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TOUYHUH PO3B’SI30K JIM®EPEHIIAJIBHOI'O PIBHSIHHS
3rMTHHUX KOJIUBAHB CTPU)KHS 3 YPAXYBAHHSM
BJIACHOI BATH

Kpyriii }0.C., A.1.H., npo¢., Banauncsbkuii B.1O., maricTpanr
Onecbka aeprkaBHa akajaemis OyaiBHULTBA Ta apXiTekTypu, M. Oaeca

BaxuinBoio npo0aemMoro € JTOCHIIKEHHSI Ha 3TMHHI KOJIMBAHHS PI3HOTO POJY
OyaiBesab Ta CHOPYJ 3 ypaXyBaHHSM IO30BXHbOI cuwiv. Ha kanb, y OuibmiocTi
BUgaHb [1-5], ne po3risaaroThCsl KOJIMBAHHS CIOPYJA Ta IX €JIEMEHTIB, s
CHPOLIEHHS MO3/10BXKHS CUJIa BBAXKAETHCS MOCTIMHOIO Y3/10BJK BUCOTH.

Opnak B peaJlbHUX KOHCTPYKIISX MO3J0BXKHI CHUIM B PI3HUX Iepepi3ax
NpUMMalOTh PI3HI 3HAYEeHHS. 30KpeMa, /0 NPHUKIAAIB TakKUX KOHCTPYKIIH
HaJIe)KaTh KOJIOHU KapKacHUX Oy/iBeJib, IIPOMHUCIOBI BUCOTHI CIIOPYIU Y BUTJISIII
AUMOBUX TpyO, BOJOHAmipHUX OamT, OaraTolUIbOBI CTalieBi OIMOPH, SKi
3aCTOCOBYIOThCSI B JIIHISX €JIEKTpOIepesady, Ornopax BITPOBUX TI'€HEpPATOPiB,
aAHTEHAX PI3HUX KOHCTPYKIIiH Ta 1H.

OpHi€l0 3 MOLIMPEHUX PO3PAXyHKOBHX CXEM IIPH JIOCHIDKEHHSX 3TMHHHMX
KOJIMBaHb NE€PEPAXOBAHUX BHUILIE KOHCTPYKIIHM € CTPHIKEHb IOCTIMHOIO mepepisy,
1[0 3HAXOJAUTHCS MiA JI€I0 3MIHHOI MO3/0BXKHBOI CHJIM, B POJII SIKOI BHUCTYIIA€
BJIaCHA Bara Cropyau. MareMaTHuyHOK MOJEJUTIO TaKoro (izuyHOTro sBHINa Oye
nudepeHianbae piBHSIHHA 31 3MIHHUMHU KoedinieHtamu [3, 6, 7].
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Yepe3 cknaaHOINIl BHU3HAYCHHSI TOYHOTO PO3B’SI3KY JAHOTO DPIBHSIHHSA,
JAOCTI/DKEHHST BEAYTbCSl HAOIMIKEHUMH, SIK NPaBWIO, BaplaliiHUMU METOJaMHu.
OjHak 3po3ymijo, 110 HaWOLIbII MOBHY Ta SIKICHY OLIHKY MEXaHIYHOI CHCTEMH
MOKHa OJIep)KaTH TUIBKM Ha OCHOBI TOYHOIO pO3B’S3KY JAHU(DepeHLiaTbHOro
piBHsAHHA. Bigomo [3, 6], mo audepeHuiaabHe PIBHAHHS BUIBHHX IONEPEUYHHUX
KOJIMBaHb CTPUIKHS 3 YpaxXyBaHHSIM BJIACHOI Baru Ma€ BUIJISL:

4 2
o'y 0 0
E122 g 222 e mZ2 0. (1)
5 ox 6x Ot
ne El — nonepedHa )KOPCTKICTh CTPHIKHS;

m— IHTEHCUBHICTb PO3MO/LJIEHOT MacH (MIOrOHHA Maca) CTPHIKHS;

N(x)=gx— 3MiHHA MO3JOBXKHS (CTUCKarO4a) cuia, A€ ¢— Bara OIMHMILI
JOBKHHU CTPHIKHSI,

y(x,t)— TONepevHe NePeMIllleHHs] TOYKU BICI CTPUIKHS 3 KOOPJIMHATOK X B

MOMEHT 4acy ¢ (AuHAMIYHUN IPOTHUH).

Jlane piBHSIHHSI CHpaBeMJIMBE Uil MOJENi, B SKIA NPUUHITO 3HEBAXKATH
MO3I0BKHIMHU MEPEMIILIEHHSAMHU NEPEPI3iB, IX MOBOPOTAMHU Ta 3CYBAMH.

[licis Bu3HaueHHs 3 piBHAHHSA (1) AMHAMIYHOTO nepeMilleHHs y(x,7) , peurTa

AMHAMIYHUX TapaMeTpiB CTaHy CTPUIKHSI 3HAXOJSTHCS 32 BIIOMUMH (popMyliaMu
3, 6].

2. 0%y w2
p(x,1) == M(x l‘)——EI— O(x,1) = X —=. 2)
Oxc Gx ox
ne:
@(x,t)— AMHAMIYHUN KYT [TOBOPOTY;
M(x,t)— nMHAMIYHUN 3rUHAJBHUA MOMEHT;
Q(x,1)— AMHAMIYHA MOTIEpeYHa CHUJIa;
3actocoByrouu MeToJ1 Dyp’e, po3B’s130K piBHSAHHSA (1) 3HAXOAUBCS Y BUTIISIAL
y(x,0) =v(x)T(2), 3)
ne v(x)— aMILUITY/JHE 3HAYEHHs MONEPEYHOr0 NEPEMIILEHHS, 10 3aJIEeKUTh
TUIBKH B1J1 3MIHHOT x ; 7'(¢)— (yHKIis yacy 7 .
Otpumaemo aBa 3BuYaiHi AudepeHiiiiiHi piBHSIHHS :

T(t)+ p*T(t)=0; )
EIV"(x)+q(xV'(x)) = p*mw(x) =0, y(x,1) = ()T (1), (5)

ne p° — KoHcTaHTa Metony ®dyp’e.

Ananiz piBHsSHHS (6) 1OKasye, L0 PyX MEXaHIYHOI CHCTEMH, sIKa
pPO3IJISIAETHCS, HOCUThL KOJMBaJIbHUM Xxapaktep. [ 1moOyaoBuM TOYHOrO
po3B’s3Ky  piBHsHHS  (7) 3aCTOCYEMO  METOJ  NPSIMOrO  IHTErpyBaHHS,
3alpONOHOBAHMM Ta PO3BUHYTHUH B [8].
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ABtopamu 0ysi0 BUBEeAEHO (HOpMYIU ISl aMIUTITYAHUX MAapaMeTpiB BUIbHUX
MONEPEYHUX KOJMBAHb CTPUIKHS, IO BHPAXKEHI Yepe3 MOYaTKOBI MapamMerpu i
Oe3po3mipHi Gynkuii. [Ticns peanizauii 3ajaHUX PAaHUYHUX YMOB 3a JONOMOTOKO
BULIE3ralaHUX (OPMYJI, MAaTUMEMO YaCTOTHE PIBHSHHS BIAHOCHO HEBIJOMOIO
0e3p03MIPHOTO MapameTpy

_ 2 |m
K=pl 7T (®)

[licisi  Bu3HAaueHHs KOpeHiB 4yactoTtHoro piBHsHHa K,K,,K;,..., y
BIJIMOBIIHOCTI 3 (hopMyJ1010 (9) MATUMEMO CIEKTP YaCTOT KOJIMBAHb

K
i |EI ,.
pi=—.— (j=12,3,..).
J 12 m
3HaleHl TOYHI PO3B’S3KU JI03BOJIATH JIOCHIKYBaTH BLIbHI KOJIMBAHHS
CTPMXKHIB 3 YpaxXyBaHHIM BJIACHOI Baru 3a Oy/1b-KMX TPAHUYHUX YMOB Ha KIHIISX.
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EXACT SOLUTION OF THE DIFFERENTIAL EQUATION OF
TRANSVERSE OSCILLATIONS OF THE ROD TAKING INTO
ACCOUNT OWN WEIGHT

The free transverse oscillations of the rod of uniform cross section taking into account
its own weight are considered in this work. The exact solution of the appropriate differential
equation of rod’s transverse oscillations, expressed in non-dimensional fundamental
functions and initial parameters is attained for the first time. Due to the exact solution, the
formulas in an explicit form for dynamic variables of rode state — deflections, angular
displacement, bending moment and transverse force — were defined. The analytical form for
equation of free oscillation frequency is defined. That has limited the finding of frequency to
definition the unknown non-dimensional parameter through frequency equation. As a result,
the presence of derivative exact solutions allows to investigate the fiee oscillations of rod
with various types of boundary conditions.
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