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OKCHEpUMEHTAIBHO HUCCIIEAYIOTCSI YCJIOBHSI PAaCIpPOCTPAHEHUS Y3KOIMOJIOCHOM
TPEX4acTOTHOW BOJHBI  (BOMHOBOIO TMaKeTa) KOHEYHOM  aMIUIUTYAbl C
CUMMETPUYHBIM YAaCTOTHBIM CIIEKTPOM U NPOU3BOJIBHBIMU COOTHOLIEHUSIMHU
HavyanbHbIX aMmMrummtya u (a3. Ha mpumepe mpecHOil BOIbI MOKa3aHO, YTO B
mpolecce pacnpocTpaHeHust Kaxzaas @Pypbe-KOMIIOHEHTa BOJIHOBOTO IaKeTa
MpHOOpeTaeT IOMOJHUTENbHBIN Haber ¢a3, O0OYCIOBICHHBIH WX HEIMHEHHBIM
B3aMMOJICHCTBHEM MeEXay co00i. M3 TOIyYeHHBIX 3aBHCHMOCTEH pacCUMTaHBI
JUCTICPCUOHHBIE XapaKTEPUCTHKU: H3MEHEHHS (Da30BBIX CKOPOCTEH OTAEIbHBIX
rapMOHUYECKUX KOMIIOHEHT, TPYMIOBOM CKOPOCTHM BOJHOBOIO TMaKeTa U
JIMCTIEPCUOHHOrO  mapameTrpa. (OTMedaeTcsi, 4YTO MpOSBICHUE HEJIMHEHHOU
JHUCTIEPCUN  HANpsIMyI0  3aBUCHUT OT  BEJIMYMHBI  (a30BOro  HMHBApPHAHTA
TPEXYaCTOTHOM BOJIHBI, MPEACTABIISIIONIETO COOOM JIMHEHHYIO KOMOHWHAITHIO
HavaJbHBIX (a3 TapMOHMYECKUX BOJH B COCTaBE BOJIHOBOro maketa. [lokaszaHo,
YTO MU3MEHEHHEM (Da30BOro MHBapUAHTA MOXKHO BIUATH KaK Ha BEJIMYMHY, TaK U Ha
3HAaK AMCIIEPCUM; OTMEUEHBl YCJIOBUS, IPU KOTOPBIX YJIAETCS HUCKIIOYUTH €€
posiBJIeHUE. PaccMOTpeHbl 3KCnepUMEHTalbHasi YCTaHOBKA, METOJ M YCJIOBHS
U3MEpEeHUuN HeNuHEeHHbIX HaberoB ¢a3. IlomyuyeHO KayecTBEHHOE corjacue
PacCYETHBIX U HKCIIEPUMEHTAIBHBIX PE3yJIbTaTOB.

BBEJIEHUE

B ob6mem cnyyae 3amavya JIUCTaHIMOHHOM mepedadyd HWHGOpMalMU CBs3aHa C
UCIIOJIb30BAaHUEM HEOJIHOPOJHBIX B MPOCTPAHCTBE M BPEMEHH (MOAYJIMPOBAHHBIX) BOJH, B
KOTOPBIX OJWH WJIM HECKOJbKO MapaMeTpOB H3MEHSIOTCS BO BpemeHu [l]. B pamkax
TEXHUYECKUX TPUIOKEHUN aKyCTHKM TaKHe BOJHBI HaxXOAST MpUMEHEHHe B pabore
MHGOPMAIIMOHHO-U3MEPUTEIFHON anmaparypbl, YCTPOICTB TeJIeMETpUH, YIpPaBICHUS U
CBSI3M, HUCIIOJIb3YIOIIUX Mepeaayvy JaHHBIX MO aKyCcTHYeckoMy KaHaiy. B Tom ciydae, korga
BOJIHA OCTaeTcsi OJIM3KOM K TrapMOHHUYECKOW, M3MEHSEMBIMH MapaMeTpaMu Ui Iepenayu
MOJIE3HOTO CUTHala MOTYT OBbITh €€ aMIUIUTY/1a, 4acToTa U ¢asa.

OCHOBHBIM OTpaHUYEHHEM [UIsl YBEIMUYEHUS AaJbHOCTH M (WJIM) CKOPOCTH Iepenayu
MOJIyJINPOBAHHBIX ~CUTHAJOB SIBJISIETCS 4acTOTHas jaucrepcus (a3oBOM  CKOPOCTH,
MIPUBOJISIIAST B TIPOIIECCE PACTIPOCTPAHCHUS K «PAaCIUIBIBAHUIO» (HOpMBI (Orubdaromieit) mus-3a
B3aMMHOIO 3ama3iblBaHus (pacasupoBKH) BXOASIIMX B IaKeT TapMOHUYECKUX BOJIH.
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Onnako U B cpenax 0e3 4aCTOTHOW AMCIEPCHH, KaK TOKa3aHo B [2], mMOgo0HbBIE MPOIECChH
MOTYT MMETh MECTO JUIsi BOJH KoHeuHou amruiutynbl (BKA), ecom atu cpeasl oOnamaroT
HEJIMHEWHOCTSIMU HEUETHBIX TOPSAKOB (TPETHETO, MATOro U T. A.). [logBnstomntytocs mpu 3ToM
3aBUCUMOCTH (ha30BOIl CKOPOCTH OT aMIUIUTYJbl BOJHBI NMPHUHATO HAa3bIBaTh HEIMHEWHOI
aucrnepcuerd. B OCHOBE aMIUIMTYIHO-3aBUCUMOM JUCIIEPCHUM B CpEJax C HEYETHOU
HEJIMHEMHOCTBIO JiekaTr mnpouecchl camoBo3neicTBus BKA. Ilockosbky mnopaBisitoniee
OOJIBIIMHCTBO Cpell B aKyCTHKE MMEIOT KBaJpaTHUHYIO HEJMHEHHOCTh (BOJAa, BO3AYX H Jp.),
TO 110 MOCJIEHETO BPEMEHU CUHUTAIOCh, YTO B HUX HEJIMHEIHas IUCIEpPCUsl OTCYTCTBYET, U
($a30BbIii CMHXPOHU3M MEXJy BOJIHAMU Pa3HbIX YacTOT COXpAHSETCS HAa BCEM IYTH HX
pactipoctpanenus [2]. CpaBeqJIUBOCTb 3TOTO YTBEPKIACHUS CIEAYET W3 MHOTOUYMCIECHHBIX
pe3yJbTaTOB M3YUYCHHS Y3KOMOJIOCHBIX OHrapMOHHYECKOW (0OaraHCHO-MOIYJIHPOBAHHON),
aMIUTUTY THO-Moay IupoBaHHON (AM) u daszomonynmupoBannoit (PM) BKA, npoBoauBimxcs
B PaMKax HCCJIEIOBaHUS T. H. MTApaMETPUUYECKUX U3JIy4alOIMX aHTeHH [2, 3].

Opnako, TeopeTHMUYECKUM aHamu3 IUIOCKOM TpexdactoTHo BKA ¢ cuMmMerpuuHbIM
YaCTOTHBIM CIIEKTPOM TMOKa3zan [4], d9ro HavaimbHble (Pa30BBIE COOTHOLICHHUS MEXIY
BXOJSAUIMMM B €€ COCTaB BOJIHAMU pa3HbIX YacTOT CYLIECTBEHHO BIUSIOT Ha
pacnpocTpaHEeHUE B KBaJpaTUYHO-HEIMHEWHON cpene, MpUBOJAA, B TOM 4YHUCIE, U K
MOSIBJICHUIO HEJIMHEWHOW AUCTIEPCHH. [ paHUYHOE YCIIOBHE JUIsl 3TOM 3aa4M MOYKHO 3aIUCATh

B BUJC

p(t, x= 0) =P, sin(aJHt + oy )+ F, sin(a)ot + (00)+ P, sin(a)Bt + @y ) =

= P(t)-sin[w,t + @, + o(t)], .

rne (P,, Py, Py), (@, @y, @) U @y =0, T, 0, (0, >>)) — HadaabHbIC 3HAUCHUS
aMIUTUTYA, (pa3 ¥ 4acTOTHI OTAETBHBIX KOMIOHEHT BOJHOBOTO IAKETa; P(t) — orubaromas
y3KomonocHoro curHana; @(t) — QyHKIHMA, omHcHBaOmas  ()a3oByl0 MOYJISIMIO

BBICOKOYACTOTHOT'O 3alOJHEHHS. AHAIMTHYECKHE BBIPAXKCHUA P(Z) u (/)(Z) JIA O6IJ_IGFO

Cllydasi COOTHOILICHHI HavaIbHbBIX aMILTUTYA U (a3 MpUBEACHBI B [5].

BaxHo OTMETHTB, YTO B OTJIMYME OT CpPEA C HEUYETHOM HEIMHEMHOCTBIO B OCHOBE
¢u3uUecKoro MexaHu3Ma HEJIMHEHHON AMCIEepCUU KBaApaTHYHO-HEIWHEHHBIX cpel JexaT
yke He 3(PQeKTs caMOBO3IEHCTBHUS, a B3aUMOJICHCTBUE BOJH PAa3IMYHBIX YaCTOT MEXIY
coboii. OOpa3yrommecs Mpu TOM HEJIMHEHHBIE HO0aBKH B OOIIEM clydae MPOU3BOJIBHBIX

@y, @, U @, OTIMYAIOTCS MO (a3e OT paBHBIX C HUMH IO YacCTOTE€ HCXOJIHBIX BOJIH,

MOCKOJIBKY HAacJexyloT (ha3bl T€X BOJIH, KOTOpbIE MPUHUMAIH y4acTHE B MX OOpa3OBaHHH.
[Ipy BEKTOPHOM CIIO)KEHUH C HENIMHEHHOM J00aBKOW Kakgash W3 MCXOIHBIX BOJH
npruoOpeTaeT AONOTHUTENbHBIM (ha30BbIi HAOETr, KOTOPBIM paccMaTpUBAaeTCs Kak pe3yJbTar
u3MeHeHus (a30BOH CKOPOCTH, T. €. TPOSIBIICHHE HEJIMHEHHOMN TUCTIEPCHH.

Cpenu nomydeHHBIX B [4] pe3yibTaToB 0c000€ MECTO 3aHMMaeT TOT (PakT, 4To OaTaHCHO-

MOJ1yJINPOBAaHHAs (B, =0), aMIUIUTY AHO-MOYJIMPOBaHHAs ( (0(1‘) =0) u

(dazomo 1y IMpOBaHHAS (P(t): const) BKA, Oyaydn 4YacTHBIMH CIy4asMH TpPEX4YacTOTHOM
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BOJIHBI, JEHCTBUTENBHO pACHpPOCTPaHSAIOTCS B KBaJpaTUYHO-HENWHEHHOUW cperme 6e3
MPOSIBJICHUS] HENMHEWHOW nucnepcnd. Kak mokazaHo B paMKax METOAa MaJlbIX BO3MYILCHUH,
TaKoe TMOBEJACHHE OO0YCIOBIEHO CHH(A3HOCTbIO HCXOAHBIX BOJH C HMX HEITUHEHHBIMU
no0aBKaMHM M MMEET MECTO TOJBKO B CIIy4ae MEPEUMCICHHBIX THUIIOB BOJH. TakuMm oOpazoM,
CIACNAHHBIA paHee BHIBOA 00 OTCYTCTBUM HEIMHEWHON IUCIEpCUU B KBaJIpaTUYHO-
HEJIMHEWHBIX Cpelax HOCHUT YacTHBI XapakTep M HE OTpakaeT oOueil KapTHHbI
MPOUCXOSIINUX MPU PACIIPOCTPAHEHUN TPEXYacTOTHON (MHOroyacToTHO) BKA mpomeccos.

Ha mnpumepe TtpexuactotHoi BKA ¢ CUMMETpUYHBIM YacCTOTHBIM  CIIEKTPOM

(wy 5 =@, +€Q) [4, 5] noKa3aHO, YTO HENMHEIHHBIE MPOLECCHI 3aBUCAT HE OT aOCOIIOTHBIX

3HAUEHUI HayaJbHBIX WIH IOJIHBIX HA0EroB (a3, a ONpelesstoTCsl UX COOTHOILIEHUEM, T. H.

(azoBeiM uHBapuantom (PU) ﬂ0=[((pH+goB)/2—(p0] [6]. Hcnons3oBanne ®PU umeer

BaXHOE MPEUMYILECTBO IMepell JpyruMH crocobamu omnucaHusi (a3oBOro CHEKTpa,
MIOCKOJIBKY, C OJTHOM CTOPOHBI, COKpAIAeTCsl KOJIMYECTBO NTapaMETPOB BOJIHBI, a, C JPYIOH, -
€ro BeJIMYMHA JIJISl OJHOMEPHBIX BOJH B JIMHEHHON O€31MCIIEPCHOHHON cpesie He 3aBUCUT OT
BPEMEHM M NPOXOAMMOIO BOJHOW PpACCTOSHHA. OTO II03BOJISIET OIMUCHIBATH H3MEHEHUE
($a30BOro crnekTpa TPEeX4acTOTHON BOJIHBI, UCHOJB3YS JHIIb OAUH HapaMeTp. B yacTHOCTH,

HETPYJHO MOKa3aTh, YTO IPU CUMMETPUM aMIUIUTY[ B cnektpe (P, = P, < F)) AM u ®M

CUTHAJIBl OTJIMYAIOTCA MEXIY COOOW TOJNIBKO BEJIMYMHOW (pa30BOr0 MHBApHUAHTA, KOTOPBIA B

3TUX CIIy4asix paBeH cooTBeTcTBeHHO S, =0 u f, =90°.

HecMoTps Ha MIUPOKOE UCIIOIB30BAHUE MOIYJIMPOBAHHBIX BOJIH 0 HACTOALLEIO BPEMEHHU
B AaKyCTHKE OTCYTCTBYET OKCIIEpUMEHTAJIbHOE TIOATBEPXKICHHE Kak caMoro (akra
IPOSIBJIICHUS HEJIMHEWHOM IHUCIIEpCUU B KBaJpaTUYHO-HEIUMHEHHBIX Cpelax, TaKk U €€
3aBHCUMOCTh OT (a30BBIX COOTHOIICHUH CIIEKTPE BOJHBL. YUYHUTHIBAS OrPAaHHYCHHOCTH
pE3yJIbTaTOB TEOPETHYECKOIO aHajiu3a paMKaMU MajblX PAcCTOSHUM OT u3nydarens [4],
AKTyaJbHBbIM SBJISIETCS NPOBEIAEHUE SKCIEPUMEHTAIBHOTO HCCIEAOBAHUS 3TOr0 BOIPOCA C
LEJIbI0 ITPOBEPKU MOJIYYEHHBIX TEOPETUYECKUX BBIBOJOB.

IIpp 1moOCTaHOBKE SKCIEPUMEHTAa IPUHUMAJIOCh BO BHHMAaHHE, YTO OXHUAACMBIC
HeNluHelHbple Haberu (a3, a, cie0BaTesIbHO, U U3MEHEHUs (ha30BBIX CKOPOCTEH Y YaCTOTHBIX
KOMIIOHEHT BOJIHOBOTO IaKeTa, BecbMa Maibl. bbuiM onpoOoBaHbl pa3ivyHbIE MOIXOMbI,
IpeAnoYTeHNe OTAaHO (Pa30BBIM METOJaM M3MEpPEHHs OTHOCUTEIbHBIX M3MEHEHHUH (ha3oBoM
CKOPOCTH TapMOHUYECKOW BOJHBI Ojlarojaps WX BBICOKOM uyBCTBUTENBbHOCTH. [Ipu 3TOM
NPOBOIWINCH MPSIMbIE U3MEPEHUS TOTIOHUTENLHOTO (ha30BOro Habera v 3aBUCUMOCTH €T0 OT

®dOU B Kaxmoi wu3 rapMOHHUYCCKUX KOMIIOHCHT 9( 0) BOJIHOBOI'O IIaKeETa. HpOBepKa

HEJIMHEHHOr0 MPOHMCXOXAeHUS (pukcupyemblx HaOeroB (aspl 3akitoyanach B MPOBEICHUU
M3MEPECHHUI TOOYEPEIHO B PEKUMaxX Majol W OONBIIONW aMIUTUTYa HW3JIydyaeMod BOJHBL B
IepBOM ClIy4yae H3-3a MAJIOCTH HEIMHEWHBIX 3((EeKTOB IONMOJHHUTENbHbIE Haberu a3z
OTCYTCTBYIOT. JIii WCKIIOUEHHMS HEIMHEHHOro pexuMa pabdoThl TNPHEMHOTO TpaKTa
HKCIIEPUMEHTAIbHOM YCTAHOBKU CUTHAN Ha €€ BXOJE MOANCPKHUBAJICS B Ipeenax JMHEHHOTO
ydJacTKa TUHAMHUYECKOTO JHama3oHa. Bech 00beM NMPOBEACHHBIX M3MEPEHHUH BBIIOIHEH B
YCIOBHAX OEryIIMX BOJIH, YTO 00ECTIeYNBAIIOCH UMITYJILCHBIM PEKUMOM U3ITYUYCHUSI.
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1. OKCIIEPUMEHTAJIbHAS YCTAHOBKA

s DKCHIEpUMEHTAIbHBIX HCCIEAOBAHUN HEINMHEHMHOW IUCIIEPCUU  TPEXYaCTOTHOIO
BOJIHOBOTO TakeTa paszpaboraHa jabopaTopHasi yCTaHOBKA, CTPYKTypHasi CXeMa KOTOpOH
npuBesreHa Ha puc. 1. OIHUM M3 yCIIOBUH pealu3alMy UCHOJIb3yEMOI0 METOJAa W3MEpPEHUN
ABJIIETCS YaCTOTHAs CEJIEKIMS KOMIIOHEHT, BXOASIIUX B BOJHOBOM makeT. CII0KHOCTh ATOM

OIlepalliy BbI3BaHA OJIM30CTHIO BXOASIIMX B BOJHOBOM MakeT 4acToT (@, < @, < ).

o L Ullen | Momocopoi | Ulme . 12 Ui2my | anocopod
MECHTET & gormeTp 1-1 =| AMECHTER - pusmerp -2
o Uiy
= .
By depHER Bydep HED BrizogHoi
VIHTEE -1 VCHIHTEE 2-1 FOHIHT &E |
Ue
TCerepomm | TCerepomim 2
0
Ui 2, CATITpag
Uosr
Doprap oEa- EvbepHEm Evihepmedt B EIxzomEO#i
TENE DA o-
VOLHT e 1-2 VOHITHT B 2-2 VCHITHT I 2
HMIVIECOE
Uiy 2y
ot
21 U2l | Monocopoi U2 s o 2.2 UZZene | TMomcopodt
CHECHTEE 2- gamrp 2-1 MECHTEE 2- ferp 2-2

Puc. 1. CtpykrypHas cxema U3MEPUTEIbHON YCTaHOBKU

Belnenenue Hy:KHOM KOMIIOHEHTBI U IOCJIEAYIOLIEE HM3MEPEHUE B HEW HEIMHEWHOIO
Habera (as3pl OCYHIECTBISIIOCH C UCIHOJIB30BAaHUEM [IBYX WICHTUYHBIX CEICKTHBHBIX
YCUIIUTENEH, BBIMOJHEHHBIX TI0 CXeMe JABOWHOTO MPeoOpa3oBaHMs YaCTOTHL. ITO MO3BOJIMIIO,
BO-TIEPBBIX, JOCTUYh BHICOKOW WM30MPATENBbHOCTU, U, BO-BTOPBIX, OCYIIECTBISThH CEICKITUIO
U3MEHEHUEM YacCTOThl OJHOTO W3 TeTEPOAMHOB (TeTepoAuH 1), OTKa3aBIIUCHh OT CO3JAHUS
Ha0opa (UIBTPOB, HACTPOEHHBIX HA KAXKAYIO U3 4aCTOT @, , @, U ®y. B paccmaTpuBaeMbIx
MU3MEPEHMSIX N30UPaTEIbHOCTh JIBYXKaHATBHOTO MTPUEMHO-YCHUIIUTEIBHOTO TPAaKTa COCTaBUIa

10 x['m u ompenensiiach MOIOCON MPOMyCcKaHus 1oj0coBbIX LC-¢mibTpoB (¢unstper 1-2 u
2-2), NOOKIIOYEHHBIX K BBIX0JIaM BTOPBIX MIpeoOpa3oBaTeseil 4acTOThl B KAKJOM U3 KaHAJIOB
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(cmecutenu 1-2 u 2-2). [1pu HE0OXOAUMOCTH MOJIOCY MPOMYCKAHUS MOYXKHO OBIJIO YMEHBIIIATh
1o 1 xI'i, ucnoneiyst BMecto LC-buabTpoB KBapIieBbie GUIBTPHI.
Ha Bxon mepBoro kaHaja 1mojgaBajcs OIPUHATBINA ruapodoHOM akycThueckuil curdan U,

B BUJIE PAJAMOMMITYJIbCOB C TPEXYACTOTHBIM 3alOJHEHUEM, MPOLICIIINN PACCTOSHUE MEXKIY
u3nyqareneM (M3n.) u npuemnuxkoMm (IIp.). Ilpum 3ToM Ha BXOA BTOpPOro KaHajla C BBIXOJA
(dopmHpoBaTeNs M3JIy4aeMOro CHUIHaja MOCTYIAeT HENpephIBHBIM TPeX4yacTOTHBIM CHUTrHal,

BBICTYNAOLIMHA B poju onopHOro U, ¥ UMEIOIUI Te K€ 4acCTOThl U aMILIUTYAHO-(a30BbIe

COOTHOILICHUS], YTO M H3JIydaeMblii B BOAy. JIJisi COXpaHEHHs] KOTEPEHTHOCTH OMOPHOTO U
NPUHSATOTO CHTHAJIOB B TPOIIECCE BYKPATHOTO MPEOOpa3OBaHMs UX YacTOT UCIIOJIb30BaHbBI
oOmrye 17151 000UX KaHAJIOB TeTepOIUHBI (TeTepoauHbl 1 u 2).

B cocraB u3MepUTENBHONW YCTAaHOBKM BOIUIM W3JIYYAIOIIUA TPakT ((opMHpOBATENb
pPalMOUMITYJIbCOB C TPEXYACTOTHBIM 3aIllOJTHCHHEM, JIMHCHHBIH YCHJIMTEIh MOIIHOCTH,
NbC30KEPAMHUECKUI  W3JIy4aresib), TMPHUEMHBIH TpakT (THAPOGOH, JBYXKaHAIbHBIN
CCJICKTUBHBIN YCUIINTEIb), HA0Op CTaHIAPTHON M3MEPHUTEIBHON anmapaTypsl (4aCTOTOMEDHI,
dazometp, ocmiorpadsl), THAPOAKYCTUYCCKHA OacCeiiH ¢ KOOPIMHATHBIMU yCTPOHCTBAMHU
JUTSL U3JTydarTeNs U MPUEMHHKA aKyCTHYECKHX BOJH. MeToj popMUpOBaHUS TPEXYaCTOTHOTO
CUTHAJIa C MPOU3BOJIBHBIMU ()a30BBIMU COOTHOIICHHUSIMHU B CIIEKTPE PACCMOTPEH B [7].

[Ipy npeoOpa3oBaHUM YACTOTHI NPUHATOTO AaKYyCTHYECKOTO M OIMOPHOTO CHUTHAJIOB
HECTaOWILHOCTh YacTOT U (a3 000MX TeTEPOAMHOB HE OKA3bIBAIOT BIIMSHUS HA COOTHOIICHHE

4acToT U pa3HocTh (a3 HampsbkeHuit U, u U, Ha BbIXo1aX IPHEMHOTro TpakTa. [lockoabky
oba KaHana BCerjJa HACTPOEHBl HAa NPUEM OJHOM M TOH K€ 4acToThl (@, =®,), YTO
JIOCTUTAETCS MACHTUYHOCTHIO MOJIOCOBBIX (uiabTpoB (1-1 u 2-1, 1-2 u 2-2), To 4acToThl
BBIXOJHBIX CHTHAJIOB TAaKKE€ OKAa3bIBAIOTCSA PABHBIMH (W, = W, ). DTO yCIOBHE OTKPBIBAET

BO3MOXHOCTDb JIs1 IPOBCIACHUA (1)a30131>1x I/I3Mep€HI/II7L Ecmm MMPECAIIO0JI0XKNUTE, YTO HAa BXOAbI
YCUIIUTCIIbHBIX KaHaJIOB TIIOCTYIAIOT CHUTHAJbI € YaCcTOTaMUM U HadYaJlbHbIMU (baSaMI/I

COOTBETCTBEHHO (@,, ¢,) U (®,, @,), TO JUIs 4acTOT U (a3 ITUX CUTHAJTIOB IIPU IIPOXOKACHUN

IIEPBOro U BTOPOro CMECHUTENIEH MOYKHO 3aIrcaTh CIICAyromurue COOTHOIICHMA:

Ull,, : Oy = O+ O Peun =P+ Pr15

Uc.=Ul2,: WOc = Ocpr1a = Oy — Oy = Pc =Pemz = Pevnt —Pra2 =
=0+ 0O — O, =0t Pr =P

U2l : WOpppy) = WOy + Oy Py =P T Pris

Uoy =U22,: Wor = Ocpyrnn = Ocpra) — oy = Dot =P = Peyar —Pra =
=W, +0p —Of,,; =0t Pri = Pra-
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W3 npuBefeHHBIX BBIPAXKEHUH BUAHO, YTO pa3sHOCTb (a3 A¢ Mexay curHamamu U, u
U,; He 3aBUCUT OT HadajdbHbIX (a3 TETEPOAMHOB M ompezensercs Haberamu ¢a3 B

AKYCTHYCCKOM U JJICKTPUYCCKOM TpAKTaX YCTAHOBKHU:
APp=@c~Pon =P =, )

BaxHo, 4TO M3MEHEHHe 4acToT @, U @, B pe3yibrare Apelda u APyrux NPUUMH
CHOCOOHO MOBJIMATH HA A0COJIIOTHBIE 3HAYEHUS YacTOT @, U @y, , HE Hapyllas MPH 3TOM HX
paBeHcTBa. CrienyeT OTMETUTh NIPUCYTCTBHE CIIy4allHOM COCTaBJISAIOLIEN B H3MepsieMon
BeJIMYMHE A@, KOTOpas BbI3BaHA KPATKOBPEMEHHON HECTaOMIBHOCTBIO YaCTOT TeTePOIMHOB
U 00YCJIOBJIEHA pa3nuuueM (a30-4aCTOTHBIX XapaKTEPUCTUK YCHUIMTENbHBIX KaHayoB. [lis
CHIDKEHUSl CIIy4YalHOM COCTaBIAOIIEH A@ B KayeCTBE TIETEPOJMHOB HCIIOJIB30BAHBI
(POBBIE TeHePATOPHI, 00J1a1AI0IIHE TOBBIIIEHHON CTAOMIBHOCTHIO YAaCTOTHI.

3asucumoctn  A@y(B,), Ap,(B,) u A@p,(B,) ana xaxmoit u3z Dyphe-KOMIOHEHT

BOJIHOBOTO ITaKeTa M3MEPSUIHCh C MCIOIB30BAHUEM OCIIIUIOTpada, padoTalomero B pexxnMe
BHEIIHEH CHHXPOHM3alUU HENpepbIBHBIM curHainom U,,;, korga Ha ero Y -Bxoj MoOAaH
umIysCHBIA curHan U . HawanpHoe 3HaueHume (a3oBoro mHBapuanra [, M3MEHSIOCH C
OMOIIIbI0 (ha3oBparmiaress, HAXOAAImEerocss B gopmuposarene, B mnpeaenax or —180° mo
+180°. B mpomecce wu3MEpeHUN PETHCTPUPOBATIOCH CMEIICHHUE HYJEBBIX IEPEX0JI0B
NPUHSATOTO TUAPO(GOHOM CHTHAJA O BPEMEHHOHM pa3BepTKe ocImuiorpada ¢ mocieayonmm
[IEPEeCcUYeTOM B YTJIOBbIE €IUHUIIBI.

Yeunurens MOUIHOCTH, BBIINOJHEHHBIM MO JABYXTaKTHOW cXeMe, paboTaeT B JMHEHHOM
pe)KuMe, HMEeT Y3/bl KOMIICHCALMU PEaKTUBHOCTH M COIJIACOBAHUSA C HMMIIEIAHCOM
u3nydarens. B kauecTBe M3myyaTens HCIOIb30BAJICS KPYTIIBINA MMOPUTHEBOM MpeoOpa3oBaTeb
u3 nbe3okepamuku LITC-19 ¢ panuycom m3mydaromeil MOBEepXHOCTH @ =8 MM U YacTOTOU
MEXaHUYECKOr0 pe3oHaHca [, =, / 27 =1312 xI'n. Yacrota MOAyIALMH CUTHalIa B
sKcrepuMente Obuta paBHa F =Q/27 =45 u 90 k. [poTsikeHHOCTh 06nacT qudpakiyu
Openens (OnMKHEH 30HBI) W3Ty4aTedss U €ro YyBCTBUTEIBHOCTh B PEXKHMME HM3IIy4EHUS Ha
9aCTOTE @, = @, COCTaBHJIH COOTBETCTBEHHO [, =56 MM u y = 6800 ITa/B.

s perucTpanuy BOJH HCIIOJIB30BAJICS LMIMHAPUYECKHUI 3BYKOIIPUEMHHK C pa3MepaMu
3%3 MM, pacrmoJiaraBIIUHCA Ha aKyCTHUYECKOW OCH H3iydaTrens. Beibop paccTosHuN MexmTy
u3nydaTtesneM U npueMHUkoM (x = 0,5 u 1 M) ompenensuics, ¢ OJHOM CTOPOHBI, YCIOBUEM

3aBepUIeHUs JU(PPAKLIMOHHBIX IPOLECCOB B BOJHE (X >/,), a c ApPYrod, — ycloOBHEM
MaKCHMAJIbHOTO TIPOSIBJICHUS HENMHEWHBIX TMporeccoB: x<</l,, rme [,=23 M —
XapaKTepHBINA pa3Mep 00JIaCTH 3aTyXaHHs UCCIETyEMbIX BOJH.

UmnysbcHpiit  pesxuM  wsnydenust (g =71,,/7,~30, T,, — Tepuon clieI0OBaHUs

UMITYJICOB) 00€CIeYNBAEeT BOZMOKHOCTh BPEMEHHOM CENEKIUU MPUHUMAEMBIX CUTHAJIOB Ha
¢oHE SXOCHTHAIOB OT CTEHOK OacceifHa, a TakKe 3HAYUTEIIbHO CHIDKAET BIUSHUE
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HEJIMHEHHBIX MPOIIECCOB CaMOBO3JICHCTBHSA, CBA3aHHBIX C HAIPEBOM CpPEe/bl U 00pa3oBaHHEM
aKyCTHUYECKUX Te4eHHH. J[IMTeNbHOCTh paguoumiyiscoB (7, =350 Mxc) BbIOMpanach U3
ycnoBHus oOecrieueHHsl KBa3MHENPEPBIBHOTO pEXHMMa JJIsl BCEX HCIOJIb30BAaBIIUXCA B
SKCIIEPUMEHTE 4acToT (7, >>277/Q). AMIIIUTY/IBI GOKOBBIX KOMIIOHEHT CIIEKTPA UCXOIHON
BKA 6pumn paBuel apyr apyry (U, =U,) U COOTHOCWINCH C aMIUIMTYJOH IEHTPaIbHOU
komnonentsl U, kak U, /U, =U, /U, =m/2,rae m=0,51;2.

B kauectBe paboueil cpeapl HCIONB30BAIACH OTCTOSIBILASCS IPECHAask BOJA, KOTOpas B
IIMPOKOM [JHafa3oHe aMIUINTYJ MOXXET OBITb OTHECEHa K cpelaM ¢ KBaJpaTHYHOU
HEJIMHEHMHOCThIO U Ha UCIOJIb3YEMBIX B HKCIEPUMEHTE YacToTax oOJajjaeT MpeHeOpeKuMo
MaJIOW JHCHEPCUEH. YCIOBUSA IKCIEPUMEHTA OTJIMYAKOTCA OT IJIOCKOBOJHOBOW pacyeTHOMH
mojnenu [4] mpucyrcTBHeM AM(PAKIMOHHBIX HPOIECCOB, MPUBOIANIMX K TpaHChOpMaluu
BOJIHOBOTO ()pOHTa 3BYKOBOI'O Iy4Ka M3 KBA3UIUIOCKOTO B C(HEpPUUYECKH DPACXOASIIUICS.
OnHako B cUiIy y3KOIOJIOCHOCTH BOJHOBOIO nakeTa (@, >> €2) nuppakiMOHHbIE U3MEHEHUS
aMIUIUTYA U (a3 y pa3ivyHbIX YAaCTOTHBIX KOMIIOHEHT COM3MEPHMBI 10 BEJIWYMHE U B CHUITY
JMHEHHOTO Xapakrepa AU(pakiuu HE 3aBUCAT OT AMIUIMTYAHO-()a30BBIX COOTHOIICHUI B
CIHEKTPE UCXOJHOM BOJHBI, YETO HEJNb3sI CKAa3aTh O HEJIMHEHHBIX Ha0erax ¢as.

2. HEJIMHEMHBIE HABEI'M ®A3. IUCITEPCUS ®A30BOM CKOPOCTU
Ha puc. 2, 4 u 5 npuBenens! ¢azoBbie xapakrepuctuku (DX), mpencTaBisionme coooi
N3MCPCHHBIC 3aBUCUMOCTU HEJIMHENHEBIX Ha6€FOB (1)33 OTACIIBbHBIX KOMIIOHCHT BOJIHOBOI'O

nakera 6, ,, OT HadaJdbHOW BeIWYMHBI (ha3oBOro WHBapuaHta /. [lapamerpamn KpHBBIX

ABISAIOTCA KOA(POUIIUEHT aMIUTUTYJHOW MOIYJNALUU m , 4ACTOTa MOAYJSAIUU ), aMIUIUTy1a
HarpspKeHUs Ha uanydarene U W pacCTOSHUE OT W3JIydaTels J0 TOYKA HaOMIOICHHS X .
CpaBuuBas @X npu pa3HbIX 3HAUEHUSX MapaMeTPOB, MOKHO HE TOJILKO OIIEHUTh UX POJb B
HEJMHEWHON AHCepcu, HO U yOeauThCcsl B HEMMHEHHOM MPOMCXOXKIEHUU 3aBUCHUMOCTEH

ﬁ(ﬂo), IIOCKOJIBKY BJIMSIHME JTHX I[apaMETPOB HAa HEJIMHEWHBIE AKYCTHYECKUE IPOLECCHI

XOpOILIO U3y4eHo [2, 3].

i

20
Puc. 2. 3aBucumoctu
HEJTMHEWHBIX HAOEeTOB (a3bl
KOMIIOHEHT BOJIHOBOTO
MaKeTa OT HA4aJIbHOTO
3HaYeHUS (a30BOTO
WHBapUaHTa ( 0)

-20

-30 | | o, rpan.
-180 -50 n a0 150
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BnusiHue aMIIMTYJHBIX COOTHOLIEHUH B HCXOJAHOM CIIEKTpE BOJHOBOIO IaKeTa Ha
HelnuHelHble Halerwm (a3 mokazaHo Ha mpumepe DX, H3MEPEHHBIX TPHU PATUIHBIX

3HaueHusX Kodhduumenta amrmryaHoi Momymsumn m =2U, /U, =2U, /U, , puc.2.
AMIUINTY]a JIEKTPUYECKOrO HANpPSDKEHUs Ha H3IyyaTele B IpolLecce H3MEpeHHi
noanepxkuBaitacb HemsMeHHo (U =80B). @®X mnomydeHsl 1npu  YCIOBUM, 4TO
®=0Q/w,=0,035 (Q/27r=45xI'1) ® HadanmpbHOE 3HAYECHHE AaKyCTHYECKOrO dYHCIa
Peitnonbaca ans uznydaemoii BosHbl (x = 0), XapakTepu3yroliee COOTHOICHHE HEeTUHEHHbIX
U JINCCUNIATUBHBIX IIPOLECCOB, paBHO Re, = Re(x = 0)= P, /b, =158, tne P, = max‘P(t] ,
b=427-10" Kr/ CM — JTUCCHUITATUBHBIN KO3 PUITUCHT MPECHON BOJIBI.

OTmeTuM KadyecTBEHHOE pazinuue B moeneHNH PX OOKOBBIX U LIEHTPaIbHON KOMIIOHEHT,
coxpansiolieecss BO Bcex M3MepeHusx. Kak BUIHO, puc. 2, IpU OJHHUX M T€X K€ 3HAUYEHUSX
(asoBoro mHBapuanTa 3HaKu HEIMHEHHBIX Habero ¢as O, , u 6, MPOTUBONOJNOXKHBL Tak,
mis (7)< B, <(-7/2) u 0<p,<7z/2 Benmmummsl 6, u 6, W3MEHAOTCA B 0OIACTH
NOJOKUTEIbHBIX 3HAYCHHWH, B TO BpeMs Kak @, OCTaeTci OTPHULATEIbHBIM; IpU
(-7/2)<B,<0 u 7/2<pB,<7 curyanus obparHas. MaKCHMAIbHbIE 3HAUCHHS 0
npunrnMator npu B, ~(+7/4) u (£37/4), B 10 Bpems xak mpu S, =0, +7/2, £ 7,...
KOMITOHEHTBI BOJIHOBOT'O ITAKETa PACIIPOCTPAHSAIOTCS 0€3 TOTOIHUTENBHBIX (Pa30BbIX HAOETOB.
XapakTepHO, YTO HETMHEHHBIM HaOeram (ha3bl IpUCYyINa YacTOTHAs 3aBUCUMOCTH (6, < 6,),

CBOMCTBEHHAs B I1€JIOM HEJTMHEHHBIM TIporieccaM (cooTHomeHus Mauiu-Poy).
B obmem ciyuae ko3 HULIHMEHT aMIUTUTY THOM MOAYJISIIIUN MOXKET U3MEHSTHCS B Mpeiesiax

[O,oo), IpU 3TOM KpalHHE €ro 3HA4YCHUS COOTBETCTBYIOT MOHOXPOMATHYECKOMY CHTHAIY
(@,) n curnany c¢ 6amancaoi moxynsueit (@, ¥ 2). CornacHo puc. 2 quana3oH U3MEHEHUS
®X npu ysenumuennu m pacter msa 6,(f,) u cyxaerca mia 6,(8,) u 6,(8,). Taxoe

IIOBECJACHUC ®X BmomHe O0OXHNIAaeMO, €CJIM INPHUHATH BO BHHUMAaHHUEC, YTO YBCIUUYCHHUE m
COIIPOBOKAACTCA YMCHBIICHUCM aMIUINTY bl HeHTpaHLHOﬁ KOMITIOHCHTBI CIICKTpa U pOCTOM
AMIUIATY I OOKOBBIX rapMOHHUK. B »Tom cjIydae OTHOCHUTEIBHBIM BKIaJ (1)3.3033BI/ICI/IMLIX

N00aBOK B LICHTPAJIbHYIO U OOKOBBIE KOMIIOHEHTHI BOJTHOBOTO nakera (rnpu P, = P,)

AP,|P,~P,P,P,|P, = P;F, /P, = P;P, /P, = P; = P;,
APH,B/PH,B ~PH])02/PH :PBPOZ/PB = OJSMPOS/(O:SE)): P02

3)

U3MEHSAETCSs B  IPOTUBOMOJOXKHBIX  HampaBieHHsX. (OTMEUeHHble 3aKOHOMEPHOCTH
COTJIACYIOTCA C TEOPETUUECKUMHU pe3ysibTaTaMu [4].

OrcyrcTBUe HenuHeHHbIX HaberoB dasel mpu S, =0, £ 7/2, + 7 yKkasbBaeT Ha TO, YTO

pacrpocTpaHeHHe KOMITOHEHT BOJIHOBOTO IMaKeTa MPOUCXOIUT C OJHOW M TOW ke (a30BOMU

CKOPOCTBIO (. B PA3BUTHUC TAKOro MOAXOJa KOHCUHBIC 3HAYCHHA HEJIMHEHHBIX (1)8.30BI:IX

Ha0eroBs, 4TO UMEET MECTO NpH APYrux [3,, MOIYT OBITh OTHECEHBI Ha CUET M3MEHUBILIUXCS
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(a30BBIX CKOPOCTEH y BOJIH C YacTOTaMH @, @, U «,. llockonbky d6,/ d(kl.x) <<I, 1. e

HeJMHelHbIe (ha30Bble HAOETH Mallbl MO OTHOIIEHHIO K MPOCTPAHCTBEHHBIM Haberam (a3,

nU3MeHeHHe (a30BbIX CKOPOCTEH MPEACTaBUM B BUJIE HEJTMHEHHON 100aBKU Acy, :

R Lo e

1

1

e k, =w,/c, @, =y ,,, 0 (x) — MPOCTPAHCTBEHHOE paclpeieIeHue HEJIMHEHHOro Habera
(asbl 7-i1 BOIHBI BAOJIb HAPaBIIEHUs PaclpOCTPAHEHHs BOJIHOBOI'O MAaKeTa; ¢, — CKOPOCTh
3ByKa B Cpele Ul BOJH MaJOM aMIUIMTyAbl (Jajnee NpHHATO, 4To C, =1500 m/c);

!/ .
0/(x)=d[6,(x)]/dx .
da30BbIe XapaKTEPUCTUKH, U3MEPEHHBIE Ha (PUKCHPOBAHHOM PACCTOSHUM OT M3JIydarers,
MO3BOJIAIOT OIICHUTH cpe/iHee (ha30BOil CKOPOCTU HA AUCTAHIIUU (0, x):

ei(x) ~c,|l+c, ei(x)
X0, _COHi(x) X;

Eq:i(x)zco )

4
Ha puc.3 npuBeaeHBl pPacCUMTaHHBIE COINIACHO (4) 3aBUCUMOCTH Cg; OT HAYaJIbHOTO
suauenns OU o x =1m. Bumso, uto npu (-7)< B, <(-7/2) u 0< B, <7/2 ckopocTs
OOKOBBIX KOMIIOHEHT MpPEBBINIAET C,, B TO BpeMs KaK IIEHTpajlbHas KOMIIOHEHTa
pacrpocTpansiercss ¢ (pa3oBOM CKOPOCTBIO Cg4; <¢,. IIpn apyrux 3nadueHusx [, curTyarus

o0paTHast: g > Cy U Coyp) <C -

15002 r— .
s, M/C U=80EB

1.Cap =05
2 Cap m=1

1500,1 -

1500

14539

A
14998 . | , PorTPaa
_180 40 0 40 180

Puc. 3. 3aBucumocts (a3z0BoOil CKOPOCTH KOMIIOHEHT TPEXUYACTOTHOTO
BOJIHOBOTO ITAKETA OT HadaJIbHOTO 3HadeHus OU
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Ha puc. 4 u 5 mpuBeneHsI dKcriepuMenTatbbie 3aucumoctd 6,(8,) u 6,(8,) npu
HEU3MEHHBIX aMIUIMTYIHBIX (m =2 u 0,5) u pasnuunbix yactoTHeIX (P =0,035 u 0,07)
COOTHOUIECHUSIX B CIIEKTpe BOJHOBOro nakera. HaGmogaemoe cyxeHue pasmaxa 6, (ﬁo) npu

YBEITUYCHUH YaCTOThI MOIYJSITUU () TPOM3OILIO B PE3YyJIbTATE YMEHBIIECHUS PEaJTbHOTO
KOdpPUIMEHTa MOAYISAIUH, cM. (3), YTO B CBOIO OdYEpedb SBISACTCA CICICTBUEM
OTPAHUYEHHOM TOJIOCHI TMPOITYCKaHUSl MhE30KEPaMUUYECKOro u3Nydaresis. He3HaunTenbHbIM

POCT pasmMaxa 3aBUCHUMOCTH HB(ﬂO) SABJIACTCA PE3YJIBTATOM KakK YaCcTOTHOM 3aBHCHUMOCTHU

HEJIMHENHBIX MPOLIECCOB, TAK K OTMEUEHHOTO BhIIIE YMEHbILIEHUs m [4].

. d=0035x=1m
2 F=007 x=1m
3 & =0035x=0,5m Puc. 4. 3aBucumoctu

HEJTMHEWHBIX HA0EeTOB (a3bl
HEHTPATbHOW KOMITOHEHTHI
BOJIHOBOT'O MakeTa (@, ) oT

Do, TPaI

10

HayajabHOro 3HaueHus OU mia
Pa3JIMYHBIX PACCTOSIHUM OT
W3ITy4daTesist

Puc. 5. 3aBucumoctu
HEJTMHEWHBIX HA0EeTOB (ha3bl
BBICOKOYACTOTHOMN
KOMITOHEHTHI BOJTHOBOT'O
nakeTa ( @, ) OT HAYaJIbHOTO

3HaueHuss O npu paznudHbIX
HaNPsDKEHUAX Ha U3IIydaTelie

1
-180 -0 0 ap Po.Tpada.

A. M. laspunos, P. O. CUTHMKOB
HenuHeliHasa amucnepcmsa TpeX4acTOTHOrO BOSIHOBOrO naketa B 6€34MCnepcMoHHON KBaapaTUYHO-
HeNMHENHON cpeae. DKCNepuMeHT



DNEeKTPOHHBIV XypHan «TexHuyeckas akyctuka» 2005, 29 11 (16)

C yBenMYEHUEM pACCTOSIHHS, MPOXOAUMOIO BOJIHOBBIM I1aKETOM, HAOIIOJAETCsl POCT

HEJIMHEHHbIX Ha0eroB (asbl, YTO BUAHO Ha IpuMmepe 6, (ﬂo), U3MEPEHHBIX HA PACCTOSHUSX
x=05M u Im (xpuBsle 3 u 1), puc.4. Takoe mnoseneHue (pa3oBoOil XapaKTEPUCTUKU

00yCJTIOBJICHO yBEIMYECHUEM BKJIaJa HEIMHEHHOW J00aBKM B paccMaTpHBAEMyIO BOIHY,
NPOMCXOSIIAM B pe3yJIbTaTe HAKOMHUTEIBHOTO XapakTepa HEJIMHEWHBIX MporeccoB. Poct
¢da3oBpIXx HaOeroB OyaeT TMPOMOKATBCSI JO TEX TMOp, TNoKa JU(PaKIHOHHBIE U
JIVICCUTIATHBHBIC MTPOIECCHI HE HAUYHYT JJOMHUHHUPOBAThH HAJl HEJTMHEHHBIMHU.
AMIUTUTYTHO-3aBUCHMBII XapaKTep HEJIMHEHHBIX HA0eTOB (ha3 BUACH HA IPUMEPE KPUBBIX

3 u 1 Ha puc.5, rae npuBeaeHbl 3aBUCHUMOCTU O, (ﬂo) IIpU Pa3JIMYHBIX aMIUIATYax
3JIEKTPUYECKOT0 HANPsKEHUsS Ha u3irydaTene, coorBeTcTBeHHO U =50B u 80 B (Re, =99 n

15,8). 3mecy mpocnexxuBaeTcss oOmas 3aKOHOMEPHOCTh — oOcjabieHre HeTUHEHHBIX
MPOIIECCOB TPU YMEHBIICHUH AMIUTUTYIbl H3ITy4aeMON BOJHBI, YTO MPOSBHUIOCH B BHIE
pe3koro cyxxenus nuamnazona uzmenenust X npu U =50 B.

3. AMIUINTY AHO-®A30BBIE XAPAKTEPUCTHUKU BOJIHOBOI'O ITAKETA

CormacHo  pe3yJibTaTaM TPOBEJACHHBIX  JKCIIEPHUMEHTOB  (ha3oBasi  3aBHCHMOCTH
HEJIMHEHWHBIX MPOLIECCOB HE CBOJIUTCS K MPOSBIEHUIO TOJBKO AUCTEpCUH (a30BbIX CKOPOCTEH
KOMIIOHEHT BOJIHOBOTO Nakera. Ee BiMsiHME pacrpocTpaHseTcss Ha 3HEProoOMeH MEpBUYHBIX
Y BTOPUYHBIX BOJIH, @ TAKXKE€ MEPBUYHBIX BOJH MEXIY cO00U. «MOCTUKOM», CBSA3BIBAIOLIUM
KOMIIOHEHThl BOJIHOBOTO IAKeTa M OOECHEYMBAIOIIMM HMX B3aUMHOE BIMSIHHE, SIBIISIFOTCS
TreHepUpyeMbI€ B Cpejie BTOPUYHBIE BOJIHBI KOMOWHAIIMOHHBIX YacTOT. B pe3ynbTare MOXXHO
TOBOPUTH O B3aUMOCBSI3U HEJIMHEHHOW IUCIEPCUU U MPOLIECCOB dHEProoOMeHa, KOTopas B
oluiemM ciydae cieayeT U3 M3BECTHOrO MPUHIUIA NPUYUHHOCTH W JUIsl KBaJpaTUYHO-
HEJIMHEWHBIX cpe nMeeT (ha303aBUCHMBII XapakTep.

P/ Pl e, 75 =3

0 10 20 2D 40 0 &0 X, OM

Puc. 6. OceBble pacnipenesieHus: aMIUIUTY 1bl LIEHTPaJIbHOM
KOMIIOHEHTHI ( @, ) TIPU pa3IM4YHbIX 3HAYCHUAX (Pa30BOr0 MHBAPHAHTA
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B kauectBe mnpumepa Ha puc.6 NpPHUBENEHHI OCEBbIE pACIPEACTICHHUS aMIUIUTYIbI

LIEHTPAIBHOM KOMIIOHEHTHI BOJHOBOTO Taketa (@,) mpu S, =0, 7/4 u /2, U3 KOTOPBIX

BUJHO, YTO H3MEHEHHE (Ha30BbIX COOTHOILIEHUH B CHEKTPE BOJHOBOIO IaKeTa Hapsay ¢
MOSIBJICHUEM Jaucriepcun (a30BOM CKOPOCTH, pUC. 3, TPUBOAUT K U3MECHEHHUIO HEIMHEHHOTO

3aryxaHus kommoneHT. Ciywait m =~2 u [, = 7/2 usBecreH [5, 7] kak pexum (Ha3oBoro

3ampeTa, Ipy KOTOPOM IpEKpaIlaeTcsl nepekayka 3HEPruy U3 NEPBUYHBIX BOJIH B YETHIpE U3
JEBATU BO3MOXHBIX KAHAJOB OTTOKAa BTOPOrO MOPSAAKA, YTO COOCTBEHHO M OOECHEUMBAET
CHI)KEHHE HEJIMHEWHOTO 3aTyXaHUsl.

AmMiutygHO-(a3oBble xapakTepucTuku (ADX), mpezacrapisionme codol 3aBUCUMOCTh
aAMIUIMTY/ OTJEJIbHBIX KOMIIOHEHT BOJHOBOIO IMAKeTa OT HauyaJlbHOro 3HadeHMs (ha30BOTO
MHBapHaHTa, oKa3aHbl Ha puc. 7. U3mepenus AD®X npoBoauiIKch B JalbHEW 30HE 3BYKOBOTO
IMy4yKa Ha pacCcTosHMM x~12-/, =66 cMm, rae mponeccsl AU(QPaKLUM 3BYKOBOIO ITyuKa
NPaKTUYECKH 3aBEPUIMINCh. POCT aMIUIMTYyJbl HANpsDKEHMsI Ha W3JIydarene NPUBOIUT K

YBEIUYCHUIO Jrana3oHa u3MeHeHud A®dX, oTpaxkas pacTymuid BKIad (Ha303aBUCHUMBIX
HEJIMHEMHBIX MPOLIECCOB.

Po. rpan.
90 180 270 360 450

0.6 l I

£l

Puc. 7. AMmnutyaHo-(pa30Bble XapaKTEepPUCTUKH KOMITOHEHT
BOJIHOBOTI'O ITAKCTa IIPU PA3JIMYHBIX HAITPAKCHUAX HA U3JTy4aTCJIC

Hudpakuronnsie Haberu (a3 B Mydke CIOCOOHBI CYIIECTBEHHO MOBIUATH Ha BUI ADX,
YTO TPOSBHIOCH B CMELICHHHM 3aBUCUMOCTEH PO( O) B OTPHLATEILHOM U Po(ﬂo) B
HOJIOXKUTEIBHOM HANpaBlICHUAX OTHocuTenbHO ocu PU Ha Benmuuny AfS) ~20°. Anamus

TeopeTudeckod moaenu [4] mokaszan, uTto Takoe mnoBerAeHne ADX uMeeT MecTo Npu
MOSIBJICHUU OJIM3KUX MO BETUYHMHE JOTIOTHUTEIbHBIX HaberoB a3 B KOMIIOHEHTaX BOJTHOBOTO
MakKeTa, YTO U MPOUCXOIUT B pe3yNibTaTe Au(ppakiuu.
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4. IVCIIEPCHS TPYIIIIOBOM CKOPOCTU

3aBUCHMOCTH TPYIIIOBOM CKOPOCTH BOJHOBOTO IMakKeTa OT (Pa30BBIX COOTHOIIECHUW B

M3IyqaeMoM CHTHale Vip(fB,,x) MOryr GbITh paccuMTaHbl M3 H3MEPEHHBIX (a30BBIX

xapaxtepuctuk 6, (f5,,x) u 8,(8,,x) cornacno Bripaxenuio [4]:

vip(By.x) = (fl[i)j rC, [1 +¢ A@ng()ﬁ);o,x)L - (5)

rie A6y, (ﬁ()a x) =0, (ﬁo’ x)— 0y (ﬂo: x).
Ha puc.8 mpuBeneHbl MONYyYCHHBIC 3aBUCUMOCTH  Vpp (,Bo,x) IV PA3IMIHbIX

COOTHONIICHUN aMIUIUTyA (m ) B CHEKTPE BOJHOBOIO MakeTa Ha pPacCTOSHUU X =1M OT

u3nyyatend. BusiHo, 4yTo rpymnmnoBasi CKOPOCTh TaKkKe, Kak M (pa30Bble€ CKOPOCTU OTAEIbHBIX
KOMIIOHEHT, HMMEET SIBHO BBIpAaXKEHHBIN (pa3o3aBUCHUMBIN XapakTep. B 3aBucumoctu oT

3HaueHuss ®U oHa MoXeT ObITh paBHA, MPEBBIIIATH WIH OBITh MEHBIIIE CKOPOCTHU 3BYKa BOJHBI

Marjoi AMILUIATYOBI C, .

1502

Vrp. M/C

1501

1500}

1435

. TPad.
1433 | | ﬁ] fpaa
-130 -390 0 20 180

Puc. 8. 3aBUCHUMOCTD IpyNIOBON CKOPOCTH TPEXUACTOTHOTO BOJIHOBOTO MAaKeTa
OT HauaJapHOTO 3HaueHusd OU npu pa3zauuHbIX COOTHOIIECHUSIX aMILTUTY 1
HEHTPAIBHONU U OOKOBBIX KOMITOHEHT
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o L D-10% ¢*m & = 0,035
U=80E
5
0w
-5
. Ipan
- 10 | . Iﬁﬂ Tpal
-180 -3 0 ag 180

Puc. 9. 3aBucuMocTH 1UCIIEPCHOHHOTO MapaMeTpa OT HadajabHOro 3HaueHuss OU
IIPU PA3TUYHBIX COOTHOLICHUAX aMIUIMTYl LIEHTPaIbHON U OOKOBBIX KOMIIOHEHT

Hcnons3ys skcnepuMeHTanbabie OX, MOXKHO paccuuTaTh AUCIEPCUOHHBIN napamerp D
TPEXYaCTOTHOTO BOJHOBOTO IMAKETa, XapaKTepU3YIOMMH KBaJApaTUYHOE NPHUOIIKEHHE
TEOpHH auctiepcuu [2, 4]:

D((()O,X)= dzk(a)o,x) _ (dvrpj ) ~ _2[AIB(X):| ) (6)

dw? dw O’x

PesynbTarsl pacuera nmpuBeneHsl Ha puc. 9. HecMoTpst Ha MasiocTh abCOIIOTHOTO 3HAUEHUS
JUCIIEPCUOHHOTO MapaMeTpa, MaKCUMallbHasl €ro BEJIMYMHA OKa3aJlach Ha MOPSAIOK OOJblle,
YeM HM3MEPEHHOE 3HaueHue D Jyisi AUCTEPCUHM B TOHKOM MPOBOJIOKE, MOJIydYeHHOE B paboTe
[6]. V3mensis 3HadueHWe (ha30BOTO HMHBAPHUAHTA B HW3IYyYaeMOM TPEXYaCTOTHOM CHTHAJE,
MOXHO HE TOJBKO peryjJupoBaTh BedquunHy D, HO u oOpamarh €ro 3HaK Ha
MIPOTUBOIIOI0KHBIM.

OTMeTuM, 4YTO TIOHSTHE TPYMNIOBOM CKOPOCTH KaK CKOPOCTH paclpoCTpaHEHUS
oru0aroiiei BOJTHOBOTO IMaKeTa MMEET OTPAaHUYEHHYIO 00JacTh MPUMEHHMOCTH, TTOCKOJIBKY
MPU HAJWYUU JUCIIEPCHHM BOJIHOBOW MAKET HE TOJBKO IMEPEMEIIAETCS, HO MPH 3TOM €IIE U
MEHSET CBOIO (opMy. YOEIUTHCS B ATOM MOXKHO, €CJIM YY€CTh KBAJpPAaTUUYHBIN YJICH B

Pa3JI0KEHUH BOJIHOBOI'O YHCJIa B OKPECTHOCTU CpCI[HCfI 4acTOThI @, [8, 9]

dk 1(d’k
Ho)= ko) s 9 | o-a)e | 5 oo ~

w 2\dw

-1

zk(a)o)+£+l (dv”’j Q7
vip 2|\ do o
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KOTOPBIA MPHUBOIUT K M3MEHEHUIO (a3 BOJH, BXOMAAIIUX B BOJHOBOHM MakeT, Ha BEIUYHUHY

O,Sx(dvrp / da))% -Q’ . B 3TOM citydae BhIpakeHHE, OMUCHIBAIOIIEE BOIHOBOM MAaKeT B MEPBOM

NpUOIMKEHUH TEOPUH AUCTIEPCUH
plx,t)= ZP(a)) exp{ ilw-1 - k(w)- x]}=

n=l1

= exp{ i[a)ot—k(a)o)-x]}~ Zp(a’o +nQ)-eXp ol r—* ||= %
n=-1 VFP
- expl fong—klan) A -
Vrp

MO>KHO CBECTH K BHy TAPMOHHYECKOW MOTyJIMPOBAHHOM BOJIHBI C OTHOAIOMEH
-1

n=1
A=ZP(a)0+nQ)-exp inQf - =i~ (dvrpj (nQY t =4 t—i,x )
n=1 Vrp 2|\do ), Vrp

TOJIKO B TOM CJIy4ae, eciiH KBaJpaTuuHas qo0aBka B BelpaskeHuu (7) mana [9], T. e.

¥ HE CKa3bIBAETCSA Ha OTHOCUTENILHON pa3sHOCTH (a3 MEXIy ClaraeéMbIMU B MOIYJHUPYIONIEi
bynxmun A(f —x/vip,x). B Boipakenuax (7) u (8) semmunua P(w, +nQ) coorsercTByer
KOMIUIEKCHOM aMIUIUTYI€ OJHOU U3 TPEX YAaCTOTHBIX KOMIIOHEHT MAaKeTa: Ipu 7 = —1 umeeM
Plo,-Q)=Plw,), mpu n =0 — P(w,) nnpu n=1 — P(w, +Q)= P(w,). U3 ycrosus

(9) MMOJIy4acM XapaKTCPHOC PaCCTOAHUC CYIICCTBOBAHNA BOJTHOBOT'O IMMAKCTA:

r<cy = 27 _ 27
" akde?), @7 DR 10

B IIpeJiesiaXx KOTOPOro MOYKHO OKUAATh, UTO €ro (opMa He ycIeeT NpeTepreTh 3HAYUTENbHbIX
u3MeHeHud. JI1 MakCUMalIbHBIX 3HA4eHUH TUCIIEPCHOHHOTO napamerpa D, MpHUBEIEHHBIX
Ha puc. 9, 3Hauenus x, corsacHo (10) cocraBunu npu m = 0,5 u m =1 cooTBETCTBEHHO 8,7
u 11,2 merpa. Takum o00pa3oM, yke C pacCTOSHUM, PaBHBIX HECKOJBKUM JAecSTKam
CaHTUMETPOB, HAYMHAET MPOSBIATbCA BIMSHUE HEIMHEHHON aucriepcuu, NpUBOAALIEE K
UCKaXeHUI0 (opMbl orubaromeil. B ciyuae HeZOMyCTUMOCTM TaKMX HCKaXEHUH
€IMHCTBEHHBIM CPEJICTBOM IMPOTUBOJEHCTBUSA SIBIIETCS BBIOOp TaKMX 3HaueHHH (ha30BOro
MHBAapHaHTAa, Ipu KoTopeix D — 0, 1. e. B, =0, £90° £180°,...

[TomyuyeHHble pe3yabTaThl MOTYT OBITH PAacCHpPOCTPAHEHBI Ha Cllyyaill pagMOMMITYJIBCOB C
CHUHYCOUJAJbHBIM 3allOJJHEHUEM, CIEKTp KOTOPbIX coryacHo TeopeMe Dypbe MOKHO

IPE/ICTAaBUTh B BHUJIE CYNEPIO3UINU TapMOHUYECKUX KojeOaHMi ¢ yactotamu @, £ n ), rue

n=0,1,2,.. npu Q—0.
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Hacrosimass pabota BeImMonHeHa Tpu moaaepkke DenepanbHOr0 areHTCTBA 1O
obpazoBanuto P® (rpant Ne 04-3.20-479).

3AKJ/IIOYEHUE

I[aHHaH pa60Ta HMella CBOeH IelIbI0 II0OKa3aTh Ha OpuUMEPC SKCICPUMCHTAJIBHOI'O
HUCCIICAOBaHUA TPEXYACTOTHOI'O BOJIHOBOI'O IIaKETA, YTO (I)aSOBLIe COOTHOHICHUS B CIICKTPC
MOAYJIUPOBAHHBIX BOJIH KOHEYHOM AMIIIUTY OBl CIIOCOOHBI CYHICCTBCHHO BJIMATH HA YCJIOBUA
nepeaauun I/IH(I)OpMaI_II/II/I 3a CYET HEIMHEHHBIX JAUCIICPCUOHHBIX IPOLCCCOB B CpCIC
pPacupoCTpaHCHUA. HpI/I 9TOM YJAJIOCh 3KCICPUMCHTAJIbHO MOATBCPAUTH HAJIUYUC YCHOBI/II>'I,
I[P KOTOPBIX HEKCIATCIBHOC BJIIMAHHUC HEJTUHEHHON AUCTICPCHUU MOKET OBITH MCKJIFOUEHO.
Cornacue TCOPCTUUCCKHUX W OKCICPUMCHTAJIbHBIX PE3YJIbTATOB CBUACTCILCTBYCT O
HCO6XOI[I/IMOCTI/I yu€Tta BO3HUKHOBCHUSA HEJTUHCHHON Aucnepcun B KBAaApPATHYHO-
HEJTUHEHHBIX 663,Z[I/ICHepCI/IOHHBIX cpeaax, 4eMy A0 IOCICAHCTO BPEMCHHU HC IPHUAABAIIOCH
3HAUCHHUSA. YYHUTHIBaAs CTPEMIICHHUC paBpa6OT‘{I/IKOB YBCIIMUUBATL HOAaJIBHOCTH ,HeﬁCTBHH n
IIOMEXO03allIMIIICHHOCTD aKYCTH‘{eCKOﬁ alfraparypbl, 4TO BO MHOTIUX ClIy4dadX HOOCTHUIACTCA
HapalluBaHUCM HSquaeMOfI MOIITHOCTH, CIICAYCT YUYHUTBHIBATH IIOABJICHUC OFpaHI/I‘IeHI/Iﬁ Ha
PCHICHUC JAHHBIX 3a/1a4 CO CTOPOHBI HEJIUHEHHOMN AUCIICPCHUU.

JIUTEPATYPA

1. Octposckuii JI. A., IloraroB A. 1. BBenenue B TEOpui0 MOIYJIMPOBAHHBIX BOJH. M.,
®duszmatiut, 2003, 400 c.

2. BunorpanoBa M. b., Pynenko O. B., CyxopykoB A. Il. Teopust Bonn. M., Hayka, 1990,
432 c.

3. HosuxoB b. K., Pyzaenko O.B., Tumomenko B. 1. Henuneitnas ruapoakycTuka.
JI., Cynoctpoenue, 1981, 264 c.

4. TaBpwioB A. M. HenuneiiHas [ucnepcus TpPEXYaCTOTHOIO BOJIHOBOTO IAKeTa B
0e31MCIIepCMOHHON KBaJpaTHYHO-HENMHEHHON cpene. Teopus. DIEKTpOHHBIN >KypHaI
«Texuudeckas akyctukay, <http:// webcenter.ru/~eeaa/ejta> 2005, 28.

5. TaBpuno A. M., Mengenes B. 10. O BiusiHIM aMIUIUTYIHO-()A30BOrO CICKTpa Ha
HEJIMHENHOE pacupocTpaHeHue TpexdyactoTHoi BoiHbl. Tpyasl XIII ceccnn Poccuiickoro
aKycTuueckoro odmecta, T. 1. M., TEOC, 2003, c. 130 — 133.

6. 3BepeB B. A. MoaynsiiMOHHBIN METO MU3MEPEHUs AMCIEPCUM YJbTpa3Byka. AKYCT. XK.,
1956, 1. 2, Ne 2, c. 142 — 145.

7. TaBpmioB A. M. 3aBUCHMOCTb XapaKTEPUCTUK MapaMeTPUYECKONH aHTEHHBI OT (Pa3oBBIX
COOTHOIIICHUH B CIIEKTpE HAKauKu. AKYyCT. XK., 1994, T. 40, Ne 2. c. 235 —239.

8. Topenuxk I'. C. Konebanus u Bomabl. M., ['ocusnat ¢us.-mar. mareparypsl, 1959. 572 c.

9. Kapnos H. B., Kupnuenko H. A. Konebanus, BomHbl, cCTpyKTYphl. M., ®uzmariut, 2003.
496 c.

A. M. laspunos, P. O. CUTHMKOB
HenuHeliHasa amucnepcmsa TpeX4acTOTHOrO BOSIHOBOrO naketa B 6€34MCnepcMoHHON KBaapaTUYHO-
HeNMHENHON cpeae. DKCNepuMeHT



