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MaTtemaTnyeckoe mogenmpoBaHue
U pacyeT HanpAa*XeHHo-aAedopMUPOBAHHOIO
COCTOAHUA KOPOTKUX 6aNOoK

T.B. HukoHoBa, E.A. BonaHueswuy, E.®. Konnakosa
YupexcdeHue obpazosaHus «Bumebckuli 2ocydapcmeeHHbIl mexHon02u4ecKuli yHusepcumemy»

Mpobaema obecrnieveHusa 6ezonacHocmu 30aHuUli u coopyxceHul Asaaemcsa secomMa akmyansHoU. lpu nNpoekMupPos8aHuUU cmpo-
umesbHbIX KOHCMPYKYUl Heo6xo0UuMo NMPo8odOUMb AHAU3 HANMPAXEHHO-0ephOopPMUPOBAHHO20 COCMOAHUS.

Llens cmamoeu — nocmpoeHue mamemamu4eckoli modesnu, nossoaawwell paccHumams HaAnpAHeHHo-0e(h)opMupos8aHHoe
cocmosHue KOpomkux 6as0K € pa3au4YHbIMU 2e0MempuYvecKuUMU U (pu3u4ecKUMU napamempamu, a makxe paspabomams nakem
MPUKAAOHbIX MPo2pamm 08 NposedeHUs pacyemos o nosay4YeHHsIM PopPMYyAam.

Mamepuan u memoosl. Mamepuanom uccnedosaHUA AenAemca 6anKa C 30UeMAEHHbLIM [PasbiM U C80OOOHbLIM 11e8bIM
KOHUAaMU, HazpyxeHHas Keadpamu4eckol Hazpy3kol qg 0 Ha Yacmu OnuHel — cocpedomoyeHHol cunol P. [lna nposedeHus
uccnedo8aHUsA UCMONb3yemca Memoo Ha4asbHbIX MAPAMeMpPOs.

Pe3yabmamei u ux obcyxdeHue. [locmpoeHa Mamemamuyeckas modessb, criocobecmeyrou,as nposedeHuro pacyema npoau6a,
yena nogopoma, uzaubarowe2o MomeHma u nepepesviearouseli cussl 6aaKU € 3aWeMaeHHbIM NpassiM U c80600HbIM 1€8bIM KOH-
uamu, HazpyxeHHol keadpamuyeckol Hazpy3Kol, a Ha Yyacmu OsUHbl — cocpedomoyeHHol cusnol. C ucrnonb308aHUEM 101yYEeHHbIX
¢dopmyn pazpabomaH naKem MPUKAAOHbLIX MPO2PAMM, [10380AAWUX APO8OOUMb pacHems! MpU 3A0AHHbLIX (UIUYECKUX
U 2eomempuyeckux napamempax u cmpoums 3MOpbl 8Cex U3yvyaembix 8eauduH uzoeHymoli 6aaku. Pacyemel 8binoaHAMCA
cpedcmeamu mabauvHozo npoyeccopa Microsoft Excel ¢ npumeHeHuem A3bika npoepammuposaHus Visual Basic for Applications
(VBA), nakemom mamemamuueckux pacyemos Mathcad, nakemom npuxaadHelx npoepamm MATLAB.

3aknodeHue. Pesynsmamel Moz2ym b6bimb UCMOAb308AHbI MPU pacyeme HANpAHeHHO-0epopMUPOBAHHO20 COCMOAHUSA
KOPOMKUX 6A/10K € pasAuYHbIMU 2e0MemMpuUYecKUMU U hU3UYECKUMU Napamempamu.

Knroueeble cnoea: 60sKa ¢ 3aujeMaeHHbIM KOHUOM, K8adpamu4Haa Ha2py3Ka 6asKu, cocpedomoveHHas cunda.

Mathematic Modeling and Calculation of the Stress
and Strain State of Short Balks

T.V. Nikonova, E.A. Volantsevich, E.F. Kolpakova
Educational Establishment «Vitebsk State Technological University»

The issue of buildings and constructions safety is rather topical. In construction design it is necessary to analyze the stress and
strain state.

The purpose of the article is building up a mathematic model, which makes it possible to calculate the a balk with fixed stress
and strain state of short balks with different geometric and physical parameters, as well as working out a software package to
calculate the obtained formula.

Material and methods. The research object is a balk with the fixed right and free left edge which is loaded with q, quadratic
load while a part of the length — with P concentrated force. The original parameter method is used in the research.

Findings and their discussion. A mathematic model is build that makes it possible to calculate the deflection, the angle
of rotation, the bending moment and the shear force of the balk with the fixed right and the free left edge, which is loaded with q,
quadratic load while a part of the length — with P concentrated force. Using the obtained formula we worked out a software
package to perform calculations with the given physical and geometric parameters as well as build plots of all the studied quantities
of the curved balk. The calculations are performed with Microsoft Excel table processor using Visual Basic for Applications (VBA),
with Mathcad, the software package MATLAB.

Conclusion. The findings can be used in calculating the stress and strain state of short balks with different geometric and
physical parameters.

Key words: balk with the fixed edge, quadratic load of the balk, concentrated force.
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pobnema obecneveHnsa 6€30MacHOCTM 34aHUIN U COOPYKEHUI ABNAETCA BECbMA aKTyaslbHOW. [pu npoekTupo-
BAHWWN CTPOMUTENbHbIX KOHCTPYKLUMIA HEOHXO4MMO NPOBOAUTL aHAIN3 HAMNPAXKEHHO-A4ePOPMUPOBAHHOIO COCTOSA-
Hua (HAC), BO3HMKaAOLWLEro NpUY 3af4aHHbIX BHELWHUX HAarpy3Kax, a Tak»Ke UccaeL0BaTb BONPOCHl NOTEPU YCTOMUYNBOCTH.
M3yyeHne nsrnba 6anok npeacraBaseT coboi 06bEMHYIO U CNOXKHYIO 33434y, KOTopaa NPUBOAUT K MPUMEHEHUIO UH-
bOPMaLMOHHBIX TEXHONOTUI Ans peleHns 0603HAYEHHOTO U NPOBEAEHMIO PACYETOB, YTO 3HAYUTENbHO YMEHbLUAET
Bpema paboTbl, NOMOraeT U3beraTb BbIUUCIUTEbHbBIX OLUMOOK.
Lenb craTbh — NOCTPOEHME MATEMATUYECKOW MOLE/NN, MO3BOJIAIOWEN  PAcCYUTaTb  HAMPAXKEHHO-
nebopMMUPOBAHHOE COCTOSTHME KOPOTKMUX BANIOK C Pa3NYHBLIMU FrEOMETPUYECKUMMU U GUINYECKMMMN NAPAMETPAMM.
Martepuan un metoabl. B gaHHOM paboTe paccmoTpum 6asKy € 3aeMAeHHbIM NPaBbiM U CBOHOAHbIM NEBbIM KOH-
LamM, HarpyXeHHyH KBagpaTUUYECKOM Harpy3Kom gy, a Ha YacTu A/IMHbI — COCPeAoTOYEeHHOM cnnol P (puc. 1).

%

N

Puc. 1. Cxema 6anku

34ecb ¢ — pacctosHue oT cBo60AHOro KOoHUa 6anku A0 TOUYKM MPUNONKEHUA COCPeAOTOUYEHHOW cunbl, L — AnnHa
6anku.

MpUMEHMM MeTOoZA Haya/bHbIX MapamMeTpoB. B KayecTBe ncxogHoro ucnonbayem anddepeHumanbHoe ypaBHeHMe
n3rnba ocun 6anku 4-ro nopagkKa [1]

EvY =q(x), (1)

roe El — »kecTkocTb 6anku, v — nporud, g(x) — Harpyska, npuao>KeHHas K 6anke.
BbinonHMB NocnegoBaTeibHOE MHTErPUPOBAHME €r0 IEBOI M MPABOI YacTel, Haigem peleHne ypasHeHus (1)
3 2

X X
Elv(x) =C1§+C2§+C3X+C4 +V,se00m (X), 2)

rae C;— NPOM3BOJIbHbIE MOCTOAHHBIE, V,e0s,(X) = 4acTHOE pelleHne HeogHOPOAHOro ypaBHeHus (1).
Cy Cs

:v(0)=— 6 "0)=== 6  Mo-

CornacHo meTtogy HadasibHbIx napamerpos: V(0) = TR yron HaknoHa ocu 6ankn V'(0) = TR nsrmbarowmini Mo

meHT M(0) = -C,; nepepe3sbiBatowan cuna Q(0) = -C;.
Bsoasa o6o3HaueHna V, =V(0), Vo =V'(0) , My= M(0), Qo= Q(0), NPMXOANM K BbIpaXKEHMIO ANA ONpeaeneHnUa Npo-
rmba B Nt06OM TOUKE OCU M30FHYTON BanKu
2 3
MOX _ QOX + Vieoon (X)
2El 6EI El

MNocnepHee cnaraemoe B popmyne (3) BbiparkaeT BANAHME BHELLUHEN Harpy3Ku, NPUIOXKEHHOM K banke.
[ns paccmaTpmMBaeMon Harpysku, NPUIOXKEHHOM K banke, BbiparkeHUe YaCTHOTO PELUEHUA V,q05,(X) MeeT Bug, [1]

6 0, x<c

3
LS, @

Pe3ynbTaTthl U UX obcykaeHune. Takum ob6pasom, BbipaxkeHue gas pacyeTta npornba 6anku (3) npyn noacTaHoBKe B
Hero BblpaxkeHus (4) byaet nmeTtb BUA,

(3)

V(X) = Vg + VX —

Vseoon (X) =q @? +

6 0, x<c

Mox2 Q0x3 3
—~ + + - 5
2El 6Bl Veil%Ei % X>C. ©)

BbiparkeHne onAa pacyeTa yriaa NoBopoTa, U3rMbatoLLero MOMeHTa 1 nepepesblBaloLWen cuabl noayvaerca andoe-
peHUMpoBaHNEM COOTHOLLEHUS (5).

V(X) = Vg + VX —

M(x) =—EN"(x), Q(x)=—EN"(x). (6)
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B naHHOM 3agaye 6asKa 3al,emeHa Ha MPaBOM KOHLLE, a 1eBblli cBOBOAEH, CNefoBaTeNbHO,
v(b)=v(L)=0, M(0)=Q(0)=0. (7)
MpupaBHAB HYHO BbipaxkeHUsa ans v(x) u v'(x) npu x = L, a Takke gna M(x) u Q(x) npwm x = 0, nonyuum, yto My=0,
Q= 0. [ina onpefeneHnsa oCTaBLIMXCA ABYX HAYa ibHbIX NAapamMeTpoB Vg, Vg UMEEM CUCTEMY ABYX MHENHbIX aarebpau-
YEeCKUX ypaBHeHUH (8).

4 3
Vo +Vp-L=—q L _p(L ) ,
BIEI 3E|
3 2 (®)
Vh = L _ p(L_C)
SIE| A€l

C npumeHeHuMem asbika VBA [2] B Microsoft Excel cospaHa dopma nonb3osatens (puc..2). [pu 3anycke nporpam-
Mbl BbIBOAMTCA cxema Banku u npeanaraeTca BBECTU UCXOAHbIE 3HAUYEHUA ANA NpoBeAeHUA pacyeTos. Mpu BBoAe Na-
pameTpoB H6anKku NpeaycMoTpeHa 3alumMTa OT HEKOPPEKTHOrO BBOAA AaHHbIX Mo/sb3oBaTesem. Janee gaa onpegene-
HWA ABYX HEU3BECTHbIX HAYa/ibHbIX NapaMeTPOB NPOU3BOAMUTCA pPeLleHMEe CUCTEMbI IMHENHBIX anrebpanyeckmx ypas-
HeHul (8). Takxe NpeaycmoTpeHa npouenypa OYUCTKU MOAYYEHHbIX Pe3y/bTaToB NpUM NOBTOPHOM 33JaHUKU APYrvX
napameTpoB pacyeTa. A BbIBOAA Anarpamm Ha popmy co3haH Ko, KOTopbli.0TobpakaeT antopbl aas npornba, yrna
noBOpoOTa, M3rnbaroLLero MoOMeHTa 1 nepepesbiBatoLLel cuabl 6anku ¢ aucta Excel. Takke BbIBOAATCA 3HAYEHUA U3Y-
Yaemblx napameTpos v(x), v'(x), M(x) n Q(x) ¢ ycTaHOBAEHHbIM LIArom Mo BCEN ASIMHE BaNKu.

AHanorMyHble BbluMCAEHUA BbIAN NpoBeaeHbl MaKeTomM maTemaTuyeckux pacdetoB Mathcad [3] (puc. 3) n nakeTom
npuknagHbix nporpamm MATLAB [4] (puc. 4). CoBnageHWe pe3ynbTaToB pacyeTa, MOyYeHHbIX Pas/iMYyHbIMK NPO-
rPaMMHbIMWU NPOAYKTaMM, NOATBEPIKAAET UX NPaBUAbHOCTb. OaHMM M3 npeumyLects Microsoft Excel sBnserca Bos-
MOHOCTb NMOCTPOEHUA 3MIOP BbICOKOMN CTENEHU HArNAAHOCTM Baarogaps HaMYUIO TMBKMX HAcTpoeK 0bnacTM NocTpo-
eHua rpadmKa. bonee GbICTPO peann30BbIBaTL pelleHMe NOCTaBAEHHOM 334a4M NO3BOASAET MAKeT MaTeMaTUYECKUX
pacyetos MathCAD. [na peweHnsa oA4HOTUNHBIX 33434 C Pa3HbIMU Havya/lbHbIMK AaHHbIMU LienecoobpasHee Nob3o-
BaTbCA nporpammupyemont cuctemorr MATLAB, T.K. OHa Cnoco6CTBYET CO34aHUI0 YHUBEPCA/IbHOIO MPOrPaMMHOr0
KOoZa AN1A peleHms.

EEEEEEw W T x|

Hevoamnie savmmnie v(x) M(x), Hose Qix), H

Harpysia, mpusoxensan x Gace, 0 (<)
Moo Gaon, L (w)

Paccroumme 0T 168010 Kpas 20 Mecta
L PY™R, € (M)

o pea ressou, p (cH)
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Puc. 2. Pabouyee OKHO Nporpammbl

26



BecHik BAY. —2018. — Ne 3(100)
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Puc. 3. ntopbl npornba, yrna nosopota, nsrnbaroLiero MoMmeHTa U nepepesbiBatoweii cuabl 6anku,
NOCTPOEHHbIe MAaKeTOM MaTemaTUyeckux pacyeros Mathcad
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Puc. 4. 3ntopbl npornba, yrna nosBopoTa, U3rubaroLLero MoOMeHTa U nepepesbiBaloLLeil cuabl 6ankm,
NOCTPOEHHbIE NAaKeTOM NPUKNAAHbIX nporpamm MATLAB

27



M

ATO9MATbHBIKA

ba,

3akntoueHue. Taknm ob6pasom, nosyyeHol GOPMybl A1 HAXOXKAEHMUA BCEX MAPAMETPOB U30rHYTOM 6anKu: Nporu-
yr/ia NoBOPOTa, M3rMbatoLLero MOMeHTa M nepepesbiBatoLLeit CMbl. TakKe onpeaeneHbl ABa U3 YeTbipex Hayab-

HbIX napameTpos My, Qo, A1A BbIYUCIEHUA OCTasIbHbIX Vg, V' BbIBEAEHA CUCTEMA IMHEWHBIX anrebpanyeckmx ypaBHe-
HUI (8). PaspaboTaH MakeT MPUKNALHbIX NPOrpamm, MO3BOAAIOLWMX, UCNOb3YA CpeacTBa TabaMyHOro npoueccopa
Microsoft Excel ¢ npumeHeHnem asblka nporpammupoBaHua VBA, nakeTom matematuyeckux pacyetos Mathcad, na-
KeToM MpuKNagHblx nporpamm MATLAB, npoBoAUTb pacyeTbl NO NOAYYEHHbIM GopMyam MNpU PasanYHbIX puUsnye-
CKMX U FeOMETPUYECKUX MapameTpax basKn U CTPOUTb IMOPbI BCEX U3YYAEMbIX BEJIUYUH.
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