- ISSN 2411-7609 - Science Almanac -

- http://ucom.ru/na

-

HayuHblit anbmaHax - 2016 - N 9-2(23) | duzuKko-Mmamemamuyeckue HayKu 17

dusuKko-mamemamu4yecKue HAayKu

DOI: 10.17117/na.2016.09.02.017 http://ucom.ru/doc/na.2016.09.02.017.pdf
Mocmynuna (Received): 29.09.2016

Boponaw P.A.
O pedopmayumn NPOCTPaHCTBEHHOMN KOHCONbHOU pepmbl
nop geucrenem 60KoBoM Harpysku (Ha aHI/IMMCKOM A3blKe)

Voropai R.A.
On the deformation of spatial cantilever trusses
under the action of lateral loads
[losyueHo mouHoe 8bipasceHus: 01 CMeueHus We have obtained exact expressions for the spatial
npocmpaHcmeeHHol KOHCOAbHOU hepMbl C displacement of the cantilever truss with a
mpeyz201bHol pewiemkoii nod delicmeuem triangular lattice under the action of concentrated
cocpedomoyeHHOl Ha KOHYe KOHCOAU 20pu3oHmasvHoli  at the end of console horizontal force. The forces in
cusbl. Ycuausi 8 CmepicHsX HatideHbl Memodom the rods was found using cut nodes method, and the
8blpe3aHus Y3108, cMeujeHue — no hopmy.ie offset - according to the formula of Maxwell-Mohr.
Makcsenana-Mopa. Hcnoav3oeaH memod UHOYKYUuu u The induction method and system of computer
cucmema KomnovromepHol Mmamemamuku Maple mathematics Maple are used
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The investigated design consists of three identical structure of panels, each of
which is a flat truss with a cross lattice (Fig. 1). The system is statically determinate.

Indeed, in the truss with n panels contains m=9(n+1) rods and 3(n+3) joints. The
task is to determining formulas for the dependence on the number of panels defor-
mation of a truss under a horizontal force applied to the extreme joint on the upper
belt. To obtain an analytical result we use the program written in the language of the
computer algebra system Maple [1]. The program introduces the coordinates of the
joints:

>for 1 to n+l do

>x[1,1]:=a*(1-1): x[1,2]:=0: x[1,3]:=0:

>X[i+n+1,1]:=x[1,1]: x[i+n+1,2]:=b: x[i1+n+1,3]:=h:
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>X[1+2*n+2, 1] :=x[1,1] :x[1+2*n+2,2] :=2%*Db:
>xX[1+2*n+2,3]:=0:
>0d:

Fig. 1. n=3

Here X[ 1,1] is the longitudinal coordinate of x, X[ 1,2] cross y, X[ 1,3] - the
vertical coordinate z. The deflection determined by the formula of Maxwell - Mohr [2]

m—6
A=P> S?,/(EF),
i=1

where the following designations are used: S, - the forces in the rods of the truss
under the action of external loads, |, - the length of rods, m is the number of rods along

with six support rods. A rigid support rod in amount are not included. The fragment
program determines the deflection has the form:
>DELT:=simplify(add(S[1]"2*L[1],1=1..m-6));

For determining the sequence of the coefficients of the terms a® occurring in the
solutions the special operator C1[n] :=coeff(DELT,a”3) is used. Similarly, the
other sequences of coefficients are found. General members of sequences was
searched using operators rgf_findrecur and rsolve [1, 3]. The result of induc-
tion [4-6] on eight truses by generalizing the sequence of coefficients in the solutions
was obtained by the following formula: A=P(a’A +b’B, +c’C +d°D, + f°F )/ (8h%),

where A =-4n*-6n, B =8((-1)"-1), C,=-8n, D,=-2n, F =4(-1)"-1),

c=+a?+b*>+h?, d=+a?+4b?, f =+h*+Db*. Graphics solutions are obtained de-

pending on the height of the truss find the extreme point (Fig. 2).

Especially interesting graphical representation of the dependence of lateral de-
formation on the number of panels (Fig. 3). Curves have points of self-intersections,
indicating the possibility of rational choice of the height h of the truss and number of
panels. Similar solutions for spatially and flat truses obtained in [7-15]. The related
work on inductive inference decisions are contained in [16,17].
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Derived exact formulas for the deflection of the truss
depending on its size, load and number of panels.
The problem of determining the forces in the rods
are solved using cut nodes with the program in the
system Maple. The synthesis of particular solutions
to the general case is obtained by induction
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B pa6oTtax [1-4] mosiydeH psiJi TOYHBIX aHAJUTUYECKUX pellleHUN ajas depm,
Harpy>keHHbIX JIM60 COCpeIoOTOUEeHHON Harpy3Kou, J1ubo Harpy3koi mo Bceu AJIMHe
depmbl. Ucnosib30BaH MeTO1 UHAYKIUH JJ151 000011eHHS pellleHMH Ha IPOM3BOJIbHOE
YUCJI0 TaHesiel. MeTo/1 3apeKoMeH0BaJ cebsl KakK /it BAHTOBBIX [5], maockux [6-10],
TaK W AJisl NpocTpaHCTBeHHbIX pepM [11-17]. B [18-20] comepkaTcsi 0630pbl paboT Mo
3TOU TeMe AJid MJIOCKUX depM. PaccMoTpuUM npocTyro 6a104Hy0 GepMy C ABYMS TH-
aMU Harpy3okK. Ycu/ius B CTEPKHSX B aHaJIMTUYECKOU popMe omnpe/iesisieM IO Npo-
rpamme [21], HanMcaHHOM Ha SA3bIKe CUCTEMbI KOMIIbIOTEPHOU MaTeMaTUKH Maple.

m-3
i iI

[Iporu6 omnpeaessieM o ¢opmysie MakcBessia - Mopa A = PZ%, rae EF -

i=1

YKECTKOCTb CTEPKHEH, S, — YCUJIUS B CTEP>KHSAX OT JIeCTBUS HAarPy3KH, S, — YCUJIUS OT

JIEWCTBUS eIMHUYHOU Harpy3KHu B cepeJiuHe npoJieTa, |. — AJuHbI cTepkHeN. B depme

C N MaHeJISIMU YUCJIO CTEePKHEH, BKJIIOYas ONMOPHbIe, paBHO m=8n+4. CyMMUpOBaHue
NPOU3BOJUTCSA TOJBKO MO AePOpPMHUPYEMBIM CTEPXKHSAM (OMOPHI MpeAnoJararTcs

*KECTKHUMH).
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P +P *P iP *P *P

b

a a a a _a _ a

Puc. 1. Hazpy3ku Ha ¢pepmy. Cayuaii 1 u 2. n=3

M3 aHasun3a cepuu pemieHUH st GepM C pa3IUYHbIM YUCIOM TaHes el ObIIU
MoJIy4YeHbl MOCJAeA0BaTENbHOCTU KO3(PDUIMEHTOB, JJi1 KOTOPbIX MeToAaMHu Maple
HalJieHbl 001Me YaeHbl — KO3dbuLMeHTbl UCKOMOUW dopMyJibl. [losydyeHo cieayto-
1ee BbIpaXKeHUe JJis ABYX BU/I0B HAaTPY3KHU:

Aa®+C c’
2b°

rae B Cjay4yae 3arpyKeHWsl IO BCed JJiMHe CyMMapHasi Harpy3ka paBHa

P. =P(2n+1), a B caiyyae 3arpy»eHus noJaoBuHbI Iposieta - P =P(n+1);c=+a’ +b’

c = va? + h?. Koapdunuenrtel A = n2(1+ 5n2)/6, C,=n’ Opu Harpyske 1o BCeMy

nposety u A =n(n+1)(5n°—n+2)/12, C, =n(n+1)/2 pja N0JOBMHHON Harpy3Ku

NoJiy4yeHbl ¢ momoluibto onepatopoB Maple rgf_findrecur u rsolve [21]. CpaBHUTE/b-
EF /P,

)

EFA, =P

Hasi 3aBUCUMOCTb MPOrrba, OTHECEHHOT 0 K , OT YMcJa naHesier npu L=an=100

M JlaHa Ha pUCYHKe 2.

Puc. 2. 3asucumocmo npo2uba om vucaa naHeneli, L=100m, b=10m
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B 06eux 3aBUCUMOCTSIX IBHO BUJHbI 9KCTPEMYMbI — ONITUMaJIbHOE YUCJIO MTaHe-
JieH pu 3aJjlaHHbIX L ¥ b. B ciiyyae 3arpy3ku noJioBuHbI npoJieta (A,;,) OTHOCUTEb-
HbId Mporu6 60Jibllle, abOCOJIOTHOE >Ke 3HauyeHWe MNPUOJU3UTEJbHO B JABa pasa
MeHblIIE.
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Statically determinate plane truss with a complex
lattice has four external supports and loaded with a
concentrated force. Using the method of induction
the dependence of the deflection of the number of
panels and size of the structure is obtained. The
asymptotic property of the solution is found

Key words: truss, deflection, Maxwell-Mohr’
formula, Maple

Zhukov Andrew Aleksandrovich
Student

National research university "MPEI"
Moscow, Krasnokazarmennaya st., 14

Ocob6eHHOCTD GepMbl HAa pUCYHKe 1 — 4eThIpe BHEITHUX OIIOPHI, B TO BpeMsl KaK
00bIUHbIEe 6aJsiouUHble PpepMbl UMEIOT TOJIbKO TPU OMOPbI. ITO CO3/4aeT HEKOTOpPbIe
TPYAHOCTHU JJIs1 pacyeTa. Y>Ke IpU onpesieJieHUU peaKLiui onop Heo6X0JUMO COCTaB-
JISITh ypaBHEHHsI paBHOBeCHs BceX cTepkHel pepmbl. OlHAKO, HECMOTpPS Ha 3TO, Me-
TOJ,OM UHAYKIMH, pa3paboTaHHbIM B [1-10 | asig nutockux u B [11-16] aaa npocTpaH-
CTBEHHBIX pepM, B JAHHOU KOHCTPYKI[UHU yAAeTCs HAWUTHU aHAJUTUYECKYI 3aBHUCHU-

MOCTb Iporu6a ¢pepMbl OT YK CJia TaHeeM.

Puc. 1. ®epma npu k=5
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Ycuiusa B CTEpPXKHSAX HAXOJUM B CUCTeMe KOMIbIOTEPHOU MaTeMaTHku Maple
(Waterloo Maple Inc), nosnb3ysick nporpammoii [17]. [Iporu6 onpegensiem o popmyJie
MakcBessia — Mopa [18,19]:

m-4
— 2
A=P> S’ 1 (EF),
i=1

rae S, - yCuaud B CTepXHAX (pepMbl OT JeHCTBUA €JMHUYHOU BHELIHeH

Harpy3kH, |, — auHbl crepxkHeli, EF - UX )KeCTKOCTb, m=10n+6- 4KUCJI0 BCEX CTEPX-

Hell KOHCTPYKIIMH, BKJII04Yasl 4yeTbipe onopHbie. [locienoBaTebHbIN pacueT gpepM C
1,2, 3 .. 14 naHe/ssIMM NMOKa3bIBaeT, YTO popmyJia [Jisd POrudba MMeeT BCIKUM pa3
OZIMH U TOT K€ BUJ
3 3 3
EFA, = AZ YOO N
2h

rje ¢ =+/a’ +h? - JauHbl packocoB. /1S 0y4eHUs pelleHus AJisl IPOU3BOJib-
HOTO 4YMCJIa MaHeJsel, YTO COCTaBJsET CyTh NPob6JeMbl, HE06X0AHMMO BbIBECTU dOp-
MYJIbl OOIIUX YJE€HOB IMOoc/aeA0BaTe/bHOCTEN KO3 PULIMEeHTOB. MeT0o10M HHAYKIUU
C MpuBJieYeHHEeM KoMaH/| U oniepaTtopoB Maple rgf_findrecur u rsolve 6b111 BbiBe-
AeHbl ABe caeaymouye popmyst: C, =2k -1, A =4k®/3-2k* + (-1)* +8k /3-1.

['paduku HallleHHOW 3aKOHOMEPHOCTH [Jisi OTHOCHUTEJbHOro IMporubda
A =AEF / P (BbicoTa h B MeTpax) MOKa3bIBalOT POCT NMPOruba ¢ yBeJUYeHUEM UuCia
naHeJiel, YTO BIOJIHE 0YEBU/IHO, TAK KaK C pOCTOM Kk yBEJIMYMBAETCSA U NPOJIET GEePMBbl.

Ky6uueckuii xxe XapaKTep 3TOT0 POCTa BbISABJSAET Ipejes II(imA/k3 =2a%/(3h%). 06-

30p pellleH!H, MoJy4eHHbIX METOJ0M UHAYKIUHU J1aH B [10-22].
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Puc. 2. 3asucumocmo npoz2uba om vucnaa naHeneli
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The algorithm of exact solution of the deflection of
statically defined truss with four external
connections is proposed. The method of induction
and special operators in the computer algebra
system Maple are used. Graphs of solution for
different heights of truss are obtained

Key words: truss, deflection, Maxwell-Mohr’
formula, Maple
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OcobeHHOCTb HUcceyeMoil GepMbl — YeThIpe BHEIIHHE CBSI3U (JBE HENOABHXK-
Hbl€e OMOPbI, pUC. 1), B TO BpeMsl Kak 06bI4YHble 6as104Hble GepMbl UMEIOT TPHU CBA3U —
HEMOJIBMXKHYI0 OMOPY C ABYMs PEAKLIMSAMU CBSI3€M U MOABHUKHYIO C OTHOW peaKIheH.

P {P *P iP

*P

i i

a a a a

a a a a

Puc. 1. ®epma npu k=4

Ecyiv BepTHKa/ibHble KOMIIOHEHTHI PeaKIUK CBSI3el paccMaTpuBaeMou pepMbl
HAUTU NPOCTO, U OHU PAaBHBI IOJIOBUHE CyMMapHOW BHEIIHEW HAarpy3KH, TO TOPU30H-
TaJIbHbl€ KOMIIOHEHTbHI MO>KHO HAaWTH TOJIbKO U3 peLIeHUsI CUCTEMbI YpPaBHEHUH paB-
HOBecHUsl 8cex y3Ji0B (lIapHUPOB) depMbl. ByjieM cuyuTaTh YMUCI0 NaHe/ied B TaKou
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dbepMe 1o CTEP>XKHAM BEPXHETO M05ICAa U pacCMaTPUBATh GePMbI C YETHBIM YU CJIOM Ma-
HeJiel B npoJieTe. Ha prucyHke 1 npuHATO k=4 — 4Kc/10 naHeJsied B MOJIOBUHE MPOJIETa.
Yuciso crepkHelt B pepMe paBHO m=8k+4, a 4HMC/I0 IAPHUPOB 4k+2, c/ieJ0BaTE/bHO,
CUCTEMa YpaBHEHHM pPaBHOBECHUS Y3JIOB 3aMKHYTa. [locTaBUM 3aZjauyy onpejesieHus
aHAJIMTUYECKOTO BbIpa*KeHUs JJIsl BEpTUKAJIbHOTO Nporuba ¢pepmMbl NIpu NPOU3BOJIb-
HOM 4yHcJ/e naHesei. BocnosibayeMcs popmysioit MakcBeJsia - Mopa:

m—4
A=Y SN /(EF),
i=1

rjae S, - yCUJIMA B CTEPXKHAX pepMbl OT AeHCTBUA BHELIHeH Harpy3ku, N; - ycu-

JIVSl B CTEPKHSX OT IEUCTBUS €JUHAYHOW CUJIbI, IPUJIOKEHHOW B CEPEJIMHE MPOJIETA,
l. - puHBI cTepkHel. Ycuaus HalZeM no nporpaMme [1], 3anuMcaHHON B KoJax CH-

CTeMbl KOMIIbIOTEpPHOU MaTeMaTUKU Maple. [locienoBaTebHbIN pacueT ¢epMm ¢ 1,2,
3 ... 14 naHeIsIMH MMOKA3bIBAET, UTO MPOTrUO UMeeT BCAKUHN pa3 OJUH U TOT Ke BU/L

EFA=P(Aa®+C,c%)/ (4h?),

rae ¢ =+/a’ +h? - qamMHbl packocos. [l Ho/ly4eHHus 0611ero pereHus 0cTaeTcsl
TOJIbKO BbIBECTH POPMYJIbl OOIIMX YJIEHOB MOCAeJ0BaTeJlbHOCTEN KO3 PUIIMEHTOB.
MeTooM uHAYKIMH [2-11] c npuBJieYeHHUEM KOMaH/l ¥ oniepaTopoB Maple 66111 BbI-
BeJleHbl JiBe cieiytonre GOopMyJIb:

A =-1+2(-1)" "k + (-1 + k(2 +8k —20k* +10k*) /3, C, = 2k (k —1) +1.

['paduku HalileHHOM 3aKOHOMEePHOCTH Nporuba (oTHeceHHOTO0 K P/EF; BbICOTA
h B MeTpax) MoKa3bIBalOT MOHOTOHHBIN POCT Mporuba npu yBeJMUYeHHUH YHUC/ia aHe-
Jiel. 3aMeTHuM, YTO 3TOT pe3yJIbTaT AOCTATOYHO OYEeBH/I€H, TAaK KaK C pocToM Kk yBe-
JINYMBAETCd W mpoJieT depMbl U CyMMapHas Harpyska. PellleHUsI B CUMBOJIbHOU
dopme, nosiy4eHHbIE METOIOM UHAYKIUH, AJIs TJIOCKUX CTATUYECKH OMpeeTuMbIX
penleTyaThiX GepM NpecTaB/ieHbl B [2-6], mI0CKUX - B [7-11], BaHTOBOM CUCTEMBI —
B [12], npocTpaHcTBeHHbIX — B [13-18]. boJiee ci10KHbIN BbIBOJ, IMHUI BJIUSHUS Me-
TOJIOM UHJIYKIIUH T10 IBYM llapaMeTpaM npuBejeH B [19].

Puc. 2. Pocm npozauba e 3asucumocmu om ebicomol h u
qyucna narHeneii npu a=3m
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Mishchenko A.V.

An analytical expression for the deflection
of a girder with a triangular lattice

Memodamu komnvromepHoli mamemamuku Maple By the methods of computer mathematics Maple
noJly4eHo mo4Hoe svlpaxceHue 0151 npoauéa obtained an exact expression for the deflection of
cmamuyecku onpedeaumoli gepmol 8 3asucumocmu om  statically determinate truss, depending on the
yucsaa navesel. Pepma ¢ napaniesbHbIMU NOSCAMU number of panels. Truss has the parallel belts and
umeem dge onopwbl U HA2PYHCEeHd N0 8ePXHEMY NOSICY two supports, loaded at the upper belt by the
pasHomepHoU Hazpy3koU uniform load
Kawuessie cno8a: hepma, npozu6, hopmyaa Key words: truss, deflection, Maxwell-Mohr’
Makceeana-Mopa, Maple formula, Maple
Muwenko Apmem Basiepbesuu Mishchenko Artem Valerievich
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HayuoHasbHbll uccaedosamensckuil yHugepcumem National research university "MPEI"
«M3U» Moscow, Krasnokazarmennaya st., 14

2. Mockea, ysa. KpachokaszapmenHas, 14

AHanuTuYecKoe pelieHUe AJs GepMeHHbIX KOHCTPYKUHUNA UMeeT He TOJIbKO
TEeOpeTUUECKOE, HO U TPAaKTUYECKOe 3HaYeHH e, KaK MPOCTOMU CIoco6 OLleHKH paboTo-
CIIOCOOHOCTH cUcTeMbl. PaccMoTpuM depMy ¢ mapasijieibHbIMHU MOSICAaMU MO/ AeM-
CTBHMEM paBHOMEPHO pacnpejieJieHHON Harpysku (puc. 1). Jlig noaydyeHust GopMyJibl
nporub6a no ¢popmyJsie Makcgesna-Mopa

AzfsiNili / (EF),
(1)

HalJleM YCUJIUs B CTepKHsIX ¢depMbl Mo nporpamMMe [1], 3anvcaHHON AJis1 CH-
CTeMbl KOMNbIOTEPHOU MaTeMaTuku Maple. B (1) vcnosib3oBaHbI cieaywolue 060-
3Ha4YeHHUd: S, — yCUJIUA B CTEPXKHAX GepMbl OT JeMCTBUA BHELIHeW Harpysku, N; -

YCUJIMA B CTEPKHSAX OT JEUCTBUS €JUHUYHOU CUJIbI, IPUJIO0)KEHHOU K CEpPEJIMHE TPO-
JeTa, |, - AJTUHBI cTep)KHEH, m — YUCJI0 CTePXKHEN BMECTe C TPeMS OIIOPHBIMHU CTEpK-

HSIMU. TpU KeCTKUe ONOPHbIE CTEP>KHA B CYMMY He BXoAsAT. B ciydae, korga ¢pepma
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COZIEP>KUT N MaHeJied B MOJIOBUHE MPOJIETA (CUMTAIOTCS [0 BEPXHEMY MOSCY ), YUCIO
cTepkHell m=8n+2, a 4ncio y3/0B (mapHUpoB) 4n+1. CoOTHOIIEHME YUC/IA IAPHU-
pPOB U 4YMCJa CTepKHEWU 1:2 COOTBETCTBYET HEOOXOAMMOMY YCJOBUIO CTaTUYECKOU
ONpefeTMMOCTHA KOHCTPYKIUH.

PasbickrBas pellleHUsI B CHMBOJIbHOUM ¢popMe, 0606111MM pe3yabTaThl, IOJyY€EH-
Hble AJis pepM C pa3/IMYHbIM YMCJIOM MaHes e, METOA0M UHAYKIUU HAa TPOU3BOJIb-
HOe Yyucj0 n. PacyeTsl B aHaIUTHUYECKOW PpopMe /1 MJIOCKUX CTaTUYECKHU OTpeJIeU-
MbIX pellleT4yaThbiX ¢epM BbINIOJIHEHBI B paboTax [2-6], myockux — B [7-11], npocTpah-
CTBEHHbIX — B [12-17]. O630phbl pe3yibTaTOB 10 3TOMW TeMe NpuBeZeHbl B [18-20].
®parmeHT Maple-nporpaMmsl, peajiu3yollei MeTo/ Bblpe3aHus y3J/10B (3aM0JHEHUE
MaTPHIIbl HAPABJISIIOUIUX KOCUHYCOB METO/]a BbIpE3aHUs Y3JI0B), IPUMEHUTEbHO K
NOCTaBJIEHHOU 33/laye UMeeT BUJ:

> G:=Matrix(m,m):

> foritomdo

> Lxy[1]:=x[Nend[i]]-x[Nbeg]i]]:

> Lxy[2]:=y[Nend[i]]-y[Nbeg][i]]:

> L[i]:=sqrt(Lxy[1]*2+Lxy[2]"2):
>forjto2do

> jj:=2*Nend[i]-2+j:

> if jj<=m then GJjj,i]:=-Lxy[j]/L[i]:fi;
> jj:=2*Nbeg][i]-2+j:

> if jj<=m then G[jj,i]:= Lxy[j]/L[i]:fi;
> od;

> od:

Puc. 1. ®epma npu n=3

B pesysabTaTe nMeeM ciefyolyo Gopmyy:

3 3
EFA=p A2 *BC
20

rjae A]:%n3—8n2+%n—l, B,=2n-1, C=\/a2+b2 . CooTBeTCTByWOIIME

)

KpUBbIe OTHOCUTEJIbHOT0 NIporu6a (nmpu P=1) , noctpoeHHble a5 L=10mM, a=L/n npu-
BeJleHbl Ha puC. 2 (BbICOTA b aHa B MeTpax).
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Puc. 2. 3asucumocme npo2uba om vucaa nadeneii, L=10m
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Exact solution to the displacement of the movable
truss support with an arbitrary number of panels

Yeunaus e cmepicHax pepMol nosyyeHvl Memoodom
8blpe3aHUsl Y3108 U3 peuleHUsl CUCMeMbl ypasHeHUl
pasHosecus, cocmas/eHHbIX 04151 8cell pepmbl.
CmeweHue onpedesasiemcst no popmyne Makceenna-
Mopa. Bce npeobpaszosaHusi 8b1n0/IHEHbL 8 cucmeme
Maple c npumenenuem memoda UHOYKYUU NO YUCAY
naHeseli
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The forces in the rods of the truss obtained by cutting
nodes from the solution of a system of equilibrium
equations written for the whole truss. The offset is
determined by the formula of Maxwell-Mohr. All
conversions are performed in the system Maple using
the method of induction on the number of panels
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2. Mockea, ysa. KpachokaszapmenHas, 14

[loa nelicTBMEM BepTHKaJIbHON HAarpy3KH MOIBHXKHasI ornopa 6aJ04HON pepMbl
CMellaeTcs. ITO CMEelleHUe MOXKET ObITh 3HAYUTEJNbHBIM U BJIUATH HA 3KCIJIyaTaLU-
OHHbIE XapaKTEPUCTUKU KOHCTPYKIUU. BbiBeieM aHaJIMTUYECKYI0 3aBUCUMOCTh CMe-
IeHWs onopbl GpepMbl HA pUCYHKEe 1 B 3aBUCMMOCTH OT YMCJIa YCJAOBHBIX MaHEJIEH,
onpejeaseMblx yuciaoM k. Depma cocToUT U3 n=2k-1 sg4eek NepuoJUIHOCTH, B3a-
MMHO [epPEeCeKaI0IUXCA N0 TPEM CTEPXKHAM BEPXHETO MOSICA U COCTOSIIIMX U3 MATHU
TOPU30HTAJIbHBIX CTEP>KHEN U MATU packocoB. Bcero B pepme 8n+4 cTepkHsl, BKJIIO-
yasi Tpu onopHble U 4n+1 y3es (mapHup). CucTeMa cTaTU4YECKH oNlpe/iesiuMa. Y CUJIne
B CTEpPXKHSX HaillJleM METOJOM BbIpe3aHHUs Y3JI0B B CUMBOJIbHOM BH/I€, N0JIb3YsCh
nporpammod [1]. [ 060611eHHs1 pe3yabTaTa Ha NMPOU3BOJIbHOE YUCJIO MaHes el
NpPUMEHUM METOJ, UHAYKI WY, paHee UCMO0JIb30BaHHbIM B aHAJIOTUYHBIX 33/ia4ax JJis
peuletTyaThiXx pepMm [2-6], muockux [7-11], BaHTOBOM cucTteMbl [12] U mpocTpaH-
CTBEHHbIX pepMax pa3sHol KoHpuUrypanuu [13-18].
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4 a4 a a4 a4 a6 o a4 o a a a a a a a

Puc. 1. Cxema chepmeol npu k=3

B nporpaMmmy Heo6Xx0JUMO BBECTU JlaHHbIe O KOOpAMHATAaX y3J10B. [IpuBeem
COOTBETCTBYIOIUKA ¢parMeHT NporpamMMmbl (HadajJo KOOpPAMHAT B TMOJBHXKHOH
omnope).

Puc. 2. Hymepayus y3n08 u cmepxcHeli gpepmeor npu k=2

> for i to 3*n+2 do x[i]:=a*i-a: y[i]:=0: od:
> foritondo

> x[i+3*n+2]:=3*a*i-a: y[i+3*n+2]:=-h:

> od:

Puc. 3. 3asucumocmeo cmewjeHUs om vucaa naHenel npu a=10 m
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[Iporu6 onpeaensem no popmysie MakcBesia — Mopa

m-3
A=Y SNJI /(EF),
i=1
raeS, — yCUJIUsS B CTEPXKHAX pepMbl OT JeWCTBUS BHelHel Harpysku P, N, -

YCUJIMA B CTEPXKHSAX OT AE€MCTBUSA €JUHUYHOU TOPU30HTAJIbHOW CUJIbI, IPUJIOXKEHHOU
K OABWKHOM omnope, |. — amubl crepxkHei, EF - %eCcTKOCTb cTepxHel. UHIYKLMA 110

8 depmam c nocsie0BaTEJNbHO YBEJUYUBAKOUIUMCH YUCIAOM K JlaeT caeAyrlUn pe-

syaprar: EFA = P(3k —1)°a’ / h. Ha pucynke 3 npuBeieHbl COOTBETCTBYIOL{HE KPH-

Bble. Kak U c/ie10Bajio 0XKUAATh, POCT CMeIeHUS JIJIs1 MaJIbIX BbICOT GOJIbIIIE.
B [19-21] naHbl 0630pbl aHAJTUTHYECKUX UCCeJ0OBaHUM depM C MPpUMeHEHUEM
MeTo/la UHAYKIUHU U cucTeMbl Maple.
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dopmyna ana pacyerta CMmeL,eHUa NoABUKHOK ONopbl
NIOCKOM CTaTUUYeCcKn onpeagenmumon pepmbl

Savinykh A.S.
The formula to calculate the displacement of the movable
support of flat statically determinate truss

Ilpuseden anarumuyeckull paciem degpopmayuu
6as10uHoll hepmbl nod delicmauem cocpedomoueHHOl
cusbl 8 cepeduHe nposema. C noMouwbo cucmembl
KomnblomepHol mamemamuku Maple noay4eHo
peuieHue 0151 NpoU380/4bHO20 YUCAA NAHeell.
Hcnoaw3oeaH onepamop rsolve 0415 pewieHusi
peKyppeHmHbIX ypagHeHul
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The analytical calculation of the deformation of the
girder beam under the action of a concentrated force
at Midspan is presented. Using the computer algebra
system Maple, found the solution for arbitrary
number of panels. The operator rsolve for solving
recurrence equations is used

Key words: truss, the recurrence equation, Maple,
formula

Savinykh Alena Sergeevna

Student

National research university "MPEI"
Moscow, Krasnokazarmennaya st., 14

PaccMoTpumM depmy 6asouHoro tuna (puc. 1). [las pacyetra cMeleHHUS ONOPbI
(a3Ta BesIMYMHA KMeEET 3HAYEHUe [JI51 OTpeie/IeHUs SKCIJIyaTallMOHHbIX XapaKTepH-
CTHK coopy»eHHus1) no popmysie MakcBeJsisia - Mopa

m-3
A=Y SNJI /(EF),
i=1

(1)

YCUJIUS B CTeP KHSAX GepMbl HalJieM 1o nporpaMMe [1], 3anrucaHHOM Ha SI3bIKe

CUCTeMBbI KOMNIBIOTepHOM MaTeMaTUku Maple. B (1) BBeieHbl 0603Ha4YeHUs: S, - ycu-
JIUs B CTEPXKHAX GpepMbl OT JAeHCTBUA BHeIIHeH Harpy3kH, N, — yCHU/IMA B CTEPXKHAX

OT JOEeWCTBUS €AWHWUYHOW TOPU3OHTAJbHOW CHJIbl, IPUJIOXKEHHOW K MOJBHXXHOH
omnope, |. - ATUHBI cTepKHEN, M — YUCIIO0 CTEPXKHEN BMeCTe C TpeMs OIOPHBIMHU. B ciy-

qae, Korza pepma coiepKUT 6k-2 cTep>KHeH 10 AJIMHEe BEPXHET0 M0sICa, YUCI0 CTEPXK-
Hel m=16k-4, a yucJsio y3/10B (11apHUPOB) 8k-2. ITO COOTHOIIEHUE YUCJIA IIAPHUPOB
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M YU CJIA CTEPKHEN 06ecredMBaeT HEOOX0JMMOe YCI0BUE CTATUYECKOU OTpe/ e TMMO-
CTU KOHCTPYKIHH.

Pemenus 6yaeM McKkaTb B CUMBOJIbHOW popMe, 0600611151 pe3yibTaT METOI0M
MHYKIIMY HA POU3BOJIbHOE YHUCJIO CTEPXKHEW. AHAJIOTUYHbIE PACUeThl JJIs MJIOCKUX
CTaTUYECKH OIpe/leIMMbIX pelleTdaTbix ¢pepM cogepkaTcs B [2-6], MIOCKUX - B
[7-11], BanTOBOM cucTeMbl — B [12], npocTpaHcTBeHHbIX — B [13-18]. BoiBo1 ypaBHe-
HUW JIMHUW BJIUSTHUS NIpUBeJieH B [19].

[IpuBesieM ¢pparmeHT Maple-nporpamMmbl, 3ajar0Ilel KOOPAUHATHI IIAPHUPOB
(Hayas10 KOOpAWHAT B JIEBOM Onope) uccaenyemMoun Gpepmbl:

> n:=2%k-1:

>m3:=4*n+5:

> for i to 3*n+2 do # BepxHuii mosic
> x[i]:=a*i-a: y[i]:=h:

> od:

> foritondo

> x[i+3*n+2]:=3*a*i-a:

> y[i+3*n+2]:=0:

> od:

OmnopHble y3/bl (MOAEJTHUPYIOTCS CTEPKHIMHU):

> x[m3-2]:=0: y[m3-2]:=0: #Onopa sieBast NoABH>KHasI
x[m3-1]:= x[3*n+2]: y[m3-1]:=0: #Onopa npasas 1
> x[m3]:= x[3*n+2]+1: y[m3]:=h: #Onopa npaBas 2

h

Puc. 1. ®epma npu k=2

B pesysabTaTe uHAYKI MU 110 12 pepmamM 6bLI0 MOJIYYEHO CaeAylollee 0600611e-
nue: EFA = (3k —1)°Pa’ / h. Kpussle 3aBucumoctu cmemenust A'= EFA/P ot uncaa
k, onpenengdrolero 4ucao naHeseu, npu L=15 M, a=L/k nanbl Ha puc. 2.

0630p aHAJMTUYECKUX HUCCIEeJOBAaHUU depM C MpUMeHEeHUeM MeTo/jla UHAYK-
U1 MOXKHO HaWTH B [20-22].
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Puc. 2. CmewjeHue onopsl
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