201900510 Al

(19)

(12)

(43)

(22)

(54)

EBpa3unckoe @) 201900510 13 A1l

naTeHTHoOe
Be4OMCTBO

OIMMCAHUE M30BPETEHUS K EBPABUNCKOMU 3ASIBKE

[ata ny6nvkaLmm 3aseku (51) Int. Cl. HO4R 17/00 (2006.01)
2020.12.30

[ata noga4un 3asiBku

2019.11.05

JIEKTPOAKYCTUUYECKHWI HEHATIPABJIEHHBINA TIPEOBPA3ZOBATE.Ib

(31)
(32)
(33)
(71)

2019118689 (72) Waobperatens:
2019.06.14 CrenanoB bopuc I'eopruesuu (RU)
RU

3asBuTensb:

OEJEPAJIBHOE

T'OCYAAPCTBEHHOE

ABTOHOMHOE

OBPA3OBATEJIBHOE

YYPEXKJIEHHUE BBICHIET'O

OBPA3OBAHUA "CAHKT-

NETEPBYPI'CKHUMI

T'OCYJIAPCTBEHHBIN

SJIEKTPOTEXHUYECKHM

YHUBEPCHUTET "JIDTU" M. B.1.

YIAbAHOBA (IEHUHA)" (CHI6I'9TY

"JITH") (RU)

(87)

N300peTeHHe OTHOCHUTCS K OOJNAacTH aKyCTHYECKOro IpPHUOOPOCTPOSHMS, a HMMEHHO K KOHCTPYHPOBaHHIO
HEHaNpaBJIeHHBIX IpeoOpa3oBaTerneil, M MOXeT OBITh WCHOJB30BAaHO NPH MPOBEICHUHM pA3IUYHOTO poja
OKeaHOrpaUYeCKUX HCCICIOBAHUM, W3MEPEHHH OOBEMHOIO pAacCesHMs, IPOBEICHHM pPAa3IM4YHOTO poja
THIPOAKyCTHUECKHX U3MEPEHHUH, B CHCTEMaX 3BYKOIIOIBOIHOM CBSI3H, VISl pa0OTHI TUIPOAKYCTHIECKUX MasiKOB M BO
MHOTHX JIPYTHX CIIy4asiX, KOTJa BO3HHKaeT HEOOXOIMMOCTh B M3IY4YE€HHH 3BYKOBBIX BOJH. DJIEKTPOAKyCTHUECKHH
HEHaIpaBJICHHBII TIpeo0pa3oBaTeb COAEPKHUT NbE30CTEP)KEHb, JBE OAMHAKOBBIE OCECHMMETPHYHBIC HaKIIaIKH,
BBITIOJIHEHHBIE B BH/IC CIUIOLIHBIX KOHYCOB, COSITHHEHHBIX apPMHUPYIOLIEH CTSKKOH, ¥ TepMETH3UPYIOIIHE TPOKIIaIKH,
YCTaHOBJIEHHEIE B MECTE COIPSDKEHMS HAKJIAJOK, KOTOPhIe 0OpaIieHbl OCHOBAaHUAMH JIPYT K APYTY, @ CO CTOPOHBI
9THX OCHOBAHHH BBITIOJIHEHBI IIyXUe IIHHPIYECKUE OTBEPCTHS, HE IPEBLINIAIONIIE 10 ITyOMHE TTOJIOBUHBI [UTHHBI
MBE30CTEPIKHS, KOTOPBIH pacrojiaraeTcss B HUX U JKECTKO MPUKPEINIIeTCS CBOMMH TOPLAMHU K TOpLAM yKa3aHHBIX
orBepcTHi. TeXHMYECKHH pe3ynbTaT 3aKiIIoYaeTcs B BOSMOXKHOCTH MONy4YeHHS 3()(QEKTHBHOTO HEHAIPaBICHHOTO
H3ITydeHus (TIpreMa) 3ByKOBBIX BOJIH B 00JIACTH Pe30HAHCHOH YaCTOTHI IPEAIaraeMoro Ipeoopa3oBaTels B Auana3oHe
enuHUN K11 1 HIDKe.
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MMNK: HO4R 17/00

AneKTpoaKyCTUYECKNN HeHanpasneHHbI npeobpa3oBaTenb

N3o6peTeHne OTHOCUTCA K 06nacTit akyCTuieckoro npubopocTpoeHus, a UMEHHO
K KOHCTPYMpOBaHWIO HEeHanpaBneHHbIX npeobpasoBarenei W  MOXET 6bITb
CMONb30BaHO NPWU NPOBEAEHNU pasnu4HOro poaa okeaHorpaduyeckux uccnefosaHui.

OpHOM W3 BaKHbIX 3aAad, BO3HUKAKOLIMX Npw paspaboTke rMapoOaKyCTU4ECKUX
npeoGpasosaTenen, senaetcs obecneveHne UM HeHanpaBneHHOro U3nyYeHus
(npuema) 3BYKOBbIX BOMH. HeobBxoauMOCTb B 3TOM BOSHUKACT, Hanpumep, npu
W3y4eHUM JyYeBbIX KapTUH 3BYKOBbIX BOMH pacnpoCTpaHAIOWMXCA B OkeaHe,
naMepeHUM 0BBLEMHOrO PaccesHusi, NPOBEASHNA PasnuIHOre poaa rMAPOAKYCTUHECKUX
usmepeHuii, B cuctemax 3BYKONOABOAHOM CBA3M, Ans paboTel rMAPOAKyCTUHECKUX
MasikoB 1 BO MHOTUX Apyrux ciy4asnx.

ins obecnedeHns HeHanpasneHHOro 3ny4eHun (npuema) 4acTo Ucnonb3ylTCA
nbesokepamuyeckue npeobpasosareny, BbiMOnHeHHbIe B BUAES nycToTenbHoW cdepbl
[CeepanuH .M. lMpuknapHas rmapoakycTvka | 1., Cymoctpoenue, 1990, c. 279].
HenocTaTKoM TaKoi KOHCTPYKLIMM ABNAIOTCA OFPaHMYEHUs!, CBA3AHHbIE C TEXHUYECKUMMU
TPYAHOCTAMU BbLINOMHEHNA €€ Ha HU3KNE PE30HAHCHbIe yactotbl (MerHee 10 «lw).
MakcumanbHbIli pasmep (AnameTtp) Takoro chepuyeckoro npeoGpasoeatens, Kak
npasuno, He npesblwaeT 80-100 mm [[besokepamuyeckue marepuanbi U ANEMEHTbI /
Katanor AO «HWW «Onna», c. 23]. Kpome TOro €ro KOHCTPYKUWS CNOXHA ana
apMupoBaHus U obnanaeT orpaHNieHHoM rnyGokoBogHoCTbI0. Hanuune naTpybka v
OTBEPCTUA B MbE3OKEpaMUUEcKux cthepax ANA TOKOBBOAA yMEHbLUAET NPOYHOCTb UX
KOHCTpyKUMK,  3anonHeHue BHYTPEHHelA nomnocT  Nbe3okepamuyeckux cdep
3NEeKTPON3ONUPYIOLLIEN XKWAKOCTBIO Unn pesMHonoAobHbIM MaTtepuasnom [SU a.c. Ne
365861 [nyBokosogHblii  rMAPOQOH], AenaeT  KOHCTPYKUMIO npeobpasosarens
KOMNEHCUPOBAHHOW, rMyGOKOBOAHOM, HO HE pellaeT ABe Apyrve yKasaHHble npobnembl.

YBenuueHve NpoYHOCTY 1 rabapuTos HeHanpasneHHOro uany4arens, umetoLero
KOMMNEHCUPOBAHHYIO  KOHCTpyKUuuto, B [SU ac. Ne 398289 Cdhepuueckuit
rMapoaKyCcTU4eCcKni npeobpasosarenb] AOCTUraeTcs NyTeM BbINONHEHWS ero B supe
habopa NOCKUX Nbe30KEPaMUHECKNX nonykoney, (nyr) BeepoobpasHo CoeAnHEHHbIX B
AviameTpanbHoN NuHUM NoA OAVHAKOBBIMU Yriamu. C BHellHel CTOpOHbl KOHCTPYKUWA
obTsrMBaeTcs 0BONOYKON, @ ee BHYTPEHHAS MOOCTL 3aMONHAETCA 3NEKTPON3oNUpYIoLLEH

XUAKOCTbIO (Macnom). Takow npeobpasosaTenb MMeeT CNOXHYIo KOHCTpyKUMIO, a

.



npotTusodaszHoe N3nyyeHne BHYTPEHHE NOMOCTU Yepes 3a3opb! MeXay AyraMu MOXeT
yXyALwarh HeHanpasneHHble cBoicTBa npeobpasosaTens v CHUKaTb ero 3dhpeKTMBHOCTD.

C uenbio yBENUYEHUA MOLLHOCTU U3MYYEHUA U NOHWKEHUA PE30OHaHCHON YacToTh!
B [SU a.c. Ne 716626 O3nekrpoakycTuueckuin npeobpasosaTtens] npeanoxexHa
KOHCTPYKUMS B BUAEe ABYX XECTKO CKPENNeHHbIX Mexay coboi MeTansimyeckux
nonycgep, Ha BHyTPEHHE NOBEPXHOCTH KOTOPbIX 3aKpenneHb! Nbe3oakTusHbie Ayrv C
YrMOBbIM PasMEPOM MeEHblUe 4YeTBEepTU OKPYXHOCTW. PesoHaHCHaa vacToTa Takoro
npeobpasoBaTenss ONPeaenseTcsi B OCHOBHOM pPE30HAHCHOW 4acTOTOW COCTaBHOM
chepuyeckoin 060moukn. KOHCTPYKUMA SBMRETCA MHOrO3/1EMEHTHOW U A0CTaTOMHO
CNOXHOW B U3rOTOBNEHUN.

[lpyruM BapuaHTOM HW3KOYACTOTHOTO HeHarnpasneHHoro npeobpasosarens
agnAeTcs ycTpoiicTeo [SU a.c. Ne 778811 OnekrpoakycTtuyeckuit npeobpasosarens],
coaepxallee cepudeckytio 060nouKy (B OAHOM U3 BapuaHTOB BLIMOMHEHHYIO U3 ABYX
nonycgep) Ha BHYTPEHHEN NOBEPXHOCTU KOTOPOI UMEETCA Habop rnyxux oTBepcTui, B
KOTOpble BKNEeHbl Nbe3okepamuyeckue Aucku. PesoHaHcHas Jactota 3TOrMo
npeobpasoBaTens  ONpeaenseTcs Pe3OHAHCHOW 4acToTOW ero  KOMMO3UTHOM
chepuueckont oBonouku. KOHCTpyKUMA SABNSAETCA MHOrO3MIEMEHTHOW WU [OCTaTo4HO
CNOXHOW W TPYAOEMKON B U3rOTOBIIEHUMN.

B kauyecTBe HeHanpaBfieHHOro usnyyarens MoxeT 6biTb UCMONb3oBaHa TaioKe
chepuueckan aHteHHa [RU Mar. Ne 2460092 [umppoakyctuyeckaa aHTeHHa
chepuueckon popmMbl Ans ruaponokaropaj, pabovan Yactota KOTOpPOA onpeaenseTcs
obpasyiolmmu ux npeobpasoBaTensmMiu, UMEIOLWMMU CPaBHUTENLHO BbICOKyI0 pabouyto
yacToTy (kak npasuno, Aecatku kl'u). Chepuyeckne aHTeHHbI ABNAIOTCA KOHCTPYKTUBHO
CNOXHbIM U OCTATOMHO AOPOroCTOAWMUM o6opy;uo|3am¢1em.l

Takum 00pasom, B HacTosliee BPEMA He WUMEETCs AOCTAaTOMHO NPOCTOi B
UCNONHEHUM W HAAEXHOW B  3KCnnyaTauuu KOHCTPYKUMM  HeHanpasneHHOoro,
a(pPEeKTMBHOrO M HM3KOYACTOTHOrO u3nyyartens (eauHuubl k'l u Hwke), cnocobHoro
BbIAEPXMBATL CPABHUTENBHO OONbLIOE rMAPOaKyCTUYECKOE AABNEHUE.

Haun6onee 6nnU3KMM MO TEXHUYECKON CYLLHOCTU K NpeanaraeMomy u3obpeTeHuto
sBnaeTcA npeobpasosatens [US Mat. Ne 3215977 Acoustic transducer], cocTosiumii n3
Nbe30KePaMUUECKOro CTEPXHA, XEeCTKO CBA3AHHOTO CBOMMM TOpuamu C ABYMA
OOVHAKOBLIMM  TOMCTHIMY  TapenbyaTbiMi  Haknagkamu C  BbIMYKNOA  BHELHed
NOBEPXHOCTBLIO, KOTOPbIE OAHOBPEMEHHO CRyXaT kopnycom npeoBpasosatens. Baonb
OKPYXXHOCTM OCHOBAHWSA TapenbyaTblX HaKNafaoK YCTaHOBNEHb! repmeTusupyiolme

npoknaaku. MNpeobpasoBaTent apMMpoBaH CTSXKOW, NPOXOAsLLEN Yepes oTeepcTue B
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nbe3ocTepXHe W 3aKpenneHHoW Ha Haknaakax. CornacHoO OMNUCaHWio NaTeHTa,
npeoBpasoBaTens MMeeT Pe30HaHCHYI0 HacToTy 40 'y, ¥ B AnanasoHe yacrtot Ao 15 Ky
obnafaeT cpaBHUTENbHO PABHOMEPHON YaCTOTHOMN XapaKTepUCTUKON.

Hepocratkom 3Toro npeobpasosarens ABMAETCA TO, 4YTO B obnactu
PE30HAHCHOW YacTOTbl Tapenb4aTbie HakKnapku, o6nanas cpaBHUTENbHO HeGonbLIOWH
U3rMGHON KecTKOCTbIo, BGyayT cosepluaTe u3rMbHble konebaHus, 4TO npuseaeT K
fonblON HepaBHOMEpPHOCTM B pacnpeaeneHun konebarenbHOM CKOpoCTU NO
noBepxHOCTW NpeoGpasosaTtens (BNioTk A0 NOABNEHUA NPoTMBO(a3HbIX yHacTkos, 4TO
3aBUCMT OT MaTepuana ¥ OTHOLLUEHUA TOMWWHBI K AUaMeTpy Tapenbvartbix Haknapok).
Mpu atom GyaeT hopMMpOBATLCA XapaKTepUCTUKa HanpaBneHHOCTU C BblpaXKEHHOW
HepaBHOMepHoCTbio. CrnaboHanpasneHHoe usnyveHue byaeT cdopmuposaTtbca nuilb
NPV CpaBHUTENbHO MarblX BOMHOBLIX pasmepax npeobpasosarens, T.e. Ha HacToTax
CYLECTBEHHO HWXEe PEe30HAHCHOW, Hanpumep, B obnactu vacrtot po 15-20 «'y, rae
a(hPEeKTUBHOCTL  M3NydeHus npeobpasosaTens 6yner mana. Takum o06pasom,
XapaKTepucTuka HanpaBneHHOCTW Takoro npeobpasoBaTens CWIbHO 3aBUCUT OT
paboyeit 4acTOTbl U ero BOSTHOBbIX pa3MepoB.

TexHuueckas 3agava, pelaemas npeanaraeMbiM ©3obpeTeHneM, saknio4aeTcs
B cospaHum npeobpasosarens, obnapaiouiero HeHanpasneHHbIMU cBolictBamn B
pexuMe usnyyewus (npuema) B obnactu cBOeit pe30HaHCHOW 4acToTbhi Ha
CPaBHUTENbHO HMU3KUX “acToTax (EAMHULbI kMy), npu ycnosun 3EPEKTUBHOIO
n3ny4eHns u cnocobHoro paboTaTb NPU BbICOKOM MAPOCTATUHECKOM AABNEHVN. Kpome
TOrO, Npeanaraemblit npeobpasosaTtent No3eonseT obecneunTs AOCTATOMHO XOpoLuyto
YYBCTBWTESNLHOCTb B pPeXUMax u3NyyeHus U npuema 3a cdet MCcnonb3oBaHusA
NPoaonbHOTO  Nbe3o3dgekTa, Hanpumep, no CpaBHéHWO C paBHOBENUKUMHU
nbesokepamudeckumu  obonoukamu, UCNONb3YIOWUMU nonepeyHblit  Nbe3o3addexkT,
ahheKTMBHOCTbL KOTOPOFO B ABA pasa MEHbLUE.

MocTaBneHHas 3ajaya pellaeTca 3a C4eT TOoro, 4To B Npeanaraémom
npeobpasoBartene Tak Xe, kak B M13BECTHOM (npoTtoTune), npeobpasoBatesib COAEPKUAT
Nbe30CTEPXKEHb, MABE OAWHAKOBbIE OCECUMMETPU4YHBIE  HaKNanKy, COeAVHEHHbIE
apMupyloLLIelt CTSDKKOW, WM repmeTusupylollue npoknaaky, YCTaHOBNEHHbie B mecrte
conpskeHus Haknagok. Ho B oTnuuue OT  U3BECTHOrO, B npepnaraemom
npeobpasoBaTene HakNaakv BbINONHEHbI B BUAE CMIOLUHLIX KOHYCOB, obpatleHHbIX
OCHOBaHWAMW Apyr K Apyry, CO CTOPOHbI 3TUX OCHOBaHW!t BbINONHEHbI rnyxue

yunuHppudeckne OTBepCTUus, He npesbllalowme no I'J'IYGMHe MOMOBUHbLI  ANUHbI
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Nbe3OCTEPXKHSA, KOTOPbLIA MOMELLEH B HUX W XECTKO NpUKpensieH cBOUMU TOpLUaMKN K
TOpLIAM YKa3aHHbIX OTBEPCTUM.

CyuwHocTb npeanaraemoro  w3obpeTteHus NOSICHAETCA  JepTexamu,
NPEeACTaBNEHHLIMU HA ur. 1—4. Ha c¢ur. 1 cxematnyecku nokasaH npeanaraembii
npeobpasoBartens; Ha (ur. 2 cxemaTuiecku nokasa xapaktep konebanui u sntopa
pacnpeaeneHus koneGaTensHol CKOPOCTW NO NOBEPXHOCTU npeobpasosarens. Ha
cdur.3 npuseaeHbl pesynbTaThi pacveToB XapaKTEPUCTUKU HanpasneHHoCT ANA
pa3HbIX 3HAYEHWii BONHOBbLIX pa3MepoB npeanaraemoro npeobpasoBatens, a Ha ¢ur. 4
nokasaHbl aKCNEPUMEHTANbHO NOMy4eHHbIE XapaKTepuUCTUKN HanpaBfieHHOCTU.

OneKTpoakycTu4eckui HeHanpasneHHbIl npeobpasosaTenk (cour.1) cocrouT U3
Nbe30KepaMMUECKOro CEeKLIMOHUPOBAHHOTO CTEPXHSA 1, ABYX OAWHAKOBbLIX MACCUBHbIX
HaKnafoK 2, BLIMOMHEHHbIX B BUAE CMIIOWHbBIX KOHYCOB, o6palleHHbIX OCHOBaHUAMU
APYr K Apyry, a Taioke apMmupyoLLei CTSXKN 3, BbINOMHEHHON B AaHHOM crnyyae B BUAS
6ONTOBOTO COEAMHEHWS, U AKYCTUYECKU FMOKUX repmeTvsnpylolmx npoknagok 4. B
KaXOOM OCHOBAHMM KOHYCHbIX HaKnapok  BbiMONHEHO uunuHAapuYeckoe rnyxoe
oTBepcTME, He npesbiiaollee no rny6uHe NONOBWHBLI ANUHBI MbE30KePaMUIECcKoro
ctepxHs 1. MocnepHwit pacnonaraeTca BHYTPU yKa3aHHbIX OTBEpPCTUA NacCUBHbIX
KOHYCHBIX HaKnajoK 2 W XeCTKo COeANHAeTcs C HuMW no Topuam € NOMOLUbIO
3NOKCUAHOrO KOMnayHaa W apMupylowero GonToBoro coeauHewus 3. [lepen
OKOHYaTenbHOW cOopkon w apmupoBaHueMm npeo6pa3oBaTens, Mexay OCHOBaHUAMU
KOHYCHbIX HaKnaaoK 2 yCcTaHaBnmBaioTCA repMeTMsupyiole npoknaaku 4, kotopbie
ans Gonblied HaAEeXHOCTU repMeTUsauun MoryT pacrionaratbCsi He TONbKO NO
BHELUHEMY KOHTYpy OCHOBaHWA KOHYCHbIX Haknanok, HO W No BHELUHEMYy KOHTYPY
LMANUHAPWUYECKUX OTBEPCTUW, Hanpumep, Kak nokasaHo Ha cur. 1. Takum obpasom,
KOHYCHble Haknaaku obpasyloT NpoYHbIi Kopnyc npeobpasosatens, a wx BHELHAA
MOBEPXHOCTb OnpeaenseT  GUKOHWYECKYlo cdopmy MOBEPXHOCTU npeanaraemoro
npeobpasosarens.

[locTUraeMbiii TEXHVYECKUIA pesynbTaT 3akio4aeTes B BO3MOXHOCTY NOny4eHuns
BRM3KOI K CheprUEecKoil XapaKTEpUCTUKN HanpaBneHHOCTN C NOMOLLIbIO NpeanaraemMoro
npeobpasosaTtens B obnacTu 4acToTb! ero pesoHaHca. 1o obecne4usaeTca Tem, HTO
KOHYCHbIE HaKnaaku, BBUAY XKECTKOCTU WX KOHCTPYKUMM 1 3anOstHEHWUA coboit nouTu
Bcell BHyTpeHHeit obnactu npeoGpasosaTens (3a WUCKM4EeHUEM Nbe30CTEPXHA), C
MOBMLMN HArPYXKEHHOCTV Ha HWX TOPUOB MbE3OCTEPXHA, B nepsoM npubnumikeHuu

MOXHO paccmaTpusaTb KaK YMCTO NHepuunanbHylo Harpysky, T.€. KaK COCpeAOTO‘-IeHHble

*
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maccbl. [lpy 3TOM pesoHaHcHas 4vacToTa npeobpasoBaTens fp C AocTaTodHon Ans

NpaKTUKM TOYHOCTLIO (NopsAaka 5%) moxer ObiTb onpegeneHda no dopmyne

m
fo = Jor , TOe for — PE30HAHCHas 4acTtoTa Nbe3OCTEepPXHA;, m — macca
p CT
t \m+2M

Nbe3ocTepXHA; M — macca OAHoM KOHuYeckoin Haknapku. B atom cnyvae npv
koneBaHusax NbEe30CTEPXHA Kaxaas U3 ero Haknanok OyayT nepemeLyaTbes Kak eaviHoe

Lenoe, T.e. coBepwaTs konebaHus Tuna noplHeBbix. BosHukaiouee Npu 3TOM
pacnpefeneHne amnauTyabl HOPManbHOM KOMMOHEHTDI konebaTenbHoW CKOPOCTU Vi,
No noeepxHocTM npeoGpasosaTens CxeMaTW4ecku MokasaHo  Ha dur. 2.
OpVMEHTVPOBOYHbIE PacyeThl MOKa3bIBaloT, YTO BOJIHOBbIE pasMepsl npeo6pasosaTtens

Ha PpPEe3OHaHCHOW 4YacToTe MOryT HaxoAuTbcs B npeaenax 1skBpR52, roe
kgp = anp /cB; cy— CKOPOCTb 3ByKa B BOAE; R — papuyc ccepu4eckor NoBepxHOCTH,

onvcaHHoi BOkpyr npeobpasosatens. [py 3TOM MakcUManbHOE paccToAHue d ot
noBepxHocT npeobpasoBaTens A0  ONUCAHHOW  BOKPYr  Hero cthepuueckoit

NOBEPXHOCTW He npesbiuaeTt d <(0.05-0.1)A;, rae Ay — ANUHA 3BYKOBOW BOJHbI B

soge. Toraa, ¢ yyetom cpasosoro Habera, pacnpeaenexve pagvanbHOW KOMMNOHEHTbI
konebaTenbHON CKOPOCTW, NEPECHMTaHHON Ha cdepruieckylo NOBEPXHOCTL pagvyca R

N COOTBETCTBYIOLLEN 3Miope V, , NPUBEAeHHON Ha dur. 2, MOXHO 3anucatb B BuUpe:
ve(0)=v, cosalcos(e—a)|exp[—— j2kBRsin(6/2)cos(B/2+a)] , rme v, — aMmnauTyaa
oceBoil KonebaTenbHol ckopocTy; k, = @/cy = 27f /¢y ; f — TeKywas vacToTa; a — yron

HaknoHa o6pasyioLLiert KOHUYECKOH NOBEPXHOCTH, 0 — Texywui yron, j = J-1.
Ha cur. 3 Ans pasHbiX 3HAYeHWA BONHOBbLIX Pa3mMepos kyR nokasaHbl

pesynbTaTbl pacyeTa HOPMMPOBAHHLIX  XapaKTepUCTUK HanpasneHHocTn  AnA
npeanaraeMoro npeobpasoBsaTens, NoMyYeHHbIe ¢ NCNoMNb3oBaHNeM BbIpaXeHus Ans
3BYKOBOTO [@BneHWs B [aflbHEM rnone, CO3AaBaeMmoro 0CECUMMETPHUYHbBIM

chepuuecknM uanyyatenem pagvyca R:

ej(mt-k,,r) 0201 ( ) ej[ﬁn(kBR)+(n+l)1t/2]
=27V U,P,(cos0 ,
P =2gV; kr o) n‘n Dn(kBR)
n+1?%

rae z,— YAENbHbIN umneaarc Boapl Uy =

[ vR(8)B, (cosB)sinbab; B, (cosb) —
0

nonvHombl Jlexauapa; D,(kgR) v 8,(kR) — dyHKUMK Mopsa; r — paccrosHue Ao
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TOYKM HabniogeHus; ¢ — Bpema. MHoxuTens 8 Buae CyMMbl B BbipaXeHun Ans

3BYKOBOIO AaBlieHusn onpepenaeT HEHOPMUWUPOBAHHYIO XapakTepucTuky HanpasneHHoCT!

/18 (kR +(n+1)m/2] l
. MapameTpbl pacyeta U
D,(kR) |

HOMepa KpuBbIX cooTeeTcTayloT: a=7/4; 1 - kR=0.8;2 - kyR=12;3 - kR=16;

o0
npeobpasosatens R(0)=|2 U,H,(cosb)
=0

4 - k,R=2.0; 5 — kyR=2.4 . PacueT nokasiBaeTt, 4To B AOCTaTO4HO GonbLuom
AnanasoHe 4acToT (BOMHOBLIX pasMepoB k,R) npepanaraemoro npeobpasosartens €ro
XapaKTepucTuKa HanpaBneHHOCTH bnuska K cchepuueckon.

Ecnu  vcnonb3osaTtb nonycepuueckue BHELWHWE NOBEPXHOCTU NACCUBHBIX
HaKnagoK, TO BHELWHAs MOBEPXHOCTb NpeobpasosarTens fyper cosnagatb C
NOBEPXHOCTbIO OMUCaHHOW BOKPYr HEro cchepbl, Ha KOTOpPOA pacnpefenexHne
HopManbHOW  (paguanbHOW) — KOMMOHEHTHI konebaTtenbHoit  ckopoctn  Gypet

v, =vg(@)=lcosbl. B  aToM cnysae  HepaBHOMEPHOCTb XapaKTepUCTUKNA

HaNpaBNEeHHOCTM ANsl YKasaHHbIX BOMHOBbLIX pasMepos npeobpasosatens 6GyAet

CylLecTBeHHO Gonblue. Tak Hanpumep, npu kxR 21 HepaBHOMEpPHOCTL xapaKTepuCTUKM

HanpaBneHHOCTW, onpedensemas  kak N = [Rnax (8) = Ripin (0)]/Rnax (6),  AnA
npeobpasosaTens ¢ nonycthepuieckuMu Haknaakamm 6ynet N =225%.

MpuHuun paboTbl npeanaraemoro  3NeKTPoaKyCTUHECKOoro HeHanpaBieHHOro
npeobpasoBaTtens 3aknivaetca B Crneaylouem. MNpu nopaye BO3OYXAAIOLWErO
SNEKTPUYECKOTO HanpsKeHUs Ha MNbe30CTEPXEHb, nocneaHuini HauuHaeT cosepluaThb
npoaonbHble konebaHua BAONAL OCK Z (em. ur 1, Ha chur. 2 konebauus ycnosHoO
noxasaHbl ABOMHOW cTpenkow). lNpu 3TOM, 3aernneHHb:e no Topuam Nbe30CTEPXKHA
KOHUMECKWEe Haknagku 1 Taike HavuHaloT coBepluatb konebGaHuAa B HanpasneHun ocu
z, npubnwxasack Apyr K Apyry 3a OAvH nonynepuoa koneGaHuih u yaanascb Apyr ot
Opyra 3a apyroi. Takum obpasom, Ha BHElWHeil noBepxHoCTM npeobpasosaTens
cdopmupyeTcs CuHdasHoe pacnpeaenexue HOPManbHOW KOMMOHEHTb! konebaTenbHON
ckopocTn. Brnarogaps BbiGopy BHELLHel MOBEPXHOCTM NacCUBHLIX HaKNaaok B BUAS
KOHYCOB W MEepeMelleHuio vX Kak eauHoe uenoe, Ha BHELHe OGWKOHUYECKON
foBepXHoCTU npeobpasosartens nony4aeTcs 6nuskoe K paBHOMEpHOMY pacnpefeneHue
HOPManbHON KOMMOHEHTbI konebaTenbHo ckopocTM v, (CM. dur. 2). Beuay
CpaBHUTENbHO HeBONblMX B BOMHOBOM OTHOLLEHWA paccTosHuit OT uany4aiowen

nosepxHocTM npeobpasosaTtens Ao ONMWCaHHON BOKPYr Hero cdhepuyeckon

NOBEPXHOCTN paauyca R, MOXHO CHUTaTh, 4TO Ha Heit Take dopmupyetcs Bnm3koe K
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PaBHOMEPHOMY pacnpeAeneHue paauanbHoit KOMNOHEHTb! konebaTenbHoi CKopocTy
vg(0). MocnepaHee OGCTOATENLCTBO CRYXUT obocHoBaHMEM nonyyYeHus GnusKoro K
HeHanpaBneHHOMy u3nyyenus, nogobHo nynbcupylowen cdepe (n3nyvartento
HYNeBOro nopsaka).

MocKoMbKy BHELWHSASA NOBEPXHOCTb NAaCCUBHbLIX HAKNAAOK BLINOMHAETCA TakuM
ob6pas3om, 4TO HOpmasibHas cocTasnslouas konebatenbHol CKOpPOCTW MPUCYTCTBYET
npakTU4ECKVW Ha BCei BHELWHeil noBepxHocTu npeobpasosatens, TO oyay4n
NOTPYXEHHLIM B BOAHYO cpeay, npeobpasosatens Oyper usnyyatb (NnpuHMMAaTh)
3BYKOBbIE BOSIHbI BO BCEX Hanpasnewuax. B cnysae HeobxoaumocTW, nyTeMm Bblbopa
(hOpMbl BHELLHEN NOBEPXHOCTU NAacCUBHbLIX HAKNAAOK (Aenas ee COCTaBnEHHON U3 ABYX-
TPEeX KOHWYECKUX NOBEPXHOCTEN C pasHbIMUA Yriamu HaknoHa ux obpasyioLien) MOXHO
AOBUTLCA NpaKTUHECKN paBHOMEPHON (Cchepuyeckoil) XxapakTepucTuku HanpaeneHHocT!
B obnactn pabounx 4acToT paccmaTtpueaemoro npeobpasosarens.

B kauecTBe Nbe3ocTepXHa MoxeT ObiTb ucrnonb3oBaH Kak nbe3oKepamu4eckui,
Tak U noboit ApYrol aKTWBHbLIA 3MEMEHT, COBepLUaloLmin NPoAONbHbIE konebaHus.
Apmupylowjas CTskka MoxeT ObiTb BbiNONHEHa  Kak LUEHTpanbHbiil  3NeMeHT,
pacnonoXeHHsIt BROMb ocu npeobpasosaTtens, Tak W B BUAE CUMMETPUYHO
PACMONOXEHHBLIX C BHELWHE! CTOPOHbI MbE3OCTEPXKHA TPexX-4YeTbipex 3NEeMEeHTOB
apMuUpoBaHus (BONTOBbLIX WNW BUHTOBLIX COEAUHEHWI). [Py 3TOM Cam Nbe30CTEPKEHD
MOXeT 6biTb coBpaH 13 CNNOLWHbIX Nbe3okepamuueckux wanb. YkasaHHbie BO3MOXHbIS
3aMeHbl He OTpaXkaloTca Ha paboTe npeanaraemoro npeodpasosarens, NOCKOMNbKY 3TO
BCE NPOVICXOAUT BHYTPYU €ro kopnyca, 06pa3oBaHHOro KOHU4ECKUMUN HaKnaakamu.

Beugy CUMMETPUWM KOHCTpyKUuu npepnaraéMoro npeobpasosaTtens, ero
Kpennenve yaoOHO pacnonaraTb B CPEAHEN NNOCKOCTW MONEPEYHOro  CeveHns
Nbe30KepaMUYECKOro CTEepXHs, 4To obecneunBaeT onpeaeneHHylo BubposalmTty u
YyCTOWYMBOCTE K MOMEXaM B pexume npuema. MockonbKy BHEWHAR NOBEPXHOCTb
npeobpasoBaTens OnNpeaenseTcA reoMeTpueid ero  NacCuBHbIX HaKknapok, TO
Nbe30oKepaMU4ECKui CTEPXKEHL 1, & Tak Xe rnyxue OTBEPCTUA B KOHYCHbIX Haknagkax 2,
MOMYT UMETb MIOBYI0 HYXHYIO KOH(PUIypauuio nonepeyHoro Ce4eHus. B yactHoCTH, C
Uenblo YBENMYEHUA MOLYHOCTW W3NYy4eHuA, Nbe30KePaMM4YEeCKUin CTEpXKeHb MOXeT
umeTb 604Kko0BpasHbIv BUA, T.€. YTONWeH e B cBOEi cpefHei YacTw.

B kayecTBe npumepa peanusauuv npeanaraemoro npeobpasosaTens Ha ur. 4
NPVBEAEHbI €70 3KCNEPUMEHTaslbHbIe HOPMUPOBAHHbIE XaPaKTEPUCTUKN HanpaeneHHoCTy,

nonyyeHHble ANA MaketTa C KOHYCHbIMWU HaKnagkamu, BbIMONHEHHBbIMU W3 NATYHW,
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UMeloWMMU paauyc OcHoBaHua R =60 mMm, yron HaknoHa obpasyloweit a=m/4 .

MbesocTepxeHb cobpaH U3 8 nbesokepamu4eckux wamnb cocrasa LITEC-3 pasmepom
@34xB14%X7 MM C INEKTPUYECKM napannenbHbiM CcoeAvHeHueMm. ApmuposaHue
npeo6pasosaTens OCYLUECTBAANOCH C MOMOLWbBIO LieHTpanbHoM cranbHOW CTskkn @6
mM. Kpennexue pacrnonaranocb B Y3fiOBOW MNIOCKOCTU NbE30CTEPXHSA. PesoHaHcHas
yactota npeobpasosBaTens fp =4.7 xl'y (pacyer paetr fp =495 «luy). Kpusas 1

COOTBETCTBYET M3MYHEHUIO Ha PEe3OHaHCHOW vactote (kR ~1.2), a kpusas 2 - Ha
Gonee Bbicokon uactote f, =7 KU (kR ~1.76). PasHble ypoBHM KpuBbiXx 1 U 2

NnoKasbiBaloT N3MEHEeHUe YpPOBHA U3Ny4YeHUA Ha COOTBETCTBYIOWUX YacToTax. MakeT

npeobpasoBatenss obecneuyusan nonocy nponyckaHuA Af[f ~32% w ypenbHylo

mouyHocTb usnydexus 0.6 Br/cmM? npu HanpskeHHOCTW anektpudeckoro nons 1000
B/cm. HepaBHOMEPHOCTb XapaKTEpUCTUKN HanpasIEeHHOCTU B NONOCE NponyckaHusa He
npeeblwana N <7%.

Takum 0OOpasom, npeanaraemblii  ANEKTPOAKYCTUYECKUIA HeHanpaBneHHbI
npeobpasosaTtent obecneunsaeT adpekTuBHOE HeHanpasneHHoe usnyveqne (npuem)
3BYKOBbIX BOMH B HW3KOYACTOTHOM AManasoHe 4acToT (eAnHWLbI KMy u Huxe) C
HEepaBHOMEPHOCTbIO XapaKTepucTUKW HanpaeneHHoCTW, He npesbiwatowen 10% w
BOSMOXHOCTb  paBoTbl  MpYU  3HAYUTENbHOM  rMApOCTaTUYecKoM  AaBneHWuw.
MpeoBpasoBaTens UMEET CPABHUTENLHO MPOCTYIO KOHCTPYKUMIO, KOTOpas no3BONAET
yCTaHoBKy yaoGHoro, He Bnmalowero Ha paboty npeobpasoBartens, Kpennehus, a
TaKke — BO3MOXHOCTb apMUpOBaHus.
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®dopmyna usodbpereHus

OneKTpoaKyCTUHECKU  HeHanpaeneHHblli  npeobpasosaTtenb, CcoAepXallui
Nbe3ocTepXeHb, [ABe O[WHAKOBbIE OCECUMMETPUYHbLIE HaKnNaaku, coeauHeHHble
apMUpYIOLLEA CTSXKKOW, U repmeTusvpylolme npoknagku, yCraHoBMeHHbie B MecTe
COMPSYKEHUA HAKNaAoK, OTAMYAIOWMUWCA TeM, uYTO HaKnaaku BbiNONMHEHb B BuAe
CNMOLWHbIX KOHycoB, ofpalleHHbIX OCHOBaHUAMM ApYr K APYyry, CO CTOPOHblI 3TUX
OCHOBaHWI BbLINONHEHbI TNyXvWe UWnMHApUYEeckue OTBEPCTUSA, He npesbilualoume no
rnyéuHe NOMOBUHbLI ANUHbI MNbE3OCTEPXKHA, KOTOPbLIA MOMELEH B HUX W XKECTKO

NpUKpenneH CBOMMN TOpLaMu K TopLaM yKasaHHbIX OTBEPCTUNA.
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