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CorylacoBaHHBIMM BBICOKOpA3peIlIAlOIIMMU ONTUYECKMMU M aKyCTUYECKMMU METOAaMM BIEpBble CHH-
XPOHHO 3aperucTpupoBaHa TOHKasl CTPYKTypa IPOIIECCOB, MHUIIMMPOBAHHBIX MOTPYKEHUEM CBOOOIHO
najaarolleii Karniu BoAbl B 0acceiiH ¢ 1era3upoBaHHOM XUIKOCThI0. OCHOBHOE BHUMaHUE yJ€JIeHO aHaInU3y
9BOJIOIUU TOHKOM CTPYKTYPbl KAPTUHBI TEYEHWI, COMMYTCTBYIOIIMX KAMUJIJISIPHBIX BOJIH U aMIUIMTYIHO-
YaCTOTHBIX XapaKTEPUCTUK 3BYKOBBIX MakeToB. [locneqoBareibHOCTh aKyCTUYECKUX CUTHAIOB BKJIIOUAET
YIapHBI UMITYJIbC, BO3HUKAIOIIUI TTPU IEPBUYHOM KOHTAKTE KaIlJIU C TOBEPXHOCTHIO MOKOSIIIEHCS TIpU-
HUMaIOLIEN XXUAKOCTU, U CEPUIO MOCIEAYIOIIMX 3BYKOBBIX MAKETOB. YIapHbIiA UMIYJIbC, KOTOPBIi YCTOM-
YUBO BOCIIPOU3BOAUTCS B YCJIOBUSIX JAHHBIX 9KCIIEPUMEHTOB, UMEET CJIOXKHYIO CTPYKTYPY, BKJIIOYAIOIIYIO
KOPOTKHE MHTEPBa/Ibl BLICOKOYACTOTHBIX OCUWJUISILIMI U 60Jiee TPOTSIKEHHbIE MHTEPBaJIbl HU3KOYACTOT-
HBIX ocUWUISIIUi. Yuco n3ydyaeMbIXx 3ByKOBBIX TTAKETOB M UX MapaMeTpbl TPOU3BOJILHO MEHSIFOTCSI OT
OITbITA K OMBITY IPY COXPAHEHUU HEU3MEHHBIMU pa3Mepa Karlivi U BbICOTHI MaieHus1. B cepruu onbITOB BbI-
JIeJIEHbI CIy4yal OJUHOYHOTO Y TTOBTOPHOTO M3JIYYEHUs TTAKETOB PAa3JIMYHOrO CIIEKTPAIIbHOTO COCTaBa, a
TaK>Ke MOJIHOIO UX OTCYTCTBUSI. AHAIM3 JaHHBIX IIPOBEIECH C yU€TOM BIUSIHUS “IBOMHOIO CJIOSI”, 3aMEHSI-
IOIIETO TTOBEPXHOCTh CIUSIHUS XXKUIKOCTENM, B KOTOPOM COXPAaHSIIOTCS BO3MYILIEHUSI, BOZHUKAIOIIIME TPU
npeodpa3oBaHUU JOCTYIMHOUN MOTEHILMATIbHOU MOBEPXHOCTHON 3HEPTrUM B pyrue GopmMbl — TEIIOBYIO,
BO3MYILIEHUS JABJICHUSI U SHEPTUIO TOHKUX TeYEHUI, aKTMBHO BO3/IEHCTBYIOIINX HA Fa30BbI€ TTOJIOCTH.
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BBEJEHUWE

AXTyalbHOCTb M3Y4eHUSI MMITaKTa CBOOOIHO IIa-
Jaloleil Kaluti — MOCJIeN0OBaTeIbHOCTY TUAPOIMHA -
MUYECKUX U aKyCTUUECKMX IIPOIIECCOB, (hOPMUPYIO-
IIMXCS B IPUHUMAIONIEH XUIKOCTH, yCTOMYMBO pac-
TeT B IIOCIAEOHWE TOAbl B CWJIy IEHCTBUS psiaa
dakTOpoB — (PYHIAMEHTAIBHOCTH TEMBI, Pa3BUTHS
MH(OPMAIIMOHHBIX TEXHOJOIUil, CIIOCOOCTBYIOIINX
COBEpIIICHCTBOBAHUIO aIlllapaTyphbl, pPacCIIUPEHUST
yucja MNpakKTUYECKUX TIPUJIOXKEHUIX B MEXaHMKeE
OKpYyKalolleil cpeabl U npoMbluieHHOCcTH [1]. Cu-
creMaTndeckoe ¢ororpacdupoBaHre KapTUHBI Ka-
NeJIbHBIX TeYEeHW Hadajoch B KoHIe XIX Beka [2].
B nBagaTeie Toabl MPOILIOTO BeKa CTaI PETUCTPHU-
pOBaTbCsl COIMYTCTBYIOIIME 3BYKOBbIE CUTHaJbI. M3-
MepeHUs MPOBOMMIIMCH BHaYaje B BO3AyIIHOM [3], a
¢ co3maHueM Tuapo¢OHOB — U B BOOHOM cpene [4].
CoBepllIeHCTBOBaHNE TEXHNUKH PErUCTpaliii KapTUH
TeyeHMit [5] 1 mapamMeTpoB aKyCTUYECKMX CUTHAJIOB [6],
pa3BUTHE BBIYUCIMTEILHON TEXHUKU U IIPOTPAMMMU--
pOBaHMS MO3BOJISUIN ITOBBIIIATH UyBCTBUTEIBLHOCTD,

BPEMCHHOC 1 IMTPOCTPAHCTBCHHOC PAa3pCIlICHUEC N3MEC-
PUTCIBbHBIX CUCTEM, BbIACJIATH BCC HOBLIC YCTOﬁqMBO
BOCIIPOMN3BOIMMBIC 0COOEHHOCTU IIPOTECKAIOIMNX
IIpOoLCCCOB.

JlocTyItHOCTh 00BEKTa MCCASAOBAaHUIA 1 HEOOXO-
IUMBIX IS pabOTBI CPEICTB ayAuo U BHUIECO PETU-
CTpallMU CITOCOOCTBYET pacIIUPEHUIO reorpaduu pa-
60T, KOTOPHIE TPATULIMOHHO IIPOBOISITCS B €BPOIIEii-
ckux [7, 8] u ceBepoamepukaHcKux [9] LeHTpax, u
Bce Oosiee aktuBHO — B Kutae [10], Maguu [11], Ca-
yInoBcKoi ApaBun [12] 1 MHOTHX IpyTUX CTpaHaXx.

Cpenu OOCTVDKEHUI ITOCAEOHUX JIET CIAEOyeT OT-
METUTh PEe3YJbTaThl NETaAIbHOIO M3Y4YEHUS SBOJIIO-
UM TOHKOM CTPYKTYphl KapTUHBI paclpeleICHUS
BEIIECTBA KaIJIM B TOJIIE XXUAKOCTH [ 13], CTpyKTYyphI
aKyCTUUYECKMX CUTHAJIOB IIPU MEPBUYHOM KOHTAKTE
Kalleib C XKUAKOCThIO [14], KamUISIpHBIX BOJH Ha
BeH1Ie | 15] 1 Ha morpyxaroleiics Karie [16], a Takke
PEeKYPPEHIIMIO TOHKOI CTPYKTYpPBl — BOCCTaHOBJIC-
HIUE MEJIKMX HEOJTHOPOTHOCTE KapTUHEI CBOOOTHOM
MMOBEPXHOCTU KMIOKOCTU ITOC/I€ CIVIaKMBAaHUSI Ha-
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YaJIbHBIX BO3MYIIEHHIA Ha TTOBEPXHOCTU KaBEPHBI U
BeHna [17].

BricokocKopocTHasi BUJEOpETUCTpAIdSl KapTH-
Hbl T€UEHUSI, CHHXPOHM30BaHHasl C peTUcCTpalveid
aKyCTUYECKWX CUTHAJIOB, BITIEPBbIe MO3BOJIMIA ITPOCIe-
JIUTHh TIPOLIECC BO30YXIEHUSI OCUWJUISILIMIA OTOpBaB-
ILLIeICsT Ta30BOit MOJIOCTH HepaBUIbHOU (popMbl [18].
Kone6anusi, Bo30yxXnaemMble ObICTPHIM BTSITMBAHUEM
KOHUYECKOI0 OCTaTKa pa3opBaBIlIeiics NEPEMbIUKH,
MOAIEP>KUBAIOTCSI OCBOOOXKIEHUEM HOCTYITHOM ITO-
TeHIUAIbLHOW 2HEePTUr B pe3yjbTaTe COKpalleHUs
IUIOIIAAM TMOBEPXHOCTU Ta30BOM MOJOCTU Hempa-
BWJIBLHOM (hOpMBI IPU €€ TpaHChOopMaLIMU B chepour-
JTaJIbHBIN ra30BbIi my3bIph [18]. Hlupokwuii nuara3oH
U3MEHYMBOCTU YaCTOTHBIX XapaKTE€PUCTUK OCHOB-
HOTO 3BYKOBOTO TTakeTa oTMeueH B [19] (mapameTpsl
MEPBUYHOTO YIaAPHOTO UMITYJIbCA HE TTPUBOJIUIUCH).
VcaoBus o0pa3oBaHUsS OOJBIINX ra30BBIX My3bIPE,
TEHEpUPYIOIINX 3BYKM HU3KOI YacTOThI, KOTOpPHIC
WHOTAA COMPOBOXIAIOTCS TpyMNIlaMM MEJKHUX Ta30-
BBIX ITY3BIPBKOB, M3y4eHBbI B [20].

IIpoBeneHHEBIC OITBITHI TTOKA3LIBAIOT, YTO OOIIas
TUApoAVHAMUYECKasl KapTUHA TeYeHUI U ee TOHKUE
nmeranu [1, 11, 15, 17], a Takke yuciao u popma 3Byda-
IIIMX ra30BbIX MMOJOCTEM, 3aBUCSIIE OT ITapaMeTPOB
sKkcnepumMenTa [1, 6, 9, 18], xapakTepu3yioTcst 3Ha-
YUTEJIbHOM M3MEHYMBOCTBIO IIPU COXPAHEHUM HEU3-
MEHHBIMU YCJIOBUM ONBITOB. B 3TOI CBSI3M HAayIHBIN
U TIpaKTUYECKU WHTepeC MpeacTaBiseT corjiaco-
BaHHOE ACTaIbHOE W3YYeHMHE KapTHUHBI TEUCHUU U
CTPYKTYpPBI aKyCTUYECKOI'O CUTHAJIa, YTO U SIBJISIETCS
LIEJIbIO0 JAaHHOU pabOTHI.

ITAPAMETPU3ALINA 3AJAYN

B TedeHUSIX, CONMPOBOXIAIOIIMXCS MeEIJISHHBIM
U3MEHEeHUEeM TUIOIAAU VI OBICTPBIM YHUYTOXEHU -
€M YacTU CBOOOIHOI ITOBEPXHOCTH, B KaUeCTBE OJI-
HOT'O M3 OCHOBHBIX (PU3NYECKUX ITApaMETPOB CPebl
HWCIOJb3yeTcs moTeHan ' mooca G (cBoOOmHAS 2H-
TaJIbIINS)

dG = —sdT +VdP - S,dc + ,dS,, (1)

TIPOMU3BOOHBIC KOTOPOIo ABHO OIIPCACIAIOT SHTPOIIUIO

-1
s = _(B_G) , TUIOTHOCTB CPEJIbL P = 1_ (G_G) ,
0T/ ps,s, V. \9Plrses,
26
aS,

i/T,P,c

BELLIECTB C KOHILIEHTpaLUen §; i-0i KOMIIOHEHTHI, a
TaKXe BCe JIpyrue TepMOAMHAMUYECKIE BEJIUYUHbI —
KOCBeHHO [21, 22]. 3nech T — Temneparypa, P — naB-
JeHue, S, — TIJIoulanb KOHTAKTHOW IOBEPXHOCTU
rpaHuibl pasgena ¢a3, 6 — Ko3OUIMEHT TOBEpX-
HOCTHOTO HaTSDKEHUS. 3HAUSeHUsSI TepMOAMHaAMUYEe-
CKUX BEJIMYMH XapaKTepU3YIOT COCTaB U (pU3MNIECKIE
CBOICTBA B3aMMOICUCTBYIOIINX CPE/I.

XMUMUYECKUI TTOTECHIIMAI W, = pacTtBoOpa

TepMmoaguHaMuUdecKre MNOTEHUMAIBI B HEOTHO-
POTHOM KMIKOCTU CO CBOOOTHOWM ITOBEPXHOCTBLIO
pacripenesieHbl HepaBHOMEPHO. DKCHEPUMEHTAJb-
HBIMU MeToJaMM (ONTUYECKOM 1 peHTTeHOBCKOM pe-
¢bJIeKTOMETpUM, aTOMHO-CUJIOBOII MUKPOCKOITMM)
YCTaHOBJIEHO, YTO IUIOTHOCTH, HOUBJIEKTPUYCCKUE
IIPOHUIIAEMOCTH, IUIIOJbHBEIE MOMEHTHI B TOJIIIE
JKHUJIKOCTU U B CTPYKTYPHO BbIIEJIEHHOM IPUITOBEPX-
HOCTHOM CJIO€ TOJIIIMHOU MopsiaKa pa3Mepa MOJIEKY -

JIIpHOTO KJjacrepa (~ 10°° CM) 3aMETHO OTJIMYAIOTCS
[23, 24]. AHU3OTpPONUS AaTOMHO-MOJIEKYJISIPHBIX B3a-
MMOIEMCTBUIT B 00JIACTSIX ¢ OOJIBIINMU I'pafeHTaMU
TEPMOIMHAMMYECKNX BEeIWYMH (B YaCTHOCTH, Ha
KOHIIEHTPALIMOHHBIX MPOCJIOHKaX U OKOJO CBOOOI-
HOM ITOBEPXHOCTH) IPUBOIUT K (POPMUPOBAHUIO JT0-
CTYNMHOI MOTE€HLIMAJIbHONM MOBEPXHOCTHOM SHEPTrUU
U XMMUYECKOI S3HEprum, KOTopble MOTYT TpaHC(hOp-
MHUPOBAThCS B Ipyrue (OpMbl — TEILJIOBYIO, SHEPTUIO
MEXaHMYECKOTO TeUEeHMsI XKMIKOCTH, COBEpIIATh pa-
0OTYy IO CO3aHUIO HOBOI CBOOOIHOI TTOBEPXHOCTH.
OOMeH 3Heprueii B XUAKOCTU IIPOMCXOIUT C He-
CKOJIBKMMHM CKOPOCTSIMU — OOCTATOYHO MEIJIEHHO B
IUCCUTIaTUBHBIX (IUdGYy3MOHHBIX) Mpolieccax; 00-
Jiee OBICTPO — B BBIHYKIACHHBIX TEYEHMSIX CO CKOPO-
cTbio U ; ¢ COOCTBEHHBIMU TPYIITOBBIMU CKOPOCTSIMH C,
IIpU pacIpoCTpaHeHUM BOJIH [25] u HanboJjiee OBICT-
PO MpH MPSIMOM MPOSIBJICHUU N CTBUSI aTOMHO-MO-
JIEKYJISIPHBIX TTPOIIECCOB.

TeueHnss XMAKOCTEH OIMCHIBAIOTCS CHUCTEMOI
ypaBHEHUII TMepeHoca BelleCTBa, IIOTHOCTU, UM-
MyJIbCa 1 TIOJIHOI SHEPTUN — aHAJIOTOB 3aKOHOB CO-
XpaHEeHU JJIs1 3AMKHYThIX cucTeM [25, 26] ¢ pusnue-
CK1 OOOCHOBAaHHBIMM I'PAaHUYHBIMU YCJIOBUSIMU Ha
KOHTaKTHBIX ITOBEPXHOCTSIX, KOTOpbBIE 31eCh ISl
KpaTKOCTU He IIPpUBOASTCS. B 41CI0 OCHOBHEIX I1a-
pPaMETPOB 3a4a4u BXOIST IUIOTHOCTb P, KO3huuu-
€HThI IIOBEPXHOCTHOI'O HATSKEHUSI G U KUHEMaTuJe-
CKOI BSI3KOCTH V BOJIbI, YCKOPEHNE CBOOOIHOTO I1a-

IeHus1 g, auamerp D, miowanb IMOBEPXHOCTU .S,
00beM V), ¥ CKOpPOCTb Karli B MOMEHT KOHTakTa U .

Kunernueckasa sHeprum xarum E, = pVyU ? / 2 g
ycaoBuii  3kcnepuMeHToB (0.2 <D< 0.7 cwMm;
100 < U <500 cm/c) 21 < E, < 22450 apr, cyuie-
CTBEHHO OO0JIbLIE TOBEPXHOCTHOM 3HEpruu £, = 6.5):
9 < E, <112 3pr. OnHaKko MJI0THOCTb KNHETUYECKON

sHeprum W, =pU 2 / 2, KOTOpad B [AaHHOM CJly4yae

2 5 3
5x10° < W, <1.25x10" apr/cM”, CYLLIECTBEHHO MEHb-
e, 4YeM IUIOTHOCTh IIOBEPXHOCTHOM SHEpruu

W, = G/SS ~7x10’ apr/CM3, 3aKJIIOYEHHOMN B CJIOe

TOJIIIMHOM &, ~ 10 em — NopsIKa pa3Mepa MOJIEKY-
JISIPHOTO KJtactepa [23].

ITockosibky BenWYMHA TMepenaBaeMoil SHEpPruu
MPOTOPIIMOHAJIbHA Macce CAUBIIIEHCS YacTU Karulu,
Ha HayaJIbHOM 3Tarle UMMaKTa OCHOBHYIO POJib UTpa-
€T TMPOoI1IeCC OCBOOOXKIEHMS JOCTYITHOM MOTEHIIMAb-
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BSBOIIOOUA CTPYKTYPbBI AKYCTUYECKHUX CUTHAJIOB

HOM »Heprum, repemaBaeMasl JOJSI KOTOPOM 31IeCh
CYIIECTBEHHO TIPEBHINIACT BEJIUYMHY Tepeleaieii
KMHETUYECKOM 3Hepruu. [Ipym yHUUTOXEHUU CBO-
0OIHOI MOBEPXHOCTU ITOTEHLIMAIbLHAS SHEPTUS J10-

CTaTOYHO OBICTPO (COOCTBEHHOE BpEMS T ~ 107" c)
npeobpasyercs B Apyrue (OpMbl — BO3MYILLEHUS
JaBJIeHUSI, TEMIIepaTypbl U SHEPTUIO0 MEXaHUYECKOTO
JNBUXKEHUsI, KOTOpblE OKa3bIBalOTCSI COCPENOTOUYEH-
HbIMM B TOHKOM JBOWHOM CJIO€, 3aMEHSIOIIEM MC-
Ye3HYBIIME CBOOOJIHBIC TOBEPXHOCTHU. TomHa
JIBOMHOTO CJIOSI, KOTopasi Mpu ero (hopMUpOBaHUU
“MeeT MaciuTab Topsiaka pa3Mepa MOJIEKYJISPHOTO
KJlacTepa, iajiee pacTeT 3a CUeT MOJIEKYJISIPHOM Terl-
JIOIIPOBOJIHOCTH M TP Yy3Un UMITYJIbCa, a MTO3IHEE,
10 Mepe BBOJIOLMU TIpoliecca — 3a CUET MepeMelle-
HUS MEJIKOMACIITaOHbIX KOMITOHEHTOB TEUCHUIA.

C BBICOKMM paHIOM CUCTEMBI (pyHIaMeHTaIbHbBIX
ypaBHEHUI 11 CJ1a00 DUCCUTIATUBHBIX CPEIl CBSI3aHO
CYILIECTBOBAaHUE JUTAaMEHTOB — TOHKHUX BOJIOKOH U
000JI0UeK — KOMITOHEHTOB MEePUOINYECKUX U HecTa-
LIMOHAPHBIX TedeHUil (KiIaccupukanys mprBelIcHa B
[26]). OTmuunTeIbHBIE CBOMCTBA IMTAMEHTOB — Ma-
J1asi TOJNILMHA O, 3HAaYeHUe KOTOPOMl OIpeneseTcs
KMHETUYECKMMHU KOB(PUIIMEHTAMU UM BpeMEeHEM
dopmupoBaHust Af UKW 4aCTOTOI BOJHBI (MaciTad B

nose ckopoctn 8, = VVAL, 8, = /V/®, ® —acToTa),
1 GOJIBIIAS TIPOTSDKEHHOCTD, KOTOPAsl OTIPEeIISeTCsT
IUTUTEIBHOCTRIO IIporecca [26, 27]. OHU HposABis-
I0TCSI BO BCEX HECTAlMOHApHBIX Mpolieccax, U, Kak
TOJIBKO MX pa3Mepbl MPEBOCXONAT Ipenessl IIpo-
CTPAaHCTBEHHOTO pa3pelIeHNUSI MHCTPYMEHTOB, a ypo-
BEHb BO3MYILIEHUS — MOPOT YyBCTBUTEIBHOCTH, pe-
TUCTPUPYIOTCS KaK TOHKAs CTPYKTYpa CPE/bl.

HabGop xapakTepHbIX MacmiTaboB Mpolecca
BKJTIOYAET QUAMETP Karuv D, KamAUISIPHO-TPaBUTa~

LIMOHHBIN MacIlITad 8;( =, /y/ g (Bxopsiuii B iucnep-
CUOHHOE ypaBHEHHE KOPOTKMX ITOBEPXHOCTHBIX
BOJIH [28]) 1 nyuccUnmaTUBHO-KAMWUISIPHbIE MacllITa-

6b1 8, = Vz/'y, oy = Kz/y, Y= 0/p. 3nech Kk — K03b-
(GUIMEHT TEMIIEPATYPOTIPOBOIHOCTH KUIKOCTH, Y —
HOPMUPOBAHHBIN Ha IJIOTHOCTh KO3(DdUIIMEHT TO-
BEPXHOCTHOTO HaTsKeHUs1. [lornepedHbie pa3mepsl
JIMTAMEHTOB, 3aBUCSLINE OT CKOPOCTH Karutu U , paB-

o \% o

Hbl — OMUCCUIIaTUBHBIN 5U = V/U 1N KaIllnJJIAPpHBIN
2
&) = y/ U-.

COOTBETCTBEHHO, OAHA TpYIIla COOCTBEHHBIX
BpPEMEHHBIX MacIlITAabOB BKJTIOYAET TOJIBKO ITapamMeTphl

cpensl — T, = y/g3,’c§ = K3/yz,”c; =v3/yz,£[pyraﬂ—
d _ 3 Y _ Y —

pasmep Karm — T, = /D /y, 1. = xD/y, 1y = vD/y,

TPEThSI — €€ CKOPOCTb — ’cf, = D/ U, ’Cg =U / g. 3Ha-

YyeHUsI MaclTaboB OIIpeacCIAI0T TpC6OBaHI/IH K MCT-
POJIOTUYCCKUM XapPAKTECPUCTUKAM HN3MCPUTCIbHbIX
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WHCTPYMEHTOB — pa3MepaM O0JIaCTH perMCTpaIiy,
IMPOCTPAHCTBEHHOMY Y BpeMEHHOMY pa3pelIeHUIO.

OTHOIIIEHUS] OTHOPOIHBIX MACIIITA0OB OIPEACIISIIOT
TpaIuIIMOHHBIC Oe3pa3zMepHble KOMOMHALIUN — YUC-

na PeitHonpaca Re = D/ oy = UD/V, ®pyna Fr =
=8//D=U"/gD, We=D/8, =U’D/y, Bouna
Bo = Dz/ﬁz = gDz/y, Onesopre Oh = \/8;/0 =

= v/ YD, KOTOpBIE HCIIOJb3YIOTCA NMPU ONMUCAHUN
TEYSHUIA.

OKCITEPUMEHTAJIBHAA YCTAHOBKA

OmBITH BBEITONMHEHBI Ha cTeHae DCII, Bxomgimmem
B YHUKaJbHYIO WCCICAOBATENbCKYIO YCTAHOBKY
“T'DPK HUIIMex PAH” [29]. OCHOBHbIE 3J1E€MEHThI
CcTeHIa — 6acceifH ¢ ONTUYECKUMU CTEKJIaMU, OCBETH-
TeJIb — MHOTORJIEMEHTHBINM CBETOOMOMHBIN MTPOXKEK-
TOP C DKBUBAJIEHTHBIM CBETOBBIM moToKoM 1000 M,
Bugeokamepa “Optronis CR3000x2" (ckopocTh BU-
neocbeMku 1o 20000 kx/c, pasmep I13C matpuiisl B
nmuKcensax 256 X 256), ruapodon 'M54 (mumrpuHa 1mo-
gocel 0.002—100 xI'u, HepaBHOMepHOCTh 3 Ab,
CKBO3Has1 9yBcTBUTEIbHOCTh 30 MB/Ila), MHOrOKa-
HaJIbHBII BBICOKOCKOPOCTHOIT uHTepdeiic cbopa
MaHHBIX (YacToTa AuUckpeTusauuu ao 5 MI, pas-
pstmHOCTH 12 OmT). M3ydyanuch BO3MyIIeHHS, COIIPO-
BOXIAIOIIMEe TIOTPY;KEHHE CBOOOMHO Tiajarolieit
Karau Boabl (muametp 0.4 < D < 0.6 cm) B bacceiiH ¢
TMOKOSIIEecsT nerasupoBaHHoOl Bomoii. MeTommka
SKCIEepUMeEHTa AeTaJIbHO u3joxeHa B [6, 18]. O6pa-
0OTKa TaHHBIX C SAUHUYHBIMY CUTHAJIaMU IIPOBOAYI-
Jachk ¢ yyetom Metoguku [30].

B maHHBIX OIBITaXx OCOOEHHO TIIATEJIFHO IIPOBO-
INJIach yCTaHOBKA OCBETHTEJIel, 00eCIIeUMBAIOIIIX
HaOI0AeHNEe TOHKUX BO3MYILIEHUI CBOOOIHOI Mpo-
3payHOil KMAKOCTA — JIeTa3MpOBAHHOII BOMEL.
C oompmIMM pa3uuneM 3HadeHW KoadduumeHTa
OITUYECKOTO NPEJOMIIEHUS cpel (U151 BO3nyXa n, =
= 1.00027, nns Boawl n,, = 1.33) cBs3aHbl 3(PpPexTh
MOJIHOTO BHYTPEHHEIr0 OTpaKeHWs, 3aTpYIHSIOLINE
HaOJIIoJeHe TOHKUX JeTajleil ONTUYeCKUX U300pa-
XeHuii TeyeHmnii. Kak moka3piBaeT aHaau3 IIyOInKa-
LU IO TeMe, I1aIKKe N300paxkeHus1 CBOOOIHOI Mo-
BEPXHOCTHU B KalleIbHBIX TeueHUsIX [ 1, 2, 8, 11] cye-
CTBEHHO OTJIMYAIOTCSI OT €€ peaJlbHOM reoMeTpun (B
YaCTHOCTH, BO MHOTHX paboTax He MASHTUMUILIIPO-
BaJIMCh KaIWUISIPHBIC BOJIHBI Ha BEHIIE U ITafalolIeii
KaIlle, a TAKXKe TOHKasI CTPYKTypa BEPIIUHBI BCILIEC-
Ka, BU3yajau3upoBaHHbIE B [15—17]).

OCHOBHBIE PE3VIJIBTATHI

DBOMIOLMIO KAPTUHBI BO3MYILIEHUIA CBOOOMIHOI
IMOBEPXHOCTHU, BBI3BAHHBIX TOTPYXKEHUEM Kalulu
(D =0.6 cMm, U =3.7 M/c), WJLTIOCTpUPYET BbIOOpKA
13 BUAeo3anuceii (puc. 1, TeMHOE HSTHO B IIPABOM HITK-
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Puc. 1. KapTtuHbl TeueHUs1 TIpY cOyIapeHUM Kariu ¢ oBepxHocThio. Bpewms, (a)—(p): ¢ = 0.75, 1.75, 19.3, 37.0, 47.5, 53.75,
99.75, 159, 169.5, 180.7, 188.5, 196.5, 214.0, 242.5, 270.45, 421.0 mc. D = 0.6 cm, U = 3.7 m/c, We = 1125, Re = 22200,

Fr =233, Oh =0.0015, Bo =4.8.

HEM yIiry — m3o0paxkeHue ruapocdoHa). LleHTpanbHyo
4yacTh B KapTUHE BO3MylleHu Tipy ¢ = 0.8 Mc (puc. 1a)
3aHUMAaET OCTAaTOK MOrpyXKalollencs: Kariu, JUHUS
KOHTaKTa KOTOPOI C TIpUHUMAIOIIEH >XUIKOCThIO
OTOIIIJIa OT CTEHOK pacTyllero BeHlIa. OKpyXKarolast
KaIlIlo CBeT/Iasl 1ojioca — JHO KaBepPHBI, HAPYXKHOE
TEeMHOE KOJIbLIO — BEHEll, C BEPIIMHBI KOTOPOTO CXO-
T TOHKas MejeHa (“ejecta” B aHIIOS3bIYHOM JIUTE-
patype [5]). U3pe3aHHast BHEIIHsISI KPOMKaA TMeJIeHbI
3aKaHUYMBAETCSl OCTPbIMA TOHKMMM CTpyliKamMu —
cnaiikamu, C BepIIMH KOTOPBIX TMOCIeI0BaTEIbHO
BBUIETAIOT Bce Ooiiee KpyIHbIe Karenabku. Craiiku

SIBJISTIOTCSI TIPOAOIKEHUSIMUA TOHKMX CTPYEK, KOTO-
pele GOPMUPYIOTCS B ABOMHOM CJIOe Ha THE KaBep-
HBI, TIe YHMYTOXAETCsl CBOOOAHAsI TMOBEPXHOCTh U
Kariv, U MpuHuMartolieil xxuakoctu. CTpyilku mpo-
SIBJISIIOTCSI B KapTUHAX paclipeneaeHns Ko3dduim-
eHTa TIPEeJIOMJICHUS TIpU CIUSTHUM Karelb BOIBI C
pacTBOpOM IToBapeHHO conu [31] u BemiecTBa oKpa-
IIEHHBIX KalleJb B YMcToi Boze [32].

K MomeHTy ¢ = 1.7 McC, Korja Karuis TTIOJTHOCThIO
MOTpy3uJiach, Ha CTeHKax BEHIIA HAYMHAIOT IOSIB-
JIATHCH CKJIAIKU, TeJieHa CTAHOBUTCS KOPOYE, a €€
AKYCTUYECKHWH XYPHAI Ne 4
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KpoMKa M craiiku yromuaiorcs (puc. 16). CoorBer-
CTBEHHO, YBEJIMUWJICS W NMAaMETp KarleJieK, BbljieTa-
IOIIMX C BEPIIUH CITaliKOB.

CBeTJible TIITHA B TIPABOIl HUXKHENM YaCTH HA TEHU
OT TuApo(OoHA — KAyCTUKU — 3epKabHbIE OTpake-
HUSI OTJIEJBHBIX 3JIEMEHTOB OCBETUTEJISI OT HAKJIOH-
HBIX ITOBEPXHOCTE TpeOHEN U BITAIUH KOPOTKUX Ka-
NS pHBIX BOH. CoTlocTaBiaeHre N300pakeHU Ha
puc. 16—1r, r =1.7, 19.5, 37.0 MC COOTBETCTBEHHO,
MOKa3bIBAET, UYTO YKCIIO U pa3Mephl MATeH, 00J1acTh
MX JIOKQIM3allMU OIIPEALISIOTCS KOJIMYECTBOM, TN~
HOM, aMIINTYJO0il M CKOPOCTBIO PacIpOCTpaHEHUS
BOJIH. JIJIMHBI KOPOTKUX BOJIH, OKPYKAIOILIUX BEHEII
U OErylyx Mo HeBO3MYIIEHHOM MMOBEPXHOCTHU KU/ -

KOCTH, JiexXaT B [uana3oHe 0.5 < A, < 2 MMm.

ITocTeneHHO COOCTBEHHBIE CHUCTEMBI TpexMep-
HBIX KaITWJUISIPHBIX BOJH ITOKPHLIBAIOT CTEHKM BEHIIA
U THO KaBepHbI (puc. Ir, ¢t =37.0 Mc). AMILUIUTYIbI
BOJIH Ha BHYTPEHHEHN MOBEPXHOCTU BEHIIA MaKCH-
MaJIbHbI Y €r0 KPOMKY 1 YMEHBIIIAIOTCS K LIEHTPY JHA
KaBepHbl. M cKaxkeHHOe H300paxkeHWe TuapodoHa
YKa3bIBaeT Ha BBICOKYIO KPYTU3HY BOJTHOBBIX BO3MY-
LIeHUWN.

Co BpeMeHeM pa3Mepbl KaBEpHBI U TOJIIIIMHA pac-
IUIBIBAIOIIIETOCS BEHILIA YBEJMYMBAIOTCS, Ha OHE U
CTeHKaX ITOSBIISIIOTCI KPYMHOMACIITAOHBIE BO3MY-
IIEHUSI — OTHOCUTEJILHO INIaAKue TpeOHU U 3a0CT-
pE€HHbIC BITaguHBL. I[1p1 3TOM CylIeCTBEHHO MEHSIET-
cg (popMa THA KaBEpHBI — LICHTP BITATUHBLI CMEHSIET-
CS OTOJIOBKOM PACTYIIETO BCILIecKa.

B daze popmupoBaHus BepillMHA BCILIECKA BHOBD
MOKPBIBACTCS CHailKaMM — 3leCh “ImumamMu’” Cco
CKpPYIJIEHHBIMU OIOJIOBKaMHU, pa3deIeHHBIMU TOH-
KuMu BnaguHamu [17]. Pe3akoe namMeHeHue CTpyKTy-
pBbl CBOOOOHOM ITOBEPXHOCTU CBSI3aHO C BBIXOAOM
“ITBOITHOTO CJI0ST”, 3aMEHMWBIIIETO TTIOBEPXHOCTH CJIM-
STHUSI XKUAKOCTEM, B KOTOPOM 3a CUeT Mpeodpa3oBaHUs
JIOCTYITHOII TOTEHLMAJIbHOII SHEPIUU CO3HAIOTCS
MMKpOMaCIITaOHble BO3MYIIIEHUS (puc. 11, ¢ = 47.5 mc).
PasMepnl crmaiikoB yBeJIMUYMBAIOTCSI C POCTOM BBICOTBI
Bcruiecka (puc. le, ¢ = 53.8 Mc).

Korna Ha BepimHe cTpyilku opMupyercst Kar-
JISI, BCSI IOBEPXHOCTD XXUIKOCTHU BBITJIAXKUBACTCS, 3a
HUCKJIIOUEHUEM JTUHUY OTPhIBA KATLIU, B OKPECTHOCTH
KOTOpOI o6pasyeTcsl rpynia KOPOTKUX KamWLISp-
HbIX BOJIH (puc. 1, t = 99.8 mc). OnHOBpeMEHHO Ka-
MUJIJISIPHBIE BOJHBI HAYMHAIOT (DOPMUPOBATHCS Ha
JIHE OCTaTKa KaBEPHbI BOKPYT KOHUYECKOTO IThele-
ctaima Bcriecka. Co BpeMeHeM BCIUIECK, OOKoBasi
MOBEPXHOCTh KOTOPOrO IOKPHIBAETCI KOPOTKUMU
KanWUISPHBIMU BOJTHAMY, HAUMHAET ITOTPYKaThCs U
dopMUpyeT HOBYIO KaBepHY. CHcTeMa CBETOBBIX IS -
TeH BU3YAJIU3UPYET ellie OJHY OTOLIEAIIYVIO TPYIIINy
KOPOTKMX KalWJUIIPHBIX BOJH (puc. 13, f = 159 mc).

[Norpyxaroruiicst BCILIECK, OT KOTOPOTO OTIEIN-
Jlach Karuist, GOpMHpPYeT KOHWYECKyI0 KaBepHY,
OKPYXEHHYI0 HECKOJbKMMH TpPYITIIaMi KOPOTKHX
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KaIWUISIpHBIX BOJIH (puc. 1u, ¢t = 169.5 mc). [Namaio-
mas Karulsi HaKpbIBaeT B3BOJHOBAHHYIO TTOBEpPX-
HOCTb Y OJHOBPEMEHHO (OPMUPYET U3 OCTATKOB
BO3AYITHOM MPOCIONKHY BO BITATWHAX BOJTH HECKOJTb-
KO JOCTaTOYHO KPYITHBIX Ta30BbIX ITy3bIPHKOB, OTUH
M3 KOTOPBIX BUICH Y €€ HUXKHEro moJjwca (puc. 1K,
t = 180.7 mc). Kpomka MoJHOCTBIO MOTrpy3UBIIECS
Karuli ¥ CTEeHKU OKPYXXarolleil ee KaBepHbI CUIIBHO
necopMUpOBaHbl; HA HUX BUIHBI TA30BbIE TTOJOCTU He-
MpaBWIBEHOM (hopMBI. OO6IaCTh TEUESHHS TTOKPHITa He-
CKOJIbKMMM TpyIMIlaMy KanWwUISIPHbBIX BOJH (puc. 1,
t = 188.5 Mmc).

ITocTerieHHO MO Mepe 3amoJIHEHUSI KaBePHBI
MeJIKOMaclITaOHble BO3MYIIEHUS CriaXXMBalOTCH.
I[Ipy >TOM B LEHTpe TEYECHUsS BU3YAIU3UPYIOTCS
IBe ras3oBble molioctu (puc. 1M, ¢t = 196.5 mc).
B xapTuHe TeueHUs oO6pas3yeTcs KOJblleBasl BhITJIa-
KEHHasl TOBEPXHOCTh, IMaMeTp KOTOpOii, B COOT-
BETCTBUU C IMCIIEPCUMOHHBIM COOTHOIIeHNEM [28],
omnpeneiasieTcss MUHUMAJIILHO BO3MOXHOU CKOpO-

1/4
CTBIO Cpipy = (4g'y)/ = 23 cM/c TpaBUTAllMOHHO-Ka-
NWUIIPHBIX BOJH, [UIMHA M YacTOTa KOTOPBIX

Mmin = 20 ki =172 eM w0 f = (4g))"*/(2m) =

= 13.48 I'u, roe k,,;, = Jg/y. B ee uenTpe pacrnonara-
€TCsl OCTATOK BITAMHBI C IBYMSI Fa30BbIMU MOJIOCTSI-
MU B LIeHTpe (puc. 1H, t = 214 Mc).

CxJrorbIBaHe KOHMYECKOM KaBEpPHBI COTIPOBOXKIA-
€TCsI BEIOPOCOM €I1le OTHOI TOHKOM CTPYMKN — CTpHU-
Mepa, C BepILMHbI KOTOPOrO BBIJIETAECT ouepenHasl Ka-
resibka. Ha mepudepun TeyeHUs pacmoiaaraeTcst Ho-
Bas TPyIIa KOPOTKUX KAIMWIISIPHBIX BoJH. [1pu aTOM
ra3oBble My3bIPbKY BBITECHSIIOTCS 32 KPOMKY KOHUYE-
CKOTr'0 OCHOBaHUS CTpYiKHU (puc. 1o, t = 242.5 Mc).

Tepsttoluii THEPLIMIO ABUXKEHUSI CTPUMED pacmna-
JaeTcsT Ha CUCTEMY MEJIKUX KarlesleK, IMagalomx 00-
paTHO B IeHTp TedeHUs. ToHKMe CTpYHKHU (TUraMeH-
ThI) TIEpEeMEIAIOT, COMMXKAIOT U Pa3fesiioT MPUIo-
BEPXHOCTHbBIE ra3oBble My3bIpbKU (puc. 11, t = 270.5
Mc). [Ipy cIussHUM OTHEIUBIIEHCS KaIlIh C OCTaT-
KOM Y3KOi1 KaBepHbI 00pa3yeTcsl HECKOJIbKO Ta30BbIX
My3bIpbKOB (puc. 1p, f = 421 Mc)

AHaIM3 KapTUHBI TEUYCHUs TTOKAa3bIBACT BasKHYIO
pOJIb TOHKOCTPYKTYPHBIX KOMITOHEHTOB (KOPOTKUX
KaIMWIIAPHBIX BOJIH, CTpHMeEpa, CITAKOB, BHYTPEH-
HUX TOHKUX CTPYEK — JIUTaMEHTOB) B (DOPMUPOBAHUU
U MepeMellleHUN Tra30BbIX My3bIPbKOB, AehopMarivs
¥ pa3phIBEI KOTOPBIX OBLIIM OOHApYXXEHEI paHee [32].

B 3anucu akycTUYeCKMX CUTHAJIOB, MPeICTaBJIeH-
HOi1 Ha puc. 26, BBEITTOJJHEHHOM CHHXPOHHO C BUIEO-
perucTpaiiveii, BBIOOpKU U3 KOTOPOii MpuBeNeHbI Ha
puc. 1, 4eTKO BbIAEICH MEPBUYHBINM UMITYyJIbC | mpu
t = 0, OT KOTOPOTO BeleTCsl OTCUET BpEMEHU, KaK U B
OITMCAHWH OTITUYECKNX N300paxkeHU, TIie BPeMsI OT-
CUMTHIBAETCS OT MOMEHTa TMEPBUYHOTIO KOHTAaKTa
KaIUIM C TIOBEPXHOCTHIO. [lajlee BO3HUKAIOT KOPOT-
KMiA BBICOKOYACTOTHBINM umnyibe 11 (7 =157.2 mc),
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Puc. 2. (a) — Bapuanuu naBjaeHus B pe30HaAHCHOM 3BYKOBOM MaKeTe U CITIEKTPaJIbHbIC IDIOTHOCTU €r0 Y4aCTKOB IIPH yaape Karl-

JIN O TIOBEPXHOCTH. (0) — [NomHas ¢hoHorpamma curHana. CieKTpbl CUTHAJIA Ha MHTepBajax, mc: (B) — 181.1—182.1, (r) — 182.1—

183.6, (n) — 183.7—188.2, (e) —
Oh =0.0015, Bo =4.8.

189.3—192.9, (k) —

ocHoBHoI1 3BykoBoii maket III (# =180.1 mc) u 3a-
nazapiBaomi umItyabe IV (r = 213.8 mc). CTpyKTy-
pa BeIcOKOYacTOTHhIX curHajios I, II u IV He anHanu-
31MpOBajiach, MOCKOJIbKY MX CIIEKTP JIEXKUT 3a Npese-
JIJaMM BepxHeil TpaHUYHOI1 4aCcTOThI TuApPOdOHa.

JlokanbHBIE MUHUMYMEI Ha pa3BepHYTOM rpadiui-
Ke OCHOBHOro nakera (puc. 2a, t = 181.2 mc) pasne-
JISTIOT 5 y9aCTKOB, KaXKIbIi N3 KOTOPBIX XapaKTepH3y-
eTCsl MHIWBUIYJIbHBIMU TPU3HAKAMM — aMIUTUTY-
IIOM, CITEKTPAJIbHBIM COCTAaBOM M IUTEIBHOCTBIO
3BydyaHus Ar. Ha HauanbHOM y4yactke I (Af =1 mc)
CTIEKTP UMeeT eMMHCTBEHHBII MaKCUMYM Ha 9YacTOTe
f = 7.6 kI't (puc. 2B). AMIUIMTYIa CUTHajIa OBICTPO

193.0—197.1. D = 0.6 c™m, U = 3.7 M/c, We = 1125, Re = 22200, Fr = 233,

crmagaet. JlmaMeTp W3nydaroulero myssippka (d, =
= (.85 MM) COOTBETCTBYET 4acTOTE f; COIJIACHO W3-

=L /M rIe vy, — rmokasa-
nd, p

TeTb amuabaThl Bo3myxa, Py — JaBieHWe, paBHOE B
JTaHHOM ciiydae atMochepHoMmy [34].

BECTHOM (hopmyIe f,

B TeueHMe KOPOTKOTro BpEMEHU ITPOUCXOIUT TIe-
pecrpoiika curHaia. Ha yyactke 2 curHaii, HaYMHa0-
IIUIACS C OBICTPOTO POCTA, IMJIABHO CIAHAEeT 3a BpeMsI
At =1.5 mc. OTHOBPEMEHHO MEHSIETCS €TO CTPYKTY-
pa: 4acToTa OCHOBHOIO MaKCHUMyMa YMEHBIIWIACH
no f =6.1 xl'u, mosgBuicsd BTOPOii MakCUMyM Ha
f =8.1 xI'l (puc. 2r). DKBUBAJEHTHbIE TUAMETPHI
AKYCTUYECKHWH XYPHAJ
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W3JTy4arolMX My3bIPbKOB 31€Ch COCTABIAIOT d), = 1.07
n 0.81 MM.

Tpetuit nHTEpBa 3By4aHUs, KOTOPbI HAYMHACTCS
npu ¢ =183.7 Mc, eme O0ojiee IPOOOJLKUTEIbHBIIA
(At = 4.5 mc). B ero criekTpe HaOMIOJAIOTCS TPY MUAKA —
HuskoyactoTHbli f = 2.2 xI'y (d, = 3.0 mM), nipo-
MexXyTouHblil f = 5.5 kI' (d, =1.18 MM) 1 BBICOKO-
yactoTHblil f =8.2 kI’ (d, =0.8 mm). ITocne nepe-
XOOHOTO MHTepBaja mpu ¢ = 183.9 Mc HauyuMHaeTcs
YETBEPTHIN YUACTOK, BHOBb COAEPKAIIUI ITpaKTUIE-
CcKM onHovacToTHbI (f =8.5 xI'u, d, =0.77 Mm)
CUTHaJl MpOHOKUTENbHOCThIO Af = 3.1 Mc. Ilpu
t =193 MC OH OBICTPO CMEHSIETCSI CIIOXKHBIM MHOTO-
YAaCTOTHBIM CUTHAJIOM C BBIPaXXEHHBIMU CHEKTPAJIb-
HbiMU niukamu nipu f = 0.5, 1.4, 5.8, 8.7 u 9.4 xI'u

(d, =13.5, 4.5, 1.13, 0.75 1 0.7 mm). B naneHeiiiem
PEeTUCTPUPYIOTCS 3aTyxalollie Yepeayolnecs rnaKe-
ThI, pa3iejieHHbIE 30HaMU 3aMupanusi. BercTpas me-
pecTpoiika aMITIUTYIHO-YAaCTOTHBIX XapaKTePUCTUK
aKyCTMYECKOTO CUTHAaJIa YKa3bIBAaET, UTO UX IIPUPOIA
00yCIIOBJICHA CWJIBHBIM BJIMSIHUEM TOHKUX KOMITO-
HEHTOB TeYSHUSI HA UICTOYHUKY 3BYKa.

B nocnenytoniyx onbiTax OMHOBPEMEHHO CO 3BY-
KOBBIM MaKEeTOM PErucTpupoBaiach KapTUHA BO3MY-
IIEHUI B TOJIIE XUAKOCTU. AHAIM3 BUICOKAAPOB
tedyeHUss ipu D = 0.6 cm, U = 3.1 M/c (puc. 3) TToka-
3bIBAET, YTO B JBOMHOM CJIO€ Ha THEe KaBEpHBI chop-
MUPOBAJIOCh IBa THIA BO3MYILIEHU I — KanWJUISIpHbIE
BOJIHBI U KOPOTKME MOTEPEYHbIE BUXPU C MOJOTUMU
BIIaAMHAMM U OCTPBIMU IpeOHsIMU (puc. 30), KOTO-
pble MpUIAJIM THY U CTEHKE KaBepHbI U3PE3aHHYIO
¢dopmy. IMomoxenue, hopma 1 pa3Mepsl BEICTYIIOB U
BITaJMH OBICTPO MEHSIIOTCSI B JaHHOI (hba3e mpoiecca
npu ¢t = 37.5 Mc. B Taknux MenTKoMacIiTabHbIX BO3MY-
IIEHUSX MOTYT BO3HUKATh 3aMKHYTbI€ Tra30Bbl€ TO-
JIOCTU, KOTOpPBIE OTIEJSIOTCS TOHKMMU TE€UEHUSIMU
OT CTEHOK KaBepHbl. BciaeacTsue ob1ieit cumMmMmeTpumn
TEUEHUs BbIIEJIEHHON TOYKOW SIBJIE€TCS LEHTP IHa
KaBEPHBI, BOKPECTHOCTU KOTOPOTO paHee ObLITU OTME-
YeHBI IIPOTUOKI Ha (hOHE MEJIKMX Buxpeii [ 15, 19, 32].

B aHanusupyeMoM TedeHUU Ha JHE KaBEPHBI ITO-
SIBIISIFOTCS TJIyOOKWE BITAAWHBI YIJIOBATON (DOPMBI
(puc. 3B), olHA U3 KOTOPBIX OTCEKAETCSI BHYTPEHHU-
MU TEYEHUSIMHU U 00pa3yeT 3aMKHYTYIO Ta30BYIO I10-
JIOCTBh CI0KHOM popMbl (puc. 3r). OmHa U3 BO3MOXK-
HBIX TIpUYUH (POPMUPOBAHUS TEYCHUM — pacra
“IBOMHOrO Ccjoss” M IIOCIEOyIOIasl SBOJIIOIIMS
OKPECTHOCTU ITOBEPXHOCTH CIUSTHUS TIPUHUMAIO-
el >XXUAKOCTU M Kamju, B KOTOPOW COXpaHsIeTCs
OBICTPO IIpeoOpa3oBaHHAs B Apyrue (OPMEI TOCTYII-
Hasl TTOTEHIIMAIbHAs SHEPrUs paHee CBOOOMHBIX T0-
BepxHocTeil. BeaencTBue ObICTPOTo BEIASITCHUS SHEP-
T'UsI OKa3bIBAETCS COCPENOTOYECHHOM B MAJIOM OOBEME,
YTO 00ECIEeYNBAET BBICOKYIO CKOPOCTh MUKpOTEUE-
HU, 1epOpMUPYIOLIMX ra30Bble NOJOCTU. Paznuuue
IUIOTHOCTEM BO3OyXa U XKUAKOCTH OOECIeYnBaeT
MPENMYIIIECTBEHHO TOPM30HTAIbHOE HarmpaBJieHUe
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MPUTIOBEPXHOCTHBIX TEUECHU, UICTOYHUK KOTOPBIX —
GbayKTyalu aBaeHUs — UMEET CKaISIPHYIO TTPUPOY.

Hekotopoe Bpemst ¢opMa OTCEUeHHOI MOJIOCTH
MPOJIOJIKAET YCIOXKHSTBCS, HA Heil TTOSIBJISIIOTCSI OT-
poctku (puc. 3a). ITo okoHuyaHnu a3kl aAKTMBHOI 3BO-
JIFOLIMK KOHTYP HauMHAeT CIaxuBaThes (puc. 3e), U B
KOHEYHOM HUTOre MOJOCTh MPUHUMAET chepouraaib-
Hy10 hopmy (puc. 3xX).

B cuHxpoHHOI1 (poHOrpamMMe 3BYKOBOrO MakeTa
(puc. 3) BeIpaxkeHbl yAapHbIiA UMNIYyJabC I, KOpoTKMiA
Bugeoumnyibc 11 (¢ = 48.7 Mc) 1 OCHOBHOIi 3ByKO-
Boit maker I1I, HaunHaroIMIicsa mipu ¢ = 166.6 Mc.
Pa3BepTka ymapHoro ummnyiabca (puc. 33) WMIIIO-
CTPUPYET CJIOXHBIN XapaKTep MEepBUYHOIO BO3MY-
IIEHUSI, B KOTOPOM BbIpaXkeHa BbICOKOYACTOTHAasl
COCTaBJISIOIIasi U MOHOTOHHO 3aTyxarollasi rapmMo-

Huka 5.75 xI'u (d, =1.13 mM). B ciekTpe HaYaJIbHOTO
ydacTKa (puc. 31) BbIpaxkKeHbI 1Ba M1MKa — BBICOKOYA-
cToTHbIi (f = 66.3 k1) 1 ¢ MeHbllIel YacToToit
f =30.1 xI'u (acbdbexkTuBHBIE TUAMETPHI PE3OHUPY-
IOIIMX Ta30BBIX TMOJIOCTEN, COOTBETCTBEHHO, d), =
=0.22 1 0.1 mMm). Ha crtagaroriieM y4acTKe OCHOBHO-
T'O CUTHaJIa pacIojararoTcs 3aTyXarle OCUWIIS NN
¢ OCHOBHOI1 yacToToii 5.8 kI'11 (criekTp Ha puc. 3K),

COOTBETCTBYIOILEH 3HAYEHNIO d), = 1.1 MM.

Ha makcuMmyme TMAPOAMHAMUYECKOTO JAaBICHUS
(¢ = 48.7 MC) B OCHOBHOM CUTHaJIe HaOII01aeTCs KO-
poTKuii Buneonminyibc 11, BEI3BaHHBIM CIIOHTaHHBIM
U3IIydeHUEM Hepa3IMIMMOIro MUKPOITY3BIPhKA.

B nanHOM 3KcriepuMeHTe U3IyyeHre OCHOBHOTO
3ByKoBoro nakera III, Koropoe HaUMHAET perucTpu-
pOBaThCsI OHOBPEMEHHO C OTPHIBOM ra30BOi MOJIO0-
CTU HENpaBUJIbHOM (POPMBI OT LIEHTpa JHA KaBEPHBI
(puc. 3r) mpu ¢ =166.6 Mc, Tmpomoirkaercs Gosee
20 Mc. @opMUPOBaAHUIO BBICOKOYACTOTHOI'O CUTHAIA
MPeAIecTBYIOT HU3KOUACTOTHBIE Bapualuyi (OHO-
BOTO CUTHaJIa THAPOAMHAMUYECKOU MPUPOIbl. 31€Ch
ocHoBHoOIT nmakeT III — ogHOYAaCTOTHBIN (CIIEKTp Ha
puc. 3™, f =2.8kl'1, d, =2.3 MM), B OTIINYHE OT CIIy-
yasi, IpuBeAcHHOro Ha puc. 2. PazBepTka curxana I11
nokaszaHa Ha puc. 31, a CrieKTp — Ha puc. 3. CurHan
Ay = (4)
o (A, -

)
aMIUIMTyJa B JIOKaJIbHBIX MaKCHMMyMax IlaKerTa,
<A> —ocpeaHeHHasi (MOHOTOHHasi) orubarolas),
nIyomHa KoTopoit coctasisieT 10% B Hayasie cMTHazIA
n 80% B KoHI1Ie. HecTanimoHapHbIit xapakTep U3yde-
HUS 3ByKa YKa3blBaeT Ha CUJIbHYIO CBSI3b aKyCTUYe-
CKMX U THAPOAMHAMUYECKUX MTPOIIECCOB HA MEJKUX
MaciiTadbax rnopsijaka pamepa my3blpbKa.

NMECT IMNPU3HAKM MOAYJIALUN m =

N3mMeHYnBOCTE (pOpMBI U peibeda M3Tydaroniei
ra3oBOi MOJOCTU BUIHBI Ha puc. 3B—3e. B Hauanb-
HOIT baze OTphIBa Ha AHE IIOJIOCTHM HAOJIOmaeTCs
MEJIKMI OTPOCTOK (pHC. 3B), KOTOPHII OBICTPO pacTeT
co BpemeHeM (puc. 31, 3e). B xoHeuHOM UTOrE I10-
JIOCTb IpUHUMAET C(peponIanbHyIo hopMy, TUaAMETP
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Puc. 3. (a) — BpeMeHHas 3aBUCMOCTD aKyCTUYECKOTO JABJICHUS ¢ CHHXPOHHBIMI BUIEOKAIPAMH OTPHIBA Ta30BOI1 TIOJIOCTH.
(6) — KaBepHa nipu ¢ = 37.5 Mc, neneHue 5 MM, (B)—(3K) — OTpBIBAIOIIAsICS ra30Bast MOJOCTh pu ¢ = 167.2, 167.7, 168.2, 168.7,

240.2 mc, nenenue 2 MMm; (3), (1), (K) — pacTSHYTbIE yIapHBIA

WMITYJIBC W €TO CIEKTPHI, (J1) M (M) — OCHOBHOW MaKeT U €ro

criektp. D = 0.5¢cM, U = 3.2 m/c, We = 701, Re = 16000, Fr = 209, Oh =0.0017, Bo = 3.4.

KOTOPOM Ha OITUYECKOM M300paxkeHuu (puc. 3K)
COBIIAIAET C OIpPEIETEHHBIM M0 METOINKE [34].

C pocToM CKOpOCTH coyaapeHusI Karm U KapTu-
Ha TeYEHUS YCIIOXKHSIETCS, U TOHKHE NeTaId CTPYKTY-
pbl TEUEHUS, COMYTCTBYIOIINE M3IYyYEHUIO, CTAHO-
BATCSI OoJiee BRIpaXXKeHHBIMU. [Ipm coxpaneHUM 06-
IIETO XapakTepa Ipoliecca TOHKHE OCOOEHHOCTHU
TEUEHU U COMYTCTBYIOIINE aKyCTUUECKIEe CUTHAJIBI
IMOKAa3bIBAIOT GOIBIIYIO U3MEHYUBOCTD.

B donorpamme Ha puc. 4 TakxKe HaOJIIOTAIOTCS
TPU CUTHAJIa — yOapHbII UMITYJILC 1, pe30HaHCHBIE
nakeTsl 11 u I11. B pazBepTke ymapHoro mmiyibca |
(puc. 4K) BbipaxkeH (GPOHT U MOCJIEAYIOIINE OCIIMII-
Jgunu Ha 4dacrorax f =43 u 59 kI'u (d, =1.5nu
1.1 MM, crrekTp Ha puc. 471). OCHOBHOI1 pe30HAHCHBII
naket II, pasBepTka KOTOpOTO mHpeAcTaBiIcHA Ha
puc. 4M, TakKxKe MOIYJIMPOBAH, MPUYEM MaKCUMyM
aMILIUTYOBl HAOTIOMAaeTCs He B HAYaIbHbIA MOMEHT,
a ¢ HEKOTOPBIM 3alla3abIBaHueM. B criekTpe curHana

BbIpaxeHa yactora f = 4.6 xI'u (d, = 1.4 MM) u 60-
Jiee BBICOKOYACTOTHbIE OOKOBbIe JieriecTKu. Ilocie
HECKOJIBKMX IIUKJIOB cItafa u mombeMa curHai 11 3aTy-
xaeT. C may3oii 35 Mc Bo3HUKaeT KopoTkuii nmaker 111
(pa3BepTka Ha puc. 40) C OCHOBHOM 4YacTOTOI1

f =443 xI'u (d, = 0.15 MM, criekTp Ha puc. 41) Ha
MTOPSIIOK TIpeBhIIatoIIeii YacToTy curHana I1.

CTpyKTypHBIE OCOOCHHOCTH KApTUHBI TEUCHUS
WUTIOCTPUPYIOT BBIOOPKHU M3 BUIEOTPAMM, COOTBET-
CTBYIOIIIME BpEMEHAM IIOSBIICHUS aKyCTHYECKUX
cuTHaOB. Pe3oHaHCcHOe M3NMydyeHWe HAaYMHAeTCS B
MOMEHT OT/IEJIEHUsI Ta30BOI IMOJIOCTU OT JHA PacTy-
meit KaBepHHI (7 = 162.7 Mc, puc. 46). ['a3oBast mo-
JIOCTh pacroJiaraeTcs Ha JHe KOHMYECKOM KaBEePHBI
(t = 166 mc, puc. 48). [1pu ¢ = 166.2 mc (puc. 4r) 3ByK
BCe eIlle U3JTyJaeTcs, XOTsI Ta30Basl MOJIOCTh Ha KOHU-
YeCKOM JHE KaBepHBI MPaKTUIECKH NCUe3TIa U3 OIS
3peHMS U JUIMTEILHOE BPeMs OCTaeTCsl 3aTeHEHHO
OCTaTKOM KaBepHHI (¢ = 167.2 Mmc, puc. 41). OmHOBpe-
MEHHO CITpaBa OT KaBEpPHBI TOSBIISCTCS HOBBIN ITy-
AKYCTUYECKUM KYPHAT Ne 4

TOM 66 2020
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Puc. 4. (a) — BpeMeHHasi 3aBUCMMOCTb aKyCTUYECKOTO JaBJICHUSI C CHHXPOHHBIMU BUIEOKaIpaMU OTPbIBa ra30BOM MOJIOCTH.
(6) — KaBepHa mipu ¢ = 167.2 Mc, (B)—(1) — oTpbIBaloIasicsl ra3oBasi MOJOCTh Tipu ¢ = 166, 166.2, 167.2, 169.5, 181.5, 200.7,
202.5 mc, neaeHue 2 MM; (K) ¥ (J1) — pacTSIHYTBIE yAAPHBIA UMIIYJIbC U €T0 CIIEKTP, (M) U (H) — ocHOBHOI nakeT 11 1 ero ciexTp,
(o) u (1) — ocHoBHoi1 Ttaker 11 u ero cniektp. D = 0.5 cMm, U = 3.2 m/c, We = 701, Re = 16000, Fr = 209, Oh =0.0017, Bo = 3.4.

3bIpeK, HE BHOCSIIWI M3MEHEHHWE B aKyCTUUECKOe
U3JIydeHUE.

IMocne xotarica KaBepHBI B TI0JIe 3pEHUST OCTa-
JOTCA ABa IMy3bIpbKa (7 = 169.5 Mc, puc. 4e). CJI0:KHOCTh
TepBOHAYAIBHOI (POPMBI GOJIBIIIOTO My3bIPHKa, TPAHC-
dopmupylonierocsi B chepounanbHblil, OOBbSICHSIET
MPOJOJIKUTETBHOCTh €r0 3ByYaHMUsI.

B naHHOM oOIbITE TIOSIBIIEHUWE HOBOM KaBEpPHBI,
00YCIIOBJIEHHOE BO3BpAIllEHHUEM OYepEeIHON Karuiu
(t =181.5 Mc), pe3KO YCIOXHSIET TOHKYIO CTPYKTYpPY
MUKpPOTEUEHUI B HabIogaemMoi oonactu (puc. 4x).
C ee pa3BUTHEM paHee M3JIy4aBIIU ra30BbIil My3bI-
pex (puc. 4e—4:K) BBITECHSIETCS 3a IIPEeAeIbI ITOJIST Ha-
omoneHuss. CcopmMupoBaBiasicss Ta30Basi MOJIOCTb,
KOTOpas BUOHA Ha JIEBOM CTEHKE HWIMHAPUYECKOM
KaBEPHHI C IUIOCKMM THOM (pHUC. 4X), TIEPEHOCUTCS K
JIHY KaBepHBI, KOTOopas TnepeopMHUpoBaiaCh B KO-
Huueckyo (f = 200.7 mc, puc. 43). Jlanee, c HaYaJloM
CTJIaXXUBaHMs, MONOCTh otmensieTcs (f = 202.5 mc,
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puc. 4u). K 3TOoMy MOMEHTY IIpUypOYE€HO Hayajo
3ByKoBoro mnakerta III. Janee akTtuBHast asza Ipo-
lecca 3aKaHYMBAeTCsl, TUAPOANHAMUYECKUE U aKy-
CTUYECKUE BO3MYILEHUS 3aTyXaloT.

CTpyKTYypHYIO YCTOMYMBOCTh Ipoliecca M3Iyde-
HUS 3ByKa U CUJIbHYIO CBSI3b ITapaMeTPOB CUTHAJIA C
KapTUHOI TeUEeHUSsT UILTIOCTPUPYIOT JaHHbBIE, ITPUBe-
neHHble Ha puc. 5. Ha ¢dororpamMme ¢ miepBUYHBIM
KOHTAKTOM KallIU CBSI3aH yAapHbIA UMIyJbce I, mmo-
CJICIYIOIIWIA CITaa U MOIbeM — C MaKCUMAaJIbHBIM 3a-
[IyOJIeHMEM KaBepHBI M BO3BBHIIIEHUEM BeHIa. [l1o-
cJie TIPOJOJKUTEILHO T1ay3bl B MOMEHT ¢ = 146.8 Mc
clielyeT TpyIIa T'UApOAMHAMUYECKUX BO3MYIIEHU
JIaBJICHUSI, B KOHIIe KOTOPOil BO3HUKAET 3BYKOBOM
maket Il (¢ =165 mc). Ilaker 11l nosiBasiercs ¢ 3a-
nepxkoit ipu ¢ = 200.4 mc.

B pa3Beprtke nmakera I (puc. 5K) BbIpaxkeH Havyaab-
HbII UMITYJILC U BHICOKOYACTOTHBIE 3aTyXAIOLIKE OCLIMII-
JSIIMK Ha criagaroireM ydactke. OcHoBHo# curHai 11
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Puc. 5. (a) — BpeMeHHasi 3aBUCMMOCTb aKyCTUYECKOTO JaBJIEHUSI C CHHXPOHHBIMU BUEOKaApaMU OTPbIBa ra30BO MOJOCTH.
Henenue 2 mM: (6) — kaBepHa ripu ¢ = 40.2 mc, (B)—(e) — opMupyIolasicst U OTPhIBAIOIIASICS ra30Bast MOJIOCTh IMpu ¢ = 163.7,
165.2, 165.5, 166.2 mc; (;k)—(u): HoBast KaBepHa (186.2 mc), hopmupoBanue (200.5 Mc, yBeTUYEHHBIN (hparMeHT Ha (3)) U OT-
PBIB TOHHO#1 ra3oBoii mojoctu (203.5 Mc); (K) u (J1) — pacTsiHyTble yaapHbIii uMmynbe u nakert 11, (M) — cnektp nakera 11, (1)
u (0) — pactsiHyThIi takeT I11 v ero criektp. D = 0.5¢cm, U = 3.2 m/c, We = 701, Re = 16000, Fr =209, Oh =0.0017, Bo =3.4.

(pa3BepTKa Ha pUC. 5)1) HAUMHAETCS C PE3KOro HapacTa-
HUSI, KOTOPOE MEPEXOAUT B HEMOHOTOHHO CITafalolye
OCIWUIIIMA C OCHOBHOM dYactoroit f = 6.8 KIII

(crrexTp Ha puc. 5m, d, = 1 MM ). Ha criektpe k oc-
HOBHOMY MaKCUMYyMY IIPUMBIKAIOT OOKOBBIE MAKCHMY-
™Mbl Ha yactotax f = 4.1 u 5.5 k[ (d, = 1.6 u 1.2 Mmm).
B pe3onancuoM nmakete I11 Takoke BeIpakeH HapacTa-
IO (PPOHT, C MOCJICAYIOLIMMU HEPETYJISIPHO Clafa-
IOIIMMM TpyHITaMUy KoJie0aHUit (pa3BepTKa Ha puc. SH).
B cniextpe nakera 111 rmaBHBII MaKCUMyM pacriojio-
xeH Hayacrtore f = 16.7 k', d, = 0.4 MM, K KOTOpO-
My CJieBa TIPUMbBIKAIOT HU3KOYACTOTHBIE BTOPUYHbBIC

muku (f =5.1,5.3u6.5kl'y, d, = 1.3, .21 1.0 Mm).

Puc. 56—5u wmocTpupyloT KapTUHBI T€YCHUM,
COMYTCTBYIOLINX HAOTIOMaEMbIM aKyCTUUECKUM CUT-
HanaM. B ¢aze kommnarica (¢ = 40.2 mc, puc. 50, MeTKa »
Ha (oHOTrpaMMe) KaBepHa IPUHUMAET CIIOXHYIO
dopMmy, ee OKpyIiioe THO MOKPHIBACTCS TPEXMEPHBI-
MU BO3MYILEHUSIMMU — IJIaBHBIMU BITAAWHAMU U 3a-
OCTPEHHBIMU IPEOHSIMU.

ITagenue BTOpMYHOM Karuiyd, paHee BhLIJIETEBIICH

C BC€PIIMHLI BCIUIECKA, COIIPOBOXIACTCA 06pa30Ba—
HMEM KOHUYECKOM KaBC€pHbI, Ha BBITAHYTOM OTHEC KO-

TOPOI BBIACISIETCS ra3oBasl IIOJIOCTh (puC. 5B, f =
= 163.7 mc). [1pu KoJarice OCHOBHOM YaCTH KaBep-
HBI ra3oBasi MOJIOCTh OTCEKaeTCsl (CBETIask TOPU30H-
TallbHasl MOJI0ca Ha puc. 5T, ¢ = 165.2 Mc), 1 B TOJIIIE
KUIKOCTU OCTaeTcsl YIUJIOLIEHHBIM ra3oBbiii ¢par-
MEHT yriioBaToii popMbl (puc. 51, ¢ = 165.5 mc). Ot
HETO OTHENISIeTCS HUKHSISI YacTh, KOTOpask CBOpadyu-
BaeTCsl B KOMMAKTHBIM ITy3bIPEK; OCHOBHAsI 4acTb
TpaHCHOPMUPYETCS B TTOJOCTh HETIPABUILHOM (Dop-
MBI (puc. Se, ¢t = 166.2 mc). JJanee MOIOCTh CTITHUBA-
eTcsl B c(pepuuecKkmii my3bIpeK, K KOTOPOMY CTPEMU-
TeJIbHO IPUOIMKAETCS HOBask KaBepHA C IJIOCKUM
IHOM (puc. 5K, t = 186.2 mc). B mosie TeueHuMi KaBep-
Ha TpaHC(OPMUpPYeTCsl B KOHUUECKYIO, Ha ee BepIn-
He dopMUpyeTcsl y3Kasl ra3oBasl MOJI0CThb. I[lomocThb
BBITSITUBAETCSI, Ha HEell oGpasyeTcs TepeTskKa, Tociie
CMBbIKaHUsI KOTOPOIi 00pa3yeTcst Ta30BblIil My3bIPeK.

B netansx TedeHUe ¢ BBITSTHYTOM TTOJOCTBIO, Tpe-
MSI OTHEIMBIIMMUCS W OTHUM IPUMBIKAIOINIUM K
CTeHKe KaBepHBI Ta30BBIMU ITy3BIpEKaMU, TTOKa3aHO
Ha puc. 53. UMeHHO B MOMEHT pa3pbiBa BBITSHYTOI
MOJIOCTH U OTIEJICHUS My3bIpbKa HaumHaeTcs makeT 111
(t = 200.5 mc). CraruBatoliieecsi K IOBepXHOCTH JHO
KaBepHBI yBJIEKACT IPUCOCITMHUBIINICS ITy3BIPEK,
AKYCTUYECKUM KYPHAJ Ne 4
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Puc. 6. @oHorpaMMbl TTOBTOPSIIOIIMXCST OMBITOB COYIApEeHMsT Karuiv ¢ oBepXHocThio Tipu D = 0.5 cm, U = 4.7 m/c, We =
= 1513, Re = 23500, Fr = 451, Oh = 0.0017, Bo = 3.4. (a) — be3 pe3oHaHCHBIX MaKeTOB, (0) — PaCTAHYTHII yIapHbIA UMITYJIbC 1,
(B) — c pe3oHaHcHbIMU TTakeTamu 11 u 111, () u (1) — ux pacTaHyTBIMU (hparmMeHTaMH, (€) — C pe30HaHCHbIMU TTakeTamu 1 u
11, (k) u (3) — pacTsaHyThIi TakeT I1 1 BpeMsi-uacToTHast KpuBasi €ro Ha4yaJabHOTO yJacTka, (1) 1 (K) — pacTsaHyThlit maket 11
U €T0 CHEKTP, (1) — ¢ pe3oHaHCHbIMU TTakeTamu 11, 111 u IV u (M), (H) 1 (0) — uX pacTIHYThIMU (pparMeHTamMu 1 (1 pbl KypcBOM —

cybnakeTbl OCHOBHOTO nakerta I).

OCTaBIIIMECS MYy3bIPA CBOOOMTHO IBMXYTCS B TOJIIE
xkunkoctu (puc. 5u, ¢ = 203.5 mc). C Bo3BpallleHUEM
B NPUHMMAIONIYIO XUIKOCTb ITOCJIIEAHEN BBIJICTEB-
IIeil Karuiyu u3iydeHre aKyCTUUYEeCKUX MaKeTOB Ipe-
KpalllaeTcsl, BCe TUAPOAMHAMUYECKNE BO3MYILICHUS
3aTyXaloT.

IMon6opka hoHOrpamMM, IpUBeAeHHAsI Ha puc. 6,
WUTIOCTPUPYET OCHOBHBIE (POPMBI aKyCTUUECKUX
CUTHAJIOB, HAOIIOOABIINXCI MPU COXPAHEHUU HEU3-
MEHHBIMU YCJIOBUM OITBITOB (COCTAaB KOHTAKTUPYIO-
IIVX XKUAKOCTEM, DUaMeTp M KOHEYHasl CKOPOCTh
Karmau). Ecny ckopocTh KaIuli mpU KOHTAaKTe Ipe-

BBIIIACT KPUTHYECKOE 3HaueHue U, = b\/y/R / 2 (s

JIaHHOTO Araria3oHa CKOpPOCTU b = 4 — sMmmupuye-
cKasl KOHCTaHTa Mpoliecca MOJIEKYISIPHOTO CIAUSIHUS
Karjy ¢ MOBEPXHOCThIO MO MHEPIIMOHHOMY ClIeHa-
puio [14]), B aKycTMYeCKMX BO3MYILIEHUSIX HAOII01a-
€TCS yOapHbIA MMIYJIbC, KOTOPbIA YCTOMYMBO BOC-
MPOU3BOJIWJICS BO BCEX peanu3aliusx B JaHHOW ce-
pUU BKCIIEPUMEHTOB.

Ha nepBoit (puc. 6a) 1 Bo Bcex MOCIEaYIOIINX (Po-
HOIpaMMax 3a yIapHBIM UMIYJIbCOM CIAEAYIOT KOJie-
6aHUS OABIIEHUS TUIPOAUHAMMYECKON TPUPOIbI,
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oTpaxkalolne JOKaIbHBIe U3MEHEHUST YPOBHS KU~
KOCTU TIpu (OPMHUPOBAHUM M pacliane KaBepHBHI,
BeHIIa 1 Bcruiecka. HoBble HU3KOUACTOTHBIE BO3MY-
meHus npu ¢ = 200 Mc 00yCJIOBJIEHBI JIOKATbHBIMU
KOJIe0aHUSIMU YPOBHSI XKUIKOCTH, BHI3BAHHBIMU BO3-
BpalllcHUEM BBIOPOIIIEHHOM paHee Kariu.

PactanyTelii TpadMK MEepBUYHOIO MMITYJIbCA
(puic. 60) TTOKa3bIBAET, YTO K €ro 3amHeMy (pPOHTY
MPUMBIKAIOT ABE TPYITHEI OBICTPO 3aTyXaKOIIUX BEICO-
KOYAaCTOTHBIX OCHMJUISIIINI C OCHOBHBIMU YaCTOTaMU

49.5u 24 xl'u (d, = 0.13 1 0.27 MMm).

B ¢oHorpamme Ha puc. 6B, 00IIasT CTPYKTYpa KO-
TOPOI1 COBITAAET C MPEACTABICHHONI Ha pHC. 6a, KPo-
M€ yAapHOr0 MMITyJibCa IPUCYTCTBYIOT IBE TPYIIbI
BO3MYyLIEHU Tipy = 64 u 107 mc. Passeptku I u 111
(puc. 6r, 61) MOKA3bIBAIOT UX CIOXHBIA — HECTalllo-
HapHBII 1 MHOTOYACTOTHBIN XxapakTep. B curnane 11 Ha
¢one 3aryxaroiiero HuzkoyactotHoro (f = 5.4 kI,
d, = 1.2 MM) IpUCYTCTBYIOT BBICOKOUYACTOTHBIE (f =
=48.5 xl'u, d, = 0.13 MM) ocuMJUISILMU C OONBIION
HavanbHOM amiumatynoii. Curaan I11 mmeer Goiee mipo-
CTyI0 (hopMy — 3aTyxarolunii MakeT C OCHOBHOI 9acTO-
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toii f = 108 xI'u, d, = 0.06 mm. [pu ¢ = 186.3 Mc BO3-
HUKAaeT TPyNIla BO3MYILIEHWIA TaBJIeHUS TUIPOIMHAMM-
YeCKOU MPUPOABI BCIACACTBUE OCHWIIISILINIT CBOOOTHOI
MOBEPXHOCTH TIpU BO3BpAIlIEHUU paHee BBIOPOIIEHHOM
KarUTIy.

Oo61ag crpykrypa ¢hoHOrpaMMBI Ha pUC. 6€ CXOolI-
Ha CO CTPYKTYpOil TUIIOBBIX CUTHAJIOB, OIIMCAHHBIX B
mmteparype [6, 9, 18, 19], B KOTOPBIX pe30HAHCHBIA
nakeT HaOJromaics ¢ 3amepxkkoi mopsaka 200 mc,
COOTBETCTBYIOIIEI BpeMEHHU BO3BpaTa paHee BEIOpO-
IMeHHOM Karumi. 31Iech ¢ TAaKOM XXe 3a0epKKOI pern-
CTPUPYETCS MOCJIeN0BaTEIbHOCTh PE30HAHCHBIX 3BY-
KOBBIX TTakeToB (puc. 6x, ¢t = 180.5, 181.9, 182.3,
183.6, 183.9, 184.2, 184.8 mc), cBOICTBA KOTOPBIX CY-
IIIECTBEHHO pa3nyarorcs. B mepBoM ImakeTe yacTora 3a-
MOJTHEHUS pe3KO cragaeT co BpeMeHeM ot 30 mo 9 xI1r
(puc. 63). Bropoii naker (puc. 61) U3 JaHHOI TPyII-
bl — MPEUMYIIIECTBEHHO MOHOYACTOTHBIN (CIEKTP
Ha puc. 6K) C KOPOTKUM BbICOKOYACTOTHBIM UMITYJIb-
COM B HavaJbHBIX ocumuisaiusx. [Tocienyomme na-
KeThl B rpyriie Il B OCHOBHOM Takke MOHOYACTOT-
aele. Enre omHa rpymma curHanos III (¢ = 189.9)
npeacraBiaeHa (PaKTUIEeCKY OTHUM MOHOXpOMAaTHYe-
CKHM ITaKeTOM.

B curnane Ha puc. 61 OMHOBPEMEHHO BhIPAsKEHBI
BO3MYIILIEHUSI, HaOmiogaeMble B (POHOTpaMMax Ha
puc. 6B 1 6¢, a UMEHHO, IIEPBUYHBIA UMITYJIbC, CIIOX-
HBII ITakeT B 00JIaCTU MaKCHUMyMa TUAPOIUHAMMIYE-
CKOTO BO3BBIIIEHUS (7 = 63.8 MC) 1 rpyIina MHOro4a-
CTOTHBIX MaKeToB npu ¢ = 198.2 mc.

B pasBeptke curHana Il (puc. 6M) BeIpaxkeHBI TPU
OBICTPO 3aTyXalOIIMX MMaKeTa C XapaKTepHbIMU YacTO-
tamu f = 37.6,21.0u 6.5 k', d, = 0.17, 0.31 1 1 Mmm.
3amazaeiBaromnii nakeT 111 — KopoTkuit BEICOKOYA-
CTOTHBII cUTHAJ (pUC. 6H), B CIIEKTPE KOTOPOTO TIpe-

craBneHbl ocHoBHad (f = 104 kI, d, = 0.06 MM) 1 60-
koBble (f =63 u 31 k[, d, =0.1 u 0.2 MM) 9acCTOTEHL.
3a HuM ¢ nay30ii 0.6 Mc cieayeT OMHOYaCTOTHBIN (f =

= 6.2 kI, d, = 1.05 MM) MOy TMpOBaHHBII cuTHAI [V,
pa3BepTKa KOTOPOTO TIpeIcTaBIeHa Ha puc. 60.

JaHHBII 5KCHEPUMEHT IMTOBTOPSUICS MHOTOKpPAT-
HO, BO BCEX peaiM3allvsiX COXPAHSUICS TUCKPETHBIN
BO BpEeMEHU XapaKTep U3TydeHUs1 curHanos. [lojo-
XKEHHUE, CTPYKTYpa U JJIUTETbHOCTh CUTHAJIOB TTPOU3-
BOJILHBIM 00pPa3oM MEHSIJIUCH OT OTIBITA K OITBITY.

OBCYXIEHUWE PE3VJIbTATOB

HeTanpHblid aHAJIU3 BO3MYILIEHUI CBOOOIHOM MO-
BEPXHOCTH KUIKOCTH (pHC. 2), CTEHOK KaBepH U OTPhI-
BAIOIIMXCS TA30BBIX MOMIOCTeH (prc. 3—5) moKas3bIBaeT,
YTO XOPOIIIO U3yYeHHbIE KOMITOHEHTHI TEUSHUI — Ka-
BepHa, BEHEIl, BCIIECK, CTPUMEPHI — SIBJISTFOTCST CJTOX-
HBIMU 00BEKTaMU € OBICTPO MEHSIIOIICHCS TeOMETPH-
eii. [lameHue Karum mopoxxaaeT KOMITIEKC TUAPOIHA-
MHYECKMX ITIPOIECCOB KaK CPaBHUTEIBLHO KPYITHBIX
MaciuTaboB (TTOpsiIKa pasMepa KalUlM), TaK M Ooliee
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TOHKUX, 4 UMEHHO KAITMJUTIPHBIX BOJH 1 TOHKMX CTPYEK
B TOJIIIE XUIKOCTH. B Teopum TOHKMM KOMITOHEH-
TaM COOTBETCTBYIOT CEMEIICTBA CUHTIY/ISIPHO BO3MY-
[IEHHBIX PELIEHUI B IMHENHBIX MOJEAX U UX HEJTN-
HelHble aHanoru [26, 27].

YHUUTOXEHHE CBOOOIHOM IMTOBEPXHOCTU MIPU MO~
IPYKEHUM TIEPBUYHON M BTOPUYHBLIX BO3BpalllalO-
IIUXCS KalleJib, KOTOpOe MPOUCXOAUT 3a KOPOTKUE

BpeMeHa Af ~ 10" ¢ (IIATEIBHOCTU CIIUSIHUS TIPU-
MOBEPXHOCTHBIX CJIOEB KOHTAKTUPYIOIIMX >KUIKO-
CTeil B pe3yibTaTe MPSIMBIX aTOMHO-MOJICKYJISIPHBIX
B3aMMOJICIICTBUI1), IIPUBOAUT K 0O0pa30BaHUIO SHEP-
TOHACBIIIEHHOTO JBOMHOIO Cl0s C BbIpaXKeHHBIMU
TOHKMMM KOMITOHEHTaMU TedeHMIi. B JTaHHbBIX OIbITax
TOHKIME KOMIIOHEHTBI TCUESHUI TIPOSIBIISTIOTCS B (hopMe
BO3MYIIIEHUIA CBOOOMTHONM ITOBEPXHOCTH (CHaliKi Ha
puc. 11, le). BaxkHo OTMETUTB, UTO HOBBIE TOHKOCTPYK-
TYpHBIE JIEMEHTHI (CIaiiki Ha MOBEPXHOCTU PaCTy-
11ero Bcruiecka (puc. 1a, le), pedbpucThlii peabed n1Ha
KaBepHHBI puc. 30, 50)) MOSIBASIOTCS TOCJIE CIJIaXKUu-
BaHUS TIEPBOHAYAJILHBIX BO3MYIIEHUIA — TPYMIT Ka-
MAUISIPHBIX BOJIH Ha KaBepHe U BeHIle (puc. 1r).
CTpyiiki OTPBIBAIOT ra30BbIC ITOJIOCTU OT KaBEPHHI,
IPOOST MX Ha 0oJice MENKHUE U XaOTUIECKH IIEPEeHO-
cAT B Toule Xuakoctu (puc. 58—>5e). Pacnan teue-
HUSI Ha TOHKKE CTPYMKU B 00JIACTH KOHTAKTa ITOrpy>Ka-
IOIIEMCST KAl ¢ IIPUHUMAIONICH >KUIKOCThIO BU3ya-
JusupoBaH B [32], »BomoLus  00pa3yIOLIMXCS
MO0JIOCYATBIX U CETYATHIX CTPYKTYp MpociexeHa B [33].

HOpr}KeHI/IC Karuiyi COIMpoOBOXKIACTCA Hepez[aqefl
KWHETUYECKOM OHEPIrumM 1M MMITyJIbCa KaIlJIu 3a BPEC-

MEHa TopsiakKa Af ~ 107 c. TTosiBJIeHUE HOBBIX U UC-
YEe3HOBCHUE CYIIECTBYIOIIMX CTPYKTYPHBIX KOMIIO-
HEHTOB (BeHIIa, BCIUIECKA, CTPUMEPOB, OTPhIBAIO-
IIUXCS U CIWBAIOLIMXCS Kallellb) COIPOBOXKIACTCS
reHepalueil Bce HOBBIX TPYIIIT TPeXMEPHbIX KA~
JIIPHBIX BOJH, MCKaXalolUX CBOOOIHYIO MOBEpPX-
HOCTB, KOTOPbIC TaKKe JOIOJHSIIOTCS ceMeicTBaMu
TOHKMX KOMITOHEHTOB. XapaKTepHOe BpeMsl Tiepeaa-
Y SHEPrMU B KAMWLISPHOM BOJIHE MMEET MOPSIIOK
0OpaTHOM YacTOThI BOJIJHBI MUHUMAIbHOM CKOPOCTHU
pacnipoctpanenns At ~ 1/ f,., = 75 mc. Iuddysu-
OHHBIE TIPOLIECCHI OIPENEISTIOT ellle 00JIee TTPOIOIIKI-
TeJIbHOE BpeMsI BEIpaBHUBAHMS IJIOTHOCTHBLIX HEOTHO-
POIHOCTEN MOCIIe PaCcIIbIBAHUST BUXPEBBIX KOJIELI, TT0-
pOXIaeMBbIX TIOTPYXKEHUEM Kalllu OKpalleHHOM
xunkoctu [13].

BosnyirHble mpociaoiiki, HaXoOdIIuecs BO BIla-
JIUHaX, OJOKMPYIOTCS ITamarolIMMU KarjisMU, KOH-
TaKTUPYIOLIMMHU C TPEOHIMU BOJIH, U TPAHC(HOPMHU-
pYIOTCSI B 3aMKHYTbIE Ta30Bble MONIOCTA. OTpHIBaIO-
IIMecsl Ta30BbIe IOJIOCTU YBJIEKAIOTCSI BMECTE C
KUIKOCThIO KATUTU B TOJIIIY XUAKOCTH (puc. 1u—11).
OTpbIB OT KaBepHBI ¥ (pparMeHTALUS Ta30BOM ITOJIO-
CTH CONPOBOXOAIOTCS U3MydeHreM 3BykKa. Hanboee
YacTO PE30HAHCHOE aKyCTHMYECKOE U3IYyYeHUE MPO-
sBisieTcsa B uHTepBaie 150—200 MC, COOTBETCTBYIO-
AKYCTUYECKHWH XYPHAJ Ne 4

TOM 66 2020



BSBOIIOOUA CTPYKTYPbBI AKYCTUYECKHUX CUTHAJIOB 389

IIIeM BO3BpAIllEHUIO BEIOPOIIIEHHOM BCIUIECKOM BTO-
PUYHOM KaIlId B YCJIOBUSX JAHHOTO 3KCIIEPUMEHTA.
MHoroo6pa3ue (popM ra3oBbIX MOJIOCTEN U MTPOLIEC-
COB UX (hOPMUPOBAHUS TIPOSIBIISICTCS B M3MEHYMBO-
CTU CBOMCTB PE30HAHCHBIX aKyCTUUECKUX CUTHAIOB
U UX HEBOCITPOU3BOAMMOCTHU TTPU HEM3MEHHBIX YCJIO-
BUSX OMBITOB.

IIpupona mepBUYHOTO MMIMYJbCca HYXIAaeTCs B
6ojice IEeTaTbHOM W3YyUYeHWU. 31eCh JOMOJTHUTEIb-
HBIii BKJIaJl B U3JIyYeHMEe MOTYT BHOCUTD KaK Iy3bIPb-
KM, CBSI3aHHbBIE C Tajarollleil Karuieid, Tak U MeJIK1e
MY3LIPEKU, €CTECTBEHHO CYIIECTBYIOIIME B IMPUITO-
BEPXHOCTHOM CJIO€ KMIKOCTU, BO30Y>KIaeMble UM-
MyJIbCaMU JaBJIeHUS B ABOMTHOM CJiO€.

N3MeHYnBOCTE GOPMBI M TUHAMUYECKOI'O COCTO-
SIHUSI Majarolleil ocunuimpyoomeit karmu [18, 35],
M0 MOBEPXHOCTU KOTOPOI GEeryT KOpOTKHE KaIui-
JIIpHBIE BOJHEI [36], — 0HA M3 IIpUYMH MHOroo0pa-
3Usl TTapaMeTPOB IBOMHOTrO CJIOSI, pa3MEpOB KaBep-
HBI, BEHIIa U BCITecka, ¢opM, pa3sMepoB 1 CKOPOCTHU
BbUIETA BTOPUYHBIX Kareb, MPOIOIKUTSIBHOCTH UX
IoJieTa U MECTOITOJIOXKEHMSI TOUKM BO3BpallleHUs Ha
CBOOOMHYIO TTOBEPXHOCTh, BpeMEHM Havyajla reHepa-
LA Y aMIUTMTYJIHO-9aCTOTHBIX XapaKTePUCTUK T10-
cJIeoBaTeIbHO BO3ZHMKAIOIIMX TPYIIIT KalTWISPHBIX
BOJIH, W, COOTBETCTBEHHO, HACTYIUICHMSI YCIOBUIA
dopMUpOBaHUS, pa3MepoB U POPM Ta30BBIX ITOJIO-
CTEli, OTPBIB KOTOPKIX COIIPOBOXAAETCS U3TydeHUEM
3ByKa. [JMCKpETHBII XapaKTep PETUCTPUPYEMBIX aKy-
CTUYECKUX CUTHAJIOB — HAJIM4YME TMAKeTOB, MPUBS-
3aHHBIX IT0 BpEMEHM K KOHTAKTY KaIleJb C XXUIKOCTHIO
U OTPBIBY ra30BbIX MOJOCTEN — yKa3bIBaeT Ha OOIILYIO
MPUPOIY U3TyUYESHUs 3ByKa, BKITIOUast HAOIOACHUS BbI-
COKOYACTOTHBIX ITAKETOB, BO3MOXXHBIE UICTOUHUKU KO-
TOPBIX — MEJIKME Ta30BbIe ITy3bIPbKH, HE pa3pelliacMble
COBPEMEHHBIMU ONTUYECCKUMU MHCTPYMEHTAMM.

B maHHBIX ombITax HAOMIOAAIVCH 3BYKOBBIE CUT-
HaJIbl B IIMPOKOM IMaIia30He YacTOT — OT COTEH Tepll
JI0 COTEH KMJIOrepll B OCHOBHBIX (pa3ax TeUeHUsI, CO-
MPOBOXIAIOIINXCS MOTPYXKEHUEM U BBIOPOCOM Ka-
nesb. KommaecTBo HaOMI0AaeMBIX B YCIIOBUSIX OTHO-
I'0 OIIbITa Fa30BBIX MY3bIPHKOB C pa3MepaMU OT JOJIei
10 HECKOJIBKMX MUJIJIMMETPOB 3aMETHO IIPEBLIIIAET
YHICJIO PETMCTPUPYEMbBIX PE30HAHCHBIX 3BYKOBBIX Ia-
KETOB, 4aCcTOTa KOTOPBIX OIIpeAesIeTCs pa3MepaMu
my3bIpbKa [34].

SAKJTIOYEHHUE

Perucrpaumsg ruapoakyCTUYECKMX CUTHAJIOB BbI-
MOJIHEHA CUHXPOHHO CO CKOPOCTHOM BUIEOCHEMKOIR
KapTUHbI Te€YeHUSI Ha CBOOOJHON MOBEPXHOCTU U B
TOJILIE KUAKOCTU B auariazoHe yuceil Re = 16000—
23500, F =209—450, We = 700—1500. [ToguepkHyTO
BJIMSIHUE IBOMHOIO C/I0s, B KOTOPOM COXPaHSIOTCS
BO3MYILIEHMSI, BOZHUKAIOLIME IIPpU Npeodpa3oBaHUN
B Ipyrue (opMbI JOCTYITHOM MOTEHIINATBHOM dHEp-
T UCYEe3aIoNIUX IIPU CIAUSITHUU XUIKOCTEN CBOOOI-

AKYCTUYECKHUMH KYPHAI Ne 4
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HBIX TTOBEpXHOCTeil, Ha (popMUpOBaHUE OBICTPHIX
TOHKUX KOMITOHEHTOB T€YEHUU — CIIAlKOB, TpyMIl
KOPOTKUX KAIMWISPHBIX BOJIH, U TPAAULIMOHHO U3Y-
YyaeMbIX KOMIIOHEHTOB — KaBepHbI, BEeHIIa, BCIUIECKa,
CcTpuMepa, BTOPUYHBIX KaIledb.

B akycTryeckux curHajax onpeaesieHbl CBOCTBa
JIByX OCHOBHBIX TPYTIN — YAAPHOTO UMMYJIbCA U PE30-
HaHCHBIX TTAKETOB, KapAUHAIBHO OTJINYAIOIIUXCS TTO
CTETEeHU MOBTOPSIEMOCTH U CTaOMJILHOCTU BPEMEH-
HbIX napamMeTpoB. CeKTpaJbHbII COCTaB CUTHAJIOB B
00enx rpyrnmnax XxapakTepusyercsi USMEHUUBOCTBIO B
IIMPOKOM Juara3oHe dYacTtoT. [Ilpu Heum3MeHHBIX
YCJTOBUSIX OTIBITOB HAOTIONAIOTCS KaK MPOCThIE OTHO-
YAaCTOTHBIE 3aTyXaloll1e, TaK U CJIOXHBIE CUTHAJIBI C
MOIYJISLUEN YU UBMEHSIOLIENCSA 4YaCTOTOM.

CorocTraBjieHue KapTUH TIOABOJHBIX TEUEHUN U
aKyCTUYECKUX CUTHAJIOB YKa3blBa€T, YTO MPOLIECCHI
reHepalMy Pe30HAHCHBIX 3BYKOBBIX MAaKETOB CHUH-
XPOHU30BaHbI C OTPHIBOM Ta30BbIX IOJIOCTEl OT Ka-
BEpHbBI, hopMUpyOlleiics TIpU MOTPYKeHUU Karuiu
WIA WX pa3pblBOM Ha ¢parMeHThl. JJIUTETbHOCTh
3By4YaHUs 3aBUCHUT OT CTEIEHU HayaJlbHOW HEOIHO-
POJIHOCTU TEOMETPUM 3Bydallleil MOJOCTU, TOCTe-
MEHHO TpaHCcGhOpMUpPYIOIIEcs B Maakylo chepoun-
JaJIbHYIO.

B coBokymnHoCTU sBJI€HUI, WHUIMHAPOBAHHBIX
MOTpy>k€HNEM CBOOOIHO Mamalolleil Karjiu B XU~
KOCTb (MMITaKTe KallJin), TpeacTaBieHbl MPOLIECCHI
U aTOMHO-MOJIEKYJISIPHON, U TUAPOAUHAMUYECKOMN
MPUPOJIBI, BKIIOYAIOIIIME U3JTyYeHUE BOJH pa3jiny-
HOM MpUPOAbl — aKyCTUUYECKUX U KalMWUISIPHBIX, U
¢opMUpoOBaHUE JTUTAMEHTOB, COOCTBEHHbBIE MpPO-
CTPAHCTBEHHbIE U BPEMEHHBIE MACIIITA0bl KOTOPBIX
CYIIIECTBEHHO pa3Iny4yaroTcs.

DKCIepUMEHTHI BEITIONHEeHBI Ha cteHne DCI, Bxo-
ngmeM B I'mapodusmyecknii KOMIUIEKC IS MOJSITH -
pOBaHVsI THIPOIMHAMUYECKUX ITPOLIECCOB B OKPYXKAK0-
IIIEi cpefie ¥ MX BO3AEHCTBUS Ha TTOABOIHBIE TEXHUUE-
CKHe OOBEKThI, a TAKXKE PACIIPOCTPaHEeHUs IIpUMeCceii B
okeane u atmMocdepe (“IT'PK UITMex PAH”).

Pa6ota BeITTOTHEHA TpW (PMTHAHCOBOM ITOIIEPKKE
PH® (mpoekr 19-19-00598 “I'mapommHamMuka |
SHEPreTHKa KaruId Y KareJbHbIX CTPYii: hopMUpoBa-
HUe, OBUXKEHUWE, paclaj, B3auMOIENCTBUE C KOH-
TaKTHOM ITOBEPXHOCTBIO ).

ABTOpBI TJIyOOKO OJlaromapHbl PELIEH3EHTY 3a
CKpPYNYJIE3HYIO PELICH3UIO, CIIOCOOCTBYIOIIYIO YITyd-
IIIEHUIO CTaTbhU.
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