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AHHOTALINA

@opMHUpPOBaHUE MATPHUILBI PABHOBECHS CTEPKHEBOU CUCTEMBI B MATPUYHOU
dopme Oaszupyercs Ha NMPUMEHEHHHM H3BECTHOIO M3 TEOPHM pacuéra IIapHUPHBIX
depm MeTona BbIpe3aHHs Y3i0B. BocCmonab30BaBIIMCH MEXaHMUYECKOW MOJENbIO
CTEP)KHEBOM CHCTEMBI, MOJYYEHHOM IIpu €€ IUCKPETH3aluH, C Yy4ETOM
OOIIETPUHSATHIX MPABUJ 3HAKOB BEJIMYMHBI MONEPEUYHBIX CHJI B PACUETHBIX CEUEHMSIX
JIBYX3TAXXHOM paMbl HETPYJHO BBIPA3UTh uepe3 u3rudaromme MOMeHThI. IlyTém
COCTAaBJICHHsI YCJIOBHW pPABHOBECUS Y3JI0B PaMbl B BHJAE CyMM MPOEKIMH CHII
(BKJIIOYasi M TOMNEpEYHbIe), MPWIOKEHHBIX B y3Jlax, B JaibHeilleM (opmupyercs
MaTpulla PaBHOBECUS paMbl B LEIOM. /[OCTOBEPHOCTH IOJYYEHHOIO pe3yJIbTaTa
HOJTBEPKIACTCS] SKBUBAJICHTHOCTHIO TPAHCIIOHUPOBAHHON (POPMBI r€OMETPUUECKON
MaTpullbl U MaTpUIbl PABHOBECUS PACCMATPUBAEMON paMbl B COOTBETCTBUHU C
MPUHIIMIIOM  JIBOMCTBEHHOCTH 33Ja4 CTPOUTEIBHOM MEXaHHUKH. [IOCKONBbKY
(GopMupOBaHHE TE€OMETPUYECKOM MATPHUIBI MOXET OBbITh OCYIIECTBICHO B
ABTOMATHYECKOM PEXUME, TO BBIBOJ YPABHEHUI PAaBHOBECHSI CTEPKHEBOM CUCTEMBI B
MaTpu4yHOU (opme 1enecooOpa3HO BBHIMOIHATH C TMOMOINBIO TE€OMETPUUYECKON

MaTpUIbI.



Kaw4yeBble cjioBa: CTCPKHCBAaA CHUCTCMA, MCXAaHHYCCKasa MOJCJb, Y3JIbl
paMbl, KOHCYHBLIC 3JICMCHTBI, MAaTpHlla PABHOBCCHUA MU TCOMCTPHUYUCCKAA MATpHUIA,
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Annotation

The formation of the equilibrium matrix of the core system in the matrix form
Is based on the application of the knot-cutting method known from the theory of
calculation of hinged trusses. Using the mechanical model of the core system,
obtained by its discretization, taking into account the generally accepted rules of
signs of the magnitude of the shear forces in the calculated cross sections of a two-
story frame, it is easy to express in terms of bending moments. By drawing up the
equilibrium conditions of the frame nodes as sums of force projections (including
transverse ones) applied at the nodes, the equilibrium matrix of the frame as a whole
Is subsequently formed. The reliability of the result obtained is confirmed by the
equivalence of the transposed form of the geometric matrix and the equilibrium
matrix of the frame under consideration in accordance with the principle of duality of
problems of structural mechanics. Since the formation of a geometric matrix can be
carried out in the automatic mode, the derivation of the equilibrium equations of the
core system in a matrix form should be carried out using a geometric matrix.

Keywords: core system, mechanical model, frame nodes, finite elements,

equilibrium matrix and geometric matrix, duality principle.



B kadecTBe MEXaHMYECKOM MOJEIIM pPaMbl PacCMaTpPUBACTCS CTEPIKHEBAS
cucTema, cocrosimas u3 HeAehOPMHUPYEMBIX KOHEYHBIX JJIEMEHTOB, CBS3aHHBIX
MEXIy  CO00M  «ynpyrumMu»  IIapHUpamMu.  XapakTepUCTHUKU  IIapHUPOB
COOTBETCTBYIOT PACIPEACICHUIO KXECTKOCTEM, YKa3aHHOMY HA PACYETHOU CXEME
CTEp>KHEBOW CHCTEMbI, B YaCTHOCTH, JABYXATaXXHOW pambl (Tponér pamsl |
COCTaBJIsIeT |M | yroJl HaKJIOHA JICBOW CTOMKM pambl paBeH y = 60°). JIuckpeTrnzanuu
CXEMBbl OCYILECTBIIAECTCS CIEIYIOUMM 00pa3oM: HaME4aroTCs pacyETHbIE CEUEHUS

(y31b1) 1 koHeuHbie AneMeHThl (KD); mepBbie o6o3HavaroTcs apabckumu 1udpamu

(i=12,...10), Bropsie — pumckumu (j=1,11,...,VIII) (puc. 1,a, 6).
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Pucynok 1 - Pacuetnast cxema pambl ¥ €€ JUCKPETHASI MOJIEIIb

OQHOBPEMEHHO BBOJUTCS MPABUJIO 3HAKOB JUISI M3rMOAIOIIMX MOMEHTOB —

OHU TIOJIOKUTEIBHBI, €CJIM PAaCTSHYThl BHYTPEHHHE BOJIOKHA CTOCK W HIDKHHE

BojlokHa purens (puc. 1,B). CoriacHo ONPEACTICHUIO TMOMEPEUYHOU CHIIbI TPHU

JEUCTBUM Y3JI0BOM HArpy3KH BEJIMYMHA MONEPEYHOM CHUJIBI B CEYEHUM CTEPIKHSA
HaxoauTcs mo gopmyie [1]

lel\/l.,el—'\/l.,b (I=11,..V1), (1)

|

rac QI - IOIICPCUHAasA Crujia B KOHCYHOM JJICMCHTC,



M,., M,, - 3HaueHus u3rudarOIMX MOMEHTOB Ha KOHLe W B Hauaiue |-ro

3JICMCHTA;

l, - mmaa KD.

[To aHamoruu ¢ METOJAOM BBIPE3aHUS Y3JI0B, U3BECTHBIM M3 TEOPUHU pacdeTa
HIApHUPHBIX  ¢epM, Jaliee PpacCMaTPUBAETCS  PaBHOBECHE KaXKIOro  y3ia,

HAXOJSIIIErocs MOJ BO3JCUCTBUEM MPOJOIBHBIX M MOMEPEYHBIX CUJI W BHEHIHUX
Harpy3ok (puc. 2, a, 0, B, ). B TakoM ciydae ycnoBUs paBHOBECHS paMbl UMEIOT BH/I:
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Pucynok 2 - PaBHOBeCHE y3710B paMbl

s 1-ro y3na
1

> F, =0: —Q,,siny +Q, .cosy+ N, ,cosy — N,_,cosy=0,
2.

> F,=0:Q_,cosy—Q,,siny—-Q,, + N, siny—N_,siny=0;
JUTst 2-TO y371a

3. > F,=0: -Q,;cosy+Q,, — N, cosy=0;



TSt 3-TO y371a

4.  >F,=0:Q,-Q,,—P=0;

s 4-ro y3na

5. >F, =0:Q,,-Q,,—N,,=0.

[ToncTaBuB croga BBIpAKEHHUS [UIsI TOMEPEYHBIX Ccuil coriacHo (1)

npearmnoarasd, 4YTo IIPOJAOJIBHBIC CHJIBI B 3JICMCHTAX HC3HAYWUTCIIbHBI, T. C.

HpeHe6pera;1 HUMH, YCIOBHUSA PABHOBCCHUSA MOKHO 3allMCaTb 4YCPC3 I/IBFH6aI-OHII/I€

MOMCHTEI B CCUCHUAX .

1. —Lsinqwucosw: 0,
l, ,
2. ucos\l}_usinw_ M:O,
|1 Iz I3
3 — 5 A cosy + 6_M”:O,
, .
4 MG_MS—M7_M6—P=O
, | |
5 M7_M6_M10_M9=0

JIJ'ISI COKpalICHuA 3allMCHu HOqueHHOﬁ CUCTCMbI IICPBOC H IIOCJIICOAHCC
YCIIOBUA MOT'YT OBITH O6TJCI[I/IH€HBI B O4HO HyTéM CJIOKCHUA

_M,-M, _Mlsinw+M5l_M4cosw+M7l_M6 _M

1 2 5 I6

10_M

2 =0.

[TocnenHee ypaBHEHHE XapaKTEpU3yET YCIOBUE PABHOBECHSI PUTENsl paMbl
(puc. 2,n). Teneppb NOpsIIOK CUCTEMBI YPAaBHEHHUI pAaBHOBECHS
[V](4x10)M 1) TPy =0,
KO3 (QUIMEHTBl KOTOPOW COCTAaBJISIOT MATpPUIy PABHOBECUS paMbl [V](Mo),

CHMIKACTCA A0 t-IGTBIpéX. ITocne IMPUBCACHUA HOI[O6HBIX cjlaraCMbiX B YPAaBHCHUAX U

IOJICTAHOBKM 3Ha4YeHWH mnposiéta pambl |=1M ® yriia HakjioHa JIEBOW CTONKHU

v =60" maTpuila paBHOBECHS IPUHUMAET OKOHYATENIbHYIO (PopMmy:



(087 -087 0 -087 087 -231 231 0 116 -116]
~05 05 2 05 -05 O 0 -2 0 0
V] - 0 O 0 087 144 -231 0 0O 0 O
R ) 0 0 0 -231 462 -231 0 0 O
0 0 0 O 0 0 -1 -1 1 0

0 -1 1 1 0 0 0 0 0 0

I[Be IMOCJICAHUC CTPOKH B ATOM MaTpuIe ,ZIO621BJI€HI>I Ha TOT cnyqaﬁ, CCJIn
Y3JIbl paMbl, I'I€ CXOJATCS IO TPU BJICMCHTA, ITOABCPraroTCA BHCITHHUM BOSI[GfICTBHHM

B BHJE COCPEIOTOYEHHBIX MOMEHTOB M (puc. 2,e). AHANOTHYHBIN MOIXOA K

IIOCTPOCHHUIO MaTPHIIBI PABHOBECHUS IPUMEHSETCS B CTaThe [2].

797

Pucynox 3 - CxeMbl cOCpeIOTOYEHHBIX U3TUOHBIX AehOpMAIIHiA:

a) JUIsl paMbl B 1IeJI0OM; 0) OTeIbHO - pu 3, =1

Bocnonbs30BaBImINCh, HU3BECTHBIM B CTpOHTGJIBHOﬁ MCXAHHKC IIPHUHIOUIIOM

JBOMCTBEHHOCTH yCcWJIMA u nedopmanuid, myTéM TpaHCIIOHUPOBAHUS MATPHUIIBI

T o o
paBHOBECHS [H](lM) :[\/](MO) JETKO TEepPeHTH K TEOMETPUYECKON Marpulie

CTepKHEBOM cUCTEMBI [3]



(087 -05 O 0 0 0
~087 05 O 0 0 -1
0 2 0 0 0 1
~087 05 087 O 0 1
(H],. - 087 -05 1144 -231 0 0
L)1 _231 0 -231 4,62 0 0]
231 0 0 -231 -1 0
0o -2 0 0 -1 0
116 0 0 0 1 0
| -116 0 0 0 0 |

6marosapst KOTOPOH JIETKO YCTaHOBUTH KOH(PUTYpAIMIO PaMbl B 1I€JIOM
R0~ [H](10><6) 96 1
e Y = (81, 3, I )T - 00OOWEHHBIM  BEKTOP-CTONOEL  Y3JIOBBIX

nepeMeleH, KaK JIUHEHHBIX 3,, 3,,....,3,, TaK U yIIOBbIX ¥, I,

%o - BEKTOP-CTONOCI COCPEHOTOYCHHBIX KPHMBU3H B y3nax (puc. 3 a, 0).

Ilepememienuss 3,, 8, OTHOCATCS K JIeBOMY Y31y, 3, - K BepxHeMmy (1o

3
TOPU3OHTAIM) M 3, - K Y37y, Tlle NpWwiIokeHa cuia P (o e€ HampaBJICHHIO).

[TonpoOHOE  W3NOXKEHWE  TPOLEAYpbl  aBTOMAaTUYECKOTO dbopmMupoBaHUs
reOMETPHUYECKON MaTPHUIbl MOXHO HalTH B padoTe aBTopoB [4]. [lockonbKy mporecc
GbOpMHUpPOBAHUS TEOMETPUUECKOW MATPHUIIBI MOXKET OBbITh aJITOPUTMH3UPOBAH, TO
MOCTPOCHUE MATPUIIBI PABHOBECHS I1€JIeCOO0OpPA3HO OCYIIECTBISTH Ha OCHOBE

IMpUHOUIIA ﬂBOﬁCTBCHHOCTH C IOMOIIIBIO FCOMeTquCCKOﬁ MaTpHIbI.
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