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How to make Ibaraki inbound tourism

Kenichi HAKOYAMA, Tomonori ISAKA, and Toshihiko KUMASAKA 1

Abstract: This is a paper read at the symposium held at Ibaraki National College of Technology on 17 October 2010. The main theme is how to
make Ibaraki inbound tourism. There are three panelists —— two from INCT, and one from Tsukuba Bank.
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FeY o FfFECHDHDIT, 7 4 v 22y g EEE D
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ICRZT B, Y Db BfEOBYEBISATT & > TR,
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I. BFLER

TIOT(ELIWTHENNLDA NI ROT 7—A R EY v
h O—f7R RN, DS BT (F L — T EH
BUCH A AR A STl $0F 2708 [2—L7 vb— b
OHUEY T —4T T De ZDT—/LF L /b— kDRI
Z il T > THRIRZEBE AV VBB WTHEM & 5 L 1d 0 &,
ZAVTIEA 3T ROFREERD TDL ~EICHITCLE ST
KHIRITTR BB BT, KRR DM A Xy
RO—EHNFITES A~ 5 LU, 77 —A PEVZ—iX
BN, RN AR E TN iz biE, 92—
VT L S OEFHES O E R S35 A T I E
A%a TN DI TRERH Y | RAKIRO A CoR >
T E & DERN BT,

FIA R Ry =Y XA~ —Fy PR LD T
E, FemigikR ) ©—%—ThH b, FkAZa—NT
Jb— MEDETE o7& LT, BRI TRIEIEILES & 25
ANTEZN EBZDOENL, L AR, U E—F— 3K
VT —%HEVHET, MBI TOIESE, VT —
FRATIATENCIRFH O 3% < B BIATE LER D6 THh 2,
T2 TIA 3T Ry — U XA, HESD S OME NG
TSRS K 9188 il L CTRARTUEZR B2y, JEA
AT CREE 72 5 DIFFEF L BN TH D, RE/pZ LICH i
B ERIFIEE U CHEENAET, RIZEsTF 7 v—n
FEAZVN—T%F07- 5, HHLITHE—ANE LCEAGESH
Kz, ZH O BHEREIHRV, E LT~ AL LCHGE
IR BN D ZENERICA Y D D, 1ETAMEECAS B
RADBIRE LA SRTARE L TRV IT U B,

78 0 LN E OHFEEZ T X 5725 5 03 HERE- 13
FEOBE IS L THZIRI TR, EHE OB A4
Lo,

Y IVTIEL 7 TR IS b HOR-IR &S i) X
FORKRNETH D, VU By 7 2B L T-wiE
CIIINENBLLE OISR & Te oz, AARRBIX, #7 v

— A ERNEEHE A BT DDA D73, wE TR ES
DOYBRREIET O~ F—OUEMEGREHTH V | T
FHEICETIEE THTNE D, £I2T, HEHEROS
KIS R o T2 EG A TED B

LT, BNk ¥ —TH
B LTV DIBIRE & 55
BEEENT LT A TR
HkD AT 2 HEL
2o KT HTAHEBEHR
DAT v I—%[EA LT
DY =T —ERAEFIANEKD, TRz FIAT 51
VR NIRRT D L & RODBNDDITHEEL Y
bt LA EREHEREC L 255072, AIEREYHE ik
ETHHAZ DT, ZTEEEE, PR EDTDIT, 29
LIz AT L HETRET,

S-SR DFROD A F U EFEF N b e i
L7 ude b Wi TH D, BIE, HADOEEEEHCIT
FOROMNERELEA TBY | FKIRENCIIZew, =2ERT
DOUCEIMTIRDNIZR, TNIIFAE O TOEER, AR
MERERTLO L Y I B b n—<FE T b B LA
VY, BRI, ZEERIRE S~ OB REPERE O EIC AV TN
5 PO A& B ERERR O M) EREFHM O 7= 012 T 4
X TRV, BUIROFEE TR, FIRRZHiN - AAGE L IGE
FERLRVEBIERILRTITENTLE S,

5 BRI T 2 1B U 728 DN R D 7= 0 DR ZEN
EROTHDZRT T 4 T A RERCKTIEL S BT 5, 5
DOTCEZTHEBITEHBE L W00 n, RITELY, £,
I OEHER DR HN-THEE LY,

ZENTIEN TS TOR, AR 2 LICAARTIEREN
I DIEIRH MO THEA TV T, RT T 4 7 CORNT
B IE STV WS OO, B 2 25551 BTl 0,
T AUTTHEN A DAL D GEREN TR, Z07H, K7
T AT HA ROTEEDMETR 721 Tl L 7 ORNEHIE
DHAES BBV, KRR COERSA 3w v MR %
HINEE2 L LT, ZDO0DA 27 FEENNCE DR,
L7225 T, BIRERNLDIRTET DO E LV, 7o
ENTORSIHEABDEFIIRFIORE 5, £2C, HRO
RTZ T 4 T HA RBED S L ADIEFR & D EEDH
e & B s,

UTOESEFHERH LT, ORI T LEFEDL LD
7=,

B2, BOGIIB OGRS & XA D EEEETH D, 7
1 — N ULDEHRIZ > T, W0 F T b RLESE TR D st
DIEEFE Tl T, HIRORBG I ERI N, & TEF
JEDIHRFE DI A B ORI EA~DHE L 72 D,

B, BORROBDATE- BUGFIL, BUR CIIURE)
LD RIFVBOER > T\ D, RIRZEHEE ANEMR T 5121,
VNS NS DA N RIEERH D,

BT, TIRICEDEEIER 2D TRV, EERA 2]
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On the working hypothesis of LSC (Language-specific cognitive)-system

Mineo IKEMATSU

Abstract: An experimental design is proposed for examining if LSC (Language-specific cognitive)-system restores its function

even in adult when some factors are removed. The LSC-system inhibitors are proposed as such a factor to consist of motivation,

culture, instruction, physiological elements, etc. The possible results during the course of removal of LSC-system inhibitors are also

shown for the decrease in the right-hemisphere contribution and in the language-specific functional separation in the Wernicke’s area,

and the variation in the peak (N400) of the event-related potential (ERP).

1. [EL®HIZ

Fer RNTZ T20fty D3 MAZFETZENTE RN, &
IS5 CURHERR) 247V RioL IR L&l e
LITIRRITH D, Z ORI, 5 2 FiF (L2) BREIRV T
EEH OFERAVER A EIFO A D = XA ED L D IZBE LT
Bin, VI TV CREFEASNCE L, b LRAD L2 FEE
DREEEE O SRR 1A B ARATRE/ R DI, ZOREIHTY SiF
ERHTTEUT = b2 TR < EAZE, SUMHERIEERIZ &
S FE I ERBERDFEA TNDTD, T OERINIR AI5EH O SRR
I, ZNETOLE ZAR STy,

ST, ARSI ONTHREN /2D &) oA
TER(1-8) CdH D, Chomsky(@)IEAMNZIE L1 5% wlhe L 32445
FIR%RE(Language Acquisition Device: LAD)AMii>~> Tl Y | SEEERET
MBDATIHN D Z &2 &> THHORPISTENAER ST
WS EWD TAERCSEE] (Universal Grammar: UG) D52 FA#EE L
72 Felix(5)lL UG & RIFED S5 HA DFHRES) % Language-Specific
Cognitive system (LSC-system) . — fi% B9 4 R % IR 68 /) %
Problem-Solving Cognitive system (PSC-system) & iE7¢ L, A E

(Piaget | L D F&EEF 4 . o861 12750 LIRio> L2 FE#IL LI
DENEEIRE, LSC-system %> CEFEESETH HOD, EHLIE
OFEEIR. © O —HOBARES )T D PSCsystem LHiaT 5L FE
ELT,

{7 Flynn(5)iL UG SRATEHEEEL CND 2 EZRLTWND T
LMD, LSCsystem 8RN THIHA L T VRN EZZ TR E b
D, LM L7eDdS Flynn(S) ik =T 5 K 512, KAD L2 4%
fICOEBFL~LOZEIE L OL, B A RHOEETHD,

ZOEXHZINETDEZA L2 FHEMIRTRTHY . KA
D L2 FEEBIT R A5 ST D, ARTHL, RAR
IR — NN D Z LIS TE BFENEORFREEZ BIEL. RAD

LSC-system ODOFERETHARDIRE & 2 DRREZI Y RS Z L2k b
LSC-system B/ L A4REE L, £ D rIREMA GRS 5 7DD I
(ZONWTIRD,

2. {&Er (LSC-system PAEER & ZDFREIZ &L B LSC-system
DEETEIE)

ATEI Tl LSC-system RN THIRAF L TNDEEX DT L%
YTHhHZE, FLT, LTz L2 BEL-~YUBAENHD Z
LD HINTND Z EITHOWTRRTE T, TFEGL~VLDE
ISR 2071255 h, EEBHE ORI LW HDIE, [X
AL EWHSOEDDL Y TIHERIARATREZRIZ &, FEHE ORI
Frx THDTD, > TURRIbHELZ THDH EWVNH ZETHD, Zh
WAL, B oF, SURYE R OED, [REE
Ok, RS OB, HDWNIAEEREAEIN (SRR
THEREOMREIRT) ZEThD, oD MEAE] 13724 B
DFEEBAELIZE LT, FEEOEG L~ U RIET
T EITERERTZR,

L2 BT ELE KITT 2N D OHERZMSNOETHRS 2 &
ATEHUE, KATBOTHEEEEL TV 5 &3 2 55 LSC-system
L2212 T S L1 SR & [FRROB & 2§ 20 TIIRVWEAS 9 Dy
ZDAX— NI OEREEA LR E BT A 8103E%
By b=T 4 A« XYy REMEINDZOIEE, L1 OEREE
FHICBRE S C L E D BERERE DA T 2 TR Y R A
BRI L > CIROREEICE T, 2V ) (DT, L2 O
JERHERPH~ORER UG E T ESED 2 8T L2 BEER LTS,
D RTT 4 A Ay RGO WHEEETRRE &\ 5 AP e
W% (BRE) 352 & TARDEHREA BRI LS ¥ T- &\ o TR
A9, FBIIAFEE, Fofho THER)] HIELIOIETHRE
T Z LN TEIUSAEOMEER L VB LS EOND L5 2D,
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Z LC R L2 BIHOER A, KT T K% [LSC-system PHEZE
K] EFEN 2 LSC-system BHFEZERIASRE SMAUTRENT EIH
S U7z & H12H % T2 LSCsystem 23 L35, & DL (X 1
BLUK2) 2HEET 2,

motivation physiological

/ culture

instruction

\ \ 5 / /inpu’r
i - m
]

LS-system (UG)

1 f8R0 ILSC-system BAFERA)| [Z& > TRENT EHE L =M
B2 % LSC-system

Visible
(adult learnerswith
special training)

Invisible
(adult learners)

B2 TLSC-system PHEER ] DIRZEIZK S LSC-system SEFE{EIRER:
3. {RERHERRSEEREHE
3.1 L2 BNRRER (RN SHERERTEN)

LSC-system PHEZIXBREDOZR A GRS DITIE g (FEH)
O (OERRRESRFRNGE) (T XN DS CREERHBRER)
U BRI W EB Z BILOREBIOZ LETR~D
LML TND, ZOTZDEH ORI T < h L2
LIV LR EE) & OBFESTHR OV TE 2 (68), ZOHT
Genesee ()22 5731 U AV %5 & L7z ERP (Evoked Response
Potential) & FV \7AFSEA D, L2 EHSHRATANE < 72 D1Z AN
WML VLS 725 Z EBH B2 E 720 | L2 BRI & AkooRE 5
& DEYRNFRES I, £ LT, ERERIHY L EDTEFE ERP &
FAW IERAESRI T DRIOFERAMER S DI o, BEL-~L
DZEDNNIATHERIN R ~~ > 7 SN D DD e o T&
7

BIZIE, BERE TR LT ED—>Td 5 fMRI (finctional Magnetic
Resonance Imaging) % F\ /= Dehaene & (9)DHIFEIZIUNT, 731 U
LIILD L1 13 EDYEREN IS T B INoRE Uiz iR 95 0
VZRF L L2 DNEMA b DR IR 1 Lo TR D L H RN
BHILTND, BEBIXZORRE D LI U AL D LI AER
DOAFHISFEIFRTT L T D DI L, L2 13EMICRBIT 5 Z 0 F
FEET & (IMBIR CH D FREEA TR LT, ZLCE B U
NDOL2 T L~IPREL 12BN TL2 bEMEFT 5 X 91
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L OEFEEL QD (X3),

[FIFFA Ojemann & Whitaker (10) 13830035415 L TV D H0R
B O RAMF BRI L >, Broca S7BEF (HiTHEZE T riEEm]
NERERI A ET 5. EITHSRIBID L) J&il, % LT Wemicke
Sl (REEEEREE D EREEERSRCANT CTIFET 5, IS
B LSOOI AN 12V T, 453 L1,12...Ln)
RS CIRM 3 A R LT, % L CTiltic 72> C Ojima &
(I)ETFAHED L2 B4 ERP (2L 0 3 EEHENR L7, L2
L ~LNEE DT OIIMEEINS L1 O LTSN ZE %
SN LT D,

LH RH LH RH

<) activated site

3 L2 FR/ULAUALEICHS L2 AR OLNEEE

OB FEAETRD S L2 IR T2 CLL T L H 1T
WITTDEBZLND, T7bb,
O L21Z—H., Wemicke ¥ (ZE/IEHEE) | Broca B (RiEFEZE) . (] -
fax bl BRIERS) 72 & O SRE- LSO A (> TS D,
©@ FOBEEIELN O L2 1 L1 SRHE L TWD SRR U
ENDH LD, OB, REFER CO%SFEITENEIUE]
DM THNE (ESEEIOWTINIO) fET Ol MBS
v
@  ELITESEMED &S ERER COR SELHEE G 72 < 720 |
L1 AT TODHEIR T L2 DA ND K 512725,

32, {RERRESIEEERDIRE

L2 BAHIAE H BAEEN X ko> & 912 THERE 800 DRSRENRIE~)
BT D, 6T, AEHEET DG B. 1. O~@) DOREHT
BUOTIL, LSC-system FIEEROMBERME (58 (2L AHHERTE
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(EEDFIREER S 5 2 LMETH D,

Z 2 CIHGHIRRED 7= 850> LSC-system B & LSC-system FHL
EEIRIRFIAEDO TN BRI TRFE SIS GE, FHTEH
SR BT, L2 ERRE R E OISR & w2 SR A 52
it T DRI S\ Tl <%,

32.1. FiE

32.1.1. 8

(GSEED)

FERTHND L2 & UTUIRRTHREII eV S, gy Ui
T EDIRWEREEEINT 200, FEIBEOMELRET HTDIC
PE LV, #RE L LT, LT 4 fEE xS E 5,

(Ha)
Subject 1: Natives

FRNNL 535 BENERR OREERE,
Subject 2: Bilinguals (early and late)

TEHERED early leamer & late learner, Early learner & LC 9 i E T
\FE AR LT, BB LL ERRHCEAERG LT b o
BT 2, Lateleamer & L TIX9mbl, LV EfEAHIT 5720K
N2> T BB BG LIZE 28R 2,

Subject 3: Non-natives with a “LSC-system restriction factor-releaf
program” and learning materials of the target language

P S TEOF R R2 N B DIZ, LSC-system [REfF 711 75
LML, RIS AR E B 28 SE D,

Subject 4: Non-natives with the materials] only

TS REO BRI /2B DI, Subject 3 & [RUROITRI S8

HEIE5,

(= ha—)
Control 1: Quantity of input

Subject 4 (213 Subject 3 (135 =2 h—/L& LT Subject 3 2¥5%
I} % LSC-system [REMERT 1 7T b b 13572 BN ClRIZEOHRK
WE 525, ZHUIBIZIE—E NN S VRGN~ 7
T NTEENDSE, BRI AR E 55, Lo 2T
BB,
Control 2: Learning period of Materials

Subject 3 3 U Subject 4 1Z5%F L CHEifid™5 Materials % FV 2R
S EANA JOSEERR ARE 95, BAR9IZIE, SR
(3R —ZEE TR R S, BEA TR A aTREZR IR Y HiIiS
LN ETHD,

32.12. HiE

Check 1 (fluency): Native judges

B SR B 7= LSC-system REfER 7 1 7T & (LIFE, A
07 hE 15 FHEC L DFRSREOBESNRE Z 2T, TR
5] CTHET S,

BAINCIE, R SREOA B —F 70 10 PR A ERE S
THOVERET D, BREHX10 DT —X % T L H KTI~EZ,
FERTS 350D Native speaker 3% % 5 B CRHN 5, 7272 L. judge
DFROFEEZ L > GHIEA 2 D Z ENHD(12)728D, FHaE
M 2B I TITE A S5 judge & NS DLEN D D,
Nativelikeness {22V Tid, Flege H(13) DOEHELZ WS,

Check 2 (proficiency : = rgi THESJ): Test

K0T DIRU L DEHIEFEOEIRE Z 2T, S
1TREZ)) CHIET 2, BARMITIIFRYS FE0BERE I 2,
Check 3 (syntax formed : #53CDE75): ERP

K7 7T DERIT L DS FEOBARRE Z 2Tl Lo
A CRHIES %,

BARNTIE, IERHEESC & HSOREEIN A TR E & o TH BU,
ZORBHGLD ERP &3tk 2, HAE ORI 400 ms (CHIN D B—
7 (N0 (BN s X USREARIET S (X4),

Check 4 (right hemisphere contribution & functional division in Wernicke’s
Area): 15 %13 OT (Optical Topography (14))

ART'0 7T LI & DS EROBERE Z 2T TEAE
FROAMUEOES ] TRHlrd 2, ZHUI3 1L TR~ L oIS, &
FEREN B ABEE T SN D b DD, L2 FEBIERAT L2 13
AR AR > TRURDS R 4L, FEDETITHOLL kR, £
BRI IRV TSR SN D L OIRDTeOTh D, BT,
Check | THIVWZ A E—FH 7L L OV CEMO LL #ZEh
D ERENIRD Native speaker 7355t/ F VA PERE 7 IR L 7= BROMA4
TEEN AR D, AP IR AT S S B ERr OO A oDTH IR
BT 2 ARSI OES THHET 2 (M 5a), /=& S08
R Wernicke #HZFSUS DHERESH. B1IHEM) IHMFRISFEAY
—FEEEFOIEENN D L1 A B —FRIRHREOTEE %78 LB IV ZBED
TEEh% Wemicke B CONE & FE TR 2 (X 5b),

HE (event)

———»

85 (latency)

4 12 BELAIELLIZHES ERP b

322, FRSNDRER

Check 14 NHEHND (ETFREESND) FER, T 7 b EE
RS 1L BE L~V 20 AIEEELS, 3. Wemicke BFEARE /R
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BROENS DRI 2 BE AR D, THFEBHEOERIU L > TR T 5, AT 60

5 12 BRLAVALLICHES RESHEsZE L

3221

Proficiency: low Proficiency: high

B IAATE LT, 8 L-YUa ORI R LT
[ E720,

FHETR LT —RA072558 L~V RSkt LT, LSC-system BRE
FRBFITHRC K DFINRIC &> T LSC-system PHZETER A ARk Si7=5
BEOFEL VUL, ZOFRREFIIRE HER D5 L H127>Tn
< ETHEND, B L~V OZ kA7) LSC-system PHEZIA ABR
T 5L THBERZTLOTHIUL, FEEROBHE L~ 0%
23 LSC-system FAEERITERT 2 Z L1275,

LH RH

<L) activated site 3200 FRAEEELS

Proficiency: low Proficiency: high

TR ) A MBS 0O 28 A 7, Material (D

Q (28 BT LT, LSC-system FREAESFANEIC 1 2 Bz 21

ARLEEE = ——— TFEE T, AN COSTEEERIANE LT, LV Native 13T

4.0 DTN ETFRlEND, Zhu, RADFEE TILLSC-system A

FETART D720, L1 ABHEREDS R ET DM T <L Al

B E bl SRERSHEE R AV EI A B L T D B B

272D THD L2 BHL~VLOEN late bilingual 1FE, A

Al G1BH)), 16->T, LSCsystem FHEZERO—2%&FRE

L2532 Al s T ZE RIS OB D DS Ly FESRANIC
FEEEN S O T~ 272735,

a. BRLEREDET

= . without training

““s._with training

b. WernickeE7# e 5 HH DB 1T

RH-ratio

_____

time

BGLL

7 12 BERLAVALICHES BREEROET

6 | TR 85 L~V OBSR AR OR T,
Material 721 T8 Uiz, SR8 & & HITES L-~udm E 3223. Wemicke EHHE
T5 (FE, AL, ZOBRIST L TIIRL . BI7mE

&SRR D BT ORI Th D, £z, Zom k& 8 | TEEIRHIN k9% Wernicke BFORSRENFROZ L A7R T,
EROENG I JOWIRNEFEFIC Lo TR D |, #5598 20 Monolingual natives “ClIB&aE/ #1372 <, Early bilingual (2350

Proficiency

THRETENN L ONLD LB Z HILD, LSC-system [REMRITA &

DAMRE ST CURWEERECIE. Monolingual natives [Flkk,

Native REATTALNRNDITRT U, FIiA 2 7B O T35 IR
with ‘rminil:lg____ ] b=l Early bilingual ™ L~-YUTIT NN ETAREN S,

3.2.2.4. HESCOREEE

! without training

9T EIRHRI X% ERP N400 OEie & B2 b a7~ 7,

time LSC-system FRAERRRITIAC & 2 3 S20 781, Alia5Es
N400 t—7 33 —Be L g8 < 720 | ERFHIET LT, s,

B6 L2 BRHMIERLAL AT CU VRV B, BB - BRI, R
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TUFBRRIIE CI N L b2 T s TS h S,

without training

“>~__with training

Native

Wernicke-segmentation

8 L2 BRLAJLALICHS Wernicke FHRESEDIRIT

a Native

with froinifg”

' without training

Proficiency

without training

1

~.._with fraining

Native

time

9 L2 EBLAUALIZES a. N400 SEEER T b. N400 BrEDZEL

323, PREREFUTHT 55

FBROFERD RO (220U, 55 1 ITARIEDOIGE, 78
H LSC-system PHEZEKAS L2 D LI Lo-YUZBE L 22V YFIRD—>
ThDZENIFESNIZZ &1 5, 7272 L Rl 33eny ¢
HY . FEOREFNETIOWE 1T/ 5 FREHI RN & b,
BHTRARI TR LTS OREEE DU T, 72 & % LSC-system BRIES %
X BEEZIF 7= L L TH N400 73 Native D HDIZEINZITSL 2
EITRNES S, ZOBHOE 112, LSC-system PHEZIAICIFZ <
DEZPZOBRE LTHET O, L ENORETHBRIN T
WDTL2 DL LILBFEENFHT 5 L B2 HLATod ThD,
PR 212, LSCrsystem AR E & HITBL LT, 7&K
N2> THERF S IV T D & LTH, ZDORBERED D LSC-system
LITRER L DT/ > TODRIREN S5 Z ENET L T2
Tho, LnLehin, AR LREREO O L2 —

THZOREDRPEONIIL, ZRIERAIZBNTH B
LSC-system ZTEMAIRETH D Z & B L T2,

4. SHROFE REBRTEDRS)

WD SEESF A X 7= R LSC-system 2MFAES 5 Z & &R
TR L2 HEL~VLDZEEN TLSC-system PEETERN | (2L > THIEiE
TEND EVHIGERERE L, ZOGEE FRET 5 12O DS HE]
DN, A% OFEIL, LSC-system FHEZR DU A R 7 v
TRIUENEND L2 FEEEEREL, FREE U T LT
5L ThD, LU THEIZENENOREFEERICOWT, ZhH0
brFihik e FIUTIE DS L2 FEHEARERE L QuRiTiudie b
20,
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Research on students with higher score in listening than reading on English comprehension tests (1)

Mineo IKEMATSU

Abstract:

finding the reason of their listening preference since most Japanese show opposite preference.

it is found that they had an experience of listening to foreign (English) music during childhood.

Students with much higher score in listening than reading on English comprehension tests are examined with regard to

The students are first interviewed and

It is also confirmed that they do not

feel any difficulties in listening unlike most Japanese. Although their capacity in working memory is also measured using Japanese

version of RST (Reading Span Test), no distinguished capacity is found in those students.
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Construction of finite element used to search for

minute cracks in composite materials

Nagaaki KAWAHARA, Hiroshi IGARASHI, Hidenori NAKAGAWA, and Shigeki YAMAMOTO

Abstract: In this paper, a numerical computation method is proposed to search for minute
cracks in composite materials precisely and efficiently by means of the changes in the character-

istic frequencies of structures. To deal with inhomogeneous materials, the Eshelby equivalent

inclusion method coupled with the Mori-Tanaka theory is incorporate into the formulation of

finite element analysis. The method to construct finite elements accounting for effects of inho-

mogeneity of materials is mainly described in this paper, which are applicable to Branch and

Bound evaluation algorithms based on Weyl’s monotony theorem to identify the position and

the size of minite cracks in composite materials.
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IAHA & OB PV TH D, b L, AEWD
B OFIZ 2T AUEHERICIER-1 OEITRT & 9 12—
O3 h e L—kRIET o° BWRRET BT TH S
DY, AEMARR O HPICAFAET UL, OF A, BTk
bIZEND Z LIk 5 (B-1 ). 22T, s
Do LM DIET % 0° + (o), ELILDIND - 7240
FEYHFOIRT % 0°+ (o) £ET. T2 ()1, 20
TRAFTRLIEMETORRFIRETSH 5.

DIF oy, H-HPEESIE, B e M EwT
FNFNELLENET LD L) IZEEIC ET R A
UL ) JRICEESH ), 20 R0 H-HHEEGOIE
WA ETH L EBbiLs.

2.2 F-APOFHHOERS~12

-1 OFIRT LI, MEWIHFAETH I LIZX
D, OFR, oddticilinsg zeiciesb, 22T, i
EMOM BRI ARH LTI 1 EEOAL TS (Thbb
P &I AER D 2 M0H S 70 B AREWE) B, IMED D
TEHII LT OGS & IR W7o ICIE 2 & 9
EbEbRW, F72, K1 DOKIRTEHIIE, 4D
ITED DB E TN HIRAEZBET S,
F-HPERHTIE, ZLONMEWHPBRICEEN TS
REEIZBIT 2 RERO VDT ALOGENE (e)p £ T 5.
OO D L. Thbh, HF-HPER T,
SHDONAEW N & DB TR &AW DS 70 5 R4



BABEE - M

BT DN ROLRIRI T T SRR OREEL

~ ﬁﬁ@fxi’ﬂ%ﬂtﬁw%*{i&ﬁﬁmfg\@]éﬂ?{ﬂﬁ?ﬁ@@é\% HfEL T~ 25

KT 5 FHOT R OENE (e)p ICH S M2 72
DESZ, TRIZE>TAYE %%%(a&fwéﬁ
FEW A ENTEE 3 T TR D Eshelby Sl /759 2
FWMHATELILICh 5.

22T, RERIST 2P0 A OENE (e)p
HHELTWLIREEIZBWT, E512h 9 —2 E%%
BEIMT A2 EEEZL. ZoBIMLA T EIZEEC
AENEYD D bD7=mH 1 EE 570, :@%ﬁf:
% 1 EOBMZ L5 REFRNOENDOEEITIILAL
EHTEL). T4bb, REEKOKET % 5O 5 L)
ML, 2o % LEONMEHOEMZ L > TIZEA
CHBERZIIAI LI RVWEEZLNS, I, TO
LEDONTEY Q1 255 { DAFEW D> 6 520 F BT R &
V(T E V), TOREE, QGHNOFEN (v) L L
TEY. EIE, NMEWELOMNETIZBIT S 2D (v)
DFPIEX T B T L0555 TWh, Lzh- T,
O BL O WHRETHIFEHN I OENE, Fh
FN, (o), (o) EETE, FRENOHEBTUTO
£ IR —FE O T AERTRLT 5 (K-2).

Mori-Tanaka

a°+<ah4:ch4}°+<@D)...QM (4)

o’ + (o)1 =C (eo + {e)p + <,Y>> e (5)

3. HEEMEZHMAALEHER

3.1 F-AhIE:G % AU /- Eshelby SN EME
kkﬁﬁ TEW: (equivalent inclusion method)g)N12) &
I, NEW & &M ARRE 2 IR 720 TE%

éﬂti(if%é SMNTEE &) TR I

FH v PR #Z%kmoukfﬁ&< E%&mx

Emﬂw_iof%%ént I AEE w—¢@

ma AR 2 EITL D, ﬁ@ NTEDAFIET B AN

BIEWathz 5 & 912 Lt,twOutT%%.ﬁ&

AT HEIE, fi1i2d, Eshelby ¥, self-consistent %72

EHATH D,

ST, ERAROEEMEI SR TN ZIn T & & O

THhER, NMEMORERLR fF BLQ , U TNE

NOWIIZA L T2 P, PO e HNT

g=01-N(0"+ o)+ /(" + (o)) (O
e=(1-n(e+ie) + /(e + e+ (M) ()

ERTE, HAEMBEROFEEET NV C i, T
L ERFENDITD

cg=Ce€ (8)
LLTERTES. RIFFETH 2 Weyl O HFMEE
BAH L7 SRR /FE 7V T A L0202, Mk

DAYPENEZEAL S 7Pt L LT 5A G 72
WIZIE, ZOCERODLLENDHL. LT, C DEH
2179

BEMBEROFEIE)) o 13, BWIEES TEH L T

WA o0 I L. LzSo T, K (6) 1I8BW
T, o=0°tBL,

(1= Do)+ flo) =0 (9)
PEAND. 2 (5) 1d
o°+ (o) = C{Cy! (0" + (o)) + ()} (10)

= Cu{Cy (0° + (o)) + (1) — €'} (11)

EBLTENTEL, ZoEEX (11) ICHN € 75:,
eigen 09 A & L&, 3 (10) 253 (11) ~D R IZ
W, MEYOFERGEEET v L Cp Etﬁ@zl:i’?‘}’%
PTF vV Cy ICESHD> T, ZOEIZK (10)
LR (1) 2B EDELZDICBVIOT AT VI
W eigen O3 A e TH5DH, LHFETD L5010 H\.
7272, A (11) 2RT 2 &1, eigen O A e 1ZIBIIC
AR L 2 WIEER 22 O A, W) ZEThHbH. L
TS5 T, NFEMIZED &, cigen 0T AEIE [£HD
DOHFERZ VIRIIZBWT, B—IZEELTb ez
HELBWE ) REEESS L ETLL, 2O %R
LTWAROTAR] W) Z&ili b, BANRBTS
2L, BUEEOT AR, B EDPFNICHS TS, 2L
T, X (11) THEASN72FER, Eshelby 12 & o TH
£ EN729 DT Eshelby Sl FEWEE L XidhTwb,
—%IZ, MEY = & T ERAR OB FEREIL, T 1ED
ERMOMBICAE L BEML T 7 2a v sl Lzl
NE% b w0, R LIFESHTE RV, 22T,
NEW & B 72— R 2 2, MEMOb D
VAR 72 O 9 A & 0 A S 4. Z DS eigen UMF A
€LV il nb. RUEoE, K (10) L5 (11)
TAEA, O &) R G O A e BERISKRO S
CENTEDLEV)ETHA., TNITIFEIR
/-Eshelby ™
SN O I RAA T TEIRDFE A T H 5 12
UFEENTVD LT D, ZoLE, KO
MU eigen N9 A €* & —FRICHM S5 Z & TE
LN NOEDTHRIEFETHY, e &

(v) = Se* (12)
2, BT VLS AL THUD L.

EW) X9

J
£\ Eshelby 12X A KELRFERPEMRL TS, 2
DERT VIV S DT L% Eshelby 7~ /}DJ:J:/SQ.
Z LT, X (12) oftRE, K (10)== (11) &) ¥
Bh 5, 6 DRI [e] 10 LT, 6 M0 OMY %58
SRR O 720, T L) BN TR er D
MR EECTH B Z LD h 5. B, MEOMRE L,




26 RYE T 2w M 2T el (554675)

T

J

NHEY

~l

-3 JMEW % & A 7CRO B HIRENHRE CFHIC I REE)

R (12) DEMIIFIZR S e Ao 72, S OEMIZDNT
X, ZEOLEREEO~DIZZOFEMAH - T b
DT, FHLLEBEFE W, 7o, BT, £E
DIKDOMTEITHR LT, Bl s LT (12) D &9
7 BRR % RO 7SR 1O~ 2D 5 B .

2T, X (12) oK EA (11) ITHWS &,
(o)1 —(o)m = Cn(S —I)e” (13)
g rNnG, K (9), R (13) &b
(o) =—fCu(S—1I)e" (14)
(o) =(1-f)Cu(S—-1I)e (15)

2z, X (10)=3 (11) oBkIc, KX (12) BL UK

(14) # V5 2 & T, eigen 0T A €* 1

_ [CM — (Cu—C){S—f(S— I)}] o
{(Cu —C1)Cy'o°} (16)
eigen 09 A4 €* DR (16) IZBT B A1 %

T™ [Cy - (Cu-C){S-[(S-D}| (17)
EBLZEIZT A,
RIS, HEMEEEROPE T HAONA(T) X

Z 2T,

= (1= (e + (e )+f(e+<>D+<v>)
= (1= HC5 (0 + (o)) +
H{ER (00 + (o) + ()}

C@f(a°+«a»M)+,

fCy (0° + (o)1 + CneY)

EREFTE 20T, 2212 (15) B LU (14) ZMEX
WAL Z &ET, elkDEHIZERES.

€=Cylo° + fe (18)

_____ —

BFREROH R ﬂ BHROE
[

op

.". ....................................................................... ‘.—.
~ipie
ﬂww)
I
D o
|
M4 ¥aUHEe I X 5 S RTEEONER

L7223>TC, 22
HZ LT,

e= T—l{CM (1= f)(Cu- CI)S}CI\_AlaO(IQ)

12 eigen T A e* DI (16) ZUAT

ao:cm{cM_41—fxcM—cms}47%(m)
DEREHEL. =0 Tholzhb, A (20) 1%, KX
(8) DEMRERL TWDBZ LG hb
DLEX Y, BHEMEOTEEMET > Vv C I3,
C=Cu{Cu—(1-[)(Cu—C1)S},

[Cv— (Cu = CO{S — f(S—-D)}] (21)
ERDOENL, BB, ROEHT, T vV C
N, ZHPEREMAIAA T FEM AT H O A
T ) EREEET .

3.2 WMEEMEEHEMAAIZEZHRER
KREFTIEID) 2T D7D AEBIE VS, -
3ITRT &9 %, Wik Eﬁbiviﬁi%®%ﬁ§“
%ﬁﬁémwamﬁﬁﬂﬁ%mv C DR ITIE
HAEMRONME P E TN TE Y, @&*H@@%
TR N E ORI PATE 72 5 &) IZHE
ENTVDLbDET5, F72, EOTOROETN
MTdH 5 2 HAA oo THhAHFHEILHIHEE T 5.
ok, MIFIREOES) S AEXIL
o) (A AL (22)
024 3t2 ’
&iwé 2T, ulz,t) ZROIbAE, q(z,t) 1
AER T 20 E, A XS OREE, 1355
®mﬁ2k% A b, B (21) TEITEAMEO
PHREET > Vv C %5 KD 7 EMELO TR
B, p RSN EREE 2 L hEThikd. (i
L, BEME OB E 255K (22) 125\ THRE



BLERE - IS DN EROPRIRIZIAT 7o SRR DA

~ fEEZR B EA AT IRE R E LT OBE RO &4 HEL T~ 27
LI 00 o o]bat UB-6 12”7
e oo e e e - °°°°°°°
0%%0" 13 1 9 —13
LR 35 210 70 120
/ S S &
e Mopal| WE R T )
-p)ct pi (-p)1-7) 2 i 13 -
—131 =1  —1u
-5 #WxHE% 420 140 210 105
BI
07
B, B> 1 B,—B>
— [ aafaH NEs = B 12
N | o B, B B BB
L | 0 ooo 0 _ B _ By B1 _Bi—B> (26)
JJ 3 2 3 12
Bi.—B; By;—B; _ Bi—By; Bi;—-2B)+Bg
NEY 2 l 2 l
(-p)ct pi (-p)1-2)
FHEHE A=d°

-6 M ZREHR

ELTHICHETWA D, 1) EFEE LT W
DIGE 2L D, WHOLEA2ERETRT Y Vet
Ok LTWAE7ZHTHAE2DV, KEOE, H
HIREY & D g(x,t) =0 TH A, X (22) Z55ALL,
Z OIS HEICE F N AR ARER IS
B2 LT, RARINZLIT O —fkE A ERE % 5 529,

Ka =w’Ma (23)

22, KA~ )y 7 A, MIZEE~ M) v
7 A, w ZEEESN, o ZREREZOMHLBIZHET
BLlcbhmEB LV bAAE LTI D DORMNT *
VTH5.

i (23) TEENL EEAMEREZ, Cholesky 7%
2 L CRRYEFE A ERT IR AE S 2 5.

(R)"'KR'a=w?a, M=R'R (24

% L C, Householder 8% 4 L C =FA MA1T5 D[
HE% bisection FETRD B & vy —fxIZ X CMb
72D CEAREN K 7 RO TV D A E AT
WA 728, XBERICBIT A XBOMEIIKE L
w7 L— A O BIAET T, — RIS E R
BRIZHRT, FYEREH D S PEBEOZEE I
WHERARY. T070, XHEEHOMERICIE, &Y
BErHV., SHEERI, 3OOWHRORL L ER
POHo TWh., EROREMEHLDOIERTIE, I
MNETHIE)EROES BERY) 2 EHEL, 20K
FIALE S 2 BH L OB L > THEED S
(K—4). KEF7ETHWT WS SHEHIZOWT, HEY
N 7 ABLUHIME~ MY v 7 A0 = -5 3 &

MNEEZ A=1-0a°

By =A%+ (1 - A)?8* + A(1 — A)(48 — 68% + 48%)—,
12A(1 — A)(Br — 28%7 + 837)+,
12A4(1 — A)(B2 — 26%7° + B°72)

B; = 124{A + (1 - A)B}

B, =6A{A+ (1—A)B*>+2(1— A) (BT — B°7)}

B; = 4A% + 4A(1 — A)B% + 12A(1 — A)(B>*1 — B*7)+,
12A(1 — A)(Br2 — 28%72 + B372)

n = En[2{f(Em — E1) + ExH{(=1+ f)Em — fE1}
H(=1+ f)EY — AfEnEr,

+3(1 — f)Ef}a — 2B\ Era?]

d = By + 3f%(Bu — Er)’a,
+3F2a + 2B\ Ei(1 + o?),

+2f(Enm — Er)(En + 3Fra + Eya?)

22T, WHEHALEMRE E X, X (21) TEIEAME
DN T V0V C o3RO TS, EORHIcH
N5 fIEERITHT2NMEWO L O B EERETH Y,
NEWDEEN LW —RKTHNT fF=0L%b. F
72, By BLO B 3ZNEN, B OmRE, HME
WOBMMRETH Y, o INMEWORMENEIZB
520D FRNT o =r,/r, #FT. HEIHEERE
EWVIHIET, HEEMBOARY R ZIFE ICHHIZEO
REYHEIZIL Y 5AD TV 2 A 3T L7 [55-
H HHBRER % FH W 72 Eshelby Sl EWE: ] O%J)Th
%. F72, BEshelby 7 > VIVIHELOMBTH Y, ~F
EFOLDOREINEVD, SR TAMED D
HOLBERBRE FEHVRIZE L, MED 121D
DEAr—VEDLDEEET HLFEIT .
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4. Weyl DERAMTEIE & R UER

4.1 Weyl OEAMFEED~T)

KH.Weyl ~
AB % nRI)VI— MTFlL L, COEAEZ K
EEDOMEZFENTEFN o San S-Sy, 1 S
Bo < SB,ETH. ZDELE, B— ANIEME
[EEM] %518, ar < Bk [ S B]] 1Sk <
n) DY LD,

J

,}z H:

ZOEMIE, Courant-Fischer DEH 257 I
5. LT TIdE9Y, Courant-Fischer D % ik~ 5 .
( Courant-Fischer ™

A% n KT I—MIolE L, ADRAEEEE
DIADTREZDIAIZN, S X S-S\, 8T
. ZOLE, C" OEGZEH W IIH L,

w(W) ef sup{z*Ax ; x € W, *x =1}
EBL,

A =inf { u(W); x e W, z*x =1}
NDRBYASH
J

[RIEFA]
ATV I—- ML, Ag = N , qfq; =
6ij (i, = 1lo...,n) e d. LT, up =
inf {u(W); dimW = k} L LT, up = N\ Z/R7.
WE, W, =span{qi,...,qx} I2& 5. Yo € W, &
x=x1q + - +apq CEBTIUE, 2 = |12 +

P =1BL et Ax = M|z )2+ - Aglag?
ThHENS, p(Wi) =X, L7202 Tup SN, — @
—7Ji, Uy = span{qy,...,q,} L35 &, [EED k
KICER 2 x L, dim(Uy N W) = dimUy +
dimW — dim(Uy + W) =2 1. ® 212, g € U N
W, zfx = 1 %723 xyg = (x0,) "HFFELT,
xiAzg = Y0 Nilwo, [P 2 M Lo T, (W) 2
L7205 TC, pup 2 M. — Q@

Dl ©.@ &0, yp=X\, TH%. O

T, ZZFTLIUE, Weyl O HFIHEERLOGEHIE$
Tl S b,

[ GEFA (H.Weyl)]

' =1,%b5TRTOx e WIIHLT, z¢(B -
Az Z20THoH05, o*Bx Z Az LT 5. L

o

=t

328.4748

328.4738
3284737

Depth ofcrack [%]

T

10
Depth of crack [%]

M-8 SHOES LIRBBOLL

72035 T, —D0D k RICH
sup * & 5 &,

pu(W) =sup{z*Bx ; x € W, z*z =1}

pa(W) =sup{x*Axz ; x e W, z*x =1}

LT, up(W) Z pa(W) &b, £2ZTHHLW
%k RITEHTZEEMW 2Z2T, ZOHMTO inf & &
5L,

B2l W o z8h LT,

inf { up(W); x e W, 'z =1} 2
inf { uaA(W); zeW, 2"z =1}

Thh.
£ - T, Courant-Fischer DEH XY, Br = ap. O

4.2 FHEREEHEAWRR/RETIVT ) X LDOHE
-7 ICRTIRITE TV OWTEZ A, T OIENTE
TN R AR A FE & ENCTB D, it%
&R ERKT A Y FAERA S 75[mm] OREIZA
TwéémtTé.%®@®¢&K0wTu,E4K
RN THDH, A v DOES LHEITET N OREA
REBOZ L%, B-81IRT. A v FOERS O
PPV EMICEZ SN DT AZANF—1LHIT 5
729, Weyl DHFPEEIIZ LD, £REOEAIRE K
FHFTRA LT 5

ETIIT, Ay MDA TWA#EE, HllES
NI OB A IRE D SHE L B THHEIIOWTE
ZCHAD.

(1) FEEERIE L L C OFHl B A S o4 2



BERE - MBI T DN EROPRIRIZIAT 7o SRR DA
~ B B A LA BRI SRIE LA T AN OB RARIE O A 2 HHEL T~ 29

S, = { o
RIEOERLE (FE2mm)
k|

Ol @ | | ®

R s
ﬁﬁﬁﬁwJﬁnﬂﬂ‘Jz MZ/:J

||+ 12
E:=30) E:=36)
- & —
f& ! f - |
2 ; ‘ﬁT\\
TR 1R
??f%é[mm] : ERFEE(mm]
& I & ‘__é\
2R ! = 2R |
2 m'%\ step2 2 ——‘—‘;\
t i\

ERQTOEHIE EXQTOEAIE

DS WAE
w
5§
DS BT
w
5§

DEE OB FFH DEE OB
\1E|i§§¥5¥é4mm \iEli'éi%i?EéZﬁmm
.922{/?.1,).2,},3,'<-} ‘S‘A:{Al’lzvﬂ'sﬁ”'}
p stepl —/ p stepl —/

B9 ZZHOMEDFEET VT XL

KRR D 720121E, T TR LN EA O %
GO\ ={\,..., &0, Bxoh (GHlES IR
FAEDESE S, = {f1, .., pn} W ZH D ITV AT % R
TLLENH L., 2212, FEAEDORZ FIEREE
ETb DT L, FIT, INL2O00EEHOES
BUCHEEEZ B AT A2 L0k, MAHDESLS L
LEATEY M E L TR 2 LT, ZOEETH
LEFMEDOES Sy D Hh b, S, L OHEE R L2
LODRELIT I E2E2 5D, T2, HEEREOIE
T, SRBOBEEEDORETH B4 — ¥ —DENIC
L2 EDEAE LBL OB ELELREE 5. Z
DZriF, GRONZEAGEOESFITROEVESE
BHT27-0BEORBEN OB D05 TH 5.

PEEEDANHIE, BEACKR D LA OWE % i/
ZETHA.

L d(a,B)=d(B,a)
0 d(o,B)>0, da,B)=0sa=4
M. d(e, B) < d(a, )+ d(v, 5)

— MR B S LT, 22— 2 ) v FOREMEE K

 IEBAL L 72RO L VLR T A,

X1 (Su, 8)) =

— |pi = A
> )
i=1 ¢

LaL, K (27) TSN DEFMBIE xo (SHEEED 2 PE
L 27zl TEodHMlEEE IR Tniwn, €2
T, X (27) OBEEOGIAEH L, #Hick M O =

AN

B-10 MSMEEHIC & B BRI

AERZ W T 5 ROFMBIREIRET 5.

2
LS i — A
v (S“’SA)J;_;( |ui|2+|xi2> )

2N, BBy AP LA 2729, B,
T LEAMEORKIE, T 2 85— BERH I A7 A
LW 72D DO EUE 3~4 B TH 5.

(2) B/ [FEFEOFHEFINEOBEE

G RTED0, MO &4 DDFERITHE
L7202 R-9 1R, EEOFRERMTTIE, S
SIS pEZ L TWA, 130 BB vV ENE, FER
D EHIE R IRT.

[stepl.] ETE-9 ICBIFZEED 1 DOEFRO P
IO EXRIH L LMRET 5. LT, IRZEKE
(L, ZNENOBESIIHILT HEAHEEZRD L. K
2, ENODEEMEDNS KRS OFHlfEZ KD, €D
F/AMEZ BZOFHIMEE T5. FlziE, K-9128175%
BHEQIIBNT, FRICIEDOESHIE L EMELT,
ERZIERELLTOL. ZOL EOERBIIBIT S
EAMHEDKD %L L7 T 7H5 stepl OBHIREN
Twb., ZLT, BERQOWZTT, EREZIARGEL
LTwo/zl sOFHMIEEOEZE X5 &, 4mm] D
LEDEEEDOEGIRLTH 72T 5.

[step2] ZHDDH L ERENERE TOEFITHIRL
T, stepl L [AfkDOEMEEZ T L. H-9 T, EEQD
& FREDIEE 2 BHE G ICoWVWTbiTo 722 L 2R L
T3,

[step3.] step2 THF/2FEFRIZ DOV T ORIl 2 B\
ICHARD Z LT, EZRFEDOT RN S WIS = B H
R, EREFOURLEEZL. B-9THE, EEQ K
X9 % FHIE & B3R @) 1209 B Al & TR R,
TR @I BRHIEDS L DS WEZRL-Z L %
E£LTV5,

[step4.] stepd TH7ZEHPFHINL DEFE =X
10 DL HIZHIZ m @& A, 2, 1HDS
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APEEOXMICHFAETELI L2 ERT L., Thze
MgEEELIER, 2L T, ZOMOMMLEZEEZHWT
FEGZ1T .
DEDXHICHET D E, EBEFIIHOIAEYY L
% Ol L 72 B R E B R EESERTE 5. E5612,
X-9, K-10 O % BB IHICH D KT 2 212X - T
RIFEEZ RIS HAGEDL ZENTE L. LD
R, BERMT, EAEEOBERNIRRICRS.

5. hHi)IC

KRR, HEMED S % BREEW ORI L7
KIBR SROME R TEY, EHERESEOZE(L2 5[
ET B TEITONT, RO D EOTHRzH D
THbh. HETOHREDD %% T, Weyl DHFMEE
HAEIGH L7 2 RZEROGSEREENFEZET VTY X
L2, F% - HPELES & 72 Eshelby S TEW %
HAAATVD, THIZE 5T, Weyl DHFRMEH %
FEARB L L THOYTWAARIFEIZBWT, HEOA
YR A YA S S L L CHEREREOE
FALICHEE IS AL Z LD REIC R 5. ShoREYE
LLT, MEOARYEMDOSHEFICED 2EE6B LU
ANEEWEDOMEIC X B EAHEOHREDOZIL % B
ZIABENENTY, BLUOZFOLETO XER/FED 2
DO ORI B L N2 OWGE, B ESROBE/FE
DIzODHGHDOMEEEEZ TV D,
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An Analysis of Achievement Test of Mathematics for The First and Second Year Students of Ibaraki National College
of Technology

Nagaaki KAWAHARA, Shigeki YAMAMOTO, Yoshio OSAMOTO, Hiroshi IGARASHI, and Hidenori NAKAGAWA

Abstract: In 2008, a mathematical achievement test was given to the first and second year students of Ibaraki National College of

Technology. This article includes a detailed description of the test results, and we identify and analyze the students’ weak areas as

revealed by their test results.
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Simultaneous Separation Measurement of Principal Electrical Conductivities and Principal

Axis Angle of Two-Dimensional Anisotropic Material Using Multi-Probe Measuring Method

Eiji NEMOTO and Aomi ONUMA

Abstract: We measured the principal electrical conductivities and the principal axis angle of a Pylolytic Graphite Sheet (PGS,
Panasonic Corp.) has a thickness of 100—um and a 12—um-thick aluminum foil by the multi-probe conductivity measurement
method. To determine its principal electrical conductivities, a sample is electrified using a point power supply touches at the
sample surface and each of three electrified probes contact with three axes which center a point power supply on the sample
surface and the transient voltage changes of three directions with f=120° are measured by this method. The average of the
calculated two principal electrical conductivities of PGS are 01,1:4.91><103 S/em and ap2:4.02><103 S/cm. The geometrical mean
of the two measured principal thermal conductivities of PGS is 0= (ap,-a,,,z)”2=4.45X103 S/cm. The anisotropic factor &, which
is the ratio of 0,; to 0, is 1.23. And the average of calculated o,; and g, values of isotropic Al film are 01,1:3.84><105 S/cm and
ap2:3.69X105 S/cm. The geometrical mean of the two measured principal electrical conductivities of the Al film is 6= (0,,;"
01,2)1/2=3.76X105 S/cm. And the average of anisotropic factor of the aluminum film is £&=1.04. So this method can measure and
determine the electrical anisotropic factor. And there is a possibility for PGS to become a standard two-dimensional anisotropic

material.

1. Introduction

The materials which bring new character and are born as
cutting-edge substance accompany development of science.
These are used in a wide variety of applications of industrial
product and has formed human world. But, forming things
contains natural materials. For making the most of these
properties, we should understand physical property parameters
rightly and deeply. The crystal structures of these materials have
various anisotropy properties, e.g. individual electrical
conductivities and thermal conductivities in the different axial
directions. These anisotropies affect electrical and thermal travel.
Therefore, it is valuable to measure the electrical and thermal
conductivities of these anisotropic materials when frontier
materials and products are designed.”” However, to measure
these conductivities on the principal axis of an anisotropic
material are very difficult. There was the only trial method. So it
takes lots of time to find the correct principal values and
principal axis. Thereupon, we had proposed a simultaneous
separate method of measuring principal thermal conductivity
using multi- temperature probes from geometrical property. And
we had considered this method utility to determine principal
thermal conductivity and principal axis. The thermal and
electrical physical values resemble in shape of formula. Meaning
of physical values in formulas correspond each other. At that we
tried to apply this method to simultaneous separate measurement
of principal electrical conductivities and principal axis angle of
isotropic and two-dimensional anisotropic material by using

multi-probe electrical conductivity measurement method.

We report the measured result for the principal electrical
conductivities and the principal axis angle of a Pyrolytic Graphite
Sheet (PGS) of a two-dimensional anisotropic material and

aluminum foil of an isotropic material.

2. Theory

First, we assume two-dimensional anisotropic or isotropic
samples of thickness /# to measure the principal electrical
conductivities. Axes Li (i=1,2,3) which are measured directions
are taken as shown in Fig.1. We defined oi (i=1,2,3) as the
measured electrical conductivities on Axes Li (i=1,2,3) of the
sample. The measured electrical conductivities oi (i=1,2,3) are
expressed in the following expressions, using the well-known
Jacobi matrix method, with the principal axis angle ¢,, electrified
probe setting angle f, and the parametric electrical conductivities

O and %) .3)’5)’6)

0, =0, +0,,C082¢_

.................. (1)
0,=0,to,c082(4, +B) 2)
0y, =0, +0o,c082(9, +28) 3)

Solutions (4) and (5) of the electrical conductivities o;; and oy,
and solution (6) of the principal axis angle ¢, are obtained

respectively when simultaneously equations (1)-(3).
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O = 2
4sin” S
! (0,-0,) +loy -0.)" +2(o, _JZX53_53)+(U D :
sin2f 4sin’ B 1 TO, A0, — 05 (5)
¢g=ltan’lw .................. (6)
2 0, =0y

The following relations exist between the parametric electrical

conductivities oy; and oy, and the principal electrical
conductivities g,,; and o,,,.

C,=0Cn+0, . (7)
O, =0 =0kn (8)

Finally, egs. (9) and (10) can be obtained by substituting eqgs. (7)
and (8) for egs. (4) and (5).

o, +0,-20, cosZﬂ+
4sin’ g
1 {(Crl70'2)2+(0'270'3)2+2(0'17‘72)(0'3702)

0, =0,41t0,, =

sin2/ 4sin® B

0, +0;,—20,c082
G =0y =0 =" y £_

’ 4sin”
1 J(O_w ’0'2)2+( 270_3)2+2(0_1 ’O_z)(0_370—2)+(0_ . )(CT 7(7) .
sinzﬂl 4sin’ Lo ~+(10)

3. Measurement method

3.1 Straight disposed four-probe method?
At first, the electrical conductivity using straight disposed

Fig.1 Geometrical relation among equiangular measuring axis L;,
principal axis x (L), and axis y (L) on the surface of a

two-dimensional anisotropic or isotropic material.

power
supply

Fig.2 The image of straight disposed four-probe method in case

we interpret sample as limited thickness.

four-probe method which can obtain one direction value only is
expressed eqs. (11) and (12). The straight disposed four-probe
method is schematically shown in Fig.2. The case in which we
interpret sample as enough thickness and expanses, we use eq.
(11). And the other case where sample has limited thickness like
Fig.2, we use eq. (12). This values can be calculated using the
electrical potential difference A ¥ between inside two terminals,
the sample thickness 4, the added electrical current / by a point
power supply, the distance of adjoining probes s; (i=1,2,3).

L S S
o_zisl S+, S, Sy S; e (11)
AV 2z
ln(S1+Sz)(S2+S3)
O_:L S1S5 (12)
AV 27h

3.2 Multi-probe conductivity measurement method

This method order straight disposed four-probe to three
directions. The schematic diagram of this method in case we
interpret sample as limited thickness is shown in Fig. 3. The
electrical conductivity using multi-probe method is expressed eqgs.
(13) and (14). The case in which we interpret sample as enough
thickness and expanses, we use eq. (13). And the other case
where sample has limited thickness as shown in Fig.3, we use eq.
(14). In the experiment, these values can be calculated using the
electrical potential difference A V; between inside two terminals

of own axis direction, the sample thickness 4, the added electrical
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point
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I = I1+ [:+ s
o

sampl e

Fig.3 Schematic diagram of the multi-probe electrical

conductivity measurement method in same case with Fig.2.

current / by a point power supply, the quantity of the current in
each direction /; (i=1,2,3), distance of adjoining probes of own
axis direction s, (i=1,2,3), distance from two terminals measure
voltage to probes electrify out of sample other axis directions dx
and y. Egs. (13) and (14) are used for calculate first axis direction
electrical conductivity. Second and third direction values are
figured similarly. Three probes in each direction are set with radii

r;(i=1,2,3) center a supplying probe.

I Sy +1, Sy +1, dy;—ds; . dy10—d510
o = 5 (S! 7LSz) 3 (Sz +Ss) d,,d;; ;109510
: 27AV, e (13)
S+, S35, 2,7 dy
Iln [, —=—+1,In—+1,—
o s, s, d,, dyg e (14)
! 27AV,

The distance from two terminals measure voltage to probes
electrify out of sample other axis directions which are used to

measure of the first axis’s electrical conductivity are expressed
egs. (15)-(18).

d,, :\/s,2 —2s,s,cos f+st (15)
dy ;= \/S,2 —25,(s, +5,)cos2+ (s, +5,)° U (16)
d, = \/sf —2s,5,c082f3+s> e a7)

Fig.4 Distance from two terminals measure voltage to probes

electrify out of sample other axis directions dx,y.

dy 1 =52 = 25,(5, +5,)c08 28 + (s, +5,)

From the geometrical relationship among the three axes, we can
show dx and y by eqgs. (15)-(18). We express Eqs. (15)~(18) as d1,
d>, ds, ds each other, Those geometrical relationship is expressed
egs. (19)-(22) and Fig.4.

d=d,,=d, ,=d,_,=d,, v (19)
dy=d,,=d,_,=dg_,=d,, v (20)
dy=d, ,,=d,, e @1
d,=d, ,=d,, 22)

3.3 The principal electrical conductivities and the principal
axis angle®>

By using this theory, the principal electrical conductivities o,,,
and o0,, are obtained the following egs. (23) and (24) by

substituting the angle f=120° for eqgs. (9) and (10).

0= 16 +0+0:) -] +(o -0 (o, e o) (23)

1 2 2
:g(aw +0, +O'3)_T\/(o'l _0'2)2 +(O'z _0'3)2 +(O'1 _0'3)

g\/(gl —0, )2 Jr(0'2 *0'3)2 +(0'1 *‘73)2

:é(crl +0,+0, )+

Similarly, the principal axis angle ¢, can be used to calculate g,
and o,,, from egs. (23) and (24), and 0,; and 0, from (7) and (8),
can substitute for eq. (6), and can be obtained using eq. (25).
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Fig.5 Scanning electron microscopy image of surface of PGS
(magnification x1000).

®, = ltan’1 7\6(02 -a,)
2 20,—-0,—0,

4. Samples

The PGS sample was made by Panasonic Corp. The sample is
11.5x18cm® and has a thickness A=100pum. The sample is
lusterless silver black. The density of the sample is p=1232
kg/m®>” In Fig.5, a surface of the PGS measured by scanning
electron microscopy with a magnification of 1000 and an applied
voltage of 10 kV is shown. The surface of PGS is composed of
many flat board-shaped combined with thin films. As shown in
Fig.6, the crystal structure of PGS is a graphite structure of
hexagonal series. The lattice parameter can be calculated to be
¢=0.6704 nm, which indicated that the PGS and a-b planes are in
the same direction. Fig.7 shows the X-ray diffraction spectrum of
PGS. It was examined by using Ultima IV X-ray diffraction
meter (RIGSKU Co. Ltd). PGS is measured on condition that a
cooper X-ray that is Cu-Kal ray with a wavelength of 1.5405 A

2.491A

c-axis

A
v

a-b plane

Fig.6 Crystal structure of PGS”®.
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Fig.7 X-ray diffraction spectrum of the PGS.

and an applied voltage of 40 kV and electrical current of 40 mA.

In Fig.7, the peak angle 0 is 13.27° . It estimated that the PGS
has impurity by the reason of this data can be observed unknown
peak.

The aluminum foil is popular material that is used for cooking
in home. The sample has a thickness 12um and enough expanses
which doesn’t affect electrification by the edge. The sample is
lustrous silver. The density of the sample is p= 2699 kg/m®-” The
crystal grain is returned to near to sphere by annealing. So it is

regarded as isotropic sample.

5. Experimentation

An outline of the experimental apparatus for the principal
electrical conductivities and principal axis angle measurements is
shown in Fig.8. The copper bars are made up into probes by
sharpening the top. The current / of the point electricity source is
controlled using the power supply that supplies constant current
and voltage. Samples is set on isolated board and placed on the
multi-probe. Changes of voltage are measured with the data
recorder (R2M-2G3, M-systems Co., Ltd.). A supplying
electricity probe is common. First, a point power supply touches
at the sample surface and electrified probes contact with the
sample surface on three axes which center a point power supply.
Then we measure distributed current with ammeter and voltages
of three directions by touching two probes between center and
electrified probe in each axis direction when it enters constant
state. Finally, we calculate electrical conductivities in each axis
direction and the principal electrical conductivities and principal
axis angle using eqs.(14), (23)-(25).
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Fig.8 Outline of the experimental apparatus for the multi-probe

electrical conductivity measurement method.

6. Results

An example of the typical distributed voltage of three
directions of the PGS at room temperature 7=300 K are shown
Fig.9. At this point these are measured in a current /= 1.5 A the
power supply. From the changes of voltage shown in Fig. 8, we
interpret sample as limited thickness and calculated electrical
conductivities in each axis direction g; (i=1,2,3) using eq. (14)
and the principal electrical conductivities o,, and g, using egs.
(23) and (24) and principal axis angle ¢, using eq. (25). The
calculated o,, and o,, values are r71,,1:4.90X103 S/ecm and
0,7~4.03x10 S/cm and g, is 0.237 rad.

In Fig.10, we show calculated principal electrical
conductivities a,; and o,,, of PGS in measurement. The average

of calculated 0, and 0, values are o, =4.91x10° S/cm and
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Fig.9 Voltages change of PGS obtained by multi-probe electrical

conductivity method.
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Fig.10 Calculated principal electrical conductivities o, and 6,
of PGS.

O',,2=4.02><103 S/em. Two principal electrical conductivities of
PGS converge on constant values when voltages enter constant
state. The geometrical mean of the two measured principal
thermal conductivities of PGS is a:(z7,71-0,,2)”2=4.45><103 S/cm.
But the documented value is 1.00x10* S/cm offered by Panasonic
Corp®. We say about the cause of experimental value is half of
the documented value later. The anisotropic factor ¢ is defined as
0,, divided by 0,,. The average of anisotropic factors of PGS is
&=1.23. From this value, we see PGS as a two-dimensional
anisotropic material.

To confirm the validity of this measurement method, we
measured the principal electrical conductivities and principal axis
angle of an aluminum film that is considered to be isotropic
material of thickness =12 um. If used eqs.(23)-(25), an example
of the typical measured principal electrical conductivities are
171,,1:3.69X105 S/cm and 7,,=3.52% 10° S/cm, and the principal axis
angle ¢, is 0.686 rad. The average of calculated o,,; and g, values
are 0p1:3.84><1058/cm and r71,,2:3.69X105 S/cm. The geometrical
mean of the two measured principal electrical conductivities of
the aluminum film is o=(g,; ¢7,72)1/2=3.76><105 S/ecm. This
geometrical mean is close to the documented value of 3.64x10°
S/em offered by the Chronological Scientific Tables”. And the
average of anisotropic factor of the aluminum film is ¢&=1.04.
This shows that it is an isotropic material.

In Table 1 and 2, the measured data of the principal electrical
conductivities obtained by the multi-probe conductivity
measurement method are shown. To ascertain that sample is
two-dimensional anisotropic material or isotropic material, it is
extremely effective to judge the anisotropic factor. In Table 1 and
2, we don’t show the average of the principle axis angle because

measured direction varies from other measurement.
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Table 1 Measured principal electrical conductivities and
anisotropic factor of PGS.
The number | Principal Anisotropic | Principal
of electrical factor axis angle
measurement | conductivities & ¢, rad

6 x10°S/cm

Gp1 Op2
1 4.90 4.03 1.22 0.238
2 4.79 4.00 1.20 0.126
3 4.90 4.03 1.22 0.239
4 5.05 4.00 1.26 0.394
average 491 4.02 1.23

7. Speculation

The thickness and the degree of surface’s smoothness and the
range of electrical conductivity are the key that whether the
sample is possible to measure. We can measure materials which
have um order thickness and electrical conductivity of metal of
class. But we can’t measure sample that has thickness of mm
order. Measured values are nearly general value. We had
experimented with other samples that aren’t introduced. These
samples of electrical conductivity is lower than metal and
sample’s surface is rough. So these samples aren’t able to
measure of electrical conductivity. Since it exists the difference
of current distribution and formation of electric field between

sample as enough thickness and expanses and sample has limited

thickness when we supply point current source, we make two egs.

(13) and (14). These values calculated by these eqs. come to
originate large remainder in sample’s thickness is more than mm
order. To calculate the revising factor which show borderline use
these eqs. properly, many experimental data are an absolute
necessity.

We had proposed a simultaneous separate method of measuring

Table 2 Measured principal electrical conductivities and

anisotropic factor of aluminum film.

The number | Principal Anisotropic | Principal
of electrical factor axis angle
measurement | conductivities & ¢, rad

6 x10° S/cm

Gp1 Op2
1 3.63 3.58 1.01 0.401
2 3.95 3.78 1.05 0.680
3 3.69 3.52 1.05 0.685
4 3.95 3.78 1.05 0.680
average 3.84 3.69 1.04

principal thermal conductivities using multi- temperature probes
from geometrical property by a point heat source. And we had
considered this method utility for determine principal thermal
conductivities and principal axis are accurate. We had measured
the principal thermal conductivities 4,; and 4,, and the anisotropic
factor ¢ (that defined as 4,, divided by 4,,) of PGS. As a result,
we obtained 4,,/=746 W/(m-K) and 4,,=925 W/(m-K) and ¢ is
1.24. The geometrical mean of the two measured principal
thermal conductivities of PGS is 2= (4, 4,,)"*=831 W/(m-K).”)
This geometrical mean is close to the documented value of
600-800 W/(m*K) offered by Panasonic Corp®. The anisotropic
factor and principal axis angle of the principal thermal
conductivities and the principal electrical conductivities must are
equivalent. Although there is the problem that multi-probe
electrical conductivity measurement method gives rise to the
error yet, we can interpret this method to be useful to determine

the anisotropic factor.
8. Conclusions

(1) The two principal electrical conductivities o,; and o,, and
the principal axis angle ¢, of the PGS made by Panasonic Corp.
and aluminum film can be simultaneously measured and
determined with a new methodology of the multi-probe electrical
conductivity measurement method.

(2) This method is useful for determine the electric anisotropy
of electric conductive material.

(3) We can measure the material which has pm order thickness.

(4) But we can’t measure the material that has rough surface and
electrical conductivity is out of range that metallic class.

(5) We assume that the contact resistance and bad contact
condition with rough surface, the dent of samples due to probes
by sharpening the top and unstable conductivity by unsteady
contact pressure set up error.

(6) The anisotropic factor of electrical conductivity are almost
equal to the anisotropic factor calculated and measured by a
simultaneous separate method of measuring principal thermal
conductivity using multi-temperature probes.

(7) It’s possible to confirm that the identity of the degree of the

anisotropic factor between electrical conductivity and thermal

conductivity.
NOMENCLATURE
oi : electrical conductivities on Axes Li (i=1,2,3), S/cm
011,012 : parametric electrical conductivities, S/cm
Opls Op2 : principal electrical conductivities, S/cm
o :geometrical mean of the two measured principal

thermal conductivities = (o, 'Upg)l/ 2 S/cm

s : angle between two measured axes,®
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05 : principal axis angle, rad
é : anisotropic factor
: sample thickness, mm

: added electrical current by a point power supply, A

I; :quantity of electricity each direction (i=1,2,3), A
S; :distance of adjoining probes (i=1,2,3), mm
dx,y :distance from two terminals measure voltage to probe

electrify out of sample other axis directions, mm

r; :radii center a supplying probe (i=1,2,3), mm
P :density of the sample, kg/m’

T :room temperature, K

Apl 2 : principal thermal conductivities, W/(m-K)

A :geometrical mean of the two measured principal

thermal conductivities= (4,;° 4, )2, Wi(m-K)
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Sensing of alcohol molecules using Quartz Crystal Microbalance method

Motohiro TAKAYASU", Katsuyoshi AOKI?, Tomoaki MARUYAMA, and Takashi WAKAMATSU

Abstract : The Quartz Crystal Microbalance (QCM) is a highly sensitive detection method for very small

materials such as molecules. This detection method is based on a physical adsorption of molecules on the

quartz crystals. Sensing of the absorption of alcohol molecules was demonstrated. In the experiments, an

oscillator frequency of the quartz crystal vibrator was sensitively shifted to low frequency for the adsorption

of alcohol molecules, which was proportional to the dropped alcohol amount.
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0 200 400 600 800 1000
Time ¢ [s]

10 BEIZ& KBRS FRIRE RS

%3 FERBELERETZILIA-LDFABEGEE 22%)

W 5 B D B
[nm] 0 50 100 200
A= [Hz/s] -0.066 | -0.326 | -0317 | -0.329
T =350
1.11 5.49 5.34 5.54
b 35 B X 108 [f#/s]
4. F&H

QCM 1L, LRG| 7oL a— L B OH|E M
BT, JAERBOE(LETHRTE, EENRHEN
TE5, £, BUHEEWE T T AL, B LIE
AT N TES,

PERIEIT K DHIE TIE, BIRE B ZE LT ERIRRE
ICBVWTITORAHAENEL AL ThH- 1, ZhicsiL
T. QCM (T, WD B CTRIRIE W E D EI L - T,
T a— i fETEDAREMEDN & D,

HEF

RUFFEZ D DITH T Y | RO 2T L THF /)
WMEIREND, THAEBY F LI, LEVEFWZL
£7
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MR sAT, B d#EET 2/ = ¥ —, p273, 2006

3] BA =85, fib: BRAE2Rg 55 5 R, A IEE, 1998.
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Wiigung diinner Schichten und zur Mikrowiigung, Zeitschrift fiir
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On Reality and The Free Will Theorem in Quantum Theory
Masaomi SHIODEN

Abstract:

faction advocates “Copenhagen interpretation”

Quantum Mechanics that was formulated around 1925 can explain experimental results extremely well. It’s leading
which takes the position standing on positivism. The possibility, however, that there
are “hidden variables” in an underlying theory based on realism has been explored since the birth of quantum theory. Accompanied by
the development of experimental methods over the recent years, the possibility of the realism can now be discussed on the basis of

experiments, not just theoretically. Here we review the approach of realism and examine the implications of The Free Will Theorem

which was presented lately.

1. [XFC®IC

AR 1900 F(LARE, EBEEZAMT D) FA Y
@ Max Planck IZ X BDIEHETOMEOEAZER LT

2 i 78 A RIS . 1925 F~1926 AEEE. Werner

Heisenberg ( K A ¥ ) & & 247 %] /1 % & Erwin

Schrodinger (A — A R U T) L BB 1 E2 L& L
— R DFER E Rz,

B NFORRITE - TiE, 1905 FITtE i TEM

EFOMEEHEMAICIEH L, 2 OHFENR%E O Nobel

Prize D EFH & 72 -7 Albert Einstein ( KA ), Hi
HEFROEN P LAEEE & L CIERE L Niels
Bohr (7> ~—7), Heisenberg DHNIETYHHNIITHI %
HORMPST D EPITIN L > TRETED Z &I
KA 72 Max Born (R ), BLFO#EFHEZBLUE T 2 8E
R B &2 $& Y U 7= Wolfgang Pauli (A4 R), KL DTF
fEZ 7”2 L7z Paul Adrien Maurice Dirac (A ¥V R)
ERKRETHLL OEFRYATENREE LT,

FAELTI00FIC2AH D LT HEFNFTHLN . 4D
L ZAZOHERICHEFEN R DN TV DR TIE AL gL
T HEBRMEREZRICHIATE TS, L2L, TR
Eﬁ@%ﬂ@*}\’(“&;otmnstein bi B NFORRE T

TR HOO Y OWENBIEIT & 2 R RMERERNT S
W, ENDBAROY B & LT iT E2THDH LV
E R A, 1935 FEICHTRH EPR f XL & L CH A R LD 11T
BT T 7-[1] « EPR FHL DR O RITIRIX

B FEIEOH W D EFRIL, ZOYHEEHOTIC
T oD T DED &= H > TR ﬂbif;%mw

v TR oEetE) &,

[—ODRERLTHELT 22 LR HOWHEDE
ZRERICEID 1IZFLWHERT)TETE 20, £
DIE, Z ORI XHIE T 2 W B FAE DR P AFAE L
TWb, ]

LWV I EE] OXRMETHD (1],

B )PE, EERNREWR T, TR s &
EROETOMREFHRT LI ENTELIN BEDORT
T O E & D Bohr ZDJTRH Copenhagen fiFFR Tl
B FERBBROFERRTRIC > TN D & A2 L, Eik
FHROLEEAE L S5 TND,

L2>L72 5 5, Einstein #1%, MEEREE EXNST 5
P PR R R R E R BN IS e o T2 & BRI B
ThoE LT & HF iﬁ% REMmTHDLEVWIEZ
BRI &N e otz

ZOMSICHRT B & LT, BREZO 1935 £
Bohr {2 £ % X7, Schrodinger (2 X A8 v = L—F 4
UH— DR | DRI ERd o 723, 1964 #2732 > T John
Bell ﬁxﬁ%ﬁéﬁiﬁ mC A Lz, £OH T Bell 28R L7
T &iX. EPR @i TRBSNIZEBEADND L SR, 7T
2% SO [RBAv7-25 % (hidden variable) ] OERFH R
Atz R 7o Iz, WERREOMBIZ X LT Bell A%
75>EJZV)40Z\EZ))%6<EL‘O;&’C%Z> o B2
XL EIERR B R %*%%Téf_&)mz\o\ﬂﬁﬁkﬁé%@
Thb,

AR TR TFRRICE T 2 FEMICR A EZ B &, 1967 F

W22 H &4 7c Kochen-Specker DEBEZMFM L, Zhx b

LTH 40 & 72 2006 35 OV 2009 4=, Simon Kochen
L John Conway 723#EPE L 7= H B & & & 2E (Free Will
Theorem) (ZOWTaBI L, £ DB HIZ OV T DiEdm &
EbICEmREEMZ %,
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2. Bhi-ZEHENICKZER

AETTET. ERERELZETHI LTV ETIEO
MREELWHD &L L B EERoERI & T
EHBT DI EDL D REMENLEN LWV H T EITD
WTEZRDHZ EIZT B,

RERORBEN - EROHERIIL ATL D ORER T &

WO bDOBHFEL, T ORERFBRENVTETHRED

WHEIZEEL TWDHZ EICRD, ZORERFEZ AT
btz licTnE, AT MBI EROEATHY .,
Ihe TRNEER R, BNEERERSOIX, 2
DOENMHREOEHICHE-> T, ERICBNISNS XD
RIEFEMRFETE RO TH D, ., BT HFICE
W, ZHICHIGET 5 & 5 RRER FIEFE L2V,
— Iz, EBRICB W TRIEX G kTR T 5 b oiE NIk
Bl Thod, IHIFEFHFITBWTIL, Hilbert ZE[# H
DRI RPN Lo TRDbERD B, W) e H T
ORI

B ZE B BRI 35 T RIE W) R E R 7004
1i Bk (ensemble) (CHIGESHEDH Z LN TE B3], B
EEBOBERICBNT, RERT A osfiEkE p(1)
LECE

Lupu)=1 ReSE O B AL,
pA) 20

SRR S S YN - oAk Spal ¥ Wik = 282 Y 1R ST L

By kG T B 0B p(A) 25 2 THERE ST 5,

y - p,A)

BINFEERNTCER O & OB EMED D L IRD
£oiEims,

S fEh - DB
WEET | fEfE L7 b2 A
w | w EmEK P(A) : 7%
A W RHER
B ¥ & | A: Hermite HE 7 A : Hhi%pyi
WoE | AoEfiEa v, (4 4)=a
BFCH, v, (LA)=v (4) ©k5 BT 5.

B/ NFE BT 5720 ORI E SO RO TR
(X, EPR A3 5N D AT bikam ST 223, John
von Neumann @ no-go EH (19324F) 2LV, BT %
OFFIIARAELE L SN TV, L LAaRLZ0%, =

O EBITIE AT CRIRHE CE R VB E & FRIFHIE L
72 D R AT S S/ TV T RSB jE LW etk & 7R
LTWAZEIZRD Y LEEFFARNIERHLNICE
NTWB[4],

3. Kochen-Specker MFEIE & IERRIKEM

Kochen & Specker (% 1967 fFIZF58% L7-i
#7272 no-go TEEZIE"E L 72[5],

Z OHIREIED 1213, [RIFFHE AT 6E 22 W EL B O i D
B ONWTORDEMETH D,

(N SIANEN

R TR (e T HE) e B, A, B,C - ikt
L’C\A A

F(A,B,Cyo)=0 nmyiiobx
F D ORBCTIE, AFEARIE |y ) ik LT,

f(la,é,é,)|ly> = f(a’b’c’....)|w> =0

kb, T T, a,b,c----ti%iﬂ'&%ﬁ,é,é----@
HAHETHD, ZORRIZERMICHRIEI N TWNDH DT,
B EHOBmICBWTOHEAETE RThE R bk
W, 2 TERAEEROBR T,

S (), v(B),v(C),-+) =0

EV I BRR AW SR NER DRV,

H 9 1 DORTHESEM T, FERILK AT (non-contextuality)
LIEEN D RDOEMETH D,

WEREOM & LT,

A, B,C,D, -, L, M, N,
Ndolob LT,
ABCDl = ALK

W, FNENHBMIZ oo b Ltk &,

v(4), v(B), v(C), v(D)
DEoic, WA B,C,D % RKHIE Lkl R
bnv(4) &,

v(A), v(L), v(M), v(N)
DX, wEE A, LM, N % FEHE U7k 5T
b v(A) oiERLT—BT 5,

TOEMEIF. AL WO MERBAME —HEIHET DD
WEOTHEMOENEE S EWVH Z & TROLHEIEM
OEFDRBUAKTE LN L 2 BH®T 5,

Kochen-Specker O EB I, LFLD 2 DORIHRSEM %1 7=
T BN EEROBRIT. ST 2B HERORT
283 Lh E(dimH 2 3)DFAITIFFEE LR, VI DT
HD,

ZOFERICIE, A 1 ORFOFIZHWS, A1
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A2 A2
TD2FS,S

x2 0y

0 CHLod 2 FiaA 1. z21E.1,0,1 EWHERELILD,
RERL, BFHRICBWTIE, o0 2 #RORA Y VEHE

§2EMET D L HICOT A O H A

T 82,82, 82 IHHEWICAHIL, FRLOEAES 0 £ 1

x2 y2tz
THY ., ZOBRFIX

A2 A2 A2

S, +s, +s.=2

ERDENLTHD, 2T, RIZHITH 3 2OMEE LD
B v(w) Z, 101 3% E 4T 5,

(i) 3WIEDELRT S 3 ODHMITOVT, 1,0,1 DAEA
WINNDIEFTHY Y THN TV D,

(i) WTFNOHEWIZEAZR 2 7H X, Y ITO0NT,
v(X)=v(y)=0 EtF5ZLiITTER,

(i) Bt FmEmEmWEZNTRoOME w & —w 12D
WT, v(w)=v(-w) 5,

Kochen-Specker IXEAZT 2 X, y, Z G M EZ WA W AR
R ST, [\ LB O h D 15, BEICIEEL T
LEZEOWTNNE —HT DL REOCHEZ LT K%
DOFEINZ 1230 ZEI0 2 TTWL & 49117 FHO#ETHF
BEPHDZEERWH L, Z2OXEREIE, ITUDHIC]
220 EENY M7 b Bl O — B L7 & O R E
WBWT SEFYDICE Y YT 1 72130 &L R
EEYTIEDRNE, 10 1 OMEEHERFTE VR
2oL nWHr2EThHD,

Peres X ZUICEK B &M, 16 3@ Y OEAZHHOMIZ®F L,
117 L0 b T ol 33 BHOMTHFENELE 5 &
ZREFIED . 10 1 BAEIIFEELRVWE NS ZE AR L
TW5[6], IZivx, Peres FLE & MES, T70bb, Eid
D101 BB FMICTFIE L RN &l D,

Kochen 1Z, TN OH#FENMT 2 HEHEEEHOGHLOF
T, Z O Peres i CEITN7Z 16 @Y OEIRZHEHOMIZ,
fhod 24 38 © OE AN Z G, A5 40 WY OEAHOM
ROV CHEmMEIT> T\ D,

SFY, A1 DOX IR dimH =3 OF TR
EED 72N L D RBPEMEOEIV ST 0 1 BB KRNI
RAETH D Z 122D, dimH > 3 OFEIE, WHRE
LT H O3 ZEMES 2L L0,

SEORD, EEROEGEZO0ED T dimH24 L Lz
Y& @ David Mermin (2 X 2 fERBIGEHZ#HN L TEH
<[4][61(7].

1
ThEh 2 t°‘/5 ZHO 2HOEFITONT, ALY

BRZoWT 53

Gl
Tl

DEWRS O, i=X, 0,2 #WETHZ L EEATHD,
HlEowzsa (a=1,2) REFOKYEEDT, T
B,

1 1 1 2 2 2
1, o0,0,0, & 1, 0,,0,0;

BN, HExDOBETOAELVHEETTH 5,

ZolE, FARICHAETES 3 DOMEENLRD 6
FFHOMAEDLEEEY M1 OLSICENL % 31T, 3
FNZA~D,

1 2 1 2

o.®1 1 ® o, o, ® o]
2 1 1 2

1 ® o, c,® 1 o,® o,
1 2 1 2 1 2

Gx®0y Gy®6x O-Z®O_

1  Mermin O i J7 b
Pauli {THIOHE (01)’ =1 0,0 =ic. oM
= i x y z

BREE 2T, FT08 0 3 SOMOBEE TR, ZNENA
B O TNDZ RN D, ZZTATOMERIT S &
1®1, 1®1, (1®—i)1 20 FoMEETS &,
1®1, 101, (1®i1 L7Ab, o TH2DOMDOHA
EEOREIL, B3VD—1 ZRE, TT1 &5,

Wo.® 1) va® o)) V(oL ® o))

W1 ®0)) | wo,®1n |Wo,®o0))

Wo.® O'i) v(O'; ® o) Wo!l® o)

2 B EEERIC K 2MBEEOMOEIT

—F BRI ER OB DT TH 2 OB EICEZE D
fHrae K20k )72FzRICRD, WEMKREHERT
D=0, FMITIXENZN 1 0 — 1 BABIET TH
DM, LEOEETOBORREE | KEOFDITHR A~/
AL XD AT O CRIFEE L7256 O JER R 2 #
F72b0id, EMSIERIC L 1, 1 &V O EICAR D D%
L., [FERICHI D CTRIFEHIE L2 Ba1%, A BIREIC
1,1, =1 X527 D, LLZRNRG, 9 DOMOE
HWEEHEHT2 2B, Tab TR L &
R0 FlES EICTIIE —1 ISR, BT OEWTH
EBRILD LIRS THEE D, GEHIKDY)
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4 BHEEEEIZDOVTORIR

Kochen-Specker D EFBHEM AL THHH 40 1%,
Kochen & John Conway & 32, HHEEEH LW H
REFIZ OV T D X%%%Ltmno%®%%u\u
TD3>5Thb,

(1) SPIN D23
3ODERZFANCONWTAE Y | ORIFDAE
oD 2 /EPES D L T
WINNDIEFTH LD,

Kochen-Specker D EFLTH AW ST, T @ SPIN DA
HIZBETNFLEUNO NI D TH- T RVE
Eete S E 1R 720,

(2) TWIN DR
HERLTWDLAE Y 1 ORfa,bidbo7T.
EH AT a0 3 SOEZHE X, Y,z il
IZOWT, ZDOMSD 2 Fea 3 OWEL., WES B

TRIFb D 1 SOHFRWIZOWTRELEET 5,

F0LEE, bLW BEELEX, Y,z 1

SERMUFRTHNIE, REH B OREITLHERH
WCHEHE A DMLY T MERE LR UK EL 5 2
50

ZO X O IREZ, BT FTIE. a ORE w i
WHIELZEZICAE YN | THhHI &% hzzw

LELZEILTD L,
state )

WO EFHOIIKEE

s =1)

( entangled

lw)=| sy =1)[s) =-1)+|5% =

ofs: =)

THEZBND,

(3) MIN OAF

MWiEH AL WEH B LIk o TRENTZERD,

IR TON TV L5, HIEEB R 33 0
BEDOHFROENLN 1 DWwEBRALETDE, a
EWVOHIEMIZTZ OBIREFMI LTS,
FREIC, JEE AZw e LTEY 5% 40 YD
X,,Z2 09 3 00MONTNN 1 DF HHIZE
SIERTET, b &V PEMHEILZ O/ &I
ML TH B,

ZOMHE O FERNC X 5 R BEEINEETH 223, 1 #

1,0,1 LW oHEMN,

DIRENEZERONEEZBZ LI & T H A 6
®W%T%U\_ WK T DEROEEISOLEZARD
o TR,

5. HHESERE

HHESTHOTREIIKRDO LEBY TH D,
HMEE D 3 I OBEIEICHT 5 A E Y 1 ORT-0

IWEITEHBTH D, BIb, 526707 D8R
WBELTH. ZOEMERTIDIRELY b URTOTEH
ZE R4y OB O BT 1T e TV, |

AEOMEILL T oMWY Th 5,
A 3Dk Hc, EBERFZ. G
9o T,

FZEWnH 2o0H

X3 2 o0FROHIERT &M #ED TR

ZE M EENT 2 A a,bich HRIFIZ OV TOREZAT
I EEERD,

znEhoXHgENOBEOKFREZa, B L. a, [
EENEND 2 sa,b THET MDA OER &S
%5, bL.F*% Téaﬂb5f®@ TERE R DR E R AT
RE-TND &ﬁ‘ﬂ

0! (o) = 0] (x,y,z,w;a’)
DEHITET D, ZEEHIZHEEILTWVWD O T MIN ORI
y ., EHEREEELTEDL2VNL, 0 (a)

WIS, F7-, o FEFELTCLE T, HIE
FERIT X, Y,z DRIEET 5,

~4. 6, ()
0, (B) = 65 (x,y,2,w; B")

LET DN, %

IZHOWTH,

BB TV DO T, ZOMEIE X, y,Z 12



ESEIS Sl

FEEET, B 2EELTH, MIN OABLIZ LY Wik
HAIGEBIRTX 3, LinioT, ZhZHMIEREL

0! (@) = (v, (x,3,2),, (%, ,2),v.(x, 7,2))
6, (B) = (v,(w)
DIBICEL ZENRTED,
Z 2T, TWIN ORHIZTXY .
Rk EThIE.

HLLWRX,y,z00nT
ERRIZE TR R B 20,

RSN
w=x = v.(xy,z)=v, (W)
w=y = v(x5y,2)=v,(W)
w=z = v(xyz)=v, (W)

L7k, SPINOAIZ LY 0F () 11
0" (a)=(0,1,1)(1,0,1)(1,1,0)

DUNFABTHY ., 2O Lid, v, (W) A, 101 BT

HDHZEEBWT HMN, Z 1T Kochen— Specker O EH I
FoTHEEND, T72bL, WEMMNCHER R AR E
DLWV RENRFSTND Z &I BB ERMNE)N
b,

6. BERESEEICEATIER

#EWE3 T D Kochen & Conway 13, Z OEHIX

THIEFEN, HHHHEE (freewill) 2 H - CTHIE
EEARELIZVUENROYBEELZEIRTEZ DL
2L F UEWREW T HIE S DR S HIER R4 &
OLAMERF>TWND,

ZLEEEWRLTVD ERTVD]9],

“free will” # AARGEICEIRR L C TEHESE] EERHTH

éﬁﬁ%’%?%%h\&%mbhé# N (V= STA SO =
/@m% HENBRTAESBE TRO TS, 0D
Za T U ATERELZICEE 20,

ZOZEE, bL, XY, ZERWEIAEBIRT 5 %
BESE TR EBURLE A EEMNEDa vy Ea—F —
WWEEHMXTHE O OMRITENTH L7255, 2006 4
DD OB THEHBEIN VD LB, RERENZ
DOFPUIFFH O E ORI E > TW2 L FRT 20T
BV AL AEEE 2R AT OICH BEEIERARE LT
VB THDHZ LD, 7272 L., Peres BLEMN D H D 1A

SAEMEL B B

BZoWT 55

ZREF RS LT EEICH B T R21T4 Th 58,
Bt OFF O HHEIZOWTHEE SILHIEIT. TWIN OAH
Lo THIRSN TS

FESRANIE, Z OFEOMBIEZWASAEL REBLDOTH
ST %L OFEE L —F DR B MU T Ok 12 EE 5
?\_ZD’F%?: LTI L X 5 &9 2572, Kochen L7 3C[8]

G U7- L 9, MBI AN AZETH Y, TD XD
@ﬁ%iﬁéfi&%&hﬁbfwéo

[ E #i(determinism) | (2oL LT, [T 5 A
(randomness)| &\ 9 RKILE 2T DM TBHEEN VDD, 7B
HOENDEIRT X NI BRICITEHEEZEMT 5
BiFicide bawn, a4 g0 X 9 i ipomRiB R 2
HEEEZHHETIMFICER6RNWI LIFEETHD
NDMZTIFT oAb ER, ZOEHTEHRRONE BT/
FHIER AT L, EREICE 21X, TWIN 28IZHE 5
EHBAAR T b o & —RIICE ZIZEF L OREEOM
BTk UC, i AT SR & 1305 e 0 Brp 5 7T A ME
TWBDTH D,

HHEETHIIREROMREEZ REL TWEN, ZNT
% Einstein @ MIXFEEH A anziko 0] E0vW)HE
RERBOLEMEEL TN D, BUEE TOMBRIZNT,
Wi NBoOBOBEBREOBEFREZHET 2 Z LT AM
DRENEBIZTVAERN, FOELLTHLRVWEHREEEWD
IHLDIFHIZT A AL LTHAINS,

AMHOBBEEEHEAZREROMOBEIZITEND
JEENRH D < OB FERZENMREREEATDIC
Blo=Dix, &0 b BUELE S i < B 720 B ISR
WL RE TR B B N R & R A LD T2 B TH
-7,

Kochen =Tt LIk Em A IERU LuE%éhé@T})h
ZRUTEH BN R ERER TR WVWE T T
oftofﬁb%ntEwo$%%iﬁ¢5;oﬁﬁm
IR ENZ LIRS EEML TV, BRESEHDR

L BROEFFO R LT B 53R ERM Tl
RNWENWH T EERDLTZLILHD,

PLEN A BEEBEEEHEZ I L7z Kochen DA TH D,
1Zxr LC, 7= & 21X Nicolas Gisin (452 A>T
UTFDOXI>7rarr FEFETHDH[10],
H B EEE#Z42EE L7 Conway & Kochen I3,

O EBREMNHHICHEEBZHIECTX

O Bell REROWZETe, BEIC L <HRAES 7R
DACBWTE i & FFRMEmITEL VW TS %
T 5

ZEEREELTCWA, £ LT, Conway & Kochen @3
HE1X 2006 412 Tumulka 23MEH Lz A% 0ET L L
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FETDHEIICRZD EEBLTWA[11],  Gisin 1L,

(LR BFRBEEFEINIZLEEZRLTVDDD)
L) EIZOWT, FEFIC B o BRI S TAE L.
ZOZEBRFERRILDOFERIC > TWD LIRTET 5,

LU, FERSAITIE TH DA, BB O I FE
TE{b(realization)| LI ZE TIL AR 2 & BRI I, FEIX
R 2D LR L TV D,

ETCZCT, HHEGSEHEOEHOBICHIEE Lz 3
SONEDOH D MIN DA%

G—1) HHILEZB XL TEb bW
(3—2) MEHEIZIX
MAEREE A A mICHECcX %)
NET 2R A HICRIRTE 5
LWV HHEERS D,
DZDNZHITTHE I,

HHEESTHZE B, AH1),Q)IE5 ) RHA RN,
ZO L THBROKRESE U CBEBRBRORER) ZAifEE L
TWz, L7EERn->T, b LIREmMEGE LRV &L,
B—2)PHEZEDOBHEEDORHENENLTND I LIk
5[12], 7245, Conway & Kochen O 3B 1T 5 FEM 72 JE
TORLFOABEBEE L WD D7 b TE RN 2 RELE it
WCHILDD ZOEXT 5 & 2 AIFIERN 2R EEEOR
EThHEEZLND,

Kochen-Specker MO EH % F -5 /=, Conway & Kochen
LD HABEETEHERN L, ZOMBREICKT Dm0 —
SiEiRR Lz, HHEBESEHIIRKORESNZEHETHY |
Z DOFNC DWW T, EEHSEE O TH#am el b T
W5,

1. {F&

H L, FHIBEO T DE 2 F, Big Bang 12X 5T
130 EAERTEIS, FEF IS/ VIR B IR 2 f5t 1T TRk
ENTEELEWVW) ZEREETHIL,

FEARRL T FRL TR -0 T WE>FHE
LD B OHELD JT T, 2 OREE I 1T 2 W B R 23
RSN T BREZIUDL ZENEKRTHD, AFHEND
WE DR E I T TR 2 DSHIER O UTEHT AT A B
FERAG LI OISR BB o 7o BN E T F
BUERBLT 2 & ZADOHMMB AR -T2 Th %,

BT FEARLT-ROFRL TN E DYFE AR TE & T
X BZLLBER A BRICANTZEFROEGRCET
NFEVBEM LT &0 LEBERERIZR S Tz
7259,

FEFIIRFRRD O RFFBERHRIT T T AR T-0%
it DITENS b AT DR EFEAME) = | 72 & ZIXRITHL T
L>PR (particle psychology) &9 L 9 BREHNY CTIT E
DEIRBZITBATRERD TR NN EBB L2 &0

D, LOrLAEND, TNEHLED ZR15I2IEL, EEH
LEAFRORE S EWVEEN HEN Y BR{bT52 L
IXREECH o7,

KFEBEIC T E T RV F — P FEER O R ICEE I
729 | TRISTAN ZBRIZZ/N L T Detector Simulator D {ERK
oW ELEL S 0 Monte Carlo Simulation (2 b > T& 7=,
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NEINDZDLTTHDLIN, £V IREBX THIZL X,
Simulation % & % B WK TIZEH 2 IOHEO 7ok 7 O FLFIT
TV DTIERVWNEBZZD XL DTz,
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ZAEFE > Tz B 7 IREERR 1T B3 2 FEBR S M FTRE LT 72
S>T&ETW5DH, L, Conway & Kochen 3 EiET 5 & 9
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EPR AN EBEL S REZDEEICDNT(I)
WMEX ER

On the paper by EPR and its significance today( I )

Masaomi SHIODEN

Abstract: The tendency to understand more profoundly the basis of qunntum mechanics has become prominent lately along with the

development of quantum information and computation.

Accordingly, the famous paper written by A.Einstein, B.Podolsky and

N.Rosen (EPR) that had influenced deeply the discussion on the basis of quantum mechanics is now being cited quite frequently in the

literature. We review the background of the EPR paper and its significance from the viewpoint of today.

1. FL®IZ

AT 1900 4E(LLEE, PRI &2 B9 %) R
@ Max Planck I[Z X A1ERETOMESOE AN LI E -
7 B B A A JERE LT . 1925 AE~1926 AHH. Werner
Heisenberg ( K A ) I L 21T %] J1 % & Erwin
Schrédinger (A — A MU 7)) I K BB 72L& L
T, IO ZE [z,

BT NFORFICY > T, & TimoE» 5 Niels
Bohr (F v ~—7) B LMEEE L L TIHRL,
(A A A), Paul Adrien
ERRLTILOEFHFR

Heisenberg ., Wolfgang Pauli
Maurice Dirac (- ¥ U R)
WHZENES L,

BE, BT IFOEREZEZ LN TWS DI, Bohr 23
HELHED 7= SRR L% & 5. el Copenhagen fRFRIZ
EOLHREBERTH D,

—J7, 1905 IR i CEA R T OB 2 s
MHL, ZOMLHEN#% D Nobel Prize DZEHEH L 72-
72 Albert Einstein (KA ) 1%, BETFimoOMic

1907 4= HeEAD BT

1917 4 @EFOBRTwH, BT IA A

1924 42 R—R « T A = Z A Uk

1935 % EPR X [1]
R, BYWmBERTHLE - ROEBEPERTEL TV
[2][3].

Z?D X 91T, Einstein [TEFimOEHFHH > T, b
W 7e B % i L CE 720 5B LT B DA AT 2
ThHh-oT, ZOBMIIRELZD LR o7z,

EPR & 3C1% 1935 4F |2, Einstein 2% B.Podolsky & N.Rosen
L 41z, Copenhagen fEIRIZ ST 2 i B BE A = VA RIS

HED BRI RICREZB A D CTIRHEEINE LD TH D, =
AE, Einstein b L H EBXTWT AT T &, FHWVE
A D Rosen DEETHILICE L DD LITRY, ZANTE
i L7 fE 8 % | Podolsky 2 FELDFH LI L CTHRE LTZOH
D &5 Th D[2][4].

A>T, RBRER oM Eick v, 5% TiapHsE
Bl L TEBTE R ERNERATREIC 2> TE
L) HFR B IR BICE S BB RERCR
Farvta—¥—ORENERIZR->TETWLHEIE, &
THFOEREEZ LoD VMH LIBE L TR 2N EE
ThDHEVIFBEPEE > TETWVB[S5],

ZDX S RO, EPR #ICITUTE, 5 A
4 % . Einstein D X OP THLEFORIB N K HEL 8-> T
W2 TR TRTOYEFLOFRILIZEB N TS, i
LB MO LRI O—2IZH 2 BTV B[5][6][7].

EHT, AR T EONOFH I T, BT R
DO CTRITEH SN FEARCEOFVHENM ST
72\ The Free Will Theorem (HHEEEEH) OFET
EENCETHBEA RN TETHDH, FTND, &T
EEROMRESTFICBNTEDL I RBEZ HED TN
HLONENIERFANRLELEZ GND T2 AFFIZ X
2T, FOHEROWE ML L7z,

FEFITFE . T EER, IR 2 O TR
O [EBR-BTHH) 24 L THH, 20 tidickiT s
R 2RO IERE L 70 o T 5 W EL A 0 fig S i R R 0 J8 2
DORPUZ DWW T HEEREH & L CGEROP TR LT
Wb,

73> C Einstein 1% NE & A & OB F I3 SCHRE FEF
HTHY, WHZEENRMEROLWVWED L IICEZEL, »
MCEORBEERB L0 EH M LV 50, 72,
MBEFILONWTIEZ DL BB OER 2525 S\
WRBEHARE " ZRNTND LN ) 2 EBiERHL TV
% [81[9]s

Mz TWNZHEEZD,
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2. EPREAXRZRFTORBOME

EPR XN EREND E TORMBITHOWT, ICHER[10]
DR ESBIZLARBLMD Z T 5,

Einstein & Bohr I CHEEIZZ > Taiz b LD
13,1920 D FF, Bohr N~V Y U EFTRIZER S Wb b,

19274 10 H24 A B 29 HETT Y = v &AL THIMBE X
NI SE Y VT = A 2FEIZEBW T, Einstein (323 ClE
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DEFADT] EE- T, ERMPICEEX DI BinEE 2
TFDOHTHSTLIEN, EOHIZEESDET Stern DA
I LR, B, SRRICET HE T EEHRD
MIRNE D e MEREREE 2 TE L, YARRIC
Bohr WZIIIEEZ 525 L0 LH R BT bR
bbb,

% OE O Einstein |3 E (A HEEMEBIFR I3 5 KBl & 26
7T, Copenhagen FERDFJERAZEZ 5L LTV kD
Th D,

1930 FICBME SN 6 Y LT o A RERIZBNT
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IS LTz Rosenfeld D EIAEIZ L 5 & . Bohr X E[JEE
WEE RN 2 ENTET  RER  a v 7 22T
Ko7 H D, FNTH Bohr 1T—WiE 2 C, EHHFD
Wit O DZEAL & W H Einstein D E G EFH L TR
L. 2O Z 21 Bohr - Einstein i DI KD /NA T
ARERD,

Z AULL#% Einstein 1R @& PEBEARIZ D W T S & 260
LI LEED R IFOWHMGHLE L TCORELME S
W+ HEICFMEEZ-L> THDH, £ LT, 19334
W7 AU HIZPEY , 1935 FEIZHTE EPR i L2 BRI HE
[O PN

3. EPR®XOEE

JRER S L O OFIFR[1] & SCRR[10] D fRF I Z B3 T
HUEL DM, IKEILIEOHEROEEL 225D T,
OREZ D TR Z LIitT 5,
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e

EWIHEE AR R L, 2D o0 HEMICEIZ
NEHEZONBEEIZIRY . Z OBEILHE T XX #iG T
boHrLE2DEEZD,

SERTRHEIERHIC & o THE TR,

MBI EIED B & 5 EHRIL, F OWBBH ORI
T —=2DRIET DEoE b > TWARiTIE R b2k

|2
Lo TsEatt) ofKtETh s,

ZoOHo TERETE] OBEFRELIL,

[—ODFRERLTHET D &< . HLYHRED
BEHEECESL 1 ICELVWERERT) PSS TEL2 561,
FORE, Z ORI 2 WA ETE O BEHEIFTE
LTWD,] &V BMEEZHWTRET D,

BBV, @, [— 20K OER) &N
HBNTWD & X, 2 OFEIIR L CHEMEEN %
Lz, ) LR T D, b o & —RIICIE, RHLFTHE
TIEZR WD OYEE D — T2 T O IERE 72 Fk A
i FIZONWTOIEFERAHFERT 22 L 2R L
NTED,

DO ENG,

(1) HHEKICE->THEZDNDEEICOVTOE

T HHRRITEE TR
AN
(2) ZOoOWHREIIKHGT HEE T IL, F 5 AR
ARE TRV & &, FIRFICIEEFEEEZ L B2 R0
MOWT NN THD I ERENND,

WE, CoDRITENERH-T, BHt=0056
t=T £TOM., HEERRH Y, TOKTRASHEE
TERRR NS DET %, t<0I2B1T 5 - >DZRDIKEE
ERMoTND ERET DL, 20 OIEEOHL, Ko
t>T DEBEORACB TS5, ZOA/RMFK IT+TOIRE
I%.Schrodinger FFER A~ CTHET DI Z LR TE 5,
Z ORI T 5 BB E w(x,x,) TERbTZ
Lt s,

FlCRBLEbLAWARE Ao BAEWEZ

uy (), uy (X)), us (X)), 695, 295580 X,
O ThHDL LR LIZEEDY(X,X,) T

()= g (e, () n

DEIITEATE D,
FEEICRTICBLENOYEE B oEAE %
b,,b,,b;, - L. ZhicHET2EABEEE
Vl(xl)’vz(xl)’v3(x1)’ """ EFTH.LHT2L. 5D
BECchHDs LR LI EDY(X,X,) LK

w(x,,x,) = Z(os (x,)v(x,) (2)
s=1
L5,

WE R IOMERE AZWEL T, Z0Era, Th
ol T HE, ZonFK I+ NOEBBEKIT

w(x,x,) =4, (x)u, (x) (3)
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CIHES D, Rk, R T OYEE B ZHE L <.
ZOMEND, TholebTHE. ZHODFRIT + N OWEH)
BT

w(x,x,) =0, (x;)v,(x) 4
WIHET 5, Lo T, R0k, WHE A%

WE LA EEs g (x,) CRbSh, WikB %

HELTHATIRBEK @, (x,) TRbEh 5,

TOZEE R LI L TiThiz R 725 Z>OHE
DR RMIZBWTIE OB - B E S -
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HWEZLEZELTH RTICERALEENRRNITT
HD, ZOZLiE, RNICBTDE—DOEEICK L, B
RolWEEREESED N TERZI L2 EE
T 5,

EPR 3T &0 HIF BTV 5B B S

o 2ri
(%) = [ exp(=, 2 exp(x —x; +x,) pdp

(X, I TEE) (5)

T, ANE KT OEB R THIUE, T OEA BT
E A p okt LT

2ri
u,(x)= eXp(T)pxl (6)

L%, T TIHERARY MADOBEEEZTNDH)

5, RDHIEIKROEHICEL ZENTE D,
wnx) = 4,600u,G)dp )
=72 L
() =exp- 200~ 3 ®

ThoeT s, Lib, 0@, 3, H=kTOEHR
T
2rwi
= (—)— ©

®Eﬁﬁ—puﬁmﬁéﬁﬁﬁﬁmtofwéo
5, BoE b rOEETHLLETDHE, FAM
X oS+ A EA R E LT Dirac @ O B¥a W T,

v, (x;)=0(x, —x) (10)

EHboTWb, ZoHae, AT

p(,5) =] o (v (e)de
7272 L

o 2ri
P.(x) = [ exp(= )=, +x,) pdp

=ho(x—x, +x,) (12)

Eled, I, ZO@ IE, B KT OPEEER T

O=x, (13)

DEAME X + X x5 BEABEEIC 2> T D,

A2 B £

PO —-QP = L (14)
27w

ThHNL, —RIC P, Lo B, FREREFED p,

L q, \TRIET D DKW ARETHRWERA T P & Q

OEAREEIZ/RD DD R ENT=Z &b,
L7=RoT, I1ORICEBNWT, AnBhro s e
PHETAHZ LI, DORICKBITHWHE P off

(bbb pn. YEEQOMH(T bbb g, ). £H

ODNENOREREILT LR LICHEICTETED
ZEithD,

LT,

WENBEH AN EEDOEERTRE 52D L0 )
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BB TRIFMREEOER TH DL L RRT I LNT
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DLV FERET DR BT Foxr 0 LoiEwICIIEE
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MO TN TFETE FRICHF I TS TERVLOT
BHABEMNE ., FNHIZRIFICEEN TR, 202 &%

PLQoEENE, B 0OREZRLUTHELLRAVE S

IZE— DRI LTI b D HE D FIEICEF S &
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VAR EERDDDITITITD 7RV,

4. EPRERXA~D RIS
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HEWHZ ETHD,

EPR 3375 Bohr
DA 1D TZ T 2 K DIERICRE ) & iE
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ML HESEIYALYT 2 A DEBEOBEORETOH RO LS
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FOHRMBIFUTOLI R LD TH D,

Py ORE & x, OWE &%, MEICHHIE TH D | A
HAER LIzt > T2 p, ORIE 28T 5 72 51F,
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x, DAEIZIR E S 7220, WIS, X, DHIE 2@ IR$ i,
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EITRE S22, ZOHETYH, Einstein O E3ET 5 EH
W, & DRI OB R & AR FIRHCEEEE b o b
F TRV [10],
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EEESNTWARITIEZR BV, LrL, 2054

W5 2T BRI 0 o kDT

R BN E

fd

22> TCLEI[N—REE]L

HEEEREIC OV TE X THRBRRERN TR TH D,
LieBoT, B IFHIIEEZFHF LIRFLTHD L, £

OEFEIL, Einstein E 2 TWVDH X2 1Zid7e> Ttk
WIS ITHEROIT 65,

Schrodlnger H EPRAIAMND &3 ICHBEZ T,

Bl 2= =08 L LTHARmLEHEL
tﬂuo_h I, 7 noltfiiiEddr8GE~sa L
NUCETHFL TR LI O T BT HFIC LA REN,
Wz~ 7 m R R CATE L TV D F 2 OFRICE b
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o TND, A7 —/VIIZH T, BT 17 ORI 3 ]
WAZH DM END Z IR EFNIET THOEERFRT —~
W2 9525LEBZHND,

% 7= Louis de Broglie %, Einstein # M &7 /124042
%95 Bohr DA XFFLARN DL S, BT IFOXNHIT
BT 2MEICEBW T, ®IC~ 7 e 2RlEEE 2 AW iTh
7225720 E 3% Bohr OF 27 ICEERIZ R LTz &
b TWD, Fri, EBEHEIC SV TR, EB R
ZFHLT, I 7 e REEN RO TIER W EE Z
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T o & o T 1964 4£(Z, John Bell 23H|
L7,

HIRY 70 5m SC & 12
@O H T Bell R Lt_ &1, EPR §@3C TR
IN=EBZLND LD 7, ﬁ%%/)Fﬁﬁ% MR 7=
% (hidden variable) | Pl ZPEF)T@%P?“DK Zix, wE
g@W%ZﬂLTBwX‘ﬁﬁﬁ@iOM%#%é&w
2L THD[12],

Bohr — Einstein @4 235 0 ST S0 T2, B35
FERICHEL S22 G2 WRETIZHY, b xT
Copenhagen fEFRIZ L o> T T-EELRERL T OR DBV EF
HT 22 ENTETVEDOT,EMIREBOONTE L
WHLIANDHD LMD, LIAM, 20 b
DITESL & ERBEIFPIEFICES L TE T, ZnET
ITEBER LR o BTN FOREBICHET 5%
BrRos i gEER L L CERATRBIZ R oo, 2D —H] & LT,
1982 4EI21T oI 7= Aspect FED Bell RS OMGEER VA
HThHD, ZOE D BRBREEFERIZ OV TR, B OS2 fil
nsz&iz+s,

5. EPRBXNES

EPR X H & W, £ E TIZ Einstein ([T X » TR I
B FRICRT AR ORIIL, FOTRAFITFRV 2L
SN, ZOMETRERTNFOEBREL LoD Lcb D
(2 L. Bohr 7% Copenhagen fiffR Z v Eif T\ < £, 3

HICKEBRERE LI W) OB BUUEE TRHOZ L 72 <,
%@éﬁ#ﬁ\% B SN TWREERNFTIMThH L L EX D
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b,

5V VT = A 2E O, Einstein 235 H L 72 5ERIC
%t L. Pauli X° Heisenberg |% Bohr 2, < EE & b7
ST, b DOBLBIL, BT 17 E o TRFENE O
EAT D H D2 T2 D TIHZR N E W D A 72 S
LT %, Einstein 1% Bohr 23 THEXHEFER) I3t s w5
B CRDIAAT TR & [F L)L T ORI
LRDDZENHK» ST L D TH DI, Bohr IZxT
LRkl & LTk, RO K D eEKBLE LTz & H[10],

[FLDOH > TV D EHIREFiHmOHEBE O T TIE,
Niels Bohr 28fBEDE LWRWVMT H - & bW HILE I
Wa EoiclBbnEd,

BEND Rz & &, BPR WX O#EmO P T b EER
BfE. 3.OMECTHRN LIREZDO AL FTHDHEEX
LI EZTIEED LD BREGRPFTFIND L5 REFEDE
RO DLFRITIT D2V EFRFH L TV 5 A, Bohr 12 L
THNUX, ZUEFETHMTHRNWE NS 2 EThoT,

EPRFSCICEI D £ TO®ET J)FITX 9 5 Einstein O #44)
REERORN R ENR o1 Le b, BT 1IRIEAE
DFEBEITEREN TV RNST=THA D, BIE, B7FE
WMEBFERBEL AL 2 — DL VSRR E
No2H0 IO EBIKATND ERRT LN
KBEAH, FO—HIE L TiE, 1991 41Z Artur Ekert 23
H# LI BT RS ORFRN, EPR 30 Bohm (2 X 5 Fi&
WCHEBZRBNTWD Z EREFT NS [13],

6. {F&

1974 45, EHE N ZH L TWZ RFZ 44ERORTIE B 135
B3] OFEZROF T,

B DR T3, EZET/HEL R TWVWEDEA
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L d . KU T LUROFIEER S FEBIC Lo T2,

Z DS O B T O PRI R 0 S BR R 3R & b
FONICEIGLRER Th o 7o, 2 2 TR RS
BIRBL,
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i AN GAYN

LW, 3RS T,
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(4) a2 E 0 /NS OEEREE TilET = L o T
L, CITR/ANOEBNRGFET S,

EWVWIBDTHD, 2T 0720 Bl EX T TH LD,
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ELERBLENTWD LB NN EE X Tz,
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M/ 72 RIS BV T, b JE R & A U a3
RN LTCWDHEDIEAS N2 L) B Z#F T,
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WA THA SN, EXRRMRTEHA S0, £ DZEM
b o BB o 22/ Z AR B TR/ - Ik L2 E %
Fobol, HEARL, LMALYARDOLITEZTVT,

L2 L. FH 2228 Riemann 28l CRbOIN D L 912,
bbb OEBHOZEROWE L, EZETHIMFTE DD
FTCEHARNVEBZEHFNARTH D, T7bL, A
HEE LW DT, ENENDOZEMIZBWT, £D%E[
OB Ul L iR 2 R O>REThHoH LB %
LHNBRTHETERVDONENI ZETHD,

Einstein 7%, Ak OWELBE R 13 S B 209 72 0 E im0
HimCcRITNIE bt BZBx T, mEowl
M OEHGH OB LRSI E W FEEIC, \WE & h
FloELENTWEDTIEH D E VD,

L2s LA 5 SCHR[10]D 392 N— IR 5N b X H T,
EPR i (3 3R E A C Einstein A3 Schrodinger (256 C 72 T4
T, ROEH R enEINLTHEEWS, 5IHTH L&,

[ ZAUX(EPR §asXZ2 )RS i & Eiale BT,
SELOHENLR RLAF—IZ Lo THEI N,
Lo LZENIT, ABRBEATIEE LS TETW N, &
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Lev Davidovich Landau 23xt#(3& % i > THHFH % 535
LTWeZ LIFAATH DN, £ T,

0.5 #% Einstein
1.0 #% Bohr, Schrodinger, Heisenberg, Dirac, Fermi
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L2 L. Schrodinger (258 T/ FHRONEE LD &
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Development and Evaluation of Distributed Processing System for Collecting Data with MPI

Kazuhide MURATA, Shuhei TAKAHASHI, and Noriaki ANZAI

Abstract: Today, there is a lot of information on the Internet. It is said that there are about 1 billion web pages on the Internet. And,

there are a lot of business search engines. For example, the search engine of Google is constructed by a lot of computers as distributed

processing system. In such a situation, we thought that small or middle scale search engines are needed according to various purposes

and this system can be constructed by personal computers. Therefore, we decided to construct distributed collecting system as search

engine with MPI and DBMS, and to evaluate the system.
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Examination of Source Separation by Independent Component Analysis

Yasuaki SHIBANO® and Katsumasa ICHIGE

Abstract:

Blind source separation is a technique of sound source separation. The technique for presuming an

independent component by non-Gauss maximum is examined in this study. The algorithm for the fixed-point approach

is examined.
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A Study of the Solution of Traveling Salesman Problem by the Ant Colony Optimization

Takaya ASANO™ and Kazuhide HIROHATA

Abstract: Ant Colony Optimization (ACO) is a paradigm for designing meta heuristic algorithms on combinatorial

optimization problems. This paper proposes a improvement technique of Rank-based Ant System (AS,..x). We apply

proposed method to Travelling Salesman Problem (TSP) and show that proposed method gives better performance

than standard AS, k.

1. [FL®IC

&E & — /L A < [ (Traveling Salesman Problem, TSP)
LT AE b RELEDO —>Th D, TSP 2 A ¥
ta—UAT 427 A& LT, T bhao=—#E{tAnt
Colony Optimization, ACO)SH &7 F 2T\ 5, ACO
IEEERE & K o A LRI —>TH D, ACO D
FLHE & 72 D Ant System 7% Dorigo 512 £ o> THREIN T
b, INETIZHAOHRMT LI ) XAPREIN T
5, BB TIX, ZOFED—>THZ Rank-based Ant
System (AS,) & WE L, TERD AS, i & ILET HZ & T
TOEDIEERIAT D BN ET D,

2. KEE—IWXT UBEEOHE

TSP &1F, nfHOHFHHESV={1,2,..,n1 &, VIZEEN
o0, |G, jeV, i#) MoOBEE )N E 2 DR
Tee&  KEONAIN N CHBRERODLMETH D, Hlx
VISR, B OB 6FR, SF Y dij)= di,i) % i
72T b DEXHR TSP LD, & 5 TRV S O & FEXFFR TSP

LIS,
.' g i"—i

1 TSP Ol

* VR L S S S R
PEENT S AT BFPA L LFHY WL — A 24

n JIC R T 2 KERE OREIE0-1)12 THh D, 2ED,
BTG U TR L T < 32 # i D TSP
EEZIHA, KEIEOBREITH 411X10° @0 L7725,
B R CROEM A RO D Z LITFHERE D, fHE a2 R
MR &7, FANRER TR Z ENNEEE 2D, 22
TIHBPEERLAZ L 2— U AT 4 7 A&\ o T2, BB Ik
WRAZRD D Z & EFOHRDYIZ, MO TEO RV
fil 2 T FIEDBIZE STV 5, EBRIBEICIE, Bt G
R HIVTREED & KB 2 (ERL T D HEELE, (T 60 F 1k
THRZKERICH L TEEZMA D ETaRARE/E
ST LHUBEND D BEIE, WEEOFEIK 2,3 1277,
ABb2—V AT 47 ATHE, SREHAND ACOR, Hix
72 F L £ (Simulated Annealing) R0 & i) 70 =2 U X A
(Genetic Algorithm), % 77— —J(Tabu Search) & \» > 7= F
EPRRES N TN D,

[
»
.

[ .
L 1-1

2 HBEEOH

R
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3. 7y a0 —BEILOBE

ACO FANILT V=V v b7z OMEER
WESWTHAEE REEEZFEL 73 ) X LAORK
ThD,

3.1 7YUDRBERDAH=XL
ACO IZEHRAOT V OEBHEIZRB T 217812 ET /L
LLTWA T IE7omEr VO WEEN LT T
Vieala=b—varvketd, BREROTFHE, TV
FTELLZ_RT7zunErtlidnsd 7 ot 2 Mimicik
LENORIZED MOT VITELLIRX7=aE 2D
WL REE RO, ARRKIGEL 2R zu® 25
LAEROHEIZRES, 7o v U 3 EI MO WE Tl x 1IT7&
FELTWL, £72, TIN 720 B 2 0WTHE, 7=
0E L OREITRLS 22D,
M4DEIHETHRENRSD ET 5,7V OBENT
ZHEITEETDHE, FTOEBOVRENS EOEWRK LD
Bl 7zmErBfbEansd, 7 o2 LR/ E & BT
RIETIN, BOREIZZENLD bR 7 = v E 2388k
ENDID, BLEET VITREOREWE WK 235
AREEDN & 725, BV ICE N 7 = 1 & 3K
L, N T#ENRLS 2D, ZOXHIZ, 1EOT U ITH
ExFfo

FLZRATEN L 2> L7220 S, EHIC 2 5 2 & TREVATH
IR S,

TWDHMhD LD

4 7UOEEER

3. 2 Ant System (AS)
AS X Dorigo HIZ L > TIREINTZHEND ACO IZHS
KTNITY RN THDB,AS DT LT Y X AELLTITRT,
X E R E R,

1.t=0, 7zuxroyil

2. ==V hEATHICHEE

3. BTty TETDHET
3. Hx—T = MZHOWT, KEKEZ LRSS
F CHTTERIR & i v g
32, 7w EERE T
3.3, t=t+1

4. HBREEHT

TV ML —Y = NI TR oS 7 2 n e
DEDD, HERUICKROBENILEZRINT 5, =—2 = b
KSR i 12V B & &, BT ISR ET DR p IR & S

WWEZSND, RSIZAA—VRERT,

[ (i, 7)) n (i)

P ("' J) Z;e‘\*[ (], ,-f ]n[”('1 J)]
PA(L2)
1@ 2
(L),
" L
+

B5 MARROA A=

IEEH D7 = E &, ()it =2—U 25 4 v
JIEH L RTINS FEE R OE WA KT, TSP D56 IERE
O ()=1/d)B AN LN D, o, BIXIEDFEKT, 7
2 EUEHR, Ea— U AT ¢ v V7 IERE EOREEEM
TENERETHNTA=2THDH, NiF=—T = bk
DRFFEETES TH D,

Kx—Vxr MRKEEEER LK, KO L HIZT
e ERPEH IND,

m

??—I—ZAT (i,7)

AT, j) = { 1/LF i (i, )eT*

7(1,7) = (1 —p)T

0 otherwise

pIET7 =BV DEFERERT/INT A— X T, 0<p<l O
BxLsd, mFz—y=r FOBRETH D, ClEFT—V =
YhKICEoTEMIMLE 7z ELDETH D, THET—
Vv FAER LEKERE T, MNIroRkkEERT, o
F 0, KIEKOEHENEWIEERBICEIDND 7 20y
DENEL D, £z, BRI OVEREICH LT 7o
ELUORITHA LTV, 2D L D AU A T S AT
o9 FE TR IRT,

3.3 Rank-based Ant System (AS, 1)

AS i 1 AS D2k BT C Bullnheimer 512 &k » TIRESH
720 ASun TIE, AS LFRARICHZ=— = v FAKEIRE O
ERREATV, 720 E U ERETHT D5, €O, KEIK
ERBEENEVIRICY — 52175, 20 &%, nBHOK
Az T, ZORKBEZIMET D, ASuullBITH 7o nm
EUEHOEFNL—MIRDO L HICEREIN D,

+ZA"’ i.7)

n=1

7(i,7) = (1 = p)7(i, ) + ATH(4, 5)
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At ) = {G/L" if (i,5)eT*

0 otherwise

0 otherwise

A, ) = { (o= m)/LFiE (i j)eT”

TR INFETICB ok BOKEIE, NI 0oRERET
Hb, o IZ AN ETCT v T 2B 2 LT TIE
WDHDHNTGA—=EThD, 20, KBRIZFLTRE S
D7 xzaEVBEPN, SHICEDAT v 7D EAL 6-1
METT7=2aErBELIENTED, 2N VBRRD
ERDOEEGNPRIE I D, ASpu td AS KV ELTH
5T ENREENTNS, [1]

4. Asranka) & E

ACO REDMDOE 2a— VAT 4 7 ATHELRDLDON
BRIZBITDETLE SO NRT U ATH D, KT
fRICHa D Z & BT BT, BEE 5 etk 2 E P iic g
RKLOD, MOBEKDOEREHFEDL Z L BRI TH Do ASpu
T, BOVEEERB SN KB LT = 1T U B
Nz, BThclEfiEicle s ST HT 2 EnREETH
5EEZEZBND, T, ROBE N> KERKIZE 7 =
2 AT D ASa FTRE L, TERD ASpn DBGES
M5, 5ERD AS; P 7 = 2ENEREHNAL—LEZLLFD
LIHICETES 2,

a—1 m
(i, §) = (1= p)r(i.d) + AT (0, 5) + D _ATHiG)+ D AT(i.])
=1

[y
AT"(i, ) ={

0  otherwise
FEDAT v TR LI EAL OB & R U720 HE
WIEE D7 = 0T EHEIT D, BOKEIFE T ™2 AL
5 I"EOKEIE, DFE D T — A § o-1 £ TOKEIFRITK L
T7xRrESZESZEIIRD,

ifeT”

5. =B

5.1 RBREH

AS, ASun 1BZ ASn (2D T, TSPLIB @ 100 At
DRy F<— 7 W kroAl00) % i S 5, 6 2
kroA 100 DOH T ELE & UM i 2 77 3, kroA100 0D fe i fif
DFRIEFRIL 21282 TH D, [2]

6 kroA100 QEMTHEE Kk U HKER

T—Vxy MRUITE T E R U 100, PIHELEIXZNE
NOFHIZ 1 =—T = b eT5, EZRIZHNWZ T X —
213 a=1.0, B=5.0, p=0.9 & L, #& T5MFIL t,,=10000 &
T B4 ASpank IZDOWVTC,0=5 & 6=101 DEFAEITONTITLY,
FIVEI ASrnS, ASpud01 &5, ASqu lE 0=5 FRED
ERARAWGIDR, D= 0=101 22V THITH Z
LIZT D, R ASum IOV TIE 6=5 LT 5, KFEICH
W 20 BIFATZT 5,

FBRBREE A LL PSR T,

B BRBE © Visual C++ 2008 Express Edition
OS : Windows XP Home Edition

CPU : Atom N280 1.66GHz

A%E VU : 1GB

5.2 ER#ER -BER

BFIEICZHOWTHRITL, B O N2 ORI R O/
18, KM, PHEEZEEOEb0ER LITRT, ERNO
BT EEfEORKE TH D 21282 ITHARATEOREERE
WhERLTWSD, ZOREY, HKRETIE ASand &Y
BOMENHTWD DD AS i DN —FRWVERE S
TWBZENGND,

WiZ, AT v 7T LicGEon-REBEO—HZK 7.1 H»
HR 73127 T, AS IR BMBOMEIIAT v 7T LT T
NI ThHD, 21, BRIIBITHEFEZHRILDONT
VAMBHEDIEI IR TWHEDTHDEEZDBN
Do ASunl01 TIX7 = 1 U IEHREFHOE, AS &[RRI
ETOT—Txr MPAER LIZREEIZR L TIThil, AS
L0, BWKERICH LTENMLD 7 z2e T OmEiE%<
o TWVDH DD, EEEEDESWITEY, ASuuS,
2R ASu [ZFDAT v T TORBENZD AT v %
TORBMELGE L RoT-, 2D 2 ODOFEITEROE D
EREL o TNDEBEZDBND, ASundS EHRE AS.u
EUg4 s L, AREIN T EERRR D, 7.3
DB TIL ASpamcS 3 23000 205 22000 £ TEEF AT v 7T
BESHTWVDR, R ASum PEE 3000 25 v FLLLE
o TN Dy ZHUTHRZE ASpan DIEFRT D HEIK DY ASanic
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WCHRTIEL R TNBDThHD, ZOMELY, 7=
DEVEFELKREEZSIBERES T LN ERN
/\75),)7?»

ASrniS LR ASu BEKT DBOEI DOV T LT
5, 2 0DOFIETH LN 20 B OfE % A AR(21282) & kb
WL TCEDREDORITH L) 4 BlzyT, Z0H&%
B 8IZART, ZAUCK VIERE ASmlE, RBEMEL D 1%L
WNOfRE BT T NI RN b, TNETORRND
P22 AS i FETER D AS i & HE~EE TR @%¢m&§%M@
NI UANREL e, BERIN EN-T2EBx NS,

=1 BFERITOWTkroAl00 ZBA LR
e/ ME SN S fiE
AS 22572 23771 23228.7
(106.06%) (111.70%) | (109.15%)
AS a3 21406 22755 21944.3
(100.58%) (106.92%) | (103.11%)
AS,ani 101 22117 23200 22436.9
(103.92%) (109.01%) | (105.43%)
P22 AS 21375 22997 21854.1
(100.44%) (108.06%) | (102.69%)
28000 |
27000
26000 S
25000 G
gzmmg T
W 23000
22000
21000
o 2000 4000 6000 8000 10000
ATuS
B71.1 RFyTEBORBMRAS)
28000
27000"
26000
25000
o,
-8
2
21000
(1] 2000 4000 8000 8000 10000
AT

7. 2 X7_- V) jﬁw%aﬁ(AsrankIOI)

28000
1
27000 [}
)
26000 |4
25000 |
) —— ASrank5
g 24000 [—1-
W oas000 bt | R
= T ASrank
22000 | e
21000
0 2000 4000 6000 8000 10000
A7 e
7. 3 27_' V) jﬁ:@ﬁﬂﬁg(ASmnki ?E¥ ASrank)
12 ZEASrank
W 100~101%
B 101~103%
M 103~105%
[0 105%~

ASrankb

HITEEH

8 ASrank5 &E§ Asrank @ﬁﬂ@ﬁ@ﬂ:ﬁ

6. HHR

AWFFECIE, EALE FALOKEIFEIZK L TT = v ' UF
WMOEHZAIT D ASrum THRFE L, HERD AS g (A THE
NIREREHGDLZ N TE L, THOKERKEED DS,
ASpl01 DEIHIICETHOT—V = v FAERL L 72 KEE
WCH LT za0er 2@ OTIEARL, @HZRESED
T LR, BRITBITHERLE ZERILDONT AR K
<ﬁ5:kﬁ%#otoLﬂb,%%@A%ﬂiD%m%
EHTZENDHo), BEL TV LERH D,

Wi T D o-1 oy OK[EE & V7228, & o5 @ﬁ@
BIZH L TT7 = aE FROEHZIT O IS L - THER
DREESPEENED->TLDEBEXLND, 1-TC, 4%

T EDOEHZOKEIKE FAND Z ETHGREREZEON
DPREEL CTWE T2, E2, o> F~— 7 MEICx

LCHEM L AERE LIZHENEDTH D0 EES 5 2
ERREL LTET D,

SE XM

[1] B. Bullnheimer, R. F. Hartl and C. Strauss, “A new
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study, Working Paper No.1, 1999
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On the Existence of Vertex Disjoint Cycles in Graphs

Ronald J. GOULD*, Paul HORN*, and Kazuhide HIROHATA

Abstract: In 2005, Faudree and Gould proved that if G is a graph of order at least 3k such that |[Ng(x)UNg(y)>3k for all non-adjacent

pairs of vertices x and y, then G contains k vertex disjoint cycles. Also, they conjectured it might be possible to replace their

neighborhood condition by one of the form 2k-+c. We show some lemmas to prove their conjecture under the large order of G.

1. (XCHIZ

G H#777LFTH, ZZTHEI T TETIOL—TR
ZELN R OAERREN 7 7 CThd, ¢ OITHRER%
V(G) ., BHEAZEG) TRT, COEA X IZKHLT, GIZB
35 x DS IE 6 O T x ITBERE L TV ATEAES T,
Ne(x) T, GITBITD x ORE LT x ITHEL TV D TH
MO T, d =N | E£T, ¢ DY T 7 HITxt
LTGHIZVO -V IC k> THEENLE YT 7 &7
B, EEENnDREET T 7% K TERL, 777 GITRL
TCOnlAOa—0n0kD7T77%m6 &R, 777
G, & Gz LT G & GDOFEVE G+ G, THRT, HOHE
RFFLIZOVW T EZBROZ L,

WICLLFDOEZEEIT ).

G DI/ INREL
§ (G)=min{d,(x) |x€V(G)}

G DIEREHE 2 TH R O B/ NRERN
0 ,(6)=min {d; (x) +d; (y) |x, yeV(G), x#y, xy4E (G) }

G O 7T 7% H &L, xeVGO-VH) &5 5 & =,
Ny (=N (x) NV(H) TET,

KIZZNETIZ/BLN T DN O DORERERNT 5,
1963 4 Corradi & Hajnal 1% Erdss O FABTH 5 mE 2 H
BOGFEICET 2RO EHRZFEHA LT,

£ 1 (Corradi and Hajnal [2])
75 7 GIETEABD 3k (k>1) BLET § (6)>2k &35,
ZDEEGITIE kO RFERBAKBEET 5,

*Department of Mathematics and Computer Science
Emory University

T OFERIL 1989 £, Justesen |2 & o TIEREEE 2 THS O
B/ NRBFNIZ S B &S Tz,

B 2 (Justesen [3])
777 GITTERED 3k(k21) A T o ,(G) 24k &9 5, ZD
X GITIX Kk EORFRABBEFIET D,

I HIZ, ZOFERI 1998 41T Enomoto, 1999 42T Wang
(2 & o TISTIZ FERERE 2 TA S O/ NR BN )N e B OfEIZ 2k
EINT,

£ 3 (Enomoto [4] , Wang [5])
777 GITTEAED 3k(k21D) UL ETo,6)24k-1 &35, Z
D& x GIIT kO RFERARBITFET D,

EF3 D o,(6) O TR 4k-1 1 6=K,, ,+mK, % &2 % Z &1C
JOVBRBOETHALZ LB DNE, T72bb o,(6)>4k-2
TIXLGIZ k O RFRHABIIFEE LY,

TEPR 2, 3 [LFEMERE 2 THAR OB/ NREF 0, (6) IZBIT 55
RThHDN, FEBEEE 2 THRS B OB 2 ESHEA. o
LG TIHEINLEEBRE L CHADZ IR, R
BaEERIIR LD TR 8D, ZORERET D120,
AR TIHEFHFRMOB SR ZEAT 5, EHFMICET D ER
L LT, 2005 %, Faudree & Gould |Z X » TR DERNGE
B <72,

EH 4 (Faudree and Gould [6])

7'Z 7 GIXTEMED 3k (k>1) L ET, 6 O _XTOIEHEE 2
TEMS x, v 128 L TIN, O UN (y) 23k £ 95, ZDEEGIC
WXk O RERARPFET D,

(6] DH T, Faudree & Gould IZUTEEFM D FIE 3k 23 FiF
BNDHDTIIARNE FREL TV,
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F#8 1 (Faudree and Gould [6])

777 GIXTASEEDS 4k (k1) BLET, 6 OF T OIEREE 2
T x, v 1R LT N, (x) UN, (y) [ 22k+e, (c 1ZEE) L4 5,
ZDLEEGITITkBEOEFELRARNGEET D,

AWFZETIZ T L IZBWT 6 DIEAKN KX WSO T
2 ZFEHT 2B b DWW OO ERE2 55 =
EMWTET,

T2

77 7 GILTEREDS 30k (k>1) LLEC, G O X TOIERE
2 TEHA %, v TR LTIN, O UN () [ 22k+1 &35, 2D &L &G
I k B E R FEET B,

TFAR 2 DR T XU EEF O R 2k+1 (TR B OET
HbDHZENRODT T T EEZDLIEITLDDMND,
INgOUN, () [22k T B &, k=1 D& EHEERUNLRD
7T 7R 790 L E OB SRR 2 k=2
DEERA—NTT7 (FBOEBRNIC 1 SEEE, 20
HEMR EOTRCOREFBATTED YT 7) (LiElFEm
S BT 2 MO B RAK A -0,

2. WHBEE

FAE 2 ZIEATH 7201, k ICBET DR RNTEE A
W2, k=1 D& &EZ T T GOENRIES (G) 232 L B B,
G IZIZT—2DOEBENFEET HDT, § (<1 L LTI,
TOEEGICIEIRE LU TOMR x BIFEL, T2 OUHs
ML D, 6D x EZOEFEERNZS T 7 6 O/
WEMR 2 EE M5, LoTGEIZIZ—2>DHEBKBEET
HDOT, k22 L LTEWN,

2T k-1 DR C,L Cy, o, Oy DIFTEEARE T
%,0=C,UC,U--UC,, & U THRED e/ N ODCE RS, F 7 H=6-
Ce L. Wiy OEEP BN THLHEE X 5, HHE
LT k MoRERMAKEHEE CE 20T, HIZMKE
Fle7en& LTrW, 375 Hid forest(BK) TH B, &
(PR DHLY B 2 %47 5 M EB & Y 5,

BB 1
757 H LN, (x,) [<1, (1€1<3) Z2ii7- UM EIC R 72
SR X, Xy X, BFFO LT 5, ZD & x| k-1 fHDAFEARH
BOFTHROMYBEZEITI ZENTELHHBC, LRz
eV(C,) . KU'i, jelL, 2,3}, (i# ) BT D,

(B &z (€, (z)U{x ) IZBAK (2x,€E(G))
Ehiz, Ny () =1, (W =H-{x;}) TH 5,

WHBYERE 1 ZFEW T 272012, [Cl DR/ MEN B K IE
PIDHRDME 1 ZLBELET D,

ARk 1
BRI CECIZ%E LT x€V () 28 N, (x) |22 il 7-4 & % |c|<4 T
b5, Fl-. ING) =322 51F[C|=3 TH 5,

(B EH 1 OFEH]]
ES AN
No (x)) UNg () |+ Ng (x)) UN () [ + NG (x,) UG (x5)
>3 (2k-1)=6k-3
ThoHrNG,
INe (%) UNG (%) |+ NG () UNG () [+ NG () UNG ()
>T7 e (1)
% 7P CECTFAET D,
&Y., (x,x), x4, %), (X, Xy) D TIHHEFN 3 LLEE
BRALZLONFET D ENbnd, — R 2 &72<
X, ) MINICHEHRTD2HDELTEY, T2
[N (x)UNe (%) |23 &= 3, S plzZh &k, IN(x) [>2
ELTEVDOT, 1 ORPELYC4 THDHZ ERnD
M5, Lo T2AIN(x) <4 TH D,

IN(x) =2 D & &

X=X, X7x, EB <, INGG)UN(xy) [23 TH DD, x; 1
;D C EIChDFEHFEEITRRL Rz CHHELTND 2 LI
%, TOLERONTHIIER 1 ORPEOFERITAY 32
STWD, F2IN, (2) 122 &35 & BERR SO R/ ME
WP JET D00, BB |l T & T k o S5E 72 B
DR SN D, Ko THBNER | 0% PO ERIZONTD
B AASR

‘NC(XI) =30l E

ZoLEmE L O%ELY, [C[=3 ThDH I LRDbND,
(1) £V %, x, D72 < &b —FHIX CITEBEE Rz e Tl
WITRW, ZZTEOLIREE x, & L, x=x, x7x, &
B EMBER | ORPEOERITL Y LS, B0 ERIC
DTG [FERIZA Y ST,

INe(x) [=4 D& =

ZDLEICI= T, x, N COTNTOELEHEL TS
Lok b, o T triangle (B X 3 oK) BNTXx. [C]
OFIMECTFIET D,

PAE&v | #iBER 1 A sz, O
MBEH 1 282 TROME 2 K" FoNH 5,

BhiE 2
HiZMN 82> CThEm&42<TH 5,

[RER ]
HANZ R % 3 UL ERf> &5, 2oL EHiBER 1 &
2N, RS E DD ENTE. H OMfERL
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DEPRNTHD Z &I
2, U

TJET De Ko Thnd 2 13D 3L

ZZCYZ 7 G® path(E) T non-branching path &I
XN 58 LWl &A% A4 5, non-branching path &%
path v vy v, TIN, (vy) €2, (IKi<p) M= LD TH 5,
FoL CHARTHD L EWE 1 DIER % leal LIES,

B EER 2

HIZTESE AL ETh B 2RKD 5??73? non-branching path
(72720 1 AT H @ leal ZUusaillii-D) . E o ITTHAED

8 ™ non-branching path D EHLHMEERy T T 7 & L TH

e

[RIERA]

H|Z leaf Zufm & 3 A TEAEL 8 @ non-branching path 7%

FET 572 BIEHBER 2 O FEEEE-T 0T, HIZiEE

D& D 7p path [FAFTEL RV EUE L TR,

0% path 2> 572 B EAE T IZE ENRVHOD leaf DEE L,

p % path /5 7R DEHER SO E T 5, |Cl & H DAL
DEPENTHDE NI FEO L & T L0 MR/ D 1
BB, ZZTLAEZHOD leaf DEA L L, path B 725
iﬁﬁ\b5&1@@mﬁ%$w1%t%®&ﬁa:@

. L= 0tp TH B, TIZT, FEED leaf ZHAITH
2 non*branching path XMFET D Z L IZEET D,

v IE (v, vy, o, Vi) BIOTIZFRFON S MV T, v STEASK
@ non-branching path IZEEE LT\ A L @D leaf O AxF
THLOETE, ZDLEv=0, (i) THDH, ZZTvODHE
SERDLIITEET D,

G|

wi(v) = v,(1-27)
i=1
Fo, wt (V) BE/MZIR B LD I H BERs,

WIEED 1 IZx LT vi2 THDHZ EERT,

vi23 THDHRHIE, THAH i @ 3 KD non-branching path
O ICHBER 1 25, 2ol W=0H-{x})
Ufz} ECBTE, wt(W )< wtlv) 725, ZHUE wtlv) D
BMEZFIET D, Lo Tvi2 THD,

Z,vi22 e DABNERE 2 (3R Y 3L, B vi=l 25 vi<2 T
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Study to Methodology for Software Development by a Group Composed of Experts in Various Fields

Yozo TAKIZAWA and Kei KOGAI

Abstract: In this paper, authors show their study for a software development methodology, which to solve a problem that consumers or

users can not require nor hold their responsible for a system development appropriately. Authors quote results of their problem-based

learning subject of curriculum to analysis the above problem. They propose a methodology to resolve the problem and further themes

for a requirement analysis by a group composed of experts in various fields.
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Construction of Diskless System for Programming Laboratory

Yozo TAKIZAWA, Kei KOGAL and Makoto YAMADA

Abstract: Authors has constructed a sample diskless system for one of laboratories of the Information Processing Center at 2009. In this

paper, they describe about introducing a practical system based on the sample system to the laboratory at 2010, keeping both of

maintainability and augmentability. Firstly outlines of the sample system are described with history of the laboratory. Secondly policies

and designs of the system are showed. Thirdly they report some problems of the new system and show solutions for them. Finally

perspectives of further maintainability are described.
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The New Approach to Porphine Synthesis Using the Pyrolysis of Amine-BF; Adducts as Key Step

Fujio EBINA, Keita SEDA, Minoru SATOH, Hidehito KOMATSUZAKI, Susumu KANAYA, Koji IINO, Tatsu-roh ICHIGE,
and Naomi WATANABE

Abstract:

Three new approaches have been developed for the porphine synthesis.

The first one is the modification

of Lindsey method, in which 1:1:1 mixture of pyrrole, Schiff’s base of formaldehyde, and BF3 diethyl etherate was

refluxed in chloroform under Ar atmosphere for 6 hrs, then the reaction mixture was oxidized by chloranil, and the

final purification was carried out with silica gel chromatograph.

The porphine yield was 4 ~ 5 %. In the second

one, mono-functional Mannich base of pyrrole and the BFs etherate were used as the starting materials, and by the

same treatment as in the first one, 5 ~ 6 % of porphine yield was obtained after the reaction for 48 hrs.
one is the reaction among di-functional Mannich base, pyrrole, and the BFs etherate, and gave 5 ~

yield, the shortening of the reaction time to 24 hrs being observed.

same pyrolysis process of amine-BF3 adduct as key step.
1. [FCHIC
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These three approaches seem to involve the
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Scheme 1

Reaction conditions: (1) LiR (R = phenyl or n-hexyl), THF, -78°C; (2) H,0; (3) DDQ.
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Preparation and Characterization of Zinc Oxide and Zirconium Oxide Fibers
Takashi ISAGO, Takahiro Fuil, Satoshi KUROSAWA, and Kazumasa FUKUDA
Abstract:
with Zn and Zr solutions, prepared from alkoxides of zinc and zirconium, respectively, and then heat-treating the threads in the

With the use of cotton fibers for the sewing threads, ZnO and ZrO, fibers having
relatively high strengths could be prepared. The crystallinities of the prepared ZnO and ZrO, fibers were identified by the

Fibrous materials of zinc oxide (ZnO) and zirconium oxide (ZrO,) were prepared by impregnating sewing threads

atmosphere or in a nitrogen gas (500~1000°C).

determination of their X-ray diffraction patterns. Generally, the fibers heat-treated in the atmosphere and in the surrounding nitrogen

gas had white and black colors, respectively. The fibers heat-treated in the surrounding nitrogen gas had higher strengths than those

heat-treated in the atmosphere.

ZnO or ZrO, only was observed in the fibers heat-treated in the atmosphere, while it was observed in

the fibers heat-treated in the surrounding nitrogen gas that ZnO or ZrO, was evenly dispersed in carbon fibers.

1. %S

Fefbdfigh (ZnO) X, = ADOUMAL LEARRINA, A
ERE, i, Ok, BT EEABOLEEICHIA S,
Fio. EAEM, tAl, KB, ERRMEERSE L LT
bHifF SN Tnb, —J, Bibtyra=v s (ZrO2) I,
BgER, HE, ATt EA, i, BEroY
—., BEEMOEREBEMREFCHAASNIEE LTI
v 7 AMEICTH D DV, Z D Zn0 R ZrOz IX@mE AR L L
THRSNTWD D, ZOFEMIZIRIC & o TITEE & 7205872
RN E b B NG, FlXIE, Zhbo %k
SefiE D X5 2l b UCTHEMT 25 A1, L. ]
T, WA E B B DORISIZHE 5 JEIZ RN T < Rinifi b
RKELTDHIENTED, LL, fHEKRD ZnO & ZrO:
IZOWTORIZRITIER I[P, — RIS, ZHE TITHE
STV A HEMER 06 BB LI X &l 22 Frik e B & v
TR ER T 978,

Ferld, &I, WHERO “B(LF # > (TiO) &I
KIC T OWFIRE ER S E otk BULEE$ 5 Z & TYefiling
AT D TiO N TE D Z & 2 MG Lz D, AHFFETIT,
MR D ZnO & ZrOs % I 3 2RI In WK £ 7213 Zr RER
WrERSEEEH, KEFPELFEHR P cEE (500~
1000°C) §5Z L CIERT 2 Z L alkAd-, T LT, 5
NI AR OB EIZ DWW T, XEREPT N Z — > ORE %
115 2 & T OREEMEZ TN Lz,

2. EE

2.1 8 =

Yz b UHigh (Zn(OC2Hs)2, 99.99%, i L 2mFJE
). T oA Y 7TaRxrora=v s (Zr(0O-i-CsH7)q4,
99.99%, Ml EALFERF), Y2 ¥ ) — AT I

(HN(CH2CH20H)2, Frifk, BARILS:) . A > F VU 7 A
ARKF (Y(NOs)s+ 6H20, BHALY:) =% / —/1 (C:H50H,
Frfk, BARES) (TRR L2V TZEOE MW,

2. 2 ERBHROAE
(1) Zn &k

Zn(0OC2Hs)2 1.94g(0.0125mol) Z C2H50H 25ml1(19.75g)
IR S F, 22 HN(CH2CH20H): 2.63g(0.0250mol)
Mz, SR T 10 KSR 2 2 ik . ER R
15729,
(2) Zr ¥

C2H50H 25ml(19.75g)i= Zr(0-i-CsH7)4 4.10g(0.0125
mol). HN(CH2CH20H): 2.63g(0.0250mol) & /il .. iR T
b RIS A Z Lk v, BHARRIEZ S,
(3) Zr-Y ¥

FEE Zr IHEIC Y(INO3)s <6H20 0.946g(0.00247mol) % il
Z. 24 BRI AR T B 2 LIk v . B—IRmaR &
57,

2. 3 ALER
TiEREERSEDL IR E LT, KM 1 OK
). AL LR (RY =27 0) #Aviz, 5&RiX 15cm
OEIZUY . EFEIRIC 15 HR L,

2. 4 7nO. ZrO: R D /ER

IVURICKRBR A GRS, HELEE%, ERFEH
WTREHE - I13EHE P T 500~1000°CE T EHE T
FIR L., ZOWRET 30 MBI 5 Z & T Zn0 & ZrOq
ABAE & E R L T2,

2. 5 8 =F
e O FE I, R X BEPrikE (FEEE
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Sewing threads

Immersion

\ 4

7Zn solution or
Zr (Zr-Y) solution

\ 4
Heat treatment, 500-1000 C

Fig. 1 Methods for preparing ZnO and ZrO, fibers.

3. RRERLEE

3. 1 HHOKF
KIKBHETH D ARBOI VA MM L THERL =
Zn0 & ZrOsififfix, K&, ERFAKIT ELH05E
THROENRIT-ED LESTEY, bOIBREOHREZA
Liztiffe L 7o ode, —J7, AU = AT L OAb2EkHME 2 6 F
LTERLZbOIE, EH0 bR Tl o TLE
Sz, ZHUE, RV AT VR ER D, £ OEENME
W28 Zn0 R0 ZrO2 DEERG . Sk DRALANE Z 5 AT iHE D
RN T LESTHIZR-TLEI EBXLNE, £D
72, RELTHEAREANS Z EIC LT,

Table 1 Colors and strengths of ZnO and ZrO, fibers
prepared in the atmosphere and in a nitrogen gas.

Heat treatment Color Strength
Fibers temperature(°c) atmosphere(N3) atmosphere(Ny)

500 brown(black) A(O)

Zn0O 700 white(black) A(O)
1000 white(black) N(@))

500 white(black) (@)

7Zr02 700 white(black) A0)
1000 white(black) A ©)

Zr0s-Y203 1000 white(black) A(©)

7 VR DAERL U 7ol g . KA CRVAEL L 723541
EETHBOMMEL o728, BRFHKP TIERLEL
DITREDME L 7o o7z, BEIZHOWTIE, REHFOELL
HTHLNZBHEIIE Yy N THRDIREDRS T, £
NESR IR0tz —F, EBHREP ORI TR Lk
HELX, RRUFDBEONIHHEL D BRI H 0 8->
7o Zr VD SAERL L 72 HEIZ DWW T, K& 500°C D
EVLER T3 G DAEAS . 7T00°CLLETIE A G DOMMEN S

Fig. 2 Photographs of ZnO and ZrO, fibers.

(a) ZnO fibers (500°C, atmosphere)
(b) ZnO fibers (1000°C, atmosphere)
(c) ZrO, fibers (500°C, atmosphere)
(d) ZrO, fibers (1000°C, atmosphere)
(e) ZnO fibers (500°C, N;)

(f) ZnO fibers (700°C, N,)

(g) ZrO; fibers (500°C, N,)

(h) Z10, fibers (1000°C, Ny)

Fig. 3 Photographs( % 100) of ZnO and ZrO, fibers.

(a) ZnO fiber (700°C, atmosphere)
(b) ZnO fiber (700°C, N, )

(c) ZrO, fiber (1000°C, atmosphere)
(d) ZrO, fiber (1000°C, N,)
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Fig. 4 X-ray diffraction patterns of ZnO fibers prepared in
the atmosphere (a) and in a nitrogen gas (b).
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Fig. 5 X-ray diffraction patterns of ZrO, fibers prepared
in the atmosphere (a) and in a nitrogen gas (b).
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Antimicrobe effect for Legionella strain by the titanium compound

Hidehito KOMATSUZAKI, Akio SIMADA, and Koji SUZUKI

Abstract: Legionella strains are known as microorganism which causes pneumonia. Especially, when Legionella grew in the hot
spring facilities, there were some accidents in which infected human died. One of the sterilization methods of Legionella in the
facilities, chlorine sterilization is shown by the law of Japanese government. However, there is no amenity in the hot spring facilities,
because the chlorine has the peculiar smell. On the other hand, the metal bearing material has been used as antimicrobe and
sterilization material. For example, we know that the copper has the sterilization effect, but copper oxide is toxic metal for human
body. And the silver complex is well known as an antimicrobe material, however, not only the silver is expensive, but also the
toxicity is very high. Therefore, the silver complex has to make an attention to be integration to the material. The titanium is a cheap
metal, and the application such as photocatalyst and synthetic catalyst are applied in widly. Antibacterial material which contains the
titanium has made to combine with the chemical substance, but the effect of the material is not so effective. And, there is no example
of applying to the antibacterial of Legionella strains, too. Then, we prepared the complexes 1-3 from titanium (IV) ion and
alkyl-substituted tris(pyrazolyl)borate ligands (Tp") which are constructed by three nitrogen donors, and examined the antibacterial
action. Legionella erythra JCM 7564 strain was distuributred from Japan Collection of Microorganisms RIKEN BioResource Cente.
The complexes 1-3 were prepared by the reaction of titanium (IV) tetraisopropoxide and Tp® ligands (R=1-3), in which Tp' and Tp?
are introduced an electron-donating alkyl substituent such as isopropyl and tert-butyl groups into the pyrazoles. On the contrary,
Tp® has electron-attracting CF; groups. In Ti complex 3, the sterilization effect was shown even in 0.05mg quantity, and it showed
the highest sterilization effect. It was indicated that the complex was very effective as the disinfectant which affected Legionella

strain. Ti complex 3 was equivalently effective at 1/10 quantities of the chlorine, and it expects that is applied by the industry field in

the future.
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Legionella erythra  JCM 7564 % Wi N UE ] U 7=, Escherihia
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DEMZ RS D B THW, Ecoli OEEITHIROD
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# 1 BCYE ik ¥

B2 % 2 1.0%
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== A4 0.025%

ACES #&7&i 5l 1.0%

TE R 0.2%

o—7% N TIVHVER 0.1%
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Red81%. 0.9% AEHA K (900p) THEEANT 5,
IR LD 100p 0 FERESHICEA LT 37C
T Leytra TIII3 H Ecoli TIEI—RARET 5,
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2-5 fERL=HER
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3-1 FHUSEROREE X OINE
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£ GEARRBSCHAROBRICEIE), bEBTINERD S,

Ti(OR"),
3

Tigkti1: R3= RS =iPr, R*=H
Tik452: R®=CF;, R*=H, R® = CH;
Ti$&#i3 : R®= tBu, R*=H, RS =iPr

(R' = iPr)

3 TibkHE 1 ~3DHEE AL

3-2  Legionella erythra \Z BT BECNLF & SEARDZE ST
Pefifibr a8 vE T2 3 O TpR AL 7 & TidER 1~3 I
BB L erythra FEREBOENE R 2 17T, RS
ELTCT, Cu iUV 7Rk LT,
F2TRENZI I, VUINVERIMO S DIZB W T
BR107~108 4 — X —DENEFTT D Lol L CE
BEITole, FRAEBTEKT. BEROBRIC L - THEHK
HAL TR LT, Lo THEE R loglE TR =%, MU
MOHDOD1oglli%100% & L7z fE & U TR L 7zlog% %
KD () ITRL, ZO% CREER L, mFERRe L
THWESEEAD T & AR TH DT OUINTIX, ZE
FIERO DN TABRBOEITIE EA Lo Tz, TR
BN T T RICB T A EBTEEOE NS T 7 %K 412,
TR v TN RICB T DABREBOEN T T 7 2K 51
RLTZ, TNHHNL DD L DT, TpREULFOHTH
BERA R L, Tp' R 7 CCut AEOER D -T2, &
TP BN I3 L 0 BEDRENENZ EBNb D, Tp el
TIEHEVREDREB LN 2T, 20K TH D
TIFEAR3IZIB N T, b EWVEERZ R L, ImgiRinT
FAICKETEX DI ENbhoTz, ZOTiE K32 & DR E
ECHRENRNDDO0ERLIZONBK6 THDH, ZDK
21T, 0.05mgE V) B THI32%DEEIREZR L, LA
FTHEICEBTAEEAE LCHERICAEDRbOTHDLZ b
Nhiroil,
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The influences of run-up steps on jumping distance, approach velocity, and contact time in the junior long jumper

Yoshinori KINOMURA and Shinji MORI

Abstract: the purpose of this study was to report the changes of jump distance, approach velocity, and contact time in the long jump as

increased the number of approach steps, and to obtain the implications of setting individual training task and individual optimal approach

steps. Five specialized vocational high school students were employed as the subject. All subjects belong to track team on the school. They

performed the long jump at various the number of approach steps. The long jump was started at 6 strides approach run and finished at from

18 to 24 strides. The jump distance was measured from measure, and the approach velocity and contact time were calculated from VTR

images. As approach steps are increased, jump distance and approach velocity are increased and contact time is decreased. And there are

significant correlation between approach velocity and jump distance (r = 0.884, p < 0.01), approach velocity and contact time (r = -0.572, p

< 0.01), and contact time and jump distance (r = -0.619, p< 0.01). However, in some of individual ternd, there were not these significant

correlations. For example, approach velocity is increased but jump distance is decreased and contact time isn’t decreased. In that case,

athlete should train for takeoff phase, such as improving takeoff motion or/and dynamic strength. We conclude that it is available for athlete

and coach to use not only jump distance but also approach velocity and contact time when they decide their approach length and find their

training tasks.
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W biise o EtRBkiXBh A O %I A Mkl 217, 22T
AT S 2 BREEERREE N B oL 5 . BRI BIE TRES L.
AR 2 B O R T (BoH & (R e 2s 5) kil &5
AL CHARZ RN T 2B TH S, £Dkd, £<D
WFE CERBIIIB EREN R E L2 RITT 2 &0
WE SN TS (Hay and Miler, 1985 ; Hay, 1986 ; Hay et
al., 1986 ; Hay, 1993 ; Leeetal., 1994 ; Moura et al., 2005 ;
Lisa and Nicholas, 2006 ; /)x[L, 2009 ; KHIZ2, 2010).
EMEBEOB EITEE OB (B8 2 M5 2 &AvArkE
R, BRI RERE L EETE 5 L5 RBES
BABIRL CTHRESICHATHN D, ZOB, M (1994)
ITRERIU EIZRWEIEEZHWRWE S, BB AE >
O ESOmEOFAEED T\W5H. F£72, Popov
(1996) 1Z3EF DOLAERE IR U= BiESO A 22 R
LTWa. 7o, REREICBWT L2 ESE (IR
HE) 2 RHOT2Z LA FHBEL LEEBMBNEENLTWD
(FfEIE2>, 2001 ; RIS EE RS, 2008).
AT, AT EEO#A2 T TR, BER
2 TE DR Y D70 WK EE O J85E TR & 78 B H
EagaLRTnide b2y (Lee et al, 1994 ;
Graham-Smith and Lees, 2005). Z®D7=&®, AEMBKTIXE)
& L B RN AE DT D NER D D.
ZOBE LU ERAEDELTEDOFEMN L —=
Y7L LT RE LY v RWBESEE W EIREBED

* FUERFRFBEN R AR 2 —F o VAl

—ENATDI TN D (RIRIEA, 1982 ; A%, 1996).
ZHUC K o T, B THEAT 2K EREDO R E S ZFHHi L,
Bk LU oM A G bRICEREETTH LN TE .
%@%,mmw(wm)i%ﬂ%ﬂ@%%ﬁﬁﬁ%ﬁé%
HEHED B R 2R LT\ 5.

LU, EEES CIIBESEE I L TES LicEmn
BB G - - PR IR O AT i WS R
b5 (KA, 1982).

F 70, AMEBE L REICBIESE O MBI 2 AV 5 E8
BRIz WTH, BOBIEREN KRR 2L HET L EELS
AUTCU 5 (Dapenaetal., 1990) 7%, SEERIZIIEH 4~ OFET
KRB EA E— ROFENREN TV D (Young, 1995).
LT, BiEEENBNT 213 L, @IS &SN
HAIMEREND (Aeetal, 1983). T D=9, WE2RD)
AL, B o B WL e ih <o, B8 R owi:
iz TN 2R &, BUREGEOMOMENRTHE S
72595 (Dapena et al., 1990). DFE YV, @WB)EHRE % F|
AT 2IEECENHANER SIS, ZHUTEERETEH
FERTC, mOBEERE LB TE 000 L 5> CTHEIZ
EFHIFLREREEOELHNDIRETERNEE
Zbhb.

1 OB AR ORI L X B BN B RSB R S S 3 L L
720, FEEED b B EARE BN & ST B OBk RRRE DO HE
B, INOoERPEELZRITTEEZOND.

F7o, BOIRRIIBAEEE NG EDIZEHEL Y (Lisa
and Nicholas, 2006 ; Daniel et al., 2007), EtMEBkOFEEEE
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DORNCAOHBEBRERIFE O Hi1d (Nigg et al.,, 1974). B)
AWENEINT 5 & IR E L 72 0, ERH oY
AT 4w IR IIEEP ML 725 EREFTTONY 2T 4
v IR EAT ORI NZ LOERFIR, S BhEdE T
OEEE) 0 xR TE 2072, BEEIRE 2N T, Bk
BB NS K A2 D ATREMED B D . E DT, BibIR;
MO L HbETERT 5.

BED & Z A, BiESEOWREIZET 5 %1 RIX Popov
(1987, 1996) @ X 912, BhEAE T LI BER LB
BEOBLEZR LTINS THD. £z, FERB IO
BOEEIZBNTS, BESEE A T EEN A ZR & L
THWD L9 #RFICRE ST D (FiEIED 2001, K
(B ERETSHH 2008) 23, B EMEREA R~ ICES LT,
B A e — R £ TINE L2 S TSR0 3 T& 5 &
I, AF— MIEERD D, | (@EEED, 2001,) <2, [15m
BB, 2 AT OBEE R LT &5 72 BREE
RO 5 ) (KIEREEIEIRESS, 2008) Lai#ElESiiTn5
DHTHDH. D=0, BiERE L EEIRRM A I LT,
BPCAEND R Y TR E IR OGS, Fom 72 e
R T 5 IRICEET AR a5 5 T L 1E, AElEEEO N L
— U TRREIIBVTARTHS .

2 TARIE TR ERBNC B W T ES R A I &
TV o 7o RFo, BREEERAE, BiEEE, BUIReH OHER 2 1
AL, HFERFICASHBO N —= JEEERR L, £728)
ESB AR ET HDERORB 2T 5 2 E 2 AL L.

2 A&

Q) dRE

EERE EHE A 54 (B 1.7420.07m, {KHE 61.0%
5.6kg, Flip 16.6E1.7 5%, EIREPkD B Ok ERiik=5.65+
0.75m) BARFFECEM Uz, 72k, A0 B L 5
S I SEBRATI S I S, Bk 2 % U Az i v
DTHHIETE2BEZHUAL, EESMOFREEH. 72
B, MBHEOTOT 4 —LOFMERK IR L.

#1 WHBEOSaT7 —N

XgE HRkln) KE (k) FEGED ACDREE )
A 168 54 15 4.80
B 170 57 16 5.60
C 184 66 17 5.07
D 169 61 17 6.56
E 178 67 18 6.24

Q) T—ADWE L
EBRAITIE, By bRFZ—FFRICE B EENE 6
HBIEMNS 2 PO STV &, BREIREENK T 5
FTHEEZMIZL TV o7z, AT 18 5% TITo k£
D14, 20805 14, 24 BFETE 3HOMGEENMT-
To. HFRECE LT, BHOREBO RN X ) ICEEMIC

BARGe R (5465)

T+ KRB A & BT FUESHORE L 2 KT 721%,
S OICEDESBOREZITI 22 mLE L IRH
i, EROAS (1, 2 K) &iTolz. OB, RHIKET
WSO L BT 2R E I T T, (R O MU D OS]
ZEFA L7C.

e (B 5 TidZe <) BTFOBYEO>F
S L b D A5 i A OO KC-EEEE S U, £ BhESEICE
FOBEOF TR BFEEO R o2 1 REE gL
L7z.

B 78 T VX D B R O S AR T D D AR & L, ik
T 5 HETHERELD 2 IRTTHEAZE 2 F L, B LT
K7z,

HIRELD 2 WEER R T2V AT (EX -
FC150, Casio #:#4) (2 XV EF 120 7 L — A CHEEIH M
FinHESYIEEEZ R L. B o BEBRICONT, BT
TENWEMRATS AT 2 (Frame-DIAS I : DHK #:84) % v
THME 238 (W EEoRFE - FE - - BgERE, &
TRED R - BEEEK - B - SR - BEEEE - RS T-, BHIE,
HER AR L O Big) L BEROmEMIC 2m MR CRRE
LIEBIE~v—7 (RRFOREM 4 8 27 V%A X L7z
ZOBE, F1K 23 HOEEITRIE~Y—7 % b S ICERBE
U721, FE7505477E (Wells and Winter, 1980) (2 & - Th
T E I $L 7.0~22.5Hz %P E L, Butterworth digital
filter 2 FAVCE L Lz, FIRELO 2 WICEEE, [
T (1996) ® B ARABEEIZ L HHEKE T A hRXT A —
ZEANTHEEENT.

BEUIRER 2 BT D72 0IcT Y # v AT (EX - Fl,
Casioft#4) 12 L 0 503007 L — & CEEEIHRK D15 7> & B b
REIRE L. BEUIRERIIBE IR R TS R I iR & B2
Lica~hbigBIicim e Liza~ b L, HE» LA
- 7-.

(3) #r&t
FIESAHTIC BT > o OFRMERE 2 AV, A 5K %X
5% AR & L.

3 #HR

2 CKABESBOREICKIT S, BEEIE, BiEk
R X OBOIRGR O EEEE R LT, S 6123 3120, Bk
PR, BT, BEUIRERR X OBk o MBI T A &
R LTz BhESE OB E &b IC BRI L ¢ =
0375, p < 0.01) , BXRENSIMULI 18 HBEE TD
AT 14 4, 16 HBIEORENE—7 Lo TWVD,
F7-, BEEE L FERICEML (r=0.676, p<0.01) , 4
KIBHE NS LUT= 18 BB EORE £ TN Lt T\ 5.
FSGIRER O SEEMEIE 0.147 205 0.157sec D THER LB A
B OMICIIABERBRITED Doz (= -
0.201, p=0.93) , BiEEE (r=-0572, p<0.01) BEX



Va=7 EIRPGR TR AR SR PR, B, BRI R 107
£ 2 FHESEOBRKICK T HPkEERE, BhERE, BYIRE
BiESE  edx &A% 104 124 148 16 184F 20 224 244k
n 5 5 5 5 5 5 5 4 3 3
BeEREEE (m) FHfE 519 525 548 569 577 573 557 577 6.04 593
SD 044 059 059 055 038 071 074 071 049 071
Bh A (m/s) EEME 724 794 828 842 870 871 873 873 897 895
SD 032 037 053 034 034 050 049 059 069 08l
HEOIEER] (sec)  SEEE 0157 0155 0.157  0.152  0.149  0.149 0.147 0.151 0.148  0.152
SD 0.009 0.017 0.018 0.020 0.009 0.011 0.014 0.013 0017 0.017
OBEEIHEE (r=-0.619, p<0.01) LA EARAOMHERER Rt IS DT-OITIX, AP B 2 545 LAIRFR TS 5
BRD BTz _k#ﬁﬁf%7.%uf,_ﬂb®£¢@ﬁT®%%%
FAARTHET 2L L L
4 =ET

(1) BKEERERE, BIERE, HUIREOEBZOLEIER

AHFZETIE 6 HIENSHEZMITL TV o7zt D
BRERERRE, BhAssRRs, BRUIRERZF0A U7z, B iy
MT 2% &, BrEERRERS X OB ERE S8 L7 (£ 2,3).
F7-, BEOIRERRIIBYAE S I LT H i L
ST h, BERHE L AERAOHBBER (r=-572,
p <0.01), BkEEFEREE AR EOHBEBRARD 5
iz (r=619, p<0.01) (£3).

BEBEPERET 14, 16 BBEAE— 2712 L TRY, BhER
Edh 145570 nhbe—r 20z Z0Z &%, iE

IO L > TIMEXK P ERT 5 2 & TEnhE
W 2GS T E 72 7o IS, BRI N L 72 2 & 2R T

§,ﬂ%ﬁ®ﬁ%$ﬁﬁ%ﬂ4%ﬁi@%%ﬁd%%ﬁ§

BEENEDATON RN -T2 L &2RT. B, 20 4
kiozrﬁ U D BkRIERE, B ORI L O
VIR DRI, BE I DB RBE DB T 72720 T
H5.

AWPFE TR DTz, BIESEAE BN S BTk OBk
PEERRE, BhEiRE, BRUIRER OHER I XS THRIE (6
Z X Niggetal,, 1974) OFEREZIFHFT2HDOTHY, Bk
£ 3 KT A —F OFBHTE

BREERERE | BYERE | BUIESRE | BhESH
Pearson®

LiE[SRER 1 844 -619 375

ﬁﬁﬁ)}: 000* 000* 006™

PR R RE

Pearson®
S 844 1 -572 .
AR 8 57 676

ﬁ(:fiﬁ% 000" 000" 000"

BhFEEE

ig%}gg 619 | -s5m2 1
ﬁﬁﬁ)}: 000" 000"

fga ks -201

.093

Pearson®
BRER *
) 006

BESH 676 -201 1

*
.000 .093

* 1 p<0.01

) BAROBEES, BEERE, HUSHOHS

X 136 & 212 BhAE R & BRERIRRE RS S OB Ak &
B OBIfR &R Lie (BURER T 2EME M 277 LT
%), EfMEmE LT, ZhbHOBMRICITMHBBMRARD
Sz, Lo, RN, miEicoR L7z BEHRASEEIC B
NG (B2, @ BhEEEE OF 7S FE# e 0 5
FhE) mobrZEnEESNE (LT, FL—=27
A RTHRENDH D). T2 T, R4 MARICEIT
% BhEIREE & BRI R, B ORI OB O BRI 24T 5 72
BOMBAREE R L, fERER 5%AM O %A 11X Bl B
XER L.

Bh A & BREREREE & OO A E R TEOMBEERIEE
TORRHEITED LD, FIRREII SR L v /h &
EE ot (F4). ZhUT, WBEICET BN
F1DE (Lisa and Nicholas, 2006) <CESGIEIE (KA,
1982) 72 SICRIAT 2 B2 6N TRY, 7R {HE AT
H5. LrL, ®BHE C OBIMEEIIMMOXMEE LY b
LIS RETH D, XHHE C ITIERE L MOXIER
FHLV LRI TE T RN EDRBENS.

BhAEHEE & Bk o B oA O BIBIfR ITx G # B &
EDHRIZRD BN, ®EH A, C, DIZIFRD SR>
7o (£ 4). ERPkOBEEN, BOIMOREHRRE HiE
L EE AT OB #wﬁ@&(bﬁ#%W%)bf
B4 25 VTR % (Jacobs and Schenau, 1992).
TG EOIR R Z AT 5 &, B0 R ISR RO
BV Z AT 2AE L, TOMEETREIND Z LR
5. 0FY, ETFLVOEERTAAEEZ/NSIL L, TOMAHE
Exmbd ORI ERF SN D. 20OHT, HEOA
WEITBAERE L OBBRNRNEEZOND. LENST,
B oI, BUIRMOEREZE <37 CTh D, 2
72U, BERESEINL TY, BRI &R 28I % E
L, BYIRmEf oA KE < 725 (Seyfarth et al., 1999)
L, BSUIERRI N EM SR W ATREMER H D, KEIE,
(2010) VXI5 R oo JRGHHE & BhEEREE & ORIC AR



AT TWRWED, SHEEMICHRGTT 2 0LERH 5.

BkEREEEE & BEOIREH O O-A O BIBMR T8 C, E
CBWTRD LN, HEHE A, B, DIZIIRD LN
7= (& 4). BESBnsnd 2 L gEEEnsmL, B
BIRERI N 95 . BEUIRERI N 3~ 5 72, BRI R I
B CTEBER O A FAE 24T 2 72T 1L, 2 RA e SR B
ORGP T O T BEEIEEE S I L A2 W ATEEME R & 5 .
Bobbert (2001) & Kurokawa et al. (2001) (ZBhES>E D H
JHBkEE DB EIRERIE, BEEE ST 51 E LR Y,
EDICHEZ AN —OFHFHOEEE L L TV &
WARTNWD, DF D, EEPK T & oF IR
IR T — 2R BT HLERHDH. 20D,
Daniel et al. (2007) 1%, BhzEd NN O FLBEEIIRE R I
FERLN 72 B IR A T AMERH D Lk TS ¥
FIEH (1993) 13 30cm OB ENSHE T L, REIZBKOS
MWHUNT U RRary 7Yy 7 (RD)) %, EA (2005)
X DB TOER: 5 By FTHDHI AT Ry v
7 (R)) Z3HM L, P& TN E Vi cEm < ks s
ENRTE I e, ERFTOIERENICENS Z &
EREL, ZORNITIAAA RN v 7 hL—=2 70
EOoRHEMM L —=0 Ik o Tl ET A ERELT
W5, S BIZ, NEAOERBICI VLTI, KEI1ED>(2009)
SOARHE (2010) 1, JHEERI TONRBEOFRIETH D Rl-index
(0% TO RI OPkER ZBEHEHE CH 72 0)  (H

108 RIR T S P et se sl (35465)
o 0.190
¥y =0.741 x - 0.632 u T y=-0.012 x +0.251
65 b reo0su ] Ll 0.180 | OA O r=-0.572
p<0.01 ] 0170 F M p<0.01
n=45 : n=45
=2 60 F ~ 0160 [ -y
~ CA 2 &
gs.s | o8 g 0.150 | <
0.140 CA
B AC =
250 F uD & 0130 Z(B; Q | ‘ [ |
<& °E 0120 F  mp .
8 0.110 | E
40 L L L L L L J 0.100
6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00
BhEHE (mis) B A FE (v's)
X 1 BhEsEE & Bk O Bk X 2 BhsEEE L BEEIRERE o Bk
£ 4 BRRECTI T HBEERE, BIEEE, BRI OR&R
RIRE ISR MERAEH x p ELGE XgE ML ERAEH r p ISV
A B vs BEEEIEEE 0771 <0.05 y=0.387x+1.944 D B vs BRERIEAE 0.875 <0.01 y=0.471x+2.147
(n=8) BIAEHEE vs BEUIRFH] 0040 ns. (n=10) BEHE vs BEUIRFR] 0346 ns.
WEEIRERT vs BEEREEEE  0.650  ns. PEEIRERT vs BREEEEAE -0.308  ns.
B B vs WEEREEHE 0732 <0.05 y=0.428 x + 1.600 E BhEEE vs BEEREEEE 0952 <0.01 y=0.388x+2.495
(n=7) BIEEE vs BSUIFR] -0.740 <0.05 y=-0.011x+0.236 | (n=10) BUAEHE vs BUIRR -0.773 <0.01 y=-0.010 x + 0.244
EEOIRER vs WEEREEHE -0.653  ns. SO vs BEBREERE -0.797 <0.01 y=-24.241x+9.619
C B vs BEIREEEE 0610 <0.05 y=0.181x+3.933 2R BEHE vs BREEIEE 0.844 <0.01 y=0.741x-0.632
(n=10) BhEEE vs BEUIHERH -0281 ns. (n=45) BhEEE vs BEUIRER -0.572 <0.01 y=-0.012x+0.251
PEOIRERT vs BEEREEEE -0.690 <0.05 y=-15.092 x + 7.904 AR vs BREREREE -0.619 <0.01 y=-26.525x+9.635
BfRZ#HE L TWD. L L, AR CIIEYIEIED 54T M, 2005) & EEBEOFESEE & OMIZIEOMBEBR 2 #HiE L

TV, ZRHOHENG, EROEICFRRL Y 2
T A 7 RIVEEOBATREN) 2 W EE&E 5 2 RN EWE
DIRFM O TR & 2 BRRIEREZ R T 5 DICHATH Y,
FIALFA RN w7 hL—=r DX REM L —
SV TIE o TIDRENEEHD D Z EOEEEZRIE L
TW5.
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ERIETZEEREL TN,

AMFTE I, WREEEREE, BhaEERE, BSUIRER O AN
O BRIERAEME RN & 7R DM AR LTz, ShRM 72 ) &
ATV, RE B2 G 2 72D OREN Z b D55
Fric k- CTHiFhc& 2Rtk r Sz,

Q) BEFOIL—Z U REEMESHERTET HE
NEBEER
Fl—=0 7 (RfR¥E) TRV TIE, &F (RFE) o
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X 3 £BhiESEOPKEERE, BiEEE, BUIRROMEIHE (6 ZBhE%E 100% & Liz)

NI =< RAueghT5. Bk —=07ZiF b —
=V TR OBRFINNA L 72, I e B ESR SO EIC
BT 2 1EMITAETHA 9. D72 Popov (1987, 1996)
A (2010) 1 XS5BT ESBIC T BB O B %, R
EHE LB ESBO A LR R LIz, LinL, ZhHoH
LT T, BPEONT 4 —< V APREY) Thho e HE
D L—= 0 T DBREI DT 7200,

F T, AW TIE, x5 O BKEREREEA BB R & R
Ti?%%ﬁiﬁ%iﬁﬂﬁﬂéﬁﬁf PESBT O NLD
B2 AN THRE L. WZMEN Z &I Bk EREE, Bh
%@Eki(}%‘@]ﬁ%ﬁlﬁ@%%%mbt. B, ENENLD

RT A —H 1T 6 HRBIEDMEE 100%E LI fHxHE TR L7z,
KRIRHE O EREOHBZ R D &, *5HE D LIMT
BEHE QST BT 2 2 B3 005 XT%%%‘A
BIE 14 4, %53 C i 18 4%, XEH E X 16 H=IhEICE
W h B BEEE Rk L, BUROBEERE TR n
UL EoBhESEEE WD Z & ORIERDRZE S TH D, %
BH AL BIXZ OB TRb KX Ak RIEREZ 445 L,
FORIER L. 72721, #5838 BT 14 58 E CF
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WO SE WD, [MRE A OBUIRRICIXIEE AL
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110 IR T2 = 5 R P AT e

Fm, BWBIERECOBMBAERARL Z ERNHEE 2D,
RRE A ITIRAERENT T T, UM E2RDTE D
&9 RESIEEDIERSC, N AT 4 v I IR IR ORE
OB ELREETRETHA).

F 7z, BiAEEEE N U C b Bk IEEED N U e W R
DB — U BRGHE C O 14 HBELKE EXRE D O 16
BUERIZERD B, BH C XTI OB 3 IZ & A
ER BN -T2, THIBEHERE SRS TH, 208k
WEAFMATE CWARWNWI 2R L, 20 NI E#E
ERCFIATE 2 X 5 RESUEEDERSC, SSC ZATHE
A D1 LA EERREk A L OFRRE L 72 0, m OB A Tl
PLFEFBR TP RE I THD.

KHRE EIWCBLTIE, 16 BBIELERIL 3 DD/R3T7 A—
EBREELTND. ERBEONEREIZEBNT, 16 48
ELIEOREL T, BIERTE TOMEEFELMNT LT, B
YIRNZ A 0 oW Y XA &2ED Z L &L= LR
RTW e, 22 BBETOBBEIEREIZE ) ~0 U X A8 E
FLIEREINTZOE L., SHOREE L, &
ERES Z @D T, 16 HBELEEIZIN TS B EREN &
FHEHCTRETHA).

ok, BIESKITEORBEEEREOHR
(Popov 1987, 1996 ; Ai, 2010) 2Nz T, ESGIREE D
HeR 2392 2 & T, A7V > MESIOSEITHY i
A&, WY R O EICEY iR & D OFEE & 22 B
REMEDS /R STe. BESE T L o2 TR, BiE
WO 2 G THERT 5 Z &0, @EUEAED
Mo—=2 7% LD ERMMICT L7255,

SHOBEE LC, BESEIcBE L, EiEEIck
V2 B KR 2 JIE LB AT & Rl L, BB LT,
EESEIEMED I LB W ZRET D2 LIL-TC, &5
B AR AL CE B ATREER B B .

5 A

ABFGETIE, BB A BN & 8 T o 72 IRp 0 Bk R RE A
DR & 53 5 7212, BhaEE 3 1 O BIIRE [ 4 I &
U7z, BB oIS BE I 2 i &, BhEdEE o
HINX S BIRER O & BREREEEE DI ET 5. L
L, ARNIZEBWNTIE, ZNHOBBERMLT LHRD LN
LTI L, EMANOENEERITH 2 D0, B
IO HDDOPBRFTHLERHD. ZNHD/RNT A —
H OFHHN S, b L—= v FRRESC R 2R B S O E
WHSREREGEON D ARENH 5.
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