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HHI[VKTHBHI)IVI BBIBO/1 ®OPMVJIbI JJI1I TOPU30HTAJIbHOT'O ITEPEMEIIIEHUSA
BAIIEHHOU KOHCTPYKIINA
I.B. TuHbKOB!

1 dvtinkov@yandex.ru; HarmoHaIbHbIN MCCIeA0BaTeNIbCKIUIT YHUBEPCUTET «M3U»

B cmamuwe npugodumcs pewieHue Memodom UHOYKYUU U cucmemsl KOMNbIOMepPHOU Mamema-
muxu Maple 3adauu no onpedeneHuro npozuba naockoti 6awleHHol KOHCmpyKyuu 6 3asucu-
MOCmu om uucia 00HOMunHsIX hawveseti. Beigodsmcs ananumuueckue gopmynst 0 onpe-
deneHus npozuba. IIpozub onpedenisiemcst 07151 UeMblPEX CIyuaes 20pU30HMAIbLHO20 HazpyHce-
HUsl: pacnpedeyieHHAasl Hazpy3Ka U moueyHast Hazpy3Ka Ha eepxHull y3ea no 00Hol u 8mopoti
CMOopoHe CO0M8encmeeHHo.

KnroueBsble cioBa: hepMeHHast KOHCTPYKLMS, Tporu6, mHaykius, Maple.

PacueT u aHaiM3 IMepUOANYECKUX CTATUUYECKM OMNpemeMMbIX CUCTEM (TJIOCKUX
M TIPOCTPAHCTBEHHBIX CTEPXXKHEBBIX CUCTEM) MPeNCTaB/sSeT BaKHYIO TEOPeTUUECKYI U
MPaKTUUECKYIO 3a/auy. PacCMOTpUM IUIOCKYIO CTaTUUYECKM OIpenenMyl0 ¢hepMeHHYIO
6aIIeHHYI0 KOHCTPYKIIMIO — CM. pUCYHOK 1.Bbicota — H = nb,b- mar BepTUKaJIbHBIX I1a-
Hejel, n — YUUIO TMaHeseN. a— mar croek. KOHCTpyKius 3akperieHa Ha HeMOABMKHYIO0
HIaPHUPHYIO OIIOpPY C OAHOJ CTOPOHBI M HAa KaTKOBYIO C aApyroii. ®epma coctout us N
cTepkHel u K MapHUPHBIX y3J10B. [JIMHA OBYX TUIIOB AMArOHAJIbHBIX CTepPXKHEI:c, 2¢,

rme ¢ = Va? + b2.

a a

Puc. 1. PacueTHas cxeMa OalllHu, n =4

PaccmoTpum yeTbIpe cxeMbl HAarpykeHus (puc. 2, 3): paBHOMepHas Harpy3ka Ha Bep-
TUKAJIbHYIO CTOVIKY (CMJIbI PB IIPOMEXYTOUHBIX y3J/1aX, B KpaliHUX y3j1ax — P/2), Harpy3ka
BepxHUM y3es (cuna Pyp).

Bynem orpepnensTb rOpU30HTAIbHOE [TepeMelleHsI BEpXHero y3Jia, KOTOPbIi HaXo-
OUTCS Ha HarPy>KeHHOM CTOMKe.
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O

Puc. 3. Cxembl Harpy>keHusI OGHOM CUJION, n =4

Hymepaiinio y3/10B 1 371IeMEeHTOB IIPOU3BeIeM I10 cxeMe IpeiCTaBJIeHHOM Ha PUCYH-
Ke 4.

[list oripenesieHUs yCUIUIA B CTePsKHSIX hepMbl MCIIOJIb3yeM METO/, BbIpe3aHUsT y3-
JIOB. 3ajiaya oIpeiesieHUsT YCUINIA B CTEPXKHSAX epMbl CBOIUTCS K PeIleHNI0 CUCTeMbI
JIMHEeHbIX YpaBHEHMIi, KOTOPYIO 3alluIlleM B MaTpUIHOI popMme:

GS=B. (D

3mecbG — MaTpuULa HANPaBJISIOMMX KOCMHYCOB,S — BEKTOP HeM3BECTHBIX YCUIINIA,
B~ BekTOp Harpy3ok. [opM30HTaNbHbIe HarPy3Ky, IPUIOKEHHBIE K Y31y i 3aIMChIBAIOTCS
B HeUeTHbIe JIEMEHTHI By;_1, BepTUKA/IbHbIE — B UETHbBIE By;.

[lepeMelieHue y3a omnpepensiem mo ¢popmysie MakcBenna—Mopa:

N
A=) Sisilil (EFy), 2)

i=1
roe S; — yCWInsSI B CTEPsKHSIX epMbl OT JeiCTBMSI BHEITHUX HATPY30K,S;— YCUIIUS B 3/1e-
MeHTaX Py eIMHUIHOM TOPMU30HTAIBbHOM Harpy3Ke, IeiCTBYIOIIEl Ha y3eI, TlepeMelle-
HJe KOTOPOTro TpebyeTcst onpeneanThb; £ ;— NJIMHBI 3JIeMeHTOB. [loc/ienoBaTe/bHO perast
3agauy mist pepm ¢ n =1, 2, 3, ...,12 na”enssMu, mosxydaeM oOIIMe OJIsT BCEX CIy4aeB

BUIbI PeLIeHNS.
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a

Puc. 4. Hymepauus s1eMeHTOB, n = 4

dopmyra s TTlepeMeleHe 1o TTepBOii M BTOPO cxeMe HarpysKeHusl MMeeT BU/I:

p

A=——s [a°C1+D°Cy + 3G
Tabnuiia 1. KoadduiieHTsI A1 IEPBOI CXeMbI
n C1 Cg C3
1,5,9,13..5n/4 | n*/16 + 5n%/2 — | 11n*/8 -
5n/4—9/16 5/8
2,6,10,14l.n n*/16+n?/2-1/2 | 7n*/8 -
1/2
3,7,11,15].5n/4 | n*/16 + 5n%/2 + | 11n°/8 —
5n/4—-9/16 5/8
481216/ .- - -
Tabnuiia 2. KoapduuymeHTs! 1711 BTOPOIi CXeMBbI
n C1 Cg Cg
1,59,13.. n/4 | n*/16 + 5n2/2 — | 11n*/8 +
3n/4+7/16 3/8
2,6,10,14.0 n*/16+n?/2+1/2 | 7n*/8 +
1/2
3,7,11,15.n/4 | n*/16 + 5n/2 + | 11n*/8 +
3n/4+7/16 3/8
481216/ .- - -

HepeMemeHI/Ie JJIs1 TpeTbeI‘/JI n I-IETBepTOIt/'I CXeMbl Harpy>kKeHus:

" EFa?

[613C1 + b3C2 + 63C3]

)

(4)
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Tabnuiia 3. KoadgdulimeHTs! 7151 TPETbel cXeMbl

n C C Cs
1,5,9,13...5/2 | n3/6+7n/3- | 3n/2
1
2,6,10,14].2 n’/6+n/3 | n
3,7,11,15[.5/2 | n®/6+7n/3+ | 3n/2
1
4,8,12,16].- - -
Tabnuiia 4. KoapduiimeHTsl 1151 YeTBePTOli CXeMbl
n C Co Cs
1,59,13..1/2 | n3/6+7n/3- | 3n/2

1
2,6,10,14[.0 n’/6+n/3 | n
3,7,11,15[.1/2 | n®/6+7n/3+ | 3n/2

1
4,8,12,16] .- - -

Ilnst monydeHus: kKosdduumentos mpua’,b3,c® npumensuucs oneparopsl rgf_findrecur
u rsolvecuctemsl Maple [1].Tak, ajist onpenenenus kosdduiernta C3 10 MOTydeHHbIM
Koadduumentam 3/4, 39/8, 47/4, 171/8, 135/4, 391/8 onepatop rgf_findrecur Bo3Bpa-
TUJI CIeAyIolee OOMHOPOLHOEe peKyppeHTHOe ypaBHeHme C3 ,, = 3C3 5,1 —3C3 -2+ C3 ;-3
cTernieHu 2, a orepaTtop rsolve ¢ HauaJIbHbIMM JaHHBIMM JIaJT OOV B1I KO3 buiimeHTa
11n°/8-5/8

HaiimeHHble o0IIMe aHAIUTHUUECKMEe (DOPMYJIbI TTlepeMellleHIsI CTepsKHEeBOM (hepMbI
AT BO3MOKHOCTD OITMMM3UPOBATh KOHCTPYKIIMIO IT0 pasMepam, IUIOIaI/ 3JIEMEHTOB
Y 110 KOJIMYECTBY ITaHesen.

KpuBble Ha pUCyHKe 5, oToOpaxkaloliue HaligeHHble 3aBUCUMOCTU, SIBJISIIOTCSI B
HEKOTOPOI1 CTeNeHM YCJIOBHBIMMU, TTOCTPOEHHBIE B BUEe HEIPEpPbIBHBIX KPUBBIX TOJIb-
KO JIJISI HAVISIAHOCTM, TaK KaK BCe pelleHys MMEIOT CMbICI IIPU 11€JIOUMC/IEHHBIX N (BbI-
IoejleHbl TOUKaMM Ha rpadukax). BBemeHo o6o3HaueHMe 1j1s 6e3pa3MepHOro Iporuba
A =AEF/(PH)

AHanornyHble perieHus AJisI Tporuba MmosydeHsl AJis TIockux depm [2-15] u ripo-
cTpaHCTBeHHBIX pepM [16—19]. [IpyMeHeHHbI B 3TUX paboTax MeTO MHAYKIIMY ITOKa3asl
cBOI0 3¢ (PEeKTUBHOCTD, a TOTyUeHHbIe (OPMYJIbI IJ151 TPOTMOa TO3BOIMIN HAATU HEKOTO-
pbie ONITUMAJIbHBIE 10 SKeCTKOCTY KOHCTPYKTUBHbIE PeIlleHMsI 1 YKa3aau Ha 0COOeHHOCTY
KOHCTpyKIMK. B [20] maH 0630p HEKOTOPBIX pelIeHMiA.
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INDUCTIVE DERIVATION OF THE FORMULA FOR HORIZONTAL DISPLACEMENT OF A TOWER
STRUCTURE

D.V. Tinkov

The paper presents a solution to the method of induction and the computer mathematics system Maple
to determine the deflection of a flat tower structure, depending on the number of similar panels. Ana-
Iytical formulas are derived for determining the deflection. The deflection is determined for four cases
of horizontal loading: the distributed load and the point load on the top node on one and the second
side, respectively.

Keywords: truss structure, deflection, induction, Maple.
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NMMUTAIIMOHHOE MOJE/TMPOBAHUE JOPO>XHOTI'O IBU>KEHU ST
E.C. VibsiHOBaA'

1 ulyanovaese@mail.ru; Kazanckuii (IIpUBO/KCKMIT) emepaibHbIi YHUBEPCUTET
Hayunblit pykoBoguTesb: 3.B. YeboTapeBa — KaHAUAAT GU3.-MaT. HAYK

ModenuposaHue Ha ce200HAWHULL OeHb A8J19eMCs 271A8HbIM MemMoOoM UCCed08aHUS 8 Pa3-
JIUYHBIX 00/1acmsx 3HaHull. TIpu npoekmupo8aHuu cucmem mMacco8ozo 00CyHUBAHUS 803-
HUuKarm 3adauu, Komopsie mpebyrm oueHKU KOAU4eCm8eHHbIX U KaueCmaeHHbIX Xapaxkme-
pucmuk, 3akoHomepHocmeti npoueccos pyHkyuoHuposaus. Ilpoepamma Anylogic Haubonee
nooxooum 07151 NOCMPOeHUs UMUMAYUOHHbIX Modeeli.

KnroueBbie ¢jioBa: MMUTALIMOHHOE MoAe/JInMpoBaHue, Anylogic, OJOPO’KHOE OBVDKEHMe.

[Ipu nTpoeKkTUPOBaHUY CUCTEM MaCCOBOTO OOCTYKMBAHMS BO3HUKAIOT 3a/1a4y, KOTO-
pbie TPeOYIOT OLIEHKM KOJIMUECTBEHHBIX ¥ KaUeCTBEHHbBIX XapaKTePUCTUK, 3aKOHOMEPHO-
cTeli mpoiieccoB GyHKIMOHMPOBaHMSI. OQHUM U3 METOIO0B pellleHNs] TAKUX 3aau SIBJs-
eTCsl IOCTPOeHMe U UCCIef0BaHe UMUTALMOHHBIX MO eei.

Llesibio HacToOsIIEl pabOThI SIBJISIETCS TTOCTPOEeHe UMUTALMOHHOM MOJieNn IBUsKe-
HUST Ha mepekpecTke SImaiieBa-BoHgapeHko r. Kazanb. Mbl BbIOpain [IJisI IOCTPOEHMS
IAHHBIN TePeKPeCTOK B CBSI3U C TE€M, YTO MMEHHO OH SBJISIETCS (10 MHEHUIO aBTOMO-
oummcroB KasaHu) omHUM U3 «IIpo6aeMHbIX». [Ipy mocTpoeHuy Moaean HaMu Obiia mc-
rojab3oBaHa cucrema AnyLogic. Cucrema AnyLogic o6mamgaeT He06X0aAMbIM (QYHKIIVO-
HaJIOM, KOTOPbIii TT03BOJISIET MOIe/IMPOBATh AOPOTY, JOPOSKHbIE pa3MeTKM, aBTOMOOWIIN,





