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Y pamxax mooeni cymicnozo pyxy 00CnioxnceHO 6nau6 CHiG8IOHOULCHHS MACU pe3epsyapy i piouHu Ha
N0BEJIHKY ChepuiH020 pe3epeyapy 3 BLIbHOI0 NOBEPXHEI0 NpU 2aPMOHIYHOMY 30y0dicenHi. Jlocniodceno
NoBediHKY cucmemu 015 080X GUNAOKIG: Maca pe3epsyapy 6 5 pa3ie MeHwia 3a macy piouHu ma maca
pezepsyapy 8 5 pazig binvwa 3a macy piounu. Iloxazano, wo 30inbuenHs 8i0HOCHOI Macu PiOUHU He CNPUsE
BUXOOY CUCEMU HA BNOPAOKOBAHULL PEHCUM KOTUBAHD.

Kniouogi crosa: pesepsyap, inbna nosepxis piounu, opeiigh cepedHb020 KOAU8aAHb, MOOYIAYI.

Within the framework of combined motion the effect of ratio of masses of reservoir and liquid on the
behavior of a free surface of liquid in the reservoir of spherical shape is studied. We suppose that liquid is
ideal and it fills partially the reservoir. Mathematical modelling is done on the basis of the model, which
takes into account combined character of nonlinear dynamics of liquid and the reservoir. Examples were
done based on mathematical model of combined motion of liquid in spherical reservoir and free-surfaced
liquid under harmonic force disturbance in horizontal direction. Two cases of the ratio of masses in the
system are considered. First, the mass of the reservoir is 5 times less than the mass of the liquid; the mass of
the reservoir is 5 times greater than the mass of the liquid. In order to identify specific features of the system
behavior, the results were compared with the results for liquid behavior in cylindrical and conical
reservoirs. It was ascertained that mass increasing has no tendency of converging to a steady mode of
motion, which was confirmed experimentally. Distinctions of manifestation of nonlinear processes for the
below-resonance, near-resonance and above-resonance modes are shown. We note manifestation of
nonlinear effects such as modulation, the presence of high-frequency normal modes of oscillations,
antiresonance and drift of the mean of oscillations.
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PE30HAHCHOMY Ta 3ape30HAHCHOMY Jiama30Hax
3MiHU 4YacToT. Merow 1ie€i poOOTH € BHUBYCHHS

[MpakTnynHi 1OTPEOM TEXHIKA 3YMOBIIOIOTH
iHTEepeC A0 3ajJad  JUHAMIKM  PiIMHH,  sKa

3HAXOIUThCS B pe3epByapi. Y OULIBIIOCTI BHITAIKIB
piIMHa HE IUJIKOM 3allOBHIOE pe3epByap 1 Ipu
TPaHCIOPTYBaHHI ~ TaKUX  CHCTEM  BUHHKAIOTh
KONMBaHHS BiMbHOI ToBepxHi. [lpm  BenwmKii
BIJJTHOCHIN Maci piIMHU i XBUJIbOBI PyXH ICTOTHIIIE
BIUIMBAIOTh HA TMOBEIIHKY CHCTEMH, TOMY 3
MPAaKTUYHOTO TIOTJISJy BaXKJIMBO PO3IIISHYTH e
Bumagok. Jus  gmochimkeHHs — 3amadi  Oysio
BHKOPHCTaHO Mojenb [1], ska Oyna mporecToBaHa
JUIs 3a7a4 TUHAMIKW pe3epByapiB 3 pIIHHOI 3
BUIBLHOIO TTOBEPXHEIO B JIOPE30HAHCHOMY,

© O.C. Jlumapuenko, F0.A. Cnrocapuyk, 2019

0COONIMBOCTEH JMHAMIYHOI B3a€MOJIl piIUHH 3
chepuyHUM pe3epByapoM JUIs BHIAAKIB PIi3HOTO
CITIBBITHOIIICHHST MacH pe3epByapy Ta PiIUHH.

Matematnude (opMysTIOBaHHS 3aladi Mpo pyx
CHCTEMH pe3epByap — piivHA 3 BUIbHOIO MTOBEPXHEIO,
CKJIaIa€ThCS 3 KIHEMaTHMYHUX YMOB, TUHAMIYHHUX
piBHSHBb Ta mo4arkoBux ymoB [1]. Kinemarnuni
YMOBH  pO3LIAAOThCS K MEXaHiuHi B s3i.
JluHaMivHI TpaHWUYHI yMOBH Ta PIBHAHHS PYyXy
OTpUMaHi Ha OCHOBI BapiamiiHOrO MPHHIUITY
laminbroHna — OCTpOrpaachKoro.
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Jist MociKyBaHOI CHCTEMH 10 KiHEeMaTHIHUX
YMOB CIIiji BIIHECTH BUMOTY HEPO3PHBHOCTI MOTOKY
B o0macTi ¢
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JluHaMi4Hi TpaHUYHI YMOBH Ta PIBHSIHHS PyXY
OTPUMYIOTBCS 3 mpuHOUNY [aminmeToHa  —
Octporpaacskoro 3 ¢pyHkinieto Jlarpanka y BUTIISIL:
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KinemaTn4Hi yMOBH pO3TIISAIAIOTHCS K KiHEMATHUHI
B’s131 BITHOCHO BapiamiiiHoro npuHiumny ['aMinbToHa
— Ocrporpancekoro. st ehekTHBHOTO 3aCTOCYBaH-
BaHHS BapiallifHUX METOIIB BCIM KIHEMaTHUYHUM
OOMEXEHHAM  HEOOXIZHO  3aJO0BOJBHHUTH IO
po3B’sizaHHs  BapiamiiHOi 3amadi.  OTpUMYyeEThCS
BapiallifiHa 3ajaya Jjs BUIBHOI CHUCTEMH, IS SKOL
3aIUCYIOThCs PiBHSHHS Jlarpanxa npyroro pony.
[ToOynoBa HeMiHIHHOT AUCKPETHOT MOAIEI

JMHAMIKA CYMICHOTO pyXy Tila 3 piidHOIO 3
BUIPHOIO TIOBEPXHEI0 3JIHCHIOETHCS Ha OCHOBI
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BapiallifHOro (QOpMy/TIOBaHHA 3ajadi JAMHAMIKH
CHCTEMH, OTPHMaHOi Ha OCHOBI BapialliifHOro
npunnuna [aminerona — Octporpajackkoro. bymu
BBEJICHI HACTYIHI y3araJbHeHI KOOpAWHATH: q, —

i
aMILIITY 1 30yKeHHs GOpM KOJIMBaHb PIMHM; o, —
KyTH BIIXWJICHHS pe3epByapy;
MOCTYNAIBHOTO PyXY pPe3epByapy.
PiBHSHHS CYyMICHOTO PyXy CHUCTEMHU pe3epByap —
piIMHa MOXKHA MTPEACTABUTH B HACTYITHOMY BUTJISIL:

g — TlapaMeTpH

N+3
Z prn (ak’t)éan = qr (ak’dl’t)
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Zprn (ak’t)dn +
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r=I,N+3
ne p, KBaJpaTHa MaTpHI, a ¢ — BEKTOp
PO3MIpHOCTI N + 3.
HocmimxyBaBess cyMmicHUH pyx  cdepuuHOro

pe3epByapy 1 piMHM 3 BUIBHOIO IIOBEPXHEIO MPH
pyci Mg Ji€ro TepioandHol CUIU Y = Asin(ot) B
ropu3oHTaNbHIA IuTomuHI. [ToBeminka
po3risaanach Uisl JBOX BHUIIAJKIB:

— Maca pe3epByapy B 5 pa3iB MeHIIa 3a Macy
pimHA M, =0.2M ,;

CHCTEMH

— Maca pesepByapy B 5 pasiB Oinblia 3a Macy
pimuHE M, =5M,

Jus 1miei 3amavi MOBEMIHKY CHCTEMH OYJIo
PO3IIISIHYTO JUISL YacTOTH (.5@, B JOPE30HAHCHOMY
miamaszoHi (puc. 1), mng 4actor 0.9, (puc. 2),
0.98w, (puc. 3), 1.02w, (puc. 4) B MaaoMy OKOIi

pE30HAHCHOI 4acTOTH, a TaKOX Itk
4acToT /. /w, (pUc. 5) Ta 150, (puc. 6) O6inbmIUX 32

PE30HAHCHI. @, — BJIACHA YacTOTa CYMICHOIO PyXy

piIMHM Ta  pe3epByapy, BiJ
CIIIBBIAHOIIIEHHS TX Mac.
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Puc. 1. 30ypeHHs BiIbHOI TOBEPXHI PIAMHM s IOPE30HAHCHOI YacTOTH (0.5m,, )
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Puc. 2. 30ypeHHs BUIbHOI TOBEPXHI PiAMHHU JUIs PE30HAHCHOI 4acTOTH (0.9, )

Ha pucyHkax moka3aHo 3aJeXHICTh aMILTITYIH 3 pUCYHKIB MOXHAa TOMITHTH, WO 31
KOJIUBaHb BIJl 4Yacy B CEKYHJIAx JUIs BHIIQAKIB 30UIBIICHHSIM MacH pO3IJSHYTOrO pe3epByapy i
M,=02M, (miBopyd) Ta M, = 5M, (mpaBopyd). Ilo  3HAaYeHHs 4YacTOTH BILIMB MOJYJANIi KOJHUBaHb

BiCl x BiIKJIajieHuil 4ac, 110 Bici y — 30ypeHHsl. TOCHITFOETRCA.
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Puc. 3. 30ypeHHs BUIbHOI MOBEPXHI PiAMHHU I PE30OHAHCHOI 4acTOTH ( 0.980,, )
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Puc.4. 30ypeHHs BUIbHOI TOBEPXHI PIIMHH 175l PE30HAHCHOI 4acTOTH ( 1.02w,, )

Edexr Momymamii KonMBaHb MPOSIBISETCS JUIS  SIKHH OUTBII CYTTEBO TPOSBISETHCS JUISL 4YaCTOTH
BUNAAKY M, =5M, B OUIIPE30HAHCHOMY Ta (.5w,Ta .50,y BUIAJKy, KOIU Maca pesepsyapy B 5

3ape30HAaHCHOMY Jiala30Hax 3MIHM YacToT. 3 PasiB MCHINA 3a Macy PIAWHH.
PHUCYHKIB BHJIHO, IO €EKT aHTUPE3OHAHCY Oiiblie AHani3 KonMBaHb JUIs  OUIBIIOrO 4acoBOro

NPOABNAETECA  JUIA  BUIAAKY M, =0.2M,. s NPOMDKKY CBIIYUTB IIpO TC, IO VLA KOJINBaHb
CHCTEMH B PE30HAHCHOMY Jiarna3oHi 30ypeHb mepiof

MOJYJSMIl Uit cEepUvHOro pe3epByapy, SIKHid B 5
pa3iB BaxX4Mi 3a piAuHY, OLTBIIHA.

pPE30HAHCHOTO  Jiama3oHy  XapakTepHHUMH €
HecHMeETpis Ta JApeiid cepenHboro./ljis KonuBaHb
CHCTEMH B HENiHIHHOMY Jiama3oHi 30ypeHb
XapakTepHHM TaKOX € BIUIMB BHIIUX TapMOHIK,
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Puc. 5. 30ypeHHs BUIbHOI MOBEPXHI PIAMHHU JUIs 3aPE30HAHCHOI YacTOTH (/. /w, )
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Puc. 6. 30ypeHHs BUIbHOI MOBEPXHI PIAMHHU JUIs 3aPE30HAHCHOI YacTOTH ( 1.5w,, )

OTxe, aHaIi3 3aJI©KHOCTI PO3BUTKY TUHAMIYHHX
MPOIIECIB BiJI CITIBBIHOIIEHHS MacH pe3epByapy i
MacH PIIMHU CBIQYHUTH MPO TE€, L0 30UIBIICHHS
BIJTHOCHOT MacH PiIMHH HE CIPHUSIE BUXOIY CHCTEMH
HA BIOPSIKOBAaHUHA pPEKHUM KOJIHMBaHb. [loMiueHO
PI3HHUIIO TPOSBY HETHIHHUX  TPOLECIB s
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