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HarmionaneHuil TeXHIYHUN YHIBEpCUTET YKpaiHu

«KuiBcbkuii omiTexHiuuuil iHCTHTYT iMeHi. Iropst Cikopcskoro» Kpi.ua

KuiB, Ykpaina

Pegpepam—Hageaeno po3paxyHoK pe30HAHCHUX YACTOT FOPJIOBMHU pe3oHaTopa ['elbMrosib1a 3 MeTo10 N0JAIb IO OLi-
HKH B32€MO3B'I3KY PE30HAHCHUX YACTOT, OTPHMAHHUX €KCIIEPUMEHTAJIbHO, 3 Pe30HAHCHUMH YaCTOTAMH OJHOI0 3 OCHOBHHUX
eJIeMeHTIiB Pe30HATOPA /IS CTBOPEHHs IIMPOKOCMYIOBUX AKYCTHYHHX cUcTeM a00 MeTamarepiaiais. MeToro podoTH € po3-
PAXyHOK PpPe€30HAHCHUX YaCTOT TrOpJoBHHU pe3oHaTtopa [eabmroabua. I[lapamerpu ropJioBunu o0pani piBHUMH
napaMeTpaM ropJi0BHHHU OJHOTO 3 Pe30HATOPIB J0C/IiI>KEHUX eKCIIePUMEHTAIbHO. B pe3yabTaTi po3paxyHKy oTpUMAaHi yu-
ceJIbHi 3HAYeHHS JJIS NepIMX WiCTAeCATHH YOTHPHOX Pe30HAHCHUX YaCTOT.

Bioa. 12, puc. 3, Tad.. 3.

Knrwwuoei cnosa — pe3onamop FeﬂbMZOﬂbl{a; PE3OHAaHCU 20PTI0BUHU; TIYULHUK, Memamamepiaﬂ

I.  BcTvI

OcTaHHIM 9acoM, TUTAHHS, IO CTOCYIOThCS Pe30Ha-
TopiB ['enbMrosbla, BUKINKAIOTh Bce OLIbIINIT iHTEpeC B
HayKOBOMY CBiTi. BOHM aKTHBHO BUKOPHCTOBYIOTHCS JUIS
BUPILIEHHSI PI3HUX 3aBJiaHb B aKyCTHIII 1 3HAXO/STh BCE
HOBI 1 HOBI 3aCTOCYBaHHS - BiJl BHKOPHCTaHHSA
B SIKOCTI TJIYIIHHKIB, 10 BAKOPUCTAHHS B CKJIaJll MeTama-
Tepianis.

SIK cHpoILEeHHs, NPUIHATO BBAXKAaTH, IO PE3OHATOP
I'enbMroselia Mae Juiie oHy pe3oHaHCHY 4acToTy. [Ipn
cnpobi BiTHAWTH MOXKIHBI (OPMYIH pO3paxyHKy pe3o-
HAHCHHX YaCTOT TaKOTO PEe30HATOpa 3a JOMOMOTOIO I10-
IIYKOBUX CHCTEM, CEPel PEe3yNbTaTiB IMOLIyKy IHepeBa-
JKHO Oyzie criocTepiraThcs OIUH 1 TOH ke pO3paxyHOK,
onHAa i Ta X GopMyIa - po3paXyHOK OCHOBHOTO Pe30Ha-
HCy pe3onaropa ['enpmrosbua [1]:

c [S

2z VIV
e ¢ - MBUAKICTb 3BYKYy B pOOOYOMY CEpEIOBHII,
S - mIonIa nepeTUHy ropia pesoHaropa, | - 1oBxuHa ro-
pra, V - 00'eM MOPOXKHUHH PE30HATOPA.

0:

[CHYIOTH TaKOX BapiaHTH PO3PAaXyHKY YaCTOTH Pe30-
HaHCY 3 ypaxyBaHHSM IPHETHAHOT MACH Ta TOBLIMHH CTi-
HKH [2] i 3 ypaxyBaHHSIM 3HAYHO OLIBIIOT KiTBKOCTI Ma-
pametpiB

Ha npakTuii »k, OyJo BHSBIEHO HAasBHICTH DALY
JOJaTKOBHX pe3oHaHciB. Hacmpasni, BapiaHTH po3paxy-
HKY JOJAaTKOBHMX YacTOT iCHYIOTH [3], alie € ToCUTh Ipo-
MI3JIKMMH, OTIEPYIOTh BETMKUM YUCIOM 3MiHHUX [4].

Puc. 1 3aranpHuii BUrIsm pe3oHaToOpa

VY naniit poOOTI 3aPONOHOBAHO MiTIWTH O TTUTAHHS
3HAXOKEHHSI TAKUX YaCTOT 3 1HIIOTO OOKY 1 pO3TIISIHYTH
pE30HATOP, AK CUCTEMY, IO CKIAJAETHCS 3 ABOX OLIBIIT
MPOCTHX CIIEMEHTIB, MITH IUIIXOM BHPIIICHHS JBOX
OLITBII MPOCTHX 3a7ad 1 3BECTH PE3yJIbTATH BOETUHO, y3-
TOJUTH iX.

MeToro poOOTH € PO3paxyHOK PE30HAHCHUX YacTOT
ropinoBuHu pe3onaropa ['ensmronsua. [lapamerpu rop-
JOBHHU 00paHi piBHUMH ITapaMeTpaM rOPIOBHHU OJTHOTO
3 pe3oHaTopiB mocmimkeHux B [5]. Takum 4uHOM, cTae

@
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MOJKIJIMBUM OIIHUTH 1 TPOAHATI3yBaTH PE3YIIbTaTH PO3-
PaxyHKY Pe30HAHCHHX YacTOT YaCTHHH PE30HATOPA, Bpa-
XOBYIOYH 3HAYEHHSI PE30HAaHCHUX YacTOT VIS IMOBHOI
KOHCTPYKIIii pe30HaTOpa, OTPHMaHi B eKCriepiuMeHTi [5].

Bararope3onancHicTh  pe3oHaropa [ 'enpmronbiia
1 HasBHICTb METOAMKH PO3PaxyHKy HOTO pe30HaHCHUX
Y4acTOT JO03BOJIUTh BHKOPHCTOBYBATH HOTO I CTBO-
PEHHSI MIMPOKOCMYTOBMX aKyCTHYHMX chcteM [6], ski
MOXYTh OyTH BUKOPHCTaHi B SKOCTi rinymHukis [7, 8],
abo i poKyCyBaHHS akycTHYHHX XBWIb [9] (30kpema,
y cknani Meramatepianis [10]).

II.  PO3PAXYHKOBA YACTHUHA

Pe3onarop, 3aranbHui BUTJIS IKOTO MPEJICTABICHUN
Ha puc.l, BUTOTOBJIEHHH 31 CKJIA 1 CKIIAJa€ThCS 3 TOPIIO-
BUHH J0BKHHOIO h, miamerpom d, ToBrmHoMO b i KOMTOM
niamerpom D.

B pamkax mMoCTaBiE€HOro 3aBAaHHS JUIS MOJANBIINX
PO3paxyHKIB 3HAJOOJIATHCS TapaMETpH TOPJIOBUHHU
IIBOTO pe3oHaTopa (IuB. Tabm.1).

ITix 000JIOHKOI PO3YMIETHCS TUIO, OJUH 3 BUMIpPIB
SIKOTO (TOBIIMHA) 3HAYHO MEHIIE NTBOX iHImMUX. I'eomer-
pHYHE Miclle TOYOK, PIBHOBIIAAJICHUX Big 000X MOBEp-
XOHb OOOJIOHKH, HOCHTh Ha3By CEPEAWHHOI MOBEpPXHi.
SIkiio ceperHHa TOBEpXHSI 00OJIOHKH YTBOPIOE MOBEP-
XHIO 00epTaHHS B QopMi IIUTiHAPa, TO 000JIOHKY Ha3H-
BaIOTh LMJIHPUYHOIO.

PosrisiHeMO KONMMBaHHSA LMITIHAPUYHOI OOOJIOHKH
(puc.2). BuzHaurMo MOJIOKEHHS JOBUIBHOI TOYkH M Ha
CepenMHHIA  TOBEpXHi  OOOJOHKM  KOOpAMHATAMHU
a=X/R (me X — KoopauHaTa MO OCi, IO CIIBIAIAE
3 Bicco mwiinapa, R=d/2 - pamiyc umminmpa)
1 KyTOBOIO KOOPIUHATOO [ , MoJaTHE 3HAYSHHS SKO1 Oe-
PEeThCsl y HANpPSIMKY NPOTH TOJMHHUKOBOI CTPLIKH.

KomroneHTH nepeMilieHHs. TOYKH B MO3JJ0BXXHBOMY,
OKPY>KHOMY 1 HOPMaJIbHOMY 0 ITIOBEPXH1 HAIIPSIMKAX I10-
3Ha4MMo BianosiaHo U, V , W . KomnonenTn nedopma-
Iii cepeInHHOI TOBEPXHI BU3HAYAIOTHCS (OPMyIaMu

TABJIULA 1. PO3MIPU I TOBILMHA F'OPJIOBUHU JIOCJIPKYBAHOT'O PE-

30HATOPA
d, mm h, Mm b, MM
30,5 180 3,0

Puc. 2 TopnoBuHa pe3oHaTopa

€_6V+ﬂ_ _6u+8V
u . 2 Raog R " Rop " Roa
[pupiBHABIM &1, & 1 )4, HYyINIO i IpOiHTErpyBa-
BIIIM OTPHMaHi piBHSAHHSA, BUpasumo U, V, W depes agsi
JIOBIIbHI (QYHKIIT KyTOBOT KOOpIUHATH [

u=f(B): V=-af(B)+ ()
W =af (8)-f(B).

3 oTpumanux (GopMys BHAHO, IO mpu Jcdopmartii
WJTIHAPUYHOI 000JIOHKN (€3 pO3TATyBaHHS CepeANHHOT
MOBEPXHI TBIPHI 3AJIUIIAIOTHECS TNPSIMUMH, a OCBOBI
MepeMilleHHs]  He  3aleXaTb  Big  TO3I0BXHBOI
KOOpANHATH.

DopMyIIH TOKA3YIOTh, 1[0 YHCTI 3TMHAHHS 3aMKHYTOT
MITIHAPUIHOT 000IOHKM MOXIIMBI B HACTYITHHUX BHITaJ-
Kax: a) AKIIO ii TOPII BUTBHI: B I[bOMY BHIIAJKY BiMiHHI
Binuyns f; i fy; 0) sikino Ha ogHOMY 3 TOpLIB 3200pO-
HeHi nepemimenss V , W, ane 703BOJICHO TepeMillICHHS
U; B) SKIIO HA OJHOMY 3 TOPIIB 3a00pOHEHO TepeMi-
mieHHs U . SIKmo »k 00oJoHKa omepra Ha 000X TOPIX,
YHCTE 3rUHAHHSA 11 HEMOKJIUBO.

CkitazieMo BUpas3y HMOTEHIIHHOT 1 KIHETUYHOT eHeprii
obosonku. [loreHuiiiHa enepris aedopmariii BU3HAYA-
etnest sk [11]:

1 Eh? 2
n :E”—z[(;ﬂ +;(2) +2(1—,u)><
a12(1-4?) 6y
% - do
X(le 751)(2) '
e E =63740-10° Ma - MOJyJb npyxkHocTi FOHTa s
ckma;, u=0,23 — xkoediuient Ilyaccona s ckia,
mapaMeTpH 3MiHH KPUBU3HH CEPEIMHHOT IOBEPXHi:

_ 1w
RZ 5a?

ii[v _aﬂ] :%(_a[ £ (8)+ 1 ()] +

ii[ —%}—é[n‘ (B)+ 5 ()]

[Micns inTerpyBanus Bupasy (1) mo o 3 ypaxyBaHHAM

Toro, mo dQ = R2d ad S, 3Hax0mUMoO

" 2 .
=$WI;Z)£{A(H +f1IV) _ZB(f1+f1'V)x

><( f, + fl"')+c{( fy+ fz"')2 +2(1—/1)( | + fl'")z}}dﬂ,

V3aranbHeHa Maca 000JIOHKH

n

0]
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2R

2h

Puc. 3 3aranpHuil BUITISI HUITIHAPHIHOT 0OOIOHKH
M = pR? [ (A (fl')2 + fl")2 ~2B (fl' fy+ f) f2')+
B 1

+C1{f12 + 12 +( le)z}}dﬂ,

e

A:Ih3a2da; Bz.[hsada; C:J.hada;
a a P

A = [ha’de; B = [hade; C=[hda.
a a

Interpamu B Bupazax A, B, C, A, B, C; obumuc-
JIFOFOTBCS 110 BCIH TOBXXHMHI OOO0JIOHKH.

3 OCHOBHOro piBHSHHA MeTony Penes-Pitna

(muB. 11.9.4 B [11]) BUMIIHBaE, IO BHpa3 %wzl\ﬁ -n (me

@ - YacTOTa BIIACHUX KOJIMBAHb) IOBUHHO MaTH CTallio-
HapHe 3HauCHHSI.

3BijcH BUIUTMBAE CHCTEMa 3BHYANHHUX TUQepeHiia-
JbHUX PIBHSHB 1S PyHKLIH fl(ﬂ) , T (ﬂ) B npomy

BUIIAJKY, SKIIO (opMa BCIX MEPHIIOHAIBLHUX Hepepi3iB
OJTHAKOBa (TOBIIMHA OOOJIOHKH HE 3aJIC)KHUTH Bix [ ), KO-

edinientu A, B, C, A, B, C; mocriiini 1 piBHAHHA
OTPUMYIOTh TAKUI BUTIISAL;

d? d? | d*f d2f2
1 —2(1-u)Ch |-
{dﬂﬁjdﬁz{ ap Pap Y 1}
12(1- ) pR* 2
—0? ( i )p {Al(d Jd h_ )
E dp? ) dp?
d2 d2f
_Bl{_— ]dﬁ22+01f1]=0;
a2 ) d? dfy 2
4 [ sz} P x
d g2 dpg?l dp

©

X12(1—;1 )pR4 a2 Vg
E d g2 dp

Po3B’s130K 1ux nudepeHiaTbHIX PiBHAHB IS BiK-
PHUTHX 000JIOHOK MTOBUHHO OYTH IiIIOPSAIKOBAHE TPAHU-

YHUM YMOBaM Ha MO3JJ0BXKHIX Kpasx. Ha mux kpasx mo-
JKyTh OyTH 3a/1aHi epeMitieHHs U (IIOCTilHI y3/10BXK KO-
JKHOT KPOMKH), a Takox nepemimennst V , W 1 kyt mo-
BOPOTY, YTBOPEHHI MiX 30BHIITHHOI0 HOPMAJLTIO /10 KO-

HTYpY Ta BICCIO X;
o=ty W
R op

B JIBOX Pi3HHUX MEPETHHAX IO JOBXKUHI 00070HKH. Beroro
€ ciM KIHEMaTH4YHUX TPAHUYHHUX YMOB Ha KOXHIH 1103110~
BXKHIH KpOMui IO BIANOBigae YOTHPHATLATOMY T10-
panKy plBHHHb 2)- (3) Sxmo 3aKpll'[J'IeHHH BIZICYTHI, TO
KiIHEMaTH4YHI TPaHW4YHI yYMOBH 3aMIiHSIOTHCS TPHPOA-
HUMU IPaHUYHUMH YMOBaMH.

S0 000I0HKA CHMETPHYHA I0/I0 MTOTIEPEYHOTO TIe-
pepisy a =0 (puc.3), To B=B; =0 i pynxuii f;(S),
f, ( p ) BU3HAYAIOTHCS HE3AISKHUMH IH(epeHIiaib-

HUMH PIBHIHHIMU

d? a2 | d’f

] A—2-2(1- u)Cf; |-

[dﬁ2+j dﬂ{ g 1} g

12(1- 42 ) pR* 2

x&[ﬁ[d__l]d fi lel}_
dp?

E d,B

2 4
2 2 12(1-u° | pR 2
| B TE f22—f2 -0,
dp s E ds

dynkuis f; omucye B IbOMY BUNAJIKY KOCOCUMETPH-

VY

yHi moxao nepepisy @ =0 ¢opmu xonuBaup, a QyHKIIsA
fy - cumerpuyHi.

Jis 3aMKHYTO1 0OOJNIOHKH TPaHUYHI YMOBH 3aMiHIO-

OTBCSI YMOBaMu HepiOZ{I/IqHOCTi, SAKHUM 3a10BOJIbBHAIOTH
ynxuii f{ =McosKg, f; =NcosKg .

Taxum ynHOM popmyna Al pO3paxyHKy pe30HAHC-
HUX YacTOT IMIIHAPHUYHOT 000JIOHKH (AJ1s1 CHMETPUYHUX
KOJIUBAaHb) MAa€ TAKUH BHUTIISI

1 EC KZ(KZ—l)Z

12(1 P ) PR Cy @

of =

ne E= 63740-10° IMa — MOIyJb TIpy>kHOCTI FOHTa Mis
ckina; u=0,23 - koedinient Ilyaccona mias ckia;
0 = 2650 xr/M®—ryctuna ckna; K =1,2.n.

Jist 0600HKH ocTiHOT ToBIMHY b 1 moBxuuu 2h
(puc.3) 3HauCHHS KOC]ILi€HTIB piBHI:

h h

R h R h
C:2b3jda=2b3ﬁ; cl=2bjda=2bﬁ.

Taxum unHOM, popmyna (4) crpouryerses i T MoxKHa
3aIMCaTH B HACTYITHOMY BUIJISIL:

@
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K2(|<2—1)2

K241

Eb?
12(1—y2)pR4

JUISl BAKOPUCTAHHS y TOAAIBIINX PO3PAXyHKAX.

(5)

of =

I1l.  AHAJII3 OTPUMAHUX PE3YJIbTATIB

Po3paxyHOK MpOBOAMMO B TPOTPAMHOMY CEPEIO-
sumi MathCAD mns sunanky R=0,01525m; u=0,23;

p=2650 kr/m®; K =1,2.n; E =63740-10° ITa.

Jlnsg mpoBeneHHS aHali3y OTPHMaHUX pE3YNbTATIB
CIIOYATKy CJiJi HABECTH pe3yibTaTu [5], oTpuMaHi mpu
MIPOBEACHH] eKcriepuMeHTy (IuB. Tabm.2). B poboTi 6ymo
OTpHMaHO 9 pe30HaHCHMX YacTOT B JiamaszoHi Bix 99 no
4060l'n. Crnix Takox BpaxyBatTH, o Ha 4acTtoTi 3978111
criocrepiraBcst pe3oHaHC ycepeauHi KoJIOH,
B 00J1aCTi TOPIIOBOI YaCTHHH pe30HaHC OYB BincyTHIM. Ha
gacrorax 3037I'm, 3568w 1 4060I'nm pe3oHaHc
B TOPJIOBHHI OYB c11ab0 BHpaKEeHMIA.

3a gonomMororo mporpamuoro cepemopuiia MathCAD
MIPOBEAEMO HEOOX1HI pOo3paxyHKH 3a GopMyIioro (5) mis
OTPUMAaHHS 3HAYCHb PE30HAHCHUX YACTOT B A1aNa30Hi Bij
0 mo 42001 i pe3ynpTaTH 3BEAEMO Y TAOIHUIIO 3.

Buxojs4u 3 pe3ysbTatiB oTpuManux B [5] MoxHa Ta-
KO 3pOOUTH BHCHOBOK, L0 PE3OHAHCHI YaCTOTH IOPJIO-
BO1 YaCTHHH, 10 MIEPEBHUIYIOTh 3HaueHH: 30001 11 He Ma-
TUMYTh CYTTE€BOTO BIUIMBY Ha 3HAYCHHS PE30HAHCIB
BCBOT'O PE30HATOPA, T.S. UL [IUX 3HAUYCHBb YaCTOTH PE30-
HaHC y TOPJIOBil YaCTHHI He COCTepiraBcs eKCIepUMEH-
TaJbHO.

Tobto B mojanbmioMy aHajdi3li € CeHC MPOBOJIUTH
MOPIBHSHHS NEPIINX II'ATH 3HAYCHb PE30HAHCHHUX Yac-
TOT, OTPUMAHUX EKCIIEPUMEHTAIBHO, 3 HAWOIMKIYUMH JI0
HUX 3HAYCHHSMH pE30HAaHCHHX YacTOT, OTPHMAaHUX
B pe3yJNbTari po3paxyHKy. Takum 4uHOM, JUIsl KOXKHOT Ya-
CTOTH, OTPUMAHOI EKCIIEPUMEHTAIIBHO, MOXKITMBO MPOTH-
CTaBUTH OJHY abo Tmapy 4YacTOT, OTPUMAaHHUX
B pe3ynbTaTi po3paxyHKy. Tomi gacrori 9911 (Tabm.2)
OymyTh BiamoBigatu yactotu 94 ta 1140 (tabm.3), yac-
Toti 89311 — 857 Ta 916I'1, wactori 1681I' 1y — 16821,
yactoTi 1947T'1y — 19317, wacrori 26257 — 2579 ta
2679I'n.

Jlyist mpoBeieHH st OLIBII TOYHOTO aHATI3y OTPUMaHUX
pe3yJbTariB, € HEOOXIAHICTh IPOBECTH PO3PAXYHOK aMII-
JTyZ KOJMBaHb, IO BiAMOBIAAI0TH PO3PAXOBAHUM PE30-
HAHCHHMM 4YacTOTaM.

TABJIULS 2 PEBOHAHCHI YACTOTU PE3OHATOPA, OTPUMAHI ITPU [1PO-
BEJIEHHI EKCIIEPUMEHTY

Ne 1 2 3 4 5
qa”"“}’f"“a*’cy’ 99 893 | 1681 | 1947 | 2625
Ne 6 7 3 9
Hactora pesonancy, | 3097 | 3568 | 3978 | 4060
I'n

TABJIULS 3 PEBOHAHCHI YACTOTH IT'OPJIOBUHU PE3OHATOPA

Ne 1 2 3 4

f, 'y 7.24 13.9 22.5 32.9
Ne 5 6 7 8

f, 'y 45.3 59.7 75.9 94.0
Ne 9 10 11 12

f, T 114.04 135.99 159.84 185.60
Ne i3 14 15 16

f ' 213.28 242.86 274.35 307.74
Ne 17 18 19 20

f, T 343.05 380.27 419.39 460.42
Ne 21 22 23 24

f, 'y 503.36 548.21 594.97 643.63
Ne 25 26 27 28

f, T 694.21 746.69 801.08 857.38
Ne 29 30 31 32

f,T'y 915.59 975.71 1038 1102
Ne 33 34 35 36

f, 'y 1168 1235 1305 1376
Ne 37 38 39 40

f, T 1450 1525 1603 1682
Ne 41 42 43 44

f, T 1763 1846 1931 2018
No 45 46 47 48

f, ' 2106 2197 2290 2384
Ne 49 50 51 52

f,I'y 2481 2579 2679 2781
Ne 53 54 55 56

f, T 2885 2991 3099 3209
Ne 57 58 59 60

f, ' 3320 3434 3549 3667
Ne 61 62 63 64

f, 'y 3786 3907 4030 4155

BHUCHOBOK

Byno orpumano 64 pe3oHaHCHI 4YacTOTH ToOpIa
B Jiama3oHi pe30HaHCHUX YacTOT PE30HATOpa, OTpHUMa-
HUX paHille eKClepiMeHTalnbHO. YacTHHA IIUX pe30HaH-
CiB HE MaTHMe iICTOTHOTO BIUTUBY Ha PE30HAHCH CHCTEMH,
Yyepe3 MaTiCTh IX aMIUTITy X KoJuBaHb. LIuM MOITHBO 110-
SICHUTH 1 BIIMIHHICTB B KUIBKOCT1 pe30HAHCIB OTPUMAHUX
B Pe3yJIbTaTi PO3pPaxyHKY 1 €eKCIEPUMEHTAIBHO (UMM Me-
HIIIa aMILTITy/1a KOJMBaHb, THM CKJIaHIiIIE 3adikcyBaTu
PE30HAHC EKCIIEPUMEHTAIBHO).

OTxe, BpaxyBaHHS aMIUIITY] KOJHMBAaHb BCEpEAWHI
TOPJIOBOi YaCTHHU JOIIOMOXKE CKOPOTHTH KUIBKICTh Yac-
TOT, LIO € I[KaBUMHU U1 TOJAJBIIMX PO3PAXyHKIB,
1 BUIUIMTH CepeJl HUX YacTOTH, SIKi OyIAyTh MaTH HanOi-
JBLIAI BIUIMB Ha 3HAYCHHS PE30HAHCHHX YaCTOT BCHOTO
pe3oHaropa, TOOTO MaTUMYTh HaWOUIbIII aMILTITYAH KO-
JIMBaHb BCEPEIMHI TOPIOBHHH. TOMY METOIO IOJATbLIHX
JOCTIKeHb Oy/ie PO3paxyHOK aMIUIITYZ KOJUBaHb, SKi
BIZINOBIIAIOTH OTPUMAHUM PE30HAHCHUM YacTOTaM.
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Calculation of the Resonant Frequencies
of the Throat Part of the Helmholtz Resonator
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Abstract—The calculation of the resonant frequencies of the Helmholtz resonator neck for the purpose of further evalu-
ating the relationship between the resonant frequencies, obtained experimentally with the resonant frequencies of one of the
main elements of the resonator to create broadband acoustic systems or metamaterials is presented.

Recently, the issues concerning Helmholtz's resonators are of increasing interest in the scientific world. They are actively
used to solve various problems in acoustics and find more and more applications - from use as mufflers, for use in the
composition of metamaterials.

As a simplification, it is assumed that the Helmholtz resonator has only one resonant frequency. In practice, the presence
of a number of additional resonances was discovered.

In this paper, it is proposed to approach the question of finding additional resonant frequencies on the other hand and
consider the cavity as a system consisting of two more simple elements, to go by solving two more simple problems and to
bring the results together, to reconcile them.

The aim of the work is to calculate the resonant frequencies of the Helmholtz resonator neck. The throat parameters are
chosen equal to the throat parameters of one of the resonators investigated in experiment.

Using the MathCad software environment, the necessary calculations to obtain the values of resonant frequencies in the
range from 0 to 4200 Hz were made.

The 9 resonant frequencies in the range from 99 to 4060 Hz was obtained experimentally. As a result of the calculation,
numerical values are obtained for the first sixty four resonant frequencies. Some of these resonances will not have a signifi-
cant effect on the resonances of the system, due to the smallness of their amplitudes of oscillations. This may explain
the difference in the number of resonances obtained as a result of the calculation and experimentally (the smaller
the amplitude of the oscillations, the more difficult to fix the resonance experimentally).

At a frequency of 3978 Hz, resonance was observed inside the flask experimentally; in the throat region, resonance was
absent. At the frequencies 3037Hz, 3568Hz and 4060Hz, the resonance in the neck was poorly expressed. It can be concluded
that the resonant frequencies of the throat, exceeding the value of 3000 Hz, will not have a significant effect on
the resonance values of the entire resonator, i.e. for these values of frequency, resonance in the throat part was not observed
experimentally.

Taking into account the amplitudes of oscillations inside the neck will help reduce the number of frequencies that are
interesting for further calculations and select among them the frequencies that will have the greatest influence on the value
of the resonance frequencies of the entire resonator, that is, they will have the greatest amplitudes of fluctuations within the
neck. Therefore, the purpose of further research is to calculate the amplitudes of oscillations that correspond to
the received resonance frequencies.

Ref. 12, fig. 3, tabl. 3.

Keywords — Helmbholtz resonator; throat resonance; muffler; metamaterial
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