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1. Konuteko 10.C. AKycTnyHi pe3oHaTopu ckianHoi popmu. — KeasigikaniiHa HayKoBa Ipalsl Ha IpaBaX PyKOIUCY.
JucepTauis Ha 3100y TTs1 HAYKOBOTO CTyIEeHs JoKTopa ¢inocodii 3a creuianbHicTio 171 «EnekTpoHikay. —
HanjionanbHu# TeXHIYHUM YHIBEPCUTET YKpaiHu «KniBCbKUM MOJITEXHIYHUI iHCTUTYT iMeHi Iropsg CiKOpCbKOro»,
MOH VYkpainu, Kuis, 2020. B guceprauii Biepiie OTpUMaHO TaKi HAyKOBi pe3ysbTaTu: 1. Briepiie 3anpornoHoBaHO
METOJ], PO3PaxXyHKy JOAATKOBUX PE30HAHCIB, 6a3yl0YMCh HA OKPEMOMY PO3PaXyHKy 3Ha4€Hb PE30HAHCHUX 4aCTOT
rOpJIOBOi YaCTMHU Ta IOPOKHMHYU PE30HATOPA CKJIAAHOI (OPMY, 3 TOAANBIINM Y3TOIPKEHHSM LIUX 3HaYE€Hb. 2.
Briepie 3aniporoHOBaHa MOJIEJIb 3HAaXOKEHHSI PE30HAHCHUX YaCTOT PE30HATOPIB CKJIaIHOI FeOMETPUYHOI (popMuU
SK CUCTEM 3 PO3MOAiIJIEeHMMH IapaMmeTpaMu. 3. Brieple faHa oLiHKa BeJIMYMH MPY)KHUX 3B’13KiB MK Macamu
MOBITPSI B K061, TOPJIi Ta MPUENHAHOIO MaCcOI0 HaZ, ropJioM. 4. Briepuie nociigkeHo Moziesib pe30HaTopa CKIIaiHOI

dopmy, SIK CUCTEMY 3 PO3NOIiJIEHNMU ITapaMeTPaMu Ta JOCJiI)KeHO 3ByKOBi I10JIs1 BCEPeIMHI TaKoi CUCTEMMU. 5.



Briepiie po3paxoBaHO PE30HAHCHI YaCTOTHU Ta AMIUIITYIA KOJIMBAaHb F'OPJIOBOI YaCTUHY Pe30HaTopa ['ebMrosblga, a
Pe3yJIbTaTU BUKOPUCTAHO JJIs1 PO3PaxXyHKy PE30HAHCHUX YaCTOT PE30HATOPa 32 PiBHSIHHSIMU, OTPUMaHUMU [1JIS
MexaHiuHoi MopieJi. 6. [IoCIiIpKeHO TOUHICTh PO3PaxXyHKOBUX (POPMYJI YaCTOTU BJIACHOTO PE30HAHCY PE30HATOPY
l'enbMrosibLia 3 ypaxyBaHHSIM Ta 6€3 ypaxyBaHHS [IPUEIHAHOI JOBXUHY TOPJIOBUHMU. 7. [JOCIIKEHO BILIUB
akycTu4HOro oOpMJIeHHS Ha pe30HAHCHI yacToTu pe3oHaTtopa ['enbmrosbua. IucepTaniiHa po6oTa npucBsdeHa
IOCJIiIKEHHIO ITPOLIeCiB KOJIMBaHHS Y pe30HaTopax ['esIbMroJsiplja Ha YacToTax OJIM3bKUX JIO PE30HAHCY, pO3pooLii
METO/IiB IOCJIiIPKEHHS Ta PO3PaxyHKY JAOJATKOBUX PE30HAHCHUX YaCTOT, BIJIMBY aKyCTUYHOrO 0OPMIIEHHS Ha
PE30HaHCHI YaCTOTU pe30HATOpiB ['esIbMroJiblia, BIJIMBY [IapaMETPiB pe30HATOpA Ha 3HAYEHHS IIPUEIHAHO]
IOBXXWHU M0T0 TOPJIOBOi YacTUHU. [IpakTHiyHe 3HaYeHHS OeP>KaHUX B IUCepTaliliHiil po60Ti pe3yIbTaTiB I10Jrae
B TOMY, 1J0 P€3YyJIbTaTU JOCIiIKEHb MOXKYTb OYTU BUKOPUCTAHI [J1s1 BUPiLIEHHS] aKyCTUYHUX 33713y, 1110 IOTPEOYIOTh
TOYHOCTI PO3PaXyHKy 4aCTOTHU BJIACHOTO PE30HAHCY PE30HaTOPy ['esIbMroJibLa 3 MOXMOKOIO He Oisbie 1%, y Tux
BUIIQJIKAX, 1€ CTaHAAPTHI pOpMyJIN JAIOTh MOXMOKY 01M3bKO 3% (IpocTilli GOpMyJIU 3 ypaxyBaHHSIM IPUEIHAHO]
IOBXWUHM) i 10 75% 1J1s1 po3paxyHKiB 3a popmysiolo 'enbmrosnbia. Bosoninas indpopMaliieto 010 HasSBHOCTI Ta
3HAU€Hb JOAATKOBUX PE30HAHCIB MOXKE OYTH BUKOPUCTAHO [J151 YI,OCKOHAJIEHHS MIUPOKOCMYTOBUX aKyCTUYHUX
crucTeM. BpaxyBaHHS BIJIMBY HasIBHOCTI aKyCTUYHOTO 0()OPMJIEHHS Ha BJIACHY PE30HAHCHY YaCTOTY pe30HaTopa
l'esbMrosibLia JO3BOJIUTH [TOKPALIUTY PE3YJIbTaTU PO3POOKU MeTaMaTepiaiB JJjsl OTpMMaHHSs 3Ha4yeHHs pob04oi
4acTOTU MeTamaTepiasy, 6isbll 61M3bKOro 10 3allJIaHOBAHOr0. PesybTaT poO0OTH BIPOBAIKEHI B OCBIiTHIl ITpo1ec
Kadenpy AKyCTUYHHUX Ta MYJIbTUMEINHUX €JIeKTPOHHUX cucTeM HauioHanpHoro TexHidHOro YHiBEpCUATETY
Ykpainu «KuiBCbKUil NOJITeXHIYHUN IHCTUTYT iMeHi Iropsa CikOpChKOro» Ipu YUTAaHHI JIEKLIN Ta IIPOBEIEHHI
JlabopaTopHuX pobiT 3 gucuumin: "QisuyHa akycTuka", "CydacHi TeH eH1lii B eJ1eKTPOaKyCTUYHUX TEXHOJIOTisIX",
"[lymu Ta Bibpauii'. Kio4osi coBa: pe30HaTOpU CKIaAHOi GOpMH, pe3oHaTop ['eIbMroJiblia, YacTOTa Pe30HAHCY
PEe30HaTOopa, YaCTOTHI PiBHSIHHS, PE30HAHCHI 4aCTOTH pe3oHaTopa ['esbMrosbLa, akyCTUYHUN Pe30HATOP,
IOATKOBI PE30HAHCH, BJIACHUI PE30HAHC, JOaTKOBI PE30HAHCHI YaCTOTH PE30HaTOPa, aKyCTUYHE 0()OPMIIEHHS

pe3oHaTopa, MpueAHaHa JOBXKMHA FOPJOBUHY Pe30HATOpa, KyOi4HMI pe3oHaTop.

2. 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
Helmbholtz 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
Helmbholtz resonator and influence of the resonator parameters on the value of the attached length of its throat
part. 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.

Jep>kaBHHHM peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHH HANIpSIM PO3BHTKY HayKH i TEXHIKH:
CrpareriyHu# NpioOpHTETHHUI HAIIPSIM iHHOBaLLiHHOI AiS/ILHOCTI:
IlizcyMKH BOCIiAKEHHS:

ITy6otikamii:

HaykoBa (HayKOBO-TE€XHiYHa) MPOAYKILis:
ConuiasIbHO-€KOHOMIYHA CIIPSIMOBaHIiCTh:

OxopoHHi goKymeHTH Ha OIIIB:

BnpoBaakeHHS pe3yJIbTaTiB AHCEpTalii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAHTA)

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Harina Cepriit AHaTO/IINOBUY

2. Naida Sergey

KBasigikamis: 1.1, 05.09.08
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indpopmamnist:

IToBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

InenTudgikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB



OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. lepena AHartoiii BoiTKOBHUY

2. Derepa Anatoliy

KBasidikamis: n. 1. 1., 20.02.14
InenTudgikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa indpopmamuist:

IloBHEe HaHMEHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KEeHHSI:

dopma BiracHoCTI:

Cdepa ynpasiriHHSL:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. OniftHuk Banepiit Hukugoposnd

2. Oliynyk Valeriy

KBasmiikamis: k. ¢.-m. 1., 05.09.08
Imentudikarop ORCID ID: He zacrocosyerbes
JoparkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasiriHHS:

InenTudgikarop ROR: He zacrocosyerscs

PeuenseHTn

BiacHe IIpizBuie Im'sa ITo-6aTbKOBI:
1. Jletiko Onexkcangp I'puroposuy

2. Leiko Oleksandr Hryhorovych

KBasigikamis: n. 1. 1., 01.04.06
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa indopmamist:

IloBHEe HaMEHYBaHHS IOPHIHYHOI 0COOH:



Kopg 3a €IPIIOY:
Micue3HaxoaKeHHS:
dopma BaacHOCTI:
Cdepa ynpasiiHHS:

Imentudikarop ROR: He zacrocoyerbcs

BaacHe IlpizBume Im'st [10-6aThKOBI:
1. Tpaneson Kupusno Osiekcanaposuy

2. Trapezon Kyrylo

KBasmigikamis: . 1. 1., 05.09.08
InenTudikarop ORCID ID: He 3acrocosyerbes
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma Bi1acHoCTI:

Cdepa ynpasiiHHS:

Inentudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3aCifilaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisSIIBHOCTI

Kopsxuk Osexciit BomoguMmuposuy

Kopsxuk Osekciit BomogumMuposny

Opuenko T.A.



