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Anomauyias—MeTo10 POGOTH € aHAJII3 AMILTITY] KOJIHBAaHb IOPJIOBHHU pe3oHaTOopa I'e1bMroJibia Ha pe3oHAHCHHUX Yac-
Totax. Hagano po3paxyHok aMILTiTY] 3MillleHb TOPJIOBHHH pe30HATOpa I'eIbMrosibua nNpu KOIMBAHHAX HA Pe30HAHCHHX
4acToTax 3 MeTOI0 MOJAJIbIIOI OLIHKHM B32€MO3B'SI3KY Pe30HAHCHUX YACTOT, OTPUMAHHUX eKCIePUMEHTAILHO, 3 Pe30HAHC-
HHUMH YaCTOTAMM OJHOTO 3 OCHOBHHUX eJIeMEHTIB pe30HaTOpa MJIsl CTBOPeHHS HIHPOKOCMYIOBHX aKYCTHYHHX CHCTeM a6o
MeTamarepiagiB. OTpuMaHi YnceIbHi 3HAYEHHS] AaMILTITY KOJIMBAHB /IIS MEPIINX LICTASCATH CeMH Pe30HAHCHUX YacToOT.
IIpeacrasiieHo aHaJi3 oTpuMaHuX pe3yiabTatiB. [lapameTpu rop1oBuHu 06paHi piBHUMH NapaMeTpaM ropJoBHHHU OTHOTO

3 pe30HATOPIB TOCTiTKEHUX eKCTIEPUMEHTAIBHO.
Bioa. 13, puc.3, Tadun.4.

Kniouosi cnoea — pezonamop I'envmzonvya; amniimyoa Konueans opnoeunu pesonamopa I'envmeonvuya, pezonancu zop-
noeunu pezonamopa I'envmzonvya; akycmuunuii memamamepian, amnaimyoa 3miujens 00010HKU

1. Bcryn

3 PO3BUTKOM HOBOT'O HANPSMKY TOCIIIKEHb y aKyc-
THUII, a caMe JOCII/PKEHHS aKyCTHYHUX MeTamaTepialis,
3pocTae iHTepec i 0 TOCTiKEHb, 0 MOXYTh JOTIOMO-
I'TH BJOCKOHAJIMTH iCHYIOUYl pO3poOKH ab0 HagaTH MOX-
JUBICTh CTBOPIOBATH MaTepiali 3 HOBUMH BIIACTHBOC-
TaMU. BapTo 3a3HaunTH, 110 aKyCTHUYHI MeTamMaTepiau —
e ITYYHO CTBOPEHI MAaTepialid, MpU3HAYEH] JJIs KOHT-
POJTIO, HATIPABJICHHS Ta MaHIITYIIOBAaHHS 3BYKOBHMH XBU-
JSIMM, SKI MOXYTh BHHUKATH B ra3ax, pianHax
i TBepaMX Tinax [1].

TakuM 9UHOM, 3pOCTa€ i aKTYaJIBHICTH JOCIiIKEHb
NOB’s13aHMX 3 pe3oHaTopamu [ 'elbMroibla, apke BOHU
IIAPOKO 3aCTOCOBYIOTHCSA Y SKOCTI 0a30BHX EIIEMCHTIB
JUTSL CTBOPEHHS aKyCTHYHHIX MeTaMaTepialiB, a 30KpemMa
¢dokycyrounx wmeramarepianiB. Y pobori [2] HamaHO
OTJISII HU3KH POOIT, 3HAYHA YAaCTHHA SIKHX HPEICTaBIISE
pe3yABTaTH JOCITIKEeHb, ifiei pOo3pOOKH Ta HANAE YSB-
JeHHS IOAO0 MOXJIMBUX 3aCTOCYBaHb aKyCTHYHHX
MeTaMmarepiajiB, 0 CTBOPEHI ab0 MOXYTh OyTH CTBO-
PeHi Ha OCHOBi pe3oHaTopiB ['enpMrombIa.

Bunnkae HeOOXIAHICTE HOMATKOBUX JIOCIIIKEHB
pe3oHaTopiB  ['empMmromeiia, omrTuMmizamii  iCHyrOUHX
METOAUK PO3paxyHKy abo BIPOBAJDKEHHS HOBHUX METO-
VK PO3PaxyHKY, IO JO3BOJSATH OUTBII TOYHO OI[IHUTH
MTOBEIIHKY Pe30HATOpa MY 3MiHI THX YH IHIINX MTapame-
TpiB poboTH.

3a3Buyail 111 po3B’A3aHH aKyCTHYHHX 331a4, po3pa-
XOBYIOTh JIUILIE OJIHY PE30HAHCHY YaCTOTy pe30HaTopa
I'enpmroneua. [Ipu excriepuMeHTaIBHUX JOCTIHKEHHIX
OyIl0 BHABIICHO psAA JONATKOBUX pe30HaHCIB. SIK Oymo
3a3HaueHo y [3], HacmpaBi, BapiaHTH PO3PaXyHKY AOAA-
TKOBHX PE30HAHCHHUX YacTOT iCHYIOTH [4], ajie € JOCUTh
IPOMI3IKUMU, OTIEPYIOTh BEJIMKUM YUCIOM 3MiHHUX [5].

VY nmaniit poboTi, KOTpa ABISE COOOIO MPOMOBKEHHS
pO3paxyHKy HagaHoro y [3], 3ampomoHOBaHO 3aCTOCY-
BaTH HOBY METOAMKY 3HAXOKEHHS IONAaTKOBHUX PE30Ha-
HCHHX YacTOT pe3oHaropa ['empMronbna i po3riIsHYTH
pe30HATOp, SIK CHCTEMY, IO CKJIAIAETHCS 3 JBOX OLIBII
MPOCTHX EIEMEHTIB, IITH IIUIIXOM BUPIIIEHHS JBOX IPO-
CTIIIMX 33/124 1 3BECTH PE3YJIbTATH BOETUHO, Y3TOJUTH iX.

Meroto poOOTH € MOCIIIKEHHS aMILTITY/l KOJHBaHb
B FOpJIOBiH YacThHI pe3oHaTopa ['enpMrosbia Ha pe3oHa-
HCHUX 4YacToTax. [lapamerpu ropioBHHU OOpaHi piB-
HUMH TapamerpaM TOpJIOBHHH OJHOIO 3 PE30HATODIB
nJocimkeHux B [6]. TakuM 4dHOM, CTae€ MOYKIJIMBUM OITi-
HUTH 1 IpOaHaJi3yBaTH Pe3yIbTaTH PO3PaxyHKy pe30oHa-
HCHUX YaCTOT IOPJIOBOI YaCTHHH PE30HATOPA, BPAXOBY-
FOYHM 3HAYCHHS PE30OHAHCHUX YacTOT [UIsl TIOBHOI KOHC-
TPYKIIi pe30HaTOpa, OTPUMaHi B EKCIIEPUMEHT:I.

Y po6Gorti [3] Oynu oTprMaHi 3HAUEHHS PE30HAHCHUX
4acTOT B TOpPJIOBiM 4YacTWHI pe3oHaropa [enbMrombiia.
B notouHiit po6oTi Oyiu BUIpaBIIeHI HETOUYHOCTI po3pa-
XYHKY PE30HAHCHHMX YacTOT Ta PO3paxoBaHi aMILTITYIu
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KOJIMBaHb Ha [TUX YaCTOTaX IS ITOJANIBIIIOT0 IOPiBHSIHHS
3 pe3yJbTaTaMy, OTPUMaHUMH Y EKCIICPUMEHTI [6].

BararopezonaHcHicTb  pe3oHaropa I embmronblia
1 HasBHICTh METOAMKH PO3pPaxyHKy HOro pe3oHaHCHHX
YacTOT JI03BOJIUTH BHKOPHUCTOBYBATH HOTO IS CTBO-
PEHHSI IIMPOKOCMYTOBHX AKYCTHYHHX cHcTeM [7], sKi
MOXYTb OyTH BUKOPHCTaHi B AKOCTI ImymHuKiB [8], [9],
a0 115t hokycyBaHHA aKyCcTUIHUX XBUIG [ 10] (30kpema,
y ckiani meramatepiaiis [11]).

II.  PO3PAXYHKOBA YACTHUHA

JI71s1 BUpIiIIICHHS IOCTAaBICHUX 3a1a4, OyIeMO pO3TIIs-
JTATH TOPJIOBY YaCTHHY PE30HATOPA SIK IMITIHAPUIHY 000-
JIOHKY. Buxomsan 3 TOro, M0 TOBIIWHA CTIHKH TOPIOBOL
YACTHHHM € 3HAYHO MEHIIIOO ii TOBXKWHU Ta JliaMeTpa.

Po3paxyHky npoBoAMINCS ISl TOPJIOBOI YaCTHHU pe-
30HATOpa, IO BUTOTOBJIEHHH 31 CKJIa 1 CKIagaeThes
3 TOPJIOBMHH JIOBXHHOIO /1, AilaMEeTpOM d , TOBIIMHOIO
b 1xonbu niamerpom D . 3aranbHUI BUIIISA pe30HATOPA
HaBeJIeHO Ha puc.|. 3HaueHHs HeOOXiTHUX ISl po3paxy-
HKY NapaMeTpiB ropjoBOi YaCTUHU PE30HATOpa AiaMeTp,
JIOBXKHMHA Ta TOBIIVHA CTiHKH HaBeJIeHI
y Tabm. 1.

Jis momanemux po3paxyHKiB BU3HAYUMO ITOJIO-
JKCHHS TOBUTFHOI TOUKH M Ha cepeInHHii ToBepXHi 000-
JIOHKU KOOpJUHATaMU o, = x/ R (e X — KOOpJIUHATA TI0
oci, 10 CIiBMIAaa€e 3 Biccro muinapa, R =d /2 — paniyc
LIJIIH/PA) 1 KyTOBOIO KOOPAWHATOI .

@opmyna Ui PO3pPaxyHKY PpE30HAHCHHX YacTOT
LIJTIHIPUYHOI O0OJIOHKH ([UIi CHMETPUYHUX KOJIHBAHb)
MAa€ TaKui BUTJISA:

Puc. 1. 3aranpHuii BUrIIsL pe3oHaTopa

TABUL 1. PO3MIPU 1 TOBILIMHA T'OPJIOBUHU JOCJTI/DKYBAHOT'O PE-

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

2h

Puc. 2. 3aranpHuil BUTIIS] HUTIHIPUYHOT 000IOHKH

. E C1<2(1<2—1)2
12(1_u2)pR4E K2+l

(D%( = > (1)
ne E =63740-10° Tla — MOZIYIb TIpykHOCTI FOHTa 115t
ckima; C = Ih3da ; G = Jhd(x; u=0,23 — koedimieHt

o a
Iyaccoma s ckna; p=2650Kr/M> — I'ycTHHA CKIa;

K=123..

J71s1 000TOHKY MTOCTIHHOT TOBIIMHKN b 1 JOBXKUHU 2/
(puc.2) 3HaYeHHS KOe(IIiEHTIB piBHI:

h h

R R
C=2b3jda=2b3ﬁ; Cl=2bjda=2bﬁ.
0 R 0 R

Takum unHOM, (hopmyaa (1) cpormyeTbes i i MoxHA
3aMMcaTH B HACTYITHOMY BUTJISI:

K2 (K2 —1)2

K% +1

Eb?
12(1—u2)pR4

JJIL BAKOPUCTAHHSA Y IMOAAJIbIINX PO3PAaXyHKaAX.

oF =

)

CKOpHCTAaEMOCH HACTYITHUMH BHpa3aMH KOMIIOHCH-
TiB HMEPEMIIIEHHSI TOYKU B MO3JI0BXXHBOMY, OKPYXHOMY
1 HOPMaIbHOMY 1O MOBEPXHI HANpsSMKax BiZIIOBiTHO
(u, V,w)y[2l:

mnRa .
u = Acos sin nf3 cos t;
. mmRo
V' = Bsin cos nfcos ®t; . 3)
. mmRa. .
W = Csin sin nf3 cos ¢
nie
A= Ih3oc2doc ;

m=123..; n=123...

()
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psi, M

psi, m

psi, M
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o

Puc. 3. I'padixu opM KOIMBaHH OPIOBOI YaCTUHU. 3TOPH BHU3: Ha
nepiii MOJi; Ha MATIH MOJI; Ha IecATiid Mol

Skio 00OJOHKA CHMETPUYHA MO0 TOMEPEYHOrO
niepepizy o =0 (puc.2), 70 B=0.

AMIuTiTYy 3MIIIEHHS! MOXHA BU3HAYUTH K MOIYJIb
Bexropy &(usV;W).

Takum yuHOM,

|E| =Vu? 4V W2

BpaxoBytoun TO# (hakT, 1m0 HEOOXiAHO OTpUMATH
YHCeNbHI 3HAYEHHS aMILITy[ 3MIIIEHHS I10 HOpMai,
OTPUMYEMO CHPOIIECHUH BapiaHT GopMyiH I po3paxy-
HKY:

2
% sin nPcos o)tj 4

me R=0,01525w — paniyc mwrtiamapa; 4 = 0,18 M — 10B-
JKUHA TOpJoBoi yacTuau;, b = (0,003 M — TOBIIMHA CTiHKA
1- uz
E
B OKpY)XHOMY HarpsMKky [13].

TOpJIOBHHH; [} = R2po)2 — KyTOBa KOOpJIUHATa

III.  AHAJII3 OTPUMAHUX PE3YJIbTATIB

Po3paxyHok OyB mpoBeneHHI y IPOrpaMHOMY cepe-
nosumii Matlab® ms Bumagxy R =0,01525; »=0,003
M; h=0,18M; n=0,23; p=2650kr/mM3; K=1,2,3..;

E =63740-10% TIa.

Jlns mpoBeneHHS aHalizy OTPUMAaHMX pe3yNbTaTiB
CHOYATKY CJiJ HABECTU pe3yibTaTd [6] , OTpUMaHi mpu
MIPOBEACHHI EKCIIEpUMEHTY (quB. Tadi.2). B poborti Oyio
oTpUMaHo 9 pe30HaHCHMX YacTOT B jiama3oHi Bix 99 mo
4060 I'm. Cix TakoXX BpaxyBaTH, 1o Ha yactoti 3978 I'q
criocrepiraBcst pe30HaHC ycepeauHi KoJowu,
B 00J1aCTi TOPJIOBOT YaCTHHU pe30HAHC OyB BIZCYTHIM.

Ha gactorax 3037 I'm, 3568 I'i1 i 4060 I'y pezonaHc
B ropJioBHHI OyB cr1ab0 BUpakKEeHHHA.

3a JOHOMOTOK IIPOrpaMHOro cepemosmima Matlab®
IIpoBeAEeMO HeoOXiHI PO3paxyHKH 3a ¢opMynamu (2) Ta
(4), a pe3ynpTaTH PO3PAaXyHKY PE30HAHCHUX YacTOT Ta
aMIUTITYZl KOJIMBaHb HA BiJIIOBITHUX YacTOTaX 3BEAEMO
110 Tabmumi 3.

Ha puc.3 naBeneno nesiki 3 rpadikis, o0 1EMOHCTPY-
I0Th KOJIMBAHHS TBIPHOI TOPJOBOI YaCTHHHU PE30HATOpa

1 .
3 kpokoM 7' /16 mo uacy, ne T = — — nepioj KOIUBaHb;
i
J; - yacTora, 1o Bianosinae i -iii Moxi xonmuBaHe. Ha
rpadikax moOKazaHO (OPMHU KOJIHMBAHb JUIS YacTOT
2,56 T, 32,93 T ta 113,98 ', mo sABIAIOTE COOOIO
Tiepiy, I’ sITy Ta JIeCATy MOJY KOJIMBAHb BiIIOBiTHO.

[TozHaunmMo mOMapaHYeBUM KOJIBOPOM HAMOUIBII
BHpa3Hi pe3oHaHcH y Tabm. 3. BiamoBigHocTi Mix pe3o-
HaHCHMMH YacTOTaMH OTPHMaHHMMH Y pe3ynbTaTi po3pa-
XYHKY Ta EKCIIEpUMEHTAJIbHO BCTAHOBIIOEMO 3 ypaxy-
BaHHAM NO3HAYOK. TaKUM YMHOM, HaNpHKIAd, Yy SKOCTI
YacTOTH, IO BiANOBiJa€ EKCIIEPUMEHTAIBHOMY PE30Ha-
HCy 99 I'1 oOpana wacrora 113,98 I'm, a me 93,95 I'm.

TABINLS 2 PEBOHAHCHI YACTOTH PE3OHATOPA, OTPUMAHI ITPU ITPO-
BEJEHHI EKCIIEPUMEHTY

Ne 1 2 3 4 5
‘lacrora pesonancy, 99 | 893 | 1681 | 1947 | 2625
'
No 6 7 8 9
‘lacrora pesonancy, | 3037 | 3565 | 3978 | 4060
'
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TABNL 3 PE3OHAHCHI YACTOTH T'OPJIOBUHU PE3OHATOPA

Ne 1 2 3 4 5 6 7
£ I 2,56 7,24 13,88 22,45 32,93 45,32 59,62
|Emaxly M| 5,72e-07 5,06e-07 1,24e-07 6,13e-07 4,21e-07 2,43e-07 6,36e-07
Ne 8 9 10 11 12 13 14
£ 75,83 93,95 113,98 135,92 159,76 185,51 213,17
|Emaxly M| 3,19e-07 3,52e-07 6,32¢-07 2,07e-07 4,47e-07 6,05e-07 8,65¢-08
Ne 15 16 17 18 19 20 21
£ 242,73 274,21 307,59 342,88 380,07 419,18 460,19
|Emaxly M| 5,28e-07 5,52e-07 3,76e-08 5,87e-07 4,82e-07 1,60e-07 6,24e-07
Ne 22 23 24 25 26 27 28
£ 503,11 547,93 594,67 643,31 693,86 746,31 800,68
|Emaxly M| 3,92e-07 2,77e-07 6,35¢-07 2,87e-07 3,83e-07 6,26e-07 1,71e-07
Ne 29 30 31 32 33 34 35
£ I 856,95 915,13 975,21 1037,21 1101,12 1166,92 1234,63
|Emaxly M| 4,75e-07 5,92¢-07 4,91e-08 5,46e-07 5,34e-07 7,51e-08 6,01e-07
Ne 36 37 38 39 40 41 42
£ 1304,26 1375,79 1449,23 1524,58 1601,83 1680,99 1762,06
|Emaxly M| 4,55e-07 1,96e-07 6,31e-07 3,62e-07 3,09e-07 6,37¢-07 2,53e-07
Ne 43 44 45 46 47 48 49
£ 1845,04 1929,92 2016,71 2105,41 2196,02 2288,53 2382,95
|Emaxly M| 4,12e-07 6,16e-07 1,35e-07 4,99e-07 5,77e-07 1,15e-08 5,66e-07
Ne 50 51 52 53 54 55 56
£ 2479,28 25717,52 2677,66 2779,71 2883,67 2989,54 3097,31
|Emaxly M| 5,13e-07 1,12e-07 6,10e-07 4,30e-07 2,32e-07 6,35e-07 3,29¢-07
Ne 57 58 59 60 61 62 63
£ I 3207,00 3318,58 3432,08 3547,49 3664,80 3784,02 3905,14
|Emaxly M| 3,43e-07 6,34e-07 2,18e-07 4,39e-07 6,08¢-07 9,80e-08 5,21e-07
Ne 64 65 66 67
£ 4028,18 4153,12 4279.97 4408,72
|Emaxly M | 5,57e-07 2,60e-08 5,83e-07 4,897e-07

TABINL 4 TIOPIBHSHHS PE3OHAHCHUX YACTOT OTPUMAHUX
EKCIIEPUMEHTAJIBHO TA B PE3VJIbTATI PO3PAXYHKY

fex, T 99 893 1681 1947 2625
fp, I'n 113,98 | 915,13 | 1680,99 | 1929,92 | 2677,66
Posbi- 15,13 | 248 | 0,00 0,88 2,01
HICTB, %

Sk 1 ouikyBasnoch y [3], Ha yacToTax, IO HEPEBUILLY-
101 3000 I'r Ta € HalOIIBII OIM3BKUMU 10 PE3OHAHCHUX
YacTOT, OTPUMAaHHX EKCHEPUMEHTAIBHO (TIO3HAYeH]
3eJIeHHM KOJIbOpoM y Tabi.3), pe3oHaHC y TopJIoBiii dac-
TUHI Oyne BHpaXXeHWH naemo cialmre, y MOpiBHSIHHI
3 MoTepeHIMU 3HAYCHHSIMH YacTOT, TOMY TPH MOAAJb-
IOMY aHalli3i Oyae MpOBOAWTHCH NMOPIBHSIBHA OIHKA
MEepIIUX IT'SITH YacTOT, OTPHMAHHUX EKCHEPUMEHTAIBHO
Ta pO3paxyHKOBHX YaCTOT.

JI71st 3py9HOCTI OLIHKHA YacTOT OTPUMAHUX EKCIIePH-
MEHTaJIBHO (fex) Ta B pPe3yabTaTi po3paxyHKY (fp), 3Be-
JIEMO 3HAYEHHS BIAIOBIIHMX YacTOT 4O OxHiel TaOauii
(muB. Tab1.4).

3a3HauMMO PO30ODKHICTE MK PO3pPAXOBAHUMH 3Ha-
YCHHSMU Ta 3HAYCHHSIMH, OTPUMAaHUMH CKCIICPUMEHTA-
JFHO, BiJTHOCHO OCTaHHIX, y BiJICOTKaX 3 TOYHICTIO JIO
COTHX.

OTprMaHO 3HAYHE BiIXWJICHHS MiXK 3HAUCHHAMU IS
meprnoro pezoHancy (99 I'm, orpuMaHi eKcriepuMeHTa-
JFHO), TIPOTE, BPAaXOBYIOYH, III0 HA TPAKTHUIIL Iei pe3o-
HAHC SABJISE COOOI0 SICKPABO BUPAKESHUN PE30HAHC KOJIOH,
MOXXKHA 3pOOWTH TPUITYIICHHS, IO 3HAYHUN BHECOK
MaTAMe caMe Koji0a 1 TOYHA OI[iHKAa MOXKJIMBA JIMILE
3 YDaXYBAHHAM DE30HAHCHOT YaCTOTH KOJIOH,

Jocuth ONMM3BKI 3HAYCHHSA /IO EKCIIEPUMEHTAIBHUX
Oymu orpumani mis gactoT 893 I'm, 1681 I'm, 1947 I'm,
2625 I'u. Po3paxoBani 3HauYeHHs, ONMW3BKI IO 3a3Hade-
Hux, BiamoBigawTs 30, 41, 44 ta 52 MogaM KOJIHMBaHb
ropnoBoi wactuau. st gactorm 1681 I'm cmocrepira-
€ThCS TOYHUH 30iT MiXK eKCIIEpUMEHTATBHAM Ta PO3PaXo-
BaHUM 3HAYCHHSIM.

Jomst wacror 893 I'iy ta 2625 I'ry criocTepiraeTses Bif-
XwieHHs y 2-2,5%, 1o Moxe OyTH HEeTOCTaTHRO TOYHUM
3HAYCHHSIM Y BUIMAJKY OJHUX 3a/1a4, Ta JOMYCTUMUM IS
1HIIIKM.

BHUCHOBOK

B pesynbraTi po3paxyHKy Oynu OTpUMaHi 3HAUCHHS
aMIUTITYZl KOJMBaHb TOPJIOBOI YacCTHHM pE30HATOopa
I'enbMronbia Ha PE30HAHCHUX YaCTOTaX.

Buxonsuu 3 oTpuMaHUX PE3yIbTAaTiB Ta IX aHANTI3Y,
MOXKHA 3a3HAYUTH, IO TPETIH PE30HAHC PE30HATOPY
IeapMronpna TOYHO CIIBIIAB 3 4acToTOrO 41-0i Momu
KOJMBaHb TOPJIOBOI YACTHUHM;, 4YETBEPTUM pPE30HAHC
BHUSBHUBCS OJM3BKUM JI0 YacTOTH 44 MOIU KOJMBAHb TOP-
JIOBOI YaCTHHHU.

MoskHa IPUITYCTHTH, IO JIeSKi 3 JOAATKOBUX PE30HA-
HCHHUX YacTOT pe3oHaropa [ empMmronbia i HaOmmxe-
HOTO pO3paxyHKy MOXYTb OyTH OTpHUMaHi SIK 9acTOTH
3a3HAYEHUX MOJ KOJIMBaHb T'OPJIOBOI YACTHHH, /IO TOTO
K TIPH BUKOPHUCTaHHI HAOMIKeHb i 9acToT 893 I'm Ta
2625 ' cimift TakoK BPaxOBYBATH BUMOTH MO0 TOYHO-
CTi pe3y/bTaTiB I BUPIICHAS KOHKPETHOI 3a7adi.

Jnst miaTBepUKeHH a00 CPOCTYBAaHHS TAKOTO MPH-
MIYIICHHS He00XiTHO MPOoaHalli3yBaT eKCIICPUMEHTAIbHI
Ta PO3PaXyHKOBI 3HAYCHHS IS O1NTBINOI KiJTBKOCTI pe3o-
HATODIB.

&
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Jls orpuManHs OLIbII TOYHUX PE3YNBTATIB, PE3Yilb-
TaTiB U OL[HKMA IIOCTOrO, ChHOMOI'O, BOCBMOTO Ta
JIeB’ITOTO TOJATKOBHUX PE30HAHCIB pe3oHaTopa [ expMro-
JpIIa Ta A ypaxyBaHHS BIUIMBY HAsSBHOCTI KOJIOH
3 TOYKM 30pYy 3HAUYEHb PE30HAHCHMX YacTOT HEOOXiTHO
MIPOaHali3yBaTH PE30HAHCHI YacTOTH KOIOW 0oOpaHOoro
pe3oHaropa. ToMy METOr0 IOJaIBIINX JTOCTIDKEHb Oyie
pPO3paxyHOK Ta OIliHKa PE30HAHCHHX YacTOT KOJIou
pe3onaropa I'ensmromnbna.
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Annomayua—Ilennio padoThl sIBJIsIETCH AHAJIN3 AMILTUTY/ KoJle0aHuii B rop/1oBoii yacTu pe3oHaTopa I'ejibMroisna Ha
pe3oHaHCHBIX YacToTax. IIpegocTaBien pacyer aMIUIMTY/ cMellleHHIi TOPJIOBHHBI pe3oHaTopa I'eibMroibua npu koJeda-
HHSX HA PE30HAHCHBIX YACTOTAX C LeJbI0 JaIbHEeHIIeH OLeHKH B3aHMOCBSA3H PE30HAHCHBIX YacTOT, IOJIY4eHHbIX IKCIePH-
MEHTAJIbHO, ¢ PE30HAHCHBIMH YACTOTAMH OJHOI'0 U3 OCHOBHBIX 3/1EMEHTOB PEe30HATOPA /IS CO3AHUS IIHPOKOIOJOCHBIX
AKYCTHYeCKHX CHCTeM WM MeTamaTepHuanoB. IlojydeHHble YMC/IeHHBbIe 3HAYEHUS] AMILIUTYH Koje0aHWil 1151 MepBbIX
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IIECTHACCATH CeMH Pe30HAHCHBbIX 4acToT. IlpencTraBieH aHaiu3 NoJy4eHHBIX pe3yJbTaroB. IlapameTrpbl rop/i0BHHBI
BbIOPaHBI PABHBIMH NTapaMeTPaM ropJI0BHMHBI OHOT0 3 Pe30HATOPOB MCC/IeJ0BAHHBIX IKCIIEPHMEHTATBHO.
bub6a. 13, puc. 3, Tadu. 4.
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Abstract—The purpose of the work is to analyze the amplitudes of the oscillations in the Helmholtz resonators’ throat at
the resonance frequencies.

This type of resonators is actively used to solve various problems in acoustics: is widely used as the basic element in
the acoustic metamaterial structure (in particular, focusing metamaterials), as the basic element of muffler etc. So
the relevance of the research related to Helmholtz resonators is increasing.

It is assumed as a simplification, that the Helmholtz resonator has only one resonant frequency, but the great number
of additional resonances was detected in practice.

The new approach to the question of finding additional resonant frequencies is shown in this paper. Here is the propo-
sition to consider the cavity as a system consisting of two more simple elements, to go by solving two more simple tasks and
to bring the results together, to reconcile them.

The calculation of the resonant frequencies and the offset amplitudes of the Helmholtz resonators’ throat are given for
a frequency range from 0 to 4409 Hz. These results were used for further evaluating the relationship between the resonant
frequencies, obtained experimentally (for Helmholtz resonator) with the calculated resonant frequencies of one of
the main elements of the resonator. The existence of the additional resonances can help to improve old designs or to create
new designs of the broadband acoustic systems or acoustic metamaterials based on Helmholtz resonators.

Using the Matlab® software environment, the necessary calculations to obtain the values of resonant frequencies and
the values of the offset amplitudes in the range from 0 to 4200 Hz were made. The throat parameters were chosen equal to
the throat parameters of one of the resonators investigated in the experiment.

As a result of the calculation, numerical values of the first sixty seven resonance frequencies and the values of the oscil-
lation amplitudes on these frequencies are obtained. Some of these resonances will not have a significant effect on
the resonances of the system, due to the smallness of their amplitudes of oscillations. This may explain the difference of
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).

The calculated results were compared with the results obtained experimentally (9 resonant frequencies in the range from
99 to 4060 Hz were obtained experimentally). The analysis of the results is presented in the article. According to
the results of the calculation and of the experiment, the significant resonances won’t be observed in the throat part of
the resonator at some resonant frequencies of the system (Helmholtz resonator). According to the results of the experiment
the resonance of the bulb was detected on such frequencies.

To take into account the influence of the bulb on the value of the resonance frequencies of the Helmholtz resonator, it is
necessary to analyze the resonance frequencies of the bulb of the selected resonator. Therefore, the purpose of further re-
search will be to calculate and estimate the resonant frequencies of the Helmholtz resonator bulb.

Ref. 13, fig.3, tabl. 4.

Keywords — Helmholt; resonator; amplitude of oscillations of the Helmholtz resonators’ throat, resonances of the Helm-
holtz resonators’ throat; acoustic metamaterial, offset amplitude of the shell
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