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BU3HAYEHHSA PO3ITOALITY HAIIPYKEHD Y /IBOX 3’€EJHAHUX
MIK COBOIO ITPAMOKYTHHUX ITVTIACTUHAX

Pestome. 3anpononosano HoBUI AHANIMUKO-YUCTOGUL MemOO (CKIHYeHHUX min) po38 3Ky NIOCKOI
3a0aui meopii npyxcHocmi 015 Heonyknoi 6a2amokKymHol niacmuHu y euensodi 3 €OHaHux mixc coboi 080x
NPSIMOKYMHUX NIACMUH. Y568Huil noodin 6a2amoKymnol niacmuHu Ha NPSMOKYMHI WIACMUHU O00380NUE S6HO
8paxy8amu OCHOBHUL HANPYHCEHULl CMAH, AKULl 8I0N08IOAE 20106HUM 8eKMOPAM CUl i MOMEHMI8, ujo Oitomos HaA
OKpeMux cmopoHax niacmun. Bukopucmano mouni po3e’sa3ku 6ieapMoHiuH020 pigHsHHS | OYHKYIIO HANPYICeHb
nooano y euensioi psady 3a HeOpmo2OHWIbHUMU (DYHKYISIMU. 3A0080NeHHS KPAUOGUX YMOG | YMOS I0eaibHO20
CHPSIJICEHHST OMPUMAHUX NPSIMOKYMHUX WIACMUH 360eH0 00 NOUWLYKY MIHIMYMY Y3aeanbHeHoi K8aopamuyHol
dopmu. Teopemuyno ecmanogneno uucnosuil Kpumepii 30idcnocmi memooy. Ilokazano, wo mounicme
3A00807NeHHSI KPAUOBUX YMOB | YMOG I0eanbH020 CHPANCEHHS OYIHIOEMbCA OOHUM YUCTIOM — MIHIMYMOM
K8aopamuyHoi ghopmu.

Knruoei cnosa: keadpamuuna popma, MHOLOKYMHA NAACMUHA, OCHOBHULL HANPYICEHUL CIAH.

V. Revenko

DETERMINATION OF STRESS DISTRIBUTION IN TWO
INTERCONNECTED RECTANGULAR PLATES

Summary. The paper is devoted to presentation of the stress-strain state (SSS) of structurally
inhomogeneous bearing structures in the form of interconnected rectangular plates. These bearing elements are
widely used in construction and engineering designs. Determination of the stress state is an important scientific
and practical problem. To find the SSS rectangular plates various analytical and numerical approaches have
been developed. However, publications that describe a technique for solving boundary value problems for
nonconvex polygon are not available. Convergence of the solution boundary-value problem for nonconvex
polygonal plates by the method of Fourier series have been investigated. By the numerical calculations it was
found that the computational process satisfy all boundary conditions with increasing members of the sum of
Fourier series loses stability. However, the method of Fourier series gives a stable solution of the boundary
value problem for a rectangular plate. The polygonal plate division on simple rectangular parts is offered.

New analytical-numerical method (finite bodies) of solution of the plane problem for two
interconnected rectangular plates is developed. Polygonal plate is divided rectangular plates conventionally. On
the lines of division perfect contact conditions are taken into account, which provide equality of stresses, strains
and displacements. Stressed state of each plate is presented as the sum of two components: the basic stress state,
self-equilibrated stress state (as a series). General expression of the stress function of the basic stress state,
which corresponds to the principal vector of forces and moments acting on separate sides of the plate has been
built. Exact solutions of biharmonic equation are used and function self-equilibrated stress state is presented in
a series of nonorthogonal functions. Components of displacement vector and the stress tensor are presented as
series according to the constructed nonorthogonal functions. Determination of the coefficients row is based on
the proposed method of satisfying all conditions of ideal contact and boundary conditions. For the first time the
numerical convergence criterion method was established theoretically. It is shown that the accuracy of
satisfaction of the boundary conditions and the conditions of perfect contact is measured by a single number —
the minimum quadratic form.

Key words: quadratic form, polygonal plate, basic stress state.

Beryn. V' OyniBenbHHMX KOHCTPYKINSIX, MAIIMHOOYJYBaHHI Ta IHIIMX Taly3sx
HApOHOTO FOCIOAAPCTBA BUKOPUCTOBYIOTh €JIEMEHTH KOHCTPYKIIIM Y BHTIISAL 3’ €THAHUX MiXK
co00¥0 MJIACTUH, SIKI 3HAXOAATHCS MiJ] Ni€I0 PI3HOMAHITHUX HaBaHTa)XKeHb. PyiHHYBaHHS TaKuX
€JIEMEHTIB, K MPABIIIO, TTOYNHAETHCS 13 30HU 1X 3’ €IHAHHS, TOMY pa3B’si3aHHS BIIMOBITHUAX



KpallOBUX 3a/1a4 1 JOCITI/DKEHHS 1X HAMpYXEHOro CTaHy — BaKJIMBa HAayKOBa 1 MpaKTHYHA
npobnema [1—4]. Tlpm nochimxenHi HampyxeHo-Aepopmoanoro crany (HJIC) takumx
€JIEMEHTIB KOHCTPYKIi MOTpiOHO BU3HAYATH HAMPYKEHUU CTAaH OKPEMHX MPSIMOKYTHHX
miactu [1, 3—6]. Jna 3naxomxenHs HJIC npsaMOKyTHHX IUTACTHH BUKOPHUCTOBYIOTH
pi3HOMaHITHI aHamiTHYHI ¥ ymcnoBi migxomw [1-9], ornsa miteparypu HaBeaeHo B [4,9].
OpHak MPaKTUYIHO BIACYTHI IMyOJIiKaIii, IKi OMUACYIOTh aHATITHYHY METOJIUKY PO3B’ I3yBaHHS
KpalloBUX 3a7ad ISl HEOMyKIUX OaraTOKyTHUX IUTACTHH, IO MArOTh BHYTPIIIHI KYTOBI
touku. Y mparti [10] g omykioi 6araToKyTHOI IUTACTHHU BUKOPHCTAHO ITOJAHHS KpaloOBHX
yMOB [3], a 3HaxOKEHHS HEBIJOMHX KOe(]IiIieHTIB psay 3BEACHO N0 MiHiMi3allil
y3araJlbHeHOT KBaJIpaTHIHOl (HOpMH.

Metorw po6oTH € po3poOJEeHHS HOBOTO METOAY pPO3B’SI3yBaHHS IIOCKOI 3ajadi
Teopii MPYKHOCTI JUIA HEOMyKJIol 0araTOKyTHOI IJIAaCTHHHW Ta BCTAHOBJICHHS YMOB HOTO
301KHOCTI.

[TocranoBKka 3a1a4i i moaHHs po3B’s13Ky. JJIsl MpOCTOTH BUKIIAIY 3allPOMOHOBAHOTO
METOJly, PO3TJISTHEMO IIIOCKY 3aJady Teopil MpyXKHOCTi aist OaratokyTHoi mimactwam [1
TOBIIUHOIO h, sIKa CKJIQA€ThCs 3 JIBOX MPSIMOKYTHUX MJIaCTUH

S ={(x.») ([0, (—l)jaj] x[=b;.b;D}, SKi Ha CTOpPOHAaX X=-—a|, X=d, HaBaHTaXeHI

OJTHOPITHUMHU 3y CHJUTSIMH 66, e blc}) = bzcs% (mmB. puc.1).
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PucyHoxk 1. HaBaHTa)XeHHs HEOIYKJIOI TUIACTUHU PucyHnok 2. HanpssMok cuil i MOMEHTIB
Figure 1. Load of nonconvex plate Figure 2. Direction of forces and moments

[Inockuit Hanpyxenuit ctan miuactuau [1 ommcyerses [2,3] ¢yHKIi€0 HAaIpyKeHb
@(x,y), siKa 3a/10BOJIbHsIE OIrapMOHIYHOMY PIBHSHHIO

4 4 4
AA(I)(x,y)=a (j)+2 82CD2 +a (f
Ox ox“oy oy

=0 )
i 4UCpe3 AKY BUPAKAOTHCSA KOMIIOHCHTH TCH30Pa HAIIPYKCHDb

o (e} azq) o T azq) (e} (e} aZCD
11=0x=—"5, O12=Tyy =~ 0p=0, = .
T2 Vo axoy Y a2

2

BHacnijok cuMerpii miacTWHU 1 ii HaBaHTaKEHHS, JOCUTh PO3IJITHYTH KpaioBi
YMOBH Ha NOJOBHHI TpaHumi twractuHu [ Bix Toukm (—a,0) mo Toukm (a,,0), sKy
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no3Hauumo I'. Ha konTypi I' 3azmaHi KkpailoBi YMOBH Uil HOPMAJIbHUX Ta JOTUYHHUX
HaBaHTAKCHb

Su(x.Wlr=0glr. c@yl=0. (3)

e G- BIZJOM1 HABAHTAXKECHHS.

Hanpyxenwit cran miactuam [1 Oyaemo mykaTH MeTOJOM CKiHYeHHWX TuT [11].
Jlns poro ySIBHO pO3ALIMMO ii Mo JiHIAX L j» J=13 Ha Hotnpu OKpeMi TpsIMOKYTHI

mmactand I1; j=14 (puc.1). YMoBH cyuinbHOCTI Matepiany ruiacturu I1 mpu mepexoni
4yepe3 ysBHI po3pizu L j 3aMiHIMO YMOBaMH iJIeaIbHOTO CIpsDKeHHS Bcix kommonent HJ[C
okpemux mwractud IT;. Bracmizok cumerpii mwractunn I1 i il HaBaHTaXeHHS HANPYKCHUH

crad wiactuH I3 i Il Oyne omHakoBuit. OTXKe, JOCTaTHBO PO3IIISTHYTH YMOBHU CHPSDKCHHS
TITBKH Ha po3pizax L j» J=L2, OCKIJTBKHM HaNpyXXeHi CTaHW B3JOBXK JiHINH Ly i L3 OynyTs

OJIHAaKOBHMH.
3rigao 3 mparsmu [7,8] moganas HJIC koxHOT okpeMoi HpsSMOKYTHOI IJIAaCTUHHU
pO3AUIAMO Ha JBI CKJIIAJ0Bi: OCHOBHOT'O HAIPY)XEHOTO CTaHy, SKHH BiJIIOBiJIa€ TOJOBHHM
BEKTOpaM CHJI 1 MOMEHTIB 3a/IaHOTO HaBaHTa)KeHHs (pHC.2) 1 caMO3piBHOBAXEHOTO CTaHY
(y BUTJISIL psITY ), KOMIIOHEHTH SIKOT'O MAlOTh HYJIbOBI TOJIOBHI BEKTOPH CHJI | MOMEHTIB.
OyHKIlis HApPyK€Hb OCHOBHOT'O HANPYXXEHOT'O CTaHy JJISl NPSMOKYTHOI IJIACTHHH,

CepeIMHHA TOBEpPXHS SKOI 3aiiMae MPSAMOKYTHY 00JIacTh HO ={(x,y) e ([~a,a]x[-b,b])}
(puc.2) mae BUTIISI
M h 2 My 3 M 3

Ty o
Dy(x,y)= x° - xy+ + X"+ +
0= e " s T

My=My g5 My=My g6, T30 yz(x+a)+—T2 — 14 (y+b), (4)
8hab’ 8ha'b 8hab 8hab

ne M =a(S)+83)—-M5+M;, @ (x,y)=y>(x+a)-3b%xy, ®®(x,y)=x>(y+b)—3d>xy.

[TincTaBumo dyHkuio (4) y cniBBiAHOIIEHHS (2) 1 3HANWIEMO HAMIPYKCHHSI:

0 Ty +3M4x+M2—M

T, -1,
- 4 214
c, = 3x(y+b)+ +b),
Y 2ha  2hd? 4ha’b rh) 4hab 0r+h)
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0= ho 3M o 15 1(x+a)+M3y(x+a), 5)
2hb  2ppd " 4hab 4hb’a
Tgy __M M —3M1 3(b2—y2)+M2 —3M4 3(a2_x2)_T3—T1y_T2—T4x'
4hab  $hb’a 8ha’h 4hab 4hba

[lepeBipeHo, 1mo HanmpyxeHHs (5) 3aJOBOJBHSIOTH PIBHSHHS PIBHOBArd IJIACTHHH 1
CTBOPIOIOTE HOPMAJIBHI 7';, JOTAYHI S ; cuiId Ta MOMeHTH M ;, j =14 (puc.2).
j j J=4h

OcHoBHU#1 HanpyXeHu# ctad wiacTuHu 11 — ogHOpiAHUI PO3TAT y HANMPSIMKY OCi

1
c .
Ox : T31 = 2hb|cs}), (D})(x, ¥) =70 yz, c?’ll =c;(l). I3 ymoB piBHOBar# okpemux miactue II;,

J =2,3 3HaiiieMo roJIOBHI KOMIIOHEHTH BEKTOpa CHJI i MOMEHTIB, SKi JilOTh Ha CTOPOHI L,
mwiactTuau 11,

T# =0, S7 =hoi(by—b)), M3 =-0,5hc3(by —b))°. (6)

OyHKIiT HanpyKeHb OCHOBHOTO Harpy)keHoro crany miactud II,,, m =2,3 3rigno
3 ymoBam# (6) i BUpa3om (4) MaroTh BUTJISIN

72 M? 72 T2
Of(x.y)=—Lp? 4222 (v 2y} s B L2,
4hby had 20 Ahah
3 3
O3y =2 My BB B g2
3
haz 2 2]’1612b3 2 (7)
Mi’ 612 612 2 3 2 b3
S (= () =) a3 (=2 = by,
hbyas 2 27 4 2

ne TP =2hboly, TE=2hbod, M3=M3, T5 =S3, by=by—b|, BepxHili ingekc — HOMED
mwiacTuHd. HampsiMok cmit i MOMEHTIB Ioka3aHo Ha puc.2. KOMIOHEHTH HarpyXeHb

ocHoBHoro HJIC Bupasumo uepe3 ¢yHkitito HanpyxeHb (7) 3a popmynamu (2), abo (5) i
ITICJIS TIEPETBOPEHb OTPUMAEMO

2 1 2 1 2
02 _ 1 ,00—0C 02_ b3 2 @ 02 _6()—0C
Olf o) +——x, 0y =- 500(¥=3) o3 = 00y,
ap ay ap
2 b
03_0 03_,Y3 0 a
o) =—Lx, 655 =6—=0,(x——=)[y—by], )
a 3 2
2 ay

03 =_0_g(y_b2 +by

b
)3 ) -3 0%x(x—ay).

a 2 ay

Camo3piBHOBa)KEHHH HampyXeHU# ctaH OyIeMO BH3HAYATH 3a JOMOMOTOIO METOJTY

paniB ®@yp’e y Bursag Habopy OyHKIIH ©F (L,0,,Y), PO3B'A3KiB piBHsHHs (1), ski
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3ajeXaTh BiJl 3JIIYEHHOr0 HA0Opy CHEKTPAIbHHUX IapaMeTpiB [ =Amd; i 3aTyXaroTh Ipu
BiJITAJIeHHI BiJi 0a30BOi CTOPOHH MPSIMOKYTHOI IUIACTHHHW. 3araJlbHU BHpa3 (QyHKIIN
HATPY)KEHb IS KOXKHOI oKpeMoi riacTuad 11, , m=1,3 3amumeMo sK CyMy PO3IJISHYTHX
CKJIaJIOBUX:

8N

DY (x,3) = OF (x.9) + D af'OF (We> oY) m=1,3, 9)
k=1

ne ay’ — HeBinomi koedinientn, N — I0BiNbHE HATYpAILHE YHCIIO,

“m m = m m~1
O NN (s Gy ¥) = F (g Ve Mm@ oy (s O ) = (g )tk O™

Prr(j3)N B s V) = (s O )b Y) | chlmpiy )

O (j+5)N (>0 ¥) = @ (1 Q)P Y) / chlmiy), j=1,2, k=1,

AWgy) =ysinugy),  fo(g.y) =cos(ugy), qp(pg,o) =ocos(ugo),

a 1 _1

g2 (Hg o) =sin(uge); v, =b—’", a3 =ay, iy, =—,m ; Y=Yy, yel-1.1];
m

o = —i, Oy =03 = i, o, €[0,1] - 6e3po3mipHi 3minHi; d) <0,4 .
aq a
[linctaBumo B cmiBBimHOMIEHHS (2) ¢yHKIIT Hampyxkenb (9), Bupazu (8) Ta
BHU3HAYMMO
KOMITOHEHTH TE€H30pa HAIPYKEeHb 32 TaKUMH (pOpMyTaMHu:

. | 8N 52
C[1=0 —22 2<Pk(uk, m>¥)s
by k=1 Oy
m 0,m 8N m 82 m
0% =0y + DAl —5 OF (k-0 (10)
k=1 Ox
52
012—512 - Zak &Y<Pk ¥ (g0 Y) -

Ha ysBHUX po3spizax L g J =1,2 BUKOHYIOTHCS YMOBH iJI€QJIbHOTO KOHTAaKTy, SIKi

MOJIATAIOTh Y HEMEPEPBHOCTI IePEMIIIIeHb 1 HallPY)KCHb:

+1 ' +1 i+ _ +1 .
ul™ =uf, uf ui, o/ =0/, 0{2 —0{2,j=1, . (11)

OckinbKM Marepiajdl IUIaCTUH OJHAKOBHM, TO ymoBH (11) BIOMOBITHO MOKHA
CIIPOCTH:
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n

[@Y (x,1) - D% (x.3)]=0, x=0, n=0.3, ye[0,h]; (12)

ox"

n

o [OF (x.) - DX (6. )] =0, y=b, n=0,3, x&[0,a]. (13)
Y
VYmosu (12), (13) 3a0e3neuytoTs HenepepBHICTH PYHKIIIT HANPYKEHb, 331aH01 B OaraToKyTHiH
miactuHi [T, 1 Beix 11 MOXITHUX MPU TEpexo/li Yepe3 JiHil YIBHUX po3pi3iB L j» J=12.Jlo
3anexHoctedt (12), (13) motpibHO HogaTH KpaiioBi yMOBH (3).

[TizcTaBUMO KOMIIOHEHTH TeH30pa HampyxeHb (10) B ymoru (3), (12), (13) Ta micis
MaTeMaTHYHUX MePETBOPEHb OTPMAEMO CUCTEMY PiBHSHB

M PR
> ek Ap s (=P, n=1,6, ve[0,5].
k=1

M PE—
Yk Anx (V=P n=17.8, ye[{.1],
k=1

M —_—
> ek Apx(1)=F,. n=9,10, y[0,1], (14)
k=1

M —
Dk Ay (@)=P, n=11,18, a<[0,1],
k=1

ne M =24N; ¢ gmyn =af, m=13, k=1,8N; ¢, =b/by; B =cy; P =0, asci inmi
KoedinieHTH P, TOPiBHIOIOTH HYJICBI.
Cucremy piBHSHB (14) MmogamMo B KOMIAKTHOMY BHTJIST

M —
chAm,k(Ym)=Pm> m=1,18, YmE[Bmsocm]a (15)
k=1

ae Bm:O, (xm:gl, m=1’_6, Bm:C-’l' (xm:l' m=7’8’ Bm:O’ (xmzl’ m=9518

3BeeHHsT mpoOjaeMH Ppo3B’si3yBaHHsI cucTemMH piBHAHBb (15) 10 momyky
MimiMyMy ys3araabHenoi KpaapaTH4Hoi ¢opmu. Bupaxeni wepes ¢Qynkmii DR
HarnpyxeHHs (10) 1 mepeMilieHHs TOYHO 3aJ0BOJIBHSIOTH CITIBBIIHOIICHHS ILTOCKOI 3aj1adi
Teopii mpyxHocTi. J[71s omiHIOBaHHS TOXUOKU HAOIMKEHOTO PO3B’S3KY CKIHYEHHO! CHCTEMU

piBHsIHB (15), siKa omrcye KpailoBi yMOBH Ha KOHTYPI IUIACTHHU i YMOBH KOHTAKTY Ha ySIBHUX
po3pizax, 3amuiieMo HeB I3KU

|fm,N(Ym)_Pm|am=ma Vm € [Bm->%p], (16)
M

ne f, v(v)= ch Ap i (v) .Y pobori [12] po3pobiieHO aHATITUKO-YMCIOBIH METO/I,
k=1

BUKOPUCTAHHS SIKOTO JIO3BOJISIE OJIHOYACHO MIiHIMI3yBaTH JIOBUIbHY KiJIBKICTH pPIBHSHB
Burisiny (15) 1 ymoB (16), 3aaHux Ha pi3HUX MOBEPXHSAX TiNa. Bukopucraemo #oro i 3BeieMo
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3a0BosIeHHsT cucteMu 18-tu piBHsHB (15) 1m0 mOmIyKy MiHIMyMYy Takoi y3araibHEHOL
KBaIpaTUIHOI (hOpMHU

f;n,N (]/) - Rn

2 M M
=YW, -2> eV, +P, (17)
" =

18
Q, {cl,...cM} = Z‘

m=1

ne Hopmy B Lr[B,,, 0, ] mo3HauaTuMEMO || f (y)”m = Igmm f 2 (P)dy ;

L 18
W= [ 2 Ay DAy (v, Wi =W
B m=1
Y 18 T p2_ b 12, 1.2
V= | > Ay (@ Py ()dor, k, j =1, M; P =2 1(00)" +(o0)"-
B =1 g

VY pobotax [7,8] 3ampormoHOBaHO METOAWKY aHATITHYHOTO OOYMCIICHHS IHTErpaiB
Wi Vi, SKi BU3HAYAIOTh KOoe(illi€eHTH y3arajibHEHOI KBaJApaTu4HOi (HOPMH, IO JO3BOJISE
3HAlTW 3HAUEHHS HEBIIOMUX 3MIHHHMX Cj; 3 BUCOKOIO TOUHICTIO ¥ MiJIBUINUTH IIBUAKOIIO

METOY.
3a cBOIM O3Ha4YCHHSAM Yy3arajbHeHa KBajpatudyHa (opma (17) € HeBixm emua. Ii

MiHIMyM Tlo3Ha4uMo F'(N), a 3MiHHI, Ha SKAX BiH JIOCSITAETHCS — c/](\f . I3 ymoBH MiHIMYMY

KBQIpaTHYHOT (POPMHU OTPUMAEMO CHCTEMY JIIHIHHUX PIBHSIHB

M

N .
S W=V, j=1,M. (18)
k=1

I3 piBHsHB (18) o0uHCcIMO 3MiHHI c/](\f , k=1, M, a moTiM BU3HAYNMO KOeQiIlieHTH

ay' i3Haiinemo mykani QyHkiii Hanpyxens @Y, .
BceraHoBieHHS 4HCIIOBHX KpUTepiiB 301KHOCTI po3B’s3ky. llokaxemo, mo ams
no6ynoBanux QyHKIiN Hanpyxenb @Y i 3HalineHoro Minimymy F(N) KBagpaTudHoi popMu

(17) BipHI Taki TBepIKEHHS:
Jlema. @yuxyiss F(N) € nesio ’emna i He 3pocmac.
JloBeneHHs jieMu mo1i0He, K y [8].
Bim3naunmo, mo kBagpatudra ¢opma (17) BuOpaHa TakuM YHHOM, IO JUIA 11

Minimymy F(N) i 3Haitzenux QpyHkii Hanpyxensb O (x, y) Oy/ie BUKOHYBATHCS PiBHICTD

18 &
FN)Y= Y [Ufn ()= BT dy
mlem
ab0 HEepIBHICTh F(N)> “ SN =Py, “; . (19)
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2
. . € .
Teopema. ko s noBiapHOTO € > 0 1cHye Take N, mo F(N) < i TO 1CHYIOTB

MeXi ITOCIIiIOBHOCTEN

a 3Hali/IeHi epeMillleHHs Ta Halpy>KeHHsI TOYHO 3aJI0BOJILHSIOTH yMOBH (15), a, oTxe, 1 (3),
(11) y metpuui L[B,,,0,,] i BU3HAYAIOTH PO3B'S30K IIOCKOT 3a1a4i.

JoBenennsi. Po3ristHeEMO TOCITIIOBHICTS MAJIMX JOJATHUX YUCEN €, KA 30iraeThes

JIO0 HYJISA. 3TiJHO 3 YMOBOIO TEOPEMHU IS TIOCHIIOBHICTh iCHYE 1 1 BiJIIOBia€ MOCIITIOBHICTh
HaTypaJbHHUX 9ucell N — oo . BIIMOBIIHO 3 JIEMOO 1 YMOBOIO T€OPEMH JUISI TOBIIHHOTO € > ()

icHye Take N , 0 €) < € 1 BUKOHYETHCS

2 2
F(vark)SF(N)<gTN<8T

Uit OyIb-SIKOTO HATypalbHOTO k. OTXe, KO crpsmyBatd € — (0, TO B TpaHUII
OpUMaEMO

lim F(N)=0.
N—w

[Toxaxxemo, mo mpu 3MeHNIeHHI €p, €>¢€y =0 i BigmoBigHO 30iNbIICHHI N,
NepeMilleHHs 1 HalpyXKeHHsl 00Yy0BaHi 3 BUKOPUCTAHHSM Koe]ilieHTiB cljcv 1 GyHkuii (9)
3aJI0BOJILHATUMYTH YMOBH (15) 3 3amanoro noxubkoro € y merpuri mpocropy L, . JliticHo, 3

ymoBH (19) i HEpIBHOCTI TPUKYTHHKA BHIUIMBAE, IO MOCITITOBHOCTI QYHKIIA f, A (V) €

(byHIaMEHTaIbHUMH, OCKIIBKH

Hfm,j_fm,kH SHfm,j_PmH +Hfm,k_PmH <2JF(N)<ey <g, m=1,18
m m m

st Oyib-sikuX k, j 2 N . OTxe, icHYIOTh rpanuiti QyHKIid f, (v), SKi HO3HAYMMO

Sm( = lim f v (v), m=1,18.
N—oo 7

VmoBH (15) Takox 3aJJOBOJBHSIOTECS 13 3aJJaHOI0 TOXUOKO0 €y > 0 y merpuni L, ,
OCKUTBKH 3TiHO 3 (19) oTpuMaemMo Taki OI[iHKH:

Hfm’N—PmHmSJF(N) <en/2, m=1,18. (20)

Cupsimyemo B HepiBHOCTAX (20) €y — 0, i B rpaHumi oTpuMaemMo, mo QYHKINT

Jm(y) TouHO 3an0BONBHSIOTE YMOBH (15) y MeTpuii npocropy L. OTxe, MaeMo

||fm—Pm||m=0, m=1,18. (21)
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Mu mnokazand, IO y BHUNAAKy BUKOHAHHS YMOB TEOPEMH, HAlpy)KeHHS, SKi
BU3HAYAIOTHCS (QYHKIISIMA

®; = lim ®Y, j=13

J N—>w ]’

TOYHO 33JOBOJIbHSIIOTH YCi PIBHSHHS 1 CHIBBIIHOIIEHHS IUIOCKOI 3amadi, a 13 ymoB (21)
BHUILIMBAE, 10 BOHH 3a10BOJBHAIOTE yMoBH (15) y metpumni I5[B,,,o,,]. Ockinbku ymoBu

(15) exsiBasientHi ymoBam (3), (11), To ¢yukmii O j BHU3HAYAIOTh LIYKAHUH PO3B’I30K

mwiockoi 3amayi. Kinens roBeeHHs.
I3 nmoBemenns Teopemu i HepiBHOCTI (19) BHILTHBae, IO TOYHICTH 3aJOBOJICHHS
KpallOBUX YMOB OIIHIOETHCSI OJTHUM YHCIIOM — MiHIMYMOM KBaapaTu4Hoi popmu F(N).

YucnoBuii po3B’a30k. BubGepemo 3naueHHss N . UucenbHO BU3HAYMMO BiJTHOIIEHHS

F(N)/ P? . SIxuio BoHO Oyne MeHIe 107, 1o PO3B'SI30K 3HAWICHO 3 BIJIHOCHOIO TTOXHUOKOIO,

JIOCTaTHBOIO JUIS TEXHIYHMX pO3paxyHKiB. SIKImIo » BigHOmeEHHS Oyae OilbIne, TO
301IBITyEMO KITBKICTh WICHIB psity N 1 TOBTOPHO TPOBOAMMO oOumcieHHs. Jlam 3a
3HalJIeHUMU QYHKIISIMU HanpykeHb Bu3Havaemo HJ[C miactuHm.

BucnoBku. BcraHoBieHO: 00YHCITIOBAJIBHUI TIPOLEC TOYHOTO 3aJ0BOJICHHS,
MeToJIoM psitiB Dyp’e, KpalloBHX YMOB Y HEONYKIIii OaraTOKyTHi# TUTacTHHI 31 301IbIIICHHIM
KUTBKOCTI WIEHIB CyMM psiIy BTpayae CTIMKICTh 1 TOYHICTh; 0€3 ySBHOTO poO3pi3aHHs Ha
MPOCTIIi TUTACTHHU HE BAAETHCS KOPEKTHO BU3HAYHTH il OCHOBHHM HaNpyXeHW# ctaH. Jlyis
pO3B’sI3yBaHHsI TaKMX KpailOBUX 3aj1a4 OOIPYHTOBAHO HOBUH aHAITHKO-YHCIOBHHA METOJ
(ckinyeHHHX Ti). JIJI 3HAXOKEHHS HAMPYXKEHOTO CTaHy HEOMyKJIY IUIACTHHY pO3pi3aHo Ha
YOTHPH MPSIMOKYTHI IUIACTHHU. 3alpPOIIOHOBAHO METOAMKY IOJIAHHS PO3B'SI3KY OKpEMOi
MPSIMOKYTHOI IIJIACTUHU Ha JIBI YaCTHHH, a caMe: OCHOBHOTO HaIpy)XEHOTO CTaHy, SKHMA
BU3HAYAETHCS TOJIOBHUMH BEKTOpaMH CHJI i MOMEHTIB; CaMO3PiBHOBaXEHOTO cTaHy (y
BHIJISIII sy 3a 0a30BUMH (YHKINISIMH). PO3po0JIeHO METOJIUKY ampoKCHMAIlii yMOB
i7IeaJIbHOr0 KOHTAKTY MPUJICTIIMX TUIACTHH 1 KPAOBUX YMOB CKiHUEHHOIO KIIBKICTIO 0a30BUX
HEOPTOTOHATLHUX (QYHKIIIH. JloCiKeHHST PO3B'SI3Ky OTPUMAHUX CHCTEM PiBHSHB 3BEJICHO JI0
3HAXOJ/DKEHHS MIHIMyMy y3arajJbHEHOI KBaJpaTHuHOi (opmu. BceraHoBieHo, 110 3HaiiaeHi
YHUCIIOBI 3HAYEHHS MIHIMYyMY y3araJbHEHOI KBaapaTHYHOI (OpMH BH3HAYAIOTH 301KHICTH
PO3B’SI3KY 1 JAalOTh OLIHKY HMOXUOKM 33J0BOJICHHS BCiX KpaHOBHX YMOB 1 YMOB iJI€aJIbHOTO
KOHTAKTY.

Conclusions. It was established that the accuracy of computational process
satisfaction of boundary conditions in nonconvex polygonal plate by known method of
Fourier series with increase the number of members of the sum of row loses its stability and
accuracy. New analytical-numerical method (finite bodies) for calculating of the stress-strain
state of nonconvex polygonal plate is grounded. To determine the basic stress state of the
plate it is cut into four rectangular plates. The method of presentation solution single
rectangular plate in two parts is proposed, that is the basic stress state, which is defined by the
main vectors of forces and moments and self-equilibrated stress state (in the form of a series
on nonorthogonal functions). The method of approximating of the perfect contact conditions
of adjacent plates and boundary conditions by a finite number of nonorthogonal functions is
developed. Investigation of the system of equations solutions is reduced to finding the
minimum of the quadratic forms. It was established that the numerical value of the minimum
quadratic form determines the convergence solution and gives the error estimation satisfying
of the boundary conditions and the conditions of perfect contact.
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