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9T3, KHHUI'a IIOCBAIIICHaQ yBJIeKaTeJIbHOﬁ I[pO6Jlel\le IIOpO2K/JIeHUsI 3BYKa IIOTOKaMU 2KWJI-
KOCTHU U ra3a. B JI0CTATOYHO IIpOCTOfI n HELI‘JIH,LLHOI'/)I cbopMe OHa 3HAKOMUT 4YHuTaTeJId CO
MHOIUME (DU3MIECKIMH ABJICHUAME, BO3HUKAIOIIUMIE [IPY B3aUMOJIEHCTBIN [TOTOKA C pa3-
JmaHBIME TpenaTcTBrsAME. OH y3HaeT 0 HEKOTOPBIX OCHOBHBIX 3aKOHAX, KOTODBIM ITOJ-
YHHSIOTCH JIBIZKEHUS JKUJIKOCTE U ra30B, U O TeX YYEHBIX, KOTOPBIE CIIOCOOCTBOBAIIM MX
oTkpbITHIO. Kparko m3smaraercst MCTOPHs Pa3BUTUS a3POTrUAPOAMHAMUYCCKON aKyCTHKH,
1 00Cy XK /IAI0TCS COBPEMEHHBIE ee IpobiieMbl U repciieKTuBbl. [logpobHo pacemaTpuBaioT-
Cid MHOI'ME€ eCTeCTBEHHbIEC U NCKYCCTBEHHBIC adpPOTUAPOJNHAMUNYICCKUE N3J1ydaTe/In 3BYyKa,
nx yCTpOﬁCTBO 1 MeXaHU3MbI BO36y)K}1€‘HI/IH B HUX 3BYKa. qHTaTeHL Y3HaeT, [I0UeMy U3J1y-
qaloT 3BYK CUPEHa, CBUCTOK, OpraH, KaK BO3HUKAECT 3BYK B I'OPTaHU Y€JIOBEKa IIPpU IICHUN
U pedu 1 IIo9YeMYy IIOABJIAIOTCHA XPUIIBI B JICTKUX IIPU PDECIINPATOPHBIX 3&6OJI€B&HI/I$IX.
Jlns mmpokroro Kpyra uuTareneil, narepecyormxcs ¢usukoit. OHa B paBHOIl creneHn
6yJIBT HNHTEpEeCHa U y4YalllMMCsd, U IIperoJjaBaTe/IdM Cpe}IHefI 1 BBICIIIEN HIKOJI, a TaKiKe
IOJIE3HA JIJIsI cCaMOOOPa30BaAHNUS.

1. B. Boek, B. T. I'punuenko. 3ByK, POXK/JIECHHBII HOTOKOM (04epK 06 a3pOruIpoIHAMAIECKOI
akycruke).— Kues: Haykosa nymka, 2010.— 221 c.

s kHEra npucBgYeHa 3axoIUIO0Yiil TpobseMi MOPOJIZKEHHs 3BYKY ITOTOKAMU PiJInHU it
razy. B mocuts mpocriit i Haouniit ¢opmi BoHa 3HaOMUTH unTada 3 OararbMa Hizmd-
HUMHJ SBUIAME, 10 BUHUKAIOTH IIPU B3a€MO/Il MOTOKY 3 Pi3HMMH mHepenikogamu. Bin
JOBITAETHCS TIPO JIesIKi OCHOBHI 3aKOHMW, SKUM IIJKOPSIOTHCS PYXHU PiiWH 1 rasis, 1 mpo
THX YYeHUX, fKi CIPUSIIA IXHBOMY BiIKpUTTIO. KOPOTKO BUKJIAJAETHCS iCTOPid PO3ZBUTKY
aeporiIpoMHAMIYHOI aKyCTHKHU 1 0OIOBOPIOIOTHCS CydacHi 11 IpobeMu Ta IepcieKTHBH.
JoKIa/1HO PO3IVIAIAIOTHCS OaraTo MPUPOIH] f IMITYYHI aeporipornHaMidai BUITPOMiHIO-
Badi 3ByKYy, IXHsi OyJI0Ba i MexaHi3MU 30y 2KEeHHSI B HUX 3BYKY. 1UTad J0BIIA€THCSI, TOMY
BHUIIPOMIHIOIOTh 3BYK CHPEHA, CBUCTOK, OPraH, K BUHUKAE 3BYK y I'OPTaHi JIOJIMHU 1IPU
cmiBi it MOBi Ta 9OMY 3’SBISIOTHCS XPUIN B JIETEHAX [IPHU PECIIIPATOPHUX 3aXBOPIOBAHHSIX.
Jts1 TImpoKoro KoJia IuTadiB, Kl MKaBIAThCA dizukoro. Knura Oyme omHakoBo 1ikasa it
VUHSM, 1 BUKJ/Ia/adaM CepeJIHBOl Ta BHINOI IIKLJI, & TAKOXK KOPUCHA JIJIsT CAMOOCBITH.
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BBE/IEHUE

Tam, rje cauBasicst Iy MsIT,
O6HABIINCH, OY/ITO JIBE CECTPHI,
Crpyn Aparsot u Kypsor.

M. FO. Jlepmormos. Muwipu

VcriokoHn BEKOB 4esioBeKa OKPYKaJl 3BYKHU, MOPOXKJIEHHbIE PA3TIMIHBIMU
HMPUPOIHBIMU SIBJIEHUSIMI 1 »KUBOTHBIMU. B caMom 00IieM caydae Bce 9Th
3BYKM MOXKHO pasjleJInTh Ha jiBe Kareropun. K mepBoit KaTreropuu OTHOCIT-
¢s1 TIIYMOBBIE 3BYKH, HAIIPUMED, IIYM JOXKJIA, IIYM MOPCKOTO IPHOOS, IyM
BeTpa B KPOHAX JIEPEBLEB, IIyM TPAHCIOPTHBLIX MarucTpaJeii, mmneHne 3meii,
KOIMAYbUX 1 T.JI. A KO BTOPOil KATEropn# OTHOCATCS TOHAJIbHBIE (MY3bIKaJIb-
Hble) 3BYKH, Halpumep, “nenne’ BeTpa B Tpocax Kopabe/qbHbIX CHACTEll, B
MEeYHbIX TpyOax, B IMEIsSIX U Ha OCTPHIX KPOMKAX PA3JIMYHBIX MPEJIMETOB.
HakoHerr, TpeJiit 1 CBUCT ITHUIL, 3BYKU YKIBOTHBIX (HAIPUMEp, BOH BOJKOB) 1
1.1 Jla m cam 4YesioBeK, ¢ IIOMOIIBIO CBOErO TOJIOCOBOTO allliapara, CIoCOOeH
n3/1aBaTh KakK IIYyMOBBIE, TaK U TOHAJIbHBIE 3BYKH, UTO IO3BOJISIET €My BO
BCeM MHOI0OOpas3uil peaTn30BbIBaTh CBOU PEUb 1 BOKAJ.

Eiie He B cTOJIb OT/Ia/IEHHBIE BpEMEHA, Y€JI0BEK CBSI3bIBA BOSHUKHOBEHHE
BCEX ITUX 3BYKOB C IIPOsiB/IeHIEM BbICIIX ciJi. CyIecTByeT MHOTO IpeKpac-
HBIX TIO3THIECKIX JIereH ] 1 MiuhOB, CBA3AHHBIX K IIPUMEpY ¢ BeTpoM. Tak, B
srdeckoit moame T'omepa “Opucces” 1| npeBrerpeueckuii Biiajibika BETPOB
on!, man Ouccero G1aronpugaTHBI BeTep 3edup, a TaKyKe CHAOTII €ro
MEXOM, HAITOJIHEHHBIM OCTaJIbHBIMI BeTpaMu. [103:ke, MMEeHHO ¢ nMeHeM Do-
Jia OBLIIO CBI3aHO cKazaHue 00 3071080t apde, CTPYHBI KOTOPOil 3ByYaT IIPH
JIyHOBEHUU BeTpa, a “‘lienne’ KopadeJIbHbIX CHACTell Ha BeTPY ObLIO HA3BAHO
50JIOBBIME TOHAMU WJIK 3ByKaMu |2].

Koneuno, Terepb MbI XOpOINO 3HaEM B 4YeM OTJIMYUE MIYMOBBIX 3BYKOB
(IIyMOB) OT TOHAJILHBIX (MY3bIKa/IbHbIX ) 3BYKOB. CpaBHUTEIHHO JIABHO yCTa-
HOBJIEHO, YTO HIYMbI XapaKTEePU3YIOTCs MUPOKUM CILIONIHBIM, OoJiee MeHee
pPABHOMEPHBIM MJIM IIJIABHO CIHAJIAIONIUM K BBICOKMM YacTOTaM, CIEKTPOM
gacToT. B nporuBoBec 3TOMy, TOHAJIbHbIE 3BYKU XapaKTEpU3YIOTCS BechbMa
Y3KHUM crieKTpoM dactoT. Onrako, eme 200 jieT ToMy Ha3aJ1, 9TH OTANYINS He
OBLIIM W3BECTHBI U YEJIOBEK MoJIarajics (BIpodeM Kak 1 OOJIBIIIMHCTBO JIFOIeil

1“Pespenmus’” BIaJBIKH BETPOB, 0 MHEHMIO JPEBHEX IPEKOB, HAXOMIIACH HA DOJOBBIX OCTPOBAX,
pacmosiokeHnbix B 30 KM ceBepo-BocTounee ocTpoBa CHIpuims.



ceiiuac) B OCHOBHOM Ha CBOE UyBCTBEHHOE BOCIIPHATHE 3BYKOB, PA3JIEJIsisl NX
Ha GaronpusTable (‘tackatorme’ CyX) U He OJaronpusiTHbie (pasipazka-
fOIIHe).

K mrymaM 4eioBeK OTHOCHTCS B IEJIOM HEraTHBHO, HOCKOJIBKY UX JIJIH-
TeJIbHOE BO3JICHCTBIE YTOMIISIET U Pa3/PazkaeT ero’, XoTs He PEJKO yMe-
PEHHBIH 1IyM IpubOst WK JIEPKUii [IIyM BeTpa B KPOHAX JE€PEBbeB JefiCTBY-
eT Ha HEero yCHoKampaiolie. B To ke BpeMs K TOHAJILHBIM 3BYKaM Ue€I0BEK
OTHOCHUTCA Yallle HO3UTUBHO ¥ OCOOEHHO TPEIIETHO K My3bIKEe, KOTopast cob-
CTBEHHO U COCTOUT U3 OLPEIEJCHHON II0CIeI0BATEILHOCTH TOHAILHBIX 3BY-
KoB. HaBepHoe mosromy, Ha MPOTSKEHIH MHOTOBEKOBOW HCTOPHUN Y€JTOBEK
9KCIIEPUMEHTHPYET U CO3/IaeT YCTPOiCTBa U IPUOOPHI, ¢ MTOMOIIBIO KOTOPHIX
MOZKHO U3BJIEKATH TOHAJIbHbBIE 3BYKH. DTH YCTPOMCTBA CO BpEMEHEM I0CTe-
[IEHHO COBEPIIEHCTBOBAJINCH M CErOJHST MBI MMeeM BechbMa, OOJIbIIoi Habop
3 deKTUBHBIX (¢ TOUKE 3peHHsl CIIOCOOHOCTH UX TeHEPUPOBATH TOHAJIbHBIE
3BYKH) TEXHUYECKHUX AINAPATOB U U3SIIHBIX My3bIKAJbHBIX UHCTPYMEHTOB.
[Moceane, Kak M3BECTHO, MOAPA3IE/ISIOTCA HA CTPYHHBIE, YIapHbIe U JIYXO0-
Bble. UTo Kacaercs MepBbIX JIBYX, TO OJ1arogapsi OJIECTSIIIM yCIIexaM HayKu
3a nocaeanne 200 JieT cTaan NCUePIbIBAIONIE SICHBI 1 MTOHSITHBI BCE TOHKOCTH
[POIIecca MeHepalun UME 3ByKoB. JleficTBITEIbHO, O caMOil CTPYHE, KaK HC-
TOYHHIKE TOHAJIBLHOIO 3BYKa, CErO/IHsI H3BECTHO PAKTHIECKU BCe. YCTaHOBJIe-
HbI BIIOJIHE CTPOIHME 3aKOHOMEPHOCTH, CBSI3LIBAIONIIE YACTOTY U3JIyIaeMOro
CTPYHOIT 3ByKa CO BCEMU €€ Te€OMEeTPUIECKIMU 1 (DU3NIECKIMU IapaMeTpaMu
(JUIMHOI, TOJIIIUHON, MATEePHAIOM 1 CIIOCOOOM 3aKDEIJIeHIs KOHIIOB), & TaK-
JKe crocobamu ee BO30OYzKeHnsl. Bo MHOIOM 9TO CIIpaBeJInBO U JIJisl yIap-
HBIX HHCTPYMEHTOB, ITOCKOJIbKY MX MEXaHU3M BO30YZKICHNs BIIOJIHE Y/I0B/Ie-
TBOPHUTEJILHO OIUCHIBACTCS XOPOIIO PA3BUTON Teopuell Kojiebanuit 1macTuH,
obostouek u MemOpan [4,23|. OjHako danuTaTes0, KOTOPBIl CEPHE3HO U DIIy-
OOKO MHTEpPeCcyeTcst MY3bIKAJbHBIMHI WHCTPYMEHTAMU U WX CBOcTBaMu, He
CJIEJIYeT CJIMIIKOM TIePEOIeHNBATh 9TH, 0e3YC/I0BHO, (DYHIaMEHTATBHBIE JT0-
CTHZKeHNs HayKh. KKax XopoImo m3BecTHO, TPOMKOCTD U OCOOEHHOCTH 3BYUa-
HISI CTPYHHBIX MY3bIKAJIBHBIX WHCTPYMEHTOB TAKKe BO MHOI'OM 3aBUCSIT OT
PeOMETPUYECKIX, (DU3NUECKIX 1 KOHCTPYKTHBHBIX CBOICTB 00beKTa (Tesa),
K KOTOPOMY KPEIIsITCsl CTPYHBI, & TaKyKe OT Crocoba BO30YKIEHUsT CTPYH
(CMBIYKOM, TIUITKOM HJIH YJapOM MOJIOTOYKA). [leficTBUTEIbHO, He HYXKHO
HUKOrO ybOe:KJaaTh, YTO CTPYHBI CKPHIIKH, MHTapbl, apdbl WK POsist 3BY-

2Yposenb myma Beinte 80 1B oTHOCHTEIBHO 3BYyKOBOro mapieHnst 2 - 10™° ITa Boobmie omaceH st
3I0pOBbLA YesoBeKa (3.



qaT COBEPIIEHHO 10-pasHoMy. [1osaTomy, 4T0OBI MOHSITH 1T0YeMYy KOHKDETHBII
MY3bIKAJILHBI MHCTPYMEHT 3BYYHT MMEHHO TakK, a He HHade, HeoOXOIMMO
n3yvaTh KoJebaHus He OTJIeJBLHO BBIJICICHHON CTPYHBI, & COBMECTHbIE (CBsi-
3aHHbIC) KOJIEOAHUS CTPYHBI C CAMHUM TEJIOM KOHKDETHOTO MY3bIKAJIBLHOIO
HHCTPYMEHTA, K KOTOPOMY OHA& KPEIHUTCs. A 9TO OKA3bIBACTCSA U TEOPETHIe-
CKI U TEXHUYECKH BO MHOTI'O pa3 TPyJiHee, YeM U3yUdaTh KoJeOAHUsT OT/Ie/Th-
HO BbIJIeJICHHOI cTpyHbI. K riybokoMy coxkasiennio, dpyHaMeHTa bHas Ha-
yKa BeCbMa MaJIO yJIe/Is1eT BHUMaHNUEe N3YIeHHIIO STOH Mpo0/IeMbl 1, KOHETHO,
Ha 9TO MMEIOTCA BECKHE COIMa/bHble, (DUHAHCOBBIE U PsJ JIPDYTUX HAYTHO-
TeXHUYECKUX NPUInH. BOT 1mouemMy HHCTPYMEHTBI, KyCTapHO N3TOTOBJIEHHbIE
CTApBIMI BBLIAIOIIIMICS MacTepaMi, TakuMi, Kak Crpajusapu® n ap., 710
CHX T10p OYeHb BBICOKO IEHSATCSI B MY3bIKAJIbHBIX KPyTrax.

Yro Kacaercst yXOBbIX MHCTPYMEHTOB U BCEX Te€X YCTPOHCTB (CUPEH, CBICT-
KOB, T'YJIKOB U T.JI.), B KOTOPbIX TOHAJIbHbIE 3BYKH BO3HUKAIOT 34 CUET Ipe-
00pa3oBaisi HEKOTOPOI YacTh SHEPTUH MOTOKA BO3/LYXa (MM KUJKOCTH) B
3BYKOBYIO SHEPTHUIO, TO 3J/I€Ch He BCE TaK OUEBHJIHO U O MEXaHU3MaxX IIPoIecca
reHeparyi 3ByKOB ITOTOKOM 10 CYTH JIO CHX 110D ITPOIOJIZKAIOTCST JINCKYCCHH.
U obbsicasieTcst 9TO B TEPBYIO 0YEPE/Ih TE€M, UTO U3YyUIEHHE TAKUX IIPOIECCOB
CBSI3AHO C IIPEOJIOJIEHUEM OIPOMHBIX TPYJIHOCTEl TEOPETUIECKOrO U HKCIIe-
PUMEHTAJILHOTO ILIaHA, O KOTOPBIX Mbl PACCKAYKEM HIZKE.

Koneuno, MOzKHO 3a/1aTh BIIOJTHE CIIPABEJIUBBIN BOIIPOC: IIYCTh MbI HE BCE
3HAeM 00 OCOOEHHOCTSIX STUX TOHKHX MEXAHHU3MOB, HO BEJib YK€ CO3/AHbI
MHOTHE NPUOOPHI U JIYXOBbIE MY3bIKAJbHbIC HHCTPYMEHTBI, PEaTH3yIOIIne
Mpeobpa30BaHnst SHEPIUN MOTOKa BO3AYXa B 3BYKOBYIO sHepruio? OTBeT Ha
9TOT BOIPOC BECbMa IPOCT — UCTOPHsS HAYKM U TEXHUKU JAeT OCHOBAHUE
YTBEPK/IATh, ITO OOJIBIMTIMHCTBO PA3INIHBIX PUOOPOB U YCTPOICTB (B TOM
quc/ae U My3bIKaJIbHBIX HHCTPYMEHTOB) ObLIO M300PETeHO B OCHOBHOM 6e3
KaKIX — JINOO CepPhe3HbIX TeOPETHIECKUX MPEIIOCHLIOK. Halle Bcero m3oo-
peraTesin PyKOBOJCTBOBAJINCH 3JIPABBIM CMBICIOM, IPUPOJIHOM CMEKAJIKOM 1
HabJTIOIATEIbHOCTBIO, JII0OO3HATEILHOCTBIO U HHTYUINeH. A yriyOeHHbIit
dusmaecknit aHagn3 MPOIECCOB, MPOUCXOMSIINX B ITUX YCTPOCTBAX, MO-
SIBJISLIICST 9AINE BCEIO rOPa3/0 MO3Ke 10 Mepe HAKOILICHUS TeOPETUICCKIX 1
9KCIEPUMEHTATbHBIX 3HAHWUI. IPKIM IPUMEPOM MOZKET CJIYKHUTh I'PevdecKast
crpyHHast apda, nzobperentast Hukak e menbine 2500 jier Hazal. A Teopun
KOJIeOAHMS CTPYH ¥ U3JTy9IeHUsT UMU 3BYKOB HAYAJIN CEPbE3HO PA3BUBATHCSI
re bosee wem 200 et Tomy Hazax 4,23

3 Anromno Crpayusapu (1644-1737 TT.) — 3HAMEHHTEIH UTABSHCKHIIT CKPUITHIHbIET MacTep.



BI\/IGCTG C 9TuUM, IIporpecc B uU3y4YeHUU U INOHUMaHUUN TOHKUX MEXaHWU3-
MOB IIpoIecca 11peodpa3oBaHiis SHEPIUN TOTOKA B 3BYKOBYIO SHEPIHUIO B IO~
CJIeJIHIE HECKOJIBKO JIECSITKOB JIeT SIBHO HAMETHJICS. DTO CTAJIO0 BO3MOYKHBIM
bstaromapst pa3paboTKe HOBLIX MOIXOI0B K OODBICHEHUIO ITUX MEXAHI3MOB,
a Takyke OJsiaroJapsi CTPEMUTEILHOMY IIPOrPECcCy 3JIEKTPOHUKHI ¥ BbIUNCIIN-
TeJILHOI TEXHUKN, KOTOPBIE, C OJTHON CTOPOHBI, O3BOJIMIN CYIIECTBEHHO YCO-
BEPIIIEHCTBOBATH TEXHUKY IKCIIEPUMEHTa, & C JIPYTOil — IIPUCTYITUTH HAKOHEIT
K PeaTi3aIliil TeX CIOKHEHIINX BEIYUCINTETBHBIX AITOPUTMOB, € MOMOIIBIO
KOTOPBIX 0KA3a/10Ch BO3MOYKHBIM IITar 3a IIaroM Mpoc/IenTh THHAMIKY MTPO-
ecca peobpa3oBaHisi SHEPIUH TIOTOKA B 3BYKOBYIO 9HEPIHIO.

MpbI He CTaBUM CBOEi IEeJIbI0 HCYEPIIBIBAIOIINM 00pa30M OXBaTHTh BCe,
HMEIOIINeCsT Ha CEerOMHAINIHNAN [IeHb, TeOPETHIECKIe U IKCIIEePUMEHTATbHBIE
JIOCTUZKEHUST B TaKOIl cojiep:KaTesIbHOI, TTOYINTeIbHON U WHTEPECHO 0b/1a-
cti (bU3MKM, KaK IeHepallist 3ByKa II0ToKoM. Haila 3aada ropasaio CKpoM-
Hee. Ha ocHoBaHWUM JIeTaIbHOIO pacCMOTPEHHS Psijla KOHKPETHBIX 00bEKTOB
1 yCTPOWCTB, B KOTOPBIX OCYIIECTBJISETCST Mpeodpa3oBaHne dHEPTUU MOTO-
Ka B 3BYKOBYIO SHEPI'UIO, IIOILITATHCA PaCKPbITh (bHBI/I‘{eCKI/Ie IIPpUYUHBL 1
TOHKIE MeXaHU3MbI 3TOT0 IIPeodpas3oBaHms U MOKa3aTh pasHOoOpasme ITUX
MeEeXaHN3MOB. le/l 9TOM MBI 6y)_LeM n3JjiaraTb He TOJIbKO CBOU B3IVIAJAbI Ha
9Ty TpobJIEeMy, HO 1 B3IVIAILI APYTUX MCCACIOBATENEH, B TOM JYHCIE U B HC-
TOPUYECKON TepcernekTuBe. Mbl HaJeeMcst, 9TO MpejjaraeMasi KHUTa Oymer
[IOJIE3HA BCEM, KTO HHTEpecyeTcst MpobJIeMoil TeHepUPOBaHUsl 3BYKa IOTOKa~
MU 2KNJKOCTU MNJIN Fa3a4, u 6y)1€T CHOCO6CTBOBaTb ITOBBIIIEHNIO YPOBHA UX
bU3IIECKOro MOHNMAHIS ITUX ITPOIECCOB.

4B kmaccuteckoit MeXaHWKe TEPMHHOM “YKUJIKOCTH” (€M CKOPOCTH TOTOKOB CDebl 3HAYHTETHHO
MEHbIIIEe CKOPOCTH PACIPOCTPaHEHHsl B Hell 3ByKa) 0003HAUAETCs HE TOJILKO KalleJbHasl XKUJKOCTh, Ha-
IIpuUMep BOJIA, HO TaKXKe U ra3, HallpuMep Bo3tyX. Iloaromy HuzKe MBI He Oy/ieM JieaTh Pa3iInanii Mex 1y
TUMU MOHATUSME ¥ FOBOPS O Cpejie Oy/ieM UMeTh B BHJLY U XKHUJIKOCTDb U Ta3.



1. MATEMATNUYECKOE MO/AEJINPOBAHUE
I'mAaPOASPOINMHAMMNYECKUX ITPOITECCOB

1.1. O6inue ypaBHeHUS JUHAMHUKHN C2KUMAEMOM BSI3KON >KU]I-
KOCTHU

B coBpeMEHHOM eCTeCTBO3HAHNE, OCOOEHHO B TAKOM €r0 pasjese Kak (hu-
3MKa, BasKHBIM CPEJICTBOM IIOJYYeHHsI HOBOTO 3HAHUSA ABJIACTCS MATEMATH-
YECKOe MOJICINPOBAHNE N3YUaeMbIX IPOIECCOB. Takoe MOJEINpOBaHue MO3-
BOJISIET N3YUNTH XapaKTEPUCTHKK (PU3NIECKOTO MPOIECCa B IMIMPOKOM Jala-
30HE M3MEHeHUs OIPEIeIIONINX IapaMeTPOB 1 BHIPAOOTATH PEKOMEHIAIN
JIUIS TIPAKTHYECKOIO OCTPOCHUsT IPUOOPOB 1 YCTPOHCTB. DTO B HOJIHOI Mepe
OTHOCHUTCSI U K aKyCTHUECKHM YCTPOICTBaM, B KOTOPBIX 3BYK I€HEPHPYeTCs
3a CYeT UCIHOJIL30BaHHs KMHETHIeCKoil sneprun notoka. @opMuposanne cu-
CTeMbl yPaBHEHUil, COCTAB/ISIONINX CYIIHOCTL MaTEMATHIeCKOH Mojesn, Ha-
3UpYeTCd Ha UCHOJIL30BAHNN OOIINX (PU3NIECKUX 3aKOHOB B paMKaX MOJIEJIN
CILIOIIHOI cpeibl. BO3MOKHOCTD UCIOIB30BAHIA TAKOH MOJE/I1 00y CI0BICHA
TEeM, UTO XapaKTepHbIe MPOCTPAHCTBEHHBIC MACIITAOLI U3yYaeMbIX JIBUZKe-
HUI Cpesibl 3HAYUTE/ILHO MPEBOCXOAAT MEKATOMHBIC M MEKMOJICKYJISIPHLIC
PACCTOsIHUSI B YKUJKOCTAX 1 rasax [39).

B pamkax Takoil Moje/n 00beKTOM UCCICAOBAHUS SIBJISIETCS MATEePUAb-
Has YaCTUIA, JBIKECHNIE KOTOPOI ONUCLIBACTCS BEKTOPOM CKOPOCTH

U(r, 1) = {ui(F 1), va(7 1), wa(ri0)}; - 7(t) = {aa (1), 2a(t), x3(8)}-

CujioBoe B3anMOoJIeficTBIE MEXK/Iy YaCTHUYKAMU CILIONIHON CPeJibl OINChIBa-
ercs TernsopoM Hanpszkennit ' = T'(o; ;). s Takux cpejy, Kak BO3/IyX, Bojia
1 MHOT'HX HOJIOOHBIX UM, TeH30D 1" sABJISeTCs CUMMETPUYHBIM TEH30POM BTO-
pOTo paHra, T.e. BHIIOIHACTCA PABEHCTBO 05 j = 0 ;.

Dusnveckne CBONCTBA YKIJIKOCTEl 1 Ta30B, B OOIIEM CJIyUae, OlNChIBAIOT-
51 GOJIBIIIM UMCIOM PA3INYIHbIX TapaMeTpos. Ilpu omncannn s¢pbdekToB n3-
JIy4eHUsI 3ByKa [MOTOKOM, BazKHEHIINMU ITapaMeTPaMU SIBJISIIOTCS IIJIOTHOCTD
CPEJIbI p, MOJLYJIb OO BbEMHOIT yIIpyrocT K U ¢JIBUroBasi KHHEMATHIeCKast BA3-
KOCTb V. DPDeKTh 00HeMHOI BA3KOCTH JIJIsl PACCMATPUBACMBIX THIIOB CPe/l
HeCyIecTBenHsl [53].

Ucronb3yst BBejeHHbIE XapaKTEPUCTUKHI JIBUYKEHUST YaCTUI[ CPEJIbI U ee
busnUyecknx CBONCTB MOXKHO BBIUCATEL crcTeMY JiddepeHInaabHbIX ypaBs-



HEeHU, OIPeJIEISIONLY IO CBSI31 MEXK/ Iy KHHEMATHIECKIME 1 CUJIOBBIME BeJIN-
quHamu. [Ipu 3ToM OYIyT HCIOMB30BATLCA CTAHIAPTHBIE nuddepennnaib-
Hele oneparopsl div, rot, grad, A, V, 3Ha4eHUsI 1 CMBICJI KOTOPBIX ITOJIPOOHO
paciimdpPOBBIBAIOTCST B IPEKPACHOM CIIPABOYHOM T10cobun [12].

[lepBble JBa U3 9TUX ypaBHEHWIl SABJSIIOTCA OOIIMMU JIJIsI BCEX H3BECT-
HBIX CILIONTHBIX cpe/l. [lepBoe ypaBHeHne oTpakaeT CBOCTBO HEIPEPBIBHO-
CTH CILJIONIHON CpeJibl WJIH, YTO SKBUBAJIEHTHO, CBOWCTBO COXPAHEHIS MaCChI
BBIJICJIEHHOT'O 9JIEMEHTAPHOTO 0O0beMa. B TepMuHax IMJIOTHOCTH U CKOPOCTH
TACTHUIL CPEJIBl 9TO ypaBHeHHe nmMeeT Bu [39)

1 Dp
- — +div(v) = 0. 1.1
Dy () (11)
B,ILGCI) HUCIIOJIb30BAHO MOHSTHE TaK Ha3bIBacMOl MaTepI/IaﬂbHOﬁ HpOI/IBBO,ZLHOfI
D 9]
— =+ U - V’
Dt 0Ot

KOTOpPOe OTpakKaeT M3MeHEHHNE IJIOTHOCTU 3JIEMEHTapHOM HYacTUIIbl CPEJIbl
B IIporiecce JIBUKeHHA. Takylo MaTepuajbHyo MPOU3BOIHYIO CJIEyeT UC-
MO/Tb30BATh W MPU 3aIllUCH BTOPOIO YpPaBHEHUs, BhIPAXKAIONIEINO0 BTOPOH 3a-
kon HproToHa® 0THOCHTEILHO 3/IeMEHTAPHOI YaCTHIIBI CILIONTHOM cpesibl. 1o-
CKOJIBKY PacCMaTpUBAETCS TTPON3BOJILHOE JBUKEHNE YACTUIIHI, COOTHOIITEHU S
JIBV2KEHUST CJIEJIyeT BBINMICATD JIJI KayKJI0W KOMIIOHEHTBI yCKopeHwus. [Ipu
3TOM JIJI8 ¢-TOI KOMIIOHEHTHI UMeeM COOTHOIIIeHNe

DU,‘ 601'1 80i2 (90','3 .

= F, i=1,2,3. 1.2
Dt 81‘1 + 81‘2 * 81’3 + ( )
B,ILer Fz‘ — KOMIIOHEHTa BHEIIIHEN MaCcCOBOI CHJIbI.

Yereipe ypasuenust B (1.1) u (1.2) mosydenst u3 oOumx GU3HICCKIX 3a-

p

KOHOB U HE OTPayKaloT CBOICTB KOHKPETHOIl cpejbl. B cBA3M ¢ 9TuM, B HUX
COJIEPKUTCsT BOJIBIIOE TUCIO HEU3BECTHBIX BEJIMUUH, UTO He TIO3BOJISET OrPa-
HUYUTHCS TOJILKO UMU TIPU U3YIEHUN J[BUKEHUs! cpe/ibl. [[epBblil mar B KoH-
KPeTH3alui TAKUX YPABHEHU{l CBsI3aH ¢ BBEJEHUEM COOTHOMIEHUIH, OTpazKa-
IOIIIX OCOOCHHOCTH CBA3M MEZK/Ty MEXaHUIECKUMU HATIPSYKEHUSMU 1 CKOPO-
cravu fecdopmanuii B cpeje. [Ipu 3ToM 00bIMHO B Tensope Hanpsikenuit T
BBUIE/IAIOT COCTABJISIIONLYIO BCECTOPOHHETO JABICHUS P, MPEJICTABISS KOM-
IIOHEHTHI TeH30pa B Bu/Ie [39)]

oij = —poij + Tij, (1.3)

®HNcaak Hrroron (1643-1727) — anrimiickuii bU3MK, aCTPOHOM U MATEMATHK.
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rae 0;; =0, ecimn @ # ju 6;; = 1, ecmm ¢ = .

MmenHO Takoe IpejcraB/ieHie TeH30pa HAIIPSIKEH T B YKIUJIKOCTH UJIH Ta-
3€ HCIOJIB3YeTCsT MPU 3alic (pU3HIECKIX COOTHOIIEHU, OTPaXKAIOIIIX X
cpoiicTBa. [yt paceMaTpuBaeMbIxX B KHUTE 3aJ1a49 HanboJIee MOIXO/IsIIeit B~
JISIETCST MOJIeJTh HBIOTOHOBCKOI BSI3KOM YKUTKOCTH, JIJIsT KOTOPOI CBA3b MEYKTY
HAIPSZKEHUSIMI U J1ehOPMAIUSMIE [IPEJICTABIAIOT B Buje [38]

Ou
jaxl'

Qv % _ 25.3'% + 'S
!

Or;0x; 3 " Ox (L4)

Tij =

S,ILQCB HCIIOJIB3YEeTCsd IIPaBUJIO CYMMIPOBaHUs 110 IIOBTOPAIOIIUMCA UHIEKCAM

A — 81}1 . 82)1 81;2 81)3

N 67@ N 8901 8372 8953'

DTa cyMMa UMeeT MPO3PAdHbIil PU3MUIECKIT CMbBIC/I 1 OIIPEJIEsISIeT CKOPOCTh
M3MEHEHUs BbIJIEJEHHOro 00beMa YKUJIKOCTH B IIPOIECCe JIBUKEHUS.

Coorrorenne (1.4) comepKuT J[Be HE3ABHUCSIIIE OT CKOPOCTH MOCTOSTH-
Hble f4 1 /. DTH BeTMIMHBI HA3BIBAIOTCA KO3MMUIMEHTAMN BA3KOCTH, TIPH-
YeM BeJIMYUHA [i HA3BIBACTCS JIMHAMIYECKOI (M CJIBUTOBOI) BA3KOCTBIO, a
BEJIMUMHY () 9ACTO HA3LIBAIOT BTOPOil MM OOBEMHON BASKOCTBIO. VICmosb-
3yeTCsl TaKKe BeJMUYMHA UV = [i/p, KOTOpasi HA3BIBACTCSI KHHEMATHYECKOIT
BA3KOCTDIO.

Boobrre Botpoc 0 popMupoOBaHU COOTHOIICHNH CBI3U MEXKY CHJIOBBI-
MU 1 KNHEMaATNYECKNUMU XapaKTepI/ICTI/IK&MH IIOTOKa ABJIAETCA qpeSBbI‘{aI'/JIHO
CJIOZKHBIM. I/INTGHHO B 9TUX COOTHOIIEHNAX HpOHBﬂHIOTCH KOHerTHbIe CBOI1-
CTBa JKUJAKOCTU. [Tpr 3TOM COBOKYIIHOCTL 1 BEJIMYMHA IIapaMeTPOB, XapaK-
TEPU3YIOIMINX TAKUE CBA3ZH JIOJIZKHA OLPEIEISITHC U3 CHCTEMbI CJIOYKHDBIX 9KC-
mepuMenTos. ObobiieHne 60bIIOro 06beMa HAGIIOAEHNIT TO3BOISIET 3aKII0-
YUTb, YTO JIJIsI ONUCAHUS IIOBEJICHUS BECbMa MHOIMX >KUIKOCTEl 1 Tras’oB
MOKHO HCTIOJIb30BaTh coorHorrenne (1.4). Takne kuakocTu 00beIMHAIOTCS
B OJIH KJIACC HBIOTOHOBCKUX KHJIKOCTell |13, XOTsT 9acTO K HBIOTOHOBCKHIM
OTHOCSIT JINIIb YKUJIKOCTH C HYJIEBOH 0ObEMHOI BSI3KOCTDIO.

Coornorrrernns (1.4) MO3BOJISIOT HCKIIFOTHTH KOMIIOHEHTBI TeH30pa HATIPSI-
JKeHnit 3 ypaBHeHnil jprkenns dactui cpeasl (1.2). Ilpu sTom mosyda-
eM cHCTeMy ypaBHEHUil, NMeHyeMylo B MeXaHHKe >KUJKOCTU ypaBHEHUSMH
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HaspeCroxcal [38]

Du_ o 0
th_ ox; Oz

ov; Ov, 2 0
P9 2 A+ LA+ F
a (89% + or;, 3 Oik )} * ox; (WA)+E,

i=1,23.

(1.5)

[Ipu 3anucn 3TUX ypaBHEHUN He CJeaHO KaKUX-JINOO IIPEJIOIOKEHNN O
cBoiicTBax KOI(DMUINEHTOB, XapaKTePU3YIOINX BA3KOCTh Cpe/ibl. B obiem
cJlydae OHU CYIIECTBEHHO 3aBUCAT, HAIIPUMED, OT TEMIIEPATYPHI U, CJIe/I0Ba-
TeJIbHO, MOI'YT MEeHSIThCA OT TOUKHU K Touke. [[o9TomMy 1X Hesib3si BHIHECTH 3a
3HaK IuddepeHnnpoBaHusi.

B 1enom coBokymnHOCTh ypaBHeHusi HepaspbiBHocTH (1.1) m ypaBHeHust
Hasbe-Crokca 0OpasyioT HMOJHYIO CHCTEMY yPaBHEHUI /IS OTHICKAHMS e-
ThIPEX HEM3BECTHBIX BEJIMUNH B JBUXKYIIENCs KUJKOCTU C IIEPEMEHHOI BS3-
KOCTBIO — TPeX KOMIIOHEHT BEKTOpa CKODOCTH U JiaBjIeHus. DTa CUCTEMa
ypaBHenuii (1o kpaiiHeil Mepe B IPUHIMIE) T103BOJISIET HAXOIUTH KOJIMYe-
CTBEHHDIE XapaKTEPUCTUKU TOTOKOB YKIIKOCTU MJIN T'a3a B IMIUPOKOM JIHAIIA-
30HEe M3MEHEeHUs UX cKopocreil. B obiieM ciydae, mpu ydere TeMieparyp-
HBIX 9 DEKTOB, crucTeMa JI0JIZKHA ObITh JIONOJIHEHA YPABHEHUEM COXPaHEHUsT
SHepruu. 3a/iaun ruPOJMHAMIKN C YIETOM TeIJIOBBIX 3P PEKTOB B JaHHOI
KHITe PACCMATPUBATBCS He OY/IYT, XOTs HeOOXOIMMOCTD UX yueTa BazKHa, Ha-
IIPUMED JIJIst TPABUJILHOI OIEHKU CKOPOCTH PACIIPOCTPAHEH s 3ByKa B CPeJIe.

Vpasuenust Hapbe-CToKCa NCKITIOUUTETHHO CJIOKHBI. DTa CJIOYKHOCTD CTHU-
MYJIUPOBAJIA Pa3BUTHE METOJOB aHAJN3a YACTHBIX CIydaeB JBUKEHUA, KO-
IJIa MOZKHO BBECTH HEKOTODPBIE YIIPOIIAIONINE ITPEJIIOI0KEHUST OTHOCHTETHHO
CBOIICTB CPeJIbl IJIN U3BECTHBIX 3apamee CBONCTB IOTOKa. B nocsiejinee Bpemst
pa3BUTHE CPEJICTB U METOJIOB BBIYUCIUTE/ILHON JMHAMUKI YKIJIKOCTH CO3/1a-
JIO TIPEJIIOCHLIKH JIJIsT 3HAYNTEJILHOIO PACITIPEHIS KPYyTa 3a/ad, JOCTYITHBIX
JIUIST KOJTMYECTBEHHOIO aHaJII3a.

Obcy2xK1as1 BOIPOC O CJAOKHOCTH MaTeMaTHIeCKONH MOJIEH, OIUCHIBAIOIIEl
JIBUPKEHUE JKIJIKOCTEll 1 ra3oB, cjejyeT obpaliaTh BHIMAaHNE He TOJbKO Ha
TPYJIHOCTHU TIOMCKA peliennii oCHOBHBIX ypasHenuii. He menee Bazkuo mnonn-
MaTbh, YTO K PEIIeHUIO yPaBHEHUI MMeeT CMbICJ IPUCTYHATH JIUIL B TOM
cilydae, KOrjia eCTh M0JIHAs YBEPEHHOCTb B TOM, YTO BXOJAIIIE B yDaBHEHUs
dbusnyeckue mapamMeTpbl KOPPEKTHO OIPEIJIEHDBI JIJIsi TeX YCJIOBUM JBIZKe-
HUS 2KUJIKOCTH, KOTOPBIE SIBJISIIOTCS 00BEKTOM ncc/eioBannii. XapakTepHblii

6 JTyu Mapu Aupu Hasbe (1785-1836) — dbpanry3ckuii mHkenep u yuensiit. xxopuzk 'abpuens Croke
(1819-1903) — anrmiickuii hU3UK U MATEMATHK.
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[pPUMep JIOCTaB/IsIeT MCTOPUsI OIPEJIeJIEHIsT TAKOTO MapaMeTpa CPeJibl, Kak
obbemHuast Ba3kocThb 4. Bojiee 50 jier 10 Havaia JBAJIIATOrO BeKa MEXaHUKa
JKIJIKOCTH Pa3BUBAJIACH B IIPEJIIOJIOKEHII O HYJIEBOM 3HAYEHUN 00beMHOIl
BSI3KOCTH, BbIcKazaHHOM erie CrokcoMm. EcTecTBeHHO, 9T0 IPUBOINMIIO K I1PO-
TUBOPEUUSIM, OCOOEHHO IIPH aHAJIN3€e OLICTPOIPOTEKAIOIINX IIPOIECCOB, B TOM
qEC/Ie TPU aHAI3e TAaKUX, HAITPUMED, TeIeHn T, KaK aKyCTHIeCKNe TeIeHNsT
(ynbTpasByKoBoit BeTep) [8|, T.e. TevueHMil, BEI3BAHHBIX BO3/IEHCTBIEM 3BYKA
WM YJIBTPa3BYKa BBICOKOI MHTEHCHBHOCTH. PasBUTHE SKCIIEPUMEHTATBHBIX
METOJIOB OIpe/IesIeHIsT OOBEMHON BSI3KOCTH B HACTOSIIIEE BpeMsi chOPMUPO-
BAJIO BayKHBIH pas/ies coppeMenHoit Mexanuku [18]. Ha ocHoBaumu 60J1b1moro
qEC/Ia IKCIEPUMEHTATBHBIX MCCIeI0BAHIN YCTAHOBIEHBI TOCTOBEPHBIE 3HA-
YeHust pU3MIECKUX MapaMeTpoB PasIMIHbIX TeKydnx cpei. [as mpumepa,
HIKe B TabJInIe, MpUBeIeHbl JaHHbIe JIJIsi JIBYX, HanboJiee 3HAKOMBIX JIJIsI
qpTaTeIs CpeJ — BOJAbI U Bo3jyXa 1pn Temreparype +20C° u HopMasibHOM
arMocgepHOM JlaBjieHnn. st 9TuxX cpeji NpuBeeHbl 3HAYEHUST TLJIOTHOCTH
obbeMHOIT yupyrocrn K u Tpu 3HaYEHHs BA3KOCTH. lIpumuem, mHTEpecHo,
970 JUHAMUYECKas BI3KOCThH OOJIbINE B BOJE, a KHHEMaTHYecKas BS3KOCTh
B BO3JIyxe. 3HaUeHUs KOI(DDUIMEHTa JUHAMUYECKON BI3KOCTH CIIEIYET UC-
[OJIb30BATH 1IPU BBIYUC/IEHIH CUJIOBBIX XapaKTePUCTUK MEJJIEHHBIX CTal[i-
OHAPHBIX JIBUYKEHUIT YKIUJIKOCTH, KOIJIa 3HAYeHNe HAPszKeHUil olpe/iesser-
Csl HEIOCPEJICTBEHHO I'PaJMeHTOM CKOpOocTH B moTtoke. [Ipm paccmorpenunn
HeCTal[HOHAPHBIX TIOTOKOB, B KOTOPBIX CYIIECTBEHHBIM (PAKTOPOM BBICTYIIa-
10T CHJIbI MHEPIHH, O0JIee aJIeKBATHBIM sIBJISIETCSI UCIIOJIH30BAHIE KITHEMATH-
qecKOro Koo PUIMeHnTa BA3KOCTH.

[Tapamerp Bona Bozayx
p, KT/ M? 998 1.2
K, H/m? 2.2 - 107 1.01 - 10°
pokr/M-c | 1.002-107% | 1.81-107°
v, M e 1.005-107%] 1.5-107°
p xkr/m-c | 2.81-107° —

1.2. VYupomiawomiue NpeanoJioXKeHns B 3aJjadaX ANHAMUKM I0-
TOKOB

Muorne dpusndyeckne IBICHNSA B IOTOKAX MOTYT OBITH 00JIee MPOCTO CMO-
JIeIUPOBAHBI M OIMICAHBI B TE€X CJIydasx, KOIjla OIlpeleeHHbIe TapaMeTphl
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JIBU2KEHUST OKA3bIBAIOTCS JTUOO OvUeHb OobInMA, JJub0 MasibiMu. [Tpu yrpo-
[IEHNN MATEMATHIECKON MOJIETN OUEeHD YaCTO TAKIKE BayKHO YIUTHIBATH I1E/ID
MoenpoBanust. Tak, HarpuMep, KaXKeTcsa pU3ndecKn HeoOOCHOBAHHBIM CPaB-
HUBATH Ha YPOBHE YpaBHEHUI BIMSHHUE CKIMAEMOCTH U BsA3kocTH. OIHaKO
[IPU PACCMOTPEHUH MOTOKOB B KaHaJax M TPyOax BaXKHBIMU HCKOMBIMHU Xa-
PAKTEPUCTUKAMI SIBJISIIOTCST COIPOTHUBJIEHNE MTOTOKY, MACCOBBIE XapaKTepH-
CTUKH TPAHCIOPTa YKUIKOCTH. B TakmX claydasx d9acTo YAAeTCs MOJyYINTD
HEOOXOMNMBIE JAHHLIE O MMOTOKE B paMKaX MOIEIN HeCXKHMAaeMOil »KIIKO-
cru. Ilpu sToM ypaBhenue jpuzkenns (1.5) we msmensiercst. CyiecTBeHHO
YIIPOIIAETCsT TOJBKO ypaBHeHne HepaspbiBHocTH (1.1), KoTOpOe jyist ciydas
OIHOPOIHOM >KUIKOCTH IIPIHIMAET BIL

div (%) = 0. (1.6)

Mojiesib BS3KOIT HECKUMAaeMOli »KUJKOCTH UPE3BhIYailHO IIMPOKO UCIIOJIb3Y-
eTCsT IPUMEHHUTE/ILHO K aHAJIN3Y MOTOKOB, B KOTOPBIX XapaKTepPHbIE CKOPOCTH
JIBUYKEHUST JACTHUI] Uy MEHbBIIE CKOPOCTH 3BYKa B cpejie ¢o. OTHOIIeHne 3TUX
ckopocreit M = v,/cy usBecTHo Kak uucsio Maxal.

EcrecTBerHo, 1mojiHas MocTaHOBKA MaTeMaTHIeCKO 3a/1a"1 OIMCAHUST JIBU-
JKEHUST XKUJIKOCTH JIOJIZKHA BKJIIOYAThH (DOPMYTUPOBKY HAYATbHBIX U I'DAHIY-
HBIX YCJIOBUi JIjIsi MCKOMBIX BesqndnH. PakTudeckoe pelieHne rpaHuTHbIX
3aJ1a9 JJIsI CHCTEMbI ypaBHEHUM, ONMUCHIBAIOIINX JIBUYKEHIE BSI3KONW HECXKH-
MaeMOil KIJIKOCTH SIBJISIETCS IPE3BbIUAiiHO CI0KHOMN 3a1a4eii. VcrouHnkom
9TUX CJIOKHOCTEH eCTh, MPexKJe BCero, HeJIMHEHHOCTh STHX ypaBHeHuii. B
CBA3U C 9TUM HUHTEPECHO DACCMOTPETH BO3MOZKHOCTL YIIpOHIEHUA CHUCTEMbI
3a cUeT NpeHeOperKeHusT HeJnHefHbIMI cyaraeMbiMu. CiiejlyeT OTMETHUTbD,
9TO peub He ujeT 0 hopMaIbLHOM OTOPACHIBAHUN ‘MEIIaonux’ cjlaraeMblX,
a IIOUCKE TaKUX TUIIOB JABUZKEHUA 2KUJIKOCTHU, HJId U3YyHdEHUsA KOTOPBLIX 3THU
CJIaracMbie ﬂeﬁCTBI/ITeﬂbHO HeCcylnieCTBEHHDI.

JIOBOJIBHO HAIJISIJIHYIO OIEHKY POJIM HEJIMHENHBIX CjlaraeMbIX B YpaBHEHUM
HaBbefCTOKca MO2KHO JJaTb JIJId CJIydasl JABUZKEHUA KUIAKOCTU, CBA3aHHOI'O
¢ pacupocTpaHeHHeM 3ByKa. B akycTHKe OJHUM 13 HamboJjiee pacipocTpa-
HEHHBIX (PU3NIECKIX 00BHEKTOB €CTh OeryIas TapMOHUYIECKAsT TII0CKAST 3BY-
KOBasi BoJIHA. B Hell ckopocTn 4acTuil cpejibl Vo ompeesisiiorcs MpoCThIM
BBIPaKCHIEM

V = Vyexp(ikz — iwt). (1.7)

Biech k = w/c — BOJHOBOE 9HCIIO, & ¢, W — COOTBETCTBEHHO CKOPOCTD 3ByKa

"Spucer Max (1838-1916) ascrpuiickuit busuk.
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1 Kpyrosast gactora. [ljis TaKOro IoJist CKOpOCTell JIerKO CPaBHUTH BeJIHY-
HBI JIOKaJIbHOI Bpementoii OV/0t n kousextusnoit VOV /0 cocrapistoniux
yckopenus B ypasaenun (1.5):

_ovjor ¢ 1 (1.8)
“Tvovier Vo M '

DTa OleHKa M0JIydeHa JIJIsT IPOCTERIIero cirydast JIBUZKeHUsI CPeJIbl B ILIOC-
Koit BosHe. Jlj1s1 Takoil BOJTHBI B BO3JIyXe IPU MHTEHCHBHOCTH 3BYKa, OTBE-
qatorieil 60JIeBOMY TIOPOTY 4esIoBedecKoro yxa, qucio Maxa pasuo M =
0.0014. CrenoBatesibHO, B JAHHOM CJIydae KOHBEKTHBHAsI COCTABJISAIONIAS
YCKOPEHHUsI OYeHb MaJia [0 CPaBHEHUIO C JIOKAJTbHONH BpeMeHHOH. DTOT Ipu-
Mep MOXKHO PacCMaTPUBATL KAaK HEKOTOPOE 0DOCHOBAHUE MPOIE/IYPhI JIMHE-
apuzaryn ypapaenuii akycruku. OJHAKO cjielyeT UMEeTh B BHJLY, 9TO CyIIle-
CTBYIOT MHOTHE CUTYaIlll B aKyCTHKe, Tje BiusiHue 3(pdeKToB HeJTnHeRHo-
CTH OKa3bIBaeTCsl 3HAUNTENbHBIM [14]. Baxkuo Takyke OTMETUTD, 4TO MHOL/A
B cJIydae CYIIeCTBEHHO HEOHOPOIHBIX MOTOKOB, (hbakT MajocTu dncyia Maxa
He SIBJISIETCS OCHOBAHUEM JIJIsT ITPEeHEOPesKeHNsT KOHBEKTHBHBIMU COCTABJISTIO-
M yekoperus [15]. B namteit kanre Oy1yT paccMaTpUBaTBCS JINIID TAKHE
cytydan akyCTHYIeCKUX JIBHXKCHUMN, KOIjla KOHBEKTUBHBIMEI COCTABJISIIOIIIIMI
MOKHO 11peHeOpedb.

Kak MblI yzKe TOBOPHJIM, IIpeHeOpesKeHne HeJMHeHBIMU c/laraeMbIMU B
ypasHennsix Hapbe-Crokca cymecrBenHo ux ympornaer. CoobpazkeHusi, 1c-
[OJIb30BAHHBIE TIPU UX YIIPOIIEHUN CJIejlyeT y4IecTb W HMPH PACCMOTPEHUH
BTOPOT'O YpaBHEHHS B CHCTEMe, OIICHIBAOIIEll 1TOBe/IeHIe YKIJIKOCTH — ypaB-
Henus HepaspbisHocTH (1.1). B 9170M ypaBHEHUN 1P PACCMOTPEHUH TITHPOKO-
ro Kpyra akyCTHIeCKHX Mpo0JIeM TakzKe MOXKHO MpeHeOpedb HeJMHeTHbIMI
cJlaraeMbIMI B BBIDayKeHNHN JIJIsl BpeMeHHOH PON3BOIHOl IIJIOTHOCTH.

BasKHBIM I1arom B JlaJibHEIIeM yIIPOIIEHNE MaTeMaTHIeCKuX MOJIeeil,
OIICBHIBAIONIX TEUCHUE KUJKOCTEH U ra30B, SBJAETCs NpeHedpexkenue 3¢b-
dbexramu BazkocTu. Takue cpejibl, B KOTOPBIX BA3KOCTH (MMEeTCsi B BILY 00e
ee COCTABJISIIONINE) CUUTACTC PEHEOPEKIMOil, HA3BIBAIOTCS HJICAJbHBIMH.
DTO HPEJIIOIOKEHIE JOBOJBHO TaCcTO UCIOJb3YeTCsd B MPHUKJIAIHON JTIHA-
MUKe YKUJKOCTH (& He TOJBKO B aKyCTHKE) U JIAeT BO3SMOYKHOCTD IMOJIYyYUTh
YJIOBJIETBOPUTE/IbHBIC OTBETHI Ha, sl TPAKTUUICCKU BaZKHBIX BOIIPOCOB.

[Tocie npunsaTHS JBYX yKa3aHHBIX JIOMYIICHUMN, KACAIOIINXCA XapakTe-
pa JIBUZKEHUsI JaCTHI[ CPeJibl (ITpeHedpeKeHne KOHBEKTUBHBIMU YJIEHAMHI BO
BPEMEHHGIT TPON3BOJIHOI) 1 CBOHCTB cpejibl (OTCYTCTBIE BSI3KOCTH) CUCTEMA
ypaBHEHU, OINCHIBAIONINX JIBIZKEHNE UJIeaIbHOM YKUJIKOCTH, CYIIEeCTBEHHO
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YIPOIAETCA U IPUOOpPETaeT BT

P g o193
), (1.9)
p— +divo = 0.
ot

OTH 4YeThIpe ypaBHEHUsI COJIEp:KAT IATh HEM3BECTHBIX (DYHKIUil, a MMeH-
HO: TPU KOMIIOHEHTa BEKTOPa CKOPOCTH, JIABJICHUE U IJIOTHOCTH. 3aMbIKAIO-
1[ee COOTHOIICHUE I0JIy4YaeTcd IIPU PACCMOTPEHUN CBSI3U MEXKJly JlaBJIeHU-
eM U IJI0THOCTBIO. COOTHOIIEHNST, ONUCHIBAIONINE TAKYIO CBA3b MOI'YT ObIThH
JIOCTATOYHO CJIO?KHBI B 3aBUCUMOCTH OT PACCMaTPUBAEMbIX TUIIOB TCUCHUIA.
B unTepecyionmx HAC MIPOIECCax PACITPOCTPAHEHNs 3BYKOBLIX BO3MYIIEHUT
JaCcTO MOYKHO HCIOJIB30BATH IPEJINoJiozKeHne 00 ajunabaTuaHOCTH TPOIeCc-
ca jiepbopMUpOBaHUs CPEJIbl U UCIOJIB30BATH ITPOCTYIO CBA3b MEXKJIy JlaBJie-
HUEeM U IJIOTHOCTBIO, B KOTOPOI TeMIiiepaTypa (GpUrypupyer Kak rmapamerp,
OT KOTOPOI'0 3aBUCAT KOIDMDUIMEHTHI ¢Bsi3u. B ciiydae Masbix n3MeHeHuit
[JIOTHOCTH CBSI3b MEKJIy U30ObITOYHBIM JIaBJIeHNEeM (OTKJIOHEHUE JIaBJICHMUsI
OT PABHOBECHOI'0) ¥ M3MEHEHHEM IJIOTHOCTH MPEJICTABJISIOT B BUJIE

pP— po
Po
3ech py — paBHOBECHAs ILJIOTHOCTH cpejibl. [Ipu 9TOM 1pejioiaraercs, 4To
BesmauHa (p— pg)/po 3HAUUTENLHO MeHbIIe euHuIbl. OTCIo/1a Cie/lyeT Bo3-
MOXKHOCTb B ypaBHeHUU JBizKeHus B cucreMe (1.9) 3aMeHUTH [epeMEeHHYO
IIJIOTHOCTDH p Ha paBHOBeCHyIO lIOCTOE{HHyIO IIJIOTHOCTDH p(). HOCJIG TaKoil 3a-

p=K—— (1.10)

MEHbI CTPYKTYpa ypaBHEHUI JIBUKEHUsI HJIEAJILHON YKUJIKOCTH YKA3bIBAET
Ha BaykHOE (DU3MUECKOe CBOMCTBO TAKOTO J[BUZKeHsl. VI3 1IepBoro ypaBHeHst
B (1.9), npu orcyrerBun MaccoBbix cui (F; = 0), cieryer BOSMOXKHOCTH Bbi-
pasuTh BEKTOP CKOPOCTH YACTHUIL CPEJIbI KAK IPaJINeHT HEKOTOPOii CKaJIsipHOM
dyukiun P

U = —grad ®, (1.11)

KOTOpasd Ha3bIBa€TCd IMOTEHIINAJIOM 3BYKOBOI'O I1OJIA. N3 YpaBHEHUS JIBUZKE-
HUud cJIeAyET BbIpazKeHue IJ1sd 130BLITOYHOIO JaBJIEHUA HEPE3 beHKLLI/HO I10-

TEeHIIaJIa
0P

D= po5, ot

VYpaBHenue s ONPEACTICHNs MOTCHIUANA 3BYKOBOIO IIOJIS CJCLYeT W3
ypaBHeHUs HepaspbiBHOCTH (Bropoe ypasHente B (1.9)). [Ipenebperast masibi-
MU BeJIMYUHAMU (B COOTBETCTBUU € TIPEIIIOJIOKEHNEM O MAJIOCTH U3MEHEeHHsI

(1.12)
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IJIOTHOCTH ), [OJIydaeM CJIejyiolee BOJHOBOE ypaBHEeHUe Jiis [OTeHIrala
CKOPOCTH:
2
mIL_ oo, (1.13)
K 0t2

DTO ypaBHEHHE, MOJEINPYIONee MepPeHOC COCTOsTHUSI HE TOJbKO B aKy-
CTUKe, HO U B 3JIEKTPOJIMHAMUKE, MOJIPOOHO MCCIEIyeTcs B KypcaxX MaTe-
marmaeckoit dusukn. [Ipn srom yeranosiaeHo, uro Benmdanta K /py = ¢
SIBJIAETCA CKOPOCTBIO TIEPEHOCA COCTOSIHUS B CPEJIe, T.€. CKOPOCTHIO PacIipo-
cTpaHeHusi BOJHBI. JJis MOJIHOTO aHaJi3a BOJTHOBOTO I0JIsI, OIMUCHIBAEMOIO
BOJTHOBBIM ypaBHEHUEM, HeOOXOJIMMO 3aJ1aTh HAYAbHbIC U I'PAHUIHDIE YCJIO-
Busi. UTO Kacaercst HauabHbIX YCJIOBUH, TO 3/1€Ch CJIEJIyeT 38/IaTh 3HAUCHUE
[IoTeHIaaa CKOpPOCTeil U ero IHepBoil IIPOU3BOIHON 10 BpeMeHu B HadaJlb-
HBIIT MOMEHT Bpemenn. B (husmyecknx mepeMeHHbIX 9TH YCJIOBUST SKBUBA-
JIGHTHBI 38/IaHUI0 HAYaILHOTO TTOJIS CKOPOCTEN YacTHll Cpejibl U HAYaJIbHOe
pacrpejiesienne JlaBjaeHus B Hel, COOTBETCTBEHHO. [ paHnyHble YCJIOBUS HA
MOBEPXHOCTAX 00bEMa, 3aHITOTO >KUJIKOCTHIO, (DOPMYIUPYIOTCS B BHUIE 3a-
JaHsg HOPMAJIBHBIX K MOBEPXHOCTSAM OOBHEMa KOMIIOHEHTOB CKOPOCTH JIHOO
IaBaeHNA. BO3MOXKHBI cJIydan, KO 9TH BEJMYNHDBI 38al0TCs HA pa3/nd-
HBIX 9aCTIX MOBEPXHOCTElH, OrPAHIMINBAIOINIIX 9TOT 00bEM.

Ocobo BazkHOE 3HaYEHNEe B BOJHOBBIX 3ajadax I HeOrPAHUIEeHHBIX 00-
JlacTell MMEIOT TaK Ha3bIBAEMble YCJIOBUST U3JIYUEHUsI, MCKJIIOYAIONNEe BO3-
MOYKHOCTD CYIIECTBOBAHNS MCTOYHUKOB 3BYKa Ha OecKoHeuHocTH. VX mpo-
cTOl (BUBMIECKUIT CMBICJT TIO3BOJISIET JIETKO 3aIIICATh COOTBETCTBYIOIIECE Tpe-
bopanne K popMe aCUMITOTHYECKOTO MPEICTABICHNIS PEIIeHUsT BOJTHOBOIO
ypaBHEHNsT Ha OECKOHETHOCTH.

[Tpu u3yueHnn BOJTHOBBIX MPOIECCOB BAXKHOE 3HAYCHIE NMEET TaKOH JacT-
HBIT cIydaii, Korjia 3aBHCUMOCTh HCKOMBIX BEJTMYHH OT BPEMEHU 3a/1aeTCs
M3HAYAJIbHO B BUJIE MepHondecknx (rapmMonudecknx) dynknuii. [Tpu srom
HNCKOMBIH MOTEHIINAJ CKOPOCTH MPECTABISIETCsI, HAIIPUMED, B BHIE

O(x,y, z,t) = Po(x,y, 2) exp(Liwt). (1.14)

3/ech w — KpyroBas dactora. UTo KacaeTcsi 3HaKa B IOKa3aTele SKCIO-
HEHTBI, €r0 BBIOOP HE MMeeT NPUHIUIHAILHOIO 3HAYCHUSI U €CTh, 10 CYTH,
Jie10M BKyca aBTopoB. OJIHAKO B KK 10i KOHKPETHOM 3aj1ate B IPOIecce ee
peIIeH s eCTECTBEHHO MPUJICPKIBATHCA N3HAYAIBHO BEIOPAHHOTO 3HAYCHUSI.
st TakuX rapMOHMYECKHUX MPOIECCOB BOJTHOBOE yPaBHEHUE MMpeodpa3yeTcst
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B ypaBH€EHUE, Ha3bIBaeMO€ YPDaBHEHUEM FeJleI‘OJIbLLELS
Ad — k*d =0, k=w/e. (1.15)

PaccMaTpuBasi BOSMOXKHOCTH YIIPOIIEHIS MOJIE/IN BA3KON C2KUMaEMOil HbIO-
TOHOBCKO YKUJKOCTH, MBI YJIE/JIUJIN OCHOBHOE BHUMAaHUE MOJIEIN UIea IbHON
CXKMMAEMOl JKNJIKOCTH, TO3BOJIAIONIEN aIeKBATHO ONHMCATH MHOTHE CHTya-
IUU, CBSI3aHHBIE C DeHepaleil W pacupocTpanenneM 3Byka. Mojens njie-
AJTHHON HeCKMMaeMOl JKNJIKOCTH TaKyKe MHTEPEeCHa JIJIsl MHOTUX TTPaKTH4e-
CKUX MpUJIozKeHnit. B yacTHOCTH, TaKast MOJIE/Ih MO3BOJIAET U3YUaTh MPOIECc-
ChbI PACIIPOCTPAHEHHsI TPABUTAIIMOHHBIX (TOBEPXHOCTHBIX) BOJIH B ZKUIKOCTH.
Cy1ecTBeHHOE yIPOIIEHHEe MaTeMaTHIeCKUX COOTHOINIEHUN JTOCTUTAeTCs 1
[IPU PACCMOTPEHUH TakK Has3biBaeMbIX TedeHnit CTOKca, BO3HUKAIOIINX IPH
MaJIbIX 3HadYeHUAX unca Peitnonbaca’. OHako JeTajJbHbIil aHaIN3 TaKIX
MoJieJiell He BXOJIUT B KPYT BOIIPOCOB, PAacCCMATPUBAEMbBIX B JIAHHOI KHMUTE.

8Tepnman dor LeabMrombi (1821-1894) — Hemenkuii bu3MK.
90c6opn Peitmomnac (1842-1912) — anrmitckumit GU3NK 1 HHIKEHEp.
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2. TIPOCTEMIIIME MOJEJI NCTOYHNKOB 3BYKA,
MCIIOJIb3YEMBIE B KJIACCUYECKOM AKYCTUKE

[lepes Tem, Kak MPUCTYIUTH K PACCMOTPEHUIO THIPOAdPOIUHAMUIECKIX
HNCTOYHUKOB 3BYKa, HATIOMHUM, KaKne MPOCTeHIIe MOJIe/ I HCTOTHIKOB 3BY-
K& M3YYIal0TCsI B KJIACCHYIECKON aKyCTUKE U KAKUMHI CBOWCTBAMI OHM 001818~
I0T. DTHU CBEJICHUST HAM ITPUTOJISTCSA B JAJbHEHIIIeM, KOraa Mbl OyIeM n3ydaTh
AKyCTHIECKHEe CBOMCTBA MUAPOAIPOINHAMITICCKIX HCTOYHIKOB 3BYKA.

Crenmyer cka3aTb. 9TO B HACTOSIIIEE BpEMsI B HAyKe U TEXHUKE, B PA3III-
HBIX TPOU3BOACTBEHHBIX TEXHOJOIMIECKUX MPOIECcax U OBITOBBIX IMpubopax
HCIIOJIB3YIOTCS Pa3HOOOpa3Hble NCTOUHUKI 3BYKa (M3JTydaTe/n 3ByKa ), KOTO-
phIe OTJINYAIOTCSA MOITHOCTBIO, BOJTHOBBIMU pa3mepamu, (popMoit 1 criocoda-
MU 11pe0OpPA30BaHMs 0/[BOJIUMOIT 9JIEKTPUIECKOI SHEPIUU B S9HEPTUIO 3BYKO-
BBIX BOJIH, CM., Harpumep, [4—6,8 11,16 20]|. Jlst Teopetntdeckoii onenkn
UX JIEKTPUUECKUK, MEXaAHMIECKUX U aKyCTHYECKUX CBONCTB HMCIOIB3YIOT-
csl JIOBOJTBHO CJIOXKHBIE M HETPUBHAJBHBIE MaTeMaTHIeCKHe MOJETU U Pac-
derTHble MeTOBI 4,5, 18 —21]. OpHaKo e/ OrpaHUIUThCS PACCMOTPEHNEM
HUCTOYHUKOB, XapaKTepHbIe pa3Mepbl KOTOPbIX 3HAYUTEJILHO MEHbIIe JITi-
HbI M3JIy4aeMbIX UM 3BYKOBBIX BOJIH (a 3aberasi BIepe]| CKazkeM, 4TO IH/I-
pPOaspOINHAMIYECKHE UCTOUYHUKHU OTIMIAIOTCS OYeHb MAaJbIMU BOJHOBBIMU
pasMepaMi), a Takyke He NPUHUMATH BO BHUMAaHUE CIocod mpeodpazoBaHist
B HUX TOJBOJUMON SHEPIUU B SHEPIHIO 3BYKOBBIX BOJIH, TO JIJIsI OIUCAHUSI
CBOIICTB TaKUX MCTOYHUKOB BIIOJIHE JIOCTATOYHO IIPOCTEHINNX MOJesIeil gaB-
HO ¥ XOPOIIO U3YUYEHHBIX B KJIACCHIECKON aKyCTHKe.

K makum mpocTefinumM 1 9acTo NCHOJIb3YEMbIM MOJIEISIM HCTOTHIKOB 3BY-
Ka OTHOCATCS cdepa W KPYIVIbIH MOPIIEeHb WM JIUCK, JTUaMeTpoM dy, CM.
puc. 2.1. Ha ux moBepxHOCTSIX 3a/1a€TC HEKOTOPOE pacipejiesienne KoJedba-
resipHOl ckopoctn Vo= Vi f(¢) f(0), KoTropoe rapMOHIHHYECKH OCIIJLIHDYET
¢ HEKOTOPOii 4acToroii fy. A NCKOMBIMU OOBIMHO SIBJISIIOTCS UMIIEJIAHC U3JTY-
dqeHust Z (10 CyTH peakilis OKpysKalomieil cpejipr), MonaocTs W n yriioBoe
pacrpe/iesieHIe MoJLyJist 3ByKoBoro fgasyienns D(yp, 0) (tak HasbiBacMast na-
rpamMMa HarpaBJIeHHOCTH) HAa HEKOTOPOM, CPABHUTEILHO OOJIBIIOM PaCCTOsi-
HUW 7 OT BcTodHUKA. [Ipn 9TOoM mosaratot, 9o dy < A 1 r > \. 3j1ech @,
0 — asuMyTaBHBIN U TOJSPHBIIT KOOPMHATHBIC YIJIbI ¢heputuecKoil cucre-
MbI KOOpJHAT, A = ¢/ fy — JIMHA BOJIHBI, & ¢ — CKOPOCTb PACIIPOCTPAHEHHSI
3ByKa B OKPY2Kaloleil cpejie.

Wwmes B BuLy CKa3aHHOE, PACCMOTPUM HECKOJIBKO MPOCTEHINUX cpepude-
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CKUX u3JIyuare/ieil u usydareseil B Bujie Jucka (MOPIIHsI), OTIXYAROIIIXCS
JINIIb XapaKTePOM pacIpeesieHust KoredaTeIbHOl CKOPOCTH 0 UX MTOBEPX-
HOCTAM, CM. puc. 2.1.

Haunem co cdepsl, Ha Bceil MOBEPXHOCTH KOTOPOIl 3a/IaHO PABHOMEPHOE
pacipe/iesienne KojebaTebHOl CKOPOCTH, YTO YCJIOBHO MOKA3aHO CTPeJKa-
Mu 1 Ha puc. 2.1a. MHbIMu cjioBaMm, ee 1OBEPXHOCTb COBEPINAET IIYJIbCH-
pytorue (pajnajibHbie) KosebaHus, T.e. KojiebaTeibHas CKOPOCTh V. Ha 110-
sepxtocti chepbl nogunnsercs zaxony''V, = Vjexp(—iwt), Vo = const.
3Jech © — MHUMas eJuHuIA, a t — Bpemsa. OUeBuIHO, ITO B 9TOM CJIydae 3BY-
KOBasl SHEprus, n3jaydaeMasi chepoii, OyjieT pacipoCcTpaHsIThCs PABHOMEPHO
BO BCE CTOPOHBI H JarpamMma HallpaB/JIeHHOCTH OyJeT UMEeTh MPOCTON BT
Do(p,0) = const, cm. puc. 2.16. Takoil Tu uziydaress HA3bIBAIOT U3JTY-
JaTesieM MOHOIOJILHOTO TUIA WU U3JIydaTesieM HyJIeBOoro nopsjika. Briosme
OYEBUJIHO, YTO U3JIyUYEHHE 3BYKA HCTOUYHUKOM MOHOIOJLHOIO TUITA MOXKET
IPOMCXOJUTh TOJILKO B TOM CJIydae, ecjin OyJeT M3MeHsThes (KojaebaTbes)
ero oobeM. 3J1ech ClIeJlyeT CKasaTh, YTO B OTJIUYHE OT PeabHbIX UCTOTHMU-
KOB MOHOIIOJIbHOI'O TUIla, UMEIOINX KOHKPETHbIE Pa3sMeEpPhbI, B TeOpeTI/I‘{eCKOﬁ
AaKYCTUKE TaK>Ke CyHIeCTBYeT IIOHATHUE MOHOIIOJIA, KOTOprﬁ ABJIAEeTCA TO4YeU-
HbIM UCTOYHUKOM. HpI/I 9TOM OT peaJIbHOI'O MCTOYHUKa K MOHOIIOJIIO ITPUXO-
AT IIyTeM MpeaesbHoro mepexoga Vo — oo, dy — 0. IIpu sTom npemmona-
raeTcs, 9TO BeandnHa (g = ﬂdg‘/o OCTaeTCs TTOCTOSTHHOU 1 OHa Ha3bIBAeTCsd
00BEMHOIT CKOPOCTHIO MOHOIIOJIS.

C Toukn 3peHus a’dpOrujIpoJIMHAMUKHI TaKoe JIBIKeHHe chepbl reHepu-
pyeT KojiebaTe/ibHOE JIBI2KEHIE OKpYyzKalolieil ee cpejibl. [lepementoe mosie
TedeHUsI, BOZHUKAIOIIee BOKPYT Kojebstonieiics chepbl, olpeeasiercs Io-
TeHnuagoM ckopocreii ®(r,t), KOTOPBIl J/Is [MEHTPATBHO-CHMMETPUTHOTO
CcJIydasi HAXOJAUTCA n3 perrenust ypasaenns (cMm. ypasuerne (1.15) B 1)

A
Dy (r, t) = 2 exp(ikr — iwt). (2.1)
r

Biech Ay — HeKoTopas KOHCTaHTa. depe3 MOTeHIUas CKOPOCTU 3HAueHHsl
CKOPOCTH YaCTHI[ CPEJIbl U 1 JIABJICHUE B CPEJIE P OIPEIE/ISIIOTCs COOTHOIIE-
ausivu (1.11) u (1.12). C yueTrom BBeJICHHOTO TIOHSATHS MOHOIIOJIS TIOTEHIHAT
COB/IABAEMOTO UM I0JIs OIPEJIEJISIeTCs] BbIPAZKEHNeM

CID(()M)(n t) = Zézr exp(ikr — iwt). (2.2)

1OB TEOpeTI/I‘IeCKOﬁ aKyCTHKE MINPOKO HCHOJIb3YIOTCA KOMIIJIEKCHBIE IIE€pEMEHHBbIE IIPpU OIMMCAaHUU Xa-
PaKTEpUCTUK 3BYKOBBIX noJieit. V1 9170 9acTo mo3BoJisier caenaTb boutee HarJIATHBIM (bHSI/I‘IeCKHﬁ aHaJn3
MaTeMaTU4eCKIUX COOTHOIIEHUI.
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Puc. 2.1. TIpocreiinne ncTouHnKu 3ByKa:

a,0 — mysibcupymomnias cdepa U ee auarpaMma HalpaBJIEHHOCTH; B,I' — OCHUJUIMpYIOIas cdepa
7 ee aUarpaMMa HAIpPaBIEHHOCTH; J,¢ — CeKTOPHAJbHBII KBAJIPYIOJIb U €ro JuarpaMMa Ha-
[IPABJIEHHOCTH; K,3 — 30HAJIBHBII KBaJIPYIIOJIb U €0 JuarpaMMa HAIIPABJICHHOCTH; U - OPIIEHb,
BCTaBJIEHHBIN B YKECTKUIT 9KPAH U ero JuarpaMMa HaIlpaBJIeHHOCTH; K — IIyJIbCUPYIONIUIT JINCK U
€ro marpaMmMa HanpaBIeHHOCTH; JT — OCIUITHPYIOIINI IUCK U €T0 uarpaMMa, HAIPABJICHHOCTH;
crpenkamu (¢ nudpaMu) yKa3aHO HAIPAB/ICHUE JBUZKCHU: IIOBEPXHOCTEH WM MX YaCTEH B Te-
YeHHUe OJIHOT'O IIOJIyIIepHoia KolebaHuil; crpesikaMu ¢ OykBoil F' HalpaBiieHUe CII; D — 9KBATOD,
M — mepumaH.
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BazkHoil XapaKTepuCTUKON BOJTHOBOIO JIBUZKEHUST sIBJISIETCST COOTHOIICHUE
MeXKJly JIABJIEHHEM ¥ CKOPOCTBIO B BOJIHE, KOTOPOE XapaKTePH3yeT COIIpO-
THBJIEHHE CPE/IbI PACIPOCTPAHEHNIO BOJIHOBOIO BO3MYIIEHHUS 1 HA3BIBACTCH
YJIETbHBIM AKYCTHICCKUM CONMPOTUBJICHNEM (UM MMIIEJaHCOM) cpejibl z(7).
Jnist cdeputeckoil BOHBI HYJIEBOIO MOPsJKA 9Ta KOMILIEKCHAS BEJINTNHA
mMeer B [21]

z(r):ﬁzwp r ~ e (kr)? » kr
1+ (kr)? 14 (kr)?]’

Uy kr+1i
IJie v, — paJinajibHas COCTaB/ISIIONIAs KOJIe0aTeTbHO CKOPOCTH TacTHIl Cpe-
I, p — IJIOTHOCTB cpejibl, k = 2w /A = w/c, a w = 27 fy. UnTepecto, ato
9Ta BEJIMYNHA 3aBUCUT OT PACCTOSTHIS OT TOYKN HAOJIIOACHNUS JIO MCTOYHUKA.
st Gonbiux paccrosHuil, kr > 1, ee 3HaUYeHUE CTPEMUTCS K BOJTHOBOMY
CONPOTHUBJICHUIO aKYCTHUIECKON CPEJIbl PC.

(2.3)

Boranciennast Ha HOBEPXHOCTH PEaLHOIO MYIbCUPYIONIEro chepriaecKoro
HCTOYHNKA, Bejmanna z(r = dy) onpejiesisieT ero yjeabHoe CONPOTUBJICHIEe
U3JIyUIeHUs], & [10CIe YMHOXKEHIS Ha IJIOIIa/ b IIOBEPXHOCTH S 110JIyYaeM 3Ha-
deHue MOJIHOIO CONPOTUBJIeHHs! (UMIIe[aHca) u3jiyderus Zy cepuaeckoro
ucrounnka. Ecjm orpannuanrbes ciydasivu, korja kdyg/2 < 1, To nosydnm
OUYeHb IIPOCTOE BbIparKeHUe

kdy kdy

Zy = pcS <7>2 i (2.4)

MrHOBEHHOE 3HAUECHIE MOITHOCTH, HEOOXOJAMMOI IS CO3JIaHMsT TIePUO/IN-
9eCKOI0 JIBUZKEHUS TTOBEPXHOCTH C(EPHIECKOr0 MCTOUHNKA CO CKOPOCTHIO
V, = Vyexp(—iwt) onpegessiercs coorHomernem [21]

W.(t) = S[Re(p)Re(V;)] = S[Re(VZ)Re(V)]. (2.5)

[Tocie MOICTAHOBKM 3HAUEHU{T CKOPOCTH, COOTBETCTBYIOIIEH MOTEHIHAILY
(2.1), 1 BBIpaKEHNU /IS IMITE/IAHCA H3IIydeHus (2.3) oIy InM BhIParKeHne

W, (t) = S[VZReZ cos?(wt) + VEImZ sin(wt) cos(wt)]. (2.6)

DT0 BbIpazKeHUe JIACT BOBMOKHOCTD OICHUTH MAKCHMAJIbHOE 3HAUCHIE MOIII-
HOCTHU BHEITHEr0 MCTOYHHKA, 0OECIIETMBAIOIIEr0 MYIbCUPYIOIIee JTBUKEHNE
cdepbl B cxkumMaemoit kujkoctu. C mpuemsieMoit Jijist MOCIeyIONuX ole-
HOK TOYHOCTBIO 3Ty BEJIUYMHY MOXKHO IIPUHATH, KAK CYMMY aMIIUTYQHbLIX
MHOXKUTEJIEHl TPU TPUTOHOMETPUUECKIX (DYHKIUIX

W ~ S[ViReZ + VEImZ]. (2.7)

22



C TOYKUN 3pEHUA U3JIYyHYEeHUd 3BYKa JiBa CJlara€MbIX B BbIparKEHUU JIJI5
MIHOBEHHOfT MorrocTH (2.6) MPUHIUIHAIBHO PA3IHTIAIOTCA. DTO Pa3Indne
O6Hapy)KI/IBaeTC${ IIpU BbIYUCJIEHUUN CPEJIHETrO 3a IepUuo/] IIOTOKa MOHIHOCTU
¢ moBepxHocTH cdepbl. OUEBUAHO, UTO OTINYHBIN OT HYJS BKJIAI B 3TOT
MMOTOK JIaeT JIUIIIh [IEPBOE cJlaraeMoe. 3a 3TUM Pas/IndueM CKPLIBACTCS BarK-
HbIit pusnaeckuit cMbics. C 9HepreTHIecKoi TOYKI 3PEHNs N3y YeHIE 3BYKA
B OKPYZKAIOIIYIO CPey MOXKHO TPaKTOBAaTh, KaK HEKOTOPBIC IIOTEPHU dHEPIrun
JIJIsl NICTOYHUKA JIBKeHUs. PaBencTBO HYJIIO 38 MEPUOJT, BTOPOTO CJIAraeMoro
B (2.6) yKasbBaeT Ha TO, YTO OIMCHIBAEMOE MM JIBUKEHUE YKIJIKOCTH He CBsi-
3aHO € M3/Iy9IeHHeM 3ByKa. ITO 0OCTOATETLCTBO JAeT BO3MOXKHOCTD JIJIsT 9TO-
o TIPOCTEHIIIero u3aydaresis BBECTH MOHATHE SHEPTeTUIecKOoi 3(hHeKTUBHO-
CTU UBJIYUYCHUS 7)g, ONPEJECNsAd ero Kak OTHOIICHUE U3JIYYCHHON dHEPIuu K
001l HEPruy, HEOOXOIMMOI JIJIsT OCYIIECTBICHUS JIBUXKEHUST TOBEPXHOCTH

NCTOYHUKA
ReZ ]{IT’Q do

T ReZ+ImZ l+kry 0 2

Dra GopMyJia 0OUeHb HAIJISAIHO WIIIOCTPUPYET 0bIee CBOMCTBO MCTOTHM-
KOB 3BYKa B aKyCTHKe. JPPEKTUBHOCTD U3IYIEHNsT CYIIECTBEHHO 3aBUCUT
OT BOJTHOBBIX PasMepoB m3jydaresisi. [Ipu 9ToM BBIJIEISIIOTCS JiBa MPEJIeTh-
HBIX ciaydas: upu krg — 0, ng — 0; krg — oo, g — 1. Tenepp sicHo, 1TO B
cirydae MaJioif 1o cpaBHEHUIO ¢ JITITHON BOJTHBI ¢hephbl OCHOBHAS JACTh SHEP-
IUH UCTOYHUKA JIBUKEHUsI TPATUTCSI Ha CO3JaHie KoJebaTebHOr0 MOTOKA

Mo (2.8)

JKIJIKOCTN BOJIN3H TOBEPXHOCTHU U JIMIIb OYeHb He3HAUNTeTbHas JacTh ee 13-
Jydaercs B BHje 3ByKa. [[oCKOIBbKY, KaK YKa3bIBaJIOCh BbIIIE, OOJTBITIMHCTBO
UPOAMHAMAYECKIX NCTOYHUKOB 3BYKA SIBJISIFOTCS MAJIBIMU 110 CDABHEHUIO
¢ JIJTUHOM BOJIHBI, OlleHKa 3(PMEKTUBHOCTH U3/Ty4daTe s CTAHOBUTCS BarKHOI
pobJIeMOil THIPOIMHAMIYECKOIT aKyCTUKH.

Brlimie MbI paccMaTpUBaJI COCTABJISIIONINE MIHOBEHHOT'O TTOTOKA MOIITHO-
cTi, obecrieunBaroliero Kojebanus cdepnol. HacTb MoToKa, cBsA3aHHas C Be-
1[eCTBEHHON (AKTUBHOI) KOMIIOHEHTOH KOMILJIEKCHOIO MMIIEJIAHCA TPATUT-
csl Ha cozzlanue 3ByKoBoro mosis. [losnast, usnydennas 3a nepuoj 3ByKoBast
sHeprusi F| moc/ie uHTErpupoBanus 1o neprojy Bbipaxenus (2.6), paBHa

VZ
E= %ReZ. (2.9)

DTa SHEPrUst ONPE/IC/IACTCS JIUIb BEIIECTBEHHON YacThio MMITECIAHCA 13-
aydennst. [lostomy Benuuuna ReZ oObMHO Ha3bIBaeTCs aKTHUBHOI cocTaB-
sistrorneit. Manmast gacth umienanca ImZ tak:ke XxapakKTepusyeT COCTaB/Isi-
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IOTIYI0 TIOTOKA SHEPIu, odecednBaroniero pabory uajydaresis. PaBeHcTBo
HYJIIO 3& I[EPUOJ, 3TON COCTABJIAIONIEH II0 aHAJOIMU C JICKTPOIMHAMUKON
CJIYZKUT OCHOBaHUEM JIJIsI TPAKTOBKHU €€, KaK peaKTHBHOﬁ MOITHOCTH. Ee Be-
JINYMHa HE BJIMAET Ha WHTEHCHUBHOCTH H3JIyYE€HHOI'O 3BYKa, HO 663 3aTpar
SHEPIUN Ha TAKYI0 COCTABJISIONIYIO M3JIydIaTe/ib HE MOXKET 00eClednTh 3a-
JIAHHYIO WHTEHCUBHOCTH 3BYKOBOI'O TIOJIST.

Obparnmces K aHaaIn3y (pU3MIECKOTO CMBICTIa MHUMOM COCTABJISIIONIEH M-
nejlaHca U3JIydeHus mysabcupytoreii cdepol. Paccmorpum ero BbipakeHue
B (2.4), cupaBeJyinBoe JIJIsi MAJIbIX BOJTHOBBIX Pa3MepoB cephbl

1 1
ImZ, = §pcSkd0 = ipwdgw = 3wMg). (2.10)

Bstech Mg) — Macca okpyzKatolieil cpe/jibl, BbITecHenHas cdepoii. A pesn-
anny My = 3M(g) B akycTuKe Ha3bIBAIOT NpHCOEMHEHHON Maccoit. Tlepn-
OJIYIeCKOe TIepeMellieHne TaKoil Macchl He CBSI3aHO C 3aTPATON SHEPIUU 3a
1epuo/i KosiebaHuii, 0JIHAKO MPHU 3a/[aHHOI aMILTUTY/Ie BbIHY K IAI0IIel CUIbI
BeJIMIIHA MACChI OIPeJIesIsIeT aMILINTY/ Ty Kojiebanuii mopepxHoctu cgepbr. C
POCTOM BOJTHOBOT'O pasmepa cepbl BeJTMINHA TPICOEMHEHHON MACChl YObI-
BAET, CTPEMSICH B IIpejiesie K HyJIi0. DTO CJIeyeT U3 OOINero BhIpayKeHusl JIJIsT
MHIMOIfT YacTu umieganca B (2.3) npu kr — oo.

Tereps paccMOTpPUM JIpYTOil BO3SMOXKHBI THIT KOJEOAHUIT MOBEPXHOCTH
cepnl. [lycTh Bepxuss or sxBaTopa ‘D" M0JIOBIHA MOBEPXHOCTH chepbl 1
KOJIEOJIETCS B TY K€ CTOPOHY, UTO U HIXKHsAsE ee mosioBuHa 2 (Ha puc. 2.1B
9Ta CUTYaIlsl OTPayKeHa COOTBETCTBYIOMIUM HAIIPABICHUEM CTPEJIOK Ha I0-
BepxHOCTH cepbl 1 TOHUPOBaHWEM HIKHell mosycdepsl). B sTom ciydae
KojiebaTe/ibHasd CKOPOCTh Ha IMOBEPXHOCTH Cepbl MOMXKET OBbITh IIPE/ICTaB-
nena dyuxipeii V, = Vjcos(f) u, cienosarenbro, cdepa coBepiiaer oc-
IJIHPYIOIINE KosieOaHwsl B HAIIPABJICHIN OCH To KaK OJHO Tieoe, T.e. 0e3
n3MeHenns: obnema. s Toro, 9Tobbl 3acTaBUTL CEepy COBEPINAThL TAKIE
KOJIe0aHMsl, €CTECTBCHHO HYZKHO NMPUJIOKUTH K HEll HEKOTOPYIO Hepuo/mde-
ckyto cuty F' = Fjexp(—iwt), HAIPABICHHYIO BJIOIb OCU Ty. Takoii m3ry-
JaTesb 3ByKa HA3bIBACTCS N3JIydaTeIeM MePBOro MOPsIKA WM U3JIydaTe/1eM
Juno/ibHoro Trta. [loreHiman ckopocreil dacTuil cpejibl B 3ByKOBOM T10JI€ B
9TOM CJlydae nMeer BU/T

A ,
Oy(r,0,t) = 70 <1 + k:Zr) cos 0 exp(ikr — iwt). (2.11)

OueBmjiHO, UTO OCHULINPYONAsi cdepa, B OTJINIUE OT IYJIbCUPYIOIICH,
OyjileT UMeThb HalPaBJEHHOCTH, MPUYEM MAKCHUMYMbl U3JIyUeHUs OyIyT Ha-
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6/110/1aThes B 00enX HAIIPABJIEHUSAX OCH To, & MUHUMYM — B IIJIOCKOCTH 9KBa-
Topa “D”. Ha puc. 2.1r uzobpazkena jjmarpaMma HalpaBJeHHOCTH TaKkoil ce-
pbI, KOTOpas onnceiBaercs BeipazkenuneM Di(p,0) = D cos(f). Ucnombays
BBIPaKeHNe JIJIs TOTEH A a cKopocTeii (2.11) MOXKHO BBIYHCINTD HMITEIAHC
u3JIydennst ocimpyionieit ccepor npu kdy/2 < 1, (em. [20,21]):
4 .
Zy = 1pes |2 <kd°> _ Lkdo (2.12)
3 4\ 2 2 2
CpaBHuBast BbIpazKeHUsT JIJIl aKTUBHOI dacTn umieancos (2.12) u (2.4),
BUJIMIM, YTO B OTVINYHE OT IIyJIbCUPYIONIeil chepbl MOIIHOCTD M3JTyUeHUsT OC-
LJLIIPYIoLIeil chepbl IPOIIOPIUOHAIbHA HE BTOPOI, a yrKe 4eTBepPToil cTe-
nenn napamerpa kdp/2, XapKTepu3yolero BOJIHOBOI pasMep H3JIydareis.
[TosToMy, 1Tpn MaJIbIX BOJTHOBBIX pasMepax OCIIJINPYIoNias cdepa dBIsdeT-
cs1 MeHee 3(PMEKTUBHBIM NCTOYHIKOM 3BYKa M0 CPABHEHUIO C IYILCUPYIOIIEit
cepoil, XoTd B HEKOTOPBIX CJIyUasiX HAIIPABJIEHHOCTDH M3JIy9YeHUs SBJISETCS
PAKTUYIECKH MOJIe3HBIM cBolicTBOM. Ociuuimpyiorias cdepa siB/IseTcs Tak-
’Ke MeHee 3(pPEKTUBHBIM ITpeodpasoBaTesieM SHEPIUN NCTOTHIKA JIBUZKEHUST
B 9HEPI'HIO 3BYKOBOI'O IIOJIs. DTO CBOWCTBO KOJIMYECTBEHHO OIEHUBAETCS OT-
HOIIIEHUEM BeJIMYNH aKTHBHON COCTABJISIONIE NMIIe/[aHCca N3y YeHUs K CyM-
M€ aKTUBHOU U PEAKTUBHON COCTABJISIONINX

~ Rez kry/3
~ ReZ+ImZ  krd/3 +kry/2

m (2.13)

Kak BuiHO, Ipu MaJIbIX BOJIHOBBIX pasMepax OCIIJLINPYIoleit cchepbl nveem
m ~ 2(kr)3/3

YauTbiBasg 3HAK [IPU MHUMOI JacTn uMIie anca B (2.12), MOXKHO cKa3aTh,
9TO 9Ta YaCTh MMIIEJaHca (TakkKe KakK U B CJydae IyJTbCHpYIoNeil chepbl)
MMeeT XapakTep MPUCOeIMHeHHON Macchl. Ucmombsys (2.12), Jjierko moka-
3aTh, 9TO 9Ta Macca My = M) /2.

EcrecTBeHHO BO3HMKAET BOIPOC: B UeM IHPUUMHA TaKoil HU3KON 3dhdek-
TUBHOCTU UCTOYHUKA 11E€PBOTrO Mopsiaka’ PacecMoTpum 9ToT Botipoc 6osiee jie-
TabHO. OYEeBUIHO, UTO BEPXHsST U HUZKHSST MOJOBUHKN chephbl KOIeOTI0T-
cst cutdaszHo (B oJHOM Halpas/eHun). [losromy, eciim B KaKOH-TO MOMEHT
BPEMEHU Ha TTOBEPXHOCTH BepXHEl MOJOBIHKN MPONCXOJUT CKATHE OKPYZKa-
forreii cpejibl (T.e. 3BYKOBOE JIaBJICHIE PACTET), TO Ha MOBEPXHOCTU HUKHET
OJIOBHHKHU [TPOUCXOJTAT PA3PsIZKEHIe CPeJibl (T.€. 3ByKOBOE JIABJICHNUE MAJ1aeT )
n HaoObopoT. Obpasyromnuecst Mpu TOM Ha TOBEPXHOCTSIX MOJOBUHOK CephI
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BOJIHBI CZKATUS U Pa3psizKeHnsl HAYMHAIOT PACIPOCTPAHATCH B OKPYZKaroIeil
cpene. Ho, mockombKy anamMerp cdepbl MaJI O CPABHEHUIO C JJIUHON BOJTHEI,
3a cUeT sABJIeHUs JIUQPaKINU BOJHA C2KATHA, 00PA30BaBIIAICI Ha TOBEPXHO-
CTH BepXHeii MOJOBUHKHI, OBICTPO (CO CKOPOCTBIO €) JIOCTUTAET TTOBEPXHOCTH
HIUPKHE TTOJIOBUHKM ¥ YACTUYIHO BBIDABHUBAET CO3/IABIIEeCs 3/1eCh HI3KOe
JlaBienne. B 910 ke BpeMs, BOJTHA HU3KOTO JIABJIEHUST C HUYKHEN TTOJTOBMHKH
JIOCTHTAET TTOBEPXHOCTU BEpXHEH TOJOBUHKHI W TaKyKe BLIPABHUBAET UMEIO-
Imeecsl TYT BBICOKOE JlaBjienne. KcerecTBeHHO, UTO BhIPABHUBAHUE 3BYKOBBIX
JIaBJIeHniT Ha 00enX IMOJIOBUHKAX cepbl MPUBOJUT K CYIIECTBEHHOMY CHU-
JKEHHUIO MOITHOCTH, U3JIy4aeMOil JUIOJbHBIM UCTOYHUKOM, 110 CPABHEHUIO C
MOHOTOJIbHBIM. HeTpyiHO JIorajlaThcsd, 9TO OMUCAHHOE BHIDABHUBAHUE JIAB-
JIGHUH, Bcerjia MMeeT MeCTO, KOIjla Ha MU3JIyJaloliuX MOBEPXHOCTAX HCTOY-
HUKOB 3ByKa, UMEIOTCs MMPOTUBOMA3HO KOJIEOIIONMNEcs: YIaACTKU, U 3TOT -
QeKT B aKycTHKe MPUHATO HA3BIBATH aKYCTUICCKUM KOPOTKHUM 3aMbIKAHI-
em [9,20,21]. Bmecre ¢ 9TuM BOJHOBBIM TIPOIIECCOM, KOTOPbIH 00yCJI0BINBAET
U3JIydeHne 3ByKOBBIX BOJIH, OJJHOBPEMEHHO MJIET MPOIECC MePeTEeKAHUST Cpe-
JIBI OT TIOBEPXHOCTH OJIHO# MOJOBUHKHN chepbl, Ha KOTOPOit B JIAHHBIT MOMEHT
MMeeTCs TIOBBIIIEHHOe JIaB/IeHe, K TTOBEPXHOCTH JIPYTO IPOTHUBOIOJIOXKHO
10JIOBUHKE Cepbl, TJie JIaBjieHie TOHIKEHHOe. DTOT MPOIECC sABJIAETCS Ul-
CTO TUJIPOJIMHAMUYECKUM U He CBA3aH € U3JIyUeHNeM 3BYKOBBIX BOJIH. 3J1ECh
YMECTHO 3aMETHTD, UTO JazKe IIPH OTCYTCTBHHI CKIMAEMOCTH CpejibIt! mepe-
TeKaHWe CPeJIbl BOKPYT OCIUJIIUPYIOIeil chepbl He NCUe3HeT, XOTs 3BYKOBbIE
BOJIHBI €CTECTBEHHO M3/IydaThbCsd He OY/IyT.

B sakmodenne mobaBum, 4TO IpH oreHke obImei 9(hPEeKTUBHOCTH U3ITY-
qeHust KoJstedstoneiicss cdepbl HeOOXOMMO YIUTHIBATL KAK MPOIECC BOJTHO-
obpa3oBaHus, TaK U TUJAPOJUHAMUYCCKUIN TIpoIece Teperekanust cpejbl. U
B JIAHHOM CJIydae, IpUMep OCHUJINPYIoleil cepbl BecbMa MMOKa3aTesIeH.
JlelicTBUTEILHO, HECMOTPSI Ha TO, YTO BHIYUC/ICHHAS BBIINIE BEJTMINHA TPUCO-
eJIMHEHHO Macchl OKa3aJiach MEHbIIe, YeM B CJIydae MyJIbCUpYIoIei cepsl,
ee OTHOCUTEJIbHAS BeJIMUINHA CYIEeCTBeHHO Bo3poca. [Toaromy sneprus, 3a-
TpadnBaeMasi Ha CO3JIaHue OCIUJITUPYIOMNUX KoJiebaHuil chepbl TPATUTCH B
GoJiblIiell Mepe Ha IepeTeKaHie cpejibl BOKPYT cepbl, YeM Ha BOJIHO00Pa30-
BaHMe.

[Toitiem pasibiie 1 paccedem MoBepXHOCTD Chephl JIOCKOCTSIME, TTPOXO/Is-
muMu depes sKBaTop D7 u mepujuan ‘M”, Ha derbipe dactu, cMm. puc. 2.11.

11T3Ka${ MO/JI€JIb CPpeJIbl NINPOKO UCIIOJIB3YETCA B adPOTUAPOIUHAMUKE IPU N3YyYCHUN Pa3JIMIHbIX TUIIOB
TedeHud KUJIKOCTHU UJIA ra3a U O Helt Mbl TOBOPUJIA B nepBoﬁ rjiaBe.
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OueBn1HO, YTO YACTU TTOBEPXHOCTH, obo3HaYeHHBIe Indpamu 1 u 2, Koyed-
JIIoTCs B mpoTuBodasze ¢ dactsaMu mosepxaocTn 3 u 4. Takoit msiydarennb
3ByKa HA3BIBAETCSA H3JIyUYaTeseM KBAJIPYIOJbHOTO TUIA WM HU3JIydaTeeM
BTOPOTO TOpsiJiKa, a 110 Tepmunosornun C.M. Prkeskuna [20] cexTopuaibHbiM
KBa/IPYIIOILHBIM U3JIydaTeaeM. Kro nMmienanc n3rydennst OnpeIessieTcs Bbl-
parkeHneM

6 .
25 — pes | — <@> _ L kdo) (2.14)
135\ 2 5 2

Kak Buno, akTuBHAs YacTh UMIIEIAHCA U3JIyUeHIs HCTOUHIKA KBAJPY-
IOJILHOTO THUIIA MPOIOPIMOHAIbHA Y2Ke mecToil crenenu kdy/2, B TO BpeMmst
KaK €ro peakTHBHAsl 9acTbh OCTACTCS IPOIOPIUOHAILHON MEepBON CTereHn
kdy /2. TToaromy ahdbekTHBHOCTD U3y daTe st OKA3bIBAETCs TIPONOPIHOHA b-
HOIt 115170l cTenenn kdy/2, 4T0 HAMHOTO HUYKE, YeM JIUIIOJILHOIO, & TeM boJiee
MOHOIIOJILHOTO MCTOYHUKOB. DTO sABJISIETCH IPAMBIM CJIEJICTBUEM YBeJIIIe-
HUST KOJIMYECTBA, IPOTUBOMA3ZHO KOJIEOIIONUXCH YIACTKOB Ha TTOBEPXHOCTU
cepbl 1 COOTBETCTBYIONNM yCUJIeHueM PoJin 3¢ deKkTa aKyCTUIecKoro Ko-
POTKOI'O 3aMbIKAHUS.

Kakoii xxe dbuzndecknit MexaHu3M MO3BOJISIET KBAJIPYIIOJIIO U3/IyYaTh 3BYK 7
HeiicTBuTe/ibHO, KBAJIPYIIOIL HE U3MEHSAET CBOH 00beM Kak MOHOIOJL. B
TOYXKE BPEMsI OH HE JIBUKETCS KaK OJIHO IIeJIoe T0J| JieficTBUeM HEKOTOPOIt
cuIbl 110710000 Jutosiio. [losromy, it Toro, 4ToObI 3aCTABUTH KOJIEOATHCS
CEKTOPHUAJIBHDII KBaJIPYIIOJib, HEOOXOJAUMO MPUJIOKUTD JIBE MAPbI CIJI, KaK
nokazano Ha puc. 2.1;1. [Ipu sTom, B niepBbIil ostyniepuo Kojiebanuii, Cuiibl,
IPUJIOZKEHHbIe K YeTBEPTYIIKAM TTOBEPXHOCTU 1 1 2, JIOJZKHBI PACTAIMBATH
cepy, a CUJIbI, IPUJIOYKEHHBIE K YeTBePTYIIKaM 3 1 4 JIOJIZKHBI ee CZKUMATh.
Bo BTOpoit mosynepnost HampanieHne 3TUX CUJl €CTeCTBEHHO N3MEHUTCs Ha
IPOTUBOIOJIOKHOE. JIerko ybejuThest, 4To paBHOMAEHCTBYIONIAS BCEX STUX
cut B J1I000 MOMEHT BpemeHu OyjieT pasha Hysio. Takue Kosiebanns qersep-
TYIIEK 1OBEPXHOCTU chepbl OY/IyT BbI3LIBATH MPEUMYIIECTBEHHO CJIBUTOBDLIE
(BpararesibHble) JIBIZKEHUST CPEJibl Y MOBEPXHOCTH. EcTecTBeHHO, 4To mpn
TAKUX JIBUKEHUAX 3(DMOEKTUBHOCTL M3JIyUYeHNs 3ByKa OyJIeT He3HAYHTE b
HOI.

CekTopua/ibHbIil KBaJIPYIIO/Ib HMEET YeThIPEXJIENECTKOBYIO JUarpaMMy Ha-
IPaBJIEHHOCTH, BIJI KOTOPOIi n3o6pazkeH Ha puc. 2.1e n Koropas MOKeT ObITh
ormcana dynkineii DY = cos(2¢) sin?(6), cm. [20].

Uziyydaress KBaJipynoibHOro THIIA MOXKHO ¢(HOPMUPOBATL U JAPYTUM CIO-
cobom. Ecyin va HekoTopoii mmpore orcedb mossiphble mainku (Ha puc. 2.1
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o 0bo3HAueHbI udpamu 1 1 2) 1 3acTaBUTh UX KOJIEOATHCA B IPOTUBO(hA3E
10 OTHOIIEHNIO K C(hepUIecKOMY TOsACY 3, TO MBI ITOJIY UM 30HAJILHBIN KBa/I-
PYII0Jib, KOTOPOMY IPHUCYIIA JinarpaMMa HalpaBJIeHHOCTH, W300parKeHHast
Ha puc. 2.13 n KoTopast MOZKeT OBbITh oltncana QyHKIneit DéB) = 3cos?(0)—1.
Ero ummeanc nziydenns onpejessieTcst CJIeiyoNuM BbIpaxKeHneM:

=) 1 (kdo)ﬁ i kdy
2

78 = — _ L Bl 2.1
2 = eS| 10 15 2 (2.15)

CpasuuB Beipazkenust (2.14) u (2.15), moxHO yOeANTHCA, ITO 3P DEKTHB-
HOCTb 00enx m3JIydaresieil KBapynoJbHOIO THIIA IMEET OJUH I TOT JKe I0-
PSIJIOK 1 110 CPABHEIHHIO ¢ U3/IydaTesSIMI MOHOIO/IBHOTO U JANIIOIBHOIO THIIA
Kpaiine Hu3Ka.

B zakmiogenne MOXKHO CKa3aTb, 4YTO pa3aejisgsd ITOBEPXHOCTb C(bepbl Ha
6oJIbIIIee KOJIMYECTBO YacTeil MOXKHO IIOJIYYUTb UCTOYHUKU 3BYKa 6oJiee Bbl-
COKOI'O IOpdKa, HallpUMED, OKTOIIOJIN U IP. Ho HY?KHO IIOMHUTb, 4YTO €M
BbIIIE ITOPAJJOK UCTOYHUKa 3BYyKa, TEM HUXKE €ro S(b(beKTI/IBHOCTb.

PesysbraThl anasm3a 3ByKOBBIX IOJICH, CO3/IaBACMbBIX C(HEPUICCKUMHI HC-
TOYHUKAMU C PA3JIMIHBIM PaCIpejie/IeHIeM CKOPOCTel 110 TTOBEPXHOCTH, 1~
POKO HCIIOJIB3YIOTCSI TIPH KAYeCTBEHHOM aHaJIn3e MPOIecca M3/IydeHus 3ByKa
Pa3IMIHBIMU peabHbIMI UCTOUHUKAMU. [IpocTeifinumM mpuMepoM 3Toro sis-
JISIeTCsT aHaJ I3 3BYKOBOTO T10JIs, m3jydaeMoro jauckamu. OcTaHOBUMCST Ha
npocreiiliiemM u3iydaresie 3ByKa B BUJE JIUNCKA (WM HOPIIHS), Pa3MelleH-
HOrO B OECKOHEUHOM aKyCTHYECKH YKeCTKOM 3KpaHe, KakK H300parkeHo Ha
puc. 2.1u. Ilpesgnonaraercs, 4To pacupejie/ieHue KoJjiedaTeJbHON CKOPOCTH
[0 ero BepxHeil MOBEPXHOCTH pPABHOMEPHOE, a Ha HIYKHEH MOBEPXHOCTH KO-
JiebaresibHas CKOPOCTh paBHa HYJII0. e npejacraBisaTh co3jiaBaeMoe JIic-
KOM TI0JIe B TepMUHAX chHEPUUECKUX BOJIH, TO CJIejIyeT OTMETUTh, 9TO B HEM
Oy/IyT TPUCYTCTBOBATEH CPePUIECKNe BOJHBI BCEX MOPSIIKOB, T.€. MOHOIOJ b
HOI, JUIOJBHOM, KBaAPYIOAbHOM 1 T./1. OIHAKO UX BKIA B OOIIYIO SHEPIHIO
U3IydeHnst OyaeT pa3andHbIM U CYIIECTBEHHO 3aBUCSIINM OT BOJTHOBBIX Pas-
MepoB ancka. [Ipn MaJIbIX BOJIHOBBIX pasMepax JINCKa TAKOH m3aydaTesb Oy-
JIET MPAKTUICCKN SKBUBAJICHTHBIM U3JIYyIaTE/ 10 MOHOIIOJILHOTO THIIA. TaKoif
M3JIydaTesb 3ByKa paccMarpusal ere Paseit B [4,5]. B wacTHOCTH OH TO-
JIYIIJT TOUHBIE BBIPAZKEHUST JIJIsT UMITEIAHCa N3JTYICHH, CIIPABE/TUBBIC JIJIsT
moboro sHadeHnst do/A. Vcrnosb3yst 9T BhIpazKeHHUsI, Mbl MOKEM BBIIICATE
dopmyity, ONpeesIsIioILy 0 NMIIEIAHC U3JTyUeHNsT TAKOTO JINCKA JIjIs CJIydast
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do/ )\ < 1.
kdo\?> 8 kd
20> _ ot Fdo 7 (2.16)

1
7, = -
d p052< 31 2

e S = 7(dy/2)? — naomaab OHOI CTOPOHBI JIUCKA.

CpaBHuBas moc/ejiHee BhIpayKeHNe ¢ BhIPAKEHUEM JIJIsT IMIIETIAHCa, MYJIb-
cupyroreii cepot (2.4), HeTPYIHO YOEUTHCsI, YTO JIMCK B SKpaHe JeiiCcTBI-
TEJILHO JIOMYCTUMO PACCMATPUBATH KAK MCTOMHUK MOHOIOJIbHOTO Tuia. Oj-
HAaKO, IIOJIHAS aHAaJIOrUsl IIPOCJIC’KUBACTC JINIIL B OTHOIIEHUN BEIeCTBEH-
HOIl wacTn ummeanca. Ipucoenaentast Macca KOJIeOJIIONErocs JIicKa, Cy-
I[eCTBEHHO (IIPUMEPHO B 5 pa3) MeHbIIle ueM y mysbcupyiomieii ccepor. Takoe
CHIKEHUE 00YCJIOBJICHO HAJTUYUEM CJIBUTOBLIX KOMIIOHEHT B I0JIe CKOPOCTei
BOJIM3U MTOBEPXHOCTU JIUCKA, B TO BPEMs KakK Y IyJbCUPYIONIeH cdephl, OHN
oTcyTCTBYIOT. TakyKe, Kak U MyJibcupyloniei cdepe, JIMCKY CBONCTBEHHO PaB-
HOMEpHOE M3JIYYCHUE 3BYKa B OKpYyzKarollee IPOCTPAHCTBO, OJHAKO, M3-3a
HAJIMYUsT OECKOHETHOI'O 9KPaHa, OHO MOXKET ITPOUCXOIUTH TOJBLKO B BepxHee
ITOJIYIIPOCTPAaHCTBO.

YbepeMm sKkpaH n OyJieM CUYUTATh, 9TO HUKHSIA TOBEPXHOCTH JTUCKA TaK-
JKe KoJieDJIeTCst, Ho B MPOTUBOIIOJIOKHYIO CTOPOHY. Torja mogyanm ¢BobojI-
HBI YJIbCUPYIOMNIT IUCK, cM. puc. 2.1k. EcTecTBenHo, 9T0O Py 3TOM MOIII-
HOCTL U3JIydeHus YABOUTCsS. Teneph ero najydaemast 3ByKOBas SHEpTUs Oy-
JeT paBHOMEpPHO paclpeeseHa BO BCeM OKPYrKalollleM IIPOCTpaHCcTBe, T.e.
Dy = const. Takum obpasoM, MyJbCUPYIONAI TUCK, TAKXKE KAaK U ITYIbCH-
pyforas cdepa SIBISTIOTCI NCTOYHNKAMI MOHOIIOJIBHOTO THIIA.

Ecan ma HuskHe# MOBEPXHOCTH CBOOOIHOTO ANCKA M3MEHNTH HAITPABJICHIE
KOJ1e0aTeLHON CKOPOCTH, TO MBI MOJYIUM OCIUJIIUPYIOMNI TUCK, aKyCTH-
JecKMe CBOMCTBA KOTOPOrO aHAJOTHYHBI CBOMCTBAM OCHMJLIMPYIONEH cde-
poI, cM. puc. 2.1 [leficTBUTeIbHO, €10 MarpaMmMa HalpaBIeHHOCTH OJIn3Ka
JIarpaMMe HallpaBJIeHHOCTH OCHUJLIpYomei cdepbl (cpaBhu puc. 2.1r ¢
puc. 2.11). A uMIeJaHC U3JIyYeHNs, KaK CJIejlyeT U3 MPUBEJICHHOIO HIUKe
BBIparKeHNsl, C TOYHOCTBHIO /10 MOCTOAHHBIX TaKrKe COBIIQIaeT C UMIIETAHCOM
UBJIYYeHUsT OCIUJLIUPYIONIei ceph:

(00) 8 <kdo>4 4i kdy
2

Z9 = peS E——— 2.17
d 2772 3r 2 (2.17)

HpC,D;CTaB.HCHHbIO BBIIIIE HpOCTCfIHIHO MOZAeJIN NCTOYHUKOB 3ByKa B BuUJ/C
NCTOYHNKOB AUIIOJIBHOI'O =1 KB&IprrIOIIbHOFO THUIIOB MOFyT 6bITb pC&JH/IiBO—

BaHbl 1 JIpDYTUMU CHOCO6aMI/I, He CBdA3aHHbIMU C CO3JaHHEM Ha IIOBEPXHO-
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cti cepbl OTHOCHTEJILHO CJIOXKHBIX pacCIpejleieHnil KoJjiedaTebHOil CKo-
poctu. OKa3bIBACTCS BIIOJHE JOCTATOYHO HCIOJIB30BATH HAOOD (pereTKy )
13 HECKOJIbKHUX, HaJlIeykKanuM o0pa3oM cgasnpoBaHHbIX HCTOYHHUKOB MO-
HOTIOJTbHOTO THTa. Ha puc. 2.2 HarIsgIHO 1MOKa3aHO, KAK 3TO OCYIIECTBUTE.
HeitcTBuTesibio, Oepst JiBa NPOTHUBOMA3HO KOJIEOJIIONIIXCS MOHOIIOJA U Pas3-

_|_
s

X
_e v
-0
+
X

pi |

0 e

Puc. 2.2. TIpocreiiiine nCTOYHIKN 3ByKa HA OCHOBE HCIIOJIH30BAHUS MOHOIIOJIEH:

a — JIUIOJIb, 0OPAa30BAHHBII ¢ IIOMOIIBIO JIBYX MOHOIIOJIEH, O — ero JuarpaMMa HalpaBJIeHHOCTH;
B — CEKTOPUAJIBbHBII KBA/IPYIIOJIb, 00PA30BAHHBIN Y€THIPHMS MOHOIIOJISMHI, PA3MEIeHHBIMA B YT-
JlaxX KBaJipara, I' — ero JuarpaMMa HalpaBJIeHHOCTH, /T — 30HAJIbHBIN KB IPYIIOJIh, 00PA30BAHHBII
YeTBIPbMs MOHOIIOJISIMH, Pa3MEIICHHBIMEI BJOJIb JINHUK, € — €r0 JuarpaMMa HallPpaBJICHHOCTU;
3/1ech 3HaAYKaMu “+ u ‘"’ ycsioBHO 0003HaYeHB! (ha3bl KOIeOaHUI MOHOTIOJIEN.

Menlad X Ha He60ﬂbHIOM 110 CpaBHEHUIO C ,ZLJH/IHOI'/JI BOJIHBI PaCCTOAHUMN JAPYyT
OoT JApyTra, NOJYyYUM UCTOYHUK JUITOJIbHOI'O THUIIA. HpI/I ycTpemMJieHnun K HYJItO
pacCToAHNA Al' MEZK/1y MOHOIIOJIAMU O4Y€BUJJHO, 9YTO TAKO UCTOYHUK 3BYKa
nepecraner n3rydarb. OHAKO, KaK MBI y2Ke TOBOPUJII BBIIIE, TPU BBEICHUN
MOHATHSI JINIOJIA B TEOPETHIECKON aKyCTHKe MOJAraloT, ITO IPH YMEeHbIIe-
nun Ax pacrer ux o0beMHas CKOPOCThb, Tak uTo Besudanna Mg, = VoA,
KOTOpasi Ha3bIBAECTCsI MOMEHTOM JIUIIOJSI, OCTAETCsT MOCTOAHHOI. Jlerko marh
MaTeMaTHIeCKy0 HWHTEPIPETAIII0 TaKOro (husmdeckoro nepexoia. Ilo cyrtn
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peub ujer o GopMaIbHOM IIPEIe/IbHOM IIEPexoie THIIA

. O(r+ Ar) - P(x) 0D
Al;rgo g =5 (2.18)

3/ech 0Cb T MPOXOAUT Uepe3 MoHomosm cM. puc. 2.1a; a dyukuuu P(x +
Azx), ®(x) — norennuasbl ckopocreil Monomoseit. Tereps, ¢ yaerom mnocie/-
HETO BBIPAYKEHUsI, TTOTEHIIHAJ 3BYKOBOT'O IOJIsT JIUIIOJIST MOXKHO ITPEJICTABITH
B BH/IE

0 (exp(ikr)

Dy (r,0) = M(dip)% At

exp(—iwt); r=xcosb. (2.19)

Eciu B3gTh derbipe MOHOIOJS ¢ ha3aMi, KaK ITOKa3aHO Ha PHC. 2.2B,I1,
TO B pe3y/IbTaTe aHAJOTTIHOIO MPEJIETHLHONO MTePeXo/ia MOXKHO MOJYIUTh TO-
YeUHbIC KBAJIPYIIOJIN ¢ TAKUMU K€ YKe JUarpaMMaMi HAIPABJICHHOCTH, KaK
y JIBYX, PACCMOTPEHHBIX BBIIIIE, c(hepuIecKnX NCTOYHUKOB KBaJIPYTIOJIbHOTO
Tuna, cM. puc. 2.1. CoBepIeHHO 09eBHJIHO, YTO, UCIOJIb3Yysi OOJIbIIee KOJIH-
YECTBO OIPEJIETIEHHBIM 00pa3oM c¢azsupOBAHHBIX MOHOIOJIENH, MOYKHO TOJTY-
YUTH UCTOYHUKU U 00Jiee BBICOKOTO IMOPsJIKA, a TaKyKe aHTeHHbIE PeIeTKH
CO CIEIUAJILHBIME JIUarpaMMaMi HaIPABJIEHHOCTH, KOTOPbIE IMUPOKO MPU-
MEHSIIOTCsL B BO3/IYIITHOI akycTrKe n rujpoakycruke [10,11,16,17).

Ucrionb3ys BbIpazKeHus Jjisd IOTEHIUa 8 MOHOIIOJIs 1 BBITIOJTHSAS TPEIe/ b-
HBII TIepexo/ mpu yeaoBun Qo = lima, 0 Q1Ax = const BO3MOXKHO T10JIy-
YUTH BbIPAZKEHUs JIjIsd TTOTEHINAJIOB 3BYKOBBIX 110JI€fT, CO3/1aBAeMbIX KBaJIPY-
HOJIAMU. 371eCh (Qo — MOMEHT KBajpytoJis. Jljist moc/ienyronero KauecTBeH-
HOI'O aHa/IM3a I'UIPOIMHAMIYECKIX NCTOUHUKOB HAM BAaXKHO 3/16Ch YKa3aTh,
YTO STU MOTEHIIUAJDBI OYYT HPOIMOPIUOHAIBHBI BTOPBIM [TPOU3BOHBIM OT
MOTEHIIN A8 MOHOIIOJIS

P,
0x0y’

B eJIOM MOXKHO CKa3aTb, 4TO IIOTEHI[MaJIbl 3BY KOBBIX 1oJ1eil UCTOYHUKOB 6O-

0*®

Y (r,0) ~ —

D3(r,0) ~

(2.20)

Jiee BBICOKOTO TIOPSIIKa OYAYT IMPOMOPINOHAIBHEI erle 60Jiee BHICOKIM IPO-
U3BOJIHBIM OT (DOPMUPYIOMINX UX MOTEHITHAIOB MOHOIIOJIEI.

SBapepiras 0630p CBOWCTB MPOCTEHIINX KJIACCHICCKIX MOJIEIEH NCTOTHIH-
KOB 3BYKa, MOZXKHO IIPCIIIOJOKUATD, 9TO Y YATATEIA BOZHUKHET BOIIPOC: &
KaKO€ OTHOIICHUE 3TN TCOPCTUYICCKUE MOJCIN MOI'YT UMETh K PEaJIbHLIM UC-
TOUYHUKAM 3ByKa! 3/1eCh CJIEJYeT CKa3aTh, YTO HECMOTPSI Ha MPOCTOTY ITUX
MOJIeJICIl OHM BO MHOTMX CJIy4YadX IO3BOJIAIOT IIOJYYUTH KaK Ka9eCTBEHHYIO
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Puc. 2.3. Konebanus 60kaja 1 KOPILyca CKPHUIIKU:

a— 6oKaJI, 10 KPar KOTOPOTO HAHOCUTCS JIEPKHUH yiap (HAIIpaBJIeHHe yjapa [OKa3aHo CTPEJIKOii ),
6 — dopma KosrebGanmit Kpasi Gokasia (BuJ| cBepXY ), B,I' — KOJIeOaHMs KOPILYCa CKPHIIKHI Ha 4acTOTax
1o 200 ' [20]; smaukamu “+” u “ ormedensl cuadasuple n KOHTpdA3Hble KoJaeOanus IacTeii
IIOBEPXHOCTU KOpIIyCa CKPUIIKHA.

TaK ¥ KOJMIECTBEHHYIO OIEHKY aKyCTHIECKUX CBOMCTB PeabHbIX aKyCTHYe-
CKUX MpudbopoB u yerpoitcTs. Ciomga MOYKHO OTHECTH SJEKTPOIUHAMIYIECKIE
'POMKOTOBOPHUTEH, JJEKTPOANHAMIICCKIE HAYITHAKHI, THe30KePaMIIeCKIe
U3JIydaTeIn 751 BI30Ba aDOHEHTOB B OOBIYHBIX U MOOMJIBHBIX Teaedonax,
chepuieckne u MJIACTHHIATHIE THE30KEPAMUYIECKNE M3/IydaTe/ il IHIPOaKy-
CTUIECKUX aHTEHH, BXOJSAININX B COCTAB I'HMIPOAKYCTHIECKUX CTAHINI pas-
JINYHOTO HasHadeHus. Kpome sToro, mnpocreiimme MOjIe/n YacTO PUTOTHBI
JIUIST OIIEHOK 3BYKOBBIX I10JI€f, CO3/[aBA€MbIX BHOPUPYIOIIMME SJIEMEHTAME
Pa3IMIHbIX KOHCTPYKIINIT, MAIUH U MEXaHU3MOB.

Bor HecKobKO JTIOOONBITHBIX MPUMEPOB. Bce MbI CIIBIIAIN TPUATHBII
TPaJIMIINOHHBII 3BOH OOKAJIOB, COIYTCTBYIOIINI Pa3/TUIHBIM TOPZKECTBAM.
MorkHo 3amaTh cebe CMENIHOI BONPOC: a KaK IIPU 3TOM KoJIeOJIeTcs daria
bokasia? OTBET Ha HTOT BOIIPOC MOYKHO IIOJIyIUTH B3IVISHYB Ha puc. 2.3a,0.
[Tocsie KpaTKOBpeMeHHOI'O CoyJlapeHnst JIBYX OOKAJIOB MX Yallll HEKOTOPOe
BpeMsl COBEpIIAIOT KoJieOaHUsl aHAJIOTMYHble KOojleDaHUsIM CEKTOPHAaJIbHOIO
kBaApynoss. KeraTn, aHaIornyHoro Xapakrepa KoJeOaHHs COBepIIaoT U
KOJIOKOJIa B xpamax. Eire ofun npumep u3 06/1acTi My3bIKAJIbHBIX UHCTPY-
menToB. Ha puc. 2.3B,r nokazano Kak Kosiebjiercs KOPILYC CKPHIIKH Ha da-
crorax o 200 I'nm. Kak Bujno, 3/1ech Tak»ke 1IpeBaIupyeT KBaJIpyIOIbHas
dbopma kosebanuii [20].

Pacemorpum Temeph Kakme Kojebamusi coBepinaeT Auddy3op Kiaccude-
CKOT'O 3JIEKTPOJMHAMUIECKOTO I'POMKOIOBOPUTEISA, KOTOPBIH IMIMPOKO MPH-
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Puc. 2.4. 'poMKOroBopHTEJIb U €r0 Pa3MeIeHue B COCTABE JIEKTPOAKYCTUUCCKON AllliapaTyphbl:

& — 9JIEKTPOMHAMUIECKUI TPOMKOTOBOPHTEB, 1 — 9JIeKTpoKaTyIKa, 2 — miuddy3op, 3 — KOpILyc,
4 — MOCTOSIHHBINI MArHUT, 5 — MArHUTONPOBO/I, 6 — rodp, 7 — oTBepcTUs B KOPILyce; 6 — IPOMKO-
TOBOPUTE/Ib, BCTPOEHHBIH B IIJIOCKHIT 9KpaH 8; B — I'POMKOIOBOPUTEJIb, BCTPOEHHBIH B 3aKPBITHII
Ak, 9 — amuk, 10 — 3ByKonoromaomuil MaTepuall.

MeHsIeTCsl KaK B ObITOBOIl, Tak M B IPOQeCCHOHATIBHON 3JIEKTPOaKyCTHIe-
ckoit armnaparype. OCHOBHBIMH €0 KOHCTPYKTHBHBIMU 3JIEMEHTAME SBJIsI-
IOTCsT AJIEKTPOKATYIITKA, MEXAHUIECKN YKECTKO CBsA3aHHast ¢ A dy30poM, i
HOCTOSHHBI MaruuT, cM. puc. 2.4a. [1pu nomade Ha KaTyIIKy 97eKTPUIECKO-
ro curHajia B Heil BOBHUKAET MepeMEeHHOe MATHUTHOE I10Jie, KOTOPOe B3am-
IVIO,LLGI;JICTByﬂ C IIOJIEM IOCTOAHHOI'O MarnuTa 3aCTaBJ/IA€T KaTyHIKYy, a BMECTe
¢ neit u jquddysop, copepmarh KojgedaHus Kak oJHO Iiejoe. Takum obpa-
30M Jhdy30p MpecTaB/isgeT coboit KIACCUIeCKit UCTOTHUK JIUITOTHLHOTO
tuna. Kak mpasmio, guamerp auddy3opa Maj M0 CPaBHEHUIO C JIJIHHAMIE
n3Jjiyd9aeMbIX MM BOJIH. HO’STOI\&}/ JJIgl OEHKM MOHIHOCTU W HallpaBJIEHHBIX
cBOMCTE Anddy30pa MOXKHO HCIOJB30BATH PABHOBEINKNN OCIIMJIIAPYIOIHiT
quck. O9eBHIHO, ITO TJIABHBIM HEJIOCTATKOM I'DOMKOTOBOPUTEIS SBJISIETCS
HAJINYNE aKYCTHIECKOIO KOPOTKOIO 3aMBIKAHIS PH KoJiebannax muddy3o-
pa. [eiicTBUTE/IbHO, 3BYKOBBIE BOJIHBI, H3/IydaeMble MepeIHeil TOBEPXHOCTHIO
nnddysopa, orudaT KOPIYC U 9€pe3 OTBEPCTHsI B KOPITyCce BO3IEHCTBYIOT
Ha TBLIBHYIO TOBEPXHOCTH Juddy30pa. D10, Kak Mbl yKe YOENIUCh, pac-
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cCMaTpuBasd OCIJ,I/IJIJII/IpyIOHJ,I/If/Jl JUCK, IIpUuBeAET K 3HAYUTE/IbHOMY CHUZKEHUIO
MBHy‘J&GMOﬁ MOIITHOCTH I'POMKOT'OBOPUTEJIEM. LITO6I>I YMEHbIINUTDL 3TOT HEr'a-
TUBHBIH 9P HEKT, WM UCKIIOINTH €0 BOBCE, FPOMKOTNOBOPUTEb PA3MEIAIOT
Jnbo B 9KpaHe, pazMepbl KOTOPOTO CPABHUMBI C JJINHON M3JTy4aeMbIX BOJIH,
JINOO MOCTYIIAIOT COBCEM PAINKAIBLHO, PA3MeEIIast €ro B 3aKPLITHII ANNK, KaK
MoKas3aHo Ha puc. 2.40,B.

B 3akmiovuenne oTMETUM OJIMH BayKHBII BBIBOJI, BBITEKAIONUI U3 TTPUBE-
JIEHHOT'O aHAJIN3a, 8 IMEHHO: 110 (hopMe JIHarpaMMbl HAITPABICHHOCTH MOYKHO
CYAUTDH O THUIIC aKyCTUYCCKOrO MCTOYHNKA, B TOM YHUCJIC U O XapaKTepe KoJle-
OaHUit ero MOBEPXHOCTEH. DTO BeCbMa BayKHbBIN JUATHOCTUYECKUI TPU3HAK,
[TUPOKO UCIOJIb3YEMbII Ha, MPAKTHKE JIJIs KJIACCUPUKAINNA UCTOTHIUKOB 3BY-
ka. Hurke, MbI Takke OyjieM UCIOJIb30BATH TOT MPU3HAK JIJIsT OIIEHKU XapaK-
Tepa KoJebaHnit HEKOTOPBIX IM'HIPOadPOIMHAMIYCCKUX UCTOUHIKOB 3BYKA.

Baberas Brepej, ciejyer J00aBUTh TaKyKe, 9TO B OTJHIKNE OT aKyCTHIe-
CKMX MCTOYHUKOB 3BYyKa, PeaJU3yeMbIX B BUJIC KCCTKUX YIPYIUX TeJI, I10-
BEPXHOCThH KOTOPBLIX COBEPINAET BBLIHYKJIEHHBIE KOJeOaHus 1o/ JIeHCTBIEeM
BHEITHUX MCTOYHUKOB SHEPI'UA 12, B aSpOI‘I/I)_LpO,LLI/IHaMI/ILIeCKOﬂ aKyCTUKE UC-
TOYHUKaMU 3BYKa ABJISAIOTCA BECbMa MaJible (IIO CpaBHEHHIO C ,LLJII/IHOﬂ n3sJjy-
JaeMoii BOJIHbI) 00BEMBI TOH Ke CPeJIbl, B KOTOPYIO 1 MPOMCXO/INT U3y deHne
3ByKa 13, Hedopmupysich 1o ieficTBreM ciJi, BOSHUKAIOIINX B HECTAIIMOHAD-
HOM TIOTOKE, 9T 00BHEMbl BOZMYIIAIOT OKPYZKAIOIIYIO CPEly U TeM CaMbIM
PCHEPUPYIOT B HEll 3BYKOBbBIC BOJIHDI.

Ha sTom Mbl 3akan4ImBaeM 0030p MPOCTEHINX Mojiesieil MICTOUHUKOB 3BY-
Ka, IPUHATBIX B KJIACCUYIECKON aKyCTHKe, U HaJIeeMCd, ITO 3TU 3HAHNS I10-
MOLYT YNATATE/IIO IIPU YTCHAU IIOCTACAYIONINX IVIAB.

2Hanpumep, ecm B3ATh TOHKOCTEHHYIO, DaJHAJIBHO HOJIAPU3OBAHHYIO cHEpHHUecKyIo OGONOUKY W3
ITbe30KEePaMUYECKOI'0 MaTepuaJja U Ha Hee II0/IaTh IepEMEHHOe JIeKTPUYecKoe HalpsizKeHNe, TO OHa Had-
HET COBEPINATh PaJINAJIbHbIE KOJIEOAHNS M U3JIydaTh B OKPYXKAIOIIYIO CPeJly 3BYK IIOJIOOHO MCTOYHHUKY
MOHOIOJIHOTO THIIA.

13CHnoco6HOCTD MABIX KOJIEOIONUXCA 00LeMOB CPeIbl H3/IydYaTh 3BYK OTHIONL HE ABJIAETCA HeM TO
HEOXKWJIAHHBIM B aKycTHKe. Hampumep, 3aK/II09eHHBI B ropJie pe3oHaTopa l'eslbMrosblia 00beM CpeJibl
(npu BO36YKIEHUN PE30HATOPA) JOBOIBHO 3(DDEKTUBHO U3ITyUaeT 3BYK B OKPYIKAIONLYIO CPEJL.
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3. 9KCKVYPC B HEKOTOPBIE OCHOBHBIE
OUSNYECKUE {ABJIEHNA, BOSHUKAOIINE
B IIOTOKE

MeI skuBeM Ha 3emie, T CHJia MPUTIZKeHNs (TpaBUTAIIMOHHAST CILIA) sTB-
JISIETCST OIPeIeITIonIuM (haKTOPOM JIjIst OOJIBINHCTBA IIPOTEKAIOIIIX Ha Heil
dusmaeckux mnpoieccoB. VIMEHHO 1109TOMY TaKne TeKydre Cpejibl, KaK K-
KOCTh U T'a3, IPUHUMAIOT (DOPMY COCYJIa, B KOTOPbIl OHU TOMEINIeHbI. 3/1eCh
COCy/1 HaJI0 TIOHMMATh B CAMOM IIUPOKOM CMBIC/IE CJIOBA, T.€. 3TO MOYKET ObITh
U cTakaH, 1 004Ka, 1 TPYOOIIPOBOJL, 1 PYCJIO PEKU UJIH IVIOOAIbHOE JIOXKE OKe-
ana u Muoroe jpyroe 4. B cury sTHX 06CTOATEILCTB IPU JBHAKEHIH 7K IKO-
CTH WJIM Ta3a BCErJla MPOMCXOJUT MX B3aUMOJIEHiCTBUE CO CTEHKAMU COCYJIa,
T.€. C TIOBEPXHOCTSMU TBEP/IOTO TeJa. Takoe yKe B3anMOIeCTBUE TIPOUCXOUT
U TIPU JIBUYKEHUH TBEPJIOTO TeJIa B 2KUJIKOCTH nin raze. Hanpumep, npu 1su-
JKeHUU KopabJisi, TTOJIBOJIHON JIOJKN WJIM CaMoJieTa, a TakyKe Mpu 00TeKaHUu
HETIO/IBUKHBIX TeJT TIOTOKOM, KaK B CJIydae MOCTOBBIX OOp U Jip. Baanmoeii-
CTBHUE MOZKET ITPOUCXOIUTH HE TOJBKO C TBEP/ILIMU TeJIAMU U CTEHKAMU, HO 1
¢ xujkoctsimu. Harpumep, Koryia cTpyst 2KuJIKOCTH BJIUBAETCS B HEKOTOPbIiT
00'beM TaKOIl »Ke WJIN JAPYToil MOKOsIecs XKUJIKOCTH, CKaXKeM, Boda U3 TPy-
borpoBojia 1mocTynaer B bak min bacceitH. MMeHHO Ojiaromapsi TakKoro poja
B3ANMOJIEHCTBUSIM BO3HUKAET DPsiJl MHTEPECHDBIX, BAYKHBIX U I10YIUTEIbHBIX
busnaeckux gpaennii. OCTAHOBUMCS Ha HEKOTOPHIX N3 HIX MOpoGHee!®.

Co MIKOJIbHBIX KypcoB (BU3KKH (JIa 1 TPOCTO U3 KUTEHCKUX HaO/ IO/ IeH i )
M3BECTHO, YTO TedeHue ObIBAaeT JIAMUHAPHBIM (OT JIATHHCKOrO lamina — mia-
CTHHKA, [OJIOCKA) 1 TYpOy/IeHTHbIM (0T JiaTiHCKoro turbulentus — OypHbiii,
Gecriopsiounslit). Jlamunapuoe (crampponapHoe) TedeHne MIaBHOE U YCTOM-
anBoe. CJion 1 CTPYH MOTOKA JIBUZKYTCS TAPAJLIEIILHO JIPYT JPYTY U ITPAKTH-
"ecKr He cMemuBatoTcsd. OOBIMHO 9TO UMEET MECTO IPU OTHOCUTETHHO MAJIbIX
CKOPOCTSIX TT0TOKa. B KauecTBe npumepa Ha puc. 3.1 m300pazkeH Takoii MoToK,
oOTeKAaIoIMNil IIJINHIpUYecKoe Tesi0. Busyannsarius moroka obecieunbaiach
nojtadeit mojgKpaneHubx crpyek. [losromy Xoporo BuiHo, Kak MOTOK ILIaB-

Korma rpaBUTAIMOHHAS CHIA OTCYTCTBYET, MJIH KOTJA OHA KOMIICHCHPOBAHA JAPYTOil CHJION, HAIDH-
Mep, IEHTPOOEKHOI, KaK B KOCMITUMECKOM KOpabJie, IBUTAIOIIEMCs 110 OPOUTE BOKPYT 3eMJTH, YKIIKOCTh
npuHIMaeT GopMy Iapa 6Jarogapst CujaM IMOBEPXHOCTHOTO HATSIXKEHHUsI, KOTOPBIE B 9TOM CJIYdYae CTa-
HOBSITCSI OIIPEICIISIONIIIMH.

15Bese nmxe MBI GyIeM PacCMATPUBATh J03BYKOBbIE TIOTOKH YKHUIKOCTH MM Ta3a, KOTIa UX CKOPOCTD
U MeHbIIle CKOPOCTH ¢ PACHPOCTPAHEHUs] B HUX 3BYKa. Besmmmuanna U/c obosmadaercs Gyksoit M u, kak
y2Ke TOBOPUJIOCH BbIIlle, HAa3bIBaeTcs duciaom Maxa.
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Puc. 3.1. JlaMuHapHBIi TTOTOK, 06TEKAIOIMIT UINHAPAIECKOE Teso [24];
CTPEJIKOI YKa3aHo HallpaBJIeHue MOTOKA.

Puc. 3.2. TypOyaeHTHBIN el 38 TUIMHAPIICCKUM TetoM [24];
CTPEJIKO YKa3aHO HAIPABJIEHIE TOTOKA.

HO OoDTeKaeT IUMJIMHJP U TOJKPAIlleHHbIe CTPYU HUTLJe He cMeluBaioTced. B
OTJIMYHE OT 9TOr0, TYPOY/JIEHTHBIE (HECTAIMOHAPHBIC) TEUCHHUs HE YCTONTH-
Bbl. VIX cjion u cTpynm MHTEHCUBHO U OECIOpSI0UHO IepeMerinBaioTcs. Ta-
KIe TeueHns BOSHUKAIOT PK OGJIBIITIX CKOPOCTAX U HAIVIAIHBIM ITPUMEPOM
MOYKET CJIYYKUTB CJIeJl, 00pa3yIonuiics 3a MUINHIPUIECKIM TEeJIOM, TTOMe-
IIIEHHOM B CKOPOCTHO{T 1OTOK, cM. puc. 3.2. TypOysieHTHbIe TeueHus JIerkKo
MOYKHO HaOJII0/IaTh TAaKyKe 33 KOPMOMW JIBUKYIIEHCS JIOJKN W KOpadJis, a
TaKyKe 3a MOCTOBOII OIOPOI, ec/in TedeHne PEKN JI0CTaTOIHO ObicTpoe. Kie
Jlerde ux Hab/II0aTh B CTPye JIbIMA, KOIjla KyPUJIbIIUK ObICTPO BbIIyBaeT
TabadHbIi JIbIM 130 pra. MOXKHO 3aMETUTDL, YTO BHAYaJe CTPYS JIOCTATOIHO
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POBHAas 1 ee BHEIIHSS [TOBEPXHOCTH OTHOCUTENILHO Tiajikast. Ho yxxe Ha Hexko-
TOPOM PACCTOSTHUE OT pTa (PaBHOM IpHMepHO 1-2 juamerpa camMoii cTpyn)
OHa HAYMHAET TYPOYIU3HPOBATHCs, 00pasyst KJIyObl (BUXPH ), KOTOPBIE Jlajiee
JIpobsTCst Ha Bee Oosiee n Oojiee MeJIKIe BUXPH, MOCTEIIEHHO PACTBOPSACH B
BO3JIYXe,

Takum 0bpasoM, mepexoj| TeUeHrs 13 JJAMIHAPHOTO B TypPOYJIeHTHOE CBSI-
3aH IVIABHBIM 00pa30M C YBeJIHYeHNeM I'DaIHeHTa CKOPOCTH MOTOKA B IIOIe-
pPEUYHOM HAIlpaBJIEHUH U CKOPOCTb, MPU KOTOPOIi MPOUCXOJUT ITOT II€PEXOI,
HAa3bIBAETCA KPUTUIECKOI CKOPOCTHIO.

Umerorcst iBe dyH1aMeHTaIbHble (hU3NUECKUE TPUINHBI, 13-32 KOTOPbIX
BO3HHUKAET TypOyJIEHTHOCTh B 1OTOKe. [lepBast — Haju4me BSI3KOrO TPEHUSI
B cpelle, a Bropasi — “Ipunianue’ cpelibl K [I0BEPXHOCTH TBEPIOrO Teja, C
KOTOPBIM Cpejla KOHTaKTHpyeT (B3amMojeiicTByer). 31ech TepMUuH “ipuiin-
naHue” ©MeeT TOT CMBICJI, UTO YACTHUIIbI CPEJIbl HA MTOBEPXHOCTH TeJjia MMeoT
HYJIEBYIO CKOPOCTH (€C/Ii TeJI0 MOKOUTCs ), XOTsI CKOPOCTb TIOTOKA CPEJIbI OT-
JndHa oT HyJist. VI HAobOpOT, eciu cpeja MOKOUTCs, a TeJO JIBUKETCS, TO
YaCTUUKHU CPEJIbl Ha MOBEPXHOCTH Tejia OyJIyT UMETh TY Ke CKOPOCTb, YTO
1 TeJ0. DTHU J[BE TPUYMHBI 0OYCJIOBINBAIOT TOsABJIEHNE MHTEPECHOTO (DU3HU-
qeckoro addexra — norpanuanoro ciaost (boundary layer), pacio/iokeHHOro
B 00JIACTH, HEIOCPEJCTBEHHO HpuJjeramoleil K mosepxuoctu Teja. [Ipudaem
HOIPAHMYHBIN CJION MPUCYIT KaK JJAMUHAPHOMY, TaK U TYPOYJIEHTHOMY Teve-
HITTO.

B 9TOM OTHOCHTEIBHO TOHKOM CJIOE€ CPEJIbl CKOPOCTb €e JYacTHIl ILJIABHO
YBEJIMIMBAETCS BJIOJIb HOPMAJIU K [IOBEPXHOCTHU TeJa OT HYJIeBOH (Ha 1oBepx-
HOCTH TIOKOSIIIErOCst TeJj1a) J0 CKOPOCTH TTOTOKA. DTOT I'HIPOIMHAMIICCKII
s dexT ObT TeopeTndecKn npejickazan B.Biasuycom!® n skcnepnvenTain-
1O OTKPBIT B 1904-1905 rogax JI.ITpamuriaem!”. Kpusast, kotopas Xapak-
Tepusyer U3MeHeHHe CKOPOCTU IOTOKA B Ipeje/ax IOrPAHUYHOIO CJIOs, B
nocsie/icTBun Oblta Haspana npoduiem Biasuyca. Popma 310l KPUBOIL, 10
JlydeHHasi 9KCIIepUMEHTAJILHO, IpejicTaBieHa Ha puc. 3.3. A mHa puc. 3.4,
JIUIS CPABHEHMSA, CXeMaTHIeCKI 1300pazkKeHo paciipe/ie/ieHne CKOpocTeil B 110-
I'PAHUYHOM CJIOE, KOTJIa TBEP/Iasi MOBEPXHOCTH HEIOJ[BUYKHA OTHOCHTE/IHLHO
MOTOKa U KOTJ[a TBEpJias MOBEPXHOCTH JBUKETCs B MOKosIIeiics cpeje. Kak
BIJTHO, XapakTep pacipeje/ieHis CKOPOCTeil B IONPAHUYHOM CJIO€ HECKOJIb-
Ko Mensiercst (cpaBhu puc. 3.4a u puc. 3.46), xoTst camu QYHKIN, OIIN-

6 Bubremsm Biasuyc (1818-1899) Hemelkuii yueHbIil.
17.HIO,ZLBI/IF IIpamnrin (1875 1953) HeMeIKHUil y4eHblil MeXaHuK U WHZKeHep.
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Puc. 3.3. IIpoduns 3 ckopocTn MOTOKa B MOTPAHUYHOM CJIOE Ha/JT HEIOJIBUKHON INIACTHHKON 1
[24]; Busyanuszanusa npoduis 06ecnednBaeTcs ¢ HOMONIBIO IPOBOJIOKH 2, Ha KOTOPYIO IOAeT-
Csl KOPOTKHII MOIIHBIN 3JIEKTPOUMITYJIBC, U HAJIWYNAS B YKUJKOCTH PACTBOPEHHOI'O KOJLJIOM/IHO-
r'o BEIECTBA; B PE3y/IbTaTe TEPMOXUMHUYECKON PeaKIUi BOKPYT IIPOBOJIOKU CHadaJsa 00pa3yeTcs
TOHKOE 00JIAYKO KOHTPACTHOT'O BEIIECTBA, KOTOPOE 3aTeM CHOCHTCH IIOTOKOM, BU3YaJIM3UPYs Bep-
THKaJIbHOE PACIpeeseHne CKOPOCTell B IIOTPAHUYIHOM CJI0€; OOJIbIIAsT TOPH30HTAJIBHA CTPETIKA
yKa3blBaeT HallpaBJIeHHe MOTOKA.

CBIBAIOII[IIE M3MEHEeHNe CKOPOCTell B IOrPAHMIHBIX CJI0SIX, OJMHAKOBBL. Jlyist
JAMHHAPHOTO TedeHns Biiasmyc OIeHHT TOIIHY IOrpaHnTHOro ¢Jiost |25
Kak 0 = 5(vl/Va)Y?, tie v — KnneMaTuueckas Bs3KOCTb Cpejbl, | — jyimia
JKECTKOM IUIACTHHKH, HaJ{ KOTOPOI JIBHKETCS MOTOK, Vi, — CKOPOCTH ITOTOKA
B/l OT noBepxHocTH Miactuaku'S, Cliejtyer ckazaTh, UTO 110 Mepe oTJialie-
HIA OT IIacTHHKY 1 (eM. puc. 3.3) CKOpoCTh HOTOKA V' B IIOrPAHUTHOM CJI0E
CcHavasa OBbICTPO PACTET, & MTOTOM JIOBOJILHO MEIJICHHO IIPUOJIIZKACTC K 3HA-
YEeHUI0 VOO HO3TOMY Ha I[IpaKTUKe JJOBOJILHO 9aCTO TOJIHIUHY ITOTPDAHUYIHOI'O

1SI—IOCKOJII)K}/ BeJIMYUHA, O CTPOTr'O TOBOPsA HE MOCTOAHHA IO JJIMHE IIJIACTUHKHW, TO JJIs €€ OIEHKN (B
KOIIerTIIOfI TOYKE T OT HavaJia HJIaCTI/IIIKI/I) BeJININHYy l cJIeJayeT 3aMEeHUTb Ha T.
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cJ1ost § onpeesisiior Torja, Korya Vo (0.9 — 0.95)V,.

Takum 0bpa3oM, B MOIPAHNYIHOM CJIO€ BCEra CYIIECTBYET IPAJNEHT CKO-
pOCTH B HAMIPABJIEHNN HOPMAJN K IOBEPXHOCTH TBEPIOTO TEJIa.

B norpaHnvaHOM cj10e Ha KarKJIyl0 YaCTUIKY CpeJibl JIefiCTBYIOT B CUJIbL:
cHJTa MHEPIH, 00YCJIOBIeHHAsT HAJIMYNeM CKOPOCTHU MMOTOKa, W CHJIa TPEHNsI,
00yC/IOBJIEHHAST BA3KOCTHIO Cpeibl. BajlaHC 3THX CUJI 1 ONPeJIesisieT XapakTep
ABU2KEHUA Cpedbl B IIOI'PaHUYHOM CJIOE U KOJIMYECTBEHHO XapaKTepHSyeTCH
GespasMepHbIM ducsom Peitnosbica Re = VI/v, tae V' — ckopoctb moToka, |
— XapaKTepHbI pa3mep Tesia (WM MOTOKA) U V — KHHEMATHIECKAst BA3KOCTh
cpeipl. B stamuuapHOM (6e3BHXPEBOM), OTHOCHTEIBHO MEJJIEHHOM ITOTOKE,
CHJIBI TPEHUS ITPEeBAJMPYIOT HaJl CHJIaMI WHEPINU, & B OTHOCHTE/ILHO OBICT-
POM TIOTOKE — HA0OOPOT.

YunThiBasg HaJIU4YNe IPaaNeHTa CKOPOCTH [TOTOKA B IIOIPAHMYIHOM CJIOE I
TOT (haKT, UTO CHUJIbI TPEHUSI MPOINOPINOHAJIBHBI TPAJINEHTY CKOPOCTH, Pac-
CMOTPHM BO3MOKHBIE JIBIZKEHHS YacTHUeK ' cpelbl B HOIPAHUTHOM CJIOE,
cM. puc. 3.4a.

Bo — nepBbIx, 10J1 JIeficTBHEM CHJI MHEPIUN YaCTUIKa JBUXKETCA BJIOJIb
II0TOKa, T.€. COBepHIaeT HOCTyHaTeﬂbHOG JABU>KEHHE. BO - BTOprX7 6.}'[&1"0—
ﬂapﬂ HaJIMYNIO FpaﬂI/IeHTa CKOpOCTI/I B HOHepe‘{HOI\/[ OTHOCUTEJIbHO IIOTOKa
HAITPABJICHIH, Ha BepxXHefl 1 HIKHEH TpaHaX JaCTUIKNH CKOPOCTH Pa3HbIe,
a CJIeJ0BaTe/IbHO pasHble 110 BejumuuHe u cujbl TpeHust Fy u Fy. Tlocaen-
Hee 0OCTOSITEIHCTBO MPUBOANT K BOSHUKHOBEHIIO MOMEHTA OTHOCHTEILHO
[IEHTPa IaCTUIKN, KOTOPBIA MOXKET II0 JOCTUKEHHUU OMpeIeeHHOl KPUTH-
YEeCKOIT CKOPOCTH MOTOKa IPUBECTH YacTHYKY BO BpalllaTe/IbHOE JIBUYKEHUE.
[TockosTbKy TpaJineHT CKOPOCTH B MOTPAHUYIHOM CJI0€ 3aBHCUT OT PACCTOSI-
HIS JI0 MOBEPXHOCTH Tesa (C yBeJIUIeHNeM DACCTOSHUS OH YMEHBIIAeTCs ),
BeJIMIMHA MOMEHTa, JIeHCTBYIONero Ha JacTHYKN B CJI0e, OyJeT pacTu IpH
HpUOIMKEHNH K MOBEPXHOCTH Tejla. B cuily 9TuX 00CTOSITeIBCTB, 10 J0-
CTUKCHUN CKOPOCTHU IIOTOKA HEKOTOPOH KPUTHYECKON BEINYNHLI, YACTHIKI
CpeJIbl B TIOPAHUYIHOM CJIOEe HAYHHAIOT BPAIIAThCsI, 00pas3yst BUXPH PA3HOIO
Macitaba. Korjma BUXpu JOCTUTAIOT OIPeJIe/IEHHBIX Pa3MepPOB, OHI OTPLIBa-
I0TCsT OT Tejta, 00pasys 3a TeJIOM XapaKTePHBIN cJiej], CYyIeCTBEeHHO 3aBUCsI-
Ui OT CKOPOCTH TeJIa U ero (POPMbI.

Tenepb CTAHOBUTCSI MOHSITHBIM, YTO TIPH MAJIBIX CKOPOCTSIX (M COOTBET-
CTBEHHO OTHOCHTEJIHO MaJiblX dnciax PeifHosbica) BuxpeobpasoBaHie B
MOrPAHNIHOM CJIOE IIPAKTUYIECKH He MPOMCXOINT U TeUeHIe NMeEeT JJaMIHap-

19Hpe;monaraeTCH, 9TO pa3sMep JaCTUYIEeK CYMIECTBEHHO MEHbIIe TOJIIAHBI IIOTPaAHUIHOTO CJIOA.
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Puc. 3.4. Ckopocrs noroka U, npoduis ckopocru U(z)
[IOTOKA B MOIPAHUIHOM CJIO€ B CKOPOCTBH V' TBEPIOTO Testa:

1 — TBep/oe TeJ0, 2 — KUJKOCTD, 3 — YACTHIKA CPEJIBI;
a — TeJI0 MIOKOUTCsI, & CPEJia JBUMKETCs; O — TeJIO JBUXKETCsI, a Cpejia TIOKOUTCH.

Hblit xapakrep. Hampumep, xopoitio ussectro [26], 910 XapakTep JBUZKeHUsI
JKUJIKOCTH B TpyOax ocTaeTcst JJaMHHAPHBIM BIUIOTh 110 Re = Vd/v &~ 2300;
3iech d — auamerp TpyObl. Eciim pazmMecTuTh HENoJBIZKHBIN Iap JuaMeT-
poM D B HOTOKe, TO JaMUHAPHBIN XapaKTep COXpaHseTcs BIJIOTH 110 Re =
VD /v = 24.

[Tpu orHocuTebHO OOMBIINX YuCIaX PeffHosbica B MOrPAHUYHOM CJI0€
y2Ke POKJIAIOTCA BUXPU, B PE3yJIbTaTe 4Yero, KIJIKOCTh, HAIPUMED 3 JJIHH-
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Puc. 3.5. [Ipa Buxps 3a muunapom [24]:
1 — BuxpH, 2 — 30Ha OTPHIBA TTIOTOKA OT MOBEPXHOCTH IUINH/IPA.

HBIM IIMJIMHJIPOM, CBOPAYMBAETCS B J[BA CUMMETPUYHBIX [TPOTHBOIOJIOAKHO
BPAITAIONINXCA BUXPs, pa3Mep KOTOPLIX PACTeT C yBeJndeHeM CKOPOCTH T10-
ToKa 1 1npu Re ~ 26 OHM CTAHOBSATCA CPABHUMBIMU C JINAMETPOM IUJIHHIPA
puc. 3.5

Eciin u najibiiie mOBBIIATE CKOPOCTH, TO BUXPH HAYUHAIOT OTPLIBATHCS
OT Tesla 1 B cJiejie 0Opas3yercsi Tak HasblBaeMas BUXPeBas JOpOzKKa (vortex
street) um joporkka Kapmana 20, JIioGoIBITHO, YTO BUXPH OTPLIBAIOTCS 10-
IepEMEHHO TO C OJIHOI'O, TO C JIPYTOro Kpas Tejia, B pe3y/ibraTe uero jipeiidys
3a TEJIOM OHM BBICTPAMBAIOTCH B “HMIAXMATHOM IOpsJIKEe, KaK ITOKa3aHo Ha
puc. 3.6. Umenno nanuune jgopoxkku Kapmana, obpasytoreiics 3a JIpeBKOM
d1ara, gBsieTcs 1JIABHOM PUYUHON TOTO, YTO MOJIOTHHUIIE (hJiara Tperemer
Ha Berpy. Tkanb duiara npakTudecku He odJajaeT U3rUOHON KECTKOCTHIO
1 1I03TOMY BUXPHU JIOPOKKHU JIETKO BBITECHSIOT TTOJIOTHUINE B MEYKBUXPEBYIO
BOJTHICTYIO 0OJIaCTh 1 Aperidyst BHU3 IO TMOTOKY CO3MAIOT 3PEPEKT BOTHOOD-
pasHoro KojaebaHmsl MOJOTHHINA (JIara.

3/1ech ciiejyer 3aMeTHTb, YTO MPU KayKJIOM OTPbIBE BUXPs Ha KOPMOBOI
MOBEPXHOCTH IIJIMH/IPA BOSHUKACT MMITYJIbC JIABJICHNUS U [TO9TOMY ME€PHO/IH-
9ecKuUii OTPBIB BUXDeil OPOXK/IaeT TOHAJBHBINH 3BYK (IOJAPOOHEH MexaHu3M
TAKOr0 3BYKOOOpA30BaHUs OyJIeT PACCMOTPEH B MOCJeMyIomuX miasax). O/1-
HAKO TaK MPOUCXOJUT TOJHKO B HEKOTOPOM JHariasoHe duces PeitHosbica.

20Teomop o Kapmam (1881-1963) — nemerkmii Mexanuk, jgoiro padorasmmit 5 CIITA.
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Puc. 3.6. Jopoxkka Kapmana (IleHTpBI BUXpell yKa3aHbl TOHKMME CTPEJIKAMHE);
h — paccrosinue MexK 1y 0OOMME PsijIaMi BUXPE, L — pacCcTosiHie MEXKJLy COCEHUMU BUXPIMU.

IIpu emte Gosbinx unciaax Peiinosbica Re > 10° Buxpesast gopoxkka Kap-
MaHa OBICTPO paspyiaerca. KpyrHbie BUXpH, 00pa3yiomime J0pOoKKY, Tpo-
Os1TCsT Ha Bee Oostee u GoJtee MEJIKIE, TPEBPAIasach B XapaKTePHBIH TypOy/In-
3UPOBAHHBII cyie)] 33 TesioM. [Ip1 9ToM TOHAIBHBII 3BYK HCU€3aeT U OCTAETCs
TaK Ha3bIBAEMbIN TypPOYJIEHTHDII MTyM.

JIobompITHO OoTMETHTL TOT pakT, uTto cam 1. Kapman ne mperenmoBas
Ha OTKDBITHE BHXPEBOii JOpoKKU. B cBoeit Kuure [27| oH yKasblBaer, 41O
daxT 1mosiBIeHNsT BUXPEBOIl JIOPOKKH 3a TEJIOM, 00TEKAeMbIM TOTOKOM, M0~
BIIIMOMY OBLJI M3BECTEH OYEHb JIaBHO. B KatuecTBe Jl0Ka3aTe/IbCTBa OH ITPHU-
BOJIIT KApPTHHY, KOTOPYIO OH YBU/IEJ B OJHOM U3 XpaMoB B I. Bostonbst (MrTa-
mmst). Ha kapruse uzobpazken csitoit Xpucrodop, epeHoCs i MiiajieHra
Nucyca depe3 Bojublit moTok. [lo3aaum HOrM CBATOrO XyJIOKHUK H300pa3mI
XapaKTepHYI0 BIXPEBYIO JIOPOXKKY, 00PA30BABIIYIOCA Ha MOBEPXHOCTH BOJIBI.

[ToBo/1st UTOT TIPOBEICHHOMY BBIIIIE AHAJN3Y, MOYKHO 3aKJI0UNTD, 9YTO K-
HeTUYeCKas SHEPrusi MOTOKA 3a CUET ero B3anMOJIEiCTBUS ¢ TBEPIBIMHI Te-
JIAMHI B OCHOBHOM TEpSIETCSI Ha MIPEOJIOJICHUE BA3BKUX MOTEPb B OIPAHUIHOM
cjioe, Ha 0Opa3oBaHKe BUXPell U 0TYacTu 1peodpasyeTcs B 3BYKOBYIO SHEp-
IUIO, 9TO TOXKE MOYKHO PaccMaTpUBaTh KaK MOTEPH, eCJU Halleld MeJblo He
si/isieTcs cozyianne 3hMEKTUBHOIO NCTOUHIKA 3BYKA.

Kak ™Mbl y»ke oTMedasn BbIIIE, TOTOK MOXKET B3aUMOJIEHCTBOBATEL TAKIMKE
U ¢ JIPYTUMHI YKUJKUMHA WK ra3000pa3HbIMU cpejaMu. THITMTIHBIM TPIMe-
POM MOXKET CJIYZKUTH CJIydail, KOrja CTpys *KUJKOCTH U3 TPYObl BJINBACT-
¢l B JIOCTATOYHO OOJIBINON TI0 0O0beMy pe3epByap, 3allOJTHEHHDBIN TAKOW Ke
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Wi JApyroit »kujgkocrbio. Ilpu srom orBepeTiie TPYOLI JOIZKHO HAXOIUTCSI
HIZKE BEPXHEro YpOBHsI »KUJIKOCTH. Eciim K ToMy 2Ke oTBeperne TpyObl pac-
[IOJIOZKEHO JIOCTATOYHO JIAJIEKO OT CTEHOK pe3epByapa 1 OT BEPXHEr0 YPOBHsI
JKUJIKOCTH, & Cpejla B Pe3epByape HelOJBUKHA, TO TaKylO CTPYIO HA3bIBAIOT
3aTorIeHHoit [26].

Hpyrum, yzKe yIOMUHABIIEMCS BBIIIE, IPUMEPOM MOXKET CJIY>KUTh CTPYsI
TabauHOrO JIbIMA, BBIIYCKaeMasl W30 PTa KyPUJILIIMKOM. XOPOIIKMM [IPUMe-
POM MOZKET CJIY>KUTh TAKKe JIbIM, BBIXOJSIIUI U3 BBHICOKOI 3aBOJCKOI Tpy-
6b1. B obonx ciaydasx cTpyio JbIMa Tak »Ke MOXKHO CUYNTATh 3aTOILIEHHOI.

st panbHeiimero anaansa ocobeHHOCTE CTPYHHOrO TeueHusl pacCMOT-
PUM 3aTOIUICHHYIO CTPYM T'a3a, BTEKAIOILYIO B HEIIOABYZKHBI BO3ILYX, CM.
puc. 3.7

3/ech IPEKPacHO BUEH BECh IPOLECC BOJIONUN CTPYH 10 MEPEe ee MPo-
JIBUZKEHHsI B OTKPBITOE IPOCTPAHCTBO. PaceMoTpuM 3ToT 1polece bosiee jie-
TAJILHO, [IJIsI 9€r0 BBEJIEM BCIIOMOTATeIbHY0 OCh & /d (BHU3Y PUCYHKA), 371€Ch
d — gaMeTp CTpyM HElOCPEICTBEHHO y coIia. KpoMe 3Toro, BOCIoIb3yeMes
TaKzKe KOHTYPHBIM N300pazkKeHneM 9TOM »Ke CTpyH, KOTOPOoe ObLIO CIelnab-
HBIM 00pa30M OTPEJAKTHPOBAHO, CM. PHC. 3.8.

Haumem ¢ Tak Ha3bIBA@MOIrO KOPHsI CTPYH, T.e. 00JIACTH HEIIOCPECTBEHHO
IpHJIErafolieil K Coruty (BBIXOJHOMY OTBEPCTHIO TPYObI). 371eCh IOMepedHoe
pacIpejie/IeHre CKOPOCTH 0 TOJIIMHE CTPYM MPAaKTHICCKN PABHOMEPHO?!,
oM. puc. 3.7, mosunus 1. Ha gucranmmm or comia 0 TOYKH, OTCTOSIIIEH OT
COILIA, IPUMEPHO Ha BeJUYUHY JHaMeTpa CaMoro COILIa, CTPYs, 10 KpaiHei
Mepe BU3yaJIbHO, He IpeTeplieBaeT HUKakuxX m3MeHenuii. OHaKo Ha caMoM
JleJle Ha BHEIIHel IIOBEPXHOCTH CTPYH YK€ HAYMHAIOT IPOUCXOAUTL MHTE-
pECHbBIE U BayKHbBIE, C TOYKH 3PEHUs JaIbHelIeil 9BOIONNN CTPYH, SIBIEH.
JeficTBUTENIBHO, ABUZKYIIIECH Ha OBEPXHOCTH CTPYU YaCTHUKH I'a3a 3a Cuer
HAJTMYNST BA3KOCTU JIOJIZKHBI BOBJIEKATH B JIBUYKEHUE HEIIOIBUKHDLIE TACTHI-
K1 BO3JlyXa, KOTOPbIE HEIOCPEJCTBEHHO OKPYKAOT crpyio. U dem jpasbiie
OT coILIa, TeM GoJIbIlee KOJUMIEeCTBO paHee HEHOJBUKHBIX JaCTHIEK, OKPY-
JKAIOIINUX CTPYIO, BOBJIEKAETCA B 9TO JBUZKeHue. EerecTBeHHO, 9TO P 3TOM
CKOPOCTb YaCTUYEK I'a3a Ha BHEIIHEl [MOBEPXHOCTH CTPYU HAYMHAET YMEHb-
MIATHCSI, 110 CPABHEHUIO CO CKOPOCTHIO YaCTHUEK CPEJIbl Ha 0CH CTpyH. A CKo-
POCTb YacTHYeK BO3JLyXa, OKPYIKAIOIINX CTPYIO, €CTeCTBEHHO HAunHAeT yBe-
JITYUBATBHCS. DTO 00CTOSATETHLCTBO XOPOIIO TPOUJIIIOCTPUPOBAHO Ha puc. 3.8,

213& HUCKJ/IIOYCHUEM YYaCTKOB, HEIOCPEJACTBEHHO NPUJIEraOnmnXx K CTEHKaM COIlJIa, I'/le CKOPOCTH YMEHb-
nIaeTcd 3a CYeT HaJIMIUd IIOTPAHUYIHOTO CJIOLA.
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Puc. 3.7. Kpyriast crpys rasa, BTeKaromas B HEIIO/[BUKHBIIT BO3/1yX [24]:

1 — comwio, 2 — KOpeHb CTPYH, 3 — CJIOW CMeIleHus,
4 — mepBBIii KOJIBIEBOIT BUXPh, 5 — TYpOYIEHTHOCTD.

N

Puc. 3.8. Kouryp crpyu rasa, koropas n3obpaketa Ha puc. 3.7:
1 — momepeunoe pacrpe/ieieHue CKOPOCTU CTPYH Y COILIA,
2 — na paccrosinuu 2.3d or comsa, 3 — Ha paccrosauu 4.5d or coria.



IIOIIEPEYHBIM PacIpegeeHneM CKOPOCTH B ITO3UIINHI 2.

Takum o6pazom, 4YacTh KUHETHYECKOH SHEPruu JIBMXKYIIEHcs CTpyu 3a
cYeT BA3KOCTH 00ernX cpeji mepejiaeTcst HElOBUXKHON cpejie, OKPYrKalole
cTpyto. IMeHHO B 9TOM ¥ TPOSBJISIETCS B3aUMOJIEHCTBHE JBYX, B JAHHOM
caydae 1ra3000pasHbIX, CpeJl.

Becbma TOHKMIL €100, Ie IIPOUCXOAUT KOHTAKT (B3aHMo;LeI7ICTBHe) cTpyu
raza ¢ OKpPyZKalOIlIUM €€ BO3/IyXOM M HaYMHACTCA CMEIIMBAHUC JBYX CPE/I,
Ha3bIBAETCsI CJIOEM CMEITeHHsI WJIN CIBUTOBBIM cioeM (shear layer), a Bech,
BOBJICYCHHBIN B JBUXKEHIE OKPYKAIONIUI CTPYIO BO3/IYX, HA3BIBACTCA CILYT-
HBIM ITOTOKOM.

ByneMm mpopsurarhes BjIOJIL CTpyHW Jjlajee. Kak BUJHO, Ha PacCTOSTHUN
OT COILJIa 9YTh IPEBBIMAIONIEM BEJTUIUHY JIHAMETPa CTPYU Ha BHEITHEH 1Mo-
BEPXHOCTH CTPYH HAIUHAET (POPMHUPOBATHLCH KOJBIEBONH BUXPb. 1 okoHua~
TEJILHO 3aKaH4YMBaeT OH (POPMUPOBATLCA Ha PACCTOSHWH, MPUMEPHO paB-
oM z/d &~ 1.25. ®opmupoBanne BUXpsl yKa3biBaeT Ha (QyHIAMEHTAIBHYIO
pPOJIb CHJI BS3KOCTH B 30HE IMOBEPXHOCTU CTpyU. B jajibHeiinem, B 30He
1.25 < z/d < 2.0, KOJblIeBbIe BUXPU €llle COXPAHSIIOT CBOIO (DOPMY, OJl-
HAKO y2Ke Ha, OOJIBINIX PACCTOSTHUSX BUXPU HAYMHAIOT PACHaIaThesd U -
yHIUpOBATL BHYTPH CTPYU U B IEJOM CTPYsl CTAHOBUTCS TypPOY/JI€HTHOI.
CriestlyeT OTMETHTD, 9TO TPOIECC TYPOYIN3AINN PUBOIUT K PEKOMY Pac-
IIUPEHUIO CTPYU (9TO XOPOIIO BUJHO Ha 00EMX PUCYHKAX), 4TO 00YCJIOBJIe-
HO BOBJIEYEHUEM B CIYTHBIH MOTOK OGJIBINTEro 06beMa OKPYKAIONIEro CTpyio
BO3/IyXa (CM.Ha puc. 3.8, MomnepedHoe Pacpe/ieieHue CKOPOCTH B O3UINH 3)
1, KaK CJEeCTBHUE, MPUBOAUT K OBICTPOMY CHUYKEHUIO CKOPOCTH CTPYH, XOTSI
HEYIIOPSIIOUEHHOE TyPOYJIEHTHOE JIBUKEHIE MOMKET COXPAHSITHCS €Ile CpaB-
HUTEJILHO JIJTUTEJIHOE BpeMsi (TaK Has3bIBaeMasi Bsi3Kasl CTaJMs JIerpaJlaliun
crpyn).Ho B KOHEUHOM UTOTE U 9TH CJIEJIBI CTPYH MOCTENIeHHO HCYE3HYT.

Takum 0Opa3oM, KHHETHYECKas SHEPTUs 3ATOIJIEHHON CTPYH IIPU MaJsIbIxX
qucax Maxa, B3anMOJIefiCTBYs ¢ OKPY2KAIONIe ee cpeJioit, pacxolyeTcst rian-
HBIM 00pa3oM Ha oOpas3oBaHHe CIIyTHOTO MOTOKa 1 Buxpeobpasosanue. U
JINIIb He3HAUNTENbHAS ee JacTh TPaHChOPMUPYETCsT B 3BYKOBYIO SHEPIHIO.
OjtHako 1pu OGJIBIINX CKOPOCTSX CTPyH, Korja uncio Maxa mpubiimxaet-
csl K JIMHIIE, UK JIayKe TIPEBBIIIAaeT ero (Tak Ha3blBaeMble CBEPX3BYKOBbBIE
CTPYH), B 3BYKOBYIO 9HEPIHIO (IIPEUMYIIECTBEHHO IIIyMOBOI'O XapaKTepa) Mo-
JKeT TpaHChOPMUPOBaThCs DoJIee 3aMeTHas YacTh SHeprun cTpyu. Takoe siB-
JIEHIE 3HAKOMO MHOT'HM, KTO Ha0JTI0/1al paboTy aBUAIMOHHOTO PEaKTHBHOIO
JIBUTATE IS 1 CJIBIIIAJ XapaKTepHBIil IIyM, BbITEKAIOIIEl 13 Hero CTpyH.
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Fots e

Puc. 3.9. O6pazoBanue Buxpeii Ha IpaHUIE JBYX CPEJl, JBUXKYIIUXCS ¢ PASHBIMI CKOPOCTSIMU.

Ertte ojinn J11000MBITHBII TPUMED B3aUMOJIEHICTBIS JIBYX CJIOEB YKUJIKOCTH
(BepxHUit coif Gosiee TeMHBIN, a HUKHUI GoJIee CBETJIBI), JBIZKYIIIXCI B
OJTHY CTOPOHY, HO C PA3HBIMU CKOPOCTSIMU, CM. puc. 3.9. 3/1ech XOpOIIo BUIHO,
KaK B CJIOE CMellleHusl (Ha TPaHuIle JBYX CPeJl) 3a cYeT HAJMYUs BA3KOCTH
nosBJIOTC BUXpU. [TOCKOIBbKY HUMKHUI CJI0i nMeeT GOJIBIIYI0 CKOPOCTh,
BUXPU 3aKPYUNBAIOTCS TTPOTUB YaCOBOH CTPETKH, a aMILIUTY/ /18 X HApacTaeT
110 Mepe TPOJIBIKEHNs BHU3 IO MTOTOKY.

PaccmorpumM errie ojfiH THIT T€UYeHUsI — OTPhIBHOE TeUeHHe. DTO TedeHue,
B KOTOPOM TIOTOK T'a3a WJIU »KUJIKOCTH, OOTEKAIONUI TBEPOe TeJIO C KPH-
BOJIMHENHOH MOBEPXHOCTHIO, OTPHIBAETCA OT €r'0 MOBEPXHOCTU B HEKOTOPOU
TOYKE ¢ 00pa30BaHueM BUXPEBOit 30HBI 3a TeJIOM. THUIHYIHBII IPUMEp TAKOTO
TeYeHUs JIErKO MOXKHO HaOJIIOJATh MPU 00TEeKaHWH NMUJINHJIPA Ha puc. 3.5.
3J1eCh XOPOIIO BU/IHA 30HA OTPbIBA II0TOKA (yKa3aHa CTPEJIKOH 2) 1 BUXpH
1 3a muymnipom. [lorok, mocsie oTpbiBa OT OBEPXHOCTH IUJIMHJIPA, 00TeKa-
€T BUXPU U 3a CHET HaJIM4Yud CJIOd CMeIeHNsd MeXK/IYy ITOTOKOM U BUXPAMU
o AepK1nBaeT BpalleHune 1mocjaeaHnx. O6I[&CTB pasmMmenieHnund BI/IXpeﬁ 3a IHn-
JINHJIPOM HA3bIBAETCSA 3aCTOMNHON 30HOM, TTOCKOIBKY OOMEH JaCTHIIAMHU CPEIDI
ME2K/1y IIOTOKOM 1 BUXPAMU CPpaBHUTEJIbHO Cﬂa6bII>JI.

Bonee crnoxublit cydaii oTpbiBa IOTOKA MOXKHO HaOJIOZATDL P 00TEKa-
HUM TeJl, IOBEPXHOCTL KOTOPLIX MMEET N3JIOMBbI. I‘Ial_[pl/ll\vleli)7 O6TeKaHI/I€ 110~
TOKOM TIPSIMOYTOJIbHOTO Gapbepa, cM. puc. 3.10 (jiis1 cpaBaenns wa puc. 3.11
IPUBEJICH XapaKTep TedeHust BOJU3M TOro Ke Dapbhepa MPH MAaJIbIX CKOPO-
cTex moToka). Kak BHJIHO, 3JieCh TOTOK CHAdYasa OTPBIBAETCS OT ILJIOCKOIL
[IOBEPXHOCTH I1epej] 6apbhepoM, a 3aTeM y2Ke ¢ KpoMKHu bapbepa. [Ipu sToMm u
nepeJ; 0apbepoM U 3a HUM 0Opa3yloTCd TakK Ha3blBaeMble 3aCTOMHBIE 30HbI,

46



Puc. 3.10. O6rekanne 6apbepa co CPbIBOM MOTOKa [24]:

1, 2 — Buxpm B 3acTOiHOI 30He, 3 — CJIOil CMEIIeHns.

rJie PACIoJIaraloTCsl BUXPHU, BpallleHe KOTOPBIX TOJJIEPYKUBAETCST TIOTOKOM.

Heobxomumble husnueckne ycjioBus Jijis BOSHUKHOBEHMS OTPBIBHBIX Teue-
HUI — 9TO HAJUYINE HOIPAHUYHOTO CJIOs, MOBBIIIEHUE JIABJIEHNs B HAIIpaBJIe-
HUW [IOTOKA U, Pa3yMeeTcs, JIOCTATOuHas CKOPOCTh MOTOKa. B jmannom ciry-
qae, cM. puc. 3.10, oueBUHO, 4TO 11epe; bapbepoM JIaBJIeHIe MOBLIIAeTC 3a
cUeT HATEKaHUs KUJIKOCTH Ha IIPErpajly u ee TOPMOXKEHUsd, a cpas3y 1mocJie da-
pbepa MPOUCXO/INT PE3KOe PACHTUPEHNEe ceUeHns KaHaJa 1, B COOTBETCTBUU C
3aK0HOM Bepnyman??, cKopocTh MOTOKa CHUZKAETCs, a JlaBJeHne BO3PacTaerT.

OTpbIBHBIE T€UEHNST 1 00PA30BAHUST 3aCTOMHBIX 30H TAKXKE XapaKTEPHBI 1
JIUIST TIOTOKOB B TPy0ax, €c/in MOC/IeHIEe UMEIOT U3JI0Mbl M PE3KHe n3Me-
HEHUST cCeueHus.

Tenepb ocTaHOBUMCS Ha HEKOTOPBLIX CIENU(MUIECKUX CBOHCTBAX BUXPE.
[Tousitue BuXpst ObLI0 BBeJeHO enbmrosibiieM B 1858 1. MM ke Oblia pas-
paboTrana Teopus BUxpeil u Buxpesoro jpukerns [30,35,42,44| u on Takzke
MBITAICA YTOUYHUTD POJIb BUXPEBOTO JIBUXKEHUST B METECOPOJIOTHUECKIX STBJIE-
HUSX.

Brirtie MbI y2ke obpaliiajin BHUMAHKUE Ha sABJIEHUE BUXPeoOpa3oBaHus Mpu
00TEeKaHUN TBEP/IbIX TeJI TOTOKOM, OTPBIB UX OT TeJI U 00pa30BaHUe BUXPEBO

22 Nanuun Bepmyswmm (1700-1782) — mBeiinapckuii MATEMATHK ¥ MEXAHUK.
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Puc. 3.11. O6rekanne Gapbepa 6e3 cpbiBa MOTOKA [24].

JOpozKKH 1 jopokku Kapmana. B npupojie Mbl Takyke Hepejiko HaOJo/1a-
eMm obpaszosanne Buxpeil. Hanmpumep, nblieBble BUXpH Ha YJIMIIAX T'OPOJIOB,
I'DO3HBbIE W Pa3pyIIATeJ]bHbIE TOPHAJI0, aTMOCQEPHbIE BUXPU — ITHKJIOHBI,
KOTOPBIE XOPOIIO BUIAHBI Ha (hOoTOrpadusx, ClIeJaHHbIX ¢ METEOCITy THIKOB.
Hakomner, okeaHm4ecKye BUXPH, HEPEJKO IO MAacCIITadaM CpPaBHUMBIE C Ma-
Tepukami. I3 Bcex 9Tnx HaOMIOJEHNN MOXKHO 3aKJIIOUNTh, 9TO B MPHUPOJIE
BUXDU HE SABJIAIOTCA DPEJKUM sBJIeHHeM. Kpome 3TOro, JaBHO TOJIMEYEHO,
YTO BpeMs “2KU3HU BUXPEN JIOCTATOYHO MPOJIOZKUTETHLHOE U ONPEIe/IsIeTCs
X MacmTabaMn 1 TaKUMU GPakTopaMy, KaK HadabHasg SHEPrus BUXPS, T.€.
KaKYI0 SHEPTUI0 OH IPHOOpeJ B MOMEHT DOXKJICHU:, & TaKKe CYIIEeCTBYET

JIN HET TOJIIINTKA ero sueprueil B npoiecce ero “yxusnn’. Ecam BepuyThes,
HalpuMep K puc. 3.5 uian puc. 3.10, To 3j1ech BUXpHU MOT'YT CYyIIECTBOBATH
JIO T€X 110D, MoKa OYJIET CYIIeCTBOBATEH TOTOK, KOTOPIii 110 CyTH TOJIIUTHIBA-
eT X sHeprueil. Buxpu, KOTOpble y2Ke OTOPBAJIUCHL OT Teja, ¢M. puc. 3.6, u
obpazoBasn JOpoKKY Kapmama, eCTECTBEHHO NMEIOT KOHETHOE BPeMs ‘JKI3-
HI', TIOCKOJTBKY UX SHEPIHst BPAIleHUsi Oy/IeT TPATUTHCS Ha IPEOI0IeHNe CIJT
BSIBKOCTH, KOTOPbIE BCET/a CYIIECTBYIOT B PEATbHBIX Cpejlax.

Bor HEKOTOPLIC IIpUMEPDLI KaK KHHETHNYeCKasd SHEPTIUs IIOTOKa TPpaTUTCA Ha
(bOpMI/IpOB‘dHI/IC NHTEPECHOI'O U COJIePzKaTe/JIbHOTO TUIla ABUZKEHUA 2K JIKOCTU
WJIN ra3a — BUXPEBOI'O JIBU?KEHI .
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Crenyer ckazaTh, 9TO KakoBa Obl HEU Oblja KOH(MUTYpAIUS BUXPS OH HE
MOKET UMETh BHYTPH *KUJIKOCTH WM ra3a HU Hadaja HE KoHIa. Buxpn mo-
JKeH OBbITh WJIN 3aMKHYTBIM B BUJIE KOJIbIA (TOPOWJIA), WJIN JIOJZKEH UMETh
HAYaJI0 U KOHEI[ HA TPAHUIAX CPEJIbl, B KOTOPOIT OH CYIIECTBYeT (HAIpUMED,
Ha MOBEPXHOCTH ODTEKAEMOTO Teja, Ha ITOBEPXHOCTSIX COCyla, BHYTPH KO-
TOPOTO 3aK/I0UYEHA Cpejla, HA ITOBEPXHOCTH 3€MJIM - B CJIydae TOPHAJI0, HAa
MOBEPXHOCTH BOJIbI WM HA JIHE PEKU - B cjlydae BUXpeil B TeKyleil Boje u
T.1.). [osromy, ecin Takue ycjioBHsi OTCYTCTBYIOT, TO BpeMsi ‘JKU3HU ) BO3-
HUKIIEro M0 TOif, NJn WHOW MpUYNHE BUXPSI, BECbMa, KOPOTKOE.

B ciygastx, Korjia yKasaHHbIe YCIOBHS BBITOJTHAIOTCS U MAcIITabbl BIXPeil
BEJIUKU, BpEeMs UX ‘JKU3HU MOXKeT ObITh OosibiiuM. Hampumep, okeanunde-
CKMe BUXPU MOTYT CYIIECTBOBATH MECSIbI, IUKJIOHBI — HejJean u OoJIblIe,
TOPHAJIO — JIHU U JlayKe Hejle/in, BUXpU B Jlopokke Kapmana — jecarkn ce-
KYH/I.

Takum obpazom, 1dem MaciiTabHeil BUXPb, TeM 0oJibllle OH HeceT B cebe
SHEPIuu 1 TeM OOoJIbIINEe Pa3pyIIeHnsi OH MOKET IIPOU3BECTH, €CJIN BCTPETUT
Ha CBOEM IIyTH KaKoe — JI0O0 IPEeNATCTBUE. 3/1eCh KaK pa3 YMEeCTHO CKa3aTh
errie 00 OJIHOM 3aMevyaTeIbHOM CBOICTBE BUXPE(l, KOTOPOe B JIITEpaType He
Bceryia nogdepkuBaeTcd. [Ipm cTONKHOBEHNN JBUIKYIIEroCs BUXPS C IIpe-
ISTCTBUEM OH MOPOH BeJleT cedsi 0/I00HO TBepaoMy Teiy. Eie Bo BTOpoit
nosiopuHe XIX Beka psjioM HccaenoBaTeseil MPOBOUINCH SKCIIEPIMEHTHI C
KOJIBIIEBBIMI BO3YIIHBIMI I KIJIKNME Buxpsmu |28, 29|. Vcnonabsyembrii
UMH TeHepaTop KOJIBIEBBIX BO3JIYIIHBIX BUXpell ObLI BecbMa IIPUMUTHBEH.
Own npejcTaBiistyi coOOit JePeBAHHYIO0 W KAPTOHHYIO KOPOOKY, Ha Iepeji-
Hell CTeHKe KOTOPOi OBLIO BBIPE3AHO KPYIJIOE OTBEPCTHE, & BMECTO 33 IHel
CTEHKH UCIOJIH30BAIaCh HATAHYTas TKaHb WK JINCT pe3utbl. IToObl Bu3ya-
JIN3UPOBATD 1IPOIIECC 0OpA30BaAHUS 1 JIBUZKEHUS KOJILIIEBBIX BUXDEIl, BHYTPH
KOPOOKH pa3Melajics HeDOJIBIION COCy L ¢ HAIAThIPEM, 3a CUeT UCIapeHust
KOTOPOI'O BO3JIyX BHYTPH KOPOOKH CTaHOBUJICH JbIMHBIM. [lasiee, mpu pes-
KOM V/lape 110 ThLILHON CTEeHKe, U3 Mepe/[Hero KPyrjioro OTBEepCTUst BbLIeTa
KOJIBIIEBO#T JIBIMHBII BUXDPb, 3a JIBUZKEHNEM KOTOPOI'O JIErKO MOXKHO OBLIO Ha-
osmotath. HecMoTpst Ha TPOCTOTY yCTPOICTB aBTOpaMu ObLIT YCTAHOBJIEH DSl
MHTEPECHBIX 3aKOHOMEPHOCTEH, MPUCYINX KOJBIEBBIM BUXpsM. I, B gacT-
HOCTHU, OBLJIO OOHAPY?KEHO, YTO BUXPb COYJIAPAICH ¢ MEJKIMU IPEJIMETaMH,
HAXOJANUMUCS Ha €r0 IMYTH JIBHZKEHHU, CHOCOOeH OTOpachlBaTh UX B CTO-
pony. A B [30] ormeuaercst, 9TO XOJOCTON BBICTPEN M3 ITYIIKH TPOM3BOANT
BIUXPEBOE KOJIBIIO JUaMeTpOM 1-2 M, JBIKYIIIeecs cO CKOPOCThbI0 OKOI0 30
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Puc. 3.12. IIponecc o6pazoBaHust KOJbIEBOTO BUXPs [24]:

a — 3apoxjeHue, 6 — poOpMUPOBaHKE, B — OTPBIB OT COILIA; 1 — COILIO, 2 — KOJIBIIEBOI BUXPb.

M/c u npoxojsiiee paccrogaue o 450 m. IIpudem rakoii Buxpb criocoben
ObLT OTOPACHIBATH CPABHUTEIBHO MACCUBHBIE TIPENSTCTBISA, €CJIN OHI PACIIO-
JIaraJIiCh Ha MyTH €ro CJeJI0BaHUSI.

B nasibaeiiem ObLTH TPOBE/IEHBI MHOTOUNC/IEHHBIE HAOJIIOJIEHU, TT03BO-
JIUBIITIE YCTAHOBUTH MHOTHE JIPYTHUE JIIOOOIBITHBIE CBONCTBA KOJTBIIEBBIX BIX-
peii. B wacrnocru, yjuasoch npocsenTh dhasbl 3apoxKjienus, hopMupoBa-
HUS 1 OTPBIB KOJIBIEBBIX BUXPeEil OT UX UcTouHNKa. B Kadecrse npumepa Ha
puc. 3.12 nupusesennst 3 dororpadbuu (cieaHHble MOCIEJI0BATENBHO ¢ HEKO-
TOPOIi 38J1€PKKOfi 110 BpEMeHN ), Ha KOTOPBIX MOXKHO HAbJII01aTh 911 (hasbl.
Ananmsupyst 9TH JTaHHBIE, JIETKO YOeINThCs, 9T0 (hOpMa TAKOrO BUXPsI HE S1B-
JISIETCsT HACTOSAIINM KOJIBIIOM (MJTH TOPOHJIOM) € 3aMKHYTOM MOBEPXHOCTHIO,
a TpeJICTaBIAeT cOO0i TYro CBEPHYTYIO TOPOUIAIBHYIO CIIHPAJIb.

Takum 06pa30oM, BO MHOTUX CIyUasX JIBUZKYIINECS BUXPH, Ojiarojaps CBO-
eff KHHETHYIeCKOI SHEPIUN U KOMITAKTHOM, 0COOBIM 00pa30M CBEPHYTO!, HEKO-
TOPOil MacCChl CPEJIbI, IPN CTOJKHOBEHNHU C HPENSITCTBUEM IIPOSBIISIOT K-
HeMaTHIeCKIe CBOHCTBA, BO MHOI'OM IIPUCYIIHe TBepaoMy Tesy. Hirke, Mbr
HEOJTHOKPATHO OYy/IeM BO3BPAIATHCS K 3TOMY CBOIICTBY BUXpeil IIpH aHa/n3e
MeXaHIM3MOB FeHepAIlNN 3BYyKa MOTOKOM.

Tenepb paccMOTPUM OJIMH OYeHb BazKHBIN I'HJIPOAdPOINHAMIYECKUiT 3h-
dexT, KoTophIil HaM MOHAIO0NTCS B JlaJIbHEIIEM TP M3y9eHUN TeHepallii
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Puc. 3.13. IIpumepnl BO3/IEiCTBYS TIOTOKA HA HEKOTOPBIE OOHEKTHI:
a — Ha JiBa KOpaOJIsl, JBUKYIIIXCs IMapasle/IbHBIMU KypcaMu, 6 — Ha JiBa, JINCTA KaPTOHA.

3BYKa ITOTOKOM, HO HE 3a CUeT BUXPeoOPA30BaHMsl, a 33 CUeT B3aNMOICHCTBUS
MOTOKA C TBEPJIBIM TEJIOM, MOPOXKJIAIONIEM CHeNn(UUIecKoe pacipe/ieieHne
B IIPOCTPAHCTBE T0Jielt ckopocTeil u jgaBiennit. TpyiHO onpee/nTh, Korjaa
10T 3 deKT ObLI 0OHAPYZKEH, OJHAKO KallUTaHaM CPeJHEBEKOBBIX Iapyc-
HBIX KOpabJjieii HeCOMHEHHO OH ObL1 u3BecTeH. Peub muer o sddexre, Ko-
TOPBI HEPEJIKO MPUBOJNI K aBapisiM (CTOJKHOBEHIIO) KopabJieii, paciosio-
JKEHHBIX JIOCTATOYHO OJIU3KO JIPYT OT JIPYTa U JIBHKYIIUXCA Mapasiie IbHbIMEI
kypcamu. Ha puc. 3.13a cxemarndecku npejicrapieHa Takas CUTYAIus — JBa
KOpabJIs JIBUZKYTCS MapaJIeIbHBIMI KypcaMu ¢ HeKOTOPOH CKOpocThio V' 1
paccrosinie MexK/Iy HUME MeHblIle NUpuHbl KopabJis. Bolio nojgmedeno, uro
IIPU TAKOM UX B3aUMHOM DACIOJIOZKEHNN OHM HAYMHAJM BJPYT HEOXKU IaH-
HO COJINZKATBCS, BCIEJICTBUE Yero yapsjinch obopramu. [Ipu sTom ckopocThb
COTMZKEeHUsl YBETMINBaIach ¢ POCTOM cKopocTu KopabJieii. [TosTomy B ipasu-
JIaX KOpabJIeBOXKJICHUsI y2Ke B CPEJIHIE BeKa YKa3biBajlach HEJIOIYCTUMOCTD
TAKOI'o po/la MAaHEBPOB B ONACHOM OJIM30CTH OT JIpyTrux Kopabsieit. Mbr MmoxKkem
IIPOBECTH TAKKe MPOCTOM OIIBIT, XOPOIIO JIEMOHCTPUPYIOIINiT 3TOT 3hDeKT.
Ha puc. 3.136 m300pazkeHbl JABa M30TCHYTBHIX JIMCTA TOHKOIO KApTOHA, Pac-
MOJIOYKEHHBIX JIOCTATOYHO OJIM3KO JIpYyT OT Jipyra. Ecim HadaTh JyTh Tak,
YTOOBI CTPYsI BO3JLyXa MPOXO/IM/IA MEXK/Ly JTUCTAMU, TO MOXKHO OOHADYKUTh,
YTO OHM HAUHYT COJIMKATbCsI. MOXKHO IPEIIIOJIOXKHITD, YTO IIPU IIPOXOXK e~
HUU CTPYU MEXK/Iy JINCTAMHU BO3HUKAIOT IONEpevdHble CHJIbl F, cTpeMsiIu-
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ecst cOmm3uTh 311 JuceThbl. OJIHAKO, KAKOBA MPUYNHA MOSBIEHUS STUX CHJI?
Obbsicuenne Brepsble maa Januna Beprnymim n oH Ke TOIYYIa OIHO 13
JIABHBIX YPaBHEHUI I'MJIPOAdPOMEXaHUKM, YCTAHABJIMBAIOIIUX CBA3bL MEXK-
JIy CKOPOCTBIO U JIaBJICHUEM B IIOTOKE MJ/[eaJIbHON HECKUMAaeMO »KUJKOCTHU.
PaccMmoTpuM KpaTko OCHOBHBIE MJIEH, 3aJI0’KEHHBIE B 9TO ypaBHEHHE, 1 Bbl-
TEKAaIoIIIe U3 HEro CJIEICTBUS.

0 X

Puc. 3.14. KanaJj nmepeMeHHOT0 ceueHUsI, 3al0JIHEHHBIN JIBUKYIIENCsST CpeJIoit:
1 — kaHaJ, 2 — KeCcTKue CTeHKHN KaHaJa.

[Iycrb MBI MMeeM KaHa ¢ U3MEHSIOMINMCS CeYeHUEeM, BHYTPH KOTOPOIO
JIBUZKETCS KUJIKOCTH CHU3Y BBEPX, KaK MOKa3aHo Ha puc. 3.14. Beuieanm
JIBa 9JIeMEHTapHbBIX 00beMa dv; = S10x1 u dvg = S9dxy, KOTOphIe 0OO3HATE-
HBI IMITPUXOBKOM; 3/1ech S1 u So — cooTBeTcTBYIONME 110 1. [TockonbKy
KUAKOCTL HeCXKHMaeMa O4Y€BUJJIHO, YTO JIOJIZKHBI BBLIIOJIHATBHCA pPaBEHCTBa
ov; = dve = dv, a CieI0BaTEIbHO MACChl M 9TUX 3JeMEHTapHbIX 00beMOB
JIOJIZKHBI TakzKe ObITh paBHBI. V3MeHeHne KMHETUYECKON SHepruu Beeil va-
CTH 2KNJIKOCTH, 3aKJIIOYEHHOI MEZK/1y BbIJI€JIEHHBIMHI 3JIEMEHTapPHBIMU 06’]3—
eMaMy, PaBHO PA3HOCTH KUHETUYCCKUX SHEPIUil BLIIEICHHBIX 00HEMOB, T.€.
m(v3 —v?)/2, a n3MeHeH1e MOTeHIUAILHOM SHEPTUH (32 CUeT Pa3HOH BBICO-
ThI PACIIOJIOKEHUST BbIJICJICHHBIX 9JIEMEHTOB HaJl YPOBHEM 3€MJIH ), COOTBET-
creerno myg(hy — hy); 311ech g — yekopenue ¢BoboiHoro najienus. [lockorbKy
JIBUZKEHIE YKIJIKOCTH B KaHaJe CHU3Y BBEPX BO3MOYKHO TOJBKO IPH HaJIU-
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qUU JIaBJIeHUsT P, [OJIHAasl coBepllleHHas pabora Oyjer pasha m(py — pa2)/p;
3/1€eChb p — IIJIOTHOCTDH 2KHNJIKOCTH. OquI/I,[LHO, 4TO IIOJIHad COBEpHIECHHAA pa-
60Ta JOJIZKHa 6]:)ITI:) paBHa N3MEHEHUIO KNHETUYECKOIT SHEPIrun IIII0C U3Me-
HEHNUIO HOTeHHI/IaﬂbHOﬁ SHEPIun. MCHOHbByH IIOJIYy4Y€HHbIE NX OLEHKU MMeeM

1 1
p1+ 9 vl + pghy = pa + 9 pv3 + pghs = const. (3.1)

9t10 1 ecTh ypaBHeHnue Bepuysuin. 31ech py, pa, pghi n pghs xapakrepusyior
CTATHYECKYIO YacTh JaBlenuil B KaHase, a pvs/2 u pv?/2 JuHAMHHYecKoe
JaByienue (Harop).

Ecin »KuaKocTh HEMOJBUKHA, TO U3 9TOTO YPABHEHUsT BBITEKAET XOPOIIO
M3BECTHOE COOTHOIIEHIE CTATHKI, CBA3BIBAIOINEE JIABJICHNE ¢ DIyOMHOM

p1+ pghy = pa + pghs.

Ecin kaHaI pacioyiozKeH ropu30HTAIbHO OTHOCUTEIBHO IIOBEPXHOCTH 3€MJIH,
T.e. BbINOJIHseTCs yeaoBue hy = hg, TO

1 1

Takum O6p880M7 3 ypaBHEHUA BepHy.HJII/I HEIIoCpeJCTBEHHO BbITEKalOT

Lt = poi =po+

BayKHbIE CJIEJICTBUS, & UMEHHO: CKOPOCTDh B Y3KOM MecTe KaHaJia Beerjia 60/1b-
1Ie, 4eM B [IMPOKOM, IIPU 3TOM CIIPABE/JINBO PaBEHCTBO

SiVi = S)Vs, (3.3)

a JlaBJjeHne HaobOpOT — B MIMPOKOM MecTe KaHaJjia OOJIbIle, 9eM B Y3KOM.
Teuepb CTaHOBUTCA BIIOJIHE IMOHATHBIM IIOYEMY JIBa KOp&6JIH7 pacIiioJio-
KEHHbIE HE/laJIEKO JIpYT OT ApYyra W IJIbIByHIUE IapaJlJlIeJIbHBIMU KypCaMu,
HAYMHAIOT HEIPOU3BOJILHO COMMKAThesd. B obpasyroreMest Mexky ux 060p-
TaM# y3KOM KaHaJie Boja obrekaeT OopTa ObIcTpee, deM OOpTa ¢ MPOTHBO-
[IOJIOYKHBIX CTOPOH. KCTecTBEHHO, 4TO U JlaBIeHne BOJbl Ha OOpTa pasHoe -
B Y3KOM KaHaJie MEXKJ1y 60pTal\/II/I OHO MeHbIIe, a Ha BHEHITHUX 60pT&X OHO
bosipitte. VIMEeHHO B pe3ysbraTe 3TOrO W IMOSBIsieTCs cujta F', cTpemsiias-
¢ cOMM3UTDL Kopabyn APYr K Apyry. ToT ke 3pdeKT mMeeT MeCcTo U IpH
IPOJLyBAHUN BO3/LyXa MEXK/Ly JIBYyMs JuCTaMi KapToHa. Clie/cTBIsI, BbITEKa-
[OIINeE 13 ypaBHeHnsT BepHy/ i, 1aloT BO3MOKHOCTD TaKKe 00bSICHUTE 11016~
My KPBLIO camoJsiera obJsiajaer morbeMuoit cujoit. Obparumest K puc. 3.15a,
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Puc. 3.15. KpsbLio:

a — MUPOKUil MpoduIb KPbljIa B MOTOKE, 6 — TOHKUI podhuib Kpblia,
B — npoduib KPblJa B BUJE TOHKOH CIaOOM30IHYTOH IIIACTHHBL.

Ha KOTOPOM IIpeJiCTaB/eHa KapThHHa 00TeKaHUs MHUPOKOIPOMUIBHOIO KPbI-
Jia TOTOKOM. [ToCKOJIbKY IPOdIIIb KPbLIa HeCUMMETPUUCH (HUKHSIST TOBEPX-
HOCTh IIJIOCKAsT, & BEPXHsist BBIITYKJIast ), CKOPOCTb 0OTEKAOIIEl ero cpejibl Ha
BepxXHell TTOBEPXHOCTH BbIIIe, UeM Ha HUKHElH, a JlaBjeHne HaoOOpOT — Ha
HUZKHEH MOBEPXHOCTU BBINIE, YeM Ha BepxHeil. VIMeHHo B pesysibraTe 3TOro
1 BO3HUKAeT MojlbeMuas cnia Fy. 3aMeTnM, 9TO B aBHAIIIN NCHOJL3YIOTCH
passimaable TpodmIn Kpblia, cM., Hampnmep [25]. Beibop Toro miam mHoro
npoduyist BO MHOTOM 3aBUCUT OT IIPeJIHA3HAYEHUS JIeTaATeJLHOIO alllapar-
Ta ¥ HEOOXOJMMBIX €ro JIeTHBIX XapaKTepucTuK. B KadecTBe npumepa Ha
puc. 3.156 nzobpakeHo Tak:Ke TOHKONpOmiIbHOe KpbLio. OHAKO ciieayer
CKa3aThb, YTO JayKe IPOCTast CIaDOM30THYTas TJIaCTHHKA, CM. puc. 3.158, 00-
JIaJIaeT BIIOJTHE IPUJIMYHOM TTOILEMHON CUJION U KPBLIO TaKoi pOpMbI BeCbMa
4acTO UCHOJIb30BaJIOCh Ha 3ape Pa3BUTHUS aBUAIUU.

B runpoaspomexannke mojybeMHast cuiia, JefCTBYOMas Ha TeJIOo, pazMe-
I[EHHOe B TIOTOKe, Olpejle/isercs ceytonm obpaszom [25]. Chadasa orpe-
JIEJIAIOT PE3YILTUPYIONIYIO Uty F'| JIeficTBYIONIYIO Ha TeJI0, KOTOpas eCcTb
CyMMa JIABJEHUIT U KacaTeJTbHbIX HAIIPSIYKEHUI 10 BCell TMOBEPXHOCTH TeJIa.
A 3areM BBIMHCIAIOT cocTasdonie Fy n F,, cm. puc. 3.15. Cocrasisionias
F, n ectb noybeMHasd CHila, a cocTapidiomas F, — cuiia j1060BOro colpoTns-
serns. Caenyer 3aMeTUTh, ITO YAIle NHTEPECYIOTCsT He CAMUMH CIJIAMHE, & UX
OTHOMIEHUSIME K CKOPOCTHOMY Hamopy notoka F' = pV2S/2; saech p — m10t-
HOCTDL CPEJIbI TOTOKA, V' — CKOPOCTH HAOETAIONIEro HEBO3MYIIIEHHOTO MTOTOKA,
S — mona/ib HabOJIBIIEro MOIEPEUHOr0 CEUCHUsT TeJa, COOTBETCTBCHHO B
Hanpasjenuu ocu y uin . Ilpu sTom Bemuuny ¢, = Fy/F HA3bIBAIOT KO-
3hDUIIMEHTOM NOILeMHOf CHITBI, & BeIMUuHY ¢, = F,/F — kosddunuentom
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JIOOOBOTO COTTPOTUBJIEHNUSI.

B zakuodenne cieayer n00aBUTh, UTO ypaBHEHHE BepHYIIN MOJIydeHO
6e3 yuera CuJI TPEHUS U MOITOMY IIPU IIPUMEHEHUU €r0 K PeabHON KI/I-
KOCTH HY2KHO YYMTBIBATH IMOTEPU SHEPIHUU IIOTOKa Ha COIIPpOTHUBJIEHUE. Ha
IIPAKTUKE OIEHKA TAKUX MOTePh 00BITHO olpejie/isercs depes Koddduiment
COIIPOTUBJICHUSA [26], KOTODBIN TpecTaBsieT coboil OTHOIEHe TTOTePAHHO
MOJIHOM 9Hepruu (MOIIHOCTH) Ha JAHHOM yYacTKe KaHala K KHHETHYeCKOil
SHEPIUH MOTOKA B MHTEPECYIONEM CEYEHNHU, MJIM OTHOIIEHUE ITOTEPSHHOTO
JIABJIEHUsT K CKODOCTHOMY JIaBJICHHIO (HAIopy )

20p
2%
Harmpumep, ecin Mbl XOTUM OICHUTH BeJIMUWHY & JIJIsT TOH YacTh KaHa-

JIa, KOTOpasl HAXOINTCS MEXKJIy BbIJIeJIeHHBIMU IITPUXOBKOI ydacTKaMu (CM.
puc. 3.14), o Gymem nmernb

§ (3.4)

F_ 2(p1 — p2)
§= — 3
pV

riie V — cpejmss CKOPOCTD MOTOKA MEYKJLy BLIACTCHHBIME YIACTKAMI.

Ha 5TOM MbI 3aKaHIMBAEM SKCKYPC 110 OCHOBHBIM (PUBUUECKUM SIBJIEHUAM,
BOBHUKAIOIIUM B MOTOKE. JuTaTe/1io, KOTOphIil moxkesnaer bojee yrirybiento
OBHAKOMUTBLCS € 9TUMU SIBJIEHUSIMU U U3y UUTH UX KOJIMIECTBEHHYIO CTOPOHY,
MBI PEKOMEH IyeM 00paTUThCsI K KJIACCHUECKUM (DY HIaMEeHTATbHBIM TPYIaM
110 PUIPOAIPOJNHAMEKE, TaKuM Kak [25,31—43].
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4. HEKOTOPBIE NCTOPUYECKUE ACIIEKTHI
PA3BUTUA TIPOASPONHAMMYECKON
AKYCTHUKU

Kak Mbl y2ke oTMeuasin Bblllle, THTEPEC K 11podJieMe 1peodpa3oBaHus SHep-
'K TIOTOKA B 3BYKOBYIO SHEPI'UMIO BOSHUK B IIyOOKoil JipeBHOCTH. CKOpee
BCEro 3T0 ObLIO CBA3AHO C CO3J[aHUEM MY3bIKAJbHBIX JIyXOBbIX MHCTPYMEH-
ToB. Hanpumep, Takue XopoIo n3BecTHble HAPO/[HbIE MY3bIKAJIbHbIE HHCTPY-
MEHTBI, KAK CBUPEJh, COMIIKA, JIyJIKa, MOTIaHICKAs BOJIBIHKA CYIECTBYIOT
MHOTHE COTHHU JIET U TOMY MOJITBEPK/JIEHIE MHOTOUHICJIEHHbIE JTUTEPATYPHBIE
NaMSATHUKH, HAPOJIHbIE CKa3aHUs U XYJI0KECTBEHHbIE MOJIOTHA. [lacTyx, ur-
paroIuii Ha CBUpeJN — KJIacCHIecKuii obpas, K KOTOPOMY OOpaIaioch He
OJTHO TIOKOJIeHnE XyT0KHUKOB. OQJIHAKO KTO 9TH T€HHATbHBbIE N300peTaTe/in
TUX TTPOCTEHINNX MY3bIKATBLHBIX NHCTPYMEHTOB, KaK OHM JIOTAJIAJINChL UC-
MOJIB30BATH TIOTOK BO3/lyXa JIJIsl U3BJIEUEHUST MY3bIKAJIbHBIX 3BYKOB JIOCTO-
BEPHO HEM3BECTHO. BMecTe ¢ 9TUM, UCTOPUS CO3/IaHUs, HAIIPUMED, BCEM U3~
BECTHOT'O OpraHa, TVIABHBIM 3ByKOOOPA3YIOIIIM 3JIEMEHTOM KOTOPOI'O TO-CYyTH
SIBJIAETCA YCTPOMCTBO, AHAJIOTMYHOE CBUPEIU WJIN JIYJIKE, UCTOPUIECKU XO-
portio pocsexknBaetcs. JleficTBUTETbHO, Ha OCHOBE COXPAHUBIINUXCS TPY/IOB
BBIJIAIONIETrOCsT JIPEBHEIPEUECKOT0 MHYKEeHepa U yIeHOro l'epoHa U PUMCKOTO
apxuTeKTopa BeTpyBus m0cTOBEpPHO M3BECTHO, YTO YECTh NU300PETEHUsT Opra-
Ha (OH HA3BIBAJICSI B Te BpeMeHa — 2udpas.aoc) npunae:kut Krecubuto — ta-
JIAHTJINBOMY JIPEBHEIDEUCCKOMY MEXaHUKY-H300peTaTe/iio u3 AJIeKcaH Ipun
(okosio T1-1 BB. j10 H.3.) [45,46].

Ojnako mepsble pabOThI, MOJOKUBIIEE HAYAIO HAYYHBIM (B COBDEMEH-
HOM CMBICJIE 9TOI'O CJIOBA) UCC/IEJI0OBAHUSIM B 00J1aCTU IPE0OPa30BAHUs SHEP-
I'UU [IOTOKA B 3BYKOBYIO 9HEpruio, ObLtn BoimojiHensl B XIX Beke. A nepsbie
TeXHUYECKUE YCTPOICTBa, peaansyloliue mpeodpa3oBae SHEPTUN TOTOKA B
3BYKOBYIO HEPTHUIO, MOSIBUJINCH B 1epBoil mosioBue XX Beka. K num ciemyer
OTHECTU B IIE€PBYIO OUYePeib MOITHBbIE 3BYKOBBIE 1 YJIBTPAa3BYKOBBIE BO3JLYIII-
Hble cBuCTKEU [ajbrona m ['apTMaHa, »KUJKOCTHBIE CBUCTKH SIHOBCKOIO H
[TosbMmana, a TakzKe BO3JYIIHBIE U JKHUJKOCTHBIE CHDEHbI, cM. [6,8,47—51].
O/tHa 9acTh 9TUX YCTPOHCTB ObLIa pa3paboTaHa 1 CO3/laHa B MHTEpecax Ha-
poXKTatoneiicss B TO BpeMs T'MIPOAKYCTUKHI Jijisi 0OeciiedeHnst 0OHAPY KEH s
MOJIBOJIHBIX JIOJOK, CYJIOB U aiicheproB, OIpe/IeIeHUsT IIyOUHBI MO/ KUJIEM
CYJZIOB (9XOJIOTOB) M Jiist CBSI3M MEXKJy cyjamu. JIpyras dacrte — Jyist Tex-
HOJIOTUYECKUX TIe/Iell B METAJITYPTUN, XUMUYECKON U MUIEBON MPOMBIIILIEH-
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Hoctu u Jip. Hakoner, HeKOTOpble N3 TaKUX yCTPOHCTB, HAIPUMED CHPEHBI
U TYJKU, 1O CUX IOP MUCIOJIB3YIOTCS JIJIs CUTHAJU3AIMA U OIOBEIICHUS Ha
2KeJIE3HOJOPOKHOM U MOPCKOM TPaHCIIOPTE U B KPYIHbBIX YKUJIbIX MaCCUBaX.

3/1ech clleyeT 3aMeTHTh, 9TO MHOIHE U3 9THX YCTPONUCTB IMHPOKO IPHMe-
HSIJTICh BILIOTH 710 BTopoit MupoBoit Boitabl. OIHAKO OTKPBITHE ,ZL)KO}/‘JIGMQ?’
B 1847 r. marnurocTpukiuonnoro sddexta, a noszxe (B 1880 r.) Kiopn?*
bE303IEKTPIYecKoro acdeKTa MPUBesIo K TOMY, UTO K cepejinne XX Beka B
KadeCcTBe MOIHBIX HCTOYHUKOB 3BYKa U YJIBTPA3BYKa CTAJU UCIOJIB30BATHCS
yerpoiicTBa (MArHUTOCTPUKIIHOHHBIE I TbE303JIeKTPIUYeCKIe TPpeobpasoBaTe-
Ji), ipeobpasyroline 3JIeKTPIUIECKYI0 SHEPTUIO HEIIOCPEJICTBEHHO B MEXaH!-
JEeCKYIO, & 38TeM B aKyCTUUIECKYIO. DTH UCTOUHUKHN OKA3aTUCh I(DPEKTUBHBI-
MHI ¥, 9TO caMoe IJIaBHOE, JIerKo yipasisembiMu. Ha nx ocHoBe, Hampumep,
MOKHO OBbLJIO OTHOCUTEJILHO JIEPKO CO3/[aBATh MOIIHBIE (/[0 HECKOJIbKIX KI-
JIOBATT 1 00Jiee) KOrepPEHTHBIE THPOAKYCTUICCKIE AHTEHHBI B HHTEPECax
00OPOHBI 1 HAPOJIHOIO XO3AMWCTBA. A MOCKOJIBKY MX JUHAMUKA OIMICHIBAJIACDH
parHee XOPOIIO MCCACIOBAHHBIMI JUHEHHBIMI UM MEPEHITNATLHBIMA YPaB-
HEHUsIMU, TO ITPOEKTUPOBAHIE TAKIX IIpeobpasoBaTesieil SHePIun ¢ Halepe/]
3aJIAHHBIMI 3JIEKTPOAKYCTUUECKIMU MTapaMeTpaMyi OKa3aJI0Ch CPABHUTETh-
HO HpOCTOil 3ajadeit. M, B KOHEUHOM UTOTe, BO MHOIHUX 00JIACTSIX TEXHUKH
yCTpoiicTBa, TpeobpasyloNiue SHEPrui0 MOTOKAa B aKyCTUUECKYIO SHEPIHIO,
OKa3aJICh HE KOHKYPEHTHOCIIOCOOHBIMU 110 CPABHEHIO C 3JICKTPOAKYCTHYe-
CKUMU TIpeobpa3oBaTeissMiu 1 ObLIM UMW BbITeCHEHbI. EcTecTBeHHO U WHTE-
pec K mpobjieMe co3/laHusl YCTPOUCTB Jj1sT Tpeodpa3oBaHust SHEPTUN TTOTOKA
B 3BYKOBYIO SHEPTUIO HECKOJIHKO CHUBUJICS.

Opanaxo, riae-to B 60-70-x romax XX Beka, MOSIBIJIACH OCTpasi HEOOXOIM-
MOCTH B PEIIEHNN psifia HOBBIX MPOOJEM, CBA3AHHBIX € TeHepalmeil 3ByKa
nmorokoM. B wacrnocTn, mpobsieM, OTHOCAIIIXCST K 0ODOPOHHOI TEXHUKE, KO-
Jloruu u MejuiHe. KpaTko ocTaHOBUMCs Ha CYIIECTBE STUX MPOOJIEM.

[Tpobsiema, Bo3HUKIIAS BO BpeMeHa IVIOOAJIBHOIO BOGHHOTO MTPOTUBOCTOSI-
Hust mexxry obiBimmM CCCP u CIIA, B Tak Ha3bIBaeMbIil EPHOJT XOJIOHOIT
BOITHBI, ObLTa CBsA3aHa ¢ HEOOXO/IMMOCTBIO CKPBITHOIO TTIepEMEITeHNsT CTpaTe-
IPUYeCKIX aTOMHBIX O BOHbIX 100K (ATLT) B Muposom okeane. Kak mbl
y7Ke TOBOPUJIN BBIIIE, TIPU JIBUKEHNN 00BHEKTOB B XKUJIKOH CpeJie BOSHUKAIOT
IIYMBbI OOTEKAHUSI, MOIIHOCTH KOTOPBIX OBLICTPO PACTET ¢ POCTOM CKOPOCTH
nepeJiBuzkeHnst 00beKToB. VIMeHHo 910T 3hheKT B COBOKYITHOCTH C IIIyMaMH,

23 Tzxemc Hpeckort JIZKOy/Ib (1818-1889) — aurmmiickuit Gpusnk.
24Inep Kiopu (1859-1906) — dbpammysckmit dbuzmk.
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CO3/IABAEMBIME BPAIIAIONIMUCH I'PEOHBIMU BUHTAME, SIBJIAINCH OCHOBHBIMI
nemackupytornumi sjiementamu AL, Pdssurtast cerh rujpoakycTnaeckoro
npociymmBanug CIITA B Muposom okeane nonadasty BecbMa 3(hhEKTUBHO
ompe/iesisiia TpaekTopun jiBuzkerns coperckux AILJT, (hukcupyst 91u 1y Mmei.
VmenHO 9TO 00CTOATEIHCTBO OKA3a/I0Ch MOIIHBIM CTUMYJIOM JIJIsi 13y YeHusT
HIyMOB OOTEKaHUs 1 [OUCKA TEXHUYECKUX CPEJICTB CHUYKEHHs TAKOIO POoJia
nymoB, eM. [10,11,16,17,55,56] u obmupHyto 6ubmrorpadnio B HUX.

[IpoGreMbl, CBsI3aHHBIC C 9KOJIOTHEIl, TaKzKe OKA3aJiCh B HEHTPE BHUMAa-
nus B nocaeaueii Tpern XX Beka. Mbl yzKe BbIIIe OTMeYai CKOJIb Heb1aro-
LIPUSTHOE BO3JCHCTBUE Ha YeJI0BEKa MOIYT OKA3bIBATH TEXHOICHHDIC LIYMbI.
B gacTHOCTH, IIyMBI CTPYii, BLITEKAIOIINE U3 PEaKTUBHBIX JABUIaTeICH caMo-
JICTOB B a3pOIOPTaX, IIYyMbl 00TeKaHns (hlo3essizKeil CaMOJIeTOB, IPOHUKAIO-
e B MACCAYKUPCKUE CAJIOHBI, IIyMbI OOTEKAaHUs aBTOMOOUICH B COBOKYII-
HOCTH CO 3BYKAMHU, FeHEPUPYEMBIME [OTOKOM B KOJIECHBIX HUIIAX U JIPYIHX
OTKPBITBIX KOHCTPYKTUBHBIX MOJIOCTAX JHUIIA aBTOMOOUIIA, & TAKKE 3BYKOB,
IeHEePUPYEMbIX Ha BLICTYIAIONMX 3JIEMEHTAX, TAKIX KaK BHEIIHUE 3epKaa,
TeJICCKONIMYECKUE PAJIMOaHTeHHb 1 1p. OupeeaeHuble npobIeMbl BO3HIKA-
IOT 1 C HIYMOM, CO3JABACMBIM JIONACTSIMHU IIPOIICJLICPOB BETPOIHEPToarpera-
TOB, KOJIMYECTBO KOTOPBLIX B MUpPE CTPEMHUTEIBLHO YBeJMYNBaeTCA. Bee stn
IpO6IEMBI TaKzKe TPeGOBAIN N3yUeHUA U MOMCKA NIyMOCHUZKAIOIIIX TEXHO-
Jormit, cM., Hanpumep, |3,53,57,58, 71— 74| u bubnnorpaduio B HUX.

3a nocsenue 20 JieT OrPOMHBIN TPOrpece HaOJIIONAECTC TAKXKe B CO3/1a-
HUW HOBBIX CPEJICTB MEJINITMHCKON TnarHocTuku. B yacrnoctn, 66110 00HADY-
JKEHO, UTO [P CTeHO3€e ([ATOJOrMYeCKOM CY2KEeHIH) KPOBEHOCHBIX COCYJIOB,
3a CUeT TYpOy/IM3allni KPOBOTOKA BOSHUKAIOT XapaKTepHble IryMbl. [losTo-
MY yCTaHOBJIEHUE BaKOHOMepHOCTeI‘/JI, CBA3bIBAONINX XapaKTep HIYMOB U Be-
JIMYUHY CTEHO30B B COCYJlaX, OKa3aJI0Ch BeCbMa BayKHOI 3ajiaveil, pelrlenue
KOTOpOI7I MOTIJIO 6bI CTaTh OCHOBOI CO3JIaHsd HOBOI'O ITOKOJIEHUA JUalrHOCTU-
YEeCKUX CPEJICTB JIJIsi paHHEro OOHApYKeHUsl CTEHO30B U IIPEeJLYIPEeXKIeHUsT
3aKymopKn cocynoB. OIHOBPEMEHHO C 9TUM, HAJaIn HaOUPATh TEMIIbI HC-
CJieJIoOBaHu«A IMIYMOB M 3BYKOB, BOSHUKaIOINX B HOpME M I1aTOJIOTUN PECIIN-
paTOpHOI'O TpaKTa 4YeJ/IOBEKa. Kax N3BECTHO, 9TU HIYMBbI 1 3BYKU BO3HUKAIOT
IIPH JIBUYKEHUH BO3/lyXa B OPOHXMATIBHOM JIepeBe YeI0BEKa B MIPOIECCe JIbIXa-
HUA U y2Ke JaBHO UCIHOJIb3YIOTCA B MEJUIMHE C [IeJIbI0 JUArHOCTUKU JIEr0Y-
HBIX 3a0osieBanuii. [jist 3Toro npuMensieTcss TpaJuinoHHbIi, 1300peTeHHbII
eme B 1816 roay dpaniysom Pene Jlasuuekom (Rene Laénnec), crerodo-
HeHJI0cKoI. BuMecTe ¢ TeM, BbIsICHEHIE Ha COBPEMEHHOM yPOBHE MeXaHI3MOB
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reHepanuy TaKuX IIYMOB U 3BYKOB, MO3BOJMJIO Obl IIPUCTYIUTL K CO3Ja-
HUIO 9JICKTPOHHBIX CHCTEM X OOHAPYZKCHUS U PACHO3HABAHMS, 9TO ABUJIOCH
OBl TIPEJIOCHLUIKOM JIIst CO3JaHUsT ABTOMATH3UPOBAHHBIX JHAIHOCTHYECKIX
CpeJICTB MOHUTOPHMHI? HACEJEHUs Ha IIPeJMET JICPOYHBIX 3abojieBaHuil 6e3
IPUMEHEHUS TPAIUIINOHHBIX PEHTICHOJIOTNYCCKIX allllapaToB. A 5T0 J1aBa-
70 Obl HaJEXKIy M30aBUTHL HACEJEHHe OT PUCKA HAKOILICHHS JTUHIHUX 03
paJanui, cM., Hanpumep, 75— 81| u 6ubmmorpadnio B HUX.

Taxkum o6pazoM HaCTOsITE/IbHAST HEOOXOIMMOCTD PeleHnst YKA3aHHbIX BbI-
e mpodJieM U JlaJia, HOBBIM MOIIHBIH TOJTIOK UCCJIETOBAHUSM MEXaHU3MOB
reHeparyi 3ByKa MOTOKOM, KOTOpble ObLIM HAadaThl elle Oojiee BeKa Hazal.
K coxasnenunio, Takne ucciiesoBaHusl Upe3BbIUAiHO CJI0XKHBI U TPEOYIOT pe-
IIeHUs Psijla HEMPOCTBIX MPOOJIEM KAaK TEOPETUYECKOro, TaK U SKCIIEPUMeH-
TaJbHOrO T1aHa. OCTaHOBUMCH OY€Hb KPATKO Ha CYTH 3TUX HPOOJIEM.

Kak m3BecTHO, BOIIPOCHI O MEXaHU3MaX I'eHepalii 3ByKa ITOTOKOM YK JIKO-
CTH WJIN Ia3a HAXOJATCA B KOMIIETEHI[UH KJIACCHIECKON HAyKI MHIPOasPO/In-
HAMUKH, U3YJaoIeil JIBUKEeHUsT KIUJIKOCTel U Ta30B 10J] JIeficTBIeM BHEI-
HUX CUJT U OpOpMUBIIIEHcs Kak Hayka npubjinsureabno B cepeaune XVIII
Beka. OJIHUM U3 CPABHUTEIbHO MOJIOJBIX OTBETBJIEHUIT 9TOI HAYKU SBJIAET-
sl THJIPOAsPOITHAMUYECKAs aKyCTHKa?®, KoTopas Hadaja (hOpMUPOBATHCS
no-suumomy Ha pyoexxe XIX n XX Bekos.

Cuejiyer cka3aTh, UTO OCHOBHBIE JIOCTHKEHUS T'HJIPOa’dPOINHAMUICCKOLT
AaKyCTUKH JIezKaT B 9KCIIEPUMEHTA/IbHOI obj1acTu. B Teopernueckoit obsractu
ee JIOCTHZKEeHUsI TTOKa CKPOMHBI. M ¢BA3aHO 9TO ¢ TeM, UTO JIO CUX TOp He
HaliJIeHbl 00ITe aHaAJIMTUYeCKNe perieHust, chopMyaupoBanuyio erme B XIX
Beke Habe u CrTokcoMm, cucreMmy HeJUHEHHbIX i depeHInabHbIX ypaB-
HEeHU, OIMUCHIBAIOIIIX JIBUKEHUST BABKIX CKUMAEMbBIX YKIJIKOCTEH 1 ra30B,
¢ KOTOPOIT MbI TIO3HAKOMUJINCH BbIIe. Mbl BHJIEJINU, YTO TIPU PEINEeHUN KOH-
KPETHBIX MPUKJIAJHBIX 3889, YaCTO YIPONIAIOT 9TH YpaBHEHUSI, 0TOPaChl-
Basl HEJIMHEHbIE YJIEHDI, & TaKyKe YJIEHBI COJIePXKAIlie BA3KOCTh U CXKUMAae-
MOCTh. Takue yrporeHust BO MHOI'MX CJIydastX MO3BOJISIIOT JIOBECTH PENIeHUsT
HEKOTOPLIX NMPUKJIa/JIHBIX 3a1a4 JIO KOJIMYECTBEHHbLIX PE3IYJ/ILTATOB. K COZKa-
JICHU1O, JIJIsl petleHud NPpUKJIaJIHbIX 3a/ a9 I‘MLLpO&SpO,LLMHaI\/II/I‘IGCKOﬁ aKyCTu-
KU1 YJIEHbI, OTBETCTBEHHBIE 3a CXKUMaEMOCTL CPEJ/Ibl, JIOJI2KHbI O6ﬂ3aTeJIbHO
IIPpUCYTCTBOBATDH, IOCKOJIBKY MMEHHO HaJIM4YNE CXKUMaeMOCTU CPEJIbl U O6y—
CJIOBJIMBACT INPUHIUIINAJIBHYIO BOSMOXKHOCTb BOSHUKHOBEHUA 1 PACIIPOCTPa-

25HexoTopbIe HCCeOBATEI PEITIOYHTAIOT HASKIBATD ee “aKyCTHKA HeoHOPOTHOI ABIZKYTIeiics cpe-
ner”, e [53].
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HeHUs B Hell 3BYKOBBIX BOJIH. UTO Kacaercsd HpPsIMbIX YHUCJIEHHDLIX pPelleHuil
STHX ypaBHEHHIT2%, TO OHN BBI3BLIBAIOT OIPEIEIeHHbIC TPYIHOCTH, TIOCKOJIBKY
TpeOYIOT CYNEePCKOPOCTHON BBIMUCIUTE/ILHON TEXHUKU ¢ OIPOMHBIME PeCyp-
camu namaT. K coxkaiennio, B HACTOdAIEe BpeMs TaKoil TEXHUKON pacio-
JIAralOT TOJILKO BEJIYIIHE CTPAHbI MUPaA U BO3MOYKHOCTH €€ MCIOJIb30BAHUS
MOT'YT TO3BOJIUTH cebe TOJHKO Te HayIHO-UCC/IE0BATE/IbCKIE EHTPhI, KO-
TOpbIE UMEIOT K HUM JIOCTYI. BOT 1moueMy K HacTosiIlieMy BpeMeHH paboT, B
KOTOPBIX PACCMATPUBAIOTCA KOHKPETHBIE 3389l THIPOadPOITHAMUIECKON
AKYCTHKW, C TIOMOIIBIO MPSIMbIX YUCJIEHHBIX METOJIOB pelleHns ypaBHEHUSI
Hasbe-CroKca, OTHOCHTEILHO HEMHOTO (K MX OOCYZKJICHHIO Mbl BEPHEMCsI
HECKOJIbKO T1037ke). Ho, cy/ist o Beemy, B 0603pnMoM Oy/IyIIeM HMEHHO Me-
o6l DNS nmeror HanboIbINy0 MePCIEeKTUBY PU TEOPETHIECKIX HCCIIe]10-
BAHUSIX [POIECCOB PeHepalnu 3ByKa MOTOKaMu |54| 1 BbIsICHEHUS] TOHKIX
MEXaHM3MOB TPE0OPA30BAHNUST SHEPTUH MTOTOKA, B 3BYKOBYIO SHEPTHIO.

VKazanuble 00CTOSITETLCTBA MO-CYTH SIBJISIIOTCS TJIABHOM MPUYUHOI TOTO,
YTO Ha MPOTIYKEHUN TOCTeTHUX TpUMepHO 150 JieT rIaBHbIN yIiop Npu u3y-
YeHNN MeXaHU3MOB 11peoOpa3oBaHusl SHEPIUU IIO0TOKA B 3BYKOBYIO SHEPIHIO
JleJTaJIcst Ha 9KCIIEPUMEHT U TOCTpoeHne (Ha 6a3e Pe3ysibTaToB 9KCIePUMEH-
Ta) KauecTBeHHBbIX Teopuil. K coxasienuio, mojydeHue Xoporiux J0CTOBep-
HBIX 9KCIIEPUMEHTAJILHBIX JIAHHBIX CBA3AHO C CO3/IAHUEM YHUKAJBLHOIO J0PO-
POCTOSAIIEr0 00OPY/IOBAHNUS, a TAKKE CJIOZKHOM ClIeIuaIbHON N3MEePUTETHHOIT
TEXHUKI.

BakaH4anBasi 3TOT Pazjie/s, MOXKHO ¢ YBEPEHHOCTHIO MTPOrHO3UPOBATD, UTO
HACTOATE/IbHAsST HEOOXOIMMOCTD PEIIeHIsT BOSHUKIINX HOBBIX 1TPOOJIEM TIepe;]
ODOIIECTBOM U HAyKOii, 0 KOTOPBIX Mbl PACCKA3AJIN BBIIIE, JIACT OIPOMHBIIT
CTUMYJI Pa3BUTUIO a3POTUJIPOJINHAMITYECKON akycTuke. M aTtoMy yke ecTb
MOJITBEPKJICHIE, BBIPAXKAIONIEeCsT B CYIECTBEHHOM YBEJIMYEHUN TTOTOKA Ha-
YUHBIX TTyOJIUKAIH 110 9TOi TpobJieMe.

20B aHIVIOS3BIYHON JUTEPATYPE STH METOB! HasbiBatoTcs direct numerical simulations, miam cokparmes-
no DNS.
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5. DBOJIOINY IMTPEJACTABJEHUN O MEXAHU3MAX
I'EHEPALIVIN 3BYKA IIOTOKOM

Ectb ocHoBanme caurtaTb, 4TO K MEPBON IMOJIMHHO HAaydHOH paboTe 1o
H3YYEHHIO IeHepallii 3ByKa [OTOKOM cjeayeT oTHecTH pabory Crpyxansa’,
nogiBuBIIYyI0Cs B 1878 rosy, M. [82]. On usydas 50J0BbI 3BYKU, BO3HUKAOIIIE
pu O0TEKAHWN IMOTOKOM BO3/yXa OTPE3Ka IMPOBOJIOKU, U YCTAHOBUJI, UTO

De3pasMepHasi BEJIUIIHA,

St = fd/V, (5.1)

B HEKOTOPOM JTHalla30He CKOPOCTEll Bpalllenus MPOBOJIOKH OCTAETCs MOCTO-
SIHHOM 1 paBHON mpnbamsnTeanno 0.185; 3mech f — dacToTa TeHepHpPyeMOro
3BYKa, d — JimaMeTp MpoBOJIOKH, V' — jimHeliHast CKOPOCTh MPpoBoJIoKH. Brio-
cyieJicTBUN, BejmdnHa St Oblia Has3BaHa B ero 4dectb udncjiaom Crpyxassd H,
Hapsijty ¢ ancsioM Pefinosbica (1 psioM JIpyTrux mogo0HOro pojia Ge3pasmep-
HbIX qucest [83]), sBisiercss OJHUM U3 KPUTEPHEB I000Ms B THIPOA3POMe-
XaHUKe. PaBeHCTBO OJIHOTUITHBIX KPUTEPHUEB MOJ00Ms JIJIsd JIBYX MJIK OoJiee
PUBNIECKUX CUCTEM — HEOOXOUMOE U JIOCTATOUHOE YCJIOBUE (PUBUIECKOTO
OJI00MST STUX CUCTEM.

Hexkoropblie kadecTBeHHBIE 00bsICHEHNST pe3y/ibTaTaM dKcrepuMeHToB CTpy-
xasist g Paneii?® B pabore [5,84]. A noske, Kapman yeranosuii, 4To oTHO-
[IEHNE PACCTOTHUS MEXKJIY PsIIaMU BUXPeil h K PaCCTOSAHUIO MEXKTy BUXPsI-
mu L (em. puc. 3.6) B psiyty npubiausutebio pasao 0.28, T.e. GJHU3KO dlic-
a1y, yeranosyienHoMy Crpyxajiem. DToT (pakT JIErKO HOITBEPKIaeTCsI, eCIu
nojarath, 4t0 h ~ d, a f = 1/T (3mech T' — 1epuoj| reaepupyeMbix 3ByKO-
BbIX Kostebamnuit). Torjga ouesuano, uro L = VT u St ~ h/L. Hekoropoe
HecoBraienne Beunann St u h/L 00bICHIETCS TeM, YTO PACCTOSTHUE MEZKJLy
pgjlaMu BUXpeil B Jlopoxkke KapMmana HecKoJIbKO 0oJIbIle JraMeTpa IpOoBO-
JIOKU.

B nepuost ¢ 1914 . o 1919 r. @. Kprorep n A. IIMujike cosjianm o001y o
KAYECTBEHHYIO CXeMY OObsiCHEeHWSI I'eHepalii TOHAJBHOI'O 3BYKa MOTOKOM,
U3BECTHYIO 110/ HazsanueM Teopun Kprorepa?®. Onn sxcrepuMenTanibio usy-
JaJii TeHepalnio 3ByKa IpU 00TeKaHUH TeJI, IPU HATeKAHWH CTPYU Ha KJIMH

2"Buncenc Crpyxamn (1850-1923) — wentckmit Gpusnk.

28 [lopn Pamteit (xxon Yuabam Crpert 1842-1919) — anrmmitckmit busnk.

29]13-3a HEOCTYIHOCTH OPUIHHATBHBIX pabor Kprorepa mbr Gymem onmuparses Ha paGoTy COBETCKOTO
akycruka B. II. Koncranrunosa 52|, B KoTOpOii aHaM3upyercs 3ra Teopusi.
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u 1pu pabote opranuoit Tpyobl. [IpuamnHbI renepannm TOHAJILHOTO 3BYKa OHU
BUJIC/TH UCKJIIOYUTETBHO B MOSIBJICHIN BUXPEBOii Jopoxkki Kapmana. Teopust
Kprorepa mpoussojinia UMIIOHUDYIOIee BIIEUATICHIE Ojiarogapst eJIuHCTBY
B3IVIsA/Ia HA BCIO TTPO0OJIeMY I'eHeparnin 3Byka moTokoM. OTHAKO KadeCTBeHHAST
KapTuHa, co3/anHast Kporepom oxBaThiBaJIa, 10 CyTH Je/Ia, JIUITh BHEITHIO0
CyTh IIPOIecca OOTEKAHNsT MOTOKOM TeJs, Hanbojiee HPOCAIONIyIocs B TJIa3a.
Kax mokazan B 1931 r. yuenuxk ®@. Kprorepa FO. Kiior, skcnepumentupyst
CO CTpyeil, BhIXOJIel U3 COoIlJia, HUKAKUX BUXPEl, IepUuoiniecK OTphbiBa-
foruxcst ot Kpaes coria (o Kprorepy), we cymecrsyer. B koneanom urore,
BCe pe3yJibTaThl Teopuu Kprorepa cBesich K MOBTOPHOMY BBIBOJIY COOTHOIIIE-
HUIT 11010011, IMEIOIINXCsT B paHHee M3BecTHBIX paborax Crpyxass u Pajes.

Bumecte ¢ atum, no-sBujgumomy B 30-x rojjax XX Beka, HEKOTOpPbIE HCCIIeI0-
BaTEJIM IIPUXOJIAT K BBIBOJLY, UTO B OCHOBE MEXaHU3Ma, FeHePAIni TOHATLHOTO
3ByKa TIOTOKOM JIEKUT aBTOKoIe0aTeTbHbIH mporiecc. OO 3TOM yITOMIHAET O.
Puuap/icon B cBoeii knure “/Iunamuka peaibHbIx Kugkocreii” na c. 155 [71],
a takxke B.I1. Koncrantinos B [52] Ha c. 54, cebliasich Ha CBOIO PAHHIOIO Pa-
ooty [86]. B nasbueiiimenm, naunnas npumepo ¢ 50-x rogos XX Beka, CTaIo
HOSAB/ISITHCST OTHOCUTE/TBHO OOJIBIIOE KOJMIECTBO PabOT, MOCBAIICHHBIX Pas3-
paboTKe 3TO Men Jijisdi KOHKPETHBIX THIPOa’dPOAMHAMUICCKIX CHTYAIHI,
cM., HampuMep, pabotsl (8899, 101, a takxke 0630per [100, 102] u obmmmp-
HyI0 6ubamorpaduio B HIX.

Hamomunm III/ITELTGIIIO?)O

, UTO B aKyCTHUKe U MeXaHWKe KoJeOaHusl IPIHSITO
0JIpasesisiTh Ha cOOCTBeHHBbIE (CBOOOJHBIE), BBIHYZKIEHHBIE U aBTOKOJIe0a~
musi. CobeTBeHHbIe KOIeOaHUsl — 3T0 Te KoJieDaHus, KOTOPhIe B JAHHON CH-
cTeMe MOI'YT COBEPIIATLCS [P OTCYTCTBUU ITOCTOSIHHOIO BHEIIHErO BO3IEli-
CTBUSI, HO 3a CUET HAaJYaJbHOrO BO30YXKJleHUs. BbIHYKIeHHbIe KOJeOaHmsa —
9TO KOJIeOAHWs CUCTEMBI 1101 JIefICTBIEM CTOPOHHUX CIJI, XapaKTep KOTOPbIX
He 3aBUCUT OT ABUXKEHHNA CHUCTEMDI. B C.]Iy‘lae JINHENHBIX CUCTEM BbIHy}K—
JEeHHbIe KOJIG6&HI/IH Bcerjga MOXKHO IIpe,LLCTaBI/ITb ‘{epGS OIIpe,LLeJIeHHbII;’I Ha60p
COOCTBEHHDBIX KOJieOaHuii.

ABrokoJiebaHus CUCTEMbl BOSHUKAIOT CAMOIIPOM3BOJILHO 38 CUET OIlpejie-
JIEHHBIX BHYTPEHHUX aKyCTHYCCKUX WM MEXaHUYECKUX OOPATHLIX CBS3€il
MEK/IY BXOJIOM U BBIXOJIOM CHCTEMbI. BayKHBIME YCIOBUSIME TSI BOSHUKHO-
BEHIs TAKUX KOoJIeOaHuil siBjIsieTcsd HaIudie HCTOYHIUKA SHEPIUN U HeJInHeli-
HOCTB 3JIEMEHTOB CHCTEMBI.

Tepmumnr “aBrokosebanust’, “‘aBTokosiedaTeIbHBIH Mporiece” 1 “aBTOKOJIE-

SONILI InpearoJiaraeM, 9To YuTaTe/J b 3HaKOM C HEKOTOPBIMU OCHOBaMHU aKyCTUKU U MEeXaHUKU.
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Puc. 5.1. O6ob1mennast cxema JUHAMAYIECKONH CHCTEMBI ¢ OOPATHON CBA3BIO:

K(z,y, z, f,t) — koMwIekcHblil kKoaddbunuent nepesadu cucremsl (6e3 06paTHOI CBA3M),
s(z,y, 2, f,t) — KoMIUTeKCHBIH Koo duImenT nepeadn menu o6paTHoil ¢BsA3N;
x, Y, 2, f, t — KOOpAUHATBI, YACTOTA U BPEMSI.

bare/bHble cucTeMbl’ ObLIu Hpejiozkenbl eme B 1937 1. ALA. Anjpono-
BbIM [103,104], 10CKOIBKY JIMHAMUYECKUE CUCTEMbI, B KOTOPBIX MOT'YT BO3HU-
KaTh aBTOKOJIOAHUsI, IPEJICTABIAIOT UCKIIOUNTEILHDBI HHTEPeC JJId HayK1
1 TexHuKIS!,

B camom 001iem 1 yIpornennoM Buje JMHAMUYECKYIO CUCTEMY, B KOTOPOI
BOBHUKAIOT ABTOKOJIE0AHNST, MOYKHO IIPEJICTABUTH KaK HEKYIO CUCTEMY, COCTO-
ANYI0 U3 2-X KaHAJIOB, Yepe3 KOTOpble TeYeT SHEPIHs: OTHOCUTEIBHO MOITI-
HBII [IPSIMOIl KaHAI U KaHaJ oOpaTHON CBA3M (MM KaHaJs YIPaBJIeHHsl, KO-
TOPBIii 06BIYHO C1aG0OMOIIHBIH ), M. puc. 5.1. TIpsimoit KaHas JOJIZKeH uMeTh
HCTOYHUK SHEPIUU. DTO MOXKET ObITH JICKTPUUCCKUI TOK, MOTOK KUJKO-
CTH WJIM Ta3a, NI KaKOH-HUOY/Ib JPYToil HocuTes b sHeprun. [Ipgamoil kanas
nMeeT BXOJI SHEPIUU U €€ BBIXOJ, a ero KOMILJIEKCHBIN KO3 hUIUEHT niepe/ia-
an sueprunt K (x,y, z, f,t) B 001eM ciydae 3aBUCAT OT KOOPJMHAT, 4ACTOThI
u Bpemenn’?, Kanan obpaTHoil cBa3u OTOMpaeT 4acTh SHEPIUU C BLIXO/A
U 1epejiaeT ee Ha BXOJ. Ero KomiuiekcHblil KO3 dUuimenT nepeain paBeH
s(x,y, z, f,t). Obmuii koabduienT nepejadn Beeil Takoil JAUHAMEIIECKOI
CHCTEMBI, KaK U3BecTHO [83], nmeer By

K($7y727f7t)
1_5(]:>y7vaatv)K(Iv?%Z’fyt).

31B aHIOs3BIYHOI JIUTEpPATYPE Yallle NCIOIb3YIoTCs TepMuHbI “self-excited”.
32K oadburipenT mepeiadu ecTh OTHOMICHNE SHEPIUH (MK JIF000r0 JIPYTOTO MapaMeTpa — TOKA, JIeK-
TPHUYECKOTO HANIPSIZKeHHUsl, JABJIEHHs], CKOPOCTH U T.J[.) Ha BBIXOJE K SHEPIHU Ha BXOJE.

K—:
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ObpatHast CBSI3b MOXKET OBITh MOJOKUTETBLHOW U OTPHUIATEIbHON 1, B 00-
IeM cJIydae, 9To olpejesisercs (hasoil MOCTYIAONEro Curuajia ¢ KaHaa
0bpaTHOI CBSI3M Ha BXOJ| NpsgMoro kanaja. [Ipm orpunaresnbnoii obparnoii
CBSI3N CUTHAJ C KaHaJsia 00paTHON CBA3M HAXOJUTCS B IPOTHBOdgA3e ¢ BXOJI-
HbIM curaajoM. ITosromy cymMMmapHbIil BXOAHON CHTHAJ YMEHBIIACTCI U CTa-
OMIN3UPYETCs, ITO OOBIMHO UCIHOJIB3YETCS B TEXHUKE /ST aBTOMATHYIECKOrO
HojyiepKanust (PU3NIECKUX XapaKTEPUCTHK JMHAMIIECKIX CHCTEM Ha Tpe-
6yemom yposme. [Ipn mososkuTenbHoit 0bpaTHol CBA3M HA0OOPOT, CUTHAT C
KaHaja 00paTHON CBSA3M HAXOAUTCS B hase ¢ BXOJHBIM curtajom. [losromy
CYMMApPHBIil BXOJIHON CHTHAJ YBEJIUIUBACTCSI, UTO IPUBOIUT K yBEJIMIEHITO
BBIXOJIHOTO CHTHaJIa U T.J. B pesysibrare jJuHAMIYECKas CHCTEMa CaMOBO3-
OyzKl1aeTcsl 1 MOXKET IHepeiiTh B pexKUM aBTOKOJIeDaHUI.

[To-Bumnmomy BIepBBIe OOpaTHas CBSI3b B sIBHOM BHjIe ObLIa IPUMEHEHA
npu co3gannu 9acos [83] u mapopbix Mammui. OJHAKO B HACTOSIIEE BpeMsi
MPUHSITO CUNTATH, 9TO OOPATHBIE CBA3U SABJIAIOTCS OOIIMM (PyHIAMEHTATb-
HBIM CBOHCTBOM IIPUPOJIBI U IPUCYTCTBYIOT B CAMbBIX PA3/IMYHbIX JIMHAMUYE-
CKUX CHCTEMaxX — OT MPOCTEHIIX MEXaHNICCKUX JI0 OMOJIOTHIECKIX U 00IIe-
CTBEHHBIX. B mpocTefimx JuHAMIYIeCKIX CHcTeMax (HAIPUMED, Yachl, Tell-
JIOBBIE MAIITHHBI, 9JIEKTPOHHBIE YCTPOHCTBA I JIP. ), HMEIOIIIX COCPEIOTOYeH-
HbIE 9JIeMEHThI (MasITHUKI, TIPY2KIHBI, 30JI0THIKI, KOH/IEHCATOPbI, KATYIITKHI
VH/YKTHBHOCTH U JIP.), CPABHUTEIBHO MPOCTO UACHTH(MUIINPOBATH BCE dJie-
MEHTBI CUCTEMBI, OTBETCTBEHHBIE 3a MPsIMO KaHaJ I 1 KaHajl OOpATHON CBS3MU.
Ecnu, nanpumep, oCTaHOBUTH Yachl, TO MOXKHO ODHAPYXKUTH BCE DJIEMEHThI
MPSIMOTO KaHaJia U KaHaJja obpaTHOl cBst3u. Bostee Toro, mpu co3iaHIu TAKIX
CUCTEM yJlaeTCsl Peajii30BaTh KaHaJbl 0OPaTHO CBSI3U ¢ Halepe/] 3a/1aHHbI-
M xapaktepuctukamn. OjrHako B 6oJiee CJI0XKHBIX JIMHAMIYECKIX CHCTeMax
njienTuUIUpPOBaThL Kanaj 0OPATHOI CBA3U U €ro 3JIeMEeHTHl 3a9acTyI0 OKa-
3bIBAETC OYeHb CJI0KHON 3ajiadeil. K coxkasieHnio, K 9TUM cucTteMaM OTHO-
CATCSI U CHCTEMBI, BCTpeJaloIinecss B rujpoadpomexannke. [Ipuanna storo
OUEeBH/HA — BCE OCHOBHBIE 3JIEMEHTDHI IMOJ00HOIO POJA JIMHAMUYECKUX CHU-
CTeM pacIpejieIeHbl B ITPOCTPAHCTBE U UX JIefiCTBIE MPOSABIISAETCA TOJBKO B
auHaMuKe. MHbIMK cjioBaMu, €Cjin JIBUXKEHUE TaKoi JIMHAMUYECKONH CHCTe-
Mbl OCTAHOBUTH, TO HCUE3HYT U BCE OCHOBHBIE 3JIEMEHTBI IIPAMOI'O KaHaJla
n KaHajia oOpaTHON cBsi3u. TakuMm 0Opa3oM, TPYIHOCTH U3YUCHUS THJIPO-
A9POJIMHAMUYECKUX aBTOKOJICOATETbHBIX CUCTEM COCTOSIT HE TOJIBKO B CJIOK-
HOCTH PEeIIeHNs] COOTBETCTBYIOMNX JindepeHna bHbIX YpaBHEeHU T, KOTO-
PBIMHU OHU OIMCBIBAIOTCS U O YeM Mbl y2Ke YIIOMUHAJIA BbIIIE, HO U B TOM,
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aKycmu4eckasi obpamHasi
C8513b
P \_ - - -
[
M Yeunumerb ,
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[lomewieHuUe

Puc. 5.2. Jlunamudeckast 3/1eKTPOAKyCTUUECKas CUCTEMa C aKyCTHIECKOM
00paTHOI CBA3BIO Yepe3 OKPYZKAIOILYIO BO3/YIIHYIO CPEILY:

M — mukpodom, I' = rpoMKOroBopHTEIb.

YTO 9JIEMEHTBI STUX CHUCTEM DAacIpejiesieHbl B IIPOCTPAHCTBE M MX CBOHCTBA
3aBUCAT OT BPEMEHU, KOOPJIUHAT U JAPYTUX HapaMeTPOB.

HuccnnatuBabie JUHAMUYECKHE CUCTEMBbI, B KOTOPBIX MOI'YT BO3HUKATD
ABTOKOJI€0AHsI, JIOJZKHBI YJIOBJIETBOPSITH HECKOJIBLKUM ycjoBusiM (87, 103 —
105]. Bo-miepBbIx, OHU JJOJIZKHBI HMETh MOCTOSIHHBI{ MCTOYHUK SHEpruu. Bo-
BTOPBIX, IMeTh KOJIebaTe/bHYIO CHCTeMY W, B TPETbUX, UMeTh KaHas IO-
JIOYKUTEJIbHOI oOpaTHoit cBsa3u. Kpome sToro, B cucreme JI0JIZKHBI 00si3a-
TeJILHO IIPUCYTCTBOBATL HEJTMHENHbIE 3JIEMEHThI. DTO MOI'YT ObITH HeJnHedi-
HbIe BOJILT-aMIIEPHbIE XaPAKTEPUCTUKU JIAMIT UJIN TTOJTYTIPOBOJIHUKOB B JJI€K-
TPOHHDBIX YCUJIMTE/ISIX CUTHAJIOB, HeJNHEHHble XapaKTePUCTUKI 3JIeMEeHTOB
nojBeckn 1 dy30pa B TPOMKOIOBOPUTEISAX, TaKNE HeJIMHEHHbBIE sIBJIEHIS B
JKUJIKOCTSIX 1 Ta3ax, Kak BUXpeoOpasoBaHue i T.I.

B kauecrBe npumepa Ha puc. 5.2 mpeJicTaBIena peajgbHas JINHAMIYecKast
9JIEKTPOAKYCTHUECKasi CHCTeMa, B KOTOPOW MOT'YT BO3HHKHYTH aBTOKOJe0a-
HUSI, XOTsI OHU BeCbMa 1 HeKeJlaTe bHbl. BeeMm 3HakoMast cutyarus: O0JIbINoi
3aJ1, CIyIaTe I U JOKJI UK. JIOKIa I qnK TOBOPUT B MUKPOMOH, 3JIeKTPU-
YeCKHIl CUIHAJI ¢ KOTOPOI'O MOCTyIAeT Ha 3JIeKTPOHHBIN YCHIUTEIb U Jia-
Jiee Ha rpoMkorosopuresn. Ciryniaresn ¢ 3aJiHIX PAJIOB IIPOCAT YBEJIUYNTD
I'POMKOCTD. JIOKJIQTUNK BpaliaeT pyuKy yCHJIEHHs 3JIEKTPOHHOIO YCUJIUTe-
JISI U BJIDYT B I'POMKOTIOBOPHTEJISIX PAa3/Ia€TCsl POH3UTEILHDII Boil. UTO XKe
npousonuio? A npousonuio BOT 4To. V3iydaemas 3ByKOBas SHEPIrusi PE3KO
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YBEJNIIIACH U €€ OKA3aJI0Ch TelePh JTOCTATOTHO, 9TOOBI HEKOTOPasi ee 1acTh
jocruriia Mukpodona. [lo Bo3ayIHOMY Kanaiy TPOMKOIOBOPUTEh — MUK-
podoH obpazoBaach aKycTHIecKas odpaTHasl CBSI3b, KOTOPast Ha HEKOTOPBIX
JaCcTOTaX OKA3aJach MOJIOKUTEJbHON (CHCTeMa 3BYKOYCUICHUST BEChMAa IIIH-
pokorosiocHa (Topsijika 8 i 60J1ee OKTAB) 1 [OITOMY BCErjia HaiiIyTest 4acTo-
ThI, Ha KOTOPBIX OOpaTHAsI CBsI3b OKAXKeTCsl MOJIOKUTETHHOIT). B pesysibrare
1 BO3HUK 3TOT HEXKesaTeJbHbINH 3(deKT, KOTOPhIil HA3bIBACTCA aKyCTHIe-
CKOil 06paTHOIl CBA3BIO™.

[IpuBeIeHHBII TPUMED HHTEPECEH TaKKe U TeM, YTO MPSIMOil KaHAT (MUK~
pOGOH, 3JIEKTPOHHBIN YCUTUTE/b U 'POMKOIOBOPUTEIIL) COJEPKUT B OCHOB-
HOM COCDEJIOTOUEHHbBIE 9JIEMEHTHI, a KaHaj 0OpaTHON CBs3U pacipejieieH B
pOCTpaHCcTBe moMenieHns. [loaromy, Jijis OleHKNn KaHaja 00paTHON CBs3H
1 ero BO3/IeIiCTBUsI HA OCHOBHOW KaHaJs HEOOXOJMMO 3HATH PACIpe/leeHne
3BYKOBOT'O I10JIsI BO BCEM IIOMEIIEHUN € YIeTOM OTPaKeHWil 3BYyKa OT BCEX
[IPeJIMETOB B ITOMEIIEHNH, & TaKyKe CTeH, 1oJia 1 1moToJika. V XoTs B HaCTOsI-
Iee BpeMsl 3TO U MOCHJIbHAs 3ajiada, TeM He MeHee JOCTATOYHO CJIOYKHAsST U
TPYI0EMKasI.

Takum 0Opa3oM, B HACTOsIITEe BpeMsI IPUHSITO CIUTATD, UTO [VIABHOIT TpU-
YUHOI MOSIBJIEHUsT TOHAJTBHBIX (Y3KOIMOJIOCHBIX) 3BYKOB B PA3JIMIHBIX IUIPO-
A9POJIMHAMUYIECKUX CHCTEeMAax SIBJISTFOTCST BOSHUKAMONINE B HUX 38 CUeT caMo-
OpraHu3allui M0JIOYKUTEIbHBIE 00paTHbIE CBSI3U, KOTOPHIE W HPUBOIAT ITH
CHCTEMbI B aBTOKOJIEOATEIbHBII PEZKIIM.

B ornucaHHBIX BBIIIE SKCIIEPUMEHTAX U HAOJIIOJEHUSIX 110 NeHepallui 3BY-
Ka IMOTOKOM 4YeTKO C(hOPMIPOBAIUCH MTPEJCTABIEHUSI O TOM, 9TO 3ByK IeHe-
pUPYeTCsT HeCTAIlMOHAPHBIMEI BO3MYIIEHUSIMI B 1OTOKe. Fcim obparntbest,
Hanpumep, K paccmarpusaeMoMy CrTpyxajieM O0TEKAHUIO MOTOKOM BO3JLYy-
Xa IMUJIMHApPa, TO BO3MYHIEHHNA ITOTOKa MOXKHO YCJIOBHO pa3/Ie/IMTh Ha JIBE
cocrapJstionue. lepBasi cocrap/sionas — 9T0 BO3MYIIEHUS 10Jieii CKOPO-
creil u ,LLaBJIeHI/II}JI Ha MMOBEPXHOCTU HUJIMHJIPpa, BbI3BaHHBIE HaJIMYUEM CaMO-
'O IIPENATCTBUA Ha IIYTHU ITIOTOKa, UMEIoIe dABHO HepI/IOILI/I‘{eCKI/Iﬁ XapaKTep.
D11 Bo3MyTIeHHst (Kak Oy/IeT MOKA3aHO Jlaiee) CAMOOPraHU3yIOTCsT B HEKOTO-
PYIO CTIOZKHYIO aBTOKOJIE0ATETbHY IO CUCTEMY, KOJIeOAHNsT KOTOPOii U BbI3bIBA-
eT MOsIBJICHIE TOHAJBHOIO 3BYKa. BTopas cocTaBidioniast 3T0 BO3MYIIECHUSI,
pa3BUBAIOIINECs B TYPOYJIEHTHOM CJIE/Ie 3a IUJIMHIPOM, B PE3y/IbTaTe uero
BO3HUKAET MIMPOKOIOIOCHBIN 11yM. MexaHu3M BO3HUKHOBEHUSI ITyMa ITPUH-

3306pr4n0, mepe 1 JOK/IaI0M WM APYIHME MEPONPHATHAMIE, OIIEPATOPLI PEryIHPYIOT allapaTypy Tak,
9T00BI Takue 3bMEKTH He BOSHUKAIN. DTOTO MOYKHO JIOCTUIb PAIMOHAILHBIM Pa3MeIeHrneM MUKpPOdO-
HOB U I'POMKOTOBODHUTEJIEN B IIOMEIIEHNH, a TaKXKe PEryJupOBKOil KoaddurpenTa ycuieHus: TpakTa.
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[UITHATBEHO OTJIMYAETCsT OT MeXaHI3Ma BO3HUKHOBEHMsT TOHAJIBLHOI'O 3BYKa, U
CBsI3aH, Kak OyIeT IMOKa3aHo HUKe, CO crenunduIecKuMn KOoJeOaHusIMn 1
B3aMMOJIECTBUEM YaCTUIl cpe/ibl B TypOysenTHoM ciene. OneHka BKJaja B
aKyCTHIECKOe TI0JIe U3JIy9YeHUs 3THX JIBYX COCTABJISIIONINX IIPUHIUIHAILHO
BayKHO JIJIs1 IIOHMMAaHIS MEXaHI3MOB I'eHepalii 3ByKa [IOTOKOM ¥ [10JIy YeHUsI
KOJIMIECTBEHHBIX XapaKTEePUCTHK 3BYKOBOTO IOJISI.

B cBete Takoii OCTAaHOBKY 3a/a41l BayKHYIO POJIb B PA3BUTHI THIPOAIPO-
JIMHAMITIECKON aKycTHKn coirpain paborsl M. Jlaitrxusia [57,58| (u ero
MHOTHX TT0c/Ie/IoBaTeeit, Hanpumep, [59 - 65]), kotopas Obliia HHHIHIPOBAHA
kommanueii Posic-Poiic (Rolls-Royce) 3* u paspaborana M. Jlafitxmiiom B
CBSA3H C M3YUEHUEM IMHPOKOIOIOCHDBIX MIYMOB, CO3/IaBAEMbIX Ta30BBIME TY]-
Oy/1eHTHBIME CTPYsIMU. VIMEeHHO 3Tu paboThl BCKPbLIN PU3MIECKIe IPUIUHbI
HOsIBJIEHNSI 3ByKa B CBOOOJHOM TYpPOYJIEHTHOM TIOTOKE 1 JIaJIi BO3SMOXKHOCTH
OIIEHUTB YPOBEHB 3BYKa B 3aBICUMOCTH OT CKOPOCTH MoTOKa. V3/10:K1M Kpar-
KO CYyTb 3TOH TEOpUH.

[Tpenmonokum, 9T0 y HAc ecTb OesrpaHudHast 00acTh (G OJHOPOIHOI
JKUJIKOI MJTH Ta3000pa3HOil OKOSIIIEHCs Cpeibl, Ijle HeT HUKAKKUX HCTOYHMU-
KOB 3ByKa, HO B IIPUHIUIIE MOI'YT PACIPOCTPAHATHCA 3BYKOBBIE BOJIHBI CO
CKOPOCTBIO €y, MOJUNHSASICH BOJHOBOMY ypasHenuto (1.13). D1o ypasaenue
3aIlICAHO OTHOCUTENILHO MoTeHIma a ckopoctn ®. st yaoberBa gasbHeii-
MIUX BBIKJIAJOK HMEPEIUIEeM ero OTHOCUTEBHO IIJIOTHOCTH CPEJIbI P

2
90 _ay2,— (5.2)

Buecs V2 - oneparop Jlamiaca. 3aMeTM, 4To 3TO ypaBHEHHe He CONePAKUT
KaKUX-JT100 NCTOUYHIKOB. B poTuBHOM CjIydae ero npasast 9acTb He DaBHs-
JIach OBl HYJTIO.

[Iycts B obsactn G umeeTcst KOHedHAas 10 00beMy 00JIACTH ¢, B KOTO-
pOil cpejla HAXOJAUTCS B POU3BOJILHOM (HAIPHMED TYDOYJEHTHOM) JIBHZKe-
run. [Tosromy jiist 001aCTH g MBI JIOJIZKHBI HCIIOJIH30BATH HE TPUOJINKCHHDIC
ypaBHeHus (Kak IpH BBIBOJE BOJHOBOIO YpaBHEHHUsl), a ToUHbIE. st 9T0ro
BOCIIO/Ib3YEMCsl ypaBHeHneM HepaspbiBHOCTU cpejibl (1.1) u ypaBHeHueM co-
XpaHeHUsT KOJIMIecTBa, JBIKeHns (1.2) ¢ BKIIOUYCHHBIMU B HUX CHJIAME Bs3-
KOCTH, JTayKe eCJIM OHU IPEHEOPE:KUMO MaJIbl. DTH YPaBHEHUS y HAC ObLIN
npeacTaBieHbl B BeKTopHOM Bume. OpHako cefidac nx Oojee ymobHO mpe-

34Poyuc-Poiic — BCeMHIpPHO M3BECTHAsI KOMIIAHHUS, Pa3pabaThIBAIOIAs i H3TOTABIHBAIONIAs TYPOOPeaK-
TUBHBIE JIBUTATEH JIJIsI ABHAIIIH, KOTOPOI HEOOXOMMO OBLIIO PEIUTE TPOOJIEMY CHUZKEHUSI IITyMa CTPYeit,
BBITEKAIOIIe U3 JBUraTeseil.
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-
CTaBHUTb B TEH30PHOM BHIE 35

dp 0 B

ot * 0z (pj) =0, 53)
9 oo + -2 (poww; + P) = 0 (5.4)
o P gy Pvivi Biy) =0, :

e v — HPOEKIIHsT CKOPOCTH TedeHns yKIAKOCTH Ha och = u Pj = pd;; +
p(—0i; + 2e;;0,j/3) = pdi; + 0ij — TEH30p HAIPSZKEHUI OT CIJI JABJICHUS I
BSI3KOCTH; [t — KO3(DUIHEHT CABUIOBOIl BA3KOCTH; 0 — KOMIIOHCHTBI TEH-
30pa BA3KNX HalpsizKenuii. 3mech

8’UZ' ij a'Ui
+ . J .

Cii = ——
) 1] )
89@ 6:151 6.%]'

Hij =

a 0;; — cumsost Kponekepa (0;; = 1 npu @ = j; §;; = 0 upn ¢ # j) u Besje
1,7=1,2,3.

[Ipoguddepennupyem renepsb ypasaenne (5.3) 1m0 BpeMeHH, a ypaBHe-
aue (5.4) — o KoopUHATE T;. 3aTeM BbIUYTEM OJ[MH PE3YJbTaT U3 JAPYroro u
HOJTY 9UM

9?p B O*(pvwj + Pij)

— = . 5.5
0%t 836231*] ( )
BorunTast n3 06enx qacTeii 9TOro COOTHOMEHNs! BeIMINHY €2V 2p, TIoTydnM
Pp oo 0*T;
o —Vip= 5.6
o2~ Y P ogon, (5:6)
rie
T;; = pviv; + 0y (p’ — c%p’) — 0y (5.7)

ecTb TeH30p TypOYJIeHTHBIX HalpsizkeHuit JlafiTxumia, npejacraBidoniuii co-
60l Pa3HOCTL HAIIPSIZKEHUI B IMOTOKE M HAIIPSAZKEHUI B MOKOAIIEHCs CpeJie.
Hanmuue npapoit wacru B ypasaerun (5.6) roBOPUT 0 TOM, 4TO B Cpejie
CYIIECTBYIOT UCTOYHUKN 3BYKa 1, B JIAHHOM CJIydae, OHU MOPOXKJIEHbI TYpOY-
JIEHTHBIMU HanpsizkeHusmu Jlaiirxuina B camoit 2xkujkoctu. Vmenno Jlaiir-
XUJLJI IIEPBBLIM [OJIYYUJI 3TO ypaBHEHNE U yKa3aJsl, 9YTO 3TU UCTOYHUKU 3BYKa

35U 106BI TIOTYIUTL HATATLHBIC CBEICHIS O TEH30PHOM HCUHCTCHNH, PEKOMEHIyeM OOPATHTHCS K KHH-
re [114] nim [21].
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SIBJISIEOTCSL AHAJIOTOM KJIACCUIECKUX AKYCTHUECKIX MCTOYHUKOB KBaJIPY IO Ib-
HOTO THIIA, KOTOPbIE MBI M0JIPOOHO paccMaTpuBa/y Bbille. JleficTBure/ibHO,
cpaBHIBas TpaBble YacTi ypasHenus (5.6) u ypasuenus (2.20), jserko yoe-
JITHCA, 9TO (POPMAJIbHO OHU TOXKJIECTBEHHbI.

Ho Bepremcst cHoBa K ypasrenuto Jlaiirxuaa (5.6). OHO sBisieTcss TOU-
HBIM YpaBHEHUEM JIJIsT 00JIACTH ¢ W BbIBEJIEHO, KaK MbI BUJIEJIH, O€3 TPEJIIo-
JIOZKEHUH O TUHEHHOCTH, CTAIlMOHAPHOCTUA WJIA OTCYTCTBUSA BUXPEN B IIOTOKE
(kaK B ciiydae BOJHOBOIO ypaBHeHMst). [109ToMy MPUXOAMM K BBIBOLY: TOU-
HbIe YPaBHEHUS ITPOM3BOJILHOIO JIBUZKEHUsI KUJIKOCTH MOI'YT ObITH CBEJIEHBI
K JIMHEHHOMY YpaBHEHUIO PACIPOCTPaHEHNUsI 3BYKa B OJHOPOJIHON aKyCTHIe-
CKOI TTOKOSIIIEiCsT cpejie, HaXOoIAIIelcs Mo BO3/eiiCTBIeM BHEITHIX MTPUJIO-
JKeHHBIX (huryKTyanuii HanpsizkeHnuit. [Ipn srom He yuuTbiBaercs oOpaTHAast
peaxIiius 3ByKa Ha XapakTep I0TOKa, PACIPOCTpaHeHne 3ByKa ¢ epeMeHHOi
CKOPOCTBIO BHYTpPHU 1OTOKa (pedpakiius 3ByKa), a TAKzKe 3aTyXaHue 3BY-
ka. Bee atn 9pdeKThl, 10 cyTH, HESIBHO BKJIIOYEHDBI B MPABYIO YaCTh YPaB-
Hernns (5.6) B Bije THIIOTETHYIECKOIO BHEIIHETO MO/, 00OPA30BAHHOIO CIIe-
IIATBHO 110J00PAHHBIM ITPOCTPAHCTBEHHBIM PACIIPE/IeIeHNEM KBaIPYIIOIeit.
WubiMu ciioBaMu, UCIOJIb30BaHne ypapHeHus JIalTXuma mpemnoaaraet, YTo
paciipeejieHnne B IIPOCTPaHCTBE 1 UTHTEHCUBHOCTL KBaJIPYIIOJIbHBIX NCTOYHU-
koB T;; 3apanee uspectHbl. [Tosromy Teopuio JlaiiTxuina 4acTo HasbIBAIOT
TakzKe “‘aKycTmdeckoil amasorneit Jlafirxmmra”.

3Jiech cieyer o0paTUTh BHUMAHUE YUTATE IS Ha OUYEBUIHOE ITPOTHBOPE-
qpe. C 0J{HOI CTOPOHBI, MbI ITOJIYYHJIN TTOJIHDBI AHAJOr BOJHOBOTO YpaBHE-
HI¢, B IPaBoil 4acTH KOTOPOI'o YKa3aHO paclpe/ie/ieHue HCTOYHUKOB KBaJl-
pynosbHoro Tuna ;. A ¢ pyroii CTOPOHEI, OIpe/eeHne STUX HCTOUHNKOB
SKBUBAJICHTHO PEIICHUI0 MCXOIHBIX HEJMHEHHBIX ypPaBHEHUIl IrnjapoMexaHu-
KI, KOTOPOe TOJIyUUTDh 3a9acTyl0 BecbMa TPY/HO. Tem He Menee jijisi HEKO-
TOPBIX OTHOCHUTEJILHO IIPOCTBIX TUIIOB IIOTOKOB MHOIJIA YAAETCA I0JIY4UThb
JIOCTATOYHO TOUHbIe OlleHKn Bejuunnbl 1j;. Taxkzke, 11py HEKOTOPBIX MPe/l-
MOJIOYKEHWAX, BbIparKeHue JIJisd TeH30pa TypOyJeHTHBIX Hampsizkenuit Jlair-
xmsia (5.7) MoKeT OBbITh CYIIECTBEHHO YIPOIeHO. JleiicTBUTEIbHO, Bsi3KIe
HallPAKEHUsI 05 B IOTOKE BHOCAT CYIIECTBEHHO MeHbIInii BKIaJ B 1;;, yem
Hanpsizkenust Peiinosb/ica pv;v;, HOCKOIbKY OTHOMICHHE 9TUX YJICHOB MMeeT
nops/IoK dncia PefiHosnb/ica, KOTopoe BO BCeX NMPAKTHUECKNUX MPUIOKCHU-
SIX JIOCTATOYHO BesINKO. Eesn npenedpednb 3/1eCh TakyKe MOIVIONIEHIEeM 3BYKa
3a CYeT TEIJIONPOBOJHOCTH, T.€. BTOPHIM 4eHOM B (5.7), TO CIpaBe/InBbIM
OyJIeT caemytoriee NpuOINKEHHOE BbIpazKeHne:
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Ej ~ LoV V5. (58)

S,Her 3aMeHa I[IEPpEeMEHHOI'0 3Ha4YCHUA p Ha CTaTUYIeCKOe 3HaYCHUE pg BO3-
MO2KHa JIMIIb IIPU YCJIOBUU

Po

KOTJIa 3HadeHus dnca Maxa Masibl.

[TogBojst UTOr NPUBEIEHHBIM BBIKJIAIKAM 1 PACCYKJICHUSIM MOXKHO, CJle-
JIATHh TaKOM BBIBOJI: 3BYK, TIOPOZK/IA€MbIii HECTAIIMOHAPHBIMU 1 HEJTMHEHHBIMI
JIBUYKEHUSIME CpeJibl B 00JIaCTH ¢, HaM Y/aJ0Ch OIHUCATH C IIOMOIIBIO JIH-
HeTHOTO BOJIHOBOI'O ypaBHEHHsI, B IIPABYI0 9acTh KOTOPOI'O BOILIH KBaJPy-
[OJIbHBIE UCTOYHUKI, OINChIBAEMbIe TEH30POM TYPOYJIeHTHBIX HaIlPsizKEeHHil
Jlaiirxuna. Tenepb amu JlaHHbIE MOT'YT OBITH HCIIOJIB30BaHbBI JIJIsl OIEHKI
3BYKOBOTO 10Jis1 BO Beeil obactu GG. Ilokarkem, Kak 9TO MOXKHO peasiin30-
BaTh.

Ecnn xkaxne-ubo rpaHuIibl, OT KOTOPBIX 3BYK MOYKET OTPaXKaThCs, B 00-
jgactu G OTCyTCTBYIOT, TO pelienne ypaBHenus JlafiTxuia MOXKHO 1pejicTa-
BUTb UCIO/B3Yst pyHKImio ['puHa jijist ¢cBOOOHOIO pocTpancTBa [64]

1 / 0Ty (y,t = [x = yl/co) AV
471'6%‘/ 8yi6yj R ’

o, 1) = 59)
e p'(X,t) — KosiebaHus IJIOTHOCTH CPEJIbl, BHI3BAHHBIE 3BYKOBBIME BOJIHA-
v, R = |x —y|, X — paJiityc-BeKTOp TOYKN HAOJIONEHNUS, Y - PAJIILYC-BEKTOD
TOYKHU MCTOYHUKA, & HHTErPUPOBAHIE TPOU3BOJNTCA 110 0ObeMy V| mostarast
ecrectienno, uto 9°T};/dy;0y; # 0.

B ciydae KOMIAKTHOTO MCTOYHMKA, T.e. KOTJA JITMHA 3BYKOBOH BOJIHBI
BeJIMKA 10 CPABHEHUIO ¢ pasMepaMi 00/IaCTH ¢, TJie CYIIeCTBYIOT UCTOUHUK,
perrene (5.9) HECKOIBLKO YIPOIAETCST

1 2 dV
p(x,t) = aman ) T (vt = x = yl/co)

- 5.10
Arcg Ox;0x; ), (5.10)

Takum obpazoM, KazK/(blii KBaIPYIOJbHbII 9/IeMEHTAPHDBIIT HCTOYHUK B
TOUKe Yy, NpHHaJIezKaleil odsacTu g, renepupyer 3ByKOBoOe 110J1e, KOTOPOe
PaCIpPOCTPAHIETCs CO CKOPOCTBIO 3BYKa Co U JIOCTUTAET TOYKU HAOJIOICHIS
X € 33JIePKKOil 110 BpeMeHn t — |x — y|/co.

HamomuumM, 4T0 npuBeieHHbIE BBIIIE BLIKJIAJIKI U (POPMYJIBI OBLIH 1Oy de-
HbI B IIPEJIIOJIOKEHIN OTCYTCTBHS KaKNX-JIN0O0 TOBEPXHOCTEN WMJIN IPAHUII,

70



OT KOTOPbIX l‘eHepprel\'Iblﬁ IIOTOKOM 3BYK MO2KET OTpPazKaTbCs. PaCCl\'IOT—
pUM Telepb, UTO MPOU3OIJIET, €C/IU B TOTOKE UMeIOTC TpaHulbl. B 1955
rosy H. Kepat (N. Curle) B cBoeit pabore [65] Brepsbie moydunn passepHy-
TO€ NHTErpaJiIbHOE IIPEJACTaB/JIEHUNE PEHICHUA YPaBHEHUA ﬂaﬁTXI/Iﬂﬂa, JOITyC-
Karotee (pU3MIecKyo MHTEPIPETAINI0 HCTOYHIKOB TyPOYJIEHTHOTO MIyMa B
npucyTcTBun rpanuil. llosytuennoe perienne yaoBAETBOPSAJIO KaK ypaBHe-
Huto JIalTxusia ¢ 4IeHoM KBaJPYIIOJIbHBIX HCTOYHUKOB, TAK U YCJIOBUSIM
Ha noBepxHocTaAx rpanut S. Vcnonpsys ¢yaknuio ['puna s ¢BoboHOTO
IIPOCTPAHCTBA, OH MOJIYIUJI CJC/IYIONIYIO OIEHKY MOJIs JIJIsd CIydaeB, KOrjaa
XapaKTepHbIil pa3Mep ITPaHUIbI CYIIeCTBEHHO MEeHbIIe JIJTIH 3BYKOBbIX BOJIH,
reHePUPYEMbIX TIOTOKOM, 8 CaMa I'DaHUIa HEeITO/IBUZKHA

et P i
P (X7 t) o 471'0(2) aylaij E] (y,t ‘X Y|/C0) =
(5.11)
L0 dsS

S

3/1ech n; — HAIPABJISIIONINE KOCHHYCHI BHEIIHE i HOpMaJId K IIOBEPXHOCTH
S; Ry — paccTrosiHust OT HCTOUHUKOB 3BYKA, PACIIOJIOKEHHDBIX Ha TOBEPXHOCTH
S, 10 ToUKHN HAOJIIOIEHNsT, & KBa[paTHbIe CKOOKN 0003HAYAIOT, UTO BEJTMINHA,
3aKJII0UeHHAsT B HUX, OepeTcst B MOMEHT BpeMeHn t — |X — y|/co.

Kak Buyinm 13 obobmiernoro Kepstom mpesicrasenns (5.11), mosmoe usiy-
JeHre 3ByKa COCTOUT U3 JIBYyX dacreii. [lepBblil nHTErpast JaeT, y:Ke paccMoT-
peHHOe BBIIIe, KBAIPYIOJbHOE U3IydeHne B oobeMe V', 3aloMHeHHOM IBU-
JKYTIel KUIKOCThIo. Bropoit maTerpas obycIoBIeH BKIAIOM B M3IyUEHNE
OT TUJPOJMHAMUIECKIX HAIIPSIYKEeHWI Ha ITOBEPXHOCTH S. DTU HAIPSZKEHUSI
BKJIIOYAIOT B ceOsi (DIYKTyalmn HOPMAJIbHBIX K S JIABICHUIT P, PEHHOJIbI-
COBBIX HAIPAKCHUIl pv;v; N BASKNX HaIPAKeHnil 0;;, 00pasylonyx BMecTe
Tensop Hampsekenuit JlajfiTxunmna. 3a cuer melicTBUA STHUX HANPSKEHUI Ha
S MOSIBJISIIOTCST UCTOYHUKHU, KOTOPbIE ¢ (DU3MIECKON TOUKU 3PEHHsT MOXKHO
HHTEPIPETHPOBATH KAK JINIIOJIbHBIE, TIOCKOJIbKY 1€PeJl BTOPhIM HHTErPAJIOM
B (5.11) crour mepBasi IPOM3BOHAS 110 POCTPAHCTBY.

Takum obpaszom, HaIUUNE TPAHUIIBI B MTOTOKE OOYCIOBIUBACT IOSIBICHIE
3BYKOBBIX UCTOUHUKOB JINIOJBHOIO THIIA, KOTOPBIE HE TOJIBKO CO3/IAI0T 3BY-
KOBBIE BOJTHBI B OKPYZKaloIieil cpejie, HO U MOTYT OKA3bIBATh CHJIOBOE BO3-
JeifctBre Ha rpanuiy S. B gacTHOCTH HUKE, DU U3YYEHNE 3ByKa (90JI0BBIX
TOHOB), BO3HUKAIOIIErO MPU OOTEKAHUN IIMJIUHJIPA, OyJIeT MOKa3aHO, 4TO Ha
[OBEPXHOCTH IUJIHH/IPA JeiCTBUTE/TIbHO HAYNHACT BO3/IeHCTBOBATH CUJIA, Ha-
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IpaB/ieHHas TOIePeK MOTOKA.

Brisicnus husnuecknit Mexannsm, CBI3aHHbIl ¢ TeHepalineil 3ByKa cTpyeit,
MHTEPECHO MO3HAKOMUTBHCS € SHEPreTHIECKUMHE, CIIEKTPAJIbHBIMI U HAIIPaB-
JIEHHBIMU XapaKTePUCTUKAMU PeabHBIX CTPYii. YcuinsaMu 60JIbIIOro KOJiu-
YecTBa TEOPETUKOB U SKCIEPUMEHTATOPOB B 00JIACTU a3POruIPOIMHAMIKI
BO BTOPOiT nosioBuHe XX Beka ObLI MOJIYUEH Psijl BaZKHBIX KOJMUECTBEHHDBIX
OIIEHOK OCHOBHBIX aKyCTH4YecKux cpoiicts crpyit. B vactnoctu H. Kepi mo-
KazaJi, ITo 00Iast aKyCTHIecKasi MOITHOCTh KBAJPYIIOJIbHBIX HCTOYHIKOB B
3aromieHHoit crpye B quanasone 0.3 < M < 1.0 (3gecs M = V. /¢y — aucio
Maxa) MozKeT ObITh OlleHEeHa BhIPAYKEHIEM

21,8
W, = k:opo‘cfigF, (5.12)
rJie po — IJIOTHOCTD Cpejibl CcTpyH, V, — Haua/ibHas CKOPOCTb CTPYU Ha Cpe3e
comta, F' — mjoma/ps comia, ¢y — CKOPOCTh 3ByKa B Cpejle CTPYH U OKDPY-
KalolleM TpocTpancTse, ko & (2.5 — 4.5) - 107° — koaddunpment mponopiu-
OHAJILHOCTHU, 3aBUCSIINN OT CTEeleHn TypOy/IM3alluu CTPYU Ha CPe3e COILIA.
Kak BuiHO, akycTuveckas MOIIHOCTH IIPOIOPIMOHAILHA BOCBMOI CTeleHH

W, 1B 3
23
180 o T
2 -7
/‘ )
160 /ﬁm
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Puc. 5.3. Ornocurenpaas aKycTUdecKas MOITHOCTb BO3/YIIHBIX CTPYii:
1 — pacder (TOYKE BOKPYT PACUETHON KPHBON — MOJIEJIBHBIN 9KCIIEPUMEHT ),
2 — 9KCIIEPUMEHT JIJIsi CTPYil TypOOpPEaKTUBHBIX JIBUTATE ICH, 3 — SKCIIEPUMEHT
JUIsl CTPYIl MOIIHBIX PaKEeTHBIX JBuraresieii [60].
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ckopoctu crpyu. ITosromy dopmyiy (5.12) B siureparype 9acTo Ha3bIBAIOT
“3aKOHOM BOCHbMOII cTerern’”. VlHTepecno, 4To OCHOBHAS JI0JISI aKyCTUIECKOIT
SHEPIUH U3JIYYAeTCsl YIACTKOM CTPYH JIJIMHOMN, paBHOil npumepno 10 nna-
MeTpaM CoIljla, HaunHas oT cpesa coria. Ha puc. 5.3 1npuBejieHbl pacieTHblie
1 9KCIIEPUMEHTAIbHbIE 3aBUCUMOCTU OTHOCUTETHLHON aKyCTHIECKO# MOIIHO-
CTU, U3JIy4YaceMOil 3aTOIJIEHHON CcTpyeil, B 3aBUCUMOCTU OT CKOPOCTU CTPYU.
Bamernm, uto W = 10log(W/107!2) — 20log D 1B, roe W — abcomoTHas
AKyCTHUIecKas MOITHOCTL cTpyHd, D — qmamerp coma, 10712 Br — yenopmHbIit
HYJIEBOIT TOPOT MOIIHOCTH, NPUHSITHIN B aKyCTHUKE.

Kak Bujno u3 puc. 5.3 jo sHadenus M = 1.0 jeficTBUTEIbHO CIIpaBe/I-
JINB “3aK0H BOChbMOiT crerenn”’. O IHAKO TIPHU OOJIBITNX CKOPOCTSIX, 3TOT 3aKOH
HAPYIIAETCS U 3/IeCh MOYKHO OPUEHTHPOBOYTHO MPUHSTH “3aKOH TpeTheil cTe-
nenn’”. Terepb mocMoTpUM KakoBa 3(PEKTUBHOCTE 1) IPeoOpa30BaHus KUHE-
TUYECKON SHEPIUH CTPYH B aKyCTHIECKYIO SHepruto. VHbIMU ciioBaMu Kakast
JaCTh KUHETHIECKOW SHEPIUU CTPYHU MPEBPAIaeTCsi B aKyCTHIEeCKYIO SHep-
rufo. B TexHuKe mapamerp TaKoro poja 0ObIYHO MPUHSITO HA3bIBATH KO-
durmentom nosesnoro Jeiicreus win KIT. Ognako B Hamem ciaydae 1y
1 I'POXOT CTPYil, BBITEKAIOIINX U3 MOIIHBIX PEAKTUBHBIX JBUTATe e, He Co-
BCeM yMeCTHO Ha3bIBaTh II0JIE3HBIM JieficTBHEM, a cKopee HaobopoT. [loaromy
BEJIMYMHY 7) Mbl OyJIeM Ha3bIBATH aKyCTHUeCKON 3(hOeKTUBHOCTDHIO.

Eciii npnHATH KHHETHYIECKYIO0 3Hepruio cTpyn pasoit Wy, = mpo V2 D? /8
[62], o n = W./W). Ha puc. 5.4a npejcraBiena 3aBUCUMOCTb 3DHEKTUB-
HOCTH CTPyU OT ee ckopocTu. Kax Bujno, ;1o suadennii M < 1.0 sadpdek-
TUBHOCTL CTPYU MCUE3AIOIIE MaJia U TOJILKO JIJIs TMIIEP3BYKOBLIX CTPYIl 3¢-
dexTuBHOCTL CcTaHOBUTCA OlyTUMOIL. Tem He Menee, Gsiarojapsi OrpOMHOIT
MOIITHOCTH PEAKTUBHDLIX JIBUTaTesIell, nu3jyuaeMas MU aKyCTHIecKas MOIIl-
HOCTH MOXKET JIOCTUTaTh JIECATKU U COTHHM KujaosaT. VIMeHHO sTHMI 006CTOSI-
TEJLCTBAMU U 00bSICHSIETCS TOT MOIIHDIIT TPOXOT, KOTOPBIH Mbl CJIBIIIIM IIPU
paboTe peaKTHBHBIX JIBUTATEEN.

Terneps obpaTnm BHUMAaHEE Ha CHEKTP IIyMa CTPYH, CM. pUC. 5.5a. 3/1ech
IIpuBEeAEHBI KPUBbLIE, XapaKTEPU3ytonine 3aBUCUMOCTb OTHOCUTEJIbHBIX CIIEK-
TpaJIbHBIX YPOBHE! MTYMOB 3aTOILIEHHOI cTpyn oT vuciaa Crpyxassa St. Kak
BU/IHO, KPUBadA CIICKTPa MMEET JOCTATOYHO BBIPA’KCHHBI MaKCUMyM IIpU
St ~ 0.1, a 0CHOBHAs YACThb M3JTydaeMoil 3BYKOBOii 9Hepriu (OIeHEHHON Kak
IPUHSITO B aKyCTHKE 110 YPOBHIO HuzKe 6 1B 0T MakcuMyMma) HAXOJUTCA B
nojioce ot St = 0.037 10 St ~ 0.35, T.e. 3aHUMACT YACTOTHYIO 0OJIACTD ITPU-
MEPHO 3 OKTaBbl. DTO JOCTATOYHO MIMPOKasi YacToTHasA 0b6jacTh. [losTomy
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Ha CJIYX IIYM CTPYHU BCEryia BOCIPUHUMAETCS TTOYTH KaK OesbIil myMm.
[lepeiijieM K HAIpaBICHHBIM CBOMCTBAM CTPYU, KaK U3JIydaTess 3ByKa.
Ha puc. 5.56 upezncrapiieHbl 0000MIEHHbBIE JUAIDAMMBI HAIIPABIEHHOCTH JIJIsI
pas3/IMIHbIX CKOpocTeli crpyu (31ech N Touka Hab/ojeH st ). XOPOIIO BUJIHO,
9TO TIPYW HUBKUX duciax Maxa cTpysl IpakTUYecKd HeHAllpaBIeHHa. 3aMeT-
Hasl HAIPABJIEHHOCTD TOsABJIAeTCs Jnh HadnHast ¢ M ~ 0.5. Cieyer obpa-
TUTh BHUMAHNE, 9TO MAKCUMYM JIHarpaMMbl HAIIPABIEHHOCTH HAXOJNTCS B

b
n [ — Il60 =~
s0]— N
107 AN
20

10— A4 0
/ -20 /ﬁ

1078 401 1
02 05 10 20 M 1.0 10 10’ 10°#fLA

1
a 0 100 10° 10* fIu

Puc. 5.4. Akycrudeckue XapakKTepUCTHKU BO3IAYIIHBIX CTPYIi:

a — akycruueckas 3h@MEKTUBHOCTD BO3/LYIIHONW CTPYH, KaK MeHepaTopa IIyMa,
BBIZBAHHOTI'O IIOSIBJICHUEM B CTPYE KBa/IPYIOJIbHBIX NCTOYHUKOB 3ByKa [62];
0 — CIIEKTPBI IIIyMOB 0OTEKAaHUsI BIAJU OT a3POIUHAMIIECKOTO TPOMUIIs;

1 — IunoJsbHAS COCTABIIAIONAA, 2 — KBAIPYIOJbHAS COCTABISIONAs [64].

R,1b
T~y
5=
34 ]
D e——
oH—

5

-10
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Puc. 5.5. AkycTudeckne XapakTepPUCTUKH BO3IYIIHBIX CTPYIl:
a — CIIEKTp IIOTHOCTH IIyMa JO3BYKOBOM cTpym; 1 — pacder, 2, 3 — sxcrepument [64];
6 — 0000IIIEHHDIE JHAarPaMMbl HAIIPABJICHHOCTH IIIyMa, CTPYH;
1-5 coorsercrBytoT 3Hauenusm M=0.2, 0.3, 0.5, 0.7, 1.0 [62, 64].
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narnpasiennn 6 & (0, T.e. B Halpas/JeHun JBIKeHus crpyu. [losromy cambiit
CHJILHBII TPOXOT OT PEAKTUBHBIX JIBUTATE/IEN caMosieTa OyjieT Hab/IoIaThCs,
€CJIN HaXOJIUThCA 110331 caMoJIieTa.

Briinie, na nmpuMepe 1moToka B BU/Ie 3aTOILJICHHON TYPOYIN3UPOBAHHON CTPYH,
MBI MHOTO BHUMAHUS Y/CJUIA BOIIPOCY T€HEPAINN 3BYKa KBaJIPYIIOJILHBIME
NCTOYHUKAME, KOTOPbIE BO3HUKAIOT B cTpye. B 4acTHOCTH, ObLIO TTOKa3a-
HO, 4TO 5P (HEKTUBHOCTh TAKUX HCTOUYHHKOB KpaliHe HU3Ka. Ternepb BaxKHO
U UHTEPECHO MOCMOTPETD, UTO OY/IET MPOUCXOUTH, €CJIH B TIOTOKE TTOABUTCS
IrpaHuIa, HalpuMep B BHJE KAKOro-Tub0 YKECTKOro Tejia KOHEUHDLIX pa3Me-
poB. MbI yKe TOBOPUJIM, YTO Ha TPAHUIAX YKECTKOIO Teja Cpeja MOXKET
OKa3bIBATH CHJIOBOE BO3JIEHCTBUE, UTO SKBUBAJIEHTHO IMOsBJICHUIO HA I'PAHU-
e JIUMOJILHBIX UCTOYHUKOB. B 9TOM ¢BsA3M JTIOOONBITHO B3IVIIHYTH HA JIaH-
Hble, TIpUBEJIeHHbIe HA puc. H.46, KoTopble 3anMcrTBoBaHHbl u3 [64]. 3ech
IIpeaCTaBJieHbl CIIEKTPbI IyMOB O6TeKaHI/IH aAdPO/IMHAMUNYIECKOI'O IIpO(bI/IJIH
JYIst JIUIOJILHON cocTa/isitonielt (Kpusast 1) U KBaJPYyHOJIbHON COCTABJISIO-
mieit (kpusasi 2). CpaBHeHHe 9TUX KPUBBIX TT03BOJISIET HATISIIIHO YOS UTHCS,
49TO JUIIOJIbHas COCTaBJIAIONIaAd SHAYUTEJIbHO IIPEBLIIIACT KBaAPYIIOJIBHYIO
COCTABJISIIONIYIO U OCOOEHHO B OOJACTH OTHOCHUTEIHHO HU3KUX YACTOT. DTH
JTaHHBIE MO3BOJIAIOT B ONPEIEICHHON Mepe OTBETUThH Ha BOIPOC, KOTOPBIi
MBI [TOCTABUJIN HECKOJIHLKO BBIIIE: KAK COOTHOCSTCS HIYMbI OOTEKaHUs TET U
HIyMbI B cjegie Tesia? Huzke, mpu n3yuenunn odTekanus MUINHIPa, KOTIa BO3-
HUKAIOT 90JI0BbI TOHA, MbI YOEIUMCsI, ITO B OIPE/ICICHHOM JIHAIIA30HE THCET
Peitnosb/ica 3a cueT CUJI0BOTO BO3JCHCTBUSI TIOTOKA Ha, IUJINHJIP BO3HUKACT
3aMeTHOE JINIIOJILHOE U3IyUYeHHEe 3BYKa B OKPYKAIOIILYIO CPEJLY.

Baxkan4unsasi 0030p pabor JlaiTxusia n ero mnocsjegoBaTeseit, y autare;ist
MOYKET CJIOKUTBCS BITEUATIIEHNE, IYTO BMECTE C IMOsIBJIEHNEM 3TUX paboT Bce
pobJIeMbl, CBSI3aHHBIE ¢ TeHepallneil 3ByKa MOTOKOM, MOTYT ObITh YCIIENHO
pertennl. K coxkasiennio, 3To janeko ne tax. [Ipumenenue obmux (opmyt
JlaiftTxusa mpejroaraeT Haandne TOYHBIX CBeIHNH 00 NCTOTHUKAX 3BYKa,
ocobenno Ha rpanumax. Takne cBeeHns Ha MPAKTHKE MOXKHO MTOJIYINUTh JIU-
60 C MTOMOIIBI0 MATEMATHIECKOTO MOJCTUPOBAHISA KOHKPETHBIX THIP0OadPO-
JIMHAMIYIECKIX CUTYyaIil, MO0 9KCIEPUMEHTAJIBHO, 9TO HE BCETIa MOXKHO
OCYIIECTBUTH C JIOCTATOYHON TOYHOCTHIO. A jTake He3HAUUTE/IbHAs OMIMOKA
IIPU OIEHKE MAapaMeTPOB MCTOUHUKOB MOXKET ITPUBECTH K OOJIBINON Onnd-
Ke TIPU OIPE/IeICHNN XapaKTEePUCTUK 3BYKOBOIO 10 B 1ie/ioM. OcobeHHO B
cJtydae HEKOMITaKTHO# 00/1acTi, KOTJIa HyKHO YIUTBIBATD JIOCTATOYHO TOTHO
BpeMsI 3a/IePKKI 3BYKOBBIX BOJIH OT 3JIEMEHTAPHBIX MCTOUHUKOB, MPUXOJIs-
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Puc. 5.6. BzanmoseiicTBre Tpex TOUEUHBIX BUXPEIi:
a — TPAeKTOPUH JIBUKEHUST BUXPeii, 0 — 3ByKOBbIE HMITYJIbChI MOIIHOCTH, T€HEPUPYEMbI€ BUXPSIMHU
3a CYeT WX B3aMMOJEHCTBUs (3/1eCh, B HEKOTODBIX BPEMEHHBIX TOYKAX, IIOKA3AHbI TAKXKE JHa-

IPAMMBI HAIIPABJIEHHOCTH [TUHAMUIECKIX 3BYKOBBIX HCTOUYHUKOB, KOTOPBIE BOZHUKAIOT 33 CIET
B3anMO/IefiCTBHS BUXpeii).

[IUX B TOYKY HaOJIIOIEHUS.

Takum obpaszom, Kak crpasenBo orMedaer . Pugapicon [71], Heemor-
psI Ha TEOpEeTHYecKyIo PyHJAMEHTAJLHOCTb, YpaBHeHue JlafiTxuiia He Mo-
JKeT ObITh HEeloCPeICTBEHHO MCIIOIb30BAHO JIJIsI OIEHOK M3JIydaeMoil cTpyeit
3ByKa WJIN KaKUX-JTU00 JIPYIUX THIPOAIPOINHAMIIECKUX 387189, CBABAHHBIX
¢ U3JIydeHueM 3ByKa MoTokoM. [losTomy B HACTOsIIIIEE BpeMs, B Cydae ecjiu
YPOBEHb MOII[HOCTH 3ByKa COCTABJISIET MaJyl0 BeJIMINHY (HECKOJIBKO IIPOTIeH-
TOB) 110 CPABHEHUIO C YPOBHEM MOIIHOCTHU TI0TOKA, KOTOPbIH €ro reHepupyer,
1 MOXKHO CHUTaTb, 4YTO BO3HUKIINI 3BYK HE€ OKa3bIBa€T O6paTHOI‘O BJINA-
HUAd Ha XapaKTeEp IIOTOKa, TO OIEHKY XapaKTEPUCTUK 3BYKa, U3JIyHaeMOr'o
HeCTalMOHapHbIMHI ITOTOKaM, MOZKHO OCYIIIECTBUTL C IIOMOIIBIO CJIe,U,yIOLLLeIZ
MPOIE Ty PhI, COCTOsIINEN 13 ABYX TarnoB. Ha mepBom sTare, 11 KaKoro-imnbo
BBIOPAHHOTO ((DUKCHPOBAHHOIO) MOMEHTA BPEMEHH, ITyTeM MPSIMOrO YHC/IeH-
HOro perenns ypapHenns: Habe-CToOKca OIEHNBAIOTCA BCE JIOKAJbHBIE Xa-
paKkTepUCTUKN 1OTOKa. [Ipudem, 11t obsierdennst nNpakTHIecKon peajin3a-
U 9TUX BECbMa CJIOZKHBIX U TPYJIOEMKHIX BBIUNCICHUI MOCTAHOBKY 32/t
OOBITHO YIIPOIIAIOT, TToJIarasi, ITo »KUJKOCTh HecKIMaeMas. Ecim sTor srar
YJIAETCs TIPEOJI0JICTh, TO TOJIYUCHHbIE JIOKAIbHBIE XapaKTEePUCTUKN TTOTOKA,
MOJICTABJISIIOT B MIPABYIO 9acTh 06001eHHOr0 Bhipazkenus (5.11) u HadmHa-
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IOT BTOPOII 9Tall, CBA3aHHbII C MHTErPUPOBAHUEM 3TOI0 ypaBHEHUs 110 Beeil
00JIaCTH CYIIECTBOBAHNS NCTOYHNKOB 3BYKa. Jlajiee, BLIONPAIOT CIEIYIONIYIO
BPEMEHHYIO TOYKY U MOBTOPSIIOT BECh OMUCAHHBII IPOIeCC BRIYMCICHUI CHAa-
gasia u T.7. Korma Bce HeoOXOANMbBIE BPEMEHHBIE TOUYKN MPOCINTAHDBI, MOYKHO
MPUCTYTIATh K aHAJIN3Y (PU3MIECKOrO IIPOIECCa TeHepaIlni 3BYKa ITOTOKOM B
3aBUCHMOCTH OT BPEMEHH.

B ciaydagx Korjia MONIHOCTH T€HEPUPYEMOIO MOTOKOM 3BYKa COCTABJISAET
CYIIECTBEHHYIO 9aCTh MOIIHOCTH caMoro notoka (o 10% u 6osee), Hampu-
Mep B yCTPONCTBAxX, IJie NeHEPUPYIOTCsS TOHAJbHBIE 3BYKOBbIE CHIHAJIBI 3a
CUYeT BO3HUKHOBEHNsT OOPATHBIX CBsi3eil (CBUCTKH, OpraHHble TpyObl U Jp.) 1
e y2Ke Hejlb3sl peHedperaTh BAMSHIEM BO3HUKIIErO 3BYKa Ha [1apaMeTphI
caMoro IMOTOKa, OIMCAHHAsI BbIIIE CXeMa OIEeHKN 3BYKa B MOTOKE, OCHOBAH-
Hasl Ha MCIOJIB30BAHUU ypaBHeHusi JlaiTxusia, cTaHOBUTCST HelpaBOMep-
Hoil. B 9TOM citydae HEOOXOUMO HCIIOJIB30BATH MOJIEIN BA3KON CxKIMAaeMOil
JKIJIKOCTH W HMPUMEHSITh IPsiMble YHC/IeHHBIE METO/bI JIISI PEelIeHIs YpPaB-
nennsi HaBbe-Crokca. K coxasennio, naxke B ciydae yJadHOil peans3aiium
OITMCAHHOTO BBIIIE CIIeHAPUST ¢ UCIOJb30BaHeM ypaBHenus JlaiTxuiia, me
BCETJIa VIAeTCs JIaTh MPUEMIEMYI0 (PU3NUIECKYI0 NHTEPIPETAIINIO MTPOTIECCY
BO3HUKHOBEHUST 3ByKa B TOTOKe. [Ipudunmoii 3Toro sBisieTcss HaJIu4dne, Ha-
npuMep B TypOyJIeHTHON CcTpye, TPOMAJIHOIO KOJIMIEeCTBa BUXPEi, KOTOPHIE
NMEIOT pas3Hble OBICTPO M3MEHSIIOIINECT MACIITAObI U HEeIPEPLIBHO B3aNMO-
nIeficTByioT Apyr ¢ apyroM. [losromy, Kak HaM KayKeTcs, JJIs TOBBIIIEHUST
YPOBHS TMOHUMAHUS STUX CJIOKHBIX SIBJICHUN CYIECTBEHHO MOYKET TIOMOYD
U3yUeHUe MPOIECCOB 3BYKOOOPA30BAHUS Ha MPOCTBIX MOJETHHBIX 33/1adaX.
Hamnpumep, 3BykooOpazoBanne mpu B3anMOIEHICTBIN HECKOJIBKIX TOUCTHDBIX
puxpeit®® 1pyr ¢ apyrom. Texunka pernrenus TAaKIX 3a1ad JOCTATOUHO XOPO-
110 OTpaboTaHa, a caM BBIYMCINTEILHBIN Mpolece He TpedyeT OOJBINNX BbI-
YUC/INTEbHBIX pecypcoB. B HacTosiiiee BpeMsi IMeeTcst J0CTATOTHO OOJIbIIoe
KOJTTIECTBO pabOT, TMOCBANIEHHBIX B3aNMO/IEHiCTBUI0 OTPAHUYIEHHOTO YNC/Ia
TOUeYHbIX BuXpeil (cM., Hampumep, [115—119| u 6ubnnorpaduio B HIX).

B uactHOCTH, B 9THX paboTax MOKA3aHO, UTO 1P B3aUMOJIEHiCTBUN BIX-
pPH MOTYT He TOJIBKO CYIECTBEHHO M3MEHSITh CBOM TPAEKTOPUU JIBUZKEHUSI,
HO U TeHepupoBaTh 3BYK. B KadecTBe npumepa, Ha puc. 5.6 1npejacTaBieHbl
pe3y/IbTaThl PACUeTOB B3aMMO/JIeIiCTBUsT TpeX TOUeUHbIX Buxpeil. CrieHapui,
KOTOPBIiT 3j1ech Mojiesinpyercsi, TakoB. Ha puc. 5.6a npejcrapieH ciydaii,
KOTJla B HEOIPAHNYEHHON HENOJIBUXKHOM c1aboCKIMaeMoit cpejie ceBa Ha-

36MMEIOTC}I B BUJY JAByME€pHbIE€ BUXPDU, JIBUXKYIIUECHA Ha IIJIOCKOCTH.
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npaBo aBuzkercs napa Buxpeit N1 u N3. VurencuBHOCTL 9THX BUXpeil Of1i-
HAKOBa, OJ[HAKO BPAIAIOTCA OHM B IPOTHBOIOJIOKHBIX HAIIPaBICHHUAX . B
To4yke ¢ KoopjuHaTtaMu ¢ = 0,y = —1 pacrosiokeH HeloJBUXKHbBII BUXPb
N2, HHTEeHCUBHOCTD 1 HAIPABJICHNE BPAIEHIEe KOTOPOTO MACHTHIHBI BUXPIO
N1. Kax MOXKXHO yOeaNThCsI, TP MPUOIMKEHUN [Taphl BUXPeil K HEIOIBIK-
HOMY BHXPIO ITPOUCXOJUT X B3auMojieiicTBue (0 CYyTH MPOUCXOIUT CKOJIb-
BSIUH yIap JBUKYIIUXCS BUXPEil 110 HEMOJBUZKHOMY ), B Pe3y/IbTaTe uero
napa pesko (6osee uem Ha 90 rpajycoB) U3MEHsIET HAIPABJICHUE JIBUKEHIS.
[Tosryaus yiaap, HEMOABUKHDBII BUXPb HAYMHAET JIBUTATHC 110 TeTeo0pas-
HOI1 TpaekTopuu. B 1poiecce B3auMOeiicTBUsl BUXPeil, KOrja UX JIBUXKEHHe
MIPOUCXOJIUT C YCKOPEHUEM, YaCTh UX KMHETUYECKOHN SHeprun npeodpas3yercs
B 3BYKOBYIO SHEPI'HIO, B PE3YyJIbTaTe Yero 'eHepUupyeTcs UMITYJIbC 3BYKOBOI
MoIHOCTH, (hopma KoToporo mzobpaskena Ha puc. 5.60. Heruryboxkwuit “mpo-
Basl” B paiioHe BePIIMHBI UMITYJIbCA 00YCIOBJIEH OOKOBBIM OTCKOKOM BUXPs
N2 npu yjiape u 1mocjeJiyIomemM ero rneraeodpasHoM JBUKEHUN.

YT100bI OBLIO MOHATHO, Ha KAKUX YyUacTKax TPACKTOPUH JBUKEHUSA BUX-
peit mpomexoanT nx Hambosee 3hPEKTUBHOE B3aMMOACHCTBIE, Ha KPHUBOIL,
XapakKTepU3yIolleil 3aBUCUMOCTD U3JIy4aeMOl 3ByKOBOI MOIIHOCTU OT Bpe-
MeHHU, HaHeceHbl 9 Touek (eM. puc. 5.66). Ha TpaekTopusix jaBuzkeHus Buxpeit
puc. 5.6a Tak:ke HaHeceHbl 9 TOUYEK, KOTOpbIE MMOKA3LIBAIOT, TJle HAXOMAT-
Cs1 TIEHTPBI BUXPeil B 5TH MOMeHThI BpemeHu. CorocraBiieHIe pPacooxKe-
HUS 9TUX TOYEK BO BPEMEHH U MPOCTPAHCTBE JIA€T OCHOBAHUE YTBEPIKJIATh,
910 3hPEKTUBHOE UBTyUeHNEe 3BYKA TTPOUCXOTUT B 00JIACTH MaKCUMaJTLHOTO
cOJIMYKEeHNsT BUXPEH, T.e. B OKPECTHOCTH 30HBI UX COYJIAPEHUIL.

ﬂOHOJ’[HI/ITe,HbeIe pac4deTnl BO3HUKIIIEN 3ByKOBOﬁ BOJIHBI B JaJIbHEM IIO-
Jle TOKAa3aJid, YTO JinarpamMMa HalPaBJEHHOCTH IOPOYXKIEHHOTO 3BYKOBOI'O
UCTOYHUKA SIBJISIETCS Y€THIPEXJICIIECTKOBOM, T.€. TUIINYHOM JIJIsT KBaJIPYIIOJIb-
Horo ucrounnka. Ha puc. 5.60 i1t Tpex XapaKTepHBIX TOYEK BPEMEHHU CXeMar-
THYECKHU MOKA3aHbI 3T JIUArPAMMBI HallpaBieHHocTH. X cpaBHenne 1mo3Bo-
JIeT 3aKJI0UYNTh, 9TO 3BYKOBOI KBaJIPYIIOJILHBIN HCTOTHUK TOBOPAINBACTCS
MPOTUB YacoBOl cTpejkn mpuMepHo Ha 105 TpajycoB M 3TO XOpOIIO KOp-
peupyeT ¢ BeJIMYMHON MoBOpoTa TpaekTopuu Jirxkenus suxpeit N1 mw N2
nocJjie coyjapenus ¢ Buxpem N3.

B [119] paccmorpeHbl u jipyrue WHTepecHble MPUMEPbl B3anMOIeHCTBUST
BHXpeﬁ. B YaCTHOCTU IIOKa3aHO, YTO B HEKOTOPLIX CUTYyallUAX MOZKET IIPO-

37B HeHO,ILBH)KHOﬁ Cpeie 3TO ABJIACTCA HEO6XO,ZII/IMI)IM n JOCTATOYHBIM yCJIOBHEM, ITOOBI BUXPHU MOIJIN
JBUTATHCA paBHOMEPHO U HpHMOJII/IIIEﬁHO.
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NCXOIUTh B3aUMHBII 3axBaT BUXpPeEll, B pe3y/brare 4ero BO3HUKaeT UCTOY-
HUK, U3J1y4alomnil HepruoguiecKue Uil KBa3uIlepuoJniecKrne 38yKOBbIe CUT-
HaJIbl. B 3aK/Ii0ouenne BaKHO TTOYePKHYTh, YTO M3JIyUeHNe 3BYKa MTPOMCXO-
JIAT TOJIBKO TOTJIA, KOTJIa BUXPHU JIBUTAIOTCS YCKOPEHHO. A Takoe JIBUKCHHE
BO3MOKHO TOJIBKO IIPHU B3aNMOJEHICTBUN BUXPEIl.

[IpuBeIeHHBI BBITIIE TPUMEDP B3ANMO/ICHCTBIS OTPAHITICHHOTO YNCIa BUX-
peit laeT oCHOBaHUE YTBEPXKJIAThH, UYTO B TypPOYJEHTHOM MOTOKE MPOMCKO/IST
HelpepbIBHbIE CTOJIKHOBEHUsI BUXPeil. A MMOCKOJIbKY BUXpeil B TAKOM MOTO-
Ke MHOXKECTBO U BCE OHU MMEIOT pasHble MAacCINTadbl, UX B3auMojleficTBIe
[IOPOZKJIaeT MHOXKECTBO 3BYKOBBIX MMIIYJIbCOB, KOTOPBIC, BO-IICPBbIX, HE KO-
PEPEHTHBI, & BO-BTOPBIX, UMEIOT pa3Hble JJINTEJIbHOCTH U MOUIHOCTU U, CJle-
JIoBaTe/IbHO, pasuble ciekTpbl. [losTomy croponnuit Habsonaresib J0KEH
CJIBITNATE MTHPOKOIIOJIOCHBIN MTYM, ITO PeasbHO MOYKHO U HAOJIIONTH, HAIIPHU-
Mep, NPU BbITEKAHUU CTPYU U3 GAJUIOHA CO CXKATHIM Ta30M (CJIBIIIHO Xa-
pakTepHoOe MIUIeHne), THO0 CTPYN 13 pabOTAIONIEro PEAKTHBHOIO JIBUTATEIST
caMoJIeTa.

Henbzst 060iiTH BHUMaHIEM eI1ie OJINH BeCbMa, HHTEPECHBIN U 4aCcTO BCTPE-
YJAIONUNCA B IPUPOJIE U TEXHUKE TUJIPOAIPOTTHAMUIECKIH 3 DeKT, CBI3aH-
HBII ¢ TpaHcdopMaIyell MUPOKOITOJOCHOIO IMyMa, MOPOXKIAeMOro Typoy-
JIEHTHBIM TIOTOKOM, B Y3KOIOJIOCHBIE 3BYKOBbIe cUTHaJIbL (eM. [66— 70| n 6ub-
smorpaduto B Hux). Y106kl pasobparbes B cyTH 9T0ro 3dbdekra paccMOTpIM
CJICJIYIONIUI TPOCTON MOJICJIBHBIN IIPUMED.

3BYK

NOTOK
58— 0 5 (‘)/‘\,/'\_,Q P

ﬁw_o
1 2/l\3

3BYK

Puc. 5.7. ObTekaHme MOTOKOM yIOPYTOil TIACTHHKM:
1 — abCoTIOTHO KECTKUiA CJI0ii, 2 — MmapHup, 3 — yupyras IIacTUHKA.

[lycTh mMeeTcst TOHKHH »KecTKui cjoit 1 OeCKOHEIHOH IINHDBI, pasaess-
IOIuii JiBe B 00IIEM CJIydae HeojnHaKoBbie cpe/ibl. U mycTh Ha HEKOTOpOM
YYaCTKE 3TOT CJION pa3opBaH U B 9TOT Pa3pbIB BCTaBJICHA ylIpyrad [1JacTUH-
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Ka 3, 3aKpeIJieHHas 110 KpasM Ha MapHupax 2, cM. puc. 5.7. Bymem mosa-
raTh, 9TO CPEJIa, HAXOMAMAACT HaJ CJIOEM, NBUKETCA. Kak Mbl yKe yoem-
JINCD BBIIIE, MIPU JOCTATOYHON CKOPOCTH MOTOKA BOJIN3H MOBEPXHOCTH KECT-
KOTO €J10s1 OyIeT 00pa30BLIBATHCS MOTPAHNYIHDIN CJION KUIKOCTH, B KOTOPOM
HEIIPEPBIBHO OYIyT POKIATHCSI BIXPU U B3ANMOIEHCTBOBATE APYT C JPYTOM.
Koneuno, B pesysibrare 3Toro, OyayT MOPOXKIATHCA KBaJIPYHOIbHbBIE U JIU-
MOJIbHBIE NCTOYHUKY 3ByKa. Ho He onm Hac Oy/yT mHTepecoBaTh ceiivac. B
pesy/ibTaTe B3anuMOJIeiiCTBIs BUXPEH Ha MOBEPXHOCTH KECTKOrO CJIOsT OY/IyT
TaKyKe BOSHUKATH TOIEpeYHbIe (K HAIPABICHUIO [IOTOKA) J[BHYKEHUS CPEJIbI
U, CJIeJI0BATEIbHO, HA MOBEPXHOCTH YKECTKOIO CJI0sT OY/IyT BO3HUKATH I1YJIb-
caryi JIaBJIeHHUsI, KOTOpbIe B ODOIIEM C/ydae UMEIT XaOTHUeCKuil XapakTep
1 BeCbMa IMUPOKUIl CIIEKTP. DTH MyJIbCAINI JIABICHIs ObLTN Ha3BaHbI “TICEB-
no3ByKoM” [53] fyist Toro, 9To6bl MOUYEPKHYTH UX YUCTO IHPOAIPOJINHAMIU-
YECKYIO, & He aKyCTUIeCKYIo pupojy. JelcTBuTe/ibHO, 3a cYeT BUXPEBOIO
JIBU2KEHUST B PA3IMIHBIX TOUKAX TYPOYJIEHTHOTO TTOTOKA BOZHUKAIOT Pa3Jind-
HbIEe 110 aMILIATYJIe U JUINTEJLHOCTH THIpojnHaMudecKue Jasjienns. [lepe-
HOC ITOTOKOM 9TOTO TI0JIs1 JIABJICHUIT MIMO HENOIBUKHOTO Habogaresis (i
MUMO JaTYUKa JIABICHUsI) co3uaeT st Habsogaresis 3GdeKT myabCcupyio-
IITTX BO BPEMEHN JIABJICHU, BHEIITHE HE OTJIMINMBIX OT 3BYKOBBIX ITYJILCATTH.
OHaKo 9TH MyJILCAINN HE SIBISIIOTCS 3BYKOBBIMI, MOCKOJIBKY UX CKOPOCTH
pacipocTpaHeHus He paBHa CKOPOCTHU 3BYKa B CPeJie, a IEJTMKOM OITPe/IeIseT-
Cs1 TOJIBKO CKOPOCTBIO UX IepeHoca (KOHBEKIn) moTokoM. Jpyroe omimdaune
MICEBIO3BYKa OT 3BYKA COCTOUT B TOM, UTO TICEBIIO3BYKOBBIE JABJIECHMUST JIO-
KaJII30BaHbl TJIABHBIM 00Pa30M BHYTPHU TYPOYJIEHTHOIO ITOTOKA, B TO BPEMSI
KaK 3BYKOBBIC JIABJICHIS PACIPOCTPAHSIIOTCS JIAJICKO 3a IIPEJIe/Ibl 00/1acTH,
3aHATOH TypOYJIEHTHBIM TTOTOKOM |53, 64].

EcrectBenno, 4To mysnbcalin JaBjieHus OyayT BO3/eificTBOBATL U HA IO-
BEPXHOCTD YIPYTOil IIaCTUHKE. B pe3y/ibraTe TAKOro C1JI0OBOTO BO3IECTBUS
STUX IMYJIbCAIUI TTACTHHKA HAYHET COBEPIIATH IOIMEepPeYHble KOJTCOAHUS H,
KaK CJIeJICTBUE, U3/Iy9aTh 3ByKOBbIe BOJIHLL. [Ipn 9TOM BayKHO OTMETUTD, UTO
n3JIydeHne 3ByKa OyIeT MPOUCXONTh KaK B BEPXHIOI JIBUKYIILYIOCS CPEJLY,
TaK ¥ B HUKHIOIO HEMOJABUXKHYIO cpeiy. [TocKobKy KoJjiebanust MIacTHHKN
Hanbosiee 3HEKTUBHBI HA €€ PE30HAHCHBIX YacTOTaxX, oHa OyjeT paboTaTh
KaK HeKUil n3duparebHblil GUIbTP, 0TOUpasi U3 IMUPOKOTO CIEKTPa MyJIbCa-
Uit JTaBJIeHIs TIPENMYIIECTBEHHO TOJIBKO T€ YIaCTKU 9aCTOT, KOTOPhIE OJIN3-
KI €€ PEe30HAHCHBIM IaCTOTAM.

Takum o6pa30M 1rym, HpOHI/IKaIOHlI/IfI B ITaCCazKNPCKUE CaJIOHbI JIBUZKY-
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IIIIXCsT CAMOJIETOB, ABTOMOOIJIEH 1 IPYTHX TPAHCIIOPTHBIX CPEJICTB, 00YCI0B-
JIEH, C OJIHO¥ CTOPOHBI, BOSHUKHOBEHNEM 3BYKOBbBIX KosleOaHmil (KBaIpyoJieit
1 JIUTIOJICT ) U ITyJIbCAIH JIaBIeHNsT “TICeBI03BYKa B TYPOYJEHTHOM ITOTOKE,
obTekaromeM (HIO3e/IsIzKI CaMOJIETOB, Ky30Ba aBTOMOOMIE n T.71., a ¢ Ipy-
roiff — TeM, 9TO TMOBEPXHOCTH (PIO3ETSIKEH 1 Ky30BOB IPEICTABISIOT cO0Oit
He KeCTKue, a yIpyrue MJIACTHHBI U 000JI0UYKH, KOTOPBIE 101 BO3/EHCTBI-
eM 3BYKa U TICEBJI03BYKA HAYMHAIOT COBEPINATH IOIEPEUHbIe KOJIeOaHUs 1
U3JIy9aTh 3BYK B CAJIOHBI TPAHCIOPTHBIX CPEJICTB.
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6. MCKYCCTBEHHBIE 1 ECTECTBEHHDBIE
I'EHEPATOPHI 3BYKA

6.1. Cupenbnl

Uzobperenne cupennl ornocuTest K XIX BeKy, a aBTOPCTBO IIPUITHCHIBAIOT
Kanbsap-ye-na Typy [23,106]. B gasnbreiiinem cupenbl yCOBEPIIEHCTBOBATHICDH
1 paspabaTbiBajiach WX Teopusi, B dacTHocTr, B XIX Beke yemnmuamu o
u l'esibMronbia, a B XX BeKe YCHIUSIMI MHOTHX €BPOIEHCKIX U aMepuKaH-
CKIX yUeHBIX 1 n3obperareseit (cM., Hampumep, [6-8,23,50,52,106-109]). B
HACTOSAIIee BPEMSI MOIIHBIE CHPEHBI MCHOJIB3YIOTCA B Ka9eCTBe CHUTHAJIBHBIX
YCTPONCTB B MOPCKOM 1 PEYHOM TPAHCIOPTE, HA MasgKax, B YKEJIe3HOTOPOK-
HOM TPAHCIIOPTe, a TakzKe I CHEelNaJbHOTO OIOBENIeHNs YKUJIBbIX paiio-
HOB 1 MaccuBoB 00 omacnoctn (BcromunM kak B ObBiem CCCP cuperns
ncnosb3oBasta ciayxkba “I'paxnanckas obopona’). Kpome sToro, rasosbie n
JKIJIKOCTHBIE CHUPEHBI IPUMEHAIOTC I YCKOPEHUS TeXHOJIOTMYECKNX MPo-
I[ECCOB B XUMUYECKOIT 1 MUIIEBOI TPOMBIIIJIEHHOCTH.

[TpuaIII paboThl 3ByKOBBIX CHPEH OCHOBAH Ha OJTHOM WHTEPECHOM, YacTO
BCTpeYaroneMcs B MMOBCEIHEBHOI KU3HY, (pru3nyuecKkoM sjiernn. [Ipemnomno-
JKIM, 9TO y HAC €CTh HEKOTOPBI 3aMKHYTBIII 00beM, 3all0JHEHHBIN BO3IY-
xoM. IIpu sTom naBienue P; Bo3yxa BHYTPH 3TOr0 0ObeMa BBIIIE JTaBIEHUs
P Boznyxa BHe obbema. IlycTh Takke B crenke o0bema MMeETCsi OTBEPCTHE
IIJIOTHO 3aKPBITOE KPBIIIKOil, HO KOTOPOE MbI 110 CBOEMY YCMOTDEHHIO MOYKEM
OUYeHb OBICTPO OTKPBIBATD.

[Toka KpblIlliKa 3aKpBITA €CTECTBEHHO HUYero He mpoucxoaut. OjiHaKko, ec-
JIN Mbl PE3KO OTKPOEM KPBIIIKY, TO YCJBIIIUM XJIOIOK, T.e. 3BYKOBOW MM-
1y/ibe. Eciu y HAC ecTh BOBMOXKHOCTH U3MEHSITH (CKayKeM yBeJMYiBATh) Be-
JINUUHY JaBjiennst Py, TO 1ocjie HeCKOJIbKUX SKCIIEPUMEHTOB MOXKHO JIETKO
yOeIUThCs, UTO CUJIa XJIONKA YBEJIMUNBAETCA C POCTOM Ileperajia, JaBIeHnit
AP = P,—P. Eciu, K TOMY Ke MbI MOYKEM U3MEHATH pa3Mep OTBEPCTHUST 110/
KDBIIIKOiT, TO 0OHAPYZKIM, YTO C €r0 YBEJIUYEHUEM CUJIa XJIOIKA TaKyKe yBe-
JIMIUBACTCs, fgaxke ecan Beamanua AP #e namensiercst. Takmmv obpasom, ci-
JIa XJIOIIKa, ITPOIIOPIINOHAJIbHA TIepena/jly JaBIeHNs U Pa3Mepy HOBEPXHOCTH,
Ha KOTOPOIl OH BO3HHUKAET, T.€. IO CYTH HMPONOPIHOHAIBHA CHJIE, C KOTOPOIi
CZKaTBI Ta3 BO3/IEHCTBYeT Ha OKPYZKAIONLYIO Cpejly
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rie J — cusa 3ByKa, S — IJIONIA/Ib [MOBEPXHOCTH, Ha KOTOPOil BO3HUK Ie-
penaJi JjaBjiennsi, F' — cujia ¢ KOTOPo CxKaThI ra3, 3aK/JI0UeHHbBIH B 00beMe,
JeiicTByeT Ha OKPYZKalOIILyI0 Cpey.

Nwmenno ¢ atuM pus3nUecKUM sIBJIGHIEM Mbl KaXKJIBIH pa3 BCTpedacMcsd,
KOrJIa BHE3AIIHO JIOaeTCyd JCTCKUNA PEe3UHOBLIN HAYBHON IIAPUK, UJIU KOTJIa
MBI OTKpPBIBaEM OYTBLIKY MIaMIIAHCKOro. B ciaydae JeTCKOro Imapuka, ec-
JIN OH HAJLyBaeTCsl B3POCJIBIM UeJT0BEKOM, Bestmdanna AP Bpsijl i IPEBBICHT
20000 Ila (mmm 0.2 arm.). B 3akpbIToil GyTBLIKE MAMIANCKOTO, TJ€ JIABJIC-
Hue obpasyercs 3a cUeT 3aKadMBaeMOro B Hee YIVIEKHUCIOrO ra3a, BeJMYnHa
AP MoxkeT ObITh 3HATUTE/ILHO BbIIIE. XOPOIINM IIPUMEPOM SIBJISACTCS TAKKe
U BCEM 3HAKOMBbIIl 3BYK, ITOPOK IaeMblil BBIXJIOIMHBIMU T'a3aMU, BbITEKAIOIIH-
MU M3 BBIXJIOIIHOM TPYObI, IPU padoTe JBUTATE/s BHYTPEHHETO CrOpaHUs
ABTOMOOUJIST UJTM MOTOIUK 1A, BaKHo OTMETUTh, UTO OCHOBHAS YaCTOTa 3BY-
KOBBIX XJIOIIKOB IPOMOPIMOHATBHA BeJIMUNHE 000POTOB KOJIEHYATOrO BaJIa
JIBUTATEJIS.

Taxkum obpazom, eciiu B cpejie 10 KaKUM-JTI00 IPUIMHAM BO3HUKAET CKa-
4ek (IpajiMent) JIaBJIeHNUsI, TO TP ITOM 00SI3aTeIbHO TTOPOXKIAETCST 3BYKO-
BO# UMILYJIBC, KOTOPBII CO CKOPOCTDBIO 3BYKa, XapaKTEePHOIl J1JId 9TO! Cpebl,
pacipocTpanseTcs B OKpyzKaloliee npocrpanctso. Ecim nam ynacres nepu-
OJINYeCKN CO3/1aBaTh TaKhue CKadKU JIaBJAEHUs, TO MBI [IOJyYUM IeHepaTop,
M3JTy 9aIOTIII 3BYKOBbBIE BOJIHBI ¢ XapakTepHoii gacroroit f = 1/T, rtne T —
MEPUOJ, T.e. BpEMS MEXK/Iy JIBYMSI COCEJIHIME CKauKaMu jiaBieHust. ViMeHHo
Ha 9TOM TNPHUHIUIE U YCTPOEHBI BCE Ta30Bble (BO3YIIHbBIC) U KHUJIKOCTHBIE
CUPEHBI U OHU ABJSIOTCS UCTOYHNKAMHI 3ByKa MOHOMOJILHOTO THUIIA.

PacemoTpuM HekoTOpble KOHCTPYKITUY CHPEH, co3/iaHHble erte B XIX Beke.
Ha puc. 6.1 nzobpazkena mpocreiiiast KOHCTPYKIIST, KOTOpas ObIIa NCIOJb-
soBata 3eebekoM |23, 106] jyist gemoncTpanuonubix 1eseii. Oxa cocrout u3
JINCKA 2 Ha OCU, KOTOPBIl TPUBOJUTCSA BO BpallleHue C ITOMOIBIO MMacuka 4.
Ha nucke 110 0KpyKHOCTH paBHOMEPHO PACIOJIOZKEHBI CKBO3HBIE OTBEPCTHUS
3 M HaJ HUMH OYeHb OJM3KO PasMEIIeHo COmIo 5 TpyOkm 1, depe3 KoTo-
pyIO O/, JIaBIeHueM TOCTyIaeT Bo3ayx. [Ipu BpallleHnn JucKa, OTBEpCTUs
[00YEPE/THO TPOCKAKMBAIOT IePe]] COIIOM U B HUX (€ 0OpaTHOil CTOPOHDI
JICKA) HA KOPOTKOE BPEMsI CO3JIAETCsT PE3KHUil CKadeK JaBJICHNUs, MHUIUIDY-
IOLINIT KOPOTKMIT 3BYKOBOI HMITYJIbC. [I0CKOIbKY IIpU BpaIlleHUN JUCKa 9TOT
MIPOTIECC HEMTPEPBIBHO MTOBTOPSAETCS, TAKOE YCTPOHCTBO TeHepUpYeT 3ByKOBbBIE
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Puc. 6.1. IIpocreiimasi KOHCTPYKIUsI CHPEHBI:

1 — TpyOKa, Yepe3 KOTOPYIO MOJAETCs BO3/LYX O/ JIaBJICHAEM, 2 — KAPTOHHBII JINCK

3 — oTBepCTHd B JIUCKe, 4 — DE3MHOBBII ACHK, Yepe3 KOTOPBIH JIHCK

[IPUBOJIUTCSI BO BpAIlleHHe, b — COILJIO TPYOKH.

KoJIe0anusa ¢ 4acTOTOM

f=mn, (6.2)

rJ1e: M — 9UCJI0 OTBEPCTUil B JIUCKE, & N — IUCJI0 0DOPOTOB JICKA B CEKYH/LY.

Kanbsip-je-y1a-Typ ycoBepiieHCTBOBAJ KOHCTPYKITHIO CUPEHbI, CM. puc. 6.2,
HPUMEHNB J[Ba OJU3KO PACIIOJIOKEHHDBIX JIDYT OT JIpyTa JUCKA ¢ OTBEPCTHSI-
MU — TIOJIBUZKHOTO U HEINoJ[BUKHOro. Kpome 31oro, oTBepcTust B JIUCKax OH
¢J1es1asT HAKJIOHHBIMU K TJIOCKOCTH JIUCKOB. 3a& CUeT 9TOro OTHasia HeoOXo -
MOCTBb PACKPY4INBaTh MOJBUKHOI JMCK 1 Criennaj bHbIM OTIe/IbHBIM YCTPOIi-
cTBOM. A OH, Kak CBoeoOpas3Hasi TYpOUHA, HAYMHAET CAMOCTOSITETHLHO Bpa-
MAThCsT KaK TOJIBKO OABUTCS JlaB/ieHre B Kamepe 5. B coctaB KOHCTPYKITHH
CBOElt CPEHbI OH BBEJI U3MEPUTE/b 0O0POTOB MOJBUKHOTO JINCKA, ITO TO3BO-
JIAJIO (3HAS KOJIMUECTBO OTBEPCTHUH B JIUCKAX) CPa3y OLPEIE/IATh YaCTOTy 13-
JIydaeMbIX 3BYKOBBIX KoJiebaHuil 110 ¢opMyJie, MpuBeIeHHOM Bbilie. B ra/ib-
HeittreM, n3obperaresb JloBe yCa0KHII KOHCTPYKIHNIO JinckoB. O crenast
B JIMCKaX 110 4 psijia OTBEPCTHil, PACIIONIOKEHHBIX Ha YeThIPEX KOHIIEHTPHIe-
CKIX OKPYKHOCTSIX PasHbIX pajuycos puc. 6.3. Bee st ycoBepineHcTBOBA-
HUST TO3BOJIUJIM PE3KO YBEJNIUTH aKyCTHIECKYIO MOIIHOCTD IIPE/IJIOKEHHOIT
UM CHPEHBI.

[ebMroJIbIl TaKzKe yjiesstyi BHUMAHUE COBepIeHCTBOBaHUIO cupen. On
MPeIJIOXKILI “TIOCAANTEL Ha OJUH BaJ ABE cupeHbl Jose u, TakuM oOpasoM,
YBEJIMYNUTH MOITHOCTH B JIBa pasa.

[Tosxke, yxe B XX Beke, JiJisl BpaIlleHUsI MOJABUKHOTO JIMCKA CHUPEH CTaJl
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UCII0JIb30BATHCs 9JIEKTPOMOTOP. DTO CYIIECTBEHHO YIIPOCTIIIO PETYJINPOBKY
YACTOTHI M3JIyIaeMbIX CHPEHON 3BYKOBBIX BOJIH 33 CUET CPABHUTEIBLHO ITPO-
CTOIl 9JIEKTPOHHON PeryJnpoBKun 000POTOB 3jeKTpoMoTopa. Kpome 3Toro,
3a CYeT NMPUMEHEHHsT aKyCTUIECKNX PYIIOPOB YIAJIOCH JIVUIIE COINIacoBATH
U3JIydalolie OTBEPCTHSI B JUCKAX, KOTOPBIE OOBIYHO MMEIOT OTHOCHUTEIHLHO
MaJible BOJTHOBBIE Pa3Mephl, ¢ BHEIIHEl cpeJioil. DTH yCoBEpIIeHCTBOBAH
MO3BOJINJIN CYIIECTBEHHO MOBBICHTH M3JydaeMble MOIHOCTH CHpeH (J10 jie-
catkoB KBT), ux koadduipent nosesnoro geiicrsust (10 40-60%) u yuyd-
ITUTH HallpaBJIeHHbIe CBOWCTBA. B HacTosIIee BpeMs JTHAa30H U3J1yIaeMbIX
cupenamu gactor npoctupaercs or 200 ' o 50 xI'm, a cozmaBaeMoe MMu
3ByKOBOe JaBiieHne (mpuBeneHnoe K 1 merpy) goxomut jo 160 nb. Tasie-
HUE, [10JIaBAEMOr0 B KaMepy CHPEHbBI CKATOro BO3/IyXa, OOBITHO COCTABJISIET
or 0.1 50 5 xkre/em? [6,8,50).

Tunuvanbie 1BE KOHCTPYKTUBHBIE CXEMbI COBPEMEHHBIX CUPEH M300pazKeHbl
Ha puc. 6.4. Cxema Ha puc. 6.4a uMeeT HENOJBUKHBIN JUCK U MOABUAKHbIIT
JIUCK JIJIsT IPEPBIBAHUsI TOTOKA, BPAIIEHIE KOTOPOro 00EeCIeInBaAeT IJIEKTPO-
MoTop. CHpeHbI, B KOTOPBIX HMCIIOJb3YETCsI TaKasl CXeMa ITOCTPOEeHUs Ha3bl-
BAIOTCS POTAIIMOHHBIMU. DTa CXeMa, KaK MbI YKe BUJIEIH, HCIO/JIb30BAIACh
u B Hojiee paHHUX KOHCTPYKIMAX cupeH. B KadecTBe mpumepa Ha puc. 6.5
m3obpazkena mormHas (10 15 kBr) MobuibHast cupena, ycTaHOBJICHHAs B K-
30Be T'PY30BOro aBromMobu/isg u paboraionias Ha dacrore mpumepno 450 I'm.
OTta cupena ObL1a co3jana B 40-x rogax XX Beka U IpegHazHada ach Jurs
OIIOBEIEeHNsT HACEJIeHIs TOPOJOB O Hajere OOMOAP/IMPOBOYHON aBUAINN BO
BpeMst BTopoit MUpPOBOil BOITHBI.

Bo Bropoit cxeme, cM. puc. 6.40, s npepbiBanns IOTOKA UCIOJIb3YeTCs
3aCJI0HKA, COBEPIIAIONIAd BO3BPATHO-IIOCTYIIATE/IbHOE JIBUKEHUE IIPU IIOMO-
11, HAIIPUMeED, 3JIeKTPOMArHUTa WK JPYroro aHaJOIMYHOIo 110 JefCTBUIO
ycrpoiictsa. CupeHbl TaKol KOHCTPYKIIMHM Ha3bIBAIOTCA IYJIbCUPYIONIIMI,
OJIHAKO OHM MeHee MOUIHbIe U HCIOJBb3YIOTCA IOpa3j0 perke, 4eM poTalu-
OHHBIE.

HceTouHnKoM M3/Iy4aeMoro CHpeHON 3ByKa sIBJISIETCS KOPOTKHUI MMITYJIbC
JNHAMUYIECKOIO JaBJICHUSI (Ho CyTH Hallopa CTpPyU Ha HEIIOJABUXKHYIO Cpe-
JIy, OKPYZKAIOIIYIO CHPEeHY), BOSHUKAOIINI B TOT OTPE30K BPEMEHHU, KOI/a
OTBEPCTUA B IIOABUKHOM JUCKE IIPOXOAAT HAJ[ OTBEPCTUAMUI HEIOIBAZKHOIO
Jucka. [Ipu 9ToM 3aBUCHMOCTD UMITYJIBCA, JIABJICHUS OT BPEMEHU BO MHOTOM
omnpemensiercss popMoit oTBepeTHii B AucKkax. [109ToMy U 9aCTOTHBIN CIIEKTD,
CO3/1ABAEMbBIX CUPEHON 3BYKOBBIX KOJIEOAHUIT, TAKXKE 3aBUCHT OT (DOPMBI 3THX
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Puc. 6.2. Cupena Koubsip-je-nsa-Typa:

a — obmuii Buj cupeHbl, 6 — MOJBUXKHBIM U HEITOJBUKHBIN JINCKNA B yBEJUYEHHOM BUJIE;
1 — moBUKHOI JINCK, 2 — HEOJBUXKHBIN JTUCK, 3 — BaJl, 4 — u3MepuTe/ib 060POTOB TOJBUXKHOIO

JWCKa, 5 — KaMepa, depe3 KOTOPYIO CXKAaTBI BO3AYX MOABOIUTCS K JIFICKAM.
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Puc. 6.3. Koncrpykrus cupensr /lose:
a — B pa3obpaHHOM BHje, 6 — B cHope.
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Puc. 6.4. KoncTpyKTHBHBIE CXEMBI COBPEMEHHBIX CHPEH:

a — POTAIMOHHAS CUPEHA, | — MOABUKHON (BpaImaomuiicsi) INCK, 2 — HEIIOBUKHBII JINCK,
3 — 2JIEKTPOMOTOD, 4 — aKyCTUIECKUil PyIop, 5 — Kamepa, 6 — maTpy0OoK Jijisl I0JIBOa C2KATOrO
BO3JyXa; 6 — MyJIbCUPYIOINAs CUPEHa, 1 — 3aCI0HKA, 2 — 3JIEKTPOMATHUT, 3 — aKyCTUYeCKU
pynop, 4 — kamepa, 5 — narpybok, 6 — Bo3BpaTHast IPYKUHA.

Puc. 6.5. Momnas mobubHast cupena obpasia 40-x rojgoB XX Beka.

orBepctuii. Yare Bcero B peasibHbIX CHPEHAX OTBEPCTHsI UMEIOT KBajpaT-
HYI0, IPSIMOYTOJIBHY IO I KPYTIyio (hopmy. OjiHAKO, B HEKOTOPBIX JaCTHBIX
citydasiX, Mpu HEeOOXOJAUMOCTH U3JIyUeHUs] 3BYKa C IMUPOKUM CIEKTPOM da-
CTOT, OTBEPCTHS B JIUCKAX PACIIOIATAI0T HEPABHOMEPHO 1 JIeJIAI0T UX PA3HOIO
Kanbpa.

[Tokazkem Kak opMa OTBEpCTHil B JMCKAX BJIUAET HA 3aBUCUMOCTH M-
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Puc. 6.6. IIpumepsr HeKOTOPBIX (hOPM OTBEPCTHII B JIUCKAX CHPEHBL:

a — IPsAMOYTOJIbHBIE OTBEPCTHsI, 6 — KPYIJIble OTBEPCTHSI;
1 — monBUKHBIN JTUCK, 2 — HENIOJBUKHBIN JIUCK.

MyJIbCa JIABJIEHNUs] B OTBEPCTUU OT BpeMeHu. JJ1sT 9TOTO BIOJIHE JJOCTATOTHO
paccMOTpeTh BCero JIMIIb OJIHO oTBepcTue, cM. puc. 6.6. IIpexxie Bcero oro-
BOPUM HEKOTOPBIE JIONMYIEHWs, YIIPOIIAIONINE BBIKJIAJIKI. DyjeM cuuTaTh,
YTO pa3Mep OTBepCTHil d 3HAYUTENHLHO MEHbIIE JMaMeTpa OKPYKHOCTH D,
Ha KOTOPOH pa3MelleHbl OTBEPCTUS], OTBEPCTHS 110 3TOM OKPYZKHOCTH pa3Me-
ieHbl paBHOMepHO 1 ¢ marom 2d. Kpome srtoro, mosiaraemM, 4To oTBepCTHS
3HAYNTETBbHO MEHBIIe JIJINHBI BOJIHBI, N3/Iy4daeMoil cupeHoil. Harre Bcero stu
[epevnc/IeHHbIE YCIOBHSA BBIIOTHAIOTCH B peasbHbIX cupenax. Ciejyer Tax-
7K€ OrOBOPHUTh, YTO BpPeMsl T, B TeueHue KOTOPOI'O OTBEPCTHUSI B JUCKAX OT-
KPBITHI, BECbMa MaJI0 11 cocTapisier 7 < 1/ f; 31ech f — gacrora nsiydaeMoro
cupeHoit 3Byka. lelicTBuTesbHO, €cyin, HAPUMep, CUPeHa M3J1ydaeT 3BYK C
gacroroii 1000 ', To 7 He Gostee 1 Mc (3a Takoe BpeMst Jjazke 3BYK B BO3JLy-
xe npoxoaut e 6osiee 0.3 M). [ToaTOMy MOTOK B OTBEPCTHSIX JINCKOB CHPEHbBI
HE YCIIEeBAET YCTAHOBUTBLCS U HOCUT TUIUYIHBII HEYCTAHOBUBIIEHCS UMITYJIbHC-
nbiit xapaxkrep. [lo Becbma rpyObIM olleHKaM 33 BpeMs T IOTOK B OTBEPCTUSX
JINCKOB BPSIJI JT MOXKET TPOJIBUHYTHCA Ha BEJIMIUHY OOJiee TpeTH JruaMeTpa
orBepctuii. [losTomy B 1epBoM HMPUOIMZKEHUN CUPEHY MOYKHO MPEJICTABUTD
HCTOYHUKOM, Y KOTOPOIO Ha M3JIydaroliei MOBePXHOCTH (T.e. Ha BBIXOJE W3
OTBEPCTHI JIMCKOB) 3aJaH HMITYJIbC JABJICHHUs, OIPEIessieMblil BeTMInHOIl
naropa p = pV?/2; 3jech p — IJIOTHOCTH Tasza, a V — CKOPOCTH IOTOKA
Ha BBIXOJle M3 OTBepcTuil auckos. KoHeuHO, B COOTBETCTBUU € ypaBHEHUEM
Bepnysmm, ckopocers V' 6yJier 3aBUCTD OT TEKyIIeli 11JI0Ia/in OTBEPCTHil 1pn
BpateHnn JUckoB. OJJHAKO yYeCTb 9TO 00CTOATENHLCTBO CJIOXKHO, TTOCKOJIb-
Ky Ha Besqn4uny V' cyliecTBeHHBIM 00pa3oM OyjeT BIMATH BS3KOE TPEHIe
B OTBEPCTHAX JMCKOB 0COOEHHO B (hazax, OIM3KNX K IEePEKPBITHIO OTBEP-
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ctuit. Kpome aToro, napjieHne B KaMepe CHPEHBI TakzKe OYJIeT B OIpejieieH-
HOIl cTerneHu 3aBUCTh OT TEKYIIEeH I1JI0Ma/ i OTBEPCTUI B JIUCKAX, IIOCKOJIbKY
MOIIIHOCTH KOMIIPECCOpa, HarHEeTaloIero cxkaTbhlil Bo3jyX, orpaHndena. I[o-
9TOMY B IIEPBOM IPUOINKEHUNT U3MEHEHIEM CKOPOCTH CTPYH, BBIXOAAIIECH 13
OTBEPCTUIl JIUCKOB npeHe6perae1\,138.

Beenem ciemytomue obosnadenust: Fy — cuia, co3maBaeMasi HAITIOPOM BO3-
JyXa, BLITEKAIOIIero U3 OTBEPCTUIl JIUCKa, KOr/ia OHU IIOJIHOCTHIO COBIIQIAIOT;
F — mekyimee 3madenne CUIbl B OTBEPCTUAX AMCKOB IIPHU UX BpaIleHUN; Sy 1
S1 — IJIOMIAIL OTBEPCTH MIPY X COBMAJEHNN 1 TEKYIas IIOMAIL IPH Pa-
boTe cupeHbl COOTBETCTBEHHO. Tora o4eBUIHbBI CJIeQYOIIe 1Ba PaBeHCTBA,

Fy = pSp n Fy = pS;y. Paznenus Bropoe paBeHCTBO Ha MEPBOE MOJTY TIM

Fl/Fo = Sl/So. (63)

Taxkum obpa3oM, Tekylasl OTHOCUTEIbHAS CUJIa, CO3JlaBaeMasi HAIIOPOM
IIOTOKA BO3/lyXa B OTBEPCTUAX JIUCKOB, IIPOIOPIIMOHAJILHO TEKYIIEH 1JI101ma/u
OTBEPCTUA B JINCKAX IIPU UX BPAICHUMU.

[Tpexksie Bcero pacCMOTPUM IIPOCTEHINNI cyrydaii, Korjia popMa OTBEpCTHit
kBaJipaTHas (b = d) 1 OHM WJIEHTHYHBI Y MOJBUAKHOIO U HEIOIBUKHOIO JTHC-
Ka (puc. 6.6a). Kontyp orBepcTust B BEpXHEM TTOJBUKHOM JIICKE N300pazkeH
CILJIOIIHOf JINHUEH, a KOHTYD OTBEPCTHs HUZKHETrO (HEMOIBHZKHOIO) JHUCKA
n300pazkeH mTpuxoBoit unueit. [ToaBurkHoil T1MCK JBUZKETCS clipaBa HaJe-
BO CO CKOpOCTbio V.

[TockonbKy odeBnino, uto S; = ad, a Sy = d?, TO ¢ y4eTOM HPEIbILY-
IICIO BbIPasKeHUd TEKYIee JaBJICHUE B OTBEPCTUAX JUCKOB OIIPE/e/IACTCd
IIPOCTBIM COOTHOIICHIEM

F a/d, ectm 0<a <d;

—_—

Fy 2—a/d, ectu d<a < 2d;

rpaduK KOTOpOro m3obpazken Ha puc. 6.7a.

Kak BUIHO, 3aBUCUMOCTD CUJIbI B OTBEPCTHUAX JUCKOB OT MOJIOZKEHUS OT-
BEPCTUIl MOJBUKHOTO JIMCKA OTHOCUTEILHO OTBEPCTHI HEMOABUAKHOTO JINCKA
nMeeT “Tmj1000pa3Hblil’” XapakTep. DTOro U CJIeJI0BAI0 OXKUJIATH TTOCKOJIbKY
nJomayIh mean S7 = ad npsgMo HpOoHopIuoHaIbHa MupKrHe 1iean a. Ecm
OTBEPCTHST HEIOJ[BUYKHOI'O JIUCKA BBITOJTHUTD MPAMOYTOJIBHBIMU, TAK, YTOOBI
UX JITHHA OblTa GOJIBINe JINHBI OTBEPCTHil TOABUKHOTO JucKa b > d (M.

38Kak Gymer moKasamHO HEYKE, IIPH PACCMOTPEHHUH PEUH U PeIeobpA3OBAHMS, H3MEHEHHEM CKOPOCTH
CTpyH JeHCTBUTEIHLHO MOXKHO IIPEHEOPEYb.
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Puc. 6.7. OrHOoCuTEIbHOE 3HAYEHNE CUJIBI, CO3/IaBAEMOI CKATHIM BO3LYXOM
B OTBEPCTHUSIX JINCKOB, B 3aBUCUMOCTHU OT TIOJIOYKEHUsI OTBEPCTHUSI [TOIBUZKHOTO
JICKA OTHOCHTEJIbHO OTBEPCTHSI HEIOJIBUXKHOTO JIUCKA:

a — OTBepCTUsl y 000MX IMCKOB KBapaTHBIE, O — Y HMOJBUKHOIO OTBEPCTHS KBAJIPATHLIE,
a y HeIOJBMKHOTI'O IIPSMOYToJIbHbIE b = 3d, B — y 000UX JMICKOB OTBEPCTUSI KPYIJILIE;
Ha4aJ/I0 KOOP/MHAT COOTBETCTBYET IOJIOZKEHUIO, KOTJ[a OTBEPCTHUS HOJTHOCTHIO IIE€PEKPHITHI.

puc. 6.6a), TO 3aBUCKMOCTD CUJIbI OYJIET ONPEIENATHCS CIIELYIONIUM OU€BU/I-
HBIM COOTHOIIEHUIEM:

a/d, ecrm 0 <a <d,
— ~ 1, ectu d<a<2d,
2—a/d, ecru 2d < a < 3d;

u Gyzer umers Bug “tpanenuu’ (cm. puc. 6.76). Hakower, ecin oreperist
KPYIVIble U OJIMHAKOBBIE, TO 3aBUCUMOCTb CHJIBI JIETKO OIPEJIeISeTCs, eCIIH
BOCIIOJIb30BATHCST U3BECTHOI (hOPMYJIOit JIJIst TLJIOIIA M CerMeHTa B OKPYZKHO-
cru [110]. Torza

F [2arccos(1—a/2r)—(2—a/r)\/a(l1—a/4r)/r]/7, 0 < a<2r;

—

o [2arccos(1—¢€/2r)—(2—&) /r)\JE(1=E&/4r) /r]/m,  2r<a<dr;

rne £ = 4r — a. Kaxk crmeayer u3 puc. 6.7 3aBUCHMOCTH CHUJIBI 1 B 3TOM
caydae OymeT Mo XapaKTepy Tak:kKe OJIM3KoH K “TimmoobpasHoi’”.

Takum oOpa3oM, BO BCEX PACCMOTPEHHBIX CIyUasx M3JIydaceMble 3BYKO-
BbIE BOJIHBI HAPSIJLy ¢ OCHOBHOI (HU3IIEH) 4acToToii fy Oy/yT HMeTh rapMo-
HUYeCKue coctapisionue f;, rjae ¢ = 1,2, 3..., KOTOpbIe JIErKO OIPEeIe/INTD
paziarasi 1MoJiydeHHble Bbilie (DYHKINUN CHJIbl B Psijibl Pypbe. A OCHOBHYTO
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(HU3IIYI0) YACTOTY MOYKHO OIEHUTb, €C/IU U3BECTHA CKOPOCTh V' liepemere-
HUST OTBEPCTHI TTOJBUKHOTO JINCKA (MM KOJMIECTBO 0OOPOTOB JINCKA B Ce-
KyH1y). [leifcTBuTesibHO, HapuMep, JJisi KBaJIpaTHBIX oTBepeTHii puc. 6.7a
repuost ocHoBHOIT actorel T = 2d/V | otryna fo = V/2d; nyist npsimoyrosib-
HbIX orBeperuit fo = V/3d, a misg kpyribix orsepernit fo = V/4r. Jlerko
OKa3aTh, ITO 3TU (POPMYJIbI COBIAJIAIOT C BBIMEIPUBEIEHHON (HOpMYIIoit
fo = mn, cm. (6.2). [dyist npumepa Bo3bMeM CJIydail KPYIJIbIX OTBEPCTHii.
Ecim u3BectHO KOJIMUecTBO 0OOPOTOB N MOABUKHOTO JINCKA, TO JIMHEHHAsT
ckopocTh nepemertiennii orgeperuit Vo= wDn. Torna fo = wDn/4r u oue-
BIJTHO, UTO Besimanua w0 /4r = m, T.e. oupe/e/sieT KOJIMIeCcTBO OTBEpPCTHil
B JINCKE.

B upusmune, nogbupast hopMy OTBEPCTUl B JUCKAX, MOXKHO CHEIATH 3a-
BHUCHMOCTH CHJIBI OT BPEMEHHU JIOCTATOYHO CJIOKHON. OJIHAKO Ha IIPaKTHKe
B OCHOBHOM HCIIOJIB3YIOT KPYIVIbIEe W IPSIMOYTOJIbHBIE oTBepcTust. Kerari,
nocjie/iHne 00ecednBaoT PHU MPOYNX PaBHBIX IapamMerpax HanOOJIbIIYTO
N3JIy9aeMyI0 3BYKOBYIO MOIIHOCTb H& HU3INEH 4acToTe, YTO 00YCIOBIEHO OT-
HOCUTEIHHO GoJiee OeJIHBIM CIIEKTPOM 3Tl (hyHKImn [§]. DKcnepruMeHTaabHO
YCTAHOBJIEHO, UTO ONTUMAJIBHBIMU € TOUKH 3peHust 3(MEKTUBHOCTH CHPEHBI
SIBJIAIOTCsT OTBepeTust ¢ oTHomerneM b/d /& 1.38 — 1.42 [109].

OcraHOBIMCST Ha JIPYTUX BasKHBIX aKYCTHIECKIX TTapaMeTpax cupe. Ecm
[OJIaraTh, YTO pa3Mepbl OTBEPCTHIT B JUCKAX MAJIBI 110 CPABHEHUIO C JIJTHHO
BostHBL d < Ny, H3JIy9IaeMoil cupeHoit Ha JacTtore fi, TO HopMEpOBaHHAas (110
OTHOIIECHUIO K JIABJICHUIO, CO3/[aBAeMOMY Ha OCH CHMMETDHU CHPEHbI) JHa-
rpaMMa HAIIPAB/JIEHHOCTH CHPEHBI ¢ XOPOIIUM PHOIIKEHIEM MOXKET ObITh
OIleHEeHa CJIeIyIoN M Bbipazkennem [111,112]:

1 Ji(k(R 4+ d/2)sin0) 52J1(k(R — d/2)sin )

R(‘g):l_XQ k(R + d/2)sinf X k(R —d/2)sin6

Brecs R — pajiiyc OKpPYZKHOCTH, Ha KOTOPOH Pa3MEIIeHbl OTBEPCTHSI B JIC-
Kax, x = (R —d/2)/(R+ d/2), a 6 — yroj, orcanTbIBacMblit OT HOPMaJIl K
IIJIOCKOCTH JIHCKOB.

AKYCTHYECKYIO MOIHOCTD, PA3BHBACMYIO CHPEHOI, MOXKHO OICHUTDH HC-
noJ1b3yst popmyJtbl 8, 113]

wpfimd®V? /16¢, ecin Ny > d;

mpemd*V? /8, ecin g < d;

rae p — IJIOTHOCTb CPEJibl a ¢ — CKOPOCTL 3BYyKa B Cpe/ie.
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Puc. 6.8. Cupena ¢ Tpyb6oii:

1 — HEMOABWMIKHBIN MHCK, 2 — MOIBUKHBIN JUCK, 3 — TpyOa,
4 — ocb, HA KOTOPOIi BPAIAETCS TTOJIBUAKHOI JIHCK,
5 — BXOJiHO# TaTpybOOoK, 6 — Kamepa.

Beiire MBI paccMOTpesin KJIacC CUPEH, IJie BpallleHne JUCKOB ¢ OTBEPCTHU-
JMU WA BO3BPATHO-IIOCTYIIATEJIbLHOE JIBUZKCHUE 3aCJI0HKN (aTH 3JIEMEHTDI
SIBJISIOTCS 110 CYTH KOJieOaTe/IbHBIMU CI/ICTeMaMM) PeHepUPYIOT 3BYK MO, Jeii-
CTBUEM CTOPOHHEN cuibl. IHBIME cJTOBaMU, 9TH CHPEHDbI TeHEPUPYIOT 3BYK 34
CYeT BBIHYZKJIEHHBIX KOJIeOaHuit (Bpameﬂmfz’l) CBOUX 3JIEMEHTOB I10JI JIefiCTBU-
€M CTOPOHHE CUJIbI (AaBJIeHMﬂ CZKaToro rasa nujin }KI/I,LLKOCTI/I). XapakTepHoii
YepTOl TAKOTO KJIACCA CHPEH SIBJISIETCST OTCYTCTBHE KAKHX-JIMOO 9JeMEHTOB
0bpaTHOI CBSI3W U U TO3TOMY HAOJIIOAAETCS MOYTH JIMHEHHOE BO3PACTAHNE
4acTOThl M'eHEPUPYEMOr'0 3BYKOBOI'O CUT'HAJIa [IPU POCTE BEJIUYUHBI CTOPOH-
HEll CUJIbI.

OjiHaKO OKa3bIBACTCS, UTO MOXKHO CO3JIaTh CHPEHY ¢ OOPATHON CBS3bIO,
KOTOpas Oyjier paboTaTh KaK aBTOKOJeOATE/IbHAS CUCTEMA. DTO MPOJIEMOH-
crpuposast B. I1. Koncranturos B 1939 1. [87]. On B3sli cupeny KOHCTPYK-
i Kanbsap-je-ya-Typa, JucKku KOTopoil BLINOJIHAIOT POJIb TyPOUHDI, TIPU-
Kperui K Heit TpyOy jumuoilt L (cm. puc. 6.8) u oOHAPYZKUI MHTEPECHDIH
apdext. [lo Mepe moBbITIeHNsT JABJIEHUST CXKATOrO BO3JIyXa B KaMepe 6, da-
CTOTA 3BYKa, KaK U IOJIOXKEHO OOBIMHOI cHpeHe, moBbiaiack. OHako, Ko-
Ila TeHepupyeMast CHPEHON JacToTa 3BYKa JOCTUTAJIA HUBIIEH cOOCTBEHHOM
JacTOThI CTOJI0A BO3jyXa B TpyOe, JajibHefiliee MOBbIIEHIHEe YacTOThI 3BY-
Ka, TeHEPUPYEMOro CHPEHO, MPAKTUYECKN MTPEKPAIaJI0Ch, XOTS JIaBJICHIE
BOBJIyXa, I10J]aBAEMOT0 B KaMePy CHPEHBI, HOBBLIIAIOChH. dTOObI BBISICHUTH
IPUYNHY TaKOro MapaJIOKCAILHOIO MOBEIEHHsT CUPEHBI, PACCMOTPUM OoJsiee
110/1po0OHO B3aMMO/IelicTBIe caMoii cupenbl n TpyObl. Havunem ¢ momenTa, Ko-
IJla OTBEPCTUS HENOJBUKHOIO U TIOJIBUZKHOTIO JMCKOB coBlajafoT. B sror
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MOMEHT C2KATBIiI BO3/IyX BBIPBIBACTCS U3 OTBEPCTHI B TPYOy 1 co3j1aeT (Kak
MBI y2Ke yOeJMJINCh BBIIE) Cpa3y 3a JUCKAME UMITYJIbC CKATHSA. DTOT M-
IYJILC TEHEPUPYET 3BYKOBON NMITYJILC C2KATUs, KOTOPDIiT JBUTAETCs 110 TpyOe
1 JIOCTUTAET ee KOHIA. 3/IeCh YACTh €0 SHEPIUU YXOJUT B OKPYZKAIOIIee 1po-
CTPAHCTBO, a YaCTb OTPaXKAeTCs U BO3BPAIACTCS K JINCKAM CUDPEHbBI C HEKO-
TOPBIM 3amasz/ibiBanneM. [lo3ToMy BepHyBIIascsa YacThb SHEPIHH NMITYJIbCA
MOZKET TTPON3BECTH Ha IOCJIE/IYIONIIE NMITYJIbCHI CZKATHs Pa3/InIHOe BO3/el-
CTBHE, B 3aBUCHMOCTH OT TOT'O, KAKOBa CKOPOCTB BPAIEHUS JINCKOB U BPEMSI
3aras3/[bIBaHns UMITyJIbca. Pasdepem JiBa pasIMyuHbIX CJIydasl.

Cuyuait iepsbiit. [lycThb 3a BpeMs mpobera umIrysibca 1o Tpyoe Tyia 1 0o-
paTHo ero dasza n3menuaach Ha 180°, T. e. o-CyTH OH CTAJT UMITYJIBCOM Pa3-
psizKeHUsI. A TOJIBUYKHOI JIHCK 3a 9TO BPEMs TIOBEPHYJICA POBHO Ha BEJTMINHY
ara OTBepCTHIl U O3TOMY B HadaJie TpyObl CHOBa BOBHUKAET UMILYJILC C/Ka-
THS. DTOT UMITYJIBC CZKATUSI CKJIa/IbIBAETCS ¢ OTPAYKEHHBIM OT KOHIIA TPYObI
MMITYJIBCOM Pa3psiZKeHMUsl, B Pe3yJIbTaTe 4ero JapjieHne B Hadaje Tpyobl (cpa-
3y 3a JIUCKAMI) YMEHBIINTCs, & BesindnHa AP COOTBETCTBEHHO YBEJINIUTCS
1, CJIeJIOBATEbHO CKOPOCTh BPAITEHUs TTOJIBUZKHOTO JINCKA HAYHET BO3PAC-
TaTh. 3yech AP — pazHocTb MeXK/1y JlaBjieHueM B Kamepe 6 U JlaBjeHneM B
TpyOe cpa3y 3a JINCKAMHU.

Crnyuait Bropoii. 3a BpeMst mpobera 3ByKOBOTO NMIIY/ILCA IIOABHKHOM TICK
MOBEPHYJICS Ha MOJIOBUHY IlIara, T.e. OTBEPCTHUS JMCKOB MOJTHOCTHIO HE Hepe-
KpbIBaloTCsi. Toria oTpazkeHHbIi 0T KOHIIA TPYOBI HMITYJIbC BCTPEYAET YKeCT-
KYIO TPaHUILY 1 OTpazkaeTcsa oT Hee. J/lajee OH CHOBA YaCTUIHO OTPAZKAETCSI
OT KOHIIa, TPYOBI I IPUXOINT K Hauasry TpyObl, HO yaKe ¢ 3a1epzKKoil Ha 360V
Ho Tenepb oTBepcTHsi JUMCKOB YK€ COBMAIAIOT U 3J1€Ch BOSHUKAET UMILYJIbC
CZKaThsl, KOTOPBI CKJIaIbIBAETCS C JBYKPATHO OTPAsKEHHBIM UMITYJIHCOM 3BY-
ka. B pesynbrare pasxoctsb jgapienuit AP yMeHbIIUTCS U, CJIeJ0BATE/IbHO,
CKOPOCTH BpAIlleHIs TTOBUKHOIO JINCKA HAYHET I1aJiaTh.

JIBa OmMMCAHHBIX CIIEHAPHS OTHOCATCS K KpalHUM CIydasM, KOTJa CKO-
POCTH TOABUKHOIO JUCKA OTJIMYAIOTCS B ABa pasa. OUeBHIHO, ITO Ha 3TOM
HHTEpBaJe CKOpoCTeil HaifeTcst Takasi CKOPOCTb, PU KOTOPOIT peaxiiust Tpy-
Obl He OyjleT OKa3bIBaTh HU YCKOPAIOIIEr0 HU TOPMO3SIIEro JieficTBUsT Ha
HOJBYZKHBII JTCK. DTO U Oy/IeT yCTaHOBUBIIASICS CKOPOCTh JIMCKa, ‘cTabu-
JIN3UpOBaHHas peakiueil Tpyobl.

Takum obpasom, paccMOTpeHHas adpOIUHAMUIYECKAs CHCTEMa, ‘‘CIpeHa —
Tpy6a” ABIgETCS aBTOKOJIEOATEILHON CHCTEMOM, B KOTOPOil aBTOMATHYICCKH,
B OIIPE/IEIEHHBIX TTpeJIesiaX, MOJIePKIBACTCS JacTOTa TeHEPUPYEMOTO 3BYKa.
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Posb npsgmoro kanasia BbloJiHgeT TypOMHA, KOTOpash BpalllaeTcs 10 BO3-
JIeficTBIEM MPOXOJISIIETo Yepe3 Hee IT0TOKa, a POJih KaHaa 00paTHoOl CBA3K
BBITIOJIHSIET NUMITYJIBC 3BYKOBOT'O JTABJICHUS, OTPAYKEeHHBIN OT KOHIIA TPYODI, T.
e. obparHas CBA3b UMEET YNCTO aKyCTHUeCKYIo pupo/ry. BaxKno orMeTnTb,
9TO 3BYKOBOIT HMITYJIbC B TPYOE OKA3BIBACTCST JJOCTATOTHO MOIIHBIM (HAIIOM-
HUM, 9TO KOI(DPUIHEHT 110JIE3HOTO JEHCTBUS CUPEH JIOXOUT JI0 HECKOJIbKUX
JIECSITKOB MIPOIIEHTORB), YTOOBI OKA3aTh CYIIECTBEHHOE BJIUSIHIE HA CKOPOCTh
BpAallleHNs [TOJBUKHOIO JIUCKA.

6.2. PeueBoii annmapar 4ejiIoBeKa M pedyeodOpa3oBaHUE

Uzyuenne peun, pedeobpasoBaHisi U TeHHsI (BOKaJIa) UMeET JIOJTYIO HCTO-
puro. Yke B JPEBHOCTU MHOTIHe n3BecTHbIe (busiocodbl U MEIUKHU MTPOSIBIIs-
Jin OOJIBIIOI MHTEpec K BOIPOcaM pedn U pedeobpasoBaHusi. PaccyKieHust
O MPOUCXOXKJIEHNN sI3bIKa MOxkHO Haiitu y [Llnarona (V Bex 0 H. 9.) B ero
kuure “Kpatusr’, a TakyKe B COXPAHUBIINXCS JTUTEPATYPHDBIX MTaMSITHUKAX,
HpUHAJJIEXKAIINX TAKUM BBIJIAIONUMCST MejnkaM, Kak ['ummokpar, [aien u
Asuriena [123|. D10 u HEyAMBUTEIHHO, IIOCKOJIBKY CJIOBO 3TO HE TOJBHKO 3BYK,
coJlepzKallnii orpeiesIeHny o nH(POPMAIINIO, HO U MOITHOE CPEJICTBO MCHX0JI0-
IUYECKOr0 BO3JIEHCTBUS, KOTOPOE MOYKET CYIIECTBEHHO BJIUSTL Ha MOBEJICHIE
He TOJIbKO OTJIEJIBHOIO YeJIOBeKa, HO U HEJIbIX coo0IecTs Jiojeil. Peveobpa-
30BaHNe, KaK MPEIMET MCCICIOBAHUSI, HOCUT ITHPOKU, SPKO BhIPAXKEHHBII
MEKIUCIUTLIMHAPHBIT XapakTep, KOTOPBIH CTAI 0CODEHHO OUEBIUIHBIM B XX
BEKe B CBs3W C OYPHBIM IPOTPECCOM B HayKe, TeXHuke u meauiune. Jleii-
CTBUTEJIHLHO, €CJIH Obl y/Ia/I0Ch OXBATUTD U MIPOAHAJIN3UPOBATH BCIO HAYTHO-
TEXHUYECKYIO JINTEPATYpy, N3JAaHHYIO TOJIHKO B IIPOILIOM BEKe, TO MOXKHO
OBLIO OBl JIEMKO YOeIUThHCA, 9TO MpobaeMaMi Pedn U pedeodpasoBaHmsl NH-
TepecyeTcst MUPOYIaiiiinil ClieKTp COBPEMEHHBIX HayUuHbIX HallpaB/IeHUl, Ta-
KIX KaK aHATOMUsI, MeJIUIIHA, (DI3NOJIOTHsT, HefTPOMDU3NO0IOTHsT, MEXaHUKA,
aspOJINHAMUKA, aKyCTHKa, KHOepHeTHKa, CBsi3b u MHOrue jgpyrue. OgHako
Hallle BHUMaHne Oy/eT cOCpPeloTOYeHO MCK/IIIUTETHHO Ha MEeXaHU3Max pe-
qeoOpa30BaHsl, CBI3aHHBIX IVIABHBIM 0OPA30M C a’3pPOMHAMUIECKIMIT 1 Me-
XaHUIeCKUMHI MPOIecCaMi B TOJIOCOBOM allliapare deoBeka. st Toro, aro-
ObI MOJONTH K 9TOil 1pobsieMe, HAM OHAI00SITCSI HEKOTOpbIE CBEeJIEHUST U3
AHATOMUN YEJIOBEKA.

[ostocoBoit armapar 4geioBeKa, ¢ MOMOIIBI0 KOTOPOI'O OH OCYIINECTBJISET
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pedb U 1eHne, coctouT u3 Tpex dacreit [106,120,122,123]: 1) serkux, 6pon-
XOB U Tpaxen; 2) TOpTaHu, B KOTOPOH pACIOJIOXKeHa caMas IVIABHAST JaCTh
rOJI0COBOIO AIllIapaTa — IOJI0COBbIE CBA3KH (puc. 6.9); 3) BEPXHUX JbIXATE/ b
HBIX IIyTell — IVIOTKH, HOCOTJIOTKH, HOCOBOM 1 POTOBOM IOJIOCTE, Ty0.

Jlerkue urparoT posb MEXOB WM KOMIIpEccopa, IJIe 3a CUYeT CXKATHS pe-
OepHBIX MBI 1 MBI OPIONTHON JuadparMbl cO3/IaeTCsT TaBJICHIE BO3/TyXa
B CAMUX JIETKHUX, & TaK»Ke B OpoHXaX M Tpaxee IO TOJOCOBBIMU CBSI3KAMU.
Hasnenue pedaeKTOPHO TOJIEPyKUBACTCS Ha ONPEIEICHHOM YPOBHE TTOPS -
ka 30420 MM BOJSIHOTO C€TOJIOA U 3aBUCUT OT I'POMKOCTH U XapaKTepa pe-
49U WM MeHus. B omyimdne ot mnporiecca JIbIXaHUs, KOrjia TOJIOCOBbIE CBSI3KU
paccabyieHbl U MEXKJTy HUME 00pasyeTcs IroJIocoBast Iie/ib, 4epe3 KOTOPYIO
CBODOJTHO MPOXOJIUT MOTOK BO3JYXa IIPH BJIOXE U BBIJOXE, MPOIECC TOJI0C000-
pa3oBaHusd U3HAYAIbHO HAUUHAETCH TPU COMKHYTBIX U HAIIPSZKEHHBIX I'0JI0-
COBBIX CBsI3Kax (T. €. TP OTCYTCTBHU IOJIOCOBOM 1IN ).

Korna nasiienne Bo3jyxa B JIEMKHX, OPOHXax 1 Tpaxen HAYUHAET ITPEBbI-
aTh MeXaHUYeCKOe COIPOTHUBJIEHUE HAIPSAKEHHBIX COMKHYTBIX I'OJIOCOBBIX
CBA30K, C2KATBI BO34YX Pa3/IBUraeT CBA3KU U IIPOPLIBAETC B BEpPXHUE JbIXa-
TesibHble TyTH. CBA3KM PH 9TOM HAMHHAIOT COBEPIIATH KOJIeOaTe/IbHbIC JIBU-
JKEHUsT 1 HaJl HUMU (B [PEIJIBEPIU TOPTAHN ) TIePHOJNIECKN BO3HUKAIOT M-
MyJIbCHBIE TPAJMEHTRI JIABJIEHUsI, KOTOPhIe COOCTBEHHO U MOPOXKJIAIOT NEbI
CIIEKTD 3BYKOBBIX BOJIH. 3aT€M 3TH BOJIHBI, IPOXO/IS 110 BEPXHUM JIbIXaTe b
HBIM IIyTsM, KaK 110 €CTECTBEHHOMY HeperyJisipHOMY BOJIHOBOJLY, IIpeTeplie-
BalOT 3HAUUTEJIbHBIC CIIEKTPaJIbHble N3MEHEHUS, T. €. BEPXHHE JIbIXaTeJIbHbIE
myTH JefiCTBYIOT Kak akycTudeckuii dacrorubiii Gpuibrp [20]. A mockosibky
MopdoJiornyecKne mapaMeTpbl BEPXHUX JIbIXaTebHBIX MyTell Y pasHbIX JIo-
Jiefl UMEeIOT OTJINYHst, TO U (PUJILTPYIOIe UX CBOHCTBA OY/IyT OTJIMUATHCS.
Vmenno 1o 006CTOATENHCTBO, & TakyKe MOPQOJOrnYecKne OTJINUUS CaMUX
I'OJIOCOBBIX CBSI30K Y PA3HBIX JIIOJIE(l U 00YCJIOBJIMBAIOT PA3/INUis TeMOPOBOIi
OKpackKm ux rojioca. Hakowmerr, 1ocjie poxoxK/iennsi 3BYKOBBIX BOJIH depes
BEpXHUE JIbIXaTeJbHBbIE IIyTH OHW H3JIy4alOTCd BO BHENIHEE ITPOCTPAHCTBO
yepe3 poToBoe orBepcTre. TakoB B cambix OOIIMX depTax MPUHIUI PADOTHI
rOJIOCOBOT'O allliapaTa 4eoBeKa. e CpaBHUTDb STOT IIPUHITAIL C TPUHITATIOM
paboThl CUPEHBI, KOTOPBII Mbl y2Ke PACCMATPUBAJIN BbIlIe, M. puc. 6.40, TO
HE TPYIHO YO INThCA, ITO OHU BO MHOIOM CXO/HBI. JleficTBUTEIbHO, B I0OJIO-
COBOM allllapaTe, TaKzKe KaK U B CUPEHe, SHeprus IIOTOKa CXKATOI'0 BO3AYyXa
TpancgOpMUpyeTesi B 3BYKOBYIO dHepruto. [Ipn sroM MexaHm3M 910l TpaHc-
dopmaIun 0JJMHAKOB M 3aKTI0YAETCA B IEPUOMIECKOM MTEPEKPBITHH TTOTOKA
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CzKaTOr0 BO3J/IyXa I'0JIOCOBBIMU CBA3KAMU B TOPTAHU YeJIOBEKA, a B CUPEHe —
3ac/IOHKOM. Bo3Hnukiime B pe3y/ibraTe 9TOro 1mpoliecca 3ByKOBbIe KoJsiebanns,
IpezK/ie YeM IOIACTb Yepe3 POTOBOE OTBEPCTUE B OKPYZKAIOIIee MPOCTPAH-
CTBO, KAHAJIM3UPYIOTCS UePe3 BEPXHUE JIbIXATE/IbHbIE IIYTH, KOTOPbIE ¢ TOUKH
3peHns aKyCTUKH MPEJICTABIIAIOT cOO0i Hepery IsipHblil BOJIHOBOI. B ciryuae
CUPEHbBI, BOBHUKIINE 3BYKOBBIE KOJIEOAHUsI, TaKyKe KAHAJIUBUPYIOTCA Yepes
PYIIOp, KOTOPBIN B HMPHUHIIAIE TAKyKe MOYKHO CUUTATH HEPEryJsipHbIM BOJI-
HoBOJIoM. Ho, HecMOTpst Ha Takoe CXOJICTBO, €CTh U CYIIECTBEHHOE OT/INTIHE
IOJIOCOBOI'O arapara OT CUPEHbI. 3aC/IOHKA CHPEHbI COBEPINAET BBIHY K ICH-
Hble KOJIeOAHUsI 1101 BO3JIEHCTBUEM CTOPOHHEl CHJIBI, a TOJIOCOBBIE CBABKH
JesIoBeKa COBEPIIA0T aBTOKOJIeOaHNsT 3a CUeT HaJIMIusl OJI0KUTETbHONH 00~
parHoii csi3u. Ho K 9TOMy BOIIPOCY MbI BEPHEMCsT HECKOJIBKO MO3KE.
[TpojtoKuM HaIl 9KCKYPC 110 AHATOMUU TOPTAHU, Ijle COOCTBEHHO U Te-
HepUPYIOTCst 3ByKoBble Kostebanust [120,122,123|. Ha puc. 6.9a usobpaken
¢ poHTAIBbHBIT BepTUKAIBHBIN pa3pe3 depe3 CpejiHue OTJ/eIbl NOPTAH! de-
JIOBeKa. 3J1eCb XOPOIIO BUJIHO, YTO Tpaxesl B CBOell BepXHeil 4acTu, Hero-
CPEJICTBEHHO PUJIErafneil K roJ0COBBIM CBSI3KaM, obpasyer cBoeoOpas3Hblil
KOH(DY30p, T.e. MJIaBHOE Cy:KeHne. B KOHIle CyKeHUsT PaCIo/IoKeHa IOJI0CO-
Bast 1e/ib. VIMEHHO Takas reoMeTpusi BO3/IYXOBOJHOIO KaHaJia, KaK XOPOIIOo
u3BecTHO [26], obecriednBaer B rOJI0COBOIL IIIEJIN 3HAYNTEILHOE YBEINUeHIe
CKOPOCTHU TOTOKAa BO3/lyXa IO CPABHEHUIO CO CKOPOCTBHIO MOTOKA B Tpaxeu
(Ipu IbIXaHUM IpUMepHo B 5 pas, a mpu donarmuu’®® emte 6osbie). Boie,
Cpa3y 3a I'OJIOCOBBIMU CBS3KAMU, UMEETCs PACIINpEHIe, KOTOPOe HA3bIBAET-
csl MOpramnues ejyjgouek. K coxasiennio, ero gyHKIMOHAILHOE HA3HAUEHIE
JIO CHX TIOP BBI3BIBACT JUCKycchu. Eire BBIIIE PACIIONOKEHBI TaK HA3bIBAe-
Mble JIOKHBIE T'OJIOCOBbIe CBs3KU. [IpumeuaresbHo, YTO B HEKOTOPBIX CJIy-
JasiX, KOrja B CBSA3U C OIPEJIeTeHHBIMI 3200 IeBAaHISAMU T'0JIOCOBBIE CBA3KH
HPUXOUTCST YIAJIATD, JIOXKHBIE TOJIOCOBBIE CBSI3KN YACTUIHO OEpyT Ha Ce-
Os1 (ODYHKIIIO TOJIOCOBBIX CBsA30K. Haji cBsI3KaMu pPaCIoIOKEHO IpejjiBepue
rOpTaHH, IO/ b CeICHUST KOTOPOTO JIABHO YBEJIMUUBACTCS, 00pa3ys CBOE-
obpasublii nddysop [26], rie cKopocTh BO3ILyXa, MPOIIE/IIEro TOI0COBYIO
Ie/ib, OBICTPO MAJAeT U MOTOK IONAJAeT B BEPXHUE JbIXaTeJIbHbIE IyTH.
Crpasa Ha puc. 6.9 pacrosioxkensl JiBe hororpaduu roJocoBoil Men u ro-
JIOCOBBIX CBsI30K puc. 6.96 u puc. 6.98 B dazax BjoXa U BbLIOXA. XOPOIIO
BIJIHO, 9TO B (ha3e BjoOXa ILIOMIA/ b MOJIOCOBOM e/ N OOJIbIe TTPUMEPHO B 2

39TepMun “donanus” o3HAUAET IeHEPAIHs 3BYKOBBIX KOJEOAHMIT TOJOCOBBIM AIIMAPATOM UeJIOBEKA H
OOIIENPUHSAT B INTEPATYPE TI0 TEOPHH pedeobpa3oBanus. B mambHeiineM Mbl 6y/1eM TOCTOSTHHO UM TI0JTb-
30BAThCA.
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BO3AyXa U3 Nerkux

a B

Puc. 6.9. I'opranp desnoseka:

a — nosoctb ropraiu ((bpOHTATBHBIN pa3pe3 depe3 CpeJHHEe OTJENbl TOJIOCOBBIX CBSI30K);
1 — rosiocoBble CBA3KH, 2 — IOJIOCOBas IIeJIb, 3 — IpeJJBepue ropranu, 4 — rpaxes, 5 — MUTOBHUJI-
HBII XpsAML, 6 — IUTOBHIHAS XKeJle3a, 7 — JIO?KHBIE I'0JIOCOBBIE CBA3KH, 8 — MOPI'aHUEB YKeJIy/I04eK;
0,B — TOJIOCOBBIE CBSI3KU B PACCIabJIEHHOM COCTOSHUU BO BPEMsl BJIOXa U BBIJ0Xa COOTBETCTBEHHO
(CHUMKH, BBIIOJIHEHBI € TIOMOMIBIO GPOHXOCKOIIA - BUJ| CBEPXY); 37€Ch 1 — ros10coBas mesb, 2 —
TOJIOCOBBIE CBSA3KHU.

pasa. Ilpn donaruu, Korjga mMporece JbIXaHnsT OCTAHABINBACTCS, ILIOIIA/IH
IIIEJTI CTAHOBUTCSI €Ille MEHbIIe 1 OHa N3MEHSAETCsI B 3aBICHMOCTH OT BPEMEHN
1 XapakTepa pedn Wi TeHs.

BOO6HL€ roBOps, cucTeMa ylpaBJieHU A I'OJIOCOBBIMU CBA3KaMI BECbMa CJIOZK-
Had. OH& COCTOUT U3 IIEJIOT'O MBIIIEYHO-XPAIIIEBOI'O KOMILJIEKCA, perﬂeKTOp—
HO 0OeCIIeIrBAIOIIEro BO BpeMs Iporiecca (DOHAIIME HeOOXOAMMOe HaTsyKeHIe
I MPOCTPAHCTBEHHOE MOJIOKEHHE CBSI30K B pPEAJbHOM MacIiTabe BpPEMEeHT.
Yrobsl garh xoTs ObI camoe obiree mpeacTaBiaeHne ob 3ToM, Ha puc. 6.10
[PEJICTAB/ICHO TPH MOJIOKEHUsI CBSI30K U, COOTBETCTBEHHO, 3aHNMAEMbIe TTPH
9TOM MOJIOXKEHUST OCHOBHBIX Xpsitieil. UepraoBuiHble XS CBA3AHBI C
[epCTEHEBHIHBIM XPAIIOM 1 COOTBETCTBYIOIIIMI TT€PCTHE-YepPIaTOBIIHBIMI

98



Puc. 6.10. Pazmuanbie mMot02KeHNsT TOJIOCOBBIX CBSI30K:
a — MOJIHOCTBIO OTKPBITBIE, O — YACTUIHO OTKPBITHIE, B — 3aKPBITHIE;
1 — yepnaJIOBUIHBII XPsilll, 2 — IEPCTEHEBUJIHBINA XA, 3 — IMUTOBUIHBIN XPSIIII,
4 — rOJIOCOBBIE CBSI3KH.

NOTOK
BO34yXa U3 Nnerkmx

Puc. 6.11. Crpoenune roJiocOBBIX CBSI30K:
1 — pecHuTYaTHII SUUTENNN, 2 — CJOUCTDII SIMUTEHII,
3 — IOBEPXHOCTHBIN CJIOH, 4 — IIPOMEXKYTOUYHBIH CJI0i1,
5 — rmyboKwuit ¢jioii, 6 — roJlocoBasi MBIIIIIA.

MBIIIIAME (3/1€Ch OHU He n300parkeHbl). UepraaoBujiHble Xpsii MOTYT M0-
BOPAYMBATHCS B TOPUBOHTAJILHON IJIOCKOCTH, PACIITAPSIST UJTH CY>Kasl TOJIOCO-
BYIO IIeJIb (CPABHI TTOJIOZKEHUS IEPIATIOBUIHBIX XPSIIEl U MOJIOCOBBIX CBSi-
30K Ha puc. 6.10). A cokpalleHnne mepeTeHe-1MMuTOBIIHON MBITIIIbI TTPHBOJIUT
K CMEIEHUIO YePIIATOBUIHBIX XPSIell B 33 IHEM HAITPABICHIHT 1 HATSIKEHUIO
TOJIOCOBBIX CBSI30K.

Ternepb ocTaHOBIMCST Ha CTPOEHHUH 1 CBOHCTBAX CAMUX IOJIOCOBBIX CBSI30K,
KOTOpbIe TIPEACTABISIOT coboil yrpyrue Mbiieunbie “Bajuku’. Ha puc. 6.11
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n300parkeHo MolepevHoe ceueHne CBA30K 1 0003HaYeHa X BHYTPEHHSSA CTPYK-
Typa. Popma cedeHus CBSI30K XOPOIIO BUJIHA HA 3TOM PUCYHKE, & PasMephI
CBSI30K cJiejytonue: TosmHa 8-13 MM, Beicota 12-16 MM, jiynHa (B HeHa-
IPSIZKEHHOM COCTOSIHHN) Y MYZKYUH B cpejiHeM 15 MM, a y keHrus 11 M.
Kaxk BujiHO, CBA3KNM MMEIOT CJOXKHYIO CJIOUCTYIO CTPYKTYPY, NPUYEM MeXa-
HIYECKIE CBOHCTBA CJI0EB CUIBHO OTIIMIAIOTCS JAPYT OT apyra [123,134 - 139]
U, TIO-BUJINMOMY, 3TH CJIOU TO-Pa3HOMY pearmpyioT Ha HaTIXKeHNEe TOJI0CO-
BBIX CBSI30K. B 0J1HOI 13 1epBbIX paboT, MOCBSINEHHBIX U3MEPEHUSIM MeXa-
HIYECKIX T1apaMeTPOB TOJOCOBBIX CBsA30K [147|, Oblia mpoBeseHa OIEHKa
X YIPYTOCTH B TOIEPEYHOM W ITPOJIOJTBHOM HAIIPABJIEHUAX OTHOCUTEIHHO
MBIIIEYHBIX BOJIOKOH. Ha OCHOBAHMM TOJYYEHHBIX HAIPY30UHBIX XapaKTe-
PUCTUK OBbLIM BBIYUCIEHBI OCPEIHEHHBIE SKBUBAJECHTHBIE 3HAUYEHUE MOJYJIei
FOura 6moTkaHm CBSI30K B MPOJOJBHOM U IMOIEPEYHOM HAIPABIEHUSIX Mbl-
[IEYHBIX BOJIOKOH. BBIJIO YCTAHOB/IEHHO, UTO B TONEPEYHOM HAIIPABICHUH
mostyib FOura neskut B ananazone 10 — 10° I1a, a B nonepednom (B11OJIb BO-
JIoKOH) pa3 B 10 Beire. Mojiyiib ¢iiBura TKaHel roJl0CoBbIX CBA30K HAXOIUTCSI
B obacru (2—3)-10* ITa. [Trornocts pasua 1060xr/M? (B HeHanpsizKeHHOM
cocrosiint). CKOPOCTb PacpocTpaHeHtst IOBEPXHOCTHON BOJIHBI COCTABJISET
npumepno 1.5-2.5 m/c.

Bpewmst niepexojia ¢BS30K 13 MOJTHOCTBIO paccab/IeHHOTO COCTOSTHUS, KOTO-
pOe UMEET MECTO B IIPOIECCE JIBIXAHNUSI, B NCXOHOE MOJIOKEHIE J1J1si (DOHAIIH
He 6osee 0.2 ¢, 9TO B NPUHIAIIE /IS YKUBBIX OPTAHU3MOB JIOCTATOUHO OBICT-
po. PesonatcHas yacrora B30k y Myxkans 91-145 ' (cpe/aee 3HaueHme —
128 T'nn), a y xenmumu 115-167 'y (cpeauee — 136 '), JTobporHOocTh CBsI30K,
KaK MeXaHHIeCKoil KojedaTebHOI CHCTeMbl, JIeKUT B Jiuanas3oHe oT 2 J10
7. Hnst Tex, K10 MHTEpecyercs GoJiee MOAPOOHBIMU CBEJIEHIAMNI O MEXaHH-
YeCKUX MapaMeTpax T'OJIOCOBBIX CBSI30K, PEKOMEH/IyeM 00paTuThesa K (hpyH/1a-
MeHTa/IbHOI MoHOorpadun [123| 1 Kk obmupHoit 6ub/rorpadui, MpUBeIeHHON
B Heil.

Ternepb MOXKHO MPUCTYIUTD K aHAJIN3Y IPOIECCa aBTOKOICOAHNI T0JI0CO-
BBIX CBSI30K, KOTOPKBIH Oasupyercss B MEPBYIO OdYepeIb Ha OOIMIMPHBIX IKCIIE-
PUMEHTATbHBIX UCCJIEJOBAHUSIX TOJIOCOBOIO AllllapaTa Ye/I0BeKa, a TakyKe Ha
pe3yabTaTax W3y4deHUs Pa3/JIMIHBbIX IKCIEPUMEHTATLHLIX U TeOPEeTUIeCKUX
MOJIeJIell TOJIOCOBBIX CBSI30K, MOCTPOEHUE KOTOPBIX HE MPEKPAIAeTCs yrKe
6ostee 40 jier. Mogiesin 9T HEMPEPbIBHO COBEPIIEHCTBYIOTCS 110 MEPE HAKOII-
JICHIST HOBBIX SKCIIEPUMEHTATBHBIX JTaHHBIX (CM., Hampumep, [122,123,126,
133,134, 140 — 146, 148 — 153| u obmmpHeiintyto 6ubinorpaduio B HIX), & UX
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Puc. 6.12. ®a3bl bopM 1 10JI0KEHN, KOTOPbIE IIPUHUMAIOT T'OJIOCOBbIE CBSA3KH,
B T€UYECHUE OJHOI'O IIEPUOJIa UX KOJIeOaHUil n JEeHCTBYIOIINE CUJIBL.

[IOCTPOEHUE U JAJbHEANINI KOJMYECTBEHHDII aHan3 pecje/lyer JIBe Ieu:
nepBast 1eJib 9T0 IIyOKe MOHATH HPUPOJLY ABTOKOJIEOAHN, BOSHUKAIOIINX B
IOJIOCOBOM allllapare dejioBeKa, a BTopasl, Cyry0o IMpakTHIecKas, — Co3/aTh
3 deKTUBHBIN CHHTE3aTOP PeUn, KOTOPbI MOMOT ObI JIFO/SIM, 110 T€M WJIN
MHBIM PUIUHAM CTABIIIMI HEMBIME, & TaKZKe JIJIsI UCIOJIb30BAaHUST B TEXHU-
Ke, CBSI3aHHOIT ¢ MpueMoM U Tepejadeil ro/1ocoBoit nHGOpMAIN.

B pesyibrare HAKOIJICHHBIX 3a JIJINTETLHOE BPEMs 3HAHUMN, TTOTYICHHBIX
YCUJIHSIMU MHOTHX YUI€HBIX (cM., Hampumep, [122-128| u 6ubmamnorpaduio B
HUX), B HACTOSIIIIEE BPEMsI CJIOXKIJIOCH CJIEJIYIOIee ODIIEIPUHATOE TPEICTAB-
JIEHE O MEeXaHU3Me aBTOKOJIeOaHMiT TOJIOCOBBIX CBSI30K BO BpeMs (hOHAIINN.
Ob6parumcs kK puc. 6.12, riue m3o00parkerbl 12 a3 pacroioKeHus: CBSI30K,
KOTOpBIE OHI MPUHUMAIOT B T€UEHHEe OJHOr0 reproja Kosebanuii [123], n k
puc. 6.13, ryie m300parkeHbl OCIUJIIOIPAMMbI JABICHUST P TI0]1 CBSI3KAMU, CKO-
POCTH v TIOTOKA BO3J/LyXa B Tpaxee I CKOPOCTH v oToka u3 mean’. Haumem

400 crmmmorpaMMBbl TIOJIYYeHbl B SKCIEPHMEHTE Ha (PU3MUECKON MOJIENI TOPTAHU TIPH CPEIHEH 06beM-
Hoit ckopocTu noroka Bozryxa 440 mii/c. ITpu sToM yacToTa Kosebanuii cBsA30K cocrasisia okoso 100 I
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Puc. 6.13. OcrmimorpaMMbl JJaBJIEHNS U CKOPOCTEI TIOTOKOB BO3/IyXa IMPHU KOJIEDAHUSIX
TOJIOCOBBIX CBSI30K B IIPOIIECCE NTPOM3HECEHNUS TVIACHBIX 3BYKOB

a — JaBJICHUE II0J] CBA3KaMu, (O CKOPOCTb IIOTOKa B Tpaxee,
B — CKOPOCTH CTPYHU U3 HICJIH, I' — UMIIYJILC CZKaTHUA.



C MOMEHTa BPEMEHH, KOIJIa CBA3KH MOJIHOCTHIO COMKHYThI (JJAHHOMY MOMEH-
Ty coorBercTByer (hasa 1 Ha puc. 6.12 u mrpuxoBag gunns 1 Ha puc. 6.13).
B 10T MOMEHT JaBJjieHne BO3jlyXa P I0J| CBI3KAMM, KOTOPOE CO3/IaeTCs 3a
CYeT CXKATHUA JIETKNX PeOEPHBIMI MBIIIIIAME, BO3IEHCTBYET Ha HUXKHIOO 110~
BEPXHOCTh CBA30K. B pe3y/ibrare BO3HUKaeT paBHOjciicTBYIOmasd cua F,
TOUKa MPUJIOZKEHUsI U HallpaBeHne KOTOPOi YCJIOBHO MOKa3aHbl Ha dasze 1.
OTa CUjia BBI3BIBAET JIBUKEHNE CKJIQJOK M OHM HAYMHAIOT PACXOJUTHCS B
CTOPOHBI U MOJHUMATHCsT BBepX. O IHOBPEMEHHO BEPTUKAJLHAST COCTABJISIIO-
Iast 3TOM CUJIBI CO3MaeT M3TUOAIONIINI MOMEHT, 3aCTABJISIIONIII BHYTPEHHIE
Kpas CKJIaJI0K porudaThbed BBepx. Biarogaps 9ToMy HUXKHIE KPDOMKHU CKJTa-
JIOK HAdMHAIOT pasMblkaThess™t (e, dasy 2) u miomajis uxX conmpuKocHOBe-
Hus yMeHbInaeTced. [lo Mepe pasMblKaHUs HUXKHIX KPOMOK CBA30K, cuja F
BO3pACTAET 3a CUeT yBeJIWYeHUd ILIOIAIN, Ha KOTOPYIO BO3JEHCTBYET MOJ-
CBA30YHOE JIaBJIeHNE, TOUYKA ee MPUI0KEHNT CMEITAeTCd HECKOJIBKO BBEPX, a
YTOJI MEXKJTy BEKTOPOM CHUJIbI I TOPU3OHTAIBLHON MJIOCKOCTHIO YMEHbBITAeTCH,
IPUBOJIA K YMEHBIIEHHIO BePTHKAJILHON cocTabiisionlell Fy, 1 yBeJIndeHuo
FOPUBOHTAJILHOM cocTaBJstionieit Fl,. DToT mporece 3aBepImaeTcs: pa3MbIKa-
HUEM U BEPXHUX KPOMOK CBsI30K, T.€. PACKpBITHEM roJjiocoBoit mmenu. Ha da-
3e 3 mpejcTaB/ied MOMEHT HadaJbHON CTa uu PacKpPBLITUS IIEIN, KOra 110~
TOK BO3/IyXa YCTpPEMJsIeTcss B 0Dpas3oBaBIIyiocs mmesb. [Ipu aToM napienme
I0JT CBsI3KAMH HadnMHAaeT majarh (cM. Ha puc. 6.13a y4acTok Kpupoii cpasy
3a MITPUXOBOIT JiMHUEH 1), OCKOIBKY MOITHOCTH MBI, CZKIMAIOIINX JIeT-
KHe, OTpaHnydeHa 1 ee HeJIOCTATOYHO, UTOObI MOAIePKUBATL JaBJICHUE IO
CBSI3KAMH TIOCTOsIHHBIM B TEUEHUHU BCEro IuKJa ux Kosedbannit. C OTKpbI-
THEM TIOJIOCOBOIT TEJIH TOSIBJISIIOTCS [TOTOKH BO3/LYyXa B Tpaxee U e (CM.
puc. 6.136,8), KOTOpBIE OICTPO HAPACTAIOT. [I0CKOJIBKY TLIONIA b eI MHO-
r'0 MEeHbIIIEe TIJIOAN TPaXel, CKOPOCTh ITOTOKA B MEJN OTHOCUTETHHO BEJIUKA
u, bsiarogapst adpdexry Beprysiu, JaBjieHue B e 3HAUUTE/IbHO MEHbIIe
JIABJICHUS P B Tpaxee TOJ, CBA3KaMu. B pesysibraTe BOBHMKAET W HAYNHAET
HapacTaTh adpoJUHAMIYECKast cujia B, ropu3oHTa/bHas KOMIOHEHTa KOTO-
poit B, HallpaBjeHa IPOTUBOIOJOKHO TOPU30OHTAJIbHOI KoMIioHenTe F,. B
IIPOTHBOIOJIOZKHOCTL 9TOMY, BePTHKa/IbHAas KOMIIOHeHTa [3, 110 Halpasjie-
HUIO COBIIQJIaeT ¢ KOMIOHEHTOil [, B cujly 4ero BepTHKaJbHOE CMelleHue
cBs130K yBesmunBaercst (Gaza 4). Omuako ObICTpoe BO3pacTaHue aspojiHa-
MUYECKO# CUIbl B, KOTopas MpOoNopIHoHa bHa CKOPOCTH MOTOKA B eI,

[128].
41P33ML\IK&IIHB CBA30K HaCTyIIaeT IIPpU JIOCTUKEHUN J[aBJIeHUdA B Tpaxee OKOJIO 3 4 CM BO/JI. CT.
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IPUBOJUT K TOMY, UTO BCKOpE I10C/]Ee PACKPLITUS Iiean cuia B, HadnHaer
IpeBbIIaTh cuiy F,, co3jiaBas TEHJIEHIMIO K CMBIKAHUIO CBA30K. OjHAKO
KOMIIOHEHTBI F}, 11 By, a TakzKe CHJIbI HHEPINH CBA30K (B BEPTHKAILHOM Ha-
IPABJICHNN ) 3aCTABJISIOT CBSA3KH €Ille HEKOTOPOE BPEMsT TIOJHUMATHCST BBEPX
U PACXOJIUTHCA BILIOTH JI0 MAKCUMAJILHOTO PACKPBITHS TOJIOCOBOIT IIE/IN, CM.
dazy 5. Ilpu 5T0OM CKOpPOCTH MOTOKOB B Tpaxee W IIEIN JOCTUTAIOT CBOEro
makcumyMa (eM. puc. 6.136,8 mrpuxosas JHust 2). Hakonerl, ropusoHTaib-
Hasl KOMIIOHEHTA adpOJIMHAMUYIECKON CHJIBI TPUBOJUT K CMBIKAHUIO CKJIAJIOK
HUZKHUMI KPOMKAMU, XOTsl BEPXHUE KPOMKH ellle HEKOTOPOe BPeMs TTPOI0JI-
JKAOT 110 HHEPIHH pacxoquThes (dbasbl 6 1 7). CKOpocTH MOTOKOB B Tpaxee n
1iesin OLICTPO MAJIAIOT, & JaBJIEHUE TI0JT CBA3KAMHI €CTECTBEHHO HAYNHAET Pe3-
KO HapacTaTh (CM. y4acTKH KpUBBIX Ha puc. 6.13a,6,B npaBee oT MITPUXOBOii
quaun 2). [Ipn s10M cMbIKaHUe e/ HOCUT YIapHbIH XapakTep, KOTOPbIi
BBI3BIBACT TTOBEPXHOCTHYIO BOJIHY, XOPOIIO BUJIHYIO IPU IIPOCMOTPE BHIEO-
PpUILMOB, 3AlUCAHHBIX Yepe3 OPOHXOCKOI ¢ OOJIBIION CKOPOCTHIO CHLEMKH.
[Tpoucxoaut “pacrekanue”’ TKaHeil CBSI30K B CTOPOHY CBOOOJHBIX TTOBEPXHO-
creit — Beepx u BHu3 (Pasza 9). arem KosebaTENLHDIN MPOIECC, CBA3AHHDIII
C MOBEPXHOCTHOf BOJIHOI, 3aryxaer (daszbl 10-11) 1 cKIajKu IPUXOIAT B
ncxonoe cocrostane (dasza 12 u mrpuxosas juans 3 Ha puc. 6.13). daee
BECh, OIMCAHHBII BBIIIE, UKJI JBUKEHII CBA30K MOBTOPSIETCS JI0 TEX TI0P,
IOKa, 110/JIEPYKIBACTCS JIaBIeHne P B JIETKUX.

3/1ech yMECTHO 00paTUThL BHEMAHUE Ha TOT (DAKT, 9TO 3aBUCHMOCTDL M-
IyJIbCa CKOPOCTH cTpyH (cM. puc. 6.13B), BeITEKaOIIel 13 TOJOCOBOIT eI,
OT BpeMeHH MMeeT IIPAKTHIECKH IPIMOYTOALHYIO (hOPMY, T.€. He 3aBUCUT OT
TeKyIIel IIIOMIaIU IeJd, 9TO Ka3aJoch Obl IPOTHBOPEUUT ypaBHenuio bep-
HyJLIH. DTOT PaKT MOKHO OObACHUTD JABYMsI IpuanHamu. [lepBast — Haindie
BSI3KOI'O TPEHUSI B ILEJIN, KOTOPOE Cep:KIBaeT HapacTaHue CKOPOCTH CTPYHU 1
0COOEHHO CUJILHO B HAYAJIbHBLIX (pa3ax OTKPLITH e/ U B KOHEYHBIX (hazax
ee 3aKPBITHUsI, KOIJIa TeKyIast IO/ b eI BechbMa MaJjia. Bropas npuduHa
9TO TaJICHIe JIABJICHNs BO3/IyXa B Tpaxee (cM. puc. 6.13a) mpu oTKpBITOIT iie-
JIM 13-38 ONPAHIYEHHON MOIIHOCTH PEOEPHBIX MBIIIIL JIETKUX, O YeM Mbl y7Ke
roopusin Bbiiie. Takum 06pa3oM, BIIOJHE MOXKHO JIONYCTUTH (TakzKe, Kak
MBI CJICJTAJI 9TO TPH PACCMOTPEHUN CHPEH), 9TO BPEMEHHAS 3aBHCHMOCTD
JIMHAMMIYECKOTO JABJICHUST CTPYU OIPEAE/ISIeTcs B OCHOBHOM BpeMeHHOI 3a-
BUCHMOCTBIO TEKyIIeil 1omaa rojgocosoii mean. ClipaBeinBocTh 9TOro
JIOTYIIEHNUST TTOJITBEPKIaeTcs Takxke 1 paboramu [125,126].

B pe3yJibTaTe PacCCMOTPEHHBIX BbIIIE MUKJINYIECKNX KoJIeOaHmit CBfAI30K,
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Puc. 6.14. JIpukenusi BepxHeil 1 HIZKHEN TOBEPXHOCTE I'OJIOCOBBIX CBI30K:
a — TPAEKTOPHH JABUKEHUST METAJIMIECKIX JaCTUIEK,
0 — PaCIOJIOYKEeHNs YACTUUEK Ha IMOBEPXHOCTHAX CBS30K.

HaJT HUMU CO3/IA€TCsI MOCJIe/I0BATEIbHOCTh UMITYJILCOB JlaBjiennst puc. 6.13r,
KOTOPBIE TIOPOZKJIAIOT 3BYKOBbIE BOMHBIY.. Kak 1 cie/0Bajo O:KIJIaTh, Bpe-
MEHHAs 3aBUCUMOCTD IIOCJIEI0OBATE/IbBHOCTH HMMITYJIbCOB MMeeT ‘THI000pas3-
Hblil” xapakrep [122], T.e. Bo MHOrOM Takoii e, Kak 1 y cupenbl. [Ipu srom
OTHOIIIEHIE JIUTETLHOCTH UMITYJIbCOB CKATUSI K TE€PHOY UX [OBTOPEHMUsT
coctasiisieT okosio 0.4, 1To Xoporo coryacyercs ¢ ornenkoit 0.3-0.7, npuse-
Jennoit B [128,129).

Takum 0b6pa3oM, BOSHUKHOBEHIE ABTOKOJEOAHNI CBI30K ODYCIOBIEHO B
OCHOBHOM HT'POH JIBYX CHJI — CIJIBbI JIABJICHIS C2KATOTO BO3JIyXa HA HUZAKHIOI
[OBEPXHOCTH COMKHYTBIX CBSA30K, MIPUBOJIAIIEH K X PAa3MbIKAHUIO 1 00pa30-
BAHUIO I'OJIOCOBOM THEJIH, 1 a3POINHAMUYECKOI CHJIbI, BOSHUKAOIIEH 3a cUer
apdexkta BepHyIM B CKOPOCTHOM TOTOKE, TEKYIIEM B INEIU, W PUBOJIs-
el K CMBIKAHUIO TOJIOCOBBIX CBs30K. [1oaToMy, rosocoBbie cBst3Ku (¥ CHIIBI
JIABJIEHUST HA HIX CZKATOTO BO3JIyXa) MOXKHO PACCMATPUBATH KaK MPSIMOil Ka-
HaJI, & TIOTOK B Ie/H (M BO3HUKAOIINE B HEM aspOJMHAMUYECKNE CHJIbI) —
KaK KaHaj 00paTHOIl CBsA3W B 9TOi aBTOKOJIE0aTEIHLHOI crcTeMe.

[To-BuIuMOMY UMITYJIbCBI CXKATHST HAJl CBSI3KAME, BO3HUKAIOIIIE 32 CIeT
OIICAHHOTO BBIIIE MTPOIECCa, SIBISAIOTCS He €IMHCTBEHHON IIPUIIMHON BO3HIK-
HOBEHHsI 3ByKa B roprann. Kakoii-To, BOSMOXKHO CPABHUTEILHO HEOOJIBITION,
BKJIaJ[ MOTYT BHOCHTH 1 KOJIeOaHUsI BEpXHEil MOBEPXHOCTH TOJIOCOBBIX CBSI-
30K. UTOOBI IPOBEPUTH Ty MMIOTE3Y OBLIN MPOBECHDI SKCIIEPUMEHTHI 153,

4297a BpeMeHHAST 3aBICHMOCTDL pacueTHas (HOPMHDOBAaHA K CBOEMY MAaKCHMAJLHOMY 3HATEHIIO) I
BBIIIOJIHEHA HAMU B IIPEJIIOJIOYKEHUH, YTO BPEMEHHAS 3aBUCHMOCTD ILJIOIIAIN TOJIOCOBOII e/ BO BpeMst
doHaIuM TJIACHBIX UMeeT BH/I, n300paKeHHblil Ha puc. 6.7a.
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CyTb KOTOPbIX COCTOAJIa B CJIEYIOIIEM. Ha BEPXHIOIO 1 HU2KHIOIO IIOBEPXHO-
CTH TI'OJIOCOBBLIX CBA30K 6bI.HI/I HaHeCeHbl TpHu IIe60ﬂbI]lI/Ie JaCTU4YKN MeTaJl-
JIa, KaK cxeMaThdecKn mokasano na puc. 6.146. [asee B mporecce dona-
1K ObLIa ITPOBEJIEHA CKOPOCTHAs KUHOPEHTI€HOChEMKa TPAeKTOPUl STHX
JacTudek, cM. puc. 6.14a. Anajms 31X TpaeKTopuil yoexK/1aeT, YTo BepXHsist
IIOBEPXHOCTH T'OJIOCOBBIX CBSI30K JIEfiICTBUTEIHLHO COBEPIIAET BEPTUKAJBHBIE
KOJICOAHNS, ITO B MPUHITAIIE MOKET OKA3aThCs JIOMOJHUTEIBLHBIM HCTOTHI-
KOM 3BYKOBBIX KOJICOAHIIA.

He wckroueno, 910 JOMOJTHUTETHHBIM HCTOYHIKOM 3BYKa IPU ABTOKOJIe-
OAHUSX CBSI30K MOXKET OKa3aThCsl U yjap (IJIENOK) CBsA30K JIPYT O JIpyTra B
ase ux embikanus (daspl 7 u 8 Ha puc. 6.12). OpHAKO 9TO IPEJTONOKEHNE
Tpebyer SKCIepPUMEHTAIBHON TTPOBEPKE.

Kak MBI y:Ke TOBOPHWJIM BbIIe, KOJEOAHUsT TOJIOCOBBIX CBSI30K CO3/IAIOT
[OCJIEIOBATE/IbHOCTH UMITYJIBCOB CyKATHsT, BPEMEHH&ST 3aBUCHMOCTb KOTOPBIX
nMeeT “mmmoobpasubIil’ xapakTep. A 9T0O 3HAYUT, UTO CIIEKTP BO3HUKAIOIIE-
ro HaJ CBsI3KAME 3BYKOBOI'O CHTHaJja OyIeT cofeprKaTb He TOJBKO OCHOB-
HOIT TOH, YacTOTa KOTOPOrO PaBHA YaCTOTE MOBTOPEHMUsI UMITYJIbCOB CXKATHS,
HO U PsiJl TapMOHIUYECKUX COCTABJIAIOININX, KOTOPhIe B TEOPUH peueodpaso-
BaHUs HA3bIBAIOTCsSI (POPMAHTAMU. BarKHBIM MOMEHTOM 3JI€Ch SIBJISIETCSI TO,
YTO aMILIATY 1 9TUX (DOPMAHT U UX YacToTa OyJ/IeT CyIIeCTBeHHBIM 00pa3soM
3aBICETh OT NeOMETPHUIECKIX (MOPhOIOrIIecKIX) MapaMeTpOB BEPXHUX Jbl-
XaTeJIbHBIX Iy Teil, 110 KOTOPBIM ITPOXOJIUT 3BYK, IIPEK/Ie YeM ITPOU30iier ero
n3JIyvdeHne Yepes poToBoe oTBeperre. A Tak Kak 9TH IapaMeTphl U apaMeT-
PbI cCaMHUX T'OJIOCOBBIX CBA30K BO MHOI'OM HHJ/IMBUAYaJIbHbI, Jda €l1e 3aBUCAT
OT II0Jla 1 BO3pacCTa, TO UMEHHO 3TO O6CTOHT€.}H)CTBO n dBJIdeTcd IIpI/I‘{I/IHOl?I
HEIOBTOPUMOCTH TeMOpa (3BYKOBOII OKPACKHM ) I0JI0Ca KazKJI0r0 KOHKPETHOIO
YEJIOBEKA.

B mnporiecce peun uin meHust MpOUCXOUT JIUHAMUYIECKOE U3MEHEHNe Teo-
MeTPUYECKUX ITapaMeTPOB BEPXHUX JbIXaTeJIbHLIX ITyTell 38 cueT JIBUXKeHUi
[JIOTKH, sI3bIKa, HIDKHEN deriocTn u Tyo0. T.e. ¢ TOUKHM 3peHnsi aKyCTUKIHI,
KaHaj OT CBS30K JI0 POTOBOIO OTBEPCTHUsI IIPEJCTAB/IAET COOON JUHAMUIIe-
CKU HeperyasapHbIil aKyCTHIeCKN BOJTHOBOJ, U, COOTBETCTBEHHO, BBHITIOIHSI-
eT (DYHKINIO JMHAMITIECKOT0 aKyCTUIecKOro (puibTpa, KOTOPbIi B mporecce
pedur HelpepbIBHO U3MEHHAET CBOI aMILIUTYIHO-YACTOTHYIO XapaKTEPUCTH-
ky. Kpome sToro, B mporiecce pedn onepaTuBHO U3MEHAETC PEyKIM PADOTHI
IOJIOCOBBIX CBsI30K. K 9TOMYy ocraercss 100aBUTH, UTO YIPABICHHUE PEUbIO
IIPOMCXOJIUT 3a CUET CJAOKHEHmX (1 BO MHOTOM eIl He M3YYeHHBIX) Tpsi-
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MBIX U 00PATHBIX CBsI3eil MBI TJIOTKH C IEHTPAJILHON HEPpBHON crcTeMoit,
KOTOpbIE BEIPAOATHLIBAIOTCS M YCTAHABIUBAIOTCS B IIpollecce 00yUeHus peden-
Ka peun. Ho 9T BOIpock! yrKe sBJISIOTCS PEIMETOM N3YUEHHs TaKUX HayK,
KakK Ounosiorus, dpusnosorusd, ounodusnka, HeHPOOU3NOJIOrU 1 BLIXOIAT 3a
paMKu Hallell KHUTH.

Ternepsb ocTaHOBUMCST HECKOJIBKO T10/IpOOHEE Ha OCHOBHBIX pezKnMax pabo-
ThI T'OJIOCOBBIX CBSI30K. BBISIBJIEHBI TPH OCHOBHBIX peknMa nx paboTsl. [lep-
BBIIl PEXKUM CBA3AH C MPOUBHOIIEHUEM IVIACHBIX 3BYKOB MPU PEUM U MEHUS.
[U1acHble 3BYKH € TOYKU 3PEHUsI aKYCTUKU SIBJISTIOTCS TOHAJBHBIMU (MYy3bl-
KAJBHBIMI) 3BYKAMHU C OUeHb HE3HAYUTEJLHOMN 1TyMOBOI KOMIIOHEHTOI, KO-
TOpasi BOBHUKAET B CTPYe BO3JLyXa, BBIMIEIIIEH U3 TOJIOCOBOI e, 38 CUeT
ee Typbyamszannu®. B 9ToM peKiMe Imporece KojeGaHHil I'OJIOCOBBIX CBsl-
30K TTPOUCXOJUT TaK, KakK ObLIO OMMCAHO YYyTh BBIIIE, U MOXKET HEIPEepbIB-
HO JIJTUTCS OT JoJieil ceKyH/I (IIpH ped) JI0 JIeCSTKOB CeKyHJI (pu MeHun ).
3J1ech ciieyer CKasaTb, YTO MEeHUEe HA OJHUX IVIACHBIX 3BYKAX Ha3bIBACT-
Csl BOKQJIM3AIMS U COCTABJISET OJHY U3 CYIIECTBEHHBIX CTOPOH BOKAJIBHOTO
UCIOJIHEHUST U HauboJjiee 4acTo UCIHoJb3yeTcs. Hanpumep, ot mpocreitiiero
pacreBanus cJiora Ha JBa WM HECKOJLKO 3BYKOB, JIO OONIMPHBIX KOJIOpa-
TYPHBIX IAccaxKeil — KaJIeHIMii. 3aMeTuM, YTO CJIOBO “BOKAJ IMPOUCXOJUT
OT HTaJbsiHCKOrO ‘vocale”, T. e. ryacHasi. A TepMuH “BOKaJi3M’ O3HAYaeT
OYKBAJIbHO — CHCTEMA TJIACHBIX 3BYKOB KAKOIro-ubo si3bika [154].

CuexTp miacHbIX 3ByKoB [155, 156] xapaxrepusyercst sipko BbIPAXKEHHBIM
OCHOBHBIM TOHOM U PsAJIOM T'apMOHMYECKHUX COCTAB/ISIONINX, KOJUIECTBO U
AMILIUTY/[a KOTOPBIX 3aBUCUT OT KOHKPETHOI'O IVIACHOTO 3ByKa. B Kauecrse
npuMepa, Ha puc. 6.15 IpuBeIeHb COHOrpaMMbl*

[{E=)) ()] [{9eh]

n” u“y”. Kak MOXKHO yBUJIETH U3 9TOr0 PUCYHKA 3BYK “a”’ 00/1a/1aeT 60raThIiM

(193]

4 TpexX IVIaCHbIX 3BYKOB "a
criekTpoM (mmeer j1o 9 GpopMaHT), a 3ByK “U” MMeeT OTHOCHTEJLHO OeIHbIIl
criekTp (Bcero 3 popMaHTHhI).

BamMedaTebHBIM CBOHCTBOM I'OJIOCOBOTO allllapaTa Ie/I0BEKa ABJISIeTCI BO3-
MOYKHOCTB ILJIABHO U HEIPEPhIBHO M3MEHSITh YaCTOTy OCHOBHOIO TOHa (Co-
OTBETCTBEHHO ¥ 4acTOThl (hopMaHT) mpu (hOHAINE IVIACHBIX 3BYKOB. DTa
BO3MOYKHOCTb PEATM3YeTCsI 33 CUeT YBETMYEHHs JIaB/IeHNsI B JIETKUX U Tpa-
xee (POCT YaCTOThI € yBeJUUIEeHHEeM JaBjieHns cocrapisger okono 10 I'/em

133 exr remepamusa ITyMa IPH IIPOXOMKICHHH CTPYH BO3JyXa €Uepe3 TOJOCOBYIO IMIEIb B IPOIEC-
ce JIBIXaHWsl W TIPU OTCYTCTBUH (POHAIMH CPABHHUTEIHLHO XOPOIIO U3yYeH. YPOBEHb W XapaKTep TOTO
NIyMa UMeeT BasKHOE JUArHOCTHICCKOEe 3HAYeHHE MPH 3a00JIeBaHUsX PECIMPATOPHON CHCTEMbI, CM. Ha-
npumep, [78,81].

44Comorpamma 3T0 CIIEKTPOrpaMMa 3BYKOBOIO CHTHAJIA, KOTOPasl IIOKA3BIBACT KAK M3MEHSIETCS CIIEKTP
CHUTHAJIA BO BPEMEHH.
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Puc. 6.15. ConorpaMMbl Tpex IJIACHBIX 3BYKOB “a”, “u” u “y”:
1 — ocHoBHOIt TOH, 2-9 — dOpPMAHTEHIL.

0 05 1.0 15 tc

Puc. 6.16. Conorpamma r1acHOTO 3BYKa ‘U’ MPH ILIABHOM TOBBIEHAN YaCTOTHI (DOHAIIIN:
1 — ocHoBHOI TOH, 2 — HOPMAHTHI.

BOJI.CT. [125]), a Tak»Ke IyTeM MJIABHOIO U3MEHEHUsI HATSYKEHUsT TOJIOCOBBIX
CBSI30K, UTO NPUBOJUT K NU3MEHEHWIO UX PE30HAHCHOIN 4YacToThl. Kcym Obr
TaKoe CBOMCTBO OTCYTCTBOBAJIO Mbl HUKOIJIA HE CMOLJIH Obl HAC/AZKATbCs
OIlIepHBIM HCKYyCcCTBOM. B KadecTBe mpumepa Ha puc. 6.16 mpupejgeHa COHO-
rpaMma, KoTopas MOKa3bIlBaeT KaK M3MEHAIOTCS YaCTOThl OCHOBHOT'O TOHA W
IBe Ommrkafime pOpMAHTH 3BYKa “U IPHU yBEIMYCHUN HATSIYKEHUST TOJIO-
COBBLIX CBSI30K. XOPOIIO BHJIHO, YTO 3TU YACTOTHl YBETUIUBAIOTCSI TOUTH HA

OKTaBYy. SaMeTI/IM, YTO XOopomue olepHbIe IIeBIbl MOI'YT BapbnpoBaThb 9acCTO-
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TOU pe30HaHCa CBSI30K B BECHbMA IMIUPOKUX IIpejesiax.

B omepnom mckyccTBe roJioca MeBHIL 110 OXBATHIBAEMOMY UMU JIHAIIA30HY
JaCTOT OOBITHO TOJIPA3JIENISTIOT Ha, KOHTPAJIBTO, MEIIO-COTPAHO U COTPAHO,
a ToJioca TeBIOB Ha Oac, bapuToH M TeHOp. JlmamazoHax 9acToT, KOTOPBIE
OXBATBHIBAIOT 3TH I'0JIOCA, POUJLIIOCTPUPOBAHbLI Ha puc. 6.17.
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Puc. 6.17. /luanasoHsl 4acTOT, OXBATHIBAEMbIE OCHOBHBIMI TUIIAME IOJIOCOB
onepHbIX nesur| u 1nesnos [106].

Bropoit n Tpernit pexKuMbl paboThl T'OJIOCOBBIX CBS30K Peajin3yioTcs MpH
IIpOU3HECEHN N COIJIaCHBIX 3BYKOB. Hpexg:(e BCEro paCCMOTPpUM TaK Ha3bIBac-
MbIii “B3pBbIBHOIT pexkiM. B 9ToM perkime B JIErKUX co3/1aeTcs 00Jiee BBICOKOEe
JlaBJieHne, 110 CPABHEHUIO C JIABJICHIEM IIPU TPOU3HECEHNH TIACHBIX 3BYKOB.
[TosToMy 1pu pe3KoM OTKPBITHU I'OJIOCOBOM IEJN BO3HUKAET CHJILHAS BO3-
JIYIITHAs CTPYsl, KOTOpas TYPOYIM3UPYSCh FeHePUPYET JIOCTATOYHO 3aMeTHbIi

Puc. 6.18. ConorpamMMmbI TpexX COTVIACHBIX 3BYKOB “I, “T” 1 “m”:
1 — ocHOBHOIT TOH 1 GOPMAHTHI, 2 — IIyM.
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Puc. 6.19. Conorpamma coryiacHoro 3Byka “ur’.
iy Y

ypoBeHb MryMa. Ho MOCKOJIbKY IoJI0COBbIE CBSI3KH B IIPOIECCe TPON3HECEHUsT
COTVIACHBIX 3BYKOB JI0 KOHI[A HE CMBIKAIOTCs, HAPS/LY ¢ TOHAJbHBIM 3BYKOM,
PeHEePUPYEMbIM 3a CUeT KOJIeOAHUI CBSI30K, IIPUCYTCTBYET TaKKe I IIyM, Te-
HepupyeMblil cTpyeil, BeITeKatoeil n3 mesn. B KadecrBe miocTpaiun Ha
puc. 6.18 mpuBeJileHbI COHOTPAMMBI TPEX COIVIACHBIX 3BYKOB ‘1) “1”7 u “m’.
3/1eCh XOPOIIO 3aMETHO, Y9TO HAPS/Ly C OCHOBHBIM TOHOM U HECKOJIbKUMU €TI0
gopMaHTAMU TPUCYTCTBYET IIIYM, KOTOPBIH Ha COHOIPAMME BBITJISIJIUT KaK
0OBOJTAKMBAIOIINI UX CEPBIN TYMaH. 3aMeTHM, YTO CIHEKTP MIyMOBOH KOMIIO-
HEHTBI HECKOJILKO IHUPE CIIEKTPa TOHATBHON KOMIIOHEHTHI.

Tpernit pexkM OTJIHIACTCS OT MEPBBIX JIBYX TEM, UTO T'OJIOCOBBIE CBABKH
MPAKTUIECKN HE KOJIEOIIOTCS U Pean3alist CONJIACHBIX 3BYKOB MPOUCXO/IUT
TOJIBKO 3a CYeT IIyMa, PeHEepUpPYeMOoro CTpyeil, BhITeKaromeil u3 roJocoBoi
e, CoracHble, B KOTOPBIX MPUCYTCTBYET TOJIBKO MIyMOBasi KOMIIOHEHTA,
Ha3bIBAIOTCS (PPUKATUBHBIME 1K TiesieBbiMu. Ha puc. 6.19 mpuBeena coHo-
rpaMMa THIINYHO (hpUKaTUBHOM coryiacHoit “mr”. Kak BUJIHO, 3/1eCh TPUCYT-
CTBYET JINIb TUIIHYHAS CIIEKTPabHasi KapTHHA IIyMa. 3aMeTHM, 9TO IPH
pasroBope IMIEMOTOM TOJIOCOBBIE CBABKHU He Kojebsiorcd. PoHanus U pas-
OOPUYMBOCTL PEYU B 9TOM CJIydae 00eCHedMBAETCA HMCKJIIOUUTENHHO 38 CUeT
reHepanuy B OTKPBITON TOJIOCOBOI eI TypOyJIEHTHOTO IIyMa U COOTBET-
CTBYIOITIErO JIBUYKEHUS SI3BbIKA, HUKHEH YeJTI0CTH U Ty0.

Ha sroM Mbl 3aKaHINBaEM aHAJI3 MEXaHU3MOB, JIEZKAIUX B OCHOBE NeHe-
palu 3ByKa IpH pedeodpasoBaHUM U HeHnn. B 3ak/oueHne 0CTaHOBUMCS
JIMIIb HA OJIHOM, KaK HAM KayKeTcs, JIO CUX MOp He UCIOJIb30BAHHONW BO3MOXK-
HOCTU €CTECTBEHHOI'O MOJIEJIUPOBAHUS KOJIeOaHUN TOJIOCOBBIX CBA30K, KOTO-
pasi MorJia Obl CITOCOOCTBOBATD JlaJIbHEHIIIEMY TTOBBINNEHUIO YPOBHST TOHIMA~
HUsT MEeXaHM3Ma, BOBHUKHOBEHUsT UX aBTOKOJICOAHMUI.

Peub ujer o ToM, 910 TyOBI UeJOBEKA B HEPBOM HPUOINKEHUH CXOJHBI

110



N

a B

Puc. 6.20. KosiebaTeapuble IBrKeHns I'yd KaK €CTECTBEHHAST
MOJIEJIb KOJIeOATEIbHBIX JIBU2KEHHIT TOJIOCOBBIX CBSI30K:

a — II0JIOXKeHue I'y0 JIJIsT IPOBEJIEHIs SKCIIEPUMEHTA,
6 — paspes 1y6 B npoduib, B — Byl ryd andac;
1 — Bepxugda ryba, 2 — nuxkusa ryoa, 3,4 — 3y0sl,
5 — IesIb MeXK/1y ryOaMu IIpu IIPOJLyBaHUH BO3/LyXa.

C TOJIOCOBBIMHU CBSI3KAMH, TIpH4eM, Kak 1o ¢dpopme (em. puc. 6.11), Tax u 1o
napamMeTpaMm Ouorkaneit. Bosiee Toro, Bce ¢ jJieTcTBa 3HAIOT, KAK 3aCTaBUTH
ryOBI coBepIaTh KosebaTeIbHble ABUzKeHne. [JIsi 9Toro ryobl JOCTATOTHO
BBITSIHYTH BliepeJl (Kak rmokasano Ha puc. 6.20a), pacciabuTh X U HadaTh
HECUJIBHO TIPOJIyBaTh BO3/yX. ['yObI cpasy npuxo/sT B aBTOKOJeOaTEIHLHbBII
PEXKUM U BO3HUKAET XapaKTePHBIl TPementyui Hu3KoIacTOTHBIH (He 6o-
nee 40-50 T'n) seyx®. Ilpu sToM, peryiupys cuily NPOLYBKH BO3yXa M
CTEeIeHb HATIXKEHUS I'YOHBIX MBIIII, MOYXKHO B CPaABHUTEIbHO IMUPOKUX TpPe-
JleJiaxX PeryjimpoBaTh Kak CHUJIY 3BYKa, TaK M ero 4actoTy. [TocKoJIbKy TyOb!
PACIIOJIOZKEHbI Ha [OBEPXHOCTH JiHIa (& He rIybOKO B OpraHu3Me, Kak roJio-
COBbBIE CBsI3KU) MHCTPYMEHTAJIbHOE U3yUeHHe UX aBTOKOJIeOaHUil He CBA3aHO
¢ OOJILITUMU TPYJTHOCTSIMU U MOYKET OBITH ITPOBEJICHO B JTIOO0I aKyCTUIECKO
JlabopaTopun.

MpI 3anHTEpecOBaIICH MPUYNHAMI BOBHUKHOBEHUST aBTOKOIe0aHuil ry0 1
YCTAHOBUJIU, YTO 9TU MPUINHBI AHAJIOTUIHBI IPUIUHAM, [TPUBOJIANINM K BO3-

45KELK HaM KazKeTCd, N3yIeHne MeXaHNn3Ma BOSHUKHOBECHU A aBTOKOJIEOAHIIT I‘y6 IPpH IIPOJYBKE BO3yXa
MOKeT UMeTh BIIOJIHE CAaMOCTOSATEIbHBII IIay‘IIIbIﬁ uHrepec.
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Puc. 6.21. Bpemennsie u crieKTpaJibHble XapaKTEPUCTUKH 3BYKOB,
BOZHUKAIONIUX IIPU aBTOKOJIEOAHUAX I'yD:

a — OCHUJIJIOrpaMMa, 0 — COoHOrpaMmMma.

HUKHOBEHUIO aBTOKOJIE0aHMI I'OJIOCOBBIX CBA30K. ABTOKOJI0aHMA TYO HAUU-
HAIOT BOBHUKATDL [IPU BeCbMa HU3KOM JIABJIEHNN BO3J/IyXa B POTOBON TOJIOCTU
(ok0J10 5-6 MM pT. ct.). [Ipu 9170M MakcuMasbHAS TIOMA/b eI MEXKLY Ty-
GaMI JIOCTHUTACT BEIMTHHBI 0K0JI0 10MM?, a aMIINTYy 8 BepTHKATLHOM KOM-
MOHEHTHI KOJIebaTe/IbHbIX JIBUKeHnil 1y0 — okosio 2 MM. [lpu yBesmaenun
naBaeHns 10 15 MM PT. CT. IJIONA/b e gocturaeT 20MM?, a aMIUIITYIa
BEPTUKAJILHON KOMIIOHEHTBI KOJIEOATEIbHBIX JIBUXKEHUI I'yO — OKOJIO 4 MM.

Ha puc. 6.21 npuBesensl ocniuiorpaMMa U COHOpaMMa 3BYKOBBIX KOJie-
Gannit, n3ryvdaeMbix rybamu B pexkume aBrokosiedbannii. Ha ociimiorpamme
JIETKO 00HAPYKIBACTCsT OCHOBHOI Trepros 1 aBToKoIebaH i, KOTOPBIH B JaH-
HOM ciiydae pasen 0.028 ¢, 4To coOTBETCTBYeT OCHOBHOI wacrore 35.7 I'm.
Hanmmawe 3Toit 4acTOTHI TakyKe XOPOIIO MPOCMATPUBAETCS Ha COHOI'DAMMe
(3HAUEHUST OCHOBHOM YaCTOTHI U HECKOJIbKUX PAPMOHKK YKA3aHbBI CIpaBa OT
COHOTPaMMBbI ). XapaKTePHBIM 9JIEMEHTOM OCITUJIJIONPAMMBI SIBJISIETCST KOPOT-
Kuit umiysbe 1 (aumuresnsroctbio mpuvepso 0.004 ¢) B Bujie oTpesKa CHHYCO-
UJIbl, KOTOPBIN MPUCYTCTBYET B KayKJIOM OCHOBHOM IepHoje Kojebanuii ryo.
MOKHO MPEIOIOKITE, 9TO ITOT 3BYK BbI3BAH YIapOoM (IILJICITKOM) BepxHeil
U HUKHEH TyO Jpyr o JIpyra B MOMEHT MX cMbikaHust. He uckiiodeno, 4to
CKOPOCTHAs BHJICOMAKpPOCHheMKa, Kojiebanuit ry6 1mo3posiuia Obl yCTAHOBUTH
U PsiJT JIPYTUX UHTEPECHBIX 3aKOHOMEPHOCTEI.

6.3. Do0JIOBBI TOHA

Brirtie MbI yzke ToBOpuIn 00 NCTOPHH, CBI3AHHON ¢ 90J10BOH apdoii 1 30-
JIOBBIMU TOHAMHY WJIM 3ByKaMu. MbI pacckazajin, 9To 9TH MeJIOIUIHbIE 3BY KU
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BO3HUKaIOT B IIpOIECCe O6TeKaHI/IH IIOTOKOM JIJIMHHBIX NUJIMHAPUYIECKUX TeJI,
TaKNX, KaK TPOCHI, TPOBOJIA, CTEPXKHU U Mp. DbUIT yIOMSIHYT YelicKuil yJe-
Hblit CTpyXaJsib, KOTOPbIi MEPBBIi MOJIOKIT HAYAJIO0 MOJTTHHO HAay YHBIM 1C-
CTIEIOBAHNSIM 9TOT0 MHTEPECHOTO U (PUBNUCCKN COMACPKATEIHLHOTO SBICHUS,
a TaK>Ke 6bLHI/I IepevduncjieHbl MMEHa YHYEHBIX, BHECIINX BECOMBIit BKJIa/J B €TI0
m3ydenne B XIX Beke. Temepnb Mbl yaenanmm Oojtee cepbe3Hoe BHUMAHIE ITO-
MY $BJIGHHIO U TIOIBITAEMCS JIaTh €My OObsiCHEHNE C YIEeTOM COBPEMEHHDBIX
SHaHUIL.

Cyyist 110 Beemy, MOBTOPHBI MHTEpeC K pobJieMe TeHeparni 3ByKa Y I/Iu-
HEHHBIMI TeJIaMHU, TP PA3MEIeHIN UX B II0TOKE, BOSHUK B XX BeKe B CBsI3N
¢ HEOOXOJMMOCTBIO OIEHUBATH CUJIY 3BYKA, PEHEPUPYEMOIO BUHTAME CAMO-
JIETOB, PA3/MYHbIX BEHTHISITOPOB, BUHTAMU a3POJMHAMUYECKUX TPYO U IIp.
B ¢Bst31 ¢ 3TUM, HEOOXOIUMO ObLIO TPEXkK/Ie BCEro YTOYHUThH BEJIUUNHY YUC-
na Crpyxasist. DKCIepuMeHTaIbHble PAOOTHI, IPOBEJACHHBIE Ha TIPOTIKEHIN
nepBoii mosioBuHbl XX BeKa, MOKAa3aJi YAUBUTEIbHYIO CTabHIbHOCTL ITOI
BeJIMYUHBL B [IUPOYaiiiiieM [uala3one 3uadenuit yucia Peitnosbiaca. Yool
B 9TOM yOEUThCsI, Mbl CIEIUATBHO PUBOJNM IOy YEHHbIE PA3HBIMU ABTO-
paMi (1 B pa3zHOe BPeMsi) SKCIIEPUMEHTATbHbIE JIAHHBIE O 3aBUCHMOCTH THCIIA
CrpyxaJist ot unciia Peitnosibica, Koropeie Obuin cobpanbl B crathe [158]. Ha
puc. 6.22, 3aUMCTBOBAHHOTO M3 3TOI CTATHHU, XOPOIIO BUJHO, YTO B JUalla-
some 4 - 10? < Re < 4 - 10° uncno Crpyxans cocrasisger 0.2 + 0.02. A stor
(akT OJJHO3HAYHO YKA3bIBAET HA TO, YTO B MIUPOUANIIEM JIHATIA30HE THCET
Peiinosib/ica 4acToTa 90JI0BBIX TOHOB IIPSIMO MTPOIOPIHOHATIBHA CKOPOCTH T10-
TOKa cpeJibl. U TOJMBKO MpU MaJIbIX U GOJIBIINX YiCIax PeiiHosb/ica qucio
Crpyxajisi HAUMHAET COOTBETCTBEHHO HECKOJIBKO YMEHBIIATHCS U yBEJINIH-
BATHC.

B 1936 r. Bbiuia sKcrepuMeHTaibHasg pabora [164], KoTopas BO3MOXK-
HO TTOJIOYKIJIa, HAYAJIO CUCTEMATUYECKUM WMCCJIEIOBAHUAM aKyCTUIECKUX Xa-
PAKTEPUCTUK J0JIOBBIX TOHOB. B 9T0i#1 paboTre sKCIIePpUMEHTAILHO N3YJaioch
3BYKOOOpA30BaHIe MPH OOTEKAHNH JIIMHHBIX IIIIHHIPUUeCKIX cTepsKHeiiis.
Bouin u3amepennsl ypoBHU N3JIYYeHNsT 3BYKA TP PA3JIMIHBIX CKOPOCTSIX 00Te-
KaHUsI, & TVIaBHOe OB N3MEPEHDI inarpaMMbl HarrpasieHHocT. OKa3amoch,
YTO NCTOUHUK 3BYKa, KOTOPBI MOSBJISIETCA TPU OOTEKAHUN IININHIPUICCKAX
CTEpXKHEM, SBJIAETC UCTOYHUKOM JIUIOJIBHOrO Tuma. IlpuydeMm ock JuroJis

pacroJiozkeHa TepIeHInKYJIspHO BEKTOpY oToKa. Ha puc. 6.23 mpepcrasien

46KcraTi, MeToIMKa IOCTAHOBKH SKCIEDHMEHTa BO MHOTOM IIOBTODSIIA METOMHKY, Pa3paboTaHHYIo
Crpyxajem B [82], Ho, KOHEYHO, ¢ IpUMEHEHHEM (oJiee COBEPINEHHON N3MEPUTENLHON alapaTypbl.
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Puc. 6.22. 9kcnepumenrajbibie 3aBucuMocTy ducjaa Crpyxasist oT qucia Peiinosbica,
[IOJIyYeHHbIE PA3HbIMH aBTOPAMU B pa3HOe BpeMsi: Kpecruku — Strouhal (1878),
rpeyrosibHuky — Hiebtone (1919), rouku — Relf (1924), xsajparuku — Roshko (1924),
okpyxuocru — UTIA (1955).

Puc. 6.23. JuarpamMma HAIIPpABJIEHHOCTH HCTOYHUKA J0JI0BOIO 3BYKAa,
00pa3yIoNerocs Ipyu OOTEKAHNN TUINHAPUIECKOTO CTEPIKHSL:

CIIJIOIITHAaA (C HaHECEHHbIMN TO‘IKal\/II/I) — 9KCIIEpUMEHT,
HITPUXOBad — pacdeT JJId neaJIbHOrO JUIIOJIA,

CTPEJIKOI yKa3aHO HallpaBJICHUE JIBUKCHUS CTEPIKHA.

sanMCcTBOBaHHbIH 13 [164]) rpaduk u3MepeHHOfl uarpaMMbl HAIIPABJIEHHO-
CTH, & TaKzKe pacdyeTHbIl rpaduk JuarpaMMbl HAIIPABIEHHOCTH JJIs 1/1€a/b-
HOT'O JINIOJIA. 3aMETHM, YTO KCIIEPUMEHTAIbHBI IpadyK He HODMUPOBAH 1
[IO3TOMY Ha TOPU30HTAJIBHON OCH OTJIOZKEHBI 3HAYCHUA aKyCTUIECKOro JaB-
JICHUSL.

Kak BHUIHO, SKCIIepUMeEHTaJIbHagd AuarpaMMa HallpaB/JI€HHOCTU BECbMa O.1n3-
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Puc. 6.24. DkcriepuMeHTaIbHBIN CIIEKTP 30JI0BOTO 3BYKA.

Ka K pacueTHoil. [Tozxke, pe3yabTaThl, MOJTyIeHHbIE IPYTUMUA ABTOPAMHE, TT0JI-
HOCTBIO TIOITBep /i 3TOT pakT (eM. Harmpumep [53,71,87] u bubmorpadio
B HIX). DTOT BeChbMa BayKHbIH (PaKT OJHO3HAUHO YKA3bIBAJ, YTO BEKTOD KO-
JiebaHW NCTOUYHNKA 3BYKA HAIPaBJIEH MOTEPEK BEKTOPA MOTOKA.

Taxkum o6pazom, NMpu CUJIOBOM BO3JICHCTBUHN ITOTOKA HA XKECTKYIO TOBEPX-
HOCTDL IIMJINH/JIPa, Ha Hell JIeHCTBUTETILHO 00pPa3yIoTes JIUMOJILHBIE NCTOTHIKH
3ByKa, 4TO XOPOIIO COIVIACYETCsI ¢ TEOPETUYECKUMU BBIBOJAMU, IOy YeHHbI-
MU BBIIIIE B 9eTBEPTOM pasjielie.

Cuesrytonuit Bazkubiit mar 0wt caesan Holle W. B 1938 romy. K coxaie-
HUIO, er0 paboThl HEJOCTYITHbI, OJHAKO B [53] MpUBeIeHbl HEKOTOPbIE Pe3yJIb-
Tarbl ero paborsl. Hanbosiee BaxKHBIMI 13 HUX sABJISIIOTCS SKCIIEPUMEHTA/b-
Hble CIEKTPHI 3BYKOB, BOZHUKAIONINX ITPHU Pa3MeNeHun JIJIMHHONO0 TOHKOT'O
cTepKH« B BozjyniHoM notoke. Ha puc. 6.24 npejcrap/ien 3anMCTBOBAHHbBII
u3 [53| crekTp 3ByKa, PeHEepUPYEMOro IIOTOKOM TP OOTEKAHNY CTEPKHS Jna-
mMeTpoM 5 MM. CKOpPOCTB OTOKA COCTaB/IsAIa 33 M/C, YTO COOTBETCTBOBAJIO
anciy Peitnonbica, pasaomy 1.08-10%. Kak BiHo, uactota OCHOBHOIO TOHA
Ha CIIEKTpe sIpKo BhIpaxkeHa u coctapisier 1330 ', C ygeToM sTUX JAHHBIX
qucsio Ctpyxastsd paBao (.2, 9T0 XOPOIIO KOPPETUPYET ¢ Pe3y/IbTaTaMi, Tpu-
BejieHHBIME Bbile. OOpaTuM BHUMAHNE, 9TO KPOME OCHOBHOT'O TOHA MPUCYT-
CTBYIOT 1 JiBe rapMOHUKU. OJIHAKO MX YPOBEHb 3HAYUTE/ILHO HUZKE YPOBHSI
ocHoBHOTrO ToHa (coorBercTBenno Ha 20 1 25 1B). DToT daxT gaer ocHoBaHme
¢Jles1aTh BBIBOJL O TOM, uTO hopmysa CTpyxasisi JOKHA ObITh CJIEJYIOIIM
obpazom 0000IeHa, 9TOOBI yIecTh FAPMOHUKN OCHOBHOH 4acToThI |53

fo=95tVn/d; n=1,23.. (6.4)
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AHasus criekTpa, IpUBEIeHHOr0 Ha puc. 6.24, M03BOJIsIeT YCTAHOBUTD €111
oanH (PaKT, UMEIOIIIH ¢ TOYKN 3PEHUsT aKYCTHKH O9eHb OOJIBIIOe 3HAUCHIE.
[TockosibKy ocHOBHasl dacToTa, TeHepupyeMoro 3Byka B sKcriepumente Holle
W., paBasiacy 1330 'ty u sKcnepuMeHT OH IIPOBOAUJI B BO3JIYIIHOI cpe-
JIe, TO JIJINHA 3BYKOBOW BOJIHBI JOJI2KHA OblLi1a COCTaB/ISIThL 0KOJI0 0.25 M. A
9TO 3HAYUT, YTO BOJHOBOW pa3zMep MCTOUHUKA D0JIOBOI'O 3BYKA BECbMa, MaJl
u cocrapiser Beandnny He 6ojee 0.02. Oruenka BOJHOBBIX Pa3MeEpPOB 0JI0-
BBIX HCTOYHWKOB, MPOBEJeHHasd HAMU 10 JPYTUM JTUTEPATYPHBIM JIAHHBIM,
OJTHO3HAYHO TTOJITBEP/IIIIA 9TOT (haKT.

Taxum obOpa30M, BOJIHOBOII pasMep 00/1aCTH IIPOCTPAHCTBA 38 IUJIMHIPOM,
rje npoucxoaut 3deKTHBHOE IIPeodpa30oBaHue SHEPIUU II0TOKA B 3BYKOBYIO
SHEPTUIO, CYIIECTBEHHO MaJl, & 3TO 3HAUUT, YTO UCTOYHUK KOMITAKTHBI, €CJIH
UCIOJIb30BATL TEPMUHOJIOTUIO, IPUHATYIO B THJIPOAIPOMEXAHUKE.

Hanbueiine ycnnst ObLIN HAIPABICHBI Ha IOy YeHUe OIEHOK NHTEHCHB-
HOCTH 90JIOBBIX 3BYKOB. DTy MPOOJIEMY, Cy/s IO BCEMY, OJHUM U3 IT€PBbIX
reoperudecku permt 1. JI. Bioxunnes B 1946 romxy [53|. Tlpusegem mosy-
YEeHHYIO UM OIeHKY WHTEHCUBHOCTU 3ByKa B HAIIPABJIEHUU OCU JUATPAMMBI
HAITPABJIEHHOCTH

m2a?pV/o
2r2¢3
3ech p — MWIOTHOCTH cpe/ibl, V, U — CKOpOCTb TOTOKA U CKOPOCTH CHOCA BIX-
peii, obpasyromux H0poKkKy KapmaHa 3a crepKHEM, ¢ — CKOPOCTb 3BYyKa, B
cpesie, L — jymmHa MUIHHAPUYECKOTO CTEPXKHSI, T — PACCTOSIHUE JIO TOUYKH
nabosenns, a ~ 0.44 - 1072, Besmunna 1 — U/V B ciiyuae mumHipa npu-

L*1-U/V)~ (6.5)

~

MepHO paBra 0.86. 3aMeTnM, 9TO Bce apaMeTphbl, BXOJISIINE B 3Ty (hOpMYyJIy,
HeoOXOAUMO 1oACTaBIAThL B cucTeMme enuaul, CGSE.

Takum obpazom, riaBHbIe WHTETPATbHBIE XaPAKTEPUCTHKHU J0JIOBOIO 3BY-
Ka, KaK TO OCHOBHAasl 4acTOTa, CIEKTD, JUArpaMMa HAIPABICHHOCTH ¥ WH-
TEHCHUBHOCTh, K cepejinie XX BeKa ObLIH B I1IEJOM OIleHeHbl. Kazajoch Obl,
MOCJIE 9TOTO MaIbHEHIINEe YCUINs TOJMKHBI OBIIN ObI COCPETOTOUNTHCS HA BbI-
SICHEHNT MEXaHI3Ma, TPeodpa30BaHUsT SHEPIUN TTOTOKA B 3BYKOBYIO SHEPIHIO.
WubiMu coBaMu, HY?KHO OBLIO HAWTH B IpoIlecce OOTEKAHUs IIUJINHIPIYIe-
CKOTO CTEPXKHS Te JIOKATbHDIE THAPOSMHAMUYIECKIE ABICHNS, KOTOPLIE MPH-
BOIST K 00PA30BAHNIO TAKOTO JIUIOJBLHOIO MCTOYHNKA, U BBIICHUTDL UTO KE
usnIecKn mpencTaBiasger coboit 5ToT meTodHnK. OaHaKo B JOCTYIIHON HaM
JINTepaType MBI He HAILIN NCYEPIBLIBAIOIIEr0 OTBETA, Ha 9TH BOIPOCHL. BMme-
CTe ¢ 9TUM, Ha HEKOTOPbIE YaCTHBIE BOIPOCHI OTBETHI BCE-TAKW OBLIN TOJIY-
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deHbl. Bo-11epBbIX, ObLIO TBEPJIO YCTAHOBJIEHO, 9TO S0JI0B 3BYK TOPOXKIALTCSI
HEIIOCPE/ICTBEHHO B O6.HaCTI/I, HpMﬂeFaIOHLeﬁ K KOpMOBOﬁ JacCTU ITOBEPXHO-
CTH CTEP:KHS, a He B CJIEJIe 3a CTEpP:KHEeM, Tje c(hOPMUPOBAIACH JIOPOKKA
Kapmana [53|. JeiicTBure/ibHO, My/IbCAIINE JABJIEHUSA, KOTOPbIE MOXKHO HH-
CTPYMEHTaILHO HAbJIIoaTh B JI0pozkke KapMana, He HMeIoT HUKAKOIro OTHO-
IR K 00pa30BaHUIO 3ByKa. JTO, KAK MBI YrKe pa30mpasIn BbIIlle, SIBIISIETCST
[ICEBJIO3BYK, TOCKOJIBKY CKOPOCThH PACIPOCTPAHEHUsT STHX Iy IbCAIlNil paBHA
CKOPOCTH CHOCA BUXPEil, KOTOpast Ha MOPSIIKN MEHbIIe CKOPOCTH 3BYKa B Cpe-
1e [53]. Bo-BTopbIx, ObLI0 3aMetUeHO, ITO BOSHIKHOBEHIE 3BYKA 10 BDEMEHN
CBSI3AHO C MOMEHTOM OTPBIBa BUXPEil OT IUJINHAPUIECKOIO CTEPIKHSI.

OcHoBbIBasich Ha 9THX ABYX (dakrax J.11. Biroxunmes B coeit kunure 53]
ciestan BeiBogL: ... Ilepuojnaecknii ¢pbiB BUXPeil MTOPOZK/IAET MEPHOINIECKIE
UMITYJIbChl MAJIBIX CYKATHIT W pasperKeHuii, KOTOpble U PACHPOCTPAHAIOTCS
BJIAJIN OT TeJla B BHJI€ 3BYKOBOI BOJIHBL...”. DTOr0 »Ke MHEHUS IIPUIePKIBa-
torcst u apyrue apropbl. Hampuwmep, A. A. Xapkesuu B Kuure (87| ropoput
... KayKJIplit pa3 Mnpu cpbiBe BUXPsI B OOJIACTU HEMOCPEJICTBEHHO 38 IIPEeIlsiT-
CTBUEM CO3JIaeTCs UMITYJIbC JlaByienns...”. U erie ojiHO BayKHOE €ro 3aMevaHue
“... B mocJiejiHee BpeMsl, B CBA3M C pa3BUTHEM OOIIEro MOHUMAaHUST aBTOKO-
JiebaHMil, BHICKA3BIBAGTCSI MHAs THIIOTE3a, MPEJICTABIIIONAsIca ropasjio 00-
Jiee TIPaBJIoNoI00HON. DTa TUIOTe3a He OTPUIIAET POJU BUXPeoOpa3oBaHusI,
HO TPEJIIOIAraeT, ITO CyIIecTByeT u obpaTHas cBs3b...”. Ilociennee yTrep-
JKJIeHne nMeeT (pyHIaMeHTaIbHoe 3HAYeH e, HO, K COYKAJIEHINI0, KOHKPETHOTO
MEeXaHI3Ma, BOBHUKHOBEHUSI S0JIOBBIX 3BYKOB OHO TaK W HE PACKPBIBALT.

[TosToMy MBI HAaYHEM € aHAIN3a PACUETHBIX U SKCIEPUMEHTATbHBIX JIaH-
HBIX, XapaKTepU3yIoNUX JIOKAIbHbIe OCOOEHHOCTH CTPYKTYDbI TeueHuil B
OKPECTHOCTHU TIUJIMHJIPA, PACIIOJIOKEHHOTO B 1oToKe [24, 157,159 163, 165].
[IpocsieiuM BHUMATENIBHO €ellle Pa3 3a IBOTIONHE 9TOM CTPYKTYPhl TeUeH Mt
C U3MEHEHUEM CKOPOCTHU IIOTOKA.

MbI y2ke TOBOPUJIH BbIIIIE, YTO HAYNHAS C OIIPe/IesIeHHbIX unces Peiinosibi-
ca, B pe3yJibTaTe CpbiBa MOTOKA, 3a IUJINHIPOM HAYMHAIOT 00Pa30BbIBATHCH
JIBa CUMMETPUUHBIX BUXPsI, CM. puc. 3.5 u puc. 6.25a. C pocToM CKOPOCTH 110-
TOKa pasMep 9TUX BUXPeEHl MOCTENEeHHO YBETMINBAETCS U OHU BBITATHBAIOTCS
BJIOJTb HalpaBJIeHUs MOTOKa. Jlajiee TedeHne CTAHOBUTCA HEYCTONIUBLIM W
OJIMH U3 BUXpeil ObICTPO yBEJIMYNBACTCA B pasMepax, a BTOPOi, Hao0OpoT,
yMenbIaeTced. [loaToMy KapTuHa TeUeHUsT HEMOCPEICTBEHHO 38 TIHHIPOM
CTAHOBUTCA acuMMeTpudaHoii (eM. puc. 6.256). Korya pasmep Buxpsi HaunHa-
eT npeBbmiaTh 1.5-2.0 AnameTpa NUIMHIPA, TPOUCXOJIUT €r0 OTPBIB OT ITH-
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a

Puc. 6.25. Buxpu, obpasyioriumecs 3a MUJIAHIPOM
IpH €ro 0OTEKAHUH TIOTOKOM (3KcrepuMent) [24]:

a — JIBa CUMMETPUYIHDLIX BUXPI, 0 - JABa aCUMMETPUYIHBIX BUXP;
CTpeJIKaMHU YKa3aHbl CAMU BUXPH.

JIMHJIpA 1 OH HadmHaeT jpeiichoBarh BHEU3 110 110TOKY. [locsie oTpbiBa BUXps,
HaIMHACT OBICTPO PACTH BTOPOil BUXPh U BECh OIMUCAHHBII IIPOIECC MOBTOPS-
ercst. [ToouepesiHo oTpbIBasich TO ¢ OJHOIL, TO ¢ JAPYTOil THUIbHOI (KOPMOBOIT)
CTOPOHBI IIJINHJIPA, BUXPH JIpeiihyioT BHU3 MO TMOTOKY, 00pasyst JOPOKKY
Kapwmana (em. puc. 3.6).

Ornucannblil crieHapuil MOsIBIEHNs 1 CPBIBA BUXPEH XOPOIIIO U3BECTEH U Jia-
€T HaM BHEIIHIOIO, KAYeCTBEHHYIO KapTUHY T'UAPOJANHAMUYECKOr0 IIPOoIecca,
HO HE JIaeT HAM OTBETAa Ha BOIIPOC O MPUYNHAX U MEXaHN3ME BOZHUKHOBCHUA
90JI0BOTO 3ByKa. [Tosromy obpaTnMcsa K pacueTHBIM JTaHHBIM, OTPAXKAIOIINM
mporece O0TeKaHUsT MUINHIPA, U3 KOTOPBIX MOYKHO MOYEPITHYTH HE TOJHKO
KaueCTBEHHbIE, HO U HEKOTOpPbIE KOJIUYECTBEHHbIEe cBejleHusi. Ha puc. 6.26,
KOTODBIiT 3anMcTBOBaH n3 |165], m300pazKeHbl XapakTepHble 0COOCHHOCTH Te-
YeHU il BOKPYT HEMOJBUXKHOTO IUJINHJIPA TPU PA3TUIHBIX YuCTax PeliHOoIh/I-
ca. 3J1eCh JINHUU TOKA MOCTPOEHBI 110 PACYETHBIM 3HAYCHUSIM MIHOBEHHBIX
noJieit CKOpocTu B moToke. HarmmoMHUM, 4TO JIMHUU TOKa, €CTh BEKTOPHBIE JIU-
HUU I10JISI CKOPOCTeH, T.e. Takue JUHIHU, B KaxKJ0l TOYKe KOTOPbLIX CKOPOCTH
B JIAHHBIII MOMEHT HallpaBJieHa 10 KacaTeJbHol K HuM. [Ipu cramuonapuom
O00TEeKAHUM TeJ TTOTOKOM JIMHUU TOKA COBIAJAIOT C TPACKTOPUAMU JIBUMKY-
IIXCsT YACTHUIL CPEJIBI, & TIPH HECTAIlMOHAPHOM MOTYT U He coBnaarhb [39).

Takoit cmocob mocTpoennsT KApTUH JUHAN TOKa, ABUKYIIEHcsT cpenbl mo3-
BOJIFET cpa3y KOJINYECTBEHHO OIICHNBATH OTHOCUTEILHYIO CKOPOCTH IIOTOKA B
PA3IMIHbIX TOYKAX 30HbI 0OTeKanus. B MecTax, TJie JJMHIH TOKa CryTIaIoTCs,
CKOPOCTDL JIBUZKEHU CPEJIbl BBICOKAsl W TeM BBIIIe, YeM CHUJIbHee CrylleHue
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Puc. 6.26. [Torok, obrexalommii mmaap (pacyer):

a,0,B — IPH CTAIMOHAPHOM OOTEKAHWUH, T — P HECTAIMOHAPHOM OOTEKAHUM;
a— Re=5,6—-Re=20,8— Re=40, r — Re =50.
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Puc. 6.27. Ilorok,00TeKaromuii IUJIMHIP IPU HECTAIIMOHAPHOM 00TEKAHUH
(pacuer jyist Re = 200); IMHAM TOKA IIOCTPOEHBI JjIsi MOMEHTOB:
a—t=0,6—-t=T/4,8—t=T/2, v —t= 3T/4, n—t=T.
CupaBa OT KapTHH JIMHUI TOKa CXeMATUIECKN TTOKA3aHbI
pacipejie/ieHusl JaBjIeHui 2 110 MOBEPXHOCTH UIHHpa 1.
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9TUX JIMHUI TOKa. A TaM, Ije JIMHUKE TOKA Pa3psizKaloTcsd, — CKOPOCTb I10-
mKaercd. Kak BUJIHO, [OJIyUeHHbIE TAKUM CIIOCOOOM PACUeTHBIE KAPTUHBI
BIIOJIHE PEATMCTHYHO OTPAsKAIOT BCE XapaKTepHble 0COOEHHOCTH OOTEKaHMUsI
muHapa (cpasuu puc. 6.26 ¢ puc. 6.25, puc. 3.5 u puc. 3.1).

MMGH B BUJ1y YKa3aHHbBIE IPEUMYIIIECTBa 110JIyY€HHBIX PACHYE€THBIX JaHHBIX
B TepMHNHaX JIMHUT TOKa, IIpOBEIEeM 60.)'[66 ILeT&ﬂbeH'/JI aHaJIn3 JIOKaJIbHBIX
ocobeHHocTell MOTOKa, obTekaromero muaniap. Hadawem c¢ pue. 6.26a, rie
n300pakeHo JlaMiUHapHOe 00TeKaHne IUJIMH/IPa IPU HI3KOH CKOPOCTH 110TO-
ka (Re = 5). Kak BUjiHO, CKOPOCTH CJIOST JIBUZKYITEHCsT KUJIKOCTH, BOJIN3H
MOBEPXHOCTH (HO He caMoii TIOBEPXHOCTH) MUJINHJIPa (3TOT CJIOH Ha PUCYHKE
yKas3aH CTPEJIKOIl), BBICOKA IO CPABHEHHIO CO CKOPOCTHIO CJIOEB, PACIIOJIO-
JKeHHBIX Bjiasin oT nuinijapa. Ha smor ¢daxT HermocpejcTBeHHO yKa3biBaeT
CryIleHue JIMHUI TOKa BOJIM3U MOBEPXHOCTH IUJIHH/IPa, KOTOPOE TaKzKe Ipe-
KPacHO BIJIHO B 9KcIiepuMenTe (cpasun puc. 6.26a u puc. 3.1). 31ech ymecTHo
BCIIOMHUTb, 9TO B cuty 3dderra Bepuy/in, B 001acT, Tie CKOPOCTH ITOTOKA
HOBBIIIAETCH, JlaBjieHne najgaet. [losroMy B cjioe cpe/ibl BOJIM3U TTOBEPXHOCTH
[IJTMHJIpa JaBieHne OyjeT HuKe, YeM BIaJnd OT HNUInHpa. Bmecte ¢ 9TuM
cJieJlyeT MOMHUTD, YTO Ha CAMOM MTOBEPXHOCTH IUJIWHJIPA, B CHJIy CBOHCTBA
HPUJIAIIAHTS CPeJibl, CKOPOCTh Cpe/Ibl paBHa Hys0. [TosToMy HerocpeicTBeH-
HO y TOBEPXHOCTH 00pa3yeTcsi OTHOCUTEILHO TOHKWIT MOTPAHUIHBIN CJIONH B
KOTOPOM CKOPOCTDL CPEJIbI 110 Mepe yJlaJleHusl OT TIOBEPXHOCTH OBICTPO HAPAC-
TaeT. I/IHbIMI/I CJIOBaMU B6JII/ISI/I IIOBEPXHOCTHU, B paJina/IbHOM HallpaBJICHUW, B
cpejie CyIIeCTBYeT 3HAUNTENLHBI IPaJIneHT CKOPOCTH.

Ecsin ckopocth noroka ysemmauth 10 Re = 20 (em. puc. 6.266), To, Kak
u cjie0BaJiO OzKN/1aTh, BOSHUKAET OTPBLIB ITOTOKa C ITOBEPXHOCTU IMUJIMH]IPA
(30Ha OTpBIBA yKazaHa CTPEJIKON) ¥ 3a HUJIUHJPOM OOPA3YIOTCsI JIBa, CHM-
METPUYIHO PaCIOJIO?KEHHBIX OTHOCUTEJILHO OCU T 1 BBITAHYTBIX BJ/IOJIb HeEe,
BUXPA. ,ILHI/IHa X COCTaBJIdAE€T 49yTb MEHbIIE AunaMeTpa IUJINHPa, a O6HL8§I
mupuna okosio 0.7 ero jgmamerpa. Baxknoit n xapakrepHoit 0cOOEHHOCTHIO
3JIECh SIBJIAETCS TO OOCTOSITE/ILCTBO, UTO MOTOKY IPUXOJNTCA 0OTEKATh HE
TOJIBKO CcaM IUJIMHJIP, HO U 00pa30BaBIuecs 3a HUM BuXpu. BermoMunM, Kak
BBIIIIE Mbl CIIEIHATBLHO OOpAIAIN BHIMAaHIE HA TOT (PaKT, 9TO BUXPHU 3ada-
CTYIO BeIyT cebs MOom00HO HEKOEMY KOMIIAKTHOMY OOOCODJIEHHOMY OT OKpY-
JKAIOIIEH UX CPEJIbl TeTY, CTPEMSIIEMYCsl COXPaHUTH CBOIO (DOPMY, XOTS CaMU
U COCTOST U3 ITON XKe Cpe/ibl.

Takum obpazom, 3pPEKTUBHBI pasMep BCEro 00TEKAeMOro IIOTOKOM ‘‘Te-
na” (Temepb 9T0 “Tes10” COCTONT U3 IUINHIPA C BUXPSIMHU ) YBEJTMIHIICS B J[JTH-
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Hy TIOYTH B JiBa pasa. KcTecTBeHHO yBeJnYnIach MOYTH B JIBA pa3a U JIJINHA
y4acTKa, IpUjeraroias K MOBEPXHOCTH NWJINHPA U K BHEIIHEH MOBEPXHO-
CTHU BUXPeii, TJIe CKOPOCTh CJI0EB YKUJIKOCTH BEJINKA, a JaBJIeHNe HI3K0e. DTO
BayKHBIN (DaKT, KOTOPKIH ajree HAM TOHATO0NTC.

MoxkHO cKa3aTh, YTO NUJINHAP U BUXPH 3aKJII0YEHBI B ¢INHYIO 000I0UKY,
CTEHKHU KOTOPOil MPEeJICTABIAIOT cOOON CpaBHUTEILHO TOHKHIT CJI0# OBICTPO-
TEeKYIIel KU IKOCTU (TaK Ha3bIBaEMBbIIi CIBUTOBBII CHoﬁ), B C€YCHUU KOTOPO-
I'o CyIIEeCTBYIOT 3HAYUTETbHbIE IPAJINEHTHI CKOPOCTH U jlaBienus. biraromapst
TOMY, 9TO 3TOT CJION HEMOCPEICTBEHHO KOHTAKTHUPYET C BHEIIHEN TOBEPXHO-
CTBIO BUXDEil, OH (13-32 HAJTMUIIO BSI3KOCTU B CPEJIe) BbIHYZK/IAe€T BUXPH Bpa-
martbes. [IpudeM BepXHUT BUXPh — 110 9aCOBOI CTpEJIKe, a HIXKHUHI ITPOTUB.
[To sToit TpUYMHE BHYTPEHHUE, CONPUKACAIONTUECS C JIPYT JPYTOM IMOBEPX-
HOCTH BHXpeil (Te KOTOpbIe PACIOJIOKEHbl HA OCH T) JIBHKYTCS C PABHOIL
CKOPOCTbIO, HO IPOTHB HAIPABJIEHHsI JBUKEHNs 10TOKa (Ha puc. 6.268 910
JIBUZKEHIE YKA3AHO CTPEJIKOI ).

[Toitiem pasbiie. Ha puc. 6.268 nokazana KoH@Uryparust BUXpei rnpu
ere 6osibieit ckopoctu noroka Re = 40. IIpojosibHbIl pasMep BUXpeil J1o-
CTUT IIPUMEPHO JABYX JUAMETPOB IIUJINHJIPA, & [HOIEePEYHbIA CTaJl IOYTU PaB-
HBIM JinamMeTpy nminnapa. [loToky Ternepb npuxoguTest o6TeKaTh JOBOJTHHO
yimiHerHoe “rejio” (UJImHp BMecTe ¢ BUXPAMHU ), o0Iiuii pasmep KOToporo
JIOCTUTAET TOYTH TPeX JUAMETPOB MUJINHApa. HadunHas ¢ Takux 3HaYeHUi
qncest Peitnosnbaca y 00TEKaOMNX CABUTOBLIX CJI0EB TOABISETCS TEHICHITHST
K II0Tepe YCTOMYMBOCTU 34 CYET JaJIibHENIIero pocra rpaJlueHToB CKOPOCTU
U JaBleHnsa B ux cedeHnn. Kax y»ke ObLIO OTMEUYEHO, MUJIUHIP W BUXPH
PAKTUICCKH MOJTHOCTBIO OKPYZKEHBI 000I0UKON U3 CJI0s1 OBICTPO JBUKYIICH-
Cs1 KHUJIKOCTH. A 9TO 3HAYUT, UTO JIABJICHUE B 9TUX CJI0AX 00Jiee HU3KOE 110
CPABHEHUIO C JIABJIEHUEM BHYTDPH BUXDEl (371€Ch JIMHIM TOKA Pa3pszKeHbl) U,
MO9TOMY, BO3HUKIIHE 3a cueT 3ddekra BepHy/uim jgBe ruiponHaMinaecKie
cusibl Fy u Fy (ykaszanbl Ha puc. 6.26B cTpesikamu ), CTaparoTes OTTSHYTh BIX-
pu ApyT OT JApyra B IIOIEPEYHOM, II0 OTHOIICHUIO K IIOTOKY, HallpaBJIeHUN.
[Toka uwmcsia Pelinosibjica ObLIN HEBEJWKH, a TPOJOJbHBIN paszMep BUXpeil
MaJst (He GoJiee [[aMeTpa IUJINHJIPA), CUJIbL, 00YCJIOBIEHHbIE (OIYKTYAInAMU
IrpaJIneHTa JIaBJICHUS B CJIBUTOBBIX CJIOAX, OOTEKAIONIINX BHEITHIE TTOBEPXHO-
CTHU BUXPeit, OYyT OTHOCUTEJILHO MaJIbl 47, [Toaromy BKJIaJIbI, BOBHUKAIONIHE

4"31H bIyKTyanum BHI3BAHBI TEM, 9TO PACHPEIETICHIe CKOPOCTH B HAOEraromeM Ha IIIMHID IOTOKe
(B IWIOCKOCTH, HOPMAJIHHOI K HAIPABJICHAIO CAMOIO IOTOKA) HE sIBJISETCS HIEAJHHO PaBHOMEDHBIM. B
PeasIbHOCTU OHO MMeeT HEKOTOPYIO, OTHOCHUTEIBHO HEDOJIBIIYI0, HEPABHOMEPHOCTh, KOTOpasl BJ0OABOK
3aBUCHT OT BpeMeHH, T.e. (urykryupyer. B cpaBnurenbno megaBHo Bbimemeii pabore [167] nokaszamo,
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3a cuer (uykryaruii gornosHnTebHbIX cnst AFy u AFy, B cuibl Fy u Fy oka-
JKYTCsT BeChbMa, HEBEJINKN M OHU OYAyT MPOJ0JIzKAThL YPABHOBEIINBATL JIPYT
npyra. VIMeHHO 3a cueT 9TOro Bce elne 00eCednBAeTCs JOCTATOYHAS CTa-
OUJIBHOCTD U CTAIIMOHAPHOCTDL MPOIECCa O0TEKAHMS.

[Tpu nasbHeiieM yBeIMIeHnn CKOPOCTH TTOTOKA pa3Mephbl BUXPeil PacTyT,
a BMECTe C 9TUM PACTYT U €CTeCTBEHHbIE (PJIYKTyalluu IPaJINEHTOB JlaBJie-
HUSI B CKOPOCTHBIX CJIBUTOBBIX CJIOSIX, OOTEKAIONNX BHENIHUE MOBEPXHOCTU
Buxpeit. [lostomy cuer Fy + AFy u Fy + AF, HadHYT OTJIMYATHCS JPYT
OT JIpyra 3a cYeT BKJIaJa YKA3aHHBIX JIONOJHUTENbHBIX ((DIyKTYUpPYOIiX)
CUJI M TeM 3aMeTHeil, YeM BBIIe CKOPOCTh MOTOKa. Takmm oOpasoM, B HEKO-
TOPOM y3KOM TIEPEXOJIHOM JIHalla30He 3HadeHuil ances PeitHosbics, MoxKeT
YCTAHABINBATLCS ‘XPYIKOE HEYCTOHdnBoe paBHOBecue 3Tux cuii. [losTomy,
JIaxke HeOOJIBIoE JajibHellInee MOBBIIIEHNe CKOPOCTH IMOTOKA, MPUBEIET K
TOMY, 9TO B KaKOii-T0 MOMeHT ofna u3 cut (F) + AF) win Fy + AFy) oka-
JKeTCsT HeCKOJILKO DOJIBITE IPYTOi N HEyCTONINBOE paBHOBECHE MOMEHTAIHLHO
paspymuTcs. M, ¢ Toit CTOPOHBI, Te 9Ta CHJIa OKa3ajach OOJbINE, Y BUXPS
MOSIBUTCST BO3MOYKHOCTH YBEJIMUUBATH CBOIT pasmep (00bem) GbicTpee Jpy-
rOro BUXPsI MTOCKOJIBKY JIABJICHNIE HA €ro BHEITHEH MOBEPXHOCTH OKa3aJioCh
bosiee Hu3KuM. JlaBienne BHyTpu OOJIBIIErO BUXPSI ¢ POCTOM €0 pasmepa
TaKkyKe TMaJIaeT, BCJIEJCTBHE UYero MpOIece yBeJndeHuns o0beMa BUXPS HJIET
B OCHOBHOM 3a CUerT lepekadky (0Tcoca) Cpejibl, 3aK/II0UEeHHON B JPYroM
(menbInem) Buxpe (cM. puc. 6.26r 1 cpaBHHU ¢ 9KCIeprUMeHTOM Ha puc. 6.25).
XapakTepHO, UTO JINHUSI, 110 KOTOPOil Terepb CONpPUKACAIOTCS BHYTPEHHIE
CTOPOHBI TIOBEPXHOCTH BUXPEl, CTAHOBUTCSI KOPOTKOM 1 yrKe He COBIIAJIAeT C
ocbio x (Ha puc. 6.26r ona 0603HAUCHA CTPEJIKOI).

31ech cieryer OTMETUTD, UTO TaeHIe JABICHNsT BHYTPH OOIBITEro BUXpst
00yCJIOBUT TAJICHIE JIAB/ICHIA Ha TOH JaCTH MOBEPXHOCTU MUJINH/IPA, T/ OH
¢ Hell conpukacaeTcst. ITO 0UeHb BaKHBIIT MOMEHT U €r0 POJib B HOSAB/ICHUH
90JIOBBIX TOHOB MbI OOCY/INM HIZKeE.

B cuny Becex ommcaHHBIX BBIIIE TTPOIECCOB OONIUIT 00beM BUXPEBOiT 0bJ1a-
CTU 33 TUJIUHPOM MPAKTUIECKN HE YBEINYNBAETCs, HO ee CHUMMETPHUS OT-
HOCUTEJBHO OCH X TOJTHOCTBIO Hapymiaercs. Terneph BHENIHsIST TOBEPXHOCTH
OOIBITIEr0 BUXPsST CTAHOBUTCS BBIMTYKJION U, KaK CJIEJCTBUE, CKOPOCTH CJIOS
JKUJIKOCTH, KOTOPBIi ee 00TeKaeT, ere OoJIbIle YBeJIMUIUBACTC, & JaBJIeHne,
COOTBETCTBEHHO, ere Oojee yMeHbImaeTcsd. Ha 9T0 HemocpemacTBeHHO yKa-

9TO JIONOJHHUTEJbHbIe (DIIYKTyaIluy JIaBJI€HUsI B OOTEKAIOIEeM CJI0e MOIYT BO3HHKATh TaKKe 3a CYeT
KOJIebaHuil IIOBEPXHOCTU BUXPEIl.
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3BIBAET IIOBBIIIEHNE 3/1e€Ch CryieHnit junuii Toka. Co ¢TOpOHBI MEHBIIEro
BUXDsI CKOPOCTH 00TEKAIOIIEr0 ero BHEMIHIOI HOBEPXHOCTE CJIOSI »KHJIKOCTH,
KaK BHJIHO, 3aMETHO yIIaja 1, CJIeJ0BaTeIbHO, JaBIeHne 3/1eCh BO3pocIo. 1o-
cKoJIbKY cmiia Fy -+ AF) crajia 3Ha9uTeIbHO OoJIbIine cuibl Fo + AFh, TO BO3-
HUKAaeT HoibeMuast (pesysbrupyionias) cuna Fi+AFy— (Fy+ AFy), nampas-
JIEHHAsT BBEPX (B TOJOKUTEJILHYIO CTOPOHY OCH Y ), KOTOpPast MPUIO[BIMAET
BePXHUI BUXPb U HPHUBOIUT K €Ie OOJIbINel aCuMMETPUH KAPTHHBI TOTOKA,
34, MUJIMHJPOM OTHOCUTEJILHO och Z. JII0OONIBITHO, 9TO Tenepb, KOraa pac-
HOJIOZKEHNE BUXPEil 38 IUIMHIPOM CTAJI0 HECUMMETPUIHBIM, KOH(MUTYpaIs
BHEIITHEro KOHTYPa, BHYTPU KOTOPOIO Pa3MECTUINCH IIUJINHAD U 002 BUXPH,
cTaJ1a HAIIOMUHATH IMUPOKOIPOMIILHOE KPbLIO, HO ¢ CUJILHO CKPYIJICHHBIMIU
nepeHedi u 3ajHeil Kpomkamu (cpashu puc. 6.26r ¢ puc. 3.15a).

Tenepn obpaTuM BHUMAHNE Ha €I1e OJUH BayKHDLIH (PaKT, IMEIONNi TpUH-
nunuagbHoe 3Hadenne. CHora obparumes K puc. 6.26r, a UMeHHO K 00J1acTh
¢ kKoopauHaTtamMu * ~ 2,1;y ~ —0.4, Koropasl 3aK/Il0UeHa HAaMU B OKPYK-
HOCTH U3 TOYEK. ITO 0C000E MECTO, T/Ie HUKHsIST MOBEPXHOCTH OOJIBIIEro
BUXPS CTajIa HEIMOCPEJICTBEHHO KOHTAKTHPOBATL ¢ BHEITHUM moTokoM. Ho,
MMOCKOJIbKY BUXPb BPAIAETCs TI0 9aCOBOIl CTpEIKe, TO B 9TOM MeECTe HAIlPaB-
JICHHE JIBUZKCHUST YACTUIL YKUJIKOCTH, TIPHHAJJIEZKAIINX BUXPIO (JIMHUST TOKA
2), U HaIlpaBJICHIE JIBUZKEHUST YACTHUIL YKUTKOCTH, TPUHAJIJIEZKAIIIX BHEIITHE-
My TOTOKY (JIHHUS TOKa 1), MPsIMO TPOTHBOIOJIOKHbIE U MPAKTHIECKN DaB-
HbIE 110 BejimanHe. Kak pe3y/ibrar, BO BHyTpPeHHe 00/1acTi, MEXK Ty JTMHUSIMI
ToKa 1, 2 1 3, 2KUJIKOCTDH He JIBUXKETCH, T.€. 371eCh BOSHUKAET PE3KOE TOPMOXKE-
HUe BpallaTe/IbHOTO JIBUKeHHUsT BUXpsi. VI 9acTh €j10s MOTOKA, 00TEKAIOIero
HIZKHIOIO TTOBEPXHOCTH MAJIONO BUXPs, BHIHYK/IEHA PE3KO M3MEHUTH HAIIPAB-
JIeHne JBUKeHUst ([IPOCJIe/i, HAlpUMep, BHUMATEIbHO 38 JINHHUE ToKa 3)
nourn na 1500, 06oiiTi GoJBIIOI BUXPD, BLIITH U3 HEro 1, CHOBA PE3KO M3-
MEHUB HaIlpaB/IeHue JBUKEHUsI, BIUTHCI BO BHEINHUN TOTOK.

K q9EMY 2Ke IIPpUBEAET TOPMO2KEHUE BpalllaTC/JIbHOI'O JIBU2KEHUA HUKHEN
qacTn 60ﬂbIHOFO BUXPAd, B TO BpeMd, KaK €ro BEPXHAA HaCTb IIPOIOJIZKa-
€T BbBIHY>KJAEHHOE BpalllaTe/IbHOE IBUXKEHUE I10/] ILGfICTBI/IGM O6T€K&IOIIL€FO
CABUT'OBOI'O CHOH? COBepIHeHHO O04€eBUAHO, 9YTO BOBHUKHET MOMEHT, OTHOCU-
TEJILHO TOYKHU ¢ KoopaumHaTaMn & = 2, 1;y ~ —0.4, KoTopolit 6ymeT Hampas-
JIEH TI0 9acOoBOI CTpeJIKe W KOTOPLIH OymeT cTapaTbcsl OTOPBAThL OOJIBIION
BuXpb o7 muiun/pa. C JaabHEeHIIM POCTOM CKOPOCTH IOTOKA 30HA TOP-
MOYKEHIs HUZKHEH JacTi OOJIBIIOr0 BUXPs €Ie HECKOJIbKO YBeJNINBACTCS 1
MOMEHT JOCTUTACT TOH KPUTUYECKON BEJIMYUHDBI, KOTOpad INOCTATOYHA JIJIdA
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CpblBa BUXPA.

Brirte Mbr pacemorpenn Ha puc. 6.26a,0,B cirydan, KOTJa CKOPOCTh CJIO-
€B, O6T€KaIOLLLI/IX IUJINHAP, 6]31.]1& OTHOCHUTEJ/IbHa HeBeJIMKa 1 TedeHue 1MMeJsI10
CTAIMOHAPHBIN XapakTep, T.e. KOHMUTypallust BUXpeil 3a NMUJINHIPOM Obl-
Jla CTabMIBLHO OCECHMMETPUYIHA U CO BpeMeHeM He m3MeHsiach. [Ipn taknx
YCJIOBUSAX I'eHepallisd 90JI0BbIX 3BYKOB, pasyMeeTcs, He BO3HUKaeT. [ljst Toro,
I{TO6I:,I Ha4daJlaCb T'eHepaliid 3BYKa, H€O6XO,ZLI/IMO IIOBBICUTBH CKOPOCTBL II0TO-
Ka 10 KpI/ITI/I‘IGCKOfI BE€JIMYUHDBI, KOI'lJa HAYHETCA OTPLIB BI/IXpeﬁ OT IUJINH-
npa. T.e. HeoOXOIMMO, ITOOBI TeUEHWE TPUHSIO HECTAIIMOHAPHDIIT XapaKkTep.
Nwmest 9170 B BTy, 0OpATHMC K PACIETHBIM JIAHHBIM, HOJYIEeHHBIM B |165]
JUUIst OOJIBIITIX CKOPOCTell 1TOTOKa, Korjia OOTeKaHue IIJINHIPA HOCUT STBHO
HeCTaI[MOHAPHBII XapakTep 1 MOJPOOHO TPOaHATIM3UDYEM UX.

Ha puc. 6.27 uzobpazken psiji KapTus jinHnit Toka npun Re = 200, paccun-
TAHHBIX JIJIs CJIEJYIONIX JAPYT 38 JPYTOM (DHKCHPOBAHHBIX MOMEHTOB BpEMe-
uu. [Ipu Taxoit ckopocTn MOTOKA BUXPH, 00pa3yIONINECs 38 IUJTTHIPOM, K-
JIMYECKU OTPBIBAIOTCS OT HEro, obpasysl BHI3 110 TIOTOKY JIOPOKKY Kapmana.
MoMeHTBI BpeMeHH, JIJisT KOTOPBIX MPOU3BOAMINCH PACUETHI KAPTUH JIMHUI
TOKa, ObLIN 110100paHbl TAKIM 00Pa30M, 4TOOBI IIOJHOCTBIO OXBATUThH BCE-
ro OJIMH IUKJI Mporiecca. K BpeMsi OJIHOTO IHUKJIa MPUHITH 38 1', TO MAThH
KApTUH JIMHUN TOKA, N300PayKeHHbIX Ha puc. 6.27, COOTBETCTBYIOT CJIBUTY IO
BpeMeHl Ha 4deTBepTb Iukja 1'/4. 3aMeTnM, 4To MPOJOJIZKUTEIbHOCTD OJl-
HOro 1KKJIa onpeesn eme Crpyxanb (em. dopmyay (5.1)) u, ecu ydects,
aro vacrora f = 1/T, 1o u3 sroii Gopmyisl ciepyer T~ 5d/V | tie d —
JinaMeTp IMUJINHJIpa, & V' — CKOPOCTh MOTOKA BJIAJIA OT IUJINHJIPA.

Kak BuJiHO, Bce KAPTUHBI JINHUI TOKA CYNIECTBEHHO HECUMMETPUIHBI OT-
HocuresibHo ocn x. Ha kaprune puc. 6.27a (oHa MpaKTHYECKH MIEHTHIHA
TOJIBKO YTO MPOAHATM3UPOBAHHOI KapTuHe puc. 6.26r) nokasaH HadabHbIH
MoMeHT ¢ = (), Korjia BepXHUil BUXPH JIOCTUT CBOEI'O MaKCUMAJLHOIO pa3Me-
pa, HIZKHsISI €r0 9acTh yzKe 3aTOpMOXKeHa (00J1aCTh TOPMOXKEHUsT OTMEUeHa
KOHTYPOM U3 TOYEK) U BO3HHK MOMEHT TOTOBbIHi OTOPBATH BUXPb OT IUJINH-
Jpa. Huzkuuit BUXpb 1oka HaxXoJUTCA B 3a9aTOYHOM cocTosinnu. depes uer-
BepTh MUKJIa puc. 6.270 BepxXHuit BUXpb yKe 0TOPBAJICS, a HUKHIIT ObICTPO
pacrer. Yepes nosioBuHy MuKJaa puc. 6.278 KapTHHA CTAJIa MOJHOCTHIO aH-
TUCHMMETPHUYIHA 1epBOil KapTuHe puc. 6.27a, OTHOCHTETHHO OCH X. 3J1eCh
[IPUTOTOBHJICS OTOPBATHLCSI Y7Ke HIDKHIUIT BUXpb. Uepes 3/4 nnkia puc. 6.27r
HIKHUN BUXPH Y2Ke OTOPBAJICA W CTAJ PACTU BEPXHUN BUXPb U KAPTUHA CTa-
Jla TIOJTHOCTBIO aHTUCUMMETPUYIHON KapTuHe puc. 6.276. U, nakonern, depes
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UK puc. 6.271 nporecc BO3BPAIAeTCd K CBOEMY HMCXOJHOMY COCTOSHUIO
(cpaBuu ¢ puc. 6.27a).

Takum 06pazoM, pacCMOTPEB OCHOBHBIE OCOOEHHOCTH TPOIECCa HECTAIINO-
HAPHOT'O O0TEKAHUST IUJIIHJIPA, MOYKHO YOEIUTHCsI, ITO MPOIECC HOCUT sIBHO
aBTOKoOJIe0aTeIbHbIN XapakTep. Posib KaHaa 00paTHON CBsI3U BBIIOJIHSIIOT
CHUJIbI, BO3HUKarOIIIE 3a cueT 3¢ dexkra BepHy/In, KOTOpble paspyliatoT oce-
BYIO CUMMETPHIO MTPOIiecca OOTEKaHNs, ITO O0YCJIOBIUBAIOT TTPEHMYIIECTBEH-
HBIIl POCT OJHOTO M3 BUXpell 3a cueT apyroro. Korna pas0Oyxuinii BUXPh J10-
CTUTAET PA3MEPOB, HECKOJILKO MPEBBINAIONINX JINaMeTp IUJINHJIPA, BTOPas
u3 ero HOKOBBIX MOBEPXHOCTEH TaKyKe HAUYMHAET COMPUKACATHLCA C BHEITHUM
oTOKOM. [TOCKOJIbKY BEKTOP CKOPOCTH IOTOKA U BEKTOP OKPY?KHOIT CKOpPO-
CTU BUXPsSI B MECTE CONPUKOCHOBEHUsI MPUMEPHO PaBHBI M0 BEJMYHMHE, HO
HallpaBJl€Hbl B IIPOTUBOIIOJIO?KHBIE CTOPOHLI, BpallaTe/IbHOE€ ABHUZKECHNE BUX-
ps B 9TOI 30HE PE3KO 3aTOpMaKuBaeTcs. Bo3HuKaeT MOMEHT OTHOCHTE/ILHO
30HBI TOPMOYKEHUS, KOTOPBIil 1 OTPLIBAET BUXPH OT NunHIpa. OTpbIB BUXPS
CIIOCOOCTBYET POCTY HOBOI'O BUXPSI U MPOIECC TIOBTOPSIETCA 3aHOBO.

ITo cyTn, MBI TOJIBKO 9TO MOAPOOHO pasodpain MPUUNHLI 1 OCOOCHHOCTH
BO3BHUKHOBEHUS aBTOKO/10aTEILHOIO TIPOIECCa ¢ TUCTO I'HJIPOIHHAMUICCKOT
TOUKHN 3peHusi. [lo5TOMy BO3HHKaeT ecTeCTBEHHBII BOIIPOC: TaK 3a CUeT 4ero
JKe TeHepupyeTcst 507108 3ByK! OTBETUTH Ha 9TOT BOIPOC MOC/IE BBINIEITPU-
BEJICHHOI'O aHAJIN3a MOYKHO OJTHO3HAMHO: CJIOYKHbBIE JIBUXKEHUs BUXPEil, KOTO-
phle HEIOCPEICTBEHHO B3aMMOJIEHCTBYIOT C MOBEPXHOCTBIO IMJIMH/IpA, 00Y-
CJIOBJTUBAIOT TIOSIBJIEHIE HA 9TOI MMOBEPXHOCTHU CJIOXKHBIX, H3MEHSTIONIXCST BO
BpEMeHH, paciipe/iesieHnii gasiennsi. [[ocKoIbKy mporece JIBUKEeHUsT BUXPeil
HOCHT aBTOKO/Ie0aTeIbHbI XapaKTep, 3aBUCHMOCTh U3MEHEHIs pacipe/iee-
HUI JIABJIEHNUsT OT BpeMeH! OyJIeT MMeTh IMUKJIMIeCKNt XapaKkTep, 9To U CTa-
HET TPUIHHON MTOPOXKIEHUST 3BYKOBBIX BOJIH B OKPYXKAIONIYIO cpe/Ty. dToObI
ybenuThes B 9ToM obparumces K puc. 6.27, rje crpaBa 0T KayKJ0il KapTUHBI
JIMHUNA TOKa CXeMaTHu4YeCKU I/I306pa)KeHbI KOHTYD IMOBEPXHOCTHU IUJIMH/IPA 1
n KpuBasg 2, XapaKTepHU3yolas pacipe/iejienne 1Mo 3Toil MOBEPXHOCTH JIaB-
JIEHUsI, BOBHUKAIOIIErO 34 CUET CHJIOBOTO BO3JCHCTBUS Ha IMMJINHID Habera-
IOITEro MOTOKA. 3/1eCh YUaCTKU KPUBOIT 2, BLIXOJISAIINE 38 KOHTYD HOBEPXHO-
cru turHIpa 1 (0603HAUEHBI 3HATKOM “+); COOTBETCTBYIOT TTOBBIIIIEHHOMY
JIABJICHIIO, & YIAaCTKU, HAXOJSIIIecs BHYTPH 3TOr0 KOHTYpa (0003HAYEHbI
3HAUKOM ‘“~”), — MOHMZKEHHOMY JaBjieHuto. [Ipocieum 3a sBosonneii Kpu-
BOii 2 B TeueHme OJIHOrO THKJIa aprokosiebannii. Kak Bujno, npu £ = 0 (cm.
puc. 6.27a) pacnpejieieHne JaBaeHns 10 MOBEPXHOCTH IUJINH/PA TPAKTH-
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4ecKM CUMMETPUYHO OTHOCHTETLHO ocu x. Kak m cjesoBaio oxKujarh, Ha
HoCOBOH YacTu nosepxuoctu munnapa npu 135 < o < 225° nabmonaercs
30HA OTHOCHUTE/IBHO BHICOKOTO U MaJIO 3aBUCSIIEr0 OT BPEMEHH JIaB/ICHIs, 1TO
00YCJIOBJIEHO €CTECTBEHHBIM MOCTOSHHBIM HAIIOPOM HAOETralolero moToKa Ha
mutHIp. COBEPIEHHO OYeBHJIHO, UTO TaKas 30Ha OyJeT HMPUCYTCTBOBATH
B TedeHne Bcero nukia aprokosebannii 0 < ¢t < T (cm. puc. 6.276-1). B
OTJIMYHE OT ITOro, Ha OOKOBBIX M KOPMOBOI YaCTAX MOBEPXHOCTH ITHJINH-
Jipa nipu t = 0 HaOJ/IIO/IaeTCsT CUMMETPUYHAsT OTHOCHTE/ILHO OCH X 00J1acTh
HEOOJTBITIOTO TTOHUKEHHOI'O JIABJICHHUS, ITO BBI3BAHO OTHOCHTETHLHO HU3KUM
JIABJICHVEM BHYTPH BUXDeil. YUHUTbhIBas CKa3aHHOE, MOXKHO CJI€NIaTh BBIBOJI,
9TO B 9TOT MOMEHT BpEMEHU Ha IMUJIUHJD OyJeT JeiicTBOBATL TOJLKO CUJIA,
HAIpaBJICHHAS BJIOJb OCH T.

[lepeitem K puc. 6.276, T.e. cIBUHEMCST Ha, 9eTBEPTH Mepuojia. Kak BUIHO,
31ech HIZKHUI BUXDD (yKasaH cTpeskoii 1) yxke copMupoBasicst y moBepx-
HOCTH KOPMOBOIl UacTH IIINHIPA U Hpujeraer K neil B obnactn o ~ 315°.
Biiarojapst sToMy, Tenepb B HUZKHEH 9acTi TOBEPXHOCTH IUJIMHJIPA 00pa30-
BaJIaCh CPABHUTE/ILHO MOIIHAs 30HA MTOHUYKEHHOI'O JIABJIEHUS, & B €r0 BEPX-
Hell JYacTh TTOBEPXHOCTH YPOBEHBb MOHUKEHHOI'O JIABJICHUs BECbMa HEBEJIHUK.
B pesysibrare mnostBUTCsI moriepedHas Cujia, KoTopast Oyjer jieficTBoBaTh Ha
UJINHJIP B HAIIPABIECHUH OTPUIATEIbHBIX 3HAYEHU Och .

[IpoaBuneMmcst elrie Ha YeTBepTh Hepuojia aBrokosebanuii (em. puc. 6.278).
3J1ech CHOBa pacipe/ieieHne JJaBJIeHus 110 TTOBEPXHOCTH IIUJIIH IPa CTAHOBHUT-
¢sl CUMMETPUIHBIM OTHOCUTEILHO OCH T U TollepedHas cuJia ncdesaetr. Eiie
depe3 derBepTh repuoja (cM. puc. 6.27r) KapTuHA H3MEHUTCsI Ha [PSIMO
IIPOTUBOIIOJIOZKHYIO 110 cpaBHeHnio ¢ puc. 6.276. Kak HeTpyJHO 3aMeTUTh,
3J1eCh CHOBA MOSBHUTCS TOIepevdHas Cujia, HO yXKe HallpaB/JeHHas B CTOPOHY
HOJIOYKUTETbHBIX 3HAUEHU T OcH Y. 3aMeTHM, YTO B U IPOMEXaHIKe 9Ta Molle-
peunas cujia Ha3bIBAETCA ITOJIHLEMHON U XapaKTepusyeTrcs KodhuimenTom
IIOJ/LEMHOI CHJIBI €y, & IPOJIOJIbHAS CHJIa HA3bIBACTCS CHJION COIPOTHB/ICHH
HabEraloleMy MOTOKY 1 XapaKTepu3yeTcs Ko3(hhUIMEeHTOM CONPOTUBICHUS
Cy. Ecam BBIIOJHUTEL pacdeThbl 9TUX CHUJI 3a OJIMH HEPHUOJl aBTOKOJeOAHUIT
¢ JIOCTATOYHO MEJKHUM IIIaroM IO BPEMEHU, TO MbI MOJYYUM JiBa rpaduka,
KOTOpbIe n300pazkeHsl Ha puc. 6.28a. [Ipoanagmsnpyem moBeeHmIe STUX T'Pa-
(GUKOB B 3aBUCHMOCTH OT BPEMEHU.

Kax BujHo BesqmunHa ¢, UMeeT OCHUJUINPYIOMINIl IPaKTUUYeCKH! CHHYCO-
WIAIBHBIH XapakTep ¢ amminTyoit 0.69%. Tlepuon ocruuisimii ¢, ToumHo

48BEIII/I‘II/IIIa AMIIUTY/IBI pacTeT ¢ pOCTOM YHUCIa Peﬁnonbgca
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pasen nepuojty 1’ aBTOKOJI€0ATEIHLHOIO TIPOIecca U OOYCJIOBJIEH, KaK MbI
y7Ke BUJEIN BBIINIE, MUKINICCKUM U3MEHEHHeM IaBJIeHnsT Ha OOKOBBIX IIO-
BepxHOCTAX HmanHapa. C aKyCcTHIeCKOil TOYKU 3PEHUs, MUKIMIECKOe aH-
THCHMMETPHYIHOE U3MEHEeHHe JaBJieHus (MIn KosebaTeJIbHOH CKOPOCTH) Ha
IIPOTHBOIIOJIOKHBIX CTEHKAX TeJia (B JAHHOM CJIydae IUJIMHJpA) U COCTaB-
JISIET CyThb JIUTIOJIS, KaK UCTOUYHNKA 3BYKA, O YeM MbI y2Ke JIOCTATOYHO MHOTO
roBOpWJIN BhIie. VIMEHHO B cujly 9TUX HPUIHH aBTOKOJIEOATE/bHBII 11pO-
1ece pu O0TeKAHUH IUJIMHJIPa IIOTOKOM U BBI3bIBACT MOSIBJICHUE JIUIOIBHO-
0 aKyCTUIECKOrO UCTOUHUKA (I0JI0BOIO 3BYKA), aKyCTHIECKast OCb KOTOPOI'o
HeprHeHINKYJIsIpHa HallpaBIeHuo motoka. Ha puc. 6.280 kak pa3 n nzobpa-
JKeHa ero HOpMUPOBaHHAs JHArpaMMa HAIIPABJIEHHOCTH. DTU JIAHHBIE 110/I-
HOCTBIO COIVIACYIOTCSI C SKCIEPUMEHTAILHON JUArDAMMON HaIlPABJIEHHOCTH
Ha puc. 6.23, Koropas 3anmmMcroBaHa u3 [164], a rakxke HoATBepIKIAETCS
pesyJIbTaTaMiu, MOJIyYeHHBIME [032Ke ApyruMu asropamu [53,71,87].

CuiejiyeT 0JIHAKO CKa3aTh, UTO MHTEHCUBHOCTH BO3HUKAIOIINX S0JIOBBIX
3BYKOB BECbMa HU3Kasl U CBA3AHO 9TO B MEPBYIO OUYEPEIb C T€M, ITO pazMep
IUJINH/JIPA, Ha MMOBEPXHOCTH KOTOPOT'O 1O/, BO3/IEHCTBIEM MTOTOKA BO3HUKAET
MUKJINYeCKOoe N3MeHeHne JIaBJIeHNs, CyIeCTBEHHO MaJI 10 CPABHEHUIO C JJTU-
HOIT U3/1ydaeMoil 3ByKoBoii BoJjibl. JleficrBuresibio, kKak mokasan CTpyxasb
(em. dopmyity (5.1)), gacToTa 907I0BBIX 3BYKOB OIPEIEJISIETCS BbIPAZKEHIEM
f =~ 0.2V/d, tne V — ckopoctb 1moToKa, a d — amamMerp IUIHHApa. Y duThl-
Bast, 4T0 [ = ¢/, e ¢ — CKOpOCTh 3BYKa B CpeJie, a A — JIJINHA 131y daeMoif
3BYKOBOW BOJTHBI, HMEEM

/A= 02V/d =  d/A~02V/c=02M. (6.6)

3aecs M — guciao Maxa.

Takum obpazoM BOJIHOBOW pasmep muanHapa He npesbimaer 0.2M . Ilo-
CKOJIBKY 90JIOBBIIl 3BYK BO3HHKAET MPU HEOOJBIINX WM YMEPEHHBLIX YNC-
Jlax Maxa, To 04eBHJIHO, YTO paszMep IUJINHJIpa Beerga Oy/IeT 3HAINTETbHO
MEHBIIE JITMHBI U3Ty9IaeMOil 3BYKOBOI BOJIHBI 1 MOITHOCTH 0JIOBOTO 3BYKA
OKazKeTcsl KpaiiHe HU3Ka 1 OyJIeT COCTAB/ISITL BECHbMa MAJIYIO JIOJIO OT MOIII-
HOCTH HAOEraroIero Ha MuIHHIP MoToKa. HbiMu ciioBaMu 3(hPeKTUBHOCTh
peodbpa30BaHNsl SHEPTUHU ITOTOKA, 0ODTEKAIOIEro HEeIOIBUKHBIH ITUINH/ID, B
3BYKOBYIO 9HEPI'UIO OYEeHbL MaJjia.

Briiiie MbI OCHOBHOE BHUMAHUE YJICUIN CIYYIa0, KOTa IIJITHID, 00TeKa-
eMbIi ITOTOKOM, IT0 BCElt CBOEH IMHE ObLT 3aKPEIIeH MOJTHOCTHIO HEIIOMBIK-
Ho. B peanbHocTH, MMeeTcss MHOIO CUTYaIlUi, KOIJIa IUJINHIPUYECKOe TeI0
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Puc. 6.28. Nsmenenne koaddurmenra conporusieHus (Kpusast 1) u koaddunmenra
[OJIbeMHOM cuJIbl (KpHUBast 2) JIIs NUIKHPA 32 OJMH IEPHO/] aBTOKoJIebaHuil (a);
JiarpaMMa HAIPaBJIEHHOCTH 0JI0BBIX TOHOB, BOSHUKAOININX 38 CYET MObEMHON CHIIbI
(xpuBag 1) u cuabl conporusnenns (kpusas 2) (6); Re = 200.

3aKPEIJICHO He XKECTKO, a UMeeT HEKOTOPYIO CTEIleHb CBOOOBI B MOIEPETHOM
10 OTHOIICHUIO K MOTOKY Hampasjiennu. Hampumep, HaranyTast crpyHa min
TpOC, IIPpOBO/Jia 1 T./I. B 9TUX CJIydadX, BOSHUKalolasd IIPpU HECTAIITMOHAPHOM
O6TeKaHI/II/I MUKJ/IM9eCcKad 3HaKoIllepeMeHHasd IOo/J/beEMHad CuJia, BO3,LL€I7[CTBy51
Ha 9THU TeJla, BbIHY2KIaeT UX KOJIe6aTbCH B IIOIIEPEYIHOM HallpaBJIEHUN OTHO-
CUTEJIbHO HAIPABJIEHHsI [IOTOKa, CM., Hanpumep [157,168]. Dddexrunocts
U3JIyYeHUs 0JI0BBIX 3BYKOB IPH 9TOM 3HAYUTEIHHO BO3PACTAET U OCOOEH-
HO CUJIBHO B CJIydasiX, KOTJa COOCTBEHHAs YacTOTa IOMePEeTHBIX KoJieOaHmil
sTuX Tes1 Om3Ka K gacrore CTpyxasist Wil COBIAJIAET ¢ Hell. DTo 00yc/IoBIe-
HO PE3KHUM YBeJIMYEHUEM aMILIUTY/IbI TToIlepeuHbIxX Kostebanuii Tes. B rakimx
CAyYasgx TOBOPAT 0 “BeTpoBoM pesonance’. IToCKOIbKY MOIIHOCTEL 90JOBBIX
3BYKOB B 9THX CJIy4asX PE3KO YBEJIUYUBACTCHA, OH CTAHOBUTCS XOPOIIIO CJIbI-
UM, 9TO M ObLIO TOJMEYEHO ellle MHOIO BEKOB Ha3aj U O YeM Mbl yrKe
TOBOPUJIN BBIIIIE.

Bonee npamarmdeckne coOBITHS MOTYT IPOU3ONTH, KOTJA TAKNE STBICHUS
HOSIBJIAIOTCA TIPU OOTEKAHNUN BO3/IYIIHBIMI WJIH BOJISAHBIME TTOTOKAME JIOCTA~
TOYHO BBICOKHX COOPYXKEHUI, HAIPUMED, JBIMOBBIX TPYO, TEJIEBU3HOHHBIX
OallieH, a TakKyKe MOCTOBBIX OIOP U OCOOEHHO BBICOKHX OIOP, HA KOTOPBIX
YCTAHAB/INBAIOTCS MOPCKHE MIe/Th(hOBBIE TLIaTMOPMBI JIjIsd JI00BIYN ra3a u
Hedru. Ecim coberBennas dyacToTa U3rHOHBIX KOJIEOAHWH STUX COOPYKEHU
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P HEKOTOPOii cKopocTu Berpa (M1 MOPCKOI'O TeUeHNUs ) OKaXKeTCsi OJI3Ka
K gactore CTpyXaJsisi, TO IX aMIJINTYIa KOJIeDaHI MOXKET JOCTUYDL KPUTHYIe-
CKOfl BeJTMIUHBI, IIPY KOTOPOI BOBHUKHYT OMACHBIC MEXAHIIECKUE HAPIKE-
HUS, CIIOCOOHBIE IPUBECTH K PaspylueHuio coopyzxenns [157]. Tlosromy ru/i-
poaspoInHAMIYECKasT YCTONINBOCTh TAKOTO THIIA COOPY KEHUI CTAHOBUTCS
BasKHBIM YCJIOBUEM, KOTOPOE HEOOXOIMMO YIUTHIBATH MIPU UX MTPOEKTHPOBa-
Huu. B ¢Ba3u ¢ 9muM, BechbMa JIIOOOIBITHO 3aMETUTD, ITO I'HIPOa’POIUMUIe-
CKasl yCTOMYINBOCTD 3HAYNTETHLHO MOBBIIIACTCA, €CJIU JHaMEeTP COOPYKEHUsT
BBITIOJTHATH Pa3HbIM 110 BbicoTe. Torjga gactota cpbiBa BUXpeil Oy1eT Heo/ -
HAKOBOI Ha& Pa3HOI BBICOTE COOPYZKEHUsI U CUJIA, TPUBOIAIIAS K PACKaINBa-
HUIO COOPYZKEHHUs, He Oy/IeT KOppeIrnpoBaHa 110 BbICOTe U aMILINTY/Ia pacKa-
YUBAHUST HE JIOCTUIHET KPUTHIeCKNX 3HadeHnit. Ha mpakTuke, npu coopyke-
HUU BBICOKIX (haOPUUHDBIX JBIMOBBIX TPYO U TEJIEBU3UOHHBIX OAIlleH, UMEHHO
9TO ABJISETCS OJIHOM M3 IPUUNH TOYEMY UX JUAMETD IIJIABHO YMEHbINAIOT Ha-
dnHast OT OCHOBaHUs JI0 MX Bepxyiiku [157]. 3ech yMecTHO 3aMeTHTDb, 4TO
pu 0OTEKAHUU TAKUX COOPYKEHUN TaK»Ke BO3HUKAIOT S0JIOBBI TOHA, HO UX
yacToTa (13-3a GOJIBIINX [OIMEPETHBIX PA3MEPOB COOPYIKEeHHIH) KaK [PABHJIO
jexur B obsactu uudpassyka (Huzxke 20 ') 1 M09TOMY OHU HE CJIBIIIHDL.
Ojnako nx BO3JECTBAE Ha YeJI0BEKa, HAXOMANIErocs JIOAT0 BOJIM3N OT Ta-
KHX COODPY’KEHII, MOXKET BeChMa HEraTHBHO TOBJIUSITL Ha €0 370pPOBhE 1
0COOEHHO CHUJIBHO B T€X CJIyUasik, KOIJ@ YaCTOTa 0JI0BOIO TOHA COBIAJIET C
YaCTOTON pe30oHaHCa KaKOro-Jnb0 BHYTPEHHEro opraHa Ye/ioBeKa.

Ojnaxko BepHeMcst CHOBa K puc. 6.28a U IPOCIe/ UM 3a MOBEJICHIEM KO-
sdurmenta J1060BOro conpoTuBieHns ¢, (Kpusasi 1) or Bpemenu. 3jech
MOKHO BBIJIEJINTDH J[BE COCTaBJIAOIIIE 5TOil Kpupoii. IIpexie Bcero mocro-
SIHHYIO COCTABJISIONLYIO, ¢ DOJIBINON aMInTy/10if, pasuoii 1.34. Ilo cyTu sTa
COCTABJIAIONIAS W XapaKTepU3yeT CUJIy Halopa MoToKa Ha muinnp. OgHako
UMeeTCs 1 TlepeMeHHasi COCTABJISAIONasl, aMIINTY/a KOTOPOil MPUMepHO Ha
HOPSAJIOK MEHbIIIe aMILIUTY/Ibl TOCTOSHHOI cocTaB/isiionieil. XapakTep ee Io-
BeJIeHNsI OT BpEMEHN TaKzKe, KaK Uy KPUBOH 2, OCIUJIIUPYIOMINI 1 OJIM30K 110
dopme K curycon1aIbHOMY, OJHAKO MEPHOJL ee KOJIeDaHuil B JiBa pa3a MeHb-
e nepuojia Kojebanuit kpusoit 2. Hajuune mepemennoii cocrapiistonieii y
K03 puImenHTa J060BOr0 COMPOTUBICHNS C; YKA3LIBACT Ha TOT (PAKT, UYTO OT-
HOIIICHUE JIaBJICHUs Ha JIOOOBOW YACTH TTOBEPXHOCTU IUJIHHJIPA K JIABJICHIIO
Ha ero KOPMOBO{T YacTH MOBEPXHOCTH HEMHOTO U3MEHSETCS B TEUCHUE KA
apTokoebannii. OgHako 3adUKCHPOBATL TaKHe M3MEHEHNsI BU3YAIbHO HA
[peJICTaBIeHHBIX Ha puc. 6.27 pacipejeneHnsax JaBaeHud 110 MOBePXHOCTH
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IUINHIPA, K COKAJIEHUIO, He IPe/ICTABISIETC BO3MOXKHBIM U3-38 MEJIKOIO
MaciTaba KapTHHOK. TeM He MeHee OYeBHIHO, UTO OTHOCHTEIbHBIE KOJIe-
Oanms maBiaeHnt Ha JIOOOBOI M KOPMOBOW YaCTdAX MOBEPXHOCTH IHJIMHIPA
TakzKe OyIyT IMOPOXKIaTh 3BYKOBOH MCTOYHHUK IHUITOJILHOrO XapakTepa. Ho
B 9TOM CJIydae ero akyCTudeckasi 0Cb yKe OyJeT COBIAJATh € OChI0 X (CM.
puc. 6.280 KpuBasi 2), a 4acToTa U3JIy9IaeMbIX 3BYKOBbIX KoJjebanuii Oyier B
JiBa paza Bbile 9acToTbl CTpyXasis.

Kapruna obTekanust CyImecTBeHHO YCI0XKHSIETCs, €C/I B TOTOKE HAXO/UT-
¢l He OJTUH 8 HECKOJIbKO TUJINHJIPOB, PACTIOIOKEHHBIX OJTU3KO JIPYT OT JIpY-
ra. Takas curyalius BIIOJTHE peaibHa, HAIIPUMED, JIJIsT MOPCKIX TETH(OBBIX
IaTHOPM MJIM MOCTOB, TJIE HCIOJIB3YETCS HECKOJBKO OJIM3KO PACIOIOKEH-
HbIx orop. s npumepa, Ha puc. 6.29 mokazaHa KOHCTPYKIUSI OIOP JIJIsT
MOPCKOIt mebdOBOil 11aThOpPMbI, KOTOPasi COCTOUT U3 YeThIpex Keje300e-
TOHHBIX IMIJIHHIPOB. Kak HeTpyJ HO 3aMeTUTh, U 3J1eCh JIHaMeTpP OIlopP Bbl-

Puc. 6.29. Omoper B mporiecce 6YKCUPOBKU K MECTY MOHTayKa MOPCKOi MIaT(OPMBL.

IIOJTHEH He€ INOCTOAHHBLIM I10 UX BBLICOTE. C 4eM 9TO CBA3aHO MbI O6CY)K,LL&JII/I
49YTb BbIIIE.

Takum 006pazoM, TOTPEOHOCTH MPAKTUKU CTUMYTHPOBAIN HHTEPEC K U3Y-
YEHUIO 0COOEHHOCTEl MPOoIecca 00TEKAHNST HECKOJIBKIX TeJ, PACITOIOKEHHBIX
JIOCTATOYHO OJIM3KO JAPYr OT Jpyra. B ofHOil M3 paHHUX SKCIEPUMEHTAIb-
HBIX pabor [170] 6bu10 paccMOTpeHo 0OTEKAHNE JIBYX, OTHOCHTEILHO OJIM3KO
PACITONIOXKEHHBIX OJIMHAKOBBIX IUJINHIPOB, 1 OOHAPYKEHO HECKOJIBKO JTH000-
[BITHBIX $IBJICHUIl, CBS3aHHBIX C B3aMMHbBIM BJIHSHHEM (B3auMOJEHCTBIEM)
KOPMOBBIX BHXpPeill I BUXPEBBIX JIOPOXKEK 3a MUINHApaMu. B qactHoCTH 00-
HAPYIKEHO, YTO CYIIECTBYET HECKOJIbKO PEKUMOB (THIIOB) B3aNMOJEiCTBISL.
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Ha pwuc. 6.30 mpejcraBienbl HEKOTOpLIE, Hanbojee XapakTepHbIe, U3 ITUX
PEKUMOB.
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Puc. 6.30. Buxpu, obpasyommecst 3a JByMsl IINHIPAME (9KCIIEPHMEHT ):

a — curdaszHoe KoJjiebanne KOPMOBBIX BUXpeii B ciejie, 6 — KoHTpda3Hoe KoJiebanne
KOPMOBBIX BUXpell B cieie; Re = 200, L/d = 2.4; 31ech d — quamerp IUIHHIPOB,
L — paccrosiHue MeKIy MEeHTPAMU IUINH/IPOB.

Kak BuuMm, Ipu OHUX ¥ TeX Ke 3HadeHnsIx dncia Peiinosbica, qnamer-
POB IUJIMHIPOB U PACCTOSTHUS MEXK/Yy HUMHU, KOJIeOAHUsT KOPMOBBIX BUXpEil
1 pacriojiozkenne Buxpeii B gopozkke Kapmana curnxponusupyiores. [Ipudaem
CUHXPOHM3AIINST IBUKEHNI BUXPEli MOXKET CyIIecTBOBATE JINOO CTPOro B da-
3e, mubo B mporuBodase. [los:ke, 9T0 siByIeHNE OBLIO U3YIEHO TEOPETUICCKH
HA OCHOBE HCIIOJB30BAHMST METO/a MPSIMOrO JIHCICHHOTO PEIeHnst ypaBHe-
mnst HaBoe-Crokca (DNS), cm., manpumep, [171] u 6ubamorpaduio B Heii.
Ha puc. 6.31 npejcraBjieHbl 3aMMCTBOBaHHbBIE U3 9TOH pabOThl pacdyeTHbIe
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KapTUHbI BUXPEBbIX JBUKEHUIT 3a JBYMd OJIMHAKOBBIMU IUJIMHJPaMU, pac-
MOJIO?KEHHBIMI BOJIM3U JPYT OT JPYTa.

Puc. 6.31. Kaprunsr o6Tekanust [ByX IUJIMHAPOB (TEOpHst), JIEBBIH CTOIGEI]
PUCYHKOB BBINIOJIHEH B TEPMUHAX BUXPEil, IPABBIil CTOJIOEIN — B TepMUHAX JIMHUIT TOKA;
a — KoHTpdasHoe nBmkenne suxpeil, L/d = 4; 6 — cundasnoe 1Brkenne Buxpeii
npu L/d = 2.5; B — “mutenatomee” (flip-flopping) nsmkenue suxpeit upu L/d = 1.7;
31ech Besse Re = 100

Yro KacaeTcss pacueTHOro cHHMA3HOrO U KOHTPMA3HOrO IBUKEHUS BUX-
peil B ciejie 3a NMJIMHIPAMHU, TO OHU XOPOIIO COBIAIAIT C SKCIEPUMEHTOM
(cpasuu puc. 6.30 u puc. 6.31a,6). OnHaKo Teopusi MpejacKas3aia MosBICHNE
elre OJIHOI'O THUIIA B3aUMOIEICTBUsI, KOTOPOe HOsBJIsIeTcs Ipu 6osiee OJIM3KOM
PACIIOJIOMKEHIH IIIJIHHIPOB. DTO TaK HasblBaeMoe “rutemnaoniee” 1piskeHne
KOPMOBBIX BHXpeil (cM. puc. 6.31B), KOTOpoe HOCHT JOCTATOYHO MPPEryJisp-
HbIl XapakTep. MOXKHO HPEIIIONI0KATh, YTO CTOJIb S9K30THIECKOe [IBUKEHIEe
BUXpeil 00YCJIOBJIEHO HAJTUYUEM CKOPOCTHOW CTPYHU B 3a30pe ME¥K/Iy IMJINH-

Japamu (CM. IpaByro KapTuHy Ha puc. 6.31B, mye B 3a30pe HaOJIIOIAeTCsT pes-

19B aHTIOA3BIYHOM MTEpaType TaKoe JBUKEHIe IPUHATO HasbBaTh flip-flopping, uTo B 6yKBATLHOM
epeBojie o3HadaeT “riurenatomee”’. K coxkasennio, B pyCCKOSI3bIMHOM JINTEpaType Kakoii-immbo Gostee Hira-
TO3BYYHBIIl TEDMUH OTCYTCTBYET

133



KOE CTYIIEHNE JINHU{T TOKA), KOTOpast HAPYIIAeT MePUOIIHOCTh CPbIBa BUX-
peit.

Taxkum obpa3oM, XapakTep JBUKEHUsT KOPMOBDBIX BUXPEil CYIIIECTBEHHO 3a-
BUCUT OT PACCTOSTHUSI MEXKJIy TesaMu. Hem oHM OJIMKe, TeM eCTECTBEHHO
DoJTbITIe B3ANMHOE BJIUSTHIE 9TUX BUXPEH U MPOIece 0OTeKaHUsT YCI0KHSIEeT-
csl.

Eciu npociiennts 3a nu3meHerneM K03 MUINEHTOB 04 bEMHON CIIbI KazK-
JIOr0 U3 JBYX [UJINHIPOB OT BpeMeHn (cM. puc. 6.32), To MOKHO 3aMETHUTb,
97O B OTINYNE OT OJAUHOYHOrO MUIUHIAPa (M. puc. 6.28) 9T KpuBbIE yiKe
He ABJIAIOTCH CUMMETPUYHBIMU OTHOCUTENILHO ocu ¢, = 0. [Ina Bepxnero
nmwiagpa rpaduk ¢, = f(t) cABHraeTcss B IOJIOKHUTEILHYIO CTOPOHY OCH
OpPJIMHAT, & JIJIsT HUKHEro NMIJINHJpa — B OTpuIlare/bayo. Kak u ciegoba-
JIO OKUJIATh, TIPU KOHTPMA3ZHOM JIBUXKEHUN KOPMOBBIX BUXDPEH 3aBHCHMO-
¢t KO3 PUINEHTOB MOLEMHON CHJIBI OT BPEMEHU JJIsT BEPXHEro W HUMK-
HEro IMJIMHJPOB CJBUHYTHl OTHOCHTEIBLHO JPYT Jpyra crporo nHa 1807, a
npu cuHMA3HOM CIBUT OTCYTCTBYET. BecbMa JIIOOOMBITHO TOBEICHIE KO-
PUIMEHTOB OIBLEMHOMN CUJIBI B CIydae “MIIenaroero’ TBIKEeHNST KOPMOBBIX
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Puc. 6.32. 3aBucumocts K03 hurmenTa 1moybeMHOI CUJIbI OT BpEMEHU: a — KOHTPha3Hoe
JIBIZKeHNe Buxpeii, 6 — cundasnoe japuxkenue, B — “nenatorniee” (flip-flopping) nemkenne;
snavennss Re u L/d cooTBeTcTBYIOT TeM ke, 4To U Ha puc. 6.31; BepxHue (IITPUXOBBIE JIMHHH)
1 HUKHKE (CIUIOIIHBIE JIMHUY) KPHBBIE COOTBETCTBYIOT BEDXHEMY M HUZKHEMY IIMJIHHIDY.
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Buxpeit. 3j1ech 3aBUCUMOCTH KOI(PMDUITNEHTOB O HEMHONH CUJIBI OT BPEMeHT,
KOTOpbIe (Kak 1 Jijist CHH(A3HOrO 1 KOHTP(hA3HOIO PEKUMOB) OCIUIHPYIOT
¢ gactoroit CTpyxasisi, MPOMOIYINPOBAHBI HEKOTOPBHIM, 3HAUUTEILHO OoJIee
HU3KOYACTOTHBIM, CUTHAJIOM. [IpnaeM MOLyIUpPYyIONNe CUTHAJBI Y BEPXHETO
1 HUKHETO IIJIMHIPOB CIBHHYTHI OTHOCUTEIBHO JPYT ApyTa IPUOIN3UTE h-
1o Ha yroa ~ 180V.

Takum 00pa3oM, B CIIEKTPE 30J0BLIX TOHOB, B CIydae “IIenaronero’ 18-
JKeHIST KOPMOBBIX BHUXpeil, JOJIZKHA TMOSBATHCS TOTOJHUTEIbHAS COCTABJIS-
[0ITasl, YacToTa KOTOPOil MOUTH Ha MOPSI0K HizKe dyacToThl Ctpyxass. Ec-
1 0bpaTuThesa K puc. 6.33, TO JIErKO yOeINThCsS B CIPABEIINBOCTH HTOTO
npesnosioxkennst. JleiictBurenbio, dnciao Crpyxaist MOJYIUPYIONIErO CHT-
HaJla TOYTH Ha MOPsiIoK HiKe dncsa CTpyxasis OCHOBHOI'O 90JI0BOI'O TOHA.
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Puc. 6.33. CnekTp 3aBucuMoctn K03bUIIEHTa TOTbEMHO CHIIBI
ot gnciaa Crpyxass npu “mutenarorniem’ pexKuMe.

CuiejryeT TakykKe OTMETHTh, YTO B CHJIY JIOBOJILHO 3HAUUTE/ILHON UPPEryJIsp-
HOCTH JIBU2KEHIsI KOPMOBBIX BUXDell IIpH “IjIenaiorneM’ pexKunMe 00TeKaHms,
CIIEKTD B 00JIACTAX OCHOBHOT'O 90JI0BOT'O TOHA M MOJIYJIMPYIOIIEro ero CUurHa-
JIa JIOBOJILHO CHJIBHO “‘pazmazan’ 1o ocu abciucc. VHTepecHo, 9To Ha CIyx
TAKOI MOJIY/TMPOBAHHDIN 90JI0BBIN TOH MOZXKET BOCIPUHUMATBCS KAaK HPPEry-
JIIPHO IYJILCUPYIOIINii (M3MEHSIONMICS 110 TPOMKOCTH ) 3BYK.

Bhoiiiie MbI 1101pOOHO PACCMOTPEIN MEXAHI3M TeHEPUPOBAHUST S0JI0BBIX TO-
HOB IIPU OOTEKAHUM ITOTOKOM TAaKUX KJIACCHYECKUX Tes, Kak mumiiap. O-
HAKO 30JIOBBI TOHA BO3HUKAIOT U NPU OOTEKAHUN HPOTIKEHHDBIX TEJI, MMEIO-
X u ipyryio gopmy cedennst. Hampnmep, B [169] pacemorpeno obrekamme
IPOTSI?KEHHOIO TeJIa, MMeolero B cedenun ¢hopMmy KBajpara. Bpuio ycra-
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HOBJIEHO, YTO M B 3TOM CJ/Iy4da€ TI'€HEPpUPYIOTCAd 30JIOBbl TOHa N MEXaHU3M
X BOBHUKHOBEHNA aHaJIOTTY€H PACCMOTPEHHOMY BbIIIIE C/Iy4alo, KOIr'/la TeJ10
nmes10 Kpyropyto dopmy cedennsi. Ounako dncao CTpyxass 3/ech oKasa-
JI0Ch HECKOJILKO Huzke, deM y muinmapa’’. [03ToMy 1 9acToTa 30710BOr0 TO-
Ha, BOSHUKAIOIIEro 11punu O6T6KELHI/H/I TeJla KBa/JIPaTHOI'O CE€YEHIA OKa3bIBaeTCA
HECKOJIBKO HUZKE, YeM MPH 0OTEKaHUN TeJIa KPYTOBOIO cedeHusl (pasyMeeTcs
eCJIN CKOPOCTHU MOTOKOB OJINHAKOBBDI ).

O6parnmcest K paboram [172, 173|, rjae HAa OCHOBE WCIOIB30BAHUS METO-
ma DNS usydarorest ocobeHHocTr 0OTEKAHUsT U MeHEePAINN 30J0BLIX TOHOB
[pH HAJIMYUU B ITOTOKE JIBYX, CPABHUTEIHHO OJIM3KO PACHOIOKEHHBIX JIPYT

K JIpYTY, NPOTSZKEHHBIX TeJl KBaJpPATHOrO cevdeHus, cM. puc. 6.34. lng 6o-

y

\/
=

Puc. 6.34. Pacnojioxkenue Tes1 KBaJpaTHOTO CEUEHUsI B IIOTOKE.

Jlee HAIVIJIHOTO U IOJPOOHOr0 aHajm3a TUX OCOOEHHOCTell oOpaTmMmcs K
puc. 6.35, Ha KOTOPOM II0Ka3aHO KaK HU3MEHsSIETCsl BUXPEBOI Cjiesl 3a TeJla-
MU U JIaJIbHee 110Jie 3BYKOBOI'O MCTOYHUKA 0JIOBBIX TOHOB MPU N3MEHEHWUH
paccTosinust Mexkly Tesiamu (jaHHble 3auMcTBoBanbl u3 [173]). Haunem co
ciaydast L/D = 0, korja mapa TeJi 10-CylecTBY PEBPAIaeTcst B OJHO Te-
J1o puc. 6.35a. XopoIio BUIHO, 9TO XapaKTep OOTeKaHus OJUHOYHOIO Tesa
KBa/IPATHOTO CeYeHUs] TPAKTUYECKH He OTIMYAETCs OT TAKOBOTO JJIsT Tesa
KpyTJIoro cedenusi. [[oaToMy HCTOTHUK 30JI0BOTO TOHA OCTAETCS JTUIIOJIHHBIM
1 ero JinarpaMMa HalpaB/IeHHOCTH MMEET XapaKTepHBIN B “BOCbMepKH',
0Chb KOTOpOil HOpMaJbHa K HaIIpaBJICHUIO IMOToKa. llepeiimem K puc. 6.350,

°TIpu ycoBHE paBeHCTBA TDAHH KBAIpaTa AMAMETDY IAIAHApA, uncio CTpyXas CHIYKAETCS IIPH-
MepHO B ~ 1.2 pasa.
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Puc. 6.35. BuxpeBoit ciej, obpasyionuiics 3a JIByMs TeJIaMi KBaJPATHOTO CEYUCHUsT
(J1eBBLit cTOGELT), M COOTBETCTBYIOMINE AUATPAMMEL HAIIDABICHHOCTH, BO3HUKAIONINX HCTOYHIKOB
50JI0BLIX TOHOB (IpaBblit crosber) mpu Re = 150 u M = 0.2: a — oxunounoe teio (L/d = 0),
6 — HeCHHXpOHU3UpOBaHHOE ABuzkenue Buxpeil (L/D = T7), B — koHTpda3HOe ABUKCHIE BUXpei
(L/D = 3), r — cundasznoe apmxenune suxpeii (L/D = 3), o — “nurenaiomee” BHKeHUE BUXPeil
(L/D = 2), e — nBuzkenue Buxpeil npu nojHoM coymkenun teit (L/D = 1).
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Ha KOTOPOM y2Ke IIpeJICTaB/eHa KapThHa OOTeKaHus JIByX TeJ, HO pa3He-
CeHHBIX Ha OTHOCHTEILHO Oosibiiiee paccroguue (L/D = 7). Ilpn takux n
OOMBIMNX PACCTOSTHUAX MEXKIY TeJaMHU B3alMHOE BJINSHNE KOPMOBBIX BHX-
peit u jopoxkek Kapmana npaxrudecku orcyTcTByeT. [losTomy Kakas-yin6o
KOPPEJISAIIST MEKIY JBUKEHUSIMI KOPMOBBIX BUXpeil U MOPOKIAEMbIX MMM
90JIOBLIX MCTOYHUKOB 3BYKA, MPUHAJJIEKANTIX KayKJIOMY Ty, OTCYTCTBY-
etr. Kak pesysbrar, (pasoBblil ¢IBUT MEXK/Ty 90JIOBBIMU HCTOTHUKAMU HMEET
cJay4dafubplil XxapakTep, KOTOPLIH B IepByIO o4yepe/ib 3aBUCUT OT HadaJbHbIX
YCJIOBUI. DTO 00CTOSATEIHLCTBO MPUBOJIUT K TOMY, UTO CyMMapHas Jarpam-
Ma HAIPABJIEHHOCTH (OT JBYX 0JOBBIX HCTOYHUKOB) MOXKET MMETb BEChMa
MPUYYJIJINBBIT XapakTep, 3aBUcAIUil OT pazHocTn a3, KoTopast peaain3oBa-
JIaCh PN KOHKPETHBIX HaYaIbHBIX YCIOBUSIX.

Jastee, korja Tesa pa3meniaoTcs osmke pyr K apyry (L/D = 3), moryT
pean3oBaThCA, KaK Mbl yyKe BUJICIN BbIIIE, JIBA PEXKUMa B3aNMOJIeHCTBU
KOpMOBBIX Buxpeii. Ilepsblil pe:kum obyciioBiinBaer KoHTpdasHoe KoJieda-
HUEe KOPMOBBIX BUXpeil, cM. puc. 6.358, a BTopoil — ux cuHdazHoe KoJieba-
Hue, cM. puc. 6.351. [lpu cundaznom KoiedbaHM, KaK U CJIEJI0OBAIO OXKUJIATD,
JinarpamMMa HallPaBJIEHHOCTH OCTaeTCsl B BUJIE “BOCBMEPKH ', KaK B CJydae
00TeKaHMs TOJILKO OJIHOTO Teja. [IpudnHa 3TOro oveBujiHa - Pa3HOCTh a3
MezK Ly KoJleDaHusIMI KOPMOBBIX BUXDEii (& CJ1eJI0BATEIbHO, I OPOZK IAeMbIX
VMU UCTOYHIUKOB 50JI0BbIX TOHOB) PaBHA HYJIIO. DTOMY BHUJLY KojileOaHuii Kop-
MOBBIX BUXPEH MOYKHO JIaTh MPOCTYIO aKyCTUYECKYIO MHTEPIPETAIINIO. 3a-
MEHUM YCJIOBHO KOPMOBBIE BUXPH JBYMSI IJIACTHHAMU, KOTOPBIE COBEPIIAIOT

V \
,__+ +
1 ‘\ ' |.
A v @ v,
\"
a 0

Puc. 6.36. Kosiebanus aByX MjIacTHH:
a — curdaznoe, 6 — KoHTphasHoe.

curdastble BepTUKATbHbBIE KOJeOaHus ¢ HEKOTOPOii (0JMHAKOBOI) KoJeha-
TeJIbHOI ckopocThio V', eM. puc. 6.36a. OueBnjiHO, 9T0 00beM cpejbl G, 3a-
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KJIFOUEHHBI MexKJly IJlacTUHAMU (OH OXBadeH IITPUXOBOI JIMHUEH ), TakzkKe
OyJeT KosebaThes cundasno ¢ mIacTuHaMy 1 He OyJieT mpeTrepreBarh n3Me-
HeHusd, T.e. OyJIeT Ko1ebarhesa Kak oHO 1etoe. CrreoBaTe/ibHO, BCsI CHCTEMA,
COCTOSATIAST U3 JIBYX ILJIACTUH U CPEJIbI, 3aKJTI0UCHHON MEXK/Iy HUMH, B TI€p-
BOM TIpub/IMKeHnn, OyeT KoiebaThcsi B BEPTUKAJIBHOM HAIPABICHUH KaK
OJIHO TIeJI0e, T.€. COBEPINATH JBIKEHUsI, TIPUCYIIIE JUIOTHLHOMY aKyCTHte-
CKOMY HCTOYHHKY 3ByKa. KaK pe3y/brat, Mbl JJOJIZKHBI Oy INTh IHATDAMMY
HAITPABJICHHOCTH B BHUIE “BOCHMEPKHN .

CogeplilieHHO WHaYe 0OCTOUT JIEJI0, KOTJIa KOPMOBbBIE BUXPU KOJIEOTIOTCST B
nporusodaze (cM. puc. 6.358). Torma obbeM cpejibl, HAXOIAIIMNACT MEXK Ty
BUXPSIME, Y2Ke HE CMOXKET KojiedaTbCsl KaK OJHO 1iejioe, a OyJieT mpereprie-
BaTh HEKOTOPYIO jehopmarnio. Obparumes caoBa K puc. 6.36. CopepiieH-
HO OYEeBUJIHO, YTO IpU KOHTPdasHoM Kojebannu iactun (cM. puc. 6.366)
obbeM cpeipl (G, 3aKTI0UEHHDIIT MKy HUME, OYJIeT TOJIBEPraThCsl CYKATUIO
(pacTsIzKeHWIO ), U3-3a Yero OH BbIHYKJIeH OyJeT COBEpIIATh JIBUKEHHsI B T0-
PUBOHTAJLHOM HAIPaBJICHNN ¢ HEKOTOPOil ckopocThio Vi. Takum obpasom,
I'PaHU CUCTEMBI, COCTOSIIEN U3 JIBYX ILJIACTUH U CPEJIbI, 3aKIIOUEHHO MEYK Ty
HUME, OYJIyT COBEPIIATHL KOHTPhAa3HbIe Koyiebanns, KaK B BePTUKATLHOM Ha-
npasjiennn V', Tak u B ropu3oHTaIbHOM Harpassienun Vi. [Ipuuem cisur das
MezK Ty KostebaTebubiMu ckopocTsamu Vo Vi 6yner cocrasiars ~ 180°. Ec-
Jin Obl TOPU30HTAJIBHBIE I BEPTUKAJIBLHBIE TPAHN CHCTEMBI “TIJIACTHHBI — CPejia
MEXK/Ty HUME ObLITH CTPOTO OJMHAKOBBI I K TOMY K€ BBIIOJIHSIJIOCH YCJIOBUE
V = Vi, 7o MBI nuMenu Obl KJIACCUYECKHI KBaJIPYIOJbHBIN UCTOYHUK 3BY-
Ka ¥, COOTBETCTBEHHO, YETHIPEXJIEIECTKOBYIO JIMarpaMMy HalpaBJeHHOCTH
¢ paBHBIMHU 110 BestmdnHe Jerectkamu. OJIHAKO B peaibHON CUTYAIlUU, PH
KOHTp(hA3HOM JIBUYKEHUN KOPMOBBIX BUXDPEH, 9TU J[Ba YCJIOBUSI BPsJI JIU MO-
I'yT ObITH TOYHO BBIMOJHUMBL. [losTOMY jarpaMmMa HapaBJIeHHOCTH 90JI0-
BOTO MCTOYHUKA 3BYKa, BOSHUKAIONIETO MPU 9TOM PEKUME OOTEKaHUS JIBYX

TeJl, UMeeT IOPU30HTAJbHBIE JIEIECTKH He JJOCTATOYHO SPKO BbIPasKeHHbIE
(puc. 6.358).

[Tpu “murenatorem” pexkume oOTeKaHWsd, KOTOPBIT MMeET MEeCTO U elre
Gostee OJIM3KOM PACTIOIOKEHIH TeJT (CM. puc. 6.3511), BOSHUKAOIINIT 0/I0BbIiT
HCTOYHHK 3ByKa CTAHOBUTCS MPAKTUYICCKN HEHAIIPABICHHBIM, UTO YKa3biBa-
eT Ha npeob/ajaHne B HEM KOJeOAHUM, XapaKTePHBIX JIJIsi aKyCTHIeCKOrO
HNCTOYHMKA 3BYKa MOHOIOJIBLHOrO THIla. HakoHer, mpu moJHOM CO/IMKEHIH
rest (eMm. puc. 6.35e), KOIja 3a30p MKy HUMU PaBEH HYJIIO, 90JIOBBI 1C-
TOYHUK 3ByKa CTAHOBUTHCSA CHOBA JIUIOJIBHBIM.
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B sakiodenne ciiejlyer cKasaTh, 9TO MPU OOTEKAHNN IIJIHHIPUIECKUIX
TE€JI B Cpele TaKzKe IT0ABATCA U KBa/JPYIIOJIbHbBIE MCTOYHUKHN 3BYKa, B TOM
qucJie m B cjieJle 3a TEeJIOM. O,ZLHaKO7 KaK MbI y2K€ I'OBOPHUJIM BbIIIE, MOII-
HOCTb UX Ha IOPAAKNU HUZKE MOITHOCTHU AUIIOJIbHBIX MCTOYHUKOB. HOSTOI\ﬂIy
B CIIEKTpE, TeHEepUPYyeMOro Mpu OOTEeKAHUN IUJINHJPA 3BYyKa, €CTECTBEHHO
OY/IyT JOMUHUPOBATH PE3KO BBIIEIAIONINECS] TOHAJIBHBIE COCTABJSIIONTHE. A
[IYMOBBIE COCTABJISAIONINE, XapAKTEPHbIE /IS KBaJIPYMOJbHBIX HCTOUHIKOB,
OyIyT JeKaTh CyIIEeCTBEHHO HIKe W OyayT Oojlee MIM MeHee “pa3zMa3aHbl’
10 BCEMY JIHAITA30HY YaCTOT.

6.4. 3BykooOpa3oBaHUe IIPU B3aMMOAECTBUY MOTOKA C HUIIEk

ur [y
[on mmmeit®! MBI GyjieM HOHMMATL HEKOTOpOe YIVIYOJIeHHe B ILIOCKOI

JKECTKOI TOBEPXHOCTH, KOHMUTYpaIsl KOTOPOro B ODIEM Cydae MOKeT
ObITh J1I00asi. OIHAKO MbI OIPAHUYNMCS PACCMOTPEHUEM HUIIN, NMEOTeit
HpsIMOYTOJIBHYI0 hopmy, cM. puc. 6.37. C 1mogBieHneM CKOPOCTHBIX TPaHC-

nomox [— AY
—
+ _,// I
V > I X

Puc. 6.37. Huma n waberarommmii moToK.

HOPTHBIX CPEJICTB ObLIO 0OHAPYZKEHO, UTO HAJTMYNE HA X IIOBEPXHOCTIX Pa3-
JIMIHBIX KOHCTPYKTUBHBIX yIUIyOsIeHnil (HampumMep, HUIN Jjist yOOPKH IIac-
c B camoJjieTax, O0MOOJIIOKOB, 3a30POB MEKJIy BaroHaMHU CKOPOCTHBIX Ke-
JIE3HOJIOPOZKHBIX TI0€3JI0B 1 JIP.) MOZKET MPUBOJUTEL K YBEJINUEHHIO JI0O0BO-
IO CONPOTHUBJIEHUS W TeHepalluN 3BYKOBBIX KOJIeOAHUI CPaBHUTEIBHO 0OJTh-
moit mornocTu. OueBnjiHO, YTO Taknme 3PMEKTh BechbMa HeyKeJaTeTbHbI,
IIOCKOJIbKY YBeJIn4YeHue JJ000BOr0 CONPOTUBJIEHNS CHUYKAET SKOHOMUUHOCTD
TPAHCIHOPTHBIX CPEJICTB, a BOZHUKAION[UIT MOIIHBIN 3BYK HEOJIArONPUATHO

51B aHIIIOS3BIYHOIN JTHTEPAType BMECTO TepMUHA “HUINA” 9Yalle BCErO HCIOIB3YeTCs TePMIH “KaBepHa”
(cavity).
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BO3JIEIICTBYIOT Ha MAaCCayKUPOB 1 00CTyzKuBaouil nepconas. [losromy stu
POOJIEMBI CTUMYJTMPOBAIN HHTEPEC K IHJIPOadPOINHAMUIECKIM TIPOIIECCAM,
3apOKJIAIONINMCS B HUINIAX, U, B YACTHOCTH, K IIPOIECCAM T'eHepalui 3ByKa.
[Toripobyem pazobparbest B (husmke 3TUX MPOIECCOB.

[To-BuguMoMy OfIHA M3 IIEPBBIX HaubOJIee IOJHBIX U OOIIMPHBIX SKCIIE-
PUMEHTAJIBHBIX PabOT 110 M3YYEHUIO MeHepPAIlni 3BYKOBBIX KOJI€OaHWI TPH
O00TEKAHWY HUIIIN TTOTOKOM OblLIa BBITTOTHEHA etie B 1956 rony Krishnamurty
K. [174]. C nomoupio mmpen-meroia® on HerocpeIcTBeHHo Hab oAl TH/I-
pPOJIMHAMIYECKIe MPOIECChl B HUIIEe W 0OPA3YIONecs MPU 9TOM 3BYKOBbIE
BOJIHBI B TIIPOKOM JINAIIA30HE F€OMETPUUYECKIX [TapaMeTPOB HUIIN U CKOPO-
creil moToka. B KauecrBe miunocTpanuu, Ha puc. 6.38 mpuBegeHa ogHA U3
MOJIyYeHHBIX UM TeHEBbIX KapTHH.

[IpejicraBiennast TeHeBas KapTuHa I103BOJISET YBUJIETh BUXPH 1, 00pa3y-
IOIUiicsT B HUIIE OKOJIO ee KOPMOBOII CTEHKH, & TaKyKe BUXPb 2, BLIOPOIIIeH-
HbIi 13 nuin. [IpekpacHo BUHBI 3ByKOBbIE BOJIHDBI 3, KaK Obl HCXOJISIINE OT
KOPMOBOIl CTEHKW HUIIIN.

3/1ecb yMEeCTHO HAIIOMHUTD, 9TO KapTHHA PACIPOCTPAHEHMs 3BYKOBBIX
BOJIH B JIBUZKYIIEHCs cpejie OTJIMYaeTcsl OT TaKOBOH B HEIOJBUYKHOI cpe-
Jle 1 TeM CHJIbHEll, dyeM OoJibllie CKOPOCTb TOTOKa. dT00ObI HoJiee HALVISTHO
IPeJICTaBUTh cebe 3T oT/Imdust, obpaTumcsd K puc. 6.39, rje cxeMarTniecKu
n300parkeHbl MIHOBEHHbIE KAPTUHDLI PACIHPOCTPAHEHUs 3BYKOBBIX BOJIH OT
OOBITHOI'O YUCTO aKyCTHYECKOIO0 TOUYETHOI'O MOHOIOJIBLHOTO HUCTOUHUKA, Jie-
JKallero Ha yKeCTKOI MOJIYILIOCKOCTH, JIJIs JIBYX CJydaeB, KOrjia Cpe/ia MOKo-
UTC 1 KOTJIa, OHA JIBUZKETCS.

Ecmu cpenia mokonTes, T.e. cKOpocTh OTOKa V' = (), TO MBI NMeeM XOPOITIOo
3HAKOMYIO KapTUHY pa3beraHusi BOJH OT MCTOYHUKA S PABHOMEPHO BO BCEX
nanpasyiennsix 0 (0 < 0 < ). VlabiMu cjioBaMu, CKOPOCTb PACIIPOCTPAHEHHsI
BOJIH (rpebHI 11X 0003HAUEHB! [ITPUXOBBIMIL JIMHUSIMI ) BO BCEX HAIIPABJICHN-
SIX OJINHAKOBA U paBHA CKOPOCTU PACIPOCTPAHEHUs 3ByKa € B OKPYZKaroIIeil
HCTOYHUK cpejie. Paccrosgnne Mexry rpeOHsIMI BO BCeX HaIPaBIECHUAX PaB-
HO JI/IHe BOJIHBL A = ¢/ fo, e fo — dacrora 3ByKoBbIX Kojebanuii. [Tosromy
HabJIIo1aTe b, TJie Obl OH He HAXO/UJICS OTHOCUTEIHLHO UCTOUHUKA 3BYKA, OY-
JIET CJILIIIATH 3BYKOBbIE KOJIeOaHus ¢ YacTOTOoi fj.

Cosepiienno nrade 00OCTOUT JI€JI0, €CJIN CKOPOCTDb 10TOKa V' oTimdna or

52H_[JII/II)6H-METO,EL WA TEHEBOU METO/J] UCHOJb3YETCd JJIsI BU3YaAJIU3AIMUN paclupeaeJeHnsd IIJIOTHOCTH
IIOTOKOB KHJIKOCTU MJIM ra3a B I'HJIpoa’dpoJuHaMHUKe 1 ,HI/I(bpaKI_[I/II/I 3BYKOBBIX BOJIH B aKYCTHUKE. 1\/16‘TOZL
OCHOBaH Ha TOM, YTO IIYYOK CBETa, IIPOXOIsd 1Iepe3 cJI0it KUJIKOCTU UJIN ra3a, U3MEHsAET CBOIO APKOCTL B
3aBUCHUMOCTH OT BEJIMYUHbBI IIJIOTHOCTU CPeIbl [83]
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Puc. 6.38. MruoBennasi TeHeBasi KApTUHA THJIPOIUHAMUYIECKUX U aKyCTUICCKUX
[POIECCOB, BO3HUKAIOIINX Y B3anMO/IeiicTBIN TTOTOKA ¢ Huleil: 31ech [/d =2 u M = 0.8;

1 — BUXpPb BHYTpH HHIIH, 2 — BUXPb, BLIOPOILIEHHBIH U3 HUIIM, 3 — 3BYyKOBbIE BOJIHBI [174].

HYJISI U HalpaBjieHa, K IPUMepY, B CTOPOHY IOJIOKUTEIbHBIX 3HAYEHNUH OCH
x. B arom cirydae moTok CHOCHT BOJTHBI (PpEOHE MX 0O03HAUEHBI CILIONTHBIMI
JIMHUSIME ) BJIOJIb ocl x. B pesynbrare B obnactu m < 6 < /2 paccrosiaust
MEK/Ty I'PeOHSIMI BOJIH OyJIyT YMEHbIIaThest, a B objactu /2 > 6 > 0 yse-
sumauBarbes. [losTomy, eciim HabJoaTe/Ib HAXOJAUTCS CJIeBa OT MCTOYHUKA
3BYKa, TO OH OyJ/IeT CJIBIIIATh 3BYKOBbIe KojiebaHus ¢ dactotoit f > fy, a
ec/im crpasa, TO ¢ dacroroii f < fy. D10 siBjieHHe B aKyCTHKe HOCUT Ha-

142



0 X
Puc. 6.39. CxemaTnieckue KapTUHBI PACHPOCTPAHEHUS 3BYKOBBIX BOJIH
OT TOYEYHOrO UCTOUHNKA S B MOKOsAMmEHcs cpejie (ITPuXoBbIe)

u B aBumKyIeiics cpegse (cmomusie) npu M = 0.5.
3aeck 1,2, 3 — pacroJioxkenue rpebHeil BOJIH [IPH MOKOSIIENCs cpeie,
1’,2',3" — pacnonozkenue rpebHeit BOJH MIPU ABUKYIICHC cpee.

3panne sbdexra Jomaepa®. Bamernm, uto apdexr Jonepa nabiogaeTcs
TaKyKe MPH JBUKEeHIN HCTOTHUKA 3ByKa OTHOCUTETIbHO HAD/IIOIaTe s B TOKO-
stimedicst cpejie [83| m B stmTepaType 9acTo MpUBOIUTCS TIPUMEDP HElPEPbIBHO
U3JIAI0MIEr0 TYJI0K 110€3/1a, IPOHOCATIEr0Cd MIUMO IIePPOHAa, HA KOTOPOM CTO-
ut Hab/ogaresb. [Ipu npubanzkeHun moesga HaO/AaTe b OyIeT CJIbIIIATh
6oJiee BBICOKMIT TOH TYyJIKa, a P yJIaJeHnn — 0ojiee HU3KUI.

Ho Bepuemcst cnoBa K pabore [174]. [Tosytentbie B Hell KOIMTIECTBEHHBIE
pe3y/IbTaThl AT BO3MOKHOCTb YCTAHOBUTD PsiJl HHTEPECHBIX 3aKOHOMEPHO-
creii. B gactHOCTH OBLIO YCTAHOBJIEHO, UTO YacTOTa BO30YKIAEMBIX MOTO-
KOM 3BYKOBBIX KOJIeOAHUIT MPAKTUIeCKN TPOIOPIIMOHAIBHA CKOPOCTH MTOTOKA
u 0OpaTHO IporopiuoHaibia jyinHe numu [. [Tosxke, B 1964 roy, Posnurs
(Rossiter)® BbiBes1 c/IeyIONLYIO TOTY3MIUPHICCKYIO (hOPMYJTY JjIjisl OLEHKH
qucyia CTpyxalist B cIydae IMpsMOYTOJIbHON HUIIN

Sl n—=(l/d). _
Sti= U = SrauRt ML (6.7)

Baecy k = 0.57, a Besmunna y(l/d) mMoxker ObITH onpejeieHa 13 rpadu-
ka [177], uzobpaxkennoro na puc. 6.40, win ¢ MOMOIIBLIO CJELYIONEH pu-
OJINKEHHOI POPMYJIBI

y(1/d) == 0.0181/d + 0.0132(1/d)* — 0.00092(1/d)>.

53X pucrnan Jomrep (1803-1853) — aBcTpuiicknit GU3NK W ACTPOHOM.
54K corKaJIeHIIO, ero OpUrHHAIbHAS PaboTa HEJOCTYIIHA, OJHAKO OCHOBHBIE, MOJTYUCHHBIC UM PE3Yilb-
TaTbl, U3JIO0KEHLI B craThe [176].
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O 2 4 6 8 I/d

Puc. 6.40. 3aBucumocTs Besmaunbl 7y oT /d:
CILTOIINAS JIMHUS — PACYUET, KPY2KOUKI — SKCIIEPHMEHT.

3 Boipazkenus (6.7) MOXKHO JIETKO OIPEJIENTh YaCTOThI 3BYKOBBIX KOJIe-
OaHMil, KOTOpbIe TEHEPUPYIOTCS TTPU OOTEKAHWI HUIIN TOTOKOM

;Y=o
T MA1Jk

DTO COOTHOIIEHNE O3BOJISIET OIEHUTH BOJHOBBIE pa3Mepbl HUIIN, KaK ‘UC-

(6.8)

TOYHHKA  3BYKOBBIX KoJieOaHuil. YdaurbiBasi, 910 dactora f, = c/\, (¢ —
CKOPOCTDb 3BYKa B CPeJie, & A, — JIINHA BOJIHBI), Oy IHM

n —(l/d)
M+1/k

Otkyna cuenyer, uro npu M < 1, no kpaiineit mepe Jijis OCHOBHOI 4Ya-

Ul = M (6.9)

crotel (n = 1), BosHoBoIT pasmep wumn [/A; < 0.3. T.e. pasmep Humm, Kak
3BYKOBOT'O “UCTOYHHUKA ), 3HATUTEILHO MEHBIIIE JJTHHBI U3/1yIaeMoil 3BYKOBOI
BOJIHBL. U 9TO CBOWCTBO, KaK Mbl y:Ke yOeIMIICh paHHee, BeChMa TUITMIHO
JUIST TUJIPOA’POIMHAMUYECKIX MCTOYHIKOB 3ByKa. B KadecTBe mpumepa, Ha
puc. 6.41 mpuBeenb! TpaduKN, ITOKA3BIBAIOIINE 3aBICHIMOCTE BOJHOBOM JJIH-
HbI HUIIN OT dncia Maxa (Wjm, ¢ TOYHOCTBIO JI0 MOCTOSTHHOI, 3aBUCHMOCTD
9acTOThl OT CKOPOCTH TOTOKa). Kak BujHo, jiisi n = 1 BOJIHOBasl JITMHA
HUIIN JIeHCTBUTEIHLHO MaJIa U TOJIBKO Jyisd 1 > 1 1 npu OOJIBIINX YucIax
Maxa oHa MOKeT IPUOIIKATLCH K JIHHe BOAHBI. Kak Mbl y7Kke oTMedasn

55Mp1 orpaHWMIMCST paccMOTpermeM cirydaes, korma d/l < 1. Ipw d/l > 1 m d/\ > 1/4 maumyT
MIPOSBJIATHCS PE3OHAHCHBIE CBOIICTBA HUIIM W €¢ CBOMCTBA, KAK THJIPOAa3POJIMHAMUYECKOTO MCTOYHUKA
3ByKa, MOTYT PE3KO M3MEHUThcA. Takue crydan Mbl PACCMOTPUM B MOCTIELYIONIIX pasJiesnax.
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BbIIIIE, YACTOTa FeHePUPYEMbIX 3BYKOBBIX KOJIEOAHUI B HUIIE PACTET MpPaK-
TUYECKU JIMHEHHO ¢ yBEJMYEHUEM CKOPOCTH IIOTOKA, YTO HEIOCPEJCTBEHHO
HnojITBep K IaeTcsd rpadpuxkamu Ha puc. 6.41. 9To 0YeHb BaxKHOE M XapaKTep-
HOE CBOICTBO I'MIPOa’POJIMHAMUYECCKUX UCTOYHMKOB 3BYKa, C KOTOPBIM MbI
HEOJIHOKPATHO OY/IEM BCTPEUATHCS HUKE.

I/A F =0
04 t
n=1
02
0 . . . . . .
0.2 0.4 0.6 M
23 4.6 6.9 Re 10"

Puc. 6.41. 3aBucuMocTh BOJHOBOMN JUIHHBL HUIIN OT 4nciaa Maxa st [/d = 2
(B obmact M < 0.4, rie rpadbukn 0603HAUEHBI MITPUXOBBIME JIHHUASMH,
HaOJII0IAeTCsl CPBIB 3BYKOBBIX KOJICOAHMIA).

Tenepn paccmoTpum 6oJtee 10JIPOOHO OCOOEHHOCTH JIBUZKEHUSI CPEJIbl 1PN
O00TeKaHWV HUIIN TTOTOKOM M MEXaHU3Mbl BO30Y:KIeHUsT 3ByKa. st Hadgasa
1oHabJII0IaeM, 9TO MPOUCXOJUT B HUIIE B CIydae MaJjblX CKOPOCTE(l MOTO-
Ka, Korja dncia Peiinosbiaca Re = VI/v we npesbimator 10-15. st Takux
cJIydaeB, B KadecTBe IpuMepa, Ha puc. 6.42 mpejcrapieHbl SKCIIepUMeHTa b
uble [24] u pacuernbie [178] KapTUHDI, XapaKTEPU3YIONINE JIBUZKEHUs CPEIbI
BHYTPHU HUIIN, KOTOPBIE BIIOJIHE YIOBIETBOPUTEIHLHO COBIIAIAIOT.

AHamu3upys 9TH KapTHHbBI, MOYKHO YOEIUTHCA, UTO JIIS BCEX, PACCMOT-
PEHHBIX OTHOIICHUI JIIMHBI HUIINA K ee TJIyOnHe, BHYTPH HUIIN 00pa3yoTcs
yCcToitunBbIe (CTAIMOHAPHBIE) BUXPU, KOH(DUIYPAIlIs KOTOPHIX HE H3MEHSIeT-
cs co BpemeneM. [Ipuuem, npu [/d = 1 obpasyercst TOJBKO OJUH BUXDb, a
npu 66sbImux 3uHavennsax [/d — npa Buxps. [loTOK Haj BUXDPSME HECKOJIb-
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Puc. 6.42. CranuoHapHOe JBUYKEHUE CPEJIbI (.HHHI/II/I TOKa) B IPAMOYTOJIBHOH HUIIIE:

a,0,B — 9KCIIEPUMEHT, IJi,e — Teopust, a,r — st [/d =1, 6,1 — nust 1/d = 2, B,e — jyist 1/d = 3.

KO “TipoBasiBaeTcst” BrJIyOb HUIIE, HO B 1IEJIOM OCTACTCS BECbMA TLIABHBIM 1
cTanMoOHapHBIM. BazKHO OTMETUTD, UTO P TAKOM PEKIMe 00TeKaHUsT HITITN
HUKAKIX 3(PPEKTOB, CBI3aHHBIX ¢ I'eHepallieil 3BYKa, He BOZHIKAET.

[TocmoTpum, 910 Oy/I€T TPOUCXOAUTH B HUIIIE TIPU 3HATUTE/IBHO OOJIBITHX
qnciax PeiiHoJiblca, KOTJa JABMKEHUS CPedbl HaJl HUILIEH U B camMoii HUIle
CTAHOBUTCS HECTAIMOHAPHBIM, T.€. 3aBUCAIIUM OT BpeMeHu. [ljis sToro oo6-
patumMcst K puc. 6.43, Ha KOTOPOM M300parkeHa PACCINTAHHAS HAMU CEPHSI
KApPTUH, MOKA3bIBAIONNX & (ha3 JIBUYKEHUs CPEJIbl B HUIIE, IPOUCKOJIAIINX 34
onun niepuojt T'. TTpexkjie Bcero HEOOXOMMO CKa3aTh, UTO JIBUXKEHUE CPEIbI
HAa 9TUX KapTUHAX MPEJICTaBICHO B TEpMHUHAX 3aBUXPEHHOCTH. HamoMHuM,
YTO 3aBUXPEHHOCTH SBJSETCS BEKTOPHOM BEJIMYMHON M OMpPeHessdeTcsd Kak
W =V X 9. 371ech, KaKk IPUHATO B BEKTOPHOIT ajirebpe

-0 -0 -0

C dusmdeckoii TOUKN 3pEHUsT BEKTOP W SIBJIAETCsS YIJIOBOH CKOPOCTHIO Bpa-
IIEHUs JIEMEHTAPHOTO obbeMa cpejibl dV, BeMYnHa KOTOPO# 3aBUCUT OT
KOOD/IMHAT U BPEMEHHU, 1 UMEeT PasMEePHOCTb PaJIiaH /c.

Ha nipejicraBieHHBIX KAPTHHKAX 00JIee TEMHBIE 30HBI COOTBETCTBYIOT OO/ IbIIIEH
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0 02 04 06 08 10 12 X1 0 02 04 06 08 10 12 B
a pal

0 02 04 06 08 10 12 0 02 04 06 08 10 12

0 e

0 02 04 06 08 10 12 x/1 0 02 04 06 08 10 12 x/1
B X

0 02 04 06 08 10 12 ¥l 0 02 04 06 08 10 12 x/1

r 3

Puc. 6.43. HecranmonapHoe JBukenue
CpeJibl B IIPsIMOYTOJIbHOM Hute ipu Re = 15620 (pacuer):

a,0,B,I]1,€,7K,3 — COOTBETCTBEHHO JIJIsi MOMEHTOB BPEMEHU

t=0;t="T/8; t=2T/8;t=3T/8 t=AT/8; t = 5T/8; t = 6T/8; t = TT/8.

147



3aBUXPEHHOCTH, a CBETJ/Ible — MEHbIIEH.

Obparumes k puc. 6.43a. Kak Bugmo, HemocpeacTBeHHO HaJ HUIIEH TBH-
JKeTCsT XapaKTepHBIN CI0# »KUAKOCTH 1 ¢ CHJIBHON 3aBUXPEHHOCTLIO, KOTO-
pBIil TO-CYyTH SBJISIETCS TPOJOJIZKEHUEM TTOTPAHMTHOTO CJI0st, ¢(DOPMUPOBAB-
1merocst y mosepxHoctn 1ockoctu x/l < 0;y = 0 BBepX MO MOTOKY. DTOT
CTI0f1 ABJIACTCS CABUTOBBLIM CJIOEM Y, TIO[UepPKIBAs TeM CAMBIM CYIECTBOBA-
HI4 B CJIOe KaK MPOJIOTbHON CKOPOCTHU v, YACTHUIL CPEJIbI, TAK W UX MONeped-
HOIT CKOpOCTH v,. Kak MbI yzKe ToBopu/In B IpeJblLyIieM pasjielie, CJBUIo-
BBIIl CJIOU XapaKTepu3yeTcsd HAJMYNEM B €r0 CEUYEeHUU I'DAJIMeHTa CKOPOCTH.

[To mMepe npoJBMKEHUs HaJI, HUIIEH CIBUI'OBBIN CJIOI HECKOJIBKO PacIln-
pSIETCsT TI0 TOJIIINHE, 9TO 00YCJIOBIEHO HAJMYINEM BASKOCTH, MPUBOIAIICH K
MOSIBJIEHUIO CIIyTHOI'O TIOTOKA Y HUKHEH MOBEPXHOCTH CJIOdA. 3a CUeT ITOro,
BHYTPH HUIIN Y KOPMOBOH €e CTeHKH 00pa3yeTcst CpaBHUTE/JLHO OOJIBINON
BUXPb 2, KOTOPBII BPaIaeTCcs M0 YaCOBON CTPEIKe M HEMHOTO MPUTIOIBIMAET
¢/IBUTOBBIIT cyioit B obstactit x = 0.7; y ~ 0. B ormmuane or 91010, Y HOCOBOI
creHKN HuUmm (pu JaHHOM dncie PeitHosbaca) obpasyercs 3acToitHas 30-
Ha 3, rjie cpejla MpaKTUuIecKn He JBrKeTcss. OTCYyTCTBHE JIBUXKEHUS CPEJIbI
B 9TOIl 30HE OOYCJIOBJIEHO TEM, UTO CpeJia Ha BHEITHEH TOBEPXHOCTH BUXPS
2 (crpesika 4) u cpeja B 00JIaCTH HUKHE(I MOBEPXHOCTH CJIBHIOBOIO CJIOSI
(crpesika 5) JIBHKYTCsI B IIPOTUBOIOJIOZAKHbBIE CTOPOHBI, TEM CAMBIM TOPMO351
ApYT ApyTa.

HocTuras pedbpa KOpMOBOI CTEHKN HUIIH, HECKOJIBKO PACITHPUBITANACS 110
TOJIIIHE CBUTOBBIN CJION BBIHYKIEH Pa3IBONTLCSI, cM. puc. 6.430,8,r. [Ipn
9TOM BEpXHsisl YaCTh CJIOS YXOJUT JaJibIlle 110 IIOTOKY, & €0 HMXKHSS YacThb
(0bo3HAYEHA CTPEJIKOIT) CKOJB3UT BHU3 110 KOPMOBOH CTEHKE HUIIN. 3a CYeT
9TOr0, HOJIBIION BUXPh Y KOPMOBOI CTEHKE BO-TIEPBBIX ITO/IITNTHIBACTCS SHEP-
reil JIJIst BpaIeHUsI, & BO-BTOPBIX, ITO OCOOEHHO BAXKHO, YBEJINUNBACT CBOI
paszMep 3a cueT MOCTYILICHHS JIOMOJHUTETHHOIO 00beMa CPejibl OT CJIBUTOBO-
ro cjost. [ocnearee 06CTOSATETBLCTBO MPUBOJUT K TOMY, UTO CJIBUTOBBIN CJIOM
BBIHY2KJIEH MPUIIOIHATHCS JIJIsT TOIO, YTOOBI BHIOPOCUTH U3JIUINEK CPEJIbl U3
Humm, cM. puc. 6.436-k. Jlajee Bech 9TOT OMUCAHHBIN UK 3aKAHINBACT-
csl, BCe TIPUXOJIUT B MCXOJHOE cocrosinue (cpaBuu puc. 6.43a u puc. 6.433) u
HAUYMHAETCA HOBBIN ITUKJI.

Takum obpaszom, Tysbcanuu o0beMa BUXPsS Y KOPMOBOH CTEHKH HUIIN
U CBS3aHHBIE C 9TUM BepTHUKAJbHbIE KOJIeDAHUsT CABUIOBOIO CJIOS B 30HE
0.6 < z/l < 1.0 uMeoT MUKJINIECKUH aBTOKOJIEOATEIbHBI XapaKkTep ¢

568 amrossbranoii muTeparype “shear-layer”, a Koebamus caBuroBoro cios — “shear-layer mode”.
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HeKOTOpbIM T1epuojiom 1'. VMeHHO 3T 0ObeMHbIe IMyJIbCAIlUN BUXPS B HU-
Ile COBMECTHO C OCIUJLIAIINSMUI CJIBUTOBOTO CJIOSI U SIBJIAIOTCS UCTOUHUKOM
3BYKOBBIX KOJIeOaHUIT, TPUYIEM MCTOUHUKOM MOHOIOJILHOIO THIIA.

Mexanusm obpaTHOil CBA3M TOr0 ABTOKOJIEOATE/ILHOIO MPOIEcca OUeBU-
JIeH U MMeeT YHMCTO IHJPOJNHAMUYECKYI0 Mpupoiy”’ . JleficTBHTEIbHO, KaK
MBI BUJIEJIN, HUKHSISA YACTb CPEJIbI CJBUIOBOIO CJIOS Y KOPMOBOW CTEHKH
HUIIM BO3BPAIAETCH Ha3a/| B INEHTPAIbHYIO 30HY HUIIHU, 10 CyTH 00pa3ysd
KaHaj 00paTHON CBA3M. DTO NMPUBOJUT K YBEJTUUYEHUIO 3/IeCh 00beMa Cpe-
JIbI, B pe3yJIbTaTe Yero CJIBUTOBBIN CJIOM MPUIIOIBIMAETCA U UBJTUIIEK CPEJTbI
BbIOpACKIBACTCA B TOTOK, JBUKYIIUiics HaJl Hutmei. Kak ToJbKO U3/uiiex
CpeJIbl YIIAJUIICH, CJIBUTOBBIN CJION OIyCKaeTcs W HauMHAETCS HOBBIH KT
9TOTO KOJIeHATEJILHOrO MPOIiecca.

To, uTo aBTOKOMEOAHNS B HHUIE 00YCIOBIEHBI TJIABHBIM 0OpPA30M THIPO-
JINHAMIIECKIM MEXaHU3MOM OOPATHOMN CBSI3U YOEXKIAIOT HAC U PACIETHI, BbI-
IOJTHEHHBIE B ITPEJIIOJIOZKEHIHN, 9TO CZKIMAEMOCTb CPEJibl OTCYTCTBYET (MMe-
ercst TOJIbKO BSI3KOCTB). IIpu 9ToM aBTOKOJI€0aHUsS CABUIOBOIO CJIOS, OIN-
CAHHBIE BBIIIE, HE UCUYE3AI0T, XOTd U3JIyUYeHUe 3BYKa MPU 9TOM, €CTECTBEHHO,
HE MOXKET BO3HUKATD.

Brllie Mbl paccMOTpEIN CPABHUTENIBHO MPOCTYIO OpMY KOJeOaHU CJIBH-
roporo cijiod. Ilpu yBeJIMueHnn CKOPOCTH MOTOKA XapaKTep TakuxX KoJieha-
HUIT MOXKET CyNIeCTBEHHO YCJIOKHUTHCsI. Obparumces K puc. 6.44, Ha KOTO-
POM TIPEJICTABJIEHBI JIBE XapaKTepHble (Da3bl JBUKEHUS CJIBUTOBOIO CJIOS 1
cpeJibl BHYTpH HuUIlM 1pu dncie Peiinonbiaca pasaom 22000. 371eck, B 0T/In-
qpe oT puc. 6.43, MbI He NPUBOJMM MHOTO (a3 JIBUXKEHUSA CPEJIbl B HUIIIE,
KOTOpBIE IMIar 3a MaroM XapakTepru30BaJsi Obl BECh UK/ aBTOKOJIe0aHM, a
JlaeM JIMIIb JiBe Hambosiee nnrepecible dasbl. [lepsas dasza wa puc. 6.44a
IIOKA3bIBAET HAYAIbHBIH MOMEHT pAaCHIelJIeHs CJABUTOBOIO CJiosi Ha pebpe
KOPMOBOIi CTeHKM HUIIHM, a BTopas (puc. 6.446) — MOMEHT HPUIIOBIMAHIIS
CJIBUTOBOTO CJIOSI M BBIOPOCA B TTIOTOK M3JIMIIKA CpeJibl 13 Hul. PaceMorpum
bostee TOAPOOHO TN (HaA3bI JIBUKEHUST CPEIIDI.

Craugaga obparumces K puc. 6.44a. 37ech XOpOIIO BUIHO KaK CABUTOBBII
CJIOIT HAYMHAET PACHICIIATHC (YKa3aHO CTPEJIKON 2) U ero HUZKHsS 9acTh
HAYMHAET CKOJIb3UTb BHU3 BJIOJIbH KOPMOBOIT crenkn nui. Kaxk u B 1npejibi-
aymieM ciaydae (em. puc. 6.43), obpasyercst BUXpb 3, BPAIIAIONHICS 110 Ya-
coBoit crpesike. OjiHako, Oarogapst 00JbIIEl CKOPOCTH TTOTOKA, JIBUYKECHUE

STHekoTopble HCCIIENOBATEN CYUTAIOT, YTO B CJIy4asX, KOIJIa PA3MEpbl HUITH CTAHOBATCS CPABHHMBIMU
¢ JITMHOM W3JTydaeMoil BOJIHBI, B MEXaHH3Me OOpATHO CBSA3H OIpEJIeJIeHHYI0 POJIb HAYWHAIOT UTPaTh U
BO3HUKAIOMINE 3BYyKOBbIe KosteGamnus [100).
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CP€/Ibl B HUIIIE YCIOXKHsAETCs. BOZHUKAIOT ellle JIBa BUXPs: BUXPb 4, KOTOPbIil
Bpallaercss TPOTUB YacOBOW CTPEJKH U BUXPH D, BPAIIAIONIUNCS 110 9aco-
Boit crpesike. K uemy ke 910 npuBojut? A HPUBOJIUT 3TO K CJIEILYIONIEMY.
B obmact 0.4 < z/l < 0.6, rjge Buxpnu 3 u 4 KacaoTcs JpyT JIpyra, cpejia
JIBUZKETCSl BBEPX W TOJKAET CJIBUTOBLIN cJioil cHuzy. B pesyibrare cioil B
9TON 00JIACTH TPHUITOILIMACTCS U TAKUM 00Pa30M MOTOTABINBAIOTCS YCJIO0-
BUSI /sl BBIOPOCA U3JIMIIKOB CpeJIbl 13 HUllN. B ommnane ot 9Toro, B odtactu
0.2 < z/l < 0.3, riie conpukacaroTcsi BUXpU 4 1 5, cpejia JIBUKETCS BHU3,
yBJIeKast 3a coboit CIBUTOBBIN cjioit. Biaromapst 9ToMy, CIBUTOBLIM CTOi B
9TO 00JIACTH HECKOJIBLKO OIycKaeTcs. B pesysbrare CJIBUTOBBIN CJION Jie-
dbopmupyercst, nprobperast GopMy BOJHBI, HMeroleii MakciMyM (rpeGeHs )
npu /1 /= 0.7 u Mmurnmy™m (Buaguny) npu x/l ~ 0.2. A paccrosiHre Mex Iy
rpebrem u Braannoii 6yser cocrasaars A(x/l) ~ 0.5.

0 02 04 06 08 10 12 X/
0

Puc. 6.44. Tpe dha3bl HecTalMOHAPHOIO JIBUZKEHUE cpejibl B Hullle ipu Re = 22000 s [/d = 2.
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He Oynem 3abbIBaTh, 9TO CABUTOBBIN CJIOH JBUKETCS CJI€Ba HAIIPABO CO
CKOPOCTDIO, OJT3KOIT K cKopocTH 1oToka. [losTomy, uepes neKoTopblit HeboIb-
1110#1 OTPE30K BpeMeHu JiehOpMUPOBAHHBIN YKA3aHHBIM 00PA30M CJ[BUTOBBII
CJIOf TIepeMecTUTCs BIIPaBO, Kak n300paxkeno Ha puc. 6.446. IIpu srom rpe-
Oenb yxke Oyzer naxogures npu x/l ~ 1.0 a sunaguna npu x/l ~ 0.5. Kak
BHIHO, PACCTOSHNE MeXKIy IpebHeM U BIAIUMHON COXPAHIIOCH. JTOT (PaKT
YKa3bIBAET Ha TO, UTO BO3HUKIIHNE MOHEpedHbie jtehopMaliun CJIBUTOBOIO
cJ10s1 63 CYIEeCTBEHHBIX N3MEHEHWI CHEeC/IICh BHUAB 110 TIOTOKY. 3a CUeT TOTo,
YTO CABUTOBBIN CJION Telephb IPUIIOIHAT HaJl KOPMOBOI CTEHKON HUAIIN U3JI1-
ek cpejibl (YKasaH cTpeskoil 2) U3 HUIM BbIOPACHIBAETCSA B IOTOK. depes
HEKOTOpOe BpeMsi Biia iHa (0003HAUeHa CTPEJIKOii 1) B CBUTOBOM CJIO€ J10-
CTUTHET pedpa KOPMOBOIT CTEHKH HUIIN U CABUTOBBIN CJIOH BBIHYXKJIEH OyIeT
CHOBA JICJTUTCS 10 TOJIIIUHE Ha JIBE YACTU: HUXKHAS YACTh HAYHET CKOJIL3UTD
BHU3 110 CTEHKE, & BEPXHsIsl JIBUTATLCST BHU3 110 MMOTOKY. U1 Bech MUKJI HAYHET
MOBTOPSITHCSA CHAYAJIA.

Takum obpaszom, mpu 66bITIX Unciax PefiHosbica uMeoT MecTo 6oJiee
CJIOZKHBIE JIBUKEHMS CPEJIbl B HUIIIE U DoJiee CJIOYKHBIE TIolepevdHble KoJieda-
HUS CIBUTOBOTO Cj10sd. OJIHAKO MeXaHnu3M 00paTHOI CBS3U B IIEJIOM OCTAETCs
IIpezKHUM. Hpe)KHI/H\/II/I OCTalOTCA U IPUYNHBI, 06}/CHOBHI/IBaIOHH/Ie remeparuro
3BYKOBBIX KOJICOAHMI.

Kak mbl BuiuM, popma monepeunbix KoJaedaHuil ¢JABUTOBOIO CJI0SA YCIOMK-
HSIETCS ¢ POCTOM CKOpOCTH 1oToka. IIpu arom, yenoxkuerue popMbl UJIET 34
cYeT yBeJMUYEHUs KOJIMYecTBa I'pebHell n BliajiuH. B onpejie/IeHHOM CMBICTe
MOYKHO T'OBOPUTb O HAJIMYMKM HEKUX YCJOBHBIX ‘COOCTBEHHBIX (hOPM KOJIe-
Ganuit”, npucymmx casuropomy cyioto [175,176|, no anamorun ¢ cobcTBeH-
HBIMHI hopMaMu KoJiebaHnii, HallpuMep, YIpyTruX IIACTHH, CTEPXKHEN U T.JI.
Vmenno KOHKpPEeTHBIH B TaKUX “‘COOCTBEHHBIX (hOpM KoJjiebanuit” cJBUTO-
BOTO CJIOST BO MHOTOM oOIlpejesiseT 3(h@PeKTUBHOCTh HUIIN, KAK HCTOYHUKA
3BYKOBBIX KoJieOanuit. JleficTBUTENbHO, U3 TEOPETHIECKONH aKYCTUKU XOPOIIO
U3BECTHO, 9TO TPHU MPOUNX PABHBIX YCIOBUIX HAMOObINAA 3(DPEeKTUBHOCTh
AKyCTHUIECKOI'0 MCTOUHUKA 3BYKa, JOCTUTACTCS B CJIyUae, eCJIl KaxKjiasd TOUKa
ero MOBEPXHOCTH JBUTAETCS ¢ OJUHAKOBOI pas3oif m ¢ oauHAKOBOH aMILIn-
Tyoit. XOopomuM IpUMEPOM MOXKET CIYKUTh KJIACCHUECKWI TTOPIIeHb WK
MOHOTOJIb. B cydae ¢IBUTOBOTO CJIOsT OYEBUJIHO, YTO KaxKjasl €ero TOYKa
IMeeT CBOI0 aMILTUTYIAY U a3y, BETMINHBI KOTOPBIX 3aBUCAT OT CKOPOCTH
noroka u orHorrerus [/d. Tlosromy sdbdekTnBHOCTD HUNN KaK MCTOTHIKA
3BYKa B I1€JIOM JIOJIZKHA ObITH CpaBHUTEIHHO HeBeTrnKa. OJIHAKO, KAK [TOKA3bI-
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-1.0 0 1.0 2.0 x/1

Puc. 6.45. Kpupble paBHLIX ypOBHeEll 3BYKOBOTO JABJICHH
(B 1B orHOCHTENBHO 2 - 1075 ITa) mpu M = 0.6 ma 1/d = 2.

BaeT MPAKTHUKa, [P ONPEJIEJIEHHBIX CKOPOCTAX MOTOKA MOXKET BO3HUKHYTD
“yraanas’ opMa KogebaHuil ¢BUTOBOTO CJI0s, KOTOPasi XOPOIIO COTIacoBa~
Ha ¢ OKpyKalolleil cpejioit. B pesy/ibrare MOTyT MOSIBUTHCSA JIOBOJILHO MOIII-
Hble 3ByKOBble KojieOanus. Vmenno Takue ciydanm WHOTJA M ITPOUCXOIAT B
aBUAIUU, HAIIPUMEDP, BO BPEMS IOJIETOB C OTKPLITHIME OOMOOJIOKAMU WUJIH
Humamu Jist y6opku maccn [175,177]. B ¢Bsisu ¢ 9TuM npuBeieM J0BOJILHO
JIOOOTIBITHBII 1 COJIEPKATEILHBIN TPUMeD — KAaPTUHY pacipejie/ieHis yPOB-
Heif 3BYKOBOTO [aBJEHWSA B CaMOfl HHIe W ee OIMMKAMIIIX OKPECTHOCTENH,
cM. puc. 6.45, sammerBoBannblil n3 [175]. Ha stom pucymke xoporrno Bu/-
HO, YTO 30HA, TJie HAXOJUTCI MaKCUMaJIbHBIN YPOBEHDb 3BYKOBOTO JTABJICHUSI,
PacIIoJIOzKeHa HEIIOCPEICTBEHHO OKOJIO pedpa KOPMOBOIT CTEHKN HUIIH. DTO-
rO U CJIEJIOBAJIO OXKHUJIATh, TOCKOJIbKY MMEHHO 3/1eCh, KaK Mbl BUJIEIN BBIITIE,
HADJTIOIAIOTCS MAKCUMAJIBHBIE aMILTUTY/ b KOJIeDaHuil ¢IBUTOBOTO cJiost. [la-
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Puc. 6.46. lnarpaMmMbl HAIIPABJICHHOCTH:
1 — HumM, KaK UCTOYHUKA 3BYKa, 2 — HCTOYHUKA 3BYKa
B Bujie oTpeska npsiMoii ab (on obosHaueH rudpoit 3).

Jiee, 3BYKOBOE JIaB/IeHUe BeChbMa HEPABHOMEPHO PACIPEIeIEHO BOKPYT HUIIIH.
[Tpu sTOM HampaByieHue OCH, IIPU KOTOPOM HaOJIIOIAETCs MaKCUMyM 3BYKO-
BOTO JIaBJIEHUsI HE COBIAJAeT C HalpaBjeHueM ocu y/l, KaK MOKHO ObLIO
IIPEJUIONIATATE, & CABHHYTO OT Hee IPOTHB YaCOBOIl CTPEIKN Ha yroa ~ 359
KakoBb!l npuannbl aT0oro Heoxkuanuoro apiaenns?! [lompodyem pazobpaThbest
B HUX.

it Hadasa, UCHOJIB3YsT 9TH JAHHbIe, TTOCTPOUM HOPMUPOBAHHYIO JHA-
rpaMMy HAIPABJIEHHOCTH 3BYKOBOTO MUCTOYHUKA, KOTOPBIM SIBJIAETCS B JaH-
HoM ciiydae Hutra. Ona obosHadena Ha puc. 6.46 kpusoit 1. Kak u ciejosasio
OYKUJIATh, OCb OCHOBHOI'O JICITECTKA JHarPaAMMbI HAITPABJIEHHOCTH TTPAKTHYE-
CKU COBIQJIAET ¢ OChbI0 MAKCHUMAJTBHOTO 3BYKOBOI'O JABJIEHUS, T.€. OTKJIOHEHA
oT HopMasi Ha yroa okoio ~ 35, [Ilupuna jamarpaMMbl HAIIPABJICHHOCTH
(na yposne 0.7 0T MAKCHMAJILHOTO 3HAUEHNs1) cocTasger okojo ~ 607, T.e.
BHAYUTETBHO YKe, YeM MOYKHO OBbLIO OKUJIATh OT TAKOTO MaJjoro o Cpab-
HEHUIO ¢ JIIMHOI BOJTHBI UCTOYHUKA 3BYKa KaK HUIIIA.

Takum obpazoM, MbI uMeeM jiBa hbaKTa, KOTOpPbIE SIBHO MPOTHBOPEYAT
YCTAHOBUBIIEMYCSI MHEHUIO O KOMIIAKTHOCTH THIPOIPOTTHAMUYECKITX HCTOU-
HUKOB 3ByKa. Terepb MOCMOTPUM KaKOM »Ke aKyCTUIeCKUH NCTOUHUK MOXKET
00/1aJ1aTh TaKOi JuarpaMMoil HalmpaBJeHHOCTH. B caMoM mpocreiiieM ciy-
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Jae 9TO0 MOXKeT ObITh KJIACCHYECKHH HCTOUHMK (aKycTH4YecKasl aHTEeHHA) B
BHJIe OTpe3Ka MpAMOil ab, Kazkaast TOUKa KOTOPOH MPEICTaBIsgeT coboit To-
YEUHBIN MOHOTOJIH (Ha puc. 6.46 Takoii 0Tpe30K mpsimMoil obo3HadeH 1udpoit
3 1 cXeMaTH4IecK N300parkeH IyTh BBINIE HUIIH, CHMMETPUYHO OTHOCUTE/ b=
Ho neaTpa O). InarpaMma HaIpaBJI€HHOCTH TaKO# AHTEHHBI ONPE/IC/IACTCS
IIPOCTOI XOPOITIO N3BeCTHOMN opmyiroii [112]

b
/T($) expfik:r sin 6 esz’kx sin 6y dr
D(6) = | . (6.10)

/T(ZL‘)dZB

Baech 7(x) u kxsinfy — cOOTBETCTBEHHO pacipe/ie/ieHie aMIinTyL u das

MOHOIIOJIEll, pa3MelNenHbIX BJI0JIb oTpe3ka npsamoil ab, a fy — Tak Ha3biBa-
eMBbIil YyroJl KOMIIEHCAIINN AHTEHHBI, T.e. YIOJI, Ha KOTOPBIH MblI Obl XOTeJIH
[OBEPHYTH OCHOBHO JIENIECTOK JMarpaMMbl HaIPaBIEHHOCTH, 3a CYeT BBe-
JeHust (HasoBOrO pacipejiesieHrsl st MOHOIOJIeH (a He 3a cYeT MoBOpOTa
caMoro ncTodHnka BOKpyr renrpa O). Gusudeckn BesudnHa kx sin ) noka-
3bIBAET HACKOJBKO M3JIyUYeHNEe 3BYKa KarKIbIM MOHOIIOJIEM 3alla3/blBaeT 110
OTHOIIEHNIO K MOHOIIOJIIO, PACIOJIOKEHHOMY B Touke x = 0.

[onarast g = 35° u 7(x) = 1 (K coxanenuto, 06 aMILIUTYHOM pac-
IpeJieJIeHNN NCTOYHIKOB 3BYKa B HUIIIE 1 €€ OKPECTHOCTAX Mbl 3HAEM MaJIo,
I09TOMY JIJIsI OIIPEJIeIEHHOCTH Oy 1eM IIOJIaraTh, 4TO OHO PABHOMEPHOE), C I10-
Moo Bbipazkerue (6.10), HeTPYIHO ONpPeIeIUTD, YTO JIINHA OTPe3Ka ab 1Mo
OTHOIIEHUIO K JIJIMHE M3/Ty9aeMoil BOJIHBI JIOJIZKHA COCTaBIATh OKOJIO ~ 1.2
Ha puc. 6.46, kpuBast 2, npusejieHa (¢ y4eTOM IPUHSITHIX JIOIMYIIEHNTT) pac-
deTHasd JinarpaMMa HalpasiennocTu orpeska ab. Kax Bujno, ero jnarpamma
HAIIPABJIEHHOCTH B TVIABHBIX Y€PTaX BIIOJIHE Y/IOBJIETBOPHUTE/ILHO COBIIAJIAET
¢ JMarpaMMoii HalpaB/JIeHHOCTH HUMIN. B yacTHoCcTH, COBIIAIaI0T HAlIpaBIIe-
HUSI OCHOBHBIX JICIIECTKOB U 3HAYEHUsI UX IMIUPUHBI, & TAKYKE HAlPaABJICHUS
OOKOBBIX JIEIIECTKOB 1 B KAKON-TO Mepe UX yPOBHHU.

Kakune yke MO2KHO ¢J1e/1aTh BBIBOJIbI U3 BBIIIOJTHEHHOTO COTIOCTAB/IEHIS JINa-
rpamum HarpasjieaHocTin? Bo-1iepBbix, addexTuBHas 06/1acTh reHeparii 3B8Y-
Ka He MOXKeT OrpaHnvYuBaTbhCA TOJIBKO CaMO HUIIIEH, IIOCKOJILKY €€ BOJIHOBOM
pa3Mep CJIMIITKOM MaJi, 9T00bl 00eClednTh TaKylo, CPABHUTEILHO BBICOKYIO,
KOHIICHTPAIINIO 3ByKa B Hampap/enin § = 35°. IosToMy, 10I7KHa CyITIecTBO-
BaTh elle o/lHa 00JIACTh, IJIe TeHePUPYeTcs 3BYK. JIOMMYHO MpeInooKnTh,
YTO OHA JIOJIZKHA HAXOJUTHCS Cpa3y 3a KOPMOBOI CTEHKOIl HUIN BOJIM3U TO-
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sepxHoctu y/l = 0. U juHa ee JI0/2KHA COCTAB/IATH KAK MUHUMYM 1 — 2
JUIMHBI HUIKA. Bo-BTOpBIX, (ha3a 3BYKOBBIX HCTOUHUKOB, PACIIOJIOKEHHBIX B
9TO0i 00J1aCTH, JOKHA OTCTABATEL OT (Da3bl HCTOYHNKOB B CAMOI HIUIIE, HHA-
Je He BO3MOXKHO 00eCIIeUnTh HAOIIOTaeMblli HAKJIOH OCHOBHOTO JIETIECTKA HAa
yron 6 ~ 35°.

Wwmes B BUJLY 9TH MPEJIIONOKEHNsI, Mbl MOIBITAJIICL HAWTH B JINTEPATY-
pe Kakue-gub0 (PaKThl, TMOATBEPXKIAIONINE UX CIIpaBeInBOCThb. Mbl 0obHa-
PYXKUJIH, 4TO B NpeKpacHoil pabore [174] umerorcst JIE0GOIBITHBIE SKCIIEPH-

a 0

Puc. 6.47. MruoBeHHbIe Te€HEBbIE KAPTUHBI I'UIPOJMHAMUYIECKIX U aAKYCTUIECKUX IIPOIECCOB,
BO3HUKAIOIINX P B3aMMOIeiicTBUN moToKa ¢ nutrei mpu M = 0.8:

a—sl/d=2,6— al/d=3.

MEHTAJIbHBIE TEHEBbIE KAPTUHBI, KOTOPBIE TOKA3BIBAIOT, UTO 3BYKOBBIE BOJTHBI
HOPOXKIAIOTCST HE TOJIBKO B HUIIE, HO U 3a HUIIEH BHU3 110 TOTOKY. OOpaTim-
csd K puc. 6.47, koropeiil 3anMcrBoBan u3 [174]. 3xech xoporio BHJHO, 9TO
CYIIECTBYIOT JIBE I'PYIIIBI 3BYKOBBIX BOJIH: I'PYIIIa BOJH 3, HCTOYHUK KOTO-
PBIX SIBHO HAXOIWUTCSI B HUIIE HEJATEKO OT ee KOPMOBOII CTEHKH (CTpesika
“a” cxeMaTUYIeCKH YKA3bIBACT 30HY, OTKY/A HCXOIAT 9TU BOJHBI) U TPYIIIA
BOJIH 2, UCTOYHUK KOTOPBHIX 0G€3 COMHEHHs HAXOIUTCs 3a HHUIeil (cTpeska
“0” ykasbIBaeT MPUMEPHO 30HY OTKY/Ia ITH BOJHBI HCX0AT). OueBnHO, 4TO
IPYIIa BOJTH 3 BO3HUKJIA 38 CUET TOMEPETHBIX KOJICOAHNU{T CABUTOBOTO CJIO,
KOTODBIE OCOOCHHO BEJIMKH B 0OJACTH KOPMOBOI CTEHKM HUIIN, O U€M MbI
MHOTO TOBOPIJIM BBIIIE. UTO Kacaercst TPYIIIBI BOJTH 2, TO, 63 COMHEHsI,
OHI TIOPOZKJIAIOTCS TIOIEPETHBIMI KOJICOAHUSIMU CPEJIBI 38 HUIIIEH, TPIMEPHO

155



B 30He 1. STI/I KOJIG6&HI/IH SABJIAIOTCA T10-CYyTU KO.}I€6aHI/IS{MI/I TOr'o >Ke CABHU-
TOBOI'o CJ1041, KOTOprfI IepeMecTuJICd 3a HHUIY 1N3-3a TOr'o, 9YTO €ro CHOCHUT
IIOTOKOM. EFO KO.He6aHI/IH HUYEM HE IOIJAEP2KNBalOTCA 1 6bICTpO 3aTyXaloT
Ha juctannni ~ (1 —2)[ or KopMoBoii creHkn Hutm. [T0CKOJIBKY 9TH BO3MY-
IreHus JIOJI2KHbBI 110 BpeMEHU 3alla3/IbIBaThb, 110 OTHOHIEHUIO K BOSMYIIEHUAM
B HUIIE, CTAHOBUTCH ICHO MPUYNHA HAKJIOHA OCHOBHOT'O JIETIECTKA JInarpaM-
MBI HallpaBJIeHHOCTH Ha puc. 6.46.

Takum obpasom, HaIIN TPEATIOIOKEHNST O TOM, UTO IIPU OOTEKAHNN HU-
1M 3BYK IOPOXKJaeTcsd He TOJBbKO B CaMOli HUIE, HO U 3a HUIIeil, [ToATBEp-
Jinyinch. VI TpuiauHON 3TOTO SBJISTIOTC TTPOJIOJIZKAIONTHECST HEKOTOPOE BPEMSI
KOJIe0aHMs CJIBUTOBOIO CJIOS, CHOCHMOI'O ITOTOKOM 38 HHIITY.

Crenyer ckazaTh, YTO KPOME DACCMOTPEHHOTO BBIIIE MEXaHU3Ma TeHepa-
I 3ByKa MOTOKOM 3a CUYeT aBTOKOJICOAHWIl C/IBUTOBOIO CJIOHA, CYIIECTBYET
elle OINH MEXaHU3M, CBA3AHHBIN ¢ PE3KHM HEePHOANTECKIM BBIODOCOM BUX-
psA, cchOpMHPOBAHHOTO B HHIE, B MOTOK. Takoil MeXaHU3M peainsyeTcd B
cIydasix, Korjga orHomenne [/d > 2.

PaccMoTprM KpaTKO U 9TOT MEXaHHU3M aBTOKOJIEOAHUH (B AHIIOA3BITHOl
JINTepaType OH n3BecTeH Kak “wake mode”’, 9TO MOXKHO MEPEBECTH Kak ‘“MOIa
ciaega”). Obparumest K puc. 6.48, Ha KOTOPOM TIpeJICTaBIeHbl deThipe (hasbl
JIBUYKEHUST CPeJIbl B HUIIIE, TPOUCXOJIAIIIE B TeUEHUE OJJHOIO MUK/ aBTOKO-
nebannit. Hatxem ¢ mexoHoit dasel, n3obparkenHnoit Ha puc. 6.48a. 3yech
XOPOIIO BUJIHO, KAK OKOJIO HOCOBOIT CTEHKM HUIIN HAYMHAET 0OPA30BbIBATH-
sl TIepBOHAYAJIBHBIN BUXPh 1, BpaIllaloIIniics 110 4acoBoii crpesike. Bmecte ¢
9TUM, O/, HUM, 00pa3yeTcsi BUXPh 2 3HAYUTEJbHO MEHBIINNX Pa3MepoB, Bpa-
naonuiics B obparHyio cropony. Ilockosbky orHomtenne [/d cpaBHUTETIBHO
BEJIMUKO, BUXDb 1 HE MOZKET 6bICTpO 3aHATb BCIO HUIILY U IIO3TOMY Y HETrO €CTh
BO3MO2KHOCTL KaKO€-TO BpeMsd paCTu B O6’beMe. BH)KHO OTMETUTDL, 9YTO BEP-
TUKAJIbHBI pasMep BUXps 1 HECKOJIBLKO IPEBBIITAeT IVIyOUHY HUIIM U [109TO-
MY CKOPOCTH CJIOS CPEJIbI §, KOTOpasi €ro 00TeKaeT CBEPXY, yBEeJININBACTCS,
10 CPABHEHHIO CO CKOPOCTHIO MOTOKA BJan oT Hulii. [lepeiiem K ciemayio-
meit daze, m3006pazkennoit Ha puc. 6.486. Buxpb 1 BbIpoc HACTOIBKO, UTO 110
JJINHE CTaJl 3aHUMaThb BCIO HUITY, & 110 BbICOTE ITPEBOCXOAUTDH FJIY6I/IHy HUIIIN
PUMEpPHO B 1o/rTopa pasa. CKOpocTh 0OTEKAIONIEro ero CJI0s CPEJbl S elre
bosiee yBesmunBaeTes U, B ciuy agdexkta beprymin, qapnenne 3mech magaert.
B pesysibrare nosiBisiercst cuia F, cTpeMsiinascsd BbIpBaTh BUXPb 1 M3 HU-
1. DTOMY CIIOCOOCTBYET TAKKe U TO 00CTOSITETLCTBO, UTO BHIPOCIINI BUXPb
2 cBoeil BepxHeil TOBEPXHOCTHIO Hadas KOHTAKTHPOBATH CO CJIOEM CPEJIbI S.
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A TOCKOJIBKY OH BpAIACTC MPOTHB YACOBOIT CTPEJIKH, JBUXKEHUE CPEJIbI So
Ha& 3TOI ero MOBEPXHOCTU HAIIPABJIEHO MPOTUB JBUKeHUs cjiod s. Kak pe-
3YJIbTAT, JBUKEHIE CPEJIbI B 9TO 30HE 3aTOPMayKIUBAETCs, YTO CIIOCOOCTBYET
dopMupoBanuio B HUIIE HOBOI'O BUXPs 3 U BLIOPOCY U3 HUIIM BUXPs 1, CM.
puc. 6.488. Hakonerr Buxpb 1 BbIOpOIIEH U3 HUIIHM, & C MOSBJIEHUEM BHX-
ps 3 BeCh aBTOKOJI€0ATE/ILHBIN MTPOIECC HAUMHACTCA CHada1a. ITo KacaeTces
3BYKa, TO OH N€HEPUPYETCsi BO BDEMEHHOM OTpPe3Ke, KOrJia BUXph 1 BHIOpaChI-
BaeTCs W3 HUIINA U BO3HWKAET 3HAYNTEIbHBIN NMITYJIbC I'Pa/INEHTa CKOPOCTH
CPeJIbl, CBS3aHHBIN C YCKOPDEHHBIM JIBUKEHNEM BUXDPSI B HaNpPaBICHUU OCH
y/l. Ha puc. 6.4851 Kak pa3 u IIOKa3aHO [IPOCTPAHCTBEHHOE PACIIPE/IesIeHIe

0.5

S

!
S
136
(o3

0 05 0 x/
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Puc. 6.48. HecranmonapHoe JBUYKEHNE CPeJIbl
B IIPAMOYTOJILHON Hue jist [ /d = 4 npu Re = 6000 (pacuer):

a,6,B,I' — COOTBETCTBEHHO JIjIsi MOMeHTOB BpeMenu ¢t = 0; t = T/4; t =T/2; t = 3T /4;
I — IPOCTPAHCTBEHHOE PACIIPEJIEJIEHIEe 3BYKOBOI'O JIABJIEHUs] B MOMEHT BpeMeHn ¢ = T'/2.
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Puc. 6.49. 3aBUCHMOCTD MOIIEPEYHON CKOPOCTH OT BpeMeHH B Touke y/l = 0; 2/l = 0.8:
1— s l/d =4 npu Re = 6000, 2 — st I/d =5 npu Re = 7500.

3BYKOBOI'O JIaB/eHnst B MOMeHT ¢ = T'/2, T.e. Korjla BUXPb BBIOPACHIBACTCSI
U3 HUIIN. 3/IeCh CBET/IbIe 30HbI COOTBETCTBYIOT CXKATHIO CPEJIbI, & — TEeMHbIE
ee paspszKeHNIo (3HaYKoM + P Kak pa3 1 0603HaueHa CHIbHAsS 30HA CKATHSI
Cpe/Ibl, CBsI3aHHAsI ¢ BHIODOCOM BUXDsI U3 HUIIIN).

B nonoJsinenne K MpUBEJIEHHBIM KOJUYIECTBEHHBIM JIAHHBIM, Ha puc. 6.49
MpeJicTaBIeHa BpeMEeHHAS 3aBUCIMOCTDh OTHOCUTE/ILHOI MONepedTHoil CKOpOo-
CTH CpeJIbl B 00JIaCTH DPACIOJIOKEeHUsT BUXPsT 1 Jiist JIByX pa3sMepoB HUIIL.
3J1ech XOPOIIO BUJIHO, KaK MPU KazKJOM BbIOPOCE BUXDsI U3 HUIIN BO3HUKAET
pe3Kmit HPOCOK MOMEPEUHOI CKOPOCTH CPEJIbI U 9TOT MPOIECC HOCUT UCKJTIO-
YUTEJbHO MEPUOTMIECKUN XapaKTep.

Briosine mpospatier n MexaHu3M 0OPATHOI CBSI3U B 9TOH aBTOKOJI€0ATE/ b
Holi cucreme. Poct BUXpst 1 IPUBOJIUT K POCTY CUJI, OOYCJIOBICHHBIX 3 heK-
TOM BepHy/n, KOTopble B KOHEYHOM cUeTe U 00eCIIednBaloT BbIOPOC BUXPSI
13 HUMM. 3aMeTuM, 9TO STOT IMPOIECC B OIPEJIeJeHHON Mepe aHaJIornyeH
MPOIIECCY, ¢ KOTOPBIM MbI CTAJIKUBAJIUCH MPU PACCMOTPEHUN OOTEKAHUST 11~
JINHJIPpA U BOBHUKHOBEHUSI 90JI0BBIX TOHOB, U OH TAKyKe HOCUT YUCTO I'UJIPO-
JINHAMUYECKU XapaKkTep.

B szakiodenne pacckaxkeM 00 OJJHOM WHTEPECHOM SIBJICHUM, BO3HUKAIO-
IeM Ha MOPCKOW MOBEPXHOCTHU, U CBSI3aHHON ¢ HUM JIIOOOIBITHON THIIOTE3E.
B 1932 rojy BO Bpemst TUAPOMU3NIECKON SKCIIEUIUN, KOTOPYIO BO3IIAB/ISLI
axajemuk B. B. Ilymeitknn®®, ero corpyiHuKn 3aMeTIIN CTPAHHLIT 3¢hdeKT:
B yXe, KOrjia K HeMy TOJHOCUIN OOBIYHBIH MIap-30H,1, HAYThIH BOJIOPOIOM,
BO3HUKAJIO omytienne Tymnoit 6oy, [Iynefikis oneHnI Hu3nme cOOCTBEHHbBIE

58 Akanemuk B. B. Hlyseiikun (1895-1979 1) — ussecTnbiit copeTcKuii ruapodbusux.
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KOJIeDaHusl PE3UHOBOIT 000JIOUKHM TAap-30HJ1a U OOHAPYKILI, YTO OHU HAXO-
nares B obmactn 8—10 I'm. O mpuimesr K BBIBOLY, 9TO 9TH KOJIEOAHUS BO3-
Oy2K/1at0Tcst MHMDPA3BYKOBLIMI BOJIHAMU, POKJIAIOIINMUCH TIPU B3anMOojieii-
CTBH BETPa ¢ BOJHYIONIEiCsT TOBEPXHOCTBIO MOPs 1ipu 1mtopMe [179,180]. Dto
sIBJICHIE OH Ha3BaJsl “T0/10cOM MOpsi”. C OTKPBITHEM 3TOTO sABJIEHUS HAYAINCH
HCC/Ie/I0BaHNsT, HAIIPABICHHbBIE HA Pa3pabOTKy METO/I0B PAHHET'0 OITOBEIICHUST
0 HaJIBUTAIOIIEMCS IITOPME, TOCKOJIbKY CKOPOCTH 3BYKa HAMHOI'O [PEBBIIIA-
et ckopocTh Berpa. [lozxke Hlyseitkia yeraHoBmII, ITO ITPOBAIBI MEXKTLY CO-
CeHNME TPEOHSIMI MOPCKHX BOJIH IO CyTH 0Opas3yioT HUIIN CBOEOOpa3HOit
dopmbr (em. puc. 6.50) u Berep, KOTOPbIil CO3/1aeT BO3/YIIHBII IOTOK Ha/ Ta-
KUMU HUITAMI, TeHepupyeT nHGpa3ByKoBble BOJHBIL. ECTeCTBEHHO, UTO IIPH
9TOM MeXaHU3M TeHepalii 3BYKa COBEPIICHHO aHAJOIMYeH MeXaHU3My, KO-

BETEp

Puc. 6.50. Bosinbl Ha 0BepXHOCTH MOPsI, BO30Y2K/[a€MbIE BETPOM:
1 — cIBUTOBBIL €J10i1, 2 — BO3HUKAIOMUE HH(MPA3BYKOBBIE BOJIHBIL

TOPBIIl MBI PACCMOTPEJIN BBIIIIE JIjIsd HUIIN IIPIMOYT0JIbHOM (hopMbl. OTiinane
COCTOWT JIMIITL B TOM, YTO Ha MOBEPXHOCTH MOPs 00pa3yeTcs IPOMaJIHOE KO-
JINYECTBO TAKUX “HUII, B PE3yJILTATE 4ero o0Iast MOIIHOCTh TeHEPHPYEMOTO
nHdpa3ByKka MOXKET CTaTh BechbMa 3HaunTebHoil. B gactnoctu, B. B. ly-
JIeHKHIH 1oKa3aJl, 4To 1pu ckopocTsax serpa® 20 M/c MomuocTh nHdpassy-
Ka € OJJHOTO KBaJIPATHOIO MeTpa MOKeT jocturarh 3-x BT. Takum obpasom,
YUIUTBIBas, ITO IITOPM OOBITHO 3aXBATHIBAET JIOBOJIHLHO OOJIBIIYIO ILIOIIAH
MMOBEPXHOCTU MOPs, CyMMapHasi MOIIHOCTh MeHEPUPYEMOro HHMpa3ByKa, MO-
JKeT COCTABHUTD JIECATKY KUJIOBATT U HoJiee.

Cuejiyer ckasarh, YTO MOIIHBINH NHPPA3BYK B 11€JI0M HETaTUBHO JIEfICTBY-
€T Ha OpraHu3M 4YesIOBeKa U Ha ero Mncuxmaeckoe cocrosguue. Ilosromy psj
YUIEHBIX CIUTAET, YTO FeHEPUPYEMBbIt 38 CUET B3aMMOJIEHCTBIS BeTpa, ¢ MOpP-
CKUMU BOJTHAMU MHMPA3BYK MOXKET ObITH MIPUYNHON Tparejiiii, NHOTIA CJIy-
YJAIONUXCS ¢ MOPSIKAMU Ha MOPCKUX TpocTopax. JlelcTBuTe/IbHO, XOPOIIo

5991a CKOPOCTH BETPa COOTBETCTBYET CHIIBHOMY INTODPMY. BoOGIIe OIeHKa CKOPOCTH BETpa IIPOH3BO-
jures 1o mkase Bodopra (Francis Beaufort (1774-1875 r.) — anmmiickuii agmupast, KoTopslii B 1806 1.
pazpaborast 12-Tu 6aibHyIO0 MKaJy, rje 3a 0 6a/I0OB IPUHAIT MITHJIb, a 3a 12 6aJJI0B yparai co CKOPOCTBIO
serpa 10 30 M/c u Gostee U BLICOTOIH BOMH 10 16 M.)
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U3BECTHBI 1 JIOKYMEHTAILHO 110JITBEPZK/IEHBI D5 Tpare/uil, Korja Ha COBep-
IIIEHHO MCIIPABHOM KOpabJie HAXOJAT JINOO MEPTBON BCIO KOMAH/IY MOPSKOB
6e3 KaKuX-JInb0 TeJIECHBIX ITOBPEXKICHNI, JIMOO MOJHOCTHIO MOKUHYTHIN KO-
pabsib. Hampumep, B 1872 roay B ATiaHTH4YecKOM OKeaHe ObLT 0OHAPYIKEH
JaByxmadaToBbiit Opur “Mapus [lesrecta”, Ha KOTOPOM MOJIHOCTBIO OTCYTCTBO-
Basia KoMan1a. [Ipu arom Bce ObL7T0 B aOCOJTIOTHON 11EI0CTH U I'PY3 B TPIOMAaX
1 3aIaChl TPOJIOBOILCTBHS B KJIAI0BOH. A caM OpUT OBLI TOJHOCTLIO UCIIPAa-
BeH. Bosibine Beero yimBiisijio OTCyTCTBIE KAKOTrO-/1nO0 Oecriopsijika Ha Cy/IHe,
CJIEJTBI KOTOPOI'O XOTs ObI KOCBEHHO MOTIJIN CBU/IETETLCTBOBATH O IPUIIHE, 3a-
cTaBHUBIIIEl KOMaH Iy CPOYHO HMOKUHYTH Kopab/ib. PacciiegoBanue Tpareun,
KOTOpOe JIJINJI0CH 11 JieT, Hu K KaKUM OIIPe/IeIeHHBIM BbIBOJAM He IIPUIILIO.
Wnn Bor emie opun caydait. B despasie 1948 royia Geperosasi paJinocTaHIius
zaceksa B MaJlaKKCKOM TpoJinBe curHaj OejcTBust ¢ rnapoxoja “Ypaur Me-
nan”. Tlocie muorokparnoro curtaia SOS ¢ 6opra npossydaso “Ilorubiu
Bee”. TlogusiBInmecst Ha GOpT criacaTe/n YBUJIEIN KYTKYIO KapTHHY: MepT-
BbIil KallMTaH Jieykajl Ha MOCTHKe, oduIilepbl — B IITYPMaHCKOI U pYJIEBOIi,
a TPYIbl MaTPOCOB 110 BCeMy Itapoxojy. Jluia ux ObLIN MCKaxKeHbl IpruMa-
coit yxkaca. Ho npu sToM Hu y Koro na reJjie ne 0bL710 CJ1e/10B HACUINA. EeTh
MHOI'O 1 JIpYruX (pakToB aHAJIOIMIHOIO XapaKTepa, HO IPUIUHBI 3TUX Tpare-
JIIit TAK U OCTAJINCH HeBbIsicHeHHbIME. [TosTOMY THIIOTE3A, COTTTACHO KOTOPOI
HPUYMHON Tpareinil sB/sgeTcs MOIIHbII WHMPa3ByK, TeHepupyeMblii MITop-
MOBBIM BETPOM HaJ BOJHYIOIIEHCs TOBEPXHOCTH MOPsI, BIIOJIHE JIOIYCTHMA.
Ocobenno, ecyin MpeJIo/IoKITh, ITO B OIPEJIEEHHBIX CJIydasX HHMPa3BYK C
OOJIBIION TLIONIA/IN TTOBEPXHOCT MOPS CJIYIaliHO KOHIIEHTPUPYETCsS NMEHHO
B TOM HAIIPABJICHUH, IVI€ B 9TOT MOMEHT HaXOJUTCsT Kakoe Jinbo-cyano. [Ipu
9TOM MOI'YT BO3HUKATBH HE TOJILKO HEraTHBHbIE (DUBUOIOITICCKIE 1 ICUXTTe-
CKMe sIBJIEHUS Y KOMaH/JIbl, HO U CUJIbHBIE BHOpAIN OOITUBKE KOPabJIst, ITO
co3/laeT WILI03UI0, 9T0 Kopabiib paccbinaercs. [lociegnee obCTOSTEIBCTBO
KaK pa3 U MOKeT ObITh NPUIUHON CPOTHOI IBAKyaAIMH KOMAaHIbI C Cy/THA.

6.5. Crpyiinble ruApoa’pPOIMHAMINYECKIIE T€HEPATOPHI 3BYKa

Cupesn, CONMIKH, JYJIKH, BOJBIHKI 1 MOJA00HBIE UM HAPOJIHBIC MY3bi-
KaJIbHbIEe MHCTPYMEHTBI MOYKHO OTHECTH K CTPYWHBIM THIPOa’dPOINHAMUIYE-
CKUM TeHepaTopaM 3BYKOBBIX KoJsiebanuit. MHorue m3 HIX U3BECTHBI C He3a-
naMATHBIX BpemeH. Tak, nanpumep, B 2009 rojy apxeosorn u3 1. TioOnHTeHA
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(Fepmanust) Besin packonku B [1IBabckux Asibliax u HAILIH JPEBHUN My3bl-
KaJIbHBI MHCTPYMEHT Harojo0mne cBupesin. Bo3pacT 9Toil HaxXojku OreHu-
Baerca B 35000 sier [85]. TIpocrefimuii crpyiinbiii remepaTop 3ByKa CXema-
TUYECKN M300pazkeH Ha puc. 6.51 n coOCTOUT BCEro U3 JIBYX JIEMEHTOB: BO3-
JIyXOBOJla, 3aKaHYNBAIOIIEIOCA COIJIOM, U PACIOJIOKEHHOI'O HAIIPOTUB HEro
JKECTKOT'O MPEINATCTBI, B BiJie KJAMHA. Kein K BO3IyX0BO/LY TTO/IBECTH CrKa-
TBI BO3/YyX OT KOMIIpECcOpa WJIM IIPOCTO B3sB €0 B POT HAYATH JIyTh, TO
U3 COILIA MOZABUTCS CTPYs BO3JyXa, KoTopas Oyjer ooaysarh KiuH. [lo jo-
CTHZKEHUH OIPEJIeJIEHHON CKOPOCTH CTPYM BO3HUKHET JIOBOJILHO CJIA0BII, HO
orTyeTnBbii ToHanbHbI 38yK. [TocTenenno 1oBbImAas JaBIeHne, HojaBae-
MOI'O K COILJIYy BO3JLyXa, U, TEM CAMbIM, YBEJNUUBAasi CKOPOCTb CTPYH, MOYKHO
YCIIBIIIATH KaK 9acTOTa TOHAJIBHOTO 3BYKa IIJIABHO MOBBITaeTcs. VIMenno ta-
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Puc. 6.51. Cxema npocreiiiiiero crpyiHOro reeparopa 3ByKa:
1 — BOB/YX0BO/I, 3aKAHINBAIONIUIICS COILJIOM, 2 — YKECTKHUN KJIUH.

KOIT IipocTefilnil CTpyiHbBII reHepaTop 3ByKa ABJIFETCA MNIABHBIM KOHCTPYK-
TUBHBIM y3JIOM OOJIBIIMHCTBA IA30CTPYNHBIX U3J1ydaTeseil 3ByKa, UCIO/Ib3Y-
eMbIX B TEXHUKE U MY3bIKAJILHBIX HHCTpyMeHTaxX. Hampumep, ero jierko oo-
HAPYYKUTH B OOBIYHOM CBUCTKE, TTAPOXOIHOM TYJIKE U I'yKe JJoKoMoTnBa. On
MPUCYTCTBYET B MOIHBIX CTPYIHBIX TeHepaTopax lajbrona u l'apTMmana, Ko-
TOpPBIE MIPEIHASHAYEHDI /I NHTCHCUPUKAIINY PA3INIHBIX TEXHOJIOTTIECKIX
nporieccos |6, 8. B opraunoii tpy6e, duieiite, cormike, CBUPEIN U HEKOTO-
PBIX IPYTUX JIYXOBbIX MY3bIKaJbHBIX UHCTPYMEHTAX OCHOBHBIM Y3JI0M TaKzKe
ABJIFAETCS 3TOT HPOCTEHINNI CTPYAHBINA I'eHepaTop 3BYKA.

HarmomunM, 9T0 BBIIIE MBI y2Ke PACCMaTPUBAJIN JIUHAMUKY CBOOOTHON 3a-
TOILJIEHHON CTPYW TPHU OTCYTCTBUN KAKUX-JTN00 MPENSTCTBUN Ha ee yTH 1

60acT0 3TOT TOHANLHBIN 3BYK HASBIBAIOT K/IMHOBBIM HJIM HOMKEBBIM TOHOM [52], & B AHIJIOA3BIYHOI
JITepaType UCHoJb3yeTcs TepMuH “edge tone”, a nxorza “jet-ton”.
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MO3HAKOMIJINCH C HEKOTOPBIMU, BO3HUKAIOMUMHU 11pu 3ToM dhdexramu. B
YACTHOCTH, BBISICHIIN, YTO OJIarojaps HAJNYUIO BA3KOCTH B cpejie, BOJIN3H
IIOBEPXHOCTH CTPYHM BO3HUKAET CIIYTHBI MOTOK, KOTOPBIH MTPUTOPMAarKIBa-
eT JIBUZKEHUE CTPYH U CHOCOOCTBYET ee paciupenuto n typoyansamuu. [Tpu
9TOM BO3HUKAET XapaKTEPHbI MIMPOKOIIOJIOCHBII IIIyM, O0YCJIOBIEHHBI 110-
pOXKJIeHIeM B TYPOYJIN3UPOBAHHOI CTPye KBaAPYIOJbHBIX HCTOUHUKOB 3BY-
ka. CoBceM mHadue BejieT cebst 3aTOIICHHAs CTPYsI, €CJIH Ha ee MyTH, Ha OlIpe-
JIEJIEHHOM PACCTOSTHUM, Pa3MeCTUTh KJAuH. Torja, mpu HaTeKaHuu CTPYH Ha
KJIMH, HAYMHAIOT BO30YKIaThCs KOJICOAHIsS CTPYU U BOBHUKAET 3BYK, CIIEKTD
KOTOPOT'O XapaKTepU3yeTcs JUCKPETHBIMU TOHAMH.

HeobxomMo ckazaTh, 9TO UCCIEJIOBAHNIO CTPYHHBIX 'eHEPATOPOB 3BYKa, B
XX Beke yJessiyioch JIOCTATOYHO MHOIO BHUMaHUs (CM., Harmpumep |71, 88—
93,100, 102, 181183, 185] u 6ubsinorpacduio B Hux). B uacraocru, ere B
1912 rogy W. Konig [52, 184] orenut qacrory 3ByKa, reHepupyemMoii crpyei,
Haberalorieil Ha KJIUH, KaKk

fam=nV/2L;n=1;2;3..., (6.11)

ryie V' — ckopocThb cTpyH, a L — paccTosiHue MexK/1y COILIOM U KJIUHOM.
[Toszke, B 1937 rogy Brown G.B. [182,183] npeiioxKui cieyonyo M-
MUPUUIECKYI0 (POPMYJTY JIIS OIMEHKH YaCTOThI KJIMHOBOTO TOHA!

fn~0.466n(V —40) (L' —0.07);  n=1;2.3;3.8;54... (6.12)

Hakonen B 1961-1962 rogax A. Powell [88,89] npeioxui ere oy sm-
nupuyecKyio (bOpMyJLy s OLEeHKH KJIMHOBOIO TOHA!

fo (n+1/4)Vi/L; n=20;1;2.., (6.13)

rje Vi, — KOHBEeKTHBHAS CKOPOCTb BUXPeit, 00pa3yIoNinXcst Ha TPAHIX KJIHHA.

U xors nocseaane 3 (HhopMysibl OTJIHIAIOTCA JIPYT OT JIpyra KOHCTAHTA-
MU, U3 HUX OJHO3HATHO CJIEJYET, 9TO YacTOTa 3BYKA, BO3HUKAIOIIEIO IIPU
HATCKAHWN CTPYM Ha KJIWH, IPOMOPIHOHATBHA CKOPOCTH CTPYH U O0OpPATHO
IPOTIOPIINOHAIBHA PACCTOSHUIO MEXK/Iy COILIOM U KJINHOM. 3aMETHM, UTO
CTPYKTYypa MPUBEJIEHHBIX (DOPMYJT MO700HA CTPYKTYpaM (hOPMYJI JIjIst OlleH-
KHI 9aCTOThI 3BYKa, BOSHUKAOIIETO ITpU OOTeKAHII HUAIIK U inHIpa. 1 sro
mo00me sABIsIeTCa HanboIee XapaKTepHO 4epToit OOIBITIHCTBA THIPOA3PO-
JINHAMIYICCKIX TeHEPaTOPOB 3BYKA.

Haso ckazaTh, 9T0 KpOMe OIEHOK TaKOH MHTErPaIbHON XapaKTepUCTHKIH,
KaK JacToTa KJIMHOBOIO TOHA, MHOTO BHUMAHMWS YIE/ISIIOCh TaAKZKe 13y IeHUI0
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Puc. 6.52. ITonepeunsie Kosebanus crpyn (boro):
1 — comno, 2 — knuH, 3 — cTpys, 4 — BUXpH;
a-L/d=6.5 a=24° 6 L/d=4.66, a = 18°.

JIMHAMUKY JIBHYKEHUST CTPYH Ha y9IacTKe OT COILIa JI0 KJIWHA. Pa3muaHbiMu
METOJIAMY BU3YAJTU3AINN, B TOM YHUC/IE TEHEBBIMI METOIAMU, METOIAMHU CKO-
POCTHOH KUHO U Bujieo-cheMku [71, 91, 92| ObL10 yeTaHOBIEHO, YTO CTPYsI
COBEPINIACT CJOYKHBIE MOMEPedHble (OTHOCUTETBHO OCH COILIO-KJIMH) ABTOKO-
Jiebanms, popMa KOTOPBIX IVIABHBIM 00pPAa30M 3aBHCHT OT CKOPOCTH CTPYHU 1
pPaccTosiHUST OT COILIa JI0 KJIMHA. TOOBI MMeTh HAIVISAJIHOE MpEeJICTABICHIE
00 sTux Kojebannax, ooparumesd K puc. 6.52. Ha nem mamn 2 ¢oTo, BBIIO-
HEHHBIE ¢ OYeHb KOPOTKON 9KCIO3UITHE, O1arogaps 1eMy yIaa10ch 3adpukcn-
poBaTh KojiebaTe/IbHbIC JIBUYKCHUST 3aTOIJICHHON BOJSTHON CTPYM B MOMEHT,
KOIJIa OHa MPOrHYJIAach BHU3 (B YKa3aHHBIX Bhille paborax ¢ororpadui Obl-
JIN BBITIOJIHEHBI JIjIl PA3HBIX PACCTOAHUI OT COILIA JIO KJIMHA U JIIST PA3HBIX
yIJIOB KJiHa). Y100kl Jiyiie Oblia Bi[HA CTPYs, BHYTPH collia (110 ero Kpa-
SIM U B IIeHTPe) OBbLIN PACIOIOZKEeHbl TOHYalfIIe TPYyGOUKH, B KOTOPbIE I0-
JIaBaJIICh TeMHbIe YepHUIa. Biarogapst BbITEKAIONUM TOHKUM YePHUTbHBIM
cTpyiikaMm, Kpas BOJSIHON CTpy! M ee HeHTp Ha 06oux GoTo YeTKO 0003HAa-
YeHBI, UTO I03BOJISIET JIEIKO MPOCJIEINTh 38 BCEMEH OCOOEHHOCTAMU M3rnda
CTPYH Ha BCEH JIMCTAHIIMK OT COILIA JIO KJINHA.

XO0poIIo BUJIHO, 9TO B MOMEHT ChbeMKH CTPYsI N30IHYJIACh BHI3 1 €€ aMILIH-
Ty/1a 13ruba JJOCTUTIa MAaKCHMAILHOIO HUXKHEro MoJioykeHust. B cieyroriie
MOMEHTBI BPEMEHU CTPYysl HauHEeT JIBUYKEHHE BBEPX IOKa ee aMILIATYyjla 13-
riba He JIOCTUTHET MaKCHUMAaJIbHOIO BEPXHEroO IMOJIOKEHUA. DTU Hepuomde-
CKHe ToTepevHble KoJebaHust CTPYU, eCTECTBEHHO, BO30YXKIAIOT KOJIeDaHWs
oKpyzKalomeil ee cpeapi®l| B pesyanbTaTe 4ero n mopozKIaloTcs 3BYKOBbIe KO-

618 kakoii-T0 Mepe KOJIE6AHHSI CTPYH HAIOMHHAIOT HOIEPEUHBIC KOJCOAHIs, 3aKPEILICHHON C OJHOI
CTOPOHBI TOHKO# IJIACTHHKHU.
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Jiebanms 1 BOJTHBL. TakuM 0b0pa3oM, cama KOJIeOIONascst CTPys U sIBJISIeTCS
NCTOYHUKOM 3BYKa.

C akycTuueckoil TOUKM 3peHus KojiedaHs CTPYH HOCAT OCIUJLIUPYIOIINit
XapaKTep, HO3TOMY OY€BUAHO, YTO AUalrpaMMa HallpaBJIEHHOCTHU TaKOI'O U3-
JIydaTesist 3ByKa JOJIZKHA OBITh TaKO# »Ke, KaK U Y aKyCTHIECKOro JUIIOJIS,
T.e. UMETh BUJI “BOCbMepKH~ (XapakTep KoJeOAHWil JIUIMOJISA U ero Halpas-
JIEHHBIE CBOiCTBa MbI 10POOHO paceMarpuBasn Boine). Ha puc. 6.51 cxe-
MATUYECKN MMOKA3aHO KaK OPHEHTHPOBAaHA JIMIOJIbHAA JinarpaMMa Halpas-
JIEHHOCTH OTHOCUTEIBHO OCH ‘corlio - kiann . OrMernm, 9To ere B 1961 romy
A. Powell B cBonx crarhsix [88,89] nmpuses sKCIiepUMeHTAIbHBIE JIAHHBIE, KO-
TOPBIE TIOJTHOCTHIO MOATBEPKIAIOT JIUIOIbHBII XapakTep M3/1ydeHnsT 3ByKa
[IPU aBTOKO/IEOAHUSIX CTPYH, HATEKAOIel Ha KJIuH. B dacTHOCTH, OH TakKe
[oKasaJi, ITO 3BYKOBOE JIaBJIeHHe, CO3/[aBaeMoe OCIMJIINPYIoNieil crpyeil B
JIAJIbHEM 110J1€, MOYKET ObITH MPEJICTABICHO CJIEIYIONINM BbIPaXKeHNEM:

(r) 1 pwG
p(r) ==

2 rc
rjie p — MJIOTHOCTH CPEJbl, W — KPYroBas 4YacToTa, ¢ — CKOPOCTb 3BYyKa B

OKpYZKaloIeil cpejie, 1 — PacCcTosHIe JI0 TOYKKM HaOJIo/ieHust, 6 — yro, oT-
CYUTBIBAEMBIi OT HOPMAJIH K OCH COILIIO—KJInH (eM. puc. 6.51), G — nekoropast

cos b,

BeJIMYIHA, XapaKTePU3YIolias aMIUINTYLy KoJIeOaHnii cTpy.

Ho Bepremcst cHOBa K BOIPOCY OIEHKH YaCTOT KJIMHOBOTO TOHA. Bpire
MBI BIJIG/IN, 9TO PsiJ{ ABTOPOB IIPEJJIATAIN CBON SMIMPHIECKHE (POPMYIIbI
Juist onenkn dactorel (cpasnu (6.11), (6.12) u (6.13)), KoTOpBIC JAOT 3a-
METHO OTJIMYAIONHecst JAPYT OT Jpyra pesysasrarsl. [lodemy ke nabiioza-
ercsd Takoif pasHobo#l n ¢ deM 9To cBa3ano? OTBET Ha 9TH BONPOCHI JIAJIH
B 1980 roay B. U. Konaparbes u T. . Hazapenko B cBoeil, nperu3nonHo
BBIIIOJIHEHHOIT 9KcIepuMenTaaboil pabore [185]. OHu mpenooKuin, 1ro
pa3HoG6oii B SMIIMPUYECKUX OIEHKAX YaCTOT KJIMHOBOIO TOHA CBSI3AH C HI3-
KIM KaQueCTBOM DErHCTPAINN KJIMHOBOIO TOHA B IPOBEJCHHBIX paHee 9KC-
nepuMenTax. Jleso B TOM, UTO ypOBEHb 3BYKOBOI'O JIABJICHNUS, CO3/IABAECMOI0O
KosiebJttotnelicst crpyeii, B 11eJI0M BecbMa Maul (1I0poii ero TPYJIHO YJIOBUTD Ha
ciyx). [Toaromy, eciin B OMEIIEHNH, [J1e TPOBOJSITCS SKCIEePUMEHTBI, HMeeT-
Cs1 HEKOTOPBIH YPOBEHD OCTOPOHHIX IIYMOB, TO YaCTh CJIA0bIX [0 HHTECHCHB-
HOCTH KJIMHOBBIX TOHOB MOKET OBITH IPOCTO He 3a(UKCHPOBaHa, TOCKOJIBKY
IX yPOBEHb OKA3BIBACTCS HIZKE YPOBIS IIYMOB B [OMEIEHNH. 3a0eras Blie-
peJi CKazKeM, 9TO UX JIOTaIKa ITOJIHOCTLIO MOATBep/HIach. st Toro, 9To6n!
PAJNKAJIBHO CHI3UTDH [OCTOPOHHEE IITyMBI, 9TH HCCIEJOBATEIN TOMECTH/IN
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Puc. 6.53. Tunuunas 6e3sxoBast Kamepa.
XOPpoIIo BUJHBI KJIUHBS U3 3BYKOIOIVIONIAIOIIEr0 MaTepHaJa.

9KCIEPUMEHTAIBHYIO YCTAHOBKY JJISI PETUCTPAIlNM KJINHOBBIX TOHOB B CIIe-
UAJIbHYI0 aKyCTUYECKHN 3aIlVIYIIEHHYI0 KOMHATY, I'Ie M BBIIOJHUIN CEPUIO
9KCIepuMeHToB. Takue KOMHATHI HA3bIBAIOTCS 0€39X0BbIMI Kamepamiu |186].
CreHbl, IIOTOJIOK U TIOJI 3TUX KaMep MOKPLIBAIOT KJINHBSMU U3 CIEIHaIbLHOIO
MaTepuasa, KoTopblil 3bdEKTHBHO TOIVIONAET 3BYKOBYIO dHepruio. Biaro-
J1apst 9TOMY yPOBEHb IITyMa BHYTPH KaMep HCKJIIOYNTETbHO HN30K. Kamepsr
TaKOr'o THIIA IMTUPOKO HUCIOJIB3YIOTCS I IIPOBEJICHUS IIPEIU3UOHHBIX aKy-
CTUYECKIX M3MEPEeHnil, KOTJa Hy?KHO 00eCIednTh BBICOKOE OTHOINEHNE CHT-
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HaJI/IIYyM 1 OTCYTCTBHE OTPazKeHMUil 3ByKa OT CTEH, IOTOJIKA U 10Jia. 1ToObI
UMeTh HEKOTOpOe 0bIIee IpejicTaB/IeHe O KaMepax TaKoro Tuia na puc. 6.53
Ipe/ICTaB/IeHO (POTO HHTEPbepa THITIIHOI 6€39X0Boit Kamepbl. A Ha puc. 6.54
[IPE/ICTAB/ICHBI JIAHHBIE 110 9aCTOTAM KJIMHOBOI'O TOHA, MOJTYICHHBIE B PE3YJIb-
Tare SKCIePUMEHTOB B 6€33x0Boii Kamepe. Kax Bujino, 6J1arogaps IpuHATHIM
MepaM [0 CHUYKEHUIO IIyMOB, aBTOPaM BIIEPBbBIE YIAJI0Ch YeTKO 3aperucTpi-
POBaThH KJIMHOBBIE TOHA BILIOTH JI0 UX 31-1f rapMOHUKU B JIOBOJIBHO ITHPOKOM
JIHara3one CKOpocTeil NCTedeHnsi CTPYN U3 COILIA.

Awnajuz mpeJcTaB/IeHHbIX IPAhUKOB MO3BOJISIET yOSUTHCsI, 9TO B CIIEK-
Tpax 9acToT KJIMHOBOTO TOHA OJHOBPEMEHHO IIPUCYTCTBYIOT BCE FAPMOHUKI
U IIPU U3MEHEHUU CKOPOCTU CTPYH He HAOJIIOMAETCsT BBITAICHISA KAKIX-JTN00
FapMOHUK U TIOSIBJICHUSI B PE3YJIbTATE 9TOrO PE3KUX CKAYKOB 110 YacToTe,
0 KOTOPBIX paHee JOCTATOYHO MHOIO IHCAJE JIDYTHE HCCIegoBaTen (CM.,
wanpumep, [71,88,89] u ap.). Bumecre ¢ stum sipko Habmiomaercst mepepac-
pe/iesieHne NHTeHCUBHOCTH N3JIyYeHs KJMHOBOIO TOHA IIPH MEPEXojie ¢ OJI-
HOfT rapMOHUKY Ha JAPYTYIO IIPH OJJHOBPEMEHHOM CYIIECTBOBAHUU BCErO Psijia
FapMOHUK (371€Ch YKUPHBIMI JIMHUSIMI OTMEYEHbI T€ PAPMOHUKHI, aMILTHTY/IA
KOTOPBIX 3HAYUTETHHO MIPEBBINIAET aMILIUTY/IbI JIPYTUX TAPMOHUK, & CTPeJI-
KaMil yKa3aHbl MecTa, IJle WHTeHCUBHOCTh MOYKET PE3KO M3MeHsIThes). Ha-

frly bo1g 14 o | fxly n=3126, 2018 16 14
1 18
y 14
10 10
. 6

0 10 20 30 40 V wmc
0 4330 8700 13000 Re 0 6350 12700 19000 Re

a 0

Puc. 6.54. 3aBHCUMOCTD YACTOT KJIMHOBOI'O TOHA OT CKOPOCTH HCTedeHHs cTpyn s o = 9.4%:

a—L/d=4.63,6— L/d= 6.47; kpyzkKoukaMy 0003HAYEHbI IKCIIEPHMEHTAJIbHbIE 3HAUECHHSI
YaCTOT, CIJIONIHBIMU JIMHHUSIME — PaCUeTHbIE 3HAYEHHUs], OlleHeHHbIe 110 dhopmyite (6.14)
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npuMep, Ha puc. 6.54a XOpoIlo BUJIHO, YTO MPU HU3KUX CKOPOCTSIX CTPYH,
npumepto ot 10 10 16 M/c, HanGoJIBITY 0 HHTEHCUBHOCTH UMEET BTOPast Tap-
MoHnKa. [lasee, mpu ckopocTsx j10 36 M/c — msiTas, a Mmocje 9TOro — BOCh-
Mag. JIerko mpocyienTh Kak depejyercs WHTEHCUBHOCTb MAPMOHUK U IIPH
OO6JIbIIIEM PACCTOSTHUM MEYKJIy COILJIOM U KJIMHOM, CM. puc. 6.540.

Tenepb cTaHOBUTCA COBEPIIEHHO MOHATHBIM, OYEMY aBTOPBI OoJiee pal-
HUX paboT HAOJIIONAJN PE3KHe CKAauKN YacTOThI KJIMHOBOIO TOHA IIPU M3Me-
HEHNN CKOPOCTH CTPyH. 13-3a MOBBIIEHHOIO YPOBHS OKPYZKAIONINX MIYMOB,
UX anmapaTrypa MOIVIa PEerHCTPHPOBATH TOJIBKO T€ TapMOHUYECKHE COCTaB-
JISIONINEe KJINHOBOTO TOHA, KOTOPbIe NMEJIN OTHOCUTETBLHO OOJIBIIYI0 MHTEH-
CHUBHOCTb. Bce 1poune rapMOHUKHU IIPOCTO “TOHYJIM B OKPY2KAIOIIUX HIyMaxX
U TIO9TOMY HE MOTJIH ObITH 0OHAPY KeHbI. JIF0OOIBITHO, YTO ecyti Ha puc. 6.54
yOpaTh Bce TOHKUE JINHUU U OCTABUTH TOJBKO KUPHBIE JIMHUU, TO MbI U Oy-
J1leM HaOJTI0/IaTh CKAYKOOOpa3HOe M3MEHEeHUe YacTOThl KJIMHOBOI'O TOHA IPU
U3MEHEHNN CKOPOCTH ucTevdeHus cTpyu. T. e. Oyjer co3maBaTbCs BledaTiie-
HIe, YTO YacTOTa KJIMHOBOI'O TOHA, ITPU HEKOTOPBIX CKOPOCTAX CTPYU, PE3KO
(CKaYKOM) M3MEHsIeT CBOe 3HAUEHHE.

Octraercs oJinH BayKHBIN BOIPOC: MOYEMY TaK CHJILHO OTJINYAETCH MHTEH-
CHBHOCTH TADMOHUYECKUX COCTAB/IAIONINX KJInHOBOro Tona’ Ha 1o ecTh jBe
npuannbl. [Ipexie Bcero cyrecTByeT ojHa o0IIas 3aKOHOMEPHOCTb, KOTO-
pasi XOpoIlo M3BEeCTHA MHOIUM WCCJIEJOBATENSIM, CBI3AHHBIM € M3yUeHUEM
reHepupoBaHus KojeOaHuil 1 BOJH pa3ndHoil dpusndeckoil mpupojpl. Ona
3aKJII0YaeTCd B TOM, YTO UHTEHCUBHOCTH TAPMOHUYECKITX COCTAB/ISIONTIX Ta-
KX KOJIeOAHUT U BOJIH UMEET TEHJIEHINIO CHUXKATHCA C POCTOM UX HOMEpA.
Bropas npuunna csgzana ¢ TeM, HACKOJIBKO XOPOIIO COIAcOBAHbI (hOPMBI
KoJIe0aHnii 9TUX COCTABIAIONINX € OKpYyzKaromeil ux cpemoif. 11 06 sToM MbI
y2Ke HEeOJHOKDPATHO TOBOPWJIN BbIlle. Ecin dpopMa nonepedHbix KosiebaHuil,
B JIAHHOM CJIydae TaKoro o0ObeKTa, KaK CTpys, OyJeT NIMeTh IPOTHBOMAa3HbIe
YYIacTKH, TO €e NHTEHCHBHOCTh M3JIyUeHNs 3ByKa OyeT HU3Ka U TeM HUKE,
yeM OOJIbITIe MMeeTcs TPOTHBOMA3HBIX YIACTKOB. K 3TOMY BOIIpocy MBI erre
BEPHEMCs HECKOJIBKO TTO3ZKeE.

[Tosydennble B 3arIyIIeHHOM IMOMEIIEHUH SKCIIEPUMEHTATbHbIE JTaHHbIE
[O3BOJINJIN YCTAHOBUTH, UTO MIPU CKOPOCTSIX CTPpyH J10 50 M/c dacToTa KJIn-
HOBOI'O TOHA TPAaKTHYECKN He U3MEHSETCs B JUala3oHe YIVIOB ¢ KJINHA OT
99 10 90°, a Takske OKOHHUATEIBLHO YTOYHUTHL (DOPMYJIY sl OLEHKH YaCTOT
KJIMHOBOrO TOHA. B pesysibrare oHa mpuodpesia cjeayioniii Bu

fo =nxV/AL; n=1,2;3..., (6.14)
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e x &~ 0.7675. Ilocnenuss dpopmy/ia Mo3BOJISET JErko ONEHUTH BOJHOBOM
pasMep NCTOYHNKA 3BYKa, KAKOBLIM ABJISICTCS OCIUJIINPYIOas cTpys. eii-
CTBUTEJIBHO, YUIUTBIBasA, 9T0 f, = ¢/\, (37€Cb ¢ — CKOPOCTh 3BYKa, & A, —
JIJINHA BOJIHBI N-TOIl TAPMOHUKI ), OJIYYHM

L/X\, = nxM/4, (6.15)

rne M — guciio Maxa.

Kak ciemyer nu3 nocienneit hbopmysibl, npn yMepeHHbIX unciax Maxa
BOJIHOBO#I pasMep OCHUJIIUPYIOIEeH CTPYH 3HAYUTEJIHHO MEHbIIe €MHUIIbI
BILIOTD JI0 ee jiecsaToit rapmonuku. [losTomy obparHnas cBsA3b B IIPOIECce aB-
TOKoJIeOaHUil CTPYM JIOJKHA UMETh YHUCTO T'HJIPOJNHAMUYECKHUIT XapaKkTep.
B cBst3u ¢ 9TMM BecbMa JIIOOOIBITEH U MOYIUTE/ICH SKCIIEPUMEHT, TOCTAB/ICH-
upiit 9. Puuapcomnom ere B 1931 romy, 0 KOTOPOM OH yIOMHHAET B CBOEit
kuure |71]. B sxcrepnMenTax ¢ KJIMHOBBIM TOHOM OH Pa3MECTHJI PSIJIOM J(Ba
cora. Ho KJIMH pacroyioxKujl HAaPOTUB TOJIBKO OfHOoro mu3 coreid. Kormga
10JT HAIIOPOM CTAJIN BBITEKATH U3 COTIEJI CTPYHU, TO CTPYs, HAIIPOTUB KOTOPOI
ObLT pasMeltieH KJIMH, HadaJjla COBEpIaTh PUTMUYHBIE MTOTIEpeIHbIe KoJieha-
HUus. Y BTOPOH CTPyH, Mepes KOTOPOil He ObLIO KJIMHA, HUKAKUX KOoJiebaHuii
He BOBHUKJIO. PaccTosiHus MexKJ1y COILIAME U MEXKJTY COTLIAMU U KJIMHOM CO-
CTABJISLIN BECbMa, MaJIYIO YacTh JUIMHBI U3JydaeMoil Bojinbl. [Toaromy eciin
Ob1 obpaTHast CBsI3b (OPMUPOBAJIACH 38 CUET 3BYKa, TO KOJEOAHUS JIOJIK-
HbI ObLTM ObI BOBHUKHYTBH U Y BTOPOil cTpyn. OJiHAKO 9TOr0 HE MPOU30IILIO
U MOXKHO ObLJIO CJleslaTh BasKHbBI BBIBOJ| O TOM, UTO OOpaTHas CBA3bL IPH
ABTOKOJIEOAHUSX CTPYU MMEET YHCTO I'MJIPOJIMHAMUYECKYIO TIPUPOJLY.

UNwmest B Bujy ycTaHoBjeHHBIE (PAKThI, O KOTOPBIX pPedb ILJIa BBIIIE, M0-
MBITAEMCST Telleph BCKPBITH (DU3UIECKNe MPUUNHDI, TPUBOJISIIIE K aBTOKO-
sgebarmam crpyu. st 9Toro obparmmest K puc. 6.55, Ha KOTOPOM CXeMATH-
YeCcKn M300parkeH IMPOoIecC HATeKaH!s 3aTOIIEHHON CTPYU Ha IPEHsSITCTBIS.
CravaJsia pacCMOTPHUM XOpOIo n3BecTHblil [188, 189] kiaccuveckuit ciydaii,
KOTJIa CTpy< 2, BBITEKAIONIAS U3 COTLIa 1 cO CKOPOCTRIO V,, HATeKaeT Ha XKecT-
KYI0, HAKJIOHHYIO OTHOCUTEIbHO ocu cTpyn Ox, MJI0CKOCTh 3, ¢M. puc. 6.55a.
B srtom ciydae, mocse yjapa O IJIOCKOCTb, CTPYs pa3/BamBaeTCAd Ha JIBa
MOTOKA, TEKYIIHE 10 ITOBEPXHOCTH ILI0CKOCTH. OJIMH MOTOK CO CKOPOCTDHIO
V1 nBuzkeTcs BBepX, a JIPYToil co cKOpocThio Vo JBMXKeTCs BHUB. Besmauab

62

ITUX CKOpOCTefI 3aBUCAT OT yIVla @ HaKJIOHa IIJIOCKOCTU ™™ U B O6IH€M cJIy4dae

Vi # V,. B 30He yuapa ¢Tpyu 0 IJIOCKOCTb (J1J1st HADJISTHOCTH, TIPHOJI3H-

62Ecim oo = 90°, o Vi = Vs, no B mmanasone 0 < o < 90° Beerma 0 < Vo /V1 < 1.
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Puc. 6.55. Cxemarudueckoe n3obparkeHre HATEKAHNsI 3aTOIJIEHHON CTPYH HA IPENSITCTBUE:
a — HaTeKaHne CTPYU Ha YKECTKYIO HAKJIOHHYIO IJIOCKOCTD, 1 — COIIo, 2 — ¢Tpysl, 3 — IJIOCKOCT;
6 — HavagbHas (pa3a HATEKAHWS CTPYHU Ha YKeCTKUit KianH, 1 — comio, 2 — cTpys, 3 — KJIuH;
B — (asza jgecrabumsanuu crpyu B objacTu pebpa KiauHa; I — ¢a3a nu3ruda crpyu.
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TeJibHAS PAHUIA 30HbI OKPYZKeHa TOYKAMU U 3aTYIIeBaHA) CpeJia B CTpye
PE3KO TOPMO3UTCSI, B CHJIY Yero mperepreBaeT ckatue. [loaromy mgasienune p
3J1€Ch MOBBIMIACTCs (10 OTHOIICHUIO K JIABJICHIUIO B OCTAJILHBIX YACTSX CTPYH )
1, COOTBETCTBEHHO, BO3HUKAET I'DAJIMEHT JaB/IeHUs, KOTOPBI U 00yCc/IaB/In-
Baer nogpienne notokoB Vi u Vo, Ecin ckopocts ctpyn V, OTHOCHTEIHHO
HEBEeJIMKa, TPOIECC B3aUMOJIEHCTBUS CTPYH € HAKJIOHHON TJIOCKOCTBIO HJIET
TaK, KaK CXeMaTHYIecKn n3obparkero Ha puc. 6.55a. Eenn ckopocTh cTpyn
3HAYUTETBHO YBETNINTD, BEJIUINHA BO3HUKINETO IPAJIMEHTa JIABJIEHUS MO-
JKET OKa3aThCsl JIOCTATOYHOMN, YTOOBI YacTh MOTOKA V) oTpasmiach (0TopBa-
JIACh) OT IJIOCKOCTH 3 U HadaJia JBUTATbCsI B HEKOTOPOM HaIpaBjieHnn V.

OTMmeTnB 0COOEHHOCTH POIECcca HATeKaHKs CTPYH Ha HAKJIOHHYIO ILIOC-
KOCTb, MOZKHO TIepeiiTi K paCCMOTPEHUIO HATEeKaHUe CTPYU 2 Ha KJIUH 3, I'pa-
HU KOTOPOT'O 110 CYTH 00PA30BaHBI JIBYMsT HAKJIOHHBIMU TOJIYIIIOCKOCTSMII,
cM. puc. 6.550. Byiem nojiarars BHagase, 910 och cTpyn O TOIHO TPOXOIUT
gepe3 pedpo KJIMHA, T. €. CHCTeMa “COIIO-CTPYS-KJINH CTPOr0 CUMMETPHY-
H& OTHOCUTEIBHO 9To# ocu. OUeBUIHO, 9TO pedpo KJANHA Pa3IeIUT CTPYIO
Ha aBa moToka. OauH moTok V) mofifer 1mo BepxHeil TpaHu KJINHA, a JPYyToit
Vo — 1o ero HmkHel rpamu. JoJKHBI MOSIBUTBCA U BO3BPATHbBIE TTOTOKH VY
u V4. Bumecre ¢ 9TuM, Kak Mbl yxKe yOeU/IuCh Bbllle, B 30HAX yJapa pas-
JIEJIEHHBIX KJIMHOM CTPYH O IpaHu KJnHa (Ipubn3uTebHoe pasMeleHie
30H 3aTYIIEBAHO Ha PUCYHKE) cpejia OyjieT pe3Ko TOPMO3UTCS M eCTeCTBeH-
HO TIperepreBaTh ckarne. Ha rpangx kinHa, BOJIN3M ero pedbpa BOSHUKHYT
JIABJICHUS P U Py U, COOTBETCTBEHHO, I'PAUEHTHI faBjieHus. Hammane rpa-
JINEHTOB JIABJICHUS U BO3BPATHBIX TOTOKOB OOYCJOBUT BO3HUKHOBEHUE CHJI
I n Fy, crpemsiiuxcst B 30He pebpa KJIMHA KakK Obl PACTSIHYTb CIPYIO B
MOMEePETHOM HAIIPABJIEHUN OTHOCUTEJIHHO €€ OCH.

OrnuceiBast 9TOT ClEHAPUIL, MBI MOJIATAJN, YTO CHCTEMa ‘“‘COIIO—CTPYsi—
KJIMH 1jieabHO CUMMeTpUYHa oTHocuTeIbHO ocu Ox. [TosToMy MoKHO ObI-
JIO OBI O2KMJIATh, 9TO JABJICHUST P U P, CKOpocTu Vi 1 Vo 1, COOTBETCTBEHHO,
cutbl F1 n Fy OyayT cTporo oJuHAKOBBI U CTPYsT 1 OyIeT HAXOAUTHCSA B TOJ-
HOM paBHOBecHU. B peaqbHOCTH JII0 OOCTOUT JIAJIEKO HE TaK U B 9TOM MBI
MorIn yOeInThCs Ha IpuMepax, yzKe pasodpaHubix pamee. [leficTBuTesbHO,
peas30BaTh CTPOTyI0 CHMMETPUYHOCTD CUCTEMbI ‘COILIO-CTPYs-KinH (hak-
TUYECKN HEBO3MOXKHO. Kpome 3TOro, Ha IOBEPXHOCTH CTPYHU Beerja Oy/yT
CYIIECTBOBATH HEKOTOPBIE, MTyCTh 1 MaJible, (DIYKTyaInu CKOPOCTH, KOTOPbIE
00YyCJIOBJIEHBI TIOSIBJICHUEM CITYyTHOT'O TTOTOKA. 1Ipu 1npoBejieHnn 9KCIepuMeH-
TOB TaKKe HUKOIJIA HEJIb3s MOJHOCTHIO UCKJIIOUUTH U HEDOJIbIIIEe KOHBEK-
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TUBHBIE TIOTOKU CPEJbI, OKpyzKatoieii crpyio. [losromy cusbl Fy u Fy X0Th
HEMHOI0, HO Beera OyIyT OTINYAThLC JIPYT OT Apyra. MoxKHo 1pejicTaBuTh
i cuibl B Buje Fy + AFy u Fy + AF,, tne Fy = F5, a MaJible CTOXaCTH-
yeckue guykryanun AF; u AFy He TOJBLKO HE PABHBI IPYT JPYry, HO U He
KOpPPEJIMPOBAaHbI MEZK/Ly co00i BO BpeMenu. B pesyibrare, B iepBoe Havalb-
HOe MTHOBEeHIe, KOTyla KOHEI[ CTPYHU JIOCTUTHET pedpa KJINHA U ee pa3/iesieH-
HbIe peOPOM JIBE CTPYH YJApsATCsi O TPaHi KJIMHA, PEATI3YeTCsT molepeTHast
HEeYCTONIMBOCTL CTPyH 3a cder Hepasenctsa F| + AFy # Fy + AF;. D10
IPUBEJIET K TOMY, YTO Y CTPYU MOABUTCST BO3MOKHOCTH CJIEIMKA OTKJIOHUTHCST
or ocu Ox BBEpX WM BHHU3, 9TO JJIsi PA3BUTHsI JabHEIIero mpoiecca He
nMeeT 0coboro 3HavdeHust. Ul mpeionozKiM, 9To OHa OTKJIOHIIACH BHU3, CM.
puc. 6.55B.

Kak ToJIbKO 9TO IPOU30ii/ieT, BeJTUIrHbI TOTOKOB Vi 1 V5 XOTh HEMHOTO,
HO CTaHYT OTJIMHaTbCA JIpDYT OT JIpyla U, COOTBETCTBEHHO, 6y,LLyT OTJINYaTbhCA
JdaBJIEHUAd P1 U Po U I'PaJIUEHTDI ,LL&BJIGHI/IIl/JI Ha O6€I/IX I'paHdXxX KJ/IXHa. B HallleM
caydae TIOTOK Vo okazajicst GoJibine ToToKa V7, a, CIel0BaTesIbHO, ero KuHe-
THUY€eCKad HEPrUud BO3POC/Ia U JaBJIEHUE P9, OKa3bIBa€MO€ UM Ha HUZKHIOIO
Ipadb KJIHA, TAaKZKe BO3POCJIO 110 OTHOIIEHNIO K p1. PocT rpajnenta nasie-
HUS HA HUZKHe I'PaHU €CTECTBEHHO IIPUBE/IET K BOSMO2KHOCTHU ILa.HbHeIL/'HHGFO
YBEJIMYEHUA HU2KHETO ITIOTOKa ‘/2, 49TO B CBOIO O4Y€epe/b YBEJIMYUT I'PpaJIUCHT
JasyieHnst n T.J. TakuM 0OpasoM, STOT MPOIECC MPUMET JaBUHOOOPa3HbIil
xXapakTep u OyJleT WJITH JO TeX [Op IOKa CTPysl He OTKJIOHUTHCS BHU3 Ha
CTOJIbKO, UTO BepXHUil 10TOK V) CcOBCeM mcUesHeT, cM. puc. 6.55r.

Tenepb, crpyst B 0bJIaCTH CBOETO M3ruba, JBUYKETCS 10 HEKOTOPOIl Jjiyre
pajguyca r ¢ ieatpom O. [TosToMy, 4T00BI TE/IO0 CTPYH HE IIPETEpIeBAIO pas3-
PBIBOB, CKOPOCTB Ur €€ BEPXHell MOBEPXHOCTH JIOJIZKHA ObITH 0OJIbIIE CKOPO-
CTH v ee HUKHEH roBepxHOCTH. B pesysibraTe 3TOH pasHOCTH CKOPOCTE,
3a cuer achdexra BepHysm, Bo3HNKaeT 1mojibeMHas cuia Fj, Koropast cTpe-
METCSI TIOJHATH CTPYIO BBEPX® I BEPHYTH €e B HCXOHOE (CHMMEeTPHYHOE OT-
HocureibHo ocu Ox) nosioxkerne. OJHAKO 9TONO yzKe MPOU30HTH HE MOKET,
IIOCKOJILKY CTPY$ 110 MHEPITUH TPOCKOUUT 3TO TOJIOZKEHNE U BECH OIMCAHHDIIT
IPOIeCC HAYHET pa3BUBATLCA Terepb Bbiiie ocu Ox. VMenno Takum myrem
1 3aIryckaeTcs mporece aprokosiebanuit crpyu. [losromy cosepiiieHHO Tpas
Ob1 . Puvapycon B [71], Korja yTBepKIaa, 4TO aBTOKOJEOAHUSA CTPYH,
HaTeKaromeil Ha KJIMH, UMEIOT YICTO IHJIPOJINHAMUYIECKYTIO TTPUPOLY.

633aMeTI/IM7 9TO CTPyd B obstacTu m3rnba HAITOMUHAET KPBLJIO, TIIOJbEMHAad CHUJIa KOTOPOTO BbI3BaHa
AHAJIOTUYIHBIM T'IPOa’3pPOoJUHaMUIECKUM S(i)d)eKTOI\'L
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Puc. 6.56. Herbipe xapakrepHbie ¢das3bl
JIBUZKEHUS CTPYU B TEUEHHE OJIHOIO IEPUOa KOJIeOaHMii:

a-t=0,6-t=T/4 B t=T/2 1 t=23T/4;

1 — comno, 2 — crpys, 3 — KinH, 4 — “a3pIK’”,
5 — 3akpyrienue, 6 — “rpub00Opa3Hble” BUXPU.

yLII/ITbIBaH N3JIOZKEHHDBIE PaCCy2KJI€HU S, lIOH&6JHOA&€M 3a peaJIbHbIMU Kap-
TUHAMU KOoJieOaHuil cTpyu, HaTeKaloleil Ha KJIMH, KOTOPbIe ObLIN 101y YeHbl
C IIOMOIIIO CKOPOCTHO BI/IILeOC”beMKI/IG4. Pacemorpum geTwipe dasnl Koie-
banmit cTpyn, 3apUKCHPOBAHHBIE TIOCTIEIOBATEIHLHO Yepe3 ITPOMEXKYTKH Bpe-
MEHMU, paBHbIe YeTBepTH Tepuojia 1 0JHOro MOJIHOTO IUKJIa ABTOKOJIeOaHnit
crpyu. Haunem ¢ puc. 6.56a, Ha KOTOpoM n300parkeHO HEeKOe yCJIOBHO Ha-
qajIbHOE 10JI07KeH1e CTPYH, KOrjla oHa nzornyaach suuz® . Kak sujmo, crpys
umeet JBoiinyio Kpususny. [lostomy s ynobersa anainsa pasjiesinM ee Ha
JIBa XapaKTepHBbIX ydacTKa. [lepBblil — Havanpublil ydacTok oT = 0 10
T = X1 UMeeT IIOJIOKUTEIbHYI0 KPUBU3HY, & BTOPOl — KOHEYHBIN y4acTOK OT

6491y manHble 3aMMcTBOBAHL! 13 [92].

653 1ech MBI ecTECTBEHHO Gy/IeM paccMaTpPUBATD YCTAHOBHBIIMECH KOMCOAHUsA CTPYH, a He HAYATbHBI
IePEXO/IHOM IPOIece, KOIJa CTPysl BBINUIA U3 COIJIA U ee HEPeiHsisl TOPLEBas YacThb TOJIBKO JOCTHIIIA
KJIMHA.
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T = x 10 T = Ty uMeer orpunaresuyio kpususny®. laee, Brosne oue-
BU/IHO, 9TO Ha HAYAJIHLHOM YIACTKE CKOPOCTH CTPYH BBIIIE, 4eM Ha KOHETHOM.
W obyciiosiiero 310 jByMs 3dexTaMn: MIaBHbIM TOPMO3SIIUM JIeliCTBUEM
OKPYZKAIOIIEro CTPYyIo CIyTHOTO MOTOKA U JIOCTATOYHO PE3KUM TOPMOXKEHIEM
KOHIIA CTPYH IIPH yJIape O HIKHIOI TPaHb KinHa. Haris IHbIM mposiBJIeHHeM
9TUX 9P PEKTOB SIBJISIETCS TMOABICHNE “I3bIKa” 4 B CepelnHe CTPYH 1 3aKPyT-
JIEHUsT 5 CTPYyHW B MeCTe KOHTAKTa CTPyM ¢ KanHow. llossmernne “a3pika’ 4
YKa3bIBAET Ha TO, YTO HAYAJBHBII y9acTOK CTPyH HAYMHAET OOrOHSTH KO-
HEUHBbIT yuacToK. A 3aKpyr/ieHIe KOHIIA CTPYU CBUJIETE/ILCTBYET O CHJIHLHOM
TOPMOYKEHIU TIPU yjiape CTPYH O HUKHIOI TPaHb KJIMHA.

K dgemy ke HpuBOUAT JBOiiHAs KPUBHU3HA CTPYyU U yKasaHHbIE 3(Ddex-
TbI? Bo-1lepBbIX, K TOMYy, YTO Ha HAYaJbHOM Yy4YaCTKe, IJie CTPys [POTHY-
Ta BBEPX, OTHOIIEHNE CKOPOCTEH v1 /vy Ha TOBEPXHOCTIX CTPYU CTAHOBUTCS
DoJIblIIe eIMHUIIBL, & CJIeJoBaTe/bHO, Oiarogaps s dexry Beprysim Bo3HI-
KaeT HojbeMHast cujia F, Koropas crapaercs IMOJIHSITh 9TOT YIaCTOK CTPYH
BBepX. Bo-BTOpBIX, HA KOHEUYHOM ydacTKe, IJie CTPYs POTHYTa BHU3, OTHO-
menne v3/vy < 1 u Gyjer mpoucxoquTh OOpaTHBIH TPOIECC — BO3HUKIIASI
nojbeMuas cujia Fh Oyjer craparhes OMYCTUTH 9TOT y9IaCTOK CTPYU BHUS3.
YuuThiBast 9T TEHJIEHIINN JIBUXKEHUsT YaCTUI[ CTPYH B ITOIIEPETHOM HaIlpaB-
JICHUU ¥ TO, 9TO TeHEPATLHOE HAIIPABICHUE JIBUYKEHIE YACTHIL CTPYU [TPOKC-
XOJIUT B HOJIOKUTEILHOM Harpasyiernu ocut Ox, MOKHO JIETKO CIIPOTHO3UPO-
BATh JIAJBHEHIITYIO 9BOJTIONNI0 (hOPMBI cTpyu. Hepes HeOOJIBIO MPOMEKY-
TOK BPEMEHMU, BO-IIEPBBIX, CTPYs JIOJIXKHA [OUTH BCsT MOJIHATHCSA BBEPX (BBIIIIE
rIaBHOIT ocn “comio-kjmu”), a, BO-BTOPBIX, OTHOCHTEJIBHO OBICTPO JIBUXKY-
Uiicst B HANPABJICHUN ( YYACTOK CTPYU ¢ (OH PACIOJIOKEH B 30HE “SI3bi-
K&’ 4 U crienuajbHO 3aTYIINeBaH) IPOH3UT MeJIJICHHO JIBUZKYIIUIiCS yIacTOK
CTPyH, HPUJICTaoIuil K HUKHEH IpaHy KJIMHA, BCJICJACTBIE 1ero 00pasyercs
XapaKTepHbIil “Irpuboobpasnblit”’ Buxpn®” .

HeticTBUTENBHO, Tepexonsa K puc. 6.5660, Ha KoTopoMm m3obpazkena (opma
CTPYHU dYepe3 YeTBepTh Iepuojia, Mbl YOEXKIAeMCs B CIPABEIIMBOCTH 9THX
POrHO30B. AHa/n3 hOPMbI CTPYU HA 9TOM PHUCYHKE TTO3BOJIAET yOenThCs,
YTO 1 3/1€Ch CTPYsI UMEET JIBOIHYIO KPUBU3HY. DTO 00YCJIOBINBAET OsBICHIE
JIBYX mojrbeMHbIX cnji. OjtHa 13 HuX [ TSHeT Teio CTpyu BBEPX, B TO BpeMsI,
KakK Bropas Fy — BHUS.

Yepes BpeMsi, paBHoe 110J10BIHE Ttepuojia (cM. puc. 6.56B), crpysi IpUHH-

66BLIGop 3HaKa KPHBU3HBI IMeET YHCTO YCIOBHLIN XapakTep. 1109TOMY, €cll CpeiHss JIMHHA CTPYH
BBITHYTa BBEPX, Oy/IEM CINTATH ITO KPHBHU3HA MOJIOXKUTEIbHA, 8 €CJIH BHIU3 — OTPUIATEIbHA.
5"Unorna Buxpu Takoit hOpMBI HAa3BIBAIOT “ToIKOBOOGPasHEIMI” [24, 30).
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MaeT GopMy, KOTopast TOUHO AHTHCUMMETpHIHa (PopMe CTPYHU, H300pazkeH-
Hoit Ha puc. 6.56a. U, nakonerr, gepes Bpems, pasroe 37'/4 (em. puc. 6.56r),
dopma cTpyH CTAHOBUTCS aHTHCHMMETpHUIHOl (opme crpyn tpu t = T'/2
(cpasuu ¢ puc. 6.5606).

[TonBoast UTOr IPOBEJEHHOMY aHAIN3y KoJeOaHUil 3aTOIIEHHON CTpyH,
HaTeKaloIleli Ha KJIMH, MOXKHO CJlejaTh CJIejlyioline BbiBojbl. Ha yuacTke
MEKJIy COILJIOM U KJIMHOM CTPYsl COBEpINAeT IOlepedHble aBTOKOJeOaHuUsT
(ocryuisiin), TeM caMbiM BO3OYK/lasi B OKpYZKaloliell cpejie KojebaHus
1 3BYKOBBIE BOJIHBI. MexaHusMm aBTOKOJIe6aHUi CTPYH MMEeT YUCTO TUJPO-
A3POJIMHAMUYIECKYIO [IPUPOJLY, 110 KpaiiHeii Mepe B ciydasiX, KOIJla PaccTo-
STHUEe MEXKJLY COIJIOM M KJIMHOM 3HAYUTEJIbHO MEHbIIE JIJIMHBI U3J1ydaeMOit
3BYKOBOI BOJTHBI. ABTOKOJI€OaHUsT 0OYCIOBIEHBI UTPOIl CHJI MHEPIIUI YACTHUI]
CTPYH, MOJTLEMHBIX CHIJI, BBI3BAHHBIX 3(PeKTOM BepHysim, n cuj, BbI3BaH-
HBIX YJI@POM CTPYM O TPaHd KJINHA, KOTOpPbIe 00eCIednBaAIOT TOPMOYKEHNE
CTPYH ¥ TIOSIBJIEHUST 3HAYUTETHHBIX TPAINEHTOB JaBIeHIs Ha TPAHIX KJIMHA
B 30HAX, HEMOCPEICTBEHHO MPUJIETAIONINX K pedpy KJIMHA.

CBUCTKH ¥ TYIKHN

Kak y»ke ObLIIO CKa3aHO BBIINIE, CBUCTKU OTHOCSTCS K TA30CTPYHHBIM Te-
HepaTopaM 3ByKa. A T'VJAKH 9TO Te »Ke CBUCTKH, HO HMMeIne 3HAINTe b
HO GOJIBIIME PasMepbl U 109TOMY obJajatoniie 6osiee 6ACOBUTHIM (HU3KUM
1o yacrore) 3ByKoM. CBHCTKU HCHOJIB3YIOTCST B OBITY, CIIOPTE, B CHCTEMAX
OXPAaHbI ¥ TIP., a TYJKHA Yallle BCero MPUMEHSIIOTCI B CUCTEMAX CUTHAJTBHBIX
YCTPOICTB YKeJIE3HOOPOKHOI0, PEYHOI0 U MOPCKOT'0O TpaHcropTa. ['yikn Ha-
MHOTO MOIIIHEe CBUCTKOB, MOCKOJIBKY THTAIOTCST OT BO3JLyXOIPOBOJOB (MJIn
IAPOIIPOBOJIOB) BBICOKOTO JIaBJIeH s, 1 G/1arogapsi 60JIbIIONH MOIIHOCTH 1 OT-
HOCUTETbHO HU3KON YaCcTOTE CBOEIO 3BYKa UX XOPOIIO CJIBLIIIHO Ha JIOBOJLHO
OosiblX paccrosaugx |8, 194].

PacemoTrpum yeTpoiicTBO ipocTeiiiinero, BCeMu 3HAKOMOI'O C JETCTBa, I'y0-
Horo cuctka. Ha puc. 6.57a npejcrasieno ¢poTo cBUCTKA, a Ha puc. 6.570 —
ero BHyTpPEHHee yCTPOHCTBO.

Ecnu 3axkath B rybax MyH/IITYK U HadaTbh ¢ HEKOTOPBIM YCHUJIHEM BJLY-
BaTb B UMEIONTUIICA B HEM Y3KU KaHa BO3/IYX, TO U3 OTBEPCTUST MEXKJTY KOH-
[OM KaHaJia ¥ KJIMHOM HaYHeT U3JIYydaTbCsl JJOCTATOUYHO CHJILHBIN U YUCTBIHT
TOHAJILHBIN 3BYKOBOI curnaJj P ompejeniennoit yactorel. [Touemy ke Bo3HU-
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Puc. 6.57. Tunuunelii ry0HOIl CBUCTOK:

a — $oTo BHEMIHEro Buja, 6 — cedeHne B BEPTUKAIBHOMN
IIJIOCKOCTU CUMMETPHH, B — CBHCTOK C IIAPUKOM BO BHYTPEHHEM 00bEME;
1 — MyHJUITYK € Y3KUM KaHaJIOM, KyJa BJYBaeTCs BO3/YX, 2 — KJIHH,

3 — BHYTPEHHUI 00'beM CBUCTKA, 4 — CTPYysl, D — 2KECTKOe JHO, 6 — IIapuK.

KAaeT 9TOT 3BYKOBOI curaaj? UTobbl BRIACHUTH 9TO obpaTuMcsa K puc. 6.576,
13 KOTOPOTO BUIHO, 9TO YCTPONCTBO CBUCTKA MAJIO OTJINYAETCS OT TOJBKO
YTO PACCMOTPEHHOIO BBIIIE MTPOCTEHINEro ra30cTpyiHOro reneparopa 3ByKa
“commo-cTpys-Kaui’. eflcTBUTENIBHO, V CBIUCTKA €CTh BO3AYXOBOI 1 COILIO,
00pa30BaHHbBIC MYHJIIITYKOM U Y3KIM KAHAJIOM, I €CTh KJINH, Ha KOTOPbI Ha-
TeKaeT CTPYsl, BBIXO/IsIas U3 KOHIa KaHala. KeTecTBeHHO, 9TO IpH HAJTMIUN
BCEX ITUX 9JIEMEHTOB CTPYsI 00s13aTeIbHO HAUHET COBEPIIATH HOIEPeTHbIe KO-
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JiebaHUsT 1 TeM CaMbIM BO30YZKJIaTh B OKPYZKaOIIeil cpejie 3ByKOBbIEe BOJIHBI.
Tem He menee, ryOHOIT CBUCTOK 00J1/1a€T TAKUMEI aKyCTUYECKUMU XapaKTe-
PUCTHKAMHU, KOTOPbIE CYIIECTBEHHO OTJIMIAIOTCS OT aKyCTHIECKIX XapaKTe-
PUCTHK ITPOCTERIIEr0 ra30CcTPyifHOro reHepaTopa 3ByKa, ‘COIIo-CTPysI-KJIuH
KOTOPBIii MbI paccMoTpesin Boiie. OCTaHOBUMCS Ha HUX 110JpoOHEe.

[Ipexk e Bcero BBISICHUM KaK 3aBUCHT YaCTOTA 3BYKOBBIX BOJIH, T€HEPUPY-
€MBIX CBUCTKOM, OT CKOPOCTHU CTPYH, TEKYIEell B y3KOM KaHaJje MYHJIIITYKA.
C 9T0il 11€J1bI0 MBI IIPOBEJIN COOTBETCTBYIONIIE J1a00PATOPHbIE U3MEPEHNUS B
Uncruryre rujgpomexannkn HarmonaabHoii akajemun Hayk YKpaub [195]
U YCTAHOBUJIM, YTO B OTHOCHUTETBHO MIMPOKOM JIMalla30He CKOPOCTell cTpyn
OCHOBHast actora fo (1 ee rapMOHIUECKUE coCTaBIIsoNne f1 u f), reHepu-
PYEMBIX CBHCTKOM 3BYKOB, PAKTHYECKU He 3aBUCAT OT CKOPOCTH CTpyu. B
KadecTBe WIIIOCTpaIny Ha, puc. 6.58a mpeacTapieH OnnH 13 rpadpuKoB, MOJIy-
YEHHBIX B XO/I€ 9KCIIEPIMEHTOB CO CBUCTKOM, N300pazKeHHbIM Ha puc. 6.57a,0.
[Ipu sTOM TeoMerpudeckue pa3Mepbl CBUCTKA UMEJN CIeIYIONne 3HATeH M :
d=23um, D = 8um, | = 4um nu L = 22vm. Kak BujiHO, IPU U3MeEHe-
HIIM CKOPOCTH CTPYH OT IIOPOroBoro 3uadenus’> 20 M/c u Biaors 10 80 M/c
OCHOBHAasl dacToTa fy 3BYKOBBIX BOJIH m3mensiercst or 3.6 k[’ jgo 3.8 xI'm.
r.e. Beero Ha 5.3%. Ecau BemoMouTh, 4TO y CTPYHHOrO reHepaTropa 3ByKa,
“CcomIo-cTpysi-K/JMH”, KOTOPBIH Mbl DACCMOTPE/IH UyTh Bbillle (& TaKyKe TeHe-
palu 3ByKa [pi 00TeKAHUI TTOTOKOM I[IJIMHJIPA U HUIIIH) YaCTOThl MeHepH-
PYeMOro 3ByKa, BCerjia poc/u IMPsiMO MPOIOPIUOHATBLHBI CKOPOCTH MOTOKA, TO
3aBUCUMOCTB Ha puc. 6.58a BBIVISJUT 110 MEHbIIel Mepe MapaloKCATbHOIL.
Ha puc. 6.586 mnpejicraBjien Tak»Ke CIEKTD 3BYKOBBIX KOJIEOAHUI CBUCTKA
npu (UKCHPOBAHHOI CKOPOCTH CTPYH B Kanaje MmymHjamTyka V = 60m/c.
3J1ech XOPOIIO BUJHO, YTO JIbBUHHAS JIOJIA 3BYKOBOI SHEPIUU, U3JIydaeMOil
CBUCTKOM, IPUXOJUTCH HA OCHOBHYIO YacTOTY fy, MOCKOJIbKY SHepreTie-
CKHUIl YPOBEHb OCTaJIbHBIX IMApPMOHUK 3HAUUTE/JIHLHO HUXKE YPOBHS OCHOBHOI
YACTOThI. DTOT PAKT YKA3bIBAET Ha TO, YTO CBUCTOK U3JIyUAET IPAKTHIECKH
TOHAJILHBIA 3BYK.

B deMm ke npuunna Takoil cTabuJIbHOCTH YaCTOTHI 3ByKa, FeHEPUPYEMOTO
CBUCTKOM, M €e He3aBUCHUMOCTH OT ckopocTu ctpyu? Bee jieno B Tom, 4uTo
CBHCTOK MMeeT BHyTpeHHHiT obbeM 3 (cMm. puc. 6.576), KOTOPBIii mpejicTas-
JisieT coboil OTPe30K y3KOi TpyObl ¢ 3aKpBITBIM JTHOM. OTEHNM BOJHOBYIO

58TIoporosoe 3HadeHHE CKOPOCTH CTPYH 3TO Ta €¢ BEJMYMHA, MPH KOTOPOii HAYMHACTCS TeHEePAIus
3ByKa.
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Puc. 6.58. Hacrornble XapaKTepUCTUKHN 3BYKOBLIX KOJIeOanuil, renepupyeMble CBUCTKOM:

a — 3aBUCHMOCTDb YaCTOTHI 3BYKOBBIX KOJIEDAHMIT OT CKOPOCTH V' CTPyH B Y3KOM KaHAJE MYyH/I-
mryka (3/ech yBeJmdeHne yPOBHsI HACIIIEeHNs TPAdUKOB YePHBIM IIBETOM COOTBETCTBYET YBeJIU-
YEHHIO CUJIbI, H3JIyYaeMoro 3ByKa), 6 — CIeKTp MOIIHOCTH 3BYKOBBIX KoJiebauuii ipu V' = 60M/c.

JTJINHY 3TON pr6bl KaK
L/)\Q = Lfo/C = 0247,

sneck Ao = 1/fo, ¢ = 330m/c — ckopocTh 3ByKa B Bozayxe, L = 0.022Mm, a
Benuunny fo Mbl B3sin pasroit 3700 ', ncxoms us rpaduxa na puc. 6.586.

Kak ciieyer u3 9T0it OleHKH, JIJIMHA TPYObI HA OCHOBHOl YacTOTe MpakK-
THUY€CKHN paBHa YE€TBEPTU AJINHDbI HSﬂyqaeMOﬁ BOJIHBI, a €€ JuaMeTp 1 TOro
menbIre, Becero 0.09 mgamabl BOJHLI. B akycTnke Takme TpyObI HA3LIBAIOT-
cs y3kuME (B BostHOBOM cMbicste [20,21,193|) u npencraBiasgior coboil wet-
BEPTHBOJIHOBBIE pe3oHaTopsl |4, 5, 20, 23|. VIMenHO Hasmtdne B CBUCTKE Ta-
KOO aKyCTUYECKOI'O PEe30HATOpa M 00ECIeUnBACT HE3aBUCUMOCTD YaCTOTHI
U3JIy9aeMOro 3ByKa OT CKOPOCTH CTpyH. KKakoB ke MexaHu3M BO3JeiCTBIs
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pesoHaTopa Ha IolepevdHble KojiedaHus CTPYU, NPUBOJLIINN K cTabujin3a-
UM 9acToThl ee KoJiebanuit? YTobbl pa3odpaThbcsd B 9TOM MeXaHU3Me HaM
Ipe/IBapUTE/IbHO MOTPEOYeTCsi BCIOMHUTD HEKOTOPbIE OCOOEHHOCTU PACIIPO-
cTpaHeHust 3ByKa B Y3KHX JKECTKUX Tpybax orpanndentoit juubt [20]. Tis
9TOro obparnmcs K puc. 6.59.
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Puc. 6.59. V3kue xecTkue TpyObl OrpaHUYEHHON JTMHDL:
a — Tpyba C 3aKPBITBIM JIHOM, O — TPyOa ¢ OTKPBITHIM JIHOM.

Bynewm nosiarats, 4To Ha BXojie TpyO B 1X cedenusx r = () 3a/1aH0 HEKOTO-
poe, rapMOHIYECKH M3MeHsoleecs oT BpeMenH, nasienne P. Torma B TpyGe
OyJIyT CYIIECTBOBATD JIBE 3BYKOBBIE BOJIHBIL: IIpsiMas BoJjiHa P, Geryinas B 1mo-
JIOYKUTEJIbHOM Hanpas/iennn ocu Ox, 1 OTpaKeHHas 0T KOHIIa TPYObl BOJTHA
P, 6erymas B obparHoMm Harpasiaennn®. OTHoIIeHIe OTpayKeHHON BOJIHBI
K TIPsAMOIT BOJIHE Ha3bIBACTCA B aKyCTHKe KOI(bQUINEHTOM OTPaykeHUA Koy
1 B 0OIIEM CIydae OMUCHIBACTCS CJIEIYIOMIEH IpocToit (hopMyIoit [20]:

P, pc—Z

. (6.16)

kT:_: s
P pc+ 7

rjle pC — BOJIHOBOE CONMPOTHBJICHUE cpebl (Jyuist Boztyxa 310 420 kr/(M%c)),
a Z — NMIIEJIAHC KOHIA TPYOBl B CEUCHHUN T = 7.

69TIonaraem, 4T0 B Cpejie, 3ANOIHAIONIEH TPYOHI, IOTEPH OTCYTCTBYIOT, & X CTEHKH abCONIOTHO ¥KECT-
KHe. DT IPEJITOI0XKEHUsT BIIOJIHE OMPABIAHbI, TOCKOJIBKY JIJIMHA TPYO HEBEJINKA & BOJIHOBOE COIPOTUB-
JIeHVe WX CTEHOK Ha IOPSJKH BbIIIE BOJHOBOI'O COIPOTHUBIIEHUS 3aIOJHSIONIEr0 UX BO3yXa.
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Tentepb orernM Ko(@UIUEHT OTpayKeHUsT B TPyde € JKECTKUM JIHOM
(puc. 6.59a). [TockoIbKY Ha TTOBEPXHOCTH YKECTKOTO JIHA KojiebaTebHas CKO-
POCTB B 3BYKOBOIT BOJIHE CTPEMUTCsA K HYJIIO, BEJIMYNHA UMIIE/IaHCca JiHa Z —
oo u 13 (6.16) HerocpeacTBeHHO Ciefyer Koy, = 1. @usndecku 910 o3Ha4a-
€T, UTO AMILJINTY/Ia OTPAZKEHHON BOJIHBI pABHA aMILIUTY/IE 11a/1aI011eli BOJIHBI,
a ee daza 1ocje akTa OTparkKeHusl OT YKECTKOTO JIHA He u3MeHsiercs. bl
MU CJIOBAMHE, €CJIM MbI OyJIeM CJIeJIUTh, HApUMep 3a rpebHeM (IIyIHOCTbHIO)
naJlaroleii BoJHbI (e JIaBjieHne MaKCHMAIbHO BBICOKOE), TO TOCJIe ero OT-
parkeHust OT JIHA OH TaK M OCTAHETCsI IpedHeM, XOTs Telepb Oy/IeT JIBUraThCs
B 0OpPaTHYIO CTOPOHY.

Pacemorpum cityuaii, Korjia Tpy6a orkpbita’ (puc. 6.596). 37ech cuTya-
I1sT HECKOJIBKO CJIOYKHEE, TIOCKOJIbKY HEKOTOpast 9acTh Pj mmajiaroreil BOJIHbI
nokujgaer Tpyoy Oe3BozBparHo. [losToMy Beerma OyjieT nMeTb MeCTO Hepa-
BEHCTBO Korp < 1. Ofnako MMeHHO JIId y3KHX TPYO KoabdHIIenT oTpasKe-
HUST XOTh U OyjieT (hopMabHO MEHbINe eJIMHUIBI, HO OYeHb He3HAYNTe/bHO
oT Hee OTJIMYaThCsl. [ToKazkeM 9T0.

[Tpexjie Bcero He0OXOMMO OIEHUTH MMIIEIAHC OTKPBITON TPYObl B ceue-
nun x = xy. g sroro, B nepBoM MpUOIMKEHUN, MOXKHO BOCIIOJIb30BATHCS
BbIDaKEHMeM JIJIsi UMIIeJIaHCa MOPIIHS B OECKOHETHOM SKpaHe, TOUHOE Bbi-
pazkeHue KoToporo nouyami eme Pajieii [5]. TlockobKy guamerp y3Kkoii Tpy-
Obl 3HAYNTETLHO MEHBIIe JIJINHBI BOJIHBI, PA3yMHO UCIOJIB30BATH N3BECTHYTO
HU3KOYACTOTHYIO aCUMIITOTUKY 3TOTO Bhipazkenust |20)

Z =~ pc(kr)? /2 —ipe8(kr) /3, (6.17)
e k — BostHoBOE “nCsI0, T = d/2.
Toryia K03 duIEEeHT 0OTpaykeHust OT OTKPLITOrO KOHIA TPYObI Oy/1eT MeTh
CJIeJIyIOINil BT
Py pe—(pe(kr)®/2 —ipe8(kr)/3m)
P pe+ (pe(kr)?/2 — jpe8(kr)/3m)

Terneps BIIOJTHE OYEBUIHO, UTO PU YCJIOBUH MaJIOCTU BEJTMIMHBI kT, 110 CpaB-

korp = (6.18)

HEHUIO C €JINHUIeH, YJIeHbl B KPYIVIBIX CKOOKaX, CTOSAINNE B UUCTUTEE U
3HAMeHaTe e, Oy/IyT BeJIMUYUHAMU BTOPOIO U TPETHETrO TOPsIKa MAJIOCTH 110
cpaBHennio ¢ pc. [Tosromy it y3Koit OTKPBITOi TPYyObI MOXKHO TTPHUOJTHZKEH-
HO CUNTATh Kopp ~ —1. PU3HUCCKN 5TO 03HAMACT, UTO aMIUINTY 18 OTPasKeH-
HOIT BOJIHBI 1yTh MEHbIIIE aMILJINTY/IbI A AI0IICH BOJTHBI, & BOT ee (haza 1moce

70,HIIH aHaJIn3a MeXaHu3Ma CTEL6HJ'II/I32LIH/II/I JaCTOThI 3ByKa, 'eHepupyeMoro CBUCTKOM, HaM BIIOJIHE J10-
CTaTOYHO OBLIO paccMOTpEThb BOJIHOBOIT nponecc B pr6e C 2KECTKHUM JTHOM. O,ILHH.KO HHUZKE€ MBI 6yﬂ€M
usy4daTrb pa60Ty OpraHHbIX prG7 JIHO KOTOPBIX Yalle J1eJ1al0T OTKPBLITHIM.

179



aKTa OTPaskKeHHs OT OTKPLITOro Koia miMenserca na 180°. Vubimu cosa-
MU, €CJTH MbI OYJIeM CJICIUTD, HAIpUMep 3a IpeOHeM (IIyTHOCTDIO) Maialoneit
BOJIHBI (TJI¢ JIaBJICHIE MAKCUMAJIBLHO BBICOKOE), TO TIOCJE €r0 OTPAYKEHUSA OT
KOHIIa TPYOBI OH ITPEBPATUTCSA BO BIIAIMHY, NMEIOIYI0 MAKCHMAJILHO HU3KOE
JlaBJIeHNE.

Ha sToM 9KCKypC B aKyCTHKY y3KHX KOPOTKUX TPYO Mbl 3aKOHIUM U TTPU-
CTYIIIM K aHaJU3y B3aWMOJICHCTBHUA CTPYU B CBUCTKE CO 3BYKOBBIMU BOJI-
HaMU, PACIPOCTPAHSIIONNMUCS B €ro BHYTpeHHeM oObeme. CrieHapuit 3Toro
BaanMoeiicTBust npekpacto omucan A. A. XapkeBud B cBoeil Kuure [87] u
MBI B OCHOBHOM OYJIEM €TI0 MPUJIEPKIBATHCS.

[IpesmonoxkuM B paitone KJanHa 00pa3oBaiach 00JacTh CKATHS BO3yXa,
cM. puc. 6.60a. DTa 00/1aCTh, JBUIAsICh BIPABO, JIOCTUIHET »KECTKOI'O JHA,

—_rhmImImaIiIinas

S

N
s\\\\\“x\\/é\\\\\‘\\\“\

Puc. 6.60. BzanmoseiicTBue cTpyu U 3ByKOBOI BOJIHBI B CBUCTKE
(3makamu “+” 1 “~ ycIOBHO 0603HATICHEL OBIACTH CIKATHL
U Pa3peKeHns BO34yXa COOTBETCTBEHHO).
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OTPa3UTCs OT Hero u npudyeT B paifon KiauHa. [locKoIbKY naBieHme 3/1eCh
CTaHOBUTCA 6OJII>I_HG BHEIIHETO AaBJIEHUs BO3J/1yXa, OKPY2KalOIIEero CBUCTOK,
BOBHHUKAET I'DAJIEHT JAaBJICHIs, KOTOPBIl OTKJIOHSAET CTPYIO HAPYXKYy (CM.
puc. 6.606). Terepb 9ra npubbIBIIasg 00JIACTb CXKATHSI OTPAZKAETCA OT OT-
KPBITOIO OTBepCTI/IHH B CBHCTKE (COOKY MEK/Iy KOHIIOM KaHasa U KJIMHOM) 1
JIBUTAETCsT KO JIHY CBUCTKA, HO y2Ke B Bijie obsiacTu paspsizkerust (puc. 6.608).
[Tocsie HOBOrO OTpazkeHusi OT KECTKOT'O JIHA 9Ta 00JIACTb Pa3pszKeHUs BO3-
Bpalaercst B paiion kyinna. Tenepb B pailoHe KJIMHA JaBJIEHUE CTAHOBUTCS
HUZKe, YeM BHEITHee JIaBJeHre, U BO3HUKAET TPaJUeHT JaBJIeHns, KOTOPLIi
OTKJIOHSIET CTPYIO BHYTpb cBUCTKa (cM. puc. 6.60r) u Kiajercst HaIaao Ho-
BOMY TUKJTY.

Takum 06pazoM, /It CBUCTKA MTPOJIOIKUTETbHOCTD OJIHOIO MHUK/1a KoJieha-
HU{T CTPYH paBHA yIeTBEPEHHOMY BpeMeHH 1Tpobera 3BYKOBOI BOJHBI B OJIH
KOHET BHYTpeHHeH MoJIOCTH CBUCTKA. [109TOMY OCHOBHAsI 9acTOTa CBUCTKA
JIOJIZKHA, OITPEJIENSATHCS BhIPAXKEHIEM

lc

for~ 1L (6.19)

U3 u3/102KEHHOTO COBEPIIIEHHO sICHO, YTO 0OpaTHAas CBA3bL B CBUCTKE NMeEeT
aKYCTUYECKUII XapaKTep U ee JAeHCTBUE IIOJTHOCTBIO aHAJIOTUYHO JAEVCTBUIO
00paTHOI CBA3M B C/lydae CUDPEHbI ¢ TPyOOil, KOTOPYIO MbI PacCMaTpUBAJIN
3HAYNTEIbHO BbIlre. O000Imast 9T GaKThl, MOYKHO ¢IeIaTh (PYyHIaMEHTAb-
HbIN BBIBOJI:

- €cJIl OCHOBHAsl 4acTOTa 3BYKOBBIX KoJieOaHUil, reHepupyeMbIX 3a CUeT
ABTOKOJIEOAHUIT I'MJIPOA’POIMHAMUYECKOTO U3/IydaTe isd, IPAKTHIECKN He 3a-
BUCHT OT CKOPOCTH IOTOKa, TO 00paTHasl CBA3b MMEET aKyCTUUECKYIO IPU-
pozy;

- eCJIM OCHOBHAsI YaCTOTA 3BYKOBBIX KOJIEOAHUI PACTET IPOIOPIIUMOHAb-
HO CKOPOCTH II0TOKa, TO OOparTHas CBA3b UMEeT I'HIPOa’pO/IMHAMUYECKYTO
MPUPO/TY.

Ectb ermie 0o/iHO 0YeHb BayKHOE JIjId TPAKTUKK CBONCTBO CBUCTKA. Ero Ko-
sddurnuent nosesnoro geiicteus Moxker gocrurarsh 20-25% [8]. U obyciios-
JIEHO 3TO TPEXKJIe BCEro TeM, UYTO CBUCTOK, KaK BIIOJTHE OUEBUJIHO, SIBJISIETCA
u3JIyvdaresieM MOHOIIOJILHOTO THIIA B OTJINUUE OT PACCMOTPEHHOT'O BBIIIE M1PO-
CTeNIero u3Jyvaress ‘COIIo-CTPYHA-KJIMH ) KOTOPBIl sIBJISeTCs JIUIOIbHBIM

"ITo, 4To OTBEPCTHE PACIIONOKEHO He Ha JHe, a COOKY, I Y3KUX TPY6 IPUHIMIHAILHONO 3HAMCHIIS
He uMeeT. [Joaromy BHYyTpeHHUIT 00beM CBHCTKa CJIEJyeT PACCMATPUBATh KaK Y3KYIO TPyOy, OTKPBITYIO
Ha OJ[HOM KOHIIe ¥ 3aKPBITYIO Ha JIPYTOM.
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uzsrydaresieM. VIMEHHO 1109TOMY 3BYK CBUCTKA XOPOIIO CJIBIIIEH Ha JOBOJIHHO
GosibnX paccroguusax. Hampumep, ryOHoit CBUCTOK CJIBIIIEH Ha PACCTOSAHU-
sIX JIO COTHM METPOB 1 60J1ee, & MOITHBIN T'y/IOK MOPCKOT'O TEILIOX0J1a, CJIbIITIEeH
3a HECKOJIBKO KHJIOMETPOB.

B zakJiouenne npuBejieM ele oJiHy JI00ONBITHYIO KOHCTPYKIUIO TyOHOTO
CBUCTKA, KOTOPBIN UCIIOJIL3YETCsl KaK CPEJICTBO CUTHAJIU3AINN PAOOTHUKAMI
nosurn (Munun). B Takoit KOHCTPYKIN BO BHYTPeHHUIT 06beM CBHCTKA
MOMEIIAI0T MaJIeHbKUIT JIEPKNIT TapuK 13 TPOOKHN 1IN meHoiiacta. JJunamerp
nmapuka ¢ JealT 1yTh 0oJbine pasmepa [ menn (M. puc. 6.578), 4100 OH
He MOTI' BBIIIACTh N3 BHYTPeHHell mojocTn cBucTKa. Bo Bpems paboThl CBUCT-
Ka IApUK T10]1 BO3/IEIICTBUEM CTPYU HAYMHAET OeCHOPsIOYHO JIBUTATHCS BO
BHYTpeHHEM oObeMe U TepUOMYecKN TepeKphiBaeT Ieb jnHoil [ B pe-
3yJIbTaTe 3BYKOBbIE KOJIEOaHWs IEPUOINIECKH TPEPbIBAIOTCS 1 3BYKOBOII CHT-
HaJl CBUCTKa IpuodbpeTaeT Xapakrep Mesoaununoii Tpesnu. [lo cytn npoucxo-
JIAT CBOeOOpa3Has aMILIUTY [HAsT MOJLYJISIIsI OCHOBHOIO ToHa cBucTka [190).
st mmiocTpanyy Xapakrepa Takoil Mojysdnun na puc. 6.6la npejcras-
JIeH KOPOTKUH (pparMeHT OCHUJLIOrPaMMbl 3ByKOBOro curnasa f(t) cBuct-
Ka [PU HAJMYUHU MIapuKa B €ro BHyTpeHHel mosiocti. Kaxk BujHO, mapuk
JEHCTBITEIbHO MOJLYJINPYET OCHOBHOW TOH CBHCTKA (MOYJTHDYIONHI CUT-
wasn F(t) seiaenen nu3 curnana f(t) u npegcrasien wa puc. 6.616) u, Ha
HEepPBBIft B3I, 9TOT MOAYJNDYIONNI CUTHAJT HOCHT JIOCTATOYHO XaOTHY-
HBIIT XapakTep. VHBIMEI cioBaMHI 1EepuoJ| CUTHAJIA MOJYJIAINN He SBJISETC
MOCTOSIHHON BEJTMYIMHOI 1 HEIPEICKa3yeMo N3MEHsIeTCsl BO BpeMeHN. B ca3n
C 9TUM BO3HHKAET JIOOOIBITHBIN BOIPOC: JEHCTBUTENLHO JIM CUTHAJ MOJLY-
JISITTY COBEPIIIEHHO CJIyYaeH, MM BCE TaKM KaKas-TO 3aKOHOMEPHOCTb B HEM
cymiecTByeT. UTOOBI OTBETHTH HA 9TOT BOIPOC HaM HEOOXOIMMO ITPOAHAJIN-
3UPOBATH ITOT MOJYJISIMOHHBIN CHTHAT OJHUM U3 METO/I0B, NPUHATHIX B

Xa0TUYECKON JIMHAMUKE 72.

C 9T0i1 11eJIbI0 MBI BOCIIOJIB3YEMCsI CPABHUTEIHLHO IIPOCTBIM METOJIOM, CYTh
KOTOPOIO 3aKJII0uaercs B cejytomieM. Pazoobem dynkiio F(t) na pasabie
OTPE3KH 0T, & TOUKH, PA3JIEIAIONe OTPE3KU, epeHyMepyeM U 0603HaTnM
o Tne1, Tny Tntl, Tni2--- (30ech n = 1,23, 4...), cm. puc. 6.616. [anee, B
TPEXMEPHOM IIPOCTPAHCTBE HaHECEeM TOUYKH, IIOJIOKEHUE KarKJIOf M3 KOTO-

72X aoTHIecKast IUHAMIKA (M HeTHHEiTHAS TMHAMUAKA) CPABHATETLHO HeJ]ABHO BOHUKINAS HOBAs Ha-
yUHAS TUCIUIIINHA, U3YIalonias HeJHHEHYIO0 JIHAMAKY IPOIECCOB B (DU3NKE, XUMUM, OHOJOTHH U IIp.
Ee 6ousbrmioit 3aciayroii sBisieTcst 0OHAPYKEHUE OMPEIETICHHBIX 3aKOHOMEPHOCTEH B, Ka3aJI0Ch ObI, COBEP-
IEHHO CJIyYaitHbIX mporeccax. Kiace mporeccoB, B KOTOPBIX TaKHe 3aKOHOMEPHOCTH OOHAPYKUBAIOTCH,
GBI HA3BAH “IeTePMUHUPOBAHHBIM Xa0coM”, CM., Hanpumep, [191,192].
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Puc. 6.61. a — kopoTkuii (pparMeHT OCHUIIOrPAMMBI 3ByKOBOT'O CUT'HAJIA f(t) CBHUCTKa C IIapu-
KOM B €r0 BHYTPEHHEl IOJIOCTH; YaCcTOTa OCHOBHOIO TOHA 0K0JIO 4 K['1; 6 — ToT 2Ke parment
OCIMJIJIOTPAMMBI, HO y2Ke BblJeneHHoro u3 f(t) momynupyromiero curnasa F(t) (r.e. orubaromeii
curnaga f(t)), KOTOpslii JeKUT B ananasone dactor npumepno or 20 I'm go 200 I'm; B — Tpex-
MepHOe ceuenne IlyaHkape Momynupyromero curnana F(t); r — orobpazkeHne MOy IUPYOIIEro
curaaJja Ha $Ha30BOil IIOCKOCTH.
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PBIX ompejiesieHo KoopauHaTamu dbyHKimn F(t) B TOUKAX T,-1, Tn, Tnil, 30-
TeM Ty, Tnil, Tnt2 U T.J. [ojgydenHoe takuM obOpasoM oToOpazkenue (CM.
puc. 6.618) naswbiBaercs ceuennem Ilyankape [191,192|. Teneps nonpoGyem
MBICJIEHHO TIPEJCTABUTL HECKOJBKO PAZHBIX CJYYAEB MOJLYJIAINI OCHOBHOIO
TOH& CBUCTKA.

[Tpex/ie Bcero paccMoTpuM TPUBHAIBHBIN CJIydail, KOrjia MOJLYJISIINS 110I-
HOCTBIO OoTcyTcTByeT, T.e. F'(t) = 0. Torga odeBuHO, 9TO BCe KOOD/IMHATHI
ToueK 7, = 0 u B TpexMepHOM IpocTpancTse cedenne [lyankape Oyzer npei-
CTaB/IsITH cOOOII OIHY TOUKY B HadaJie KoopauHatr. lasee npeincraBuMm cede,
YTO MOJYJIAIMOHHBIH CUTHAT abCOTIOTHO cirydaiiHbrii. Torma oueBHHO, UTO
ceuenne Ilyankape Oyjger umerb BuJl 4e€TBEPTYIIKH ChEPBI IJIOTHO 3aIl0Ji-
HeHHoiT Toukamu. Pauyc taxoii 1/4 cdepbl Gyjer onpepessiTbest NIyOnHOI
MOJLYJISIIIUN OCHOBHOT'O TOHA CJIYUYalHBIM cUrHaaoM. VIHBIMU cI0BaME, deM
OoJIbIIe AMILIUTYIA CIydafiHoro curtasia (1o OTHOIIEHHIO K aMILIUTY/Ie OC-
HOBHOI'O TOHA), TeM pajnyc chepbl Oyer 6osblie.

B narem ciiydae siBHO IPOCMATPUBAETCS OTHOCUTETHLHO HEOOJIbITAS UeT-
BepTyIiKa cdepbl ¢ 1eHTpoM B Touke () U MCXojsdiue OT Hee Tpu ‘cTpyu’,
napaJiie/ibHble KOOpJAMHATHBIM ocsaM. Hasmtane takoit derBepTymkn chephbl
YKa3bIBAET Ha TO, YTO B CUIHAJIE MMEETCs CPaBHUTEILHO HeDoJbias abco-
JIIOTHO cIydaiiias KOMIIOHEHTa. UTo KacaeTcst “cTpyil’, TO MOXKHO IPeIIo-
JIOKUTD, 4TO UX HOsIBJIEHNE 0OYCJIOBJIEHO CIeNUMUKOl JBIZKEHUS IapHKa
BHYTpU CBUCTKA. [leficTBUTEILHO, MAPUK MOXKET JIBUTATLCS BJIOJIb BHYTDEH-
Hell TI0JIOCTU CBHUCTKA, MTONEPEMEHHO YIapsisiCh TO B JIHO MOJIOCTH, TO B IIEJIb,
cM. puc. 6.07B. B To Ke BpeMs, y HETo eCcTh BO3MOXKHOCTH COBEpIIATH 1
HeGOIbIIIE MOIepeuHble IBIKCHISA S, yIapsach 1 OTCKAKHBasg OT OOKOBLIX
CTEHOK BHYTPEHHEro o0bema cBHCTKa. TakuM o0pa3oM, TpaeKTOpust JBIZKe-
HUs [apuKa Gyjier JI0CTAaTOYHO CJI0XKHON (31r3aroobpasHoii) 1 BpeMs ero
npobera OT Ien JIO JIHa 1 00paTHO Oy/IeT 3aBHCETh HEe TOJBKO OT CKOPO-
CTH TIOTOKa BO BHYTPEHHEM 00beMe CBUCTKA, HO M OT TOI'O CKOJIBKO Pa3 Ha
STOM IIyTH OH YJapUJICAd U OTPasm/Ics OT OOKOBBIX cTeHOK. OJiHaKo ¢ u3-
BECTHOI1 J10JIell BEPOATHOCTH MOXKHO YTBEPZK/ATh, YTO HECMOTPs HA TAKYIO
CJIOZKHOCTDH TPAEKTOPHil, KOJTMYECTBO CTereHell ¢BOOO/IbI JIBUZKEHUs apuKa
BO BHyTpeHHeM oObeMe CBUCTKA BCe yKe orpanndeno. M kakme-to xapaxkrep-
HbIe TPACKTOPHH €r0 J[BUKEHUS MOI'YT MOBTOPATHCS Yallle, 4eM OCTaJIbHbIE.
[Tostomy crietyer oxkuyarh, 4To B cedennn l[lyankape Jo/IzKHA TTOSBUTHCH

73T3K1/Ie JABUXKEHHA BO3MO2KHBI, IIOCKOJIBKY AXaMETp MapuKa HECKOJIbKO MEHbINEe JuaMeTpa BHYTPEH-
HEro 00'beMa CBUCTKA.
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HeKOoTOpad YIOpAAOYEHHOCTb, YTO MbI U Ha6JHOj_Lael\/l B BuJ€ XapaKTEPHbIX
“cTpyit” Ha otobpakenuu puc. 6.618.

EC.}II/I I'OBOpUTL B T€pMHUHaX TEOpUU CHUI'HaJIOB, TO MO)_LyJIHI_LI/lOHHbIﬂ CUT-
HaJl, O6YCJIOBJIGHHI}H‘/JI TaKM JABH2KEHUEM IIapuKa, eCTeCTBEHHO JOJI?KEH 6blTb
JAOCTAaTOYHO INMPOKOIIOJIOCHBLIM. OJ_LHaKO KaKne-TO KOMIIOHCHTBI 9TOI'0 CUI-
HaJla JOJI2KHBbI BC€ TaKM IIpe€BaJIipOBaTb. T‘ITO6bl 9TO IIPOBEPUTH MBI IIPDO-
BeJIM CHEKTPaJIbHBIN aHa 3 MOJY/JIMPYIONIEro CUTHAJA, U300PazKeHHOro Ha
puc. 6.610, u obnapyzxuu, aro B obsiactu yactor ot 30 ['m 1o 45 't nabito-
JaeTcd 3aMETHBINA II0AbEM YPOBH#A CIIEKTPAJIbHBIX COCTABJ/IAIONIUX IIPUMEPHO
na 8 1B. Unrepecen n hazoBblil HOpTpeT MOLYTUPYIONIEro CUIHAJA, KOTOPBIi
n3obpazken Ha puc. 6.61r. 31ech MOYKHO 3aMETUThH HEKHE JTOBOJBHO yCTONIM-
Bble IUKJIBI JIBUKEHUsI TOYKH, obpasylonine Ha ($pa3oBoil MJI0CKOCTH YTO-TO
110/100HO0€ JLINIICAM. DTO ellle OJHO yKazaHue, MOJITBepKIatoliee HaJIndie
HEKOTOPOil yHOPSIJI0YeHHOCTH JIBMZKEHHUST [TIapUKa BO BHYTPEHHEH I0JI0CTH
CBUCTKA.

TakuMm 06pazoM, 13 3TOro KpaTKoro aHasn3a MOXKHO 3aK/II0UUTh, YTO MO-
JIYJTUPYIONIIIT CUTHAJ, TOSBJIEHNE KOTOPOro 00YC/IOBJIEHO JIBUZKEHIEM Iapu-
Ka BO BHYTDEHHE[l MOJI0CTH CBUCTKA, He a0COJIIOTHO XaOTHUYEH, a 00JIaaeT
HEKOTOPBIM CBOCOOPA3HBIM BHYTPEHHIM ITODPSIKOM.

Qureiita Ilana

Tenepb KpaTKO PacCMOTPUM ellle OJJHY IIPOCTEHITYI0 KOHCTPYKIIUIO CBUCT-
Ka, KOTOpas H3BeCTHA C He3allaMdATHBIX BPEMEH U Ha OCHOBE KOTODOil B
AHTHYHYIO 310Xy ObLI CO3/IaH OPUIMHAJIBHBIN MY3bIKAJIbHbBII NHCTPYMEHT —
duteiita [Tana [23]. @ueiita [Tana B HacTosiee BpeMst MUPOKO U3BECTHA KAk
HAPOJIHBIN NHCTPYMEHT, XOTs B HEKOTOPBIX CJIydasX OHa HAXOIUT IIPUMCHE-
HIIE I B KJIacCnIecKnx rnpodeccnonaabnbix opkecrpax. Oeiita [Tana mpen-
cTaByiger coboit Habop, COCTOANINI U3 PA3HBIX 10 BHICOTE JKECTKIX Y3KUX
TPYOOK, 3aKPBITHIX CHI3Y YKECTKUM JHOM. BblcoTa TpyOOK moidnpaeTcs Taxk,
4TOOBI 0OECIEYNTh OIPE/E/ICHHBII My3bIKAJIbHBIN 3BYKODPs1]], HEOOXOIMMBbIIl
JUIs MICHIOJTHEHUST MYy3bIKaJIbHBIX IpomnsBesenuil. McrnomnuTens depes ry0bl
BBIJLyBaeT CTPYIO BO3/yXa HaJl BEDXHUMHU OTKPBITHIMU OTBEPCTHAME TPYOOK,
B pesy/bTaTe 4ero BHYTPEHHUIT 00beM BO3jyxa B TPyOKax pe30HUpyeT Ha
CBOHX COOCTBEHHBIX YacTOTaX M BBIHYKJAaeT CTPYIO COBEPIIATH IIOIepEUHble

w99

74KaK u paHbIle, o1 TEPpMUHOM “yBKI/II/I TOHUMAETCs MaJIblil 110 CpaBHEHHUIO C ,&JIMIIOﬁ BOJIHBI.
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KosiebaHust (3TOT TPOIECC COBEPIIEHHO AHAJIOIMYEH IPOIECCY, ¢ KOTOPhIM
MBI UMeJIH JieJIo B TyOHOM cBHCTKe). Kosebanust ¢Tpyn, B CBOIO 04Yepe/ib,
B030Y2K/1aI0T 3BYKOBbIE KoJieOaHust B OKpyzKatoiieM (Jieiity Bozayxe. Takimm
00pa3oM, TI0CJIEI0BATE/ILHO BbIIyBast CTPYIO HAJ[ PA3HBIMU TPYOKAMU, UCIIO/I-
HUTEJIb U CO3/IaeT COOTBETCTBYIONINE My3bIKaJbHble Mesionu. Ha puc. 6.62a
nzobpaxken obmunit Buz daeittor [lana, a ma pue. 6.620 — cedenne oamHol
u3 TpyOOK. 3aMeTHM, 9T0 TpyOKy, IPU TAKOM CIIOCODe BO3IEHCTBHUS Ha Hee
CTPYH, MOZKHO PACCMaTPUBATH U KaK Y3KYIO HUIILY ¢ OOJILIIIM OTHOIIEHIEM
L/d.

JIL.U. Buooxunnes B coeii Monorpadgun [53] pocrarodno Gosiblnoe BHU-
MaHue YJeJMI BOIPOCY TeHepali 3ByKa TAaKUM TUIIOM CBUCTKA U IOKa-
3aJ, 9YTO YaCTOTa I'eHEPUPYEMBIX UM 3BYKOBBIX BOJIH OIPEJIEIAETCS TaKIM
JKe BbIpayKeHHeM, KaK U B cjlydae PacCMOTPEHHOIO BbIIle T'yOHOIO CBHCTKA
(em. (6.19)):

fo= (2n+ 1)c/4L; n=20,1,2...,

rJie ¢, KaK 1 paHee, 0003HAYACT CKOPOCTH 3ByKa, B BO3JIYXE.
MpI nipoBesin U3MepeHne CIeKTpa YacToT 3BYKOBBIX KOJIeOAHUN paccMar-

1 1
\ A | il Vv l .
L) T T T N
MR
7 ( I i 2 L
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1000
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. . " 0
15 30 45 V,m/c

Puc. 6.62. a — O6mwmit Buy daeitrsr [Tana (1 - Tpy6ku, 2 - oboiiMa); 6 — cedeHne ojHON TPyOKI
(1 - crpys Bo3myxa, 2 — TpybKa, 3 — qHO TPyOKH); B — 3aBHCUMOCTDb IaCTOTHI OCHOBHOI'O TOHA,
reHepupyemMoro Tpy6koii, ot ckopocru crpyu, npu d = 0.01m u L = 0.107M (yBesnvenue ypoBHst
HACBIIIEHNUs TpadUKa YePHBIM [[BETOM COOTBETCTBYET YBEJMYEHHIO CUJIbI, U3JLYIaeMOro 3ByKa).

186



PUBAEMOI'0 CBUCTKA B 3aBHCUMOCTU OT cKopocTu crpyu V' (eMm. puc. 6.62B).
Kax Bujmo, 3nadenne 9acTOTbI OCHOBHOTO TOHa fi TPAKTUYECKN HE 3aBUCUT
0T CKOpoCTH cTpyn V. DTOT PaKkT OJHOZHATHO YKA3BIBAET Ha TO, UTO 9aCTOTA,
3BYKOBBIX KOJIEOAHU ITOTHOCTHIO OIIPEIE/ISIeTCs PE30HAHCHBIMI CBOWCTBAMMI
y3KO# TPYOKH, ¢ KECTKUM JHOM. M MeXaHu3M TeHepannn 3ByKa y (DJIefToI
[Tana abco/IIOTHO aHAJIOTTYEH MEXaHU3MY I'eHEepaIii 3ByKa, KOTOPBI nMeer
MECTO B OOBITHOM T'YOHOM CBUCTKE, PACCMOTPEHHOM HAMHU BBIIIIE.

Opra=n

CoBpeMeHHBIT OpTaH — 3TO caMblil OOJIBLIION W CAMBIN CJOXKHBIN MY3bI-
KaJIbHBIN HHCTPYMEHT. OH SBJIS€TCA TBOPYECKUM ILJIOJIOM MHZKEHEPOB MHO-
I'UX CIIENNAILHOCTEl — aKYCTUKOB, MEXAHUKOB, MATEPUAJIOBEIOB, 3JIEKTPOH-
[TUKOB 1, KOHETHO, MY3bIKAHTOB. VlcTOpus oprana HaCUUTHLIBAET HE MeHee
2000 srer. MBI yrke BBINIE YIIOMUHAJIN AHTHYHOTO WHKeHepa Krecubust m3
Aunekcanipun (2-1 BeK JI0 H.9.), KOTOPBIil cauTaeTcss u3obperaresemM oprata.
Onako MOANIMHHBIN NHXKEHEPHDIN TPOPBIB, KOTOPLIN MOJIOXKII HAYATIO CO-
3/IaHUIO OpTaHa B COBPEMEHHOM ITPEJICTaBIEHNUN, TI0 BUJIUMOMY, TTPOM3OIIET
B paHHUI MEpPHOJ CpeHEeBeKOBbs. OpraHbl TOil MOPbI ObLIM OTHOCHTE b
HO HEBEJIMKHU O COCTOSJIM U3 CPABHUTEIHLHO HEDOJBIIOTO KOJUYIECTBA TPYO
(He Gosree 40). Ha puc. 6.63 npejcrabiena Kommsi CpejiHEBEKOBOI IDaBiO-
pbl [196], Ha KoTOpOIT M306paxken opraH u JBa MoHaxa. OJMH MOHAX WI-
paer, a Jpyroii (Ha epejHeM IJIAHE CTOUT HA KOJIEHSX) DPYKaMU MPUBO-
JINT B JIBUKEHUST MeXa, OT KOTOPBIX TIOJIaeTcs CXKATBIA BO3JIYX K TPyOaM.
[Toske, opran HeNmpepLIBHO YCOBEPIIEHCTBOBAJICH W CTAHOBUJICS HE TOJIHKO
[IPEKPACHBIM MY3bIKAJbHBIM WHCTPYMEHTOM, HO W U3SIIIIHBIM IIPEJIMETOM UC-
KyccrBa (eM. puc. 6.64). CoBpeMeHHBIH Oprai — 9T0 BbIIAIOIIEeCs UHIKeHep-
HOE COOpY2KeHNe, HACLIIEHHOEe aBTOMATUKON 1 3JIEKTPOHUKON, U UMEIOIIee
B CBOEM COCTaBE HECKOJIbKO coTeH TpyO. MOMHOCTh €ro 3BydaHus OrpoM-
Ha, & YACTOTHBII JINaa30H OXBAThIBAET BECH CIIEKTD 3BYKOB, KOTOPBIN CIIO-
cOOEH YCJIBIIATD U3OMIPEHHBINH CJIyX MpodeccnoHaIbHoro My3bikanta. Co-
BPEMEHHBIII OpraH MO3BOJISET NUCHOJHATH MY3bIKAJIbHbBIE TPOM3BEICHUST JTIO-
6oit cioxkmocTn. B KadecTBe mimocTparun Ha puc. 6.65 mpemcrasieHo goTo
COBPEMEHHOI'0 eBpoIeiickoro oprana. HecMoTpsi Ha KOJIOCCAJIBHBIN TEXHO-
JIOTMYECKUII Mporpece B Jejie CO3/IaHus OPraHoB, KOHCTPYKITUS WX CAMOTO
BaXKHOT'O y3Jla — OPraHHoil TpyObl O CBOell CyTH ocTaeTcss HEU3MEHHON 1
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npeJicTaB/isger coboil CBUCTOK, BHYTPEHHUIT 06'beM KOTOPOI'O BBIIIOJHEH Yalle
BCero B Bujie OTKPBITOil TpyObl. HeoOxommast BbicoTa 3ByKOBOI'O TOHA Op-
raHHol TPYObI 0DECIIeUYNBAETCA COOTBETCTBYIONIUM BBIOOPOM JIJTHHBI TPYOBI
(em. [5,23,86,87,94,106,196,197] u 6ubanorpaduto B zux). [Tosromy, 4T06b1
UMETh BeCh HEOOXOJMMBIN HAOOD 3BYKOBBIX TOHOB, TPEOYEMbIX JIJIsI HCIIOJI-
HeHUsT My3bIKAJIbHBIX [TPOM3BEJ/IEHHIT, Opral KOMIIEKTYIOT BeChbMa OOJILIINM
KOJINYECTBOM OPraHHBIX TPYO Pa3Hoil JUIMHBI 1 PA3HOI0 KaJanOpa.

Pacemorpum kak pabortaer opraHHas Tpyba, st bero odpaTuMcs K
puc. 6.66, Ha KOTOPOM CXeMaTHUIeCKN M300paskeHo ceueHnst OPTaHHON TPYObI.
Ot KoMmITpeccopa CxKaThIil BO3/IyX 4epe3 naTpybok 1 mojaercs B Kamepy 2.
Hasiee BO3yX MOCTYIIAET B Y3KYIO IIEJb 3, TJIe €ro CKOPOCTh 3HAYUTE/HHO
YBEJIMYINBAETCSI, U BBIXO/sI U3 IeJIM OH 0Dpa3yeT TOHKYIO CTPYIO, KOTOpas
HaTekaeT Ha KauH 4. MMeercs Tak:ke BHYTPEHHUI 00beM, MPeACTABIISIONTII
coboit 0OTPE30K Y3KOI OTKPBITOI TPpyOR! 5. Kak BumnM, Bce KOHCTPYKTHBHBIE
9JIEMEHTBI OPraHHON TPYOBI MPUHIMINAIBHO HE OTJIINIAIOTCA OT JIEMEHTOB
cBuctka. Tenepb paccMOTpuUM Kak CTpyst OyJleT B3amMOJIeHiCTBOBATL CO 3BY-
KOBOI1 BOJTHOI, PACIPOCTPAHSIONIEics B OTKPLITOH Tpybe.

I—[pe,ZI‘HOJ'IO}KI/IM7 49TO B HeKOTOprfI HavaJbHbI MOMEHT, B pe3yJibTaTe BJ1y-

=
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Puc. 6.63. Opran paHHETO CpeHEBEKOBbSI:
1 — TpyOBI, 2 — Mexa.
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Puc. 6.64. CpejiHeBeKOBbBIi Opram.
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Puc. 6.65. Opran, ycTaHOBJICHHBII B OJHOM U3 MY3BIKAJILHBIX IEHTPOB
r. ®pankdypra (Fepmanst).
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L

Puc. 6.66. Ceuenne opraunoii TpyOsi:
1 — BxomHoOIt MaTpyOoK, 2 — Kamepa, 3 — 1ejb, 4 — KJauH, 5 — Tpyba, 6 — 3ac/IOHKA.

BaHWS BO3/IyXa B IIE/Ib, B HaYaJe TPYOLI BO3HUKJ/IA 00JIaCTh CXKATHST BO3IYXA.
DTa 06J1aCTh CZKATHST CO CKOPOCTHIO 3BYKa MOOEXKNUT K KOHITY TpyOnl. Kak MbI
YCTAHOBUJIN BBIIIE, TTOCJIE OTPAYKEHNS OT OTKPBITOrO KOHIIA TPYOBI 9Ta 00-
JIACTH CXKATHsT TIPEBPATUTC B 00JIaCTh paspsizkeHns. Korma oma MOCTUTHET
Havasia TpyObl (paifoHa MexKjy MIesIbio 1 KJIMHOM ), TO JIaBJIeHIe 3/1eCh OyjieT
HUZKe BHEINIHEero (arMochepHOro) JaB/ieHusl, OSBUTCS TPAJIMEHT JaBJIeHNs,
KOTOPBII 3aCTABUT CTPYIO OTKJIOHUTLCA BHYTPL TPyObL. B cBoio odepenn, 06-
JIACTDb Pa3PSZKeHNsI, OTPA3UBIINCL OT OTBEPCTUS MEXKIY IIEIbI0 U KJIIMHOM,
[PEBPATUTCST B 0OJIACTh C2KATHSA, B PE3yJIbTaTe 9ero rpaJlieHT JaBIeHnsl 110-
MeHseT HallpaB/IeHle 1 3aCTaBUT CTPYIO OTKJIOHUTHCST HApy»Ky. B To ke Bpe-
MsI, 9Ta HOBasl 00JIACTb C:KATUsI CHOBA MOOEKHUT K OTKPBITOMY KOHILY TPYOBI
T,

Takum obpazoMm, OJUH TTOJHBIH 1HKJ T MOMEpeIHbIX KOoJgebaHuil cTpyn
COBEPIIAETCS 33 BpeMs 11podera 3ByKOBOIT BOJIHBI 110 TpyOe B 000MX Halpas-
nernsx, T.e. Ty = 2L /c. Orciofa ocHoBHas dacTora fo 3ByKOBBIX KOJIeOaHMit
OpraHHON TPyObI OIPEIETNTCS KaK

lc

fo~or

CpasnuBast mocsiesinee Boipazkenue ¢ (6.19), Koropoe orpejiessier OCHOBHYTO
qaCToOTy CBHUCTKa, MOXKHO 3aME€TUTb, 9YTO OHU OTJIMHalOTCA TOJIBKO KOQCbeI/I—

(6.20)

[IUEHTOM TiepeJi OTHOIIeHeM ¢/ L.

CirieoBaTe/IbHO, COBEPIIEHHO TaKzKe, KaK W B CBUCTKE, MEXaHU3M 00paT-
HOI CBsI3H, 00ECIEYNBAIONINI aBTOKOIEOAHNS B OPTraHHoil Tpybe, mMeeT aKy-
CTUYCCKUII XapaKTep.

O6paruM BHEMaHUE Ha TOT GakT, 9To Bhipazkenus (6.19) u (6.20) e abco-
JIIOTHO TOYHO OTPEJIEISIOT BeJTMINHBl YacTOT. M cBsA3aHO 9TO ¢ TeM, 9To Ipu
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OTpazKeHU! 3BYKOBBIX BOJIH OT OTKPBITOIO KOHIIA TPYObI HEKOTOpasi 4acTb
BO3JIyXa, OKpYzKalollas KOHell TPYyObl ¢ BHEIHell CTOPOHBI, TaKXKe BOBJIe-
Kaercs B JBuzKenue. Ha 91o sBjienne B cBoe Bpemsi yKasaj eile Pajeii [5]
I MaccCy 3TOU 4YaCTU BO3JyXa IPUHATO cefiyac Ha3bIBAThL IIPUCOCINHEHHO
maccoii. [lockoibky Kaxkjiasi Tpyba B oprame J0JKHa ObITh OY€Hb TOYHO
HACTPOEHA Ha OIpeJIeeHHYIO YACTOTY, Ha KOHIle TPYObl MHOI/IA IPEJyCMaT-
pUBAIOT 3aCJIOHKY (CM. nosututo 6 Ha puc. 6.66), KoTopas obJerdaer 3ajgady
HacTpoiiki. JIBuras 3ac/I0HKY BJI0JIL TPYObI, MOZKHO B HEKOTOPBIX Ipejiesiax
U3MEHATD JIJTUHY TPYOBI 1, COOTBETCTBEHHO, HACTPAUBATL OPraHHyIO0 TPyOy
Ha TpedyeMyIo 4acToTy.

Manék 1 KaHaJIBI CO CT€eHO3aMU

Buawasie paccMOTpUM OJINH JTIOOOIBITHBIIN ITPUOOP, KOTOPBIH U3BECTEH KaK
MaHOK. MaHOK — 9T0 HeOOJNBINOH OOBITHO KYCTAPHBINH ITPUOOP, ¢ TOMOIIHIO
KOTOPOTO OXOTHUKH, U3/1aBasl XapaKTePHbIil CBUCT, IpUMaHUBAIOT mTHIL [198].
Vnorna ero Ha3pIBaIOT MPOCTO MUIINK MJIN OXOTHUYUIT CBUCTOK J1J1s1 IIPUMaH-
ki rtut. Ckopee Bcero ManoK MCHOJIB30BaJICA OXOTHUKAMU € He3alaMsATHBIX
BpPEMEH, OJIHAKO B OXOTHUYbEIl JIUTepaType OH BIIEPBbIE ObLI YIOMSIHYT B
1854 roy B CHIA (neTopuveckyio ClipaBKy MOXKHO TTOCMOTPETh, HAIIPUMED,
Ha caiite www.huntclab.ru). B Hacrosiiiiee Bpemst BbillycKaeTcsi Macca KOH-
CTPYKIiT MAHKOB (B TOM 9HCJI€ W COBPEMEHHBIX — 3JIEKTPOHHBIX), MMUTH-
PYIOIIX TOJI0Ca PA3IMYHBIX MOPOJ ITHUI] 1 MEJTKIX 3Bepeil, ¢M., HalpuMep

Knaccuueckue manku Faulk's (CLLA)

Knaccuyeckue wanku Raymond (Qpanuma)

lTodpupoeannblie wankw SCOTCH (CLUA)

MaHOK Ha rycqa

Puc. 6.67. Buemmnnit Bu/i HEKOTOPBIX COBPEMEHHBIX MaHKOB.
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puc. 6.67. Onnako Hac MaHOK OyJIeT MHTEPECOBATH IMPEXK/IE BCETO KaK eIle
OJIMH JIIOOOIBITHBII CTPYHHBIN reHepaTop 3BYKOBBIX Kosebanuit. Keratu, B
1OCJIe/IHEee BpeMsl IIPUHITNIL €10 paDOThI 3aNHTEPECOBAJ MHOTUX UCC/IeI0BaTE-
JIeH, B TOM YHCJIE U CICIUA/INCTOB, KOTOPbIC U3yYaloT IIPUPOLY BOSHUKHOBE-
HUST JIbIXaTe/IbHBIX IIyMOB Ye/I0OBeKa, O UeM Mbl 0oJjiee TT0IpOOHO PACCKazKeM
nmzke. Kpome 91oro, Manok HEPeJIKO MCIOIL3YETCI U B COBPEMEHHOM TeXHM-
Ke, KaK CUTHaJIbHBIN pubop. Harnpumep, BceM XOpOIIO N3BECTHBI CBUCTOK,
KOTOPBIiT HQJIEBAETCsT HA HOCHK OBITOBOTO YaifHMKA. DTOT CBUCTOK KOHCTPYK-
TUBHO HUYEM He oTJindaeTcs oT Mankd. Korja Bojia B JalilHuke 3aKUAMaeT U
JaBJeHne Iapa B HeM IIOBBINIACTCH, I1ap HaYMHaeT IIPOXOJUTH CKBO3b 3TOT
CBHUCTOK, B pe3y/brare 4ero reHepupyercs XOPOIIO CJBIIUMBIA CBUCTAIINN
3BYK, CUTHAJU3UPYIONINI O TOM, YTO YallHUK 3aKUIIel.

O/1Ha 13 THIINYHBIX KOHCTPYKTUBHBIX CXeM MaHK& n300pazkena Ha puc. 6.68.
Kax BujiHO, OHa COJIEPXKUT BXOHON 3aryOHUK 1, coeJinHeHHbIH ¢ OoJee -
POKUM OTPE3KOM TPYObI, B KOTOPOM HMEIOTCS JIBA CYXKEHUSI (CTeH03a75)
BXOJIHOE 2 1 BBIXOjIHOE 3. Ha komner TpyObl 0OBIYHO HAJIEBAIOT PYIIOP D JIIst
JIyUIIIero COIVIaCOBaHUsl TAKOI'0 MCTOYHUKA 3BYKa C OKPYzKalollleil cpejioil.

Kax Buj1ro, KOHCTPYKITHST MAHKE IO CyTH MPEJICTAB/ISIET OO0 KaHa ¢ JBY-
M4 CTE€eHO3aMU.

Ecnu 3aryonuk 3akarh rybaMu U HadaTb BJIYBATh B KaMepy BO3/yX, TO
3 BbBIXOJHOI'O OTBepCTI/IH 4 IIOMUMO CTPYI/I BO3JIYXa Ha9YHET MNCXOAUTL TO-
HaJbHbIl 3BYK P. [lyTem cooTBeTCTBYIONErO 110/100pa T€OMETPUIECKIX Ta-
paMeTpoOB CyzKCHUI, PACCTOAHIS MEXK/1Y HUMU U CUJIBI, C KOTOPO# BIIyBaeTCs
BO3MIYX, MOKHO TOOMTHLCS 3BYKOB, OUEHDL HAIIOMUHAIONINX 3BYKH, H3aBac-
Mble mTunamMu. B cBoe Bpemsi Paseit mposBia OOJIBINON MHTEpEC K MaHKY,
KaK a’pOAMHAMIYECKOMY TeHepaTopy 3BYKOBBIX Kosebamuit. B cBoeit Mono-
rpadun [5| oH oTMedaer, UTO BIEpBble YACTOTY fi 3BYKOBBIX KOJeOaHMHIL,
reHePUPYEMbIX MAHKOM, OIEHIT 30H IXayCC (Sondhauss)76 emte B 1854 romy.
OMIUPUIECKN OH YCTAHOBILII, UTO

v
form TE(dN),

riae V' — CKOpOCTh MOTOKA BO3JyXa BO BXOJHOM CY’KEHUH, | — paccTosiHue

MexK Iy cyxerusivu, F'(d/l) — HekoTopast BeJMdrHA, 3aBUCSIIAA OT OTHOIIE-

mnst d/l. Kak mbl ceifuac yxe monmvaem, Beinanua F(d/l) mo cytn ectsb

qncao Crpyxads.

75CTeH03 — 3TO JIOKAJIBHOE Cy’KeHIE B KaHAIAX
70K corKalIeHnIo IHOHEPCKas paboTa SoHIxaycca B xKypHate Pogg. Ann., 1854, v.XC1, p.126 Ham Gbiia
HEJIOCTYIIHA.

193



Puc. 6.68. Oaa u3 THINYIHBIX KOHCTPYKTHBHBIX CXEM MaHKA:
1 — Bxo/HO# 3aryOHUK, 2 — BXOJHOE CyKeHHue, 3 — BBIXOJHOE CYyXKEHHe,
4 — BBIXOJ[HOE OTBEPCTHE, 5 — HEOOJIBIION PYIIOP.

Takum 06pa3oM, BIEpBbIe OBLIO YCTAHOBJIEHO, UTO YaCTOTa 3BYKOBBIX KO-
JiebaHuil, reHepupyeMbIX MAHKOM, IIPSIMO MTPOITOPIUOHAIBHA CKOPOCTH TTIOTO-
K& 1 00paTHO TPOMOPINOHAIBLHA PACCTOSTHUIO MEYKTY BXOHBIM 1 BBIXO/IHBIM
CyKEHUAMU. I/I, KaK Mbl YK€ BUIEJIN, (byHJ_Lal\rleHTa.]IbHaﬂ 3aBUCUMOCTDL Ta-
KOIr'o pola B€CbMa XapaKTEpHa JIJisdd MHOI'UX THUJIPOa’dpPO/[MHAMUYECKUX I'eHe-
PATOPOB 3BYKOBBIX KOJIEDAHMI.

Kakoro-inb6o 1eTkoro o0bsiCHEHIsT MEXaHN3Ma, TeHepaIlnN 3ByKa MaHKOM
Pauteit ze gas. Ou Tos1bKO 3aMeTII “...caM BhaKT, 910 OH (MaHOK ) BOOOIIE 3BY-
YUT, 110-BUUMOMY, TTOKA3bIBAET, UTO ITOTOK BO3JIYXa, MPOXOJAIIEIO CKBO3b
MaHOK, TlepeMeHHbIit...”. Dra jjorajKa, Kak Oyjer BHUJIHO JAJblle, B ollpeje-
JIEHHO{T Mepe oIpaB/iaiach.

B XX Beke Hay4HBIl HHTEpeC K adpOAMHAMIYECKIM IeHepaTopaM 3BY-
Ka, KOHCTPYKTUBHO YCTPOEHHBIM MOJ00HO MAHKY, MPOJIOJIZKAT OCTABATLCS
CPaBHUTEJILHO BHICOKUM (M., Harpumep, [97—99,199,200] u 6ubmorpadiuio
B Hux). [Ipuaumsl Takoro nuTepeca MOKHO OObSICHUTD, C OJHON CTOPOHBI,
€CTeCTBEHHOI HayIHOI JTI0O03HATETLHOCTBIO, & C JIPYTOoil — HEOOXOIUMOCTBIO
OTBETUTbH Ha PsiJ BOIIPOCOB, IIOCTaBJIEHHBIX ITPaKTUKOil. Hampumep, mouemy
IIOTOK MOPOXK/IAET 3BYK B TPyOax 1 KaHaJax, IMEIOIINX CyKeHust (CTeHO3bI)?
KaK C 9TUM 4BJICHUEM 60pOTbCH, nJjIn KakK ero MncCIoJib30BaTb JIJId TEeXHNYe-
ckux Hyx1? Kerat, Kak BBISCHUIOCH B JlaJIbHEHIIIEM, TeHepaliis MOIIHBIX
3BYKOBBIX BOJIH MOXKET BO3HUKHYTH U B TPyOax TOILJIMBOIPOBOJIOB 1 Ta30-
IIPOBOJIOB BBICOKOI'O JIABJICHA, TJIe NMEIOTCS CY’KeHUsI X CEUYCHUsI B BUJIE
Pa3/IMIHBIX PEryJIMPOBOYHBIX BEHTU/ICH 1 3aC0HOK. BO3HUKINNIE 3BYKOBbIE
KOJIe0aH!sT MOTYT BBI3BATh 3HAUUTEIbHBIE BHOPAIME OTAE/JbHBIX YyIaCTKOB
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TpyO 1 X paspyiienne. Bo3MOKHBI TaKKe HAPYIIEHUS PEKUMOB aBTOMATH-
YECKOr0 PEeryJIMpOBAHNs MMOIaYN TOIINBA B TEIJIOBBIE JBUTATEIHN, B YaCTHO-
CTH B pakeTHble npuraresn. Hakomer Takoil, BOSMOXKHO HE OYEHD BayKHBIIM,
HO BeChbMa JIIOOOIBITHBII BOITPOC: KAK O0DSICHUTE CIIOCOOHOCTD YEI0BEKA, CBH-
creth! Kakne mpu 3ToM cremnmduyeckne JBUKEHNIS BO3IYyXa MPOUCXOST B
poToBOIt TosocTH?

DkcrepuMenTanbHas pabora 98|, mogsuBmasics B 1970 romy, YacTudHO
OTBETUJIA Ha STH BOIPOCHI. BbLIN 1OJy9YeHbI OOIMIUPHBIE KOJIMYECTBEHHDIE
JIAHHBIE O 3aBUCHMOCTH YaCTOTHI f(, U3IyIaeMbIX MaHKOM 3BYKOBBIX KOJIe-
GaHnit, ot ckopoctu V' ¢Tpyn B OTBEPCTUH TIEPBOTO CyzKeHusi. B KadecTBe mi-
JocTparui, Ha puc. 6.69 npejcraBieHbl HEKOTOpbIE U3 9THX JaHHBIX. Kak

fo- T .| p.ub
540 —er s |
500 1--r el
) //E/E’/E/:/O" 20 F
430 _ )
i i
400 370 4,/0/8/19?/ 15 r 1
326 PPt ﬁ/ 3,’”!1
7 10 : v
300 i’fi %
5 ¢ i&
200 ! T3S 0 —=1= 1
0 2.54 5.08 7.62 V,Mm/c 2.54 5.08 7.62 V,Mm/c
a 0

Puc. 6.69. AkycTndeckne XapaKTePUCTUKI MaHKA:

a,0 — 3aBUCUMOCTD YACTOTHI M OTHOCUTEIHLHOIO YPOBHS 3BYKOBOI'O JIABJIEHUS] OT CKOPOCTH
CTPYU B OTBEPCTUH BXOJHOI'O CTEHO3a COOTBeTCTBeHHO npu d = 6.35 mm, D = d/0.123;

kpussle 1,2,3,4,5,6,7 coorsercrsyior [ /d =6, 8, 10, 12, 14, 16, 18.

BIIHO n3 puc. 6.69a, B CpaBHUTEJBHO NIMPOKOM JHalna3oHe 3HadeHuii {/d
JACTOTA, U3JIYyIaeMbIX 3BYKOBBIX KOJCOAHMI JIMHEHHO pacTeT Mo Mepe YBEeIH-
YeHUsI CKOPOCTH CcTpyu. U 3T0T hakT elme pa3 MOOTBEPANI IPABUILHOCTD
BBIBOZIA, CAEJAHHOro okojo 150-Tu jer ToMy Hazan 3oHaxayccoM. Bumecte ¢
9TUM CTAJIO TAKXKE SICHO, UTO YACTOTA 3BYKOBBIX KOJICOAHUI CYIIIECTBEHHO 3a-

195



BUCHT OT NeOMeTPUYecKX rnapaMeTrpos Manka. Okazajioch, 4To uem OoJiblie
oTHOIIeHUe [/d, TeM HUKe JacToTa M3J1ydaeMoro 3Byka. MOKHO Mpenoio-
JKITh, 9TO 9TU CBOMCTBA MAHK& BEChMa JABHO OBLIN M3BECTHBI OXOTHUKAM
Ha JUKIX ITUI[, KOTOPbIE 9KCIIEPUMEHTAJBLHO TOA0HpPast JTOJKHBIE TEOMET-
pHUYecKie XapaKTepUCTUKI MaHKd 00eclievdnBan MeHepaInio 3BYKOB, CBOIi-
CTBEHHBIX 3BYKaM, U3J/1aBaeMbIM TOM WM UHOHN [MOPOJIONA IITHILI.

Bbut ycraHOBIIEH errie ofinH BasKHBI (/1151 TOHUMaHWsT paboThl MAHKA) I
JIIOOONBITHBIH (hakT. YToOBI MOHATH €ro cyTh obpaTnuMces K puc. 6.690, Ha Ko-
TOPOM TIPE/ICTABIIEHBI 3aBUCIMOCTH OTHOCUTETHLHOTO YPOBHS 3BYKOBOTO JIaB-
JIEHUs, Pa3BUBAEMOr0 MaHKOM, OT CKODOCTH CTPYH B OTBEPCTUM BXOMHOTO
crenoza. Kak BHJIHO, 3JleCh BCe KPHUBbIE HMEIOT XapaKTEPHBIH 9KCTPEMYM,
MOJIOYKEHNE U BEJIMYNHA KOTOPOT'O 3aBUCAT OT CKOPOCTH CTPYH U OTHOIIE-
aus [/d. Oupeesnm, mpu KaKuX 3HAYEHHsIX CKOPOCTEl CTpyn HaOJII0Ial0TCst
9KCTPeMyMBbI. JIJIsT 9TOr0 JIOCTATOYHO U3 TOYEK IKCTPEMYMOB OIYCTHTH HOP-
MaJlb Ha 0Cb abCIUCC (BeJMYMHBI 9THX CKOPOCTEH sl KazKJIO0ro 3HaYeHUs
l/d ormeuenbl Ha puc. 6.696 crpenkavu ¢ nudpamn). Eciu tenepb, mosry-
deHHble TAKIM 00pa30M BeJIMUMHBI CKOPOCTell, HAaHeCTH Ha OCh abCINCC Ha
puc. 6.69a, TO JIETKO OIEHUTH YACTOTHI, IIPH KOTOPBIX HADIIOMAIOTCS IKCTPE-
MyMbI Ha, puc. 6.696 (Ha puc. 6.69a 5Tu 9acTOTHI yKA3aHbI C IIPABOi CTOPOHBI
OCH ODJIMHAT).

[Touemy 2Ke Ha TUX YACTOTAX TaK PE3KO MOBBLINIACTCS YPOBEHDL 3BYKOBO-
IO JIABJICHUsI, TEHEPUPYEMOTo MAHKGM? ABTODBI cTaThi |98| e/ om0k,
YTO MPUYMHA 3TOTO SBJIEHUST 00YCIOBICHA PE3OHAHCHBIMI CBOMCTBAMU BHYT-
peHHero obbeMa MaHKE U OKa3auCh paBbl. JleficTBUTeIbHO, KOH(UTYpaIiust
BHYTpPEHHEr0 oObeMa MaHK& BecbMa, OJIM3Ka K XOPOIIO U3BECTHOMY KJIACCH-
geckoMy pesonaropy lesbmrosbia [5,20]. B mexcreHo3HOM TpocTpaHcTBe
(eM. puc. 6.68) 3aK/IH0UEH OTHOCHTEIBHO OOJIBINON 00beM BO3/yXa, KOTOPbIi
MOXKET UT'PATh POJIb YIPYTOro 3JIEMEHTA, & B BBIXOJHOM OTBEPCTUU BTOPOTO
CTEHO03a 3 COCpPeIOTOUEHa HEKOTOPas Macca BO3J/IyxXa, KOTopasd MOYXKET UTPaTh
POJIb HHEPIIMOHHOTO dj1eMeHTa. KpoMme 9Toro, BoJIHOBOIT pa3Mep MaHK& BeCh-

Ma MaJsl’’ 1 coctasiisier okouto 0.1, 4To 91eMEeHTAPHO IPOBEPHTH, OINPAasiCh Ha

nanmble puc. 6.69. ApTopsl craTbn [98| BHITOTHIIN TPUBHAIBHBIE PACTETH

1 OOHADPYIKUJIN, YTO YACTOTHI, TIPU KOTOPBIX HAOIIOMAIOTCA IKCTPEMYMBI Ha

7TYcoBrEe MAJIOCTH pe3oHaTopa [eIbMIofblia MO CPABHEHMIO C JJIMHON BOMHBI OYeHb BaykKHO, MO0
ITO3BOJISIET IIPEJICTABUTH CPEJly BHYTPU PE30HATOPA B BHJIE COCPEJIOTOYEHHBIX YIIPYTOTro ¥ HHEPIMOHHOTO
3JIEMEHTOB.

8 ITytst Tex, KTO MHTEPEeCyeTcsl COBPEMEHHBIME METOJAMHE PACHETa PE3OHAHCHBIX TACTOT aKyCTHICCKIX
PE30HATOPOB, MOKHO pekoMenioBaTh paborst [201,202].
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puc. 6.696, Becbma OJIMBKU K PE30HAHCHBIM JaCTOTAM MEXKCTEHO3HOTO 00be-
Ma MaHK4.

Takum 0Opa3oM, BHyTpeHHHUII 00beM MaHKd, KPOME BCEro Mpodero, Bbl-
MOJIHSIET POJIh pe3oHaTopa [eabMroibiia U B 00JacTH CBOEH COOCTBEHHOM
JaCTOThl PE30HAHCA CYIIECTBEHHO IOBBIIIAET MOITHOCTH W3/IYYEHHOIO 3ByKa
MaHKOM.

D1a 0c06EHHOCTD, ycTaHoBjIeHHast B 98], 103BOJISeT CiiesiaTh CJIey it
OJTHOBHAYHBIA BHIBOJL O MAHKE, KaK aKyCTHIECKOM H3JIydaTese 3ByKa. 3BYK
BO3HIKAET 3a CYET MPOJOJbHBIX KOJEOAHNN CpeJibl B BBIXOTHOM OTBEPCTUI
MaHK&, 0 4eM JiorajibiBaJjicd emle Pajieit. eficTBUTEIbHO, XOPOIIO U3BECTHO,
YTO B3auMOjielicTBIE pe3oHaTopa ['esibMroJiblia ¢ OKpyKatolieil cpejioit Bos-
MOYKHO TOJIBKO 3a CYeT MPOJIOJIbHBIX KoJiebaHuii cpejibl B ropJse (B Haliem
cJIydae B OTBEPCTUH BTOPOro crenosa). OTcro/a BhITEKALT CIIeJICTBIE: MAaHOK
SIBJIETCSA CKOPee BCEro aKyCTHIeCKUM M3JIydaTesieM MOHOIOILHOrO Thia. B

30° 0=0 30°

HanpasaeHue OBUNCEHUS CIPYU

Puc. 6.70. Inarpamma HAIIpaBJIEHHOCTH MaHKA:
1 - s l/d=4u Re=2180, 2 — mus1 l/d =2 n Re = 2550.

pabore 97| GblTa IPOBEpEHa CIPaBeINBOCTh 9TOTO CJCJCTBUS ITyTeM IIpsi-
MOTIO M3MEpEeHHs JInarpaMMbl HallpaBIeHHOCTH MaHKA (cMm. puc. 6.70). Kak
U CJIe0BaI0 OXKUIATh, MaHOK JIEHCTBUTENHHO OKA3aJICd HEHAIIPABJIEHHBIM
NCTOYHUKOM 3BYKa, T.€. OH fABJISETCA TUIUIHBIM MOHOIIOJIEM.

MpbI BBISICHUJIN OCHOBHBIE aKyCTHUECKHe CBOICTBA MaHK&. Terepb MOMbI-
TaeMCs BBISICHUTH MEXaHW3M, KOTOPBI MPUBOJUT K reHepanuy 3Byka. JIst
9TOro cHoBa obparnMcs K puc. 6.68. OUeBHIHO, UTO CTPYsI, UCXOJSIINAT U3
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OTBEPCTHUS [IEPBOTO CTEHO3a, 110 MEPE CBOErO JIBIUKEHUST JIOJIZKHA PACIITIPATh-
csi. [Ipuanibt 3T0r0 MbI OPOOHO 0OCY MM, KOTJIa PACCMATPUBAJII CBOHCTBA
3aTOIJICHHO CTPYH. DTO paCHIUpEHNe MPUBOJUT K TOMY, UTO IEHTpaTIbHAs
9aCcTh CTPYH MPOXOJIUT Uepe3 OTBEPCTHE BTOPOrO CTEHO3a, a nepudepuitast
ee JacTh, y/Iapssach B CTEHKY 9TOTO CTEHO3a, BO3BPAIACTCS Ha3a/l, 00pasyst
BIXPEBOI TIOTOK B MEYKCTEHO3HOM IpPOCTpaHcTse. JlocTuras KOpHs CTpyn'?,
9TOT BUXPEBOIT MOTOK BO3JIEHCTBYET HA CTPYIO, B PE3YJIBTATE U€r0 Ha MOBEPX-
HOCTH CTPYH HAYMHAIOT TTOPOZK/IATHCS KOJIBIIEBBIE BUXPU. DTO XOPOIIO BUIHO
(0603HAYEHO CTPEJIOUKOiT) HA MIHOBEHHBIX (DOTOrpadusixX, Mpe/IcTaBIeHHbIX
na puc. 6.71a%". KosbIesble BUXpU CHOCATCS BHU3 110 TOTOKY U TIEPHOJIITYC-
CKI yJIapsiiOTCsi O BHYTPEHHIO CTEHKY BTOPOro creHosa. IIpum sToM 4acTb
CPE/JIbI KOJIBIIEBBIX BUXPeil IIPOXOJNT B OTBEPCTHE BTOPOI'O CTEHO3a, a YacTb
YBJIEKAETCsT KOJTBIIEBBIM [TOTOKOM Ha3aJl K KOPHIO CTPYH U 3/1eCh BO3/1eiiCTBY-
10T Ha cTpyo. BoT KaknM 06pa3oM peasinsyercs: MexaHiu3M 00paTHOIl CBsI31 B
MaHKé, 6e3 KOTOPOro HEBO3MOYKHO BO30YKJleHIe 3ByKa. Il BIIoJIHE OYeBHJIHO,
YTO OH UMEeEeT YNCTO TUIPOJMHAMIIECKYIO TPUPOJLY.

Tenepn ciejlyeT BBISICHUTD JUHAMUKY MOTOKA B OTBEPCTHM BTOPOTO CTe-
Hoza. Kak Mbl yzKe roBOpMJiN, 9acTh CPeJIbl KOJIBIEBBIX BUXPEil 1mepuojiu-
YEeCKHU TIOCTYIAeT B OTBEPCTHE BTOPOIO CTEHO3a U, TeM CAMBIM, 3J1€Ch Iie-
PUOJIMYECKN BO3MYINAETCA MPOMUIIb TIPOIOJIBHON COCTABJISIONIENl CKOPOCTH
noroka. Kak csieJicTBHe, IIPOUCXOUT BO30YZKJIEHIE 3BYKOBBIX KOJIEOAHMIA.
[Tpu aTOM TOHATHO, YTO € yBeJUYIEHIEM CKOPOCTH ITOTOKA B OTBEPCTUSX CTe-
HO30B JIOJIZKHA PACTH YacToTa 3ByKa, MO0 OyjeT pacTu KOJUYECTBO KOJIb-
IEBLIX BUXPEil B MEXKCTEHO3HOM IIPOCTPAHCTBE U Yare Oy/LyT IPOUCXOUTH
BO3MYIIIEHMsI TPOQUIIsA TPOJIOJIBHON COCTABJISIONIEH TOTOKA B OTBEPCTHH BTO-
poro crenosa. VIMeHHO 3TOT mporece Xopolno WIOCTPpUpyior dboTtorpadun
Ha puc. 6.71. Kak HeTpyHO 3aMeTnuTh, IPU OTHOCUTEIBHO HU3KONH CKOPOCTH
[IOTOKA B MEXKCTEHO3HOI 001acT 06pa3yercst BCero OjiuH KOJIbIIEBONH BUXDb
(Ha BepxHeM hoTO OH 0003HAUEH cTpesiodKoi). [Ipu sToM, Kak mokasasu n3-
MepeHHs, YacTOTa TeHEepUPYEeMbIX 3BYKOBBIX KOJIEOAHUIT COCTAaBJISIa OKOJIO
45 I'n. Ilpn yBesmmueHn# CKOPOCTH MOTOKa 0OPA30BAJIOCH YrKe JiBa, KOJIbIle-
BBIX BUXDPsi (CM. cpejiHee hoTO) M YacToTa 3ByKa ypejauduiachk jgo 100 T
[Ipu ere GoJibleii CKOPOCTU MOTOKA BO3HUKJIO TPH BUXPS M YACTOTA 3BYKa
noBbiciiach 10 220 I'm.

HpI/I )IaﬂbHefIIIIeM YBeJIMYEHNN CKOPOCTHU IIOTOKa KapTHUHa JABUZKEHUA CPe-

TKopeHsb cTpyn 310 06J1aCTh, T/e CTPys (hOPMUPYETCsI, BBEIXOS I3 OTBEPCTHS TIEPBOTO CTEHO3a,
80Bce Tpu doTo ma puc. 6.71 3aMMCTBOBAHEI U3 IKCIEPUMEHTATLHOIM paboTh [99].
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Puc. 6.71. Tpu mruosennbie dororpadun, XapakKTepusyIolye JIBIKEHUE CPEJIbI
B MEXKCTEHO3HOM IIPOCTPAHCTBE MaHK4, BBIIIOJTHEHHbIE IIPH PA3IHIHBIX
CKOPOCTSIX ITIOTOKa BO3/[yXa B OTBEPCTHH IIEPBOI'O CTEHO3a:

a,0,B — coorBercrBytor V = 1.2, 1.7, 2.7 Mm/c; 31ech 1 — quadparMbl, 06ecrieInBaone
JIBa CyyKeHus (CTeHO3a), a BU3yaJu3anus 00eCIeInBaIach IIyTeM BBEJIEHUS B IOTOK JIBIMA.

IIBI B MEXKCTEHO3HOM IIPOCTPAHCTBE YeIoXKHAeTCsI. Kak caencTBue, yeaIosKHsI-
eTcs 1 XapakTep KoyebaHuil mpoduis CKOpOCTH ITOTOKA B OTBEPCTUU BTOPOIO
CTEHO3a 1, COOTBETCTBEHHO, 0DOTaIlaeTcs CIEKTP MeHEPUPYEMBIX 3BYKOBBIX
KOJICOAHUIA.

MpbI 3anHTEpEecOBaNCh OCODEHHOCTSIMU JIBUKEHIS TIOTOKA B ILJIOCKOM Ka-
HaJIe ¢ JIByMsl CTEHO3aMHU B BHJIE IJIOCKUX juadparM co miejasmu u B V-
CTUTYTE IUPOMEXaHIKN HAIIMOHAJIbHON AKajieMun HayK Y KPaAnHbI TPOBEJTH
COOTBETCTBYIOIINE TEOPETHIECKIE NCCTIETOBAHNS W YNCIIEHHDBIE SKCIIePIMEH-
Thl. B 9acTHOCTH, HAM YIAJI0Ch YCTAHOBUTH, UTO JIBUXKEHIE TIOTOKA B TAKOM
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Puc. 6.72. JIBukenust moToKa BO3/yXa B IJIOCKOM KaHAJE C JABYMs JuadparMaMu
(neHTpaIbHAST KOJIOHKA KAPTHHOK ), TPOUIIN CKOPOCTHU IIOTOKA Ha BXOJIE IIe/IH [epBoii
nuadparmbl (JieBasi KOJIOHKa rpadukoB) 1 NpoUIH CKOPOCTH HOTOKA HA BBIXOJIE eI BTOPOIl
nuadparmbl (paBasi KOJOHKa rPpadUKOB) 3a 0uH neproj 1 aBToKosIe6aTeIbHOTO IIPOLECCa;

a,0,8,r coorsercreytor t =0, t =T/4,t =T/2,t = 3T /4.
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KaHaJjle, IPU OIPEJIEIEHHBIX €r0 CKOPOCTSX, TAKyKe MOYKET UMETb ABTOKO-
nebarenbblit xapakrep [204]. Hekoropble pe3ysibraThl 9THX HCCIIEI0BAHMIIM
HpUBEJIEHBI Ha puc. 6.72 u puc. 6.73.

Obparumest cHavdasa K puc. 6.72, rae m300parKeHbl KAPTUHDBI JBUYKEHUSI
I0TOKa BO3/lyXa B KaHaje ¢ JByMst juadparmamu 1 u 2 (neHTpasibHble Kap-
THHKH ), TPOMUIIN CKOPOCTH MOTOKA Ha BXOJIE eI epBoil tuadparmbl (Jie-
Bble IpauKit) 1 POMUIN CKOPOCTH MOTOKA HA BBIXOJE IHEIH BTOPOIl jna-
dbparmbr (mpasble rpaduki) 3a ogns neproj 1 aBTOKoJIeHATEILHOIO MPO-
necca B (UKCHpOBaHHBIE MOMEHTHI Bpemenn t = 0, t = T/4, ¢t = T/2 n
t = 37'/4. CkopocTh TOTOKA B OTBEPCTUH TEPBOil jnadparMbl 0003HATEHA
oyksoit U, pasmep 1mienn d u paccrosaue mexty jgunadparmamu L. Bee nan-
Hble Ha puc. 6.72 coorsercrByor Re = 1440 (1o pasmepy menn d), pasmep
e/ 66T B 9 pa3 MeHbIIe MoepedHoro pasmepa KaHana, a L/d = 2.8.

Y10 2Ke MOXKHO y3HATh HHTEPECHOI'0, paccMarpuBas puc. 6.72. Bo-1iepBhIX,
podu/Ib CKOPOCTH TOTOKA Ha BXOJIE IEJN MepBoil JuadparMbl Bce BpeMst
OCTaeTCs OJIMHAKOBBIM, T.€. HE 3aBUCUT OT BpeMeHU. Bo-BTOpbIX, B 0bJia-
cTH MEXKJTy JuadparMaMi Ha MOBEPXHOCTAX CTPYH 0Opa3yroTcs JIBe BUXPeE-
Bble JIOPOKKN (HUZKHSIsI I BEPXHsIsI ), KOTOPBIE CJIBUHYTHI OTHOCHTEIBHO JIPYT
JIpyra Ha MMOJIOBUHY PACCTOSHUA MEXKy coceHUMU Buxpsimu. [Tosromy Ha-
Oer Buxpeil Ha BepXHUN U HUYKHUI Kpast IMeIu BTOPoi jinadparMbl Mpouc-
XOJIAT 100UepeiHO (UTOObI OBLIO Jlerde CJIeUTh 3a MepeMelieHneM Buxpeii,
MBI TIOCTABUJINA GeJible MapKephbl B IIEHTPE OJIHOI0 BEPXHEr0 1 OJHOI0 HUYKHE-
ro us Bﬂxpeﬁ). Kax n cienoBasio oxKujiaTh, Moovuepe b Haber BUxpeit Ha
Kpas 11e/iu 00yCJIOBJINBAET TOsBJIeHIe AHTHCUMMETPUYHBIX (110 OTHOIIEHHIO
K MPOJIOJIbHOI OCH CHMMETpUHN KaHajia) Kosiebanuii mpodussi cKopocTn Ha
BBIXOJI€ BTOPOIl eI, DTO JIerko 0OHAPYZKUTH, CPABHUBAs IpaBble 1podu-
Jn ckopocteit Ha puc. 6.72a-1. B Tperbux, B HUIIAX MexKay auadparMamu
obpaszyioTcs ABa OOJBINMNX BUXP, TPUYEM B BEpXHEil HUIIIE BUXPh BPAIACTCS
[IPOTUB YacOBOI CTPEJIKM, a B HUXKHEN HHUIIE 110 4acoBOil cTpeiku. MIMeHHO
9Tu OOJIbIIINE BUXPU MEPEHOCAT BO3MYIIEHUsI CPEJIbl, BbI3BAHHBIE TTEPUOJIN-
JecKuMu ‘yuapamu’ BUXpeil, ColepKalinxcs B BUXPEBBIX JIOPOKKAX, O Kpast
e/ In BTOPOit jradparMbl, K KOPHIO CTPYH, BbI3bIBas BO3MYIIEHHE €€ I0-
BEPXHOCTH. DTOT IIEPEHOC BO3MYIICHU CPEIbl OOJIBITIME BUXPSIME O CYTH
U ecTh KaHaJ 00PATHOI CBA3U B pacCMaTPUBAEMOIl aBTOKOJIe0ATETbHON CH-
cTeMe.

Takum obpaszoM, B KaHaJie ¢ JByMsI jgradparMamMu JeiiCTBUTETbHO MOYKET
BO3HUKATH aBTOKOJIEOATEILHBIN MPOIECC JIBUKEHUS CPEJIbl, 00YCIOBINBAIO-
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Puc. 6.73. Cuekrp MormpocTH Kojiebanuii mpoduiisi CKOpOCTH TIOTOKA
BO3/IyXa B MIEJIH BTOPOii puadparmbl.

it Kosebanus mpoduiisd CKOPOCTH [IOTOKA B IIeIu BTOpoil nuadparMbl. A
9TU KOJIEDAHWS, B CBOIO 0Y€Pe/b, MOI'YT BO30Y:KJATh 3BYKOBBIE KOJIEOAHUSI
1 BOJHBI B OKpyzKaforeit cpene. IIpoBenernble HAMI KCIIEPUMEHTAIBHBIC
HCCJIEIOBAHUST TTOJTHOCTBIO MOATBEPINIIN 3TH MTPEJIITOIOKEHUS.

Y1o0bI TPOMIIIOCTPUPOBATH YaCTOTHBIE CBOMCTBA TAKMX KoJiebaHmit, Ha
puc. 6.73 mpuBeIEH TOCTATOYHO TUIHIHBIA UX CIEKTP, KOTOPBIH MO3BOJISTET
yOeInThCsA, 9TO paccMaTpuBaeMasi cucreMa (IPH yKa3aHHBIX BBIIIE Tapa-
MeTpax) coBepiiaer KojiebaHus MPaKTHIECKN Ha OJHONH OCHOBHOW dacToTe
5 k', mockoabKy Oojtee BLICIINE TApMOHHYECKNE COCTABISIONIIE MO YPOB-
HIO OKA3BIBAIOTCS 3HAYNTEILHO HUKE.

B sakstovueHne ocTaHOBIMCS Ha OJHOM JIE0GONBITHON runorese 80|, BbI-
msunyToit B 2003 1., 1 nMeroIielt HermocpeICTBEHHOe OTHOIEHNE K MEXaHU3MY
reHepalny 3ByKa B MaHKE 1 KaHajax co cTeHozaMmu. leno B Tom, 9To (u-
3MUecKas MPIPOJa BOSHIKHOBEHHs CyXIX XPUITOBS! B GPOHXIAILHOM JlepeBe
YesIoBeKa JI0 CUX TOP JIUCKYTUPYeTCs.

ABTOpBI THIIOTE3bI MPEJJIOKIIN CASYIONNN ClieHapuil BO3HUKHOBEHUSI
CYXHX XPHUIIOB. XOPOIIIO U3BECTHO, UTO IIPH HEKOTOPBIX MATOJOTUSIX BO3ILY-
XOHOCHBIX Ty Teill OPOHXHAJILHOTO JiepeBa (3T0 Tpaxes, OpOHXU, GPOHXHIOJIBI U
T.JI.) Ha UX CTEHKaxX 00pasyercs Bs3Kasi MOKPOTa, KOTOpas YacTHIHO CyrKa-
eT UX CeYeHUe U, TeM CaMbIM, IPENATCTBYET HOPMaJbLHOMY ITPOXOXKICHUTO
BO3JIyXa MPHU aKTe JIbIXaHUsT U BhI3BIBAET Kalllesb y 001bH0r0. MOXKHO TTpe/I-
IOJIOKU T, 4TO 00pa3yeTcsi He OJIHO CyzKeHHue (CTEHO3), a JiBa Wi OOJIbIIIe.
B sTom citydae nepBblIif, 10 X0y JIBUXKEHUs MTOTOKA BO3JIyXa, CTEHO3 Oyjer

81Cyxuie XpHIIBI 3TO TOHAJIbHBIC 3BYKH, BOSHHKAIONIE B GDOHXMAILHOM JepeBe, IMPH ONpeeTeHHbIX
[ATOJIOTHSAX PECIUPATOPHOrO TpakTa desnoBeka |78,203]. OHM XOpOIIO IPOCIIYIUBAIOTCA € OMOIIBIO
OOBIYHOTO MEJIUIIHCKOTO CTETO(MOHEHI0CKOIIA.
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Puc. 6.74. a — DKcnepuMeHTATBHAS MOJIENb, COJEpIKAIast 1Ba cTeHosa (3aech Dy /Dy = 4.5,
Dy/D3=52,L/Dy=1.9,t1 /Dy =1.6 uta/Dy =1.45); 6 — 3aBUCEMOCTD CIIEKTPa MOIIHOCTH,
BOBHUKAIONINX 3BYKOBBIX KOJICOAHUI, OT CKOPOCTH IIOTOKA BO3/LyXa
B OTBEPCTHUH IEPBOIO CTEHO3A.

gopMUPOBATH CTPYIO, a MOCJSIYIONUN CTeHO3 OyJIeT UTPaTh POJIb MPEIsIT-
cTBUSA B Bujle Juadparmbl ¢ orBeperueM. CoBepIIeHHO 0YeBU/IHO, YTO TaKOe
pacrojiozKenne CTeHO30B B Tpaxee W OpOHXax O4YeHb HAIIOMUHAET PACIO-
Jioykenue jinadparm ¢ orsepeTusiMu B Manké. [losromy 1pu JibIxanuu, Korja
BO3JIYX JIBUYKETCs 110 OPOHXUAILHOMY JIEPEBY, B MeCTax 00pa30BaHUs CTEHO-
30B CJIEyeT OKUJIATh BO3SHUKHOBEHUS 3BYKOBBIX TOHAJIBHDBIX KOJIEOAHMIA.

Koneuno, Bsa3Kasi MOKPOTa HE MOXKET 0Opa30BbIBATH B OPOHXAX CTEHO3BI
B BI/Ie T€OMETPUIECKU [PABUIbHBIX (PEryJIsipHbIX) Juadparm ¢ OTBepCTHsI-
MU B UX [EHTpax, KaK 9T0 ¢JejaHo B MaHKé. [Toaromy asropsr [80] mposesn
SKCIIepUMEHTATbHbIE MCCIEeIOBAHNS Ha PA3IMYHBIX MOJIEISIX CTEHO30B, MMe-
I0IUX Hepery/gpuyio hopmy. B kauecrse npumepa na puc. 6.74a n3odpazke-
Ha OJ[HA M3 MOJIeJIell, cojlepaKallias JiBa HEPeryJIspHbIX 110 (opMe CTeHo3a,
C KOTOPOil M TPOBOMJINCH SKcIiepuMeHThl. [Ipu srom Besimunus ¢y, to, Dy,
Dy, D3 n L, a TakyKe CKOPOCTH ITOTOKa BO3jIyxa V BapbUPOBAJNChL B JIOCTA-
TOYHO IMUPOKHUX mpejesnax. K yJauBIeHnio aBropoB, B OOJIBITMHCTBE CJIyUa-
€B HEM3MEHHO I'eHePUPOBAIICH TOHAJIbHBIE 3BYKOBbIE KOJIEOAHNUST, YacTOTa, 1
XapaKTep KOTOPBIX, €CTECTBEHHO, 3aBUCETN OT KOHKPETHOW I'eéOMeTpPUH CTe-
HO30B U CKOPOCTH MOTOKa BO3jyxa. Ha puc. 6.740 mpuBe/ieHa 3aBHCHUMOCTD
CIIEKTPa MOITHOCTH BO3HUKAIOIINX 3BYKOBBIX KOJIEOAHUN OT CKOPOCTH MO-
TOK& BO3JLyXa B OTBEPCTHUH IIEPBOTO CTeHO3a. Kak Jierko 3aMeTnTb, CIEKTP
UMeeT CJIOXKHBII XapakTep U ero BUJ[ CYIIECTBEHHO 3aBUCHT OT CKOPOCTH IO~
ToKa. VIMeHHO 10100HOr0 pojia CleKTpasbHbIe CBOHCTBA U XapaKTePHbI JJIsT
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Puc. 6.75. Cxemarudeckuit pa3pe3 ¢pparMenTa rojJoBbI YeI0BeKa:
1 — a3bIK, 2 — HEOO, 3 — Tpaxest, 4 — BepxHUil psJL 3y00B, 5 — HUKHMIA PsiJl 3yOOB,
6 — BepxHsA ryba, 7 — HIDKHAA Ty0a, 8 — masyxu Mex1y rydbamu u 3ybami,
9 — 3BYKOBBIE BOJIHBI.

peasibHBbIX CYXUX XPUIIOB, BO3HUKAIONNX B OPOHXUAJILHOM JIEPEBe TIPU Psijle
JIETOYHDIX TTATOJIOTHSIX.

[TpoBejiennblil Bblllle aHAIN3 MO3BOJISIET TAKYKE OTBETUTH HA BOIPOC: Ka-
KM 00pa30M, BbIJIyBas BO3/IYX U3 JIETKUX, Y€JIOBEKY Y/IAeTCsd CBUCTETD U Jia-
JKe HaCBHUCTBIBATL KaKyo-1nubo Menoauio? st aToro obparumest K puc. 6.75,
Ha KOTOPOM CXeMaTHIecKH n300parkeH pa3pes HUKHell YacTh roJIOBbI Ue/10-
BeKa, U MPOCJE/INM 3 JIBUKEHIEM BBIJIbIXaeMOoro Bozjyxa. CKumas MexK-
pedepHble MBITIIBI 1 MBIIIIBL JHadparmMbl, 4eJ0BEeK BBITAJIKNBAECT BO3JLYX
u3 JIErKUX U 110 OPOHXHMAJILHOMY JIepeBY OH JloCTaBjisercs B Tpaxeio 3. U3
Tpaxem OH IOCTyIaeT B KaHaJsl, 00pa30BaHHbI A3BIKOM 1 1 HEOOM 2, 1ocie
Yero mpoJlyBaeTcs cHadasia depe3 IMieTh MKy BEPXHUM U HUKHUM DsiIaMu
3y0OB, a 3aTeM uepes meab MexK Iy rybamn. YToObl TOH cBUCTa OBLT YNCTLIH
(6e3 mpu3ByKa MuIeHns ) TyObl HY?KHO CJOKUTH B JOCTATOYHO Y3KYIO “TpY-
6ouKy”.

TaxuMm 0Opa3oM, CTAHOBUTCS OYEBU/IHBIM, YTO BO PTY 0OpasyeTcs KaHaJl
[IEPEMEHHOrO CeYeHHsl, MMEIOTIII JIBa CTeHO3aMU (JiBe IeJN) 1 MeKCTeHO3-
HOE IIPOCTPAHCTBO 3a CYeT HAJMYNS 1a3yx 8 Mexk /1y 3ybamu u rydbamu. [Ipui-
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[UITHAJIBHO TAKO KaHaJl TTOJHOCTHIO AHAJIOTMYEH KaHaJy MaHKd, n300pa-
JKeHHOTO Ha puc. 6.68, 1, ecTeCTBEHHO, B HEM MOJTHOCTHIO aHAJIOTUIHA, TTHA-
MHKa MTOToKa. [Ipu n3BecTHOM HABLIKE, U3MEHsIsT pasMep IeIn MeXKIy Tyda-
MU U CKOPOCTb BBIJbIXa€MOI'0 BO3/IyXa, VJIACTCd B OlpPEJe/ICHHbIX IIpe/e/iax
U3MEHSATH YaCTOTY CBUCTA. BOJILIINHCTBRO JIIo/Ielt, erie B IeTcTBe, JIETKO 00y-
YAIOTC 9TOMY HUCKYCCTBY, XOTSI MaJjIO KTO JIOTAJIbIBACTCS O TeX (PU3MUECKNX
rpoleccax, KOTopble IPU 3TOM ITPOUCXOIAT.
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SAKJ/IFOYEHUNE

Bot MbI 1 3aKOHUIN/IN SKCKYPC B YANBUTEIBHYIO 1 B BBICIIEH CTEIIEHH CO-
JIepKATENILHYIO 00JIaCTh HAYKHM — adpOruponHaAMIYecKyio akycTuky. Ha-
JIEEMCsI, UTO YUTATENIO ObLIO ¢ HAMHM WHTEPECHO U OH MOYEpITHYJI Jijisd cebs
YTO-TO HOBOE.

Yro ke gasblie, 9To 0XKIIAeT a9POTUIPOINHAMITIECKYIO aKYCTUKY B 000-
spumom Oyjymem? Ha 5ToT Bompoc MOXKeT OTBETUTL CaMa, JIOTHKA Pa3BUTHSI
JKUBHU, CTPEMUTENIHLHOE Pa3BUTHE HAYKNM W TEXHUKH, KOTOPLIE MbI BCe HAa-
6J10/1aeM B TIOCJIE/IHEE BPEMS.

Kak TbI ycrmes 3aMeTHTh, TOPOroil duTaTeh, TPYAHOCTH N3yIeHUS IIPO-
IIECCOB B3aMMOJICHICTBUSI TOTOKOB C IIPEMSITCTBUSME B IICJIOM ¥ TeHEpPAITHH
3ByKa IMOTOKOM B YACTHOCTH CBSI3aHBI BO MHOTOM C BBIYHCIUTEIHHBIMI MPO-
osemamu. He Bcem nccrieoBaTesisim, K COXKAICHUIO, CETO/IHS JOCTYITHBI MOIII-
HbIE BBICOKOITPOU3BO/INTEIBHBIC BBIUNCTUTE/IbHBIC Cpe/IcTBA. VIMEHHO 9T0 00~
CTOATEIBCTBO 3aMETHO CJIEPyKUBACT paciinpenne ppoHTa UCC/Ie0BAHNUII.

OjiHaKO HAM HPEJICTAB/SCTCS, ITO OJarojapst CTPEeMHUTE/IbHOMY pa3BU-
THUIO BBIUYUCIMTE/IbHBIX CPEJICTB YrKe 3aBTPa CUTYyalllsd Pe3KO U3MEHUTCS U
MbI, HA OOBITHOM MEPCOHAJBHOM KOMIIBIOTEPE, CMOZKEM MOJIeTMPOBATH MHO-
re, HeJIOCTYITHBIE CErojiHsI, TOHKOCTHU IPOIECCOB TeHEepaIun 3ByKa MOTOKOM.
DpoHT ncc/Ie0BAHNIT PE3KO PACHIMPUTCS U 9TO 00sI3aTeIbHO JIOJIZKHO MTPUHE-
CTU MHOT'O HOBBIX UHTEPECHBIX U, BO3BMOYKHO, HEOXKUJIAHHBIX SIBJICHUH 1 hak-
TOB, KOTOPbIE 3HAYUTEILHO TTOBBICAT HAII YPOBEHb (PUBUIECKOTO TOHIMAHUST
9TUX IIPOIECCOB U PACIINUPSAT TOPU3OHT HAITNX 3HAHUIT B 9TOW 00JIaCTH.

[Took1eM HEMHOTO, JIOPOTOif YNTaTeN b, 1, BOSMOXKHO, HAC ¢ TOOON OXKI-
JlaeT HOBasi MHTEpeCHasT BCTpeYa.
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