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OCHOBHBIE BU1bI UCKAYXEHUN
B AKYCTHYECKUX CUCTEMAX. METOJIbI U3MEPEHUH,
HOPMBI, CYBBLEKTUBHBIE MOPOTH

L 2
1.1. OBUIHE CBEOEHMHA

3anauu pasBHTHS aKyCTHYECKHX cHMcTeM Kateropus Hi—Fi norpe
GoBanE co3zanus HOBOH MeTpOJOTHYeCKOl Gashl, o6ecleunBaroniei
BHAUHTE/bHOE NOBHLIEHHE TOYHOCTH, PacllHpeHHE HOMEHKAATyPH H3-
MepsieMEX TapaMeTpoB K criocoboB uX 06paboTKH.

TpeGoBauusa K saeKTpoakycTuueckuM mapamerpaM AC H MeToZam
HX H3MEPEHHH H3JIOXKeHbl B OTEYECTBEHHHIX CTaHAAPTaX M MEXAYHA
porneix pekomenpaimax: 'OCT 16122—78 [1.1], TOCT 23262—83
[1.2] C3B 1356—78 [1.3], MBK 268—5 [1.4], MBK 581—7 [1.5],
ifeXnuKa 55€KTpOaKyCTHIECKHX H3MepeHH , PKBEJeHHasl B 5THX JOKY-
MEHTaX, MOAPOGHO paccMaTpHBaTbhbcs He GyneT, OCHOBHOE BHHMAMHE B
8TOH TMaBe OyAeT yZeJeHO pe3ysbTaTaM HeCAelOBaHHi B 0GJAACTH H3-
MepeHHl, HOPMHPOBaHHA H YCTaHOBJeHHS CYyOLeKTHBEHX IIOPOroB Ha
OCHOBHEIE BHJH HCKaXXeHHH, MOoNyJeHHBE 38 NOCHEIHHE roil B oTeue-
CTBeHHON M 3apy0bexHoil mpakTuke paspabotoxk AC kareropmu Hi—Fi.
i—laqanbﬂble CBefleHHA Mo ucKaxenusim B AC MOxHO HaiiTH B pabore
12.3].

12. JHHEMHHE UCKAXXEHH4

MaremaTHUECKHE ONpeAencHHEA

Ilpu BocpousBefieHHH MYSHIKQJIBHEIX H PEYEBHX CHrHAJ0B depes
AC (B npoliecce ux 571eKTPOMEXaHHYCCKHX H MEXaHOAKYCTHYECKHX TTpe-
00pasoBamuil) BOZHHKAIOT PASIKUHbIC THIH HCKameHHH, KOTOPHE B 06-
leM BHAE MOryT OLITH pasfeneHb HA HenuHelnnie ¥ nuueinne, Henn-
HEHHLIe HCKAXKeHUA XapaKTepPHSYIOTCs NOSIBICHHEM B Ipoliecce NpeoG-
pasoBanHs curkasia B AC HOBHX CIEKTPaJdbHEX COCTABJASIONIHX, KOTO-
PhHle HCKAXKaT BPEMEHHYIO CTPYKTYPY NEePBOHAYANLHOrO CHruasa B 3a-
BHCHMOCTH OT €ro ypoBHSl H CBOHCTB cHcTeMH. JIHHefiHhle HCKaskeHHS
HE COSZAIOT HOBHX CIEKTPANBHHIX COCTABNSIOLHX, HO H3MEHSIOT aM-
ILUIHTYAREIE H (p230BHIE COOTHOIICHHS MEXAY OTAEJbHEIMH COCTaBJfAIO-
IIHMH CHTHaJa B 32 CYET 3TOr0 TaKXe HCKaxKawT €ergo BpPeMeHHVIO
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H caraana [1.6].

loyktypy. [Ipaia, XapaKTep $TOTO HCKaXeHHS He 3aBHCHT OT yWgf

Ecau K HCCAENOB2aHHIO OOLEKTHBHBEIX mapaMeTrpoB AC IpuMeHHRTE
o6urEe NPHHIHIE aHANH32 JHHEHHEIX SJeKTPHYECKHX Lenefi, T. e. pac-
CcMATPHBaTb KaK JHHEHHYIO, HHBAPHAHTHYIC BO BPEMEHH CHCTEMY, ¥
KOTOPOH HMNYJNEBCHAS XaDaKTEPHCTHKA g({)* H KOMIJICKCHas nepesa-
qounasn QyHKuHs H({jo)** ceasann npeoGpasopanueM Dypoe [1.7]:

Hio= [gheodt, gity=(1/29 (H (ol de, (11), (12)

10 YCJOBHE HEHCKaXKE€HHOH NEpelayH CHrHazla BO BpeMEHHO# 006jacTH
{ronycKaloniee TOAbKO H3MEHEHHE CHIHANA B MaciuTabe H 3aAepXKy BO

SPEMEHH, [IPH COXPAHEHHH €ro (OPMH):
y({)=Kx{t—T), (1.3)

rae K — mocTosiBHas, x (¢} — BXOZHO# CHrH2J, Y(f) — BHIXOLHON CHI-
#4aJ1, C IIOMOIIbIO HHTErpana CBepTKH

yO= [g@x—mdr

# npeobpasopanusl Pypee (1.1); (1.2), mpuBOaHTCS B 4aCcTOTHOH ©C-
JaCTH K YC/AOBHIO CJAEAYIOLIETO BHAA:

H(jo)=Kexp(—joT). (1.4)

Tax kaK KOMIIEKCHasA mepefaTouHass QyHKLMS MOKeT OHITb BHIPaiKeHa
B (hopMme

H (jo)= U (jo)texp[j @ (©)], (1.5)

e Moayab |H (jo) | maseBaeTca aMIIIHTY ZHO-Y2CTOTHOR XapaKTepHc-

THKO# cucTeMbl — AUX (B npakTuke npoeKTHpoBarus AC oOBYEO NMoj

AYX mouumaerca 201g|H (jo) |}, 2 apryment p(w) — dasogacToTHOR
XapakTepHCTHKON cucTeME (PUX), TOo ass BHIOJHEHHSA YCIOBHS He-
HCKaXKeHHOU nepepauM cHrHana (1.4) meoGXoo#MO mOCTOAHCTBO MOLY-

asa H(jo), 1. e. AUX:

IH (jo)l = K, (1.6)
¥ IIPONIOPIMOHANbHOCTL YacToTe apryMmenTa f1 (jw), 1. e. @UX
@ (@) =—oT. (1.7)

HecooTsercrBue AUX v OUX peanbBpX AC ycaoBusm (1.6) u (1.7)
H o0ycaoBnHBaeTcAd MaJHUMEM JHHEHHHX MCKaXeHHil: aMIUIHTYZHO-

HaCTOTHHX M (pa30qyacCTOTHHX.

* MMuynneroil XapakTepHCTHKOR CHCTEMH Hastiaercs ¢yuxuus g(f), upaso-
Masncs OTKAHKOM CHCTEMH Ha BoszeficTBMe eaHEMYHOA uMnyabcHolt ¢QyHruun O(f}

NpH HyJIeBHX HaYaJbHLIX YCIOBHAX.
Iepenarounoft ¢yuxuueit H{j®) uasHBaeTcs YaCTOTHO-3aPHCHMOE OTHOIIE-

HUE KOMIJNEKCHHX aMIUIHTY7l CHFHAJIA Ha BHXOAE H BXOAE CHCTEMH NpH FAPMOHHIE
CKHX BOSjeficTRHAX.
[
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o,

QPoBusn (1.6) # {(1.7) LO/KHH BEINOJHATBECA B YACTOTHOM JIHANA30. o

(—oo0, +©0), onHaKo MOcKoabky JoOHe AC uMejoT orpaHuMeHHHH
BOCNPOH3BOAMMEIfl AHANA30H 4acTOT, TO A2¥XKe B aydiuux mozenasix AC,
rae otkaovenns AYUX u ©UX or Tpefopanuii (1.6) u (1.7) BHYTDH
BOCNIPOH3BOAHMOrQ ZHAaNa30Ha MHHUMAJbHE, HMEIOT MECTO JHHEHHLE
HCKaXeHHA, KOTOpHE MCKaXaKT BpPeMeHHYK (OpMy CcHrHaja.

AMIAHTYAHO-4aCcTOTHBIE HCKaXeHHH

AMIUTHTYAHO-4ACTOTHHE HCKaXKeHusl (KOTOpHe, KaK OO CKa3aHo,
OOpenenfoTea No CTKACHeHHI0 AUX OT mocTonHHOTOC 3uayeHun K Kak
BHYTPY, T2K ¥ H@ KpasX BOCNPOM3BOAHMOIQ YACTOTHOrQ [MAMAa30HA)
Ha NPOTAXEHHH BCEro NepPUOna PasBHTHN TeXHWKM npousBoactea AC
CYHTAJMCh B NPOACJKAKT OCTABATHCA OCHOBHHM KpHTepHeM HX Kade-
crea. B syauntencHoOll cTemenu 5T0 OOBACHAETCH TEM, YTO AMNAHTYA-
HO-4aCTOTHHE HCKaXeHUA CyObeKTHBHO BOCIPHHHMAKTCA KaK HCKaxKe-
Hus TeMOpa 3ByYaHHfl, K KOTOPHM CJAYX OdeHb 4yBCTBHTENEH. [losTO-
My MeTOAHKH u3MmepenHii AUX nerampHo pa3paloTaHyd U BBEIEHH
OPAaKTHYECKH BO BCe OTEYECTBEMHEE H MeXAYHApOZHHEe CTanAapThHl
[1.1...1.5]. IlockoABEKY 9TH e METOAMKH HCOOAL3YIOT U B IPaKTHKE
npoexTdpoBanun AC karteropmu Hi—Fi, ocTanoBuMcs oOueHb KpaTKO
Ha HX OCHOBHHX noyoxenunx, O6uuno AYX u3MepsoT B 3ByKOMep-
HHIX 3aTMyHICHHBIX KaMepax, pealusywlIHX YCJ/JIOBHA CBOCOLHOrO IO-
as1. CTPyKTypHas CxXema usMepeHuil MpefcTaBieHa pa puc. 1.1: curHaa

K, A
v

b

Eq

—L__L

I

251 ' r |
20 S0 M0 200 G070 #aF imws 5097 #0680 Fly

Prc. 1.1, Crpyxrypiasa cxema us- Pre. 1.2, AMDAnTyZHO-YACTOTHAA XaparKTepH-
wepenuit AYX cruga AC

OT reHepaTopa, BXOASIUIEro B YCT2HOBKY aBTOMAaTHYeCKOR samucH I ge-
pes ycHayTenb MOLHOCTH 2 nmofgaetcd B2 ucnhtyemyo AC 4, yCTaHOB-
JeHHYI0 B 3arayuieHHO xaMepe §. KoETponr nopaeaeMoro Hampse-
HHs! OCYIIeCTBAsAeTC BoabTMeTpoM 3. Cozfiasaemoe AC 3BYyKOBOE f12B-
Jenle H3MepsieTcsi MEKPOGOHOM 6, 3aTeM CHrHal, NPONOPLHOHAJBHE
3BYKOBOMY JA2BJEHHIO, NOCTYII2eT HA BXOA MHUKPOGOHHOrO YCHAHTENs 7,
H [ajiee 3anMCHBAETCH HA YCTAHOBKe [, KY[l2 BXOAHT JOrapudMHue-
CKHIl ycHnpTeak u camonncer, O6muro AUX npexcrasnsior B rpadu-
yeckoii ¢opMe, B BHie 3aBHCUMOCTH YPOBHSI 3BYKOBOrO AaBJeHMS OT
HacToTl B JNorapudMedeckoM MacmraGe (pHe. 1.2). Tlop ypoBaem
S8BYKOBOrO JAZBJIEHHs MOHHM@eTCH OTHOUIEHHEe H3MEPEeHHOTO 3HAYeHHS
MOLYJIA 3BYKOBOrO AaBJeHHs K 3nadenuio 2.10-5 Tla, supaxkennoe B
nenubenax. B KayecrBe HCMHTATENBHOTO HCIOJB3YETCS CHHYCOHA2Jb-
6
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1fi CHrHaJ, 3aluCh NPOMSBOJMTCS B PEXHME NOCTOSHCTBA Hamps (ke
s, MEKpPO(OH YCTaHABAMBAETCA Ha pabouedt ocu AC Ha pacctos
“ne menee 1 v [1.1]. Kpome toro, AUX moxer mamepsithes # Ha niy
wmosom cursane [1.1

[lo 3amHcaHHOH BBIIEYK232HHHIM o6pasoM AUX MOXHO paccum-
gaTh LeJBH PpAf IIapaMETPOB, NO3BOJSIONIMX KOJHYECTEEHHO OLCHHTE
aMILIETYAHO-4aCTOTHHE HCKaxenus B AC, nanpumep:

nepasHomeprocTe AYX — OTHOIEHHE WMAKCHMANBHOTO —SHAYUCHHS
3BYKOBOIrO A&BJEHHA K MHHMMajbHOMYy [1.1] miM oTHOmeHHMe Makcu-
manbHOro (MHHMMAJIBHOTO) 3HaueHmsl K cpeznemy [1.5] B 3apaumom
AuaNa3oHe HacTOT, BEIPaxKeHHoe B aenubenaax. B pexomenpanusx MK
581—7, onpeAC/AICHIMX MUHEMaNbHEE TpeboBanus K annaparype Hi—
—Fi, yKaspBaetcs, 4r0 HepaBHOMEpHOCTE AUX He poskHa IpeBH-
wate +4 Ab B puamnaszone 100... 8000 I'u (cMm. prc. 1.2). B ayuumx
mozeasx AC kareropun Hi—Fi gocrurayr ypobens =2 nb;

atppexTubHO 8OCHpOUsBOOUMBIE OUanasoH 4acTOT — KHANAR0H, B
npefeiiaX KOTOPOro YPOBEHL 3BYKOROIO AABJCHHS TOHHXXACTCH HA He-
KOTOPYIO S8AaHHYIO BEJIHYHHY NO OTHOLICHHIO K YPOBHIO, YCPEAHEHHO-
My B OIPCAGJCHHOU mosoce dactor. B pekoMmenpaimsix MAK  581—7
MHHHMAJIbHLIEC TPeOOBaHHS MO STOMY NapaMeTPy COCTABJsIOT 50 ...
... 12500 I't npu cnage 8 5B no oTHOMIEHHD K YPOBHIO, YCPEIHEHHO-
vy B nosoce gacror 100...8000 I'y (cu. puc. 1.2);

XAPAKTEPUCTURECKAS uYyBCTEUTEAbHOCTe AC — OTHOIUCHEE CPEIHErO
SBYKOBOTO ZaBJICHuA, pasBeBaeMoro AC B 327aHHOM AHMANA30HE yac-
T0T (06emHO 100...8000 I'u) Ha paGouedl ocw, OpHBEREHHOE K pac-
CTOAIHHIC 1 M ¥ nogBOxHMODl aaekTpHuecKkoll mouwocts 1 BT, B 6oip-
uHACTBE Monenels AC kareropun Hi—Fi yposenb Xapakrepucrrueckoil
UYBCTBHTE/IBHOCTH COCTaBjisieT 86—90 pB (B TexHmueckoi JNHUTEepaType
OH HacTo sanmceiBaercsl B BHAE 86 aD/m/Bt). B nociemume rozm no-
ABIIMChL BHICOKOK2YECTBEHHBE IIMPOKONOIOCHEEe AC ¢ BEICOKOH 4ys-
CTBUTENbHOCTEIO 93 — 95 nB/M/BrT.

[ockoneky unenrmunocts AUX B CTepeonapax O4YeHbh BaXKHA JIJIS
JOKanusaipy crepeoctpasa, B amnaparype Hi—Fi HOPMUPYETCH HO-
ycrumoe pacxoxpenne AUX B AC, uCnoab3yeMux B cTepeonape, oHo
HE N0/KHO npeBrimaTh 2 1B NpH CpaBHCHEE VPOBHS Pey, yepemiennoro
B OIHIHAKOBEIX OKTaBax B guanasone 250 ... 8000 I,

Anamuzy capmmmocts AMINTUTYAHO-4aCTOTHEIX HCKAMKEHHH TIOCBS-
HIEHH MHOTOYHCJeHHEIE Hccaenopanns [1.8], nospomuBIHe yCTaHo-
BHTE KAYCCTBEHHYIO CBSI3b H3MEHEHHs! aMILHTYLHOTO CNEeKTpa CHrHaJja
C H3MEHeHHeM ero TeMOpasbHON OKpacKH. H3amepenus uyscTBHTENBHO-
CTR CllyXa K OTACNBHEIM NHKaM H NpoBanaM B COEKTPE 6€J0ro myma u
CCTeCTReHEEIX curHamos [1.8] ... [1.10] mokasanu, 4to noporoeas Ee-
JTHYHHA BOCIPHHHMAEMEIX HCPaBHOMEPHOCTEH B CPEAHEM COCTABJASIET
2 nB; qyBCTBHTEABHOCTD K OOHAPYKCHHIO NHKOB SHAYMTENILHO BHIIE,
9eM K O6rapyxenmo NpOBAJIOB, NPHYEM YPOBEHb 3TOH YYBCTBHTEJILHO-
CTH 3aBHCHUT OT INHPHHEEL (AOGPOTHOCTH) NHKa-NPOBAia H MECTONOJO-
HEHHUs ero g COEKTPaNIbHON Orubampueil NpoCAyHHBaeMOr0 CHTHana
(nerue Beerg OOHaPYKHBAIOTCS HEPErYNAPHOCTH, HAXOAAIIHECH BOIH3H
MaKcuMyMa npa CIHCKTpanbHOH orubamoniell curnana). [Moporn cayxo-
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1.3 [1.10] ... [1.12]. YyBCTBHTEMHLHOCTE CJAYXa K CTIEKTP AJIbH g,

ol YYBCTBHTENIPHOCTH K NHAKAM PasHOfi AOOPOTHOCTH MOKAa3aHE!
HeperynapHOCTAM MaKcHManaibHa B obaactk 500. .. 3000 I

Cepre3Hoe BHHMaHHE B TEXHHK -

.4;’_ e i Hi—Fi, oco6enHO B CBSI3H ¢ BHe[pe-

\/_" HHeM LHppoBoi 006palOTKH B 3BYKO-

=10 *Wg Nepefaonlull TPAKT, YAeNseTcs BO-

20—~ ¢I mpocaM CyOBEKTHBHOTO BOCHPHATHA

T Ty AMIUIHTYZHO-YACTOTHEIX ~ HCKaXKEHHH

¢ Yy 33 CueT OrpaHHYEHHs] BOCIPOW3BOIH-

2z I moro nmanasowa wactor. B psize Mo-

“ML\/\/V zeneii AC xareropun Hi—Ii guana-

~20k : 3o gactoT pased 20...40000 Iy (B

gﬁ.‘:ﬁw_S y CPEAHEM OH COCTZBJSET 35...20000
_ﬂ, _% f [u), BOMpOC © HEOGXORMMOCTH €ro
ol — Zajbheliniero pacurHpeHus B 06acTy
05 i 7 2 & rury KAK HHSKAX, TaK H BEICOKHX 4ACTOT
CBSI3AH CO SHAYHTENHHEIMH TEXHHYE-
Prc. 1.3. IToporosse ypoene npkop CKHMH TPYAHOCTSAIMH H TpebyeT pe-
AUX pun pasumx sHavemmii n06- TAJBHOrO anaiansa. B HeKoTOpHX pa-
POTHOCTH: 6oTax mokaszaHo, 4TO pacIuHpPeHHE AH-
I—Q=t. gs;-mggﬁ;nﬁ;n?;%;“j‘?-ﬁﬂ amazona 3a mpemeanl 20..20000 IT.
f—uym, Ff—xnaccuveckan  mysbixa, HEOOXOAHMO, TaK Kak OHO YMeHb-
f1] —serpaitian myshika waeT BPeMsi YCTAHOBJEGHHSI IePEeXOj
MBIX NIPOLIECCOB, CHIXKAET YPOBEHD HHTEPMOAYIALHOHHLIX HCKaKeHuil B
CALIIHMON 06JACTH, YAyyllaeT YHCTOTY H IPO3padHoOCTb 3ByJaHud. B
TO 3Xe BpeMsl HMeroTcs HeenenioBarus [1.12], nokaswiBamwiiiye, 410 pac-
nMpeHHe nogockl 32 mpepensl 20..,20000 I'm cyGbekTHBHO He BOC-
MPHHEMAETCS Ha peasbHBIX nporpaMmax. CylecTBeHHOE SHa4eHHe Jf
cyOBEKTHBHOTO BOCIIPHATHA BMEeT M Xapaktep ciana AUX Ha rpanm
nax nuamnazoda [1.13]. Takum ob6pasom, Bompoc 00 YCTaHOBJIEHHH
CyOBEKTHBHEIX IOPOroB CABILIAMOCTH Pa3fM4YHHX BHAOB aMILIHTYAHO-
YacTOTHHIX HCKAaXKEeHHH HABJACTCH YpPe3BHUANHO BaXXHEM MM KaJIbHEH-
Hlero paseHTus TexHHKH AC KaTeropud Hi—Fi B Haxozuics B craguM
HHTEHCHBHOTO HCCJEe0BAHHSL

P a30UACTOTHLIE HCKAXKEeHHs

Kak 6ws0 oTMeueHO BhIIE, KpETEPHEM (a304acTOTHEIX HCKaXKeHMH
B AC cayxut ctenmenb oTKJIoHenHs ee OUX g(w) oT npamofi, npoxo-
IAmeR Yepes Hauyano KOOPAHHAT, T. e. HecobJyofenue ycaousi (1.7}
CHCTeMHE, B KOTOPHX BHIIOJAHSAETCA ycaoBMe (1.7), HasHBawT cHcTeMa:
MH ¢ JHHefinofl (asoBoft xapaktepucTHKoH. Kak caepyer mu3 (1.1),
(1.2) nng omucanus BpeMeHHO# CTPYKTYPHl CHTHana HeoOXOZUME AaH-
nple Kak 06 AYX, Tak u o ®UX cucteme. OfHaKO Ha NPOTSIKEHHH
BCcero nepuona passuTud AC (asoyacTOTHBIE XapaKTEPHUCTHKH NpaKTH-
YECKHM HEe H3MepsJIHCh M He HOPMHPOBaJHCh. B SHauHTeNbHON CTENeHH
370 00DBACHACTCS TEM, UTO €lile CO BpeMeH ['eabMrosblia cymecTBoBallo
MHEHHe 0 «(a30BOii MIYX0Te» CayXa, a KpoMe TOro, B psifne paboT BH-
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«aSHBAMHCH COOOPaXKeHHsl O TOM, UTO AKyCTHYECKHE CHCTEMH O

. arcsi K MEEHMATBHO-haSOBEIM CHCTeMaM, B KOTOPHX AUX n OUX N ¢

go3HauHo CBSISAHH Yepe3 mpecGpasoBanue I'mabGepra:

L= -]

ou (@) = s | DA 4o (1.8)

@ —o

-

g, C/IeA0BATE/IbHC, n3Mepennii AUX jfoCtaTtouno NS OnpefeseHHd
ouX. CoBpeMelHas H3MEPHTEIbHAs TeXHHKA, BKAroyawmas obpabor-
xy nanpbix Ha SBM [1.14], nossossieT npOHIBONMTL HENPEPLIBHYIO 32-
prer @(w) ¥ pacieT pu{w) u3 maMepenHoi AUX no ¢opmyne (1.8).
CpaBHEHHE STHX PesyJsIbTaToB AJsi Gosbuwioro yrncaa AC moxasano, 410
OHM HE OTHOCATCS. K KJacCy CHCTEM ¢ MEHHMAJALHOH ()a30BOi XapakTe-
pucTrEOi (puC. 1.4), H nosToMy H3Mepenue M BOpMHpoBarne PUX B
AC sBagerca neoOxonuMHM. $a30yacTOTHAs XapaKTePHCTHK2 (MJH
¢asopeiit casur) B AC MoxeT OHITh NPEACTaBJIeHa B BHAE

@ () =y (@) -+ Py (00}, (1.9)
rae @u(w) — MEEHEMAanbHO-(asoBas 4acth PUX, onpenensemas Hs
AYX no ¢opmyae (1.8); @u(w) — HEMHHMMAaAbHO-(PA3OBAS YacTh, KO-
T0pas B CBOK) O4€peah MOXKET OHTEH NpeAcTaBieHa Kak

Qg (@) = @y (0}~ T g, (1.10)

rie o — ¢asoBBIf CHBHI H3-332 32J€PIKKH cHIHANA na speMsa I npH
MPOXOXKAEHHH Yepe3 CHCTEMY, (o — YACTOTHO-HE3ABHCHMBIH  $HasoBHI
CABHI, BHI3BBaHHLIN, HATIPHMEP, HHBEPTHPOBAHHEM MOJSIPHOCTH POMKO-

A
LO [
0|
20 ——
721
Puc. 1.4 Xapexrepuctuxh AYX Puc. 1.5, Qasopasi saZlepRxa Tg
(1) m QUX (I) — paccuutauhas, H TpymnoBas SafepHMKA Trp

I1] —— usMepeHnan

roeopureneii B AC, @a(w)— 4acTOTHO-3aBHCHMBIi Kpa3OBLIH CHBHT,
00ycnoBAeHHEIH BCENPONYCKAIOUMME HEMEHHMABHO-()A30BLIMM ¢BOH-
CTBaMH CHCTEMH, IpH 5TOM @a(0) =0. Jlas oueskH ¢a30BBIX HCKaxKe-
HEl B AC 06BIUHO WCNOAb3YIOT BLHIpaXkeHHs (A30BOH 3aAEPIKKH
Tp (0) = — g (0)/0
H rpynnosoro BpeMeHH 3afepxkin (FB3)
Tep (0) = —d @ (0}/d . (1.11)
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@, MoKasaHa Ha pHC. L5
Heo6X0auMEIM YCJIOBHEM OTCYTCTBHS (P230BHIX HCKAIKEHHH B CHC-
TeMe SIBNSETCH 19 =1 H Tp=1 (roe T=0).

Ecau B (1.11) moacraeuts (1.9) u (1.10), TO momyunm:

Top @)= T—d @y (@)fd 0—d P, (@)jdo =T +- T () + T, (©)-

Ecny¥ BBeCTH IOHATHE <HCKAXKEHHMH [PYINOBOr0 BPEMEHHM 3aieDKKHP»,
K2K Ap(®©) =1p{0)—7T, TO YCIOBHe OTCYTCTBHA TAKOIO THIA WCK8-
wenni B AC Moxer OBITh NIPEACTaBICHO B BHAE:

Aty ()= 0. (1.12)

Ycaceue (1.12) B OCHOBHOM H HCIOJNbSyeTcst B COBPEMEHHOH TEXHHKE
AC kareropuu Hi—Fi mo npuunHaM, 0 KOTOpuX GyleT cKa3aHO HHIKE.
Culefiyer OTMETHTh, YTO B PeallbHEIX KOHCTPyKuHsx AC uer HeoGXOAH-
MOCTH cTpororo cobmozenus Atgp{®w)=0, nocratouno, u4TOOLI B BOC-
MPOUSBOAHMOM JHamaszoHe At (0} <Tc(®), rae t.(®) — uacroTHO-32-
BHCHMHEI zub¢epemuanbabii Topor CJHIIEMOCTH HcKaxenu#i [B3.
Heo6xopumo otmetutb, uto ycioBue (1.12) smmsercst weobxopu-
MBIM, HO HEJOCTATOUHBIM JAJS IOJHOrO OTCYTCTBHS (Pa30BEIX HCKaxe-
unit B AC, TaKk Kax naxe B orcyTctBHe HckaxkeHnit I'B3 B AC moryr
6HTL HOCTOsiHEEBE (azoBre cABHrH 32 cieT @ (0} =ou(0) +po7=0. Ilpn
3TOM yeaoBue (1.7) He BHINOAHSETCH, TaK Kak NpsiMas ¢(o) He npo-
XOJIHT YePe3 HaualJo KOODPAHHAT

MeTomuka maMepenuii @UX Hauana IIHPOKO HCTOJb30BATLCS! CPaB-
HUTEILHO HeAaBHO (€ MOMEHTa BHIIyCKa cepuifHOR annapaTtyphl ¢uHp-
mofi B&K dasomerpa 2971 u nuauu 3anepxksa 6202) u eme He BOLLNA
B pexomenparun M3K, xora
— IIHPOKO WCIONB3YeTCs KaK B
3 3apy6eskHOli, TaK ¥ B OTEHeCT-
BEHHOH npakinke paspaboTok

b 0 € AC. C
p ” {Q » . Ctpyxiyphas cxema #3-
—' meperHit @UX nokasapa Ha

puc. 1.6. Curnaa ot reHeparo-
- | pa I nopaerci Ha yCHJIHTENb
9 ]— 8 MOUHOCTH 2 (KOHTpOJL Ha-

77
5 ; NPSIKEHHST  OCYUIECTBJIAETCSH
1 J BOJLTMETPOM 3) U M3Mepsfe-
” Myo AC 4, pasMelleHHYIO B
saraymeHHoi xamepe 5. Ha
&l pxop A asovetpa 10 nopaet-

csi curHad ¢ 3axumMoe AC we-

Puc, 1.6. CrpykTypHas cXeMa  H3MEpeHEHH
PYITYP c P pes JHMHMIO 3ajep:KkH 1/, Ha

* QH3IMECROe pa3TNUKe Trp H Ty COCTOHT B TOM, ST0 Trp XaparTepH3YeT Bpe-

MR DpPOXOXJAEHHS MakcHMyMa (MHHHEMYMa) SHEPTHH CHUHAMA Yepes CHCTEMY, a
Ty — Onepexenne {OTCTaBaHKE) MO ¢ase OTAGLHEX COCTABAMOMHA CHTHAJA.

10



http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

yrofi BXOX B CHrHAN NOCTYMAaeT ¢ BeixoAa MHKpodoHa 6, MHKpOd
o ycuaHTENs 7, HSMEPHTENBHOIO yCHINTE S 8 C CompoBOKAAIOL S
brabTpoM 9. JIuHEST 3a/ePRKH 11 nospoJsifieTr KOMIIEHCHPOBATE JIHHC ‘¥
il asOBENE HAGET 38 BpeM#A NPOXOX ACHHS CHIHANA OT AC no MuKpO-
ouz. B (pa3oMETpe HMEeTCsi BHXOA Ha CaMOonucel 12 | nepdoparop 13
s BBOAR Aanmbix B IBM. OCpasen salucH ®UX anst AC noka3an Ha
we. 1.4, YcpelHeHHBIE 3HAYEHMs] MCKAKEHHH I'B3 (BHIYHCNEHHEE H3
pamepennoi PUX MeTogoM HHCAEHHOro nudpdepennuporannst) nas AC
paaTHUHBIX THIIOB JIE?KaT B NPENenax [1.15]:
—5 ...+15 mc B auanasone 40...80 I'n;
—15...+3 vmc —80...160 I'ry;
—1,0...42,5 mc—160...1000 I'g;
—0,5...+1,5 mc—1000...20000 I'r..
OCHOBHLIME TpHuHHAaMH (a30BHIX HCKaxemuii B AC SBJSIOTCS CNOXK-
pefi AECIEPTHPYIOLME XapakTep KoneGaTenpHbIX NPONECCOB B IIO-
ABHIKHBIX CHCTEMaX IPOMKOTOBOpHTEJEH, YaCTOTHO-3aBHCHMEBIE ¢daso-
Bble CABHTH B PasfeNHTeNbHbIX (HIbTPaX, ¢pascebie CABHTH H3-32 NPO-
CTPAHCTBEHHOTO PacIpeiieieHus IPOMKOroBopuTeel B KOpIyce AC u
T. A
Bonpochl yCTaHOBJEEHS CyOBeKTHBHBIX JH(pQepeHiHaNbHEX OPO-
rOB CABIIHMOCTH (Pa3OBHIX MCKAMKEHHH Ha MPOTAXSEHHH MHOTHX JIET
CNyXHAH MPEAMETOM aKTHBHEIX AHCKYCCHE B JIHTEpATypeE. Muorousc-
JIEHHBIE SKCNEePHMEHTaJIbHEE HCCACAOBAHMS NO3SBOJHIH YCTAHOBHTD,
yT0 HauGoNbIas YYBCTBHTEJIBHOCTL K ()asoBoMy CABHTY B MHOrOKOM-
IOHEHTHHIX CHrHAJaX oGHapyxuBaercs: B noJoce 600..4000 I'y n co-
craBasier 10. .. 15°. 3nayenHe 5THX IIOPOrCB 32BHCHT OT PasHOCTH HacC-
TOT YW aMIJIHTYA COCTABJSIONHX CHTHaJ1a, YCJIOBHH INPOC/TyLUIHBAHMA,
HHTEHCHBHOCTH CMTHANA M T. A. 3aBHCHMOCTb NOPOTOBBIX SHAYEHMH
pasnocTd ¢a3 OT PA3HOCTH YACTOT COCTABJSIOLMX B TPEXKOMIIOHEHT-
HOM CHrHAJE TIPH IPOCAYIIHBaHHH Hepes Teaedousl ¥ B 3ariyIIEHHOH
KaMepe nokasaHa Ha puc. 1.7,a. HanbGonee nHpopMaTHBHOMH MepoH (a-
30BBIX MCKAa:KEHHH C TOYKHM 3PEHHS! CyOLEKTHBHOIO BOCIPHMATHS ABJISA-
wrca uckaxenps I'B3. YepenHeHHble ZaHHHE HO MOPOraM CJBILIEMO-

dfrp’M,S' i

3F

ZF

iAw|,a000 /]

50[ o———O——O”_'/
; 1 1 il ] ! 1 | ;I L ]
35 70 740 Af, My g8 7 2 4 Ty
a) o

Prc. 1.7. CyGbheKTHBHbE MOPOTH BOCNPHATH (HA3OBHX HCKAKEHHH:
@ —B3aBUCHMOCTL (AS0BOro CIBHIA A OT pasvocTd YaCTOT B TPEXKOMIOHEHTHOM CHI-
Haje, 6 — 3aBECEMOCTE TOPOrOBHIX 3HAYeHHH ATrp OT 4aCTOTH
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' Ackaxkennit B3 aias pazjuuHBIX THIOB CHTHAJOB IIOKA3aHBL P
g- 1.7,6 [1.15]. CpaBrerue NMOPOroBbix 3HaueHHR HCKaxeHHfi ¢ y '\
P JHEHHBIMY [l PSIAA BHCOKOK2uecTBEHHBX AC TIOK23HBaeT, YTO BN
06N1aCTH HHXHEX 4acToT Hckaxenus B3 B AC npu H3MepeHHSX Ha
OCH CHCTEMH! NPEBHIIAOT NIOPOrOBLHIE 3HAUEHHs, TOrZa Kak B obnactu
or 1000 I'u H BHue 5TH 3HaueHHA OJHIKN.

TlepexopHbie HCKAKEHNA

Hpouecc napacrarus («aTaka») M Cnaja 3BYKOBOIO J2BJCHHN B
MySHK2JBHBIX H PEYeBHIX CHTHaNaX HrpaeT CYUIECTBEHHYK poib B
HAEHTIPHKAUBY MY3HKaNbHHX HHCTPYMEHTOB H PACTIO3HABAHEH DEUH,
BenupHa mcKaxeHuii 3THX ITPOLECCOB, HAazHBAEMBIX IEPEeXONERIMH,
NpH BOCIDOH3BEAEHHH DEaJbHEIX 3BYKOBLIX CHFHAJIOB 4e€pe3 3BYKOBOC-
NPOH3BOIALIYIC annapartypy SABASETC BaskHelileldl XapakTepPHCTHKOR
¢e kayecrsa. IlostroMy B nponecce cozmamus AC xareropur Hi—Fi
Gonblioe BHHMaHHE YAENAETCS Pa3paGoTKe METOROB H3MEpEHHil nepe-
XOZHBIX HCKaXKeHH# H cloco00B MX HOpPMHPOBAaHHSA.

Jns usMepeHHs NepeXoRHHX HCKaxeHHA B AC HCOAB3yeTcs -
POKH# KJ1acC CHPHAJIOB: crynmeHuaTasi QYHKIHS, HTaKeTH TOHAMBKBIX
CHI'HAJIOB, NPAMOYTOJIbHEIE HMOYJIBCH C CHHYCOHJANBHLIM 3aNOJHEHH-
€M, NPsiIMOYrOJbHbIE HMIYABCH MaJlOf ANMUTENbHOCTH, OTHENBHHE MYy-
SbIK2JIDHEIE TOHEL H T. 2. HauGonbinee pacmpocrpanenne [1s H3yYeHHS
NepEXO/HEX HCKakeHu#l B AC nmonyynny nageTsl TOHANBHBIX CHFHAJIOB,
T2K KaK IpH H3MEHEHHH YacTOTHl 3allOJIHCHNA ITaKeTa MOXKHO HCCNeno-
BATL XapaKTEp NEPEXORHOIO Npoiecca B PA3JIHUHBIX YacTOTHRX ob.iac-
TAX H OUCHHBATL BKNaK OTAENBHBIX Pe30HaHCHHX yacTor AC B ofwyic
CTPYKTYPY IePexopHoro mnpoiecca.

CTpyKTYPHas cxeMa H3MepeHH MepeXOJHHX NPOUECCOB MOKA3aHA
Ha pHC. 1.8. C repepaTtopa, BXOASIEro B YCTAHOBKY aBTOMATHYECKORN:

sl

4, 9 g

, i
T
- Puc. 1.8. CTpyrTypHan cxema
8 HIMEPeMHHl NEpEXOAKIX HPOLEC-
coB

3amucH [, CHHYCOWAAJBHHIE CHruas NOCTYN2eT Ha H3MEepHTeNb nepes
XONHBHX NPOLECCOB 2, IA€ NPEBPallaeTCsl B MaKeTh TOHANBHBIX CHIHA-
AOB, Najiee CHrHan yepes YCHNUTENDb MOILHOCTH 3 moflaercs Ha H3Me-
psemyro AC 4, Haxoasuuytocs B 3arayileHHol Kamepe 5, Ha Bxox MuK-
podoHa MocTynanT NaKeThl TOHANBHHIX CHMHAJNQOB, B Ilay3e KOTOPBLX.
NPHCYTCTBYIOT HEPeXOAHEIE NPOLECCH, co3aaBaeMue B AC. DTH CHrHa-
Abl Hepe3 ycunurenrs 7 mepefaroTcs Ha BTOpOH BXOp HaMepuTens 2, B
KOTOPOM NPOUCXOAMT NOAABJIEHHE CTAallHOHAapPHOR dacTy nmakera., C BH-
Koja npubopa 2 CurHan nopaercs Ha BXOJ OCLH/MICTpada 8 H HA BXOJK
YCTAHOBKH I, B KOTOPO# MOMET HCIOJIL3OBATLCH JETCKTOP CPeAReKBas~
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&\ -yunbix 3M2YEHHH, YTO NO3BOJIAET OCYLIECTBJAATH 32MHCH CPEAH
¥ paTHIHOTO 3HAYCHHA JAaBJCHuS B Nayse HA 6nanke camorHC i
Py eToNHKA UMEET HECKONBKO MONHQHKAIHE: NAKETH MOLYT COREPKAT

TOSHHOE YHCJIO NMEPHOJOB Ha m00of 9acTOTe, MOTYT HMETh NOCTCSIH-
pyl0 AJHTE/BHOCTE BO BCEM yaCTOTHOM AMANTA30HE NPH PA3HOM YHCJE
QEpHOZOB, YHCJIO NEPHOAOE B NAKETE MOXKET H3MEHATHLCH CTYNEHYaTO
g 7. A OCyHINIOTPAaMME, CHATHE ¢ SKpaHa ocuraaorpada, Ha OfHOH
e30HAHCHON 9ACTOTE H MEXJy AByMS$ Pe30OHaHCHBIMH JaCTOT2MH II0-
kazape Ha puc. 1.9, Tlo ocupsorpaMMaM Ha PE3OHAHCHBIX  wac-

I 1

Puc. 19. OcumnorpaMMtl nepexosi-
KOro mpouecca

f — ua pezonancHol gacrore; ff — wexay
LEYMA Pe30HAHCEEIMH HACTOTaMI

TOTAX MOKHO OHPEAEHTh TaKHe NapaMmMeIPhl NEPEXOAHOr0 Npollecca,
Kak pexpemeHT kKoneGamus A= 1/nln AnfAnst (tne An/An+, — OTHOIIE-
HHE aMIAMTYH Npeablayllefl MOTyBOJHB K YNIOCJAEAymomlel}) H BpeMs
aaTyxanms (HIu ycTaHoBJenus) t(f) HepPeXopporo mpoiecca, T. € Bpe-
M, B TeueHHe KOTOPOIO aMIUINTyAa cMrHana maznaer fo 0,1 zadanb-
HOTO 3HauCHHs,

46
46" 1'!“ T [ B o | | - h
.r1_;: - ln 1\:’# d - "'E'Iu ;
e a4 hl L |
SO—— - ; 5 e 1
O — i 1 i r f
20— 2 Th——F T e
e " 1 ]
e e e s — : —
P e e e EEEE Pt |

I ! I 1
20 0 fp 200 800 1000 2000 5000 T My.

Puc. §.10. UacToTHEE XapaKTEPHCTHRH Peyp.n’
! — cramionapnan: 2 — nepexofnas

Bonpoc © nopMupopaHuy mepexonsablx ucKaxkernuit AC neomHoKpar-
HO o6CYxzascsl B JHTEPATYPE, OAHAKO YCTAHORJIEHHHX MCXAyHAPOA-
HEIMY PeKOMeHZALMAME HOPM B HacTosinlee BpeMs emie HeT. Hauboxee
PacnpocTpaseHERIME TAapaMeTpaMH NpH OIEHKE NEPEXOAHBIX HCKaXe-
HHE B AC SBASIOICH: 4YACTOTHO-32BHCHMAf PAasHOCTH YPOBHEH cpea-
13
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IeKBAZPATHYHOFO 3BYKOBOTQ AABJCHU MEPEXOAHOIO mpouecca B naff
‘expy ummysscamu puc. 1.10, 7. e 20 1g(pepn/pep), B Beuunna e &
gveny yeranosnerus t(f).
ARaJiH3 pesynbTATOB CYOBEKTHBRBIX SKCIEPTHS, BHIIOJHEHHBIN B
paGote [1.16], nosBosma pekoMennoBars HOpMY J1st 20 g (Pep.ufPep) =
=—20 gB. Cy0peKkTnBRHE AH(ObEpeRUHaNbHEE NOPOrH JJIS BPEMEHH
YCTAaHOBAEHUS 1, MIONYUCHELIE B Pe3y/bTaTe MCCAeJ0BARKY, BBHIUTOIHEH-
HHX B uncTHTyTe dusuonoruy um. H. IL ITaBnoBa, ans CHrHAAOB TH-
na OpAMOYTOJbHEIX HUMIYALCOB C CHHYCOWAAABHLIM SallO/IHEHHEM, OKa-
3aJHCh paBHBIME B 06nacTH gactot 1... 10 k' Av=0,5 Mc, B obaac
T KHXKe | k['1f At=1 Mc (DpH 5TOM 4yBCTBHTENBHOCTH CJaYXa K H3Me-
HEHMIO © (I} K NPH yCTAHOBJEHNH, H IPH Claje NEPeXONHOrO IpOiec-
ca OKazasach IIPAKTHYIECKH OJMHAKCBa). s peansbHplXx My3HIK 2AbHEIX
CHTHANOB JiH(pPeperiHanbuble NOPOTH AOMKHB GBTL BrlLle, TAK KaK
ucKayenns t(f) B AC MacKHPYIOTCS cOGCTBEHHBIMHE NPOLECCAMH YCTa-
HOBJIEHHS H CN2Ka MYSHIKaABHLIX 3ByKOB, KOTOPHE HSMEHRSIOTCH B Npe-
menax ot H Jo 360 Mc. B macrositice BpeMst 9TOT BOIPOC MHTEHCHE HO
H3YU2CTCH.

1.3. HEJJHHEMHbBIE HCKAXEHUA

Kax yxe 6oiio ormedcho B § 1.2, npn BoCHPOHSBEEHKH pealbibIX
MYBLIKAJIbHHIX M PEueBLIX CHIHAJIOB B AKYCTHUYECKHX CHCTEMaxX Hapfly
C JHHERHBIMM MCKaJKCHHAMH BOSHHMKAIOT M HE/AMHelMbe, NpHIEM HX
YPOBEHb OOLIUHO 3HAYHTENBHO BBILUE, WM BO BCEX OCTAJBHHX 3BEHBAX
3BYKOBOCIPOH3BOASINErC TPaKTa. JIaa OeHKH HeJHHEHHELX HCKakKeHui
HCIIONB3YIOT PASIHYHLIE BHAB HCIHTATENLEBIX CHTHANOB: TOHAJBLHBIE,
IyMOBEIE, MySHIKAJIbREIE 1 Aip. OfiHAKC Yame BCEro Afs H3MEPEHHI H
HOPMHPOBAHHA HeMMHEHHHX HCKaxkeHHA B AC NpHMEHSIOT TOHANBHBIE
CHTHANEL

Hns onenkn rapmonrueckHx HMckaxkewnft [OCT 16122—78 [i.1]
npelyCMaTPHBACT MCIONB3OBaHHe HECKOJBKHX BHIOB KO3((HIHEHTOB,
pexomvengauncii M3K [1.5]) aas annapatypw Hi—Fi npeaycmorpeno
OPHMCHEHHE CYMMAapHOTO XapaKTePHCTHYcCKoro Koa(QHiHenTa rap-
MOHMK, ONPERENSEMOr0 KAK OTHOLUCHKE, BBIPAXKEHHOE B IPOIISHTAX,
CPERHEKBAJPATHYIIONO 3HAYEHHS B3BYKOBOrO fIABJICHHS BCEX BHICIUINX
rapMOHHK, B3AITEIX BMecTe, K CPeJHEKBaJiPATHUHOMY SIAaYeHHId SByKO-
BOTO JIaBJIEHHS Pcp B 8ANAHHOM AHMANASOHE YacTOT:

[ + 4]
— 9
K= E K.
n==2

H3mepenua BLINOAHAKTCA B YCJIOBHAX CBOOOJMOTD TOJH Ha CHHYCOH-
EaJlBbHOM CHIHANE NPH MOLUHOCTH, COOTBETCTBYIOIEH YPOBHI SBYKOBO-
ro JaBnenud, paBHoMy Nep=90 nB (ycpemreHnre HPOKRSBOIHTCH B fiHa-
nasone 100...8000 Tu). ObLmHo OrpaHHYKBAKTCH CYMMHPOBAHHEM
K09(QQHIHERTOB BTOPOFO H TPETHETO NOPAAKOB. MeTomHKa msMepenHi
Kr npuegena B [OCT 16122—78 [1.1]. MunuManekpte TpeGopanksl K
AC xareropun Hi—Fi [1.5] no stoMy napaMerpy cocTabBasior: B JHA-

14


http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

gone uactor 250... 1000 I'm —29%; sarem anmednsbii crmag ot ©
po 1% B Znanasore 1...2 xI', H B ananasone 2...6,3 xIm— 199 &
HamMeperHA JOMYCTAMBE Ha AHCKPETHBIX YacTOTaX, ORHAKO Goxee Hp-
QopMarHBHA HENDEPHBHaX SaNHCh YaCTOTHOR XapaKTepHCTHRH K (f)
xoTopas MOXer OLITh OCYIIECTBICHa Ha alnaparype ¢rpMu B&K (ca-
womacent 2307, reneparop 1022, punerp 2020), a Takxe Ba analOrHY«
pofi OTEICCTBEHHOH anmaparype (IpH 3TOM SaNHCHBAIOTCH SHAYCHHAN
& B AD KaK QyHKIHs 9acToTs).

Hapsilly € CyMMapHBIM XapaKTepHCTHYECKHM Koa((HIHERTOM rap-
MOHHK J/1fl OUHKH AC HCIIOABSYIOT XapaKTepHCTHYECKHe KOS()(HIH.
enTHl FAPMORHK n-TO MOPsAKa:

Ken =(pnffpnp)v
A€ Pns — CPEAHEKBAAPATHYECKOE SHAYEHHME SBYKOBOIO AABJEHHH, CO-
OTBETCTBYIOLUEE 7 — rapMOHHUeCKOl cocrapisowmed. [Ipumep samkcha
YaCTOTHHIX XapPaKRTEPHCTHK Krg, #rs MOKASaH Ha pHC. 1.11. B sywmmx
monensx AC rareropun Hi—Fi noctrruyr yposens x=1% zmo 1 &I,

a5
4 - T e EErEET
wE e e b
20 : : ' = -+
- I — i £ =i
0 = ] ._i[_r :-;.EE-‘ Z L_—.l ¥1r_ 113
i i L DY,
2 % w0 20 s 000 q000 70000 £rv
aj
a5 E =
40
30
I
20
0 A
1
0 1 1
20 50 100 20 S0 1000 2000 F000 £y

o}
Pue. 1.11, Hacrornee xapakrephcTuym:
a—vcranponapras (1), &r3 (H), xes (I1Y); 6 —crannonapuas (1},
Kxng (H), %xuy (HI)

%=0,6% mhie 1 kTN, yPOBRH Ko, Kps /IS OTHEABHBIX rapMOHHK CO-
CTaBasiior 0,1...0,3%. Hapsny ¢ rapmonmveckamm COCTABJISTIOIHMH
:TOporo H TPEThEro NOPAAKOB B BHIXOAHOM cnektpe AC moryr noss-

MTECS rapMoOHHYeCKHE COCTABNAIOLIAE GOJICE BLICOKRX nopsinkos. Ecin
HX aMITHTYAL Be YOLBaOT Mo Mepe BO3PAaCTaHHA HOMEPa FapMOHHKH,
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\ OHH H2 CJAyX BOCIPHHHMAIOTCH KaK Apelesr, 9To CBHICTEILCTT et «
AedeKTax M3roTOBAEHHA OTAEJBHHX sneMeHTOB AC, Jlam ux koW

&

P\CCTBEHHON OUEHKH NPHMEHSAIOT METO/bl H3MEPEHHH, H3/IOKEHHLIE B P o
6ore [1.17]. Kpome rapmoOHHK BHICIIHX NOPAZKOB, B CIICKTPE BHIXOAHO-
ro curmana B AC moryt npucyTcTBoBath cy6rapmonnks 1/nfo, xotopuie
BO3HHK2IOT H3-32 NapaMeTPpHICCKHX Kojuebanuit usnyvarene (OHH pac-
CMOTPEHHB! B IMI. 2). YUHTHIBasg MX BaXKHOCTb AJA CIYXOBOrO BOCIPHS-
THSI (OHH CYOBEKTHBHO BOCIPHHHMAIOTCHi KaK «NPH3BYKH»), B HACTOS-
lee BpeMA paspabaTHBalOT CTAaHAAPTH30BAHHLIE METOJB! HX HCIHITa-
HHA ¥ HOpMHpoBaHuA. Iloka B mpoliecce paspaborku AC OHH OUEHH-
Bal0TCA Ha CJYX NPH NOABEJECHHH CKOJB3AINEr0o CHHyCOHAAJBHOIO TO-
Ha.

Ilnsi nosyYeRss: ONOJHHTENbHOH HHGOPMALHH O HEJHHEHHBIX HC-
KaxkerusnX B AC NDHMEHSIOT METOAB H3MEPEHHS HHTepPMOYJISIHOH-
HBIX HCKaxenui. B cooTBercTBuu ¢ onpeleseHHEM, IAaHHEIM B PEKOMEH-
Raupax MOK 268—b5, «HHTepMOAYJNSLHOHHBE HCK&XKEHHS — 5T0 TIPO-
ABJIEHHE aMIJIHTYAHOH HEJIMHEHHOCTH, BLIPAXEHHOE B BHe MOJAYJISLH-
CHHHX TIPOAYKTOB, MOSABJAIINHKXCA NPH NOAAYE CHIHAJA, COCTOALLETO
U3 CHrHaJiOB ¢ dYactoraME fi M f: (r;me fi<<f:/8)». KosmuecrBenHO
HHTEP MOAY/ISLIMOHHBIE HCKAXKEHHA ONpeIe/IflTC N0  CNEKTPaJbHLIM
KOMIIOHEHTaM ¢ JacToTaMH fox (n—1)fy, rre n=2,3,... CyMMapHHi
XapaKTCPHCTHUECKHE KO3(GHIHEHT HHTEPMOAY/SLUHORHEIX HCKasKeHHH

kxm = ]/régkﬁm ns

rfe %y n — KO(QHIHEHTEH HHTePMOAYJAANHOHHEIX HCKAXeHHiH A-TIO-
pAnKa;

kEM n =[pfx—(”_” f1 +pf2+ (rn—I) f;ypcp'

Metonuika usMepentit kuy, kau» fana B TOCT 16122—78 [1.1], o6uiy-
HO NPH H3MEPEHHAX OrpaHuYHBalTCH #n=2, 3.

Pa3noBUAHOCTEIO HHTEPMOAY/IAIHOHHHX HCKaXKCHHA SAJIAIOTCH qac-
TOTHO-P23HOCTHEIE HCKaXKEHHA: NPH HX H3MePEHHAX TNOAalOTCA ABe
6H3KHE YaCTOTEl M YUHTHIBAIOTCHA TOJBKO PA3HOCTHEE COCTABJAIOMIHE
[L1]. Takoit mMeron H3MepeHHH Mo¥keT GHTH OCOGEHHO NOJE3EH NpH
OlieHKe BBICOKOYACTOTHHIX H3Jyuarened. XoTA HHTEPMOAYIALHOHHLIE
HCKaJKEHHS OTPaiKaloT TO 3X€ CBOHCTBC, YTO H FapMOHHYECKHE HCKAaJKe-
HEA — aMIVIHTYARYO HenuHelHOCTs AC, OHEH Moryt ObiTh GoJee HH-
(opMaTHBHE, UeM FapMOHHUYECKHe NO CJACAYIOL(HM NPHYHHAM: JBYXTO-
HOBBIfl CHIHaJ Jydiue annpOKCHMHpPYET PeajbHblfi MHOrOKOMIIONEHT-
HBIH CHTH2Ji, YeM OJHOTOHOBELH; NPOAYKTE HHTePMOAYJISIHCHHBX HC-
Ka)KeHH# (T. €. KOMOHHALHOHHEIE TOHH) CYGBHEKTHBHO 3aMeTHee, Tak
KaK NPOAYKTH F2pPMOHHUECKHX HCKaXXCHHE B HEKOTOPHX CAyUasX MoO-
FyT MaCKHPOBAThCA TAPMOHHKAMH MY3LIKAJILHBIX HHCTPYMEHTOB; HHTEp-
MOIYNSIHOHHLIC H Pa3HOCTHEIE HCKAXKeHH MOMKHO H3MepAThH B Gosee
UWIHPOKOM AHanNa30HE YacTOT, 4EM rapMOHHYECKHe; HHTEPMOAYJIALHOH-
HEIE HCKAXKEHHUS CIyskar OoJiee YyBCTBHTENBHEIM KPHTCPHEM HEJHHef-
HocTH AC, T2 Kak HX yPOBEHb H UHCJO KOMINOHERT GOJbIe NPH 3a-
A2HHOH CTENneHH HEJHHEHHOCTHL.
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ilamepeHHA TaKkKe MOXKHO BHIOJHATH HAa AHCKPETHEIX dacToTa(f
J.ako Gonee HHGOPMATHBHOHN ABJACTCA HENpepPHIBHASA 3AMMKCH, KOT QS
a'ﬁ MmoxkeT GHITE peajH30BaHA Ha npuﬁopaxﬂ ¢upme B&K (anannsa-"
70p CTIEKTpa THIla 2010 B XoMIUieKTe ¢ yCTPOHCTBOM yHpaBJeHHS 1902”,
caMONHCIEM 2307, reneparopom 1023 nmm 1022) wim apasorudgHOM
oreueCTBeHHOR ammapartype. B noxymenrax M2K H  cramzaprax
([1.1]--- [1.5]) BeqwuHHEL kuw B Rgw n HC HOPMHPYIOTCH, OJHAKO 3Ha-
geHHA 3THX KO3Q(HIHEHTOB NPHBOAAT B OOMBIUMHCTBE KaTaJorop Ha
AC kareropun Hi—Fi. B aydwnx oreuecTBEeHHBIX H 3apyOexXHBX MO-
gensix AC cyMMapuBIf XapaxrepHCTHIECKHH kO3GGHIHEHT HHTEPMO-
JyJALIHOHHBIX HCKAXKEHHH COCTABJISET 1...29%.

HceseioBaHHK CYOBEKTHBHEIX NOPOroB BOCNPUATHS HCJAHHCHHEIX
yCKaKCHHA NMOCBAILEHE MHOroUHCAeHHEE Heeaefoannd [ 1.13]. O6o6-
wast peayJabTaThl 3THX paboT, MOXHO CIMTATh yCTAHOBJCHHLIM, 470 AJA
BCeX BHAOB HeJIMHERHEIX HeKaxkenn# 8 AC Ha peajJbHBIX My3HIKaJIbHEIX
nporpaMMax CYyOBEKTUBHEIE JIOPOTH CAEIIIUMOCTE cocTaBidior 1 ... b,
MHHAMAJIBHBIE 3HAUeHHA Ha ¢opTenHanHol Mysuke 1 ...2%. Ina coe-
[HaNBbHBX TECTOBHIX CHCHAJOB NOPOroBHE 3HAUEHUA MOIYT JAOCTHraTh
0,1%. 3aMeTHOCTh TapMOHHYECKHX COCTABJIMKINHX CYIECTBEHHO 3aBH-
CHT OT HX NOPAAKA; 3aMeTHOCTE FaPMOHHUECKHX HCKAYKEHHA TPEeThero
fOpA/KA NPHMEPHO BABOE BHIIE, T€M BTOPOro; YyBCTBHTENBHOCTE CAY-
X4 K HCKAJXKCHHAM IIATOrO M APYTrHX HEIETHHX nopsaakoB — B 6—10
pas BHIE, 4eM BTOPOro Nopsfka H T. A. BOcnpHATHe HEIHHEHAHBIX He-
KaxeHul o6OCTPACTCS NPH MHOTOKPATHOM IIpOCAYIUHBAaHHH, 0coGeHHO
fpY BOCIIPOH3BEICHAH 3BYYaHHA OTACIBHEIX HHCTPYMeHTOB. YacToTHad
06J1ACTE MAKCHMAJIBHOR YYBCTBHTC/ABHOCTH CJyXa HAXOAUTCHA B Ipefie-
aax 1. 2 k',

B akycrnueckmx cHceTeMaX BO3HHKAeT €IUE OAHH BUA HCKAXKEHHH,
O 3HAYMMOCTH KOTOPOTO B JIHTEPATYPE HMEKTCH NPOTHBOPEYHBEIE CBe-
LeHHsl, JTo MCKayKeHHA, ofychaoBnennse agdexkToMm Homnepa. Ddddext
Honnepa nposisisaerca B 1acTOTHOR MOAYJASIHH, BOSHHKAIOIEH B CIy-
H2€, ecaH HMCTOYHHK, HaNyYalOI(HA CHrHAJI C gactorol fs, coBepiuaer
KoJebanus OTHOCHTCJIBHO TOUKH H3MEPEHHH € 9acTOTOR fy, uTo, HanpH-
MED, NPOHCXOAMT NPH OAHOBPEMEHHOM BOCTIPOM3BENlcHWH BHICOKOH H
HE3KOR 4acTOT OAHHM H8JAYYaTC/]eM WNH NPH MOAYJASLHH CHIHANA H3-
JAYTaeMOro BHICOKOTACTOTHEIM TPOMKOTOBOPHTENEM H3-34 CMEUICHHEA
KOHYCa HH3KOYACTOTHOrO rpPOMKOrOBOPHTE/A, 9TO MMEET MECTO B MHO-
ronmonocuerx AC 3a cuer mHdpakiui. YacTOTHO-MOAYJIHPOBAHHEE KO-
nebanus Takxe XapakTepH3YIOTCA MoABJEeHHeM KOMOHHAUHOHHBIX TO-
HOB NpH rropiBesenuM CHrHANOB € gactotraMH fi U fz U MOrYT OILCHH-
Barbes ¢ noMombo KospHIHEHT? Fay, HSMEPEHHOTO IO TAKOH Ke Me-
TONMKeE, KaK gy, OAHAKO NOCKOJBKY TPH MaJBX HHACKCAX MOZYJISIHM
KOMOHRaNHONKEIe TOHDI, BOSHHKAILINE 32 CUET aMIIHTYAHOR Mopynf-
UMH (unTepMmopynANKMOEHble HCKAXKEHHA) K UACTOTHORN MOAYJAALHH
HZQJ‘EIJEKT Honnepa), Gansku, 10 NpH M3MEPCHHAX HX PASJCNHTb TPYA-
o Earomy IJifl OLIEHKH HCKaJKEHHH, oﬁycnos.neﬂnbx}i TOJBKO pcpex-
qaCTOTUH-Eepa B AC, HCNOJIB3YIOT METOJAHKY H3MepPeHHHA OTHOCHTEJILHOR
. HOH fleBuanvH. VccieioBauAs CJABIIHMOCTH HCKaxenui Jongme-

Peaipnom mporpaMMuoM Matepuade [1.18] mokasanw, wto B
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oppeMenHEx AC xareropnH Hi—Fi ypoBerb sTHX HCKayKeHH Ganz
& TOPOrOBHIM. y
‘ rag, B AC kateropeH Hi—Fi B Hacrosimee BpeMsi HSMEPSI i
NPaKTHYECKH BCe H3BECTHBIE BH/bI HEJIHHEHHLIX HCKa>KeHHHA: rapMOHH-
JecKHe, HHTCPMOAYJAAIHOHRHBE, YaCTOTHO-PASHOCTHBEIE H YaCTOTHO-MO-
IyJIHpOBaHHHE 32 cuer addexra Jlonnepa. TexnHka n3MepenHH HX Ao-
CTATOYHO Xopollto paspaborana. B ayuinnx mopensx AC ypOBEH 3THX
BHIOB HEJHHEHHLIX HCKaxXCHHH NPHOJHKAEKTCH K IIOPOrOBBIM.

1.4. XAPAKTEPHCTHKA HANTPABJENHOCTH.
AKYCTHUYECKASI MOLHOCTD

J1s OmeHKH NpOCTPaHCTBEHHOTO PACNPEJACNEHHs 3BYKOBOI'O IOJI,
nsaydyaemoro AC, HCNONB3YHTCH TaKue napamerphbl, KaK xapaKTepuc-
THKa HallpaBJEHHOCTH H YaCTOTHAfl XapaKTEPHCTHKa aKyCTHYECKOH
MOIHOCTH. DTH NapaMerpH B coBpeMeHHOH Texnuke AC  KaTeropuH
Hi—Fi cunraorca Hanbosee HHOOPMATHBEEIME € TOYKH 3PEHHS OICHKH
xauecTBa 3Byuanns AC B peajbHOM NOMELEHHH NpOCAYIIHBaHHA
[1.19].

Xapaxrepuctuka HanpapneHrocTH AC omnpepejser 3aBHCHMOCTD
3BYKOBOI'0 [aBJIEHHA Ha ar6oil sapanHoil yactore (WaH B NoJioce Yac-
TOT) OT HaNpaBJeHusi H3JyuYeHHs 3ByKa. lIaMepeHus xapakrTepHCTHK
HANPABJCHHOCTH OCYIIECTBISIOTCS TakK e, KaK W uaMepeHHa AUX, B
3aryweHHoll KaMepe, TOJBKO NPH 3TOM OCYLIeCTBAsSETCs JHOO Bpanie-
nne AC Ha cnenualpHOM NOBOPOTHOM yCTpoiicTBe (NMpH 3TOM moOJyda-
10TCSl HarpaMMEl HAIIPABNCHHOCTH B NOJISIPHBIX KOOPAHMHATAX Ha KaXK-
noit wactore (puc. 1.12,6), nu60 cMelleHHe MUKPO(OHA Ha Pa3THYHEIE

e 0

30 30°
300} s0°
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|[ I - : _a ’\ A o =
40 - - b _‘T-v s A H 7 ]I‘ d‘\.'-‘u'_‘,a:t‘i_:\ 270 gn
== T H I " ‘\‘:.:-’
| = EEEESR e e =L 720°
0= == —F — = i H 28 Yo0°
50 100 oo S00 w00 2000 OO0 Tily 180°
g€} )

Puc. 1.12. Xapartepuctuxa uampasiesHocts AC: a-— AYX, mamepennrle Ha OCH
(/) u mpu cmemenuy MukpodoHa noa yraamu +15° (2, 3); 6 —B NOJAPHEIX KOOp-
JHHATAX

3aflaHHbEe YIAB, NPH 3TOM NoJyyaercs ceMefictBo AUX, 3anncanHBIX
noj, pasAHYHLIMH YTJaMH B TOPH3OHTANbEOH H BePTHKAJBHOH MJOCKO-
cre (puc. 1.12,a). B peromenpannsx MIK 581—7 [1.5] xaparreph
CTHKa HaNPaBJEHHOCTH HOPMHpyeTcd NpH n3Mepenusax AUX nop yraia
MH # (20...30°) B ropusoHTaJbHOM MIOCKOCTH M % (5...10)° B BEp-
THKaNbHOH. IIpH 5TOM otkyionennss AUX or H3MepeHHOH Ha OCH
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A anasore uacror 260—8000 I'y, He ROMXMB OTAHYATHLCS  GOABL ¢
w Ha +4 1b. B npakTuke kouctpyupoauns AC ofwmio H3MEpsa L&
Remrs®: HOPMHEPOBAJACH XaPaKTEPHUCTHKA HalPaBACHHOCTH TOJLKO IO A Sy
oflHaKO JJIs1 BOCCTAHOBJIEHHS BPEMEHHOH CTPYKTYPH SBYKOBOTO MOJS
HeoOXOJHMBl TAK¥Ke MSMEPCHHS XapakTepHCTHKE no ®UX (uawm mpo-
cTpAHCTBEHHOTO pacnpenenenns I'B3), yto B HacTosiliee BpeMs uc-
HOMBSYETCH PH NpoeKTHpoBaHHH AC. '
[lonHy0 3BYKOBYK SHEPTHIO, Manyuaemylo AC B OKpyxKamolee mpo-
CTPAHCTBO, ONPEACJAIOT € NOMOINBH) HMSMEpeHHs aKYCTHUECKOH MoIL-
nocTh. MeTouka u3Mepenus akycTuueckoli Mommocty AC B ycaoBHIX
cBOOOAHOTO NOJS H B pepepOepauuonHoii Kamepe nmaHa B TOCT
16122—78 [1.1]. 3aBucHMOCTL M3AYyYaeMOH AKYCTHUECKOH MOINHOCTH
oT 4YacTOTBl HaSBIBACTCA YACTOTHOH XapaKT€pPHCTHKOR aKyCTHYecKOH
momoctd (puc. 1.13). Hccaenopaus BRusiius pasiHyHblX YCIOBHH B

LI
100,

L7}
Puc. 1.13. YacrotHag xa- 80 | ' |

AKTEPHCTHEA dKYCTHIE-

NOMEIEHHAX NPOCAYINMBAHUSA Ha CyOBEKTHBHO BOCHPHHHMaeMOE Ka-
uecTBO 3BYdaHus AC NOKasall, YT0 UYACTOTHAS XapaKTEPHCTHKa aKyc-
THYECKOH MOINHOCTH HAHNYYIIHM 06pasoM KOpPEIHPYeT C cyGBheKTHB-
HO BOCIpHHEMaeMo#l AUX B moMelleHHH, NOCTPOEHHOH METDAOM CpaB-
HEHUs € 3TAJOHHEIM HCTOYHEKOM [1.20]. OcHOBHBIM mapaMerpom Anst
OLEHKM KauecTBa paboTel AC B peanbioM peBepOepupyIOIEM IOMeLe-
HUA NpEeAnaraeTcs CYUTaTh HepaBHOMEPHOCTh YaCTOTHON XapaKTepuc-
THKH aKyCTHYECKOi MOIHOCTH. IJTOT NapaMeTp €lne He HOPMHPYETCS
B pexovenfauuax MOIK, onnako oH ymxe WHPOKO HCIONBL3YETCS B
IpakTHKe KOHCTpyupoBarusa AC kateropum Hi—Fi. B coBpeMeHHEIX
AC nocturayr MEEHMaJBHEL ypoBEHS HepaBHOMepHOCTH AUX Ha ocH
(mo x2 1B), [O3TOMY OCHOBHON NPHYHHOH HEpaBHOMEePHOCTH YaCTOT-
HOH XapaKTePHCTMKM AKYyCTHUECKOH MOLIHOCTH SBJSIOTCH H3MEHEHMS
WWHPHHEL XapaKTEPHCTHKY HAUPABACHHOCTH KaK (PYHKIHH TacTOTH. B
MHOTONOIOCHBIX AHHaMuYecKuX AC IpHUMHON STHX H3MCHCHHA MOLYT
CIVKHTB: HeynauHOe pacmoNoxeHue IPOMKOTOBOPHTEICH, HENPAaBUIL-
HHA BHGOp wactor cpe3a, HEONTHMH3UPOBAHHEIE IO STOMY NapaMeipy
qJH.rbepyrome-KoppeKTpromHe Ieny ¥ T. A. B AHHOCTATHUECKHX CHC-
TEMax, yanpumep, NPHYHHON TAKHX PE3KHX H3MCHEHHH MOIKET CAYKHTH
Iepexon ot munamuyeckoro H3AyqaTesss K IAOCKOMY 3JEKTPoCTaTHye-
Ckomy, xapakrepucrika HanpaBJAE€HHOCTH KOTOPOTO CYUIECTBEHHO 00-
€€ y3Kkas. IlcHXopH3MOMOrHUECKHE HCCAEJOBARUS BJAHSHUS —STOrO
«}?;{TOPE Ha CYOBEKTHBHOE BOCHIPHSITHE MOKa3aJlH, 4TO AC, uMemomue
Ho I;?]UIYIO» oceByio AUX (T. e ¢ MEHHHMANBHOH HEPABHOMEPHOCTHIO),
HSMeHéloxym» (7. € y3Kyw, ¢ DE3KHMM HSMEHECHHSMH INHPHHEI NPH

HHM 9acTOTE) XapaKTePHCTHKY HaNpaBJEHHOCTH, SBYYaT JJid
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<
Yocy-11a0

§< Kak cTepeoobpas cMellaeTcs ¢ H3MEHeHHeM CIEKTPaNBLHOTO cOWad
Pa ciraata. [losToMy K xapakTepucTHkaMm HanpapienHocTu AC Kam
ropus Hi-—Fi npeabapnsiorcs: rpeboBaHus 10 OXHOPOAHOCTH (T. €. OT-
CYTCTBHIO PESKHX #ISMEHEHHMH B LIHpMHE, ocOOeHHo B obiacTH cpelHHX
YacToT), YTO O0eCHEeUMBaeT COOTBETCTBCHHO MHHMMH3AIHI0 HEpaBHO-
MEPHOCTH TaCTOTHOH XapaKTEPHCTHKH aKyCTHUSCKOR MOMIHOCTH.

1.5. HCKAJKEHHSI AUHAMHYECKOIO OHATIASOHA.
SJEKTPHYECKUE MOII{HOCTU. MIOJIHOE 3JEKTPHUECKOE
CONMPOTUBJIEHHE

OnHHM H3 IMaBHBEX TpeGoBauuil K BRHICOKOKAYECTREHHOMY BOCIPOH3-
peneHuio AC spinsiercs obecneucHHe HEHCKaXKEHHOH Nepenadd AHHAMH-
YecKoro Auanazona nepelapacMbelX CHIHAJOB. PeueBbie H MY3BIKAIBHELE
CHTHAJIBL NPEACTaRNsalOT coboii clyuaiiHble ¢1abo KOppeaHpoBaHHLIE
BpeMeHHBle mporecchl. Ouu MOryT OBITH ONpEACNEHB  COOTBETCTBYIO-
IIHMH paclpele/ieHHsIMH 10 YPOBHI), BPEMEHH H 1acTOTaM, a TaKXke
MUHAMHUECKAM AHANA30HOM, YACTOTHLIM JAHANA30HOM H BPEMEHEM KOD-
penALME OTACIBHBIX yTacTkos [1.22].

VposHerpaMma (T- €. 3aBHCHMOCTb YDOBHSI CHMTHaNa OT BpEMEHH
npy 3aZaHHOM BpPEeMEHH YCPeIHEHHsI T) My3bIKaJEHOIO OTpe3ka MOKa-
sapa Ha puc. 1.14. Jina onmucaHusi Takoro CHrHana BBOAUTCH MNOHSITHE

¥.1:}
&40

ﬂ;ﬁz‘ ﬂmum\ T 'J 20 ;;r i —!
MMA in S g M,

& v - |
w v \/\{ Ve eaNBs v — o
- 12} ; ; | 1

Fmin 25 100 400 7600 5300 Y
3 &

Puc. 1.14. YpoBHerpaMMa MYSHEIKANBHOTO CHIHaNa (@) H 4acTOTHAR XapaKTepHCTHKA
IIYMOEOr0 CHrHAJA, pexoMeniyemoro xjs mcnbrramuii AC (6):

1 — peficTByOInEe peKoMerpanya MIK, 2 — HoBhe peroMenganvH M3K

= e

Ncp— cpenuero yporHsl, Nmax, Nmin— KBasUMaKCHMAaJILHOTO H KBa3W-
MEHEMANEHOro YPOBHEH (Nmax, Nmin — onpeneasercd Kak ypOBHH, 014
KOTOPBIX OTHOCHTEJNBHAS! JJIMTENBLHOCTL CYILCCTBOBAHHA CHrHaja ¢
YpPOBHEM He HH¥Ke (COOTBETCTBEHHO HE BLILIE) €ro papHa 29 mas My
3BLIKA/ILHEIX cHrHanoB H 19 s peuerbix [1.2]). Pasuocts D= Nmax—
— Nmin HAasbIBAETCS AHHAMMUECKHM AHANAa30MOM curiana, a Il=Nmax—
—N¢p — nHrgakropoM (MpH BPEMEHM YCPeIHEHHA 3a AJHTENBHBIH npl
MeXYTOK BPEMEHH: He Menee 1 MHH JJisi ‘MY3BIKH H 15 ¢ jis peud).
3uaucHHST CpPeIHero 3BYKOROTO Aapneuns Pep, nHk-(pakropa [, 1H
KOBOH aKycTHueckoll MomuoctH Wy H YacTOTHOH 06iacTH HaHBHICIIHP

IIHKOBLIX SHaucHuf Af [l HEKOTOPHIX WHCTPYMEHTOB AanHl B 1abi. 1.1
[1.22].
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Tataunz

HECTPYMEHT £, M pcp s Ila , II. BB W Br Af, T'm
—
Posiilb 3 0,26 9,8 0,276 250 ... 500
Oprad 3,6 0,21 13,2 0,35 250 ... 500
OpKeCTp us 75 Ha-
cTpyMeRTcB  (Tipo- 4,5 0,51 17,7 8,2 2220."3300

0 ... 50O

-?"3 f:'{{a (npoGa B) 4,5 0,46 27,8 66,5 8000 ... 12 000

e

Anan¥s CTATHCTHTCCKHX CBOMCTB PEanbHBIX MY3HKAJNBHBIX M peue-
EHX CHTHAJIOB, TNPHBEACHHLIH, B 4acTHOCTH, B pabote [1.28], nospons-
er cQOpPMYJIHPOBATE TpebOBaHus K HEOOXOAMMOMY AHHAMHYECKOMY JH-
anaszony AC B COOTBETCTBYIOINMM 3JCKTPHYECKHM MOLHOCTSM.

JIEKOBBIE YPOBHE NaBJCHHs B COBPEMEHHOH H KNACCHUECKON MyShl-
ke pocTHrator 3uavenuit [1.23]): posib— 103 nbB, xaaccuueckuit  op-
xectp (18 uesosex) — 112 nb; opran — 116 1B, pok-mMyshiKa (c BaekT-
poHHHIM ycuneHueM) — 128 ab u 1. n. (M3Mepenss punonusauck B mie-
peniHeM psily CHYIIaTENBCKHX Kpeced B KOHLepTHOM 3ane.) Ecau onpe-
[eJVTh AHHaMHYECKHH Auana3oH yYactoT AC KakK OTHOIIGHHE MaKCH-
MAJBHOTO NHKOBOIO YPOBHSI 3BYKOBOTO I ABJCHMS NEpeiaBaeMOro CHT=
HaJla K YPOBHIO ITYMOB, NpOCAYIIHBAEMOMY B Nayse, 10 TpefyeMbe Be-
JHYERBL JHHaMugeckuX AuanasoHop AC cocrapnsmor 90...118 nb m.
3aBHCHMOCTH OT BHZAa mporpaMMel [1.23]. B coBpeMeHHEIX LH(pPOBLIX
SEYKOBOCIIPOH3BOJAIIMX TPaKTaX yiKe€ JOCTMIHYT AWHAMHUYECKHH IHA«
nasoH 96 nb (npu 16-paspsanoM koAupoBammu), NoaTOMYy npobaeMa
obecnevenns BhHINeyKasaHHOro fuanaszona B AC crana Ype3BLIYATHG -
AKTYaNbHOM.

Hna xapakrepucturu cnocoSHoctd AC K HeHCKazKeHuoil nepegaye
TMHEOBLIX ypPOBHEH B TeXHHUECKOH JIMTEPATYPE M KaTalorax yrnorpe6ss-
€1C1 MapaMerp — MAKCHMaJbHEI YPOBEHL 3BYKOBOTO  JABJEHHS-
maxSPL, Ins moaaBasiolero GoNBIIHECTES BEINVCKACMEIX CHCTEM
SHZNERHs] ero nexkat B nperenax 102 ... 105 zB. Oxnago 3a mocneamue
TONE ju1st paGoTel ¢ 1HQPOBLIME TpakTaMi nosiBHAKCk AC, y  KoTo-
PHX max SPL cocrabazer 110... 125 nB. O6ecueuenne Ttakux 3Ha-
1CEHH sBnsercs omHo#l W3 TPYAHEHIHX NpobieM B NPOSKTHPOBAaHHH

C xareropun Hi—Fi. Kak yxe Opino otMeuero B § 1.2, 6onLunnceTBG
HMEeT xapakTepHCTHIECKYIO UYBCTBHTENBHOCTE 86...93 aB/BT/im.
I€AOBATeN LD, UTOGH 06ECTIEURTh MaKCHMAMLHEL YPOBEHb 3BYKOBOT'G
AaBremis 110 1B ua PacCTOsTHHH OT OJHOI'O METPa M Aaliklle K aKyce
MYECKOH cHereme HEOGXOIHMO NOJABECTH MOIHOCTE OT YCHAMTENd
i-:E-QOO Br. O6uuno B Katanorax Ha coBpemenusie AC KaTeropHE
Ky B IIIYK33BIB.':18TCH PEKOMEHAyeMass MOLGHOCTE yeunutend, [Tockonb-
Unpeﬂegamm KoHCTpyHpoBatusa AC u Y3U ucnonesyorcst pasmbie

BameﬁHHﬁ MOIIHOCTEH, BONPOC 00 MX COraacoBaHHM CTAl HACTOJNbe
oy H, uro 8 MIK paspaboranel cnelyaibuble peKOMeHAAalMH Mo

EODpocCy.
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¥ UNpefieifeTcs HOPMHDYEMBIM YypPOBHeM HeaHHeRmk!x uHckaxenuil, Ilposepsercs
CHHYCOHjla/pHOM cHrHale no merofuke T'OCT 16122—78 [1M]. O6muno ee ey
YHHA YKA3HBAETCHA B HAHNMEHORAHHH AKYCTHICCKOH cHCTeME: srampumep, 3BAC-019._
HOMHHAJBEAS MOMHOCTL 35 Br; 100AC-0038—nmomunansssas moumsocrs 100 Br. Tla,
HOpTHAS MOIIHOCTh ONpefe]seTcs TenNoBoil H MeXaHHJYecKofi mpoynocteio AC
IpOBEpAETCH NPH IOFBENEHHH K CHcTeMe B TeueHHe 100 yacoB CIGIHAJIBHO B3BEllep.
HOTQ KOPPEKTHpPYIGWEH Lenbo CHrHaja THEE CTALHOHAPHOIO PO3OEOTO INYMAa C ik
¢paxropon 11=2. Xapaxtep pacnpenejeHus CTEKTPa CHTHANL OTPAIAET CPEXHEBCTATH.
CTHIECKHE DPaCHpefie/leNHs] CHeKTPANBHOM IVIOTHOCTH PEYCBHX H MYSHIKAJBHEIX Tpo.
rpaMM pHC. 1.14,6. Merofuka H3MepeHHs NacuOpTHOH MomuocTH fAaHa B I'OCT
16122~-78 [1.1]. O6uurO ee Be HUHHA BHIIE WJIH PABHA HOMHEHAJBHOH MOIIHOCT
(uampumep, jus 35AC-012 nacnoprras Mommocts pasua 90 Br).

B mexaynaposnsix pexoMeHpamusx MIK 268—5 m M3K 581—7, a Takx:
B KaTaJioTaXx H TeXHHUECKOl JIHTEpaType, AJIK XapaKTepHCTHKH &KYCTHUECKHX Ch-
CTEM HCIOJL3YIOTCH CACAYIOMHE BHAR MOIHOCTE:

XapakTepucTuseckan, npH Koropoit AC obecnedHbaeT sajaHHEI YPOEEHb Cpef.
HEr0 3BYKOBOTC JaRJeHHA. B pexomenganuax MOIK aHaueHHe 9T0r0 ypoBHS VCTa-
gopJieHO 94 nD ma paccTosHHH 1 M;

nacnoprras (power handling capacity), npr koropoit AC mMoxeT AJTHTENBHGE
Bpema paboTaTh Oe3 MEXaHHYECKHX H TeNJIOBHX NOBPEXAEHHI! NpH HCUKTAHUAX H)
CIEI[HAJBHOM INYMOBOM CHIHage. Jlo MeTofiMKe H3MEpeHHH oOHA COBIAJRET € Iac
fIOPTHOH MOINHOCTBIO, ONpEfeeHHON B OTEJECTEEHHHX CTAHJAPTAX;

marcumanoran  cunycoudaseran (maximum sinusoidal testing power), T
MOImHOCTE HEMPepRBHOr0 CHHYCOENAJBHOIO CHIHAJZA B 3a3JlaHHOM JHAIA30HE HACTOT
npe xotopoilt AC MOXeT pjHTenbHOe Bpems paGoTaTh 6€3 MEXaHHUECKHX W Tenno-
BHX NOBPEX TeHUH.

Jlas cornacOBaHHs aKYCTHUECKHX CHCTEM C YCHIHTEJNsMH pabouasg rpymma MBIK
PI'-14 pexoMengoBanz ABa BHJA4 MOLIHOCTE:

doazospemernan  morcumaronns  (long term maximum inpul power) — mow
HoCTh, KOTOpYI0 AC phizepXmBaer 6e3 MeXaHWUECRHX # TEMVIOBHX MOBPEKACHHUII B
Te9eHHe OfIHOH MHHYTH NpPH TAKOM YK€ HCIBITATEILHOM CHUCHANE, KAK H I8 NacropT
Hoil MomuoceTH, HMenkitanna nosropsiiores 10 paz ¢ HHTepBaJIOM 2 MEH:

Kparkospemerran maxcumaavras (short term maximom input power) — mom-
HOCTb, KOTOPYH BHJEPXKVBAET AKYCTHUECKZA CHCTEMAa NPH HCNBITAHHH IOYMOBHM
CHTHAJIOM ¢ TakHY Xe pacnpetreJeHHeM, ¥aX H AJA DACNOPTHOH MOUIHOCTH, B T
venne '] ¢. Menmtany noetopsiotes 60 pas ¢ HHTEpBadoM 1 MHH.

B TexHHueckofl sHTepaType BeTpeuzeTcs GJHZKOE K STOMY IMOHATHE «MYy3RKalb
#ofi MOmMHOCTH», METOAMKA H3MepeHHHl KoTopoll pmana B cranjapte ®PT DIN
45500. ITOCKOIBEKY B MEXLYHEPOLHEX pPEKOMEHAZUEAX N0 CTARNAPTH3ALMHYT ek
He BCE MNOHATHA MOWHOCTEl ABJMAIOTCH OKOHUYATEIBHO YCTAHOBNEHHHMH H o pac
XOAATCA € OTEUYECTBEHHEIMH CTaHJIADTAMH, TO B 'KATalOraX H TeXHEMECKOH JHTepd
Type BCTPRYAIOTCH pasHbe NOHATHH MOHHOCTEH, BaTpyHAOMEE CpaRHEeHue AC

ApPYr € EDYTOM.
Hns cornacopauunss AC ¢ ycHauTeneM MOLIHOCTH MpPHHIMIIHAJIBHO

BHAYEHME TAKJKE HMEET XapaKTep €€ MOJHOTO BXOAHOTD 3JCKTPHUECKD
ro conpotuBneHus (umnenanca). B crannaprax na AC nopmupopar?
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&) HHANBHOE SHAYECHHE SJCKTPHUECKOIO CONPOTHBJIEHHA, OOBLIYHO |
g.m 8 OM. DNCKTPHUECKOE CONPOTHBIECHHE pPEANBHHX MHOTOMOM Y
7Hx AC uMeeT CnoXHBIH KOMINEKCHBIH, 3aBUCAIME OT JaCTOTH Xapak: =
rep. METOTHKA SaMHCH ACTOTHOH XapaKTePHUCTHKH NOJHOTO 3JEKTpHYe-
CKOrQ CONpOTHBACHHSA (T. €. samucH |Z(w)| B ¢yHKUME YaACTOTH) AaHa
g TOCT 16122—78. O6paser 3amHcH 3T0H XapaKTEPUCTHKH JAAH Ha
puc. 1.15. MunuManstoe suauenue |Z(w)| He JOMKHO OTAHUATECS OT
39]dHHOr0 HOMHHaJAbHOro Goabine, geM na —20%. Ilo wacrornoil xa-
paKTEPHCTHKE MOAYJSI MOMHO ONPEJAEIHTH Ta4CTOTY OCHOBHOTO pEs0-
panca fo KaK 9acToTy, IPH KOTOpOH MOAyAb Z MMeer WepBLHIN [0 4ac-
70TE€ OCHOBHOH Makcumym [1.1].

HccitenoBaHHsl N0 ONPEAENCHHIO CABIITHMOCTH HCKaKeHuH AunaMu-
geckoro AHanasona [1.13] nokasamn CHNBHYIO YYBCTBHTEIBHOCTE CJIY=
x4 K €I0 OrpaHH4YeHHIO, NO3TOMY CHHIKCHHE 3TOTO BHAA HCKAMKECHHH fB-
nsetcsd OXHON w3 HanboJiee akTyasbHBIX B HACTOfILEE BpeMd 3aj4ay B
rexuvKe npoektHpoanuss AC kateropuut Hi—Fi.
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Prc. 1.15. YacroTHas  xapakTepHCTHKA Puc. 1.16. CtpykrypHas cXema
MOAYNS TIOJHOTO 3CKTPUYECKOIO COnpo- MMOyIbCHBX HaMepennid AC

THBIeHHHA

1.6. IPUHMEHEHHUE IIH®POBOX OBPABOTKH CHUI'HAJIOB
B TEXHHKE HSMEPEHHH AC

Ulnpokoe paseurue TeopHH nHPppoBoi o6paborku curnanos (LIOC)
M cooTBeTcTBYIOIIEH annapatypbl (ananoro-nuppoBbix (AILITT) u nug-
Poanamoropeix  (IJAIT) mpeoGpazoBaTenedl, <CHelHaNHIEPOBAHHBIX,
OHCTposelicTByIOMEX IPOLIECCOPOR M p.) ONMPEReNHN0 NEPEXof B pas-
Paborkax u npoussoactee AC K TeXHHKE «IH( POBEIX» H3MEpeHHil IToT
[IEPEX0/ sBMIICH MPHHLMOHAJNBHEIM 3TANOM B pa3BHTHH AC KareropHm
1—Fi, T4k Kak NOSBOJMHN MEpeHTH K OLEHKE HOBLIX IapaMEeTPOB, 3HA-
YHTEJIBHO MOBBICHTH TOYHOCTB, CKOPOCTb H3MepeHull M o0pabOTKH pe-
8YJBTATOB H, KpOMe TOro, o6ecneTHs BOSMOKHOCTh NpOBEjIEHHs H3Me-
PeHHH B HesarmymmeHHBIX MoMemeHHsX. PafoTH M0 BHEAPEHHIO aKyCTH=
TECKOH Mudposofi MeTposoTur Hawanuch B 1971 1. [1.24]. B nacros.
Lee Bpems oma mpuMeHsieTcsl GOMBIIMHCTBOM BEAYHIHX 3apy6eikHbIX
HpM ([1.25]...[1.28]). Auanornunas TeXuuka msMepeHuH orpaa-
HMBacTCs ya oTeyeCTBEHHO anmaparype.
€Tonel usmepenni AC ¢ noMolbI0 IHAPOBOH TEXHHKH OCHOBAHEE

Jrogr
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170 traC'e

) MpPAMBIX H3MEPEHUSX HMIYJABCHON XAPAKTEPHCTHKH € NOCAENyIOr
§/6paGoTKOf H3MepeHHHX pesynbratoB Ha DBM. I'naBHBIM  NpeHrRg

..

piecteom npumeHeHHs LIOC saBnsieTcs BO3MOXKHOCTD M3 H3MEPEHHOj
HMIYJLCHOH XapakrTepHCTHKH ¢ noMoueio BII® (Geicrporo mpeoGpa.
sopappsl Oypre) NOAYUHTH pacYeTHHIM NyTE€M aAMIHTYAHYIO H (azp-
By©o xapaktepHciuky AC Kak B cTallHOHapHOM, TaK H B NepeXoJHoy

pexuMe.
CrpyktypHas cxeMa HIMepeHHil nNokasama Ha puc. 1.16. Ilosropsmoiiasicss uo-

2JIE/IOBATENLHOCTE HPSMOYIOJBHERIX EMOYJBCOB OT HMAYJbCHOTO remepatopa I we.
pes ycmauTens 2 mopaeTcst pa AC 3. B xauecTBe M3MEpHTENBbHOTO CHIHana BEIGpay
KOPOTKHil mpsiMOyrosbHEF HKMIOysbC, TAXK KaK, BO-NEpBHX, OH OJHXe BCEro K wune.
anpHOMy, EAMHHUHOMy HMIOyAbcy G(f), uUTC NO3BOASET HENOCPELCTBEHMHO H3MEPHT:
uMIysbcHylo xapaktephetnky AC g(f), koropast mo pawwomy B § 1.2 onpezere.
HHE0 €CTh PeaKnMsi CHCTeMH Ha eiMBHupEl HMoyabe O(f); BO-BTOPHIX, Ero CHEKTp
onucHBaercs (yHkuHedl BHje sinx/x, y KOTOpOH HepBHIN HYJb HAXOAHTCH KA vYac.
T01¢ fo==1/Af (Al — pautencHOCTL MMIysibca). ITostomy ecan Af jp0cTaTodHO Mana,
70 fo OKasmBaercs {oJblIe BEpXHEH YacTOTH BOCIPOH3BOAMMOIO JIMamasOHa YacTor,
7. € BHYTpH BOCIpOH3BOjEMOr0 AC jHanasona CHEKTP HSMEpHTe/BHOrO CHTHAMa
6yner paBHOMEPHHM. Kpome Toro, AJHTENbHOCTh HMITYZBCA AO/MKHA GHITB AOCTATON-
HO Maja TaKXe H pJs Toro, uroObl Bpemsi ero obpaboTkn B DBM OHUIO Menblie
BPEMEHH TPRXOJ2 NEPBHX OTDAKEHHH {IPH HIMEPEHHMHX B8 He3alViyIIeHHEX [oMe-
mentsx. ONHAKO B KOPOTKOM MMIOYJLCE COZEpXKHTCA CIAHIIKOM MaJjio SHeprHH, UTo-
5w obecreynTh HeoOXOAMMEN ypOBeHBP OTHOLUEHES CHIHAJ-IIYM OpH H3MEPEHHSX,
Tlostomy oOOBMHO Ha npaxture snbmpanot Af 5.20 mxc, uame scero Af=10 Mxe,
(y 7axoro mMDysLca TepBHil HyJab Haxogwress Ha uwactote o = 100 xTn).
Tpy 5TOM aMIVIKTYZy HMEAYJIECA BHOHpalOT ROCTaTOMEO Goabwoh (MaKcHMaJbHAS
BENMUMHA OrpanHuKBaercs clocofHOCTh0 AC K MexanwieCcKHM I TelUIOBEIM mepe:
-rpyskam). Uallie BCEro HCOOJB3YIOT HMIYJBCH ¢ ammintyaoch 60 B, tak kak npH
paurenbHocTd 10 MEC OHM ellie He BEISHBAIT HOBpEXjeHKHH B AUHAMHUECKHX IpoM:
KOTOBOPHTEJIHX M3-33 TENNOBOII ¥ MeXaHHYECKO# HHEpUMOHHOCTH. Jlas yBeanue:
HHSi OTHOLIEHHH CUTHAJ-IIYM TPH MMIOyJbCHHX H3Mepenusax Ha ¢upme KEF, nampu-
Mep, TIPHMEHSIOT CHEUHAJILKYI0 METORHKY, 32KMIOUACMycs B ToM, uto wa AC no-
J2eTCH  NOCTeAOBATENIBHOCTh HMIVIBCOB # K3MEpeHHHE XAPAKTEPHCTMKH KaKaTmh
BalOTCA, o0pabaThpBaoTes M yepeauniotes: 8 DBM (apropam pabore [1.33] ymavioch
npu 64-KpaTHoM MOBTODCHME MHMIYJbCOB YBENHUHTh OTHOWIEHHe CHTHAU-INyM  HA
18 aB).

IMocne Toro KaK cvrhaa or AC npuisit MEKpodoHOM § w ycHsiex 6, OH nona
erca Ma OuneTp mHxHEX gactor (PHY) 7 ¢ unesbio mopapreHHsi BEICOKOUACTOTHBIR
cocTapnsuolx, 3ateM Ha AL 8. Iasi nommoro onmcamin AUX, QUX u ppyrix
xapaktepcTik AC Opr H3MepeMHHX HeoOXOAMMO OCecnedsiTc JHHaMHueCKHA
nazon 70 ... 80 uP, nostomy O6ENKO Henone3yior 12—14-paspaausie AL Ilocné
AL maMepeHHHil cHrMaj BBOAMTCS B Opoueccopuoe ycrpoficteo 3BM 9, rpe BB
NONHRIOTCS CICAYIOIME OnepausH: NpkeM HHGOpMALMK H ee 3anOMHHakke, npek
BapuTeabHast oGpaf0TEAa HIMEDEHHOTO cHIHasa (YCDENHEHKe, KOPpEKUKs BpeMeHnO!
AajlepIKH BCACECTBHE pacIpoOCTpPaMenHsi CHIHAjia OT IPOMKOFOBODHMTelNst RO MHKDY
doma ¥ T. 7.), peanusaums anrophtma BII® (Gecrporo npeoGpasoeakbs Pypbe
[1.26], BHBOj pe3ysibTaTOB Ha I'pAGOHOCTPOHTEIND.

Kak yxe oTMeuasnoch BHILE, HIMEPEHHS HMIYJbCHHIX XapakTepHCTHK C HCHOM
3opanreM LOC MOXHO RPOBCHTL KAK B SaryIIEHHOH Kamepe, T2k H B Hesaray:
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B oy noMenieHHH. TpeboBaHMs K pasMepaM HNGMEILEHHS JJIS H3MepeHHll OOf ¢
S i0TCA F3 CIeIYIIEro YCIOBHs: BpeMs NMPHXONA K msikpodony nepBEx OTpax B y
wifi forp JOMIKHO fuTL GOMLIIE BpPEMEHH MNPAXCKA CAMOr0 MMOYJbCA fuwmn H €0 o,
JIBTSNBHOCTH AL, 7. e lorp>feun+Af [1.34]. Fla 8TOTO YCNOBHS MOXHO YCTAHOBHTE
cpsi3b MEILY MHHEMAaNBHBIM DasMepoM mo-

vemeHns Fi, ONTHMAJNBHBIM PACCTOSHKEM TaGauna LEZ
wexay AC u Murpodomom d, a TaKEe
prKHel H3MEpsieMofl JacToToR frum. Jau- h, m 2 3 4 5
yhe NpHBEIEHE B Tabi1. 1.2,

B peaysbrate o6paboTKH CHFHAjia B d, M 1,16] 1,75 2,31| 2,88+
5BM Ha rTpatonocTpoHTENb MOTYT GHTb
pELIBEICHE: MMOYJBCHE OTKJEK C pasnky- foia (208|199 (149 (119
pofi CTEHEMbI0 YBEJHUEHHS  OTAEALHEIX

yIECTKOB HMMOYALCOrPAMME, a TakiKe a-
[NETYAHO-92CTOTHAS ¥ (asouacToOTHa# XaPAKTEPHCTHKA AC (puc. 1.17,0,6); npu-
geM AJA OLEHKH HEMHEHMAJBHO-(asoBbIX ceoiicts OUX mMoXKeT OHTL BHUHCIEH&Z C
HOMOIBI0 npeofpascpanms Tanpbepra na AUX

C noMoIelo UH(PoBOf 06paGOTKH CHTHANOB MOXKHO MOCTPOHTL AH-
HAMHIECKHH epeXOAHHIi «KyMyAaTHBHHI» cnexTp AC crelyrLuM 06-
pazoM.

Brixonuoini curuasi AC y{f) npu 3ananHoM BxonHoM X(f) MOXer
GBITE ONpENeeH C MOMOIIBI0 HMIYNBCHOE XapaKTepHCTHKH g(t):

yO= (z@x(E—adr. (1.13)

Ecnip B KauecTBe BXOJHOTO CHTHANAa HCIomb3oBaTh x (1) =exp (jof) X
XU{(—t), rae U(—¢#) — crynenyaras ¢ynkuus, 7o murerpan (1.13}
MOXKeT ObITh SAMHCAH TakK:

y)= nfg(f)ei'*’“""U(-c—t)=e1‘°* Tg(t)U('c——t)e—lm'd-r.
+oo 00
Ecnu o6o3HayHTE

Hi(jod= [g@U@E—felotdr,

Torja BeIxOnHOf curnan y(f) =exp(jof) Hi(jot). CTpyrTypa QyHKIHH?
H(jot) noxaswBaeT, yTO ee MOXKHO pacCcMaTpHBaTh Kak npecGpasopa-
Hie Oypne B pasHHe MOMeHTH Bpemens oT Qyukuuy g (t) U(t—t),.
IpencTapasioniell co6ofi NpOH3BeAcHHE HMIyJbCHOH XapaKTePHCTHKH -
CHCTEMBI Ha CTYNMEHYaTyI0 (GYHKUIHIO. Pe3ysbTaT 3TOro YMHOMKEHHS JJA -
Pa3HHIX MOMeHTOB BpeMeHH MOKasan Ha pHC. 1.18. Kak BHOHO H3 pH-
CYHKa, B MOMeHT {=1%, npeobpasoBaHuio Dypbe Mojpepraercd NoJHad
HMIynbcHas xapakTepHCTHKa AC, B pesynbTarTe MonyuaeTcsl CTalHo-
Hapuag AUX u OUX cucremu. B mMomenTh f, f; npeoGpasyioTcsa OT-
LenbHble 9acTH HMIYJABCHOH XapaKTepHCTHKH, NPH 3TOM MOJYHa€TCs
QUX u AYX, cOOTBETCTBYIILHE Pa3HEM MOMEHTaM TpoLeccd SaTyxa-
HUS B cucTeme, EcCu TOCTPOHTH TpexmepHuifi rpadk, MO ONHOH OCH'
koToporo omnoxnts 20 lg[H, (j®, fa)|, mO Apyrofi — HactoTy f, mO:
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‘PeTbeli — BPEMsL {, TO NOMYUHTCS KYMYNSTHBHHE amIHTY.n Wl
7 CIIEKTD, XapPaKTePH3YIOLIHi NPOLECC BaTyXaHHUs HA KaXIOH wuacrolm
(puc. 1.17,8) u B pas3HEle MOMEHTE BPeMeHH. AHAJSOTHYHO MOIKHO lig.
CTPOUTb M (pa30pHlil cuekTp arg H; (jo, £,).

Texnwka H3MePEeHHs! «KYMYJIATHBHEX» CIEKTPOB 3HAYHTSILHO Yoy,
BEPLICHCTBOBANACH 32 MOCIEAHHE TOJH! BHIYCKAIOTCH CHELHANH3HD,
BAHHEE MPOLECCOPH, COBEPLICHCTBYIOTest MeTomnkn [1.27], [1.28]. Ta.
HOTO pOia H3MEPEHHs! HeCyT sHauHTenbHo Gonbule HHGOpMaumn
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Prc. 1.17. HumyaecHas XapakTepHCTHEZ ¢ YBeaHueHHEM OTAENBHHY yJacTKOB {a)
H aMOonuryneo-uactotsas | u (Qasovacrothan Ff xapakTepucTHRE (6), (8) — on-
MAHTYAUE HYMYJIATHBHEDA CIEKTR
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¢ ) wyueckOM MEPEX0IHOM CHEKTDE AC, nosBoJiSIIOT BEISIBUTH TaK Ha-f
pis®; aeMBIE 32/I€PAKAHHEE («delayed») pesonanCH, KOTOpblE IPaKTHYE- R
oxi e BHIHB M2 CTalHOHADHEIX AYX u QUX. ITH PESOHAHCH MOTYT
6urTH OOYCJOBJIEHE OTpajieHueM OT 3afiHefi CTEHKH M YI/iOB KOpIyca,
cOGCTBEHHEIME  DESOHAHCAME
ONBHIKHOH CHCTEMBl M JIp. 1,
[[nst OUEHKH KauecTBa AC mo
«KyMyJSTHBHBIM»  CIEKTPaM
eme HE paspaboTaHO CTaH-
[apTHSOBAHHEIX TMApaMETpOB. T
OnEaKo B MPakTHKe KOHCTDY- =0t =g, |
uposak AC mCIONB3yIOTCH: GOOU(E—t,)
ppeMs craja AUX wua sanan- Bt ot
pofi yacToTe, YUCAO Pe3oHaH- “&*‘V—— ey,
coB B 3alaHHBIE NMPOMEXYTKM
gpeMEHH, a TaKiKe [Ipyrue na- +=0 t=%; =T
paMeTpHl, XapaKTepHSYIOIIHe
cTeneHb TIaJIKOCTH M CKOPOCTh _
nevenenns AYUX Bo Bp EE'IE‘HH. l geruet ~ts)
Hapsiay ¢ MOCTPOEHHEM J MM a- RS
MHUECKHX CNekTporpamm AHUX N

i ®UX B AC, ¢ noMomprR
IHOC orpaGoTana METOAHKA =0
H3MEPEHHMs MNPOCTPaHCTBEHHO- Pre. 1.18. Oymxumm g(f)U(#—7) B pasmme
0 pacnpeieseHHst aMIJHTYL MOMEHTH BPEMEHH
sBykoporo Jaenenms [1.28]

OT aKyCTHYECKHMX CHCTeM H M3Jyyaresefi. (Obpaser 3anmHCH IpOCTpaH-
ctBenHOro pacnpefenenus AHUX nokasan na puc. 1.19.
B nmocaennre rogsl B TEXHMKE aKyCTHUECKHX H3MEPEHHMHM CTaiaH MHC-

NONBE30BATHCS METOJbl MOCTpPOeHus AByMepHEIX ¢yHkumit W(f, ©), na-

g@BUE—1)
S , —
—_ |Hf O’ms tf)l

&gz .

t='£'5 t=T

Prc. 1.19. Pacnpepenenre AUX B npoctpauctee Aas aryxnonocolt AC

;HB&EMHX pacnpefeaennem Burnepa [1.28]. Pacnpenenenme Brrue-
e W(f, ®) ecte peanchas QyHKIHS YaCTOTH H BPEMEHM, ONpenese-
a1 Iu1st curuana x(f) cuenyiomniuM o6pasoM:
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L)
W, (I, o= feriotx{t4+1/Yx*(t—1/2)dr.
—_n0
“DynkuHs We(f, @) Moxer GHTL (DMSHUECKA HHTEPIpPeTHPOBaHa K
JABYMEPHOE pacripelleJieHHE CKaJNSAPHOH MOTEHIHANLHOK SHEPrHH, I .
HYECKH pacnpenenenve Burnepa npencraeasieTcsa B BHAE TPEXMCpy,
TO H300paXKeHHs] MOBEPXHOCTH, (OpMa KOTOPOili ONHUCHBACT OCHOBH,
CBOHCTBA CHFHaja BO BPEMeHHOH M B 4acToTHOH OGnacTsx (puc. 1.20),

Yacmoma, Iy

Prc. 1.20. Pacnpegenenne dyuruunr W(i, o)

dyrkipa Wi(f, @) orpaxaer CBOKCTBO OTPaNHUeHHOCTM CHIYang
B0 BpEMEHHU H II0 JacToTe, €e JOKaNbHLIE MOMEHTH HyJIEBOI'O IOPsijKa

[+ ]
ccTh MrHOBennas MomHocts | X () |2= § W(f, o)do w cnexrpanbuas

- B
™y
€IOTHOCTE SHEPTHM cHruana |X(e)|2= { W (t, w)dt; nokaneHEeE MO-
—up

MEHTH NepBOro MOpPSJKa COOTBETCTBYKOT MIHOBEHHON wactore v(f)=

=]

, . . -]
=1/2n ._‘L md&) M TPYNIOBOR 3ajiepKe: rg(m)——-_j; X

r106anpHEIE MOMEHTH HYJIEBOTO M [IEPEOTO NOPANKOB COOTBETCTBYIOT 00

wiel: snepruu curHana Mxl®’=1/2a{ [ W({, 0)ded?, ycpennennoii ppe-

e ) e B

menHoft sanepxke v=1/2n [ H;";

og oo
=1 r[“i' dod!. ITpuvenenre pacnpenenerns BurHepa K oueHKe axy:
£ P
s (e B

CTHUECKMX CHCTEM M H3MydaTelel NO3BOJSET MNOJYyYHTh SHAYKTenHHD
Gonbie HE(OpPMALVH O XapaKTepe ¥cKaxenri curuana B AC, B yacriO-
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Tabnuna i\g

HsMepreMEie EaPaKTePHCTHKE

PaccuntkiBaeMble H3 HHX Tapamerpd

T

AMGMTYARO-J2CTOTHAR  XApaKTePHCTITKA
(puc- 1.2)

$as0qaCTOTEAN KAPAKTEPHCTHRA (pHC. 1.4)
XapaKTepHCTHE  HaNpaBrenHocTH  (piic.
1.12)

acTOTHASL XAPAKTEPHCTHKA AKYCTHYECKOH
womuocts (puc. 1.13)

LfacTOTHAR XAPRKTEPUCTHKA NMOJHOIO SAEK-

guecKoro COOpOTHBIAEHHs (pHC. 1.15)

Popia OCIHIIOTPAMME MEPEXOAHOIO MPO-
necca -(prc. 1.8,a)

gacToTHaR ~ XAPAKTEPHCTHKA  CpelHero
yposHSl 3EYKOBOrO JlaBsieHns B fayse

pre. 1.9,6)
JIeKTPHYCCKHE MOIIHOCTH

MakcHMANERHE  YpoBelik 3BYKOBOTC JlaB-
JEHHA
He/mueinele HCKaXKeHHs:: 9acTOTHAR Xa-
PAKTEPHCTHKA CYMMApHOIG XapaKTepHCTH-
Yeckoro Koa(upHiHenta rapMoHHEK
YacTOTHEIC XapaKTepHCTHKA Koa((HIHen-
T0B TapMOHHK BTOPOTQ H TPETLELO IIO-
prixoR (puc. 1.10)
UACTOTHEE XapaKTepHCTHKE KO3(PULHEH-
TOB  HHTEPMOJAYASI[HOHHEIX  HCKAMCHHI
'&pﬂc. 1.i1)
dCTOTHAS XapaKTepHCTHKA KopdHIMEeN-
Ta NeBHAIMy
Junamuveckue Tpexmepusie CTIICKTPHI:
AMONUTYAIBIE <KYMVJRTHRHLIE» CICKTPH
(prc. 1017)
(basostle <KyMYARTHRHEE CHELTPH

Ipoctpancreennas CTPYKTYpa 3BYKOBOTO
fl05151;

P2Cpesentense aMIHTYA
Tae (puc. 1.19)

Pacnipe zenenne Burnepa (aBymeproe pac-
Tpenesenre  QyHKIHE  MpOIOPLHOHANLHORN

SOTEHIHANEHON SHepTHII 2BYHOBOTO CHIHa-
#3) (pue, 1.20)

B TpOCTPaH-

e

JHanason  BOCOPOHSBOAHMEX 9acToT,
XapaKTePHUCTHYECKAN UYBCTBHTEJBHOCTD,
HepaBHOMEPHOCTD

Ficka)enua 1pynmoBOr0 BpEMEHH 3a-
JEpIEH (I“BBF

Beamurna otkjaomenns AYX, samucan-
HEIX TIOH 3aJAHHEIMH yTJaMy
Hepasnomepnoors

HoMunameioe sHagemne HMmenawca,
pe3onancHan 4acToTa, ROGPOTHOCTD
Hegpement Koaebanuif, BpeMs BATyXa-

HHfl, YPOBEHh SBYKCGBOTQ jaBJEHHR B
nayse

Howmunasipras, nacnopTuas, pabouas,
M2KCHMANbMaR CHHYCOWIAJbHAsR, KpaT-
KOBpeMeHHas, JOJTOBpEeMEHHAs
JIHHaMMPuecKkuii nHanasoH

Cymmapuedi XapakrepHeTHUECKRE Kooth-
GHUHeHT rapMOEHK

Kosdduunents rapMOHHE BTOpOro M
TPETHErO NOpsIKa

KosgpdpuupenTs
HCKAKEHHI

HHTEPM Oy MA (IHOHHBIX
Kospprument nckaxensit [Jdonnepa

HepaenomeprocTs orufaroweli crexrpa,
KOJHYECTBO [IE30HAHCOB

Bpems saTykaWmuf HE pasHHX €9acTo-
TaxX

Hepapromeprocts pacnpesesenns asy-
KOBOTO TOJIA

CrnexTpancHas  NMAOTHOCTB IUEPTHH,
MCHOBEHHAR  MOIGHOCTR, MCHOBEHHAR
YaCTOTa, FPYNNOBAs S8ajepika, ofias
SHEprEf, YCPeJHEeHHafi BpeMEMHas sa-
AEp¥KKa, YCPEAHeHHAR 9acToTa

CTH 33 cyer npocTpaHCTBEHHOIO pacnpeneieHus: usaydaTeseH, BAHAHASA
PasnenprenpHEX PHABTPOB H T. A. C Apyroii CTOPOHEL, MO MHEHHIO MHO-

SHEprHE wantygnni o0pasom

THX 2BTOpoB [1.30] MMenHO NapaMeTpH ABYMEPHOI'O pacIpefe/eHHs
KOppenupyloT ¢ CyGHeKTHBHO BOCHpH-

HEMACMEIMA MPOCTPaHCTBEHHEIME XADAKTEPUCTHKAMHE aByka. [losTomy
Pa3Burue rexnpky HSMepeHuit ¢ noMompo pacnpenenenia W(w, £) sp-
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JifeTcsd OJHHM M3 CAMEIX NEePCIEKTHBHHEX HarpaBNeHHl B aKyCTHYECKOH
METPONOTHH.

IMpumenesnte uundpoBofl TEXHAKH NO3BOJMAO CO3NATL ABTOMATHIHPOBAHRYID CH-
cremy komTpoas mapamerpos AC [1.31]. 3amves napamerpos AC npoM3BogHTCR
OHOBPEMEHHO MECKOJNBKAMH MEKpO(onaMu na paccTofHME 1 ® 2 M mOf 3ajaHHH-
MH YrAaMy B FOpPH3OMTANBHON M BEPTHXKANLHON miockocTax, DBce BEIXOJHEIC CHI-
Hajil OT MHKpOQOHa BBOAATCS B MYJBLTHIVIEKCOP, iIBA aHajH3aTopa IAPMOIMK B
pasomerp. 3avem curnaanl wepes AlIll moctymaror B 3BM, ofpabaTHBaloTcs, KOp-
PEKTHPYHOTCH, 3aMECHBaOTCA B HaMmaTs B wepes ILAIl mogarores ma gBa ImecTHka-
GanpHEX CaMOWCLd, e PErHCTPUPYIOTCS OSHOBPEMEHHO OANHHAAUATL NapaMerpoR:
3BYKOBOE [AEJ€HHE HA OCH ¥ IDA yIIaMu Ha paceTofivhu 1 ¥ 2 M, Bropas H Tpe-
Thsl FapMOMEKH, BXOJHOE CORpOTHBJenMe, $asoBble XapaxkTepuCTHKA ¥ 7. A. Pas-
pemamonEan crocofHocte merofa 0,1 gD, €acToTHBI jguanazor 10 .. 40-10% T,
punamuyeckui guamason 50 nb, Bpems H3amepenuit 156 c

Taxum 06pazomM, B HacTOfIiee BpeMsi B TexHHKe pa3paboTok =
npouasoactBa AC kaTeropuuw Hi—Fi uaMepsaerca 6onee nsapnate na-
paMeTpos, oOmHi NMepeyeHb KOTOPHX JaH B Taba. 1.3

Kpome usMepeHHE 3JEKTPOARYCTHYECKHX XAPAKTEPHCTHK TNPH pas-
paboikax AC xateropun Hi—Fi 1IIMPOKC HCIONBIYIOT METOABl IOJO-
rpaduueckod HETepdepoMerpHr (1N HaMepeHHs KoneGaTeNbHHX Npo-
1eccoB B fHbdyzopax [1.32] K xopmycax), a TakxkKe CIelHaNbHEE Me-
TOIMKH H KOMINIEKCH annapaTypH ANns HaMepeuus GHIEKO-MexaHude-
CKHX MapaMeTPCR PasNHYHHX MaTEpHaNoB, nmpHmensieMblx B AC u Hz-
aygatenax [1.33].

HecMorps Ha sHaUWTeNbHOE YBEJNHYeHHE YHCAA HOPMHUPYEMHX Ia-
pamerpos B AC, ynyuueHne TOYHOCTH M HHGOPMATHBHOCTE HsMepes
HHH, MOJIHOTO cOOTBETCTBHA HAbopa o0heKTHBHHX MmapaMeTpoB c ¢ybb-
eKTHBHBIM BOCIIPHATHEM Kayectsa 3pyyanHs AC B HacrodAiee BpeMms
eille He HOCTHrHYTO. [loaTOMYy Hapsny ¢ M3MepeHHEM BHILENepeyHCIeH-
HEIX mapamerpos, sce AC xarteropun Hi—Fi onenusaiorcea no kavecr-
BY 3ByYaHHS C IMOMOIIBI} CHEIHANBHO OpraHH30BAHHHIX CYOHEKTHBHEIX
SKCMePTHS.

AKYUTHYECKHX CHCTEM KATETOPHH Hi-—Fi

Ot ypoBHA OprauMsallMi CyO'b€KTHBHEIX 3KCIICPTH3, OIHTA, KBAJH-
$HKAIMH M CTEHNEHM MOATOTOBJIEHHOCTH 3KCHEPTOB, BHOOpPa 3BYKOBOTO
MaTecpHana, YCNOBHEA MPOCHYIIHBAHMA W T, [. 3aBHCHT HAl(EKIOCTh
CyOBEeKTHBHEIX OLIEHOK, COMOCTABMUMOCTE HX C JAHHEIMH OOBEKTHBHBIX
H3McPeHHH, MOBTOPSAEMOCTh pe3yAbTATOB M T. A. B komeunom cyere
3TH YCJOBHA ONpPeAeNsioT Kaace BENYCKaeMOH TOH HAM BHOH ¢upMoi
annapaTyph.

BonpocaM mnpaBpnbHOl OpraHMsanfn CYyGBEKTHBHEIX INPOCHYIUHBA-
HHIl H ¢akTopaM, BAHAIOMEM HA HX pe3y/AbTarH, NOCBALIEHO 3Hayl-
TenapHOe 9hcao pabor. B pesysabTaTe cOo6lueHHS MHOTOJeTHETO OMHTZ
OPTaHU3AIMH CYOBEKTHBHEIX SKCNepTH3 paspaboTanbl COOTBETCTBYIO-
wHe Mexaynapomusie pekoMenpauuy [1.34]. Aranormunbii oTeuect-

30



http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

<

AHANH3 NPHMEHAEMEX METOLOB CyOBeKTHBHOH ONEHKH KadeCTs
3ByUaHHA AKyCTHUECKHX CHCTEM IOKA3HBAET, 4TO IO BHAY NMpHMeHse-
MOTO 3BYKOBOro o0pasna, onpenessieMoro crnocoboM obecneueHHs 3BY-
yAHHA PEaJbHLIX MPOTPaMM, MPHHHMAEMEIX 3a 3TAJOHHEE, OHH MOryT
HHITE DPAa3leJeHBl HA CJefyioliHe rpynnel: 1 -— CpapHeHHe 3BYUaHHSA
AC €O 3BYKOM Jpyroii aKyCTHYECKOH CHCTEME], NPHHATOH 3a 3TaJOH-
Hylo — ¢MeTOJ, MAPHOTO CPaBHeHHsA», 2 — cpaBHenHe 3Byuanss AC c
@300 P AKEHHEM 3BYKA B IAMATH SKCnepTa («MeTo aOCOMOTHOI OIEH-
KH KauecTBa 3byuaHHs»), 3 — cpaBpeHHe 3Bydaddsl AC ¢ «XHBHIM»
BBYKOM.

BOJIBIIMHCTEO HCCAEAOBATENBCKHX LEHTPOB NPHMEHTIOT NpPH IpO-
CVIIHBAHHH «METOJ, IAPHOTO CPABHEHHA» KaK panbojee yrOOHHI 1715
TeXHHUECKOH Opramasaiuf. D101 Meron eaecen B OCT4.202.003 u
M3K 218—13. ®parMentsl MY3HKaJbHEX H pEUEBHX Nepenay mnome-
pEMEHHO IepeKMIouanTes Ha oOpasell m mennityemyio AC. 3anadeit
SKCIEPTOB ABASETCH OLEHKA HCIBITYEMOH CHCTEMEl MO 3aJAHHOH IIKAa-
Je B cpapaeHHH ¢ sTanonnoil. Ilps stom memutyeman AC u obGpasern
JOMKHEL GHITL 3AKPHTH AKYCTHUECKH mpo3paunofi mupmoi. Jaia an-
napatyph Hi—Fi stanonnelit o6pasern 1oJ3KeH OHTb IpE/BaPHTEIHHO
0TOGpaH IO BTOPOMY HJH TPeTbEMY METOAY BHICOKONPO(HECCHOHAJBHEL-
MH SKCIEPTAMM IO KPHTEPHI0 MAKCHUMAJBLHOI €CTeCTBEHHOCTH 3Byua-
ups. TIpH 5TOM B COOTBETCTBHH ¢ pekomenzanuams MIOK [1.34] ske-
nepTH JAONXKHLI XPH MAPHOM CPABHEHHH HMETh B BHAY OOABLIYIO HJH
MEHBUIYIO CTENEHL GJH30CTH K OPHI'HHAJNBHOMY SBYYAHHIO MYBHKH H
peusn,

IipuMenenne «MeTona aOCONIOTHOH OINEHKH KaueCTBA 3BYYaHHA»
BO3MO3KHO TOJNBKO NPH HCIOJAL30BAHHH B KAYeCTBE 3KCIEPTOB CrenHa-
JHCTOB, HMEIOHHX GOABUIOH ONBIT B O0JACTH CAyXOBOI'0 KOHTpPOJS 3BY-
KOBOCIPOH3BOASINEH ANMMAPATYPE H NOCTOAHHYIO NPAKTHKY TPOCTYIUH-
BAHHA HATYPAJLHEIX 3BYYAHHE (HANPHMEP, 3BYKOPEXKHCCEPEL, ONBITHHE
pa3paboTukiky, My3HKanTh). B TakoM ciydae H300paiKeHHe 3BYKA B
NaMSTH SKCHEPTOB ABJAAETCH AOCTATOYHO CTACHALHEIM H IIO3BOJSIET HM
BLIIBHTE HeJOCTATKH npochyuiasaeMoit AC 1o CpaBHEHHIO ¢ HATYpalb-
HblM 3ByKOM. B 9TOM caydae MIKAJa OLEHOK CYLIECTBEHHO OTJIHUAETCH
OT MepBOro CNy4Yasg M JOIOJHAETCH CHEelHMAALHEIMH  ONHCATENBHBIMHE
NpuaaraTeJbBEIMHE (NpO3pauHLi, YeTKU#l, 3BOHKHE H T. A.), UTO HAET
BO3MOXKHOCTE NMPOBOJHTE aOCOMOTHYIO OIEHKY Ka4yeCTBa 3BygaHud. Ta-
KOit MeToJ upesBHUAliHO 1IOJe3eH B npoliecce paspabotku AC,

Cpapnenne 3pyuannsg AC ¢ «KHBHM» 3BYKOM — CaMblii HH(pOpMA-
THBEBI MeTOX JJ8 OleHKd ammapatypel Hi—Fi, moCKONEKY HMEHHO
OH T03BOJgeT HauGOJee TOYHO OLEHHTH CTENEHb «ECTECTBEHHOCTHY
(¢«peamusmar) spydanus AC, 4TO M ABJIAETCH NEJBIO CO3JAHHS 3TOCD
BHIa ammapatypsl. OIHAKO OpPFaHH3AIHA TAKHX NPOCJAYLIHBAMHI
BCTpeyaer SHaudTeNbHEE TpYAHOCTH. Ilonfop mporpaMM IpOCHyIIHBa-
HHfl, HOPMApPOBAHHE TECTOB fBJSETCH OLHHM H3 BaXXHEHLIHX (PaKTOpPOB,
OKa3LIBAIOIHM BJAHAHHE HA PE3YJbTATH HCNHTAaHHIEL Yalge BCero B Ka-
HECTBE 3BYKOBOrO MATEpHAJNA HCIOAB3YIOT MYSHKAJNbHEE H pPEYeBHE
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PAJ1 € 3aBEIOMO H3BECTHHIMH YCJIOBHAMH 3ANHCH, MAKCHMABHO NPHE;

DOrpaMMbl, HHOTHA HCKYCCTBEHHHE HCNHTATENBHHE CHIHAJH. )
ourotoeke nporpamMM nnst AC kareropun Hi—Fi Bubnpaot man W

XKEHHHMH K YC/OBHAM KOHIIEPTHOTO 34,4, (e3 BBECHHA NONOIHHTE ).
HEX 5Q(ekToB. OTPHBKH NPOrPaMMB LOJKHE OTJHYATBCA  JPYT or
Apyra Tag, 4TO0H MOXKHO OBUTIO NPOXEMOHCTPHPOBATH PA3JIHUHHE ag.
NeKTH KayecTBa apyuanus AC,

B pekoMennanuax M3K ykasupBaercs, 4T0 B IPOTPaAMME LOMXEg
OLITE BKJIIOUEHO HE MEHEE IATH OTPHEBKOB, CONEPIKAIIFX BHCTYILIEHHe
CHM(OHHUECKOTO OPKECTPa, HIPANOIIEro (GOPTHCCHMO, 3BYUAHHE TAKHy
HHCTPYMOHTOB, KaK pOsulb, CKPHITKa, BHOJIOMYeJIb, AYXOBHE H CTPYH
Hele, MeJHLE ¥ YIaPHEE, COMBHOE H XOPOBOE NEHHE, a TAKIKE PEYEEOH
OTPHBOK (IPEHMYIIECTBEHHO MYKCKofi ronoc). OTPBIEKH, H3 KOTOPHx
COCTABJIEHA NPOTPaMMa, NOJIKHE OHTH OAHHAKOBO{ JUIHTENBHOCTH (Or
20 po 40 c). Ilaysm MexAy NOBTOPSIOLIHMECA OTPHIBKAMH LOJIKHE
Onte 1—2 cC.

YPOBHH IPOCTYUIHBAHMS NPOTPAMM TAKKE OKASKHEBAIOT CYLIECTBEH-
HOE BJHAHHE HA PE3YJbTATH CPaBHHTEJBHON H abCOJIOTHON OlEHKH
AC. Ilpr mpocaymnpanws ammapatypsl Hi—Fi ypopaH npociyumsa.
HHA JOMKHB OHTL ONHSKH K yPOBHIO OPHTHHAJBHON MY3HIKH HIIH peun
MPH HCMOJHEHHH B NEPBHYHOM IOMeleHHH. [IpH upocayiHsanyyn pas-
HOPOIHHIX 10 XapakTepy OTPHBKOB (COJLHOE NeEHHe, aHcamOub, op-
KECTp H T. A.) YPOBHH MOI'YT OHITE Pa3HBIMH M JOJKHH OHTL YCTAHOB-
JEHH NpeIBAPHTEJEHHIMH TECTOBHIMH NPOCAYIIHBAHHAMH. YUHTHIBAS
3HAYHTENbHOE PasfHy¥e B IPEANOYTHTENBHHX YPOBHARX NpOCJYIIHBA-
HHSA JJIs1 DasjIHYHbIX 3KCNEPTOR, B JoKymenTax MIK [1.34] pekomen-
JyeTcsl mpOBOLHTE NPOCAYLIHBAHEE IPH HECKOJBKHX-YPOBHAX C Ipalia-
uHefi 10 nb. Ilpn cpaBHETenEHOl OLEHKE KAYECTBA 3BYUAHHS HeobX0-
AHMO BHIPABHHBATh YPOBHH I'POMKOCTH C LIEJBI0 MHHHMH34[HH HX
BAMAHKA HA Pe3yNbTATH HCOHTARHE BHpaBHHBaHWe NPOHSBOMHTCH Ha
IIYMOBOM CHIHAJE CYOBEKTHBHO HJH C NOMOLIBIO IIYMOMEpa IO KpH-
Bof#1 A.

[lopGop v MeTomE! TPEHHPOBKH SKCIEPTOB ABJAKTCA CYNECTBEH-
HEIM MOMEHTOM B OPTAHH3aLHH CyOBEeKTHBHHIX SKCHEPTHS, OIPeleIsio-
IFM JOCTOBEPHOCTL H NOBTOPAEMOCTh IOJIYUEHHHX pesylbTaTop. Bu-
0Op SKCIEPTOB 3aBHCHT OT KOHTHHTEHTA CJIyIIATENIed, HA KOTOPHX Aal:
Hasg anmaparypa paccusrasa. l[lockosbky amnaparypa Hi—Fi npes-
Ha3HAYAETCA MpeXje BCErO CAYLIATEMO, HMeEWLIEMY Oosbllofl H MO~
CTOAHHO IOIKPEM/ISeMEH ONHT NPOCAYIIHBAHHA MY3HKAJIBHHX IIPO*
IpaMM B KOMIEPTHHIX 32J1aX, TO H KOHTHHT€HT 3KCIEPTOB NOJKEH BH-
CHPaTbCA H3 UHCJA JIHL, UMEIOIIHX [E0 € «eCTECTBEHHEIM 3ByuanHeM?
(My3HKAHTOB, 3BYKOPEXKHCCEPOB, HHPHIKEPOB, paspaboTuHKoE ¢ GONb-
ITHEM CTaXeM MPOCAYIIHBAHHA H T. 1.).

BriGop ¥ cnocof akycTHUeCKoit 06paboTKH NMOMEIUEHHS TPOCJIYILH-
BaHnA CnocOOHE! KOPEeHHHM 00pasoM NOBJHATL HA Pe3yNbTaTH CyOb-
eKTHBHOZ onenkH AC. [loMmelledde IJA NPOCAYIIHBAHHA HOJIKHO B
HJleajie COOTBETCTBOBATh TEM 3KHJLKM NOMEIIeHHAM, B KoTopex AC 6y-
HeT nenoab3oBaTecd, OAHAKO NPAKTHUECKH KAXK0e NOMELIEHHEe BHOCHT
CBOI0 OKpACKY B 3BYUaHHE AlIAPATYPH, ONPENEISEMYI CTPYKTYypOH
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¢, 1. 1. CrelHanbHHE HCCIEA0BAHKMA A5l ONPENENCHES KCPEAHHX>
” aMETPOB XKHJLIX KOMHAT INO3BOJIIH noCTaBHTL cne,uy}omgie TpeGoB
pas K NMOMEULERHI0 MPOCTYLIHBaHHs: 00benM — 5r0 ... 100 M3 BHCOTA —
95...3 M; JUIHHA — He meHee 6 M, WIHpHHA 3,5 M (1as «MoHO»), BO-
nee 4 M (Zns «ctepeo»). TpeGoBanus K 3JeKTPHICCKUM TapaMeTpaM
pKJICUAIOT B ceBs TpeGOBaHHS K YCHJHTEN0 MOIIHOCTH, HOCHTCISM
nporpaMm (marnurotdonay, znekTpothoHaM H le.?, COE HHUTEbHbIM
npOBCLAM, NepekmiouaTessim 1 ap. Has annmapaTyph Hi—Fi TPAKT
npOCYLIHBAHES HOMIKEH COCTOSITh 3 3MEMEHTOB BRICIIEro Kjacca Ka-
yecTBa.

Merogpl cTatHeTRUecKOf 06paboTKl NONYUYEHHBIX Pe3YJALTATOB mpH-
peficHH B goxymenTax MIK 581—1 u OCT4.020.003.

Muorae QUpMEL HMCIOT KPYNBEIE LEHTPhl HpOCHYUIHBAHISA, KOTOphIE
UpOBOIAT OLEHKY Beefl aKyCTHUeCKOH annapaTypel, TpeICTaBdeHRol Ha
prikax CIHIA, fAnouuy, Ppanlys U T. 4. )

B oTeuecTBeHHON NpAaKTHKe KOHCTPYHpOBaHUSI BHOBbL pa3palCoTaH-
ghie H BrHIyckaembie AC npoxogstT cyOBEeKTHBHYIO SKCIepTH3Y B CO-
oreeretBHE ¢ 0CT4.202.003 npH THHIOBLHIX HCHHTAHHAX H HCIBITAHHSAX

OILITHRIX O0Pa3LoB.

H.A.Anpommna, A.T.Bowewnnoe - "BACH" http://dev.hi .ru

2

FrPOMKOTrOBOPHUTEJIN. AHAJIN3 NUCKAKXEHUH.
OCOBEHHOCTHN KOHCTPYKIINH

L 4
2.1. OBILUHE CBENEHMHA

B nopapnsiouer OOMBIIHECTBE AKYCTHYECKHX CHCTEM KATErOPHH
Hi—Fi wucnombsyor snekTpoinnHamHueckde nub¢y3opHLe IpOMKOrO-
BOputean (oCTajbEHE BHAL H3NyuaTelell: SJMeKTPOCTATHUCCKHE, SJIeK-
TPETHLIE, Mpe30-IMIEHOUHBIE H T. H., — coctanawT 10..15% or o06-
merc spimycka). Hunamuueckne nudpdys3opHble rpoMKOrOBOPHTCTH ce-
PHHHO BLINYCKAIOT J@BHO (KOHCTPYKUHS OHLTa 32MAaTeRTOBAaHA B
1926 1.). B reuenre Beero nepuona px BHITYCKA BCLYTCS HHTEHCHBHBIE
HCcnenopanysi, HanpaBieHHEe HA COBEPLIEHCTBOBAHHE HX KOHCTPYK-
LUHH B yJyqUIeHHe SICKTPOAKYCTHYECKHX XAPaKTEPHCTHK, MNOCKOMLKY
FPOMKOrOBOpHTEIY SIBJSIETCS] OCHOBHBIM $J€MEHTOM aKVCTIUECKOH CH-
CTENE!, B BHAYHTEJBHOL CTENEHH ONPEMENSIONHM ee NapaMeTPH H Ka-
UCCTBO 3ByuaHHs. CeeleHHst N0 KaaccHGHKAlHH IPOMKOTOBOPHTeNeH,
HX ycTpoiicTBy H clocofaM pacieTa OCHOBHEIX 3JIEMEHTOB H3JIOIKE-
Hbl B moHorpagmsx [2.15 2.2; 2.3; 2.4; 2.5 u ap.]. B pawunoii rnase
6ynyT mpoaHalMSHPOBAHKE TOMBKO pesyNMpTaThl  HCCAEAOBAHHE (-
SHUECKHX NPOLECCOB, METOOHKH PaCyeTa H NPOEKTHPOBAKHS rPOMKO-
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»OBOPHTEJICH, TOJIYUCHHBIC 38 MOCJCIHHE IOABl B CBSI3H C TOSBJCHMS
W BLiX TpeboBauui, oupejeiaeMux pa3purHem AC kareropuu Hi- \
OcnoBable 3ana4y B TEXHHKE NPOEKTHPOBAHHS! BHCOKOKAYeCTh Wy
R biX  NHHAMBUECKHX TI'POMKOTOBOPUTEJIEH, KOTOPHM VAEISETCS B i '
crosiee Bpens naubosee cepbesyoe BHHMaHHE, MOrYT ObiTh cOpMy.
JUPOBaHDI CRCOYILIHM 0OpasoM:

HCCJe0Bate PasAHUHLIX BHAOB HCKaXXCHHH H YCT@HOBJICHHE py
CBA3SH C KOHCTPYKTHBHBIMH H (PH3HKO-MEXaHHUCCKHMH NapaMeTpamg
OCHOBHEX 3ACMEHTOB T'POMKOIOBOPHTEJIEH € NOMOIIB0 TOJOrpagHye.
CKOH HHTCpQCPOMETPRH, IHPPOBOH TEeXHHKH H3MeDeHH{ H ap.;

paspaboTKa MallMIHLX METOAOB pacueta 3BYKOBBIX MOJEeH H I10CT-
poeHye 3aBHCHMOCTER HX OCHOBHLIX X@paKTEpPHCTHK OT NapaMeTpoR
rPOMKOTOBOPHTEJICH;

CHHTE3 CHCHHANBHBIX MAaTePH&JIOR ¥ OTPabOoTKa T€XHONOIHH H3TO-
TOBJCIIHA 3 1IHX 2JIeMCHTOB TMOABUIKHON CHCTEME!, MAIHHTHON LenH K
Ap.; .

MOHCK HOBLIX KOHCTPYKTHBIBIX PELICHHH, HANPABACHHLIX Ha yMeHb-
LWCHHE JHIEHHBIX ¥ HEeHHCHHBIX HCKAXKEHHH, yIyullieHHe MONHOCTHBIX
XaPAKTEPHCTHK, YBENHUYEHHE MHHAMHUECKOro JMHAMA30Ha H [OP.

KpoMe anajpza pe3ysbTaToB, NOJYUYElHBX [0 BLLUEenepeuHcJieH-
HBIM HANPABJICHHAM, B O8HHOH Tjase OyayT KPaTkO PacCMOTPEHH OCO-
OCHHOCTH KOHCTPYKUHI HENHHAMHUCCKHMX (3JI€KTPOCTATHUECKHX, IIbe-
30MJIEHOUHEIX B JP.) Hsayvatcaelt, npemensembix B AC xaTeropum
Hi—Fi.

2.2. HCCIEAOBAHKSA OCHOBHBIX BHAOB MCKAKEHHWNA
B N'POMKOTI'OBOPHTLISIX M PASPABOTKA METOLOB WX PACYETA

AMDAHTYIHO-4ACTOTHLIE H (PA304YACTOTHLIC HCKAXKEHHS

OcroBrbie sremenTn KOHCTPY It AnHaMuteckoro ,mddysopEoro
rPOMKOTrOBOpHTEN nokasany na puc. 2.1, Mx nasuauense v npeHupn
pefoTel mo,(polino paccyorpennt B kuurax [2.17 ... [2.5]. Tlpumep AUX
I35l TPOMKOTOBOpHTERA TIOKa3all Ha pHC. 2.2.

Prc. 2.1, OczOBHHC 3jeMedTh
KOHCTPYKILIIH AHHAMHECKOIO
AHMGQGYSOPHOTO  IPOMKUTGEOPH-
TEA:

! — riggyaug, 2- rogmrec, 7 — wafl-
fd, 4 — KEav¥IDka, & — ARgufiy3omn

aepacarens, & — mKHDT duavey, 7o-
MAThHT, & — pepxvyl! drapgen, 9 --
wWDH, 10— meduell konayok, 1 -—-

HUAESAUHTIIT ENATa oK
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4. AUX K CTPYKTYpPOH Koa€baTenpHBIX NPOLECCOB B TPOMKOTOBOf
PlensiX HaUANHCh C MOMEHTa NOSBNEHHS HX B MaCCOBOM IPOH3BOACTBE
Yl paGOThl ABNAIOTCH HEOOXOAHMLIM 3TAINOM ANA H?CTPO@HH?[ 3ABH-
cuMOCTEt aMIUTHTYAHO- H (PAa30MACTOTHHIX HCKAMEHIE I'POMKOroBOpH-
qenell OT KOHCTPYKTHBHBIX H (PH3HKO-MEXaHMHUECKHX NapaMerpoB HX
OCHOBHEIX 3JIE€MEHTOB: AH(GY30pOB, NOABECOB, MArHHUTHHIX LeMNei,
SRYKOBBIX KaTYLCK H T. A.

46 z  , o o
25 | |
28 [
15}
il
Puc. 2.2. AMIJUTYIHO-ua- sk
CTOTHAs XAPAKTEPUCTHRA J F
OKOTOJIOCHOTO  [pOM- . , ]
P KOFOBOPHTEA P GrF 61 62 63 45 7 2 3 & 10 fer

HanGonelly10 TpyaHOCTe ANA aHanuaa IpeACTABJNISIET CTPYKTYpa
KoNeGaTeJEHEX NMPOLUCCCOB B NOABHKHHX CHCTEMAX IPOMKOTGBOPUTE-
nefi. IMEHHO NOSTOMY H3YYeHHIO 3THX NPOLECCOB NOCBSANIEHO Ha-
ubonrpiee YHCAO Heonenosanuil. B 30-e rogn pns BH3yanH3alHH KO-
nebannit HCMonesoBainck Qurypel Xnapun [2.1], nonyyaemee mnp
HAacHIIAHHH NOPOllKa Ha MoBePXHOCTh AMPYPy3opa. 310 noseonsno ye-
TaHOBHTE DPaCHOJIOKEHHE Y3NOBRIX JHHHE B OONACTH HHIKHX YacTOT.
OnHako naHHEH MeTOA Oh NPHrOAEH FOJNBKO ANS IrpPy30pos mnno-
CKOH KOH(MTYpalHH H He TNO3BONAN NPOHIBOIHTH KOJHUECTBEHHbIE
Ouenky amuauryn cMeniesnit, B 50-e rogpt §nnia paspaborana Mcero-
AHKa H3MEDEHHH aMIIHTYA H (a3 Ha NMOBEPXHOCTH oG y3opos ¢ no-
MOLILI0 eMKOCTHEX AatunkoB [2.6]. Ona nossorsna mamepsts pace
Ipejienennst aMIMHTYA H (a3 Hd NOBEPXHOCTH B OGJACTH YACTOT M0
1..2 kI, onHaKo TexHHUKa H3MepeHHH OBlna YPESBLHMAHHO TPYAOEM-
Koi. PaspHyHe roaorpadueckoli HuTepdepomMerprn [2.7] 32 noc.es-
‘HHE NECATHACTHA AaNI0 ROIMONKHOCTE NONYHYHTE CYUIECTEEHHO HOBHE
CBENIeHHS B HCCNENIOBAHHH KONeBGaTebHEX NPOLECCOB.

OcroBubie pesyarats  Moryr GoiTh cOpMyAUpOBAHE  CACAYIOLIHM  06pa3oM
(puc. 2.3):

B 0614CTH HMKUX 4acTOT (I} — OT HuMuel TIpaHMuEON uacTOTH BOCOPOH3RO-
fuMOre ananasora 20 vacroter 200 .. 300 Ty {(A4m KOHycHEIX IPOMKOIOBOpHTENEH
CPenENX pasmepon nuaMerpoM 2- 101 M) —KoaeBaryn nNBEGPYIOpPa HOCRT nopiu-
HEBOW XapakTep. 31€ch OCHOBHOE BIHSIHHE HA ¢popmMy AUX v ®UX oKazmBaT na-
PameTpr rogplpoOBaBHBIX TIOLBECCB, ofnas yopyrocrb 1 macca AuQyaopa. ¢Gop-
Ma 11 pasmep aKycTWYeCKOro OhOpMIEHis, napaMeTpbl MAarHATHOK 11eMH;

B obnacth cpepuwx wacror (I1) — npumepro 300 .. 1000 Tu — wa augysope
Qopmupyercst noaroBas KApTHRA pacnpejelesssi aMnaurys w (as ¢ pajHanbHH-
MH y350BRIMH IHHHSMH {ppc. 2.3,a). MosBaenne CHMMETDHYHLIX paaHAXBHHK KO.Je-
2T 35



http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

AAHH HECKOILKO CHUIKAET YPOBEHb 3BYKOBOTO JMABMEHHS B aTo#l obgacrH, o
€ meHser Qopmy AUX, 7ak Kak B CHIy HX CHMMETPHUYHOCTH OHH KOMITEH C1]

apyr apyra na ocii. Opnako npu mapyiwennm OIHOPOAHOCTH HITOTOBJICHHA BH(pQQ
S0poB, nepexocon mnpH COOPKE, HX CHMMETPHYHOCTD HAPYLIZETCSH, HEPABHOMEDHOCYy
AMIVINTYHO-YACTOTHON X2paKTePHCTHKH, H3MEPEHHOH Ha OcH H {IpH CMeIUeHHN My.
KpOQOHA OT OCH TPOMKOTOBOPHTRNS], MOMKET Npy S5TOM 3HAYMTEILHO BO3pacin. R

Puc. 2.3. Tonorpammm kogeta-
TEIBHBIX JIPOLECCOB Ha TNUBEpX-
HOCTH  AM(ipy2opa B pasHBIX
YacTOTHHIX  cOndactax: @ — 90-
JIACTE cpeniux dactor I, 6 —
06.1aCTs YacTOT BOMIBH NCPBOTO
pescuauca nugipysopa I, s —
ofitacTs  pEICOKHX nactor IV

Te10M 10T BEA KONROABHII EOCHT napasiubii xapakrep # piisi GOpbGH € HUM HC-
NOMLBYIOT Pa3fHIINE METOAL TMOBHILICHHS XecTKocTyn aHOQy3opa, OCOGEHHO B OK-
PYXHOM Hanpasieuuy (HanpHMep, 3a C4€T HaNPaBJCHHON YKJIaAK: 6yMaXxunix BO-
AOKOH NpPH OTJIHBKE, HAHECCHHN KOJBLEBHX pefep ECTKOCTH, CpYMEHEHYs AHW30-
TPOMHBLX MATCPHanoB 1 7. n.). Ree >TH MEpH NOSROASIOT YMERbNINTL AMIHTYIHM
PAANANBEIBYX KOMEGEHHD I Tem CaMBIM PACHDHTE QOIACTH NOpLIMEBOND peicTBHS
nugpysopa;

B oGnaacth cpeirux vactor {IIHf) —npumepno 1 . 1,5 k'nu—ua auppysope
thopMHEpyCTCH NEpEHIH PE3OHAKC OCECHMMETPHUHEIR KoJefauhy ¢ ogmoil yanopoft
OKpyxHOCTbIO (pHe. 2.3,6). Ilpn aTom koAeGan¥H C panuanbHBMY YsA0BBIMH JiA-
HHAMH KOHUIEUTPHPYIOTCS H2 BHEIIHeM Kpae Anpdysopa, a y3aosast OKpyREOCTH
PacnodsaraeTcs TIPYMEpHO Ha paCcCTOSHHH OfHOfi TpeTH BAOAL ofpasyiomell oT iof-
Beca. B 97Ol 00nacTH YacTOT pAE MHOTHX KOHCTPYKUHMR TPOMKOTOBOpHTeNefi x8-
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¢puO TOSIBTEHHE HA AUX npka-mposaiia {cM. puc. 2.2). IT0 siBJeMHe BREPBHL
onucate B paGore [2.6]. Ilpuunka ero nosBAeHUsi COCTOHT B TOM, 4YT0 ISP Q
pesoHAKC OCECHMMETPHYHBIR koseBanmit pHpQy3opa cOBNazaer co BTCPHIM pe- Y

pcoM JIO/BECa. Ecayu onM crnapupaptca B (aze, va AUX nosBasercd IHK, B

ppodase -—0posat. Jls yMEHBUIEl s HEpABHOMEPHOCTH AUX B 3710H OO6IACTH
qaCToT [PHMCHTIOT PasiHyYHke KOHCTPYKTHBHE I TEXHOMOIWYECKHE MEpH: BHIGOp
yabHEX KOHGHTYpAIMA TOABECA (HaUpHMEp, TAMIEHIHANHHOH  (HOpMH, obecre-
mamlﬂﬂﬁ CABHr BTOpOil pescHamCHOil uactoTH B o6nacTk §onee BHCOKHX YaCTOT),
gaueceBrie CMasOK ¥ NMPOMMTOK Ha INOABeC (i peMnN¢HpOBalXy pE3OHAHCHHIX KO-
pebarmiil}) H 1 A

p OGJacin BHCOkHX uactor {IV) —or 1,6 k'l ¥ BENIE — M0 Mepe NOBHIIEHHHA
4aCTOTEl PE30IIZHCE € pPAAHAJBHBIMH  y3JOBLIMH JUHHAMH HCe 60.bllle  CMEaTeH
x MOABECY, ¥MILTHTYJA X yMEUbLUACTCH W, HAYHHASl DPHMEpHO C 2000 T, sTH pe-
gOHARCH TDAKTHYECKH IEPECTAIOT HIPATh CYUIECTBEHHYH) POJb, OCHUBHOE iRpsdiicis o
GRAIHBALOT PE3OHAHCH € OKPYXKHLIMH Y3JOBHMH JIHHHAMH (puc. 2.3,6). IlpH nepe-
xojie OT OAiOi pEe3CHAHCHCH HACTOTH K gpyroli (B BOCIPOH3BOAHMOM JHANA30HE
obprnro okazLipaercs 10 ..o 13 prsoHAncHbIX HACTOT audpdyzopa) BOIHOB2H KapTH-
ga 4 MOBEPXHOCIM BHIOH3MEHSETCS; MO MEepPe NOBBIUCHHA HACTOTE PACCTOAHHE
yeXAY y37OUEIMI NPHNSMY COKPAIACTCS, YNHCIO OKPYXKHBIX YSJOBRIX JIMHEH YBEJH-
ypBaETCy, O0KA HC BO3PACTAET HACTOJBKO, YTO 4HCAO TPOTHBO(AIKO KONEG/OUIHXCH
yuacTios  LEQQI30pe  CT2INCTPUECKH  BHPABHUBAETCH H ypOBeHD HRITYYCHHS @a-
18€eT.

ApajoTRugas KapTHEd CTOSYNX BOAH yCTAHABNWBACTCH BRHYTPH BOCTPOHSBOJMH-
HOro milanasoHa I ua JH(pGy30pax KynooolipasHoi GopmH.

[Tpy NpoeK1upOBaHNH FPOMKOrOBOPHTE/EH OCHOBHBIE YCiilusl pas-
pabOTUHKOB COCTOSIT B NOHCKAX KOHCTPYKTOPCKHMX H TEXHOJOTHIECKHX
pelleHHH, 1anpapicHibIX HA YBCJHYCHHE KECTKOCTH (MOAyJ/sA ynpyro-
cti— E), CHIDKEHHE IUIOTHOCTH (p) H YBeJIHenHe moTepb (1) B Hoge
BIDKHOR clHeTeMe € TeM, YTOGH CABHIYTH pesoHaicHbe yacTorsl B 00-
Jee BLICOKOUACTOTHYI 003acTh (T. ¢. NPOANHTL NOPLUHEEOH XapakTep
KoneOunHil Tr(py30pa) M yMEHBIUHIL AMAJHTYAb KOJeOaHHH Ha HHX.
Creaver orMeTHTh, YTO HECMOTPR HA 3HAUMTEJLHBIN nporpecc, 1OCTHT.
HYTbli B 2TOM HanpapyeHHH 32 MOCJCAHHE TOjbl, NPAKTHUECKH HE CY-
HeCTRYeT ROECTPYKUHE rpomMkoroBopHTenefl, B KoTophix Gul Gel 0Gec-
Ueger MopINHCBOH XapakTep KojaebaHHii BO BceM BOCTPOH3BOIHMOM
n¥anazone vactoT.

Teopernyeckne HeciefORanus KoneGaTenbHbIX Npoueccos B Ang-
bysopax pasnnumbix koHGHrypansii B COSJABACMEIX HMH 3BYKOBBIX
floneil crasap napbosee aKTHEMR B CBSI3W € PA3BHTHEM 4YHCIEHHHIX Me-
TOLOB peinenns AudPAKIHOHHEX 33124 H BHeapenned 3BM ¢ 6oJib-
MM GrrerponciicTBHEM.

Ho macrosinero BpeMeHH OCHOBHEIM cnoco0OM pacyeta napaMere
POB I'poyrororopHTesell OB METOA 2ACKTPOMEXAaHHUECKHX alanoru,
KOTOpLII mosBONsCT [ATh (PH3HUECKH HATJAJHYI KapTHHY paboTH
TPpoMKoroeopHTenn B 06JaCTH ero NOpIUHesOro peficteus, 1. € B TOf
Obnacrtu uactoT, rme paMena I'POMKOTOBOPHTENS CHCTeMOR ¢ COCpeso-
TO%epnbMe  mapaMeTpaMu pnaer yIOBJETBOPHTEJIbHLIE pe3yJbTaTH.

OIpo6Hoe onucanne storo Metona nano B [2.3]. HeeMotps Ha MAOTrO”
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eTiHH MepHOR DPA3BHTHA METO a SNeKTPOMEXaHHUCCKHX aHaacls ¢
& PMMCHHTEIBHO K PacuCTy I'DOMKOTOBODHTEJCH, CHANICIC CHCTEN: W
” pacueTa B PAMKAX ITOT0 MeTOAa e co3naHo TosabKO B NOCJC/HHe R
Abl NPHMCHCIHE Deay TbTITOB, NOJIYHEHHbIX B TEOPHI LENCH NO ongy,
MH3AIHOIHEIM MAUIHIHBIM MCTOAAM, K anajH3y SKBHBANEHTHLIX Cxg,
TPOMKOTOBOpHTENEH B OQOPMACHHE NOSBOJIHAC HOACHTH K CHCTEMyg,
MY UPOEKTHPOBRIMIO BC X €10 3 eMelTOB B 00120 TH NOPINHEBOIO feje
CTBHS (NOApoOHCE TOT BOOPOC PACCMOTPHM B IA. 4).

IMepexon K anannsdy palboThl FPOVMKOIOBOPHTEASl 38 NPEEedayy,
NOPIIHEROrO REHCTBHsI BCTPeuzeT 3HAUHTCABIGIE TPYMIOCTH H CBORHy.
cA K 1OCACAOBATCIbNOMY pelienno 11a IBM cieayolulx 1pex Ochog,
HHX 32pa4.

[. Pacuer 2ByKOBOrO 10Jf 1O 2aanliGnMy Pacnpefie eHHIO CMe.
[IeHAsT Ha NOBEPXHOCTH AHPPY30pa H AKYCTHUECKOrO OQOPMIeHus

Feomerpust pacueinoli MOAenH FPOMKCIOBOPHIENsT B O(OPMACHiy
noxkazaHa Ha pHc. 2.4, TIpaMoyToapHbl Kophyc ¢ pasmepasu Iy, Iy, L
HmeeFr B OOKOBOI rpaiu S OTBEpCTHE PAnHyca @, Kpalk KOTOPOro Co-
npsiraeTcsi ¢ 00CJOYKOH BPRICHIY €O CJACKHCGH COCTABHON TOBEpXMHO-

I0 Sp, MOACAHDYIONEH DOABHIKHYIO CHCTEMY [POMKOIOBODHTENs,
IlopepxHOCTE KOpN¥ea S, /JesHT NPOCTPaHCTBO Ha gBe OGJACTH: BHY-
peunicio Vi u Bucurwoio Ve,

ek ey s sl i

A
Puc. 24 TeoMeTpHs mopesl TPOMEOTOROp Teus ¢ (ODMIEHHME A pactuera 3BY
KOBOIO R0Jis)

3ajiaya pacyera 3RYKOBOTO NOJ MOXKeT OHTL CEENCHE K penieHAN
HCTEMEl YPaBHEHNH, ¢OCTOSIICH HA.
1) ypapuemia lenbMroabua:

Aqgrtrigr 0, (2.1}-

1€ K=w/c— BOMIOBOEC YHCJO, @ — HACTOTA, €-— CKOPOCTH 3BYKS:
¢ — NOTeHUHAJ, CBA3AHNBIA CO 3BYKOBBIM J2BJEUHEM CrEfylolInM
ofpazom: pr*=0¢*/on (3HaK «-}-» oTHOCHTCA K BHernuedt o6nactu Ver
3HaK «—» K BHyTpeunelt Vi);
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rpaHHYHbIX yCLOBMIL

11 nopepxnoct xuadparyn Sy Ogt/on= tjou*, } (2.2)
[:1 MOBEPXHOCTH Kopnyca S : 0¢*/on= 1 jow?, '
. — cMeLieHHC Ha cTeukKe nopllyca, #* — CMCIIeHHe TOYEeK TOBEPX-

,‘,;l;m nupdyzopa);

3} YCJIGBHI M3JYUCHHS.
Oqtjor—ikgt =0(l/n, 7> oo, (2.3}

(e 7 — PacCTOAHHE OT H3JIyualoniell NOBePXHOCTH.

1I. Pacuer pacnpencsienns CMEILCHHAE HA CTeHRaX Koplyca w; H

qa NOBCPXHOCTH an(gysopa (¢*) kaK QYHKNHH HX KOHCTPYKTHBHBIX

g (H3HKO-MCX2HHYECKHX NapaMCTpoB H BHHYXKAalouieii cHan .
VpapHenHs, ONHCBIBEIOLLIIC Kosebaitis CTeHOK Kopmyca (B c/yvae,

ecnl CTCHKH KOpIyCa H3rOTOBJIEULI H3 OPTOTPGNHOrG (HeCAHOPCAHO-

r0) MarcpHaia. Hanpnuep, ¢aHepsl), MHEIOT BHI:
& wiott 4 ljph (ﬁ{ Ot ydxt - 2D, & wifdx 0y + Dy Hwi/oyt =
= ljph(pt—p7), (2.4)

e ¥ — CMEeNIEHHe CTeHOK Kopnyca; p — IJIOTHOCTD;
h— romuuua; Dy, Do, Dy —xo3(puuresTH H3rHOHOR XKeCTKOCTH

[2.8].
Vpabuetusi, onHcHBawlHe KONeOaHH NOJBHXKIGH CHCTEME rpoM-
KOrOBOPIUTE/151, MOI'YT OHITh NPeACTaBleHtl B BHAC:

F3
Z "]ijuf:"“[" pﬂhAI Agaz”:.,atg‘—_——' FJ' j:l,Q
b=t
Y (2.5)
2 N Lax g;‘f" po hAy Ap 0 tfOF* = Es—(pt—p)s
=1

e u*, L*y, t¥3-— COCTABJSIOIME BeKTOpa CMCLIEHHH MOBEPXHOCTH
madpparnul; Fy, Fa, F3-— cocraBasonye BRIMYKJAK0LIEH CHIALL pt—
—p~~— pasgocth gaBacinii Bo BHeINCH 1 BHyTpPeHHCH obaacty, 1 —
KOSt menT NOTEPL, p— MJIOTHOCTL; h— Tonuuua aupdyzopa; Ay,

2 — [apaMerpsl JisfiMe, XapAKTEPH3YIOL(He TEOMETPHIO O0OO0JCUKH
Su; Ly — OnepaTop TEOPHH TOHKHX O0OJIOUEK [ 2.9].

I1]. Pacyer Mexauuueckoll BRIHYXAaollell CHAH, JEHCTBYIOLIEH Ha
NOLBHKHYI0 CHCTEMY TPOMKCIOBOPHTENS, KOTOpasi 32BHCHT OT mapa-
METPOB 3BYKOBOH KaTYLUKM H MariETHOM LEfH.

Pemenne stofi 2apaun Gyner paccMOTpEHO aanee (CM. «Henuueii-
Bhie Hekaxenus»).

Hnst yucyennoro ananMsa NPOCTPaHCTBEHHONG 3BYKOBOTC Mo,
C081apaemoro rpOMKOroBOpHTEIEN, HeoOXOIHMO COBMECTHOE pelllenHe
;]ngIHOﬁ cncTeMul ypasuenufi (2.1} ... (2.5), uro mpencTaBAsneT sHauH-
e bHEIC maTeMaTHYecKHe H BHIUMCJIHTEIbHBIE TpyAHOCTH. [lozToMy

NpOTSXKCHHM pAjid JeT B JMTepaType HCCNenywTcs pasNuIHbe Y-
Powe e mopean sTofl sanaun [2.10, 2.11]. B oteuecrsennofi npax-
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THKE NPOEKTHPOB2HHA TPOMKOrOBOPHTENCH HCIOAbL3YIOT MOETE
IIHHHOrO pacueTa 3BYyKOBOrO noJs [2.12], B KOTODOH NOABHIKHZ

cTeMa TIPOMKOTOBOPHTENS paccMarpHBactTCsl KaK CHCTeMa Conpa.g o
HEX OBOJIOUEK BpAlCHHA C PasnuyHoH reomeTpHed o00pasyionyy,
(miockofi, KynoJbHOH, KOHHUeCKOH, roppHpOBanHOl H T. JI.) H pg,
JHYHEIMH 338KOHAMH H3MCHEHHS (H3HKO-MEXaHWICCKHX 1apaMerpg

Puc. 2.5. Cmektp cOGCTBEBIIBX

4acTOT W COGCTBeHHHIX  (OpM

KojefanBil AJ2$ HBSKO4ACTOTHO-
ro TPOMKOTOBOPHTEIN

BAOAL obpasyiomedn (cm. puc. 2.4}, 1

JA100011 CHCTEMH CONPSXEHHBIX 000510y,

pelaeTcs TNO4HAS CHCTEMa YPaBKel,

{2.5) ¢ yueTom reoMeTpHUYCCKHX H K,

MATHUECKHX TaHHUHBIX YCJIOBHH, No3p

ASIOIIHX BBECTH Ha Kaxiaofl JHPHW ¢
UPSKEHHsST CKAYKH HENPEPEBHOCTH 00py.
3ylonieH, HAJHUHE YNPYTHX 3aUleMJIeHn]
COCPeNOTOUCHHBIX Mace ¥ T. A C nowmg
ui0 paspaborartoro B [2.12] KoMmney
Ca NPOrPaMM NOCJIEI0B ATeJbHO BHIMHCy.
107CH  CIEKTP  COOCTBEHHBIX  HACTOT,
CIEKTP CO6CTBEHHLIX (DOPM H COCTaBgs-
IO HX BEKTOpa cMelleHHE u¥. Peayaktar
pacuera fJiA rpOMKOrOBOPHTEN s ¢ KOHY-
HOIl ZHA(QparMoif ¥ TOPOHRANBHHM NOZ
BeCOM AaH Ha pHC. 2.5. ITo noayuycHHLM
3HAYCHHSAM ©* BLIYHCJAfETCH 3BYKOBGR
JAaBJicHHE B JadibHeM noie no ¢opmyne
Kupxroga [2.10], uro siBasieTcs nepBHN
npubauKenneM K pertenno zanaun., Cue-
AVIOIHM 37a7oM B pa3BHTHH 37HX palor
ABUSIETCH NOCTPOCHHE PACUCTHHIX MOTE
Jeii BHCIUHHX H BHYTPEHHHX 3BYKOBEX

nosefl ANf NPSMOYTOJILEMX CPOPMIASHHH, T. €. NONHOTO DCUICHHA 32
payp (2.1) ... (2.3). Hexoropbie pe3ynpTathl B PEUISHHH 9THX 38724
nonyuesb B padorax [2:13] ... [2.15]. Peayavrat pacuera AUX ¢ yue-
TOM BJIHsHHs OhOpMIACHHS NOKa3aH Ha puc. 2.6.
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YACTOTHAN xapaKTEpHCTH'
K& rpOMEOTOBOpHTENS:

Loy f — H3MepeHHas, 6 — a&

v owt W Wity 10

me 103 w* oy CUNTAHHAS

MNMepexoaHble HCKAXEHHSA

VYpoBeHbs NEpeXONHBIX HCKAXKEHWH, BO3HHKAOIIHX B AC, B 3naum
TeMLHOH CTENeHH 3aBHCHT OT KOHCTPYKTHBHEIX H (PH3HKO-MeXaHH4ue”
CKMX NaPaMeTpoB HCHOJB3YEeMHX B Hefl rpOMKOTOBOpHTENEH. Pesysp
TATH aHAAM32 NEPEXOAMHX NPOLECCOB, BO3HHKAKINMX B rpoOMKOrOBO”
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%,

S /51X PA3JIHIHEIX koHCTpykuHiE [2.18], noaponsioT BHABHTE B HHX
T enyIOLLHE XapaKTepHHe 0COOeHHOCTH: B 06nacTH HH3KHX 9acTOT (op-
a MEPEXOLHOIO OpOUECCa ONpeieJsieTcs OCHOBHOH PE30H2HCHOM Ha-
oToil TPOMKOroBOpHTENsi fo, TAK KaK NPH BO3OVKACHHH Ha .iuoﬁon
croTe BHYTPH AM@nasoHa npHMepHO fo... 10 Jo cnapg KoneGanuii Ipo-
opHT ¢ uactorofi fo. Tlapamerphl nepexopHOTO Ipouecca (nexpe-
yerT KoneGannf A, BpeMs 3aTyXaHHSi T) 3aBRHCAT B STOH o6sacta ua-
0T UpeXkae BCero OT YNPYruX XapakTepHCTHK IOABECOB, rapamer-
op MArHHTHOM gellH, OT XapakTepa H3MEHEHH; HHAYKTHBHOCTH KaTy-
mkH Hpi OOJBIIHX CMellleHHsIX. [ToaTOoMy ANsi YMEHBIIEHHS] BPEMEHH
;aTyXaUHsi H YPOBHs TEePexOfHBX HCK2MEHW Ha HH3KHX HaCToTax
EpHMEHSIIOT Pa3NHIHEIE METOAM MeXaHH4yeCKOro peMI(pHPOBAHHA B
poaBeCax (CMazKH, NPOUMTKH, cregMaTEPHANG! H T. 1.}, crabHaH3alHA
FHAYKTHBHOCTH 3ByhOBOH KaTylikyl (KOPOTKOB@MKHYThIE KOJN2UKH Ha
gepHE, yBeJIHUEHHE BEICOTH KEPHA H T. 1), yBeJHUEHHS DJEKTpoMAar-
RHTHOTO HeMn(HpOBaHHA H T. J.

B o6s1aCTH CpeifiuX H BRICOKHX 42CTOT XapaKTep nePexOJiHOro mnpo-
gecca OIpefeNsercs CTPYKTypol DPe3OHAHCOB NOABHXKHOH CHCTEMEL
gz yacTorax nuko AUX, c6HYHO cOBMAaAaKIHX C PE3CHAHCHBIMH Ya-
croraMy G GYs0pa, TepeXoaHb Ipolecc HOCHT GJH3KHA K SKCNO-
pepuHanpHOMY xapaktep. Ha mnpoeanax AUX mnepexosHH# IpoLecc
pMeeT XapakTep GWeHHH # MPOHCXOAMT € 4acToTaMH GJHMKaAMIKX IH-
¥oB. Viamepenus pexpeMeHTa KoJleGaHusi A U BpeMeHH cnaja t Ha pe-
30MAHCHEIX YaCTOTaX TIO3BOJMJIH HOCTPOHTH HX 3aBHCHMOCTE OT Ha-
CTOTHI, JOpMEL 00pasyolell, pacupeleeHHs TOJNUHHB [ IVIOTHOCTH Ha
muddrysope v 7. A. PeaysbraThi MSMEPEHHH I[OKAa3BB2IOT, WUTO HJIf
rpoMKoroBoputeneil ¢ aHadparMamMH H3 OORMHBIX MaTepHaJiOB (pas-
JMYHHIX COPTOB UeJMoNosn) (puc. 2.7), 8 065aCcTH HH3KHX HacCTOT T
paeuo mpumepHo 10 Mc, B o6nacTi BHCOKHX — npeOGIM3uTespHo 1 me
[2.16], uTo cyuiecTREHHO Bbfile CYOBEKTHBHEIX MOPOTOB €ro BOCHPH-
fria (ro. 1).

03

T Me
8.0
FE/)
50
&0
PH‘C 27 3 HCHM b !’0 R I N T S
. 2.7. 3aBHCHMOCTb BPEMEHH COAafd T OT YacTOTH 7234856 7y

Hapsiay ¢ skcnepuMeHT2ABHHIMH HCCHENOBaHHuAME pa3pabaThBaloT
GHUCJeHHRIE MeTORL! aHallH3a hnepeXOAHBIX npoueccoB. Jins pacuera
TepexofHEIX HCKaXeHuil B 06J1aCTH HH3KHX YacTOT HCHOJBb3YIOT METo-
A spekTpovexannueckux awanorsil [2.3]. Jlus pacuera Bo BCEM BOC-
UpouzpoasmMOM pguana3oHe yacTOT NPHMEHNAIOT ‘METOHHKY pacueTa cob-
CTBeHHEX ¥ BHHYXKJeHHHX Xonebanuil guadparM Ha DBM, HanoXeH-
g}’lo B HayaJe n?parpatpa. OTyiHURS 3aKNIOYAIOTCH B TOM, 4TO B CH-

TeMe ypaBHeHuit (2.5) npaBas wacTh nojaraeTcd paBHOM HYJIO, a
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¢ rPanAunbe YCIOBHSA HONONHAIOTCH HEONHCPOLHBIMH HaUaJibHBMH R
JIOBUSIMM:

(e fo)mexp(—jot)u* (@), ufdt=— ioexp(—jol)u* (o),
(26)

u* (a)exp(—jwf) — pelleHHe 3a/124YH BHIHYKASHHBIX KojebGaHuii, 1.
NyyerHoe Buille, T. € YCTalOBHBIUMECH Kojefanus AuadparMbl oy
AeACTBHEM CHHYCOHAAbIoN BHHYKAaIedl CAJm NPHHHMAKTCH B xa.
TecTBe IAYafbHbIX YCIOBHA AJA NOCIEAYIONEro pacyeTa cBOOCIHgy
3aTyxawilinx KojeCannfi. Pemenne zagaun (2.5) ... (2.6) sumnoansiy
MeTOIOM KoHeuwblX afeMentoB (MKD) una 5BM [2.16]. Paspaborap.
lble TROIPaMMbl NO3BOJSIIOT PACCYHTHBATL (OPMY NEPEXONHOTC Tipo.
LeCCd MO IBYKOBOMY J4BJIEHHIO I TIO ChEUIEHKK), a4 TAKKe 3aBHCHMOCT,
MapaMeTpoB MepexXoAHorlo mpouecca 7, A OF KOHCTPYKTHBHBIX H (M3
Ko-MeXaHHYeCKHX HapaMeTpoB awadparm. PeayseTathl pacuetos no.
K@3LBAIT, YTO HaHCOMee P PeKTHBHHIMU CPeACTLAMY CHHIKEIHS V]o-
BHEV TEPEXOAHBIX NPOLECCOB B OGAACTH CPEHHX H BBICOKHX U&CTOT
SEBASICTCR YBCMUEeHHe deMI(Hposanua B pugidyaopax (Bubponorae-
[1a01Ke MOKPLITHS, CNEI{MATEPHANL, NPONUTKH W T. A.) WIH YBEJH
YeHHEe MKCCTKOCTH (BBOOp Qopmuy cOpasywomedl, pacnpeesesds Tog-
IIHHDL, TUIOTHOCTH H T. A1.). Bee 9T Mephl no3nosuit a paspaboTanHby
32 Mocjeflile TOAL I'POMKOTOBOPHTENSIX C DNPHMeHeHHeM HOBBIX CHE~
TETAYECKHX MaTePHasloB AOCHTECS 3HAaYHTENBHOTO CHHXKeHNsi YpoBHA
NEPEeX0jIHBIX TP OHECCOoB.

Hckamenns puuamuveckoro pmanasona

Kak yxe 6uuic oTMeueno B 1. 1, OIHMM H3 TJ@BHBX TpeBoBatak
x AC xarteropun Hi—Fi siBisieTcst uelckamennas nepefiada jIHHaMH:
YeCKoro pMamnasora. [ls manyuartesiedl, nononibayveMmblx B Takux AC,
5TC yCNOBHE BRIpaXKaeTCH B TPeOOBaHHWH K KOHCTPYKTHBHOH criocob-
HOCTH T'POMKOTCBOpHTEJEH BHIAEDIHBATH NOIBOAHMEBIE SJEKTPHUECKYE
Momtoctd 5o 100... 200 BT u ofecneunBarh Gombiitie aMIIHTYAH CMe-
IIEHHA H2 MHBKHMX yacToTax 6e3 MeXaHHYECKHX M TEMIOBLIX noppexje
HHL.

Donblive aMINHTYABI CMelUEHHS B COBPeMEHHBIX BBHICOKOKAUECT-
BEHHHX TIPOMKOTOBODHTENSIX HOCTHIAIOTCH CTielHalbHLIME KOHCTPYE-
THBHBIMH MepaMy: BHIGOPOM KOH(QUIYD2UHH NOMBECOB, MarHBTHbIX Le-
nefl, 3BYKOBBIX KaTylleK 1 T. JI. Ionpobuee atn sonpocw Gyayt npo-
ananusnpoBarbl B § 2.3. 3Meck me paccMOTpeHa CHOCOBHOCT TPOM-
KCIGBOpHTENEH BbIIEPIKHBATE OONbIIe SHEKTPHYECKHE ™MGIHOCTH.

ITockoubky KITI coBpeMeHHEBIX I¥HaMHYeCKux TPOMKOFGBOpUTE-
Nel cocTaBlseT mpuMepHo 1%, To G6bIIAS 9ACTD NONBOIHMON MO
HOCTH PACCCHBARTCSA B BHAE TCOAA B 3BYKOBBIX KATYiliKah, Ipu momt-
Hocty AC 100... 200 BT temnepatypa Harpesa 3BYKOBHIX KaTyIlek A0
cruraer 150... 200° [2.17]. Croap BbICOKOE 3Hauenge TeMIepaTyphbl HA"
TPEBa ABJAIETCH MCTOYHHKOM HEXeNATeAbHBIX SABACHHI (paspymenu#
SBYKOBLIX KaTylleK 3a CUeT CNOA3aHHsi BHTKOB, OOTopamHs kapKa-
COB H T. JI.), OTP2HHYHBAIOIIHX BOCIIPOU3BOAKMMBI AUHaMHYeCKul IH-
42
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M 0H H NPHBOISINHX K BEIXOAY M3 CTPOSi rpoMkoropopuTesed. Kp: \
& o010, IpH BHICOKC{ TeéMitepaType HarpeBa HPOHCXOAHT H3MEHCHIQgS
'mBnoro CONpOTHRIEHNS 3BYKOBBHIX KaTyluek B 1,56..2 pasa 0o oT- &
gOTEHHIO K HOMHHAJBHOMY. TMogobuoe BO3pacTaHHe aKTHBHOIO cCoOmO-

THBNEHHsi IPHBOAHT K yXYALICHHIO KaueCTBa SBYU2HHSi TPOMKOIOBO-
pﬁTe.TIef{ npu GOABLINX YpOBHAX CHIHAJNa 3a CYeT paccorjiacoBanif
gx MApaMETPOR ¢ GHIbTPaMH, H3MEHeHHs dpopme AUX H T. L. [2.13].

VEGJHUEHHE CPeSHErc YPOBHA H BpPEMeHH ITPOCJYLIHBAHHSA MY3H-
gaJBHEIX TIPOTP2aMM, H3MeHeHHE HX xapakrepa (B JacTHOCTH, 33 CHET
pUMEUEHHS SMeRTPOHHBIX MY3hIKAJbHBIX HHCTPYMEHTOB), HCHOJIB30-
gauie CEpHIHO BHITyCKaeMLIX VCHIHTeNeHl DOJBIIOH MOIHOCTH 50 ...
100 BT 4 7. K. B 'mocaemii€e BpEMS MPHBENO K NOABJIEHUIO BBICOKHX
qpKOBBIX ypoBrel (mo 120...128 nb) B pacluinpenuio CUeKTpPa B 00-
j1acTh BHICOKHX 4a¢TOT. [103TOMY M3yUYeHHIO OpOLleccoB TenaooGMena
g rpovEoropoprtensx aiasi AC KaTeropeH Hi-—Fi ynensiercsi cepnes-
goe BiHMaHHe [2.18] ... [2.20]. C sroii penpio paspaboTaHbl cIellH-
aNpHbe H3MEPHTENBHBle YCTPORCTBA, NO3BOMAIOIIHE 3aTIHCHIBATL TEM-
qlepaTypy 3BYKOBEIX KATYIIEK B IHHAMHUECKOM peiXHMe paloThl IpOM-
KOFOBOPHTENISt Kak HeNpepblBHYIC (PYHKIMIO YaCTOTH, BPeMEHH, NOJ-
gopuriofi MomuocTi, C RMOMOIPI0 TAKHX YCTPORCTB TIpoaHaJ TH3HPOBaH
TPOLCCC HIMEHEHHS! TEMIlepaTypul NPH paboTe TPOMKOIOBOPHTeNEH Ha
06aNLHOM MYSHEKAABHOM CHrHaJe, HCC/ENOBaH PeIXHM YCTAHOBJICHHSA
TeMOEpaTypH 0 CTAUHOHAPHOTO YPOBHS, IOCTPOEHaZ 3aBHCHMOCTh
gipoucccoB TenJioo6MeHa B IPOMKOIOBOPHTEJIIX OT MOLIHOCTH, AHAa-
MeTpa 3BYKOBOH KaTYLIKH, KOHCTPYKUHH ‘MarHHTHOH LENH, MaTepHa-
Ja KdpKacop, H T. 4. B pesyJsbrare yCTaHOBJEHH TenJOBhle TIOCTOfH-
Eble ppeMeHH* Jif rpOMKOTOBOPHTENEH Pa3HOIO HASHaueHHs (HalpH-
Mep, 175 HH3KoyacTOTHOTO TpoMKoroBopuTess 1000 -1 1o=18 c,
cpennegactoTHoro 30I1-8 =8 ¢, BECOKOZACTOTHOIO TPOMKOTOBOPH-
Teasn 100]1-43 =2 c). IxcneprMeHTallbHHe HecleloBaHHa Ha Gogibe
oM yHcJae rpoMEoroopurediedt [2.19] mossonunH mocTponTh NpHG-
JHXEHYEEe 3aBHCHMOCTH IOOBOAMMOH MOIHOCTH Pyow OT IBaMeTpa
-!;Bylgoaoﬁ KaTVIIKH (NpH OONYCTHMOM 'YPOBHE TEILIOBOIO HarpeBa)
Tabn, 2.1).

Tacnuna 2.1

d, M PEOM' Br d, wM PHOM' Bt d, mm PHDM" Bt
14 5—15* 25 15—35* 43.75 85¢
15,6 6 31,25 20—40* 50,0 100*
18,75 8—25% 37.5 5% 75,0 150*
21,8 10

t NMpuMeuatne IHAYEHHKN, OvMEueHHbIE *, NONYCKAKOTCs TpH YC/JAOBHH DNpHMEeREeHHR choe-
__f‘_'_:'l‘-‘:ﬂjx MCP NC YBENHYEHHID TePMUCTORKOCTH KaTYILUEK.

----_"—————
* Tlop TennoBoi! MOCTOSHHOS NOHMMaeTcs BPEMS, 3a KOTOpoe TeMuepaTypa Ha-

?‘“—Bﬂ 3BYKOBOH KatTylikH focthrEer amauewust T {%g) =063 Twmaz, rie Twmax — Mak-
iManbuas temmepatypa Harpesa.
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Pacnpeneniende TeMnepaTyp Ha pas/HYHBIX Y4aCTKaX 3BYKOBON 4 \
§-yiukH ¥ MarnuTHO} uenu Ono Hsyweno B pabore [2.17] ¢ momoy,
P criennaMbHOro H3MEPHTENBHOTO [POMKOTOBOPHTENS €O BCTPOCHHYy
TepMonapavu, VisMepeHus NoKasalH CYILECTBEHHYIO HePaBHOMEDHoey,
pacnpejeiends TeMIepaTypH Kak o NOBEPXHOCTH 3BYKOBOH Katyy,
K, Tak M TO ¢€ TOMUMHE: TaK, TeMTepaTypa MexAy ClOfMU HaMory,
oKasajach Ha 309 BHILIC, YeM HA ee TIOBCPXHOCTH, YUACTKH 3BY KOBgy
KaTYUIKii, HaXONHIHCCH B CTATHUECKOM peXKHME, BHlle 3a30Pa Marpyy,
HOIf menH Harpesajorcs fpumMepHO Ha 309, Gonbile, yeM B 3a3ope, 3
e —Ha 109% (cw. pue. 2.1). Kpome toro, 6viio MayyeHo B/IH STHygp
Ha pacnipeflesleHte TEMNEPATYPH pasiMUHBX KOHCTPYKTHBHBIX napa.
MeTPOB MarHMTHON uenn (KOowpHTYpalLuH kepHa, ¢ilamies HT o)
JTH faBnkple DO3BOJILIH NpHCTYHNTE K CO3AaHMI0 (PM3HYECKOil MOy
TennooOMeHa B y3/e «3BYAOBasl KATYyWKa |- MaBTHHTHAS U€Mb» B pas.
JIUYHEIX YaCTOTHIIX JHANAa30HaX.

Teopusi pacyera TeMnEBHX NPOLECCOR B TPOMKOTOBOPHTEMSIX Ha-
9afla paspHBATbCSA CpaBHUTENbHO Helasuo. IlpuEnuxennast Popmyna
And pacyeTa TEMNOBOTO CONpPOTHBJEHMHE Rt (KOTOpOe olperensercs
Kak Rr=T/W,,, T — tennepatypa, Wso, — NORBOAMMAn SMeKTpPHIECKas
MOMmMHOCTD) mpHBejeHa B [2.20]:

RT — 1’3 AU,‘IGB 80,24 D'k—l.lf! h— -6, 754 Hi' (2'.‘7}

rae {=0,46/exp[ (h—1,7-107 3)/3-10-34-1]; A —3a30p Mexjy Kalvi-
KOii H BEPXHHM (anueM; B— 3a30p Mexuy KaTyIIKOfi o K€ PHOM;
Dy — fuaMerp KaTylixu, A — BEICOTa 3a30pa; frx — BHICOTa HaMOTKH,
KarTywxy; H==h/h..

Hast naxoXenus reMnepaTypanx nosedl I'POMKOTOBOPHTENSIX He-
00XOAMMO pellieHHe ypaBHeHHs TCIIIONpOBOAROCTH:

cpOTOT=Ay T+ W (2.8}

(roe A — koadubHuIHERT TENJONPOBOAHOCTI, €-— Veldblad Ten.1oen-
KOCTh, W — yResibHas VOIMHOCTL HCTOYHHKa Temld, p-— m10THOCTD)
B TCOMETPDHHYECKH CJhOXKHBIX 00MaCTHX, OIMMCHIBATOONIX KOH(Iyp anme
Mar#iiTHOH Lenn rpoMkeropophrens (puc. 2.1). Jlns pellieBlis rakHX
3aJla4 HCNOJAB3YWT Pasduylibie YHCICHHbIE MeTOIb,

B npouecce paspaborku FPOMKOTOBOPHTEJEH BeAVTCA 1OMCKH pas-
JIBTHHX CNOCOOOB TIOBMLIEHHSI TEPMOCTONKOCTH HX OCHOBHEIX -neMer-
108 [2.19]: 32 cueT HCiOAB3OBaHMA TEPMOCTOHKMX MaTepHaNOR naf
KApKaCOB 3BYKOBHIX KaTyIlek (HOAHHMHIUON naenxy, MdTepHaJoB TH-
na Nomex, anwMHHHeBoll Qosbrn u T, {.); CORLMANLHEY KAGER U AO-
KpBITIH Nl HPOBONOB; yBE/IHUCHUS TENN00TBOLA OF 3BYKOBO# waTyLl-
Kii H XKepHa (rensoBbie TpvOKH, PANLHATOPH, MAarHHTHBIE MHAKOCTH U
T. 1.}). BCe 3TH cnocobul OpHBeH g MONBIEHMO HOBEIX MOIIHBIX [POM*
KOT'OBOPHTENCH, BHACPKUBAICIINY TENNORbe neperpyaki 1o 150 ... 2005,
4TO TIO3BONAET BOCHPOM3BOJMTL Yepes HHX MYS3BbIKAJIBHEIE J[pOT'p i MMES
C THKOBLIMH ypoBHAMH o 115 .. 125 5B,

14



http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

Heapueiinble NCKAKEeHUs

B coBpemenupix AC  HOCTHIHYTH HeJWHEHHBIE HCKAaXKeHHA B
obnact wactor go 1 kI'n nopszka 1%, B obnacty yactoT Bhille 1 Kl
ppumepko 0,5%. Ecrectrenno, uto ofecnieneHye Takux HelIHHERHEIX uC-
gaxkeHrH noTpeCoBaJQ geTaNbHOI0 HCCACHOBAHHA NPHYHH MX BO3HHK-
HOBEHHs, MpeIe BCero B IPOMKOIOBOPHTEASX (KOTOPHE H HBAAIOTCH
OCHOBHLIM HX HCTOYHHKOV B AC).

OcHOBHBIE BHAB HeMHHEHHLIX HCKaiKeHRH, BO3HHKawOLine B IDOM-

KOFOBOPHTEIRY, MOryT OBTH KJaccH(piLUHPOBaHL! ClexyiOmHM obpa-
som [2.21]: 1) rapMoHMYeckHe HH3-
WHX BOPALKOB (BTOPOrO, TPETHEro), |
2) cybrapmonvueckne H - xomOu- ||
yalHOHHLIe cyOrapMOHHYeckHe; 3) 1‘ |1| |
FapMOHMYeCKHe BBICIIHX HOPHIKOR; ”l[n !m, I
4) HHTEPMOAYJALUOHHBIE K YaCTOT- fpf2 F, 21 3
HO-MOZyiHpUBaHpbie (32 cuer sppex- 7w~ "7~ T &
ta Jlonaepa).

CyMMapaLil CHEKTp HCKa¥eHHO- Puc. 28, CyMmapupii crextp e
ro CHrHaga Jjast  JAUHaMPYeCKOro T —
FPOMKOrOBOpHTENSH HpPH BO30OY»KIeHHH
€rG CHHYCOHIAZbIBIA CHPHANOM MOXKET MMeThL BHJ, HpeAcTaBleHHbLR
Ha puc. 2.8

OcCHOBHLIMY TIPHYHHAMH ‘BO3HHKI OBEHHS 'BCEX BHIAOB MCKAXKeHHH fiB-
JRIOTCR HeJHHelHbe KonebaresbHble NMPOLECCLI B INEeMEHTAX TI0IBHIK-
HOIT cvcTeMBl (mogBecax, nHaparnmax, miafifax, XKOnanaukax ¥ T. I.)
H B y3Ne «8BYKORafl KaTyliKka — MarHHTHas cdemb», OcTaHOBYMCSH CHa-
yasa Ha NPHYHHAX BO3HWUKHOBCHHS H MeTORAax pacvera BHILIENEDEUHC-
JENHBIX BHJOB HEJIHHEHHLIX HCKAXeHHIl B 3/IeMEHTaxX HOABMIKHOMN Ch-
CTeMbl TPOMKOTOBOPHTE/H.

Tapmornuseckue uckasiceHus 8TOpO2O-TPETHEZD NOPACKO8 H3MEePSIOT
1o metonHke TOCT 16122—78 u olleRMBaOT ¢ HOMOWLIO KROSGDOHLH-
eHTOB Ko H k3 (ra. 1). OcHoBHOH NpUYHHOR HCKayeHHH 3TOTO THOA
ABJISETCS HeNHHeiIHOCTh YNPYITHX XapPaKTEePHCTHK NOABHIKHON CHCTEME
(HHepLHOHHa® M JHCCHNATHBHAS HEeNHHEMHOCTh HIPAIOT CYUIECTBEHHO
Meukllylo posb). Iloayuurs TOUHOe pelnenHe HeNHHeHHON 3aaud nJif
00os104eK TaKot CIAOKHOH KOHPITypalutH, Kak HOgBHIKHAS CHCTEMa, No-
Ka He YJaeTCsl jgaxe UHCACHHLIMH METONaMH H3-32 HEAOCTATOUHOCTH
GricTpoieiicTBHs H o6beMa maMsiTh coBpeMexinrx IBM. Oxnaxo rap-
MOUMIECKHE HOKAXKEHHS B TPOMKOTOBOPHTENAX OCOBEHHO BeJNHKM B 00-
JdCTH €ro OCHOBHOTO pESDH&HCﬂ, rae 3ajgaua pacdera 3THX HCK axkeHH
CYLIECTREMHO YHpPOII2eTCH: TaK Kak Konebanun pHQdy3opa HOCHAT
NOPIIHEBON XapakTep, ofllas HEJHHEHHOCTL OHPeleNsieTCH TONbKO
HeNMHEHKOCTLIO YODPYTHX XapaKTePHCTHK ero nogBecoB M 1uaib. Pe-
3yALTATH pacyeta Ha IBM nas pasaHYHBIX KOHCTPYKUHE TPOMKOIo-
BOopuTenelh [2.22], a Takxke MHOrCUMCNEHHBIE WCCNENOBAHHR HelHueii-
HLIX XapaKTepPHCTHK TOQPHPOBAHHHIX OOOJNOYEK pA3JIHYHLIX KOH(HIY-
Pauwit [2.23] no3sonHAH YCT@HOBHTL BJAHSHHE KOHCTPYKTHBHLIX B (-
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${€THHEHHBIX HCKAMKEHHH TPOMKOIOBOpHTENeli B OBJACTH HHU3KHX Y oy

@ Ny -
J0c;-1rad

1KO-MEXaHHIECKHX M4paMeTPOB NOJBECOB KA XapaKkTep M YPpOBC

c¢707. CTpeMyeHHe CHM3UTL 3T0OT YPOBEHbh M 34CTaBjfieT HOCTOSHHO Co-
BEPIIEHCTBOBATh TEXHOJOIHI0 H3TOTOBNEHHS H KOHCTPYKUHH rodpn-
POBaHHBIX NIOJBECOB H 1Hafif.

B oGnacTd cpelHHX B BHCOKHX YACTOT OCHOBHOE BJIHAHHE Ha ypo-
BeHbh HCKaXKeHMH OKasnlBalOT VIPyrHe xapaKTepHCTHKH nH((Y30POE.
DKCIIEPUMEHTANbHBIE HCCIEJOBAHHA NOKa3ajH, YTO KOHCTPYKTHBHHE
MEepPBI, HANPABMEHHBIE HA YBeJHYEHHE HX KECTKOCTH H MJAOTHOCTH
'(yBe/Muen¥ie KPHBH3EB O06pasyiomed, BHOOp ONTHMANBHOLO 3aKOHA
pacrnpefienenus TOMIMHL BRONL 00pasyiomeii, TpyMeHerie pedep xe-
CTKOCTH H T. JI.) NPHBOAAT K CHIMKEHWIO YpOBHS HenlHefiHblX HCKaKe-
HHHl B 3TO0R ofstacty yactort.

Cybeapmoruseckue UCKANEHUA BOIHHKAOT B OCHOBHOM H3-34 I
paMeTpugecknx konefauuf puadparmp  (Uan  «moTepw  miiHAMEYE-
ckolt yerofuueoctHy [2.25]). Kax yxe €nno nokasamo, mdgdysop
TPOMKOIOBODHTENS NpeacTaBisieT coBOH TONKYI ynpyryw oBonouxy
BpallenHs, HA KOTOPYKX REUCTBYET BLINYKIAIOMAs cHMIla cO CTOROHE
BBYKOBOH KaTyliKH, HamlpapJeHnas BAONe OcH (cM. puc. 2.4). Ecnu
Pa3JOXHTE 3Ty CHIY HA JIBe COCTABJAIONINE: TONEPEUHYI0, HATPaBJeH-
HyIo NEPeHIUKyNsapro K obpasyomed aubdysopa, n NPOAOJIBHYIO, ~—
TO NONEPEUHAs COCTABMAKIL A BEIHYKAAIOUEH CHIN BHALIBACT HACHG-
Hple KOJIeOaHHR B fiiad)parMe ¢ uactoroli fo, a NpOAoJbHAd COCTAB-
JAOWAR TMPHBOLKT K MEPHOIHYECKOMY CXKATHIO — PACTHKEHHIO BAOMD
ofpasyiomefi. [Tpi onpesiesieHHOM 3HAYEHHH IIPOZONBHON COCT aBJIsI0-
el BHHYKAAOMER CUMB, HA3LIBAEMOL «KPHTHYECKOR», H 3HaueHHH
€e JaCTOTH fxp (TIPHMEPHO paBHOK VIBOEHHOI PE30HAHCHOH YacTOTe
PipQysopa) TPOUCXOANT SBJCHHE «HOTepH AuHAMHYECKOH  yeToldu-
BOCTH», 4TO TIPHBORHT K DOABJAEHHIO M3THOHBIX KOMeGanMil ¢ 9acTOTON
(1/n)fo. OcumanorpamMmma Taxoro NapaMeTpHIecKoro KonefaHEs no-
KazaHa Ha pHe, 29,0 M3 wee BHpHO, uTo Ha koneGanng OCHOBHOIO
TOHa € YacToTol fo HakNaguBaTCR KONeGALMS ¢ YaCTOTON fol2 (u10
Ha CiyX BOCIPMHHMAETCS KAK <NpusByK»). Jlnn TPOMKOTGBOpHTe eH,
NpiMensieMux B amtapatype Hi—Fi, ymespmenye «IIPH3BYKOB® Ype-
8BBHIYAHHO aKTyanbuo. TeoperHueckoe u IKCUEPHMEHTAIBHGE  [CC.Ie-
ACBAHHME papaMeTpuueckux koneGaHmi RnadparM I'POMKOIOBOPHTE-
Jiel BRInoNpeno 8 paborax [2.24], [2.25]).

Hns xaxpoii oonouky TCOPETHIECKH BO3MOXHO CYLIeCTBOBAHKE
HECKONBKHX OfaacTeil «IOTEPH pHHaMMUYEcCKOf VCTOHYHBOCTHY, OAHA-
KO 3KCIEPHMEHTANbHbIE HeCTeIoBAHMS | 2.25] Ha GombuioM ukcne TpOM-
KOTOBOpHTENEH NOKa3asH, 410 HaHGOIBLIYIO BEPOATHOCTL MHOSIBJICHHA
CABIUHMBIX NpH3BYKOB HMEET MEPBAs YaCToTHAS OGMACTh TOTEPH fIu-
HaMUTECKOH YCTGHYMBOCTH, KOTODPast MpuGiMKEHHG ONpeReNsieTcs Kak

-

6—_': 2£Upe.3 l"rri__es

TUE pe; — TICPBASI PE3OHAHCHAS YarcToTa aHadparMe, e=0,5FfF, p,
Fy — npopionbuas COCTABMAOMAR BLHYXAAOMEN CHIE, F, kp — Xa-

PaKTepHas nJI RAHHOIO BUAa Avadparvel «KpHTHYECKa sy Harpysxa
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P (onpelleNseTCs €€ KOMCTPYKTHBHHIMH H QusHKO-MEXZHHYECKHMH [N
pamm*paszﬂ}. _

C yBeJIHYEHHEM NPHICKeHHOH HATPY3KM IMpHH2 OONaCTH AnHa-
MESECKoR HEVCTOHUHBOCTH BOSPACTALT, HPH NOIXOAE K YACTOTHOH Tpa-
quie OBHACTH  HAPOICXONHT MIFTEHCHBHOE HAPACTAHWE aMTIIHTYARL 118~
paMEeTPHYECKHX KoNeGaunh M 3areM peskHil cpue (puc. 2.9,6). Tlpu

”3535/ ‘é‘r )
a1t nf‘
f 7\
i 4
465} £ %
H }1 Puc. 28 Ocunorpavma  1mapa-
QU2 . ' meTpugeckux koneGanmit {a)  w
TR 3ABHCHMOCTE  SMININTYAR  Hapa-
#BG FGH0T FHD F iy METPHYECKEX Koxebamul o7 -
& erore (6)

AgnLHeRIlen YBOAMUeHUH HONBQMPMOIC E TPOMECTOBOpPHTENC Hanps-
HEHHR MOKET HACTYOHTD pexunm Ouennll, urto B wacToTHON olmacty co-
CTBCTCTBYET TIORBJACHHEK OOKOBBIX HONOC BOEPYT OCHOBHOH 9acTOTH U
CyGrapMOHHUECKHX cocTapmmomus (puc. 2.8). Takofl Bupy kodeGauni
CYyOBEKTHBHG BOCTPHIIEMEETCH KaK «apebesrs. JAS TOBHINEHHE YpOB-
H#i KPHTHYCCKHAX HArPy30K, & CAENOBATENBIO, H CHHYKEHHS BEpPOSTHO-
CTH NOABAEHHSN UapaMeTPHYECKNX KoneGawuni npx CGonpliAx MOLIO-
CTHX, HPHHUHMEIOT CHENHANBHHE KOMCTPYKTHBHHE MEDH, HEHPaBAeH-
Hii€ #a HOBLILTEHHE JMeCTKOCTH AZHaparMel ¥ CHBHI CHEKTpd € pe-
SOHAHCHBIX 4acTOT B BLHICOKOYACTOTHYI0 O0NacTh, @ TAKXKe PasluiHbLe
MeTolNbl yBEJAHYewun pesmiuduporaEwsi B nofsecax n puddysopax,
Fapuonuseckue ucrkamcenus swicokux nopsdxos (nfo) —HpH BEO3-
OYAEHHR T'DOMKOrOBOpPYTENsS TOMAJBHEIM CHIHZIOM B HSJIYIZENMOM
CIIEKTPE MOTYT NIPHCYTCTBOBATH T@PMOUHKH BHOUINX DOPALKOB (#1::=5)
(puc. 2.8). Kak yme 0TMEuat0ch, UYBCTBHTEALHOCTL CHYXE K TApMO-
HUKaM BHICIHHX TNIOPAAKOE B HECKONBLKC pas Honpie, YeM K rapMosy-
Kam wHSWHX (n=2, 3), nosTomy DpHCYTCTEHE TapMOHHK C ng2b, na-
Xe ¢ weCOoNBIIHM YDOBHEM, BOCHDHHHMAeTCsi Kak «noMmexas. Ecy
YPOBHY 3ITHX TapMOHHK HE YOWBZIOT ¢ BOSpAcT@HHEM HI HOMEpa. 1o
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¢';OLEKTHBHO 3TO BCCNPHHMMaeTCH Kag «ipefears (UTO CAYKHT NpRE L
unnofi 3abpakoBanus rpoMKoroBopureneft B cootBerctBuH ¢ ['OCT
16122—78). OcuHoBHON NPHUHHON €T0 MOABMEHHS CJIyXKaT MeXaHHYe-
ckHe federThl nipd cOOpKe M H3roToBjeHHH jeta’iefl. CHEKTP POMKO-
TOBOPDHTENA MpH Haiuyhm ApeBe3ra poKaszaH Ha puc. 2.8. IToT BHj
HCK2XKEeHHU ¢ TPYAOM NOALAETCH @HalHTHYCCKOMY OIHCAHHIO, OjiMa-
KO 3KCHepHMeHTaJbHBIE HMCCMEJOBAaHHS NO3BOJHMAH paspaboratk 06b-
EKTHBHHE MeTOJH Paciio3nabanus upebesra [2.26].

HurepmoOyrayuonnvie u wacToTHO-MoOYauposatinele  (3¢gexrt
Honsepa) uckamenus oTHENPHEIX TPOMKOTOBOpPHTENEH OLEHHBAIOT
OORIYHO 11O MeTOjiHKe, onHcaHuofl B ri. 1. Bce KOHCTpYKTHBHHE H
TEXHO/OrHYECKHE MepH, HaDpaBlieHHHE Ha IOBHIUERHEe IKECTKOCTH
HIH AeMDQHPOBAHHA B TOIBHXHBIX CHCTEMAX, NPHBOAAT TaKXe H K
CHHKEHHIO MHTEPMOAYJNAUHOHHHYX HCKaXXEHHl, Tak KaK NPHYHHON HX
DOSIBJICHYS CAYXKHT Ta K€ aMIJINTYAHas HEJHReHHOCTh VAPYTHX Xa-
PAKTEPHCTHK NOABHXKHBIX CHCTEM, UTO M AJA APYTHX BHAOB HCK aXKeHH.

HacTOTHO-MOAYNHPOBAHHEE UCKAXKEHHS (UM) B nanyuatensx, oby-
crnoBiennble adektom [Homnepa, MOryT [OCTHTATh 3HAUHTENIbHBIX
ypoBHeHl pnsi LIHPOKOIONOCHEIX TPOMKOFOBOPHTENeH ¢ GOABIION aM-
TIHTYAOH CMemEeHUst Ha HHIXHHX YACTOTaX, YTO MOXKHO OLEHHTL IO
¢opmyie, nonyyenrol B pabore [2.27]:

DF =0,033w, f,,

Tle @) — cMelenre AHadparMel Ha MOAYJAHpyIOIeil (rH3KOH) YacTo-
Te; fo—Mollynupyemas (BmCOKan) uactora, DF -~ KOpeHb KBaiparT-
BBl H3 OTHOLIEHNs; MOLIHOCTH GOKOBEIX T0JIoC B cmekTpe UM KoueBa-
HHs K OO1el MOIHOCTH H3MYYZaEeMOrc CHTHaja Ha YacToTe fa.

Oprakro, Kak GBUIC moOKasaHo, CNeKTp KOoMOHHEIHOMHLIX COCTaB-
JAIOILHX, BOSHHKAIOIMHX 32 cueT agekta Honaepa, npakTuieckn cos-
MaZa€t CO CHERTPOM HHTEPMOAYJAIHOHHBK WcKaxkeuti. Tostomy nns
OUEHKH HCKaxeuri Jlonnepa B IPOMKOTOBODHTENSIX TAKIKE HOMOIh-
SYeTC:1 METOMKA H3MEPERHE OTHOCHTENBHON WYacTOTHOH JeRHALHH.
OcHoBHBIE MEPHl CHHXKEHHS STOTO BHa UCKZMKEHM{ COCTOST B HCTOJIb-
30BAHHH TpOMEOroBoputeNel 8 AC B orpamuuenmoM aHanasome qa-
CTOT, CHMXKEHHH aMINIMTYA CMelllEHHS M2 9acCTOTE OCHOBHOTQ pe3oHan-
Ca, Hcnonme3oBainn HY, CY u BY ronoeox B H30JHPOBAHHHIX KOPHY-
cax H T. [

Bcee Bnenepeuncnennne BHAL HeMHHelHLIX HeKaKewms obycnos-
JHBAIOTCH HENMHEHHOCTHIO KoNebaTelibHbix TIPONECCOR B THOABH ¥KHOH
CHCTEMe TPOMKOToBOpHTeNs. OnHAaKO g TPOMKCTOBOPHTENSIX HMEeTCs
CIlE ONMH y3eJ. <3BYKOBafl KaTYIUKA — MaPHUTHAS LeIb», KOTOPHIH
TaKKe SBNACTCH HCTOUHHKOM HEMHHENHLIX HCKaXXeHHH, BO3HHUKAION[HX
B TIpOUECCe SJMEKTPOMeXauHuecKoro npeofpazoranss aveprun. Kak
H3BECTHO, :ME€XaWHUecKas cuna F, AeHcTRYIOMAn Ha NOABHIMHMYIO CH-
CTeMYy CO CTOPOHH 3BYKOBOII KaTyllIKH, CBA3aHa C TOKOM J IpoTeKa-
IOILHM Hepe3 Hee, CNeAYIOILHM COOTHOIIEH Hem: '

F=1Bl1],
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Y B — HHAYKUHMS B 3a30pe MarHuTHOH Uenn, [ — AJMHa IpOBONHHKS, Q@

| — CENa TCKa B 3BYKOBOH KaTyIUKE.
Crsiab CHJbl TOKa C TPUJIOKEHHHIM K TI'DOMKOTOBOPHTENIO Hanpi-

FKERHUEM U/ onucoiBaeTcs CreiyoulHM ﬂHQ)@EpEHU,H&JIbeIM Yp4BHE-
pueM:

8

U =RI 4+ Ldl/di -+ Bldwjdi,
e R —CyMMa akTHBRHX CONPOTHMBIIEHHH KaTylIRY H BBIXOIMOrO CO-
IPOTHBJEHHR YCHJATENS:; L — HEOYKTHBHOCTDH 3BYKOBOH KaTYLUKH;
1 — CMEII€nHe 3BYKOBOH KaTyUIKH.

Hesyneiiiblie HCKAXKERHS, BO3HHKA-
jolIlil€ B HPOLECCE 3JEKTpOMeXaHiye- N
CKOTO Hpeot pasoBalyst B FPOMKOT OBO- >
PHIENAX, ONpENENAIOTCH HeNHHEeHHOH -
33aBHCHMOCTRIO CUJK F OT HpHIOXKeH- /

HOrG 3.JeKTpuueckoro Hanpsixkenns U.

XapakTep 3TOH 3aBHCHMOCTH OHpene-

JSICTCS CheAVIOUIHMH OCHOBHLIMH HPH-

gHHAMM: DPE3yNLTATL H3MEpeHHS MH-  pp. 210, Pacnpenesedye WH-
JYKIHH B B MaruuTHOl nenH nOKasbl- JYKIHH B Sa3ope

B4IOT, YTO OHa pacipejeseqa B 3a30pe

HepaBHOMEPHO ¥ HechMmerpuuHo (pHc. 2.10). [1pu cMelIeHKy 3BYKOBOH
KaTVIIKY BBEPX M BHH3 MeMSETCR FANOTHOCTh MarHWTHOTO nOTCRa M
COOTBETCTRERHO BEeaHuMHa F OKA3HIBAE€TCH HENHHERHOH QYHKLREH
cyvemeunsi. BnusiHHe HepaBHOMEPHOCTH M HECHMMETPHUYHOCTH paclipe-
jenenyst B Ha HelnHEeRHbe HCKaXKeHHA B FPOMKOFOBOPHTENsX C pas-
AHYHOJ CTENEHbIY H[pHONMIKeHHst paccMaTpyBaloCh B Paie pabor
[2.30]. Onuako TONBKO 33 HoOCHeAdHe FOJHW Hauany Co3AaBaThCH Me-
TONHKH UHCIEHHOIO pacyera Ha IBM pacnpenenenysl MATHHTHBIX HO-
Neft B pa3nHuHLIX KOHCTPYKUMSX MarHHTHBIX penel d O6yCNOBNIEHHHX
sTuN HeNUHeHpbpx Hcekaxkenuil, Takpe MerOJAHMKH HaloT BO3MOMKHOCTD
PACCUMTATL BAMSIHHE KOH(GHIypauyy MarRMTHON MENH Ha paclipelené-
HHe MaCHHTHOR WHAYK(HY B B Helt M OueHMTh KOIpruHEeHT HequHed-
Heix nekaxenndt (KHW), ob6ycnoBneHHbIX 3THM pachipeleNeHHeM. Pac-
YeTh HOKA3HLIBAIOT, YTO HECHMMeTpPHUHOCTL pacnpegenenus B B 3a30-
Pe BIWAET HA BENHUHHY BTOPOH rpavoHHKH, a HEOZHOPOAHOCTH —
Tpetbe. C (edbi0 CHMMETPH3allun paclipeseneBus B B 3a3ope B COB-
PeVEeHRHX KOHCTPYKLHSIX TPOMKOTOBOpHTENEH HCHONb3YHOT CIELHaNb-
Hhe KoM(Mrypauuy kepHoB ¥ ¢nawnes (pHc. 2.11), mpuHMMAXT Me-
PE O ONTHMH3AIIMY BHCOTH HaMOTKHM 3BYKOBBIX Karyulek ¥ T. A. B
HU3KOY4ACTOTHRX I'DOMKOTOBOPHTENSX OOLIYHO MCHONB3YIOT BBICOTY
HalNOTKH i, MpHMEPHO B 2 .. 3 pa3a NPEBBHIUAIOMYI0 BHCOTY 3a30pa,
Y10 Tak¥kKe nosponsieT yMenblIHTh KHI, olyc/oBneHHBIf HECHMMET-
PHYHOCTBIO B HEOIHOPOAHOCTLIO pactipelleneHys B.

Fne,qyromeﬁ NPHYMHOH HEeNVWHEHHHIX WCKAJKEHWH CNyXHT HepeMeH-
HEfl MArYMTHHI TOTOK, KOTOPBI BO3HHKAeT HPH TICABEAeHHH K KaTy-
IIKe mepeMEeHHOro Hanpsixkenus. Kak nokalzany pacyeTh nepeMeHHO-
IO NOTOKa, BBLUMIOJHEHHBIE UHCNEHHHMM MeTolamH B paGore [2.28],
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& .HopHag yacTh erg pacrpejensercs B GiM3NexallHXx K KaTyliKe uQg

BSCTAX TEHTPANbHOTO TONIOCHOTO HAKOHEUHWKA H BepXHero (uaHia

Kag uspecTHO, HENHHEHHEBe HCKaXKEHHMs BO3HMKAIOT K3-38 TOTO, HTQ
NpH BO3NEHCTBHH TIEPEMEHHBM MaTHUTHHIM JIOTOKOM Ha HaMarHM4Yen-
Huifi HOCTORHHBM NMoyeM (GeppoMarHMTHR MaTepHall, MarHHUTHOE Cq-
CTOSIHHE 9TOTO MaTepHania MaMeHSIeTCst He 110 OCHOBHON KPHBOH Hamar-
gmgnBauns I ma puc. 2.12, a no vacteoll newle rmeTepesnca 2 Ha

—

Puc. 2.11. Bapnan
TH  KOMCTPYKIHM
MA) HWTBHX Lenel

TOM K€ PHCYHKE, dIpH STOM HalpfKeHHOCTh NEPEMEHNIOF0 MArHHTHOT
oMK, a CJIeAoBaTeJbHO H TOK, NPOTEKIMIIKH uepes 3BYKOBYIO KaTyil
Ky, NpHOOPET2IOT WCKaenHylo (opMmy. KpoMe TOTo, cyuiecTBEHHOE
BIAHSIUME Ha BO3HUKHOBEHIE HCKaiKeHull OKasmBaeT HEyCTOHYHROCTH
MPOCTP2HCTBEHWOT O TMOJIOKEHHST KOHTYp2 BHXPEBLIX TOKOB B KepHE
BO3HHKAIOINHX 33 CUET J1ePeMeHHOra
g} nong. Bansinue nepeMeHHOro MarHHT-
HOTO TOTOK 2 Ha o01uMi ypoBeln Hesk-
- HeHHHX HCKamEeHHMH HCCASHOBAJI0CH B
be . %‘ pabote [2.29]. B obinyio HenuHeiHHYIO
33BHCHMOCTE CHJII TOKA OT HANpsiKe-
HHSL, BHipaKeHIYI0 ypasHehveM (2.8),
CBOT BKN34 BHOCHT H 3gBHCHMOCTL WHA
AYKTHBHOCTE [ OT cveinedHs KaTylk
KH: B OAPMH ROJynepHoa Ko.e6annf
_ 3BYKOBas harylUKa <lajgpalaercsi» HA
Hos H xepH {HHAYKTHBHOCTEL pacTeT), B APy~
Puc. 212, @ rOM — BBHIXOAHT 32 €ro npexeny (HH
BHC( H) mpm Ha"fﬂ‘fi " ii;gﬂéﬁﬁgg AYKTHBHOCTL najaeT). na MoOmHBIX
MALHITRONO [IOTORS HH3KOUBCTOTHHX [POMKOroBopHrenel,
rje aMnaHuTyna cMenmeHHs MOoXKeT 10
ctyrate 10.. 15 MM, BAHAHWE 3TOH 32BMCHMOCTH Ha ofmuil ypoBeHb
HEJIMHENHBIX MCKasKeHHH MOKeT OnTh ZOBOJALHO 3HaunTeabhuiM. Kpo-
M€ BIHSIHME H2 JIMHeHHHIE HCKajKeHUs, B NEPBYI0 QUepear Ha HHTePMO-
20
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@ ) uECHtble, 34 C9ET H3MEHeHHs L yBeNNUMBAIOTCA W Nepexolr

L90c ;1120
-

Pl okenksi, TaKk KaK CKOPOCTH HapaCTaHs HMUYJbCa B KPaHWCRE
pEIKHEM FOJIOXKeHKH H B KpaHHEM BEPXHEM OTIITYAeTCH Gosee ueM
g 2 pasa [230]. )

B MoIuHBX TPOMKOTOBOPHTE/SIX CORPOTHBJIERHE R (MepBmil UJjeH
g ypaBHeHHH (2.8)) Takike MOMET YBEJHHBATH HEeJHHEHHDIE HCKAaXe-
ghst, TaK KaK OpH OOJNBLIKX MOILUHOCTAX NpPOHCXOLHMT SHAUHTE/JLHOE
OBHIIEHHE TeMNEPaTypbl 3BYKOBOR KATYUIKH M CONPOTHBJCHNE R pa-
cTeT, KaK QyHKIHMS TOKa.

Fuie o/lHOf BpHYHHOH, BH3HBAMINEH HelgHelRnble ACKaXKEeHRA, Cay-
suT CHIA NPHTAMKEHHS, BOSHHKaWIas MEXAy 3BYKOBOH KaTyLWKCl H
yariutonpoeonoM. Kak nokasawo B paGote [2.30}, sTa cHua Fi=
=1/412 (dL[dw) (1-}-cos 20f) BHI3HIBaeT MOBNEHHE BTOPOH rapMoOHH-
gH B CNEKTpe BHIHyXKJawlned cuinl F. Bee sTH HCKaXKeHHs H Onpefe-
JSIOT XapakTep HEMHHeHHOM 32BMCHMOCTH MeXauHYeCKOH CHIIB OT IIpH-
JOEEHHOTO HanpRKeHHs,

Jlns yMeHbIUeHHS STHX BHIAOB HCKaXeHHH HCROJB3YIOTCH PassHu-
Hble KOHCTPYKTHBHEIE MEpBl, HanpaBJjeHHble Ha YBeNHYEHUE CONPOTHB-
Jefus MATHHTHOMY HOTCKY H2 Y4acTKax MaTCHHTONpOoBOAA, NpHJera-
WIMHX K KaTyIKe, 108 YErs MPUMEHSIOTCS CJIOHCTHIE JI0MIOCHBIE BCTaB-
KH M3 PasnEYHBIX MATepHAJOB THI@ 3JeKTPOTeXHHUECKOH KpeMHHCTOH
craad H Ap. HauGonee pacnpocTpaHeHHpM chnocoCom sIBJASETCS Npu-
MeHellHe HHAVKTHBHO CBS32HHBIX C KaTYUIKOH KOPOTKO32MKHYTHIX BHT-
koB. B HHX cozpaercss npotuso-IJC, MarnHTHHIE RBOTGK KOTOpOil lia-
npapleH RPOTHBCMGJICIKHO BHI3BBaBIUEMY €€ RepEMEHHOMY TOTOKY
karyiigH. O6LIYHG HCIOMb3YIOT  MeNHHE KONIaykKH  TONIIHHOH
(0,2--0,3) - 10—* M, pacnoNoXKe€HHEC BO BCEH nnHHe kepHa. lleTadqn-
HEH aManH3 BJIHAHHA MEJHOIC KoJmaiyKa Ha MHTEepMOLYASUHOHHbE
ACKA>KeHMs ROKa3al, UTO eT0 NPHMEHEeHHe MO3BONAET YMEHBIIHMTE YPO-
BeHb mesuuelHBX HcKaxenuit na 10.. 12 ab. B psne KoHCTpyKuRH
KOPOTKO3aMKMYTHIF BHTOK HMCHONB3YeTCA B BHjE KOJbLZ, KOTODHIH
pacnosaraloT Ha UEHTPaJbHOM TIONIOCHOM HAKOHEUHHKE, ¥ €ro ocHO-
Bapys, McrnompayoT TaKXe KOHCTPYKUHE MarHHTOHACHILEHHBIX HO-
JIOCHHX HaKOHEUHHKOB, CREeUHasbHBIX MOJIOCHBIX BCT2BOK H3 MarTHH-
To-msirkoro MarepHadia THna Fe—Ni u Ap. Pesynpratn apafnsa pas-
JHIHLIX KOHCTPYKTHBHBIX METOJOB CHHIKEHHS HENHHEHHHX HCKaXKe-
HHEl B MarHHTHBIX LEnsX npHeejeHbl 8 pabote [2.30].

JpyriM weTounHKOM HeIHHEHEIX MCKaXKeHHE MOMET CAYMHTL NeJHHelHas yiI-
P¥rocie samkeyTOro CI0s BO3AYXa B DOAKOMMaykoBoM oObeme. [TostoMy B psife
KOHCIpyKIIMiI IPOMKOTOBOpHTENEN ZEJAIOT OTBEPCTHE B KepHE. DTO CHHIAET HCKA-
HEHHy 33 cyeT NEJHHEHHON YNpyrocTH BO3AYIUHOro o0BEMa, OfHAKO MONET Cly-
mﬁj‘b NpHUNHON MOABACHHA KCKAMKEHWil 3a cYeT 1yMa BO3LYHIHOH CTPYH, BEITEKA0-
el m3 orTsepcTHR. YpPUBEHD HCKAMEHWH 3dBHCHT OT CKOpOCTH cTpyd. Ilpu ckepo-
i ©>5 wm/c s Hekaxewns MoryT OHTL CAHSUNE Ha cnyX. Tlostomy AHaMerp
OT8epcThst puOHpaT gocTaTouro GOnbIIHM (HANpPHMEP, NpH AHAMETPE KepHa 70 m
Auarerp oreepcTng somxen Ourh we Menee 30 MM; zZafbhefilee ysesueHHe Aua-
MeTpa mpHnogHE K NepeHACHILEHH KepHa).
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2.3. OCOBGEHHOCTH KOHCTP¥KLIHH H MATEPHAJIBI
AHHAMMYECKHX NHeOY30PHBIX T'POMKOTIOBOPHTEJIER

Hu3Kkoyaciotuble rpoOMKOrOBOPHTEAH

TpeGoBanua k napaverpam i KaweciBy 3ByuaHia AC KaTeropum
Hi— Fi onpemenuny  HCOOXOLHMOCTL PeUIEHOA Uelolo PAKa HOBHX
KOHCTPYKTHBHBIX M TeXHOJOTHHeCKNX 3aAad LpH NPOEKTHPOBAHHUE
NPUMeHsieMLIX B HHX poMKoropopurteneli. Jlnsg HH3KOYacTOTHHLIX TpOM-
KOrOBOPITeN€H OCHOBHBIMH MOKIO CYHTATL CACAYIOLLIC:

IUAYHTENBHOE VBeJIUEHIIE MOIHOCTHCH 1 TCMICPATYPHOI yCTOR-
YUBOCTH (3aeKrprueckhne MollucctH jo 100 . 200 Bt v remMnepatypu
1o 200°C);

obechiegeillie JTHNEHHOCTH YOPYINK XApPaKTeplCTHE Npi GOMLIOHX,
cvenlennax 40 (1.0..2)-107% M U HH3KHX pPEe3CHAICHLIX 4aCTOTax
14 .. 18 Du;

COXpAHENIIE NOPUIHEBOTO xapaKtepa xodebawid gradparmMel B BO3-
MOKHO Goflee MIHPOKOM f1ana3cHe yactor OpH DOAbLIHX yPOBHSX NOJ-
BOLHMOH MOL{HOCTH 1i T. .

EcrecTBelHo, utc KpoMme 5THX Tpebomapnfi, napaMeTpul 1 KOHCT-
PYKIHH TPOMKOIOBOpMTeneH pO/KHLI YEOBNETBOPATL TpeloBanvuaw
craypapros FOCT 9010—78 u TOCT 11478—75 u pekomenpanngm
M3IK (268—5, 268—14).

CrpeMNeHME pelinTh 3TH CAOKHNE 3afaYH NOTPebOBANO IIPOBe-
REHHH TIONCKOB HCBbIX KOHO)HUrypaluil CCHOBHHIX 3JIeMEHTOR TOABHK-
HOM CHCTEMEI M MATUMTIIGH MNeml, HOBBLIX MaTePHANOB H TEXHONOCHU

Hx USTOTOBNEHHA. Kak ye oTMeuadioch Buie,

— : 7 B o6nacTH HH3KNX YACTOT CYILECTBCHHY IO ]Odb

HEPAKOT KOUCTPYKTHBHLIC 1 (DUSHRO-MCXaliye-

— —— - CKHe napamMerpn! rodpHPOBaAHHLIX TNOABECOBR H

a6, Tlapsiay ¢ Tpaaumi(HOWHBIMY CHEYCOMAIR-

HEINY dopaade [ {piuc. 2.13) B RKoHCTpyKIuiax

7 HH3KOUACTOTHLIX T'POMKOTOBOpHIENell UIHPOKOE

IPIAMEHCHIIe 112l ROABECH TOPOHAAALHOH HOD

AN p MB 2, 3, S-oGpawnoit dopmul 4 v jp. [loasecw 70-

— AN POLANLHOH HOPMEL MOABOJSIIOT obeClieunTy, 6O-

Nee HUIRVIO DPC3CHAHCHYX 4da2cioTy 1 O0Jpuibe

Pue. 2.13. Passwnpe aMILIHTV AbL CMeCLlenlsi, Yem ('][HY(‘OHﬂB.IIhllblfr

KOHCIPYKWH — 00ABe- I05TOMY OHM [NPORO NPIMEISKCH B [OMEUIO-

, mm:g:ﬂ-mw , BODHTENSX XOMUPECCHOHIONO THIA ANS 38k PhITHY.

3 — ropornaaerue, 4— 2C. Hoaesecer S-o0pasiuofi GopMbl NOSBIANCE

S-oGpasnne CPaBHMICNBIO HCAARHO I CTAJH UIHPOKG NpuMe-

HATLCHA B MOILELIX HU3SKOYACTOTHHIX l'pOh1E-'0Tl)BO“

PHTEJSIX, Tak Kak OHH 06eCNieyuBaT OGALIUYI0 CHMMETPHYHOC L VIPY-

FUX XapanTeplicTHK npH Dofiee HI3KOH PEIOHAHCHOH uaCToTe, yeM To-
pPOHAANLHILE,

Pacyer OCIOBNBIX KOHCTPYKTIBHBIN {APAMETPOB — - TNy GHEBL TOQ-
pypoeKu I, tonuiHH Mareprata fi, LIrub soARL Ay gp. 118 poi-
BeCOB PAa3JiHYILIX KOH(HIYPalUUi MOMKET BLINMOJHATHECS 1O MeTCAHKAM,
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JoXenHEM B paGortax [2.31], [2.32]. Hanpamep, paccuntanuas (§-,
PACHMOCTb TIEpBOH pe30HaHCHOR 9acTOTH OT pafHyca KPHBH3HH H2\&.
pH3KouacToTHoro rpomxoroeoputens 100J-1 noka3aHa ma prC. 2.14.
MHHEMANLHOE 3HAYeMMe YACTOTH noAyyuiaoch gpe RB;=06..0,7,
R2=0,35...0,05 cm. Jlns LeHTPpHPYIOIUHX IaHO HP3KOHACTOTHBIX TPOM-
KOroBOpHTesel NPHMEHSIOT B OCHOBHOM roO(QpPHUPOBAaHHHE 3JEMEHTH
CHHYCOHAANBHOH (POpPMH C TNiepeMeHHOH TOGPHPOBKOH HJIH KDaeBLIM
roppom. Hapsny ¢ nomckamu pas-
JUYHBIX BMAOB KOH(MHTypaLui Be-
ayTcd paboTel IO TNOHCKY HOBBIX
MaTEPHAJIOB J1JIf TIOABECOB, K hOTO-
pHIM NpEABABAAIOT TaKue TpeboBa-
Hud, Kak OosbHioe 3aTyxaHue, XO-

TaGanuwa 22

MaTtepuan E. Hjn2 ¥ p;g;:'

Pesvna HO-68 1,56.107 | 0,17 { 1,14 70 1 1 | .
TMenononmnype- y
TaH P 6,65.108f — | 0,289 64 , 88 IR g
Pesuna 4-73 1,81-107 | 0,075, 0,58 145 405 GE5F  Rpom
Pesuua 1847 0,3-10°} 0.11 | 0.9
ﬁ“““"m“““"*‘a 3 1,3-10% ) 0,3 — Puc. 2.14. 3aBRCHMOCTE DPE3CU2RCHON Ua-

POPEIHHEHHBIU CTOTHl OT pPAJHYCOB XPHEM3HHL AN% [OARC-
kanpos_300B £,5.008) — 0,75 T O BV opasion bopia

CTAaTOYHO BHICOKAf ynpyrocth, CTAOHJIBHOCTH BO BPEMEHM, YCTORUH-
BOCTL K KJHMAaTHKO-MeXaHuwiecKuM Bo3feficTBuaM ¥ T. A. B mactos-
Liee BpeMs AJf JIOABeCOB LIHPOKO HCNIONL3YKT pasJfiHyHble PE3HHOBHE
cMecH (B TOM yycne OyTHIOBAR Pe3HHA), TpOPESHHEHHHe TKaHH, nia-
CTH(PHUHPOBAHHEE TONHBHHHAXJOPHAH, NMEHONONHypeTans H T. g, Pu-
3HKO-MeXaHHYeCKHe TQlapaMeTpbl HEKOTOpPHX MaTepHalloB HdaHH B
Tabal. 2.2,

Haisi ueHTpHpywOwux wWaf6 B OCHOBHOM NIPHMEHSIOT TKAHH M3
TPAJHIMOHHBIX XJOMYaTOO¥MaAkHbIX MaTepHANOB (THNA MHTKAJb),
OAZHAKO AJSl MOIIHEBIX T'POMKOTOBODHTENEH HCIONB3YIOT CIelHAalbHbIE
TKAHM: aKpUJIOBHE, Te(PJOHOBHE, TKAHH CO CTCUHAALHO BBELEeHHWMI
MEeTAATHYECKUMH HHTAMH JJf TNOBLIUEHHS TENJOOTROAA OT KAaTyll-
KH 1 T. A,

O6byno pHpOY30pH HHIKOYACTOTHHIX IPOMKOropopsHteseR ume-
0T KouHYeCKYD (opMy ¢ NPpAMOJHHeHHON MM KPHBOAHHEHHON o0pa3v-
rouei,. Bmecte ¢ TeM HeKortopblie (ipMbl, nanpomep Technics (Hno-
BHfl), HAyaJH BbINVCKATh HHSKOYACTOTHHIE [POMKOTOBODHTENH € INIO-
CKMMy prgdy3opamu (pruc. 2.15). OcHOBHEE KOHCTPYKTHEHHIE Napa-
MeTpol (rnyOuHy M, pagHyc KpHUBM3HH R, pacnpenelieMHe TONIHHH K
IAoTtHOCTH 1o obpasyiomedl) PacCYHTHIBAIOT N0 NpPHOIHKEHMOR MeTO-
BuKe ‘[2.3] win TOYHEIMH MeTOofaMH Ha JIBM, ykasannumu B § 2.2,

3HayyTeNblble yCHJIHS pa3pabOoTuHKOB HalpaABJCHE B HACTOALIEE
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¥.x ahdpysopos. [aapnvie TpeGOBaHHS, NPEABABISEMEIE K MATEpL
B iaM  1HBY30POB, — BHCOKHE 3HAUEHHS MORYJs YIPYrocTH E U Ko-
s¢rprpHenTa AeMI(pHPOBaHHS 1), CTA0OHILHOCTL K KJIHMATHRO-MEXaUH-
YeCKHM BO3ZelCTBHSM M cTAOHABHOCTL Bo BpeMeHH, [Touck maTepua-
JIOB H{€T IO CJeAYyIuiMM OCHOBHBIM HAIPABJAEHHSM:

Puc. 2.15. KoucTpvklUus TpOM-
KOrOBOpPHTENs © IUIOCKOl Juaid-
parmoii

Ho,uﬁop Pa3MHYHBIX coveTAaHMH LEeJJKNIO3k C OpPraHHvecKuMH H He-
OpraHHYeCKUMH BOJOKHAMM — YTCABHBLIMM, YIIEPOAHBIME, IOJHAMHI-
HEIMH, GopHbiMH, acGectopuiMu u ap. Haubosee uiHpoxoe pacnpocT-
panenne noayuuau GyMara tuna Carbocon ¢ yriepopHwiMH BOJIOKHA-
Mu. BpejeHHe TAKMX BOJIOKOH IIO3BOJISCT YBENUUHTL MKECTKOCTH B
9 ..3 pasa, COXPaRMB npH 3TOM Ko3ddunuent noreps n=<0,02 3a cuer
[ eJTI0JI03H];

HCTIONB30OBAHHE COTOBHX 'KOHCTPYKUHOHHHX MaTepHAJIOB, B KOTO-
PHX HCHOAb3YIOT COTH M3 MeTAJLIHYeCKOH (oAb, CHHTETHYECKO
{Hanpumep, (peHunoHoBoOl) Oymarmh, NOJHMEPOB, a B KauecTBe apMH-
PVIOIIMX CJOEB — TOHKYID MEeTAJJIMIeCKYI0 (POJbly, CTEKJIONJIACTHKH
# gp. Takve Marepuasihl 06J2Lal0T MaJbiM YHAeJLHBIM BECOM M BoJib-
{i1oM KeCTKOCTDLIY;

CO3LAHNE MHOrocJOiHLX MarepHajoB [tuna bexiren ¢upmu KEF
(Auraus) ], COCTOALIMX U3 CIOEB PASHON KECTKOCTH: HHIKHHI cJIOH 3Ke-
CTKHH, HanpuMep NOJHCTHPOJ, BEpXHHE — MACKUi, HAIPHMED MaacTH-
(GULLUPOBAHHEIH NMOJHBHHHAXJAOPHL. [IpuMeHsIOT M TPEXCIOHHBIE MATe-
PHAJILI: HAPYIKMEIE CJOM M3 TOJM3THIIEHA BHICOKOH INMIOTHOCTH, BHYT-
pennye — Bedenubifi nosnwosedun. Takoe coyeTanHe MaTepHaJoB
obeclieudBaeT NOCTATOUHYIO JKECTKOCTL NpH OojbuioM Ko3(pQHIHEHTE
neMIpUpPOBaAHUA;

TipyMeHeHHe BCIEHEHHBIX MJACTMacC ¥ BCMEHEHHHX MeTauJoB —
noaHoneMUHOR (HaNpHMEpP, MOJMNPONHJEHA), NEHONOJIHCTHPONE, HH-

Ke€Jisl, OKMCH THTaHa | IP.

Tabnuna 2.3
Marepuan E, Hfm® n p-10—3, uTud

bBywmara (auddyvsopuan) {0,3...0,5(-10° } 0,02...0,05) 0,3...0,5
PeHnIIOHOBAs 6}'M§ra 2,78-10° 0,069 0,87
Bymara ima Carbocon < 10° 0,06 0,55
Ionumep-t+rpadut 7,00 108 0,05 1,8
Bymara-+ BMJI 1, 1.10° 0,3 0.9

ABC (nnactug) +IXB 2. 4.100 0,03 1,2
Apmupopannnil onetpun 4,0-100 0.04 0,46
Benenennblit Hukeab 1. 101 0,03 0,30
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¢  DPHIHKO-MCXAHHUECKIC NAPAMETPI HCKOTOPHEX YaCT6 NPHMerQP
MBIX MATEPHAJNOE TpuBeneHsl B Taln. 2.3. '
boanugice BHUMAaHWE [PH TPOEKTHNOBAHHN HH3KOYACTOTHLIX [pOM-
KOrOBOpHTENIEH YyaensieTes KOHCTPYKLHH H MatepualiaM DHJE3atnT-
HOry KOJANAauka, KOTOPHE posmEen obAanath OOILHICH IKECTROCTHIO H
ofecreynpaTL VJYIHIeHHe TerJiocOTBona OT 3BYKOBoH Katymikd, [lo-
3TOMY KOINAYKH HepelKC ULCAAKT ¥U3 MeTaldoR  {(aHOZUpOBAHHOrG
AMIOMHHIIY, THTaHa W Jp.) ¢© pebpaMin  KECTKOCTY, CHeNIIaJbLHBIMY
pafiHaTOPaMH ¥ T. JL

Tpefopanug Kk NOPHIGEsHK TENJOBOH YCTOHYHBOCTH H CHHIKEHIO
HEJIHHEUHBIX HCKAKENUY NPUBeM K CYHICCTECHHBIM HIMEHEHHSM B
KOHCTPYKHMSIX ¥ MarepHadgaXx 3BYKOBLX KATyHIeK HI3KOMACTOTHBIX
rpoMkoroBopureneir. Qupma Onkyo (Hnorus) paspaborana TexHO-
JOPHED MUOroCHIOHHOI HaMOTKH 3SBYKOBHX KaTylIEK IJOCKHM TPOEO-
ZOM, NIPH 3T0M RAOTHOCTH HAMOTKYM yBennuupactes Ha 32%, wro nos-
BOJSET YMEHBUIMTL €0 BHCOTY, PACHOJNOMKHE KATYIUKY B LEHTPE pae-
HOMEpPHOre MArnithHolo notoxa. Jlis ymennwcHus BeOpanufi B Kap-
Kace KarTyIuky Henodb3ylor pemnuHpyooupie norphitig. B Kagectbe
MATCPHAJOB JII8 KapKACOR NPUMEHSIOT CnellHadbHYI TepMOCTOHKYIO
kabenbhylo Oyvary, anomuHneryy Goawry, marepiiaigs Tana Nomex,
TCPMOCTOHKYO KepaMBKY, Jis NOBLIiieHNs TENAOCTOMKOCTH KaTylIEx
HCLOABSYIOT TEPMOCTOIKHE KieH 11 npoBoja (nanpHMe], B NOAHAMHI-
HOY HBOJSIIN) .

CYIHECTBCHELIC H3MOUEHHS 34 NOCHENHHE rOA NPOH3OULAH B
KONCTPYKIMSX MAUHHTHEIX Lenefl MOUHEIX HH3KOUACTOTHHIX rpOMKO-
roeoprtenell [2.30], B HHX HCNOABL3YIOT NPAKTHUYECKH BCE 3NEMEHTL
KOHCTPYKIEM, MO3RCASIOUINE CHH3HTL HEJHHeliHble HCKaXKenusi (CM.
$ 2.2): KOpOTKORaMEHYTHE Me[HHE KOJMa4KH, NOMOCHble BCTAaBKy L3
MATEPHANOB ¢ BHICOKCH NPOHHNAeMOCTHIO, dMIypHule NOJKCHHE Ha-
KoHoyHuky H T, 4. B nogavnsiomeM HOALIINHCTBE KOHCTPYKIMI M-
nonL3yleT deppur-6apyephle  MartHTE {oregecTpeHHbIE MapKH
20DA170, 28PAIB0). [as yayulleHHs TenWOOTBOJA NPHMCHAIT pa-

Pupe, 2.16. Bremmnit puzm  rpomxorosopmrenedi: o — 100TI-1; 6 —20rJ-8.
g— 10T H-43
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Puc. 217. Koncrpyxuns rpoMkoropoputeeis:

€} HNSKOWACTOTHOTO
{f —roneec, 2 — pudhy3op, 3 — xomavok, 4 — hepKatenb, 5 — waiiGa, § —
3BYKOBAA KaTYMKa, 7 — OTBePCTHE B KEPRE, 8§ — HMAKHHD dnaner, 9— MATHHT),

©) CpeRHeYACTOTHOrO

(i— midpyaop, 2 — cetka, 8 — MeDHBIY KONRAYOK, 4 — EePXHHI aagen, 5 — Koxyx, 6 — 3EYKOBA Y
kaTymka, 7 — ByAanLil, § — Liaiita, § — nogeec, [0 — wuxmuit paapen. Jf — Margui, 12 — KepH):

JIMATOPH Ha HHXKHEM ()ilaHile, OTBEPCTHS B KEePHE W T. J. ITpuMenenne
BCEX 3THX KOHCTPYKTHBHLIX M TEXHOJOTHYECKHX Mep IO3BOAMAO CO3-
AaTh LEIbIA PAN HH3KOYACTOTHHX TPOMKOTOBOpPHTeneH, obJiafaiomnx
6onvinol MownocTsio (100 ... 200 BT), Hu3kofl pezonancuofi yactotof
(20 T'n), ManbiMH HelHHefiHLIMY HCKAXKEHHAMY (oxono 1%).

6


http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

. T
L]

L N3
W,
I

}

2

Ry
|

e L~ Y
f 1
~
N
NN
AR
\\'_\\\

\\\
A
I o
AN

N

l—)-h-

8) BHCOKOYaCTOTHOTO

I — auddyzop. 2 — spykonornowaiyit MaTephan, 3 — Menpwil ROITIAYOK, 4 — HOHLeNTpaTop:,
5 — pepxnnf draven, 6 — MaruwT, 7 — kepd, 8 — nuxiaflt duanell, 9 — HexopaTHBHAR KpBILKA)

Buewnnii BAO, OCMOBHLIE 3JEMEHTH KOHCTPYKIHH H WYACTOTHAS
XapakTepHCTHKA  MOLIHOrO HH3KOYACTOTHOTO TI'pPOMKOTOBOPHTEJS
100I' O-1 nanw wa puc. 2.16,0, 2.17,a, 2.18,4.

CpenHeyacToTHbIE TPOMKOFOBOPHTENH

K cpenneyacTtoTHEIM rpOMKoroBopuTesnisM, HCIONbL3yeMbiM 5 AC
Kareropun Hi—Fi, Takxe npeapspagiorcs Tpe6OBaHHf K MNOBHImIE-
HII0 MOLIHOCTH, TEMIIEPATYpPHON YCTOHYHBOCTH, YMEHLIUEHHED JHHel-
HbIX H HeJHHEHHBIX HCKaXeHHE 10 yposHefi, GJHSKHX K CYGBEKTHB-
HEIM noporaM H T. L.

B coBpementnix AC B OCHOBHOM HCIONBIYIOT CPENHENACTOTHHIE
b7
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TPOMKOrOBODHTEAH € ABYMA THOAMH EHAQPArMbi — KOHYyCHHIE M KYy-
ponnuple. OCHOBHEE 3JIeMEHTH M TPHHOKIB NOCTPOEHHS KOHYCHBIX
cpenneyactOTHLIX T'DOMKOrOBOpDHTENEH TaKHE 3Ke, KaK M KOMYCHEIX
WH3KOUACTOTHEX, OLHAKO B TPOLECCE WX KOHCTPYHpOBaHHs OoJbIIOE
BHUMaHMe yaeJsieTcsi BbIOOPY KpUBH3HB oOpasylomeil, 3akoHy pac-
Mpemesienns TOAUIHEE ¥ TOTHOCTN BROAL OOpasylouiel, xoupurypa-
OuEH KOJIIayKa ¥ 7. 1. B KOHCTPYKIUHH KyNOJBHBIX CPEIHeYACTOTHHIX
TPOMKOroBOpHTENIEH B KayeCtTBe HIJyHAKIIEro sjeMeHTa HCHOMAb3Y-
10T guadparMy KynonooGpaszuok ¢opmu (puc. 2.17,6}, a takxke rod-
pHPOBaHHLIH TOLBEC, LEHTPRPYIOIYIO waHby ¥ 3BYKOBYIO Kafyuiky.

PacueT 371eMEHTOB IIOEBHIKHON CHCTEMH OCYIHECTBJAAETCA TG METO-
muxaM § 2.2, OcuoBHEIME NapaMetpaMH, BapbHpyeMBIME B NpOLECCE
paspaboTKH, fABJAAITCS: KPHBH3Ha KyNOJa, PACHpEfesCHHE €rc voJ-
IMHHH ¥ TWIOTHOCTH, ¢opMma roppHPOBRH noaeeca ¥ 1. L. K ocoben-
HOCTAM KOHCTPYRINHE KYNOJBHEX CPERHEYACTOTHBIX rpOMKOTOBOPHTE-
Jel MOMKHO OTHECTH NpHMeHEHHE 3BYKOBHX KaTylileK ¢ MEHBUIHM pgH-
amerpoM, Yem y kynoaa (puc. 2.17,6), ure noO3BOJAET OOGECHEUHTH
WKPOKHE} AHana30H BOCIPOH3BOAKMMBIX YACTOT H COKPATtHTL AHAMETP
MarHHTHOH ILienH; HCHOJbL3OBAHHE CONpS¥MEeHHLIX KyNONOB, COCTOAIIMX
Hz 060JOYeK pasHoi KPHBH3HLI; NpPWMEHEHHE OTBEPCTHH B HEHTpaJb-
HOf YaCTH KYNOJa, 3aKphTHX peMIDHPYIINEM MaTEpHAaJOM; HaHeCk-
HHe Pa3iHyHLIX TOQPHPOBOK HA KYyNnoJd M Ap.

OcHoBrBE YCHJHg pa3pabOTUHKOB IIPH CO3faHHH CpefHevacTolI-
HEIX KVHOJLHEX rpomxoroBopuTesie ans ammapatypw Hi—Fi na-
NpaBieshl Ha NOHCK HOBHIX MaTepHaJIoB AJs HHX M TEXHOJOTHH HX
H3rOTORNEHHA. JTH MaTEPHAJAL] YCHAOBHO MOXHO pa3fennTh Ha CJik-
AVIOLIKE KATETOPHH!

«mfekues (TKAHK ¢ PasAHUELIMH IPONMTKAMH ¥ HAMa3KaMH)
06nazaws GoabliuM KOIQPHIMERTOM BHYTPEHHHX NOTEPL (YTC CHH-
)KAET HEPABHOMEDHOCTh YACTOTHOIl XapaKTEPHCTHKH), HO JIOBOJIBHO
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§-xonnosurteley (TKAHH H3 YrOJbHBIX BOJICKOH H CMOJBI, L€/
32 C PASUUHBIMH BHICOKOMOJYJIbHBIMH BOJIOKHAMH) COEIHHSIOT Ji
CTOHHCTBA «MSATKHX» MATEDHAJOB, HO HMEIT YBeAHUEHHYIO KECTKOCT,

gTO MO3BOJISIET TPOAJHMTE AHANIA30H NOPLIHEBOTO A€HCTBHSE TPOMKOrO-
popHTEEi;

«HecTkue» (AHOLUPOBAHHBIE AanNIOMUHUE, AJIOMHHHEBas (OJbra,
cI1aBEl ANIOMHMMMS WM OEpHJIHS, aJlIOMHHHS M OOpa H T. 1.} obaapa-
poT 60JbLIOH KECTKOCTLID W CPABHHTENBHO MaJblM YAEJbHBIM BECOM.

DU3HKO-MEXaHHUECKHE IIapaMeTph HEKOTOPHX MaTepHAaJOB, IIpH-
MEHSEMBIX JIJIsl H3rOTOBJEHUS KHa(parM CpeAHeYacTOTHHIX IPOMKOIO-

popRTeseli, ipHBejiensl B Tabu. 2.4.

Tatnuna 2.4

— P
MaTepHan E, Hfm2 Ip;{}.{;Ma | MaTepnaan E. Him? "Klr‘}ua n

AJIOMHHRI 7,4-1019 2,7 | 0,02 || Amomunmiit+
AHOAHPOBAHHBIH 6op 1,07-1014 2.5 | 0,06
aNIOMHRYEH 12,7.-10%]| 2.72 | 0,02 || Amomuamii+
Kamponogast GepHnii 3-1010 | 2,2 —
TKaHb 1,5-108 | 0,57 | 0,065|| Lemmonoaa
CTeKNOTEaHb 6108 | 0,67 | 0,03 || CPA+10% BO-

gogna «xonkop» | 7,8-108 1 0,4 | 0,022

Tomunpomsnen  10,318-108) 0,335 0,3

BuemiyuH BHA H u4aCTOTHAs XapaKTepHCTHKA CpejHeYacTOTHOro
oreyectBenHoro rpoMkoropopurens 30IJ1-8C npuBegeHb Ha PpHC.
2.16,6, 2.17,6, 2.18,0.

BricokoyacTOTHbIE TPOMKOTOBOPHTEJH

Pacmupenue uactotHOro guamasoHa (mo 30..40 xl'u), ysenude-
HHE JMHAMHYECKOTo AHamasona (go 100 ...110 aB) B AC, yBeawyenue
CEKTPaJIbHON IJIOTHOCTH MOLIHOCTH B BEHICOKOYACTOTHOH YaCTH CITEK-
TPa B COBpPEMEHHOR 3NEKTPOHMOH My3HKe M T. . IOTpebOBaJio pelie-
HHSl [1€JIOT0 Psifa HOBHIX KOHCTPYKTOPCKHX M TEXHOJCIHYECKHX 3a-
flau B NPOEKTHPOBAHMM BHCOKOYACTOTHHX TpOMKoroBopHTeseli B AC
kateropud Hi—Fi. B Goabwnnctee Mopeneii AC HCNOMb3YOT AMHA-
MHyeCKHe KyIOJbHBIE FPOMKOIOBOPHTENH, XOTA 3a INOCJEJAHHE TOALE
BCE IMpe CTAMM IPHMEHSTh HeTPajHIIMOMHBIE KOMCTPYKLHH H3Jy4a-
Teneli AMHAMMUECKOrO H HEAMHAMHIECKOrO THIOB®., KOHCTDpyKuMS BB~
COKOYaCTOTHOTO M3JdydaTedia NOKa3aua Ha pHC. 2.17.6.

* K A¥HAMHYECKHM FPOMKOTOBODHTEJNAM OTHOCHATCH KOHYCHBIE M KYTOJBHBE 3JeK-
TPOAUHaMHYECKHE H3JAySaTe/M, H30AHHaMHYECKHE, JIOHTOUYHBE H Ap., T- €. TakHe, B KO-
TOpHIX ABHXKyWA® CHAZ RO3JHHKA4eT 3a cYeT B3aHMOJCHCTBHS TOKA B NDOBGIHHKE C
MarHUTHEIM TOJEM UOCTOSKHHOrNO MarHHTa. K TIpOMKOTOBODHTEIAM HEZHHAMHIECKOrd
THIHOB OTHOCSTCH 3JEKTPOCTATHYECKHE, 3JCKTPeTHRE H AD.

6%
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B KOHCTPYKIMY MAarHATHOH LE€NH MPHMEHANT MEAHBEIE KOJNatukh
HCTIONB3YIOT KODAJLTOBHE MJH caMapHil-KOOaJbTOBBE MATHHTH Qb
[€JbI0 NMOBHIUIEHHA HHOVKIMH B 3a3ope. JLJIf yBeJHUEHMS dYBCTBH-
TEJLHOCTH M CHIKEHHH BeCca INPHMEHAIOT HAMOTKy KaTylleK [JIOCKHM
AMOMHHUEBHM TNPOBOJIOM, KapKachi H3TOTABJHBAIOT H3 TOHKOH alio-
MHEHHEBOR (ONbIH, TOJHHMMAHON IVIeMKM o T. A. JlJisi nOBHILUIGHHs
TEMIIEPATYPHOH YCTOHUMBOCTH 3a30p 3alOJHSIOT MArHHTHOH KHIKO-
CThbIO, KOTOpaf NpejcTapager cOOOR KOJNJOMAHBIE paCcTBOpP HJIH CYyC-
neHanlo (PeppOMarAUTHLIX HacTHl, (MeHblwie 1 MRM) B MHHEPAJbLHBIX
HJM [IPOYHX Machaax.

TMoaBuXKHKyl0 cHcTeMy ©OOBIYHO HOTOTABJHBAIOT B BHAE Kymojaoob-
pasHo#l gHapparMbl (XOTH NPUMENSIOT H IJIOCKHE KOJBLIEBLIE aHAad-
parmby uau V-obpasnbie). [lnockuit wiH rOPpHPOBaHHBI NOABEC H3-
rOTaBAHBAlOT HHOrja BMecte € KYNOJAOM, HHOffa MOAKJASHBAXOT OT-
penpro. Ilop kvioaoMm B IonmeMmOpanHoM ofbeéMe pacmogaraloT 3By-
konoraowanouuil Matepuan (ATM, munepanbnas Bara 1 Lp.), Mmar-
MHMTHYVIO 11€llb OOBIYHO 3aKPLIBAKT MJACTMACCOBHM KOXYXOM. Hast
paCIIHPeHHsy XapaKTePHCTHK HANPABJCHHOCTH MCTOJAL3YIOT PASJMI-
Hble KOHCTPYKUMH AKYCTHHYECKHX JHH3 H KOHIEHTPATOPOE.

3pauHTeNLHbH ITPOrpece 3a MNOCJACAHHE TOfLl AOCTHTHYT H B TEX-
HOJOIMH M3rOTOBJEHIH ¥ BHIOOpPE HOBBIX MaTEPHAJOB HAfA AladparM
BHICOKOUACTOTHLIX TPOMKOTOBOPHTENEH. B KaueCTBE MarTepHaJOB N
NOABIKHHX CHCTEM HCMOJL3YIOT BHCOKOMOJyJIbHbe MueHkd (mai-
nap, TOAM3CTEp, NOJHAMuUA, TNOJHKapOOHat M T. A.). Juapparmul H3
TAKMX MaTePHaJOB M3IOTZBJAHBAIOT OOLIYHO METOROM TrOpfuero Ipec-
coBaHMsi. ITH MaTepHals 0BAAfal0T HOCTATOYHO BLICOKHM KO3(hQm-
[HEHTOM AEMIQHPOBAHHA ¥ KeCTKOCThIO. CipeMieHHe TNOBLICHTL UyB-
CTBHTEABLHOCTH ¥ PACIIMPHTL BOCTIPOMSBOAUMBH  A1AaNA30H  9acTOT
OpUBEJO MHOrHe s3apyOexHbie (GHPMH K HCIOJAL30BAHHMIY METasJHde-
CKHX MarepHasoB: aHOANPOBAHHOIO AMIOMMHUA, THTAHA, DepHaNHS,
MX PasiHuYHLX KOMIIOZHOMH — THTAH -+ OOp, aebopMp THTaMa H T. 1.
[puMeHeHHe TARKHX MaTepHaNoOB NOTPeGOBAlO CO37AHMS HOBOH TeX-
HOJIOTHH 3J1€KTPOHHO-BAKYYMHOTO Halblilenusi gHadparM. Ilapaverpnl
HeKOTOPHX MATEpPHAJOB, HCIOJB3YEMBIX B JAHAPparMax BHICOKOYAC-
TOTHBIX FPOMKOTOBOpHTEsReH, fans B Tabs. 2.5.

Tadauga ~.5

.10 @ .10—*®
Matepuant E, Hpa? pml-}]“a 7 | Matepran E, Hm® pml.fl)ma n
TrTan 1,16.101 4,51 | 0,022| Tlnenka u3 no-

Trrau + ruéopHT su3adupa 3.10° (1,4 | 0,015
THTaHA 4,83.19'Y 4,52 | ~= || [Nonukap6onat-

Bepunnuii 2,80.101 1,84 | ~~ || mas nneuka 3,9-108 | 1,65 | —
Twran 4 6op Heitnon 2,2.108 | 1,1 —
£10 MM+

+2 mKm) 5,8-1014 3,5 { 0,007
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Bl ewiHH BRI, KOHCTPYKUMA, M HACTOTHAs XapaKTEPHCTIKA BhLiCls
1€CTBCHHOrO oTeuectTBenHoro rpoMkoropopurens 1007-43C n:
lac. 2.16,8, 2.17,8, 2,18,8.

2 4. HETPAOUIIHOHHbIE JHHAMHYECKHE
H HEJUHAMHWYECKHE THIIH H3NYUYATEJNEN

AHAUINS JHTEPATYPHHX JaHHMX NOKASHBAET, YTO ¢ BAXALM TOAOM pacilHpset-
osi HOMENKNATYPA SKYCIHYECKHX CHCTEM, HCTIONbIYIOMIHX NeTpaAWIHOHELIE H3.Jdyuate-
gi  AHHJMHUCCKOTO  (MarHenuaHaphl, H30AHHAMHYECKHE, JIENTOYHLE, H3NY4aTeNH
Yefna i Ap.) H HEIHHAMHYECXOro THNOB {anextpoCT2THYCCKYE, INEKTPETHRIE, NbE30-
gUeHOuliLe, [BE30KEPAMHYeCKHe, DA3MERHIIE H ap.). O0beM HX 1POHIBOACIBA AC-
craraer pumMepsc 15% oOpers EBhIIYCKa rpomMkoropopHTesieli, B OCHOBION ITH 13-
JysaTeal MPHMEHANT B KaueCTBe BLICOKOuzcTO HOro 3pena B AC, OJHAKO UMCCTCH
pa MOAEJeN, OpYMEHSIOIINX LIHDOKONOJOCHRE H3JYUATCHH TAkKOio Tina.

PaceMOTpHM 1HOH H3AydaTelel, HCNOJNb3ycmble B OCHOBHOM 8 MOAEIAX AC
gateropiin. Hi—Fi.

AaerTpocraTHYeCkue — 310 Hanbolee pacMpoOCTpanenHHl  THI Cpend HejHna-
WHUECKH2. HaJydaTcaen {B wacTospiee spemsi 26 (pHpM BHIYCKAIOT 72 mogean). Ila-
paMeTpH HalkfoJee H3BECTHEIX '3 HHX pac-

z cvoTperH B . 6. [IpwHnun pabotiur aack-

7 TPOCTATHYECHOrO H3.iyLaleNn IOha3an Ha

/{] puc. 2:19. HanyuawuiHm 3JeMEHTOM 3B«

({J ARETCH TOHKas MeTaJUM3HpOBaKHasi nJien-

| k3, KAK OPABRIO, 13 JI@BCANA TONUIHROH
:

o
2208 | <4
O]
Puc, 2.19, 2SneMent#  XCHCTPYRIRH Pue, 2.20. KoHcrpyknsas nNbesorniienoy-
3AEKTPOCTATHIASCKOTO  TNOMKOTOBOpH- HOrQ rpPOMKOrOBOpHTEAS: J— KOHTAR-
T/ TH, 2— noe3onNeHounay —MemOpara,
! — wencreumaue amewTponnl, 2 — HSAY9ALO- J — NOANOXKKE

nag mverfpana, 8 — cotaacyiounh rpancdop-
MATOQR, £ — HCIOYHHEK TONyPHSAIHH

f‘a;,;mlaﬂ MEM, NOMEHIENHAR MEXLY asyMs Nep(opHpOBAWHMY STEKTPOAAMH M3 Me-
CTDHHHHpOEaHHGFO ANSNEKTpHKA. Mexny meMOpanofi H SNeKTpOAaMH HPHJIOKCHO no-

ce noaspHaywmee nanpsukenwe. [lepeMeHHOe SBYKORQE HanpfXeHHEe nNOA2-
TCs wepes o6MOTKY NOBHINAKMEre TPAHCHOpMATOpa K HENOABHIKHHM SAEKTPONAM.
OHCTPYXTHBHO IUHPOKONCAOCHMG SJCKTPOCTATHIECKHA HanydaTenn COCTOHT 43 Ha-
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4 KOJIBLHERLIX HJIH NPAMCYTOJBLHBIX MJACTHH, kKOJHUECTBC KOTOPHX onpene
BEHbL 3IBYHOBOTO DAaBJIeNHA H BOCHPOHBBGHHMHfi AHana3oH YacTor. Xora )

AL

C

Crua mpozeMoECTpypoBana B 1926 r. [2.33] na DBepamnceoh BHICTABEE), CepHHHER
BHIYCK HX 11Aa4ajcsl TOJbKO B KOHIE 50-x rozpos. IlpuuunoOfl 3TOr0 SIBHAACH HeoOX0-
I¥MOCTD PEIIEHEsl PHAa CAOAKHBIX TEXHOJOTHYECKHX 3aKai: BHIGOp H HAHECEHNE 3JIeK-
TPOM30ISUMONEEX TIOKPHTHE, BHOOp MaTephana 3JEKTPOAOB H T. - OcHOBHEIMY
aafauaMH TPH TNPOSKTHPOBAHHH 3JIEKTPOCTATHIECKHX rpoMKOroBOpHTEACH ABJISIOTCH
B HacTOfluee BPEMs: PACIIHpeHHe XapPAKTEpPHCTHEH HaNpaBJEHHOCTH H YHEJHUEH e
JINHAMHAYECKOTO AHATA3OHA. MeToAsl pacyera H NPHMIHIIL KOHCTPYHPOBAHHA SJIeR-
TPOCTATHNECKHX H3nyYyaTesell H3JOXEHH B pabore [2.3]. TlockommKy H3NYyHATEIn
TAKOTG THIA BHICOKO 1EHST 34 <YHCTOTY» H «NPO3pauHOCTb» 3BYHAHHA, obbeM Tx
NPOHSBOACTBA NPOAOINAET HMTCHCHBHO pACTH.

SaeKTpeTHble U3AY¥OTEAN OTAHYAIOTCS OT 3JIEKTPOCTATHIECKHX OTCYTCTBEEM
Gn0ka TOJISPHSALHH M HCNOJB3OBAHHEM BMECTO HETO NIOJSIPH30BABHOI0  AHJIEKTPHKS
(ssexTpeta). B KauecTBe SJIEKTpeTa HCHOJIB3YiOT PASJIHMHLIC NOJIMMEPHEE MaTepHa-
7B, CHOCOBuUbBE COXpaFsiTh JJIHTENbHOE BpeMsi Sapsji Ha TOBEPXHOCTH nocjae 1noig-
pu3anEH B KOpoHNoM paspsije. CYIECTBYIOT KOHCTPYKIHH H3JIyUATENeH, Tne 3Jek-
TpeTHHE MATEPHAd MOMHO HCIOJIL3OBATE B KaUCCTEE uanyuaomest mMemGpautl (6w
NONAPHEIEE, MOHOMJIEKTPET) UJIH HAHOCHTE Na 3JEKTPOAH (MacCHBHHIE 9JIEKTPET).
OTCyTCTRHEe HEeOOXCHHMOCTH HKCIOJB3OBATE MOJHPHIYIOTIES HAIpsKeHHe fABJIACTCH
NpeHMYIIEeCTEOM TaKHX paayvatenell, ogHako TPYAHOCTH B ofecnededHy ¢TaGHIIBHO-
CTH NOBEPXHOCTHHX 3apsjnos Ha Gonpinell TUOIanH OrpaHHYHBAIT BO3MOXKHOCTR
MX IIHPOKOIO NpuMEHEHHA B H3ny4aTeasnx.

Jivesonaenounsie usaysareay. Tlocne orspuTna B 1969 r. sNOHCKEM (PHIHEON
Kawai ppezoaddexta y NOJMBHHENHACHOTOPHAMOH NIJIEHKM (IIBO®) 1iavannce pa
60TH TI0 NPHMENEHHK €€ B 3JeKTpOaKyCTHUeCKHX npeo6pazoparensx. Ilpouecc, -
TOpHfi NPUAZET BHCOKONOJNHMEPHEM MaTepHallaM MbEe303JEKTPHYECKHE  CBOHCTBE,
BIJIOYAET CJeyKIHE OTepauuH: BHITATHBAWHE IVIEHKH B OAMOM  HJM JIBYX B
npasjennsix B 4 .. 6 pa3 IpH TeMUeparype 60 .. 100° C;, mannuenue Ha obe €10
POHH ANIOMHUHS, MOJIAPH3IALHIO OpPHEHTHPOHAHHOH NNEUEH B TOCTOSHHOM  SJeEKIpH:
geckom mose. Ecim obpaorannyro TakkM ofpa3oM IUJIEHKY H3OTHYTE W 3aKpenuTh &
KOHLH, TO TPH NPIIOXKEHHN FEPEMEHHOT0 HANPAXEHHH B MANPABJICHHHE, nepnestE
KyJSPHOM TOBEPXHOCTH IIEHKH OHA HAYHHAET MYyJLCHPOBATE H MSJIYuaTh apyx. [lep
BHE KOHCTPYKIHH BHCOKOUACTOTHLIX TNHE3OTAEHOUHRIX rpoMKoroBopuTeseit mpeacTad
nsaH co6oll xecTkre NepdUpHpOBaHHBE IUIHHAPH, HA KOTOpPHE MATATHBAJACK es"
ka2 u3 IIBJ¢® BMecte ¢ MArKOH TOAA0XEKOH H3 NOPOJIOHA. KoHcTpykuusa TaKor’
H3nyuaTesIsi NOKasapa ¥Ma pic. 220, Gupma Pioneer BREIYCTHJIA LEJY0 NHHEHKY
¢ WCNOJB3IOBAVHEM MHEICTEHOYHHX H3JyuaTeseft Takoro THIA HPM-100, HPM-2
u op. B 1982 r. ¢prpma Audax (Opasuns) npeacraBiia obpasen BEICOK09ACTOTHOM
[BEZOMCHOUHONG H3JyUareNs KymoJbHOH KOHCTPYKIHH H3  pBYOCHO oprenTHpoBaF
yofi IMEHKH (TOAIMHA TJIEHKH 25 MK, Macca NOABHHAOH cHCTemE 100 mr, @l
30H ROCNPOH3BOJHMBIX 4acToT 7—50 kly). CpaBHETeNbHAS TNPOCTOTA KOHC'I]JYKHBH’
OTCYTCTBHE TOCTOSHHEIX MATHHTOR SBJAIOTCA NPEHMYIUECTROM AAHMOTO guma B3
naTesieH.

ITaaamennole usaywaTeAy (TNASMOTPOHE, HOHOPOHH) HCNOJBIYIOT
A3BEJEHMS SBYKA 33 CueT MyJbcallny 0GheMa HOHH3HPOBAHHONO BOSAYXA B npocrpﬂﬂm'
Be My SJeKTpofam#. PHpMa Magnat cospana KOHCTPYKUHID, B KOTOpOK 37exT)”
fh EEMONHEHH B BHJAE AKYCTHUIECKH NPO3PayHOro METaNNHueCKoro mapa H octpo®

ais socrp?

SJEKTPOCTATHIECKOTO TNpecCpasoBauHa H3BECTEH n3BHO (nepBasi KOHCTPYr<gsn 6
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LTBOM  IJIA3MEHHOTO H3JyuaTesls sIBAACTCH HNpakTHYECKH OGe3HHEPIHOHHOE BOCHpU
A3BEACHHE SEYKA, T. € OTCYTCTBHE NepexOofHbK HCKameHHi. B macrosumee Bpemk
ASBECTHO HECKOJbkO MOAEICH TakKX usiayyareselt ¢mpmbm Audax (Qpamuusi), dwup-
wb Plasmatronic (CLUIA), ¢mpmn Magnat (OPT), dupmm Transpulsar (Ppannusn)
# AP

Hvesoxepamuneckne usaywatean B Kavectse BO3OYKAAOLEro 3HEHA HCIIOJB3Y-
rf OHMOPQHEH 3JeMEHT, NOJYUEHHHH NyTeM CKJIEHBAHHS ABYX NJACTHH U3 Tbe30-
geparBky  (IMpKOHATA THTAaHA, THTaHaTa Gapust ¥ Ap.). BuMopduuii sieMent 3a-
KPEI/ISIOT € fBYX CTOPOH, A NPH MOABEAENHH SJEKTPHYECKOrO CHIMANA B HEM MpoO-
geXx0afT aedopmannn HarubGa. Llewtpamuoll TOugoh Je(OpMHPYIOIKECA 3AEMEHT
cORAMHAETCH ¢ auadparMod, BOTOpast JJSl YEEJHUYEHHA YYRCTEHTEIBHOCTH H3J1y4a-
1ena OOHMHO Harpyxaercs wa pynop. K jocrommeTsam aammoro BHa H3nyuyaTe-
Jefl CIGAYET OTHECTH: SKOHOMHUHOCTE H mManymw Maccy. B 1980 r. ma purox CLIA
feno mpepcrapneso 20 moaencii AC ¢ Nbe3oKepaMMUECKMMH BRICOKOYACTOTHHIMH H3-
JIj{(IﬁTE.HHMH.

Jlenrounsie zpomrozosoputean. CIipeMIeHHe COEOHHETH NOCTOHHCTBA SJCKTPO-
{TATHIECKHX [POMKOBOTODHTENRH ¢ AHHAMHYECKHMH IPHBEJO K CO3JAHHID JIGHTOM-
EWX H3JyuaTeiefl, B KavecTBe HINYUAOLIETO SNMEMBHTA OHH HMEIOT JETKYIO rodpu-
pOB2HHYIO JIEHTOYKY H3 anioMHHHenol doarrs (prc. 2.21,a).

JIeHTOUHEIE TPOMKOrOBOPHTENH EEUIYCKAIT cefiuac 12 (upm (30 mogeneir). Ila-
PAMETPH JICHTOYHOrO rpoMKOrosoprTens PT-85 ¢upmb Pioneer, Hanpumep, caemylo-
iove: auranasor gactor 10 ... 120 kI'm, macmopthas morwocte 80 Br, YYBCTBHTE/Ib-
bocts 84 aD, rabapuThbie pasweper 87X63,5X 144 mm, Hapsay c takmw NpeHMy-
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Py
ch- 2.21. OcHoBHLe 3/eMEHTH KOHCTPYKUHH H3AyYaTeyell: g} sentouHoro (I — JieH-

::a, 2— marunT), 6) npeofpasosaTens Xeiula (! — rofpupoBannay MeMmbGpana,
POBOAKNK), 6) H3OAHMHAMENECKOrO (] -— MATHHTH, 2 — MeMfpara, 8 — npoBOa-
HHK)

63
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=S iolllee COrJIACYOILHX TpaHC{opMaTopos H Ap.

~TBOM, KAK Madible MepeXOAHHE HCKaXXeHHsd, NEHTOUHLIC TPOMKOTOBOPHTENH HM
i HEeLOCTATKOB: GOJbINOH Bec MartuToB, Majaoe CONMPOTHEJICHHE JIEHTOUKH, TPD:\gyd

Hzaynorean Xeiiaq (Wazpanbl TaKk IO HMEHH pz06peTaTens) — NepBafd MOJENp
6rna Brmymena ¢upmoit ESS (CIIA) B {073 r. Manyuateas NpeacTaBnaseT cofoh
rodpupopanrylo MemGpany (H3 Tednona, HeiioHa H fp.) C BaHECCHHHM Ha Hee
MeTAJLTHIECKHM TNpOBOJHHKOM ODpEJeeHHOH KOH(HIypalkH, KOTODHH NOMEIAIT g
CHibHOe marnuTHOe nose (pue. 2.21,6). Ipu moiseneHHH K MPOBOIHHKY SJEKTPHe-
CKOTO CHrHAJa cKJagsH rodpa OAHOH CTOPOHEH MeMOpaHB CKHMAIOTCH, APYTon —
paaxEMaiorcst. [pH 9TOM NPOHCXOANT TparcopMalls aKyCTHUCCKOTO [AaBJCHHE, 33
cuer uero ypexuausaerca KIL. B macrosiuee BpeM# ¢HpMa BHIIyCKaeT CeMb BHOB
AC ¢ TaKAMH H3JNVYATEJsIMH, B TOM YACJE LIHPOKOIMOJOCHYH MOAEIh Transar.

Haodunamuweckue usayeaTeay (MarHelsaHaphl) EMEIOT B KauecTse H3Iyuaiolle.
r0 SJEMEHTA TOHKYIO AH3JEKTpHyeckyro MemGOpaHy, Ha KOTOPYID METOAOM HAMELe-
HYMS HAHOCHTCH NpOBOJHHMK B (opMme npsaMoyrodbHoit cnupany. Membpana noMewa-
eTcs B 3830pe MEXY NapanelbHEMH MardHTAMH (puc. 2.21,8). CepHilHO H30iHHa-
MHJECKHE H3IyIaTeJH BHIYCKAT pAn 3apyGexHBX (pHpM:

Foster (SImowms), Matsushita (flnonns) H Ap.
[lapaMeTpe  OTEYeCTBEHHOrO ~ CEPHIHO  BHIyCKAGMOrG TpOMKOTOBODHTEN

(I0TH-1) crnexpyeolue: BOCNPOH3BOAHMBIH JHANAOH HACTOT 20 .. 30 kl'm, uyyBer-
BHTENbHOCTy 87 D, HOMHHAdbHAs molmocte 10 BT, raGaputel 105X 120X3D mm.
TaxuM o6pasoM, B 2KYCTHYECKHX CHCTEMAX KaTeropHH Hi—Fi npuUMeHSIOT Das-
HOOGpa3HEE THIH H3iydaTelefi HCAUHAMHYECKOTO M HETPaNHLHOHHOTO JHHAMHYECKO-
ro THNOB, KAXKIHE H3 KOTOPHX KMECT CBOH ONPEJEJCHHEE IPCHMYIUECTEA H HELO-

Magnepan  (CILIA),

CTATEH.

B zakmoueHHe CJeAyeT OTMETHTbH, HTO 3HAYMTEJHHEH [pOorpece B
NpOCKTHPOBAHHH BHCOKOKAYECTBEHHBIX IPOMKOTOBOPHTEJIEH, JNOCTHI-
HyTBIHl 32 TOCJIeAHHE Toibl, H ABHJICH TJIaBHOH NPHYKKMOH, MO3BOJIMB-
wefi  co3nath HOBOE TOKOJCHHE BBICOKOKAYECTBEHHBIX aKyCTHHCCKHX
cuctem Kareropun Hi—Fl, oTinuaiomuxcs MaKCHMaJIbHOH ecTecT

BEHHOCTHIO U pCaAJIH3MOM 3BYUdHHA.

3

PASJEJUTENBHBIE ®WUJAbTPDI
B AKYCTHUECKHUX CUCTEMAX

L 4
3.1. OBIIME CBEJLEHNA

[TpakTHuecKH BCE COBPEMENHEIC BLICOKOKAUeCTBeHHble aKyCTHT®

CKHE CHCTEMEl SBJAIOTCH MHOTOTOJIOCHBIMM, T. €. cOCTOAIMMH B3

HEeCKOJbKHX TPOMKOTOBODHTEEH (dale BCero Tpex), Kamjibl U3
RKOTOpHIX pafoTaeT B CBOEM [HanasoHe gacTorl. 3to 00yCAOBAEHO TeM-

YTO B CHAY psida HPUYHH, HSJ0KCHHBIX B [2.3], neBO3MOXKHO 003:
A4Th AHHAMHYeCcKHE rpOMKOrOBOPHUTED, o6aafalouui XopomHMH X8
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TepHCTHKAMH B IWIHPOKOM AHAMA30He 4acTOT. [as paclipejejent:
F Orvd 3BYKOBOTO CHCHAMa MEXKAY TPOMKOroBOpuHTEIAMH AC 1R
B OAb3YIOT 3JeKTpHYecKde pas/ eiuTe bHbe QUIBTPHL. :

Bausnue paszgenuTesabHEX (PUABTPOB HA (POPMHPOBAHUEC XapaKTe-
pucTHK AC B HpeAblIylIAe TOAbl HEJIOOUEHHBAIOCH: HM OTBOLHJACDH
JHLIb pOJb ocialieHHs cHFHAIa 3a ApelaejiaMH paboued HONOCH Ha-
cTOT rpoMigorooputenedi. OnHAKO pa3BHTHE TEXHUKH AC kareropun
Hi—Fi sacTtaBmio KopeHHEM 06pa3oM HEpecMOTPETh B3TJAJ HA POJb
pazaeanreanubXx GuiasTpos B AC H Ha MeTOAMKY HMX HPOCKTHPOBA-
Husi. MHOTOUMC/IEHHBIE TEOpeTHUECKHE H DKCHepHMEHTaJblble pado-
TEI, NOCBAIIEHHbIE BKJAALY DPA3ACTHTCJAbHLIX 'QUALTPOB B KOPPEKIHK
XapaKTepHCTHK H3ayuatejeil U B (GOpMHpOBaHHE OOBEKTHBHHX — H
cyOBEKTHBHBIX XapakTepucTHK AC, ONBIT cO3paHHsg JAy4ylluX oTeuecT-
BeHHBIX H 3apybexubix AC, 3acTaBHAW CUHTATL  PA3ACAHTENbHLIE
QUALTPH OAHAM K3 BaxHedmHx KoMnoHeHToB AC, ¢ HOMONIBIO KO-
TOPOTr0 MOKHO CHIITE3HPOBATL MHOTHE HEOOXOAMMEIE 3JEKTPOAKYCTH-
yeckHe vapakTepucTHKH AC H n100HTLCS 3HAUHTENbLHOrO Oporpecca B
pbecrnedeHUH €CTEeCTBEHIOCTH IBYUYaHHA.

[TepBrie Teoperuueckde palOTH, NOCBAMIEHHEIE pacdeTy pasleni-
TeAbHBIX (GUALTPOB H AHAJHAY HX BJIHSHHA Ha xapaktepucTHrn AC,
oraocatea K 30-m rogaM. B pavrux pafoTax pacueT paszAcJHTeNbHBIX
guabTpos AC OCHOBEIBAICSH HA TEOPHH HACCHBHHX (QHUILTPOB BEPXHHEX
M HHKHHX YaCTOT C aKTHBHOH HArpyskoH, obpasyemblx U3z LC-3peHb-
e Tuoa «K» (oOecnedydBAMUAX HEPEAATOUHYIO (YHKUHUIO HO Hanps-
Kenpo* Oe3 MysjeH nmepegadd Ha KOHEUHBIX wacTorax, 1. €. o0jagaro-
WUX MOHOTOHHBIM cHazomM AYX B nodoce sagepxanud) u w3 LC-
3BeHbeB THNa <m» (o0ecHeYHBAKIIHMX HAepesaTodHy (QYHKUHK HO
HAOPAMXKEHHIO ¢ HyJAsMH HA KOHEUHBIX yacTorax, T. e. obJapgarmuMu
senseckaMd AUX B nosoce 3ajepkanusa, HO 00ecHeuydBaIOUIAMHE JIy4-
Y0 (GHIALTPALHIO).

[Ipu sTomM paccMaTpuBasd TOABKO XAPAKTEPHCTHKH — 3aTyXaHWA
Quabtpos. [losgHee OB HPEIJOMKEHB pAsAeIUTCABHEIC (HABTPH
MTOCTOSIHHOTO BXOAHOrO HaHpsAxKeHud W o0paayeMble W3 HADHI HACCHB-
uex LOC-puaprpos Datrepesopra JMecTHHUHON CTPYKTYDPH™® HHEKHHX H
BePAlIHX 49acToT, paboTamin¥x Ha AKTHBHYIO Harpysky. Dblio noka-
3aHO, UTO pA3JCJHUTEJLHBIC (GUALTPEL DaTTepBOpTAa HEYETHLIX HOPSI-
KO odecneupBaloT (0e3 yueTa XapakTepHCTHK T'POMKOTLOBODHTEJEH )
naockyw cyMmapHyio AHX RO HanpsXeHHIO, HO 0OOYCJIOBJHUBAIOT HE-
CHMMETDHYBYIO XaPaKTePUCTHKY HampasJcHHocTd AC B moJjioce paaz-
AeJIendsl YaCTOTHRIX KAHAJOB, a (PHJALTPH UETHHIX ROPAAKOB, obeche-
UMBas CAMMETDPHUHYIO XAPAKTEPHCTHKY HANPABJACHHOCTH, UMEIOT CyM-
MapHylo HepaBHoMepHyw AYUX mo nanpdaxkenuwio ¢ BerJdeckoMm 3 1D

* Tlox nepenarounofi ¢yHKIHEH GuABTPA [O HANPAIKEHHI) TOHAMAT OTHOIIE-
HHE KOMILIeKCHOH aMIVIHTY[IH HAIpSXEHAS Ha BHX0Je (HIBTPE K KOMIJICKCHON an-
INIMTy1e HalpAKEeHHS HA BXOJe.

** @unbrpnl BarrepropTa HUMKHHX H BEDXHHX YaCTOT XapaKTePHIYIOTCS PoIafxoil
AHX B mogcce TPOMYCKAHHR H MONOTOHHEIM CIAJOM B HOAOCE 3a/IepAAHNSA, HX ME-
Perarounaq ¢yrxkuua obpasyerca H3 NOJHHOMOB DaTrepBOpTa, XKOPHM KOTOPHX pac-
NonoKeHk Ha OKPYMHOCTH B IJIDCKOCTH KOMIUIEKCHOTO nepemeHnoro [3.17.
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06/1aCTH 4acToTBE pasicicHHd. DasouacToTHag  XapakTepHCTH
#UIbTDOB 3TOrO KJAacca (KaK YETHLIX, TAK M HEUETHEIX MOPIAKOFRE
“HesinHedina, B 70-e romkl nogBHsHCHL PaGOTH, MOCBAIICHHBIE HOBOMY
KJAaCCy DPAasAeNUTeNbHbIX (QHIBTPOB, o6Japalomux JHHeHHnoH, a Tou-
Hee paBHOW HYJIO0 Ha Beex dactorax, cyMmmapuoii @HX no manpaxe-
Huio # nuockol AUX [3.2]. HecMoTpa Ha Kamkyiuecs mpeuMyLiecTBa
pasie uTeasublx (QHILTPOB 3TOTO KJACCA, WHTEPEC K HHM MOCTEIEH-
HO CHH3MJicA BCJACACTBHE TOTO, 4TO JIMHEHHOCTE ©YHUX nmo nanpaxkenun
3THX (HUJILTPOB NOMIYy4aeTCH 38 CUET YyXYALICHHA UEJOr0 pmaa fnapa-
MCTPOB — H30UpATENBHBIX CBOACTB, UYBCTBUTEJNLHOCTH K paszbpocy
MapaveTpoB, XapakTepucTtuk HanpasiensoctH AC B ofaacrm dacro-
Thl pa3ncga KaHaJaosB H 7. A. Bo Bropoii moaosuie 70-x rogoe B AC
CTaTH APUMEHSATL HOBBRIA KJIACC PasjeNUTEJNLHEIX (HJILTPOB, 1OJVUHB-
IDUX Ha3BAHME «BCcenponycKamwinero rtunar [3.3]. Takoe nHazeaHue
00bAtHARTCA ‘1eM, uT0 cymMapHag AYX mo HanpAKeHHIO naphl GHIb-
TPOB 'HEPXHHX M HHKHHMX YaCTOT He 3aBHCHT OT YACTOTH, MOLOBHO
AUX tazoBnX KOPPeKTOPOB, HE BHOCAIIMX AMILHTYIHBEIX HCKAMKEHIH
H Ha3blBAE€MBIX <«BCENPONYCKAKIUMH  HedaMu».  PasjgenurelbHbie
buUIbTpE «BCENMPONYCKAIErO THNA» YAOBJETBOPAIOT OAHOBPEMEHHO
MHOrEM TpeGoBannay: oHn obecleynBaloT TIOCKYO cyMMapHylo AUX
no Hafpaxenulo (1. e. onsate Oe3 yuera XapakTePUCTHK TPOMKOTOBO-
puteneil), cuMMeTpuuHBle XApaKTePUCTHKH HanpaBiexHoctH AC B
00J14CTH YacTOT PA3AENICHHAA YaCcTOTHH X KaHAJIOB, HU3KYK) TYBCTBHTEID-
HOCTL K H3MCHEIHIO 3HAYCHHI 3MeMEHTOB, MaJblfi YPOBEHL (ha30BHIX
nekaxenult. @UALTPE 3T0r0 THNA HAULIM NPHMEHEHHe KAK B nocHen-
HHX ofeuecTBeHHLX paspaborkax AC, tak m B AC HeKOTODHIX 3apy-
GemHbIX pupM.

CoBceMm nciaBpo GLi NPEIJIONEH ele OLHH KJAACC Pa3deSUTeNb-
HBIX QHAbTPoB, ofecineunBaromux Maockyio AYX no Hanpaxenuwo,
OJM3KYI0O K CHMMCTPHYHON XapakTepuCTHKY HalpaBJeHHOCTH B NOJO-
te paspesa 41acTOTHHX KadaJoB u JuHelHyio ®YUX nmo xanpsaxeHuo
B OrpaHudeHnoM JnanasoHe uyacror {3.4]. OmHako atoT Kiace bhuiib-
TPOB NMoKa He nodyuua pacnpocrpadenns B AC, Ilprumna, Bo3MOX-
HO, B TOM, 4TQ Taxie (HJALTPH PEAJTH3YIOTCA TOJLKO C NPHMEHEHHEM
AKTHBHEIX 3, J€MEHTOB H TPedyIOT HCNOAL3OBAHNA WHPOKOIOIOCHOH JH-
HUH 3ag1epXKH. KpoMe Toro, obecneuerue auHefinoctn ®UX, gocrn-
raemMoc-'B 9TUX (WILTPax NEHOH 3HAUMTEALHLIX 3artpar, dABjadercd,
KaK OblJI0 cKaszaxo sblille B TJ. 1, H30LITOUHLIM.

/0 fenaBHero BpeMeHH KOHCTPYHDOBAHHE DasIedHTENIBHEX (hHJIb-
tpor’ B AC 1m0 npakTHyecky MeTOAoM <mpob u oUWHGOK». D10 06b-
ACHAETCS TeM, UTO BCe TeopeTHUYECKHE PalboThl NPOUINLIX JeT, [OCBI-
MISHIILIE PACYeTy Da3nCAuTeNbHLIX ¢uiptpoB B AC, mcxogmnm U3
VCIOBHH HLANLIOCTH caMuX TpomKorosopureneii, Ilpp aHasn3e
CBOHCTB PAa3I€JUTEAHBIX (hUALTPOB TOTO MJIM MHOTO THIIA M PaccMOT-
peEra mX BIMAHM Ha xapakTeprucTuky AC npexebperann nanpasJseH-
HBIMH CBOUCTBAMH TPOMKOIOBODHTEJNIEH W YCJOBHAMH HX (PH3HUECKO-
ro pasMelnesus B Kopnyce AC, cunrasdu, 4T0 POMKorosopurein ob-
nanawt miockolr AYX, He BHOCAT (BA30BHX CABHIOB B BOCIPOH3BO-

MBI CHIHaJ H HMET aKTHBHOE BXOAHOE COMpOTHRIeHHEe, Benen-
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(e CKAa3alHoro paspaloTUHKM 4yaCTO CTAJRKHBAJIHCL € TEM, Y:NY ¢
Pesaennrensunle QU ILTPE, OOecleUuBAalOIHe B HACaARSHPOBAN L bl
VCJOBIAX TpedyeMBEIC XapaKTePUCTHKH, OKA3BIBAJNHCH IETPHEMIACMBI-
MU 1IpH paboTe ¢ peasnlblMH TPOMKOTOBODHTEIAMH, HMEIOULUMY cOD-
CTBEHHLIE AMILAHTYIHO-JACTOTHLIC II Pa30TaCTOTHBIC IICKAKEHHA, KOM-
MIeKCHOE BXOJAHOS COTpOTHUBJAEHHEe 1 00Ja3a0MEME HAPaBACHHNMH
CBOHCTBAMU.

OTCyTCTBHE AHAIMTHUECKMX  METOACB DAciera  pasdeIHTCTIbHBIX
GUJILTPOB, YYHTLIBAIOUINYX HCKAXKEHIS, BHOCMMBIC TPOMKOTOBOpPHTE.IA-
MW, SBUIOCL DPHUMHOA MHTCHCH(HKANHH pafoT no Co31aHliio B 710~
caeqlpe TO;AL B OTeuecTBEnHOoH ¥ 3apylexnoll mpaxtuxe paspado-
tox AC wdcaenuplx MeToJI0B pacuera Ha IBM onTtumaabneix pasie-
AUTENLIBX GHIbTpoB-KopperTopos [3.0 .. 3.6].

3.2, BAUGHHWE PASOEJNUTEJNDBHbIX ®#UJAbBTPOB
HA XAPAKTEPHCTHKH AC

Pasjciaurenblible (GHABTPLI OKAZBIBAIOT CYIIECTBRIIHOE BIHAHHC Ha
Takue xapaktepucTHgu MuoromolocEnix AC, xax AUX, OHX, I'B3,
XApaKTCPUCTHKHE HAIPABIEHHOCTH, pacnpeleielHe MOUIHOCTH BXOX-
HOTO CHPHAJa MCXKIY H3Jdydareqsivu. BxoJiloe comporusiexuc AG,
ypoBenp melnHEHNLIX Hekaxkenui, HavaaniplM 3TalloM B IPOCKTHPO-
BAHUA PAa3IeiNTeJbHEX (HJILTPOR B MIOronoaoclelx AC #ABAseTcd
060CHOBABHBIE BHIOOP UYACTOT PA3ACICHHA HH3KOUACTOTIOIQ, CpeaHe-
qaCTOTHOTO H BBICOKOYACTOTHOIO KAHAIOB. [Tpu Boifope wacTor pas-
geneis o0nYE0 HCHOILAYIOT CAeAVIOIHHE JIPeATNOCHIJIKN! ‘

1. Oecnevenné Bo3Moxio §oJee DPABHOMEDHHIX XxapaKkTEepHCTHK
nanpassicuaocts AC. B wmoromosocupix AC xapakrTepucTora  Ha-
NpAaBAEHHOCTH FIpCTepueBaeT MU3MeHeHHe TPH nepexozfe OT HH3KOUAC-
TOTHOPO K CPEJAHEYACTOTHOMY 'H OT CPEAHCYACTOTHOIO K BBICOKGWAC-
TOTHEOMY TPOMKQrOBOPHTEIIO 34 CUCT TOTO, UT0 H3MEUACTCH  COGTHO-
IICHAE MCKIY JHAMETPOM 'POMKOTOBOPHUTEAs! M AJHHOH BOJHBL CHI-
naia d/h. [pu nepexoie oT Gongee HU3KOTACTOTHOrO K H0JICe BHCOKO-
YaCcTOTHOMY TIPOMKOTOBOPHUTCIO (HANPUMED. OT HH3KOYACTOTHOFDY K
CpeaHeuacTOTHOMY), AHAMEeTp KoTOPOro, KaK IIPaBH.JIC, 3IAUUTEILHO
MEHLIUE, XAPAKTCPHCTHKA HAMDABRJEIHOCTH PACHUPAETSS, HECMOTpA
Ha HCKOTOPOE yMCIblUEHHe [THHBI BOJHLL BO,u3H 4actoThl pazieje-
HHH, T/ OIOBPEMEIIO H3JYY2I0T 00a TDOMKOrOBOPUTEIS, JAHHEHHDIH
pasMep H3JAyYartesns yBEJNMYUBACTCA H IMHDHHA XADAKTCPHCTHIM  HA-
IpaBJEHIIOCTH PE3KO CYXKaeTcd, TAK Kag Onpelacidercd yrKe C0oTio-
mennem /A, rae [>d— paccrosiide Mexay ICHTpaMu poMKOTCBGDH-
Teqci, [Jo 9TOH nUpHUNHE A49 VMEHDLIICHUH DE3KHX H3MCHEHHH B
LIMpYIle XapakTepUCTHEN HAnpaBJICHHOCTH B 00.JaCTH YaCTOTol Pas-
JCJeHLs KAHAJ0B, CTAPAalTCsl PAasMCUIATL TPOMKOCOBOPHTEIN B KOD-
ayee AC xax MoxHO GauzKe npyr K APYry, a Taxzxe pacioTatdrh HX
OIMH HAJ4 IPYTHM B BEDPTHRAILHOA NJIOCKOCTH, TAK KAK TOJBKEO TaKOC
DACIO0KEHAE TI03BOAET H30eXKATh MCKAKEHHA XapaKTepHCTHKH Ha-
IpABAEHHOCTH B TOPH30HTAJLHOM NJIOCKOCTH, ITO [NO3BOJAET B CBOK
ouepeas OGECHEuNTh JyTIHee BOCIPOU3BEAEHHE CTePeOOHUYECKON na-
HOpaMBl M PACIIHPUTE 30HY HEUCKameHHoro cTepeosdderta. Ecau Bol-
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T€, TO COOTHOWICHHE a3 W aMIJIHTYJ CHTHAJOBR pasjeisdeMulXx dac.
TOTHBEIX KaHA/MOB BJIHACT Ha OPHEHTALUHIO XapaKTEPHCTHKH Hanpas-
JIEHHOCTH B TIPOCTpaHCTBE. Pasnakunubie THnb (QHALTPOB, Kak GyiIe1
HOKA3aHO HUIKE, B PA3HOH CTETIeHH BJHUAIOT Ha HAKJ/JIOH XapakTepHCTH-
KH HANMPABJCHHOCTH B NIPOCTPAHCTBE B 06JacTH 4acTOT pa3ieseHdd,

2. OcnaGnedne MHKOB H npoBaios wa AUX rpoMkoroBopHTe.ed,
BOSHHKAIOWHX H3-32 TOTepH TOPLIHEBOr0 XapakTepa JBHIKeHHs gud-
¢ysopa (ra1. 2). BuGop uactorsl cpesa u xpyTHausl cnana AYX dbuns-
TPOB IJIsi HHU3KQUACTOTHHIX H CPEAHEUACTOTHBIX TPOMKOrOBOpHTEJEN
CTaparoTcs OCYIURCTBJAATL TakHM 00pasoM, utolnl nepBole uHuTepe-
EHHHONHBIC THKH H MpOBaJbl ocaadisaiucn, He Menee dem Ha 20 1B
1EI.II].

3. OGecreuyenne JONYCTHMOR BXOAHOH 3JEKTPHYECKOH MOLIHOCTH
CPEAHEYACTOTHOFO M BBICOKOYACTOTHOTO TPOMKOrOBOPHUTEJEH, Orpami-
YCHHOH MAKCHMAJ/JIbHOH JOTYCTHMOH aMUAHTYAOR cmemenus auddy-
sopa. AMmaHTYAa cMewends AH(dy3opa AMHAMHYECKOrO rpOMKOTOBO-
puTeas TMOBBLILIAeTesa ¢ KpyTH3mofi 12 ab/okT. ¢ noumxendeMm 4acTOTH
CHHYCOH/AJbHOr0 HANpPSKEHHS NocTOAHNOH ammautyan [3.7]. Takoi
XapaKrep yacTOTHOH 3aBUCHMOCTH AMIWIHTYILI CMELIEHHS COXpaHser-
cAd TpUOAU3UTENBbHO 0 YACTOTH pPE30HAHCA TPOMKOLOBOpUTENd fs,
Ioc/e KOTOPOH CMEIIEHHEe HE 3aBHCHT 0T uacTOThl. EcaM XpyTH3HA
cpesa QHUIbTPA BEPXHHX uacTOT coctasaseT 6 aB/okt. (duabtp mep-
BOTrO MOPAJAKA), TO aMIJHTyga CMelleHHs aud@ysopa rpoOMKOTOBOPH-
TeJa He Oy/eT OrpAHMYECHA BEJNHUYHHOH, AOCTHUraeMoOH Ha wacToTe cpe-
3a fa>>fs, a Oymer mpoaoaxkaTh pacTd ¢ KpyTH3HoH 6 ab/okT. g0 pe-
30HAHCHO# YacTOTHl TPOMKOTOBOPHTENAd fs. IIpH 2TOM COOTBETCTBEHHO
6yayT BO3pAacTaTh H HeJHHeHHble HcKaxKeHHs. OQueBHIHO, KPYTH3HA
cnaga AUX ¢(uJIpTpa BEPXHEX UACTOT A0JKHA OLITh KAK MUHHMYM
12 abB/oKT., TaK Kak npH 3TOM C NMOHHKEHHEM YACTOTHl OT fq — 4aCTO-
Tl cpesa GHUALTPA, T. €. YACTOTH pa3feJeHHs — 40 [s PE30HAHCHOH
YACTOTH TPOMKOTOBOPDMTENS — AMIJIHTYJa CMEINEHHS oOcTaercs  MO-
crogHHof. TlpuMeHeHue ¢GUILTPOB BEPXHMX uacTOT ¢ eiule GOJbEH
kKpytusHofi cnama AYHX, nampumep 18 abB/okr uaun 24 gB/okt, aaet
COOTBETCTBEHHO eme OONBIICEe YMCHBIIEHHE aMIUIMTYAB CMRINEHHH H
HEeJAHEAHBIX HCKANKCHUE.

4. OGecreyeniie MakCAMaJbHO AOMYCTHMOrO ypOBHS 3BYKOBOro ia-
BJCHHS., MakcuMasbHoe 3BYKOBOE jaBJ/EHHE, Pa3lBMBaeMO€ T'POMKO-
rOBOPHTEJEM, 3ABHCHT OT BBEIOOpPA 4YaCTOTHI Cpe3a PAa3/IeJMHTEeJLHOIO
GHALTPA, OrpAHHYHBAIONWIErO AMILIMTYAY CHIHAJNA H COOTBETCTBEHHO
AMTIIATYAY CMEIIeHHs B HHMKHCH dacTd pafouero AHanasoHa yacTol
CpPEeAHeYaCTOTHOTO HJ/IH BbICOKOUACTOTHOTO FPOMKOTOROpHTendd, Kak
GblI0 OKA3aHO BLIHIE, NIPH COOTBETCTBYIOUleM BLIOOpE uacToOT pasie-
JeHHd W KpyTusHbl crnagza AYX ¢uabTpa BepxuuX (cpeaHHX) wacToT,
MOKHO O0eCTIeYUTh TMCCTOSHCTBO (HJH jaxKe CHHXKEHHE C TOHHIKEHH-
€M UYaCTOTH) aMTJIATYIbl cMelnerns gHddysopa Huxke pafouero aua-
1A30Ha YaCTOT IPOMKOIOBOPHTE/IA. JTO OUNPEAeIsAET, B CBOK Ouepeabs
JIOMYCTUMBIH ypPOBEHL TQaBAEMOr0 HAa TPOMKOrOBOpHTE/Ib CHCHAMZ
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\ B < ciaepcTBHe, ZONYCTHMEIA ypOBeHH MaKCHMAJIbHOTO YDOBHA 3BY-l ¢
K. 10 naiends. OueBHIHO, 4TO C HOBBIUICHHEM 49aCTOTBI  CPESa @
@UALTPA BEPXHHX (CPEAHHX) YACTOT MOXKHO YBENHYHBATL MAKCHMAJL- V
§yI0 aMIUIHTYAY BXOJHOMO CHTHAJA (3@ CUCT YMEHBIICHHS AMIUTHTYIEL
cvemends auddysopa) H obGecmeudBaTp 0oJiee BLICOKHH YPOBeHb
3BVKOBOIO 1aB/JIEHHSA.

5. OGecneuenne pONMYCTHMOrO YPOBHS HCKameHHH [Jomiaepa (cM.
1. 1). Kak Gn/10 ckazaHo BHILE, HCKaXEHHS BCJIENCTBHE 4yacTOTHOH
MOAY/IALHMH 32BHCAT OT COOTHOMWLEHHS AMIVIMTYAB! CMCIICHHIA ZHp¢y3o-
pa TPOMKOTOBODHTE/S B HH3KOYACTOTHOH 4YaCTH pabouero KHanasoHa
i MAaKCHMaJbHOH 4actoTH H3gyuaeMoro curuaja. Takuam o6pasov,
cysKeHHe paboyero 1Mana3oHa yacrtoT I'POMKOTOBOPHTEs ¢ HOMOIIDKY
pa3AeNHTeJNLHOr0 (PUIBTPA NPHBOAHT K YMEHBIIGHHKD HCKaXKEHHH
Jlomepa.

AHAIH3 BJIMSHUS pAa3feqHTEJIbHBIX (QUALTPOB HA (QOpMHpOBAHHE
AUX, ®YX g apyrux xapakrepuctik AC yRoOHO HPOH3BOAMTL Ha
MATPEIHON JHHEAHOH Mojenu AByXnonocHoi AG [3.6]. STa mopemb Oc-
HOBAHA HA OPEACTABJIEHHM DA3JCAHTEIbHHEX (HAIBTPOB H IPOMKOrOBO-
puTeTell CHCTEMOR COEJMHEHHHX MeXay coOOH OHpEAC/EHHEIM obpa-
30M JMHeHHEIX ueTHPeXNoiocHHEKOB. Ha  CTpyKTypHOH  CxeMe
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Puc. 3.1. CTpykTypHas cxema /ByxnogocHoH AC ¢ NACCHBHEIMH pas/je/nTesIbHBIMH
(bHALTPAMH

puc. 3.1 cOOTBETCTBYK{HE YETHIPEXNOAKCHHKH MOAEJHPYIOT (PUABLTPH
H rpPOMKOrNOBOPUTENH, KOTOPHIE ONHCHBAKTCH MATPHIAMH @-NapaMmer-
poB, 0003HAYAEMBIX di1, Q2, Q21 H Qo2 A8 PA3AEHUTEJNBHHX QHIBT-
poB u Ap, Az 0 Asy, Agp 4218 TPOMKOTOBOpHTeJEH. TTOCKOJBKY COBpe-
MEHHbIe YCHJHTeJH HH3KOH YacTOTH HMeEKT OYelnh Majloe BBIXOAHOE
COMpPOTHBJACHHE, OPHHHMAETCH, yTO CONPOTHRJAEHHe HCTOUHMKa R;=0,
OMIJIEKCHAS HepesaToudas (VHKIHsA TPOMKOroBOpHTeNds obo3Hada-
€TCa yepes Ep=_LlBHX/L_{ExE_}_’BHX&)Bx, rae Jpux — KOMHOJIEKCHOE Ha-~
IpszKenxe Ha BLIXOAE MHKPOQOHHOTO YCHJAMTEJHA, COOTBETCTBYIOUEE
3BVKOBOMY AAaBJEHHI0 Prux B MeCTe pPaCHOIOMNKEHHs H3MEPHTEIbHOTO

MEKpodona, Uy — KOMIJIEKCHOE HANPsKEHHE HA BHIXOAE YCHIHTE]

MOIMHOCTH M (COOTBETCTBEHHO HA BXOAC AKVCTHYECKOH CHCTEMBL.
YMMapHas KOMHJEKCHAs nepegatouHas qyHkoasg AC

Ty :}:Bblx/gsx = gz/ng = Z;aq + Ty
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1€ T'uy 1 T'gy — KOMIIJIEKCHBIE TepesaTouHLe (OVHKIHUH cOOTBE B
PICHHO HUSKOUACTOTHOIO U BLICOKOYACTOTHONO KAHAJOB. <
Bxojuoe KOMILIEKCHOe conpoTHBeHue AC

Zpxy= (Y b+ Yhy)s

rae Yuy, Y5y — KOMOJEKCHEIE BXOAHBIE IPOBOJHMOCTHE HH3KOUAC-
TOTHOIO H BLICOKOTACTOTHOTO KaHAJIOR.

Hapamerpsr (1’ yeTLIPEXNOIIOCHUKA, TPeacTABIASONEr0  cOGOM
KaCKaQHO BRJKUCHHBIC Pa3feqHTENbHBIH (GUABTP ¥  rpOMKOTOBOpHU-
TeIb, TOAYYAOTCA B PE3Y.IbTATe NMepPeMIIONKENHs MaTPUi a-TapaMer-
POB  HETHIPEXNOMIOCHUKOB TIPOMKOTOBOPHTENEH U  (hHJALTPOB:

IA’||= liall- |A]l.

Hanpumep, varpuua a-mapamMeTpoB HU3KOTACTOTHOrO KAHAAA 33~
MHLIETCS B BUIe

My gy Ay ga -+ Gs gy Aoy HY gy Aty 1y T Qo gy Ave my
[ ’

Ay1 By Ajs gy

H1
Qoy HY 4*11 HY _] Uan Hu “21 g @n HY *12 HY | oy HY S22 Hy

F +
A9) gy Ago g1
MOXKHO TIpUHATL VCJAOBUe, UTO IPOMKOCOBODUTENE SIBASETCH UeThi-

PEXNOTIOCHIKOM, paBoTalolHM Iia XO0J0cTOM Xoay. Toraa ypasHeHus
HeTHPEXTOICHNKA B g-nmapamerpax (3.1) npuBoadrca K BHAy:

o —_ F
QI = Oy Q-z, _{1 "‘22192-

M3 aTofl cHCTeMEl YDABHEHHH MOMKHO NONYUIUTH YPABHECHUA, CBAZHBAK-
mue Mexny coGoil A’-mapamerpr xanasoe AC ¢ KOMIJIEKCHBIMH [e-
PEAATOUHBIME QYHKIHAMH KaHAaJoB — T/ M- KOMIJEKCHBIMH BXOLHEIMH
COTIPOTHBJACHHAMH KAHAJOB — Z”:

’ . ’ v I !
611:{:{1}{[_}2_"1!?13 lﬂgl::_liggzll(é Z)
Torpa xomMnJaexcunas mepegaToTHam (hYHKUHSA ABYXTOJQCHONR CHCTEMB
MOKeT DbITh 3andcapa uyepes mapaMeTpbl HH3KOYACTOTIIOTO H BLICOKO-
YaCTOTHOrO KAajla/ioB:

3‘2 - Z;if[—f_zé‘-li 1/;4;1 HY -+ U‘ﬂ;l RY

* @-mapaMmeTpH CBsISHIBAIOT JHESHHOH CHCTEMORH YDABHEHUT BXOJHBE I BHXOLHHE
HATIPSUKeNHS H TOKH JHNSHHBIX HETHPEXMNOJIOCHHKOB:

[Up==ay Us+ays 1y T UI‘__
Ai=ay; Uy t-ay, 1, 1| ldsr oo

rae U, Iy-—BxonHble Hampskende U TOK, a U3 [, — COOTBETCTBEHHO BBIXOIHBIE-
CymecTByloT Apyrie $GOpMEI NpeicTaB/eHHs 3aBHCHMOCTH BXOAHHX BHIXOJHLIX B€-
JIHIHH UETEIPEXTIOMIOCHHKOR ¢ momowelo Y, Z, H, G-napametpor [3.8]. [Tpencrasne-
HOe B g-mapaMeTpax yAOGHO, KOTAa paccMaTPUBAIOTCH KACKaZHO BKJOUCHHHE uweTH-
PEXNOMIOCHHKH -— B 5TOM CJlydae pe3yJbTHpYIOMAA MAaTPHIA 4-NApaMeTPOR SEJAETCH
NpON3BEIeHAEM MATPHIl &-NAPAMETPOB HCXOMHBIX UeTHPEXNOMIOCHHKOB,
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%,

r/'[/Ucurtrl“} )r.I. HTEJLBH bIX (p HJII}TPDB:

epes KOMIJIEKCHYIO MepenaTtOoqHyo dyugnuw Ty, BXOAHOE CO
THBJEHHE TPOMKOrOBOPHTCIEH Zpp W Gy H iz — NAPAMETPH pai

Ty= Trprul/(@n uy+ %o nu/Zrpaa) — Treau/(Gu pu + %o pu/Zrpay)-

B obmesM Buae aaa AC ¢ n mapaaeibHo paboTamiuMH KaHalaMH
cyMMapHas nepeiarouHas GyHKIHg MozxkeT ObiTh 3anHcaHa B omepa-

TopHOH (popMme

Ty(s)= 2” M; Trp ; (8)/1; 4 (5) + Qs 1 (8)/Zrp : (9] (3.2)

=1

BxonHoe conporusienne muoronogocuoi AC:

1 Q11 (8) Zpp , (8) - Ran (s)
f iil a1 (S) er i (S) + 1o i (S)
te §=j® — KOMIIeKcHAas wactoTa, Trpq(S)—TeperarTounas byHKIUS
TPOMKOFOBOPHTES (-TO Kanana, Zepi— BXOAHOE CONPOTHBICHHC [pOM-
KOTOBOpHTENs i-ro KaHama, Gui(Ss), fizi(S), a91+(8) H asaq(8) —a-
napaMeTpsl pasieJHTedpHoro (GHALTPa -TO KaHAla; M;==+1 — MHo-
KT, OTpELeIamHil TOJIPHOCTL BKNIOUEHHS TPOMKOTrOBOPATEN
i-ro KaHaJja.

Ws Beipaskends p/a onepartopioff mepeiaTouHoH (QYHKIHHE AC

(3.2) MOXKHO HAHTH:
AMIIHTYHO-4ACTOTHYIO xapaktepacTiky AC

20 1g |T's (91 =20 1g {Re? [Ty ()1 4 Im? [Tz (9]}/* (3.3)

tne Re[Ty(s)] — peanbyad €acTb  MepelaTOuHOH  (YHKIHH ACG,
Im{Ty (s)] — MrEMas wacT, mepenartounoll QYHKIHA AC,
dbazouacToTHY®w xapaktepHcTHKy AG

ZL (S):: |

arg [Ty (9] = arc tg {Im [Ty ()/Re [Tz ()]}, (3.4)
rpynnoBoe BpeMms 3azepxkd AC
Trp (@) = —d {arg [Tz (§)]}/d @ (3.5)

Anasjus ppipaxkenus (3.2) 110KashHBACT, YTO XAPAKTEPHCTHKH Pasieiu-
TennHBIX DHALTPOB H XAPAKTEPHCTHKH TPOMKOrOBOpHTE/CH B paBHOH
CTenenH yuacTBYIOT B hopMupoBaHuE Iepenatoynoil dynkmun AG, H
HMEHHO O3TOMY, IIpH KOHCTPYHPOBAHHH pA3JCJHTENBHEIX (GHILTPOB
HeOOXOoLHMO YUHTHBATL XapaKTEPHCTHKH peajpHBlY [POMKOrOBODH-
tesefi. Kak roBopHAOCEH BHIlle, 1a IPaKTHKE OORYHO PACCMATPHBAKT
Metonn aHAMM3a W pacdera pasaexutepHux duantpos B AC Ha oc-
HOBE MOAENH ¢ HAEAJLHBIMH TIPOMKOTOBODHUTEJNSIME, 3DTO IO3BOIACT
IpOBOAMTL AHAIM3 BJHAHHA (HILTPOB Ha xapakrepucTHky AC  H
PACCUMTLIBATL AOCTYIHBIMH B HHMKEHEDHOH — npakTHKe — MeToXaMu
CTPYKTYDPY pAsfendTe/bHHX (QHILTPOB H 3HauenHs sieMentos. [lepe-
narounas dyskwas AC ¢ nieadpibIMH FPOMKOTOBOPHTENAMH, T. €.
npu yeaosdH Trpr=1, Zpp: () =Rppi:
fl M
Tzl= X ‘

i—1 Alli(s)'{‘Alzi(S)/Rrpf
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3 MHOronoaocHuX AC ¢ AKTHBHBIMH (DUALTPAMH, BKIIOUEHHBIM
CH/IMTeNEH 3BYKOBOM 4YaCTOTHl, B/HSHHE BXOJAHOFO COIPOTHE. Wged

P "DOMKOrOBOPHTE/IEH HA (GUABTPE OTCYTCTBYET, T. 6. R—00 U TC

To(8) = 3 MifAgse () =3 M, T (9), (36)

i=l =l

rae 7Ti{s) =1/A411;(5) — NepenaTounas QYHKHUA 1O HAIPAKEHHIO paa-
ACJHTEJbHOrO (pUJILTPA {-T0 KaHasa.
bes morepn OOIHOCTH MOMKHO paceMOTperh CBOACTBA pasiHyHBIX
KJI4CCOB DA3JENUTENLbHBIX (QUIPTPOB H HX BJAHAHHE Ha XapaKTepu-
ctekd AC Ha npumepe HAeaNUSHPOBAHHOR IByxmosocHoR AC,
Bripaxenne (3.6) nas AsyxnosocHoll AC MomeT 6MTL Tepenmca-

HO Tak:
Ts (8) =Ty (8) + M; Ty (5),

rae Tug(s)=1/Gn(sfony); Try(5) =1/Gn(0py/S), COOTBETCTBEHHO
NEPEeNLATOUHRIC (QYHKUWH HH3KOYACTOTHOTO H BHICOKOYACTOTHOLO KAHA-
JIOB: $=](®) — KOMIIJIEKCHAA KPYroBag 4acToTa wuy H ®ay — KPy-
FOBRE  4aACTOTRH cpe3a ((HUJILTPOB (UacTOTHt pasgenenus); G (s) =
=0n-$"+adn_iS" '+ ... +a;18+1 — noAudOM I'ypeuna.* Kosdduunes-
TH ApH CTEHEHAX § BHIOHPAKITCA B 3ABHCHMOCTH OT BHAA HOJHHOMA
Gn(s).

Kak oTmevasocs Bwine, B nocieanee speMg 8 AC noJyyamT pac-
HpOCTpAHEHHE DaA3AeJUTeibHble GUALTPHE «BCENPONYCKAIOMIETD THIAY
[3.9], mostomy CJeNyeT OCTAHOBHUTLCH HA HX CBOHCTBAX 6HoJee mnoji-
pobuo. ITlo/muOMBL G, (5) HEUETHBIX CTeleHel NnepesaTouHbBX PYHK-
UM 5THX (QUJLTPOB ABAATCH MOJHHOMAMH barrtepBopTa, a noadno-
MBl YETHBIX CTeneHeH 00pasylTCa 3a CUeT BOSBENEHHS B KBajpaT 1o-
JinHOMoB Bartepsopra B 2 pasa Menpuieil crememu, T, e, Ga(s)=
=B%(s), Ga(s)=B2%(s) u 1. 1, rae B;(s), Bs(5), ..., Bn(s) — mo-
AUROMB batrepsopra. OcoBeHHOCTIO 3THX (UALTPOB ABAAETCH TO,
YTO NHPH CJOKENHH CHCHAJOB HE3KOUACTOTHOIO H BBEICOKOYACTOTHOLO
KaHas0B cymMMapHas AHX He 3aBHCHT OT uacTOTH, HO CHCHAJ mperep-
TIEBACT YACTOTHO-32BHCHMBIH (hA30BLIH CABHT, T. €. nepepaTodnas
(yHKpEs o06aazaer, noao0HO A3DBOMY KOHTYDY, BCENPONYCKAIOIAMH
CBoHCTBaMH. Kpove Toro, Kak 0TMewanoc, BHUIe, pazdefuTeJbHbE
(pHALTPHL 3TOr0 THNA YETHHIX MOPAAKOB OBECNEUHBAIOT CHMMETPHUIHBIE
XapaKTepuCTHKI HanpaBaeHHocTH AC B o6gacT uacToTwl paspese-
HufA Kanpaso [3.3]. OTH CBOWCTBA (UALTPOB ofecnedyuBamTCA NpPH
ONPEACNCHHOH MOMAPHOCTH BKJIKYEHHA KANAJOB, T. €. rpOMKOrOBOpH-
Teleld, B uAeasnsupoBaHHoH mogean AC. [lag (UIALTPOB YETHHIX
MOpAZKOB CYIIECTBYET TOAbKO OAHH BAPHAHT MOMAPHOCTH BK.JIIOYCHHS
(B 32BHCHMOCTH OT HX NOpsAIKa). LM (PHILTPOB HEYETHHX NOPHLKOB

* 3mamenaTteny BhipakeEMH M7 NMepelaTOUHbIX QYHKIHE JIOGRX (QH3HUECKH pe-
3JUSYEMBIX ¥ YCTONUHBEIX JHHEHHBIX [eneH M CHCTEM BCErJa sIBJSIOTCS MOJMBOMAMH
[ypeuya, xopEE KOTOpHX A€KAT B J1EBOK NOJVIVIOCKOCTH — KOMIEKCHOTO nepeMen-

woro [3.8].
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&

A

SOBBIX MCKaxEHHH: cHHpasnoe B
GHALTPOB YeTHRX TO0pAAKOB, HM
9. 3, .., H NPEANOUTHTEILHO A4 pH
JOIIHX cTeneHs n=4m+1, rie m=
genre HeoOX0AMMO AjA (HABTPOB HET
qenp 2(2m4-1), rae m=0, I, 2, 3, ...,
TpOB HEUETHHX TOPAAKOB, HMEIOIMHX cTel

70K HBl JBAd BapHaHTa BKJ/IOUCHHA (
PIH H3 KOTOPHIX ABJAETCA NPEINOuTHT
KAIYEH
CIOIHX CTeneHb n=41m,

=01, 2,3, ..

B Ta6a, 3.1 naHbi e
cOKOUACTOTHOTO KAHAJOB M CyMMapHBie ICpe
ganpsKeHHIo PasAe/HTeIbHEIX guasTpos 1 ...
31 B,(s) —noaupoM DBarrepsopra CTCIEHH 1L
gOTO TNOpAAKa AaWbi ABA BAPUAHT
HH; npeanhoHTeﬂbHHff{ C TOUKH
ANT BKJIOUEHHs n4€Tca NepBHIM. 3HAK
(pasHOMY BKIIOUCHHIO KaHaJ/oB.

0.1, 2, 3, ..

a CyMMapHHX

candasnoe 1 npotusodasHoe)
eNLHBM € TOUKH 3PeHHA (a Y
e KaHaJOB HEpOX0ZHMO AJT =
m=1,

ALTPOB HeUeTHRIX TOPAAKOEB, HMe-

Tlopsaok Mepenarounan (yHKEHA i
GHARTPE HY xaHanz 1 BY kaHaaa CymmapHas
i 8§ l
1 Bi(s) B,(s)
| 8 Bi(—s)
B (s} By(s) Bi(s)
2 13 L s Bi(—3)
B (s)? Bi(s)? B Bi(s)
i 53 Bi(—-s)
3 Bs(s) Bs(s) Bi(s)
1 g3 1l —s 4%
Byls) By(s) L s s
82(5)2 82(8)2 Bg(S)
1 s 1—1,618s 4 s
5 Bi(s) Bs(s) 1—1,6185 s®
1 — 5B (1—s)(1-—0,6185-}5%)
B{s} By($) (145}l +0,6185—|—55}
6 1 —s* Ba(—59)
B(s)* By(s)? By (s)

npoTHBO(A3HOE BKJIIO-
HBIX TOPAAKOB, HMCHOIHHX CTe-
M NpenNouTHTENBHO AJIS (pHIb-
ey 2(2m4-1)4+-1, Tae m=

pefaTouHsle QYHKUHH HH3KOYACTOTHOTO B BLI”
JaTouHsie (YHKIHHE 1O
6-ro mopsaka. B Taba,
T Kampore peuer-
nepeAaTouHHX QYHK-
apenys (GaspBHX HCKAKEHHH BapH-
&-—» COOTBETCTBYET IPOTHBO-

Tabauua 3.1
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B rafn. 3.2 jaHpl BHPANEHHS A5 nomuEoMos Batrepnoffrad
g .. 6-ro nopsaka.

I[IopagoK HoJHHAOMa IonuroM Batrepropra
Bi(s) {(14+5)
Bz[SJ (I+I,4EI4S',—'SEJ
B3 (s) (148} (I +54-57)
Bi(s) (10,7654 +52) (11,8485 Ls%)
Bs (8) (1+8)i(1-+0,618054-52) (1--1,61854-52)
Bs (5) (1--0,5176s4-52) (1 1,414545%) (11,9305 +52)

Ha puc. 3.2 1 3.3 nanm AUX 1 ®UX HU3KOYACTOTHOrO H BHICOKO-
94CTOTHOrO KaHasoB 1 ..6-ro nopsaka. YacToTH pasfencHust anas
(DHIBTPOB HEUETHBIX MNOPSAKOB OTCUHTHIBAIOTCH TIO ypoBuio — 3 zb.

i 46

7 g
=20 /A 2
~&0 ~40 & 4
-50 7 &

1 I [
0,1 7 70 /%y O 7 0 5%
a) 4
Puc. 3.2. AUX pazieTHTe bEBIX GHIBTPOE  <BeenpoNyCKAOMEros Tna .. 6-roe

DOP ALKOB:
¢ — HEUETHHIE TMOPAAKH; € — YeTHBR HOpAAKH

o ! 7 5% 4 / ATy
180 - ~180
~360} -850
~540}- ~540
apag a2y spad d)

Puc. 3.3. ®UYX pasgennTennunix QHABTPOB «BCENPOMYCKAKIIEro» THHA 1-ro ... B-r0
TOpSAKOB:
() HEYeTIIHe TIOPHAKH; ) YeTHHIE IO AAKH
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HAJILTPOB YETHHX HOPSALKOB — 6 nB. Ous HedeTHHX HOPAAKOB 3H
& e AUX BHCOKOYacTOTHOTO KaHana 0603Ha4aeT NOIAPHOCT BKJi Q6P
M s <

3aBHCEMOCTH 110PMHUPOBAHHEIX 3HAUCHHH B3 ¢uapTpoB  Heuer-
BEX TOPSAZKOB OT YacTOTH jAaHB Ha PHC. 3.4,¢, TB3 ¢uabTpOB YeT-

ABIX TOPSIAKOB — Ha puc. 3.4,6. Ha pue. 3.4.,a crnIomyol gunAeH #306-

T’rp H T!"pH
5r 61
5
f/‘\\

4 7 \

=7 &+

3.{;’/ ‘\\ \

2 = '\ s

7-,3- \

RS
1+ X {
47 7 7 o1 1 10
’ aj f/ﬂ( g} f/fd

Puc. 3.4. XapakrepuctuRd [B3  pasaeduTe/ibHBX QUALTPOB «BCEHPOMYCKAKIICTO>
tHna 1 ..6-r0 NOpALKOB:
0 — HEUeTHHE NOPHAKH; 0 — UeTHHle NMOpAIKH

paxens B3 QUABTpOB HEUETHBIX NOPALKOB, COOTBETCTBYIOIIHE MEHb-
mEM uckaxenusM B3, mTpHXOBOH — GAJBIITHM.

Peanbune sHaueHHss [B3 paccuuTHBAWTCA N0 QOPMY/IE Trp.p=
=1rpu/2nfa; THE Trpp — peabHoe T'B3, ¢; Trp.s — HopMrpoBannoe I'B3;
fg —4acTOTa pas/ieseHus.

@uabTpH OAHOTO M TOIO Ke MOPAAKA NPH pasHHX SHAUCHHAX Ha-
CTOTH pasjencHus GyAyT BHOCHTL pasHOe OTKJIOHCHHE B3 ot mno-
CTOANHOrO 3HAUYeHHs, 9T0 SBJASETcS MepoH (asoBHX HCKaXeHHH (CM.
ra. 1). Tag, Hanpumep, QUIALTPDHI YETBEPTO- t ‘

T0 NOPSAAKA TMpH 4acTOTe DasjeneHus fa=  aArme

—500 [ HMET MaxCHMaJjbHBE BpGpOC
B3 1 mc, a OpH YacTOTe paspeiedus [q=
=5000 o toasxa 0,1 Mc (puc. 3.5). TakuM
06pasoM, YTBEpIKAEHHE, UTO (QUIBTDEI 00-
Jee BHICOKHX MODSLKOB BHOCAT OOJIbLINE fe-
pexonnpe, ¢asosbe, uexaxenus B3, mp-
MernTe pHo K AC HegoppekTHo, Heo6xo-
JHMO COHOCTAB/ISTL KOHKDETHHIE 3HAUEHHA s 600 2000 %7y
37X HexaskeHuil B peasbHpx AC ¢ cyOber-

THBHHMH IOPOTaMH HX BOCHDHATHA, Puc. 3.5.  3aBHCHMOCT:
O o o e oT U‘I&C’I‘OT]’:I MAKCHMAaJb-
TJAHYHTEILHON 4epTOl QHJILTPOB «BC HOW  HEPABHOMEDHOCTH
MpONyCKAIIIEr0 THIIa» ABJACICA HACHTHY- I'B3 pa3AeaHTeHbIbIX

Hocrh (opMbI (a307aCTOTIEIX XaparTeph- PUILTPOB «BCEUPOHE’%K&

CTHE 70 HAUPAKEHHID HHSKOYACTOTHOTO H oomero»  1ma ... 810

mopaAKOE (&),  WOpOr

BRICOKQUACTOTHOrO KaiaJoB. CIILILITHMOCTH HepapHo-
Passocts @YX gaHa0B: meproctH I'B3 (6)
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nas QANAbTPOB HEUETHHIX NOPSAKOB
arg [Tpy ) —arg[Tyy ($)1 =n /2,

rne n=1, 3, 5,...;
A5 (QUALTPOB YETHEHIX MOPSAKOB
arg | Tgy (5)]—arg [Txy (5)]1= 2 n, (3.8)
rge n=1,2, 3, ...

CriefiyeT 3aMeTHTh, uTO BHpaxenus (3.8) u (3.9) cTporo cnpasen-
JUBEL TOJMBKO NPH YCIOBHH MAEATBHOCTH IPOMKOrOBopuTe e, B peanp-
nux AC venopne uxentrunocTd ®UX kananoB Bo Beex padouem au-
anasone wactoT AC me BmIoOnmsercs H3-3a Bauguusi PUX rpoMKoro-
popuTenedl, Ho MOxer ofecneunBathcs B 06nacTH UacTOT COBMECTHOH
pafoThl pasjenseMEx KaHanoB qnbo myTeM JLOTIOJHHTENBHOR KOppeK-
npn PUX rpomkorosopuresefi AHOO 33 CueT NPHMEHEHUS ONTUMANL-
HEIX METOJOB NpOEKTHPOBaHUA PUJBTPOB, 0 JeM GyAeT CKa3aHO HHXKe.

3arparuBas BONpOC COracoBanks (asoyacTOTHBEIX XapaKTePHCTHK
KaHas0B peanbHBIx AC, HeNnb3sd He 3aMETHTP, YTO CYIIeCTBEHHOE BJIH-
suue na cymmapaume OUX m AHX AC oxa3bBaer pasmellleHHe TpoOM-
gorosopuresaell B sopuyce AC «no raybrnes. B mirepaType BeTpeua-
ercsi yTBepKJeHHe, YTO TPH pasMEIEBHU TPOMKOTOBOPHTENEH B OA-
HOfl maocKOCTH Ha (poHTanbHOA MamenH AC «akycTHyecKlie LEHTPE»
H3NyGeHHs CPOMKOTOBOPUTENel MOTyT He COBNaJZaTh B BEICOKOZACTOT-
Hpi TPOMKOIOBOpDUTENP HAXOAHTed Kak On OamXKe K c/yIaTenio
{3.10]. B cBsask ¢ 3THM DNpejsnaraeTcs BHPaBHHBATH WX TaK, UTOOH
3BYKOBHIE KATYIIKH HaXOAHJIHCH B OJHON BepTHKAJbHOA niockocTd. B
eACTBHTENBHOCTH KAPTHRA BRITARAUT CAOKHEE: 3a/epKKA CIEKTPasib-
HBIX COCTABJSIIONINX CHIHAJA BO BpPEMEHH 3aBHCHT HE TOJBKO OT pac-
CTOAHIS MEX]1y IPOMKOTOBODHTENEM ¥ CJAyINaTesNeM, Ho B OT KPYTHS-
apr @UX (1. e. [B3) wackazno BKJIWYEHHBIX pasAeNuTeJbHOrO (QHIb-
Tpa W TpOMKOrosopurens. CoBnajeHHe He TOJBKO alCOJIOTHBIX 3HA-
geguft PUX paszenfeMbX KaHaloB, Ho M CKOpocTH Hsmenenmus QUX
OT 4acToTh, T. €. I'B3, B 0614CTH 4acTOT pasjencHus, H ABIAETCH KpH-
TepHeM ONTHMAJBHOCTE TPOCTPAHCTBEHHOIO BHIPAaBHHBAHAA «aKyCTH-
YECKHX UEHTPOB» TI'pOMKOroBopHTeNed. IIpH 3TOM BRICOKOUACTOTHEIM
TPOMKOTOBOPUTEIB MOKET OBITE HE CABMHYT B (DU3HYECKOM CMHCIE
OTHOCHTENBHO HH3KOYaCTOTHONO, Ho OyleT BOCIPOU3BOIHTD CHI'HAJ
¢ TpeOveMOil 3aJePKKON 3a CyeT BJHAHHS COOTBETCTBYIOMEeA (asoya-
CTOTHOH XapaKTepUCTHRH pasAeTUTENBHBIX (QUIBTPOB BBHICOKOYACTOT-
HOoro kaHana (OTJIHYHE COCTOMT B TOM, 4TO NpPOCTpaHCTBEHHBIT CHBHT
TPOMKOTOBOPHTENS ofecneuuBaeT YaCTOTHO-HE3ABUCHMYID 3aXepkKKY
BO BCeM JHaNla30HE 4acTOT, TOT/AA KaR 3afepiKKa SJCKTPHUECKUM my-
TeM ofeclleunBaeTcs TONBKO B OrPaHUZEHHOM JHAaNa30He.

ONeKTpUYECKAs 3afepiKKa TpebyeT VCIOKHEHHS pasieHTebHbLX
buabTpoB MM onTHME3anlH (QuALTpos Ha IBM, a ppoctpamcTsen-
Hasl <«agycTHUecKas» 3ajepixKa tpebyeT MpuMeHenus cremHaapHoll
KOHCTpYKIEH Kopnyca AC-—kag 310 caenaHo, BanpuMep, B oTeye-
CTBEHHOH akycTuueckoi chHcreme 100AC-003 (cm. ra. 6).

Creur BHCOKOUACTOTHOIO TPOMKOTOBOpHTENS Ha HECKOJBKO cah-
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verpoB Gea yuera ero (asouacTOTHOM XapaKTEPHCTHKH, Kax ¢
#.21aH0 B HEKOTOPHIX HCVEAUHBIX KOHCTPYKUHAX AC, cootBercTs P
B 6COJIIOTHBIM 3HAUEHHSM BpPEMEIH 3afep KM, Ha CJYX He OlLyHIacM bl
MO TeM He MeHee MPUBOAHUT K HCKAXMEHUI TeMOpaJbHOH OKPACKH 3BY-
yaHMg K3-332 BOSHMKAIOMUX TPH 3TOM HHTEPQepeHUHOHHBIX MHKOB-
npopatoe AUX u TB3 AC sa cuer paccoraacopanud ®@HUX xara/oB
N0 3BYKOBOMY ZaBJCHHUIO.

CJefyIOMUM THIOM pPas3jeuTeIbHHX (PUABTPOB, TPHMEHAEMBIX B
AC, aBad0Tcd (UABTPEI  «TOCTOSHHOTO BXOAHOIO COMPOTHBJACHHA.
ATH «PUALTPH WMCIOT MOCTOAHHOE BXORHOE CONPOTHBJICHHE B CAYHac
paBeucTsa ¥ AKTHBHOTO XapakTepa COTPOTHBJ/IEHMH HATPy3KH HH3KO-
yaCTOTHOTO M BHICOKOUACTOTHOrO Kanatos. [lonmmaomer G, (s) 3HaME-
HATeJds TMepelaTouHofl (QYHKUMH UETHHX H HEUETHBIX CTeNeHeH FBJs-
oTed noauHoMaMiu baTrtepsopra crenesu 7.

Tagum o0pa3zoM, QUJIbTPH <MOCTOSHHOIC BXORHOTO COMPOTHBJE-
HUsg» HeueTHBIX NOPSAKOB HuUUeM He OTJAHYAlTCA OT (DUIBTPOB €BCE-
IPONYCKAMOMEra THNA» HEUCTHHIX NMOPAJAKOB, 4 PUIBTPH NOCTOAHHOLO
BXOZHOTO COTNPOTHBJEHUS UETHBIX NOPAAKOB B OTAHYHE OT (QUABTPA
«Bcempomnyckaimero tuna» HueloT AUX ¢ BHOpOCOM, AOCTHIAILHM
MaKcHMAaJgbHoro sHaueHnst 3 AB ma uacrore paspenenud. Ms-za 370-
ro  HernocTaTKa (UABTPH TAKOTO THIIA Jajee paccMaTpHBaThCA He
OVIAYT.

Enme onuuM TuooM pasiesduTe]bHblx (QUIBTPOB, HPUMECHACMBEIX B
AC HekoTOpHMHU (upMaMH — paspaboTyuKaMu, ABAAIOTCA QUABTPH
¢ HyJaeBoil (HasoBoli XapaKTepPHCTHKON, HA3BBAEMBE TaKKe (QHIBTPA-
MHI «TocTosSHHOro Hampskendg» [3.2, 3.10]. Mpea ofpasoBanud me-
peRaTOuHBlx <PYyHKIUE (UIBTPOB 3TOrO Kjacca CTaHeT AcHa U3 CJe-
;Ly}ouiem BRIpaxkeHus (lia npuavepe uIeaTH3MPOBAHHOH JBYXTMOJOC-
Hofl AC):

Ty (s) =Tyuy ()~ Tgu (s)== 1. (3.9)

Cymmapnas AUX AC uactorHo-HesapucnMa, a ®HX paBna HYJIO
Ha BCEX UACTOTaX, T. C. cyMMapHuli curaa’t AC (C upzeaJbHRIMH IPOM-
KOTOBOPHTEIAME) e TPeTepleBaeT UM AMIMMIVAHBELX, HH (PasoBBIX
nckaxenuit. K aToMy Kaaccy GHIbTPOB OTHOCHTCA BCEMPOINYCKaMOMInH
bunpTp mepBoro mopsaAra (cM. taba. 3.1 — cayvyal BRIOUEHAT KaHa-
JI0B B '(ase).

ITepegartounas ¢yHKLHg (PHABTPOB ¢ PaBHOI HyJ K0 Ha BCCX da-
crorax ®UX obpasyercg 3a cueT TOro, YTO NOJHHOM 3HaAMEHaTe-
19— G, (s) pazbupaeTcd Ha ABa NOJAHHOMA, 0OpasylOmUX YHCTIHTETH
epelaroyHblX (YHKNUE HH3KOUACTOTHOTO H BBICOKOYACTOTHOIO Ka-
HaNQE;

G n (S) - A’rH‘-I (S*,md) -+ NBLJ (S*"(‘)d)?

rie nopagok Ney(s/@a) Beerna Goanile mopaara Nuy (s/od), ©d—
Kpyroeas uzacrota pasieneHud. IlepefaTourble OyHKIHH KaHAJIOB MO-
JKHO 3aTHCaTh B BUJE!
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N (s/wgq)
_. Hu
T () Gn (s/wg)

CyMmmapaas ®UX sTix PUNBTPOB N0 HANPKEHUIO paBHA YO Ha
BCEX HacTOTax, ORHAKO OTAeabHme OUX HH3KOUACTOTHOrO & BEICO-
KO9aCTOTHOr0 KaHaJIOB He PABHEI HYJII0 H He HICHTHUHL MO dbopume.
Pasuuna ®UX HH3KOUACTOTHOrO H BBRICOKQUACTOTHOIO KAHAJOB BCET-
Aa HeIMHEHHA W JEeXHT B Ipegesax

120° < arg [Ty (8)] —arg [Tay ()] < 180°.

AUX HH3KOYACTOTHOTO ¥ BEICOKOYACTOTHOIO KAHANOR & HACANHSEPO-
BanHoil ACc dumprpamp 3T10r0 THnAa MOIYT GBITh CHMMETPHYHLIMH H
HECHMMETPHIHEIME OTHOCHTCIBHO YaCTOTHI pasieneHus (puc. 3.6).

18 88/ orrr

77
&) £

Puc. 3.6. AUX pa3neasreqnHbx (pUABTPOR ¢ HydeBoi OUX:
) CHMMETDHUHER 3-TO NOpSIK4, £) acuMMeTpuuHEE 3-ro nopsAAKa

ACUMMETpHYUHblEe (QEIBTPH hopMupyioTed, ecnd Nyy (s)=1 wuan
Neu(s)=s" Ecau n— nevernoe, To cammeTprunre AUX ofpasywor-
Cst Tax, 410 mepBele (14-n)/2 yrenoR moxunOMA G (s) obpasyor ua-
caurenh Npy (5), aocranphne (14-7)/2 oGpasyoT gucauTeND Nyy (s).

Eciu n—vernoe, to nepeble 7/2 unenor G, ($) u DosioBuHa 14-n/2
unena (n(s) o6pasylr uucaAHTeaD Try (8), a ocraBmHmecy nj2 qine-
Ha G.(s) u BTOpas TIONOBHHA I+n/2 anena G,(s) o6pasyoT guc-
AUTENb Ty (8),

B ra6r. 3.3 npusenenu TpRMEpEl NepelaTOYHbIX QYHKUHE (HILT-
PoB ¢ Hyaesol QUX pasnnquoro mopspka u TANa, o6pasyeMbIx H3
nomaomos barrepsopra [Gy, (s) =B, (s)].

Ha puc. 3.6 npuseseny AUX GHABTPOB 3-T0 MOpsAKa u3 TabmL. 3.3.
Kak ropopunocs swmime, GUIBTPH 3TOr0 RJacca He HANLH pHMeHe-
HuA B paspaborkax AC knacca Hi—Fi nociennnx jer 13-38 NAOXHX
H3OHpATeNbHBIX CBOHCTB, GOMBIION HepaBHOMEDHOCTH 3aBHCUMOCTH
CYMMAapHOH MOILIHOCTH CHTHAJa HA BpIXOIe PHABTPA OT yacTOTH, ma-
ACHHst BCIHUNHBI MOAYNSA CONPOTHBIeHHs AC B 00J1aCTH 4acTOTh pas-
ReJeHus (NpH pDABEHCTBE BXOAHBIX CONPOTHBJCHAH HH3KOYACTOTHOrO
H BREICOKOUACTOTHOrO TPOMKOTOBOpHTE/IeHl), MI0XuX XapaKTepHCTHK
Haupapaennocts AC B monoce pasieienns, HEeOOXOANVOCTH  npHyMe-
HeHYWsl CPpelHEeYacTOTHOro TPOMKOroBOpHTEI ¢ BOJ€E BHICOKHM KITA4,
REM Y HH3KOYaCTOTHOrO H BHCOKOYACTOTHOLO FPOMKOrOBOpUTECH B
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cayuae mpHMEHEHHS B TPeXNOJOCHOH AC ¢uabTpoB ¢ TMOPHAIKOM BB
nre sroporo [3.11].

Tagum 06pasoM, MOXKHO CREIaTh BHIBOX O TOM, HTO paunbosee mep=
CIeKTHBHS g HCMOJB30BaHHS B coBpeMenHux AL pasieNuTe/IbHbe
GHEIBTPHI «BCEAPONYCKAKIIEr0 THIa» BBHLY HX cBOMiCcTB, paccMOTpeHs
nLIx BhIIIE Ha MarTeMaTHueckoll wopenn AC ¢ uAeanbHBIMH TpOMKOro-
BOPHTEJSIMH.

Bonpock TpHOIHXKEHHs peasbHBIX XapaKTepPHCTHK AC g mega-
eMbiy HyAyT paccMOTpeHH B § 3.5.

Kax ToBOpHIOCH, BN, BHOOP 3HAUCHHH 4acTOT pasieeHid BJIH-
deT M4 pABHOMEPHOCTh XapaKTePHCTHK HAMPaB/CHHOCTH B noaocax
pasjiefieHnsd, T. €. Hd DaBHOMEPHOCTD qACTOTHOH XapaKTepHUCTHKH aKy«
crnueckoi mowmoerd AC. IToMuMo aToro, B MoJ0Cax pasiela qactor-
Hux kanaaos AUX n ®UX paspenuTeNbHBIX (QHIBTPOB OKashpBaloT
BAASHHC HA ODMEHTALHIO TJIABHOTO JenecTka XapakTCDHCTHRH Hanpan-
gennoetd AC B IJIOCKOCTH, TMPOXOAANIeN Uepes OcH IPOMKOTOBODHTE-
nefi. [lpoaHadHsHpyeM BJHAHHe pasAeJHTENbHBIX QHJIBTPOB Ha Xa-
PAKTepHCTHKH HampaBieHHOCTH AC HA MOAGTH asyxnoaoctot AC ¢
HICANBHBIMH  FPOMKOTOBODHTE-
AgME (puc. 3.7).

[Ipu 1OCTPOEHHH  MOJIEnH
IPUHATH  CIEAVIOIMLHE JONYINE-
HUsi; TPOMKOTOBODHTEIH pasMe-

jeHBl OFHH TOZ JAPYTCHM B BEp- ]
THKAILHON TJJOCKOCTH; XapaKTe- s, P

i,/ ""--.1____'4 — e, !
DUCTHKH HaNpaBJIEHHOCTH TPOM- — I/
KOTQBODUTeNeH HAEeHTHUHEl Xa- #4 N

PakTepHCTHKaM HanmpapJeHHOCTH

DOPUIHEBLIX H3JyuaTeJeH Co0r-  Pye. 3.7, MpeannaupoBaHgas — MOICIB
BETCTBVIOIEr0 IHaMeTpa, MmoM2- aByxmonecnoit AC
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HLIX B OeCckoHeuHbIH hpaf 1“})()MKDT‘DBD[JHTE.:"IH [{e BHOCHAT aM:
o111y AHO-4aCTOTHHIX 11 PA30HACTOTALIX HChaXEHUH B BOCIPOHIBOAN-
Mblft CHTHaJ.

Viamepenne XapaKTepHCTHK HamNpaB/ACHHOCTH AC npoHCXOEHT B
fagbieM noJe, T. € I3»di, rae dr-— PaccTOfHKE MeXAy HM3KOHACTOT-
HblM H BEICOKOUACTOTHBIM TDOMKOTOBODHTEJEM, [ — paccTOfHHE MEX-
ay toukofi C na (poHTatbUOll MoepxHocTH AC, paBHOyAaJEHHOH OT
LEHTPOB TPOMKOIOBOPHTRJeH M MCXORHOI TOUROH H3MepeHHs XapakTe-

uyetag AC — O, nexameii Ha HopMaiaH K QpOHTAJbHOI TOBEDXHOCTH
AC (puc. 3.7).

[lepenatounyo ¢GyHRuUn© gyxnoirocHofi AC (3aBHcamlyio goMu-
MO yacTOTH! § OT KOODAWHATH TOYKM NPOCTPAHCTBA) MOXKHO NpeicTa-
BHTD B NOJAPHEX KOOPAHHATAX B BUILLE,

Ty (8, o) = (Kuuy/lyg) [Ty (8 Dyy () €Xp (8 Lyy/0)] -+
A Kpullpy [T gy (8) Dy (Gpy) €Xp (— S Izy/c)],

rpe Kyy *# Kpy — KOHCTAuTH, 3aBHCAMAE OT napameTpos I'POMKOTO-
soputeseil {3.7]; gy ¥ lyy — PACCTORHHAE OT BHICOKOMACTOTROIO H HH3:
KOYACTOTHOrO,  COOTBETCTBEHHO TIPOMKOTOBODHTEdd A0 Tousn A
(pHC. 3.7); @gy M Gpgy—— YIJIB MEXKJAY AKYCTHYRCKOH OCHIO AC u
OpAMBME, COCLHHSIOMHMH LEHTPLl TPOMEOroBopHTesed ¢ TOUKOR A;
0 — YTOJg MEKAY HOPMAIpto H npaMmol, coeanndiomedi touky € ¢ TOu-
Koit A; Dyyltyy) B Dpy{egy ) — XapaKkTepuUCTHKH HaDPaBJICHHOCTh
COOTBETCTBEHHO  HHZKOYACTOTHOTO 11 BBICOKOUACTOTHOIO TPOMKOTQ-
BOpHTEJEHN; §= j© -— KOMILIEKCHAs qaCcTOTa; ¢ — CROpPOCTL  3BYKa,
exp(~—slya/c) 1 exp(—slzyfc) — MHOMHTEAH, XaPAKTePH3IVIOMWHAE A0-
NOJIHHTe bHBIH AWHEHHO saBucAuMi OT yacTOTH (hA3OBHIA CABHT, T. e.
34]1epXKKy cCHrHana BO BPEMEHH 3a CYET DACCTOSHAA [y u [y 00Y-
CAOBJEHHYIO pa3HecenueMm rpoMmkoropoputeneit B xopnyce AC na pac-
ctodn®iu di; Ty (8) B T54(s) — omepatopubie meperaTounbie MyHK-
HAY¥ pasAgesHTeNbHbIX QHALTPOB HH3KOUACTOTHOTO H BHICOKOHACTOTHO-
ro Kawasnos.

B cusy DpuBATOrO BHIE VCJAOBHA HABAJNBHOCTH TPOMKOTIOBOpHTE-
aeft (AUX=const, ®UX=0) xapaxrep mepesaTOuHo§i (yHKHIf pac-
cMaTpuBaeMoli AC 3aBHCHT OT TepefaTOYWbiX (hyHKHUE QUIADTPOB,
XapPaKTePHCTHK HanpaBJeHHOCTH TPOMKOTOBOpDHTENeH Hu JAHHERHO 3a-
BICAIMKX OT 4acTOThl $Hasosbix Haberos, 00yCA0BIEHHBIX COUSMEPUMBIM
C AMHHON W3AYyudeMbIX BOJH PAcCTOAHHEM MEKAy IPOMKOTOBOPHTENs-
M, PasMeneHubmMu B Kopuyce AC.

Ha puc. 3.8 nocrpoenbl xapaKTepHCTUKH HanpaBJIeHHOCTH pac-
cMaTpuBaeMoil Mofenn AC ¢ DA3NHUHBIMHE THNAMY (HJALTPOB. 3aBHCI-
MOCTH HOCTpPOCHH NPH YCAOBHH d/hA=1, rae A -— LI1HHA BOAHLI Ha ua-
CIoTe pasiesa HacTOTHHX KaHalop fy. HacToTa paspena soifpana
Tag, 9To B mpesesnax uaMenennd vraa o (0.. 15°) xapakTepucTHKE Ha-
npaBaeHHOCTH Dyy (Gyy) B Dyy (Rpy) MEHTIOTCA HE3MAYUTENBLHO (UTO
COpaBeIIHBO RS QosblilugeTsa peanbubix AC mpn a=t15° 1 dih=1),
Ha pnc. 3.9 ga\m cooTBETCTBEHHO XAPAKTEPHCTHKH HATIPABJEHHOCTH
voznesan AC ua yactoTe paspena B byHKIMK yria o
B
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Puc. 3.8. XapakTepHCTHKH HANpaBJEHHOCTH MWASAJNBHOR BYXIOJOCHOH AC ¢ paz-
AeMUTEIbHEIME (GUABTPAMH PA3NHYHOCO THNA H MOpAJKA:
a) 1l-ro nopaixka, £) aCHMMETPHYHBIME 2-r0 RnOpAJKa C nyaesoft ¢asofi; e) 3-ro

nopstiKa <HIOCTOAHHGTO BXOILHOTO COMPOTHBJEHHS?, [‘) 4-10 nopsnKa «BCENIPpONYCKa-
WIere» THIIA

. é) €)

Puc. 3.9, OpdeHTalns T[/ABHOTG JENECTKA XAPAKTEPHCTHKH HANDABMEHHOCTH HA Ha-
croTe pasjena HMIeanusHpPOBaHHOH AByxmoacchoit AC ¢ pa3speaHTeNbHEIMY PUAb-
TPaMH:

@) l-ro nopsixka: 6) ACHMMETPHUHBIMH 2-T0 NMOPAJKa C HYJIEBOH (azof; 8) 3-ro
NOpAAKa &NOCTOSUIOTO BXOJHOTO COMPOTHBAEHHA»; &} 4-r0 MOpAAKA «BCEMPONYCKa-
OIEro» THOA,

«+» H t—>» — cAn(A3HOE U, COOTBETCTBEHHD, NPOTHEOPAZHOS BRIICHEnHE KaHA/NOB
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B 3aBHCHMOCTH OT THIA H TOpAZKa (QUIBTPOB XapaKTEPUCTHKH Ha-
NPaBJIEHHOCTH B NOJ0CE PA3ZeeHHs YAaCcTOTHHX KAHAJOB HOCHT pas-
JHYHBIE XapakTep — GHABTpE OoJee HH3KHX MOPSAKOB BHOCHT HCKAa-
KEHHd XapaKTepHCTHKH HampaB/eHHOCTH B 0oJee IMHPOKOM JHama-
30H€ 4acToT;

HIHpHHA TJIABHOTO JIENeCTKA XapaKTepUCTHKH HANMPABJCHHOCTH K&
4acTOTe DASJAEJEHUS SABHCHT OT COOTHOWGHHS pPACCTOSHHA MEXKALy
IPOMKOrOBOPUTEASMH H RJHHE  BOJHH, COOTBETCTBVIONIEH dacToTe
pasieneHHs, a HaKJIOH JIeNeCTKa 3aBHCHT OT COOTHOUIEHHS aMIJIHTYL,
W (as CHrHaNoB pasaelseMblX KaHAJIOB, YTO ONPEReNeTcs, B CBOIO
ouepelb, THIOM MPUMEHSEMHBX QHJILTPOB;

IOBHIUICHHE NOPAAKA DPASHETHTCIbHBIX (GHIBTPOB TPHBOINT K Cy-
Kenuio obnactu gacror, B Kotopof AUX AC mperepmesaer HeKake-
HUe TIpH H3MEHEHHH yI.ia o B BepTHKaJAbHOH miocxoctH (puc. 3.7);

HauxylllHe XapaxkTepHCTHKE HalpaBJEHIOCTH OO6VCIOBAHBAIOTCS
GuIbTpaMM ¢ JuHe#dHOH Qa3opofl xapakrtepucrthkoft  (puc. 3.8,a,6;
puc. 3.9,4, 6);

H3MEHEHHE MOMAPHOCTH BKJIUYEHHS TPOMKOTOBOPHTENS (B Hjea-
JH3UPOBAHHOH Mofean) Ha 180° mpuBOZMT K TOMY, YTO JETECTOK Xa-
PAKTepUCTHKH HANPABJNCHHOCTH, €CMH OH HECHMMETPHUEH OTHOCHTEJIb-
HO ocH AC, 3epkaibHO HSMEHTET CBOH HAKAOH OTHOCHTEIBHO OCH, HO
QCTaeTcs Mo-mpexHeEMy HeCEMMeTpHukbiM (pHe. 3.8,4,8, puc. 3.9,a,8).

Pazjleantenpibie QHIBTPH <«BCEMPONYCKAONIErO THNAS OGeCTeyd-
BAIOT CHMMETpHUHbIE OTHOCHTENBHO Dabouefi OCH XAPAKTEDHCTHKH Ha-
mpaBaeHHocTH AC B BepPTUKAJNBHOH ILIOCKOCTH (puc. 3.8,2; 3.9,2).
CHMMeTpHUHbIE XapPAKTeDHCTHKH HANIDABJCHHOCTH, B CBOIO OYepes.
0BYC/IOBIHBAOT HAHGOBIIYIO PABHOMEPHOCTH H3.JMVYAeMO] MOHTHOCTH
B yrie £o. CHMMETpHYHHE XaPAKTEDHCTHKH OBVCAOBJICHB HAEHTHYU-
HOCTBIO ()A30YACTOTHHX XaPaKTePUCTHE PasfedseMblx KaHAJOB [3.3].

IloMUMO BAHSHHS HA XAPaKTEPHCTHKE HanpasgenHocT AC no
AYX, pasienntesbHne QUIBTPH OKA3HBAIOT TAKKE BAHAHHE Ha xa-
PARTEPHCTHRH HampasieHHoeTd no ®UX u TB3 (puc. 3.10), Anaausz
XaPaKTePUCTHR HampaBnaennoctd AC no I'B3 nosBoaser clenats 1e-
CKOJIBKO HHTepeCHLIX HaBatofeHHi:

[) naxe ONTHMAaJIbHbE ¢ TOYKU 3pEHHs CHMMETPHH XapaKTepHCTHK
HanpasaenHocTd mo AHX paszennreibHble QHJIBTPH ueTHHX nopag-
KOB ¢ nyockod AUX umeor HecumMeTpHuHBie XapaKTepHCTHKH Ha-
TpaBJIEHHOCTE 1o 'B3. 310 roBOpHT 0 ToM, UTO XapaKTep MepexojHLIX
HPOLCCCos, HeCMOTPs Ha cHMMerpuo AUX, Oyler pasnugen mpn ofu-
HAKOBLIX Yriax CMemeHHs B BepxHEell H HHXKHEH NOJYIAOCKOCTH;

2) 4acToThl pasnena B o6AaCTH MAKCHMAIbHOM YYBCTBHTEJbHOCTH
CIyXa k HCKamenHsM AUX u I'B3, 1. e. B6mmsu 1 ... 2 x['m, MOTYT MpH-
BOZHTBL K ToMy, yto AUX u T'B3 AC, nmomanag na pabouedt ocu AC ¢
OombuiiM 3amacoM B AOTyCTHMEHE TPaHHUBL, FHKTYEMBlE NOPOraMH
CJBIIHMOCTH, MOTYT, OXKHAKO, BHIXOAHTb 3a ZOMYCTHMBIE TPaHHUK B
APYTHX TOUKaAX MpoCTPaHCTBA:
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U

Ques®» DA30BHC HCKAKEHHs NpPH CMEIEHHH TOYKH HIMEPEHH: He MEHLQ
e, ueM GmIBTPH ¢ Maockof AHX (BcemponycKalomero THRA), Kax
sugHo us puc, 3.10.

) drapTper ¢ guHeHHOH (asoBoOd XAp AKTCPHCTUKON MOTYT BHL

ras, me
a3r

02

6,7

1 0 _l_
\\15 0y 0,15 2,0Qr4

-g,1% 2 -0 5)

[

Puc. 3.10. XapakrepucTHku Hampapsensoct I'B3 MAEaJH3upoBanoil J(BYAnosaoc-

wofi AC ¢ pas3iACaHTeNbHEIMH (QHILTPAMU:
a) l-ro nopgaka; 6) 4-r0 MOPANKE «BCENPOMYCKANILETO> THIA

33 PACUYET MACCHBHbBIX PA3JEJUTEJbHbLIX ®HUJbTPOB
B AKYCTHYECKHX CHCTEMAX

Kak BHI0 CKA3aHO BpiIle, pasAeluTe]bHHE QHIBTPBL C NI0CKOR
AUX o6jazaot paaOM IPEeHMYmecTs mepej (QUIbTpaM#E Apyrux TH-
0B H gBJasiorcd Hanfogee ynoTpeOHMEIMH B HacTOAEE BpEMd B AC
gnacca Hi—Fi, nosToMy B MeTOjHKe pacuera GYAeT paccMOTPEH TOJb-
ko stor THn ¢uibrpok. CyTh pacyera COCTOHT B TOM, 4TQ CHavald
pasgesuTeNbube (GHABTPH pAaccYHTLIBAIOTCA H3 yCJAOBHI AKTHBHOH
HATPY3KH M HCTOYHHKA HANpsXKeHHs ¢ GECKOHEUMO MA/hM BBIXOLHBIM
CONpOTHBJCHHEM (YTO CHOpaBeJMBO [1J5 COBPEMEHHBIX YCHIIATENEH
3BYKOBON YACTOTH), a 3aTeéM NPHHHMAIOTCS MEpH, alpaBJeHHee Ha
CHUSKEHHe BJHSAHHS aAMILIHTYIHO-YACTOTHRIX M (a30uacTOTHHX HCKa-
eHH{T TpOMKOTOBOPHTEJEN H KOMIJIEKCHOTO XapaKTepa HX BXOAHOTO
COTIP OTHBJICHHS 114 XapaKTepHCTHKH QHJALTPOB.

Pacyer pasAeguTe bHBIX QHJLTPOB HAUMHAETCH C ONPEIE/ICHHS HX
nopsiaKa B HAXOMJAEHHA TapaMeTPoB 3JEMEHTOB JIECTHUYHOTO (QHJIBT-
pa wpoToTHNA HIKHEX uactor [3.1]. ®HIABTPOM-IPOTOTHIOM HAaSH-
BaeTcsl JECTHHYHHIA (HIBTP HHMKHHX JacTOT, 3HaueHUs 3JEMEHTOB KO-
TOPOTO HOPMHPOBAHE OTHOCHTEIHPHO €IHHHYHOH 4acTOTH Cp€3a K €/H-
HUYHOH aKTHBHOH HaTpy3kH. Paccunras 3/JeMeHTh (QUIbTpa HHKHEX
YACTOT ONPEAEJENIIore Mopsika NpH peatpllof yacToTe cpesa H pe-
ANLHOM 3HAUEHHH CONDOTHBJICHHA HaTpPY3KH, MOXKHO WyTeM NpHMEHE-
Hist Mpeofpa3oBauis UACTOTH ONPENeIHTh CXeMy H PACCUHTATD 3HA-
YeHHA S/AEMEHTOB (UJILTPA BCPXHHX UACTOT H IOJOCOBOTC (QHIbTPA
COOTBETCTBYIOMEro mopaaxka. HopMmupoBaHHHe 3HaYeHHA 3JCMEHTOB
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PJRNFIOTCS TYTEM Pas/IoKeHus B UENHYIO 1pobb ero BEIXOAHOH npoXg
“AuMocTH Yoy [3.1]. HopMupoBaHHeie 3nauennsi 3JeMeHTOB (UIBTDOB-
IPOTOTUIIOB AJsi PACUETA DA3JNENHTENbHHX (BHABTPOB <BCENPONYCKa-
Iomero Tua ¢ naockoi AYX» 1. 6-ro mopsihka cBefeHwl B tabi. 3.4.

TaGanuuna 34
3HayeHHe HORMHPGRAHBHLINY TAapavMeTpOR WIEMEHTOB
Mopanok
GRABTDOR I 9 3 4 5 [
1 1.0 — — — — —
P 2,0 0.50 — — — —
3 1,60 1,33333 0,50 — — —_
4 1.88562 1,59099 (0,94281 0,35355 — —
) 1,54511 1,69440 [,38198 0, 89443 0,30301 —_—
6 1,80 1,85185 [,47273 1, 12037 0,72727 0,50

Ha puc. 3.11 npencraBiacma cXema (QUIBTPA-BPOTOTHNE IMECTOrC
nopsika. CXeMel QHILTPOB MPOTOTHIOB MEHbIIHX NOpAAKOB obpasymor-
Csi MyTeM OTOpACEIBAHNS COOTBETCTBYIOI(HX 3JEMENTOB — ¢ (HAUHHAR
¢ OOMbINHX) — HAPUMEP, (GUABTP-NPOTOTHN 1-TO NOPSAKA COCTOHT

U3 OQJHOH UHAVKTHBHOCTH @ H

w, &y s HArpy3Ku R,
Vg gy 3HavyeHle peaJbHHX mapd-
J‘wz Jjﬂz; JF& METDOB 3/EMEHTOB, COOTBETCTBY-
IOUHX  BHIGDAHHOMY  NOPSAKY

@ []ﬁu
, T pPasaequTe b (PUABLTPOB, CO-

NPOTHBACHUIO HATPY3KN Ry (OM)
H yacToTe c¢pesa (pasnenenns)

fa (T'm) paccumtHBaOTCS Ciely-

Pre. 3.11. Cxema oJHOCTOpOHHE HA-
IPYIKEHHOro (PuIbTpa-NpOTOTHIA HHXK- KOOI HM DﬁpaSDM:
HHX 4aCcTOT 6-TO HOpsiKa a) aasg buibTpa HUKHHX 4a-

CTOT:

KaXAbld 3/eMeHT o-HHAYKTHBHOCTE (HJIBTPA-BPOTOTHIA NepeBo-

AUTCSH B peatbHYI0 HHAYKTHBHOCTB {I'm), paccumrsiBaeMyio mo dop-
MyJae

L=oRy2nf,. (3.10)
Kaxabfi s/eMeHT «-eMKOCTh (UILTPA-MPOTOTHIA NEPEBOLHTCH B
pea.bHyH evkocth (@), pacunTsiBaeMyIO M0 HopMyie
C=w2nf;R,; (3.11)
6) nns HuIbTpa BEpXHHX UACTOT:

KaXIbli 3JeMEHT ¢-HHAYKTHBHOCTh (HALTPA-NPOTOTHIA 3aMender-
Csi pEAJbHON €MKOCTBIO PACCYNTLIBACMOH 1o (OpMye:

C=1/2nf,aR, (3.12)
84
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L=R./2af,a;

B) JJis OJOCOBOrO (pUAbTpA:

KKAB 3J€MEHT a-UHAYKTHBHOCTH 3aMEHSieTCs Ha NOoCJaeioBaTeb-
HHI KOHTYD, COCTOSILHA H3 peanpHux L u C-371eMEHTOB, pacCUHTHBA-
eMBIX 110 (hOopMyJIaM

L=a Ry 21 (fga—fa1)s (3.14)

rae fg1 ¥ fga — COOTBETCTBEHHO HHXKHff U BEPXHsf YacTOTHl cpesa mo-
JOCOBOIO (Uibrpa:

C=1/4n*f2 L, (3.15)

rae fo=V fafsz — cpenuas 4acToTa NOJOCOBOTO (GUILTPA.

Kaxauit 2eMenT o-eMKOCTh 3aMEHSIeTCH Ha HapalaeJbHBIA KOH-
TVp, COCTOSIIUA H3 peadyibHEX L u (-3JIEMEHTOB, pacCUHTHBAaEMBIX IO
dopMyIaM: _

C—= G;’Qﬂ. {fdﬁ_fdl) RH* L= 1/4121%6 (316), (31?)

[lpumep. TpeByercs paccydTaTb 3HAYEHHS 2/MEHTOB Da3ACTHTEILHEIX (HABTDOB
Jas TpexnonaccHof AC.

BriGupaem paszesuteabuble (GHALTPE BToporo mopsiika. Ilycre shiGpaHzble 3ua-
YeHHS YACTOT pa3esIeHHs! COCTABJSKT, MEXIZY HUSKOYACTOTHBIM H CpeIHEYacTOTHHM
xaHajaoMm fq(=500 ', MeXIYy CpeAHSUACTOTHHIMHE H BBICOKOYACTOTHBIMH [gp=>5000 ['i.

CONpOTHBJAEHHE T'DOMKOrOBODHTEe Ha HOCTOAHHOM TOKE: HH3KOQHaCTOTHOIG U Cped-
nevactoTioro — 8 Om, pelcogoudactorHoro — 16 OM.

a6 A5
8o g0
85} 85

80 80

I n
0,05 0,5 5 50 G058 0,5 5 50

Puc. 3.12. Ilpumep  pacuers
Da3AeJIHTEMbHBIX (pHABTPOB
tpexmoocHol  AC  a} AUX
rpOMKOroBOpHTENEH 0e3  (HabT-
poe; 6} AHX TrpOMKOTOBOpHTE-
aefi ¢ QHIALTpAMH, UENAMH (R
r4COBAHHA H KODPEKUHH; 5]
cymmapuass AUX AC na pabo-
yeli OCH M UpH CMEIUEHHH MHK-
poosa na yroa +10° B BEp-
THKaAbi0d MIOCKOCTH

85


http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

AMIIATY IHG-YacTOTHER AdPAKTEDHCTHKH TPOMKOTOBOpHTEIRH, H3MepeHHEHe B
{CHHOH Kamepe Ha pafoueli ocu AC ma paccrTosuum 1 M, H300pameysl HA pr
2,0 (EH3KO9ACTOTHLI rpovrorosoputess 10001, cpeanesacTorhrft 30T1-8, Bar-
COKowacTOTHRIA 001 -43).

Paccuuraen GUILTp HHAKIHX YACTOT!

SHAYEHHC HOpMHPOBAHHEIX NAPAMETPOB SVIEMEHTOR onpeneanm ua rtadd. 3.4:
(11==2,D, a2:0,|'5.

- M pue. 3,11 onpegendenm cxemy ¢uALTPA-TIPOTOTHIA UIKHAX TACTOT! buIBTp CO-

CTOMT W3 HHAYKTHBROCTH G, €MEOCTH ¢ ¥ HATPY3KH Ray.
3HAURHHSA DEATBbIEIX 3JCMEHTOR PuAbTpa HMKHHX 4acTOT HaXOAMM NO BEIpAIKE-

aaaM (3.103 n (3.11):
L_l Hq:aRHe‘!‘?‘ﬂ:fdl:2,0‘8,[”(2'3,]4'500}:’ 5,1 MIH,
€y == /20 fay Ry =10,5/(2-3,14.500+8,0) == 20 vxd.

SHAUCHHS 3IEMEHTOE II0JOCOBOD GHIbTPA (A2 CPEAHEYACTOTHOTO TPOMKOTOBO-
"PHTENA} ONpeneNiseM B COOTBETCTBHH C BEIpameHuaMu (3.14})..(3.17).

Loy =@ Re/27 (f4—f4y) =2,0-8,0/2-3,14 (5000-—500) = 0,566 MIH,
Cpog= /4§ L, (= 1/4-3,142.5000-500-5 66 10— == [8 v ,
Cmq=a2f211(fdg—-fd1]RH:=D,5/2-3,I4(5000—5003-8,0:2,2 MEP

2 —
Ly oy = 1/472f5 Cy oy = 1/4-3,142.5000-500-2,2.10~5 == 4,6 wTH.

SHAUEHHA 3MeMEHTOB (HILTpa BEpXHHX YACTOT ONpeleNseM B COOTBETCTBHH ¢
<BRIpameHusyy (3.12, 3.13):

Cy gy =1/27 fag ot Ry ==1/(2-3,14-5000-2,0- 16) = 1,00 M,
Ly py= Ru/27 fa3 @y = 16/(2-3,14-5000+2,0) — 0,25 wlH.

Hast cormacoBanus GuABTPOB ¢ BXOANHM KOMIVIEKCHBIM COTMPOTHBJIEHLEM TpOMKOrO-
BOpHTES el MOMeT NPUMEHATLCS CIIRLUATLHAS COMACYIOUIAS Ienb. IIpun oteyrersnu
STOR LENH BXOANOe CONPOTHBJACHHE TPOMKOTOBODHTENS OKA3HBAST BJHAHME KA
AUX w ®UX pasaeaureisHEx (PHIBTPOB (4TO NOATBEPIKAALTCH BHpaKEHHEM (3.2)}.
[lapaerpn anementos cornacylollell wemu, BRMGIAEMOH napalieyIbEo  TpOMKOTG-
BOPHTEIO, HAXOAATCSH H3 YCJIOBHS:

YG (S] +er (S] - IJ;REJ

rie Yo(s) — nposoanmMocTs corsacymoumed nemu, Yrp (8} — BX0AHAA MPOBOIHMOCTD
[POMEOTOBOPUTE/A, RE — 3MSKTPHISCKO® CONpPOTHRIEHHE CPOMKOTOBOPHTENST HA IMO-
CTOAHHOM TOKeE.

Cxema corsacyoInesl iend H3o0paxena wa puc. 3,13, Ilens seasetcs AyajbHoIf
fI0 OTHOWICHHIO K IKBURAJEHTHOH 3JeKTpHIecKoH cxeme FPOMKOTOBODHTEIA. 3HAYEHUSN
SIEMEHTOB LENH ONpeAesse CJCAYIOMUM 06pason:

Ry =Ry, Cyy=Lyc/RZ (3.18), (3.19)
Ry = Rg/Rgs = Qps Rp/Qus, Cx=1Lcps /RE =1/Qug R 2 f,

LK = CMES R; = Ugs }‘?E,f2 T fg,

TAe Ly — HHAYKTHBIOCTh 3EYKOBOf KATYLIKH, fs, Cares, Lers, Rps-—9aexTpo-
MEXAHW'ECKHE NapaMeTphl TpOMKOTOBOPHTSJA, ONMpEAGTAEMBE B . 4.
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Jlia KoMIeHcalluH RXOIHOTO CONPOTHRJAEHHA HHIKOYACTOTHOIO TIPOMEOTOBOL ey
. NpEMEHAT YIPOILEHHYIO LENb, COCTOAIIYI0 H3 MOCHEAOBATENBHO BXIOUEHHBIX
NpPOTHBIEHHS Rx| H E€MKOCTH Cgi. DT0 OOBACHSIETCS TEM, UTO MEXaHWUCCKHHA pe-
30HAHC TPOMKOTOBOPHTENs He OK43HBaeT BJIUAHHA HA XAPAKTEPHCTHRH buneTpa
HIKH¥X YACTOT M KOMNEHCHpYETCH TOMbKO HHAIYKTHBHELG XApaKTep BXOJHOTO COIpPO-
THBJIEHHA TpoMroroBopurens. Lle- o _ R
Neco00pasHocTh NOAKMOICHNA NI

HOji COlGacYIomEl# Uemd K BEH- Py
COKOYAcTOTHBIM H  CpEAHeHacror-
HBM  TPOMKOTOBODHTEISM  CIpaB-
JaHa B TOM CIyuae, CCIM pe3n- g Ry
HaucHas dJacToTa [POMKOTOBODH- — - B

Teas HAXOAMTCH BONHSH  4aCTOTH ==lkr b
cpesa  HILTPA BEPXHHUX  MaCTOT
HJIM HHKHEH uacTOThl cpesa IIo-
J0COBOroe ¢HaAbrTpa. B TOM  cay- -
yae, eCAH UaCTOTH Cpesa QHIbT- o 5

DOB  3HAYHTE]RIO  BHIE  pe3o-

HAHCHHIX 9acTOT TpOMEOIDBOpHTE- FHC. 3.13. Cxema corjacywlled UenH JIJA

KOMIICHCALMH KOMIJIEKCHOTO XapaKrepa BXOA:
HOrO CONPOTHBJEHHS IPOMEOrOBODHTENS

/

Lot s 2 s s e o o D

Jed, BKIKYEHHE VHPOIICHHOH penH
ABNRETCH AOCTATOUHEIM.

Biusine BXOANOr0 KOMILTGKCHOLO CONpPOTHB/GHHS TDOMKOTOBOpHTENeH MOKHE
pACCMOTPeTh Ha [pHMEpe pasfieNHTEeNblBX (HILTPOB BTODOrO MOpAARA BEPXHHX H
nmKunx gactor [3.12] (pue. 3.14). Tlapamerps HY rpoMKOTGBOpHTENS BEOpaHBL Ta-

L1 . J|l?'E Lye Cmes LoEs 0”1 Fe ":'VL? Gmes Lyes

| | |
I | j

. o

C i of { % [].‘?53 6 f,f,f%lk [ Res
; I
4 L

a) d)

Puc. 3.14. DaexrpHueckas IKBUBAJEHTHAS CXeMa [POMKOIOBODHTENA € pASAC/AHTEMh-
HEIMH (prJBTpaMi 2-T0 HOpAILKA:
6 — ¢ (PHABTPOM HHIKHHX yaCTOT; 6 — ¢ (QHABTPOM BCPXHAX HACTOT,

} — UARTD: 2 — FPOMEOTOEOPHTEIL

kum o6pazoM, uTo ero AUX COOTBETCTBYET AIMPOKCHMALHH IO GarrepeopTy, T. €.
nogHas goGpornocts Qrs=0,707. Yactora cpesa QuabTpa HIRHHX dacTOT BHIOpaHa.
B 10 pa3 Ooablue pesOHAHCHOH YACTOTHL TPOMEOTOBOPHTEINS Fa=10fs. MI1iyKTHBHOCTE
SByKOBOﬁ KAaTVyKH Bbe)paHEl U3 VCIOBHA! Qvg;::[),f, rie QVO —-E[OﬁpOTHDCTb 3BY-
KOBOH' KaTYLfKH, OnpcieanemMan Kak

Que=Lyc 205/ RE,

Ie [s— pe3sOHaHCHAaA HaCTOTa TPOMKOTOBODUTEIA, Ry — conpoTHRJIEHHE 3BYKOBOW:

KATYUIKH Ha AOCTOZUHOM TOme, Ly ¢ — HHAYKTHBHOCTD 3RYKOBOH KATYIIKH,
3gpayenre: Qyc—=0,] COOTBETCTBYET CPEIHECTATHCTHYECKOMY SHAYEHHIO HMHIYK-

THBHOCTH 3BYKOBOfi  KATYUIKH  MOI[HBIX ~ HHA3KOYACTOTHEIX TPOMKOTrOBOPHTEMRA.
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NpOTHBAEHHs], 32 KOTODHM <JeAyeT ocTphlfi mpobas {puc. 3.154}. CoorsercTBymoIIHE
u3MeHeHHA AHX (uILTPE N0 HANPAKEHHK 3aRMOYAIOTCA B HEOOMBHIOW TOIBEME
AUX ma vacrore [=~2fs (BCAENCT3HE HHAYKTHBHOCTH 3BYKOBO# KaTYUIKH} H NJIaBHOM
npoeane, 3a kOTopblM cleayer peaxuft auk AYX #3-33 pesoHauca ueny, obpasyeMoil
HHAYKTHBIOCTBH) 3BYKOBOH KAaTYHWIKH U eMROCTBI) pasuesHTeNbHOTG (HabTpa. Co-
orsercTBymEe BameHenna AUX m Zpy nocae BKMOYEHHS COTMACYIOEH LeNH 13
NOCJAEA0BATENILHO BKIIOUEHHOTO pe3HCTOpA M KOHJEHCATOpA TOKas3aHW Ha puc. 3.10,a

A8 z 5 45
] B:-c],,!..’, fg’“ ?LI ”

Puc. 315, AUX # BxOjHOe CONDOTHBACHAR Da3I&JHTENLHBHIX (PHILTPOR 2-T0 HOpHA-
Ka, HarpyXeUHHX HA [POMKOTOBOpHTENA:
@) QHALTp HWKHEX uacToT; 6) HISTD BepinMx uacToT;

1 — AUX no HanpsXenMir pa BEAGAE (DUALTPa- Cea corgacyouwrell menw: 2 — AUX no HALPAKEBHIO

HA L XOde hu1eTpa o canmaryuieli uenem: § — AUY o IBVKQRoMY JaBIedHE, O3 copgacyioumed

nend: 4 — YUY no 3pYKQUOMY ARBIel ¢ coTmpacyioluel eflki, J — pXOJHGE COoDpoTHBIeHie

PUALIP2 ¢ TPOVHCOTOBOPHTEEM §e3 corfAacykomel OemH; 6 — DXoAHOS COnpPOTHIMICHHE (GHIhTRa ¢
[ POVEACOROPUICTE M € COrIacy (Led ek}

(xpusbie 2. 4, 6}. BrJwuenue cormacymouieft gend npuHOMILKAST XAPAKTIE) BXOAHO-
ro CONPOTHBJAEHHS TPOMKOTOBOPUTCIAR K aKTuByoMy # AUX pa3ie nTeSeHOro (HbT-
pa N0 HANpAKEHHB K wedaeMomy, OAHAKO BCAEACTBIE BANARHA MHAYKTHBHOCTH 3BY-
Kopod KaTymki AUX no 3pyKOBOMY JaBJCHHK OTJHYaeTcsi OT Keqaaemoll (xpHBad
4}, nosToMy 71a:ke TOCJ€ BKAIOUEHHS COrJacyiomeH pemn uuorda tpedyercs  He-
foapllan nOACTPOKa saeMenTOB HIVIBTPOR H IIRTH COTJIACOBAHMSL.

B caysae (mabTpa BepAHHX 4YACTOT BAMSHHE KOMILIEKCHOrC XapakTepa BXOJ-
IOT0 COMPOTHBAEHNA TPOMKOrOBOPHTE]st HAa BXOAHOe comporHBaetue I AUX (puIbT-
pa HOCHT MHOA Xapakrep. Ecsm uacroTa cpeda (PMAbTpA BEPXHHX YACTOT WAXOAHTLI
BOJH3I 4acTOTH pE3OHAHCA INPOMKOrOBOpHTENS fs (cAydall, BROTRA BCTPEYABIHACA
B GHABTpAX /s CPEAHEUACTOTHHIX TPOMKOrOBODWTENEH, HO HPaKTHIECKH HEBOAMOK-
BB Aqs BLICOKOMATTOTHHX TPOMKOTOBODHTENEN), BXDiHOE CONpOTHBMAEHHE (uIbTpa
BEPXHHX 42CTOT C TPOMKOTOROpDHTENEM (€3 COrMaCyOIed HEenH MOXKeT HMeTb rayfHo-
Kufi IpOEa BCIEACTBHE TOTO, ¥T0 BAa yaCTOTE De3CHAHCA rpOMKOTOBOpHTead [s ero
BYO0,1HO¢ CONPOTHBJCHHE 3HAUHTEILHO BO3pACTaeT H HMEET YHCTC AKTHEHMH Xxapax:
tep. PuapTp oraspBaerca xak OB HA XOJOCTOM XOJXY, H3-38 pE3KOr0 RO3pACTaHHS
COUPOTURJEUHST HAFDY3KH o €r0 BXOJHOE CONPOTHBRIGHHE ONpeIeNSeTcs NOC/eNoBa-
TEIbH0 BKJAKTEBHEIMH anementaMu G, [;. Yaille Berpeyaercs cHTyandd, KOrja uvac-
TOTA Cpe3a QEILTPA BEPNLUY YACTOT [y 3HAUMTEALHO BLIUIE YACTOTH  pe30HAnCd
rpomnorosoputeas fs. Ha puc. 3.15,6 AaH NpHMSD BAWAHHA BXOJHOTO CONPOTHEJE-
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i TPOMKOCGBOpHTEIA M ero xoMmeHcamnn Ha AUX (HALTpa BEpXHEX BacTOT
DAKEHHIO B 3BYKOROMY AaBjetmo. Hacrora cpesa QuibTpa BHOpana 3HayuT
P, BEIIE 9ACTOTH pe3CHAHCA CpOMKorosoputens fq=8fs, mapamMeTpsl rpoMKOrosc
tens Qrs=15, Qus=I10, Qve=0,08. lloapem AHX no 3BYKOBOMYy I2BJICHHKY ¢
HANpsXKEHHI0 B BLICOKOYACTOTHOW OOJACTH, COMpPOBOMKJAeMBlH MpOBAJOM BXOJHOTO
CONPOTHRBIEHHS, OOBACHACTCH BJHAHUEM HHIYKTHBHOCTH aBYXOBOH RaTYHIEH Lyg.
Ha 6osee Becoknx uactorax AHUX manaet, a BXOJHOE CONpPOTHBJCHHE pacTer 3a
cyeT BO3PACTAHHS HHAYKTHBHOIG COMPOTHBJCHNS SBYKOBOH KaTyUIKH.

Kpusne 2, 4, 6 Ha puc. 3.15,0 nogasblBalOT BAHSHHE cormacytomeii RC-uenw.

BhIXOlHOE CONpOTMBJCHHE pa3zjeNuTeNbHOro GHMBTpa BEpXHHX 4Y4CTOT, pacTy-
mee ¢ [NOHHMKEHHeM 94CTOTH, OKA3HBAeT BIHSHAE Ha SJEKTpHYECKYK A0OpOTHOCTD
CpOMKOTOBOpHTENS,, YBENWUHBAs €e, H COOTBETCTBEHHO YBEMMUHBAET MNOJHYIO A06-
poTHOCTs B popMy AUX no 3ByROEOMY AaBJeHBIO. MHBIMM CHOBAMH, HMEET MECTO
appext «pasieMndupoBanHs» TPOMKOTOROpHTENs. [ nalemanua 310r0 HEoOXOad-
MO BHOGMPATE KpyTH3HY cmajza AUX ¢uanTpa u uacrory cpesa (QHabTpa BEPXHHX
qacTOT {¢.3fs Tak, 4TOOH HA BacToTe pe3oHaica fs ocnabnenue cHreana OBLIO HE
meilee 20 ab.

[Ipu pactere pasjaeqnTeNBHEX (UABTPOB B TpHMEpE, pPAcCMOTPEHHOM BHIIE,
MpLHHMAJOCE, JTO XapaKTep HAUpysKH — aKTHBHLLH, HO3TOMY paccyHT4eM COrMAcyio-
niFe [elH, XOMIGHCUPYIONHE KOMILICKCHEIH XapaxTep BXOJHOTO  COMpOTHBJIEHER
I pOMEOTOBOPHTEIS.

YacToTa pasjeleHAs HH3KOYACTOTHOTO H CpeAHeTACTOTHOTO KaHA/IOR far BHO6pa-
HA DpEMepHO 114 JBE OKTABH RHINIe DE3CHAHCHOH UacTOTH CpeHEYacTOTHOTO TpoM-
KOCOBOPHTEs, 4 YACTOTA pa3fefieHBs CpeliHeYacTOTHOrO M BHEICOKOYACTOTHOIO KaHa-
JOB fgqy— HA JBe OKTABH BEIUIE pE3OHAHCHOH YacTOTH BHICOKOTACTOTHOTO I'POMKO-
rogopHrend, Kpode T0ro, MOMHO NpHHATh, 9TO HHAYKTHBHOCTDH BBYKOBOH KAaTYLIKH
BEICOKOYACTOTHOTO TpOMKOTOBOPHTENS INpeHeOpemuvMo Mala B paboueM JHANasone
4acTOT M eff MOKNO npeHe6peus (3TC CHpaBELTHBO jUif OOMBIUIHHCTBA BHICOKOUA-
CTOTHHIX TpOMKOroBOpHTeNded}). B sroM ciyvae MOMHO OPpaHHUHTBCS TIPHMCHCHHEM
YIpOIEBHOH COTJACYIOMEH HeMx AA7 HHE3KOYACTOTHOTO M CPeJHEYACTOTHOrQ rpoM-
KOrOBOpPHTEJIEH.

Mpumep. HMawepexnble (WAH OMPEACTEHHBIE K3 KDHBOH AUYX BXCEHOrO COMpo-
THBAGHHSI) HMHAYKTHBHOCTH 3BYKOBHIX KaTyUIRK: HH3KOYACTOTHOTO rpOMEOTOBOPHTENS
Lvc=3-10-% I'=3 wmlH, cpeinetacToOTHOre rpoMrorosoputeds Lve=0,5-10"% I'=
=05 MIe. Toraa sHauenHe 3JEMEHTOB KOMOCHCHPYIOMHX LeNeH pacCYHTHBAKT 10
depMysam (3.18), (3.19):

AMA  HEZKOUACTOTHOTO TPOMKOTOBOpuTeas: Riy—Rn=8 Om; Cri=Lve/Rep=
=3.107%/64=47 MKD;

AAS CpeAlledacToTIONe [POMKOrOBOPHTENA: R'ki=Reg=8 OM; C'xi=Lvc/RE=
=0,5-10-%/64=28,0 mx®D,

Ha AUYX cpenneyacTroTHOrO TPOMKOrOBODHTEIS HMEETCS MHK, YBREJHYHBAIOMMH
nepapromepHocTs cymmapnoi AUX AC (pue. 3.12,¢); B arom cayuae 1eneconfpasio
BKIKINHTE AMJINTYAHHE KOppekTop. Pemextapyiomee ssemo (puc. 3.16) IpHMenA-
etcs aan Koppexums mnuxoB AUX rpoukoropopureiei win Beef AC. DTO 3BEHO
HMERT 4HCTO ZKTHRHOE BXOZHOE COMPOTHBJICHHE, DAaBHOE CONPOTHBACHHIO HAarpyakd
Rg, ¥ nosTOMy MOMkeT OBITH BKMIOUGHO MeXAy (QHALTPOM U CPOMKOrOBOpHTEIEM ¢
CKOMIIEEBCHPOBAEHEIM BXOJHBIM CONPOTHBAEHHeM. B cayyae BKIOUCHHS PemMCKTHPY-
omero 3sesa Ha bxoge AC cxema MoxeT OHTEH YOpOIEHd, Tak KAk OTnAfAeT HeOH-
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A IHMOCTh B 3ieMenTax (g, Ly, Ry, oOecneyHBamux akTHBIAIN XapaKTep BXOL
(POTHUBJICHHS 3BeHa. J3HaueHHs 3JeMEeHTOR paccuuTEBaOTCA N0 dopmynav NG

0,05 & ; 2 2
Ry &R (10770 T —1), LK=RK AF/2mf3, Cx=ULdn2fy
2
Co=Ly/Ry, Lg = Cy Ry, Rg= Ry (1 + R/ Ry).
T Ra-— CONPOTHBJIEHHE TPOMKOrOBOPHTESs (CKOMIeHCHPOBAHHOE) MM BXOZHOE CO-
nporusieaHe AC (OM) B 06/4CTH PesOHAHCHOI YaCTOTH PEXEKTHPYIIIEro 3BeHa; Af-—

fION0Ca HaCTOT KOppekTHpyeMoro muka AUX (oTcumTaiBaeTcs mo ypoBHIO — 3 5B}, I'm;
fo——pesoHaHCHaﬂ H4cToTa pexexropa, I'i; N — BeqmunHa nmka AUX, gB.

Ly

R
C__Ifg s

—{—

*

&

Prc. 3.16. Pemexrtupynomee speno:
a) MpHHIHNHANBHAS cxeMa; 6) AUX

ITpumennmM peRexRTHpyIOLIEe 3BEHO, BRNOYEHHOS MEXKAY (QHJABTPOM H CpegHedac-
TOTHHM IPOMKOTOBODHTEIEM C COTJIACYIOMEH NENbIO0.

Mz AHUX cpegHEuacTOTHOTO IPOMKOTOBGpHTEIS ompegendeM Af=1850 Ty, fo=
=4000 I';, ¥=6 gB. ComporuBncene cpexHeuacToTHOrO POMKOrORODUTENA C CO-
raacyonen venblo Re=8 Ou.

SHAYCHUS JEMEHTOB PEKEKTHDYIOUMIETO 3REHA CJEAYIOULHE:

Ry = R, (105N 1y g 10%05:6__1y__7 950y,
Le= Ry A[j2nfg =7,96-1850/2 7 (4000)% = 0, 147 mTH,
Cy=1/Ly+ 493 F§ = 1/1,47-10—1 (2 1 4000)2 = 11 uxD,
— 2 _ J10—4784 — — 2 . 10—¢.64 ——
Cg“LK/RH =1,47.10%/64 = 2,3 mk®, Lg_u CK Ry ==10,8-10-0.64=0,7 m[e
Rg= Ry (] —|—RH/RK) = 8 (148/7,96) ~ 16,0 Ou,

B pacemarprBaeMoM mprmepe AYX BHCOKOWACTOTHOrG W Cpe ZHEYACTOTHONO
TPOMKOTOBODHTNIA HMEIOT CPEJHHE YpOBHH TpHMEPHO Ha 6 1B H COOTBETCTBEHHO
3 4B mumwe, yem AUX HHM3KOUACTOTHOTG TPOMKOrOBOpHTeNs (3aIHCh 3BYKOBOFG RAB-
JEHHA OCYMECTBJIANACh TIPH NOAAYE HA BCE IPOMKOTOBODHTENH CHHYCOHZANbHOI'C HA-
RPAKEHHs OJHHAKOBOH BeNHUNHEL), B sToM cayuae nns yMmemsmenus HEpABHOMED-

HocTH cymMapuolt AUX AC neo6XogHMO ocsabHTh VPOBeHb CpenHEYACTOTHHX  #
BRICOKOHACTOTHEIX COCTARJISIOMHEX. 2T0 MOMKHO CASNATH NHOO C MOMOM[SIO KOPpPeKTH-

90


http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

SHIEr0 BEICOKOYACTOTHOTO 3BEHA TEpBOFO Mopsjka (pHC, 3.17), 2MEMEHTH KOTO;
'CHHTHBAWTC OO (opMydaMm:

— 0,05 N - : 1 A0 1 N :
Ry m R, (10— 1y L~ R f2fg ) 100N —2, 318,

aurfo ¢ nomowb [-00pa3HhX MAacCUBHEIX aTTCHIOATOPOB, OfecneduBaAKMINX 32 faHHEIT
ypOBeHb 0CJadaends N (aB) W 3ajanEOe BXOJHOe cOUPOTHB/eHHe Rpx (prc. 3.18).
371au€HHsT 5.I€MEHTOB aTTeHIOATOpA PACCHHTLIBAEM N[O (GOpMy.aM:

Ry~R _(1—107%%%), R xR R _107"%VyR —R__.1070.05 %),

Paccuuraen 119 npHMepa 3HAYCHHS 3JEMEHTOB aTTeHIATOpa AJIA OC]alJCHHS
Ha 6 AB curuata BHCOKOYACTOTHOIO TpOMEOrOBOpUTess. [IycTh BXOJHOE CONpOTHB-

Ly A5

e Y p

- Rk 2 O 1_.L '

e B { Ry
Je 1 — [
|
O— : o :
LD £
&) g}

Puc, 3.17. 3peno 1-ro mopaAxa, KOppEeKTHPYICIIEE BHCOKNE YACTOTH!:
G} DplHLHMOWaJbHAg cxema; 6) AHX

Pre. 3.18. IlaccuBuufl I-ofpasHEf aTTeHIDATOD

ACHHE I'DOMKOTOBODUTENH C BRIIOUEHHHWV aTTCHIATOpOM pAaRHAETCH BXOIHOMY <O~
NpOTHBIGHHI0 TPOMKCrOBOpHTeNs, T. & 16 On, Torna

Rya 16 {1-—10~%"6y ~ 8 0 Oy, Ry & 16.1070096 (1 — 1072938} ~ 16,0 0m.

AHAJOrHYHO DACCTHTAEM 3HAURNMA 5JeMelTOB aTTelloaTopa AAf CpeHEYaCTOTHOFG
rpoMrorosopuTesst: R:==4,7 Om, Ry=39 Om. ATTemoaropn BRKMOYATCA CpABY
NOCaIe rpOMKCTOBODHTEICH ¢ COrJIACVEOIMMMH HEIAMHU.

[longas cxevia pasgefuTeNbIBX QUIBTPOB n30fpaxena wa puc, 3.19, AUX AC
C paccunTafnLbIMi GUIbTpaMl — Ha pHC, 3.12,8.

Kax 6bl10 ckasaHo Bbldle, QIILTPH UETIHX HOPAIKOB AONMYCKAOT TOJIBKG GIMH
BADUAHT MOATDHOCTH BKJOYSHAs! TPOMKOTOBOpHTENeH, B acTHOCTH, (HIILTPH BIGPOrG
nopszKa TpelyioT BKMIOYCHHA B OPOTHBOGaae. a1 paccMaTpHBAeMoro mpuvepa HH3-
KO4ZCTOTHEHA H BBCOXCUACTOTHHIE [POMKOTOBODHTEAr AQIKINN HMETb HACHTHYHYIO
IOS5pHOCTh BKICUELHs, a cpelHedacTOTHH — ofparayio, TpefopBaHHsT X IOJAPIOC-
TH BRAIOUEHES IPOMEOrCBOPHTEIeH paccMaTpHBalich shle ma MojeaH AC ¢ HIe-
&FBHBIMH TPOMKOFOBODHTCIAMH. [I03TOMY IDY “BiJIOYeHH peaJplblY TPOMKOronopH-
Te Tefl, umerolmyx -coferseniyic PUX 40, (B cayuae phbOpa  vacTOT pa3Ie/eHHR
BOIM3H TrPEM{YZLIX 4acTOT padoverc 1HAaNAa30HA TIPOMKOrOBODHTENEH RJAH UpH OJMb-
Liofi mepapzodMepnocii AYX rpomrororopuremell) veioBie COrJacO3aHHS peajbHEX
OUX razanoe omer He coOOM0LaTbCs. [10sTOMy gas konTpods peadpsol OHX
00 3BYXOBOMY J4BJICAMIC TDOVKOTOBOpDITETe# ¢ (EJARTpaMH HEOOXOAHMO IHOJL30BAThH-
Cst hasoMeTpoM ¢ JMHHEH sajgep:nh (cM. ML 1} HAH OmpeaesasTbh YCJOBHE COTIACH-
Ballg KOCBEHSC MO XapakTepy cymMapHof AUX AC B mosocax DasiefiellHs KaHa-
a08. {Ipapuprofi NOASpHOCTLD BKAKUYEHHA [POMKOTOBOPHTENSH MOMHO CUATATH TY,
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‘eHAA KaHa 0B, TouHoe corjacopanne @UX pasieqseMblx KaRAJIOB [IpH YAOBJIE:. *
">HAH BCEM OCTaJbHBIM TpeboBaHuAM {miockag AUX u . J.} OCYHIECTBJSETCH 4YnC
JEHHBIMH METOAZMH CHHTE32 ONTHMAJBHBIX DPAa3AEJHTEIbHBIX (pHABTPOB-KOPPEKTOPOB
Ha 29BM (cm. 3.4}.

51
Oy o v
lzgo [Jes

Puc, 3.19. Ipusmumnanenas MeKTprueckan cxeMa AC ¢ pacCUHTAHHBIMH pa3Jei-
TeNpNBIMH (DUAbTPAMH (eMKOCTH B MHKpOapanax, HHAYKTHBHOCTH — B MHJLTHNHDH,
COIIpOTHBJEHHA — B OMax)

B pazpabotke naccubHBX PA3JCTUTCNBHEIX (HUABTPOB BAXHYK pOMb HCpaeT MX
KOHCTpYKNNHA, & Takme BHOOD THIZ KOHKPETHHX 3/IEMEHTOR ~— KOHJEHCATODPOB, Ka-
TYWeEK HHAYKTHBHOCTH, DE3HCTODOB, B YACTHOCTH, GOJbIIOE BAHSAHHE Ha Xapagrepu-
crugkn AC ¢ (QHALTpaMH OKA3HIBAET B33aHMHOE PA3MEILCHHE KATYUIEK WHIYVKTHBHOCTH,
pH MX HEYNAYHOM DACTOJIOKEHHH BCJEACTBHE B3aHMHOM CBSSH BO3MOIKHEL HaBOJKH
SHTHAMd MeXAY OJHSKO pacno/oMeHnbIMH KaTywgamH. [fo 310f mpuHumne mx peko-
MENAYETCE  paclOJaraTh B3aHMHQ NEPNEHIUKYAAPHO, TOJBKA TAKOE PaCHOM0-
KEHHE [O3BOJACT CBECTH K MHHHMYMY ®X BJHSHHE Apyr ua Apyra. KaTymkH rHAyX-
THBHOCTH SBJSIOTCA CXHHM U3 BAXKHEHINHX KOMIOHEHTOB [MACCHEHELX pa3IeNHTeNBHEIX
ursTpos. B Hacrasmee BpeMst MHOTHE 3apyOemHble (QUPMH IPHMEHSIOT KaTYLIKH
ABAYKTHBHOCTH Ha CeplEYHHKAX H3 MACHHTHELX MaTepHaJioB, OOeCneuHBAOMHX
50Jb110Y IUHAaMHYECKHUIT AUANA3CH, HH3KHH YDPOBCHbE HEAHHCHERIX HCKaXKenHig H Ma-
JBe TabapHTel KaTywek. Oanako KOHCTpYHPOBAHHC KATYMIEK C MATHMTHEIMH  cep-
ACUHHKAMH CBASAHO ¢ NPUMEHEHHEeM ClenHaJbHEIX MAaTepHANIOB, NI03TOMY A0 HACTOS-
HIETO BPEMEHH MUOTHe paspabOTIHKH NpHMEHAIOT KATYIIKE C BOSAYUIHBEIMH CepAeu-
HHEAMY, OCHOBHEIE HEAOCTATKH KOTOPHIX — GOJbHINE rabapHTEl TpH  YCHOBHH Ma-
JHY NOTEPL (0COOEHHG B (HIETPE HH3KOUACTOTHOTO Kanajaj, a Taxixe OOMLUION
PaCAOL Meid; JOCTOMHCTBA — MpeHeODPEelKHMO Majbe HeJuueiybe HCKAMEHUA,

Kouburypanua karymsu HHAYKTHBHOCTH € BO3AYLUHBIM CepJEUHHKOM, nzobpa-
HelHag Ha puc. 3.20, geasercs ONTHMAJLHOH, TaK KAK OHA 06eCneuHBAeT MAaxCH-
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aWMeHblIee COMpPOTHBJIEHHE R HIH HAHOGOJBUIYIO A06POTHOCTL MO CPABHEHHK ¢ K-
Goil ppyroii. Otwowenwe L/R, HMewmee pasvepHOCT:E BpEMEHH, CBA3AHO ¢ pasMe-
payu KaTyNIKH COOTHOUIGHHEM [3.13]:

L/IR=161,7 alc/(61+9{+10¢c};

I — 3 MuKporerpu, R — B oMax, g, I, ¢ —B MHAJ IMElpaX.

&z

bt
Puc. 3.20. Karymxa uH- ' 'y
AYKTHBHOCTH € BO3ZYIN-
HEIM CePACUHHKOM  OITH- | & le

MaJbHO# KOH(MHUTYDPALLHH:
4) B paspese; §) BHeu-
HHil BH] 1)

PacueTHble COOTHOLIRHHMs j/is jaHHOH KoH(Hrypaned xatymkn: a=15 ¢, [=
=¢; KONCTPYKTHBILIZ — mapaMerp KaTyWKH ¢ :]/L/R §,66, uucAo BHTKOB N=
=19,881 Lfc, nuamerp mposoia B MILIMMETPAX, d=0,84lc!]/Njaacca mpoBo A
(vaTepsan — Melb} B rpaMMax, g—c3/21, aanHa MPOROZA B MMJIAMETpAX, B=
— 87,3 ]/f Lc. B ToM cayvae, ecJ KarTyWIKa HHIYKTHBIIOCTH DACCYHTEIBAETCH, HCXO1d
3 NPOBOJA MAHHOLO AMAMETPE, OCHOBHbIE pacieTHHe COOTHOMCHHA BLILIAAAT CJIE-

JVIOIIHM 06Dpasom:

KOHCTpYKTHBHBI# NapaMerp c=5;,e’ d*lQ,BB?L/O,SM‘*sB,S%/dTL, COMPOTHBACHHE TIPO-
pojna R=L/c*8,66.

HaifizeM, A npamepa napaMeTphl KATYIIKH HHAYKTHBHOCTH pacCIHTAHHOTG pa-
nee (pHABTPA HIEKHEX YacToT. MHAYKTHBHOCTb KAaTYLIKH COCTABJSAET Lippy =51 ul.
ConpoTHBAeHHe R KATYUIKH Ha MOCTOAHHOM TOKe ONPEISIEM H3 aONYCTHMOTO 3a-
TYXaHuf CHCHAJ4, BHOCHMOIC DEaJbHOR KATYUIKOH HAa HH3KHX HaCTOTAX. [Iycte oc-
Ja6JeHHe cHTHafa 3a CUeT NoTepb R B KaTYIIKe COCTABJAACT N<<1 zb. INockoasky
CONPOTHBJIERHE HU3KOUACTOTHOTC CPOMKOCOBODHTRNS HA MOCTOSHHOM TOKE COCTABAAET
Rp=8 Om, TO RONYCTHMOE CONPOTHBJCHAME KaTYUIKH, ONpelesseMOoe N3 BLIpdKeHHA
R< R (10PN 1}, cocraBaser R<(0,980 Om; rtonia KOHCTPYKTHBHEI NapaMerp
xarywgn ¢=]/ 5100/0,98-8,66=24,5 uM; KOIHUECTBO BHTKOB N=198]/5100/24 5=
==287; auaMeTrp NpOBOAA d=0,841><24,5/]/-—2§731,2 MM, Macca Mposoja  g==
=24,5%/21 4 =697 kI'; AnuHa npoBoja B:187,3]/85,I-24,5m46 M.

ZApyrHM BaHBIM 5JEMEHTON I[ACCHBEHX pa3NeJHTeNbHbIX (QHILTPOB SIBJAKTCA
KoyteHcaTopel. OOBUHO B (QHILTPAX HCOONB3YIOT OyMaKHbIE HIM NJACHOYHEIE KOH-
Jencartopht. M3 OyMaxkubIx nanbosaee ynorpeSHMEL OTEUECTBEHHbIE KOHIEHCATODH
MBI'QO. JoCTOHHCTBOM 3THX THIIOB KOHAEHCATOPOB ABJAIOTCA Majbie NOTEpPH, BEICG-
Kas TeMmieparypHas CTaOHIbHOCTD, HEIO0CTATKOM — OoJbintie rabapHThl, CHHEEHHE
ZONYCTHMOr0 MAaKCHMAaJbHOTO HANDAMKEHHs Ha BEHCOKHX 4acToTax. B wacrogniee
Bpems B (piAbTpax psida 3apybemunx AC HONOABIYIOT 3JEKTPOJATHUCCKHE HENOIAD-
Hble KOHJEHCATOPL C MAJNBIMH BHYTDEHHHMH NOTepsiMH, 00beIMHAKIHE MOCTOHHCTHZ
PaceMOTpEHHBIX KOHAGHCATOPOB H CBOGO/HBIC OT HX HEAOCTATKOB. Anpanorpunbie 3JexT-
DOARTHYECKHE KOHJEHCATOpH paspabaTHBAKIT B HACTOALlEe BpeMs B OTEYECTBEHHOH
IDOMEIUAEIHOCTH, OHH HAMAYT NPHMEHEHNE B HOBHIX paszpaborkax AC.
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TOM. HWTO OHH BEMOHAITIA 10 VCHJAHNTETH MOIIHOCTH H, TAKHM 063333011, B (MEOPDIIU-
docHoit AC ¢ AKTHBUMIMH GHABTPAMH BO3HHEAeT HCOLXOMHMOCTL MPHMEIeHHA  OT-
JCJILHLIX YOHJAUTEIEH MOWHQCTH 3 KA JI0V JacTQTHOM KaHalde,

AOCTOUUCTBO aKTHBHEIY QHILIPOB B TOM, YTQ Ha HHX M€ OKA3LBAeT BJAHAHHS
BXOTHOE COLPOIMB.EIHE I'POMKOrOBOPHIENeH, HX, K4k MDABHRIO, 3NAUITEIRIO J1erye
Nepec1palBaTe B npouecce HacTpodxkd AC. B [HX OTCYICIBYIOT TOTEpH "MOLLIOCTH,
Ecau paccupnbie pasienurtenssbie QuabTph B AC peausyrTCsi NPAKTHUECKH TOAbKG
B BHIE JECTHHYHBIY CXeM, CE’LEIECTE}'ET MHG[O pHSJHtIHHX cnocofdoB }_)EE[JIH:B&U.HH aK-
TURHBIX HIALIPoB, C ApYroH CTOPOHBE, AaKTHBHBbE (HABTRHE NPOUTPLIBEKT TACCHBHEIM
M0 TaKuyM NapaMerpam, rak JMIaMuYeCKEH TManazod, IyMbl uCAliHeHHBIC HCRAXKe-
Hud, TpefyioT NpHMEHEHHs OTACIbHEX YCHIHTEIeH SBYKOBOII 1AaCTOTE B KAKAOM
Kauaae, nT0 SKOHOMOUECKY HeBBTONHO, Bomupoch peafEsallin akTWBHBX (QHULTPOB
MO 3aJalllblM NepelaTodibiy (yuKIMAM noApebuo paccMOTPEHnI B JIATEpPATrype, Ha-
npumep [3.14], M BLXoAAT 3a paMKM JANNOH KHUIH BBHAY OrPAaHHUEHHOCTH  ee

obnema,

3.4. COTUMAJILbHBIA CHHTE3 PA3JEJIKTENBHBIX ©HJABTPOB
B AKYCTHYECKHX CUCTEMAX

B Hacrodmiee BpeMs /s pacueTa pasjielHTedbHBIX QHABTPOB Kak
3a pyOekKOoM, Tak H B HaUIeH CTPAHC HAUHHAIOT HCNOJb30BaTh AOCTH-
KeHus1 B O0JaCTH ONTHMAJbHOTO CHHTE3a JIMHCHHBIX 3MEKTPOHHELX
cxeM [3.5, 3.6].

[TpumeHeunc METONOB ONTHMAJBHOTO NPOEKTHPOBAHHA Pasiedn-
TeIBHEIX (QHABTPOB ¢ HCIOJB30BaHHeM 2BM mMeerT CyllecTBeHHbe
IPEeHMYILECTBE: O0CCIICYUUBAIOTCS JYUMINHC, YeM NPH TPAa UIHOBHLIX Me-
Tofax xolcrpyuposanus AUX, OUX I'B3 u xapaKTepHCTHKE Halpap-
Aennocty AC; pasaenuTesbHble QHJIBTPH BEINOJIHAKT OJAHOBPEMCHHO
sajayy QuabTpauu# H koppekuimp AYUX y ®UX rpomrorosopuresiefk
MpH YCNOBHH KOMILICKCHOTO XapaKTepa Harpysku (BXOAHOTO “Collpo-
THRJICHIA I'POMKOTOBOPHTENEH), T. €. pelIaloT 3aZauy MIHPOKONOJIOCH
HOT'O COT/JaC0oBaHUu, ONTHMU3HPOBAHHEE (pHﬂprbI oOCCIeYwBAIOT HA-
HIVYLOINE MOTCHUHABHO JOCTHXKHMBlE XADAKTEDHCTHRKH AC B :cMBICIE
BLIOpA@HHBIX KPHTEPHER ONTHMAJbLHOCTH. o

[Ipn onTuMusanum pasaequTe/bHbX GHIBTPOB C HCIONB30BAHEEM
IBM paspaGorunk zazaeTcst cxemoli GuABTPOB {ec TOIOJOTHEH) H
HA9a TBHBLIME 3HAUCHHAMI 3JICMCHTOR, 3atTeM IBM mpoussomur pac-
9eT JMMHERHBIX XapakTepucTnk AC: AYX, ®YX, TB3 u 1. A, ¢ yueroM
peasbHBX HW3MEPEHHBIX XapAKTEPHCTHK TIPOMKOIOBOPHTENeH, pasMe-
WCHHABIX B Kopoyce AC, w jalee OyTeM HesnezalpaBieHHOr0 A3MeHeHNs
3HAYCIIHH 3JIeMEHTOR cxevsl IBM npubnumxaer peansise XapaKkTepH-
cTaxM AC X KejaewniM, T. ¢, MHHHMHUSHDYET DasHUNy MexXay JKeaa-
eMBIMHA ¥ JCHCTBUTEIbHEIMH XapaKTepHCTUKAMH, DTa pasHOCTh HasH-
BACTCS LJCBON (QYHKOHeH, WIH QYHKUHEH KAuecTBAa: 4YeM OHA MeHb-
me, TeM OJHXKe pPeaibEble XAaPAKTEPHCTUKH K KENAEMBIM B CMBIC/IE
BEIODaHHEIX KPHTEPHER GJH30CTH (ONTHMAaJbHOCTH).
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&ore® |lcxonnpME MAHHBME AN ONTHMH3AIMH SBISIOTCH H3MEPEHHERE

VipolleHHas CTPYKTYPHAA CXEMa aJTOPHTMA ONTHMHUSALHA K
2KeHa Ha puc. 3.21.

§a JHCKPETHBX UYacTOTax AMIVIHTYIHO-4aCTOTHBIE X (ha309aCTOTHBIE
XapaKTepPUCTHKH TIPOMKOTOBOPHTRICH MO 3BYKOBOMY 7 aBJEHHIO, aM-

Pye. 3.21. YnpolleHHag cxXeMa ajgroputma OHTH-
MaJbHOTO CHHTE3A pPa3feNUTe/IbHBX tlJHJIprDB C 2 -

nprMenereM DBM: 7
} — BROL HM3IMePEUHBX XapaKTepCTHR rpOMKOTUBOPHTRNEH,

£XeMBl QHUBTROB, HAYaALEDIX gHaUeHHH DapaMEeTpoB CheMEl, 3
yacToT pasjesa, sHaueRAl  0TE€pp B KATYLIKAX HKIAYKTH.S-

HOOTH. orpaHiie.duli @ 3HaICHMH 5JEMEHTOR, TPeDORAHUS P

% xdpakTepHcTHrRAM AC; QopwmHpoBadHe BEKTODA HdpPanen- i 5

pos AC — X3 2 — pacuer xapakTepHCTHE AC nas 3ajan-

HCTO BekTopa nNapamerpoB X, 3 -~ GOPMUDOBAHHE upedenol

AVHRLMH  Q; f-— cpaBHeHHe PaccuMTAHHBIX peadbHLIX  Xd-
pARTEPRErAK ¢ TpelyeMblih — OLelikd neaceol GyuKLHd @
(yaiosaeTnopAeT TpeGOBARHAM WM geT?): & - u3MeHexlc
sexrTopa napaverpar X, («DATHMHSATOP® )| fi — BRIBOS, 114

AITIYV paccYHTAHHEIX ONTHMAADHKRIX XapakTepHCTHE H 3Hd-
qEHHH 2JeMeHTOB CXeMBl (HABTDOB

MJIXTYAHO-UaCTOTHEE H $asoyacTOTHHE XAPaKTEPHCTHRA BXQIHOTO CO-
NPOTHBJIEHHS TPOMKOTrOBOpHTe e, BHOpaHHEIE 4aCTOTH pasica, Tpe-
Gopamusg K pomycThMoii HepaseoMeprocTH AUX AC, qacTOTHHA AHa-
f1230H ONTHMH3ALHH, OTpAHHUEHIE HA MAKCHMAJIbHBIE 3HAYCHHA 3/E
MEHTOB, TOAAPHOCTh BKJIOYCHHS TPOMKOIOBOpHTENEH, BEJIHURHA I0O°
Tepb B KATYHKAX WHAYKTHBHOCTH, TPCOOBAHHC K XapaKTEPHCTAKE HA-
npapaennsocTE AC B obJaacTi 4acToT pasjencnusd 1 T. I.

[To u3BeCTHEIM BXOIHHIM JAHHHIM B COOTBETCTBHH C BHIpAKEHHAMA
(3.3) ... (3.5) npoussoantca pacuer AUX, QUX, I'B3 xaxknoro kaHa-
Jia u Beeft AC B Kaxjuoll BEIGpPAHHOB AHCKPETHOU TOUKE Hailas’oHd
44CTOT. 3aTEM MPOHCXOAHT CPABHEHHEe TOJYYCHHHX XapaKTepHCTHE C
KeaaeMpiMu, Ecy oHM He [IOUAal0T B pas3peuleHHble TPAHHLEAL, T. €.
OYHK[HS KauecTBa HE AOCTHCAeT HeOOXOXMMOrO MHHHMAJLHOTO SHATE:
Husi, TO APOTpaMMa «OITHMH3aTOp» LeJeHaNpasJCHHO H3MEHHeT 3Ha-
ueHHS 3JEMElTOB, H UHKJ HaunHaeTcs cHagaga. [lpn sToM 3allOMHHA-
10TCH 3HAUEHHS 3JEMEHTOB CXeMBl, COOTBETCTBYIOLIMe KAXAOMY JIO-
KaJbHOMY MAHHMYMY neaeBoli ¢ymxiud. Takum 06pasoM 1poRCXOIHT
NOHCK ONTHMAJBHHX B CMEC/Je BHIOPAHHBIX KpHTEpHEB 3HAYCHHA
371eMEHTOB CXEMBIL

[puveHeHue METOAa CHAYy4YaHHOrO TOMCKA B TpOrpamMMe «ONTHMH-
3aTOP» TO3BOJSET HE OCTAHABAMBATHCA B Mpolecce ONTHMHA3ANMH HA
MepBEIX JIOKAJBHEIX MHHUMyMax QYHKIHM KayecTBa, 4 MaxOiHTb sHa-
genne raobanbmoro muaaMyma [3.15], Ecau xaparrepucruka AC yino-
BICTBOPAIOT HPEABABJICHHHMM TpeboBaHHAM, TO CJI0KHOCTL CXCMBE
GHABTPOBE CHHXKACTCH M HINETCH HOBOE ONTHMANbHOE pELICHHE. Huxn
IpogOJKAETCA 0 TeX HOp, AOKA ONTHMHSHPYEMBIC XapaKTePHCTIKH
He BRIAAYT 3a AOMYCTUMBIE IPAHHUIBI, 38TCM CUBEPUIAETCH o0paTHHR
<ylar» B CTOPOHY YCJIOMXKHEHHS CXeMbl, H 9TOT BAPHAUT CHUTACTCS OIl-
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 IMaNbHEIM. KOHEUHOR mnesbio onTAMambHOro cuhresa pasnenn: iy,
BIX (PUILTPOB-KOPPEKTOPOB ABILETCS 0BeqmencH e AUX, I'B3 AN

AbiH H3 Kanagos AC ONTHMH3HPYETCH OTAENbHO TaKHM ofpasom, urg
HX PEaJIbHblE XapaKTepHCTHKH NPHOIHKAOTCS K XejaeMbiM, obecne-
YHBAIOMHM B cymMMe onpejenesnue AUX. ®UX, I'B3 AC u Xapaxre-
PHCTHKH HalpABIEHHOCTH B NOJOCAX Pa3fedeHus.

[Ipn noxanambuo# ONTHMH3IATHE B KauecTBe KeJaeMbly HCIOJIE3Y-
I0T NepelaTounnte QyHKIHA PACCMOTPEHHBIX BbIllle (HDHABTPOB TETHHIX
MOPALKOB «BCENPOIYCKAIOMEr0 THIAY, DopMEPOBanHe 11eAeB0] OYHK-
UHE TIDH TMOKAHAILHOM NPHUGAMKeHHH mo AUX TP OHJLTIOCTPUPOBAKO
Ha npHMepe HH3KOYACTOTHOrO KaHasia (puc. 3.22).

Puc. 3.23. Ofo6mennas cxema

CAHOCTOPOHHE HarpyKeuHo:o

buabTPA  secTHHYHON CTPYK-
TYpH

72

Puc. 3.22, ®opvupoRanne 1neneBol: (PYHRIMH TpH HNOKAHAJLHON ONTHMHBALME 10
AYX (HH3K0ZaCTOTHHI KaHas):
¥y .., — muanaaon ONTHMII3AUMH, f; — nacToTa pasmsaa (tpeza), fr — HACTOTa MaKkCHMAOLIOTD

OTEACIeHns peanbholl AUX oT 1pelyemop: R{7) — peanbras AUX, B{f) — TpeGycMan AYX, Ry -
AGIYCIHMGE OTKjIoRehKe peaJbnott AUMN or rpedyemori

3nayenHe AUX xaxjioro kanaia OIpeneseTcsl H3 BHIPAXKeHHS
(3.3), ®yma BxOIAT HSMEDEHHbIE XapAKTEPHCTHKH [pOMKOTOBOPUTE-
Nell H MATPHUHHEE KO3PDHINEHTH CXeML] brabTpa {-ro xamana A,; ©
Arsi. O KOHPpPHIHEHTH HAXOAATCS IYTEM TEPEMHOKEHHS MaTPHU
A-napamerpos 2JIEMEHTAPHEIX YETHPEXNOMOCHHKOB, BXONAMMX B CXe-
My $HIBTPA, Hampumep, aus PHIBTPa JTeCTHHUHOH CTPYKTYPH (pHC.
3.23) maTpuua A-napamerpos BEIpaxKaeTesl caenyomum ofpasom:

1 Z, ! i 0' QY
O 1]z, 1 |1z, 1
rue é, Z3 — KOMILTEKCHEIE CONPOTHBJICHHS INPOIOJbHEIX BeTRel cxe-

MH, Zs, Z; — KOMILIEKCHEE COMPOTHBJIEHUSA IIONEPEUHBIX BETBOH.

¥i3 mmewmnierocs «Habopay sneMeHTapHHX YETHIPEeXIIONIOCHHKOB,
HallpHMEp, TpojoNBHAS HHAYKTUBHOCTD, Monepeynass eMKOCTb, Tole-
beuHas HHAYKTHBHOCTD, NpOJ0JbHAS CMKOCTB, NPOLONbHBIA Tap a//ie/b-
HEIH KORTYD, TMONepeUHEI NOCeN0BATENb bl KOHTYp, NPOAOALHBIN UK
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'epeuHHfl pe3ucTop, 2JeMEeHT 3aiep:KKn H T. L., bopMHpYeTcs CX
& pasgelHTenbHLIX QHABTPOB KAXKJOTO KaAHAA. ) «
¥ TIpn pacuere BBOAATCS HeOAHOPOJHBIE NOTEPH B JMAEMEHTEHl hub
pOB: NOTEPH B eMKOCTX NMPHHHMAIOTCA PABHEIMH HYJ0, @ NOTEPH B
HHAYKTABHOCTAX MPHHAMAIOTCS HOPMEDOBAHHBIMMH M 4aCTOTHO-HE3aBH-
CHMBIMHE TIyTeM BBEIEHMs YACTQTHOMN mepeMeRHOH s=38-jw, cOmpOTHB-
AerHe ARIVKTHBHOCTH C MOTEPAMH NPHHEMaeT BHI

Z()=L@+jo)=Ld+]joL=rtjoL,

riie r=>38L — aKTHBHOe CONPOTHBJEHAE KATYIIKH.

Jlas KaXkIoTo AHCKDETHOro snaueHus TeKylllel wacroTsl f; saman-
HOrO NHAaTa30HA OHTHMEH3ALHH (f) ... fn) BBIUHCAAIOTCSA 3HAYEHHS pe-
anbHoBt AUX R;;, xenaemofi AUX B;; ¥ HOPMHPOBaHHBIE MOLYJIb
pasHOCTH MeXiy HHMH D .

Jduost i-ro xanana (puc. 3.22) D;;= \]RJ-,,;—BI-,.?-[/BJ-J-; Riji=|Tj:|=
={Re?[Trp 1. Mi/(An s + AwiilZis)] + 1m*[Trp;iMe/ (A e
+A954/Z;:) ]} — snauenne MOIyJsS DeaslbHOR PACCYHTAHHOR KOMI-
JeKCHOH mepenaTouHOH (YHKIHE [-r0 KaHala T;; Ha j-& dvacToTe, THE
j — HOMEp 4acTOTHl, {-HOMep Kamala; Bj; — 3HayeHHe MOLYJ Kelae
Moft mepenarouHof dyuxunn Tj; i-ro KaHana Ha j-& wacrore. MHus
Asyxnogocuofi AC

o {1}[1+(fjffd)f”], f =1 —HH3KOUACTOTHHII KaHal,
e (Fi/f)™ N1 4 (F4ffa®], i=2—mBICOKOUACTOTHBI KaHAT,

rie M — NOPAJ0K XKenaeMoli MepenaToOYHOH (QYHKLHH, f¢— JacTOTA
pasnesa,
JIj1s1 KaKioro i-ro KaHana OTleqbHo uetesas QyHKInS

1
Qs :=W;. E Dy,
j=1

W ;i — byaxuns Beca.

MMonyyennas B pesy/braTe CYMMHDOBAHHA neJeBad QYHKOHA Aae
er oilenky OnH3ocTH R: ¥ B; BO BceM Amnanasoue 1aCTOT ONTHMH3ANHH.
Janee Ha neaepyo Gpynxuuio Qg HaxkJaLBBAIOTCA OTPAHHUEHHA

0, CCJIH Rmiu '~<- Rji *-<- Rmaxv
Ui = Wi Dny ecan {R”< Rantas
I=1 Rﬁ = Rmax'

rie Ro=Rmax—Rmin — AONYCTHMBEle TpPaHHUH OTKJIOHeHHA Rj

Taxum 06pasoM, ecid Ieqepas QyHKIHA Qgg cTanoBHTCH PaBHOR
0, To peanbHble xapakTepHCTHKH NMPHOJHXKAIOTCA K JKelaeMHM C OT-
KiIoHeEueM He Goaee R¢ H onrmMmsanis 3axkaHunpaercd. PyHKIHS
Beca W, Moxer B obllieM cayuae 3aBHCeTh OT YACTOTH,— 3TO JlaeT
BO3MOKUOCTh NepepacnpefensaTs cTenenb NPHOIHKeHAs DeasbHOA Xxa-
DAKTePHCTHKH K XejaeMOH, manpHMep, VCHAHBAThL CTeNeHb TPHOJIH-
XKeHHsT B NOJIoce NPONYcKaHHs H YacToTax pasjeneHuss 3a CYer oc-
JaGneHus B N0J0Ce 3aePXHHBANALA.
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PaccMorpennsiit crioco6 ontuMusamin GHILTPOB HMeeT HEKOTO
JOCTaTKH: ONTHMH3an¥s KaHaJoB TOMLKO mo AUX ge rapanTH; e |
gronalanus cymwvapuoit AHX AC B TpeSyeMbie IpaHHIH, TakK K2 g
TloNocax pasaena ee $OPMHPOBAHHE NMPOHCXOAUT C YIeTOM KaK AUX,

Tak # PUX xawmanos. [laxe npu jpocratoumo xopouleM cONHKEHHN
AYX, ®UX kauamon MOTYT OTVINYATHCS OT HACANLHEIX [0 CJIEAVIOMAM
IPHYHHAM:

Ha peanmbiyio ®HUX HH3KOYACTOTHOrO KaHanda OKasbiBaeT BITHIHHe
HH3KOYACTOTHHH cnan AYX-— «unealbdbliiy KaHau ABJAACTCH HHU3IKO-
JAaCTOTHRIM, 8 pEA/IbHEIN HMEET OJIOCOBBIE CROHCTRA!

dH2JIOTHYHOE BaAnHAHKHe Ha OYX BHICOKOYACTOTHOrO Kamala oKask-
BaeT MOJOCOBOH xapaktep AYX BHCOKOYACTOTHOTO TPOMKOTOBOPH-
TEJ S,

HEPCAATOUHBE (DYHKUHE TPOMKOTOBODHTENS! OBAANAIOT HEMHHMIL
MaAbHO-DAE30BbIMH CBOICTRAMH.

[Tostomy paccMOTpPeHHHH COCOG ONTHMHIANAN MOMKHO COBEpUIeH-
CTBOBATh TNpHONHIKEHHEM DPealbHbX (a30YacTOTHLIX Xap aKTEePHCTHK
KaHa.10B K JxenacMbiM. IIpH BTOM HCHOIL3VIOT pacMOTpeHHOE BHI-
ue CBOHCTBO NEpEAATOUHLIX HYHKOHA PasielHTeNbHbX pHILTPOB
«BCENpONMYCKAUIErO THIIA» YETHEIX MOPAAKOB, 3aKTi0Ya0INeecs B TOM,
yTo pasHocTh PUX paszgensiemMulx KaHaloB Ha meex yacTorax paBHa
2an (cM. 3.8).

B atom cayuae uesesas dpyarmus

i n I4m
Cue=Wpe N0 4V N Fr
j=l =1

e BTOPOE craraeMoe neseBoi (yHKIHH @y, XapaKTEpH3YeT ONTHMMU-
3aumio no @UX B obnacru wactoTsl passenenus [/, . [t¥m], TAE YYB-
CTBATCJALHOCTD CYMMapHOl NepeiaTOYHOfl GVHKHHM X dopme @YX
OTHENbHEX KAaHAJ0B MAKCHMAJbHA.
Ha puc. 3.24 nana cxema paccunramssix sy CrocoBoV pasiens-
TEABHBIX (BHILTPOB TPEXNOJOCHOM AKYCTHUECKON CHOTOML] 100AC-003.
Ha puc. 3.25 npencrasinens kelaeMime AUX xanamoe n cymmap-

6,2 3,0
Yy, Y

_J_ _kzjg- 8,2
T I Q!_w i

3,8 0,90 15«5,,9 0,30 4‘-5;10

— "] ~~ | 1 l
42140

1.5

14
&2 — )
i 6,7 oy

a.06 :4[:’ 5554 10 a4 '

Pnrc. 3.24. Tlpupuunnankpas cxema ONTHMUSHPOBAHHEIX Ha IBM pasgeaurenpsbk
GuipTpoB aKycTrueckofl cuereme 100 AC-003. Emroctu — n MHKpoapagax, HH-
AYKTHBHOCTH — B MHJJTHTEHDH, CONPOTHBASHHE — B oMax
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- AUX AC po onruMusanud Quabtpor {Hylepoe NPHOIHXKeHY [
ocne onramusanuu. Ha pHe. 3.26 panbl XapakTepHCTHKH Hanpa Vg
pes® HHOCTH CHCTEMEl B BEPTHKAJbHON NAOCKOCTH. AHaNH3 ONTHMH3HDO
paHHLIX xapakrepuctek AC u cpaBueHHe ¢ NQAYYEHHBIMH HyTeM Tpa-
JHIHOHHOTO pacyera ¢HJIBTPOB (cM. puc. 3.12) (B obonx mpuMmepax

,qﬁ" 2 jﬁi 3 ,Jfﬁ' 3 n
gﬂ "f g 90_ #

85 8&

FKy

Puc. 3.25. AUX AC po u nocde ONTHMH3aLUH.

¢) HH3KOUACTOTIILA KaHAN; 6) CPeIHeUaCTOTHHIA KaHA%; 6) BLICOKOUACTOTHHI Kanas,
- 2) cymmapaas AUX AC,

} — tpeSveman AUX: 2 — peanpHasg AYUX mo OUTHMHzaUHH; § — peajbHasl AHX nocne onoTHMH-
3a1HH

NCIOJAb3OBAHE OJHE M T€ Xe TIPOMKOTOBODHTE/H) HNOKA3EIBAET, YTO
Bararonaps OPHMEHEHH ONTHMH3AUMOHHBIX METONOB yJlaJoch Cylle-
CTBEHHO VAVYIIHTL XaPAKTEPHCTHKH CHCTEMBl — YMEHbIIHTh HEPaBHO-
MepHOCT, AUX, yBennquth ocC-
nTabJeHHe CHTHajJa 3a MNpejena-
Mu pabouero guanasoHa YacToT
FPOMKOTOBODUTEJIEH, YAyUYIIHTH
XapaKTePHCTHKH HAIPABJEHHO-
CTH.

PaccMOTpeHHBIE METOJ ONITH-
MHU3AIlUH He CBODOAEH OT HEKO-
TOPBHIX HEJOCTATKOB, @ HMEHHO,
CHMMETPHS XapaKTeDHCTHK Ha-
npasnennocts AC B nosocax Pre. 3.26. Aqxaa‘zfeﬁc AT
pasje/eris TacTOTHEIX KaHA/I08 I{.Ibigﬁgxp?\{b;:{pggmga Ha +10° B BEpF')I‘HKaJ'[b-
obecneunBaercd B clyuae CHM- ot TWIOCKOCTH
METPHYHOTO pasMellieHus TpPOM-

KOrOBOpHTEAEH OTHOCHTEbHO pabodel ocu AC (em. puc. 3.7) ® B cay-
yae, KOrJAa MOKHO TpeHefpeyb BAMAHHEM XapaKTEPHCTHK HAIpaBJeH-
HOCTH [POMKOTOBOPHTENEH,

B cpasu ¢ atuM paspaboran Gosee o6wmHfA cnocold ONTHMHBANHH,
VURTHIBAOLUHY peabHble XapaKTEPHCTHKH HanpaBJIeHHOCTH TPOMKO-
ropoputenel. B atom cnocobe paccuutnBaercs cpasy cyMmmapHas me-
penatoynas (QyHKuusa cucreMsl Ty (S), H3 KOTODOH PaCCYHTHIBANOTCH
AUX, ®UX u 'B3 cucrevn mo popmyaam (3.3) — (3.5).

3aTeM nestepas (GyHKnua oOpasyercs aHaJlOTHYHO PacCMOTPEHHON
BRINle 33 WCK/JIOUeHHeM TOro, YTG NPOHMCXOIANT IPHOIHEKECHEE AUX me
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W KJOTO KaHana B OTACJIBHOCTH K JKeJXaeMbIM, a CyMMapHoH pe’ff
a AUX AC x xesaemoir

0, ecan Ry K R; << Rpaxs

Up= W;S'D;, ecan {Rf<Rmm’
=1 R}>Rma1!

I'i€ Rmax B Rmip— JONYCTHMEle FPAHANB OTKJOHEHHS Rj; Dj=|R;—~—
—B;|/B; — HOPMUDOBAHHEIEH MOAYTb PasHOCTH peajbuoON U XKesJaeMOR

n
XapaKTepuCTHK Ha wacrore f,; Rj=| 2 [T;;]| — suauenune wo-
=1

e
AyJas  pealbHOR  meperaroudon  pyHxkmpr AC  Ha  wactoTe i
B, — sHauenme Moayas edaeMoB mepegaTouHOl dyuknun  AC,
Lenesas ¢yuknns Q'y xapakrtepHsyer crenems NpHOJIHKEHUS CYyM-
Mapuoh peanbuoli AUX AC x xenaemoii. Takoe mpubinKeHHe clipa-
BeNJIHBO TOJIBLKO IJIs1 OJHOH TOYKH MPOCTPAHCTBA.

Ecin 611 rpoMKOrOBOPHTENH GHLIM DACHONOKEHH KOAKCHANBHO H
OBIIE GH M3OTPONMHLIMH, T. . HeHallpaBJieHHBIMH H3JyYaTeNnsMH, TO
paccuntaHuble TakuM 00pasoM pasieluTeNbHble GHALTPE OHINH GH
ONTHMAJIbHBIME. B peasbrbix AC cymymapuas AUX usMensercs B mpo-
CTPAHCTBE 3a CYCT BJAHAHMA XaPaKTePHCTHK HalPaBIEHHOCTH FPOMKO-
FOBOPUTENEH M JHHEHHO-3ABHCAIINX OT YACTOTH (dasoBEIX Haberos,
OBYCIOBJICHHHIX M3MEHEHHEM PACCTOAHHA OT TOUKM A 50 TPOMKOFOBO-
pHTesed (cM, puc. 3.7). [dng oBecnevyenus CAMMETPHYHEIX XapakTe-
PHCTHK HanpabJeH#nocTH AC B noaocax pasjeNienys KaHaJjoB MnpH
(PUKCHPOBAHHHX TaCTOTAaX pasfesta B BhHPAXKEeHHe a1 leJeBOd $yHK-
IHH no6aBnsercs caaraeMoe Qf (puc. 3.27,a):

0, ecqn | Rxr, — Rxut << Ry,

fF__.lm

2 3 Wk IRk —Rku!, ecan 1Rxr— Ryl > Ry,

K=t
rae Q' —vacTb neseBodl PYHKOHH, OTPAKAWILAs cTEleHb CHMMeTpHY-
HOCTH XapaKTePHCTHK HampaBieHHoctH AC Ha uactorax pasgeseHHA
far B MIOCKoCTH, Mpoxonsmedt zepes paboume ocwm TPOMKOTOBOpHTE EH
{cM. puc. 3.7); K — HOMep YacTOTH pasmeneHus, Rym, Rxi — 3HATE-
fine cymmapno# AHYX AC Ha wacrorte pasnena fqx B TOUKax IpocTpan-
crBa A H B (cm. pHe. 3.7); Wx — kosthduIEEHT Beca n18 gacTOTH
pasnenenud fag, Ry — ROMyCcTHMAas HECHMMeTDHIHOCT XapaxkTepuc-
THK HAaNPaBIeHHOCTH; [an, fam — TACTOTH paspeleHus Kauajios.

MuvuMusanns ckangpa @'y NPUBOJHT K TOMY, UTO cymmaprasg AYX
AC npubamkaercd K xejaeMofi AUX ¢ HONYCTHMBIM OTKJIOHEHHEM
Ro. Munumuzannsa ckangpa @/ npeBOgHT X TOMY, YTO 3HauenHs AUX
AC B roukax mpocrpancrea A n B (cM. prc. 3.7) Ha yacrortax pasne-
JeHHs (rAe B3aUMHOE BJHAHHE DPa3ielfeMBIX KAHAJOB MAKCHMANBHO)
MPHONHIKAIOTCS APYT K apyTy no BennuHHe. Toraa  cymMapusie AUX
CHCTEMBl B TOYKax mpocTpancTsa A H B cTauoBstres GJAH3KHMH 1O
dopMe ¢ OTKJIOHeHHeM He 6ojgee Ry HAa YacTOTAX pas3aeneHnd,
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> TOBOPHT O CUMMETPHYHOCTH XAPAaKTEPHCTHK HANPABJIeHHOCTH
P PTUKANBHOH TJOCKOCTH (CM. pHe. 3.7).
[Ipu pacuere AUX AC B rtoukax upocrpactsa A B B {cm. pue
3.7) B BHpaxeHHe Jas KOMIJIEKCHOR nNepegartounofi ¢ypxumx AC
Ty () {cM. 3.12) mxomar peanbube sHauenusa AUX u ®UX rpomxko-
TOBOpHTEJNEH, OTNHYAWINHecS OT H3MEpeHHHX Ha pabouefi ocu AC B
Touke O (puc. 3.7) sa cYeT HBMEHEHMS PACCTOSHHS 10 TPOMKOMOBOpPH-
TeNed H BJIMAHHA HX XapaxTePHCTHK HAUpaBJeHHOCTH, Takum ofpa-
30M, B JaHHOM METOJE pacueTa YUHTHIBAIOT peadbHEHE XapaKTepHCTH-
KH HANPaBJEHHOCTH 'POMKOTOBOpHTENeR.

[Tpr ontumusauns Takke # 'B3 AC neseBas QyHKIHA BHIVIALHT
chenyromum obpasom:

QE_—*Q;_;'{_Q""FQ”!
rae Q'y u Q' — paceMorpeHs! Brle, 2 Q7 — caaraeMoe netesolt GyHKs
11K, XapakTepHayiomee ontuMHusanuio o I'B3 (pue. 3.27):

O, eCJIH [GDJ! QJTGJ,
r_|n
Q JZIW‘?“TG}_GDJHJTG}’ eCaIn IGD;I >TG},

rie TGO;— ponycrumoe snavenne I'B3 ma wacrore f; (em. ra 1),
GDj=—dg;/dw; — peanbnoe snauense 'B3 ua uacrore [y, @; — sua-
yerue peasnHod PUYX AC ma vacrore f;, W; — xosdpdunnenr Beca ma
gacrore [;

B mponecce onTHMH3aNHH MOTYT BOSHHKATH CHTYAUHH, KOTLA YJIyds
{ieHHe XAPAKTePHCTHK, pACCMOTPEHHBIX BEHIIE, CONPOBOXKLAETCH
YMEHbIIEHHEeM Ha HEKOTOPBIX YACTOTAX MOAYJSA BXONHOO CONPOTHBJes

1753

T

Puc. 3.27. OntnMmsanus cymmapuo#t AUX u T'B3 AC:
i fp — DHAT&30H ONTHMH3AUMH: {41 — mepBaf d4acToTa pasiena, fga — BTODast 4acTOFPa pag-
AeTa, fg — YacTOTA MaKCAMANBHOTC VKIQHEHHSR peasnnncit AYX AC or Tpefiyemofl, R(F) — peasb-
Haa AYX AC, B(f) — tpefSyemasa AUX AC, R; — HOOYCTHMOS oTKAGHEHEe peaibHOB AUYX AC ov
TpeGyemodli, TG(f) — monyerHmas rpauxga po B3, GD(f) — peaannoe TB3 ¢EeTeME
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CTOTHOI'G HJAH CPELHeyacTOTHOIO IpoMKoropopuresefl. B cBA3H ¢ aTEM
ONTUMH3ANKSA DPasJeNHTeNbHEX (QHILTPOB [OJMKHA NPOBOLHTHCS HPH
OrpaHHYeHHAX Ha MHHHMAaJbHOS 3uauernHe MOAYAS BXOJHOIOC COIPO-
THBJICHHS CHCTEMH ¥ HA MHHHMAaJbHOE JONYCTHMOe 3HaueHHE 3aTy-
XaHus 3a NpefenaMH pabouero AuanasoHa 4acTOT TPOMKOTOBOpHTE-
JeH,

PaccMOTpeHHBII MeToj ONTHMH3AUHH DPa3leJHTeNbHBIX (RJIBTDOR
OBl1 HCNIONBL30BAH IPH paszpaboTKe HeCKOJILKHX IOCHeIHHX Mofededt
AKYCTHUCCKHX CHCTEM H IIOKasal BHICOKYi0 3 deKTUBHOCTD.

[IppMeHeHHe METO/OB ONTHMANBHOTO NPOEKTHPOBAHHS (HHILTPOB-
KOppexTopoB B AC MO3BOMSAET CYILECTBEHHO CHHZHTH BPEMS, YXOAdIlee
Ha HX DaspaloTKy, u MOCTHYp NYUINHX XapaKTepPHUCTHK naxe Ges ye-
JOXHEHHA cXeM (unbTpoB. KpoMe Toro, MeTOZH ONTHMANLHONC NpPO-
CKTHPOBAHHS PA3AENATENbHEIX (DHALTPOB SBASIOTCS YHHBEPCAIbHBIMA
10 OTHOMIEHHIO K KPHTEPHAM ONTHMAJILHOCTH NHHEHHEX XapaKTepHCTHK
AC, 1. e. 1o Mepe YTOUHEHHS MOPOTOB ¥ 3AKOHOMEPHOCTH CABIIEMOCTH
JAHHERHBIX neKaxeHHA AC OyIAyT yTOUHSITHCA H BelpakeHHs L9 [ele-
BHX (PYHKIHH.

CoBpeMeHHLII 2Tam pa3BHTHA allapPATYPH BHCOKOKauecTBEHHOIQ
BOCIPOM3BECHHS XapaKTepusyercsl Bce OOJee IMHPOKHM HCHOML3IO-
BaHHeM MHKPO3JIEKTDOHHKH H LHQPOBOH TEXHUKH, IpUMeHseMHX Kak
AN yJAydUIeHHs CEPBHCHEIX BO3MOXHOCTeRl allmaparyphl, TaKk H AJA
XpaHCHHA H 00paboTku 3ByKoBOro curiana. OueBHjHO, uTO B ByLy-
M DPasBHTHE TEeXHHKH Da3/eNHTeNbHO-KOPPeKTHPYIOHIHX (bUILTPOB
B AC Oyzer xapaKTepH3OBATLCS NPHMEHEHHeM LHHPPOBHX METOJOB
punbTPAUKH # KOPPEKIHH CHPHaNa, TaKk KaK 3TH MeTonb o6jianalor
3RAUHTENBHO OOJLIINMHA BO3MOKHOCTIMHY,

4

BHAbl HH3KOYACTOTHOrO O®OPMJIEHHY AC,
NMPUMEHEHHE METOA OB TEOPHUH LLENEK
AJI1 AHAJTH3A XAPAKTEPHCTHK AC
B OBJIACTH HH3KHX YACTOT

4,1, OBILHUE NOJOXEHUH

MeTonE TIPOEKTHDPOBAHHA 3JEMEHTOB aKyCTHYECKHX CHcTeM B 00-
JaCTH HU3KHX YacTOT* (rje COXpaHseTcs TMOpHIHEBOH XapaxkTep KOJE
OaHHA HH3KQYaCTOTHOrO TPOMKOI'OBOPHTENS1) HMEIOT HEKOTOpEIE OCO-
OEHHOCTH, 3aKJI0YAIONIHECs, B YACTHOCTH, B TOM, YTO SJIEKTPOMEXann-

* B ofuacTy HH3RMX YaCTOT AKYCTHUECKAS CHCTEMA MOMET CauTaThed cHeremod
C COCPeIOTOYEHHBIMH MIapaMeTpaM.
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iHe NapaMerpbl HH3KOUWACTOTHOI'G I'POMKOFOBOPHTENH, KOHCTPYKTE

w1 x KOPPEKTHPYIOMHX Uenell (ecHH TaKoBble MPHCYTCTBYIOT B CHeTe R
Me) ABJAAIOTCA RBR3aHMOCBSI3aHHBIMH H HX PacCYHTHIBAIOT COBMECTHO.
XapaxTepHCTHKH CHCTeMEl B 0OJACTH HH3KHX Y4CTOT, B CBOW OUYepelb,
ONPEACHAAIOT NYTEM AaHAaJH3a 3KBHBAaJACHTHOH CXEMBI CHCTEMBI, MOJY-
YeHHOH C MOMOIIBI} METOAa 3JeKTPOMEXaHHUECKHX aHaJ/JOrHH H 34aBHCAT
OT NapaMeTPOBR IPOMKOFOBOPHTENS], KOHCTPYKTHBHEX TMapaMeTpoB Kop-
Iyca H SJeKTPHUECKHX NapaMerpoBR KOPPEKTHPYIOMHX HH3KQUACTOTHEIX
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Pue. 4.1, OcuoBERE THNH HH3KOUACTOTHOrO OGMOPMJEHHS AKYCTHUECKHX  CHCTEM:
a) ¢ 3aKpHTHM KOpOycoM, &) c (a3sorHBEpTOpOM, 68} C MACCHBHBIM  H3JIyuaTeseM

HanBonee pacnpocTpaHed KOPHOyC 3akprHTore THoa (pHe. 4.1,a).
3aKpBITBI KOpHOyc CAyXHT AAs NOJaBAEHHA H3JAYYeHHS THIIGBOH 0O-
BEPXHOCTH THQ¢Y30pa TPOMKOrOBOPHTENS H MQKeT OHTb YCJIOBHO pas-
JeJICH Ha JBE FPYINE — TaK HA3bIBAEMBIH «KOMOPECCHOHHBI{», ¥ KOTO-
poro oTHOIIEHHE FHOKQCTH NoJIBeca K FHOKOCTH BO3JlyXa B KODOyce CO-
CraBisieT npuMepHo 3-=-4 H Gonblie, H THOA «OECKOHRUHBIH 3Kpam», ¥
KOTOPOFO OTHOIIEHHe rubxocTell MeHblIe 3.

YacTo HCNOMBL3YIOT HH3KOYACTOTHHH KOPOYC (a30HHBEPCHOrO THIA,
KOTOPBIH OTIHYaeTCd OT KOPHyca 3aXpPLITOrO THIA HAaMHYHEM OTREP-
CTHSI HJAM OTRepCcTHA ¢ TpybGoil, UTO HG3BOJAET HCNOAL3OBAThH H3JyYe-
HHe TBHIIOBOH NOBepXHOCTH aH@pysopa B oOJaCTH 4acTOTH PC30OHAHCA
KoneGaTenbuoil cHeTeMbl, obpasyeMofi mMaccofi Bo3jyxa B OTBEpPCTHH
H1H Tpy6e H rHOKOCTBIO BO3Ayxa B Kopryce (pHe, 4.1,6).

JIOBOJIbHO IIHPOKO TMPHMEHAIOT TAKXKE KOpnyc, B KOTOPOM BMECTO
OTBepCTHA HAH TPYOH HCOONBL30BAH TAK HA3BIBACMBIN NACCHBHBIA H3-
TyqaTeab, HpeﬂCTaBJIHIOIIIHf{ co60H T'POMKOIOBOPHTRIL C ymmeneﬂﬁoﬁ
NMOARHKHOH cHeremofi 6e3 MarHHTHOH penH H  3BYKOBOH KaTyIIKH
{puc. 4.1,6). Ilpumenenne naccHBHOroO H3JyduaTensl TaKkKe INO3ROJAET
HCIIONB30ORATH H3JAYICHHE TbIJ]OBOﬁ AOBCPXHOCTH HH3KOQUACTOTHOTO
IPOMKOFOBOPHTEAS B o6JacTH YacTOTH pe30HaHCA KoncOaTeabHOfl CHC-
TeMbl, o6pasyeMoill H3 Macchl NOABHKHOA CHCTEMBl MACCHBHOIO H3Jayya-
Te1sl H rHOKOCTH ero nojgeca ¥ BO3AyXa B Kopmyce.
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[ToMHMO BBIIUE HEPETHCIENHBIX, CYIECTBYIOT H APYyTHe, HO peike Mceq
>Ib3yeMble BHABl HH3KOTAaCTOTHHIX KOPHYCOB — «CBEPHYTHIH PyncR
PX1aCHPUHTS, «TPAHCMHCCHOHKAS JHHMA® H T, I, :

B nocaenune rofbl HOSABHJIHCh MOBbIe THIBL CHCTEM, B KOTOPHX /18
(pOpMHPOBAHHS XaPAKTEPHCTHK B OONAacTH HH3KHX TACTOT HCMOJb3YIOT
METOJBL 3/ICKTPOHHOH KOPPEKIHH, YTo gaeT GoJee UIMPOKHE BO3MOMKHOs
CTH CHHTE3a XKCJAaeMblX HH3KOYACTOTHBIX XAPaKTepPHCTHK CHCTEM, IO-
3BOJIieT O0CCrEUHBATL BOCHPOM3BefeHHe HH3IKHX 4acTOT B KOPNycax
MaJoro o6bpeMa, gaeT BO3MOXKHOCTh CHHXKATh HEJHHeHHBIe HCKAMKEHHR
H TOBHILIATh MaKCHMAJbHBIH YyPOBeHb 3BYKOBOIO AABJEHHS, OTPAHHUEH-
Hol JOOYCTHMOH aMIJHTYAOH CMemeHus NOARHIKHOR cHeTeMn HY
TPOMKOTOBOPHTENSA H T. J. DJAEKTPOHHAA KOPPEKIHA pPeadaH3yeTcs aJek-
TPOMeXaHHUeCKOH 006paTHOl cBa3bio [4.1], TpHMeHeHHeM aMIAHTYIHBIX
koppexTopos HY [4.2], GRALTPOB-KOPPEKTOPOB BEPXHHX 9aCTOT MEpBO-
ro H BTOPOro NOpAKa, NapaMeTpel KOTOPBIX ONpeAeNeHHbIM 06pasoM
COrJIACOBAHBl C HapaMeTpaMH HHU3KOYACTOTHOTO IPOMKOTOBODHTENS
[4.3, 4.4], yenauteaelf MOmMHOCTH cO CI0KHBIM KOMIIEKCHBIM XapaKTe-
POM BBIXOJHOIO CONDOTHBJAEHHUS, 4TO MO3BOJSET 3JEKTPOHHLIM MyTeM
epecTpaHBaTbh MEXaHHYECKHE NAPAMETPH HH3KOYACTOTHOrO FPOMKOTO-
BODHTeJNA, pasMelleHHoro B Kopnyee [4.5] # . &.

BnnoTs Ao WelaBHero npomsoro, NPaKTHUECKOE KOHCTDYHDOBaHHE
Pas3/IHIHBIX THHOB HH3KO4acTOTHHIX oQopmaeHHd AC m10 B ocHOBHOM
aMnHpHYeCKAM nyTeM. PasputHe TexnmkH Hi—Fi norpeGorano cucre-
MaTH3AIAK METONOB AHANN3A H CHHTE3a HH3KOUACTOTHHIX odopMienHi
H paspabOTKM CHCTEMHOrO NMOAXOAA K TeopHH pacdera AC B obaacTs
HH3KHX 9acTOT.

TeopeTHueckoll ocHOBOM A1 TAKOTO HOAXOLA SBHIGCD npoBeeHie
AHAJIOTHH MEXAY XapakTePHCTHKAMH H napaMerpami AC p muskouac-
TOTHOH 00/1acTH H XAPAKTEPHCTHKAMH COOTBETCTBYIOIHX  (JHILTPOB
BEPXHHX 4acTOT (T. €. guabTpos, AUX KoTopHIX nperepneraer craja B
CTOPOHY HH3KHMX 9aCTOT — CM. NI 3), 3TO NO3BOJHIO MOCTPOHTL MATe-
MaTHIECKYIO0 Moleab AC Anst HHSKHX UacTOT, T. €, HACHTH(GHUHPOBATH
€¢ nepefaToYHol APOGHO-pAHOHA/IBHOR QYHKIHER COOTBETCTRYIOMETO
GunbTpa Bepxuux gacror [4.6]. [NoabaenHe egHHOTO CHCTEMHOrQ MOL-
X0[a K aHaJH3y H CHHTe3y HH3KodacToTHOre odopmaecuua AC nocay-
HHJIO0 OCHOBOH HJIfl CO3NAHHA METOJOR €r0 ONTHMAJBHOIO NPOEKTHPO-
BaHHA ¢ Hcmonb3opaHHeM IBM [4.7, 4.8]. CyTe atHX MeTomoB cocTo-
HT B TOM, 4T0 Ha IBM paccuHTHBAaOT pealibHBlE XAPAKTEPHCTHKH
AKyCTHYECKOH CHCTeMBl B OGACTH HH3KHX 9acTOT, SABISIOMHEECH (yHK-
UHER SJNCKTPOMEXaHHYECKHX HApPAMETPOB HH3KOUACTOTHOIO FPOMKOTO-
BOpUTENS H KOHCTPYKTHBHHIX NapaMeTPOB KOpHyca, H NyTeM ilejeHa-
NPAaBACHHOrO H3IMEHEHHA JHAUCHHH NapaMeTpPOB CHCTEMH, ¢ YUeToOM Ha-
JOXEHHBIX HAa HHX OFpanHYeHHH, MHHHMH3HpyeTCAd pasHHiA MeXAY
PealbHBIMH H 2KeJaeMBIMH XapakTepHCTHKAMH CHCTeMBI. Baarogaps
NpHMEHEeHHIO MeTOAOB HeNHHEHHOro NporpaMMHPOBAHHA H MOHCKOBOM
ONTHMH3ALHH ONpeaeasaioTcs HAHAyullHe, T. € , MOTeHUHAJbHQ NOCTH:
KHMEIC B CMBICJe BBIOPAHHEIX KPHTEPHEB ONTHMAJBHOCTH, 3J1€KTPOME-
XaHHYeCKHe H KOHCTPYKTHBHHME NADaMeTPHl CHCTEMBI, 4TG MPAKTHUE~
CKH HEBO3MOXKHO NPH TPagHUHOHHBIX METOARX NPOEKTHPOBAHHA,
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42. TUTIBI HH3KOYACTOTHOIO O®OPMJIEHUA AC

MepegaTounnie QYHKIHYE CHCTEM PA3AHYHOTO THIIA

B ofuleM BHIe NepelaTOYHYI0 (GYHKIHIO AC B ofJiacTH HH3KHX Hac-
90T MOXKHO TPeICTaBHTb KAK OTHOIICHHE KOMIJICKCHOTO BHIXOIHOTO
cHrHANa, T. © 3BYKOBOro NaBieHHs Ppux(S) K KOMIVICKCHOMY BXOIHMO-
My CHCHAJAY, T. €. HANpIXEHHIO Uy B BHme 7T(8)=Psux(s)/Usx(s)
(s =j® — KOMILAeKCHas 4acToTa).

Kak H3BeCTHO 3 TEOpHH JHHeHHBIX Llene#i B CHCTEM, NCpenaTot-
gad QYHKIHA JMOOOH NHHEHHOH CHCTEMEL C coCpeJOTOUEHHEIMH Napa-
MeTpaMH MoOeT ObITh aNNnpOKCHMHpOBaHA IpoBHO-panHOHANbHOM
pyBRuBed Tn(s)=Wmn(s)/Gn(s) (W (8) — MmoNHHOM  CTENEHH M,
Gn(s) — MOMHHOM CTENEHH A=, KOpHH KOTOPOrO JAexKaT B JEBOH
JI0JIYNIOCKOCTH KOMILJIEKCHOrO nepemensoro)., G apyroft CTOpOHBI, HE-
penaroyHas QyHknga AC B 00nacTH HHIKHX 1aCTOT B obuieM BHIE
MOKeT GHTH MpejcTaBjieHa KaK MpOH3BeIEHHE NepefaToinblX (GyHKUHA
rpOMKOroBOpHTes B Kopnyce Ha(s) H RoppeTaApyomel nent Ak (s):

T ()= Hy (5) Hx (9) (4.1)

Hanpumep, A CHCTeMbl 3aKPHITOrO THIA Gea KOppeKTHpYHOLIEH
uens [4.9]:

He(®) =1, Ti(s)=~Hya(s)=As%(a: s*+a, s+ ay), (4.2)
rae A, o, @i, @2 — BeUleCTBEHHBIE KOIDPH- B
LHEHTH, 3aBHCALIHe OT 3JEKTpPOMeXaHHYC-
CKHX NapaMeTpPoB I'POMKOTOBOpHTEJS, 00D-
eMa Kopnyca u QH3HIECKHX KOHCTaHT.

B of6nacTH HH3KHX 4acTOT INeperaToy-
Hag QYHKUHY 3aKPHITOH CHCTEMBI aHAJOTHM-
#a NepelaTouHON (QYHKIHH (QHABTPA BEPX-
HEX 4YacTOT NOJHHOMHAaIhHOro THOA (CM.
TJ1. 3) BTOPOrO MOpAAKA C KpYTH3HOH cmazaa

i
AUX B cTOpOHY HHBKHX 4ACTOT 12 gb/okT W w0 70 7%
{puc. 4.2,a). 3aKpHTyil0 CHCTEMy HHOrAa
Ha3LIBaloT CHCTEMOH BTOPOTO MOPAILKA. Prc. 42. Tlpavep awmmnan.

IOns cHcTeMbl ()a30HHBEPCHOTO THMA ¢ TYANOWACTOTHNY Xapaxrepl:

CTHK AKYCTHUCCEKHX  CHCTEM

meneit [4.10]. HH3KOYACTOTHOR 06JaCTH
Ay @) =1, Ty (8)=Hz Bs*/(b st 4+ by s® + by 8 -+ by 5 4-By). (4.3)

IMepenatounas Gynknusa T(s) QasoHHBEPCHOH CHCTCMBL C MAJBIMH
NOTepSIMH AHAJNOPHYHA MEpeAaTOYHOH (PYHKUHH QRIBTPA BCPXHHX HaC-
TOT NOJHHOMHAJLHOFO THIA YETBEPTOro NOpAAKa ¢ KpyTH3HOH cmala
AUX B cropony HH3KHX uactor 24 aB/oxr. (puc. 4.2,6).

@ a30uUBEPCHYI0 CHCTEMY HHOTAA HA3BIBAIOT cHCTEMOH YETBEPTOFO
TOPAIKA.

JL751 CHCTeMH C HACCHBHBIM H3JyuaTeneM ¢ MajabiMR  IOTEpsMH
{4.11]:
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U

&ex® B obnacTH HH3KHX uacToT T(S) cHCTEMa C MACCHBHBIM H3JIYIATENE

neM ¢ MaNBIMM NOTEPAMH aHaJOrHYHA MepenaToYHOH GYHKUMH (QHIABT-
pa BepXHHX YACTOT THIA 3onorapesa-Kayspa (cM. M. 3) 4eTBEpPTOro
nopsigka. AQX CHCTeMEl ¢ MACCHBHBIM H3JydaTeleM HMCeT NpOBal Ha
caMbix HASKHX 9acToTax, Torna Kak AUX ¢asonmBepcHOH CHCTEME! 06-
nanaeT MOHOTOHHHIM xapakTepoM (pHC. 4.2,8).

3akphiTas CHCTEMA C KOPPEKTHDYIOWHM (HILTPOM BEPXRHX Hac-
TOT MepBOTO MOPAAKA, BKAOUAeMBIM Mepel YORLHTENEM 3pYKOBDH gac-
TOTH, XAPAKTEPHAYETCR TMEPeaTOUHO PyHKu¥eH BHAA [4.3]:

T3 (8) = a5 (8) Hi, (8), Hyy (8) =8/ (s + 1) (4.4), (4.3)

rae Hxi(s) — nepenarodnas QGyHKuHA QHIbTPA BEPXHHEX YaCTOT NEP-
BOrO MOPSAAKa; §1==j0/0; — KOMOJeKcHas 4aCTOTa, HOpMHpOBaLHaf
OTHOCHTEJbHO 9acTOThl cpe3a (GHabTPa o fae(s) — nepenarTounad
GVHKuHS 3aKphHTod cHereMbl [cum. (4.2) .

B ofnacTd HH3KHX dacToT T3(S) 3aKpeITOfl CHCTEMBI ¢ QHIBTPOM-
KOPPEKTOpPOM BepXHEX YacTOT MepBOro MOpANKa aHaNOrH4Ra mepefa-
ToUHOH (QYHKgHH QHIbTPA BEPXHHX YACTOT TPETBETO NOpAiAKa ¢ KPy-
thsHol cnana AUX 18 xb/okr. (pHc. 4.3,a).

¥ig) a5
o ar
-3 | —3r
-fk -AL-
-9 "9 ~
..f_'_?_ —7’2-
[ ] ' 1 I
0,5 1 2 /s 65 1 2 A

G

Puc, 4.3. IpuMep aMmIUTYAHO-9aCTOTEHX XAPAKTEPHCTHK ‘3aKpHTBIX  CHCTEM  C
KOpPEKTHPYIOMKME QUIBTRAME BEDXHHX  4acTOT OEpBOTO (@} u sTopore (6) wo-
PAJKOB!

! — AUX cuCreMs 6e3 thuibipa, 2 — AUX ¢duawTpa, 53— AN ccpembl ¢ HHABTDOM

3aKkpeiTas CHCTEMA € JONONHHTENBHBIM KODPPEKTHPYIOIHM GHUALT-
POM BEPXHHX YACTOT BTOPOTO HOPAAKA XAPAKTEPHIYCTCS nepesaTouHOH
GyHEuHER BHAA

To(8) = Hgo (8) Hao (5), Hyz ()=5Y(dy Si-4-drsi+do),  (46), (4.7}

Hxz(s) — nepejarounas QyHkpHa (GHALTpA BepXHHX 4AaCTOT BTOPOTO
nopsiaxa, Has — nepenaTtodnasl GyBKUHS 3aKpbITOH  CHCTEMBI (cM.
4.2).

B o6nacTy HM3KHEX uacToT T4(S) 3aKpbiTofl CHCTEMBl ¢ QHABTPOM-
KOPPEKTOPOM BEPXHHMX 9YaCTOT BTOPOIO MOPAAKA aHaJOrHYHA IIEpe-
AaTOYHO# GVHKuHH (QHJAbTPA BEPXHHX YACTOT YeTBEpPTOro MopsAika ¢
KpyTHaHoit cnaga AUX 24 nbfokr. (puc. 4.3,0).

D azounBepcHan CHCTEMA ¢ MAJIHMHE NOTEPAMH ¢ GHABTPOM-KOppPeK-
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\M TIEPBOTO MopsiiKa ONMMchiBaeTes B 001aCTH HH3KHX HACTOT MCY
@ounoll pynknei Buaa [4.4]

Ty () = Hya (8) Haa ()5 (4.8)

Hg:(s) — mepenarounast ¢yHKuHA (QHNBTpA BEPXHHX dacToT nepRoro
nopaaka (4.5), Has(s) — nepenaTouHad GyHKEHS  (PasoHHBEPCHORN
cHcTeMbl (4.2). '

TlepeaatouHas QyHKUHS (pasOHHBEPCHOH CHCTEMEI C MAaJBIMA mo-
TepAMH ¢ (PHALTPOM-KOPPEKTOPOM NEPBOrO NOPALKA B 06aacTH HH3KHX
7aCTOT AHAJOFHYHA MepeAarotnoll QyHKIHH QHILTPA BEPXHHX 4acToT
NATOro mOpdjaKa ¢ KPYTH3HOH claja AUX 30 nb/oxr. (pHc. 4.4,a).

7

48 ' af

) ar
-3 -—3 -
_.5 -—‘5‘ —
-G -4+
72 1 [ | '—12 i [ | ]

05 7 2 /f5 a5 1 2 'ty
aj a4

Puc. 4.4. Ilpuvep aMmmiHTyAHO-TACTOTHBIX XapaKTEPHCTHK (ha30HHBEPCHLIX CHCTEM
¢ KOppeKTHpYIOUIHMA  (PHABTPaMy BEDXHHX HACTOT nepporo (@) ¥ BTOPOrG (6)
II0pAIKOB:

] AUYX cucTeMmt Oes tmabrpa, 2 — AUX QHabTpa. 3 — AUX cHcrTeMH ¢ pAALTPOM

(PasoHHBEpCHAS CHCTEMA C MANbIMH HOTEPAMH C (QHIBTPOM-KOPPEK-
TOpOM BTOPOTO NOPAAKA OMHCHBAeTCs B 0GNaCTH HH3KHX HaCTOT HEPE-
narounol gyskuHed pHaa [4.4]

T, (5)= Hr2 (5) Hypy (3),

Hg,(s) — nepenatodnas QyHKUHS ¢GHABTPA BEPXHHX YACTOT BTOPOro
nopsanxa (4.7), Has(s) — nepenatoutas GyHKIHA (HA30HHBEPCHOH CHE-
TeMsl ¢ MaieiMu norepaMH (4.3), Te(S) (hasoHHBEePCHOH CHCTEMBL C
GHABTPOM-KOPPEKTOPOM ~ BTOPOro ~ MOpAAKa  aHafloruilia nepe-
AaToYRON (PYHKUHH (HILTPA BEPXHHX YaCTOT IIECTOrO HOPAAKA € Kpy-
TH3HOR cnana AUX B cropony mu3kux yactor 36 nB/oxT. (pHC. 4.4,0).

[IpaMeneHHe aXTHRHOTO (UABTPA-KOPPEKTOpPA BEPXHHX yacToT Ha
BXOJE YCHIHTENS 3BYKOBOH UaCTOThl MO3BOAACT, KaK 6yner MokKa3aHO
HHKE, CYIMECTBEHHO YMEHBIIHT AMIVIHTYLY CMEMCHHA NOJIBHKHOMH
cHCTEMBL B OGJACTH MH3KHX Y4CTOT H TeM CAMBIM NOBBICHTH AOMyCTH-
MBIH YpPOBEHb BXOJMHOH 5MEKTpHYECKOH MOIMHOCTE H MaKcHMaJbHOTO
3BYKOBOTO JAaBJEHHA,

[TepenatouHas HyHKHHSA 3aKPHITOH AC ¢ aMpaHTYAHBIM KOppPEK-
TOpOM BHIIASAHT B 00meM BHAE aHAJNOTHYHO (4.1):

Ty (5) = Hx (S) Hp2 (5)s (4.9)
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* Haz(s) — nepeparounas ¢yuxunst sakpuroli cheremu N §
AR =@t astalg s asty (N

4

9
ok
90c-1rad

—— NEPEAATOUHAA (PYHKUHA AMIIHTYLHOFO Koppektopa. Oynkuna 7 (s)
SaKPHITOH CHCTEMBI C AMIUIHTYZHBIM KODDEKTOPOM, TAKHM o6pasom,
NPEACTABJSCT cO6Of mepeaaTounyio QyHKuHIO @HILTPA BEpXHHX yac-
TOT BTOpOro MOpsiiKa, HO ¢ Gojee HH3KO! rpaHHYHON TacTOTORH (pHc,
45):

Ty () =As*la;s? 4 a;s--a).

[MepenaTounbre $YHKUIHHE CHeTeM ¢ SJICKTPOMEXaHHYeCKoH 0bpaTnof
CBAADIO [4.1] H ¢ 3MeKTPOHHEIM YHDABJICHHEM MeXaHHUECKHMH napa-
METPaME TPOMKOTOBODHTENIA 34 CUET KOMILIEKCHOTO BBIXOJJHOTO COMpO-
THBJICHHS YCHIHTENS MOmHOCTH [4.5] or-
JAHTAI0TCH  TeM, YTO B BHpPameHHH 17g
4 (s) axBHBAMCHTHEIC napaMeTpsl rpoMKo-
FOBOPHTENS TaKXKe ABIAOTCS (PyHKpHeH ma-
PaMCTPOB COOTBETCTBYIOIHX 3JEKTPOHHBIX
aenemu.

A5

Puc. 4.5. TIpmmep AMIJIATY IHO-9ACTOTHGH
XAPAKTEPHCTHKE 3AKPLITON CHCTEMBL ¢ 5M-
ILTATYARBIM KODPPEKTOPOM:

I — AYX cHCcTeMBl 6es KoppexTopa, 2 — AUX kop-
pexTopa, 3 — AUX cHCTemb ¢ KOppexTopoM

M3 npusepennmx puumre BRIPAKCHHA NJIS mepenaTounnix G YHKUBA
CHCTEM PA3JIHUHOIO THHA MOMKHO onpedenuts AUX, ®UX y I'B3:

AUX:201g(T (s)1=201g {Re?[T (s)] +Im? [T.60,  (4.11)

QUX :arg [T (s)] ==arc tg (Im(T (s))/Re [T (s)1}, (4.12)

IB3: —d{arg|T (s)]}/d o, (4.13)

Re[T(s)] — peanbuag macts T'(s), Im[7(s)] — MuEMag gacTs T (s)

Odo0mennas sxenBanenTHas aKyCTHUECKan cXeMa
HH3K0YaCTOTHOro o opMaenng AC, Kozt duuuenT noseznoro
AEHCTBHS, AMIIATY AHO-4aCTOTHAS XapaKTEePHCTHKA

[lepenatounag QYHKHHT aKYCTHYCCKOH CHCTEME B 06J1aCTH HHKHHX
1actor f1x(s), paccMoTpennas BEILIC, OnpedendeTcs H3 o606mEenHOMR
SKBHBANICHTHOH aKycTHYECKO# cxembl, [Topsaok ee MOCTPOCHHA MeTO-
AOM SJEKTPOMEXaHHUECKHX AHAMOTHH AeTaNbHO H3TOMKeH BO MHOrHX
PaboTax mo sMeKTpoaKycTHKe, HanpHmep [2.3].

O6muft BHA 3KBHRANeHTHOR aKyCTHUeCKOH cXeMW MOKazay Ha
pHc. 4.6.

B pantofi cHcTeMe 3JACKTPO-MeXaHO-aKYCTHUECKAX aHaNOrHY Hanps-
HMEHHS Ha CXeMe NpelcTaBaAdoT coboi 3BYKOBBbIE JABJCHHA, a TOKH —
00beMHEIE CKOPOCTH,

Hana anannsa cxemu u MOMyIeHHs AHANHTHYCCKOTO BEIPAXKCHHAS IS
KILL, AuX, ®UX u 1. 1 cHcTeMB TOro HAH WHOre THOA HeoOXoIHM
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sMENHTh BHIPAKEHHS LI CYMMapHOH obpemuoll ckopocta Ug(s
¥ [ 5TOM BEIpaXeHHEe LM Uo(s) cyLLeCTBEHHO YIPOULAETCs, ECTH N Qg
nefpeyp 2JIeMEHTaMH, OKasHBAIOIHMH B HHTEPECYIOIEM JHAanasony

Mas Ras  Rage May  Mar Rage Mz Mez,

527 Cus Hap
(Rg+Re) S5
L
Eq 81 Ris | |Fas A
(ﬁg"' }?E,) Sﬂ ‘&{4}7

Puc. 4.6. [Tonuas oGoGWEeHHAR SKBHBAJEHTHAA AKyCTHUIECKAsd CXEMa HH3KOYaCTOTHO-
0 TPOMKOTOBODHTENS B KOpHYyCe:
Eg'_ HanpgxeHHe HCTOUHHKE CHTHadaa, Rg-—BbIXOJIHOE cOnMpoTHBASHHE HCTOYHHKA CHIHana, RE‘ -

AKTHBHOE CONPOTHBIERHE 3BYKOBOH KaTYIIKH, B — MNOoTHOCTE MaCHUTHOTC NMOTOKA B 3a30DE Mmarls
4ATHOH nemu, ! -— AJHEA uaCT® 3BYROBOH KaTVIUKE, gaxoasmeifcs B 3a30pe MarHWTHOH uend,
SD—SCt.'{l)EKTHEIHaH waomank aupdysopa, €45 — aKyCcTHYECKRA rubKocTy nogmeca, M, g — aKy-

cTHIeCKad MACCa NMONBHAMKHON CHCTEMEI, Ryg— aKyCTHISCKOE CONPOTHBASHHE TOTEPE B noABBx ao0f
cacreme, R 4gq — AKTHEHAS COCTABEANILAR CONMPOTRBIGHHA H3NyIeHHA dpourankEOl NOBEPXHUCTH
nxpdysopa, My, — peaxtHBHAL COCTABRAAOAA COnPOTHB/ACHHS Hanyuenus (Macca BO3AYXa, CO+
goneGalcaAcy ¢ (PpOHTAAbHOK TOBEPXHOCTHIO anddysepa TPOMEOrOBOpATENA), Mpy — macea
BOSAYXA, COKoAeSApafcd B ThHIOBOH TOBEPXHOCTH aapbyaopa; € ,4pg-— axycTHUECKAA rHOKOCTh
poanyxa B Kopnyce AC, R4p— aKyCTHHCCKOE CONPOTHBJIEHHE noteph B xopmyce AC, obycnoas
NeRHK Y BAYTPEHHMM IOTJAOUIEHHeM SHEpPrRH, R 41, — QKYCTHUECKOE CONPOTHBACHHE norepr, ofyes
JOBACHHHIX YTEYKaMH BO3NYXa H3 Meney Kopmyca AC, B ,po— 2KTHRHAZ COCTABIAMWUIAA CONPO-
THRIGHKS M3TYUeHHH GTREpCTHH (Da30HHBEPTOpa HIIK AradparMe TACCHBROTO HAMYHATENS, Myp—

peaKTHRHAS COCTABRAOMAA COTPOTHBIEHHS H3AYICHRS OTBepCTHS (ha3oHHBEDPTOPA HIH aunabparmm
aCCHRHOrQ HaTydatensd, Mp, ~- Macca BOSIAYXE, COKOMISOIIONAACA € THAOBOM HOBEPXHOCTHIO AMas

parMui NaccHBHOTO HaAyuaTeNs (CTH TaKRoBON OpHOYTCTBYET), M’ 4, — aKyCTHUeCKasd Macca naaes

CHBROTO H3JvGaTeds HIH Bo3A¥Xa B TpyOe (dasoHHBEpTODE, CAP——aKYCTH‘IECKaﬂ FHGKOCTE MO

Beca NMacCHBHOro HanyuaTeds, R 4, — aKYCTHYECKOE CONPOTHBACHHE noTephk B NOABECE [ACCHEHOIO
HahlyuateJs HaW B TpyGe asoHuBepropa

HH3KHX YaCTOT NpeHeGPEeRKHMO Majoe BHHsAHHE HA XapaKTepHCTHKY
o6pemuoit ckopocets Up(s) [3.7]. Ynpoluennas cxema 06061 eHHOH CHCe
TeMmbl H3o6pameHa Ha pHe. 4.7, J

[ Mas 88 Ras L “ {
| 3
E(pti_%é_ l Kag | AR
AN | | [ |Far
L1 | | l
7 2 ! 3 I 4

i
Puc. 4.7, Yopouenuas SKBHBAJEHTHAsi aKyCTHYECKas CXeMa HMH3KQTACTOTHOrO rpoM-

KOTOBODHTEIA B KOpuyce:

{ — peTOUNHK CHPHaJAa, 2 — IPOMEOLOBOPUTENb, § — KOPOYC, 4-— (ba30HABEDPTOD WAH 13CCHBHBLA
H31YHaTenh
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[Tepenarounas QyHRLHA onpefensgerca claenyromnM obpasom [2,
Ha (8)= U, (s)s (Rg + Re) Mus/(E; B 1S p),

rie Uo(s)=Up(s) +Up(s)-+Uy(s) — BEKTOPHAA CyMMa o0BbeMHbIx
CKOpOCTeH AHQdysopa rpOMKOrOBOPHTENS, NACCHBHONG H3Jy4YaTeng
(HTH Macchl BO3AYyXa B OTBepPCTHH (asoHHBepTOpa) H 06BEMA BO3AY-
Xa B mEeNX Kopnycea; §=jun — KoMmIeKcHa s qacToTd; Mars=M455%, =
= (M'a5+Ma1+Ms:1) % — MexaHHuecKas macca TOIBHKHOMN cHeTe-
MBl FTPOMEGFOBOPHTENS BMECTE C COKONEBMIOmeEncs Maccol BO3JVXa,

Ha cxeme pnc. 4.7 Map=M sp-+Mao+ Mg, — AKyCTHUECKAas Macca
BO31yXa B TpyGe (a30HHBEPTOPA HAH NACCHBHODG H3JIYYaTeIs BMeECTe
¢ Coxonebmoneica Maccod BO3/1yXa,

CxeMa pue. 4.7 onHCbIBaeT CHCTEMY C MACCHBHBIM H3iydaTeleM, ¢a-
30HHBepcHad cHerema obpasyercsl 3a cuer 38KOpPAuHBaHUA eMKOCTH
Cap, npeacTanasmowedi cobofi rHGKOCTH NoABeCAa NMOABHIKHOH CHCTEMEBL
RACCHBHOTO H3lyqaTens. CxeMa CHCTeMB 3aKPHITOrO THIa noJyyaercy
H3 0600menHol cxeMBl nyTeM YAANCHHA BeTBelH, nPeacTaBASIOmeR nac-
CHBHLIH H3JAYYATeNb (HJH $asoHHBEPTOP) H moTeph 3a cyer yTeuex,
Cxema rpoMKoroBopaTeNs B GecKoHeUHOM 2KpaHe TpebyeT NOMHMO 3To-
PO 3aKOPAaYHBAHHA BETBH, NPeACTABJSIOmMER coBol BEYTPEHHIOW 4acTh
Kopryca — Rap H Cap, 4T0 (PHIHUECKH COOTBETCTBYET HYJEBHM IOTe-
PiIM B KOpnyce H GeCKOHEYHOH MHOGKOCTH BO3NyXa B HeM. JlaHHad cxe-
Ma CIPaBCIIHBA TONBKO AJIs AHATIA30HA YaCTOT, T/ coxpansietcs nop-
IIHEBOH XapaxkTep KoaebanHs AHddys0pa FPOMKOTCBODHTENA, Mapa-
METPBI CXEMBl HPHHHMAIOTCS] Y4CTOTHO-HE3 ABHCHMBIMH B npeaenax aTo-
ro THalasoHa,

Bruipamxenne nna H4(s) aBnserca ofmum s CHCTEMBI 3aKPHTOTO
$GasOHHBEPCHOIO THNA H CHCTEMEl ¢ MACCHBHBIM H3Jy4aTeneM, OHH OT-
JHYA0TCA JHIIb BHIPAKEHHAMH 1J15] COOTBETCTBYIOMIHX OOBEMHLIX CKO-
pocrefi Up(s). U3 Bupaxkenni HA(S) ANA KaO0ro THN2 HHBKOYACTOT-
HOTO OQOPMJIEHHA no GopMymam (4.11) ... (4.13) moxnuo onpexesnts
AYX, ®UX m I'B3.

Kosdp§uunenr nosesuoro naefiecrays CHCTEMEL ONpeneasieTcs Kak oT-
HOILIEHHE H3MyyaeMofl aKyCTHYECKONR MOIHOCTH K NOABONHMOM 3JeKT-
prueckoft [3.7]:

N (©) =Py (@)/Pr = 1Uy1* Rar (Ry+ Re)NEE Ry),?

rie Ps(0)=|U|2R4n =] Uo|%000% (2r- ¢) — akycrnucckas MOIIJHOCTD,
H3lyqaeMas cHCTeMOH B O6J4CTH HH3KHX 94CTOT, R4pi — CONPOTHRIC-
HHEe H3nmydeHHud, po=12 rv/v® — anoTHOCTD BO3iyxa, ¢=340 mjc—
CKOPOCTh 3BYKa, '

Pr=[Eg/(Ry+ Re)P® Ry (4.14)

— NOABOIHMAA 3JMEKTPHICCKAA MOMHOCTD.
KoaddHurenT nogesnoro ACHCTBHA B VCIOBHSAX cBoBoAHOTG noJA
MOXET OHITb BHPaXKeHn uepes MePelaTOYHYIo (PYHKyHIO Ha(s) [3.7]:

(@)= Uy (1% 0y B S3/(4n Ry M3). (4.15)
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¢ B obmacTh 4acToT, rie AUX BHXOAHT Ha MJOCKHA Yy9acTOK, T.
Qas®c | Ha(s)|=1, KILL

o= 0y B* I 8123/(45%16}*?5 Mﬁis) (4.16)

Bupaxennsi (4.15) B (4.16) xapaKTepH3ylOT KITJI cHcTeMbl, HAXOAA-
meficss B YCIOBHAX CBOGOAHOPO MOJIS; KI1JI, onpeacaseMbli B yCHOBHAX
noAynpocTpancTea, 6oablie B 2 pasa [3.7].

4 O
Y

AKYCTH'—IGCKHC CHCTEMbl 3aKpbhITOT0 THIIA

3akpuiThill THN OQopMIEHHA, KaK GBHIO CKasaHO BBILIE, BN seTCA
OZHHM H3 HaHOOJee 4ACTO BCTPeyalomHXcs B AC xateropun Hi—Fi.
[IpHHNHND AcHCTBHA CHCTEM 3TOFO THIZ H3BECTEH C 30-x roaor, a LIH~
pOKoe pacnpocTpaHeHHe OHH NONYIHIH B 50-x rofax, Koria nosiBHIHCh
HH3KOUACTOTHEIE [POMKOTOBODUTENH KOMIPECCHOHHOTO THNA, NpCIHAS-
navenHple CHeUHANbHO 15 pafoThl B 3AKPHITHIX KOpHycax CpaBHHTC/b:
no neGouploro obneMa., DKBHBAJEHTHas AKyCTHUeCKas H 3JCKTDPHUC
cKasl ¢XeMBl CHCTEMBI 3aKpBHITOrO THMA AaHbl HA PHC. 48,a 1 6. HopuH-

RATS MAE JAT Pg FE
L _—{"1]
(g +Re)Sp “ T feee [ i
.
a2 RS )

Puc. 4.8. DKBUBAJeHTHAs CXEMA CHCTEMBl 3aKPBITOro THIA:
a) — aKyCcTHUecKasl; §) DJACKTPHIECKaAs

pORaHHAs TepenaToyHas (QYHKUHA, MONYICHHAs M3 aHANH3A SKBHBA-
NeHTHOH aKycTHuecKo# cxembl [4.9]:

Hy(s)=s*Car Mac/(s*Car Mac-+sCar Rar+ 1), (4.17)

win Ha (S) =S2T2(;f (52T2C+STC!QTC+1), rae Car= CABCAs/(CAB+
+CAS) -— aKyCTHYECK A FHOKOCTb IPOMKOTOBODHTC/A, NOMEIICHHOIO B
3aKpBITHIA KOPHYyC,

we=2nfc=1/Tc=(Car Mac)™"" (4.18)

— KpyroBasi pe3oHAHCHAS YACTOTA PPOMKOFOBOPHTEIS B 3AKPEITOM KOp-
nyce;

Qrc =Qrc Quc/(Qzc—+Qume) = 1/(wc Car Rar) (4.19)

-~ nogHas nOGPOTHOCTB* FPOMKOTOBODHTENs] B 3aKPHTOM  KODHYCE;
Rar=Rap+Ras+ B2 (Rg-+Rg)S*p] — nonnoe CONpOTHRICHHE  IO-
Tepb; Qure=1/(RarCaroc) — MeXaHH9ecKas AOOPOTHOCTL TPOMKOTO-
BOPHTENs] B 3AKPBITOM KOPIYyce; Qrc=wcRgMasS?p — 3JMEKTPHUECK AT
A0GPOTHOOCTE IPOMKOrOBOPHTEN S B 3AKPHITOM KOpAyCe; 0= Cas/Cas—

* JNoBpOoTHOCTb — BENHIHHA, ofpaTHas ko3 PUIHEHTY TOTEpE.
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3HaueHHs 3JeMEHTOR 3KBHBANECHTHON 3/JE€KTPHUCCKOH CXeMEI:
Cuec=Mas SY/(B*1%), Leer =Car B*}{SE,
Rgc=B*I’/[(Ras+ Ras) 53]

BeipaxeHnne aad KOMIICKCHON AepelaTOYHOH (JYHKUHH S3aKPHITOR
cucrembl f14($) (4.17) MO3BOAALT B COOTBETCTBHH ¢ BhIPAKCHHAME
(4.11) ... (4.13) paccunrate AUX, ®UX 1 T'B3 3axpHTOil CHCTEMH B
06JI4CTH HH3KHX 4ACTOT H KOJHUCCTBEHMO OHEHHTbL BJIHAHHE HA HHX
OTAEJAbHBIX 3JEKTPOMEXaRHIeCKHX NMapaMeTPOB TPOMKOTrOBOPHTEJA.

Ha pac. 4.9, u3o6paxens HopmHpoBanAble AUX 3aKpHITOH CHCTE-
MBI IJIA Pa3HBIX 3HAUeHHH NMONHOH NOBPOTHOCTH rPOMKOrOBOPHTENS B

A5 45
£ - 5

B i 5 7

2
2 A

A A\

fz 1 "'ff N\

i \
| LN

g5 1 2 4 #F 525 85 1z %
a aj

Puc, 4.9. Hopmuposangse AHX (a) o 3aBHCUMOCTb aMAMMTYAH cumemewus mugdyso-
Pa OT 4acToThl (6) 3aKpHiTofi CHCTEMBI:
{ — nomeas AOGPOTHOCTE CHECTEMB Qre=1. 2 — Qrg=0,707, 3~ Qrp=0.5

Kopnyce — Qre. IIpr Qre<<0,707 AUX nocAr roagkuii xapakrep, npu
Qrc>>0,707 na AUX mnosBisercas MaKCHMYM. 3Hauenne Qpe=0,707
COOTBETCTRYET MaKCHMaJbHo raaaxkoit AUX, annpokcHMHpoBapHOd 10
Barrepsopry [4.9].

AHAanyu3 5KBHBAJCHTHOH AKYCTHUECKON H DAEKTPHYECKOH cXeM 3a-
KPHITOH CHCTeMBl NMO3BOJSAET, KPOMe TOrO, PACCUYHTATh TAKHE BAXKHEIE
EAPAKTePHCTHKH, KAK 34BHCHMOCTb OT TACTOTHl aMIWIHTYARL CMepleHHs
NOABHKHONH CHCTEMBI FPOMKOFOBOPHTENA, KOsPuuHeuT noiesHoro nefi-
CTBHA, 3JeKTPHYECKYIO MOIUHOCTb, OTPAHHUIEHHYIO HOMYCTHMON aMIUIH-
Tyfofl cMemenHs MoABHIKHO{ CHCTeMB, MAKCHMAJIDHYIO aKYCTHUYECKYIO
MOUIHOCTE H XAPAKTEPHCTHKY CMEICHHA MOABHXKHON cHerTemul [4.9]:

Xp=VPgo, X (5 K,, (4.20)
rie Pr — nofBoABMAaa 3MeKTPHYECKAA MOILLHOCTD, OlpeacisieMas RbIpa-
HKEeHHeMm (4.14), BT; Ux—_—CMCBlf’VE: VAsf (QﬂpocgfsQEsSQD) — ¢Ta-
THYECKAH GYBCTRHTEIbHOCTE CMEIlCHHS NOABHKHON CHCTEMB PPOMKOTO-
BOPHTEAR H4 MocrTosHHOM ToKe, M/} BT, X (s)=1/(s*T%+5T¢/Qrc+
+1) — HopMupOBaHHAA OTepPATOPHAA PyYHKuHA cMemieHus nHddysopa;
Kx=1/(a+1) — KoaQPuyHEHT HOopMupPOBaHHA X (S) 3akphITOll CHCTE-

MBl aHANOTHYHA MepPenaTodHofl PyHKpHH QHIABTPA KHKHHX dacteT. Ha
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. 4,96 naHH 3aBHCHMOCTH OT YacTOTHI MojAyJs X (S) npH pasw
s UCHHAX TOMHOH HO0BPOTHOCTH CHCTEMBI (Qr¢. XapaKTepncThWp
714(s)| = |X(s)| ana coorsercrBylomHx sHaueHHll Qre SIBJIST 10T
3epKAJbHBIMBE OTHOCHTEJNbHO YacTOTHL pe30HAHCA IPOMKOTOBODHTEJNS B
gakphiToM kopnyce. KIIJ ompeaenserca 3 buipaxeHnusa [4.9]:

o= 0o B? I S, )(4n ¢ Rp Miyg) =2n* o Var/(c® Qec) =Ky /3Vs,  (4.21)

roe Kq=(20%/c®) (FPe/f’s) (Var/Vs) (1/Qrc), Js —uacrora cpesa AUX,
oTCuHTHBaeMas no yposHw —3 ab; Var=poc?Car — 06beM BO3AyXa,
gMelInHi ra6KocTk, paBHYIO THOKOCTH NOABECAa TPOMKOrOBOPHTEN,
noMELIEHHoro B 3aKpHITHH KOpayC.

TeoperHyeckH MaKCHMaJbHO AocTHXHMoe sHayenHe KILJ saxpoi-
70fi CHCTEMEI B YCIOBHAX cBoGonHOro mond [4.9]

o max= 1,0-107% 3 V5. (4.22)

JOCTHraeTcs B OTCYTCTBHEe MeXaHHYECKHX MOTEPh B MOJABECC IPOMKOFO-
BOpHTENA (T. €. OpH Qae=0c0), NpH cyMMapHO# A0OpPOTHOCTH Qrc=
=1,1, yr0 coorBeTcTByeT AUX ¢ MaKCHMYMOM OK0Ji0 2 1D B HalHYHH
BIAEaJLHOrO H30TEPMHUECKOro pexkHMa, ofecneyupaemMoro IIpH 3anoaie-
HHH BHYTpeHHero 06beMa 3BYKOMONIOMAIONHM BEIECTBOM C GecKoHeu-
10 GOIbLIION TENNOEMKOCTRIO, a Ipouece CKATHA H pacliHPEHHA BO3MY-
Xa B KOpIyce MPOHCXOAHT NpH MOCTOSIHHOR TEMIEpaType.

4

Hanpumep, njeanbias SakpHTasg CHCTEMa C o6nemom kopmyca Ve=50 gm® u
yuKHell rpauHynOf yacTOTOl f3=46 rm Oymer HMeTh KITQ

1= 1,0.10"%.468.50. 10—% = 0,484.10~2=10,484 %.
Wz Brnipamxenus

p=1 Pagpoc/ (dnrd) =1 Pgnopec/(4mr?), (4.23)
CBA3LIBAIOMIErO ypoBens 3BykoBoro fabienns p (I1a) Ha paccTOAHMM 7 OT TpOMKO-

TOROPHTENS C aKYCTHYeCKOH MOIHOCTBIY Par B yCIOBHAX ¢cBofioHOrO MOJS, MOK-
HO CNPERNHTL YPOBEHb XApAKTEPHCTHISCKOR UYBCTBHTE/MbHOCTH (8B} CHCTEMbI

No=1201g (p/pa)=20 Ig ()" Pg Mo Po ¢/(4 m2)/2-1079). (4.24)

VpoBeHb XapaKTePUCTHYECKOH YYBCTBHTENLHOCTH paccMaTpHBaeMOH  CUCTEME
(T. €. ypoBeHb 3BYKOBOTO J[aBJEHHS Ha PaccTOAHHH I ¥ oT cHCTeMH NpH pojaue
fla Hee CHTHAJa ¢ MOUIHOCTRIO 1 BT)

N, =201g (1/0,484.10—2.1,2.340/4 =-1/2.107°) = 85,9 15.

Jis cpaBHEHMs paccuuTaem YPOBeHb X4paKTepHCTHIECKON YYBCTBHTGNBHOCTH H
KIIJ 3akphiTOfi CHUCTEMH € TDOMKOTOBOPHTEJIEM, umeomedl ToT ke ofhem Kopryca
Vg, auajoruduyi rpaHHyHyld dacTory fz (mo ypoBHI0 — 3 1D}, €CiH MEKTPHHCCKAR
no6poTHOCTE  TPOMKOroBOpHTENs Qrs=0,206, mexanmiecKas Qus=7,08, gacrora
pesonanca [s=12,8 Tu, sxBuBafeHTHHE OOLEHM Vas=446 a®, s¢pdexTHBHHE pa-
znye auddysopa 0,126 m.

Onpenenus napaMerpsl cHCTeMbl @, Var, Qrc, fo!

o= VAS/VS=446,’50:8,92,
T3
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Qpe=Qgg J/ 1 - &=10,206.]/1+48,92=0,648,
fe=fg )/ 1+o=12,8-71+8,92=40,3 .

Onpenenum w3 Buipaxenudt (4.21) w (4.24) KIIJIT u ypoeenb XapaKTepHCTHUECKOH
nYBCTBHTENBHOCTH:

o= 2 72-40,3%. 44, 9. 10-3/(340%. 0,648) = 0,286. 10—2 = 0,295 %,
No=201g(]/0,286- 10 -2.1,2-340/ (4 ;- 1)/2-10—3) = 83, 8 1B.

Taxum 06pasoM, YPOBEHb XAPAKTEPHCTHUECKOW UYBCTBHTENBHOCTH pPEASbHOH CH-
creMel Ha 2,1 XD HMKe, 4eM TEOPETHYECKH TOCTHIKHMEIH.

DJeKTpHYEeCcKasd MOIIHOCTb, OTPAHHYEHHAS JONYCTHMOM aMIJIHTY/10H
CMEIIEHHS IOABHKHOH cuctemul [4.9],

Pg =0,5(Xp max/0x - Kx | X (8)| max)®== 200 py * [c Qec VE/(Varl X ()*| max)s
riae Xpmax — MaKCHMAJBHO AOIYCTHMOE 3HAUEHHE aMINIHTYIEl CMeile-
HHA TNOABIKHOH cueTeMBl;, Vp=8pXp max — MAKCHMAJILHOE OOBEMHOE
cvenenne auddyzopa; | X (8)|max — Maxcumanbpoe 3HavteHme AUX
HOPMHPOBAHHOH (VHKHHH CMEIIeHHs.

MaxkcuMaabias aKycTHUECKas MOIMHOCTh, paspHBaeMasg 3aKpPHITOH
cucreMoii [4.9],

PAR = (23‘[-3 o fé V‘?D)K(C[X (S)]iax). (‘425E
TEOPBTHT{BCKH JOCTHXKHMAaA aKycTHUYecKasda MOIIHOCTE, Da3BHBaeMad

3aKPHITOH CHCTEMOH B YCIOBHAX CBOGOAHOrO 1ous, coorsetcTsyeT AHX
¢ Mmakcumyvom 1,9 ab npu Qre=1,1 [4.9]:
— 2
Pap=0,425 V3.
HanpuMep, MakcuMajgbHaf aKYCTHYECKAA MOILHOCTL HIeANBHOH SakpHITOH CH-
CTeMbl ¢ TPAHAYHON YactoTod [3=46 [, appeKTHBHEIM paawycom nuppysopa rp=

=0,126 M ¥ JONYCTHMEIM MAKCHMAJbHBIM 3HAYCHHEM AMINIHTYAB CMEIIEHHA IIOA-
BHxHON cHCeTeMBl Xp max=12 MM cOCTaBIgeT

Pap= 0,425-46*[m.0,1262-12. 10—3)2 = 0,682 Br.

U3 puipaskennit (4.43) w (4.44) onpepeadM MaxCHMAIbHHIA yPOBEHb 3BYKOBOTO
IABJEHHA:

Nppaz =20 1g (1/0,682-1,2-340/4 1t~ 12/2-10—%) = 107 4 15.

PaccuutaeM MagCHMAaJblVI0 AKYCTHYECKYI0 MOI[HOCTH M YPOBeHb 3BYKOBOTO
JABNEHHH DealbHON CHCTEMBI, GOaajaiomed TakaMu ke napamerpami fs, Xp max
Sp B 2ueKTpOMeXaHHMeCKEMH napamerpamg V=350 am®, Vig=446 1w, fs=
=128 I'n, f¢=40,3 T, Qr=0,630, a=892:

Pap=2n%1,2.40,3% [x.0,1262-12.10—3]2/340- 12 == 0,207 Br,

- Nm&x = 20 lg (VO,QO?- | ,2'340f‘-1: M- 12[2- 10—~5) — 10213 JIB-
- ;KHM 06}"3“301'-{, MaKCIjMﬂJ]bHDE 3BYKOBOe JaBJeHHe, DPA3BHBAEMOE daHHOH pe-
JBHOH 3aKpHTOR AC BHa 3,1 1B nuxke TCODETHUECKH nOCTHMKHMOTO.

Ilpn pacuere xapakrepucrik sak
HOCTE IPENCTABJSIET TOUHOE O
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| & ug): nauCouee CIOKHOK sanaueli SBJASCTCH OlleHKa BJIHAHHA NOTEPD
G pi1yce AC. XOpOmO H3BECTHO, UTO 3BYKOIIONIONIAIONINH MaTePH @

)
170 traC'e

yMEHBIIAET BPEIHOE BJIHAHHE HA AUX cHcTeMH CTOSTHX BOJH BHYTPH &
Koplyca B BepxHefl uacTH pafouero AHanascHa YacToT HH3KOACTOT-
HOro TPOMKOroBopmTens {cM. TV D). BompoC O BAHAHHH 3BYKOIOLIO-
MAJOIIEro MaTepHaJa lia XapaKTepHCTHKH H IapaMeTphl CHCTEMH Ha
cavblx HM3KMX yacToTax paccmorpen B paGorax [4.6, 4.9].

3amojHeHre 3aKPHITOro KOpHyca HPHBOAHT K yBEJIHUEHHIO KT
crcteMbl. Peanbueill seurpeim B KILJL ue npesuimaet 15%, IMOCKOJIBKY
NpH 3aN0JHEHHH BO3HHKAIOT CIEAYIOilHe 3¢ GeKTH, 0cIa0MIIONIHE COOT-
BETCTBYIONIEE BO3PACTAHHE 1o

4) YpH 3al0MHEHHH BO3pacTaeT IHOKOCTh BO3AYXa B KOPIYCe C 4B,
YTO NPHBOJHT K YMEHBUIEHHIO ¢ IO CPABHEHHIO C SaKPEITHM KOPIYCOM.
Boszpactanue C4p COCTaBAACT HE Goqee 259%;

6) BHCCEHMe 3ANOJHEHHS BHOCHT JIONOJHHTeJbHEE NOTEPH SHEpPIiH,
YTO NPHUBOIHT K YMEHLUIEHHIO MEeXaIH4ecKoH nofpoTHOCTH Qarc, T. €
YBeJHUCHHIO [eMI(GHPOBAHES M COOTBETCTBEHHO YMEHBIICHHIO  Mo.
OG6LIUHO TPOMKOTOBOPHTCIH B NYCTHX KOPIycax HMEIT MEXaHHUECKYIO
A0GPOTHOCTE Qupc="5...10, TOrna KaK B 3alOJHCHHDBIX Quc=2-5;

B) BHECEHHE 3BYKONOIJIGILAIONIET0 MaTepHaja MOMKET NPHBOIHTL K
yBeJHYEHHIO IPUCOeIUEEHHON MacChl [IOABHKHOR CHCTeMH 34 CUeT TO-
TO, UTO YaCTh MaTepHaJa, HAXOJINIErocsd OKOJIO TBIIBHOH CTOPOHH
augdysopa HauugaeT KosedaThesl BMECTe ¢ HHM, Veeauuenue spPex-
THBHOH Macchl NOJBHAKHOR CHCTEMH MOMeT MEHATBCA OT npeHel pexku-
MO MaALx Beauind 1o 209%.

Appert ypeauuenus redrocTd Cap NPH 3aTOJIHEHHH KOPIyCca BCEr-
la MMeeT MOJOKHTEIbHOE sHaueHHe 1Js paspaloTduka, Tak Kak 5TO
M03BOJAET VMEHBIIATL 00beM Kopnyca Vp IpH COXPaHeHHH TpaHHUHOH
gacToTsl 3 1 KITJ 1o, aubo ysenwauTh KILIL 1o Ipu coXpaxeuni oObe-
Ma Vi M HaCTOTH f3, JHOO CHH3UTH fs IpH cOXpagelny Vi H 1. ¥YBe-
JIHYEHHE TOTEPh, T. €. YMEHbIICHHE (Jye IPOSBIAET CBOE OTPHIATENb
Hoe jAefCTBHE B YMEHBUIEHHH 1o, HO STOT 3(QexT ne3naunTe]eH, Tak
KaK OH MOXKET OBTh CKOMIECHCHPOBAH YBCJAHUEHHEM tjg 32 CHUET yBEJIH-
yeygusg THOKOCTH Cap.

PaccunTaey AJf OpUMepa jBa BADPHAHTA 3AKPHITOH aKyCTHIECKON
cHCTeMB — IIePBEIfl, KOrjla aKyCTHYeCKAs CHCTeMa PAcCHHTHBACTCH O
rOTOBHIfl TPOMKOTOBOPHTEL, BTOPAI, KOTJa H CHCTCMA, H IPOMKOroBO-
PHTCIb PACCUHTHIBAIOTCA COBMECTHO. IO 34/]allHBIC Tpebosanuda. Oue-
BUJHO, UTO NEPBHI NyTh SBJASETCH KOMIPOMHCCHBIM, T2K KaK y paspa-
GOTuUMKA HET TapaHTHH, UTO OH 00ecmeudT ¢ YaKe rOTOBHIM IPOMKOrO-
BOPHTEJIEM HYZKHEIE XapaKTePHCTHKH paspafaTelBaeMOi CHCTEMEL

CHauaja npuBefeM HaHOoJee BazKHBE COOTIOUICHHSH, HCIOABSYE-
Mbie fajee s pacueToB. MoXKHO CUMTaTh ¢ AOCTATOUHOH CTEIEHIO
TOUHOCTH, UTO COOTHONIGHHE IOJHEX 1oOpOTHOCTEH W PE3OHAHCHHIX
YaCTOT FPOMKOrOBOPHTeNST B 3aKpHTOM KOplyce 4 6ea odopMieHHS
CBS3aHBl COOTHOLIEHHEM

Qre/Qre~QuciQes =lc/fs =V (@+ 1) (4.26)

oTkyaa fo/Qre = fs/Qrs.
115
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JAedyeT 3aMeTHThb, UTO COBPEMEHHEIE YCHIHTENH 3BYKOBOH YacTf ¢
@ MelOT oUedb Malice BHXORHOE CONPOTHBICHHE (COTHIE H THICAUHLRE

AOJH oMa) H He OKAa3EIBA:wOT BIAHAHHA Ha DJCKTPHYECKYHD H, COOTBET-

CTBEHHO, HONHYI0 JOOPOTHOCTE rpoMKoroBopHTensd. O4HaKo, ey IPpoM-
KOrOBOPUTENE HCTMOJbL3VIOT B CHCTEME ¢ NACCHBHBIMH P a3felMHTeAbHb-
MH (QHJIBTPaMH, HX BBIXOJHOE CONPOTHBIEHHE OKA3HBaeT BIHAHHE HA
3MeKTPHUECKYI0 H MOJAHYI0 A0OPOTHOCTL TIPOMKOrOBOPHTEN. MOXKHO
CUNTATh, UTO Ha MHIKHX Y&CTOTAX BLIXOJHOE CONPOTHBJEHHE Da3jeiH-
TEJbHOTC PHILTPA HHIKOYACTOTHOrO KaHajna PaBHO aKTHBHOMY CONpO-
THBJEHHK Ha NOCTOSAHHOM TOKe KaTVIUKHM (HIH KaTyLleK)} HHAVKTHBHO-
CTH, HaXOANIHXCS B NpPOJOJALHOE BeTBH (uibIpa. Toraa HaMeHeHHe
3JeKTpHYeCcKOH HOGPOTHOCTH ONpeaeNsieTcs BEIpaXeHHeM

Qgs=Qes (1 -+ Ro/RE), (4.27)
Q;;._-c =Qec (] + Ra/REg),

rge R, — BHIXOJHOE CONPOTHBJACHHE PHABTPA HA TNGCTOSIHHOM TOKE;
Q' zs — H3MeHeHHOe 3HaueHHe 3MACKTPHUCCKOH AGOPOTHOCTH I'POMKOTO-
sopuTensa 6e3 odpopMncuHusa; Q'zpe — H3MEHEHHOE 3HAUYeHHE NMeKTpPHUe-
ckoft JoOpOTHOCTH rPOMKOTCBODHTENS B 3aKPHITOM SANIHKE.

OG6eiuno yseldMuecHHE 3JCKTPHUECKOR ACOPOTHOCTH ACXKHT B Npeje-
aax 1,05..., 1,25, 3aMeTHM, UTO B TAKOe XK€ YHCNO Pa3 YMEHLINACTCH
KIIO 10. Takdm o6pazoM, TPH HCOOIL3GBAHWH B CHCTEME NACCHBHEIX
pasAeTATENbHEIX DHALTPOB CJAeAyeT VIHTHIBATL H3MEHEeHHe Jo0poTHO-
cTell Qgpsy, @ec H COOTBETCTBEHHO (rs H (Ure. 3TO B paBHOH Mepe Ka-
CaeTCsl H paccMaTpHBaeMblx HHXKe (pa30HHBEPCHHX CHCTCM.

OuepHAHC, uTO MPH KOHCTPYHPOBALHH 3aKPHITOH CHCTEMBl IOJ TIo-
TOBBHIH IPOMKOTrOBOPHTENEL ero NPHrOAHOCTE HAJA pazpalCaTeizacMoft
CHCTEMEl onpefiefigeTcs 3MayeHHEM €' NapaMeTpOB H PAAOM HaJjarae-
MBIX Ha HHX vcaosuil. Pe3oHaHCHas MacTOTA IPOMKOTOBOPHTENA fa
Ronxua OplTh BCErja HHIKE YacTOTH pe3oHaHca B cHereme fo. Ecnm
nepes pa3paloOTUHKOM CTOHT ueJb CO3AAUHA 3aKpPLITONl CHCTEMEHl He-
Goasioro ofeeMa, T. €. «KOMIPECCHOHHOrc» THNA, TO COOTHOUICHHE

) rUOKOCTed ¢ AONKHO YIOBJAETBOPATL YCJ0--

|Z175] |Zyol /e BHIO @=3, 4acTOTe pe30HAHCA TPOMKOTOBO-

} pHTeast [s=0,3f¢, noJaHas po6poTHOCTE

Kot Py —r Qre<<05Qrc. xksuUBaAJCHTHEMT  ofbeM

\ rpoMioroBoputens Vas 7n00Xed OHTE

B HECKOABLKO pa3 Bulle Tpebyemoro

| 7;  ofbema xophyca V. TakuM ob6pasoM,

ka pacyeT CHCTEMB HAUHHAETCA ¢ H3Me-

il —~ PEHHH  [apaMeTpoB  rpPOMKOTOBOpPHTENA,

fr o T w7 MOMEIHIEHHOro B BSKPAH, ONpEAeNIeMBbIX,

Puc. 4.10. Yacrotsas samy. B CBOIO ouepeb, H3 KpuBOH MOAy.A

CHMOCTh MOXyMs  BXogHoro ©FO  BXOJHOTO CONpOTHBJAeHHA B obaa-

CONPOTHBAGHHS TPOMROTOBO- ¢TI HHM3KHMX uacTot (puc. 4.10). HacrtoTy

PHTCTH B SAKPEITOM KOPUY-  nezpHanca fg HAXOAAT N0 MAKCHMYyMy Kpd-
ce (6e3 ydyera HHEYKTHBHOC- N

T 3BYKOBOA KATYINKH) sofl. YacToTu fi 11 f» BHOHpAKT Tak, uTOOLE

(omGouHo T4, 8 HE 7)) HM COOTBETCTBOBAJI0 3HaueHHe MOJY/#
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MAHOTO. COMPOTHBAEHHA V' ro, rlie ro=(Re+ Rus)/Re. Torna i\
7 MCTPbl TPOMKOTOBOPHTENA (€3 O(DOPMIACHUA ONpeeasioT Hz BEID o 'y

xeduft [3.7]:

Qus=fsV rollfa—1), Qes=Qus/(ro—1), Qrs = Qus Qes/(Qus+Qes),.
(4.28), (4.29), (4.30)

I8 ompene/enuss sKBHB AJEHTHOIO ofbeMa V 45 TPOMKOrOBOpHTEND.
NOMEIAK0T B HeGONbINOH TECTOBBHIE 8aKPHITHI KOPNyC H3BECTHOTO-
obveMa Vr, napameTpsl rpoMKorosopure;s (4.28) ... (4.30) mamepg-
}og B HCM ClIC pas H SKBHBANEHTHHH 00beM OnpenesnsiorT ClegyIOLiHM
oGpasom:

Vas=Vrl(fer Qecr)/(fs Qes) — 11,

rAe fer, Qeer — pesoMaucHas 4acTOTa H A00POTHOCTh I'POMKOTOBOPH=
TNl B TECTOBOM KOpHycCe.

Hna rpomrorosopurens 100I'1-1 H3MEeDEHHHe YKA3AHHKM BHIUIE CNOCOBOM na-
paMeTpH COCTaBAAOT: Rp=6,9 OM, fs=12,8 I'm, Qus=7,08, Qes=0208 V, s=
=446 am% Qrg=0.2.

HoMHHaMbHAS MOMIBOCTb TPOMKOTOROpHTENS Pr==100 BT, makcHMaJbHag am-
RAHTYAA CMEIICHHA Xmax=12-10% u, addexrussmii pagmyc auddysopa rp==
=0,126 M, >bdextuBnan naomaxn aRGY3Opa Sp=4,987-10-2 M2, B coormercr-
BEHHO, MAKCHMAJbHHHA OGbem cMmemenHs Vp=SpXmax=5,985-10—* m® 3azagumcs:
A0GPOTHOCTRIO CHCTEMH Qre=0,707, uto COOTBETCTBYET MAKCHMAJBHO TAafKOHR am«
NPOKCHMALKK 110 Barrepropry (cu. ra. 3).

[Tyets B cucreMe HCNOMbS0BAMM MACCHRHHE PAa3ielHTENbHHE (GHABTPH H CONPO-
THBJIEHHE (DHILTPR2 HHAKHHX waCTOT Ha NOCTOSHHOM TOKe Rs=0,.8 Oum. Torma usme-
HEBIIEECS SHAUGHHE IHJEKTPHUCCKOR AOGPOTHOCTH TrPOMKOTOBODHTEN ONpejefeM M3
BHpameHHs (4.27):

Qrs = 0,206 (1 4-0,8/6,9) = 0,23.

[Momayio poGporHocTs ompefgenseM u3 supaxennda (4.30): Q'rs=0,223. H3 pupa-
Hewna (4.26) a=(Q're/Qrs)2—1=9,05.
Onpeaenum u3 BHpamenns (4.26) uacrory PE30HAHCA B HE3amOJHEHHOM KOPIYCE:

fe=12.8 V159,06 =40 57 I'n.
BryTpennuit o6bem HE3aHOJHEHHOTO KOpIIyca
Vg=1V ¢/t =446/9, 05 = 49,3 am®.
Ompenenum: Var=VasVa/(Vas+Vs) =446-49,3/(446+49,3) =444 oMo

Paccyurannpfi o0eM Vz COOTBETCTBYET HE3ANONHEHHOMY OGBEMY
kopnyca. IIpu 3anosHeHuH Kopryca 3BYKOROIVIONLAIOWMM MaTepHaloM
THOKOCTb BO3JyXa B HEeM BO3DACTAET, UTO SKBHBAJCHTHO YBEJHUCHHIC
BUyTpeHHero o0beMa Vpr> Vg, Haa Tounorc onpeaeacHus Vap, T. €
O0beMa BO3JYXa, HMEIOIEro TaKykw e rHOKOCTh, 4TO W BO3AYX, Haxo-
IAIHACA B KOPHYCE ¢ 3aMOJHeHHeM, HEOOXOAHMO HSMEPHTH AP aMETPHE
IPOMKOrosopHTeNst fcr, Qrcr B KOpPIyCe C RaNMOJHEHHEM NO METOAY,
YKasanHOMy Beilne, HoBoe 3nauenue ap ONpelenseM M3 BhIpAKEHHE
er=ferQrcr/fcQrc—I.
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Tounoe suauenne ofbveMa Vpr onpeneasieM u3 Bupamenust Vg
S v as/ap. %
Mizvenenne o6beMa Vpp B KOpIyce ¢ 3aNOJHEHHEM MOKHO TaKiKe
OLEHHTD H3 GopMyas [4.9]:

Ver/Va={fc Qec/fs Qes— ){fcr Qecr/fs Qes— 1],

PAC fs, {Es — MapaMeTphl POMKOTOBODPHTENST Gez  O(OpMJIEHHS; fe,
(Qp¢ — NapaMeTpsl IPOMKOTOBOPHTENS B KOPIyCe 663 3alOTHEHHH 3BY-

KONOTTOMAIONMM MAaTePHAIOM; fer, Qper— NapaMerpel TPOMKOTOBO-
pHUTEaS B KOpIyce ¢ 3ailoJHeHHEM.

Onpexenum saekTprYecKkylo 1OGpPOTHOCTS TpOMKOTOBOPHTRIS B KOpIyCeé H3 BHpa-
Kedaug (4.26):

Qzc=0,230 1/9,05+1=7,99.

Henonesya (4.21), (4.24) u (4.25), ompenennm KIIN CHCTeMBl, XAPAKTEPHCTH-
HECRYIO 1yBCTBHTENBHOCTh, AKYCTHYECKYI0 MOINHOCTb, OPPAHMYEHHYI0O  AMILIHTYAOH
CMEICHHA NOABHMKHOH CHCTEMBI, H MAKCHMAJBHHA YpPOBeHb 3BYKOBOTO NABJEHHS:

Mo =2 m2 40,57%.44,4. 10—9/3408.7, 29 — 0,204.10~2 == 0,204 %,

Ny=201g (1/0,204- 1072 1,2-340/4 . 12/2.10—5) = 2,2 15,
P,p=2n%1,2.40,57* (5,985-10—4)2/340. 12 — 0, 212 Br,

Nmaxr =201g (}/0,212-1,2.340/4 - 12/2.10—5) == 102, 4 zB.

DNeKTPHUECKAA MOMHOCTh, COOTBETCTBYIOmMAHA STOMY YPOBHIO dBYKOBOrO /1aB-
JeHud,

PaceMoTpuM pacuer 3akphiTof CHCTEMB N01 3afaneHe Tpebopaunus. HMcxommmmu
AAEHBIME B TAaKOM CIyUae ABJIAOTCH, Kak NpaBHIO, (popma AYUX chcremm (1. e
Qre u fe), HINKHAA TPAHHMIAA YACTOTA [3, MAKCHMANLHHA ypOBEHDH 3BYKOBOTQ JaB-
MeHHA  Amax 1 MmusmageHufi KIIJ  uwam MakcEmaMbHHE  ofbem  Kopmyca
Ve. Tlycrb, nampuvep, 3ajanm  TpeboRanms: AUX, ANMPOKCAMHPOBAHHAR
no UYebewery ¢ gobpoTHOcThio Qre=1,1 (4TC COOTBETCTBYET, KaK OBJIO CKA3aHO
BHIUE, OZHOMY H3 yecloBud MaxcHmatsHoro KITI), makceManabibd ofbem Kopmyca
Vp=100 am’, nwxmas rpasmenas wacrora (no tpeSosanmsm TOCT 923262—83)
81,6 I'm (7. e mo ypoBHIO — 8 1B) M MAKCHMAJLHBEI YpOBEHb 3BYKOROLO A2BJCHHS
110 aB. [Mepen navanom pacyeTa HeOOXOIUMO 3aJAThCd BEAMUYHHOH MeXaHHuecKOH
A0GpOTHOCTH Qo W oTHOmenHeM rebkocrefl o. 3afauMca Haubosiee wacTo BCTpe-
HAMAMCA 3HAURNHMEM  (as=>5. IlpHemsemble BeNUYHHB « JEXAT B Ipejenax
3 ... 10. 3azazaMeca 3nadeHHem o==6.

Mz poipakesus, cBAILIBANMErO CPAHHYHYIO YacTOTY [y, Ha koTopoil cnag AHUX
cocrasaser N AL (B Zamnmom caydae 8 xB), ¢ gactoTodl pesomamca cHeTeMH fe B
A08POTHOCTLIO CHCTEMH (Qrc

fC:fN;]/IWQTc)z—zz+V(f1;@§c—2)2+4(mﬂ»w_l)

2 (1091 N —1)
0.1.8 __
e 515 ]/[(1/1,112-—2]+ch,12h2)2+4(10 ) i om
2 (10918 1)
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Onpegenum

4 ,
[ e —21 -V (/1,12 —2)2 -4 (10° 13 —1)
fa = 54,2 — 41 I'm.
2 (1013 —1)
Das Que=05 paccunraes 3HaueHHue SJEKTPHUECKOH KOGPOTHOCTH H3  BHIpAXKe-
Hua {4.19):
Qe = Que Qre/(Quc—Crg) =5-1,1/(6—1,1)= 1,41
Hs pmipaxenns (4.26) onpenensem sHaduendd fs ¥ QEs:
fo=54,2/1/T+6=20,48Tu, Qzg=1,41/ V1--6==0,533.
Torra A7 He3aMOJHEHHOrO KOPHYyca:
Vys=a Vg=06.100= 600 o
Var=Vas Vg/(Vas+ Vg = 100.600/(100 -- 600) = 85,7 am>.
M3 Bmpaxennit (4.21) n (4.24) ompenenmm KIIJI # ypoBeEbL XapaKTepHCTHUE-
CKOHl UYBCTBHTEILHOCTH
Ne = 2 n2.54 23.85,7.10—9/340%. 1,41 =0,489-1072 = 0,489 9,
Ny =201g (1/0,489-10—2-1,2-340/4 ;- 1/2. 10—} = 86 15.
Hz suipamxenus n/s ypOBHS MAKCHMAJLEOTO 3BYKOBOMO pabaenHs {4.24) onpe-

JeJHM MAaKCHMAJbHOE 3BYKOBO@ JaB/eHHe pmax=06,32 [la u uz BHpaxenHs (4.23)
ONpEReNHM MaKCHMAJBHYIO AKYCTHUECKYIO MOLIHOCTh

Pap=4m12(6,32}%/1,2-340=1,23 Br.

Onpenesans w3 Beipaxenus aia KIIJT MakcHMajbhylo JMEKTPHUECKY0  MOLI-
HOCTb, OTPAaHHUEHHYI0 AMIIMTYZOH CMEIICHHS NOJABHIKHOH CHCTEMH

Per=Pap/My==1,23/0,489. 102 = 252 Br.

Hs Bupaxenus (4.25) ompenenseM MaxcHMaJbHHI 00beM cMemenHa Vp yum-
thipasl, 410 [ X (jo) |®max=Q*r c M{(Q%re—0,25);

X (o)) 2, =1,1%/(1,12—0,25) = 1,53,
VD=(C[X(J.C'3] lgxax PAngﬂspﬂ fJ‘C)O,E).
Vp==(340+1,53.1,23/2 m®/-1,2-54,24) 5 = 9, 98. 10— m® — 0,998 zm?®.

MagkcumaabaH i o6BeM cMmemeHnns Vp cocrasaser touasko 0,8% ofwema Kophyca
Va, uro obecneunBaer JAHHEHHOCThL THOKOCTH BO3jgyxa B Kopnyce. Ilpm shdexrus-
HOM papmyce AHdxbpyzopa rp=0,175 M, 9TO COOTBETCTBYeT I(HEKTHBHOH IIOWAIH
Sp=narp=r-0,1752=0,96-10—% M2, MAKCHMANbHOE CMe[IeHHe IIOIBHMKHOH CHCTEMH

COCTABHT
Xp mag = Vp/Sp=9,98 10—4/0,96-10—2==10,3-10—% M == 10 Mu.

Paccuurtaen HapaMeprI HHIKQUACTOTHOTD [‘pOMKOFDBOpHT&J’[H.
Mexannueckan rubKocTs NMOIBeECA

Crie=Caa/S%="V  o/p ¢ §% =600-10~8/1,2.3402 (0,96.10—3)2 ==
MS ASIYD AS D

—=4,69.10—* M/H.
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IMonnas mexanHueckast macca
Mys=1/[28f5)? Cps] = 1/1(2 7-20,5)2-4,69.10~4] =0, 129 xr.
Macca nonsmxHON cHeTemMH 6e3 coRosebmomelcs maccH BO3IyX4d:
Mus = Mys— (Man -+ Mug) ,

*ne My =3,14r°p — Macca, coxomeSmomancs ¢ (QPORTATLHOM MNOBEPXHOCTBIO JAH(-
Dysopa; M p;=0,6bnpe%p — macca, coromebmomascs ¢ TETOBOR BOBEPXHOCTRIO
nudpysopa;

Myg = 0,129 —(8,14.0,1758 4- 0,65 1+ 1,2.0,175%) = 0,096 «kr.

Onpenenam xo3d$HHLEEEHT 2IEKTPOMEXAHHUECKON CBA3H

Bl= (2nfg Rz Mps/Qps)’® = (2 7-20,5.6,9.0,107/ 0,533)°-5<14,6 Tu_

3aKkpbITHIE CHCTEMBL
C KOPPeKTHPYIOMHMH (PHILTPAMH BePXHHX YACTOT

Briiouenre Ha BXOAE YCHJHTENS $BYKOBOH 4aCTOTH KOPPeKTHpYyIO-
Nero aKTHBHOTO (QUAbLTPA BEPXHHX YACTOT, 3JeKTPHUESCKHE NapaMETPH
KOTOPOTO CBASAHEI ONpeAeNeHHBIM 00pasoM ¢ 3JeKTpOMeXaHHYECKHMHU
napaMeTpaMH rpoMKOFOBODHTNA (B 3aKPHITOM HJAH ()a30HHBEPCHOM
0hOpM/ICHHH), TIO3BOJIACT, KaK GBIJIO CKASAHO BHILIE, CYNICCTEBEHHO CHE-
SHTL aMIIHTYAY CMENICHHSA AHQQY30pa B 00JaCTH YACTOT HHEE pPeso-
HAaHCHOH YaCTOTHl IPOMKOTOBOPHTENS. DTG 0OYCIOBIHBAST 3HAUHTENH-
HOE YMEHLHUICHHE HCJHHEUHBIX HCKaXeHWH B 00JACTH WH3KHX YaCTOT
¥ NOBHILICHHE YPOBHS MaKCHMaJbHOH BXOJHOH 3JCKTPHUYECKOH MOMIHO-
CTH, OrpaHHICHHON JONYCTHMOH aMIUIHTYZOH CMemleHHs AHpdysopa.

Ha puc. 4.11 usobpaxensl npuMepsl MakCHMaJbHO MIocKux AUX
COOTBETCTBYIONIHE HM XapaKTepHCTHKH CMCIIeHHS 3aKPHTOH CHCTEMH
H SaKPLITOM CHCTEMBl ¢ AKTHBHBIMH KOPPEKTHPYIONHMH (HILTPaMH
BEPXHHX TaCTOT NEPBOTO M BTOPOro nopsiika. AHANH3 XapaKTepHCTHK
CMCIIeHHS AHQPY30pa Yy STHX CHCTEM NOKa3HBAET, 4TO AMIJIHTY/AA
CMENICHHA 3HAYHUTENBHO YMEHBLIARTCSA B CHCTEMAX ¢  (HILTPAMH IO

A L5
ar J

-3} -3
7
_5 P -_6"
"—9 i 2 I’3 I ‘_g ]
o5 7 2 FE 2 #/%,

4

Puc. 4.11. HopmHpOBAaHHME XapAKTEPHCTHRH 32KPHTHX CHCTEM Broporo (f), TpeTh-
are (2} u uerseproro (3) nopAgka (MaKcEMaTbHO NMOCKAf  ANDpPOKCHMANHs MO
Barrepeopry):

a) AUX; 6) 3aBHCHMOCTD AMIUIHTYAR CMENIEHHS IHpdysopa ot 9acToTH
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SHEHHIO ¢ cHcreMaMH 6e3 QHJARTPOB, HMEIOINHX TAKyO Ke IDanE - 4
s qacrory. Tak, HaupHMEp, ¥ 3AKPETOA CHCTEME! ¢ GHABTPOM Bep: W&

@™« uacToT BTOporo nopsaka ¢ AUX, anmpokcHMupoBanHEOH 1o Barrep- s

BopTy (CM. I, 3), MakcHMaJbHasd aMIVIUTyZa HODMHPOBAHHOIO CMe-
mends | X (s)|msz Memblme B 1,4 pasa, 4eM y 3aKpuiTO#f cHCTeMEl Ges:
COOTBETCTBYIONIEro GHALTPZ BEPXHHX HacTOT. ITO COUTBETCTBYET yBe-
JAHYEHHIO MOLBOJAHMOH 3JeKTpruueckoll mouHocTH (4.22), orpaHHYeHHOR
AMTIVITYNOH CMEIGHHS H H3/IyY1aeMofi aKycTHYecKodl MOHOCTH (4.23)
MpHMEPHO BABOEC,

[Tepenatounas QyHkuus 3aKPBITOH CHCTCMEl TPETHETo NOpAIKE
(4.4)

—H __ sTeo 2 T¢ .
Ty (s)=Hy (s) Hy (s} = - X (4.31}
sTe/a+1 $*Te+sTg/Qrc 11

rae To=1/wc H Qrc — napaMeTpel 3aKPLHITOH CHCTEMbl, ONPeACCHHBIE
u3 (4.18) u (4.19), a h;=w1/wc — HOPMHPOBAHHAST OTHOCHTEJNLHO pe-
30HAHCHOH UaCTOTH FPOMKOTOBOPHTENS dacToTa cpe3a QHALTPA BEPX-
HHX 4acTOT MEePBOro Nnopsika.

[MepepaTounas QyUKuHSA 3aKPEITOH CHCTEMEl YeTBEPTOrO NOPSAKa:

(4.6)

2 TL I 2 T%
RTL s Tol(h Q)+ 1 2TSFsTg) Qe+ 1
(4.32).

hi=®/@¢ — HOPMHPOBaHHAA 4acTOTA cpesa (QHALTPA BTOPOrQ mo-
psaka, @y — AcOpOTHOCTL PHABTPA BTOPOIrO NOPAILKa.

[Mpumep AUX 3aKPHTHX CHCTEM TPETbero M 1eTBepTOro HOpALKE
Jan Ha puc. 4.3

B Ta6a. 4.1 paHBl mapaMeTphl 3aKPHITBIX CHCTEM TPETHEre mnopAi«
Ka, HMEIOIHX IafKHe HIH Gaxskue K raaakum AHUX. Bapuaut napa-
METPOB, NpeAcTaBJcHHEA B Tabm 4.1 mojg HomMepoM 3, COOTBETCTBYET
AUX, nzoGpaxennofi Ha puc. 4.3,a [4.3].

B rtabn. 4.2 npesacTaBiaeHbl HapaMeTphl 3aKPBITEIX CHCTEM ueTBEp-
TOrG MOPSAKAE, T. € C KOPPEKTHPYIOUIHM (QHALTPOM BTOPOTO MNOpIAKA.
[MocKoabKy H QHABTP, H 3AKPHTAs CHCTEMa ONHCEIBAIOTCI HEPEAaTod-
HBMH (QYHKUHIMH BTOPOro Mopsika, To Ansd moloro tama AUX cy-

Ti(s)=Hg (s) Hals) =

Tabaunua 4.1
n‘y; BrA, 2npoKcHMandl HH“‘H‘%‘IX. hC= fs.’fc hi:flffc QTC
1 | KsazumToporo nopsjxa — 1,048 0,700 0,814
2 | KzasuBTOpOro mopsixa — 1,027 0,900 0,917
3 | o BatrepBopTy — 1,000 1,000 1,000
4 |Tlo Yebniuepy 0,050 0,945 1,257 1,257
5 |Ilo Yebrueny 0,400 0,918 1,633 1,633
6 |ITo UeGuiuey 1,000 0,911 2,018 2,018
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Tabanua 4.

Buz ammporca- | Tax AUK,| A (1)= | A(2) = | Q)= [QpcD) = A= | 8 (2= R
g mauﬁw ab 'l:lr'*‘h{'&') =tk (1) =Q;C(91 iﬁ;,{z) :E[i)_!;c :_E,{z)gfc
|
1 |KBasirpernero — 1,322 | 0,756 | 0,947 | 0,519 1,436 1,086
TopAAKA
2 |KBasznTpeTLErD — 1,573 | 0,636 | 0,784 | 0,511 1,864 1,185
opaIKa
3 \[To bDatrepsopry —_— 1,000 | 1,000 | 1,307 10,564} 1,000 1,000
4 {ITo UeGbrmery 0,05 0,725 {1,379 [ 1,998 | 0,600 0,691 0,953
5 |[To Helsimeny 0,4 0,604 | 1.683 | 2,793 0,687 0,550 0,934
6 |INo Uebumesy 1,0 0.532 . 1.879 ! 3,559 | 0,784 | 0,492 0,925

NIeCTByeT [BA BAPHAHTZ COUCTAHHE NEpenaTounuX QYHKIHE (QHABTPa
g cicTemul, JlofpOTHOCTH mepenaTOoyHHX (yHKuuA QuibTpa Q: H CHC-
TeMH Qrc I TEPBOrO COueTauHs COOTBETCTBYOT AabpornocTH Qre
cicTeMul M Q) pHIABTpa — 245 BToporo. COOTBETCTBEHHO HOPMHPOBaH-
Hasg 1dacTora cpeza duanTpa Ay AJI9 HepBOro COUYETAHMS NapaMerpos
cooTsercTsver 1/ as sroporo, COBOKYNHOCTE 11apaMeTpos, IPeicTas-
JessnxX B Tabua. 4.2 mox noMepoM 3 (MakcHMaJBHO miaocKad AUX),
uzpOpaxkena Ha puc. 4.3,6 — AUX QuUILTPA H CHCTEMHE — B COOTBET-
CTBHH C BHILIECKA3AHHEIM SBJSIOTCH B3aHMO3aMeHsIeMBIMH.

3aKpbIThIE CHCTEMbE ¢ AMILMHTYAHBIMH KOPPEKTOPAMH,
YCHUMBAOUWMMH CHIHAN H2 HH3KMX YacTOTax

B omixgMe OT CHCTEM ¢ aKTHBHEIMM (HJALTPAMM BEpXHMX 49acToT,
CHIIZKAIOUTHX aMIUIHTYRY CMeillesus AHQdyvaopa rpoMKOroBOpaTed Ha
HH3KAX TACTOTAX, B CHCTEM2X ¢ AMIWIHTYAHHIMH KOPPEKTOPaMH HMCET
MecTo yBEJIHHEHHe aMIVIUTYAB CMeuieHud AHQoysopa, d4To dsssercs
OTPHLATEALHLIM (PAKTOPOM, HO 1IPH 3TOM CHHKAETCH HUAKHSAST TPaHHT-
Haf yaCTOTa CHCTEMH 3a CUET yBeJWUeHHs 3JEKTpHUeCKOH MOIIHOCTH,
N0IABAEMOH OT VCHIHTEAS, M OBHIIECHHS aMIIMTYAb CHIHAJIA HA HH3-
Kix yactotax {cM. puc. 4.5). OWIbTPH BEpXHHX YACTOT IOBHILAIOT
nopsAioy TepenarTounoll QYHKUMA CHCTEMH M YBEJIHUHBAIT KpPYTHIHY
cnaza AYX ssykosore papjeads B o0/acTH HMMHMX 4acTOT, a CHCTE-
MbL ¢ aMILIHTYIHBIMII KOPPEKTOPaMK He YBEJIIHHBAIOT NOPSAIKA Nepena-
Tousoll (VHKIHN, HO HCHOJb30BaHHE aMINIMTYJHBIX KOPPEKTOPOB
e bsIBNSIET NOBHILEHIbIC TPEGOBAHUA K CIOCOOHOCTH IPOMKOIOBOPI-
TeJs BHAEPIKHBATH JAOTIONHHTEIBHOE TENsO, pAacCeHBaeMOe 3BYKOBOH
KaTylWwKol, 1 ofecicyuBaTh OOMAbUWYID aMIVIHTYIY CMEIEHHS MOIBHMK-
HOM CHCTEMHL.

[TepeaaTodnyio (PVEKIHIO 3aKPHTOR CHCTEMEL C aMIIHTYIHEIM KOp-
DEKTOPOM MOMKHO BBHIPA3HTb B COOTBETCTBHM ¢ (4.9) n (4.10) caemyro-
HHM 0GpasoM:

$2. P
H"Z (S): s? —[—(GJC{QTC)S —Oc X (4-33)
2 (0g/Qrc) s+ ¢ # (0p/Qrp) S+ 0f
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B c nepBHfl COMHOXKHTENL BHpaeHHS (4.33) omHCHBAeT 3aKpH
HicreMy, BTOPOH — aAMILIHTYAHEI KOPPeKTop. TToarCh MepenaTow .

QVHKIHH KODDEKTOpPa H 3aMENAITCA NOMIOCcaMH NeperaTouHoll QyHK-
MK KOppeKTopa, uTo ofecneunsaeT Oojee HU3KYHD PE30HAHCHYK 1Hac-
TOTY CHCTEMH ©p<<@¢ H HOBOE 3HAUEHHE IIOJAHOE JOOPOTHOCTH CHCTE-
MH Qrg, B ofmeM ciydae ne paBuof Qrc.

TakuM oGpasom, nepefaTounas GYHKUHSA 3aKPEITOX CHCTEME C aMII-
JUTYAHHM KOPPEKTOpOoM ImpHoOperaer BHI:

Hj (9) =8%[s*+ (©5/Qre) s + 0} ].

Ha puc. 4.5 nso6paxenst AUX cucreMrl 1o Koppekuuy, AHX Kop-
pekropa ¥ AUX cucreMu mocje KoppeKuuu. TIpeBHIIEHHE MOIHOCTH
CHPHAJA Ha HH3KMX YaCcTOTAaX 10 OTHOLIEHHIO K YPOBHIO CHTHAJAa B no-
J0CE MPONYCKAHHA 3aKPHITOH CHCTEMBH MOXKHO ONpeJCAHTh H3 BhIpaKeE-
HUS
(07 —0%)*+ug 0%/ Qc
(0F — 02 tog 0*/Qrp

Tounoe 3HaUeHHE MAKCHMAJBHOH aMIIHTYyAs APg{w®) MOXKeT OHTE
OIpeJeacHO TMyTeM B3ATHS LIPOM3BOAHON mo ¢ OT BHpaxXeHus MAIA
APg(®) HaxoxKACHHS 3HAUCHHA 9YACTOTH o, 00eCMeUHBAOUIEro
dAPz(w)/do=0, 1 NOACTAHOBKY 5TOr0 3HaueHHs YaCTOTH ©’ B Bbpa-
xeuue (4.34).

3akpuras CHCTEMA C AMITHTYAHEIM KOPPEKTOpOM, Kak IIPaBHJO,
umeer Gogee Bucokuit KIIJ no Ha niockom yuyactke AHX crHereMe 10
CPABHEHHIO C 3aKPHTOH cHcTemofi 6€3 KoppekiUuu IpH yCJIOBHM pa-
BeHCTBA OGLEMOB KOPUyCcoB Vg, aiexTpuueckoli poSpoTHoCTH {pc H
ruGKocTH noaseca Cas. KITJ] 3aKpHITOf cHCTEMH 3aBHCHT OT TPeTheH
CTEIEHH YACTOTH PE30HAHCA CHCTEMH fo. ¥ CHCTEMH, KOTOPOH Tpelby-
erca Koppeknusa AUX, HHKHAS rpaHHYHas wacTOTa f3 H COOTBETCTBCH-
HO TACTOTA Pe30HAHCA f¢ JeXaTl BHIIE, H 3T0 onpenensel OOJBLICE
spauenne KIIJ] no Ha maocKoM yuacTKe AUX, CnenyeT 3aMeTHTh, UTC
KITJI cucTeMEl, onpeieiseMulii H3 BHpameuus (4.21), xapakTepH3yeT
nmoTpebaenye MOIIHOCTH TOJIbKO B TOM JHAIIa30HE HacToT, TAe AYX
CHCTeMH BHXOJHT Ha ILTOCKHE y4acTOK H He faeT HHQOpMALHIO O IIO-
TpeGJeHIH MOLTHOCTH B cHeTeMax ¢ Koppekipeil B 001acTH CAMBIX HH3-
Kux gyacToT. Hanpumep, nycTh cKoppeKTUpoBaHHas CHCTEMA HMEET No—
=1,0%, 4TO COOTBETCTBYET YPOBHIO XapaKTepHcTHIECKOH TyBCTBHTED-
gHocta 93 iB, H nycTk KOPPeKTOp CHCTEMH 00ycJ0BAHBAET NPEBHILEHHE
nonsoauMoi MomiaocTH APr=10 nb. Torma cucTema ¢ TakUMH Xapakx-
TepHCTHKAMuU OyIeT 9KBHBAJEeHTHA IO HOTpeOJeHHI0 MOIMHOCTH MHHS-
Kos(pekTuBHOA cucTeMe Gez KoppekuuH ¢ KILJ] 10=0,1% nau ypos-
Hey XapakTepHCTHUEeCKOH TyBCTBHTENBHOCTH 83 AD.

APs()=101lg (4.34)
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®a30UHBEPCHBIE CUCTEMBI

Mpest (asonnsepcnofll cHcTEME H3BECTHA C 1930 r. Lllupoxoe nc-
noapa0Bante (pasomuBepcuoro opopmaenxa B AC Mayanoch Kak sa
pyGexoM, Tak ¥ B naulel crpane B B0-x rojax. B uacrosimee BpeMi
(230MHBEPCHEIE CUCTEMBI TAKXKE SBJISIOTCH OAHHM H3 CAMHX (ecay He
CaMBIM) PACHPOCTPAHEHHBIM THIIOM HM3KOUACTOTHOTO O(OPMIACHHA AC
xnacca Hi—Fi. DxouBanenTias akycTudecKasd M sJIeKTpHYecKasd cXeMa
cHCTEMBl (PAZOMHBEPCHOrO THUA JaHH Ha puc. 4.12. DxsupajenrHsle
cXeMpl HE YYNTHIBAIOT MHIYKTHBHOCTb 3BYKOBOH KATYLIKH, CONPOTHBIE- .
HHe M3IVUEHMS H B3AUMHOE BJMSHME COUPOTHBJACHHA M3My4eHHs rpom-
KOroBOpPHTENS! H ()A30MHBEPTOPa BBMAY HX rpene0peXuMO  MAJoro
RANSIHUS na Xapakrepucrukn AC na HH3KuX wactorax [4.10].

Rar  Mas 5;!;3 Fr Loeg  PrEL
] ,_,_,...I :HM
il
I
7y =2 [Jew 34 L Jless ==
bues Crner
& ' &

Puc. 4.12. DxpHUBaJeHTHAH CXeMa CHCTeMEH ¢ (Da3oHHBEPTOPOM:
a) agycTHueckas; 0) SAeKTpUUECKan

HopMuposarsas nepefaToudas (GyHKuNA (Ha3oHHBePCHON CHCTEMEL
2 MAJBIMH TOTEpsiMY, HOAYIEHHas M3 aHAIH32 SKBMBAJNEHTHOH akyc-
THYecKof cxembl [4.10],
TS .
HA (S):: . (43'5]
S Th A ay P T3 a2 TS~ ag's To+- |

Tne
To="V TTs=Ts/} h, ay=Qu+h Qrs) /(1 hQL Qrs), (4.36), (4.37)

a=slh+ (e 1 418 Qo Qrsl/(h QrQrs)y 3= (R QL +Qrs)/(VHQLQrs),
(4.38), (4.39)

rae h=fg/fs=wplog=Tg/Tp — HOPMHPOBaHHAT OTHOCHTRJILHO fs uac-
ToTa HacTpOHKH $asouypeprTopa, m3==2:a:fg=1!TB=1/V CigMap=
=1/ V CugpLcrr — KPyroBas 4acToTa HACTPOHKY pazonuBepPTOPA,;
Qr=wpCapRar=1l/0sCuerReL — AoOpOTHOCTE,  XApaKTepuayiollad
meneshe moTepd; a=Cas/Can=Lcrs/Lcrp — OTHOIEHNE rufKocTeH
moABeca ¥ BoaAyxa B Kopnyce; Qrs=1/(@sCasRar) — noJHAR noGpoT-
HOCTh [POMKOTOBOPHTENS, Rar=Rast+ B[ (Rg+ Rg)5°p] — compo-
tuBneude noteps, ws=2mfg=1/Ts=1/ V' CasMasg=1/ V Casgslors —
pesonamcias ~ WacTOTa  TPOMKOTOBOPHTEJS; Qes=agCursRe=
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- @sReM 455%p/(B??) — snekTpHueckas AOGPOTHOCTL TPOMEKOTOBC
For; Qus=@sCuusRps=1/(0sC 4R a5) — Mexanuueckas a06poTHORE
“TPOMKOTOBODHTENS. 3HAUeHHsI 3JCMEHTOB SKBUBAJEHTHOA 3JIEKTpPHUEC:
CKOl CXEMH:

Cmes =Mas SH/(B* ), Rps=B*{*(Ras 5%},
Leer=CapB* %S}, Rep=DB"1*/(Rar S2),
Cuep=Map SL/(B*F), Leps=CasB* I}/S3,.

Ecau nepenarounas QyHKUHST 3aKPBITOH CHCTEMBI 3aBHCHT TOJLKO
OT CYMMapHO JOOPOTHOCTH CHCTEMBl Qre H PE3OHAHCHOH WacTOTH
fe, To mepenatouHasd VHKEUMA (PA30HHBEPCHOH CHCTEMEl 3aBHCHT OT
MO/THOH A0OPOTHOCTH IPOMKOTOBOPUTENS {re, HOPMHUPOBAUHON YaCTOTH
HacTPOHKH (QasoHHBEPTOPa A, COOTHOLIEHHS I'MOKOCTEH MOJABECA H BO3-
BEyXa B Koplyce @, Pe30HaHCHOH 4aCTOTH MPOMKOTOBOPHTENA fg H HO-
OpoTtrocTH noTeps B Kopryce Qr. B pazouHBepcHOd cucTeMe, Kax yKa-
3BIBAJIOCH BHILIE, NIPHCYTCTBYIOT TPH BHJAA IOTEPh: NOTEPU 3a CUET 3BY-
Konoraomenus B xKopuyce AC, mienesble NIOTEPH 3a CUET TPEHHS BO3-
Ayxa B INEJASX KOpIyca M NOTEPH 3a cHeT TPEHHS BO3AyXa B Tpybe da-
3oursepropa. [loTepu 3a c4eT 3BYKOLNODJAONIEHHS OLEHHBAIOTCS BeJu-
THHOH 1006pOTHOCTH Q4= 1/(0pCapRag), NOTEPH 32 CcUET [IEMCBHX
yreuek Qr=w0zCapRar, mTOTepw B Tpybe (azouuBepTOpa Qp=
=1/(0pC4asRap. TlonHas n06pOTHOCTS @5, XaPaKTepH3YIONIAS BCE HO-
TepH,

1Qp=1/QL+ 1/Qa+ 1/Qp.

Bornpoc ouenky ¥ yueTa noTepb B Pa30HHBEPCHHIX cCHCTEMAaX, KaK H
B 32KPHITEIX CHCTEMaX, OCTaeTcsd B HacTodLlce BpeMs Haubokee CIOK-
HEIM B KOHCTPYHPOBAHHH HH3KO4acTOTHOro odopmaeHus AC, MaMepe-
HUS MOKa3BIBAIOT, 4TO J0OpOTHOCTH NOTEPL 34 CUeT 3BYKONOIVIONIEHHS
B KOpIyce, COAepKaleM 38YKONOTIOILAIINA MaTepial, BAOAL CTEHOK
Kopilyca JexHT B mnpelenax 30...80; moSporTHocTs moteps B TpyGe
(a30HHBEPTOPE, He COAepKailefl TOrJIOMAIOEry MaTepHata — B Npe-
reaax 50...100, Torma Kax L0GPOTHOCTL INEJEBHIX HOTEPL 34 CHET
yTeuek — B npefenqax 5...20 [4.10]. VTeuky npoucXoIsaT 32 cueT He-
IVIOTHOIG KpEIJICHHST TPOMKOrOBOPHTENS, CKBO3L KPENeKHBIE BHHTH,
depes Marepuan IOABECa H HBWIC3ANHTHOTC KOJNaKa rPoMKOrOBOpH-
Tead. CAeLyeT OTMETHThb, YTO pPeajbHEE CONPOTHBJCHUS NOTEpb SABJA-
10TCA YacTOTHO-3aBHCHMEIMH — 1OTepH B TpyOe (azouusepTopa pac-
TyT C YacTOTOH, HOTEPH 32 cYeT 3IBYKONOrJOmIEHHS nanaoT. CoBMecT-
Boe jeHcTBHe, OKa3biBaeMOe STHMH JBYMS BHAAMH IOTEDh, O CBOEMY
JCHCTBHIO HACHTHYHEL BJMSIHHIO IIOTEPL 34 CYeT YTeuek, MO3TOMY HX
BJUAHNE 3AMCUSACTCH BJHSIHHUEM TOJBLKO OJHOTO BHIZ YaCTOTHO-HE3aBH-
CHMBIX NOTepPS (r, UTO CYIIECTBEHHO YIPOULAET aHAMU3 ¢az0HUBEPCHOM
cucteMel. HanGosee sacTo BeTpenawmieecs snadenne Qp 8 dpasouHsep-
CHBIX CHCTEMax JexaT B mpegedax 5... 10.

Brpaxenue AJs nepepaTounoll GYHKUHH ¢ha30HHBEPCHOH CHCTEMBI
Ha(s) (4.35) mO3BOJSECT B COOTBETCTBHH C BHIPAXKCHHAMH (4.11) ...
(4.13) paccunrars AUX, ®UX u B3 QasounpepcHoil CHCTEME B
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TaCTH HMKHHMX vactor. Ha puc. 4.13,0 u3o6paxeHsl TPH IPHME ¢

\® AJX dasounBepcHofl CHCTEMBl, KOTODHE NPHHEMAIOT DA3/IHUHbIC 3:V§aé®

R i11151 B 3aBHCHMOCTH OT TTApaMeTPoB CHCTEMH Qrg, A, o, Qr. AMILIumms
TYIHO-4aCTOTHBIE XdDAKTEPHCTHKH (DASOHHEEPCHOH CHCTEMBI MOTYT
OBITE ANNPOKCHMHPOBAHB! APOGHO-pAlHOHANBHEIME (DYHKUHAMH Ha OC-

o
9
ot

AF F i [xCiey]
0 =

085 B0 2,0 40
@ £/F,

Pue. 4.13. HopMuposanubie xapaKTepPHCTHKH (Pa3OHHBEPCHOH CHCTEMBL:
o)} AUX; €) 3aBHCHMOCTR aMIMHTYAR CMEIIEHH: AHPOY3Opa OT HacTOTH;

I — annpokeuManuyg no UcOHLINeRY, 2 — anonpoKcdMands no DaTTepBopTy; § — AODpOKCHWALHA
KBAZHUTPETBEID TOPHAKA

HOBe TOJHHOMOR 4eTEepToii cTenenn Yebniesa m barrepropra mnim
NOJAMHOMAaMH KBa3uTpereero nopsika [4.6]. AnnpokcuMupoBaHHAS TO
Barrepropry AUX nnm makcumanbao niaockas AUX gaasercs xak Onl
TpaHuIel pasjfena MEXKAY [NIagKHMH XapaKTepHCTHKAMH KRA3HTPEThe-

Tadanuua 43

=
B R e R B I R
| | Knasurpersero o — 2,280 | 1,730 | 7,262 | 0,200
HopAAKa 7 _ 2980 | 1,750 | 6,210 | 0,225
o — 1,770 | 1,420 | 4,460 | 0,259
2 | Keasurperbero
HOpIARE 7 — 1,770 | 1,510 | 3,980 :© 0,275
o0 —_ 1,000 | 1,000 | 1,414 | 0,383
3 |[Ilo Bartrepeopry
7 — 1,000 | 1,000 | 1,060 | 0,400

co 0,250 0,641 0,757 0,569 0,518

4 | [lo UebHIery
7 0,250 0,641 0,704 0,335 0.575

o0 0,550 0,600 0,716 0,485 0,575
& |ITo YebHmesy

7 0.550 | 0,600 | 0,68 | 0,214 | 0,608
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MOPALKA U XapakTepPHCTHKAMHE ¢ BHOPOCOM, annpOKCEMHEPOBAHUF
Hebwmery, B tabs. 4.3 naHhl 3HauCHHS HapaMeTPOB dpasonﬁm h c
Lames®. 011 cHcTeME Qrs, R, @, f2/fs Ipn goGpotHocTr noTeph Qr=—00 H Q1“2
(Haﬁﬁo.uee HACTO BCTPEUAIONEECs 3HAUCHHC B PEeatbHBIX cnmemax)
Hzobpaxennpie Ha puc. 4.13,6 AUX cooTBeTCTBYIOT ampoKcHMa-
nuu 2, 3, 4, trabn. 4.3. AnnpoKcuUMAallHH, pacCMoTpeHHble B Tabna. 4.3,
nanbonee ynorpebumu B AC kiaacca Hi—JFi, Tak xak oHm ofecneyusa-
10T aubo raankue, aubo Gan3kue K raaakum AYX. Jlas onncadust dbop-
Mbr AHX tazonEBepcHO# cHcTeMbl TpefyeTcs yeThpe He3aBUCHMHX [e-
pPEMeHHBIX: A, ¢, Qrg B (r. 3TH napaMeTPH MOXKHO BHPA3HTL B TEPMH-
HAX OCHOBHHEIX TaPaMETPOB TPOMKOFOBOPHTENS U KOPNyca. pe30HaHCHOH
YacTOTH TPOMKOroBOpHTeNS fs, aKycrmueckoif rubkoctH nopBeca Cag
(nnm 3xBEBaJCHTHOrO 06bema Vag), nodHOH Ro6pOTHOCTH TPOMKOrOBO-
puTenst (rg, o0beMa Kopuyca Vp H 4aCTOTH HacTpoHKH (haz0HHBEPTO-
pa fz. DTH XE NapaMeTPBl rPOMKOTOBOPHTENST ONPEACSIOT OAHO3HAU-
no KII cucrembr v,.
AHaNus 3KBHBAJNEHTHOH AKYCTHYECKON H B3JEKTPHUCCKOH cxeMm (a-
30HHBEPCHOf CHCTEMEl IIO3BOJIfAET PACCYHTATH XAPAKTEPHCTHEH CMELLe-

uua JHddysopa rpoMKorosopuTeas Xn= ) ProxX (s)Kx no aganorns
c Beipaxennem (4.20), rue

s‘?’%—[—alﬁ Tﬁ-l—azsz Tg-l—agsTo—}—l

— HOPMHPOBaHHas onepaTtopuas GyHKIHE CMeleHHT nHdpdysopa.
Ha pnc. 4.13,6 nanpl XapakTepHCTHKH CMEINCHHS MMOABHAKHOH CHC-
TeMBl TPOMKOTOBOPHTENS B (PA3OHHBEPCHOH CHCTEME, COOTBETCTBYIOIIHE
AUX, wsobpaxennsim ma puc. 4.13,a. Xapakrepucraka X (s) ¢azonu-
BEePCHOH CHCTeMB aHaJOrHYHAa NEPCRAaTOYHON (YHKIHH (DHJIBTPA HEX-
HUX uacTtorT 4-ro nopsaka THna 3osorapesa — Kayspa (cM. ra. 3).
Kosgpdunuent nonezHoro peficTeus dazondBepcHol cucTeMsl [4.10]

Ny = (210% AV a5)/ (Qes €8) (4.40)

X (s)=

HJIH Uepez IPasuuHVIO vacToTy f3 B 06meM Kopmyca Vp
n, =Ky !? Vg,
()
K= (2 n%c% (Vas/Va) (F2/3) (1/Qzs),

Vag=poc?Cas — 00BEM BO3AYXA, HMEIOUHE THOKOCTb, PABHYIO rHOKO-
CTH TOABECa TPOMKOTOBOPHTEIS.

Teopernueckn pocrmxuMoe 3Hauenne KIII ¢ascunsepchod crCTe-
ME B YCJIOBHAX cBoGoaHOro mods [4.10]

Mg max = 1,95- 1076 13Va (4.41)

AOCTHTAeTCH:
a) B OTCYTCTBHE MEXaHHUECKHX IIOTEPhb B NOABECE TPOMKOTOBOPHTE-
Jd, T. €. IpH Qug=00
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W
<

IIPH napaMmerpax CHCTEMH!, COOTBETCTBYIOUIHX annpoOKCHMAanur

a3\ B OTCYTCTBHE NOTEpb B KOphyce Qp=Qr= 0.
SJeKTpHYeCcKas MOIIHOCTb, OrPaHNueHHAs AONYCTHMON aMIVIHTYAOH
CMelleH uA NOABHXHOM cucreMu [4.12],

Pg=2np,c®(fs Qes V) (Vas! X (8) Iy ) (4.42)

Makcumanbhas aKycTHYecKas MOUIHOCTD, PassiBaeMasl (a3ouHBED-
cHoli cucreMolt [4.12],

Par= (27 py fAVE)(1X (5)1%,05 ). (4.43)

TeopeTHueCKH NOCTIXHMaS aKycTHUeCKAS MOITHOCTb, Pa3BUBaEMas
hasonnBepcHoil cucteMofi B yenoBusx ceobonHoro noss [4.12],

Pap=1,573V% (4.44)

JOCTHTAeTCH NpH NapaMerpax CHCTEME, COOTBETCTBYIOIHX aNNpoKCH-

mapan AYX no Yebmmeny npu nuke AYX =0,2 1B (ta6m, 4.3, npe-
Mep 4).

HanpnMep,  nAeajbHasn (PAa3OHHBEPCHan CHCTeMa ¢ oO0BeMOM Koppyca V=
=100 nM® u wuxuedl rpanuunoll wacroroft fi==42 T'u Oyaer mmers KILI
No=1,95.-10—9.428.100-10—%=1,44.102= 1,44 %-

¥pOBEHb XapAKTEPHCTHHECKOH WYBCTBHTEIBHOCTH

Ny ==201g (V/1,44.10—2-1,2.340/4 1/2- 10—} ~ 90,7 aB.

Ilna cpasnenuna paccyurtaem KIIJ # ypomeHb XapakrTepHCTHYeCKOft 4yBCTBIITENb-
HOCTH dasounupepcuol cucremnl, HMeome# 10T ke obbem xopuyca Vg, anajsorus-
Hyl rpaununyio dacrory f; (no yposuw —3 aD). 'POMKOrOBOPHTENb HMEET CJIGLY-
wuke Napamerphl: Re=07 OM, [s=23,7 Tu, Qas=348, Qrs=0384, Qr35==0,346,
ro=0175 M, Xpmax=12-1072 M, Vas=508 mm? Vp=1,116-10-% m. Hz Bmpaxe-
gnst (4.40) onpexeausm KIIJ cucreMul H COOTBETCTBYIONIHR YPOBEHL XapaKkTepHcTHuE-
CKDH YYBCTBHTQJILHOCTH:

Mo = 2 &% 23,73.508. 10—3%/0,384.340% == 0, 824.10~2=0,8 %,
No=201g(1/0,824.10~%.1,2.340/4 7/2.10—5) = 88,6 zb.

Takum ofpasom, ypoBeHb XaPAKTEDHCTHYECKO] TYBCTBHTENDHOCTH peasibHOf cH-
crembl Ha 2,1 gb unixe TeoperHuecKkH AOCTHMMMOTrO,

TEOPETI]‘I&CKH JCCTHAHMAA AKYCTHUCCKAR MOULHOCTH

Par=1.5-424(1,15.10~%)?= 6,17 Br.

MaxcnManeHEH ypOREHL H2BJCHMS

Nrmax=201g (1/6,17-12-340/4m/2- 10~} =117 1b.

w

Peanpnas agycyuueckas MOMIHOCTbL CHCTeME P4p ONpeAeaseTes H3 BHDAKEHHS
(4.43), yautesas, 4To a=4 (410 6NU3IKO K AMNPOKCHMALME KBA3UTPETHErQ NOPAAKE
npu Qr=7, raén. 43}, f3/fs=1,77, 1. e. f=42 I'm, A=15], 1. e. f3=356 I'n

Pyp=2mn%12.23,741,15-107%)?/34 0. 12 == 0,091 Br.
128

no Yebweny, npn mike AHX ~0,2 1B (ra6a. 4.3, npumMep 4}:


http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

prlBEHIJ 3BYEKOBOTO JNaBJICHHA

Nmagx == 20 1g (1/0,091-1,2-340/4 n/2-1075) 2 9915
JlaBHbBIf ypOBelib SEYKOEOrQ JABJEHHS "JOBOJABHO HH30K, U0 OGBACHAETCH TEM,
NTO 3HadeHHe MAKCHMAMBLON. AMIUVIHTYAH cMelledHs |X (jo)}|max MPHHATO DaBHBILM
I, DToT MakcuMyM J0cTECaeTcs B (asOMHBEpCHOH CHCTEMe TOJPKO Ha 4HacToTax
ke pabodero pauanasona cucrembl. Ogmaxo |X(jw)| uMeer BTOpOH MAaKCHMyM B
pafouem amanazone CHCTEMEL (cM. pue. +.3) ¥ AAd JANHOIO BHAA anNpOKCHMaUHd
| X (o) | maz 20,3, Torza

Pap=2n3.1,2.23,7% (1,15-10-%)2/340-0,3% = 0,9 Br,
Npaz == 201g (}/0,96-1,2-340/4 /2-10—5 = 109 1B,

SASKTPHUECKAR MOUHOCTb, COOTBETCTBYNWINAA Pag:
Pp= Pp/t=0,96/0,824.10—2= 116 Br.

OnuuM H3 BOTMPOCOB, ABJASIOLIMXCS NPEAMCTOM RHCKYCCHH paspa-
6otunkoB (asonuBepcHux AC, ABJAAeTCA B3aHMHOE BJIHAHHE COTPO-
THBIEGHHH H3JdyueHns augpdgysopa B TpyOn ¢asonusepropa. Mx Bsa-
HMHOE BJHS[NE CKA3LIBASTCHA yepe3 PEaKTHBHYI YacTb CONPOTHBIECIHA
H3JAYYEHHS, T. €. Yepes3 B3aHMHYIO COKOJEOIOIIyIocs Maccy BO3RyXa.
Kaxk mokasano B [4.12], B OOJBLIHHCTBE CJAy4YaeB B3aHMHOC BJHAHHC
COTIDOTHBJICHHS H3JyYeHHs OKAa3HIBACT NpeHeOPekHMO MajblH 3QQeKT
wa AUX cmecremu. Oanako B psapge pabor cumraercs, 4TO B3aNMHEIM
BJHSHEEM COTMPOTHBACHHSA H3JyyeHHA npenebpeub HENb3d, TaK, HalpH-
Mep, B pabore [2.3] mpeasaraercs OTIHYAMAACH OT PACCMOTPEHHOH
BHIIIIE 3KBHBAJEHTHAA cxeMa (Pa30HMHBEPCHOH CHCTEME], YYHTBIBAIOLIAA
B3aNMHOE BAHSHAE CONMPOTHBJAEHHA H3JyUEHHSA,

B cBf3E ¢ TEM, YTO nepexaTounas QYHKUHS (A30HHBEPCHOM CHCTE-
Mul H 4 (8) 3aBHCHT OT GOJIBIIOTO YHCJAA NAPAMETDPOB, y PaspaboTIHKOB
BO3HHKAET ONacHoCTh OIIHGHTBCS B TOYHOM COOJIOREHHE HEKOTOPHIX
H3 HHX, 4YTO nNpHBOJIHT K OTKJIONEHHIO DPCAJbHBEIX XapaKTepHCTHK 0T
XKeJaeMHX. Takne omuOKH KOHCTPYHPOBAHHA (Pa30HIBEPCHBIX CHCTEM
CAyKAT HHOTZA NPHYHHON OHTYOIHX MHEHHH, 4TO (a30HHBEPCHBIC

16 Ay A5 . u4F
or ar gr -+
+ —_—
-5 -5+ -5l
-12‘“ 1 1 1 i —.12_1 I L 1 1 -fz—F |1 1 1 ]
95 1 ¢ ¢ 8 5 7 2 4 B8 5 1 2 4 &
o & th &

Puc. 4.14, Hawmernenne gopmm AUX dasousrepcHofi cucremhl (MAKCHMAJbHO NIOC-

K48 aNIPOKCHMAIHS) YpH H3MEHEHHH OCHOBHBIX TNApaMeTpoB TpOMXOrOBOPHTENH.:

d) H3MEeHeH¥e NOAHOH A0BPOTHOCTU Qre, 6) H3MeHEHHE MEXAHHYECKO MAaCChl OoI-

BuKHON cHCTeMHl Mars, B) H3MeneHHe MeXaHWUeCKOH rHOKOCTH  TOJABeca Cus

(¢4+» B «—» — yBJIHYEHHE U COOTBETCTBC:Z};IIO yMEHbITEHHe HCXOMNIOH BeTHYHHE
na 20

5—105 129
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7 €C UaCTO TaKHe CHTyallHE BOSHHKAIOT B CJyYae HCIOJb30BAHAA IPo
KOTOBOPHTQJICH ¢ GOJbIUel, 4eM HYXHO, ROOPOTHOCTBIO Qrg HJIH Ha-
CTPOHKH 4acCTOTH (ha30HHBEPTOpa §€3 yyeTa COOTHOLICHHS 3KBHBAICHT-
Horo o0beMa roIoBKHE Vag B ofbema ammka Vg Ha puc. 4.14 nany
MPHEMEpPEl H3MCHeHHST AUX npH paccTpoiike oCHOBHBIX napaMeTpoB To-
n0BKE. Ha pre. 4.15 —npr paccrpoiike napamerpos Kopnyca. B Ka-

A5, - #351 + Puc, 4.15. Msmenenne gopuu
2y g AUX  (azoHHBEpCHOW  CHCTEMB
+ - (MaKCHMAJBHO IJOCKAS AmIpoK-
CHMaunusi) IpH H3MEHEeHHH Ina-

£ ~5 PAMETPOB KOpIyca:

4) Hu3MenenHe O0BEMa KQpMyca
Va; 6) u3Menenvwe 9acTOTH pa-
CTpO¥KH  (asoHHBepTOpa  fg

-12r —12F
oA vl {«-+» m «—» — ypeIHYEHHE H CO-
G6 1 2 4 g a5 ¢+ 2 4 3 OTBETCTBEHHO yMEHbIIEHHE  He-
® t/ 73 &) f/fé XoaHOH BeqHupHH Ha 20%)

UCCTBE HCXOZHOH BRIOPaHa MaKCHMaJdbHO MiIocKas AUX, COOTBETCTRBYH-
maf aunpoKcuMaunu no Barrepsopry b crcteMe Ges notepn (Qr= o)
(puc. 4.13,a).

HenpaenibHO CKOHCTpyRpoBaHHas TpyGa ¢ asomHBepTOpa, AaKe
OyayuH HACTPOCHHOH Ha HEOOXOAHMYIO 4aCTOTY, MOMKET CJAYKHTH HC-
TOYHHKOM HCKameHui. OHH MOryT ofpa3oBaTbcs 3a CYET YPEe3MEPHO
Gosbltoil o0BEMHON CKOPOCTH BO3AyXa B TPyGe, KOrjaa moTox BO3JYXa
CTAHOBHTCH TYpOymeHTHEIM. [IpH 2TOM, OMHMO BO3HHUKHOBEHHS HEJH-
HEHHBIX HCKAZKEIHH, BO3PACTAIOT MOTEpH B TPyGe. DKCIePHMEHTAIBHO
YCTAROBJICHO, YTO CKOPOCTE HOTOKA B TpyOe as3oHiBepTopa HE ZOJNK-
Ha GuTh Gosbiue 5% oT cKopocTH 3Byka [4.12}. lna TpyGw ¢ mio-
Mi27p10 CeyeHHs Sy OTPAHHUCIHA Ha MAKCHMAIBHYIO CKOPOCTh BHpPa-
¥KalOTCA NPHONHKCHHONH 3SKCIEPHMCHTANBHOH 3aBHcuMOCThIo [4.12]:
Syz=0,8fsVp, 11e Sy —maomanp ceuemns TpyGH, m% fp— wacToTa
HacTpofiku ¢asounsepropa, ['m; Vp-— obbemuoe cmemenue, M3,

s npepoTBpamennsl BO3HAKHOBEHHS CTOSUHX BOJH B TpyOe pe-
KOMeHIyeTCs BuOHpaTh IJuHy TPyOH He Gogee [4.6] Lumax<<c/fs, rme
fs — pesoHaHcHas 4acToTa IPOMKOTOBOPHTESH,

Hacrora HacTpoHKH (ha3OHHBEPTOPa CBSI3aHA C IVIOLLAZBIO OTBEP-
CTHA Sy, 3(QEKTHBHOR AJmHOK oTBepcTHA Ly W o6bemoM Kopmyca

Vs saBucumocteio  [4.13] fa= (¢/2n)V sy/LveVp, rae ¢ — ckopocTb
3BYKd, OTKy/a OTHOLICHHE IIOMAZH OTBEPCTHS K JJMHHE TPYGH
Sv/Lve =Vg(2nfa/c)2. (4.45)

J¢derTuenan pauna TpyOsl Lyg cKIaguBaercd H3  (hakTHUecKOH
AnuHb TPYOH Ly H ponoanuTensHoil yactu Lyo, o6pasyemolt 3a cueT
KpaesnlX 3((eKTOB:

Lyr=Ly+ Lyo=Ly + 0,825}/ Sy. (4.46)

Hazxe npu camom TIIAaTENbHOM Co6II0RelHH PaCYEeTHHIX COOTHOUIE
Hufl pa3paGoTunKy pesko yaaercs cobJIOCTH YacTOTy HACTpoiKH co0-
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“,
L70c 1700,

PiaccTpoliKe yacToTEl (Pa30HHEEPTOPA JOBOJBHO BBICOKA (cM. pHC. 4.10%

HHOTO (Ja30HHBEPTOPA C TOYHOCTBIO, MpeBHIIAOME) 5. .. 0%, U
) sHTEJILHOCT TEPEJATOYHOH (PYHKUHH (Da30HIIBEPCHOH CHCTEMBI

&

103TOMY TOcTe cOOpKH HCUTH BCErja BO3HHKAeT HEOOXOJAHMOCTH TOY-
HOH mojgcTpofixn. HactoTuasi MpoH3BOAHAS BEIpaxeHud 445 fg no Ly,
T. e. paHHe oTBeperus (4.46), 1aeT BO3ZMOIKHOCTE OHENHTb HeoGXogH-
MYIO BeJHUHHY H3MeHeHus Ly  Rasl TMOJYyYCIIHS  TOUINOro 3HAUCHHS
[4.13]:

afo(ﬂLv= -—-—fosLVE Pv’—fg,’5LV,

oTKyAa ALv=—AfgbLv/fr, tRe ALy — TpebyeMoe H3MEHeHHe AJHHE
¢azoHEBEpPCHOrO oTBepCTHA, Afp — TpefyemMoe H3MeHEHHE YACTOTH Ha-
CTPOHKH (ha30HHBEPTOPRA.

PaccunraeM pas mppwvepa aBa BapuadHTa (A30HHBEPCHOH aKyCTHYECKOH CHCTE-
MBl — MO/l TOTOBHH IpOMKOroBOpHTENs M [0z 3anaHnHe rtpefopannsa. Kax rosopn-
JIOCh BLILIE, TEPRHE BapHAHT pacyeTa Ae ONTHMAaJeH, TaK Kax y paspafoTupka Her
FAPaHTHW, UTO TapaMerph HMEIINErocss rpOMKOrOBOpHTENS YAORMSTBODAT YKa3aH-
HEIM BhIIe TDESOBAHMAM, IO MOXKeET OBITh MHTepeCeR /s DpaXHOJbHTenel, He mye-
RIUX BOZMQIKHOCTH KOHCTPYHMpOBATE IPOMKOrOBOPHTEIL NOA 2aN2HHBE TPEHOBAHHA.
HexonnmiMy panneiMa gii pacuera (asoHNBepPCHON CHCTEMBL o[ TOTOBEIH IpoMKo-
TOBOPHTENDb SBJAANTCS ero napamerpu fs, Qrs ¥ Vas. Ecan onn neumspecTrd, TO HX
HeOOXOAEMO H3MCDHTB M DACCHHTATh JAHHHIM BeHe cnocofoM. Jas rtoro utolnt
TPOMKOFOBOPUTEh OORCICYHBAA INMPUESMIEMBIC XapaKTePUCTHKH CHCTeMBbl, 3HAUEHHE
moano¥ pofpoTHooTH (Qrg He pgommkino npewmarts 06. Kpome Toro, rpoMKOroBoOpi-
TeIH ¢ OueHb OoJbmo# rubxocThio MOMBECA, T. €. DOJBIIHM 3KBHBAJEHTHHIM 0ODBe-
MOM V.ag, 3aTpyaHuTenbHO 2(dPeKTHREO HCNOML30BaTh B (DA3QWHBEPCHRIX CHCTEMAX,
TaK KaX OHE TpebyoT NpRMEHeIHs KOPHYCOB OYEHL [OJbIINX COBEMOR.

Paccuntaey (a30uHBEPCHYIO CHCTEMY JAaf rpOMKoropopuTens 25 TIJ-26. Ero
napameTpht: fs=33,2 T, Qrs=10,503 Qars="5,31, Qrs==0,563, Mars~256-10"3 xr,
Vae=50,6-10-% Mm% Sp=201-10"2m% Xpmax=0 MM, Vp=121-10-% % Rz=
=3,60 Owm. IlpennoioxuM, UTO B CHCTEME WCHOAL3YIOT NACCHBIBE Da3ACAHTCILHDIE
¢buabTpel BTOpOro mopaAka. [Ipx uacrore cpesa Hu3Kosactoruore kanagaa fz=1 kl'n
H puavierpe NpPOBOJa KaTYIIKE HHAVKTHBHOCTH (MALTDE INRKHHAX vactot 1,2 mM ax-
THBHOE CONPOTHUBJCHHE KaTYiukM cocraeaser mpumepuno 04 Owm (eMm. ro. 3). Torza
YBENHIHBIIHECS 3Ha4YeHHs A0OPOTHOCTH TPOMKOTOBODHTENH BCIEICTBHE BJHAHHS CO-
MPOTHRACHUS (QHABTP2 ONpC/eNseM H3 Bupaxenus (4,27)

Qrs=0,563 (1 +0,4/3,5)= 0,627 Qpg=0,561.

3agaiumes Qp=7. 3HayeHve MNOJHON XOGPOTHOCTH NEKHT BIHKE BCEro ¥ 3a-
IarHoMy B Tabl 4.3 BapuanTty annpokcHMamuwnm mo Hebwinesy noa womepom 4.
Omnaxo atoT BapuanT Tpebyer sHavewus a=0,335 urc npusogur x 0bBEMY KOpIyCa
Va= V¥V 45/fa=50,6-10-2/0,335=151 am®. OueBnapo, uto afbem KOpPOyca UpeaMepHO
Gompwofi, Kpome Toro, kak nokaspiBaer NpofHmH pacde?, rtaxoit BapmauT obecneun-
BAGT MAKCHMAJBHOC 3BYKOBCE AaBaerue, Bcero Toabko 86 ab. Ouerwano, yro 3707
BapyaHT AaNMnpOKCHMALNY ABJAASTCA JIAf JAHHOTO TpOMKOIOBODUTEId SBHO HEONTH-
MaTpHbLIM. Drbepem napauerpst @, 4 H [3/fs, COOTBETCTBYMOUHE annmpOKCHMATHH NO
Barrepropty  (raba. 4.3, Bapwant 3): a=1.060; 2=100; fu/fs=1,00. Caeaver
y4ects, wTO npU TOM 3unauexne pobpoTHoCTH Qrs Ha 40% Goabme HeobBXoaHMOrO.
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npHReaeT K Hexasewmo ¢popmum AUX, pwpaxamouieMycs B nogBiaediun benaed i y
. 3.4 ab ¢ maxcumymon B oGaactu 2fa (cm. puc. 4.14). Onpenenuv napam O
Vg=V 4:/a=50,6/106=477 nm% [;=33,2 Ty, fz=3832 Tu, KIIJ cucreMu
YpOBEHb XapaKTepHCTHUSCKONW UYBCTBUTE/NLHOCTH COOTBCTCTREHHO

Mg = 2 m2.33,23.50,6-10—2/0,627.340% = 0,148.10—2 ~ 0,15 %,
No=201g (1/0,15-10—2.1,2-340/4 71/2- 10—} — 81 z5.

AKYCTHUECKYIO MOMmHOCTB, OrpaHHUENHYI0 AMIAHTYIOH CMEWEHHs NOZBHAIOH Ci-
CTEMB], ONpejeasieM W3 BHpaxkKeHus (4.44)

Pap=1,5-(33,2)8.(1,21.10-42 = 2 65-10~2 Br.

CoorsercTsyionntt ypoBelb 3BYKOBOIG JARJCHHA

Npax =20 lg (}/2,65-10—2-1,2.340/4 n/2- 105} — 93,3 1B,
H S‘HBKT}JHEIECKHH MOIHOCTD
Pp=2,65.10-2/0,148.10—2 ~ I8 Br.

MuneManehblfl anaMerp tpy0b hazoHHBEpPTOPA COCTABJIALT
V fa VD~:-|/33,2- 1,21: 1074 6,34-1072 M= 63,4 mm.
BetBupaem aunaMerp Tpybu dy =70 MM, oTcioza
Sy=nds/4=mn(7-10-2)2/4 = 3,85 10— u2,

H3 srpaxenus (4.45) w (4.46) onpenenum (axTHYECKYIO ATUHY TpyBH, COOT-
BETCTBYIONLYIO BHIBPANNOMY AMaMeTpy dy W 4acToTe HACTPOHKM [g:

Ly=Lyg—Lyo= Sy/lVg (20 fp/c)?] — 0,825} S =

— 3,85-10~3/[47,7-10~% (270 33,2/340)2] — 0,825 1/3,85. 103 -— 163 M.

Ilpu pacuere cHcTeMHl MOZ 3afalHEE TpeGOBAEHMS OCHOBHBIMH HCXOIHBIME AAl-
HEIMH HEBJAROTCS THI ANNDOKCUMAauWy, onpejeasommui dopmy AUX, muunManbubi
KIIJL wnm MaxcHMaJbHHE 00bEM KODIYCE, MAKCHMAJMLHOE 3BYKOBOE NaBASHHE [
AKYCTHYECKAS MOILHOCTE, OrpadHyeHHas MAKCHMAIbHOH  AMIMMTYI0E  CMeegHs
NOABHKHOM cucteMbl, IIyeTh HeoOXoguMo paccuuTaTh (asOHHBEPCHVIO CHCTEMY €
nacrotofi cpesa f;=40 I'n, ¢ maxcuManswo miaockofi AUX, annpoxkcHMIDOBaHHOH N0
Bartepsopty, ¢ MakCHMAJBIEM YpOBHEM 3BVKOBOro jgamjenHs 110 ab.

[peanoaoxuy, uto Qr=7, Qus=0 u Rp=69 Owm, onpegeany nz Ta6a 4.3
suauenne a=1,06, Qrs=0,400, =100 n fa/fs=1,000. Onpesesnm tpefyemee na-
paMeTphl Vas=106 am?, Vz=100 aM® [s=40 Tn, fe=40 Tu, ws ebipaxenus
(4.19} ompeneanM 3HaudeHHe 3JexTpHUecKoH zobpoTHoCTH:

Qps = Qys Qrs/(Qus—Qrg) ==5:0,4/(5—0,4) = 0,435,

Wz pripaxenns (4.40) ompenemum KIIJ u coorsererbyiomutt ypopens xapak-
TEPUCTHUECKOH YyBCTBUTEILHOCTH:

Mo == (2 2 40%-106-10%}/0,435. 3403 = 0,783- 102 = 0,783 %,
Ne=201lg (}/0,783-10-2-1,2.340/4 m/2-10~5) = 88,0 1B.
M3 BhipaKeHHs jJ9 MaKCUMaJhilOr0 YpOBHYA 3BYKOBOIQ JABJCHHS Nmax OmDE-

ASNHM MAKCHMAJBHOE 3BYKOBOC JABIEHHE pmax=632 [la W K3 BHpakenus (4.23)
ONpefelHM MAxCHMaJbBYK AKYCTHICCKYH MOUWIIOCTE
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Par=4nr p2  Ipgc==4m-12:(6,32)2/1,2.340 = 1,23 Br.

Hafiges MaxclHManbryio DUXOBYIO VIEKTDIMECKYIO MOIIHNCTD
PE: PAR‘!T]U'ANU 15? BT.

Mz puipaxenua (4.44) onpedemnuy MaxcuManabnbii ofheM CMELICHHS

Vo=V PaptlBf3==)"1,23/1 5.-40" =5 66.10—4 u® = 0,566 m3,

410 cocraeaxer Beero 057% ofbeva wopmyca lg.
TIpn sdhgexTnrom pagnyce uppysopa rp=0,175 M u COOTBETCTBYOmMEH ¢-
hekTHBHON maomann guddysopa Sp=9,62.10-2 M? MagcuMadbHOe CMEmMEeHHS

Xp max = Vo' Sp= 5,88-1073 M = 6 MM,
Onpeneauy MexaHAYeCKyr IAGKOCTL U Maccy NOABHIKHON CHCTeMEI:
Crss =V as/po €@ S2, = 106-10—3/1,2.3402 (9,6.10~2)2 = 8,20- 10~% w/H,
Mpys=1/[(2n fg)2 Cys] = 1/1(2m-40)28.,25:10—5] = 0,191 ko = 191 1.

Onpefeaus wo3dhumuent sienTpovexaplseckoll coasy Bl

Bl=T1/2nfg Myg Rpllps = }/27-40-0,191.6,9/0,435 = 27,6 T-u.
Onpefeaus MHHHMAJBHLIE gHamerp "TpyOul  dasonHBepTOpa
V g Vp = 1/40:5,66-10* = 0, 15 m= 150 mm.

Mprnumaem dy =160 Mu=0,16 u, Torga Sv =mn0,16%/4=2,01-10-2 m2
Hs pupamenm (4,45) u (4.46) ompexzenum GAKTHYCCKYH AJHRY TPYOH

Ly == Lyg— Lyg = 2,01.10-2/[100. 10— (2 . 40/ 340)2]

-—0,8257)/2,00.10—2 =0,25! ».

CpaBHuBas mapaMeTpbl pPacCYHTAHHOH (QA3ONHBEPCHON CHCTEMBI C
napaMeTpaMu PacCYMTAHHOW PAHeC 3AKPBITOH CHCTEMBI, HMEIOIHEH Ta-
Kot xke ofbem Kopnyvca, pasBuBalOmeli aHaJOTHYHBI MakCHMaJdbHBIH
YPOBEHB 3BYKOBOTO A2BJIEHHS H WMEIONel TakoH e puameTp ZHpdy-
30pa rPpOMKOrOBOPHTECIIS], MOXHO CAe/laTh paL BBIBOJXOB.

Q@azonnBepcran cicreMa umeer Goapmuii KII, mMeHbllylo 3JeKT-
PHUECKYK) MOLIHOCTh H AMIIHTYAY CMEIEHHHA, 00eCNeUnBalOny0 MaK-
CHMAJBHGIT YPOBEIb 3BYKOBOIO JaBJeHusi, o OO0Jbllec 3HAYEHHE KO-
sthebiuCiTa SASKTpOMeXaHHdeckoll ¢BA3n, uro Tpebyer mpHMEHenHs
Gosiee MouHoro marawta, IlapaMeTpsl cHCTCM TpuBCACHH B Tata. 4.4.

Tabauua 1.4

I
. = =
Cucreya iﬁ “E_ * ii E | = - "'E'[ ::F:i ﬁ
'| o = | = b oL = = [ o oy
JakpuTas 100 9.62.10—2 110 | 8,6 41,010,535 86,4 | 230 | 14,0
®azo-
HEBEpCHAS 100 9,62-10—21 110 [ 5,9 | 40,0 {0,783} 88,0 | 167 { 27,6
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oyHOCTh ofccneneHts TpedyeMblX napaMeTpoB CKOICTpYHPOBAHHO )
4 HIIBEPCHON CHCTEMBI MOXKUO IPOBCPUTL ¢ MOMOUIBIO BX olpelerncly &
e 13 KPuBO# 3aBHCHMOCTH MOAYJAA BXOMHOTO COUPOTUBNEHHA CHCTE-
MB OT wacrors (puc. 4.16), KprBasg anMeer MuBHMYM BOJMH3H YaCTOTh
nacTpofikk dhaszouHpepTopa 5 (oGo3uaueH-
)Zpc) \Zpel/@- Haa HA pucylke fu), TAe BXOJHOE COIPO-
4 7 m THRJEHUE NOpIHUMaeT suauenlie Re+Rpa,
rge  Rpy — conpornBienue, oOyCJOBJAEH-
yoe morepsAMu B Kopnyce. Kpumasm gneer
Y.y f », ABAd MAaKCHMYMa Ra wacroTax [r W [a. 3Ha-
Re | | {  yepns 3THX MaKCUMyMOB 34BHCAT 0T IO-
TepL B Kopuyce If rpoMrororopuredae, Ilpu
H3MEpEeHNAX INpHHEMAeTCs, uTo [p=[u
Prc. 416 Uacroreasn sasn. LT 14]. Tlocie onperesenns ToYHOTO 3HA-
CHMOCTE MONyag Bxommoro UYCHUH HaCTOT fr, far ¥ g oupeaendem ua-
CONPOTHBAEHHA CPOMKOTOBO- CTOTY pPe3oHaHCa rpOMKOIOBOPHTENS B KOpP-

pHTe.ﬂH B EOpOyce ¢ [bﬂa()' Hyce c 06136&’103!1 VB:
HHBepTOpOM (De3 yuera uH-

IL}'I(THBHOCT;JYLHS:PBI%’KUBOH Ka- fsp= frfull8-

7, fuy Th ¥

KosdhdunuenT ¢ paccyuTHBaeM H3 COOTHOIICHHS

a={fu-+F8) (fu—TFs) (fa+f) Fa—FlT% 13-

Eciy Kopnyc COAEPKHT HEMHOIO 3BYKONOTJIOU(AION(Er0 MaTepHana,
To skppBadeuTHui obweMm Vaig=oaVa. OtHocuTenbuas vacrora Ha-
CTPOHKHE (azouHBEpPTOpA

h= fgl/fsa.

Hajee rPOMKOTOROPHTENL YVAajdseM H2 KOpOyca H €ro napameTphl
fs, @ums, Qrs. Qrs u3MepAeM B TCCTOBOM 3KpaHe cuocoboM, yKasad-
HBIM BHIIE,

3aTeM Ha uacToTe far H2ZMEpSAeM BXOJHOe compoTtHBJaende dQazout-
pepropa (Re-+Rpn) H paccyHTLIBaeM

1= (Re -+ Rem)/Rs.
Hanee paccunthiBaemM go6poTIOCTE NOTEPL B KOpuyce

QrL=Qs=(h/){1/Qgs ru—1)— 1/Qusl.

Toynoe uaMepeHHe BCeX BHOB NOTEPb B CHCTEME W OHEHKA HX
RJAWSAHES Ha MapaMerprl gausl B [4,14].

Da30HHBEpPCHBIC CHCTEMBbS
C KOPpeKTHPYIOmuMHU uabTpaMt BEPXHHUX YACTOT

Bruaouegne aKTHRHHX (HALTPOB BEPXHHX HaCTOT da BXOJe YCH-
JIHTENS] 3BYKOBOI wacTOTH (HA3OHHBEPCHOH CHCTEMBl HO3BOJISIET, KaK H
B 3aKpHTOH cHCTeMe, CHH3HTh aMIUINTY1y cMemenns AAdpysopa B
06JACTH 4ACTOT HHXKE Pe30OHAHCHOHR waCTOTH IDOMKOrOBOPUTEIA H CO-
OTBETCTBEHHO YMEHLIUHTL HeNHHeHHHE HCKaenus B 00AaCTH HH3KHX
YacToT M YBEAHYHTb BXOAHYIO 3JEKTPHUECKYIO MOWMHOCTHL, OrpaHHYCH-
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v, 5
> L

gouc. 4,17 uzobpaxkenr MakcumadbHO TIOcCKHE AUX H COOTBETCTE) gy
IHC HM XapaKTePHCTHKH CMEIIeHHs! (pasOHHBEPCHOH CHCTEMH, (aso-
HHBEPCIIOH CHCTEMBL C KOPPEKTHPYIOIINMHE (PUJIBTPAMH BEPXHHX 9ACTOT

EPBOTO H BTOpore mopsAgka, Jlasg MakcEMaabHO njiockol AUX mak-

A5 [xGm)|, 28

24 : 1

2 25 y 2
y T o A

Puc. 4.17. Hopumupopahibe xapakTepdcTHKE (HasoHNBEpPCHEHX CHCTEM YeTBEpPTOro
(/}, naroro (2) u mectoro (J) MOpAAKOB (MaKCHMAJBHO HAOCKAA anlpOKCHMALH)
a) AUX, 06} 3aBHCHUMOCTL AMIINTYAB CMelleHua Auddysopa OT 4acToTH

CHMAJIbHOe HOpMHpOBaHHOe cMemenne |X(S)|max v $asonusepcuod
CHCTEMBl ¢ (DHABTPOM-KOPPEKTOPOM nNEPBOre nopsiika B obaacTm yac-
TOT HEIKE PE30HAHCHOH YaCTOTLl TPOMKOIMOBOPHTCIS yMENbIIaeTesl npH-
MepHO B 2,b pasa, a ¢ (QpUILTPOM-KOPPEKTOPOM BTOPOro NOPSIZKA — B
4 pasa, 4TO COOTBETCTBYET VBEJHYCHHI ACHYCTHMOH MAaKCHMAJbLHOH
NOABOAHMOI 2JICKTPHUCCKOR MOLIHOCTH, OrpaHHYeHHOH AonyCTHMOH
AMIVIHTYA0H cMenreHus (4.42) n m3ayuaeMoll MAKCHMAJNBHOH aKyCTHYE-
CKol MOIHOCTH (4.43) coorBeTcTBEHHC B 6 H 16 pas.

Bripaxenue s nepelaToUHOH (QYHKUHH (a30HHBEPCHON CHCTEMEI
nsToro mopaika (4.8) MoXKHO nNpeACTABHTDL B BHJR

8 To/hy(s* T)
(sTo/hy + 1) ($* TE - ay ® T+ a5 82 T+ a5 5Ty - 1)

4 MEPEeRATOUHOH (PYHKUHH (Pa3OHHUBEPCHOH CHCTEMEl IIECTOrO HNOPAJIKA
(4.12) — B BHRE

T(s)=

s2 T2kt T
(2T 45T/l Q+ 1) (T 4 ay ¥ T3 a2 T2 4aysTo+ 1)

Tae &, gz, A3 — KO3(pPHUHEHTE HepeJaTouliof QyRKIHH (ha3soHHBEPC-
HOR cHCTeMH f4(5), BHpamMeHube Uepe3 ee napaMerpsl (cM. Bulpazxke-
nug (4.36),... (4.39)), a Ty, Ay, Q) — ONpPEACHACHHEIC PAHEE TAPAMCT-
PEI ZOMOJAHHTENbHOrO HILTpa BEPXHHX UACTOT NEPBOTO (BTOPOro) Io-
panka (4.31) ... (4.32). ’

[Ipumep AUX (ha30HHBEPCHBIX CHCTEM NATOTO U LIEGCTOrO NOPALKA
naH Ha puc. 4.4. B raba. 4.0 naHs napameTphl (Pa30HHBEPCHBIX CHCTEM
NATOro MOPSIAKA, HMEIONUX rAaagkue win OaH3KHe K miagkum AUX.
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¢ BY.nant napamerpos, mpeAcTaBaeHHHA B Taba. 4.5 mox noMepom
ms®oTBETCTBYeT AUX, H3oOpaxkennoi na prc. 4.4 [4.4, 4.15].

B cBsizu ¢ TeM, 4yTo nmepegaroyHasd (PYHKUHA (DAZOHHBEPCHOH CHCTE-
MHBH MOXKET OIMHCHBAThCH KaK MPOH3BEIeHHE ABYX MEPezaTOyHBIX (ylK-
IHA BTOPOTO NMOPsLIKa H KOPPEKTHPYIOIHH (DHILTP ONHCLIBAGTCH Tax-
e mepefaToudoil QyHKIHeH BTOPOro NOpsijka, CYLICCTBYCT TpH Ba-
pHaHTa CcoweTaHHf mepenarToynblXx (VUKUHE (QHALBTpa H CHCTeMB. B
taba. 4.0 ppeAcCTaBJCHH mapaMeTphl (ha30HHBEPCHOH CHCTEMEL LHECTO-
ro MOPAAKa, COOTBCTCTBYIONIHE OJHOH H3 TpeX BO3MOKHBIX KoMOHIia-
nuii [4.4, 4.15].
CpapHupas XapaKTePHCTHKH (a30HHBEPCHBIX H 32KPbITBIX CHCTEM,
MOZKHO CAEJNATDh CALZYHOIHC BEIBOAH:

Tadaouma 4.5

! ,
. | |
= i
= Bup annpoxcuMaund| Qp < Qes a Vh—fglts |hy=f/1g| Talfg
2 =
I {KsasuuerBepToro
nopsiiKa 7 — | 0,392} 1,390 | 1,100 | 0,834 | 1,250
2 |[To Bartepsopry — | 0,478 | 0,701 | 1,000 | 1,000 | 1,000
3 |[To Uctrmuesy 0,050 | 0,727 | 0,200 | 0,824 | 1,440 | 0,760
4 [Tlo Yebumesy 0,400 | 1 010 0,001 | 0,745 | 1,900 0,686
b |Ilo YeGwueny 1,000 1,320 0,044 | 0,693 | 2 320 0,651
6 [KBasu4eTBepTOTD
TopsaKa 0o — 0,371 | 1,771 | 1,087 | 0,830 | 1,24p
7 |Ilo Bartepsopry — | 0,447 | 1,000 | 1,000 | 1,000 | 1,000
8 [|ITo Uebniuicry 0,060 | 0,657 0,387 { 0,85 | 1,470 0,774
9 {ITo Yebruuesy 0,400 | 0,882 | 0,243 | 0, '803 | 1,972 0,713
10 {ITo Yebuuiery 1,000 | 1,102 { 0,190 | 0,781 | 2,464 | 0,690
TaGouua 4.6
g & 5
-E- BHA anunpoRcHMaUMH ; @y E Qrs a :ﬁs G f taite
2 z i 5
|
i KBasungroro no-
psKa 7 — 10,286| 2,830: 1,010 1,341 1,324| 1,373
2 [To Bartepsopry — | 0,312 2,270] 1,000} 1,932| 1,000[ 1,000
3 [To Yebrimepy 0,050| 0,408| 1,040 0,847 4,156{ 0,594} 0, '578
4 [To Yebsiesy 0,400 0,495| 0,659| 0,730 6,150 0,474 0, 1459
5 ITo YeCuiuieny 1,000[ 0,584] 0,504] 0,659, 8,000, 0,419 0, 404
6 KBasunsaToro no- ’ r
psnKa o | — |0,275] 3,337 1,012 1,347, 1,324 1,378
7 | [1o Barrtepropry 0,299 2,732 1,000, 1 1932| 1 1000 1,000
8 | ITo YeGHieny 0,050| 0,385! 1,362 0, '863; 4,156 0.599| 0,583
9 [fo Yebbiieny 0,400! 0,461 0,926, 0, 761! 6,152| 0, 484| 0,468
10 | Mo Yebrmesy 1, ooo 0, 536 0 ?47| 0, 704 8.004| 0,433 0,417
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2,

170 1ract

MpH 3afaHHBIX OAMHAKOBHX ofbeMax Kopmyca H PABHBIX HHXKF
§iuunbx yacTotaxX ¢asomuBepcunas cucrema uveer KIIJ uwa 3
ZOJbIIE 3aKPBITOM;

NpH 3a1adHeX ofunakoBbix KI1Jl » BHEXHEH TIPagHYHON UaCTOTE
pasouHBEpCHAs CHCTEMA HMEET MEHBINHE 00DbeM Kopmyca;

npH 3aiaigubelXx oaunakoBex KIIJL H ofbeMe Koplyca ¢hasonusepe-
nas cucreMa uMeer B 1,26 pasa 6o/ee HH3KYIO I'PANHYHYIO HaCTOTY;

Ipd ONHHAKOBHIX TPeOOBAHHAX K MaKCHMAJbLOH AaKYyCTHYECKOH
MOMHOCTH (HJH K MaKCHMAJdbHOMY YPOBHIO 3BYKOBOIO AABJICHHA}, BE-
JHYMHA MAKCHMAJIBHOTO cMellerns mH(pdy3opa H COOTBETCTBEHHO Be-
JUUHHA OOBEMHOTO CMEIIECHHH Y (DA30OHHBEPCHOH CHCTEMBI CYLIECTBEH-
HO MeHblie B 00JACTH yacTOThl HACTPOHKH (asoHyBepTOpA.

IIpr paBubix O6beMax Kopmyca H OJHHAKOBEIX FPaHHUHBIX 4acTO-
TaX TPOMKOrOBOPHTEIL (a3OHHBEPCHOH CHCTEMH HMeeT (oJee JETKyIC
MOJBHIKHYIO CHCTEMY H OOJBIIHA KO3(p@HUHEHT 3JeKTpoMeXaiH4eCKoH
ceAsu Bl 310 u ofbsacuser Conpmni KIIJ dazonnBepcHoft cHeTeM™,
[Ipn oanEakoBHIX TPeGOBAHHAX K MAKCHMAJIBHOMY 3BYKOBOMY jaBJje-
HHIO H TIPH YCJIOBHH PABEHCTBA 3(hexTuBHBIX Miomaie augdysopos
IPOMEKOTOBOPHTENIEH, TPOMKOIOBOPUTEAL (Pa30HHBEPCHON CHCTEMbBl HMe-
eT MeHbLIIee MAKCHUMAJbHOE CMCUIeHHe TOABHKHOH cHeTemEBl CHCTEMB
3aKPLITOr0 THIA JOJXKHB HMETh OTHOCHTE&ILHO COJBIIOE 3HAYCHHE OT-
nolexnsi rubrocres @, ecam Tpefyercs OOECNEYHTb MAKCHMAAbHYIO
YYBCTBHTEILHOCTD, TOI'AA KAK Y (PA3OHABEPCHHX CHCTEM ¢ HMEET MeHb-
IKe 3iavenus, T. €. npH OJH3KHX 3HAYEHHAX 00BEMOB KOPIYCa CHC-
TeM I'DOMKOTOBOPHTENH (PA30HHBEPCHLIX CHCTEM HMEIOT MEHbHIVIO THO-
KOCTh.

[Tpnmerenuc huALTPOB-KOPPEKTOPOR BEPXHHX UACTOT HEPBOTO H
BTOPOro MOPSIAKA, BKAIUEHHBIX HA BXO/Ae YCHIHTENS 3BYKOBOH UaCTOTH
AN BAKPBITEIX H (a30MHBEPCHBIX CHCTEM, MO3BOJAHET CYIUECTBEHHO
YMEHBIIHTE MaKCHManbHoe cMeHleqHe AH(p¢y30pa IPOMKOTOBOPUTENS
H TeM CaMbiM CHHU3HTL HEJHHEHHbIE HCKaXKeHHd,

Cxazaggoe BHII€ OTHIOAL HE O3HAYAET, UTO CJAEIAYET OTKA3aThed
OT pa3paloTKH 3aKPHITEIX CHCTEM H OTHATH INPEANOUTEHHE TOJBKO CHC-
TeMaM (Pa3OHHBEPCHOrO THIIA. BeccnopHBIM IPERMYHIECTBOM 3aKPHITHIX
CHCTEM SABJSETCS MPOCTOTA HX KOHCTPYKUHH, OHM MCHEC «KATIPH3HB®
B HACTpOHKE, HMEIOT MenbllHe (A30BHE H mMepPeXOiHble HCKaKeHHsl B
06JaCTH HH3KHX YaCTOT, UMEIOT MEHBIIYIO AMIJIHTYAY CMELIEHHS 0=
ABHIKHOHR CHCTEMBl TDOMKOTOBODHUTENS B 00J4aCTH HH(PAHH3KHX UAC-
TOT.

4.3, JJIEKTPOHHOE YNIPABJEHHE NAPAMETPAMI
HH3KOYACTOTHOrQ FrPOMKOrQBOPHATEJ Y

[Tockoabky ob6beym Kopmnyca, KINI # prxupsas TPAHHYHAS YACTOTA
B4KPHITHIX H (Da30HHBEPCHEIX CHCTEM CBA3aHBI IPHBEACHUBIMH panee
KeCTKHMH cooTHowennamu (4.22), (4.41), Bocmpoussesende camslx
HH3KHX T4CTOT 3BYKOBOIO JHAMNa30HA TpefyeT NMpHMEHEHHS KODPIYCOB
0YeHb GOMBIIHX PA3MEPOB HAH NPHBOAHT K CO3JAHHIO CHCTEM C QYEHD
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sgam KIIJI. CTpemaense yMeHLIUHTL rabapdthl cucTeMb H CHHAHEL 4
Y KHIO rpanyuunyio vacrory Ge3 ymenbiuenus KIIJI cHcrembl zacT R
e sieT pa3paloTyukor AC IOCTOAHHO HCKATL HOBHE METOMLLI KOPPEKLHH
xapakrepueTHE AC B obsiacTn Huaxux yacror. Koppekuus ¢ gopcupo-
BAHHEM HHBKHX YACTOT MO3BOJAAET NyTeM mogauy OoJblueH MOLIHOCTH
H& HH3KOYaCTOTIBIH TPOMKOTOBOPHTEib CHH3HTh HHIKHIOI IPaHHYHVIO
YACTOTY CHCTEMBEL, 110 TIPHBOAHT K YBEIHYENHIO HEJHHCHHBIX HCKAZKE-
HUH H3-32 BO3POCIUEH AMMAHTYALI CMOIIEHHS TOABHIKHOH CHCTEMBL
[Ipumenenre IMOC cBsI3aHO ¢ psiioM TpyAHOCTEH, TAKHX KaK oGecme-
HEHHE AOCTAaTOYHOH IMyCHHBI OTPHUATEILHON OGPATHOH CBAS3H, CJAOK-
HOCTL KOHCTPyHpoBaHuA RaTunka IMOC, sHoCAmero Mmadsie cofeTBen-
HBEI€ HCKAXKEHHH, TPYLHOCTDL npumeHenus 3MOC B cueTemax poiuie BTO-
poro nopspka, Hanpyimep, GA30HHBEPCHEIX, CBA3AHHYIO ¢ ofecneyeHeM
YCTORYHBOCTH CHCTeMH H T. A. CpaBHHTEAbHO HELABHO MOSIBHJACH HO-
BBIH THT [IH3KOYACTOTHEIX CHCTEM, B KOTODHX HCHOJMB3YETCS «napamer-
pHUECKasd» KOPPEKUHS, T. €. 3NCKTPOHHOS YTIpABJCHHE MEXaHHYECKHMH
fiapaMeTpaM¥ NH3KOYACTOTHLIX TPOMKOroBOpuTEeiel B 0OPMICHHH IO
Ooro THna. JTH cHCTeMH, moJyu#Biiye Haspanne «ACE-Basss (Amp-
litfier Controlied Euphonic Bass), no3poaIsioT cHHKAThL HHKHIOW Tpa-
MUYHYIO yacToTy Oe3 yBenuueHuda rabapHTOB KOPTycCa ¢ HCNOJb30BAHH-
eM I'DOMKOTOBODHTEJCH, COOCTBEHHAA PE3OHAHCHAS WACTOTA KOTODBIX
MOKeT OBTb MHOTO BBIlUIE HHXKHEH TPaHHYHOR wacTOTH cHcTeMbl [4.5].
Hprnunun AeficTBYS CHCTEMEl 3aKAI0UASTCH B TOM, UTO HH3KOYACTOTHBIH

1=8, Rg%~Re | Re

N o T

4} F=8517 z
Ly
P o T
Jax=1Z, e Rsr—Re, Re
—3 .':|-€|>—L:.l+
Gy r
4 —— I S Ones | (Res  Sbees | |8HY2
|
Y
?

Puc. 4.18. Cucrema ¢ 3JBKTDOHHEIM YNPABJEHHEM NAPAMETDAMH  HH3KOYACTOTHOIY

TPOMKOTOBOPHTEIS
0} SKBHBAJEHTHAR IEKTPOMEXAHHYECKAS CXeMa ¢ HCTOUHHKOM TOKA; 6) SKBHBAJeHT
Hafd MEXAHHYeCKasa CXEMa; 6) DSKBHBAJGHTHAH 3JICKTpOMeXaHHYecKas cxema ¢ HC
TOUHHKOM HANpAXKCHHT
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YMKOTOBOPHTENE BO30yKAAETCH OT yCHJIHTENA MOLHOCTH, BHIXOIIN

(POTHBJACHHE KOTOPOrO HMEeT CJOKHBIE KOMINUIEKCHBIH XapakTciy ¢

Lamrs®. PYKTYDHAA CXeMa CHCTeMBl WaobpaxkeHna Ha puc. 4.18, rae Cx, Rx g
Lx— 3JeKTpHYEecKHe MapaMeTpPH, XapaKTePH3 YOI HE KOMIJIEKCHBIH Xa-
PAKTEP BHXOIHOTC CONPOTHBJCHHS YCHIAHTENH; Kg— OTPHUATEABHOE
CONpOTHRACHUE, OaH3Koe MO A0COJAIOTHOMY 3HAYCHHIO CONPOTHRJICHHIO
TPOMKOTOBODHTEN S Ha MOCTOSHHOM ToKE; Leors Res, CuEes — MexaHnye-
CKHE ITapaMeTPhl FPOMKOCOBOPHTENS, TePecYHTAHHEIE B 3JEKTPHUECKYIO
nens, OTpHuAaTeNbHOE COMPOTHRJACHHE Rg yCTPaHAET BJAHAHHE CONPO-
THBJEHHS 3BYKOBOH KaTyilKu Rs u TorAa eMKocTh Cx YBEJHUHBAET Mé-
XaHHYECKYIO MACCY TOABHKHON CHCTeMB! Marg, CONPOTHRJACHHE Rx yBe-
JHYHBAET AeMipHupoBaHuEe Rar, 2 HHAYKTHBHOCTh Ly ymeubinaer ruf-
KocTh Cars (pHc. 4.18, 0). Taxnv ofpasoM, H3MEHs S COOTBETCTBYIOLHM
o6pasom 3Hayeuus sjaeMceHToR Cg, Lx m Rx, BO3MOKHO TE€pecTpaH-
BATh MEX4HHYECKHe NAPAMETPH HH3KOUACTOTHBIX T'DOMKOTOBODHTE/EH
Ha HHKHHE 3HaueHHS, 1[0CKONBKY 3TH mapaMerprl oNpeReNsT GopMy
AMIWIATYHO-YACTOTHOH N (Pa304acTOTHOH XapaKTEPHCTHKH Ha HH3KHX
yactorax, cucreMa ACE-Bass gaeT RO3MOMKHOCTb €€ ONEPATHBHOH Ie-
pecTpoHKH.

Cucrema ACE-Bass MoxeT OHITh peain3oBRaya HeCKOJbKHMH pas-
JHUHBIMH ClocO6aMH, B YACTHOCTH, OTPHIATEIbBHOE BREIXOJHOE COIpO-
THRJACHHE Rg peatn3yercs Kak ¢ NOMOILBIO IOJOXKHTEILHOH oOpaTHOA
CBSI3H 11O TOKY, TAK H € NOMOUIIbID KOHREPTOPA OTPHIATENBHOTO CONPO-
THRJEHHA, dNeMeHTE KoHTYpa Lk, Cx, Rx peanusyiorea ¢ noMOIILIO
akTHBRHBIX RC-nenefi. BosMokHa peannsanHg CHCTEMBI KaK ¢ MCTOYHE-
KoM Toka (puc.4.18,a), Tax u C HCTOUHHKOM HanpskeHHA (pHC. 4.18,8).
B »TOM ciayyae BHIXOAHOE HaNpAXKEHHE HCTOWHHKA JOAXKHO HMETh KOM-
MJIeKCHEIH XapagTtep. lloapobuoe paccMOTpEHHE METONOB pealiH3anny
fano B [4.5]. DddeKT yMeHbIICHHS HEJHHCAHBIX HCKaxKeHHH B ofiac-
TH HHIKHHX YACTOT OODBSICHSIETCS WACTHUHBIM lpeobiaafanHeM 3JEKTpH-
YyecKyx JnHefHbx napamerpoR Lx, Cx, Rx Haj MexaHHyecKHMH, Iie-
PECYHTAHHBIMH B 3JEKTPHYECKYIO 1elb Logs, Cumrs, REs, KOTOpHE,
CTPOTO TOBOPS, SABJAAIOTCH HEJHHEFHBIMY,

4.4. ONTHMAJIbHBIA CUHTE3 NAPAMETPOB AC
B HU3KOUYACTOTHOH OBJIACTH

CHcTeMHBIA MOAXOX K KOHCTPYHPORAHHK) HH3KOUACTOTHBEIX oopM-
Jdepnii AC, DO3ROJIHBIUHH OIIHCATL HH3KOUACTOTHHIE XapaKTEPHCTHKR
JI00X THnOR AC ¢ NOMOWBK ZpoOHO-pAlMOHANBHBIX (QYHKUME, IO~
CAYXRUJI OCHOBOH A/ CO3NAHHS METOZOR ONTHMAaNbLHOTO cHHTeza AC B

HH3KOYACTOTHOHR obaacTH. CyTh HX 3aKJlOyaercs B ToM, uT¢ Ha IBM
—

pPACCUHTHIBAIOT peafbHVIo nepefatoynylo ¢yuakpnio AC Ha(sX), 3aBH-
CAUIYIO OT BEKTOPa NMaPaMETPOR CHCTEMEI,

—_
X=F(fs,"Qr, Vas, 8. Vg, Qu,...),
K NyTeM uejacHalpPABJEHHOTO H3MCHEHHs 3HAaueHHi BEKTOPA NapaMer-
—
poB X, ¢ yueTOM HAJOXKEHHHIX HA HHX OFpaHHUCHHH BHAA
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Xi mingXigXi max

X::XEO

NpHGIHKAIOT ¢ 32TdHHOH CTENEHBIO TOYHOCTH DEAJIbHBIE XapaKTepHc-
Tikn AC ¢ jKenaeMblM, 3a1aBaeMbiM B BUAe APOGHO-PAlMOHANLHOR 1Ie-
penatouod QyUKURY QHIABTPA BEPXHHX YacTOT

by §Fb,_gst-l s
l+a, (54a, 4524 ... 5" 1

the a= (a5, ds....an); b=(b{, bg...,bn) W B — BellecTBEHHBIE
KOo(p(pHUHEHTH], §=j®/0; — KOMIAEKCHAA yacToTa, HOPMHAPOBAHHALA OT-
HOCHTEJILHO YacTOTH! ¢pesa wa (—3 1B}, a u b — Bexropn napaMerpos
nepenatoynol QyHkuup 7 (s), OUpepeafrmHe xapaktep H QopMy ee
monyna (AYUX) w aprymerra {®UX). Hanuuwe orpanuyenvi (4.47)
AWNKTyeTC TPeGOBAHWSAMH DEANM3YEeMOCTH CHCTEMbl — HAaNpuUMep, 06D
eM Kopilyca He JOJYKEH NPEBHIIATH PEanbHO AONYCTHMHX 3HAYEHHUH,
FEGKOCTh NOJABECA He MoXKeT OHTh OoMbIIe KPHTHYECKOHR H T, A. B npo-
I[ccee ONTHMH3ALHH YacTO BO3HHKAGT HEOOXOIHMOCTh (HKCAUHH HeKOo-
TOPHX NapaMeTPOB CHCTEMBI — HANpHMeEpP, PACCYHUTHIBATL CHCTEMY QM
FOTOBBIE KOPIyC H3BeCTHOro ofbemMa HAK NOA yiKE HMEIOMHACA rpoM-
KQTOBOpUTENAb, 370 o0eCnecYMBacTCes HAJOXKCHHCM HA U3MeHdeMble B
npolecce ONTHMH3AUHHE TapaMeTpel CHCTEMB OrpatuycHui BHga (4.48).
Crenedb npHGIHKEHKS PCANbHHX xapaxTepucTeK AC K KETaeMHM Xa-
paskTepHsyercd (PYHKUHOHAJNOM, Ha3nBaeMblM UGICBOK (hyHRUHEH (CM.
ra, 3).

T'(s)=58

QX) =T [1—1C (s: X)/IT (s)1 1% (4.49)

(==l

rae §;=]j2nf; — 3HauEHHE KOMIIJICKCHOH YaCTOTH C HOMEPOM i, 7 — YHC-
JIo YACTOTHHIX TOYEK B NMama3soHe ontuMHusamuy, |7 (s;) | — xKenaeman
AUX, |G (s:X)| — peamenag AHX. B puipaxerun (4.49) ¢yuxuus
KaycerBa Q mpencrabasier coGofi B3RCIUIEHHYID CYMMY KBAaAPATOR Das-
"ocTell aMIIMTY 1HO-YACTOTHHX XaPaKTEePHCTHK peanbHoll B HAcanbHOHR
CHCTEMHI,

J19 moayueHHs Hamayuulero OprOAMKedws K JAw0dof 3apanno#
AUX moctaToyHo HaHTH TAKHE 3HAYyeHHA BEKTOopa mapaMerporR X, KO-
TOPHIC MEHEMH3UPVIOT PYHEIHIO KaucetBa @ (X) ¥ oupeaenasioT B CBOIO
ouepelb OCHOBHBIC llapaMeTphl CHCTEMH. CymECTBYIOT APYrHE CHOCO-
6ul (pOPMHPOBAHHUS IleNeBoH (pyHKuuy — manpuMmcyp, s [4.8] opeanara-
eTca dopMHPOBATh QYHKIHIO KayecTBa KAK

QX B)= ELW{HG (s:/B, X1} —1T SHPNT (s )13,

rne W; — ko3¢ QHuveHT Beca Ha i-fi 4actore, [} — BellECTBEHHWH ma-
paMerp.
TTocnemoBaTelbiOe YMEHbIIeHHe [ B OpouecCe ONTHMH3AauHH NO6-
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AfieT noayuath Oojee HH3KYIO HacTOTy cpesa CHCTEMbI, He ualff
#.: aToMm popube AYUX. [ noHCKa ONTHMANBLHOTO RELICHHSA, T.
SO ACHHA 100anbHoro MHHEMYMa (YHEIHH KauyecTBa, HCIOMbL3Y _
pasauuibie Metonn — Posenbpoka [4.7], ®aeruepa — [aysana [4.8]
# Ap.

Ha puc. 4.19 npusenen npumep AHX CHCTEMBI ¢ IACCHBHBIM H3J1Yy-
gareqem 10 onTHMH3aNKH (I) W mocae ontumusanwn (2} [4.8]. Ilpu
ONTHMHU3ALHYE 06BeM KOPHyca CHCTEMBI COXPaHANCH HEH3MEHHBIM Vp=
=60 1M%, B xauectBe KenaemMoHd HCIOJAL30OBANACH MAKCHMAALHO-IJIOC-
xad AYX ¢uavrpa BarrepBopra BepXHHX YaCTOT UETBEPTOro MOpsAIKa.
OrrIouende peagbHol AYX owcreMbl OT XeaaeMoOH YMEHBIIHJOCh C
3,3 1B no omrummzauuu Jo 0,49 ab mocae onrtumuzanuu. CoorBercT-
BEHHO yacToTa cpe3a CHCTEML! yMeHb- ‘
muaacs ¢ 50,3 'y mo 42,6 T'u, peso- xz& —
HaHcHaa uYacTotra rpoMkorosoputens I
ymeHnmuaacs ¢ 51,3 I'm go 30,9 T
[IpuMenenne ONTUMH3AUHOHHBIX Me- ~Fr 2
TonoB ¢ mpuMenennem IBM nas pac- !
4eTa NApaMeTPOB M XapaKTePHCTHK "7f
AC B 06/12CTH HH3KHX 4acTOT IIO3BO-

JSI0T CYIIECTBEHHO YCKOPHTH IIPOIECE 25 57 0
pacyeTa M [OJyYaTh PE3yJAbTATH,

NPUHIMIHAJILHO HEZoCTHKHMble nppPrc. 4.19. Ilpnmep onrumusanuy c
NpHMEHEHHH TPAZHIMOHHEIX aHaJjoro-HCAOARS0BaLALM OBM cHcTeMH ¢
BEIX METOLOB. ITO oOBIACHAETCH TEM, MACCKRHLIM H3JYHATE/IeM.:

] — AYX cHeTeMBl OO ONTHMH3anHH, 2 —
9T0 B IIpOLECCE IIOHCKA OIITEMAJLHON) AUX cucreMul nocile oITHMHSALHH
pemienys 3BM HaxogHT NOTEHIIHAMD-

HO AOCTHKMMEIE NApaMETPhl CHCTEMBl 4/ 3afaHHBIX OTPAaHHUCHHH H
BHIGD aHHBIX KPHTCPHEB ONTHMAJbHOCTH.

B énuxatimeM GyXymeM MOMKHO OXHIaTh NOSBACHHE HOBHX, §0-
jee MOIHBIX AJTOPHTMOB ONTHMaJbHOro cHHTesa AC B 1IH3KOYAcTOT-
Hoft obJactTy, Korla onTHMH3anHe# OyAyT OXBaueHH HE TOALKO mapa-
METpPH TPOMEOTOBOPHTCAS H KOpDMyca, HO H NMapaMerphl 3JCKTPOHHBIX
KOpPEeKTHPYIOMHUX Leneh, [1epCleKTHBHEIM NpeAcTaBasierTcs paspaboT-
K2 METOLOB MHOTOKPHTEPHAALHOH ONTHMH3ALHH 110 TAKHM XapaKTepHC-
tkaM kax: AUX § MakcHMadbHO HOOYCTHMOE cMemeHne nHpdysopa,
g AUX u KIIJI cucremsl # 1. M. Jlansuefimefi mepcneKTHBOH KOHCT-
pyupopanusi AC B HH3KOUaCTOTHOH 06JacTH SBAAKTCH METOIH HEJH-
HeHHONR KOPPEKIHH, yTO MO3BOJHT CYIECTBEHHO YBEJIHYHTL AHHAMHUE~
~KHf AHANa30H ¥ CHH3HTL HeJHHEHHBIE HCKAKCHHI.
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5

KOPITYCA AKYCTHYECKOMN CUHCTEMBI
H METO/Ibl OBECITEYEHNA UX BUBPOIIOIJIOWIEHU A
i 3BYKOU3O0Jsg1Lllhnu

4
5.1, OBIMHUE CBENEHHUSA

Kopnyc akycTuuecKoH cHCTCMEI, TIOMHMO BHITIOJHEHHSA CBOETO  OC-
HOBHOTO (QyHKIHOHA/IbHOIO Ha3HaYeHHA — GOPMHPOBAHHA XapAaKTEPHC-
1k AC B 064aCTH HHM3KHX 4¥acTor (UTO NMOAPOGHO pPAaCCMOTPEHO B
rd. 4), BHOCUT 3HAYHTEAbHBIE HCKAXKEHHS B BOCIIPOH3BOAKMBIN CHTHag
M3-3a KoJe0anHufl CTeHOK KOpmyca H 3aKJI0YeHHOro B HeM ofbeMa Bo3-
AyXa. DTO MPHBOJAHT K CASAYIONIHM Pe3yJbTaTaM:

usmenenuto gopmor AYX — ¢ yMenblleHHeM TOJIUIHHL CTEHOK CHH:
KAeTCA YPOBEHb 3BYKOBOIO JNABJICHHS HA HU3KHX YACTOTAX H VBEJHGH-
BaeTCs YHCACQ [HKOB-NPOBAJOB HA CPeJHHX 4YacToTax (LUPHUMEp H3Me-
Henusd ¢opmel AUX ¢ yMeHbIIeHHEM TOAIIEHB Kophoyca ot 20 MM 10
4 MM nokaszad Ha pHuc. 5.1);
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Puc. 3.1. Mamenenne dopmu AUX ¢ usveseHHeM TONIHHE /1 CTEHOX Kopryca:
I—d4 MM, 2—8 MM, 3 — I4 MM, 4— 20 MM

YBLAUMCHIIO YPOBHA HEAUHElHblX UeKaMenull, nanpuMep IpH
yMeHDIIEHHH TOJIIKAB CTEHOK B Kopmyce ofbemom V=56-10-% M3 or
20 MM Jio 4 MM BO3pacraer KO3GhOPHUMEHT HeIMHeHHHIX HCKaxKeHHH
Ha wacrore 100 ['u or 3,8% no 16% uopw moxBogumoii  MomuocTH
15 BrT;

BOBPACTAXILO JAUTEABHOCTU 1 YpOBHA NepexofusLx npoleccos —
BpeMsa cnaga KouebGanWii CTeHOK Kophyca Moxker aocrirats 100...
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120 Mc, 4TO 3HAYKTEbHO NPEBOCXOAHT JJIHTEJIbHOCTD MEPEXCAH:g
S, O11ECCOB B TPOMKOTOBODHTE/IAX.
Bce st (akropsl yxymmaior KayecTso 3pyuanus AC (snocs TaK =
Ha3LIBAEMBIE <HIIHYHble» OpH3BYKH), Kpowe Toro, Au{paKiHOHHbIE
s¢dexrtsl, ofycioBjeHHbIE BHEIIHEH KoH(urypauue Kopmyca  (ero
$OpMOi, CTENEHDIO 3AISIYIISIHOCTH NepeliHel MaHeaH H T. 1.), YBEJH-
gEBAIOT HepaBHOMepHOCTh AUX, BHOCAT MCKAKECHAS B3, npusogsar K
NOSABJCHHIO «3afeP:KaHHbX»> pe3oHancoB. [Ipu 3TOM H3MEHACTCA TeMO-
pajnbHas OKpacKa H YXy/Iulacrcs JOKAJH3AMHA crepecolpasa.

[To yassagapIM MPHYKHHAM KOHCTPYHPOBAHHIO KOPIYCOB H AHAJIH3Y
¥X B/IHAHES Ha pAasJMyHbIE BHAB HCKaKEHHR yJelderci CepbesHoe
BHHMAEHE B OTCUECTBEHHOH M 3apy0eXHOH NPAKTHKE NPOCKTHPOBA-
s AC xareropun Hi—Fi.

5.2. BINAHHUE KOJEBAHHHA CTEHOK
W BHYTPEHHECQ OFbEMA KOPNYCA HA XAPAKTEPHUCTHKH AC

AHaJu3 MeXaHU3MOB BO3HHMKHOBEHHA 3BYKOHM3JyUeHHS H3-33 BuO-
pauuil CTEHOK KOpIIyca IOKA3hiBAET, YTO CYIIECTBYeT JBAa IyTH HEPE-
n4uy 3ByKa OT TPOMKOropopurels: 1) BosOyxaeHHe KoJMeOaHHH BIYyT-
peHHero ofbeMa BO3AYXa B KODNyCe BCAENCTBHE HBJAYUCHHS OT ThlJb-
HOH MOBepXHOCTH AuadparMbl ¥ Iepejadya 4depes HETO KoJjebanui Ha
CTEHK: Kopmuyca; 2) mpsmas Iepefaua BuGpanuit oT ARPQPy30pOACD-
JKaTeasd na NEepejHIon CTeHKY, a OT Hee HA GOKOBHIE M 33N, B 3a-
BHCHMOCTH OT Buja nepejfaud KoaeGanuHl na CTEHKM KOphnyca B IIPO-
necce KoHcTpyupoBanna AC IPHMEHAIOT CHOCOOBI 3BYKOH3OMALUH H
3BYKOLOTJOIIEHHA, 4 TAKKE BHOPOH30AALHUE H BUOPONOrJIOIEHHESA, 10-
CTATOUHO XOPOLIO pa3padoTaHHBIE B CylO- H aBHACTPOCHHH [5.1]...
... [B.3].

Apanus Braafa ofoMxX Mexanu3MOB B OOmiHH NIPOLECC 3BYKOH3JIY-
yeHss KOpIyCa, BHIIOAHEHHEH B padore [5.4], MOKaskBaeT, 4TO HpPH
M3Mepennn BUOpauuil CTEHOK B BO3JyXe ¥ B BaKyyMe 3aMeTHBHIC pas-
NHYES HAGAIONAI0TCH TOABKO B obaacts uwactor A0 300...600 T'u (B
3aBHCHMOCTH OT oObeMa Kopmyca), rae Bosfymaenue Konedaui cTe-
HOK OCYIECTBJASETCS 0BOMMEA MyTAMH (dYepe3 BO3AYLIHBIA 00beM i ye-
pes NpaMYK mepepauy BuOpaumit). Brllre 3THX 4acCToT BO30VK eHHe
OCYL{ECTBIAETCS TOJIDKO BTOPHIM crocofom. [leficTBuTebHO, YPOBCHB
3BYKOBOTO JaBJICHHA BHYTPH 3aKPHITOrC KOpIYCa LAAAET C KpyTHS-
poft 12 gB/okt. [4.9], 3apoanenue KOphoyca 3BYKOIOMNIOIARIKM Ma-
TepuadoM (Kak OyJleT IOKa3aHo HHKE) IO3BOMAET HA 4acroTax BhI-
me 300 I'm cHu3uTh 5TO0T yposeHb eme Ha 20 AB, mostomy B 3TOH
o6AacTH YACTOT 3BYKOBOE JaBJeHHe BHYTPH KoOplLyca CJAHIIKOM Ma-
10, yT008 BO30YKIATh BHOpALHH B J0CTATOYHO MACCHBHBIX CTEHKAX.

B o6AacTH HH3KMX # CPegHHX 4acTOT, e IIPOLECC BO3OYKICHHA
goaeSanufi ocraercs CyMMapHBIM, MaKCHMAaJbEas [epefa4ia 3SHCPriH
OCYILeCTBAACTCA HA PE3CHAHCHBIX YACTOTAX BHYTPEHHETO BOIAYINHO-
ro obbema. JIAS KOpIycOB NPAMOYIOJbHOH (POPMH PE3OHAHCHBIC dac-
TOTH OIPe/edIoTcs no popmyle
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Frer=2ey V (1102 + (BRIl + (Y1)2 /2,

T e Cp— CKOPOCTh 3BYKa B BO3AYXE; i, £, [ — HOMED MOABL; Iy, lo, Iz —
pasMepLl CTEHOK.

Pesyasrars pacdetos 0Oas KOPRYyca AKYCTUHECKOU  CUCTeMe
100AC-003 ¢ snyrpenntunu pasmnepamu 620X 370X 350 un

Homep w™oawm 4 £ ¢ . . . 100 010 001 110 101 01}
Pesonancpuie gacrore, 'y . 274 460 486 535 558 669

ML Gonxee paBHOMEPHOTO pacHpe/eNeHds 3BYKOBOM SHEPIUH MEx-
AY OTHENbHBIMH MOJAMH KOJeOAHUA H YAYULICHHS XaPAKTEPHUCTHK Has
NpapJeHHOCTH MepeaHHe nanenn xopnycos AC Hepenko jesaloT wa.
K/AOHHBIMH. Pacuer pe3soHaHCHHX 9acTOT, BHIIOJHEHHBIH Mo (GopMymam
pabotH [5.5], noxaskBaeT, 4To HAKJIOH HEPeAHell MAHEHH CHHIKAET pe-
30HAHCHRIE YaCTOTH 00beMa (UTO HEXKENATCJAbHO, TAK KAK HA 0OJee
BLICOKHX 4aCTOTAX HMX Jerue AeMiUpoBaTh}, NO3TOMY YIoJd HAKIOHZ
BEIOHpaloT He Ooublue 15°. HeoOxoauMoO OTMeTHTL, YTO XOTS HA BO3<
Oy’KACHHC CTEHOK PE3OHAHCH BOSAYIUHOIO OGBEMA BIAHAIOT TOJBKO
B 00JaCTH JOCTATOYHO HHU3KHX UACTOT, UX BausHue Ha dopmy AUX u
TeMOpaJbHYI0 OKDPACKY SBYJAHHMS MOXKeT CKAa3aThCd B AOCTATOUHO LH-
POKOH 4acTOTHOH 00aacTH 3a cuer BosAelicTBuA Ha KoneGanus auadg-
parMul rpoMroroBopurens. Ha AUX oHH NpoaBASiOTCS B BHAE Y3KUX
HEKOB-IPOBANOB (pPHC. 5.2), Ha NePeXOAHHX XAPAKTEPHUCTHKAX B BHAE
«3a/leprKAHEBIX» pe3oHancos [5.6].

o !

75

1

Y

1

I [

! [ ]
ag 180 200 go8 1000 2000 2000 hBrYy

Puc, 5.2, Bausune na ¢opmy AUX zanonHenns Koprnyca 3BYKONOTIONIAOMEM MAa-
tepranom: [ — AUX 6e3 samomierns, 2 — AUX pociie sanoaxenss

YuuTHiBas, 9TO PESOHAHCHBIC YACTOTH BHYTpPEHHero obbema mpek-
CTaBAAOT COOOH HErADMOHHYECKMA DAA, OHH NPHAAIOT OcobeHHO HE-
MPUATHYIO OKpacky seydanuo AC. Jlng aemnguposanus puyTpeHHHX
AKYCTHUECKHX PE3OHAHCOB [PUMEHSIOT PASIIHUHBIE METOAH 3BYKOMOTJAO-
niennst. O0wrano koprnyca AC 3anoJusOT TOHKOBOJAOKHHCTHMHA YIPYFO
MOPHCTHIMU MaTepHanaMy (MHHepajbHas BaTa, CHHTETHUECKOe BOJOK?
HO, WIEPCTh, CTEKJNOBOJOKHO H Ap.). Bauauue sanonnenns gopnyca HO
FIONIAIOUIIME MaTepuasaMu B 001acTH HH3KHMX 9acTOT paccMoTpeHO B
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4. DpeKTHBHOCT HX BO3JEHCTBHS Ha ACMI(QHPOBAHHE DE3OHA'E- d
A koneHanui BO3AYIIHOro OGBEMA OUEHHBAIOT KOIPPUIUCHTOM 3T
KWOHOTJIOHIEHKS ¢, PABHEIM OTHOLICHHIO MOrJomeHHoH sueprEE Whop: X
naganmedt Wyan:

o= Wyora/W gan-

Kos(guuueHT 3BYKONOIVIOLIEHHA SaBHCHT OT HaCTOTH f, TommmHH h
H [JOTHOCTH © NPHMEHSEMOTO MaTepHaJd (puc. 5.3). C HOBHILCHHEM
JACTOTH © BO3PACTAET, MAKCHMAJILHOIC 3HAUeHHT OH JAOCTHTACT HA
gacToTe = Cm/4k, TA€ Cm — CKOPOCTH 3BYKA B MATCpHANC BOJIOKHA, [ —
ToJmuHA ca1og. g CABUIA €max(f) B HESKOYACTOTHYIO 06aaCcTh HEoO-
XOAMMO YBEJAHUHBATb TOJIIHHY H NJIOTHOCTb 3ANOJAHCHHA. OaHaxo ypes-
MEPHOE 3ANOJHEHHE KOpyca 3BYKONOF/IOMAIOUINM MaTEpHATOM MOZKEeT
[PHBECTH K 3HAYHTEIBHOMY CHHKEHHIO YPOBH: 3BYKOBOI'O JaBJICHHS B
ofmacTy HE3KEX HACTOT H W3AHIIHEH cyxocTH Gacos. PeKoMenayeMasd B
pabore [5.7] MAOTHOCTH 3AMOJHEHHS COCTABASACT §...11 kr/m® B BH-
cokokagectpennnx AC Hapsany ¢ oOBIYHO HpuUMEHSeMOH MHPHEPaNBLHOH
BATOH WIHPOKO HCHOJB3YIOT CyNEepTOHKAE CHHTCTHUCCKHC BOJOKH4,
cKMeeHHble PasiudHBIMu cMOJaMu. JIyUlIHe 3 OTEUCCTBEHHBIX BOJOK-
HHCTHIX 3BYKOIOINIOMIAIOIHX MATEPHANOB: ATM-1, ATM-3, ATM-7 (cy-
[ePTOHKHE CTEKASHHHE BOMOKHA, CKICCHHEIE (PEHONLHBIMY HiH KpeMHe-
OpraHuYecKuMy cMONAMH), ATHMC g ap. [5.3].

Ry 2 s | 4

&H O
y o
I )

£y
R
T

g2 4§ 1 fonly £ -

Puc. 5.3. 3apucuMocTs Kos(puLHenTa 3BYKODOIJIGLIEHHA OT uacTOTH IIPH PA3HOH
TOMIHHE A H MJIOTHOCTH MaTepuala p-

{ — h=0035 M, p=10 gKrim?; 9 __ h=0,035 ™, p=20 Krfm?: 3 — h=0,070 M, p=10 Krim® 4 — h=
=0,105 M, p=10 xr/m?

Puc. 5.4. JacTOTHAA 3aBHCUMOCTD KO3(pQHIMERTA 3BYKOM3OJANHE R:

§ — ofaacTb YIPYrocTH; 2 — obnactp PE3OHALCOB, 3 _- gfnacts «3aKoHa Maccw, 4 — odiacTp ua-
CTOUBl COBIAIGHHS

®opma AUX j0 u nocse sanolHeHnd Koplycd AC 3BYKOROLJIOMAK-
mum mateprasoM ATHMC noxasaHa Ha pHC. 5.3, Kak BAHO u3 peé-
3VJBTATOB H3MEPeHuH, NpHMCHCHHE ATHUMC cymecTBeHHO YMEHBIIACT
gepaBHOMEPHOCTh B 00JACTH CPEAHHX HACTOT.

Ofmuil 3Q@PexT 3BYKOH3OIALHH B KOPIycCe AC craafnpBaeTcss u3
3BYKOMBOJISAIHY 34 CUET MPUMEHCHHS 3BYKOMOTJION[AOMEX MATEPHAIOB
BHYTPM HEro ¥ 3a Cuer 3BYKOH3O0JHpYIONe# CHoco0HOCTH CTEHOK KOp-
nyca, Jlas OueHKH 3BYKOH3OIALMY OBLIYHO HCIOJB3VIOT KO3 (PuiHeHT
[5.3]:

R =10 lg(wnanfwnpom)s
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#.: BOJHBL
” 3ByKou3oaupyiomas cnocofHocTh Kopumyca AC COCTOMT B cilenyio-
meM. YacTh 3BYKOBOH sHEPrHH, H3JY4AeMO# BHYTpPb Koplyca auadpar-
MOH TPOMKOIOBOpHTEAs, MNOIVIOMAETCA B CJOAX 3BYKOMNONIONAKIEre
MaTeplana, 4acTh MONANAET HA CTEHKUM KOPIYCA, B KOTOPHX IIPOHCXO-
IAT cAeAyomue npoueccsl [D.2]: HeKoTOpas [0JH 3HEprHH BO3BPANA-
eTcss obpartno B Buae orpa:keHHol Woqp M H3ayyaeMOli BO BHYTPb 3&
CueT yIpyrux Kodefanuil cTeHOK Wymp, ApPyrag pacceuBaercs B MaTe-
puaJe CTEHOK H3-3a NOTephr Ha TpeHue Wrp K OCTATOYHYK AedopMa-
uHi0 Weer H TpEThst HPOXOAHT BO BHE 33 CYET VIPYTUX IPOROAbHBIX H
onepeyHsX Kodedanuil CTeHOK Wypp W Uepes Lielid U HOPbl B MATEpHa-
Je Wy 3anada BoOopa KOHCTPYKUHH CTEHOK KOPIYCA COCTOHUT B TOM,
4T00bl MAKCHMAJAbHO VBEJIHYHTh KOY(P(PUUHEHT 3BYKOHIOATUUH, T. €,
yMeHbIHTs Wyp DO OTHOWEHHK K Wiag OGRMEO CTEeHKa Roplyca
npepcrapaser coboft nnacrany 13 dbaneps uaum JCIT Toapmaof 10, .,
... 2D MM. XapakTep yaCTOTHOH 32BHCHMOCTH KO3(p(PUiHEHTA 3BYKOU30-
Asaipd R pasi Hee noKasaH Ha pHc. D.4. [Ias anadansa »Toll 3aBlcHMO-
cTH R(f) Bech 4acTOTHHH QHANA30H MOMKeT OHTHL pasduT HA dYeTmipe
XapaxTepHue of1acTh.

} —obaacre ynpyeoctu [<Z0,5f, (fi — neppas pesoHaHcHas 4acTo-'
Ta CTeHKH), B 3TOH 0oGaacTd KOY(QQUIMEHT 3BYKOHM3OJAduHA OHpEeness-
eTcsl YIPYTOCThIO CTEHKH, C MOBHILUEHHUEM 4YACTOTHl OH CHHZKAETCS €
KpyTH3HOH 6 1B/OKT. U oupeHHBaeTcs 0o QopMyde.

R=101g[1 + (?p /2 p, £ )2,

rie ph — MOBEpXHOCTHAS MAOTHOCTh CTEHKH, @) — IepBasi pe3OHaHC-
Hasg qacToTa, @ — TEeKynas 4acrora, pg— DAOTHOCTL BO3AYyXA; Cp —
CKOPOCTh 3BYKa B BO3JYXE.

2 — 06AacTy pe3oHaHCHBIX 4ACTOT (XOTs CTEHKA, KAK BCIKAS pac-
IpeAeicHHAs MEeXaHHyCCKas CHCTeMa, UMeeT OeCKOHCYHOE 4HCIO pess-
HAHCOB, MAKCUMAJbHAS AMINIATYAA cMEUEHui, a CIeA0BATEALIO, B HO-
CTATOYHO BbICOKHH YPOBEHb 3BYKOH3AYUCHUA, HMEET MECTO HA IEPBBIX
JCTHIPEX-IATH PEIOHAHCHBIX YacTOTax). B 270l wactoTnoi ob1acTy Ko-
agpuurenT R ONpeae/seTcs B OCHOBHOM JNUCCHIANMEH SHEPTHH B Ma-
TEpPHANe CTCHKH W OUEHHBAETCS IO opMYydIe

R=201lg(l 5w, pn/2p,cy),
rae %) — K03 pHUuUCHT IOTEph,
Ha pesoHaHCHBIX 9ACTOTAX CTEHKH YPOBeHb 3BYKOH3IOJANHY PE3KO:
najgaer.
3 — obracte dedicrsus «3axona maccs, rae R pacter To Mepe No-
BBIIIEHHS YACTOTHI NPONOPIHOHAJIRHO MACCE CTEHKH,
4 — 002GCTs <BOAHOB020 COBRADEHUSA>, TIE HMEET MECTO CHHIKE-

HHe YPOBHA 3BYKOHSOMIANHM B OONACTH 4aCTOThl [wp= (c%/2n) V ph/D:.
[Ie A — TOMMMHA CTEHKH; p — NJAOTHOCTh, )~ H3THOHAR IKeCTKOCTE.
HacTora [ip Aas OOBIMHO HOpHMeHseMHX kKopuycok B AC 1500...
... 2000 Ty, snech ampuuTyAa Konefauuii CTEHOK waia, U OHH HE
BHOCAT CYLIECTBEHHOrO BK/Jaja B 3BYKOBOe rmose. Jlas OoBbineHns
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S CCTKOCTH ¥ MACCH CTCHOK, V3BecTHs! KOHCTPYKIHH AC ¢ xopnycaref

U

OBHSI 3BYKOU30AALMM B o0nactd [...4 CTPEMATCS K MOBHIIEH

H3 KHpnuya, nenoderona ¥ Mpamopa. Ony 06eCreynBaT BEICOKHI ypo-
peHb 3ByKoMsoaanuu (A0 30 gD}, oanako HenpHeMJemsl no macee, bo-
aee 3PEKTUBHO NpHMEHEeHHe JBYXCJIOHHBIX KOHCTPYKUHH CTCHOK (npe
mnactunsr JCIT miun aneps ¢ 3aNoJHEHAEM HDOMEXKYTKA MEXAy HH-
MH MecKOM HJIH SBYKOMOIJIONIAIOMHMM MarepuatoM). IlONOsHHTENbHAS
3BYKOMSOJASAIAS MOXKET COCTABAATh OPU 3TOM 0T 9 A0 19 AB B Ananaso-
ge 200 ... 1000 I'n. Taxue KOHCTPYKLUH KOpNHyCoR AC NpHMEHAIOT He-
KOTOpHIE 3apy6esnble GUPMEL, OJHAKO OHH YPE3BBIMAHHO TPYAOEMKH H
CJAOKHBEl B H3rOTOBAEHHH. HaWGOMBIIVIO ONACHOCTL NpeicTaBJjdaer 00-
nacts 2 (aas Goapmuacerea AC 3To wactoTbif auanasoud A0 800 I'n).
3mech OCHOBHBIMH CPeACTBAMH NOBBLIIICHHS SBYKOH3OAALMHA SABJIAIOTCA
eMerelne pe3oHAHCOB B 06/14CThH OoJice BEICOKHX YACTOT H YBENUYEHHE
aemnpupopanus. [T0CKONbKY CHOCOGH, KOTOPHIMH 3TO JOCTHrAETCs, 00-
mHe ¥ ans 6ophOsi ¢ BuGpayuedl cTeHOK, BO3OYXKACHHOH 34 CHET BTO-
poro cpoco®a neperayd KoaeOawuH, PACCMOTpPHM HX COBMECTHO HE-
CKOJIBKO HHZXKe.

AHaaus Broporo cnocofa Bo30YyKACHUs KOJeGaHUH CTEHOK KOpHy-
ca [5.4] noxaseBaeT, UTO NpU Kosebauusix NOJBUAKHOH CHCTEMBL TpOM-
KOrOBOpHTEIs BO30y#aal0Tca Konebauusi Autpysopoaepxaresd, Ko-
TOpBle DepegaloTcd ila NepeHio MaHe b, 3aTeM BOSHHKAIT HATCHCHB-
HBIE [IPOAOABHEE KOJeOAHKS OOKOBEIX CTEHOK, KOTOPpIe NEPEAaloT BUD-
pauHi Ha 34QHIOI0 M BepXHHUE naHeiu. B o0nacTn HU3KHX YacTOT CTEH-
K KOopIyca KoJeBaorcs cuHpasHno, B stoft obaacTd yposeHb BHOpOyC-
KOpeHHs HA CTeHKAX, 4 CJAEAOBATEJBLHO, H YpOBEHb 3BYKOH3JNYHCHHA OT
uuX, onpepensercs HX 0o0meH ylnpyrocTsd W yHOPYToCThIO 3aKJIOUCH-
Horo B Hux ofbema mozayxa. [lo mMepe NOBBIUCHHS YACTOTHI HAYHHA-
IOTCS HHTEHCHBHbIe H3rHOHBIe KOJAE0AHUS BCEX CTEHOK Kophyca, aMILIH-
TYAH KOTOPBIX HMEIOT MaKCHMAJbHLE gllddeHHs HAa PEeSOHAHCHHEIX HAac-
rorax. Msmepenns BHOpPOYCKOpeHHs Ud CTEHKAX KOPIYCOB MOKASHIBI-
0T, 4TO HAUGOMBIIAE AMILTATY AR BHOGDALKH EMEOT MECTO HA mepenHed
H 3anHCH CTEHKAX, 3ATeM Ha BepxHell # 6okoBHX. O6maa KapTHHA pac-
npeneNeHyEl Ha CTEHKaX KOphyca NnokasaHa ua puc. 5.5,

Jlaa Gopebr ¢ npaMofl nepepaych BROpaUMHE NPHUMCHAIT METOJE
pubponsoaausn ¥ BuGponoraomenus [6.1], [5.2]. D¢dexT Bubpouso-
JAIUH ofecrcuHpaeTcd PUMeHEHHEM YIPYrux amMopTH3aTOpOBR TIpH
kpendenns BozfyauTensn BuOpapuH (nA(Oy30pOACpKATEA) K NEpea-
Hefi CTEHKe KOplyca, 4 HHorja # Tepejllell CTeHKH K GOxkOBmM. l1pH
KOHCTPVHPOBAHHH BHCOKOKAUecTBeUHH X AC npuMenqioT CHIOIIHLE pe-
3HHOBBIe NPOKMaiKH MexkAy aubysopoaepmkaTesemM W NepeiHel Ma-
HeJbIo, JOKAJRHbie ONOpHbE BUOPOHIOAATOPEl At KpelieHHs BHHTOB,
AMOPTH3HPYIONHE NPOKAAAKM AJg KPETJICHHA IHepefHel MaHeaH K Oo-
KOBHIM, PA3BA3Ky nau¢ysoponepxaTenst OT Nepeaneii FaHen 3a CHeT
AOTIOAHATEILHON ONOpH ero HA AHO U T. 4. Bce 3TH Mephl NO3BOJAIOT
YMeHBIUHTH NEpenaBACMEE ypoBeHr BHOpanuud HMa OOKOBHIC H 3alHue
crenkd xopnyca Ha 10...11 ab.

Oig cHHxKEeHUd aMILIATYx BHOpauufi CTEHOK Ha WX PESOHAHCHDIX
QACTOTAX, 4 CJASJOBATENBHO U yMeHbLUIEHHsT MX BKJAa1a B 3ByKOH3JIyHC-
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Pt — MOKPEITHH, Pa3JdHYaAIOILAXCS N0 BHAY AcopMaLHl, KOTOpasg

7 i€ OT KOpPmycd, NMPUMEHSIOT DA3NHYHBIC METOXB BRESpONOrIOIuernd
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B unacrosinee BpeMs H3BeCTHH HETHIPE OCHOBHBIX THIIA BHOPONIOIY, e

H onmpenedisier cnoco® MOnIOmMEHNs BHOpaLui,

)

__ W\
LUV

Ai‘_\‘.‘

A\

ok WA
Q
AW

_—7‘“_

o
S
N
X

Sy
TN

T
=

ul
N\ N\
WARN
.
Y

0
i
72
13
74

&

o

N

v v 0

N
)\
1y N\ N

"Q}i_‘“
R

i

Fwo g O op o R
Y N, 7

\J'f VAN AV

(A

b |
W
W
\ 1\
\N

=

i

KW
wa,
a2

¢ =k 13

Puc. 55, O6mas rapruna pacopesenenns woqeSawuii ma saxued, GOKOBOH ¥ Bepx-
Hell crenkax xopnyca (f=250 Tm, A=10 mm, aXbXc=470%x 860X 670 wmu)

Tun I — «xecTKues MOKPHITHA (CI0H XKeCTKofl MAaCTMACChi, HAHO-
CHMbIE Ha neMmndupyeMyio mopepxmocts). [Torsmomenue 3Hepruu odec-
NEYHBACTCA NpH H3TUOHBIX KoMeBaHHax AeMI(HPYeMOl [IACTHHbI, WTO
06ycloBNEBACT NedOpPMANHH PACTSIIKEHHT — CIKATHS BJ0JIb NOBEpPXHO-
CTH MOKPBITHA. HeKoTOpble BUIB KECTKHX BUOPOIONIOMIAIONHK MOKpH-
THH M uX NApaMeTpe AaHsl B taba. 5.1.

[IOKpbITHS B BHAE NAHCTOBBIX M aTepHaJIOR (Tuna «Arat», BMJI-95 n
Ap.) HAHOCATCA HA NMOBEPXHOCTH € TOMOWBIO Kaeg [TH-D win ITIK-519
MOA MpHKHMOM. MacTHuHble VaTepransl HAHOCATCS HaNBLICHEEM, LITa-
NEAMPOBAHNEM HWJTH WINPHIEBAHHEM CAOAMY O 2—4 My JI0 TIONyUYECHHA
HeOOXOAMMOH TOMpHHH.

Tun I — «¥ecTKoe TOKpHTHE ¢ NpOKJIAAKOHy (Meway cjaoeM
HECTKOH IUIACTMACCH M AeMIGHpPYEMOll MAACTHHE YCTaHaRJIHB&ETCA
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Tabaowua 5.1

TioKpLITHe ‘ n E-10-85 M/l p-10—3 wrm?
«Arats JHCTOBOR | (4,25 20,0 1.35
«AHTHBUDPUT-2» MACTHKS 0,45 25.0 1,57
A MacTHka 0,5 35.0 1,63
BMJI-25 ascrosoit 0.4 32.5 1,6

IPOXNAAKA M3 JICTKOrO ¥ XECTKOro vaTepHana), B cBa3¥ ¢ yjlajleHuem
CJIOS] TTACTMACCHL OT HEATPANBHOMH NJIOCKOCTH AedOpMEPYEMOMR NJIACTH-
HE aeopvalunn pacTaKeHHs — CAaTusd yBeJHYHBAOTCA, H KO3 PHLH-
€HT [OTEPh BO3PACTALT.

B navecTBe OpokAdlkd 06HuHO OpHMeHseTcs neuonaact thma FIXB-1 mau I1Y-101,
du3nko-Mexannuyeckne cpofictsa [1XB-1 cremyiomue: p=0,1-10"% gr/m®; n=0,02,
E=34.10% Hj»®

Tun I1] — apMupoBauHLie BHOPONOIIOMAKOMHe TIOKPHITHA  (TIPeA-
CTaBAIIOT COOOH Ca0fi BA3KOYHpYyroro MaTcpuaja, HA KOTOpBlH HAHO-
CHTCSA ApMHPYIOMHE CJIOH H3 KECTKOrO MaTepuana, HalpUMep aaIoMH-
HHEROH (OJbTH}.

Tun [V — marsxue BuOpoONOIOULAK0NEE TOKPHTHI (HPCACTARASIOT
cobofi CAOH BA3KOYIPYrOro MarepHasna, B KOTOPOM IpH NONEpeqyHHX
CMemeHHIX AeMIQupyeMOR NoBepX-

HOCTH BO3HHKAOT VIPYrHe BOJHH B L;Z;
HallpaBAeHHH ero ToMmuHLE). B Ka- o
yeCTBe MATKHX BuOpoNoOrIoniar- 2k

MHX IOKPBITHH MNPHMEHSIOT pas- i
JHYUHE COPTa PE3HH, IACTH(HIN- 5:5*3%/
!

POBAHHEH TOJHUBHHHJIXJIODHA H AD.
KosddprpueHT norepn BCEX BH- ]

NOB MOEPLITHS CY1eCTBEHHO pasdi- a7 1,0 10,0 £x7ut

HACTCHA B SARUCHMOCTH OT AHAIIA30-

Ha gacToT (puc. 5.6), B ofaacti  Pue. 56. 3asucumocts kostdunpenta

HU3KUX Cpe,[lHHX YyACTOT (a 5T0 noTEPhL OT YACTOTH A8 DA3HEIX BHAOB

gaudonee «onacyas» o004acTh ald ] Enﬁpﬂnorgoma}o”‘”x ":’Kpbrm”: .
— JKeeTRoe, — KECTKOE BPoKsaAKGH?
KOpIycor AC) H.':lejOﬂbUI‘_i’}O 9d_)' f}—:1rmmmuasmo»&z, ¢ -- marKoe

(PEKTHBHOCTL HMEIOT «3KecTKHe» (1)
Hny «KecTxkue ¢ npokaaakof» (11) noxpwirua. B odnactd  BRICOKMX
yacToT — «MargHey (1V} DOKPHITHSA.

B ceasu ¢ TeM, uTo pHOpOneMI(UPOBAHKIO YAGIHARTCHA CEpbe3HOE
BHEMAHHC B aBuanun, cygocrpoenny [b.1]...[b.3] u T. A, NpHHUMIE
payHOHaALHOrO BEIGOpPA H pasMepelius BHUOPOTONIOMAKIHX TIOKPH-
THH 7OCTaTouo Xopowo paspaboranst ([5.8], [5.9]).

Butgop tuna nokpeitus 1, 11, 111, IV AOMKEH IPOHSBOAHTHCA C yue-
TOM XapaxTepa cIekTpa BuSpau¥n KOpIyca, I3 Tom caydae, €CnH BHI-
6op pasMepoB xopryca (60...100 aw®}, marepHana H TOJpHHBL CTe-
nok (qpanepa mmi JCIT 10, ., 20 Mm) opependeT HH3KOTACTOTHHIH Xa-
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KTep nePBBIX pesoHancHHX gactoT (o 800 T'u), manbosee add fk- ¢
¥.BHO «KECTKOe» HOKpbITHE («Arar», BMJI-25 u np.). [lna xopny RE
WAn0ro 00beMa M3 OUSHD KECTKHX MATEPHAIOB JOCTATOUHEIM MOKEY
OKA3ATbCH TIPHMEUEHUE «MATKUX» NOKPHITUR (Pe3rHE B Ap.).

/KecTkoe nokpolTue uenecoofpPasHo HAHOCHTL C OHON CTOPOHH; ec-
a1 no3BosAT rabaputel AC, OTHOCHTH €ro Aalblie OT HEATPANBHON
IJIOCKOCTH CTEHKH ¢ NoMonblo Hpokaanok ITXB u ap.

Toawuna nokpeirus AONKHA BHOUPATBCA U3 YCJIOBHS OGCCTEHeHHS
TpebyeMoro Ko HuHeHTa NOTEPh, BEAWYNHA KOTOPOTO 3ABHCAT OT 3a-
JAaHHOr0 YpOBHS BHOPONOrIoHIeHHs (MMM 3ByKoH3oasuun). Koaddunu-
€UT 1oTepb HSTHOHO-KoneOmonrelica NAacTHHBL, OOMHIOBAHHON JKecT-
KuM BHODOIOIMONAKONIAM NOKPHTHEM, TPHOJHAKEHHO MOXKET BHTh oll-
pepesen no gopmyae [5.2]

vB 3 1-6P - 4P 2opt - R P
L9812y @6+ 3534267 -9 B

rxe y=~Fn/Eny, B=hu/haa, hun, hg — TONMUHEA AeMOpUPYEMOH NAACTH-
HEl W C/IOS MOKPRTHE, Eyp, Ep— Monynu Oura nemngupyeMol naac-
THHE B TOKPHITHS, Ny — KO3(QQHUHEHT [NOTEpb MaTtepHalla NOKpHTHS,
JIast aKyCTHUECKHX CHCTeM OOBIYHO HCTONB3YIOT Ap= (0,5--1)lg, (rak
KaK BCTYNAKT B CAAY OIPAHUYCHHS N0 Becy).

Cywiectsyer onTUMAABHASL RPOTANEHHOCTs NOKPHLTUSA, TIOCKONBKY
KOS PUIHEHT ASMIQYEPOBAUNS Npain NPONOPIHOHANSH TOJNNHHE Ay, TO
IPH JKECTKOM 3aIIEMJCHHH KpaeB ITacTHHH uenecoolbpasHee cocpeao-
TAYUBATE €0 B 00AaCTH MaKCHAMANBHEIX AMIVIMTYHA, COOTBEICTBEHHO
VBEJHYUR ero ToJmuHy. CAefyer y4eCTh, YTO eCdM¥ PasMeps OTAeib-
HBEIX YJ9aCTKOB NOKPHITAS MeHee 1/2 Amar, THAE Agsr — AJiHHA  H3TUOHOK
BOAHL B CTCHKE, 10 3P PeKTHBHOCTL NOKDMTUS CHUXKaercd HA 109 3a
CUET KKpaeBOTO 3(pPerTas,

CTOAKMKA pacyera ONTHMAaNbHOH IMIOMIAIH NOKDHTHA AaHa B pa-
oore [5.1].

B peanbamx AC BHOpaiu# Ha Kpadx AOBOJBHO SHauUTENLHE, MO-
3TOMY IPUXONUTCS BuOPONOINIOMAIOMUE MATEPHAT PACTPEALNITh PaB-
HDMBPHD 110 CTEHKE.

JPPEKTHBHOCTL €KECTKOTO TOKpHITHA» [5.2]:

‘ﬁ' LI.[I ~ (6 - 10} ]g Tjnn.{-m’ﬂnm '(51)

rae ALy — H3MEHEHHe YDOBHsI 3BYKOBOIO JIABJEHHS, CO31aBAEMOrO
IACTHHOH B NIPOCTPAHCTRE NIPH BBEAEHHH BUOpPOACMNPUPYIOMErD TIO-
KPBITHS,

B ofaacta BuICOKHX 4acTor 3¢ (PEKTHBHOCT: HOKPHITUS, OuLEHHBae-
Masi no gopmyae (5.1}, cHUXKaercd, TAK KAK CKA3HBACTCS BAHSHUE He-
ocnadieHHoro BUOPOACMII(UPYIOIBMH NOKPHITHIMH  HePesoHaHCHOTO
H3AyueHHs crempok [5.17.

Hng yMeHblIeHHs ypOBUS 3BYKOU3JIVUCHHS OT KOpIyca B 0OJMaCTH
CpeAlHUX X BHICOKHX YacTOT TIPUMEHAKT KOHCTPYKTHBHLIE MEpPH, HAa-
NpaBIeHHLe HA [OBBIUICHHE PE3OHAHCHAIX Y4ACTOT CTCHOK KopHyca, Tak
KaK, BQ-HEPBBIX, C YBeAUUEHHAEM PEe3CHaHCHON 4acTQTH yMEeHbLIaeTCA
aMILIATY a2 BEOPOYCKOPEHUS H, CJI€A0BATENBHO, YMEHBIIAETCS: YPOBEHD

150

Non-n == Nna



http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

/KOM3JIYYeHHs:, BO3pacTaeT HANPABJAEHHOCTh HSAYUEHHA CTEHOK ¢
axaeTcs uX BKAAL B 3BYKOBOE [0/ HA OCH; BO-BTOPLIX, YREINUH' QG 4
BEPeTeA 3 eKTHBHOCTh 3BYKOMONIOMIEHHA H COOTBETCTBEHHO
csi SHEPIHs, BOsOYXKaawmas creHkd Kopayca. Ha Gosee BHCOKEX dac-
T0TaXx 3(QEKTHBHEMHE OKASBIBAIOTCA «MATKHE» NOKPHITHS, KOTOPHE
TeXHOJOTHYHES A TPUMEHEHHUSL.
[IpubAMKEeHHHE pacyeT Pe30HaHCHRIX YACTOT HPAMOYTOMBHOH ma-
HeaHM (T. € CTEHKH KOpIyca) MOXKeT NDOH3BOAHTBCA TO  (opMyne

[5.10]

W n= (kizlnfaz) V Dip h, (5.2)

D — #srufHAg KECTKOCTh, p/t — TIOBEPXHOCTHAR INIOTHOCTDL [IACTHHH,
a, b— pasMepn, Emn — KO3(QQUIKEHT, SaBUCAMHEE OT YCJIOBHE 3a-
Kpengens kpaep maacTuum [5.10], m, n — AOMep MOLBI, p — KO3(pdn-
nuenr Ilyaccona; £ — moayab FOura.

CpapHende C IKCTEPUMEHTAJLHBIMHA JAHHHMHA TOKA3HIBACT, HTO
CTEHKH DeaJbHOr0 KOpHOyca NOo YCAOBHIO 3AKPEIVICHHs KPAacs Dause K

XOTEePTOil» MmIACTHHE.
dopmyna (5.2) aJs MIACTHHBL C €OOEPTHIMH» KpasiM¥ HMeeT BUI:

Opm,n =WV Dyp b (/0> - 1%/57). (5.3)

PesyapraTsl paciera NepBBIX DE3OHAHCHHIX YACTOT 0O GopuMyne (5.3) J/1a CTeRKH
KOpIyca ¢ mapaMerpamm: a=0863 m; b=044 M h=0018 M; n=03; p=
=0,810~3 gr/m8. E=134-10-% H/m? nasm ® 71301, 5.2.

Tatamua 52 Taganuna 5.3
SHaycHUE pe30HalCHOH E 10—% p-10—3,

" yac10TH, I'n MaTepuan Him2 KT,/ M2 1

‘ Mm=2 | M=3 ] =4

danepa 13,4 0,75 0,013

2 — 73,3 l 120,0
3 153,1 181,1 227 .8 HCIT 12 0,6 0,06
4 332.8 | 360,8 ' 407,5 |

C 1elpi0 TOBHIIEHHAsE PE3OHAHCHEIX HACTOT TMPHMCHSIOT CHEAYIONIHE
KOHCTPYKTHBIHE MEPEL,

Yeeauuentie TOAUWUAS, (TAK KAK JKECTKOCTb TAHENH IIPONOpPUHO-
HaJbHa A?). OAHAKC HA NpaKTHRE 3TO OrpaHH¥UBACTCH TpeGOBaAHUAMY
ga gomycrumyl Maccy AC M oOBYHO COCTABAACT A CHCTEM —MOML-
wocrhio 50...100 Br— 18...922 MM, 85...50 Br—12...18 MM,
10...35 Br— 10... 12 mm (marepuan: dauepa uau JICII}.

Veeauuenue acecrkocti (F) B crumenue naorHoctd (p) (TaK Kak
yacTOTa MOBMIIAETCs mpofopuuonasso ) Efp). Bubop marepuana
ISt CTEHOK KOpHyCa ABJASETCA YpesBHIIAfiHO Cephe3HOH zagavel. B
OTEUECTBEHHOH [MpPAKTHKE HCIQJB3YIOT JICIT uau ¢pauepy, mapaMmeTpsl

KoTOpO#l ouenb OauskH (Tadd. 5.3).
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‘apyOerkHble (GUPMB NPUMEHTIOT MATCPHANB], CNEUHAJbHO pAadp?
g aHHbie T KopnycoB AC, manpumep «Pasunsmurcy, ACTI ¢ gate
P HEIMI HAIOJIHHTCNAMHY, BCIICHEHHBIE IIACTMACCH, NEHOBETOH ¢ CHHTETH
YCCKUMH HANOJHUTEAAMH U T. 1.

Butbop dopmer crenox Koprnyca. [1nsg NpAMOYTOIbERX CTCHOK peso-
HAHCHAS 4acTOTA HAHOGOJEE «UYBCTBHTEAbHE» K M3MEHEHUIO KOPOTKOro

pasMepa f= 1" 1/p, HOSTOMY NPEHOYTHTEAbHEE CTEHKH KOPHYCa, 0CO-
OeHHO Nepexnne U 3aHHE, neAaTh Gogee V3KHMH U JJIHMHHBIMH,

Hpunenenue pebep mecrxocrit, WcnonbsoBanne  xecTrux pebep,
0COGEHHO PACIONOKEHHHIX HAPANICIbIO ANHITHOL CTODOHE WJIH 110 AUa-
TOHATH CTCHKH, MOMET NOBBICHTb DPE3OHAHCHYIO YACTOTY GOJbLIC, yeMm
B 2 pasa. [lpu npuMenenun pebep xecTKocTH B Kopnyce AC Heo6xo-
AUMO O0ECHEYHTh HX KECTKOE COSIHHEHHE ¢ ILTACTHHOA  (HKCCTKHM
K/eH, Mypynel 1 T. A.), HHAYe He Oymer ux >PPEKTHBHOTO BJARSHHS.
HJis NoBBIUEeHHs 0fmed *KecTKoeTH Kopnyca HCnosib3yioT pebpa BAOJb
YIJIOB.

Hpumenenue cramex (WIH pACNOpOK) MEXNY CTCHKAMH, HANPUMED
MeXay nByMsa OOKOBHIMH HJIH 32jHEeH CTEHKON K AHOM H T, f.

Ipumenenue xoucTpyxTueHbx #ep, HANPABNEHHBIX HA CABHUT pe3o-
HAHCOB OJHOM CTEHKH KOPHYCA OTHOCHTEIbHO APYTOH (TaK Kak mpu ux
COBIHANCHHH YPOBEHb 3BYKOH3JYUEHHS BOapacraer).

[IpoGiiema pacuera spyxousoaguuu seero KOpIlyCa B LeJOM Tpef-
CTABIACT SHAYHTENbHEIE TPYLHOCTH, TAK KAK TPefyer PElIeHHd KOMI-
JEKCHOA CONPAMEHHOA 3a7aYu H3JyICHHS HPAMOYIOIbHON KOHCTPYK-
IHE C yY€TOM PE3OHAHCHHIX KoJeGaHHil CTeHOK (noapobHee 06 3ToH
3anaie cxasano B ra. 2). Ipubauxednoe pewenne 3anaqn HCCIeZ0BA-
J10Ch B pane pa6or, Hanpamep, B [5.11] BumosHeH PacyeT 3BYKOHU30J4-
IHH TIO 1IyMY APSIMOYTOMbHOIO KOPHYCA ¢ OAHON THBKO CTEHKOH, oc-
TAJIBHEIC KECTKHE. Pe3ynbTaTel MO3BOAAIOT BhIIEAUTD TPH YACTOTHHIX
00/14CTH SBYKOM3OJALMH, KAYECTBEIHO CXOAHBIE ¢ OBJACTAMH 3BYKO-
HSOMLALAH I7t51 ONHOM CTEHKH: B NEpPBOH — 3BYKOU30MNALUS 110 HIYMY OII-
PCACIIACTCS OTHOLIEHHEM YIPYTOCTH 06beMa BHYTPH KOpmyca X YOPyro-
CTH CTCHOX; BO BTOPOM — OCHOBHOE BJIHSIHHE OKA3hIEAET MHOI'0Peso-
HAHCHOE BO3OYKAEHHE CTEHOK U 06Bema BO3AYXA; B TPETbeH — BJHAET
H4CTOTa «BOJHOBOrO CcOBNAfeHHa». B mpouecce MarkeTHpoBanug AC
OOBIYHO NPOBOAHTCS SKCHCPHMEHTAIbHAA OTPaboTKa 3BYKO- n BHOPO-
H3OMAUMOHUBIX XAPAKTEPUCTHK P asHYHBIX BAPHAHTOB KOHCTPYKIUH
KOpNycoB.

Haa ouenkn Bxaaza xomeSanni Kopnyca B ofuice 3BYKOBoe HoJe
AC paspaboran yenni P METOMHK, MO3BOJAAIOMINX: HAMEPHTL OBUIMi
YPOBEHb 8BYKOBOTO AABJICHHA BO BCEM YACTOTHOM AMATIa30He, onpeje-
JISICMBIH TOMBKO KoJeGaHugMH KOpyca, IpH 3TOM TpAMOe H3NyYeHHe
OT FOJIOBKY IPOMKOTOBOPHTEJIS USOMHPYETCS ANGO HArpy3KoH ee na 3a-
TAYUIEHHYIO TPYOY, AM60 yCTAHOBKOH ABYX ofMHaKoBHX AC BmaoTHYVIO,
BRIIOMCHHEM TONOBOK B NPOTHBO(A3E M H3IMEPEHHEM NABICHHS OT CTéE-
HOK B OJHXKHEM TIOJie, OO BBIBOLOM H3JIYIEHHS TONIOBKH B CMEXKHVIO
SanIyUIEHHYIO KaMepy [5.12]. (Kak nokassipaior Pe3yabTaTH H3Mepe-
HEH, pasnocts Memay AUX Beefi cHeTeMH u AUX ot kopryca moxer
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&< IS
170 11act

4175 menpme 10 1B, puc. 5.7); U3MepUTh pachpefeNeHHe BHOPOY<

§lenus, HOGPOTHOCTb CTEHOK KOpHyca H Xapakrep pepepGepaunonu gy

npoiecca sayrpH Hero [5.13].

Bonpoc o BHOOpe KPUTEPHEB AJA OLEHKH HEOOXOAMMOTO ypOBHS
3BYKOH30AALHUN KOpHyca YCUJIEHHO O0O0CYXAaercs B JHATEPATYpE. JLns
AC kareropun Hi—Fi 3ByKOUSOAAuHI0 KOpIyca NPHHATO CYHTATH JO-
CTATOUHOMN, ecJH pasHula MeXAy YPOBHEM 3BYKOBOIO AaBleHusi (T. e
AYX) peeft cucTeMbl H YPOBHEM 3BYKOBOrO AaBJEHHA 32 cUer H3Ayue-
HHUA OT KOpItyca cocTapasger 6osile 20 nb BO BCceM TACTOTHOM AHAarna-
sone. Kpome toro, B pafore [5.14] npeanaraercs cu4uTaTh HEOOXOHH-
MBIM, dTOOH BpcMsa pesepbepaunun (RT) 3a cueT nocjesByyaHus peso-
MAHCOB KOpIyca OBLIO CYHIECTBEHHO MeHbLIE R7 KOMHATH MpPOC/HYIIH-
BaH#si, 4TO MOXKeT OblTh NOJYUEHO, eclU KO3 (HUIUEHT NOTEPL B KOP-
nyce n=0,7 gza 100 I'y u 0,0} na 1000 I'u (ans HeaeMnpHPOBAHHBIX
KOpnycop 3 gpauepH 1 oOwuHO pasHo 0,25 Ha wactore 100 I'n).

Puc, 5.7. AHX axycruuec-

KOH cHCTeME B nenom (f)

u AUX 3a cuer uH3NMyueHHA
0T Kopuyca {2)

oo il ]
e il _ 7. et |
i P2 SRR
\ .. -
\.’__'.‘ H

20 5090 001900 Ay

Puc. 5.8. O6pasen koHerpykuuu xopuyca AC:

i, 3 — pefixM ANA KPEeiNe.iHf 3BYKOOOrAOILAINIHErd MaTepHajia; 2 — VrioBele pefipa: 4, 5§ — naa-
CTHHLL M3 CTeRJOBOIOKIA; 6§, 7 — MHOTDCACHHOE OCHOBaHe,; 8 — ¢xofla; 9 — YrnoBoe COeNHMeAHe

Kpome obbexTupnoi onenky ans AC xareropun Hi—Fi npoBoauT-
cst cyOBEKTHBHOE NpPOCHYIIHBAHME DASIHUHBIX BAPHAHTOB  KOpIYCOB,
TMpHA 3TOM, KAK MOKA3LIBAET NPAKTHKA, «BCE KOPHyCA SBYYAT IO-PA3HO-
Mys. YOUTHIBAst COBpeMeHHbIe TpeGOBAHNA K KadecTsy 3pydanusi AC, B
BLICOKOKAYECTBEHHBIX MOJAGAAX HCNOAb3YIOTCS KOHCTPYKIHH KOPHYCOB
Ype3pEAHHO CAOKHOH (JOpMBI. CTEHKH AEJAIOTCA H3 CHCHHAMbHBIX
MarepuasoB toinuHof 20—22 MM WK ABO#HHEIE ¢ HPOCHOHKOH H3 MO-
FJOMIAINIAX MATEPUAZOB, HPUMEHSIOTCA PA3AMYUMLIE BHOpPOINOIJIOIIAK-
jiMe MOKpHITHS, pefpa JKeCTKOCTH, CTSKKM MEXAYy CTeHKaMH, BHOpO-
H30J4TOpH U T. A. OOpasen KOHCTPYKHMH KOpllyca B paspese HOKasad
Ha puc. 5.8. Bee saTpaThl Ha IPOH3BOACTBO TAKOH CIOKHOHM KOHCTPYK-
[IMH ONPABJABIBAIOTCA YAYUINCHHEM OOBEKTHBHBIX XAPAKTEPHCTHK H Ka-
4eCTBA 3BYUAHHST aKYCTHYECKHX CHCTEM,
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5.3. BIUSIHAE BHEINIHEN KOH®UTYPAUHH KOPTNIYCA

Buewnsa KorHUrypanus Kopoyca (T. €. €ro (popMa, HaJiuae oTpa-
JKaOMmHEX BHCTYIIOB M BHAjHH, XapakTeD OKPYIVIEHAS YIJIOB, CTeleHb
NeMTIpHPOBAHKS €r0 nepejliiefll  BEpXHeH CTCHKHM M T. 1) CYIIeCTBEH-
HO BJAMSIET Ha AKyCcTHueckHe xapakTepucTHKH AC ¥ KauyecTBO €¢ 3BY-
yapna 3a cger AU paKHoEHHX 3pderros. Pacuery Audpakuuy HA Te-
Jax pasaudHofl QOpMbl NOCBAIIEHH MHOTMOUHCACHHLIE HCCAEI0BZHHA
(mpumennTeapio k Kopmycad AC srto [8.15], [5.16], [5.17] u ap.).
SxcnepuMeHTalbHbe HCCICI0BAHNA B KOPHycax PpasNHIHOL QOPMBE
MmoKAasalH, 4To [epexoj OT IMaaKux (opm (cbepa} K gopmadm & ocT-
PHIMH YIVIAMH IPHBOJHT K 3HaUHTCJABHOMY YBRJIHYCHIIO [1EDaBHOMEPHO-
cru AUX (puc. 5.9). TpagunHouno HOJLLIAICTEO AC menaioT B NpaMo-
yroJbabix Kopuycax, Onnako B MOCASAHHE TOABL, KOT1a NapaMeT pl AC

kateropuy Hi—Fi sHauutenbHO YiaygIuy-

Aa6f JMCh (B YacTHOCTH, HEPABHOMEPHOCTH

75k AUX nocrursna 2.4 1B), BrJIaj uCKa-

fam JKEHUH 32 CueT anbpaxHoHHLX 3¢ dex-

TOB craJj Gonee omyrtuM. [TostoMy B MoO-

gt seasnx AC Belcmell xateropua (ra. 6)

L ‘o Kopiyca CpefHe- H BbICOKOYACTOTEBIX

62 G4 40 2,0 fixly TPOMKOUOBOPUTENCH CTAaAH neaaTh B BH-

e OTAEeALHMX OJ0K0B ofrexaemoil Gop-

Puc. 59. AUX rpomxorosopm- MPI (cep, UHIHH/POB, KyOOHI0B C OK-

Tens B kophnyce Bppia cheps DVIVICHHEIMH KpasMu H T. ). Pacyer

(7} u xyba (2) AudpaKnHOHELIX  (O@EKTOB Ha Teqax

HpocTOR QOpMBl  (cdepe, LUAHHADE H

Ap.) BRINOJHAJACA BO MIOIUX paboTax, AIs MPAMOYTONBHEX KOPIYCOB

5Ta 3ajada IPEeACTABIRST 3HAUNTeAbHBIE TPYAHOCTH H PellagTcs B Ha-
CTOAINE® BPEMS UHCJAEHHbIMII MeTofaMH (M. 1, 2).

SKcnepUMenTaabUbe HCCAeI0BaRUS ANPPaKLIAOHHHEY 3(pPeKTos Ha
NPAMOYTOMbHEIX SKPaHaX H KOpHIYCax PasIHYHHEX Da3sMepos ([5.171,
[5.18]) mosBoawIn yCTAHOBUTE 38BHCAMOCTD nudpaKkIUOHHE X H3MeHe-
Huft aByKoporo nasftcuns AC OT pa3MepoB M COOTHOWMICHHSA JIHE CTO-
pPOH Tepeauell CTeHKH KOpmyca, ero rayfuubl ¥ T. /. Altaqu3 p3MeHe
HUll 3BYKOBOro jaB/JesHA 33 CUeT Xudpakund [0KasplBaeT, 170 nepBrf

MG PAK IROKHBI MAKCHMYM HMERT MeCTO IpIl Ra=2 (rze a= I bjm—
XapakTepHuil pasmep MepeiHcl CTeHKH), a MepBhi Aundparnuoli i
MHHUMYM TIpH Ra=~4,8, [Ipi sTom raybusa MHKOB-NPOBAJIOB 3aBUCHT
OT CTEIIEHH ACHMMCTDHH CHCTEMH, T. €. PACCTOsHU OT IPOMKOroBOPI-
tens 1o yraos, [lpn mpoextupopanan AC cTpemarcs BHOupars pas:
Mephl HEpejHell CTeHKH AmiKa TakuM o0pa3oM, yToOH 4acToThkl JH-
GpaKIUOHHLIX NHKOB-IpoBaa0B Ha AUX 1113K0YacTOTIIONO rpoMKOroB0-
pHTeNs B O(QOPMIEHIY JeKaln Bhille yacToOTH cpeda. [losToumy GBI~
110 HEPEHHIOK Mapcdb JeJaldT K2k MOXKHo §oqee V3KOH (HaCKOILKO
TIO3BOJIAIOT PAZMEPH HIBKOYACTOTHOTO FPOMKOTOBOPLUTRNR), STO TAKKE
yBeJqUUBaeT ¢e PESOHAHCHHE HacTOTH H YAyYllaeT XapaKTepUCTHRY
nanpasienHoctn AC, Ysenmdenue DayOuHR KOpIyca AacT HesHAULH
TeNbHHIT BKIAL B H3MeHEHUe AdpaKIMOHHOro NoJs, XoTda raydusa ur-
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L70c ;.17 20

ffeT CYIIECTBeHHYIO DOJIb B MOSBIEHAN «3a/ePHaHHBIX> pesoHanc\gd
Y 9eTIMBO BIIHBIX HA TPEXMEPHHIX AMHAMHYSCKHX CICKTDOIPaMM
(rai. 1}, uro o6ycaoBI¢HO NPOXOXKICHHEM 4YCpE3 avadparMy HMIYIb-
COB, OTPAMKEHHBIX OT 3ajHefl cTeHKM Kopmyca. [uyGHHY Kopmyca H cTe-
NeHb ero ACMN(UpPOBaHMs BHYTPH PacCUUTLIBAIOT TAKHM 06pasoM, 4TO-
66 o0ecleunTy IV KOCTh MePEXOAHBIX «KYMYJIATHBHEIX» CHCKTPOB 3a
cueT JAeMIGHPOBaHMA 3THX pe30HaHcOB. [Jo-BHANMOMY, MOABJCHNE «3a-
NePIKAHHHIX> Pe30HaHCOB H CJYZKHT NPHIUHOH AABHO YCTAHOBJCHHOIO
aMIHpHUYSCKH parTa, 4TO nJockHe AC CyOBeKTHBHO 23ByvYaT XYiKE,
BiusH{e OTpaykeHHil OT YNJIOB KOpIyca H OT KOHHYECKOH IIOJIOCTH
HH3KOYACTOTHOIO TPOMKOrORBOPHTENA JKCIEPUMEHTAILHO HCCJIEN0Ba-
JOCh JOCTAaTOUYHO NABHO, OAHAKO TOJLKO NMPHMEHEHHUE TeXHHKH uHdpo-
BOJ (QUABTPALUM MO3BOJYUJIO OLEHHTL BKJAJ STHX OTPAXKEHUA B HCKa-
keaasd AUX w I'B3 koaHuecTBeHHO. YBEJHUYCHHE HEepaBHOMEPHOCTH
AYX u ncxamenuii I'B3, 06yca0BISHHOS TOJILKO OTPAXKEHUAMH OT YT-
JIOB ¥ TIOJIOCTH HH3KOYacTOTHOTO FPOMKOTOBOpHTENA (BBIIENEHHOS C IO-
MOIIBIO HMIVJABCHHX H3MepeHHH ¢ nociaeaymomied uupposofi obpabdor-
Koft), cocraBaser 4 ab u 0,5 Mc COOTBETCTBEHHO IO LaHHEIM PpaGoTH
[5.19]. Hua yMesslnedns 3THX 3(QEKTOB, KpOME NPHMEHEHHS KOpIy-
COB criameHybx opM (6€3 OCTPHX BHICTYNOB U YIVIOB), HMCIIOJbL3YET-
¢ deMnEPOBaAHME MepeaHedl manedn ¥ BePXHEH KPBIILKH Kopnyca. 3TH
MEepH IIO3BOJMJIM cHM3UTHL HepaBnomepnocte AYUX u I'B3 u samerno
YAVUIINTh CAYXOBOE BOCHPHATHE 34 CUCT YMEHLUICHHHA TEeMOPaNbHEX
MCKaKeHuil W yaydllleHHs JoKaau3alda crepecobpasa. Taxkum obpa-
30M, CJQXKHag BHEMHAS KOHQHrypauudf KopIyca, XapakrepHas And
COBPEMEHIIHX aKycTHuecknx cHereM kKateropun Hi—Fi, mapamy ¢ ac-
TeTHUSCKHMH CO0OpaKeHUAMH QYHKIHOHANBHO OOyc/OBJIeHa TeXHMYE-
CKAMHM TPeBOBaHMAMH K mapaMeTpaM M KauecTsy 3Byuanus AC,

ABAJIM3 KOHCTPYKUHHU OTEYECTBEHHDBIX
H 3APYBEXHDBIX AC KATEIOPHYH Hi—Fi

s 4
6.1. OTEYECTBEHHBIE AKYCTHHECKHE CHCTEMDBI

TlepBod orevecrsenHoi AC, oTseuaromedl TpeboBaHUIM Ha annapa-
typy Hi—Fi, asunace axycruucckad emcrema 35AC-012 (5-90): Tpex-
noJiocHad, (azOUHBEPCHOro THMA, HCHOBL3YIOTCS T'POMKOIOBOPHTEJH
S0 -1, ipCA-11, 10I'-35. Cucrema J35AC-012 nokasana ua
puc. b.1,a.

BIeKTPOaKyCTHUECKUE NapaMeTphl CHCTEMH: IUaia30d BOCIPOH3BO-
IAMBIX YacToT o1,5...20000 I'u, goMuHaasHad MomHocts 35 B, nac-
noprHas MomHocTs 90 BT, ypoBeHs XapaxTepPUCTHUCCKOH UYBCTBATCAL:
HocTu 86 B, ratapurer 710X 360x2550 MM, Ha 6ase sroit MOLeaH 3a
NOCJASANMe TONH  COSNAHBl CJHEAVIOIMIAE AKYCTHYECKHE  CHCTEMHL:
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2,

<
170 11act

1AC-016  (c ¢azonssepropom), 3BAC-018 (c Pasounaseprop
AC-008 (saxpuras), 35AC-015 (c maccueabiM msayuateneMm).
PIH CHCTEMBI HMEIOT GNM3KHE NApAMETPH H OTJIHUAIOTCH BHELIHHM I

ZOM,
TIpuMeneane pasnuuHbIX KOHCTPYKTHBHEIX Mep HOSBOJMNIO CO3AATH

HeCKONBKO MOJEREH AKYCTHYECKHX CHCTEM YMEHbUICHHHIX rabapuTHRX
pasmepoB (o6beM okoao 40 xm?):

Puc. 6.1. Akycrudeckue cucreMel a) 35AC-012 (S-90),
6) AC3-2 (ssexrpocTarsueckas), 8) H0ACTC

35AC-213 (8-70). OTnuuaeTcs npuMegeHHeM 3AEKTPOMEXAHHTECKOMR
obpaTnoii ceasn (IMOC), ucnonb3oBadueM CNENHANBHOTO HH3KOUAC-
TOTHOTO rpomkoroBoputenst 30I[[-6 ¢ 1ubesozaTumkoM, BCTpoeHHOTG
HH3KOYACTOTHOrO yCHAHTENd, 0J0Ka 3alIWTH POMKOTOBOpHTENefl OT
NEeperpy3ok M 3MCKTPOHHOH HHAMKanMed ypomued. Tlapamerpn coBma-
Aawrt ¢ 35AC-012, xpoMe nacmoprho#t Mommoctn — 70 Br:

25AC-027 — ocobennocTblo 3TOH CHCTEMBl  SIBISETCS npEMeHeHHe
BBICOKOUACTOTHOIO H3O0AHHAMHUUYECKOro rpomkorosoputenst 10TH, uro
IOSBOMIHJIO DACIHHPHATD AHANA30H BOCIPOH3BOAUMLIX ©acToT O
31500 Ty v ynyuInHT, KAUECTBO NEPENAUH BHICOKHX HACTOT.

Ocobyio rpynny akycTHUeCKHX cHeTeM cocTtarisior AC, HCIOJIb3YIO-
ILAE Y3YUATCAU 3JIeKTPOCTATHYCCKOTrO THIIA:

ACD-2 — mMHPOKONOKOCHAT 2MEKTPOCTATHIECKAS CHETEMA, ABYXIO-
MOCHAS], COCTOSAILLAS H3 TECTH HHBKOYACTOTHHIX TIACTHH pAa3MEPOM
650X 120 MM # IBYX TPEXCEKNHOHHBIX BHICOKOUACTOTHHIX MIACTHH pas-
mepom 320X 190 mm. B AC uMeetcsl BCTpoeHEMH 60K ¢ moaspH3ATO-
PoM, pasjJenuTeNIbHBIMA (UABTPAMH H COTJIACYHOULHMH TparcpopMaTo-
pamn. AxycTHYeckasl CHCTeMa HMEET CGAVIOUINe NMapameTphi: AHAINA-
30H BOCOPOH3BOAMMBIX 4acToT 45 ..30000 T'u, somunanbuoe cpeaHee
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.vKoBoe naBjenne 1,2 I1d, HOMHHAABHOe BXOHHOE HAMpSKeHHe f

liuecTBO 3BYyYAHHA OTJAMAETCA XapaKTepHHIMH jJ151 3TOro BHAA \og

Kees®, OPA30BaTENEH YHCTOTOH M NPO3PAYHOCThIO 3ByUaHUS., BHemHui &
AC mokasan ga puc. 6.1,6. Ha 6aze stoit AC co3nana TakkKe Mojgedb
25ACP-101, uMeronrasi aHAJOTHUHBIE TTApPAMETPHL.

S50ACJHC-101 — nunocTaTHUECKas OMCTEMA, HCNOAL3YIOIIAST ARHAMU-
decKHE W 3AEKTPOCTATHUECKHE HU3nyyaTesu. HU3kouacTOTHHA ARANa30H
BOCIIPOM3BOAHTCSI  JIBYMSI  JAMHAMHWUECKHMH  TDPOMKOTOBODHTEIAMU
26" 1-32, BBHICOKOUACTOTHBIA — 3JCKTPOCTATHUECKAMH H3Ay4aTEAsIMH
pazmepoM 320X 190 mv. Brewan#t BuA cHeTeMHBl MOKa3ad Ha pHc. 6.1,8.

B 1980—1982 rr. 6nina pazpaboTada neppas OTeUeCTBeHHASE MO-
aenb AC seicueit kareropuy 100AC-003 «Opburas. B npoiecce cosaa-
sua AC kareropun Hi—Fi 6uium  BuABHHYTH TpebOBaHHS 3Ha-
YHTENBHOIO YXKECTYEHHS HOPM H& YXKe U3BCCTHBIE napaMeTphl H
BBCACH LEJAHH psj HOBHIX. B pesyaprare cosgana AC «co cae-
AVIOUMMH 3IEKTPOAKYCTHUECKHMH X2aPaKTEPHCTHKAMH:. LHANasoll BoC-
nponsBOAUMEX uvactor 20..30000 TI'm, nacnoptHas  MOIIHOCTh
100 Br, kxpatkoBpeMedHas (MysHkanabnas) moituocts — 200 Br, ypo-
BeHb XAP2aKTEPHCTHUECKOH UYBCTBUTENbHOCTH — 86 abB, xapakTepHcTH-
yeckHii KO3 (puUHeHT HenuHelHnX HckaxeHu#d — 2% (B Anamasoune
250...1000 '), 19% (cBmime 1000 ['u), yacToTa OCHOBHOTO PE30HAHCA
25 Ty, yporenpb nepexojubix nckaxenuis — 20 AD, MakcHMaabHbId YpO-
BeHEb 3BYKOBOro mamnegus 110 ab.

Haa peanwszanum 3TEX TpeGoBaHHii B npouecce  CO3JAHUS
100AC-003 norpe6oBanoCch pelIUTh NEALH PAJ KOHCTPYKTOPCKUX H TeX-
HOJIOTHUECKHX 327a4:

paspaoTka HOBO# namueliky rpoMkorosopuTeneir 1000 /1-1 (mmsko-
yacTtotaoro), 30I'/1-8 (cpeancuactornoro), 10I'/1-43 (BEICOKOYACTOTHO-
ro), CO3HXAHHE NMEKTPOHHOrO YCTPOHCTBA 3aIIHTHI MPOMKOrOBOPHTENCH
OT MeXaHHYeCKHX H TEeMJIOBRIX Neperpysok, paspaboTka ONTHMH3HPO-
BaHunix Ha 2BM ¢unprpyone-koppekTupyIONINX nenelt, cozgaine Ho-
BOH KOHCTPYKUHH KOPMYCa ¢ MPHMEHEHHEM BHOPO- M 3BYKOMOMJIONLAIO-
IIHX MaTepuatoB. B pesyabraTte 6niia co3fana Moaean AC, cooTmeTeT-
BYIOLIAS [0 mapaMerpaM H KauyeCcTBY 3BYUagus AyumuM voaensm AC.
xateropuu Hi—Fi. B nacroguiee Bpevsd B npouecce paspaboTku Haxo-
JHUTCS elle HECKOJbKO MoAedaeli BpicOkOKauecTBeHHHXx AC: 75AC-00%
# S0AC-021 1 1. 1.

6.2. 3APYBEXHbBIE AKYCTHYECKHE CHCTEMbI

B pactoduiec BpeMs 3apy6exHEIMH QupMaMu BbnyckaeTcs 604b-
moe konuuecTBo AC pasHoob6pasubIX THNOB M KOoHCTpykuui. Tax, Ha
puiake CIIA B 1982 r. 6mo npegcranaeno 1030 mogeqneii AC, pruinyc-
kaeMux 200 ¢upmamu. Hapany c Goabmuv uwucnoMm Hepoporux AC
EMeeTcs PAA MOJENeH, OTAHYAIILNXCSH OUeHb BEICOKAMHA OOBEKTHBHBIMH
XAPAKTEPHCTHKAMH W O0ECNEUNBAIOUIAX MAKCHM albHYID €CTeCTBEHHOCTh-
3Byuanusl. B 3THX MOAeNX HaXONIT OTparKeHWe COBPEMEHHMWE TEXHH-
YEeCKHEe PEINEHHS H HOCTHIKEHHS TEXHOJIOIHH, 3JCKTPOHHKH H AKYCTHEH,
HEKOTOPBIE H3 KOTOPHIX PACCMOTPEHH B NPeAbAVIHX rRaBax, JadaMu-
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HU3KQUACTOTHOrO O(QOPMJCHHS (3aKpuITHE, (PasOUHBEpPCHBIE, C 3IAEKT-
DOHHON KOPPEKIMEH M T. X.), 1o THIY CPEIHEYACTOTHHIX M BHICOKOUAC-
TOTHBIX FPOMKOTOBOPHTENEH (KYNMOJbHEE, KOHYCHBIE), 110 HAMMYHIO HO-
MOJBHTEALEHX YCTpoHCcTE — pynopor A nopeimenns KITI, akycraue-
CKHMX JHMH3 AJA PACIHHDEHHS XapaKTePHCTHK HAIpPABAEHHOCTH H T. J.
B rayectme npEMepa MOXKHO PAacCMOTPETh HECKOJALKO JYUIHHX BBICOKO-
wauecTBeHHEX AC, BEHIyCKaeMBIx 3a pyDexoM B HacTosdIIEe BpEMS,
Tpexnonocuas axycruueckas cucrema KEF-106M, Boinyckaemas
anrauickon pupmoii KEF nzobpaxesa pa pHe. 6.2,a. B cucreme npu-
MEHEHB pasjesuTe/bHele (QHILTPH, ONTHMH3HpOBaHHbIE Ha IBM.

Puc. 6.2, AxycrHdecKue cH-
cremil: ¢) KEF=105M; 6)
Yamaha, NS-1000M, &) So-
ny, APM-8, &) Quad,
ESL-63 (qeKTpOCTaTHIEC-
Kag H 0) HHIKOYACTOTHHH

6nox Audio-Pro, B4-2000

Ouantpu obecneunparT naockyro AUX cHCTEMEl O 3BYKOBOMY ZAaB-
JICHHIO ¥ HMEIOT aCHMITOTHUYECKYI KPyTHsHy cnajor AUX kamajnoB 1o
3BYKOBOMY JaBJeHHI0O B Hojocax pazjeaenus -— 24 nb/okr., UacToThl
pasgenenns — 400 y 2600 o, CpendeuacTOTHHE H BHICOKOYACTOTHBIA
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A OMKOrOBOpDHTEIH BEAENEHH B OTACAbHHE 670K o0Tekaemol ¢oriH, e
¥ 0 IO3BOJHJIO YMEHBIIATh HepaBHOMepHOCTh AUX B ofaactH cpe Ny
¥4 BRICOKHX 4YacTOT. B cuCcTeMe HCIOJAb3YeTCs IpOCTPAaHCTBEHHOE COlvm
copagne ®@UX kanagJor (cM. ra. 3). HusgouactotHOE OPOpMIACHHE CHC-
TeMEl -—— 3aKpHITOro THila. HH3KOYACTOTHHA TIPOMKOTOBOpPUTEIL JHAa-
MeTpom 300 MM ¢ aAud@ysopoM H3 MaTepHasaa bextren, 3HauHTEABHO
YAYUIH AWM AeMilpupoBadne cobcTBeHHBIX pPE3CHAHCOB Nuddy3opa,
HMEET HHIKHIOW pasHYHyI0 4acToTy cHeTeMul 30 I'm B Kopnyce obbe-
MoM 70 av®. Ypopedb XapaKTepHCTHYECKOH YyBCcTBHTEAbHOCTH — 86 nb.
CrCTeMa pasBHBACT MakCHMaJbHoe 3BykoBoe gasacHue 107 nb un mo-
XeT paboTaTh C yCHAMTENEM 3BYKOBOH Y4acTOTH MOIUHOCTBIO 10 200 BT,
[Hanasod BOCOPOMBBONHMEIX 4YacToT JeXHT B Opegegax J30...

20000 ' npu aepaHomepocTn AUX 4 nb. Cuetema mmeet ie-
PEKJIOYAEMBIH [IHKOBLIH HHAMKATOP YPOBUS IOABONHMOH 3JeKTpHYE-
CKOH MOILIHOCTH M ONTHYECKHN HBAAKATOP ONTHMAaAbHOH 30HBI HPOCY-
mupagngd, AC KEF-10bM sapagerca oAgod H3 JYYILIHX CHCTEM, BHIIOM-
HEHHBIX B MJCOJOrMH BBICOKOH BEPHOCTH BOCHPOH3BENEHHUI.

Agyctudeckas cuctema NS-1000M, Brnyckaemas SIMOHCKOH QHp-
mMoli Yamaha, Takxke cuuTaercd B Hacrodllee BpeMsa ONHOH M3 JYYIIHX
angamuueckux AC (puc. 6.2,6). 2710 TpexnoJocHas CUCTEMAa 3aKpHITO-
ro THIA, AMADA30H BOCIPOH3BOJHUMBIX HAaCTOT KOTOPOH JEXKHT B npe-
neqaax 50..,.30000 I'u. B cHecreme npuMeHeHR Cpease- W BBICOKOYAC-
TOTHHE KYyIOJbHbIC I'DOMKOrOBOPHTENH ¢ OepUAJHCBHIMH JHadparma-
MH, BEOpoO3aluilegHas KOHCTPYKIHUA KOPHyca, YTo NO3BOJHIO paspa-
Gotunkam nobuThcsl Magofi HepapHoMepHocTH AUX, ouesb HH3KOIO
YPOBHY HEMHHEHHHX HCKaxKEHHH H BBICOKOH E€CTECTBEHHOCTH 3BYYAHHA,
YpoBedb XapakTePHCTHUECKOH UYBCTBUTEJBHOCTH cocrapadgeT 85 b,
MAaKCHMAJAbHHHA ypoBeHb 3ByKOBOro jaBiaends — 109 nBb. Zta cuctema
BHIMyCKaeTcsd Kak JuIs OBITOBOrO HCHOAB30BAHUS, TAK H B KA4eCTBE CTY-
NHUAHOTO KOHTPOABHOIO MOHHTOPA.

Pasputie nudpoBHX METOJOB 3BYKO3AMHCH OOVCAOBHJIO NMOSIBJCHHUE
AKYCTHYECKHX CHCTEM C PACIIHDPEHHBIM AHHAMHUECKHM aHanaszosoM. K
5TOMY KJaaccy cHeTeM MomxHO otHecty AC APM-8 sanoHckofl QupME
Sony, koTopad ABJdeTcA IpHMEPOM TPHMEHEHHSI JOCTHXEHMH COBpeE-
MenHol TexHoJorus (puc. 6.2,8). I POMKOroBOPHTEIH 5TOH UETHIPEXIO-
JIOCHOH CHCTEMBI HMEIOT ILIOCKHE AHPPY3OphEl IPSIMOYIOJbHOH (HOPMH,
BRITIOJIHELHbIE U3 AJIOMHHHEBHIX COTOBBIX KOHCTPYKUHUH, 4T0 06YyCAORIH-
BaeT OOJbINyI0 KECTKOCTh AH(POY30pPOB H 00CCHEUNBACT ILOPIIHEBOH
XapakTep Kojebanuii xu¢d(y30pa BO BCCM BOCIPOH3BOJUMOM AHAaNlazo-
He yacToT. CaeayeT 3aMEeTHTb, UTO KOHCTPYKIHSA TAKHX rPOMKOrOBOPH-
TeJel uype3BBIUAlHO CAOXKHA H BCTpeuaeT OOJbIIHE TEXHOJOrHYECKHE
TPYHHOCTH B H3rotoBJcHHH. [Hpdysop HH3KOUACTOTHOrO I'POMKOIOBO-
puTeas BO3OYXKIaeTCs YEeTHIPbMI 3BYKOBBIMH KAaTYIIKaMHM, YTO IO3BO-
JsieT 3HAUHTEJBHO YBeJHUHTh JOIUYCTHMYI) BXOAHYIO 2JEKTPHUECKVIO
MOILHOCTE ¥ TOBBICHTH KIII. ' HHaMHUCCKHE HHaOA30H CHCTEMBI CO-
ctapageT 123 1B, AHana3od BOCIDOH3BOAMMBIX YACTOT JEKHT B Ope-
neqax 25...30000 T'n, ypoBeHE XapaKTEPHCTHUECKOH YYBCTRHTEILHO-
cTH cocTaBaser 96 nb.

Onno#t M3 camMBx #3BecTHHX cucTeM Kateropum Hi—Fi ssasercs
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aqexTpoctaThyeckas ESL aurauiicko#t pupmb Quad u ee MonudHKa-
nust  ESL-63, nsobpaxennas ma puc. 6.22 Ilpermiaymas Mo-
Reab  BHInycKanachk ¢ 1956 mo 1981 r. u no cmx mop sBAsercH
OJIHOM M3 CaMbIX TIONYASIPHBIX CPEIH CNENHAJHCTOR H JIOOUTEREH Kaac-
CHUYECKOH MY3BIKH, TAK KaK 00JaMaeT OUeHb BRICOKOH eCTeCTBeHHOCTHIO
3ByvaHHsl. HHanason BOCNPOM3BOJHMEIX UACTOT JEGKHT B Npeeniax
45...18000 T'm npm sepasHomepnoct AUX 6 1B. CHcTemMa HMeeT
OTHOCHTENBHO Y3KHH AMHAMHUUECKHH AHanasod — 98 1B, uro xapakrep-
HO 117 OOJIBIIHHCTBA aaeKTpocTatHueckux AC # He ofaajgaer MHPO-
KOH XaPaKTePHCTHKOH HANPABAEHHOCTH, TUTO OOVCJAOBICHO GOJBINON
WIoWa b0 H3JIYYAIIEH NOBEPXHOCTH. IJTOT HEIOCTATOK yCTPAlleH B
cucreme ESL-63, rae XapakTepHCTHKE HaNPaBAEHHOCTH PaCIIHPAIOTCS
34 CUCT NPpUMEHCHHUS CHCNHANRbHBIX (PA30KOPPEKTHPVIOLLHEX LENeH, BHO-
CSAIAX BPEMCHHYIO 32JePXKKYy CHIHAJMa MEXKAY COOTBETCTBYHOUIIMH H3-
AYUAWUIUMHE 37eMedTaMu. B nocaenidee BpeMsl NOSBHACS HOBHH KIACC
CHCTEM, Ha3blBaéMblX TPUQOIHUECKHMH. JTH CHCTEMBI COCTOST H3 00-
Wero Ans ABYX CTePEOQOINYeCKHX KaHa/NOB HH3KOYACTOTHOTO 6J0OKA H
ABYX CHCTCM-<CaTEAJNHTOB», BOCIPOH3BONSIINX CHIHaRB BhIme 100. ..
.+. 200 T'n. Cpenu HH3KOYUACTOTHHIX GJIOKOB TpPH(QOHHUYECKHX CHCTEM
IpeiCTaBASIOT HHTepec paspaboTku mpeeackodl ¢gupmul Audio-Pro. B
STHX OIOKAX MpUMEHeHa NPeANOKeHHas CHeNHaTHCTAMH (QHPMB CHC-
TEMa C 3JCKTPOHHBIM YIDPABNEHHEM NapAMETPaMH HH3KOYaCTOTHBIX
TpoMKorosopureaein ACE-Bass (cM. ra. 4). Huskouacroramii 640K
BY-2000 umeer ko0 rpasndayio dacroty 20 I'm (—3 aB) u pas-
BHBaeT B paGouem Amanasone yactot 20 ... 200 I'n MaKcHMaibioe 3By-
KoBoe namjexue 110 ab (puc. 6.2,0). Brok conepxuT ABE napH HH3-
KOUACTOTIIBIX I'POMKOTOBOpHTEAEH AramerpoM 126 mM. C nednio yMeHb-
IMeHHsl YETHBIX PAPMOHMK OJHA Napa IPOMKOTOBOPHTENeH H3JAydaer
{PporTanbHoll MOBepXHOCTBIO AHDGY30pa, a APYrasd — THJABHOH, NPH
3TOM SJICKTPHUCCKH 3TH flapbl BKJIWUYENH B NpoTHBOdase. pyroi aus-
KOYACTOTHLIA OM0K aHAJOrMYHOH KOUCTPYKIHH HMEET HHMKHIOW Fpa-
nudayr gacrory 30 I'm (—3 aB) u pasBEBaeT mMakcHMalbHOE 3BYKO-
Boe naejedne 117 1B. Ob6a GroKa HMEIOT KOPPeKTHPYIOIMHHA (QHABTP
BEPXHHX YacTOT, 00ECTeUnBAIAN 3HAUHTETbHOE yMEHBIICHAS AMIIH-
TYZR CMCHICHHS TOJBHKHOHA CHCTEMBI H CHHMKEHHE VDOBHS HeJHHeH-
HpIX HeKaxkernHH. AUX 6JioKoB B 06JaCTH HHKHHX YaCTOT alllpOKCHMH-
pyeTcs xapakTepHCTHKOH DarTepBopTa IIecToro mopsaika (cM. ri 4).
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7

OCHOBHBIE HANIPABJIEHHS PA3BUHTHY AC

2
3a mocaeaHHe rolbl B NPOEKTHPOBAHMH BHICOKOKauecTBeniuix AC

AOMYUHIH PasBuTHe B OCHOBHOM TaKHe HalpaBJ/eHHd, KaK IIpHMeHeHHE
METOZ0B ONTHMAJNBHOIO CHHTE3a ¢ HCnoAL3oBanueM IBM pas pacueta
OCHOBHEIX 3seMedTOoB AC (H3nayuaTeseH, pasieduTeJbHblX (QUILTPOB,.
KOPUYCOB), HCIONb30BaHHe CHHTETHYCCKHX MATEPHAJNOB AT H3TOTOB-
JeHHS 3JeMeHTOB TPOMKOTOBOpUTENeH, DpHMeHedie 1oBblX, Hojee co-
BepIIEHHEIX MeTPONOTHIECKHX CPEACTB, HCHOAB3YIOUINX UH(POBYW 00-
paboTKy CHTHAMOB, YCTAHOB/ACHHE M yTOUHeHHe CYODEKTHBHBIX HOPO+
TOB BOCHPHATHS PA3JMUHBIX BHAOB HCKaXKeHHH. Pe3yabTaTel 3THX pa-
60T NO3BOAAIOT cYOPMYMHPOBATE 3aJa4H, BA PelleHHe KOTOPHX, N0-BH-
auMomy, Syayt HanpaBiaensl B Ouuxaiiune rogsl OCHOBHBIE YCHAHA
CIEILHANHCTOB.

1. IlpuMenenne cOBpeMEHHOH BHIYHCJIHTENABHOR TEXHHKH H LHQpO-
BOK 00pafoTKy CUTHAJOB A HACHTHPHKAILHH H MATEMATHYECKOr0 MO-
JENHPOBAHHS KaK OCHOBHEIX 3/IeMEHTOB, TakK d Bceit AC B mesoM, 410
OCAYRKHT 0asod pud yrayOaeHHOoro W3yd4eHWsl MEXaHH3MOB BO3HHKHO-
BEeHHA Pa3JHYHBIX BHAOB HcKamedHHd B AC u cosznanus 3¢ QeKTHBHBIX
METONOB HX MHHHMH3AIHH.

2. Bupgenenne naubosee uHGOPMaTHBHBIX AN CAYXOBOH CHCTEMEE
YyeJoBeKa KOMIOHEHT NPOCTPAlCTBEHHO-BPEMEHHOH CTPYKTYpHR pe-
ANbHBIX My3HIKAJBHBIX M PEUEBEIX CHIHAJIOB, MHHHMH3 A1 HI HCKaKeHHH
curHana B AC 70 DOJDOPOrOBHIX ypOBHEH M co3jaHHMe Ha Oase yc-
TaHOBJIEHHLIX IOPOTOB BOCHPUATHS MCKAXKEHHH KpUTEpHEB OileéHKH 00b-
eKTHBHBIX NIapaMeTPOB aKYCTHUECKHX CHCTEM, KOpPeIHPYIOIHHX ¢ cylb-
EKTHBHO BOCHPHHHMAEMBIM KaueCTBOM 3BYUaHHUA.

3. [lepexon K cHCTEMHOMY IIpOEKTHPOBAHHIO, BRKANUAKIIEMY B Ccé-
651 MHOTOKPHTEPHANLHYIO ONTHMH3ANHIO (C npumeHennem 3BM) napa-
METPOB BCEX IAEMEHTOB AKYCTHUECKOH CHCTEMHBL

[Tepexon K cuCTeMHOMY CHHTE3Y He HCKAHOUYaeT HeoBXOAUMOCTH CO-
BEePILIEHCTBOBAHES OTACABHEX 3aeMedTOB AC 3a cueT HCNOAb30BauU%E:
IPOrPECCHBHON TEXHOJOrHH, 8 TaKXkKe NpHMEHeHMs HOBHIX ClelHalbHO-
CHHTE3HPOBAaHHBIX MaTepHanoB 1as 1uddy30p0B, NOABECOB, LEHTPHPY-
IOIHX aitd, MaruuTaex nenedl 1 xopnyca AC, paunonanapsoro subo-
pPa HX KOHCTPYKLHH.

JlanpueflliuM 3TAnoM pasBUTHSA akycTHueckod Texuuku Hi—Fi,
NO-BHAHMOMY, A0AKeH OHTb Iepexot] OT OOBIYHBIX aKYyCTHYECKHX CHC-
TeM, COCTOSIUIHX H3 IPOMKOTOBODHTEJeH, Kopnyca M pPasieNHTeNbHBIX
¢HABTPOB, K 4AaUTHBHEIM CHCTEMaM 3BYKOBOCHPOH3BEAECHHS, MOJ KO-
TOPEIMH NOHHMAIOTCS He TOJBKO AKYCTHYECKHE CHCTEMBI, HO H mOMelie-
HEE TIPOCJAYIIHBAHHSA (paccMaTpHBaeMOe KAaK COCTABHOH 3MEMEHT CHC-
TeMBI, BHOCHAUIMH CBOH HCKAXKEHHS B BOCHPOM3BOAMMBIH CHTHAI), H
MHOTO(VHKIHOHAJBHEIH 3BYKOBOH nponeccop. Takol npoieccop A0J-

161


http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

THEIX M HEJIHHEHHBIX HCKAXKEHHH, BO3HHKAIOIUX B IIPOIECCe JEKTP

OuHaypaJbHHe.
[lepsbie Miary B cO342dHH aJANTHBHLIX CHCTEM 3BYKOBOCIIPOHU3BELE-

HHS yKe cHeJaHH — Ha $43€ auaJOrOBOH TeXHHKH pazpaloTaHH LpO-
neccopH, obecneyuBalomye OHOHHIECKYIO 3BYKONepenavyy (T. e, 3BYKo-
nmepejady, B KOTOPOH CHTH AN, 3allHCAHHEE C IIOMOIIBIO HCKYCCTBEH-
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