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g remen) (Gt ]
— 2 0 = — 1] il ']
ax {O’x+.,;0',,+(2 ‘ny C’-)z Txy'l_ 2?:2+C0v' Tx!

/
+-a— { Txy"""sx T?cy +<_1‘yx.v—0)z) Uuy_l_k-];’yl!_*—a)v) T?VZ }

oy 2 2
+——Q—{r.+£ 10 +<i? —coz> 1! +<~»-1—V3+a> )a"}=0 (2 3)
aZ x x xz 2 Xy yz 2 x y z .

MBI R &S (WE LREIIER R

{ax+e,,o°,+<% ny——a),) T'},y+<%~ Vert@, \ 1:““} cos (n, X)

+{‘l’,,+6x T'f,,+(% Pay— D ) 0“,+(% Pur + @, ) ‘r°,,} cos (n,Y)

+{t,,+s, 'c‘:,,+(%

HAEZRTHEFLR <y,2 B3],
FHRANEENNBREEXR,

Vas—an ) 7, +(—;—rv,z+w,)ag} cos (1,Z)=0 (2.4)

e M 00 8w
T ex’T 8y ' B8z 1
3 3 ] ) ) 3 J 2.5
/] v u w v w
Vo= oy Yo YT e P YT Ty
o ERN
_Ll(ow v = 1(0s Bw) 1/ 8 8u
“”“z(ay 9z )’ “”"z(az ox >’ .“”"z( % ay) (2.6)
i n ABHHEFEREETR, X, Y, Z 32 EENEAREFAR.
(2.1 RN (2.3), #infate, TTEFETRE: ‘
80. | 8T., | 87us u
ax oy T 8z "’paz"o]
0T, do, 8ty 0% _
ax T oy T oz 7 az=‘°j- (2.7)
07 .z aty: do: Puw _
ox T oy ez P20

B, 0w, 04, O, Ty Tors o DEABIRF A, MKTR 00 T AL E 3] 52 5 007 AL
BRI S48, u, v, w R INE AR5 & .
ERME £, Bl r=ry Xr, &, e
cos (n, X)=2:0, cos (n,l})#o,'cos (n, Z)=0 2.8
Q2.1 M 2.8) RA(2.4), TRRIUE LGB REGEH ‘
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O',‘==C7y=‘l.'xy=Tx:=Tyz=0 (2.9)

£ z=0R =14, \ARUEX&EME, B
' ow
U=U='5'2"‘-=0 , (2.10)
RS B RRA:
o.=Je+2Ge., o,=)e+2Ge,, g.=Jle+2Gs.
} (2.11)
Txy=G,})xys szzG'szv Ty:=nyz
Hrh
G E B (2.12)

ou ov ow .
-y + oy + Fye (2.13)

K (2.5) RN (2.11), RERA (2.7), FIBHAMBSEBEIRARY —AGR.
9%u

()~+G)%+szu—pazz =0
2.

(1+G) g; +Gv=u—pg;; =0 (2.14)
2,

(1+6) 2 +6viw - pT 5 =0

Hrh
, o & @
V=gt 52
£ QCAD P BN HTRBEEFRAES v, v, w, ETRE SIHHES WG,
glﬁ&ﬂﬁﬂ Pos Prs Py, T

(2.15)

- 0 0P, - i _ 99,
=% (p+@2) + 3y ’ v By (1 +9.) Bx 1
5 (2.16)
w=—a (ki +k.0,) J .
Hehd
k1=1——%,k2=1 (2.17)

BRATH 2.1 XML FHEA, CIETEERNB=ZNHE.
8*p, + 9*@, +<1____P_>;_32‘Po =0

0x? oy G az*

e, g, ( b ) Fp,
'axz + ayz + 1 G azz —0 (2.18)
g, d*p, ( D \ 8%p,

o Ty T\ 3exi e 0

ERA (2.16) |5, HEA (2.14) 1 (2.18) BRELEME. RIE (6], iEAWMT:



S L 53

HEHRAE (.14) B, Xiu, vEERTABNERE, Tfﬁ%yl‘fﬁ/\@ﬁ F ¥k
by (1l
*F v 92 F oY

~aw0: T oy U oyer " ox 219
RN EREFRE—K, EASHXRHFK G RE
*F, a8V, *F, ¥, _
axz "oy 0 aysz om0 (2.20)
ARESETENREE, ETLE, HE (2.20) WFEN
Wyt i-0F0 = f(atiy,2) (2.21)

B, =1, T f AEROBFEE. BEETR, #HE FAY din ks @ 2DRER
Fofa Vo, MIH RN u fl o RN, 105N, BRER, % F ME—MAE 2 9E$H, WRE
W u F v MK,
oo BRRN (2.19) RA (2.14) HEaT =X, 7EH
8* 8? > 9 F 0w ]+GV’< _9*F aW)

(’HG)[( 9x% T 3% ) axaz T oxaz Bxdz T ay

* [ &F | oV
~$3; < %3z +Ty‘>=°
82\ 8*F o ' :F W ( (2.22)
2 w -
(“G)[( 322 T o ) ayas T ay’é’z"']J’GVz (_8!/82 ~ ox )
9% 9*F B4
5 <ayaz“ ax>=° )
KBRS | i
0?2 92 02 G—p *F 114G
(4+2G).5 [< a%r T 3y >F+A+2G W“L,HZG”’] 1
8 [/ o G-p 3V¥7_
+G5y [( ax2+ay )W“L G 622]‘0
9* 92 82 G—-p F 1+G ( (2.23)
(4+26) dydz [( 9x* + ay? >F+ A+2G 922 + ,1+2Gw]
o [/ @ 2) G-p 3*¥_
Gax L( ax2+6y v+ G azz]_o J
B LTI,
9* G-p9 9 9 0?
G[( o T >gj+ G a2 ]+ (A+2G) —~ [( 3%t T ay2>F
G—-p 0*F A+G
B glx+iy,z) il‘%—*"ﬁ*ﬁ@ﬁ ﬁﬂ%fﬁa‘é (2 21) Eo: ] f(x+zy,z), HEERHE
- (2.25)
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MAFMYhimEd (2.21) KMEOHF, MY, FAEE (2.24) RKVEHIE . FHIELFTRI=0,
MR THO—KBY:. TEH (2.24) &
L4 P | G-p PV _

axt Tyt TG 8t (2.26)

8 [(8F 8 F  G—p 8*F\, 1+G 7 .

0z -<8x2 Tt 26 azZ>+A+.2Gw]‘° (2.27)
B (2.27) 748

F  8°F  G—p &F\, \+G

(G + 957 * L9 5t /P T aaGw=hCn) (2.28)

B TEFRTUMBE— NS 2 WE Sk, UMUK A(x, y)=0, TIERFREO—BiE, &
iR

__A¥2G (@F  F  G—p OF
- 1+G (axz ay? T 26 622> (2.29)
#(2.19) F1(2.29) KA (2.10) BBEER, BEEH
2 o2 4G +2GA=3Gp—p)  ,F  G—p A+2G—p 'F _
ViviF+ G(A+2G) St G it2C a0 (2:30)
H
a2 9?
Vf=W+a—yf (2.31)
B (2.30) 2 RPEHRETH
G—p 8 \/ I+2G—p @
2 e —_
_ (v,+ e azz)(vH e 322>F_° (2.32)
mE
G—p 6*F A+2G~—p B#:F
2 — ¥ 1 — 2 =
ViF, + c 552 =0 ViF,+ 142G 351 =0 (2.33)
il
F=F +F, ' (2.34)
FEHRE (2.32) . ¥ (2.33) X 2 %45, HS
oF 8F, ‘
35 =% .= (2.35)
TRE
2 — = +—_— e Tt
to+—— 5,2 =0 Vig+ Ao =0 (2.36)

BT (2.33)~(2.35), T# (2.29) {tH
L+2G . G—-p &F (A+G) (G—p) &*F
22 [ : ) ]

G a2 GO+ 322

A+2G—-p &F, i1+G &F, ]} _G—p @& F,
A+2G d.z2 A+2G 9z TG 822

[VZF,+

0*F, ,g, P 6(}9‘ O, ‘ .
9 G Taz ez (2.37)
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m |
V=g, (2
TR, H(2.19), (2.35), (2.38), #If5
- az(Pﬂ1+Fz) aW _ a a(po
b= xer T oy ~ ax (PTe) 5
. (2.
__F+Fy) ¥ _ @ . 3@,
=T oyaz ax oy (Pite) -5
¥ (2.38) KA (2.26), 8
‘ ¥, g, G-p ¥, _
3 oy TTG ez 0 (2.

BRI, K u, v, wi (2.16) HRINBER 0> ¢ 0. RRHN, FHEA (2.14) 7 (2.

TEEEM.
ERAER RS, HR4AE(2.18) "R

%@, 1 8¢y , 1 g, G-p 3, _

or? T ar MR + G 822 =0

8%p, 1 dgp, 1 g, G—p 3 —

arr T e TrTa TG 522 =0 (2.
SZ‘PL 1 48p, | 1 *@, A+2G-p __az‘pz —_

ar? + r or T 90* + A+2G 8z? =0

i (2.16) RfLH

___6_ 1 9y,
U= (Pr +@0) + 7%
_1 @ L 0,
_G—p 8¢, , dp,
=g 9z + 9z °
MBNEXRRAN
_ Ou, _ 4,1 8y, _ Ous
Gr="gr » =t 50 =52 1
(2
_ 1 0u,  OBuy u, _ Ou, , Ou. _Ou, 1 au,J
Y=y a0 Tar Ty VT ez TTar Tz T Tag
NhRERRRN )
o,=le+2Ge,, oy=)e+2Ge,, 0.=)e+2Ge. } ,
2.
Tr9=G'V,0, Tre=G"P;z» 103=G?az
BREGETRR: Fr=r, Er=r, &
Or=T,y=T,2=0 2.
BREH (2.10) LA, E =0 Kk z=I&LMX,
U =Uyg= LT =0 ) (2

9z

.38)

39)

40)
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41)

.42)

.43)

44)

45)
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LEBIHE (2.41) BiDRE&M (2.46), T

@o=fo(r) sin ~—m72 sin nf )

@=f,(r) sin m;rz cos nd

NS

(2.47)

. mnuz
@,=f,(r) sin. 7 cos ng

Htm R BERERABREFEEE, « WARBRBEE. ¥ Q.40 &KX 4D, #

v , 2 G_ 2572
fo(r)‘l‘%fo(r)_(“;z_"‘—Gp‘ ﬂ,?*“)fo(r)=0
s+ i = (LS5t R fo=o (2.48)

P+ 1) —(Lp+ AL ) f(my =0

HEh

fo(")':Aqu(mo")+BnKn(mo") )
fl(r)=AlIn(mlr)+BlKn(mlr) (2.49)
fo(r)=AI,(myr) + B, K (myr)

Eih A, By, Ay, By, A, B, hRGHEH, M

m°=T<1_’%‘>i=m" =T (1_ /1+sz )é (2.50)

¥ (2.47) KA (2.42), &

ur = L ATor) + BK o (mir) + AL (myr) + BuK o(mer)] )

+ 2L AT u(mer) + By Ko (o)1} sin —27Z- cos nf
g =— {‘} —a%[An-’ o(mr) + B Ko (mr) + A1 (myr) + B3 K o (myr) ]

} (2.51)

+*5a—r—[AoI,(mor)+BoK,.(mor)]} sin m;rz sin nf

e ={‘G—¥[A,In<m,r) + B K, (mir) ]+ Ay o(myr)

+BzK,,(mzr)]}mln cos m%z_ cos nf )

f(2.51) XA, BRAE (2.46) EBERE. B (2.42)~(2.44) T
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__ AP 3 Pa _1 6 h
o=ise “aat +20] ot e
<G P AT2G—p >+ 1 ¢ 1 3p
Te\ G A+2G ardd r* a0
_ 82 [ 2G—p G ¥,
Tre=2G 9rdz ( 26 +%)+T 900z P (2.52)

= 1 __-—a—zAf _1 38 1 0’p,
Trg= 2G [ r 9+ 00 ((Pl +‘Pz) 2 90 (% + (Pz) + — —‘5*042—~

1 9¢, G—-p g,
s r ©or + 2G 0z2 ]

P

¥ (2.47) RN (2.52), RFERAN(2.45), FAREr=r & (i=1,2) DR LN

ERES TN

— 5 L) +£1(r)] —rL fulrd) +—2fi ) =0

EEoL [(r)+Fir) i f(r)=0 S,

(r.)]——:"_—[f,'(r,-)+f;(r.)]

~(E+ St T L+ —Efir) =0

s, F()=-3 1(r). H (2.49) KA (2.53) T

FLA+F ,B+F A+F , B,+F A+ F B,=0
Fo A+ FyuB +F A, + F o By + Fo Ay + FogBy=0
FyA+FuB +F A, +F By +F A+ FyeBy=0 (2.50)
F A +F B+ F A+ F  By+F A+ F (By=0 )
Fo A+ FoB + Feg Ay + Fo By + Fog Ay + FegBy=0
FoA + FeB,+Fos A+ FoBy+ Fog A+ FogBy=0

Hrp,

2 202
n mn
+ &

1 (ml"z)_‘ 'L’.(mx"z)

mznz
2

n? +2G P m’n

°G In(mz"z) - 1 (myry)

n? +2G p mznz

ri 2G

(Fr+6"
Fu=(Fr+5"

(

(

)
)K- 1"2)_‘l K. (mr,)
)
)

K.(myry) ——- 1;1(7”2"2)
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1 2)"'—:2_‘17‘('"1”2)

Fi=——1r K.(mr)) ":T K (mr,)

4 G- 2 72
Fum (B + G5 ) e -
2 G~
Fum( B 52 B ke - ime
2 b G_ 272 ;
Fom(T7 + 2567 T ) Imro~ L mr)
2 G__ 272
Fu=( : +56" mzz:r )K"(”‘"‘)—%K;(’""‘)
F”:'_ I.(myr ) +—— I.(myr,)
n® n '
F’*’:_“rf K.(mr)) +-';_l—Kn(m1"1) (2.55)
G G-
Fal""—z‘*sz 1. (myry) F82=_"'2"_2’GTP* K,(mlrz)
Fog=1 »‘z(mz"z) F3‘=K;(mzr2)
Fy= 2' Fao—E: K.(mry)
G- G-
F“=_2_G F= 2 ZGP K (mr,)
-—] (mzrl) F44=Krlz(m2rl)
F» M) Famg K

F5,=-rn—§ 1.(m
Foa=—7 Kulmr) === Ki(mry)
Foym—T I(myr) — =2 I (myry)

ry rs

Fb4

2 G_ 2 2
Fﬁ,=—(~—'r’-§\+ch— ”’,:’ )J"Lmlr2)+ HCED

Foo= ‘(L'F%" m )K (mr,) + A (mry)

ri 2
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F61= "

n
l’l)_‘;_l‘ I,(mr))

Fuz=% K.(mr) "':_1 K.(mr,)

Fo=— Jmmﬂg——%—fxmﬂg
Fo,

Fom= (1 +G7p“m”
Foom ~( i+

HEFEH A B, 4,, By, Ay, By, AFEZBMG LR

Fll FI.Z F].S
F, F, F, F, F, F
w Fy Fy Fo Fy F
w Fo Fo F, F, F,
o Fu Fg Fo Fo F
Fo Fe Fy Fo Fe Fo

F14 F15 FlG

T

)I (mlrl)"‘“" I;(mr)

)K (m,r) +»~K (m,r,)

B G AT A SROARR 99 0 1] 52 80 B AE SR 7E 3 ST R T — R AR TR o ks R
B TTRIR (2.56) MR- T EXEREEDY, LEBDEPEEEFROERRT

S B Bl B9 2 e m

(2.56)

SR A BB % n, BBbE (2.56) SURBMIRE X BT ES S M

ET—REBHB/AGIER L, SHESEXE. REAEFITEN, RBE TR R,
R—M&RE. WERTRIR [2~4] PR gL RS, RS RBER a0 ER.

=, PXIB T S JE PR B VAR 53 %2 R I O AR E R Bt
H—LWEQTIR, &Kl ERh &
ﬁﬁﬁmrwﬁ IR, ESH e K HFAN I /T 15 -
W FETT Der . | y,v
FrE A b 2 . ERENTRTEER ///
BAE S 8RBT ERA MBS RER. Bk //
— W HE G R R0 5B S %’
R OTHNE, AR ,
otm—p,0t= 0= 1, RILEEREERR
P

— [ 0
_Tyz_T:x_O

(3.1)
uBH

Zyw

B2
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ul= vpr’ v°'=0, w°=—%z
B (2.7), EHHEN
90« AP tu 8tx: , 80, = 3w
Bz 0z PO ox Toz PTar T
h . .
B (2.9), & x= 24, BREHED
0:=Tzz=0
B (2.10), £ 2z=0FK z=14, EX&HEH
0w _
=z =
CBRETXRR, H@HH
£=6u 8_aw ?_6u+6w
x ax s z az H E 7 az ax
NAREXR, B (2.11)F
ax=Ae+2G8z’ 0'z=;|.e+2Gel, Tx:=G?x:
ou ow
HH, e=ap + 52
RANBsBRRROEENRE, f (.10 58
de - 9%u o*u - o%u
G4 G +G (o + 55 ) — gz =°l
de ow  Pw 0w I
(A+G)3; +G<ax2 + 622)—" a2 0
SIANBMUBESR ¢ 5 0., ER ,
3 3 /G-
”=—ax—(¢l +@2)s w=~¥<“?‘e‘qjx + ‘Pz)
TR (3.8) b HEBTRENONGEH. H (2.18) TH
¢,  G—p ¢ _ P9, |, A+2G—p ¢, _
ale + G 9z =0, ox? + A+2G 6222 =0

£ (3.9) A (8.7), BEEZ (3.10), &
0;=—2G<G—'p az‘pl ZG—pn_?.z_gZ,)

G 02% + 2G 0z

_ 2G—p ¢, | @,
T"'_ZG( 3G ox0z T oxdz )
¥ (3.11) RALREY (3.4) 5

g, + *p, az‘pl___,_ a_z_‘RL=0

oz 322 =9 95505 T oxo
s
sm-2G=p) o 2G—p
2G—p ’ 2G
®

1= f,(x) sin —ﬂli, @,=f,(x) sin ”12

(3.2)

(3.3)

(3.4)
(3.5)
(3.6)

(3.7)

(3.8)

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)
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T (3 14) AN (3.9), WIVIES M L4540 (3.5) BilR. 4% (5.14) RN (3.10), "T##E

fi(x)= A" " +Be ™", f(x) =A™+ Be™"2" ' (3.15)
Hrp
_ mx _£ 3 _ ___P_« %
mi =" < £)*. m2—<1 I ) (3.16)
i (3.12)~(3.16), BHRE&H: (3.4) A
se™"2 A, +se""1" 2B +e"h 2 A, e 2" 2B,=0
se”"1h 2 A, + se™" 2B, + e~ "2 4, 4+ e™2" 2B, =0 ] : ‘
gm,e™t 2 A, — gme "1v 2B, +mem2t 2 A, ~me 2" 2B, = [ (3.17)
gm e~ """ 2 A, - gme™" 2B, +mye”"1* 24, —m,e"2" 2B, =0
(3 17) HvH (2.54) EERGD, RERINE/REBIEGFILEIF, AFABFRITT.
EIUJHH%&T%:FZ BRI ®# 8 Ay, Biy 4, Byy RBIEZBRNEZBH
se 1"/2 se""lhlz emzhzz e—"‘zh/z {
se” 1/1/2 se"‘lh/, e-mzh/z e"'zh/z
n -m - =O (3.18)
gm,e 1472 —gme 1h/2 mzemzh/z —mge mabsg
gmle~mlh/2 _gmlemlh/z mze-mzh/z __mzemzhlz
HSE AT SRRl SR 8. H (3.18) (LI PIF
sy Mmy—my [ SMy _mtmy
f(g ‘+1) sh -2 <gm‘ 1>sh : 4
i smz 7 ml _ m, +m, i
[ gml+1>sh h+(gm] 1>sh————‘2 h]—o (3.19)
FEFR th, KX FRSFAN,
u(x, =u(—x, z), w(x, 2)=—-w(~x, 2) (3.20)
1 (3 9). (3.14), (3.15) X (3.20) %
A=—-B, A,=-15, (3.21!
TR G RA '
S.A‘(emlhzz_e-n”h/z)+A2(emzh/z_e—mzh/2)=0
. } (3.22)
g,n‘A‘(emlhxz_l_e-mlh/Z) +mZAz(emzh/z+e—mzh/2)=0
FRAE R AR A& R A A WEBRTHIIRETE, LEES
Sy My =My g, _ (ST mtm,
(\gm.+1>8h > (gml 1)sh M h=0 C(3.29)
5(3.19) hE - MHETETFEHFEMEA.
FEEAR T, X FRARiAN,
u(x, 2)=—u(~x, 2), w(x, z2)=w(—x%, 2) (3.24)
FAE R T 1 7T o .
Al=Bl’ Az=Bg (3.25)
sAl(emlh/z_{_e-mlh/z)+Az(emzh/z+e-mzﬁ/2)=o
} (3.26)
gmlAl(emlh/z_e-mlhrz) +mzAz(emzh/3_e—mzh/2)=o
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PR PR AR &k

Sy _m,—m, smy ) _mtmy
(gm(+1)3h 5 h+(gm, 1) sh p h=0 (3.27)

5 (3.19) EZANETETFEOLMHER.
ML, (3.19) KPS TRYHEB SRR AMTEELE.

#(2.29) M ETRBAR, ERI-T-H—W AR, SHZBUNE, HERBIRIH
SRS i BT

o _ mh )+G e
B (e ) o
Hrp
. 17=7v
Y v=0.3 B,
B,=0.355 (3.30)
(3.28)'4:1, Ez'_‘?&i&{us 'f%
DL, ___J'L'zh2 _A+G
o= 5P pETe: (3.31)
Xt Euler 2438,
HQ2DEREE, LEEH.
w2ih?
pcr 4(1 +7;371T‘)
L= e e o\ (3.32)
LA (S P L o
A+G ( 302

2T REEMEM, $1(5.92) B2 TR A AR, (R AR G729

MNERETR.
HRA (1) h (Vie) Ary, THHER

30, 0Tz p [ %u *w \_ 9T, 90. _ .
et a5 (55 a3 )“0 ax ez 0 (3.35)
FTHAREH (V23) XM, FBZBREHS (3.4) AR,
MR T %, A3 ER X RN s R 7
bp.. _ =R A+G »mE .
TS e (1) .50
Hrh
B = ﬁz(f——fv, 3 (3.35)
% v=0.3 B, Y
© Bi=0.152

34: L IR R 7T 7 2 B B 0 e BT
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h F IR MO B AR IR RN, o5 1AM B . DAL B, or

=4200 kg/cm?, E=2,1x10%kg/cm? p.,=4200kg/cm?, A

2h2 22
T =0.022, B Iﬁ' 11=0.78% S (3.36)

(BT 1) —RNF 1%, R—AEAGE. BikH (1) (VIDRCY 16) FAH

HIRS B T B, W(3.20)F1(3.35) MFTZRIOIREE, EHBRAMRK, EHBSNIERNE
M, MEHAS Euler ARBEE, LA Euler ARNFHBON S B A—2. XFHEuler
ARBZHEHHY, REEEENZOTHEARKERRY, BLARETEREBNERD

._‘_ILE.

P, P SR BT AR S R AR A T BRR E R

H—PRE X NARER, KA, FENr, ERRIHIBER, RETMN M F
Ry per

RATTUEERAEENARETEORKEN, ERE 2 WhHARTUNE. BT
fErh OB LB r=0 4k, MR, MHRNEMEAGRE, M K.(0)=0c0, (n=0, 1, 2:),
Hit (2.49) Wz By, B, B, B&ETE. ARFAEN, BYWE AR T Hin=1 TEH
(2.56), KifsF RO TTEN

Fll F13 Fls ];
F,, F, Fg =0 4.1)
FSl FSS FBB l

He1, B (2.55) A&

G 272 . !
F”=< r1 + Gp m;: ~)Il(m1r2)——*’_12‘]1(m1"2)
1 2G mim? 1,
Fu=(r+56" 75 )1*"’2"0“‘;:“’”2’2)

Flg=— rl I(mpry)+—— Ii(myry)

2G— )
Fy = e, P Ii(myry) \ (4.2)
Foy=1{(myry) - F35=—21;~I (myry)
H
Fq= 1 II (m, rz)" {{(m,r,) -
F%:% 1,(mzr2)—-rL Iilmrs)
2 2




64 B EF ) = 3 e
G__ 272
F“__( r1§ + ZGp m . \] (mIrZ)+ '—ﬂ[ (mlrz) J
X 4.1 fFmTERE
l
G 12 G [2 G ro
(F“—F“)WG——E‘. mint (Fns*Fﬁs)‘G"_'p" mim? (FAS_FSS)‘é/;p U mint !
rofs, roF s "2Fss \
?’;st T’ngs "ngu
Gep .
I(myry) Gy mry T
G
Ty 2 p-[ (myry,) rod [ (m,ry) %Il(mxrz) .
= [=0
. G :
Ix(ml"z)“rz“(ml"z) Ii('”z"z)"z“(’"z"z) [ <1+"2ﬁp'ml;’zf")]:(m;rz)
+ryd (myry) ]
(4.3)
BITFIR (4.3) K
Hn H, H 4
H,, H,, Hy | =0 (4.4)
| H,, Hsz Hss
REEMTEH
i Hll H12 Hls
HZI_HH . sz H:z st Hla 'i_o
G-~ G- G- B
} Hsn_ 22(G ﬁ)Hu"‘Hm H oy — 2§G ﬁ)le"’sz Hss_gg(é:"p)Hla“"[_]z.s
(4.5)
i
. G- ‘
st—Hn=0v Haz"_z'%‘c__i)"‘leszz=0 (4.6)
(4.5) LA
G-
(HuHyu=HuHo) [ Ha= 2272 Ho+ H, ]
G o
—H (H,,—H,,) [H “—2(éG' 1;) [_jn'i‘Hu]:O (4 1)
4 n A BEHET,
q x \"t24
(%)= :.Z-(:a Ri(n+k) <_2“) (4.8)

TR,
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x° x°
L) =14 g e
— ] x‘ x‘ xa LXX]
[,(x)=1{(x)= (1+ R AT ) (4.9)
. ~ 3x¢  bx 1xt
L= (1 + 5+ 5+ aare ) )
#F@.NHh
H\ H,,—H H, =r,0,(mr,)[|(myr,)— r——(—zg—p—)——l (myr )1 (mr,)
¥} 22 12 21 241 th2 1 27 2 2 4G(G p) 1 272 1 172
WG — 1 2g2p2 G
H ‘%G—_g—)Hns-l- st='—i_ 1- 2(ZGP—P) +7 7:“ : ngp]ll(mxfz)'*‘fz]i (myry)
1
H, = 2“]1("11"2) ?(4.10)
G-
Hyy—H y=ryd{(myr,) — Z?G 'z) Ii(myry)
2G —
Hy ~ ‘;‘G-’:g_)-“[—]u'f'Hzx: 'ZGP:_"b“Il(mlrz) T ZG] (myr,)
TR
= T _b\¥ _mri. b \*
m=(1- )T m=T (1= ) (4.1

FH (4.9) K, # (4 10) Mﬂéh&cﬁ@&i&(, N
ﬂf.laj nfﬁ

65 (™

mar, \*
&

[( m’ A A+G  p ( miatry  A+G  p  mimiri
T3+26 G 6l A+2G T oG P
Pldas £y o 9 meni 2]
[( - )+\ 262t el T8 iz c ]
’ m? ity 44 2 4 ayplge d
4 miatr; Jlf-fL_i’) 1 miatr; D 1 mémeed
H s ) (= E)+ s

B G T B

("5 5 &) --¢

9  miairl

A& - e e s
(

b miry ) P p  mutr}
(G‘ 2G I

THRNE. A (4.7),

(4.12)
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mznzré : mznzré . p )2 / mznzrg p N/ pZ;—‘ 1 ”1,4"14’-;
+[- | )t N

g\ Tem Nl T TR
5 p miripl b 1 mairy \ (1  miatr; Pt
T3 G 2 >+( G 2 I ) <24 It G?
1 mati p  p  miatriTl_ * :
—3 "EE e e )= (1)
HB /NE KB5S TE, TTH—RIEM,
plcT _ m"nzrﬁ . 3)1,+2G (4 14)
G 4Pk I+G
Xt Euler A% . H1 (4.3) 9148
por _ miatry  3A+2G (., mintri f 15
G T o TG \PTATE ) (- 15)

Hih

8,= 374 +654G +20G*
12004+ G)(31+26G)

Y y=0.3 0, B,=0.955.
ML HRB, B or=4200kg/cm?, E=2.1X10°kg/cm?, i%& p.-=4200kg/cm?®, JLIf

(4.16)

m*atry  pe, 4A+4G 8.0  mimir
B G 3i+2G T 1000’ B

Hit, Euler AXNRHLHHN.

[::1=0.76% (4.17)

T T S I 2 7 35 FE A R B B B R

A—PREXNEER, KA, BHh=ri—r, EHGHE p WIEMT, Kk
FAR I BT e
ERMAHEER, o 50 Tk, TIHE 2 Wb

g=Prg=Voz=n=@y=fo(r)=0 (5.1)
PREEFBHEHOGRE, & (2.66) A7H
‘ F, F, F, F,
F, F F,, F
21 22 23 24 -0 (5.2)
F, F,, F, F,
F, Fn_ F, F,

Hib, B (2.55) BB SRR KOMs ARG
G—p ma?

Fu=—gt 5 Llmry) =1 ()
G — 272
F=- Neln L"Tf_ Ko(myry) + r:z_; K (myr,)



Fi M o e 20 R B s b e R e R ]

. ZG"’ 2 2 .
F= vap mPﬂ I4(myry) -mT: 1,(m,ry)
N 2G— U
b ts = 7 ZGP 'mlz K (mzr
. G- 2.2
F . = _,_Gﬁ._m_lg (fn r, )—T / ("1 rl)
Fpa=Szp . mo g mog (5.3)
i ofmyr) + r, 1(myry) -3
2G ~ 2.2 X
Fzs"‘"TG‘_p“ ﬁlzi’ Io(mzrl)—“‘rg:”‘ ‘Il(mlrl)
2G —~
Pﬁ:;-§C£~»mpflu0mr)+—ﬂ—K(mJJ
Fyy=myl ,(myry), Fy=—m,\ (myr,)
G- G
F‘]=—2—ZCL ml,(mr,), @a= & .)Gp lel(mlrl)
Fy=myd (myr,), Fo=—mK (myr,).
e TiEH. ' J
F,+1F, F F Fo+Lir, F, +1
ll+ r 3y 12+ 1 15+ ’f 83 14 +';Fs4
2 2 2
Fz‘_}'rlFu F22+?1‘F41 F28+ ;!‘-_F‘4{« E24+;3,LF4& :0 (5'4)
1 1 ) 1
Fﬂj ng }?38 FS&
F“ Fu ]-7‘3 Fu
m?m? 4
eg;_\!:/\@?—————»- s

t 4 - :
slo(myry) — ;’zmxll(ml"z) SKn(ml"z)+;,’z'm1Kl(mn’z) Io(mzrz) K (myr,) \

t H :
sly(myr) — ‘r‘mlll(”‘lrl) SKo(mlrl)‘i‘"r"llel(ml”.) {o(myr ) Ky(myr ) =0

1
gmd (mr,) —glel(mlrz) ni,d ((myry) _m2K|(mz’z)
gmd,(mr,) —gm K (m,r,) g \(mgry)  —my K ((mgr ) |

(5.5)
K
_ 2
_ 2AG-p) ; ! b 2G —~ (5.6)

= 9G—p T mEmr T 2GZp g_uhz_G‘*~
AR (5.5) B, E—FME_IT, EZTMENT, HEIRETF e W1
ik, HTF ro~ri=hi%/), EFEARIEN, THE-THEZTHEYHEEN r, B
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FooEE, BT R

Mo 5REAR, HE

»IL("”‘JQ) _IO(rﬂD"')"ncllu(mlrl) +d 1, (mr,)

mx("z"‘rl)
Ku(mn"z) —Ko(ml"x)

ml("z""x)

_jo(mz"z) —1o(myry)

=021.,(m2r1) ‘f‘dz]](mzrl)

=ad(mr,)+ Bd,(mr,)

my(ry—r,)
Ko(mz"z) —Ko(mzrl)
my(ry—r,)
_j,l_,(,mlrz) -1, (myr,)
m(ry—r.)
K, (mr)—-K (myry)
m(ry—r,)
1,(myr,) —1,(myry)
my(ra—r,)

K (myry) — -K (mzrx)

=a,l,(myr )+ Bod (myr,)

my(ry—r,)

E R

iﬂ
| &=

Br/hE, e %n 7’3

=C:-Ko(m:7'1)_d1[<1(m|r1)

=, K (myr ) —d,K, (mzfl.)

~a, K (mr) +3;K{(m|’1)

—a K o(myr ) + B K (7 ) )

HhEH
- mhr mh? _ h ) ( miht m‘lfﬂ B __j_hs )
6= L1+( 12 "3 )T\ Tse0 T T o0, )T ]
_ /_rgfﬁ’__ h m!h h? _ mfh?) ({th” m! hsi
d‘_H\ 6 2r,>+< 120 +3r} 12r, *\ 5040 240r,

7 mip h®

120 2 4r?

-

cz=ﬂzﬁ[ 1 +<> mikt _

mih® h

h miht B mihd
12 3r, >+< 360 " ar?

Y]

4ry 30r,

d’=1+( 6 _2r.)+(

)+

7 mikt R
120 rf 4r?

mih* h? mih® >+’ msh® méhe

120 T3r7 T 12r, 5040  240r,

. mh? h ) mih* W o ,T >
b a1 (T o) (g o T o)
_(_ 1  ‘mh < h mh* | omik® ( m:h® R
B'_( m,r, + 2 >+ mr? 3r, -+ 24 )+ 720 m,r?

mh®

24 1!

miht
40r,

oo

My e, WA R A B 6 B A

}(5.8)




P S 4 T 00 T T TR G S R R 1) R 89

mikt ko omikt R mh)
a’“1+<‘ 6 or, ) ( 120 T 2rr T Tagr, )T
_(__ 1 mhb [ h _,_,m,z,hz mikt oy makt R
ﬁz—< myr, 2 >+< ] 3r, T g )+( 720 muri
7 mgh? ','_,lé_h‘.,> )
+24 ri 40r, + J

# (5.5) ME—fFREF LT, BEITREFENIT, SREU L EIHTHIRNE —
ITRE=1T, FEIG.DMG.)R, F

tm ! tm; N\ -
( smlcl_“?;—al),. Lo(mr)) ( smlcn_—:.nz‘av )I\O(mlrl)
tm? / , 1
+[3m1a1 - m, (ﬁl ;,n;’ >]I (myr,) [sm a,— "*'*"(ﬂl mr, >]K1 (m,r,)

si, (mlrl) - ‘t‘T—l-[l(mlrl—) sK, (mr)) + K J(myr)
gmila l,(mr,) +ﬂ1-’1(mlrl)] gm; [aIKO(mlrl) IBIK l(mlrl)]
gm I, (mr) —gm K (mr,)

myleydo(myry) +d, I, (myr,) ma[czKo(mzrl) —d, K (myr,)]

Io(myry) Ko(mz"t) —0 (5.9)

miayl o (myr,) +myfyl (myr ) mia, K ((myr,) —m, 3, K (myr,) a

myd \(myry) —my K (myr,) .

¥ (5.9) PE—FTRE (me, BEZF7I0d, JEWT), EIFTARNE—1T, BEZF R
F (mia, FEE 4T B ’EMIT), EIFOAHANEZT, WRZHENTREERHITY
A, BEEIEETR

[Lo(myr YK (myr,) +Ko(mzrl)1|(mzr1)]

]

— (smia,—gmiay [gd,—sd, +—7 A (ﬂ,— L)— ~M]}=0 (5.10)

mgr ry

tm!
. {[s(mzcz—mlc,) +“r— al] . [g(mzﬂz—mlﬂl
2

BT ]O(mzrl)K-l(mzrl) +Ko(m2rl)],(m2rl)#0, il

tm
[s(mzcz—mlcl) +—rl— a, ] [g(mzﬂz_’mlﬂ
3

]
tml /

' t
—(smiay~gm300[gdz—8 \ﬁl mﬂu>—'"hcz ]=0 (5.11)

r

g, EEE



1 L E OB 0w )
2G—-2p 2p __ng_Gﬁ— P
8 == ZG-—VP znz(zG p) ) Q 2G . Sg—l ’ W
P p _ P s . o pr P
G=rin e I=1-7 +4G2’ - lTieTaE T
g P s t 2 b P .3 bt P {
Sl st G 2G(1+G+4 et ) (5.12)
_ me? p . mznz , mint  p i+G
=T “< 'G>' M= <1 A+2G>’ M2 =M G 31+2G
2 2 _f'LzJ_t: , L ’{+SG b ~rl+f2 = _.’l = bl
M= (2 G+ 2G” G) =2 ”‘*a<1 2a>’ 3 “<1+2>
M1 (5.11) H[ 4%
_gtmia, _ .t ﬂ‘fﬁz_
[‘g (myc,—me,) + — . ] [(mzﬁz m,5,) r ]
e, 2 _S4 tm, o o myeyt 7 .
~ (sgma, gzmlal)[dz g (.Bl m1r1> r.g ]—0 (5-115)
B3 (6.12), "4 (5.13) kA
12 t ¢
["",’,I"z’,;z‘ﬁ’z“ (myey—myoy) + gh:,zl ] [h(mz.Bz xﬂl)—g ke az h]
12 _ s 1\ macet
_[ M la,— gza‘] [d d + ars (ﬁl ﬁln") P ]—0 (5.14)
H,
I2 gta, _ p A+G - 2 \
“pdntpi (MG mie) + hr,l T 2G [( 1+2G " miatah
_At+G | mtath® ko A _ )
+( 142G 6% 6a A+2G ‘}%i}z'f)]‘* "
2 _ ¢t mia, r_nznzhz A+G _ h
‘h(mz/]z m, ) g " G[( 142G a )
LTI LG p 4G b 5it6G mime )],
( gl* " )+2G G A+2G a 1+2G 8al®
: __ P [20G+G) (2 mak_h i+G _ p (65.15)
im0 A= [W+(3 I '?/1+2G__2‘G‘“)]+'"
amy (a1 N mucyt _ p [[ mimih? . A+G re
dz - gd + gr, (’3' m,rl) gr, 2G [( RYE 1+2G TG
_ _}_Ii_)ﬁ_( mmht . A+G _ minih? A+G N p?
m2m2g? 3004 T )+2G 6al? A+2G G2
p omintht, AP 3 K ph 31+4G _ 2 p
G 128 min?a® 3 & 4Ga A+2G ~ minia? G)] ' )

#(5.10) KA (6.14), A%



FA et e 0 DT B BT AR A AL B R 11

\7126 " mitah \ A+2G

(:/ i+G IO Lht AG -E)— 204+ ) nzha_r ) )-%G
a /1+2G\ 3 142G

p 2P A4+G 2 min'ht A+ G p J+G A
e m2n=2;“=>] [( 126 T miniah )< BIF 142G T G i¥2G @
5\ 6G  miath mirn2h? 4G h)( A+G miah? h A 12 >

26 eak T\ Aea6T a\TT26 e e A426T mene

Z(A-FG)( mtatht A+G m2m2h? A+G P p mimth?

T OaFeG N B0l 1%26 T edlr 426G TcE TG 12E
hir 2 h*  ph 3p+4G 2 p)
min2ad 8 a? 4Ga A+2G mizta® G
(L _AAG o p k) (2 mmk 4G
312 A+2G oG mimig? 3 B A+2G
_h itG NN B
a 1+2G  2G /] =0 . (5 16)

HERE - HESHHRTFETE, T8—%EL
De. A+ G mem2h? 3A+2G I

G = i+26 T 3F TTI¥G  wmtaia (5.17)
ap
L_' mzﬂzhz lz
_;7)3’2 12— FE Tt it (5.18)

5 Timoshenko!® 5 | gy —B.
&EE@H&HH%&TH%A&,&“p‘TﬁMﬂEﬁE—_méﬁiﬁﬁ,?E:

B MRS R

a<%—>/a(m%)=o (5.19)

HILE 15
12?; ziz)lz‘= rﬂi%&r 6.20)
#(5.20) 1WA (5.18), HB
R
: 2 p2pe
®
§-3 "EE 8 (e ) @
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A (5.16) 18

(4 1Hv—o _ov—1 1420 1 1
’9"[15 2V3(1—7%) (1—7) + 3(1—v2)] 2(1+v)[ ]

8 273(1=w)

1 1y (2—v)* vr
: 4[1+ 3‘(113})'][1 W3- (1-v) 4[ \/3(1+,,) ][ 1+
1 N
‘yaﬁfﬁf] (5.24)
Yv=0.3/, By=0.261
05 LA R B, % or=4200kg/cm?, E=2.1x10°kg/cm?, & p..=4200kg/cm?, IH
(5.2

2 ZhZ
T =0.109 (5.25)
2,202 ’
ﬂs'frf;»zﬁ—u:o.z%% (5.26)

B, [ 5 JeRR BT M2 R R AR 4 R B
7 (5.16) H, 2 a—>o0, g ft, 4 i 341 3 19 T L 38 i T 26 73 3 295 2 FEEIN 060 R 1

or 2 ZhZ +G 2 ZhZ ,
=" e -8 ) (5.27)
Hih ’ ‘
_ 17=7v
"9‘_60(1—1’)
5(3.29)R4H—%.
75+ B 1t

(1) MMM HRT , PP RNEE RS, Wi 1 IRFTR o BRR,
FABZEEN E R4, TR A TARE R, EHT LR,

(2) RIS AAUE BT IG R A AR, 530 b FI BB 28 5 i 2
FAHLL, BEMYNONT L %), YR,

(3)  HBoRmE Y ﬁ%ﬁﬁm%ﬁﬁﬁﬁﬁm%%ﬁﬂ%mﬁﬁﬂ@ﬂﬁﬁm
¢,ﬁﬁ%E=@%&%ﬁﬁﬁﬂﬁnﬁﬁm,ﬁfﬁ&%jgﬁmﬂﬁﬁﬂ’E&éw@
R, Y THE R & N GREX &E B Wik, BEN—MEESREAT
&ESRHA . MBS, RAEEREBE, WY THE, G. G AERERTIFE
Wk, HEERAWREET .

(4) HATIAF, Vmaurcrkmi'? 'l Boinexoscraa®*' FrEmls R Stk @i Eig
REAESEEOERES LS, EEE ERAAHEN. FTRER, B2~
HIE AR (X, 2) BN TEEMWAETIS 0, Tl 1 IhFRuEASE (x,y,2) BET
WA WHATIS 1. B~ e Tl R R A, 21 1P R
%#E%EU:;FFJ Elﬂ:xx=x+u(x:y:2), U1=U+U(xsy’z)’ z,=z+w(x,y,z), A2
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Wtk LB A RRRT, BET RN EBu(x,y,2), v(x,y,2), w(x.g,2), X HR
FUEBERREET . (2 RRAE R0 T ~ G R Oy ik S B, Y
T—EHRE, HEASNEREN SRSV ESRMEEL. EXRMHHT T XH#ENE
B, AHEEMAEFEOTEESNERRFLARCELERSOER &M EEREN AR
L.

AKX BB AEL XN —5, Z1962FEF AR AT EIES T ERN . AKX SRR 9 148
BEAMERERKBEERAY. RRANRAEEE1953FERXOMIBEHLE', [9]1d:FR
MK, HekifiM. Habara?E19654E R RN BEB(SIX A 91hE M 5S). (9 1h&
Beyils A BRI L 2B E EDCUR T A RE) . X B R AW marackunn fi Boinexo
Bekaa e A & B, '
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Abstract

It is important but difficult to study the stability problems of elastic bodies based
on mathematical theory of elasticity, In [ 1], B. B, Horoxnaor had obtained the equili-
brium equations and boundary conditions, but he did not give any practical solution,

A. 1O, Umannckuit had given a solution for the stability problem of elastic plate of
infinite width with two edges simply supported and under uniform compression, on the
plane strain condition, using mathematical theory of elasticity, He said, the mathematical
difficulties were overcome “by neglecting the rotationary terms in the equilibrium equa-
tions, and retaining the rotationary terms in the boundary conditions, as viewed from the
Hosoxuaos's equations.” But in his equations he introduced some simplifications and
brought some errors, which made the critical load slightly higher than the result from
the classical theory,

K. ® Bomuexonsckas used the same method as Mmamuckm# and solved the problem of
a circular bar and a circular cylindrical shell with two edges simply supported under
axial compression, but the critical loads were also slightly higher than the results from
the classical theory. From the viewpoint of theoretical elasticity, their results were not
rigorous enough, ‘ )

In this paper, we used Hosoxunos's equilibrium equations and boundary conditions,
and introduced Hu Hai-chang's displacement functions to simiplify the differential
equations and overcame the mathematical difficultics. We solved the same problems as
[2~4]. The results of critical load were slightly lower than the results from classical

theory, From the viewpoint of mathematical theory of elasticity, it was rigorous,



