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VYcim BitoMuii 3BYK, KW BUAAE «CHiBarounii OOKar», KOJM 3BOJIOKCHHUH Ta-
JIelb PiBHOMIPHO pyXaeThcs 1O 001Ky OoKaiy, MpuBOJsIuM Horo y BiOpaniro. Lle
siBHIIC OyJI0O TEMOK 0araThOX MOCIIIKCHbB, OUIBIICT 3 SKHX OYJIM SKCICPUMCH-
TAJIbHUMH 1 30CEpEPKYBaJIMCS Ha TeHepalii 3ByKOBUX XBWIb Ta NPYKHIHA aedop-
Marii BiOpyrodoro 6okaiy. Byiio BcTaHOBIIEHO, IO OCHOBHUM PEKMMOM KOJIMBaHb
OoKkally € BHMYIIEHa XBWJIS, 3 YOTHPMa BY3JIaMH, PIBHOMIPHO pPO3TalIOBaHUMHU
B3JIOBX IMJIIHAPUYHOI CKIAHOI cTiHkW. Konm Takmii cmiBatounii 60Kajm 4acTKOBO
3aIOBHUTHU PIIWHOIO (SKa 3MIHIOE YacTOTY 3BYKY), MOXKHA CIIOCTEPITraTh e OTHY
IUBOBIDKHY OCOOJNHBICTB: CKIIAAHWN Bi3epYHOK XBHJIb Ha BITbHIH MOBEPXHI
pimuaU. [Ipn mocTaTHEOMY OCBITJIEHHI MOXKHA CIIOCTEPIraTH XBHIIi, O€3MmocepeHb0
3yMOBIICHI BiOpaIli€fo CTIiHKH B PEXHMi 3 YOTHPMa BYy3JIaMH, IO PYXalOThCS B
OKpPY>KHOMY HAIIPSIMKY 3 Ti€I0 K IIBUAKICTIO, IO i majnenp, skuit pyxaerses ([1, 5,
6]). OmHak y wid KapTHHI JIOMIHYIOTH TaK 3BaHI «XpPECTOMNOMAIOHI XBWI» abo
«KpaioBi XBWJI», TPeOCHI SIKUX HEPIEHAUKYJSIPHI 10 BiOpYIOYOT IMITIHAPHUYHOT
ckJstHOT cTiHKH. 111 KopoTki crostui XBuuni Oysu onucai e Papaneem [1].

Iappert [2] OyB mepunM, XTO OITUCAB, SIK MEPEJA€ThCs SHEPTis Bl XBHIETIPO-
JYKTOpa JI0 XpecTOomnoAi0OHOI XBMIII B MareMaTHYHOMY MiJXOJl, SIKMH BKIIIOYAE B
ceOe BEepTUKaIBHUHN cepesHiil pyX BUIbHOI moBepxHi. OnHaK, BEpTHKAIBHUM ce-
pen.Hill pyX BIIBHOI MIOBEPXHI HE € TOCTATHIM JUIS TIepeIadi eHeprii JO XpecToIo-
IIOHWX XBWIb y TOBromy Oaceitni. ToMy XpecTonoaiOHI XBIIi HOBUHHI OTPUMYBa-
TH CBOIO €HEPTi0 SKMMOCh YHHOM O€3MOCepeHbO Bl XBIIETIPOIyKTOpa. Heminiii-
Ha Teopis Ui MOSICHEHHS XPECTOMOAIOHNX XBUIIb Oynia po3pobiieHa B JOCIIKEH-
HiX Maxoni [9], xxonca [4], Jlixtepa [8], Maitn3a [10]. IIpoTte Bci BOHU BHKOpHC-
TOBYBaJIM BiJloMe pinreHHst XeiiBenoka [3], oTpuMaHe Ui XBHJIb B HaIliBHECKiH-
4YeHHOMY OaceiiHi.

MeTor0 1Ii€T OMOBIII € MOSICHEHHSI Ta MOJICIFOBAaHHS BUHUKHEHHSI XPECTOIIO-
JMIOHWX XBUJIb HA BUTHHINM MTOBEPXHI PiTUHH, 1[0 MiCTUTBCS B «CIIBAIOYOMY OOKai»
[6]. dnst cipolieHHS MaTeMaTHYHOTO aHali3y BiOpyloUHii OOKaim MOAETIOETHCS SIK
LWIHIPUYHUN KOHTEHHEp, 110 3A1HCHIOE KOJMBAHHS B BHUMYLICHOMY PEXHMI 1
YaCTKOBO 3allOBHCHHH HEB'S3KOI0 PiAMHOM. KoedilieHTamu, mo € (YHKIiIMA
OChOBOI KOOpAMHATH. MM 3acCTOCTOCOBYEMO METOJ CYNEPIO3Hlii, SKHi Jae
YiTKiIIe YSBICHHA TPO 3B'I30K MK BiOpaIli€cro OWIHAPAa i XBUIHOBUM PYXOM
piavHM Ha BUTBHIN MoBepxHi. Buepmie e metox O6yB Bukopuctanuii Jlame [7, 5,
6] B KOHTEKCTI 3aa4 Teopii npyxHocTi. Lleit meTon no3Bose moOyyBaTH MPOCTi-
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CEKLIA 2 - MATEMATUYHI METOM MEXAHIK/ TA TEPMOMEXAHIKA
SECTION 2 - MATHEMATICAL METHODS OF MECHANICS AND THERMOMECHANICS

[Ty MaTEeMaTUYHY MOJIEIb, KA IMOKAa3ye, K XPECTONOJi0OHa XBHIIS MOXE TeHEpyBa-
TUCS OE3MOCEPEHE0 PYXOM XBHJICTIPOJIYKTOPY, BHUMYIICHUMH IOBEPXHCBUMU
XBIWIIMU Ha IWIHAPWHIA TTOBEPXH.
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CROSS-WAVES AT FLUID IN A PARTIALLY FILLED ‘SINGING WINE GLASS’

Using the superposition method, the appearance and structure of cross-waves at the free
surface of the liquid contained in the ‘singing glass’ was explained. The cross-waves have
crests perpendicular to the vibrating wall, as in the case of a ‘singing glass’ driven by a
moistened finger moving uniformly along the edge of the glass. According to experimental
studies, forced waves on the cylinrikcal surface have four nodes (that is, have two waves in
the azimuthal direction), two mathematical models were developed to explain the
appearance of cross-waves at the free surface of a fluid contained in a cylindrical glass,
brought to vibration by a moistened finger. A graphical representation of the height of the
free surface with three eigenmodes shows the main features of the wave patterns observed in
the singing glass. Cross-waves, as Faraday wrote, are the result of the wave-maker
‘vibrating motion in directions perpendicular to force applied’. In his pioneering
experiments, Faraday also observed the occurrence of cross-waves at the fluid surface in the
‘singing glass’ full of water. He noticed that there are four nodal points on the side wall
vibrations of the glass: under the finger, opposite the finger and in the middel distance to

finger.
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