement

of skidding winch.

1. Surveys on working process of vehicular forestry machines)

- To estimate the productivity of the thinning operations with vehicular forest
machines like rubber tracked mini—forwarder and semi-tracked mini—forwarder,
working process for thinning operation was surveyed and analyzed. As results,

effective thinning operation methods and productivity of each harvesting system



were showed.

2. Surveys on working process of cable logging machines

- To find the effective and optimized thinning operation systems with cable
logging machines like multi-purposed tower vyarder, K-301 tower yarder,
self-propelled carriage and swing yarder, working process survey was conducted.

- As results, effective thinning operation systems were showed and analyzed and
also productivity of the systems was estimated.

- The results obtained from this survey could provide the basic information for
the effective thinning operations and improve the work conditions as well as the
work systems.

- They could provide some criteria for evaluation of the heaviness of the
thinning operations, preparation of the performance table, in addition to improvement

of the working system and development of forest harvesting equipment.

O Development of Workload Evaluation Model according to Geographical Conditions

in Wood Collection using Small Forestry Machines

1. Classification and measurement of work load of thinning small diameter log

cutting and transportation using vehicle type forestry machine

2. Classification and measurement of work load of thinning small diameter log

cutting and transportation using wire type forestry machine

3. Development of workload distribution model for each type of cutting and

transportation
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133-1-9. Coordinate system for mechanical vibrations influencing humans
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Jacklin?} Liddellell ©J3f <=8 = it}
ol kol ' Ao HFWhgel #e AFE F2 FIPsAed HAFAE FAo
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-7 & (disturbing), 7 3F(uncomfortable)® EF3stg =t thea & A5gkel o4l
L
=

o
N
o
s
2
offt
)
fo,
2
2
N
)
olr
ro
o,
2
[t
s
("
)
o oM

o
i
i
¥,
rr

(perceptible),

K= AeO.Gf

71X K= 23 A5, A=H 75 = (ft/sec2), e=AA ¢, =315 35 (Hz)

(3) Janway 7]

F4 4@ Aol g AAuge] APAAE olgite] FAAEF f@

Janeway FAIZIES A AT GEE AT FAFHLS ve HJoem A 2 5
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J=af”

o] 714 J=Janeway 3HA|7|s=, a=%Z(in), f=F3(Hz), x= 1~37t49] A4

T Mol met S E ek Janeway HARLS TR} Zrh

(1) 1~6 Hz Low-frequency range

N

aff =2 1 7t&Ee] Azrdstgel vld, A jerk 7t 40ft/s2/s

(1}) 6~20 Hz Low—frequency range

_ 1
aff =73 Az v, ArEEst 0033 Bt 4 A4S

(t}h) 20~60Hz Low-frequency range
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A7 Heoll A EAFE =717 ARE wop S5 EALS =77 AAE we
J&= 27k J=2.8 7 J=9.60|t}.

(4) Sperling 7|5

Helberg®l Sperlinge] 19411 HAE=xpake] sxpztel s Bristsivh. 4z H71H7
TO = ca3fbE AR =d olul ¢=9792.63°th the A o] AAAQ Fa A

£ Aljbsrdth. <E 3-1-2>2 ALE Azt Al U SARe] ERE AT

o

A?

7

W,=2.7 "W PFF=0.896

A71A a= AE(mm), f=F3F(Hz), A= 7I1E5%E AE(cm/s2), FE=FR A4

¥ 3-1-2. Classification of comfort zones(Sperling)

S Definition
~ 1.0 Very good
10 ~ 15 Almost very good
15 ~ 20 Good
20 ~ 25 Almost good
25 ~ 3.0 Desirable limit for passenger vehicles
3.0 ~ 35 Barely satisfactory
Tolerable for service
35 ~ 4.0 ) .. .
Desirable limit for goods vehicles
40 ~ Intolerable
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¥ 3-1-3. Classification of comfort zones(Dieckmann)

K Definition
~ 01 Imperceptible
01 ~ 0.3 Just noticeable, not uncomfortable
03 ~ 1.0 Distinctly perceptible, slightly uncomfortable
1.0 ~ 3.0 Slightly disagreeable, annoyong
3.0 ~ 10 Disagreeable, fatigue time 1 hr.
10 ~ 30 Very disagreeable, fatigue time 10 min.
30 ~ 100 Exceedingly disagreeable, fatigue time 1 hr
100 ~ Intolerable

(7) 1SO 2631

=+ Al ¥ 7] (International Standard Organization, ISO)o| A= 1A 5o 3k A
P2 E ol fste] 3 % FAFA tig A A E =EFAEA ISO 2631
"Evaluation of human exposure to whole-body vibration”& |43}t o] ISO 1A
2 IAVIES AR bd "W HAAE e R 3 :=E3HA(Exposure limit), 2

= O e} e}
o Z8AHS VFoR AYFES

2
o

A A = AR HR V=S AAE W

9 & 37 (fatigue decreased proficiency boundary), #¢teS 7]Eo =z 3k A3

ol

-
>,
>~

=
f

R

(reduced comfort boundary)® T®3}Att. A A= 2 $7 5
7] T 2L ZAYe FAsY] oER FAAE gt Zt7te] w=EeAlE 1ol
A 24N ZNA ZF A R RS e] 1-80Hz Bl A 1/3%EE HEHE A& T
ATl g shEEe] Fae vt
ZAEGT <19 3-1-11>% 47

| _/l:
AE verd Aot

g3 A3 2 (frequency-weighted r.m.s.) o &2

1 72 gl gk ISO 26319 Wy= 3t

N
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19 3-1-11. The exposure limits, fatigue-decreased proficiency boundaries and
reduced comfort boundaries for 1 min and 24h exposures to

whole-body vibration as given in ISO 2631
1SO 26318 54& 7} Fupsel g olAle] WgEst nese] gom, F471%)

5ol 4-8Hz FHNA, R 5] d9oll= 2Hzolste] Foka G0l =E T

7} A4 vtk =@ IS0 26318 1-80Hz¢ 1556l disiAwt 482 4 glom, 1Hz

S lﬂﬂié‘}ﬁ] = = . -
AN = ——— = wEEA) — s 5
WA =5 e Qoapy - T 2/ =2.0(6dB) <=7
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Value)& =S1gre 2 Agststa sl

(8) BS 6841

FaolA= ISO 2631 Huh AAIA 17, dsAt EH3, 5o AAGEH
du] BRI BE e e vl FA el JARES FEFI} = W
S BS 6841 "Measurement and evaluation of human exposure to whole-body
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vov= [ OTa4(t) K

o] 714, VDV : Vibration dose value (m/s1.75)
a(t) : T3 7hs HEE
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13 3-1-12. Acceleration frequency weightings defined BS 6841

crest factor 7} 6.0 Bt} FS w VDVE H71sl7] €18F9] estimated vibration does
valueE AFE-3hT}

_1
eVDV=[(1.4% a,,)*xb] *

o714, eVDV : estimated vibration dose value (m/sl.75)
Qs © TIHT 7t o TSR

b:F A =&

>
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crest factor 7} 6.0 Bt} &

o] 5ol

o = root-mean—quad #t°] r.m.s. FLETH

ga 2age wo gas A= vk

VDVE #7187 98t estimated vibration does valueZ Al-§-3Ht}.

-1
roma. =I5 [ Ta'yan

Fo45 bE rms. A5 R A7) e 4FH RRE Gd 2o

X 3-1-4. Classification of comfort zones(BS 6841)

A9 717

a rms(m/s?) Description
~ 0.315 not uncomfortable
0.315 ~ 0.63 a little uncomfortable
05 ~ 1.0 fairly uncomfortable
08 ~ 16 uncomfortable
1.25 ~ 25 very uncomfortable
2.0 ~ extremely uncomfortable

~05Hz ¢ F35 o= FES HrE o
o2 S 5 98 d(kinetosis, motion sickness)gt E@E St

FE AN AFelw o Eae Wiel ¢l

o7l3 Agol FuaAn] e
A ol

| F35 AEFEOE AgE o 45 o

_1
Mspv.=[ [ OTa2(t) E

o] 71 A4, MSDV : motion sickness dose value (m/sl.5)
a [t] @ T35 75 7HEE

T:=

)
ofr

=EAIZE
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v dA BS 6841914 A A = o¥ Ve HA I E ISO 2631(1997)

SEE ole@ el B AL oA T EFE ole] J1Fo] WS fAbetth

o

A& sl A QA= v = HgA Feje] whe-& detlA dd dE olyi A7t
SR 1AE WFEAH AFRstrr dAsta ofel] wel JIAE AR EAA
A " o] FAolA dFetolzl At 9Ho] H#PS o F
A ek As A9 g ow Qlste] Wfe wE HHo] QYA Ha, A A
gEojl oy 7t A uj7hA] Q1A XES ALEA "k QA dgE oA =
oA o] A ZFHAEES FFEH(absorbed power)dtil dth F4EEEo dES 1963
d 149 U S. Army TACOMelA 1A wh-&& ddsty] 9 43 de4dS =7 7]
ZzA7E  AFS ol@l  Fred, Pradko(1966)5el  <JsiA  AHEJCE  Parkst
Wambold(1976)2 sl o8 AAANA mjEH = duAet WM S whgat 4y
HAZE &S Bast o QAY] FaduA et Sazt Ateldls EEE dadArt

o] I Fubg AHAEYS dA Bk A JAolA A Ad dFE ol E

o] gEwoRE Sage el £ 4un Ad F Adrke el Qon, w

Ao FoeHe @R gE(wathE AHESH, o4& 7l 4
s @A 24 FFelA 6~10 watt2 g o] 91, 05~1.0 watt Hell 9
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=
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3E 3-1-5. A4 #Adedsdt A degte] AdwA el digk 57 (NIOSH, 1997)

Evidence

Strong Insufficient
Body Part Evidence of
evidence evidence
Risk factor (++) no effect

(+++) (+/0)
()

Hand/wrist

Carpal tunnel syndrome
Repetition v
Force vV
Posture A
Vibration Vv
Combination vV

Tendinitis

Repetition

Force

RSRNAY

Posture

Combination v

Hand-arm vibration syndrome
Vibration v
Back
Lifting/forceful movement N4
Awkward posture v
Heavy physical work N4
Whole body vibration v
Static work posture

DN

Agol o A& del= 2 F 7HAE yekd ¢ de=d 3, sl g

£AFE th(Sandover, 1983). Wikstrom(1994)5 % AA A =3 72+
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5715 (DAT data recorder: PC208Ax, Sony Co.)oll #7dete] A NA FapF
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A S A 2 g A o
F a4 7] B&K type 3560 4 ch. Signal analyzer
50 to 6400 line FFT
25.6 kHz input modue
Generator and sampling module
= B&K type 4322 | Sensitivity : 1pC/ms “+2%(9.8 pC/g)

Frequency range : 0.1Hz-2kHz

dlol ¥ &2t

Sony PC 208Ax

Frequency range : DC to 10kHz in 8 ch.

16 bit quantization

2
[H

B&K type 2692

Frequency range @ 0.1Hz - 100kHz

o
BN
™o
ol

o
L
)

N
—_

B&K type 4294

Frequency : 159.15 Hz (1000 rad/sec2)
Acceleration : 10m/sec2(rms)
Velocity : 10mm/sec (rms)

Displacement : 10 /m (rms)

=
=
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53l 5kHze] sampling rate =

=
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Aol A&t olf g HaldEo]l Al dEE Aol el B (health ), <FeHzt

N

>

°
T
o
+
Mo
>
i
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7hA @] AR o] Jhasith. ol et 22 PR AAI AT AAWAEd dsiA =
TR (1987) el o) h
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FEET 1A G854 MEPAN 2R 313> 02 TR 4 gk g4
Azge A4 T 7 wolE ofd dAE 2HT 5 vk wWEb GAA LS
e o AAT Afole ofdel Feol 7hsdh Brlo] glojof afn], w2 o] 45
T AFEAAE o8] mYE A o8 ke A& Fulstel TS
A x| skefof gk

144 PPNz TP 1AL FE, 5 7Y 3iEE 7"

standing skyline system<ZI®H 3-1-35-a>°] dom 1 o tyler system, endless
tyler system, skidder system, north bend system, muldtispan system<Z¥
3-1-35-b>, south bend system<1¥ 3-1-35-d> % FAA71Z9 EA, A3 EAH =
< JAAR ] A & st AXE = e ol 7hA FEle] Alzdle]
tyler system &2 29 A3 FEE Ay Al2dHdE HEe ¥EHHZ(haulback

line), AL =(lifting line)o]Y fall block S°] AX5 o] 3 L sFHA 2FAA F+
a
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52 ZPRARAARAN b= 7H4 7]2FH HEE  live skyline system<1d#

o] Ratyo] FeExds ) 7P molE x4 4 9tk 2# Y live skyline
system< StEFAA HEVE HEE X714 o] FAZ & &= WHo| glenzg &

G285 o] &8 F Ae AIFHAAN A Lol Tttt olHg GHE HeE Al ~H
o] slackline system<Z# 3-1-36-c>°|t}. live skyline system®@| HtE7]of HEdHEFS
FZAA FFHAA R ETE HEE AR olsAd F UeS B8 VP H
E I HEHEES dAFeEA IAAYE ot Fd

skyline system<1®d 3-1-36-b>% 52 7FAFAA 28] dFo g 7pA9 d&E

e =go) g B AW Al wEsld meEe] HEYZole Btk o] Axge

Al 4 vt running
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E7E AR HedEd e FY 24E Jhestl skl #de] kHA

ol Aol M= @x & 7 - A A =€l (single span skyline system)] 7Fd el &8 x4
71559 el wet BRstlent ool JAAY AdH 5EA4E st T4
A 75 (headspar®} tailspar)Abolell 7l o] o] F7HA| = (intermediate spar)S A A

TE A4 F dn S, ARGABAE EFSHY deete] 7hd e 7eketA

z7F B8 Ay JAAG W Aol FAFES AAste] b 2 wE7 v
ST FolE FHsHA k. o] Ag FAFE o T o] 4

T3H(span)e] HEZ UAE 7pAAl 2" (multispan skyline system)o]gtal 3}, Wk
=

of MAH jacke BT 5 QLS A olo} s, e P

0

[¢]

i

o] 1A% o] multispan standing skyline systeme]2}i1%= 3t}

+~ HEAC-LPLR

~ B=H VLN

~— MRIN, SHUDBEMNG, OR
ARENATING LT

(a) Standing skyline

- 6:3 -
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(b) Multi-span skyline

(c) Self-propelled carriage system
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(a) Live skyline
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(b) Running skyline

.II-TJnJ_I-ﬁh
LT L T —,

— AL AT LN
HeliLILA&CH
BT

A LE SPAN = -
-

(c) Slack line

Y 3-1-36. HEH FHA2H

)
i
E

3) M AA 2~ ] wkET] |

THIRAAN "2 A7 Al H2 540 wek dA 9z o] ged




vt @A WEs)e) FRA wet YA 2] APt Gebd F gomE Ay
AN R AN A DA wEYe R Fae nedAst "k wE)

o FHE AA7Ie wpIIA R A ZxE AL w1 FEj b thefste] o v #Al A 9
F7F 7bssltth. o713 Session(1985)°] 7] A4 WS 7] (mechanical carriage) S
LA FHoA AE goFsith, wEr]e] FRHE T Jg& (DsHES
&

=
=
3t T4 dkE7|(gravity carriage), (2) slackline®] %3-S o] &3+ slacklinedt

o

$7] ada (3) HEHES 0|83l running slkyline®ts7]9] 37Mx 2 EHF g 4= 9l
o I WEe uSy 2u<iE 3-1-79 1Y 3-1-37>.

Types of Gravity Slackline Running

Carriages| Non-slac | Slack |Non-slack|Three-drum|Non-slack| Slack
Item kpulling | pulling | pulling |slackpulling| pulling |pulling
No. of Internal Drums 0 1 0 3 0 3
Choker Line Length A A F A F A
Clamping NA AV NA NA NA NA
Device for Outhaul Gravity |Gravity SL SL HBL |HBL

(A: adjustable; F: fixed; NA: nonavailable; AV:available)

A Ao wk Apge = 9= WhE7]E standing skyline ©]4 live skyline systeml]
o] &5, WkE71e] Aol o= G E(mainline)d] FHE o] &Aw o] F Al
= 85 ol&ste W] FHEolth 2 TR e A=l wETld g E o] 9lo
o] FEHEA FHME(TY a9t 2) F&d

2l

& FElZ chokersetter’l F&HES 502 HolIAA
==
=
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Tl T1

T2 T2
T3 K
{a) Non-slackpulling gravity carmiage {b) Slackpulling gravity carriage
Ti Tl
T2 T2
B k T T4
3
{c) Slackpulling gravily carriage (d) Non-slackpulling slackling carriage
(Self-contaimed slackpulling line)
Ti
Ti
T T2

T3
D\\ T4 T3
T3 4

(&) Three-drum slackpulling carriage () Non-slackpulling running skyline carriage

Ti

T3

T5 Ome T4

{g) Slackpulling running skyline carriage
% 3-1-37. 71 A4 Wk o] B
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1} slackline ¥+ 7](slackline carriage)

o] Wr47]%= slackline systemol] o] &%= A0 2 slackilneo] H-2EHo] glo] HH=
7 slackline®] #ES xAdo M o]Fo] 7hsalth slackline ¥HE7]dlE (1) A
sdEo] wET)e] nAHY v nAHSHEA<AH 3-1-37-d>F (2) FAH9 FH=E
I 1R FAEEEe] MEY] U] =S F3 dAHY F dHEY 4Es =
24 JIAF R FA&HES #HokyAd WE F dRE AAd" JtHESEEEA
Slackline ¥F$:7](mechanical slackpulling slackline carriage; <Z1¥H 3
th 7R EA ] AS TR e T|E A TE HAV e HEHEY dHEY
BE gl oaf 7hssit)

t}) running skyline ¥+57]

running skyline systemol|l AF&%&= HbE7]24 (1) & E0] w7 14 =

e LAHALSHE4 running skyline ¥HE7]<a® 3-1-37-f>¢ (2) 2709 A= #
g o2 JAEHES Dol AY WE F JEFE Hol e 7HHSHE2

running skyline WF&71<1¥ 3-1-37-g>7F AT} running skyline ¥HE7] 59 FE] 2
e 9ol A slacklinet5 719} fFAFsHT)
o=l AT ol gl G B Vsl wE
D o= =9471F
AR sl A ol &E d= THARATIFS bF R FFHEAT & ZAtst e
AN AFAY N Koller K-3003+ ¢+<= Y 28 DE7F 2+ 1th# 91z, URUS 1 7]F0] 2
o dom, ATl Tiber Master7k 1t Utk 1 9ol &3 dZF2] 3| Al o
29 Radi-Carry 7]&°¢] =5 o] AME=HATE o] F Koller K-300 URUS 1 %

Timber Master 7| 258 2 2EdololA =dHA L, YE I A7) ¢ Radi-Carrye F

Jm

d

M

>

23
1=

el

THT dEBoZHYH =¥ V|Folu<H 3-1-8>.
E 1ol ol4el 7} s AN F2A S4e) veht gtk of Hol tehd P
#

AAE AFAA7Y AYSHL TRIE F8E FHol
£ 3-1-8, Fulel =4E RISl A,
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g 5 Radi-Carry
Model Koller k300 | URUS1 |Timber Master| Y-28DE BCR 0SSP
remote—
Operation Type direct direct direct direct controll
Tower(m) 7 9 7 - -
Rated HP 40 72 60-80 45 85
Winch Drive gear hydraulic gear gear hydraulic
No. of Drums 3 3 4 3 1
Drums (1) skyline skyline skyline mainline | monoline
(2) mainline | mainline |  mainline tailline -
(3) haulback | strawline haulback endless -
(4) - - . - }
strawline
Weight(ton) 1.2 4 3 1.7 0.44
Undercarriage 2-axles 2-axles 1-axle skids -
Carrier tractor trailer trailer - -
m%%?lrfl;gu?é d Austria Austria Scotland Japan Japan

(* Yarder weight less the tractor weight.)

7h AR zA Al A xR ura

TT1--"0 o

d

ARRANE AP uhe APEgRas AAzgwes FRE S ok

Radi-carry® 97 Z(mainline)S =31 wk&7)

=8 g o8 MEHS FsHA "t

) Tower

o)A =" Fle 712 (Y-28DE, Radi-carry)E 219 AEL tower’} H# 5
of THARAA =" AAA] oft] & o] A FH(spar tree)E 27| A =E€S =Y F 9
A EE AAAYS desta kdsHA st Ao 284S T+ Avk 53 o
el = EAFAA I AAE FAY dEds 1dd wW A A7 Y AFES F
7] R Fad neavt # F o

t}) A A %9 (rated horse power)
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F70] 85vHel A BOVHE AN S AR E QA A8 2FWANFEAS ¢ 5 Ak

2} =3 57| (winch drive)

) =9

THARAA =) A F A 54, A9, £ 2 T o5 oz 7hA F
Bze] Wyo] 7hsstth. eyt 2F FEje] HAA 2" HAXo Fagk =99 FUF {
A7V el F-2Eol & W zeid WE o] Jhsatth tyhe] AFH A= 2-3709 =H
o] 7}d, BilE, HEHUE 52 slack line §o2 ¥ o] 9oy 2= Y-28DE7]
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Ab) SHAl T Z=9F 47
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Al =45 HAM200°] 270, 52 g A 27 370, =271 52 g A 717 170, &

X

24717 34 R w Ak ARAAALE 241 9HF G477 100mel 3 1

=

H
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EdE 22y oA 3 2 2F
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A A 71 (HAM200) | (e}ofd &)
(A7)
= (kg) 1000 10,300 76(E-A)) 2400
71219 (ton) 3 1.272.0 1 15
=H0N) 2 3 1 3
- AAZ (m) 200 250 100 200
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-7 A
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a9 3-1-40. #dE & o] &3 1A JpAA ="l FR(HY S, 1994)
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SRR FFHA Zdel= Aloko] wEy] wio|vh ek st Al A S
gjel Fwa ZhelAA @AY HrREe FAV FAL A fFARE dide] dojd
FoAurk mEkA dekd oz e Ala" AAA 7Y gl 9] T3S A8
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YE,=0 TpsinBy—TpsinBy, =0
Ty = Tpy Hence , sinB = sinB,
YF, =0 T¢— TpcosB— TcosB =0
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T
=
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9] Ao zHE Bt FolA W, cosBE 1ol 7R3 B7b AAW, cosBE 00]H L,
Ao Toe g 2 Trg whsoldio
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s
)
I

[(11,521.2)2 +(11,793.3)2]11/2
[132,738,049.4 + 139,081,924.911/2
= [271,819,974.3]1/2

= 16,010.7 kgf
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Maximum stump height in cm
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SKYLINE LOAD IN kgl

1% 3-1-74. Relationship maximum stump height and skyline load by stump diameter
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CQUALIZING BLOCK

i SEYLINE
ﬁ-—n—Lll-

e 277 AA U

8 & @b,
T
T
_—T
TEHYMIH IiF TIEPBADE LINEL B A=EROXIVATELY EQUAL
T
T

2% 3-1-77. 3 tholoj 1

YFy=0 Tpcos50 ° + TrpcoslO ™ + Trcos36 ° — Ty

(0.64279+0.98481+0.80902) T = T
24366 Tp= Ty ©ltt
Tr=0.4104Tj
2 gabd Ty=22,6795 kgf
aYgA Tp=92986 kef
No.39] ZFH7]+=

shibel gle =z ©rlan i, weba deE= P2 92986 kef
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19 3-1-82. Free body diagram of a skidded log
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19 3-1-83. Calculation of ground contact area of two type skidders
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L : the track length in contact with the ground, m

w : the track width, m

R : the resultant force of the pressure distribution from soil acting on the bottom
of tracks

Xr : the horizontal distance from the O point to the resultant of the pressure
distribution of tracks

Pf : the pressure on the leading edge of each track

Pr : the pressure on the trailing edge of each track

1% 3-1-84. Freebody diagram of a tracked skidder

D ESA GA7S) BAG A4 f
<7y 3-1-84>el A ydgel dol F3 OfelMe] malee] Fe 0] Hojof g

4Hes BPAE o g3tel W 2L AL FET & vk

e
Im

)

L
o

ju)
Lo

MX.cos + MY .sinf + VX,+ PY,=RX, - 7)

Agel FAZowRy B9 wodA FedE 2xde FuAAe Az X.&

_ MX cosO + MY sind + VX, + PY,

X, =

714, R= Mcos§ +V
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YFy : P;(2wL)+0.5(P,— P;)(2wL) — R=0---- 9)

Mo : RX,— P,(2wL)(0.5L) — 0.5 (P, — Pf)(2wL)(%L) = Qe (10)

9)¢F (10) A& s Adejshd

R— wL(Pf+ P)=0- e 11
2
RXr ng (Pf+ 2PT) = (eeeiininnns (12)

ADA} 12042 olgstel Pt Pg v 5 sl

e 3 r e i ------------
b= —3) (13
3R /2 X,
Pf (H)(g — T) ............ (14)

i

upeba A (G)ell ofsiA Fral A= A Teok U4 HATI %, AA7] A=

W Aol T ARE €W A03)3 (14l s EA HAT]e] o]2FAUYS &
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2) wAA QA AR ASA fu

L : the wheelbase of the wheeled skidder

A ' the ground-surface contact area for the two tires on each axle
Nf : the normal force on the two front tires

Nr : the normal force on the two rear tires

Pf : the ground pressure on each front tires

Pr : the ground pressure on each rear tires

% 3-1-85. Freebody diagram of a wheeled skidder

<29 3-1-8>0 A ek o] O, O, "M malE9 e (o] wojol gt 39

4eets FPAUE o g3to] e gL AL FET & Uk

YMo, : MX, cosO + MY, sinf) + VX,+PY,— NL =0 (15)
YXMoy: — M(L— X,)cosd + MY, sinf) + V(X,— L)+ PY,+ N/L = Q- (16)

9] T A2 FARF WA Fd ohe 2o

N, = M(L—Xc)cose—i—MYczmH—PYt— vix,—L) a7
N — MX .cost +MYsz0+ vx,+ry, (18)
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(a) John Deere 455G Loader (b) Timberjack 240C Cable Skidder

19 3-1-86. Two types of skidder for theoretical ground pressure calculation

<29 3-1-86>0 A9k Lol HA7|e] o] BHANE Atety] Sl w2 G A7) et

EdA JAA7 2FFE FTEE HAY 24 2o A&siAd. EG JArE A
A3k John Deere®] 455G ZU & vl# 2 EdE 9} 28 AP Qg axd ofx= A&
g Ao g 7HA st Rde A&k qlvt

=

=9 fRE BU40 A8 A% 4 71F] o 8A MERES Table 13} 2
om, o] F A FA GE AE g AW Barel Falok AAW, 7 FA 5
A~
=

2 Azt FIERIE EUE d9 28359 (John Deere Co.9t Timberjack

Egk AW ARlFo] o] F & ZF av E AFolA AL A 1Y ofx et e A
4] John Deere 440D Skidder®] SQIH 1% o}x] & Abg3sto] Alst= A9 A
10748°2] Wl A w3l A wH(Hassan® Gustafson, 1983), A #2143 qol 93
At Aol A §l7] wiiel 30°= 1A st A - mEs T
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3 3-1-12. Theoretical parameter values for ground pressure calculation
Skidder type Lo
Tracked skidder Wheeled skidder g
X, 125 m X, 0.83 m l 9.80 m
Y, 1.10 m Y, 1.10 m T 875 m
X 3.39 m X 2.33 m Ty 520 m
Y, 1.89 m Y, 1.89 m cG 4.09 m
L 299 m L 193 m C 0.20 m
A 1.02 m A 437 m W (10 trees) | 1,950 kg
M 8,409 kg M 8,120 kg s 0.65
150 ————piiee
4= Leading ede
= i [ r=ing edoe
e i [railng e
- g )
£ 100 — -y
o
3
el
&
e

=

¥

Grourd slope in dreclion of skidding (Degees)

19 3-1-87. Theoretical ground pressure distributions for tracked skidder
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Tree Species Log no.| Length, m | Average diameter, m | Weight, N
1 0.53 0.19 29.07
Korean pine
. L. 2 0.58 0.20 34.61
(Pinus koraiensis)

3 0.59 0.20 34.06
1 0.62 0.18 24.03

Japanese larch
. . 2 0.59 0.16 18.72

(Larix leptolepis)

3 0.54 0.19 21.39
1 0.45 0.15 24.52

Mongolian oak
) 2 0.56 0.15 27.81

(Quercus mongolica)
3 0.54 0.17 35.22
1 0.48 0.20 33.34
Cork oak
o 2 0.52 0.18 33.40
(Quercus variabilis)

3 0.56 0.15 45.69
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Source DF SS MS F
Model 7 0.3089 0.0441 34.04x
Ground condition 1 0.0168 0.0168 12.94
Species 3 0.2058 0.0686 52.91*
K. pine vs J. larch 1 0.0445 0.0445 34.28+%
M. oak vs C. oak 1 0.0007 0.0007 0.55
Needle leaf vs Broad leaf 1 0.1607 0.1607 123.89%
Interaction 3 0.0864 0.0288 22.20%
K. pine vs ]J. larch
o 1 0.0068 0.0068 5.21%
at each ground condition
M. oak vs C. oak
o 1 0.0527 0.0527 40.68+*
at each ground condition
Needle leaf vs Broad leaf
o 1 0.0269 0.0269 20.72%
at each ground condition
Error 64 0.0830 0.0013

* 1 Significance at a = 0.05
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3% 3-1-15. Results of laboratory tests to determine the skidding coefficient.

: . Skidding | Duncan’s
Tree Species Ground condition | Normal load | coefficient .
(|.|s) grouping
29.07 N 0.88 a
. Covered with soil 3461 N 0.89 a
Korean pine 3406 N 0.81 b
; oai 29.07 N
(Pinus koraiensis) Covered with LI N 88(1) 2
logging residue 34:06 N 0.90 a
2403 N 0.87 a
Covered with soil 1872 N 0.89 a
Japanese larch 2139 N 0.94 a
; ; 24.03 N

(Larix leptolepis) Covered with TN 882 %
logging residue 21:39 N 107 a
2452 N 0.80 a
Covered with soil 2781 N 0.79 a
Mongolian oak 35.92 N 0.79 a
(Quercus mongolica) Covered with 24.52 N 0.81 a
logging residue gggé E 8% ];
33.34 N 0.88 a
Covered with soil 33.40 N 0.82 a
Cork oak 4569 N 0.86 a
(Quercus variabilis) | covered with 33.34 N 0.91 a
logging residue iggg E 823 E

* Skidding coefficients with the same letter are not significantly different(a=0.05).
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W= (1+ 100

) - G-1000 - V
ol 71 A,
W = Weight of a log, kg
MC = Moisture content(dry basis) of the log, %
G = specific gravity of the log

V' = volume of the log, m3 , and

1000 = weight of a cubic meter of water, kg.
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3£ 3-1-16. Values of parameters used for simulation

Skidding type
Parameter Semlv—gr.o o Semi—ground
Ground skidding . .
o . skidding with
skidding without .
. deflection
deflection
L
(total length of log) 9.80m 9.80m 980m
rb
(butt end radius of log) 8.75m
1t
(top end radius of log) 5.20cm
Lb
(choking distance from butt) 0-50m 0-50m
Lc
(portion of log dragging on the ground) 0.30m
u o o o
(angle of inclined logs to horizontal line) 260 260 260
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T/Wt

T/Wt

1.3
1.2 ¢

1.1

0.9

Semi ground skidding
with no deflection

0.7

\ B Semi ground skidding
0.6 aoaa™ " with deflection

0.5
-15 -10 -5 0 5 10 15

Slope gradient, °

(a) Korean pine

1.3

1.2

1.1 ¢

0.8 Semi ground skidding

with no deflection
o

0.7

Semi ground skidding
with deflection

0.6

0.5
-15 -10 -5 0 5 10 15

Slope gradient, °

(b) Japanese larch
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1.3

1.2

1.1
1 L

2 009 -

— Semi ground skidding
0.8 with no deflection
0.7 “Sémi ground skidding
0.6 - with deflection
0.5

-15 -10 -5 0 5 10 15
Slope gradient, °
(c) Mongolian oak

1.3

1.2

1.1

1 L

2 09 |
|_

0.8

0.7 r A AT LA

.t Semi ground skidding
0.6 hease= with deflection
0.5

-15 -10 -5 0 5 10 15
Slope gradient, °

(d) Cork oak

% 3-1-93. Relationship between the ratios(T/Wt) of skidding-line tensions to the

skidding log weight and slope gradient by tree species.
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Whale Tree Ground Skidding (Uphill)
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Skidding coefficient

SKidding cocflicicnt
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Whale Tree Ground Skidding (1 phill)
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Whale Tree Semi-ground Skidding (Downhill)
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Skidding coefficient

Skidding coefficient

Tree Length Log Skidding(Uphill
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Skiddimg coefMicient

Skidding coclTicicnt
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SkKidding coeflicient

SKidding coefficient
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Tree Length Log Semi-ground skidding (Uphill)
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Tree Length Log Ground Skidding 2 (Uphill)
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Skidding coeflicient
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Tree Length Log Semi-ground Skidding 2 (Uphill)

-] F-) =+ 1
= = = =

aPpaes Suppis

-

20

15

10

Time{sec)

AR A (HWAAAG 0.55)

s

a9 3-1-115. & 33

a4 3-1-116.

- 156 -



OC ﬂAlL an —
x i X0 % 1r
° o & = _ZT.: < <9 =
= &3y & (Td BOET O
0x Zoh owowe  ® oA w 53T T
B oo o T I S o B 4w L
W o o TO = = x° R o © = H % T K~
o oy 1 TEX op = = 5 < 7 L = o = <+
- aﬁ o o = © N o Z = do o LT Y o o W
) Ao oy o - oo © alie Jw o B
e Ho — oH o= or = oR T T T N N
N oL o g T O~ = = N R =T m B
- “ mo ) ww ol = ™ v e Lﬂw L S )
T X 0 e = T =
= ‘.MI o = o \_Il‘” B ~y oH n| ) % < 1Ur W J]._/H g ey ~ WM MW
o P ™ ojo 20 o e d G o o W ol
W W " - = b N w T
wE o T o X + T 3 T Eu 2 x ® = T o X
x Zow ¥ o X o M oo LR Eow T < =
~ _E, % I B = W = % T M_Mn Mo B R T om " N
o T om0 DR SR o D oy =
I o s T X = T o ® o2 T e - B o
T o ﬁw = M_AM wU meﬁ w Mu TL Bo < 5 4 :L oF o m E 35 _Hmuﬂ
g X a5 { w w7 w BOM ol g o © = ﬂ
T Jo 2 — CORL S e nE = = BN R zm Uo T
Kol CR A X NE R = 0w G o T 5o ~ T
N R co IS TEE LB G S
xﬂd&_g =0 N = = uﬁo@oarwuae@ﬂ mwﬁwmﬂ
oo oo B % wm xO o o o % o = o L i IH
| of R o _— KO ol o o T ) oo A e Ry Mo
= T ° N N~ do }AHMLAxﬁ ~ oz o P
= o) F < E 4 ~CARINCC N W = -
Capa = B oMo T o & SR T X B & T
m X" G N S = X bog a0 =% 7 4 = ™ gy
X = o o 7 o 5 P Vo & TS o mﬁ s @~ g mm By x0T S
—_— ) ~ ) ~x
5 o o= BOE = = o B o oy ow ¥ g T ooy O T
b = x M= =X o o [t o8 = o T o Gl
T B o X ~ N T+ @. oo 7 = o o o = w T = ol
o 7 ¥ = < & o F T & ook o= Jo T e
wOw < on on M N o o = W oz N M i o
= A A ol G w = < B T M ~ 0 CRGS o B
W%WMWW A ﬂmmzfe_@rﬂ%@ﬂgﬂOLAg maﬁ@%ﬂ
ﬂ%aLE mwm%ﬁ%mx%u.mw%@u_:%%ﬂdﬁmm}ma fi
B R 3 X oo o o T e ) o T o & Ry OGS
— N “ o OT LIL ~ % ° —_— ﬂA_l 1 iiv XH ‘ny_A|
= XO | m el 1_,_Al nﬂ/W = 0 e Z'ﬁ S ) = ]
S }wﬂﬂqwaw%ﬂ
o ~ B X o) = N
0 T dl b/l
~

- 157 -



K

oAl zag welm gule] pA ol

Plo

s

Foll whet 24l el

S

oh webd gmle] x5k

15 —=>A A (B okd, 29 okd)—

o
L.
L g

o] o9} o] %<

AH) =

-
R

ZAA )= 2E

hya

- B i(

wAvh aass gust gy

Az 74A A7)

2445}

=
=

o 7 oA AFme we )

3|

3
U

spofo} @t

A =9

1) 7]¥7n]

557

71e s &

=

o

1:‘1_]:

3-2-1>3 2ar, ] AA

-
3t

71 E21] (Base machine)E <

|

o] gA4 oAt =y}

22

20
20

2| 71AE| 7

J

THA|EFE | EFE | AR | TR

1

5)

& @) (857} )

=2+71(0.15m")

)

\

,AO

(0.25m’°]

wK

mr
Nfo

eholw] Algo] 49 F49

A
w

A
W

Zv

1

Z] o
A

e

Az 7% )

o] BH o

=
o

Ao} EAEH-E Farmigd A

G

[e)

3-2-2>¢9} 2

2 AHgH

-
3t

o I Y9 <

2271 H-2ske]

R
i

S

B

- 158 -



1,592
16
17

50

50

50

158

130

246

350

558
1

4| g
EAY FA7]
(Ritter ¥ X))

FH4.2m/E)

HAM 200 €14

jmt
2

&t o

123
2,648
[e)

R

el M F

Ao
82

L

fE

30

o FM, 1E 45TE B
W o] Fof

30
AL

=
=

=z =
T

11
188

17
- 159 -

A=Y A% 87t W E o

397

=]

L

R

st
20

o
600

5

=

37
538

2P A = FAstE ofA kA 7}
AA

o]

3-2-3>3}

25
S5 YUl o=

o

5=
Rius

A

o4

=

=

o A
Rl !
I
A

-
Ri

s
PTO

<




& FHE Nxdte] AAE JduAPAE BRaso] i 2 &S <E 3-2-4>¢

F 3-2-4. - g
el THA|ERA | GEAH AR | SRR | A 7IsE | 7IEE| A
T E(EYE &) 1 1
$-=29(0.15m") 6 11 7 4 3 1 1 1 |34
A2 = 2 2 1 1 1 7
AAE Eddy 1 1 1

5) s dA7I ALt 7HA A ]
A ARG s aavt 2 s d4VIAL BHEo] Soe

#)
gt ot ol Fult oY woAguels] WEel ol §EES FhEE]

Ath, W& AN M= Ml AE, ZRAM 5o Fnj7t glon o] A7

Anj
ol
o,
jsle2
hn'd
rN

& Edd, 200 P38 299 Fol 1A% dA/AGn @ F vk
ARHAGEE <E 3-2-5>5h 2a, Al gAE A ok A A, iz,
]_

Efeloft] FA7] ol AARE o 7]el M= Bhelokr] FAIRE 7Hd A H ol sl .

1l O

r‘:l

3E 3-2-5. LT FAVIA B PG AR
il THA|EEAR |G | ARA SRR | NAE | 15T 7I€E| A
E} 9] of 1 1 1 1 1 5
A7 & EFE 2 2
el ok R A7) 1 2 1 4 1 1 10

w2 A 7 2 E=AL

A A el WF T 22

-

FA AAGH e PAA AN FhEE A Y

& el AdUAY] A2, A2AY, FAB) TR REWE 5L 245



A,

sho] 20x20me] FAF

L =
e Aas A4

el

A Y

a9 3-2-1 2T AY 2 Y

Z 37l

o]
=4

1) 2AR

A 29

o
=

24 AAAEE 1967~195W0 5= 5

A

rEe
|

=]
=]

Nd

o

TAFE 18~20cm=A ha

3

2)

g™

3

SRR

Ao 7 M
300 mol AT 20x20me] 47§ e] FA}TFol o

e

=

g4, 37

A, Qd=e) 34,

9 9

tol AYAE, 9=

3|

o 9A
Trimble Pro XR GPS&

T15E 7]

tol Q=9 944, AH X,

g olgs

A7}

2x2me] AF-ZATE U] 2m =719

3-2-6>3 Lt}

<3

"
N~ @ | @ |
El 2| 2|5

ﬂ%( faN| ™ o

<

¢

o~ | > o =)
o0 S S

W =5 B

\WnM(\ — — —

=i

S R

A & BTIRT |7

HE | ——|—w©o|—=m

™o — — —

(23

iag)

e P R R RS

Qe T3

HE |~ N AN

=3 — — —

(2

e

POl | 5|

Mo o | ok | omk

i T T T
GO I

Q| 3|8

B~ ol S
™| | T
@uﬂl T | PR~

T i Bt RS

o <IN R RS
Movy | Mo = | mjo—
o | Ho o

- 161 -



A717F 242 400 m'(20%20m) 2] 4709 AUl il 2

3-2-7>0] A

9o <%

A3

SICEEEREE

ol =

7

T

SEEED

1
i

AR9) 75l

3 =

i3

= .
| A4S FRom 7F A AFERAF g <

#9)

o
—.AO

47
60
61
42

21
16
14
24

3-2-7>3 21}

19
25
22
17

40
41
36
41

4.6
45
5.1
5.0

le=]
=2

18
21
20
18

o

5.1
5.5
4.9
5.5

14.0
16.5
151
15.0

A GEAL 20x20me] plot Well ZF 2m FFZ o= v Ho|=Z& AAE

3277 7F A ARZEAE )

gl o] A (Sokkia SET 500)
SRPSEE AP I EE RO

=
2

& <y 3-2-2>¢ 2o

Hr

Nr

- 162 -

shach

TAB

RYA
ar

A

1<l



- 163 -



2,
Jf
10
e

e s d AARDL Solsl s dAstel Aol AAWFH )

2 A WS agste] sRENder dewds At 1u AA

2
2 2 g
2
1o
l-fO

AQAE g gt v $goE Wy A5o YA A 36mel @
2AAE Al MEggel B QARG manzre A P MAA
reh.

o A A A Ak
AFA ARVAE EGE, dWAdal 299 5o AHRAM JAAE o] &F AHE
&

712l o]} AojLpEslo] AL&H =

-

Hl S oush=d olel g Aule] A9 2 A

- 164 -



=
Ay ddIAe AdEd B AREARE A=A 2d YUY AHChikusui

GCH7N e A=E WY EZ]E(Terri AWD) & 27150l thsto] ZAbst=d 2 r] 9

3E 3-2-8. A& AHlo A

= )
S E PR I et S EREE E A EERE
A3 ol H
?:]"Hz}oﬁ 2} /I%/J( GC 557(2.2x1.2x2.2 570 6.0 750kg 800kg
AL [ 2=A9| Terri
B5a | ad| Yemilzoxi5x24) 3040 | 332 | 30 & 2%

2 dlEdAs dEe =FEO(HUK)BAMA AT Ful 2] A2

A
WA Aol Hl AAFE 078 Bk B gl FYRLe] uF AEw
Holglo] 94 @ FEARA A= Pl AT AFE BEANA 19 122M &

Qo A 1oty AER MYEI Y (Terr)s 2FED Aoz 427

o
o
ulss
=
N
o
i
é
E
W
O
OSL‘
o
BN
>,
ol
e
£
y
_1
_1
>
o3l
fo
lo
o
o

o,
=2
N
NS
o
o2
o
filo
=)
rlr
P
rlo
e
2
Bjie
1o
1\] {1
_{
i
N
i
i
o,
N
NS
—
o
(@]
8
o,
o>
o,
o,
2 o
B~
ol
jule
=

Agats B 57 Wil WA sbed 2FEH79 EolE 10cm 3R YA
HESLojof st} =8 JFE 7= A5V 2FEZE g 9e&w FAEAAE 99
A 2] Al A (seesaw)ZHES doA TS HEAINAY FPo] BErlssHA s E

S A40e oA HEVE @,



NGRS DBl AAl FAstel AHALYS} B 22472 2ASEO ol

3182 ZF ZAFFU A 1.03~1.54 Abeldem 1.000] 747k

¥0,
rlr
=
o
pou)
rlo
jukss
N,
)
o
2

o
lo,
Y

)
2
lo
=<l>l=
Au
2
N
N
2
Mo
=2
N
o
o
ofo
o,
%
XN,
N
2
Mo

olth. ZF AN JES3IE A WS <3 3-2-9>9F T of7|ellA §3]&0] =
& ZAT ARFEY AUFAAR Q3] FAEEI =Hoh 53 AxE A
ARAxE FAAA A stFew FYT wf x| FENe] FHEAES B

ZFgolunw x3Fo] P50 F3&0] U

ZAMF | HHAR | 2T EH e | FAR | FE(EEs]| HoTd | Hi (HeTdse

No | (m) (=A) | A=) 8| Azl(m) | 2LAIZHE) | $3&| m/E)
- o1 g 279 1.90 1.06 14.7

. 21 (2) sheF| 294 1.80 1.14 16.3
o5 o7 g 380 3.35 1.33 11.3

S| 44.0 8.67 154 5.1

) - 36 61 g 30.2 2.03 1.09 13.8
shsF| 30,2 2.19 1.09 13.8

; - — 106 g 30.3 1.93 1.09 15.7
sheF| 295 1.77 1.06 16.7

A 241. 9 ) ", 8| 255 1.66 1.06 154
24.8 aheF| 30.3 3.39 1.22 8.9

- 166 -



7} 2 FRAAL BWoR el o7leA vzdel A e
A ¥ Hol A4 A FPoL Aozl AHeR $37dE vepi
o FAMge g3 sgel tstel Az ANsdEom A Yge ofd <1d

3-2-4>5} itk 2ATU QBSHE 2ARFE <29 3-2-5>9 @k

Lo
-"{ ﬁ.-""ﬂ |
B .-"ll- = |
H.._J b

B &

| & f,ff,f

- 167 -



Y 3-2-5 2T AB38 & 24

3) EF AAY 24}

29 A 3 2= AAGGL A JYAAZL Gl TP mE £
o wetel PIXE GFe 2ASRA AUV Uil 498 F EFe) mHE g
Fo gule A, TEFA, A8 2, AM] Fu Sl B o7t Yov B =
AAE 23 QUAAA Hatel ANRA EF Ao hF 2= 23 du)
B TR pro] AR Fhol 1 EFAALY o] & £

N
r?
)
o
N
o2t
2l
i)
N

B AR zAb] AFE3F B4 T A (Penetrometer) = Y9 Daiki 3]A} AlF o=
B4 90cm7tA] FA o] 7ttt B ZAAE EYF Ao oste] 9ol A
o] 40cm °]’d FAo] oesitt 28y A% dHdAE AAST AFFTFol 2E
ko 2 HAHA o] 5000cro] S FHEE B wX= FHASte]l 05 kgf/
arv] o]l B2 B o] n Xz e wud ow FAHEL

B EGAEAE B¢ AAHe] agzr adARg & A (Cone Index)E
ArtetAl e Ao EAY EFEAAY kef/a)s D& F Arh o AAE

U 5 Qe AIVE 25 kgf/are 2 EYAAH S FAMS A= <E 3-2-10>3
2o T8 AEug F3 5o AA o] 78] Aolrp AT yErd Aol oshd &
=5 Uetdle AAHL 10kgf/ar oldtz dEty  AEASol= AFo] (e
AEIHA: 10 kgf/er, T 10-20 kgf/en, H: 20-30 kgf/cw, =H: 30 kgf/cn ©]4,
50 kgf/eme] A& st AF £ dE FAAY). EGAAEY FH4FHL <1

3-2-6>3 )

- 168 -



HAA
EA
Plot ¥ (em) 1 A 2 AA 3 A A 4 A H] 31
cm
FYPA | TS| FHA | Y| FIA | FIS | FFA | FHF

20 25 - 23 15 16 25 13 -
! 30 - - 23 25 25 - 25 -
40 - - 25 - - - -
10 13 11 10 14 11 11 9 11
20 12 14 10 19 15 14 13 15
’ 30 18 20 20 19 24 25 20 23
40 19 20 25 25 25 25 25 25
10 11 8 18 9 15 9 7 12
20 25 25 25 12 13 16 19 14
’ 30 - - 25 25 23 25 25
40 - - - 25 - -
10 5 8 10 8 13 10 10 12
20 6 11 15 25 24 25 16 13
! 30 15 15 24 - - 22 25
40 25 25 25 - - 25 -

()B4 F (D)l el A7

a9 3-2-6. EFAAY ZA

- 169 -



N

X
Ho

g
i~
X

o

1ol &AM =A%

o
A4

1 glo] %

o
A4

dAw3 Bz 2

Z

A==
3 A Z %} (Spencer log tape)

&%

o

I

22k ol

=2]
=

o

]

3-2-11>3% 2t}

AYE

1]
=

<3

o
e

AET2ZA 1

Ao
2}

(felling lever)s 2 7}%

NI
my 0
~ ~
m_u.o
=
=
ﬂA oﬁﬂﬂ
| ™D
KA
m_.o
.
N
™ —
X ‘U,Hl
- =
T X
by Hr
o
—_ ~
X —
T
{]
=
il <t
o S
03 m
<]
-
H B
Jn =
N

ol 7FA A wl el

A 2

H
=

ol A

!

ZIAEE

e

Kelye)
T

ol

3]

=
LN

B
)
o

e
el
o

X

T

Jo

o

3-2-12>9} #Zt.

<#%

X
o
N
T =
o | 2
= | &
% | 5
|8
¢+
g |
0
-
B el
(N S
ﬁo
|~
BT
L
0 el
i g0
i =

bk

S

AR S A

!

A
4r

83%olglon AFuyde <i 3-2-13>3 2}

H & 2

- 170 -



¥ 3-2-13. 822 A7 U Y

- =549 -
i X A wk= 2
7 a= |2 s | on 191 | @
ZAAA R/ 152 3.90 1.35 6.77 1.38 8.15
H]-&-(%) 225 576 19.9 100.0 (16.9) (100.0)

oh) 25 E A}

HE 229 SEZANE 20mx20mA7Z AR89 4702 FAFTF WOl AR 2ASHA
71el AEstA Aty A e FRF Bk F7] A A B W WA e
ZAMTE AASte] Bk 2AE Aol B BAWES 4719 AUl A 9] ZY e
3 FFA S JeEhd T <F 3-2-14>9F o] F AYQRFE 3R (BT
A W 022m o= 19 8AIZ Aol A4 136me] HEZA Aol 7hed Aow

FAAYY WE - 2AGGNY B <19 3-2-7>3% 2,

et ol <} 2 (m)
pzs
A A} 129 A% 47 19 4]
33 18.43 0.22 13.55

(a)d = ()4 %‘x%ﬂﬂ (©F# 3 =42

AFA AJVIAE o1& I 274 FAAFFGS EAN duFAol ThsskH
=171 -



o]
H

A s Aol ¥

Ay
e i

7 &=A vy

ki3

=
6}

zdxkel A o] Rl 191 #go] 7

amu X oF B X mp w
s N oM o4 R x A ~
el ) T Kow % >
~ = i
w P om oy o 8 5
= o = 3 s X i
= o of R Tl
= of oo ™ Hi )
T W o ol o -
oo Bow g F oy :
O Y 7o
oF = of N %70! =0 =
oy 1 % Zmode W <
T T Lo ¥ P T )
2 40K oy LR z
m < o g iy A
rt SR of) - o
X E_m o Z %
T EE e it il N
Mﬂlr oo oH T 3 o =
To o ol %ﬁ W‘M ®° N oF MH_,__
™ o oz XNAF 0 p
I 5 & < 3
A T % % ¢ ’
- T .
¥ F s g EXG L ﬂﬂ
o X > ol i
A z = _z
70 = 3 X ~ o
o e X i
oo < L =E 2 |z y
N T B I ™
= 2 ~a "
o) %. "oy *ow X mxu [ =
ey o ot | i
G EH A il “ el
B K T N o
Haﬂ%mr%wmé w.u -z
T T " N w > I
o = ! a0 R i
_ N OME ‘:O ﬂT_mE E_l — )ﬁ ‘mﬁ WE
T o T O = ow o & o[ ER | E) R R R
o 2N K Lo &z
B g w , S | w | [ v | ok i
e L mE o O i "z
9 Fww w3 Sh
MR o~ F M od VY o
MR T ¢ W o ol &

=
3

sttt

S

sl

A4

A7

=

=

2 FEo] ¥y 133 A7

| =2 A7) 57.3%

3

AXZF AA 9 81.5%

3}-
A7rol %
- 172 -

Fabs

Pl d=o A

)

A
2

Ui

]

(o]

Ly
a

ol A1



& 3-2-16. ZAATA

8 e A | A
AR | e | ol | x4

ZAAZHEE/3]) | 19.88 4.37 10.42 34.67 7.88 42.55

H] & (%) 57.3 12.6 30.1 100 (18.5) (100.0)

AJUAAAZ JAGAA HEAGNA EF7AA 9 Hit SukA7E 116me] 3l ov

ojuf 133 H W JAFS 0.80m ol en Hit A& A A2 0.063m o] At

o] it 13 &uF JAFS 08w, 13] JA A Aol ZAIF 3467T8S 7|22 34 14
2]

ok e 2ARS ) 93] Eaele] g ake] WA gkom @ ApAG AME F7] 3

Haky ol o) AN Al ow FAMAIRE <K 3-2-17>3 2k JARGZAE S

<18 3-2-8>3 7t}

E 3-2-17. A A HALG W

A GE) 2 & (m') ¥ 3o} ] ek A
AA | 18" | AA | 1389 | 19 (m) (m’)
9 312.03 34,67 7.20 0.80 7.76 115.6 0.063

AA - g2 Zhd = Sut
19 3-2-8. AAZY

)
o
ol
ol
R0

X,
2

- 173 -



A
A JuAte} m)

1

Aol o3t

-
=

) Wy

21 9

7HA =

;ﬂ,

A}
-

1

o] &%

=
=

=

oF

53!

=2)
=

e
#H)

]

-
X

F Ag AeiA
(8] 2] )3k (7]

[

A

[e]

=

el

K

A (Terri) &

ST
=

o] AEd uy

)]

3-2-18>3} 2},

-
3t

o® <

=

€l

SRS

L

R

3

©

=
L

Ade 9

ST
X

3-2-18. AP A] 28l

-
Ria

uy
@Tn
o
M )
) =1
o
i
~
uy
orF
- 3
T _,mo =
M
=
uy
N_ﬂ
Y
= M | TE
oH o GRS
3 c
o
M
=
H =
s N

B

a7t A, e

29| 3

52!

FHd 3

1
.

9t

Ry A
X

]

Ao F
- 174 -

h=d)]
=

B

6.5mel Al Tm7kA] =4

3-2-19>9} 7t}

o]

=

=

-
st

I

A

= <

2}

Ao A w
1

[}

al

A

|
RS |

1 <)

pud

=

Zenl ko] A 2-32 B2 7 A F olH
ol

o] oA
gl o



¥ 3-2-19. 49 AN

FE | olE | A% (FYAs| W= | A% | AF | AT
49 | PHY 53 254 [} | 170em | T2kg [N EZAEFE

N

(2) L2 AR

249% % T A

¥ 3-2-20. FAA A

ez

. L i qused| @A
k| a4 | olE | a

2k Al ZH(E/3]) 37.52 9.38 9.03 55.93 18.52 74.45

H] & (%) 67.1 16.8 100.0 24.9 100.0

EAY F AR Agkel SARe] Aol ulshe] 40ue] Alzke] 2o} A

A Hn AYgre] wgow ddskel AAu ol HolAA ek ARAY Azte] Aol

A Qeowt eade] AEY MUY U $Eold & 5 Atk FakAl
A aAE AYelM A SRRt FAAGA O B A4YTE FHE Q
stol WA G AL A & F A% ACE AmEn

AAAAe BRAA SAR A 168m L W 18T WAL 2420m o] en]
19 Ag e 15691m 0w ebaeh, ey 24 Aol Plot vlel & WA 3
shol Aol WA ol 4G EAE F7] ARG W v 24T Aol =

A A= <FE 3-2-21>3 2k

- 175 -



o] -&

[e)

=

==

0.085
[e)

ZAA

(m)
168

3-2-22>¢}

R

el

15.691
< <

2429
el

189
QA1 2=

2+ ZF(m')
ZH-zk Zaby] EdE 94

A ol 4 o]

A
9.714

133
3:42:37 | 0:55:39

=]
S

J

214 4]

13

%
CIEE

fiS

hvA
o

Aol

Axd Y
91t =4

4
)

=

-
X

3-2-21. A=A
<718 3-2-9>¢}

EEERNED
"

b
7}
KR

s
)

Rz ARE F AR

ﬁo

el

¢
oV

N

e

=

bol ¢4 22

S

il 2o

3

ZAAM e )l 9

3

==
=

er

2~ ©l)
i}

Al

]
H

A}
2}

9

Ay
e ul

3-2-22. A=% "y

3T
ar

=| E| E| E| E
OT._ Q )] [} (&)
= = = =
| ur | u Xy
& o) o @ﬂ
1_._A._| ~H m
= o
i
X
Hr Ea
e
03
o
~o D.f-
BT .
— <
ﬁo
mm o
. E
= m ﬂ%
<] o = |t
< 3 - | zX
SRR
Xl il

- 176 -

+ 3L




244 A4 A2 44 Skl

AR A AR A2ES skl 4FY ArIAel hE 2AE 1A R
FReR 2R A GY7A) R AATAL 2AA A A7)
AL F77F B3 AL me gule] Afe] vad B ATA AFE /1FS

Sl A e A AR BE duE Axde] Asd duAE 44
etk B AAAGAE TN DA Auson delgles QR A
Aolu F 7% viste] A AQ7IA FATALS BN

P 2AAG A2

449 Y 2 Age

- 177 -



N
e |
Scale : 1/1,500
o=
— A2
fayz |
O ©nzf
[ ] sreiciatnl
L6 ] oer
o
19 3-2-10. A9A YA =
ZHAA Adhd71AIe] A FAHE ZASH] flete] dE fAE o R Ao
o 7 7% AduA e <E 3-2-24>9 g}
¥ 3-2-23 9% 2 AFHYA A%
s 57 A A o ol %] 74 A} =
L 2~ % ol R S N S =
T T 8w (@) (m) " (%) (/ha)
FEA9Y - 25 165
elm | P v 43 79 19 120
32724 A7 A A
A E}9] okt 2] 71 ] | 2] o W %} 257
A 2] 0.47ha 0.56ha 0.37 0.17ha
I E N R L
14 34e 2] Aol AARAL st AT GAAIol Hed A



AAEE T

il

Egzdoldos 450,

=
=

ICECICE

a7 98

24

=
=

A

<
—_—
1o

AT R

s

=
=

Aoz L 20m7HA]

w

W 7 FERS <H 3-2-25>7 7

o

A} sk

o
= =

Plo

00

|

A_»A N N
H | & | %
T~ | e
=] & Ay
N e -
B | % | ™
TN | oA
B | % | ™
U I
= o
T | e | oer
= e WA R
S =
= | | W
A =
=1 e
ST o I
SR I
o | | o
| ® | ™
D I B~
A o
W | 2|
E o 0 ™
N or )

e

200+ "/ha, 400+ 7/ha®l WE At A FA

L
.

x| A ]

e

<9 3-2-12>9F Zow <9 3-2-11>

jai
=

o A EE <Y 3-2-11>
gaelel FdAeln <1 3-2-12>& EAYAR] A olh,

I
=

o]
=4

b c1glel A

o)

- 179 -



2) el7le 2 ergekr AN JBA

a9 3-2-11. ol og 2 3-2-12. tEA FH ARl ol gk JARA

YALAA JEAA % PE A=

Ak ol AEAbE oY 2 usA- A AdA el 2AH(20%20m) H 2

=
o ge AQF oF 191 12 2

- 180 -



3-2-26. ¥ A= A 7H

-
it

o ™ (o] 0 00
< Lo o0 —
o1 N = — N
i~ () - (=) (=)
— » =l <t o o o © o
R S |S|F |2 |d 2|68 32
K
Ll |ln|N|ol|lo|] ~| v | <
oW_vT — N — N =) — =) —
N~
ol o | bl o 00 0o | o
| S|~ |||~ |3]|°
—_—
X
Nd
Wl = |lo|lo|la|vw|lw|xn]|w
X | ™ 9p) — ~t — N — o
B | S S S| = ||~
el (@} (@) — o — =) —
Tl s lalo sl o
W S|~ | S|~ | 4| |3 fav
- - _ -
N " N w 0 N 0 N~ 0
Ko< o (S| K0 o (S 'K ol O
~ | ~ | ~ | ~ | ”
i maufum/\mauram/\mu%am/\ﬁ%aw/\
= X~ N~ N X
poluiy TR B TR
=T CUS
= TR mﬁw
o TR X
Ko T

doiAe Age BEAA Ao ol £ A Az Fol ZAAEC] 5% 7

%

o)

el
b

Bl

g 2750

A2 o] 40%

o

KX
.

A
T

Fol 2l Al zkol

AArEES 139 0. 152m ~0.243m 24 A A7 GE3E 2o v S

g ]

| e

ﬂ
Bl

el
Jlo

Fol 2]

S

- 181 -



20 14 35 15

(SRS Rs R
mYc
o=
Ox| &t
mESs
mE®. &4

crm xtof ] 12 3 36

[ B |

J J

A

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

9 32713 8 EAe W aad] v
o Bpelobd 9 Z2AA 23l oF 4% 24 A=
Bl okt o} ZEAA FTo 93 mAS FIgA]AEe s ddlAHo &

ggAzlolrh Aol Qo WAL uzE gt T A5 Wrsle) @

oA ¢ AetAAANAN AJNES olgatn ALY Aol AFow o oA H

ZARY e ZRANE BESE PolT o)

= 9 EAEg Ayl <29 3-2-14>3
Fag=s

ERER: Az, A=A BRSS! S A 2]

(A21E) (EF$]oFd) -~ (Z2ZAA) (22

19 3-2-14. Bhokd+Z 2 AN A A AH

AYgrt 47w Y S AAY aANA dPHAor] £F g, 494 =
A5 YA 9Fe <E 3-2-27>9% 2rh A ek 49T AN Asgge &

- 182 -



% 3-2-27. AgA d3

S 71 A A Z= = =%
F I~ g =170 NS =
CEs 3 e (cm) ) (m/ha)
A7) okwl WO AL
G T Al R ESEES I o | s | 130

T % 2% AEKETO FORST)

A 23] A KONE-KETONEN OY.(## =

LA KETO FORST

7] 2} o 5= (02) =471 F#7He (3= 60hp ©1)
A EH 60 wH= o4

T4 1,100~ 1,300mm, HH] 520~820mm, Z °] 800~ 880mm

= F FYPE o =0 1+ A48 =91
JEFHE T 280 kg
HE7bs 527 #Hoh 30cm

ZShaaries A Q15 2]
7FA A 7] 7hs A 7 5cm ©] 8}

& A4 EES], $A4E5E bm/x
THA A 717 A 3ufe] Az
HA G - 59t 200bar, 1202 /3%
FEZ A ~H EPEC AFH(FZE, A%, 474 d459)

271, A4A 5 =



@ulel AAY 5 ol A%e DIt BRPAALDE BIm=

2Q¥E AZFe 696R 0w AAHS 0274molH, 19 6417 5P VFEoR
142m/d #de] 7hee Ao AU JALY 2 2L LQAHS <&
3-2-20> 9 <# 3-2-30>3 Zow HAM200% KETO atdl~8e ZzAA 24 3
e <ag 3-2-15> % <y 3-2-16>3 2t

¥ 3-2-29. HAM200 HA# a7 A3

3 = S| = % -
72 2w (339 I |50 23| 54 133 e |aan
o]
ZS]FI:IH /}%7)& 071 | 127 | 078 | 047 | 097 | 023 | 1.37 | 580
PR e 0.206
(73 12 22 13 8 17 4 24 100

¥ 3-2-30. KETO Z2AMA ZA2Y 2 AZAAT

w2 |as |32 29| D0 | ee | an | g0 | 33| wa [saw
Z(};‘% /};7)& 058 | 072 | 1.38 | 207 | 032 | 0.78 | 048 | 0.63 | 6.96

2 = ‘;10 0.274
©0) 8 10 | 20 | 30 5 11 7 9 | 100

19 3-2-15. HAM200% Z 2 A A 2] a9 3-2-16. ZEAA Y

- 184 -



A

ZA

0.206m =24, 19 &4
o o] & AHFA 19 2
HAM200° <Jgt 5 A=t
AR &S <F 3-2-31> 2 <F 3-2-32>9F #uh ey s e ey At

off o

i

olf
rlo

Td A 587m S AAY 5.0m, 13 Hvt

A A

128mol™ 19 HAW &2 141029/m o2 e
25m et vlaste] By 1d FAHE 20,0009/m o

°F 29%2] &4

# EAE ngon 4

< vaste] = w ugEAH AL AdsEC]l =A doy ov|M it & 5

[}

A8k

o=

o A MAL Frsel

shibs

A7) EF W

EE D RN B

)
o
<
it

g3 2 olf

Zzrol7] wioltt. Hgk 7FAA A7) A 9

H
e 5 84 Rne HAxs & 5 Qo

= o
o\iog =

ox %2

54
rr

<ol

AL

3E 3-2-31 AEFAA 2~ D 242 2 &
e AEHANA =5 A4
Rl HAM200 KETO3} 4 2~ ¥
TA7HA () 40,000 100,000
A5 () 6 6
-8 A1 ZHA 7) 6,000 8,000
AZ M (L /A7) 3 8
S&HAF 0.3 0.3
ZEETRA (A ) 4,000 10,000
o] & (%) 8 8
AE7HE A ZHAIZE) 1,000 1,000
A A 7FE A ZHAI ) 5 5
T A n A 0.7 0.8
AZH7H04. 11 715) 1,000 1,000
o] ZH(Y /A7) 2,000 4,850
D72/ A1) 6,000 11,250
T A (/A1 3F) 4,200 9,000
R (/A1) 3,900 10,400
71 AR & (/A1) 16,100 35,500
71 A8 -3 AN (/) 80,500 177,500
2T E(m/Y) 12.8 14.2
A2 A () 2 1
A (/) 100,000(291) 50,000(1¢1)
2 A AN (/D) 180,500 227,500
1AM B &(%) 55.4 22.0
2k B (H/m’) 14,102 16,021

- 185 -



3-2-32. A AA

-
it

w
s |8
~NH (@) —
X
o.._o [ o
= o | &
L | =2
<o < | S
mMo - | — (O]
)~
Joo¥ o | 10
fa= S o
\Ixrgl(
| ®
o ~ | %o
Hro| Er
L

TH

fiit

<]

oy
NI~

—

XH
S

e
"

Hr

SRR
o1&

3-2-33> #Zth

-
It

e <

1)
1=

E

Ea

]

AN

Z}
=

sel o)

=
=

A= Ehg) ot

%4

13 o

] 3]

EAPN

el

N

wK

3-2-33. THE AP AR B ok A 2

-
Ria

B,
=
i
}%
m,_ X e
0 ZHT
NH
ﬂﬁ%
uy Eﬁﬂ
o |
° T
o
my
s
53
oy
T o
on| X
03
o = | "
e B

o]

oo

CERE

A ER]

=

] 45me] %
- 186 -

o
o

1

°©

sttt

S

b s

°©

bol 24}

9

h AAANF Ab
ANA S JEFGo] T

B dEgAR 2
A A(EF o) = A 2



o] 7}

A7} ol

5

AF
4

ol
=

oMz el

T o Axo] Aux &a A AU gl7] AFE BFE7|d o2 e

o el

I

RS |

3

T

6,500

S NS CE
3-2-34>9} 7t}
(A4 17,200

F71q o7 vEdth 1 ol Z 3

il
it

2+

<
O

A=}
= -
[e)

.

o]
H

2

-

al

2 X H-(mmx>m)

Az AF Al

]

}

ko)
pil

q

Aotk 1 A

14

.

1

3-2-34. o
H]

==
fLe

ol

AFTE| 4250 | @16x300 | @8x300 | BR*600

250m 7R R A2 o] 7155}

[e]
RN

o]

ol

.

62m 9] o]

1

.

= 3~47MelH A AA=Z

5Tm W& =24 H]
5T

L

Fu

M

2413
0.251
0.303

A
9.4
100
8.6

100
of Ml £ u

0.3
0.9
10

| AA,

T EH7]

o
0.0
0.0

7
AA
1.2
13
1.2
13

=

%3
1.7
18
1.8
21

EE

11
12
1.0
12
- 187 -

3-2-35>¢ tpE Atk

-
3t

0.8 | 06
08 | 04

AEE <
2.0

EN)

I

3 of

A2

3

A

3-2-35. A4

.

Elton 7haAA ¢

3T
ar




A UEtd As & dvk &5 AbgAe] a4 e <ad 3-2-17>3%
22t

o33y

WETE|
O &A%
O Sxx
| EEREs
0 =7 H 7
WA 7|

0.0 1.0 2.0 3.0 4.0 5.0 6.0
2452 AIZHE)

I
2
N,

R}

)

m

=2
ok
g
i3
fo
Ex
2
2
=
o

a9 3-2-17. o

FEARARe 19 4958 d20A 128m, A7

H
GEHA 243169/m', A 184179/ m o2 UEET. o] & Hlalste] A

flo

b SRR RY 24%e R4z ade Bten HYgeE H 3t
3-2-36> B <& 3-2-37>3 2o a2y dee] ZAgul g A S Hlaske] & o

9 3-2-18 . trEAFH A=
A A A

- 188 -



FE ER AN 2= ABZAA =8
IR THE A G A 2 EF9] oF
TA7HA (A ) 100,000
algd) 6
Ul8-A1 7H(A 1) 6,000
AZAH (L /A7) 5
T AT 0.2
FETFR (A ) 10,000
Aol & (%) 10
AZH7HE A ZHA R 1,000
A A 75 A ZHA R 5
T A 0.8
Az7H04. 11 715) 1,000
o] AH(/A1ZF) 6,250
DA/ A 7 15,000
g2l A B (/A1 3h) 12,000
o (/A1 21) 6,000
7] AlH & (/A7) 42,250
71 A& A (/) 211,251
245 E(m/Y) 12.8 16.9
A2 G A4 2
AR (d/d) 100,000(221)
A4 AN (/) 311,251
Q2] ¥ &(%) 32.1
2w (/m') 24,316 18,417
® 3-2-37. JAAN=E AYdeEwE 2 AAAd
L R > el
SE A 12.8 24,316 1.00
AR A 16.9 18417 0.76

- 189 -




4] %) 2.9

=
dAA el 1A%

W oo

GEER RN FL)

=

p—

A

A AuEg 2 7Felne F -

b

1

1
7}x

=]
=i

A4 gARe o}

A 7y 3

3

A

S|
=

300me] i =

L

7 K-301

=
=

2) =9 K-301 HAZg A~
A A=

—

o]

gl
™
o

Jlo
—_

o
N
e
=

K

|

Foll A ER]

i

0

J A

A

aE

2~ €l
-— A

&

o]
=

F(4F 5-138, 42H2-2)¢] 7= A

R

A

A
=]

7 74

EF] ok

A%
3-2-38>3 2t

3T
ar

=

=1
3-2-38. EF9Jokry] A A 2 A

3T
ar

i

ofH = T
Newlow <

#® 3-2-39>

Fem <

5

=

o

?Ye oy

5
U 7(10%)

E
WEUT L ALE(G%) ol Ak,

el

3

o VI

s

RS

13

[e]
=

TR
ﬂo
B!

yA
No

o] ¥

=

(10%) 5

=

=F v

=1
=

3
- 190 -

S

L

R

o Ve FEo=E



¥ 3-2-39. ZAA] e

A S ?]{;L}Siﬂ%s?dﬁlfga e
A4 (ha) 40208 AW A 39.0)
5 3 AU, R, B
4 Hd) 60(6%3 =)
&l 55 A-Fd

% 3(m) 16(6-19)
A Fem) 32(6-50)
=4 (m'/ha) 377.8

_|—§|:
70080 7HHE 998% = oF% 7HH S AA|FP o <%

3E 3-2-40. HA =

%: ha % 714 8 ha% Z}ﬁ;‘o} IT_}O]L:;
5 A9 | Bx | AA | 00 | i%® o A7
@ | | @) | ) T [Hed| dead A}
8,268 [1470.76| 212 37.71 9.98 700 -59%% 596 096

gejottis Eduggon sdo] AAL ARESA 23 Eslobr AA AS w
of A3 Aol gl A7 AelH A
of o% Ao X @ AE Qdwe] Az A3, Aminle] Hof AAHoln 2

o]},

2 gAea Qo) AYA gARFe AR

F44A dd71A

o,
do
O
)
i
lo,
)
o X
flo
A
FH

- 191 -



oy 3-2-21. adE HA

9 3-2-20. BFeloke A AE

3E 3-2-41. Bberd o A

T 2 E}-9] of T

A| 2 3] AL QrEgo} 2y

= 27 K-301

g qlzl 671% HSTH514

ANE= 133 HP/2,500rpm

=& 7 3

A9 1,800 kg

A& % 450 m/&

25 H 2 frd — W7 — 7%

E}9] 3= 0] 8.80m (17 10.0)
Abg-ofolo] = 27kl ekel g @ 16 mn, A4S @ 12

Efofr] o] 7R A AR = 140mel™ 13] A9™ ZAFAIF S <iE 3-2-42>9
Zow GE[AR AYGstAtt. 5, REET
AAS &5AdAte R Bt uA S x3kE)
963 Z A 13] FPAZHS 10.16% oA AAFPH FFF Algke] 7H A ERS

oo gEAge AnAde EolA Qb BEe AATORA SUPAALF Wit ohy



2t A ZAAgre]l Fol A AR AA vEuth gk 7 4 71A 9

LAY FAL <Y 3-2-22>9F 2t}

4

3-2-42. E}9jor 2

-
3t

= | Sls|z|8/38|8|3]¢8
o — — — — o0 — — —
e
¥ 12 2|8 g|B| 5SS
G < o~ ™ =
o
— Q
MT| o S < <
=r=o
= — g~ | & S & | o
RN | — = > <
S arRE | S S S| 7| o
L
NI
& - - -
AR RK | = o -
Y o | 7| o | ¥ =
MT| S . =l I
AN S o | Sl |8 x|8|a
HH | — — — —
7
© =t N =
o R T S e B =i B
fo | - = -
R~ AN =~ N~
TH BRI | || TF |3 |TH |
I DA S FAI N DO\ J NG IO\ S BN B
B |TH|ES T ES T | =S| T | =S
In N~ N N~ N~
B B ar ]
X X X 7
— [aN] e

HEA
1%

ﬂ o
L
I 0 &
.
[ o0
K- & K 2
Mo 7
'

M A
6%

=

=]

FXFod

ol

% 3-2-22. E}9loky

= 36.3m=

A A Al



}

A
pul

A

ul
=

gtol & w 8% A& H§o] &~aH

S

26,2659/m'o] ALt A e E

2] 2Fe}F v L

pu

Qo
]

o

. o

A 172m/9, AN
1

3-2-43>%
2 e

-
it

> <

g

H] &

e
1o

do
o

]

op

b

o
O

o
il

~

_GE

No
il

op

3-2-43. FAA =7 2GS A S

ojth.

it

=
8
T
Al | = ~
X |T| o - | s
== [l oo 98] o L0
= | mn | S o o o | m o © Lo
SIS0 8l0|2|8]« 8]0 2|8 |EIE|2 |8 H 5|2 |8 5|58
iy 3 N Nog | | O -] — ™| O
Eﬁmrﬂ *® o - B Rl I N Rl el =R B =Ike N
Rl =
oy
~ g SIS _
~ >~ —~ © Ny o e NS
N o el R [ A = =g IS P el 2 ISP e
A e o A |7 T o Zlom| E
T < | o S =S == o o = || =
In e B A g B TSI |=ZIE 3|5 o lB| S| = |
N3 N | H7W X | Z|m o0 e S
| oE X | o R|TE %o |of |5 | = |m | Jo | X |5 |2 | = | =
go| 1 | o R N R S N G K A A
= |3 B! 8o A Mo | N " N | o | T

- 194 -




EF ¢l ofH =

bol AAA =8-S

5|

pu
R

44

i

3
o)

Hr
el

= A"l T2

e

—

<
T

ol

A

Efejofd =

7}

52
Itk AAE 9AARE SR 488 5 glov, Wi

Se]

ST
X

3L
, —

B8

T

oy
NI

ZAIA,
2AA e ©9le ols) Hrtl O

hyA

HA e

9

=
.

o

ZI:
2ol el (4

44 AedAE o

1

o
o, gbe] Bhel PAAY A2

d2lsgell €]

A

=
=
At

N

R

¢+

—

N

oj
o

—

0

oy
~

NI~
o
B
syl

o
o

o

TR

=
-

o 2]

3

1 =73 ARA] el A

S

=

=
de L

o
of ZA WelA A Heje] Bt
ZE

=9

o)
]
£

1]

g
14 2

k&

R

1M A A=

=

Hol Q3 AA FAZ @ol Yrtmz v

3-2-44>9} .

il

)
pul

3t

FYEE=T}
3-2-44. )7

o] A il

e A A adow <

-
3t

L}
e
N i
B M
1
oH
=
ny
=
R ay
iy
1Ho
.
I G
B | N
N

oA et fe =

£
3]

- 195 -




A4AE GBH PgALAA AR BEARY 1590 VIFS) s
2 ooz s
Friels A5 wEs] Al AWL dASL 2 FAR PRE 129 gu
2z od AAE Wi Fdes de A 2 gE duel Wt 4w,
sav o] Zof ZAHelm AHAAA A Atk £& AAAA AA 27 &
2 el 5g4 2 HAe A9EE A48 JdMAG ¢ F Aok
dolele] Ade <E 3-2-45>5 wo 5 §FFol g0keo2 Ayl Ime] UHS
G Qo Amatel vhEolt QARE § Aveleele] ehuA, T Aselx
Wzol WEe] A 07w s Lwe 4
Bm/E7HA AT 5 olol WAl 2 Azte] PAlol EHoZ AST F dx BHLS
ANz Ak S 494 wAAS AAFY) A BAFEe <2y
<I1¥Y 3-2-24>9)F 2T,

o

B>

ki
IS

Mo
=
i
oft

3

[
frits)
o

rr

NEoR FYPHEE 30~

50

o

19 3-2-23. Sohe 2 A a9 3-2-24. goqie] 24 F

- 196 -



3-2-46>%

it

g YA FHLS <

]
H

Z)
2}

3-2-45. 2kl el o] Al

-
it

|- 5
= | —
2| ™ N
o el S
®
— | o S
A %
i i = o oo
Al Fal =
212 e AR Ee =5
™ W Mx Tl E| | s w0 W O = N ~
= T8 == N EAs zr
T Q| =r PRI olo|o =) ~ | o = M
S 5 |10 E SIS |V K| 5| TF| E|=
= & Hr o0 | 0O | ) = |
Q | Fo x | A e m
a) = | 7! S
N S|l a- oo
Al 8|7 e
]‘_ —_
T —
n 2 2
ML 3
<]
1]
| = AR AR =T o %
W | = N TE | ™ o | =
i) BIE AL
| =< T N | o
=

140mel™ 13]

L

Ju

gt e el 7pa A A A 2

R

A 48324 13 Ak 77

A

L.
o

}

[A Bt

o

Fabol 18] 21¢]A
ge

°
=

=

-
X

e
=i
=

K

19EA]

JAIZE BNt obyel A A AIREe] wol

A

o 7HaAl 471714
- 197 -

=y

[ e R B

©

122k 233 = A <
=

=]

[e]

H

A7+
A e o
ol

Et

TC
al
=

g ZP e
rolup AEzgoz

= e
3-2-25> e #r}



H
77
100.0
3.2
100.0

kel
H

0.7
9
1.0
33

0.6
0.2

2.6
33
0.7
23

1.0
12
0.2

0.4
0.1

0.6
0.2

25
21

(%)
(%)

3-2-46. &H A

-
it

Jo B & M N
_REEPES B oo oW
Wil FEl Cx2
OmOOmOm " 3 B Mw S
2w o G
o o ® o o
M E O No
3 gl P g
o ™ Plo T )
o e
ofy | le} jod o No
N\ T TSR X
o | R
= 53 o) do . M ™ W
N, § f27s.%¢%
Q
3 of _ﬂw Mu 3 N W A
= T B RO
. Z FLciizi
i =0 g o o & - m.,_
N Ay
D ~I o0 =
& #_Wﬂg%%%
@ Mﬁ ™ ! D T (VA= m —_
N g = T - <0
T ,l_x N
9 [y = = gro B oo R
gy A ™A O_ ~
el S o ol
8 1 B LR A
o n,é o 1_‘/|L Zn £3 o
S N S L b T m@ el
e d o = ®o ot
/ - R 2= A
o ol e = @ VX A
- M Mo &g © o T
Mﬁ - = oo <0 _ e
- o= oo
Q = jan ~ X
~ il Todow X oe M
K u W ‘ulL OL m;A 1rL ‘Mﬁ \WE
< 1_ ! X - .
oY Myooof o M W
Mmoo e o 3m T

- 198 -

g2



dofeE ggste Aow 17
AYe FET S oAtk AAE 97
5

of ¢j&s

24 AdE A

e 5 AT

S

ERg ), TR AN, 29

F 3-2-47. SEZAA 28 2GH]E A S

AR FRANA A

ZRAM ] el ofsf R

T SEG A 2 H R AN 2=H
) g 2ht) 74 g

TA7FA () 30,000

Ao (d) 6

W& A1 7H(AIZH) 4,800

AZ M (/A7) 3

AT 0.2

FETFH (A ) 3,000

1] & (%) 10

A7EE A ZHAIZ) 800

A A 7FE A ZHAI ) 5

el g u Al 0.8

Az7H04. 11 715) 1,000

o] ZH(/A1ZF) 2,344

B2/ AI7) 5625

2] 2] (/A1 3F) 4,500

ol (/A1) 3,600

71 A E(4/A171) 20,996

71 A A (/) 104,984

245 E(m/Y) 11.7 16.9

A AL (D) 2

ANAu|(/4L) 100,000(2%1)

2 Au - AN(™/YD) 204,984

Q2] ¥ E(%) 488

2k H] (4 /m') 17,520 13,840

- 199 -




3-2-
48. A A~

A
ar

: % o5 W
_I L
. — AF = 0
EEAES TrTEl e
N N W w ST i :
X Lo D o uﬂ_ W z. £ 3
e W B F - T
- o of ® = o N ot
= e oD D& ) .
w S ~ = B X ° - :i
) .xﬁ a %u KO ° X = " o_
T s : ; L
do ~ LG O c) +~ Mg ™ 5 : mw
m | O i _.E : ) OM BT 0 X o
‘s ) v o oo ot | MM
- _ koo A TG jo oo . oy
:; 1 o T T . T S 5 B me
1 = ___wo 5 o Muo T 7 " o
= X I ‘M_,W au ™ T : - = | ,ma
: R —_=
“ N B oo m o &ﬂ &
p T2 R L % o |
s - O~ o n el Mo
~o = ~ _E ~ 2 E :
m o~ K 5 W < m x & : 1H o
o 9| o~ o = B o - - £ oﬂL m
(= S| @ e = o W B Tz : | ﬂ
| — < oo T o ¥ 3 = mg
< o K il 7 ;: |
=% o = 5o oy o B :
1_,N_| ¢ ‘mﬁ EO ‘_.__mo — E.E dl . \olﬁ ==
= o N o— = R o T IZH WE
=Rz < & [ P g T e : q : :
N p < oo e o X i ] . : 7
: ,uAI < 1Xr_| . X < —_ ME 0 —
= 1§ . X o N A | < o oy
N Srs < X = o 71 o < et
| T %1%1%40””%@;} : x
|- T - N o W ook O ol = N e
?%u 1o§urmm c oo W oy =
< N kvl TR %o 8 nn ol g i ]
S| o wm o X - o 2 / : = . z NJ
%hmﬁmzmwﬂ%ﬂﬂn% : %
: 2 : 7z mrﬁ = r ofy A o
o el e TGO od o ¥ g N
g 4 & it o+ T o X = N N ¢ :
E ¥ ﬂk_zu%Adz 2 u
S T o o i XD AT , i :
T T o oF s o< K o = | = .
o Hl : U o Jl . (=3 HT
$ f < - N ol =R o
< W oV _ A ﬁ
. T N x
x| e E
K
o
NI

- 200 -

3-2-50>3} 7t}

it

<

=

T

Q

FATk 2=ARA 7A

©



45.0

B

X

37(4

™
Ho
0

17
234.8

3-2-50. ZAA] &
A

-
3t

2 (ha)

B

¢

(m'/ha)

ol

< I(m)
%4

o

3

A

S99 f4e g

fu
L.

%ok

Eal

A, 2702

3|

717 7pd & wet

4o

G

H

kol EFSlotH =

}

L

Ju

Aol FHAol a4

=

A8 18807 HHAAT
=1}

o

]

[e]

=
102m/mino. 2 A

=]

1

7]9]
A

A}
Al
[e)

=
3-2-51>3 gomn,
o} Fas

TSk

TC
<3t
o]
S

[e)

pu

Rins

A

}71A 7+4

o)
=

A7 Aol

o
Chy

o]
Jokd o] A

©

o

st
IS

J

120m7HA] AAEd

A

oy

- 201 -

dA FALe <ay 3-2-27> 9 <Y 3-2-28>3 2}



¥ 3-2-51. ~Yerde AY

T 2oy
A 2t 3] A} A& o] of5A]
L= TW-2321
72 (m) 835 x 996 x 535
=9 270
3 w7112 (ton) 1.8
% 3t ¢ %= (m/min) 102
Stoloj R I (FHF) @10mn x 154m
SpojolzZ(HEHE)

o8mm x 240m

fralE AE WA

120m / 100:80

26 x 43
EXLE FgA Hol ¥

HM WA E s iéah
19 3-2-27. 2ok A AR ()

2o o] AR AR = 149 0m, 249 90m, 349 120m, 44 80me] 43

AAE Het 95m X sk

N

A 9oz Agsa. FEY, 2LE, %
A, AR, AT, ZANAE EFAGAGOR S duka

Abol 2 HdTh S AKYPAIZTE <E 3-2-52>9F #Za, vl AY

- 202 -



ﬁc

z2Fe] 1243] 24 13]
AAA, FFF Al

A

A

X

2 veh,

e ge

2

o)
o, HAAFYR =

7], %

R
o)
o)

N

oy
NI

doky A aAx#Y FAL <29 3-2-29>3 ok

= o)) o © o ) o | O o ~ o
HZ. NS H || || =S| |S
o G |||~ ||~ ||~ |0 |
&

NI m 0 % op) =5 <t W < % Q
o
A= o) o) =t e} N
DR R I RN RN = =l = ol - =
MT| < — — — <
Rl (e Sl 8 8 lalf|=
TN —~ |~ | = | TS| S| 7] =]
o= = <t N 9 B
TR 3 | pn |0 | S|~ | | N D | o

o INrRE| S S| 7S s | 7| o

T

-

HIEK| B lo| 8|l |l 8| o
MBS | | =]~ 3| 7|3~ ||
AN S | |8 2|2 28|28
e o S — =) o
=0

o 0 © — © o
S || S|l |2 | || R |
o | S 3 S S =)
N~ N~ N~ N~ ~ o~
TB || | || WS | [ 3| s
i A e e i B i o I B
B ] ] ] i e s e |
L N~ N~ N~ N~ N~
Br Br Br ar =]
X X X X B
— @\ (99 <t

00
Kk
Mo

— T~ X=
~ ™ SK
AU R K =KD 5
H & ™0 ©
i r
i
(]
R L
9 U—A” h
KM
<
< 5
31 i
KR
21 &
oll

- 203 -



2gofr o] AdxAL A A QA E 645m, S HAALE 11.5m= &9 2

A5 ES AAA 26.1m/LdE FANEL 127339/ mo] 225U <®E 3-2-53> 2

o= FAZ| A agE 58 o &3}
A= R R S S I o i s B = B

V=T A FdEs FA% Bart de ol

3E 3-2-53. JAA 2= 2AIE - AR
T A A A ==
Rl 29 o
TA7HA (A ) 120,000
() 8
-8 Al A7) 8,000
A= AU (2 /A7) 5
S&HA S 0.3
ZEEZFA (A ) 3,000
o] & (%) 6
AE7HE A THAIZ) 1000
A A 7FE A ZHAIE) 5
T A A 0.8
AZH7HO06. 6 7]5) 1,200
o] ZH(Y/AI 71) 4,365
D77 (/A7) 13,500
T A (/A1) 10,800
Fr R (/A1) 7,800
Z 7] AW &-( /A7) 36,465
71 A 8] & A (/L) 182,325
AdsE(m/L) 26.1
272 A () 3
AN (/L) 150,000(3¢1)
2R u AN (/) 12,733
AH] M (%) 45.1
2-4H)(/m') 12,733

- 204 -



3-2-54. FANA]

-
it

=
) <t o
Wm © | <
N () —
"
%P ~ o | o
o 8| O S
i I
O] BN
2 o — | N
mh o~
Joo ¥ — | 19
g NN
Mo
—_
N
il @
i+ =

0

o

o))

el

u] 7}

==
fLs

a8l 5
AAA Ao 2 A Eff]ofrie] o gk Azt <

=

=

2202 dule] ol Fo] AAARITH
Fal 7hEE el A A

|

=

=

7h) =

S R P
% 100mu 9] o]t

bl
R
KR
oF

Skt

LA

[¢)
M A B AYAZ ol wE A

E

2

L
R

Al Zko] o 7]l
A

=o] 3

R

2

5

=

=

s e A

o

b BF

oo

g ol

A=

Iz
b |

o)A et o

3-2-30>3 <a¥ 3-2-31><

2
1=

Al 7ro] 1.1~15%9] 7}%

7b =kem Aol wel F P A8 B Aolrh
- 205 -



70 60

60 —|
50

®
H 40 Octs 2
= 3% B2

20
10
i ——
0.1-0.5 0.6-1.0 1.1-1.5 1.6-2.0 2.1-2.5 0.1-0.5 0.6-1.0 1.1-1.5 1.6-2.0 2.1-2.5
22AZHE) L2AZHE)

%) 3200 SO BREA aahy BA 9 323 dEAgA R k) 2

T} 23X L7

A ARFH Wl IS G5, A3, A5 AEel d5o] sl A 9ol
omxZE Fa 7he Agolth 1 Aol 7hle THeR HE 20m7HA ol 284
e v <O¥ 3-2-32>, <O¥ 3-2-33>¢F vk A8 A2 152744 A

7 Be FAWEE 04~05% Alol2 YEytt

60
50
< R 40 F
= oesaEs W oesEy
o WA 2 A 2 e B2
e W 20 |
0.0
0.0- 0.2- 0.4- 0.6- 0.8- 1.0~ 1.2- 1.4~
D= 0= 04 BE= Q= 1d0= 1= = 01 03 05 07 09 1.1 1.3 1.5
0.1 03 05 07, 09,11 1.3 15
QARAAIZHE) L 2AZHE)

I 32 Bl REEr] aas]les TR 323 the AR 2] 24 B

) 2AAA (Y EZ 7], choker setting)

A AH5E& 2ARZ T & & FHE Fa(hook)ol HolF= 57

S dete ojw) uo] =], JAle] &7 wep dwd S HolFm Mzboluh WL
= 2370, @59 A5 BE 56 7 A= HojEr %3¢ A8FH= AR <2
¥ 3-2-34>3 <719 3-2-35>°|M HE 0.2~04% Aol e

- 206 -



70 35
60 30
. 50 25
5 10 pe=sA H 20 g messA
L B2 s mHzE
-
¥ L
o : I’-I I
s
10 I
. AN
q ‘
0 01 02 03 04 05 0.6 & F & P LB
SARRIAIZHE 22A1ZHE)

99 323 Sele ZAHK e T3 325 DEAGAR 283 229

nl) 292 A (9 X771, Winching)

i=]
FH=YN HEHES ol&ste] JXEEZ =S FoW Ao AW dEEo 2

[e)
o
of 28%¥ AL 04~06%0] 7} Ekon I Y&

3-2-37>1 4 A4S Vet ek,

rlo
/\
I
o
08
[\
o
3
V
o
/\
[
o

80 60
70
. 60
£ 50 o=y
3 @ Bz
w 30
20
10
0 0.1- 0.4- 0.7- 1.0- 1.3- 1.6- 2.3- 2.8-
0.1-0.3 0.4-0.6 0.7-0.9 1.0-1.2 1.3-1.5 0.3 0.6 09 1.2 15 1.8 23 28
2AEAAZHE) L2AZHE)

F_E

T3] 3236 il SHRA eaA]] A 1wl 3237 vREERARE SHRIAL 24A18) A
) A A 5=y
FHzEel o8] AAe 2 AEES AYAE A Gkt e FAGL
7HA] ol Fete Aottt HAFH LA AGA HlHeted 1 uES
<a¥ 3-2-38>3 <yl 3-2-39>0 uEhy i 3=V B e AR 14
& o3tk

e



35 35

30 30 M
25 25
= o= H : p——
H 20 = 5 20 octsax
L W2 FERE B2
o
K 10 10

5 5

0 0

QA © A 9 N 5 o 9

I N N, R P A e A Y

& K KA AN AN o
Zonznley) 7 22A1ZHE)

9 3R el AATD Sae] A T 320 CREAARE HARE ade] B

40 50
35
30 40
25 oo=aEn 2
H H 30 [ [EEF S
2120 [~ ESEIESEY! Z
Fis 3! W HZEA
Kl ® 20
10 K
5 10
0
0.2- 0.3- 0.4- 0.5- 0.6- 0.7- 0.8- 0.9- 1.0— 0
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.6-1.0 1.1-1.56 1.6-2.0 2.1-2.5 2.6-3.0

22AZHE) LQAIZHE)

7 3240 BN 2AAA 8as]] A TE 3240 AR 2R 84A]] 24

oh) ©7], AA, F4

AAAGA Aggel H2g APAI] S8 A4 FALS AL WA A
A% dAnar] g 2a8E Aol Ed Aol 93 FANA Tan Q%o
2% AAthEA dshd] @ Bate] WAlHo] Aglo] A A Al ¥ ol
Ar AHe E=RY ol AeHE ARE 1EW eddolHe] Hdx, 49z

mel Ui goldt Ho] Hol B AFo A= A9 st
3-2-43>¢9} o] HAAE E A AQA WE
- 208 -

e <29 3-2-42> ¥ <19



»
2
>
Y
filo
o)
=
ol
e
i)

450

300
1 400
250
M 350
=1.0464x s v 08
200 = b.se7s TR 1 . _ 300 -0.269
@ g g F M 250
X 150 R PR N 200 y = 3.5218x
< . fg . < = 0.3768
100 N 150
LIS v = 0.7884x 100
50 4 R2=0.3877
$ S0f .,
o 0
0 50 100 160 200 0 10 20 30 40 50 60
FAMAHa2 (m gt ZAx A (m)
[+ 278 « "NFY — 48 ENTY) — 48 (33Y)] [+ 22871 « B9EA — oY (BYUM) — o8 (2287) |
a9 3-2-42. BhEA AR 19 3-2-43. tEA A A}
HAA wE 2P g v S JAAg g 2PAIRE v

) BAAYN e AdsE F4

AAAY Aol mE AYTE FAL e 2L Aol o8 T8 5 Ank

HAAAL s E(m /A = 13] JAAA x (3600/(FFF+2ZE 7]+ 2 AL A+SEH A
+A AN FF G AN+ 27 A A))
HAA DS FEUF + AAFHLT), 5FF(CR)
=AY DL FEH5HF 0 2ZE7](RO), SLHALY)
AsE EFNLd g FHHF 0 2714 2(CS), 27 A7 (CR)

Ay

N,

HAAZDASE(m/AZH) = 133 A A A x(3600/(CR+RO+LY+LT+CS+CR+PR+DE)
= 0.303%x3600/ [0.7834DS+1.0464DS+6.081DL+3.5218DL+(0.4+1.2+0.4+0.9)x60]
- 0.303%3600/(1.8348DS+9.603DL+174)

A71A 7 QA B9 =
AAFY(LT), 78 (CR), EIAA=(DL), 2XZF7]1(RO), SHHALY),
274 A(CS), 27 A A(CR), =18](PR), A A(DE)

B

Hr gAY 62m, SHHAAA ] 15mY o,

- 209 -



HAAA (m'/A12F) = 0.303x3600/431.79=2.53(m’/A| 7})

o2 AN 5 9l

4
X
—_
o
(@]
=
o

WE,
(o
o
=
o

o
o
-
i
i
N
N
N
k1
ol
ot
12
-
ML
rlo
-
N
2
Q1
(@)
(@]
=
9

[o]]
Q1
o
=~
9

(@)
Q1
o
=
KA

FYTRE FFY, AAFY, AAVF) PR A dFow dho} spuel Feg
ZAFs AT

2) geAy g At

goslelel A gHe AFEAY A9E A whle] 2zt msag R
#sle] zAbarTh 7HE 3

S <Y 3-2-44> 9 <Y 3-2-45>9} 7}

r
r>~
=2
rir
o
f

Y
ind
N
\]
il
1o
fru
Iy
it
tlo
il
o
2
N
>
ol
rir
ofd

9 3-2-44. 7HddE 2 A) a9 3-2-45. 7R AL

- 210 -



il 3

Lt R

2 2 Mo JA.M 1@ ol Ww No A X oﬁ_
E i S S T O L S
5 W WM Hlo Q = HoooF b N T
e T <! TN T T B g
s o} T X E ° T = M o
TE ooy o %° - = P s = 2 Plo
~ = R o 1 N
SN I 2| R o AF oL o= L
& - ,mmu AT ~X HL ) _/L
- : it oW o TN
L A5 “Cwmow ®E B T o E W
- = T ~ o~ [~ —
T ERNI N <X Fee
2 e X0 o or o ml_m o 2T W.m F
-~ o X T N —
o N =) i &o X . . N _,i
s M X o o T o oy W™
8 El fril | of — o o~ o =
. Koo wn o NoEK RO K
X .
. . . _Mmo o) ® = W M BN No oA oy
: : T T e R W N o " = o BN o) o m
EgE=zRERTIA = X do O Mo N
. {F peats) s = ,mwl ) 1_ﬁ| NogE ﬁl ﬂﬂ_ \ul =
: 2 F TE o op @ N
3 . N M -
|1 L = G 3 o T m N
2R ©RON S _ = R
P FEgsE ririts
. noE — K =
s € ooy X NE ST
™ = N wl%u R X oy ™o ) T o=
N o I TR G < w3 ﬂm ™ %
i % L Mowm T m o i T WL A
m A ool o= N :w T o= . o
_ < S oo B
= 9 7T _ o BHoom 1ﬂrr wp
2 z m M ET 0 _ 5.0 \_lryl . ,_.ww M
NN o Wu T ® o m T T o N
= o m S W ox % o W E
ol o T - = N w ho oo < oR
%o T \w MH ﬁo . ol aﬂ EO o.AI —_— [
: = A R R OR
= 333533533 3§-° mmmmmmmmm:u N X o 1] IR o B | R
e L o o o oo o K] B oo F OIE

- 211 -



44 Q7S Adets Fa AFe WA BEZ st Ao AA =A% 49

el 7% o] AEy)zo] Ak AV A e A

L

A el HeElslFe] ik

A& Fol WExA/|NN WEe] BawA BLFHA WA weh WA TR&D
Mo Wastd o thAl ZAVvel BawA WastA @exol wel s o)
A A FolA Adshy WE] BagA 4 weAd oA o] F thA A

o] BaFA A F2A 9] of el wel ZrAM} I E Rl AAVIAE AT

b AdeE Bgow A YAV ARE QAT Ae s)Ee] Hiu durge

(]
o
inj
rr
il
i
X
>
)
o,
)

(o]
<
N,
2
ol
o,
X
rlo
o
X
3
>
rr
ax
ot

ol
ol
N
r o
N,

N
N
—
BN
o
m

=

2 ok 200mAEY 1 oo PAANNAE FA4 AAS Adsa Ak

ol EALZ Yl <9 3-2-47>3 2}

- 212 -



AT

o

e
nag 4
R

AZEEM T

SAEA
st

Yes

THM A

Yes

A

Z9

1Y
E}9I0f

19 3-2-47. AAA A mAE

854
£t 9Jo}Ey

Hohe FPAA oA F2

ggsit) I FAME Jdx L=t vra AL F3 AR 2 H835ty 7hal
A AGIIAS o] &3 APAAES <F 3-2-55> E <F 3-2-56>0|t}. vk o 7]
Uebd W82 7|57 e olE, AFEA] oK me} W WIE HAE YA
tefet oz o] 7kt
& 3-2-55. FAAM(AAF 30~60%) A& ZGA]2H)
TE 24 ) (R Z=A AA ZA) Sk
o1x -
| gy A% 3200, EFS)ofr] - 9]
S - —
| e AL 200, EH9) o] - %90

- 213 -




T 3-2-56. FAAACAAL 60% o) A8 A5

72 | a3 0 47 27 2
Bk ANE Ea=kd b AN EF x99y

) 3200 Al 3200 ANE B
e B Belok | A E9)1]

t [ | @iy | wee | GG | e

IA AA R 2 =AACd SHE AHe AT Aol gl 20~30419] FA 37
< J@AE dAAsA. A@A [S.Ce= 334, A5 T0kg, 417 169cm, F @A S.JM
2941, A% T7kg, A% 18lem, ¥ @A} J.Y.J.& 284, A% 83kg, 414 177cmo] .

th Ae FAg4 2gEaEe] A wla



o
|
ok
TH

il
o

o
g

)l

I8

o
<H

toh Eu

450 Fhshelof @

=
=
ol

3

9] el A A

H
=

110%]

o 1=
a8 ¥Y

Aol e m = (1l 1981),

JEge W Iy
SR

|

[e}Ne)
a1

EER

]

A
=t

I

-l

7 of

she

}7F 110

5|

-
oo
NI

¥

oY

ki3

R

AR 7HA=

o

of Yoz

o
1

veel

o

F<=(Absolute heart rate)X.t}

Al g
=R

Z] o]
L =

Aegalel A

3ol

_CH

(Relative heart rate)”} o] Alg4¥ 1

7]

A Hl =718 (Increase heart rate) ¥ 2 7 =4 4=(Work load index)7} 27 =% 42

24 de AR sl

e F

3

Dz

} 5= Z 714 (IHR; Increase Heart Rate)

Ald
=

(1)

-
it

= (1)

£ %100

HRr

IHR =

}4=(beat/min)

Alg
f=lh|

Al

=)
2}

HRw :

}<4=(beat/min)

Al
f=i

g

ot

HRr

3-3-1>3 2

<i#

o
=

Fol 11(1969)

b1 915

7}3]

3

- 215 -



el

Light Work
Moderate Wokr

Heavy Work

Very Heavy Work

Extremely Heavy Work

<7FH&(%)

A

e

Algk
T1

33
67

33

100
133

67
100
133

(2) AL E=AF(WLL Work Load Index)

W w Zhzte] 2ol

o
O\j'a—"[‘

A}
2}

o] o2 77 2|

Aol webA 7<)

i3

cel

it

=0

w

FaLzap A A]

£ B3

2 7ol

1=
[}

—_—

7N 70 e

ki3

=t ol go] mEL. o7

H] aLo]

A

o] - Al vF4=(Heart rate reserve)ol

=

()

Gl

<R

~(2)

4

HRwmax — HRr

x100

WLI =

2+ Al Al8F4E(beat/min), HRr: ¢FA Al A ¥F4=(beat/min)

HRw :

Z th Al B+4=(beat/min), HRmax - HRr :

HRmax :

2 Aol s

L =
= AEHe

o A
bol Abgsta qlok

S|

R

oF

o] 40%= 7

QY EA G

A}
=

F =+ (2%HRmax)

Alg
T

(3)

- 216 -



~(3)

<= (beat/min)

=

Al gk
h i

21

HRmax 100

ol

3 A1 " (DLG; Dauerleistungsgrenze)

=

F4=+(%), HRw :
=

=

L

o

Ald

Z ) A k4= (beat/min)

% HRmax
(4) =%o|3y

%HRmax :
HRmax :

o A=

Q)
=

o]

%
i
JJo

o

Ho
H

|

BN

TR

oj
T

o
T
Jo

o

o
N

(4)

St Al Auk4=(beat/min)

F A A (beat/min), HRr :

pud

<

|
=]

Q.

o

o] dg AMgEI dTh
5ol

DLG = HRr—40

DLG :

;OL
Ul

el
T
JJo

o)
Bl

Ar

o
=
oj
N2

B

S

~(5)
gol 7be

=

=

A Al

Ea
L

}4=(beat/min)
2+ A A A Bk o)

)
J8h= AAnto s

X

Alg
=t
L
-

3 A
S|

3

9

=

=3

7}

o

]

Zke] A A] ]

3

ks
=4

(HRmax — HR7) x40

“#(beat/min), HRr: ¢+ A|
5

Al gk
=l

2y

HRmax :

Nr

Nr
)

A7F AP (BEER) ol

atad AL 94 Yepo e

3

ks
=4

3

=
L]

b}

9
hul

H o] A]

Hazrel Aol

R
.

@ ofm 2

ek

—_

)
A

al

- 217 -



B AR AY deolAe] Qe geHsE doh & e AdAdues

Z487] gaAE NPTt Aol e AALIAA 49 stel, 1wl A

g 2434 2o ehErh Telu oYW AU A%, 4Y F AGA A
ek sl@ el 1/30009 B2, 2001) EA8Y] wiol oabe] FES AL 3

u, S @A Ao w9 Aol 49 Fustel BaAs wAF] Ak
olef 5t ol

FAFE 3

WA 247 el oan |
Binkhorst etl. Y = 069X + 204 | 1966 |7 9l A
Davies etl. Y = -065X + 210 1968 | & = B
Sheffield etl. Y = -05X + 210 1969 | 7% & C
American Heart Association Y = -X+220 1972 |78 & D
Wolthuis etl. Y = -069X + 204 1977 |78 & E
Barnard etl. Y = 072X + 205 1979 |72 $& F
Drinkwater and Horvath Y = -0.78X + 209 1979 | & = G
Drinkwater and Horvath Y = -08X + 210 T s H
Ichikawa and Miyashita Y = -0.69 + 209 2 I
Ichikawa and Miyashita Y = 075+ 205 o J

slo] AL (2003)0] FAFSE 24

Fsh <E 3-3-2>014 AT FANL ol §3tel TaAN AU AYEE 4 3



I} 4¢] EF2 2 (Standard Error)®t (Relative Percentage Deviation)& ©]-&3}o] #4]
Skt

2
Standurd Err | > (Y dfk e (3)

(Y— Y)2 ....................................... (4)

Relative Percentage Deviation ps 2

N:gbzel %, YiFAA, Y ASA, df AR E

< 3-3-2>9 FHujdde FAA o3 FAA ] ATt 249 WY
o7 AAYLQR003) 0] FAF HdAdwsE FEeAe AidE <a¥ 3-3-1>3% <

3-3-3>0ll et

% EiE 44 SE R.P.D.
A |Binkhorst etl. Y = -0.69X + 204 10.12 56.69
B |Davies etl. Y = -065X + 210 11.70 73.20
C  [Sheffield etl. Y = -05X + 210 16.49 140.03
D  |American Heart Association Y = X +220 9.95 53.93
E  [Wolthuis etl. Y = -069X + 204 10.12 56.69
F  |Barnard etl. Y = -0.72X + 205 10.13 56.80
G |Drinkwater and Horvath Y = -0.78X + 209 9.83 53.22
H |Drinkwater and Horvath Y = 08X + 210 9.80 52.90
I Ichikawa and Miyashita Y = -0.69X + 209 10.45 59.18
J  |Ichikawa and Miyashita Y = -0.75X + 205 - -

- 219 -



Nr
<

]

A
>

?;l.

FTE 202 Drinkwater and Horvath”} #|A|

21(D)¢]
uj ol Drinkwater and Horvath7} #|A]

- A3t

3|

&

]

o
(G, 3 = AZF3]7E AA

GEE

o 79
21G, B3 vl =

Al AR A

Agmst =

ki3

é—l_

e
!
np

N

oh) 25 H

N

o

)
o
oy

N

—
1o

i

shof

A 7t

e

H
T

el el A

!

o 7=
g 110518 94 2

Aol glom (il 1981), & A3k

H71 o

S

o
el
e

Bo

o

—_

o

p—

0
G

—

<H
o
‘.__AO
|

toh e

3
&

of

)l

1=
[}

7t

KeX
=

J

ol

15
=

Kol
=

71 110

5

1=
T

Vo z #gd

e el WelA Al

il

7}8HA]

2 velg

CEERREE
ao] of

7_<11—
A A

g},

(1998)¢] <Al €]

=
]

v zARe] A, AR

1t
el
o
ol

o

)

E =

#Fel Aol

k3]
=1

Aol 3
EERELEE

L
R

£E2 =2

—
1o

e QAo ZAE QU

-

A7

=
=

A 74 H =

- 220 -



B 11035 H7] wiEel v At

W9

)
el

el
o0

A

120~1503] 24

Il
=4

30cm=203] /-2 W o R ¥

1

.

o glo}A]
bl feld AE

J

&
=4

°

]

A
=

&

2l

9ol @Al o

I}E <

3t 3

h=}

= oq

Aok mERA 2 Aol A
A %

=

-

3-3-4>°l et A

3t

ﬁa

an
— ©o | 0| ©
2|25
ﬂﬂ —~ — —~
N
S
©o | o | ©
|| R =
o 58| 5
_Z_I —~ — —~
A
TS| 3|8
ﬂo — — —
_Z_l
— ~~
el 3| x| K&
Ae | — — —
= o | = | o
%m S| = | &
X o~ [ o0
|l mw| o |
B | | NN
— . . .
X 1o =
B v = |~
" || n| ™

o] A3} WL

)
ﬂ

_—

TR

<

e A g

Ea

7t}

ted $lelA A

3|

o

4

)

N
Ak

to s @Ael Ay

S

&

21D, G, HE ©]

N

& el

g

7} Z+o] 30cmx*203]/

BR
—
i)

0
_Zrl
T

jant

]

Ry

A}
=

210l A

ﬁo
W

mo

=

o

JAFoNH ~HHEES

2}
2}

2

g)ell uwhet o2 A e ER ) 2

)\01—

ﬁo

el
Jo
oy
NI

—
file)

7E7E ol El e Aol flelA

t= o] 7ol de AbgHEY v A

o

|

L

g]

=
=)

o

L

Mol 24

Z}
-

o
&

ol
™

B

o

fuy

<

ugel

N

o)
=y

~©O

o1 %

=

=3

AFEA AD 7T A DR 2 =)

[e]

- 221 -

A EAFgel dy AMEH e &



=) 5 829 o)

Aeide Brketr] slete] shololwx AAAYA AAFYL Z4
oAt sfololmx Adgele] 24P ATAUAAN 389 AWAE o =
ot AFAE2 =o]7F 8mol™ 10°9] AFAA 45m, 20°9 AFA 23m, 30°9] Ab

A3t

W4 17molth. 444 3

AAYEE sfelojz=zs A

= A4 e 439

ol A

X

Jm.

ﬂ

g ARE

Aagee A%

R4

=i

e melskel 247 AEAALL 0, £10, £20, #30% ZAAA A
QlatE Zel ARA 13} Zo] R=AS o] &ae] ghojoj®

th Ao g3 dolo2z e AR Toll 28 YA
mm A oejo] R E ARSIl =S o] &5t
How doly mAel 7]53ste] Frtstsitt.

45 Ane

¥ AN Hrbsy] $iskel 30°, 20°, 10°¢] AAA vlelmte] 9= A

<Ay 3-3-3>, <2y 3-3-4>, <a¥ 3-3-5>, <219

- 222 -



F o=t (g

- 223 -




a9 3-3-5.10° el AN A1 v

20
18
16
25
ar ..
im U
ol #
ml G
a
2
0
0 5 10 15 20 25 =0 1
AlTH &)

19 3-3-6. WA oIA AAAZHE Ao W

30° e A9l A9, A FuAe] FAHe| = shelojwxe B fste] A
gl WAE welm b Fol Solojzze] A A AAFHo| FoET}
Al M=E wol: AR wol: itk 20°, 10° Wl WA Aer Agel 7l
28 wolt Aol 30° WA FASAW, 1 Hi gykelA QA AAAe] 2
AX F7bshe 39S wolm Ak 1 olfi AAAY F7bel whe Aok s o)
olojzze] Qol7} AolAA Addalel s FAF Frkelr] WEe Aow wuAth
Sfolol =z E7] 41 WA stolojzze Aol BAlM o|FolAE Aglolnz

{0

O

- 224 -



A7k dol el met 24

J

[<]

o
-dx

W W ol
< 9 "™

= Mo ™ T

e

A O R

I I
. | ﬂ
v 2 X ow
om0
) N mwr_; _ﬁ W
BoOVOR oy Ao
MooA 2 ) ol Mm S
ol T ﬁ. DS ‘m: T
" PR oy T g
SiBers
= T oy oo 27T
~ 0o < "
NV g R o
A oo T o
o oo o

~ i T o
o zw = o I X
CECI N
= N

& E ﬁ iy
T m
U TR Sy
%0 ~ —_ UT_
Nr,._ w ﬁo ul M ﬂiﬂ

< .

i o M BLEES M m]r
TS - % °
TRX S ©
O < L Mo
1xﬂ T ow X7 —
Fomo oo W R
ROy ERFE O’ R
" ™ T
X B = a.:- T MW ‘Mwm
M <~ B T o
< T T ow T o R
o T olnoxowm %

a0

id

FALE(T)
- 225 -

=10




-”.
=]

—I—l—.

=)

(BN S O

L1
=

-”.
=

&
o

20

0 =10

=]

=30

HAISI(E)

‘.mwo

%

EATE B

0] %)

o sfolojmm 212

ki3

NA4ADE o] &

AFA AA7A(S

[e]

Aol de AgHT Qe &3

i
=

27 A

N

EEREIEE R

ol

Faek AlEdAE

Xé 5

3

H7HA B3

SNETE SRS

e
.

3, 2AEAAY a2l 94 Tl

‘.mo

el

o

3t waariol o

A9

LA

|

—

o

)

HSA k.

S

oz A

=
=

997

A 379

A7 AR

1

N

melste] 2t

45m, 20°¢] ARAA 23m, 30°¢] AFAA 17melth. AR GALS

2ot Bl

s

|

0, £10, +20, +30% ZZo|A HAAYHEZ 9jojlo]ZZLE AQ

CREREE:

12

o

A

spoloj2x g ol &8 HAA el glojA spolomx

3-3-5>0 YE ST,

<#

- 226 -



%79 o] BrhEE Aow BT Yovt AMAAL 10° naAe 45m, AR

AR 20°, B Y 23mel APz AFEAAE 30°, EAAL 17Tme] Azl 2

F&& 7h7t 87.8%, 98.3%, 10.8% = ZAbE o] vj
% I E =5 (Very Heavy Work) 22 EF= It T3 AFAZAL -10°, 23 AZ 45m,
APRZAAL -20°, R AE 23m, AFHEAAL -30°, RaA 17Tme] APz AFHAAL
0°, AL 50me A=z HAe+E € s MHeavy Work) 22 75 Ut

ooy | SolTEE e
AR | e Ae| AOFES | BT | A9REAS »
% L_X _ &7

(%) AN | (3] R) (%) °r=

(m) ) (%)
(x)

-30 17 196.7 102.1 23.0 50.2
=20 23 201.0 108.7 28.1 50.2
-10 45 351.6 116.2 33.9 60.7
0 50 383.7 1145 32.6 58.3
+10 45 377.8 135.9 49.1 87.8
+20 23 219.3 143.4 55.0 98.3
+30 17 214.7 151.0 60.8 1.88

BAGYA Y] AYPEE <E 3-3-6>0] BT FAFEAF A 40%E
dom A%H ggle] ¥iksd Ao ks Ark ARAA 20° BAAY 28m
o AQEI A 30°, BaAAY 17me] AAEAN A= GG FEA ST 488% 5
581%= £AFH 0l % A9 Az haAMNE RYVOZE ALHA FYo] Brbs

otk AAAAL 10°, RAAF 5mel AQEANNE 4 BEAF)

- 227 -



309%% A& bse @Al W FHI e JERNATE AT gl QoA
= APAAAL 10°, BAAY 45me] FgxAd AAHEAAL 20°, B AE 23me] ez
oA Z}zb 708% ¢ 87.3% 2 AME O] FE wF(Heavy Work) o & EHE S om,
WAA 30°, RaAAE 17me] #FAzAe] A= AurEsbge] 1039% 2 wg JE

=
=(Very Heavy Work) 2. 2 H7= 31t}

—|—‘

E 336 ARG AYYE

—
s | wage Aw| SRS s | gageas | desote
BAAYAZE |
(=) (m) _ @ | o (%)
(%)
-30 17 163.0 100.7 21.9 39.2
-20 23 177.1 104.6 249 44.6
-10 45 310.2 114.9 32.9 58.9
0 50 370.4 1154 33.3 59.5
+10 45 377.8 123.6 39.6 70.8
+20 23 219.3 135.5 48.8 87.3
+30 17 214.7 1475 58.1 103.9

oo AYA AQINAE ol 8T FARY ) AR Yo
1) OWASEA 7S ol g3 7 <

o]
AFA AJ}NAE o187 AP thefo] spojojrz £7] H 27EA, Y F

Aol A ek Aol tstel AQwe B AuA AR A G
g Wrbe AN J1ERe B AN Auke 3 BRe] OWASREA /Y
2 o g3te] AAAME Aol FASAL. OWASEA/M S A 4 - sk aeiz
Lol AL olgste] FARe ittt AGBAAT AFT AAAA BAYY o
24 Fulel A olF e MA@ Fa &7H7] Aol OWASTIHE ol &
stol AYAAE A% AYTHE Z4 vk Uk OWAS/ W BF AANAE
o, @, dele AA ool e 494 A dE FA 2 9 =8
Reta Ak o] BRAAN AN b2 BRAAG Aolde 2] AA ool

- 228 -



H

(Effort)

ol 3]
= h=4

g9 o5
AAE BF AR R, o7l SE/8e 22 374K

2

|
o
Mo
N

25270

W omE
o ol

EE

Hero 7 A A

=
= 1l

=
=

2]

=
=

oj¢} o] 4x¥|® HdH At

o] vpett.

ot
N

B
o
R

oy

il

ol 7 AAFEZ Ao B

o
pul

Wt

BN

o
=

7
T

3-3-7>3 #o]

-
3t

ok, OWAS7|H 2 <

Foll wek A 4

al

=

A AR

A

i=]

AAE A

T

EEE

13

3

9
i

e,

F7HAE

243

] zpAe] o}
7 A el g ApAle] wA ol

el ok 3t

E
]

W] 24 A

{ﬂ,

Ve

3-3-7. A AHA

&

A AA

i
i

Eils

A 214 of

A

bk,

9

4

=
l

HAA =
- 229 -

Z}
2}

1
EEEEE

3-3-8>cl et

atoq

S

-
It

2) OWAS
OWAS7IM = °]&

ZAJAA ZE=E <



E 338 JUAARAE o8 ALY AAAA 2E

AR 5] S Hi=
2 3% 4l
1 2 3 4 5 6 7
5 2 30.5% 55.1% 8.9% 5.5% - - - 10095
A 97.5% 2.5% 0.09% - - - - 100%

& 4] 8.6% 0.8% | 280% | 4.0% | 163% | 12% | 36.0% 100%

Elacy 84.0% 09% | 151% - - - - 100%

slelo] A, A= 1(Fuz A Ag)o] 305%, 2= 2% e FJZ Wil 497t
55.18%, #= 3(HIEAY do 2 wil: A$)o] 89%, I= 4oy HA=Z w3l )
MM doz HF3AY HEE F$)7F 55%ZE ZAEJTH AR FAdmEs 2= ]
(FZo] BT of7] Eolrr} ool $1X])o] 97.5% H= 2(3F Feo] ofZnTE o <
27} 25%, Z= 3(FFo] BF o Eolrtt 9o 91x)e] 0.0%E AAsHATE 3HA
o] A¢E IE 12 Aol 86%, ZE G TAS Fiu HEupE A A9)7t

583%, ZE= 3(3F e FAES Fi FutE A A9)o] 280%, ZE AT FAHS

1(10kg ©]3F91 Z-$)e] 84.0%, L= 2(10kgolA 20kg)7} 0.9%, L= 3(20kg °l4he]
1519%% AAm 9 Aoz AU ol gelA ni uksl ol JUWAYRE of
83 AARY e AAlE Ay YaE FA oy}, e 84X FHe FAo
A Al elA7t Qe
A,

A7) QAL ol 4 ALY Fo eaDAA REES] D 272D} B
A date] AAAA FEW TEu g AR AAE <

o}

- 230 -



A AA

= o ]
W o5 | 2
- = o~
| = €
(@]

AN o
Wl & | %
A= F 10
—

AN o
Wl 5 | 2
A= ™ o

=
<

b

A}
S,

A A 2

K

)

o

o)
el
oy
X

=

of
w

uie)

N
)

b

Al
pi |

OEES

L

.

A

5

=°]7] 9

=

=1

5t

°

T

491y

Z] o]
R

A

A

%
<!

= A 2ARE S, A

Tl ¥

qle) Aol AA

I

o]
py

N

T
,mﬂ
]

B
gl

K

%

i

_'_?_

3

ks

At 60 =

1
.

Yol ABHANA o] Fol Ak AT A

5

oF 4¢
7} had 1,1872(120m3/ha)2.=

SEESEEY

oF 19%=A dHtd o=z 7hAA APF7IAE vl

A

ﬂwﬂo

o)

&l

o

°F 19%¢]

/ha®] A|A = o

pu

Aol A

AN
L.

=

’

4. =

I

Zka, A 60 1,187 /halo.®2 2 E Al HolA 34
HA7E AAIE 7] o) Fdel oln] AdwS ol&

ATt

R

pu

°

RIESIE IR
2¢] o) 44 of A

<

gto o

=
=

AA

H
el

o

=)

B

jariy
o

el

pariy
o

o8

=

=

R ER
SEEREEEE

)

3]

ge
A
- 231 -

A}
2}

2ol wep x4

hya)
=<
ATl A

L

o

A ol

b e,

3

e

9



OIEEEE

dofes AAELS 23 Qi AAA AAGH Ik o] A7) A o
o ogAlsh FAAA Sl By AHEA B ATdAd: due s olgw A A4
A9 ke ZASAT. e 245 1903 27 1908 s F 29 122 T4
Hol AAHh A 2 AWAA 2ol

- 232 -



b
P
02

n
|
|
EAHMH e | 2| =zzag
4,
KIH/THOL,
EN
=PUES "I g . T %2
|
|
3
zwam

Hud AAGE TYAARsgd A AAMNEE GAFNRA Bhepsl =9 5

& BAT WAl NEA AAPHE AFL YEw) AN F, B

Y 3311 =Y GAREE ol &7 WA

- 233 -



SR QARG ol AW PuE 245 1903 27 22002 T o

Qe A g

o
>,
>,
ol
o
N
=
Sl
=
2
2
-z
ot o
[

3 | 274 goele
Hol ZHA eI A9 sk mebd hEA AARES o T AAWPAAE 27
2900 el AN He Ak TEA AAFES ol 8T AYeAE FHAY

=7, SHAA, AAFY, 2AA

2) 7HAA AAVNAE 0188 EAFFAY] axFd FAH A

2 AT E Fyg st b
th 2 Ao A JAE AAs] Aol mE JALES ued HAe} b AXE
pRl e EA A A JA YA o] FolA e QA oiE QA A A
ekt
ol g ol&d JALAHN A JAARE ol & AR oM 2%
FAAIZME &S <1y 3-3-12>9F <17 3-3-13>°] YERALh ubr]e] FPEE
A g doiA FFP 9 AAFY Hx= AA FPAREe 25%9F 26%
AbEIQITh, ofol whale] thE A FHAIAe T 2 AAFP 2nFPAIT v &
747y 19%9F 12% = A= Ak g el 4
AFe AR &) b A YEbEa, gEd QAR
a8 3 FFP19%)e] o2 ZAE AT

3 oe o
r o Tt
AN
ol
;O

h
BN

flo

e R
= ﬁﬂ
(243 1

i+ T B IEEE 7
(2l
15%

a9 3-3-12. gele AAA e 8RN 0E
- 234 -



o ZRAA dAT7IAE ol &% = A

_/,:
1) 747 AAANAE ol 8 F BASEA

Ao 4o E ATE=9] PolarAbzh A&t AAubE S 54 71(S8100)7F A S
th S810i= FH-ol Z&ste WEA ZAGF} AAFY vk 7| E52 FAEo 9l
oh(1g 3-3-14 =), S8I10iE o] &3] 7FAA 719 ek 2date] 2 Al Aubgo]
g 3-3-15>°] YeATH

MaE dsHoR 249 AE <2

19 3-3-14. A 5747 (PolarA, S810i)

- 235 -



114

W5

&3 ol

==

957

R

pu

=

-
it

ada
Ete a2t
7HA

[c]

]

A

40
249) 7 o

el
19 3-3-15. FY Al
7Fat At

o

]

=2 U

=

AR

b

1

A 2 #

S

)

N
dn

—_—

HRr

x100

IHR =

=7 (%)

A

=13
=

HRmax — HRr *100

D FA Al A (beat/min)

HRr
- 236 -

WLI =

(HRmax— HR7)*40

g (beat/min) :

(%)

€]

L

A

9
pd

# o 4 2t (beat/min)

z+4
zkd Al A 8F=(beat/min),

Exy
=

ERPEE
A

HRw :
HRmax :



=
put
ﬂo
_5 r

1ge BALFAA SAH FYBE

A7NA=

o)
=

2) 7FAA

T E <ad 3-3-16>¢] U

ﬁo
o
T
il

<

goAe AAzde] 2

T

120

1o

2 8 B R

—

&/ EEmEEE

zaw Answ 3wIW UYI2

E R R

|

i 2EE’

g ©

a9 3-3-16. Zu g

tel 39.6%

S

¢ v

3-3-17>°] YERHAT

- 237 -



e UIEsE PR

& 8 8 8 &8 B

¥ RIEA M z2Ads] E3Y ANIY Fuds IAYWE

Y 3317 BEA PARE o §F YALYA LA FFA S

Aol Felg FHel Pt diste] A&KAPIATHS AT AAEs <k
3-3-10>0] deEbl ATk SoAg et ohEA JAxe] JARAA FEAdwErt 42
10173 11172 ZAH o] 29 A9 A&HAY A5 &% 119.03] R A
Uelod 909 Be A%y @AFH £ 10343 BuE 2 AoR ALY
At

;

# 3-3-10. IFAL WA A 54

2 A 38 170 57 182 7 119.0
Zl9d B 59 167 56 161 65 103.4

LTPL : X&z¢ 3 A (Long Term Performance Limit : 19 SA|ZHA =42 ¢ 244
2 27 F45A] @i AHFHoR AJSES sted Aol gle o

o A

- 238 -



tol 714

©

zke] @ aAglel o

o M o= 5 L B
= ) =
ML e g wﬁ T = - o
0
Mr " %_ H " i O 8 m o <2 o o fin
W oNo o o M# Ar - o o5 Ao
AT OM v L O _ T o
oMo X o X I+ = o
W4T EE K X «© N .
T oM 2 W = » a = o S & e o
— —_ ) _X,.# <t
~ M N X ® - .
I T T W3
E mﬁ \m_ﬂ % .m IC_.,_ ﬂ O_ ﬂ_wl MM
x O < © =
LetPce = 8| 2| 8| 3 G
SRS RN 1Y
X H o O O - <
0 mo A X0 X ~
"R o ~ =0 NE LU~
) I ey | v |
= W o ho K : o .
— X 9 ol AUBEESY =0 53 0 ] Bt <t o o T =
~ S ) i ol N < N il N < MM = TURY i = o
J < — -
FSEl e z = 5 oaHE T
- ~ K i~ X — =y B al -
w4 4 Foxn N o o o)y
iﬁogmﬁ%@@ A R A
= X o ﬁ & Bl g - 3 = < <o
poT T 8 OO - 5 = e
£ W T . T T Njo 3 Wa mnﬁw
Trflzze ¢ |E 5T & T3
H E 10 R fro
.ﬂw‘.u - HL i ‘WL NS B Hl mmﬁ ZT < 00 —_ = =
o N = 5 W oo N X — ~ s T A
R &3 S < Ho ™ = =2 o = = 0 T %
< o % A i RTINS
o Mmoo N i — o] of B
A oy e o o B ~r (- X | H 3 33 _ ool
— 5X O e TN Y A o | o X A= W/\ H T = o Ho
— o .S oo | N i B i
S o e fall R S = N o A
" AR X o o x| | 2 y X ol
Tox FPow Mok G . - = | & = T g g
;Mo o T = | D o o X
= — 2 =" W | _ =
Ny X _ ™ _ T ® N
Mw\v oi R o N o = Mm G % 9 <
s B F A N w N T
e N X To
T X M E
=

A

Z]
2]

Aol Qo] 7 del AREE I e
- 239 -

]

%8

3

] o2 olo]A AbaukAl o)

2k
il
x B
Za R

.

ATl A

o

H

ZAZ A0l AN 7

el



Heart

A 4=(HRV;

ﬂw_wo

o -3t st o,

=
=

Rate Variability)

Kalsbeek7} 4 8k5 7] 9

R
.

Aot AT

7}

ﬁo

22
~

R

3

i

N

jop-

E2Z7)E <29 3-3-18>94 HE upe

st} Rebe] 7HA(RRI;

g,

R-R Interval)o] 7}Al&= F71& v

|

-

I_/- -

|

|

O _‘l

]

=72

% 3-3-18. RRI(R-R Interval)9]

HRV (Heart Rate Variability;

L
JE

F o
& wEsrlel wsket

oful = QluksiEo] Al

pu
R

o A
A =3k 1 (LF,

Y
A

1o
ﬁo

i

3=

2

Low Frequency)¥® 0.15~0.4Hz H% o] 1534l (HF; High Frequency) & T8

A 0.04~0.15Hz H %1l

S

R

e

F3 Qe Aoz dEA dv =

5|

ol

~
ol

b

I3
hud

LF/HF% T+ LF/(LF+HF)X & A}-&

7ol =

o]
_
,mo

oj

A7) A e olE ] %

o]
=

2) 7} A

- 240 -



at7] flsto] FupAAgA el SAEek wAAdA e S EE B s FagalAd

A AAZE Ades =713 d8ag Aol 243 s Aoz dyA du o
A

of wtate]l wAAGAE AATE 2EHAAGEHCAA 43 He Aom dEA dn
<" 3-3-19>0] tEH FAA eodolgel lojA a4z RuilAA e &
AEE YT 1A S Blatste] b Al HEAIZ7F frefsh =& Ao =
AR AL eE waste] VAR FdAel= AV EEs el &5 H
= HFAI7F frolatAl A s o ZAdA e A= HFZHEY & Aoz add
d

g TEE

2% 3-3-19. =4 JAA eddely o] ez FuAgA 24 s

<2® 3-3-20>0] tEH FAA eddolHell dojA ez wibg A 24
=S Uit 2EU A FEA 2438 He uddAe] de2 <t ek v
b

ato] ZIAIEZT O FosHAl we Ao m AT Al A

>
=
e
e
o
>
S
=

-241 -



434

SEEE

F49

a9 3-3-20. o-EA A eHeolE e 24%dd

D A9 w4

A Ad7IAS FY

=

A AL oA wmre] ade

™

—_—

X

oj
0°

,mvo

of &=

Az el A

DS
o
o

¢

N

»AO
;OO
o

<!

[e]
Rl

sl 4

i

247]

[c]

19926l o] 97} 73

L
fu

o] 9lth. el A

0

B

EARI = 9h AL

Aol M =

K
L

a7 918kl

37r

=

W A e,

H] ol

ko3
T

Es

X
_Z__l
il

)

1987 = 5-H 1989 =74A] 7l %

- 242 -



o]
w"

%0
)
%0

oy
e

g 7b ol Aw A Fel dd

il

Mo

bl o,

A}3]

200m

100

s

24T

=t
=

A7t 37

a9 3-3-21.

ato] 379 ZARA

o ZAbRtel] o
ook 3709 FA}X

S

77}

€

B
A

)

k=

A

Zo] 20cmitAC® HASFS

il
—_

o
0

X
_XT|

Atk

3

A

HE(Rut)oll 2+zt

R LI

goa <l

s

CRlk= sy

&

i
i

tel gl

S

+3S 54317 9

- 243 -



o3
oA
or
08
Q05

=0lim
i
r-

03
(LR
ol
o0

gel Myow FuEve JTe AAT d% wve =
ekl gl

&

ZU S L3sla Y TAX ) mZ Fufule o
& dart v e &S AAS] flske] <29 3-3-23>3 3o

Zoto] SAZIS} TEEvel AE mHe] ZRddR

—
v o= =000 + DOSSE + 00377 f-:f
A? = 09952 -
-ﬁf
ﬁfﬁ;r
=
1] 5 n} 15 20

Haim)

78 3-3-23. =de] Zeud A& A}

- 244 -

2dS <a¥ 3-3-24>¢



AT A(BARR =)

AR FOEARS) )

2AFRE I 9

19 3-3-24. Ao A4 B e Zes

flEL

- 245 -



o, E, F= EAIYE

()]
=

2y}

& B4 Agimel

o]
=

Z2 3}

ZAEE A, B, C, D9

%0
o)
°

=
H)

al

zZatdoltt, EAMY =S =

H)

1
R

a8l G, H, I

i

o]

ol

Hoz =AA

Bl

ﬁo

A

A
Y

7he IS08608 A1 Al Al gk B

3

3

]

F k. ISO8608¢]

3|

= A

E

7}eh+=

3

3ol

= °l&

]

<

o 2}

H
eyl
TR

ul =] MIRA(Motor Industry

1
R

el A

l‘&

o

SEREY

==

7hell a4

3

oz

[e)
of e x=HxE

st

&

g ol

s

Research Association)”} A ¢

A A sk A

8)=

(3)

Gd(n) = Gd(n0)-(n/n0)-W

9+4=(c/m)

n0 : 0.lc/m(E =

N
B

n

It ZEAG(GAn0))

=
T

B

iy
A

1
N

—_—

0

2

| A5es]

=0

A9 Y

Solth, 2Ab

SRRE R

EA g (w)E

o

S 1 7E&717F 27F Btk (Bekker; C1968).

ol

Itk 1SO86089 = =we] 2%

S

7h= 15086082 WS ol &

- 246 -



N
)

T At =

e

3
o

Dz

3-3-12>¢} Hlu

-
It

FRE<

22|

o)
P

3L

=]
RN

EHZEE Ao A H7FA ¢ SYAIR +

)
27
i

o
1

T R (IS08608)

=

)

3-3-13>9]
o] -&A| 7k

F7h it

-
it

a<

S

Z=A4(1E-06m")

3

L

2

A=

o 0 o~ 0 o fon) o
& N — < & © [
o — i) S — =~ =Y
i S e e g
<° —
© < © < © < © <
— © e} N o} 0 o <
N =} S e} e} —
H = | | S| J| o
B I B
o 0 ™~ 0 N [on) N
o N — <F & <o} o~
. — o S — ~ =}
o o\ o0 N —
e o o
file) —

ISO8608<]

A 7F T7I8= A ISO8608<]

3

3

1

TA7F 170124 =ARE FE A

R

.

el

b Abel gl

S

e
=

2o Do

|

b

AT 339524 7t

%

—

o

4
o
o
ToH
o

]

N

- 247 -



- .
el ZEASF - ISO8608¢1 ] &t
1E-06m’ THERE LR
= 633 2.86 D
EARY =
2. 1,281 2.86 D
= 1,636 2.11 D
EARY =
<+ 1,314 2.72 D
= 15,019 3.80 F
EAR Y =
<+ 3,167 3.05 E
= 809 2.58 D
EAAY =
-3 3,254 3.33 E
AR T 9 3,395 291 E
= 3,141 3.69 E
EAl =
> 2,018 3.74 D
e 1,456 2.89 D
EAl =
E 188 2.26 C
EAlE At 1,701 3.14 D
Z
el = 796 3.10 D
<+ 195 2.44 C
= 1,122 2.75 D
A =
<+ 469 2.49 C
= 1,279 2.77 D
AbE =
< 808 2.69 D
A A= HLt 778 2.71 D
AA B 2,119 2.90 E

- 248 -




A W] ot 7HE

<9 3-3-25>0 4 Hi= upe}

L
R

of AHEH X9

=

=

A &)
B J)Foly FUAAE A}

X w of
T R Ho
A Nr 52
~ T
™~ MM R
- 2
% or
o T
o 4 NB
oo
i 5
—_ X o
o & =
. T oj
o MW o
~ o TE <
g i~ =
) ~
0 N ob
. ~ L
e b T
e 2 &
& CUBIS o
—_
< . ™
H R ”
17_NO ‘wl ﬂ.‘% @M OﬁE
oF X o N
~ i it
oo o Al wﬁ
S = R
C S I S
Tex Iz
,mﬂm o - 1H Mno H
o i _i o oy
NEooF X NEo
= o M w =
R o o o
—~ A & ™ - N
L = o TN
<

ATt

o]

3)3 FASE(SET]o] 193 29

- 249 -

AN Zrpm 1,800rpm} 2,000rpm, L2 i 2500rpm)S L



2) A4

x
= Mo
= = o
o A =
o Hr M.m — ol B
7= A w0 o e 4 T o
AL w T LT WL Lo 5
N = -
= T o 3 D& oy
q”o N LW Hou T o= i w_. ,w,.,__ o
S - ALY o Wu Wa - ~
m = A BN x5 G
- W w T E <
v : ERE B B
o 5 w 3}2%1A o o
B r = o | rd N N
o o Il T S BT
Mo ny = T [ el = 4 O
~ 5% Ho ey <X o oy o N =)
< TR 8 ) = g = e P oo Tz
B A W ) L M
m TN W w T T XY ¢ om BY Ho
LS ™ oo T 5 T 2 e v
ﬂﬂhﬂiwo_ - ® mmam%mamo}tﬁﬂnxn
o E < =00 Jo BoF G G
X ) - =0 ol FEE ~ drowe
| o) H._ X ;o‘_ 1o ~ < = N _L bo =o N ﬁ_.
< do = do Nk X V IH = B R 3
ﬂq =l ~ o . ﬂvﬂ Mn 53 OE i_u H_W N zT < -
< = o N g B S e )
W T ow ROM s ! y T My 5 & BT S
T M A - ow MOF T g N o o=
= TR ol w | « R = <
M%Mﬂwo O Mﬂ%ﬂ.%ﬁﬂwﬂﬁﬂo
S f T 5 « = = = N S ooy
vﬁ _ X < =3 - - = Ldeess Lot ° m ﬂN_v mme o X \ml
=0 > X < . e N T A o oo =
2w T B . R S B Mg T L w
9 oR ] s = S oo T s @ F i
. N o) XA SHECE e noox g — o flatl o
~ B o A @o R SeC W_ T B = i o m__ mw 4
R gazaﬂ@l%ml
T T W oo & < = N X = = o)
B Joo BN T T 5 N
& N T c3
~ nmo ooz T = m Moz Jo
Y oo oo O < Eal~
| X 0 IYe) o7 N
GO = S = ¥
=) .A.rv N % 3 X
S R

- 250 -



8 A4 osdolHe JEEE neld AYALH FHS S ol RAow
doEt 4gAwe A A9 Ags] AdAE A AN B FISES

SRE PR esdoldA WEE ALt St AYN2WUL TEF Bast 9

i

o
o
L]

o | z 3 4 ] &
Sl § (km/ ke

il

O 3-3-27. FAS R B 1454 7Hs AR

106 |

A Zhi )

L
=

e

19 3-3-28. FEE E 19777

- 251 -



2]
d= Aoz dAddn. AdxFe] 1945 HAd FAH7Fe Ad(@AAZ)= 390mzA
T

(A& %)= 1.2km/hro] o).

Aol AN vhst o] exeolE e WEEE yeld ANYS ANAE 24
A7t 194 FabsAng o g4 A4ste] 13 LA Azte] 185247
2 zusH @S Agsolobdth £ $AAYY WEASE F SARYAT 1

A AV A 2HEA GEF ARHolo} & Aol

ok 7R AA7IAE ol 83 HA A SRl AFEzel wE 2R
&l g}

D A7

SAA g BN 1wyl JpAA dFVIAE o8 BAFEGIA A" F

- 252 -



oA e olE ek Wl g)
ARG A sfoloj o] A1, 27 A

AR 77 AA7IAE o] &3 SA Aol At e olE o] §A4 2]
FEE A S/ S ol 88k HUhE A
wEH A 2y A AJAZE Tl AAAA T 2B5%=A A A
AAIREE] wlgo] Syl Wil SAA Aol AAHor A Frhd AR @
dEnh AAE A B} sfojol X A} e] AYALAFE o] 83t
AQFEE 7 A, sholo]mE AA]]e] A9 AP AL 10°, B2 45m, A}
AAE 20°, BAAE 23me] AdxAs AP 30°, BAA L 17Tme] # =2 A
AEHoR Aol Brted TUmTORE EBRHANGE 3-3-14>. T, BP9

fins
>,
o~
ofy
=2
-
i
L

A= <FE 3-3-14>0A] B vpep o] 2494 304 Alele] FA 4 o= M
Attt v g HAy Hd ek 1913]/F 0]t}

E 3-3-14. 9@ AAA 54

2 FHA AN | AGANE | el
A 30 74 187 113
B 25 70 193 123
C 24 62 192 130
D 24 73 192 119

- 253 -



b ARy @ stolojmm Al APx
A
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1 : Contour direction, 2 : 90° on contour direction,
3, 4, 5 : moving direction, 6, 7 : Direction of cross grade
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Fol3 53 A d(beat/min) : DLG = HR»—40

A &% 841 5 2 (beat/min)
ASAQBASH = (HRmax— HR)*40
HRw : Zg ] A¥<=(beat/min), HRr : Al 48k (beat/min)

HRmax : # 4! ¥<=(beat/min)
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F 3-3-16. ZgA]dol SloiA gz B el el Autge] FadA

@z [AFEAA| AR A A R’
S e |y = -0.0036x2 + 0.6465x + 89.042 0.9793
25° A5% WFEF y = -0.0073x2 + 1.4823x + 83.697 0.988
90%= Wk y = -0.0084x2 + 15781x + 100.45 0.9832
S WEF |y = -0.0049x2 + 0.8202x + 89.208 0.935
A 15° 455 WFEF y = -0.0089x2 + 15204x + 85.25 0.9813
0% Wk y = -0.0083x2 + 15254x + 88.833 0.9916
T gk - -
5° 455 WHEF - -
90% wHak - -
S wEF |y = -0.0049x2 + 0.941x + 77.786 0.8649
25° 455 WFEF y = -0.0109x2 + 1.8075x + 74.542 0.9792
90%= Wk y = -0.0149x2 + 24211x + 84.97 0.932
S e |y = -0.0084x2 + 1.2367x + 77.083 0.9051
B 15° A5% WFEF y = -0.0131x2 + 2.0177x + 82.708 0.9042
90%= Wk y = -0.0135x2 + 2.1394x + 85.917 0.8698
S ey = -0.0068x2 + 1.2006x + 76.714 0.8578
5° 455 WFEF y = -0.0038x2 + 0.944x + 805 0.8311
90% wHak y = -0.0089x2 + 1.4799x + 79.333 0.8751
S ey = -0.0012x2 + 0.3523x + 92.708 0.8981

25° 455 W3k y = TE-05x2 + 0.3742x + 103.14 0.9587
= ek y = -0.0103x2 + 2.0385x + 93.994 0.989

T Wk y = —0.0054x2 + 0.844x + 94.708 0.9192

C 15° 4HE H3F y = -0.0037x2 + 1.0266x + 99.875 0.9654
0% WEk y = —0.0051x2 + 1.2469x + 101.96 0.9961

& ek y = 0.0015x2 + 0.0961x + 109.89 0.9788

5° 455 W y = -0.0028x2 + 0.7419x + 92.929 0.9446

0% Wk y = 0.0015x2 + 0.3873x + 99.643 0.9442

S vkEk y = —0.0035x2 + 0.735x + 80.042 0.888

25° 45% vk y = -0.0049x2 + 1.2201x + 77.503 0.9916

90%= e y = -0.0196x2 + 2.8714x + 86.077 0.966

Tl ek y = -0.011x2 + 1.6095x + 78.881 0.9464

D 15° 4% H3F y = -0.0116x2 + 1.9728x + 79.745 0.9767
90% ek y = -0.0262x2 + 3.1099x + 76.548 0.9864

Tad ek y = -0.0053x2 + 1.0176x + 76.214 0.9762

5° 455 Wk y = -0.0062x2 + 1.2285x + 78.048 0.9666

9% Wak y = —0.0086x2 + 1.5499x + 76.952 0.984
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3 3-3-17. gfoloj B AN Aol dolA AdxAE B et Auko] A2
oA | AFA AL 2 ek A A R*
S wak |y = -0.0067x2 + 1.0851x + 76.958 0.94
25° 455 ek y = -0.01x2 + 1.7463x + 96.792 0.9687
0% Wk y = -0.0097x2 + 1.5942x + 115.67 0.9706
S ek |y = -0.0064x2 + 1.0598x + 87.292 0.9794
A 15° A% W y = -0.0078x2 + 1.3937x + 94.958 0.9959
N= W y = -0.0105x2 + 1.8208x + 89.583 0.9803
R - -
5° 45% w3k - -
90% ek - -
S wak |y = -0.0096x2 + 1.5421x + 74.905 0.9646
25° 455 ek y = —-0.0313x2 + 3.6731x + 78.643 0.9536
0% Wk y = —0.0658x2 + 5.3515x + 75.8 0.9647
Sl whgk y = -0.01x2 + 1.4485x + 83.208 0.7769
B 15° 455 w3k y = -0.0154x2 + 2.3885x + 83.208 0.9244
M= Wk y = -0.0363x2 + 3.827x + 79.464 0.9361
R y = -0.0101x2 + 1.5785x + 82 0.8085
5° 455 w3k y = -0.0113x2 + 1.8079x + 82.143 0.8575
0N%E Wk y = -0.0104x2 + 1.7627x + 82.929 0.8566
S ek |y = -0.0005x2 + 0.3159x + 98.417 0.981
25° A% W y = -0.0218x2 + 3.0852x + 82.405 0.9897
0% Wk y = -0.0272x2 + 3.1203x + 96.371 0.981
oAl whgk y = -0.001x2 + 0.5013x + 102.21 0.982
C 15° 455 w3k y = -0.0084x2 + 1.6325x + 97.19 0.9904
0% Wk y = -0.0111x2 + 1.9376x + 99.857 0.9937
S Al whgk y = -0.0055x2 + 1.111x + 89.071 0.8978
5° 455 ek y = -0.0022x2 + 0.7862x + 100.43 0.9793
0% Wk y = -0.0051x2 + 1.1364x + 107.55 0.9612
S ek |y = -0.0039x2 + 0.8814x + 82.792 0.874
25° A% W y = -0.0324x2 + 3.6056x + 77.286 0.9869
M= Wk y = -0.052x2 + 4.7464x + 77.071 0.9868
S wak |y = -0.0102x2 + 1.5756x + 82.833 0.8732
D 15° 455 w3k y = -0.0196x2 + 2.6907x + 82.69 0.9443
0% Wk y = -0.0311x2 + 3.5888x + 77.214 0.9814
o o y = -0.0053x2 + 0.97x + 81.143 0.8519
5° 455 ek y = -0.0082x2 + 1.5894x + 78.286 0.9754
0% Wk y = —-0.0084x2 + 1.586x + 80.452 0.9488
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