B &EMAN XS
5B - REEEI—ER
19914

RERINNSASHEE - RKigt>9—




X —FEETICEE T

EREAEAY - 2E N B % =

B - KE - Ry —FROFEH ki), vy LHEL
T, BRELZMOTHRD LN L OiEE BILOELRLIE T,

Ky B ORE - AR — Y EBIOIEE, B L OERERR, SEOBELT 2
EXATLT, HUBE. FHOMEEEOFEMERLEEL L UBEREL TH k1
YI—TH N EY, WHEEOHE N 3 EFN L Rihy b ORITTRRR I b EEEE N
BRTHN LT, ZOMBOAr—Nb b L2 7 &S ) D & EEZT
wET,

KEL, EIIEMOFICE W THEERID, ZOREPBHRL. IR T HH.
WEERAT) DI BROZ L TH ) T45, KFEENRUL F 2 E2nfdh PERPLE
DESLLFFE~LBRETARNTLHINET, 20O LRNLERTDOAFLr—}
NG S M R AR RYITA D 27,

ETNFENRELZENL. H2HEF L) BRERC, 5B~ ATHHICA-T
BEELET, AZIBATRZ RS bz, EZ{OABICHFLo0dHD &Y
D, ANEADBEORYEL LMERLELETLH N T, Rk F—2FHE FFED
HE, FEOBBRIC OV CLTHES 2 E0FEEEEH Lo THBL 2T L )
A

F2EID, AHA-Y BB TOBEFR., BHoNEIREC L), 2L LWL O
T, FOENCEORIE. HEMRRELB L T, B ERN L ABBERICATREZET
HNET, BT, ERL AN, TIES Lundeio BicEET 8k, B
LARLy F—RyHAER SN, FHEINRICFH-> T4 EH A
BRIZ, Kby OB LN AL L ToBRIC W THRNLT ) £+
Ao FHEREMO SE L RRE & LR 2OERE. 20l Ar—-1nka s
. AEEHRARRE~AOEOREELLLLTWET, AOHREEFOELLE
BEYabiticizdngdi, Zohufrs, AETLIIYrL, #FTL, et
HIHEADFEROEHBL KD LN T E T, EALY, ZelFHIofTth), BET



LRV THN 2§, BFEDMEBENNT, TA=T 4 2E8HTIOBLY 7 MRS
DITFRFELT B BT, A —2 AL TEr LT 38A. £% D
HD LT, BIRZOGHTHEOERELZERR L EIFEd,

Y F—RROBFNCH2 0 mr OEFEXRLBHEVTIRETHN T,



s S DA i ot

1) iBiadic KE - Bl 7 WA e 1
Y —-XBAR

1) BEMG3GE A &P 2 R & TOFERRREBETERRIL e 3
) BEFEIGIEEE D & FHL 2 ERE & T HAZETE cvorrvvrvonmsorieniiniin e 18
3) HEEEEICOWT g - Ry — B EH bR 27
1) WBRIGIERED £ 2 ERE & CORTIHGRAFLRGL - oerrrrerrsooooossoosonoos 8
5 FNHER ERT— TN T BES e 31
s —HAAR

1) Ao s Z o TIFGRPAIZD wveremeroreneeseseres ettt b s bbb 53

2) WL W
D KHiz B B EEERFRO—RE—EADBA N HE —

B - EWS E - RA T e 58
@ HEHEEEOLHOREIHEH
?E-zl; :g?ﬁ& ................................................ 68
@ Artificial muscle based on the idea of a shape memory alloy sarcomere.
HITOSHI MIVAKE oreeeeceermresenenniinaneeininns 72
@ Jr Ty 2% —EFOFEEEEIC BT 2 EEEEE T 5 —FE
WIS W MR ERE R R e 79
3)  BETHFGDEEE T coreeeoveeerre et e 96
£) 2y A FEIRTIRIEEE oo 107
V- HEEHRE
1) s F o HIEI cerere e 109

2) 4 7 _H&ﬁ .................................................................................... 111



3)
4)

i 7 — ek —%E

ey 5 LB

..............................................................................

..............................................................................



1.

D

& U ® (2

EIU
--------- E - R 2 -k

WA Lk



1) F L &I

Wy - ey B K OO

B HfRisE R RERE L 2RI N T CIRI2E0 B H B L L2hS
IIRAERERE Y S FRB2RLRTT AR I N L2l it BREE
BOZHNOB & B#HTRETT,

A 3Bty — & UTHRUE, [PENERE - AR -V BEHOREEZ1T) &
&L ICRERIE - SO EE 24T | THE S LU REofEEEIc T 2 FMERG %
731 7 LT [ BATRFEOMEIEFWLE L LM T5] L) 3DDKREL
MAERAIGEEINTEW D LA, ZOMFNBREN SR W 2/5F LT -
S L EELESN  FORTLEAKRELLDE L > TV B I EZRBUTRAT YA,
BB - d @Bkt  FRET IR, R - FEETCLERIE, 747
A 22 A0S (CECHER » o EERA0RIRE FIT V. R OREIFFED
EPANATHORTYE Y, $ESEREE . S F A h =y 2F05E GEESUT) »
LR, FENREE LB TIEH ) FTH, b2 LI k-TETBYET,

FEFEoB Y Ic LA E Loy, SHBOMEE L $ L OB E OB R B
BE~O BV b L TR OEFTHN RO CEFEEHIT 5% & LR ICHL)
MO B 5 b EEZTENET, 4% BB L L VRFEMENELLLIH N 2
BEVWT 2RETT,



2.

1)

2)
3)

4)

5)

oy —(EAR

BEFI634EEE b 6 PR 2 SR 3 T O EEIERR2
W g etk T
REAI634EREE b & R 2 AR & T D H ¥R
FEEFHIIOWT
........................ %%ﬁ% %H ]\ %

BEAIG34EBE b & K 2 4F- & T D JEIRE i s Fl
FHARIAE
=ARNIWIE i

--------- HERY -2 v ) —X—itEe



1)

FRFNE3FERE A S TR 3 FE 3 THOERRRZEHEREIRR
BRIGIEE REMEEBAE

A H TH H 3] Eos &oHE
5 6. 11, 13 ﬁ%ﬁ(xﬁ)ﬁ%ﬂ%% YeRiER | R - B - B WA (X FEeER
LT
18, 19, 20 A“%ﬁﬁ%w% BT Mgl X S HiiE . &84 - &80 E
{%-m&-ﬁﬁﬁ-%ﬁ-
RE - #
25 FHFETEOREELN
6 E MR W R o IR R
B ARSI S E O BB R O AN IR HEE e R
7120, 22, 27 | ROER (X#0 EEEEORIIEE EH - H RS (X)) 1ExEitEE
2 W
8 53 g AR
9 14 g - Hisaiked HEEHEZ - GOT. GPT | 404D LHE R UHESE
.
21.28.10/5 | HE - 74 7" - El¥EBEEB DR FE - 747 BIENEHELE
SRS #H
29. 30 w7 ke BB RS LT A A miBHEeR
103 B SRR AR
19, 21, 26 | Feghi (X)) TEEREEHORIEH | A - B - H W (X8 1EEESEH
fR A
1118, 20, 25 HughiR (Xi8) {EgEftamofsleil | BE - B Hoatig (X8 fR¥EitEE
BRI
21, 22 I8 — kAR R
2 128, 29 81 R ARG
3115, 17, 22 | AHERTE - v 4 7 - MEEEEERO HEEE - 747 - Bl

1 i WA RS M

e




ABRIEIER TEHREZHOBR

CAMBZEORE
o | o o e | e B o2 o o f B
WHEEK SREE | T ¥ BIEMAR A LGB E B R
2 41 1,531 1,394 91.1 17 12 3 2
#oW H 321 161 50.2 1 1 0 0
it 1,852 1,555 84.0 18 13 3 2
O KER X IZREBEORR
T MBEEE|SRER R E|BEMAE | ERERE
=4 11,531 1,395 91.1 38
®oW R 321 181 56.4 15 1
it 1,852 1,576 85.1 53 3
O MEBIEDHER
, . # OB & #F P o & R
MR ERERZ R K BERBE S B OBEIS B RIRYLL | FABE B B ®
& £ 1,531 1,409 92.0 212 159 75.0 140 18 1
# M H 321 188 58.6 47 25 53.2 14 11{%% 0
&t 1,852 1,597 86.2 259 184 71.0 154 29 1
ORMEDHKR (FEQ - %5 - #m)
R I oo M % R 0§ R
MRER ) TRER T R EHRE | F R B S B o AEELL | HESBEIE B R
5 1,531 1,404 91.7 49 35 71.4 30 1 4
#OW OB 321 160 49.8 20 18 90.0 11 51447 ] 2
it 1,852 1,564 84.4 69 53 76.8 41 6 6




REFN63EE MEREDOER

AT YA E | L N S — BREOME
G T R B E R OE|REAL | GBRE|E B

1 94 91 096.8 13 11 84.6 i1 { 0

2 149 111 74.5 12 8 66.7 6 2 {

3 337 309 91.7 47 34 72.3 30 4 0

4 336 325 96.7 42 25 59.5 21 3 1

M 1 280 268 95.7 39 31 79.5 26 5 0
%I 2 271 265 97.8 50 44 88.0 41 3 0
i3 64 40 62.5 9 6 66.7 5 1 0
it 1,531 1,409 92.0 212 159 75.0 149 18 1

BRFIG3EE RBREOHKR (FEQ - ¥ - EMm)

Mmaw rpEnle poRl—— P E mREDRE
EERA|E R E| T B R REAL|GBRE|E W

1 94 91 96.8 5 5 160.0 5 0 0

2 149 111 74.5 1 0 0 0 0 0

3 337 308 91.4 7 6 85.7 5 ( i

4 336 323 96.1 19 11 57.9 8 1 2

M 280 266 95.0 8 h 62.5 5 0 0
M 2 271 265 97.8 8 7 R7.5 7 0 0
i + 64 40 62.5 1 1 160.0 ] 0 1
E 1,531 1,404 91.7 49 35 71.4 30 1 4




BRFNG3EE EEITRZZOER
HBREW ZREEIE B F e e k|2 B RESL | ABRE|E B R
1 94 90 95.7 3 3 160.0 3 ] 0
2 149 110 73.8 1 1 100.0 0 1 0
3 337 307 91i.1 5 5 100.0 4 1 0
4 336 318 94.6 4 4 100.90 2 0 2
M i 280 267 95.4 2 2 100.0 2 0 0
M 2 271 264 97.4 2 2 100.90 1 1 0
1% + 64 38 59.4 0 0 100.0 ( 0 {
E 1,531 1,394 91.1 17 17 100.90 12 3 2
BEAI6IEE MEXERERTZOKER
NEEK|SDEN |2 B K| ARENK BB B
1 94 91 96.8 2 {0
2 149 110 73.8 3 0
3 337 308 91.4 8 1
4 336 322 95.8 8 0
M 1 280 267 95.4 9 1
M 2 271 259 95.6 7 0
= -+ 64 38 59.4 1 0
E 1,531 1,395 91.1 38 2




TR

EOR

~

¥
)

S

RE%L

B
4
0
1
5

R&EBEDOHER (EQ - ¥E - Bl)

4
0
1
5

CEBERERUBBER

H
=]
fa

e =
L= i
"

=)
s

AEANG 3EE

11

13
4
2

19

il
A
-l

il
Ji
},

It

F

1
i
i
i
)
it
i
it

s
i
&
i
i

4




ERREE RROGEENS

A H @ H = P T
4 |26, 28 Fogtis (X80 ERREENBNEY | Ik - &5 - H WO (XR) Egitss
R
517, 18, 19 | & lerED I WEdT 2 - MR X B IR | ot - S%ORE
% M - FRE - BB -
TR - A E
22 9B O R
6 | (AT | o s RS o) R IE BT 58 - IE - B 0 B
8 ERE KL 8 ) SR 2 Y HIEHL R
7 119, 20 8 3 AR
20, 21 SR I B A B T T
BIeE S HE (K7
9|6 S MEERE - GOT - GPT | 4041 P8 B B 735
20, 27, 20 | HE - 247 - EEREHHETEL ORI HE - 447 - EEEHIEE
S HE I #
27 = kA RN HiEEA R
0] 2 8B 1 IEHERE AR
18, 20, 25 | fuhhig (X4 (EERERESIEy | 0w - &5 - 5 WA (X80 fegptss
e i
1113, 14 KEANER v 7 — B
2 |25, 26 FRE LS
S 7. 9. 14| BELE - 5747  BELBREZD HEER - 547 EREH

N R I RS

R




ERTEE THEREHOESR
CAMZEOER
s o OB OB o f R
MNEEE SRHEE|T B B AR L | RBRE BB B
2 #1 1,572 1,405 89,4 5 0 2
#OWE R 324 171 52.8 0 0
&t 1,896 1,576 83.1 0 2
O X IR ERTORE
MEEH | TR EE S B R AR BERBR
2 M| 1,572 1,406 89.4 35 3
# W H 324 181 55.9 11 0
&t 1,896 1,587 83.7 46 3
cHEREDER
I I o = B K A F A OB
MRAR ZRABNE D R o hn e R % R R RELL GRBE | E B R
o gl 1,572 1,413 89.9 171 138 80.7 116 922 0
¥oOW B 324 183 56.5 25 18 72.0 8 10 (9% 0
&t 1,896 1,596 84.2 196 156 79.6 124 32 0
ORBRENER (8 -8 - Hn)
ol e B OE B A T 75 o) i R
MRBRN\CBRE L B H o bn|e k8% k& RELL | Eams B B R
¥ g 1,572 1,402 89.2 63 50 79.4 38 7 5
B W OE 324 165 50.9 14 11 78.6 6 5 (@) 0
il 1,896 1,567 82.6 77 61 79.2 44 12 5




ERITEE NEIEDOHR
N o " & & B O iR
HBEB\ZRER 2 B R % R | % B R | REAL | GBRE| B B &
1 112 103 92.0 0 0 0 0 0 0
2 107 81 5.7 10 8 80.0 8 0 0
3 388 336 86.6 54 43 79.6 35 8 0
4 351 335 95.4 38 26 68.4 21 5 {0
M 1 264 246 83.2 21 17 81.0 15 2 G
M 2 278 268 96.4 39 38 97.4 31 7 0
1% 1 72 44 6l.1 7 4 57.1 4 0 0
it 1,572 1,413 89.9 171 138 80.7 116 22 0
ERTEE RBREORE (Eg-¥.BM0L)
N . o B & & HHE O R
MAER \SREL R R R o m 8% k% | REL L | GBEE|E W R
1 112 101 90.2 7 5 71.4 4 0 1
2 167 78 72.9 1 1 100.0 1 0 0
3 388 334 86.1 17 14 82.4 11 2 1
4 351 333 94.9 17 14 82.4 10 1 3
M 1 264 245 92.8 7 71.4 2 0
M 2 278 267 96.0 10 80.0 2 0
1 -+ 72 44 61.1 4 75.0 0 0
B 1,572 1,402 89.2 63 50 79.4 33 7 5




FREEE BITBSORA
T W 2 & REEOER
MBER|REAE S @ R h e b 5|2 2 | R il ABRE|E F R
1 112 104 92.9 1 1 100.0 0 ¢ 1
2 107 81 5.7 0 0 100.0 0 ¢ 0
3 388 331 85.3 1 1 100.0 1 0 0
4 351 333 94.9 0 0 100.0 0 0 0
M 1 264 244 92.4 1 1 100.0 1 0 0
M 2 278 269 96.7 2 2 100.0 2 0 0
s =+ 72 43 59.7 2 2 100.0 2 0 0
it 1,572 1,405 89 .4 7 7 100.0 6 0 1
TRITEE BRI XEEEREOBR
NBEW | ERER | 2 R ATAE E B R
1 112 104 92.9 4 1
2 107 &0 74 .8 0 0
3 388 336 36.6 8 2
4 351 331 94.3 6 1
M 264 247 93.6 3 it
M 278 264 95.0 12 0
e A 72 44 61.1 2 0
it 1,572 1,406 89.4 35 4




e i e i Y e

B O
1
0
0
1
0
0
0
0
0
0
1
1
1
1
1
3
0
0
0
0
0
0
0
0
0

s

B

F

&%

&)
H

RIEBEEOHR (BB - ¥ - BIL)

R 0 BB | BRELL

(EBERBRUBRER

FRTEE

I~ O i | O | < e | D= & D (WO v O~ iD= v OO e o O3
— — el —

mio o E T E o m - ,E.ﬁ = e " = L
r 1 Ao ; s !
._..Mkam mﬂ ﬁ e ﬁn ﬂm ﬁn B [hir=3 .u*m}w. ﬂwﬂ b....mm = blxﬂn i

X

s - ™ -+

r— o™l (2] ~f

...:-FZ:
M
M
i




TR IEE REREREFAR
A H H & | H S )
4125, 27 Boata (X)) {EERBEORIEY | M - £ - 5 B (XM feiess
B BE R
5 116, 17, 18 | e iE IR IR BEFT 75 - Wl i et 52 i - 2RE
i - KE -5 E -
Rk
23 HFEEE B OHEZN WEEYE
6 | 5/21~6/%) | EHMEED Wit O ZIREZ R OB BT - HE - RRESREE
R A o
7 18, 19 8 32 AR
916 B LEHERE B -OLER - M (GOT - | 403 DL EHOR B R Ui
GPT - #ovaAaio—i)
24 7Yy RE NG RRR i - LEX HEEEE
28, 10/3, | HZE - VDT - EEEBHIEEE O HE - VDT - BEEHtE
10/5 o SMB RS I #
10| 4 B 1 R AR
24, 26, 31 | MaHE (XMR) (RECEE 0K ilat | o - 528 - B WEE (X)) frptdy
RS T
1112, 13 KEARA Y 7 — W, #E
2 125, 26 B 1 AR AR
301, 6. 8 A% - EREBICESEORHE R EE R EE

E7AS
2=




R 2EE TEHREZSHOER
OHHBROMR
e VU IO P B ow E o i B
NEEB N RBER | E B OR ARRM e T
Ea A1 1,661 1,494 89.9 10 10 0 0
# W R 331 160 48.3 0 0 0 0
B 1,992 1,654 83.0 16 10 0 0
OIE X SRIERY ORR
HEER BLEk| T B B B RN BRI
i 4 1,661 1,486 89.5 17 9
o B 331 170 51.4 11 6
&t 1,992 1,656 83.1 28 15
CMFEREDRESR
. | %O M & B 2 0 i B
MBRBER | ERERNE B F e (% 1 K5 R % R [RBRE | B B
= = 1,661 1,499 90.2 134 77 7.5 53 24 0
#OW OB 331 173 52.3 29 15 51.7 9 5 1
it 1,992 1,672 83.9 163 92 56.4 62 29 1
ORBRENER (BH -8 BMm)
ol o % OH B & M2 O 3
HERER|\ERHUZ B R e % m K5 B % | RES L |BBRE|E B R
2 H 1,661 1,496 90.1 60 45 75.10 35 7 3
# OB OB 331 157 47 .4 18 11 61.1 6 3 2
i 1,992 1,653 83.0 78 56 71.8 41 10 )




TR 2EE MEAEORBRR
NHRER SR ER T B FE : \_ﬁ, o S ﬁﬁ Py — ﬁﬁﬂm%% o
EREE T B S o RIREYLL BRBESE B K &
1 105 97 92.4 6 2 33.3 0 2 0
2 121 88 72.7 8 4 50.0 2 2 0
3 409 362 88.5 27 14 51.9 7 7 0
4 402 385 95.8 41 20 48.8 16 4 0
M 286 265 92.7 19 12 63.2 9 3 0
M 2 266 255 95.9 29 24 82.8 19 5 0
i + 72 47 65.3 4 1 25.0 0 1 0
it 1,661 1,499 90.2 134 77 57.5 53 24 0
B 2EE RBREOHR (5 -%¥ - #El)
WREw wpEw| e p R R BREOME
EERM S B S RO RELL EABE | E B B
1 105 99 94.3 5 4 80.0 1 2 1
2 121 88 72.7 10 5 50.0 4 1 0
3 409 360 88.0 10 9 90.0 7 1 1
4 402 385 95.8 18 13 72.2 12 1 0
M 1 286 263 92.0 7 77.8 5 1 1
M 2 266 254 95.5 4 80.0 3 1 0
% “t: 72 47 65.3 3 100.0 3 0 0
& 1,661 1,496 90.1 60 45 75.0 35 7 3




Frk 2 FEE

BT EDRBR

. Sh I LI ok y
MBRER|CRAR R F mow s b m % B o RS EBRE | E W R
1 105 95 90.5 0 0 0 0 0 0
2 121 88 72.7 1 1 100.0 1 0 0
3 409 361 88.3 5 5 100.0 5 0 0
4 402 385 95.8 3 3 100.0 3 0 0
M 1 286 264 92.3 1 1 100.0 1 0 0
M 9 266 954 95.5 0 0 0 0 0 0
B+ 72 47 65.3 0 0 0 0 0 0
& 1,661 1,494 89.9 10 10 100.0 10 0 0
TR 2 EE WEXEEEREOER
NHREH | SRER T B L HANREE BB
1 105 97 92.4 3 9
) 121 88 72.7 0 0
3 409 362 88.5 0 0
4 402 378 94.0 6 3
M 1 286 262 91.6 5 3
M 9 266 253 95.1 2 1
R 72 46 63.9 1 0
E 1,661 1,486 89.5 17 9




Tk 2 EE RBREOKER (ZEH -8 - Em)
CEHRERUBRER
AR H H VAR & el KRR 2
£ B 3 2 1 1 0
1 i 0 0 0 0 0
b 1} 2 2 0 1 1
i 5 4 1 2 1
& 0 3 2 2 0 0
2 s ) 0 0 {0 0
o 7 3 2 1 0
B 10 5 4 1 0
F 9 0 0 0 0 0
3 bie 2 2 1 0 1
piz: a1 3 7 3] 1 0
iy 10 9 7 1 1
H o 8 8 8 1 0
4 i 4 2 2 0 0
b S 6 3 2 0 0
i3 18 13 12 1 0
£ H 4 3 3 0 it
M 1 b2 1 1 1 0 0
% m 4 3 1 1 1
it 9 7 5 1 1
# H 2 1 1 0 0
M 2 HE 1 1 0 1 0
% m 2 2 2 0 0
&t 5 4 3 1 0
# H 0 0 0 0 0
- i 1 1 1 ] 0
i m 2 2 2 0 0
it 3 3 3 0 ]




2) RBFGIEEHILFER2EETI TOEEER
REAIGIERE 4T - Rt ¥ —EREEELBEKR

4 A5 A6 A7 H|8 Hi:i9 FJii10 Hill Hl12 Ai1 B2 A3 B H B
o ER ot il i 5 5| Hak o) Ly p IR s k Rl i op = B ap = i ap oL EE o iR it o g .
T e T e BT e BT e R g E) kT (] g Y e "
TN -y _ } )
(u, = . S derbal2s|19i3 22|17 2 19|18 0 L18{15] 5 (20138 5 143]121 2114312516, 5|21|130 114} 3|0 34115 179301209
oL %
FIBE - 45 - 1
2) U ji8081611723427133165163153611213819741150522452713425159
7y # ]
{3hk @ lojoetotololojolelois|eisit|ojrjololojoloiejojzi2io|1i1iojoloiojo|oltio}L|7]3]i0
(AVE - RS i24]19]43]21033(34016|:1]27101 9 191 4 | 9 | 13|26|1137(35/22(57122|13|35|24 | 14|38 12{23(35 12:22{34| 7 | 131201213]176302
GBS - THE S 4812071613120 1022(131 617131471100 6[16]5 6117314 7{718|15/66(12/4{6i10i0{6/|6[72]{76]148
- B - W
(G)iFA T odedlasirtedls|rir)ejelrpr|rjotaiodofolsiiieieioioiritiafofoiojioliiofi]1]12|820
B4 2w
(7} % 7 M ieieislal2ie|7i1isliel2lizi7idf1alei2 8621817 3002 1§3t2i0)21201|3]3|518i62125|87
2 65(34199|68(27195]76|29/105/67|21{88136123150111120 1340 74| 35 |109: 431 25| 68|57 34 {91 ]38 1301 68| 243155120 28| 48 [579]3462029




—_— 6 '[ ——

REFN63E S

JCRRERERT (FEDH)

4 5A L 6R TR 8RR 9R 108 | 118 {128 | 18 A A | &t
L # & 1 3 0 2 0 0 0 0 0 10
2) HEE - EHG 3 12 3 7 2 5 8 3 0 49
3) K EHEHEF 0 3 0 1 3 1 0 0 0 10
4) B E® s 10 13 15 12 7 20 5 2 1 0 0 0 85
5 o 8 12 16 14 12 31 8 4 16 4 0 8 | 133

at 23 29 37 44 22 52 23 11 23 12 3 8 | 287

IBAN63EE HELVLELESIT3 I TORE

T 4R 5A 1 6A TAI|S8A I 9A 108 | U | 12| 1A A B | &F
D 30 &4 Lol 5 13 14 15 7 28 11 4 8 2 1 0 | 108
2) 3 B R OLLR 2 0 0 1 1 0 0 0 9
3) 128 M 2R 2 4 5 0 1 0 0 2 19
4) 24 B[ LW 3 15 5 2 2 2 0 3 57
5) 24w R OLL L | 12 14 11 7 14 5 11 8 2 3 97

it 24 29 37 45 24 53 20 12 23 12 3 8 | 290




BRFIG3SERE BEREREHR BEFN63SEE IDRLEIKIR
o He L = &t IR BB A oy 4 18, = &

4 H 4 0 4 1 4 A 65 34 99
5 A 2 1 3 0 5 H 638 27 95
6 H 5 1 6 2 6 A 76 29 105
7 H 7 1 3 2 7 R 67 21 88
8 H 1 2 3 0 8 A 36 23 59
9 H 2 1 3 0 9 A 111 29 140
10 A 9 1 6 1 10 H 74 35 109
11 A 1 0 1 0 11 H 43 25 68
12 A 0 1 1 0 12 H 57 34 91
i A 0 1 1 0 1 A 38 30 68
2 H ( 1 1 0 2 A 24 31 95
3 A 3 0 3 0 3 H 20 28 48

& 30 10 40 6 &l 679 346 1,025




*E - Rt 5 —HRECIDLERRT

4 Ai5 H|6 H|{7 Hi{g8 H|9% Hjw A|j11 K112 A1 B2 B 3 HA|4& &
g L o 3 | a4 o | a4 1R 2 AL " E-o-4 3t 3 | B o 2 | ” AL o 3 | W 3 s it a4 " AN "
de | BT P | BT (| BT b B AT e BT (e B [ B e 8 e R e BT e e B
T -
{1}?__ o 6511131 0411]29) 423f{19| 120 270 |2|6j2iu8l7jol7]ofz{umiolzimxioj6|6 7 2|9]Ci0]0105240129
& - Bl L E %
T3 - 45 - B
(2)ﬁt fJ_ 9lgi17i15] 3118111 211311 2aixal 613 9fz7] 320002 11t |0]4|6}2(8 2]5[7|3i2/5]/0]0(01i93i33)126
7 EE %
(3):k gorrio|rlofoloiolelaotojafafryriafojojoeiafojrialal4ataia(alrioj1jololaj4io!4l13 417
(VB - RRE % 120]8|28126[12(38:21}9{30{12]9{20]5 |2 :8138\11}49}38117|55[18:10]28|20] 9 |20|14119!33]13|23136]19|15 34 [243/145(388
GEM - TH% |1415(19|14;4(18{41216(|13i6[19| 4519 |6(4]10|2:5|7t1i314|612|8|1|415]1|516:1]7!8]67|52/119
e =S R
(6)3geT i Ciatlels|7io|7|eialwy2i1i3| 3142135 3tolafolifriofoiofol1i1]f1]20:i2]2|27{16|43
HRIZ B4 B AR
{7y N fib |3tois|ei2lslsiofarlalislsiz 72t slainjolalnzia|otaiz| 1331031237290
z 5628184179 21100076 23199160122 8212615141191 (261117 68| 27195:43] 21|64 48] 15|63|20)36|56 (28133612526 5116202081613




FRTEE BRAERERR (FENH)

““““““““““ S AR | 5A L 6R | TH | 8 98 1108 | 11A L 12R | 1R | 28 | 38 | &F
B R 1 0 0 0 2 0 0 0 0 0 0 3
o) - A |1 3 9 5 5 7 1 0 6 0 | 36
(3 kB R B R | 1 1 0 0 2 0 1 0 0 0 8
LR 7 | 12 | 12 6 3 | 13 6 0 9 0 ] 0 | 62

; 5 7 o M| s | 12| 1| u 5 | 12 8 5 | 10 1 1 i 91
2 =t M |27 |30 |21 L1032 | 21| 12| H4 4| 11 4| 200
|
ERTEE HRELVLELZRII3 F TOERH
I 1A | 5A | 68 | 7H | 88 | 9 | 108 | 118 | 12A | 1A | 28 | 38 | &5

D 30 4 o\ | 4 | 10 7 5 3 7 | 10 5 3 1 3 1| 59

9 3 WML | 4 1 5 9 0 3 3 0 0 0 9 0 | 20

3 12 8 M OB 0 1 1 5 2 0 0 0 0 1 0 11

4) 24 B R LI 2 4 3 1 2 1 3 2 I 0 23

B) 24 % OBl b | 4 6 | 10 6 2 | 16 6 7 0 3 3 | 67

e 4 |20 | 27 | 21 g8 | 28 | 20 | 12 | 13 3 10 4 | 180




EEMEREY

FRTTHERE

o BB

i AR at

4 H 3 2 i R 56 28 84
5 H 2 1 5 H 79 21 100
6 H 2 0 6 H 76 23 99
7T R 3 1 7 A 60 22 82
8§ A 2 0 8§ H 26 15 41
9 H 1 1 9 H 91 26 117
0 A 1 0 10 H 68 27 95
11 A B} 1 1 A 43 21 64
12 H 2 0 12 R 48 15 63
1 A 2 0 1 A 20 36 56
2 H 2 1 2 H 28 33 61
3 H 4 0 3 A 25 26 51
i 29 7 620 293 913




TR 2R

FE - REgtr 7 —EREOBRLERRT

4 ALS A6 A7 B8 Aig Hi1w A1l A1z A1 BHl2 B3 H|#& &
S| W || it 5 (e n % n 2 1k 2 2 2 30 o 5 - 3 [ st gk . AN 2. 5 | Ik n a0 n
el b g e T e T e BT e BT e Em T e R e B e T e e T e |yt
TOAF - T
(1)? {HU 1004 i23i17ldaioiz| o1zl 6o 653|819l 5 24|52 7116|521/ 4|519 213 410|4]4:4!8Mmasap
% -8 L 5%
Frise . @ﬂ:‘f
Z{Tﬁif_ﬂ il 1{1]12i1giafstisia|z0igloig|ti2iajalotaal7irigis|ai8l{zia|si2lzi4(6i3l9]1]1lai88]24)105
] Er] 2
3}k B trioltjoiojojolaloefoiofeioleiolzf1y3i1lof1joi1|1joiojojziojzfolzi2|1|joil 7i4{11
()BE M - LB % 21112033(221 3 25| 5 {13(18{12] 5 {17 7|9 |16111] 6 [17{27]22149|30|23]53]1518133{20]14}34115|18 34} 9 | 23|32 [195/166:361
G - TH % (7 4111|161 218{718[15/6(0167013/31615[11/7{6113|7|613/5[419:1|8]9:3!3[6j310]12/58(58/116
weH R
{6y, Colzlejafsyriels|tialofotoijelz|2yoi2iaio2i| 230 1| 1i1y0{1{0;3|3[010 0jl7(11|28
G %k
(N# ] Motz 1lateializial2|8 1341181128 7i15:5|419/813(11i5{0|5{411!5|3]8&i1112|6/|864{39103
i 6324|87|71116|87]50128|78(33| 8 [41)25|19144|59| 24|83 54| 35|89 |67 431103032 62| 32|26 58132|37]69 20|43 63536335871




TR 2 FEE

IERRERERR (FEDHK)

— 4B | 5B | 6A | TA | 88 | 98 | 108 | 118 | 12H A 2H A | A
D # = 2 2 0 0 0 1 0 0 1 0 9
2) KB - EB P 3 2 0 11 2 6 2 2 2 2 34
3) KEFEHEE 0 2 0 0 1 1 0 0 0 0 6
4) R NG B P 5 15 11 4 1 5 2 0 0 0 0 45
5. % o A 22 20 16 10 7 24 9 8 4 4 7 4 | 135

it 32 39 33 15 11 36 17 18 6 6 10 6 | 229

ER2EE RELVVEEZRTS I TOERH

T 4H  5H | 6 TH | 8H | 98 | 10B 118 | 12R3 Al 2A A | &%
1) 30 & M W 7 15 2 5 19 6 5 4 1 3 2 76
2) 3 @MW 3 1 1 6 3 0 2 1 0 0 24
3) 12 B R OLL W 1 0 1 0 0 1 0 2 1 0 10
4) 24 % B LA 6 7 1 5 5 3 0 2 2 1 49
5) 24 B B LLE | 15 11 5 3 5 3 10 0 2 4 3 70

&t 32 36 34 15 11 35 17 19 6 8 10 6 | 229




o BB R

Rk 2EE

KE

A

e Mg

TR 2 ERE

Wiz

87

87

78

41
44

83
89
110

62

58

69
63
871

i1

e

24

16

28

24

35

43

32

26
37

43

335

63

71

33
25

59

o4

67

30

32

32
20
536

10

11

12

&t

EEEEE A

AT

i

30

B

Hi%

15

s

15

10

11

12

.l_

B




3) BEEEIZ-OVT
—EBESEZECHE»S

T - e s —FHM B R b v

SCERA T R o IR W £ B E L T, AINFR T L E 2 ICHERBREDEHL
TSR 4T e B EMICIIT P TH L LT E T, AT E» L AR LES
ARIZE D, BN 2 BESE T000 ALOBRBDO AL EEDbRTVWET,
ﬂ%ﬁﬁ%myuk%ﬁwﬂwf%iimﬁét\w%w%&@%ﬁﬁf%i#olwx

NGB T TS TR L TR L b EhbnE T, A4
a3z Lo & L TR AL 2 ) B AR O IR, S e -CE R L, (LEs, B iR
AL THER IS DD REREL A » TEE 30T, HUEMEBERE LR L T <
T EHTADITRIT S B IR T E F 9,

MAEET L B LT, IR R ORI O A vtk 2 ZiF5 E S T k15,
R WIS DR ERE THERE S 5 W IR EBER L B s eSS rEBeE B 0. 2o/
LEMERIC A G T,

INE I &) EBEMESOE £ T AREE OERPRESLEC LN REEE
KBWOHSE L CIREL 252010400, 27— THHEEREL TWEd4, IR
W d A —EHETHANDTIE R (. ML T g 2 o 9, W B & Bl b
tﬁcféiToi(%%@%#%ﬂ%t%ﬁTéAﬁw/S\%ﬂI/Bﬁﬁ%%tf<
NEWAEELNTVWET, BETI2MONTREN2HLH b LB ET2, 1/2D
ADERIET 5 & SR UTRATE L » &b EEbILTWwET,

M 7 AN L WREBE L BRAOEFOPTHEL (ERETL L5 X, BGIH
S 1EBERATERL T I e B4, BEOES EEOREL W
Fo TP e 2ETTE22 0PI T 2L AEOEE B L TREL T2
R

WAL 2 500 TEEHOEEORICH ) BETLEL LAEFELELITIE, R

CHOHHT B L SR E T, BEE L aE, Hite, B, 77 v 7 A%

R OEA T B et MARCE R EZ LSO A I LAt TH R
A S AT AR S BN

— 97 —



4) BBRNGIEEHIHER 2EE I TORFREFBRA
BERI63EE BEYHREHAGH

N & N e e i e S
63, 41 320 99| 31| 8| 3 31 25| 13 10| 6 310
51 87101 | 38 41| 2 4l 181 18| 5 294

61 39 8| 61 83| 10| 4 2| 28 13{ 2] 6150 493

70 47 29| 21 88| 10 871 31| 121 1] 83 370

8 18 3| 11 25| 2| 4 1| 45| 55| 36| 7| 38 245

9 15| 25| 311 61| 4} 1, 4| 4 7| 4 39 205

100 20| 11| 14| 38| 3 50 31 16| 2| 1| 26 167
o5 10 56| 5 21 6 4 25 113

27 20 2| &1 51 1 105 | 98 | 267
71 21 62 1 99 | 85| 268
2 12 | 51 129 126 | 318

3 131 129 | 260

FPo1 215|350 1 258 | 6501 400 9| 18 [ 231 | 157 | 84 | 26 | 361 | 464 | 438 | 3,310

HEFN63EAE (AEMEISAEREIFUEGH

R e g s | | SH T S T s b | A
63, 4 3 1 i 7 3 1 14
5 3 7 61 2 i 74

& 3 1 12 77 7 1 1 102

7 6 2 5 i8 7 2 40

8 2 1 1 1 5

9 3 1 2 4 4 1 15

10 11 2 1 1 1 1 17

11 19 2 1 22

12 19 19
o1 19 19
2 B 8

3 10 1 11

& 106 8 29 169 22 9 3 346

— DR



TR TCEE

HEYLE AR

TG, 4 22 | 62 22 1 100 8 4 3 1 21 99 323
5 27 | 87 25 89 5 4 30 15 5 4 | 144 435
6 131 65 34 87 3 3 8 4 2| 17 336
7 30 12 20 40 1 1 30 16 2 1 35 188
8 9 1 3 7 34 34 17 9 15 129
g 19 9 15 24 2 2 1 18 14 i 6 59 170
i0 8 6 30 27 2 4 5 73 155
111 15 3 45 1 43 1 3 4 2 34 150
i2 3 2 31 39 2 1 60 | 44 182
2,1 6 311 41 113 | 105 296
2 1 15 | 50 184 | 164 414
3 41 a7 78
&t 153 | 247 | 271 | 547 22 10 51121 95 30 31 | 576 | 398 | 350 | 2,856
ERTEE FEBRSIERSFTRGH
IR I R AL TR AN AR P AT
. 4 3 16 2 2 23
5 5 3 58 4 3 73
6 7 11 14 1 3 36
7 1 9 2 4 2 - 18
8 2 4 1 3 10
g 6 2 i i i0
10 8 2 6 1 1 1 19
il 3 1 4
12 7 7
2. 1 9 9
2 5 )
3
7t 45 2 42 94 16 12 214

— 00—



ERE2EE ABEDHREHAGR
2., 4 37 89 23 &1 4 3 2 i9 15 11 284
5 31 1z27 37 57 14 6 19 8 3 1 299
6 14 78 53 78 14 3 31 9 5 1 282
7 27 19 16 77 2 50 43 17 201
8| 10| 2! 8] 2 60| 46 28| 1 RV
9 10 21 22 55 6 1 5 23 2 ) 150
10] 18 3 16 35 5 5 3 1 4 90
11 3 2 7 25 2 3 2 1 2 80
12 1 11 7 37 3 1 49 42 151
3. 1 1] 14| 60 4 5 00| 89| 273
2 1 1 6 51 2 1 113 ] 113 288
3 1 4 1 5 5 16
at 152 1 357 1 210 | 610 49 13 22 1 207 | 125 71 7 267 | 249 1 2,339
MO EMIE T, FHAEEL B
ER 2 EE AKRERERISHEESFIESGR
e e  w e | ST 2 R e | #
2. 4 8 16 1 25
a 2 14 5% 4 79
6 6 1 8 18 1 4 1 39
7 4 1 8 2 2 1 18
8 1 8 3 1 5 1 19
9 2 1 6 2 2 1 14
10 9 2 1 4 1 17
11 17 1 1 1 20
12 7 7
3. 1 7 7
2 4 4
3 2 2
&t 61 12 49 99 19 8 3 251

e 30—




5) FABMNER
—FBERY— N — 5 —ER—

HAFIGSEE D b ¥Rk 2 B F TORBTRY— 7 L) —F—ifEaiz, UToHIR - &3
TiThbiiz,

(BEANG3F S 2 JH)

i D BEFN634E10F 8 B~ 9 HE)

& ORI RS TRHE R

SERVEEED N AR (B MREAEEIER)
(PRGBS 3 M)

] H | FHISFE 9 H23HM~24HE)

2 B REWAFERELY S —

syl EREE AR T (EPRIRCL R R S EGH)
(Frk 2 FHEH 4 1)

1 B ERE 24128 10~ 2 AE)

& B AAEEBBINNTEA R —Y 7 A

S L

'ﬂj\:1l

ARG, RERY— 7»mﬁib%MLf%%ﬁ%@%nﬁ¢ﬁﬁﬁ% DT
B, Vs LToRE0H EE2HE L LIcEY— 2 VHEOEBE 2 RH L Z L
Lo T BRBERY— 7 VOEEL 2R 2 BT, BHIE2F L I BEEHBINLINTH S
I 2T S OWHESE D b IR AR &

FEDECONFHIERD LB ) TH DU
¥, AR SR o) B A A

HMBEEEOBHANE I >VWTERET 5, B I OiHER!
BEEH—BT, TORENRFREREESEEE,» LOUMTHL I L EBHN L TE

— 31 —



FRFNGIE B

# Fiin
H By
4 H
% b
AR E
i fifi
ZE 55
% Ty

FTERY— N ~ 5~ HESEREIE

BEFN634EEE (3B 2 ) RERY— 70— S g2
HWERT— 7 AREIBNL T, BIMESOH ) FRHERICDOWT
KL, ) LTOBENELFRB & & I0&T— 7 WHE
DEYRAFEDHLZ L), WERY— 7 0ERLENEZ L2 H
&g 5,
BEAI634E108 8 BB~ 9 H{E)
182 H
BRSO ST R
e B S TR AR R R 2% 11819 — 2
EEE  025-783-2867
OKE - L 5
AR i (5 —E) ETaE W (BT
OB HFE
AKE B (AR B F (FEMERRR)
AT B (B
il R (B AREREET)
FAEBHRAREE, RFRY— ) - NI T 5
BEHE, WEHE, AL YTy 7

Il

f— 32__.



H # =

B R 108 8 A (+) i | 108 9 B (F)
830
i '’
9 30
B E
10 00
O 8
‘}j{fj\/ IOV ey 7 r RHREE
(GRER  nishd:)
11:30
125 00
B R
13 : 00 1300
KE - s 2 —RIHF SRR ITWHE R R
SeW AT T RHERR T
14 1 30
15 00 15 00 —
Y ir g , _ e - i
F%ﬁ?%ﬁﬂﬂﬁ% - THEFHRE - R
16 1 00 ——o
OaF4 Il
(=7 VBB EIEE S HBNE
P, Ve T LGB TEE
17 1 00
O 1ERTE
(e = F O |
18 1 00
A RBES
20 : 00
R - AW
21 1 00
H B 3 4k
22 130




ZmE BB

Feong | B 4 BECRE Y—I0k | K & #EES
Aomowix o8 oE oz omas JTULNE o w | mEs
HEeOBO#5 4 B T A BIRS . WA B | RS
: BN B BF3 | TS A
: bW fe | ET3 " 2 %43
ATy LN oW B | WM3 | BLMES m oW 8 me3
; K& m| B : Bk B | el
AEPARs AL S N AR A P R
: K@ % | &r3 : Bom OB % W23
B oW WA W %] BT y w oW M| MBI
. Mo & B ME2 | WUEMRE | K R | BT
SHEEEE | % S % W MBS | B 8 B W W m 8 2| MY
: %OK B % MBS y W BTE | 3
aoaoE ok om & Bes |27 ek o4 | migs
ST | 1R w| omes | 31000 o R w| fems
: & R % —| Rl : 6 A B 3L EE
B ER M | Bes |k d W E OB A T BW3
: 9o — | R y = W i | Bas
B WO — BB M2
’ Tk E OB M2
&t 384
[T | O | B3
TEANNE IR Wk ) s

=¥ R




7.
8.

#
5|

i

>

TR TTERE
FERY—INY - F-IMESERETR

oo ERIGEE (B3 RERY 270 S HiES

B ERERT =NV HREEA L OWTHET A RE RS2, Y —
- LTHOREOW 2L & E L, WERY— 7 IVEBIOIEE
fbhEs 2 L2 HET 5,

5 ERTCE 9 H23HE) ~24 H (H)

¥ EBRWAFAREAL S
e B 7 BRI A4 2069
Bk 0258-52-2750

EEIME O RRAER

AEA H P
OfKE - Btk 57—
B ri-R mET BT
OFEHR
A R Bt AfRE
JAR AR B AR EE
M RGN B GETBR LR WA e G

Bk BSNEREASEGE, KERY— I ) =R NICRT 5%

-z
7y

17

an HEREE. GHEAR. FHEEETALFT 0 7



H 2 E
R 9 H 23 H &) LS| 9 B 24 H @
7:30
=I5 L
845
O4 e
(— W gERT 520t
945
10 ;00
N RRE Y 73
11:30 - -~
121 45 BoF
FHARE - R 7 — RIS
AFEREY - ¥ —%&
13 : 45
1400
(O3 _
DR B O DHFE D 7
(GERER MM B
1530
OL&HEHE
[ — 7 fsle oo R
18 : 00
v (BEE)
19 : 30
Kig - A¥
20 30
Bl H1 AF 28
22 00




=7 % F R BE) Y- E 59 FAL 5 R
WAT =2 | F B % & Be3d |B OE MM OB & %[ AR
) W % % | RS : BB oM B | A3
y BOR | &zl " RO B F | EF3
2 E e B o B mas |k ok W B s | A3
! fow OE | Bx3 |\t ® W% H — B| WF3
, R4l B —| &8l : TheE R & | MBS
IR N RN R Y AR g DN L
Bow E OA| ET1 y WO M —| Al

v NS AT
o W B W % EFS
ST AR | - #| BT
i 28 %
y B ok WoE | ET3
&R E W P OB R R WS
y BOM % OT MM3
z moOE ORI M
HWZEF M | 1 o mEd
ROM R k| RES3




TR 2HEE

5w
W
& B
SRR

Z Mk

FERY—INM) -5 —-THESEREIF

WERYT — 7 VIEEIOTE ) KR URIB A 2T, BTV,

1) —

F-r LTOEER L, RO — 7 GghoiEEi 2 s 2 L & Hi

& B,
TR 24128 1 BB~ 2 HE)
TR A A — Yo7 2

AR EER R A B E
OERHEARERE

— W EHE #aR
OKE - Rty v —

A O BP

L
BRI, RSN, LIRS

FIHE PR R E R R ERT -7 VY - —



H iz *®
B R 12ZA 1 H@® R 12H 2 8#H
730
2 &
830
O&HalE
[ — g |
1100
_ e ERER
11 : 30
2 &
12130 12 : 30
BE - g 7RI ERIS <L — L
THAR— YT 2B 14 2 00
14 © 30 14 1 30 M _# A
1500 W = TR A By oy L
O4KETi% -
R dRIc B 28BN EEo&E | 16030
h % | L2 1
18 1 00
" % &
19 1 30
A S
20 : 30
M B
22 000
ik s




& mE K&

W7 N % R Y- 0B & | W
Jo A | ON R 6| A W 3| e ROEB|E P MBS

v Aot W' T3 y FHR K BB

g BeoW g M AW 3 KMETES (B b # M M3
Foyon— W | F OB OE—H BB 3 v BoW OE AR

: Mo ofE B EW3| R x|k s B |EF3
BATAH | OB O® K| # R 3 : o % TETF S

y mow B OAIET LB E W|E R H M
2 mlE B w|® T ! W% W3
BosowoE | A H R o | MBIML |k wk H| W & & A |EF 3

y KB R | REMI y Bk w K k3
W LgH b B % R BT S| TA7sI7 M N # B xS
BABHE|® OB oM | R®3 K B WK M W W =1

v oL R RE S y oM R BRI
srsgwn o om @ (s | V7100 ow — mimas

y TN A y AoE B | A 1
PRESESAT NI AT BN

" BB M B R 1

B

T AN X R

: =W oE W3




(HEFNG34F- BEEHE)

VMK By 2 L RRER
BAKERENE 0 W &

FEEEMBEREN PG ZOBEFH N F L2 & AN v Ey 7RFLL T
BEII VDT, BASLA) Yy 2200 T, BETEIVALEEP VL E
L7z, E250, 4ATREDMEERT— IV —F—IHES T, PABTLHEDTE
iz, YOBETCLLOTEREZITWELE L,

AR THRBOBREICHBE L 2D/ hFEA FED E ST L AESEDEWHIL,
RiZP 08P L T2 T, 5F < 6wnE TR, BREEL AL, FLOBOFE
PHNTLA, EILTHhEwnET &, AESOXKOFELTIE., EBHEFRE) LvoT
EILTLBDTF LIS 2o bTY, 25 LT, EFFEDF T VRD
iz, RREPHHLZ o720 T, £ LT, 16FEMBREE 2RI T, #HAEPHE
WHBTELY, ANy PoRBIC LB EFTEE LR,

BAE, AAREARETEHES R EREREE 2 ML T 7T, BP9 ET
RoTERZERZDETRERCHZILND LI HEFOREIZWET. 29 v ) bITT,
AEOFIL, &R L REBEEERLICE )2 TY,

FOFHEEFORAG, BiEE, H, HEEY 2 ERAE Y BV BB TL L, R
Lo THRBERPATH bW LETE, BOERATIFEROVLDOTH), KD
TANCTHN F L2, HEDER, LEABEEOIT., —o—2#d (oL TR T
(k. BB LEEPECZET T 200b N ET, FliE, By TiHbY s 2 3K
BESEOERTTI, B e V) SCMEBEL I L THHERECIFITLER L, F-
FTCNEIC By, BLESTLR(AKREL - TEZDEEPENB LI GRA
B BABN FT, 72, FHEIZES120em, BO0mDE LT, WAHWALHEBEE LT
WEF, FLTC, BTFE2LA0E 0 ) 22k, BREGHEE» 0D LICEICRE T
BEWIIERENET, IHIIBEEFDLZ LML TL, WELRIELL LD
EHLOTIE W EBnE T,

Wiz, RAIEEBEHABE LT, HEeW2HEL WAL LAL IR THE L 2, B
EEEEt B T, 2 23ISR W WEEI WS s eI LT [ bic#ksE

— 41 —



HAD] LB, BETAEI RN E LA, £ LT AP LEICIEERRRTER
L. 37, FLEMS THARTRCHB T2 EOBBRITE £ L2, SASRTIL,
S EAEPHET M (HARER TMET) w20 Lo, THEMTrE TR
HHEELI w22 TL 9. FDizsH, WIMEEFC LT Tl d | BESD
ANebr3E - RELRBE I TL LvE L, 2Ar b0 EREE L HEORTI,
FIEL LWHEMAF- TN #EVWLEEWI Z &b, B —mERL-bE HWICEET S
BAlCEINEL o7l BulidHo TwnEd,

ERERE. BLVYWHEOERZRETE L, TORELS D, B LE - 2450
THRBERICHETLZ L TEF LA, £, BEIERIRER - BRI LRED
EHT, L2274 0) 0y Z7BEBOFETLHN E L, ERESIE, 1THEA
LE L, LPALES, BAXGF N Ew 75 KRA 29 T 5LEBZTHWERAT
L72a% Briafhfcrsme ) BB LT L E -2 2id, BEAMAND LB
NTY,

FENOWLTEFIZ, ZOFN 2y 7T TERITTWwE LT, FRESTEZD
BEFRLZZETL L. FNTLRE, EE» ), #ELLLIERIE L DT
eI BECLPEVWERATLL, FRAZITRBOBEEI DL, - 20 E B
v, FO%, HARERECHBARE 2 LE LR, #ETARLLZLW) 2T R
BIFEBLALSLLDTNE R L W] LHEERrOMEIN, BRLVWHELIT-TEE
Lize L, HEEDPLIEFRTIONDIERBWEY, RFETIH, BRIAT,
EZZTAN L 7ORFEVGI ZETIROA ) vy 22k LGRS E L7,
Larl, REAFLTHE SERHzL - T P TSR PES 2ET OB TIRLLON,
FRPEENPELTE T, BOTLREULATWwE L, 20E. B 3ETI
ANy 7 FEE Ly 7 CHRBL F LAY, R 1 ERL 3 A AL TOTREE T
FRRFEIERDSMTLL, L) 2T, BEARERIEFIFE— T ThaTzb v
I ETY,

B 3 ERHOKES [BOERIIZ IV I LD AR S ] LEWEL, 72,
ZOWEh L THHOBRRIZZ IV I RN TEbL» TELAL S| LERBTLE, B3
ERRCA ) LBy JORBIR AN EENIZHKRELZ L 50 WHThr D &
Lizce BUK->TERZOY Y ENLAF )y 73, KEAFENDLETL, R, K
BIFEDE EPLPIHICHMEEINE S L) EEITE L (ko TwE L, TATY

— 49



T, ANy TREERESE, IMICRbD L, FLT. SRERIC TRETHK
BEEHEeH L 9, SERMHELEMCS - Th L H . By KFEE~EYT L 81
LE L7

ML TA DL ERERTIE, BICES M UEET /50T [FRE2EBRT 2
BERFTH B e 2 b F L, FREREET L2 SRS b 2T iud i
ToDdiedh] ERCODLEBET LSARE-TwET, 5. KFRTEAEELH
L BT LS BAE. FFEICRICL - TnE T,

Hhx2 7786 8, FX st 2pb 4 FEDSMDY 7 A]
Py 7T NHK2 L DRI L ) WFERBRBEOBHz o TRl s L,
fesiis, BB TERIC I~ F L LTI ADFFBIMEIrTHLEVIRELLHD, &
fo, KEDFEPLDBEAHELE T EZET LI »72DTT,

AR, £ZATHHTAHY >y ZIMTEAN TR 2, HFRBEFHEL DEWE, RD
oo THYF L,

() ANy 7TE., SHEHOEREFZG TR, BoREETHE L THEY 2%

NEDT7 Ly e —0hE ),

2) )y 7ogse, REEE HIFTEAT 20T, EEOEHEES,
3) MHEFHEIA N Ey 7OV-ULIKRERIL T, 3 NiEbT .,

ET VI )y ZTEL WEBORIC0. 025 802 TR BN A& B
AR LVEL Do JVRFOa A T, ERT 2 20IE. EHEL L
HADZ EENGITIUTERENZ ] v TEN, a3 iELb3gohEle, £
DL T WIEA, ESBROS N EIC R S L) T, RIRERICBITEL R, kD
EIFEILNET,

@ wHETLIEE
@ BHIFEIVIRFTETHA
@ FHORABIC L LR

BAZTF N 7OBE LEFEBRIRA 2y PLTLEVELL, EDRT,
B Lo o EBvE T, L L, B3 EMEdk. K¥E4FEEA 5
VicHiss L, @fMERTER L) ATREN R s 720728 BuvnE g,

TITHEAEENLZ . (A 7B T AR—VERH SNIZAKR—Y
BRI TR CEREAONZRERABICHEYE L L IR IIAPIT TR E L 57\



FVI I ETY, Bio b LA L RS T, RUsrBuhd B THRO 5/ 0EL 2 FICH
STELWEBwET,

FOEE, BPELTIREAFETRDL D & L2, oY, BB, FENLSBICSHY
F 48, RIS LN LT TR EVOT, WERRRFORRLI L brSDY
0TF,

i, RIS HBASPEETIAECEL-2D, SHRERERL LML £F-
T Do b ) FRAYD, MEBREZL IR wWIRRLIFEL T TR, £
DI, S TH—HER > T Elzn L BnEd,

BRALAREC WL TH, Frr ARSNEENTEOP-TUILWEBnEd, =
NOEIESETERL, bR 0k ihbnTihh 9,

i)y 7EHICELY, £2 Lo THTEZBERENZ L BEvEY, BRELx I L
A ICFRBEERIL 4 B2 1EfTHN L A ) By 7T, RERIT S 2 LI EELIC
HLwEknbhEd, JEELF Ny 7 THA P AERI I LRI ATITICELYD
G N

L Ldh, BENVRAT @A NEHBEFILREATEE L. Bonhho 28
Flold, KBECHN TS, REB ATV FEGEH D) ZRATLRZY, )2y 7D
KATw bEWHIZET, ZOBEEHERBLF L, b2 2, AR—VIZTFTEL
AERBWTLENY OBEICBRbLENLZ LWL, Fl2ITHE., HIFHESEOERR
BT R 2R L o) EEEA T TEN TR - T { ZEFHIE L TIT- T
LbnizwkBnwEd,

SHSFES DR, 1TEOAETIHLPZWEOHE[4BIAEERTLBETSH 2]
CHOHEPBRLLI LD TEL L), BREARENLTE LIV Z ETT,

BEESHELD

EARMNERBRATYH, KNI 5,

T AEHEI L,

BaEEZRLINEELPTE DTS,

auld, EENCBRL TP, HAeEFicBuTLIERI KR LBV ET,



BEEOE

Q WBEEH. HH

A FELERY, BEOEHE LA LIRE TV EREWEY,

MoBE, BEEHIZENEVFATEC, Bl P 2R g O mRE £
R fzdr b T,

P& B FEHE T, BHIEEST) AR T2 6 TY,

Q HHEFEZPHLII LB ENHY F T,

A FEPRALWEB LIRSV E LY, KRTRHE) LB EiEbY
FHA, —EUN L TERIERITTRHOTLVnEE > TidwE L2ds i
DRBNICHIZF LizbvwnrEz 2 LR, BECL L300 L kol T,
K4 e F ORBERTE L,

KRR L, AN 2k d FTHESLTVwE LR,

20, BOOADES L H 0B EEL & J LBV RER~#EAF L2,

L L& 2T, Baicimfih bR b Ll < THREWESE, N4 F XA =v 7 2,
EE L, EE AR LML, KRB TEE LA,

B BRI SESEEC T L L, 8202 iE T R LR
LEA,

iz EERe izt Boeh, ARIPHTLRVWERVET,

7277 MLEEL T, E0nZ e b#ind ) ELTwa L GiE, L oA LTS,
TR BETENDLTRTAILEITL L I2e MpPOPHLI LU D
P LNEEA,

BRI dRen ) & LR FESL L AR, ECHENWTT,

BEOHBACE-T, TELLVEEANTELLNDLRMIBE > TET,



(ST A B T

# EE B)
EBROREDEY S
EE ISR T R R A b 5

Bk [Be) QA2 LU » TRTWET, BB T TLEWT( S, b3
WIZEE LS BT, e T BATEZ T, AR KW BESTITNE, B
DFEEFTZEDL Lo biP T, RSSO ARICIBR.LARYIIZ L B9 b
e,

ZOEDT -2k EESHOHENH N H] T, FMFILEHETHE I & ik
W, ZTNTHHLN EVS 2 RN EFT0T, Y7574 PAURTERLEV I FROES,
BRGEEDLFE ST P] 240N, BZRBALY LERLEFTATWEDOT
Bt LTTAHALTEYET0T, HaoRBRFBL (HEEHTHELZWE
Bwgd, 20RTEMIEPZwiownwod MEZEZTWE0, HEH LOGTH &40,
ZONNDKEE L LG LB TRL W EB YT T,

S0, EBHOWETE) Lol B L oTTH, ko kIeEZET,

L BEN

MELCTH L&, MpdBEITETTLILEKRELETH) £,
2)  EEERT

Ehha s, ERE LT (LD ET,
3)  FkE

FWNEDTH B & WEIEE R BROZVRFL L - TLEVE T, - TH
B RS ICREGER S5 L v o EAEE L RUT T, BB A~
BT L BRI E B2,

4y 237 — (=8 Ty % BEE)

AEN L ARMATIUE, MHICRW v HEBRBEECTR SN FHAL. EL
W7 b, IELWEIE T E W AN, TR T2 LE )L, TF
RHELLPTELVWEFIL - TLEVET, ELWw7r—4, HZHCHTT
PHEDTIATNT 7 LTS —%FZ 5EZEBFT,

5 F—aw—o Wl



BEWEHBHLA) Z&hL{, BOA ) LHIZTRTRELDTY,

Pt L AR INEEL, T T EETE 2, ER—D2RITTHwiThwiardk
BwEd,
BAMICEAEACEDLE T, ZOMEFEPEHRMTZ L T LR EBvET, T
INED RHEBEMODITRENTL & I AR D2 HIc R BN TL & 9 A
AR VEG RF — AT — 7 R EH LGN Bk FUECE D £,
it 4. BEDEEF — 212> TwE T, RO Fri Al 2ICHBLNHLD
FREZEENDD, BEL2ERLCET, ZOAMOEZH, T L MEIINT 2
WDMTF A RB &, MR AL E ) G0N F T, TOHEBEOBNELEIRNDS &
WD EBYTT,

D E9w) ARZndy

2) EFok) R LnEEELROR

3) BRLEHTEAME, FRE->TWwad
FRkNE bR, )=k Wb TT,

1} #fFIEWMT, FOhnid

2) BHERTIAL Fhkblhnio

3) FgEERYN —FS—DFEHEEEL WL D

4) mFE. MEG. mEE), BRI

ECEBOBREIIELOTT, BEBAEL LN AR ENE . v ERKe L
EHARFERE b SN BT, BEELIRAWE L AR, ZORLL LG
EFTEEZT, 2OLEVWHIC, EIXoTHRETL . H2BHZHEAM LGV L 2#
HTITE W ERnET,

FE AR O BRI A 0, FIRIGHAL, FEE B, B4 ARBOR-FT,
BELGBHNTFRECED., BB LERS Y7 ) — %t%ﬁﬁmftto¢?ﬁﬂ
R FERICETB L. SR AR T A o oD TT A, H D & BFERDOIRFEAED S
L K VB ATy - R BB ERAET A LI N E L, LAL IO
T BT TLE ., MES->THBHELBROFEICHE >R E L UIZOLTFIAY
P2l Sl RHEME L 5T, DVRIBER TS — K= VDB I Lk o2 b
T,

BRI AELETE I oy~ ANy JTHSOWRE 2 AR =Y N —R— b

— 47 —



THARSHRCRBOF—2 20N, XL~ AELDH) ZATwEF LA, Ll
BT, BB ERNVE AT, N —R—l 0w TH L T NETATLRZ,. £2
THEWELZTITHR DT v EBwv, BCETHEI LY, BoEkaofkdic
SNl=RK— iz ownT &Rz ) LT, BFENEREOMEBRERLVTODHENE L E
Lz, @HI3HENE 2, BERATHE L LOME T, YHFEEIIBRAEELNL T2 T
—22d, 1y PLBEETRE -2, BRETREBTEZ2OTIRELE > TnE
L#ze LOLBTEER-TWTH, HPEF—ald s 477 FECEE» LBNS2 5
2HENTWBEEZARBATALEE, HonF—LidBEEr LMALERENTVWILEL
EbRTRNEZLBEWSL, ANATZLTLZw, BERKSOIHEETHEITTL A
WE L, cNTERELWEVIE-2hITTT, HAREESEL v, ERL
L, ZOE I URTEESEEBwEND FLEERETH T, FETHTE
Vi, FHV ) BT IS b E L, ZATZ RS [T YRl v )
MERBAL., AFTHBESE, THLLVWVEE, BEBEGLIREZET I LIZLE
L7z,

AP LENFTHY. RBEBEETEI LN EBL -2 e )., RICLREZEN T
Wi Lz, ZEFEEEERAZOTTS. RBIERLOBEA>TWEELAT [HA
HAIIEL N 2wk ] kA LBRE LI, BB RBIVOL—K—NeR
S TV TEEREERE T TIT- 2 8 PRI SICR T2z &, S5 K
—NOHGHE o THD AW, ZARTRHL T TLE ) EELR- TN 2w
EEW, N —R—nngMRFE L THEREREFREICAFELE LR,

PR — R LR ) R T DX B L T, B IR R TR Tz DI R
Ao ThbTd, BEEKEREL WG L2, ME2ETHHETLE, BPVWEED
B, B, BEHFTEFZLVOTT, LALBLATWD L&A [ZAHEMLA
R PO REARRBRLLTIERRELP -2 ERELITYWET,

FIHE60A ¢ 6T, HHEERE - Twa L) el Ren~<2 | §LLEICHEL 72
FHRIVITEEL TWEHITTT, L LME v THHERRLF L —R—1ER L
DA E T 2REY,. BAPBITCEITL LRV IERbIERT{NE L, W
SERITFET AL L, B, BoNbsZ LD, BORAMDF—
A©D—B AT VI EROEIREC DT L2, LALEMEZNT, BHONEFLA
PEELEL T NERA, FITRNEELNALILRIATLR) L2, FlZEATY



=X 7 2R EELNNEEARERTLHRF L2, FA LT THROFITHRIZ
3FFTE 1%12Lto%mfmr“*%%§"&%iﬂ%i?h&ﬂitﬁo%jf
LU T UEEPO S — T, B3 THC I LR TEL P2 720TT, THWEED
nTh, Hah, 2L TRIFLATWEFICER T DT, £ THEL VI ER
HELTVE LR, RNVBE->TEZZ L, UL TLTERWER I L 2L ETY,
FNEEREZITWEBLLP 20T, RPTHESCLF ¥y AR -TE2FE LI,
FH604H 8 £ 1 HIcHETN 0 TYH, FZICRBEINLZ L, £ LTHEA 2
Voo k&, = 20MERE LT, ERBE M) 2o TAL I ML) I ETYXa
R g BB T,

F0 L EOATF— 2K, RRAEET, HSRERFDP TS —L 2T EL
Fro FOBHZF S B T ifni BB, S IcBERRTT, 1) —7F—
2DV X2 T —DBITEEOTT b, N —BREXERLLWRIZH N A,

HLEBENRTF YRS (GHEREE) O/RET, Y v ABTHELr L) 7V
) R R, %Lfﬁ%@ﬁbniLno%ﬂ%% L7z Z LS
ERVTE TETVEB LIRSS 5 A4 70, BRI PR LD RRIcEL
B AEREMRE A OSA 7T, BREESERL Ty, ABIIZE ST 05
T, EBDR-ENLTCnT, IAZRAIT AL, TBHCEARA. V—F—v o7
BRBDIE L TWd, BRAETIRA A A—THE I EEE L, S0 BHE-0

Ve B3Nz LTARFIZRFICBYWAZ RS &, FOBBMIRES R, BETEIL
BHTH B, o T T2 -» THLEET, HEWTHRU T, 2—xTIKEL I &0 56,
HEORIESIRAZ XICHL Twa, kol JRESIN TV T2, BOTIEIFERFE
Bna aErN T3 B0, ELNRCLTwET, i WnibnaAeBEanZ LiE
PNTHNETH, BroTwb I gl JiIcBnET,

AR » THCHEMR L B, EATCNT A0NEFHS SO BHRTRETERICE

FRVES, 290w e, FOLI LI ETHIL T L) ZELILBRT
T#\%nuﬁA%M@¢T%ﬁLa7: BB EECET, TNLORAR, Rv
FETRITIELY ¥4, MATRERTT, BEAOBEEINETNROT— 7 MIZHTR
LTWABRTTLEL, F40— 7 VHTHEBELHIZEBWHITTY, JLENHFTED
g, MADEEI N TL2E N ERA. BAOEZ DL, REOABOLIEBETN
FHAL, BOPETCLI LR TEIHA,

g]lg

— 40 —



ERARORFTNFEBTh i h B LY, LA LR NETELEL, &
LERICEWTIHETELZ Y I BENERLWERCHE BT, B-Th
TELSVWI LR EASNET, TLERL LW EHMICTEZHA, HIRZ DR
WEFT, —EBRGEET A LI DE) 2R T DT, THRTEL LR
S &, BT ERETL2I, LT, EORRPLEI0H 5 L ERREF LR
TSR RN TIERA FBLUTOF—ATH R T ooz, &5 LT E TR
TwaniZ| LEbi, SLIERN-T [FEM] L TEbNE L

Tl HAELH), 22— 7= VFRITHrETLHwE L, FHIZINIPPON]
SARALIZTIWERWT T, BRALEETHEA) L. Buihiw ) BN, #F2
WL Ry ORI ENB L) TEL W ERVE T,

2= T — P R G HEFGEFHE, A )y 7 v B S ) E LD, LA
EUOTFEERBICEETAL ) (B TRBERKRI LY - 20 TTH) BER
., BRENVEELLTLEVE LR, TOBRBERBAICHEL TWBBE, REOEN
ThHib o TERECR 2L 00, W (. b9 —~ERFIREY., TADWT» 2 4 A
Ta—FY s A DNEICHELZD L L FE Ly, YWOHNTHBHREFIC - T, &
R AHEOBNE 30T, BWHEf(2 345, wEEeBAREFZ
iz e, 2L TelEGHE BBECRENAE > TwET,

FRVDFETLWAALSA TVOEFLRBRTE, TAFNOEMICNT 204, B
MUCH L THE2 L > TRE B L k&L, ZOROBETYH, ZOESTHEF—LT
WEFHEITVET, ZLTWETHEAEB B 0Fk, BAHESIRY S F1T- T
To FRBEF—L0BERTIH, HNERZ DL WHELL L) b, MPH-Th
EAG ST EEICH > TW I 3 2w 2 e FoTnE T, BhoZw AT TIT (A
BHids0FLwA L, BIOLWF—A0HEETWRRELLH N 84, BT L3I
WET A 2OTHE R, HSTAD ., BEHNICAT, HASRF—LRBIVHZ, Tk
REZIT,

BRINGAFE—IT =T NN —F— L) 2 TTH, HEADAFE—Y &, HHIE
3Ty, oo sonii, RSP ET, o TF—2T7 Vv -0
H. BERRSCZOEMAT, B6F TER-TLEET, WHIKES AVERNLL
BT o2, KW BB R RN DL Z ETEL DY, FC AW LT,

e G e



B2, Bid—r e — R T LTI I T, Bt & vy ARATRL

Rz, £FYRCRZ0, ME2F--Twb0bhbrbhiro7i2) Lizd Tk, BHD
AT HoTT, HORVWEBRTLIAT, ZIJETWET, HiIlDT v 2TT»5
M WIS Tld b B AT, LHULBAPESROLLZEMEZAN 2w B
S TWEDTE, AA—VIIRMELWELQESNHEABER T, EHARF Ny —HT,
HHTEITTLETHE > Twd, Tabbifiis L THEBEORWEE, £330 T
o TS L ET. o TREAOR 2L, HIUFTETHIUERWE W YDT
EHDFA, Lo DiiEL T, wAWA R ADFEEHE, HEDLDILTE, £L T
LT TL RS, BAETEDTT,

HIFESADY— 7N Tk, ) v EEAGEE. RV HEDPT»r— %
MW 7zdp oz T8hs, BMEEREEHBICHENTE 20T 2w 2 Bv ZiUdk
BHELL, L L ZENTNONE T EBHE 2 THELWZ LT,

------ PADEETHETE LT, NS L O nII b R HHICEA L 2 Lz, BAtwisk

2iE. L EOFRICERNEESHAPINE L, MR EEFLLwEW) D
ik, AMBIREZMT V3 2 RTEFI L, R EFRHTEWF— LI ERHE, )
B2t o EBY, A LW - THHRIE2FEL T v, #FREL TR Z R
L. MALHS»T, WSALEZTAT{IZE N,

BTWEEOCHLANEL2Z DD L, RO LD TWNEC ) ET,

L) HEOF—7 NI & 5728 5 0% 2 TH L v,

2) HEAH- T, Louso A, FTosgo Az &?%ﬁ%ﬁ%é##i%m

3 HEZFH O LS, ABELRL, BEL, B840, WbeH T, TN

HERTACZETARNTE T,

4) AR—=vEEBLTHE) AMERUIZLUTIZL v,

5) AOH— ZiEE R AN L, BmEL S RTER LA ABIIZh » TI L vy,

HiEo oW AR L frnwTiTh v b v ) 2 2SI WwLT, WD Y —F—%
45 L. AR TRl . BERERREEAFERFEROHL, T LTHBIOH B RFICL
Tl e BnEd, FLMAEEEAR IO, RS ELND LI ICFEED 9,



3.

1)
2)

it
)
vy

v 7 —if

+ X — NG
A e s
DKR¥C B 2BFEETHEO—RE
—AlE AN DFE A T 5T D R A —
AR HE « AN « R
QEE T EWEED 12D DMFTEE BT HE

@) Artificial muscle based on the idea of

shape memory alloy sarcomere.
HITOSHI MIYAKE

@ Jr 7 vy A ¥ —RF ORI 3
wa@ﬁm% ﬁ HT%w%ﬁ
ﬁ@m%%%w

t v & — LRI H Ik



1) #%%F - 2E+k 49— (Physical Education
and Health Care Center) HHERA

BE - e F—d, IBMb4A 4 AICE N RESE MR & L COEibaiifo s
FBREERERELER TS & & b, FEOWE RN Y — 7 OV IRERN D W LR
B e PR & AT B THUIRE OREEERIC B § 2 SMASEE 247, EERI 2 BB 5
OSBRI BT T2 2 & BRSNS e, v &2 T sespr &
TRHET & REERF S O @FOEFCEIEBE NI, KFREEESFOUERLL
ToTnd, BIEEERYE 44, LEARE 3 ZNFENRWBEEN TS, T—=& LTH,
FEMEARMARTE ., EBAE BTRL - P Lr—=r FSEHER. ATHHRLBEVREPD
Bz, ANLIRER, ERY—7 774, ERMELE, EEREMEL & Th b,

1. REERPI

1.1 #fgE7T—=

(1) RS L o i

HEn@EFRILCHE ) ARy~ Z0EE iCH 2 mT, FiBRRoeEcs

T35 AR—VEEORESEDRF - LEOHE - MRS EHE LI, SBO%E
BT A AR EE ST EEA RV IGENS DWW TR HLDTHS,

(2) AARDHEFHEAMBR—RF AR B EBE . 2 0IGA—

ANE O B HER)L F O x AN F—HEE S L, BROEE LM E L, 7 v 7 20l
KHH%-ﬁmﬁmﬁmmm$af#ﬂA%K%W@mmi$w¥ﬁﬁT%éATP(? ------
T D) T ARBEORRE. BT FESNZATPONMECP (7
VT F ) 12t AAT PHAROEARBEBMES L) a-r L0 VRICS
%3 2 LB M BUG RIS & 2 SUBBYERERE 12 & M2 o RAFSR T R Bk AT ISRk,
R EANEOW I %S, BEROFBRIEEREBEIC oW1, EE (b2 bFic 4 5
BAIGE. P ILENREOZ LS £ i A il — v ifiHgo b AN INL
B b, RS EOES A SO T 0 7T ADBERET > T,

(3} Jr A X —BEPMIL - EROLHOMI S (HHEmS 27 A) DS

AF 4 HNF oy 7 BHT AL (FEE#E L OEEBRVEEB SR ), OB T AL



BRIRGE, BREE 5 DOk & LUT - R ATV BPE2D b v —= 2 T ORE-
Ama—FPEL T, P AT LOMEET > T b, FRINLDT-F R0, Bl
BB % AT 2 W TFOERS G 21T > T b, ZIUT1990EEERET kafF:haeT
7). FHBBRRGER GOER) CERL T 5,

(4) EEHAFRBRIC LT A — 2 BT B0
EEFAHEORRICATR L ESANEE, NCHEEL LT X~ DERDOERD ZH
Bk & BB OB SO S A BHEEET. BENFIC L - T, ERAEEEE L T
DTV D THRES - Bl 247> T B,

1.2 deEEFR < o
APHEAR (BRENBEIR) . £R GEANEIR) O3, BRHAE, EMERE,
SRS, WHANE, v o SRR, EREALRSBREOWHR T - 5

BEITTwWa,

1.3 HE# (89.4-91.3)
msER (HIlRE - BB 1T, FeFOmEREE (KR 150%,

1.4 WR#E
W oIh, 198948 v & o S EBARDMEIHEmES [HEHEL LD 2 — FREh
THEEOMTTREEI>WT | OEBEMEFZFT T4,

1.5 LW

RE - B 7 —RKFIWMPATIE, I E TloEc RO ERIGHER L L ToHl
O TEL, ZOMBEIbE T, SBIIR - ABFORELINHLOERDEE
NTHb,

(1) 2AR—2IicBE# L 28O BAR & 2

BEEEMEOE X0 E L. INEEH R ARy B BSE & 37l 2 i
LCwd, Hodipsde i Lo L WESANMEENRRE £ 2 5,

2} AR—VIH (N4 A RAH=72)

WHRE Y LToORER 2 L ORBBEEE DI, THESAT v 7L RF L DR



A&7 DERIEREEET 5, BCR - AR, HELECOBEER- TS,

2. REEEHP (ERIXMRE)
BLERT —<id, NLHREZ R 2RFORRE, ALRER BERT—-2777 4,
ERIMEEE, REIENELT S TH L,

2.1 M R7——=

(1) NTCHREHW LR FORSE

FakitEad e Ay, BER5 L RBEOEE (ERLTH TN I ATHIERNEIND)
YA E N ATHR (FA4R T4 v 7T 7Fax—9) 2RFELLE, ZTOAL
B OISH & L ToSERI S L URERN e . L8 (BF) ORFELZIT- T,
FO—BE L CENBIC L 2B L WETEOREL T > Twd, /2, LERSNT
Wwh, vl zael—rE LTOIEHLBRBICANT WS,

2) ANTHEBOME

(VT —= & Bl T, NTHERD ) BRI NDT7 4 FNy 72WETET 7 Fa
T—F (VAR T4 7T 7Fax—25) L LTDIGEIEWE?E ) PRE 1T T
Do

3} EMRY—E7 77 4 OEFMLE

AR EZRE 2 o & o BRI B4 5 R S SISl L TiIrhb it Ty
b, BEBENEE AT LIZLET -2 EF0ETMUICL S 2V Ea—F o —
Ya b, B hHRSRLNDDH B,

(4) BEHMEOFE

PERACERBEAM R & LE TH 2 IS S 2 EE £ bic £ D EEME L ToIE
FRRHE 24T » T & 72 AY, BEARMES S 2 FUIIASME S i, BHAPHRETH S, =
DT 24D THOEAREEEORER 2 B ) B L RT3,

(5) & Al

[ sl B dwr el —r A v ¥ —7 2 — 2 B LR TRIC £ S HERRIEL



2.2 [T

AR (LA, BENER . BRAR MHER) . L3R (EAasdn) . &
W] REGR (RS- SRR, UK - REMEEE). EA (EHEE, BERBEIR) 2o
Wi, ERAREL & EDRRIFFEEZIT - T b,

2.3 BE (89.4~91.3)

HEE M, WMrRE (SHE. BB TH. DERRBYT S,

Iy b, ALBRICET MR TIELFAEAREEIE 3 B HAME 2akF et
FHFEERES (Q89FI0HALEE) ICTHERET- 72,

2.4 WrseE

B (B2 —FER) OEF3» Pk2., 3EERYEMEEHDE RO [t of
BEHCLHEBUEANTETORRE] 15 REMSVEMCIEE (19894F12H) e &D
BUEZIT T 5,

2.5 BLEKE - HR

T T AT g A a— 3 (B Vv =— N AbBS

TP AT g v Ay Ea—F (P2 EE R F—FER) BHE AS4040 —
B2V

B oD 250 =Y ot a—F sty I—NLANZEEL.
S LAN BRI NALATETH b,

2.6 BT
REEAET 7/ F 2 —F FHne= L —FOR% CERTEES LR X
R

CERY— Rl FE O LENEE CFRUTE RS LR KIEEER)

2.7 WREE - EMHEORE
FIFGEE DAL E T - TIRD 2 0% BiEEL 72,

OME EH A SNAT 4w 7 2AW%4S (19894 9 H) @ HAREMSESS 2 b+ o=



T 2 RS (19904 8 )

Yy -k B B BE UM
BEHE =2 1=
By F EEE 9
BB MR R
"o ER MY

— 57 —



REZELLE T IHEREFEO—ER
—EAADFEFANFEDEBH—
WA Wi - EBS B 0RE - Rl )
A T (REER)
A STUDY OF METHODS FOR CALUCULUM OF
PHYSICAL EDUCATION IN UNIVERSITY

Tetuo HASHIMOTO -« Akira SHIONOYA (Physical education and health care center)
Tetuya SAKAMOTO (Tuda gakuen High School)

The purpose of this study was constructed the regressin line between running
speed and heart rate (running speed-heart rate regression line) as an index of endur-
ance (aerobic capacity) in an instruction of physical education in university.

Subjects were 56 male freshmen students. All subjects had been running continu-
ously until they had been a steady state at the speed of pace maked by instructor. And
after running, subjects counted each heart rate. This work was carried out every
instruction of physical education as a part of warmming up. And subject was
caliculated each running speed-heart rate regression line by least square method.

The results of this work led us to decide.

1) It was possible to make running speed-heart rate regression line in an instruc-
tion of physical education.

2) It was thought running speed-heart rate regression line was available as an
index of endurance (aerobic capacity).

3) From an attempt of this study, it was thought physical education had many a
content not only a categry of physical education involved physiology, biome-

chanics but general education or specialized instraction.
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Artificial muscle based on the idea of a shape memory alloy
sarcomere

HITOSHI MIYAKE

Nagaoka University of Techmology, Physical Education and Health Care Center,
16031 Kamitomioka-cho, Nagaoka 940-21, Japan

Abstract—Artificial muscle development is described in this paper. For the artificial muscle it was planned
to assemble in series/parallel artificial shape memory alloy (SMA) sarcomeres under the bio-mimetic idea
of a living sarcomere, i.¢. the minimam functional and structuraj unit of living skeletal muscle contraction.
First, a primary unit mode! with 0.1Smm diameter SMA wire was developed, and mechanical properties
and controllability were examined. This revealed that it had too much friction to contract itself as much
as initially planned, but that this system could solve the controi problems by making them “antagonistic’
to cach other. From these results, 0.5 mm diameter SMA wire is now used in an improved model, which
is not only scaled up but is optimaily designed from the multi-parameters of total length, diameter of the
eylinder, stroke and contraction ratio. The results reveal that many probiems, which are of SMA itself,
remain unsolved, although it can be concluded that simuitancous control of both position and force is
possible with proper sensors,

Key wards: artificial muscle; shape memory alloy; sarcomere; manipulator.

I. INFRODUCTION

Although the contraction mechanism of the skeletal muscle has been clarified at the
molecular level, it has not been possible to reconstruct artificial muscle using that
knowledge. However, new actuators instead of ordinary hydraulic or electronic
motors have been expected for use in artificial hands andjor legs (prosthetic limbs)
and for internal artificial organs [1]. Hydrogen stock alloy actuators, uitrasonic
actuators, magnetic fluid actuators, mechanechemical actuators, photomechanical
actuators, shape memory alloy (SMA) actuators, etc., have been developed. The SMA
actuator [2, 3] has been significantly studied for its use for robots, because it can
directly convert energy from heat to motion, and because it has simplicity, flexibility and
has no action sounds. However, the conventional SMA actuators have control
difficulty in terms of flexibility and power shortage. In this paper we propose an ideal
actuator for medical use using SMA by a new ’bio-mimetic’ concept.

2. DESIGN CONCEPT: ARTIFICIAL MUSCLE OF SMA SARCOMERE
2.1, Living skeletal muscle design

Living skeletal muscle is constructed by muscle fasciculi, which are composed of
muscle fibers, which in turn are composed of muscle fibrils (myofibrils). The muscle
fibril is also constructed in the axial direction from repeated units, called sarcomeres,
which have myosin and actin filaments, i.c. contractile proteins, and slide over each
ather. Because of the contraction, the sarcomere is the essential contractile unit.
However, some muscles work functionally as a “flexor” or an ‘extensor’, i.e. ‘antagon-
istically’, to each other. It is for this reason that living muscle can work at both rough
and fine movements.
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2.2. The SMA sarcomere

As sarcomeres are made in series into myofibrils, many of which are made in parallel
into muscle fibers and muscle fasciculi, so the artificial muscle could be mimiced by
assembling the artificial sarcomeres, each one of which is a functionally minimum
unit, in series and parallel and by composing with proper sensors. This might be
expected to have enough power and good controllability. Furthermore, a pair of
‘artificial muscles’, a ‘flexor” and an ‘extensor’, will not only work as recovering power
for the original shape but will also perform as a fine manipulation in the same way
as a human’s.

3. MANIPULATOR AND RESULTS

Linear shape memorized 0.15 mm diameter wire of 200 mm long Ti-Ni SMA was used
with 4% distortion (which is commonly used} for the four models A, B, C and D
(Table 1). The size of the four models from varied 30 to 80 mm long, and the cylinder
diameter was 20 to 23 mm. The stroke of A, B and C was & mm long and that of D
was 1 mm. Direct heating by pulse wave modulated electric current made the SMA
wire ‘contract’, producing 10 N output of A, B and C, and 80N of D, instead of 3W
input power. It was impossible to control more precisely A or B by means of 8 or 16
equally separated current entrances. With regard to the efficient stroke, model I was
abandoned. Consequently, model C was employed.

Figure I shows a pair of modet C units, composing an ‘antagonistic’, which work
little on its external environment. Contrary to this, the antagonist of three ‘flexors’

Table 1.
Primary model specification of the artificizl sarcomere
Modei
A B C D
Stroke {mm) 8 8 8 [
Power
it (w) 3 3 3 3
out (N) 10 10 10 80
SMA wire length {mm) 200 % 2 200 x 2 200 x 2 200 x 2
Control I mm step I mm step on-off on-off

Figure 1. The “antagonist’ made of a pair of model C units.
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load

0 displacement

Figure 2. Displacement vs. load (A:B = 3 units: 1 unit; A> = B, antagonist). HT, high-temperature
phase; LT, low-temperature phase.

and one ‘extensor’ is much more useful for work (Fig. 2). According this idea of
assembling units in series and/or parallel, it would be possible to control both rough
and fine movement,

However, despite assembling the small units of ‘artificial sarcomeres’ with 0.15 mm
diameter SMA wire, the assembled artificial sarcomeres, that is the artificial muscle,
did not have sufficient power to work in practice. An improved model with 0.5mm
diameter SMA wire was then designed. As the wire diameter becomes thicker, the
friction between the SMA wires and the wooden supporters becomes larger. Thus, it
was necessary to make the diameter of the wooden cylindrical supporter wider and
to make the supporter longer in order to get more stroke. It was then calculated that
the size of more than 20% contraction ratio, of more than 20 mm stroke, and of the
minimized diameter and length was 51 mm diameter and 95 mm length with 510 mm
SMA wire and 21 mm stroke. The improved unit is shown in Fig. 3.

pully (8mm #) Ni~Ti SMA wire
(0.5mm ¢ X 510mm)

/>

95

¢ 51

Figure 3. Improved model with 0.5 mm diameter SMA wire,
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4. DISCUSSIONS
4.1. Problems of the SMA sarcomere

The problems of SMA sarcomeres are the material problems of SMA itself. They are
problems of (i) heating-cooling, (ii) actual output power, (iii) mechanical fatigue and
(iv) control.

Problem (i) is the essential and the most difficult problem. To avoid mechanical
fatigue the pulse current heating method is usually employed, which is also employed
in this study as the pulse width modulation (PWM) control method. The cooling
method, however, is much more serious. That is, the SMA actuator which works on
a heating-cooling cycle needs adequate contraction and relaxation intervals, in which
only natural heat radiation occurs. Therefore forced cooling by means of a fan or
cooled water pipe was introduced. However, there is little need for this in our artificial
muscle because natural cooling is sufficient, though it should always take regard of
the cooling method for more efficient contraction.

Secondly, actual output power problems relate to the mechanical fatigue ones. That
is, when the SMA wire distortion, i.e. contraction ratio, increases in order 1o increase
actual power, fatigue of SMA also increases. The life span of SMA, however, is over
10° times that of ordinary industrial products. Therefore the distortion of lsss than
4% in this study would produce any problems. Additionally, the SMA actuator has
a relatively large power-weight ratio as compared to other available actuators. Also,
by the essential idea of assembling units, actual output power is able to increase on
demand.

Finally, control problems should be solved. It is said that the SMA actuator has
inaccurate fine position controllability. The SMA actuator has, in practice, a control
characteristic of working smoothly even under sudden load change. This, from one
point of view, means that it changes working stroke and speed. Consequently, it has
no controllability in the sense of the conventional actuator control method. However,
from a medical or biological point of view, it is rather favorable,

Furthermore, its force controllability has not been examined yet, except a few
studies. Kuribayasi et al. [4] showed that is was possible 1o control force of two SMA
wire systems working as an ‘antagonist’ with a load-cell sensor under zero stress.
Uchiyama et a/. [5] also examined the simultaneous position and force cooperative
control in two scts of orthogonal coordinate robot hands.

We have already obtained a block diagram of the simultaneous position and force
control system [6] as shown in Fig. 4. This is basically the same as Uniyama’s system,
in which the force sensors are important. In order to obtain the same controllability
of living skeletal muscles, however, it needs real time processing to deal with the
enormous amount of information from the sensors. It needs complex control algor-
ithms and powerful computers for this processing. As fuzzy control methods, artificial
intelligence control methods, which are highly adaptable for ‘fuzzy’ information,
should be employed for this SMA actuator in order to improve control,

4.2. Problems as artificial muscle

In order to develop the artificial muscles by assembling the SMA sarcomeres, follow-
ing problems should be solved;

(i) Either actuators for all purposes or for robotic manipulators?

{ity For a robotic manipulator how many joints (degrees of freedom) does it need?
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Figure 4. Block diagram of the simultaneous position and force control system.

L Unit

Figure 5. Manipulation design composed of the primary unit models.

(iii) How to control it?
(iv) What is the design, the weight, the power source, the efficiency, the cooling
method, etc?
Figure 5 demonstrates our manipulator design composed of the initial SMA
sarcomere unit models.
In addtion to artificial muscles, the SMA actuator could be studied as a model of
living skeletal muscle with regard to its structural similarities.

5. CONCLUSION

The development of artificial muscle has been described in this paper. For the artificial
muscle it was planned to assemble in series/parallel artificial SMA sarcomeres under
the bio-mimetic idea of the living sarcomere, i.e. the minimum functional and struc-
tural unit of living skeletal muscle contraction.

First, the primary unit model with 0.15 mm diameter SMA wire was developed, and
its mechanical properties and controllability examined. This revealed that it had too
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much friction to conract itself as much as initially planned, and that this system could
solve the control problems by making them ‘antagonistic’ to each other.

From these results, 0.5 mm diameter SMA wire is now used in an improved model,
which is not only scaled up but is optimally designed from the multi-parameters of
total length, diameter of the cylinder, stroke and contraction ratio. Using these new
meadels the artificial muscle could be realized. These results also revealed that many
problems, which are those of SMA itself, remained unsolved.

Although the force control problem, above all, has been the most difficult, we have
concluded that simultaneous control of both position and force is possible with
proper sensors. In the next step, an intelligent control method will be needed for this
SMA artificial muscle.
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APPENDIX

Since this paper was first published in Japanese in 1988, the development of the
artificial muscle and of applying as actuators of a manipulator has significantly
advanced, Updated reports were reported in the Japanese Journal of Artificial Organs
m 1989 and 1990 (in Japanese) and at the 7th World Congress of the International
Saociety for Artificial Organs held at Sapporo, Japan in August 1989. In these papers
we mainly reported mechanical properties of the artificial muscles. Next Figs. Al and
A2 are our latest unpublished data. One is the block diagram of the manipulator
system using artificial muscles, and the other is 4 photograph of the mechanical part
of the manipulator (artificial arm) with a gripper (artificial hand).
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Figure Al. Block diagram of the manipulator system using artificial muscles.
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A STUDY OF THE RELATIONSHIP BETWEEN
A CAPACITY IN A MECHANISM OF ANAEROBIC

GLYCOLYSIS PROCESS AND THE
PERFORMANCE OF Jr. ALPIN SKI RACERS.

Akira SHIONOYA - Tetuo HASHIMOTO {(Physical education and health care center)
Tetuva SAKAMOTO (Tuda gakuen High School)

The purpose of this study is how influence of a capacity in a mechanism of
anaerobic glycolysis process for the performance of Jr. alpin ski racers.

The subjects were 20 male and 16 female Jr. alpin ski racers who gained SAJ (Ski
association of Japan) or NSA (Niigata ski association) points. Al of them were
designated to train by the local federation of Niigata. And one of them was designat-
ed to train by Ski association of Japan.

To estimated a capacity in a mechanism of anaerobic glycolysis process, the
ability of a peddaling exercise with all ones strength was measured by a bicycle
ergometer during 40 sec for all subjects.

The results obstain from this study were summarized as follows :

1) The relationship between an estimated capacity in a mechanism of anaerobic
glycolysis process and performance of Jr. alpin ski racing was not statistically
significant.
2)  An estimated capacity in a mechanism of anaerobic glycolysis process showed
high level.
3) It is thought that it is important to make a multi-regression model to estimate a

capacity in a mechanism of anaerobic glycolysis process for every ski racers.
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(BF N=34) {(&F N=20)
167.2 cm(5.8} g5 157.8 cm(3.1)
60.9 kg(6.4) HE 54.9 kg(3.8)
13.3 %(2.8) thBERRE 23.2 %(3.0
51.3 kg(3.23) LBM 41.9 kg(l1.9)
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8.00 watt/kg AL 6.90 watt/kg
5.60 watt/kg N 3.60 watt/kg

£2 BEtv—or/EFEBEHTRS A &
(Bfiridsec, ( )PREEREE)
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6.2251 0.7i6 0.829% | 0.827: 800mE | 0.950% * 0.753 % 0.437 0.585
0.119§  0.704 0.894% | 0.604 1,500m — - - -
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