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Lorelei

Melody: Friedrich Silcher
‘Words: Heinrich Heine
Arrangement: Gerald Wirth
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KWy A7 LOWREREEZ ED X ) IZFHMEL TOW e &0, TFEBHFOFHIN & 0 EE
THHZENMHALMIENTV S, DFV, ERORECTHOBMFEZOBD LD H,
HM,. ZTOBERMECT L TED X BREBEER > TV AN E VI BLTHS L WEET
HBHEVHENREBEIN TS E5I - fEH 2009 5 #[H2003), AEOWMRNS, &
FHOHERE L, HENRAT S, TR, FICHETHERE ORICBEEMED D 5 2 & DR
Nniz,

FFREREAEE Lo L) IIHHE O HEEE L A0 TBR E ORICBEEEDN RS
NEZENS BHFHREEZEDEFIIOVTHHEBRMENDH LD TIERV DA EHRISN S,
EBELTO LD mlEN ST 5, BN - Al (1996) 3. BTBRY BRI 2858 13K
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AUTAEEN, BTFERPRETRVEGESIIERACAFENEREIN S LML T
%, MAT, BEERIIBHNTT— FDVOMERBFOERE LT, Y1V HOBOEE S,
BMEoBMRELERML, BE2ITHT 5B FHEROBEEMEEZRBRL TS, X, L - #
H (2009) EKR%4ES2E (BT40%., LT42%) 2WRE LT, AENRENAAT S
BTERY, HOOMEBIIRITEEICHTIMAZITo TS, ZOFEFHRTIA.
FAENRE THHBLLEBIZ, HROEMEOHOEBREL LT, HAaNRESN., "D
FHEINTERVBEREBERZTITETONTELERIML TV EHFIFE, #HUREE
KILDHTCEHOGATI &%, ENHZBMENRHEIIN L TURASBNE L) Ilkd &
AL T AHEDNAEND EHMESN TV 5,

DEozens, HEOHERE, HFHAFR AEHELVICHELEOBERICIH L Z
ENBAS MR ST, LA L, ERROMFEDZKIE, RPEDOEBFIZ OV T, EEONRE
REOAHIZL 5, HERERUETFHEOMIZH % BEREOENDIZD W TOMIEDATTH
NTVRL, FEHOHBIEY, HROLFRZEDRE LHTFHEMUHEREIZET 5
BFREHFEE B A, RO DEEBAELEZT5DOHEM TR E LT, KETHIE
SNBEFHEOTERIZ DWW THEE L 72 iRl E E RS 725750,

Relationship Education = Z\ = B{%#(8 & |3 : Relationship Education (RE) (ZEFR I 1A
MR EHE CTd %5 H. Darling, Cassidy & Powell (2014) B U Ponzetti (2016) X, REIZD
WTOFRRDOH T, ZCOHEEZTHMRHEIHBELERL T3y 7L, RUBAIR
Kol ENVDEEEL L, BHENAE L TE, BERRIZOW THETIZZHE IO DT i
R ERFED, NMEReBREEE L, BEVICHE LEEZBERELE L D D)8
JERTEEERT 57D ICBBERF#MP I 2= —Yary AL, HItlTseke
ZEIF TV ENS, [ABBEREE] LRT L0 [BEFREREE] LRT770EY)
THHEBEALND, [REBEHE]I DEIH Y TN ENSRIZERT 5 DITH LT REZA Y
TNETTRESFEABRNRE L TERPRFE, 232274 - X—REITHBNTE
i ST % (Darling, Cassidy & Powell ,2014)

Love Note 3.0 &£13 : AN D 3 DDTENHEGR - 7 7O —FICEDSEREN TV 5,

(1) Theory of Reasoned Action / Planned Action: & 2V Z (R, METH), MADOKE -
FEICHT 2 EEREZ TARICEET A ERMEEH T T 5.

(2) Social Learning Theory: ZE BM{TEZ R Z I 7:D12, BELZEHD O LTHOHE
#HPAZLT 2 Z L2 HMNE L, HEMTVE D RITHOEARNZ ZTT 2T~ T 5.

(3) Youth Development Perspective: # & MR 2 E - FEL KRR T 572D ICHE 2K
BOBFRPAFINEZRMT 5, FICEEDNERIEATE 20N z5D 50O EEEHE
FY 577k, BHAEHESZH 277520123 % (Ponzetti 2016)

Z D777 Ll Marline Pearson (2018) (2 X > THIFE SNz, 16-24mENRE LT
RETH 5. RKEHNIZBVT, T4 —Fr—Y v —b50WETHoME. KU, 2> F-A
S ERHTE OER A EE T ANRNMBEMIZEIE SN, FEEOSVWEE 70 L8 L
TRRAIEN TV % (Ponzetti 2016), ZD 70T T L%, EEODNY T VT - T 4y
Yy — AROPEZMOIFEFEE D LICAIGN TV S, AEROMHMREVIIEN S, [HE
TEIZMORLIE EHTE2RAE BFTH2ALOHEVTHAEL T KFEKD AL
EHIE LT, H&BIC. HAOBRENBREOHMIEELZRKIZTI L, HVOEED

37



IR Je i

HAaEZIANKINIZTEZE, FETELAANEDHSVOEEMEIZ OV T, ML %
DEFLZEICHMIERENTWS, 7a75 L0, SME bz EERETHIH
MPNIBEOREA{ETZET, 207077 L.0EARa T VOB TES L1
oTWb, NEULTOREENEOHELZIEIZT S0, [NE] 2352 LICE
EEEE, DERBOPBANOEHEICIHEFRZ ., TRXTOEELBENRE LcFHARIC
o T3, BIEMZZENRIIOVTE, 207075407 73V F—R—<=a7
VDA 13EN 5755 HRK%Z Table9. IR T, FEHEREE LTI, #II—ADNEHROSNE
WL F v —%IFLHETE, T—L, VAR, T4 ANy ary, U= — b #H
WE 2 R BTHEERO ANEEEED T L, o, FEENNRMIEENRE
PR TEDLXHIEBESNTVET =2 79 VHHBEINTEY, EROPTHERHS
% (Pearson 2018)

Flo, OO T LTI, BITBRRNIZLH 12, HEENAEE2EDL, NEIZBOTHEE
IEICER LR 2 OREE K TE 58 A2 80 [BETE 5 AN OFENEER
BEERLTENHDERAELTMEFHALTVS, LR L IBREOZEDEED
FEHELTHEETELRAl EEDLIIZ, BEPHIZOVTEHE LA VML
0T & 0D EAR )G E 278 LT % (Pearson 2018),

B8 AROEN

AWFFETIE, EREITMIRICBOTHLNIISNTELZ 2B E A, FHikFRP2E
CHEAZEY TS, AEICHT2ERBEAERE (HERE AT /AL - MEOHEE) &
BTBR (/B E OB DR E) . Rt/ Bt oala=r—varli &
DFEAT HHOKRIFEFZR, RUOKEHTFOWSFHIZEHL TEEO AT 4 —2 A, &
ERBOEEIIBITLZ2INS DBEFRIZIDVTOBREDENERES, AT, FRED
WEIETIHEE, BEHBIINT A2 AFHSMIL, RETHEBEESIN TV
EHE 7' 17 L Love Note 3.0 (Pearson, 2018) OHEEM OIEH O u[EEMEEZ#ES Z &
HMET B,

BIE  AROTGE

SAERFHER 202012 H

AEWE : HAEHNORZER L1008 (BF50%. LF508)

ARHFFEZ B TIE, LTPRZEESOZDT—REMHH L,

BEHE: AL T4 VRAESHIIERL TV AENICEET 2B LRFERL08T DI,
MBI LB TA T — VRBEEEHUERL 2.

BRIIER :Tablel (2R & 512, 16 THE M AL 7o, EMEBE Z KA DS, HERIE,
BTHEROEEPHEEL BEMELIEABRE T 572012, HEMICR L EEERE S5
UTER LT, 7, BIERBHTENES WAL ZEZEF I L T, Tablel IZR TR
BT L OBRICBET 2EMEEHOS 6 HE BF0E]| ITHT 55 20RO Aa7 24
HU., ZE0DHE (Quality of Relationship=QR) #[X % A —)L & L TiHFA L 7z,
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AHFFETlE, Tablel 2R TEMEHD D 5. Nol,2,6,7,8,9,10, 15D FITAEDHERE
a2 —varJORHEE SO HEBRNE, LOBRTEFRIZE#ET L DIZD0 T,
I - BEEITo T,

Table 1. BRIEER
BRHIER 5% (BMEEOABERICERELILSEER)
L | @ EFs - R - BZE - RRER)
2 | BN - ERERESR - 5 E RS
3 | METHELNEGBD - KbNEBHD [Love Notes3.0] Pearson (2018)
4 [ ZWANITRDZHD - FDHTUIFLLWT & [Love Notes3.0] Pearson (2018)
5 | SRR
6 | mEFEDOH KA, IR (2020) . KU, . KA (2020)
e MANE—fEIIEBELE, BHWIZHY DX | [Love Notes3.0] Pearson (2018)
FOHSTHENED

O MANIZW 5122 &NH D EMHKTES

CMANEL 7 7w v a R B EIRS N
22558 NLT05

O MNIZHANEDL 7 7 v ¥ 3 I B R
LENIIHLEEHIBEIILTHLYL

O FIRBGIZONTELED

7| HELEE B 10IHH) [O—CoN—THERGERE HAGER]
#eH: (2000)

B DAL - HA& O R B, A (2004)
S RO = —va L EEE | FE (2015) RUL KF (2014)

10 | REFE OBIRMEOEE - KEBOREHER |51 (2017). K& (2014)

11| ZBET7 RN A5 EED )11 (2017)
R R BEK - MR

12 | BANEZBIZOWTHBOH mH (2008), KU, 4 (2015)
o H[H B H A& Kz U TR

13 | DO HBMEF [Love Notes3.0] Pearson (2018)
o FIXDIHA TE HEHWTE H5RANDEE
o ZTHIZBIT A M TF
o FHERHET U 72 0 A D iR
o FHEAHTF Ik 5 K

14 | BRIz D0 T (LI (2019),

[Love Notes3.0] Pearson (2018)

15 | mEBEHTIZOWVT [Love Notes3.0] (Pearson, 2018)
o A A
o TG - FENE
o NHERE CARBHE EMIZNT T 5B AE

FERULEXT =)

1. BERE : O—EY/N\-JOBEERISERE (SES) HASER (#&FF 2000)
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PIRIZRT 10HE ORI U T4BHE (1 =130, 2=560hE0 A0, 3=
EE5NENAEVVA, 4= A) DYy = MAT = &R, OFIZHES I
JELTW5S, QRIZESN R ARABIZERS, @Miéﬁ*i%%ﬁ%étmﬁ @FL
. O TODADNPNLIREIZIMENTE S, OFRIZIIERIZES 2 &M, GFfL
@ﬁﬁﬁ&ﬁtfﬁt@@éo®%i§ﬁ#\*@<t%@ktﬂb<%m®ﬁﬁ#%é
ABZERS, @IV LHNEEM TELLEEY, QHNERWEL LBV ETH
%, OLFZEMICHL TR EOEELZ > T3, ERI10EORMD 2 a7 04 EE
EHEBELNLE LT, A7 EENENIZEHERENE maﬂmféé;o ZPAF
DEIIEEEMA L, EZ10EOERMDI B, O, @, @, @, ®, WoFEMIZEL
TiE, T—RUOEOE, A7 =)V OBRBOIFEFZATO@EY ICEEL 7 — &LE%%bto
(1= zx, 2=EE60E0ZIENVVA, 3=E556E0AREEFV, 4=1FW)

1. BEOERYT =) : Quality of Relationship Scale = QRS)

PTRIZATsEEORMICHUTARE (1 =3, 2=¢560E0 233V, 3=
EBELNEVARBEVNA, 4=00A) DY A= AT —=LEafn, G8LLZAaT7 %
A% DE (Quality of Relationship = QR) & L 7z,

OQBANE—BIZVBEE, BEWVIHVDZETOLNEZ TN ?2@BANIIR 722 &N
@5&%@ A CEEZ TN ?2OBADEDL L IR T 7y ar®, UBEFERLENILS X

IZBNELTOETN?2OHFICHSNEL I IR T 7y yaro, UBERAEHEOIC
36;5’%ﬁbfibh?TﬁV@wAtﬁ%®F@ K, HEZEDHEDFEIC
DNWTHLAEVLETN? LS MHORMO A7 DEEMEEQRLN)LE LT, Aa7E&
BMEVIEEQRLNILANEWVWEHIMI TES LH AT L IZBIEEMAT, EigsD

DEMDIB, O, @, OORMIZEL TIE, F—RUHEOKE, 27—V OREOIERF %
MT@E@’WEb?*ﬁLE%ﬁbKOU—be\2—&%6# WAIEVW A,
3=EB5NEVAITIFL, 4=1FW)

2. BECHEE (BZ - M8) : UM RT2O0FMICHLT (1. 0~25%, 2. 26
~50%, 3. 51 ~T6%, 4. 76 ~100%) DARMEDY v H1— A7 —)L& W TH
FEllz, Aa7HEVIEEHCHEENS L EHET 5, OHORLOMBEIZED <
6%??#9®§ﬁwﬁﬁ®ﬁﬁﬁi&®<%mTTﬁV

L EE-AMEOAZT AT =Y avA I UTNIIRT2O0ORMIZLT (1 =FET
maw 2=HFVHEETIERL, 3=EB5NEVARER, 4= O4BEHD) »
= b AT = NEHOTHELL, OQREEEDII 22— a e bl EI3EETT
#7®ﬂﬁt3:1”7—?ay%té’ti%%f?#?

RBEOBFREME : UFNIORT2O00RMIZEALT (1 =mEL T0AL, 2=6€F0
ﬁﬁbfh@m 3=EBLOHNENIERMIBELTVS, 4=THELTWV5%) D4EHD Y v

—hx#—w%%mv@mtt OESERERE DBRMEICHEL TOE T2 2QH

ﬁt@%%ﬁ IR L T ETh?

5. XBOXBEIFR : UTFTORMIZHL T (1= THE N, 2=HL, 3=E5560E
VWARED, 4=E550E0 AL, 5=R1, 6=THREW) O6EREDY v /1—
F2AT = EHOTHELz, ORERDRFE L TOEDHIZOVTE IR TOLET
m?
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S 75iE + SPSSVersion28 A L. Flubf#izt. MHBARAR., Mann-Whitney UE S D #GH
ZHFEEEH U L Ic BN TH 5,

nn%o)i?ﬁ

AWEHE  FEEIO 10REED S 20 0LIXOEFNBEFBFRIZ OV T, AMELR
ZEEEL, BEWICHE USRI R 7o D I BEIR AR D W TEREIICE S
B, ¥EE2EL T, HERBEOEDA., BEULZEBAOREVH, WARIZEZ - 7-HEO#
Wik, 23227 =y arAF), FEEROFEDT. MEELEFROB B0, 1l
REFEEFOBEOOMEA R, ELVAHREP AT ILEHEETELH0,
RIBRECE © AWF9EIE. 7o — MRGHIZHEIC T 7 — MISMNT 5 2 & I3mESh
5HDTIEBROI &, WRZRZEE T2 5 24 I 7BV TH T 7 — M EHIET
ELZEERHENIPERL, T MISMTAZLORAEESTERBL TS, Fi,
MEONEKRVT 7 — F OEMIEE O NF T EFREZEZRMFAMEEERE ORKR %
BTEBL TV,

FAE  BFREER

1. BEORE (RXEEROBE)
AMFRIZBFTZEEFL L TE2EOBLREELI00ZD D BEOZDLFIZDONTOD

—RES LT, FER R-BIRTED, BEEFESOZHBAN NS EEELZSDIX
8%, KRN DB LMELILDDII23HTH >z, KERBRDD 2FHDTTWETD

O, IFIFEBOEN. ZTERENDH L ENS NI 57z, (Table2. ZH4)
Table2. A - REZRBROEE
a N 8 (N) it (N
FOYN 8 42 50
R[S R 23 27 50

2. HERE - BCHRE (FL - MG/ EMQEANEOIZTaZr—-yavh) - RBE
DERY - KEBOXRIFBEIFR

REFEEOHBERFL NV, HL-MRICET 2EOHEE, BECRMEEDII 27—
YaryHizonToOHECHHE. B - BEEEL & QBBRIEII OV TONEE, MOEEH
MWERAT 5 RBEFEDRIFBERDED FFIZ OV TORMERE L2, 2N 5 ORI DOV T,
CERBOEL LD, D DI L TRERZEHL -,

AFDOEEE TH 5L FREORAT 5. HERENE . AL RO O B i 2E, k-
HEEroaIa=F—Yarh FHEOBFREITNT ATEE, HORIBEROE JTIC
DV TORERIZTable 3R LB Th b, o, KERBOAEKIZEZ->T, TN50D
BRI OEIZEND D B NIREET 5 7212, Mann-Whitney UMEZ EEL, ZFOFEHEE
Table 4. 1Z/R L7z, TN DFERN S BEHFROAEIZL > T HAERENALNTZDIX

At DaIa=r—yarvhl & [BtEEnaIa=r—a ] ©2IEE TRER
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BOEL 7N —7DHMN, Aa7HENEVIERNESNT, D20, KERBROED
T—71E, FMEEEEMDT. TERBOBV L — Tt a3l =y —a iRt
LCHEN S 2HAND L EEZZBNS, ZOMEEIT, LIz 7-HES (2015) 7T -
PR R S FRRIC, B L TR 2 E 3, WBIAE Ik a2y —vay
HIZHENR D 5, SV, BFITEBNRZE I 227 — 2 a Y HZEEDN L
BEEAH 2 EANHESMIm o1, LA, RERBOH 27— 7 EDENE, [23
==y av| BT 7 7 0 R=FEF T, FRUSMNIEVERNES I T EBIHL NI
o7z, (Table3&4 M) LD &N s, DFRIORTHENZEENRD NS,
HEBNXER1 (IZa=sr—-yavAaRL)

Table3. BERIE - BCHEE - HERF - mBRXIBHR

n M (SD) n M (SD)

1. H 2R ZREA (23)  24.61 (4.952) |5.EMEa I o) A (23) 3.09 ((733)
TR (27)  23.19 (5.321) LA (27)  2.41 ((797)

2RREE A (23) 1.91(596) |6 .RFEEBRME KA (23)  3.48 ((790)
TR (27) 219 (.736) R4 (27)  3.30 ((724)

3MASEE O RBRE (23) 2,04 (767) |T.AREBIRN: KBEA (23)  3.00 (1.087)
ZREAE (27)  2.33 (.832) REE (27)  2.67 (1.000)

4. 58032 ZBA (23)  2.07(1.020) |8 WERHER KA (23)  4.13 (1.740)
ZREAE (27) 1.93 (.675) R (27)  3.85(1.586)

Table4. Mann-Whitney UMTE : LB FE(ICL2B8ERE - BECHEEE - BFHE% - HRE
BROE

HERE | A%EE | MEEE |EN0=a |ErI=a | SBEE | QBERE | BRREEEG

U| 274.0 243.5 255.5 175.5 169.5 258.5 249.0 273.0

VA -713 -1.443 -1.145 -2.783 -2.923 -1.123 -1.247 -0.744
)4 476 .149 .252 L005%* .003%* .261 212 AT5
p**<.01

RIZ, REREBDED TN — T MO —TDFNFRIZONT, EHRIRL-EHE
A, AL - MERRTEEEE. B Al O I Aoy —Yar . KL OBRME. BHo kg
BROED T2 OO COMBIBIREMEE L 7o, 7o, KEREBOE % 7V — 7120 T,
NS OHBEIZQREZ M A LFEDER & BRI DWW THEEL 72,
RERBRE I —T
1. BERIE (SES) : HEUERE & ARESMHBEMRIZH 2 DIE, Tables (ZRT LDz, [FME
LOaIaz=r—varhl L [MBAORBEROEY T Thole, ThF, FEBICEME
EXBEETHEVHIREBON T, EFIraIa=r—vareinTnsden ) EREEE
BNEIFE, HERIED 2L TR 2HANH 5 LR TE S, 2 ORERIE,
el 7z AT S (2015) OSSR EZEMN T T D TH o1z, Tz, [HERME & [
BHORBEROEV ] EOMIHBBERARLNERIZOVT, FEBLTTIERL,
B, HLORBEFRHY, TEBOHERBE I CHEL S 5H20ML. WETLENE
BONEUDNH L EEZ2LNS, LEOZENS, UTO3DDHBNLEENRD SN
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%,

BENXER1 (DS a=yr—yayamEt)

BEMXIER?2 (BERBEERD D HE)
BBENZERI (@RI KBERELD LT EIHE)

2. QR:QRIZEIL Tl [REE DBERM] L OBz A HEZEOHBEBEENED i,
COFERNS, TEREBEAHDHDIZE > T, REEOBERMEN, BT & oBERE
HEEBZTWLIEMWRBENT, D30, RELBVEREET T LIHFFZEDANL
DHRMEBHEETHHZEN VAL, ZOREIE. & - EH (2009) OFT - 7 TR
EEMTLZBOTHO, WHARAT 2 RXBE L WOBEFRMEDN, WABANE OFRICEEL S
AbEsSHEhmEni, Dol s, LTOHBERNEZERI RSN S,
BEMER4 (BTFREFEERE)

3. BEEMEHREE « AL EE &R E L OMICEVIEOMBEBENAASN, B
DOBFLIHEL T LD E MERIZEHEL T E VI HIAA BN, (Tabled
ZI) N, BHOOBRZRIZHENH 2 FZEMERICOEENRTAHAND 52 &R
BINTHW5, ZOREE. LR EH - A (2004) FAEMRFRICBS O TH RO
RENBLNTHS, LhL, BRZRICHELTHEEEHR O LEIRUIBRI L THE N, HLEI
EEME TRV EMERICEEZ R TRV EILDRA S T &3, RIS 7RAE
THBEIFVARY, COZENSUTRNOHENEZEENKRDENS, AMIZ& > TEE
RZEEHENZBDTHY, ASMHWT2ELDERIZ X > T, NEMEFGT 5 Z
N D L IR ON B ZHE N LENNIETH S (Pearson, 2018), AL &
"o, UNORTHERNERDI RSN S,

BEMXIERS (NEMHOEENY)

4, AM/EMEQAZT 25—y avA: o, iMEEDaIa=F—Yarhe®
HenaIazr—yarHeoMIEVEOHBEEFREAANZENS, D
RaZ =Y aryMEERLDIIE, B0l a2 —va vy ERELERHT HIHE
FAH 5T ENHL NI 5T, (Tables. ZH)

O ENS, A BECAPDET, Adala=r—rarELFIzENnsL£5
RAI2= 7 —2arhEEDLLOI, LFOHEBENZERN RSN,
BENZER1 (DT 2=y —-yavaELk)

5. XBEOBERFRME : At aIa=r—yarhe [REEOBRME] RO [REED
BRI & ORICIEOHBEBERAAG N, SOl ENS, AtEnaIo=r— a3
NHRHLEBMLTOEHDIFE, KEEOBFRMEIZHEL TOAEHANHD S ENIHS
Mg oz, o, R E OBRME] & [8E OBRME] & oIz EDFHBIBER D
AN NS, REEOBBEDN IV DO DIFERBE DBFEED SV ERML TV S
EVHHAAFED B, (Tables. 2MR) & 612, [RERE OBRME] & [RB & O BRI
iz [MHOKBEBROAED T LIEOMHBEBRARED S, Rz [ OBRME] &0
BHIZEOHBEBGREAED 6N, 2ol e, MESHGORXRE OBFEES, WHO
KGR E ORIZBREDH 5 2 E MR ENT, D&, TERBEDH 5HE X, #
BSMEORAT S, HAHERE., BHORBHENEVIEELA->THY, [Fikl &
LTHEDBNVEFBLTVEEEZLNS, ZOZENE, ARIORTEHBEMNLERIR
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HHNB,
BENXESR1 (3T a5 —-yayvamEt)
BENZERI (@RI KBERELD LT EIHE)
BBENZIER4 (RTHRBEERL)

Tableb. REEEBRAB V)L — 7 HEBR

AN

s o spmewese s O BHE SE, TR
SES 1.00  -295 210  .229  .443%* 288 196  .194 493
QRE 1.00  -582 -888 .398 272 533  .736% 519
AL 1.00 603** 136  -404 -317 -419 -.008
P i S 1.00 130 -.007  .167 127 405
B3 a4 1.00  .721%* 345 318  .185
FMED I 2 1.00 503% .439% 207
REBB (R IE 1.00 B69%* 443
R BB GRIE 1.00 TOT7*
TR B R 1.00

p*<.05, p*¥*<.01

LEBERET I — T Rz, TERBDOLWTIL—TIZ D0 TORREMRIET 5,
1. BBRIE (SES) : B BUSE (2B L TIE. Tableb. 1278 & 5 12 [ALM R & MRS e
CEWHBEBERAA SN, D0, KERBOLVWEDHEEE X, HS OFLLMUE
T AMEEICESEESNTLEEEI I EMNFALN, COHEMIIRERED H 5
HIZBESNGh o, 2O L, KERBOBLOWEDTA, HIY OFELEMiE % Mg
HLRELSBEEMT THHATL R EEFEZONS, KILBNZ XD, BHORZILEGEE
FOZ L3RI ETHEN, TNAESONENZMEFP, FEZDHDIZL
THEEG 253 BETRHE TV AR, F/, Tableb. (23T X912 [FMEE Do
Jazh—vary] EOMIZIEOHBEBEGENZED SN, ZoRRIE. KBRBOH LT
N—T7N [HERE] & [FfenaIa=r—yar] Eofic, HEBERIRL NI
RBEBLZSTOW, TNOOREENSEZIASND DI, KERFODH S V)N — T 138 MEE
RETHHTEHMNEEDAI A== a v e2T53BENEL<HBEEIONS, LML
TSROV HDIFAEMEDII =T -y a e ESHKRNBLNTH S D,
TNZNOHEET 2BE0Z 0 0L ORBPRBAHERG L5 ATHb L
DR ENS, DLEOERN S, HWANCEOS THLABAEDIIa=Tr—varieh
5 &) MAFINPHHE R EMBEENH L, UEDOZ NS, UTIZRTHEHBENLERN
ROSN B,
BEXER1(DZTazZsr—yavAhmEL)
BBENXZIER?2 (BERIEESH D HE)
ﬂ%mi%ﬁﬂmﬁﬁmigm
. BROMEHEE | [ALmEE] & [MHEEHEE] Loz, EOMBEBERMIAD LN
7‘_;&:73\6 HODRELIZMET % H DT EMRIZ Nﬁﬁﬁb’(h\éﬁﬁﬁb‘%é;&:b\ﬁﬁ%
M7 oTe, TORBIIZERENH 57— T I b RBEOHEEA RSNz, (Table5&6.
S Lo s, UTNIORTHENIZENRDSN S,
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EREEME 115, 2012) 116-127

R [ AKERBZORSRIZE T 2RO - Bl - S —WE - EEOFREREE BN
& U KERIZ BT 5 HIRK - EROFIG—] (TRETEE 2 SRR T [R5 - 2RaEm e B
RliZE ] iFFE 2] 2017) 63-70

SARIOKRE [—KEREDREO R EZOBROME—] ([70—/IVHROPREAF] HAPREEY=
M. —EtE 2013) 214-223

RARAKT [SEFERIC B 2 EHEFO F IR L AEFEH OMEE  — 2011 F SALH7T KT &
ORI RENT R BT 2 WMERIIEFEROY T 74 MEORE & B FIIz—]
(IZEFEFHT] HAREHE S, T (2022 F357]  T5E))

SARTHE [2011-3- 11 HHAKES &%) ([#HsbNE ~3-11 HHERKES L FREHHEZED
TRERED ~ | #8 B RALRTL R S 2A%, 2012) 94-99

THES) - HIGE - HAGRE - KARE [EEE R REHNE /N 2RO R 70t 2123
THE —EEEITITNZNGE LT (THAEFEEEERHE] 83-749, 2018)
1205-1215

Rl RBE T HRENEGAER A S ((HEHEERmREE]. EmMEE, 2012)

RN [T EASKEES - 7 8EF] ot eaisr]. 2015

IRTLH] [RYIHT s - EREIEREE Ak Dm < RILoFE]. 2021

MEEERT [SEERLEREE]. 2014

MEENT [SEERsRRE o8 2], 2016

MZERT [SEERTMEE 58 34w, 2021

AT [EEE—HFIHEERSERIZ D0 T] ([RADIOISOTOPES] Vol61, No.4, 2012) 193-207

B EEET S EMEE O RIS AR ORI g 7o B &3] (TErfiEe2] 86,
2014) 12-17

WEE [HHARES EEEE — 311 28 b S B0 72912 —], https://www.pref.fukushima.lg jp/img/kyouiku/
attachment/902113.pdf. 2021 4F 11 H &

BEEPPEES[ALEEEES $F28 @HLExd ~b50HEH~]. 2014

REIEST RAARESK IS MEREAND [RBE] 2B 2B - 58H Rk - RENEE
ZESEZTANHAK - SHEMTHERBENOA VA 2 —F&EEU T ([HatEsskE
WERRAAERYR] 63-2, 2012) 333-345

MBIE - FHE [EROGHEREREDY — X2y TICHT 5 5% (EEKEREREREE S
WFFERIFFEAi2E] 3. 2019) 110-119

FUFELN [EAIZ BT 2 EHEIIC OV ToEHE] ([EIREREHRELE] 8. 2015) 52-65

FIFHE AT [ H AR RS ¢ 1 U Bl AR sy — @S i - ROt X — ] ([0S AR T e [R5 -
PRSERE & BAEE ] RG], 2017) 55-62

MO [FRBREFEE D EEEROBE, 6 R 2REREemEEY)] (A7—-n-av 75
47 > AWF5E) 5. 2017) 16-22

AL (S RO SN BBERESIC L D [PREM] 2B 3 215 — 18 5 RIRTTH & 5 & L T
=] (IPhefRerameE] 6. 2018) 21-30
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a P ERENT [RARFREEYE] O b >R

—/NERAETERC B BT 2 BENH O 72 OEREER & L T—

T okk

e R ESS -}

S
®
|

(2021 11 H13 HAZfF, 202241 H 13 HZH)

F1E MECAMN

INERGAE RO RN BT, RELIZ BT 5 HRBSEM TONLZENDH D, %
DEMO—DICRBREAH 5, UL, INEREHIEEESEMERHR . X 5 [ME L HH
THREIZAOGNLZERERS ] ©, /IR EESEEBHATERRIC X5 [t -
20, EMEE TR THEHETH] EORNFILEDILSBDTH S,

CHIZBELT, BEFEANTHEHSNTO A EERORRE 7 fMET, BROERES
ES T, WFRIZBWTH b RAERY BTSN TWS, b RIFETRUAHEL,
MOZHRIEICE R, X > TRET HIEMHCERREEL A S &6 FHlgo HAR
BEKHTLIEEE B2, HENHIE—EDMENAH L EHEZLND,

AERCHBORESL LT RRERET HIEHNNEMIN LGS, P REIUHF 3
TN RILENHREEND ZENLZ, ZOEIE, —FHHIIRESNLIABTTH S
fed, MR ZDOFENCHET AFIBES NG, /o, ST THRELLEHEFAET L,
EHEBEEBZE T AEHNEMINLGEE, TraFaunEZi{fHuensg, i,
PR DOFENEGTHY, EETHLIENSKBEBLLT NI E, HHEIZREET
O ENZ &Itk B, —AT M R, JRHH (vT) ORENEH TIERL, A
BTHHZENGKEHLIZCY, 20D M ROEABIIELTHLLWBDERESN
%,

FRETHRY EesnTns bR, BEAHRSNTOEHDTE, Y AAHT7 b
B, 7ET7N%, A=V, Fryox04f@nd s, LML, HRBIERIIB N T,
FEOHIFIZ X o> T, MEAINIHEIZDBYE ERLLE55, AL, FFRKEXr
YISAND AL BN TIE, BIE, TIEIZR S EEBO/NERD REN N HRBIZED
BEERFEETIZEDS, ZITHERESNIEIC EL4BbEEN D, —FHIcB T 5=
HEEZADLELHIE, YR bR, KRYIFVRMUAR, 8L MUK, JO0RAY
Foroz, JYANUR, aVTF IR, Yavvav bR, YFAT PR, v

*  EHTRFRERBE AR
* ok HTEALEYR
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=
W

TV R AR OFOMERNIHFRF SN S (L2 K - &, 2021),

ZO&Hz, Mz X o TE, BRIFEHRSNEMEEBA 2 E ) THED b RHED

%, JoR, BERTE, ERTTE, (URER, WIS ESMSEAREEGLTHY, Th
WIGCT b AN D B, F7, ZORENMINERPA2KRFESNTO SN, B/Nh%E
REAHIFIZ BT 5 SR HETOEBETS &1L, HEMNHOIZDIZERETH S,

b2, AFRO FURFI12R82EAHRESNTH Y UhE, 1986), BT T
L 12F 58 FEAHG &1 (UNE, 1980a31980b:1981), Iz 5 R 7™ AvEmah (B
[ T R AR I A TR BR AR, 1996), 51, INH LI HEERET, HTR¥EF v
NAWIZBTHREIC L > T2R 2 Bz icsks e (B4R - 8, 2021),
NedH-o-T, BEMmizs T 2BAEIT 128 67HE SN S,

LML, 6L, ReoNRETHY, SERELOHIFIZB TS M RHEES
MIZL TS EEFV AR, B/NERIZBI2HERHO DI, SHEZ R LU 23
BENBETHA9,

Mzﬁ,%mﬁwﬁ%T¥EM’%§?é§ﬂE’i[EA%{E%%@J#%%
2, dEBENARRFRNNCER SN X LM TH 2HFNHRDICEmShiz L2 ) -
Yoa ViR AT ENEATHAAR] O—HThsb, EO& s, BABFEEMYEZ
FMoAROERRE U THRIZESNTEY, FIENSKIZNIT, PREVETLEHT
DENEIL ABND, FTz, BIE, EHEOERTZ S CIZRAGH O/NERIC X % HRBIZE
PITHON TS, MAT, HEEHEH L -MAERMIOA R PELT, [HFRIVE
HE| [HRBRE] 2 EMRBEESNTHY, BABBEWEYE I IHBEATIcEEXS
ROSUE - BERREN S 5.,

UL S, RAREBEEDEIE, PRI OO TOBEMTIZS T 52BEDOFHED
?n BOTH, F#ABEMIZIZEEINTHEST, 22TO R, EEERE LR
T O I R R BRSNS 00, N TICHORAETERET .
2T, AT, BT [BABEBEEYE] o N RHEHSMITEZEEH
MeEd3, 2o Eix, BEfmAEED N REZHALNIITLZEDEHETHL, D0
X, FNEREAOHIEIZ BT 5 M RHEAS ML, INERAETERCHEENZ BT S

HEMHO IO DEBENEZBF LS ETEIHDTH S,

$2E 7k

1A &M

**ﬂf%é%kﬁﬁi@%li Hg&E IR EN B IcH B, BEICE, dLfiy
S FAVAA, FEACHEAEICEL TW 5, ATEE 258 SHRICH U - BEEE D & i
HiEE TS E, BE, AFYNRE, 24 LUCEICITEDL, 5 AMaENS 6 Affc
X, BFINELAA LU NREES, RASFTORARRICENT, £ET 28D
PR EN TS, ZORBETIE, AFINEZRLAL LY, FRIVEHEXD, vﬁ?b
VAEARIYAANT VR, BUTHAHINBENHEN SN TS, #iE, NS IEENIIC
B E N EYHO—ERIZTE Ry, #AEMOME#X 1 IR Lk,

F7, 2018 ~ 2020 I B 2 HE—FEEFOHATHATIIB VT, LEMK b ROMSK
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a s WIZEEMTHL &, BED
éﬁén FUREBZELRTOIRNR
IHLZEEERALL, B, #AF
%mt»ﬁ@%éi%mwmﬁr i
ERI180 ~ 20 mTdHh - 7z,

¥, AT, 6 H LAz AF
YN R QKPR FER] O VEZEAD
Eig sz, 8T, #EEEALO X
WOEX] D EZENTDN I,

W2 FAETIE

FEZIV— Y AR @EH, 2005)
EHoTHEMLUKL, L—MiE, EAD
WBREE Ui, ABEZE, INEBEANS L TALAS S miEE OHM % HH TR, &
DVIEME L, BARUMEORZRE LR, BROHHEDR & FEICEL TE, HAR
ST H MR 203f A B L LN [HAD R] (BE - IS - Z4, 2012) 12
WPLUEM U, 7z, WL EEKIZ OV TR, (EERE R H R ORR A E B
FERSNDIORELIEAATTIRFE LI-ODBY Y —AL T,

itﬂﬂ%ﬁvﬁhfiﬂlﬁﬂﬁﬁﬂf2~3ﬁﬂ9ﬁﬂf4~9ﬁJUOﬁU¢X§ﬁﬂ
EUTHEEE U TSR L, 73, HECMHEIZ X AR EREN TSR o AR
WCIEEER L s o 72,

S50z, MEERESNMED, FEMICASR LMD, AT TER - EEL TV AHRD
MERETT %7012, PULOIEHT CRECGASMER ORERR S &) LEHEITE) GEks, EE)
DEHEAE SR L T2,

FAEOMMIE, 2021 FE ATNAI~9H TR (W4~ HM) &L, A2 ~3HEEELHL
I 20[E, 1EH7Z0 2 FEMREHEML 7z, Z11%, 2018 ~ 20204129 L /- RT3
B SIEELCABHIZ BT 5 N ROFMHEEEASE L Uk, AEMIBHIE, RKEzH
HABHH23HE L, YHRESKRIEN20CE PR TEHY, HHHELMESD D DOHE
DORETH o7z, BIFEOEUREIZIEL T, »F v bR EéEadFzofEiizbizd
Tho, PULEMS 2 VEKRNEL -7, AEKTHE L2 9H23HIE, —RRIzEm
SR CRREEZTHN 7DD, HEVDORETH -7, U T, IHRRESED
205 A 5 &3, KEBWESENEIBEULNLIHM RO TV, HWN3
FRERAFCHBATIZIR Y V2 A MR, 7HR TR, XART T HFRBEDTROLZ > Tz,

M1 BAFEREEMEOINE (2021.9.4)

BIF BR

AHOKE, BAFEMEMEYEIZ BV TOMIENHERE SNz, JHUTIFHRTHAEIC
BOTHERSNIELEDT, TOARE LT, BEKOES, @R BE), HEED R,
TERR M R O R T BT 2@ EOREIC B T SRR L O e R 1 IR L, &
I, FHEERZR2II-E L, TINS5 OMIELINIIREY. B8, MOBHIEKUES
FRE - I - 2 (2012) L5 T2,
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e R ECONEI - SV 4

HE1E 7AA b RE Lestidae

TAA D NORRTE, AATFA SR OATTEN

mEni,

FF T HA N SR Lestes temporalis Selys, 1883 1%, 7
HICHREH AR D A4 L o WNEET 5T, AN
LU, MOVLDS RWERZHPER SN, JMAKDE
HeM2iTRULTz,

H2H A7 b AREL Calopterygidae

AT b ARRTIE, =R AT MR, NTa bR,
TANZ VR, IVIAT RO ATEDRER SN,
o, VTNIZHPULOEIC BT TN IR SN g -
7z,

=R /1T b IR Mnais costalis Selys, 1869 1%, 5 HF
A5 6 ARaNCh T THREMMERID 1 F Y N2 DNEKT

g M OO LA T, RT3 mEKRHLTN
YA 2 MER SN, SMAKOEEZM3IZRLT,

N0 b 7R Atrocalopteryx atrata (Selys,1853) 1%, 8 F
L@’ B O 7Y N R IEGET 2 IR ED O B E

IC, R B QMEMEIAY 1 RS N, 2L, A
EHE_ BOTHHBREENEONED o /27, BT
Bt T LB OBEEEZM 41T L7z,

T A INZ N IR Calopteryx japonica Selys,1869 &, A
BHTEMRESNLD o7, FRFAETIE, bHTEANS
6 HHANZ T THREMBEN O 713V N 2 WERT 5 i
fith D/INETOIARIZ 1 % % & @ HER O B B A 2 [1FE
I, MAKOEEZK 5 IR LT,

IY AT bR Calopteryx cornelia Selys,1853 1%, 7K
FAETIIHR SN Mo 7D, HEFAETIE, 5 A TED
5 6 HHAIC AT THRERBEAI O 71 F Y N2 DREKRT 5T
i 2 A3 % QARSI 1 FIfEZR SN, STEEKDE
HEMX6IZmR LT,

H3H T /Y b ARE Platycnemididae

T/ POARRTE, B/ MR OA L ENER
SN,

E /Y b A Pseudocopera annulata (Selys,1863) 1%
7)5J~ 8 AIZHAEM AL D A4 L o NEKT Bt

IPHE LR T % & R mEIR S B R S N, ST,
SH XTI ERR SN, SMEKOBEAEX TR
Uz, 788, SMIKOEEZX 7TIZRLT,

FAH A b M AFE Coenagrionidae

88

M2 AAT7FAERRVR &
(2021.7.10.)

L
B3 —KUNDEUR
(2021.6.12.)

K4 )\JOFRVK 2%
(2020.7.18. &Rm)

" G| Ry
M5 FANTEVIR £
(2020.6.13.)

M6 ZADUATRVIKR $
(2020.6.20.)



HTREMT [RAEIEMEYE] o >R A

A N MURETIE, AN MNOR, FEA B PUR, B
FoA MM RO3FEEAMERA L, T/, DITNIZBLT
b, REGAERDER S i,

¥4 b bR Ceriagrion melanurum Selys,1876 1%, 7 H
TENCRBEREE O /Y N2 NEE T HIRHA & F O i
DEMIZ T, FEITHNRAT 5 L MEKDEA 2 B
SN, MAKOEEZM8IT/RLT,

FXA b bR Coenagrion terue (Asahina,1949) X, 5
HTFfA5 8 A NANZFHEMIA SRl 715 /N R HVEE
KT BB E Z D OERIZ T, HIZHNRAT 55 %
MERN DR SN, 88, MUKOBEEAEM 9 IR
L7z,

E— N> A4 b b ¥R Mortonagrion selenion (Ris,1916)
X, 7T HTENCHAEERIO A F Y N2 DNEK T LR
LD OERIZ T, EIZHNRMNT % & @ mEEDED
2R s NIz, SMAKOEEAEM10IZRL T,

58T v <F Aeshnidae

YURETE, INrvUR, AFNVIRIY R, L
DRI Y o3, Fryvox, 70A0F oo b5y
iy

2 )V >V > <X Planaeschna milnei (Selys,1883) %, 8 H
TENZHABERAE D A4 L o W T Btz T, &
WY T YIRS QEREMMA R S N, KD
HHEAER 1R Lk,

F AWV IR TV I Aeshna crenata Hagen, 1856 1%, 8 H
e S 9 AAENZEEM O E 2 Fr CHRERRIT LTE O B
EWDTHES SMAK, FEINT 5 RN HERES N, h
121X, SO RN E ENT, Frolc BT, Fov
VR, AFXZX R, AV IV, BLOLIED R
RO EEZM 1218 L7,

VU RSV < Aeshna juncea (Linnaeus,1758) 1%, 8 H
TS 9 H EANCHFEMBEMN O XY N ZDNEKT S5

K7 E/UYEVR &
(2020.7.18.)

- I

M8 FAkFVR o
(2021 .7.23.)

M9 AUAFRUR @
(2021.6.12.)

®10 E-—kYAFFVR &
(2019.6.23.)

X 11 \)I//V/V ¢ B12 FFILURIVYUI 2
(2021.8.29.) (0B 2021.8.21.)

89

13 JWURY VIR &
(2021.8.29.)



e R ECONEI - SV 4

HUZ TRIRRIT S 2 SMEMKE A 2 IR Sz, 7,
PHED - EhEITE I MERR S N s o 7o, KO ER
X 131ZR LTz,

¥ ¥ > < Anax parthenope (Selys,1839) i%, 8 H 4]
ICHRBEHAER O 713 N XN LT, AAILY
RIY o) QMAKEMA 1 RSNz, 72, N
LD EhEfTE IR SN o 7o, SMEROER%E
B 14izmLre,

70 AYF YV < Anax nigrofasciatus Oguma,1915 1,
5ATEIMNS 7THELAICHABE-OE 5 THRIERITS % &
ﬂﬁ]flli FEYN S % QWA AR SNz, MAKDOFEHE%Z X

5iZmUlic,

% 618 YT b AE Gomphidae

YFT b UARRITE, ad=Vvrx, AFAYFT, X
v R+ x, avFzo 4IRS N,

a A = > <X Sieboldius albardae Selys,18861%, 6 H'F
e 8 HTNHICHABEMOELFT TRITLIZD A1 LD
BEOHBE O L E 5720 3 5 SMEMK, FENT 5 QW
AN DBEER SN2, MAKDOFEEEZX161Z/R LT,

F F 41 F I Melligomphus viridicostus (Oguma,1926) (%
9 A BRI AL D A A L WS B CRE
5 QMERBEIN 1 MHER SN, £/, PHLOEHH~E
JEITEN I FER SN o e, RMEERDOEEZK1TIZRL
7z,

7[2 R4 I Davidius nanus (Selys,1869) 1%, 5 H—Fﬁl

AL D /13 N R VIR T % il i o Bz
% JtiéQflf$$5E7)‘llﬁ]ﬁEE ani, &7, EHfEO)ﬂB
ML EHEITEIIMRA SN Ao, KO EHEAX18
TR U Tz,

a5 I Trigomphus melampus (Selys,1869) 1%, 5 AR
NS THTEICHAEMBEN O F Y NIDEKT 55
Mg O Rz TEED Bz 1k & % & QAR N DEIER S
Too &z, RERAGEKRDPHER SN, &b, MUKOE
HER19I1TR LT,

8 7HT =¥ <% Cordulegastridae

FZV BT, A=V oA 1 EAHERS NI,

F =¥ > < Anotogaster sieboldii (Selys,1854) \¥, 7H L
A5 9 HRANICAEMOE 5 AT CHEERRIT LFE D B H %
fHTH S & WERNER SN, Frolc B
ANIRIY U=, Fryoxw, af=vr3Inni, %

90

M14 FoVoX
(2021.8.22.)

7T - P
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—

X 15 ’JDZ/#/’VJV J
(2021.6.5.)

l16 A=V &
(2021.7.10.)

®17 #AFADFIT #
(2021.9.4.)

18 FERYFT ¢
(2021.5.23.)



ATERERT [RAMFREMEDE] o bR

fo, HEEDNHER SN, MMEKOEEEZX20II/RLT,

F8HE T/ b REl Corduliidae

VA MM UARTIE, ZARMROATTENERS
ni.,

R 712 > IR Somatochlora uchidai Forster,1909 1%, 7 H
AN E R ARSI O /NE D BIR O 5 5 & B < BERRAT
T 5 AHBEERDNHER SN2, £z, PUEOIEHH©Z5HE
TENIMERR 2 o T, SMARDEFEEZK 21 1ZR LTz,

$9IH MrAFL Libellulidae

MR EHE, FYT AR, A NUR, TRT AR,
RARTTNF, IVITAHR, APTF PR, AN
FhUR, NFEO MR, VFAT PR, OFV IS
B, AFFAT MR FEERS N,

+ 7 71 3 Sympetrum darwinianum (Selys,1883) 1%, 7
Hefg& 9 A NANICABEMALA O A N2 N ERT 238
a3 5 & L mERDED RSN, MAKDEER
B 221 LTz,

J ¥ A R Sympetrum infuscatum (Selys,1883) 1%, 7
ALAaN»s 9ATaICHAEMOZE L TRMT 5 5 & mifH
REHAER SN, Fio, BEEPERSN, KD
BEEZM 23151,

7 X7 /1% Sympetrum frequens (Selys,1883) &, 7 HF
510 A FENCHBEHFENO 3 Y NZNEET 58
Mz MW 55 MERDPLZBEER SN, £, #EHED
fesgs iz, LMERODEHEEX 241278 LTz,

X LR T 7 713 Sympetrum eroticum (Selys,1883) %, 7
HLEANS 9 A FaIZRAEPLOED AL LU NEKT S
W2 T, BAICTHEL AT 5 & @ MERSHD RS T
foo TITIE, MO REMKE, BIRICBREAHEDD L 2
K& ENT, Fio, #E - EWAER SN, HEKD
BEHEZX 251281,

23 JYUARVIR $
(2020.7.24.) (2019.7.21.)
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19 aAUrFIT o
(2020.6.20. )
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P <

K20 #ZVvX o
(2021.8.22.)

y 4 .

i A 4

K22 FVY7hHhx o
(2021.9.23.)

25 XAYTTAR ¥
(2021.7.10.)



e R & - # L =

ARBECTRHER SN oD, BAAETE, 7THTH

IZHRAEHALH O 71 F Y NI DNBRT R E TR T % 5 2
F@fl{lﬁ)éﬂlﬁ‘lﬁlﬁﬁ SNz, X7, PUED BB EhHTT
IR SN h o, FEROFEEZM261T/RLT,

a7 bR Pseudothemis zonata (Burmeister,1839) (&
KFAETIIRER SN o 7oy, BATHAETIX, 6 ATH
Me 7T HNEICAEMALR O 7130 N X DB T 5 i
ERAMLID, RAEHHOLEO AL L PNERT 20K
HERMLIZDT 5 MEEEREN TN HIEDHER SN
Teo MAKDFEZK 27T IR LT,

7 AINF b R Pantala flavescens (Fabricius,1798) &
9H EANCABERIZ TRTT 2 L ARMEEDNHER SN
Too Flo, PHLOEBFCERITE IR SN a7,
L, AFAFBIIBOTHALREENELNB N o/2/cd),
AT I TR L IcRBOBRZM 28128 L7,

NZa kiR Lyriothemis pachygastra (Selys,1878) 1%
AHECIIRER SN o 7oA, HATFAETIE, 6 ATA
ﬁ%?ﬁ?@ T TRRBMER O A XY N RINERT S

TR 2 RIS 5 QMRS 2 mfER SN, 72, W
ft@ﬁ/@j’@gﬁﬁﬁ@ IR SN o7, fEEDEEE
M291ZRL Tz,

v F 51 F b 2R Orthetrum albistylum (Selys,1848) 1%
6 H EADS 7 H NENCHFAEHIZ TR 5 & @ mEE A
MR E N, 7z, REGMEKDHEZR SNz, SMEKDE
HEK 301K LT,

AN b 2R Orthetrum japonicum (Uhler,1858) 1%, 5 H
TR S 7T H EANCHEMER O XY NI DEKT S
BN TR T 5 & @ mERDHERR SN ie, &7z, KAk
MMEKRDPHER SN, S SHEROFEEZX31 IR LT,

FH > F 515 bR Orthetrum melania (Selys,1883) &
THEADS 9H AT O R L CHREERITT 5 S
ER & BB O QAR DB R S NI, 7z, KRR
TARPHER SN, S RWEEROEEZM32(I/RL T,

FI10IH M & OMEERE (BER) & ERREI%L

RSN/ ORI 3LEED, FEMIZTOR U 721D, %ﬂﬁ
HWTHER-EEL TV AHERONEME T 21EED DT,
1 & DfERE (BEE) & RERRIRIEIC B D & 8 X & 7ER
Ul TNEMB3IZR L, T OH TREIKE S R
MDIZNFEIZ DN TIEACKTETH 5 ATREMED H 5. (EREL
BB DI NIz DWW T, ERE [ 188 () |
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(2020.7.24.)

K27 A 7FEFVUR
(REZZh. 2020.7.24.)

» - 1.! .
28 DZANFEUR £
(2020.95. EIR™)

B29 \ZEQRVEKR ¢
(2019.6.23.)

et .
®30 ¥AHh> I~/7J' s
(2021.6.12.)



ATERERT [RAMFREMEDE] o bR

FlX [2~ 38 (DF) ] M OMEREIEN 2EILNTDH D
ERENIZERTEH51E, TNITIEROITHENES L
oo bbb, ZHRAY MR, NZa bR, TN
ANUR, IVIAT MR, FA MUK, E= A
FhUR, IV, VYRR, FrvoT,
FFAYFIT, R NYFI, RARNVR, FYTAR, -
IVYRTAR, AVTFR IR, DANF IR, NFUE 31 LA RUR

afryRTHoT, (EA'$. A 2021.5.23.)

F4E EE

AT H B RABIRAEMYEIC SO TSN b
RIFOMBIETH o7, N6 &2 RMTHIZ BT 2 BEANE
12R 67 (N, 1980a 3 1980b; 1981 3 1986 K Uk g\ :
RS AEGERTER, 1996 5 £ 2K - ¥, 2021) B3 2427 h5 kR

EWRSEEZ A, ETERLT, (EMe. FA'e 2019.7.21)
FoY ¥
T#)#4%F/T TERTAX

7»UT/¥/7

%/ﬁ/#/f
JARYFVY U A kR JuA R

AZFRZ AT kR j FELHFNT R UF

KokkK

RARTTH*

L a5 bk
NI 22z Red

(&) ¥ 5B
X

AFYTH*

AE— by A b byR
AN RNF kR
AF¥vY =
. % AT THF PR

AINrvo<

FEA b bR
atYrx
aF=vYrv

\\\

Anga kvl

ANV RV~

AIvThHT bR
/F N AN AIVYITHZ
%&/\5 =R
0 2 4

6 8 10 12

AFFAHST
AREFHFT
IR EENS S

REREH (=)
FLF CEM) , %2~ 3FUDH) , H4~0F, HSROFLLE) /A=K ERELS D 5 VE

X33 fEfFE HERREIEROBAEN
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ROT, [EFLy FTF—27v 7] CATFREEAEEARER, 2014) LS
&l A, E=bA PP URND T EMRBEGEMEICEST S8, KOENTHRER
BOEREE 5 L3N T 7z, BEALy FUZ N BREEE, 2020) EXfEES &
leel A, 7ANZT N RE, E=FA MR 2HENEMFGIEME SN T,

THIC, RSN IORBIFED S B, AR EMEREEA DLV 1THEIZ OV T, HAT
ABIC BT HHEROEE, FTRELCICATEICS T 5 PHLOET GRS 7R D
AL EL) CEEITE) GBS, EN) OFEENHIEL251F, RORFINELNL,

Tbb, OB THEL00, AFEWCICENRE CHEERSNT, HE50LIEPLO
> EHETH MR SN -6 N7 hoR, ¥4 MUK, E=bFA M MU,
v UR, aYT7F IR L, BEEADLOS OO, FABEMICAER - EEL T
LFETIERVD, QFATE THESINT, HiHAEOATHRESNLME (IVYIAT b
YR, TANZXNUR, I¥YIThR, NFobrR) &, HEEOTRKRETIERNMN,
@V TH Y, BRIAE CHERSNT, PULOEMP BT AR ST -7 8 (=
FUAT NUR, AFHAYFT, RERNSFI, AR, VIR YUR, Fov
VR, FIUT AR, DANFE MUK X, AFEEMRICBT ARRE TR0, b
DIRFE, MENRAB L > THRIESN B 59,

ARAECTHR SN2 bR, BARRAREYE O W TR ik O SR
A OB R HRBRE O A RBRT 5D EBEFEALNS S, BTN O M
BWIZBFAFEEFEML, THREEO b RHEHLMZT B EE BT, F/NERE D
Wizslrs bR EHS MUY, i, BONLERERTEH U /N ETER
HROABEEERORIHZ(EEL 720,

=

DZRUEENOARE R, WEE, AEHR KEFXE, Bk, 2RME, ONME, BF
SCEHHRRIC & B HRRY (ETFRZATE) Th -7z,

2) SR U AR OZRIER, HERE, AFHR KEEARE, EhiE, 2REECL L HRY CEFR
SFHTED TH o1z,

3) TSN AATE /Y M URIF, 2B X2 ZOSMDNRONTH 0 (BREBE- I EIRE - 5,
2012), FEFROIEL SIZEMNH H7-0, AR TEBARATEE L TRz,

4) I TRRSNIEADA P AREFa v R, BRI AR THho, LML, T
AVA P RYRIZDNTE, R TH L ENHEL SN T AN 5T, TNIRIBEDEFDOI
IZ&2bDTHY, ARTEINEZIEL THR- 7,

5)RBfT ek, BEFRIUMATLEARO KR —LXR=JIZ THAARSN T % [#HATR#EE] TH
%, 20094 8 JIZAITIS A (T, 2021 9 ABIEX TIZ 154 HOETEHA S, 2Tk, M
BAWHGLSNRE EELN, THA P bR, AFNVVRY Y=, Y2257 H % (NO.83,
2015.9.13. D [ OB L in R AR RAEMYE] OFLH) MR SN, b, F—LX=YT
X, BAFBAEMYEEZSOBBEMER S EDENNDH 5 (https://www.koiwai.co.jp/shiteikanri/gosyo
park 3 2021.9.7 &),
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HTREMT [RAEIEMEYE] o >R A

HEE

KRB I CHBE SR e NI IZ0T T 2N, DX OB L BT xT,

TEVFTIL I 2 B S A B /A R (BR) 1R A 3E 0K “KOTWAT™ AH1FT 8 L 33 2 [ 2 P
HFAT TR EH—E R 121, AEOEREARII DOV THRENIZE X LK,

ER AR Sh GERIEE, SRNE244) 2, 7aAyFrvoz, af=y
YR, REFYIFI, avT7F b roROMESERELEE VWIS XL,

BlEDONS A (BETHERE, HR/N:4EE) & ORBEERRIZIE, FHITFAEORRIC
C—HEL, MO N AT BRI v E R L

TSR T NAZ T/ NP B G NI — B eI, INERAEER RO 2B T 5 8EM
OO HOREM EOBEMRE DV TIH RV EEZ LT,

(B AR

WHIEE T~ > Ro@REE] [hoRoFHI7], 2005, ppl80-188.

EFERREEGEHEHARERE WD TL Yy FT =27 v 7 BFOFEDLEEEY webhi], hitp:/www2.
pref.iwate.jp/~hp0316/rdb/index.html (2021.9.7 BHE), 2014.

BRIEE [BREEE L v KU A 12020/, https://www.env.go.jp/press/107905.html (2021.9.7 %), 2020.

INETK [ER O N REAE (1) PaFa/ygeml, 4, 1980a, pp9-11.

INETK [ER O N REAE ()] PEFaygeE®l, 5, 1980b, pp5-8.

INETR [ER O b REAE ()] PEFa&/5EgEm], 6, 1981, pp9-12.

INEER [EHFO N R] PEFRITEE®R], 13, 1986, ppl3-21.

) T T R A T A v BREE AR (RS F vi sl o0 A AR BREGAR R 5], 1996, pl07.

RRME - I EREL - M5t [+ A F v — A4 K HEOD bR X—HREHIR, 2012.

e R4 - FEIEZ [EFRFEF v 2 XA [HUKOHL 1250 % b > R — EIEREE %I B 2 EM BT
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AFRFHE SRR FER H81% (2022.2) 97 ~ 116

KL D LR BIRIERIZ OV T

+ B B Ax

(2021 12 H 23 H3Z A, 202241 H 13 HZH)

FCHIC

ARG, BETD S ATERTEEA ER, BB D TORBREMKEE L 05 EFOBEBRM
HEIHER O Ff% & H o TE 7o — AND/NERBT, K (F 44 -2 a—T—) 53,
1950 FERBLITIBIE - TR L Tie, [FIER] 0RIFROREE O <HHEmcERL, *
DFEROFEEERIIODVTHRIALLIETEHDTH 5,

SIS0 BERTD, 1956 ~ bTHEE, EEMNIFFH [EME] OBEECRHMED <5
HANREN TV, 5F - BIIMXOSROHAEY — V) [1 VY THEZ ADE]
DOEEGi7z BI%, WAL U T —D D HEEL [FiERH OBIRRIZ OV TOEFERE#ED, BN T
FERZHED TV 7o, HERFE S O MBERE B E] OELIRR I TN O, [BEF= 2 — ]
195 (1957T4E10H 10 HFEAT) 12, [V — 2 VKA S ] 1 (BER) BdHv, 22
BAVTHEZADED [5¥ FEROFRRE FERITL20P—0EOHAT €0
FREFRINEES LN m&—lthoﬂ4bww aRASIND ST Y, Fo3k
PHAENPLL T, ZOMEZOHLER > TEA, LERELLZDIE, AV IHEZAD
ZomAMD— AN, KIFFE (FHA - a—V—, 1911 ~1998) THolcbDEE
bz,

ZokHEE, Fo%, SEMEEE [BEToK] Y 0196045 A5z, KA
@%1&[%%@%%%?5:&@# Zl VoM EENTWE Y,

FEHIILRNC, ERO M P UHECADE] OBERAIZRII OV TOMAEIT- 72",
AFGiE, 1958 F 0 [FEE] Rk fi@ 1960 FDIFE T, ZDkHMEAZ TRLL 7z E&D

DimEZ %, BHEOBRFOWNRETE260THY, LEMMOBR BN <D THS Y,

KA (B) XG0, M [FERH AR EERLZOD, H61XED XD iins B L.
fMzERL L) & LTV, 20 [FEERAIRGROHFIZ AKHOANE 2D 2, %05k
HEOHEFEBEINOBEADEN TEA TN LI ED—HAEDL I IZHATHIZD N,
KD [BER AIRIBEOFEEZ, W —ERARTAL, kHo@mZEDLdE T
BWENS, ZOHMONELBAKNICHEDI D, FOTEEZBIEL, #o YKo MERE
DFf > TWEEREMOVEL TALZL,
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1. KEER (FHA - ¥ 3—-Y—) OBEZICDLT

KEFEE (FHA - va——) OHEE L TDHEAPZDAM, ZFOIEE DR,
BLUTELRRERED X, FHA - v a—/— B UEREZE SR aEsH
JLOHEIF A4 - 23—/ =] (20004F) (ZFEL WY, 2Tk, RAEICKLRNS, *
DWEIE D — i D A& REFE L 721,

FRHERIZ 1911 (AR 44) F£3H15H, KRICEEN S, 1930 (FFI5) F3H. &F
WAl AL & A2, [AAE 9 H & 0 AR, REAG - By M O /NEAS T & 752 5, Bki%  ARTT -
IKIRH ) [HETERETTEET] & U CEBERER TO Iz, BATCE [X <25 7] 3h, #iE
F N FEB]ENDERLEE DL 2T,

U TR, B, BHERSEHASICZO [HE] 4910530, SF4RF. &5F
RAGH, A YVHABEADEREHEATFORMBGEEHNZ, T o 0RIRBR—HL T
HA ZTOHIIDH > THEDLHATTH - 72, KR - W/NERERIZ, B2l cre
HiobE [fRoW] 28> T h, —HotER - PTAD 5 AN YT - WEEZ
VF. HREENGE O - I AR S ERRERE & 72 2 HKRENDH - 72 (Wb 5 [HEH/NEE]
19604F) 7, AR THRETHHEETL T4 (1959 4EKH) 12, AL, HIN
LD TH Y KREEBIR ., 3Lt 202BEHBHOREC 27 CEBMOETH -
el EN 5,

XS N [FiER] OAIR ([H3R]) 230 TORHIIZIE. BAZonwbws [FHi
N OMFICH o ETH Y, 196045 H DM [FEERZAIRT L E0RE| &
FOTVWEOBIHILEEH FUTThokEnWHIZEa b, SHICESENH S,
1967 /NP A 7B X, RENaHgE S < 2 iEEEIC N 2ELS, 199843
A16 0k, ZESTH Y.

KHFZFDHS DHRELTHE, b KIE K] T3 [F04 23— —]
ENRAFEEFL VLY, ZCTHY EF@mEI, T 0EL 2k FERELZL TS,
BOBVHREZEDSI bEDO—DTH 5",

2. |EEERO MA] - [FEHE] IC

KHEB OIS [FEREZRIRRT 5 2 & 0RE] ([HAoK] 196045 A5) O2KiL,
TODEMNSKD,
Fata D 1 EOEHE, KX HDBNKD 5,

—hB/EET U, KROEFTIT, EEREHAORBHEO LMD I T T, HATHAR
FNERSZVEFELNT R ETHF LA MEFL THE AR >/, HEOBHEHE DI,
BERMZBIT T, FEBLBBHMOEEL TEAb, TNIZEDBL->T, PTATHERETD
FHIN TSN AL, BROKVEIC, EEOBMHAFHIZ, LrbLohbedhEIhi
BBV, 20D, BEZRILZBISBOT, TAKDOTIEEND,

TNETATRELL, HEBBRDVEIVE L LEERNLDDIIL> T eD TR0, &iE
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KIFER D [FER] AIRIERICONT

FERZAMITETS60K, HELEARCAMIIEZT 0K, bOORK. HA5. T8z
HED0 5, AAROHEIZ, HAOEEORH ZUIbbN TV EARNARIID2E > THIRDNS,
FHEOHMEOER I, BANCIHEON LS RTNERS AL, BB EFEEE ITERER R
nopsn,

KFFEROEHE, K2EATIC. BNOBAE B ICEEMBIREFALD [MELTH
BARMoT] TEEET, KHSIE SCEEN 1958 FIC [EME] R % R d 2 LART
MOEERRREEEL T h, [EE] Fit e FRFICd, MRS TEERARZ A
’Cb‘f” (12)

A, bLb, HAOEBHE CEEREZ2RT. FELLBEHEIENEEE LT
ETCVRABIE, ThzfE, PTATHBRETHEENEHSN, 00 Tid, BHROA
WEIZEZORMAERIZ, Lohb EonEnizIicfiE@Rn, &35, 290 TC bl
BERDN D 51751, BEBDBURDVLEVEE LEERNLZEDIZZ > TOW /D TIX
], KIFE BEEOBE L BUAO M, (NS E [ERNZL O IzE8R2n) [&
FREL AEE TV E0@HEF > TV EHFN S,

ZOXRHOFEI I, FROMSHREFEOHB TOMBOELEZE L V) #EmIcNE 57
O, EHE LV URE GO, BRABEEHEL L TO, JLWEKTOERM A ELY
BHANOBT - BN D 5,

FiEb, HEL., [HEICHADTE2T530] THY., iz, HRD [bODRNT., #
ATTATHEITAOF 5] D TH 5, BEERLOATZH 20 [FEiEoHHEDFEHIX
BRARIZZHEBEO NIz LIRSk, ] " 20E%kT [HELEEZE < *&
BEFENRD D], k. HEROHEIHAOFELZORM, FXESN TS [mhH]
HI> TIIDN B LW S FANCE R L DD EELHBE L OBEHL DN L0 G b
EERAIRIBREZR/CIHD TN 5,

KIERIZ, ZHFRUHED B,

HE AT, HEEEORFEE b O T DIl NERHES Ui, AREHLETE. &
BEHELEEMEHRBESE, TNETILTHHET200E@DIVBDELTLES L ITHIKTL,
KD EHARERIZLTOKHABET S LHITL TS,

THER, BATH, BEAMARIUE SN L4220 STHATE, 0L aEEes bbb, =
D& BHEEETTOTOABTIUEES 0,

HEIRHBNE ZDBERIZE > THEASN, FIEPHEOATLZTEALNTE TS, W
FHIZRT260, REFERIIRT 260, BANAROBEIIR TS 60120 > T, EEE LY
ECAIZUTEHIL TS, FHEREEREEAMAEEEREL TOEEENH 5 &0 ) BHHEE,
ENbHET L EETEn., AAEERL. AROHSE2ESRRBSELREEZ L ) RZAb -
TVBHEETH S,

UL, &7, BROMAEFS > TWRN, #Hiiemo TR, BHEAENIEAE S ICERY
BELTOREEZRTI0E, REQEE. AFOFEEO 2D TS - SR E FEHl, S0 ah
TE%LK%&%\@E®%®ybfh<ﬁ$éabk7&<Tu&5&hoM
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(B2 TRZORFHERFICBERHEL L (&L, [EAEmRitE] ce2he
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W3, ZOBRDEL, [FFACKT B0, REFERIIRT S0, EAMAEOEE
RTHHDIZLN > T, EEEIVEZAIZLTEIILTOWS] HENWNWS, &k ISR
BT 5, [FHIERIEZREERMAEEREL COLEENH L LV HIHE] X, fd
TEFTER, HAEERI [HAOHSE2EERESELREZ L0 I Z7AH->TH
5], LaL, REERD [MMA] [##] 2o Than,

FEE W [REOFES, AEOBEL L, CAlE ST B E FAL RO 7xh TERS
Lzl DOBDIE, 1205 [BHEHEMIAL S ICHARAEE L TORE E X731,
ZoFEEE, [HROBDIZL TH L EH] 2 LET S TE RS0, EFRL TO K,

3. RKERAREE. EHRBEEEL [FE 0FE

TE, BENEROMA - #HikiZZ2-> TORLHEL ZOERZ, KHEFEZICRERTY
Tehpe KRS 2ET, BIL26FONEICHET S, KD &5 Rz BRI R
9 %,

blzlicbld, BOORG, FAHERIIILUTE, ZRUEBRBHITHERINIZLTE, #
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REEHOBHE T 5 )——I Nk COTAH, BEMDTOENL AT — AV, EHOFHE
LTHTFOD EIIRESNS, LAL, COEHEHOENARDDTH L, TNE, REOEHENER
WSNTOROWHEENEHL T 5,

¥, KEAHOBHAZ I 200, DNONOERE LgTnEzszvohr, EERKIZONA
TW5h, HOORBMNIZHLSNIEHE > TOL5DM,

(1) REEOEFEDEL WAL, BHENS L TP TREALRLMNET,

(2) REBFEDIRFED DI PT B DL,

(3) HEBEOWSIE, FEBIZENEOFRNTDIE.

Lol <Hniznirnal,

Dizllebld, 2ToAn—7v, BIRKZES) D771 % MR 1 % L TPTA RS o ahr T, B
BAEL T EFN - TH, TN T, BHEIBN S, PTAOAEEBEANDY, FFHODIFHBZ
bbb, NENAETHBDICMEREEE S IR, £, EOFEBBHEELI TS
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[DicLieb] Z[ODRG, FAT] 2RKUNZLTERIETEN, 2o, R, T4
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[HE % DT L] 2 NEL T 2EEAND [HHE] ORENH 5, RLEAHEBRED [BE
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L. AKHREERAOFEROPT, [DiLiblHED [bODRT., B2 0%,
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ZLTIH#EmEsT 5,
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N&R S, BEETTOTOL D ADOEA, HROEANZAME U TR, Bl REFERE 7
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HIROBHEDOERID S bbb, Bl A REFTEENRSDEEFRETL T SR ED MR 43 G5
WU NEAR A B 223 O SRR E O HH A SN T 5, £ IR Lo E s LTl
TO3ONFEFLN TS (EFATHHEEMITE [1969] 223),

AEFENRE L, HENEHETH L HEOMRIZASL b5,

CIQAEOMBREL, WENHEE S B L REHRICASL H O,

- AGEED L O O THO HP 3207450,
Flo, TOZEIZBEL T, B THEMRSRHRBE W RO T OREIE (ERIAANEH) O Fl
42 (1967) FEOWEITIE. 14 F OBARA H B & RS 0 B E R E R DRALNMERZRIRA S h
el EMREESN TV, ZLTC[THIZEDREDONE DT NIEL VDA HETEZIFANKLOO
N EVIBEREN RSN, ZOZEADOHIEE LT [LDEEENNZESORBEER AT/ FAL
D 14 F W/ NERIRA AR B IR O RS R ORAZE OffR] Mg S h T3 BMTEEmRS
[1968] 145).
iz EFERFRBE T2 O [ 35 FEFEESE Rk R EAEEOREO IR [cEiisnzmdt
IR AR O K ER A (AN 2RI RN H & 1961) 126, IQUIENRED WEAEE LY Lo
BENELC TV B ENBRNEN TS, FINERERIZ BT S EMERH E OREREOH 5 WE
ADOLGE, BRIB0ERD S A0 ERICHE KRS LFETH o 7,

14 - AEAFR S NICEHIC DOV T, YR ENRREE R ST FATAT B B AEMHREE TH -
T RHEIERD & 9I5BT 5,

RRBERIROBERED, BHEOFREEAROHILTTH oL EIIBEXLTH,
FiZ, —MOREEELEBRBSLNBEZEARL, DVORLIOBELZRE L HEFEHE VD
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% 1= ke

HON, FRTEHTODA T DT THY 3. 2Nk, FEREDM GEE) oFicfEy =
LT, ZTOFTRHRAENIRLTERLEVLHOTHBRETEH A, KIEKREHHEESRIZS
TE LT, R AEERIOTIZEENTORDI TT, TNHMILL 2R E LTTIR
<, BEREI S & 2N S RNIEKRE L ARICHRES ThH LI e, KEEV I
FHIAE SN THROTH O 3, (FIK)

ZTO LI, BALhEEEE K 5D T, FELTEHAR ORIz, BEICHL CHEST
DR RBEBE MY —C AN EENAA TV E VI ON, HEFMOBTH Y £3. ()., WHH
P+ E DR HEE RO FEIREEEOWIEIZ L > T, L OLEREEICHL CHEET 2
BB ENY —CAENE LT 2HABEEENE, ZOEEMEHEL ¢ BEOPROUEEH
OH—UEREOMBEE—01F 0 I2, HLLERIRAETHELEVIEAHICHEIEZE
UC, [## - i E0 O EMOd LIHEME LTI LD Th Y T (TREE. HH
[1973] 6-7).

ZTLUTZOEE  IMOMEMIRD IS IZHENENTHED, ZOLHREBELLONRIMIILID
DTEZRL, WEEEOLED S NEFEMF LEBL TH <LV I D TH -1,

ZD &) MEE - HHOMREE LT, BHEED > T REEFELIHEH T L EIIHEE X
LT, SEEE DM e MRERFEBOFEEIC BV T, Ly ) SARELED 5 0 3HENY -
AEFIROD TN LD 72, FBL2OHABEMNEHENAL L TEATL R EWVD 5T, JHRN
FOTELONARVDOTHY 3 (K [1973] 7).

LB RIAT B B EERIC B A EH - IO (WA, IELE, B Faida,
T EOMBENSE ZOHERZE) ERE LIRS X, ZOMEEZD LITRO X H TR THL 5,

YHTPRELIE D 2, HEBLTO [EE - I 1S5 2BR O PERTEOSHIEE WD
X0, U AERDEREINM, FAERIM, SREIM QM OMRE S HIER SN,

L LIhid, [E# -Gl ofEa 0 BRG0PI SN TORnIRE KBL b O
THoT, PRV ENeHBRAANREENS I LeZEANE TR, SBRORREZMD 2
BWEHORFEMSN 5 (BEES [1973] 35).

ZNETITDN T BB (3. TR, Mo, [0 Lo =20%F
EFONSHMOIL-THEY, EEND D VIFEFEN R ICERE B E AR THRAEIMZ T Bz
MBTEMOLTTEBEE LT, TRUIDEDVLEHBENETH 7. WETLRAELENRE
o T ofel &%, EHMREEFEORE - BEILEVOSRRNOF T, TNETOEXND D 0IEE
FUEMRE 7210 T, QBN AE O E A S0EA D S (RH [1973] 10) &0 H DA, AEHOFHMHA
PHEFS OREOERITH o T2,

AROFEE FEHEHBRELRDOTI I TIEFRRLANA, ZH# - ORI L Tk, e
MR & d o 7o, MEIREIRT & UTEENRIIE D SiTbhic, &i# - Az s 05 [H6e
] & [REREFIRE] 25, UNE U F =3 a 2B 10 5 Rk o R & 28R o 8 M& & L 72
w7z on, TOZENFIZHEOMEIZE EE5T, HRICEHE - JIMOSZOH L ITIC
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B2 O /NEARLNIE B R R AR D EE I D0 T I

B9 5 A EREIZ O RN 5 TV 5 & DIFIEN D - 7z UMtk [1973] 2-3),

COZEICHEL TEEFE#EREE - HAMEZINL Y F—2 a VIREBRETH - /ML
Pe& . BFEHEERIC X S BIEAIMA RIS U 7o TN R ZBE 22380 C & - Fo R SR & o B TR AY T
HDNTW5S, FEE AR EBEE] 14, 16 ~18FILBHis N TV D TEHEN .

15 ZORIIRINHEREOHNIMmEEE. LRO@Y Th s CERE [1973] 51-76).,

CRRCLEDN D LB EEBAROSEEOAEMUANTICHT2RHO - HMERE, £EZo%
e L < a Y EEDOR OFERLHIMOZAR O AELUHNRICET 2HEOSEBL L
EF—MIzE > TRABZ LN TES,

- HhOEETIEEOMBIZL > THEK, BEK BEEEROSEROBES LORRICET
LZHEO—IZL>TRADZIENTE S,

- EEEEFOS B, M S0 REEEICOW TR, MOS0 RE R OEEICRS 8%
ol izks2 N TE5,

- BEEEEEDD B, EENE L WEEAREAEIC OV TR, SEERL EE FIESo BiE
BLUARICHET 2 OB HE /R E, Hi# - Iz TE U HEEETH) 2L TE 5,

16 AFREHRBGEWRSAMAIZ6 (1961) FIZFEIT L [WBHI35 FEIIER FkREEfFORFY
DFEE 1 [BIEREBEERORE IOV T LU CAUNMEREROEFARE SN TS, 22
2 FEOBBIZH > T, ZrPFEOENTH LD, TORBFEHEL LY, ENEICLLTE
Himbo CTHEIHEEA T 20, HEOAHIFRE R > T3] (/N ARRAEARN E B2 1961)
LiNEN TS, 8D 20 IEELAATORGEED, FRFRELERA46 FE X TITb TV
BEHEOEETH 1D B,

17 BEREFISEO FEMIC T B, 9 IR TORREOBEETH., ML E L HFH NG
O MBENH 5 Z &, ORI EHERGENRIZEIOI ERERHS ML ETH
DA TS (A [1973] 44),

18 FERE U TEHFEED 6 BT @R (1 BITFRHRER . 1EAED 1 FB1E 2 F MR THEAE R
TEEAD 2HZ & 2EED I GIIBEHEFRATHEZ 2 LB LD, FRAOFE TR, 4FED1H
EHZER Y RAZ = NABA% GH) &> T b (14 [1973] 45),

19 RNEHAB00M, PTAR S HEH., 32— ATHEM (XA [1973] 45),

HAMIA7 (1972) #£11 FICEM 50 I IR Ak R #EE . PTARR, REOHE THENBEE IR
KD XIS TV S,

T B T YL AL/ N AL D TR AN B R V2l R B ORI TN EIZ D7 > TH Y 9O Tl
FhE REOHENMSEETH IO MREOREIZ DN THREO CEEEZHD 0 ESEH#H W2 LT
B XY,

ZHUZWILEZ LT, Bl ZHENELZHMLS B0 DD0H 0, L bEHe i A 5
- THVZTDOT, BRFOBYLEERIZOVEIOLIWVENZLTOWLHERTHY 7,

DEFLTE, B THFIA—HEIW=ZAoRTAZ TOMMIZ ST 2 ERIEOBHEIZ DN T,
B EOHEEB DV I ABBEFRLH T2 RETHY 279, (MINARRIEEER L V)

20 BHMI48 (1973) FE D AFEDREDL G, KHE DT < SHR, B FHEH CFRE 727 7)
EIHEFERTITO, HEEES, PEHRRSVTI2EBLE L TSMNL TV,
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% 1= ke

Bl Tl (REPERE - IR, PR, R BRREEToTwa, (K [1973] 45-46),

(3Zk)

TEEAERSE [/NERRARA RIS R 24 & T Ok & DR M O] (AR B BEE i
& [BAAEHmEE] 248, 2021) 18-23,

Fetti (Eﬂbm“jj (RERTH Y b/ NaA TRINT 20 ARt &gl . 1973) 10-11,

FREGZEX[ATE HETFH 1956] (1956),

[EE 4 ?éé PEFEREE L] 5835 (1982),

HHEHEEETOHE 1-2-3-4982] (1958). 35-45,

U AT ) A [N 30 FAERCREEL (1993,

AFREFRABELMAE [ETFORFRAEL] (1996),

AL/ NEREAAA F AR (IR R ORI D0 T CE TR E T2 [IAA] 35 41
WoesEsk Rk REAEEOREOFER]. 1961),

EEAF [FROANEHRE T2 RO T (GFERBEEWEA FEFHE] 34, 1959) 12-14,

ANHLSCHE [ - B D0 T (HAERR B BB L2 AR B R #E] 14, 1973) 2-3,

SRIUREAE - MIAHER - FR)HEZ [EARIBAA A R EB#E AR B 1T 5 [5# - A o3UR] (HABIAEAR
B S A A B 15, 1973) 32-35,

S [ AR BR S (AR H HABE) NER - i Be s (1973),

SCHRE [FPRBE HEE] e HRtE, 1978),

IR T/ N AR TR 10 F4ERE&RE] (1963),

SR T LA/ N2 AL [ e OREE] (1966),

BTN N2 [HEF] 46 fEERERTRE WAL &AHE] (1971),

BER TR N R RS E] (1972),

R T TR/ N2 TR 20 FFERL&RE] (1973),

BTN R [ B — WA B0 ERE2A4E - i e (1975),

RS T N AL/ N2 AL [ 36 (XA MBS R B R k22 35 A F RS Al 95 R k22 15 AL 4R
(1992),

T AE T (BRI 42 6 FF9ERZE] (1968).

BT AT (B 43 5% A9 ®E] (1969).

IR TTRE R FEAIT [ R 1 B0 5 W& - o0 SREICE T 2 RERAE] (1973).

R (% - Az D <> T (HARRIEARH BB AR ERZE] 15, 1973) 4-13,

MHE F BAOBIEAEBHEE]. (BRERRRYHRE, 1997),

Vil XY [RAN E H R AR o FE ) (BERA T Y2 Ak TRINZ 40 I FERLERE]. 1993) 30,

SEIH T (k% O /NEAS AR H AR R ORI OV T 1 (PETREHE I ER] 81, 2022)
143-162,

TSR [RARA B R 0 E | (EFRVEE LY 2 — [HEE AF127. 1973) 41-46,

PMATRIL [ZHFEOH VITERD T) CEFEVHE LY 2— [HEMFE EF]41. 1978) 50-51,

AR (1993) [RNTEHR#EPRAER OB CEF R =RE K (AN 30 BFE&FE]. 1993) 51,

b
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BFREHEZNHEFER H81% (2022.2) 183 ~ 192

SEEEEHIIC 2 S BB % CODA (Children of Deaf Adults)
2B % Bl %&U@B“Ef RB X OBEIE

WOE A& - K OH OF

(2021 12 H 23 HAZfF, 202241 H 13 HZH)

SR =10

PR IEHMALEERE S (Auditory Processing Disorder, AN APD) (%, #Z¥EMIZIEIME Tl
EETHHIZHBEDLT, BEELVIZEEFRABERDZ LT CUNH, 2015), K
I IHER#EE 2SRV E 2D ET, BE NP, EADDH 5 EE ORAIH
BEEUDRETHY, POSHEPLEEARL, ZOMOERMNEEREIZ HIL > 2EE X2
(&5 - JIlE, 2008), APD M FELIERDHFIE LTI, Higa CHIEREENEORI T T
DHEEELONHE LY, DETEDNLIERIENTLUE VBB LIZLS 2720 T 35,
BV EFE L THERITLZONEEL YL, RENETLENS VN, 2019), L
U, TOERERIZIOVTE—ELUAEAZ L, RER—SNIERNZVERIZH
(AR - HIE - B - RS, 2020), —/7C, /NERBFEERREZNRE LT, FHdHE
FicLmEe, ST ANBEELFAET 2T v 7V A MOEMEREIZL>T,28%~35%
DREMNEZANOREELIEE L TOSEEDNME SN TS NI /N - TS -
B, 2007 5 /NI - 5 - BBH, 20135 /NI, 2019), 2O &) RBIRPEEE L Z,
HFEL D APDIZEIT A8 UMK - JRE - HH - IRA - /K, 2020) ©F&ET £ A A
¥ MY =)L (i - ISH - K&, 2021) ORENHA SN, O CHIKIGH O ATEEME:
IOV T SNE LI TET,

APD DB RERIZIZE, R4 LFRANGEYY (EEOoME, v—F 7A€ OofME, ¥

EEE, BHEERE) 03h, SHERNIIZEERE TN EHIh TV
U, 2015), SEERIE L, F-55E (B PE_SHEOLL AT, HBROERR

X0 SRR RAMMPEFET S (HM, 2004) 7, ZZ CEEEFEENOEVILLE
MOENRHIEEEZE A S, $/, ZSEEREE R, BFEMORBEBEOEVIZL > TRET
BROSEIEHINLBEC, KELRENE TRLLIEEMIASNIBREREEE
Hd 5, SRECIE, HABCREREEFSHEOIEINCD, HESETH LTS (TS
) bEEND, MEOEEEEET 5 FE, EEEMICIEREESOERNICET 588

* AP RFEHHF
H ok ORIRTTAL ) 88 T/ N4
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woE O ENE - R W OF M

ZHEVT, FHEATEEESFERECEHIREORMICENT, SHELELTEDLNT
Wb, ZOZEND, SEEENIERSELHRSEOLSHERRICEMNLEEL L
T REEEORETER 22 5 IEERFEEIE, 3725 5 Children of Deaf Adults (AT,
CODA)MFHEN 5,

HATlZ CODA D ANFEFOME L SN TR WA, i - FEH (2020) 3E457@1E
DEREFEIZ BT HHEEESZ AITE D &2, CODADAL%E 22,000 fIFLE EHEE L T
W5, b LUCODANLEERBIIENIND I & TAPDIEREZEZELR TV O THNIE, S
EERMOBRK, S, SASHOMFAGH TR ZOZFAEBERNATISNLT VL R
BEOFHERY, TOBERANOFEICEDELFE EORENNEL L1259, LAL,
CODA 125 % APDIERPLIFBHRAST OFFEIZ DOV TR LFTRIERY 50, ZC
TWIHERANOFREE X, HPEREDBERD S Ao L HEN - BEEM 2GR #
fRLI-D, BELLD, SLELALY, REALLVTLHE DOF B EEKT 5,
APDIERANDXER DV EDE LT, BREIGEHROLIRLAS O FBEIN 288 = R ETTEE LT
AN ZEIzky, BoNEmBERTHo THTRRFEEPII A =Tr—va D8N
EHETLEZ7 70 —FNH 5 (&S - JIIE, 2008), £ -, APDIERDOEMHDLIEE L H
DET, BIFEOBEAEFES Z&I2X 0, X OIERAT OIEHEI R BRI O
BYRIZOBTFEENA[REE B EE XD,

PAEXY, KifFKkTlE, SBEANICERSE (05 SHESHE (Fi) O SERE
123 % CODA M, ED &5 APDIERS L URBAFHEEZ R TONEHSL MZT Lw
Hi&E 45,

1 W&

42—t b ECHEMEEZIERL, &L > TRZEzZ KD, SHEERHZ/N
2AEETEL, BEARERERZ TE (125 MlbEE Uk, [HE% URL 2 KN 018
IRREBNBRORMEIZ L > TAML, EETOWmhIEEHE >, FDIFH, CODANHE
FEANPYFFIEH V)V — 7, HEREESERL 2 —FCE#KEL, &z
Rz, BAEHIRHITZE ORI 1T4H TH o7z,

XRE QEBEER S L OSEREICHE T 2EMEE O —E% Table 11IRT, HIIED
FEIEE, FERALITHUT, ERAS0MUALESIMLAT Th o7, FEEE LR EEE

WD 554G No.3, 4) ¥, SHEMEEIICHAREZLEITFHUNOSHERE IO -2
Bé No.b), MEIZEEY AESOME L 0I5 SOUEEMEN D 5854 (No.6) 7R EIZFY
LI 398 &M LT, ZTOMERE, BMRZF1368% Lo,

BHMEZED S B, EEEHICT HREEE OFEL TOBRME, BXU, HENATF
EOFHOEME No.7 ~ 11) I2&£ 5> T, CODA (BEHEDELLNDOADRHEESTH
LSEDLED) THOPOSHEEENI B THERICFHAFHL T & 2285 Fif
B, CODA Z7:13JECODA TH 0 SFEHEMIC BV CHEMIZOFEFHL TW/i#& 113
HFELGEHE L,
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S B EHIC £ ERERENIC 5 5 CODA 2 5 1) 2 B H B ML R E R 5 & ORREIFRHE

Table 1T XRBOERIBROS LUSERIEICEHI 2EMIER

No.

ERRA (MERA]

MR EHA TS (MEERIE] B2/ < ofh

HTEXDFEREBNL TS [FEERE] 17T, 187 LA £ 2973 AN, 307% AL 39
REATR 405 LA 493 AR/ 503 LA B 595 AT, 60 A L 695k LA R,/ T0 5% LA |

BRI SGETIZ, LTI BEBMER T2 ENnH0 £3h?
QHEHE - FIRHEEE (B A2, £BENEE > TV AAEZ 212
O%9 (BEEBETHANCKIEL T 2 5078)

OF B#HE R - BRIEEBL b ED)
OAZT =)L A ML A% X % — 1) 75 BEE

O% DD BEH g (EE=S=2 NI RE4 A4V

HIRTIGETIZ, LFOXY BEBWERT .2 ENnb0 £3h?

O #EmE (fl : E%%Xf\ﬁ b7 LE (ASD) iR M 2 @i /1= KR (ADHD
ADD) 72 &)

Ot (- BIOkESE - &85 - BRE =Y F U 7 1 [EER L)

Ol Fi s 5

O 75 a5 (EESELSNINEOAVARIAYE

2ETOIEIZOVLTHEVET, TORHZ, AEFERIZEATHY, BMMLEEZZETREH
WHNZEHOSEENMEDNS X BBEIZVWELAEN? 72720, 22T, FHEEBRVLTEATL
rEW, Ff, HRLAGN, NV AL QEEULFETIENTEEAN) THENEI MO
WTIERWE A,

(EESEEINI REIAV AN S

DUFROEI By —cB0nT, BWELVIEEBHY TN

Oz RO IS (i : PRl mEE s EORERBKSE» S 0ETFE, U7 /o7 Lbend
DEERENSOERE) OV O5 S

Ozt e 0I5 & (EIRSEEN I M= AV R Ay

HRID—HEEF LTSRN, WEREEL2AL T AE0ELer? 8, HRR, W
IR, B L) [E%ﬁg?}i‘ﬁi] o 00 A

BHEELZALTO A0, HERICFFEEZET ARV ETA 2 [HEERE] 30/ 0 A

HEMIZTFHFTHIALDOLT, HTEELDDEERL TS,
(EEENE] WE (EBob) ) (Oh) AR (EB51) S0 InnroEEr,” (Ol - il
DI FEDE LIV (- HDOELI W) FTFDE &5 720,/ BE BRSO A

10

[EREDSL D AL 23R U 727718, ZLUL AT, FLSHATILES D,
(M1 5) B RmE

11

HIBTDEFZONT, HTREE2HbDEBERNL TS,

(HZFER] (OREAE, OFEOHATHD, FETHETARVRL, /(EFHIIRETSL, F
ETETAL, OETHTAbVL, B MBEEFFELMES N, —IES LT HRRIETF
FEOhbRy, BRI EMES H, RBEFETHES) /BIEFHCRET 5L, FETHT
ANEEFTH B, Wl MBIEFFEEES A, WEBFOFETHET) JIRENZ, FHETHITALT
ThH5,

2

BERRE

IV (2015) /NI (2019) DFEFTFIFFRIZ B WO TAPDIEIRD 22l & L THE TSN T
LIEESHEEELZSZ (2, 13HHOEMEZ/ER L, APDAERICE T 2-ERIEE & L 7z (Table

2),

FHEMIZOWT[ETHZIES )] [EB6NEFARFEIES BRI [E5

ENESABZFIEDRY CQH)] [R2<KZFHEDLHEN (1A ] 04k THIZEERD -,
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woE ENE - R W OF M

FRENRHE D HEHE 2 W R 2 B B P E BRI OB IT 5720, w%ufr%‘lits&%'ﬁﬂi%@
B & MRET U 72 SETIF9E (BREE - whll - &5 H - R4, 2016) *focm\ AH (2012) Iz

LA A S L, AR (2012) 1&, 35 DEMIZE Y, RAEHED /R — /&@)
BHEN - BE (WA TT74) 24 7, QBHEEN - :%ﬂ#&%&ﬁ% 7, @FHEENL - F
RG24 T, OFFEEN - SREMR R A 7, OEEEN - BESEX A 7, OEE
- WHR&EXA TO6DIIHB LI, RFLTIEA X2 —Fy b TOHZEERD 5MHH
b, FEFICE > CTHEMERNSTE5 LU s NS IRPTRZERIELTLE)
AEEED B D 2 &, EMEEEIEAMIEOHN S X UXWSIHEE LI NE & BHE UEHN
LTHWAZ EE L, RIFFETIX, APDIERD H 555 OBRBEFRBEOEELFIZ OV
THRET2HID S, HEEN (DD) 24 72 FIHHIT 5 20 OB 2 fEIR Uz,
Fh, FEOWHREBNI2KULETH L NS, HEEDEREIZE > THELIZL
WIENEESINS FIAR, KECHLLBEERGT 2ARRE) HEFHIRLL, %
DOFER, BEMIEREFF20M &0, s 2RI T 2 EMEE & U/ (Table 3).,
3 RAEHE

FAEIE 202011 H~ 12 HIZfr o 12,
4 (GIBWEIE

FZFIEEPOEZ THHZ L, BLY, MAOBRPARIFHES NV &, FE
BHFELAMCHOW O NG Z RN E R E %, HHEFERMO B LA v & —
v P ETOMEX—-YOEHEICHG L 72,
5 S

DAF D 43#7i21%, IBM SPSS Statistics 27 Z {6 fH L 7=,

Table 2 APDIEIRICREY 2 ERIEA & F&E - NR/EICHITBROLR

APDJEIRICEES 2 BRHIER FaEAT CIFEET ti&
(1) ERE SR UPHEFRO DLW LKL B 2.27(0.93) 2.02(0.83) 1.29

(2) B ENDHHBEP LV TE, BEL0PHELHEEUS  2.68(0.95) 2.29(0.81)  2.01*

(8) HETEDNLZ&IE, ENTLE-70, HELICCWER 232095 2.17(0.89)  0.72
L%

(4) HIZEERTHD SR ENHEETH B L L S 2.18 (1.01) 2.13(0.88)  0.23
(6) ROGEEIZ2 5 LR L CHE/HMIT 20N L L EEL % 2.55(0.96) 2.41(0.94)  0.63
(6) TN ATH, SHEHAWS LV ISV EKL S 2.14(0.94) 1.77 (0.77) 1.97%*
(7)

7) BEEVPAE—A-—REOWEEEL-FE (EFH) MBS L 1.82(0.96) 1.66(0.76)  0.83
DIB5NERL S

(8) HFEDFHD A= FWHENE, DL THITRNEREL S 1.91(0.92) 2.05(0.91)  0.68

(9) BHEDONIZFEHELMIBNEE, EE505bNN 627k 5 2.00(0.76) 2.27 (0.86)  1.40

1) FLEEFEEFI TR TVWS, 2REFENH LGNS 259 (1.14) 1.83(0.94)  3.33%
R

1) #EREZEAND, FEL TS ANDHTHRAARWIREETEEL T 1.68(0.84) 1.56(0.78)  0.68
ENs e, EFCHEIEENLL

(12) FDT BTTHPHEEEA DONHIZ SO EEL S 1.45 (0.60) 1.47 (0.67)  0.09

(13) FEEEFEL & X, ERL CHI RV ETKFALREE &L 2.05(1.09) 1.96(0.97)  0.39

*<.05 () AIESD
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SR 2 FFEIREICH 5 CODA LB 1T 2 B E ML R ERER & L OFRRIFE

Table 3

SRS I 5 S ERER R UBSRR

1. BBICAZRLEE, BIEEES® o> THALETN ?
A HIKEEOTET (D455, @25 B:ifrcZ
TRTHHL, BETEIHSMAIRAZNETHNND
IZEIEEREAS (D24 C:HAISHE X —ad)
THEFEEFINT2 @48, G284, G150
2. IREOADEEEDEEEATEITN? AT
SIHEHEADZENTE, Lo EBuiies (@O
45, @2/ BiREEENTITVDEWV - MR E
BHEATHWS (D15 C:REZMITOENED D
THHATOHEY @24, ®24 ©250
3. Z—)\—<X =4y FT1BESOBREES L=, &
SUEIH? AEIFRHDA A —VEBVEFENINDS
D24 B:FRIECOEVBIIBENTHLDONE
WIEDPANS (D284, @14 C:EIMROANET
RTAETS @45 D:IZALARFZ] &0
KO IIHROELTFEEASL (B2, @25

4. HBRIEOIBGVRBRVNDOOEDTIA? A3
RUABTOREA N Ohd 5 (D24, @25 B:4

WLARTOREA B oL b H W (@24, ®14, ©14)
C: HEDTELMEVENZZL (D2 H)

5. —HBHHLREBOMBEEAA-I LTS, A:H
SOHMPS RIEET, ZoHmicASIE0Rn (D2
M, @44 B ZOBIIEANVT, BEEICRT
VW5 @24, @14 Chhokan (B14H @15

6. E/XRIIBETIN? A: NOEMEDOI R BHAED
3R (@24, ©4£0) B: AOBEORBULT
ERLKBWVEIRTIARTEIENTES (@245, @
28 C:HEEONTIENTERL (D14 D1 H)

7. 1P THEORBRETERREITS<HIFTIREL),

A HEOBEPZA—N—3—4 v FOBFEEEE
A A=V L THRTEDH T (D45, @45, @1 H)

B:H TS THEOZAERBNVHLUAENS HF (D2 /4,
®4/H, ©®45

8. FSIYPMELE#HILHE, RIEBEEFREEFEITLEE
AA=IULTLEEL), A:v—rEFHEO LS IZIE
F oM, HHVIEFEGEITEVIZLTEVHLD
OBHESS (D445 B:—romgEEVE LA
MEFEESVED @45 C:EHAMOLY 7%
BOHLAALBEES ) (B4, @148, ®255)

D: ERHAINS V—2BAA—V L TREEED
®4 )

9. 1EBREFTokCE&DHIHGAIC, EO5—ET<ET
3E? AT ICEENSPY, EkOTICHRME T
A4 AT % (@455, ®24) B: kEmEMAIEZ
BBANIE A TOAD, RICEDHEZH O ZWE (D2
M @1 C:vH) HEEFANETH, fHriE
EALTHHDLARVETIRD (B1 4, ©1 &)

10. XFEMBULEEOTEEBLHULTLRESL),
AT UL, ARAF, EFEEHFLROTHALN
72 (@248, D445, ®2H) B:ULNR, ARAF
LV BEFOITNEALT o7 (D25 C: LFD
BRE AN, BEEEBIARNIEASNR 1
D2/ D:XFEEALDIZEH L (B2 L)

1. INDITIEESEEFENRYUEEAL), T, AL
EDELSICEUETHA, A:HITORHL ZEZIZA
A=V E U THOFEMIRTHET @24 B: Zh
FTOHSDERMY Z#ZEEIC LS, HEEFENIEC
ZhrONEEZDL (D25, @14, ®LH, @15

C: mBICHEFEMSE R Ee, 5EO L) ICEL
Hy (@24

12. ZHEBRZERDIE>TLESL), BRSEERLIDE
E, HREIIESPOTHEELTLELEN? A H
REorEL2HEEY (245 B: HERESEKEZL -
ERZ (D24, @14 C:#REOEELNIZ—
H—THELI (D45 D:MEBRIT S (B2H)

E: EbE#HT 5 (@®2H)

13. ALY 3y UTLB3EDIRBIETH? A kS
EEVTTH, WAWARE/E#EDRNIL Y Z—
ThHsd @24, @14 B:Xy bR MLZDOOLTH
BEOBBEIRANT Y TIBNAES, EHTHHW
EES B1A) C:allix—oKHsinhsnn
(f35720)

14. WHOBERIBETIN? A BUHHSZRA NG
FRLTHTESL (W28, @2 B:HULSIHEZE
TABMNERE (B2, D245) C: BUkEAEE 5
DEFFHIIANDBLRDEDT, LVHATR>THD
(8472 L)

15, IV avOPERELE LTI\ EEQT EEBKRL
TLEEL,  A:HEYERLIZT T, T0HIZk->
T3 X REHIZRY, FEafGkTEs (@24,
@24 B:HEYERT, &z <HMREDEGN DL
@24, D14 C:EWMVERTHTS, EDL9
BERBZDNE 57 ARG TERL (BAEBL)

16. FEEDE, EARBEUNFETLREN? A HKP
[PNT2—TiIR] s EOFi#OHK (©258) B: BAE

BORL —0—C 5 CRE, BEEEL AN SESR (@
455, @24 C:HALERRLYEVREDEERY (@
14, ®25) D:RBREEESTFY I/ RA-bDEDR
E (D1

17. REBOEEBLHEULTLRESL), A:ZDOADES
RS, HERENANAREEEIT-Z DA
WHES @255, @1 B:%EoHd D OIFHEEF
BE, FOANELLTOWEERBLABLHERD (@
1) C: X<LHA>TWERADHEHD, DSROLHT &
7% LEWKIZE S (B2 L) D BETHAZEEED
Hy (@25

18. TEDLIIWFETIN? A ZOHIIE-LEED
CEDLE, EVHELAT CICEWENS @24 G 1 H)

B L7 A A—UNMEHLAL EL KRB TERD (@
14, @®14) C:HEREDLE, HLVWEWVWHLA
HEEDZRN (D1 4H, @15

19. HEEBEFZIEE, EOLDITHEVETH? A H
DXV THAS 7 VA#ER B2 54) B: ED
LEBALEIHBER @14 @258 C:AEA
LELTCHANERR (24 D: EhsHEFE (D144,
@1 /)

20. BERMNTZFLEDTOYTCDONTESBUET
M2 A:DhORTV, HE0IE, FOv ThH o7
EABLLAL (D24, @14 @24 B:b
DIz, HHWE, BWIES ALY (B4 4, @25

C:EBLTHRL (A1 H)

OBBER - 5E DATTA) ZA 7 (k44 5)
W52 A 7 (K 37 1)
TN - R &HF XA 7 (&K 305

@SFHER - SR 2 A 7 (K355

QBTN - ZRTME R 1 7 (Fk4550) QS HEN - 53
OREHEEN - BRSERA 7 &K31 ) O

187



woE O ENE - R W OF M

HR

SHEESHOSHERESBHADAPDIER E OBBIZ OV THET 520, 3, T
OO APDIERGFFSAZ (B IC LV R L 720, GEERRSN AR -
7o (¢ (133) =1.31,ns.), K2, BREHZ EOBEEREIZL VB L5, (2)
[HEZ R END LN UWEAT T, BEEoN#HLWEET 5], 6) [EWEIATYH,
SENHEELV OS5V EEUS], (10) [FLEEFEEZMI TR TS, FlEFEN
HoIFTTMANVPLT V] IZEOTHERENALN, DINBFERDIZH NEEANE
- 7z (Table 2)

SHEEGNOSERE EHEORMHEEE OMEEZ MG 2720, SERE (FTHEk -
CIEGHD) XERAFE (D~®) O 2EH WA AT o7z, T OFER, LHIEM (F (3.54,
471.10) =4.52, p<.01), FREFHOEZR (F (3.54, 471.10) =177.65, p<.01) WFH
EThY, SEHREOFEME (F (1, 133) =25, ns.) IEBETE A>T, B0
FRHVRRIE X A 7 DR % Figure 1IZR T, TNENOFIIB N T, FBKEHEKEESR
7 Z &% E L (Bonferroni) & T - 72 #& 5 % Table 4 1278,

APDJEIR & FREIFE & OBIEIZ DWW THET 3 % 72, APDIEIRGRHE A &, SFRHEE
PR A T DRI DN THBEREE RO -0, WIhbEEZEIRSNEh o (Dy=-
023 @x=-05; @¥=-08 ; D¥=-05; ®¥=-09 ; ®x=-14, §XXTns.),

25

20

15

10

® @ ® @ ® ®
—-@= F:IF 1605 2164 1459 1132 591 5.32

wo e OFEBE 1416 2005 1596 1455 5.71 4.63

Figure 1 F&EEf - OFEFICHIT 2 ZREEMY 1 TOFHR

188



S B EHIC £ ERERENIC 5 5 CODA 2 5 1) 2 B H B ML R E R 5 & ORREIFRHE

Table 4 BEICHITIRMEMKERT CEDZELXBRDER
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1 Introduction

We shall consider the 4-dimensional non-linear system
&= Az + f(x) (1)

where 2 = z(t) is the 4-dimensional vector-valued function of ¢, z = (xx(t)),

1< k<4, 1= (%xk(t)), 1 < k < 4, |z| the norm of z, for example

4
|z| = Z |zk|, f(x) is differential with respect to x,
=1

[f(@)] =o(|z])  asl|z| =0 (2)

and moreover A is the constant 4 x 4 matrix, A = (aij)E;%l, and |A| the
operator norm with respect to |z|. As is stated in the below, the equation
for Foucault’s pendulum may be written in the form of (1) and (2), and

furthermore the following assertion is made in the arguments of its physics.

If every eigenvalue of A is not a real number and if |z(0)| is sufficiently
small and not zero, then each component x(t) of solution z(t) oscillates.
Although this assertion is seemed in the physics to be treated with no prob-
lem, we propose to investigate it from the view of mathematics.

Now, the equation for Foucault’s pendulum is the following

I +ar=by— zv 3
§+ay=—bi—cz— fv (3)
where t is time, x and y are functions of ¢, - denotes the derivative with
respect to t,v is defined by (4)

{ v =224+ 9%+ 2 + b(zy — dy) + c(yz — y2) — cly — gz

_ . _ widyg (4)
z=1—1?—22—y?, =TT
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and g is the gravitational constant, [ the length of the string of the pendulum,
a = %, b and ¢ are positive constants determined from the latitude on the
earth to the position of the supporting point of the pendulum. Our initial
condition is that z(0) # 0 and z(0) = y(0) = ¢(0) = 0, and it is a feature
that y(¢) begins to oscillate as ¢ goes on, which exhibits the rotation of the
earth.

When we set that z = (z, 2,y,9), the linear part of (3) may be written
in the following system

&= Ax (5)
where
0 0 1 0
—a 0 0 b
A= 0 0 0 1 (6)
0 —-b —a O

and f(z) comes from v.

The assertion made in the arguments of physics is the following : (3) is
reduced to (5) by the neglect of higher order terms of ¥ and ¥ when § and
4 are sufficiently small, and since every eigenvalue of A of (6) is distinct
and pure imaginary number, x(¢) and y(t) of non-identically zero solutions
of (5) oscillate. Therefore z(t) and y(¢) of non-identically zero solutions of
(3) with small initial value oscillate ( see [3], [4], [5], [6] ).

We think that the oscillations of solutions of (5) do not necessarily im-
ply the oscillations of solutions of (3) with small initial value, and as our
conclusion of the investigation that we additionally require the stability for
identically zero solution of (3), which may guarantee for the above reduction
to hold for all ¢ > 0 and result the infinitely many times oscillations of x(t)
and y(t), respectively.

We shall state our results of Theorems 1, 2 and 3 in below, whose proofs
will be shown in the section 2, respectively. Through this paper we may
assume that A satisfy the following conditions (i) and (ii) :

(i) every eigenvalue of A is not a real number

(ii) A cannot be taken to the following form by any permutation of 1 < 4,

j<d
(A 0

where A1, Ay, A3 and O are 2 x 2 matrices and O is the zero matrix.

Theorem 1

Let u(t) = eu(0) , where u(0) is the 4-dimensional nonzero vector. Then
each component uy(t) of u(t), 1 < k < 4, is not identically zero and oscillates
infinitely many times in the manner such that uy(t) changes its sign on the
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interval [nT', (n + 1)T'], where T is a positive constant and n is any positive
number, that is, there exist at least two numbers t; and to, nT < t; < t9 <
(n+ 1)T, such that

up(t1)ug(t2) <0 (7)

Remark 1
In the proof of Theorem 1, two kind of T'’s are given depending on the
multiplicity of eigenvalues of A.

Theorem 2
Let z(t) be a solution of (1) with initial condition 2:(0) which is not zero and
sufficiently small. Then each component x(t) of x(t) for 1 < k < 4, changes
its sign on the interval 0 < t < T, where T is the constant of Theorem 1,
that is , there exist at least two numbers t1 and to, 0 < t1 < t9 < T, such
that

wg(t1)wg(te) <0 (8)

Moreover, if the identically zero solution of (1) is stable, then each com-
ponent xi(t) of x(t) oscillates infinitely many times in the manner as in

(7).

Remark 2
The stability of identically zero solution of (1) is not seemed to be known
because the eigenvalues of A of (6) are purely imaginary numbers.

Next we shall treat the damped case of (3) such that
T+ ki +ar =by — pv
§+ky+ay=—b —ci— jv
where k is a positive constant.

Theorem 3
Assume that (10) and (11) hold

a < 4 (10)

\/K2+a(4:l(i)il2a+b)2—K (11)

k'2

where K = 2a + 2b? — ab® — 2a®. Then the identically zero solution of (9) is
asymptotically stable. Consequently if |z:(0)| 4 |2(0)| 4 |y(0)| + |g(0)| is not
zero and sufficiently small, then the both of x(t) and y(t) oscillate infinitely
many times in manner of (7), respectively.

Remark 3
Since a = ¢, (10) means that [ is sufficiently large compared with g.
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2 Proofs of Theorem 1, 2 and 3

2.1 Proof of Theorem 1

Clearly u(t) satisfies
u(t) = Au(t)

which may be written in the following such that for 1 < k < 4,
4
g (t) =) apju;(t) (12)
j=1

Now we shall prove that
ug(t) Z0 forl1<k<4 (13)
On the contrary suppose that some componentof u(t) is identically zero, say

ul(t)

0 (14)

If a9 = a13 = a14 = 0, then a1 must be the real eigenvalue of A, and hence
a1 is not zero for some 2 < k < 4, which may be written by a permutation
of {1,2,3,4} that

ai192 75 0 (15)

and moreover by a suitable choice of the unit of ¢ that
ajpg =1 (16)
Tt follow from (12) that
Uy = —ai3uz — a4ty (17)
and moreover that ug and uy satisfy the 2-dimensional system
@)elz) e
Uy Uy

where B is the 2 x 2 matrix, B = (b”)%é;é%, and

bi1 = ag3 — az2a13 bi2 = azs — azaaiy

b1 = aa3 — as2a13  boo = Aas — a42a14
Now we shall show that
uz =ug =0 (19)
If (19) does not hold, then the two eigenvalues of B are not real numbers.

In fact, in the case of (i) where eigenvalues of A are simple complex numbers,
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we may write these eigenvalues in form such that A\; = a1 + i1 and Ay =
g+, where aq, as, 81 and By are real numbers, 51 # 0, B2 # 0 and either
a1 # ag or 1 # By. Therefore the argument of the Jordan canonical form
of A shows that u3(t) and u4(t) take the form such that

U (t) = ealt(Ckl cos 1t + Dy sin f1t) + 6a2t<ck2 cos PBat + Dys sin ﬁgt) (20)

where Cy1, Cro, D1 and Dy are constants for k = 3 and for £k = 4. On the
other hand, in the case of (ii) where eigenvalues of A are double and complex
numbers, we may write these eigenvalues in the form such that A = o 4 i3,
where « and 8 are real numbers and § # 0, and us(t) and u4(t) take the
form such that

ug(t) = e {(Cr1 + tCha) cos Bt + (Dyq + tDyg) sin Bt} (21)

where Ci1, Cia, Di1 and Dys are constants for & = 3 and for k = 4. In order
that (18) has the solution of the form of either (20) or (21), eigenvalues of
B must be complex conjugate numbers, say A = a + i3, where « and [ are
real numbers and 8 # 0. Therefore both (20) and (21) are reduced to the
form such that

ug(t) = e*(Cy, cos Bt + Dy, sin Bt) (22)

where C), and D, are constants for k¥ = 3 and for £ = 4. We shall show that
uz(t) = 0. From (18) it follows that

dg(t) = byjus(t) + b12U4(t) (23)
and hence substituting (22) into the right hand side of (23) we obtain that
u3(t) = e*(F cos Bt + Fqsin ) (24)

where F1 = b11C3 + b12Cy and Es = b1 D3 + b1aD4. On the other hand, it
follows from the direct differentiation of usz(¢) of (22) that

Zlg(t) = 6at{(a03 + BD;),) cos Bt + (OéDg — ﬂc;),) sin ﬁt} (25)

Equating the both of the right hand sides of (24) and (25) we may obtain
the equation such that

aCs + D3 = Ey

aDs3 — C5 = Es (26)
Since (26) must hold if § is replaced by —f, it follows that
aCs — D3 = En
27
aDs + C5 = Ey (27)
(26) and (27) implies that
Cs3=D3=0 (28)
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which implies that ug = 0. Similarly we may show that uy = 0. Above all
we obtain that ug = uy = 0, which contradicts to our assumption such that
(19) does not hold.
Next we shall show that (7) holds. If (7) does not hold, then we may
assume that
up(t) >0 for nT <t<(n+1)T (29)

for some k,1 < k < 4, and for some positive number n. Firstly we shall teat
the case where eigenvalues of A are simple, and hence ug(t) takes the form
of (20). In this case we set T to be any number such that

e T

where both of 81 and B2 in (20) are assumed to be positive. Now we consider
the function w(t) such that

w(t) = ey (t) (31)
that is
w(t) = Cgy cos f1t + Dy sin Bit + e<a2*“1>t(ck2 cos ot + Dy sin fat)
(29) and (31) imply that
w(t) >0 for nT<t<(n+1)T (32)
Moreover we see that

w(t) +w(t+ %) = elaz=an)t (p) (33)

that is

2(t) = Cha cos Bat+Dyg sin Byt+el®2 ™5 {Cr2 COS(B2t+§27T)+Dk2 Sin(52t+g2”)}
1 1

where (32)implies that

z(t) >0 for nTﬁtSnT—l—T—ﬁ1 (34)
1
Since -
2(t) +z(t+E) =0 (35)

it follows from (34) that

z(t)=0 for nTStSnT—i—T—i—l (36)
B B2
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Therefore (33) implies that
T T ow
wlt)+w(t+—)=0 for nT <t<nT+T— — — —
) ( 51) b B
and hence (32) that

w(t) =0 for nTgtgnT+T—1_1
B Be

which implies together with (31) that

ug(t) =0 for nTgtgan—T—%_%

Since u(t) is analytic for t and T' > £ + Z-, (39) implies that
up(t) =0

which contradicts to our first assertion of Theorem 1.

(37)

(40)

Secondly we shall treat the case of (i) where eigenvalue of A are double
complex numbers, and hence uy(t) takes the form of (21). In this case, we

set T to be any number such that

s
T>—
B

where (3 is the number of (21) and positive. Now we consider
w(t) = e uy(t)
this is
w(t) = (Cr1 + tCxa) cos Bt + (Dy1 + tDys) sin St
(29) and (42) imply that
w(t) >0 for nT <t<(n+1)T
Since

w(t)—l—w(t—l—%) =

it follows from (44) that

w(t) =0 for nTﬁtSnT—kT—%

and hence from (42) that

up(t) =0 for nTStSTLT‘FT—%

Since u(t) is analytic for ¢ and T' > %, we may see that

’U,k(t) =0

which is a contradiction. Thus the proof of Theorem 1 is completed.
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2.2 Proof of Theorem 2

Firstly we shall prove the first part of our assertion such that each component
x(t) changes its sign on the interval [0,7] when |z(0)| is not zero and
sufficiently small.

On the contrary suppose that this does not holds, and hence that

xp(t) >0 for 0<¢t<T (48)
Setting m to be the number such that

m = max |z(t)]
0<t<T

which is positive, we may see from the continuity of solutions of (1) with
respect to its initial value z(0) that

m — 0 as |z(0)] =0

and from (2) that

m
we may obtain the following
t
i(t) = Au(t) + 720 (50)
m
lu(t)] <1 for 0<¢t<T (51)
lu(s)] =1 for somes, 0 <s<T (52)
We may obtain from (50) that
la(t)| < |Al+1 for 0<t<T (53)

when |2(0)| is sufficiently small. Since (51) and (53) imply that the fam-
ily {u(t)}, where m is sufficiently small, is uniformly bounded and equi-
continuous on [0, 7], and hence we may assume by Ascoli-Arzera’s theorem
that {u(t)} converges uniformly on [0,77] as |x(0)] — 0. Therefore we may
set

w(t) = x(lé)ﬂ_l}()u(t) (54)

and hence it follows from (49) and (50) that

W(t) = Aw(t) (55)
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where (52) implies that |w(o)| = 1 for some o, 0 < ¢ < T and (48) implies
that
wi(t) >0 for 0<¢t<T (56)

These contradict to the conclusion of Theorem 1, and hence the first part of
our assertion is proved. The second part is proved similarly. In fact, since
the identically zero solution of (1) is stable, we may assume that z(t) is
sufficiently small for all ¢ > 0 when z(0) is sufficiently small. Therefore the
argument of our first holds for [nT, (n+1)T] for any positive number n, and
hence each component z(t) changes its sign on [nT, (n+ 1)7T], which shows
the second part of our assertion. Thus the proof of Theorem 2 is completed.

2.3 Proof of Theorem 3

We shall prove that identically zero solution of (9) is asymptotically stable.
The linear part of (9) is the following

T+ ki 4+ ax = by

i+ ky+ay = —bzx (57)
which has the characteristic equation such that
M4 a X+ aa\? +azh+ag =0 (58)
where
a1 = 2k, ay = k*> + % + 2a, a3 = 2ak, a4 = a® (59)

It follows from [Routh-Hurwitz problem, 2] that generally every root of (58)
has a negative real part if and only if

ay >0, ag >0, az(ajaz — a3) > a3a4 (60)

which is equal to the following in the case of (59)
(4 — a)k* + 2KE*> — a(4 — a)(2a + b)> > 0 (61)
Since (10) and (11) implies (60), every root of (58) with (59) has a negative

real part. Therefore [Theorem 1.1, 1] guarantees that the identically zero
solution of (9) is asymptotically stable, and hence the proof is completed.
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