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B nacrosiee Bpemsi mpo6iieMa TPaHCIOPTHOTO IIyMa B KBAPTHUPAxX M YaCTHBIX
JIoMax sBIseTcs oueHb akTyanbHOM B FOxHoit Kopee m tpeOyer pemenus. B
JAHHOW CTaTh€ BBIMOJIHEH AaHAJU3 YpPOBHEH TPAHCIOPTHOTO IIyMa BOIM3U
TPaHCHOPTHBIX MarucTpaneid. Ha ocHOBe aHaln3a YacTOTHBIX COCTaBJISIOLIMX
myma copMyaupoBaHbl TPeOOBaHUS K CHUCTEME AKTHBHOIO TalleHUs IIyma C
MIOMOIIIbI0 AKTUBHBIX OapbepoB. IIpoaHanu3upoBaHbl XapaKTEPUCTHKH AKTHBHBIX
KOMIIEHCUPYIOUIMX T'POMKOTOBOPUTENEH, MPEIBAPUTEIbHBIX YCUIUTENEH s
MHUKPO(OHOB U XapaKTEPUCTHKHU cUcTeMBbl IppoBoit 00padoTku curnanos (L{OC)
¢ (opMyIHUPOBKON MPEMIOKEHUN MO MPOSKTHPOBAHUIO CHUCTEMBI. Tpebyembie
TEXHUYECKHUE XapaKTEePUCTHKH DJICKTPOAKYCTUUECKUX DJIEMEHTOB CHCTEMBI, a
MMEHHO aKTHUBHBIX TI'DOMKOTOBOPUTENEW W  MpedyCUIMTENed, a TaKxke
HE00XO/MMBbIE KOHCTPYKTOPCKHE PELICHMs IOATBEP’KAECHBI SKCIEPUMEHTATIbHON
MIPOBEPKOI pa3pabOTaHHBIX MPOTOTHUIIOB.

KiroueBble croBa: mrymosariymiaromiye Oapbepbl, YPOBHH IIyMa, aKTHBHBII
KOHTPOJIb IIIyMa, aKTHUBHBIE TpoMKoroBoputenu, iargopma 1OC, agantuBHBIC
AJITOPUTMBI

BBEJIEHUE

BnusiHue TpaHCIOPTHOrO IIymMa Ha JIIOAEH B MECTaxX IPOXUBAHUS Kak, HAalpUMEp, B
YAaCTHBIX JJOMaxX WM anapTaMEeHTax sBISETCA B HACTOAIIEEe BPEMs aKTyalbHOM mpoOieMoil B
IOxnoi1 Kopee, Tak kak cTpaHa IOCTaTOYHO Maja IO IUIOLAAH, a IUIOTHOCTh HaceJleHUs
oueHb BbIcOKAa. IlosTomMy Ooppba ¢ TpPAaHCHOPTHBIM ILIYMOM MYTEM ONTHUMAJIBHOTO
IUIAHUPOBAHMS 3aCTPOMKH M YAAJICHHEM 3JaHMM OT JOPOr M CKOPOCTHBIX Marucrpancit
ABJISIETCS. TPYAHO peannu3yeMoi.

IIpy 3TOM HMHTEHCHUBHOCTb TPAHCIIOPTHOTO MOTOKAa M KOJMYECTBO €IMHUIl TPaHCIOpTa
BO3pacTaeT, a CAHWTApHbIE HOPMBI 0 CTaHAAPTHBIM YPOBHSAM IIyMa B XKHWJIBIX JOMax
TpeOytoT obecriedeHusi obmiero ypoBHs B 45 n1bBA B nHeBHOe Bpemsi u 35 nBA Houblo.
CHuxeHne BO3JEHCTBUS TPAHCIIOPTHOIO IIyMa BO3MOKHO C MCIIOJIB30BAHMEM DPA3JIMYHBIX
MeTon0B. OJHMM U3 TakMX METOJOB SBJISETCS MACCUBHAsl 3BYKOM30JIALUSA, KOTOpas

obecrieynBaeTcs Ha HU3KUX Y4aCTOTax IMPUMCHCHUCM KOHCprKI_[I/Iﬁ CO 3HAYUTCIBbHBIM BCCOM.
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Taxxe oHUM M3 METOJOB OOPHOBI C IIIyMOM TPaHCIOPTA ABISETCA NPUMEHEHUE NTACCUBHBIX
IIYMO3ALUTHBIX 0aphepoB, KOTOpBIE JOCTATOYHO IIMPOKO HCHOJIB3YHOTCA B HACTOsALIEE
Bpems B OxHol Kopee.

VICTOYHHKM TPaHCIOPTHOIO LIyMa MMEIOT Pa3jM4YHbIE IO CBOEH MPUPOAE KOMIIOHEHTHI:
IIyM JBHraTeis, LIyM BBIXJIONA, B3aUMOJEHCTBME IIMH C JOPOXXHBIM IOJOTHOM U
a’poauHaMuyeckuii mym ooOrexanus. Illym naBurarens oOyciaBauBaeT HHU3KOYACTOTHBIE
COCTABJIAIOLIME CHEKTpa W3-3a BUOpaunMil ABMraTenass M IIymMa BBIXJIONA, B TO BpeMs Kak
a’pOJIMHAMHUYECKUH IIYM M IIYyM OT B3aUMOJEHMCTBUSA LIMH U JOPOXKHOIO IOJOTHA MMEET
CTOXACTHUYECKUYIO IPUPOYy U (POPMUPYET HIMPOKOIOIOCHBIH CIIEKTP.

Jiss CHW)KEHUS HU3KOYACTOTHBIX KOMIIOHET ITyMa BO3MOYKHO NPUMEHEHHE aKTHBHBIX
METOJIOB B TOM YMCJIE U aKTUBHBIX OapbepoB. [IpoBeneM 0030p cyliecTByIOLIEH TEXHOIOTUU
AKTUBHOTO KOHTPOJs IIyma. TeopeTHuecKue OCHOBBI Ui aKTUBHBIX METOJIOB CHHIKCHUS
nryma ObUIM mpemiokeHbl HenmbcoHom u Dmanorom [1], a gocTtaToyHOE KOJIUYECTBO
IPAKTUYECKUX TPOEKTOB ObLIO BbINOJHEHO XaHceHoM U CHailnepom [2]. PasBute
QITOPUTMOB IU(PPOBOI 00PaOOTKM CHTHAJIOB JUISI aKTHBHBIX METO/I0B KOHTPOJIS IIymMa ObLia
BbinoiHeHa CeH-Kyo u Mopranom [3]. CoueTaHue aKTUBHBIX M IAaCCUBHBIX METOJIOB
CHWKEHUS ITyMa B TIIYIIUTENE MO3BOJISIET CHU3UTH IIYyM OT cUcTeM BeHTwisanuu Ha 10...20
nb B nuamazone 50...400 I'u [4]. Unes npuMeHeHUsT aKTUBHOT'O METO/1a KOHTPOJIS IIyMa JIJist
CO3/1aHUS JIOKAJbHOW 30HBI THUILIMHBI B KBapTUpe Oblaa mpeijioxkeHa u onmyOiukoBaHa CeH-
Kyo u Duntopu B [5].

B T'epmanum ObUIM TPOBENEHBI HCCICNOBAHHS 10 TPUMEHEHHIO METOJIOB aKTHBHOTO
KOHTpOJI 1IllyMa Ui TOBBIIIEHHUS 3(QQPEKTUBHOCTH 3BYKOM30JsALMU OKOH [6], [7].
HccnenoBanbl  XapakTEepUCTUKHA CHCTEM KOHTPOJSL IIyMa, OCHOBaHHbIE Ha MeEToAax
YIPaBJIEHUHU C 00pAaTHON CBA3BIO U HA METO/IaX YIIPABJICHHUS 10 BXOJAHOMY BO3JIEHCTBHUIO.

TexXHOJOTHsT aKTUBHOTO KOHTPOJISI IIyMa MOXKET OBITh NMPUMEHEHAa W JJISi CO3MAHHS TaK
Ha3bIBAEMOW AaKyCTHUECKH MSTKOW TpaHUIBl BIOJIh IIYMO3ALIMTHOTO Oapbepa, UYTOOBI
YBENMYUTH €ro 3(PQGEKTUBHOCTh B JHAara3oHe HHU3KUX YacTOT. [IpUMepsl MpakTHYECKOTO
IPUMEHEHUS aKTUBHBIX OapbepoB NMpuBeAeHbI B MyOnukanusax [8]-[12].

Cnemyer OTMETHTH, YTO AaKTHBHBIE METOJBI KOHTPOJIS IIyMa, KaK W J00as 1pyras
TEXHOJIOTHS, UMEIOT CBOM MpeUMyIecTBa M HeAocTaTku. C HMCIOIh30BaHUEM aKTHBHBIX
METOZIOB MOXXHO HE TPUMEHATh TSDKEJIBIE M TPOMO3JIKHAE KOHCTPYKUMH ISl CHUKCHUS
HU3KOYACTOTHOTO ImyMa. D(PQEKTHUBHOCTH XK€ AaKTUBHBIX METOJOB MOXET OBITb OYEHb
BBICOKOW KakK Uil TOHAJIBHBIX, TaK M Ui IIHPOKOIOJIOCHBIX KOMIIOHET Iryma. Hexoropsie
aBTOPBI MYOJIMKYIOT pe3yJbTaThl, MOKa3biBatomie 3(P(PEeKTUBHOCTh AaKTUBHBIX CHCTEM
camxkenus uryma ot 20 mo 40 nb.

HenocraTok mim orpaHnyYeHHe TEXHOJIOTUH aKTUBHOTO KOHTPOJIS CBSI3aHBI C YaCTOTHBIM
JIMara3oHOM WM, WHBIMH CJIOBaMH, C pa3MepaMu UIMHBl aKyCTHYECKOW BOJIHBI H
CJIOKHOCTBIO TEPBUYHOIO aKyCTHYECKOro mojs. TumoBoe 3HadeHHE TPaHUMYHOM YacCTOTHI
paszeneHus METOJ0B Ha MacCUBHBIE U akTUBHBIE cocTaBisieT 500...1000 I

B neiicTBUTENFHOCTH, YTOOBI BBIMOJHUTH PEKOHCTPYKIHUIO aKyCTUYECKOTO  TTOJIS

PACCTOSAHNEC MCKAY KOMIICHCHUPYIOIIMMU TI'POMKOTOBOPUTCIAMH HC OOJDKHO IIPCBBIIIATH
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pa3Mepa TMOJIOBHHBI JUITMHBI BOJHBI. OJHAKO C YBEJIMYCHHEM 4YacTOTHl JTMHA BOJHBI
CTaHOBUTBCS KOpOYE, M YHCIO KOMIICHCHPYIOIIMX T'POMOKOTOBOPHUTENCH W KaHAJIOB
yIpaBJICHUSI YBEIHMUYUBACTCSA, OJTO YCIOXKHSAET KOHTPOJIb W OOCITYy)KMBaHHE, a TaKxKe
YBEIIMYHUBACT OOy CTOMMOCTb CHCTEMBI.

B nmepBoii wactm cTatbm OyOyT pPAacCMOTPEHBI H  OOCYXKIEHBI  CIEIYIOIIHE
UCCIICIOBATEIIbCKUE M KOHCTPYKTOPCKHE 3aJaud: HCCIICAOBAHUE YaCTOTHBIX KOMITOHEHT
TPAHCIIOPTHOTO IIyMa, (opMUpOBaHHE OOIMX TpeOOBAaHWW K ammapaTHOMY OOECTICUCHHIO
mudpoBoit  o6padotku  curHasoB  (IIOC), mnpoekTupoBaHHE  KOMIICHCHPYIOIIHUX
TPOMKOTOBOPUTEICH ¥ TPOSKTUPOBAHWE TMPEAYCHWIHTENCH T MHKPO(OHOB OIOPHOTO
CUTHAJIa ¥ CUTHAJIa OITNOKH.

1. AHAJIN3 JOPOXHOI'O HIYMA

Heo6xonumMo MpoBecTH aHaliM3 YacTOTHBIX KOMIIOHEHT IIyMa, 4TOObl OOHapyXHTb
HAJIMYM€ WHTCHCUBHBIX HM3KOYACTOTHBIX COCTABJSIIOIIMX B CIEKTpPe, IMpH OTCYTCTBUHU
KOTOPBIX CYOBEKTUBHO CibIINMast 3()()eKTUBHOCTh AKTUBHOM CHCTEMbI HA HU3KMX YacTOTax
B COOTBeTCTBMM ¢ 3akoHOM ®reruepa-MoHcoHa Oyner oueHb Mama. [l 3toro Obul
BBINOJIHEH YaCTOTHBIA aHaNIW3 TPAHCIOPTHOrO IIyMa BOIM3M aopor. PesymbraTsl aHannza
npezcTaBieHbl Ha puc. 1.
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Puc. 1 CnexTp TpaHCTIOpTHOTO TIyMa ¢ pa3pemieHueM 1/24 okTaBsI:
YepHblii LBET — BBICOKOCKOPOCTHAsI MarucTpallb, pacCTosiHUE | M OT MOJIOTHA JJOPOT'H,
ac(arbTOBOE MOKPHITHE, IBUKECHUE 8 TIOJIOCHOE, TSKEIbIe TPY30BUKH U aBTOOYCHI. T'. UXOHaH.

benwlii nuBet — BBICOKOCKOPOCTHAA Maructpajib, paCCTOAHUC 1 M oT moJI0THA A0poru, acq)aJ'ILTOBOG

IMOKPBITUC, ABUKCHUC 6 IIOJIOCHOC, JICTKOBBIC aBTOMO6I/IJ'II/I, r. Keimyon
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BreimonHsiss aHanu3 ypoBHEW TPaHCIOPTHOTO IIyMa MOXHO CJelaTh BBIBOJ, YTO B
HU3KOYAaCTOTHOM JHAINa30He MPUCYTCTBYIOT HU3KOYACTOTHBIE COCTABIISIONINE B KPUTHIECKUX
moJiocax yactoT 25...100 I'g, 125 T'm...175 I'u, 225 I'...300 ', 250 I'n...325 I’ m 450 I
Ucnonws3yss 5T JgaHHBIE MOXXHO  CHAENaTh  3aKJIIOYEHHE, YTO KOMIICHCHUPYIOLIUE
TPOMKOTOBOPUTENH JTOJKHBI UMETh, MO KpallHEeH Mepe, CTaHIapTHYI0 4yBCTBUTEIHHOCTH B
muanazone 90...100 nb wa 1 BarT »snekTpuyeckoil MOIIHOCTH, TaK KaK HEOOXOAMMO
o0ecreunTh BOCIIPOU3BECHUE aHTH IIIyMa C TEMHU K€ YPOBHSMH YTO M YPOBHHM MCTOYHHKA
uist  o0ecrieueHrsT JCCTPYKTHBHOW WHTEPPEPECHIIMA JIBYX BOJH: aKyCTHYECKOH BOJHBI
MCTOYHHMKA M BOJHBI, TECHEPUPYEMON KOMIIEHCUPYIOIIUM IpoMKoroBopureneM. Kpome storo,
4TOOBl  00ECIEYUTHh JIOJITOBPEMEHHYIO  HAJIeKHOCTh, AaKTUBHBIE  KOMIIEHCHUPYIOIINE
TPOMKOTOBOPUTENH JOKHBI UMETh 3allac Kak Mo aKyCTHYECKOW, TaK W MO DJIEKTPHUYECKON
MOITHOCTH MPHU UX HEMPEPHIBHOW U JIOJITOBPEMEHHOM AKCIUTyaTallid B COCTaBE CUCTEMBI. [16]

2. ®OPMVYJIMPOBKA TPEBOBAHUI K APXUTEKTYPE CUCTEMbI AKTUBHOI'O
KOHTPOJIA IIYMA

[TpuMeHsst aKkTHBHBIE METOABI, B OOIIEM Cllyyae Mbl HMEEM [elI0 C TPEXMEPHBIM
aKyCTUYECKUM TOJIEM 33 UCKJIIOUEHHEM MPOCTBHIX CIIyyaeB IIyMa, HalpHUMEp, BEHTHISATOPA B
BO3/IyXOBOJIE M AKTHUBHBIX TOJOBHBIX TeNEe(OHOB, KOTAAa aKyCTUYECKOE II0JIE OJHOMEPHO.
CylecTByeT HECKOJBKO KOHCTPYKTOPCKHMX 3aJad, KOTOpble TpeOylT peleHus npu
IPOMBIIIJICHHOM MPUMEHEHUH TEXHOJIOTMH aKTUBHOTO CHIDKEHHs myma. KpaTko MX MOKHO
NEPEYUCIINUTD CIIETYIOIIMM 00pa3oM:
— TJ€ claeayeT yCTaHOBUTh KOMIIEHCUPYIOLUE TPOMKOIOBOPUTEN?
— TJIe CIIeAyeT YCTaHOBUTh MUKPO(OHBI OIIUOKH?
— ©eCIM TPEAINOJIaraeTcsl HUCIOJb30BAaTh AJTOPUTM  YNPABICHUS IO BXOIHOMY
BO3/JICHCTBUIO, TJE CJIEAYET YCTAaHOBUTH ONOPHBIE MUKPO(OHBI?

— KaKOH METOJ yHpaBJICHHUs CIEIYeT HCIOJIb30BaTh: C 0OPaTHOM CBSI3bIO, YIIPABICHHE IO
BXOJHOMY BO3JICHCTBHIO WM KOMOMHUPOBAHBI METO?

— KaKoH M3 anropuTMOB HanboIuIe 3(PPEKTHBEH B TOJIEBBIX YCIOBHSIX?

— xakyro tuardopmy [udposoit O6padotku Curnano (LJOC) mnpenmomnaraercs
HCIIOJIb30BaTh?

[Tpo6nembl yka3aHHBIE BbIIIE OyIyT PACCMOTPEHBI BO BTOPOI YacTH CTAaThU.

3. TTIPOEKTMPOBAHUME KOMIIOHEHT CUCTEMbI

3.1. OO0mme TpedoBanus Kk cucreme [IOC akTHBHOr0 KOHTPOJISI IIyMa
Paccmotpum obmme tpeGoBanus k mapameTrpaMm cuctembl LIOC nnst akTHBHOTO KOHTPOJIS

nrymMa. OTH [apaMmeTphl CleIyIONIMe: YacToTa JUCKPETH3aluu, 4ucio Kod(@uuueHton
aalITUBHOI'O (i)I/IJ'II)Tpa, 3aCPIKKU CHUIHajla B SJICKTPOAKYCTHUYCCKOM TPAKTC MU B CHUCTEMC
HocC.

N3 teopembr KotenbHukoBa-llleHHOHa (TeopeMa OTCUETOB) HM3BECTHO, YTO 4YacTOTa
TUCKpEeTH3allMk JOJKHa OBITh MHUHHMYM B [Ba pa3a BbIIIE HAaWBBICIICH YacTOTHI
ucciaeayeMoro crekrpa curHana. OpHako Butapuyc u coaBtopel [13] myOnukyroT
pe3ysbTaThl HMCCIEIOBAHUS, CBHUACTEIBCTBYIONIME O TOM, 4dYTO JUIsi Oojiee TOYHOTO
BOCCTAHOBJICHUS CUT'HAJ1a HCOGXOI[I/IMO, I-IT061>I JaCToTa JUCKPCTU3AllUN 6]:1.]13. B4 pasa BbILIC.
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Jnst Gosiee TOYHOTO MPEACTaBICHUS UMITYJIbCHOM XapaKTEPUCTUKK A(7) pacnpoCTpaHeHUs

CHTHaJIa OT OIOPHOTO MHUKpOodoHA 10 MHUKpOo(dOHA OMIMOKH HEOOXOIWMO BBITIOJHHUTH
CJIEyIONIee PABEHCTBO:

6T, =N-f., (D
rae O6I,, — BpeMs pacHpOCTPAHCHHMs CHIHalla OT ONOPHOrO0 MHKPO(OHA IO MHUKpO(pOHa
omubku, N — uucio KodPPUUUEHTOB ajanTHUBHOro ¢Quubrpa, f, — yacrora
JMCKPETU3AIHY.

Jliis Gosee JUIMHHOTO ITyTH PACIPOCTPAHEHUsI CUTHANA CIeyeT BbIOUpaTh 00siee BBICOKYIO
4acTOTy JTUCKPETH3allMH, YTOOBl YMEHBIIUTH YHCIO KOI(PGUIHMEHTOB GUIBTpa H
BBIUUCIIUTENFHYIO HArpy3Ky Ha mporeccop. Bpemss mis o0paOOTKM W BBIYHCICHUS
K02(pPHUIIMEHTOB aIanTHBHOTO (PHIIBTPA MOXKHO OLEHHUTH 1O (hopMyJie

5T, =(N-1)/2f,. (2)

Crnenyer TakKe YHNOMSHYTh TaK Ha3blBaMYK MpOOJIeMy NPUYMHHOCTH, KOTOpas
3aKJIIOYAeTCsl B TOM, YTO CyMMapHas BEIMYMHA 33JIEPKEK B AJIEKTPOHHBIX KOMIIOHEHTaX U
ANEKTPOAKYCTUYECKUX  3BEHBSAX CHCTEMBl JIOJDKHA OBITh ~ MEHBINE, YeM BpeMs
pacrpoCcTpaHeHUsI CUTHaJIa OT OMOPHOTO MUKpOodoHA A0 MUKPO(OHA OMHMOKH. DTO yCIOBHE
MOYKHO 3aITicaTh Kak:

or,,. + éTdSp +0r,, + é‘Tsp

a

+ ol <ol

ea ker power _amp pp° (3 )
rne Ol — 3aaepxka curHana B ALIL, OT 4p — 3aICPIKKA CHTHAJIA HA BEPMs BHIYHMCIICHUS

npoueccopoM, oI, — 3aaepxkka cur"ana B LAII, oT,

spea ker

3aACPIKKa CHUIHalla B

BHGKTpOMexaHH‘ICCKOfI CUCTCMC T'POMKOI'OBOPUTCIIA, ol — 34aACPXKKa CUTHAJIAa B

power _amp
YCHJIUTENE MOIIIHOCTH.
[Tpobnema ¢ 3amepikkoil, OOYCIOBIEHHOW aKyCTMYECKHM allapaTHbIM 00ecreueHUeM,

MOKET OBITh pelieHa ¢ mpuMmeHeHueM anroputMa FxLMS, mpeanoxxennoro Cen Kyo u
. Mopranom [3]. ITlpu »ToM B mporecce IMOJAa4d B CHCTEMY TECTOBOIO CHTHAja
oTpenensieTcs: 3aJepKKa, KOTopask KOMIICHCUPYETCS CaMHM allTOPUTMOM. Takum o0pazom,
HEpaBeHCTBO (3) MOXKHO MepenucaTh KaK

ol , +oT

adc dsp

+ol,,. <ol,,. 4)

s cBeaeHUs: K MUHUMYyMY wieHa ol , + ol

adc dac

B HepaBeHCTBe (4) cieayeT MPUMEHSThH

aymno kozxeku (ALIT/LIAIT) ¢ MuHMMaIbHO BO3MOXKHOM TPYINIOBOH 3amepkkoit. IIpobiaema

MPUYIUHHOCTH B aKYyCTHYCCKOM CMBICJIC MOXKCT OBITH TAKKE BBIpAXKCHA KaK

1 < L s
fs c > ( )
rac ﬂ — HacToTa AUCKPETU3alluH, L — MJIMHA IIYTH PpaclIpOCTpaHCHUA CUTHAJIAa OT

OIIOPHOTO MUKPO(OHA J0 MUKPO(OHA OINOKH, ¢ — CKOPOCTH 3BYKA.
[locnenHee HEPABEHCTBO O3HAYAET, YTO BPEMs BBIOOPKH curHaia f, =1/f  nomkHo ObITh

CYIIECTBEHHO MEHbIIE BPEMEHH PACIPOCTPAHEHHs CUrHaa 67, OT OMOPHOr0 MUKPO(MOHA /10

MHUKpO(OHA OUTHOKH.
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3.2.  Muxkpo(oHbI U NPeLyCHIUTETH

XapakTepUCTUKA CUCTEMbI aKTHBHOI'O KOHTPOJISA IIyMa TaKXe CYIIECTBEHHO 3aBUCST OT
KauecTBa OMOpPHOTo curHaia. [1oaToMy onmopHbIii MUKPO(OH CIeAyeT pa3MelIaTh Kak MOXKHO
OJKe K UCTOYHUKY 1rymMa. Ho a1 MBHOKyIIErocss ICTOYHUKA B CUCTEME aKTHBHBIX 0aphepoB
TaKOe YCJIOBHE HEBBITOJHUMO. [To3TOMYy 11e51ec000pa3Ho pacmoiarath OMOPHBIE MHUKPOGOHBI
3a 0apbepPOM CO CTOPOHBI JIBUKCHHSI TPAHCTIOPTA.

AmnainoroBsie Mpeay CUITUTENH JUIST MUKPO(QOHOB JIOJIKHBI o0ecneunBaTh
KOHJUIIMOHUPOBAHUE CHUTHana: COIJIacOBaHHE HMIICIAHCOB, npeoOpa3oBaHue
HECUMMETPUYHOTO CHTHAJA B CTaHAApPT mapadaszHoro ayauo CUTHajda U o0OecreynBaTh
COOTBETCTBYIOIIIEE YCHJICHUE CUTHANIA, YTOOBI TepeaTh M0 KaOelto YCUICHHBIH CUTHAI, TaK
KaK OMOPHBIN MUKPO(OH pa3MelaeTcst Ha OMpPeIeICHHOM PACCTOSHUU OT OJIOKAa CUTHAJIbHOTO
nporeccopa [IOC. Ilpumep cxembl pa3paOOTaHHOTO aBTOpPAMH MPEAYCHUIHUTENS IS
JMEKTPETHOr0 MHUKpoOHA U €ro mMpaKTUYEeCKas peanus3alus NpHUBEIEeHb Ha puc. 2.
Yceunurens obecneunBaer ycuneHue 20 1b B nmamazone wactor 20 I'm...1 x['m, umeer
HanpspKeHue nutanue ot =5 B 10 £15 B u 06opynoBaH 0agaHCHBIM BBIXOJIOM.

CrenyeT Takke MPUHATH BO BHUMaHUE CTOMMOCTh MHUKPO(OHOB M Mpeaycunureneid. Tak
KaK CHCTeMa JIOJDKHA OBITh MHOTOKaHAIBHOM M3-32 3HAYUTEIIBHON MPOTHKEHHOCTH 0aphepoB,
TO HEOOXOIMMO MPOAHATU3UPOBATH BO3MOXKHOCTH NMPUMEHEHHSI OTHOCHTEIIBHO HEIOPOTHX
MUKPO(OHOB, MPUMEHIEMBIX B CIIYXOBBIX ammapaTax Wi MYJbTUMEIUWHBIX YCTPOUCTBAX, a
HE JOpOTMX O0Opa3loB, HCIHOJB3YeMbIX Ha JTUCKOTEKaX, KOHIIEPTaX W B HHAYCTPUH
3BYKO3AIKCH.

[lenecooOpa3HO HKCIOIB30BATh JJIEKTPETHBIE MHUKPO(OHBI, TaK KaK OHH O0OECIICYMBAIOT
MJIOCKYI0 YaCTOTHYIO XapakTepUCTHUKy B auamnazoHe oT 20 I'm mo 1 k['m. Otor amamazoH
YacTOT W TMPEACTaBISET HAWOONBIINI HHTEpPEC [JIS AKTHUBHBIX CHCTEM TallleHUs MIyMa.
HeobxomuMo Takke ydecTb TMpPH TPOCKTUPOBAHUU CUCTEMBbl BIUSHUE (HAKTOPOB
OKpYXaromiel cpelbl Ha MUKPO(OHBI M TPOMKOTOBOPHUTENH, TAKUX KaK TeMIepaTypa, J0XKIb
U BIAXHOCTh, Tak kKak B FOxxHo#t Kopee n3-3a 0COOCHHOCTH KJIMMaTa JMUAIa3oH TeMIepaTyp
JIOCTaTOYHO IIUPOK, IPHU 3TOM SIPKO BBIPA’KEH CE30H MHTEHCUBHBIX MYCCOHHBIX JTOXKACH.

Puc. 2. [Ipumep cxembl MUKPO(OHHOTO MPETYyCHITUTENS HU3KOU 1IeHOBoM kateropuu (53...108) u
€ro MpakTUYECKOW peann3annuu
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3.3. AKTHBHBbIC KOMIICHCHPYIOLIHE¢ TPOMKOIOBOPHTEIN

KoMmneHcupyromuii curHajg TeHEpUPYEMbId CHTHAIBHBIM IIPOIIECCOPOM JIOJKEH OBITh
YCHJICH W W3JIy4YeH TpOMKoroBoputeneM. HecmoTpst Ha 0o0ibIIoe KOIMYECTBO MOAETCH
IPOMKOTOBOPUTENEH HAa COBPEMEHHOM pBIHKE ayJAMOTEXHUKH, HUX HENOCPEACTBEHHOE
IpPUMEHEHUE B CHUCTEMaX AaKTUBHOTO KOHTpOJIA IIymMa mpoOieMatudHo. s yiaudHoR
CUCTEMBI AaKTHBHOI'O KOHTPOJISI IIyMa HEOOXOAMMBI cHelu(puUecKie TpeOOBaHUs, TaKue Kak
YCTOMUMBOCTE K CHEry W J0XIio. Jlpyroe tTpeGoBaHME K T'POMKOTOBOPHTENIO —
BO3MO>KHOCTb JIOJITOBPEMEHHOIO T'€HEPUpPOBaHUs YpoBHEW 3BykoBoro gasieHus 90...100 nb
oTHocuTenbHO 20 Mukpomackaneil. Kpome 3Toro, HWXKHSIS TpaHMYHas 4acToTa
TeHEPHPYEMOTro IPOMKOTOBOPHUTEIIEM 3BYKa JIOJbKHA ObITh He Hike 40...50 ['m.

BosbIIMHCTBO HEAOPOTUX MYJIBTUMEIUMHBIX caOBy(pepoB He OOeCleYrBaIOT yKa3aHHbBIX
XapaKTePUCTHK, a BICOKOA(PPEKTUBHbIE HU3KOYACTOTHBIE rpoMKorosopurenu kinacca Hi-End
oueHb Joporu. I[losTomy cremyeT yIenuTbh CclEUUalbHOE BHUMAaHHUE MPOCKTHPOBAHUIO
KOMIIEHCUPYIOIIEr0 TPOMKOTOBOPHUTEIIS.

3nas napaMerpsl Tung-CMmoina Ui TOJIOBKH IPSIMOTO M3JIy4YEHMsI, BOSMOYKHO PACCUUTATh
HEOOXOIUMBIH 00BEM 3akpbITOro sAmuka. OnucaHue MeToJa HU3MEPEeHUs YyKa3aHHbIX
apaMeTpoB €  MCIOJIb30BaHMEM JByXKaHaibHoro Dypbe-aHanuzaropa M KpUBOH
AJICKTPUYECKOTO MMIIE/IaHCa TPOMKOTOBOPHTEIIS MPUBENIEHO B padote [13]. 3Has u3MepeHHbIe

napaMeTphl TOJIOBKH, TaKHE KaK SKBUBAJICHTHBIN 00beM V, 4acToTy pe3oHaHca f, W oOuIyIo
I00poTHOCTE (),  TOJOBKH, MOXHO ONpPEAEIUTh HIDKHIOK TPAHUYHYIO 4acTOTy

TPOMKOTOBOpUTENS, 00BbeM smmka M noabeM AYX B HHU3KOUACTOTHOM JUala3oOHE.
Pe3ynbrarel n3MepeHus mapameTpoB TOJOBOK rpoMKoroBoputeneit mozeneit Nel28 u 1240 u
pacuera SKBUBAJIEHTHOrO0 00beMa IpUBeIeHbl B Tabiuue 1.

Tabnuma 1. PesynpraThl n3MepeHHi rOJI0BOK TPOMKOTOBOPUTENEH

HomMmep mozenu rog1oBKH rPOMKOTOBOPUTEIIS 128 1240
[{nameTp, cM 27 27
Koadduument rapmonndecknx uckaxenuii (Kr) 0.3% (=50 nb) | 1% (40 nb)
UyBCTBUTEIBHOCTH TOJIOBKH FPOMKOTOBOpUTENs, 1b/BaTTt M 96 98
YacToTa pe3oHaHca TOJIOBKH, f,, 'l 33 45
PacueTHOe 3HaueHuE oObeMa smuKa V, , 33 37
OKBHUBAJICHTHBINA 00beM V , 11 23 13

Cxema CTaHJIAPTHOTO YCHJIMTENS MOIIHOCTA HHM3KOW IIEHOBOM KAaTErOpuMy MpHBEACHA Ha
puc.3, a KOHCTPYKIUS pa3pabOTaHHOTO ¥ M3TOTOBJIEHHOTO NPOTOTHIA AKTUBHOTO
TPOMKOTOBOPHUTEJISI C HCIOJB30BAHUEM JIAaHHOTO YCWIHMTENsA I[I0Ka3aHa Ha puc. 4.
I[OHOHHI/ITGJIBHBIfl HUCTOYHHUK Z[BYXHOJ'ISIpHOFO IIUTAHUA MaHOﬁ MOIIITHOCTH B CXEMC yCI/IJ'II/ITeJ'Iﬂ

MOIIHOCTU £15 B MoeT ObITh MCHONB30BaH ISl MUTAaHUS MUKPOGOHHOTO MPEAYCHUITUTENS.
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Yceunutens obecnieunBaet kodddunuent ycuwienus 31 n1b B nuamazone wactort 200m... 1 k1.
Breixomnass wmomHOocTh 50 Bart Ha Harpyske 8 OM ¢ KOA((UIIMEHTOM HEIHHEHHBIX
uckaxxkennit 0.07%. MakcumansHoe BxoaHoe Hanpspkenne 1 B CK3.

YacroTHast XapaKTEPUCTUKA OJTHOTO M3 TPOTOTUIIOB TPOMKOTOBOPHTEIIS, H3TOTOBJICHHOTO
COrJIacHO COPMYIIMPOBAHHEIM B CTaThe TPEOOBAHMSIM, IPUBEACHA HA pUC. S U 6.

o435V
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our |
—d- = 0 —35V
-15v * |

Puc 3. CxeMa CTaHAapTHOTO YCHIIUTEIIS MOIIIHOCTH AKTUBHOT'O TPOMKOTOBOPHUTENIST HU3KOU
IIEHOBOM Kareropuu (~15 §)

Puc. 4. BHennuit BUJ1 M3rOTOBJICHHOTO MPOTOTUIIA aKTUBHOTO KOMITIEHCUPYIOLIETO
TPOMKOTOBOPUTEIS

MoXXHO BHUIETH U3 puc. 5 u puc. 6 duro CHpOCKTHpOBaHHLIfI IMPOTOTUII AKTHUBHOI'O
TPOMKOTOBOPHUTEIISI CUCTEMbI AKTUBHOI'O KOHTPOJIA IIyMa IJid 6ap1>ep0B 06naz[aeT BBICOKOU
YYBCTBUTCIIbHOCTBIO ,HOCTaTOHHOﬁ At TCHEpUPOBAHWA  aHTU 1OyMa, W  BJIUAHHUC
,I[O)K,I[C33H.[HTHOI>1 KPBIIIKU Ha €ro YaCTOTHYI XapPaKTCPUCTHUKY MHUHHMAJIbHO. OcHOBEIBasICh
Ha pe3yJsibTaTaXx HUCIBITAHUN MOXHO CAcjaTb BBIBOJbI, YTO MI/IKpO(I)OHHHﬁ npeayCHIINTCIIb U

KOMIICHCUPYIOIIUHA TPOMKOTOBOPUTEIh MOTYT OBITh HWCIOJNB30BaHBI B IMPAKTHYECKUX
AKTHBHBIX Oapbepax.

CaHr 'oH Ya, A. . TpowmnH
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Puc. 5 YacToTHas XxapakTepUCTHKa POTOTUIIA AKTUBHOTO TPOMKOTOBOPUTEIIS IIPU BXOAHOM
HanpsbkeHuu 1 B CK3. DddexT BrusHus 10K A3aUUTHON MIaCTUKOBON KPBIIIKH:
IPSIMOYTOJIBHBIE MapKEPhl — IPOMKOTOBOPUTEND 0€3 KPBILLIKH, TPEYTOJIbHbIE MapKephl —
I'POMKOT'OBOPUTENB C KPBILIKON
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Puc. 6. YacToTHas XxapakTepUCTHKa MPOTOTUIIA AKTUBHOTO TPOMKOTOBOPUTEIIS TPU BXOAHOM
HANpPsDKEHUU: IPSIMOYTOJIbHbIE Mapkepbl — BxogHoe HanpspbkeHue 1 B CK3, TpeyronabHbie
Mapkepsl — BxoaHoe Hanpsbkenue 0.3 B CK3

BbIBO/IbI

B pesynbraTe mpojenaHHBIX HCCIEIOBAHUM M SKCIEPHMEHTOB IPOAHAIM3UPOBAH IIyM
TPAHCIIOPTHOTO MTOTOKA, U OIPEIETICHbl YPOBHH 3BYKOBOTO JIaBJICHHUS U KPUTHYECKHE MOJIOCHI
9acTOT, HEOOXOAMMBIE JUISI MPOCKTUPOBAHUS KOMIICHCAIMOHHBIX T'POMKOTOBOpPHUTECH
CHCTEMBI aKTHBHOTO TallleHHs TpaHcTopTHOro Iryma. ChopmynupoBaHsl o0mmue TpeOoBaHus
K MHOTOKaHaJIbHON cHucTeMe 1H(POBOHl O0OpaOOTKM CHTHAJIOB H TEXHUYECKHE U
HYKOHOMHYECKHE TPeOOBAaHUS K AJIEKTPOAKYCTUYECKHM KOMIIOHEHTAM CHUCTEMBI aKTHBHOTO
TalmeHus [IyMa TPAHCIOPTHOTO TIOTOKA: MHUKPO(GOHHBIM NPEAYyCHIIUTENSIM, aKTHBHBIM

rpomkorosoputensiMm U cucreme IL{OC. CrpoekTupoBaHbl, HM3rOTOBJIEHBl U HCIBITaHbI
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JIBYXKaHAJIbHBI MHKPO(QOHHBIA YCHJINTEIh C OajJaHCHBIM BBIXOJIOM HHU3KOW IIEHOBOMH
KaTeropun 51 BBICOA((OKTHBHBIT HEJIOPOroun KOMIIEHCALIMOHHBII AKTUBHBIN
TPOMKOTOBOPUTEIb ¢ 4yBCTBUTEIBHOCTHIO 90...100 1b u momocoii BOMPOU3BOAMMBIX 4aCTOT
40...500 I'u. DKcrnepuMEHTANBbHO TMOKa3aHO, YTO JIOKIE3alIUTHAsl KpbIIIKa OKa3bIBAaeT
MUHUMAJIbHOE  BJIMSIHUE HA  4YyBCTUBTENBHOCTH W AUX  IpOMOKOTOBOpHUTEINS.
CrnpoekTHpoBaHHBIE  HA  HA4YaJlbLHOM  JTal€  OMBITHO-KOHCTPYKTOPCKOW  pabOTHI
DIIEKTPOAKYCTUYECKUE  KOMIIOHEHTBI ~ CHUCTEMBI  COOTBETCBYIOT  C(HOPMYJIHUPOBAHBIM
TEXHUYECKUM TPEOOBAHUSM M MOTYT OBITh HCIOJB30BAaHBI B AKTUBHBIX IIyMO3AIIUTHBIX
Oapbepax, MPUMEHSIEMBIX JI CHIDKEHUS IIyMa TPAHCIOPTHOTO TOTOKA MPOHUKAIOIIETO B

JKAUJIBIC 1O0Ma U allapTaMCHTBI.

BJIATOJJAPHOCTH

JlaHHOE WCClieIOBaHNE BBIIOJIHCHO INMPU (DUHAHCOBOW MoOIIEpXKKe 1o TpaHTy Koa 09
[Iporpammbl  MHHOBanmoHubix  Texnomorumit B CrpoutenbcTBe, (UHaAHCHUPYyEMOM
MunucrepcteoM  Tpancnopra, HazemHoro m Mopckoro pasBUTHS IIPaBUTEILCTBA
Pecniy6nuku HOxnas Kopest.
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