NMREENNZE, B85 48 (Q844ETH) MR BER N ERE S5
Appl:ed Mathematics and Mechanics PR BOR HiRR AR AR

FREAMEZEERNETHET
16381 o 8 &5 T L R

A % X
(RRIUARE, 19834 4 AS0EMED

w ¥
AXR-BXRER, RASENSEK, F—iieFEERSRENIERESHITE.

—. 5 8

AR THE MA R B BRI R R .

A# R HBRCERFTIERENE, RETUGEYRI484E, RERAGRBE KL
BTHERAREREY, HE3N—BER, & A E. McPherson EZK™. i it
WHBHRYGRS, ROTUEHR 246 BMAEAOABETRER™,

d? d d
dx’ 3£ =4 F2E e (1.1a)
2
sz xF+—( dx =0 (1.1b)

Hte B—MEENWEETSE, BRFHEEN: s 2—1HEEE.
IRFGENERENE, 4SRRI RRAIeIFNIE S, MAER
(I) »p=0
% x=1H,
=0, B’ +kef3” =0, F4keF’=0 (1.2a,b,c)
ke=>0s hr>=0
4 x=0 H,
FEWR, g BR. (1.2d)
() »=0
Y x=1H,
B=0, 28"+ (1 +u)f’ =m, F=p (1.3a,b,c)
4 x=0 &,
F, p’ BUERIE, (1.3d)

481



432 B # X

HEYmEDHENEER.
EHREOQ.1a)h, F—1EH S, BRABRMNAENSEHITHRE, BE
pe*=0(1) - (1.4)
FIRXAD &Y, SRET S8« WEFRERE. &Y, RERVEReRH
=( 22! | (1.9
LIJ&, E. Bromberg #tEY ¢ 57!
e‘=§—£4—[12(1—u’)]"’§' (1.6)
i JI. C, Cpy6mux WZEH ¢ Fy'*
=101t (1.7)
MAERACL), NEZBE
m=0(1) (1.8)

BARENINFRERNTE, RZAGRBETE. XNHE, ROEBIRETHET,
W SHe, FRRE ~EENE, MEELHFENSHE, BREMIRBE. XAHEK
HRZ A, FEEAE W RABERES, B X REAIERERED . EAX
H, XTF—EERHROES, FE2RAXAFE.

RERBEAAERERERE, LBRESBNESERAEER, BEit, Pidm
FRNBEBERERN. RERREERORREMES, UG, Dickey A RE"Y,
Schmidt % FH#zh kU it IO R, XTEEME, ETUsE12]~[16].

Ha R R B L WIERTIE RS, 8 Coyoumux fE TRE T, XTFHEHHE
WIREH, SCHR[311ES—i%.

= AIEHRIP AR RN AR

FFHE MBI ERIEN BT A, TRREREETRLENPR, /EEFIHMA
ATEHBTFE ", WIEHRIE AR SR & F X R LG T ISR iR k.

SIHMBIRR(rs o). BAOTRE, BRSWEE w(r, O)MPEHEEN(rs OOHRETFT
WY von Karman g2

2
A'w=7L(w,N) +% (2.1a)

AN = —%L(w,w) (2.1b)

J\ l
8* 1 0 1 82
A St T e TR et ‘ (2.22)
/ Pwyl N | 18N\ 82N/1 8w 1 8w\~
(w,N) ar (7 ar T 80 ] or? (7 9r " ¢ 8o?

8 (1 aN d 1 dw A
=2 5 (+ 00 ) o (7 50" (2.20)



R e AR A S T R i TR 183
HLlr, RHBORNELR, ri ZRNERE, SIHTRRA,

D= eﬂz%ﬁw, lv=1%ezN
; (2.3)
I =~ __ rig eyE s
F=ros §=ppl2(—u )1% e
M ERFER(2.1a)~(2.1b) TR (BEEFEF EH“~"5) .
I (w,N)=eA'w—L(w,N)=q (2.4a)
H(w,N)EA2N+%L(w,w)=O (2.4b)
Hiphe BHESH.
EHEC.OR, RNAERE
lgl <M (2.5)
BEPME—-NEH. RKE “~" 5, W
9 12—t e |<u (2.6)
XELRHT 2B BB E. LEK" %Kl R
2 _ h*
* TR @0

WRBE e R—/M2%, BRHSHABRE|ql/E RBNHE, BRI, s BRREAK.
RFENHE MBI, EF[17~18], [23]f[24]% LIk

= b RN R B M

TSN RS, TR BN RS REFRIEHRGRE,
827‘1;27( x—jgi)—% %g——ek(x)F——s”p(x)=0 (3.12)

d 1¢ dBy: 4B _

Hrp
k(x)=—'*/12(41h_“2) Zi (3.2)
W FEE 2 EXNCER[26], HAeFESERXEMI27].
RAT—8&, FROG.DPwcRHFEN. W
h
p (3.3)
B, Cpy6bwmk iHiE T & BB . o, MRS T BEfE S a0 B o fa] 2=,
HKMEXRI27]F, RASZENSBEOERHERERBIF B RIELERERFE B AT E R
AR, STEZUHAEREANEELERGEREXRNBRERE, SRR LCIAR
R EER R L EE L S RIZ R RERE, SR TEZERN—-BRRER; FTFEEERIFXdr/h
SHMER, XPRAE—F, BERNEH HRER Sote—1=0. XFERINBE, X

=



484 B B X

B2 KRBTSR/ S R EREE .

BMEXXMI271, BTFRATHESEEARRED 28, WARET "MK RED
O IR TS H BRI B 1) 4 4

DR B EARBENREE, ROGSIMHE—RRE, ARCRBIERMERERBEENRE
Bten),

WIEHFREFERBEXERETEEWHES . BAFE

L(x,0)=F§ (3.4a)
xL(*F) +% 02—%k2x2= 0 (3.4b)
$Hrp
d 1 d
L=ds % dx (3.52)
___dp
0=— 5 (3.5b)
R i3 ]
x=0, B f, FEK%FE{E (3.6a)
x=1, =§, F=0, —g%+u0=m—k(l+u) (3.6b)
BMBERIER
— l —
=T [m—(1+p)k]x (3.7a)
Fo=0 (3.7b)
—fRERERP
xL(x*F,) =-%["\29. e,_l_,—fe. 6,._2_,]4-%95’ (3.8a)
L(36)= Y F bpsm 3 Fifa-s (3.8b)
(n=1'2'3...)
g d_,=0.

ENMERERE—-IBERA CSRREFRL B2 R, BRE-TRABA
EARMEIES NSRSk,

M, 23 HFER&

MTZHHHBAERANRENREVRE, HERETFHLTETUSR,

2
e Hdgcfxa—%FG—kzF—e’p6=o (4.1a)
d® 1
észfo +“2‘92+4k20=0 (4.1b)

Nfre 50 REFESH. Ho=1, e ZNBYN, XEFE—-URERE; Ho5:8/h 5
g, X AFERE.



ARBHEERFMAENSHEEROETYR 185

WHANKFANU LN 2EOTHBESIERONA, ATFERNOCRELRS, BRE—
PTEEWWEEE, x5E, R. E. Ir. O’'Malley®) T/EEBRH A, 3R i &
W, JI.C. Cpy6mux (BTN FBIBMMEREHTHMFE . XTFE, E Reissner
WHEHRE . RMNEIH, RE-1MEHREBE, 4

epd=1—e (4.2)
FIRERBEAGHESY, RET LR B BHLRE.
HFHE(.1), LA o 5L mURE, HER

pd=0(1) (4.3a)
B =0(1) (4.3b)
Hrp
p=qa'[12(1—u)1E /16ER* (4.4a)
k*=a*edn/ 12(1 —u?) /8RhA (4.4b)

XERRATHEE, 20 HEE, RE2REFE.
FIA4. DRG], EARS O dfliitHE,

5=o(%?) (4.5)
Hep
.
p=~N12(1—i) g (4.6)

X —HR5 Reissner o R2—~B" .
FHEFHE RS A R RAER GRS EY FE. 35, TR BERT RIEMG
mEHEEATREE. BEHENHRER, EHRG. OB, £

=B
B=13 (4.7)
W(3.1a)5(3.1b) AR
63%;' X %—f——% F%~—-eék(x)F—-ssap(x)=0 (4.8a)
FERXANHBED, FEBRE EOp(x)50k(x)EPRE iy, B
le3p(x)| <M, (4.9a)
jeSk(x) | <M (4.9b)
Het M, 5M, Z2F/1)ERHE.
MFE4 e=45, Mj(4.8)FN
P x%’i——%FE%—EF—§=o (4.108)
& ;;, Ma +—;-( ‘;; )z+k Zf =0 (4.10b)

H
E=ek, P=e'p



il

B X

FA (4.10a) 5 (4.10b), Cpyomux HATREZHWREE M b E IE 7 7 R W
{20,421

B, WRAFIRACSES 0 TEBIMLER O TER0DP R BT %, FRE

MR R REEE— S TTHE .

f11

(2]

£31

[4]
[5]

Le]
[71

[8]

[91]
{101

[11]

[12]

[13]
[14]

[15]
[16]
f17]
[18]
[198]
[20]

[21]
[22]

8 £ X W

45, Asymptotic behavior of a thin clamped circular plate under uniform normal pre-
ssure at very large deflection, FEEAZEEIHL, 5. 1(1948).

McPherson, A, E,, W, Ramburg and S, Levy, Normal pressure tests at circular
plates with clamped edges, N A C A, Repotit, (1942), 744,

Bk, BREBEHEERRABERNEHHNA, RERER<FRBEIECRAENZPH
MFES, B, (1981).

®RBR. BT, EERKERERE, HEER, 10, 3 (1954, 9)

MRS, ERERREEDSISEAEER TRIERERERE AR FEANZE L 1
(1980),. 71—88.

JArer, BAMAEREEICN—MEShR, MARENIIE, 2, § (1981, 10), 475—484,
Bromberg, E_, Non-linear bhending of a circular plate under normal pressure, Commu-
nications on Pure and Applied Mathematics, 9 (1956), 597—612.

Cpy6mux JI, C, u B, MU, IOnosuw, Acwmnrornka ypasHeHEm#t GOAsmoro nporuba
KPyTJIOf CHMMETPHURO 3arpyxemmon maacteru, JAH CCCP, 139, 2 (1961).

BABK. LI, WA, I, <EERERARERE>, PEBZRHR L (1954),
Dickey, R. W, The plane circular elastic surface under normal pressure, Arch, Ra-
tional Mech, Anal, 26, 3 (1967).

Tucker, ] R,, R, Schmidt and D, A, Dadeppo, Moderately large deflections of a
loosely clamped circular plate under a uniformly distributed load, J, Industrial Mathe-
matics Society, 25, part 1, (1975).

gk, EHRE. BRFE. Bk, BAEEROESZIHERETEONKRER, ERSER
7%, 2, 6(1981, 12),

Dickey, R, W_ (Chief Editor), Nonlinear Elasticity, (1973).

Cpy6murx JI, C, Kpyrame naactEax mop meiicrsmeM paspmsaux marpysox, ITMM, 28,
6 (1964), 1024—1032.

Cpy6mur JI, C. u B, 1, IOnosnu,AcuMprornra ypasmerrda Gonsmoro nparula rRpyraof
CUMMETPHYHRO 3arpyxeRnos muactea, Cubupcwuti Mamemam, K_, 4, 3(1963).
Cpy6mux JI, C,, K cymecrpoBamuio pememus 3ajaqdl O PABHOBECHH KPYriol mMeMOpaHH,
MM, 30, 3 (1966), 576—579.

Fife, P, Non-linear deflection of thin elastic plates under tension, Comm,6 Pure and
Appl. Math , 14 (1961), 81—112.

Cpy6umur JI, C,, O6 acuMOroTHuecKOM HMHTETPHPOBAHHE CHCTEMH HEIMHEBHHX yPABHEHUN
reopun maacrur, MM, 28, 2 (1964), 335—349,

LRk, HEARAEERESMZEZG THIENRIERESHE ), RAKRER T E
3, 5(1982).

LRk, XTHEIAFENTES, SEFER, 2 (1979).

LR, W HEaAERESHAERYEENA, FRABEMIE 1, 1 (1980).

S, BREEEFL S, RIAHTE, <HREISY, BEHURHE, (197D,



AR BRSO R T

487

[23] Alzheimer, W, E, and R, T Davis, Unsymmetrical bending of prestressed annular
plates, J, Eng, Mech, Div, Proc, ASCE, 4 (1968), 905—917.

[24] BEH. BRE, XTHERSHNEOEDTE, MRARENN%E, 2, 50198D.

[25] Chien, W, Z , The intrinsic theory of thin shells and plates, Part I, General theory,
Quart, Appl, Math,, 1 (1944),297—327; Part II, Application to thin plates, ibid,, 2
(1944), 43—59; Part III, Application to thin shells, ibid,, 2(1944), 120—135.

[261 CpySmar JI, C,, AcauoroTAueckAf MeTo] ONPENENEHHN KPUTAUECKEX HATPY30K HOTEPH
YCTOATABOCTH MOJIOTAX CTPOTO BHHOYKAHX obomowex mpamemma, ITMM, 36, 4(1972).

[27] R, ARBARERZASBERBHORA, <MNARFNAELTE> FHR) .

[28] Cpy6bumr JI, C, u B, Y, IOnosuu, AcuMnrorAuecroe MHTErpPHPOBARUE CHCTEMH yDaBHE-
Bt Gospmoro mporm6a CHMMETPHTHO 3arpyxEHEHX oGomouer mpamemma, [IMM, 26, 5
(1962).

[29] Hyxos M, 10, u JI, C, Cpy6mnux, Ilosenemme zamayron cdeprueckosr 0GOJOUKE mocie
norepa ycronumsocta, ITMM, 35, 5(1971).

[30] Cpybmur JI, C, , AcmaunroTuka ypapHEHHE peficCHEpa B HEJHHEAHOM TEODHH CHMMETDH-
YHO 3arpyxempuX oGonouex Bpamemma, JAH CCCP, 182, 3 (1968).

[31] Cpy6mmx JI, C, K pompocy o mexecTROCTs B HEAMHEAHON TEOPMH HOJOrmX 00070YER,
Hze, AH CCCP Cep, Mamem_, A(1972).

[32] Rk, mgEsh:simm— P ERE CGRER).

[33] AMms, SRBTFENATRENREMMARERM, MAKRFEMIE, 4, 6(1983).

(341 O’Malley, Jr, R, E,, Two-parameter singular perturbation problems, Doctoral Disserta-
tion, stanford University, U, S, A, (1965).

{35] O'Malley, Jr, R, E , The first boundary value problem for certain linear elliptic dif-
ferential equations involving two small parameters, Arch, Rctional Mech, Anal , 26
(1967) .

{361 O'Malley, Jr, R, E_, On initial value problems for nonlinear systems of differential
equations with two small parameters, Arch, Ration, Mech, Anal_, 40(1971),209—222.

{371 O'Malley, Ir,, R, E,, Two-parameter singular perturbation problems for second order
equations, J, Math, Mech,, 16(1967), 291—308.

[38] Chen, J, and R, E, O'Malley, Ir,, On the asymptotic solution of a two-parameter
boundary value problem of chemical reactor theory,SIAM J_ Appl Math_, 26(1974).

[39] #hz, HEHHSENENHBERTE—RSER GRS, DHARENAZ, 3,50982),

[40] Cpy6umr JI, C,, Bropmummift xpaesonr shdexT npm msrnbe TOHERMX yupyrax o6ojowex,
MM, 45, 5 (1981).

[41] Reissner, E_, The edge effect in symmetric bending of shallow shells of revolution,
Pure and Appl. Math, , 12, 2 (1959), 385,

(42] Cpy6mur JI, C,, [oxparmueckoe paBHOBECHE TOHKO® NONOro# OGOIOYKE BPALICHAS K
ero ycromuumsocts, [IMM, 44, 2 (1980).

[43) Chang Chin-hao, An experimental verification of boundary-layer solutions of Karman’s
equations of plates, J, Appl Mech, Tran, ASME, E43(1976), 168—169.

{447 Cpy6mur JI, C_, Bamamme maganeHHX HECOBEPLIGHCTB HA BHIyYMBamHme yopyrmx o6omo-
WER IPM KPaTHHX KpHTHYecKmX marpyaxax, [TMDM, 44, 5(1980),

(45) Cpy6mux JI, C, @ B, A Tpemorunm, O supywusanum rubxmx maacrus, [TMM, 32. 4
(1968),



488

f46]

[47]

48]

[49]

£50]
[51]

[52]

(53]

[54]
(551

[56]

LI

Cpy6mux JI, C,, Bunyuusamme ympyrmX o0Gono9ek C HAUANBPHHMH HECOBEDIICHCTBAMH
mo MuoruM cofcrsemnum dopmam, Joxa, AH CCCP, 249, 4 (1979).

Bauer, L , H, Keller and E, Reiss, Multiple eigenvalues lead to secondary bifurcation,
SIAM Rev_, 17, 1 (3975), 101—122, ‘
Mallet-Paret, J,, Buckling of cylindrical shells with small curvature, Quart, Appl,
Math,, 35, 3(1977), 383—400,

Cpy6mux JI, C,, O morepe ycTOMuuBOCTE HECHMMETPHIHHX CTPOr0 BHOYKJIHX TOHKAX
momorux obomouex, [TMM, 37, 1(1973).

Cpy6uwux JI, C,, Hexecrrocrs chepmueckon oGomouxm, JTITMM, 31, 4(1967).

Boposra K, M,, Hexoropue BpompocH ycrogumsocrm obomouex B Goawoiom, [JAH
CCCP, 122, 1(1958).

Cpy6bwmx JI, C, = B, I, IOxoerg, O6 acEMOToTHYECKOM MHTErDHDOBAHHM Y pPaBHEHHA
PABHOBECHH XUOIKOCTH C TMOBEPXHOCTHHM HATAXKEHHEM B moae taxectu, +K, Busuca, Ma-
men, u Mamen, Dua,, 6, 6(1966).

Cpy6mur JI, C, m B, M, IOnosnu, 3aMeuanme o6 ycroluupocTd MeMODAEEHX PEMICHHH
B HelHHEHHOR Teopud maacTul m oGonowex, JITMM, 30, 1(1966).

Cpy6uux JI, C ,Hexecrrocts menomororo chepmueckoro xymonma, ITMM, 32, 3(1968).
Hyxos M, I0. = JI, C, Cpy6mux, YcrofiausocTs TOEKEX HECHMMETPHYHHX KYCOTHO-
BHIOyRJIHX yupyrnXx obomowerx, ITMM, 41, 3(1977).

Matkowsky, B, J, and E, L, Reiss, Singular perturbations of bifurcations, SIAM
Appl, Math,, 33, 2(1977), 230—255.
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Abstract

This paper presents a review which discusses some nonlinear bending problems of

plates and shells in a unified way by means of the technique of undetermined small pa-

rameters,



