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B 26 ST, 2T 3B LI AR

%, BB, haR 25, BE—ERITEE -8.ﬂ HRN#I 455,
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HALHFERA

ATETHRES, EHHBRRS D, AR RE, IENTEH RERT
BmT ("1 .

A1 EHREN I RE
fig, 1 block diagram of density system

EHf() ., p(t), h(), AQ) B x@) 4R m T BRI g, nPTHBLRE. ARIPRGHI, W
BRTHRENN EOER; B, (8) B ae il sy ks g B R 3, ”IJL}EZ’»M’FH; B
WA RE M- T RUL A5 (b, FrRMgE MR REB, ORI MR, L E () RE,(OF%
Jorp i R
SSHTFNE I S H ARG E TERMRE RERECERI, Wi, R EHYE, 30
&R EAEREATEIS R I, SRR BRBATT
(1) f()FEP SIS R

E (s)=f()=B,(s) G, ()=

E (s)
P(5) =G ()(f(s) ~B,(5)] B,(s) =D, (s)P(s)
P(s) =G, (8)(f(s) =D, (s)P(s)]
P(s)/f(s)=G,(s)/(1 +D, ()G, (s)]
(2) P(SYZEAGREEEE
E,(s)=P(s)-B,(s)
h(s) =G, (S)E,(s) =G, (s)(P(s) = B,(5))
B,(5) =D, (s)A(S) A(s) =G, (s)h(s)
A(S) =G, ()G (s)(P(s) =D, (s)A(s))
A(S)/P($) =G, ()G, (8) /(1 +D,(5)G,(s)G4(s))
(3D A(S)?JC(S)E’J%‘%E?&
G,(s) =x(s)/A()
W R B AT B
T(s) =x(8)[f(5) =G, ()G, ()G, ()G, (s)/
(1 +D,()G,(5)I1 +D, ()G, (5)G,(s)]

&R FRRE TR ¢ EIRE R SR R IR 2290 H, Bl T MR
HzEE, S5 RIEBEHE, WHERETHWR K, FUXR ¢ REREZE-BHRKE
¥, WiRPLs HARAI) WBEE (RRES. EFIHRBEME, MARBERENIEZRRE,
TR R B B ¢ B IR BB, T RS T M kR B0, FRSEATRIN RO, AN LA

=P(8)/(f(s) =B, (s)]
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BR, REFTARENTPRRBEINE L,
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table 1, practical transfer function of each system

o :
#oo- 3 %72 i 5 %X 7)2 ‘ 7 %X 7f2
ﬁm | ;
- S S S .
(4,298% + 0,015 + 2,84 X 1074) (3.62187 + 0,01525 + 2,802 X 1974) (3,212 +0,1335+ 2,37 107 4)
Py | (22,52 +s% (22.5% +s2) (22,67 +52)
fis) 52(0.1655% +1,2855+ 90,619) $%(0,1145% +0,9885 + 65,964) ,‘ T 52(0,02952 + 0,5695 + 117,956)
|

18.1158% +0,1203s + 2,856 % 1073
3.2182 +0,133s+2,37%x 1074

A(S) 11.765% +0,0633s +1,682x 1073~ 17,389s% +0,103s + 2686 x 1073

!

Pls) | 4.20s%+0,0155+2,84 X104 3,62182 +0,01525+2,802 %1074

X(s) [0.199s%+0,3015% +0.8825 +0,234 . 4,235 ~0,7555% +0.2015 + 0,109 | 1.2155° 0,1485%+0.5045 - 0,108

TAGY | 's(11.765% +0.6335+1,682%10 %) s(17.389+0,103s + 2,686 X 107 3) s(is 1158% + 0.12035 + 2,856x10" %)

(0,19953¢0,391s% +0,882s + 0.234)(4,2353 - 0,75552 +0,2015 + 0.109) \ (1,2155% + 0.14852+0,594s - 0,108)
JX i3 (22.5% +52)! (22,5% +5%)) (22,52 + s%)

S g 3

# 2 §7(0,1655% + 1,2855 + 90.619) |  $3(0.114s% +0,9885+65,964) | 5°(0,0295% + 0,5695+117,956)

P RGO MBI LM E 0 df, MET E BRI, MAETF WX B R X R
BBEBAT T, AR ERAT WAL 2B 7

L AR M Ey A

T RATERIER T &R e FoR- PRIk, frtbshies, HTREERRE ik
fE, MFREN., FERBESRENTENE, HFRERTREREFERS D, KIOEWLE
BRI e R R EER, RFEHREFIRNSE, HREAMER, FREIFELS Y, I
MERIET o XA IR 28 SR AE RN,

BN RAERE S DR, AT RREWIEYE, FRERREE RN R E 7
B, BrRARAT MIALAS B RN A . BLRE X BRI RO A TS,

R IR R R TG 28 By

H(s) = KG+a Y(s+ay)
S(s+b,) (s +b,5+b,)

¥ ERBEB RN TER

Hes) < Ko, (1a1)(1+ 2) 7
="b,b, ( )( e

3

(1 +}w)(1 +Iw)
. Ka,a 4, Gz
H(jo) == 1%« — . ,
blb8 ( )( + 70))( i 9% ilg)
JoJt 1 b, 1+ }a)b3 b,

TR R %L [ H o) | FIA AL 68043 51 2y
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l 1 +~—}»a}——nl + ’“’f\
a, a,

Ka
|HGoy| = X018 o0 o
bibs /"“’Hl 1,&,»”1 i Ve, (@
] . + b; +jo b3 b3

_ L&)_ jo N _ iy oy _

# 0@ = (1+ 22 )r (14 [2)-ido-.(1+ ]

- ( 1 +ia)--gt+f("~“?)—~2) (B.P. HIlf, 1982)
3

E|HGo)| = 1, WRIWPLITRRME o, DL EE, MEHL, WaEHLE
B =180° + HIfr{E, Xi%0 (@) = -180°, {BHILIREFNoERNIEMA KE, WS,
BMAEHE =201g (B (DD Gk, 1980),

WRIE_EH A BRTT 3, REERZAOHALBE KINEME, wk2 iyl

£ 2 EFREHACKE (B REZEE (S5

table 2 phase margin (d) and gain margin (db) of each system

Ty P () 9 A (s X (s :
. L I i - N ! 2 = SR M
% B f © L P® A o OB E oW s
} /mmﬁg MEWR | MG M MG MENR HERE Mk
4% i i o 7
| ! i | I | ;
3 X 72 | 194,981 23,479 . 180.509 [ 19,016 ‘ 119,075 3.819 | 81,115 ! 0,848
5 x 72 | 263,315 1,708 | 59,563 | 8,821 | 212,000 | 12,219 | 90,000 | 27.052
| ‘ | 3 ; |
7 X 72 i 84,577 16,595 | 179,996 i 24,138 ] 115,468 ‘ 11.213 ; 32.141 0,195

e

BN RAW MR BERESDIRT - 180° 1 0 43 I1, W RLH & RN,
RFERRBE B A AR BB EEBP ) /f()NDL, 5 x T RMIHALL 3 x 72/,
TIRT 7 x 7%, BFREBKHTEA KRS, MNTRE, HIEHEEN 2RI
RIS EHRELE, TIAKEHMERT, EXFNAET, BROMERRE, WisH
Po Xt AGY/P() kB, 5 X 72 MRS, T FHMRB/N, Jr s s
HERIMERRBLAA I 3 X TP R T X TN PR, Ik x () /AG) KB RBOR, 5 X
TRERHKREY, BRI, WL, THRE, LB N RE
M, ARBTHHBIA R, Bz, 5x 7~ BHEANRE, BkL%, EREs,
BA A EER,

=R EE W 9 W
R FIMEBERBT, &K RE S R i

dinT X T = C(s)

T = 1 =
5% gk ? B R(s) °
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HERERMTHER, FREEHBHENL,

dT/T
dKJK

EREH, THEKMWREER T HE SO UKNE SRR, BHRKREE L

3BTt (LuxmooreHoldman, 1981; JkP/RIF, 1979) .
WEEHSHNEERANEEEEER, RASENERILOT.

St =

(1) P s

f(s)
P(s) Ny
) QkiSu A )
G
T, = - 7%
! 1+D,G,
r, _ dT,/T, _ G, dr, G, _ D.G
S\ 46,6, T T, T ac, T, 1P
ar, _ (1+D,G)-D,G, _ 1 ,
dG, (1+D,G))? (1+D,G))*
Ty = pgy. .\ - 1
SG: (1+D.G0) (1+D,G,)* 1 +D,G,
% 4 (G,(1+D,G) 1= ~GI1+D,Gy-> D1 = Dil¥D,GD
dD, ' G,
ST1 :ﬂl_.. . ,D,,L D .(,];+_ 1) . [—- ,7__”.1244_-,] = e Dlgl -
by dD, T, G, (1+D,G))* 1+D,G,
A(s)
2) P(s) R B
A
) iy e By
P(s)
T,=G,G,/(1+D,G,G,)
T;= dIlL/I,'a’, = Gz dIz
¢; dG,/G, T,  dG,
G, _ 1+D,G,G,
TZ G3
7@»’1"27: (1+DGG)G -D,G,G, =__7;’G )
G, (1 +D,G,G,)? (1+D,G,G,)*
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STz_EZ ,ﬂ,TZ = :L, D_ZQ,Z.GS G3 - =_~A~1 .
G, T, dG, G, (1+D,G,G,) +D,G,G,
- 1
1 87 2= =
I s 1+D,G,G,
r,- dT,/T, _ D, , dT,
b, d4D,/D, T, ap,
4ar, _ 0-GiG;  _ GiGs
dD, (1+DGG) (1+DGG3)2
D, _ D,(1+D,G,Gy)
T, G,G,
sr= Di L OTs _ D(4D:GG) T GiGi ]
D, T, apD, G,G, (1+D2 ,G )t
_ DszGs
1+D,G,G,

x(S)
(3) oo Mg

x(s) T
A(S’)*H@{#?:ﬁm#(iI

) T,=G,
T, WG, BIRMA%ST 1, BISed =1,
C4) B EB R e
45 B
T=G¢,6G,G,G,/(1+D,G, )1 +D,G,G,]
B ARTE BT 3, R4S MBS BB R AR T

T o_ 1 T _ 1
501_1 D,G, Se, 1 +D,G,G
T = __ ,,,]:,, T

SG3 1+D,G,G, Sb“ 1

o 1 T D,G,G
Sp, = 1+D,G, Sp, = 1+DGG

IR LR, REG& RGN RBERRER, TRl E e, WK K
ME, MWk t= 5i, |EABEREIME, Wk 3 A,
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table 3 sensitivity of each systematic transfer function

: | | i
H ' 1 i
! P(s) I A(s) Cox(s) N
< & : 1 | T | BAE®E
& | R B L ! fisy 1‘ P(s) ‘[ A(S) afeREy
! ! i !
3 ST, (sensitivity of T to G 3,492 1072 { 3.492x 1072
! : 1
sT, (sensitivity of T to Dy) 3,937 %1072 1 5,937 % 1072
| s, Gensitivity of T to G2 0,109 ‘ \ 0.109
3x 742 ‘ : |
S;F;J (sensitivity of T to Gy) 0.109 ; 0.109
SLT” (sensitivity of T to D;) | -0.537 | 3 -0,537
| s5, (semsitivity of T to G) | ! by 1
H : i { e
L i —— ‘
s, (semsitivity of T to Gy ©1,847%1074 | \ ’ 1.847x 1074
; } | ‘
g, (sensitivity of T to Dy | 1.765x 1074 | 1 { 1,765 % 1074
T (sensitivity of T to Gy) ‘ ! 0.262 | { 0.262
5% 742 Sc2 ,
ST, (sensitivity of T to Gy) i i 0,262 \ 0.262
ng (sensitivity of T to D;,) 0,238 ‘ ) 0,238
e . : [ !
§%, (sensitivity of T to Gy i ; A 1
- S : ' ‘ |
Sg‘l (sensitivity of T to Gy) 2.843% 10718 ‘ . 2,834%10718
g%, (sensitivity of T to D) | 3.789% 10718 3 | 3.78910718
5, (sensitivity of T to G ©2.887%1072 ( 2,887 %1072
7 x 7}2 i | !
%, Gensitivity of T to Gy) | 2.887%107 | 2.887x10°2
I
s%, (sensitivity of T to D) | 3.538%107% I 3.538% 1072
T s ; : ; |
s%, (sensitivity of T to Gp } 1 1 1

EREW, 3 x 7R, RUCER S, ERBIED, Fl S5 K S H, § X
7t S5, B S BRK 3 X T, I T X TE, BRI AN, WK, BT
S5+ SE BSE A, RIS x TP HAK, 7 X Tk x(9/A() MRBEF3 x 7
T 5 x 7 -Fh, HBR RO,

W, /N %

1. BAMET EABE Bt RN REREER, RENMLS TR REA BB 5 2
1, 3 FEHE/NRIEK & M—5), BEANRSER RN, Bl JFFRERIRN.
b IEN AL RR, BETBUTH A, REELEHT (), WEMREDRNELS @),
BT R R, WA (0, FAx6) =T f(s), NI hinR ik, WiE
x(1), HHEBIRT—ERESE, RAEFHX SRR TRT —FR R R,

2, M LHEITHSHIERED, & RGN G0 mBoE R v F w7 M LB, BLS x
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T, B x (/A () REEHEENEN AR RN ERE EH L, HVEMNRER
FWIERE R, B RARAXHOERT, EREESH, BINSE, . S¢, 4S5, H&
MEEH, WM R A K,

BB, 3P HEMAGAUTBEMZERK, &%2E30 T/H, TH&DRANIERER
AR, AR 1.5%, WTFHRRRGEL, mEdhE, LIREERNH R, XBLEY
M EBR MR R T R 2N RN, 73R X PR, AT R AR R BN T3, |
BT YA t RFH, FHSETE, & ¢ 4, BEsl MR RE R EE S
, XBRRBETYHEESL Lt GERANT YRR HH DR KBRS HENRER, 3
L7 x T2 REAH, ENTHRBECH

x5 (t) =1,2154 0,148t +0.297t* - 0.018¢°
Xt RS, HSEETE, B

0.054t% 0,594t - 0,148= 0
KEFt =11.247% - 0,243, JEARTFSECR, W&, [UF 11,24 AR R EOK
WEE EB R, {93,181 16.818/5%, XRMIETWRKRLN + RAEME, ERBAEL
PRI, WOVEAMES . WEEE A EAZE, BRAGERTERN, 5
TR LD IERE - TR AR R WO, REARENERHE, Sihadslrr, $
J326 T, MREF() MR R, TREZBIERED S8 IR R,

F(s)

2 BRI RE

fig, 2 closed loop system of fertilizer as input
LEERF () S, HADPTRGR RS R B, A R#ETT RIRERTE,
EAIH TR RGO, IR WBRE() = 0, TREREFG) fEHTHRERRED
xF(S) _ Gz (S)G3 (S)G4(S)

F(s) (14D, ()G, ()I1+D, ()G, ()G, (8)]
B—T, WIRfOERT RS, T RE, 1

T sy = X _ G, ()G, (5)G, ()G, (5)
f f(s) (1+D,(8)G,()I1+D,()G,(8)G,(s))

RAEE IR, BRAFEIF () J2f (o) [ B 1 F T 4% 588 s BCh

(1+G,(8)IG,(HG ()G, ()
T =T T = 1 2.3 3 4
O =Te)+T1 ) =B 53G, () L1+ Do ()G, ()G ()

FE1983AEICKEFTHE 5 x 7~ 2§ R (491,88 ikFh, FREMEFE, wi™1,100/7,
X 25 i %R I A R,

Tz(s) =
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A PRELIMINARY STUDY OF MATHEMATICAL MODEL ON
DENSITY-PLANTING ECOSYSTEM IN MEDIAN RICE

Pei Jiongwen Cheng Xueling

(The Institute of Biology Chengdu, Academia Sinica)

The study has been finished on shuang liu farm of the Institute of Biology
Chengdu, Academla Sinica.

The present paper deals with the ecosystem on Density-Planting patterns
for 3x7 5X7 7X7 square cun in median rice. We Assume the system to be
linear, and time-invariant, and the same conditions in fertilizer and water.
Therefore we get linear time-invariant ecosystem of feedback of single input
and single output. The general formula of transfer function and, of each main
loop is obtained by systematic block diagram, Furthermore the practical tran-
sfer function of density system is obtained. The system for 5X7 square cun
is the best by stability discrimination and sensitivity analysis for each transfer
function. But three density planting patterns is shown as a small difference in
seed weight per mu (the most quantitative difference 30 jing) , and less the
rate of utilization of the sunlight energy for each density system (under 1.5
per cent). However the most amount of dry material and ideal yield will be
gained, if increasing the rate of utilization of the sun-light energy. Then it is
necessary to found the best values of both the seedling number and the leaf
area index respectively for getting the most amount of dry material. Perhaps
the fertilizer can be controlled only as input factors for keeping enough seed-
ling number and better leaf area., In order to examine the above points we chose
the pattern in 5X7 square cun to be tested on the large area by fertilizer fac-
tors. The amount of pure nitrogen per mu is changed at 17 jing for 26 jing.

The results are shown as the latter is better than the former.



