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EKCNEPUMEHTAJIbHE AOCNIAXXEHHA ABTOFEHEPATOPA 3BYKY

lNMpoBeaeHo ekcnepuMeHTaNnbHe AOCNIMAXKEHHA aBTOreHepaTopa 3ByKy
Ha ocHoOBi Tpy6u Pike. BusHaueHi ¢i3nyHi XxapakTepucTUKM aBTOreHe-
patopa.

Knrwouosi cnoBa: aBToreHepaTop 3ByKy, Tpy6a Pinke.

Bnepwe 3agoKyMeHTyBaB AOCHIOXKEHHSA B3aEM- —
HOro NepeTBOPEHHS TENJIOBOI B aKyCTUYHY €Heprito B
Jocnigax 3 TepMoreHepauil 3ByKOBUX KONMBaHb Xir-
rinc (Higgins, 1802) B 1777 poui, kui cnocTepiras
YTBOPEHHS 3BYKY MPW ropiHHi BOAHEBOr0 NajbHUKA Y
TPy6i 3 BiAKPUTUMM KiHUAMHK (puc. 1). l'eHepauisa 3By-
Ky Big6yBanacsa 3aBAsKN KOHBEKTUBHOMY PyXy MOBIT-
psi, CTBOPEHOMY nofayM'saM nanbHuka. lpoTe, Tpyba
«cniBana» nuwe npu NeBHUX OOBXWHAX NONyM's Ta
TPyOwn, ix NnapameTpm niadMpanncs eKcnepuMeHTab-
Ho. flBMLLE BUMHWKHEHHSA 3BYKY Yy BiAKpWUTIN Tpybi 3a
AOMNOMOIO0 HarpiBaHHS NOBITPS B HiM OTpUMano Ha-
3By «cniBoya Tpyba Xirrinca» [1]. Puc. 1. «Cnisoya

Nisniwe Pinke (Rijke, 1859) [2] ekcnepumeHTy-  tpy6a» Xirritca
lOUM OTPMMAB FeHepauilo 3BYKY HOBMM Cnocobom y
Tpybi 3 BiAKpUTUMM KiHUsSIMKU. BiH BMKOopucToByBaB Tpyby, y aKkoi Ha 1/4
AOBXWHWM BCTAHOBJIIOBanacb MeTaneBa CiTKA, WO po3)aptBanacb 3a
AOMNOMOrol0 NanbHUKA.

3rogoM, yxe B 50-x poKax MUHYNOro CTONITTA, BUBYEHHA TEPMOaA-
KYCTUYHUX KONMMBaHb Habyno MPaKTUYHOI CNPSAMOBAHOCTI Yy 3B'A3KY 3
YTBOPEHHSIM HebBa)KaHMX KONMBaAHb B KaMepax 3ropsiHHsA PakeTHUX OBU-
FYHIB, iHWKWX YCTaHOBKAax 3 BEJIMKUMK nepenagamm TeMneparyp.
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Binomo, W0 HeBeNWKi KONMBAHHA € 3BUYaN-
HUM SBULLEM, CYNYTHIM NPAaKTUYHO BCiM paHiwe po-
3p06IeHMM | BUKOPUCTOBYBAHWM y AAHUM Yac OBU-
ryHam. LUKignuBa Ais pe3oHaHCHOro ropiHHA nanu-
Ba B OBWIYHi, KPIM pyMHYBaHHS KOpMycy ABUryHa
NPM BUCOKUX TUCKAaX, WO NEepeBULLYIOTb PO3PaxyH-

KOBi 3HQUYEHHS, npmn3BoanTb O0:

® pO3TPiCKYBaHHSA 3apsiay BHAcNigok Bibpauil
HaBaHTaXkeHb (oNa TBEpAONaNNBHUX ABUTYHIB);
® MicueBMX MOPYLWEHb KOpnycy ABUryHa nicns

PO3TPICKYBaHHA TEN/I03aXUCHOMO NOKPUTTS;

® BTOMHOrO pyMHYBaHHS OKPeMMUX BY3/iB KOHC-

TPYKLiX TOLLO.

Onsa 60poTbbyn 3 PE30HAHCHUM TOPiHHSAM B

BicHuk
HYBIM

N

/ L
Pozxapena
citka

Puc. 2. Tpy6a Pinke

OAHUN Yac 3aCTOCOBYHTLCSA MeToOu i NPUMAOMU, MOB'A3aHI 3 BU3HAYEH-
HAM OOCNIAHUM WNSXOM y Npoueci BignpauoBaHHA 3pa3KiB ABUIYHIB on-
TUMaNbHUX CNIBBIAHOWEHb FEOMETPUYHUX PO3MIpIB BY3/1iB Ta €/IEMEHTIB

ABUTYHA. B Haw 4ac CTPIMKOro po3BUTKY paKeT-
HOI Ta KOCMIYHOI TEXHIKM BUBYEHHS TEPMOAKyC-
TUYHUX e(dEeKTIB TaKUM YMHOM Habyno Hag3Bu-
YAaNHO BAXXJINBOI0 3HAYEHHS.

EkcnepuMeHTanbHi pocnimxeHHa. Tpy6a
Pike Moxe 6yTn BUrotoBneHa 3 6yab-sKOro Bu-
COKOTEMMEpPATypHOro Marepiany, 34aTHOrMO BU-
TpUMaTK TeMnepaTypy rasoBoro nanbHuKa (Tpyba
3 CiTKO, puc. 2) abo enekTpuyHoi cnipani (puc. 3).
Y cBOl gocnigax My 3yNUHUINCSA Ha BapiaHTi 3
€NEeKTPUYHMM HArpiBHMKOM 4epe3 MNpocToTy Ta
HaABHICTb NiIAPYYHUX MaTepianiB came ons Tako-
ro BapiaHTy Tpybu Pinke. Matepianom ansa suro-
TOBNIEHHS TPybu HanyacTiwe € roToBi TPy6u 3 Me-
Tany abo ckna.

IOnsa cknsaHol Tpy6KM HaMKpalwe NigxoauTb

/ oy
4

Pozxapena
cripaib Ll

Puc. 3. Tpyb6a Pinke
3 eNIeKTPUYHOR Cni-
pannto

KBapLoBe CKJ10, AIKe XapaKTepU3yeTbCA MannMm KoedilieHTaMm NiHINHO-
ro Ta 06'eMHOro TENSI0BOro PO3LLIMPEHHS Ta HU3bKOK TEMNJIONPOBIAHICTHO.
KBapuoBa Tpyba He TPiCKAETLCSA Bif, PO3XKapeHol e/IeKTPUYHUM CTPYMOM
cnipani, 30BHILIHA CTiIHKa He TaK CU/IbHO NpPoOrpiBaETbCcsA (3MeHLWyeE Bipo-
rOHICTb OMiKy), YIaMKN KBApLOBOro CK/ia He € HaCTiNIbKW FroCTPUMU Ta
Hebe3ne4YHMMM, K CKNAHI. TaKoX, y AaHOMY BMMaAKY MOXXJIMBE BUKOPU-
cTaHHA 6opocunikaTHoro ckna (nipeKkcy), Wo BUKOPUCTOBYETLCS OSA BU-

87



Cepist «TexHi4YHi Hayku»

Bunyck 1(77) 2017 p.

rOTOBJIEHHS XapPOCTiMKOro o6nagHaHHs, nabopaTopHOro nocyny, KyxoH-
HOro nocyay Ans 3anikaHHs TOLO.

Y pocnigax BWKOPUCTOBYBANWUCb CKASIHI TPpybwu pi3HOI [OBXMHM
(1,05m, 1,12M, 1,15Mm, 1,725M) Ta pisHux piametpie — 37,8 MM Ta
26,2 MM. 3a p[ONOMOroK AaHUX TPyd NPOBOANNOCA AOCHIAXKEHHSA 3anexX-
HOCTi BMCOTW 3BYKY Bif AiameTpa Tpybou. Boanum gns pocnip)KeHb BU-
ABUBCS TON ¢daKT, WO nonepevyHui nepepis umx Tpydb BiApi3HABCA npak-
TUYHO Y 2 pa3wn.

KoxxHa i3 cknsiHux Tpy6 3aKkpinatBanacb y WTaTMBI, Micna 4oro
BCepeauHy Tpybu, Ha BigCTaHi 611M3bKO OAHOI YEeTBEPTOI Bif HUXKHLOIO
KiHLS, noMiwaBca Harpieay. Harpisay BUrotToBnsBCSA 3 HIXPOMOBOr0 ApO-
Ty oiametpom 0,8 MM Ta xunBuBca Big axepena xuenenHa BC-10. B nep-
LWKX gochnigax cnipanb BMUKanacb NocnifoBHO 3 peocTaToM, Sk obme-
JKYBaB CTPYM, LLO NPOTiKaB y KOJli, 0O HAaCTaHHSA YepPBOHOIO CBiYEHHS Cni-
pani Ha nosiTpi. [pn BHeceHHi cnipani y Tpyby, KOHBEKTUBHUIN MNOTIK No-
BITPS, AKMW yTBOPKOBABCS, OXONO04XKYBaB Cnipanb, Yepes Lo i Konip ne-
pecTaBaB OyTU YEPBOHMUM.

LLlo6 nobutuchb posxKapeHHsa crnipani 4o YepBOHOro Konbopy BCce-
peauvHi Tpybu B HacTynHMx gocnigax 6yno nigBuLEHO cuny CTpyMy B KO-
Ni, @ Ni3HiWwe peocTaT 30BCIiM BUKOYMAY 3 HbOrO. [1pK LbOMYy onNTUManb-
Ha Hanpyra Ha 3aTUckKavax gxepena 6yna 6nmsbkot go 10 B, a cuna
CTPYMY Y KOJNi cTaHoBUMa 61M3bKo 5 A, TOGTO NOTYXKHIiCTb, iKY CNOXWBaB
HarpiBHMK cTaHoBuna 6nusbko 50 Br.

Mepwuin eTan gocnigkeHb. B ekcneprMMeHTax gaHoro etany BCTa-
HOBJ/IHOBANIUCh AKICHI XapaKTepUCTMKM aBTOreHepaTopa Ha OCHOBI Tpybu
Pinke. Tak, 6yn0 BCTAaHOBNEHO, WO Yepe3 AeKiNbKa CEeKyHA nicna BHe-
CEeHHS1 YepBOHOI cnipani y Tpyby, Npy BCTAHOBJIEHHI Y Hil CTIMKOIO KOH-
BEKTUMBHOIo NOTOKY MOBITPS, 3'ABNABCS NY4YHUWN 3BYK. [1pn BHECEHHI XO-
NoAHoI cnipani B Tpyby i BBIMKHEHHI CTPYyMY, 3BYK 3'IBJIIBCS NiCNs Npo-
rpiBaHHA cnipani, To6To yepe3 15-20 cekyHpa. Mpwn noBopoTi TPy6U ropu-
30HTaNIbHO 3BYK 3HWKAaB, WO CBiA4YMN0 npo 060B'A3KOBY YMOBY reHepauii
— KOHBEKTMBHWI NOTIK NOBITPS B TPyOi.

Byno nepesipeHo i nigTBepa)keHo Te3y Piltke [2] npo MakcuManbHy
iHTEHCMBHICTb 3BYKY NpW BCTaHOBMEHHI HarpiBHUKa Ha BiacTaHi 1/4 po-
BXWHWN TPyOKM Bif 11 HMXKHbOTO Kpaw. byno goseneHo, Wwo npu pyci Ha-
rpiBHMKa 3 BiAcTaHi 28 cm po 16 cM, paxylum Bif HUXKHBbOIO Kpato Tpybw,
3BYK NMOCTYMOBO CTUXAE. TaKe X ABMLLE 3HUKHEHHS reHepauil cnocTepi-
ranocs i Npu NepeMilleHHi HarpiBHMKa Bropy A0 No3Hauvku 43,5 cwm.

Opyrun etan pgocnipxeHb. Ha paHoMy eTani BU3HAYanuCh KinbkKic-
Hi XapaKTepUCTMKM aBTOreHepaTopa Ha OCHOBI Tpybu Pinke: ooBxuHa
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XBWUJi Ta YacToTa 3BYKOBUX KOJSIMBAHb, 3aJI€XKHICTb L€l YacToOTU Bif, Aia-
MeTpa Ta [OBXWHM Tpybu. Bucota TOHY reHepoBaHOro 3ByKy B aBTore-
HepaTopi 3anexana, B AESAKUX MeXax, Bif MONOXXEHHS HarpiBHUKA Y
TpyOi, TOMy B eKCNepuMeHTax ue sasuue 0yno gocnigXeHe AoKNagHile.
Bu3HayeHHs YyacToTm reHepauil 3ByKOBOI XBWUAi HA ApPYroMy eTani pocni-
OXXeHb NPOBOAMIOCA €SIEKTPOAMHAMIYHUM MIKPODOHOM Ta MyNbTUMET-
pom M-980G 3 MmoxnueicTio yactoTtoMipa go 20 k/y, 3 TouHicTio go 10 y.
3MiHI0UM MONIOXKEHHA HarpiBHUKA y Tpy6i, MynbTUMETPOM BMMiptoBana-
CS YacTOTa 3BYKOBUX KOJIMBAHb B Hil, @ MONOXEHHSA HAarpiBHMKa BM3Ha-
yasocsa MinNiMeTpoBO NiHINKOW 3 KpokoM y 1 cMm. OTpuMaHi foaHi npea-
cTaBneHi B Tabn. 1 1a puc. 4. 3 puc. 4 BUAHO, WO B EKCNEPUMEHTI Cno-
cTepiranacsa cTtpubkonogibHa 3MiHa 4actotm 3 160-170/y po 320-
340 My, a noTiMm — go 460 y. Ui ctpnbkun Ta nnato Ha rpadiky MOXHa no-
ACHUTU FAapPMOHIKaMM [0 OCHOBHOI YacTOTM KOJIMBAHb Yy Tpybi, TOMy L0
AaHi yactotn 160 — 340 — 460 6nmn3bKi Ao BigHowWweHHA 1:2:3 (Tabn. 1):

Taébnuus 1
Bun3HauyeHHs rapMoOHiK 3ByKOBOI XBWAi B Tpy6i Pinke
[apMOHIKK
OcHoBHa I'Iepma ,D,pyra
(nepwa) nobivyHa nobivyHa
(apyra) (TpeTsa)
x 1 x2 x3
Po3paxyHok, Iy 160 320 480
ExkcnepumenT, [y 160-170 320-340 460
500+ HocnipxeHHs Tpyb pi-
—3 1, 2, 3 rapmoHiku . .
3HUX piaMeTpiB 3 MeTow
] | 2 BU3HAYeHHSA 3B'A3KY AiaMe-
wl [ 1 Tpy Tpy6m Piiike Ha napa-
§ \ / MeTpM KONMBaHb (yacToTy,
§ ] | L — FYYHICTb) He BUABWUIU TaKo-
100- ro 3B's3Ky. [locTtoBipHO by-
N0 [OBEOEHO NULLE 3anex-
" ; HiCTb YacTOTV reHepoBaHo-

T T T T T T T
15 20 25 30 35 40 45

MonoxeHHs HarpiBHWKa B TPyGi, cM

ro 3BYKY Bif, AOBXWHW Tpy-
6u. Ons Tpy6 pi3Horo Aia-
MEeTpy i 4acToTa, i MY4HIiCcTb
BUABUINCA PIBHUMMU, Bigyy-
THOI BiOMIHHOCTI Y Fy4YHOCTI
3By4YaHHsa (Ha cnyx) 3adik-
3BYKY coBaHo He 6yno.

Puc. 4. 3anexHicTb 4acTOTM KOJIMBaHb 3BY-
KOBOI XBWJ1i BiJ, NOJTOXKEHHSA HarpiBHMKa B
Tpybi Pike. Ha rpadiky BUAHO, B SKUX Me-
Xax nposiensoTeea 1, 2 Ta 3-9 rapMoHiku
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3a OTPUMaHUMM AaHUMKN BYN0 BU3HAUYEHO AOBXKUHM 3BYKOBUX XBUJb Y
Tpy6i Pitke (tabn. 2):

Tabnuus 2
Po3paxyHoK A0BXWH XBWUb B Tpybi Pinke
YacrorTa, Iy A, M L/A,m
160 2,125 0,52
320 1,0625 1,05
460 0,74 1,51

B tabn. 2 L/A - ue BigHOLWeH-
HA [OBXWHM Tpybu [0 [OBXKMHMU
XBUI.

Mo>kHa 3p06MTM BUCHOBOK, LLLO
Tpyba Pivike € NiBXBUILOBUM pe30-
HaTopoM, To6TO B Tpybi BKNaga€Tb-
CS MONIOBUHA XBUNI.

Takox 6yno 3HATO ¢opmy
3BYKOBUX KONMBaHb ocuumnorpadom
C1-72 (puc. 5). BugHo, Wwo MeHLwa 3a
aMnMNiTyao XBUAS € CyMa NpUHau- S0 4
MHi 0BOX XBUAb. [N NOPIBHAHHA Ta Puc. 5. Ocumnorpama KoNMBaHs.

@ @ OCUWUAAOTPA® CI1=72

02

nepeeBipkM curHany, 6yeB «npocny- ”apa'*’_'eTp” PO3ropTKU:
XaHU» KaMepTOH, BiH [aB uuCTy 0.2 B/nopinky Ta 1 mc/nopinky
CUHYCOIay.
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Puc. 6. CkpiHwoT nporpamu Spectroid 3 BU3HauyeHHs
aMMNAITy[HO-4aCTOTHOI KapTUHU 3BYKY Tpyou Pilke
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TpeTin etan pocnipxeHb. Ha paHoMmy eTani gocnig)KyBanucb amn-
NiITYAHO-YaCTOTHI CNEeKTpPWU 3BYKOBOI XBWJi aBTOreHepatopa Ha OCHOBI
Tpy6 Pilike pi3HOI foBXWHWU. Taki AOCNiOXKEHHS NPOBOAUNUCS 3 BUKOPU-
CTAHHSIM MPOrpaMHO-anapaTHOro0 KOMMAEKCy Ha 6a3i cMapTpoHy
Samsung J710 3 06po6KoO eKCnepuMeHTaNbHUX AaHUX MporpamMamu
«Osciloscope» [3] Ta «Spectroid» [4].
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Puc. 7. CkpiHwoT nporpamMu Spectroid 3 BU3Ha4YeHHsA aMMNiTyAHO-

YaCcTOTHOI KapTUHM 3BYKY Tpy6u Pinke

[aHi nporpamun [o3BonsATb 3HIMaTK oumdpoBaHi aani 3 AL 3By-
KOBOro Mogynsa tenedoHy 3 noganblliMM aHaNi30M, pO3KNaAoM 3a 4acTo-
THUMW XapaKTEPUCTUKAMN Ta IHOMKALIE HA eKpaHi cMapThOHY B pexu-
Mi peanbHoro 4acy. [porpamMu 3aBaHTaXyBanucb 3 cepsicy «Google Play
MapKkeT» (06MAaBi NnporpaMu € 6€3KOLTOBHUMMW).

MNporpama Spectroid — Le 3BYKOBUIM CMEKTP-aHani3atop y pexxumi
peanbHOro Yyacy 3 AOCTAaTHbOK PO3AiSIbHOK 34ATHICTIO 338 YacTOTOK Mo
BCbOMY cnekTpy yacToT (20 [uy-22,4 kly). Spectroid BUKOPUCTOBYE Kinb-
Ka wBuAKMx nepetBopeHb Pyp’e, AKi NnepeKkpMBarOTbLCSA 3a 4acToTow, 3
TMM W06 3abe3neynT BULLY PO3AiNbHY 30aTHICTb 3@ YaCTOTOK HA HUX-
4YMX YacToTax, Hi>k ogHe nepeTBopeHHs FFT.

Ina nepeBipkn pobotn nporpamn Spectroid i ouiHKM NOXMOKKU BU-
MipIOBaHHSA 4acTOTW 3BYKY OyNno NpoBeneHO OOCHiAXKEHHA 3BYKY KaMep-
TOHa 3 BNacHow 4acTtotor 440 [y (HoTta «naA»). Nporpama nokasana nu-
e oAWH roCTpUM Mik 3 yactoTow 439 [y, Wo, Ha Haw nornsg, € UinkoM
3a[0BiIbHUM Ta BIANOBIAAE BUCYHYTUM A0 pobOTM BMMOraM no TOYHOCTI
OTPUMAHUX OaHUX Ta IHCTPYMEHTanbHUX Noxmbkax obnagHaHHsa. OTpu-
MaHi pe3ynbTaTu CBigYaTh NPO HEMNOTPiGHICTb AO/ATKOBOMO KanibpyBaH-
H abo HopManisauito JaHMX OTPMMAHMX L€ NPOrpamMolo.

MobymoBa aMnNiTyA4HO-4YaCTOTHOI KapTUHW 3BYKY OTPUMAaHOro Bif

-125
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TEePMOAKYCTUYHOrO0 reHepaTopa fana MOXJMUBICTb NobaymTh, wWo Tpyba
Pillke reHepye He oHY 4aCTOTHY MoAy, a Liny HU3KY rapMoHiK (puc. 6, 7).
Cx0Xy KapTUHY MOXHa cnocTepiratm npu 3By4YaHHi 6yab-IKOro My3uy-
HOro iHCTPYMEHTY, Oe BUKOPUCTOBYETLCA Pe30HaTop Yy BUrnsagi Tpyow,
HanpuKnag — opraxy.

B pocnip)eHHi BM3Hayanucb 4acTOTW 3BYKOBWUX FapMOHiK Tpy6
Pinke pi3Hmnx poBxuH (N2 1 - 1,15 m, Ne 2 — 1,053 m, N2 3 = 1,725 M), no-
JaHi B Tabnuu,i 3.

Tabnuusa 3
YacToTn 3BYKOBMX rapMOHIK v Ta Pi3HULSA MiX CyCiAHIMM yacToTamum Av

Tpy6 PinKke pi3Hux noBxuH, ve 'y, Ave 'y

N[ [1]2] 3 4]5] 6] 7] 8] 9 [10][11]12] 13 [14] 15 [16] 17 | 18
T| v 152|305 | 457 | 609 [762 914 |1066| 1218 | 13711523
Av|153[ 152|152 | 153 152 152 | 153 | 152 | 152
2| v [170]337 | 504 | 674 B44 1008 |1184] 1348 | 1523 [1688[1852
Av|167[167 [ 170|170 164 176 | 164 | 175 | 165 | 164

3| v [104(207 | 311|416 p19 623 | 727 | 832 | 935 |1040({1143|1248{ 1351 [1453| 1559 |1664| 1770 (1875
Av|103| 104|105 103 {104 104 [ 105 | 103 | 105 |103|105|105| 102 |106| 105 [106| 105

3a pe3ynbrtatamu Tabnuui 3 3a MeTO4OM HaMMEHLWMUX KBagpaTiB
pPO3paxoBYBaNCh AOBXWHA XBUJi A Ta WBUAKICTb 3BYKY v B Tpybax Pin-
Ke JoBXUWHot L (Tabn. 4).
Tabnuusa 4
Po3paxyHoOK AOBXWHUM XBWUAi A Ta WBUAKOCTI 3BYKY L B Tpybax Pinke
JOBXWHOM L

Ne poc- | <v> 2 X O n-
. "I LM | M |vMCc|nN X X Xo
nigy My 2 2 "1

1 152,33| 1,15 | 2,30 |350,36| 9 |1371|208851|0,471| 0,5
2 168,2 |1,053|2,106|354,23|10|1682(283092|4,238 4,467
3 104,17|1,725| 3,45 |359,39|17 |1771|184519|1,149|1,185

cep 354,66

BigMiHHICTb Yy WWBMOKOCTAX 3BYKY MOXHA NMOACHUTU TUM, LLO AOCHI-
AV NPOBOAUNUCS Y PI3HUW Yac, i, MOXKJIMBO, 3@ Pi3HOI TeMnepaTypu NoB.i-
TpA. Mn He cTaBunu nepeqd coboto 3agavy NpMB’A3aTH WBUAKICTb 3BYKY Y
NnoBiTpi A0 TeMnepaTypu, TOMy BOHa He BUMiptoBanacs.

1. R. L. Raun, M. W. Beckslead, J. C. Finlinson and K. P. Brooksa. Review of
Rijke Tubes, Rijke Burners and related devices. Prog. Energy Combust. Sci.
1993, Vol. 19, pp. 313-364. 2. Pieter L. Rijke (1859) «0On the vibration of the air
in a tube open at both ends», Philosophical Magazine, vol. 17, pages 419-422.
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EXPERIMENTAL STUDIO OF THE SOUND AUTOGENERATOR

An experimental investigation of the sound generator based on the
Rijke tube principle was carried out. The physical characteristics of
generator were determined.

Keywords: thermoacoustic generator, Rijke tube.
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JKCNEPUMEHTAJIbHOE UCCJIEAOBAHUE ABTOTEHEPATOPA 3BYKA

MpoBeneHo akcnepuMeHTaNnbHoOE UCCNeaoBaHMe aBToreHepaTopa 3By-
Ka, NOCTPOEHHOro Ha npuHuune Tpy6bl Puitke. OnpepeneHbl pusnyec-
KuUe XapaKTepuCTUKKU aBTOreHeparopa.

KnroueBbie cnoBa: aBToreHepaTop 3BYyKa, Tpyb6a Puiike.
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