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B paborte paccmaTpuBaercs OOuH U3 CIOCOOOB pean3alvi (OKYCHPYIOIINUX
CKBRXHMHHBIX  aHTEHH, Korja  (OKyCHpOBaHME  aKyCTHYECKOTro  MOJI
obecrieunBaercst qudpaknueii. Ocodoe BHUMaHUE yAEICHO METOAaM pa30HeHUs
LWINHAPUYECKON amepTypbl Ha 30HBI C NPOTUBO(A3HBIM BO30YXICHHEM IS
CO3JaHUS HWINHAPUYECKOH 30HHON IuH3BI. [IoKka3aHo, 4TO KpoMe KJIAaCCHYECKOTro
BapuaHTa pa30ueHus Ha 30HbI DpeHelss CyLIECTBYET allbTepPHATHBHBIM CrocoO.
Hccnenyrorcss 0COOEGHHOCTH —pacrlpeleNieHuil  yImpyrux TIoJied B MAacCuBe,
CO3/1aBaCMbIX Pa3IUYHBIMU 30HHBIMH JUH3aMH. OOcCyXAaercss MPUMEHUMOCTh
Q)OKYCI/IpyIOH_[I/IX CKBA’)KMHHBIX AHTCHH, BBIIIOJJHCHHBIX B BUJAC 30HHBIX JIMH3, B
Te0TEXHOJIOTHsIX.

BBEJEHUE

B coBpeMeHHBIX CKBaXHHHBIX T'€OTEXHOJOTHSX, TaKMX Kak ra3o-HedTeno0brya,
MOJ3EMHOE  BBINIETIAYMBAHUE, TOJ3€MHOE pACTBOPCHHME COJed W T. 1., BCE dame Juis
UHTCHCU(DHUKAIIMH HCIIONB3YIOTCS aKyCTUYECKHE MO, BONIBITMHCTBO METOOB M TIOAXOIOB K
aTOM Tpobieme 0000meno B [1]. MexaHu3Mbl ACUCTBUS TOJEH YNpyrux KojieOaHWUW Ha
NpoIeCChl MEPeHOcCa B MHOTO(A3HBIX CpelaX W3YYeHbl SIBHO HEIOCTaTOYHO, H C
YBEPEHHOCTHIO MOXXHO TOBOPHTH JIMIIb O HEKOTOPHIX OOIIMX 3aKOHOMEPHOCTSIX. Tem He
MeHee, TpeOOBaHHMS K aKyCTHYCCKMM CKBaXMHHBIM HW3JTy4aTeNsiM, TpeIHa3HAYCHHBIM IS
UCTIOJIB30BaHUSI B KOHKPETHOM TE€OTEXHOJOTMYECKOM IHKIIE, MOXHO C(HOpMYITHPOBATH
JIOCTaTOYHO 4E€TKO. BaxHeimmM TpeOoBaHWEeM, O€3yCIIOBHO, SIBISICTCS  CO3JaHHE
HEOOXOIMMBIX JUIS WHTCHCU(UKAIMH aMIUIUTY] YOPYyTUX TOJed B 3aJaHHOM MeECTe
oOpabaTbIBaeMOl Cpeibl Ha 3aJlaHHBIX YacTOTaxX, TaKk KaK MMEHHO OT aMIUIMTYMAbI TOJIS U
YaCTOTHI BO3JICUCTBHS, B OCHOBHOM, 3aBUCHUT (P (HEKTUBHOCTh MHTEHCU(DUKAITUH.

OCHOBHBIMU (aKTOpPaMHU, OTPAHHYMBAIOIIMMHU WHTECHCUBHOCTH TIOJSI B TPUCKBaKHHHOM
30HE, SBJISIOTCS 3aTyXaHHE YNPYTHX IOJIEH B MAacCUBE M HE ONTHMAaJIbHOCTH W3ITYUYCHUS
aKyCTUYECKOTO TOJs M3 CKBaXHHBL. C 3aTyXaHHEM B MAacCHBE NMPAKTHYECKH HHYETO HEIb3s
NoJIeNIaTh, KPOME WCIIOJIb30BaHMsI, OOBIYHO BEChMa OTPAHWYCHHBIX, BO3MOXKHOCTEH B
NOHM)KCHUU YacTOThl m3iydeHus. COBEpIICHCTBOBATh JK€ Pa3HOTO pOAa MPOIECCHI,
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CBSA3aHHBIE C W3JyYEHHEM U3 CKBaXUHBI, MOXHO JOCTAaTOYHO 3((PEKTHUBHO, HpUUYEM
HECKOJBKHUMH crocoOamu. IlepBelii TyTh — 93TO yBEIWYCHHE YACIbHOW MOITHOCTH
u3Jlyqaresns. 31ech, MpaBla, CYLIECTBYIOT OTPAHUYEHHMs], CBA3AHHBIE, C OJHOW CTOPOHBI, C
MEXaHUYECKOM MPOYHOCTHIO AKTHUBHBIX MATEPHAIOB, UX HEIMHEHHOCTHIO M COOCTBEHHBIMU
MOTEPSIMU, C JAPYTOM — KAaBUTALMOHHOM NPOYHOCTHIO BHYTPUCKBAXXUHHOM JKHUIKOCTH M
YCIIOBUSIMU COTJIACOBAHUS U3TydaTelsi ¢ 00padaThiBaeMoil cpeou.

Hpyroii myTh yBEIWYEHNSI MHTEHCUBHOCTH YIIPYTUX MOJIEH B MPUCKBAKMHHOM 30HE CBSI3aH
¢ (¢dopMupOoBaHMEM TaM COOTBETCTBYIOLIUX pACHpeleleHU aKyCTUYeCKOro  MOJsl.
JIleCTBUTENBHO, TEOMETPUS CKBAXKMHBI MO3BOJIAET PA3MECTUTh B HEH JIUIIb TOYEYHBIN HIIH
JIMHEHHBIN aKyCTUYECKH UCTOYHUK. ECTECTBEHHO, peub UAET O 3ByKOBOM JIMAIIa30HE YaCTOT
WIM CaMOM Hayaje YJbTPa3ByKOBOro. AKYCTHYECKHE IIOJIsI, CO3JaBaeMble TOUYEUHBIM
HCTOYHUKOM, MMEIOT C(HEpUYECKYI0 PacXOJUMOCThb, TI€ MHTEHCHBHOCTH MaJaeT 0O0paTHO
IPONOPLMOHAIBHO KBAJpaTy pacCTOSHUSA, 4YTO CYIIECTBEHHO OrpaHUYMBAaeT 00JIacTh
JIEUCTBUA aKyCTHYECKOro moJisl. JIMHEHHbIE HWCTOYHUKH, PACHPEACIEHHBIE BIOJb OCH
CKBA)KMHBI, CO3/IAI0T MOJIs1, UMEIOIINE IIMINHAPUYECKYIO PACXOAUMOCTh, MHTEHCUBHOCTh MPHU
3TOM TafaeT 00paTHO MPOMOPIMOHAIBFHO PACCTOSHHUIO, YTO HECKOJBKO pacIIApsieT 00JacTb
nefcTBUs  aKkycTuueckoro mois. Okas3bpIBaeTcs, KpOME TOrO, MOKHO TIONBITaThCS
CKOMIICHCHPOBATh LMJIMHIPUYECKYIO PACXOAUMOCTb, XapaKTEPHYIO JUIsl JIMHEHHON aHTEHHBI
[2,3]. MHocturaercs »5Tto0 ¢ mnoMompio (okycupyronmx (a3zoBbIX pacnpeneieHuu,
CO3/1aBaeMbIX BIOJIb OOpasylomiell aHTeHHbI. B pe3ynbTare KOHKYPEHIMH IFITHHIPHYECKON
pPacxoAMMOCTH MO OJHOM KOOpAMHATE U CXOAUMOCTU MO ApPyrod obpasyercs (okanbHas
o0nacTb B BHJE TOpa, IOJOKEHHUEM KOTOPOW, MpHU OINPEAETIEHHBIX YCIOBUSAX, MOXXHO
ynpasiaTe [3]. Teopus NOJOOHBIX AaHTEHH, W3Iy4arollMX B O€3rpaHUYHYIO Cperdy,
npejcTaBieHa B [4 — 6], mepBoe MPUMEHEHHUE B FEOTEXHOJIOIMUECKUX 1IeJIIX OMucaHo B [2, 3].

O OOKVYCHUPYIOUINUX ®A30BBIX PACIIPEJEJIEHUAX

dokycupytomue (hazoBble pacrpeaeacHus BAoIb 00pa3yolleil JMHeHHON aHTEeHHBI MOTYT
OBITh KaK KBa3MHENPEPHIBHBIMU, TaK W AUCKpeTHhIMH. [loa KBazuHEnmpephIBHBIMU OyJeM
MOHMMATh KiIaccuyeckue (pokycupyronme pacmnpeneneHus: cepuyeckoe, mapadboInueckoe
UT. O, a POKycCHpOBaHHE aKyCTHUYECKOTO IMOJISI C TMOMOIIBI0 MOJOOHBIX pacmpeaeneHuit
Oynem Ha3biBaTh (a3oBbIM. [IprMepoM AHUCKPETHBIX paclpeneieHUl SBISIIOTCS 30HHbBIC
JUH3BI ¥ TIacTUHKY [4, 7 — 9]. [Togo6HbIH ciocol GokycupoBaHUs ¢ MOMOIIBIO AUCKPETHBIX
CTPYKTYp, Bcien 3a [8], OyaeM Ha3bIBaTh AU(PPAKIIHOHHBIM.

W3BecTHO, 4TO 1O (POKYCHUPYIOIIUM CBOMCTBAM 30HHBIE CUCTEMBI HE MOTYT KOHKYPHPOBATh
C CHUCTEMaMH C KBa3WHEMpPEpBIBHBIM pacmpeneneHueM ¢aszbl. [ miockoro cimydas B [9]
noka3aHo, a B [10] sKkcleprUMeHTaIbHO MOJTBEPKICHO, YTO B KJIACCHUECKOW 3ajaue Mpu
NaJicHUd TUTIOCKOM BOJHBI HA CHCTEMY KOIIEll, B cClyyae, €Cld OHU OO0pa3yloT 30HHYIO
IITACTHHKY, B (OKyce cOOMpacTCst B T pa3 MEHBIIE SHEPIrHH, 4eM MafaeT, a ecild KOIbIa
00pa3yroT JIHH3Y — B /4 pa3 MmeHblle. B cnydae mMIMHIPUYECKUX BOJH [4] COOTHOIICHUS
MPUMEPHO TAKHE XKE.
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CyIecTBEeHHbIM JIOCTOMHCTBOM 30HHBIX CTPYKTYP OKa3bIBaeTCsl IPOCTOTAa HCIOJHEHHMS,
YTO OCOOCHHO BaXXHO B Cllydae H3JIy4alOUIMX aKyCTHYECKUX CHUCTEM, HalpHMep, B
CKBRXHMHHOM reoakycTuke. JIeHCTBUTENbHO, CO3JaHHME KBa3MHENPEPHIBHBIX (PA30BBIX
pacnpeneneHuil 1enecoo0pa3Ho TOJIbKO B NPUEMHBIX AHTEHHAX, a B U3JIy4alOLIUX CHIIOBBIX
aHTEHHaX J3TOT IMyTh HATAJKHUBAETCS HA 4YacTO HENPEOJOJUMBIE CI0XKHOCTU B CO3JaHUU
JVHUAN 3aJepXKKU C YCTOHYMBBIMHU IapaMeTpaMHu, CHOCOOHBIX NPOMYCKaTh OOJbIINE
MOIIHOCTH, OCOOEHHO €CJIM aHTEHHbI MpeJHa3HA4aroTCs sl paboThl B XKECTKUX YCIIOBHSX
(BbICOKME J1aBJIeHUs U TeMieparypsl). Eciu ke (okycupylomias aHTeHHa U3roTaBJIMBAeTCs B
BUJC 30HHOH JIMH3BI, TO JOMOJHUTEIBHBIX (HAa30BPAIIAIONIUX DIIEMEHTOB HE TpedyeTcs.
AHTeHHa MO omnpeaenéHHOMY 3akoHY [4] pa3OuBaeTcs Ha 30HBI, U AKTHBHBIE DJIEMEHTHI,
HaXOJAIINECS B COCEHUX 30HAX, 3aUTHIBAIOTCA B MpoTHBO(daze. Kpome Toro, momoxxeHneM
¢dokyca y 30HHBIX JIMH3 MOXHO YIPaBJISATh, U3MEHSS YacTOTy W3Iy4deHus. Bo3MmokHoCTH
NePEeCTPOWKH OTPaHWYMBAIOTCS JIMIIb JOOPOTHOCTBIO TIpeoOpa3oBaTeniel, M3 KOTOPBIX
COCTOUT aHTEHHA W YCJIOBUSIMH COTJIACOBAaHMS CHUCTEMBbI «aHTEHHA — CKBKMHA — MAacCCHBY
[11,12].

30HHBIC JIUH3BI 00J1a/1aI0T eI OJTHOM 3aMevaTeTbHOW 0COOEHHOCTRIO: MX (POKYyCHPYIOLTHE
CBOWCTBA COXPAHSIOTCS MPH M3MEHEHUHM XapPaKTEPUCTUK OKPY’KAIOMIeH Cpelbl, HalpuMmep,
M3MEHEHHE MTPOIOJIBHOM CKOPOCTH 3BYKa B MacCHMBE OyJeT 03HAYaTh ISl CKBKMHHOW JIMH3BI
C 3aJlaHHBIMU TabapuTaMu JIMIIL U3MeHeHue e€ GhokycHoro paccrosiHus (4, 9].

BAPUAHTbLI IOCTPOEHUMA 30HHBIX JIMH3

[lpn co3manmm (HOKYCHPYIOIMIMX CKBOKMHHBIX aHTEHH, KOTOpbIe, HamlpuMep, ObUIH
UCIIONIB30BaHbl Ul WHTEHCH(UKAIMKM Mpoliecca IOA3EMHOr0 BhIIIeTaynBaHus |2, 3],
HNPUMEHSUIOCH MIPOCTOE€ T'€OMETPUYECKOE MPABUIIO: AKTUBHBIC SJIEMEHTHI OOBEIUHSIINCH B
rpynnbl  (30HBI) TakuM 00pa3oM, 4YTOOBI BBIMOJHAJIOCH NPUOTMKEHHOE PABEHCTBO

h, = Jin -1/4 i/I,F , Tle h, — KoopAMHAaTa BAOJIb 00pa3yrollel aHTEHHbI, COOTBETCTBYIOLIAs

KOHIly n-# 30HBI ®DpeHens, A4; — IJIMHA TPOJOJBLHON BOJIHBI B MaccuBe, F — (okycHOE
paccrostane. Cxema pa30ueHUs arnepTypbl aHTEHHBI Ha 30HBI TIOKa3aHa Ha puc. 1. AHTEHHBI
coOupauch U3 MbE30KEPAMUYECKUX ILMINHIPOB, AJI YIPOLIEHUS] KOMMYTAllUd B COCEIHUX
30HaX HCHOJb30BAINCH IWJIMHAPHI C TMPOTHBOIOJIIOKHON mnossgpusanuei. OLeHKu A
aMIUTATY I YIPYTHX TIOJICH, CO37]aBaeMbIX pa3padO0TaHHBIMUA aHTCHHAMH, JaHbl B [11 — 13].
OpHako NpUBENEHHOE BBIIIE PABEHCTBO HE SBISETCS €IMHCTBEHHBIM NPAaBUJIOM, I10
KOTOPOMY MOXXHO CO37aTh  (OKyCHpYIOIIee 30HHO-TMH30BOE  pacmpesesiecHHe Ha
LWIMHApHUUYECKOH anepType. OKa3pIBaeTcs, MOKHO HE 3aIllOJIHATH MOJHOCTBIO BCIO allepTypy
CKBRXHMHHOM (DOKycHpYyIOLIe aHTeHHbl aKyCTHUECKUMH IPeoOpa3oBaTeIsIMH U TMOIYYHUTh
K023(ppULIMEHTHI ycuiieHUs OM3KUE K XapaKTEePHBIM JUIA 30HHOHM JMH3bL. TeXHOIOrMYeCcKH 3TO
OyZeT BBIIJISAETh CIEAYIOUMM  00pa3oM: U3 BBIOPAaHHOTO THINA  aKyCTHYECKHX
npeoOpa3oBaTelieil MOIHOCTBI0 cOOMpaeTcs nepBas 30Ha PpeHens, 3aTeM COOMPAIOTCS 30HBI
OTIpeNIeIEHHOTO  BOJIHOBOTO  pa3Mmepa (KOTOpble B JaibHelieM OyJeM Ha3bIBaTh
JIOTIOJTHUTEIBHBIME 30HAMH), 3aHUMalomue OoO0JacTH Ha UMIMHIPUYECKOM amepType ¢

LHEHTpaMHd B TIpaHUIaxXx LOWIMHApUYeckuX 30H @Ppenens [4], T.e. B ToukKax
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h, = 1/(n -1/ 4)/1,F , n>1. BbIOOp BOJIHOBOTO pa3mepa 3TUX 30H OyAeT 0O0CYKIaThCs HIDKE.

[IpeobpazoBarenu, 3anodHAIONIUME MEPBYI0 30HY DpeHens, HaXOAAUIMecs MEXIY BTOPOH H
TpeThel, 4YeTBEPTOW W TNATOW 30HAMU W T. . 3alUTHIBAIOTCS B (¢a3ze, OCTAIbHBIE B
npotuBogaze. Cxema 3amoyIHEHHs anepTypbl aHTEHHBI IpeoOpa3oBaTeNsIMU IOKa3aHa Ha
pHC. 2, CepbIM IIBETOM BBIJICNICHBI 00JIACTH, TJI€ AKTUBHBIE AJIEMEHTHI OTCYTCTBYIOT.

B nanbHeifmmeM mnpu  pacuérax OyaeM  TOJIb30BaTbCS  MOJENBHOW — CHUTyalluew,
MaTeMaThueckas GopMyIupoBKa KOTopoi nana B [12] (Beipaxkenus (2—6)). Tam xe onucaHbl

CTaHAAPTHBIC MCTO/bI PCUHICHUA 3alavU.
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Puc. 1. Knaccuueckas nuimmHapudeckas Puc. 2. llununapuyeckast 30HHas JIMH3A C HE
30HHas JINH3a IIOJIHOCTBHIO 3aII0JJHEHHOU anepTypoi
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Ha puc. 3 mokaszaHbl XapakTepHble pacHpelleleHUs aMIUTUTYbl pajuaibHbIX CMEIEHUI

u,, HOPMHUPOBAaHHOM Ha MOZYJIb IPOJOJIBHOTO BOJHOBOTO BEKTOpa k;, B (OKaIbHON

-
IIIIOCKOCTHU (klZ = 0) B OKOJIO CKBA)KMHHOM IIPOCTPAHCTBC JIA oboux BAPHUAHTOB pCain3allun

30HHOW JIMH3bI. [[eHTp mocneaHeld MOMOJHUTEILHOM 30HBI B 3TOM AHTEHHE HAXOIUTCS B
TOuKe h;. YWCIeHHbIE 3Ha4YeHWs TapaMeTpPoB i1  pacu€roB B3sATHI w3 |2, 12],
paccMaTpuBaeTcs Ciy4yai, KOrja CHCTEMa «aHTCHHAa — CKBAXMHA — MAacCHUB» HAacTPOCHA B
pe3onanc [11, 12].
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Puc. 3. XapaktepHble pacrpeieleHus] aMILTUTYAbl paJialIbHBIX CMEUICHUH B (OKAIHHOMN
IUIOCKOCTH k,;z =0

1 — kmaccudeckas 30HHas JuH3a (7 30H OpeHens),
2 — 30HHAas JIMH32a C HE MOJIHOCTHIO 3alI0JIHEHHON anepTypoit

[To xoaddummeHTy ycuneHus 30HHAs JIMH3a C HE TMOJHOCTHIO 3alOJHEHHOW amepTypoi
MPAKTUYECKU HE YCTYyMaeT KJIacCHYeCKON 30HHOM JMH3e, OJHAKO, MPHU OJHOM M TOM IXKeE
pasmepe mepBoii 30HBI DpeHens (POKyc y KIACCHYECKOW JIMH3BI HAXOJIUTCS HECKOJIbKO
nanbiie. Pasmuyarorcs Takxke CTPYKTYpbl (POKaIBHBIX 0oOsiacTeld. Y JIMH3BI C HE MOJTHOCTHIO
3aMoJTHEHHOM anepTypoi (okambHas 00J1acTh KOHTPACTHEH, YeM y KJIaCCHYECKOTO BapHaHTa
MWIUHAPUYECKOW 30HHOW JHMH3BI, T.€. TOJIe 3a TOYKOM (oKyca crmagaeT 3HAYUTEIBHO
obicTpee. JlaHHOE CBOMCTBO OTpakaeT TOT (PaKT, YTO 30HHAS JIMH3a C HE IOJHOCTHIO
3aIlOJIHEHHOM anepTypol M3Iy4yaeT B OKpY Kalollee MPOCTPAHCTBO MEHBIIYIO0 HHTETPAbHYIO
aKyCTHMUYECKYI0 DJHEpPruio, 4YeM KJIacCHYeCKHIl BapuaHT, TaK KaK HMEeT MEHbIIYI0
U3Iyvaroulyo aneprypy. 1lo omeHkam, s M3rOTOBJIEHUS 30HHBIX JMH3 C HE IMOJHOCTHIO
3aMOJHEHHON amnepTypoll SKBUBAJICHTHBIX 1O TabapuTaM W (POKYCHPYIOUIUM CBOWCTBAM
aHTeHHaM W3 [2], TOHamOOWTCS HAa  YETBEPTh MEHBINE  AJICKTPOAKYCTHUYCCKUX
npeoOpasoBareneil, yem ObLIO MUCMOIb30BAaHO MPU U3TOTOBICHUM CKBAKUHHBIX 30HHBIX JIMH3
JUIS OKCTICPUMEHTOB, OMHUCAHHBIX B [2]. CBOWCTBO KOHTPAcTHOCTH (DOKyca MOXKET OBITh
MOJIE3HBIM TPU PA3BUTUM HEIUHEHHBIX METOJOB HCCJIEIOBAHUS OKOJIO CKBRXMHHOTO
npoctpancTBa [3]. Kpome Toro, 3170 maét mOMOJHUTENBHBIE BO3MOXKHOCTH TPU pa3paboTKe
METOJIOB aKyCTUYECKOM MHTEHCU(UKALNUN T€OTEXHOJOIMUECKUX IMPOIECCOB, OCOOCHHO B
MJIaHE CO3aHMS METOJIOB JUATHOCTUKH MHTECHCU(UIIUPYEMBIX TTPOIIECCOB [2].
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O PA3SMEPE NOITOJIHUTEJIBHBIX 30H

Ammuiutyna monss B (OKyce JIHMH3BI C HE IIOJIHOCTBIO 3arlOJIHEHHOW anepTypoi
CYILIECTBEHHO 3aBUCUT OT pa3MEpOB JOINOJIHUTENbHBIX 30H. Kpome Toro, okaspIBaeTcs, 4To
JUIs  Hawiaydiield (OKYCHPOBKM BOJHOBBIE pa3Mephbl JOMOJHHUTEIBHBIX 30H JOJDKHBI
YMEHBIIATBCA C HMX HOMEpOM. UMCIEHHBIM DOKCIEPUMEHT IIOKa3bIBA€T, 4YTO pa3Mepbl

JIOTIOJIHUTENBHBIX 30H A, HOJDKHBI YMEHBIIATHCS C UX HOMEPOM, MPUMEPHO, KaK Jm , TIe
m=1 COOTBETCTBYET NEPBOU JOMOITHUTEIBHONU 30HE, HAXOMAIIEHCS B 00JACTH C LIEHTPOM B
TOUKE /iy, T.€. MEXIy BTOPOM M TpeThel LWIMHIpUueckuMU 30HamMu Ppenens. Pazmep
MEPBOM JIOTIOJHUTEIBHOM 30HBI A; TakKe ONpPENEIUICS B YHCIECHHOM 3KCIEPUMEHTE,

pe3yJbTaThl IPECTaBIICHbI HA PUC. 4.
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Puc. 4. OTHOCUTENBbHAS aMIUIUTY A PAAUATBHBIX CMEIeHUH B (JOKYCe B 3aBUCHMOCTH OT
BOJIHOBOT'O pa3Mepa IepBOM TONOJHUTENbHOMN 30HbI

Pasmep momomHMTENBHON 30HBI A;, TAKUM 00pa30M, JTOJDKEH OBITH MEHBIIE YeM JJIMHA

IPOJI0JIEHOM BOJIHBI B MaccHBe, onTuManbHoe 3HaueHue 4, ~0.84,. Kpome Ttoro, Heo6xonumo

BBITIOJTHCHUC YCIIOBUA F>>A. B X0J€ YHCJICHHBIX 3KCIICPUMEHTOB HCCICI0BATINCE Pa3JINYHBIC
BAapHUAaHTBl C HCLHCHTPAJbHBIM PACIOJOXKCHHUEM OOMOJHUTCIIBHBIX 30H OTHOCHUTCIHLHO TOYCK

h, , OJHAKO MaKCHMaJbHOE 3HaueHHe Kod(duimMeHTa yCHUICHHS 30HHOM JHMH3BI C HE

n

MOJHOCTBIO 3alOJHEHHOW amepTypoil HaOirofanoch MpU YCIOBUH, YTO HpeoOpa3oBaTesn

HaXOJATCS B O0JIACTSX C LIEHTpaMU UMEHHO B Toukax /i, . [log koagduuuenToM ycuiieHus B

JTAHHOM CJIy4ae TOHUMAETCSl OTHOIICHHWE aMIUIMTYJbI PaaualibHOTO CMEUICHHS B (OKyce K
CMEIICHNIO Ha Ha4aJIbHOM anepType aHTEHHbI, 3aHATON MpeoOpa3oBaTelsiMi (CUUTAETCS, YTO
BCce IMpeoOpa3oBarenyd HIACHTUYHBI W c€1a00 B3aUMOJCHCTBYIOT JApYr ¢ JpyromM IO
KOHCTPYKLIMU) TPHU YCJIOBHUU COTJIACOBAHHS STHX NpeoOpazoBaTeNieil ¢ MacCUBOM dYepes
xKuakyto cpeny [11, 12].
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Ob OCOBEHHOCTSIX U3JIYYEHWS B OBCAXKEHHOM CKBAXWHE

UYucrieHHbIE HKCIIEPUMEHTHI, Pe3yJIbTaThl KOTOPBIX MPUBEACHBI BBIIIE, MPOBOAMINCH IS
ciy4asi HEOOCa)KEHHOW CKBaKMHBI. AHAIM3 Pa3NIUYHBIX CUTYyallMii, BO3HUKAIOIIUX TPHU
U3JTy4YeHUU C(HOKYCHPOBAHHBIX (POHTOB M3 CKBAXHHBI MPHU HATUYUU 00CagHON TpyOBI U
[IEMEHTHOTO KOJIbIIa, HE BXOJUT B IEJIM AaHHOW paboThl. OTMETUM JIUIIb OJAHY OCOOCHHOCTh
Tu(pakIMOHHOTO (POKYCHpOBaHUS: TOJE€ OT MPOTIKEHHOW (POKYCHPYIONMICH aHTCHHBI,
BBIIIOJIHEHHOM B BHJI€ 30HHOW JIMH3bL, MaJaeT HAa BHYTPEHHIOK CTEHKY CKBaXKUHBI
HOpManbHO. OOBIYHO YCTPOWCTBO CKBXKMHBI MOXKHO ONHCAaTh MOJENBIO, TIe Ha
HWIUHAPUYECKUX TPAHUIAX COXPAHSIIOTCS HOPMAaJIbHBIE CMEIICHHS U HAMPSKEHUS, U TaKUM
o0pa3oMm, pacrnpe/esieHne paJualbHbIX CMELICHUI Ha IpaHulle MaccuBa TaKxke OyleT UMeTh
doxycupyromyio TudpakMOHHYIO CTPYKTYpY. B KauecTBe WIITIOCTpallii Ha PUCYHKaxX S5 U 6
MPUBEJEHB HOPMUPOBAHHBIE PACIpeIeNICHUs PaIuaIbHbIX CMEIICHUI Ha TpaHUIE MACCHBA B
cly4yae HEOOCaXEHHOM M O0CaKeHHON CKBaXMH. UMCIEHHBIC MapameTpbl Uil aHTCHHBI U
MaccuBa B3STHl U3 [2, 12]. B skcnepumenTte, onucaHHOM B [2], UCMOJB30Bajach aHTEHHA,
cocrosimias u3 7 300 Openens (yiMHa aHTEHHBI ~ 5 M., nuameTp 80 MM), ¢ paboyeil yacToToi
13.8 kI'm. HpOILOJIBHaSI CKOpOCTh 3ByKa B MaccuBe Obuta ~ 1900 m/c, monepeunas ~ 980 m/c,
WIOTHOCTH 2.3 T/cM’. JIIsi pacuéToB, KpOMe TOTO, B3STA CTAHIAPTHAs CTAIbHAs 00CAIHAS

pyba D114x5.2 (¢" =5350m/c, ¢ =2900m/c, p = 8000 KI/M’) ¥ LEMEHTHOE KOJBIIO
TommmHOM 15 MM (" =3000m/c, ¢ =1800m/c, p= 3000 kr/n).
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Puc. 5. HopMmupoBaHHbIe pacripeiesieHus paJuaibHbIX CMEUIEHUI HA TPaHUIIE MACCHBA B
cinydae obcaxxeHHoM (1) u HeoOcaxkeHHOM (2) ckBakuH. Kitaccuueckuii BapuaHT
LAJIMHIPAYECKON 30HHOU JIMH3bI
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Puc. 6. To ke, 4TO Ha puc. 5, HO IJI4 JTMH3BI C HE3AMOJHEHHOMN anepTypon

[Ipu pacuére cnydas ¢ HEOOCAKEHHOW CKBAXKMHOW BHYTPEHHUN JHaMETP CKBa)KUHBI
CUMTAJICS PaBHBIM BHYTPEHHEMY JuaMeTpy oOcaanHoil TpyObl. Takum obOpa3zom, 3amaua
XapaKTepU3yeTCsl CIAEAYIOIMMU TE€OMETPUUYECKUMH IapaMeTpaMu: BHYTPEHHHUH pauyc
oOcagHol TpyOBl (HEOOCA)KEHHOW CKBaXKWMHBI) 79 = 51.8 MM, BHeIIHHWH paanyc oOcaaHOI
TpyOBI 7, = 57 MM U BHEIIHUHN pajnyc LIEMEHTHOTO KoJiblia (TpaHuIia Maccusa) r; = 72 MMm. B
KayeCTBE MOJIEJbHBIX I'DAHUYHBIX YCJIOBHM B3AThl YCIOBHS KECTKOIO KOHTaKTa 0OCaaHOMN
TPYOBI C IIEMEHTHBIM KOJIBLIOM M LIEMEHTHOTO KOJbIa C MopoAon (cM., Hampumep, [14]). Ha
puC. 5 mpencTaBieHa KiIaccUyecKkas 30HHas juH3a: | — cinydail HeoOCaKEHHON CKBAXKUHBI,
2 — ciyuail ¢ 3alieMeHTUpOBaHHOM oOcamHo# TpyOoil. Ha puc. 6 Bc€ To xe camoe, HO JyIst
30HHOM JIMH3BI ¢ HE TIOJIHOCTBIO 3aMOJIHEHHON anepTypoi. Ciydaii 1 Ha puc. 5 COOTBETCTBYET
ciydaro 1 Ha puc. 3, a ciyyait 1 Ha puc. 6 COOTBETCTBYET Cilydaro 2 Ha puc. 3.

3ariemeHTHpOBaHHasi oOcagHasi TpyOa B PacCMOTPEHHOM MOJIETLHOM CIIydae 3aMETHO
yMEHbINIAeT aMIUIMTYAY IOJII B MacCHBE, OJHAKO, (OKyCHpYIOIlee paclpeiesieHue Mos
coxpansierca. Hamuyme TpaHUIBl <CKUAKOCTh — TBEpAAs cpema» OoJbllie BIHSIET Ha
pactpenenenue (a3 pamudalbHBIX CMENICHWH B Cly4dae 30HHOW JIMH3BI C HE TOJHOCTHIO
3aMOJTHEHHOM anepTypoil: MOSBIAIOTCS 00JIACTH C WHBEPTUPOBAHHOW (ha30id, UTO yXyIIIaeT
(OKYCHPOBKY, CIIIaXXKHBAECTCS MEPEXO] MEXAYy OONacTIMU C MPOTHBOIOJIOXKHON (a3oil. 1o
BCEil BUAMMOCTH, UMEHHO 3TH 0COOEHHOCTH MPUBOJAT K TOMY, YTO (POKYCHI Y KIIACCHYECKON
30HHOW JIMH3bl W JIMH3bI C HE TOJIHOCTBIO 3aIOJHEHHOW amnepTypod He coBmagarT. B
Oe3rpaHuvHOM ke cpene 3TH (PoKychl coBnaaarot [4].
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3AKIIIOYEHUE

B Hacrosimeidt pabGote mpencraBieHsl ABa crocoba (GopMupoBaHus (QOKycupyromei
30HHOM CTPYKTYpbl Ha LWJIMHApPUYECKO# ameprype. OCHOBHOE MPUIIOKEHHUE HCCIEAYyEMBIX
[WIMHAPUYECKUX 30HHBIX JIMH3 — OTO CKB@)XHWHHAs aKyCTHKa, OCOOEHHO, B 4YacTu
BO3/ICUCTBUS MOJSIMH YIIPYTHX KOJeOaHUN Ha re0TEeXHOJIOrnueckue mporecchl. CKBaKMHHBIC
dokycupyromue aHTeHHBI, COOpaHHbIE KaK 30HHBIC JIMH3BI, OKAa3bIBAIOTCS JIOCTATOYHO
IPOCTBIMH 10 KOHCTPYKIIMH, UCIOJB3YETCs JIMIIb MPOTHBO(A3HOE BKIIIOYCHHE PAa3IMYHBIX
30H. [Ipy 3TOM MOSBIAIOTCS MPEANOCHUIKH Ul CO3JaHHMS COBEPIICHHO HOBBIX TEXHOJOTHIM
aKyCTUYECKOTO BO3/ACHCTBUS HAa CKBa)KUHHBIE T'€OTEXHOJIOIMYECKHE IPOLECChl, TaK Kak
HOSBIISIOTCS, BO-TIEPBBIX, BO3MOKHOCTh PE3KOr0 YBEIMUYEHHs aMIUIMTYJ YNPYTHX IOJeH B
INPUCKBAXXUHHOM 30HE, CBS3aHHOT'O ¢ KOMIIEHCAlMeH HWIMHIPUYECKOH PacXoJUMOCTH U, BO-
BTOPBIX, BO3MOXXHOCTb YIIPaBJICHHs MOJOXEHHEM (oKyca C IOMOIIBIO YaCTOTHOU
HepecTpoiku mpeoOpaszoBaTeneil, M3 KOTOPbIX (OKyCHpyIOIas CKBaXXMHHAs aHTCHHA
cienaHa. YCTPOWCTBO NPOAYKTHBHBIX KOJUIEKTOPOB B COBPEMEHHBIX CKBaXKMHHBIX
TEOTEXHOJOTHSIX MOXKET OBITh JOCTaTOYHO CIIOXKHBIM. [Ipy HMH)KEHEpHO-TEXHUYECKUX
pacuérax HEeoOXOIMMO YYMTBHIBATH MHOXKECTBO XapaKTEPHBIX JI KaXKAOr0 KOHKPETHOIO
ciydasi (akTOpOB, TAKMX Kak BUJA O00CaJKH B 30HE KOJJIEKTOpa U YCTPOHCTBO 3aTpyOHOTro
IPOCTPAHCTBA, XapaKTePUCTUKU (UIABTPOB MM mnepdopanuu, OCOOEHHOCTH 3aTyXaHUs
yOPYTUX BOJH B NPUCKBAXMHHOW 30HE U T.J. BOJBIIMHCTBO (DaKTOPOB MOXKHO Y4YECTb,
HOJIb3YsICh COBPEMEHHBIMU CPEJCTBAMU KOHEYHO-3JIEMEHTHOI'O aHAJIN3a U IPOCKTUPOBAHUS.

PesynbraThl naHHOM paboThl, OMKCHIBAIOIIME OONIYI0 MICI0 M BapUaHTBl CO3JaHMA
OpocThiX M APGEKTUBHBIX (OKYCUPYIOIIMX aHTEHH, MOTYT CIY>XUTb OCHOBOM s
UH)KEHEPHBIX pacuéToB.

Pabora Bemonnena npu nogaepxke POOU, npoektst 03-02-16805, 03-02-17074 u rpanTa
Muno6pa3zoBanus E02-8.0-58.
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