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The paper proposes a method for studying the stability of fluid motion in

reservoirs under periodic forcing. It is assumed that the fluid inside the reservoir
is an ideal and incompressible, and its motion due to applied loads is non-vortex.
The velocity potential is determined from the boundary value problem for the
Laplace equation. To obtain an integral equation for subsequent numerical
implementation, the third Green’s formula is employed. This led to the need of
solving the system of singular integral equations for unknown basis functions,
representing the modes of fluid vibrations in the rigid shell. The fulfillment of
the dynamic boundary condition allowed obtaining a system of differential
equations, constituting a set of Mathieu equations. The stability of the solution is
investigated. It reveals the possibility to indicate zones and parameters of
unstable motion.

O060y10HKH Ta 000JIOHKOBI KOHCTPYKIIi1 3 B1JICIKAMH, YACTKOBO 3allOBHEHHU-
MU PIOUMHOIO, 3HAXOJATh IIMPOKE 3aCTOCYBAaHHA B PI3HUX rajiy3sfx Cy4acHOi
IIPOMMCIIOBOCTI, TAKUX K TPAHCIOPT, XiIMIYHE MAaIIMHOOYAyBaHHS, PaKETHO-
KOCMIiuHa TexHika. [IpoexkTyBaHHs pe3epByapiB, 110 MICTATh Pi3HI HAIIOBHIOBAYl,
BUMAarae perejbHOr0 IOCHI)KEHHS MOBEIIHKU PIAMHU B HUX MpPU EKCIUIyaTa-
niiHUX ymoBax. Ha mell yac 3pociio BUKOpHCTaHHS HOBITHIX MarepialliB, Ha-
MPUKIIaJ, KOMIIO3UTHUX, JIJIsl BUTOTOBJICHHS €lIeMEHTIB KOHCTpYKii [1]. Hapasi
po3po0IIeHO PsiJ ePEKTUBHUX METOAIB KOMIT IOTEPHOTO MOJICTIOBAHHS JUHAMI-
yHUX npoueciB. Cepell HUX — METOJM CKIHUEHHUX Ta T'PAHUYHUX E€JIEMEHTIB,
METOJU CKIHYEHHHUX 00’€MIB Ta METOAM po3kiafeHHs B psaau [2-3]. [Ipu moxe-
JIOBaHHI TMHAMIYHUX IPOLIECIB B 000JIOHKAaX 3 BIJACIKAMHU, YaCTKOBO 3arllOBHE-
HUMH PIJIUHOIO, TIEPIIUM KPOKOM € BU3HAUEHHS 4acTOT Ta (OPM iX BIACHUX KO-
muBasb. L{iM npobnemam npucssiueHi podotu [3], [4]. [Ipunyctumo, mo pyx pi-
JWHY, sIKa 3HAaXOIUTbCS B pesepByapi, € Oessuxposum. Hexait V(V,V ,V))-

BEKTOp IIBUAKOCTI PIAMHHU; TOJAl YMOBA HECTHUCIMBOCTI NpUNMA€E BUIIISA
divV = 0. YMoBa NOTEHIIHOCTI pyXy BeJe€ A0 iCHYBaHHS CKAJIIPHOTO MOTEHITi-
any mBuakocted @, npu upomy V = grad®, ta norennian @ 3a70BOIBHSE PiB-

HaHHIo Jlamtaca. CpopmynboBaHO KpailoBY 3aauy:
() ()
qu):O,PeQ,&—:O,PeSl,a—:%,p—p():O,PeSo. (1)
on on Ot
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BIIHOCHO HeBijoMux noteHmiany @, ra pynkmii {(x,y,f), 0 OMHUCYE PyX BLIHHOI
noBepxHi. Jlani HeBigoMi QyHKIIIT 300pakeHO AK PSIAU:

(0.0 = cos(10)S. d,y (15, (1), @)

O(r,0,z,t) = Z cos(le)z d,()o,(r,z).
=0 k=1

3 BUKOPHUCTaHHSAM TpeThoi Gopmynu ['piHa 3BoaMMO KpaiioBy 3anady (1)
70 CUCTEMHU OJHOBHUMIPHHMX CHHTYJISIPHUX 1HTErpajibHUX PIBHSHb BIJHOCHO Oa-
3ucHux QGynkuiit ¢, (7,z), [4]. Ilicng Bu3HaueHHs HeBiAOMUX (QYHKLIN MiJICTaB-
JSI€MO 1X B psiam (2) Ta B JIiHEapi30BaHy JUHAMIUHY I'PAHUYHY YMOBY:

P— Dy =P [%‘; +a,(Dx+(g+a.(1))C 3)

Ta IPUXOJMUMO JI0 CUCTEMH HE3B I3HUX AU]epeHIialbHUX PIBHAHb Mat’e.

SIK 4MCIIOBUM MPUKIIA, PO3IIISIHEMO KOHIYHY OOOJOHKY 3 PIIMHOIO MiJ Ai-
€10 TApMOHIYHOTO HaBaHTaXeHHA a (¢) = a, cos(w,?), a_(t) = a, cos(w 1).

KoniuHa o0onoHka Mae Taki reomeTpuuHi napamerpu: Ri=1 m, R»=0.6 m,
o =7/3. Tyt R| — paaiyc BUIbHOI MOBEpXHI, Ry — paalyc AHMILIA, 0. — KYT [IpU Be-
puirHi KoHyca. PiBeHb 3amoBHeHHs 1i€i 00010HKU nopiBHIOE 0.692 M. Busna-
YMMO YacTOTHU IUIecKaHb. OTpUMaeMo, 110 HallHMIKYa 4acTOTa BIANOBIIAE IeEp-
miil rapmonuti, /=1, @, =1,254 I'u. IIpoBenemo po3paxyHKH pyXy BUIBHOI IO-
BEPXHI 3a Pi3H1 3HAYEHHS NapameTpiB a,, a, Ta ®,, ®,. Cno4arky po3risHeMO
BEpTUKAJIbH1 HaBaHTaKeHHS. Da30B1 MOPTPETU PyXiB 300pakeH1 Ha puc. 1.
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B
Pucynok 1 — ®a30Bi nopTpetu pyxy piAuHU IpU BEPTUKAIBHUX HaBaHTAXKEHHAX

Tyt puc. 1,a Bianosigae 3navennaMm: a, =0,a, =1, ® =1, a 1na puc. 1,0,
l,emaemoa,=0,a,=1,® =1.254T1aa,=0,a, =1, ®, =2.508, BinnoBinHo.

3 HaBeJEHUX pe3ysbTaTiB 0auMMO, 110 B NEPIIMX ABOX BUIAJKaX PYXHU €
cTabuIbHUMH, ane npu o, = 2.508 I'y BigOyBaeTbCss HEOOMEkKEHE 3pOCTAHHS aM-
IUTITYIM, 1110 BIANOBIJA€ BUMNAAKY MMapaMEeTPUYHOI'O PE30HAHCY (4acToTa CHUIIH,
110 3MYIIIY€, JOPIBHIOE MOABIHHIN (yHIaMEHTaIbHINA YaCTOTI).
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Jlami po3riasiHyTi KOMOIHOBaHI BepTHUKalbHE W TOpPU30OHTAJIbHE HABaHTa-
KEHHS, TOOTO JOAAaHO rOPU30HTAIbHE HABAHTAXKEHHS. B pe3ynbrari po3paxyH-
KiB OTpuMaHi (a30B1 HOPTPETH, HABEJIEHI Ha puUC. 2.

)

a 0 B
Pucynox 2 — ®a30B1 NopTpeTH pyxy pilMHU IpH KOMOIHOBAHMX HABAHTAKEHHSX

bynu oOpani Taki mapaMmerpu HaBaHTaxeHHs: a) a,=0.1,a =1,
o,=0,=1;, 6) a,=0La=1, oo, =0=1254; B) q,=01a4a =1,
®, =0, =2.508. 3ayBa)kumo, 110 B I[bOMY BUIAJKy CIOCTEpIra€eMo IOSBY L€
OJTHOT'O PE30HAHCY, [TOB’A3aHOT0 3 TOPU30HTAIbHUM HaBaHTAKEHHSIM.

Takum urHOM, pO3poOJIEeHA METOAMKA, IO O3BOJISE JOCHIKYBaTH CTIi-
KICTh PYXy PiAMHH B 000JI0HKaxX o0epTaHHs. JlocmiikeHi HalO1IbII 1IKaBl pyXu
3 vy N00au3y nepuioi pyHIaMeHTanbHOo1 YacToTu. Hagani nependbavaerses goc-
JUTH BIUIUB MPY>KHOCT1 CTIHOK PE3€pBYapiB Ta BHYTPIILIHIX [IEPETrOPOAOK.
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