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B1.1 PV E BEER

NBRGRE 7- ICBU %K., RE., BEBE, ARRRHTHE. LT TRERKICKHS
BRODPEDEHRTEEIARTRELFETERL, BRTBE LK FETRET 5,

MNADPDBHZEOEE, ME. EHZHLEEHREOE (THRFs 2T THRR) &
ZENPOEDENDOME LTUTFDLSICE T,

Uj:iji ]
r =7 +7T (1-5)
p =ps + D0 J

7 U b E HIRE O E & A B

Ts:‘z:g—z AT/H }(16)
d(ps/0)/dz=—g (1+60:/0)

b) RF—IVAEDEEL
TIVREEZ O ORF =N RETCEK., #HE 7, BAKFHANCRBENICLELT S, RE 7T

Lo, FUAMTELT 280 ¢ 0 LRAMEHRSHOEREHEMERICL S
THEUBFHERD EDHTRETE %,

N

u.
& +
o+

~
I
N,

(1-7)

VN R
I
Q

P
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ESONR—BEKTFHATOEEL 2R T S TROBRIOGHMEEAT S,

Xi= x./H t=te/H?

1= 0. H/x T=7 R/AT DP=PH:/ox v

vA4Y—% Ra =gaH*AT/x v (1-8)
VAN Pr = /&

IhsDERBZHNT A(1-1)~(1-3) 2EBEHETL

ou; -0 (1-9)

an

1[ O Ly, 2 ] ( O (b)) +A. (o) + My

—_— | i u;—=— p i =

Pr ot aXJ 00X P anz
(1-10)

8 _ 2

— + Uy (6+6) = Ra-wW + (6+49) (1-11)

ot 6xj anz

EELHEE U ® X,y,z fo%EZhZh U, vV, W &E£ULE, K(1-10),(1-11) %
KEHEANTERELT 5L

85 1 aw
— = 8 — — U (1-12)
o0z Pr 0X;
08 98°8 94

- - U (1—13)
ot 0z? GXJ

BAds ONRE—ROWRIUCHEBEE an=270 H/4, LEHEL. SHBEES B EIE
UZdfE., @E. EHORBESHRSIRATCELEILHNET %,

X 1 0fn. OWa

n=1 an ax 6Z

d =
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= 1 0o OW,
v‘ —
= an 0y 02z
% 1-14
w = Z fa Wa (1-14)
n=1
6 =) fa®.
p = fn Pa
ZoTCHE Fa(xyy) BRAZWETS x &y ORYHEBTH S,
0%f n 0%f x
+ = _anz fn (1‘15)
oOx? oy?
fa.2 =1 (1-18)

A(1-15) &b, R(1-14) © U,V,W BEEOLAZHET P DP B, Wa,8.,Pa
Xz & t OBEBCT. ehoRER z Aiic ¢ HOHizd >EREKI Wa..(2),
Bn.o(z2) REONMTEREDZLIRET %o

Walzot) = ) Was(z,t) = ) Faalt) Wae(2) ’
Ba(1,t) =) B e(zt) = ) Analt) 64 (2) (1-17)
?n(z,t) - Zm ?n,g(z,t) = Z En,!(t) Pn,!(z-) J

HI—%2kTclH. o UHKTEB Wa, 0(2), 8. :(2), Pa, (2) OFEZREL.
WIS Faoo(t), Aa o(t), En (1) ZRAEBE LTRL<. RITEHBOBELIEK. HA
XL THIRESRZT B,

HELBEOBAZAFE., L THAONIFREKETHLI LS

z=0,1 BT
d =V =w=6 =20 : (1-18)
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IhED Wa o(2), O o(2) BROFHZWMESIRITINERLRW

z=0,1 IZBWT

dWa, .
Wn,! = en,l = O (1‘19)
dz

FEEBANORER A7 Hha,. BEUNOYHEOREKGEEIEETCEZRS
. RFPF-IVAEFO ELRERE TRETOMICIINHEDNED LD nROSGHB T —
FOBHY an BEAFEOHEY a: @ n 5 (a.=n-a.) TH3BZL. & B0 &
ZREBROLE W, . IEER. ¢ PHBOLEFEBTHIILE2EETZ L, Hid
DXNRREDBRD D22 n & £ OFicROBEZRERITRIERS RN,

n+ ¢ = #AK (1-20)
( n:1’2:3:.... ; 2:0,1,2.°"' )

ZONBHOREEEET W ORFTHRO —#% B1.2 KRd. MEOMEK £a 2L
TV - RNy =T E Fa(x) = cos(a.x) ZHWV., Wn .(z) LT
A(1-36) DERZRZHAZHWIGHELEZBDTH %,

c) FHBMZEBRS

A(1-12),(1-13) o K (1-14) ZRA L. K(1-15),(1-16) BLY Fafn=36an 2
WCEBHT 5L

e 1 & = 3
= — —— (Wa, e Wa, o 1-21
2 &Z,,,Z_o ~ ) (1-21)
2] g & = 8
- - Wn, Gn, ’ 1_22
o 2,;=oaz( i T (1-22)
Zh&b

“ 1 & m
§=:§hw-FJ9dz———Z ) FaiFaeWWe (1-23)

0 I%"n‘—‘l 2,2’ =0

EWRETE R(1-22) BRHLT
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BESEORF—IVAROH &

1w

MO (2)'M = (2)' "M 0NTE ()7 R

0=8% 1=u

AHMOFEHEIURL I (2P ()L (N)TF X X =M ¢ 1K

MR | A0 | AAN AN A oy
| me M my | 7
QD@D “ Y e 3
7 | emy M “my |2
QD Lo 12 |
< | oM oS omy | o
(ZIM | S y € Z F /
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Fn,!An,l' [J W:0,- dz - Z<ert'>] (1‘24)
0

|
I
s

L
n=1 £, 2’ =0

EEL K > HE z2 BOWTORS1ETORSZET .

d) HAHREEED
X(1-14) OBV EH RSSO [n,2] E—FEASZROISICKWILT 5

T e 1 0fn sz: X - )

V[n,21, win, 21, €[n, L] oW T HEETH B,

iRao0EFHD X(1-10) O U [n, 2] 2. BABLVIEODVWTHEERSE
BLEeEX® i=1,2,3 KoWwiM#z&3e, [n, L] E—FOHBKNEESMSICETS
HHc RNV F-BNZADNBFTON B,

' 1< OW. 1 OWa. 8 [awn ]>
“{ Wa. s +
Pr ot a.?2 0z otz

1 2 [afn' afn" afn' afn']
+ = ) n +
Pr o -2 ox 00X oy 0y
1 < 1 GWn,R aWn‘ awn' awn’ >
X + Wn,t Wn'
an ? 2an? 0z 0z 0z 0z
[afn afn" afn a-fn" 1 <6Wn.£ aZWn_
+ fa + Wa-
0xX 0x 0y 0y Jan?an-? 0z 0z?
—_ OWa,-
+ fnfn'fn' Wn,l Wn' a = <Wn,2 Gn>
Z

aWn, 1 awn 1 ang, ] 62Wn
- anz Wu, 2Wn+ 2 + (1_26)
0z 0z a.? 0z? 02z°?
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FHiklc X(1-11) Ol 6 [n, 2] ZRFTHALIVEZEDODWTHKBEREAEFE T3 L

8. 88
<gn,l > + <gn,lwn—
ot 0z

GGn,z aGn
- Ra <6n,l Wn> - a-n2 Gn,QGn + (1—27)
0z 0z
HicewiREcik, 6 2Lt A(i-24) 2RATB L
) [<Gn,ew,,w,,,gn->—<6n,nwn><wnlén->]
n’, n* =1
6611, 6611
= m <gn,l Wn> - <an2 gn,!@n + ‘ > (1_28)

0z 0z

A(1-27) ® A(1-28) K. = b E—INZALERENHZD, 2hico0WTE §1.2
TiiRb, ChH5DATIX, 00/0z DEHZBELT n OERS (ThbbHEBORER
3) E-FHOMAEERABPEZS, U2 ULEHZ XV F—IEK (1-26) TiX. n OR
RHEBE—REOMEEHZEITEHIRK., 752 MNVEK (Pb>o) TREGETCEZZLH
b3,

e) AITEBOEIR

KEBHNOREMHZ RIBEY f.(x,y) E. RF-VHROMFBNNY =22 U TKROD
KDk BIO 23

2R -l - Xy -

Fa(x) = 42 cos(naix) ~ (1-29)

EAHEQ - - Ny —

Fax,y) = 2 cos(na.x/42)-cos(na.,y/2) (1-30)

EHEQ—NLVEI - X¥—2

Fa(x,y) = 2 cos(naxx)-cos(nayy) (1-31)
[ =FEL ax?+ay?=a.? ]
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KAV - I8y —

Fa(x,y) = 4 2/3 [cos(na.y)
+cos {na (F/3x+y)/2} +cos {na(4F/3x-y)/2} ]

FrEE (1-33)

Fa(x,y) = 4273 [cos(na,y)+2cos(na.x+/3/2) -cos(na.y/2)]

(1-34)
FK(1-19) OZEZEH= L. HEEREH
<W¢(Z) - We-(2)> = <®:(Z) . @z'(Z)> = - (1-35)

%ﬁ}i‘é‘%ﬁéii%lﬁiﬁl;& Jacobi OFHA P, ™™ (z2) ZHWVWT Y ROISICKHET
Ebo

W()“[(2+5)(2+6)(2+7)(2+8)(2e+9)]1/2
tal = (+1)(L2+2)(2+3)(L+4)
X z2(1-—2)2- [P ¥ (2z-1)] (1-36)
6.(2) [(1),+3)(2+4)(2ﬂ+5)]1/z(1 L [P (22-1)]
] = _— - 2 “ Z_
: (6+1)(L+2) z z
(1-37)
n=0~5® Wn(Z), ez(Z) 0)%{2&9‘]72%%3 il.l AT
2w —ieN - R¥ -V EEAEBLCEAER-ILEL - NF -2 TH
afn’afn' afn’ afn' -
fn + ]:O ’ fnfn’fn’zo (1—38)
0X 00X o0y O0vV¥

Y5k, BHIFLF—K (1-26) FEBT I RBORERSE-FHOFH2KTH
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£1.1 We(z) & 6.0z) of%E (0sz=1)

Wo = 63012 z2 (1—2z) 2

W, = 69302 z? (1—-z) % (2z—1)

W, = 1638172 z2 (1—z) ? (22z2%2-22Zz +5)

Ws = 693012 z2? (1—z) 2 (2z—1) (26z%-26z+5)

W. = 2356272 z2 (1—z) 2 (1302*—260z°%+182z2%—52z +5)

We = 171171077 2?2 (1—2) 2 (2z—1) (34z*—682°+462° 12z +1)

Bo = 302 z (1—2)

8, = 21072 z (1—2z) (2z-1)

@, = 9012 z (1-z) (14z%2-14z+3)

Q, = 231072 z (1—-2z) (2z—-1) (6z2-6z+1) ;

O, = 546072 z (1—z) (33z*—68z°+4522-12z+1)

Qs = 12602 z (1—z) (2z—1) (143z*—286z3+187z%—44z +3)

BT RTHZ B0 LBLSAEI - Ny =ik K(1-38) MDD iR 0WEDTFHIEIX
HATICHES,

1.1.2 BEBE

BIERENREZAL LTS — VAR DR T 2 WRRE T Bb b 2@ RE TR,
BEHE U, 6 FERDN (FRECHROBOR) Thsa®d, HEL (1-9)~(1-11)
NOEHHCET 3EROHREHTES, O EEHREDOR (1-26),(1-28) R
DE>KBD,

OWn,: OW, 1 92W.. 2W .
<Wa 080> = <an2Wn,zW,,+2 : + 9 : W >

0z 0z a.?2 0z?2 8z?
(1-39)
6@11.1 agn
Rﬂ(Gn,lwn> = <anzgn,lgn + > (1_40)
02z 02z
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X (1-17) Z2ATBL [0, 2] E—FRDIRIE Fo e, A KEHIBZFRITEAZES

[An, g2’ <Wz®:' >

\;MB

£ ]

=0

dW, dW.:+ 1 d?®W. dZW.- >]

_Fn,l'<an2w1Wl’+2
dz d=z an.2 dz? dz?

(1-41)

de. dO.-

dz d=z

[An,z<an29381'+ > - Ra'Fn,z<Wz'92>] =0
0

||‘M8

2

(1-42)

Foe & Any DBEDANOMZ S DR, $obDDL K(1-41),(1-42) OREP 5K B1T
FADBBERBIFHID, PURERBOLVA Y —BHEBRBOBEREZRIT T UREHBO
APEON 5. X (1-41),(1-42) DS PREIIC, £+ 87 PHARELRLZEHBE-
REHEBE-RFOBOEHIINHELD IRTHEZAZED., UL EMBEEERE—F

EHEHME-RICOMTZ 2, —DDOE—K [n,8] EUZEERLELGGOPLLEMKE
BRATEE S,

dw.]12% 1 dZW,.) 2 de.)?
an?W,2+2 | — + an20,.2+ | —
dz anzldz? dz

<W:0,>?

Raln, 2] =

(1-45)

RAUZEHBROBNEHFLID, BRLVAV-BEBRERIFGTON B, £ (1-45) 2HL
TEHBELER—F—F [n,0-1] OBFL AU —HEERERB L [n,n-1] & [n,n+1]
D2E—FZ2ERULEBAOEKRE £1.2 257, REXICKE Catton®® DEEME &
Reid'?? DH#EM B R L N=3 FTCEIDLIR2E—-KRBTCH+ATHBZILHD
%, B1.3 1 n=1,2,3,4 OR2E—FRICLBPIREHBER L,

1.1.3 JERIERES

a) HEAGER

VAU —BDBERVA ) —H2EZI2L, K Fo.: ® An. OFEROEEZERT S
crxTER<RD, A (1-26),(1-27) KDEEABAEUTOL DR B,



1 EESORF-NUHEORR

£1.2 HRUVA)-BEBEREH

19

1+— R 2F— g Catton?® Reid & Harris'??®
[n,n-1] [n,n-1][n,n+1]

n Ra. ac Ra. ac Ra. ac Ra. ac
1 1.7500x10%® 3.117 1.7086x10° 3.116 1.707762x10® 3.116 1.707762x10%® 3.117
2 1.9635x10* 5.444 1.7670x10* 5.369 1.761039x10* 5.365 1.761039x10* 5.365
3 1.0044x10°% 7.951 7.9462x10* 7.644 7.570977x10* 7.582
4 3.6297x10°% 10.66 2.4361x10° 9.917 2.198850x10° 9.801
5 1.0686x10% 13.58 5.096576x10% 12.02
6 2.7349x10% 16.74 1.202509x10% 14.24

2-modes [n,n-1],[n n+1]
solution

A

' L A

X1.3

6 8 10 12 1 16

a (-]

[n,n-1] [n,n+1] @ 2F—Rfig ok B rhriehs



20 BLE RELONF—IVNEO MR

1 & dFa.. . 1 dW, dW,
— Z W.We +
H" 2’ = a

2 afn' afn' afn' afn"
Z Fn’,l’Fn',z'[fn +
. 0x 00X o0y 0vy

1 < 1 dW. dW,. dw,- dw,. >
X + Wz Wn'
2 2aa.-2 dz dz dz dz

{af,, 0 S n- 0 n afn-] 1 <sz dez->
+ fn' + W

o0xXx O0Xx 0y OJ0y ar?2a.-2\dz Z’dzz

S —— dW,.- 2
+ fnfn’ fn' Win’ d ] = Z [An, 2’ <W2®l' >

Z £’ =0

dW, dw,- 1 d?W, dzw,:
_Fn,l' anzwlwz'+2 + (1_46)
dz dz a,2 dz? dz?

/

2 dO, dO.-
= RaZ [Fn.t’<wz'@¢> - An,z'<an2@z®z'+ : : >]
e 2o dz dz

Lo dAn,t' 2
Z <80, > + Z Fax( W0,
e 2o dt o

00
0z

(1-47)

ERRETE, 0 LT K(1-24) ZRAT 3L K(1-47) ERD LSR5,

-3 ©

). ) FusxFu oA o [<wk®,w,, B> —<WiB:>< W @,->]

n’,n"=1 k, 2’, ¢ =0

o

de. de
[Fn,k<WkGa>_An,k<an2@zex+ ¢ k>] (1-48)
dz dz

[n,2] £—F (n=1,2,3,----5 2=0,1,2,---+) OPETEEWHELXR (1-46),
(1-47) BfGohzd, CORBABRAREMSILICED Fao.o, An o DRF 3,
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LPLZASEBEBETHZED. E— RO T LMREKDLILBNELCRSL, 7
SYUMNUVBDBER KOS, d0WE 2R ca—IvEl - Xy —URIE)iE (EffE) B
— )b - 1\9*/0)% i L(1-46) OEUFE2HDPHZ 220, APBEHEAEI N B,
CDLE Fo: & Ao ODFF5EEZTH HEAR (1-46),(1-47) BARETHD L
o, RF—IVHEDMEREZITCH, BLORELEMTH S Ehbhrd. LELTS
VNIVBBAEBROANAEIVNENSY - Tk, A(1-46) OLEAF2HBEKL D, A
ELOHLMNEREICRBEGOLE FRBREICRZGAGETERIER Fu. & As . OFSH
BEbrEFT TR, BHEbEZ-EEICR D ZOGGEICE. ITERAZEIRT 5%
2. A(1-20) OFHZHE T HLEERLS RS,

52k = vl - ¥ —UREHE (EAE) a—VEI - Ny -2 T, &
WARTEDEE GRS Y PUVBIEBIC BN R < &5, Busse?Q OFRIC L hIE.
Pr €1 Tk Pr >1 OBHLEROEHEREPREDOHAIELZTRT. EELEEX YL
WHFBRHBHEDHRIIBOTH., KTS 2 MNEHTOT S MIVEBUREME 2T 152) 4
RHONB, COMMETIVC, CDEIBRTSY MBANOKERZEZTZDHICE., &
EAHRBESHOKITEBRE LTSV MVEZEZAELDERRETBD. B0k
TS MVBOMICHNHRFZHEICEATEILEDRD B, EERIZZDLS RULE %
TH5ZEEHBUL, COEPHT T —F VBRI LBRF—IVAROBTDRIITH %0

b) EBXwEIL M
BIEREDPSRF—VHFERBIEBITTEE, R >TAIRILVF—DREEK., &
BEFTRIMBRICELDTHITONEEDHERREWENT 5, RF—INERICBIT
BHEEZ2EIEXCHELTC, SR FCORRKZE URERXGETICBIT2HIEKRED
FHBIZLIZBRRETH XV I N 2H0VE, ChE2KEEHHNTEEBELEX v
TV N BRADLHICRB,

3T ( 8T,
o [zl
O0Z | z-0 0z 20
1 (8T | 1 60
= 1- — |— =1 - — — (1-49)
m aZ z=0 Raaz z=0
Ewkgcixr £01-24) ® 6 ZR/ALT
1(!)
m:1+£2hﬂth&> (1-50)
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#1.3 [n,n-1] T—FK OERXvEI MIOERXTOFRE N (K(1-54)) &
2F— ROEAEH (X(1-55))

] A RO i Malkus®®  Catton®®
N} (Fani/Fan)e (Annei/Ana-)e  Nao Naos Naos
11 2.95718x107°  -6.4085x10° 1.458 | 1.51 1.446
2{ -LEBIXI0°F 182410 1647 | 172 1.664
31 -6.3017x10  -3.1130x10"* et | 1.83 1.761
40 -L223x1070  -4.3872x107 1.63 | 1.9 1.822

Malkus®® °*P BEELAZLDIC, FEIX RNV I n OERBE—RP50HEE50DH
KZoTWB, ULBPLUE—K n OFEE Fu e, An e it 2(1-48) OEREE#EL
THOE—F n” ® n” CHRETEIILLEFEITRETH B,
c) M o¥—-E— R

[0, 2] OB —F—REFDPOSRZ2RTCI—NVELEZEZIZ L., EEREBICIBTZR
(1-46),(1-48) X b

dw,.) 2 1 zW 2
An,c<W.8¢> - Fn,z<an2W12 + 2 [‘—] + [d ‘] > =0

dz a.?2ldz?
(1-51)
de.)?®
An,l anzelz + - - %' Fn,l<WZel>
dz
= An,an,lz {<W194>2‘—<WA2832>} (1‘52)

ChEDEHX v IV N ERD B &

Mafn, 2] = 1+N, {1—Ra[n,2]/Ra } (1-53)
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o T T
Z 5 [n,n-1] mode sol. .
£ :
3 —]
IZ - nWW
i E
0.5:“"| 1 et 22 aaal N Y | , s s ]
10° 104 105 108

Ra

1.4 [n,n-1] T— K@ c&s EIX vV b N [n,n-1]

lll' Lt L lllllll L) ) lllll'l T ¥ LN N SN B BN |

10F ° Silveston (Pr=6.2~3700 y137) _
E — Eq.(1-56) -

1

T | Ll 3
104 10° 108

raal
103

Ra

1.5 K(1-56) &3 N &EBREOLLE
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ZELURE N, &

N. KW:8.:2>/ {<W,20,2>-<W.0,.>?%} (1-54)

72 Raln, 2] X, {(1-45) THZOSNBHEH an. CHTHAFIREHBELOL ALY
~-BTHB, #1312 n=1,2,3,4; £=n—-1 OHAEKCBIBEBH N:. OtEE»
Ao PELUE—F—F [n,2] ® We(z) & 0.(z) OBFBIE L LT, £1.2 LRLE
(n,n-1] & [n,ntl] ZHWVWEAZ2E—RBHICIDERLV AV - REFBELELELZES
hEEBEZRHOE, 9205 [0, 2] TE—RICANTZHEH W.(2) ELTXROEREZ A
W5,

{We(z) + (Fa te2/Fno)e-Weaa(2)} / {14+ (Fn 242/ Fan o)} 172 (1-55)
(Fa s/ Foo)e REFRBICBITSZ Welz) & Weeo(z) OBEALTH B, B 0.
DOWTHEHETHSE, M1.4 1 F—Fkn OFEHX v M Nln,n-1] 2L A Y —
BOBEBRERT,

n OERZBE—FRENCHTIRAKICEST 5L 05 Nalkus®® QRE AR .
FTRTCDE—KPLDOELEEERLATEX vl ML K (1-53) &b

Ni = 1+ ) Na{1- Ra[n,n-11/Ra } - 1(1 —Ra[n,n-11/Ra)  (1-56)

n=1

7272 L 1(x) & Heaviside OREEEAMTH B, M1.5 I L(1-56) LhRDEFEH X v
TV b Silveston'*V X ZEBREL D E R T, Ra.<Ra<10® QOEHFHT. itH
e RBEEHEBOR S —B T35, LHL Ra>2x10* TRERE - HEBKZ22D. B
FREEZFELVEBEZOEIIHMATEZ LR FEISNR V. FAHHMTIR Rax1.7X
10 i< T N O&EBAABHZN, RRTFT -V ICRIOLI 2EMEAS ARV, UL
DIers, FHX vV MPROFHEICE, REE— FEHOMEEHAZZE L =R R0
EThdLEIbNG,

d) Nu OFHEE— K

£ (1,0l L [2,1] O2F—FkBRETEHAEEL D, EHX v L MROHEH
R%E M6 ORE TR LE, MTOWBE, FLEREEME2EL. —HBEBEE250
E-FBFBETEMLICFHI vV MRICHS T2 L HELT K(1-56) LhReE
fECHB. Welz) & 0.(z) & K(1-55) LEAKOBOEHAWVWE, 2F— KOMEIEH
DEBIZL ST, FEX vl MM ERHOZWEE LD D ULNIL< BTV B,
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. lllll T L] 1 L] ITTII L] ) ) LEL llll L L] L) LBLELIR A

100F — 2-modes [1,01,02,11 sol. -

- —— the sum of modes (1,01 and (2,11 .

5t E

3 | _
TE 3
05:11111 TS AW | [N NS I WY L1 a ]

103 10% 10° 106
Ra

M1.6 [1,0] [2,1] D 2F—FRR Io&d EBRX VLV N

UL N & R 02K 2EHKRIEIEDST. [1,0] & [2,1] 02F— RBEIOMEEH
O THhE WV,

tMOE—REDFHBHEREZHARDZEDIC, n+L<3 ZirEd [n, 0] T— RMBIEHE
TR3502FZ D, 2RTODU—IVEIL - Ny —U2RETDBE. EhBEONHELD
A(1-20) oFEHEWETE—RE [1,0], [1,2], [2,1], [3,0] ® 4E—K TH3
(HM1.2 2 ) o Thd 4F—R PHETIHAOFEHIvEN MUODFERT L
Silveston®” OHEEAEE L DHEZ H1.7T 25T 22 LB W.(z), 0.(z) LT
Fhzh K (1-36),(1-37) ZHV. FHEFHIX LIV M EPBRICRZ LD E,
BTBEHRE., EHEIDILOEWEZ RTH, 2RMREMER S —H LT3, i
X1.6 @ [1,0] & [2,1] O2F—FK@HMRICHSTEZLDIR Ra >~ 2x10* BT BM
AEBENLZV, BRE-ROEEBOKREIZHFHRD L, VAU —HHEAME Ra. 2L =
“ELb [1,0] & [1,2] E—ROERBEEMOLTHWIA, [2,1] E—F® [3,0] £—
Kk, ZhoBEMTELETIGEOFHEAL AV —BEHEBZITCHELALHESI LT,
FORBIEED TN RECEES, [1,0] E—F& [1,2] E—FOBEOMEERICL >
T, [2,11 E—F [3,0] E—FOMEINZSNEHRIE., ARFTEEIDLERS
M. EDELDE-FREEEBELETT—FHKIZL B Busse' OBHTERICHBASN B,

AF— RMFOREL [1,0] [1,2] @ 2F—R FU2ZEBLABNSRELOLER
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o A — Ty
| — 4-modes sol. |
10¢ o Silveston (Pr=6.2~3700 )137) .
o ©
0.5:- 1 B . L
Ra

BM1.7 [1,0] [1,2] [2.,1] [3,.00 ® 4E— KM LB
SEER w2 U b BE FEREO FEB

5 . 15 _
10F o Bu?;iso:r)\eory ) 4-modes sol.
5| 2-modes sol.

S F ]
2 _ modified |
2-modes sol.
1t -
0‘5 :L il 1 o L L 41 L L1
108 10% 10° 108

BM1.8 [1,0] [1,2] ® 2&—K@ & [1,0] [1,2] [2,1] [3,0] @
4F— KRR 20X % X vEIV MO
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B, 4F— RMHFL [1,0] & [2,1] O2F—KRBEHMICBIT B [2,1] E—FRDIRIEZE
HWRBEL, BEORE A : KHRTEEDOERE F. . OMNEINZI VW, 2 CHE
Bicowtos [1,2] E—F2EZ, HEH~OD [1,2] E-RFOFEE2EHE L TEYX Y
WA EEKRkDBE, M1.8 DELIWCALE—RBFOBEELDBRATHNE RIZTEELR
M, 1.7 IR U Silveston ORBREE DO -BIZR< %%, KD OH iX Busse
DHBHER' TH B,

PEED, LAY —BOEMCE> THEIAZNRE-FE., REBEOTR z2=1/2
OLETFTTHBREEE Welz), 8.(2) (=02 EH) OE—KBET, ¢ =K
DHBEBE—RREBFLAYMEIA RV, FEARESMICHERZ L, EESHEIVA Y
—HHBEMULTHHED B LRNWEEZ SN S,

1.1.4 BIER—-E— KWV
CHhETCIKHDEZESTCELRESORFTF—IVHNELIDDFICEELRRF IV RHRAE R
FrLib, RF—HEEZ THFRNBECIGHT2EHEGICE. RDBWIBHETHI»POHBE
EOWMEEZROBBEONZEUREZ RH I LERDH S,
a) BIEE—-E— R4
RifiE cCoOMITicLhiE, Ra<3x10* oEwR#&@mcix. [1,0] & [1,2] © 2%F-—
FEFZZZAEELL, B2 [1,2] OEE-RFRIBESHACBVTOAZRTLIET
RTHBIeBbholk, 22T A(1-17),(1-36),(1-37) orbbiz, XTEHE LT
UFOH—~FE—REZRET 3,

W(z,t) = F(t) - W(z)
}(1—57)
B(z,t) = A(t) - ©(2)
==L
W(z) = z?3(1-—-2z)2
} (1-58)
8(z) = z(1-2z){1+x(2Z-1)%}

0(z) D x H. HEE—FOBAL L BHENTOONAEETRENT A—F T,
LAY —BOBERTHD. R(1-36),(1-37) -l £1.1 LOHEISHEIRES I,
TR TERIFIE W(2) i Wolz) KL<, 8(2) i 80(z) & 0.(2) ODEIEES
o TW3, o> &KX(1-57) LB —F—FRaHE,. [1,0] E—Fiz [1,2] &—
KOBEATEMA=HZ L, [1,2] T— FOBALNSTA—% x THRESTW B,
CDEHNSTA—F x BROBNMOREBRFERICLEIZR S,
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b) W REHE
FAREMBIE, B-F—-FRic3d3 X(1-45) @ We, 8, ZZ2hzh X(1-57) @
W, O TCEBEZXMMAZS5ZLICEDXRE B,

Ra = 4(x+9)"2(a?+24+504/a?) {21(a2+10)+6x(a?+14)+ x2(a?+66)}

(1-60)
GZoNEEE a LT, HAPBNERBEIICKENTA—Y x ZEHd L
x = —(az+28)/(az+92) (1-61)

ERBD ChEDERLVAY —HEBEBABEBREIRDOLS> IR %,
Ra. = 1708.87 a. = 3.113 (1-62)

Iholk £1.2 @ [1,0] & [1,2] 02— FKMREIBERUCETH 3,

c) FEHEMR

Ra>Ra. OBHARBICBIZ2EESHIREOEE F, A LPEEXvELMRICDOWL
Td, A (1-51)~(1-53) OB - E—RBERZDEFHNHTES, LML 6(z) Fok
ENTA - x ZROZRUEBDLETH S,

—HREVA U —BDBEMT 2L, BESGAREENGVELTBETCRERG AL
T5, LPLAFORITETINCIX., B8z -BHICRDIRZEBEETRTOVRENED,
KEOBBEH A CH B2 ERABBECEREIES LRI CEAEHEEZ >0 — VL0
BRiE a=7 —ELHELTWVWB. AMINET VT, BESAPERIERSZ 5N
VA —BODBLTHRARBERZRTLIOEREBZLIRET 2. TOEMIE., BIZRT &
212 (81.2) . =V PO HERRKORTLEMTHD "> | £ O T
RAREDBRITICB VT Malkus®* P X > THHVWLNT VDB, WIS A—% x %
KOBAMRZHA L LT, BiIBOBRR (FHX vV M) BROREOIENIC, i
DOk F ZRRICTBZFRNLBEZHORIE A 2ERKCTI2REEHVEEADOHE
MiRE XKLAWURT, M BAREE F BKRAZHOVAGEERER BTSN,
A BREHCLZHBEHRIMO2OL ERZEMERT. MECIEBEOEDHIZ4E -~
RRHTT M PERKERZEIICHBEZRDEEOOHEREE LR L,
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1.4 N gL F BK. A BK ORZHZHVCGHELEBIE
H—F— R 4 F— RRMTIC L B

Ra a x 9 F A
, Nu - max. condition
2000 3.11 -0.260 1.214 56.05 1100
2500 3.11 ~0.068 1.476 93.47 1795
3000 3.13 0.127 1.662 121.2 2263
5000 3.24 0.934 2.107 205.6 3415
7000 3.38 1.76 2.383 276.9 4094
10000 3.53 2.94 2.692 372.3 4796
20000 3.72 5.55 3.327 628.4 6414
50000 3.82 8.12 3.962 1129 9650
F - max. condition
2000 3.27 -0.264 1.209 56.74 1063
3000 3.60 0.128 1.632 125.5 2086
5000 3.91 0.961 2.061 215.0 3119
7000 4.05 1.79 2.337 287.9 3796
10000 4.18 2.94 2.649 384.3 4527
20000 4.37 5.54 3.289 644.3 6158
A - max. condition
2000 2.92 -0.357 1.204 53.01 1124
3000 2:28 -0.321 1.514 87.59 2563
5000 1.60 -0.304 1.645 95.85 4873
7000 1.30 -0.297 1.879 96.83, 7108
10000 1.06 -0.293 1.672 95.91 10435
20000 0.731 -0.288 1.719 96.72 21488
4 - modes analysis (Nu-max. condition)
2000 3.12 1.216
2500 3.15 1.482
3000 3.18 1.673
5000 3.42 2.150
7000 3.63 2.545
10000 3.95 2.854
20000 4.44 3.624

29
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IlIlll| I lllllll| I T T vrrl T LI

* Pr=35~3700

; 137)
o  Pr=36~66 ] Silveston

10 §_ o ?&?'&?ﬁf‘ } modified 1-mode sol. ]

- —— Numax.cond. 4modes sol. o ° ]

=3 - -
2

IR

10° 10° 10° 10°
Ra

M1.9 BIEH -F—RE I0L5 FRX vEIl M EZBRIED 5

d) FHXvEL Y

BER—F—FRZ2HL, @R LT N BARGEZEIE A BREH 2> CEHE
LEEEX vy M E, 4T RBRTHERIZEHL LT N BREHFZHOTHEZR
HDEBEOETERX vV M Z B1.9 I8 F, Silveston ORBEAR T LItHKT 3
. N BARHOBEHR -F—RFKMRIX., RS3x10* OFREHTCERED LBEZ2RL
TW3, F mREHFZHVEGGE. N BARHEZHVWEGAEIDBHNZ2 BEWERZ
MRIETTHB, LEL A BARHZHAVWEGEOEYX vV MUE., EBREE £<
bR, M BRRGCHEZURD 4T RMEFOEYXI v M. N BAKF
HOBEYE -F—-FBIDBEICKREWHZRI DS, N BREHFCHBEZED S
LB ABYTH D, MHFD Silveston DERBFEDOS> B, BAIHERN TS MVEOD
BT —4 ( Pp=35~3700 ) T. OMEIHEBER TS Y MVBOEKHWT—% ( Pr=3.6~
6.6) THBo CDEIITSYMEPREWEGIE., FRX vV I /NEL RSB
HHPBASNED, KBHET VTR, BRETSVMVBBEIUTLAS Y -BOBKRZ R
FTHPEHZNICRELZVWIED | ERAHEICASGINBZEEX v LIV N ROTS Y M VE
KNI EEMERBRTLZILETERN, THIZOWTIIEOHE g) THIZKGH T 5,
e) FHRESA

HM1.10 & M BRRHZHWTEHE LA, KEARKEZSMLSWAERESMATH 5,
BRHEFEOREARIE. VLAY —BOMMEFEIZKELSRZZN, z~0.5 ORKBOHR
WIeBITHRELEN. Ra~4100 THE iz b, 4100<Ra<13000 TEDOTLICHERE LT
REBBEMBETES, ISR VAV —BHPKRELRDE, REREBEREOANBICHE
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10

08

06

Z -]

04

02

0 0z 04 06 08 10
(T-rZ:H)/A T

M1.10 BEHE—F— FRICKZKFHEIERTE U4

1-0 1 1 1 {
Farhadier®)
i exper.
(P68 )
2 Ra=4600
08 oRa=4800 o
YRa=5300
06+t -
T
[ |
N
041 .
02" tReoretical |
| prediction i
( Ra=5000)
O 1 |

0 0.12 0.14 06 O 10
(T-Tz=1)]AT

B1.11 #RESOREE ZREO
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T T llllll"[ T T LI I B i

—— The present model

10%— —---= Pr=900 Dubois?®
. ,'.;;;?;};0} Oertel

109)

Wmox ["]

[S)

N max. cond.
F max. cond.

T 17777

|Il| L ! ¢ I |

ot 10
(Ra-Ra.)/Ra,

1.12 mREHEDGHEE L EEAED g

VCHREAROSERE LA LEREERBELIPERENS,
I;arhadiehas)0)7‘)/\‘Y1yy“%iﬁgf(:iéiﬁfﬁ%ﬁ@%@“fﬁt N mAREHZRHO
PEBERE—-FE—K@ELOHEE M1.11 2559, R<5000 CTOEAMELFFEMEO B
BRETHZ, HODERT—F T, LA U —5H 3860 L4610 ORI z=0.5 o8B
BPREAESBLRD, AGFEHEL LA TVWE, BLAU—RIZBIT3RRT— & 5
BN, RABOT R CHERBEENEIELEZE LA, ) —BTOHEHELDHE
ECcERPolk,
f) BKHE#E
FREEFFEITHEROBARE Waax & 2=0.5 OFFRPCEID, 2K ca—)
IV TCHRADLSICRZR B,

Waax = J2F/16 ' (1-62)

1.12 iz Oertel, Kirchartz'®® 99 L —HF—Rw PS5 —klstic L2 ERBELEE
HEDEBEZRLE, K(1-62) &b F BARMIE Waax BARFIIHLL, T0%
I L B BHEIETERED LFBEZRLTWVWS, £ M BARMICL 25 EER., F &
REHOHEELID B3 ~4 % BV RTOHBIE Dubois®* OHBRA I DR LAEMBET, 5
—E—FREB E-—FOBRBRRKELEONTHD,. M BARHFICL B, ChsDEH
HERS-HLTWEH, =0.T1 OE7S Y MEOTF—FIZOoWTEDLLTADR
bbb,



Ra

10°

10°E E
B neutral h
=igblly
3 1 | ! L !
1OO 1 2 3 4 5 6
a [-]

HLE WEHORT )R O MR

———— Willis et al. Pr=0.71,6.7, 450
—-— HKrishnamurti Pr=6.7, 100,8500} exper.
J The present work Pr=940

Theoretical prediction
(@) Nu max. cond. (b) F max.cond.

(c) A max. cond.

L1l

(@)

B11.13 REOFERMZHWTEE U R e RO thi

33
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BM1.14 #EBUCLBTHXvEL MIOELL

g) WH

M ERK.F BR. A BROZEWZLDOFEHZHWTGHBELEREHEE VA Y —BOH
e ML.13 17T, M BKkE F BROFHEZHVWEGHIZE., LAY —Ro¥ne
EBHICHEBBEMT B0, A RRRHFOBECEHICH LT S,

BREHE UEERAIEZ VA, X1.13 ik Willis'®*® (Rr=0.71 , 6.7, 450) &
Krishnamurti®®’ (Pr=6.7, 100, 8500) BL U F&HS (Pr=940) OFT—%"V DH %~
Lize EBEATLIHHEAELESDVTLBEN, WTFhblb A4 —Homine Hicw
BEBLT 5, FELHE-ODOULAV—RIZHLUTIE., 752 PVEBRNHNIVWEFEHRBD N
K RBMEHEMBESN B8 85124130 IHHOFZHFOHTE., N RRKEHICLZHE
X, FEIX vV M. FERRESM . BRRKREORERE L RIFR B ERLEN,
BEIZODWTHE<LERBELObRV, M1.13 0IRTOTF—%iX. N BAZHE A
BRAFHLIDEABEEINE2AOHMBOMICAHEL., LR LE3IDORFITVT S K
ZROLEBHRIFE LTEABYTHE L BDP B,

M1.14 K. —ELVA Y —BOBLTCOHEBEFHIvEN MNEOFHBHEERLED
DTHDB, FPEULNRT A% x &, FEX VLNV MNIBEREAERBELSCHEDE, &L
AV —HICHTHIHMBOMKIEZELHEHRIE. M BAERHFC LB EYX vV M RE#®
BOBEBRZRL TS, SAHBZHEAKY a. CHELTH., FEX vV MU N
BAFRHCLBELIELALENAONR D, U UEHERO LS. VLAY —HOH
MmeEeBIEBPERERELID NI ZBIZohT. N BREHICLIBFEEXvEI
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10 N 1 i 1 1T 1T TT t I I T 1T 17 ]
~ o Silveston'? ]
i Pr=36~66 ]
| —— The present model 9
Pr=6.7 o0 %
% o |
= | 8
. > o °
= s
. 8 i
Q
08 ’
1 -_—OW
i 1 1 1 L1 1 1.1 1 1 | S I—
]03 104 105
Ra

B1.15 RAEEEHWEERX vl ML BB g
(75 ¥ MVEBIMEWER)

]O | i I 1 UL i | | LR T__
[ o Silveston”) ]
5 Pr=130~ 3700 i
B ——-Fv=450} The present °
® Pr: 940 model o
3 WM
IZ — .0 [ —
W
o%°
| poo—os .
i | i i 11 111 i i . l—
103 104 ]OS
Ra

X1.16 SERIBEEEHWEELX Y2V M E FZERED
(75> M VBDREWES

395
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T T T T T1TT1TTT I T 1 T T TTTT
Cal. with observed wave lengths
o~ i SR Wik oo
10 & Pr=940 (The present work) .
- Cal. with Az max. condition ]
L o pr=0T1 } Oertel'% 160
. s Pr=1780] exper. P
T s
)
x
g - .
=
10 =
i L L1t L ! 11 111t
10° 1 10

(Ra-Ra.:)/Rac

B1.17 FHEEEEHWERERKREOFRE & BRI g

F%ﬁ@fﬁﬁ‘%@fbb‘j(%(ﬁéo VAN —DBRKREWVWEZE, 2752 MV N
FBEEBIBNEIL 22D, FHX YV MO EHIZERNH LD B KE LR BHH
v (M1.13 2 ) o lbozedhs, EHIhAEREZHVTEEX v 2L MY
ZHEITAE, FAMELBECRLW-BNEONEEEZ SN B,

M1.15 o AHIX. K752 PV (Pr=3.6~6.6) T® Silveston DEEH*D ¢,
EKHBE Pr=6.T OFEPBEHEAVCEHELEETHS, EELAATA—% x T N 2
RRETBEIIREAZ., ML.9 O N mRFHZEM L EGRHELD SRUMEE OB
MELABRS2TWVWB. M6 BTV PUVEFEVWEETH S, HPTOEKEIE Pr= 450
D Willis FOERFFEE > ZHVAEFEME. JLHIE Pr=35~3700 @ Silveston DX
B Cthd. TOHBEL. EHEHEZHVWBEZ LICL > TETEBE L EBIEE OB
RL<%Zz>oTW3, K1.11 OFEBEESAIZDOWTH, Farhadieh O FHFHBES 2 H
THBDHBEZIT>EDN., N BREFZHOVALOFHBEHREEDOEZER WP o2,

HHHRBEZAOCSHE LUERARESL K117 277§, Oertel!®® 199 % Dubois?®*
D@XICEEBOEBREF/RINTOWRVED, Nillis *2 2 EHS"VDTF—F 20
o sl BIHEEHELD /NI RDBE, BREBEAVWEZILICE>T. BPX>THE
BRIEPSOIVHRKELRD>TWB. Thik Oertel ® Dubois KB THWL S M AR
PNEL, ZORRAEID 10 5T, a—beH 10 HEEBREORETI LRI
Y, BILHRTHFFEVWEEBEZHO IO BB ERBECHMZEI N SE XS R,
VA Y —BOBIMICES HBOBIBEZ ST, BBEK - E0F Lok
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1500 T T T T T T T

Nu-max. conditon

1000

F -]

500

BM1.18 #HRICL2HEDHKKE F O&{t

Ezohb, R, Bz LHENMEBOO—-VEVERELT a=m (&) TEHET
5. N BARHOHERID BB BEWVEZ R LUERBELREL —KT %,

MEHEEDERE F LHEICO>VWT., M1.14 LEKEOXZRWED DN M1.18 TH
50 PR MIZOWTO M1.14 BT Z L, O LPIZLS F OEDOK
FTENPRKEL ., BRAHBZHEBOBLDENLCHETHZ b3, ZDED Oertel
% Dubois OHRAEHMEDRRBRIZ BT I HEHELD /NI VW EZ s HBEZKE L
HlLEZEH, ML UBU2BARAEORRELABHEEDODKRERILVZEARE TH
HeEZEZBN 5B,

h) fi¥EDEE™™

WEN AT, BMAROESY L, . BITED L, ODEERAHNOT—=)LELROR
FoIVHEEEZ B, HIERBNICRELEDT—ILEIE., @FT—IVEVOEMEIIZ
PAFERBEIICEFT B4 42 LENST Ly DL, T y AlkEzE->0—
WEIVDBETL B, L, BH OBIERETCHOHAIE. »y=0,L, BT3B HELEDE
N RETZEPEBTERLI RS,

KT, Ly, BDERT L. >0 OHB/IEBITZT—-NVENLVRORF—IVHFEDF
HEHERHRD, BHEY VP OFEBITRRICEINE, =0, L, BT 5 EkEE
DEBESZTC,. U—NVEVHNOEESAIHALETOHRDON, 2EHEEROFEES
Re ZODEEXx ,z AHOHEERS v , w DIEPICBEHIICEEZ y HADEERS
v 8B NB., LAL v e , wilhRT1A—FULNEI0WED, AT v =20
LT B,
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Yy =0 ,L, OMBEZHFHEBELKEL, Chicksn—VEIVHOBRESHADEE
HEHETE22 LT, A(1-14) OPDOHICUTOERTEESF. BESH. £ 9%
PIRET %,

dw
U= - —sin(fax) - F - -——- 9(y)
a dz
V=0 1-63
w = J2 cos(ax)-F -W(z)- 9(y) ( )
6 = J2 cos(ax)-A-0(z)
P = 42 cos(ax)-P(y,z2)

CCCHEE (@) BRESEEATICREITEE2XRIBENT, BREBEHELTCOMESR
IO ROEBZHESIRINERS RV,

g(0) = 9(Ly) = O (1-64)

ZEL Ly =L,/H TH5o,
A (1-45) OB EHERICTNIE, PULREHBORXB RO ISk B,

Ra = F(y)—2<we>-2<a2@2+ [E’—] >

VA

dw) 2 1 ({dZW )2
X [ a*W2+2 | — | + — ]
dz a2l dz?

— dg)?z 1 ({dw)?
S R D) I
dy azldz

EEL 920k 92 2y ARICESLLERTSH B,

e 1 Ly
gz = . J 92 dy (1-66)
v o

W(z), 8(z) LT RA(1-58),(1-59) OBEER—-FE—FAfMERETD L. HX(1-65)



>y

M1.19 UROFEEXIIH I () 0 Ly-ly Ly

DELEBNMNZTEZNT A% x O KX (1-61) THZS5NB. I(y)=1LBITE.
A(1-65) MBS WEGEGO A (1-60) ICRET B,

Ly>1 Tik. 8083 - Ve VodiEHoknwiEEicEshas, Lys1
TRO-VENERICHEDLSDEENRREELIOND, HEIPSDEED K REH 2
ey U, Bl 9(y) ZROEIICRETS ( KM1.19 )

OZy=s¢g, ;0 9(y) = y(22,-y)/8,?
ngygLy_ﬂy ’ g(Y) =1 (1‘67)
Ly—2,Ssy<L, ; 9(y) =(Ly—-y)X(y+28,-L,)/2,?

HEEREIC BT RO VE ., BrSOBMO 2RBPAUTER LE, RENTA—F £,
ox BRI, L(1-65) OAHAUDPENERBZEDCHEDE, 2HLTHEIAEPILER
EHEE L, ofE M1.20 257, M1.21 & BARALVA UL L, OBfKRICD
WTODaHEEE Stork* P DEREE OB TH B, EREEL D -BIEZRHF T, L,<1
CBWTHEOZESFEEZEICRDBERLV AU —RPIABUIHENT %, HEOREBD KAEE
B oo, LABORITEOEX L, OM%E M1.22 25k, £, & L, I WVWESE
EREVWHGIE., Fh2hRAIC#HET 50

L,—0 5 2,=L,/2
[20 (a2+12) ]1/2 (1-68)
Lyeoo ’ Qy:
3 (a*+24a2+504)
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-

K1.20 oO—E)vonicEmERMEEmEERH L, M
LB E MR RIE T 5

4 L § T L] L L} T Li T T ] 1 | 1 ] T L] 1 L
— Predicted |
[o] .
Experimental |
W o  Stork &Miiller'42)
o e The present
x 3t work -
QO
o]
g
2 R
0 1 2 3 4

M1.21 EOBENHILAEOHAL A ) —BOHEH L REREO



F1E BELGOXRF—IVAED M H 41

06 . , , |
0.4173
0.4F Vv’ et
I M
= i -
\3
< 02} _
I a=a,(=3113)
O ol 1 s '
0 05 10 15 20 25
Ly [-]

M1.22 MEESESE L, MRESROSEES £,

Ly, > 0 OBEGOBAKN a.=3.113 2 AT 5E £,=0.4173 %&b, Zh &b
HBEDEZBIX. BroEIDHNESOHHOTETCREZLDEDD B,

i) m—vyvy-EF)N

VAU —BHE<R3e. BEE - KR TR +ARHESAPLRES AR LB TE
BRLBBETTRL, EHMEZDIDHBALEILRD. COLEY IV ML T VDEE
JIIE G TR BAK LD TEAIAAMREHZRTIA NI P NS 75 —0Blh
Bo RF—JWHHBRIZBIBAM U IP7 M52 % —iF Lorenz?® *® 2 k->TREEh.
FOEEMOLBAERITESTLEO—L Y - EF NV EMRIEIATVE, AMKTEST IV TR
ETHAHEPEKRETH BH, Lorenz B L FHARPAEMELRDOGEZMDEZoE, >
THEEOBRZENERDHAZBRIFE., KlcRmLE (BIE) B—F— R, KERIZ
Bo—Lv oy - EFNLERUTH B

Ho—F 2 iEZHVWE (BIE) #—FE—-RFERFCI2RBORBLILEZRARLEDIC.
BEZLOFEFHELEHRS 6 ZROLIITBL,

6(z,t) = A(t) - 6(2) © (1-69)
A(1-13) DML 8 2T THRAENVICOWTKREBESEH LT A(t) DWW TOR

M2 2KkDB, A(1-69) #d B(z) OEBIEL LT, 6 DM A(1-24) L[E
HModbDzRET B &
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0(z) = J WOdz-z<We> (1-70)

ChEDiRE F(t), A(t), A(t) ORMZI2zXR I AU TOLIICR B,

1 dF
— — (W2+a?

dw)?
——] > = AK<WOe>

Pr dt dz

( o)l )

- F azwW2+2 | — | + — (1-71)
dz azldz?

dA doe )z
—— <B2%2> = F-Ra <WO> — A <az@2 + [—] >
dt dz

- FA {<W2®2>—<W®>2} (1-72)
dA
a‘ <B%> = (FA—K){<W2®2>—<W9>2} (1-73)

LEFHREFEHREDGAICE., TURERBOBREREERA LAV - BEUTFO &
2R B,

W(z) = O(z) = sin 7z (1-74)

Ra [marginal] = (w%2+a2)?/a? (1-75)

Zhoz L(1-T1)~(1-73) IZRALT., EREBEZTS LU TFTOR—L WA
2725,

dX

—— =P -Y-P-X
dt*
————dY X-Y-—-XZ (

_ r — — 1‘76
dt~* )
dZ

= XY—-DbZ )

dt=*
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=EL
X = Fn/(r2+a?) Y = Amra?/(mwr2+a?)?
Z = Aa?/4(wr?+a?)? t*= t(mr?+a?) (1-77)
= Ra/Ra[marginal] b =4n?/(wr?+a?)

FFERRNEAEOARFATE., HE F, A, A OZLORABUTOE> R 2,

dF

—— = —Pr- £.F + Pr- £:A (1-78)
dt

dA

—_— = QaF_Q4A_Q5FK (1‘79)
dt

dA :

—— = L6 (FA—-A) (1-80)
dt

EEL £ (i=1~6) X, K(1-T1)~(1-73) OEEBICL D 2HBBMOBEBTH S, &
NoDEWRBRBIRDOXSIZR D,

Fo? = (2223'2124) /2125
A = Qx/ﬂz‘ Fo (1‘81)

COEEMDLENEBIEREMRTICED TS, Hurwitz OPEEIZLILE, &
HRDPLETCHZEDORNBUTOLISIELDHOEN S,

(1) H15H‘Q1+24+Qs>0 (1“82)

(Prf +2.+t06)(Pr2.28cs+L2£8386)/Prl:
—280e(828s5—2,24) > O (1-83)

(ii) He

i

(iii) Hs = 2L6(L285—£,2,)-H2 >0 (1-84)

EFEED L, BIRTETHBIEDS (1) ODFRFEHESINS
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103} Ty
= b a=a, (=3113)
= Ratmarginal 1=1708.9
g <
& 102} ]
B " -
Q 1

10 s A . e

1 10 102 10°

M1.23 EEEIARELTIEFALV AU —HE TS5 MVEOBER

Ra / Ra[marginal]l = £2.8:5:/2.0. (1-85)

DOBERICEETSHE. R > Ra[marginal]l] OBHEFRERETIE £.0:-£0.,2.>0 T
HBPS, (i) OFXMH H>0 Bz TiE, (i) OXBEIEHENICHEZIN S, &5
T K(1-83) LW EFHEPLETHBZEHOZXERIT

Ra <H~Q1(H~21+324+Qs)
Ra[marginal] s (PP2,—02.,—206)

(1-86)

W(z),0(z) LUTBEHR-E—FRX (1-58),(1-59) 2ZHWB L, LOAZRIE Pr>10
KBOWTKRATEMTE S (K1.23),

Ra/Ralmarginal] < 1.95 B (a=ae.) (1-87)

Wo>THTI Y MBOBEICEK., EXBIARECRI VAU —HOBRBEX TS > b
IVEIZHH LTS 5,

EHMBAREICRZ VA Y —BogEE . K(1-78)~(1-80) 2HEMS LCH LA
EHRIBOERZEE M1.24 2R3, ¥ {tOEDIC. TRTCOHBIZBVT x=0 &
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F/Fm K/Km‘_l K..H/K.,,—l

o Sx10t 0 ¢ 0 K’-/I

Kn/Km:_ 1

Ra = 3. 6x10°

AT
RR = 4x10°
Ra = 5x10° "’\n{
"Q:.?/_\
Ra = 10 ' m‘?/ﬁ \
Ra = 10° ; |
A
4 ./-

(a) #iki F OiiLfc  (b) F-K Vi Lot () K 0u-Lyy7uy}

M1.24 EFTREMEEKEE (Pr=100) OHSICBT5,. 0L 2V HERAOD
fREENIC N T B L1 ) —HOEE
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Bur K (1-58)(1-59) # W(z),0(z) LLTCHW, BRI ZOLZOBERA BB
a.=3.12 CHEEL. 75 Y MVED Pr=100 —E& L. M(a) k. WM THBEIL
LEK F/F. ORFBLZLTCHB, K(O) . R F, A, A 232 953RK
TOMEMHNOEDOH < HfZ F-A FHICKELELDOTH S, K(c) . nFAHOD
EICBITE A OBAE (X-2E8B/MME) A & n+ 1HAEOHEDOHKIE (X2
BUNME) Anvr ZENEFIEEBELHEEICE>EZ WH®BZO—-LYY - 70w FTH
B. Pr=100 Tik. L AU —B#H Ra=3.33x10° 0% 5 L EHMARLEIcR 55, M
1.2 WBWTCBHBLUA VBRI OEE2BZ B EFBEICWNR LR RS, R=3.6x10°
Tk, F PELEOEMEZRACES 8D FEOLEREME R TN, Ra=4X10° T
F REOEEILPEAOEBOE o —iETEZEBD) IV ML I NIIRE. F PIEHA
YE50EBOYU I MY A TNV RBPEBYBRGICKET B COXD 2L HERHIM
DPYIw MY UEHLLGED n—LYy - 7oy b H(c) . BRI RAERMEOD LI
I T 255, LA U—BHBEIZHML T Ra=5x10°%, 107 &3 &, X(a),(b)
DEICIRBPHMBER—-ELRLRE, ZOHBAFOHER. X(c) ® a—L 2y -7
Owh OFELSEbIELSIC,. F-A-A O3 R THEBNICHESDAE W AME L2
BIZESIAMNLYY - PRSI H 27232199, Ra=5x10° L&D u—L 2V -
0w O, P > 00 OHAXICHNT B Fowlert® DEHFIAEE L D TR <PT W
%, Ra=10° T, IRKEPHEEOEANITEIH LR %,

8§1. 2 RI—NWVHEROTY FOP-">

RF—VHEPRETZEERO—DIF., BEARCI > TEESREBO LETH IR
BIEILBHNERNARETCH Do LD LAKEREBEEREPHEIIRNT -V ARZEIT
DIFTCHRV. HEBRIEL. ZhdlRT52D0F 80 —2ik., HEICX > THIRZ
NBMBIRNVF—N, EHICHEIKELFEEZ LN THD. L LRKORKENK
ETNIREHEHERIRELSRBN, 2a— b HEEKTHEPED, HHHEPESRBE
T, MM RETTCRRFT VRO REEZMIET 2 HEEICERDEHERV, WEKBEWIZ
RRERFBERBZHE T B EDICEK, FEBALRIUVF-PTHEHI»SHEAL. LHE»S5HE
HLUR2FhERS WS, i TRAEELHEREGICL > TRENE X h THERE
MTEHLROTWVWB, O THEUAERFT—INEFFHERTZ 2D, BRELEZIEK
U S 2 ds, B EDHRIC L BREG OB —{bE LR S RITAERS RV, ZDF
i, FIRO NERRGEEER AN CH D, HIBROEEZHMEA L 2T —IVAR
KEOMEEETLAY —IE. 9(y)=1 Bk KX(1-65) IC&>THZIHN BB,
AT ZORXDEIABRF = IVAEREDO HFRRFLABRNZHFICEDOLSCHEEKBLT
WahZEHRDB,
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1.2.1 =Y b E—INZA

Malkus®® iZ. R — I HEOH T X IV F—NEZA oy b E—-IEXA L OEGZRZ )
HTHEMW U~ Glansdorff & Prigonine®® ix. JEVE#EA H¥EZH W Ty b0 ¥ —4H5
HECEULE BRIz oA EEOBSZHEZICEAL. RFE—IVAEDRE
ZHE2KDE, ULPULRFT—IVREROTZ POE—-ZFDHDZEEMICHD ko iR
Baw, RF—ReE s b E—DEBZFRZ LD, T2 b0 E—-REXO
BHZ1TI .

R EEEfkE L. A(1-8) EROER TILZ2iToo Yy PO E—REKXBERD LD
(N~ 7

oS oS 1 0q; £y ou;
— + Ui— = — | - - - T (1-88)
ot 00X T 00X CoT-H? 0 X ;
0 [ qi] oT ]2 V% D,
= — + T-2] —— + .
00X 00X CpTI‘HZ T
(1-89)

T S=85/Co AEXR T MOE-THB, 7- BSHEEEZEXZL. Z 2 TEHEK
Bohd z=1/2 BT 3EREEETE, £/ a:=—90T/0x: BEIuBRK.
Q.= — T -au'-/axj TER T B T EINF —TH D, RXT— IV HRARD MR
G =7/7T-

é{.

AT 1 1 .
T = 1 + {—~—~z+——(9+9)} (1-90)
2 Ra

EURORF— M EER2EELT, KX(1-89) oz b bE—IRTAZHEMNEIVIZDOW
THhEEDERIT B L

d 1 9T 7= 1 oT 2
w0 GRED) - i ()
dt T 0z J.-0 T2l 0x: Co T-H?

(1-91)

AUOBLIEE., ETRA»SOY POV —HARE L RIDELE, H2HEMEHICX
Zry bbb —HEEE. BIHEMEHBICI Y PO E—EHEETH B, FEX Y
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VN DERLD

r- [ oT 1 06
Y P L 1-52)
z=0 Ra az z=0

BEOXRFT—INERTE AZ/T- <K 1 BEDIOPS

N> —-(AZ/7-)%-N

[1 aT]"‘ —(AT7T/T:)?
=0 11— (AT/T.)%/2
(1-93)

S DA - N U i

1[6§ 06 ]2>
+ - 4+ —
Ra O0Xi 00X

[AT]2< 1[[6§ 2 PY; 2}>
o~ 1+ =122 4 [ 22
7, rRal |l o 8 X i
(1-94)
EEEVRHBOREEL D
<P, > = <(oUi/ox;)2> (1-95)

#(1-93)~(1-95) % R (1-91) KRALT
d AT )? 9 : 2
aoes= [ ] e (15 52
dt 7. Raz \ | 0z dx i

ou; ]2> ] (1—96)
an

V% <
+
CpTrHZ
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RF—VHNEDFEIBNDT, HGUFAHOMMEHBEIIELETCES, <S> ELEA
Z t WOVWTHEA T EIE-ThEONEN, T aE—BREBTHE L
5, UMFIRT IS ERXAZRES LR CHMORERCHEXRBTE 5,

g r 0 T HAREAE 81.1 LEBICLT

1 d — 06 —_— 0g 1?2
——<€2> + w9’—~ = R <wW&> — — (1-97)
2 dt 0z 0X1

06 o —— 020
= - —(wg) +
0z

ot

(1-98)

ZZ

#(1-98) DI @ 2HhIT z TRHRATFETSL

1 d — 086
— KB 2> > < [ ] > (1-99)
2 dt

g7 A(1-98) 2 z THEHALEAXOGIZEKER T FET 5L

N a z_ ag
<WE> = —<—J 9dz> - —
ot 0 oz

A (1-97),(1-99),(1-100) &P

d / 1— 1 _ =
—( —g* + —F2 + Ra | Bdz
2 o

dt 2
08?2 g )32
- ——] + [— (1-101)
z=0 aZ aXi

(1-100)

z=0

06
= — Rg —
0z

A (1-92) ZHWTEHE T 5 &

d /1, _ = _
— —(92+g2)—Ra-z9>
dt \ 2
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081> (86 )*
= Ra?- (N - 1) - <[—] + (———] > (1-102)
0z 00X

TR EHEHBREZBRW DY PO E—INEA (1-96) AT 3L

d 1 AT )% d 1 — ~
—<8> = — [ ] ———<——( o2 + 9'2)+Ra-z9> (1-103)
dt Ra? dt 2

t=0 RF=IVHNEBRELELLTCLAZEO TS L

AT
7

1

- Ss -
<S> <S> Ra[

2 1 -
] <E( g2 + 92)—R8'Z§> (1-104)

727FL Ss BRLEUAYHREOZ b OE—-TH B, LALID. RF—IHEDRESE
LBz boE—Zid. FRICL>THEUZBESHOELAESY 6 & 6 Fi¥T#
RTE, fAEEPSOFHIMEBEBIC LI ARAEZELA L22DICATICEBIZEN
20V, MUEOEHBAEDIPSHLIPRIIIK., 7 —FURICLZREZLHMST DB A

(1-97) & (1-99) Bz b E-REZRICHIETEI DD B,

1.2.2 MHEREZRHFE POE-—

Chandrasekhar?® 2" |, ZEHFEHEZH VW TIART IV HREORERLEZKD ., ZOYH
MERZRHANE, ThICX B AHEREDOZHFAE, HEB T XV X —-OMEER LT NI
Lo THRHINBNELIRANLNF—LOBDOOD>DEVWERTI A LM CES, Glansdorff
& Prigogine*™ %% 4950 D—H)V - FFUo v EHWEHEE - HOYY—T)
THBTHE - REBR - MO E-EREERZFHTZHEO2D22HWVWT. ZhTh
KOWTRF—IHREBERGEZEE Uk, Chandrasekhar X H¥H T RNV ¥ KD
BAH»s., i Glansdorff SiIX Y O —4EBICEBRLEFEEHRIFOB A S,
ENENRF IR RREZMNFZW . AFiTE Y PO E—-IEHK (1-96) L EFHT
AN F—IZK

— ou.}?
<U:i?> = - <WE> — Pr-<[—— ] > (1-105)

1 d
2 dt an

ZHOWT, HENEAEBRDFRNEROG DS RTFT—IVNERELERGEZFARS,
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RF—VHNERPREES B ?ﬂﬁﬁ‘é’é‘l:}: EE~-DDE—FK f*&fﬁ‘)ﬁ)ﬁéﬂ% LHEZLHH

%@ﬁﬁ%% i

<We> . <We > .
( S (52)) w(eer (52
a*W? +2 | — | + — —( a?@? + | —
dz a2l dz? Ra dz
(1-106)
SUEEHELH o, PREZH 6 BAVELORRICKT L
< wWo > (A7/7.)2 (N —1)
(28] LA ((22)
0X; Raz \ 7- 00X
EELROBEBRZHWE
M= 1- <W&>/Ra (1-108)

ME TRV F—IER (1-105) Wk hif. P<WED> REIEEIC Lo TELEMBT
WE—DPEF TR NF—LCERINEEE, Pp<(0U:/0x,;)2> HHEPHT RV F—
HMEBMIhBHEETCH L, T O E—INEZA (1-96) &k, (47/7- )2 -
(N-1) BRAEA2BULCO Y bR E—RHEE., (47/7.)2<{(86/dx:1)?>
-Ra"?2 FEHECE->THEUERELS 6 IR EFICERNT S Y o E— &
EThd, ohnkb. A(1-107) Ohj¥iX Chandrasekhar DR & [EHD HFHRRH %
ZLU, B8EE3z o but—CETIBRNDFENFHERZERTI L%, 2V hOE—FEZ
A hOP—BICEERZIZE, PHEL50RBFABEHRALX—-Hr0nERxT b
P—DAEREEEHEEEOL L UTERTES, NFT— U HRBICBTF R R ¥ —
DEBLEHIANF—DOEIELIEKTZ L, ERNCEBHFICHRTEHEDIEZE S P
ERPICKEVERZ TR T, LPULRF—IUHEOREZGEAT T, SEDSERHEE L HE
HEOHOKETEHEMNEED., NENZ ANV —ICHTEIRB LA XNV I T EENHG
EEFEOHFEZ LTS,

Glansdorff & Prigogine . MIEF EHANFFHEHTER VWIS REHED S KEL
AnfEEEERICN T 2HE YR - B O¥YRREHZRTHEEL LT, “—itEhE
BR T IOC—AREE” PI[SZ7] 28HLED ., ZOmEIE. £ EEN
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REPSOOLEFIINTZ - HOYY—F ) 7EHBICR>TED ., ®5 TN LTI DM
BEIELETHNREREEE., AR EIAFARELHESI NS,
RF-NVHFERICBITZ B3I hz28F8z> bor—4HBEEEIXROELS I ICEEHTE 2,

Ak Aui)?
P[dZ’]:J‘[ —— | t# |72
7*\ Ix. X,
oCs AT

- |/ + oga ] W‘ﬁ’] av (1-109)
HT”?

T*XBEEORLZET S35 A —% T, Glansdorff HIFRD LI ITEBAES®
7t = Co AT / gaHH (1-110)

Zh#z K (1-109) KRALT, SETCLHBROEXRTILEZITD &

oui)? —
Pl[6Z” - w -
sen =g ([5n)) - (G 2o o

EHREIZBT S A(1-105),(1-97) ZHVT A(1-111) OLUEER TR L

, 1 — d86
P[6Z’] = — — wgd —— (1-112)
Ra dz

EHichadic X(1-99) 2@EHTR L

1 do ) ?
PlsZ2’] = - — < [~——] > (1-113)
Ra dz

RF=IHEBRETEE 0 BEHFENIZEZRZ5R20056, RF—VHEPEZ S8
DFHE PI6Z°]1<0 THZHN B,

1.2.3 = hovrv—ognzi
A (1-107) OMEREZUALLD . T2 PO P —BRF— VHKRBERICBII2EELRY
HETHAHIEFDD B, ZITRF—IHMNEBPRET BHBIEBIBZROZ YO —
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5 L] ) ] ¥ ¥
5 — _1§LT)2<6:> Ra=10%
4 : N2 Pr=17 i
. LA ( A;) Is a=3n
)
IR 3 1
\lj‘ Convective state
/\. ......... S 2
|\k} 2b\ o\ 1
% 1 Stationary state
0 1 1 1 1 2
0 0.1 0.2 0.3

t-]

M1.25 RF—IHERICBITS, = boE—HpdEe
T b O - ORERZAE

O T T T T T
Ra=10* Pr=7 a=31

-0.01¢ i
PP Convective
v 002 state
A
D -003f
B Stationar
':B state y

-0.04

~0.05 . ' : : -

0 0.1 0.2 0.3

t[-]

M1.26 ~RFIF—IMNFERKICBIFBIY MO E—DRIZ/L
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DOREBEILZHR S,

a) #IEWAKR

 —RREE 7. OBIELEARKRO L TREREN £ =0 KXTFy TRIEE LT,
THBEN 7 —AT /2 | TAREDY 7 + A7 /2 ZRBPGEEEZD. DL E

DOHBIEFREROER L LEKBETEH T b — <S:> BITKREEYzY bt —

AgEE <o.>. HEFHULEERTzYboE-RIHEE J. &, EhEhRoO X

2R 5,

o

A7 1?2 1 1 1
<8.> = <S> +[ ] [— + Z— {2exp(-472n2t)
24 472 n?

7, ~,

—exp(-87?%n2t) } ] (1-114)

<G.> = (A7/7:)* { 1+23 exn(-87°n2t) } (1-115)
Je = (AT/T, ) { 1+2nz°:1exp(-47c2n2t) } (1-1186)

ZEL <Soe> & t20 BUZRENFY -RROTVIDE—-THB, ZhsHD%
BOREKE{EZ HM1.25,1.26 oRT, T hnb—4AfdEsoy boE—KHEEEX,
WIhdRME EbICHFICHD L, EFRETHUMEZE B( X1.25 ) 2 TI DL
HIZiEk, BEFELEEANRICBIS “Z Y PO E—SARBUNDOFE” B DD, =
VIO E-DEREELD OREEEOABAREVED, FHREX - ETH>THARA
CIRESGPRET DICO>ATROTY O P—KEHICED L, EWRECH/NMEZ R
( (M1.26 )o

b) RF—IVHER

ERROEEAfZ2HD a) OfIbeFEREBEEZYHREBLE L, t =0 XTI HRK
DRETEHEEEZLIS, COLEDROTY OV —DT Y MO —HEHEE & % #
ik, £(1-104),(1-93),(1-94) &b

AT )2 1 1/ g% @z _
<8> = <S> + [ ] [——+———<————+Ra-z9>]
7. 24  Ra?




1 HERORF IO B R 5 5

B (A7 V2T 1 PR 00 |2
<U> - 7 1+ ?B'ajz a—z“ -+ "a—‘)(— :I (1—118)
. (A7) [ 108 ] |
. = - —— 1-11
Tr - l:h aZ z=0 ( g)

K(1-11T) DAUD <S> —(AT/T-)?/24 5, YHOHIFEHREICIBT BT
VhrRE—THDS, ,

Ui, & LT A(1-14),(1-57)~(1-59) OFEDOH ~-F—FKahz2EEL., R(1-T1)~
(1-73) ZBEIC DOV TRIS LTRDEER F(£), A(t),A(t) % K(1-117)~(1-119)
KA LEESERED M1.25,1.26 A LE, SEEOHDEE. E%Ho 1/102
P56 1/10* 2275 ( Fo=Fa&/10%, Ag=Ax/10%, Ao=As/10* ) o EtEHFRIZY
W IRk 3 505, MR B KS < (E%EO 1/10 M E) 2R FhE. oIlH
BNELTBIEONTHBOCS LAY BHMEL 2B EFT. ZRAUADOHBORRIE
B LRV RF—VMEBEETEE, T2 hO P —EREE L R EED VT h b B
M BN, EEEEOH B RENED (M1.25) . FOTY FOE—SEEE &b o8
+2 (H1.26) o R(1-117) LA, ROTY PO —iE, FEWE OB IEESEES
HlekBE <So>—(AZ/7-)%/24 ¥, HARMFICKET 2ETNEESHH»
SO%YE —(AT/T.)2<E2> /2R . Ao &oTH U 5 IE[ER A ¥ BEES
HDWHRHICLBE (AZ7/7-)2< Ra-z2z86-062/2>/Ra2 D3I ETE3,
WM EEEEIC LB FIRMICALE D . ROTY NIV — 2K FI €3, L LAKE
NOREER LS ¥ 2AAICHERT 3 EHRIEEOORAC L3 FRXECTOEELD .
FOTY NOP—ZENSE2HEEED. MBI ERTEHFOETOHBAENED,
RF=IVHFEICL>TROZ Y b E—-EHMNT %0

1.2.4 Pz rbob—
RF—=IVHAKEOEHE L 4 ) —BOBERERARS2DHIC. 1.1.4 g) Tk, #AFHEKE N
PHREEE F H2VIEEELH A REEZRACTIRGEZHVT, VALY -
DOBHRZRDED, WIThEBRHERE BRI 58R 2B 3TCERPOE, 22T
., 2 bOE-CHBRLAEREEZZLRFEZHVWT., LA VB BEEOEGZREH
5,

NF—=VHFERDO LS, EFNBREEKORN LD RN DA T 2 JE TR 2509
HZHNFEELLC, m b E—EREENRISHOSO NS, ﬁzﬁ’?ﬁﬁ?f&i s N e
—DEREELRBEEEELL., #hsikE s A(1-92),(1-102) & (1-118),(1-119)
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1 ! 1 T I I Y i i

| max. |PLs2’]| -
max{g ) max.{3>

10
(]
Qc
o exper.”7) nes%ctnrt?illity
103 \ ('Pr.-_lglool) L ) i L A
1 2 3 4 5 6

ai-]

M1.27 xrhpbd—, = hobE—AEE, BtIhz8f-> boe—
HERGEE DHEAE OWThPZERKICTB2EEZHWGGHR LK

EODEEXwvEI M N I2HEL W,
o> = Js =(A7/7T:)2- N (1-120)

HoCxY O E—AREEZBRICTIREE. 47/7, —EDdLTHER (N)
ZRAMLT BRI LEMTH B, LAL 1.1.4g) TRLUEXDIC, COEETIELAY
—HEEHEHEBPEMUTERT -2 e abR0( M1.27 ),

Glansdorff °** @ “— LI hEZBHM- Y PO —HHE” O | P[6Z°]|
ERRICTHEERHE. ROxriboE— <S> BEAMLITZXHEZHVEGEERZ
K1.27 ZRIH, WIhBEHREIL AV R BIHMUTERFERLEEDR L,
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FECXNTE2LEND S,

1) VAU—BRTSY PVBO LS CHREOYHEECHEREICIKET B HEFE ., ©
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BRT. EOH. LA U —HES SICHMSERNEREOELERE LTSS 152
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VENVDBIEHMNT 2 (K2.2) o ZOLIREMRRNENY -2 Tk, BEOHIEFE
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(@) Ra=Ra, (b) Ra=Ra, (c) Ra=Ra,
(RbﬂcRQf<RQ3)

M2.13 LA U—EEICHES 0— iRty — > OB,

VAV -2 FTTHEBAFEDSBOLERIX (M2.12) | KREOMESTEEICB N 2 &)
OD—)VDELEICEHGEDPH D, M2.13 DX 512 (a) > (b) > (¢) CIEXRLA Y —¥%
FEIEHL, MUV ELEWZELRZST (¢) OIS EHETZHEENH D, - OIF
ERSHULA Y~k FIEBL, B0 VAHEERT (b)—(a) &3 I o5
CEILTBLAET TR, O UBEHATIC (¢) OFFELLARVWEE XD E, =
Z (b)) DLXSEMI— VORI BEEI EPHI—LOBIZZELVWESICS. LAY —XK
BROULELEEHEBPELLRVILEDEDHE, Thsd DOEEH, M2.12 kBT
LAY —BZTTFTOHBEPEISRVBEICHIET 5. LENSTLA Y —KDE
EUTHRBAPEILRZVOE., AEBOMBGEFEICHNZH T — VI X 2R 5
£5bDEEZHNB,

2.1.5 #EBELBEOAEH

X2.11 , 2.12 WRLELIKE, —DOEHEHHRRE» SO EHEMRREICLSLx &
EHEGIAONIEFHBOLEBREE., B - F0NRZ2HEOERICH-> Tiibh 3 H,
COEEBEZRDDZERICOVWTERT 3,

BHBEILORKBEIr — IV EHDTEL ., LV NOEYNEANOR HE~KEETH 3
B COXSHBEEE TS HERDE O E DK QLR 2 B N rEH % 5
F550. EELBREZBUCHERDBHAAZBEE DBARSH 214D, BIEFD LS
BREMBIJEFROBARERIT, 2H¥TINVX— £ LIREGEAY 7 O/Ick 3, L L
NRFP—IVHBERD LS BB E LRSS HHEEH 2175 B b ARS8 - H
HIDRPELETIDEIPEAHTHZH, EUNIEFOLI RALBBGEGLET I HD
ERET Do B ENVHNOEH TR N F - L BEECIBZMBI R X — OO K EY
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ZENFLRANX— <E > U, EVHOERMNGEEYN 7., L OKZHETZE, &
RIRETEBUADEZ R G LEIREBTEFEERD, HHR Y ROAE & L MY
D <LE DT T, BULREDLSRF—IUNFERE~NODLBITBEZBELC - ElEi%
AT BRAER LR D ARG (2,17 [#i] B8 ) o i@l ba s h e g
NS (B A ) ~ORBEBECES FHBELBR LT, D2EPHEEIIZEHICIL.
FOARERBEP L EMR FOBRATERIARMENEZLERD B, WEMATLLE
AEEDEEZ <E>DXT." ERETZE, HiZEME LIcBiFs <E>DT.." &,
n<2 ¢X, n>2 TERAELRZD, n=2 OEAOAEREELZ. Z22CALE
LT <ED>Ta? Z2HEL. LA U—BIE LTS <E>T.,” BEEFEShB LN
INMEAZTNT, BBELVA U - ROHEBREZETZE M2.14 OEHDOLESIER B,
AR LEV A Y — R EHEI R EGAORRE R ( M2.11 LEHULF—% ) 2 —
BERETHDB, LA —BETTRIEEEGE ( X2.12) 055, BHEHBELTZES
DEBFBIZCOVWTCHHED ~BHBEON B, :

2.1.7 [#i8] © {L(2-13) R LELII, A48 <ED>T..2 7S5V MVBOHE
BIZRoTWBES, IS5 MVEDRERZRNE M2.14 OEBOFEBED S, HEREMK
ac 2% <E>Ta.? ~FOWHEBREKD FY'SY MUV KICE3EVWE K215 1257
o TV MVBHEDLT B O THBEERBITERERMICTh, EXOETS Yk
VEREKIZ OV TOEBER 2 O E R —H T35, Pr=940 OAEREZH I T
D Pr=00 DLAHICEEFLL., ZOMBRBEBCRUEAEMEYKRB a. EEMLT
Wb, ULPAULIRTS Y MVEICRZIEY a. & <ED>T..2 —EOHBLOThIZ kX
X 72%,

PEDZEED, EWHEEITE an & <ED>Tav2 O -20E&HICL>TERI L TY
2LHEZONB. TROBEFHBEZAZhDOLA ) —RICHIELE aa. IESZS
LS5 RMNBENSD B LI LOEDDEFEMNGERED S Mo 55 HREAw D> £
BB 2HBOELTCE., <ED>T.v? Z2—FIHE 2L 0WIMNNMKEBEBZKED
HBEXTB, EoTIZDOBAIE. a. & <ED>T.2 O 20R%BOY¥SL 5 B#®L<
BN T 2P > THBENEEPEBEICELT 2L EI 0N %, $EFE 1S RLESE
EH—F—F2RlITERE TN —FUEZHOTERI v VD EES G H B U
BRESMAZHRTZEGIE <ED>Ta? —EOXRHZEBGERENHE LCHVWRIE,
VXV PR KDENF® F BRARFZOMORFZHVWIEGLIDBBEORL
BBV TEB,

2.1.6 AHKERDOZE
HiETE TORBARIET T 26cmx26cn D EHEERECODVTOHEDT, ZOHGI
BT — VBN 20D EBETH D, L L 30cmx40cm D KA S % H VT
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.
Pr=940
. [T . " 1 RS SR S WUU N TN WU S N |
M2.16 EFNHREICRETENEROZE 27 24 26 28 30 32 34
ai-l

DEBEZEITHOE, MO —NVEEAT TRCELICET 20 — IV ET ONFEINY — 2 D5
Bhb, LA U—H%E ERIEZEABTIREOO-IVENVOEPEML, ZhizffoT
MUOMBEEFEOOT -V VB UHEIAZ EIICHEZITIT <. A ) —5 % BRI
MEEEBAEOEAEABNOBRBLILEHMO -2 EHERBNORBEL 2 %
U M2.16 & hif, ABREROBVICLIBZEEIZDOAR L, LESS>TLA Y —H
EHNMIEEGAIERONIROPREFEHLICA LXK, MBEFOH D —ILOH
BEBLT L RETRVWI EHNDbR B,

Doz dbh, KEBRADLSIZ, KETTHOESIHVEIOD 20 S EHDZRICBT
ZHHMEBERE, MR —VELZHESIEH LV DL, HRNSY -V EEDRVRES
PRELIEHTONZD, HhOGGd. MEOHFELESL A ) —BOHEMIC X 3 BEBOH
DERICH L TABRGAZRZETHIDTRVWERDD S, & UAMBETEO R R,
COEORMBEAAERELUEZDIHET 2 RN EZRETIOEEIOND,

2.1.7 [#hE] A2H <E>T..? 0FH

Y ABiCEiZREb. x ARIICHAEZZ2R A —-IVEVERHEZ S, kK Ve OBEALEI
COWTODLMETRINF — £y CEEECLIBZENETRNVFY — E, X, 0o BEER
1 I W

1
EFe = — o (u?+w?)d TV (2-3)
2 vo

Ey, = (o — wo)gz dV (2-4)

Vo
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0 /'L./l. A/2 >X M2.17 <F—IVARROBLE & 855 DRk

B2.17T O &S, a— VDb REBED x = 1/4 B Zz = 2z, , z; THUZEK
KFDPHEZ BT330I ETAEMIE

Z1

7(z:) = 4 w' dz (2-5)

H72

MESTRFOPEICH>TITO>3DL T 5, BlIELHAKOBRIGLEZITV, X, 2/
MOEEMS U, W LREZEHNS 6 ZUTOLSRET %,

dw
Uy = — —sginfax)-—-F (2-6)
a dz
w = /2 cos(ax)-W(z)-F (2-7)
g = J2 cos(ax)-0(z)- A (2-8)

hosz A(2-3)~(2-5) LKATBL

- 1 1 dw) 2
<Ex> =——<W2 + — [———] > (2-9)
2 a?ldz

— Ra 1
<Ep>:PP'|:'§+E<[Z2— ]W9> FA] (2-10)

w |+~
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T(2.) =

(2-11)

2J§J“ dz
F 1/2 J (W(z))2 — (W(Z))z

VAN T RTOGERER O VFEFGEAE Tay &, A(2-11) 2z, EOVWTHESEY
THILIIDKEDRATRETE %,

Taw = Ko /F (2-12)

ZEL Kr &, W(z) OBBIREICKET 2HBEN a CEEBLEVWERTH %,
#(2-10) O4UD Pr-Ra /3 BHEORVWHAOEHMETILX—CHEDS .,
COEZBRVWEMELANFX— <E,> LHHFHITXNF— {E.> ONZXRICERT
ZENFIRANF—DOURKEEYR <E> tE&ZTIL. BBRELBRIIBISZALETH
5 (2hFxzx)v¥—) x (FAH)? BEROLSicR3,

1 1 dw)?
CE>Ta? = K[ —< we 4+ - [——] >
2 a’ldz

Pr 1 A
+ — [z2 - — ]W8>—] (2-13)
2 3 F

BAVTH LR ANV F—INIA BRI XN F-NETALDKROEHLOKE F, A
ZEAERATAE, A28 <E>T..? OFHEICNLTZEAEZTRLA U —BEHRO
BRDBEED. ChHERLEDON X2.14, 2.15 THB. AERBOEIIP LZERER
BETAhE—RBNICRESZED, <E>T.? Z-E&35MHEE. T EHR LD
BRZHERE T MBS,

8§2. 2 RIRESAORT—IHER™™

WEIINUTHRICBEWIEAERGEHVWAGTIOERICINIE, LAY —HHRE <R
ZIECHEBHBB LT HHREE., RV AREEOHEICL23DTHD . BHOERS
HEOZERRLTCHEIBIeHbIoE, L LEBOHBELIE., AR HRIETO
MHEINY — R, OV )OI EiTRAIBEEEIC BT 2R A0 — )V )V O
RER - HEERPE U TCREIBAGAR SV, TORDHEBENLICRET NS OB 2 HR
B3I, 7020— R I 7Y I —VREDORENY -V BIEBEZS T, o—)
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40cm

r=501cm  £;=100lcm
r>=11.02cm

(a) Spacer (b) Grid

HM2.18 ZXR—P—1Jw ROER

EIVOMIZEITRBBELELE LRVEERRZE T COBRBL VAV —BOBEKRZRN S0
ENH 5B,

RF-=NVHAFIZBET - )V )VOHEIX. BEIZH UTHREICER T 5BEPE N, £O
EOBRELRAREOREZEDBRABTRFI—IAEEZREIEZ &, EBEHEICT—N
EUVBRAENESNY =V ETRER, 0=V VOB EiTRWETELELRVL, o
TIDEIRBRABEHOVAE, FidOBEBRREFHCEVWRENGEONZNEDH B,
U LZORKE., O—VEVOMICEERZMENAVWECHEELTCWS D, 1.1.4h) T
FREEIIC, MENFENCRETEENESCERVWRAND 5,

A, BRABHNORF—IVHNFEICOWVWT., EYEHET TR, HEAMICIEA
Ea—lE)VOHEPDOEB oA ZOERELICODVWTHHEZITY, BT BB
HFOREHICODVWTKRHNT B,

2.2.1 EHBEAELJIK

EREEL TERX., EAHEARZHVWAEEZRLEIEFRULTH S, TXAbEITZa v,
LFEBWKEFRIEALMHAKREEEL, TAPBRKEZHRIEZMBKBEREHET S
HEH lem ORXBRBAREIP SR> TS, MBHEEKL LTTS Y MV =936 & 105
DYVaA—2 - FANW (WThBEM> Y a— KF-96) Z2H WA, K2.18 (a) I/RkL
ERRZHDOEZ # lecm O7 7V IVEIREO X R —H — % W H KK & NE KK O M
WHA L, RBOERBAICSYI—Y - FANVZ2HELELOEZRBREKREL Lz, K
ERCRIRBREENICRET IR IIVHRICFEEZEE, FROMEFEBEADONRTFT —IV
HREEODOWTHE, BREAORF VAR EORNEOLEDICSHTZIZLED S,
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¥ RS 7RI ELZRNOUGUEBLCETY Yy RZHOWERABRILOS5 X /FEIELE
KREBEOHBALHULTHE, Thbb K2.18(0b) KARLAEDOTY v REERL AU K
DTo#EEsREBICEH 2 ABRARKEO HBCHEL. LiH5 500N 075y K5V
2ATCHH LT, ZUy FOROBBEH CHEOAMBELZMNMZ 5, ¥ 90 53D HH
%, ARGAREAORELRZHENSE L) —REAEOHEEC LRI ELE,. TV
TEHLTUAY -2 -EIhD, 2OLEBNDE. EFNFEREICRSZ L TORNFEN
T2 L WBOBERELLERARD, O LTHEShEERNRREPSSSIZLVA Y K
ELEZTCHDEESHREBICETIE, 2O EHAIHESY — U PHBOE/LIZDOW
THRERTE TV Y ROBOH ne i 24~46 (HERCHBICHET & ac=2.30~4.42) |
LA U —#ik Ra=2.5x103~9.0x10% (Pr=936) & Ra=2.0x104~3.0x10% (Pr=105)
DEPITEILI®E, K2.18(a) ORKRMOW N r, =10.0lcm LN ¥EE . =11.02
co ODREMFEHZE » L, ThERHOCEREE L LEXGGTFEEE a 2ROL I
EHT Do

A=2xrr /n (2-14)

a = 2mH /A (2-15)
EUH TRECAEBETE 1.00ce, n U —VHOWHBMTH 5,

2.2.2 Uy R X3%BHA

Yy RZ2HOWTICHRIIR T VHREREI®RAEAGHO. EFANE IS —VDHEAE
 M2.19 C5id,. MO (a) i Ra=3x10° IoBIT 5 EHRE, (b) ZZoRELSE
WA —HEFEREIET RR=9Xx10° K LEABADEFRETHL, WIFhd EEITH
Wi AR OO — LU NOMEE (HEEZREEOR) & n=35 THLWL., L1 V-
 3x10% 5 9x10° FCHMEIETH n BEbsRVWIENS, K(2-14) TESH
LA FRIHES =333 ETHB. LML [K2.19 OF ko [EFEEMBO T — L+
WOBBIEK., LAY —HICE>TARELELLTWVWS, TRDbOBERLAY-BIZEW
(a) OEHICE. BRESEMHEEBOOD -V VOREKIFESFE LV, (b) THIHES
BOA—=IEIVDEDO P AKELR>TWE, MEFBOT—-IVENVICHONBLA Y —
BIHNIC S OB, EAEARORBEREBUTH D, ThICAH U TERIRBE
OO—)VE VOB T RbOE FE WAL, LAY —BPEELTHHEDEDS RN,
R RF R EOT IV, B R U CREICES T AN H DD, R
RE TR AR #2ZED — Ve VD EARICEAZSY =2 BTERLT VA, [
ERB TR ERRNE Y — BB h B 42 KEBRCE, BIRPBE - —r, &
WEPFZEFLLWVERRARSZHVWAEELD, ¥EHRIIC#HZRE > TV - XY -2 2T





















































































































































































































































































































































































































