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OKCHEpUMEHTAIBHO TI0KAa3aHa BO3MOJYKHOCTh CYIIECTBEHHOIO IIOBBIIICHHUS
aMIUTUTYAbl KOJEeOaHW CTEP)KHEBBIX YIJIBTPAa3BYKOBBIX KOJIEOATEIbHBIX CHCTEM
noI00OpPOM D3JIEMEHTa CBSI3U MEXIYy IpeoOpa3oBaTeleM U HHCTPYMEHTOM. B
CpaBHEHHMH C KJIACCHUYECKOW CXEMOW MOCTPOCHUS YIbTPa3ByKOBOM KoseOaTeabHOI
CHCTEMOM aMIUIUTyJa BbIpOcia IOYTH BJBOE, a JOOPOTHOCTh CHUCTEMBI — Ha
MIOPSAOK.

KitoueBble ciioBa: yapTpa3ByKoBO# mpeoOpa3oBarelnb, KonebdaTeabHas CUCTeMa,
MIPOJOJIbHBIE KOJeOaHusl, BOJTHOBOJ, MHCTPYMEHT, pe3b00BO€ COeTMHEHNE

BBEJEHMNE

OOBIYHO /7SI TIOBBIIGHHWS aMIUTUTYX MPOJOJBHBIX KoOJeOaHWH  yIbTPa3BYKOBBIX
npeoOpa3oBaTenieil HCOIb3YIOTCS aKyCTHIECKHE TpaHC(HOPMATOPBI — CTEPIKHU ITEPEMEHHOTO
ceyenust [1-5]. VYcwimeHune B HHUX JOCTHTaercs Oyiaromaps HM3MEHEHHUIO BOJHOBOTO
COIIPOTHBIICHUS BJIOJIb OCU CTEP)KHS. B TO ke BpeMsi CyLIecTBYeT U JApyras BO3MOXKHOCTh —
paznenenne (QyHKIUN MpeoOpa3oBaHUs SJICKTPUUYECKUX KOJNEOAHWN B MEXaHUYECKUE H
BBEJICHUSI DHEPrUM yNpyrux KonebaHuil B oOpabarbiBaeMblii 00BekT. Ilpu 3ToM srmemeHT
CBSI3M MEXIy IpeoOpa3oBaTreieM W HWHCTPYMEHTOM JOJDKEH MPeNOTBPAaTUTh BHECCHHE
COIIPOTHBIICHUS] TOTEPh M3 HHU3KOAO0OPOTHOrO mpeolOpa3oBaress B BBICOKOJOOPOTHBIN
UHCTpyMeHT. Torga AOOpOTHOCTH MHCTPYMEHTA IIOYTH HE CHIDKAeTCs, a aMIUTUTYZAa
KOJICOAHUH MHCTPYMEHTA MOBBIIIACTCS.

Hacrosimmass paGota mocBsiiieHa 3KCIEPUMEHTAIBHOMY HCCIEAOBAHHIO BO3MOXHOCTH

IMOBBIIICHUA aMIIJIMTY IbI KoJIeOaHMit MyTeM H0n60pa TaKOIro COCAUMHUTCIIBHOT'O 3JICMCHTA.

1. SKCIIEPUMEHTAJIBHAA YCTAHOBKA 1 METOJIUKA

biiok-cxema sKkCepuMeHTAIbHON YCTAaHOBKHM NIPUBEICHA Ha pUC. 1.

Hccnenyemast konebaTesbHas cUCTEMa COCTOsJIA U3 JIBYX COOCHBIX CTAJIbHBIX CTEp)KHEH,
COCIMHCHHBIX TPH TIOMOITY CTAJIBHOW IMUIBKH ¢ pe3bborr M8x1 Tak, 4TO aKyCTHYECKHM
KOHTaKT MEXJy HU3KOJOOPOTHBIM NMpeoOpazoBaTeNeM M BBICOKOAOOPOTHBIM WHCTPYMEHTOM

OPOUCXOAMII TOJNBKO TI0 HHUTKAM pPe3bObl COSAMHHUTEIHHOTO dJeMeHTa (IIMUIBKH).
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CoOcTBeHHas yacToTa npeoOpasoBarens Oblia paBHa 25,27 k', no6porHocTs — 180. JnuHa
ITACCUBHOI'O BOJIHOBOJA M3MeHsiach oT 111 mo 43 MM, COOTBETCTBEHHO HM3MEHSIIACH M €TI0
cOoOCTBEHHAs1 YaCTOTa. DKCIIEPUMEHTHI MPOBOAMIUCH CO MIMIIBKAMU JUTHHOU 25 1 63 MM.

Puc. 1. bnok-cxema

2 9KCIIEPUMEHTAILHON YCTAHOBKH
1 — mpeoOpazoBarens;

2 — UHCTPYMEHT;

3 — COEIMHUTEIBLHBIN IIEMEHT

/N
[ (mmnuibKa);
PF .
4 — OeCKOHTaKTHBIN BUOpOMETD;
l 3 G — reneparop;
G A 1 A — ycuIIuTenb;

pF —gacroromep

Jlnst kaX10i U3 MOCTPOSHHBIX TAKUM 00pa3oM CHCTEM CHUMajach aMIUIUTYIHO-4aCTOTHAs
XapaKTepUCTHKAa TpU IOCTOSHHOM aMIIUTyJe BO30yXKIarolmero mnpeoOpa3oBaTeib
anekTpuyeckoro HampspkeHus. C  HOMOIIbIO  TOJYYEHHBIX — aMIUIUTYIHO-YaCTOTHBIX
XapaKTePUCTHK OINpPEACTSUINCh PE30HAHCHBIE YAaCTOTHl M aMIUTUTYIbl KojeOaHui mpu
pe3oHaHce, KOTOphIe CPAaBHUBAINUCH C MapaMeTpaMH KOHTPOJIbHON KOJie0aTeNbHOM CHCTEMBI,
MOCTPOEHHO U3 TEX K€ BOJIHOBO/IOB, COETUHEHHBIX HEMTOCPECTBEHHO BCTHIK.

2. PE3YJIBTATBI ODKCIIEPUMEHTOB

[Tpumep SKCIEPUMEHTATIBHBIX AMIUIMTYIHO-4aCTOTHBIX XapaKTEPUCTUK IpPHUBEJICH Ha
puc. 2.

B npencraBieHHOM AuMana3oHe YacTOT KOHTPOJIbHAS CUCTEMA UMEET OJHY PE30HAHCHYIO
4acToTy npuoan3uTenbHo 24,25 kl'1, cOOTBETCTBYIOIIAs YPAaBHEHUIO COOCTBEHHBIX YacTOT
JIByXCTEP’KHEBON CHUCTEMBI, KOTJa CTEPKHU COEAUHEHBI «BCTBIK» M aKyCTUYECKHI KOHTAKT
UJICaJICH:

w, sink,/, cosk,l, + w, sink,l, cosk,l, =0,
rie k =@/c — BONHOBOE YHUCIO, ¢ — CKOPOCTh 3BYKa B CTepxkHe, [ — mmuHa, w= pcS —
XapaKTEPUCTHUUECKOE CONIPOTUBIIEHUE, p U S — IUIOTHOCTh U MONEPEYHOE CEUCHHE CTEPHKHEH —

npeoOpaszoBareisi MU HMHCTPYMEHTa, WMHIEKCH | W 2 OTHOcATCA K mpeoOpa3oBaTenio U
UHCTPYMEHTY COOTBETCTBEHHO.

Y  mpemIoKeHHOH HaMH CUCTEMBbl HAOMIOJAIMCh JBE PE30HAHCHBIE  YaCTOTHI
npubau3uTeNnpHo 23,9 u 25,7 kI,

A. H. HeBepos
OKCnepuMeHTanibHOe nccnefoBaHne BbICOKOAMMIUTYAHbIX CTEPXHEBbLIX KonebaTenbHbIX CUCTEM
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Puc. 2. AMIUIMTY IHO-4aCTOTHBIE XapaKTEPUCTUKHU BHICOKOAMIUIUTYIHOW U KOHTPOJIbHOM
cUCTEM

[lepBas m3 3TUX 4YacTOT OnM3Ka K COOCTBEHHOW YacToTe HHCTpyMeHTa. [oOpoTHOCTH
JIBYXCTEP)KHEBOM CHCTEMBI MpHU 3TOM oveHb Benuka (Oombpmie 1000) u ompenensercs, mo-
BUJMMOMY, BBICOKOJJOOPOTHBIM MHCTPYMEHTOM; aMILIUTY/a KojeOaHul CyIeCTBEHHO BBIIIIE,
4yeM B IpenbaymeM ciydae. Bropas pesonancHas wactora 25,7 kI’ 6au3ka coOCTBEHHOU
yacToTe mpeodpazoBaTesnsi, JOOPOTHOCTh CHCTEMbl Ha STOW YacTOTE OMpeAeNseTcss HU3KOU
JTOOPOTHOCTHIO TIPeoOpa3oBaTesl, aMIUTUTY/Ia KOJICOaHH HHCTPYMEHTa HEBEITHKA.

TakuMm o0Opa3om, 371eCh UIMEET MECTO «pacCIICTJICHHE» COOCTBEHHBIX YAaCTOT, XapaKTEpPHOE
JUTSI CBSI3aHHBIX CHCTEM.

AnanoruyHas KapTHHa HaOJ0/1anach U IpU APYTUX COOTHOIICHUAX COOCTBEHHBIX YACTOT
npeoOpaszoBarenst W HMHCTpyMeHTa. [lepeuncnum oOmiye 4YepThl aMILTUTYIHO-YaCTOTHBIX
XapaKTEPUCTHK UCCIIEJOBAHHBIX KOJeOaTeIbHBIX CUCTEM:

o pE30HAaHCHAasE 4YacTOTa KOHTPOJBHOW CHUCTEMBI pa3MemaliaCh  MEXIY
PE30HAHCHBIMU YaCTOTAMH MPEAJIaraeMOi CHCTEMBI;

o Ha 4acTOTe BO30YKIeHUs, OMU3KON K COOCTBEHHOI 4acToTe mpeobpazoBaTens,
TOOPOTHOCTh M aMILTUTYJIa KoleOaHuil OBLIM TOTO K€ MOpPsAKa, YTO M Y KOHTPOIBHOM
CUCTEMBI;

. Ha YacTOT€ BO30YXKIEHHs, ONM3KOW K COOCTBEHHOW YacTOTE HHCTPYMEHTA,
JNOOpPOTHOCTh W AaMIUIMTyJa KOJICOAaHWH ONpeAeNsuINCh BBICOKOW JTOOPOTHOCTBIO
WHCTPYMEHTa, T.€. CYIIECTBEHHO TIPEBOCXOIWIM COOTBETCTBYIONIME ITOKA3aTeIN
KOHTPOJIBHON CUCTEMBI.

DKcrepruMeHTATbHBIC 3aBUCHMOCTH PE30HAHCHBIX YaCTOT IpeIaraeMoil yIbTpa3ByKOBOM
KOJICOATENbHOM CHUCTEMBI fp OT COOTHONIEHHS COOCTBEHHBIX YacCTOT HWHCTpyMEHTa fu u

npeobpasosarens fi1 npuBeneHbl Ha puc. 3.

A. H. HeBepos
OKCnepuMeHTanibHOe nccnefoBaHne BbICOKOAMMIUTYAHbIX CTEPXHEBbLIX KonebaTenbHbIX CUCTEM
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Puc. 3. 3aBucuMocT HOPMHUPOBAHHON PE30HAHCHOM YaCTOTHI BBICOKOAMILIUTYJHON CUCTEMBI
fp oT OoTHOIIEHNST COOCTBEHHBIX YaCTOT HHCTpyMeHTa fu u mpeoOpa3zosarens fi npu
Pa3IMYHON IJIMHE MIMWIbKKA L

PezonancHas 4yacrora cucTeMbl (YacToTa, Ha KOTOPOM aMIUIUTyAa KoJeOaHHit
MaKCHMaJbHa) OYE€Hb OJIM3KA K COOCTBEHHOM YacTOTE BBICOKOJOOPOTHOTO HHCTPYMEHTA.

Jlvie Tpu OYEHb 3HAYMTENILHOW pa3HHUIE COOCTBEHHBIX YacTOT HMHCTpyMeHTa fu u
npeoOpaszoBarenss fii u mpu OONBIION ANMHE MMWIBKK Limm 3Ta yacToTra cMemiaercs B
CTOPOHY COOCTBEHHOM 4acTOTHI ITpeodpazoBares fi.

DKcrepuMeHTaIbHbIE 3aBUCUMOCTH aMILUIUTY 1 KOJIEOaHUN MpeiaraeMoi yIbTpa3ByKOBOM
K0JIeOATeNbHOM CUCTEMBI A OT COOTHOLICHHSI COOCTBEHHBIX YacTOT WHCTpyMeHTa fu u
npeoOpaszoBarens fii mpuBeneHsl Ha puc. 4 (Ao — aMIUIMTyJa KOJIEOAHUH CHCTEMBI,
COCTaBJICHHOW M3 TeX e IMpeoOpa3oBareis W MHCTPYMEHTA, YTO M IpeiJiaraeMas, mpu ux
CTBIKOBOM COCJIMHEHUH ).

HauOonpiiee yBenuueHHE aMIUTUTYABl IOJIYYEHO TOIZA, KOrJa COOCTBEHHAs 4acToTa
UHCTpyMeHTa fu Obuta yyTh GoJbIlle COOCTBEHHOM 4acTOTHI IpeobOpazoBarens fi. 3ameTum,
YTO BBIMTPBINI MO aMIUTUTYJE KojeOaHWW HaOmroAancs BIUIOTH A0 3HadeHud fu/fn = 1,5,
KOrJa JUIMHa IMNWIbKU Oblia 63 MM, u 1o 3HadeHuit fu/fn = 1,8 1yig KOpOTKON MIMHIBKU
25 MM.

HpI/IBC,Z[eHHBIC PE3YJIbTAThl 3KCHCPUMCHTOB ITOKA3bIBAIOT BO3MOXHOCTH CYHICCTBECHHOT'O
IMOBBIILICHUA  aMIIIMTYAbI KoJIEOAHUHI CHUCTCMBI, cocTosimed U3 HI/I3KOI[O6p0THOl"O
Hpeo6pa30BaTeJ1;1 n BLICOKO)IO6pOTHOFO HHCTPYMCHTA IMOCPEACTBOM BBCACHUA MCIKIY HUMU
3JIEMEHTA CBS3H C BBICOKOM MOJATIMBOCTBIO.

A. H. HeBepos
OKCnepuMeHTanibHOe nccnefoBaHne BbICOKOAMMIUTYAHbIX CTEPXHEBbLIX KonebaTenbHbIX CUCTEM
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Puc. 4. 3aBucumMoCTH HOPMUPOBAHHBIX AMILIUTY T KOJICOAaHUN MHCTPYMEHTA OT OTHOIICHUS
COOCTBEHHBIX YaCcTOT MHCTpyMeHTa ful u mpeoOpa3zoBatens {1 mpu pa3nuyHON ATUHE
MIAIbKA L

3. KOJIEBATEJIbBHAA CUCTEMA JIA VJIBTPA3BYKOBOI'O ITOBEPXHOCTHOI'O
INTACTUYECKOTI'O AE®OPMUPOBAHUM A

Ha puc.5 mnpuBeneHbl [Be CXEMbl TIOCTPOCHHUS KOJNEOATENbHBIX CHUCTEM  JUIS
yJIBTPa3BYKOBOTO IMOBEPXHOCTHOTO IJIACTHMYECKOTO Je(OpMUPOBAHUS: OOLICHPUHATAS
kmaccuueckas [2] (a) w mpemmaraemas (0). Cxema mpemyiaraeéMoro  COCIMHECHHS
npeoOpa3oBarens | 1 UHCTpyMeHTa 3 TIpH MOMOIITH IIMIIBKK 6 aHAJOTHYHA TPUBEJCHHON Ha
puc. 1 (cHOCKa cripaBa BHH3Y ).

B nmpennaraemoii cxeme mpeoOpazoBarenab | U MHCTPYMEHT 2 COEAWMHEHBI MIMUIBKON 6,
aKyCTHUECKHI KOHTaKT MeX1y peodpazoBaTesieM U MINWIbKONW, HHCTPYMEHTOM U IIMUIBKOM
OCYIIIECTBIICTCS TOJIBKO 10 HUTKaM pe3b0bl. HemocpencTBeHHBIN CTHIKOBOW aKyCTHUECKHI
KOHTaKT MEXJy NpeoOpa3oBaTesieM U UHCTPYMEHTOM OTCYTCTBYET.

OmpeneneHre OCHOBHBIX XapaKTEPUCTUK KoJeOATeIbHBIX CHCTEM MPOBOJWIOCH Ha
YCTaHOBKE, OJIOK-CXeMa KOTOpOW aHaJOoTWYHA MPHUBEACHHOW Ha puc. 1. YcTaHOBKaA cocTOsIIa
U3 YIBTPa3BYKOBOI'O T€HEpATOpa, YCUIUTENS, YaCTOTOMEpa, ociuiorpada, 6€CKOHTAKTHOTO
BUOpOMETpA U UCCIIEAYEMbIX CUCTEM.

Jns xaxaod M3 CUCTEM CHUMAINCh AMIUTUTYIHO-YaCTOTHBIE XapaKTEPUCTUKU TpU
MOCTOSTHHOW ~ aMIUIUTyJleé THTAIOLIEro 3JEKTPUYECKOTO HAMpPsDKEHUS, 10  KOTOPHIM
OTpEAENAINCh PE30HAHCHBIE YacTOThI, JOOPOTHOCTH M aMIUITUTYIbl KoyieOaHUIl Mpu
pe3oHaHce.

A. H. HeBepos
OKCnepuMeHTanibHOe nccnefoBaHne BbICOKOAMMIUTYAHbIX CTEPXHEBbLIX KonebaTenbHbIX CUCTEM
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Puc. 5. Cxemsbl mocTpoeHust Kojie0aTeIbHBIX CUCTEM ISl YIABTPa3BYKOBOTO MIOBEPXHOCTHOTO
IJIACTUYECKOTO ehopMHUpOBaHUS

a — KJJacCu4deckasd, 0— npeanaracMas

1 — mpeoOpa3zoBartensp, 2 — yCTpoicTBO Kperuienus u npmwkuma YKC k ynpounsemoin
MOBEPXHOCTH, 3 — HHCTPYMEHT, 4 — yCTPOHCTBO KpeIyIeHNs Ae(pOpPMHUPYIOIIETO AIIEMEHTa,
5 — neopMHUPYIOMINI AIEMEHT, 6 — SJIEMEHT CBS3H (IIIMIIbKA)

CoOcTBeHHass yactora nmpeoOpas3oBatelns paBHsiIach 22,4 kl'1, MakcUMallbHAsI aMILTUTYAa
Konebanuit 5,2 MM, J0OpoTHOCTh mpuOmmsurensHo 80. PacueTHast coOCTBeHHas yacToTa
CTYIIEHYaTOro MHCTpyMeHTa 22,3 kI 1.

Knaccuyeckast konebarenpHasi CHUCTEMa, COCTaBJICHHAss W3 OSTHUX JJIEMEHTOB, HMela
PE30HAHCHYIO YacToTy mpubnausurenbHo 22,3 x['u, ammuutyay npu pesoHance 12,3 Mk,
n00poTHOCTH 0KOoJIO 120.

[Tpenyiaraemast HamMu KoseOaTeabHast CUCTEMa, COCTaBJICHHAs U3 TeX e Mpeodpa3oBaTes
U MHCTPYMEHTa, MMEJla MaKCUMaJbHYIO aMIUIMTYQy 22 MKM Ha uacrore 23,5 kI,
JTOOPOTHOCTH CUCTEMBI ITPU ATOM paBHstachk 1450.

A. H. HeBepos
OKCnepuMeHTanibHOe nccnefoBaHne BbICOKOAMMIUTYAHbIX CTEPXHEBbLIX KonebaTenbHbIX CUCTEM
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3AKIIIOYEHUE

B paboTre 53KCIepUMEHTaJIbHO TIOKa3aHa BO3MOXKHOCTh CYIIECTBCHHOTO TOBBIMICHHUS
aMIUTUTYABl KOJNeOaHUN CTEpXKHEBBIX cucTeM. KOHEYHO, ONMUCAaHHBIM CIIOCOO HE HCKIII0YaeT
NpUMEHEHHUs1 OOBIYHBIX KOHIIEHTpaTopoB. Hanmpumep, B cxeme KojeOaTeNbHOW CUCTEMBI IS
yIIBTPa3BYKOBOTO TOBEPXHOCTHOIO TUIACTHYECKOTO Je(hOPMUPOBAHMS COYETAIMCh 00a
criocoba.

K wHemocraTtkam pa3pabOTaHHONW CHUCTEMBI OTHOCSTCS, TPEXKIE BCEro, €€ BBICOKAS
UMIIEITaHC-9yBCTBUTEIBHOCTh U TPYIHOCTH HACTPOMKM HA MAKCUMAJIbHYI aMILIUTYHY.
CBsI3aHO 3TO, OYEBUJHO, C BBICOKOW JOOPOTHOCTBIO CHCTEMBI, II0OJIOCA MPOITYCKAHHUS
coctasisier Bcero 16 I'. Tem He MeHee, BIOJIHE OYEBHHA MEPCIEKTUBHOCTh MPHUMEHCHHUS
OINMUCAHHBIX KOJIe0ATEIbHBIX CHCTEM B YCTaHOBKAX YJBTPa3BYKOBOI'O IOBEPXHOCTHOTO
IIACTUYECKOTO 1e(hOPMHUPOBAHHS.
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