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1. FBEDRE: HVRECH L VWRE

1.1 HVEEE: hEHOLA CHAEOFE—SH

E R R 25 1970 £ C, WRREER (AR 28105 [H] &
HEPERL, Wb b i) ORESEB L2 Lid HEFFOALLTELDOANA
DO LEEDZ, 2O [H] FEOERIZOWTOFBIZW L D9 55, [HALOIE—E 1
DIERIZZFDFERNZRKDLDHED1DOTH 5,

Mt oIE—EM L, B, BERGE, FER L, EAOHSREEI % BT 581K
DEFZOFRPEANT—E L AVIRELRIMETH L (FH - H1977), /&2, A
SAFFMRHEEVDIRE R FE L, B & AZFEIIRGAFRESE RUE ITHRE, Lvo
7ZREEDSZMCHIN T 5o 2 LT, EELOMERIE, HAE—EWNEBOIAE b 726F
Laniz,

WAL OIF—E ML VW BRI, 1977 4210 [RAHHRE] ML CRE S [P RERS
HEoMFTELTILLHMONE L) Ilhols ZOmFIE,  EZED [ HH 7% #f7 12
AR ERO N THHEN ZERZBSEN, TOREPEMEZSHIZE) ZTATIERLD
OHDH] (K E1977) LFERL, IhE [FhbEE] A0 CEoEER L2 LI
WaxRTHbDTHole TNEZT T4 ANDwWEN Emz BRH LA, 209 BE0—AT
H D EARME—L, 1975 4 [HEaRRE LS8 8)] SEHFET -2 (BT [SSM it L i)
DO L NI OIF—EHICH T 500 RESIL DD, KO L) Li8fEiTo 720 #
R, A ESERT S L) % [HEWTERSE] Tlazv, 23, [HEEMmR0
ELBRARIIHEROTIEI VTN E S, HEERE - O S ECHAIAZ K ITHIZ R > T
LiEHE LC, [z h], THREMIZT] 2wz 2 NOFGL w0, whid [£
Bl 2R L CWL20THL] (Bk1977), &,

CCTHEEPLELZDII A EB L UEAPEmONSRE L2DIZH TS [HHE]
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VWO BETH- T, BEIFEE#R T ZVEWV) HAThi. L, od—EMicik
OK [SrkehiE] o4 2 —J1%, BEREERICBITS (4] HEOHMEHHTLH
N AN ZARHABEZONDETHZIFANSNTE (28 21E, BER (1978),
i (1990), #t (2010)).

HAMZICBT 2V ok—HMEomEh &, BRFBEERD [H] HEQOEMESZ%
ANZALIE, 2O0OMEPHEZ LI ENTE L, 1 DR ENLERTH D, E¥EILD
HERIC & o THASRFEWHASIE—B 2 AL, —BL R 28 (K—HE) 28
WA L7z EARWICE—BREO [T BERIE—ER L) IFVWEHAIH L, 20720, K
—BEOBD LF—BEREOEIMI L > T W] ElSEALE, LwiulyrThs (B
7k 1988) .

b9 12 LE R A =X AT, [F-BREOFGPRE—E L1 b BEGREE#E» =
s s] CLAREZHATL20DTHD, TOXAHNZALE, TNFE TONRERTIILT
LYBPRIICESNTE 2D TR VDT, UTFICEELR)OMEZR~S 3, FE
RERE A2 MW 5 2 L d, BRI ISt SREFMA Z y [ L] [ 7] o—
WITCH) 70 A r — ISR BRI 5 e, 2 LT, HEZFOHMAPIE—EHHTHL Z
EiE, WA —EWNTH256I12HT, BEREOHE 2 N#EICT 5, kb, Hak
B 2 B T 2 B OBEZOEBENFEWIIE LR L E, ZRHE2ED L HIZEADIITT
[ELTH]TF] o=k RECERT 22 LVEETH L L, £IICHE—DIEL
WIRREDSH LD TH w572, 2oL A&, WM TR & [TF) £8F
WEINRwRL [ 72] LHITT 201k, BEORFL V) STHIIAZR->TwD L, %
B A SREBRNHAL & OXED 5 I TIE RV, Lo T, E—ERBIZET S A4
D%, TOX) HEmETHRIL Cwb eI SN D,

LLHN, TO20DANZAAPKETAHI LT, TWEOF-BHEOTEK—- LD
Mo nns [H] LHES L A0WEn— [H] BEROEK] L)X b= —2#H L
WTE b,

COHBIE, 2 bolb b LA, L, WOIE—EMWESARLIZ [H] EiE
DWRE L7256 L7200 E ) 2oL, FEIZHER IR 2 v BILFIRIE, Aok
—EMEOBRHEER - LB A S XAHOWTIUIB VTS [H] B#olnz 7563

VAR, oI E—EHEATERICEET A AN A LI T [HMEDIE-EHTH L L v
IDEENARE LT—H L URVIBALIZW 234 L) A ICEWHIALICNS 2 & 2 ERT %
M, MHICBWTHE#ENSVOIX, 202 b HASHNECD2 S Z2od, Zhk iRk
—EMOMPEIZL LD, Hohbav] (81990, p.57) LIEML Wb, ZZTHHETL AN
SALNE, BILFED LZAD Mk HEORE] (YT 250 TH 5,
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RWZEE, LRI AL —YaryBXIT— NI L > TRLZZ (B1111990) . F 72,
Bk & RREL, SSM AT — & DATIC & o T 1955 A 5 1975 4RI T THUA
DIE—EHWRBHRINL 722 L AR L CTWBAS, ZRERERC, W] EiltEo A3
RMOF—BEZT TR, B—EE - KR—EBRIIB VT ELLZZEPRALNIIR-oTV D
Bk - KB 1986, #12) BM—HBICBWTH PEMAIIR L&) X, (] Eilk
DILKRAHALDOFF—BHHEDOWKRZIT CIRFHPLEN LW LEZRIEL TV, 2D LI,
AT OIE—EPE L BB IRIE R OBEIC O WL, HENLIE Y b & LA EEN A FHL
DHNREIZDE, FORBEIZOVTHRITDOEAEEN TV S,

1.2 HUVWERE: REREER SHSRBENHUOBEED®R(L

LIIF A, PEBROLAPHEMENTHALTTICLOETVERAIREAL TVD, 585
COE) BEVIEERRE T2 L ICEREH L0, FLLEITEDNDLESI, L
ML ZOMBEIL, FEEAEEROAHSEEICET 2HEETTOMEEL L) v 7 LTwh,

By RIRIE SR, BOE - W - AL o S RIEI AT & OBIERIE, 1970 SEACLURE,
L7Z2WIZERE 20 H 5. FEIE, ChERBREERO [HraLs] LIFAZ (&
J111999) 0 = OBIFEDZEALIE, FNASH 72 1975 4£~1995 4F SSM Fi4r 7 — % 7217 Tld 7% <,
WA [ERAEICET 2 Ml 77— 4 (fitk2010), FKetEEWIZeT (842
T B8 VA ] (B 2003) & ETHHERRIN TS, 72, SSM AT — ¥ O &
1995 45 LU \ZHERR L 72001 T, & OMEIAT 1995 4E LU  #kfe L T B & E DS S 202 7 -
Tw5 (#i#k 2011, Kikkawa and Fujihara 2012) o

TIE R, WEEEEROATSEENINOBEIIRE 5720725 9 e BAE/LIL, H
W OFE—EHHEOMBEE I AAZRD L ) RIRFHERR L TV 5,

EEERRE RS & A B A ARFEREOZN — WAL oI BNk, BEEED
A ZEfl (Bl 1990) % & —— 12k o C, AL OFTERS T % HIlr 3 2 2R I3 S 161 7 o
7oo ZORER, [ BIEOEIHMNT 5 L3012, 15 R R R & AL SRR 0 AL O xhie
BROAIIREC R ), TOBELEIE 572, L2 L, BEEENEDE N THEOELL R
PR UE, H OB #E L & S IZ AL ORIHEREFICE T 2 1FRIBEE SN T,
Lo T, HEWEIZOWTDO AT E OFBREA L 72WIZHIREZ 72 2 ERIRHC, £ 03k
HdEebtE2ZOND, 2O LiF, NLoRBERIEOHFRERED @ &,
R U CH G E SR A SRBENA O RBEEE 5 (Bt 2010) .

DOFN, [k<hbrowvrs W] LEETD] L) Ah = X4k, HIZHEZ >R
D¥IME 7253721 Th <, WEIFERR S HSEENHA O ILBR T AHEICT 5,
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ZOFEHRE LT, 1970 FANIIRE R E Ak & AL SRR i AL o B o Ay AL AT U7z,
EVIIDIFTH D, T, WEIREEMR (D VIEFRE) o [H] EAEKICIIRE %
AL RSN W—FT, FSEENIA L OBEDEE > Tnwb 2 i, K< hbrbkiwn
5 (] ERET LA L, BhoRERELY [hiroT]) (EExd->7T) MET
DAL TWE I EERELTWD, bHhHA, RLBIZIDAHZALIZL > THER
JE S & SRREN AL OB EDSR E 5 TV A DI RIER R O T, FOME T 5L
b Do

Plokyiz, fiiod—Hike, 2I200iRkRETS [(HEREDY) L bbb Rawnh b
L) BRSO 2 i = X a0k, BRGBEERICE O LTI EH L ik [FIEIC#
CHERSTVDEDTH b,

DLEoBBEERICESE, KBIE T [EEREREHIW O FBRIEMENE] v ) ZHERA
FTHIEIEoT, [k brbvroh] 20 CHRBRIBEROIEEA /1 = X L%
R

2. F—REAE

2.1 REBERE ¥R O FERAY M

HIEiClE, T bRoRwhom] L) JRERE ORI, [ BEOIK & R E
JEE & SRFH OB EORIINE W) 2 ODOMEER R HEE R DL LR L, =
R EIC BT, JRERBEHENCE TS [X{bhbn ] 2HET 5 EITNwD
PEZLNLD, I TRRO L) HEEHCz. 3, RETRE ITREN LA TR
@R E#REZRL. COHERKRIC, ROL) LZEMZITI.

BOEMTRBEZ WEZW: [HRMESEEOFTOH 3 7-OMiE ] 1220 To
HWHE, ENLHVIEEZEBOE$h, »TEEHDDE 1 DOEATL SV,

(1. EETHBH LR, 2. HLBREEMTHLEHH, 3. HFTHIEMHETIE R
Lz, 4 EfETEZVRS L]

HH % [ b Wy o FEr et ] (BUF, TEBMEMREED) ciE). 2oH

P b o THAREEROh TOh L -0ME] 13, EWCEINLHEBERESHOY) — FXONE
k> THRL S,



I hpbRGHS [H] 0% Jila Bk o T B IEREE O 2B MRy

BICB 5 [IEETH L] L) HEREBMEMEISVI L4, [EHETEZV] Lw
O MEIETEMEESMR N L 2R, £ LT, BED [ bhohnhod] @ [L<hpy
57w IRREICAHL T %,

bHAA, TOFBNEHEEOEMIZTE%2OTIERV., ZITHELTWLDE, K
BV OHIW S IEME D &9 DA BEIEBEDE ) B L TR EhTh L. IS IEMEE, & 2
X, HETHREEOEBUT ET, FBIN RIS LTT SNFHHTlE R v 72,
Hor OFIlrAs [1EEZ] & o Thad ADZBIIC R CTIEMZHEZ T L TWwa LIZR6 %
WL, ZOHHR) Th D, S5 IRERELHET 57001211, (1) HathkokiEiEs,
(2) ZOHIZBIT B B OAE, D2 DOHBIALETH S, L7zh5> THEIZE, (1) & (2)
DENZIUIDOWT, FIEEOHBIAIEMHELR D L V) MEPSEL S, SHOEM T, 2
D& BEMEEONFEITEETE v, TNHOMITER LT, FENIEREOSTB IO
RO AEAT ) LB D 5%,

2.2 1R&

S ECoERDNS, JREREHEO B IEHEEOHEICOWT 3 ODIRFHE T TH T
ENTED,

FFLITWEAL) I, WVOIE—BME L PEROIAKIZONWT [HOIE—E DI
K= T& L bhohvhs [H] LEET S Aon—I] E#ofhk] v KEER
RETLIENTEL, ZOANZAXLOFFRGHE, EBIEREEIZOWT, KO
HEELLZENTE D,

REE1: EERRVIEFEMES, HRRBENMUIIFE—BNEEBICSVW TR L3,

KIZ, W CAD =X LORFERG 5, EHRIEMENE & BB IRE SR OBRIIKRD X 9512
bHETFERIND,

R&t2: TENERENIEOANLG, BAORERE: (] CREY2ERN H 5,

P B IRIE Bk FE RIS 2 M, EHEOMAIRY TIRINETHORATWRWE D 72
B, FBLL2NEOEMIE T CILHET b0 JRERHEAOIRIEEEAE LT, Jackman and Jackman
(1983) OFa, BEIFE =R OB E I2HE V- T “How strongly do you feel belong to the [class named]?”
L) BRCHIGE ST A GRITIE “very strongly, somewhat strongly, or not too strongly” @ 3 4R) .
MR R RO TENIEMHEEE, COHEBOY sV Ty N ARRTIEDLTELESL Y, B,
Markus (1979) 12 & 4UiX, 1950 4£fX ¢ American National Election Panel Study C & 28O E A7 &
Nk H)Thsd,
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S50, FEMIEEED LR E R e ZR & SBENIA O BEIZ O W T, ¥t
(2010) DiFEFICH EDOWT, KOWHEVTHIENTE b,

REE3: TEWERMENPBEVWTIL-—TEBVWITIL-T 2B 56, BEREBERLHS
B DORE I, FIEDHNIEL L B,

23 F—4
T2, [ daE#RmE 7oy 27 b (SSP7ay 2 b)) ] 292012 452 HI247-
7o M4 ZOWTO Web #7 ] (LLF, [SSP-W iiAr] &%) 2 fH+ 2, 2o

AL, il 25 i ~59 O EE DR L A FEN G L Lz Yy — %y M TH B, FALS
FEIWESHOBHE= Y —TH HA, BEHOEREHHEICE L TEREZIT>Twb, OF
D, A1 UAMIEAL E LT GRIXETAR,) 2SR pliin U, #Idh /- & i climo
BA (£=%—) »OHEEZHRT, WEOGHE, EENGERERIERGIRE FH\W72EF
DTN FT) TR SELTRE LTS, FHEIEARY 1 X143,000, A
AL 2,839 TH - 720

F72, SSP-WHIEDIENRE LT, UTO22007F = %Hwb, Thbidwndng
SEBILD T > 5 02 T) v 7 (HHE) Thbo (1) 2005 4 [HE2RERE & i8]
SEFIA (SSM #i4), (2) [2010 F4575 L &S E#R IOV COLEMA] (SSP-TH#H4) . (%
REOBE RS HE,)

% g 7 T AR L3 5 B OB IR & 10 B O EBI Z FH2 b 00 2 1l H % 25,
SSP-WHllATIEZ oM A2 EM L TWwb, ZAUIs LT, EBIWIEMMED 5 BRGER
RO S, 10 BRI E SRk o IEMEME o 2 FEEDSHIE ST b,

F 1. JRlE BRI 0 0 IETEYE D A
B % () ML

5 BR R IE B o 10 B REmm &k o
FEIIEfEN :FEEE’JIEEE 1%

EiETHh s EEDH 8.6 ( 244) 75 ( 212)
HHREIEMETH D L ES 49.8 (1,414) 48.2 (1,369)
HIEHVIEMETE VDD Ly 28.2 ( 801) 29.4 ( 835)
FRETIE RV LZsw 4.8 ( 136) 5.1 ( 146)
bhs 8.6 ( 244) 9.8 (277
Gt 100.0 (2,839) 100.0 (2,839)
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3. DI MADI—E & TERYIEHEM

3.1 EERVIEFEMOEARRNLME

9, FEIIEMEOS A EZMREL L ). £11F, 5 EMEL 10 R ZhZhokEmE
BRI OWTOFHIEMEZ LD bDTH S,

20D FBEMEIED AR E a2 <, [TEMETH S L) ] H35 ), [IEET
Eawhd Likw] 253855, O 1ED [brbhn] LhoTwid, B, 2200
FEIEREMEO BRI 726 (N=2,500, p<.001) Td > 720

W2, EEMIEREORERTIFERL L9 I I TEERN R NOFWEES L &%
FHIHATIZIN R, POHHY 2% M5 C B IEMENE & BIEORED S N7 #R B 2 72 5 e L

% 2. BB

o BERE moME ROl

FBIIEREME (5 BRYRIE) 2.705 .693 1 4
FEB/IEREE (10 ERYTE) 2.673 687 1 4
AE 43.001 9.938 25 59
PR (GLHeS 7 ) — = k)

g A73 499 0 1
IR TR (LHe 7 7 1) — = RIS + BESE )

B 709 454 0 1
BE (KiEn 57T — =R+ EHE)

KA GEK - mHE) 605 489 0 1
Mg (Fied 7 ) — = HERK)

FE =27 .306 461 0 1

TR vv=a T .340 A74 0 1

=27 .086 280 1
fEsE L otr (GRS 7 T — = M%)

WEHEH 498 500 0 1

HE .093 .290 0 1

JEIEHE .199 400 0 1
WAFICA (HAZ 2 100 J7H) 6.330 3.624 0 21
R AR TR (G 7 ) — =FLE)

FERIIX .079 270 0 1

B4 X 218 413 0 1
HER 1 (AT 20 5 ALLE) 251 433 0 1
a2 (AT 20 75 AK) .369 483 0 1

N 2,211
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#£3. EBNIEMEEOERESHT (OLS)

FEIERE 6 EREEE) FEMIEMEE (10 BFERE)
M7 ZE B
B s.e. p B s.e. P

Yk 2.684 .097 .000 2.840 .096 .000
AE G -.001 .002 425 -.002 .002 316
gt —-.091 .037 014 -.138 .037 .000
R -.085 .035 015 -.115 .035 .001
KEE .059 .031 .061 .022 .031 483
)& NM -.077 .069 267 -.038 .068 574
Tk NM -.025 .066 705 015 .066 .823
=27 ) —.069 .080 .386 .030 079 .703
EBEH .046 076 542 —.068 075 367
HE 016 .082 847 —.038 .081 639
FEIEHLTE .017 072 .809 —-.047 072 513
HEHFIA .002 .005 675 .003 .005 562
FERIIX .252 074 .001 147 .073 .045
B X 139 .060 .020 071 .060 231
LR 183 .059 .002 .095 .059 .103
ik 2 123 .056 .030 .050 .056 .368
R’ 019 .000 018 .000
N 2,211 2,211

7o EBIEEE O BERGGT 21T o 720 FEINIEMHEEZ [TRETH L LB =4~ FET
Eawrd Lhkw=1] La— FL7z, 2T, (1) Fim (2) MR, (3) BSHBILR, (4)
A, (6) B, (6) ek Lo, (7) A, (8) FEAEMMTHE, O8HHTHL
(ZEROFHINIMAERSI) o SISV 72 E R oL (ST HW 2 ToZIzo
WCRBED W —ADH) %3212, BERUGHTOEREEIITIRT,

A B R R 2 R oM AT, 5 BFGEER O TEN L OW 6, MBI,
PERI, BSERIERD 3 O CTd b o BRI, AEHBIATK & VT EEBINIEREDE <, &
B L BB CTH 5 2 L ITFBIEMHEEL T 28R 250, ZOMOMTZRIIEE LR
REFoTHBLT, RERBIZHFAWIZEIEETHLHDDE DO TRWIKEIZH S5, 10
B R RO EBINIEHEEIC S TH, BRRAROMRE Lo Tnd, Dol ers, E
FAIEAEE I EEEORWERTH L 2 Eb b,

3.2 1REH 1 DIEEE

WA, EL 1 [ EENEMRSEE, SN HANIE—ENZBICB W TR 2 5] O
FEERATH o T ITIE, Bk - KA (1986) ICHEL T, #HEH, W, MAIAD 3 EHE AW
720 T AY =T\, FInbE6NT TR — & AW TEBNIEMEME & OB % 5
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W4 %,

7T AY —OFEHEL R BRI, RO L) IZBEIR E VI EREERHAL R Z & &R
FTEO)T-FENTw5E, (1) #E: EFELUT=0, AU LE=1, (2) BW¥: ¥%=1 T
@) rvxma7h=2 bREryvZa7h=3 3) BARA EH A XD3HFT)—
W) - I =1, FILARE=2, BIAE=3. 2B, I TOHIIE, HSEFGH
ORISR ZWEICT 2720, BHOEREICHRE L 72,

7 7 A8 =0, EREEN 2 T A5 =58 (SPSS @ Quick Cluster) % H\Ww7z, 7 F
A5 =, PO OMEEZBEZT6 & Lt 2T AY —SMORRE (K T A5 —
DI FAY—HL) ZEKLITRT .

Fa WM ENLBZIZITAY—D 7T AT —iuls (HESB)

B 7 GAY —
B
1 2 3 4 5 6
HE 1 9 0 1.0 3 1.0
TSk 1.2 2.8 2.6 1.7 2.6 1.8
[EPNION 1.9 2.5 3.0 1.0 1.0 3.0
N 178 525 101 122 144 100

6 2ODITAY =D)L, 7 TAY =2 3ETOEROFHEIEL, B—EBLART
CENTED, TNPSND I FTRAY —1F, 77 A5 — 125 [FRK, BER, AFH], 7
FALZ =30 [FEMK, BRES, WAE] 7925 — 470 [FES, BER, UMK, ~
FAY—5H PR, W¥ES, AK], 7925 — 67 [ BED WAE] <,
WEFNLIE—ERBEMMT LI LN TEL, (7 T7AF— 12 EK—EBEARLTLRVA,
b LN,

Wi 1 ASE LU, EBIMEREE-BRECTh L2 I A — 2R bEL, Tl
2 IGAY =T B BT THD, 6207 5 A5 — & EHMIEFENED 7 0 ZARKGH OFE T
*F5 IR T .

F—HEOHH—EHRE LD b EBHAEREEA &) BRERERE 2, D LAFE—F
JED1OTHEI TAY— 4N, 6DO0D7 FTAY—DP TR EMHEIEL LoTnLI L
WhWbe 721204 ZFEMETIEX, 77 AY—L 2 00FBINIEHEEOMEISHKEIIICHE
BTV HIZOWTH RO G ZITo 7288, R0 77 A8 — & FHIEHEEDH

CAEBLREEY RIMT 2 L3 TERh o7 GERIEMK)

CEOSTTE, EARAO D ISR Hv, R Eothn GEREM, HE, JESE
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#5. 7 IAY— L THNIEREOMG BT
B % () MIEFEK

o a EREYE (5 BB RIR) IERENE (5 BERYRIE)
RNIEME  IE g Gt ANiEHE  IE R &EF

1 G—HD 37.2 62.8  100.0 ( 164)  36.4 63.6  100.0 ( 162)
2 (\—H) 32.2 67.8  100.0 ( 503) 386 614  100.0 ( 498)
3 GF—HID 40.0 60.0 100.0 ( 95  39.8 602  100.0 ( 93)
4 GE—H I 28.7 713 1000 ( 115)  30.2 69.8  100.0 ( 116)
5 GE—H1V) 333 66.7 100.0 ( 132)  31.1 68.9  100.0 ( 132)
6 GF—H V) 333 66.7 100.0 ( 96)  31.3 68.8  100.0 ( 96)

Al 33.5 66.5  100.0 (1,105)  35.9 64.1  100.0 (1,097)

7R — L 5 BBEIEMENED 7 0 ZED 5 4 Rk« /= 4.380, d.f.=5, p=.496
75 A% —k 10 BRBIEMEED 7 0 2D B 4 ZFME : £°=6.051, df.=5, p=.301

P EOfERD S KR LSS R SN h o 7z O IE—E M & B IEMEEISRIE % -
THELY, INE TORERPWEERD ) BITHIFE L LT/ A = X LD L 2 AT DS
RENTZDITTH B, LIEFR, 7 7R =GB ELDFERDHY), L0 XD LEERN
BONDDPIXEIUAKLES BEG DD B AL D IE—E M & FEMIEMEOBBRIZOW TR
SRDGHT TSN FTAY =DRB R EDTH o) EED, &6 7%HREDY
BZAH D,

oA I ERRAVIEMEN CEERESR

411 MEERBEHRDOHH
C DHEITIIRE 2 & ARG 3 DORGEEE 1T ) 725, (2B o CRY I8 & TRl D 937 & WY

THBIHo SSP-WllHIZA v & — 4 v FNRELOT, WEOHENEL IZRL2MEDS
iR REMED D B0 SSP-W A TIL, REIEHIE Eakid 5 B 0 # IR & 10 Bl o IR
e 2 ¥ 2 WE LT\ b, 5 ERFERS )T B B OB, [0 B0 HADMH &4
Kz, TOVAMIBNTHELIHIIISDDBIIFTAETIUE, Ha/-BHIEI0ENIC
A EBNFETH] EIEE [E, ol fmoF, Tolk ToOT] Thib, 10 BERR
BIREEROEM I, [Z1Tld, 2OV AMIEVTHS L)1, (HROHEEEOD
EEE) 1 HH10ETOI0DREIZHITAHETIUE, bREFIENIALEEVET

Ho3h7a)—) 2BmLl, BkESOmcEoic. REORE, BTz 505 LN O
FIBRRALS LA BIRETIZ R 22 DT, WSk L HEE Lotz ;t@“/\f ¥ BT 72,
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Li/NORORA GREIIMR, F—2)] LERSND (6%, 1998a: 131) ORI
AR & L2 b b, EEOSHTIE 1995 F O ES T 5 BkENGH T LB LI
EREHEEL L, ZhE SSM FHEOMIESE (95 FM) ExHEo 52 & T, KD
PR E LTHWTW S, ZHUEMSEN O TH o T, WIS O PRI &
DL 2 b D EIEF VD72, T, 1995 4 SSM A 213 O ik = &2 e § % 1H
HA%holzhbThHb, TR LT, 20054 SSMFAEIZIZZ ) L2z BT 2 R
MEHE O ERZ ) M HE S TWAEY 722005 4F SSM A TIE, BEAZB X
L1, HE (2003) O THFHOBIB 2 FRIE] 05 b [HfEME] & [EER
EMERR] D122, &% (1998a,b) A3R°03 0 B OVERIER & OBIECTHER L7:ALEH [
HOH ] (FeFC X R % L REEROEH) 2 [AERE L] ([T 23%MAHES L
TWwb, ZOEHEO TWNHE] b 72, TEERPLBERGEREL SO L DD TH L5,
29 L2 OWNIEINZIZY « v 7 —ERE L, 2O LMok 2 Rz L
TWL LD RSN TS (B8, 1998a,b). SHIZAMEDORML S 72, FEHERS
BEMRBEREBmO LI P FHEND, 22 CTUTTIE, O HFHo M) & [EE

YoHARMICIE, BEAEOMIS (1) BXUEEBR 17 T (4720050, KHEEE s &3
ENCHVWTLE )] 3, [0~1HL 5w [2~4E < H0] [5EI B0V, [6~8EH B,
[9~10E < bW ] D5 ERCRIZELZ KD T D,
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PEMERR] 225 % 20 [#FEM], @ HFICX s o] & TEROGH] 25
e O TN BL @ FHERMALIZERL, o omBEMEIEIS Bl
TEDL) G ENTVEDOD, 722 HUHNBBERH LD, ThdbbE LIRS
ZFREED L) RERICHE SN OPHE LT, F72, 29 LAmBBIEIROR >
WZHEHT 5 Z ek ITHEERAT DR O MR DR S 722 ORI E R0 &) ki
A0z, Lk, a—dh— b aRBERIET - DD 2 THledT) .

S CHET AL, FEARMICHE (2003: 21-32) LR THL, Thabb, kil
F723 20 [HHEEE] (THFOREE] TR, [AEREL D) LT O A
WEAR () PEEZG5 2T Ew) [ANEREH], @ BEIEELSZTwD L
VO TR ], ® EEBBREVIEEERISEOMERY EATE £ P30T, B
PREVIZERBEERLHNIEM 2 EH T35 &) [REMUGE], @ ERERE - %
W & Vo 2 RENOIMHET 5 v ) NG, ® WY 281 5 Lk
DE S BHUE~NOFHBM GRS EEZ ARSI L) [FRELTOY = v ¥ — 1K ]
Thbo

Tz, TSR IEIRRCTIC & o TEBE ) T A R#EHMIEREE LT, B (2003)
3ES (A IEA LTSS, ARCIEmSEmEE L ) ikt BEEA ML Ak
Vo 7 IREEHR O BT IZEH T 50 S TA MLV AIERT 201, NTIVEEROE
FRFTIE, MY ATNAELBICBCTRE@ M ERELL (i, 2010), £RUIE > TH
FEFBMEDOT A AP LADNEE > TWD (i, 2008) 205 TH b,

EEOHEM - WM - FHERE L OME

2005 4F- SSM T, HEMEICH/25 LE 2 SNDEMIE, HEFEO [HFOMtFEONE
RNR—AREGFTHROLZEDTEL ], [MHLEEOLEFORL) FIZHFOBERE S
HHIENTEL], FNMHEE LCTiZ [BOORIMPEETE 2], THSORBRE &
PEDL] EVHIHETH L, 72, AERBELIE, BEAZO [BHEORMET, 19k 7%
7eHG LY EOMMICAET LR LIZEORED Y T3H] L) EBICL > THlEL
72N Fe6l2iE, ToAaTEI—F— M- BEHNIRL 720

UOgkEMEE NI, (A% HTIEEE] 25 [HTIESHV] D4EE (bhrbkhwv] id
RAEMEE L72), FERBLIE [Ha) 55 25 [Hwv] 5K ([4X0) Eoffiidzw] I'b
MOV IKIBE L72) THWTWADT, ThzdbiicAaTiblr, oMoy b [H
TORFONER =A% HSTHROLZENTES ] 1, B (2008) 75 THFEOHAM] & LT,
T AT 20100 Tnb, FAZOWEEE, i (1998) Tik, fFoar ro—1o
TRREND1DEDLH->TWAIER, B (2011) X, AFETIbVwAEEED 2HHZ [HED
HOHKE] L LTT—2I4TNT Y ADSHEERCHKELRFH L TV b,

31



RALFBEREHEA e 5 164 75

F26. AT — & — Ml - BN AT - NN - AAERGAS ¢t e

WP a—Fk— b % Bl S ME U {7
Fem Yk ia B 5.64 1.706
7k 5.31 1.682
t fif 4.057 *#*
R DN 5 B 6.22 1.774
igés 5.64 1.838
tfil 5.147 #xx
A SR B UN: i EEs 6.22 1.426
7k 5.87 1.540
t 1l 4.981 ##*
s DU LIt 6.74 1.494
Qi 6.26 1.619
t fif 4.95]
S LA A BE HERDN] B 2.89 1.345
I 1.98 1.137
t fif 10.521 #**
R B 1.52 0.925
I 1.26 0.682
t il 3.524 wxx

) p<0.001

9, HFOHBEEIIOVWTI—F— MIIICHRLOEREA TV L, WINLOT—FK—
FCHUEBEMEDIAON, BUOHPEEEIKRE V. £ 0MEIHEEDED 3 —
R—= P THOTPEIILARL TV D WRIZ, NHENIZOWTAL L, TZTOHETHDE
PEDENAZZ o TV 5 A, HERDUBETIIE L E SN KE K o TWwd, TRITH
L CHMERARL, BWEEDEOI—FR— P THRZEBET LTS 00, MM
TWwb, TOZehbAhbdE, BREAKRKEEHFRIR, FERARIIHE L TIELKEZ
INERFTE V) HTIE, BIBICBT 2B LOMBEEIGFENT L LV RKROHMNE R LT
WEPDEIITAZD, LAL, TOAEERIICL T, BHEELUEO T —F— OB LH
THIRE LTHEDLD ), BUDPEMTH LI LITIEDLY v, T/, HEELHO
AB T =k — b Tlx, FERARDOWZESFH@E T2 HBHL Twa 2, b L IEIEE
B ) FMERARDO LR CEABETHSA LS, Btk 3—h— MECHES
MihLTwaEwitlrvary - NATANHLUHEELHFEZ N5, SHICKEE
EPRGERINICRE L ClEmE ORI E N/ 2T EFTHL, TOMNT, HEEILH L
BFRGRERNZDDICEEEFoTnb vz L),
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HEHEEORTERDER

KIS, [RGB 2FHREN] 2HENT 23 00EHETHL [MEFEHEE] W
B ] B L O [FERAA ] OBEREA TV, 22T, HRE (2003) D45 €T
WVABIRIZ L s, DTONEToiTz#Ed s, T3 [EHEOBIIBIF2FWEl] ©
3ODEFEEEREKE L, MR (e FEEL L2y I —), BELa—Fk—1F (B
EEPAT =k — MR L2y I A 2RIl 2T, O AWERDTZH A
DhLIHEEER, @ HFEOWHEICHELIWME (TV—h 5 -2 T55 I %),
@ SRS LR (s boREZ R L, BENIAKE W EH51L
bREVEEINDG), @ MBAMAICELZEMAEE (EH - FEH, FEHEERELT2
T RO (7 LEEE) 2512 G BGoitE (it TEfkE LT
DYy =] BEFRTL) ZHERANT, HEAADZZXLEAL2ICT 5, RIS ® 2
NOOBERDP AT TRRNMER - T —F— M X AKAEERDD 2 0055 5.

#7alk, FTELEEHROD»S @ FTORMEREELZEELEE L TfTo2#RERLT
Who FTETNILTREHEALEZSDOEHD ) L, BEFHEREADOLENEER
MEELL, TTEMTHLIILE, HEFEEUFOI—F— 1+ Ths1IL, LHEOBEEIIK
EL . LL, BHBEEBOBENEETRVWIENPLAT, ANWERDYD LI EHEE
FEREVEIFFERY, TAWMERRE] I 272w vwr b, F72MEE (g7 )V —
HT—) bHEELREOMEL L L, HMBRRFIA M T—THbI b, LFOFHEDORE
BVERELLTWDET, THERG] 1385 22,

fy, EFNVI-2 TREBEL AN EABERAORNRE L H, [RFEMURG] 0%
EBD, MEARKEVIIE, AP EMLEICETT 20 TREROEEELREN VIR
B EWVHIE S LTze ZO—TT THEFBOMEDPERE L 25, TIUIBEIK E W
EENTFTB GV IEEL, BEFEPANERE LCEHEiSh, BEED LD LR
LOWEETHS ). ETNI3TRESIZER Y I —%BIHEALZEZA, TNOHEE
ZIEOMEE S, EHBEHOZFZIEEHEHOZIZHART, HFEOREEIRKENWT LA
Shrbe FBEOFBIIAEETEDHLLOD, FOREOKE SWFKIEIZHEA LTSS
L, BUTHLIEEERERDTIEL L, SR> TREIMMROBEEZHDOTNDE S
ERbirbe EHIZEFVIATIE, ERY I —I0BATHRIKY I —% A28, Thdtd -
ELRELGABLILEOHMRZ DL, BUEOMRPEHITWAT S, 226, BETHS
BEEREDIL, TNICE o THFEOBREENIRKE L o TWDEI LD HI S, £LT,
B D B EHEEIIRE NI L26, FE (2003) DOV [HBENIAAR ASALT %0

LL, ®EIZETIVIS THRGOREILELZ ANLPEELGNRET D> TBLT, Ak
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CLOUMFEOREHEICH L T, KRG FOBREELZR T ILLER L TR o Tk
v, vz o KRB (2003) 1F, BEET L o EIENS, HAOIE A EEE LT,
BEEZ IO &3 5 h B ERICEFOMIERAEE L 525 L LTWweds, BGotk
BURERL (ZHEREH) IR, AEFHOFEEICRIZTHEBEIMNT 5P TE Lo
726

IZINS DERPHEFEOREE I RUTTRBINMNAED S 5 BE L Th D212, MHhl
EOZHEERE W5 2T o7 (D ETFTVI6). WRl (B & OLHEEHEIE
S0, BFEBBIZTCTholze HrDmErLHhT, BT EEERBAKE
LR EHEEDMRTTLZ L, MW IEEEOLA, BB/ NS VI EFEEED L
ALTWLIEDPEREI NG, TN LT, BEEFRE Vo2 ABERIZD D 5 EHR,
R (IEH - FEIER) REBAE S Vo 72BN BT 2 BRI A T, B H
JALMEEL NS B LToY ¥ —] b, EFIVI5 FTOMRE LB
DFEEEIZRTTHEIITERL TV o 7,

BRI, CNOOERDPBEEEICLITTESZICT—F— MIL2EVERLZDIZ, £T
WI7 TIEEHICHEREI—FR— P OZROMELBML 20T 2B ko7 TOMR
HEC o0 ZREHEE (BB Y I —) EBMOREEHEE, e BHEORHIEHE
IBIFAa—F—MHOEETH 72 TNOFFFOHAN»S R T, EHEHIZOWTI,
BWELDBEICAR L7232 — R — 2BV T, ZHICERBEICBWTIEHERTH L Z LA
B E 2 BmOLMEDHEL o TnDEF R b, ZHUIH LT, H RO & 1%t
T5a3—FR— bOXENEMIIEELE > TWBEDT, HEEUMEDO AR T —FK— bOhD %k
EWRDHRED OV CHRE L RO LEMIE, ARIKTLTW2EEZONL,

F7a. FEEOBUER : EEUGOAT  (EELRRERE)

EFIVI EFII-2 EFIVI-3 714 EFNVIS
B I — 0.132% 0.145%%* 0.081 %% 0.064** 0.008
WELT I — —0.136%** —0.131%%* —0.139%%* —0.094%% —0.082%%*
KNBHE T 0.025 0.054* 0.060% 0.035 0.038
By I — 0.130%%* 0.142%%* 0.135%* 0.114%%* 0.115%**
RIA NI — 0.100%%% 0.129%%* 0.160%%* 0.074%* 0.102%%
SR —0.160%** —0.106%** —0.165%** —0.097%*
EHY I — 0.161%%* 0.090%%*
B s X — 0.219%* 0.262%%*
I -0.025
AL FE A R 0.047%%% 0.0667%%* 0.090%% 0.102%* 0.138%*

TE) R p<0.001 *F: p<0.01 *: p<0.05
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F b, BELOBIEN : EEHIAHT

(AL AR 5

EFINVI-6 EFNI-7
B3I - 0.050 0.073
YRk s I — -0.064* —0.064*
HEFE 0.037 0.037
Hf 5 3 — 0.138%%* 0.138%%*
RIA MY I— 0.148%%* 0.148%+*
R -0.036 -0.036
EHS I — 0.073%* 0.073%*
el s 3 — 0.250%% 0.250%%%
I -0.058 —-0.058
Wy I —x By I — -0.035 —-0.078
BEF By I — 0.017 0.038
HMY I —xBksy I — -0.027 -0.039
KRIAMTI—=x Ty — -0.065 -0.077
EEREX B I — -0.091* —0.095*
ERY I —x By — 0.034 —0.040
By I —x By 3 — 0.020 0.079
LILEXPHES I — 0.043 0.026
BEER BRI —xa—Fk—F 53— —-0.097
Y I —x Py I—xa—F—Fr¥3I— 0.017
RTA M I=XPWFI—xT—FK=1+53I— 0.013
FEHBEX TSI —xT—F—PFF3I— 0.003
EHSI—xBEFyI—xa—Fk—1+43— 0.179*
By I = x Py I—xa—FK—hF3I— —0.082%*
TR X B PSS I —x a—FK—bF3I— 0.028
AL A R 0.147 %% 0.143%%%

H) o p<0.001 FF: p<0.01 *: p<0.05

AEHRMDORER D ER

I, MBS b b L 5 (R 0%sHE] & [REBOERH] e L) HERIC
BESNTULEDATAL ) ST TOEBEOHEA S = AL LR LFNETHITEIT,
ZOMEREFK 8, bR LTz TTE8 OTFTIVI-LIC LI, BB L FRE PIAYHI
BUTHLIIE, WELEDHOI—F— M ThHIHIILRE kb, $72, BHEELFALL, #
BERIEFE»r OB LN EZ HO 23R 2L o T T, 22Th [AER
IREE] XY 2727, FHMRTH L 2 ERNNHIME Lo L D EO TV LD, KEE
LIXERD, TN—HT—IZHRTETA M T7—THIENDE 22 EMIEA SN
Molze WIZETNVI-2 THRFEBEEZ ANS L INPHELAOMELRTOT, M¥EH
BEAKREL 2B I3 ENHIIIE TS5 2 A0 h 5o 5, THIANHATIRS ] %R
L7280, BTV CIEMEM, -4 THRIEO Y I —ZHEZBIMEATLE, EELL0EE
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# 8a. WHIHMOBEN : ERJGIAT  (BEILIR R RE0)

EFNVI-1 EFNVI-2 EFNVI-3 EFN -4 EFNVI-5
By — 0.149%%% 0.165%%% 0.108%%* 0.123%%* 0.069%*
HEEY I — —0.143%%* —0.132%%* —(.142%% —0.114%%* —(.113%**
RNHE T -0.033 -0.010 -0.009 -0.020 -0.020
53— 0.214%%% 0.233%%% 0.247%%% 0.218%%* 0.236%%*
RIA NI — -0.025 0.003 0.047 -0.026 0.018
R —0.120%%* —0.088%# —(.123%%* —0.084%%*
EHY I — 0.113%%* 0.077%*
4 TANES 0.114%%* 0.135%%*
R -0.002
FEEFH A R 0.088%** 0.097%%% 0.093%** 0.101%%* 0.105%%*
1) FEE p<0.001 *F: p<0.01 *: p<0.05
72 8b. WIYHENOBIER « ERURSH  GEELR RYFR%0)
ETIVI-6 E7IVI-7
BPES I — 0.194 0.321*
Wy I — —0.142%%* —0.142%%*
HETH -0.009 -0.009
M5 I — 0.355%%% 0.355%%%
RIA T I— 0.093* 0.093*
fSEHI -0.016 -0.016
3 — 0.064* 0.064*
W5 X — 0.116* 0.116*
b ER —0.004 -0.004
WSS I — x By 3 — 0.032 -0.328*
WHER X BHESY I — 0.028 -0.061
B &I — xS I — —0.166%** —0.192%*
FITA NI —xFHyI— —0.098* —0.131%*
EERBE X B I — —0.105%* —0.095*
ERY I —xHHEyI— —-0.021 —-0.101
By I — x By I — 0.040 0.115%
TV X PIES L — 0.002 -0.015
BEFEEXBUS I —xa—FK—FF3I— 0.219
B I—xPHEFI—xa—FKk—-1+53I— 0.029
RTA R I=xPEFI—xT—F—= F3I— 0.038
PERB XIS I —xT—FK— ¥ 3 — -0.022
FEHTYI—xPHFyrI—xa—Fk—1+43— 0.201*
B I = x By I —xa—FK—rF3I— —0.096%*
TR PE S I —xa—FK—FF3I— 0.026
A R 0.117%%* 0.121%%%

W) p<0.001
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RIEORMRERL, ERHEATHZIIE, HMITHNTW2I13E, HFICBT SR 58 L
WO IR AT ND 2 bbb, T QICIERY I -2 ANEAEIL, By I—0%)
FAIKILE LTHETH 20D, ZORPILKRIEHD LT 20T, B0 NIHI O
HEIO—EIZIEBRERN S W EIZE DD EEZ N L, REICET IS TRELE
NN, SOEBIIEEEOYE L R, NIBMIC b AEELDRE L7205 LTk,
W, B EBE SIS OEHD NN X IZT BN 2 —F— M X BER)S
Hohkhk, KEEHE 2B EDPOBRE LTV, FTHIE OXEERE% WiL7-% 8b
DETNVI-6NEATWL & FHME AT A M T — RERBO Y I B EBMESY I —
EROLZHENERADPEEL ol HMHEOMENLAT, WIS LWIZHNBHEIIEMKT
HrZl, FTIAMIT—THAI L, BIEOREILMEFKIINVS I LIZL T, HWHYHRM %
BFEETWDI LIl b, HICE) &, THEEMBREERTA M TI—THDH I L,
REBMEHDODLZLI2X->T, BULEICHEDZRE - G L T, AFH2 S M %
BTWDLIEIlhbe RIBICETNVITIZE ST, 29 L2EREHESE - BEOLMFOR
HERIZI == ML ERDPAONIPHETLTBI ) COETNVI-TOLAD L,
EHEHEEMY I — RS I - BUY I D RORAEHIZBWT, I—5h— MZ
LOHBLRERPAONDL, 2O LIEHEM - BHETHL L L a—FK— FOXEEHIZ
EOMEZOT, BHEEDRIOAR T —&— M2, B5EDEO 3 —F— b, 1
BRATHLIEIEHETH L EANIHMZHO TV 5, S LT, ERICHEZ L&
BUHTHLIL L a—F— FOXKEEHIADER DT, HEEUHO T —FK— D)ok
BIZOWTWRIZEBEETH L Z EANWHEI 2 A LS TWDE 2 L1k 5,

FERAL - FHOKMERDER

A, CNFEFCTLEFABOFITAMELAATHET D A= AL E2MHEFT LT, 7
FEQOEFNVI-1EHADLE, FELAKZIBENTH L2, HEFEFEVI LR, &
HEFABE B IEOREEZG5 2 Twb, WEFESREWI LS, FERARMEELRIED
WHEE 52 TwBETIE, 1R (2003) OV [F@AEkomiig] L L CoFEiE, A
HIEARE L CHMERLARIHREZ DI LIl D, SHICEEE, NIV L 380, %
B S I —IZIEOMEL DT, WEELUEDO I —F— bOHDPFHELIARTE L o T
Do WICHEDOMPXETHMM - RTUA NI FT—FI-bFELEOMELAHL, i
ElolzTN—=h T =12, INHDOWEOHAMERLAANEL o> Twh, KIZET I
-2 THEBBEZEAT L LIEORMELRL, SEBBAREVIZEFELAADE N L
VYRR S Tz )7, ETIVIE-3 TIEHLY I —, E7 V-4 THERSY I —% ANhb &,
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#9a. FHERASOBEN : ERUEIHT  (BEELRREGERED

EFNVII-1 EFV -2 £V 113 E5V 11-4 £ 5V 11-5
BHS— 0.273%%* 0.258% %% 0.206%%* 0.207%% 0.180%%*
gLy I — 0.339%%* 0.3447%%* 0.318%** 0.370%%%* 0.339%%
RNHE T 0.1407%%* 0.126%%* 0.132%* 0.117%%* 0.127%%*
HfH 53— 0.1327%%x 0.117%%* 0.079* 0.101%* 0.072%*
FIARTI— 0.1177%** 0.096%* 0.067* 0.062* 0.047
ioe ki 0.078%** 0.071%* 0.079%* 0.076%*
EHS I — 0.175%%* 0.150%*
[l TN 0.132%% 0.094%*
R -0.001
FEEH A R 0.2507%%* 0.251%%% 0.279%%% 0.264%%%* 0.284

FE) e p<0.001 FF: p<0.01 *: p<0.05

EELHIE0RREL L, EHKTHLIIE, B HHI13E, FAERARIE DL LW
) MU I AR B A 1 2 A R H T FREEE - NI L [k, EH S I —%
TS I -2 ANDLZET, BUY I-—ORPHLE TR LI Ehs, BHIEIEAELLT
WRIERO—IE, EHEHREMEDS SITHEA SN TWDE ZEATRIBEEIND, RZIZET
V-5 TRV Z LA L7205, SORBEAELAMIEBELRNRE b o T irdol,
FAHEFAARTYH, BB O LRI EEII I AE AR T EE2 50T b > 7
K2 E CTRBE KHAEREOKRE S 2N 5 OLEHA A LA KT T HEOM
EHRTNI ), TTPRMYI-LORFENEHEHRALLZET V-6 THEEI G 572013
SO — K- N ERUS I -ORENEAOARTH B, HVIETH L0 5, HEELED T —
K= P ThHLEIERUOAERBLABCERRT LI ENTEL, CORDPLALRD,
BLBEMAESHEDR, 2 o7 UREOMA TR oM LRT, L) b BEoHE
RAABDE EICHBL TWAE I LIl b, i, EFVI-7 &0, FAERARIKT 2%
OMPIZBIF LT —F = MHORFAEZAL L, WTFNLOZKROKLHEERLFETIER L,
WEBLET & DIBEO AR T —F— MIBWT, MR HEFEE, BECHE Lo L DM
JASFAE LS LIS U TR RN A O N, & BRI TILoLEE b RE
TEHDPEBIC S ahole 2F 0, AMERAKIEL T, [BRLLTOY Ly —]
EESED UL, MR OXEERSED, FMOBHREENE OO EIIHLTD

BRMHEE LV LR D,

TlE, EBEOFAEIIH LT, BMBOLEIRIHELRIZL TR DRES 9 b BT
TIBEMOFE (53 —Z8) #HEEKE LCHUY AT 1 v 7 WRaiikitTo7z. &
DFERIE, KOICIIR L7 TTETNIV-IDHAT, BUETH 213 &, WELLRTO T — K —
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F 9b. FHERALDOBER : EAFHHT

(AL AR 20

EFNV -6 EFNV -7
P I— —-0.233 —-0.197
Wy I — 0.227%%* 0.227%%%
BHEE 0.064 0.064
#HM Y I — 0.116* 0.116*
RTA T I— 0.065 0.065
AR 0.047 0.047
EHS I — 0.115%* 0.115%*
el 53 — 0.069 0.069
kR 0.026 0.026
WEREY I — x By I — 0.171%%% 0.064
HHEERXBMES I — 0.241 0.213
B I—x P I — -0.033 -0.056
RTA T I—=x By — 0.012 0.001
ATEHIBEL X T4 3 — 0.037 0.051
EHY I —xHEyI— 0.131 0.107
By I — x By I — 0.020 0.043
THIEX TS I — -0.028 -0.026
BEEEX PSS I —xa—F— ¥ 3I— 0.080
B I —xH S I —xaT—FK—FF3I— 0.030
RIA R I=xPEEFI—xT—F—= F3I— 0.011
PERB XIS I —xT—FK— ¥ 3 — -0.026
EHRYI—xBEHEFyI—xa—Fk—b¥3— 0.055
By I —x B I —xa—FK—FF3I— -0.028
TPEREE X TS I —xa—FK— b3 — —0.004
AL A R 0.298% 0.2947%%

) R p<0.001 *F: p<0.01 *: p<0.05

#9c. HWMAEOFHER : ZHO I AT 4 v 70l

oAt (REEARE L Exp (B))

EFIVIV-1 EFIVIV-2 EFIVIV-3 EFNIV-4
B Exp(B) B Exp(B) B Exp(B) B Exp(B)

By — 2.112%#* 8.261 2,127+ 8.387 2.145%%* 8.539 2.145%%* 8.540
¥ a—k— by I— —0.906%%* 0.404  —0.936%** 0392 —0.936%** 0.392 —0.932%% 0.394

HEH 0.079%** 1.082 0.068** 1.071 0.068** 1.071 0.068%* 1.071
B3 — 0.873%+* 2.394 0.902%+* 2.466 0.902++* 2.466 0.902% 2.465
RIA MY I— 1.435%%* 4.198 1.430%%* 4.180 1.431%%% 4.184 1.431%#* 4.184
fite T 0.000 1.000 0.000 1.000 0.000 1.000 0.000 1.000
Qe —0.091 %5 0913  —0.078 0.925 -0.078 0.925
TR X PSS I — -0.016 0.984 -0.015 0.985
TR X BIEY I — x &g —Fk— 5 I — -0.006 0.994
EE —3.808%%* 0.022  —3.549%%* 0.029  —3.563%** 0.028  —3.564%%* 0.028
—2 KRR 2634.757 2608.351 2608.242 2608.224
Cox & Snell R 0.225 0.232 0.232 0.232
Nagelkerke R 0.320 0.330 0.330 0.330

7E) R p<0.001 *F: p<0.01 *: p<0.05
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MIBLTWAIRE, BEFIRVIIEZE, FEMB-RTA NI —-ThiITL, B,
BRI HHEMICH S, TDNTL, BUHTHLEILERTA NI T—THD I L DE
EREV, ZIUTH LT, BRSSO EICERZBELY RIZL TR, i, €
TN IV-2 THGOLHERERZRAT L L, CNPEELAOMEE L L, KL EROBH N
WS\ D Z EIEICHES ) A TARFZ b 26 LTwh, 2%, [HFRELTHOY 2
F—| #ERT LG OLMERFRIE, I FE OHRETL TE BRI, Fak AR
EWV ) HEEOBHCFEMICITW TN LR L T a5 728, EBROBRBAOFAMEIITAHE
BREE Do TnD, 2 LT, HE (2003) 2Lz L 912, BBICB 2 LERERD
% 81%, EBROSME ERICH L) OWITFER>TWDTHE, ZITKRIZ, TOR
HEIEPERO BT T BB LEDN D 2 »HErO 572012, TV IV-3 TR
W EBMEY I — L ORI Z ANTZDS, BEICE L6 hro72, L223> T, wikh
ROL IR 5 2 EE, HINZhhb ) %<, BEBMANOFELYIIT VD, 512, €
TV IV-4 Tld, W - By I — e %ka—h— F ¥ I 2RO RO HENEHH
LBHHRA LA, CROEEIC RS R0 SO EPbAT, BLEMEEIEED
RECAB L 72T —h— MIBWTh, ZRUEOART —k— b LA, THEOSVEYIC
WD ZEDPFBIIAFNEHNTND E AL ENTEDL, MGOLHEILEDSL SI1X, ARKEE
BRI b 5, HMESICBOTIEREEE 2o TWEEER L),

4. HENERICH TBBREDRLE

HEBEENDHE

WIS, TNETHRE L CTEEEE, NI A AR & v o 22 P & TR A
AR T <, BEBLREIC AR L 72EE - WEROBIEOMIEATF I LA L EE
FIZLTHhLOh, Fo2TIIWERLT— K- MILLZEREDPSHLPMEF L TAHAL). 2
T, INSOPHERDFERET b bRENE [EIFRSHER] (M12H) LT
&, P EMEEA ML AR ) TTTAMLVAZ LD HIFLDIE, WEMEA b

X LCIE, BT 2870 L WM O ARG (Siegrist, 1996) & & 12, & I
HOZRELay ru— ) (FEE) »5E#RSINDS A LA (Karasek, 1979 : Karasek
and Theorell, 1990) 75A b L A% EDH TV A 2 & A5, 2005 4E SSM F&ED 7 — & 94 (i,
2008 : 2011b) S LRI >TVRAERSTH B,

YO THHEOBERE -3y hO— )b - BTV ACh EOWT, BEER L AIBIT A MEARET S
A, B (2006) 1L > T3NTw5, @E (2006) 1, [fEFozRkEL Iy ba—)L (FE
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ZIT, UTFTIEEFHFMERE NS 2 PN EROREL AT ), HFIZBT5
HAOBEES S -7, B EFEHTE DL VO NWEIMSH 72, FAHEDR
AARDH D LE, Uk HFEMEEFROLb 0L FHENL, L L, 2 CHEICY
H0IE, 29 LM EEAIMEFHEE L SO L EEVITHEINC X8 ENH DD, b L
BHEROZ) LIHBENREDLHIIZOLLNDLDD, L W) N Thb, 2% LHHY
BIROFLEIZ BT DM, BHEELDRTE B0 T —F— MIERPALNDL L) S
FEETH D,

ZZT, £9%10ald, BREEPSEFWHLEEICG A 2EH 2RO THL, TNV V-1
nHADE, Wl LERET -k — P MERREEICHOMRE D - TE Y, BETHLIE
&, FREELDEIOAR T — R — FTh BT L, HFERNFITHT 2MEEIMRT LT 5,
FLMETIEIT N =D T =T, EMRCHRTA M T —Ths 2 LpEFmEEE
DTV, TS LT, HEERE V) AWERICED 2 ERITMEEICBE L T
Moz WIZETIWV V-2 TIERYI—%, FLETIVVI3 TR I —2HFALIZEZ A,
EBERTH DI LMWL CABELREL G2 T Ao/, ERIZOVwTWwE S
CREEEABICHAIE TV, TRICH LT, EFVVATREEZHATLES
NHBKREZIEORRE DL, HFIIBITLEEELND L I EHFIH T LHMEEIKE L

F10a. ALFHHLEOBER « Fm I & 2 EEIESAT EEILIR R R 50

£7 V-1 €7 NVV-2 E®7)WVV3 EFTNV4 ETIWVVS5  ETIVV-6

By — —0.061%* —0.082%%  —0.090***  —(.096%**  —(,182%* —0.185%*
Ly I — —0.058%* —0.080%**  —0.050%* —0.043* —0.042% -0.050
RANHEF 0.038 0.033 0.032 0.022 0.020 0.020
B3 — 0.120%%* 0.110%x 0.107%%* 0.071%* 0.073** 0.073%*
RIARTI— 0.120%%* 0.130%%* 0.100%** 0.091 %% 0.092%+% 0.093%%*
EH I — 0.026 -0.020 -0.018 -0.018
B s I — 0.059%* -0.025 -0.029 -0.029
Fom 0.312%%* 0.281 7% 0.280%*
X TS I — 0.101 0.097
HEEXBEYI—xa—Fk—1+53— 0.012
A R 0.0287%# 0.031 %% 0.1227%% 0.117%%% 0.117%%%* 0.117%%%

FE) ] WM A CARBEREHE D ZE L 2475, E“%l’l_l HBHEEOIEMMEEROREEA ML A (A
FLA Y, BRBERE, W) omb &) B AMEROME MG Lz, ZoM%E, KUt
EEDAPMLA VERETEEL121E, O #HkL SV TIRAE 2 NEERREOZ A, HC B 5HE
HERANOF v ) 7EMZERLEE - REjOFEHR, @ BGHL NV CEEERICL L0 - ¥ v
DRk %ﬁ%ﬁtt]\%ﬁﬁﬁ{? SHSSA MU A YRR S, BRGEE E 0 B TR ATRIE S
Nizo 72720, ZTOMAEIZEELINDICE 52 WY > 7L (N=226) (X525 CTHDHDT,
M O—ALT 5 ziFEj EAH D (FfE, 2006: 91-92),
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BhIENbDPD, Tz, HIZET V-3, BBMOESEE TR LR, HM
WTHDILOMPEIKAE LTHETEH LS00, KIFISHKLETWE, 2O En5,
INLORFIIAFEOREEZHNE LB DOTHLES2 D, 2F ), HRKIZOVWTWE
2&, BB THLIIL, LFEOBRENE L, ZTOME, HFHEEIE Lo Tt
HEHMTED, TNITKHLT, ETNV-5TREEELBESY I —OXRAENERHELY WLz,
KHAEMIAEE LR > Tk, SOZERE, WHICHRBUTH 513 EBEEIFEN

BT 2R E BT A SN h o Foe iR, TNV V-5 TIEEEE - R
Ea—F— NORENEHEE ANTZD, AELE>TV0ARV, 2O EDOEREROBREED
S EEZT X T RREOWAEIIE, T—F— PMIEEVIIASNE D57,

R LT, ARSI X 2 OFHE - A S 7 B NAEREN A S L B 2 e 5 /%
¥ — IIMEENRA SN (FE10b)o TFEFIVV-TICE DL, BB A Z0 2 2
KREGEELEDL->TWD, KIS, TEFNVVSICHZE LS &, NIHE L BIESY I —0%
HAEREFAEERIEOMEERLTWL I ERG0h. ZIhHIE, WHICHTHEEZEN
I L > C, MEHBEEZHESETWL I EATRIEBI NS, 7272, oMz
ETNVVIIZBVTI—h— MM ROKLEEHEIEE TR W L0505 &
)12, BUERBSYSEEDIE DBRICAR Lz 3 —h— MOX 2 2REALNE D572,
0, FAHERARITZE10c DETIVV-10 1R L2 L 1S, RIS L THERE
BERIZL TRV, EI2AD, ET N V-11 THERAAR L BWS I — O ENEHTEE W
Noe, SAPEEREOMEEL L, BEEFEHEELARI L > THEMEEL HO TV
5T EWbrb. 72720, SEONIIEINE [k, E7IV V-12 THEA L 72 RO HAE R

F10b. LSRR EOBER NN X 2 BT (BRAEL R R AR50

ETIVV-7 ETIVV-8 E7I)V V-9
BUY I — —0.116%%* —0.371%%* —0.376%%*
By I — -0.020 -0.022 -0.032
RNEE T 0.038 0.036 0.035
Hf 53— 0.020 0.029 0.030
ATA MY I— 0.118%#* 0.121 %% 0.122%%%
EHE I — -0.026 -0.020 -0.020
[l TANE 0.002 —0.004 —0.004
AL S 0.411%%% 0.341 %% 0.339%%*
PRI < B35 X — 0.282+* 0.279%*
PG X BPES I —x T —FK—h 53— 0.016
A R 0.183%#* 0.187%#% 0.187%%%*

1) R p<0.001 *F: p<0.01 *: p<0.05
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#10c. ALFELEEOBIER « FAERALIC X 2 ERGESHT  (BHELRERRAR )

£V V-10 E5)V V-11 EF)VV-12
P I — —0.099%* —0.207%* —0.204%*
W I — —0.081% -0.081% —0.089%
RNEBE R -0.011 -0.016 -0.016
B3 — 0.111%* 0.119%* 0.119%*
RIA T I— 0.122%* 0.127%* 0.128%*
el 53 — 0.041 0.048 0.048
EH I — 0.063 0.060 0.061
Stk FL A A 0.040 -0.060 -0.057
AHER AR X BYES I — 0.176* 0.161
AMRALRXPYEY I —xa—FK— pF3I— 0.017
A R 0.0317% 0.03477* 0.0347%*

) FEE D p<0.001 *F: p<0.01 *: p<0.05

BEETIE o728 ns, AERALAPHFREIZRITTHEOWAEITIE, a—F—
MCEAFELRERIIANVET I LIITE LD o7,

BEMEX ML INDHE

WA, WEEA L AOFEIT 5 HEE & NI OEEIZOWTATEBI ), &Y<
AR o#FEEOIEHIL, 5t 2 5 (Karasek, 1979 : Karasek and Theorell, 1990) @ [ £l
HoERE -av to— - 2F VP otFEoar bo— vk —if, BEhoTwb I NS
BmEORKESIA MLV AEZBMESEL LB TFREE D,

ZIT, BEMA MLV AOFEXEBERE LZZHO Y AT 4 v 7 ARET- 720 %
OFFERIFIENa IR L7z TTETNVILALAT, BUETHL I LITAERICEEEA b
VAZRSESEDLHAENTNE I EDb0d, BHEOMEEA ML ADOE S, 2005
O SSM AR T — 5 OFMAERTHHRIN TV L, TS L2 &, BHECERRE
D%, EHBERTH 2 LHMEMIREL 252 8T, HFIZBIT 5 L H oA
(Siegrist, 1996) ZIK S, A MLV AZFESELEN) AN ZALDGHh>Tnb (Frill

13

[BERE -2 > ha—)b - £ ] (Karasek, 1979 : Karasek and Theorell, 1990) 2 & 2 &, & -
EBMEMDOA P LAPRELRT VDI, HAFOKRITHE L, ERPEHETH L2 hhb 5T
ERERCHCEEOSEHOL 2w [HA ML 0] HFHTHDH, EvH, Zhida—>5 (Kohn
and Slomcynski, 1990) OHAATE 21X, [HCESE] 3o b b5 AR EFOSMAIC
M720, FEE COETNVEHCHE,LLIE, AREROERIEL, v bu—- LeEEEOE W
ST, A ML ADEFAET LI EIEHARICB T HHEESIIZE (8, 2006) 7217 T% <, 2005
£ SSM A (Frilll, 2008) THMER SN TE 2o SHICHEBEICB D 2HERORAE, S 1L,
WCESREDS LTIy ba—VvOEMPKERMEFEOLLETTIE, A ML AUEFRE LTOH
FE—HE ¥ (Antonovsky, 1987=2001) A% &b 2 & RSNz (i, 2012) 6
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Flla. BWEVA NV AOBERN: HEFICL D ZHO Y 27 1 v 7 [WIFESH (REYEREE Exp (B))

EFNV VI-1 EFN VI-2 E7) VI-3
B Exp(B) B Exp(B) B Exp(B)

By 3 — 1.349%* 3.855  0.940%%* 2.561 0.921 %% 2512
B e N N AN 0.614%% 1.848 0.606+* 1.833 0.558+* 1.746
HEFH 0.059 1.061 0.035 1.036 0.053 1.055
53— 0.9667%%* 2628  0.799%* 2.224 0.761%* 2.141
RIA MY I— 0.457* 1579  0.346 1.413 0.327 1.387
EHs I — 0.450* 1.568 0.569%* 1.767
ey 3 — 0.360 1.434 0.563* 1.757
FmFE —0.206%** 0.813
L —1.255% 0.285 —1.018 0.361 —0.214 0.807
-2 SO 1028.789 866.519 866.519

Cox & Snell R? 0.120 0.113 0.126
Nagelkerke R* 0.168 0.159 0.179

FE) e p<0.001 FF: p<0.01 *: p<0.05

F1la. WEVR L 2AOBUER: HEEICL 2 THO Y 25 1 v 7 BURSH (REREE L
Exp (B)) &

EF) V-4 EF) V-5
B Exp (B) B Exp (B)

By I — 0.052 1.053 0.040 1.041
BEEEI KRNI — 0.569%* 1.766 0.529% 1.697
HEE 0.049 1.050 0.049 1.050
53— 0.784% 2.189 0.787%* 2.198
UL RYI— 0.339 1.404 0.343 1.409
ERHY - 0.617%* 1.853 0.616%* 1.851
el s 3 — 0.492% 1.636 0.495% 1.641
Fm g —0.269%** 0.764 —0.269%%* 0.764
X By I — 0.160 1.173 0.155 1.168
KEEX B I —xBHEFEI—FK -1 53— 0.019 1.019
TE 0.133 1.143 0.150 1.162
-2 X RO 839.418 839.321

Cox & Snell R? 0.129 0.129

Nagelkerke R* 0.183 0.183

FE) e p<0.001 FF: p<0.01 *: p<0.05

2011b)o F72, I—F—FORELEETH Y, WEFLURO T —FK— MG EEDE
DIA—F—MIBVWTAPLADWEL Lo TWbh, )i, BETIE, 7V—hTF—I2ILRT
B - RIA M TF—THAZ LD AP L AR EEICIE S LEBDBASNS, RICE
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TVVI2 CIERY I - BEWy I -2 ANs L, ERYI-DHBEREOELRL, E
WREATHAHZ LIZIEERICHNRT, APV AZHRSETW 2, 2L > THEEORE
BEETEH2 500, ZOMRIKBEIRITLIEh0, LICHEMLAL ) ICHEEY
ERERADPL S ZIUT L > TREEA ML AWK T LM AN = A LDPFHMERTE L, &
BIZET W VI3 CTHEEEZVNL E, INPEAORRE L L, tHFHOFEEZILTIE D Bk
EMA ML A% R TEIEZRLZZ. LAL, EF)V V4 TIRERBE LW By I—),
ETFNV VIS TEEERE - ML 3 —F— bOKEEMEE VD, Wb HELME
ERL TRV, ZOZ LD, BEEDPA ML AZERSELRICIBEEL RN L,
SHICEEEPENEHE T OVTA ML AZEIR S E LR RITIE T —F— NI L BEWH R
bNeho7lz,

Do iiiski Re, WRRIC B 2 e & 3 - TRESEGEIEA i I I 1Y U5 <0 i
17 BRI A R AT TS, BWEERIHROTI— A — ML o TED LI IR L L 0%
FMZEEDTBI ) TTHHPNERO 1D TH 2 FKEH 12 LT, WEEMET o I —
A= MHA PBEO AR T — R — P TIR o Tz, T, WEEDEOF DT — K —
P TR TV EPD LWz, BHEEPRGoT0nLZLIlEbbDLEELS
N7z, FRBBREEBRBEENED» o720, TOMRO—HIZBHEIIEEHEHTH 72D
BRIZOWTWE Z L ICHENINL LD TH o7 £ LT, MGOREFRIHEEICHE
TRNRE Do T,

PERI - a—dh— ML 2#REREARDL L, EBRAICOWTE, BHEEUREICARKL 2 —
A= MIBWT, ZHICHARBEHICBWTERERTH S 2 LR EEZE O LR <
o TWhEFRA. ZHUIH LT, HBICE L TE, BHEELDEDO AR —F— DT
Belk & DS oW THREEZ SO AEMIE, FEICKTFTLTWwWSLEEZOND, /2L
PP EEE IR THEIIOWTE, NS X 2B ehotz, 2F Y, BHIKNA
ZHARTIMRRE VS [HRELTOYyF— ] Ik o THRMER L LToREES
AREICEHO TS LWV RIIBETE L b o7,

FERIC, N OEAE DL, WEOZWEGICWAI1ZE, B3 & AR = 1455
EVIHEANIA L N oz, ToHEELFRIC, BETH LI LA E 5O T
728, ZOREO—FITE CICBMICBILEREHOZ SI2L 53D THo72, SHIZ,
BEEDRTO 3 — & — MR, HEEDEO T —F— 3L, BUETH 513 LD IERER
ThbH I EDNNIHIMZ S50 T2 TS LT, BSEDEO AT —F— FOFH
BUOTT DA DT % T & SN 2 ) F S & 2 5355 < %% o T/,

iR, FERARCEL TR, BUETHL L, HBEHEHDPEVI L, AERIEDE
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BrhaTwic, $MELAERMREAL, HMB - AU M T -3 7V —H T -1
ARG LA E L o Tz, ZLT, TRETERMEL, BUTH 51T EFHELAA
AEODIL, BEIZBWTEREHAEREBEICOVWTWEENLEN LIZI 2D THo 72,
LaL, F#ERARTH, BBNOLERIGERENIIEAELAAZKT &5 L0 TIE
otz 7z, WHRBZOWTNOLEHE SKEMRAPEREII RS ol DD, #
HERGAARICE LTI, TBRELTOY 2 v —] BFEHED R, M & OLRENE

ERMEE LV EIIR D,

L7eh o€, Wiia (WIS SBM OGRS % 50 230 RE, Fome, NI
EFAERARD T IUIDONWTERLN L0722 8%k, TED, HH~OFAIZD
W, BBEOTUIRIEELRAOHEEL L > Tz, WSO EREL W) [HRE L
TOYxr—] (KR, 2003) (&, FHEELHIHRI, FERLAAR L V) BT I
LT ofeh, EBROBEBAOFEIIHEELZAORRE S o Tz, FEBICEIKICA
HT DL LT HIGICBI 2 RUNERDL SBWIT L o TweDThH L, 727210
COUPEIEIBEMOF I KT T B R LEETALONT, KIEOLZ I IV 5 2 L1,
RN 7, ERADOFEZ DT T D, 512, ARI—F— ML EERLIR
B L720s, BLREARSHELDRICAR Lz —F— MIBWTd, #nUROARKRT —
F— b LR, ZHEDOZ VSIS 2 EAMEIIAFNE Tz B IZ BT 5 KR
FE, ABEEHLEINC 2D 53, HRERICBWTIERE L 2o TWEEFER L. 2
g, TR oZAL] (FRE,2010) OEETHL L LEZONL, WOty 1z, W
WA 2 5 2 L2 X o CEOWL DAY L MES T E G2 N, AERAAZEKT
SE72), EEOEBER T NEEIC S LB R ERT 50 B (2003) 1%, 1995 4F SSM
BT — % &b L1240 FRIEES 3 2 Bt (272 LIS oL Tidz < 95
FRERCOREDO LR IL) OB I LIz, TORE, BB L OB LAADOGHIT,
WENRD LU EROBEOIREICOWTWD 2 L THEICRBIES ORI 25 2 & 21
ST LTze GOSN TEBOMY O LML IV THN L7z 25, B oL b,
FAE RGA R 7 & EBINEEMICIEBE L 2 h o 7278, EBRORBAEOW T LY, LrdZ
FICIIMEAE D AT L2 2B AN o722 LIl 5,

RRIIRA IR SN EIRE LT, AFEE ERSEEA ML AR L, Lifop
ISR OMEZ R Lo TORKE, AFICBIARBENSV L, HFELLELNS
WIS K 2 W2 E1E, Wb HEFEMEE L HO Tz, T LT, FAHERAHRD
DI LIFENENDIRELZRBOLMEE b o TV a7z, RICINS OERDMEH
R TRROMEE AL L, NI L FE AR L CTHESALNR, Bk

pud

I
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EHFHO NI & AAE AR EE 2 DO T, L L, HHHOBEED? S
Eail & HaashRiciE, Hiea—h— ML 2ERIALN P72,

WA, WEMA ML ZAICELTIE, TRICD oL HETLEEZ ONFEEELZ LD
b, TORBOMFEBE L72L A, BRENA ML A BRI S 2RI ED 2
WZE, EHICHEEMEN LSOOV TA N L AZEBES LRI T—F—MILD
HWHASLNT, BREARSEELDECARL 722 —h— T, HREESA L A%
BT BRI EEANET LI TELR o7, DEOZ L6 HRT, BrEHKSY
FLOMATRIRIC A L7z 3 — R — P2 AT, BEESLREMAIZE, &35tk oBEMIC
DY = VICRE LGB D o7\ ) T LIETE RV,

5. BAERAKINEEDES

BLERBSIEEOMESR

OB LRSS, EORATR 2 O MR STRR ST E 72, BE (2000: 72)
(2 XU, 1985 TR (FEAT1X 1986 42) L7z, ZoH&EIILHOLLT, [EHE
W BT 2 AR D 71 7 ) — 1R 5 5 & RIS BRI AN b B B4
HATATh 5 EPREICAEDS T T d L IIRmTE R VWAR] Lo Th ), MhostEFHEE
WCHARTHZFELLCIE I DOFND D E Lo TnDE WS, & B #EETHE SN TV
PRI ER ER M & [ 2EHE] (R 747 - 7273 ay) PHEAINT
BoY, REMAOBEMOBAGNEERE GEE - R - BE - 78 &, SHEEL
bewERE#E BF - I - EEEAO—8, w4 - BE - BE) 1Lk EEoTwi, &
AU LT, 1999 FICHET SN B LRSS EETIE, B¥0ENh#EHEThH-725%
BH - Bl - FHEICBIT 52 A2 EIEHEICT 5 % EoRi#EIXA SN2, ERICBITAYE
SR FEBRT DM, FREEHZKECE TRATHRRVE VWS, ZOEKTIE, H
KOBLRMARSHEFLRL, FLEEME Ao TR VWEFZ 57259,

EBS, EAGEE A 1992 4E, 95 4F, 98 AEFEITAT o 7o [ kIR A B AT A )M o 22
DM E L2IRA (2006: 49-53) 12 X AU, (9% 1° OMRATHIETIE 1992 42 5 95 4F

Y oBA I Y 30 4L EO RS 7,000 fEEHIH L TIFbRATB Y, AN RIZE
ANTRBELBEETHL, ZOFETRBAZHBE LT, 4 (2006: 49) (& © Mo JEHEEIC
DWVWTHIERICTIRONTWE, @ ZEE - A, SEE - BEml - ZFIEc o wCH—5HE T
FERVIILE S TE S, O BEHINOFEBEBBMAMM L ICIBRL CnEZ L, 2HIF T2,

B TR A BRG] T, EERICHILC, EE BRIV TIR T ODHK S T kI,
BEICELCIZ7o08M I, MiEERIL4->0fEE, HFIFHITIFEHICOWT, Blhoys
FEAEIR L CTWwWh, 22T, iUA (2006: 75) 1X, TN SDIBEL § LICKIX4 T kIR & &
fiiL, BT ICUFHER S TEBEEE R L T2, 2 LT ZOFEHEOE % B L% EoRK
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2T TN TH o 7285, 98 4EITIHET L, 90 MR LICHSEEIZEERIET LW
Bo RN HAD L, 95405 9B AEFEIZHEEEN LA o 72Dd [554] oA T, [HH]
TIX 90 EHE D) UTHHEEMET L, [HEIM] & [RERE] 13 95 FE 25 98 F 12
FTETFLTCWS, 72720, 29 LEBEIIAEOREICE>TORLRY, HEEILEDFE
JETHREETEL -2, 95FEHN D 98 22 1F Tid 1,000 KGO B A3 CTIHET

L, & <I299 ARG/ O B TAREENTE D, BEEBIZ L 2REIIERL T,
FEERITIE, WIN D LHILENE L, WHEORRDNMST LEE L4 - RIRSE, #15E -
NS, RELNE, - E R, REEFE L Vo B LREETIIEEFEENB L ARNTE k-
Tz, THIUSKT LT, 636, BA - FA - BtG - KESE - BRCECTIE—E L TSN
Bhosze Ld, 95END BEIINITT, —HOEELTDLE, FLALDERTIRT
DA BTz, 90 AEMIRNL, N TIVERFE DI X o Tk LWEEEIRILIZ & o 72 /s
LIS, AR DT T AT E O REIITEH OREKT L72RTh o 720 L72h o
T, [BRGELZEREROEAL, BEOHEEERIIZZO5NZE V) LRI, EHKSE
BHOREEZITR T, RAEIGE =] (UA, 2006: 52) E\W2 57259 EEH
BIEDOS &, INTVHNIEAT. - fiAT S N7 B REASREEEIL, ZoRT, N7 IVEE
DB, REEAD LR BERELR SNTEHRTH 2L TR 5000 Lz,
FEEE, NTIVHREER O 1990 AR ED S, IBFABOREE - AP EE - FAEIIBT
HELENIL LAY 2 & & b1, REFEHROISEA SNz a — AR ANSEHIESFEER
WCEMEBRZRRINICES LT HHIES LT [EH] Shzr—2d#iEsntnwsd (A
>k, 1995)

75, B AEAEELIIEHERE TOMISTH o 72205, EEORMEZE O571TH)
AARDE, RENOFEREHAL L TOEEENEE OV EVIHELH L, ZOFHRIZIE
FEMS BRI - BITOFAER E, BB OEE 2T 2 RFENOHELETVH L LS
Twa (KR, 1993: ¥, 1993)° 22T, if (2006: 56-61) &, Rizko> Ltk

EFRIEL LTWwWh,

B (1993 117-128) 1T L AUE, BRI A A CAE AR TIZ UM T, RIS S I,
W A 2 & 2T AMERIDH D DIR LT, WERFAERIESHEY L, BE&KENHVAEE (&
IO L WEFh - fRESE, HITED - hFEER L) (3L, KERREED L BT ES
LTWwa L), FAINEORMETIE, HERFAICOERFBIREL TSI LT, BELHEOR
HAABHELHBRTLEE2—FILLTWDE V), ZOERIE, WM X0 wliBIn CHA 2
HFICRIE SN TWD D 212, BEPME THIEW ISR SN TWA5E, 7EEOEERIZ )
U % CEFEL - EHICL o THEEN EFT B L, & IR EIZBWTERENE L BEEOTREEAK
EL B0, R¥EICE > TEMOFEFEBRBHIE LT A2 RBBENGHEESH L LV, DFD
PBYN AL OB BERDTFHE L, HFEIFSEE I SN v e I e £ b
b, ENEHONFEH - BEHESLEOTEHEZ I Twivd,

F7- B (1993 : 42-45) 1%, 1966 EDEkE A v MEME GEWEHIICHE SN EKE A v
NOLCHABDS, [ALMRE | & L TR ZFRZ 72T, [kt X v b ORSEBRGI R LEE L

48



B 5 foig 2

HHEARHE] &, RCEATEHEO [EaEEEAmnstaigl 200 L <, 1992 45
5984 FETOIREMT, WO TPHEHEROBERZHH L Tnd, TNIZLDE, &
BRI TNOEELFELREOMELT L, BIGICKEILVIIE, KOG ES D
WRT B LD bholze BRRTHMNLIZBSGICB T ML, BHEOKEE LR &
WG REE L 2 2P, OB FE e I TR b b o TWna 2 &k b, )i
REHZRIAORREE O, THERELUEDPEFRILOLETEVFREIZEL <, B
FHPEL AR DBEZL SN D THUI LT, FE#LE OF EEL 0 — R 5 F & B B
OB, BFEEECAEGBAREIRLTELT, ZoHTE [REWR] OEA2Y, LHED
W e 2R LA A DN Rdpo Tz WIZIZ, BICALFEEDZETH LD, 924F
& 95 ETIT VTN OIYERE DIRE b Bt LU IR L 2> o 7225, 98 4RIZIZ54E, ALE,
HEIHEREEETER LR EZRL TV, 2D, BECIEF v ) TREKOESY
BLHFIRMT LD, THEOEBFLBOTCNDLEARLIENTESL, LA T, [H
LORMESIGFIZLD, ZHISH L THEMERENT L R Fy ) TREEIT) 2 &
X bo TN, KHOBERIZE b2 ) BREBEH 2 &, WEOEENH Kz XHl§ 558
BZMALAEICL, 2F VEENORIRSZ L %), BLEARSEET 5128
HHEVHEEREEL LTI ENEFETE L] (A, 2006: 61) &),

EFEICA TS, HAORWGZEIIRASM FRIEH 2R b L LT, 29 LzEg=s
DOIRZTINZ T, ORI H, kO ERSIC BT 5 ATE L 2 X 557
MO, #97 L REE O CHAIMWITIEORRE 2 E0dIT 5N TE 72 (FHE, 2010). 57
BSOS LT, 2L 2ZIZTFHBRMOLETY, BUFHML MR Wi 2 kiR L <
PRI AET ZRSICEFIN T LD, KHTIEZ) o T I EDTREEDFERIZD
BBV R, BEDBENAEL D E V) BT, FEOMELY )T Z LA TE R,
FIEHE (20100 122) 1&, 13D 2006 40> [ LV A E ARG A ] (REI7@HE, 2007) 525,
FREAR LI LL EOE I 5 © 5 I EEI G 6.6% T, MEMMALIZ2 5 L 2.0% &, WAL
PEL DI EREEEPRTTLILD, W= I AT—DLELIEAT, HRTHKH
DEESHENPRKREVIEETH S LR L Tw5, 72, HARTIIFEDHIAME - a2 ifEE
ThH72012, FIEOIEHR 7 Vv— 7L L TREMERR/S— b A~ — DIAEDSHifR G &
moTwhEDERMbH L (HIF, 1992),

ZIT, BUEABSYELRILUOAE A LREL S 2 2hRNL 01, A

WS viz) ¥R BES L, BEFHENEBN SO A D &, Bk e R % I CRE L, ki
DR Es % 0 3k 2 55 200y SE RN BB A & AR 9 2 & IR LS, SENECH I X o THiig & &
L 72 BRIS T 0SSR Mk C & 2 R B S A Z L TREGRTINZE I & 72 < S IR Y, AR 2 U]
RIS SV el L T b,

49



RALFBEREHEA e 5 164 75

(2006 : 66-71) 1%, [WHEAEHERTE] 77— % L1, WHEHBILELEELH
ELTh—Ey MplTEATo 720 ZOKER, F7EFIZBT DRI, KH7E#HICB TS
REWEIZ, BFEIZhDH 0 T RMERRELZARICEO Tz, T LT, a— A5l
JEREBHED D A Z L%, 19924, BFEICFABLIRET L > T ih 57225, 98 42
TRRERL ETEORRE b o Tz, [—#] [#EM] &vo7za— ARITE & EE
&, WHEOFAEIZ O ->TELT, G LAZNZHR T2 HEIAMEH LT, ZOHE
124, ®A (2006: 69) 12 XiUE, BMEBMEKMEOHMBREOH S VH L L), TNIZHT
LI E LCTIE, 1 23R ARSI EIRRADOAENL — Mo TWZIZEEDLLT, &
B Loz, GIEEAMECIUEEMI LR Ro/zb WIEZTEH DL, )
123 T — ABIEHERRENERI PO [HREW] L8 [—#ik] Lv) N
AR A, AERE L CEIBMAOFAMIIR O N LI O AR NI DA T, LEOEH
AL TRIRE D o2 L WHFNTH L (B, 2006: 59), flify, HFEEIIBB
CREHKICBIT 2 LR O TV, [BE] IJEAEBERBRE S > TRy, Z
L, BLROELRTRAD, 2o TREOADWMSE DAL LI, EEMAEND
FLEZR 2 o 22 etk dvRig ST s (I, 2006 : 69) 0

kD Z L1k, THFTBENS L, KEFBH~OEREDE , RN 2B B LT
[F]— OREREEAG DA SN TV B IETOHENE LA =/ —OFEAINFEA, 5 b e S
NTWho RA (2003) & [F7@EREZNEEOTTOY = v & =] ORA, 2003 : 20-
30) 225 @Mk E VD T YT 7 A MIB ) TERMIZHE L OMBATHEELHO 2L &5
E L7z TORR, FTHEERA—/S—< =7 v b &V /NEEOMBRNIZIE, Yy
¥ — LRI T OO W RN S A S, MERN OGS [ BERY ), [2H
Bl oL IhanTwnic, 2ofR, EAOREALDS 29 LN TG B
TR I Tz, £ LT, THEmRE] BIGEROBELE L, AEV—- a3
DIZH LT, [l EHEORWEFHE L, S FHVELN RIS & Ak Sh
TWize T/, WHEKEEPEVIRE TH L2000 b o, BEoht AHM#ETRER [HEY
AWM EARLT [BHRLER] PRE RS Tz, 20720, P EMEHLL >
DL FTAORGFNZE VIRONZY), HEVERTEHO TV FEE L THHERERO 41O
D WIS CELE SNBSS o 72 TORER, THHBIIPMAE L7217 TR, 748
o OLMEREBIER & OMICHAMMNBREZIZ 5 2 kol TO—FT, [KWIE
FEOCN ] Lo 2B AL RSN, ZO/RE, KHELBEO~YA—I 2 FOEM
BRI T HSHOMBANICD SN, [V v & —Fp ] BEAE SN [TERGERE]
(JLJE, 2001) OHF LA LNV (KA, 2003: 195-202) 0

50



B 5 foig 2

B B TS ECR IS 1 T

BEEOGHAE RS LNk o 72 & 912, 1986 F OB LA EHSEEOMHITIC D
Wb LT, FOFRKRICAR LT —F— MTl, F RS EL I B IR OB O X
HZALNIKREREWVIIASN o720 TOFEDHITENTHL 2L, Wbhwh /N7
FEEPHEL, BIMLT 2RO %0 THBAEG@TEP o L7272 T, A
b7 2 COMEITWEAAE T B H N SHI27a— OV Ed 54— U A/, KA b
T A =T A XALWERET b b L il EEEANOIIRR Y, oM, HARBHEIISFESE
RPEEICE L C &7z, BRBEARKYSELRES BB OEE&KACEHRE G2 1L LY
ETDPLAREG R S v (I, 2010: 117-124), 20— TH Lk 20 2,
FENARIIEEOEMLD G, HAREBEEZRENPLOOH b, 29 Lz TrMSE%
EOLHERAL T2, BROBARMEOH ) Hx ) 9 2Tk 1 DOREA DN E
FHOTWDLEWVWZ D259, F¥EHH (2010: 128-129) A Y = — T Y OFEHI % H L I2F
R 2 X912, BUFFIC X 2 REMRI 2 f@HEBOR C R BE & 57812 B 2 B LBUk 72
L, REHMELBERKEFOFEHE — 10Xk o T, KEkOF@HHISME MAESRE
FFIZ BT C E3AWRETIE 2V, $72 [BURETF] £7Vv0d LTI, FFEHI ED
HAEGETY T, FEBEH OB - L L, ZNDE ST FALISIHEE »
J5 2825, 2T LT, HIEHE (2010: 149-152) &, BUESRELZHRET A
CWIMAT, AEBEDPEMT LI LICE T, KEOBLA vy T4 752 DT HHIE
AT A REL TV, TLMATHERLE - M#ELBEOREOLEED FIRL T b, &
LT, BRBEARESIESFEORED, KUORAWEZ BRI T LI ETHo7205, £
MWE B ADORRER @ TH > TI %R ST, W2 »b ) T2 FT7NF Y A%T]
BEIZT 2 [BEWETOME] Z2HIERH L NV TEBS ZEZEMEZRFAL T2,

U< HE (2010) b £72, MBFEOVEL NS, AV =T r&2EILOLETLAN TS
T RO [AKFHHIRS | S0 FEL e T T0 L L FikT 5, 7o rut sy Y ROk
AL | AAERE IR RE L ECTBERH 2 T5DI8 LT, AN v I FETRO [K
SRR | 3B IR I 0D AR — E XA REBY — C AR AN E LT, AT
BOLFEIIBRE CREEL T CHERSOHETH S (WEF, 2010: 115-118), 2D [KF
FOFFRC S ) 1%, T3ERED S MRS D 5 VI — EAREANOBIT & W ) BUR O EEERE

Vool 20E, BURIE (2010 149-150) 12k B &,k T X FHRIC BT A L0 2
$ AU, IR E R WS L L C oS RBEER ORI L Ko vk v T4 7
DI FICIZEETIED 5, TTIESMEORTBEEL N L 2R, AVE &2tk dr & hid
IS 2R S 2 DT, FFIIEEHEEOBEAND > &L bELESNIBEREE 25 L0,

51



RALFBEREHEA e 5 164 75

DEFZL G L TWDEV), LWIDL, RFEDOH — AL L > THEORAA WV F
FCURICHAT 2725, ChFTEE L TOUEDPRENTHS TE 720 AEY — E A0
HbshCwiud, WO IEREM B2 IEST 2 Z LRI A 206 Th b, £2T,
FEE VI FIRCTHLNTEL [FhbEV] ZBUAY AT AR 2 & OBEEM)
KT 5o EBE KFEHWHEFICLE->TTI =227 ) Y ZOHBAIEAY 2 —F 2 TlE, 2000
FAUZA - TY 2B CTHRIFHROATPEES, HHHERRTALEELET LA2ZTT
%%, REEBERS HEBMEVREICH D L) (FEF, 2010: 131-134),

FAE, FrEMFERBOEO D & NS HBUF] 12X 2RFBEOFEIAEZ S, BUlFE
D HNTE7, LAL, #E (2010: 68-70) 12 LiUE, HAIZBWTIE [/NE 7 B
A RIS 2L, [RE ] & [N hm@E] — LI eBmELH
L LEERERER2 D), BEZIALTEL, La3hb, 29 Lzy@ilso %
bxRIEL, W5 5B % 1970 IS E & 2 o CHERigE & ¢, #iEF (2010 : 159-172)
E3 200 [FAHEL] LWIHIREEZ DTS, 1 23EEORAELLTHY, A—WETHNIIRE
MR DY 2, AM—E&2 S22 LT, ERAEE - 510X 2 E8KEE M+
HZEThbo 20HIIML CREMBREBIZMGRS CHAXRELFBILT 2L Tho, R
MEEEHZ TNCHRELEAMICL, ¥ S TIDN L EERED S — B CTH AR
FHZBET L2 LI2L o T, HEREZEHELS 2 2 LIIATRETIZ RV e 3201357
MHSMOFEMELTH Y, BAMIIZE LY — EASLHBRERIEY —C AR &2 A9 — 1
ATHEET LI LT, BT RENOEE S 75820 5L CHEISME FHI2T5 2
EThrbo TNOLDIEKRESEIL, E5I12U LY MEREERE L Vo A ROEE 7
027 J AOYFe7% & [T EiimEsk ] L0222 812X oC, RHAOHIMEDE
REN, IHROEHEDSH 7 RERY — CAMEELR EOHREFENOEROLF % TREICT
DEMBEMEINDLE V), 2 L B o0ft (V-2 727)] OoFEHZZ, N
TOVARELIRE, FEIEM @S ISPV A T NS E R LR RS 2B E 2D, FoE
WEEIC, #0 A FN7ZBHIEBTBE & RIERT@IC L 27 —2 54 737 Y Z0E(L (v
W, 2010) HMMTH2HKELRDEILETEA),

(fF32]
AR B 725 TIE, 2005 4 SSM AMAERTIER A5 7 — & OIMEE Z 1T 720 F 22 ARTISEIE T

23~25 FERITE (FEERTE (B)) [#fk H AL S OIMGEARIZ B 2 FHE B LA &oemiige ) (R
o AR R A 2B 12X AIRBRO—HTH 5,

52



B 5 foig 2

SEVH

BT, 1998a, [MEHONWIIMO Y = > ¥ =7 L ZOfE : HAROSGIC BT 5542 [H
RIS FAEE] 9 127-149.

G, 1998b, [ AT OARTE . HAROREZ B 2 W5 sk o g o fgaE & %] 1L
e wlEp»i [7 477 VMt BIRAARD/S7 ) v 7 - 701y 7 4] it
t : 333-250.

Antonovsky, Aaron, 1987, Unraveling the Mystery of Health. Jossey-Bass. (=2001, L= b7 - &
HETR MEROMEH ] BlEESCH).

BIH T (A TR EIGIIE L, 2009, [bh/zZO4F] AilEE.

B OF - MEEZ - TIA - B IEE, 2006, [#Hi7: 2 57@ECESABS LWAEE T4z 5]
[MEF] 753 : 192-206.

LEAFET, 2001, [V >y ¥y —fF] YHEE.

REEFIT, 2000, [ZVEGPE) LA EOR ] KRESET - RENTHR [BUCHAROTBECK L ¥ =
Y= AN b ORER] I AV 7 EE : 52-85.

WA, 2003, [&FFF NEHFETE [HETmE Y 25— BAZEHICBIT 28 LRATF
DOFFETEET Tl THARZ @ SFS4EHR] 140 199-207.

AR, 2010, [RikLEZOWAET . —ROERARDY 7Y 7 1] Foth

FHRE—, 2003, [#5F MEHFEFE [BNhLE Y « v 5 — BRZWICE T 2B LRATF
OIS )] M5 3Fm] 54(4) : 458-460.

MEFEZ, 2010, [[52 561 OFEEY] Bk,

Karasek, Robert, 1979, Job Demands, Job Decision Latitude, and Mental Strain : Implications for Job
Redesign. Administrative Science Quarterly. Vol. 24, No. 2 : 285-308.

Karasek, Robert and Tores Theorell, 1990, Healthy Work : Stress, Productivity, and the Reconstruction
of Working Life. New York : Basic Books.

Fri—53,2009, [#AETEEOT 4 A ML A SrEIRER - W - %0 AT ] R
[P & A Ef% 2 (2005 4F SSM #i2E s ) — X 10)] 43-58.

Frifi—5, 2008, [HEHEOREMEMEEA ML A B TR & EEEZE (2005 4 SSM R
A2 —X10)] 2005 4 SSM A 784« 79-92.

Frii—55, 2010, [FEEHEOL2OHE: 9 1 OO AT = %] /INE - TRk - 5EY
EEEZEH [HEOBIE 7M@) AARMEL S —: 53-84.

FE—Y%, 2011a, [T#EAE] ZE AT 0D HARBSZESORE E17 ] BILFER -
Frf—55 - AR - SRR THAROHERE L 202 7 = X 4] AR @ 61-84.

Frii—5, 2011b, [HEFEOTFEEMEE A L AL MEKET - ZW— AR [BAOREHS

3 REMLD % OEATERR] WA RS © 159-172.

Frilfi—%, 2012, [HE&BERE &4 (1) 0 SOC OMEN & L COLFOLM:] 4 85 [al A Ak &
FEMEER.

KREREFEF, 2003, [ZHITBE~AT A0 M) SEHRE.

AR T, 2002, [V x v ¥ —FFOFMRK & B oikE] FiiRE DRefb s dakzl 340
7 #HE : 201-232.

Kohn, Melvin. L. et al., 1983, Work and Personality : An Inquiry into the Impact of Social Stratifica-
tion. Ablex.

Kohn, Melvin. L. and Kazimierz M. Slomcynski, 1990, Social Structure and Self-Direction : A Com-
parative Analysis of the United States and Poland. Cambridge : Blackwell.

AT, 2001, TP EBSER S OB : WIIT 2 7 ) — ¥ —KH~OBAT] KEIER - HIE
TR (DD EELREWR : by v Yy v a v orhate] ok 23-38.

AIZALT, 2004, [FHRF MRHETE DML Y ¥ — BERATEIIBT 2B LALT
DFEEIT Tl [#ESF0%] 74 367-369.

53



LR MR 45 1645

LS, 2005, [HAFEHESE - K3 - 7)) — 5 —othnl AALTH [7) -5 -t =—1] %)

FERE : 1-20.

W, 1997, [REJIEFE L &) AU

W, 2000, [Zotkdr@ e Efha] A

I, 2006, [HEAE L& [IVWETHON] T [HR2OE] 87 3 ?f AT

ﬂ?ﬁi? 1995, [ RN OBIR | EERFERE e [0 AR ¥ E &tclééj
HAENE : 85-110.

RS E4, 2007, [P EEIEATR AL

FREHiZET, 2000, [{EFOBZ BT 2 FFHEIBEER & 2« v 8 — | THARGZEHE SR
11: 113-118.

MEHFET, 1998, [EHABICB 2 4FEE  (LFOBCoOFWREII L P vy —] Bl
M - SHEETR (Lo v ) 7R E Z0%1k] (1995 4 SSM i 4E > 1) — X 12)
1995 4F SSM Fi A 7E4% : 91-108.

RHiZET, 2003, [F7@Hhse Y x5 — BHTEICBT 2B LARTFOMEIZIT T H
ES ] T

MREMFESF, 2010, [AHER AL ERIGER : WO LML - IFIEBLo 2] TR
WrgesEzE]l 617 67-81.

Murphy, Raymond, 1982, “Power and Authority in the Sociology of Education,” Theory and Society.
12 : 179-203.

Murphy, Raymond, 1988, Social Clousure : The Theory of Monopolization and Exclusion. Oxford
University Press. (=1994, EEAPAIER [FLS 0B O B« k5 & HEER R ]
Prirt) .

FARZSTEL, 2009, [ FLWEMH 57 8) & A2 81T 2 BAME - [ %ﬂf_J b DL L TORRHKSE ]
FIIEAE vl (B & 7L v ) 7IEEC (2005 4F SSM A 1) — X 4)] 2005 4F SSM
Wh9t4s © 103-125.

MR 2000, [TH&] 226 [HHE] ~: BET 2 W% E5EE#R] BLMIHE [HEAO
By 274 4 Txr— Wiy - FIE] RO RS 0 217-236.

BRI 2002, [HaPERE & MERBIZR O 90 FROEAEE 2 5 | [HELSF%E]
70 : 125-142.

KIREHNF, 1993, [FRFZALE L1571 : HROWENIZE] H ARG A

Siegrist, Johannes, 1996, “Adverse Health Effects of High-Effort/Low-Reward Conditions,” Journal
of Occupational Health Psychology. 1(1) : 27-41.

AT, 2010, [AE &S ORTE : BHWE FOMKIZMIT Tl A¥HTH.

FHRIUAR, 1992, [BURHEAROZEER  [25 2 ) SOERZE .

B 5H,2011, [T—2 4737 ¥ A ZhMEERE] Gzt - BIBEER [BURORE
e 1 ME LS RIS © 207-220.

it 15,2006, [8) < PEe A ML AL BORERH [HEOFRE L F v ) 7] BiF#*E
PSR . 72-04.

RAESET, 2006, [RHY AT L ELWMOF v 1) 7] ShEEsE

Tomaskovic-Devy, Donald, 1993, Gender & Racial Inequity at Work : The Sources & Consequences of
Job Segregation. ILR Press.

B WIHE, 2006, [THSERSRE & AREE] I BB - AREER - ABATE, 2006, [FLoibzE & e
HEEZEPLOT 70 —F] WEAHME : 81-101.

TGRS, 2001, [ HAREOARELE Y = vy F—] BT (e >~ r5—] WA
FHI ¢ 55-73.

W W1,1993, THEREL L O F v ) TR BH] #EOKER.

TABET, 2009, [BILFRBHEIFRELED T A 7F 1) 7] KEET - MHETHE [Zoks
T4 7% %) 7] HEEHEE : 182-220.

any  ab
I o A
= = s

samb
5

54



[Article]

Vorticity Equation, Current Conservation and
the Solutions of the Navier-Stokes Equation

TAKAHASHI Koichi

Abstract The motion of a Newtonian fluid is described by the Navier-Stokes equation, which
is a partial differential equation for the velocity field with respect to space and time variables.
Its nonlinearity is the source of difficulty in finding general solutions. In this paper, a method of
determining the velocity fields in the Navier-Stokes equation is proposed by noting a similarity
of the vorticity equation in two dimensions to the current conservation equation. By noting this
correspondence, the original Navier-Stokes equation for flows of one degree of freedom is trans-
formed to a linear partial differential equation with respect to space variables only. Some exact
two-dimensional solutions including well-known ones are derived by this method. The solu-
tions for swirling flows together with its perturbation can be a model of typhoon.

Key words : Navier-Stokes equation, continuity equation, exact solutions, typhoon

1. Introduction

The dynamics of the Newtonian fluid is governed by the Navier-Stokes equation, the continuity
equation and the equation of state. The first two are the non-linear partial differential equations with
respect to space and time. Together with the absence of any internal symmetry, finding ‘exact’ solu-
tions in a general way is very difficult. Many exact solutions have been found so far by imposing
various physical requirements on the boundary conditions, the degrees of freedom and the global
properties of the fluid and its motions. Incompressibility is one of the conditions customarily
adopted in literatures. For a review, see Wang (1991) and Drazin and Riley (2006).

On the other hand, owing to the development of the technique of numerical analyses, numerical
solutions of ordinary differential equation are now easily obtained with grate accuracies. Therefore,
from a practical point of view, we may also regard transforming the Navier-Stokes equation to the
ordinary differential equations as equivalent to obtaining exact solutions.

Ever since the Navier-Stokes equation was discovered and studied by Navier (1827), Poisson

(1831), Saint-Venant (1843) and Stokes (1845), many efforts have been devoted to find exact solu-

65



RALFBEREHEA e 5 164 75

tions or the ordinary differential equations under peculiar boundary conditions. For rotational stream
in two-dimension that we are interested in this paper, Kampe de Feriet (1930, 1932) and Tsien (1943)
have found various exact solutions. For a review, see Wang (1991).

One of the origins of difficulty of solving the Navier-Stokes equation lies in that one has to take
account of the continuity equation separately. This situation is in contrast with the case of U(1) sym-
metric quantum mechanics or field theories, where the continuity of conserved quantity is automati-
cally fulfilled by the solution of the Schrodinger equation or field equations. If one can take advan-
tage of such a property of the U(1) symmetric theories in solving the Navier-Stokes equation, finding
its solutions may be greatly helped.

In this paper, we focus our attention to the exact solutions of the Navier-Stokes equation. By the
‘exact’ solution, we here mean those that are expressed in terms of the well-known analytic functions,
ordinary differential equations or integrations to be easily performed by the numerical techniques.
We shall present a method of finding exact two-dimensional solutions of the Navier-Stokes equation
by utilizing the property of the conserved current. Such currents may be explicitly constructed, e.g.,
in the framework of any U(1) symmetric theories. The point we are going to notice is a mathemati-
cal parallelism between the vorticity equation and the current conservation equation. This parallel-
ism enables us to transmute a conserved current to the vorticity via an ordinary differential equation.
The method will be shown to be entirely consistent with directly solving the Navier-Stokes equation.
The customary constraint of incompressibility will generally be removed throughout our discussions.

In the next section, we elaborate the idea that leads to the transmutation equation. In sec.3, some
applications of the transmutation equation are presented. In sec.4, a way of extension of the method

to higher degrees of freedom is discussed. Sec.5 is devoted to a summary.

2. Correspondence of the vorticity equation and the current conservation equation for the

solenoidal fluid

2.1 The Navier-Stokes equation
The Navier-Stokes equation is the partial differential equation for the velocity field and is written as

follows :
\3+(V'l7)v:%l7(l7'v)+ul72v—% PP+ @11

v, 0, P and f are the velocity field, mass density, pressure and external volume force, respectively.
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They are all functions of the space and time. We begin with the solenoidal velocity derived from a
vector field 4 by

V= PXA. (2-1-2)

Furthermore, the force is assumed to be a conserved one, f= — VU(r) , where U(r) is the potential
at spatial position r. v is the kinematic viscosity. The dot on a variable denotes the partial differen-
tiation with respect to time £.

The continuity equation for the mass is given by
o0+ V(ov)=0. (2-1-3)
For incompressible fluids, (2-1-3) leads to the familiar constraint
7oy =0. (2:1-4)

Notice that (2-1-4) alone does not assure the incompressibility, i.e., 0 = Vo =0. Instead, (2-1-4)

leads to
o+Vov=0. 2-1-5)

For the pressure P, which is determined by the equation of state and the external force, we adopt the
form
P=P,+P, P,=Co". (2:1-6)
P, on the rh.s. is due to the external force and will be expressed as a direct function of spatial
coordinate. For the compressible fluid, this term is balanced by the external force. P, is determined

by the equation of state. For the incompressible fluid, P, is a mere constant. (The pressure P gen-

erally depends on the temperature too. The ‘constant’ C may be variable due to such dependences.)

2.2 The equation of vorticity

Consider the rotational fluid defined by (2-1-2). For A, we assume the form
A=(0,0,4(x,y)) or  A=(0,0,4(r,0)) (221

The former is in the Cartesian coordinate (x, y, z) and the latter is in the cylindrical coordinate (r, 6,

z). The velocity components are given by

_04.  __ 04. ”.
Vv, = 3y v, = ox (2-2-2a)
_ 1 04. _ 04, .

vi=1, ae,w,— o’ (2-2-2b)
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and v,=0. NotethatV""4 =0 andV-v=20. Such an 4. is called the stream function.

The Navier-Stokes equation (2-1-1), when operated by "X on the both sides, yields for conserva-

tive force
x(o ' VP) |, =Vx(0o 'VP)|,=0, (2:2-3a)
E+v(Ev)= V- P+ e—x(o ' VP) .. (2:2:3b)
Here, {is the z component of the vorticity, i.e., w = PXv = (0, 0, {) defined by
C=VxXv|.=—r.. (2:2+4)

(2:2-3a) means that the vectors Vo and VP lie in the xy plane. This will be assured if p and P do not
depend on z.

The last term on the r.h.s. of (2-2:3b) identically vanishes for incompressible fluids. For com-
pressible fluids, this term may be replaced by VX(0~' VP,)|., which also vanishes because P, isa

function of p only. Therefore, hereafter we always drop this term in (2-2-3b)

2.3 Correspondence of the vorticity equation to the current conservation
Suppose that we have a set of a density 0. and a current j. that obey the continuity equation
O,V j.=0. 2:3-1)
Their space-time dependences are also supposed to be known. This is always possible by choosing
an arbitrary vector j.(z, r) and defining the density by o.(t,r)=— [ j.(t,r)dr..  One may borrow
their forms from other branch of physics. For example, in quantum mechanics, these quantities are
constructed from the wave function ¥ by
0. = V*U, (2:3-2a)
J. = ia(V0*) U— W) =240,V 6, (2:3-2b)
where 0 is the phase of ¥".  a is a parameter appearing in the Schrodinger equation
i =(— RaV+U(r)) V. (2-3-3)
a=1/2m with the particle mass m. 7 is the Planck’s constant divided by 2z. U is the potential. In
quantum mechanics, O, is interpreted as the probability of the particle to exist at a given space and
time.

The prescription to find ¥ has been established, owing to the linearity of the Schrédinger equation.

The space-time dependences of 0. and j. are then explicitly known. In our discussions, we regard
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0. and j. (or §) as known functions of space and time, although these quantities are not directly
related to the corresponding counterparts in the classical fluid dynamics.
Now, we rewrite (2-3-1) as
O+ V(ov)= V(0v—ij.) (2:3-4)
v is the velocity field of the fluid we are considering. Here, we note the similarity of the L.h.s. of this
equation to the one in (2:2-:3b) for the vorticity. If the vorticity { is represented as a function of
some Q. satisfying the continuity (2-3-1), then (2-2-3b) will be transmuted to the one that determines
¢ interms of 0.. We are thus lead to assume the form
&=<L(o.t,r)). (2:3:5)
In this case, § =80.,VE=CVo. (£, & ete. denote the differentiations of ¢ with respect to p,.),
and the equation (2:2-3b) is rewritten as
(0c+ V(o) ¢ =Py Vo. +vP?0.)¢ +v(Vo. )¢ . (2:3+6)
In the above equation, the term involving the temporal differentiation can be eliminated by using

(2:3-4). Thus, we have a linear differential equation
v(V0.) ¢ +Wv-Vo.+vi*o.,— V- (ov—rj.))¢ = 0. (2-3-7)
v on the Lh.s. is related to { by (2:2-4), so that its spatial variation will also emerges through o..
Then, together with the relations
X v ‘z = axxocvly - aypcle = Ca (2383)
Vev= 0.0, + 0,0, =0, (2:3-8b)
we have obtained a sufficient set of equations to determine three unknown functions, £, v, and v,.
The integration constants and associated functions, if any, must be determined by invoking the origi-
nal Navier-Stokes equation and the continuity equation.

The extension to the case in which ¢ involves more than one functions as &(0.1, 0, ***) is

straightforward. The equation corresponding (2-3-7) takes on the form
V20, Voud s +3 (Pv- Vo +v 70, — V- (0v—jy) 0,6 =0 (2:3:9)
Js J

where 0; stands for the derivative with respect to 0,;. Our considerations will be mostly focused on
the case of the single variable, i.e., the one degree of freedom. An application of (2-3-9) will be

given in sec.4.
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2.4 Transmutation equation

(2-3-7) is homogeneous and we can proceed further with our arguments. Define a vector ¥ by

”

wayw@yg, @:41)

and rewrite (2-3-7) as
V-(ov—j.)= V- (vVo.+Y). 2-4-2)
By integrating this equation with use of (2-3-2b), v is expressed as
v=2aVi+vVInp.+o. 'Y— Vo, ' XX+ Vx(0, 'X) (2:4-3)
where X is an arbitrary vector. We assume it is a function of x and y (or » and 6 in the cylindrical

coordinate). On the other hand, from (2-1-2), the purely rotational vector v must be equal to the

purely rotational term on the L.h.s. of (2-4-3). Thus, we have
A=p. X (2:4-4)
Here, a possible gradient term of a scalar function is omitted for simplicity, so that the components of
X other than X are zero. The remaining term in (2-4-3) must vanish :
2aVo+vyVinp, 4o, 'Y—Vp, ' XX =0. (2-4-5)

Multiplying 0. on the both sides of (2:4-5) and taking divergences, we have

”

v(Vo.) éé:, =ylo. -V In&

(2-4-6)
==V (vVo.+j.)+VX. XV Inp,

These equations, which do not involve time-derivatives, tell us how the quantities 0. and § can be
transmuted to the fluid dynamical quantity, here the vorticity, in a manner consistent to the vorticity
equation. In the case X. can be chosen as a function of 0. only, then the last term of the r.h.s. of
(2-4-6), which we call the X, term, vanishes and the equation becomes quite tractable. On the other
hand, interesting phenomena take place when the X term plays a nontrivial role, as we shall see later.
Two comments are in order. First, when 0. and V'*j, identically vanishes, and X is assumed to be a
function of o, (2-4-6) trivially recovers the original equation (2-2-3b) for {. Non-triviality is mani-
fested when 0. and j. are time-dependent. Second, in (2:4-6), not only o, but j. too appears
explicitly. Our assumption was that  acquires the coordinate dependence through 0, only. There-
fore, in order to determine § according to (2-4-6), the integration must be performed under the condi-

tion j.=constant, except the cases in which j.is also a function of 0.
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2.5 Numerically solving the transmutation equation

We here consider a system with one degree of freedom and all physical quantities are functions of
xand ¢ only. Since the functional forms of o, (x, ) and j.(x, ¢) are supposed to be explicitly known,
the equation (2:4-6) is easily solved numerically. From the initial condition £(0,0)=¢, and

£’(0,0) = &,, one can evaluate the values of ¢ at the vicinity of x = 0, £ = 0 from the rule
£(Ax, 0) = £(0,0)+£7(0,0)0.0. Ax, &'(Ax,0)=£7(0,0)+£7(0,0) 00,0, 0)Ax
The values of {(x,0) is determined by repeating this calculation in the x-direction. ~Similarly, from
the values of £(0, Ar) and & (0, A¢) that are calculated by knowing 0.(0, 0), &(x, Ar) is determined.
Finally, the velocity field is determined by integrating the equation
Vv =—FVXaw. (251
As an example, let us take the forms

oe.t) = ("Lsinwrtartb)et, 7 (x.1)=—(coswr+a)e®. 2:52)

Obviously, v, vanishes and the continuity holds. The result foryv =1, w=1,a=0.5,b=1and k=
—0.2 is given in Fig.1. The o. dependences of £ in Fig. 1(a) is read out from this result by noting
the one-to-one correspondence of x and ©. at each 7. By integrating the result for £, we have the

solution for v, as is shown in Fig. 1(b). At any instant, the profile of v, is parabolic and is similar to

that of the Couette-Poiseuille flow.

Fig. I Numerical solution to (2-4-6) for the input density and current (2-5-2) in 1 <x<2,1<¢<2.5.(a) {(x,1).
The initial condition is &(1,1)=0,&"(1,1)=0.1. (b) v,(x,7) . The boundary condition is v,(1,7)= 0,
ve=v:=0.
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3. Exact solutions to (2 - 4 - 6)

In this section, we give three examples in which exact steady solutions are found from (2-4-6) with
no reliance on a concrete functional form of 0. except for that d,0. does not identically vanish. The
reason is explained in the previous section. In addition, one time-dependent example will be given.
Example 1 : Vo= V0 =0 and v is dependent on x only.

In this first example, we elaborate the procedure of finding the solution. Let us assume that the X,
term in (2-4-6) vanishes. Integration of (2:4-6) in x yields In{” =—Ind,0., which implies
0,0.8" = 0,& =constant. (We use the symbol of partial derivative for easiness to see even for func-

tions of a single variable.) We readily have
{=cxte (3-1-1)
with two integration constants ¢, and ¢,. The stream function 4, is obtained by solving Poisson equa-

tion (2-2-4) together with some boundary conditions. If there is no boundary, then, from (2-2-4) and

(2:1-2) we have

AZ=*%x3*%x2+c3x+c4y, (3-1-2a)
v, =0,4.=cy, v,=—0, A4, = Ly +ex—cs. (3-1-2b)

2

In the above derivation, we required that v is dependent on x only. Inserting (3-1-2) to the Navier-

Stokes equation (2-1-1) yields
— L OPHL=0, (3-1-3a)
—m—%@F%:—qm+m (3-1-3b)

These equations are satisfied when ¢, and all of VP, f'and o are constant. The continuity equation
(2-1-5) is also fulfilled. This is the Couette-Poiseuille’s solution. Note that the derivation of this

solution does not dependent on the form of o..

Example2 : Vo =0, V0= (k, 0, 0) (the wave number k is constant.) and v is dependent on x only

Let us assume that the X, term in (2-4-6) vanishes. As in example 1, we have
g’ =—2% —1ng,p, (3-2:1)

¢ is solved as
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§=citee™ (3-2:2)

where we have made a redefinition by c;=2ak/v. The stream function and the velocity field are given

by
—_ S .2 O en
A.= ) e textesy (3-2-3a)
C3
v, = Cs, v},:%e"“-i-clx—m. (3-2-3b)
3

The density and the pressure gradient are constant.  This is the generalized Couette-Poiseuille’s solu-
tion, which describes a flow between two plates, one of which is sliding to the y direction (Couette
1890). The constants in (3:2-3) are expressed in terms of VP, v, p, together with the average flow

velocity and the sliding velocity of a plate (Drazin and Riley 2006).

Example 3 : Axially symmetric flow
i) Time-independent solution
The case of the steady concentric flows with no boundary is considered here to show that (2-4-6) is
in fact consistent with the Navier-Stokes equation.  As a byproduct a new solution will be presented.
We adopt the cylindrical coordinate r = (r, #, z) and v = (v,, vy, v.) with v.=0. The phase term on
the r.h.s. of (2-4-6) vanishes. The assumption is that  is a function of 7 only. The general form of

X. may be given by
X.=vB(r)0. (3-3-1)

X. itself is not a physical observable and can be multi-valued. Factoring out the constant v is for

convenience. Then, (2-4-6) takes on the form

(=, —La  _ Bo0c .
artocarln§ (V) - arAOC r arpc 70, . (3 3 2)
This can be solved as
’ — " L B
Ing’(r)= f dr(r + rpf). (3:3-3)
The stream function and the velocity field are given by
4. = —f'" %f drré () +h(0)nr, h(0)= h 0. (3:3-4)
v, =m0 (3-3-5a)
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va:%frdrré’(r)— h 0 . (3-3:5b)

r

The Navier-Stokes equation in the cylindrical coordinate is

2
v, d, = =y (7 + Lo %—%a€v€>—87fp+ﬁ, (3-3-6a)
. | 0P
5o+ v 0+ L)+ 2y, = V(Vzv(ﬁ“?agV'v—%)— f D)

The time-derivative terms can be dropped here. The consistency requirement of these equations
yields 0pP = 0 and f; = 0. Let A = 0 in order to get rid of the O-dependence in v, while ¢ = —v/h
being kept fixed. By substituting v, given by (3-3-5b) to (3-3-6b), we have

Inr
é-(r):%fdseﬂz/zﬁzs, (33:7)

Or, equivalently, we can write the differential equation for v,

V4 4 1 C —(In r)*2¢
Vi Vet avg = e N, (3:3-8)

¢, is an arbitrary constant. Finite solutions are possible when c is positive.

B(r) introduced in (3-3-2) is determined by differentiating (3-3-3) with . The velocity field is
determined in an independent way to o, although A depends on 0.. The continuity equation is satis-
fied if o is constant or a function of » only. Thus, the consistency of the transmutation equation
(2-4-6) to the Navier-Stokes equation in this problem has been explicitly shown.

Numerical solutions are obtained by integrating (3-3-8) with a boundary condition vy =0 at » =0
and are shown in Fig. 2. These solutions are intriguing in two points.  First, they have no singular-
ity and exhibit behaviours different from the well-known steady concentric flows that are singular at »
= 0 or divergent at » = oo (Oseen 1911, Hocking 1963). This solution for the inviscid flow is never

obtained from the Euler equation where the kinematic viscosity is set zero at the outset. Second, the

1

1k

(e

06

04

02

¢=0.1

| T t
g 1} 100 200 300 400 500

Fig. 2 r-dependences of vy as solutions of (3-3-8) with ¢; = 0 in arbitrary scales. The inset is for 0.2 <r < 1.5.
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azimuthal velocity near the symmetry axis takes very small values, rises rapidly as » increases, reaches
a maximum at a certain radius and subsides gradually beyond it, thereby forming an ‘eye’ at the
center. This profile reminds us of the one observed in the horizontal velocity distribution of typhoons
(see, e.g., Emanuel 2004, Holland et al 2010 and references cited therein, Takahashi 2012). There is
a mathematical proof which shows the long-term existence of three dimensional solutions that do not

diverge but swirls slowly near » = 0 (Zadrzynska and Zajaczkowski 2009).

ii) Perturbation

The solution presented above has a flow profile quite similar to the ones used in the phenomenol-
ogy of typhoon, so that it may be of a matter of interest to inquire what kind of perturbation is
allowed around the solution. Let the radial and the azimuthal components are perturbed as
v, 2 v, +0v, = 0v,, vg > vp+0v,. Substituting these in (3-3-6a) and (3-3-6b) and linearlizing the

equations in 0v, and dvy, we have

OO 2V56Vg _ 6,7P 1.
ov, - = 6( o ), (3:3:92)
0%, (0w + 2 )ov, + -0, 60, = — 175(8’%), (3-3-9b)

where uses have been made of v =0, dyvy = 0 and 0,P = 0. These equations relate the variations in
the pressure, the density, Ov, and 6v,. Let us assume that the density variation and the resultant pres-
sure variation are small and the r.h.s. of each equation can be neglected. Then, the perturbations are

expressed by sinusoidal functions

vy :Asin[n(%(z—zo)—ﬁ)], (3-3-10a)
5v,:%ft 6v0dz:—%cos[n(%(z—zo)—e)], (3:3-10b)

where # is an integer and designates the mode of oscillation. This expression is valid for large n
limit (see Appendix). Ov, of high modes will be neglected. Various kinds of perturbations are
observed by varying the choice of parameters. One example of the temporal and spatial dependences
of vy +0vy are shown in Fig. 3 for ¢ = 0.2, n = 5. In this example, additional maxima of velocity
emerge and migrate inward until they merge together. An analogous phenomenon has been observed
in the evolution of typhoon (Willoughby et al. 1982).  Although not shown here, after #, the single

peak splits to several ones, some of which gradually move outward.
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Fig. 3 Temporal variation of the perturbed azimuthal velocity vy + A4 sin[n((vo/r)t—to—0)] from = 0 to 100 for ¢ = 0.2,
n=1,1t,=100and 4 =0.05atd=0. vy is the solution to (3-3-8) with ¢,= 1.

iii)  Viscous fluid
The second solution describes a swirling inflow of a viscous and compressible fluid. There, an
additional singularity emerges at »=1. Those singularities were avoided by placing a rotating

boundary with some radial distance. The details on this solution will be reported elsewhere.

Example 4 : Unsteady flow
In this example, a time-dependent solution corresponding to the superposition of the wave func-

tions is considered. The simplest one may be a superposition of free plane waves :

k?

—iwttik;r — J
ae w; = .
R > 7 2m

U=

M-

(341

J
Here we set N = 2 and assume k; Xk, #+ 0 and @,’s are real. By this specification of the wave func-
tion, the density and the phase are determined as
0. =al+adi+2aaycos(wt—kr), w=w—w,#0, k=k—k (3-4-2a)

> asin(wt—k; r)

tand = >, @ cos(wj—k,r) (3-4-2b)

0. and § both are time-dependent. Since
Vo.=2a,aksin(wt—k-r) (3:4-3a)
Vo = — \(ath, + ¥k, + @ K cos(wt—k-r)), K=k +h, (3-4-3b)
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(2-4-6) is written as

aK-k

VX. Xk
k-VIn{ = =, Kk Vln(usin(wt*k-r))Jrzi‘z.

Vo, (3:4-4)

We assumed that the r dependence of £ emerges through o.. In order for X, to meet this condition,
X, must have the form like

X.=vo.Bq-r (3-4-5)
[ is an arbitrary function of wf—k-r. In particular, S is allowed to be complex. This is possible

because (3-4-4) is linear in . X, term gives a contribution in (3-4-4) only when ¢ is not parallel to 4.

Noting that V(0. 8) « k, we rewrite (3-4-4) as

111(#]{. Vé’):f a,f;:Zk a)l‘*k'r)f qif z'/’wtfk-rdgﬁ(é)' 346

20,

Namely, ¢ is an arbitrary function of wt—k-r. 1If ¢ =0, the last term on the r.h.s. is absent and we
would have a simple time-dependent extension of Example 2.

By way of example, we here consider a case

— ker—ot _ O kror 4-
- 1 2 z b
{=ce A e +V-er (3-4:7a)
k,
v, = 011{24 ghr—or V;,, v, =— Cllclgx ghr—or V., (3'4'7b)

where k, w, V and ¢, are constant. Considering the arbitrariness of 3, we allow these constants to be

complex number. By choosing g=( —k,, k,, 0), the Navier-Stokes equation for the above v becomes
—+f (3-4-8)
One of the reasonable assumptions for the density is that o varies as a function of w¢—k-r. In this
case, the continuity equation (2-1-3) leads to the dispersion relation
w—kV,+kV.=0. (3-4-9)

This means that the acceleration term of (2-1-1) identically vanishes and the viscous force, pressure

gradient and the external force must be balanced by themselves. This condition is realized by
o' =0y Fale)vet ", P=R—cqr, f=—co0'y (3-4-10)

where, 09, Py and ¢, are constants. f given in (3-4-10) is also constant. ~As noted above, k and @
can be complex and physical quantities are obtained by taking the real parts in (3-4-7) and (3-4-10).

Specifically, when k and w are pure imaginary, the solution is a uniform propagating sound wave in a
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compressive fluid. The ‘sound’ velocity is ¢ =V - = (V,, —V;, 0), where ¥ has been assumed real.
This is nothing but the average flow velocity. Namely, there is no propagation in the rest frame of
the fluid.

If o is constant, it is possible to balance the pressure gradient term with the external force. In this
case, it is easy to show, by assuming a general form & (wt—k-r) for ¢ to determine A., that the veloc-

ity field is given by

C k, 2 2
v, = 11{2) e(ferkXV\:)(k-r*mt)/yk “'Vy, v, = Cllc];x e(—m+kxy\:)(k~r7mx)/uk +7. (3.4.1])

The continuity equation is satisfied without the constraint (3-4-9). In particular, nontrivial solutions
are obtained even when ¥'=0. The flow becomes the generalized Beltrami flow when kX V |. = 0.
The case of =0 has been studied by Taylor (1923), Kampe and Feriet (1930, 1932) and Wang
(1966).

4. Two degrees of freedom

In the previous section, we assumed that ¢ is a function of a single 0. and treated the differential
equation in substantially one spatial dimension. In other words, we considered the flows of essen-
tially one degree of freedom.

Owing to the linearity of (2:4-6) in {, the extension to the two degrees of freedom is, at least for-
mally, straightforward. We adopt two sets of density and current which have independent coordinate
dependences. Let the densities and phases be ©,; and the phases §;,, j = 1,2. Although some com-
plexity emerges in (2-3-9) due to the coupling among 0,’s, the equation will be simplified if one can
choose two 0,; such that Vo.;* Vo, = 0 for j # k. In this case, (2-3-9) becomes a summation of the
contribution from each 0., and ¢ will be expressed as £ = &1(0a1 )+ 0a).

We apply the above idea to the second example in the previous section. Corresponding to two

orthogonal vectors, we may have two independent {’s, which obey the equations

Ingf =— zc,jkl x—Ind.0a, In&=— ijzyflnaypcz (41

The total & will be given by their sum as
£ = cle™ +cyev. (4-2)

The simplest stream function with no boundary may be
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A.= *%e"”*%e”“yﬁLcstrcﬁy. -3)
C) Cy
The velocity field is given by
c cqy —_ L X .
V"Ziciie Y+, v, = cl e —cs. 44
The continuity is satisfied for incompressible fluid. The Navier-Stoke equation is
—v,c3eY = —vescet — 8;)P 1
(4-5)
oP
Ve = vejce™ ———+ /-
1)
Comparing both sides, the consistent solution for the incompressible fluid is given by
C2:C4:_U/V, Cs — —C¢ — U. (46)

This describes a flow ‘into a corner’ between semi-infinite planes having suction (Berker 1963).

5. Summary

Focusing on the two-dimensional solenoidal flows, we derived a liner differential equation — the
transmutation equation — that relates the vorticity ¢ to arbitrary conserved currents.  The stream func-
tion 4. is obtained by solving Poisson’s equation with ¢ as source function. Any conserved currents
will be used as inputs to the transmutation equation to obtain numerical solutions.

Some exact solutions are also obtained through the method, which shows the consistency of the
transmutation equation with the Navier-Stokes equation. The integration constants that are intro-
duced in this procedure are, together with the density, the pressure and the external force, determined
from the requirement that the velocity field obeys the original Navier-Stokes equation and the conti-
nuity equation. In this paper, this matching process was shown to be performed easily and consis-
tently.

The transmutation equation involves the X, term that emerges when the combined equation of the
vorticity and continuity equations is integrated. =We saw that the familiar solutions were obtained in
case the X, term was neglected. When X, term was pertinently taken into account, interesting new
solutions were found. In particular, the solution for the inviscid concentric flow reproduces the pro-
file of the horizontal air flow of tropical cyclone or typhoon extremely well (Emanuel 2004, Holland

et al. 2010, Takahashi 2012).
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Our method facilitates solving the Navier-Stoke equation for one degree of freedom, and will be
exploitable in two degrees of freedom, too. Whether an extension to the three-dimension is possible

is an open question.
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Appendix

Here we show that, when the right hand sides of (3-3-9) are neglected, dv, is small as compared to

Ovy for high modes.  Take the time derivative of (3-3-9b) and substitute (3-3-9a) to eliminate v, :
w v, . 2y v
5V9+76856V5+T€(6,V5+79>6V9 - 0, (Al)

where vy is a function of 7 only. ~ Substituting for 0v, an ansatz
o= W(g(ri—1)—0) (a2

where f, is a constant, we have

(g(r)2 =) 0" 1)+ 22390 +2) W) = 0. (A3)

7

Here, primes on y stand for derivatives with respect to 7 = g(r)(t—1,)—0. In order for (A3) to
have non-trivial solutions, the ratio of the coefficients of y and ¥r” must be a constant, n”.  Then, (A3)

decomposes to two equations :

g(ry =2 g(r)+ 223w+ 2 ) = 0, (Ad)
v (n)+n* ¥(n)=0. (AS5)

(A5) implies that ¥(7) is a sinusoidal function of 7,
¥U'=sinny or cosni. (A6)

Since 0vy is single-valued in #, n must be an integer.

(A4) yields
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=g () + 5| 0

For time-dependent solutions with high mode, g() ~ vy/r. In this case, (3-3-9a) together with (A2)
and (3-3-9b) results in

ov,~ — %cos ny. (A8)

This proves the smallness of v, relative to vy for large n.
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