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B nuceprariii Briepiie oTpuMaHo Taki HAyKOB1 pe3ybTaTu:

1. Brmepie 3ampomoHOBaHO METOJ] PO3PAXYHKY JOMATKOBUX PE30HAHCIB,
0a3ylounch Ha OKPEMOMY PO3PaxXyHKY 3HAUY€Hb PE30HAHCHUX YacTOT TOPJIOBOI
YaCTHHU Ta MOPOXKHUHHU pe3oHaropa ['enpMrosbia, 3 MOAAIBIIMM Y3TOKEHHIM
IIUX 3HAYECHb.

2. Bmepmie 3anmponoHoBaHa MOJIETbh 3HAXOMKCHHS PE30HAHCHUX YacTOT
PE30HATOPIB CKJIAJHOI TEOMETPUYHOI (OpPMHU SIK CHUCTEM 3 PO3NOILIICHUMHU
napaMeTpamu.

3. Briepiie nana o1iHKa BETUYHH MPYKHUX 3B’ SI3KIB MK MacaMu MOBITPSA B
KO0JI01, TOPJIl Ta MPUETHAHOIO MACcOIO HaJl TOPIIOM.

4. Brniepmie nociiKeHO MOJIeTb pe30HaTopa CKiIaJaHoi popMH, SIK CUCTEMY
3 PO3MOJAUICHUMHU TapaMeTpaMH Ta JOCHIKEHO 3BYKOBI TOJISI BCEPEAMHI TaKOi
CUCTEMH.

5. Bmepimie po3paxoBaHO PE30HAHCHI YaCTOTH Ta aMIUNTYIU KOJIMBAaHb
rOpJIOBOI YacTMHU pe3oHaTopa ['enpMmrosbiia, a pe3yabTaTH BUKOPHUCTAHO Jif
PO3paxyHKy PE30HAHCHUX YacTOT pe30HATopa 3a PIBHSAHHSIMH, OTPUMAHUMH IS
MEXaHIYHOI MOJIETI.

6. JlocmipkeHO TOYHICTh PO3PaXyHKOBUX (POPMyd HYaCTOTH BJIACHOTO
pe3oHaHCy pe3oHaTopy [empmrosblia 3 ypaxyBaHHSIM Ta 0e3 ypaxyBaHHS
IPUETHAHOI JOBKUHU TOPJIOBUHH.

7. JochimkeHo BIUIMB aKyCTHYHOTO O(QOPMIICHHS Ha PE30HAHCHI YacTOTH

pe3onaropa I'ensmrombna.



Huceprairiitna po6oTa MpUCBsYEHA JOCIITKEHHIO TPOIIECIB KOJWBAHHS Y
pe3oHaropax [enpbmrosbplia Ha YacToTax OJM3BKUX JO PE30HAHCY, pPo3poOiil
METO/IIB JTOCIIJKEHHSI Ta PO3PAXYHKY JOJATKOBUX PE30HAHCHUX YAaCTOT, BIUIMBY
aKyCTUYHOTO O(OPMIICHHS Ha PE30HAHCHI YacCTOTH pPE30HATOpiB [ enbmrosiblia,
BIUIMBY TMapaMEeTpiB pE30HATOpa HAa 3HAYEHHS TMPUEAHAHOI JOBXKHUHU MOTO
rOpJIOBOi YaCTUHHU.

3MiCT AMCepTaIiitHOrO AOCTIIKEHHS BUKJIAJICHUN Y YOTUPHOX PO3ALIAX, y
SKUX TIPECTaBJIEHI Ta 0OIPYHTOBaHI OCHOBHI PE3YJIbTaTU POOOTH.

Y  BcTymi  OOIpyHTOBaHO  akKTyalbHICTh  JAHUCEPTAliHOT  poOOTH,
chopMyJIbOBaHO METY Ta MEpPEepaxoBaHO 3aaayl JOCTIIKEHHS, OMHCAHO METOAU
JOCIIIJIKEHHS, HaJlaHa 1H(dopMallisi PO HayKOBY HOBU3HY Ta MPAKTUYHE 3HAYEHHS
OJIep’KaHUX PEe3yJIbTaTIB.

[lepmuii  po3aial  MOPHUCBAYEHO  OTJIAMY  OCTaHHIX  myOJikamiin 3
JOCITIDKEHHSIMM PE30HATOPIB CKJIAaaHOI (opMu. 30KpeMa pO3IJISTHYTO PpOOOTH,
IPUCBSYEHI JOCHIIPKEHHIO BJIACHOTO PE30HAHCYy Ta JOJAaTKOBUX PE30HAHCHHUX
YacTOT pPE30HATOPIiB Ta BIUIMBY IapaMeTpiB PE30HATOPIB Ha iX aKyCTUYHI
xapakTepucTukd. OOroBOpPEHO HEOOXIMHICTh OUIBII JACTAIBHUX JTOCHIIKEHb
pPE30HATOPIB CKIAAHOI (OPMU Ta MOMNKIUBOCTI, IO CTaHYTh JOCTYIMHUMH Y
pe3yJbTaTi TAaKUX JOCHIKCHb.

Y napyroMmy posmini TMpOBEIEHO MOCTIKEHHS TOMATKOBUX PE30HAHCHUX
YacTOT PE30HATOPIB CKJIaAHOI (OpMH, TUISIXOM TNPEACTABICHHS MOJCII
pe30oHaTopa y BUIVISIAI CHUCTEMH 13 30CepeIKeHUMH mnapameTpamu. OTpuMaHO
YacTOTHI PIBHAHHA /JI 3a3HaYEHUX CHUCTEM. BH3HAUE€HO OpIEHTOBHI MOPSAIKU
CITIBBIJTHOIIIEHb KOE(QIIIEHTIB MPYKHOCTI €JIEMEHTIB TaKOl CUCTEMH Ta 3HAYCHHS
BIJTHOILLIEHHSI NPUEIHAHOI Macu J0 Macu CEepeOBHINA BCEPEIMHI TOPJIOBUHU. 3a
JAHUMH YaCTOTHUMM pPIBHSHHSIMU PO3PAXOBAaHO BJACHI YacCTOTH PE3OHAHCY
pe3oHaropiB ['enbMrosibiia Ta OLIHEHO pPO301XKHICTh 3HAYEHb, OTPUMAHUX Y
pe3yabTaTl po3paxyHKy Ta B pe3yJIbTaTi €KCIIEPUMEHTY.

Y TpeThOoMy po3AUTI TPOBEACHO MOCTIHKEHHS pe30HaTopa, IUISIXOM

MIPEACTABJICHHS] WOTO MOl y BUIJISIII MEXaHIYHOI CHUCTEMHU 3 PO3MOJLICHUMU



napaMmeTrpamu, 0a3zyloyuch Ha Teopii xBujeBoiB. [IpoBeneHo po3paxyHKH AJis
CUTyallli KyOIYHOTO pe30HaTOpa, 10 MPALIOE y MOBITP1 Ta 3aIIOBHEHUN MOBITPSM.
JlocmikeHo 3BYKOBI TMOJIA BCEpPEIWHI TOPJIOBOI YAaCTUHH Ta TOPOKHUHHU
pe3oHaropa.

YerBepTuil po3Al NPUCBSIUEHO PO3PAaXyHKY Ta aHali3y PE30HAHCHUX
4acTOT Ta aMIUINTYZ KOJMBaHb TOPJOBOI YacTWHU pe3oHaropiB I'enpMroisia,
JOCTIPKEHUX y €KCIIEPUMEHTI, 110 MPOBOAMBCS paHille Ha Kadeapl aKyCTHYHUX
Ta MYJbTUMEIINHUX €IEKTPOHHUX cUcTeM. HamaHo BHCHOBKM LI0JI0 OTPUMaHUX
pe3yJIbTaTIB.

VY m’sstoMy po3Aiil MPOBENEHO aHami3 MyOJikalii, B SKUX JOCTIIKYETbCA
BIUTMB aKyCTHYHOTO OGOpPMJICHHS Ha 3HAYEHHS BIACHOI pPE30HAHCHOI YacTOTH
pezonartopy ['enpmromnbua. OOrpyHTOBaHO TOW (DaKT, MIO BIUIUB aKyCTUYHOTO
oQOpMIIEHHA Ha YacTOTy BIJIACHOTO pPE30HAHCY pe3oHaTopy l'enpmrosbna
JOCTIKEHO HEIOCTATHRO 1 TTOKa3aHo, 10 JaHUH mapaMeTp Ma€e 3HaYHHUH BIUIMB Ha
4acTOTy BJIACHOTO pE30HaHCYy pe3oHaTtopa. [IpoanamizoBaHi poO3paxyHKOBI
¢bopMynr YacTOTHM BIACHOTO PE30HAHCY 3 ypaxyBaHHAM Ta 0e3 ypaxyBaHHS
NPUENHAHOI JIOBKWHU TOPJIOBUHU. Y I[bOMY pO3IUII HaJaHi pe3yJbTaTu
YHCENHOTO PO3paxyHKYy BIIACHUX YacTOT 3a HaBeJACHUMH (opmyramu s
pE30HATOpPIB 3 OJIHAKOBUMHM pO3MIpaMHU Ta TNPOBEACHO aHalll3 OTPUMaHUX
pe3ynbTaTiB. 3a IOMOMOTOI0 KOMIT IOTEPHOTO MOJICIIOBAHHS MPOBENECHO OIIHKY
BIUIMBY aKyCTUYHOTO O(OPMIIEHHS Ha YacTOTy BJIACHOTO PE30HAHCY IS IIMX
pe3onatopiB. Hagjano BUCHOBKM IIOJI0 TOYHOCTI (DOPMYIT Ta BIUIMBY aKyCTHYHOTO
opopMIICHHS Ha 3HA4YEHHS YacTOTHM BJACHOTO PE30HAHCY pPE30HATOpa
I'ensMronbna.

[IpakTruHe 3HAYEHHS OJEPKAHMX B JUCEPTAIliiHIA POOOTI Pe3yNbTaTiB
NOJIATa€e B TOMY, L0 PE3YyJbTaTH AOCIIKEHb MOXYTh OYyTH BUKOPHUCTaH1 AJis
BUPILIEHHS! aKyCTMYHUX 3a/1a4, 10 NOTPeOyIOTh TOYHOCTI PO3PAXyHKY YacTOTU
BJIACHOTO PE30HAHCY pe3oHaTopy I enbpMroinbiia 3 moxuokoro He oinbiie 1%, y tux

BUIAJIKaX, J€ CTaHAApTHI (QOopMylId [al0Th NOXUOKY Osm3bko 3% (mpoctimii



dbopMynu 3 ypaxyBaHHAM MpPHETHAHOI JOBXUHHU) 1 10 75% 1uisi po3paxyHKIB 3a
dopmynoro ['eapmronbia.

Bonoainua i1HdopMmaliiero 1100 HasSBHOCTI Ta 3HA4Y€Hb JOJATKOBHX
pPE30HAHCIB MOXE OYTH BHUKOPUCTAHO Ui YJOCKOHAJEHHS IIMPOKOCMYTOBUX
aKyCTUYHUX CHUCTeM. BpaxyBaHHSI BIUIMBY HasiBHOCTI aKyCTUYHOTO O(OPMIICHHS
Ha BJIACHY PE30HAHCHY YacTOTy pe3oHaropa [ eabMrossla 103BOJUTh MOKPAIIUTH
pPE3yNbTaTH PO3POOKH METaMaTepialiB /Il OTPUMaHHS 3HAYCHHSI pOOOUYO0T YaCTOTH
MeTamaTepiany, O1IbII OJIM3BKOTO A0 3aIllJIaHOBAHOTO.

Pesynbratn poboOTM BOpOBapKeHI B  OCBITHIM mpouec Kadenpu
AKYCTUYHUX Ta MYJbTUMENINHUX EJICKTPOHHUX CcHucTeM HarioHanpHOTO
Texniunoro YuiBepcurery Ykpainu «KuiBCbKUN MOMITEXHIYHUNA 1HCTUTYT 1IMEHI
Iropst CikopchbKoro» MmpHu YUTaHHI JIEKIIH Ta MPOBEAEHHI JabOpaTopHUX pOOIT 3
nuciuiutid: "®i3uyHa akyctuka', "CydacHl TEHJEHII B eJEKTPOaKyCTHYHHX
texHojorisgx", "Ilymu ta Biopamii".

Kuarouosi cioBa: pezonatopu ckiagHoi popmu, pezonarop ['enbmromsia,
4acTOTa PE30HAHCY pPEe30HaTOpa, 4YacTOTHI PIBHAHHS, PE30HAHCHI YacTOTH
pezonaropa ['enpMromnbiia, aKyCTHUYHMHA pE30HATOpP, JOJATKOBI PE30HAHCH,
BJIACHWI PE30HAHC, JOJAaTKOBI PE30HAHCHI YacTOTH pe30HATopa, aKyCTHYHE
odopMIIEHHSI pe30HaTOpa, MpHUEIHAHA JTOBXKHWHA TOPJIOBUHU pe30HATOpA, KyOIldHUMN

pe30oHaTop.



SUMMARY

Kopytko Y.S. Acoustic resonators of complex shape. — Qualifying scientific
work on the rights of the manuscript.

Thesis for the degree of Philosophy Doctor, in specialty 171 “Electronics”.
- National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic
Institute", Kyiv, 2020.

The following scientific results were obtained in the dissertation for the
first time:

1. For the first time, the method for calculating of the additional
resonances based on the separate calculations of the values of the resonant
frequencies of the throat part and of the Helmholtz resonator cavity and the
subsequent harmonization of these values is proposed.

2. For the first time, a model of a complex-shaped resonator as a system
with lumped parameters is investigated for finding resonant frequencies.

3. For the first time, the values of elastic bonds between the masses of air
in the flask, throat and the attached mass above the throat are estimated.

4. For the first time, a model of a resonator of a complex shape, as a
system with distributed parameters, was investigated, and the sound fields inside
such a system were investigated.

5. For the first time, the resonant frequencies and amplitudes of
oscillations of the throat part of the Helmholtz resonator were calculated and the
results were used to calculate the resonant frequencies of the resonator according
to the equations obtained for the mechanical model.

6. The accuracy of the calculated formulas of the self-resonant frequency
formulas of the Helmholtz resonator is investigated, taking into account and
without taking into account the added neck length.

7. The effect of acoustic performance on the resonant frequencies of the
Helmholtz resonator is investigated.

The dissertation is devoted to research of the oscillation processes in the

Helmholtz resonators at frequencies close to resonance; to develop the methods of



the research and calculation of the additional resonances; to research influence of
the acoustic design on the resonant frequencies of the Helmholtz resonator and
influence of the resonator parameters on the value of the attached length of its
throat part.

The content of the dissertation is outlined in four sections, which present
and substantiate the main results of the work.

The urgency of the dissertation is substantiated in the introduction. The
purpose and lists the research tasks are formulated; the methods of research are
described; the information about the scientific novelty and practical significance of
the obtained results is provided in this part of dissertation.

The first chapter is devoted to a review of recent publications on researches
of the complex-shaped resonators. In particular, the works devoted to
investigations of the self-resonant frequency and additional resonant frequencies,
and the influence of resonator parameters on their acoustic characteristics. The
need for more detailed studies of Helmholtz resonators and the possibilities that
will become available as a result of such studies are discussed.

The second chapter investigates the additional resonant frequencies of the
complex-shaped resonators by presenting the resonator model as a system with
lumped parameters. The approximate values of ratios of the coefficients of
elasticity of the elements of such a system and the values of the ratio of the
attached mass to the mass of the medium inside the neck are determined. The
natural resonance frequencies of the described resonators were calculated and the
difference of the values obtained as a result of the calculation and as a result of the
experiment was estimated.

In the third section, the resonator is studied by presenting its model in the
form of a mechanical system with distributed parameters, based on the theory of
waveguides. Calculations were made for the situation of a cubic resonator
operating in air and filled with air. Sound fields inside the throat and the cavity of

the resonator were studied.



The fourth chapter is devoted to the calculation and analysis of resonant
frequencies and amplitudes of oscillations of the neck of the Helmholtz resonators,
investigated in the experiment, previously conducted at the Department of
Acoustic and Multimedia Electronic Systems. Conclusions on the obtained results
are given.

The fifth chapter analyzes the publications investigating the effect of
acoustic performance on the self-resonant frequency of the Helmholtz resonator.
It’s substantiated that the effect of an acoustic performance on the self-resonance
frequency of the Helmholtz resonator hasn’t been sufficiently studied and the
presence of an acoustic performance has a significant influence on this frequency.
The calculated formulas of the self-resonant frequency of the Helmholtz resonator
with taking into account and without taking into account the added neck length
were analyzed. The results of the numerical calculation of the self-resonant
frequencies according to the formulas given for the resonators with the same
dimensions are given and the obtained results are analyzed in this chapter. The
impact of an acoustic performance on the resonance frequencies of these resonators
was evaluated using computer modeling. The conclusions are given regarding the
accuracy of the formulas and the effect of acoustic performance on the value of the
self-resonant frequency of the Helmholtz resonator.

The practical significance of the results obtained in the dissertation is that
the research results can be used to solve acoustic problems requiring the accuracy
of calculating the natural resonance frequency of the Helmholtz resonator with an
error of no more than 1% in cases where standard formulas give an error of about
3% (simpler formulas that take into account the attached length) and up to 75% for
calculations using the Helmholtz formula.

Possession of information about the presence and values of additional
resonances can be used to refine broadband acoustic systems. Taking into account
the influence of the presence of an acoustic performance on the natural resonant

frequency of the Helmholtz resonator will improve the results of the development



of metamaterials to obtain a value of the working frequency of the metamaterial
that is closer to the planned one.

The results of the work are introduced into the educational process of the
Department of Acoustic and Multimedia Electronic Systems of the National
Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" when
giving lectures and conducting laboratory works in the following disciplines:
"Physical acoustics", "Modern trends in electroacoustic technologies", "Noises and
vibrations".

Keywords: resonators of complex shape, Helmholtz resonator, the
resonance frequency of the resonator, frequency equations, resonant frequencies of
Helmholtz resonator, acoustic resonator, additional resonances, natural resonance,
additional resonant frequencies of the resonator, acoustic performance of the

resonator, the attached length of the resonator neck, cubic resonator.
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