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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.

O060JI0HKH Ta 000JIOHKOBI KOHCTPYKIIIT 3 BIJICIKAMU, YACTKOBO 3allOBHEHHU-
MU PiUHOI0, 3HAXOASTh IIUPOKE 3aCTOCYBAHHA B PI3HHUX Taly3sX CydacHOI
IPOMHUCIIOBOCTI, TAKMX SIK TPAHCHOPT, XIMIYHE MAIIMHOOYIyBaHHS, PAKETHO-
KocMiuHa TexHika. [IpoekTyBaHHs pe3epByapiB, 110 MICTITh Pi3HI HAIIOBHIOBAYI,
BUMAara€ peTelbHOr0 JIOCHIHKCHHS MOBEIIHKMA PIAWHUA B HUX MPHU EKCIUTyaTa-
niiHux ymoBax. Ha el yac 3pocio BUKOpUCTAaHHS HOBITHIX MarepiaiiB, Ha-
MPUKJIa, KOMIO3UTHUX, /I BUTOTOBJICHHSI €JIEMEHTIB KOHCTpYKIiH [1]. Hapasi
po3po0ieHO psif eHEeKTUBHUX METOJIIB KOMIT IOTEPHOTO MOJIEIIOBAHHS JUHAMI-
yHUX mporeciB. Cepell HUX — METOAM CKIHUEHHUX Ta TPAHUYHUX CJIEMCHTIB,
METOJM CKIHUCHHUX 00’€MIB Ta METOIM po3KiajieHHs B psanu [2-3]. [Ipu moze-
JIOBAHHI JUHAMIYHUX MPOLECIB B 00OJIOHKAX 3 BIJICIKAMHU, YACTKOBO 3allOBHE-
HUMH PiJIMHOIO, TIEPIITIM KPOKOM € BU3HAUEHHS 9acTOT Ta POPM iX BIACHUX KO-
muBaHb. Lim mpobremam npucssueHi podotu [3], [4]. [Ipunyctumo, o pyx pi-
JIMHH, SKa 3HAXOAMTHCS B pesepmyapi, € OespuxpoBum. Hexait V(V,,V,,V,)-

BEKTOp IMBHUJKOCTI PIAWHM; TOMI YMOBAa HECTHUCIHMBOCTI TPHUIAMAE BUTIIS
divV = 0. YMoBa NOTEHIIIHOCTI pyXy Beje JI0 iICHYBaHHS CKAJISPHOTO MOTEHIII-
airy mBuakocted @, nmpu oMy V = gradd, ta nmoreHIian O 3a10BOJBHSIE PiB-
HsHHIO Jlannaca. ChopmysiboBaHO KpalloBy 3a/1auy:

v2q>=o,PeQ,‘2#f=o,Pesl,a—nza,p—pO:O,Peso. (1)
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BITHOCHO HeBioMux moteHiiany @, ta ¢pyskiii {(X,y,t), 10 onucye pyx BUIbHOT
noBepxHi. Jlan HeBiAoMI PYHKIIIT 300pa’keHO SIK PSAAM:

£(r.6.0)= 3 cos(10)3. d, (05, (r). @
d(r,0,z,t) = Zmlcos(le)i d, (e, (r,2).

3 BUKOpPUCTAHHSM TpeThoi popmynu ['piHa 3BoguMO KpaiioBy 3amauy (1)
JI0 CUCTEMH OJHOBUMIPHUX CHHTYJISPHUX IHTETpaJbHUX PIBHSIHBL BIAHOCHO Oa-
sucHuX QysHxuiit @, (r,z), [4]. Ilicns Bu3Ha4eHHS HEBITOMHX (YHKIIIH migcTaB-
J€MO 1X B psiau (2) Ta B JIIHEapi30BaHy JUHAMIYHY IPaHUYHY YMOBY':

o= 1| o 2,0+ (9 2,0 ©

Ta IPUXOAUMO JI0 CUCTEMH HE3B A3HUX JU(epeHLiaNbHUX piBHIHb MaT’€.

Sk uMcnoBUI MPUKIIAJI, PO3IIISTHEMO KOHIYHY OOOJOHKY 3 P1AMHOIO Mif Ji-
€10 TapMOHIYHOTr0 HaBaHTakeHHs &, (t) = &, cos(w,t), a,(t) = a, cos(m,t).

Koniuna o0oyionka Mae Taki reomeTpuuHi napametpu: Ri=1 M, R2=0.6 M,
a = 1/3. Tyt R1 — paaiyc BuibHOI moBepxHi, Rz — paaiyc AHuUIIA, o0 — KYT MPHU Be-
piiuHI KoHyca. PiBeHb 3amoBHEHHs 11i€i 000g0HKHM fopiBHIOE (0.692 M. BuzHa-
YUMO YacTOTH IUIecKaHb. OTpUMaeMoO, 110 HAWHMKYA YacTOTa BIAIOBIAA€ mep-
miit rapmonni, 1=1, ®,,=1,254 I'n. IIpoBexemMo po3paxyHKU pyxXy BUIBHOI TO-
BEPXHI 3a pi3HI 3HAYCHHs MapaMmerTpiB &, 4, Ta ®,, ®,. CrouaTKy po3IisHEMO
BEpPTUKAJIbHI HaBaHTaKeHHs. Pa30B1 NOPTPETH PyXiB 300paxeHi Ha puc. 1.

0.024

-004 -002 0 { o 8.1

-0.02+

Pucynox 1 — ®a30Bi mopTpeTy pyxy piIuHU IPHU BEPTUKATHPHIX HABAHTAKEHHSIX

Tyt puc. 1,a Binnosinae 3HauennaMm: a, =0, a, =1 o, =1, a qus puc. 1,0,
1Bmaemoa, =0,a,=1 o,=1.254Taq, =0, 3, =1, o, = 2.508, BianosiaHoO.

3 HaBeJIEHUX PE3YJIbTATIB 0A4MMO, IO B MEPIIUX JBOX BUITAJIKAX PYXH €
cTabuIbHUMH, anie npu o, = 2.508 'y BinOyBaeTbcs HEOOMEKEHE 3pOCTaHHS aM-
IUTITYI, 110 BIAMOBIJAE BUIMAJKY MapaMETPUIHOTO PE30HAHCY (YacToTa CHIIH,
110 3MYIITy€, TOPIBHIOE TIO/IBIMHIN (yHIaMEHTAIbHIN 4acTOTI).
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Jani po3risiHyTi KOMOIHOBaHI BEpTHKaJbHE I TOPU30HTAJIbHE HAaBaHTa-
KEHHs, TOOTO J0JJaHO TOPU30HTANIbHE HABAHTAXKEHHs. B pe3ynbrari po3paxyH-
KiB OTpuMaHi (pa30Bi HOPTPETH, HABEICHI HA puUC. 2.

%1 il (“/

a 0 B
Pucynok 2 — ®a30Bi mopTpeTy pyXy piliHU P KOMOIHOBAHUX HAaBAaHTAKEHHSIX

Bbynmn o0pani Taki mnapaMmerpu HaBaHTaxeHHa: a) a,=0.1a, =1
o,=0,=1; 0) a=0La=1 o,=0,=1254; B) a,=01a =1
o, =, =2.508. 3ayBaxxumo, 110 B I[bOMY BHIIQJKYy CIIOCTEpPIraeMO MOSBY IlIE
OJTHOTO PE30HAHCY, TIOB’A3aHOTO 3 TOPU3OHTATILHUM HaBAaHTAKCHHSIM.

Takum urHOM, pO3poOJIeHa METOAMKA, IO J03BOJISE JOCIIKYBATH CTIM-
KICTh PYXY piuHU B 00070HKAaX 00epTaHHs. J{ocmimkeHi HalOUIbII 1IKaBl pyXu
3 @y mo0Iu3y nepmioi GyHAaMeHTAIbHOI YacToTH. Hamani nmepenbavaeThest moc-
JIAUTH BIUIMB MPYKHOCTI CTIHOK pe3epByapiB Ta BHYTPILIHIX TEPETOPOIOK.
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