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IJIACTHUH, 3’€EJHAHUX I JOBIJIBHUM KYTOM
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PobGoTa mpucBsUeHa IOCTIMIKCHHIO HANPYXEHO-Ie(OPMOBAHOTO CTaHY CKIAJCHOI KOHCTPYKIi 3 JBOX IUIACTHH,
KOPCTKO 3’€IHAHUX OJHA 3 OFHOIO MiJ JOBUTEHUM KYTOM 3 YMOBOIO 3aTHCHEHHS MapalelbHHX H0 pedpa 3’€qHaHHS
KpaiB. 3amaya pO3B’S3YETbCS B MCEPEMIIICHHSIX IIISXOM MPEICTABICHHS IIYKAHOTO PO3B’SI3KYy Y BHUIISII
TPUTOHOMETPUYIHHX PSIIiB 3 HACTYITHOIO MOOYZIOBOIO MAaTpHIb THITY [ piHa A 1i€i 3a1adi 3a TOOMOTOI0 BpaXyBaHHS
SIK TPAHUYHUX YMOB JKOPCTKOT'O 3aTHCHEHHsI KpaiB MJIACTUH, TaK 1 yMOB 3’ €JJHAHHS TUIACTUH OJ{HA 3 OJHOIO.

Kuouosi  cnosa: mnanpysceno-oepopmoganuii  cmau, CK1a0eHa KOHCMPYKYis 3 080X HNIAACMUH, PO38 30K 8
nepemiwgenusx, mampuys muny I pina.

PACYET JE®@OPMHUPOBAHHOI'O COCTOAHUSA TEJIA, COBPAHHOI'O U3 ABYX
IIVIACTUH, COEJJUHEHHBLIX 11O ITPON3BOJIBHBIM YIJIOM

Pax JI. A., acnupaHt

3anoposicckuil HAYUOHAILHBL YHUBEPCUMEN,
va. Kykoeckoeo, 66, 2. 3anopooicee, 69600, Ykpauna

rak.luda@mail.ru

Pabota mocesmeHa MCCIEJOBAaHHUIO HANpPSHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSHHSI COCTABHOW KOHCTPYKLIHHU M3 JIBYX
IUTAaCTHH, JXECTKO COEIMHEHHBIX OJHA C JIPYroil MOJA MPOW3BOJIBHBIM YIJIOM HPU YCIOBHU 3aXaTHs IMapajuIeIbHBIX
pebpy coenuHEHHUs KpaeB. 3ajada pemaeTcs B MEepeMeNIeHHsX IyTeM MIpPEeACTaBICHHS HCKOMOTO DEIICHHS B BHIE
TPUTOHOMETPUYECKHX PSAJOB C MOCIEAYIOIMM ITOCTPOCHHEM MaTpHIl THma ['puHa 11 AaHHOW 3a/1addl IpPH IOMOIIN
yueTa KaK KpaeBbIX YCJIOBHH JKECTKOTO 3allleMJICHHUs KpaeB IUIACTHH, TaK M YCIOBHH COEIWHEHHWS IJIACTHH OJHA C
JIpYTOH.

Kniouegvie cnosa: nanpssicenno-oegpopmuposantoe cocmosanue, COCmagHas KOHCMPYKYus u3 08yx nidcmun, peuteHue 8
nepemewenusx, mampuya muna I puna.

MODELING OF STATIC DEFORMATION OF THE COMPLICATED CONSTRACTION
WITH TWO PLATE WITH HELP THE GREEN’S MATRIX
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Analysis of constructions which are made two plates, united under an arbitrary angle, is an important task of mechanics
which has large practical application in the different spheres of human activity. Plates use in different constructions for
building. Strainly-deformed state for plates is calculated as, a rule, by approximate theories. Therefore an actual and
important problem is about development of methods of calculation of these elements. The decision of task is given by
possibility to check up approximate theories. And the decision of task is given by possibility to define the limits of their
application in practice. A concept about of Green’s matrix allows to write down the decision of homogeneous task of
border for the systems of differential equalizations. A method of construction of Green’s matrix is the effective
instrument of decision of tasks of theory of resiliency. This method is given by possibility to probe component bodies of
arbitrary geometry. This method takes into account dependences on a border and dependences of contiguity of plates.
The offered method can be applied for the calculations of tension and movements in the area of loading of construction.
Results are confirmed in the article. Green’s matrix assumes evident interpretation as a result of action of point load in
many cases.

The article studies the task of theory of resiliency. A problem consists in research of construction. This construction is
built from two plates. Plates united under an arbitrary angle. Plates are barely bound on other sides. A construction has
the difficult loading. Problem is decides in moving. A decision is present in the form of trigonometry rows. Green’s
matrix is built for this problem. The terms of fastening of plates are taken into account in the construction of Green’s
matrix. The terms of connection of plates are taken into account in the record of Green’s matrix.
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It is possible to write down the model of resilient equilibrium by the system of differential equalizations in moving.
Terms of purview and terms of setting of plates are in attention. The rows of trigonometry for the functions of bendings
are put in the system of differential equalizations in moving. Terms on sides and terms of fastening of plates will change
a kind. As a result we get the system of usual differential equalizations with permanent coefficients. The method of
variation of arbitrary constants is used for the decision of the system of usual differential equalizations. We get the
decision of the system of differential equalizations in moving. Find unknown permanent coefficients, using the terms of
fixing of plates and terms of purview. Permanent coefficients are needed, to write down the decision of task of resilient
equilibrium in an analytical kind. Approach of search of Green’s matrix is given by possibility to get the values of
unknown sizes with high exactness.

A static task is formulated in the article. A static task decides in the article. The method of decision of problem specifies
that it is possible to probe any constructions which contain plates. Loading of constructions will be more difficult at
further researches.

Key words: strainly-deformed state, complicated construction with two plate, solved in displaces, Green ’s matrix.

[Tpy BUBYEHHI CUCTEM ENIINTUYHOTO TUITY JUIS OCIIPKEHHS CTATUYHOTO Je(hOpMYyBaHHS CKIAICHUX
TiJ BBOJAWTHCS MOHSTTS MaTpulli ['piHa, sKa J03BOJIIE BHPA3UTH PO3B’ 30K KpailoBOi 3amadi Juis
BKA3aHMUX CHCTEM y BUIJISAI iHTErpamiB BiJ J0OyTKy MaTpulli ['piHa Ha BEKTOpH MPaBUX YacTUH. Y
OaraTboX BHIIaJKax 1MoOyaoBaHa MaTpuis [ piHa JoycKae HATJsAHE TIIyMaueHHs SIK pe3ysbTar Iii
30CEepEeHKEHOr0 HABAHTAXKEHHSI.

Metox moOynoBu Matpuilb TUIy [piHa € eheKTHBHUM IHCTPYMEHTOM pO3B’S3KYy 3amad Teopii
MPYKHOCTI JUIS CKJIQJIGHUX T JTOBUIBHOI reoMeTpii 3 pi3HUMHU TPaHUYHHMH YMOBAaMH i yMOBaMH
KOHTaKTHOI B3aemofii. Y poOOTi Iell MeToa 3acTOCOBAHO [UISl PO3PAXyHKY HANpPYKECHb Ta
MepPEeMIIeHb y 30HI HaBaHTKEHHS I ABOX NMPSIMOKYTHHX IUTACTHH, 3’€THAHUX IIiJ JOBLIHHUM
KYTOM MIXX COOOIO Ta JKOPCTKO 3aTUCHEHUX 3 IHIINX OOKiB.

IMocTanoBKa 3ajavi: JOCIHITUTH HANpPYXEHO-Ie(OPMOBAHUI CTaH MPU HABAHTAKEHHI CKIAJCHOI
KOHCTPYKIIi 3 JBOX MPSIMOKYTHUX IUIACTHH, XOPCTKO 3aTUCHYTHX Ha Kpasx. [lmactuHu 3’€qHaHi
MDK €000 MiA JOBUIBHUM KyTOM o, AKMH miJ 4Yac jaedopMariii KOHCTPYKLIi BBa)KaeTbCs
He3MiHHUM (puc. 1). 3amaya po3B’sA3yeTbCs B MEPEMIIICHHAX HUIAXOM IMPEICTABICHHS IIYKAaHOT'O
PO3B’A3KYy y BUIVIAI TPUTOHOMETPUYHUX Ps/IIB 3 HACTYMHOI NMOOYJI0BOIO MaTpuui TUMy I'piHa 3a
JIONIOMOTOI0 BPaxyBaHHS SIK IPAaHUYHUX YMOB YKOPCTKOI'O 3aTMCHEHHS KpaiB IUIACTHH, TaK 1 YMOB
3’€/IHaHHS MJIACTUH O/IHA 3 OJTHOIO.

A

Puc. 1. CxiiajgeHa KOHCTPYKIIiS 3 IBOX IJIACTHH, 3’ €JHAHUX ITi1 JOBUIBHUM KyTOM

JUist KOKHOT TUTACTUHU BBOJUTHCS CBOS MPSIMOKYTHA JIEKapTOBa CUCTEMa KOOPJIUHAT TakK, 1100 BiCh
abciuc mpoxoausa MocepeuHi TUIacCTHHM 1 Oyna HampaBieHa A0 JiHil 3’€IHaHHS IJIACTUH, BiCh
OpAMHAT — B3JOBX JIiHII )KOPCTKOTO 3aTHCHEHHS, a BICh alulKaT — Tak, 00 OpieHTAIlisl IPOCTOPY
OyJa mpaBoIo.

Mogens mpyXHOi pIBHOBaru KOXKHOI 13 Tapu IJIACTUH, 3 SKUX CKJIQJA€TbCs KOHCTPYKILiS,
OIUCYETHCS CUCTEMOIO T epeHIIaIbHUX PIBHIHD Y MepeMilieHHsX [ 1]
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AU +/1”+’u” c {OAUMLW”}:XM

" My OX | OX, OY,
AVn+Z“+’un a {OU”+O’V“}:Yn; 1)
ﬂn é’yn é)xn é)yn
AW, =Z .

Tyr U, =U, (Xn, Y ), V, =V, (Xn 'Y ) , W, =W, (Xn , yn) — MpoeKIii BeKTopa 3mimeHs ‘P, (Xn , yn) Ha

) .. ) 12!0 —1?
BIZIMOBIIHI OCi JIEKapTOBOI CHCTEMH KOOPAMHAT KOXHOI IUIACTHHHU, a X, = = ”h3 Ony»
n''n

1202 -1) 12(1- o7 . .
= Z, = — IpaBl YaCTUHU CHUCTCMU PIBHAHb, 11O BPAaXOBYIOTb

n 3 qny ' n— 3 qnz
Enhn Enhn
IHTEHCHUBHICTh 30BHIITHBOTO IMTOBEPXHEBOI'O0 HABAHTAXKCHHS Ta (I3UYHI XapaKTEPUCTUKU TUIACTHHH,

E,, — Moxynp IOHra, h, — ToBmuna mactuH, o, — koedimient [lyaccona, A,, 4, — koedimieHTn
0% 0

Jlame, A :F+F — mudepennianpuuii oneparop Jlamnaca. Tyt i gami N=1,2 i nosnauae
Xn Yn

HOMeEp TUIACTUHKHU Y CKJIaJIeHI! KOHCTPYKIIIT, SIKa TOCIIIKY€EThCS.

KpaiioBi ymMOBH XOpPCTKO 3aTHCHEHHMX KpaiB, J€ BIACYTHI MPOTUHU 1 HEMOXJIMBUN MOBOPOT
BiJIHOCHO OC1 OpJIMHAT, MAIOTh BUTJISI]T

oW,
OX

nlx,=0

=0, V

U”|Xn=0:O’ Wa X =0 nxn=o:0’ =0. (2)

YMOBH 3’€/THaHHS IUTACTUH HA MEX1 CIUJIBHOTO pedpa MoJgaMo y BUIIIsI

W1|X1=al = (U, sina+W, -cosa), _, V1|X1:al = 2|X2=a2 , U1|Xl=al = (U, -cosa —W, -sin O‘XXFaz '
oW, oW, :
— = + Qux.-a, = (T, -sina+Q,, -cosw] Xp=a, (3)
1 Ix=a 2 Ixy=a,
Toy X =3 =(T2X -cosa —Q,, -Sin aXXzzaz , S S2xy Xp=a, ' M2X|x2:a2 - M1X|x1:a1’

ne Q. — MomepedHi CUIM BIAHOCHO ocl abcuuc, T,, — po3TAryBajbHI CHIIH, SIK1 IIIOTh B3J0BX OCI

abcmuc, S,,, — 3CYBHI 3yCHIUISl Y CepeIMHHUX IUIOMMHAX MIacTuH, M, My — 3THHaIbHI MOMEHTH

nxy

BITHOCHO OC1 aOCIHC.

[Tpudomy, ix BUpa3u uepe3 MOXiJHI BEKTOPa 3MIllleHh MarOTh BUTIISL [1]

E.h, (0U, oV EhS o
n n | = T AW,
nx 1 [ (3X On 8yn J an 12(1_0_5 )aXn n

S
my (1+ o} )

E.hy (9U, , oV, _ E,n} (0w, azw @
1 nx 12

o | o%, - a) a2 T

Po3B’s130K cuctemu (1) TOUITBHO IIYKAaTH Y BUTJIAAI TPUTOHOMETPUYHOTO psigy DPyp’e Uit KOKHOL
¢bynkuii U, V,, W, 1 npaBux vactun X,, Y,, Z,, BIAIOBIIHO
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Un(xn! yn) = ZU nm (Xn )COS(mYn);

m

Vi (Xn +Yn ) = Zvnm (Xn )Sin (mYn ); (%)

m

W, (%o, Yo ) = D Wi (%, )cos(my, ).

m

Buacmigok migcranoBku (5) 1 BiZMOBIZHMX PO3KIAMIB Ui CKIAJIOBHX BEKTOPIB 30BHIIIHBOTO
MMOBEPXHEBOTO HABaHTAXEHHS B cucteMmy (1), oepKUMO CHUCTeMy 3BHUYAWHUX TU(EPEHIIATBHIX
PiBHSHB 31 cTanuMu KoedilieHTaMu:

2
AW 52 dWoy W

dx;1 dx? Zm
dU dv,
(1+qn) dxznm _mZUnm +Q,m d;m = >(nm ; (6)
n n
dv,.. du
M _m?(1+q, Ny — GyM—"" =Y,
er% n nm n an nm

y akiit Uy (X0)s Vi (X0)s Wn (%) 1 Xom(X0)s Yom (X1 ) Zon (X,) — Bizmosinni xoedimientu psy
Dyp’e.

KpaiioBi yMOBH 3KOpCTKO 3aTUCHEHHUX KpaiB (2) miciis NepeTBOPEHb MPUIMYTh BUTJISIT

oW
U =0 :0, an|xn:0 :0, V”m|xn=0 :01 a—nm :0, (7)
n Ix, =0
a YMOBH 3’€JIHaHHs Tu1acTuH (3):
Wi, o =Upn-in+ Wy -cosc), .,
Uil o = (U, - cOsa =Wy, -sin ajxfaz ,
_ oW, _OW,
1m|x1=a1 = 2m|X2:a2, Fm _aTm , (8)
1 Iy =g 2 Ix,=a,
2 2
h dgwslm —m? dWip, _[dUpp L9t szm Sina—h—2 dwgm _m? dW,,, cosal,
120 dx dx - dx, 20, 121 dx; dx,
179

du,, L -1 mv.
dx, 2q dx, 2, 120 o dx,

(Vom
Xp =8y
2 2
(d \Nzlm _ql 1m2W1mJ _[d W22m _ q2 1m2W2mj
ax; 20, roas

P0o3B’5130K cucTeMu 3BMYaiHUX IU(EpeHIliaIbHUX PIBHSAHB 31 cTalUMH Koeditientamu (6) Oynemo
3IACHIOBAaTH METOAOM Bapiallii TOBUIbHUX CTAJIHX:

Wi, (Xl) = C11(X1 )WI%)(Xl)"_ Cpo (Xl )Wl(rrzl)(xl)+ Cis (Xl )V\/l(rﬁ)(xl)Jr Cua (Xl )Wl(n‘:)(xl)’

2
:(dUZm G2 =2 szmJ cosoz+h (d:“wz —mz—dWZmJ-sinozXza
X1 =a

19

=0.

Xy =28y
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Ui (%)= Cislx )Ul(rlr?(xl)"' Cis(% )Ul(r%)(xl)_" Cir (% )Ul(r?w)(xl)“L Cis(% )Ul(ri)(xl)'
Vin(%) = Ci5(% )Vl(nl1)(xl)+ Cis(x )Vl(rrzl)(xl)+ Cy7 (% )Vl(rﬁ)(xl) +Ciglx )Vl(rﬁ)(xl) , (9)
e
Wl(nl1)(X1) =ch(mx) , Wl(rﬁ)(xl) = sh(mx, ), Wl(rﬁ)(xl) = x,ch(mx,), Wl%l)(xl) = sh(mx,);
Ufl(a)=ch(my), U0q)=sh(mx), URI(q)=xch(my), UL(xq)=xsh(mx), (10)

2+
Vl(r%])(xl) = _Sh(mxl)’ Vl(rr21)(xl) = _Ch(mxl)’ Vl(rﬁ)(xl) = _q—r:l Ch(mx1)_ Xlsh(mx1)’
1

Vi(x,)= - 25 sh(mx, ) - xch(mx,).

gm

OcTtato4Ho po3B’a30k cucteMu (1) oTpuMaeMo y BUTIIAIL

Wy (%0 ) = 7oz (% ) + 7 W) () 7o () +

+ sznm(é)sh(m(f— X ))=m(e —x, Jh(m(§ =x,)) -

2m®

: (5 X )Ch( (£ = %)= (2+ gy )sh(m(& - x, )
" jxnm é‘q 2m(1+qn) . de - (11)

Xn

~ [Yon(&)o—

0

Vom (Xn ) = 7/r?mvn(nz1)(xn ) + 7van(r?1)(xn ) + 7§mvn(rﬁ)(xn ) +

)(z: X, )- sh(m(& —x, ))d¢,

2(1+

Xp

+ [ X&)

! (1+qn)(§ X ) Sh(m(‘f—xn))df—
T aM(& = %, Jeh(m(£ — x,))+ (2 + g, sh(m(& — x,))
o _([Ynm(g)q 2m(1+qn) d df

106 moOynyBaTu aHANITUYHUI PO3B’A30K 3a/4adi MPYXKHOI pIBHOBAaru, BUKOPUCTOBYIOUM YMOBH

3’€IHAHHS TIIACTHH, TOTPiGHO BiITyKaTH HeBigoMi cTami xoedimientn y2 .y yI . 48 n=12

MaTpHYHUM METOJIOM 3 CHCTEMHU (}/nm) = A_l(ﬁij ) B.

3 yMOB >KOpPCTKOI'0 3aTHCHEHHS KOXHOI INIACTUHU BUILIMBAE, 110 AesKi KoediuieHTH cuctemu (11)
2+ 7 . s 2+0; 7

s . . 3 2 3 2 6 _ _
MOB sI3aH1  3ANCKHICTIO Y1 =—My1y 7om = MYy Vim —_—q m Yim 1 Yom =~ am V2m -
1 1

BukonaBmu notpiOHI meperpymnyBaHHS JOJAHKIB BIZHOCHO QYHKLIH X, (é) Yom (é) Zm (f) :
MO>KHa OTPUMATH PO3B 30K CUCTEMH U epeHIianbHuX piBHAHD (1) y BUrIsiai

(xn>:Iwnm<xn,:)cbnm<s>d§+afem(xn,f:)@nm(f)d(: |
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O = (a)fl‘Jm )i,j:l,2,3; nm :< 'I‘Jm )i,j:1,2,3 !
Upn (%) Xom (£)
\an(xn): Vnm(xn) v Qo (5): Yo (‘f)
Won (%:) Zn (€)

[lincraBnsrour OTpUMaHUi 3anmuc y Bupasu (5) mius mepmoi 1 Apyroi IJIacTHH BiANOBIJIHO,
OJICPKMMO OCTAaTOYHUU PO3B’SA30K 3ajadi Mpo CTaTU4HE AePOpMyBaHHS CKIIAJEHOI KOHCTPYKIII B
YMOBaxX CKJIQJIHOTO HAaBAaHTAXKCHHS B aHATITHYHOMY BUTJISII

‘Pn(Xn,yn): Jg an(Xn7yn’§1ﬂ) q)n(é:,n) df d?] =+
+f f®n(xn’ywén) @, (&) d& dn,

-a3 0
ne Q (X, ¥y &.1), ©,(X,, Yy, & 17) — urykani marpuui tamy Ipina.

[IpencraBnennii miaxix A0 mMoOyAOBHM MaTpullb Ty ['piHa MO3BOJISIE OTPUMYBATH 3HAYCHHS
HEeOOXIIHUX KOMIIOHEHT 3 BUCOKOIO TOYHICTIO.

Wo10'm  U,-10%m U, -10°,m W,-10%,m
1,02 0,82
[ f \
0,82 0,56 /\
0,61 //'A 0,30 / /1"\\
I AR
0,41 0,04
0,21 / 4 0,22

\ B 2 x 10 m
x-10%,m -0,48
0 1,55553,1 1,555 0 0 1,55553,1 1,55 0

0

Puc. 2. JlebopMoBaHuii CTaH CKIIafieHOT KOHCTPYKLIT MpH JIoKani3aLii HaBaHTaXKeHHA B TOUKax A i B (moka3ano
CTpiJIKaMHu)

710", H 0, 10, H 0,-10",H 7,-10", H
84,0 59,1

59,8 39,3 ’ ,/ [ \A\
NN LM
35,7 19,7

vV
B
11,5 \ -0,13 ]
P \A /
-12,6 -19.9
’ \ P / A
ANAY
-36,8 x102,, -394 x10%, m
0 1,55553,1 1,55 0 0 1,55553,1 1,55 0

Puc. 3. Hanpy»eHuii cTaH cx1aaeHoT KOHCTPYKLil PY JIoKati3alii HaBaHTa)keHHS B Toukax A i B
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