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An acceleration of convergence in the problem of bending of the rectangular isotropic plate under
transversal force

YMHOMEHHEM TPHIOHOMETDHYBCREX PAADE {T.p) HA TPHIOROMETPUMECKHE NOAMHOME DHABDa
N-Fo HOpAAKE € ApasHHEM Hta Sin'(x), TAR X—OpryMeHT DAAL, DoayueNm HeoSXOAMMEE W
ACCTATOMHLEE YCAGBMA CXOAMMOCTH T.p, M TOYHEA 3hperTHRHLI METOA YCHOPEHHA CXOAHMOCTH
T.p. [IpHBOAKTCR coie oAME  DRIBOA METOAR Adsry. YoRopReTod MAIBECTHRIR T.p. nporufia
OPAMOYTOARHOH MICTPONHOA WAPHHPHO-OMERTON HAACTHHLI OPR WatnGe NONEPeYHGH  CHADH

TNpeacTaBARIOTCH 3 HBHOM W ADCTYIIHOM AAR  ERYHCACHHI EHAR BEAHYMHE HANRRMEHHD-
ASODMHPOBAHHOTS COCTORNMS HAACTHIIEE

Teopus TPHIOHOMETPHYECKHX DSACE (T.p.) BOIHHEAZ NPH DeIIEHMH 3a839H
O KoaeBaHuax  cTpynst [1] #, BIoCAEACTEMM, cHocoBcTRoBasa GypHOMY
PA3BHTHIO ecTecTro3Hanud [2]. Hapsay © Brerpocxopamumucs T.p. Hapearo
BCTPRYAKOTCA MejrsHHO CXOAHITHEeCH T.0., KOTOPHE ROIHHEAIOT KAK np#
HEOOCDEACTBEHHOM [OAYYeHHHM pelleHuil B Takux pspax [3] , Tak W npu
HHCASHHOM oDpauiedHny npecfpaszopanss Namiaca, Meausa, npu GECTpoM
npeoGpazoBaHud  Dypre [4],[5]. HeobxopMMOCTE TOMHOrD BLIMHCASHNS
HAa3BAHHLIX DAACE NPHEEAd K BOZHHKHOBEHMIO H pasBHTHIO 3thdeKTHBHREIX
METOAOB YCKODEHHA CXOAMMOCTH T.p. [3, 5-B H Ap.]. BosHHXAM ¥ EavecTEeHHO
HOBRIE TPHACMEHHA AGHHEIX MeTOAOB K npobaeme collCTEEHHRIX IHAYEHHIH,
MpH pellleHHy AMHERHEIX ¥ HeAHHeHHX cHcTeM [9).

1. € npuMeHeHHeM TDPHTOHOMETDWYECKHX IOAMHOMOB Siaepa [10]

NpEACTABACH BEEOA TOMASCTEEHMOIO aHAAHTHYECKOTO Npecfpa3sobaHHsa He-
HETHOR HTEepalMH AAS T.D.

==}
c{x}l:z{?k coskx, -—-w<x<w (1.1}
k=0
IpH .ﬂ,ﬂll}’IﬂEHl{Hx ;
x#tkm, k=0 ua, =0 npu k > (1.2)
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wa] k=l
T.p.-uf caeBa W cripasa B (1 ) cxopnTon (pacXoARTCH| GAHORDEMEHHO.
2. [IpHBOANTCA BRIBDA, TOMASCTREHHOTD AHAANTHYECKOTO npenbpazonaHus
HETHOH wrepauuy T.p. [1.1) opa }rcmsmrx {1.2) 110

c(x) -TI:CL +(-1)" 22(— C;, cos2(n— k]x} lim Za cos mx =

| l

N
=E—I—Z—I1m{£“”2a cosmx +(=1)" 3" (~1)' €4, [cos(2(n = &) - m)x +

SINT x Mo mnl) el k=0

+cos(2(n —k)+ m)xla,, } 7 xilﬂ{au X cnsmx+Z(— § i 2

T ity *} n-k) NIk}
" Ay _o(n-k) COS VX + Qyfn-k)-y COSVX + iﬂwzr,n-#} cos Vx} =

!\'HE .i-.'! valy vl
¥
m{( 1y Z{- 1) Cly sy +

EUNO S e

[im z [(_ 1) Z[1+ai{n—klu}nv—1{n—ﬂ +a'-'+1l:n i]] l) CZn + C:‘.Ia i|CCIIS VX +
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n=l A N+2[n=k) N=2ln-k) s
+Z(—l] C;, (1+Eim,_k}ﬂ,):zh‘lin_”cnsvx+ iam{ﬂ,ﬂcﬂsvx +

k=0 val=2ntl vaN-2n+l
N 1 n L
s Za,msvx =—h—l-z-d—{(-1)”2{~l) Gl @yt + {2.1)
veM-2nsl 2 5mooXx el

w n-1
+ Z{(" W}Zﬂ [(1 + 830k )H|v—2{uuk] "’ﬂwz{n-u](_ 1y ey, + Cia, }WS "’I}

val

T.p.-a1 caeBa u chopasa B (2.1) cxoasTea (pacxoasTca) cAHOBpeMeHHO.

3. Aranoruane (1.3), {2.1) B npeanoacskemmax (1.2) npuxoamss x Tom-
ABCTBEHHBIM Opeobpaiosanmam

L] . -1 " n=1 |
s(x)=>b, sin ’”-f:zTr,_T('%H; {Z("-]k Coeibit, e £33 (1) et x

sm

=] kel va| kad
* [bl{n—l-}r o1 FSign [2(& = k}_ ¥ I]E}II{n—k}—uuu Cosvx }: by =0 : (3.1)
' |
il : ] ] f ; JTrs—l
5(x) -_—;:‘;m sin mx = mgli Ci.b, + (—i) é{— l)k C:” [bwz{,,h” +
+sign(v—2(n - k)}b:v—llfu—k]ﬁ ]sin v }, by =0 (3.2)

T.p.-ut caesa u cnpasa B {3.1).(3:2) cxopqTCs [pacxoasaTcs) BMecTe,
4. HemotpeACTEeHHO BHTeKaoT (n.1.1-3.2), [11, m682],[11, m. 704], [11,
n.#51].

Teopema 1. Aam cxoaumocTn T.p. (1.3) ((3.1})) crera, B npepnoADKeHHX
11.2), neoBxoaumMo u pocraToumo, Yrobm npu HEKOTOPOM N=n; CXOAHACHE XOTH
Onl OAMH M3 ABYX T.D. (1.3),(2.1)((3.1),(3.2)) copasa. Fcay aamnoe YCAOBHe

BEINOAHAGTCA, TO MPH NPOYHY N CXOARTCH HA3IBAHHLIE T.p. COpaBa, TPHYEeM NpH
BCEX I HMEBIOT MEecTO 00a pakeHcTRA (L3J2.11.13.1),13.2)).

Teopema 2. IMycTe ucxopHne T.p. (L1)(3.1) B caywamx (1.3) 1 (2.1) ((3:1) u
(3.2)) cxoamres ma (D, Tr) K pVHRIHMAM f{x}:g{x)]. ONPEASASHHEIM |
HenmpepurHo-AuddepeHUMPYeMBIM Ha oTpesKe [D,:rt] 2n—=2 u 2n—1 pas
(n=1) Oycrs, kpome roro, cymecteyior, {2""}(.1') A () (g™ (x)
gu”[x}j Ha [ﬂ,ﬂ]. 33 HCKAIOYEHHEeM, DEITh MOJKeT, KOHEYHOrO YMCAd TOMEK,
abCOAIOTHO HMHTETDHpYeMEIE Ha ['D.‘n:]. Toraa kosdduupesTs T.0. B npazof

uacTi (1.3),(3.1) # {2.1),(3.2) ecTs G{EMI“") H n(] f’vz").

Onpeaesennef!Ipeatpasosanusn (1.3}43.1){(2.1),(3.2)) — MeToam yoropeHus
CXOAMMOCTH KOCHMHYCHRIX [CHHYCHEIX) T.p.

5. B [B] sanucusaerca nmpecOpazopanie AbDeat AAA T.p. BTOPDOR HTepauuy
|11, 692]. Tpumenenuen npeofpasoBaBiA NPOHMIBOABHOE YHCAD EPaT AABTCH
BLIBOA DETYAHDHOTO METOAR YCKODEHMH CXOAMMOCTH T.I. 4eTHOW wTepanqs,
Aorasepaercs  Teopema, ROTOpad  TapaHTHPYET 0IPH  BRINOAHEHHH  AAf
KO3 DHUMENTOR HeKOTOpHIX NPEASALHEIX YCAOBHE YCKODEHHE CXOAMMOCTH
T.p. 3AgCh 3aMeHOR NepeMeHHoOH B HCXOAHEIX T.p. (1.1], (3.1)
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x=2y (5.1)
npumMeHenues (1,3),(2.1),(3.1),(3.2) & 7.p. ¢ koaddhmuuenTaMn
({“ Eu) {ﬂ 'D} npu k HeueTHOM 5.2)

3 (@,,20b,,,) mpu k sernonm

€ BOIBPATOM K MEPEeMEHHOH X, NOAYYEH METOA VCKOPEHHA CXOAMMOCTH T..
HeTHOH M He4YeTHOM MTepauMil, KOTOPHN HpH Nepeofl H YeTHONR Wrepannax
OTAHYAETCA OT MeToAA B [B] yaoGHoft Ars anaAMaa 0 BeMHcAeHMil hopMod

a, +i(ﬂm cosmx+b_ sinmx)= ao +i(5m cusmy+5m sinm}r}=

=1 =]

21,,,(—1.)“ {Z{ 1 CE | ooy + i[z yer = (5.3)

I=},3, | k=0

x[ bis2fuiyr +51gn[z( —k) =1 =1)xb i ]cnsiy+

a—=l ,{ [ _
+Z 1) I :[( Z{HHJ )ﬂii—i{n—i}ﬂ- =g +3{n=k} ]Sin iy]} s

kwil

i
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22d| ZE]IIZEL
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/
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{ i:} Z Ch‘ ﬂit: &)+ E {[{_ "Z[{I +E2!n—lil )an_z;n--.; +eiviln i].]x
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A
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dw

{{:— “___I:. [) C'\FI'.:-'J net
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« (1) et Joniy |}
4 2*gin?t =
2

+§[[" ])”:E:;[{1+§n—t.i }au_mq +cth](— ey +Cha, ]casix+

+[{—1]”§[bm_,& +sign(i =n "'k)‘!%-mi-k'" 1)t Cr.+CLA ]sin ix } 15.4)

k=i
Fostppuumentn B (5.3) # (5.4) npH KOCHHYCAX M CHHYCAX (C TOYHOCTEW
AD ZHAKA), ¥Orpa V>N, © upeuﬁpaa}riu'rcﬂ K BHAY [4]

=1

Z[biﬂ:v-l:—l mblunkl 1.:1 j = "Z C'r:n-l. { =itk +Z(— 1)2" t f{“h B,

k=0 k¥ =0

J':h‘[—mﬂ = Z( 1)* Zn-i I —nek T _'ﬁhqb (3]
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{_ ])" Z{(I\'-DHR + II-"I'!I'\-'+\.l.'—.';: ]{_' }}k (:;r T C'1;|.-a\l b {- l}” Z(-_ i}k C";nﬂ-\.—.lrsk + c'1I2’!1:'r"n"|.- +
ksl e
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Nepel kwi]

Peayasratit (5.5) (mpun=1) n {3.6) cosmaaaroT ¢ MOAYIEHHEIMH B [8].

Kpome tore, ¢ ucnoabsoBaHuem {5.3)-15.6) u Teopem 1.2 m4 MOryr GRITL
ADKAZAHEL B AN T.p.(5.3), (54] aHasorEuHme TeOpeMbl, OpHYEM BMEeCTOo
TeopeMel | NpHAEM K yTRepmaeHuaM Caiema [l 2].

8. YCKOpRETCH CXOAMMOCTL H3BRCTHOMO PEUIEHHA—TD. An nporuba B
3apave 0b warube NpAMOYTOALHOH HIOTROMHON IMADHUPHO-OIePToNH [IAACTHHET
MONEPeYHOH COCPEAOTOMEHHON CHAOI [13]. Pasee 8 [14] ycxopsaack
CXOAHMOCTE T.p. MDOTHGA AMWIL B LUEHTPE M30TPONHON KBIADATHON NMAACTHHR
V1PH PaBHOMEDHOM BHEUIHEM AABACHUH H HA3BAHHEIX FPAMMTHLIX YCAODHAN.

NoAyueHsl aHAAMTHYECKHE BEIPAIKESHHT AN BCEX BTODREIX M TRETEMX
HACTHLIX [DOMIBOAHEIX OT OPOTHGA, KOTOPBIMA ONPEABARETCA HANDIMCEHHO-
ARQOPMUDYEMOE COCTORHNE NAGCTHHE, AOCTYTIHEIE AAS BRIYHCASITHIL.

[Npemxae, npu PACIPEASASHHON HATPY3IKe, NOMAGHHRIM avdichepeniy-
POBANHEM [OAYUEHE! AMIIL BTOPELE NPOHIBOAHBIE, KPOME CMEMAHHOH.

Pemene AAH nporufia © HCNOABIOBAHHEM MeTopaa {2.1] sropoll urepaigun
PM CYMMHPOBAHUM 1O M 3aNHCWBAgTCH B Bupe [13)

4P SG&sind g xsinp, y sinkZ sin T |
wlr, 3= — — - =
k= D (3 +n )
_ 2P ii{;ns}u (x—&) sini, & sinp_n _cosh,(x—&)sink,E sinp,n g
(<1 B (}vi 'f-]:li)z (?‘*i +p'§ J:

- 5 [i i Ay cosh, (x—E)sinp, y sing q
- _| A=l m=0
- Z'DAIEFL sin® &, (x—&)
T S (6.1)
D> A, cosh, (x+E)sing, y sin 1,7
_ a=ha=0
sin &, (x+&)
dpaech
JBRAY) 1 e
R T TR R (e §
A | A +2|;J.?; 20) +ul l 2



4 < M0E i) -2n362 <P - h)-2ad(az —a2)u2 +2) (6.3)
(2 + 2P0+ F B2, +p2)
mai,n= L2..

TlepexoA KO BTOpoOMy BEIpakeHHIO B (6.1) ofiecnednBaeTCn CXOAMMOCTBIO
T.P.- CAATABMEX, & K TReTheMY — YTBepiKASHHAME TeopeMsl 1 (11.4),

[lycte
y LG TR ) N S V1 YR TR ST
4 ¥ =k 3 3
we(h3 +2) ba (3 +u2) (2 +n2)
A= 4. ,m=134.. n=12.. ) (6.4)

Toraa (6.1) npuBoauTCs K BHAY

ZZE:MQGS?‘.m{x—E}}SiﬂMHF SiﬁI-’-.,rI
}'}{I, y} - P nel = - =5
2Dab sin’ &, (x—¢&)

ZAM Cos A {x+§)s1np ysinp,n

| H-[ ml]

sin® 4, (x + &)

Hz (6.2), (6.4) uneen
i =O(1fn6), xoraa m=0,1,2, n=12,.. {6.5)

1ty=a

Agaee € MCNoAL3OBaHMEM paneHCT

2 T 4 'y =
(67 52 ) =e* +2e%% 45° 3 ¢® + 27057 2 22427571, & 5% 2 2es (6.7)
OAYHAIOTCH OLEHKH

A < E‘n“ c 1=011.523; m=34,.in=12,. (6.8)
?L, 3+ ; =5
Beopurcs yHruuy
By —_— _ Sy -
Sy)=2" 3 Amoosk tsing, ysinpn, glt,y)=222L  (5g
=l mel 51N ;Il..Et
Toraa NMporaf 3aNHckRIBAeTCE B BUAE
+ 6.10
wxy) = wb(g(x &y)-glx+&y) (6.10)

AOKa3LIBaBTCA, UTO AlODEIE YACTHRR NPOH3BOAHBIE AG TPETRETO [OPAAKA
OT CYMMEL T.p. [G.8) CyWlecrsyioT M BEMHCATIOTER NOYASHHEIM Audh-
thepenuuposatner. Axg srtoro, T.p. (6.9) thopMassio AudbdepeHIHpYeTcH AD
TPeX Pa3 M HCCABAYETCH Ha abcoANOTHYIO H PAEHOMEPHYID CXOAHMOCTE,
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o

. d* cosh,, rdtt sinp, ¥ 7 S . o
;;A"‘” dt* P s:np.nr4 ](§|Am| +§|Amilfnpi"]_

I
= BZ‘_.’-CZI’! Sk Z dy Seitkeg e {ﬁ‘ilj

at 71 n=| me} ey

ecan i=k=0123; k=0L..; §=123% i=L5 k=l s=2
Mycrs uepasencra (6.11) smnoansiorcs. Toraa T.p. [6.11) cxopmres
I.'IB.EI-IOMEPHG W, B ey [11, mo. 393,435], nocACADRATEARHO HMeeM

a f( i’ R LB it =k —ap
ot _4;‘;,4” WM™ 4 (1) e Yo 4 -1y e
k=0L..5 §=123 (6.12)
B urore, puddepennuposannen (6.9),(6.10), moayuaen
Fwxy P [ & o .
&r"Eg.J"" zﬂab[axtays-t g(x &y} axkays.k g(X'i'é,}’))
k=01,.. =23

aedy’ sin® A,/

i=f -'\I+J 1+
d l‘g('f‘y)= 1 1 Siﬂlllf if('t .})) l S }n.:,_fa f{f }J)
ot oy’ sin” A ¢ ar gy’ Brey!

ot
+lf(ﬁ—4sinlh,:)L&’y}:|, j=01
a_y.n'

I+ : el !
Mglty) _ 1 {ginlrr—aa{(’;-"}—ntmsk,rM], i=12

(6.13)

g, (t.y)= r[sin’}hlr fu (6, )= 6X, cosht sin® At £, (e, »)+

1
5 6AF (3= 2sin® M Jsinde f (1) +
+ 4\ (Scnsllf cosh,t +cosh,t —12cos’ llr)f{t,y]]
B cuAy cHMMeTpHM, UpHMeHeHHe MeTopa [(2.1) npm CYMMHpOBAHHE Mo 07
MPHBOAHT K AHAAOTHYHBIM PeayAbTaATAM,
MeTop (1.3}, (2.1) npe 2=1,2,3 anpoSHpOBAACH HA TECTOBOM '1‘.p.l[5] B [5]
uapu p=0.1,0 =1° noayueno cosnapenue po naTol aHavamedt uschphl.

Hrak, BEAMEHHEL HANDIKEHHO-ALIOPMUDOBAHHOTG COCTOAHHA NARCTHHEL
NPEACTABARKITCH B ABHOM M AOCTYIHOM AAS BRISHCABHMEA BHAS.
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