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—0.665 <EHH=0.452<1.570
pirte e

—0.145 <[\ =0.127<0.400

—0.211 <ZBHH=0.353<0.918

BRI BHE%ZR LT, Tichh, BEMIImM LesuwTtlEdeRa s igolEs o
HHCHBIBIRILERD B hieh o feds, FhELT OMERTi, S5 AMEV I SElid B &/ X
ClgoThle TR, MRBLAEEL K T 5 5 O THIEII0mELF DR ASEIE S AT B i
HEMRNTE B,

i) HHEEMEE L UBEMC RS 2 BNEEROLH O X &

B— 9 DREICR SR TV Lo I, #EEER L UBERC 0 5 EZEREOLH DX &
S, FRTHERBS LUBERET LWL Th S, F—- 71, &MRoLEROS K->
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WT, TOKRESOBNEFRE LBEREYRT, Thickhid, 2, 3064 EH5L00,
EERBOSETIEERC L > TRAEDLTEVWEV, 22T, ERERCB LT, 77
THRE LI EB 2 # AT 52 N TR, COEEROTH ZEELH S DDEEL,
LU, SEED E 0 ) OEEEELAH LFET LT 5,

iil) BRELBOK & X LEMAREDTHE L ORI

EREREFAVOESB 3 TR, EEFDHOKE S OEEFEXIEREOPSECGIT 5 LK
EBIh T, 2T, MEOXE SeHd 5 EMERREOBIREMR LR, BEUREHRKOF
b ) OEELFHOK & S OBLHHRZE & A REOTHE & ORISR BT Ui, Tok, BERIIF —
AREHLR TR Wed, SEBHOERE—-RE L ny P LTHEAR2ALZZ S Lic (K
—10)o ¥z, FEEAMARRKIE, R Uiz & 5 e—8OMKICHEENED Shic DT, 1978412
B OEE D10, 5mBl_ O IEAR D KR UCEURERY 5Tl d i, HEAR, HE4LRD
Wi e b, EHEREOTFHEIK &I EERELTOFIEREZE LK E R BEHENRED bhi,
EWEREOFY (X) x4 5BELEDoBEREE (V) ORFEERE, EEEROBAD
Y =0.158X +0.452, #ELEROSEIY =0.127X+0.353& Vo Too FHAKHE 5 % TOEBHK
MIIR—10DWRR LIl D Th 5. EBECHOBEREIC ¥ o & T h i, EHESRELM
B EE Lice & DORFIFIERE, HEREROEE50.369, WEAEROBAD0.2924 75 5 e,
¥ i, BIMOMRMMERER T IV TCIREAREKIE0.204TH»Tco LT, AF, &/ FT
1, EREROFERIIN0.3TH D EMBESh D, FREROLAERKL, SEOEEND
WY, EREROUHAERCHEETH S EELBRS, LL, SEOFERE, FRY
F— ZE M Lic b O TR, < b2 THIKB0ENE O WIS OBERHE G 2 T LR
HHOT, FERHEET S, K- 811, EBEREOPHHEIC AT A MEL D OFEFEED
RD, WEEROENEBEROMBOME TS hE, FRBHCOVTRLELDTH S,
SHEATIE, 1.27EBEOHEDHRKE N -, BORBHTE, WIhd 1L b/hEh-

H- 8. EMA RO T 5 B OB O L OO B4 & HiFi R & 0 i

E 17 il %

mE mme  SEE gE uE

EiTVArS CERA) BiX WK

EME AR O {cm /5 4E) A 2.28 2.59 1.79 2.19 1.45
E A R OBET D OBEEFE%E(em /5 ) B 0.59 0.96 0.81 0.85 0.67
R A D C=B/A 0.26 0.37 0.45 0.39 0.46
eI AR R S (m,” 5 4E) D 2.38 2.48 2.40 1.54 1.23
Bl B O B R B O BEHL R 38 (m /7 § 4E) E 0.79 0.65 0.56 0.52 0.53
ok F=E/D 0.33 0.26 0.23 0.34 0.43

W RolboBEREROMI 15 G=F,/C 1.27 0.71 0.51 0.87 0.93
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DIBIEF R 5 ik, BB & - T8RRI D, TOhOEA 7 < &£ 30.50 52,00
HHLDEE bRz, HME - SFEIEE, AL RITFR B OB OERREIS G o 5 L
HLTWAHD (1955), MEEROHBERSIMMOMBEZFTTH52E8FEL bR S,

v) BEERERICKT 5 ERELO x TR ORI LS 24t

R4 DIRFELEBD S v X e 20T, [ERIIF — 2 083500, SENEBE Lich -1,
HHS D 2 W OB 2w T, ERERIC DG TOLEH Uiz, kb, MEER il
ERFREMR Y 0 THI LR TTENTELDTC, xPHEOWTRIET A2 LIBEE%RTH S
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3.4.2 WERGEBERTTILORSE
PlEofER%3r, BB OBRERCELTUTO LS 7 5 2DEH %I T,
BT, 5B 5 EFEERAERREEROKXE S L ORI, HBEBIRIZED bk
Vo T, EURFRIEEnTH B,
8. B HSHEIC R T 5 EWARDOMEFER R AR EOHEY, BEADHIELSLDEHLD
L, TOMEELTBOKE SFBEIKE L,
FEBL9. BEE8 TEb I h AMELHOPEBRETERCTHEVEI L, TOKRE ST LORD
BRAERE O T 5,
{310, BMELPITEL TV ELTH T, Wb b ABHSETH S,
RR1L. IR RIS 5 B RS,
D5 ODEB A, WRRASEAER T FARMETRE, RS T 7 coR %R
Bur (146) K&l b,

{%}==gy’<r> tr,g, () P (2) (146)

efEL, iR, 3R, g, TR O LR, 1, 39 TOBIER, PRAE
MyikEbDL, I B BT sMsEED LTV 5,
(146) KA&FIWGtr

y (0) =g, (0) (147)
DY & THEL &
y=&(r)+rﬁ2gi(£)f(é)d$ (148)

b, Fio, HESBIL
of (¢) =2D,7) f {g, (&)} *d¢ (149)

TELZBND, L, D, RHGBHFEORETH S, Wi, FHHEOEREN (150) KD L>
HeMITSCHERLICHRIAR B 5 S RET T, (149) ROBES#IE (151) RTFbEh 5,
y () =M, (1—1,exp (—k,z)) (150)
of () =Dyyr MMk, 17 (1 —exp (—2 ky7)) (151)
3.4.3 HESHOTIRKICETZER
—fic, FERHEAIOEERS AT DL REII20K% TH Y, ERICHEVBONT A AN D B
—77, BESMOEHHRBUIIONS TH T, EESMOLHRMOWESFOKREZTHY, L
PO ERCHEVGCEDTAEAY D S, T 0T, FTBESNOLEBE R OWTHEEL, 0¥
CERS A ORIERE & DBR T2 W TR %0
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SEEH TS O £ B HIMITSCHERLICHH SR 12 58 5 358 DRSO OB AR FIL, (152) Ko k>
BhEh, TOMHEIT r, WML, M, &38R TH D,

_Vy. — ’Y.Dyky Tyly‘\/]."exp (“2&,2‘) <152)
1—1,exp (—k,r)
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T hERKE - oW TS TR, SHESTTOEHHREM KR~ 1.k, 1 n [, ¥ CHEYEM
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dbe ZhiE, EESMWOEHRE DY EMRCHNT 520 X BRTH 5,
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Y E D A K MITSCHERLICHI SR 196 5 B A OBER S MO LB 50T, (153), (154),
(155) ReEPLRb Ehic, 22 CCREELHOHED LREEZHFED LTV 5, WIFho
BeEd, HEOEHHENL r . WhEIL, M. & SBERBReh 5,

a#0, a+1DL ¥

cv. — Y2ZDCr. {(1=a) M: (1= L. exp (~k.t) "“1/(1“&&5@
Vel , Mx(l“lxexl:) (“leT))

a=00D&&

_ A2D.Cy AM. (1 —1l.exp (—k.t)) —b}
C.Ve = M. (L—1l.exp (—ket)) (154)

a=10D4x

CV B mrxe‘"Mx (1“lxexp (""'kxf)) /b (155)
S M, (1—1.exp (—k.7))

ChDEME 2 WTHA L, o, 235 A— 20D &0 5 A{HEHF KT 5 73 e HipH
THEHETRE, UTREBRZ LD REEEAEHT LI ENTES, Thbb, (153) Kk,
0 <a<1OHTE, B0 LBHFRINCIEL, co%l&E—1 k.- 1n {{(aM.
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i) #EOEHRE & EROEHRE & DBR

CCTia=10&LEDOBREOWTERT S, ThIZHiHOMN ciid 1 SRBRIBD a HiF
E1TholehedThb, 8T, WPOERRGEER AR, BRHTOLHHREIL
PR L, BERSHOEHHRIITERITEM L T ie, IEORMEABIKE E o M inEY
POk L PRI WA BT B 2 0 b, HEOEBRBOBEROEB BT 5 Hhid i
KT 5, a=10LERDWT, LOFRRDE, FibbiERRKORDE %L KD TH
A& (156) R Lol b,

Dyky rily

U.V.R.=

_Z/b'Mxlx . b

’JZ-Dxsz (“ ——g_) kx {(Mx1x+ —_g"—) e T}

M.
(156)

D, r, k, | DEZEREREESEEREETEAERLVSDL, T TCHRUETHS LFET
i, (156) RUEHR NI A~ M L b ETREShBL LD, TDLEDE, HEOLED
FREEROLDHERR & OWEM BRI AT A— M. L b, Tiebb, HEHEEHCET S
HEEREREOERICHT HEREROEE DA EFEL 5. Thid, —iK, FBEREHX N
V¥ p, Do R bR, MRERX*=aX+b (a#0) & Fhp*=apt+bisy
Bo* =a?ac? b ohb, EHEDMOSEORMINCENFEIROMEE BEET 5 DL MR
Rehb,

BlED XS, RBOOLOEI > WTHEBLETELDT, 28K, £3T7A—RLAFK
GO~ R AA L, HEOEHHRKLEROEDHRIE ohofEosR > T i ouw
TEHE Uleo EERAERKET 589 4 — 21, R LSS 1 SRBbOE* 5 LT,
M,=40, k,=0.027, [,.=0.95 a=1.0, b=-15 r.=0.3, D.=1.0& L1, HiE4EE
BT B /85 2 — 2T, —RICTIRIED0.75TH 5 BM, =308 L, k,id k. D11
BTHHT ENE WD, ky,=0.03& Ll ¥, 1,=1.0, D,=1.0& Lize 7,0 2WTiL,
FRIHGEPE SN TE LT, L O—RAISEHBEIRPRDT, 2Tl r.D2.0f% 1.0f%%
FUOSFED MO DWTEFET A L Lz, THbb, 1,=0.6, 7,=0.3 r,=0.150
3D & Lice F— 9WRLIck 5, EESMMOLTHRENL, Wik 3 4 CHKHLIE. 2% %,
MA104E CHI/MEL5.5% %5k L, + OBITHIICHIIN LT, M504 TI1322.8%, #E70ETIE
26.4% Ll oloe TDE I, HINOBEES A O EREIL20H S~ v P OEER Lich b
HEICON T AR E R -7 dd, THIEEBE LB LTWB & b, —Jf, BEOMmoR
DKL, 7,=0.6D8A1E, Wi 1 FRIC84.0% L IEFICE W EA R T, Sl B L
T, MER104:726.9%, HIR204ET19.3% & e D, ORI BRI LT, #RERS0ET
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#—9— 1. HEOLEHHREK LBEOTEERE D
i ERAER i) s # £
7,=0.6 7,=0.3 7,=0.15
Sy S B O Sk WO S Y ok S EH O
3 L cvh)/ R cvh/ #B  ovh/
cvd cvh cvd cvd cvd
) (em) (em® (%) (m) m® (%) (md (%) (md (%)
1 3.0 0.20 14.8 0.9 0.57 84.9 5.75 0.14 42.4 2.8 0.04 21.2 1.44
2 4.0 0.41 161 1.7 1.10 60.0 3.74 ©0.27 30.0 1.87 0.07 15.0 0.93
3 5.0 0.65 16.2 2.6 1.60 45.0 3.02 0.40 24.5 1.51 0.10 12.3 0.76
4 5.9 0.90 16.1 3.4 2.07 42.5 2.64 0.52 21.2 1.32 0.13 10.6 0.66
5 6.8 1.17 15.9 4.2 2.52 38.0 2.3 0.63 19.0 1.19 0.16 9.5 0.60
6 7.7 1.47 15.8 4.9 2.94 34.7 2.20 0.73 17.3 1.10 0.18 8.7 0.55
7 85 1.79 15.6 5.7 3.33 32.1 2.05 0.83 16.1 1.03 0.21 8.0 0.51
8 9.4 2.13 15.6 6.4 3.71 30.1 1.3 0.93 150 0.97 0.23 7.5 0.48
9 0.2 2.50 15.5 7.1 4.06 28.4 1.83 1.01 14.2 0.91 0.25 7.1 0.46
10 11.0  2.90 155 7.8 4.39 26.9 1.74 1.10 13.5 0.87 0.27 6.7 0.43
11 11.8 3.33 15.5 84 4.70 25.7 1.66 1.17 12.8 0.83 0.29 6.4 0.41
12 12.5 3.79 15.6 9.1 4.99 24.6 1.58 1.25 12.3 0.79 0.31 6.2 0.40
13 13.2 4.28 15.6 9.7 5.26 23.7 1.52 1.32 11.8 0.76 0.33 5.9 0.38
14 14.0 4.80 15.7 10.3 5.52 22.8 1.46 1.38 11.4 0.73 0.35 5.7 0.3
15 14.7 5.3 15.8 10.9 5.77 22.1 1.40 1.44 11.0 0.70 0.3 5.5 0.35
16 15.3 5.95 15.9 11.4 6.00 21.4 1.35 1.50 10.7 0.67 0.37 5.4 0.34
17 16.0 6.58 16.0 12.0 6.22 20.8 1.30 1.55 10.4 0.65 0.39 5.2 0.32
18 16.6 7.24 16.2 12.5 6.42 20.2 1.25 1.60 10.1 0.63 0.40 5.1 0.31
19 17.2  7.94 16,3 13.0 6.61 19.7 1.21 1.65 9.9 0.60 0.41 4.9 0.30
20 17.9 8.67 16.5 13.5 6.79 19.3 1.17 1.70 9.6 0.58 0.42 4.8 0.29
21 18.4 9.45 16.7 14.0 6.96 18.8 1.13 1.74 9.4 0.56 0.44 4.7 0.28
22 19.0 10.26 16.8 14.5 7.12 18.4 1.09 1.78 9.2 0.55 0.45 4.6 0.27
23 19.6 11.11 17.0 15.0 7.27 18.0 1.06 1.82 9.0 0.53 0.45 4.5 0.26
24 20.1 12.00 17.2 15.4 7.42 17.7 1.03 1.85 8.8 0.51 0.46 4.4 0.26
25 207 12.84 17.4 15.8 7.55 17.4 1.00 1.89 8.7 0.50 0.47 4.3 0.25
2 21.2 13.91 17.6 16.2 7.68 17.1 0.97 1.92 8.5 0.48 0.48 4.3 0.24
27 21.7 14.91 17.8 16.7 7.80 16.8 0.94 1.95 8.4 0.47 0.49 4.2 0.24
28 22,2 15.96 18.0 17.0 7.91 16.5 0.91 1.98 8.2 0.46 0.49 4.1 0.23
20 22,6 17.05 18.2 17.4 8.01 16.2 0.8 2.00 81 0.45 0.50 4.1 0.22
30 23.1 18.17 18.5 17.8 8.11 16.0 0.87 2.03 8.0 0.43 0.51 4.0 0.22
31 23.5 19.34 18.7 18.2 8.21. 1568 0.8 2.05 7.9 0.42 0.51 3.9 0.21
32 24.0 20.53 18.9 18.5 8.30 15.6 0.82 2.07 7.8 0.41 0.52 3.9 0.21
33 24.4 21.77 19.1 18.9 8.38 154 0.80 2.09 7.7 0.40 0.52 3.8 0.20
34  24.8 23.04 19.3 19.2 8.46 152 0.78 2.11 7.6 0.39 0.53 3.8 0.20
35  25.2 24.35 19.6 19.5 8.53 15.0 0.77 2.13 7.5 0.38 0.53 3.7 0.19
36 25.6 25.69 19.8 19.8 8.60 14.8 0.75 2.15 7.4 0.37 0.54 3.7 0.19
37  26.0 27.06 20.0 20.1 8.66 14.6 0.73 2.17 7.3 0.37 0.54 3.7 0.18
38  26.4 28.47 20.2 20.4 8.73 14.5 0.72 2.18 7.2 0.36 0.55 3.6 0.18
39 26.7 29.80 20.4 20.7 8.78 14.3 0.70 2.20 7.2 0.35 0.55 3.6 0.18
40  27.1 31.37 20.7 21.0 8.8 14.2 0.69 2.21 7.1 0.3d 0.5 3.5 0.17
BEARERE (31) X, EEOHEE (138) XAV, 2085 4 — 213M, =40, k.=0.027, 1.=0.95,
a=1.0, B=-15 7,=0.3, D,=1.0CTbH %,
BRI (150) 5K, BESHoc 51 Xa v, FoR3F A — #iEM,=30, k,=0.030, 1,=1.00,

D,=1.0TH 5%, r,k2WT0.6, 0.3, 0.150 3D %EF Lize
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-9 —2. EEROEBHRE & MR OLBREO LK

7 =0.6 7,=0.3 7 =0.15
TRy G EE B S £H =4 S EE e o W H

¥ B cvh/ ®B cvh/ % cvh/

cvd cvh cvd cvd cvd
B (em) @) %) m m) % () (%) (m) (%)
41 27.4 32.86 20.9 21.2 8.86 14.0 0.67 2.22 7.0 0.3 0.56 3.5 0.17
42 27.8 34.38 21.1 21.5 8.94 13.9 0.66 2.23 7.0 0.33 0.56 3.5 0.16
43 28.1 35.92 21.3 21.7 8.98 13.8 0.65 2.25 6.9 0.32 0.56 3.4 0.16
44 28.4 37.49 21.5 22.0 9.03 13.7 0.63 2.26 6.8 0.32 0.56 3.4 0.16
45 28.7 39.08 21.8 22.2 9.07 13.5 0.62 2.27 6.8 0.31 0.57 3.4 0.16
46 29.0 40.70 22.0 22.5 9.10  13.4 0.61 2.28 6.7 0.31  0.57 3.4 0.15
47 29.3 42.33 22.2 22.7 9.14 13.3 0.60 2.29 6.7 0.30 0.57 3.3 0.15
48 29.6 43.98 22.4 22.9 §9.17 13.2 0.58 2.29 6.6 0.30 0.57 3.3 0.15
49 29.9 45.65 22.6 23.1 9.21 13.1  0.58 2.30 6.6 0.29 0.58 3.3 0.15
50 30.1 47.34 22.8 23.3 9.24 13.0 0.57 2.31 6.5 0.29 0.58 3.3 0.14
51 30.4 48.04 23.0 23.5 9.26 12.9 0.56 2.32 6.5 0.28 0.58 3.2 0.4
52 30.7 50.75 23.2 23.7 9.29 12.9 0.55 2.32 6.4 0.28 0.58 3.2 0.14
53 30.9 52.47 23.4 23.9 9.32 12.8 0.5 2.33 6.4 0.27 0.58 3.2 0.14
54 31.2 54.20 23.6 24.1 9.34 12.7 0.54 2.33 6.4 0.27 0.58 3.2 0.13
55 31.4 55.94 23.8 24.2 9.36 12.6 0.53 2.34 6.3 0.26 0.59 3.2 0.13
56 31.6 57.68 24.0 24.4 9.38 12.5 0.52 2.35 6.3 0.26 0.59 3.1 0.13
57 .« 31.8 59.44 24.2 24.6 9.40 12.5 0.52 2.35 6.2 0.26 0.59 3.1 0.13
58 32.1 61.19 24.4 24.7 9.42  12.4 0.51 2.36 6.2 0.25 0.59 3.1 0.13
58 32.3 62.85 24.6 24.9 9.44 12.3 0.50 2.36 6.2 0.25 0.59 3.1 0.13
60 32.5 64.71 24.8 25.0 9.45 12.3 0.50 2.36 6.1 0.25 0.59 3.1 0.12
61 32.7 66.47 24.9 25.2 9.47 12.2 0.49 2.37 6.1 0.24 0.59 3.1 0.12
62 32.9 68.22 25.1 25.3 9.48 12.2 0.48 2.37 6.1 0.24 0.59 3.0 0.12
63 33.1 69.68 25.3 25.5 9.50 12.1 0.48 2.37 6.1 0.24 0.59 3.0 0.12
64 33.2  71.73 25.5 25.6 9.51 12.0 0.47 2.38 6.0 0.24 0.59 3.0 0.12
65 33.4 73.48 25.6 25.7 9.52 12.0 0.47 2.38 6.0 0.23  0.60 3.0 0.12
66 33.6 75.22 25.8 25.9 9.5 11.9 0.46 2.38 6.0 0.23 0.60 3.0 0.12
67 33.8 76.95 26.0 26.0 9.5 11.9  0.46 2.39 5.9 0.23  0.60 3.0 0.11
68 33.9 78.68 26.1 26.1 9.56 11.8 0.45 2.39 5.9 0.23  0.60 3.0 0.11
69 34.1 80.39 26.3 26.2 9.57 11.8 0.45 2.39 5.9 0.22 0.60 2.9 0.11
70 34.3 82.10 26.4 26.3 9.57 11.8 0.44 2.39 5.9 0.22 0.60 2.9 0.11
71 34.4 83.79 26.6 26.4 9.58 11.7 0.44 2.40 5.9 0.22 0.60 2.8 0.1
72 34.6 85.48 26.8 26.5 9.59 11.7 0.44 2.40 5.8 0.22 0.60 2.9 0.11
73 34.7 87.15 26.9 26.6 9.60 11.6 0.43 2.40 5.8 0.22 0.60 2.9 0.11
74 34.8 88.81 27.0 26.7 9.61 11.6  0.43 2.40 5.8 0.21 0.60 2.9 0.11
75 35.0 90.45 27.2 26.8 9.61 11.6 0.42 2.40 5.8 0.21  0.60 2.9  0.11
76 35.1 92.08 27.3 26.9 9.62 11.5 0.42 2.40 5.8 0.21 0.60 2.9 0.11
77 35.2 93.69 27.5 27.0 9.62 11.5 0.42 2.41 5.7 0.21  0.60 2.9 0.10
78 35.4 95.29 27.6 27.1 9.63 11.4 0.41 2.41 5.7 0.21  0.60 2.9 0.10
79 35.5 96.87 27.7 27.2 9.64 11.4 0.41 2.41 5.7 0.21 0.60 2.9 0.10
80 35.6 98.44 27.9 27.3 9.64 11.4 0.41 2.41 5.7 0.20 0.60 2.8 0.10

BRI (18D R, BES (138) K&y, 2089 A — 2 1IM, =40, k.=0.027, 1,=0.95,
a=1,0, f=—15, 7.=0.3, D,=1.0CH %,

g R (150) R, HHESc: (151) AV, 2087 A — & 13M, =30, k,=0.030, 1,=1.00,
D,=1.0TH 5B, 7,02\ Ti20.6, 0.3, 0.150 3D 2 FH Lz,
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1313.0%, HMHERTOGETIL11.8% & e » Teo IMIADHIES M OLEI R, 105/ 3 —+ v + O
ZR LI LB U, ERESHOEBEBI T 2 $0.50#H Lot ZOBRELA
HRELBHBLTWEE V2D, HESHOEB HRER 7, thkfILTW5DT, 7,=0.3
7y=0.1508E1L, 7,=0.6DBPADLFEI VA HD 1 TIND, FORKE, WESHOLH
FHROBERS M OEBREC KT 5 Fid, H50ET, ThEh, 0.286, 0.143&7%h, K%

CHIo T BEL D i D o T,

BlED &5, SEHHELLEFNMCL ST, BESMOLHHRRIERSHOEEHHRR LY
b—ITPS W EERBHTHEENTEI, &K, 7,7 D2{EDKRTID L XL, i
SO0EEHIER T, MR SMOLE RN EESHOLHRPOMLES TH D L L RTZ ERTE,

3.4.4 SEBELERBNESERTTILOKY

G EMHR OMS ERBEDOEMARNDRS Z MR, BERERLEEERL TR, 202
NBEXERE TS RIRBTEDBRD LI, Thbb, HREROEAE, EMERRLIER
DRE S LOMICIFBMEN RS h, ERFKELAREE LR EhENEREREE> T
e, HEEROBER, BAEREIBEOKE & LoMIZHBBFIRE IR, &K
CRIEHEFCARRNES ATV, W, fhcElieRiEr L0, Bcigokess
Eole 777 CHE LY, EREROEAIAE LN OEFRERIEE LR BN, BEEREOBHS
BN ST ERER AR O R A L LT b, OBV, ERESMOLERK S ES T D
TR E D SRESRBFETH o fco — T, BIEITMAOIE L LTRPIR B &850
0, EBO &S EAEROEHES L LT TH D EEDbR S,

AT, &5 LEBEROEHEEZEE LT, HRROBEERSF VRS L, K3
8 ¥ L UMERE 9 DA, FIHICHE L AMEMMROMRRNEREREF VOS2 B LT
FH3 LA TH D, KL, SEOEE TR TERM 1O T, BREREFALOHEE
4 LELCI Lice COMEERETF VLAY, MESMTOEHREE, £EoZ L wror
G, HECHECEERAT 5 &l b, ZOBIDWTIE, HH - VS BEEOEN A4S
LT3 (1955), AL LT F AR L O ClE LEREFALDE T A— 212,
A FRRGICRG 5 — Tl A Ui, 7, 2 7. D 2 50840, BEST OB EREN
EHESMOLWRBOMES TH D &V OMlEE L HWT B eMTEL, L L, SEOH
R, FMHD O3 h R OB R T Lo 8w 0T, Ly, OREE >
WTIRTRE £ 384 A,

3.5 BERERIHEBELEROMBH

FfEAIROERBI LT, 3. 3T (110) X k5 RlERRmEREREF L E,
3. 48T (146) Ko &5 IeFERMAVEE AR e F A2 Lic, (110) SR 4 BB 1o
B 5 EENOBERAERAL, (146) RILAWFMMIT I B3 2B Mo khE4 Bis &b LT
Lo AHITHE, HIFRHMITNC B 5 ERERE LSRR RE & OFBIBIR L, R - Bk
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PR L, 3. 3MITHE LRERRWERAEREFNVE, 3. 4 fcHd UIcHERERAIETE
EREFLLEDBRIEDWTEELILLDTH 5,
ek, (110) KRB LU (146) RIBETHMTH B, KEHTE, Thth (157) K, (158)
ROLHSRBEHDTELETHI LR L,
X=ax+b+e. (157)
Y=cy+d+e, (158)
(157) RiE, ERx ORKROBEOEREREXS, ERx O—kBEfcRbShbla x +
b LR R e, L DOFIE LTEDERDZ EERLTWS, (158) RLEHETH S, LIEL,
BEEREF AT, HEERBIEECERE LSV EFELLDT, (158) RO ¢ kAR o
ETRETHD, L L, TECR—BOCERZTIHEIELT, ¢ y ODEEZSTMLTEW
12o
3.5.1 HEBEEROBRELHE . SHEERORETHE « , LOHBFRNOHE
AEOPFEOE—D BIE, ERAERORELTE ¢ . LHRERDOBELTR ¢, & DM
oD cdhb, bhbhil, BEOERAREX &BEOBEERRY & OHERK P -
VT, BRIRBEET A ENTE S, oT, 1, o & PEOBRIEDVTHRE %,
WE, e, BIU e, DN LARERTHLETHE, e. & e, OB 0,
Ze, Zey

S ekl e —f (159)
Einde (157) KL b,

X~X=a (x—x) ‘e (160)
(158) &KXk v,

Y—Y=c¢ (y—y) +e, (161)

Thbo IlEl, BFHEERT D, LoT, X&Y &OMBIREP I,

T {(X—X) (Y-Y)}
VI (X=X £ (Y =77

P=

_ acZ {(x=%) (=73} +Z (exey) (162)

V(e ((x=%) +2 e (e {(y~7)%) +2e 7

EFEbahd, 220 JERCHGCEE - BEBoRTtoX Y OMBREERD A LT B,
T5 &, .
x—x=0, y—3y=0 (163)
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Ehb,
2 {(x—x) (y—»)} =0,
L {(x—x)% =0,
T {(y=3)" =0 (164)
LY, BRAXEY EOMMEE P, . & e, OHEBHRE o CHMTEL T EIinb,
APFGETIE, EEMES 2cm, BEMEAE Ime UTET L, (163) XB LU (164) ROK
FREYETH T o, BB, c=07ThHH, adbf0.25TH5hb, a?id0.0625& 1
D, a?L {(x—2)"} BHFDENIVETHoTo LT, HER - HEHEOBTCE, . &
e, DHEBIFRE o, X&Y LOMBIREP THEETE %,
3.5.2 2z ZHRIC & DHBIRK OB
HBMAB DWW TR OWELZT O HAE, BEOHENCOF FHHTERVWOT, EEE
T b, ohil, BBERKOED 5 2EB— 1500 1 OREKRLATWERDLTHS, L&
W, FHEBN0.8DBE, EADMIIZINE0. 2B LB B Z LT TERVE, ZORELD L
IWHIRILBBI L ZENTED, LT, TOERKOHES AT ERABCIT R T, FLL
TrbolhMilich,
FISHERY, HBIGREL o %, BIHERRZE

ym 1 (165)

 n—3
Tel2l, nEHROK
o TIIFESS AR T HH 2z ~NERT 5 Lk%E Lice Zhik, zZ#EMTH (166) RT
Exbhb,

z=~—-;*“{1n(1+p)w1n(1~p)} (166)

O XY, BUREBIHREOEEERE Y, OEANI D M h o fHER OB OE & 3 &
AEMIIE B, LT, FEORER, zZRIALETCThhrdhdiebi, ok 2,
B OBEERMERD L > &35 & 2, 9, 280% L, zoffe > TRERELR
W, DR, FORRERYUERT S Sk T, HEFEROBAEAERTRIER DV,
fek, BELW, ARXFh—- 203y (1972) BRI R\,

3.5.3 HIWMBICHTIERERBRLESEREOWHRHE

AT, SRR R A A EE - RO AR E & ERAERROHBIRE L RD,
RABHD SETIGHTH 5 HEMCOWTHRITT 5o AU oBRHE, HERREEEAER T
BT BT IR B ERA—Th 5o Thobb, BRURSE AR T IR P e
Show g, MEARIKE, SmAamekE, MrEBiX s & UG X o FiE ekl 5 #
SOWEHBTH S, LT, HRBMOKRSFERICOVWTHE, 3.2.20K—-2%BRSNh
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22 S L ]

1

£—10— 1. HEE - HREECET 5ERAERRE & WRAERE S OB Gifs)

e i} & B (cm)
(m) 6 8 10 12 14 16 18 20 22 24
I
3.10
13 -
1.50
2 2 3
2.85 2.58 3,57
0.845 | 0.001 | 0.823
32.3 1.4 2.4
12 - ~ | —0.264
2.59 2.04 2.61
0.065| 0.003| 0.103
9.8 2. 12.3
- — | -0.578
-1.000 | 1000 | 0.8%
2 14 16 3
1.3 2.4 311 3.12
0101 ] 0301| 0.268] 0.3
3.1 13.5 16.6 17.9
1 - | —0.051] 0806 0.606
1.39 2.26 3.4 2.64
0.490 | 0.266 | 0717 ) 0.603
50.5 22.9 2.0 29,4
~ 1 0499 | -0.55] 0.707
000 0.217] 0.30( 0.983
1 12 2 4 i _
0.50 1.3 2.24 2.43 [#EE - BEHoRHR (Lh5EiR) ]
=1 0.36( 050 0443
0 || | o o
~ 150" 1 )
0.82 1.78 2,39 2.61 HEERFEOTY (om/ 5%)
-1 0421 | 0.357| 0.264 .
- 36.4 25.0 19.7 EEERBOZ ((em/5%)Y)
-1 o201 e2u| ~0.771
- 0.403 0.132 0.404 EREERBOTHER (%)
1 10 12 2 HBEEROBE
1.1 1.86 2.29 3.3 .
s 0.210 0.228 0.000 WEERROTY (m/5%)
- 24, 0.9 .
9 = ~0,64Z ~0?032 °0 BRERROAH (n/548))
1.2 1.98 2. 3. ,
“ 0.231 o,zgg 0.135 WRERROTHEN ()
B A I Wi E R OB
A ) R MRS & B RO MR
4 3
170 1.55
00z} 1o O
s 0.543 1 ~0.708 HAMOBR 101
Lwg) 488 TAOER 7
__83323 "8;3% Wl Lz OB 19,537
ML 2 0EH 6.406
M LIz 2 DR 0.254
1 ofi 1.449
2Rk 7
Jel DR 0.294

KHCIA IR, 1 REORE HUOMMFLER > LHES WL BT 5, (KL, kA4 LLOER - B >WT)
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R—10— 2. HEE - RSG5 ER4ARE L HEERE L OB (BHAEHKRK)

81

Ry it &% B (cm)
(m) 8 10 12 14 16 18 20 22 24
1
5.40
13 -
124
1 10 4
4.85 3.39 4.38
-1 oms| oo
- 25.6 6.2
12 —~ | ~0.485 | —0.686
3.42 2.20 2.68
-1 o030 0.8
- 2.3 10.7
-1 o0m1| 112
-1 0.60| 065
1 1 10 9 2
1.60 1.91 2.57 3.2 3.50
~1 0.681| 0.441| 052 085
- 43,3 25.8 2.1 26.3
11 - 0.082] -0.505| ~0.172 ~
2.70 2.4 2.60 2.91 2.76
-1 0543 0257 o026 o0.002
- 34,5 19.5 1.7 1.5
~ | -0.428 | ~0.506 | 0.228 -
-1 0508| 0333 0100] 1.000
5 21 9 3 e
Olég 1.9§ 3.12 02.48 [#HEE - BABOKHE (LhsEr) )
. 0.56 1.041 681
10 osgég oggég 03§gg oai’?g AR ()
oéégg é.zzsa Oé,&s oé'sé BREEBOPH (em/5%)
\ 0.41 A4 12 i
Ozgég 28:/2 22.6 Olg .3 HRERBOM ((em/ 54)%)
. -0.772 | ~0173 | —0.618
0.897 | 0.508 | 0.791 0.404 HEERBORBEE (%)
7 13 2 HBEREROEH
2.00 2.91 2.20
0.248 152,43 0.005 BRARROTE (m/ 54)
24.9 42, .
9 —1,352* oésgé 32 HEAERROM ((n/54)Y)
24 X 3.
0169 ©0.110) 0.3 WRERROBHEY (%)
st | o] %2 it ST
0.1 | oA} 1.0 B & B R R R
1 4 2 1
-1 1043 55.8 - (sl
8 " f"’zg 02.3{() 9.9 HASOBRR 103
- . 186 - P ]
- 0:928 1.000 — MELE 2 0BR 39.467
7 MLz t0BH 29.417
O?ég? B U 2 DRI 0.564
7 0.2 1 iOff 7.164
fg% Bk 10
5.3 SO 0.511
1.000

RHCHALSBMNG, REOKE KDOHMIRE RO LNB SRR - BIAMTH D, (ML, RIS 4 HLEOER  BERI W)
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B o4 oW

#—10— 3. HEE @Rk 5 ERERE S MRERE L OME BEEARKK)

G i & W (cm)
(m) 2 4 6 8 10 12 14 16 18 20 22 24
1
3.35
14 -
2.00
1 2 4 5
230 2.25] 2.5 2.35
= o7 043  0.565
- w7| 2.1 2.0
13 - - -0.127 0.197
287 253 2.4 2.23
- oomw) 0109| 0.308
- 10.9 12.5 2.9
- ~| onr| 1.008
- o] 0103 0.36
2 8 7 2
1.38 L6 2.1 2.05
0.061| 0.460| 0.3 1125
18.0] 86| 251 57
12 ~| -0.a0| -0.573 -~
L 24| 258 W
0.0 0319 025 0,289
wol 2.2 2031 27
| o] 0.07% ~
-1.000 | ~0.275 | 0.553 | 1.000
1 7 12 1 1 - .
1.2 0,89 1.30 1.85 2.95 | (48 - BEMoKHR (EhbHK) ]
=1 eim| 1 - -
- 47.0 9.5 - — | HAH R)
1 -1 -0.577| 0.8 - -
2.95 2.30 2.3 3.50 2.75 | EEERREOTE (em/ 54)
=1 03| 0.4 - -
- 26.1 27.3 - — | BRERROH ((em/54))
-1 00| 0.3 - - .
- 0.766 |  0.481 - — | BRERBROEBEY O
1 7 5 HREREOTEE
R I T BRERROTH (m/55)
0 S| o BRERROMK (m/5%)")
sl I B B RROEBIEE (%)
- 0411135 ~0?éé§ HEEREOBE
-1 0w | 0.93 S ) e
ERERR L MEEREOHBIRK
2
~0.08
i (R
’ ” HAROBR 5
013?3 MAORA 3
1000 ML 2 OB 20.133
; M LI 2 OB 23,772
0.3 ML L3 2 T 0.619
8 - 1 Offi 10.697
125 Bl 7
- FEROBBIRR 0.571

KR CHARRI, 1 REOBE,

FROMPREE - LHB X LR - WEHTH 5. (LEL, HAEN 4 LEOER - HEHIoVWT)
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£—10—4. HERE - WRECK O 5 ERERE LBEERE L OHBM AT

Wk i 7% M (cm)
(m) 2 4 6 8 10 12 14 16 18 20 22 24
§ 1
273 am| 245
0.07 | 0.831 -
3.3 -
8 ~0.001 | 0.253 ~
18| 1.43] 215
0.275 | 0.598 =
31 549 -
~0.084 | —0.023 -
8.7% | 0958 -
10 a8

4
12| 18| 18| 2
o.37| 030 0.2%

83| w6l 73

1.3 1.51 1 1

o
o
2
<
I
<
8
!
<
: =
PrE g -

7
1 1.59
6.011 0,350
7.7 37.3
5 = | ~1.475*
0,90 1.27
0.020 0.179
15.7 033 3
=1.000 { —0.328
2
0.90
0.045
23.6
4 —
0.78
0.211
58.3
-1.000

[#I8 - HEMORHE (Lr o) ]
WAR (&)

HREERROTH (em/ 5%)
EEERREOME ((em/ 58)7)
EEERROTBIRK (%)
BREERROBE
BRERROTY (n/ 5%)
HRAERROSE ((m/58)%)
HRERROEBEE (%)

B AR ROBE
HEERE L HEERROBBIGR

Gy 9l
HARORM 138
HRoEM 1
mik Lz OBM 84.966
MLz 0Bk 77.163
ME Uz i 0.765
1 o 12.125
EE 8
JelioHBIRE 0.644

KR CHARRAR, REORE JGROMBRER R LB ERLHE - WERTh D, (LR L, RANH 4 LLEOHE - WERI>WT)




84

22 I L

£—10— 5. FEE - MRk 5 ERERE & BRERRE E OHB (IREHK)

e i 7 B (cm)
(m) 2 4 6 8 10 12 14 16 18 20 2 24
1 1
1.08 1.65
0.062 -
23.3 -
9 0.33 -
111 1.40
0.047 -
19.5 -
0,479 -
—0.452 -
13 2 2
0.90 1.48 2,38
0.046 | 0.22] 0.
2.0 32,7 7.3
8 ~0.257 | 0.371 -
0.77 1.12 1.3
0.0651 0.119] 0072
3.0 3.9 2.7
~0.487 | —~1.603" -
~0.220 | 0.524 | —1.000
4 55 3 2
0.16 1.58 2.3 2,83
0.014 | 0586 0573 0.06
w7 49.0 32.6 8.8
7 ~0.689 | 0,030 | —0.3%0 ~
0.40 1,27 174 1.81
0022 0.214| 0179 0.490
%8| 3.4 24.4 38.8
~0.543 | —0.293 | —0.518 -
-0.240 | 0684 0.68 | 1.000
40 75 4
0.95 1.56 1.9 [4HBE  BEHOKHE (EroEK) )
03201 0380 | 0.162
¢ A AL (0
0.03 | 1.3 1.45 BELERROTS (em/ 54)
0238 ] 0163 0.047 e .
52.4 30.5 14.9 HEERBOML (em/ 54)%)
-0.264 | 0128 0.6 )
0.610 |  0.500 | —0.153 HRERROEHEY (%)
1 17 7 HELRROBE
051 057 1.49
- 0.38 | 0135 HRLEEROTES (m/5%)
-1 . A, )
5 Y B R HREZROM (m/55)")
0.08 s 1.62
- o(.)sg? 0.85635 HEERROBREHRY (%)
= B R OB
-1 o028 o058

BEERR & MR R R HBIRE

i)
HAB DR 274
HAOBRH 241
Ml Lz OFR 148.903
ik Lis z '8 108.244
WL 2 i 0.618
1ot 16.244
HihE 10
S o) 0.550

KECHARBIR, REORE RAOWHRECLH > LHB S RRER - BEHTh 5. (oL, HAEN 4 LLEOBE - il >LT)
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oo ZHHOS5REHIE, R 2ELAEWRENEFT IR THRWOT, JflicolitER
B, 2B B OWERCART L TWRKKRDR R B ORR & L,

BHTC bl > T, MERDOSORIIPIVELEZMNTHZ L L, HER - BEEOHBIF
Ba 2R LUTHDL R 2z D%, i ((165) ) O & - TEL DG Ui, HBIHRKH
MO ETHMTH 5L E»ORBEOKEE, S LAEOTESRER 2z BT XTA—DFHDHE
EETRH S0, TOFEPRILHILOE, FHROMEC X - TEASG bR IRETELIL,
BHEE-1%232 2 5% 35, L0 —BNEBRCESHE (RxFh—as5 v
(1972)) it >t

F-101, HEE - BB OWT, WA, BERERER JUBEEREOTY, S %
Dl BE, L TESBEREEHHERRE L OHBIREEZED LLbDTH B,
ERAERBEOTHIEEENKRE K RBEERE LR BEANED i, —75, BEEREE
DI, TRTOEE - MBIV T, AENER ok, ThODERE, K1k &
OBEL 7 i Ui bW b

10 B T, KETHAREME, ¢ REOHE, BEREREIBEAERE L OHBR
BOSGRTH D LHESNCEE - WEMTH 5, COXdKE, —HOERE - HEME O,
HBGRIUTILEThA B EE L LR,

3.5.4 ERERBLHSERBICHAIZIETIL

BLEDER%E S 2, EREREEHEAERECET S 5 >OEBEARE Li

12, HHMENC R 2 FEERE R, HEROKRESOLEEL, BEoXE Sk
WELR W, Thebb, EEEEFELUTH5TXTOMERZEWTE Ly,

RIS, & IR 5 MEEREREDOSHKE, EROKXE SCIBMBOKE ST KR
Ligkye Thehd, TRTOES - HEMBICE VTS LY,

RER14. B DHERIC R 5 HERTRA R, EROREICIHEOKE ST HEELIR,
Tihbb, TNTOEE - #HEFCEWTE L,

15, & BFEC B0 5 MEMBEAREO ST, HEROKE SCIBBOKE I bKE
Ligye Thebhb, TRTOELE - SEMTs LTS L,

16, H HHEIC I 5 ERER OBEEL T & AR OB i & OFBISMRE, B
EOREZWCHIHEOREICHEKF Lk, bbb, T XTOERE - s
WG TH S,

B2, H15E, FEL 1 b DU OWEY, EREBEE L 2/T L35 2 RKTEMT, Hobied
TRELELLADIT Eitvy, ik, 2Oz, FHEOHic, KOESEMNL oo

BES17. EEAEROBAEL IR & AR OBEETR & OHBIREGE, SR Licu,
P17, BRI R A DIE LIc b D Th - T, BIED & Z A OHELL I T
BhH, LvL, BLHMIMEETSELDOT, ZOBEGIDWTHLE LTE 2 &N %
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MDD LTHBC B EEL D,

3.5.5 EELESOEPERORRNTLICETSIER

FRR12D BITERARE Lo, B - MR TR OMBIGRED:, RV ED XK
BTE2O0EELTRLI WE, HEIEELVITTHEHESR T SIEEAROBEETI ¢ .
LHTRARDOEEL IR ¢ , L OMBIGRKE 0 &35 ( (159) R) o i r BT AERZ 2.,
WEEy TR, Wi+ 1R AERx o EEE Y i, 157 K, (158) Rick b,
ThEth

xem= (14+a) x.+b+e, (167)
_}’r'n: (1+C) yr"*'d"!“E_y (168)
EFhbE N3, Xer & Yo &EOHBGREE 2 TR, O 2 i,
Num
AT e
D.. (169)
i L,

Num= (14+a)? (1+¢)* (Z {(x.~%.) (y.~F.)})
+2 (14a) (1+¢) 2 {{x.—%) (y,~F)} 2 (ere,)
+ {2 (ecepn}?

Dea= ((1+a)?Z {(x.—7)%} +Z (e.*)]
X ((1+¢e)Z {(y.~FI) +2 (&,)]
Ligh,

TCT, B MRROTS T OMEBIRED, MERCE W LT Th AR A O&EEE
2ThE D, ZOBA, EHRE - BEZRITOM IR Y o ORE 6 BIRTH % L EREST R, ER
CEOMBIRENT, WK, BELDHROHBGK o wELL LT THD, LT, (170)
ROBIRBE > Ein b,

EZ‘K§:—7}>(y,~§ipjz R O N CHD) L 170
T A{(x.—%)%% Z {(y.~5% T (e, )) T (e,?)
CoBRE (169) RicfAThiE (171) K&k b,

Num
Dnn

At= (171)

i L,
Nuw= (1-+a)? (1+¢)* 0?2 {(x.—7% ) Z {(y.—7.)%}
+2 (1+a) (1+¢) p2 V2 {(x.~7 )%} Z {(».—7F )%}
/I (e 2 (e,
+0o*Z (e.%) £ (e,%)
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Den= (1+a)? (1+¢)2p?% {(2.~%)?} £ {{y.—7.)%}
+ (14+a)*Z {(x.—7%)? L (e,%)
+ (14+¢)*Z {(y.—F)% Z (e.)
+2Z (e,*) £ (e,%)

o,

(14+a)*y {(x.—7%)?} 2 (e,?) =A 72)

(14+¢)*Z {(y.=F)* £ (e.?) =B (173)

(14+a)* (1+c¢)*p?2 {{x.—-%)%} = {(y.—F.)%}

+3 (&%) ¥ (&,?) =C (174)

R, A7) R,

. ,24JAB+C

2t= 0t — e (175)
tEkba&hb, AT, A, B EOEKI+TH L, —RIC,

A +B =z2 VA B (176)

EWHRERBR DI, SRR TI0RA =B OPERFTHS, Wi, 4, Bixk
bIEDEKTHA ML, (176) ROTEXN LY,

2= p? Q77)
e ABENE LR D, SENRIIL-ODE, A=BOBETHLME, (172) X, 173) &Ly,

(14+a)?Z {{x.—7%.)%} Z (e, =

(14¢)22 {(y.~F )% T (e.?)

DHETH B, MlE, (1+¢)*Z {(y.—F)* T (e,?) TH2E&,

(1+a)*Z {(x.—% )%} Z (e.*)

(A+c)'s (3.7 I (&)
BERLR, B, BEOSED (14 ) e 2EEOHKD (1+a) ok, MWt
ROBELBH O T 5 ERAEROBELDOSIROLCE LWRICRY, BERLHEOH
BAGREDE L Ui C & e Do RIMICOMTOREER T, c=0 &4l T, —HIT,
B & ME MBI, ARBCEVWED LT b0 EHE SR b, BLEOKS ORIMCEE>
B EBEOMBIGR OB ST, 4. 6[iTHRiT %,

(178)
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BAE ZROIMDEBICREY SRR

4.1 HREEMBEAPIESRRIMOERE

BEMOK BEE TR AR O BB R P A RO F 0T T hil, b2 E OIS 111934
F (BMOE) WIRE D, FA vOISTIHIENS T L63ETH T, 19325 (BFI74E) wE
AMBAEREO—HBHZESh, FERBCECTORBEBPTCEL IS5 KD, 20T
19344F (BN 9 4F) WRMERBRIGEIT HESED b, LK, BRI A EHEI & » TEKW
WAEFF S hic, BB, FohRARO LD, RRNEDO—EHMAPHE LY, DB
BEER ST D LT, BEORE L E T o d DI o,

19584 (WBFN334E) &£1963% (MEFN3REE) Kk, MEMRBRBIC L -T, Zhb OB
REREMRR S hic, ThE, Wk ®E, W 1R, &E, KK B4, BAo8HkRHo
BbOXDWTTholee TD5H, MEAEHBEHDS DI, TNTORBHIT>WT, WEE
BB LR OFEARHENMBEMNCER SR TERY, ZOBEN D 5 EREEERME, 3
Tebb, 2cmiEHOERER, 1 mEOORBRHENONIARERCE LD TH T L L,
BOEMRBEAD S D, HOO S L I L EER R X U OGRS S LT,
PRT, < OHBHLTHIROME R HEARD LEARANETD I ED>TLE->TE Y, APHED
TR LTHERT 2R T5Thoteo LT, KPFETR, BEE LT, SKEEKBEND
WEL, Tihbb, NERBHRERSS 2 SREERRE IR B O RS s S (i
AERE51958) & AIHB105 FIMBEAUREE 2 keh R 2 (MEERIR51963) 2 VA T &1 L,

T OWEE L, BKEE, 1IWZRAO30MIKO A TREBEAKC DT, = OB EHEE
RHIE SEBLRKE T 5, WENILHI 3 HS, FHOOMDTHY, 05 HLeTHsy
MAFT, BEDIMTNRITITYTh D, 2T, BEEMNEWAFEEEONRE Ui,

A F QTS DIARPIERL DO <E35[E1T 1 #h3MTe 0 SFH6. IEISRME S e, R—11E, AR
OHGR, A, 6L, BARMESEN S NREOMEGE S ORI ST & Wit O Rin % &0
THDTHD, RO FESL IHORFETCEDLT L L, DO 2HITHIRETRL, Th
BRSO R AT b 2 BRILE S & A—DFFIT Lize RKEOEIZAHEM D 3R
Bibekb LTkY, Lliohimsdc, @Rk, PKS, AW LEbInTunied
D%, ZITCRThEh, 1, 2, 3&HEBK Lic, A3, RBRBTEORII, H5Hh Ui
BEGy, RSy, BEHS EOBEERTWIEN, AL LAEME L THARCeL e h -
TeDT, HWGOLRESE, WIFT (F BR KW 8) Cd- Tl & BT X
WM e (1949) & IR % 2 & & o Tz b, 3prdr, HALF o 35 0 w50 L,
HgReE, BSOS &, B, hEsIURBO Mo SEL, BN, F (5Esk
W), &% (ISEEAM), wh (S0EERM) B LU (BOMELAL) D4M s Lic, #hibI, HIL
ERERFLFEELTIRERIAL, COREDHRTE 0T, BEOERBLEHVWRT, 7H
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Ee—12. FREEWEE R A FIHER R O Mg JIE R
% G & &
w9 39(46.4%) 45(53.6%) 84(100.0%)

WA E K 228(49.8%) 230(50.2%) 458(100.03%)

F—13. FREEMHRDE PR F BB O R ETRH

3 & o A & #
I 6(7.1%) 40(47.6%) 25(29.8%) 13(15.5%) 84(100.0%)
MO B 44(9.6%) 236(51.5%) 123(26.9%) 55(12.0%) 458(100.0%)

F—14. KEEHRBEP A F HERERH O AL JIE L

- Hh F & &
o4 14(16.7%) 39(46.4%) 31(36.9%) 84(100.0%)
WoE | % 92(20.1%) 231(50.4%) 135(29.5%) 458(100.0%)

F—15. BREEMREPI A ¥ IR O AR AR O IR TR

MR D RAT il MR T 1052k 7 10410k &
w5 %% 135 131 110 82 458
" o ® (29.5%) (28.6%) (24.0%) (17.9%) (100.0%)

F—16. BKEERRAEPI A IR O AR O ik P

Hh ik I ipfk i Wiisik V i VIR VI b £
B 29 82 128 148 59 12 458

H S ® (6.3%) (17.9%) (27.9%) (32.3%) (12.9%) (2.6%) (100.0%)

R—17. PHEWREN A F AR OGABEROILAEE (K ha)

SEARENE ~1000 ~2000 ~3000 ~4000 ~5000 ~6000 o) %
oo B 186 189 74 6 2 1 458

H o ® (40.6%) {(41.3%) (16.2%) (1.3%) (0.4%) 0.2%) (100.0%)

& LTce R—-11DIMT, B THHLOETERL, HIALTERIEIRM S h el ok
S E LR TCH 7o & &%, XHNRMERIOERMCh o fe 2 & %, BILEREI04EL L
BB L TWIeZ ERRLTV D, kAN, H5EEML EOMAR L »NE I iR - a0
HERLTED, TREMRCOHHECHEY 28T 0T, BEONKMLI L, 20 L5
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WO EELEEBLRAWEIORTIED > o £ T, APFIETIE, 84bkE, D ~<458[EDIHA
PAEE R A T O R & LT, _

AT B o R R, IR, ML TAT I, F-12, #1383, H-UO RO b,
Tk, BRICET 2 0 a<, BEF &I R T HSHEERIC S LT HIRIEEa
Tholoe HEHE, BEBRES %, FRMGO—HREEDTE YD, H&, &, FOIETH i,
ORI, BEFCBOCTOHFECEBVWTHIREREETSH T, AT, RHRPES, FThw=
DOk 5D Tz, L REEFIOF, e, WA TIEMNOS, A MR - i,
Hfr & HER I, R BRI W L D Th B,

F—15, HARWE LML E OBIRER LI b DTH b, JERURI S ORERRIT1356H 1,
EMEERDOWB0%TH - oo £—161L, HARWEROMEEZR LIcd DT, WA IHEDL S
VI bl > T b 3 D0, NVERE, VEES RO E R > Tl F—171, HARTHER Ok
HOSIAREEZR LIc b O C, hadiic 02,0004 LT DG OB ERERNAESE ED T,

BLEDS, BRI I BB BRI R IR & 2 OB ARRACRIOMETH 5, Tk,
b DORHEFEBIC > WTY, FES (1964) K& -T, TOREND, WAEHEE L OHS
s L EROMITCES ¢, HHLHESh TV 5,

4.2 PEBICHSER - HEZRTHSHROEL

SR AL 3 B B MR AR D 4

ZRTCHGER I OWTRET BT, 9, IS RS 0 E RS B L OHE S
MO W TN, EREMEE 2RT LT 5 TS HC 2 TREAT 5, &2 AT,
EFBCAZIE T 255 T, AT EEOMASRE TEHOMA L D /3 v I &h LI Lidfgs
Eh, COBERMA, MAOHFENSMICHEYBIETEELLREDT, TR,
HALE T 2GR MO R & Lice $, HUR SO EEOREERITT O, T
DD H ORI R & Ul FRROKMEWRREP A F IR O, LR 2 S0y
THMS, RBILEFS1720 LA TH ARRIEERBRIEE 2 54 (FFRFHD) DL TH -T2,
EHTE, ZORMEMKROBERS M LSO S 2L, B roBECHE
LT %,

4.2.1 ZFRIUREH OFE

BRILA T ATRIEERBI0GS 2 04 (FRAEMRSY) 1, FRE R B RIS LB L, 5
HDLMFEL.256haTh B, 19164 (KIES54E) 11812 F 3 4EAEN KD, 2804 halfigh = h
oo #2550, D5 Ho0.42ha%k L, & OEIHEE SR ALE L, THL0.2haTh %,
FES2VELIINC 2 EORENER S TR D, B OMIKIIHEB2ECRIT IR TV 5, B
EHEDIRAT S W B LATINS, A4 EC b e BIERRE S Thh, IWEEERM - SRS o A
B A (WREEE & B OBIZ) B EhTw b, #—18IL, KIPHER I B 5 SAk
SANCBS AHEHRLE IR Lico fods, MR ZEBOIARBHEE (WIF P 1970) » bk
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Bl

4.2.2 HEESHELSIUTEHSHIHREOEL

BRILABIS 2 b OERES M 3 L OBMESTOZLRR—120 L B Th Do WAL D,
H2LE TR, ERSHOECSHE LW dt, B 5 fty, J IS i 5 EmH»E
FENT, & EHBIO T EULDIPEETH » oo HHOBE R R —19CR Lz, MHTORE
BELL, HIEd LTwien, ERSMOBEOHARC K bRT, RS OEE OWAE
HKED T CRBDOSMICERDI N % HTEDIHREE—10RT, FHMEOREE LT,
Y EAERE, BEOREMA LAV AHE (i 1975, 4M 1981) kB XUREOFE A% M
WAIRGE (F7PY 1975, SEME 1981) D=0 R\ To, EES T, MEBSLE ¥ CEHRS M
HTRE T LT, BT, HiERs CVEECHEECERSM» b Th o
feo EEE, HEOMST & L ESS IV AM2LIE T, Bk e LTI ARBENE L L
WIENBE S hi,

4.2.3 LERAEHON

K —120ME425E OB A, Zo0ERMCGEITCEL D Th D, — 2D D LB ERER
LTWBEERERTHY, 35— FRBEME LT AEIKNERCH D, EEEHRL
TWBEFOSMEE, FHESHERTWHE LTwb, 2T, BERIRECLT, HEETEE
KHELTHLY, 2% 0, HESHCEVT, EWAI DR TEARCEEL, 2028 LE
AOFAOEEZHF LT, BES—FLoEWEZHTHAEZPD, 22 ERETREOS
HEETHDTHD, R—127T, fHEE2 B EZ LTHHMO B TREARCIEE S R ERTH 5,

F—18. HHECT B D ILARARS M BT SR (IR 2 4
wip M 0w B & o= SEAREEE P
() P! 2, ik ks Gh/ha)  (m®/ha)
21 12.8 12.7 8.1 4.2 1110 70.5
26 14.7 17.4 10.5 6.4 1120 118.7
31 18.1 20.5 12.0 8.2 1035 179.7
42 21.9 38.4 16.1 19.2 1075 377.2
19, BRSNS LUBTES O ESREORE FILHBRILE 2 550)
i AAR W om o & B
1 B IERSE B &1 x A BEBUE Bl &I
(E)  GR/plot)  duf. % ETEE
21 222 5 3.98 0.05 2.41 6 6.54 —{.06 2.26™
26 224 6 3.67 0.02 2.63 9 20.11*% —(.40* 2.98
31 207 7 13.05 ~-0.21 2.63 10 26.96%* —{.53%* 2.74
42 215 10 19.36* -0.32 2.57 12 78.93** —0.90** 3.07

Y5 kAT,

>k

D1 G BT AT
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Ik, COROBERSMCITE D SRR, BESHCE W THRE S R TR
TAHLDTH Do & REERIPTOWTHET Lice, HE2IE T, R—121KR LTH AR
DEENR—F X o REL, EBETEOSUITCELh olce ZDOLH T LTHE Lic EEAYE
FRO#EH % #—200 R F—2UE LBEAREROERS R OB ER ST % H Tk
DIHREZR LTS, BESHTEEERSACECIEE LT ek, Thid, BER—FY
DL A B TEBE TR EASE Lich bUROERTH S, Ll, EEETEL, #HH
HHEE LTHEI L b b bY, FEAREROERSMCRERSTRLSSTEE-T
Wico REAMERNE, IRARCLED0%HE LD, METIBR % LdTnic (F—20),
4.2.4 TRETERMOBE

R—131, HHEC R 3RS %, EE - BEPEH ECSFERE LTERb LIt
DTHbHo FAHOREH (580 13, LFEARERETREARERLOBERARL T %, &l s
b _FEAEROSAEST, HHCEWEEZELTCWS, 2o &id, EEARERD, EESMH
SN & SR ERSTE, ThbbIRBERS M EE L T2 EMEERT LD TH 5,
AWFGE T, ZHRICESRMEOBES ZREERSTOEZRK U LORARS o 45 v bR XTH
oizie B Z & RFUH LicEik (g 1975, 48 1981) TfT»lce T OREHEZHALEMAE &
O EJEARMEENCEA LIS 23R — 2210789 MRS LTfT » IRER R T, HE314E
EAEDHAT 1 BARETEECEE ThH-Tco L L, ThERuicfbos i LEARERT
I, WERS 5 RRBETHEEZILLRY, ThLETRT, —IRERZRICIERSTH L &%
XBTEDRTEB,

F—20. HIENCKT B _EEAROIIARE ST 5 HiEtE (RILABHE 2 551t)

i (2 o UAEE LA iy LRk

- AR MED
) P ik Sy Shit # & @ &
(#8) (em)  (cm?) (m) (m?) (#4/ha) (%) (m?/ha) (%)
21 12.8 12.7 8.1 4.2 1110 100.0 70.5 100.0
26 15.0 15.6 10.8 5.0 1070 95.5 118.1 99.5
31 19.3 13.2 12.9 4.1 885 85.5 174.1 96.9
42 24.0 21.98 17.9 5.5 870 80.9 363.4 96.3

#-21. LBAROBERS MR LOBES O ESEORE (RUEEHLE 2 5ib)

W LR P A R
B 1 AR B el 1 A R B &

(4E)  Ck/plot) d.f. g * d.f. o

21 222 5 3.98 0.05 2.41 6 6.54 -0.06 2.26%

26 214 5 1.77 0.09 2.74 7 9.42 -~{.13 2.81

31 177 5 3.48 0.11 2.80 [ 9.14 0.08 2.27*

42 174 6 2.94 -0.01 2.85 7 3.15 0.08 2.74

"5 RAUTH R
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K13, EE - SE KT o ORI (BRILEE 2 BHEb)
LARBERE, 0ADI S 4AKBFE TR LI,
KRS, BB & TRARERIOER 2R LT3,
EREARERCH LT, ZRTTERGAD I CEEERR LI
R—12 R Uichha 0B % Hv o,
TUGLIERM OB R Y, F-221R L,

4.2.5 LRAOESMEE

BEARERPZRCIER S % LT 5 LR, coOB@iRERC R 233 Ths, L
JEAROBEZE BN, BEafihc s >, 2R iiER L, SEMTELTabE, W
ROMIBIE LTS, ZRRSEHE b ol ZDC &, FEAROBEEY, —kT
FTERTLGZEERLTVB,

4.2.6 ERLEO—K

BM2FCHR Lo b o, MARDAEREMEAKRE LT 52 I35E, BacHELIEREY O W ITH
DB OSHBAORAME ZYGTCIERD N Th - 1co FIBOFER L BHEET R, = OBILERR
HUEE 2 3D FEAIII ST hS, BACHELIERE! — R TGS R 0 TR0 ST I - T
&%%T?%oka%,uukiuttﬁﬁﬂiﬁﬁkm®i5k,WMkLﬁhT%th
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#—22. EEAROER - WEDKRITHMCHT 5 ZRITCESEORE QBILRERILE 2 5H5H)

i & b &K & b K
IORAY HELERO SIREFH HEEERO

G Chfloy  wmuEm S Mt Geplon  mmagm Ko Ko
21 222 0.876 ~-{(.029 —0.035 222 0.876 -0.029 —0.035
26 224 0.843 -0.120 —0.240 214 0.818 0.008 ~0.035
31 207 0.893 ~0.329* ~0.435% 177 0.820 0.069 0.063
42 215 0.880 —0.487**  ~0.670** 174 0.789 0.037 0.091
S IKHUTHTE, i 1 AT A
n n —
s (x—=2)(y:—7) ﬁx (x,=%) (y,—7)*
Kz 1= il K =
Vi =01 G-y Vi G=mr G-y

ﬂﬁ@%m%mwrx&f Fho, EMFFOIIAREE MME W To D IPIE S 0 S8 4 ki e
SIRWD S & T, MAROKEIOLLE Y BEWL, BEhil, BRLHEC L - THNT

EH55ThHb,

4.2.7 HEHHOIEE

MARDEEHAAN ] B ind 2 &, DHi»bEMEhTuAEATH S (UFEIH 1956), #
FEBNTS, FELOHAH J i d LMESAT b, (BIL 1962, BHE 1970) b, J
HboBigL, r<w&&&~%rﬁw5n6@@1%ga%xbnéoM%#ﬁouonwm
SR T RGHE2ET 500, ERBESCBRY & o R, BEOEWCTEARERLERT 5
D THEEELDOND, ThiIL bRT, ERESHTE, LEARERE FEALEROR I
BTRARWE D TH B, MV TR NG 2 HHCI, TREAROERER R4
REBEFELTCRLY, Cokd, R—120W425E 05 MRS LD, TERE LCikBERs
RHIVWAOHEHEOKRE &, EFARL LTHERERSSIROEROKE ST, KERR
bhighodee TORER, EESMEHEIE - COWRER T BOMERE ) » oo WESTE
BLUOEESTEET 55 LcER L9, MREE T, SEiie o dmhifcis b
DEEZBRD,

4.3 PHEHEWREEANERBHICEKTIER - BB AxaH0nNy ~2

RIS T, M OBEFeHE Y, BERE-CHEOS B2 BIETrd Lhkhens o &
EEE LT, TFHIMO MR OV T ORI Lo & DFEE, Mt wBiEasmn ] 1
ftl, LREAREMS ZRCERASMERT S &2l ZUEHS BB OHERIC & 5 Bgho
ERTMOWEMENRE NI, UL, BN, 53R, Bl o hnicmian, bho
How2nwt, EOBERDII>MEWD T &, BERBMTLD, +2T, AficiE, HKH
EHIRE P A FIHERBL O X TOMARMARSRCOWT, 9, Mk S BES M o7
DR, D E R, BEREBE Y ZRT &35 RIES T TRE L,
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4.3.1 BEBICHSEEIHROEEDOEL

R—148, Bt > RS OBEOL{LER LI b DO TH D, ORI, LliDPHERER
DT NTOWERZE, Tibb, BMEOWUWEHFECSWTHIWIELDTHEH, £FLLT,
BESOBEDR, KMCHEVWELLAN, Tihbb, LESGELL JESH~E, LT
CMHAE L EDLTVWB, LT, st Td 5, BERIKROZEIE, EEHHEOD
e LT L iRy, T, S@EmoBENMD LT EEE, ERIAZCHEERO
FTHDEVR D,

TREX LT, MEceE > BRESMOEEOLEE, B-15mR Ltk d i, HIIEE LT
By, REODLDOHR— 105 10HHEIE ST ik, EESMOBEOLEDTHIL, 0.082
Thh, Thid, EESWILLER Tibb, HFFLESHRR->TwH I EERL TV,

4.3.2 ER- BHE"RESHROSE

458EDHBATIEERIC DV T, HEMMBEMHNORBHMO _KTESMEREL, €O
BTy -T, B - MEKTSAEAEN Lc, ZRTERAEORERL, MR LL,
SHRITCIERS I OZRE EOREF o A5 v FITRTERR D EEFIH LeREE WA

1975, S8M 1981) H vy, FEAKBEE S K E Lo & 2AT, ZRTESHOREDRR, =
KFTEERDHTEI G E TRV TS, EES-PH B S 11 O ESME A EHIICRE L TH
B, BESLREELOWTERMEMNENENDIBANRD S, ZI TR, ZOLDREEDOTRIT
DATRMEFHIM L BHTH o L L B, HEAKER, CoBEL5X &L, &oT, E
£ - WE RGeS EENL, FHRE, BESMS JOREEAEO=RISEHEhL &b,
ThE, SRR LU EERCH UCHM Lice Z 0, ERFEAR, MEMEELL, BToLd
CEE LTco MBS OBE N AOHERRTHSS, Tihbh, WESHNJHIHERLTHS

Moo, BHEOEVWARD LIARK

P03, AR U ERS B AR S T D 5
% LR U B P DU A 5 A D 49351 FREACEEL, F0oE LEADTE

£ & — e WA LT, I ORRHE NG
=B E B fe B AR, %% LR L TIRA
E A ML — R DHUEE Lico DLEOBHIC LD,
E # JRER T TEL 138 5 0 4 785 S 1) 0 AR 04 A 4
HE TF 5 O LRI F—230 L5, BT 9 sy
HETE, 1T - R— Hahas, ZofiFciinBur
— g ] TERR QLT F230AMICH B LD
SR T 5Y, Fhbh, ERAEAL, L
. R e

USRI A L TR 5 2 & 10
JEIEHL JEIEH, — JEIEHM

Lico 7ok, EREARDVEFHTE RV
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M EHEE (cm)
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20
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FHEHE: l45cm 10 ﬁ:’}
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Mg % E % (cm)

JEIEHLI
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w30 o - . //?
G 15.3¢m * qof o

S BE R 10.0m =

A B 1 1400.04%, ha i . )
WA © 28.1m?/ha o"'id"éé' 30
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PAED =20 BHILEED T IGHRE S N e HoE, T BRIUA A RURBERRIE 1 51
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MITSCHERLICHA # Tt 2 & THIE, T 2x—213M, k, [ D32kDT, ZhbOEE
TiL, H>THDHCERFIEHEZIRVLZ L vZEimind, 0L IF — s
WA, S LAF—2RREENSERATHRE, A TEOERE, FORFEELL T
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R—33— 1. KKHERBEN A FIHERBM 6 BUhOMS Hiatis ORI
ANFTEBULA T A B 1 253 (RRBOL &S 71)
B 0.1880ha,  MURY: R, db: BNE, bk

PERE (4F) 1936 1942 1947 1956 1956 1961
A (A 10 9 8 10 10 8
e (A) 2 2 k) 43 43 48
RR D% 4% el il Sl Fiihd & e
Ho% IR
ZRTCHATEY HIER RN RV LA LR& LR
E# BIER E # RIER E #
SEAAREL (&) 252 242 23 225 151 149
SRR (4 ha) 1340.4 1287.2 1260.6 1196.8 803.2 792.6
F#(em) 16.8 20,1 23.4 2.6 0.3 32.3
B S(cm®) 20.53 32.61 43.44 66.32 41.06 44.87
B R (em) 4.5 5.7 6.6 8.1 6.4 6.7
% TR 2.0 2.3 28.2 30.6 21.2 2.7
£ BE 0.481* 0.162 ~0.003  —0.025  —0.079 —0.024
RE 3.376 2.766 2.665 2.413 3,519 3.491
MEEEN AT (m?) 5.962 8.336 10.965 13.705 11.359 12,741
WIS (n* /ha) 31713 44,340 58,324 72.899 60.420 67.771
S (m) 10.0 13.8 - 14.4 19.0 217 23.7
B Sk(m®) 5.52 10.88 14.91 27.32 1.2 11.72
W OEREREZEO) 2.3 3.3 3.9 5.2 3.3 3.4
& BERES) 23.4 24.0 26.8 2.5 15.4 M4
& B 0.234  —0.480**  ~0.403* —0.570** —0.853"* —1,200**
pE 2.640 3.125 2.427 2413 4342 6.214**
B IES K (em - m) 8.767 14.532 21.349 36.460 15.903 16.271
ek ey El e R 0.824 0.772 0.839 0.856 0.741 0.710
Kz 0.23¢  ~0.161 ~0.217  —~0.251  —0.426*  —0.487**
K, 2 0.163  —0.335*  —0.321  —0.411**  —0.640**  —0.850**
SRR RIEH JRIEM FER JEEH JEIEHR JEIES
LRR
BASE R (m) 5 9 1 16 16 17
AL (&) 252 223 193 165 144 143
IR (/ha) 1340.4 1186.2 1026.6 877.7 766.0 760.6
5 (em) 16.8 20.8 25.4 30.2 31.0 32.9
B Slem®) 20.53 28.28 28.89 36.04 2.1 37.85
' ENEE(em) 4.5 5.3 5.4 6.0 5.7 6.2
& B0 2.0 25.5 21,2 19.9 18.3 18.7
£ BE 0.481** 0.257 0.237 0.243 0.412¢ 0.334
Eaii 3.376 2.918 3.224 3.184 .18 3.114
R &R (m?) 5.92 8.104 10.193 12.310 11.212 12.547
W (m*/ha) 31.713 43.106 54.218 65.479 59.638 66,739
i (m) 10.0 14.4 15.8 217 2.1 2.1
ik (m?) 5.52 7.07 7.2 8.11 7.16 6.95
o OEERERE () 2.3 2.7 2.7 2.8 2.7 2.6
4 BEMREUX) 23.4 18.5 17.1 13.1 12.1 10.9
£ B 0.234 0.042 0.021 0.0  ~0.0%5 0.003
e 2.640 2.711 2.290* 2.436 2.630 2.895
BB 362 e (em s m) 8.767 10.307 10.460 11.766 9.643 10.342
LI BRI 0.824 0.729 0.722 0.688 0.6% 0.638
Kz, 0230 ~0.0% 0.07 0.070 0.161 0.000
Ki 2 0.163  ~0.070 0.032 0.059 0.102 ~0.115
ZRIESAR e iy BB EH BIEM E #

YOS ARNTHE, M SRR,
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H—33— 2. TKEEHREP A ¥ BB 65U MRS BEE B DB,

SRPARA AR EE 3 i GURIES  83)

WBE ¢ 0.1500ha,  #H&L @ eh,  dER LM, Rk

UM (4E) 1939 1949 1954 1959 1959 1964 1969 1974 1979

A (B 10 9 7 6 6 6 8 10 1

e (A) 27 37 42 46 46 51 57 62 67
FiltR oA ik afi whit EAn A Mok Fth sk Btk %A %7
% 104E3k5  10%BLE  WEME W0ELLE

TS AE LRA ERAR EER LK E# E# E # ERA ERER
E # iE # E #B E # iE # E#

£ K .
SIARFH(F) 173 153 154 153 131 127 127 127 127
ICKEE CK/ha) 1153.3 1020.0 1026.7 1020.0 873.3 846.7 846.7 846.7 846.7
3p(em) 1.7 21.8 24.3 %.8 27.8 30.4 32.5 3.9 3.3
B Siklem?®) 10.22 19.48 24.20 2.2 24.37 27.68 35.58 40.56 46.62
7 BEfEZElem) 3.2 4.4 4.9 5.7 4.9 5.3 6.0 6.4 6.8
& EEMRE( 2.7 20.2 20.2 21,2 17.7 17.3 18.4 18.8 19.3
& ~0.078 . -0.032 -0.306  —0.306  —0.007 0.072 0017 ~0.026  —0.090
N 2.507 2.972 3.0 2.952 2.570 2.492 2.362 2.306 2.317
MR A (m ) 3.082 5.967 7.434 8.992 8,221 9,517 10.870 11.868 12.907
TR (m * /ha) 20.547 39.780 49,560 59,947 54.807 63.445 72.466 79,120 86.044
S (m) 11.4 16.1 17.8 20.4 20.9 2.1 4.7 2.8 %.2
# Sik(m®) 3.3 6.87 6.33 8.08 4.92 4.57 4.8 4.77 6.11
o EENEERE(m) 1.8 2.6 2.5 2.8 2.2 2.1 2.2 2.2 2.5
4 EMRE(S) 16.1 16.3 14.2 14.0 10.6 9.3 8.9 8.5 9.4
£ BE —~0.581%*  —0.569** —-0.575"*  —1.066™* 0.088 -0.187  ~0.175  —0.245 ~—0.583"
R 3.806%  4.490"* 5.088"  6.150** 3.313 2,963 3344 4052 3.800*
BB i (em-m) 4.566 8.354 9.614 12.703 8.077 8.128 9,404 9,914 11.236
[ERES i peiE ey 0.781 0.722 0.777 0.787 0.737 0.729 0,722 0.718 0.671
Kz : ~0,270  -0.231  ~0.383* ~0.499**  —0.058  ~0.045  —0.066  —0.097  —0.257
Ki. 2 —~0.404*  ~0.288  —0.418° —0.720**  —0.041 -0.094  ~0.083  -0.126  -—0.420°
ST AL FEIER BER JEIER JFER E # iE# i # BIiEH Eae:)
LR

AR B (m) 8 1 12 Y 16 18 19 20 2
TLAEE(F) 166 150 151 149 131 126 1% 126 121
LA (B /ha) 1106.7 1000.0 1006.7 993.3 873.3 840.0 840.0 840.0 806.7
S (em) 15.0 22.0 24.5 2.1 2.8 0.5 32.6 4.0 %.0
B Slem?) 9.10 18.67 21.56 27.83 24.37 27.02 34.62 39.74 40.23
B R (em) 3.0 4.3 4.6 5.3 4.9 5.2 5.9 6.3 6.3
£ FEEREOD 20.2 18.7 18.9 19.4 17.7 17.0 18.1 18.5 17.6
£ OBE ~0.007 0.0  ~0.140  —0.103  —0.007 0.092 0.044  —0.018 0.027
S 2.556 2.894 2.816 2.701 2.570 2.498 2.349 2.319 2,305
P a i (m?) 3.0 5.908 7,399 8.938 8.221 9.485 10.838 11.830 12.662
WIHHBEIE (m* /ha) 20.253 39,387 49,327 59,587 54.807 63.236 72.257 78.866 84.410
S (m) 1.6 16.2 17.9 20.6 20.9 23.2 4.7 25.8 %.5
o Sim® 2.39 5.67 5.06 5.52 4.92 4.31 4.53 4.33 437
B RS (m) 1.5 2.4 2.2 2.4 2.2 2.1 2.1 2,1 2.1
4 TIRE(%) 13.3 14.7 12,5 11.4 10.6 9.0 8.6 8.1 7.9
£ W 0.074 ~0.072 0.053  —0.092 0.088 -0.073  —0.04 0.041 0.026
R 2,550 2.998 3.521 3.456 3.313 2.775 3.082 3.406 2.459
FLEEHT 65T i (em e m) 3.485 7.313 7,732 9.23 8.077 7.683 8.814 9,254 7.79%
TR B 4L 0.748 0.711 0.741 0.745 0.737 0.718 0.710 0711 0.593
K 0110 ~0.111 ~0,102 0127 ~0.058 0.001 =0.006  ~0.049  —0.034
K 2 ~0.056  —0.012 0.0  —0.079  —0.041 -0.012 0.013 0.012  —0.040
oty ST ) iE 8 E B i # E # E # I # iE#R E M iE #

YIS OKBECHE, 1 B TEIEIAHE,
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%—33— 3. FKEEHREM 2 F IR 6 BBHLO MO HIEHR ORERZEL
RIS A TH ATIREERB0EE 1 S GREES 91)

WEY © 0.2200ha, AL AR, AR LM, R b

FapS (41) 1937 1942 1947 1952 1957 1957
A (A 7 8 9 7 6 ]
i (4E) 25 30 35 40 44 44
KR % 4 Fidhitsa i LT it i R
R ERER LA LRA LA LR ERA
i # E # BIEH BIEM E # E #
£ K
SEACKR (F) 212 210 198 205 9 - 18
SEAREHEE (F/ha) 963.6 954.5 900.0 931.8 81.8 ° 5818
S (em) 2.2 2.2 27.8 28.8 30.4 34.3
B S#lem?) 30.36 42.79 53.79 67.08 76.61 " 51.84
£ RN Cm) 5.5 6.5 7.3 8.2 8.8 7.2
& EERB%) 24.8 2.0 26.4 2.4 28.8 210
B OEE 0.200 0.040 0,008  —0.010 0.008 ~0.094
S 2.789 2.617 2.639 2.427 2,547 3.511
BRI & i (m *) 8.710 11.180 12.870 14.471 15.222 12,32
W B EE (m ® /ha) 39.591 50.818 58,500 65.777 69.191 56.023
) (m) 15.6 17.7 21.0 217 24.2 26.6
i S(m®) 5.87 9.13 11.92 18.25 2.3 11.90
W EBE%Em) 2.4 3.0 3.5 4.3 52 3.5
4 BEMRI(%) 15.5 17.1 16.4 19.7 21.6 13.0
B BE —-0.365*  -0.928**  —1.000** —1.083* ~0.999"* ~—1.84**
N 2902 434t 4077 .97 3.727% 11.889"
EEE I em-m) 11.309 16.718 21.689 30.452 39.364 19.817
BRI R 0.848 0.846 0.857 0.870 0.860 0.798
Kz ~0.049  ~0.228  —0.320%  —0.280 —0.325* —0.592**
Ki 2 ~0,192  ~0.497** 0,620 —(.619** —0.635** —1.079**
RIS BEH JEIER ) JEIESL JFIEM FEIER
LR
SRR (m) 12 14 19 19 2 20
SEARAEE) 199 193 157 166 149 125
SRR G /ha) 904.5 877.3 713.6 754.5 677.3 568.2
P9 (ern) 2.7 2.2 30.4 3.5 33.6 3.7
B Hllem?) 27.33 .63 32.57 13.62 7.3 44.12
B BERE(em) 5.2 5.9 5.7 6.6 6.9 6.6
o EEREOD 23.0 22.5 18.8 21.0 20.5 19.1
& BE 0.277 0.196 0.386* 0.174 0.266 0.257
B 2.901 2.713 3,082 2,858 3.060 3.110
B & 5 (m?) 8.483 10.903 11.784 13.481 13.785 12.268
Wi (m* /ha) 38.559 49,559 53.564 61.277 62.659 55,764
S (m) 16.0 18.3 22.4 2.4 2.6 26.9
o Si(m?) 4.32 5.02 4.0 5.49 7.3 7.35
R () 2.1 22 20 2.3 2.7 2.7
4 RIS 13.0 12.2 8.9 10.0 10.1 10.1
B BE 0.023  —0.017 ~0.011 0.022 0.037  —0.05
R 2.337 2.521 2.136* 2.247* 2.856 3.051
RIS ik (emm) 9.197 10.873 8.713 12.841 14.463 13.959
AR R 0.846 0.825 0.762 0.829 0.778 0.775
Kz 0.050 0.036 0.086 0.073 0.01 ~0.076
Ki. 2 ~0.011 0.004 ~0.0%7 0.051  —0.04 ~0.154
et T i L # E B RIS L E# E #

CUSRARRTHE I NARTRELHE
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#—33— 4. BREEWEEP A ¥ AR 6. Bt O Mo HET R ORI L
TILATH ATRIHERBRIEE 1 53 (BREBRILE S 171)
TR 1 0.1700ha,  MHA 4B, E:REF,  dbfr e

PEE (4E) 1937 1942 1947 1958 1958
A D 8 9 ] 9 9
i (48) 21 % 31 42 42
EiledaX ey #RR i /s ah Mo
i %
TR E LRk LRA ERAR LA LA
E # E 8 E # M BIEH

£ K
SIAREF(E) 22 269 262 256 194
SRR (B /ha) 1600.0 1582.4 1541,2 1505.9 1141.2
gy (em) 4.2 16.2 19.3 22.5 24.6
B alem®) 11.67 18.14 24.65 38.12 27.75
B EHR2E(em) 3.4 4.3 5.0 6.2 5.3
4 BEMRE() 4.1 26.2 2.8 7.4 214
B EE -0.120. ~0.153  ~0.223 0.004  ~0.072
KE 3,123 2.959 3.054 2,620 3.412
Bomlrms e (m®) 4.529 5.954 8.146 10.974 9.665
WAHBEE (m? /ha) 26.641 35.024 47,918 64.553 56.853
() 9.2 1.7 139 . 170 18.5
o S(m®) 3.46 6.36 10.20 16.87 9.79
o OB (m) 1.9 2.5 3.2 4.1 3.1
4 R (%) 2.2 2.6 2.0 24.1 16.9
B EE ~0.501**  —0.552**  —0.803** —L.010** —1.B15*
R 3.338 3,555 3.414 3.494  8.306**
EEH I (em-m) 5.357 8.808 13.510 21.788 13.035
RSB R 0.844 0.820 0.852 0.859 0.791
K:. ~0,330%  -0.335*  ~0.438%* —0.366** —0.615**
Ki 2 ~0.432%*  —0.446**  —0.627** —0.673** —1.124**
ok, & Y JEEH JRIER FEEM SR JEEH

LR
FASH M (m) 6 7 1 15 15
SRR () 261 257 226 195 176
SR (B /ha) 1535.3 1511.8 1329.4 1147.1 1035.3
Sty (em) 14.5 16.6 20,5 25.0 25.5
B Slem®) 9.74 15.10 15.84 22.13 20.47
B OB (em) 3.1 3.9 4.0 4.7 4.5
4 EERK(%) 2.6 23.4 19.4 18.9 1.7
B EE 0.184 0.110 0.263 0.430*  0.478**
RpE 2,784 2,686 3,056 2.968 2.925
BoRslrm Bt &% (m ™) 4.481 5.892 7.750 9.876 9.279
WA EE (m?/ha) 26.359 34,659 45.588 58.004 54,582
SE#9(m) 9.4 12.0 1.8 19.0 19.2
o SE(m?) 2.63 4.54 4.59 415 370
M (m) 1.6 2.1 2.1 2.0 1.9
4 EMRE(%) 17.2 17.8 14.5 10.7 10.0
7 Bk ~0).084 0.017 0.020 -0.030  ~0.02
i 2.689 2.663 2,372 2.526 2.666
LRSI o em m) 4.001 6.426 6.365 7.008 6.157
R R B ER 2L 0.809 0.776 0.747 0.732 0.708
Kz s ~0.021 -0.013 0.152 0.130 0.138
K. . -0.081 ~0.019 0.071 0.058 0.070
TR I # E# i # RIEH HIEM

CBRAMTHE 1 AR TR .
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3— 5. FXEEHEEP A ¥ MR 6 SR O PR B O ERZ L,
WILATA ARLIREERER 0 2 St (RERE S 172)
TEY : 0.2000ha, K : 5F,

R - WEF, ML o

PIE (4E) 1937 1942 1947 1658 1958

B D 8 9 9 9 9
W (4E) 21 26 31 2 42
HHR DA e i it Eednitid &
B %

buok, & v i EL BIES LR ERA LA EREA
E 8 #IER E # I #

£ K

ALARHEFA) 22 224 207 215 172
SIAREE (& /ha) 1110.0 1120.0 1035,0 1075.0 860.0
45 {cm) 12.8 4.7 18.1 21.9 23.3

B Slem®) 12.67 17.45 20.48 8.45 32.91
& BEREElem) 3.6 4.2 4.5 6.2 5.7
£ EERRE%) 21.8 28.4 4.9 28.3 24.6
B BE 0.048 0.021  —0.213  ~0.319 —0.572*
S 2.408 2,634 2.634 2.569 3,291
ByRsirm s &+ (m?) 3.074 4.111 5.68 8.746 7.780
WIEI R (m* /ha) 15.370 20.555 28,430 43.730 38,900
F#y(m) 8.1 0.5 12.0 16.1 17.2

o Sm?) 4.25 6.36 8.23 19.16 14.49
o EREREAE(m) 2.1 2.5 2.9 4.4 3.8
4 EEERIO) 25.4 24.0 2.9 7.2 2.2
£ BE ~0.055  ~0.398" —0.527**  —0.898"* —1.353**
K 2.261* 2.982 2,797 3.065  5.049"
EEME I Hem-m) 6.423 8.879 11.594 23.891 19.281
JIERE: TP izl NFE oy 0.876 0.843 0.893 0.880 0.883
K: ~0.020  —0.120  ~0.329* —0.487** —0.813**
Ki 2 ~0.035  —0.240 —0.435** —0.670°* —1.071**
ZRTHE B BIES SEER JEIES JEIES

ERER

TRASKH RS (m) 5 6 g 13 12
ALRFF () 214 214 177 174 156
LRI (B /ha) 1070.0 1070.0 §85.0 870.0 780.0
5 (em) 13.0 15.0 19.3 24.0 2.5

B Silem?) 1147 15.58 13.18 21.86 19.79
7 EEEZem) 3.4 3.9 3.6 4.7 4.4
£ BEHRED 26.0 26.2 18.8 18.5 18.1
£ BE 0.118 0.089 0107 —0.014 0.018
REE 2,436 2,731 2.798 2.846 2.947
Mo & (m?) 3.050 4,067 5.385 8.148 7.605
WA B (m? /ha) 15.250 20.335 26.925 40.740 38.025
F(m) 8.3 10.8 12.9 17.9 18.1

W S(m?) 3.74 4.99 412 5.50 5.5
MR (m) 1.9 2.2 2.0 2.3 2.3
& IR 21.4 2.7 15.8 13.1 12.9
£ B 0.054 0,127 0.080 0.088  ~0.064
Eis 2.192* 2.813 2,273 2,736 2.954
B SIS ik em m) 5.616 7.216 6.035 8.653 8.226
ELEE BB R 0.857 0.818 0.820 0.789 0.788
Kz o 0.061 0.008 0.069 0.037  ~0.013
Ki, 2 0.076  ~0.03%5 0.083 0.091  -0.07
k7 T g ELC) IR EH RIEM E# i #

'
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%—33— 6. BREEFBP A ¥ MBI 6 SRR OFR S BEEH ORI
B35 IR A THAUSTREE 2 5t GRECBE S 242)
TS : 0.2028ha,  MHKH: P, AR RE, Moo

Ui ) 1937 1942 1947 1952 1957 1957 1962 1962 1972

A UD 10 1 11 8 10 10 8 8 11

P (4R) 15 20 25 30 35 3% 40 40 50
B DA SR ity BHR Eihg IR il & EheA [ [
Mo% 0EkE B % e

ook, T i iFi LRIk ERAR LEK LR ERA ERA LA EBA LRA
BEEH E B BIEH E B BIEH E # BIEH BER IR
ILAREE () 404 397 369 345 9 233 28 188 175
AW (K/ha) 1992.1 1957.6 1819.5 1701.2 1573.0 1148.9 1124.3 927.0 862.9
S (cm) 10.3 14.0 17.6 19.3 21.8 23.9 25.8 26.7 30.6
B Slem®) 18.47 31.76 37.62 44.01 44.93 35.87 44.03 44.53 45,30
8 ENFEMEem) 4.3 5.6 6.1 6.6 6.7 6.0 6.6 6.7 6.7
4 HEMRE(%) 4.8 40.2 36.0 34.4 30.7 2.1 25.7 25.0 2.0
% EE ~0,200% | —0.400**  —0.380** ~—0.426**  —0.268° —0.541** —0.441**  —0.630**  —0.005
R 2492 2,360 2.7 2.725 2.576 3.415 3.414 3.710 3.190
BRI R &5 (m*®) 3.944 7.119 9.495 11.254 13.080 11,092 12.703 11.148 13.484
WFIREE (m* /ha) 19.448 35,104 46.820 55.493 64.497 54,694 62.638 54.972 66.489
SE(m) 6.3 7.5 9.8 167 17.3 18.5 20.3 20.7 2.3
B ik{m?) 4.58 4.80 7.86 2151 22.59 18.25 21.03 20.10 14.84
o BHEFEZE(m) 2.1 2.2 2.8 4.6 4.8 4.3 4.6 4.5 3.9
4 TEREE) 3.0 29.3 28.5 2.5 7.5 2.1 22.6 21.7 15.9
£ B ~0.450%%  ~0.810%*  ~—0.780"* ~1,154** —0,046** —1.465%* —1.390** —1.481** —0.988*°
i 2.418* 2.912 3.032 3.592* 3,050 4.993**  5.078**  5.557** 4,314
BRI em-m) 8.229 11.053 15.425 27.591 27.616 21,530 25.245 25.416 21.042
LM HEBIR L 0.894 0.895 0.897 0.897 0.867 0.842 0.833 0.854 0.816
Kot ~0,378**  ~0.501**  —0.578** —0.697** ~0.511**  —0.860**  ~0.825** ~0.991** —0.424"*
K. ~0.443°*  —0.733**  —0.712**  —0.924**  —0.7%6** —1.153**  —LO081** —1.236* —0.715%
IR IR JEES JEIEH JEER JEIEM JEIEH FRIEH PR JREM
FASH P (m) 5 7 8 13 16 16 16 16 20
AR CE) 314 290 293 281 230 195 19 166 157
MR Gi/ha) 1548.3 14300 1444,8 1385.6 1134.1 91.5 981.3 818.5 774.2
FHglem) 12.0 16.8 19.4 21.6 2.9 25.7 2.5 28.4 31.9
B Sik(em?) 9.62 12.17 17.99 21,79 21.41 18.96 24.37 22.91 32.20
B B (em) 3.1 3.5 4.2 4.7 1.6 4.4 4.9 4.8 5.7
& ERIRER) 2.9 20.8 21.9 216 18.6 17.0 18.0 16.9 17.8
B OBE 0.057 0.097 0.019 0.130 0.207 0.265  0.480** 0.308*  0.58**
RRE 2.454 2.625 2.516 2.708 2.937 2.917 2.800 2,777 3.087
MR & i (m®) 3,770 6.679 9.068 10,779 11.583 10.368 12,179 10.793 12.941
W B (m * /ha) 18.590 32.9% 44.714 53.151 57.116 51124 60.056 53.220 63.811
SR (m) 7.2 8.6 1.1 17.6 19.8 2.1 21.7 22.0 2.2
B Hi(m?) 1.9 1.05 2.32 5.06 4.73 4.57 6.8 6.59 7.20
# ENEE (m) 1.4 1.0 1.5 2.2 2.2 2.1 2.6 2.6 2.7
4 EEERE () 19.1 11.9 13.8 12.8 11.0 10.6 12.0 1.7 10.6
£ EBE 0.006 0.115 0.152  —0.025 0.055 -0,052  ~0.0%0 004  —0.033
Y2pE 2,200 2,483 4.870°* 2.598 2,337* 2.414 2.741 2.791 2.538
HEE I ik em-m) 3.249 2,250 4.768 8.043 6.679 6.054 8.677 8.096 10.749
LR AR Bt L 0.758 0.629 0.738 0.767 0.664 0.651 0.676 0.663 0.711
Kz , 0.040 0.030 ~0.136  —0.062 0.093 0.115 0.107 0.030 0.148
Ki, 2 ~0.011 0.062  —0.124  ~0.061 0.110 0.081 0.054 0.036 0.027
R NE RIES E # IR E # HIES E R RIE L3 BIES

B IARETAE, Tt KT B,
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E LT L L, PHEROARMBIE SPWTETCRERLTLIR L, BRI LCHAVWOh L4
Flifi & LTlY, MITSCHERLICHR,

— k
x(e)=M (1—1le =) (179)
GOMPERTZZ,
-k T
—le
x(r)=Me (180)
Logistic®;
w(e)y=—M (181)
-k
141 e

Ddh, i, Z03ERREEET 53R & L TRCHARDSEK

1

-kt 1—m
x(r) =M (1—1e ) (182)

Db Do APETIE, HEEREEEFACHERT LI LEZENE LTS D, MITSCHERLICH
3K, GOMPERTZZE, LogisticR® 3ERROFMDL, BRIDTREDDOIVRERST LiL L,
1oL, @R h bR WERIC, ARRNEHTCHD T, — KL WERSAE LR
WOT, ZITE, BHROMCHTEHT, MAEEILKL, TOBRICL T, ERIMHK
BREETHLEE Lo ZOPHETE, TKEEWRENO A ¥ ORBIER T LW 20T,
FKEHDT A F MM BHERE (BREFIT 1949) & vioe i, H TS IIDEMINGDI/ 2 IR
L otre B—1913 % DR TH B DY, FRIEFHFUIMITSCHERLICHA MO 2 #ifg L » L <
NE ol £ oT, APFETE, FHEEOARCMTSCHERLICHR R AV 5 Z L1 L, F
BB O ST DXMITSCHERLICHO AR IRRIGE 5 & LB R LT DY, HIRKTH S, £,
Wiz, BAROPFI O %4 L, MITSCHERLICHR ORI I fRFUC DWW TR L TR 5,

i) &BARDOPE |

$IRIL, 22045 HITOEEDKY b/ 86K DERMITE R 2 Fv €, HEEREERFICE
bL, ChEEDTHERKILC, LrdtOERORRHS—RITSE L D/NS (Ted 2 &% fil
Lizo % LTZ ORI, MAROIEEEO LR 1@ HMITSCHERLICHDHERNCE 5 ThH
55 EHE Lico & i Z OEE M &, —F RGO R O EEE O 4 Rt AAMITSCHERLICH
Oy, FleZ o &h BIEWEROEREE Db B BT RGO FUSHUE e
BT ERIEY L (1961, Tibb, —FFMHOTFHERE £ (0)ILOWT,

dp. (o)

17 =k (M—p. (t)) (183)
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(48)

MITSCHERLICH3Y,

BIAETHF 0.5760

M 48.5

k 0.0208

! 1.1
GOMPERTZZ,

BHEFITH 6.2534

M 43.7

k 0.0377

! 2.6
Logistics

PSS 15.7037

M 41.9
r 0.0541
I 6.4

B--19. FKEHE A FHMO NS (1949) ORHEROERBWT 5 3 EEHBO TS

BEOIE, CREMOT 0L TELRATPHEROEEBTIED L 5 i

wi(lz) =M (1—1lexp (—kz))

MITSCHERLICHIR & 75 5

(184)

A=A Y T ORI BERTALANFFY I, M O4BENE LT, 2hokokiio
n TG B BB & RO I LI PR AL & DR BRI L T2 VO REX LT3
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d‘v

dr
BRI THEBETHEENTED, LAHTELREDHY DS HHALOHN, 1o & 2o
B x © 3ENEFNTIAT 5 &\ 5 BRI T 5 L RET R,

v="Fkx?® (186)
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=g p—fy (185)

ic - 3% ( 3 —k x)
_-@—“ akml/:& _ 4
= ( F x) (187)

5, ThG(A83)ME K LTHI LMk 9, MITSCHERLICHD 4R I D d DA Eh L
TW5DTH %o MISCHERLICHOAEREMIF (18D AR LN B L1, »=00& HkDLk
RHELY S >TWh, COMVEREERE LTHRAKOHSEE SN TWE LS THBH, (185)
RAEMS LT

dv . dx

dr i dr (188)
BEoThARE, x=00& 2T
dwv
=0 189
dr (189)

LIeBDTH T, ERIIIFKOEE TCKRE o TOAFC O b ORERD X 5 i < 3mE
Y, QoY LEHRETILOTHLIL bbb, ERBEMEAZ— Xy v a TER
THILRDWTI, PFHRITE A S OB OFRER T RO OARMIBIE KL Z LT
Lo THEBEHRTEDTHAS .0 (1979),
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ROBEFEAA R S MITSCHERLICHRULHE 5 &1 9 g 20T, EHEDEFALERE - T 5,
Tiebbh, HFEHDETNVTH, @&®%KMﬁfL%Wﬂﬁ@®%EHﬁﬁﬁﬁﬁfmmbc:
3. 3R LD, & BIHETE Ik 5 EWNEEERRONEER K 5 EIRE
D, — I 2 IR R EEO D Tdh B o BERTALANFFYI DR OHJ71E, WMAT# L 50Tt
e, MG UNATCEZ ISR I N EHE LTS,

{ii) MITSCHERLICHE D/ F A — 2 [ {22\ T

3o REGRYA R AR, bbb, MrrscHeErRLICHR, GOMPERTZR, Logistici%, %45
CHTED, FMSROM AN, ZMPE2 R LeBEE LT, KHEOPENH B, KL, K%
WS BEcd B v 2 A=Y (Pinus banksiana Lamb.) O340k O34 3 /o4
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R HTRDOLI LIed, OB, MrISCHERLICHAN R S LW H TR E D ER LIt L
HFELTWH(1980), 22T, WHINEZENR2HADD, —2UF, ZOPI%ESL, BEARDERER
BT LICADTHBLEVIRTH L, bH—2, BEMIT LIl WO RATH %,
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WEHRIEARIN 35, XoT, FWWIEHESIN T 541, GOMPERTZA L & OJF 2
FHRDBNEZ W E bbb, Fi, M, BHOBAR, WERNEWIDR, RENRKRE LK
& B CMITSCHERLICHAD BT E DR &l d D &FELOh D, ZOLOK, YO4EEMH
BWOBTEZEYRLVAE, TMOEREDL LS LKEASNSZ LD\, AP THRATORX
BELTODHAFFBAROGEE, THARRIFLFLALVWEOBEHEEIATH5DT, —
ARICMITSCHERLICHAN L { HTRE D &FELBhb, L L, flLHhOMlrcHiEREN, ER,
rBIFDERKEL BB ELDHY D B0 APROERBINILERDO TS Y, ik
LEMIOERFBAEBT LI ETHADD, s FADOKREIIWOWTUL, HECHELRWD
L Lico U LA—2DERMRRT, H—MCRATICLORMENEL I,

4.4.3 HBEESHOBEMEGomPERTZR (T & B

3. 3MTOBEIC L, SEHERAMITSCHERLICHO A BN R > 85813, EES#o
IniE RicHARDS A % i i B2 2R i B L e A S LI OB R BT 2 o &M CE o, &
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20808 =Y FTHD EWORRAUNPWIHE F.2 B, FEHORRIC I, GoMmpPERTZA%R
HTEDTHEFEBELRL 5 A~ 2 R R KEDEHEIND L ENEL, TS 4—2MiT
NEDIHEEE N D Z L%\ LT, fEEFIHE LT, EES K OMIN % % b4 GOMPERTZ
RDNRT A= 8 k%, FHEROER L F DT MITSCHERLICHRD /35 A — & b OHEE{E I EE
LTET@&&i&KLKOOiU,E%ﬁ%@@MKﬁ?6G®mmmﬁ®b1mbﬁmiM
LID2DODAT A~ BT RMIET B C L1 Lo 1B, BHEMEE LT, A5 A— 2 b REE
LISV B> Th HTIDETY, T OREL K L.
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FUTE S &L D, KAERBERNORRCI, M4 OMARDERERRATER TR
. DT, HE @ WCDOWTEITNTE b o e nt, Wb 5 ER 18 OB R 2L O I A BiEH
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B LU 2 o1 GUEB0ES 172), £ LB HIRATHRSEIENLE 2 5 GURILE S 242)
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KbL, I TUDREREREREDL LTV, Tihebb, B4R IIMITSCHERLICHR,
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F—34. FREEMRE P A ¥ IEEERE 6 REBSuc 50 5 LEAROBEEARCET %

NG A=k
REb ME K A3 M %o B
R EREH R AR M k !

% OEg H 5.d. ¥R &
ANEL SR 71 5 23~48 THYEE  MITSCHERLICH 3 55.6 0.0216 1.15 0.64 #f
H&ML  GOMPERTZ 2 83.64  (9.1] (0.0216) 2.18 891 %
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ERPRE3 83 8 20~67 CRHEE  MITSCHERLICH 3 51.1 0.0220 1.28 110
HEM  GOMPERTZ 2 10518 (10.3) (0.0220) 397 w41

GOMPERTZ 3 5.20 (7.5 0.0430 5.65  18.04

HEENE%E MITSCHERLICH 3 (64.57) 8.0 0.0278 1.33 0.17

GOMPERTZ 2 (13243 10.6 (0.0220) 211 - 0.3

GOMPERTZ 3 (53.16) 7.3 0.0468 311 0.18
BIE L 91 5 25~44 FHEE  MITSCHERLICH- 3 39.2 0.0560 1.7 0.98 #
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GOMPERTZ 3 13.63 (3.7 ~0.0285 ~—0.%  26.22

RN MITSCHERLICH 3 {15.56) 3.9 —0.0414 —0.12 0.20
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8 M-20n®kb Ulelidde KBTI, Dk, Co%RMIRE AT A 20T 5,
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EEERSRD EREE 2D, EHROEWRBCEER Lich?, £ OfHiX16.4% 7 520.2% OHib
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HHTRDL LSRR LN, 6 Bk 5 BRI R 7 A — 25 #iETH 2 M8 TE,
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ELRSMDOREING 3 DD /8T A — & & b [T LI VWGOMPERTZA R HTILD AL, 85 24—
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HTEDEHRIE LI,

TE B HE (R 25 O HEIN ~MITSCHERLICHR, & GOMPERTZR % H TIT O iR %, Bohidhifio
TR B L OB TFHINC W THAK Lich?, TERROMBEE I KEEAr o 2T, K
B5 THRART W BHIUBIROMEHE a K oW THRFT A ES B o Too HEESRI/AF A~ 4
ROME, wWithd, EREEOLOMEL DO DKED TN, Zhid, ERERFEEDY
MADBHTEDM, HE VRN THRNTEERLTWDEEX 5,

4.5 SEHEBEOEREBSIEOEM

4.5.1 FHEEOEREMTSCHERLICHR D& BEE]

3.4 MTHRE LURFERBSEAR cFA G, FEBEo4ERED DERIBICHES LK
ELlzo L L, BEREREFALOBAETLEI TH- LD, FHBEOERRIC>WT
EFTHERLTYEV, 2 Th, HEEROGEOMYT LR UL, BRI A FHobk s iz
(HREF I 1949) O MR D P O 4 ikt L€, MITsCHERLICHS,, GOMPERTZ, Logistic,
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% (k) # () B OBOE)
v () #  (F) 7 ()
v (F) raEMHE(R) v (T)
BBk v () # P
v () »  (F # (H)
7 (F) 7 (F)
A N s E(H) mERECE) B M an
s (k) o M) u# () ,, ()
2k 7 () K OB(E) ” (W)
v () # ()
7z (P
B W)

it A F o Bk
z  (TF) W (L)

» [V L] v ()
Tiofhie T B (k) v (F)
B B omb A B
bl G ) 7 ()

v {F)

thr o BR)

v (HR)

7 (F)

SEHMREE (p.) OFHEE (p,) 3T 3EHEEEE LT,

logp .=1.10 logp,-+logl.172 ’
BHWE LTS (1982), ZOEMRIHREZERLTAS L, 2o kil zii< oo,
P HBERRNTHD LD BT, T, BRI TH - 1,

TR b O R RS R e % T LS R &P IE L,

4.8.7 HuLOBBFO—REIILHER

BLEDRIR AR LD &, — e, FMBAIMOER « BRI R TTRES 1 oL ol
ERR - BEPEHCBsWT, BTS20 LS it <cd v, TIRE50D 5100
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OREfH%, HMMEEH~LHB LW AR > LHE S his,

¥, ZOHFENL, MITSCHERLICHHERR DT A —2 k2T, RO L H>RRBETHZ &
bTE D, FHREEROERE L OTHE O &R ICMITSCHERLICHRA % B Tk )B4, H
BRI AS A—2 R BLT, —Mfk, EROL BHEEOL,CELVWHTRED HPELHLT
Hbo FEOHE, RLOMBHNIERE KD, BEOBEDO AT B ic BEINIR & 5,
4.9 HEICHSEEHEROREDEL

TRTERS BB ERHH ST LL 0L LT, FEiTE, SHORLOPBFE >V TERE Lice K
Ficiy, Mt o Moo EER L UCERCET AEROBEREROEHE OWTHET
B

4.9.1 WEICHSHBAOEHHOES:

MO EREME DR TAE 0,

2p0:0,

g = -é—arctan ( ) (195)

| o—0a,|

Thx bh, HES W 2, BESe  BIUOEREEEOHEBRK o DB E - T B,
Lo AT, HEy OEE x ~OEERIL,

T2 (x—p.) (196)

é:t: ‘9; %#ﬁ@@tt},ﬁ (:uxr /j)’) %ﬁ%ﬁﬁ%ﬂ a,,/o 30) &’EVC@ZDO hﬂ.}ﬁﬁ kb‘hg’f:f‘gm
ERRTAES

y=u,to

2p00:0,
f—pto,t
Lith, 4. sﬁf%mttxét,%E‘%E%WX¥MW%%i%§F%K%¢5$%®M
gECI, EREHEOMEBIGREITHENC R LT HINEE LT e T, (195) Ko 0 OfEiL,
(197) KD 0’ DIFEAEEHTHZ ETHETELILDEFL bR S, LT, KPR TRE,
Wit s Mo FMoEEY HET 3 Rb i, BRI 5HEEOERELS O & O
PESBEBRT B LT B, WO Dh, T ORFEMIEIBRMR (CREERSAT
BB, WEERTHEN) Th-T, WS HEMBROMEE OB AB 5070, #
HELTINERNTHEEEXDIDTH S,

4.9.2 HEthigoRsClYIERNER

BE R 2 b T ERER OB & 2 « TS T,
gy gy af a,~a,a;

—=) =’ + 0 (198)

. o« g,

s 1
0’ = ——2*— arctan ( ) (197)

(o

Efehe TefEl, T IS c WY A MO ERT, Bl Lic X5k, THEEKEER A FIREER
B RR T, ERE &R OMBIRE o BAIICK U THIEIRE L TW DT, ARITH,
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Chz—EERELI. $5&, (198) ROFLIH2HEDR LD, CET, 05 0,3ET
HoHrb, o PN—EDEE, BUREMROMEEIL,

3 y

gy Tz

> D & E I (198)
gy g x
R DL x5 (200)
ay O
7y o Ik DE E WA (201)
Gy Tz

TLTENDND, Tibh, EHRESNOBEIRFEDOINK & B OBIEREEORINEK E D
KBRS T, EUREROMEE OLLL T b,
DRI RS, BEEREOHENEIR & ORI ROBGBIEET %,
ot _ 200 ~ 9 g (202)

ot gt G

BUF, ERSHOMINRE L OB RO cEEoE Rl 28E L, HElgoms
KOWTHERET L, 1L, EEEHBOHBGRII M L—E L FEET 5,

1) ERESEORIME & OB S B OB In D MITSCHERLICHES, T b S h 5 8554 OB S thig o

&

Thik, AWk AERBEREVEROKRE SCKFLT, Ik, HELERLEED
KESEEFLEVWBETH D, ZOBHAE, 3.5MTOEEICLY, BEREEHEOHEMBIE
It L—E & i B,

W, Skoigimns (203) Ko & 5 feMrTscHERLICHIIR ICRE 5 & EE T RIT,

et () =M (1—e 2FT) (203)

B RZE DRGINERIT

e’ _ hkexp (=2 k<) (204)

o 1—exp (—2 k1)
Ele T, MCBIRIE k& e BT THEE NS, 22T (204) 3% b THSTRIE, £>0,
T > 0 D&,

d (¢’ /0)  (1=2kv—exp (—2kt)) exp (—2Fkt)
d k B (1—exp (—2 k7)) ?

LA, (204) L, FUMM c 0b & T, ROFESMINT A8 GBI b4 5, —
oo, MEERO R GERERO L LD OKED slen b, EWREHROMEEE, MM
MWL sz et b,

<0 (205)
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i) EESEORME L OBES O GoMPERTZA, THb S h 354 OBE iR OE 2

ChiE, HAMM BT IERERELEROKE S LOMCERBGNFEL, i, HE
AREEHEOKRE X Lo SERBGEIFET 2546 @ﬁ@ﬁ?%oo;@%ﬁ,@&@@
N, BRERIBSERICRAL TS b, 3.5HTOER LY , EHELMEOHEM
FHEIMREDI S L—E & T o

W, SEkoRmbt (206) Rk 5 hGoMPERTZHIBICRE » EET R,

— kT
— 1 e
g? (v) =Me ' (206)
PR RRE ORI
a’ Elexp (—k 1)

— = - ’ (207)

Ly, TOBEIMTBRR R, [ BIU o THREE NS, 22T (207) RE LT
W hid, '
d (¢’ /e) _ (A—kr) lexp (k1)
dk 2
ElBe —HRIL, 0<k<1, >0, v>0TH505, (208) Rix, 1&k v DR
TEANRES, 2%, 1—kc>0&kbL50Mb, Thbt, £ROWMCEVTIE,
kDK & W S EEORMME Y EDT (207) RiTK&<ih, EREROESIIEMT 5.
Livbl, 1—ke<O0&ibldhdibcd Ll ritkE vy (207) Riphs iy,
EUREROES IR T5, 448, 4.580ofrcty, —#e, HEEED L IERESE
EOR.EDAKEL, Tk A30.02050.03TH - e DT, EUREMROMEEE, HB30EM L
wﬁw#ﬁf BInh SR CET S b0 L Bhbh b,
fii) ERESHEOMMMBGoMPERTZE, HE SOOI A MITSCHERLICHA, CTHE DL Eh 555D
M%%ﬁ@ﬁ%
CChid, BAMIICRO S ERERELEROKE & LOMCERBRIFEL, HEERE
EMEOKRE ORI IZEPBENEE LI WA Th b, i) LAUCERS LTI
HPRTH B, Zhid, KETELELTVWEETVTH S,

Wi, ERS ORI (206) Ko & » nGoMpPERTZIMER I HE S LGE L, MBS HOREMm
b% (203) D & 5 HMITSCHERLICHINR G 5 S HET 5o, ZO% &1, Bl o,
GOMPERTZ IR OHIINER & MrrscHERLICHRI IR D IR & kN ci E 5, — BB A«
DWTOBRETHELVOT, T T, ERERD R SHEERD b, BIGRER TH D LGE
L, &2, BRERD | EMEERD [, P—ETEOMMB I THLERELTHEELLY,
GompERTZ I & MITSCHERLICHIIAR & D ILIET H 5 1 b, RANEHEEHIINE L, ©bicHfHM

(208)
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PIET B Z ERBHELDDL LA TH D,
WE, BEREEEORINE ) HERIFRREOMMEEE LW BEHE LD LT b,
Zhid,
g, o5 kexp (—2Fkc<) _ kexp (—k )

oy o . 1—exp (—2 k<) 2

- k {““exp (""k ‘Z‘) *\L'Zexp (—-—-2}32.) +€XD ("‘"3}8‘2‘)}
2 {1—exp (—2 k<)} (209)

Eithe TIT, E>O0RDPLGRHIFKIES LD, #F (209) ROEAER, DTOERTHR
Fh,exp (k) =XEB3E, 57Fi,

(209) ROHF=k (—X+2X*+X?) (210)
ERDTLENTED, t=00D,LEX=1, t=00D,xX=01n5, (210) Kk, +ED
MWFET, c=—1n (2—1) / kDEEERERD, TORBEALLD, LT, HE
HigR O &L, BN E L, ObIERNAET S,

4.9.3 HAH | SHBHOBTERIOHE LI-BSHROMEE

4.9.2 0FETE, EESWOWINEYGoMPERTZIE THEE Lize L, L, 3.38Tili~x
ek Sk, AEFATE, EHESBROMINIGoMPERTZIE & ERERZEOBEAEL T 5
WEDPTRDENT W5, HEARBEORELDCETHIHOKE S, r=00L&En
T, MR WEMICHA L, SRORHILBIISE—EE R A WEE R - T, LT, 4
RO B0 5 SR Ot & (2GoMPERTZHIER THELL LB & L 3Rk A 2 & NTFHREND,
TR, el SRBHOERMBITOBRESE T LT, Himcet > fEiior e ogbs:
HELTHLED, 3.481C, ERESHMOEBRYE MBS OLBRILOBIREHLE Lok &
AL LD, EESHOHEMN (138) RNicfty, HESfofgms (151) Refesr &L, <3
A— 2 DfEIE, M.=40, k,=0.027, [.=0.95 D.=1.0, 7.=0.3, M,=30, k,=0.03,
[,=1.0, D,=1.0, 7r,=0.6, a=1.0, b=—15& Uiz, Fibicft > HBIGH DL Ic >\
T, FRBIBEILHE L Thiewh DT, o TREL R L L, BESoEREEOE
B OBEBRECHT B R2HET S it L, B39 0FERTH LM, ZOHITHNA
KA LT, & T, BEMEoE & i3kt VB3 0 s Bbhb, HES
ORI % GOMPERTZI TRl L e &1, BRI o &1, SR OWIIC B L 25T
HBIRACHRE UOn e, ChidGoMpERTZER THEB L Z sl o Thichb a3 el B Th 5
EELbRD,

4.9.4 FEEWBEAXFIEERE 6 Ko n)

K =273, FKEEMHRER A F IR 6 Bt o ERAOBEIRO 1 & oMbt 5 281k
ERLIEGDTH D, S TWHEFEMRE T (196) RTEHRENHERMERDOZ & Th b,
WA OB &, B B IRGRRLES 2 S5 (RBRBES 242) © &5 KB K & M-
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%—39— 1. 5% 1 SRRIBOMATER,» HHEE L SR om 2

B OR & K Boom o4 B
i S PAMER 2 %;zf%ﬁgg‘é 8 B 28 %i;f‘;g?é%% B o8
(4¢) {em) {cm) (%) {m) (m) (%) (m, cm)
1 3.0 0.44 44.4 0.9 0.75 39.3 1.69
2 4.0 0.64 25.1 1.7 1.05 20.7 1.63
3 5.0 0.80 18.0 2.6 1.27 13.8 1.58
4 5.9 0.95 14.2 3.4 1.44 10.2 1.52
5 6.8 1.08 11.9 4.2 1.59 8.0 1.47
6 7.7 1.21 10.4 4.9 1.71 6.5 1.42
7 8.5 1.34 9.2 5.7 1.83 5.4 1.37
8 9.4 1.46 8.4 6.4 1.92 4.6 1.32
9 10.2 1.58 7.7 7.1 2.01 4.0 1.27
10 11.0 1.70 7.1 7.8 2.09 3.5 1.23
11 11.8 1.83 6.7 8.4 2.17 3.1 1.19
12 12.5 1.95 6.3 9.1 2.23 2.7 1.15
13 13.2 2.07 5.9 9.7 2.29 2.4 1.11
14 14.0 2.19 5.6 10.3 2.35 2.2 1.07
15 14.7 2.31 5.4 10.9 2.40 2.0 1.04
16 15.3 2.44 5.1 11.4 2.45 1.8 1.00
17 16.0 2.56 4.9 12.0 2.49 1.6 0.97
18 16.6 2.69 4.7 12.5 2.53 1.5 0.94
19 17.2 2.82 4.5 13.0 2.57 1.4 0.91
20 17.9 2.95 4.4 13.5 2.61 1.2 0.88
21 18.4 3.07 4.2 14.0 2.64 1.1 0.86
22 19.0 3.20 4.1 14.5 2.67 1.1 0.83
23 19.6 3.33 3.9 15.0 2.70 1.0 0.81
24 20.1 3.46 3.8 15.4 2.72 0.9 0.79
25 20.7 3.60 3.7 15.8 2.75 0.8 0.76
26 21.2 3.73 3.6 16.2 2.77 0.8 0.74
27 21.7 3.86 3.5 16.7 2.79 0.7 0.72
28 22.2 4.00 3.4 17.0 2.81 0.7 0.70
29 22.6 4.13 3.3 17.4 2.83 0.6 0.69
30 23.1 4.26 3.2 17.8 2.85 0.6 0.67
31 " 23.5 4.40 3.1 18.2 2.86 0.5 0.65
32 24.0 4.53 3.0 18.5 2.88 0.5 0.64
33 24.4 4.67 2.9 18.9 2.89 0.5 0.62
34 24.8 4.80 2.8 19.2 2.91 0.4 " 0.61
35 25.2 4.93 2.7 19.5 2.92 0.4 0.60
36 25.6 5.07 2.6 19.8 2.93 0.4 0.58
"37 26.0 5.20 2.6 20.1 2.94 0.4 0.57
38 26.4 5.34 2.5 20.4 2.95 0.3 0.55
39 26.7 5.47 2.4 20.7 2.96 0.3 0.54
40 27.1 5.60 2.4 21.0 2.97 0.3 0.53

~

~

BIERAE R (131) 3%, BRSO Mocl (138) KAV, 03T A — 23EM, =40, k,.=0.027,
!,=0.95, a=1.0, b=~15 7.=0.3, , D.=1.0Th%,
W (150) 3, HIEAr oo (151) KRV, F o8 A — 243M, =30, k,=0.030,

!,=1.0, r,=0.6 D,=1.0 Thi,
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#F—39—2. #H 1 SRBIGOMITER» DHEE L iRl Ot &

BB & E - B ®m &
Bl R] WHRE  EAMEE et BERE  BUMEE maramown s
o Hsg
(47) {em) {em) (%) (m) {m) (%) (m//cm)
41 27.4 5.73 2.3 21.2 2.98 0.3 0.52
42 27.8 5.86 2.2 21.5 2.99 0.3 0.51
43 28.1 5.99 2.2 21.7 3.00 0.2 0.50
44 28.4 6.12 2.1 22.0 3.00 0.2 0.49
45 28.7 6.25 2.0 22.2 3.01 0.2 0.48
46 29.0 6.38 2.0 22.5 3.02 0.2 0.47
47 29.3 6.51 1.9 22.7 3.02 0.2 0.46
48 29.6 6.63 1.9 22.9 3.03 0.2 0.46
49 29.9 6.76 1.8 23.1 3.03 0.2 0.45
50 30.1 6.88 1.8 23.3 3.04 0.2 0.44
51 30.4 7.00 1.7 23.5 3.04 0.1 0.43
52 30.7 7.12 1.7 23.7 3.05 0.1 0.43
53 30.9 7.24 1.6 23.9 3.05 0.1 0.42
54 31.2 7.36 1.6 24.1 3.06 0.1 0.42
55 31.4 7.48 1.5 24.2 3.06 0.1 0.41
56 31.6 7.60 1.5 24.4 3.06 0.1 0.40
57 31.8 7.71 1.5 24.6 3.07 0.1 0.40
58 32.1 7.82 1.4 24.7 3.07 0.1 0.39
59 32.3 7.93 1.4 24.9 3.07 0.1 0.39
60 32.5 8.04 1.4 25.0 3.07 0.1 0.38
61 32.7 8.156 1.3 25.2 3.08 0.1 0.38
62 32.9 8.26 1.3 25.3 3.08 0.1 0.37
63 33.1 8.37 1.2 25.5 3.08 0.1 0.37
64 33.2 8.47 1.2 25.6 3.08 0.1 0.36
65 33.4 8.57 1.2 25.7 3.09 0.1 0.36
66 33.6 8.67 1.1 25.9 3.09 0.1 0.36
- 67 33.8 8.77 1.1 26.0 3.09 0.1 0.35
68 33.9 8.87 1.1 26.1 3.09 0.1 0.35
69 34.1 8.97 1.1 26.2 3.09 0.0 0.34
70 34.3 9.06 1.0 26.3 3.09 0.0 0.34
71 34.4 9.15 1.0 26.4 3.10 0.0 0.34
72 34.6 9.25 1.0 26.5 3.10 0.0 0.34
73 34.7 9.34 0.9 26.6 3.10 0.0 0.33
74 34.8 9.42 0.9 26.7 3.10 0.0 0.33
75 35.0 9.51 0.9 26.8 3.10 0.0 0.33
76 35.1 9.60 0.9 26.8 3.10 0.0 0.32
77 35.2 9.68 0.8 27.0 3.10 0.0 0.32
78 35.4 9.76 0.8 27.1 3.10 0.0 0.32
79 35.5 9.84 0.8 27.2 3.10 0.0 0.32
80 35.6 9.92 0.8 27.3 3.10 0.0 0.31

BRI (130 K, EESHoc (138) REMY, E03F 2 —21M, =40, k.=0.027,
1 ,=0.95 a=1.0, bh=—15, r.=0.3, , D,=1.0CH%,

Ehamd R (1500 X, BESS Mocid (51 KEMW, 2085 A —213M,=30, k,=0.030,
!,=1.0, r,=0.6, D,=1.0, Thh,
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PERLWFIS HoTeht, HLOBE, HECEWRS LT, M BRIE R 5 oMk
GOMPERTZE; (206) RTIRELL, HESBOMINEMITscHERLICHE, (203) &xTHb L, HE
EHE ORI A —E L LIEHERRL T 5, Tibb, 4.9.20 1) THELLMHMR
Thbe 455 A—FICit, F—34, F—35THE LIcfin AL, HMEMICIEE—36TR L
FFEOEE F o,

RO bk, HEHEOEE R, EROMINCHEIRIINL, HREL0ED b20EDMHEII & —
sz, COBRITEBEBRD LU BT RIS, L, RERBHE 150 Gl
FE O I, WMEERDAI A—Z h,WEEERD L. LD SEHINSh- DT, HLOR
B & B HAER L, HMIBCEGERLD LT, 4.9, 3TN LK, £RD
i B A EEE, ERSEONNEGoMPERTZE THE Licedic b fo b 3 h itk E
ThBHEELBNRA, LhrLl, TORKBELTE, SRGHOF— 224, ZoTH, ©
NP EZBETER N, ERORYILIEE, 4.9. 25D i) THLE U ciiipil, LKA L vE
BAERL T, BEOBEMMOMEEBMEHEIMEI»LEIhAHEL LTk, BEXDHZTOL
Do, ERFERE—ELFEE LRI L, T, FEROHBIGHKSHE LI W ENAY
bBRhEDe ZOXD BB EORELINED LOD, R—271%, HROFMPUGEOBEIRD
HE MBI AT A E RO AR LT A,

4.9.5 HEhEOWE(CEYTIHRREEG

B AR O & ORI AL > B L TG 2 e v, MEEERIERINL [—Frbko (fED
HSRIHADER E EDEBEHT A Z EBROLR T3] (BARMERMRHE1971) L,

CFRERTEAEYRE TV, ZOFTE, ey, EEL b, EEHE

P LR EEFABEH LT SBEFREPR T 3D, FOEE OBLIc>n»Tik, b S HiE
THZELRRETH 5,

KHES 0 TEFRAENE] o ciRE TRmHEOKS T3, EH1TTbro>h TE—#KS
OEEMBIE LOFCBEFTLTTR T ZERBDLRTWA] (1971) LB~ TW5
b, BAEJoETT, wEIE (—ReER—Fkck vk, (1), BEiiEofE &
EBHEEFNEBETHEEEY S - T b.] , THROEEMBORNMEE LT, RIFLHALL)
R CILAARE, HERMLCERFTIIEARLRTOT, PR K >h THREMET
B &0 SRR A T R ETH D) (1971) LT W3B,

¥, WA T—FEH OB > TR B 3D ) LB LB EN
mE b e/ SRR B SRR ORI fE O BRI EIARCAR 0 B0 B i
FTERHARED T SR 2 Ll ORZ 5 5 b OO #p—H B~ % - TR LEBL b ORH
5% L TR—BORSITE D THEHC L THBO4EREROER L ER K 210 %
D EMERE R VBB OERBEROERCAEDIZLED LEROL O LT HT» B HOMER
OWELZRETRELDESLANEBERD ) (1925) LB~TV 5,
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e, 4.9.2% i) TEELLXNTH DS,
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R B 6%, Wl Ui MK BT M A O A FROBEEREH 3 7 a v b ORRHE, i
() ZmzxickEihisie Tk,
h=--10.26+5.78log () +7.3%log (d) +4.60log (v) -log (d)
feti L, hHE, JIEETHB.
BTV (1976) I, oA, BEIROE ST, ML &P LT

TR OWER, RECHHT LRRETFE LRV,

4.9.6 FERICH D EESHEOMEEOE(LO—RENER

BLEOFERS F Lohid, —ie, RpEAAkos@Eiie, Hmctty, coME el
Bl h, FEER - BETEE R A B~ BB LTw S Bl E R SHEE S R

R AFOBLEL Y, ZHTHSEBICOWT, KHOEBZIBETI Z &N TEl, $i,
T ORI, WHAHCLAIEMLPTVWLOTH e SEELRICHEL, 3k ootz
T BEHEE, —20EH LD THS D,

4.10 BACHELIEREI AT #H5TEBDHY

R g CoOBLIT LY, ZRTHSEROITRROREBIRE LY BARCED S Z LN TE,
Filo, FDRT A —REDWT ORIV EHMEHL Z ENTE I, LORE, BEE - MEllE
K E b T T BEERS OO0 E) & B L USHOERMCHT 3 HE 20T, TOH
FAHA L ENTEI, ZO/TE, KEORDIEL & LT, BN /s BACHELIERE! “ R ITEH 5
BROBIERL, TOBEHLA A—I BB LTHLD,

BB MR P A FIBEEASRD 6 B DT, TR E T, HAERRT L, BRI
BIRHT LT & too MDA 0D b2 ielm 2R TR S R, BRELEbh3Ezal
R D BT F—401T, 6 RBi >V, HERRTORNEORDLNEE, WD F
EDILDTH D, ®M—20, K—22, BW—23 F—36, K—24, K25 E-—37, K—27h5H
LT, LMD bhTlnwd DI xH%E, 5Tl bDrOHE T, TXTOER
BT & SOMDBE D, L 1o GRS 171) LU 2 453 RBUbES 172)
THotoo 4. 20T, FILE2 5 GRERNES 172) OFER AV CEE « BfEkitsy
O E N Lc DT, KifiTh, ZORBbo FEAROER % AV, BacHELIEREIZKIT |
WOBEBOA A —oEPT LT 5,

R—28& R—201, LK 2 5 GURNES 172) KoL THLh A7 A 2% b LT
iy~ fo BACHELIERE! — YOG M B OMEERITH 5o K—281%, BB 5 Lol
Wi RIS O BIR AR LT B, S Lol Eb LTk D, IR Loty
AT H 408, SRR & A KEMRTCH Do SEHE AR SO AR 2R LTERD,
IR 2 DM E DA LIe S PR TW KR 2R LT %0 28T, EREAROIOE
B MBS T RICTERS N B LTCu A EEELTWEn G, BEBEEME t->Tv 5,

B —200%, BB B OSIAABHIE AT DS, B, R, REHE» b b =R
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F—40. KEEKDER A F B 6 BB B0 3 #ERRTORRE{LDORD b2 S
R B A &R B E S

£ ERT e 4 - S L B B e

51 3 w1 - 1 2 2

71 83 91 171 172 242

SEHEE O & 20 O O O O O O
ELES OB —20 O O O O O O
S O 4R 22 O ] X O O O
it o e K—22 O X X O O o
EEE LMW oMBMGRK 23, %36 X O @] O O x
FH —24 O O O O O O
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An actual forest stand, even in the case of an even—aged pure stand, consists of trees of
different sizes, and each stand has its own pattern of distribution of diameters and heights. For
reasons of diversity of the distribution, we can give the following external factors: restrictions of
topography and site conditions, influences of environmental factors such as weather, diseases,
insects, and disasters, and changes made artificially such as by thinnings. In addition, that there is
an internal factor which originates in the characteristics of growth. This paper considers the
distribution of tree sizes caused by the latter factor when the effects of external factors are very
small and need not be considered. It is fundamentally important for growth prospects, to understand
the changes of stand structure originating in the characteristics of growth. A forest stand whose
changes of structure with age are subject only to the characteristics of growth does not exist in
reality. It seems to be growing under ideal external conditions, so we call it “a stand growing
under ideal conditions”.

_ To infer the stand structure and the changes with age of “a stand growing under ideal
conditions” from the growth progression of actual forest stands, there is a need of abstract ideas on
the growth phenomena and a model explaining them. Suzuk! explains the changes of diameter
distribution with forest age as a diffusion phenomena and presents the forest transition equation and
a growth model based on this theory (1966, 1967, 1971, 1974, 1983) .

In this study, following Suzuki’ s guidance, the height of trees is added to the transition equation
as a new factor and the two—dimensional forest transition, whose factors are diameter and height,
is discussed.

Although the two—dimensional forest transition equation, Equation (8), was derived by Suzuxi
(1866), this paper shows that its fundamental solution is a two-dimensional normal distribution,
Equation (14), when all of the coefficients of the equation are functions of forest age only. The
development of the theory is shown in Chapter 2.

To show the two-dimensional forest transition equation as a concrete model, we need to
determine the function of each coefficient of the equation and to know the range of the parameters
of each function. In Chapter 3, a diameter growth model, a height growth model, and a model
concerning the coefficient of correlation between diameter and height are presented. When we
construct a stochastic growth model, we must know the difference between the differential equation
which expresses the phenomena in the entire growth period and one which express the growth
phenomenon at each forest age. For example, we can show the diameter growth and the height
growth in an even-aged pure stand. When we do not consider the random fluctuations, the
phenomena in the entire growth period of both diameter and height can be described by the
differential equation of MIrscHERLICH s growth law. However, at each forest age, although diameter
growth in a very short time interval is expressed as a linear function of diameter, Equation (110},
height growth in a very short time interval is constant regardless of the amount of height, Equation
(146). As explained in Paragraph 3.2, this difference has a decisive influence on the increase of the
variance of distribution.

The diameter growth model whose construction is described in Paragraph 3.3 is an expansion of
that of SLoBopA(1976, 1977, 1984). He proposed that diameter growth in a very short time period is
a linear function of the diameter at each forest age in an even—aged pure stand when random
fluctuations are not considered, but he adopted a line through the origin in his concrete model.
However, the results of a permanent plot of Cryptomeria japonica D.Don in the Tokyo University
Forest in Chiba Prefecture showed that the line does not always pass through the origin and
generally has a intersection with the diameter axis. [t also was found that there is a linear
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relationship between the location of an intersection on the diameter axis and the mean diameter. In
this case, the increase of variance of the diameter distribution can be expressed as the product of
the RICHARDS growth function and a term related to the random fluctuations, Equations (136, 137,
and 138). However, after the middle stage of the growth period, it can be expressed approximately
by the RICHARDS growth function.

As mentioned before, a height growth model, whose construction is described in Paragraph 3.4,
is quite different from a diameter growth model in expression at each forest age. This difference
causes different trends in the increase of variance and explains the commonly accepted view that the
coefficient of variation of height distribution is about half of that of diameter distribution. This
difference in the increase of variance is related closely with the changes of inclination of the
diameter—height curve with forest age.

Changes of the coefficient of correlation between diameter and height with forest age is
discussed in Paragraph 3.5 where diameter growth follows the model proposed in Paragraph 3.3,
and height growth follows the model proposed in Paragraph 3.4. The coefficient of correlation
between the diameter increment and the height increment can be considered to be constant
regardless of the sizes of diameters and heights. If we suppose that this coefficient is constant
regardless of forest age, the coefficient of correlation between diameter and height decreases
monotonically as forest age increases.

In Chapter 4, the trend of the fundamental solution of the two—dimensional forest transition
equation with forest age is inferred from the results of permanent plots of C.japonica in the Akita
Region. In that analysis, only trees in the upper story were the object of study because, in some
actual forest stands, the distribution of the number of trees in the upper story by diameter and
height classes was similar to the two—dimensional normal distribution.

In actual forest stands, generally it is observed that the diameter distribution is skewed
positively, whereas height distribution is skewed negatively, and the diameter-height curve is
convex along the diameter axis. However, these characteristics can be considered to originate from
the existence of trees in the lower story which usually are behind the others in growth, and
therefore the trend of growth is quite different from trees in the upper story. Consequently, this
paper analyzes the growth of trees in the upper story, and because they compose about eighty
percent of the number of trees and about ninety—f{five percent of the volume of a stand, it is
thought that an analysis of the trees in the upper story is sufficient for determining the growth
trend of a forest stand.

Distributions of the number of trees in actual forest stands by diameter and height classes were
classified into the following five patterns: normal in the upper story, quasi—normal in the upper
story, normal, quasi—normal and non—normal, according to test results of the two—dimension
normality. About twenty percent of the stands followed the non—normal pattern. Therefore, in
most of the actual forest stands, the distribution of the number of trees by diameter and height
classes was expressed adequately by the two—dimensional normal distribution. It also was observed
that all of the distribution patterns generally change to the normal in the upper story as forest age
increases.

For the increase of the mean diameter of trees in the upper story, the MITSCHERLICH growth
curve, Equation (179), fitted well. The parameter of its upper limit was about 50 c¢m, and
parameter & was about 0.02. Fitting the GoMpeRTZ growth curve, Equation (180), to the increase of
variance of the diameter distribution in the upper story resulted in a good fit with an upper limit of
about 100 ¢cm?®. Here, parameter & was fixed to the value of parameter £ of the mean diameter
increase. The MITSCHERLICH growth curve also fitted well to the increase of the mean height of trees
in the upper story. The parameter of its upper limit was about 35 m, and parameter £ was about
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0.025, which is about 1.3 times the parameter k of the increase in mean diameter. For the increase
of the variance of the height distribution in the upper story, the MITSCHERLICH growth curve which
passes through the origin, that is, parameter / is unity, fitted well. Here, parameter k was fixed
to a value of two times that of the parameter k of the increase of mean height. The upper limit
was about 6 m?. The coefficient of correlation between diameter and height in the trees in the
upper story decreased slightly as forest age increased, but it was very stable in stands, and it
seemed to be constant in practical use. Its value varied with stands from 0.7 to 0.85. For the
decrease in the number of trees in the upper story between thinnings, the exponentially decreasing
curve, Equation (190), fitted well with the rate of 1.3 percent per year.

The characteristics of the fundamental solution of the two—dimensional forest transition
equation can be inferred from synthetic considerations of the above~—mentioned trends of each
growth factor. In other words, the state of transition of a two—dimensional normal distribution
which shows the density distribution by diameter and height classes was expressed concretely. This
two—dimensional normal distribution starts near the origin of the basic plane where the horizontal
axis is diameter and the vertical axis is height. It moves to the upper right—hand corner on the
basic plane accompanying the clockwise rotation and diffusion (Figure 28). The trajectory of the
center of the distribution was proven theoretically to be a convex curve along the diameter axis,
Equation (194), but actually it moved on a straight line (Figures 25, 26, and 28). The clockwise
rotation of the distribution indicates that the inclination of the diameter— height curve decreases as
the forest age increases (Figures 27 and 28). Because we are considering the two—dimensional
normal distribution, note that the diameter—height curve is expressed as a straight line, Equation
(196).

In application of the two—dimensional forest transition theory, the development of volume

distribution with forest age (Figure 30) and vield prospects by logs (Table 41) are given in Chapter
5. These examples are applications of the fundamental solution. Therefore, we can confirm that the
generally known characteristics of volume distribution having a positive skewness originates from the
normality of both diameter distribution and height distribution. Because the method used for the
vield prospects by logs is available for a case of having initial conditions, this paper presents the
basic idea of the application of this theory using the fundamental solution.
This paper discusses a two—dimensional forest transition in the case of a fundamental solution,
and the object of this model is a low—density stand where all of the trees have enough growing
space. In the natural world, forest stands are usually subjected to various modifications or
alterations. Therefore no stand may grow as the fundamental solution does, but by understanding
an actual forest stand as such a stand in which the external factors are operating in the stand
growing under ideal conditions, we can obtain a good view of growth prospects.

As previously stated, this paper develops the two—dimensional forest transition equation and
proves that the fundamental solution of this equation is a two—dimensional normal distribution.
The growth models which express the coefficient functions of this equation also were constructed,
and the changes with forest age of a two—dimensional density distribution were discussed. The
results were expressed easily as a matter of common knowledge. Through this study, the characteristics
of the fundamental solution of the two—dimensional forest transition equation were clarified and its
image was presented.
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