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Table 1.
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AESREOROHHIPRETVIRIKROLI TH
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n=g(s) @

E e
%:fv -kvaﬁ (4)

Classification of fed-batch fermentation (or culture).

(A) without feed-back control
constantly fed-batch
exponentially fed-batch
optimized fed-batch
others

(B) with feed-back control
indirectly
{ directly
constant-value control
program control
optimal control
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Fig. 2. Variation in dimensionless specific growth
rates i with dimensionless time & for the case
of K;=0.005 and Fs;=0.2. The solid lines are
for F,=0.0, 0.1, 0.2 or 0.4 and M=0.0. The
broken lines are for F,=6.0 and M=0.0. The
chained lines are for F,=0.0, 0.1, 0.2 or 0.4,
M=0.05 and X,=1.0. The values of 4 in the
exponential growth phase for F,=0.0, 0.1, 0.2
or 0.4, M=0.05 and X,=0.05 or 0.2 are almost

0 5 fo 5 the same as those for M=0.0 and the corre-

o) sponding values of F, and of X,.

Fig. 1. Total cell mass, VX, as a function of time,

8, for K;=0.005 and Fs=3.0, 1.0 or 0.2. The T Vil
solid lines are for Fy=0.0~2F; and M=0.0. _ e
The broken lines are for Fs=0.2, Fy;=6.0 and 20 g7 -
M=0.0. The chained lines are for Fs=1.0, of / Fy=0
Fy=0.0~2.0 and M=0.05. S/ 777 M=008
The symbols A, B and C show transition points of
from exponential growth phase to linear growth 1974
phase. “ f =0
‘ 15 B '/' F\l=0\ W ]
BT BEIC, ERERIITRI Ssconst. THEPS, 7
— . 1
BEEREICH B L EXLB. S OEMRE/L% Fig. 4 1C <| M A Fy=0l_
FF. CORED, S BRI bERUMB / ;/;—l-:::=:='-=-.;§-.;.2=;;~_§\
TERATE DD TAKICHEFO—IORDT 5L 1.0f&= FY-0Z M0
& EREEICEOTE, SR K XDBNETS I/ *ff/i;;:.\_ Foe02
K \§:::\_ v=U.,
TYOEPHLR B LD Fo 38N e, :-’\\:SESTQM;O'OS
* = * TSR
WEMbB. F 2EZH, BEREEHICET S SN. Y204 M=o ~
SMED XS BT 23RS 55, Fig. 5 5o 0S5} S, o WO ]
bhBLSIC, F%0.1h5100TELATS, S } e
VR K JDELIBEEDLLIRNEERS. Y1 AN
PEOREHROMRICE IS, wRBwmEE? O F=60M=0
-8 S Ity qm T emmoeeessmsm
SORBICHT, ZHENC OV TERPR IO T % 5 @y 1 15
F LT Table ZIORT. Fig. 3. Time-course of dimensionless cell con-
wic, Table 2 ORERPLAPURI KR E OBRER centration, X for K;=0.005 and Fs==0.2.
& S DAERIET S0, ) k) YHinidEh The values of X in exponential growth phase

for M=0.05 ith those for M=0.0.
DOKIEH A EHRB THHS L, Enterobacter cloacae NCIB o agree w1 ose for

8271 AR LI, 7V vEBALEOR, K&ER  #AKEKOWRNE CTLOBEASEN, HEEHmET
LCRATIREKTH 200, REOAOHM»OH OBELELHIELENTEEAED OLWIBAMA
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Fig. 4. Relationship between § and 8 for the case
of Ks=0.005, Fs=0.2, F,=0.0, 0.1, 0.2, 0.4 or
6.0 and M=0.0 or 0.05. The figure on each
line represents the value of Fy,. The broken
lines are for K;=0.005, Fs=0.2, F,=6.0 and
M=0.0. The chained lines are for K;=0.005,
Fs=0.2 and M=0.05. The values of § in ex-
ponential growth phase for M'=0.05 are slightly
different from those for M=0.0, but are omit-
ted here.

N—TEBHOTHS. Fig.6 & Fig. 7 3HFRLYE
WG, 7)Y YOBEFRMUICEARTHS. 5D
BEECOEREEEURE B I —FE LTS, &
BEs T LT, B CEBRPABIT TIRAT
DO MaMicEint 32 &TH5. DT L, T~
TOERICENTED LI, ERBHINKK BT 55
ERBOE=ZYVITELTEDOOTHESTHA.
Fig. 8 & Fig. 913, 7'V & V) vAKREERMUIBE
Ths. FERRESBCHNTSE, EEEMET
bxidBP 45, Fig 10 3 x BIFE—F &1 -7 4l
Th3. XD, fiicSOANAREBED 4
—VMBH B, EOLHINEETE, Table 2 O
KBRELBETE. 2o DENURPRERR, &
WEEES RO - BEICHEHTH 5.

3%, Pirt {3, [E5REE TR REERE I
BL, AURBEATROEEDRBEOREREE L THE

0.01
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Fig. 5. Time-course of S in linear growth phase
with each value of Fs as parameter for the
case of K;=0.005.
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Table 2. The equations characteristic of constantly fed-batch culture.

1) The condition for attaining linear growth from the start of substrate-feeding:

so=0 } 1
fsgxovoﬂmazz,ky ( )
2) xand s in the exponential growth phase:
. v0x0 €XP (Umgzt)
*=T0 5 fulpu +felp) o0 @
__Sst+vo(so+xo/ky) — (voxolky) exp (Hmazt) 3
S 1073 fulpu+fslps)t+2o
3) «x and s in the linear growth phase (m=0):
Y ky {fst+vo(s0+xo/ky)} e
1073( fulpw+¢fslps)t+vo
— ksfs (5)
(Pmazt“ l)ﬂ +I‘maxvo(50 —i—xo/k,,)
4) x and s in the succeeding growth phase with the case of m=0:
x__fs/m—(fs/m—-vrxr) exp {—mky(t—tr)} (6)*
- 1073( fulpw+cfslps)t+vo
s ksmky(fs|/m—vrxr) exp {—mk,(t—tr)) @
o /-‘ma::f:/m“(fs/m_vTxT)(mky+ﬂmax) exp {—ﬂlky(t*tr)}
5) Equation of the transition time, ¢7:
vox0€XP(UmastT) =Ky fstr 4 vo(x0+s0ky) (8)
* In these equations, fyt-+vo can be substituted for 10~2( fu/pw+cfs/ps)t+vo with
good approximation.
v T T T (] x
< batch ~ =
: culture »F—' CFBC / :‘g)— ST Ve
H wlh xf X i
L /x <100 i sl t i
" S . X T —~ 100:b -1100 §
i /x/ 1 5 2 L ] .
3 Ky ) 7 ﬁ | _\| § ------------ | -
! v 1§ AN 74 5
X & . g | S
T s} / {50 @ S N AN 7 ] 8
~~ o~ . v e N s “. 76
ole X s 28 =L i th
5% | Jit - 02 5 50 %
ot X g 01F } ‘"o, & 3
S ‘xfo\ % - | . ~0. i hadl
E°‘°\o R 0.05} ~—y o
0 -x/>$>5>l/.,...o . .X/ )
0123 012345 0.02f 1 % 1
L 1 1 1 1 1 " 1 1 1
© (hr) 0.01 00 5 3 o0
Fig. 6. Time course of a batch culture followed e (hr)

by a constantly fed-bacth culture. In the

constantly fed-batch culture undiluted gly- Fig. 7. Time course of a constantly fed-batch

cerol was fed into the fermentor and the in-
itial glycerol concentration was nearly zero
(fs=9.20 g/hr, f,=0.0 and vo=2.841).

The solid lines passing through the experi-
mental data of x in the exponential and in
the linear growth phases represent egs. (2)
and (4) in Table 2, respectively.

The solid line passing through the experi-
mental data of s in the exponential growth
phase of the constantly fed-bacth culture re-
presents eq. (3) in Table 2.

culture with undiluted glycerol feed into the

fermentor and the initial glycerol of 4.0g/!
(fs=5.38g/hr, f,=0.0 and v,=2.907).
The solid lines passing through the experi-
mental data of x in the exponential and in
the linear growth phases represent egs. (2)
and (4) in Table 2, respectively. The solid
line passing through the experimental data
of s in the exponential growth phase repre-
sents eq. (3) in Table 2. The solid line pass-
ing through the experimental data of s in the
linear growth phase represents eq. (5) in
Table 2 assuming ks=0.345g/I.
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4 | case | //}/}&,x’ ,
i X 4100 | Ji0o
5 (AU { =
---------- / .. 1 =
x x” X {80 ’E ] S
. 3F / ] I ] g
= 60 © N 1. %
3 ;I’_. 1 1 1 [ 2 1 L 1 J 2 50 <2
x 0 5 0 3 1 Z
) Lémei ) = 1 ¢
—100
X (@) 4
B{""“"""'"’"""'"""Z o L
18 X—x_X . 0
Xx— 180 10
T i 1 1 A L A A xl\xn“ ? e (hl’)
0 5 10 Fig. 9. Time course of a constantly fed-batch
o (hr) culture with feeding of very dilute aqueous

Fig. 8. Time courses of constantly fed-batch cul-
tures with feeding of dilute aqueous solution
of glycerol and the initial glycerol concen-
trations of almost zeros (case 1: fy=0.793g/
hr, f,=98.5g/hr and v,=1.90/; case 2: fs=
0.207 g/hr, f»,=103g/hr and v,=1.951).
The solid lines passing through the experi-
mental data of x represent eq. (4) in Table 2.

(i) s=s0 &7V s BEFEHFRP—EICHRI N 3.
(i) w=k &30, p 12 k< imer DEIFETHILD SER
HBTE 5.
EWS 2002 =— 7 IS HB. TO2EMLL
T, IBHORNERYy TR % v MCEBM LTV 3.
D24 FOWHMBER, Y BROERECENT,
—EORRICHIET AR EL OV EREREHEL
HwINd 2 FRCEFEEHT 5.9 £/, Martin & Fal-
senfeld {3, $E¥EAKACEE DM %2 #Win 3 hud,
BHEDIIZ OFMOIEHMES LUWHEDO L THAET S C
EEFRUIW UL, T ORMEICET 25080 X
S IREEENIREITI, FH LW P Lim 539 [tk - T
X, BiFsEik L.
ZOWMEkR, #4247/ —-nDES5K, GEETRE
BHOER LR OB T LRI EEERAVT &
ORI TARERR D S BOEEKEE S DICHEL T
5 0ZFESE, X0, COXHUEREBEREHESE
D% 5BE O RBEIFEMEL, s 45 dg(s)/ds>0 Of
BTREE, dg(s)/ds<0 ORWPATR REE THBLT
EAHR-ERED OR UK. Fig. 11, Fig. 12 i37h
£h k=0.17hr%, 0.09hr1 &5 L dg(s)/ds>0 @
HWHTA 2/ —VERMERE LIER/ATH S, »

solution of glycerol (fs=7.30g/hr, f,=805g/
hr and »,=0.651)

The solid lines passing through the experi-
mental data of x and of s represent eqs. (2)
and (3) in Table 2, respectively.

The chained line represents the theoretical

variation in cell concentration estimated by
eq. (4) in Table 2.

T ] T T T T 14 Ll T
4k
PO S VR 100 M
3 b e XK =K
" ~~
ﬁ ' E [
E\ /1 | 2
LK g
2y i 1 2
: ]
x 0 :
I * 450 *
~~ f:; i
T Ty i ~
Q21 of 1 o
x 0 \ J (=]
loll 1 1 [ 1 2 1 1 o
%o 5 10

© (hr)

Fig. 10. Time course of constantly fed-batch cul-

ture in which a “quasi-steady state” was attai-
ned (fs=0.367 g/hr, fu=91.5g/hr and v,=1.86
l).
The solid lines passing through the experimen-
tal data of x in the exponential and in the
linear growth phases represent egs. (2) and (4)
in Table 2, respectively. The solid line pass-
ing through the experimental data of s repre-
sents eq. (3) in Table 2.

T, u=k 150, D, s=const. L1 -T3B.
Fig. 13 {2 dg(s)/ds<0 ORHEATERB LA TH 5. s

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

19784 45 A [E5> FERE D HEEE R 317
r ———r— T ——— T r
200- h k a=20.8 hr' -X—— k_a =63.9 hrt ——— 3100
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. . [ o 410
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N 2 Y -
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Z100- ¥ -50¢ 108§ <
@ |s i 5 3 6 &
=8 u . . g
IR k=p=0.17 hr? z z
[8) o -4§
L 0.1 a
42
o1t [ MeOH feed on
EFBC . . . s
: 0 5 10 15 20 25
2 e 5 Time (hr)
ok T Fig. 13. Time course of exponential fed-batch
Y 5 10 culture in unstable region.
Time (hr)

Fig. 11. Example of the time course of expon-
entially fed-batch culture (EFBC) in stable
region, which follows a batch culture.
Conditions: £=0.17hr"1, xo=0.15g/l and k, -
=0.3g/g.

—@—: Cell concentration, —O—: Methanol
concentration.

(gDCW/t)

Cell conc.

oot o 5 0 15 20 25 %0
Time (hr)

Fig. 12. Time course of exponential fed-batch

culture in stable region.

Conditions: k=0.09hr™1, x0=0.098g/l, and

ky,=0.3g/g.

—@—: Cell concentration, —A—: Methanol

concentration, —O—: Integral amount of

methanol feed.

R—E & 1378 > THIZL.

ADED 20 12)RiCHE - THMNThiZ, EEM
1213 ox=uvoxoee**, s==50 (const.) L7123 HIFTTHBD3,
so LHIHIME foo ZIEERECHRET T ED, /°5 4 —
£ ky, k, vo, pmaz ZEFEICRD 5 L3R TH - T,

Conditions: £=0.16hr"1, xo=1.16g/l, and
k,=0.3g/g.

—@—: Cell concentration, —A—: Methanol
concentration, —QO—: Integral amount of
methanol feed.

ESUT SR /NS R & (383%) 2 4.
Kishimoto {3, Y X FA4s¥35 2 —x PPIHASLHFD R
BEDLIH, YR FLAOEE (BERES L TOEMKE
O DRA) TEDX D ICHET 202 RERTD
FHEEAVCTHLIIC U 3 BHERICR DD E
FEURGNTESIRODR, pmer Ek ETHS.
—C, MRNICEET2HEEZERTERICE
ELLD ETHE, pme: BEAT, REOUEINE 2 1T
VW, RRERBEETRESROMBAIEEZCLETHS.
A& =NVEBIHEICEAE L2 I v Bi: OEENCO
FITH3. FELRZ, 77 70 1EERNM
BECEREL, S0EETE 23 v Bi2246mg/l 2115
2B 10 COMEIE, MKE LTI, EEEER
EHEELTELONE X 3 Y B AERBOEEOH
LD IBPITENMETH » P20

BEb$BI5%E (Optimized fed-batch fer-
BIBO 2O FmmEkL, EXRAYS
HOELTERNH DS, LRHRENC L b EHAIC
FWTIRBEDTEEL LS LT84, RERE
IS U TREBICEILI-ERETHS. TDLDIC
Bl b I 7o mrREEE BB RO REELFSC
&g 3. Fishman & Biryukov |3, R=3Y v REE
g a¥REeTvE2RHL, 52 5hKEENTER
KFNBAEL DO I/ NVI - RBREOEERBEE{LE

mentation)
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WELIL S RH LIceTvicid, /54 —&2 =259
EaEh, TOPHEORE, B LUHRHLICIIMHEYE
HENNETH - EEBHEENS. Ohno 53, PUAET
BOMERTRELBREFNVEFE-T, VYPVR
B2 DY ESMBIEE BEAL U7, 20 BA SN BN F
B, 7Y - vEEEREBICLETETDH 5.
FELIR, EOSREBORHELETENELAIO—
B U723 v 2 7 5B (D)~7) R (L,
(4) RICBOT koap=0 LT BWT, FIHRME
x=x0, v=00, 2 5% T, fr220, 1< (0%)max WD HEH
ZEBETTIES UL REERERERKICT 21T, 0%
W BIEL o ZEDEDICELZIEEINEDLEEZ
5. bbb,

J=v,ps= A ‘Th(u)vx-di—> max.  (13)
Jitg=uvsp sty —> max. (14)

=il tr 3B&
1)~(7), (13), (1)RRBRKRD 4 >OKHER > T
AV
(i) x@BV-odbvEtDEELTHRLNS.
(i) EREED A3)RHZ30idA4)RiFu & ox &D
HTIRTEL, %o ZBREBICE TV,
i) YRFLAHFER Q) Epudwx OAHOBEKT, t 9
So ZBBEHICE T,
iy v B3RRDOLHITu & vx QEAKELTEYES.

{g72 (o) —s} vo—/: (ufky-+m)-vx-dt
g (p)—ss
INODORHEED, 20 EWIFEERHEZVEE
TEL L, BELEMLTES. Tabb, (DRE
G) REFERACT, pEZREER o BREERE
UT BB 2RETDHETHS. BMLIhic
RIREE — BRI 7o DRD & 5 ITIRTTLT 5 ©

(15)

V=

X=uvx[voxo, u=p/tmaz, T=Hmaz"t (16)
RIREI,

A —ux an

Jp= /1 TS ha(u) XdT (18)
A7) KEVRFLHEBREL, (A8) XTEHIND

Jrd1723 Jfl Ty 2 BRICT D uT) RKDBZ ET
F5. 72120, ROESHUFEEEELD 5.

Xo=1, 0<u<1, 1< X< Xmazx 19)

B w(T) & X(T) 55K E 5 L 2e15)RcRA
LTot) 8RZE D, DXL ZhE t iU THAST
BT EICXD fot) BinE 5. FMIBEHR 1KWT 5
28, REIRDI DD E—/DIBNTIHTHS :

(A)  wp=u* 0<T<Ty (20)

B =1 0<TLT

( ) Uopt < .S s } (21)
Uopr =u* L us T <T<Ty

(C)  wuepr=const. 0<TL Ty (22)

X3 u ORAEET/RY & Fig. 14 DX 5 TH5S. v* i
RATHZON 5.
: R’ (u)

v ) =k (@u #=T—T; (23)
CRICHIET B X RKATER SN B,

X ha(us) —hy' (us)us

X, = hi(u)—K(u (24

hi(u) —H (W)u

BEDses — v (C) i ha(u) —h'(Wu=0 2R THuT
50, uR—EL 305 NI ERRO BTN
KEPESIEN. TS KEHLFEEFE > Tk
BHRMEE 8288852 DRBRKEHZ ETH 5.

PIEo—@giEE b Lic, IRO 4 DODEBHET B &
(1) Xr: B, Tr: BEEOVHORETT JIr ZEKIC
T3, (i) Xr: @&, Tr: BREWORBTT Jr
ERRICTAHCE, () Xr: BE, Tr: BEECIEH
T Jra2BRKITsTE, WX B, Tr: BEEs
WAHRBTT I Tr ZBRCT BT L.

3T, bEROBMALEINIETE, L2320 E0H%
HEEHLUTHADT, BBREEICIR > T ZEHEL
7B, BICIIEECATRETRETHS. TOLD
BHERERRBIHICREC2BNDH . T0XHTH
B, ERERMEL LT BRIESRERTL, RO
T, bEORBERE (u=u¥) T - BIF ZHREL
7o X3t u OAAEE CRT & Fig. 156 O LS i, dods,

(C) u=const.

|
|
!
|
|
|

010 Xenax

X(=vxIvoxy )
Fig. 14. Three possible optimal trajectories of u
vs. X.
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BUISW. 7w - 2O EERE AR UTH

10} Bo_usl0 me ....... - HISTNRDD - 7208, BRI diauxie FIREAEA R
] U by & pl3—ETRLAZLIENM L. CoXHa

K7 Henax )
>,
/j}

uf{=
D
s
"
g fall

Batch

i
|
|
l

%16 X
X (=vx/Vy%o )
Fig. 15. Determination of “suboptimal® traje-

. ctories of u vs. X for cases (A) and (B).

BoBsBy'B1 %, Ao'41, BVB1 WBEXEZHL ETHAH.

COXHIC U TRDIEEFEREN BB IR LR L
TEOBEER THA 0% ME7®, hi(w)=u*(1.05
—u) LS EEREEEZ, EEICHD T 5 BEEER
AUTEHELUIELA, 2OEREAEETHBC &
Dbt EBOFBE(EFHBE L THS L Fig. 16
DEHTIED, LIFN LIS & BCHBESERLT
WL R —VERLTO S

T TR U7 e mA S ERIC B v B R YA E O
1O OEEHKBENZ RDLE 1 oOBEIIFHER, »
e OBEBRBEDO LI UHTOERTEETH S

LU, RO, AR E 2Bk
OEARSELBATELTHAID, KREHA
WIEEE, RERGRBEHTH > TEBIRIEET
. FEE ORI, =7 b IR L B
Bacillus megaterium 7» 5 O BHEN -7 3 5 — ¥ EEN
ZOXWHTHA.% COBEOER T/ va - R T

EISHEL T b RALIEE R, & ACHRRY
T 7fcr Objective konstraint [5u91)
£ A1) X XS205-16[0712
£ ahB-1] u xszo,r,=:m 505
s 1€ Jt 0.0884
2 a3 I xrzqr,sm 190
3 gHB-3f M XL0HA24N.0 A
< fies4l g | xs20 2w | S
£ I
i oy s/ ‘
; i (/ : ‘I
i3 1 ] !
U i 5
o 1 T
% : i
; : H
Rt | !
< | '
e ; i
; ] i
s i i
91 0 3 5

TlME(hr)

Fig. 16. Example of ‘“‘suboptimal” feeding pro-
grams of the limiting substrate for the case:
hi(u) =u?(1.05-u), a=0.11, b0=0.072, xo=
0.50g/! and ss=500g/l.

The period of fy/vo=0 before the start of
feeding corresponds to batch operation.

BAI, BT s=0 [KFE2edicdk o ks icthid
Xl

so==()
_dv 1 d(vx)
(=g el gk b e
N LOICT
spky(2)

EBRICIE, FEEAE 3 DoAY, ThZhol
FRNCu & ky 8L Ul I8 INEE £t 5
CEicky, HASBIECE T 2ED 3.6 f5OMFRNE
/DT EMTE .

I%%&@ﬁ%@fﬁ,f%@%%%wét&ﬁg
{, BEREEAZFRET 31T, RiTssmpd ol
EEBILNTHAD

HEZRNHMCEILI T EE ERBETIIEET
i, HETIHEHOKBESB SN L XY BT
CEIDS, IEEW, Bl B XU %
M9 Aiid, BEMRHRETERMCEZ 2B E N
BCTHAH. Martin & Felsenfeld 13,
gradient generator” &0 FEE 4 feREEEIC B
IEAEBRAEZEL. W ZOEETIZ, EHBEEDL

“exponential

MEATRETH 5. FE SHBRINCEE L0, &
i M5 ATRRREIEE TH5.19 5 ACESZBD
WO ZEANIERORBELSTRETH B0, &
W3R m#)@ﬁ“/ FINB5L. THbE,
BRI

v (FH5B

sav/Aa=k:olid IR A— RCEALT B, 27

Fig. 17. The automatic curve tracer and the
feeding pump.
@ main switch, @ photo-probe, ® curve
on white paper, ® tracing-speed controller,
(® tracing-mode converter, (§) lower and
upper limiters, (7) peristaltic pump.
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o B AORRIE)ICRMMBEARITHY, TOENR
KORRTHS. WICEELDR, HREEEBRE
BThs (Fig. 17).30 C¥ETH, Hid HRIIER
TEL, POXSUHKBELGERTES. Lbd,
+ V¥ — 2R ERAICEIR L TW L DT, KRR
= ERIICE LT . Srinivasan 5, &K o
2 5 7TRAVONAS 7Y = v MAHBEIEML
1o, Wb ORXEBEZRHNCRED T HlEz
RELTNS. 3 Ff2, Minami 53, —&EDL (=
=&V V=D oR5 7 u s 7 LEIEIC X Z BB
BEERELTNE.3 COHETR, EEOHERRE
RERGICEE U CERCHENT 5. MEERELIES
DRIV 2—2%2 > THNRAETHS.3 T
505 b, FHRZ BE, MmosEkk, EEREEX
LT, BECESHNSICLD, EREMCR
R EBEERE S —ITABN TN EEZ 5.

3. T «—kNy UHIEDDDLE ST

REEAH O UHBERD OB IR 55K T
13, &, BEESIFE LLRWLRECKH->TS, Zh
T 2 ODRETHB. Licdi>T, THELSI,
FAISHDT7 4 — F Xy 7HBEZTOICNWEEZEZ DR
YURTHB. HIEAE, ThREERBOBINE
BFETHTD. PTFRBRB LS, 74 —FNv 7
SEAFTS RESREED, S VEREEOENEFRO
B EENDIENY bk 5.

74— FNy 7 B0 H 2 RIS FERT, HEER
DEED S, MENELOLEENL LD EIHHET
xk5. ¥, HBEIhIHENEEBEOHAL S,
—EECFEOBA CEEFIR) &, REL R EL
IHTHETZRA(F v s 7458 L ETE X
5. BER, EXE, REONY, BEEEIRD,
BRICA > TEL D, EV-KBAEZEELTVS.

MENT 1 —FXy /HHOHIBES FotX
WCEREFICHE L TO A THRIE Y5 4 — 2 2 HIEEE
LT 2HATHS. FEERELTE, BEEREE
(DO),4-4% mEKeg (RQ),%47 pH,%® {REHEY,
WS R EBEINTH 5.

DO 2—FIFE>HAR TR, XEBESERELD
BET$5&L DO BSERL, ZEEHZBED LicEE
35&L DO BBOTLERERH TS EROET
LLHIHABESERL, ZhIKONTHBETED
BLUEND, BRE - PRBAEEEZHEPITHLLT
SRR AR ke ZHINEE50, $LL

i3, BRICHBREBHEL HENEZEDZLLT,
VTN U TOBEBEER LA LT RiIR
DIV AV e F THNCHINT B T ENBL, HES
REFCBELUTHIBREL 5 THROREBERKEKZE
ICHEKI &N 5.

RQ ZHIEHEE L 325, ~VEBEREECEL
TREINTHD, REBYXEREE BENEEE
EEERL, MEOH RQ £1.0XH A UEWKEIC
Ro THEBEZEVNVICHZ, Z0RE, BIEYT
Hdra /) —VEREBLEES. Wang 512, RBE
BAO, oo O: & CO: OAFELE FRECERIL,
ZENODF—42%a3/Ea—ZRATIL, BHEEK
25 RQ ZEHEL, HEOKMNE HELTHS. 4
Endo & Inoue i3, ZOKix OEKBELIERBEDH
S O BEEEER T T 2RHEEREEREL TN A,
CHHEFISRBEOD Y Ea— 2 5REB&REEICL
TRETHB.®

pH ZHeE L 325 T, REO#ETLLD
WCHHER AR S h, pH BSREE»STHS (&
BRI 3) BREFIHTS. H503, EBFRBOXD
ENnHE pH OF{bE S v REoRMNCISA SR
3.9 COHBAHR TR, EEEETEKE Lo ARk
HTHhAT EHEF L.

RAEDRELZHEEEE 7553, REEHR
BIEHTHD, TEAKXGZOEREMAIWEAIC
FIRTE5. NUBRBEECEDZ L/ —NVISZOD
FOHITH B, 805D

BRI, FESHBEFRE LT MRRNICEETS
NADH 0#3¢4FIH T 5 HENH 5.5

RO PHEMBROBI D XS, EYEN/ST A — &
ZHEEECRAVWE L ik, KERKDZHRTHS.

EEMNT -y I 0HIBE  BEEERDORK
INEE MR 2 EEER, 55 VIRHRNICRIEL, £0
EEHEEEE T3 HETH R L, REERY
T, BERAAPOSEEERKDOBE LNTITEE
Cahrhid, BERED»SIRGHICBERON X DS EIH
TIEEIC# X 5. Reuss S5OHEBERCAITHEN. 2% e,
KELIZ MOV IVF o —~TERFERTEF a8
VIUET, BREDOA 2/ - VBEZEEREL,
A& —ORMEFET 2 HkERE L. 0 #R
HEEICRH U TRIELIGHTE L0 EETHAS.
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4. EADRBORI—IPTvT

REDFEEOER, HEKDOWMEE B FHiE
TR ETHEH,0, RNEERHICSROEBENER
LTOTRESIED. ULhL, —RICREBETRAMIC
FEENHY, TNEEMTEILDKRESILTED
ZERBEELTHEGNZR LY. £2T, PRO
FEEMZ, UES  BEMBREZITY, active ICH
FALTOBRETHD s BET UL TH S EESF#REE
22—+ T 50 Fig. 6 & Fig. 11 {3, €hZ
1, ERERMEEEENENEOR 2 -+ T v 7%
HRL T3S, Th Ok Ti3, DO %EkatH
L, ES#EER, REMIEAEEL1E-T DO B
BBIC LR LAY 2RICINERRE T 5 S KT &8
b7z

5. SRO0ORE

PR, T4 -T2 vE LUTEBRHICERE SN
TX 7B, Tablel OWTNHIKEL, HEIFH
BEE UTH—IICEBRTX 5 LR~ BISREE
ORDOBFEE LT, WERERZREETEZ BHIC,
ERICRB3PRESTH O EERON LG T
X BUMAHRBEEZ ZOBHENTHAS. TOK,
ERER Y27 2 FERXREZREL, £CE IO TRE
RHEREEYENCHELL, ERERDOMMAEER
EABEERNEL “B# 71— Ny 7§ (optimal
feed-back control)” %175 FRABBELBE L, &
EOEMLANVTRERIDNTHEL. LhlL, BEE
B EiR, BMCSUTHRINARbEOTL RIS
DOTH->T, BAKE» THEREBRETHLEN%E
FTH2E0HAD. BEUHE (LEAFavea
— 28 EThi, ThRTRFERELIDP S,
g mmyR g U cEEERIEIEmELED
EVHSBABYURDVEBS.

74— FXNy 7HBOIROEEISSRETIE, Y27
LAAEBHTIRRETNVOERIY, BEORTOR
BB TokX - YAFLEIOEHICKRETS L
SHBREFNVICEBENL, RELINIRETE
VEBEBINB LHILBTHA .

PR 7 4 — Py 7 BlETT 5 FESREETI,
TSR ZEHOTERERORMFT -2 %4 V5
4 V/avEa—FXANUERLELT, RHELEER
EHEXY, TORBTERINIEABETI IR
ACIEBIERS.

BEEN T 4 — FYy 75027513, RBERDO
HINEEBEOHAVBSLETHS. LAV, BER
LN EFENIE OBE O S HREETHATEETH
BT ERVORBATHS. HRRERNICTAS
S vy KB ENEE LD, MROEHAIT
4, TOBEMMEBMETNT, v FVERIEDE B
TH» 5.

BB, CORMAERERATE 0L, TORKAOD
By « BEORE I h 2 EER OB O
FRAVIKXZ T EEFEERALIZL.

ARRICH UTH. CRBLECHELBRDLD T LAREARLE
HEEEXRELE, REAPHREAZREE, BLR—BEE,
EREF=RECHATREOBER LTI T, KFRICHVTE, B
FERR, BFLXK, FHEBR, AKRER, DIRKOEE
AN E D& L. BHROBBERLET.
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