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EiREE: RAOERICEYTZERNER (IID =&t log-MITSCHERLICH X%
B#ek 650 417~426, 1983 Rk, +ORABEORBHERS, TuE AR
WE, PHEEZO4EFIVSEONELEERR LR LbDThb, 1k LD,
GOMPERTZ RO —fLIC DWW THERE L, A TH L FH LT log-MITSCHERLICH 3%
2, ERFNRICE TS EFRBFEEOBPE I WTLT ChTWS 2 ExBbh

B DWT, FFD A FJRINESE LMD EBEMS DO VT 4 v g VEERER

T, ERT log-M RFR0HF (H-N-D F) OB 2175, R aEhsb H-N, N-D,”

H-D O£ 72 =27 b)) — (- 1%, HEOEEBE LbthThd 3/2 FRIGE
FLTL e WETHE, H-N-D FRix, 32 RAELAL—R R ERETAVTH b0 &

&L,L<O#®i§%?xﬁbfb7/1?bv—&7nxb)—@ﬁﬁkohf%@

L, MEXEEREOMSTHD o EHTER LI,

MINOWA, Mitsuhiro : A theoretical approach to forest growth modeling

" (III) Three-dimensional log-MITSCHERLICH equation system J. Jap. For.
Soc. 65 :417~426, 1983 .. - The purpose of this paper is to present a generalized
growth model which describes - the H-N-D trajectory (H : mean height, N :
number of trees, D: mean diaine'éér) of self-thinned or fully stocked.even-aged
stands, based on the precedmg papers First, a comparison among some general-
izations of the GOMPERTZ equation = is made, “showing that the newly  defined
. log-MITSCHERLICH equation system is inore reliable than the other models from the
ecological ~and mathematical point' of view. . Second, an examination of the

. H-N-D system is made using TERASAKI's sugi yleld table and KOBAYASHI’S simulated
unthinned Larix stand. The H-N, N-D, and ‘H-D trajectories are derived from
the system and each approaches the corresponding 3/2 power curve (asymtotic’

trajectory) as time tends toward. infinity.: It indicates that the H-N-D;system
is'a generalization  of the 3/2 power law associated w1th self-thinned stands.

Fmally, a consideration-of several growth models Is glven from the view-point of

traJectory and allometry. It concludes that trajectory and allometry are almost

the same in terms of mathematical transformatlon, providing a new. version of

forest growth modeling.
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ok, ARFEHEOEEICE, PC-forestry £ 1 BB
IR T35 GOMPERTZ KA TIEDE 7 = 7' 7 2% FIH
TR TV W, 22k, 7 v 27 AFREDERK
FREMOANE, GREROWK C BH#O B eRT
Bo i, RERXBUTEL DR EXMEEHE LT
Tl WTC R R B EREBEERCIR S BH T 5 R E
Thhbo

II. log-M ® %

Y, BIHRO BT, BOMIER: LoD
% FIERBMIK O REEE 0 LTHE v@ P
EEE, THHRME THORSMEES 2X8ERT
5 &, WEEERIEI MO TR T &%
FABME Lice Tibb, we=limw(), px=1limp(@),
2@ =Inwe—Inw(@®), 2:(D=Inp@ —Inpyx LB &,
o), w(t) DBEIFRIL,

D _ ax) 1
R HMBEOYHFBRNTEDLIRD, 22T,
x(®)=(21(D, 22

a;; 0
4 =< Qg1 Qa2 )
T, 117 A DEFE a;; 1%, 0, w@® ORHNE(LE
ERTBRFT A =R ThbDo

b,
¥ =y, y:(D) CERTHE, 77 A WAk
Sh, TOBEO OO ADEFECKIGT 2 EHE v
P, ERTRERSEEMER IR > TAELED
THHE LAPEE o) HELLRV-BED w-p b
FV=27 b ) —RHYTHZERIR LI, 1151 A OF
HEMD, ZOoOBREHKOSOHERBCHIELTWE &
1, AEFAUBRERENRIEETL—2DEEL L
J: 5 [e]

LTAT, BHTbPB L5, DRIFIAD
HR a)p ¥R, Tiobhd a12=0 &5 Ry — A
FFRHLLTWS, WETHIE, 2.MO=Ine@®), z,@)=
Inw@ &FhiE, O RN

dx(®)
ds
755 2 R OIS HTERDO BRI THY TS,
TR, BElY AT ARERBT L I abhiekT, £
DHELIECOVTIRFITREIN TR D, Ehfa

=Ax(®)+b (2)

DHFTD Y27 AEFIC bR TS 142D, L

U, R L BR 20 k5 IS CH LT S

Bz 7s\ o COUTLEE B(2) 1%, b R DEGREOK

&& (=12, 0, 0) ¥ WD 3R OENBA TR

Y 7x EEERTS T2 T, @O %
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TEHL, 3ZBOROREMI DB ik
L7

a) Linear model

%‘ani+ﬁilnl+“'+3ipnp>ni
b) Totally linear model
‘f;? =a+Buny++Bipnp
c¢) Logarithmic model
It = (ot Bl (n) -+ Busla (n)) s

TORER, FoWx, 7ok L EHEEY L WHAEYE O
MEEREZ 27T 5581, c)DEFL R a)
RDB)DEFLIDG, ABEHEHTH, FLBFL
DOEFACBNTHENR TS E WS ERITE LT B
fehie, A7 shHERE IS

dx dy _ .
——;——ax—bxy, ==y dy
i, a)DxATIBTB, ZZT, vy FERFR,
HWEER LOEHAEZEOREEHL T, '

TC, (@) DEHFHERZR, EFr o) OEHES
(0=2) THBZ bbb, p=2 (KL &5 #l
XTI A BARBRIL S O TR WO T, MEBRIER RS
Thdo L, @ RIMNSOERBEE L FHEMOD
BEfR%, —TET v o) MEAEOKE IOHEEKRY
EHTHOTHD EVH FTB W THEXRRS, £ C
TZ T, MO—BOBAHERERFT 5oL,
(@) K CRIIN D YN TFHER % Nog-MITSCHERLICH
XoR] BELT log-M %) LIscbicds, h
i, AVTFIHERN ALVT T RO EXiEhB X5
i, BEOBYLHAHHERNIMARE XiEhbz &E13%
WinbTHB, D log-M KR, T CIATHR () Tk
~Nick 51z, GOMPERTZ % 4%k 7o 358 (ara=a=
0 ELTED T, —fED GOMPERTZ & © —ji{bk &
ABHTENTED (BM8ELA2H 0 FEEEE
GRA - # - LRI 20 BB I, X
TU 5 log-M #.5% E KRB [@—Dr [Time cource:
of plant self-thinning ] % J. Theor. Biol. GEE) &
BREELOZETHB),

L= 5T, GOMPERTZ FU %] (1825 4¢) GOMPERTZ:
X o TRADFETEREYE2 5 E LTREZ A,
iz WINSOR (1932) 1T & - TEEMRIIE I (1),
WINSOR 1%, EHAINI DR

w(®) =A+(B—A)exp(ae )
2. GOMPERTZ =,
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D (Hes, Ny, Ds)

H-N-D
trajectory

N-D 3/2
power curve. 7 D

H-D trajectory

N-D
trajectory
H-N 3/2 power curve

H-N trajectory

K-1. ZKIT log-M #5% (H-N-D )
Three dimensional log-MITSCHERLICH equation
system (H-N-D system)

——};%:B(t) (In W—Inw)
(EZLRDLZER IR L, <O —Bfbiexd LTKR
HUEDE, AL—BtTdonliscefizE2%5L5
e b, HTEDO BNERCTEhES Ehill)
Df{ERBHBDTHA S E WS TRITEE L5,
GOMPERTZ Ric& ¥ h B ER XM O B ETH &
1, ZEZI R\ TEED GOMPERTZ % MR LT
BT, #ETHhE, 2¥O>¥r Mo GOMPERTZ KT
TEVBL] ZERBRLTWEDT, 5% B8 CITE
#HE—LE vz L5, '

ZhER LT, RO log-M XRF A DO —biL,
Bo T L 32 RALEE R BHEY A THL0TH
b, LX3LHCHE IS DBERIFCETA T U2
PY— & 32 FRIE (RLBEMAL I T2 D ) D
HOBB 2T s oL B i hicdboT
BhHo LihinT, GOMPERTZ =55 log-M RBRA~
D—BALOTHITIE, 3/2 FAKEDO L &\~ 5 B
B AR TERD 55 NENHE LTV BDTH D,

K-1 1%, =R log-M KRDFl & R LIcHDTH
%o H-N % X0' N-D FELE O BEHIE, ThTho
3/2 FHEE EBo D, @3)R) 2FEHT,

III. =%kt log-M XK Of#|: H-N-D %

AETE, “hE¥TOIRE log-M FRwFm H
EMEAZRT log-M RRELOWTEETD,
AREE, T, FHERYThth NO,H®,
D@ L1, ‘
2iO=InHy—In H®
22 =In N(&) —In N, (3)
23()=InDy—InD(®)
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CEHTD L, (D) Rc#ETE=ZR00 log-M AR DM
REEERL L1750k
x(B)=(x1(®), 2:{8), 23(D)
211 @12 Q13
A:(021 Aza azs)
Q31 G3z Qg3

LELEINB, =T, H*':tan@, Ne=1lim N(®,

Dy=limD(t) Thho Joks, MO IwICHELED
TEHE L REKL, NO % N, % 21 Dk
WSS B & E B, ST log-M £ROMEEES
CTBIDREDZDD r — AT TEET 5,

L ay=ap=ayu+0,a,,=0 (i+)) Oiza

i, 1171 A BRATIITLLD O MEEEN
TRTELWEETH Do -1 (A, (B), (C) i,
H D A F h— RN (12, 20) 2 HIIRER,  HiHh
Dy —AFFECH L, HN,D OZFRFRHFLT, 1o
& Bl log-M X, 2% » GOMPERTZ %,

x exp[—k(t—t0)]
xzx*< xi > v (4>

EHTULDLIDTHD, Thitksb L, WORDHE
EXCFhoBsbEh Tl D, e TtdERTEA
1%, 259 2 =% kO{EN 0.052~0.055 EIFT—ETH
BEWH T ETHD, ThIL,

dx

dl‘l =aul; (5)
d
—dg%z—=azzxz (6)
dx '
——dta =Q33%; 7

DEZOOFBRN A I VLD, Lvd g =dp=
agy=—k(=—%) THBHZ L& HEHE LT3, 47 2
— % EPEERTHD L5 C OEMIMER, H,N,D
MO EBFY R 5 DRI,
FkziE, @, 6,0 Rrb B BETL E, H
L NeBTaBfk
N-H=Ky, (8)

MBHhD,
FlE L, a1 =ass,

Ap=In(No/ Ny /In (H/Hp)

Kiy=N,- He
ThHhH, Thi, BHIOEEBE b, & (H N) »nE
DESWHEHE LUK 2ERT F5Y27 MY =
BE)TH%Ho F-1 @ (A), (B) D FEMER, Hy=3479
m, Hy=8.50m, Ny=1,080 %, No=4,187 A% M\
T, @RDAT A= FERDD &
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-1, %Uﬁr@%#‘fﬁﬂ%ﬁ/\@ log -M ﬁ@%‘f‘ _

13
Fitting of log-M egquation (GOMPERTZ eq)
to mean height, number of trees per ha and
mean . diameter using TERASAKI'’s general
sugi yield table
(A) F3HE Mean height

Mean height

s Deviation

Age in yeara Calculated Actual P ercentage

16 8.50 8.18 439
20 11.13 11.64 4.4
30 - 17.80 18.19 —2.1
40 23.47 23.43 +0.2
50 . 27.60 26.92 +2.5
60 30.37 29.48  43.0
70 32,12 31.46 +2.1
80 33,20 33.12 +0.2
% . . 33.85 34.40 -6
100 - 34.23 35.46 —-3.5

"Values of the parameters: x,=34.79, w,=8.50, %=0.053
B) :l:;fcﬁ‘g ‘Number of trees per ha -

Number of trees per ha

: "Deviation
ABe 1A ¥OATS T lcutated | Actual percentage
16 4,187 4,320 —3.1
20 3,247 3,152 +3.0
S 30 - 2,079 2,008 +3.6
40 . 1,59 1,603 —0.5
B0 1,362 1,402 -2.8

v 60 - 1,240 1,280 —-3.1
70 , 1,173 1,200 -2.3
80 1,134 1,114 +1.8
90 1,112 1,102 +0.9
" 100 1,099 1,069 +2.8

Values of the parameters: z,=1,080, 2y=4,187, £=0.052
(C) F#HEHE Mean diameter

Mean diameter

: Deviation
Age in vyears Calculated Actual” percentage
16 777 7.50 +3.6
20 - - 1039 10.80 - . -3.8.
30 - 17.14 T 1770 -3.2
40 22.89 22,50~ +1.7
50 27.07 . -.26.70 . +1:4
60 29.82 28.80 +3.6
.70 3.54- . 30,90 +2.1- !
80 32.58 32.40 - +0.6 -
2 33.20 33.90 R
100 33.57 . 3480 —-3.5

Values of the parameters: z,=34.07, 2,=7.77, k=0.055
Ap=0. 962 -
B (9)
K,,==32,832
& 7‘&7.;)0 ; : ’
n%h_, H"D N4 ./:c. 7 }‘ ) “'@ﬁ;&i f@11=033 &
M5ﬁﬁ@%k1

&71%0 u@%’&“%i

D=K-H¥s - =~ o~ "’(i()) .

J. Jap. For. Soc. 65(11)’83

/113—111(D k/Do)/ln(H*/Ho) 1.049
Kls-—D*/H*ils—O 823 } an
VC % 5 o ‘ ~ T
i, ® &30 ”;%75%1{%"{1%%5‘“2) x,
. DNm=Ky a2

5 N-D +5 2= ﬁ b ) 757*{5;6;}’117;30 Z DIBEL,
ORNCHETN.
/1232/113//112=1- 09
Ky =K5*- K1,=68, 891
&b,

HUED X5, HEoAx—gnESE O B4,
H, N, D DRI (8, (10), (12) KD Z & & Bl /e BatRa*
BVI0. ChiE, IWEBERECAOREFERLE &
T AEREMERS DB HTL 2RO T, o
DBPEDNTERETHESID Z LR Ly,

2. auF0(=L23), a;=00+j) OFE4s

#-20 (A), (B), (CO I, /MK D 5= v i
TRGDERY $ a V- g VRN, H,N,D D3
ETZ2HEOCHL O REHTRDLDTH S, P
SMSGL [Simulation of stand growth (Larix)] & X
Wha e, RaoBfictdics H & D O
EE (TratU—) OFE, BROLHEZEROZEL
A LTCERLLICAD T, 3 $hie micro-statistical
model(d) TH%B, HTULDDFEEY, N+ 5H%
BEDHFI 6% FIEDS DHDH B DERRITE, Z0EE
LHEEERRIFTH D, 10iiL, -39 2= X k OffiL,
H,N,D DI ch*h 0.086, 0.042, 0.063 &75w
T, BIHOBEO L 3B LIFA—LAB X T
ity £ 2T, _@;5K%A@1¥NDF§@ﬁ§
BIRIZ D\ THE 2 TR,

SCDOPED HLN,D €BILT, G~ abﬁ?fajz Dii
2 TWBHDT, WFHE ¢ 2 HHETHE, £RTORERG
%%b?b7/1&b)~ﬁ@6héoi@“(®k®>

Rt
. x‘2=x20< ;;;0 >#1e
B, WL, ﬂ12=flzz/a11‘;
’C1o=1n<H*/Ho), xzo—:ln(No/N*)

B, O1a=%a0/ (w1002 k}o%, (@93”35&3%’2{%0

TEHBTE, | .

lnN—lnN*—l-ﬂn[ln(H*/H)]"" o (13)

Einh, WRBEIT ve kO BBEIELRS, %@ﬂ/‘
GEE%ﬁ«ét&L,Qwﬁ@ﬁm&ﬁﬂ?&&
B
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F-2 KD S VEBBKG Y I V=Y a
VIO log-M RO &HTidd
Fitting of log-M equation (GOMPERTZ eq.) to
mean height, number of trees per ha and
mean diameter using KOBAYASHI's simulated
unthinned Larix stand
(A) ¥F#% Mean height

Mean height

. Deviation
Age in years Calculated Actual percentage

20 11.40 11.36 - +0.3
25 13.99 14.11 -0.9
30 16.21 16,12 +0.6
35 18.03 18,01 +0.1
40 19. 46 19, 47 -0.1

45 20,56 20. 54 +0.1
50 21.39 21,40 -0.1
55 22.00 21.97 +0.1
60 R 22.46 22.50 -0.2

Values of the parameters: z,=23.67, x,=11.40, 2=0.066
(B) #HHE Number of trees per ha

Number of trees per ha

. Deviation
Age in years Calculated Actual percentage
20 2,725 2,609 +4.4
2% 2,177 2,321 —~6.2
30 1,815 1,861 ~2.5
35 1,566 1,565 +0.1
40 1,389 1,316 - +45.6
45 1,261 1,231 +2.4
50 1,165 1,176 -0.9
55 1,093 1,098 —0.4
60 1,038 1,059 ~2.0

Values of the parameters: z,=831, 2;=2, 725, k=0.042
(C) FHEE Mean diameter

Mean diameter

. ‘Deviation
Age In years Calculated Actual percentage
20 12.42 12.59 " ~1.4
25 - 13.79 13.39 +3.0
30 14.88 14.93 -0.3
35 15.74 15,83 —~0.6
40 16. 39 16. 60 -~1.3
45 16.89 16.93 —-0.2
50 17.26 17.26 +0.0
55 o754 17.51 +0.2
60 17.75 17.62 - +0.7

Values of the parameters: z,=18.32, xu%12. 42, k=0.063

d(lnN
A R = —OusunalIn (B Y
BIO
(I - -
7(&57%‘-‘—012#&12(/112—1)1n(H*/H)”12”2

Eish, Lo TADRNT
0< uye<l O L ETIRM
u>1 DL ETIRY .
DR A EH T, Ik up=1 DL EXXERLLIEL
MOBRIRET 5o FER, F-2, © (A),(B) DFE
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B, Tibb a,;=0066, Hy=23.67m, Hy=114m,
@3p=0.042, N,=831 A&, No=2,725 &% Fi\C (18)
RDAF 2= ZHFELTCARB &
11220, 636, 0;,=1.071
Lich, COBEITFEMOMEE L5,
Fffe, HEDOBFRELT,
In D=1nDy~015-[In (Hy/H)J#2 N GTY)
BB BhB, OB DT A—&DfHE, F-2 O
(A E(CIMD,
| Mag=ags/a11=0. 955
013‘—?1n(D*/Do)/1n(H*/Ho)””
=0.525
Litd, up=l 0T, (14) FIEFEHEE L CRIEE
B WHBE LTl D, FORE0 6 X238 6,,=0.525
Thd, ZOEEOMEL, FRO—MINEEDIIRER
DBEDEE Ap=1.049 ((10) ) & Kt T5 Lpvic
DS e THIE, BEOEWLIZBZ Lnd, EE
ERCHTIBENRO L b2 FOBCERETS LD
LEbh3,
3. ayF0 (=), a,;=0 (i<j) D&
T OBAE, 75 Ak
a;; 0 0.
A=| ay a; 0
Q31 Q3g Q33
BB O=Z/ITFE D, B THhIE, HOZBWR
ZhE, D O0RTF N,D ik @R b Fhic—
o log-M Ricft s = &itinb,

2T,
dx
—d—tzAx . (15
ThHBN,
‘ xX= Ty » (16}
LEWT, x % y wBEBRTE, 05, UORL b,
d, d )
d—’t’= -1 d’::T‘lATszy an

ElBe RiT, 175 A DEAENZ L%,
R C T=Lm
T2:<O’1sn)
T3=(0:O’1)
D& 5EEY, T=(Ty, To, Ts), Fichb
100
T=110 (18)
‘ mn 1/

sk, 35 Mk
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700 :
M:T‘IAT=<‘O Ao 0) S a9
A0 0 A
ERALINB, 22T, Ak ds X175 A 0 & O
BETHDo LIchioT, [Lim,n, Ay, Ay ds] & 75O
BH [a11, tass @33 Aoy, Ba15 @y ] DEITIL,
AT;=4,T; (7=1,2,8)
DOEBE A LT, RO L5 BFRRH 5,
an=4h, 021=l(/11—'12)
azo=1As, asz=ﬂ(lz—la)
ag=m(A—A) —nl(d—13), asa=l_a
LerTHdmoZEL, Lmnitthth, HEN,
H % D,D ¥ NwBE¥+%5 3/2 RARO T
FaEERELLTWAEDT, ThbOAKOEY Zh
FCOMRNSL B & N TED, Tiebhb, H-N,
H-D,D-N D£&BHEIL, t—oo ZRWT, ThTh .

¢)

NH'=K; (K;=N.H" @D
. D=K,H™ (K,=D,/H,™) 22
DN?=K, (K;=DyN") @23

CHHET %0 LD T, 2hib L,mn BIO K,
Ky, K; OBt '
m=lIn, Ky=Ky(K)"
HBHERO DB T Ehibh B,
2T, ADKSD '

. o

P . y:T_lx
i, A®X» L

1 0 0
T”'l.:( -——l 1 0)
Un—m) —n 1
Thh, QORD L,m,n OREFREERTS L,

(25

Yg=—Nxa+ 23

Lighe —F, ADEADRNS

Y1=Y108xXp[ A, (F—£0) ]

Yo=Y20eXp[ A —£0) ]

Ys=y30exp[As(E—10)]

Thbdo TiEL yso=y;t) (7=1,2,3) TH5B, Lid

T, (25) L ORNBLEM t #EETHE, ©1, %2, 25
DFCEL b 32 oB8 RN

< *, )1/11_( xz~lx1 )1/12 )
%10 @a0—l%10

< 2y >1/21_< T3 —NTg >1/xs
10 Lgo—Nx2o

BEBD, I THEDLDI rie=4/Ay ru=4/i &

(26)

IO

J. Jap. For. Soc. - 65(11)’83

BE, @ReFHALERTS L

NHZ . x 712
Ny— [t R
InQVH )_InK1+1n< N >[ln(xw >]

@7

Eieh, ABREEX

DyNy™ x s

Y — 0+Y0 1

In(DN? )~1nK3+ln< Do N," > [1n< P~ )ii
28

Liehe, ThbOMEY, H N,D NED X5 BREY
BB LER LT ERT FI V=27 ) —Th
Bo t—oo D EE, pi=In(Hy/H)—0 ThHHMD, 27,
@OFLERFR(D, @IKIWETH, = DEKRIC
BT, WHE H-N 510 D-N @ 3/2 REE®4&
PEIRHETH D,

T, B2HioBs LR RO EREKSD v
Tav—v g VEERRCT, @D, 28)X0HTiEDE
EIFLTHREI S, FEELTQE, EFHEZ @WRARLH
T, T2 =& ay, Hey Hy B, DWT, F
O R (E-2(A) a=—0.066, H,=23.67, H,=
11. 40 EBEOMR =2 (6) ZAVT, Y=In(NHY),
X=In(Hy/H)[In(Hy/Ho) ®FHEL, FIvr7ofkh
BEEIC LD

Y=a+b(X)° '
DG A—X a,b,c ZHKDB, LIhsT,
i, £-3CA) Xy
a=InK,;=In(N H:*)=13.172

— NoH, - \—
b_ln( o >,” 0.433

c=71=2.936
7D, TRHE G Ny Ny WBEALTHELS &
asp=ay 712=—0.194
Ny=939, Ny=2,621
Lich, TORER (E-3(A)) LE2HOEAEDN iR
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F#E-3. MRON T =Y EHEMS v iav-a
vHl~D log-M FFHRDHTED

Fitting of log-MITSCHERLICH system to KO-

BAYASHI's simulated unthinned Larix stand

(A) FiE LAk Mean height-number of trees per
ha relationship

Age in }ltfé?glrllt Number of trees Deviation
years Calculated Calculated Actual percentage
20 11.40 2,621 2,609 +0.5,
25 13.99 2,276 2,321 —-1.9
30 16.21 T 1,878 1,861 +0.9
35 18.03 1,578 1,565 +0.9
40 19.46 1,375 1,316 +4.5
45 : 20.56 1,238 1,231 +0.6
50 21.39 1,147 1,176 —2.5
55 22.00 1,085 1,098 -1.2
60 22.46 © 1,041 1, 059 —~1.6

Values of the parameters: e=+13.172;, 5=-0.433;
c=+2.936

(B) FHELEHER Mean height-mean diameter rela-

tionship
Age in llz/é?gaﬁt Mean diameter Deviation
years Calculated - Calculated Actual percentage
20 . 11,40 12.83 12.59 —0.5
25 13.99 13.60 13.39 +1.6
30 16.21 14.81 14.93 -0.8
35 18.03 15.73 15. 83 —0.6
40 19.46 16. 58 16. 60 . —-0.1
45 20. 56 16.96 16.93 - +0.2
50 21.39 17.21 17.26 - —=0.3
55 22.00 17.53 17.51 +0.1
60 22.46 17.71 17. 62 +0.5

Values of the parameters: a=+4.617, b=-0.122,
c=+1.717
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