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Masahiko Hiraca : Studies on the Forest Road Network
with the Use of Electronic Computer (II)
A method of determining the logging road network

adapting the simple form patterns
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Tablel. EF I = F » © F ¥ {F % B &

Calculation of average skidding distance for square models

B AXy & n O & 40 oM by fE % IR B
Basex Height Value of » No. of partial area Average distance
10 X 10 5 25 77,6145
o 10 100 77.1018
15 225 76.9118
” 20 400 76.8148
” 30 900 76,7169

EHFEFLET MU TH S Thby, TiEE B, #h2E%EC FEoEE &L, B C
D% n THRLULIIZEhENS, ¢ T 5, T, TROBSHiOTELMTE Ry L9nid, Ry
& Q SMOEMERD B1HIZiZ "SMERST S ZHEKMPLHO—AD BEE2KD B4R £F
MLT
T T B - L (47
7L, a, b ¢ ZEMEORLE, ARDD cDRMTHSD.
ERERHINE, EEOBSEROELDL Ry &IKOEHHLEA Q MOWERKFICX > TREN S,
QR == D c—D P —2bc(i—1)(J—1) COS 8 =wwreesevesees (10)
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i ={ é ‘\E vip(I-DP+{c(/-1}*-2 ()c(l—l)(]—].)cos'e}

i-1J=1 n?

+\/(~g—)s+(-§)2——})—b¢ COS @ +wrevesreeveretsestarsensinsisiiirntratrieees an

O E, ADIE A TMBUETIGAN £ 70 OFEAERIEM A HI L flid Fig 101059 &6D T
b5,
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X = 3.5190 X= 4,642
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Average skidding distances for parallelogram models.
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ZCLEL, 8 n THRULEHTRDOELE XOFBIREZNEN S, ¢ 95, BB, JCTHYT
A7 IR LAEME0 B ERAEH ORI ADLEEZRDZLREFENTHEMNTES.
72120, KESA=AE0MAmBMmRIANEE S5 &, ZMIEOWEILEMIL LIcdh OMELIZES &
TWAETEND, ThE2DODTJTHFTEI LAHMBERLP T, TTT, BHAT P, HO%EH

t\l
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. =7;2i Jiﬂ/ lo(r-D)f +{c (7-2)) - 20e(1-L)(1-Z Jeos 4 (1D
')’=~§~\/b2 .g.(%) B COS A #ereeeeere e e (14)
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Average skidding distances for triangle models.
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Number in circle shows odaptable formula number

Fig. 12 kXoOSH &#EASNILKES
Dividing of operation areas and their adaptable formula number.
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Relation between distance and time Relation between volume per a tree
for stem-length skidding with tractor and time for stem-length skidding
(cf. Reference 12) OBIHIRO R.F.Q.%s). with tractor®,
Table 2. ¥ % # - ® %
Operational conditions
%M Uik bss s | b3asesu—vER
Skidding type Tractor skidding Truckeclane skid.
LR ik it wo f&
Cutting method Selection cutting Clear cutting
RN /=Y PF=Y .
E OB B SN THhEV = vF =y
Species Picea, Abies Picea, Abies
i Tilia, Ubnus,
ad e B oM T 3 N:175.7 ms
Stand volume per ha ‘ N:90.7 m L: 87.7
WM ome Yo op | . N: L5 oms
Volume per a tree | N: 2.3 m? L 1.8
ha % 72 9 i ¥ 1k f
Log volume per ha 66.6 m3 200. 6 m3
!
I I (R 3 ‘g0 s °
Inclination 4 5o~ 15
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B Skidding time in minute

il
[

(3

FEgE & R DB ER (LD BT
Relation between distance and time for stem-
length skidding with truckeclane (cf. Reference
13) OBIHIRO R. F. O.'s).
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Relation between volume per a tree and time
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Bo&EVS, COHHTRRAGEME, LGSR, SHHIREERAALIL

W, ERZUAEENAEN fo(2), H(x), fulx) L1, ZOEEMIE Fx) LThid, BHMRETHE
AORITL > TEDLENSB,

F(x)=fa(2) +F5(x) +fe(x) wvemeermmiminiininnic i, (16)

COEECEREICERA, BEEITEMERE L S EECEDT e Fig 180Xk 3T 5,

T THEMBRAS F(x) OF/MIZRD 51213, EFEELERFLENS, TRbEROBEHEZAUL
SEMANBI LA S R/ME Co i %R Xs a8k, COFHRIROLEEDTH S,

) 5zohz&kX BRBIUCEED KBOVT, BOEEELL HEISATORWIRBISE 5
HBAEINEL, hZhBEHERAR CF1) &¥ 5,

i) 3o ULBYRFIF v 7 KEDKBHEBH 2 &1 2T« 75, ZORBICET 5FIGHE
KPR o5 LVNESBANE F() 2HET 5.

i) CF(x) & FQ) olkas i, dL
CF (x)>F (x) OREMBRILTIVE, B#REE <2
vELRTFy T L E MM BAHOBRALD
Gafo i o= HHB OO LANSNB, COBA, FO() 0%

Cost

“\ CF (x) IWRA LTSI FT 1) @ Bli~b LD,
| 1
" L CORER D ET
b | fEXIBHERR : ol
1 H Road construction cost 4 L CF)ZF(x) OBEMET I, H LW
A N ZO1eRE : fetn) :
WARERN Jothers cost RF oy TIREMBREHEZALLD BHEN (HE0E
! 1 1
xl — HLWY) MR criet ), TORIUIREY
o X RyEH
Skidding distance LhOENEING, cORBIGELILEFIZHE
Fig. 18 & 7% Al ®© # & ZEILT 5.

Construction of each cost. iv) EHEAHOENRIEE, CFE)SF(X) ©
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|
Ciﬂ\ _____ :
Ci —>p--o-rss——os
co 7 ! b |
| | i |
1 | | ]
A !
® 1 | : :
I i ' i
A | b ]
! I | 1
H \ ! H
Xi+l Xo Xi Xi-1
€ =y §E B
Skidding distance
Ci:®UuBALSTIHELDR)E
Caolculcted minimum value of totat cost
o I MMERUST SRR LOR IS
Theoretical minimum value of total cost B v 8,
Fig. 19 R ELAG EOBNMEDER
Relation between calculated minimum A, B:itgertiz @iy A, Bt b ar s
cost and theoretical minimum cost. Calculated optimum pattern Decided octucl network
Fig. 20 GOV & SRESOMHE & DB IR
BREBSKITELIRATF v P HTHLEEZSILS Relation between calculated optimum

pattern and decided actual network.

Do, TOROEMLAE b5 HE LR
O CF(z) Dk " &L, £DL OB, 2 v, FEEMEENEE AEMNEMETILEIO,
PLED D~iv) BBIC & » TR A HBRAMESERMICHT S 258, B 2L RREICE Y 3%
HEEI F(x) 213, 20RKBRICESINBEL SH SN2 VAERER v Ik - TREES N
Hb0THb. Lil, T 288 7 YORMAETHLOEDNMEELD, Liid & 3EHRO
HfRAT v 7E2LELGRVCEHNTREND. TOHAIL, Fig 9RKRTLIIRAT T ipS5RT o7
il ~NEDRZEIRE ST, MR LOSB/MEFRUELTLE D Wighkdi Tl 5. Ldl, zoLid
"R ERRIEMLENE Y 2F v F 9 JIZRETE” L0 FikELHMY, BIBIVEECE
ZEDREZLV, FRO MBS 3 EMUATOR/MER, RicH 5h b X5 ICREH IR T
23R, CF (D) SF(xi) i HEOTHRE SNARHEME o T T 2HHMN G A Tond T LIt
D, Lbl, EROor—v 3 VEBRIETIS, 2% OhbOIC x BEMINE L LICK2RARIRZEMNE
ZRoRNENbIS, ENIL, KDL WAL S

WE, Fig. 20 3EMIEES LUARICES T 2 BEHRI 28 v &, TORMRED SEBICIVES N D HB%E
BERNEhob L boTH L. MTHHSAE LD, HFRIRIEAMICTT X5 28R s L
THobEND. TIUTHLT, #EOoy — v s YE—EMCHINITT XD SWRETERE L85
FRSERAE L BINTIE, A1) BoNEMIEEE (S 2 OREGEMESGHINR) & o) Bz YORRD
220THY, BMoyr—v oy VIZpl - TRIO2ATEZERIC, TEHLINORMZHRIND X
HHBEEE K S E W SN A T XIZHA S, RS, HIEROEMNGEO BRI, £
NEEMSENTIINC, BMRH S THRAEE (ZOBERMBLIEMER) OGBNETICHEE
EZ oMb, Licdi-T, REOEF G, HEEMED, SULRIH LV - BB lT s EES
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HOEFR DL LY, REALKEDOAND,
BLT,

HEEBLN RS

HHLHOBER, EEORBPEI I ILIFIN LTS

Ui, stk - TR S EEIE

2455

Bl E, PRI & O o A E T
BbANNBMENSIESNANETEHE S, COBEND, SRPHIELE x TR, T

CBT A IRAHREEE

DEELOND,

» BUEES 5 VRBIRERICSBC &

DTHITE DY

TKREL, CHCX->THRAFTEFROHIME SN, WREIN TS L OREFTHERZ XIS HI#

TBHC AR Bbh 5,

6. BE/OI54

INFTHREEM U THRBEHNO DDA ELS EXCZOFHERSINCBIALTE Y, T
TIZNSEBEL, BN
THBERO7 0/ 5 AN TOLHITIE, 7 “HNR" (Flow chart) ### LN 3k ok
Vo ZOHFADIHOFNRI Fig.210E BV TH 5.
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SMBFIEE T LSO TH 3.
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A d
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O, M, BXOHEAEB LS DOER S v/ 5 LDV TEEST S

EEOT S 7 L 2BBAIRBRICETSF

7045 AkOMREAS L L TRRARBENTHS.

'
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: SANKAK
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6409 vo IR L F4Y
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: SIKAKU
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]

(6 #1R%E, TR, TEo
ﬁiﬁ_ RL, Y2 RDE

Calculation of road length
construction cost and ifs

]

@ EngotE:v
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kot BRAstEIY3

Calculation of others

cost

@ EwEFRoRE :
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skidding cost

!

© Earssfgmorss:
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with TOSUM
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Fuss s (KIXERME 1SR 1, KEMEWET e/ 545 (Mainprogram) &, ZiUCEET
3 5HOFF s 5 s (Subprogram) H HHRINTV 5,

F7 ey 5 L0FELTEE, HKhEIGRT LI ic, BRORASKK 02 YOS E~IHEO RN &
THA LSO HE>SBAS LCRRAOHEBBAORN L~ (BDEL) ~#REMEN S
b EDH, Tho—HOFNO S bTHELNIERORRAREORT v 7, Tibhb “VigrliaE”
L WG VORN A THD. CNHETF AVEX, KN, KM &, zhZh 5oy 7v—Fv
AVEX, SANKAK, SIKAKU, RYOKEI, DAIKEI € k> THEER, ET 05 L~ REXBZ &
IR oTWb. COEAEEfERERHERDE YT V—F v AVEX 2, BEBRBIEFRT L0 1430
HEiFfiyTv—F v TH5,

b, F—z2+ev—1

HWEEA YTy b T 5000 F—4 « v— tOFEEHIX Fig. 2210RTEBDTH 5,

DATA SHEET

0y 90 s b a i
PROBLEM L A e WRITTEN BY B 8 77 eace__ ! _oF 1
to. |H|it“'(}TF‘IJ‘!;"NRFM: n-/N-L.AfH .,",’Y‘N:“Ui ! i! 1 o i
N Nt G NS R IR S TR I N | ‘
-] LA I RN 2 TR A ,
3 lge.0 i Rogs Lo v ol Nehogp ) | Imacch] o H ]
st SRR BT AN I PSSR HN '
swiso | ilnos Tilaoldl Tlhpo.o ¥ | loje| ¢t RN AN A
EAINNni EEERERIN N | ] L il N
7lgo L libs | e ) bso 0 ) | dale ! ) D T IR
e| 7] T R T T ECk) Fxch Imxxap! [ (111
- T P s =TT i 1
9| Ll ' | I Thrm T E L
0 32;0.0}“ k3g.o [ 1lse0. 011 [lgddp 750.0 |47 T ARcl [ ] N
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2110400 [ 1li300L0 w00 T ] BEBERENRNEL
E L Lol RN N S R T i L
o[ (1T TR ARRCD A RN T L T IR IReaD [T IOAG)
5 i {"Oo.o 1000, o 400.0 | [ ~=f2l Ly a3
o] || o B L } I i '
17 |6764.0 || | 19884 || | Lle.70 || lo. 6 b. 10 doi | |ldo 0. d
LINIAN N ST S k! g :
19lgp do || []/83 0 lo.ko .28 [ Boelo~ 1] 1) )
2o L NG RV an T NP LR T INve e -7 oVt N2 1] LR
21 LA l ERLY1) lqc_(la HI1 G RIED) | I ARU) . 11 [
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Fig. 22 F—#% « v— F OREIRH
An example of mention for data sheet.
Nk, T4 e v— FOBNICHTI LARBSCEREIL FOLBYTH2. 22T, () OiEREIE
OHfrEbobL, [ ) OHDHBEET7+—=v b+ 24 TEHOHTEOT, LIRS EHIANLI0
HThsb,

= ) ]
Simbol Explanation

NF EME A O No. of skidding cost function m
NRC C b Ty ZEIERMMO M No. of truck road construction cost (n




—l2z2— ERBRMITRRE B2 5

NLA A MHER B MmO B No. of landing construction cost 0

NN : % No. of iﬁput data m

FC(D), FX(D), FXXD) : FEHBBERICE) 2%  Coefficients of skidding function (F)

FC() :#EHEmicmBEiaEs Coefficient of constant ¥), (B

FXA) :4EMMEhc @+ 583 Coefficient proportional to skidding distance
(¥/m), (F)

FXXQ) : #EHiEso BFcHFld 5%  Coefficient proportional to square of skidding
distance (¥ /m?), (F)

MIL() : S/h&8EE Minimum skidding distance (m), (F)

MALQD) : & AKEHIEZHE Maximum skidding distance  (m), (F)

RC() : F 5w 7uiEzkHM Cost of truck road construction in unit length (¥ /m), (F)

LC() : 4B Cost of landing construction in unit area (¥/m?), (F)

FP(I) : #iJgiR %2 ~ Form pattern M

KK : I, BizR4 Classify between normal figure and inverted figure m

A : PHE$#13E X Length of upside or height (m), (F)

B(D) EHE /1288 Length of base or width (m), (F)

CD : #:0E Length of oblique side (m), ()

IF(D) TP E%ES  Skidding cost function number m

IRCQ) : b5 v 7EBMES Truck road cost number 48]

ILA(I) : :BB{EHS Landing cost number m

NVI(I) : NI §{FitFs Stand volume of N1 (m?), (F)

LVI(I) :L1#f#H%% Stand volume of L1 (m3), (F)

NP1(I) : Nl #$f&#H %51k D Bucking percentage of N1 ]

LP1(I) :L1#&&#M#1H Bucking percentage of L1 2]

NV2(I) : N2 #H#5  Stand volume of N2 (m?®), (F)

LV2 : L2 #{§i$45¢ Stand volume of L2 (m?), (F)

NP2 : N2 #5421k Y  Bucking percentage of N2 (F)

LP2 L2 Bkt ©  Bucking percentage of L2 ()

LACI) : £Biifi¥ Area of landing (m?), (F)

ERL(D) :Zi%t+ 35~ 7#ZLE Length of existing truck road (m), (F)

IDC(I) : =o{li%# Others cost (¥/m?%), (F)

HI(D) : {E¥SFEISE  Ratio of increment in skidding ¥

RI(D  : ¢35 v 7iEMA%;FEZE Ratio of increment in truck road construction (03]

ARLQ) : ®#F 7 » 7 EE Length of access truck road (m), (F)

NF/ 7 u s T AEkTEY Program-end number
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0 ¥LEMBEARICBIT 3 HEH

WE, ZOFEEER U CRANESHEESLERRENRENARE, SIUBRANEKEBTEC %
BETTERDEEDTHS.
1. #EMBRARKORE
HET S &, P37 2AREN, BRUMS9 7 2v—r ()7 Vv—V) £BEMOHMIER
FUET ALEND S
WERENKDEATHERALTWA2R] 772, 3XULHT) 7 L— VOfFETREDP O UM L L&
MBS AT L2 {#13 Table3, Tabled DX HICTREND,
U, BHBRESREDCLDOELIEHRTFOMBRROLEDTH S,
(+ 72 2 fERIAHRET)
HMAR (88T, MIREIERE) 1448
1 B9 E 2,800 M
b7 EAE : 39.25 M/m
" mapH7c O BRARL RHE 41,88 0 /m
” mp7c DM 28.0 3/ m
7 1 AHIDEEY (6~10t#) : 2767.0 [/ H
v TR (RERAKID N 4 %) £ 976.0 [/ 11
v FEERRRTR (HARE . 19D 991019/ R
1 Bdcodn+—Hif%t: 27.50 [9/ms
b7 2% 5612.0 /1
(Y7 v— AEEBRET)
HAR (BIERF) : 34
et T 2 2515.0 [/m3
Y 7 U— VT 4551.0 41
LRSS SEE L ST AL Table 5ICRTESVTHS. P oBEEIR, 194 744720
EMPRC LIRS ENTO S LBO DRBOMKIC Lcs, BOIOYEMIELEE x 0 2 sl
LTKRDHDTH B,
2. EEEMERZRSEEMICET HHER
RHEHREENEENS IR 1360, 1370 HANEIZE T, WIMSERICETINE M52 2 4%
i, BIUEY 7 L— vAREMORERBERRDL B0 THS,
WE, FACHRMNCIS Y SIEEAN, BRUETRYUNROMELERT L Table6~8 DkIitdh
LhHING,
T, ZOEFNCBWTERCRA SN EM R ENORXRIL Fig. 231 cRTEBDTH S, &
DFOMBEAEEY (P79 7)) SXTF 77 2 HDOMBE IS Fig. 4ITRTE280TH 5.
L7ed-T, o EHER O AFLEHRT 5.0 DOH A HFETHIZ, Table 9Dk HicE LD
HLEMTES.
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HEDRERGIRE

Table 3. £ it

#2455

4

7 & fF %

Table of operational cost and efficiency

L4 70dich B ~2.5ms

1

44 7 v H

B Average volume in m3 per one cycle Average volume in
m)
Skidding = | oo o | et # wopog |
distance les /d ;,I Direct skid. |Indirect skid.| Total cost yniﬂ / daﬁ Direct skid.
¥ cost (¥/m?3) | cost (¥/m®) | (¥/m3) Y | cost (3¢ /m3)
200 20.75 1193 955 2148 24, 60 1031
400 17.25 1404 1123 2527 20. 40 i211
600 14,75 1616 1292 2908 17.40 1393
800 13.00 1812 1450 3262 15. 30 1563
1000
, ) 1% 4 7 nvdhisoEME 4.0md 1\ % 4 7 s
41 B 56 B Average volume in m? per one cycle Average volume
(m
Skidding #oM B | uELEh #t ; M B
distance :%13 / dai‘i Direct skid. |Indirect skid.| Total cost %}3 / dj_i Direct skid.
¥ | cost (¥/m?) | cost (¥/m3) | (¥/m?) Y| cost (¥/m?®)
200 31. €0 837 669 1506 34,65 777
200 26. 40 971 777 1748 28.25 891
600 22,80 1100 880 1980 25,20 1010
800 20.00 1232 986 2218 22.50 1112
1000 18.00 1332 1081 2433 19.80 1243
1200 18.00 1382
1400
Table 4. 2% P35 v 77 L — v
Table of operational cost and efficiency for
Ly 4 7 vd b HE LLOmS LA 705
i B Bk Average volume in m3 per one cycle Average volume
m
Skidding % mICER 1 £ oM ®
distance 3 Direct skid. | Indirect skid.; Total cost 8 oy Direct skid.
mé/day cost (F/m?®) | cost (¥ /m3) l (¥ /m3) m?/day cost (¥ /m3)
15 70.4 220 176 396 73.8 210
20 54.9 282 225 307 €l.7 251
25 45.0 344 275 619 53.0 292
30 38.1 206 325 731 46.4 333
35 33.1 467 374 841 41.3 372
20 29.2 530 424 G54 37.2 416
45 25.1 593 474 1067 33.8 458
5C 23.7 653 22 1175 31.1 497
LY 42 bt HEHE 25m
i H ok Average volume in m?® per one cycle
(m
Skidding ] . #o = YL i A F
distance m3/day Direct skid. Indirect skid. Total cost
¥ cost (¥ /m3) cost (¥/m?) (¥ /m3)
15 76.8 201 161 362
20 638. 3 226 181 407
23 61.5 231 201 422
30 5€.0 276 221 497
35 51.3 301 241 542
40 47.5 326 260 586
45 44,0 352 281 633
50 41.3 374 300 674
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BB B LUK MR — N K
for stem-length skidding with tractor
o bh R 3.0ms LY 4 7 bt b EHE 35md
m3 per one cycle Average volume in m3 per one cycle
e st o om | MM B mtmT #
Indirect skid. | Total cost m8/day Direct skid. Indirect skid. Total cost
cost (¥ /m?) (¥ /m3) cost (¥ /m3) cost (¥/m?®) (¥ /m?)
825 1856 28.00 924 739 1663
69 2180 23.45 1074 839 1933
1114 23507 20. 30 121¢ 973 2189
1250 2813 17.85 1362 1090 2452
15.75 1523 1218 2741
o b £ M B 45ms 1% 4 7 vdH B 5.cmd
in m? per one cycle Average volume in m? per one cycle
U : o | % oM oBm | mmgEn e
Indirect skid. | Total cost m?/ dav Direct skid. Indirect skid. Total cost
cost (¥/m3) (¥ /m3) ° cost (¢ /m3) cost (¥ /m3) (¢ /m3)
621 1398
713 1604 32.¢C0 828 663 1491
808 1818 28.C0 924 739 1663
890 2002 24,50 1034 827 1861
994 2237 22.00 1134 207 2041
1081 2433 20.00 1232 986 2218
18, C0 1352 1081 2433
FEXEDBEBIUVENE —TER
stem-length skidding with truck » clane
fo b £ H i Lsm? 1 4 7 v Hihdh HEHBE 2.0m
in m3 per one cycle Average volume in m# per one cycle
Indirect skid. | Total cost ms/da = Direct skid. Indirect skid. Total cost
cost (¥ /m?) (¥ /m?) Y cost (¥/m$) | cost (¥/m?) (¥ /m?)
168 378 75.6 205 164 369
201 452 68,6 236 189 425
233 525 58.0 267 213 480
267 600 52.0 297 238 535
3C0 674 47.0 329 263 592
333 749 43.0 360 288 648
366 824 39.6 321 312 703
398 895 36.6 423 338 761
1% 4 7 ovd b i & 3.0md
Average volume in m? per one cycle
= 44z ﬂ S wl' e :/“< ‘EE Eli al
mé/day s Direct skid. Indirect skid. Total cost
cost (¥ /m?®) cost (3¢ /m?) | ¢ /m3)
77.4 200 160 [ 360
70.2 220 176 39¢
64,2 241 193 434
59.1 262 209 471
54,6 283 227 510
51.0 303 243 546
47.7 324 259 583
45.0 344 275 619
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Table 5. #HMERICET 2 FHE
Coefficients of skidding cost function
SVEE il b5 0 e 2 L— YTURBIN
Cost function of tractor skidding Cost funcpon of truck-clane skidding
R AZ ) P 3 1Y A4 705 JEPR I S I
Fo DR y=ax+bz+c (¥/m%) £ SR y=ax+bs+c (¥/m?)
Average volu- I Average volu- T
me in m3 per me in m3 per
one cycle a I b ¢ one cycle a b ¢
~2.3 —0. 156X10';'7 2.0178| 1749, 24 1.0 +1.818X 1079 22,2727 69. 23
3.0 ~—O.113><10’3l 1.7118] 187,00 1.8 +1.818X 1073 14,7273 135,33
3.5 +3.080X 10" 1.2411] 1415. 63 2.0 +6.364X 1078 10,8182 204.98
4.0 —0.086X 1073 1.2649| 1255, 80 2.5 —2.727X 1078 9,0909 226.91
4.3 +0.013X 1078 1.0156 1195.25 3.0 —1.818X 1078 7.5453 246.81
5.0 +C'.058X10'3] 0. 8322' 1149, 0! — ] —
Table 6. F57 %207 L— ik
Tractor, Truck-.clane survey note BR4EEEFT (1970)
B F W KE B oaE RS I 3 Ttk 2N N i Ty
ASYORO District 1361, 137{C fh/NIE R 88,25

FUTATSU Logging

Sub-compartment

Operation area (ha)

forest office camp ‘
I % fH— b A v— r 77 8 R — Pr
Process Felling — Limbing — Skidding with tractor—> Bucking
LY A R~ SR Yield volume #EM Tt Log voume
P 5135 ¥ 1 Tt ;‘1’-,_ [
woE m | EAHH Eimaed | E R FREG
. - 418 . m .
buck: bucki
Forest type | Species Stand volume pe;}::'e rllgfge | Log volume pe?cen]t]agge
X RB % MK IP‘{C;‘;"V > F ;;ZS"/ 13, 299 0.835 | 11,064 0.832
Natural stand it 2,691 0. 569 1,549 0.575
Mixed forest grre 1,231 2.569 692 0.562
gféﬂéli 5, 237 0. 569 2,959 0,562
#r Total | 22, 458 16, 264
b7 ° . (F B ’ KoLy Sl th
Inclination 5T~25 ( Ave, € ) Density of fold Med.
MR Lk g ¢ i
' . f£ % o & 5 ¥ a2
Grouggdﬂé)gr?sitv Sasa Med. Operational condition Med.
» Y L EHDELEME
B B M NTK—4 A 2 a 2.66
Skidding machine 7(t) gﬁfe"‘gﬁe"d“m‘a in m? per (m®)
FIgredeihok (EMEREE) SO R, ‘
Average skidding digtance 160(m) Cost of depreciation in ¥ 217 i3
in m (per-skidding) (30m) per m3 (¥ /m3)
ShEg dmE 61,0 43 10 % 1% B W R
Efficiency for skidding in : (m$/ 7)) Cost of partial charge in b (¥ /m?%)
m3 per day IH7 0 ¥ per m® ! f
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LHBG (%303 = ) as | b7y 7 HHRER 4 255
Cost of skidding in ¥ per ‘ ¥/ m;) Length of truck road const- ’(m)
m3(Including cost of piling) | ruction in m

e b7y i RE (BEREPRD 53
AURE 1 AThZ . 123
Efficiency for stem-length (m3/ A AE? g—;ozgggrtr,?k(fggﬁlg?:?rﬁ Sﬂg; (789)
felling in m3 per man day ! cost) i (¥ /m)
AWK 1 BTN ag1 | N7 SOUINEBIELR 2 653
Efficiency for stem-length (m?/ A A él) Lengt]_1 of tractor road con- tm)
bucking in m® per man day ! struction in m
:t i;! 'ﬂ: if‘ufi gg 77. 000 p N H =S

: ; ‘ , i F BN G 2,357
iClllostY of landing construction | (¥) | Volume of ballast in ms (m?)
+ 3 O\ B 22,200 i A 1. ¥ 286, 375
Landing area in m? (m8%) | Constructed work (¥)
+ ) fE 5 B s | FUNTIERES b 5 5 7 WS o
Cost of landing construction | (¥ /rha) Length of existed truck road (ms
in ¥ per m3 for available in m
HAR (EEF) o| BErs. omEs
No. of team (Including ope- o8 Length of access truck road (m)
rator) > in m
Table 7. o8Ny L—VAKE
Tractor « Truck-clane survey note IRF454ERE 95T (1970)

EoH BHE B MEWER | I,

LY, ICHR/NEE KXt 28.50

ASflgrOelz? O]?flf‘ct;mt FUTAT;Iélg,oggmg Sub-compartment Operation area (ha)

I # &  f#H— B o—s 7 V— VS — W ¥
Process Felling —> Limbing—> Skidding with truck . clane—>Buck1ng
N [E{ leld volume HEMES g volume
YA N b Yield vol LFEHE Lo 1
. Yl v e o kb ETBILD
RIS R I D B AH K Estimated LM TActaal
Forest type pecies ucking | bucking
Stand volume percentage Log volume percentage

FORR R | TET AT 3252 0.835 |  2761.51 0.849
Natural stand yTiziZ 832 0.569 262,88 0.559
Mixed forest }ffrchnfs 408 0.569 241,29 0.592

gtfl)ffth?‘s I‘L 1598 0. 569 809, 07 0. 3562

# Total 6090 4376.75

! ﬁ' 4?4 5°~~16° ('\l';' i’% 10:) thﬂ@ [/l‘) 3 AHE /}\

Inclination Ave. Density of fold Rare

HKHE SR e

Ground ﬂo?a and g# N;Pd 8 * t(D 9?&1 2 ? . Nllijd

density asa ed. perational condition vMed.
o . Ll 7 D TR R
mOm OB ’ ##E MC-100 ! in me 2.02
Skidding machine 9(t) (lj;l\feercz;g;evolume mome per (m?)
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TAERTER (RHER) so(my | A A OB G 251
Average skidding distance (50m) Cost of depreciation in ¥ (¥ /m?)
in m (pre-skidding) ‘ per m?
EMEE DR 332 F H#E B . 105
Efficiency for skidding in (m$) Ii) Cost of partial charge in (¥ /m?)
m3 per day - ¥ per m3
WHBE (B3R b) 26 | N7y HERER 1061
Cost of skidding in per m3 (¥ /m8) Length of truck road const- ’(m)
(Including cost of piling) ruction in m
BALD I 1 KT b7 v 7 HEHEREMN (EREPRD
%ﬁg‘éﬁn{: ; I%(;Erﬂ %c em-length 24,4 | Cost of ’crucf{x road construc- (5%?
s x o ZOSL O . 7
felling in m® per man day (m3/ A B %:{fasltn c}:tger m (Including (¥/m)
£2BER | AThE 38| t77 £ AR & -
Efficiency for stem-length (m3/ A - B) Length of tractor road con- (m)
bucking in m?® per man day - struction in m
+ 5 ERR . - s F & a 350
glosgér of landing construction ) %oli]m{éﬁ 0}? b?ilast in m® (m?)
in
+ & F AL W 473, 854
Landing area in m? (m3) | Constructed work %)
Cost of landing construction . (¥ /m?) Length of existed truck road ’(m‘)’
in ¥ per m3 for available in m
AR (BiEF) | BErZ L oMER 0
No. of team (Including ope- A Length of access truck road (m)
rator) in m

o AT

200 | 500
PR ERI7IRMRE
Remarks Gm Arsa of stem length
skidding with tractor
EWET T T CEREE
m Arsc :f stem largth
skidding with truck clane
Fig. 23 & X =

Operation area.

A F

Remarks

.

Ri&i+ 2 78
Existing truck rood
R &5 - 738

Truck road ,constructed

WELSI5E

Tractor rocd, constructed

Fig. 24 g # & & R
Road network,
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Table8. # # @1 & # B %
Cost survey note ASYORO
& B+ 7 7 7 £ H FF oy s v — Vv HEY
Stem-length skidding with tractor | Stem-length skidding with truckeclane
% & | PR % & | Pk
Over- B Over- .
Personal expense |head ex.| 7l Personal expense |head ex| &
o = ‘ Y
EAE|T) & %/@) (%[ {ﬁa) (¥Im®) EAE (3 22 (%I ﬁlg) %lﬂ?ﬁz) (¥ [m?)
. . m m Tame . m F /m
Man- | Effici-| {7050 7| Unit | Total |Mane | Effi- | 15 454 587 Toral
day | ency cost cost day |ciency| cost cost
& B & f#
Stem-length 667 24,4 140 76 216 179 24,4 140 76 216
felling
£ B & M
Stem-length 338 48,1 64 42 106 134 32.8 91 17 108
bucking
o A
Tractor 954 | 17.1 182 283 465
skidding
7 v — v
Truckeclane 132 | 33.2 96 170 26€
skid.
& & F A
Operator’s 846 185 185 192 105 105
wages
P A S - ¢
Cost of road 285 41 229 270 25 13 158 173
construction
(FF % M)
Truck road (100) (15) | (229) | (244) | (25) as) | (@s8) | 73)
cost
(F35243H)
Tractor road | (185) (26) (26)
cost
#H @
Cost of 217 217 231 251
depreciation
= it
Sum total 3, 090 612 847 1,459 662 447 672 1,119
FAZOREREME UC LREHEERALTOBD, b7y 7 MERRICOOTIE, EHT DT

EELZBATRTHE LU > TS0, EFHESEEIZL TS, TOLD, COHERTRERX
FTERELTHEEEEEL B L o7,
DEI, REBRZ YOS TRIHOMTE LA Fig. 25 K3, 2T, £ FRREKER
Boes YTEY, AEREMAER 77 EETEC UbNIBEICS Y 3 2 ABBEOFTHETEL, b
TREQERICHFIBOBNDELDE) 7 - VRRKEOWT, ZAZhHE, BXOSER 5 V%
HTY, BHEBEREERNT S LD FITIERET T,

T T, Table9 DEtHgft%, Tables OEMENBEMOS TRDES B -T, BEREOBIS
BT APEEB L S HRIC DN TRTE Fig. 260797y bERE, 2, ZHOFRELL
Fih: Table10 TH 5.



—130— WEGRBRBIARY W 24643

Table9. & 4 & f#f W ¥ £ B2 %

Assumed condition ASYORO

BB o & H k Z 4 Bl v Fw s o=V by s e L=V
Skidding type Tractor Truck « clane Truck ¢ clane

R XK W M
Operation area (ha) 116.75 \ 17.87 10.63

SIAME X SCHED) NV 1 16,551.0 (0.832) 2,039.15 (0,835) 1,212.85 (0.835)

. . LV 3,523.0 (0.576) 521.63 (0.569) 310.37 (0.569)
Stand volume in m NV 2 1,639.0 (0.565) 255.90 (0.569) 152. 10 (0. 569)
and (bucking per- LV 2 6,835.0 (0.724) | 1,001.97 (0.569) 596.03 (0. 569)
3
centage) (Mm% st Totall 28 548, 0 3,818.65 2,271.35
& X 2 iR a i B % i bid
Form pattern Trapezoid Rhombu Rectangle
Bk D FHEHE (mD)
Average volume in m3 3.C 2,0 2.0

per one cycle

b7y s BHEHEE (F/m)
Cost of truck road construc- | 532 391 391
tion in unit length

B oM g W E(GfmY
Cost of landing construction 4,37 — —
in unit area

£ # om '\ (mH)

22,200 — —_
Area of landing in m? ‘
zofhR Y (B, &, ﬁ?ﬂﬁ
£) ¥ /m?) 507 429 429
Others cost in ¥ per m3
12 as:bi:o t’;fz"g {g% Operation 0.3 0.2 0.2
increment jE# Road 0.25 0.25 0.25
FIADHEr 7 v 7 HER (m) .
Length of existed truck road 1,400 0 0
for available in m
FEMFy s HMERE (M)
Length of access truck road 0 0 0
in m

(& & SR OB

T, RRAEKERE 08 vEEL, RERBHMET TR 77 S EETEMT L0 S HEDD
LB TI S HEHR IOV TE~S

CDORMBEBDOMIO0—20TH 3. $bL, AFCHBEBESE L, KEMNCEARMEIILE SN
el EEMBAHDBINCILB 2 EE T LT3, Table10ic kb, ¢ ® & & DOFIGIEHLIEEEIZH 110m,
MAEE 32 m/ha, EHBAIT 47988 TN b e & shhb.

—%, EBROLKMEAEEE4 5L (Fig. 238 KEEAMOEY 7 v — v EFREKEDLCEER
BB S o TVAZ ENEDOLNEA, TOMBERAICED, LHALRRYA 7 VNI HBELX
3TH3, tDRDYIC, RKDEEETFTRE, BIETIMIE~OHERIEBEIN TS, T,
ZDEHITLRXDHRARIC 150~250 m BEQCIKALEEP, £) 7 V— VIRKICH T HBRERE
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fHpB L, BT 200m D7y 7 LETTTRRESR
PRI RN TV R C LA AN G, T DRIXAKITH A
12 116.75ha TH D0, @i ha H720 27.4m O

PEBE A T S AL T I D ST, AR O /
FoE#EE 32.30 m/ha & HAR LT &Y 15% OAIRENS ~ F

CUH IR S X DIEWREMNS DS, ALHA

1E BHICKELINICIS 2 EMNTREND. TODIT
(2, fo kA RS FRHCEITICE # S /- itk G

BREDOEFHIE bEATEIREERT S LV LR c

HomMNAAEINTO S LD ICEDND

e, ®Y 2 L= ARIKIZDWTHEZTE S, FHEH

Sz kUL RSO TGRS0 — 3 3% ¥, ) 1

L O(M) 200 | 500

FTHH BN LOGHHIRET, filloBB&KEML—2 A

cx v, FHbBAN L MOBHERTEED & x, 4 Fig. 25 KKK/ <4 YO HTIEID
Adaptation of form patterns.

50%%mﬁ,&mmn®mﬁ®5%,”ﬁuamm ~S N
H

BOHDUENCI L L RALTO S,
Lz AT, FMOBBE MO TRR R, Wb A Yy ) —RL, {0 S ARK I R ERT
ERE L -THY, FENL LM YA ORAMITE GRS 52 b DI LR 14.0m, 3R 2L17Tm
LW LT 20 A L DT iDL S

Ll AL, (RIKAERR B ORI BB LA S, FETEIID: O & 400 THER NI BB AL I 61
AT E, 23 Fig. 270X HohTTEMTE L, TibL, PHRAINEACK > TRRT 2
xﬁﬁ%%&ﬁ%ﬁm?n% Table 10 (CBH 2 FHBAH OEMERAHONH T LEERL TN S,

Vo1l NRC = & NLA = 2 NNz 6
T ke FXCl FXXeD T o
1749.2400 2.0178 Z0.0002 80.00 .00
T "~ 1517.0000 1.7:15 -p.0001 80.00 0.00
T Tlaisiese 0 1h2ann 0.co0l 80.00 7 o.00
1255.7998 1.2649 -0.0001 80.00 0.00
T T T 1ies.esce 1.0156 0.0000 80.00 0.00
T 1149.0098 0.8312 0.0001 80.00 0.00
60.2500 22.2727 5.0018 0.00 120,00
T Tise.3300  14.7273 0.0018 0.00 120.00
" 204.9800 " lo.eie2  o.0064  o0.00 120,00
226.9100 9.0909 ~0.0027 0.00 120.00
S sz;sT 667' " 705455 -0.0018  0.00  120.00
RCCJ) I

523.00 391.00 416.00 386.00

T wan

Fig. 26 &E79 7 b (%)
Output (ASYORO)
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FP KK A 8 C IF IRC LA
[ L1 NPL P Nv2 e NP2 LP2
LA ERL 10C Wl RI TaRL
3 0 425.00 1171.60 1509.39 2 1 2
T T1ess1.00  3523.00  0.83  0.58  1639.00  6835.00 0.56 0.56
22200.00 1400.00  507.00 0.20 0.25  0.00 i
3 0 900.00  397.10 0.00 ) 2 2
C 2039.15  521.63 0.83  0.57  255.90 1001,97 0.57 0.57 .
T oo 0.00  429.00  0.20 0.25 0.00 ) T
2 o 607.00  175.10 0.08 9 2 z
1212.85  310.37  0.83  0.57  152.10 596,03 0.57  0.57 :
YT 6.56  429.00  0.20 0.25 0.02 a o
1 o 0.00  406.25 657,18 2 3 :
T 7e.zs 45.21 0.82  0.62  111.38  169.10 0.62 0.62
’ 193.00 0.c0  666.00  0.30 0.25 0,00 Ut
1 1 0.00  4B4.38  527.62 2 3 1
T 6e8.74 40,41  0.82 0.62  99.5  133.25  0.62 0.62
i72.00 0.00  666.00 0.30 0.25 “0.00 o
P 0 4c6.25 1860.94  886.:7 7 r T
T se7e.98  129.11 0.83 0.67  655.80  1520.30 0.67 0.67
. 0.00 0.00  575.00  0.20  0.25 .00 T
TERUKK(D K m vex R oM Y2 suy ys TSN RDE WICD) RICT)
- s v 6 o 701. . 61387440, 0. 61387440, 10513890, 71901328, 11.99 0,30 0.25
s 0 0 1 236. 0. 41822800, 0. 41822800. 10513890, 52336688, 11,99 0.30 0.25
. 0 0 =2 iic. 2371, 36234672, 1239932, 37474592, 10513890, 47988480. 32.30 0,30 0.25
K #4 STOP w2t T -
SHIRYO-ND FORM-PAT A ORH ) € MENSEKI  ZAISEKI  KANSU-ND UR-COST  UL-COST  UID-COST
1 NAI-KE1 425.00 11721.60 1509.3%9 116.75 20584,20 2 523.00 3,50 S07.00
AV-SAGYO R-LENGTH  P-COST SUN OTH-COST _ TO-5UM _ R-DENS Kl RI

NET-PAT

R-COST

— — EP]KK(I}KN. —KM - — VEX RL. Y1 Y2 SUN. Y3, TOSUNM. RDE HI(1) RICI)—
3 Y 0 1 56- 812 2079657 342834 33224080 11646831 L6837%21 49.02 0.20 .25
—_% 00— -2 — - 59%.-. —— 1423, 2728917, 556267.—3285183. -1164831.—4450014.—  79-61-0.20 0.25

3—0—0-—3 31

L3 s

2483 —1682256-— —970983,—2653238,— - 1164831, —3818069,——138.97..0.20-0.25

3 S 1 + Qb 27203 1502069. 10082028 2504147 1164831 3758978 156 .30 0.20 0 25
3 L 1 2 2t - 33T 1313911226579 —2540490+—1164831+ —3705321-———175+55 020025 —
- TOP— - T -
B
— SHIRYO-NQ-FORM-PAT— 4 ORH—— - B—— ————C———~HENSEKI——ZAi{ SEXT — KANSY-NO—UuR-COST —yL=L0ST— UID-LOST—
2 RYO-XE! 900.0¢C 397.10 £91.86 17.87 2715.23 9 391,00 3.50 429.00

Tig. 26
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- NET-PAT  AV-SAGYO R-LENGTH  P-COST — R-COST - - SUM——— OTH-COST —TO-SUM ——R-~DENS—Mi-- Rl  — -
a2 21.17  3137.03 1313911, 1226579, 2560490. 1166831. 3705321,  175.55 0.20 0.25
FPI &K(1) KN KM  VEX  RL DR v2 sun ¥3~  Tosum ROE WICI] RICD)
T2 6 o 1 47.  649. 1353007, 253881. 1606888, 602842, 2299729. 61,09 0.20 0.25
S ECE 14, 2386. 627217, 932804, 1560020. 692842, 2252861, 224,46 0,20 0,25
2% STQP ':5 ) o o 7 o -
SHIRYD-HD FCRM-PAT AORH ) 3 MEWSEKT  ZAISEKI  KANSU-NO UR-COST  UL-COST  UID-COST
_3 _ SHI-KAKL. . 607.00  175.1C_ .00 10,63 _1615.02_ 9 . .. __391.00 _ __3,50 __ 429.00__ .
NET=-PAT AV-SAGYD R-LENGTH P-COST R-COST SUM 0TH-COST TC-SUM R-DENS HKI Rl
I ¢ 3 6.0 2366.0 627217, 932804, 1560020. 69284z, 2252661.  .224.46.0.20 0.25 .
Fig. 26
Table 10. 3 &% & #  & ‘ B #F
Calculated values ASYORO
8O o BOM L A B A A A et d B BT AN A L
Skidding type Tractor Truck » clane Truck » clane
O s h 2 R K T B
ga{'[uf;t&’ Ofgcg‘ i 116.75 (ha) 17.87 (ha) . 10,63 (ha)
= B #* it
Log volume ! 20,584, 20 (m?) 2,715.28 (m3) 1,615.02 (m3)
£ N A S # i E 5| 7 Vi
Optimum network 0 — 2 1 — 2 0 — 38
P #Ho|m oL A|d 1@ 4 A8 kL
pattern B o# m oo o o5 R #HoE RN
¥ o F ¥ OB
Average skid. distan::e 110.40 (m) 21,17 (m) 14.00 (m)
% oM B _
Road density e 32.30 (m/ha) 175.55 (m/ha) 224,46 (m/ha)
Y1 36, 234,672 1,313,911 627,217
EMRINER ”
Mini Kid Y 2 1,239,932 1,226,579 932, 804
taimum skid. Y 3 10,513,876 1,164,831 692, 840
cost O | Total 47,988, 480 3,705, 321 2,252,861
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A

Remarks

B 4% ¥
)/ = Access road
A o@ &

Planned road

C:) Fou 7L ARE
Area of truck clane

skidding

Fig. 27 GIEASUNT X 2 ol et
ALl

An example of optimum net-

/2

work in acordance with the
calculated values.

0 200 300
(m) |

A

3. BEBIEMEMSBINAREMC B (T S H]

TRIE BB N URESI B R IR 142, 143, 155, 156 RRKBER0RIT, W 45 R HI TS b 5

7 2 ARYM, BRTEY 7 L~ vAREMOMEREARINBRDOLEYTHS
, HEHRMICH S AEESRM, BXULEITRENHNOBMEL 3L Table11~13 DXH12H 6
bINns,

KIT, ZOHRDIDDFRIIKI Fig. 2810534 &5 5 TH 5. BERICHTASERIT O TE RN E
FERZOMREN - 7o%X{2, BV 4,000 m, BILFINITH2,00m ZbEX5 L AEOLD
T, #1350 ha DR EMNTH S, CCTREELLTIHNDDITIH 05, €))7 v— ARKEPLIT,
—IEEAMRREADTELZVDHEEEFNVKEEZELIMREL UL - b0THS

HEMPIRKIC BT, PFEETOLDIT KBNS EEN, BRT T 77 2 MO BREiit
Fig. 20 ICRT 250D TH B

TN OFEEER) SEKFIEL BT 5700 HNWEGR T3, Tableld DX HicE DI LbsrT Lt
T&5,

[ARFAEIT ST HHFIH &k, FE UTEHBAE RN Lehd, ke k3 &, £FoL
WU AFIR UCTEERORB N ES S HOTICMN 2L T - A FERAIMYUS T Ehib o1,
LIc3 =T, b7y ZEMHEHMIT DT, BEFBE M & he, M RLEntefEZL, |
MEELB M 570

Oé‘lc‘. REIEAR 4 v DB T LIk 1% Fig. 30 ICRT ., 748dbhb, =70 LTEEL
FRR ORI, WEMMICIERLI- €Y 7 v— MEEMRIKETH 570w, ZDBHERINTHIE/
2 VTRWL, BAEN, BRCHTRO P 7 7 2 QERKER, WFhs=mE. 2 v EFRLTIH
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Table 11. +527 7 ®Y) 7 L—VHEE
“Tractor, Trucksclane survey note MASHE ETT (1970)
FEooml o E kB | a0 WS I R AT 155 W, AL, 136k, | R KR B 237,74
RIKUBETSU District | KUNNEBETSU A, 1420, 143 4 KK/NEE .
forest office Logging camp Sub-compartment | Operation area (ha)
TR & #H—E—r 3 7 2 I o
Process Felling——>Limbing—>Skidding with tractor—>Bucking
YA VN M 5 Yield volume ‘ ki 4 Bt Log volume
oM IX 5 1 B oK R ) PiEdLD B M B | EITHILY
Forest Lype Species (m3) | Estimated (m?) Actual
orest typ =P Stand bucking per- - bucking per-
volume | centage Log volume | centage
B | /=, bRy
TR e Sk Picea Abies 14,008 0.82 11,488 l 0.82
# vs3%  Betula 847 0. 59 522 0.62
Natural stand | ¥ +, & v . 5
Mixed forest Tilia, Kalopanax 2,085 0. 59 1,286 0.62
) Z®D{l:L OthersL 2,792 0.59 1,721 0.62
#  Total l 1 19,732 l 15,017 |
b R 59~.20° (:V 5 15c> FHd U S ihE rh
Inclination Ave. Density of fold Med.
MK B2 & B Rl 0k 27 S 1k
Ground flora and density Sasa+Med. Operational condition Med.
OB M NTK—4| 1 ld 7 0 % 0.3
Skidding machine 7(t)| Averzge volume in m® per one cycle (m3)
|
- T
TAELmME R 2s0(m) % M %% M iE 133
A‘ezi;%gssl]\{]'(?(ﬂfgg) distance in m (25m)| Cost of depreciation in ¥ per m3 (X /m3)
YHEE 1 N | 480 |5 e g B 283
Efficiency for skidding in m3 per day | (m3/E)| Cost of partial charge in ¥ per m?® | (¥/m3)
PHAUL (BB az b)) 416 A i 3 A 6,160
Cost of skidding in ¥ per m3 (y/m9) Length of truck road construction (m)
(Including cost of piling) in m
AR 1 0Lk ’ 15. 4 Ny 7R A 196
Efficiency for stem-length felling (m3/ Cost of truck road construction in (¥/m)
in m3 per man day A1) Y per m
@M B IR 40.0 | P72 ZHBRER 21,800
Efficiency for stem length bucking | (m3/ Length of tractor road construction (m)
in m?® per man day A D) in m
T By fE # £ 216,000 g A M A Ik _—
Cost of landing construction in ¥ (Y )| Volume of ballast in m3 (m3)
— ! (& ¥ Production)
ot . 5o i ] L 36, 000 (i A Purchase) (o)
Landing area in m? (m?) (3% 11 Constructed work)
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+ B fF % B E . 14.38 | FIRITIEEIEZ: b 5 » 2B LEE 6,200
Cost of landing construction in (¥/m?) Length of existed truck road for )
¥ per m® available in m (m
B A B EERF 1| EErSy JHEE 0
No. of team (Including operator) (A)| Length of access truck road in m (m)
Table 12. F52 2« %Y s L— ViItEk IBFI45 B AT (1970)

Tractor, Truckeclane survey note

- - A g

RIKUBETSU District | KUN NEBETSU

Wy, 1855, 12 & X AT 119.49
L‘ B/NEE

forest office Logging camp Sud-compartment | Operation area (ha)
T 2 & H—DHEHLH—7 v - v $fi H-oE H
Process Felling—>Limbing—>Skidding with trucke«clane—>Bucking
A4 i ) 4t Yield volume rﬂ; i B Bt Log volume
oA R 5 B Hi 3K H T;'as) E:J"t';j;’ﬁﬂtd") = B B B A;‘;!éﬁzl»l",ll; 2]
. m stimate: Actua
Forest type Species Stand bucking per- (m?) bucking per-
volume | centage Log volume | centage
/=Y, bF=Y
FK < RISk | Picea  Abies 7,333 0.82 6,121 0.83
N d # V23 Betula 187 0. 59 126 0.67
atural stand | & JF, & ¥ -
Minod fovost | Tilia, Kalopanax 944 0.59 635 0.67
ZoD#1. OthersL 2,195 0.59 1,477 0.67
#H  Total 10, 659 8, 359
o E A 5°.10° (.\']Z <) 70) O Lw Sl @&
Inclination Ave. Density of fold Rare
HIBRAEAE & BRTREE RO e R L E

Ground flora and density Sasa+Med.

Operational conditien Med.

R OB K O | 1 EHic HFERE 1.01
Skidding machine M %Eltzg Average volume in m3® per one cycle (m3)
TAGMERIES (FHERE) s\ 5 B % W fm 439
Avelé;‘;;:_sséfgfgg) distance in m (35m)| Cost of depreciation in ¥ per m? (Y /m3)
EHESE 1 RIDRE 22.4 | 4> 8 & O OW ) 166
Efficiency for skidding in m2 per day | (m3/8)| Cost of partial charge in ¥ per m3 (Y /m3)
B (35802 R 1) 791 b7 o 7 MERER 14, 280
Cost of skidding in ¥ per m?3 (¥/m%) Length of truck road construction (m)
(Including cost of piling) g in m
2 1 QTR . 15.4 | b5 v 7 ilHRNE 341
Efficiency for stem-length felling (m3/ Cost of truck road construction (% Jm)
in m3 per man day AHD in ¥ per m
&WiEH 1 RIRE , 8. | 152 2 BEREE ] —
Efficiency for stem-length bucking ([ (m3/ Length of tractor road construction (m)
in m® per man day AE) in m
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tomofF R OB — e wEm R 2,380
Cost of landing construction in ¥ (¥)| Volume of ballast in m?3 (m)

(}% W Production)
+ & wm B — (#% A Purchase)
Landing area in m? (m?) (3 11 Constructed work)
+ B O & BN — | IR Y T v /IR 4,200
Cost of landing construction in (¥/m?) Length of existed truck road for (m)
¥ per m? available in m
wOA B (AEEF) 5 | FhEr 7o 7 HEER 0
No. of team (Including operator) (A)| Length of access truck road in m (m)
Table 13. # %t M &£ % 5] )

Cost survey note

RIKUBETSU

b 5 2 2 HOM M7y s v — VR
Stem-length skidding with tractor Stem-length skidding with truckeclane
5y | % £ |
ver- verhe-
Personal expense |yead ex)| il Personal expense | a4 ex. Bl
EAR|T (-P%ilﬁﬁg) (Hsif/ﬂli) Total |3EAR|2Zh 12 (—*%ilﬁﬂs) E%/ﬁfi) Total
s ¥/m £ fm N I . ¢ [/m Fhit .
mans | BEH- gy %) Unie | (y fme) mans |Effie | g7 nie | (¥ fmo)
day |ciency cost cost day iency| cost cost
ol A
Stem-lenth 986 | 13.8 217 60 277 481 13.8 217 60 277
felling
£ B & H
Stem-length 375 40.0 76 30 106 258 23.4 107 25 132
bucking
2 F 7 %
Tractor 2,792 5.4 504 257 791
skidding
7 v o— vk
Truckeclane 746 | 11.2 270 146 416
skid. :
&R F 8
Operator’s (738) 241 241 | (286) 166 166
wages
&
Cost of road 707 140 173 313 184 182 366
construction
r % M)
Truck road (286) (¢4) | (158) | (202) 664 (184) | (182) | (366)
cost
(k77 23H)
Tractor road | (421) (26) (i3) | (u11) | (664)
cost
g
Cost of 133 133 439 439
depreciation
i Ely
Sum total 4, 860 1,178 583 1,861 | 2,149 944 852 1,796
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Table 14. 3 # & # N F # ] 3
Assumed condition RIKUBET'SU
1
# OM o ¥ M b 7 7 20 b 7 4 2 bFFy T eL=V
Skidding type Tractor Tractor Truckeclanc
% X i i a) (B)
Operation area (ha) 12,70 11.35 82.76
. el ) / . . . . 82 ’ 5,078.98 (0.
RS X CEED) NV 1 748.28 (0.82) 668. 74 (0.82) 5,078.98 (0.83)
LV 1 45,21 (0.62) 40.41 (0.62) 129.11 (0.67)
s ! . 3
Stand "Ol‘f‘m mom NV 2 111.38 (0.62) 99.54 (0.62) 653.80 (0.67)
and (bucking per- LV 2 1£9.1C (0. 62) 133.25 (0.62) 1,520.30 (0.67)
3
centage) (M) Total  1,053.97 941,94 7,382.19
& X i N = )k = Mok ‘& B
Form pattern Triangle Triangle Trapezoid
Vil 7 DFEIEHE (D)
Average volume in m?® per 5.0 3.C 1.0
one cvcle :
b7y 7 EIH BN (¥ /m)
Cost of truck road censtruc- 416 416 416
tion in unit length u
B BH R B (¥ [m3)
Cost of landing construction 6 6 —_—
in unit area i
. i
+ 8 W R (m?)
Area of landing in m? 193 172 i -
, _—
’UJ’L%UI (IR, b, 1)‘]”&
%) (¥ /m3) 666 666 575
Others cost in ¥ per m?
5@ fE% Operation 0.3 0.s | 0.2
Ratio of ) =
increment G Road 0.25 0.25 0.25
BIATIE L 75 7ER  (m)
Length of existed truck road o] 0 0
for available in m ‘
BE b T 7 IR (m) l
Length of access truck road 0 0 0
in m ‘
Fab I TFHE L,
PAEDEFNZePFE Table 5 O EMENINECCEM LT R 0 275 A5HA S 218 245, Fig. 31

OFT 97y b LD Table 15 O8$E LA Sz,
(EST L ST D )

:i‘g: ‘J ] l/ /1kXO)”‘;'1‘%I< /J b*}ui]”é"
2DEETHD, bbb, AREIMEDL-T,
ERBLNAZEEERLTNS

31 7Y F7y b B, BRI

o Tl Table 15 CRT X D12, B2 vi3-
I HLITER B BIDEL G D & 3 IS i D e
DL EITET A EHEMITH 27 m, ERHIER 10,114 m (Fig.

122 m/ha, A 11,800 FMTH
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Table 15.  FF & & R # k2 31
Calculated values RIKUBETSU
M ko EOH FSysesv—v|y 73 4 i+ 3 2 %
Skidding type Truckeclane Tractor Tractor
LR NI A ol VA A T 7 =
Calculated op, area H 82. 76 (ha) 12. 70 (ha) 11. 35 (ha)
. 3 Fhe
%og vo%me o g 5, 758, 69(m3) 803. 12(m3) 717.75(m?)
s W | A S T':Ta ¥ EOﬂ]O‘JB Eoﬁi &
. S — 23 - — 1
Optimum network Nm 3 W won L MO oL
pattern B om om o3 g %2 oA B H

& O ¥

Average skidedistane

27,46 (m)

237,35 (M)

105. 13 (m)

B o® & B )
Road density 122. 21(m/ha) 0.0 (m/ha) 32.76(m/ha)
Y1 4,585,122 1,633,813 1,255, 203
4L EL My .
U R N T Y 2 3,904, 080 0 154, 698
Minimum skid. Y 3 3,311,245 536,033 479,052
cost &) | Total 11, 800, 447 2, 169, 846 1, 888, 953

ok, B s vAI3-23 TREAND Z &1F, T ROBFEURAN < 2 v BOIETIRAE S ZMIBIICEEL
TR LTS 5 (Fig. C1 /), b L, DO bDEETHNL 3-20 LHERENSB,
BN AREEL LCHBICRERINAKE (Fig. 20 8R) 245 <, fFHEIERECHL
TRIZHH M ETICRIIE N, SOFTASIHRE L» SN EE, FHEBSHTIOR, L
PATTRICE TS T, INOEENFARE PEREEHWNS,900m H BT &bl

|4

2N,

Lo THEEY) 7 b— VEKTEE 82.72ha THY L BRGFHEFIZ 108 m/ha WX T 3, b, EEOK
KON TR ERNEEEEDIE S, ETREM (B4 v OMFIHIME) 12 BEEE D 2, 200
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FPI_KK(I) _KN__ KM VEX.._____RL Yoo v2 SUM Y3 TOSUM___ _ RCE. HI(1).RLI)_
— - i 00— 0 . —237._ __ 0. 1633813, —_ . 0. 1633Bi3.  536034. 2169866.. _ __0.00-0.30 D.25. __
Hu-—-STOR 33
—— SHIRYD-NO FORM-PAT _ A GR H 8 _c _MENSEKI  ZAISEK!__ KANSU=NO. UR-COST  UL-COST  UID-COST
4 SAN-KAKY £25.00 406.25 657.18 12,70 803,12 2 416.00 6.00  666.00
e _NET-PAT - .AV=SAGYO R-LENGTH _P~-COST_ _R=COST ... SUM . _ QTH-CCST . .TQ=SUM. . R-DENS_Hl _Rl._____
¢ 0 237.35 0.00 1533813, 0. 1633813. 536034, 2169846, 0.00 0.30 0.25
FPI KKC1) KN KM VEX RL Y1 vz sum Y3 ToSum RDE  HIC1) RICI)
L 1 [} 0 327. 0. 1595902, 0. 1595902, 479054, 2074955, 0.00 0.30 0,25
. 1 1 0 1 105. 372.  1255203.  154698. 1409900,  479054. 1886953. 32,76 0.30 0.25
Rk STQP &% [ -
SHIRYG-NG FORM=PAT A_OR H B c MENSEK!  2AISEKI  KANSU-NO UR-CIST  yL-COST  uID-COST
5 SANSKAKU ™~ T 468.75  "4B&.38 — 527,62 11,35 717075 2 T T 416000 T 6700  666.00
HET-PAT AV-SAGYD R-LENSTH  P-COST  R-COST  SUM  OTH-COST  TC-SUM ° R-DENS K1 Rl
S TeTTTTUgt 1T 105013 371,87 1255203, T 154698, 14099000 479054, 1888953, © 32,76 0.30 0,25
T UFAT KRK(IY T KN KM VEX" T RU YU T Y2 T T USUMT T ¥YX TOSUM . RDEC KITH RI(TT
T s ] 0 30 90, 3718, 14387436, 1635153, 15822589, 3311245, 19133824, 44.92 0.20 0.25
4 0 1 1 73. 3959. 11640497, 1528028. 13168525, 3311225. 16479770. 47.83 .20 0.25
60 1 20 T 5237, 221113, 2021459, 11242572, 3311245. 14553817,  63.28 0.20 0.25
i 4 0 1 30 a6, buud. 7416985, 2485680, $902675. 3311245, 13213920, 77.810.20 §.25
4 0 2 23 40, 7161. 5528882, 276.244. 9293126. 331°2<5. 12604371, B6.53 0.20 0.25
5 o 2 30 34, B409. 5628795, 3246021. ©B74816. 3311745. 12186061,  101-61 0.2C 0.25
TV ez w 3. 9236. 5070417, 3564970. 8635387. 3311245. 11946632, 111.59 0.20 0.25
4 0 3 23 27, 10134, 4585122, 3604080, 8489202. 3311245. 11800447, 122.2: 0.20 <.25
we STOP % - T oo
SHIRYO-KO FORM=PAT A OR A B 3 MENSEKI  ZAISEKI  KANSU-NC UR-CGST  UL-COST  UID-COST
6 DAI-KEL 406.25 _1460.94  1031.47 82.76 _5758.63 _ 7 . 386.00 6.00 575.00
NET=PAT AV=SAGYO R-LENGTH  P-COST  R-COST SuM OTH-COST  TO-5UM  R-DENS KI Rl
323 27.46 _10114.20 4585122. 3904080. 6489202. 3311245. 1:B00547. 122.2: 0.20 0.25

s CALCULATION OF ABCVE DATA IS FIMISHED uan

#u% ALL CALCULATION IS ENDED 3t

Fig. 31 H5i7 o 27w b (BER)D
Output (RIKUBETSU).
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An example of oplimum

network in acordance

| m i ] with the calculated va-

RoB . W% ® lues.
Remorks Access road

——~—~— BT 98
Planned rcad

278 (7K
Arec of tracior skidding

mEETH, CONBEREEDDE BERIZ 11,100 m, FHEWEEL 134 miha 05 #ER USSR
b, L7chi-T HRsUC SN s, OISt i & D, Jf iR E by Tl
fUZI > TWNB T &b, BHREIIC OV T e, HEMRDOAN 3l 7 2 WiEy <2 vi2, V478
FRELUTBEMZIMINT 32 &D 0, COMC DD THYITHIMLEHMLARETHELEVALD, ZOK
T, RERORSEENH RAT DA B THE L T &, COTEEZWN T H LTEDHHTES
HObDEVZ KD S,

DT, BINKLELAD T 7 FEERKIZI OO THEE N E L 5o MiikXiZHThEZME
A2 vpstifEh, IHbENFA12.71ha, 11.35ha EZNLETH DD, HERUBEND PP
EVRKOEFEA “B”, AHOWOERIKA 0-1 DEAKBREN L VS oni, chid, —R
P Lichiz A, SOHIBEARNALZ/MBENEF L TH SO LTHEAMMIESLET v
12K » TR AL SN D TH D, T1HHE, WALETFATEEMIEDOUGL PR S H
MUEEZ 2 — 35018 LT, HILeF vV EZEMEDTIANNA S MM R I —rTB2ICH
B, O ZMIBEOER, BRI THNE, 188D bR NOVHEETRRNAE (LD, 1M
WAHIB T LT D, THHD, HBMEOLBENMGS LI EDTH S, L L, JBOKRKRES S

’ AJ:. NFNDRKIT N T b Z B #HE B 5 ﬁ’s‘LMII“HCV LTHY, o imailig Lz Thil
PNz Z BELEIERSE 237 m, BRI m ANENREINTITH D, LE-T, b 77 2RIKIME
HMOIMBIRE LG SN D, B, Fig. 292k s, Al 12.70ha D 7 2 2 RKIZDNTIE
fEXEHAHG T2 X OB INTL S Z EMMHRINLH, T, BMEEDID LS XD, ZORK
DA AEET KA~ OFERIEZF I L2l E FR 5o, SIFEMHE LAMAILIITIREY,

RBIZ, COFIRETE S EREE AR ENTRT 5. $TRATE LS, HRKIZDHTIE
EITREBHABERBL T B0, Homw TR AR AT BBV E b Bbh 2 s, MTEH
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BIE R IOERN S b, UTEOHHTHS HER" MM L R R AE TS 5o Fig. 820
E3CRbT T ENTE S,

H & H B

B U RO MM, 36 L Pl T O e s 2 100 O il Ry GEVD AtnE
THb, “OBE, N TSN oW b THMINDI I LB ENTH-T, HLDEITE
PRI IS bt S b, FAUTHES CHEBFMRITEENC R D LIS i BEENE S 5 &0
IBEELBLITHD,

COTRERINT K B TR L, TS COIIBRBELE S TED, TOHERTIIATILEbL L
DIHO—ITITT X,

ATEIZAEME L OB N RINMAUCI 5, W K28R LENERIT LT, ERCHERS
RO FEBBRTE TS 3—20)ik2RA L bDOTH Y, HMEHHOBMII VTS, “HHE
BUEHMIEZ R > TREL” L0V, Wb 220 (Pestat, E) $ 2O NES QZUITN IS
HESHN IR RMDbRG. T2 T » THERZ A A 3 INCHE o W T A BRI L
Th, AHRBEDXIUHNEROENDO S L2, ENEZFOWELET I 00D, OOEERKkRE
PRABEL T E ORI B VW TRE O NI RELEENFIL SN 2 & 1218 A S,

o, YHETHRLE L ERRRER G R IEME ML TOAHTH B FHRRRE Ak
W5 P R S, BN SEREL O B O ST S KW ERSH 5 LD .
i@ 3

I, B#RE— 4 Y €= 0 YOFRGEEF LOMRENHTDMDITE L, FRERY AT AIZE
LR ANER SN D K DT o fce JHT, WATEROBML L VS BLAD H ik, MR RRRRIC
LOBMTEDLNINETHI LI UL S,

LicHB-T, TOMEDBNIE, WM ECHT 2R DRE IR BMAL S N THiEEZ RN 5
cEithh.

WHRE NN O T A 7 TICIS S MbIRANT D &, HERIC L 2 3TH LA MO TR C 2R

Tzt

s

FHO XL LHMRE XUCHREIUATOLEDTH S,
1. fKEFRA2VORD
T, KEOKAR 4 v EPET . RKIZOOTORIRBE  OEMNEL SN B, Linl
DELED S, KO 4228 NZENYTIUSTRD 21 A D E DD,
(a) ZfEsrcs v
(b) FRrezv
(c) - a2y
(d) HFcsy
2. BAA2VORER
DT, FERFEY AT LK DBMMPIOED DI R RN v 2 v LT OBBANES 5, B, &

E2

Y
5_3

i
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MDA TS 22T MILT, LHdWMREBMINZCEHBAT L. TOEA, M 2 VRO X
SILERDLT T &L U,
(a) ZEoALW
(b) HERE
(¢) HEMmERL
3. BRARoORE
MOEIZB Y B WNBEEE, —BIKD > TRAYHOA TR L, hoMNEEbEDTRDLNB L
EBRMONTVS, UL, ZNoOFRCHETA2BRAEER S HOHTEMEIOND S, Lih-T,
PR R AREMEEOA L LTROISKEE L.
F(x)=fu(x)—|—fb(x) +fc(x) ...................................................... (1 )
TZT, Fx) : RAREMEAIE (D,
fax) 4B (D),
f(x) < SEERBERR Y (D),
fe(®) « zofbR: (D
4. HEOLHORH
LREOWABRECEAET B 2010, ROGZHDHMEEN S,
folx) HELT
(a) HHIBERE
(b) AREITAMEL
(c) &Py
(d) EBEESHh B
(e) {REEE
(f) REFIR 05V
filx) ‘LT
(8) b7y BRERES BN
(h) " DREZ D pinER
(i) ERr7o0MEER
(§) EEHEER
fe(x) IKEALT
(k) HCHRIS A O REIT
n w B
(m) LEER
(n) BRI@HtS 7 b HEHERT
(o) HBBHEiH b HHERN
5 HEROHE
TROMMERELLZOS, HEDRCRATE LRI >THREBNNITTES,
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6. FLLVEERALEKERENLE

fEEONDIAEL AL, FIOfEREEE RBRERMNCGERTAC LRI > TEEINS, LT, L&
DPRBIZBY 88/ 2 %2 ZORKICH Y 2 REMBRE & HET,

FHAEiE, ML WIRIES SN T 243, ZORECE T 2MIMMA e R B & ki &kic, &
N0 S5 ACE S TRIKIBIR 2 Y31 27w 7 RSN, GHIBFH L2 YO RIBTL hiEsn
B TOXDILHTRMBEZH LT E Xk,

FLx)CCF(X)  vvereeesmmeimsimiiiiiiee ittt (2)
F7:43 FX)ZCF(X)  woreeeerresrsrmnnnmmme sttt (3)
TET, F) : Hi LRI <2 vic X B8
CF(x) : NiDIRINZ Vi X5 Hfidatin]
AT, F(x) & CF(x) &DMEN2(3IRDIMEICL ST DI NS,
bL, Flx) & CF(x) LOBMEHN(2)NTRENZ LA, HLORR
D, (RO XSTRENBZBGRAIM TR LT 2,
7. RVBRERERBORE
BPLez viER e & & HHITT DS (), (. filx), FP, S, PV, RC, LC, IDC,
NETP, AVEX, RDE %154 v7 Y v 4 —CHIFENS,
TCT, FP:{RRIZAR- 04 v, SRR, PV @ At R#EL, RC @ RN LC: 230dF
i, IDC: zoflggth, NETP : Ml e2 v, AVEX : TUYfRiii. RDE @ PR8I,
Bz LT A, COFEEIR A AITHAINIS 02 v EFTICT EiL . Ld T, JEROR
WPEICBOTE, BIEREB XCNERGE LT FE LI oG,
EBROBEAPLEN L LTR, NREKRERRFERS S JUMNEREICBNTE LR -TAk £
OFEEFE T3 A3 Table 10, Fig.27, Table12, BX U Fig. 32 ICRTEEITH 5,
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seine Anwendung bei Neuplanungen), #k{LikH¥, 205, 29~39, (1970)

2) FPIREEA L MBI 4 — vI2 X BIEREMEEE, BHREEE. 1599, (197D)
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Studies on the Forest Road Network with the

Use of Electronic Computer (1I)

A method of determining the logging road

network adapting the simple form patierns

Masahiko Hiracat??

Summary

Recently, consequent upon the rapid progress of motorization, and the remarkable decrease of
forest workers, forest management by the intensive road system has been watched with special
interest. Especially at the new mechanization of forestry 0|)cr21ti0|1s, there is the widespread
belief that whole forest land could be coverd by the network with the circulating system.

Therefore, the author’s main purpose in this study is to find out the most reasonahle and
economical network for the logging operations. Hence, we tried to determine the optimum
networi: which is based on the minimum cost idea, by the method of trial and error with the
usc of clectronic computer.

The main method and the results are as follows:

1. Classification for the form patterns

At first, we must decide the form patterns of operation area. There are various forms
depending on the operation areas. Nevertheless, at the new point of computer calculation, it
is effective and sufficient to classify into the following four form patterns; (cf. Fig. 2)

(a) Triangular pattern

(b) Rectangular pattern

(¢) Rhomboid pattern

(d) Trapezoid pattern

Received December 1, 1971
(1) TForest Mechanization Division
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2. Development of the network patterns

Then, in order to decide on the network with circulating system, we determine the
fundamental network patterns and their developments. Of course, it is advisable that the
construction of network be as plain as possible, and to be developed systematically. In this
case, the network patterns are reprecsented as follows: (cf. Fig. 5)

(a) Penetration type

(b) Simple circulation type

(c) Double circulation type

(Circulation in many folds type)

3. Definition of cost function

It is widely recognized that the cost functions of forest road are required not only for
the logging operation but also for the other forest operations. However, monetary estimations
of such operations are very difficult to compile. Therefore, we must decide the cost function

in logging operation as follows: (cf. Fig. 18)
[.‘(x) =ﬁ,(x)+fb(x) .}.fc(x) ................................................ ( 1 )

where,
F(x): Total cost of logging operation in Y.
fa(x): Skidding cost in Y.
fu(x): Road construction cost in ¥.
fe(x): Others cost in Y.
4. Assumed conditions of the calculation
So as to calculate the above cost function, the following conditions must be prepared;
Relating to f,(x)
(a) Coefficients of skidding cost function.
(b) Stand volume of operation arca.
(¢) Bucking percentage.
(d) Ratio of increment in skidding operation.
(e) Operation area.
(f) Form pattern.
Relating to /), (x)
(g) Cost of truck road construction in unit length.
(h) Ratio of increment n truck road construction.
(i) Length of existing truck road.
(i) Length of access truck road.
Relating to f.(x)
(k) Cost of felling in unit volume.
(1) Cost of bucking in unit volume.
(m) Area of landing.
(n) Cost of landing construction in unit area.
(0) Cost of partial charge in unit volume.
5. Calculation of total cost
After the determination of the above values, the total cost is calculated by putting the
values into eq. (1).

6. Comparison between new total cost and the former total cost
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The optimum method on the logging road density necessitates that the average skidding
distance should keep the total logging cost to the minimum. And then, we can estimate the
network pattern of the above state to the optimum network in this operation area.

To begin with, calculation is started at the state of non road. Such value of total cost is
named comparative total cost. The form patterns are developed one step on the electronic
computer program. This calculation is repeated at the state of new pattern. Such value of
total cost is named “new total cost”.

FR)CCE(R) e rveeemrrerseeaneentienie sttt et (2)
OF  F(E) RO () -+ verrererereesersmtermesie e (3)
where
F(x): The total cost for new pattern.
CF(x): The comparative total cost for the former pattern.

The calculation is repeated until the relation between F(x) and CF(x) becomes as eq (3).

If the relation is expressed as in eq. (2), we could estimate the new pattern as effective,
and if the relation is shown as in eq. (3), we could estimate it as ineffective.

7. Determination of the minimum cost and the optimum network

When the selective pattern is estimated as effective, the values of calculation: f,(x), £, (x),
fe(x), FP, S, PV, RC, LC, IDC, NETP, AVEX, RDE are printed by the line-printer.

Where, FP: Form pattern, S: Operation avea, PV: Produced log volume, RC: Road con-
struction cost, LC: Landing construction cost, IDC: Others cost, NETP: Network pattern,
AVEX: Average skidding distance, RDE: Road density.

With regard to the network, the results ol this calculation is shown simply as the funda-
mental pattern.

Therefore, at the determinating of actual network, we must 1ake account of the topographic
conditions and the operational conditions.

The examples of actual network were investigated in the national forest under the jurisdic-
tion of ASYORO District Forestry Office, and RIKUBETSU D.F.O., OBIHIRO Regional Forestry
Office. The results of calculation are shown in Table 10, Fig. 27, Table 12, and Fig. 32.




Reference teble 1. 8 7 v 4 5 A
Program for computer calculation

- 58 WRTTE(G, 3600 FP(I)y KK(DIy ACI) s BCIYs CCTI TFCIVITTRCCI) s 1LAY

—1 PRUGRAM H6592 59 #1303 NVLCDD)s LvlCid, LPL(I)» NVZ2(I)s LV2(1)s (1) LP2CT)

2 C k%t CALUCULATION PROGRAM OF THE FOREST RUAU NETWORK 60 v LACDY, ERLCT), 10C T, RICI)y ARLCDDY T
3¢ WITH THE USE OF FURMAL PATTERN i _ 61 360 FORMAT( 1HO, 21109 / 1KH0s BF10.2/ 1HO» ©F10.2 )
4 C CUDEU BY M, HIRAGA 62 18 CONTINUE B I
5 INTEGER _NF, NRCy NLAs NN> Is Jy FP, KK+ IF, IRCy» ILA» 63 ¢ KELSAN
6 <~ FPI, 11y K7 KKIs Kis KN» KM, BKN» BKH,; IF{ 64 DO 20 T = Ls NN
7 REAL FCy FX» FXXs RC» LC» Ay B, Co NVIs LVIs NP1, LPls NV2, LV2, 65 WRITE(6y 400 )
<~ NPZ, LP2s LA; ERLs 1DCs HIy RI, MINL, MIL)» MAXL» MAL 66 400 FURMAT( //IHD; 3Xs SHFPl, IXy SHKK(1)y 2X» ZHKN, 3X; 2HKM; &Xs
] « Aly Bly Cly HHy TVy RCI> LCIy VEX» RLs» TUSUM, CTUSUM, SUM,» RUE, _ 67+ BHVEXy 8Xs 2HRLy EXy 2HY¥1y BX, 2hY2s 7Xs 3HSUM, BX, 2HY3, 5X,
10 <Y1 Y2y Y3+ STy ARLy BVEXs SRL, BYIs BYZ2s BYS, BTUSUM 68 ¢ 5uTQSUM, 7Xs 3HRDE 3X, SHATCD)s 1Xy SRRIC1Y 77—~
1 DIMENSION FC(20)s FX(20)s FXX(20)» RC(20)y LC(20)y FP(100)s KK( 69 FPi = FP(])
12 +1007, A(100)s B(100Ys C(I00)s IF(1007, IRCC100)s ILACIO0), 70 TV = NVI(I1) ¥ NPL(I) + LVICI) % LPL(1) +» NV2(I) # Np2(l) * LV2(I)
13 + NVI(100)s LV1(100)s NP1C100)y LP1€100)s NV2(100)s LV2(100)s NP2( o7 e RLPHDY
14 +1007s LP2(100)y LA(100)» ERL(1001, 10C(100)s HI(100)» RICL00)s 72 Al = ACT) ’ . T T
15 + ARL(100), MIL(20)» MAL(20) 73 _Bl = B(D) _
16 C DATA NQ  YOMIKOMI - 74 Ci = - I
17 10 REAU( 5, 100 ) NFs NRCr NLA> NN 7 HH =
18 100 FURMAT( 4110 T ) 7 - - 76 T =
19 [FCNF_LEG. 0 ) 4O 1D 5999 77 3r
20 DL 12 T = 11 NF 78 —_— . Eé

21 READ(5, 120) FCCI)s FXUIDy FXXCI)y MILCIDe MALCDD 79 il
22 120 FURMAT( 5F10.0 ) — 3¢ - - — — =
23 12 CUNIINUE 81 KK = KK(I)

TEE T RERDC Sy 140 ) ¢ RCUUY» JTETITNRCTY T o 82 TFT = [FC) B
25 140 FURMAT( B8F10.0 ) 83 MINL = MILCIFD) i
26 READ( 5, 160 J ( LC(JIs J = I, NLA 7 84 WAXL = MALCIFD) D B
27 160 FURMAT( B8F10.0 ) _ 8% - ~

2R (IS SN S S 1 56 00000.0 - - =
29 REAND(Sy 180 ) FPU])y KK(IDs ACl)y BCID)y CCT)s FFCIYy [RCCIDy LA 87 22y 265 30 =

_‘5"0‘ T RVICTTS TVITTYy NPITTYs LPL(T)y NVOCTY, V201 NP2(1Y, LP2T BE <

«1)y LACT)s ERLCI)s IDCCI)s HI(1)s RICI), ARLCID 49 C M SANKAKU PATTERN # [y

WAT( ZTI07 3F10.0y 311U7 BFIC.U7 6F10.0 7 39 F =T8BRT( CI % CI™="0.25 & 81 % Bl V™~ - =
33 14 CUNTINUE 91 ST = =1 #® WM/ 10000.0 oy
"84 ¢7 T YUMIROMT-DATA™ RO INSATY e 92 AL = B - - - 3
35 WHITEC 6y 200 ) NFs NRCy NLAy NN 93 24 CALL SANKAK( B!y CIs HHs» Kiy KK{y KNy KMs VEXs RL ) ~

736 200 FURMAT( 1K1, 4HNF =, IS5, 10Xs SHNRC =, [5, 10X3 SHNLA =, 5% 10Xy~ = N 0+ * =)
37 + GHNN =, 15 ) 95 o VEX # (1,0 + KICI)) # (1,0 + HICI)) ) _
38 “WRITET 6+ 220 ) 96 RC = RL # (1.0 ¢ RITIV )

39 220 FURMAT( | 64Xy SHFC(I)y 16Xs SHY X{1)s LUXs GHFXXCL) ) 97 KL = RL - ERL(D) ) o~

AT OU 161 = 1, NF - ) 98 -GE. T, vt 48
“) WRITE (65 240) FCCE)s FXCIDy FXX(1)s MILCL)s MALCE) 99 RL_= 0.0 )
4p 240 FURMAT(TIHO, 3(5X3 F10.6)» 2(5%, F10.7)) — WT?MWH )
43 16 CUNTINUE 101 2 = BL ¥ Rl
Y] “WRITEC 6 250 ) 102 Y3 = LACL) # LCI + Tv 2 juccl)

45 260 FURMAT( 1HOs SHRC(J) ) 103 TUSUM = Y1 + Y2 + Y3 B

T46 T WRITET 6, 280 ) (RC(J)y U= 1, NRCTHY T 104 [FIMINL . NE, 0.0 ) GO TC 710
47 280 FUKRMAT( 1H0, 8F1C.2 ) 108 IF(MAXL .NE, 0.0) GO TO 720 o
8T T WRITEC Gy 3000 T T C 106 TFC T0SUM LGE. CTOSUM » su  Ta 38
49 300 FURMAT( 1HO, SHLC(ID) ) 107 G010 725
S0 WRITEV &3 320 7 7 LCUITs [ = Iy NCA J 108 710 [FCVEX JLE. “INL) QU T4 38
51 320 FOR“AT( 10+ 8F10.2 ) 109 __IF(TOSUM .GE. CTOSUM) GU 10 34
57 WRITEC 6, 340 ) 110 60 To T 735 i
53 280 FORMAT( 1HO, 5%y 20FPy BXy 2HKKy 7Xs 1HAs 9Xy IHB» 99Xy LHCs 10X 11] 720 IF(VEX ,GT. (0.5 & MAXL )) GO ro Zé B |
54 « ZWIF, 7Xy 3HIRC, 7X, IRILA/ IR0, 2Xy 3HNV1, 7X, 3HLVIy 7X, 3HNPI, 112 IFOTOSUR LT, CTOSum) Gu™ T8 72 =

55+ 7%y BKLPLy 7X, ZIANV2, 7Xs 3HLV2, 7X» 34NP2, 7X, 3BHLP2/ 1HG. 2Xs 113 G0 710 38 ey
56 ¢ 2HLA, 8Xs BHERL, 7%, 3WIQCy 7X+ PHAT, 8X, 2ZnR{, 8K+ SHARL T 114 725 CUNTINUE |

57 00 18 J 31, NN



115 BKN = KN o o 177 CTUSUM = TOSUM
116 BKM = KM TIVET WU Te 28 -
117 BVEX = VFX o _ 179 30 CONTINUE
118 BRL = RL - TIB0C TS RYDKETT FATTERN % - —
119 gyl = Y1 181 {F( FPI kR, 4 ) GO TO 34
120 BYZ2 = Y2 132 Tl = 1 + U. ® AR
121 HY3 = Y3 ST = 0.5 #% ax # HH/ 10000.0
122 TRTOSUM = YOSUM —iaa—??*ﬂu. QYOKEI( 81, HHy Kls KNy KMy VEXe RL )77
123 SuM = Y1 + ¥2 S . 185 vl :rvn(FC(H)-FX(H)§VEX*(10‘MI(I))»FXX(II)qux
124 RDE = "TRL * ERL(IT)7 ST 1R6 TR OVEX B (1.0 + HICIDT ¥ (1,0 + HICID) )
125 1F(MAXL .EG, 0.0) GO TO 726 187 RL = RL & (1.0 ¢« RIC]) )
WGl C TO 727 188 RL = RL - ERL(])
127 726 CUNTINUE . o . 189 JFC RL LGE. 6.0 ) GD TO 33
128 WRITET &5 %40 V FPI; KKIs KN, KMy VEXy RL, Y15 V27 SUMV Y3V TUSUM, 199  RC = 0.0 St T -
129 + ROk HICD), RICD) 19} 33 RL = KL + ARL(D)
T30 &40 FORMATT THU, 415, 7F10,0, F10,25 2FS5.2 7~~~ 7T T 192 ¥2 = RL # RCIT - -
131 727 CUNTINUE 1932 Y3 = LAC]) & LOL + Tv 3 [0CcD)
132 KI'= KT « ¢ 19¢ TUSUM = Y1 + Y7 ¢ ¥3
133 _.ETOSUM = TOSUM 195 [F(MINL .NE, 0.0) G319 750
134 GUTTD 2% 196 TRONAXL (NF, 0.0 @07 TO 760 -
135 26 CUNTINUE . - 197 JFC TOSUn .GE. <THRgn ) 60 Tn 38
136 C 4 SHIKAKU PATTERN # - o 196 ~ TUGOTO 76S T T o —
137 ST = Bl # Al/ 10000.0 199 750 IF(VEX .LE. “IML) G2 Ta 38
( ’ * ’ ’ 4 TFUTOSUY . Gt. QUM T & LEM k1]
139 YL = TV ¥ ( FCUID) 'Fxrn)»vsx»(l(}oux(ln~Fxxtlll§vsx 201 GU_10 765
+ # VEX W (170 ¥ RITDY # (1,0 + HIC1)) ) 202 760 IF(VEX .GT. ( 0.5 X MAXL)) GO 10 765
161 RL = RL # (1.0 - RI(1) ) 203 [FO10SUX_,LT. CTOSUM) GO TD 765
TTe?T R E - - - 204 Gu TU 38 o T o o
143 IF{ RL .GE. 0.0) GO TO 29 205 765 CUNTINUE L _ o
144 RLC = 0.0 206 BRKN = KN -
145 29 RL = RL + ARL{I) 207 BKM = KM
146 Y2 = [} . 208 BVEX = VEX
147 ¥3 = LACI) # LCI + Tv # [DCCI) _ 209 4NL = RL
148 TUSUM ™= YT + Y& + ¥3 210 ByL = Y1 - B T
149 IF(MINL .NE, 0.0) GD TO 730 211 uyz = yz
WNE. O 0 740 212 BY3 = -
151 IF(_TOSUM .GE., CTUSUM ) GO 7O 38 217 e'rusun = 105uM
152 GO 70 745 214 SUM = Y] + ve
153 730 IF(VEX .LE. MINL) GO TO 38 _ 215 RUE = ( RL « ERLUIDIZ ST I —
154 M .GE. UMY GO T0 38 - 216 IF(MAXL .EG, 0.0) GO TG 766
155 GU_To 745 217 IFCVEX_ .GT. MaXL) &l Tu 767
156 740 IF(VEX ,GT. (0.5 % MAXL)) GO T0 745 215 766 CUNTINUE
157 IF(TOSUM .LT. CTOSUM) 50 TO 745 219 WHITE( 64 440 ) F=1s KKIs KNy KM, VEX, KLy yls y2» SU¥» _y3s TUSUM,
~158 GO 10 38 220 « RDE» HI(I)y RICD)
159 745 CONTINUE 221 767 CUNTINUE [
160 BRN = KN 222 KT = KI » 2
161 BKM = KM 223 CTUSUM = TOSUM N B -
162 8VEX = VEX T — 224 607 T0 32
163 BRL = RL 225 34 CUNTINUE
166 BYL = Y1 226 C % DAIKE! PATTERN ¥
165 BY2 = Y2 227 HH = SGRTC Cl ¥ €1 - 0,25 % ¢ 81 - Al ) # C Bl - Al ))
166 AYS = Y3 - 228 ST = 0.5 # ¢ Al + 3] J ¥ HH/ 10000.0 -
167 BTUSUM = TOSUM 229 36 CALL DAIKEI(ALy 814 CIs HHy KIs KKI, KNy KMs VEXs RL
‘168 SUM = Y1 ¥ Y2 230 YL o= TV % ( FCTID oFX(H)uVEX”(106HI(I))4PYX(H)"&' VEX ~
169 ROE = ( RL + ERL(I[))/ ST 23} ¢ B VEX # (1,0 + HICI)) # (1.0 + HICI)) )
7 XL .EQ. 0.0) To 746 232 RL = RL % (1.0 = RICT) 7
171 IF(VEX .GT. MAXL) 60 Ty 747 233 RL = RL - HL(H
172 746 CONTINUE - 2233’59'" B RI”TE (GE.T0L0) TGs To 37 o
173 WHRITE( 65 440 ) FPls KKI» KN+ KMy VEX, KLy Y1y Y2y SUM» Y3+ TOSUM L = 0.
174 *« ROE, WI(T)s RICTT Sur 36 37°RL = RL + ARLITY
175 747 CONTINUE 237 Y2 = RL # RC!
235 V3 = LA{TY ¥ LCT = TV ¥ T0C(TY
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239

TUSUM = Y] + Y2 + Y3

240 IF{MINL T RELT,0Y G0 " T0 7700 -

241

1Y TFU TOSUM ™ GF CTOSUS ) GO0 TO 38
78

243

IF(MAXL .NE, 0.0) GO 7O 780

GU T0

306 48 WRITE(6, 600) Aly Bl, Cly STy TVy I1s RCIs LCIy 1DCUDD
M H+s 19Xs SF 0.2 3

302 WHITE(6y 62070

203 620 FORMAT(/1HO, 11Xs 7HNET-HAT, 4X, BHAV-SAGYOs 2X, BHK-LENGTH, 35X,

304 + O6HP-COST, 4Xy 6HR-COSTy SX» 3HSUM» 5X> BHOIH-COST» 3X; 6HTO-SUMy

205 +_4X3 6HR-DLNS, 2X» 2HHI, 3Xy_2HRI ) o

306 WRITE(6, 640) KNy KMy VEX; RLs Yls» Y2, SUMs Y3, [0SUMs> ROEs

397 s HI{1)» RICL)
308 640 FORMAT(/ LHO» 9XK» 214» PXs 2F10.25 BF10.07 1F10.27 2F5.2)

245 IF(TOSUM .GE. CTOSUM) bD TO 38
2546 GO 10 785 - -
247 780 IFC(VEX ,GT, (0,5 # MAXL }) GD TO 785
249 GO TO 38
251 8KN = KN
252 BKM = KM
253 BRL_= RL
254 BVEX = VEX
255 8Y1 = Y1 B _
256 8Y2 = Y2
257 BY3 = Y3
258 BYOSUM = TOSUM
259 Sym = y1 +v2 o -
260 RUE = (TRL + ERL(1)17 ST
261 IF(MAXL .EB, 0.0) GO_ TO_ 786 B o
FTY] TFIVEX ,GT. MAXL) GG 10 787 ——
263 786 CUNTINUE
264 WRITE( 6s 440 ) FPIs KKy KNs KMy VEXs RL, Y1, Y2» SUMs Y3» TOSUM»
_285 . + RDEy HICI)s RICIY .
TZ66 787 CONTINUE
267 Kt = Kl + 2 o
~Z68  ~ TCYUSUM = TOSUF B - -
269 GU_TD 36
270 35 CONTINUE
271 WRITE(6, 4600 o B o
272 460 FORMAT(UIHO» 5X» 10H#% STOP ## )
273 KN = BKN -
274 KM = pKM
275 VEX = BVEX
27€ RC = BRC
277 _ Yl = Bv1 ) L
278 Y2 = 8ve ‘
279 Y3 = ay3
280 TOSUM = BYOSUN - B
281 WRITE (6, 4B0)
282 B0 FORMAT(7/1R0» OASHIRYO-NOs 1X: BHFORM-PAY, 5X» GHA UR H, 6X; LHB
283 + 9%y }HC, 6Xs 7HMENSEKI» 3X» 7HZAISEKI»s 3X,» BHKANSU-NUs 2X:s
284 T+ 7HUR-COSTy 3Xy 7HUL=COSTY 3X, BHUTD-COST ) T T
285 WRITE(6, 500) |
296 500 FORMAT(/1HO, 15, 4X ) o - “’ )
287 IF( FPI - 2 ) 40y 62y 44
“ZBB 40 WRITE(&s 5207
289 520 FOKMAT( 1H+, 10Xs BHSAN-KAKU ) ———— -
200 TG0 TO W8
291 42 WRITE(6, 540)
"282° 540 FURMAT( TH+, 10X> BHSHI-RakU )™ - T " o
293 GO 1O 48
294 G4 IFC FPT .ED, &) GO 10 46
295 WRITE(6, 560)
796 560 FURMAT( 1H%, ITXy 7RRYD-KET ) — —
297 GO TO 48
298 46 WRITE(65 5B0)

299

580 FORMAT(

jH+y 10Xs 7HDAI-KE] )

309 20 CUNTINUE -~
310 WRITE(6, 660) - - - o
_%%%___gggﬁﬁg&yAr(/zlwo. 19Xs 654 #u_CALCULATIUN OF ABUVE DATA_IS FINISHED ##
+ ) -
313 GY 70 10
314 9999 WRITE(&, 680)
315 680 FURMAT(///1H0» 10X 33H ux# ALL_CALCULAIIUN IS ENUEU 33 )
316 LI o
317 ENU
318 SUBROUTINE SANKAK( Bs C» hs Ks KK» KN, KMs VEXs KL )
319 INTEGER K» KK» KNy KM; Ny NN
320 REAL By Cs My VEX, RLy AX, “T, STy SAl» SA2, SA3s SAG, SAS, SA6s
321 + X1, X2, X3» X4y X5 Xb; X» Y, HHs» AAs BH» CC» BES, BOBy COC, HOH
;g; * » A0, BO, =0, EDy MAT, MB1s RLA» HLBs SHL, SHZ2, SH3, 5B, SH
s 2y 20 SH
324
325
_ 328
327 ) . - N -
_328
379 - T - —
330
53]
33; 0y =8
ELE) [GaraE T o
334 KL= o
335 ST=3.5%g%¥w"-~ 7T - 0 o
336 1FL K LER, 0 ) GO 70 1
137 Y = 87 SART(Z.0)
333 X = v/ FLDA]( X )
339 TOUFC K = TTY 1000, 20000 3000 - T —————
340 1000 CUNTINUE
331 ¢ ) - 0 PATTERN - T T -
242 [FL KK L EQ. 1) GO 101500
343 SAT = 0.25 # B # A
S44 by = 0.5 ¥ 8
355 T CALL AVEX( BBy Hs» Co Ny wN, AX ) T - T -
346 X1 = ax
347 T MAT = 2.0F SAT M X1 ComT T T
348 KM = 0
359 G010 5000
350 1500 CONVINUE
351C 07="1 PATTERN
352 SAL = N5 n 8 # H
353 CALL AVERT Cv C5 By Nv NNy AXT -
354 X1 = AX
355 WRT = SAL ¥ X1
356 KM = 0
357 GO T0 5000
3>B 2000 CONTINUE
359 C I7="U PATTERN T -
360 HH = H =~ X




1

B

R

§ 3

—152—

001¢ Ot 09 ¢ X *37° HOH ) 4!

0g » Y = Td 008% UEY 00T¢ 01 069 ( X ‘31" m0@ )41
009 0L @Y 6L% X ® 50 = ¢X
X e 1§ = Y By (88 + D> #n'g ) ¥ ¥ = [TE
. 00¢S 0L 09 ¢ T *D3* WM )dl L) Y = 2X
00vs 0L 09 ¢ T ‘37" W )41 0025 9Z% C XY CNN ¢N 03 03 ¢X IXIAY TvD
(N )4v0Td # 08 # 0°2 + ¥ = Id 00TS  Siw Y # 013 # 60 = 2wG
002s 0L @9 iy X # 0V % ¢*0 = Tv§ 21y
C NY DAVOTd 8 X # 0°2 + 14 = 7y §£i9 XY = _IX (AT}
00T 0L 09 ¢ 1 *83° WX 14l ) € XY NN ¢N ‘Ov ‘0" X )X3AY 17vD Zly
002 0L 09 ¢ T _°*11° N 14l 1Ly £ X it X = 0F % NG )INAS 1o
8 + vid = W 0% (H /2 ) # HH = 2] 0ty
18W + L¥W = 1W 0005 694 - ooE.rouaLI[._.lmp[hl
¢€0E 0L 09 89% C 08 + X ) - H = HH g0h
I+ NX = N L9Y - me:xzo.qum L0
200 = 2 994 € x % x +« 03 % g3 )11¥0S = 03 904
- HOH = H 999 (98 - @ ) % 80 = 03 Son
208 = @ 999 0002 0L U9 ¢ x *37° 88 )4i 008 40y
£ MOHM +_HOW + A0B # 808 # ¢2°0)l¥0S = 200 ~ £99 fS - 8. = 8H £00
88 + D0 % 0°Z + 874 = @ 299 HS - H = WhH 20%
( oX 3 GBS + 2X ¥ o 194 - 8% # 0'2 - 8§ = Q508 T0w
28S) # 0'h « €X # €8S + ( HX 3 #AS ¢ IX # T8S ) # 0°'2 + LBW = LGW 094 0us0g 0L no 004
L) SENES S—1L B /X # O % 0°h + X # 0°2 = WG ass.
288 = ¢8S es% ( 0'2 /% + D) # H /X # 0°2 = uS d6§
[ 0°2 )1¥BS 7 0°'T - 0°1 ) # X = wX LS 402 /8 + Q) s H/t X% 0°2)-€z=@d 16§
185 = %8S 9849 C8 /X # D1 0 s X% 0°g ) = H = HOH 96¢
X # 6°0 = gX (14] . € 0°2 /8 ¢ 2 ) n 0'2 % H /X 3 0'¢_ =8 = 9ng 113
(03 # 0°% -0V # D'2 - 88 % 02+ DD # 0'% ) ¥ X = ¢aS wSh Ny3Llvd 0 - 2 3 wes
. XY 3 2X €S9 30NTINAD 000€  §6¢
(XY NN SN €03 ¢X ¢03 ) X3AY 1TvD 26% 0005 4L n9 26¢
_ X # 03 % 6°0 = 285 sy . T = WY _leg
Xv = IX ocy HA = v 06¢
(XY ‘NN ¢N OV ‘0 ¢X IX3AY 1IvD 69y _ C $x % €E¥S + 2X & 2vS + IX i Tvg ) # 0°2 = 1vw 68¢
X # Oy # S°0 = 18S 844 CC0°Z 71888707 - 010 o V¥ = gx was
Nu3livd_ 0 ~_ & D Lyh HH 3 ¥y & 5°0 = gv§ LGS
ANNILNDD 000% 9% xv = 2x 98¢
R 0006 QL @9 S9h . . C XY _SNN_“N S0V 402 syv )X3AV 1vD GH§
€ = W hon X it vy m.o = 7vs E1:13
HH_+ 88 « 23 # 0'2 = vy g£o9 . e ~ . e = TIX 11
¢ 9X % 9¥S + GX # SVS + X W + Zhh € Xy ‘NNTEN ‘ayTIix g8 ,xu>< BRI BT
HY¥S ) % 0'2 » X ¥ EYS + (2X # 2¥S # 0'2 + IX 4 1yS ) #0'2 ® LWW by X_# 89 # ¢'0 = TvS§ 18¢
(C 0°2 Y1¥OS - 0°T ) #( D /M ) % 88 #( 0°9 /0°1 ) = 9X [ED) Cx # X + 88 n af JL¥0S = ng [
o HH_# 89 # (0°21 /0°1) = QvS 1] N e — (CH /x ) ®3 =0y oLs
(0 0'2 Y1808 - 0°T) # 88 # (0°'9 70°1) = X 8¢n CH /HH ) 0w 88 = << 8¢
HYS = gvs LY —_— . N Ny3Live T - 1 D 4e¢
((0°2) {H0S - 0°1) ® HA #( 0°€/0° 11 = #X SEn 30NT 1NAS 8052 ElA
89 % HH # (0°2Y /0°1) = #vS (11 0008 QL no St§
Ny3Llvd 1 - ¢ ven T = WX 7Ls
3NNITLNOD 00S€ _€E% _ HH = vy £L8
B otos OL D09 Zen € 2X 3 2¥S « 1X 3 1V¥S) 3 0'2= LVW aLs
2 = Wi 1¢h . (88 +» vy) # 62°0 = 2x s
g8 + J) # 0°2 = v Oty HH 3 (94 + vvY) ¥ 5°0 = 2vS 0Ly
SX # SYS + 6X B + 629 XY = 1x 69¢
WYS ® 0°C - €X ¥ E¥S + ( X # ZVS K0°'Z « Ix % 1vys ) # 0°2 = LvW 82 CXV ENN PN IV ¢x VY JX3AY TIv) Ho¢
(( 0°2 )4¥0S /0°T ~ 0'T) # WM # 6°0 = SX L2y X # Vy # G'0 = T¥S 49§
HH ¥ BE % ( 0'% /07T ) = ¢v¥S 9<n { X 1’ X + VWY it y¥ )L¥DS = QV 99¢
€¢ 0°2 H1808 /0°T - 0°'T ) % ( H /D ) # 89 # (08 70'1) = &% 1 14] (H /X ) 4 88 = vV 89¢
HWH 1t 88 #C 0°g /0°T) & wyS nZn 00s2 0L 09 CT U3t NN 4l %9¢
00¢€¢ Gl Q9 ¢ x » 0's °39° 88 »1d41 00T€ €2+ CH /HH ) 8 D = ) £9¢§
0G0% 01 09 b4 g # 6'0 = AR 29¢
000T 0L 09 ¢ 0'0 ‘3 X - H )4l 19¢




_
o
L
—

[

X # §°0 = 2X ~09 .
X % (VY - @ ® §'07 = evs €09 ow”w mwm
3 XY = IX 209 _ X ¥ X = 1vS 046
- : CXvINN N 4D OX ix Tx3Av Tavd 109 R F s
90’0 = 2 909 X 0'2 - v = vy 0l6E _BES
N 66s 9001 _ 0L 1o 7ec
X K X = 195 866 acee ol a9 Cx 2390 ¥ )] 9gs
Xwovz - @=Re 263 0zs¢ 0L 09 (X ®0°€ '39° v 14l scg
X # 02 - v = wy 0low 966 otles 0L 09 ( X #0°% *39° ¥ )4l §E§€  %§g
’ ogoT oL m see 0'h 78 = X 00€% €56
0gnwy 0L 09 (X *39' ¥ )4l hog 000S _€Q00b _f00gs ( 9 = 3 141 0005 2f¢
02h% 0L 09 (X ¥ 0'E '35 Vv )4l €65 - 0005 0L 0 Tee
0T99__ 0L 09 ¢ X # 0w *39° ¥ ) 41 0074 26 vty
079778 7= x 000w Tés ( 2X % 2vS + IX # I¥S ) ® 0'2 = vk 626G
0009 oL 09 068 o 8. G20 5 2% aze
v = W 318 VY % 8 # S0 = 2vs 125
= v 886 XV =1 92¢
TZXH VS » X # v T # Ty _.. iEs T U XY NN SN 4D fX X )X3AV W ges”
. W 92°Q = 2X 98¢ Q% <'0 ¢ 926
B % ¥y # S°0 = 2vS$ $8¢ 0'0 = u €26
. N —— Xy = 1X __28¢ = N 22¢
(XY NN 4N 1D 62D £X )X3AY v €8¢ g # 8 % 62°0 = TvS 12¢
_ . _ - '.erM Q=20 _ ZRe _ I = Wi 02g
'0 =D T8¢ 000T 0L 09 (¢ 00 *31° wv )4l ! 61s
2 = N 089 84 $'0 - ¥ = yy 0072 81¢
X # 5 % 6°0 = IvS 618 0*z /8 = x 0002 (16
B I - X - V.= yY 0ffe 94§ 0009___ QL 09 _ 916
0009 oL 09 LLs WX [334
I - 2 = Wy 9L6 . . 0'0 = v 91
o (85 - wv) #0'2 = vW Sis 2ZX % 2YS + IX ® 1¥S % 0°2 = {WW 31
(9X_#9YS + €X ¥ gVS 3 0°2 - 2x ¥ 2¥§ + Ix # T¥S # 0+2) % 0°2 = LvW LS XV = 2x 21g
(t0'2 YNBSS /0°T - C°T) # €8 % G°0 = X €L C XY NN *N 8 *‘VvV ‘¥V )X3AV JvD 11¢
R [ o 98% gy ¥ 6¢'0 = w¥S 4O . R 6 % Y % G'0 = 2v§ 01g
(¢ 07z YL¥8S /0°T - D°'T) & VY it €°0 = ¢X |34 XY = IX 60s
H6 # v u# 621°0 = ¢¥S 0.8 o (XY ENN N 'y 'EE ‘yy IXIAVY Ju_ u 806
X #3570 = 2X 69¢ 206
X 3 ( 98 # €0 » YV ) = Z¥S 895 mm.:.xer.Zm 90¢
Xv = TX L9 (] = Ad s0s
( XV _SNN 4N 4D ¢x ¢x ) X3AY TIvD 998 R (8% 6 #62°0 +«vyauy = vvY 000t 0§
0°0 = 0 s9% 000¢ <G00Z ¢co0t ¥ )41 £0¢
vz N 96 - = A 20¢
X # X 1vS €9¢ o = vy T0¢
X # 0°2 - 8 = A8 29¢ z AW 006
X # 0'2 - v = vy 02Z€k (95 2 1V 669
0009 04 Q9 09s . = N 864
2 = Wi 66¢ ¥x3A — Lon
{ B8 + wy ) # 0'2 = vy . 88§ - o z Ty 969
€ X 3 + L5S = NN X
HYS + EX 4 EVYS % 0% + X ¥ 2VS + IX ¥ IVS # 0°2) # 0°2 = L¥W 9¢s : g noh
88 # GC°0 = #X 2lge GSS = 19 [1X)
0'0 = »vsS H6s o = 1Y 26%
2T¢¢ 0L 09 ¢ 0'0 “39° »vs )3l [ : T8 <1V % + T6%
(@A - VY ) % BA K G'0 = w¥S TI€E  24¢ S1S ‘€AS ¢2AS ¢TAS 'HX ‘€X .Nx CIX S9vS ¢gyS $2vS ¢IyS SLEW ‘LvW + 06%
(0 0'2 JLNAS 70°T - 0°T ) # ( @@ + vy ) # 62°0 = €X | €13 VIW (@Y w8 T0H 'x3A TafE SVVY IXY DD ‘@@ fvy T ‘8 v w3y —  6Eh
vy # 88 # 621°'0 = €VS 0ss WY NN ‘X ‘NN ‘N ¥3934NI 98y
Tigg 01 09 ~ (88 *39° v )dl 696 T TX3IA CWN SN W YH YV INAvNIS INTINDSens 295
(0 0'2 J4NOS /s0°1 - 0'1) # 88 # 6'0 = gX ans aNT 984
8 # dg # SZL'0 = gVS v~ ) NYNL3IY 113
. X # 670 = 2X 9% . - TH=8 (-1
X % ( VYV +» 88 # §2°0 ) = 2vS [ 19 =9 €09
Xv = IX L1179 18 = 8 e
€ Xy NN N 3 6x X IX3AV 17¥D X33 1S 7/ LW = X3A 0045 1@v



566 X1 = AX

£05 SA3 = 1.0/ 32.0 # BB ¥ BB 667 SB2 = 2,0 # X ¥ ( AA + BB/2.0 - 2.0 ¥ X ) |
606 X3 = 0,25 # BB #» ( 1,0 - 1.0/ SGRT( 2.0 }) 668 X2 = 0,5 # X —
607 _ 1IFC_AA_,GE. BB ) GO Tu 4411 . - o 669 0.5 # X # X &
608 sn = 1,0/ 32,0 # BB # AA 670 ’ 1.0 = 1,0/ SGRT( 2.0 1)

_609 = 0,125 % (AA + BB) # (1.0 - 1.0/SGRT(2.,0)) 671 MBT = MBT + 2.0 ¥ ( 2.0 # SBL # X1 + SHZ # X2 + 4,0 3# SH3 % X3 ) |
THI0 441l 5 3 CAA - 0.5 W BBY % 0.5 % BB ) 672 2.0 # (AA « BB )

611 IF( SA¢ .GE, 0.0 ) GO TU 4412 673 # X

612 SAd = 0,0 674 ® X

613 4412 X4 = 1,0/8.0 ¥ BB 675 KN 1

614 HATIZONIZOMSAI%Xl*SAZNX?OED“SA!%X?*SIQ! 676 60 050

615 + X4 677 6000 MT = MAT + MBT

’Fl‘é_—RTz 30 AR ¥ 200 % BB 678 RL = RLA + RLB

617 KM = 3 679 IFC KN .GE. 1) GO TOD 6100

&1 G0 Y0 4000 680 GO 10 6200

619 4420 AA = A - 2.0 ¥ X 681 6100 RL = RL + 2,0 # X i FLOAT( KN )

620 BE =B - 2.0 # X 682 6200 IFt &M .LE. 1 ¥ GO 1O 6300

621 SAl * X K X _683 RL = RL + 1, o u X

622 N'=% “684 6300 Ei H'r 787 -

823 C = 0.0 685 A

82§ CRALC AVERT X» Xy ©» N7 WN; AX Y 586 B = 51

625 X1 = AX 687 RETURN

826 T SAZ = ( 0.5 WEBE + AA ) u'X 688 END 2
627 X2 = 0.5 # X 619 SUBROYTINE RYOKEL( By Hy Ky KNy KMy VEXs KL ) o
628 SA3 = 1.0/ 8.0 ¥ KA w BB 690 TNTEGER Ks KN» KM; Ny NA M
629 X3 = 0.5 # AA # ( 1.0 - 1.0/ SGRT (2.0)) 691 REAL AA, AD, AX; B, Bb, BO, BBYs C» CCy Hs HHy HHHs ST, RLy o
830 SA% = 1.0/ B.0 ¥ AA W BB 692 + RLA, RLBy WTy MAY, MBY, ED, EU, SALs SA¢r SA3, SA4, SA5y X1, X2» =
631 X4 = 0,25 # BB # ( 1.0 - 1,0/ SGRT( 2.0 1) 693 + X5; Xty X5, SBly SB2s SH3, SB4y SHS, X» VEX» CCC ]
632 WAT = 2.0 R ( 2.0 R SAL ¥ XI + SAZ W X2 ¢ 2.0 % SAS ¥ X3 % 2.0 % 694 N = ¥
633 + SAL B X4 ) 695 NN = 15 &
634 RLA = 3.0 ¥ AR -~ 2.0 % BB 698 T - SURT({ 0.25% H ®# H - 0.250 B ¥ B ) =
635 KM = 3 6397 31 = B ?E'
(213 —Gp 70 5UV0 98 1= R M
637 4430 AA = A - X 699 cr=c o _ . o
638 SAL = 0,5 # B ¥ X 700 ST = 0.5 # 8 #H v
639 N =6 701 vT = 0.0 -
660 C=70.0 702 XN = 0 B
_bay CC = 0.5 # X 703 MAT = 0,0 . [
642 CALL AVEX( X» CC» C» Ny NNy AX ) - 704 MBT = 0,0 o
643 X1 = AX _705 RLA = 0,0 o _ .
64b SAZ = 0.5 # BB ¥ AA 706" RLB 70,0 di
645 X2 = 0.25 # B 707 IFC K NE. 0 ) GO Tg 1000

546 MAT = 2,0 % ( SAL ¥ X1 + SAZ ¥ X2 J 768 500 BE = 0.5 % 5

647 RLA = AA 709 HH = 0.5 # W

648 KM= ] 710 CC = SURT( BB ¥ AB + HH % HH )

649 GO _TO 6000 711 SAl = 0,5 % 38 # H B .

650 5000 X = B/ FLOAT( K ) 71° CALU AVEXT CC3 Hy CCs» N» NNy AX )

651 5050 AAA = A -~ 6.0 ¥ X 713 X1 = AX

652 BHB = B - 6,0 ¥ X : 714 MAT = 2,0 ¥ SAI % XL

653 IF{ AAA _.GT. 0.0 ) GO TO_ 5100 715 RLA = 0,0

654 GO T0 5200 ) 716 kP = 0

655 5100 1F( BBB _,GT. 0.0 ) GO 7O 5500 717 30 10 6000

656 5200 C = 8/ X 718 1000 iF( K - 4 ) 2000, 3000, 6000

657 IFC € .GE. 6.0 GO0 710 4400 719 2000 X = 8/ 2.0

658 IFCC ,GE, 4.0) GO 0 3333 720 2100 IF{ B - H ¥ 2200y 2300s 2400

659 G0 710 2200 721 2200 BY = 0.5 # B

660 5500 AA = A - 2,0 # X 727 HH = H - X

661 88 = 8 - 2.0 # X 723 IFCH - X LLE, 0,0 ) GO0 TO 500

662 SBI = X u X 724 TFC H - X JEQ. 0,9 # H) GO 10 2300

663 €=0.0 725 JIFCH = X LT, 0.5 % H ) GO TD 2400

664 N =4 726 E0 = 0.5 # H - X

665 CALL AVEX( X» X» C» Ny NN, AX )



727 BU = SORT( 0.25 % B # B + 0,25 % H # H )
728 TCCT B0 X7 (0, Ty
729 EQ = BO - CC_
730 ART=TSURTC ¢C¥ CC - x ¥ x )Y T T T
731 SAl = 0.5 # RA ¥ X
732 TALL AVEX( AA, X; CCy N, NN, AX )
733 X1 = AX
734 SKZ = 0.5 ® { AA + BB J ¥ ED
735 X2 3 0.25 % ( AA + BB )
~736 SAY = 0,J35 ¥ B % H
737 X3 = BB # ¢ 1.0 - 1.0/ SORT( 2.0 ))
738 MAT = 2.0 ¥ { SAL ¥ X1 + SAZ ¥ X2 ¥ SA3S ¥ X3 )
739 HLA_ = HH
7640 KM = 1
741 GU__ 70 6000 _ I J—
742 2300 88 = 0.5 # B
743 HH = H - X
744 IFOCH - X LLE, 0.0 ) G0 TO 500
745 IFCH - X .GT. 0.5 # H ) Go 10 2200
746 IFC H - X ,LT. 0.5 ¥ H GO 70 2400
747 SAl = 0,5 & BB # X
748 CC = SQRT( BB % BB +» X # X )
749 CALL _AVEX( BBs X» CCy N» NNy AX )
750 X1 = AX
751 SA2 = 0,5 % BB % HK
752 X2 = BB # (1.0 - 1.0/ SQGRT( 2,0 ))
753 MAT = 2,0 ¥ ( SAl ¥ X1 + SA2 ¥ X2 )
756 RLA = HH
755 KM = ]
756 GU  To 6000
757 2400 BY = 0.5 # B
758 HH = H - X
759 IFCH - x  JLE. 0,0 ) GU__J0__ 500 _
760 IFCH - X LGT. 0.5 % H) GO 10 2200
761 _IFtH-x .EQ. 0.5 # H ) GO TO _ 2300
762 BU = SQRT( 0.25 # H % H + 0.25 u 8 # 8 )
763 CC = BU # HH/ ( 0.5 # H )
764 €L = B0 - CC
765 ED = SORT( 5B # BB <+ (0,5KH = HH )k (0.5% H ~ HH ))
766 SAl = 0,5 # BB ¥ X
767 CALL AVEX{ EDy Xy B0s Ny NNy AX )
768 X1 = AX -
769 AA = SQRT( CC # CC - HH & HH )
770 "SAZ = 0,5 # AR w ( 0,5 W H - HH )
771 CALL AVEX( AAy ED, EOs Ny NN» AX )
X2 = AX
773 SA3 = 0,5 % RA # HH
T4 X EAA W CTL0TE 107 SURTC 2,070 T T B
775 MAT = 2,0 # ( SAL # X1 + SA2 # X2 + SA3 ¥ X3 )
776 RCK = WH
777 KM = 1
6000
779 3000 X = B/ 4.0
7803100 BB ¥ U.5 ¥ B
781 BU = C # x/ 88
—782 TFC A= 2.0 ¥ BU .LE, Xy GO0 TO0O 2100
783 AU = SQRT( BOD # BJ - X 3 X )
—78% EU = C ¥ X7 (0,5 ¥ R 7
785 [F¢ B - 2.0 ¥ EC ,LE. X ) GO TO 2100
. - yon e
787 CC =C - ( A0 + ED )

HA = H - 2.0k Eu

789 SAL = 0,5 # X # AU
7390 CALL AVEX( X» BOs AO» N» NN»s AX )

291 X1 = AX
792 SA2 = 0,5 w EO % X ST
793 CALL AVEX( EOv X» ED» No NNy AX )

794 X2 = AKX T T T
795 SA3 = X % CC

796 X3 = 0.5 ¥ X

797 SA4 = 0,25 % HH #( BR - EU )

798 X& = 0.5 % HH W T BE =BG 77 C€CTw (TYT0=T100/ SRRT(T 250 T
799 MAT = 6,0 ¥ ( SAL ¥ X1 + SA2 # X2 *+ SA3 # X3 + SA&4 & X4 )
800 RCA =74, 0% CC e ST
8901 KM = 2
802 GU 10 6000
803 4000 IF( K .GT, 6 ) Gn_TO_ 5000 o
604 X 2B/ 6,0 o e -
805 6100 BB = 0.5 # 8
806 8U = C ¥ X/ BB
807 JIFC W - 2,0 W Bd L LE, X ) GO TU 2100
808 AU = SURT( B0 % BO - X ¥ X
809 EU = C % X/ (0.5 # H)

810 [FUB - 2.0 % E0.CE, x ) GO TU ~ 2100

811 IF( 8 - 2,0 #EQ ,LE. 2.0 # X ) GO 710 3100

512 EU = S@RT( €0 # EG - X # X )~

813 CC = C - (ED + AD )

B14 HH = H - 2.0 ¥

815 SAL = 0,5 # X % AQ

816 CALL AVEX( X» BO» AOs Ny NN» AKX )

817 X1 = AX

8 SAZ = 0.5 % X ¥ EO

819 CALL AVEX( EOs X» ED, N» NN, AX )

B20 X2 = AX

821 SA3 = X ¥ CC

822 X5 = 0.5 ¥ X B T o
823 __SA4 =z 0,125 % ( BB - EQ ) # HH

824 Xe=70.2 -~ E0 ) ® H - I, ] n
825 SAS = SA4

826 X5 = 0.5 % (BB - EQ ) F (1.0 - 1.07 SGRV(Z.0 1

827 MAT = 4,0 % ( SAl % X1 + SA2 # X2 + SA3 ¥ X3 + SA4 & X4 + SA5 ¥
828 X5y 7 T

829 RLA = 4,0 # CC « HH
"830 KN =%

B3 GU TO 6000

832 5000 X = B/ FLOATU K )

833 5100 EU = X % C/ ¢ 0,5 # H )

B3 T B - 6,0 W EQ
835 AU = X # 0.5 % H/ ( 0.5 % B )

838 TED E SURT(ED W ED = X W X 7
837 BU = SORT( AD # AD « X # X )
B33 CTC=C - AU+ ED)

. 839 HHH = H - 6,0 # BO
B4 IFC BBE ,GT. 0.0 ) @0 vO0 5200
84] GO TO 5300 ]

842 5200 IF( HHH ,GT. 0.0 ) GU 70 5500

843 5300 CCC =B / X —
844 TFC ¢CC ,GE. 6.0 ) GO TO 4100

845 IFC cCC LGE, 4.0 ) GO TO 3)00

Bat GO T10 2100

847 5500 SBL = 0.5 % AD ¥ X

848 CALL AVEX( X» BO» AD» Ny NN» AX )

849 X1 = AX

850 SB2 = 0.5 # ED # X
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851 CALL AVEX( EO» X» ED» N» NN» AX ) 913 X2 = AX
852 X2 = AX 914 MAT = 2,0 # SAL ¥ X1 + SAZ # x2
853 SB3 = X # ¢ CC + CC - ( AD » ED )) - . 915~ RCA = 0.0 -
856 X3= 0.5 # X 916 KM = 0
855 SH4 = SB1 917 — GO YO0 BOOV
856 X« = X # (1,8 - 1,07 SGRTC 2,0 1) 918 1500 AA = 0.5 ¥ A
457 SBS = SB2 91y TU0.5 ¥ b
858 X5 = x4 920 CC = SURT ( BB # BB +« H £ H )
859 MBT = MAT & 4,0 % ( SB1 # X1 « SH2 ¥ X2 + SH3 # X3 + SH4 # Xb v 921 =T, TC + CCFRATTT T
860 <7885 & X5 ) 922 SAl = SQRT( S1 # (S1 = CHH(SL - COIN(S] = AR)
861 RLB = RLB + 4.0 # CC 923 S5¢ = 0.5 # (B + 2,0 ¥ LT
H62 B = 8- o, 0#E0 924 SA2 = SQRT( S2 # (52 - BI#(S2 - CCIN(S2 - €C))
863 H= H=- 40 %80 925 TALT AVEX( AA, CTy Ty Wy WKy AX )
B8 T= SURT{ 0.25 " B w8 + 0,25 * H ¥R 926 X1 =
65 KN = KN ¢+ 1 . “vrr—n'trwn( CC, TTi By Ny NNy AXT)
866 G0 TO 5100 928 X2 AX
867 6000 MT = MAT + MBT B _ ) o LrL] AT = 2.0 ¥ SAI W X1 ¥ SAZ W XZ
= RLAT+ RLE 930 RLA = 0.0
869 IFC KN ,GE. 1) GO TU 6100 93] KM =
B70 GO 10 6200 932 GO__T0  B0OO
871 6100 RL = RL + 2,0 # BO # FLOAT( KN ) 933 2000 CONTINUE
72 6200 IFT . O TTOTTTEIN0 934 Y = SGRT(( AWA + BHB )/ 2.0 )
873 RL = RL ¢ 1.0 % A: _ e 935 X = Y/ FLOAT( K )
874 6500 VEX = MT / ST - - 9 0 IF{ H - LE. 0.0 ) GO_TO 1000
875 & = Bl 937 R GO 710 2500
B7¢ H = HL 938 A B
677 cl 939 B
B7e WFTURN 940 CA* (B =A% L X/HDY
879 END 941 H
880 SUBRUYTINE DAIKEI( Ay By €y Hy Ky KKy KNs KMy VEXe RL ) 942 AA % AR + X ¥ X )
881 INTEGER K» XK» KNy KMy N» NN 943 ( CA + RA + Cu )
882 _ REAL A« By €, M, VEXs RLa AXy AAy BBy (Cy BA, Slr 52, 534 S4y 55 _944 _ __SAl = SQRT( S1 % (Sl - CAIK{S] - BAI®(SL - CB)) N
683 ¢ 565 S7, SALy SA2y SA3s SA4s S5AS, SAbs SAT» X1, XZs X34 K&y XS» 945 SZ 8 0,5 # (2.0 % €8« A )
_Bas 4 Xby X7, SATs» SBT, S1, MAl, MBT, MTy RLAs LBy CAs (3 AUs 8U» 946 SA2 = SQRT( S2 % (52 - CWIH(S2 - CHIK(SZ - A)) .
885 < EDYTEDs ADA» 302y H0H» hHy Xy ¥y ALy 319 CIy HIy XH 947 SA3 = ( BA ¢ BB )#( H - X) ¥ 0.5
386 N =3 94 CALL _AVEX( BA, CH, CAy Ny NNy AX )
887 NN = 1% 969 Xl = AX
888 RL = 0.0 950 . CALL__AVEX! CBv CBy A» Ny NNy AX ) o _
BA9 seT = 0,0 - - 951 AX
89p = 6.2 952 BY )
91 =0,0 - — 953 ¢ X1 ) + ( SA2 & X2) + (2,0 ¥ SA% ® X3 1
[F] = 0.9 954
H93 = 0.0 955 1
494 = 0,0 956 a8 o o o
895 A TTTTTT T o “‘*" §57 2500 AA £ 0.5 # A T T
896 ) 958 88 = 0.5 # B
“RY7 T Tt - 959 CA = 1(C & X)/ R T T T
498 = H 960 BA = 0.5 # (A « (B ~ A) st (h - X) / H )
B99 =0 961 T8 = GORT( BB ¥ BB - X ¥ X )
Y00 =0 962 S1= 0.5 % ( CA « RA 4 CH )
901 [ 3006 - —— ¥63 SAT = SQRT ( 51 % ( S1 ;’Th 1 €SI = RFA W T ST - (B 07
992 1000 IF ( K 1500 964 s2 a_o S % (2.0 ¥ CB +
““3" 0 T - h — 565 SA2 ¥ S@RT( Sz ¥ (52°- ch‘TS? < CHYETSZ - BV T
904 0 966 SA3 2 0,5 #(BA + AA) ¥ (M - X)
'533“""'{3“'SUN_‘_‘A THA + H ¥ HJ &7 TALL AVEX( BK> TRy CA+ Wy KNy AX )
Y06 ( 968 X1 = AX
go7 "2 T ﬁ ( S1 = CCHHC ST = ¢ »uUST - gE 7T - 969 T T CALL AVEXTTBY CBY B Ny NNy AX)
908 52 = 0.5 # ¢ 2.0 ¥ CC + A 970 XZ=AX
Y09 T TBAZ T SQRT(S2 W U 52 - (C L ST 2 COYH( S2 <TATYY 371 = 0.2 W (BA S ARy T -
9210 CALL AVEX( BBy CCs Cs N» NN»y AX ) 972 HAT = 2.0 3 SAL % X1 + SA2 % X2 » 7.0 ¥ HA3 » X3
1T X1 =" AX 573 “RLA = H - X
912 CALL AVEX( CCy CCyr Ay N» NNy AX ) 974 KM o= 1
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1099 EU ="SWRT (ED #® €D « X # X ) 1160 X8 = 0.0
1100 $2 2 0.5 #% ( ED « €0 + X ) 1161 DU 40 [ = 1+ MM
1101 SAZ = SQRT { 52 u (SZ2 - ED) # (S2 - EU) ® (S2 - X 1) 1162 DU~ 50 J = 1v NN
1102 SA3 = X # ( 4.0 % ( C - A -B )+ 6,050 AA + 88 )) 1163 XX 2 (1 - 1381 -1+ (g=-11000-1)
1103 A3 = 0.5 & X o 1164 YW E T HE (T -1 7 R (J=-1)
1104 SA4 = SAL 1165 2Z = YY # COSC
1105 SA5 = SA2 1166 XZ = XX - 22
1106 CCALL  AVEX( Xy AOy BOy My KNy AX ) 1167 XA = SQRT (X2)
—IT07 X1 = Ax 1188 X8 = XB + XA
1108 CALL AVEX( X, ERNs EDs Ns NN, AX ) 1169 50 CUNTIANUE
1109 X2 FAY E
1110 X4 = X % (1,0 - 1,0/50K1C 2.0 1) 1171 AX = ( XB # AA )/ FLOAT (NN # MM) + AA # SURT (( 1.0 - COSC )/
TITY X5 =7X4 1172 T U T
1112 MBT 2 MBT + 6,0 5% ( SAL & X1 + SAZ # X2 + SA4 i X4 ¢ SA5 # X5 ) + 1173 GO TO 9
CITT3 T+ SA3 XY TYI74 80 CUNTINUE — -
1114 RLH = RLB * AA + BE + 2,0 # CC 1175 B8 = B / FLOAT ( NN )
1115 ASAGAT T T TI7% CC = C 7 FCOAT U NN 7
1116 B = BOB 1177 CUDA = ( BHU2 + CHK2 - A#E2 ) / ( 2,0 n B % C )
1117 H™* AOW 1178 X8 = 0.0 N ) B
1118 C 2 SQRT( H ® H e (¢ B - A/ 2.0 ) ¥ ((8-41)/2.0)) 1179 0 70 I = 1s NN
1110 KN = KN+ T : 1180 DU By J =17 1
1120 Gu TO 3350 1181 1y =
TII2] BODD MT = MAT MBT T T T 1182 JT=—J
1122 KL = RLA + kL3 1183 F1 % FLOAT ( Il )
T TFUKNTLGE. 177 GO 10 TEI0D - —I18% FJEFLOAT U JJ 7T
1124 Gu TO 8200 1185 XX = (( BB % ¢ FI - 1,0 ))¥u%2 « ¢ CC # ( FJ - 1,0 YIuu2 - 2,0 #
TRL = RL <72 0TH X W FLOAT RN 1186 = BB % ( FI - 1.0 7) R U CC W U FJ = 1.077 % COSA 7
1126 8200 IF( KM ,LE. 1 ) GU TQ  H4CO 1187 XA = SQRT ( XX )
JLES 6,0 G TIUT XB™= X8 + XA
1128 8250 RL = RL + ¥ 1189 80 _CUNJINUE
1129 GO T BRTU 1190 70 CUNTINUE
1130  B300 IF( KK ,EQ., 0 ) GO TO 8250 1191 M = NN - 1
1131 RL = RL ¢ SQRT( AQ # AO - 0,25 # A K A ) 1192 0075 1'=1» M
1132 B4U0 VEX = MT/ ST 1193 D085 J =1, 1
1133 A = AL 1194 =1
1136 8 = 81 1195 JJ = J
1135 = 1196 FT = FCOAT( 1T )
1136 H = H1 1197 Fu = FLOAT( JJ )
1137 RETURN 1196 XXx'= (BB # (FI - (1.0/3.0)))1%#2 + (CC ¥ (FJ - (2,073,001 %K - 2.0
1138 END 1199 « % BB ¥ CC ¥ (FI - (1.0/3.0)) ¥ (FJ - (2,0/3,0)) # CUSA
1139 SUBROYT AVEX({ A, By C3 Ny NNy AX ) 1200 XA = SQRT( XX )
1140 INTEGER N» NN» [» Jy Ils JJy My MM 1201 X8 = XB + XA
116} REAL A, By C, AX, AA, XA, XBy XXy YY, 2Z+ XZ» COSAy CDSC, BB, CC 1202 B85 CONTINUE
1142 IF ¢ C .NE. 0.0 > GO 10 30 1203 75 CUNTINUE
1143 AA = A / FLDAT ( NN ) 1204 AX = (X8/ FLOAT( NN®¥Z ) + (2,0/3,0) ¥ SGRT( BBHKZ + (0,5 ® CCIHWZ
1144 MM = IFIX ( B 7 AA ) 1205 + - BB # CC # COSA ))
1145 X8 = 0.0 1206 90 CUNTINUE
1146 DU 10 1 =1+ NN 1207 RETURN
1147 Ou 20 J =1 MM 1208 END
11648 XK = (1 - 1% (1 =193+ CJ-1)%CJ~-1)
1149 XA_= SQRT_( XX )
1150 X8 = XB + XA
1151 20 CUNTINUE
1152 10 CONTINUE
1153 AX = ¢ XB ® AA )/ FLOAT (NN H _MM) + ( AA # SQRT( 2.0))/ 2.0
1154 Gy To 90
1155 50 CUNTINYE .
1156 1F ¢ N JNE. &) G0 10 60
1157 AA = A/ FLOAT ¢ NN )
1158 = [FIX ( 8 /7 AA )
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