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Abstract
In this paper, we researched the so-called“Oekaki Logic’which is a kind of pencil puzzle. For doing
research, we formulated and redefined Oekaki Logic. As a result, we could show some theorems about

the input of general Oekaki Logic and an existence judgement of the answer(soundness) corresponding

to it.
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Abstract

We researched how shuttlecock feathers affect air resistance. First we threw it at an angle and took
avideo. We analyzed the video and thought point of launch as origin. We took coordinates per one scene.
We made v, —t , v, —t graphs based on the data. We compared them with theoretical curves. We
threw cork (the part removed feathers) and did the same things. The result showed that actual data
was near theoretical data. From the graph of actual data, shuttles were looked as they repeated
increasing the speed and decreasing it. From the speed graph of the cork, it was looked as isokinetic
motion. Particularly, from v, —t graph, actual data was near theoretical data of ball without air

resistance.
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Abstract

Viscosity is one of the properties of viscous fluids, and measurement of viscosity in the high viscosity
range requires a dedicated and expensive measurement device. Therefore, it is necessary to establish
a simple and inexpensive measurement method. We focused on the motion of a viscous fluid on a slope,
which is considered to have a large influence on viscosity, and wanted to devise a simple method to
measure viscosity by describing the motion using a theoretical model. In this study, we used a water
glass as a viscous fluid, and a theoretical model was devised to describe its deformation as geometric
deformation. As a result of comparing the values obtained from the theoretical model with the
measured values, it was suggested that the theoretical model can describe the motion of water glass in

the deceleration interval.

1. HROBE

KRR OMWE O —>Ch 2 REIL, @R ORE I EHO G2 EEE 2 nEE T 5, 07k

%, LAl T SN2 E FIEORENLA RO bivd, FA-bIE, MENKESSEELZHEZDLEBZ2 0154
PEFEAR ORI EoOE#ICER L, ZO@EBZHEGHTT VIS L VR4 5 2 & TRSIICKHEZIE TE 5
FUEEBRLIZWEE X T2, £ ZTARIIETIE, MM E LK 7 2 & AV, 20RO 1% %
HRER L & 6 2R T H2HmET NV EBRE LI, BT T A0 b5 LIV E & FERIE A ik U 7oR5 28,

BT T VIR T T A DPRGH X O ES) & Fiik T & 2 AIREME 2R/ L7z, A 02 1@k O RV (R O b
BEFEE LT, SRELNT-HRET VEREIETHEZ0,

2. Fif

KRR OB O— > Th D REEIZEH L, K
JEAERNICRE B L WD EEX LD R
b oEE) A KRR T & D BlLR bRtk T 5
HERET N ABRET D, ETMMEREOERN S
T OWE A HEE T D HEEBEGRTT L & FRAE )
LERT D,

IO EEIE 2 2, JBoNeT —Z bl
1L DOKA T AFEmOMS 25157+ %,

3. EER - @A

24, 99, 176 Pa-sDKATTZ A 10g % T 7V
AMUTH T L, 727 UAtE 45° ([T 5, K
7 AR IRRY 223 HANE R~ Lt s

1 FBRoOKT (£) &2olEXKE (h)

F7m, EBRTHERINT- KT T ZA0fmE T
N TV T %, MIEOER L2 - B istT

(1), iPad Z HIWTZDORT iR L, BB
T—HEavik) AL TRE I L DKT T A%

NEERL, FERIELHRET ML o> TRO T
HEmfE & Ok Z1T o 72,



4. BRETIL

4.1. KA R&EIHDIEE) & DHT
BEORER, KA Z Z03EHE T\ & S EE45
LB, KB T AEEEIILL O X 9 7eiEdh &
TAHZERN otz (X2),

X2 : KHT RSO

1. &t ER D HKT T 2SRRI EALA T

TAVIAATERAT T ZARSEmIZBEL, Z D%
i IE g PRALIA T, # 1L E & TR s O e
THY, KM K E < fhfmickt LCES)
LTCWRWEDZ & AR,

KH T AnFr LI HEAT & & HICRE T
M E BB T 2 KHT 7 ZADEN DR,

KA Z A e OERTET B, 7oK H T
A DEEDORRY e 7 & L TR gD
%, BN T DTN DT,

4.2. BRETIL (BEHBE)

ERROKT T A DIEB O T Bk L CTRiik
TELHMETNEADEBER LT, ZOEZ V=
VT, 400HEFRTET DD BT T ADiEE)
DR AR L L<IATWD EBZ BN D E IR
FTIMZONWT, ZORBRRE R,

FAMRET X, KT T ANE RN 0 723 6
B FH~EH#ATHS ZEIZERL, TOET
R OEHEEN ChHDH ERIR LIZET LV TH D,

ZEZ Lk (3) X0, Bl LA D KT T AD
26, RHEEEFORBITEEINC LV FRE, ik
0 EoREIFR 2 DV EIE SR R O s
MRz (K3),

FDTD, KT AL EKRT T AT TILE
FEENMUDL, TOEIZLST, KT7 A EERIX
THEZBEWEL, (M4) OX9iEEhzE2T 5,

FLLEA

B 4 : KT T ADEFDO~D ORI

ZOET ML, BLTFOO~@DZE 28I

ML, FHE FmE ICEET S,

O EETOKTT AR =AW EEBIL, ZAF

DI (K4 DFRNE ) DK T A

FEIOME &35, —MAIEOTHRD AN

LCFREICEATRE L, =ARIISEHEER

T2, RHEEBEOKT 7 2O @3k & OEE

BIZEIVEFEL TS,

O~@ HEAEIZ Y EAME Y bRE P&~
Bsh L7k AT 7 A (X4 OFRNESY) 23,
Fm A% T (FREEY) 15,

@ HLL CEERPHORET S,

ZOERNEGICEZ D2 Ltk AR
DTERDOFE 2> 6 O SITERHNAR < 72 > T
W<, KA T AEFENE D O SR U2 EA O
WEARZFE> TV, ZOME IR IZTVIE
EINEL D=0, ZOFTIVITRET S5, EH
EDIKHT T ZIZVE, FEeHNTIIHE T DAk D fifEss
T& ), ZOETAERMALE,



4.3. HBRETI EHRAXPLUZFOEH)
ZDOv I a T, HERTTLVOEGRRRB X

W2 OE BT,
\HBET VERWT, R ¢ [s] &, K

H 7 A HEE v [m/s] OBRSKEZRD =,
SHANWDXF %, RO L DITEHRT D,

D BB HTORMERR DR S [m]

D EERTORMMIADOEm S [m]
AL [Pa - s]

AEMETIR OB [kg/ m3 ]

c ENIEE [ m/s?]
st o AE ]

s SEENN R DORAPETRIR DR & [m]
DRI OB ENEERE [m]

;R RER [s]

& X > Q@ D T T =

[Tk e

5 : AW 3TE

FT, B HMOHEEARIZONTE R 5,
EICER (3) X0, RV IR A dRa D BE, &
76 O SIKFT DI EARLE O Z LD
Mo TWD, ZOARITAKRIE TIER <, fhm
MHDESEyY, BT E0HEEvET DL,

B pgsine) 2, pgsin®H?
v—( o (y—H) + o

EWRDN, JBHETES 72D, Tk v=0, ki
o= ”““ L LT, KUY AR A R &
BT, XoT, HEARIT
pgsinbH? - pgsinfOH
2u ST 2u

b, BWZIZ, y=0 Oz LE e OB
ETHE, mS y ICBTLHEIT

sinbH

_ pgsinbH
2u B Y

2u
L%,

T, BiOEBICOWTE LD, B,
X 4 O & D IZE IR ST A RAEDS T2 S
AR, BIROEIEE — BT F LR LR
HIEENT 5 L5, £ LTI OERAEGENIIT
ThHEBZD,

ZOTHE, AEROETL, MU ekREICES
R BIL AT BRI HIA A CHE IR & PATIC
BVISNDHERTEEZEZHZENTED, Lo,
RSO, UNRef] At IS 1A I 72 b3
SATIBAZ ) ST D, SEATINER Om & %
At TEI-T-bDIEEBEZ DT LN TE D,

Lo, BRAOHIHOERNLOEmSE y
LTBLE, ZORED y 12201,

pgsinbH

1
2 yxMxEXy_vawdy+m

LWV FRRAMNY Lo, v IZOVWTHRES &,

__ pgsinbHy?
" 4u(H+h)

b, Fio, RYIOmEFEIL

L(H+h) £V,

IR > TR ES% | B L,
lh+l7H=L(H+h)

l_ZL(H+h)

 H+2h
Lih, TOBHE t=0 35, 22T, FitE
MR EATZREEE x t B E, ZAROED
DEIX

2L(H + h)

H+ 2h

LD, IO =IO LH +h) TR
%ﬂé Lfb‘éf:&), y ﬁ:ob\f’

i{ZL(H + h)
2

T +x}y=L(H+h)

MRV SED, Zhafg &,

2L(H + h)
2L(H + h) .
H+2h

y = —2h



nEORITRAT D &,
2
_ pgsinbH 2L(H +h)
”"wm+mx<um+m+ _%>
H+2r %

&%, Zhid, Wy ikicle s, FHRERT
MR D THEMET D05, MBS E t=0 O
x=0 & LTHYERZRD, i &,

1 1 d

t= x+ -
2ad 2ac (x + % + b) 2ac(c + bd)

L%, 220,

_ pgsinbH _2L(H+h)
Y= aH " H+2h
c=2L(H+h) d=—-2h

EBWiz, ZIT, t=f(x) &£BF,
t=f@ © x=f710 © v=gf70

#1550, TOXRZHNT v—t HEiRELZRD D,

5. EEER
;fjf 0.002 24pa+s T E
5 24Pa*s BRER{E
;(E 0.0015 =99Pa+s TAE
i --99Pa*s HER{E
gi? 0.001 A176Pa-s %iﬂl“ﬁ
P . —176Pa*s I2R{E
= 0.0005 |“-m %
NG R e e
R S Wy T
0
0 100 200 300
B [s]

X6 : SRR

FBRT — XD, WL ¢ (2B KT T A%
SRONEOMERE x #7 vy MLz x=t 757
XV, v=t VI 7%G-, £, HERET VT
FoTlonz v—t 777 A UBEIEVHE -
WCERT 5D (M6), EHIMET /MVITEEHX E O
EE AR T D ET L TH D0, BREICRT
2 ROH X[ o0 JEE) 00 SEHIE & BEmiE A i U 7=,

DT T 7N BRI ORGEIZ K o CE B
VI B L, ETERE DK T ANE LR

ITRENTH D Z ENDD, FTRED 24,
176 Pa + s OKA 7 ATiE, Bl & FEHIEN
BRWHBAZ A TS, Tk U CTREEED 99
Pa - s O/KATZATIE, FEHME t =50s OfFir
THE L, HawfE s B2 5@ %2R L TW5,

6. BE

HITHRE T/ O 3R B D OAE A) A3 S 0 {6
&G LEEBE, KT T AOFTNNEE TH
D, EBOKHTTANTIEDOKA T AWV irte
LWV BN X B DOLEI & B rp T ALERSE LT
TeinblleEx D,

£72, K 99 Pa«s OKH T ATHONT,
IMROJFR & U CTERBEASESD A T OfE 72 &
Ezohb, Lnl, IE LKL CIEsE
WD O TR DS BRRRAE & FEEME T—B L T\ 5720,
T T IALREPEG IR O fb b oS % Flak ¢
XHEEBEZT,

7. fEm

ARERLZEARET VL, fmbkEfns
KHZ 2 DRPRX EOEE) 2 R TE D Z &3
220, EIORE T TR IR O R b o iEEh A
Rk T X D AREMEA R LT,

A%, BEITHRE T N % TR R AR O K5
WIEF LA T H & & BN, MORPEGRA
T LR TV ORI 2 MEE L TV & 7
VW, ZLTHELNHEGRET LV ERWT, @O
JECHREEE 2 E T & 2 HIEA ML L TN E 2L,

8. &M

1. AE—Z W2 ftrrsERigee 7 1 (G52
Hh, VT~ L ELGEL S bR U 7 sl e s T £
DETIV) | AAEM = mCE Bk 7148
711 5 (2005-11)

2. FEHESA [HERE 252507 GRAb ok
Ktk 2009 4F)

3. WFIER [ma7otv vy v e E#RG
o i |

http://www.msre. kumamotou.ac.jp/~process/



ATA4VIR)yTHREIZH T HEGEEDOEL & #&EIT
MEE FH HE K DE FEH FK
fEEE fE K, HLE H

Abstract

The Stick-Slip Phenomenon causes an unpleasant noise such as a rattling noise when pulling the
chair. This is because static friction force and dynamic friction force act alternately on the object. In
this study, we tried to analyze the cycle of the phenomenon. At first, we guessed that the natural
vibration of the object must be related to the cycle of the phenomenon. However, it remained floating
in the air for a longer time than the cycle of natural vibration. Therefore, we set up a model that
bounces after touching the ground. As a result of this analysis, the idea that the cycle of this

phenomenon is related to the bouncing on the ground could explain the experimental results well.
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Abstract

Liquefaction is a phenomenon in which ground becomes liquid due to an earthquake. When we saw
the damage caused by liquefaction on the news, we wanted to contribute to the prevention and
mitigation of such damage. Although the shape and arrangement of particles in the ground are complex,
this study aimed at a simulation of liquefaction with a simple model. As a result of my research, we
found that the model of face-centered cubic lattice is the most suitable for the arrangement of particle,

and we could show that changes in groundwater level can be simulated well.
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Abstract

Two kinds of metal salt aqueous solutions were mixed, and the spectrum was analyzed when the flame
reaction happened. In this experiment, the spectrum was measured using an electron spectroscope (Go
spectro). As a result, we were able to discover two sets of mixed solutions whose wavelengths change stepwise.
The common feature of the combinations was that the ratio of ionic values was 1: 2. Therefore, we thought
that the time until the start of reaction and the time to maximize the light intensity would be different for the
monovalent and divalent valences. As a result, LiCl of LiCl + CuCl: took less time to start the reaction than

CuCl:, but no difference was observed in the case of CaCl + SrCl..
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Abstract

In last year's research, we observed the phenomenon of gas absorption on the surface of carbon
electrodes in electrolysis. We also obtained data showing that the amount of hydrogen adsorbed
increased by about 53 times when it electrolyzes using electrodes that had been oxidized by chemical
treatment. When the electrode was chemically treated, we also measured what percentage of the oxygen

generated was converted to carbon dioxide.
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Factors that Affect the Exploration Activity
of Slime Mold, Physarum

Yuzuru Otani Moeko Sakate Miya Rambo
Supervisors Takashi Yamamoto Syohei Kojima

Abstract

Slime Mold Physarum is known to take the shortest path in 2D mazes according to a previous
research (2006). However, one study (2018) made it clear that Physarum in 3D mazes takes several
paths including the shortest path. Our research aims to find out the reason why Physarum cannot
solve 3D mazes in the shortest path. To find the reason for this, we searched for factors that may affect
the exploration activity of Physarum and focused on the gravity effect. Two kinds of experiments using
hemispheres and inclinations were done. As a result, the tendency that Physarum prefers to go against
gravity was seen and it became obvious that gravity affects the exploration activity of Physarum.
Therefore, we concluded that Physarum cannot solve 3D mazes in the shortest path because Physarum

chooses going upwards more than taking the shortest path, saving the energy to move.
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2. Introduction

Physarum is known to take the shortest path in 2D
mazes (Fig. 1) and this special feature of Physarum is
used as a bio-computer and actually helps to theorize

urban structure.

Fig. 1 How Physarum solve a 2D maze

On the other hand, Physarum in 3D mazes takes several
paths including the shortest one. If Physarum can solve
3D mazes in the shortest path, this feature can be applied

to avoid crowded places in three-dimensional buildings

like shopping malls. Therefore, the purpose of our
experiment is to find out the reason why Physarum
cannot solve 3D mazes in the shortest path and apply
Physarum to our daily life.
Our hypothesis was set up for these reasons:
= Physarum has negative photo-taxis. Also in the
natural environment, there is more light at higher
places than lower places.
= It seems obvious that going upwards takes more
energy than going horizontally.
Therefore, we expect that Physarum cannot solve 3D
mazes in the shortest path because it prefers to move

horizontally.



From the hypothesis, we focused on the effect of
gravity on the exploration activity of Physarum and two

kinds of experiments were done.

3. Method and Results
2% agar medium and oatmeal were used in all

experiments and when Physarum was cultured.

<Experiment 1>

This experiment was about Physarum’s activity on

hemispheric agar. The purpose was to verify whether
gravity affects Physarum’s activity or not.

Physarum and oatmeal spots were put on hemispheric
agar as the photo shows (Fig.2). All of the lengths
between Physarum and oatmeal were the same, no
matter which path they took,
because it was a hemispheric agar.
Therefore, in this experiment,

only gravity affected their movement.

Fig.2 Photo of Experiment 1

Four kinds of hemispheric agars, each of which had a
different length of radius, were used in the experiment.
The radii were 0.9cm, 1.2cm, 1.6cm, and 2.1cm. We
expected that Physarum would go horizontally which
means they would not go up the hemispheric agar
regardless of the radius.

We took pictures to record their movement with a

camera which enabled us to do a fixed-point observation.

<Result from Experiment 1>

The number of experiments using each agar was as
follows. 0.9cm was used 3 times, 1.2cm was 33 times,
1.6cm was 6 times, and 2.1cm was 3 times, as shown in

Fig. 3. Out of four different hemispheres, the

experiments using 1.2cm radius agar were done the most.

Therefore, the result of the experiments with agar which

has 1.2 radius should be more reliable than others.

( %) A B € D E

B
o

N=3 N=33 N=6 N=3

w
o

N
o

-t
o

percentage of physarum
in each spot

0.9cm 1.2cm 1.6cm 2.1cm
hemispheric radius
Fig. 3 Result from Experiment 1
A EgmgcEpug ABLGBDE

g
%
3 30
£8
U o
S £ 20
> 8
Scw
@
2
@ 0 — - — - —
= A B o D E

each spot on hemispheric agar
Fig. 4 Result from 1.2cm radius agar

As Fig. 4 shows, more than 70% of Physarum went
towards the oatmeal of B, C, and D which were located
in higher places. On the other hand, only about 30% of
Physarum went towards the oatmeal of A and E which
are located on the same height as the height Physarum
was first put. This result is perfectly opposite from our
hypothesis in which we expected that Physarum prefers
to go horizontally.

In this experiment, the tendency of going upwards the
agar was seen, but we weren't sure which inclination
we had the

Physarum would prefer. Therefore,

Experiment 2 about various angle inclinations.

<Experiment 2>
This experiment is about Physarum’s activity on
inclinations. The purpose of this experiment was to

find which inclination Physarum would prefer.



All sides of Physarum were surrounded with 0°, 22.5°,
45°, and 90° inclination agars and the length of all the
agar was 3cm as the figure below shows (Fig.5). The
lengths between Physarum and oatmeal spots on each
agar, which was the nearest from Physurum, was the

same.
90°

g
[3
o]

°

0°

Fig. 5 Figure of Experimental Device

<Results from Experiment 2>

The experiment was performed 6 times.

6

0° 22.5° 45° 90°
inclination of agar

No. of times Physarum went up
N

Fig.6 Result from Experiment 2

The numbers of Physarum which went to 0° agar,
22.5° agar, and 45° agar were almost the same and all
Physarum went up to 90° agar (Fig. 6). Although this
experiment was performed only 6 times and there may
be an error, it can be said that this result shows that
Physarum has a tendency of going to higher degree
inclinations. Therefore, this tendency is thought to affect

the exploration activity of Physarum.

4. Discussion
In our hypothesis, we expected Physarum could not
solve 3D mazes in the shortest path because Physarum

preferred to move horizontally. However, against our

hypothesis, the tendency of moving upwards of
Physarum was seen in the experiments. There are two
possible reasons why Physarum went upwards in the
experiments.

One possible reason is because we could not
reconstruct the natural environment in the experiments
(Fig. 7). Although it is obvious that Physarum has
tendency of going towards moisture, the 2% agar
medium on which Physarum was cultured might have
been too moist for Physarum compared to the natural

environment.

2% agar medium

Fig. 7 Difference of moisture between experiments and
the natural environment

The other possible reason is that Physarum had a
tendency of going against gravity originally. There are
two possible benefits for Physarum to go upwards in the
natural environment.

First, it is to leave their descendants in a wider range
of locations. Moreover, Physarum form sporangium
when they are exposed to sunlight or dryness, which they
need to do in order to leave descendants.

The other reason is for habitat segregation (Fig. 8). In
the natural environment, Physarum eats mushrooms,
fungi, dead leaves, and so on. But there are many
creatures that eat those things so their food and habitat
are limited. Therefore, to separate their habitat from
other creatures,

Physarum seems to go against

gravity.

a |®
2Ll a

Fig. 8 benefits of going upwards



5. Conclusion

From these two experiments, we concluded that
Physarum cannot solve 3D mazes in the shortest path
because Physarum has the tendency of going upwards
rather than moving horizontally. Moreover, when
Physarum was cultured, Physarum sometimes formed
sporangium which is one part of Physarum’s life cycle.
It was usually when Physarum was exposed to light and
dryness. Therefore, mainly three factors: light, moisture,
and gravity, affect Physarum’s exploration activity. But,
of course, these factors are closely related to each other
in the natural environment. In such conditions, we
expect that Physarum changes their needs depending on

their biological life cycle (Fig. 9).
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’ A sclerotium Dof proliferation
"l"% - c 0/“09\00
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Fig. 9 Physarum biological life cycle

For example, young plasmodium (2n) needs moisture
for moving around and predation (Fig. 9-a). On the other
hand, when they are in the stage of mature plasmodium
(Fig. 9-b), they give priority to searching light or going
against gravity over moisture in order to form
sporophytes (2n). Once spores germinate, and become
amoebic cells, they inhabit where there is much moisture
to conjugate with gamete (Fig. 9-c). This is how we
thought Physarum’s needs change depending on their

biological life cycle.
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Abstract

Among the yeasts in nature, there are sugar-tolerant yeasts that can survive in the harsh
environment of high sugar concentration. We thought that if we could incubate a large amount of sugar-
tolerant yeast and put it back to sleep in a high-sugar syrup, we could make a substitute for dry yeast.
Dry yeast is running out of stock as more people stay home as a countermeasure against the new
coronavirus and bake bread. We examined experimental methods for searching and isolating sugar-
tolerant yeast in honey produced in Kagamino. We also examined experimental methods to confirm
the sugar-tolerant alcohol fermentation ability. We could not isolate sugar-tolerant yeast. However, we
could develop a method that can confirm the sugar-tolerant alcohol fermentation ability with a small

amount of yeast.

. AROBME
E%!W)EP 3, mOBERE & 9 EE R BREE T CTHAEE D 2 LN TE DIMPEIEREREDS N D | TEREMERS R
ZREHEL, BfFREO Yoy YR THRIRSEL Z N TE UL, Fiilan TRV DV FEICL-T
ML IR oo RTIA A =2 FORBEME DL D ENTED EEXT BT, Tl & 2 BB R PED
NFIVIZER L, T Y OMFEMNEE R 215 5 72O O FERZET Uz, £ 72, HEET L= — L 8B
)2 W7D 2 FRITIEIZOWT O HET L7z, A 4EE O ER CIRMHEERE 2155 Z LIXTE o 7273,
MEHEME T V=1 — L IEBERE ) % D 72 W RE & CHERE CE 2 T IEABRAFE CT& 72,

2. Fi PR LI NT IVDOZ L THAH IEELZED
=Bk, REERKICHLIEZ S > TN D, 22T B IR S CITHURIN O ZFEFHOBERED & T
b\oﬁ%ﬂ:k X, B9y & 7 L o — L b R T A (CO,) WD D, AT DRI E S v O BEIREE IS
(o iR 5 B A 0 = & T, iR, B3, 72 BBFEC, MRS RE O 2 MAIR L C A4 & 5%
RER I EFE L TAHRFIZIAAFEL TN D, STWHEEZLND,
%M_:iﬁﬁkwbﬁW&?FTf%%&&w @ NTF IV EKTHD, NTF IV DEEREE
B Lo B & 72 FE BERE o) D K DT, M 72 RIRNHEZ LTHET 5,
ﬁg%%O%l%HM%%T&mbtwkmw, @ B L2t ONMHFEERERED L 9 &R T
fﬁ%’lﬂT o D IHBEGHOITH RO NNTF Y EMD D,
WCHEH Lo, T 3K N 72 0 %MT& @ MR A RERE L, mOIRREO v a v
D, IREBIEE W) KEGIZIAT I NIEFITE . £ TN K DRI DB 2 A D,
DIz, NF Y HORAEMIT KRS %EbM%A
TLEI, L, "F I YHPICERHIIFEEL TWD 3. IEARR
5. RIS, T I VOB E S T, F R 5 I. NFIYFDOMELBBEEET HER
BEBEPMMELINLTND, g T IV REDE BRI OIZIBW T, SEEFNTIZ H 5 1L H &Y

1R T CHEAF T X DEFRHIMPETERERE & M, HOXE BEEZ M U CREZRML L Tzt x,

PET L a—) L0 hLosa— R 7R P AL EICAERT LEIMONTIVERRLIEZ AFLEATFIY
5, bl ionHH@P‘ﬂ@&i@—%H&),#HHW\? OS2, RRFHEOIZH D & 5 Ik &

75> % DKy DI Z B0 2, FBR O ST AR S 2 % L7 BRI L7 SRE 2 W 58T 572012, L

fbx®7= LT, RIRT D& CAEXKLZ L 75>5‘E TD 3 OOFETHROEEZIT- T2,

ITHFZE T B M2 72 > TV D, s RATZ B, Z

DOIFEERERE 2 IRIR D Z L CRERE L, & FEERFRF 55O/ 1T YPD B3 b CREELK, BERET

WHEREO Y ey SR THMRIREE S Z & T, XA 1% KEA_T b 2% Jva—R, 7a7 L

Ao SRS VEE I ST Ao s R T x=a3—)L 100 g/mL) ZHARE L, sxsme 7V

TAA—ARORERLESI D IZNEB 2T, A= RAEAT B —RAIEEL, BEREEZEZT
WFZE D BIRFIIL, KRO@Y Th D, Bt L7z,

@© SEEFHTPEDIEMBAD HACE 2 AF. HIEE &1, FBRITIEQ: MEHEPERERED B3 T Y T AFETER
YT RHIRN O ST O LK 2o THL T 5 LGE L, T Y R IRER I A,



& DERICE > TRERIERT D Z L ailAhr,

IR & OB TUX, fFiERT R & LT o fg
RRWER D70, B Z L OFEREZ Y 5
ZLEMRTE Zao%?%%&izﬁm—?z: Z N, B
FORESEZ X DT -0, iidmsrto

%5%y§y&—ﬂh%%ﬂﬁfibfﬁwto

TR S DO BEIR E 1% 5%, 10%, 26% (233 L 7=,
TSRO R N A < B Y, B TSR
Liz& 2 A, WK OBERED K 5 7AW h e
WTE, LML, BRI EZMEND DT DE
B A ToT- L 2 A, TV a— L3I IR T X
ot 0F Y, ZOERBRFIETER SN
DL, 7TV a3 — )LRBEZITDORWEERO X 9 72
W LB 2 T T 3 — L RSER IR E R
e LTZREEC p L — 72 SHZ EnTEBHR
WCHLIN, BMED+DICHIEREICHDL D
WX, I 24T > T2 I KRBED TRV X — %2155
ZEMTE, BIRICHRER D, ZDT=, T

2 S BE R RE A DO FEL 24T 5 B8 AE D A
AL TOVT RS I RFRIC K - TR
L= Tl Wt B2 7 £, FERENKE
VI ETRIREE - A <> TWDH Z b, b
TR P DM 7 3 A B O BB R 73 < 7 B 48
M HERR CTE 7,

K1 fEROOET.
£ B BERREE 5%,
, 10%, 25% D iR A1z Hh,

ERFEQ:NAF IV T Vv a— VR R T
ROV INEE RS> TND 2 E R TD
T, BREEZ T, 7L a— LIgEE 21T ) %
BZE2 BT 5 2 & 2elATz, 1/10, 1/100, 1/1000,
1/10000, 1/100000, 1/1000000 |Z D 7= ~F I
T L a— PR 2%DEREHIHEA L, v
Jhan=——FHEEL- Sohizan=—%
~A 7ty hEHW T an=—¢
I T TR, oS van=—F w7
T REECTF v 7 T LIRS IR T
SR BEORBREZH VT, IRE ) &R TIX
R EERET A LT, T a— VR R AT
D BERE A HH S T2,

FEERFEE(2):1/1000, 1/10000, 1/100000, 1/1000000
(ZHED T NTF 2 Z WA LT 4 RO IR RS
MBI =—ZZEI 12 HF O, 48 KD
WK CRERS B LT, TR R, 1T EALED
TRIRES I CRIL OB 2 R TEJ, FBIERE D
MBI o T, IO T DR T2
Dbbolen, ZOFEH T IZIEE-STLE

W, MEFEIZ T V3 — WV REEE R TX 72 b DIX
KiZ o7,

B2 #RQDOERT.
o5 E X, 2R EH
ko TH-an=—
= i M OB T, AMOER
e Y L ) an = —
By 77y TEATO, WRARET I CRAERTE L T
LERA-.

FRITIE@ T Y s b P HEERE RE 2 538513
DI, NF Y iR RE U EL A, B
P 50%I R L, BB R L7z,

FRAE RO X 1 & 520 AR B < ST,
BETRFEDS @ & T X R OBA M 00 S I T
I < T DA AR T E 72 (1K03)

X 3 FEROOET IR D
’ = Ewﬁbﬂﬁ%ﬂﬁ‘TW:~w
N <2 (D RV DORET b HERR
AN

i —

PUED 3 SOEBRMERLD, BEERBRE T &S
2 DHBEIREE 80%D T I Y h CHIFET ALY
L2 EET, 7V a— VREBEEZITOR WA H
FIVRTAEZFESTWDHZ &, SEIAFELE
ANF Y ISP EBERE SN2 & LT, Vb
TP o G TR EE NV Z VR E LT hH N
/37":o

PLEORER EREZ I F 2, RO B DS E
FiEE UCROFEPHFIEBLE L, (X4
i, ANTFIVERED S ORISR 5
L, 7V a— VREEZAT O R 2 I S 5,

ARERE O £ o 72 R 2 B RS
L, avn=—%HEET %,

B onican =—Z2 B ONRIKE I CRrE b &
LTy v/ an=—Z2HESHE, 7ba—)L
=—=NEIIMEREND D,

FEEAITH 2o
S I

4 FEREORBEBOUETEORET, 1L,
FIVEED THEREE LZ DO, BRE Lo
I L TV DD, BERNTT L a— L%
BT HOBREDNE L CWA EEZ BN D, i
1%, 1 CHIGE S 7-f R 2 R M X 5 (2B
S, an=—FHEEL TV AT i, v
aa=—vty 7 v ETW, BERORBE T
FOEEER L O DERT.



I. MEEOFREELDDIER

T BN EBER U OE O ETEICE,
i OBE R L O MR RE 2238 51 - Bl R N & E
TR0, MHFEVE DA M O R R 325 2 Bl AT

IMENDD, T T, UTD 2 o0RBEZA LT,

FhE 1 o — R FEREE O TZmbhEE T L 3 —
JVIEBERE ) O TeRR IR

Felr Tk

O 60%A 7 11— AYIR & FERK &R, FERE %
TS5,

@ BT 10%FAR U 7= BRI 10mL & O Tl
B 72 27 bo— AEHE 100l 28 H o, Bk
JEE 6%, 30%IZFH LT = — R HBEE I AN D,

@ Fz—RFEEEOHKMOMAY Mz L
T A0CCOBELZ DT, FEEE O BRI KD H
ELTHDE 1 I E S TR DR A EE

N
Z

73

FHAIL, 10mL 8 & - 7B CRE A2 R0 5.,

5 FEER 1 OfT. EMOBFEENESIKE N
N, 40°C OB TV DIRTED F = — R IE[E
pean

BOET T, GAIOFEENEE LTSI OB A&
102 EITHE LTV AT,
KR DHEAE B (mlL)
10
x @
8 X o
6 . b 4 -
x x
4 » x
5 X b ¢
®
X x
0 o @
2 4 6 8 10
FSHRER (43)

6 Fo—RREHE CORMBOREREEL KL
77 7 KRS SO RER (43, e A3 SR o 58 A4 &
(mL) , JLBIIZLA T D@ v
CPEIREE 6%, iFEMES v
X FEREE 30%, MiHBErESH 0
@ BERRE 6%, MiPhEMEZL L
X FEEE 30%, MBErE7 L

O T, ANT Y DA EE LB T %
RHI 07 B THIGE L TR o 7272, 325
WCFEH C& 2o Tz, ZD7 8, TIRE TV 5
BafHA L CERFEEZRIET S Z &L &
WDHEIRIEECH T L — LN TEX 5 LS b v
W T NALOEY T O B 5 R E LTl
U, MO 72 WEERE T H B Rtk O AR Y 7 % %t
MREEBRAE L CHER L, s

FERIT, X6 DT T 7DX ST T, MtHEED
B DOEERECIE, BRRE 6%0 & X 30%D & X HA
IROFEAFE R & 72281372 T2, — 5 C, Mtk
PED IR NEERE T, FEIREE 6% & & L0 bR
30%0> I DGR O F AR FE A3 L7z,

ZOFEBRIZE o TltbEtE o242 R &7, L
L, B3 U TR 7o BRI K ) % & A e )
ISR, DT80, EERZ X D FRRINE L,
FEIHIADEL G ONDIEREN DR DIZ, Z
DOFEBFETIIMNE R RN T 52 L0
BELTHhRoT-. 20 2 DOMEE I 57~
DOEBRE LT, ROFER2 #1T7-o7-.,

Ehr 2 LT — MEHWEmEET L a—L
FEWERE ) DR FE R

FEBR Tk

O TR DOIMFENED 70\ O EERE & TFENE O & 2 BERE
EENTNEERENT 10%ZFHR L 7=%, BRIk T
10000 {EA7R L, ImL & 7=V OEER A M EkEHE
A fd L CHIE L7z,

@ WERERICIESEHAR L, BErkk
2.5X10%/ p LICHi X 7oA 20 u L & A7 |1
— AVEIR 20 1 L % R, BorE ) 7o IR S 6%, 30%
WAL 72,

@ ZDIHIH 10uL AT A KH T ATHEHE, BN
— T RENT, VL RNT— MNMILT,

@ PEMEICT LRI — FICRIBNR RN L &

PR LT721%, §9 40°COBE T 15 iz, 2D
B T ICEBEERE L, 7L /37 — MNOZE
{bzBlEE LT,

FERIE, BT DX Do T ik 0 B B R
T, FEREED 6% & X 1 30%0D & X b, KARDHE
B LT R MR C & 7o, — 5 C, MhEMED 72 i
RECI, BHREED 6% & Z 1IXKURO R AR T
T, BEIRE 30%D L XX TE 2ol 0FE Y,
FER 1 EREBEOREREZ R LT D28, T LT
— FEHWEFEBRTY, 7L a— LR L D5
Vo L BEREOIEME 7 L 2 — L3 EERE 1) O 47 1 %

WCExEEBEZOND,



M & 0

M 72 L

7T TV RT— b EAWEEROKRE, £ ED
GEIIFERE 6% ClhEED H 2R CORER, A
FOBEEIIHERE 30% TIFEMED & 2 BERETORE
B E T OGEEIIPHRE 6% b 22\ W EERET
OFER, AT OB EIIFERE 30% CltbErE o 220
FERECORER, —HOEETHRTEDLHWERD
Xoboi, 7 a— LR L > TRIBLT
WHERT,

DA EAS
X o — RFEEEE (FE5R 1) 1.4X10" @
T L NT— b (5 2) 5.0X 107 &

F1 G| L IR 2 TUEARERE MEKE
BRI LT L7,

Fl, RLDOELINL, Fa—REREEE AL
XL TURT— F RN L XKL ERRER A
B U7z R, 718D — N EBRIT X = — 1 F B
BhR W ERO 1/2800 ORI TT L a—L
B L D88 L HEVE T L o — LV ISEERE ) O F
AR T D2 L RbhoTe,

4. &R

ERIATF Y D DIESERE R RO 5 2 &
IZFEZTE TRV, KEFFEIC L » TR L7z
B HE L HIE 1 O C, PR RE 2 HEE
L7zWEEZTWS, £72, (ke Lvw) S
DEFROREL LM TH D, AMFFETIE, (b
M & TEWHERETHL T L a— LR T HiE
1 EERL, INEHET DO OERTIEY
R LED, TEOHEREZZ D SNWEGAIS, #
RBARIRLCit 2 2801 E@EFTDHD, KK

FEREA D R UsRE v 1 7 B {ESD ECITEEIC
7o T B EEBZD, e, XUEMIIVE Y
TR DEICHERE IEE 50T, @O R E
TT NV —VIEEEZAT DRI DL EE L IFRR & 720
N TH D HEHREDE < 72U 3 ITRIR L, 5
PEEE MK < Z2UTIRIR D Bl & T 7L o — LR li%
EITHORRN S 2L, B v » 71X T
XHEEZTND,

RZ A A4 —Z M, —EBRET 5 LIRIRM G L X
2B RE DR W - CTRBARZIZM D 1=, 5l
BENMFIE D, L L, FLENE X TV DD
KARFBEREAD XU~ v v 7 Thiug, e
v PN & EIEEOWREICRD, B O REERE ) %
FH 5 Z L, FwIRMOMEEE L7V IRRE THf
XREXIHRDHES R E LTHNWDZ ERT
XD, 5%, NTF LY NOMHERERE 255 Z L8
TEXD, mUOEERED o v R CRIESET
INANED DBED RT7 A A4 — A FOREBMOBRR %
T2,

5. Hif

FAERFO 57 I8 #d & 5 15— #d%
5, BHROMED AR R E e L EER TIRY
2V £ Lz, £z, WHERGESE OIS R
ITHEZ R L T2 & E Lz, AR
L TFE oS EITIE, L BEHEH L B
FT.HONLEITSIVELL,

6. ZEXH
K1) B Z 7S EREREIC DN T (AP L)
| BRaC 4 5 K e
http://www. salal. jp/shirakami/shirakami. html
%2) I — FEEN) FARLZ/ S LR L
AR B & . 59 &% 10 5 p. 890-892 (1964)
%3) MBS MRS RE O R & B it O ZEREB L.
G
{b & A Vol. 30, No. 9, 589-596, (1992)
X4) 17 T 7 OMENEZIKS, FLova—ZAD
AN ARERR L 1T
https://www. food. hayashibara. co. jp/library/8/
5) AR O BT - KoK
IR - REFEK 2 Wi \EAE (2008)
36) BRI B0k U T-BERE O BE 8 - (RFFTIAIC
B9 2 R
W M WD EER RS 2 —
b T v % —(2016)
KO NAY w70 | BALEERAST
https://www. nichifutsu. co. jp/products/foods/br
and/lesaffre/



AEELRENTEZED 212H20, ZONATEEED ST 2 IC Y - TS 20t %
Lic, ZZILDE A, RS THBZWLIEE, BELLHIELZIT) 2N TEE L,
BE - AERIVESEHREHL BT ET,

WHoEFEE FEIL T3 i S AP AR BA B
AL T2 v S R A g HEER

EAER PR 57 IEH
EAER IR F Tl - Hdw

S EFEFRE AR GSO {LJ Martina £

g s PN/ SN ST R 2 St T R Ry TRRS SOk %
e K IRST R S S b KA #uiz
JE S REFIRBEERR U o SEpffiaR e v 4 — ey B X —R
FRETNALE PR KR IV NI S
FOR 2B RS BE N ] - BREE A e R A YN ¢
fi] | LK 27 5 5 B SE AR 2 R T R FE Bz
] (LR R BB B AR MR AR R R LR 8 ki el HEdw
TR A Ay T 2R E A 158 R Ko iz



SEhE0 v DEDFEEHIE

—HiehEACYIDERLICEIIBEERLEEMERICET OME—
EILRICRLSFPR BHE 28 5EKERX REERT

HROBE

AT, RUVIWARXILD—FBTHAHIENEATYI NIZTDONVTERLTLNS. KRREITIIICH->THIEHE
O DYIDERILEBEERZITo-. TOHFRE, —BUEEKENEODYIDARETNICTHICT SO EEHE (e
M) ZDNWTULK OO DEEETRT ENTET-.

2]3]2] 2]
08 N

HEHEADYIIER VLN DO—FETHY, MXNDIRABEZNTHh
DH|PFTIZEZ SN TS, EHRLTEYDARTIRBDOHEERLTWVSHF BOE = B
DHNELHLEIZLTEYD AT ZETITAMEEN VP EASEB/INXILTHS. Bl mEam

AREEITIICH->THighEaTvrEERELT-. ABEFNITRHET 2EOFEEHIEIZDONT, LKDH
BiehEnousdEZoN=8FOE M (F—) /L DEEEZRLT-.
TMXNDT )R EDEBIRDMBEREET H/VXILT
H5.
CIT.RELTHASNDISAMEREERENO(HATR),
1(BIR)DMXNDITI%E

all cee ajl eee aMl
A1k A amk | € {0,1}M*N

@Gy v Gy - ay
ERL, AZBEFY, AATLLTHEEE
A3 A
E9%. Ff-, BAONBFETOX—%RLIZ5I%
cM= (Cf)7=1 = (cq, -, Cpp) 0 o - 0

N [1le=0M&E A=0y=[0 0 0

RY = (ny=1 = r;v : ot
e 0 « 0 - 0

& iT'M:N“—C' . [2]0<e<M QL%

w = Wizt = (ex s O T s T) MZ0(mode) =A=0¢, M=0(mode) = |U = (ﬂ)!
= Wy, o, Wagn) 1 o 1 - 1 )
L&, P :
CM = (w)M,, RN = (w)N [Ble=M D&E A= 1 1

I=M+1 : oo
& RTENTES. 1 e 1 e 1
o, wDTERDESIZEET 5.

wy = (wl,,)Z’:l = (wll'""wlp""'wlqz)

0T, BRASAVYIRUTOLIERSNS. L N\BEZ NPREGAUULAZLO—E, BRAS
TR RPBERE T RZR, 2006/07/03
M+N _ M+N . FMGERR A SRMADYIISZIVERBRLT VTR L,
s ot G (OUN S M SN, FELEL AT RRE. AT MEFELHE, — i
@ RN S AT W CM A ik NEHRLEF R, PP127-132, 1995/03/07




Vv MIVDRIC LD ZETIKINDFEDRE

FILEIDENSEFFR BER2F K

K% xm, BE

g, Ak 0E RE B, RE ES

=, AR XE, mmE B,
BEE (ME K&

RKG HIHB,

/EEI‘J

v MVICBENGE 2 &EIC L > TESIER
DZ(FHOEAL BEREDELICED LS

‘\\

JELWJ\IL/%ODD"EEE SMIL, BET D,

/m ~

Vv MVERARS. BELU.
TOEIEZRFETL. EIEZKRDT,
BEEEEICy, —t, v, —tTTT%E
ERR U7z,

TDT S D =IEmEIRE E LER U Tz,

=

vX; = UXj—q — 0.25v;_1 - vx;_1 (t; — ti—1)
vy; = vYi—g — (9.8 + 0.25v;_1 - vy;—1) (¢ — ti-1)
XFHA D v MUDRES
m,yf"iﬁfﬂCEN75@H%

t; IBBICHT DHFRE

GOSEN

Z
m
0
>
9

@%ﬁ%

<

-PIETCIIEREEDENHD EDA ST
‘

. T ()
PR (2)

. TE(ER)
—PH (EiR)

v_y(m/s)
& & N O N B O ®

°
®

)
)

of8

2 D INEZAOREE KD & R o BIR

PE. PEE L ICERIEIC

Vx(m/s)

Wi,

0.5 1
3 t(s)
M3,4:17L—LlED v, —

CEB L BHINE, REERY K
AN DTLARRATIERALAEEZ -,

v),(m/s)

d A NONMOO

4
t, vy

=P

ki

A2 - 18 (EB) o PIE(ER)
8 \ —PE @ PE G
= 4 ' :
E g ™ i} o =
Soa e e i
3 = L & e— 2 -
2
1
0
0 0.2 04 0.6 0.8
1 kRFEAEORERKS & R o BEf&%

t(s)
1

FMEZED Ehh o7z

-t 777
LTWBZERDHA 5T,

L t(s)

1

t(s)

8

-

LDIF, y AAEICIFESIENROHE

A=

v, —t RN ERU L DRMBEZER>ZEE AT

RFEBZT.

:J v MIVDZEET S T ICENDARSNZDIE, Vv MILORAEDELREICELSD

EHRUZIT, v, —t T TIFETIEHNGRUDERED

EXRNORE

SEXM

[

NREIVEY Y MOy IOBFTE2EWERA DX L
https://www.nagare.or.jp/download/noauth.html?d=32-2gencho.pdf&dir=106

]




BRLISFAREEMN 2E SBEE, BLUR, #HRFX, G HEE BEE MEXRE

WHEREARELZ RN EFERFT L. MAOERETLEEERT S, ERETLVEZAVCRERHE t[s] & KHZREHDEE vm/s] D

HRETFT L EROTHEREOYHE L EHORIREERT 2, B zRkH7c, BLWEIXFIEUTOLS ICERT 5.
L BRI OREREOES [m] 0 :?ﬂﬁwﬁﬁ? ]
uocRRE [Pas] X SRR OBEIREEE [m]

24,99,176Pa-sD /KA T A (#hiE 7R E) % Sl o DML & BIE P HEREOBE [ke/ md] t o EREEE [s)

77 UILRISE T g EAMEE [ m/s?]

45° ([THEF KA T R &R e |

//

FTNBKHT T R%E LD SBE
Ak Y TKRH T RIEIHDAIE % 8IE M1 EBROBRE

%Hﬂ.l@ﬁ] ®5 : BuwixF

1. PEBREOREL»SOEI ZANAEICFTRAARORIZLE LT, ZAK
DEEE KD 5.
. ORIRIEEREAEE T & L. MIRRED SxEAISRBED S S 2 KD 5,
. REOEHOES X, HHOFIEEH LT IR OKHOND, £oTL
@TROEBEEZDORITKAT 3,
HEATBEEx & iR DRS v ORMRRANTE D, ZhiEMa R L2,

5. BWOARRARE, MHAXY t=00LE x=0] »"OoBIEREED D,

BROMBR, KN 7 RFEHTIEUTO L S mny E. LT,

[ K7 Z2DEHEDFHN ]

@ RNALEFH KN T ZHFHA

@ FZmICEEL, TRICRNAD

® TE FiEE) CRhAARZZET

EBOKFAZ ZADENEY . ANILEERT D M2 : Sl DET

FNOBF AT 2 o _ L i — 4
[Eiwst] t 2adx+2ac(x+§+b) 2ac(c+bd)

[ AT ] pgsindH 2L(H+h)

= = = 2L(H ==2
HELERNB AT T 20> bHNTEEOE @=trsm P = dan €T HUW N d==2h)
BRI L UL, TRy ERREH S - _d
g e ¢ =10 ¢ v=3o
li\;“itggﬁ‘jtgk‘o M3 EEAR

KAZ ARG FE BV EDET 5,

3 2 JK o002 |
RROER L 25 5 } g "
@ k5 ABEORAE AT E 5D e 2 ooos |1 ~24pa-s EHE
=AFOES MoKV ) & = % . =99Pa-s SEHIfE
BN Lo THIETAA~EFITBSHT 2 B oooor | ~-99Pa-s EHR{E
$1E & 959 5 B L BERLC & Y L 2 e, A176Pa-s TRE
@ EORLYHREATAICREE L= ... & a —176Pa-"s Eﬁﬁg
KH 5 ANEHERT S (AOARESE) ‘ A
@ AL YIEWEALHICTED -

0 50 100 150 200 250 300
4 : EEiE ﬁraﬁ[s]
DO~@DEFABHEIICEES L EHIC, ZAFOESORNTL, S>DES IE
BHRAICEC R > TV, o, REIICEBEARAROREDIR (FCITHZE)
ICHl-> T, ZOETIIEFEET 5,

® BUESNFET S

R ORBIC L > TEEILED,
SR DK Z ZF EEREENIERH TH B,
IBRMEIF24, 176 Pa-sDAK A 7 A TIERAE L (FIF—HL TW 5,

[(EF]

s EARETLVORERSOEAANETIMEDER & AL 2EHRIE, KA TXORNAEETHY . EBDKAZZDTREOAH 7RI
BURLEWSHEZRROEL AW TUEIEL TWehnlleEIOND,

s KHEA99Pars DA T RITOWT, MMEDREA L L TEREECHA ZOENGENEZ OND, L L, MELEKEUSNTE
BERSOERNERELFIMETC—HRL VDD, ENRETVERIERAORE LOES LR TE D LER T,

(S DEE]

SBEENRET N EZAVIHIERGOMEREALZHILYT 22 L 2AMNIC, hOMERFTCLERZTVERAOEEEERIEL L,

ZLTUBONEBRETLZAVT BLBETHECAECE2AEEHILTUHE L,

AE—Z TAANLRITNESERE TV (B R BE~EEERTICYE LOESEREESOET L) | HARFRHXE (6iF) 7157115 (2005-11)
BEBA [ERz23mEH%]  GtERik=att, 2009%)
AIRESR [Z27atvy Y v VMREEFBREEER] http://www.msre.kumamoto-u.ac.jp/~process/




AT4yv 7RV y 7TRRICETIEGEAEOE N & 1&EE

RLRiGRLSFLR BHE 2 F
1. R ER

2T 4y 7Ry TERE L,

HbD, I TERPEIE.,
2. BmTTIL

2T ARV y THRICEVE LA REFIIYERICLYE
BB EDHIALT-, WEODEEREBIMICL YV EDS I HRE
InsHh o, HLHRAY Yy TEOBEI’EFIRE OB IZHK

wH #%H, CAKOFE, RfREFA

BIEEENNMERT 22T 4 v 7(EBREL, BIERAOIIER
FTHRY y (T RYPRED, FHEICKRBENICENDIBROZETHD, ZORRIIHMIHOE
EOHRTEEICRDZENHE—FH T, BIEEBRNEHERNOMEEDEWICL Y BBEHLIRET
(A Tes | ICERELE T, BROBE~OFEHRZBEMNE T 5,

HEE E KW, HLEH

HR D BHH
- BFORRE
CHDTANR—DRE

4. BE

(EERSHET V) DREDRRER
BT L= 2 A TLIRARE LA > TVWBE LD ICRR S
=T EBRHANP0ICHZETORERTIERLAA?

FLTWhEEBWEEZ, UTOETILVZERL T, =T, IRARFLTERT 2 ETOREATEIELA?

(EHiRSHETIV) ChosEBLTHABETAELCE
€< (RNYy FEFTL)
EAED - i \ ‘
__ = % N B
1
T, > ___I__ _:____‘_' __________________
Gl ERTIITET
T, EEARY AN T,
T, LiEn o
Ew oLy (L7 ARy o BEAERL L BE&Y
planyi-g IfH7 A7 YRt = S X <
< CTRAERA Z ORBORE RIRBIC A || HARAEA S
EENEBATT <HBLEE
Y s .
_ m 8h
. P — - Tss=T,+T,=m |—+ |—
HE&Y E= :’5/><71‘06J5P?)]x 10° ,f%:(az +";Iz) : N= ky rigdall ! 2 k g
EIEH 5 B EERANS
BIATHDERELTEkERD S
Tss=T{+T _x+ 3m 2 y =1lcosf—lcos ]
ST 4 Ty=og 0 _
v 3
2y 3El/mL N-EERS kHAIES yiEs
I )
3. - HBHR 0.021+0.002 0.015+0.009
[£5] -
b o s T, 0.07140.006 0.04740.005
FUIERE v =65+ 3 cm/s es 0.09240.006 0.06240.003

THIE AT 4 v IRy THRER

ERESHRAMENET 5. T, mmp —3  EEHHP OISR TROLA>TNE |

| mmms 00 = fi(s) T, m R—3 ERCHEHEONAEETETNEL S
0.074+0.003 0.015+0.009 b, HERESrRoREE
0.0023+0.0007 0.0474+0.005 . i’@ﬁ(:%—?\ﬁj‘i L'C\A%)H%FEIEH?{\ %’ﬁﬁ_ﬁﬁﬂ@%f$@$?ﬁ@]@ﬁﬁﬁ@
126 E2 5 ERERE S 2 <HBTED,
Tss 0.076+0.003 0.06240.003 C EFAAONEHELT, ZRARFERBT I EHATE DD

RIET D2ENDH B,
cERDB|EFICL > TEMEOEEREI A S A TL S EEEHE
SERZUETZITHEEZTTHRL,

MEDHHEARNT—HLAL T, £-T (BABIRGETIL)
FRERAE S FCRETLWHRWEWR D,

6. &M

1EBE DExiEohF] EEEME. 20004)
2.0 E (X7 4 v 7Ry TRIBOI-HDEXRIES] BRI LRSS 805 (2007) 45



BRINMEIRRICH T DM FDEE]

BILEISRILSERR BMEX, RRZEK, LEHKR E8EF MERE

1RO E

BREIRR & ZHEIC &
ERCE BRIEEE =2 — X TEDYRY IS

VDM DNBREIRICEZRRTH D, IFHEBZ RS IBHROYEEEN EFHERIT,FWY AT
LIREDRLE - BRICRALTEWEE R o, HBHRONFOIKCEBIIEMTH S

M. AARTIEINE SV TIUVRETILTERET DI L TRIMBRAERRT S 2L 2B L, REAROBRLARTSHZ LT

MFOEINEIEODIARFETAAEDBELTVWDE WD Z

EBHIY, S SIS TAEOERL S £ <R DI LIRS M,

2 BIRMEBERDET UL

EREOBRMBEROFEERA S Z L CEBETLVEERT 2,

TTERBOBIRMCBRRIE,

SHEREERI

B

CIRBIN 52 52 2 ko &y x | BREET  RRkES

DO~BDFHRNTHETT 5,

@ REF 5 ORT, HE ORI T ALS
FEMTH D, CRIMEED

i DRLF AR L e
® *.L??b‘,% b Lﬁ@ﬁﬁ'ﬁ' BRI FISEICFEE D, (%ﬂﬂtf%ﬁ)
REMICEBREMET 2 2 & ICK YKADOMEN ERT 2,

TR DKEDAIBDERE & EEREA U TISRT,
IERE h's = —17.1 mm, EEE h's = 11.4 + 0.6 mm
ESRE S EREIMITEHNT WS B, BRIKMEBERABIRTE
7L IEVR AV, TOERERD LS ICER T,

KEEZRYIRT T LNl WAL TABENL DL S (T
TEf, DEVHRFOFHESIFEETER VD TIZER LD,

ZZ T, EREICAETE DRI FORERAZGEOADLY IITF
BTz it BREXRIF AR Y VR —ITHF EKE AN,
FRTHINTFOREERDD Z & TEHTZX 2,

6 BRI BE

¥ SERICE TRICE
YUTABETALEER, || 40 e
OKFEHRHTHRIELL | o6 o ¥ hsd
BFILTWD ERET S, e L2
@ BARIL FT# R TP BB m .

Nehs e |[THEE D,
QRFHeEF > oD T K
HOMLE hy HE < 5,

M2 HIABAELEIILAEFL

EFLD EFILD EFILE
B AT ROIART BOLAET

33 35

3 KFEIDOEFET L

L EDBwET LD SRR DR FEREEE 0 & St F/KE DAL
Bh OBRAEEETZ, L CRIEABROER KT S
ETCIDETIVOREYEEARIT 5,

FIFOMMANE L WEFNIEE 3
DESICEEETFHI-Y O
BEEZTETILO~BD
EEALBEL,

KFDFHEE m ORO YIS, RIRILIR DKL FH LB
HOHLFIEERZ ZAVTERAZEHLE L 7,

IKDETE Vy
IRt R T RIEERE ¢ 2ty

EF D=2 o i, e -

3 s FERERD 0T
_'E7—_‘}|J® o= 3 ‘7_7 —2r DETE V, ZBES D EER
SRR O KEDALE h

— 4\2nr3
€7 )b = [——— ’
TILBe / ——=—2r = L )’ 1 -1

x? Qr+6)3
THEREERT

3EHT

BIEDEHET L ETICL TR amrim
AL DKEOME by &R %—2+3ﬂm
ERAzEH L7,

I N AT L Y OT= x? RRABROE@E
M:HWFEEOEE m: HFI12H-YOFHES

(2r+£”)3 I
(2r+)3

T RFHER
Vi : IKDIREE

4 EEx

AR LB IKEAERE & ) b EICHT AL A
BETED LS I EKDEBERAEL TH <,
@ 5% WEAWTRIFZL.0 mmEL E2.0 mmKED

#200g BET 5,

QDD &K mMLEBBRICANTEHED

RESEBE RS TRk AR T
QR DRI TERETEIC M%&@é

BENTA—=REFAT 5,
WOFEEEm T v X L30KDFGE & -7z,

M4 fRENERE

TR BOKWFREOEBEICOVWTEETALILICRO LS &

I AN CIOF (Wi
—>

EF)LA : ¢ =—=0.07mm
2 <0

EFILQ & =—-0.41 mm
EFLA 8 = +0.17 mm

Me HIFHEERL OEE
D -@TlEY<0 > HNTRLPELRSZ > FE
ATl ¢>0 > RFHEEHEFEE - ok!
2F Y EFAQDEOILART DR FEIDPEREREEATL D
FHBATE B,

RICEIRIC B OAKEOMNBOEBGE & EBBEA L TICRT,
HME h's = 10.8 mm, FEEME h's = 11.4 + 0.6 mm
REOHHENT—H mmp BIMMEIBEREOREBHIBFIRTE

8 ff‘l:l A & /5\?&@@%

BEENERET N TCRIRMBENIBIRTES Z LW RENT,
SHBITBEITRIRMAR T > -0 T — 22 AVTIRS
HPEIRTELNRIILI-V, ZOEICIE, #HBTFKEL Y ZWH
BOBRPDOKDEEC T A XDE SR EREIZEIL f=/¢
SA—RHMATEY — MRS -2/ BRABELZBET,

9 =& 3k
1LBHARN [REME~DRERSKEZE L 2RRILEN] £ RFEHICEN0.694/I1-57, 153-163, 2001.12

2. ‘F’I"F%’E_, AIEF— [TERN2EFEOHEREL ZOBERICOVWT] TEIYS RERAR

A& & #3%] |, Vol.36, No.3, pp.95-113, 1993




Z’\7 h)b’éﬁﬁ W=RBREICDOWTOHRE

ISR MEE A FEN BB RE EHR M HEA EE AL O&E BHFH S
feEE o fEF HE EH B OFB BAK ETF
1 8 FERQ — FIF
PEEOLEEKSEEREA DY - KER g B AR - TR
(BB CHBRGERC LI, Bh D-ERECEREARRE TCRES
R PABEDLSITRIET LDOM. BFAK OBRABRAEE A=K T TIL FCRAAE =,
HEMNTRAT L. BF 2/ —F— DA DFEIZH—H T b -
7 Rz EAN. RERSERS Ui,
EFAEBERNTARY FMILERIE LT,
BARBORBRGICE>TEROND. KD 7

ARG MILERITE LT,
O L 1=KE#&(F X TEE(X0.10 mollL)
NaCl - LiCl - KCI - CsCl -
CaCl: = CuCl. * BaCl. * SrCl. _ _
@A RN—+—(FBER L+ D E KA, B I Lé;fg,z

#£3 ERODHER 4 ERBRQDIER

688
=533~542

QM L 1=EF 7} 25(LGo Spectro(Goyalab). NaCl 590 45 =688
— h= CsCl 459 5 LiCl 673
3 $ﬁ§ﬁ® Wﬁ. KCl _ _ +CaCl. =623
DR ERFEMOFTH—RU T TIL MZEHAT 459 NaCl o~
T, BaCl. 493 5 +CuCl. =545~550
QHAN—F—DOHNKDESIZHh—RUTTIL K 550
EAN. RERISERC L=, cucl: 542 0 [fssgl' _ooe ]
EPARBEANTRAAY FLEMELE, cacl. | 622, rCl:
—_— . 549 CsCl 530~542
4 FIRERQO — IS VIR scl. 6009 13 +CuCl =455
EFHOABERANT, UTO1HLD Bl
% A R N—F— DI R AN I [ EBER-FLD
DEDARYG MILEH 1=, .
- 7 EREL KOBN2EEZLTIEERETELMEERL

AWA—=RT )L+ ZBOK HWEDAH 1=,
B)H—R Tz ~+DEDK 1EQHELT BB DIFCsCI+SICl. (B1) o
(C)j;—rlwv TIL+DOH - KOBILF(SN-FECs)IZEILLTz, CDEAE

HERIRICHEE CORBNEEAERLTHS

= 22 PURROOEE f8. T LEERZRRY FLOBREMNASKI
—ZH. ® Z I NVEX Z
. BHETORMOAEEEZ LN,
LiCl 666 2EZT B HDICUCL+LCI (R2) ., XD
NaCl 590 46 h—iko7 &I FL)>FRCu—FKL)eTe L=, TiELT-
cscl 455 7 mE - - BEIE, RIGHBETOBRMERRY FLOBKE
— — sl PNEKIZHAETORMELEZ >N,
BaCl: 549 6 H—RoT A= 606 nm -
493 e 546 4 A _ hwSts g
Cucl. 545 4 + =517 3 £ W dim @ cucl,
LEOK 590 i . ]
622 = £
CacCl. 549 3
h—HRr=
SrCl. 606 19 TILhDH 517 3 Time Time
H1 1E0HELTIHEEER K2 2EFILTLEEHR
5 =8O -— FE
DEEOSREABEENI— R Tz R S BEXE
HIAFEET-, i}
HRN—F—DHNEDTEIZH—R T TIL b HHE [REThR “3?]_ (B RR) p.117
@ ROTH 7oF L2EE A2

EAN, RBERIGZEEC LT,
BFAINABEZERALTART FLZEHALT,

LZDOHHAR (ZEHE)R IEBEE p.460



BILRIGRILSEPE BHH2E ER X % #HKX FHE 289 RE BT AF £ HEE #L EM

FEOREARTERAMRICSVT REBEBRBEICKHASRES
NEBREBE L. FLEFNBLAEEBERAVTCERARETD
E. KBEOBRBEEN I BITHHEVNSI T2/, FRETIE.
REBBNORAEREDAN=XLEMRATLLEAMNET S F
EAMEOBEMIICLYRAORBEEZEMSE S & THRHNE
MOMELGEDRERDIRILF—FRICENDEEZTS,

EFNEBL-EBEF—ERFEBEERNREICBEICAND
CET. ZREERELEBRICIYRREEBRADRREHILE
. REBEEOLE
BHEO_ETHS,

£ ALFERE L -EE
T HROER

A HIBOLSICEBEMIL. K. KEBEELEAT-. TO®

—EBBEILFNE LREEZAE LT,

<#ER>TF (B1) [Z&T,

ELLOBEBLBEDEEE YREEAEML,

—BB: BB FJILTR
EbHit. FEELER

XARDOZEROAEIZE

—HA: RE%E
DZEFYTHIY
REBELR,

FERIRLEm e

RRITA 2 TULVRLY,

CHBELLVERE (KF)
BREESVEE (KFR)

« AA
R

A ABEOEE (k&)

%&£ (/10 mol)

e BEOEE (BR)

100 200 300 400 500
EFNEBES 20 LI-BERE (/0

KEDOREE MEE) ZRHEY S L EXEBIC, BIEORE
B (MEE) ZAET L ERXBBICFLELEBERAL,
BLE-BREEEA L2LBEOBEEZLEEL,
KEFEEFBRERLIBOTHORARORENERTEDLETD
BEs., TOROERDETHER L=,
<HERE>KFZR. BREORBELERE (BB LFNEEELHD
ICAWE) OFBREET (B2) IZRY. K& (A) FEPET
REENZHICEZI SN ETORREENEMEMETT 5. Th
1T LEER (0) OWRBEEFEELEL.

[AETRFEERAOMALICEESA TS,

<KRBRQ (REH) >WAAREZHTLEHEM,

<EBRQ@ (K >ERORISKRABE T,

<EBO>ELFLEBICL>TREENMEMLECEITE M
HOBIMERRBEBRADHILICRFDE (LFUE L RO HEE
ML > THEEND) (ZOKFER2 ERBITRT) AATE. £
DHRITKEABRBESNFCEICLYRBEENEMLI-EEZ SN
%, BEORZTSRFHMLENBEIERIFE, KEKHDEEZLNDD
T, LZRBIENESE R FEKRORBFENER-DEHREAT
PoENTED, FLBICRERISEALLEEZ DT TIRRD
REENELELAEN O ZEHRATERZLDIZH L. FIFFERIZE
DTHRIESMBEINSGOICRBFENEL LGN > EHRET
2TENTED,

RRED 2

o 090 o0
.oo‘o..o...
()

00° 004 0 go0
RREE K3

HEwME L TKRORBEEEZECTHICK . EBORAREKRES
TEHEE BBRAZILFLEEEHILICTE>THEENDGE
EWSZOREZLND,

SRITBEDOAN=XLD S S EBADF-HITthD KA
0457 Y) OREIZDVTHEN, RBRODT—2 2BHL. B1 0%
LH-BRELBREEDERESSITHEALEL,




The Factors that Affect the Exploration Activity
of Slime Mold Physarum

Tsuyama High School Otani Y. Sakate M. Rambo M. Supervisors : Yamamoto T. Kojima S.

|. Introduction

From previous research(2018), Physarum is known to take
the shortest path in 2D mazes.On the other hand, Physarum in
3D mazes takes several paths including the shortest path. We
wondered why Physarum couldn’t solve 3D mazes in the
shortest path. To find out the reason, we searched for factors
that affect Physarum’s activity.

ll. Purpose

The purpose is to find the reason why Physarum couldn’t
solve 3D mazes in the shortest path by searching for factors
that affect Physarum’s activity.

[1l. Method & Result

2 kinds of experiments were done.

[Expt.1] Physarum’s activity on hemispheric agar

PURPOSE: To determine if gravity affect Physarum’s activity.

4 ¢

s N /\ oatmeal

A A A B‘ Physarum

ABCDE G A O

Fig 1.From above Fig 2.From side Fig 3.Actual Photo

Physarum and oatmeals were put on hemispheric agar as
the figures and the photo above show.

The length between Physarum and oatmeal is the same, no
matter which path they take, because it is a hemispheric agar.
Therefore only gravity affected Physarum’s activity.

[Expt.2] Physarum’s activity on inclinations.
PURPOSE: To find which inclination Physarum prefer.

4 90° /\ oatmeal
Physarum

Fig 7.Experimental Device .
Fig 8.Actual Photo

Physarum was surrounded by 0°, 22.5°, 45°, and 90°
inclinations agar as the figures above show.

[Results from Experiment 2]
All Physarum went up to 90°.

=)

‘ Physarum have a tendency to
N go against gravity.

10 .

EN

o

No. of times Physarum went up
N

oF oEr  gch . This is why
inclination of agar Physarum can not solve 3D
Fig 9. Chart from Experiment 2 mazes in the shortest path.

[Results from Experiment.1]

(%) A B c D E

g
S 40
; B N=3  N=33 N=6  N=3  Out of 4 different hemispheres,
£a% 1.2cm was used the most.
5 0 Therefore the result should be
& e more reliable.
£ £ 10 N
1S -
f’-‘: 0.9cm 1.2cm 1.6cm 2.1cm ‘ pick ﬂh&‘ Y'(—‘,Sll]f, Of 1'2("m ‘
hemispheric radius <>
Fig 4.Chart from all experiments N /
(%;O A B C DIE A /é\,C\_/Ii E
g
=
ﬁ ) § 30 <>
e =9
2 &
3 5 20
» [
& %8
= 510
<5
5
L o
et S A B c D E
Fig 5.Actual Photo each spot on hemispheric agar

Fig 6.Chart from 1.2cm experiments

70% of Physarum went towards the top.
The tendency for Physarum to go upwards was seen.

V. Discussion

There are 2 possible reasons why Physarum went, against
gravity in this research.

Possible Reason 1 Possible Reason 2
We could not reconstruct the natural Physarum has
environment in our experiments. benefits of going
vAe agajpst grayity
o ighnally e

-leaving their
descendants in wider \
i J @
ra{lge‘of locaftlons,l I el
-dividing their habitats —
from other creatures. TFig 11. Benefits of Going Upwards

Fig 10. Difference of the amount of moisture for Physarum

V. Conclusion

As a result from two
experiments, Physarum
can not solve 3D mazes

in the shortest path
because of the tendency NI Physarum's
of going against gravity. b needs

We expect that moisture, Fig 12. Ecpectation

light, and gravity affect Physarum’s activity and Physarum chooses the most
necessary factor of three depending on their needs.
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