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IlpeaucioBue perakropa

[Ipennaraemast BHUMaHUIO YUTATENS KHUTA aHIVIMICKOro nHxkeHnepa P. Tainopa «llym» nocssiiena
BEChMa BaXHOW HAyYHO-TEXHHUYECKOH MpoOIeMe HAIero BpeMEeHH: 00phOE ¢ ITyMOBBIM 3arpsS3HCHHEM
OKpy»Karo1iei cpeapl. Tenepp K )kepTBaM IIyMa CIEAYyEeT OTHOCUTb HE TOIbKO KOTEIBIIMKOB U
KJICTIAJIBITUKOB, KaK 3TO OBLIO HECKOJIBKO JCCSITKOB JIET Ha3all, HO, TOKAIYH, U KaXKJIOTO KUTEISA
ropoaa. ['on oT rona mrym pacter u B Jjomax, U Ha yaule, U Ha npousBojacTtBe. Hanpumep, B Mockse u
JIPYTUX OOJBIINX TOPOJIAX 32 MOCIEIHEe AeCATHIIETHE IyM BhIpoc B 10—15 pa3. YdeHsle yxe 1aBHO
YCTaHOBWJIM, YTO IIYM BBI3BIBAET TYTOYXOCTh, IPUBOANT K HAPYIICHUSIM CHA, I3BEHHON 0O0Je3HH,
CepACUYHO-COCYAUCTHIM, HEPBHBIM U APYTruM 3a0osieBanusiM. OCOOEHHO OOJIBIIION BpET IITyM MIPUHOCUT
JIETSIM U OOJIbHBIM.

CoBpeMeHHas akycTUYECKas HayKa MOXKET IIPEI0KUTh BecbMa 3P QeKTUBHbIE CpecTBa OOPHObI

¢ HIyMOM, B o1HUX ciiydasx MHKEHEPBI-AKYCTUKH YMEIOT CHU3UTh YPE3MEPHBIN IIIyM TOTO WJIA HHOT'O
MEXaHU3Ma, B JPYTUX — U30JMPOBATH 3TOT LIYM, OTpaxas ero 00paTHO K MECTY BOSHUKHOBEHHMS U HE
JlaBasi EMy paclpoCTPaHUTHCS 110 BCEMY NOMeIeHN0. Eciin HeBO3MO)KHO OOPOTHCS ¢ CAMHUM LIIYMOM,
C YCIEXOM IIPUMEHSIOT UHUBHIyabHbIE CPE/ICTBA 3aILUTHI YEIOBEKA: YIIHbIC 3arIyIIKU (BKJIAbIIIN)
Y IPOTUBOLIYMHBIC HAYITHUKH.

K coanenuto, HeCMOTpsI Ha TO YTO IIYMOBAsi yrpo3a 3aTparuBaeT MOYTH BCE HaceleHne, 6opbda

C IIIyMOM B HaIlIei CTpaHe He JOCTUTJIA MOKA YIOBIETBOPUTEIHLHOTO YPOBHS U HE OTBEYAET
COBPEMEHHBIM BO3MOKHOCTSIM HAYKH M TEXHUKU. KOHCTPYKTOPBI M U3TOTOBUTENH PA3IMUHBIX
MEXaHH3MOB U CPEJICTB TPAHCIIOPTA, a TAKKE JINIIA, CBA3aHHBIC C MX IKCIUTyaTallleH, elle He YACISIIOT
JIOJIKHOT'O BHUMaHUSI OXpaHe HAaceJIeHHs OT YpE3MEPHOTO IIyMa.

['MmaBHYIO IPUYHHY HETOCTATOYHOTO Pa3BEePTHIBAHUS OOPHOBI C IIYMOM MBI BHJIUM B OTCYTCTBUH Y
COOTBETCTBYIOIIMX HAYYHO-TEXHUYECKUX KaJIpOB HEOOXOIUMBIX 3HaHUN B 00JACTH aKyCTHKH BOOOIIE U
BO3JICMCTBUS IIyMa Ha YeJIOBEKa B YACTHOCTHU. 3arojoBoOK nepBoii rinasel («HeBeqomast Hayka —
aKyCTHKa») MOYHO aJpecoBaTh OOIBIIOMY KPYTY JIUII, 00SI3aHHBIX CIIEUTH 32 aKYCTUUECKUM
KJIMMATOM. B J1esie oxpaHbl 4esloBEKa OT BPEHbBIX BHEIIHUX BO3JAEHCTBUM aKyCTUKY MCIOJIb3YIOT
MEHBIIIE, YEM OCTaJIbHbIE €CTECTBEHHBIE HAYKH. DTO OTPAKAETCA J1aKe B SI3bIKE: TOTa KAK



B IIOMMYJIAPHBIX KHUT'aX W XYpPHaJIaX YK€ HC CUUTACTCA HYXXHBIM IMOACHATH TAKUC CJIOBA, KaK, HAIIPUMED,
«aHTHYAaCTULA», «J1a3€p», «KXPOMOCOMaA», «MATKad IMOCaAAKa», <GKCCTKOC U3JITYUYCHUCH) U T. 1., CJIOBA:
«mymMoBasd HpO6H€Ma>), (KIYMHOCTDB», «3arIyllICHHUC), ((,HCI_[I/I6CJ'IBI», «peBep6epauI/I${» U T. II. — 49acCToO
BOCIIPUHHUMAIOTCA KaK KaKHC-TO 3K30TUUCCKNEC TCPMUHBIL.

Takoe mosoxxeHue Belel AesiaeT BeCbMa BaXKHOU MIPONAaranly akyCTU4€CKUX 3HAaHUN Ha MOIMYJIIPHOM
ypoBHe. [IoaTOMy nosiBIEHNE B IEPEBOJE HACTOSIIECH KHUTH, PECIEAYOIEH HMEHHO 3Ty LEb,
CIeAyeT CYMTATh BECbMa CBOEBPEMEHHBIM.

P. Toiinop — npaktuyeckuit pabOTHUK B 001acT 60pBOBI ¢ iryMoM. OH coueTaeT OOBIION OTBIT

C SICHBIMH TIPEJICTABJICHHUSIMH O (PU3MUYECKUX MTPOIIeccaX — KaK MPHUBOAIIMX K TCHEpAIK ITyMa
COBPEMEHHBIMH TEXHHYECKUMH YCTPOMCTBAMHU, TaK U JISXKAIIUX B OCHOBE CIIOCOO0OB MPOTUBOACHCTBUS
mymy. KHura npenHazHadeHa B OCHOBHOM JIJIsI JIMII, MAJIO CBeAynux B akycTtuke. P. Taitnopy ynamock
COXPaHUTh MOMYISIPHOCTh U3JI0KEHHUS, HECMOTPS HAa TO YTO B KHUTE OXBaueH OOJBIION U CIOKHBIN
MaTepHall: OCHOBHI TeHEPAIMH U PacTIpOCTpaHEHHs 3ByKa, padoTa CIIyXOBOTO amnrapaTa 4ejloBeKa
MOBPEKACHHE CITyXa ITyMOM, MPOIIECCHI CO3/IaHuUs IITyMa pPa3InYHBIMU MEXaHU3MaMU U YCTPONUCTBA ISt
TIOTJIONICHUS ¥ M30JISIIUH 3BYKa; TaHbI CBEICHUS 00 apXUTEKTYPHOU U CTPOUTEIILHOH akycThke. Kpome
TOTO0, aBTOP BKPATIIE PACCMATPUBACT 3aKOHOAATENBHBIC ACTIEKThI OOPHOBI C ITYMOM B AHTJINH, a TAKXKe
MIPUBOJUT HEKOTOPbIE UHTEPECHBIE CIIyuyan U3 COOCTBEHHOM MPaKTUKU, KOTJIa eMY CPaBHUTEIBHO
MPOCTBIMU CPEICTBAMHU yJaBAJIOCh CYIIECTBEHHO YIIYUIIUTh AKyCTUYECKUE YCIOBHS B IITYMHBIX
nomenieHusx. [locneHss rmaBa KHUTH MOCBSIIEHA «ITyMOBOHM (yTyposiorumny. 3akitounTenbHas ¢pasza
KHUTHY ONITUMHUCTHYHA, XOTSI aBTOP SICHO TIOHUMAET OTPOMHBIN MaciITad U CIIOKHOCTD 3a/1a4l
00y371aHUs] COBPEMEHHOU TEHACHIIUU POCTa OKPY’KAIOIIETO IIyMa.

Toiinop cripaBeIMBO OTMEYAEeT, 9To OOph0a C MIyMOM BKJIFOYAET, IOMHMO BCETO MPOYEro,
HYKOHOMUYECKUI acCTeKT U MOAUYEPKUBALT, YTO 32 CHUKEHHE [ITyMa HAJ0 «ILJIATUTHY (HIET JIU PeUb O
JIGHE)KHBIX 3aTpaTax Wik 00 YBEITMYECHUU MACChl M Ta0apUTOB 3ariryimaemMoro obopyaoBanus). [1o
MHEHUIO aBTOPa, C KOTOPHIM HEIb3sl He COTJIACUTHCSA, TTOJIX0]] K COBPEMEHHOU MpoldieMe IIymMa JT0JKEH
OBITH BCCCTOPOHHUM. CneglyeT YUUTBIBATH KaK (bI/I3I/IKO-TeXHI/I‘-IeCKI/Ie 1 S3KOHOMHUYECCKUEC, TaK U
(bu3HONIOrHUecKre CTOPOHBI BOIIPOCA, COBEPIIIEHCTBOBATH KaK CIIOCOOBI OOPHOBI C KOJIeOaHUSIMU
BO3/lyXa M BUOpalMsIMU KOHCTPYKIIUN, TaK U HaJUJIeKalle 3aKoHoJaTelibHble Mepbl. HeobxoanumocTh
TaKOro MOJIX0/Ia MOKa3aHa B KHUTe JJOCTATOYHO SICHO U MOCJIEIOBATENBHO.

Cpenu nMeroIuXxcs 0TEYECTBEHHBIX U IEPEBOIHBIX N3JaHUH, TIOCBALICHHBIX 3TOM TEME, HET KHUTH,
KOTOpasi 0 HAyYHOMY U MOMYJISPU3aTOPCKOMY YPOBHIO MPHUOJMKaiack Obl K KHUre Taitnopa.
HauGonpimnii npakTHUECKUI HHTEPEC KHUTA MPEJCTABUT JUIsl HHKEHEPHO-TEXHUYECKUX paOOTHUKOB
MIPOMBIIIEHHOCTH U TPAHCIIOPTa, CTPOUTENEH U IpaloCTPOUTENEH, COTPYITHUKOB OTPACIEBBIX HAYYHO-
HCCIIeI0BAaTENIbCKUX MHCTUTYTOB U T. 1. KHura 6yaer unrepecHa u npocTo J10003HATEIbHOMY
YUTATEII0, 0OCOOEHHO €CIIM OH TAKXKE SBIISAETCS KEPTBOU IIyMa.

BBenenue

Hy)KHO JIK TACAaTb KHUTY O TOM, YTO HaM IMPUXOJUTCA MUPUTHCA CO CIIUIIKOM OOJIBIINM I_HYMOMQ
OcTaHoBUTECH B HpncnymaﬁTeCL! Ho HCJOCTAaTOK 3HaHHUM O CAaMOM MyMe OIymacTcsa BO BCEM: MaJIO
KTO 3HACT, UTO TAKOC IIIYM, KaK OH Ha HaC ﬂeﬁCTByeT H, cCaMO€ Ba’XXKHOEC, KaK n30eXKaTh ero CO3aaHUs.

JIrou MPUBBIKIIH K pa3roBopam o Aenudenax, XOTs ¥ He TOHUMAIOT, YTO 3TO TaKOe, a KaK Obl

B OTMECTKY 3a MOMBITKY HEMOCBSIICHHBIX TPOHUKHYTh B TAWHBIA MUpP SKCIIEPTA MO IIyMaM BO3HUK
LEJIbI HA0OP HOBBIX CIECIHMAIBHBIX TEXHUYECKUX TePMUHOB. Takue cuMBOIIBL, Kak Lig U Ly, BMcaHbl
B IIPAaBUTEILCTBEHHBIC TTOCTAHOBJICHHSI M KOJICKCHI MPABHII, HO JIa)KE€ COCTABUTEISIM T0I00HBIX
JIOKYMEHTOB CMBICJI 3TUX CUMBOJIOB JI0 KOHIIA HE SICEH.



B Hame BpeMs obp30BaThCs COBETAMHM KOHCYJIBTAHTA IO IIyMaM — YXke He npuuyzaa. bonpmue
IIPOMBIIIIEHHBIE KOMIIAHUY HAYMHAIOT BKJIFOYATh B CBOM MOCTOSIHHBIM IITAT CIIELIUAIUCTOB 110
aKyCTHKE, HaJIeSICh C MX MTOMOIIIbIO TOOUTHCA CHUKEHHUSI IITyMa MTPOU3BOIMMBIX UMH MEXaHHU3MOB;
OJIHaKO JI0 CUX IIOp U MH)KEHEpaM, U apXUTEKTOpaM CIIy4yaeTcsl IPOU3BOAUTh aKyCTHUECKHE MOHCTPHI.
Ceiiuac yxe MOsSBWINCh YUEHBIE CTEIICHHU 10 aKyCTHUKE, COTHU CTYJEHTOB OKOHUYMIIM COOTBETCTBYIOIIHE
BY3bl U aCIIUPAHTYPY, HO JIFOJI€H, pacliojlaratolliix MpakKTUYECKUMHU CBEJEHUSMU 110 aKyCTHKE, I10-
MIPEKHEMY HE XBaTaeT.

.HIO)II/I HAaUYMHAIOT IOHUMATHh pa3sHUIy MCXIY )IBOP'IHBIMPI OKOHHBIMH paMaMH JJIA TEIJIOU30JIALIUA U
paMaMu JJId 3BYKOU3OJIAAIUN, HO IMTPOAOJIKAKOT HAJICTIIIMBATE AKYCTHYCCKUC TNINTHI HAa CTCHBI U IIOTOJIOK,
THICTHO HAJACACH «CIPATATHCA» OT LIyMa.

DTa KHUTA — TIOMBITKA MPUHECTH CBET TEM, JJISI KOTO BCE, CBA3AHHOE C aKyCTHKOM, ITOKPHITO MPAKOM;
TMOTIBITKA OOBSICHUTH, KaK IIIyM BOSHUKAET M KaK C HUM MOXHO 60poThcs. KHura B paBHOI Mepe
npeaHa3HaueHa Kak i npodaHa, CTPaJaloIero OT IryMa, Tak 1 sl apXUTEKTOpa U MHXKEHEpa, a
TaKKe JJI BCEX, KTO CaM 3aX04eT U30paTh akKyCTHKY CBOEH CIeNUaIbHOCTHIO.

1. HeBegoMas HayKa — aKyCTHKA

3BYK — SIBJIGHHE CTOJIb )K€ JIpeBHEE, Kak M cama 3eMiisi. Xaoc, B KOTOPOM PO’KAajiach Hallla IUlaHeTa,
COTPOBOKIAJICS MOIIHBIMHE YIapaMu, BUOpaIed, 3BykaMu 4y JOBUIIIHOM cuiibl. Korma 3emiis ocThuia u
BO3HHMKJIA KH3HB, IPUPO/Ia HE 3aTHXJIA: BOJIHBI C ITYMOM OMIIMCH O CKaJIbl, BETEP 3aBbIBAJ B BETBSX,
rpom rpemen B HeOe. M Tereps mpupoa moporo co3aaeT He MEHbIIE IIIyMa, yeM yenoBek. B 1883 r.,
Korzaa ByinkaH Kpakatay oOpaTuil B IbUTh ¥ BRIOPOCHIT Ha BBICOTY B 25 KM HECKOJIBKO KyOMYECKUX
KWJIOMETPOB F'OPHOW MTOPOJBL, TPOXOT U3BEPKEHUS HE YCTyNaJ TPOXOTY COBPEMEHHOTO aTOMHOTO
B3pBIBa, 8, MOXKET OBITh, U TIPEBOCXOIHII €TO.

VY JKMBOTHBIX, KOTOPBIE B IPOLIECCE IBOJIIOLIUY MTPUCTIOCAOINBAIKICH K )KU3HHU HA HEJIaBHO OCTHIBIICH
3emite, BO3HUKIIM 0COOBIC OTPOCTKH TOJIOBHOTO MO3Ta — OPTaHbI CIIyXa, M dKUBOTHBIE TIOTYIHIIN
BO3MOXXHOCTb YJIaBJIUBATh 3BYKH U3 OKPY>KAIOIIEro UX MHUpa. DTO YBEIUYMIIO IAHCHI HA BEKUBAHUE,
TaK KakK 3BYKH HeCcyT HHPOPMAIIHIO; Il oOuTaTe e NepBOOBITHOM 3eMIIH 3Ta MHPOPMALIHS

B OCHOBHOM CBOJWJIACH K MPEAYNpPexkACHHUIM 00 onacHocTu. [103ke ¢ moMoIIbio 3ByKOB Hauaja
YCTaHABIUBATHCS CBSI3b. PaznuuHbie 3ByKH, N3/1aBa€MbI€ )KUBOTHBIMH, CITY>KUIIU IS TIEpelaun
CUTHAJIOB OMACHOCTH, CIIOCOOCTBOBAIN 00BEAMHEHHIO )KUBOTHBIX CO CTaJHBIM HHCTUHKTOM U JaKe
MIOMOTJIH TIPOIIECCY PA3MHOKEHUST — T0JIb3YSCh JIIOOOBHBIM 30BOM, 0COOM pa3HBIX TOJIOB JIerye
OTBICKHBAJIH MMaPTHEPOB.

U3 BceX JKMBBIX CYIIECTB TOJIBKO YEI0BEK CYME IMOJIHOCTHIO BOCIIOIBE30BaThCSI CBOMCTBAMU
OKpYXaOIIEH cpeapl KaK HOCUTENS 3ByKOB. He TOBOIBCTBYACH BOPUAHUEM U MBIYAHUEM, YEJIOBEK, IO
Mepe TOro Kak POCiIO KOJIHYECTBO HH(OPMAIHH, KOTOPYIO €My HaJ0 OBLIO IMepeaaBaTh, YUUICS
u37aBaTh Bce OoJiee pa3HooOpa3Hbie 3ByKH. Beib 4emoBek — 3T0 00IIECTBEHHOE XHUIIIHOE KHBOTHOE;
OH YK€ HE MOT, ITOJ00HO ero mpeaKaM IpruMaTaM, Pa3BalUBIINCh Ha BETBIX JI€PEBHEB, ICHUBO
TAHYTHCS 3@ CBHCAIONIMMHU C HUX 1oamu. OOIeHne ¢ cebe moJOOHBIMU CTAJIO JIJIsl HETO JKU3HEHHO
HEOOXOAMMBIM. BBIC/Ie)KHMBaHKE MUK, B3aUMHAs IIOMOIIb [IPH MIPECIeI0OBAHUN H YMEPIIBICHUN
JOOBIYH, IPEIYIPEKICHUE O TPO3SIICH OMACHOCTH — BCE ATO TPEOOBAJIO MOCTOSIHHO YBEIUYHUBATH
COJIEPIKATETBLHOCTh OOIICHHMS, M TAKAUM 00pa3oM Y4elIoBEUYECKas peub POJMUIACH B CHITY OCTPOI
HEOOXOIMMOCTH.

Bckope denoBek 00HapyKMII, 4TO 3BYKH MOTYT CIY>KUTh U APYTUM LEJSAM; OH 00paTuil BHUMaHUEe Ha
IPOXOT, BOZHUKAIOIINN [TPU yapax 1o MycTOMY KOTJIy JJIs BapKU UL, HA 3BOH U I'yZICHUE TETUBBI
HaATSHYTOI0 OXOTHUYBETO JIyKa MPU BBUIETE CTPENbl — TaK MNOSIBHINCH IEPBBIE MY3bIKaJIbHbIC
MHCTPYMEHTHI.



Ho He TonpKO peub 1 My3bIKy BHEC YE€JIOBEK B MUp 3BYKOB. C OTJalleHHEUIINX BpEMEH YeI0BEK
W3TOTOBJISUT IPUMHUTHBHBIE OPYIUs, 00padaThiBasi KAMHH, U, BEPOSTHO, HE OJIUH MEIIEPHBIN KUTEIb
3aTeBall IpaKy Co CBOUM COCEJIOM HM3-3a HEMPEPHIBHOTO IIyMa, COMIPOBOXKIAIOIIETO 00TEChIBaHNE
KaMEHHOT'0 TOnopa. A Kor/ia 4eJI0BeK n300pelt KoJieco, OH, CaM TOTO He CO3HaBasi, IOCEsIT TIEPBOE 3€PHO
COBPEMEHHOI Mpo0eMbl IfyMa. Y3Ke B IPEBHEM MUPE CTYK KOJIEC IO KAMEHHON MOCTOBOW y MHOTHX
BBI3bIBAJI OECCOHHUILY; TTO3KE B TOPO/IaX MOCTOBBIC BO3JIC JIOMOB CTaJM YCTHIATh COJIOMOM, YTOOBI
MPUTITYIIUTH LIOKOT KOMBIT U TPOXOT >KEJIE€3HBIX KOJIECHBIX 000IbEB.

Jerne3Hblii BeK MPUHEC HOBBIE IITYMBI: 3BOH M TPOXOT METAJIa, U3 KOTOPOTO KOBAJIM OPY)KUE U yTBAPb,
HE CMOJIKast, PAa3HOCHIIMCH HaJl TOCEICHUAMH. YeIoBeK HayunyICs CO3aBaTh 3ByYaHUs, IPUATHBIC /IS
Cllyxa, MHBIMHU CJIOBaMH, TBOPUTH MY3BIKY; HO BMECTE C TeM, IIPOU3BOJIS Bce Ooiee TPOMKHUE U
HETPUSATHBIE ITYMBI: TPECK U CTYK, CKPEXET U TPOXOT, — OH 3arps3HsJI 3ByKaMU OKPYXAIOIyI0 Cpey U
NPUTYIUISUT CBOH CIyX. B cOXpaHMBIIMXCS KOe-T/ie M IOHBIHE NEPBOOBITHBIX COO0IIECTBAX
npeo0aaloT, MPUPOTHBIE 3BYKH, a CaM YeJIOBEK MOYTH He MPOU3BOANT IIYMOB. Pa3BuTHE k€ TEXHUKHU
NPUBEIIO K PE3KOMY YBEIMUCHHIO ITyMa. B TeueHne MHOTMX BEKOB YEIOBEUECKHI CITyX HE 3HAT XYALINX
pazapakuTenei, yeM 1IyM, BOZHUKABIINK Ipy 00paboTKe AepeBa, KaMHs iU MeTaiuia. M3o0perenue
HOpOXa MPHHECIIO OTHOCUTETIHHO HOBBIM BUJI IITyMa — 3BYKH B3PBIBOB, a TAKXKE MEPBYIO PEAIbHYIO
OIIaCHOCTb MOBpEXICHUS ciiyxa. Hanbosnee cubHbIM IyM B T€ JHU, 0€3yCIIOBHO, IPOU3BOAUIN OOCBBIE
CpakKeHWUsI, TJIe JIA3T TOIIOPOB, MEUEH, TOCIIEXOB U IMyHIeYHas Majab0a 3ariIymaiy BOTUN PaHEHbIX, TIEHHEe
TOpPHOB 1 OapabaHHYIO APOOE.

Ho ToibpK0 POMBITITICHHAS PEBOIIOIMS BO3BECTHIIA O MpUX0/ie 31oxu myma. Hoeie pabpuku,
PYZAHUKH, JOMEHHBIC IT€YX TIPUHECIIN C COOO0H BCECTOPOHHEE 3arpsi3HEHNE CPEIbI: 3I0BOHHE, JIbIM,
00e300pakeHHbIH nei3ax u, pazymeercs, uryM. C n300peTeHreM MapoBoil MallIMHbI U CO3JITaHUEM
OONBIINX MEXaHW3MOB IIpo0IeMa ryma o0ocTpuiIachk. Pa3BuTne skene3HsIX 10por, NOsSBICHNE
JIBUTATEJIS BHYTPEHHETO CTOPaHHS U POCT MPUMEHEHUS CTaJI — BCE 3TO COMPOBOXKIAIOCH YCUICHUEM
mryma. Ternepb Mbl H300pesi paKeTHBIN M AU3EIbHBINA IBUTATEIH, CIIOKHEHUIIINE CTAaHKH, M BCE OHU
BHOCAT CBOH BKJIaJ B 001myr0 kakodonuro. Celfyac 60bIIast 4acTh HACEJICHHUS 36MHOTO I1apa CTpagaeT
ot myma. B ogHOM oTuere o mpobieme mymall] cpaBHUBaIKUCH pe3yabTaThl 00CICIOBAHHUIA,
npoBeaeHHBIX B 1948 11 1961 1T.; B 060uX ciryyasx 6bu10 onporeHo 1400 genosek. Kaxxnomy Obu1
3aJlaH BOIPOC, CIYYaIoCh JIM €My KOTJa-1100, HaX0ACh B KBAPTUPE, UCTIBITHIBATH OECIIOKOWCTBO OT
IIyma, nocTymnaromniero cHapyxu. B 1948 r. yreepautenbHo oTBeTHIN 23 % omnpoiieHHbIX, a B 1961

r. — yxe 50 %.

[leyanbpHas UCTUHA 3aKJIFOYAETCS B TOM, YTO, 3a PEIKUMHU UCKIIFOUCHUSMHU, Pa3BUTUE TEXHUKHU U YCIIEXU
TEXHOJIOTUH BCET/Ia COMPOBOKAAIUCH OOIIMM YCHIIEHHUEM IITyMa. DTO U HE YAUBUTEIBHO, TOTOMY UTO
1o cepenunbl XIX B. HUKaKMX KOHKPETHBIX TIO3HAHUH O IIyMe He ObLT0, M 60ph0a C HUM HE BBIXOUIA
3a paMKH, KOTOpPbIE HEMOCPEACTBEHHO MOJICKAa3bIBaN 31paBblii cMbICI. M TOJBKO BO BpeMsi BTOpOi
MHPOBOW BOWMHBI, KOT/Ia aKyCTHKa IIIarHyJa fajeko Bruepea B EBpone n AMepuke, 3TOT pa3aen Gpusuku
MIOJHSJICS 10 YPOBHS COBPEMEHHOM TOYHOM HAYKH.

Bek 3a BekoM yueHble 3aHUMAJIICh UCCIIE0BaHNEM 3ByKa: emle [Indarop npoBoani onbITh

¢ Kosie0aHUsIMU HATSAHYTOM CTpyHBL. [loTOM, B T€UeHHE COTEH JIET, BCE BBITJIAENO TaK, CIOBHO TPY/IbI
[Tudaropa ObLTH HE TOIBKO HAYAIOM, HO U 3aBEpILICHHEM HayKu O 3ByKe. [103:ke HEeKOTOpbIe BETHKHE
y4yeHble — OT Apucrtorens u EBkinna no [Itonemes — cTponsu Teopuu 3ByKa, KOTOPBIE, OJTHAKO, HE
UMeEIU IPSMOM CBSI3U ¢ pu3ruecKoil cTopoHoi 3toro seneHus. U ronpko 1500 ner ciycts [Nanuieo
[Maynmneit 3amoxus1 OCHOBBI akycTUkH. OH Havasl MPUMEPHO ¢ TOTro, Ha YeM octaHoBuics [Tudarop, n
OTISITh 3aJIposkalia CTpyHa!

TBOpIIAMU COBPEMEHHOM aKyCTUKH, HECOMHEHHO, Obutn I'epman ['enbMrossi u topa Paneid, koTopsie
BO BTOpO# nosioBrHe XX B. BBIMOJIHUIN — HE3aBUCUMO JIPYT OT JIpyra — psa GyHIaMEHTaIbHbBIX
TeopeTnyeckux padot. Ceituac ['eIbMrosbll H3BECTEH MPEUMYILIECTBEHHO CBOMMH paboTaMu 10 TEOpUU
pe3oHatopoB[2], a cnaBy Pasiero Hapsiy ¢ Ipyrumu ero Tpyaamu npuHec Tpaktat « Teopust 3Bykay,
ommyOJIMKOBaHHBIN B 1877 T. 1 coiepkaBIInii CymecTBeHHO HOBbIE uaen. B 1904 r. Paneit Obut
ynocroen HoGeneBckoit mpemun B o0sact pusuku[3].
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HccnenoBanust iryma U BO3MOXKHOCTEH OOpBHOBI ¢ HUM, Ha4yaThle HECKOJIBKO MO3Ke, IEPBOE BpeMs
OrpaHUYMBAJINCh BOIIPOCAMHU, CBA3aHHBIMU C HA36MHBIM M BO3/YILIHBIM TPAaHCIIOPTOM, a TAK)Xe
paboTaMu MO apXUTEKTYPHOH aKyCTHKE; HO BCKOPE 3TH UCCIIEJOBAHUS 3HAUUTEIIBHO PACHIMPHIINCH U
TENeph OXBATHIBAIOT BCE aCTEKThI pobiemMbl. Ceifuac MouTH B KaXKAOW MPOMBIIUICHHO Pa3BUTOM
CTpaHEe CYILIECTBYET HAyYHOE aKyCTHUECKOE OOIIECTBO, U CIIMCOK IMyOJIUKAIMii 0 BOIpOCcaM IIyma
HenpepbIBHO yanuHsaeTcs. CoBpeMeHHast akyCTHUKa BKIIIOUAET TaKUE pa3IMuHbIe 00JIaCTH, KaK
yIBTPa3BYKOBasi TEXHOJIOT U, UMEIOLAasi OrPOMHOE PAKTUYECKOE 3HAYCHHE JJIS1 IPOMBIIIUIEHHOCTH,
MOJBOJIHAS aKYCTHKA, THIPOJIOKAIHS, TPOOIeMbl BUOpaLUii, My3bIKaJIbHON aKyCTHKH, ayTUOJIOTHH U
T. 1. AKYCTUKY NPENoJaloT B BHICIINX yYEOHBIX 3aBEACHUAX, U MHOTHE KPYIHbIE IPOMBIIIJICHHbIE
IPEANPUATHS OPraHU3yIOT COOCTBEHHbIE J1a0OPAaTOPUU /1JIsl aKyCTUYECKUX UCCIIE0BAaHUM.

U Bce e, eciii MOMPOCUTH HECTISITUAIACTA 1aTh TOYHOE OMpeiesieHre Tenndera, peIko MOXKHO
yCIBIIIATh HEUYTO BpazyMuTeabHoe. Kak-To s moceTun npeanpusTue, Ha KOTOPOM OCTPO CTOosIa
npobiema 1ryma, 1 MO KJIMEHT, KBaTu(pUIIMPOBAaHHBIN HHKEHEP, TPUBETCTBOBAJT MEHS 33J0PHBIM
BOCKJIMIIAHHEM: «SI ¥ cam Bce 3Har0 Ipo IIyM, BBl U3MepseTe ero B M3zabennax!». A Bramgener ofHON
(babpuKu pacTIOPSAUIICS YCTAHOBUTH BO BCEX II€XaX MUKPO(OHBI i COSTUHUTH UX C YCUITUTEISIMU U
I'POMKOTOBOPUTEIISIMH, PA3MEIICHHBIMU CHAPYXKU Ha MYCTHIPE, JIJIS1 TOTO YTOOBI MUKPO(OHBI BCAChIBATIH
LIEXOBOM 1IyM, @ TPOMKOTOBOPUTEININ BBIBOAUIN €ro Hapyxy! CaMo CII0OBO «aKyCTHUKa» JJIi MHOTHUX
CIY)KUT CUMBOJIOM HEKHUX TAaMHCTBEHHBIX SIBJICHUH, 1 MUCTHYECKOTO UCKYCCTBA.

B nsiTom Kitacce mkoutbl Ha ypokax (PU3HKH JETSIM OOBSICHSIFOT, YTO TaKOE 3BYK; MHOTHE MaJbuUKH
BCPTCJIM B pyKaxX KaMCpPTOH, 3HAIOT O JJIMHC BOJIHBI U YaCTOTC; FOHBIM MY3bIKaHTAM PACCKAa3bIBAIOT O
KOJIeOaHUSAX CTPYH, O TpyOax u 00epTOHAX, HO JAJIbIIIEe STOTO 00YUYCHHE MPOABUTACTCS OUYEHb PEIKO.

KOHCTpYKTOpBI COBpEMEHHBIX CIOKHBIX MAIllMH HECYT Ha ce0e BCIO TAKECTh OTBETCTBEHHOCTH 32
CUIIbHElIIee pa3apa)xKeHne, KOTOPOe IIIyM BbI3bIBAET Y OOJIBIIIOTO YKCIIA JII0JIeH, HO TEM HE MEHee

B CBOEi npodeccroHatbHON NOATOTOBKE KOHCTPYKTOPBI OUYTH HE MOJIY4alOT CBEIEHUH OTHOCUTEIHHO
IIyMa U CIIOCOOOB €ro MpeAoTBpalieHus. TOIbKO B MOCIEAHEE BpeMs ayAUTOPUH BBICIINX YUEOHBIX
3aBe/IeHUH CTaJlu 3aIOJIHATH T€, KTO 0ojiee He MOXKET 00OUTHCH O€3 3HAaHUS AKYCTUKH.

Boprba ¢ mrymom Kak 00BEKT CEPbE3HOTO N3YUEHUS BHIILIA Ha OETOBYIO TIOPOKKY TEXHHYECKOTO
COpPEBHOBaHU ¢ 0OJBIIUM ono31aHueM. [lo-BuIuMoMy, IIyM CUMTAJICS TUOO 103BOJICHHBIM, JIHOO
npocTo Hen30eKHBIM. ['0/1 32 TOIOM BCce MOKMMAJIH TUIEYaMH U TI0JIaralid, 9TO 3TO O/IHA U3 TeX
npo6JeM, ¢ KOTOPbIMU BCE paBHO HUKTO HE CIIPABUTCS. Y THICSY pabO4YHMX M paOOTHHUI]
XJIONKONPSAIUIBHBIX (PaOpHUK yxKe MOociae HECKOIbKUX JIET pa0OThl BOSHUKAET CTOMKOE MOBPEKICHHIE
CIlyXa; KOTEJIBIIUKH J1aXe LIETOJSIOT TEM, YTO TOCIIe KIeNadbHbIX PA00T BHYTPU KOTIA OHH LIETYIO
HEJIeIIF0 HUYeTo He CIBIIIAT; HO MaJIO KTO OTHOCHUTCS K 9THUM (hakTaM MHa4e, 4eM K OOBIYHBIM
HEB3r0JlaM, CBsI3aHHBIM ¢ npodeccueit. [loBpexaenus ciryxa, opuuuaibHO 0003HaYaeMble Kak
«MIOHM>KEHHUE CITyXa, 00YCIOBIEHHOE IIIYMOM», HACTOJBKO PacIpOCTPAHEHbI, YTO CTAJIO COBCEM HE
IPOCTO NMPOBOANUTE 00CIIEAOBAHUS C LEJIBIO0 YCTAHOBJICHUS KPUTEPHS «HOPMAJIBHOTO cliyXxa». Mano KTo
13 OTOBIBABIIMX JAEHCTBUTEIBHYIO BOCHHYIO CITY>KOY M30€xkall HOBPEXACHUS CIyXa OT OpyIUiTHON
cTpenbObl. B kabuHax rpy30BUKOB C TU3EIbHBIMU ABUTATENIIMU IIYM JOCTUTaeT YPE3MEPHO BHICOKOTO
YPOBHS, ¥ IOYTH Ha BCEX 3aBOJIAX UMEIOTCS 1I€Xa, I'/le YpOBEHb LiIyMa OIaceH i ciyxa. Mosoaexs
PHUCKYET MOJyYUTh HEMOIIPABUMBIE TOBPEKICHUS CIIyXa Ha KOHIEPTaX OUT-TPYIIT U IPYTUX MOJIHBIX
MY3bIKaJIbHBIX aHcaMmOJiel. BooOiie roBopsi, paboTa B MPOMBIIIIICHHOCTH BCET/Ia CBA3aHa

C TIOBPEXKACHUSAMH CIIyXa: HEIaBHO OJIMH MHXKEHEp MO 3ByKO(UKaluu, paboTaoLHil B KPYITHOM
HPENIpUATHH KUHONIPOKATa, OTMETUII, YTO B KUHOTEATpax Ha ceBepe AHIVIMU BCETr/la yCTaHABIUBACTCA
OoJiee BBICOKHIA YPOBEHB 3ByKa, Ye€M Ha FOre CTpaHbi[4].

[Touemy Tak MHOTO 1IymMa? UTo 3T0 — HEM30EKHOCTH Wiu HeBexxecTBO? IllyM — moOoYHbII POTYKT.
Opnako, HapUMeEp, B XUMUYECKOM MTPOU3BOJICTBE MOOOYHBINA MPOAYKT BCEr/ia 03HavYall Obl KaKyI0-TO
MOTEPIO MPHUOBLTN, ¥ HHKEHEPHI OBICTPO OTHICKAIU OBI cIIOCO0 MCTIONB30BaTh €ro. Jloms ke sHepruu,
3aTpauyrBaeMas Ha CO3/IaHHE IIyMa TaK HUYTOXKHA, YTO ITOW MOTEpPE MOXKHO MOJHOCTHIO MPEeHEeOpeyb.
Taxk, npu paboTe pakeTHOTO JBUTATENST OOIICH MOIIHOCTHIO, CKaXKeM, B HECKOJIBKO COTCH THICSY
KUJIOBATT yT€UKa SHEPTUU B opMe IlIyMa COCTaBISIET BCEr0 HECKOIBbKO JECATKOB KuioBarT. K Tomy ke
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YCTPOMCTBO YEJIOBEUECKOI0 yXa TAKOBO, UTO IIIYM PAKETHOTO JIBUTATEIISI OKa3aJICsl Obl MPaAKTHYCCKU
HECJIBIIIIMMBIM TOJBKO B TOM CITydae, €CJIM OTHOIICHHUE MOITHOCTH IITyMa K MOIITHOCTH JIBUTATEIIS
yAJIOCh ObI CHU3UTH 10 OJHOU JecATUMHULTHApIHOH (1 : 1010)! O4eBUIHO, KAKOW-TO YPOBEHb IITyMa
Hen30eXKCH, U PaKeTHBIN JIBUTATE]Ib HUKOTIa He OyeT 3BydaTh, Kak menoT. Ho B mogaBisoneM
OOJIBIIMHCTBE CJIYYaeB IITyM MOXKHO CYIIIECTBEHHO OCIIA0UTh, U 3TO HE JICIACTCS TOJIBKO IIOTOMY, YTO HU
KOHCTPYKTOPBI TPOXOYYIINX MAIIMH, HU T€, KTO Ha 3TUX MalllMHaX paboTaeT, He 3HAIOT, KaK CHU3UTh
IIyM, JIMOO HE UMEIOT Ha 3TO cpeaAcTB. [Ipy HaIMYMK ICHET Ha COOTBETCTBYIOIIME MTEPEICIKU JIHIITh
OYCHb ¥ OYCHH HEMHOTHE 33JIa4H 110 YCTPAHCHHUIO [ITyMa OKAa3bIBAIOTCS HEPA3PEITUMBIMU, U BCET/Ia
cJIeIyeT MOMHHTD, YTO 9KOHOMHUKA — TaKas K¢ HEOTheMJIeMasi YacTh OOPHOBI C IIIyMOM, KaK U
aKyCTHKA.

HexoTopsie CUUTAIOT, YTO POCT MPOMBIIIICHHON MPOAYKIIUH, 00YCIOBIECHHBII aBTOMaTH3auel 1
OOIIMM yBEIMUYEHHEM CKOPOCTU pabOThl MEXaHU3MOB, CBOJUTCS ITOUYTH HA HET U3-3a MaICHUS
MIPOM3BOIUTENIFHOCTH TPY/A, BBI3BAHHOTO YCHJICHHEM IIyMa. DT0, BO3MOXHO, peyBeINueHIe, HO, 63
COMHEHMUsI, CHID)Kasl YPOBEHb LIIyMa Ha 3aBOJIE, MOYKHO CYIIECTBEHHO MOAHATH MPOU3BOJUTEIBHOCTD
Tpyna padounx. bopr0a ¢ mrymom 00X0qUTCS Tak I0pOro, MOTOMY YTO TPEOyeTCs YMEHBIIATh yXKe
CYHIECTBYIOIIUH IIyM: NIEpeieslaTh FOTOBYIO MAaIlIMHY WJIN YCTAaHOBKY YacCTO OKa3bIBA€TCsI BJIBOE
JIOPOXKeE, YeM MPEYCMOTPETh COOTBETCTBYIOLIHE MEPHI 110 CHUYKEHUIO IIIyMa €IIe B TEXHUYECKOM
npoekte. Ho ecnu u3-3a nryma, conpoBOXK/1a0IIET0 HOBBII TPOM3BOACTBEHHBIH MPOLIECC, 3aBOJ JOJKEH
OyzeT MpUOCTaHOBUTH PabOTY MO MOCTAaHOBJICHHUIO Cy/a, TO OH IOHECET YOBITKA BO MHOTO pa3
OoJbLIME, YEM PACXO/Ibl, KOTOPbIE TOTPEOOBAUCH Obl HA CBOEBPEMEHHOE CHUKEHHUE IIyMa.

YenoBeKk AOCTUT BHICOKOTO YPOBHS IIUBMIIM3AINH, B YACTHOCTH, O1aroiapsi CBoei CHOCOOHOCTH K
OOIIIEHNIO, a CBSI3b TIOCPEICTBOM 3BYKOB — OJTHA M3 ABYX OCHOBHBIX (hopm obmieHus aroaeit. [lym
MPEMSITCTBYET 3TOMY OOLICHHIO, OH OOEIHSIET Hally )KU3Hb, CHUKAeT HOPMaJIbHYIO aKTUBHOCTh
yesoBeka. bosiee Toro, myM MOXeT 3arIyIINTh CUTHAJI OMACHOCTH, MPEJ0CTEePEraroninil KpuK, 1 Toraa
HE MCKJIIOYEHBI pOKOBBIE TocheACTBHs. O4eHb YacTO MEePBBIM MIPU3HAKOM HEHCIIPABHOCTU paboTaromiei
MAIIWHBI CITY’KUT TOSIBIICHUE HEOOBIYHOTO IITyMa, KOTOPBIA MOKET OBITh MPEAYNPEKICHUEM O BCEX
BO3MOJKHBIX MOCIIEJCTBUAX Je(eKTa — OT MPOCTOM MOJIOMKH 10 B3pbiBa. Ho ecnu o0miuii ypoBeHb
[IyMa Ha MPEAIPUITHN BBICOK, TAKUE CUTHAJIBI TPOUIYT HE3aMEUEHHBIMHU.

B nocnennue ropl Mbl CTaal CBUAETEISIMUA PE3KOTO YCHIIEHUS! HHTEpeca K Mpo0seMe IIyMa CO CTOPOHBI
MPaBUTEIBCTBEHHBIX OPraHU3aluid, U 3TO KacaeTcsa He ToJabko AHrimu, HO U CIIIA u MHOTUX Apyrux
CTpaH. AHIJIUS OJTHOM W3 MEPBBIX MPUBJIEKIIA K 60pb0e ¢ ITyMOM 3aKOHOAATENLCTBO: B 1960 r. ObLI
ony0JIMKOBaH 3aKOH O CHIDKCHHH ITyma, B 1963 . OsIBUIICS YIIOMSHYTBIM BBIIIIE OTYET O MpodIemMe
myma, a B 1970 r. Auronu Kpociasz, TorjaiHui MUHUCTP KWINLITHOTO CTPOUTENIBCTBA U MECTHOTO
camoynpasineHusi, yupeauin KoncynpraTuBHBINA KOMUTET 110 60pn0e ¢ nrymom. Korna B Tom ke roay
0610 co37aHO (B AHIIIMU. — Pe0.) nepBoe B MUpe MUHHUCTEPCTBO 10 OXpaHe OKPYKAIOIIEeH Cpelibl,
KOMUTET J]JaBajl HOBOMY MUHUCTEPCTBY pEKOMEHAAIINH 0 BHIPAOOTKE JIMHUY TIOBEICHUS U
3aKOHOJATEeILHOH I TeIbHOCTH B 0071acTi 00phOBI ¢ iiymMmoM. biaronaps a3Tomy B mpuHsTHIA B 1974 .
3aKOH 0 KOHTPOJIE HaJl 3arpsI3HEHUEM OKpYXKalollel cpeibl ObUTH BKIIIOUE€HBI HOBbIE MHOTOUYHCIICHHBIE
MOJIOXKEHHUS, Kacaromuecs myma. B 1o sxe Bpems B MunuctepceTBe Tpyaa Obl1 BeipadoTan Kogexc
MIPAaBHJI IO YMEHBILIEHUIO JJO3bI IITyMa, MOJydaeMol paboTaroMMHU 110 HaliMYy, a M03ke, Ha OCHOBE €llle
OJTHOTO 0TYeTa — 3aKOH 00 OXpaHe 370POBbs U OE30MACHOCTH TPY/a, IO3BOJIMBIINI HA4aTh OOPHOY

¢ ipoeccHoHAIbHBIM TTOBPEKICHUEM cliyxa. B 3akoHe 0 rocynapcTBeHHON KoMITeHcaruu ot 1972 r.
HIYMY TaKkKe yJeJIeHO 0c000e BHUMAHUE U TIPEAYCMOTPEHBI 3HAUUTEIbHBIE ACCUTHOBAHUS, B YaCTHOCTH
JUIsl yCTPOMCTBA 3BYKOM30JISLUH B IOMax, [TOJABEPTraroIIMXCs AEHCTBUIO ITyMa, JJOHOCSILEr0Cs ¢ HOBBIX
WIM YIYYLIEHHBIX 10POT, €CJIH IIyM IPEBBIIIAET YCTAHOBIEHHBIN YPOBEHb. [ 0cyiapcTBEHHBIE CPEICTBA
BJIOKEHBI TAaKXKe B MPOEKT OECIIYMHOT0 NMacCaXUPCKOro TpaHcnopra. M XoTs 3TO He CIMIIKOM
PasioCTHO, OSIBIIEHHE OECITYMHOTO aBHallMOHHOro MoTopa RB-211 npuBeno k kpylieHuo crapeiiei
komnanuu Posuic-Poiic.

B pe3yiabTaTe YKaSaHHOﬁ 3aKOHOJIATEILHOM AeSITEIbHOCTU 0COOEHHO BO3poOcCiia HOTpC6HOCTI>
B IMIPAKTUYCCKUX 3HAHUAX O IIYyMC. beccMpicienHO H31aBaTh 3aKOHBI, KOTOPBIC HE ITOJIy4YaT
MMPUMCHCHMUA. HJ’IH TOT'O YTOOBI OCYIICCTBUTD HaJJIeKaIMH KOHTPOJIb U YMCHBIINUTDb T'OCYAAPCTBCHHBIC



pacxobl Ha BBIILIATY KOMIIEHCAIIUH, ceiuac, Kak HUKOTIa Ipexie, He0OOXOAMMO HayYUTh pa3ouparbes
B IIpO0OJIeMe IITyMa ¥ BO3MOXKHOCTSIX OOPHOBI ¢ HUM TUTAHOBUKOB, KOHCTPYKTOPOB, 3 IMUHUCTPATOPOB.
Jaxe ecnu UM He MPUAETCS HENOCPEACTBEHHO 3aHUMAThCSl TEXHUYECKOW CTOPOHOM Jies1a, OHU CMOTYT
MOHSTh, O YEM UJET peUb U MPHUHATH MPABUIHLHOE PEIICHUE CBOEBPEMEHHO, KOT/Ia €I1I€ MOXHO YTO-TO
WCIIPaBUTh, a HE MOCJIE TOTO, KaK OMYIIeHHas rpyoeiiias omubKa 3asBUT 0 cebe ITyMOM.

B niepByro odepesn clieAyeT MOI0XKUTh KOHEIl 0€30TBETCTBEHHOCTH M HeBeXXeCTBY. HaykooOpasHbIe
pasroBopsI 0 Aerubenax OoJbIIe He JOKHBI COMBAThH BCEX C TOJIKY, aKYCTHKA JOJKHA 3aHATH CBOE
MECTO Ha TIePeTHEM Kpae KOHCTPYKTOPCKHUX padoT U ee TPpeOOBaHUS JOIDKHBI YIUTHIBATHCS YXKE HA
cTaauu MpoekTupoBanus. Hacenenne He0OX0IMMO 03HAKOMUTE C CYIIECTBYIOIIMMHI HOPMaMH, YTOOBI
JIFOJTA HE MUPHWIIACH C U3JTUIIHUM IITyMOM. MH)KeHepaM clielyeT H3yduTh Mpo0JIeMy IITyMa HAaCTOJIBKO,
9TOOBI 3HATH, KOTJIA IIIyM BO3MOXHO OTPAHUYUTh, U PAa30MPATHCS B YKA3aHUSAX CTICIIUATUCTOB-
aKycTHKOB. CooOpa)keHUs SKOHOMHH OOJIBIIIe HE MOTYT CITYXKHUTh TUMUTHPYIOIIHM (PaKTOPOM IPH
MPOSKTUPOBAHUU YCTPOUCTB ISl CHIDKEHUS IIIyMa: B YaCTHOCTH, YK€ CO3/IaHbI aBUAIIMOHHBIC
JIBUTATEJIN, KOTOPHIC OTBEYAIOT HE TOJHKO COOTBETCTBYIOIIUM TEXHUICCKUM M SKOHOMHUCCKHM
TpeOOBaHUSAM, HO U YCTAHOBIICHHOMY TPEICTHHOMY YPOBHIO IITyMa.

W eciii MBI XOTUM UMETH 00JIee THXOE 6y;[y1uee, HOI[O6HYIO JIMHUTIO MOBCACHHUA NOJIKHBI ITPOBOJAUTDH
KaK IIPOMBIINIJICHHOCTD B IICJIOM, TaK U ITPABHUTCJILCTBO.

[1] «Illym» — 3akirountenbHblid oTaeT KomureTa no npodiieme nryma, YpaBieHHE 1O H3/1aHHUEO
obUIIHATBEHBIX TOKYMEHTOB, 1963 T.

[2] CnenoBaino Ob1 yHOMSAHYTH ¥ Apyrue GpyHaaMeHTanbHbie padoThl I'epMrombiia, ocodbenHo «TpakraTt
0 CITyXOBBIX OIIYIICHUSX». — [Ipum. peo.

[3] HoGeneBckast mpemust Obta prcyxkaeHa Panero He 3a paboThl B 00J1aCTH aKyCTUKH, KAK MOYKHO
3aKJIFOYUTH U3 KOHTEKCTA, a 32 TPYAbI IO IJIOTHOCTU Ia30B U 3a OTKPBITUE aproHa. — [Ipum. peo.

[4] llymHBIe OTpaciv MPOMBIIUICHHOCTH TOJIYYHIIN 0OJIbIIEe PACIIPOCTPAHCHUE HA CEBEPE CTPAaHBl. —
Llpum. peo.

2. Bo3nyx, BOJIHBI, 3BYK

Pazymeercs, mryMm — 3T0 IpOCTO OAMH U3 BUAOB 3ByKa. OOBIYHO IIIYM Ha3bIBAIOT «HEXKEJIATEIbHBIM
3BYKOM», 4YTO B U3BECTHOM Mepe crpaBeannBo. Ho To, 4To i ogHuX yiuen — IryM, Uit APyrux —
My3bIKa. PeB camosera, mpoHOCAIIErocst Hal KPBILIEH 10Ma, HEBBIHOCHUM I HECYAaCTHOTO kuibla. Ho
KaK OH paJl0OCTEH AJIs KEHBI JIETYMKA-UCIBITATENs], BO3Bpallaolerocs u3 nepsoro nojera! Tak nim
MHaue, BCAKHH IIyM — 3TO 3BYK, U, IPEXK/IE YEM IIyCKAThCsl B U3yUEHHE CII0XKHBIX METOI0B OCIA0JIEHUS
IymMa, He0OX0IMMO KaK CJeIyeT IMOHSTh, YTO JKE TaKOe 3BYK BOOOIIIE.

yI[I/IBI/ITCJ'H:HO, YTO MHOT'UC JIFOAU, U3YydaBIINE CIIC B IIKOJIC 3BYK, KoJIeOaHUs U BOJIHBI, COXpaHHWJIN
BIICYATJICHUEC, YTO BOJIHUCTBIC IMHUW HA KAPTUHKEC B yqe6H1/H<e JarT KakK OBI KIIOPTPET» 3BYKOBOI\/’I
BOJIHBI U YTO BO3YyX 3aIllOJIHCH HCBUAUMBIMU BOJIHUCTBIMU JIMHUAMUA, HCXOAAIMUMHA OT KaXXA0TI'0
HNCTOYHHKA 3BYKaA. Bcee 9TO, KOHCYHO, HC TaK, U Mbl HC CMOXCM JBUTaThCA JAJbIIC, HE YACHUB IIPUPOLY

3BYKa.


http://ivanstor.narod.ru/noise/101.htm#_ftnref1
http://ivanstor.narod.ru/noise/101.htm#_ftnref2
http://ivanstor.narod.ru/noise/101.htm#_ftnref3
http://ivanstor.narod.ru/noise/101.htm#_ftnref4

3BYK MOKHO CO3/1aTh B JIt000# cpene. Mbl MPUBBIKIN HAOIIOATh €r0 B BO3AyX€E, HO €r0 MOYKHO
O0OHapYXUTh U B BOJIC, U B OCTOHE M MPAKTUICCKHU B JIFOOOM TBEPIOM BEIIECTBE, B JIFOOOU KUIAKOCTH,

B JII0OOOM Ta3e; 3ByKa HE MOXKET OBITh TOJIBKO B ITyCTOTE. TakuM 00pa3oM, IPEkK/Ie BCEro HaM CIISTyeT
MMOTOBOPHUTH O CBOMCTBAX CPEbl, @ TAK KaK OOJbIIAst YaCTh 3BYKOB, KOTOPBIE MBI CJIBIIITUM, IPUXOJAUT U3
BO3/IyXa, TO B Ka4eCTBE NMPUMEpa HaM JIYYIIIe BCETO B35Th UMEHHO BO31yX. Eciin KoMy-1100 TpyaHO
MPEJICTaBUTh ce0e, UTO 3BYK MOXKET MPUXOIUTH HE TOJIBKO M3 BO3AYyXa, TyCTh OH MPUKMET CBOU
PYUYHBIE Yachl KO JIOY: €CITH BOKPYT THXO, TO IMPHU JOCTATOYHO OCTPOM CIIyXE OH YCIIBIIINUT THKAHbBE,
3BYKH KOTOPOT'O, MUHYS BO3/IyX, ITPOIILIM Y€pe3 METAJLT YaCOBOW KPBIIIKK U KOCTH Yepera.

Bozayx ynpyr. Eciau 3Tu ci10Ba BEI3BIBAIOT Y HAC aCCOLMALIMIO C PE3UHOM, a CXOJCTBA MEKIY BO3yXOM
U pEe3MHOM, KaK Mbl OTJINYHO 3Ha€M, HUKAKOT'0 HET, TO CJIeyeT 3a0bITh IPUBBIYHBIN CMBICI 3TOTO CJIOBA
¥ BCIIOMHHUTb, YTO, KOT/Ia CKUMAIOT KaKOK-THO00 00beM BO3/yXa, HAIPUMEP B BEIOCUTIEIHOM HAcOCe,
BO3/IyX BCETJIa CTPEMUTCS] BEPHYTHCS K MPEKHEMY COCTOSTHUIO. IMEHHO 3TO M 03HA4YaeT CIOBO
«YIPYTHi»: eclid Ae(OPMUPOBATH YIIPYrO€ TEI0, OHO COMPOTUBISIETCS e(hOpPMAILIUU ¥ CTPEMUTCS
BOCCTAHOBHUTH CBOE UCXOJIHOE cocTosiHnEe. CBOMCTBO, 00paTHOE yIPYroCTH — IUNIACTUYHOCTh. U 3/1eCh
OITATH K€ HYKHO MTPCACTABIIATH C€6€ HC IJIaCTMACCOBYIO MUCKY JI1 MBIThS IMOCYABI, a KaKOG-JII/I6O
BEIIIECTBO, KOTOpOE Tociie AehopMaliui CoOXpaHseT BHOBb IprHoOpeTeHHyI0 dhopmy. MaTtepuain, u3
KOTOPOTO cJieJlaHa MUCKa, IOTOMY U Ha3bIBAIOT TJIACTMACCOM, YTO OH «T€PMOIUIACTUYEH», TO €CTh
00J1a1aeT MIACTUYHOCTHIO B TOPSYEM COCTOSIHUU (TIPU OXJIXKACHUH OHa yTpauuBaeTcs). UToObl cpena
MOTJIa IPOBOJIUTH 3BYK, OHA JIOJKHA OBITh YIIPYTOi; B OTCYTCTBUE YIPYTOCTH B CPEIe HEBO3MOXKHO
BOJIHOBOE JIBIKEHHE, KOTOPOE U €CTh 3BYK.

[Tpeanonoxum, jxenas MpuUBiIedYb BHUIMAaHNE KaKOT0-TO YeJIOBEKa, 1 Opocui B Hero kameuiek. Ecin
YeJI0OBEK 0COOCHHO HEUYBCTBUTEJICH U MEPBBIN KaMelIeK HEe MPOU3BEAECT BIEYATICHUS — sl MOTY
Opocuth BTopoil. Eciin uenoBek pemmi He o0paiiate BHUIMAaHUSA HA MOM BBIXOJIKH, TO, BEPOSTHO, 3amac
KaMHe#l y MeHs1 ckopo KoHuuTcst. Ho 51 Mory mpuMeHHTh 60Jiee 5KOHOMHBIH criocod 00paTuTh Ha ce0st
BHUMaHHE, — a UMEHHO, TKHYTh B uesioBeka najukoil. [IpeumymiectBo aToro cnoco0a 3akirodaeTcs

B TOM, YTO I10CJI€ KaKI0TO ThIUKA I1AJIKa OCTACTCs Y MEHS, U 51 CMOTY IIPOAOJIKATh CBOU IOIBITKH 10 TEX
0p, IT0Ka JIMOO0 HE 3aCTaBII0 €ro B3IJISHYTh Ha cels, JINOO He Moydy cauyu! 3ameydaTesbHO, 4TO ITH
JIBa CII0c00a MPUCTABaTh K YEJIOBEKY NPUHLIUIINAIBHO Pa3JInYHbl IEUCTBYS C paBHBIMHU CUJIAMHU, Sl MOTY
OJIMHAKOBO YIIMOMTH YeJI0BEKa 000MMHU crioco0amu, HO, Opocasi KaMHH, s IEPeIato He TOJIBKO CHITy, HO
Y MHOYKECTBO KaMHEM, a BOT KOI'/la 51 TOJIKAIO YEJIOBEKA MAJIKOM, TO HE epejat0 HU4ero, KpoOMe CUJlbl!
3aMevartesbHO: YK€ yJalloCh HACTABUTh YEJIOBEKY CUHSKH, a ITAJIKA Kak Oblja y MEHs, TaK U OCTaJlach!
ITpu 5TOM OT MEHS K HEMY HE MEPEIIO HUYEro, KpoMe dHepruu. TOYHO Tak ke, KOT1a Mbl CIBILIINM
U3J1aJIeKa IIyM JIETAIIET0 CaMoJIeTa, Mbl II0Jy4aeM OT HETO TOJIBKO Majoe KOJIMYECTBO SHEPTUH, HO
HUKAaKHE€ YaCTHUIbI BO3/1yXa OT CaMoJIeTa K HaM He JI0JIETal0T, U HUKAKUE BOJIHUCTHIC JIMHUY HE
YCTPEMIISIFOTCSI CKBO3b BO3lyX. B 3TOM CyTh BOJIHOBOT'O IBHKEHHUS.

CremyeT OTMETHUTH €IIle OHO 0OOCTOSTEIBCTBO: KOT /1A YEIOBEKA TOJIKAIOT IAJIKOM, OHA TTOTIEPEMEHHO TO
IIPUKACAETCS K €r0 pyKe, TO OTXOAMT OT Hee, cKkaxeMm, Ha 100 MM. OHa konebnieTcs Brepe-Ha3al,
BIepe/I-Ha3a]], U TaKoe KojiebaHne — eIIe OJHO HEOThEMJIEMOE CBOMCTBO BOJTHOBOT'O JIBIKCHHS.

OpHaKo MBI elle He BBIACHWIN, I0YEMY YIIPYrOCTh CPE/Ibl UMEET CTOJIb CYILIECTBEHHOE 3HAUCHUE U
KakuM 00pa30M 3HEPrus neperaeTcs Ha pacCTOsIHUA ropaso 6ombiue, yem 100 MM, 1 npuTOoM
C OIPOMHBIMH CKOPOCTSIMHU.

JIro60e BemecTBO — TBEPIIOE, )KUIKOE WIH Ta3000pa3HOE — COCTOMT U3 MIJUTHOHOB i MUJIJTHOHOB
KPOILIEYHBIX MOJIEKYJI, PACTIOJIOKEHHBIX, Ka3aJ0Ch Obl, BILIOTHYIO APYT K Apyry. B neficTBUTeNnsHOCTH,
OJTHAKO, PACCTOSIHUS MEKIY MOJIEKYJIAaMHU HE TaK YK MaJIbl [0 CPAaBHEHHUIO C UX Pa3MepaMHu, U
MOJIEKYJIBI YAEPKUBAIOTCS Ha ATHX PACCTOSIHUSX JPYT OT Apyra Giaroaaps ASUCTBUIO CHII, KOTOPOE
MOYKHO CPaBHUTH C JICUCTBUEM MPYXUH. TBepioe BEUIeCTBO OTINYACTCS OT KUIAKOCTH WIIH T'a3a TOJIBKO
TEM, 4TO €T0 MOJICKYJIBI 00pa3yroT 0oJiee Wik MeHee HEM3MEHHYIO0 KOH(UTYpaIHio, a IeHCTBYIOIINE
MEXTy HUIMH MOJICKYJISPHBIC CHITBI BeTHMKH. OHAKO B TBEPAOM BEIIECTBE MOJICKYJIbI TAK)KE OTHIO/b HE
OCTAIOTCSI HETIO/IBMKHBIMHA — OHH HETIPEPHIBHO KOJIEOIIOTCS Ha «IIPYKUHAX), CBSI3BIBAIOIINX UX JPYT
¢ npyrom. Yem Oosiee HarpeTo TBEPOE TEIO, TEM OXKUBJICHHEE IBHYKYTCS MOJICKYJIBI, a KOTIa



TEeMIIEpaTypa JOCTUTAeT TOUYKH TUIABJICHHS, TBEPIOC BEIECTBO MpeBpaIiaeTes B ®uakocTs[5]. Kak

B TBEP/IbIX TeNaX, TAK U B )KUJKOCTAX MOJICKYJIbI, HAXOSIINECS HAa TOBEPXHOCTH, HE UMEIOT CBEPXY
«TIaPTHEPOBY, C KOTOPHIMU OHU MOTJIN Obl 00pa30BaTh MOJIEKYIIIPHBIE CBA3H, HO TEM CHUJIbHEE OHU
CBSI3BIBAIOTCS C OJIIDKAUTIIMMHU K TIOBEPXHOCTH MOJICKYJIAMH, ¥ 3TO TIPUBOIHT K MOSBICHHUIO
MOBEPXHOCTHOTO HATSXKEHUS. Ecu npoiomkuTh HarpeBaHue, ABMKEHUE MOJIEKYIT YCHIIUTCS, CBSI3H UX
C «COCEIIIMI» CTaHYT MUMOJIETHBIMH, IIOBEPXHOCTHOE HATSXKEHUE UCUE3HET U KUIKOCTh UCIIAPUTCS.
Pazymeercs, ucnapeHue NpouCcXouT U MPH TEMIIEpaType HUKE TOUKU KUTICHUS, TOTOMY UTO BCEra
CYILIECTBYET HEKOTOPBIN MOCTOSIHHBINA MOTOK MOJIEKYJI, OTPBIBAIOIIMXCS OT OBEPXHOCTH KUJIKOCTH
ciyvaitHo. CyIlecTBEHHO, YTO, XOTS MOJIEKYJIbI T'a3a HE UMEIOT OMPE/ICIIEHHBIX CBSA3EH CO CBOUMU
COCe/IsIMHU, Ha HUX BCE JK€ JECHCTBYIOT CJIOKHBIE CHIIBI YIIPYTOT'0 THIA, KOTOPHIE CHOBA CBSKYT MX U
0o0paTsT ra3 B ®HUAKOCTh WX B TBEP/IOE BEIIECTBO, KAK TOJBKO TEMIIEpaTypa MOHU3UTCS U MOJIEKYJIbI
3ameATcs. MoJeKyIibl HeUyBCTBUTENIBHBI K TOMY, KAKHE UMEHHO JIPYTUe MOJICKYJIBI CTAHOBSITCS UX
COCeIIMU, HO CHJIbHO PearupyroT Ha CTENeHb UX OJIM30CTH.

U3 cka3aHHOTO CTAHOBUTCS SICHO, KAKUM 00pa30M TBEP/IbIE Tella, KUJKOCTH U I'a3bl IPOSBISIOT
YIPYrOCTh NPH MPHUIIOKEHUH HATIPSKEHUST — MOJIEKYIIBI THOO TeCHee CBUTAIOTCS, JTMOO PacXodsTces, a
UX MPY>KHHOIIOJIOOHBIE CBSI3U COKUMAIOTCS HIIH PACTATHBArOTCs. Kak TOJIbKO HAaNpsDKEeHUEe CHUMAeTCs,
«IPYKUHBI» BEPHYT MOJICKYJIbI B UCXOJIHOE MOJIOKEHUE paBHOBecHs. O MOJICKyIax ra3a MmpaBuiibHEe
CKa3aTh, YTO «IPYKUHBI» HE OTTSATUBAIOT UX B IMPEXKHEE MOJOKECHUE, a PA3ABUTAIOT APYT OT Apyra Ha
npexHee paccrosiHue[6].

Teneps npenctaBuM cede ATUHHYIO, HAIOJHEHHYIO BO3JyXOM TpyOy, C OJJHOrO KOHIIA KOTOPOM
BCTaBJICH MOPIICHBH (pUC. 1). M0OKHO OBIII0 OBI PEAOI0KUTh, YTO €CITH MOPIICHBL OBICTPO BIBUHYTH
BHYTpPb TPYOBI, TO BECh CTOJIO BO3/lyXa OJTHOBPEMEHHO IMPOJIBUHETCS BIIEPE, OCBOOOXK/1ast MECTO IS
nopurHs. O HAaKO TPOU30MIET HEUTO COBCEM JIpyroe. MoseKysbl BO3/1yXa, yaepKUBaeMble HA
HEKOTOPOM PAaCCTOSIHUHU JAPYT OT Jpyra CHJIaMH YIIPYroro THUIA, — 3TO MeJIbYallIie YacTUIIbI
BELIECTBA, U, CJIEJJOBATENIbHO, OHU 00J1a1at0T Maccoil. Kaxkas Moiekyna Bce-Taku KOe-uTo BECHUT, a
MIOCKOJIBKY OHa 00J1a/1aeT MacCoii, OHa MPOSABISET UHEPLUOHHBIEC CBOWCTBA. [IpUITOMHNM TIepBBIN 3aKOH
HeroToHa: kaXk10€ Tea0 HaXOAUTCSI B COCTOSIHUU MTOKOSI UJTM PABHOMEPHOT'O IPSIMOJIMHEWHOTO
JBIDKEHUS J10 TEX IOp, MOKA BHELIHIS CHUJIa HE BBIBEIET €r0 M3 3TOro cocTossHus. Hanmpumep, kak Obl
XOPOLIO HU ObUTH CMa3aHbl METIHU TsHKEJIoN AyOOBOM ABEpHU, YTOOBI 3aKPHITh €€, 0053aTeIbHO HYKHO
NPUIOKHUTH U3BECTHOE YCHIIME, TOTOMY YTO M3 32 CBOCH MAaCCUBHOCTHU OHA KaK ObI COMPOTUBIISIETCS U
HE TPUXOIUT cpasy B IBukeHue Koraa ske oHa mpuaeT B ABMKEHUE, TOHAJOOUTCS MOYTH TAKOE JKe
ycuiiue, 4ToObl €€ OCTAHOBUTD.

n.J; 3
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Puc. 1 JleiicTBue ABMKEHUS MOPIIHS HA MOJIEKYJIBI BO3AyXa B TpyOe.

[Togo6HBIM 06pa3oM, HO B MAJIOM MacHITabe COMPOTUBIIAIOTCS U3MEHEHHUIO JIBIKECHHUS MOJICKYJIbI
BO3lyXa, OJIDKaiIme K oBepXHOCTH nopiHs Koraa nopuieHs BABUTaeTCs, HHEPLUS HE TTO3BOJISIET
3TUM MOJIEKYyJaM MIHOBEHHO MPUITH B ABMKEHHE, IOITOMY «IIPYKHHBD), OTACISIONINE UX OT
MIOBEPXHOCTH TOPIIHS, COKMYTCs. [loTeHIManbpHas SHeprus, COOOIIeHHAast TOPIITHEM 3TUM
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«IIPYKUHAM», 3aCTaBUT MOJIEKYJIbI IBUTaThCs Brepen. [lpuas B ABMKEeHUE, MOJIEKYIbl, 00Iaaaiomume
OIIpeIeJICHHONW MacCOM, MPHOOPETYT KUHETHUECKYIO SHEPTHIO; MIOTCHIUAIBHAS SHEPTUS «IIPYKUH
MPEBPATUTCS B KUHETHYECKYIO SHEPTUIO MOJIEKYIN 3aTeM 3TOT MPOLIECC TOBTOPUTCS, MOJIEKYIIBI IIEPBOTO
CJIOSl HAYHYT TOJIKaTh MOJICKYJIbI CJIEIYIOIIETO CJIOsI, BCIEACTBUE UHEPIIHH T TAKXKE COMPOTUBIISIIOTCS U
MPUXOJIAT B ABMKEHHE TOJBKO TMOCJIE TOTO, KAK COKMYTCS «IIPYKHHBD», JEHCTBYIONINE MEXTY
MOJIEKYJIAMH TIEPBOTO U BTOPOTO CIIOEB. AHAJIOTUYHOE SBJICHHE (B TOpa310 00jee KPyImHOM MaciiTade)
Ha0JII0/1aeTCsl, KOTJ]a MAHEBPEHHBIN MapOBO3 TOJKAET Ha 3alIaCHON MYTh COCTAaB KeJIe3HOJOPOKHBIX
BaroHoB BcrencTBre nHEPLUY IEPBOr0 BaroHa — M B MEHBIIEH Mepe TPEHHsI — MPYKHUHBI €T0
O0y(hepoB COXXMYTCS, U TOJIBKO MOCTIE TOTr0, KaK OHH 3aMacyT TOCTATOYHYIO MOTEHIIMATIbHYIO SHEPTHUIO,
NIEPBBI BarOH HAYHET KaTUThCA 10 penibeaM [Ipu 3ToM OH coXMeT npyKUHBI OyPepoB MEX Ty MEPBHIM
Y BTOPBIM BaroHaMH U T. [I.; B pe3yjbTare MPOUIET 3aMETHOE BPEMsI, IPEK/IE UeM MOKATUTCS TAKKE U
nocienHuii Baron Teneps Jerko MoHsATh, I0YeMy U OBICTPOM BIBUTAHUH MTOPIIHS B TPYOy Ha
HEOOJIBIIIOE PACCTOSIHIE BECh BO3AYIITHBINA CTONO B IIEJIOM HE MPUXOAUT B ABMKEHUE MIHOBEHHO
KaXXIOMY MOJICKYJIIPHOMY CJIOO HYXKHO BpPEMsi, 9YTOOBI CABHHYTH C MECTa CIICAYIOIIUN CIIOM.
[TotpebyeTcs 1enas cekyHa AJjisg TOro, 4To0bl HA MPOTsHKeHUU 344 M BO31yX MPOJABUHYJICS BAOJIb
TpyOBI Ha paccTOsIHUE, MTPOIeHHOE opIHeM. Eciin Ob1 MOJIEKy b OBUTH TSDKENIEe WM MOJIEKYIISIPHBIC
cuIIbl ciiabee, BpeMeHU MoHano0minock Obl Oounbiie. Paccrosinue B 344 M OTHOCUTCS K TeMIiepaType

B 20 °C, pu 0 °C oHO ymMeHbIHTCS 10 332 M (C TOYHOCTHIO 10 OHOTO MeTpa) Takoe cokparieHue
paccTostHusA 00YCIIOBJICHO TEM, YTO MPHU OXJIAXKIEHUH MOJIEKYJIbl COIMKAIOTCS, U, €CIU Obl MBI MOTJIH
MOJICYMTATh YHCIIO CIIOEB MOJIEKYJ Bo3ayxa B cronOe anuHoi 344 m npu 20 °C, 0HO paBHSIIOCH ObI
YHCITy CJIOEB B CTONIOE Bo3ayxa Ao 332 M npu 0 °C[7]. XoTs npu oXimax1eHHH MOJIEKYJIbl BO3yXa
CONMKAIOTCS, TIPH OJTHOM U TOM K€ aTMOC()EpHOM JIaBJICHUU YIPYTOCTh «MOJICKYIISIPHBIX TIPYKUHY
OCTaHeTCs MPEXKHEN, TOCKOJIbKY HHTEHCUBHOCTD JIBUKEHUS MOJIEKYJI TP OXJIaKICHUHU COOTBETCTBEHHO
YMEHBIIUTCS

Bce a1n paccyxaeHus BIIOJHE IPUMEHUMBI U IIPU JBMKEHUU NTOPIIHSA Ha3ad B 3ToM cirydae oH He
C)KUMAET «IPY>KUHBI», @ paCTATUBACT UX A0 TEX MO, MOKa OMMKalINi K HEeMy MOJIEKYJISIPHBIH CJI0M He
HaYyHET TaK)Ke ABUTaThCS Ha3aa MOJIEKyJbI IEPBOTO CJIOS, KHHETHYECKasl JHEPTUsl KOTOPBIX
00yCJIOBII€HA STUM JBM)KEHHEM, B CBOIO OUEPEb PACTSAHYT «IIPYKHUHBD», CBSI3bIBAIOLIIE UX CO
CIIEYIOIIMM CJIO€EM, U T. A. B pe3ynbrare, ocie Toro Kaxk NopuieHb CABUHYJICS CHa4aja BIEpPe, a
IIOTOM Ha3aJ, BCE€ MOJIEKYJIbl BEpHYTCSI HA CBOM UCXOJIHBIE MECTa; IIPU 3TOM OHHM, IOJOOHO MaJIKe,
nepeaanyT «ToJ40K», HE TIOJyYHB B UTOT€ HUKAKOI'O0 OCTaTOYHOTO IepemenieHus. B cymuocTy,
BO3AYIIHBINA CTOJIO HE TaK yXe CHJIBHO OTJIMYAeTCs OT Majku Eciu Obl ynaaock BHITOTHUTD
COOTBETCTBYIOLIEE U3MEPEHHE, TO 0KA3aJI0Ch ObI, YTO U B NAJIKE AJIs IEPEayl «TOJ4YKa» OT OJHOIO
KOHIIa K APyroMy TpeOyeTcsl HECKOJIbKO MIJUTMCEKYH]T B BO31yIIHOM CTOI0€ HA 3TO YXOAUT OO0JblIIe
BPEMEHH, HO TOJYOK IIOPILIHS HAa OJTHOM KOHIIE CTOJI0a HEIPEMEHHO NIEPEAACTCs Ha IPYroi KOHel;

B 3TOM MO>KHO YO€IMTHCS, HATSHYB MONEPEK TpYObl TOHKYI0 MeMOpaHy. COeIMHUM MOPILEHb

C KOJICHYaThIM BaJIOM M Ha4YHEM KoJie0aTh MOpIIeHb TyAa U o0paTHO. MeMmOpaHa Ha APyrom KOHIIE
BO3/YIIHOTO CTOJI0a Oy/IeT MOBTOPSTH 3TH KOJIeOaHHs, XOTS U C 3aI03/JaHUEM, TO €CTh C OTCTaBaHUEM
1o (paze, MOTOMY YTO JUIsl IEPEAAYM JABHIKEHUS MOPIIHS OT OJHOTO MOJIEKYJISIPHOTO CJI0SL K IPYroMy
TpebyeTcs Bpems Bece 3To0 MOXKHO onucath MHaYe MOXKHO CKa3aTbh, YTO MEMOpaHa MPUBOIUTCS

B JIBM)KEHHE 3BYKOM, H3AaBaeMbIM nopurHeM! OHaKo HEBO3MOXHO AEHCTBUTEIBHO U3TOTOBUTH
JIOCTaTOYHO MAJICHbKUN KOJICHYAThIN BaJl, TAK KAK CMEILLEHUE MOJIEKYJI BO3/lyXa B 3BYKOBOU BOJIHE
O0OBIYHO HMUYTOXHO: KOT/Ia MBI CJIBIIIUM Y€JI0BEKa, TOBOPSILEr0 OOBIYHBIM I'OJI0COM, NIEPEMEILCHHUE
YaCTHI BO3yXa BOJIM3H HAILLIETO yXa PaBHO MIPUMEPHO AUAMETPY MOJIEKYIbI BOJOPOA.

Ecnu TpyOa He CAMIIKOM KOPOTKA, a IBIKCHHE MOPIITHS HE CIUIIKOM MEJJICHHO, KaXK10€ KoJeOaHme
nopuIHs OyneT A0XOAUTh 10 MeMOpaHbl HE paHbllle, YeM OH YCIEeT CIeNaTh [0 MEeHbIIEeH Mepe OJIHO, a
BO3MOYKHO, U HECKOJIBKO KosieOaHuii MBI yxe 3HaeM, 4TO €Cliu IJIMHA TPpyOs! paBHa 344 M, TO 1715
nepeiayy Ha ee J1ajJbHUM KOHEell ABM)KEHUS WM 3BYKOBOM BOJIHBI, BHI3BAHHOM KoJieOaHUEM MOPIIHSA,
notpedyeTcs oHa cexyHaa Ecnu mopiiens konebnerces, copepias 100 MUKIOB B CEKyHYy, TO OH 3a
cekynay nornepemenHo 100 pa3 tonkaeT Bo3ayx Brepen u 100 paz — Hazan. [IpomexxyTok BpemMeHu
MEXTy IBYMSI TIOCTIeI0BAaTEIbHBIMU TOTUYKamMu cocTaBuT 1/100 c; 3a 3TOT mepuo. AeiicTBUE IEPBOTO
TOJIYKa PACTIPOCTPAHUTCSI BIIOJIb TpYOb!I Ha 3,44 M. CrenoBaTelIbHO, €CIU Obl Y1aJI0Ch «3aMOPO3UTHY
BO3/IyX B TpyOe U TYT K€ €ro UCCIIEeI0BATh, Mbl YBUACIN OBl PSIJT CTYIICHUN MOJICKYJI, PACTIOJIOKEHHBIX
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BJIOJIb BCEH TPYOBI C MHTEPBAIOM B 3,44 MM, U P pa3pekeHU (SIBJICHHE, 00OpaTHOE CTYIICHHIO),
PACIIOJIOKEHHBIX MTOCPEANHE MEKY CTYIIeHUsIMU (puc 2).

Puc. 2. JlelicTBre MOBTOPSIOMIUXCS JBMYKEHUH TTOPITHS HA MOJICKYJIBI BO3AyXa B TPyOe

Ecnu BMecTo TOrO0, 4TOOBI «3aMOpPaKUBATh» BO3/LYX, Mbl MOTJIH ObI IPOCTEAUTD 33 OTAEIBHOMN
MOJIEKYJIOH, TO OOHAPYKIIIU OB, 4TO OHA KOJIEOJIETCSl TOYHO TaK ke, Kak mopiieHs Eciu Obl MoJiekyIa,
BBIOpaHHAS HAMU I HaOIIOICHHUS, OTCTOSJIA OT UCXOHOTO MOJI0KEHUs rmopiHs Ha 3,44, 6,88, 10,32
WM J1I000€ IPYroe 4uciao MeTpoB, KpatHoe 3,44, ee KonebaHus TOYHO COBIAAanu Obl 1O (aze

¢ kosiebanusiMu nopiHs Eciu 661 MoJieKyia HaXOAu1ach TOYHO MOCEPEIMHE MEX Y JIFOOBIMH U3 3TUX
TOYEK, OHA JIBUTAIACH OBl TOYHO MIPOTUBOTIOIOKHO JBUKCHHIO TMOPIIHS, 9YTO COOTBETCTBYET CIIBUTY 10
daze Ha 180°, wnm Ha 3,14 (1) panuan [[BrkeHne MOPIIHS, KAUHYBIIETOCS BIIEPEI U HA3a1, MOXKHO
paccMaTpuBaTh Kak MOJIHBIM UK KPYTOBOTO JBIKEHUS. DTO TO3BOJISET YKAa3bIBATh MOJIOKECHUE JTFOO0H
IIPOMEXKYTOUHOM TOUKH B YIJIOBOM Mepe, MOJIb3yACh TaK Ha3bIBAEMbIM (Da30BBIM yIJIOM, BBIPAXKEHHBIM
B rpaaycax wiu paauanax (360° = 2w, wiu 6,28 paauan).

Teneps MbI MOJKEM YK€ YTBEP)KIATh HE TOJIBKO TO, YTO KoJeOaHUsI MeMOpaHbl Ha KOHIIE TPYObI
BbI3BaHbI 3ByKOM, M3/1aBa€MbIM MOPILHEM, HO U YTO 4acTOTa 3TOro 3Byka paBHa 100 repi (cokpameHHO
' — eaunMIa, O3HAYAKOIIAS «OJAMH LMK B CEKYHY»), a JITTMHA BOJIHBI paBHa 3,44 m. UTak, HakoHell,
BBISICHAETCS, YTO MPEACTABISIOT COOOH BOJTHUCTBIE JIMHUU, O KOTOPBIX Mbl TOBOPHJIX BBIIIE, — 3TO
pOCTO rpaduKH, TOKA3bIBAIOIINE JaBJICHUE BO3/1yXa — BBIIIE WIK HIKE atMochepHoro — nubdo

B Pa3JIMYHBIX TOYKAX, PACIIOJIIOKEHHBIX [TOCIEA0BATENBHO BAOJIb TPYObl B OIpEACICHHBI MOMEHT
BpPEMEHHU, MO0 B ONpEACICHHON TOUKE B MOCJIEJ0BATEIbHBIE MOMEHTHI BpEMEHH. DTH JTUHUU
n300pakaroT, IEPUOINYECKOe YepeOBaHUE CIYILEHUH 1 pa3peXeHUIl MOJIEKyl, KOTOpbIE U 00pa3yoT
3BYKOBBIE BOJIHBI.

3ByK, Oerymmii mo Tpy0e, — 3TO YaCTHBIN CiTydaid, HO BCE U3TI0KEHHBIC 3/1€Ch MOJIOKEHUS HOCST
o0muii xapakrep. PazymeeTcs, Ha OTKpBITOM BO3/yXe 3BYK HE MEPEACTCs BIOJIb OJJTHOM MPSIMOH.
Boob6pazum BMecTo TpyObl M MOPIIHS OTKPHITOE IPOCTPAHCTBO U MaJICHbKUI1 KPYTJIbIi OasIoH,
COEMHEHHBIN C HACOCOM, KaK 3T0 moka3ano[8] Ha puc. 3. Eciu Bo31yx monepeMeHHO HaKauuBaTh

B 0AJUIOH U OTKAa4YMBATh U3 HETO, OAJUIOH Oy/ET pacHIUpAThCA U CKUMathes. [Ipu pacimpenun
JefcTBUe OalioHa Ha OKPYKAIOIIKe MOJIEKYIIBI BO3AyXa CXOJIHO C JIEUCTBUEM JIBHIKYILETOCs BIIEpE]
MOPILHS Ha MOJIEKYJIBI BO3/1yXa B TpyOe. «[Ipy>KuHBI», OTAENAIONNE MOJICKYJIBI OT OaJUIOHA, COKMYTCS,
Y MOJIEKYJIbI OTOMAYT AabllI€; IBUTasCh, OHU COKMYT «IIPYKHHBD?, IEUCTBYIOIIME MEXIY HUMHU U
MOJIEKYJIaMH CJIEIYIOUIero chepruueckoro cios, u T. 1. [Ipu cxxatum GanoHa 3TOT mporece
MOBTOPsiETCS] B 00paTHOM nopsiike. EAMHCTBEHHOE NMPUHIIMIHAIIEHOE Pa3Inune MEXI1y
PacCMOTPEHHBIMH CIIy4asiMU BOSHUKHOBEHHSI 3BYKOBBIX BOJIH COCTOMUT B TOM, YTO B TPYOE CIKUMAIOTCS
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WM PacTITUBAIOTCS MOCIE0BATENLHO PACTIOIOKEHHBIE TUIOCKHE CIIOM MOJIEKYJ (TaK KaK BOJIHBI
ckatus, Oerymme BI0JIb TPYObl, — 3TO IUIOCKUE BOJHBI), TOTIa KaK BOKPYT 0ajiIoHa KOJICOTIOIHecs
MOJIEKYJIBI BO3AyXa 00pa3yloT cepuueckue ciaou. ITo, 0JIHAKO, OYeHb CYILIECTBEHHOE pa3Inuyine, B 4eM
MBI yOeIUMCs TI03KE, KOTIa OyIeM TOBOPUTH O POJIM PACCTOSHUS OT UCTOYHUKA 3BYKa. MBI ITOKa3aly,
YTO YacTOTa 3ByKa COBMAJAET C YacTOToU Kosnebanus uctounuka. [lopmens, coepmatomuii 100
Kosie0aHuil B CEKyH/Ty, CO37[aeT 3BYKOBBIE BOJHBI ¢ YacToToU, paBHOU 100 ['m. [yinHa 3BYKOBOM BOJTHBI
3aBHCHT KaK OT CKOPOCTH, C KOTOPOW BOJIHBI C3KaTHsl OeryT Mo TpyOe (CKOpOCTh 3ByKa), TaK U OT
9acTOThI KosieOaHuit uctounnka. C yBeIMYCHUEM 9acTOThl KOJICOAHUH TOPIIHS JUTHHA BOJIHBI
HU3MEHSETCs 00paTHO MponopuroHaabHOo yactoTe: mpu 200 ['1y iymrHa BotHBI paBHa 1,72 M, a ipH

400 I'm — 0,86 M. MaremaTH4YeCKH 3Ty 3aBUCUMOCTh MO>KHO BBIPA3HTh TaK:

A=,
7

rJie A — JJIMHA BOJIHBI, C — CKOPOCTh 3BYKa, f — dacToTa.

Puc. 3. JlelicTBue nyapCUpyOIIEro 0aaioHa Ha MOJIEKYJIbl BO3/1yXa.

Yacrora 3ByKa 00OBIYHO MPECTABISAET OOJBIINI HHTEPEC, YEM JUIMHA BOJIHBI. Kak Mbl yBHIUM

B CJICYIOIICH TJIaBe, BEICOTA 3BYKa IS CIYIIATENS ONPEENIIeTCs B OCHOBHOM YacTOTOM, U, €CIIH JJTHHA
BOJIHBI U3MEHHUTCS (HAIIpUMeEp, B Pe3yJIbTaTe U3MEHEHHs TEMIIEpaTyphl), BBICOTA 3BYKa OCTAHETCS
npexkueit. Hota ¢ wactoroit 1000 I'y Oyner 3Bydars Ha CeBepHOM IMOJIIOCE TaK JKe, KaK M B ITYCTHIHE



Caxapa. Ecniu BbI cmoriu ObI ChITpaTh Ha TpyOe U B ApKTHKE, U B A(ppurKe, TO 3BYKH TOJTYIUITUCH OBI
Pa3HbIC, HO TOJILKO ITOTOMY, YTO USMCHCHHUC CKOPOCTU 3BYKAa USMCHUT PC30HAHCHBIC YaCTOThLI TPY6BI.

EI[I/IHCTBCHHOG, 9TO MOKCET U3BMCHUTDH BBICOTY 3BYKa OT HCTOYHHUKA, KOJIG6JIIOH.I€FOCH C TTOCTOSTHHOM
4aCTOTOM, — ATO UBMEHEHHE OTHOCUTEIBHON CKOPOCTH UCTOYHUKA U ciymiarels. HaBepHoe, MHOrHe
3aMeuaiy, KaK pe3Ko MaJaeT BHICOTa 3ByKa MOTOPA MPOHOCSIIIET0Csl MUMO aBTOMOOwWIIs. B
JIEWCTBUTEIILHOCTH HU C IPUOTMKEHUEM, HH C YAAJICHHEM aBTOMOOMIIS YaCTOTa U3JIy9aeMoro 3ByKa He
Mmensietcsi. Ho mpencraBeTe cebe, 4TO BBl CTOMTE OKOJIO JICHTOYHOTO TPAHCIIOPTEPA, ABMKYIIETOCS CO
CKOPOCThIO 1 M/c, Ha KOTOPOM YCTaHOBJIEHBI SIIIMKU. ['py3UrK CTaBUT SLIUKK HA TPAHCIIOPTED IO
OIHOMY B CCKYHAY, TaK YTO OHH IPOXOAAT MUMO BaC TAKKC 110 OJHOMY B CCKYHAOY. Ecmu rpy34uK
HAYHET JBUTATHCA 110 HAMIPABJICHUIO K BaM CO CKOPOCThIO, cKaxeMm, 0,5 M/c, TO OTHOCUTEIHFHO HErO
CKOPOCTh JIBIDKEHUS TpaHcmopTepa ymeHbmutcs 10 0,5 m/c. Eciau Ha X0y OH OyJeT mpoI0IbKaTh
CTaBUTH SIIMKHA HA TPAHCIIOPTEP C MPEXKHENH YaCTOTOH — IO OJIHOMY B CEKYHAY, OKaKETCs, 4TO
paccTostHie MEeXAY SIUKaMHU cOCTaBUT ToybKO 0,5 M. Ciie1oBaTeNbHO, TENEPh SIUKU OyIyT
MIPOXOJUTH MUMO Bac BABOE Yallle, YeM I'py34HK CTaBHUT UX Ha TpaHcroptep. Eciu Obl rpy3unk
yIaJsIcs OT Bac co ckopoctbio 0,5 m/c, cozmanack Obl 0OpaTHasi CUTYyalusl.

ToOYHO TaK e, eCJIM UCTOYHUK UCITYCKAeT 3BYKOBbIE BOJHBI ¢ yacToToi 100 I’y 1 3TH BOHBI O€eryT co
cKkopocThio 344 m/c, BBl ycnbimuTe 3ByK yactoToi 100 I'u. Ecniu uctounmk npubimmkaeTcs K BaM CO
CKOPOCTBIO, IPEATIONOXUM, 34,4 M/C, ITMHA 3BYKOBOM BOJIHBI yMeHbHTes Ha 10 %. 3a 1 ¢ 10 Bac
Oynet noxoauth Ha 10 % OoJbIIE 3BYKOBBIX BOJIH, U, CJICIOBATEILHO, BBl YCIBIIIUTE 3BYK YaCTOTOM
110 I'y; ecnmu MCTOYHMK 3BYKA C TAKOM JK€ CKOPOCTBIO yAasseTcs, 10 Bac qouzaet Ha 10 % menbie
3BYKOBBIX BOJIH M BBI YCIIBIIUTE 3BYK 9acToToit 90 I'i[9]. D10 siBnenue HaspiBaiot addexrom Jlorepa,
OHO UrpaeT OOJIBIIYIO POJIb, B YACTHOCTH B ACTPOHOMUH, T/I€ M0 «cMelIeHuto Jlomnepay

B DJIEGKTPOMArHUTHOM CIIEKTPE 3BE3]1 U3MEPSIIOT CKOPOCTH UX JIBUKEHUSI.

MBI 1OSKHBI TO3HAKOMUTBCS C €I11€ OJHUM OY€Hb BaXKHBIM CBOMCTBOM 3BYKOBOI BOJIHBI — €€ (hOpMOii.
BepHeMcs K BOJTHHCTOM JIMHUH, TO €CTh K IpaUKy pacnpeeseHus 3ByKOBOTO IaBJICHUS B KAKOH-TO
OTIpe/ICIEHHBI MOMEHT B TOUKaX, PacIlOJIOKEHHBIX MTOCIE0BATEIBLHO B/I0JIb HAIIPABJICHUS JBIKEHUS
BOJIHBI, MJTH B (PUKCHPOBAHHOM TOYKE B MTOCIEA0BATEIbHBIE MOMEHTHI BpeMEeHU. PaccMOTpuM 3BYK
noctosiHHOM yacToThl, HanpuMep 1000 I'. YUto 3a rpadux mbl noayuum? Pa3genuB ckopocTh 3ByKa Ha
4acTOTY, MOYKHO OIIPEJEINTh JUIMHY BOJHBI, @ MBI y’KE€ 3HAEM, UTO 3BYK OJJHOW 4aCTOTBI COCTOMUT U3
MIPaBWJIBHBIX YepeAOBaHUMN CTyIIeHUN U pa3pexkeHuil. Kakyro ke ¢opMy uMeeT BoJIHa BO BCEM
uHTepBasie? byaem uckath npocteiiryto GpopMmy noBropsromerocs Asuxenus. [lepsoe, 4To NpUXOaAUT
B I'OJIOBY, — 3TO BPAlICHHE, HO OHO HE PA3PELIUT CTOSIIEH NIEPe]l HaMH 3a1a4i: IBUKEHUE 110 KPYr'y He
IIPUMEHUMO K ABM)KEHHUIO YaCTHI] BIIEpEA-Ha3a/ M0 NMPSIMOM JTMHUM. A MOKET BCE-TaKH IPUMEHUMO?
Ecnu Bpammate rupbKy, OIBELIEHHYIO Ha BEPEBKE, U CMOTPETh HA Hee COOKY, Mbl YBUJIUM HE BpalleHUE
T'MPBbKH, a TOJIBKO €€ IBMKEHUE BBEpX U BHU3. [ 111151 TakuM 00pa3oM, Mbl OOHAPYKUM, YTO CMELICHHE
TMPBKH OT LIEHTPA U3MEHSETCA KaK CHHYC YIJIa, OIUCHIBAEMOT0 BepeBKOU. Takoe NBMKEHHUE HA3bIBAIOT
«CHUHYCOUJAJIBHBIM»: TUM YKa3bIBalOT, YTO OHO U3MEHSAETCS I0JOOHO TPUTOHOMETPHUECKON

(GYHKIIUA — CHHYCY.

CunyconaJIbHOE JBMKEHUE Yallle Ha3bIBAIOT MPOCTHIM rapMoHndeckum apmxenuem (I11°11), n
3BYKOBasl BOJIHA, HCITyCKaeMasi MCTOYHUKOM, COBepIIaroimuM Konedbanus tumna I1I'/], siBisercs cambim
YHMCTHIM 3BYKOM M3 BO3MOJKHBIX M €IUHCTBEHHBIM BHJIOM BOJIHBI OJTHOM — €IMHCTBEHHOW YaCTOTHI.
Bo3sBpaiasics k Haiiel BOJTHUCTOM JIMHUY, MbI 0€3 Tpy/Ja 0OHapyKHUM, YTO OHA UMEET CUHYCOHUIAIbHYIO
¢dopmy. CyliecTBYIOT BECKHE, XOTS U CJIOKHBIE MAaTeMaTUYECKUE 0OOCHOBAHMsI TOTO, IOYEMY
CHUHYCOUJANbHBIE KOJIEOAHUS MPEICTABISIIOT COOON CaMblil BaXKHBIN BUJ] OCIIMJUISIINH, WIH KOJICOaHHH.
JIro6oe ynpyroe Teno, coBepliaroiiee CBOOOJHbIE KOoJIeOaHus, CO3/1aeT UMEHHO CUHYCOUAIbHbIE
BOJIHBL. OJTHAKO OYEHB PEIKO TENO KOIEOIETCs TaK MPAaBUIBHO, YTO MOPOXKIAET TOIBKO OJIHY
OecrpyMecCHYI0 CHHYCOUIAJIbHYIO BOJIHY; OOBIYHO K TAKOH CUHYCOM/IaIbHOM BOJIHE IPUCOEIUHSETCS
LENbIN pAJl APYTUX BOJIH MEHBIINX aMIUIUTYA.

HOC—)TOMy YHUCTBIC TOHBI BCTPCUAKOTCA HA MPAKTUKE OYCHBb PCAKO — IMOYTU BCC 3BYKH, KOTOPLIC MbI
CJIBIIIHUM, TOpa3ao CI0KHEE U COCTOAT U3 OOJIBIIOr0 YHCIA TOHOB, 3By4dallluX OJHOBPEMCHHO. Kax sTo
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oTpaxkaercs Ha rpaduke? OTBET Ha TOT BOMPOC JAAeT camas mpocTas apudMeTnKa, Ho 0oJjiee HaydHO
3BYYHT TEPMHUH «METOJ] CYNEePHO3UIHU». YTOOBI BEIUEPTHUTH I'paHK NaBIeHUS 3BYKOBOU BOJHBI,
KOTOpasi COCTOMT M3 JIBYX WU 00Jiee MPOCTHIX TOHOB, WJIM CHHYCOHUJAIBHBIX BOJIH, JIOCTATOYHO
CJIOKUTH (MJIM BBIYECTH) COOTBETCTBYIONINE 3HAYCHUS JABJICHHS KaXK/10i BOJHBI B K&KJOW TOUKE U
pe3y/IbTaT HAHECTH Ha YepTeXk. TaKuM IyTeM MOKHO KOMOWHHPOBATH JIF000E YHCIIO TPOCTHIX BOJH,
MOJIy4asi B UTOT€ BOJIHBI OUEHb HHTEpecHO! ¢opMbl. Pesynbrupytomas ¢opMa BOJIHBI 3aBUCHT HE
TOJILKO OT YaCTOT COCTABJISIFOIINX CHHYCOUIATBHBIX BOJIH, HO TAK)KE H OT COOTHOIIICHUSI MEKIY HX
aMIUTUTYIaMu U (pa3amu.

X0Ts Ha MEPBBIN B3I 3TO MPEICTABISACTCS HEBEPOSITHBIM, HO B ICHCTBUTEILHOCTH JTIOOYIO
HENPEPBIBHYIO NEPUOANYECKYIO BOJIHY MOXKHO IIPEICTABUTh B BUIE CYMMBI PsiIa CHHYCOUJAJIBHBIX
BOJIH COOTBETCTBYIOIIMX YacCTOT U aMILTUTYA. [lepBbIM 3TO 10oKazan paniry3ckuil yuensiii XK. Oypse,
KOTJ]a OH pa3palaThIBaJl TEOPUIO pacrpocTpaHeHus Temaa. OAHaKo ero KHUra « AHaJIUTHYeCKas TEOpHs
Teruiay, ormyonukoBanHas B 1822 r., mpuobpena ropasno 6ojee odiiee 3HaueHUe Onarogapsi O4eHb
CYIIECTBEHHOU Teopeme, B Hell coaepikaieiics. [lonmHocThio Teopema Dypbe 3BYyUUT TaK: Kaxka0€e
KOHEYHOE U HETIPEPHIBHOE MIEPUOJNUECKOE ABMYKEHNE MOYKHO Pa3IOKUTh B TIPOCTOU Pt
CHUHYCOUJAJIBHBIX BOJIH C COOTBETCTBEHHO MMOJOOpPaHHBIMU (ha3aMH U aMILTUTYIaMHU.

B nanbHeimeM 3ta TeopeMa OKaXeTcs Ham Ype3BbIYaiHO MOJIE3HOM, U MO3TOMY Ba)KHO MOHSTH €€
TOYHBIM CMBICI. PaccMOTpuM ee Ha IpocTeiiieM npuMepe NpsIMOYroJbHOU BOJIHBI (puc. 4), XOTsI TaKHe
BOJIHBI BCTPEYAIOTCS HE B aKYCTHKE, a B 3JIeKTpoHUKe. [ 11151 Ha puc. 4, TpyaHO BOOOPa3UTh, UTO ITY
CTOJIb OTVINYHYIO OT CUHYCOUJAIIbHOM BOJIHY MOKHO IIPEICTaBUTh B BUJIE Psifla CHHYCOUIAIbHBIX BOJIH.
Tem He MeHee 3TO BO3MOXKHO, ITpaBja, B BuJe 0beckoHeyHoro psijaa. Eciu, kak mokaszaHo Ha puc. 4,
HayaThb IIOCTPOCHUE KOMIIOHEHT C CUHYCOUAIbHOU BOJIHBI TOH 7K€ YaCTOTBI, 4YTO U MPSAMOYTOJIbHAS
BOJIHA, HO HECKOJIKO OOJIbIIEeH aMITIUTY/ABI U 3aTeM NPUOaBUTH BOJIHY YTPOCHHOMN 4aCcTOTHI

C aMILTUTYIOH, PAaBHOM OJTHOM TPETH MEPBOI BOJHBI, TO MPSIMOYTrOiIbHAS (hOpMa HAYHET BBISBIISATHCS.
Janee mprbaBUM CHHYCOHIaJIbHYIO BOJIHY MSATUKPATHON YaCTOTHI M AMILTUTY/IbI, PABHOW OJIHOM MATOM
OT AMIUIMTYABI IIEPBOM BOJIHBL, U T. [I.; KOI'/IA MBI JOMIEM 10 BOJIHBI C IIATHAALATUKPATHOM YaCTOTOU U
aMIUIUTYI0H, B MATHAAIATh pa3 MEHBIIICH, YeM aMILTUTY/AA IePBOM BOIHBI, TO (opMa pe3yIbTHPYIOIIeH
CTaHET OYECHb NOX0XKEH Ha UCXOIHYIO MPSMOYTOJIbHYIO BOJIHY. IHTEpEeCHO OTMETUTB, YTO €CiH rpaduk
aHAJIM3UPYEMOI BOJHBI COIEPKUT KPYThIe U3THObI U U3JIOMBI (HapuMep, MpsIMbIE yTJIbl
PacCMOTPEHHOH BBIILE BOJIHBI), TO BBICOKOYACTOTHBIE KOMIIOHEHTHI psiia dypre OyAyT UMETh
3HAYUTENIbHO OOJIBIINE AMILTUTY/IbI, YeM ISl BOJIHBI O0JIee MIaBHBIX OYepTaHUH.

Kak 3T0 HM npescTaBisieTcsl CTpaHHBIM, HO TOYHO TEM K€ CITIOCOOOM, KAaKUM MbI IIPOU3BOAMIN
MOCTPOEHHUE MPSMOYTOJIbHON BOJHBI U3 PsAJia CHHYCOMIAJIbHBIX BOJH, MOKHO OCYIIECTBUTD U

o0paTHOE — PA3JIOKUTh B TOJTOOHBIH psif J1I00YI0 KOHEUHYIO, HETIPEPHIBHYIO U IEPUOIUYECKYIO BOIHY.
[TomHOCTHIO 3HAYEHHE ATOTO OOCTOSITEILCTBA BBISCHUTCS TTO3KE.

PazymeeTcs, BO31yX HE €IMHCTBEHHBIH MEPEIaTYNK 3BYKOBBIX BOJIH, M MPAKTUYECKU JIFOOOH Ta3,
TBEP/0E TEJIO WU )KUJKOCTh BEAYT ce0sl OJOOHBIM ke 00pa30oM U TOXKE MOTYT IepelaBaTh 3BYKOBBIE
BOJIHBL. HO XOTsI OCHOBHBIE 3aKOHBI PACIIPOCTPAHEHUS 3BYKa B Pa3HBIX CpeJaxX OJHH U T€ KE, TAKHE
BEJIMUMHBI, KaK, Hal[pUMep, YIPYrocTh U INIOTHOCTh CPE/Ibl, Pa3IMYalOTCs B IIMPOKUX IMpeiesiax, YTo
IPEXJIe BCETO OTPaKaeTCsl Ha CKOPOCTH 3BYyKa. Tak, B OOJIBIIMHCTBE TBEPBIX TEJI CKOPOCTh 3BYKa 110
KpaiiHeil Mepe BTpoe O0JIbIle, 4eM B BO3IyXe. DTO CBSI3aHO C TEM, YTO CKOPOCTh 3BYKa
MPOMOPIIMOHANIFHA KOPHIO KBaIPATHOMY M3 OTHOIIIEHHUSI COOTBETCTBYIOMIET0 KOA((HUIIMEHTA YIPYTOCTH
K IUIOTHOCTHU cpenibl. Uem OoJibliie 3T0 OTHOLIEHHE, TeM OoJiblie CKOPOCTh 3ByKa. B amoMunun
ckopocTh 3ByKa npu 15°C pasHa 5200 m/c, To ecTh 6oJiee yeM B 15 pa3 mpeBbIaeT CKOPOCTh 3BYKa

B BO3JIyX€; B CTaJIM MPHU TOH K€ TeMIIepaType CKOpoCTh 3Byka paBHa 5050 m/c. Eciu MBI IpHIIOKUM yXO
K OZIHOMY KOHIy JUIMHHOM CTaJIbHOU TPYOBI, TO IIPH yAape MO APYroMy €€ KOHIy CHa4aja yCIbIIINM
YXOM, MPUIIOKEHHBIM K TpyOe, yaap, epeiaHHbli MeTalioM TpyObl, a TOTOM APYTHM YXOM — BTOPOit
yaap, IPpUHECEHHBIN BOJHOM, MPOIIEAIeH Yepe3 BO3IyX. JTa BTOpasi BOJIHA HA MPOXOKACHUE TOTO Ke
paccTosiHUA 3aTpaThT B 15 pa3 Ooubliie BpeMEHH.
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Puc. 4. ®opmupoBaHue BOJIHBI IPSIMOYTOJIbHON (POPMBI

AKYCTHUKH IPOILIOro BEKa MPUHSIIN 3TOT METOJ [T ONPE/ICICHUs CKOPOCTHU 3ByKa B TBEP/IBIX TENAX;
[Ipe/IBApUTENIbHO OHU HAIIIM CKOPOCTb 3BYKa B BO3JIyX€, U3MEPss BpeMs MKy HaOII0IeHuEM
BCIIBIIIKHM U IPUXO/IOM 3BYKa OT B3pbIBa, IPOUCIIEALIETO HA OOJIBIIIOM PACCTOSIHUU. 3aTEM JOCTATOYHO
ObLIO U3MEPUTH MPOMEKYTOK BPEMEHH MEKAY ABYMsI IPUXOAAMH 3ByKa OT yJaapa, MPOU3BEJACHHOIO 1O
JaJIbHEMY KOHILy OY€Hb JUTMHHOW TpyObl uian 6pyca. IlepBeiM mpoussen takoe uzMepenue B 1808 r.
(bpanity3 bruo, KOTOpBI BOCTIONB30BAJICS YYTYHHOU TPpYyOOH JUTMHOMW B HEJIbIi KujaoMeTp. YToOs! Ha
TAKOM PAaCCTOSIHUM PacCIIbIIATh 3BYK, IPUXOISAIIUI 110 BO3AYXY, IPUIIUIOCH HA JaJIbHEM KOHLE TPYObI
3aKpenuTh KooKoI. CXOMIHBIH, HO OoJiee TPYIHBIN SKCIIepUMEHT npousBenu pusuku Komnagon u
typ™m a1 onpesienieHns: CKOpOCTH 3Byka B Bojie. Ha JKeHeBckoM 03epe OHU OITyCTUIIHN 1O BOLY
KOJIOKOJI U OTHOBPEMEHHO C YAapOM I10 HEMY B3pbIBAIM HEOOJBIION 3apsia nopoxa. [lpu aTom onu



U3MEPSUIH BpeMsI MEKIY MOMEHTOM IOSBIICHUS BCIIBIIIKH U TIPUXOOM 3BYKa OT KOJIOKOJa. Bo Bcex
9THUX OIIbITaX BpEMA U3MCPAJIOCH C MIOMOIIBIO CCKYHAOMCPA, U IIO3TOMY PE3YyJIbTAThI OBLLIN HE CIIUIIKOM
touHbl. [Ipn n3mepennn ropasao Oonee TOHKMMHA METOJJaMH CKOPOCTb 3ByKa B TIPECHOM Boje mpu 15°
okazanack paBHoi 1440 m/c.

B nanbHelieM Mbl YBUIUM, YTO BO MHOTHX MpoOjIeMax IrymMa 3BYK, paclipOCTPAHSIIOIIUNACS B TBEPABIX
TeJax, UTpacT HUUyTh HE MEHBIITYIO POJIb, YeM 3BYK, OCTYIIHI B BO3/1yX€; B YACTHOCTH, BHYTPH 3aHUHN
3aME€THasl J0JI LIyMa 4acTb CBOETO IIYTH IPOXOIUT B TBEPJAOM Telie. HacToTa OTHOIO U TOTO K€ 3ByKa
B TBEPJIOM TeJie ¥ BO3/1yXe BCEr/a OJIMHAKOBA, HO BCJIEACTBHUE OOJIBIIEH CKOPOCTH 3ByKa B TBEPJIBIX
TeNax JJIMHA 3BYKOBOW BOJIHBI B HUX TOpa3/io 0oJbIle, 4eM B BO3ayXxe Bripouewm, IiiuHa 3ByKOBOM
BOJIHBI B TBEPJIbIX TeJlaX OOBIYHO MPECTABIIAET HHTEPEC TOJIBKO MPHU BBIYUCICHUN PE30HAHCHBIX YacTOT
B KOHCTPYKLHUSIX.

[5] HekoTopsie TBep/bie BEIIECTBA CYOTUMHUPYIOT — HEMOCPEICTBEHHO MEPEXOIIT M3 TBEPIOTO
COCTOSIHUS B IIap: TAaKOBBI, HAIIPUMEP, WO U CYXOM Jies (TBepaas yIIeKUCIoTa).

6] Cnemyet uMeTh B BUIY, UTO, 0OCYXKIasl IIOBEJICHUE MOJIEKYI MO/ ISHCTBUEM 3BYKa, aBTOp HUT/IEC HE
Y Yy, 910, Y yKa,

YUHTHIBAET TEIIOBOE JBHKEHUE MoJieKyl. [1o cyiecTBy, peub UAET He 0 MOJIEKYIaxX, a O YaCTULIAX

Cpelbl, COIEPXKAIMX MHOKECTBO MOJIEKYI. — [Ipum. peo.

[7] 3neck aBTOp HOMyCKaeT OMIMOKY YUCIIO CII0EB 0OPAaTHO MPONOPLHUOHANBEHO KBAIPaTy CKOPOCTH
3BYKa, a He NepBoi creneHu — llpum. peo.

[8] Ha sTom prcyHKke MacmTad He COOIONCH: pa3Mephl OAIUIOHA B ITONICPEYHHKE JOIDKHBI OBITH MHOTO
MEHBIIIE JTMHBI 3BYKOBOW BOJIHBL. — [Ipum. peo.

[9] 31eck aBTOp HOMyCKAET OMIMOKY: MPH JBHKCHUH UCTOYHHKA 3BYKa CO CKOPOCTBIO V BII0JIb MIPSMOH,
COCIMHSIONICH NCTOYHUK M IPUEMHHUK, CIIbIIIMMas 4acToTa f ' paBHa yacrore f ucmyckaemoro 3Byka,
nenennoi Ha (1 — v/C) win Ha (1 + V/C), B 3aBUCHMOCTH OT TOT'0, IPHOIMIKACTCS HITH YAAIACTCS
UCTOYHUK, COOTBETCTBEHHO. B paccMOTpeHHOM cilydae CIablIUMbIN 3BYK OyneT umeTs yactoty 111 '
npu npubsmkeHnn ucrounnka u 91 T mpu ero ynanenun. ®@opmyna f ' = f (1 £ v/c), npumenennas
aBTOPOM, CIIPaBEUINBA IS CITydast JBM)KEHUS PUEMHUKA, a He MCTOYHUKA. [Ipy MabIX 0 CpaBHEHHIO
CO CKOPOCTBIO 3ByKa CKOPOCTAX JABMKEHHUS pa3HUIA MEXKIY dTUMH ciaydasimMu mana. — [lpum. Peo.

3. lllunenue, CBUCT, ryieHUue, rPOXoT

Hapnerocs, s He CIMILIKOM pa3oyapyro YuTaTelis, KOTOPBINA y:Ke MHUT ce0sl 3HATOKOM I10 YacTH TpyO

C TIOPIIHSAMH U MyJIBCUPYIOUINX OAJIJIOHOB, €CIIA CKaXy €My, 4TO, 10 BCEH BEPOSATHOCTH, HU T€, HU
JIpYrHe eMy HUT/I€ HE BCTPETSTCA, pa3Be TOJIbKO B KaKOH-HUOY b 1abopaTtopuu. PeanbHble HCTOUHUKH
3BYKa ropas/io CIOKHEE, YUeM ITU CXeMbl. B KHHTre, MOCBSAIIEHHON ITyMY, BO3MOXHO, U CIIEJIOBAIIO OBI
HAYyaTh ¢ THEBMATHUYECKHUX Nep(opaTopoB U CBEPX3BYKOBBIX CaMOJIETOB, HO, COOIOAas
MOCJIEI0BATENILHOCTh, MbI B IIEPBYIO OYEpPE/Ib OCTAHOBUMCS HA HEKOTOPBIX MIPOCTHIX 3BYKOBBIX
«MalIMHaxy», IPUMEHEHHE KOTOPHIX HE OrpaHUYeHO paMKamu JiabopaTopuil. B aTux ycrpoiictBax
MPOMCXOIUT OOJBIIMHCTBO MPOLIECCOB 00pPa30BaHUs IIIYMOB, KOTOPBIE TaK HAM JT0CaX/1al0T. Peub
MOMJIET O MY3BIKAJIbHBIX HHCTPYMEHTAX. B HUX MpUMeHEeHbI Hauly4lllie Crioco0bl CO3/JaHMsI 3BYKOB, U,
MO3HAKOMUBIIMCH C HUMU, MBI 110 KpaitHe# Mepe OyeM 3HaTh, 4ero cieayet n3berarh npu
KOHCTPYUPOBAHHUHU PA3JIMYHBIX MEXaHU3MOB.
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My3bIKallbHbIE HHCTPYMEHTBI, KaK U MHOTHE APYTrue UICTOYHUKH 3BYKa, MOXHO Pa30UTh HA TPU IPYIIIIbI:
WHCTPYMEHTEHI, 3By4aHHE KOTOPBIX 00YCIOBICHO a3POIMHAMUYECKIMH MTPOLIECCAMU, UHCTPYMEHTHI,
CO3/aroIINe 3BYK MyTEeM MOJAIEPKaHNUS HEe3aTyXalolUX MEXaHNUECKUX KoueOaHuil, U UHCTPYMEHTHI,
3ByYalIue Npu yAaape Win Mpu COyAapeHuH Tell. Bce OHM MOTYT CITYy>KUTh MPEKPACHBIMU 0OBEKTAMHU IS
HAIIETO UCCcieI0BaHus. My3bIKalbHbIE HHCTPYMEHTHI U3 IETMKATHOCTH MOYTH HUKOT/Ia HE IPUYUCIISAIOT
K UCTOYHUKAM IIyMa, a UX TIIATEIIHO pa3padoTaHHas KOHCTPYKIIHSI HCKIIFOUAeT CO3/IaHNe KaKuX OBl TO
HU OBUIO 3BYKOB, KpOME MPeyCMOTPEHHBIX NeByunx 3Bydanuii. Kpome toro, npu urpe Ha
MY3bIKaJIbHBIX HHCTPYMEHTAX IMOYTH BCEI/ia CTPEMATCS K UX TAPMOHHUYHOMY CO3BYUHIO. Y KaXJI0TO
MY3BIKaJIbHOTO HHCTPYMEHTA HalAyTCsl IBOMHUKHU CPEIU IIYMSIINX MAIlIKH.

A,

L3

Puc. 5. brnok-duieiira (B paszpese).

[TpumepamMu HHCTPYMEHTOB TIEPBOM TPYIIIHI (M3IAIOIINUX 3BYKH a3POIMHAMUYECKH) MOT'YT CITY>KUTh
HEKOTOPBIE JyXOBbIE HHCTPYMEHTHI, B YaCTHOCTH OJIOK-(hiietita (mpoosibHas dieiita, Wi peKkopaep) u
Jana3oHHbIE OpraHHble TpyOsl. [Ipou3BecTr 3ByK 0€3 mo1au SHEPTUHU HEBO3MOXKHO. MBI yiKe BUIEIH,
YTO 3BYK — 3TO IIPOCTO CIOCOO Mepeaaun SHEPIUH CKBO3b BO3AYX WIIM KaKy0-JIH0O JIPYTryIo cpeay

B BUJIC BOJIH JIaBIICHUS, B KOTOPBIX SHEPTHUS HEMPEPBIBHO U OBICTPO MEPEXOAUT U3 OIHOUN POpMBI

B JPYTYIO: U3 MOTEHLIMAJIBHON B KUHETUYECKYIO 1 00paTHO. [Ipu konebanuu nopuHs B Tpyoe I3HEPruro
MIOCTABIISLJT BPAIAIOIIMIICS KOJICHYATRIN BaJl, B Cllydae MyJIbCUPYIONIeTro 0auiona — Hacoc. B myxoBoii
MHCTPYMEHT SHEPTHUIO MOJIaeT CaM MY3bIKaHT, KOTOPBII 1aBIEHUEM CBOUX JIETKUX BJIyBAaeT B HETO
MOJIYJIUPOBAHHYIO CTPYIO Bo3ayxa. Ha puc. 5 n3o0pakena 01ok-¢uieiita. Bo3ayx, cxaTblil B JIETKUX,
BIyBaeTCA Yepe3 Y3KYIO LIeJIb MyHIIITYKa U BHIXOAUT U3 HETO B BHJIE KOPOTKOM CTPYyH; IPHU 3TOM TO IO
OJIHY, TO TI0 IPYT'YIO CTOPOHY OT CTpYyH 00pa3ytoTcst Buxpu. OHM BO3HHKAIOT TOTOMY, YTO 1O 00e
CTOPOHBI OT OBICTPO JBIIKYILETOCS MOTOKA BO3/IyXa JaBJIEHUE MalaeT. ITO MOKHO YBUIETh, HAIIPUMED,
€CJIM JYHYTh Ha MOHETKY, JIeXKalllyl0 Ha CTOJIe: MOHETKa niepeBepHeTcs. [lanenue 1aBiaeHus BbI3bIBAET
OTCacChIBaHUE CTPYHU C OOKOB; MOITOMY OOJIBIIIAs CKOPOCTh BO3/yXa, BHIXOSIIETO U3 MYHAIITYKA, U
TypOYJIEHTHOCTb CTPYH NMPUBOAAT K 00pa30BaHUIO BUXPEH. 3aTeM 3T BUXPH CTAJIIKUBAIOTCS

C KJIMHOBUHBIM BBICTYIIOM aMOyIirtopa GhaeiTsl 1 MPOXOAAT CBEPXY UM CHHU3Y BhICTyMA. [IpakTHuecku
MMEHHO TIOJIOKEHHUE ITOTO BBICTYIIA ONPEEISET 4YaCTOTy 00pa30BaHuUsl BUXPEH: YeM MEHBIIIE
paccTosiHUE OT OTBEPCTHUSI MYHIITYKA 0 BBICTYIA, TEM 4Yalle 00pa3yroTcs BUXpu. TOYHO Tak ke, 4eM
CUJIbHEE JyeT MY3bIKaHT, TEM 0OJIbIIIE CKOPOCTh BO3AYITHOM CTPYH M YACTOTa 0Opa30BaHUs BUXPEH.

OO6pa3zoBaHue BUXPEH U MPOXOXKACHUE UX TO IO OJHY, TO IO APYT'yI0 CTOPOHY OT KIMHOBUIHOTO
BBICTYIIA BBI3bIBAET KOJIEOAHUS AaBJICHUS B O Kalmux crnosix Bo3ayxa. Eciu pacnunuth Omok-QuiedTty
cpasy ke M03aJI1 BBICTYIA, U3JJaBa€MbIi €10 3BYK OKAXETCSl BECbMa HEMY3BIKATHLHOM CMECHIO U3
IIUIIEHUS U CBUCTA, U €ro BbICOTa OyIET 3aBUCETh OT CUJIbI, C KOTOPOM MY3BIKAHT AyeT B MyHIIITYK. B
3TOM cilydae KoseOaHus JaBJICHU JAJIEKO HE TaKHe MPOCThIe, KaK MPU MyJIbCalusaX 0auioHa, HO
MIPUHIIAIT BOBHUKHOBEHUS 3BYyKa TOT *ke. Pacmupsisich u cxuMasich, OaNIOH CKUMAET U pa3peskaeT
OKpYXaroIuii chepuvecKmii cIoi BO3IyXa; 3TO BhI3BIBACT KOJICOAHUS TaBIICHUS, TICPEIaBacMbIe BO
BCEX HAIMpaBJICHUIX OT OJHOTO CJIOS K APYTOMY CO CKOPOCTHIO 3BYKa. Paznuune Mexay 6aljIoHOM U
OTHHUJIICHHBIM MYHAIITYKOM 6JIOK-(I)JI€I>'ITBI COCTOHUT B TOM, UTO HOCJ'IG,I[HI/If/'I MMPOU3BOAUT CKATUA U
pa3pekeHus He TyTeM KoJieOaHus OBEPXHOCTH, a B pe3yibTaTe KojeOaHuil caMoro Bo3yxa v 4To
BO3HHUKAIOIIKE IIPU 3TOM BOJIHBI HE UMEIOT MPaBMIIbHOM cepruyeckoil popmabl.

[ToueMy MbI OTIIMJIMIIM MYHJIITYK OT Hauieil 010k-(peiTel? Toabko MOTOMY, UTO OCTaJIbHAs YacTb
MHCTPYMEHTA HE UMEET HUKAKOI'0 OTHOLIEHUS K CO3aHHUIO 3ByKa, a TOJbKO BUIOU3MEHSET 3BYK,
BO3HUKAIOIIKN B MyHIIITYKE. EClM 3aKpbITh OTBEPCTUS B CTEHKE KOPITyca HHCTPYMEHTA, OH OyIeT



HAIOMHHATh TPYOy, B KOTOPOH XOIUT NopiieHb. Ho B mpeapInymiei riaaBe Mbl OIMYCTHIN OJJHO BaYKHOE
00CTOSITENbCTBO, Kacarolieecs MOBeAeHNUs Takoi TpyOsI ¢ nmopuiHeM. [Ipeanonaranock, 4To BOJIHBI
ckaTHs, Oerymye B0k TpyObl, Hcue3aroT, 100eXaB 10 ee KOHIa. B 1elicTBUTEIFHOCTH 3TO BOBCE HE
tak. Korya 3BykoBast BOJIHA IOCTUTAET OTKPBITOTO KOHIIA TPYOBI, OHA BHE3AITHO BCTPEUAET
OeCKOHEYHBI 00BEM BO3/TyXa B HEOTPAHUYEHHOM HapyKHOM IIPOCTpaHCTBe. HUUTOXHBII 00BeM
BO3/1yXa, KOTOPBIN BOJIHA NIEPEMECTHUT U3 Y3KOU TPYOBl B HAPYKHOE MTPOCTPAHCTBO, HE B COCTOSIHUHU
MIOBBICUTD JIaBJICHUE CHAPYXXH U ITO3TOMY BOJIHA HE CMOXKET BBIMTH HAPYXKY, &, OTPA3UBIINCH OT
OTKPBITOTO KOHIIA TPYOBI, TOOEKUT B OOPATHYIO CTOPOHY. SIBIeHHE OTpaKeHUs 3ByKa UTPAET
Ba)KHEHIITYIO POJIb B aKyCTHKE, M MBI PACCMOTPHM €T0 rOpa3 o NOApoOHEee B JaTbHEHIIIEM.

OTtpakeHHast BOJIHA 0€KUT oOpaTHO 1o TpyoOe. B 6mok-dielite oHa BCKOpe HaTAIKWBaeTCsS Ha
MYHJIIITYK, TJIe CHOBA OTPAXKAETCs, OMATh OCKUT BIEPE], U ITOT MPOIECC MOCIETOBATEILHBIX
OTpaKEHHUH MPOIOIDKACTCS, TIPUYEM 3BYKOBAasi SHEPT sl TOYTH TOJTHOCTHIO OCTAETCSl BHYTPH TPYOBI, H
MIPY KKJOM OTPaXCHUH TEPSETCS JIUIIH Majiasi €€ 4acTb.
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Puc. 6. IIpsimas (a) u oTpaskeHHast (0) BOJHEI.



Ha puc. 6, a moka3zaHo pacripe/iejieHIe JaBICHUNA B NCXOHOM BOJIHE IS ITOCJICIOBATEILHBIX MOMEHTOB
BpeMeHH 1, 17 ... lg, mOKa3bIBaroIee epeMelieHue BOIHBI BJOJb TPYObI B T€UEHUE OHOTO nepuosa. Ha
puc. 6, 6 1300paKeHO TIEPEMEIICHHE B OOPaTHYIO CTOPOHY NEPBOM OTPaKEHHOM BOJIHBI JIJIS TEX )K€
MOMEHTOB BpeMeHu. O0e BOJIHBI CYLIECTBYIOT B TPYO€ OJTHOBPEMEHHO, HAaKJIaIbIBasICh OJIHA HA APYTYIO.
UTOoOBI MOTYYUTH PE3YIBTHPYIONIYIO KAPTUHY, BOJHBI CJIETYET CIOXKHUTH COTIACHO MTPUHITUITY
Cynepro3ununu. HpI/I 9TOM BBIACHACTCSA HCUYTO YAUBUTCIILHOC: B PC3YJIbTATC HUKAKOI'O JBUKCHHUA BOJIH
HU B OJIHY, HU B IpYT'yIO CTOPOHY HE IoJiydaeTcsi — o0Opa3yeTcsi oJiHa cTosyasi BojHa (puc. 7). B takoit
CTOSTUEH BOJIHE paclpeie]ICHIe 3ByKOBOTO JABJICHUS y)Ke HE MePEMENIaeTCsl HA BIIPaBO, HU BIICBO:

B K&XKI0U TOYKE 3BYKOBOE J1aBJIEHUE U3MEHSETCS EePUOIUYECKH, C PA3TUYHBIMHU aMILTUTYAaMH IS
Pa3HBIX TOYCK. Haan/IMep, B TOuke A AMIIIMTYy/da BOJIHBI BCETZla paBHA HYJIIO, 4 B TOYKE B Bceraa
MakcUMalibHa. A B Oeryiel BoJIHe U3MEHEHUs JaBJICHUS UMEH OJMHAKOBYIO aMIUIUTYy BO BCEX
TOYKAX U AABJICHUC JOCTHUIAJIO OAHOT'O U TOI'O )K€ MaKCUMyMa, XOTd U B Pa3HbBIC MOMCHTBLI BpCMCHU U
Pa3IMYHBIX TOYKax 1o anuHe TpyOsl. [locie nmepBoro oTpa)keHUsl HACTYMaeT BTOPOE U T. 1., U BOJHA,
M0I00HO YEITHOKY, MPOI0JDKAET OeraTh BIepe-Ha3al, U OTPAKCHUs, CKIIA/IBIBASICh, YBETHUNBAIOT
aMIUIUTY]ly CTOSTYEH BOJIHBI, TOKa O0Jiee paHHUE OTPAKEHUS HE 3aTYXHYT B pe3yJIbTaTe MOTJIOMEeHUs
3BYKOBOU DHEPIUU.
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Puc. 7. Crosiuast BomHa — cymMa OeryIux BOJIH, ITOKAa3aHHBIX Ha puc. 6.

B3risiHyB cHOBa Ha TpaduK CTOsIYEH BOJTHBI, MBI OOHAPY)KUM €Ille OHO CYIIECTBEHHOE
00CTOSATENBCTBO: HA OTKPBITHIX KOHILIAX TPYOBbI BCETa OKa3bIBAIOTCS MUHUMYMBbI (HYJIEBbIE 3HAUEHUS)
ammuTyzabl. Ciie10BaTenbHO, BIOJIb TPYOBI BCET 1A TOJIKHO YIOKUTHCS LIE€JI0€ YUCIIO MOJIYBOJIH 3BYKA.



Toraa, 1€MCTBUTENIBHO, B pE3YJIbTATE MOCIEIOBATEIBHBIX OTPAKEHUN AMIUTUTY/1a CTOSTYEH BOITHBI
JOCTUTacT 3Ha‘-II/ITeHLHOf/'I BCJIMYHUHEBIL. HpOI/ICXOI[I/IT pesoHch. HpI/I pe30Hche OTpa)KeHHBIC BOJIHBI
KOMOWHHUPYIOTCS TaK, YTO YCWJIMBAIOT APYT APyra — 3TO TaK Ha3bIBacMasi KOHCTPYKTHUBHAS
uaTepdepentus BoH. Ecnu ke Ha UTMHE TPYOBI HE YKIIAIBIBACTCS 11E10€ YHCIIO JUTUH BOJH, TO
MOCJIEIOBATEIIbHBIC OTPAXKEHUS y)Ke HE OYIyT YCHIIUBATh APYT APYra; MaKCUMYMBbI OJTHUX BOJIH
MIPUAYTCA HA MUHUMYMBI IPYTHX, U B UTOTE€ IOJIYYUTCS CTOSI9asi BOJIHA MAJIOM aMIUIMTYAbL. Pe3oHaHc
B 3TOM CJIy4ae OTCYTCTBYET, U TOBOPST O JIECTPYKTUBHOU MHTEP(HEPEHIIUN BOJIH.

Teneps OTKpoeM OTBEPCTHS B CTEHKE OJIOK-(peitTbl. MBI BUIEIH, YTO CTOSTYME BOJHBI BOZHUKAIOT

B pe3yJIbTaTe OTPa’KEHUs BOJIHBI OT 000MX KOHIIOB TPYOBI; OTpaskeHHE MPOUCXOIUT Oarogaps
BHE3AITHOCTH CTOJIKHOBEHHS BOJIHBI CO CBOOOIHBIM HAPYKHBIM BO3AyX0OM. Eciii OTKpBITH OTBEpCTHE, TO
TaKOe e OTPaKEHUE BOZHUKHET YK€ OJMKe K Hauary OJ0K-(JIeHThl, 3ByKOBAast BOJIHA CTOJIKHETCS

C Hapy’>KHBIM BO3yXOM HECKOJIBKO paHbIle, 3 (HeKTHBHAS [UIMHA TPYyOBbl YMEHBIINTCS, @ 3HAYHT, €€
pE30HAHCHAs 4acTOTa BO3PACTeT.

CHoOBa MPUIOKUM MYHIIITYK K KOPITycy 0J0K-(prieiThl 1 moayeM B Hero. Kaxxaplii, KTo mpobosa
UTpaTh Ha TyXOBBIX HHCTPYMEHTAX, 3HAET, YTO HE BCET/Ia JIOCTATOYHO B3ATh MYHAIITYK B POT M TIOYTh,
9TOOBI IOMYYUTH JKETTAEMBIN 3BYK, HA KOTOPBIH pacCUYNTHIBAT M3TOTOBUBIINN HHCTPYMEHT MacTep.
[TycTh ipu BceX 3aKPBITHIX OTBEPCTUAX JUCKAHTOBasI OJ0K-(hielTa n3naet 3ByK F (¢a) BbIme cpeaHero
C (o). Ecnu TonbKo BBICTYIT aMOYILIIOpa HAXOAUTCS B IPABUIBHOM IOJIOKEHHH, TO YACTOTA
BO3HHUKHOBEHUS BUXPEH, O KOTOPBIX TOBOPUJIOCH BhIIIE, OYAET 3aBUCETh OT CHUJIbI, COOOIIaeMOil
BO3AYIIHOM cTpye. IIpu 3aKpBITHIX OTBEPCTHAX KOPIYC OJ0K-(hIeHThI peacTaBiseT coboil TpyOy,
pe3oHupyoIyto Ha yactote 349 I'i. OnbITHBIN (IAESHTUCT AYET C CUIIOW, HEOOXOIUMOM JIJIst
dbopMupoBanus npuMepHoO 349 BUxpeli B CEKYHTY; TOATOMY BO3HUKAIOIIUE KOJICOAHUSI TaBICHUS
BBI30BYT K0JIeOaHUs BO3yXa B Kopiyce OI0K-(hIeMThl MOYTH TaK ke, KaK 3TO MPOUCXOIWIO PU
JBYO)KEHUH MOPIIHA B TpyOe. Byayun pe3onatopoM, Kopmyc 0J10K-(IeHThl yCUIHBAET KaXKIYIO
OeryIIyro BI0JIb HETO BOIHY ¢ yacToTol 349 'l M JIIMHOM 4yTh MEHBIIIE OJTHOTO METPA.

CaMoil HM3KOI1 YacTOTE Pe30HaHCa 3aKPhITOM TPYObl COOTBETCTBYET JIJIMHA BOJHBI 3BYKa, BIBOE
Oosbliast, 4eM JuiHa TpyObl. B Halem yacTHOM ciy4ae JUIMHA MHCTPYMEHTa JOJDKHA OBITh YyTh
MmenbIe 0,5 M. Pezonanc B TpyOe obecrieunBaeT 0OpaTHYIO CBsI3b U BBI3BIBAET 00pa3oBaHUE BUXPEil
TOYHO B TaKT C PE30HAHCHOM YacTOTOM, €CIIM TOJIBKO (IICHTHCT HE JyeT CIUIIKOM CHUIBHO UIIH
cimnikoM cirabo. Kora oTBepcTrst B KOpIyce HHCTPYMEHTA OTKPBITHI, pE30HAHCHAS YacTOTa
BO3PACTaeT, HO B OCTAJILHOM MPOIIECC MPOTEKAET TaK XkKe; (PIeHTUCT MOACO3HATEIBHO BAPEUPYET CHITY,
C KOTOpOH OH JIyeT, TAKUM 00pa3om, 4ToObl YCKOPUTH 00pa3oBaHUE BUXPEH, 4EMY CIIOCOOCTBYET U
neiictBue oOpaTHO# cBsi3u. Eciin oH OyaeT 1yTh CIUIIKOM CHIIBHO, TO MPEXKAE BCETrO Clerka
YBEJIUYUTCS YacTOTa 3BYKa, U3/1aBaeMoro 0J10K-(QJeHToM, MOTOMY 4TO, KOTJja 4aCTOTa 00pa30BaHUsA
BUXpEil OJIM3Ka, HO HECKOJIBKO MPEBBIIIAET PE30HAHCHYIO YaCTOTy KOPITyca, Pe3yJIbTUPYIOIAsl 4acToTa
pEe30HaHca paBHA CpeHEMY MEXIy HUMH. Eciu hreldTtruct moayeT eile cuiibHee, 0JI0K-duieita
MPOTECTYIONIE B3BU3THET (B JCHCTBUTEIBHOCTH BCE MTPOUCXOIAIIEE CI0KHEE, U B ATOH IJ1aBe MBI €111e
BEPHEMCS K JaHHOMY BOIIPOCY).

PaccmoTpuM Tenepb BTOpYIO Ipymily My3bIKaJIbHbIX HHCTPYMEHTOB U IONPOOYeM CPaBHUTh UX € OJIOK-
¢netitoit. K 3T0ii rpyIine OTHOCUTCS CEMEHCTBO CKPUITOK; CKPHIIKA MTO3BOJISET MO3HAKOMUTHCS CO
MHOI'MMH BO3MOXHBIMH ME€XaHW3MaMHU 00pa30BaHMs LIyMa.

Kak 3T0 HH CTpaHHO, HO JIETYe BCEr0 HEMOCPEACTBEHHO CPABHUTH MKy COOOH TIPUHITUTIBI JCHCTBHS
CKpPUTIKU U OTOK-(PIIEHTHI, XOTS OHU U OTHOCSITCS K Pa3HBIM TPYIaM MY3bIKaJIbHBIX HHCTPYMEHTOB
CTpyHBI CKPUIIKH MOKHO YIIOJIOOUTH KOPITYCY OJI0K-(JIEHTBI, TO €CTh pe30HHpYIolel Tpyoe. B Takoi
TpyOe UCXOIHOE BO3MYIICHUE CO3/IaeTCs Ha OJIHOM €€ KOHIIE, HO 3TO HE 00s13aTeJIbHO: BO3ZMYILIEHHE
MOJKHO BBI3BIBATh B JIFO00H TOUKe BHYTpH TPpyObl HaTsiHyTas cTpyHa Takxke crmocoOHa pe3oHUpoBath. B
3TOM JIETKO YOEIUThCSI, €CIIN ICPHYTh HATSHYTYIO PE3MHOBYIO JIEHTOUKY [IpaBna, rpOMKOro 3ByKa mnpu
ATOM HE TOJYYHTCS, [IOTOMY YTO JICHTOYKA CIIMIIIKOM TOHKa U HE CIIOCOOHA CO3/1aTh 3HAYNTEIILHBIE
Kose0aHus B OKpykarolieM Bo3ayxe Kak mokasano Ha puc. 8, mpu OTKJIOHEHUH CTPYHBI BO3JIYX HE



CcKuUMaeTcs, a ootekaeT cTpyHy. Ho 3170 mo60uHOE 00CTOSITENIBCTBO, U OHO HE CHIIKAET 3HAYCHHS TOTO
¢akra, 9To cTpyHa 00Ja/1aeT PE30OHAHCHBIMH CBOHCTBAMHU.

BcnoMHuM, 94TO OCHOBHOM (pr3MuecKuil mporecce mpu paciupocTpaHEeHUH 3ByKOBOM BOJIHBI, — 3TO
HEIPEPHIBHBIN NIEPEX0]] KHHETUUECKOW SHEPTHH B TIOTCHIIMAJIbHYIO U 00paTHO To ke camoe
IPOUCXOIUT U NPU KOJIEOAHUU CTPYHBI: KOT/Ia CTPYHY AEpraloT, OTKJIOHSAS €€ B OJHY CTOPOHY, OHA
pacTsIruBaeTcs U NpuoOpeTaeT MOTEHINAIbHYIO SHEPTHI0; KOT/1a CTPYHY OTITYCKAIOT, CHJIa HATSKESHUS
CTPEMUTCS BEPHYTH €€ B IOJIOKEHUE PAaBHOBECHS, CTPYHA NPUOOPETAaeT KHHETUUECKYIO SHEPTHUIO U
UMITYJBC U, MUHYSI 10 HHEPLUU TOJI0KEHNE PAaBHOBECHS, OTKIIOHSETCS B IPYT'yI0 CTOPOHY, TO €CTh
CHOBA B TOJIOKEHHUE, B KOTOPOM CTPYHA MMEET MOTCHIUAIBHYIO SHEPTHIO, U T. 1. Takue KoneOaHus
COBEPIIAIOTCS /10 TeX MOp, MMOKa CTPYHA HE UCTPATUT BCIO SHEPTHUIO, COOOIIEHHYIO €l TIPU OTTATUBAHHU.

Brpouewm, cymiecTByeT u 1pyroi, 0oiee HaydHBIN MOAX0/] K KOJIEOAHUIO CTPYHBI, TO3BOJISIOIINN
BBISIBUTH CXOJICTBO CTPYHBI C TpyOoii Eciiu B34Th OUeHB ATUHHYIO CIA00HATIHYTYIO CTPYHY U
VIIMITHYTh €€ Y OJTHOTO KOHIIA, TO CO3/IaHHOE IIUITKOM CMEIIEHUE TTOOEKUT BIOJIb CTPYHBI, TOJT00HO
3BYKOBOI BOJHE B ITMHHON TpyOe M TOuHO Tak e, TOCTUTHYB KOHIIA CTPYHBI, CMEIIIEHHUE OTPA3UTCS 1
MOOEKHUT B 0OPATHYIO CTOPOHY. ECii BMECTO OHOKPATHOTO IIXIKA HEMPEPHIBHO BO30YKIATh
Kosie0aHus CTPYHBI, OTpaKEHHAs BOJIHA OyAET HAKIAIbIBAThCS HA UCXOMHYIO U CTPYHA OyIeT
BBITJISIACTH [10100HO MOJBMKHOMY Ipa UKy CTOSUEH BOJIHBI B TpyOe. YUUThIBas OCIEA0BATEIbHbBIE
OTpPaXCHHS OT 0OOUX KOHIIOB CTPYHBI, MOKHO MOHSTH, KAKUM 00pa3oM CTpyHa COBEpIIIAeT
pe30HaHCHbBIE KoJIeOaHHsl TaKKe, KaK BO3AyX B TpyOe, C TEM OTIMYUEM, YTO MyYHOCTH U Y3JIbl
COOTBETCTBYIOT HE TOYKaM OOJIBIIIOr0 U MAJIOTO JAaBIICHHUs, KaKk B TpyOe, a TOUKaM MaKCHUMAaJIbHOTO H
HYJIEBOTO cMellleHni. Pe3oHaHcHas yacToTa CTpyHBI Tak)ke 00paTHO MPONOPIOHAIbHA €€ JUIUHE.

CeYEHUR CMPyHSI

gy, YbenuvenHoe

Puc. 8. O6tekanue BO31yXoM KOJEOIIOMIEHCS CTPYHBI.

[Tono6HO TOMY Kak MOKHO BapbHpOBATh PE30HAHCHYIO YaCTOTY TPYObI, H3MEHSISI IJIOTHOCTh WU
YIOPYTOCTh ra3a, €€ 3aloJHSIOIEro, U TAKUM 00pa3oM U3MEHSISI CKOPOCTb 3BYKa, a CJIEI0BATENIbHO,
JUIMHY 3BYKOBOM BOJIHBI, MO’KHO BapbHPOBATh U PE30HAHCHYIO YaCTOTY CTPYHBI. AHAJIOTHsI COCTOUT

B TOM, YTO, YBEJIMYHBASI MACCy CTPYHBI MJIM YMEHBIIIAs €€ HATsHKSHHUE TIPU TIOCTOSIHHOM JITHHE CTPYHBI,
MO’KHO YMEHBIIIUTh €€ PE30HAHCHYIO YacTOTY, U HA000pOT B 3T0i BO3MOXKHOCTH HE OTAaBalu cede
otueta 10 XVII B., 4TO Upe3BBIYANHO 3a/I€pKaAJIO MOSBICHUE COBPEMEHHOTO (hopTenbsiHo. s Toro
4TOOBI COXPAHUTH IMANIa30H B CEMb C MIOJOBUHOM OKTaB, KOTOPBIM PACIIONAraeT COBPEMEHHBIN
WHCTPYMEHT, POSUIb CO CTPYHAMH, 00J1aTalONIMMK OJJTUHAKOBOM IMOTOHHOH IIIOTHOCTHIO M PABHBIM
HATSDKEHHEM, JI0JDKeH ObLT Obl UMETh ATHHY Ooiee 12 M.

B ckpunke ananorom o0pa3zoBaHusi BUXpeil B 0J0K-(preiiTe cyKuT KosieGaHUuEe CTPYHBI, CO31aBAEMOE
JBIKCHUEM CMBIYKa, HATEPTOTO KaHU(DOJIBIO, TIoTiepek cTpyH. [Ipu 3BydaHnn Kakoro-amudo TOHA 371eCh
TaK)Ke UMEeT MECTO JIEHCTBUE 0OPaTHOM CBSI3H, MOATOHSIOIIEE YACTOTY KOeOaHus CTPYHBI IO



CMBIYKOM K 4acTOTe Mpo3ByUaBliero ToHa. K coxanenuro, Urpatb Ha CKpUIKE — 3TO HE 3HAYUT MPOCTO
JIEPKaTh €€ MO/ MOA00POJIKOM U BOJUTH TIO €€ CTPyHaM CMbIYKOM. Ho Teneps HaMm yxe Jierde MoHsTh,
MOoYeMy HaYMHAIOIIMKA CKpUIIad U3BJIEKAET U3 CBOET0 MHCTPYMEHTA CTOJb AYIIEpa3IuparoIIie 3BYKHU:
€CJIM UCXOHOE BO3MYIIIEHHE, BEI3BIBAEMOE B CTPYHAX CMBIYKOM, HE JIOCTATOYHO TOYHO COBMAAAET

C PE30HAHCHOM YacCTOTOM CTPYHBI (a TaKOe COBMAI€HHUE 3aBUCUT OT JAABJICHUS HA CTPYHBI U CKOPOCTHU
JIBUKCHHSI CMBIYKA), TO PE3YJIbTUPYIONIUI 3BYK OYAET OYCHb CXOJICH C BU3TOM OJIOK-(JICHUTHI,

B KOTOPYIO IYIOT C U3JIUIIIHEHN CUIIOM.

Kak yxe ynmoMuHaoch, camu 1o cebe CTpyHBI HE MOTYT U3/1aBaTh CHIIBHBIX 3BYKOB. OTHAKO OHU
KoJ1e0IIoTCs BechMa dHepruyHo. CTpyHa 001aiaeT YJHEPTrUeii, U ee IBUKCHHE NMEEeT KoJIeOaTeIbHbIH
XapakTep, YTO JOCTATOYHO [T CO3/IaHus 3ByKa, HO Tiepeiaya 3ByKa OT CTPYH B BO3JIyX OYEHb MaJa.
OT0 3aTpy/iHEHUE YCTpaHIET KOPIYC CKPUIIKU: Yepe3 MOACTABKY KoJeOaHusl CTPYHBI IIepeaatoTcs
JIEPEBIHHOMY KOPITYCY, KOTOPBIM IEUCTBYET KaK HaIl BOOOpa)kaeMbIid MyJIbCUPYIOIINHA 0aIOH, C TOM
pa3HUIIEH, YTO 3BYKOBBIE BOJIHBI CO3AIOTCS HE TOJIBKO CHAPYKH, HO U BHYTpH Kopiyca. Kopmyc
YCHJIMBAET TIepeauy 3ByKa B BO3/IYX, TaK KaK Ha BO3/IyX BO3JICHCTBYET MMOBEPXHOCTH ropa3ao OoJbIas,
YeM MOBEPXHOCTh CTPYHBI. 3BYKOBBIE BOJHBI, BOSHUKAIOILINE BHYTPH KOpPITyca, KOMOUHUPYIOTCS APYT
C IPYroM, HO CKPUITMYHBIN MacTep JODKEH PAcCCUUTATh KOPIYC TaKMM 00pa3oM, 4TOOBI pe30HaHCHAS
4acTOTa BHYTPEHHET0 00beMa CKPUIIKH ObljIa HUKE YaCTOTHI CAaMOW HU3KOM HOTHI JTF000H CTPYHBI,
MHaue KakKas-To U3 HOT OyAeT JOMUHHPOBAThH HAJl OCTAILHBIMU. MIHOT/1a MacTepy 3TO HE yaaeTcs, u
TOT/Ia y CKPHIIKH TMOSIBIISIETCS TaK HA3bIBAEMBIN «BOYUI TOH». Pe30HAHCH — OMY TUIOXUX CKPHUIIOK.

[TepeiineM K TpeTheil rpyIine HHCTPYMEHTOB — MHCTPYMEHTaM, pabOTaOUIMM OT yJaapa Win
coynapeHuit Ten. B roioBy cpa3y npuxoJuT MBICTh O MEHBIX TapelKkax opkecTpa u 6apabanax. B
KayecTBE IpUMeEpa paCCMOTPUM Tapesiku. bapabaHom MbI 3aiiMeMcst OTAENBHO B TJaBe 8. Y Tapenku
MHOTO 00111eT0 ¢ KoJIeOmronieiicss cTpyHoil. TeopeTndecku cTpyHa, COBEpIIaroIias KoueOanus,
IPEJCTaBISET COO0I0 OTHOMEPHYIO CHCTEMY: HAC MHTEPECYIOT TOJIBKO JJIMHA €€ U PACCTOSIHUE, Ha
KOTOpPOE OHA OTKJIOHAETCSA OT IOJIOXKEHHsI PaBHOBECHs. BO MHOTMX OTHOLICHUSX TapeaKy MOXKHO
paccMaTpuBaTh Kak JIBYyMEPHYIO CTPYHY. 3aCTaBUTh CTPYHY KOJIEOATHCS MOXKHO HE TOJBKO
CKOJIB)KEHUEM CMBIYKA, HO U IIUIIKOM WX yaapoM. To e MOXKHO CKa3aThb U O TapelIKe, XOTSA BPsiA U
HaM KOr/1a-In00 MPUAETCS YBUIETh, KAK UTPAIOT CMBIYKOM Ha Tapeike; HO KIOYHBI, KOTOpPbIE
U3BJIEKAIOT MY3bIKAJIbHBIC 3BYKH U3 CTAJIbHOW IUIACTUHKH, BOJIS IO €€ KPat0 CMBIYKOM («IIOOIIAs
[IUJIa»), — 3ayPAIHbIM HOMEP HUPKOBON IPOrPaMMBI.

Ecnu ynaputh o MeiHOM Tapeske, B MeTajlie MoOeryT U3ruOHbIE BOJIHBI, KOTOPBIE OTPA3sITCA OT KPaes,
1oJ00HO TOMY KaK OTpa)katoTcsl BOJHBI B CTpyHe. Pa3zymeercs, Tapeiika He HAXOAUTCS B COCTOSHUU
HaTSDKEHMS, HO POJIb HATSDKEHUS UTPAeT YIPYrocTh MeTailia. Tapeska ropa3o ycleuHee, 4eM CTpyHa
U3Jy4aeT 3ByK B BO3JyX€; 3TO 00YCIOBIEHO €€ OOJIbIION MIIOCKOH MOBEPXHOCTBIO: BE/Ib TOJIBKO I10
KpasiM TapeJIKu BO3JIyX MOXKET OOOTHYTh €€ M He TIOJBEPTHYThCS CHKATHIO HITH Pa3peKECHHIO.

CymiecTByeT ellle OIMH OYeHb BaXKHBIM aCTIEKT F€HEPAIMH 3BYKa, KOTOPOTO MBI MIOKa HE Kacaluch. Mbl
y>K€ BBISICHWJIH, YTO TaKO€ 3BYK, KaK OH CO3/1a€TCS M KaK €r0 MOYKHO YCHJIMTh; MBI paCCMOTPEIH OJIOK-
(bAEUTHI, CKPUIIKK U TAPETIKU, CPABHUIIN UX JAPYT C APYroM, HO HEe OOBSCHUIH, TIOUYEMY 3BYKH,
U3BJIEKAEMbIE U3 HUX, JIMLICHBI Ja)K€ OTJAIIEHHOTO CXO/ACTBA. DTH MHCTPYMEHTHI MIPEACTABIISAIOT COO0M
MMPCBOCXOAHBIC TPUMEPBI KMCXAHU3MOBY, IIPOU3BOAAIINX 3BYK; HOI[O6HLI€ MEXaHU3MbI MOKHO
0OHapyXUTh B JIF000i IyMHOM MainHe. M Bce-Taku, CKOJIBKO Obl CKPUIIOK HU UTPaji0 OTHOBPEMEHHO,
MYCTh Jake KaK yroJIHO II0XO U TPOMKO, OHU HUKOTJIa HE OYAYT 3By4aTh TaK, KAK THEBMAaTHUECKOE
cBepJio!
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Puc. 9. Pacnonoxxenue y3noB (Y) u myunocteit (I1) B pesoHupyronmx tpydax
(P MOXKHO TIPOJONIKATH OECKOHEYHO).

YroObl 00BSCHUTD, IIOYEMY ITO IPOUCXOIHT, BEPHEMCS K KOJIEOIIOMIEHCS CTpyHE, 3aKPEeTNICHHOHN JIIs
JIy4IlIeH CIBIIIMMOCTH 3BYKa Ha PE30HAHCHOM JeKe. ECiIi 0CTOPOXKHO MPUKOCHYTHCS K CEPEIUHE
KOJIeOJTIONIeCsl CTPYHBI, U37]aBaeMblil €10 3BYK TIOBBICUTCS] Ha OKTaBy. Ha mepBbIii B3rJIsi1 KaxeTcs, 4To
IIPUYMHA TAKOTO MOBBIIIEHUS OYEBUAHA — MBI BBOE YMEHBIIWIN JUIMHY CTPYHBI, CIEA0BATENbHO,
BJIBO€ CHU3WJIU JITMHY BOJIHBI U YJIBOWJIM 4acTOTY 3ByKa. OIHAKO MpaBUIbHOE OOBSICHEHUE TAKOBO:
HPUIOXKUB NAJIEL K CTPYHE, Mbl OCTAaHOBHIJIU €€ KojleOaHue C OCHOBHOM, MJIM PE30HAHCHOM, YaCTOTOM, U
IIPU 3TOM 0OHAPYKUJIOCH, YTO BCE BPEMS CTpYyHA Kojie0anach C MHOKECTBOM €IIle M IPYTUX YacTOT; ITH
Jpyrue KojaeOaHus Ha3bIBAlOT 00EPTOHAMHU WJIM TapMOHMKaMU. Bce npuBouMble paHble NIpUMephl
ObUIM B TOM WM HHON Mepe UCKYCCTBEHHBIMHU, IIOTOMY YTO OYEHb PEKO CO3AAETCS 3BYK, COCTOSIIHMA
TOJIbKO U3 OJIHOM yacToThl. Kak Mbl yke BUeIH, TPYObl U CTPYHBI PE30HUPYIOT Ha YacTOTaXx,
oIpeesieMbIX X JJIUHOM, TIOTOMY YTO Ha KOHLAX TPYObI MJIM CTPYHBI BCET/1a JOJDKEH OKA3aThCs y3el
WIN y4HOCTh. OTHAKO Y3J1bI WU IIyYHOCTHU IPUAYTCS HA KOHIBI TPYObI MJIM CTPYHBI M IIPU 4aCTOTaX,
KPaTHBIX OCHOBHOM YacTOTE; IIPH 3TOM TOJBKO YBEJIMYUTCS O0IIee YUCIIO Y3JI0B U Iy4HocTei (puc. 9).
CrnenoBarenbHO, U Ha 3THX KPAaTHBIX YaCTOTaX TAKXKe BO3MOKHBI PE30HAHCHBIE KOJIeOaHMs.
JeiicTBUTENBHO, KaXKasi My3bIKaJdbHasi HOTA, 32 PEIKUM UCKIIOYEHHEM, COCTOUT HE TOJIBKO U3 CBOEH
OCHOBHOM YacCTOTBI, HO €1 U3 JJOBOJILHO OOJIBILIOrO YKciia FTApMOHHUK, WM TAPMOHHYECKUX
cocTtaBisomuX. Kaxaplii My3bIKaIbHbIM HHCTPYMEHT CO3/Ia€T 3BYKU CBOETO OIPENIETIEHHOIO TeMOpa
(MM OKPACKM), YTO OOYCIIOBJICHO pa3IMYMeM B YHciie 00EPTOHOB MIIM OTHOCUTENILHON BEJIMYMHE X
amruinty1. lHOT/1a 3TH pa3indusi BO3HUKAIOT HE TOJIBKO M3-3a HAaJIMYMs MHOTHUX PE30HAHCOB

B BO3/1YILIHOM CTOJIO€ HJIU B CTPYHE, HO TaKXe U B pe3yJbTaTe Pe30HAHCHBIX KOJIeOaHuil Kopmyca
MHCTpYMEHTA. J[epeBO HE JIETKO MPUXOIUT B COCTOSTHIE MHTEHCUBHBIX KOJICOAHHH, TaK KaK YHEPTH
KoJieOaHUH OBICTPO PACTpadMBAETCs B pe3ybTaTe BHYTPEHHETO 3aTyXaHus. [loaToMy nenarts Kojgokona
U3 JiepeBa OECCMBICICHHO, a 3BYK JI€PEBSHHBIX TyXOBbIX HHCTPYMEHTOB HE OCOOCHHO CHIJIBHO OKpAlIleH,
TaK Kak KOpIyc HHCTPYMEHTa HE BHOCUT CKOJIbKO-HMOY/Ib 3aMETHOT'O BKJIaAa, U KPOME TOTO,
[I€pOXOBATOCTh BHYTPEHHEHN MMOBEPXHOCTH JIEPEBIHHOIO MHCTPYMEHTA 3HAUUTEIBHO OOJIbILAs, YEM,
HafpuMep, Y MEHBIX TPYO, CIOCOOCTBYET 3aTyXaHHUIO BBICOKMX 00EPTOHOB, MPHUJIAIOIINX 3BYKY
APKOCTh U JaXKe PE3KOCTh.

CBoiicTBa Meu Kak ObI 0OpaTHBI CBOMICTBAM JiepeBa, HOITOMY JJISl OTJIIMBKH KOJIOKOJIOB OOBIYHO
MPUMEHSIOT OpOH3Y. B MeIHBIX JyXOBBIX HHCTPYMEHTAaX TBEpAasi, [NIaKasi BHYTPEHHSS TOBEPXHOCTh
COXpaHsET B pe3yJbTUPYIOLIEM 3BYKE OOJIBIIYIO YacTh rapMoHuK. CypauHa, HajieBaeMasi Ha MEJTHYIO
TpyOy, IPUTIIYIIAET PsIi TAPMOHUK U cMsrdaeT TeMOp. [IpuMeHsI0T cypaAuHy U Al CKPUIIKH, YKPETUISS
32)KMM Ha TTO/ICTaBKE, YTO BBOJUT TPEHHE B KOJICOATEIBHOE TBM)KEHUE CTPYH U COOOIIAET TOHY



MSATKOCTb U cepedpuctocTh. [lonpoOHee 0 3aTyXxaHHUU U MOTJIOIIEHNUH 3BYKa MbI OyJIeM TOBOPHUTH
B CJIEIYIOIIMX IJ1aBax.

bnaronaps Hanu4Hio JUITHETO U3MEPEHUSI HA0Op rapMOHMK Y MEIHBIX TAPEJIOK 3HAUUTEIIBHO CII0XKHEE,
4yeM y CTpyH wiu TpyO. B tapenke ropasno 6oraue BO3MOKHOCTU B3aUMHOI'O PAaCIIONI0KEHUS Y3JI0B U
MyYHOCTEH; TEOMETPHS TapesOK MPUBOAUT K BOSHUKHOBEHHIO MHOKECTBA PE30HAHCOB C OJIM3KUMHU
4yacToTaMu, OJaroaapsi 4emy Tapesiki 00J1ajaloT OYeHb KPACOYHBIM, HO OTHIOIb HE MEJIOIUYHBIM
3BYy4aHHEM.

Teneps yke COBEpLIEHHO SICHO IPOUCXOKACHHUE BHICOKUX 10 TOHY ITMCKOB M BU3IOB, KOTOPBIE U3/1at0T
HEKOTOPbIE HHCTPYMEHTHI, KOTJ[a B HUX CJIUIIKOM CHJIBHO JYIOT WM CIUIIKOM OBICTPO BOASIT CMBIYKOM
1o uX cTpyHaM. YacToTa UCXOIHBIX BOZMYIIEHUH CTAHOBUTCS CIIMIIKOM BBICOKOM I BO30YKICHHUS
OCHOBHOM 4acCTOTBI p€30HATOPa, U BMECTO Hee BO30YKAaeTcsl oHa U3 rapMOHUK. OHAKO 3TO ke
SBJICHUE MOYKHO IPUMEHUTH C MOJIb30M: HA HEM OCHOBAHO JIEWCTBHE HHCTPYMEHTOB CEMENCTBA TOPHOB.
Urpas Ha ropHe, My3bIKaHT MOKET BbI3BaTh 3BYK OCHOBHOI 4YacTOThI (MHOT]a Ha3bIBA€MOM NIEpBOM
rapMOHUKOM) WK, Hampsras ryobl, KojJeOaHue KOTOPBIX 3aMEHseT 00pa3oBaHKe BUXpEH B OJIOK-
¢ieiite, MOXKET 3aCTaBUTh 3By4aTh BTOPYIO, TPETHIO HJIM MHOXKECTBO JPYIMX T'APMOHHMK; TaK KakK IO
BBICOTE 3BYKa HU3KHE TAPMOHMKH pa3/ieieHbl 00JIbIIUMH nHTepBaiaMu (puc. 10), Ha TakoM
MHCTPYMEHTE, KaK TOPH, TPYAHO ChI'paTh YTO-HUOY/b 00JIee CI0KHOE, UeM NeceHKa «bepu JI0XKKY,
Oepu xs1ed», coleprKallyio MPeuMyILECTBEHHO MHTEPBajbl B KBUHTY M kBapTy. Urpas Ha Tpybe, 310
3aTpyJHEHUE MOKHO 000MTH, TIOTOMY 4TO TpyOa MPAKTUYECKH COCTOMT KakK Obl Cpasy U3 TPEX FOPHOB
C O0IIMMH MYHJIITYKOM M pacTpyOOM, HO C KOPITyCaMM Pa3JIMYHOM JUIMHBI, KOTOPHIE MOKHO
OTKpBIBATh U 3aKpbIBATh, IOJIb3YSCH KiIanaHaMu. biarogaps 3Tomy Ha TpyOe MOXKHO MOIY4YUTh
3HAYUTEJIBHO OOJIBIIIEE YMCIIO TAPMOHHUK.
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Puc. 10. My3bIkanbHast HOTaIlMs TAPMOHUK (HaTypaJIibHAsI TEMIIEpaIius).
YacToTsl TapMOHMK paBHbI OCHOBHOM 4acTOTE, YMHOKEHHOU Ha 2, 3,4 u T. 1.

B oTHO1IEHNM HyMepaluy FapMOHHUK CYLIECTBYET U3BECTHAS IIyTAHUIIA: MY3bIKAHTBI B OTIUYHUE OT
AKyCTHMKOB MHOT'/Ia Ha3bIBAIOT BTOPYIO TAPMOHUKY IIEPBOM, TPETHIO — BTOPOM U T JI, HO B 3TOW KHUTE
nepBas rapMOHMKA — 3TO BCET1a OCHOBHAs 4aCTOTA, U CYET FAPMOHUK HAYUHAECTCS C HEe.
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Puc. 11. Hanoxxenue 3ByKOB.

Jlo cux mop peus 1uIa TOJIbKO O NIPUATHBIX 3BYKaX, a TAK)KE O Pa3IMYHbIX HHCTPYMEHTAX,
MIPOU3BO/SAIINX UX, HO HA CBETE HE TaK MHOTO MEJIOJIMYHBIX WJIM TApMOHUYHBIX 3BYKOB. [louemy? Uto
TaKo€ TapMOHMS U UTO TaKoe JuccoHaHc? UTo aenaer My3bIKy NPUATHOM, a IIIyM — HENPUATHBIM? MBI
BUJICJIN, YTO Y MY3BIKaJIbHOTO 3ByKa OOJIbIlIasl YaCTh SHEPTUU IPUXOIUTCS HA OCHOBHYIO YaCTOTY U
MEHBIIIasl 4aCTh — Ha OCTaJIbHbIe rapMOHMKHU. Koraa 1Be 0MHAKOBbIE HOTHI 3By4aT OJTHOBPEMEHHO, TO
Kosie0aHus MOTYT HE COBIMAJATh MO (ha3e, HO COUETaHUE 3BYKOB OCTAETCSI COBEPIICHHO PETYIISIPHBIM,
MOTOMY YTO 00a 3ByKa BBI3BIBAIOT KOJICOAHUS AABICHHUS, CIICAYIOIIKE APYT 38 IPYrOM TOUHO

C OJIMHAKOBOM yacToToi. Ecim e gacTora oHOM U3 HOT yBenuuutcs, gonyctuM ¢ 300 I' o 350 I,
HOBOE coueTaHue Oy/eT COCTAaBIISATH JIBE HOTHI, U3 KOTOPBIX 0j1Ha cooTBeTcTBYET 300, a BTOpast — 350
KoseOanusM B cekyHny. Konebanus OyayT NpoucxXoIuTh Tak, Kak oka3zaHo Ha puc. 11, u B Hamem
cilydae JiBa 3ByKa OyIyT yCHJIMBATh APYT Apyra Toibko 50 pa3 B ceKyHIy, TO ecTb ¢ yactoroi 50 [,
YHCJIEHHO PaBHOM Pa3HOCTU MEX/1y YaCTOTaMU 3TUX HOT. HecMOTps Ha TO 4TO 3TOT TaK Ha3bIBaEMbIH
Pa3HOCTHBIN TOH MOKET U HE BOCIIPUHUMATBHCS CO3HATENIBHO, BCE JK€ 00pa3zyeTcsi HEKOTopasi TPEeThs
HoTa yactoToil 50 I'l. IMEeHHO MpUCYTCTBUE 3TOrO TPETHETO MYILCUPYIOIIETO 3BYKA U MPHUIAET
KOMOMHAIMH JaHHBIX HOT JuccoHaHcHoe 3By4anue[10]. U neiicTBUTENBHO, KOT 1A CIOIa HKE
MIPUCOEINHSIIOTCS €llle U TAPMOHUKH 00€HUX HOT U UX PA3HOCTHBIE TOHBI — TOJIKOTHS MOJIy4aeTcs
u3psiaHast!
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[TocmoTpyM, YTO MPOU3OMAET, €CIIM YACTOTa BTOPOM HOTHI BIBOE OOJIBIIIE YaCTOTHI IIEPBOM HOTHI, MHAYE
rOBOPSI, MHTEPBAJT MEX/1y HUMH COCTaBIISIET OJHY OKTaBy. Tenepp 4acTOThI HAIIUX HOT PaBHBI
cootBeTcTBeHHO 300 1 600 ['11, ¥ pa3HOCTHBIN TOH Takxke uMeeT yacToTy 300 I'u. CraegoBarenbHO, €ro
4acTOTa paBHA YaCTOTE MEPBOM HOTHI, M OH COJIBETCS C HEM TaK YKE€ XOPOIIIO, KaK COSAUHSIOTCS HOTHI,
paBHBIE 10 yacToTe. BoT moueMy okTaBa MpeacTaBisieT co00i Takoil rapMOHUYHBIN HHTEPBAT —
CaMbIif TApMOHUYHBIN U3 BO3MOXHBIX. TaK K€ TapMOHUYHO OyyT CIMBATHCS M TAPMOHUKH C X
pa3HoCTHBIMU ToHamu. Crenyromuii Hanbosee rapMOHUYHBIN HHTEpPBaJl — KBUHTA, B TOM Ciydae
yacTtoTa 0gHOU HOThI Ha 50 % BbIIlIe, YeM JPYTOM, U Pa3HOCTHBII I'OH 0OKa3bIBA€TCSl TOYHO HA OKTABY
HIKe 0oJjiee HU3KOM U3 HOT.

JelicTBUTENBHO pe3Kkoe HEOIaro3By4yre BOSHUKAET U3 HA00pa MHOXKECTBA Pa3HOCTHBIX TOHOB B TOM
ciyyae, KOr/ia UCue3aeT yHnopsI04eHHasi 3aBUCUMOCTb MEX/1Y OTJAEIbHBIMU HOTAMU U OCTAIOTCS TOJIBKO
MyJIbCUPYIOLIUE 3BYKH «KOIIAYbero KoHIepTa». Eciu, Hanpumep, HakaTh JBE CaMble HUKHUE TEAAIN
16-yToBoro perucrpa opraHa, MOIy4IUTCS IPEBOCXOIHAS UMUTAIIHSI IITyMa CYIOBOTO TU3EIILHOTO
nBuratens. J[ucconaHe, mo CymecTBy, npooieMa KOJIMUYeCTBEHHAs!, OH ONPeAeNseTCs] HHTEHCUBHOCTHIO
OueHuii, 00pa3yoIUX pa3HOCTHBIE TOHBI CHEIHATINCTaM 10 JICKTPOHHUKE, 3HAKOMBIM C TPUHITUTIOM
reTepOIMHUPOBAHUS CUTHAJIOB B PAJIMOCBS3H, CYIIIHOCTH 3TOU MPOOIeMbl JOKHA ObITH MOHSTHA.
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Puc. 12. ®opmbl BOJIH 171 CBUCTA U T'yJa.

MpbI HE KOCHYJIHCH €lIle OJHOT0 OUY€Hb PACTIPOCTPAHEHHOT'O TUIIA 3BYKOB, KOTOPBIH TakKe MPe/ICTaBIIsIeT
3HAYUTECIILHBIN HHTCPCEC. Bce MY3bIKaJIbHBIC UHCTPYMCHTELI U AKE ,[[PI3€JIBHBII>’I ABUTATCIIb ITPOU3BOAAT
3BYKH C TIPUOIUYCCKU MTOBTOPsIONIEics hopmoii BoaHbL. Ho HeperynsipHble, CiiyqailHbIe 1 COBCEM HE
MTOBTOPSIOIINECS 3BYKOBBIE BOJIHBI BCTPEUYAIOTCS CTOJb K€ YaCTO, KaK U MEPUOIUUECKHE.
[Ipucnymaemcs K BETpY, K IIEJIECTY JIUCTHEB, K NIyMY MPUOPEKHBIX BOJH, pa3OuBaromuxcs o 6eper,
HAKOHEII, K peBY (pOpPCYHKH MapoBOTo KOTJIA, pabOTAIOIIET0 Ha )KHUIKOM TOILTUBE. B 3THX 3ByKax HET HU
HOT, HU TaPMOHUK, HU TADMOHUHU, HU TUCCOHAHCA.

[osiBiArOTCS Takue 3ByKH B pe3yibTaTre TypOYIEHTHOCTH TOTO WK APYroro pojaa, a TypOylIeHTHOCTh —
3TO MPOCTO OEeCcTOPsAI0YHOE IBUKEHUE, KPYKEHHUE U 3aBUXpeHue cpeabl. [Ipu 3ToM BO3HUKAIOT
Kosie0aHus AaBJICHUS, KOTOPBIE BHI3BIBAIOT B BO3/1yX€ BOJIHBI CIKATHUS TaK )K€, KaK U 000N UCTOYHHUK
3BYKa, HO 0€3 IPaBUJIBHOTO MOBTOPEHUS HIIM PUTMHUYECKOTO ABMKEHUs . ClydailHbIHM 1IIyM MOXeT
BO3HHUKATh U KaK CJIEJCTBHUE JPYTUX SIBICHU, HAIPUMEp B pe3y/bTaTe TPEHUS O HEPOBHYIO
IIOBEPXHOCTb.

Kaxk ObI TO HH GBIJ'IO, HO U3 HEPCTYJIAPHOCTU IIyMa OTHIOAb HE CJICAYET, UTO K HEMY HC IPUMCHHUMO
IIOHATHUEC 4YaCTOTHI. O'-IGBI/IZ[HO, IMHUIICHUEC — 3BYK 0oJiee BBICOKOTO TOHA, 4EM I'pOXO0T, XOTs 00a oHH



HOCSIT CITydaiiHbIi XapakTep. OCHOBaHa 3Ta pa3HUIA HA TOM, YTO KOJICOAHHs JaBICHUS MTPH IIUTICHUH
MIPOUCXOAAT TOPA3/I0 Yalle, YeM MPU TPOXOTE. ITO XOPOIIO BUAHO U3 puc. 12. Ho u munenue, u rpoxor
10 CBOEMY 3BYYaHHIO COBEPIICHHO OTIIMYHBI OT NEPHOAMYECKUX MIIM TAPMOHUYECKHIX 3BYKOB, U 3TO
00yCJIOBJICHO TE€M, UTO yXO HE MOJIydaeT BO30YXIEHUS B TOH yops10ueHHOH Gopme, KOTopasi CO31aeT
OLIYIICHHE OTAEIBHBIX HOT. M3-3a OTCYTCTBUSI ONIPEICICHHBIX TAPMOHUK Pa3INYHbIC 3BYKU IIUTTCHUS
JIMIIEHBI CBOCOOPA3Hs U OYECHb CXOIHBI MEXIy COOOM.

Korga Mb1 uMeeM J1€710 ¢ IlyMOM ME€XaHU3MOB, OCHOBY 3BYKa, KOTOPBIA MbI CJIBIIIUM, COCTABIISIET
MMEHHO OecriopsIoYHbIN ITyM. K HeMy 4acTo MpHUCOeaUHSAIOTCS] YUCTHIE TOHBI M X TAPMOHHKH,
HEPEJIKO B JMCCOHAHCHBIX COYCTAHUSAX, U B PE3yAbTaTe 00pa3yeTcs 3BYKOBas BOJIHA OUEHB CIIOKHOMN
dbopMbI, copepkalias NepruoANYECKrue KOMIIOHEHTHI, HAJIO)KEHHbIE Ha OecTIOpsAA0YHbIN (OH.

[10] 31ech aBTOp JAOIMyCKAET HETOYHOCTh: B IAHHOM ClTy4ae HUKAKOTO Pa3HOCTHOI'O TOHA HE
nmoJryJaeTcs, a pasHocTHas yactota S0 ['i1 ecTh yacToTa ciejoBaHus OMeHUH (yIbcaui
WHTCHCUBHOCTH 3BYKa), 00pa3yIONUXCs MPU COBMECTHOM JICHCTBUH JIBYX OJIM3KUX TOHOB. — [Ipum.
peo.

4. lllym B nemuodesax

B Hame Bpems Bce yke U4TO-TO CJIBIIIANIN O «Ie1r0enax», HO IOUYTH HUKTO HE 3HAET, YTO 3TO TaKOE.
Jleunben npeacTaBisieTcss 4eM-TO BPOJI€ aKyCTHUECKOTO SKBUBAJICHTA «CBEUM» — €TUHHIIBI CUIIBI
CBETa — M KaKETCsI CBSI3aHHBIM CO 3BOHOM KOJIOKOJIpYHKOB[11]. OHaKO 3TO COBCEM HE TaK: CBOE
Ha3BaHUe Jenuben noaydni B yecTb Anekcanzepa ['peitama bemia — u3o6perarens tenedona.

JlennGern He TOJBKO HE eIMHUIIA U3MEPEHUS 3ByKa, OH BOOOIIE HE ABJISIETCS €UHULIEH U3MEPEHUs, BO
BCAKOM CJIy4ae B TOM CMBICIIE, KaK, HallpUMep, BOJIbThI, METPBI, paMMbl U T. A. Eciu yronso,

B Jienbenax MOXHO U3MEPUTh JaXke JJUHY BOJIOC, YETO HUKAK Helb3sl caenaTh B BojbTax. [o-
BUJUMOMY, BCE 3TO 3BYYUT HECKOJIBKO CTPAHHO, TaK YTO MOIbITaeMCs JaTh pa3bsicHeHue. BeposTHo,
HUKTO HE YIIUBUTCS, ECIIU 5 CKaXy, 4TO paccTosiHue oT JIonnona no MuBepHecca B ABanuath pas
0o0JbIlIe, 4eEM OT MOETO J1oMa /10 JIoHoHa. I MOry BeIpa3uTh J1I000€ pacCcTOSTHUE, CPABHUBAS €70

C paccTOsIHMEM OT Moero aoMa 10 JIonaoHa, ckaxeM 1o miomanu Iukagunnu Paccrosnue ot JIongona
1o Jl>xoH-o'TpoTca B 1BaANaTh mecTh pa3 00JIbIe, YeM 3TO TOCJICTHEE PACCTOSHHE, & J0 ABCTPaIuu —
B 500 pa3. Ho 370 He 03HauaeT, 4To ABCTpaius yrajeHa oT yero O0ul To HU O6bu10 Ha 500 enunui. Bee
IIPUBE/ICHHBIE YUCIIAa BBIPAXKAIOT TOJIBKO OTHOLICHUS BEJIMYMH.

OpHa U3 U3MEPUMBIX XapaKTEPUCTHK 3BYKa — ITO KOJIMYECTBO 3aKIIFOUYCHHON B HEM SHEPTHH;
MHTEHCUBHOCTbH 3BYKa B JIF000I TOUKE MOXKHO U3MEPUTh KaK MOTOK SHEPTUH, IPUXOALIeics Ha
e/IMHIYHYIO TUIOMIA/KY, ¥ BBHIPA3HTh, HAIIPUMED, B BATTAX Ha KBaapaTHbIii Metp (Br/m?). TIpu momsiTke
3amucaTh B 3TUX €JUHHUIIAX HHTEHCUBHOCTh OOBIYHBIX IIYMOB Cpa3y k€ BOSHUKAIOT TPYIHOCTH, TaK KaK
WHTEHCUBHOCTH HaN0O0JI€€ TUXOTO 3BYKA, JIOCTYITHOTO BOCTIPUSTHIO YEJIOBEKA C CAMBIM OCTPBIM CIIYXOM,
paBHa npubnusurensao 0,000 000 000 001 Br/M’. Onns 13 HanGoree TPOMKHX 3BYKOB, C KOTOPBIM MBI
CTAJIKMBAEMCsI yKe He 0€3 pHCKa BPEHbIX ITOCIEACTBHHA, — 3TO IIyM PEaKTHBHOTO CaMOJIeTa,
MPOJIETAIONIETO Ha PACCTOSHAM ropsiaka 50 M. Ero maTeHcHBHOCTB cocTaBiser okono 10 Br/m% A Ha
paccrossHun 100 M ot MecTa 3amycka pakeTsl «CaTypH» HHTEHCHBHOCTD 3BYKa 3AMETHO MPEBBIIIAET
1000 Br/m°. O4eBHIHO, YTO OMIEPUPOBATH YHCIIAMH, BHIPAKAIOUMMI HHTCHCHBHOCTH 3BYKA, JICKAILHE
B CTOJIb IMPOKOM JTHATIa30HE, OYECHb TPYHO, HE3aBHCHMO OT TOTO, TIPEACTABIISIEM JIH MBI UX

B €IMHUIIAX PHEPTUU WJIH JJake B BUe oTHOLIEHUH. CyIiecTByeT MPOCTOM, XOTS U HE BIIOJIHE
OUYEBU/IHBINA BBIXOJ] 3 TaHHOTO 3aTpyaHeHHs. THTEHCUBHOCTH CaMOT0 ¢1a00Tro CIBIIIIMMOTO 3BYKa
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pasua 0,000 000 000 001 Br/m2. MaTeMaTuku IpearnodYTyT 3amucaTh 3TO YUCJIO TAKUM 00pa3oM:

102 Br/m®. Ecin KOMY-JIN0O TaKasi 3alKCh HETIPUBBIYHA, HATOMHUM, YTO 10% 510 10 B KBaJipaTe, Win
100, a 10° 510 10 B kyoOe, wim 1000. AHaIOru4HO 107% o3nauaer 1/102, niu 1/100, mim 0,01, a 10-3 310
1/10%, wm 0,001. YMHOXKHTB m0Goe 4rcio Ha 10% — 3HAaumT X pas yMHOKUTE ero Ha 10.

[TeiTasich HaliTH Hanboee yIOoOHBIH CITOCOO BRIPAXKEHHUS MHTEHCUBHOCTEH 3BYKa, OMPOOyeM
IIPEACTaBUTh UX B BUJE OTHOUICHUH, IPUHSB 33 3TAJOHHYIO HHTEHCUBHOCTH BEJIMYHUHY 1072 Br/im%
[Tpu 5TOM OynemM oTMeYaTh, CKOJIBKO pa3 HY>KHO YMHOKUTh 3TaJIOHHYIO HHTEHCUBHOCTB Ha 10 11t
TOTO, YTOOBI MOTYYUTH 33/IaHHYI0O HHTEHCUBHOCTH 3ByKa. Hampumep, mrym peakTHBHOTO camoJieTa B
10 000 000 000 000 (uu B 10™) pa3 MpeBBIIIAeT HAII 3TAJIOH, TO €CTh 3TOT ATAIIOH HeoOXxoanmo 13 pas
yMHOXHTH Ha 10. Takoi cmocod BeIpaKe€HUs MO3BOJISET 3HAUUTEIFHO YMEHBIIUTh 3HAYCHUS YHCEIT,
BBIPAXKAIOIINX THTAHTCKUHN JHAMa30H 3BYKOBBIX HHTCHCUBHOCTEH; €CJI MBI 0003HAYNM OJHOKPATHOE
yBennyeHue B 10 pa3 kak 1 6es1, TO MOTydynuM «eIUHUILY» 7Sl BRIpaXKeHHs OTHOLIeHUH. Tak, ypoBeHb
[IyMa peakKTHBHOTO CaMoJieTa COOTBETCTBYeT 13 Genmam. ben oka3biBaeTCs CIUIIKOM OOIBIIION
BEJIMUMHOM; ya00HEe MoIb30BaThes 0osiee MEJKMMH €TMHUIIAMU, IECATHIMU JOSIMU Oeja, KOTOphIE U
Ha3bIBAIOT Aenubenamu. TakuM oOpa3oM, MHTEHCHBHOCTS IIIyMa PEaKTUBHOTO ABUTaTesst paBHa 130
nenu6enam (130 nb), Ho Bo n30ekaHKe MyTaHUIIBI ¢ KAKUM-TTHOO IPYTrUM dTAJIOHOM MHTEHCUBHOCTH
3ByKa CJenyeT yka3artb, yTo 130 nb onpenaenseTcss OTHOCUTENBHO 3TaJJOHHOTO YPOBHS 102 Brim?

Ecau oTHONIEHME THTEHCUBHOCTH IAHHOTO 3BYKA K 3TaJJOHHOW MHTEHCUBHOCTHU BBIPAKAETCS KAKUM-
HUOYIb MEHEE KPYIJIBIM YuciioM, Harpumep 8300, mepeBoa B 1eUOeITbl OKKETCS HE TAKHM IMPOCTHIM.
OueBuaHO, yucIo yMHOXeHHUH Ha 10 Oynet Gomnbiue 3 U MeHbIIe 4, HO JJI1 TOYHOT'O OIPEECIICHHS 3TOrO
YKCJIa HEOOXOUMBI IJTUTEIbHBIC BhIUUCIeHU. Kak 000t Takoe 3aTpyaHenue? Oka3pIBaeTcs, BeCbMa
MPOCTO, TOCKOJIBKY BCE OTHOIICHUS, BRIPAXKEHHBIE B €AUHUIAX «ICCATUKPATHBIX YBEITUYCHUN», TaBHO
BBIUKCJIEHBI — 3TO JIOTapU(MBI.

JIro6oe urciio MokHO TIpencTaBuTh Kak 10 B kakoii-to ctenenu: 100 3to 10% u, crenoBaTENBHO, 2— 3TO
norapudm 100 npu ocHoBanuu 10; 3 — norapudm 1000 npu ocHoBanuu 10 U, YTO MEHEE OYEBHJIHO,
3,9191 — norapudm 8300. (Het HE0OX0qMMOCTH BCE BpeMs TIOBTOPSTH «IIPH OCHOBaHUM 10», moTomy
4yro 10 — camoe pacnpocTpaHeHHOE OCHOBaHHE Jorapudma, u eciau HeT JPyroro yKazaHus, TO
MoJipa3yMeBaeTcsi MIMEHHO 3TO OcHOoBaHMe. B ¢opMynax 3Ta BennunHa 3anuchkiBaeTcs Kak logio uimu 1g.)

HOJ'II)?:y?[CI) OIPCACIICHUEM I[eIII/I6€J'Ia, MOXEM TCIICPh 3al1MCaTbh YPOBCHb HHTCHCUBHOCTHU 3BYKAa B BUAC!

HIMEPEHHAAHHTEHCHRHIXTE

(uB).

¥porenn HHTeHcHRHOCTH = 10lg
STAOHHAA HHTEHCHBHOCTE

Hanpumep, npu nateHcuBHOCTH 3ByKa B 0,26 (2,6 10 Br/m’ YPOBEHb MHTCHCUBHOCTU B 1b
-12 2
OTHOCHUTENBHO d3TasioHa 10 “ Bt/M” paBen

2,6-107

=t =101g{2,6-10'") nB.

101lg

Ho norapudm 2,6 pasen 0,415; cnegoBarenbHO, OKOHYATEIbHBIA OTBET BHITIISIUT TaK:
10 x 11,415 =114 nb
(c Tounoctbio g0 1 ab).

He crenyer 3a0bIBaTh, 4TO ACIHUOEITBI HE SBIISIOTCS SIUHUIIAMEI H3MEPEHHUS B TOM CMBICIIE CJIOBa, KakK,
HAIpUMep, BOJIBTHI WIIK OMBI, 1 YTO COOTBETCTBEHHO C HUMHU NPUXOUTCS oOpamaThcs nHaue. Ecnu nBe
aKKyMyJIsiTOpHbIe 6aTapeu 1o 6 B (BOJbT) COeAMHUTH NOCIEA0BATENBHO, TO Pa3HOCTh NOTEHIIMAIOB Ha
KOHI[aX I1enu coctaBuT 12 B. A uto momyuurcs, ecnu k urymy B 80 n1b no6asuts emie mrym B 80 n1b?



[ITym ob6miei naTeHcuBHOCTHIO B 160 1b? Hukak HeT — Benb MpU yIBOEHUHU YHUCIA €TO0 Jorapudm
Bo3pactaet Ha 0,3 (C TOYHOCTBIO J0 BYX JIECATUYHBIX 3HaKOB). Toraa nmpu yABOCHUM UHTEHCUBHOCTHU
3ByKa YPOBEHb HHTEHCHBHOCTH yBenuuuBaeTcs Ha 0,3 Oerna, To ecTh Ha 3 1b. DTO cripaBeIUBO TSI
JTF000T0 YPOBHSI HHTEHCUBHOCTHU: YO80€HUe UHMEHCUBHOCIU 36VKA NPUBOOUM K VEETULEeHUIO YPOBHSL

unmencusHocmu Ha 3 Ob. B Tabn. 1 nmoka3aHo, Kak yBeJIMYMBAECTCS] YPOBEHb HHTEHCUBHOCTH,

BBIpa)KeHHbIﬁ B I[GLII/I6CH21X, IIpU CJI0KCHUH 3BYKOB paSHHQHOﬁ MHTCHCUBHOCTM.

Teneps, pa3peluB TaiiHy aeruoerna, IpuBeeM HECKOIbKO MpuMepoB. B Tabi. 2 naHbl nepedyeHb
TUIIUYHBIX ITYMOB ¥ YPOBHU UX MHTEHCUBHOCTH B JlelinOenax.

Tadimna 1
CioxeHue ypoBHeil HHTEHCMBHOCTH 3BYKa (To4HOCTH £0,5 1B)

Pasnocte Memﬂyﬂ%ByMﬁ YPOBHAMH, [TpubaBka k 60see BBICOKOMY YPOBHIO

0 3

1 2,5

2 2

3 2

4 1,5

5

6 1

7

8 0,5

9 0,5

10 0

Taoauma 2

HNHTEHCHBHOCTH THIMHYHBIX mymoB

IIpumepHBIi YPOBEHB 3BYKOBOTO

JaBJICHMUS, HcTouHuk 3ByKa U paccTOSTHUE 10 HETO

nBbA

160 BricTpen u3 pyxba kanubdpa 0,303 BOsM3M yxa

150 Bsnet nynnoi#t pakertsr, 100 m

140 B3ner peaktuBHOTO camoiiera, 25 M

120 MamvHeHOe OTAeIEeHUE TOIBOIHON JIOAKHA

100 OdeHb HIYMHBII 3aBOJ

90 Tskemnblid [U3EIIbHBINA IPY30BUK, 7 M

JoposxHblii neppopaTtop (He3arayueHHbli), 7 M
80 3BoH OyawibHUKA, | M




75 B >xene3Ho0p0oKHOM BaroHe

B canone He60IBIIIOr0 aBTOMOOUIIS, ABMXKYIIIETOCS CO
70 cKopocThio 50 KM/y;
KBapTUPHBII 1buiecoc, 3 M

MarmHonucHoe 010po

65 OOb1unHbIi pazrosop, 1 M

40 VYupexxaeHue, re HeT CTeUaIbHBIX HCTOYHUKOB IIIyMa
35 Komnara B THX0# KBapTHpE

25 Cenbckasi MECTHOCTB, PACIIONIOKEHHAS BJIaJH OT JOPOT

Kakum 00pa3oM MOXKHO ONpeIeTUTh MHTEHCUBHOCTD JIAHHOTO 3BYKa? DTO TIOBOJBHO CIIOKHAS 3a/1a4a;
3HAYUTENILHO JIerde U3MEPHUTh KOJeOaHusl TaBJICHHsS B 3ByKOBBIX BOTHAaX. B Tabmn. 3 mpuBeaeHbI
3HA4YCHHUsI 3BYKOBOTO JIaBJICHUS ISl 3BYKOB PA3JIMYHON WHTCHCUBHOCTH. M3 3TON TaOIHIIBI BUAHO, YTO
JTMana3oH 3BYKOBBIX JIAaBJICHUI HE TaK MIMPOK, KaK JUANa30H HHTEHCUBHOCTEH: TaBJICHHUE BO3PACTaeT
BJ[BOC MEJIJICHHEE, YeM MHTEHCHBHOCTD. [Ipy yIBOSHHH 3BYKOBOT'O JaBJICHHSI SHEPTHSI 3BYKOBOW BOJTHBI
JIOJKHA YBEJIMUUTHCS B YETHIPE Pa3a — TOT1a COOTBETCTBEHHO YBEIUMYHUTCS CKOPOCTh YACTHUIL CPEIBI.
[TosTOMYy, €citi MBI H3MEPUM 3BYKOBOE JIaBJICHUE, KAK U MHTEHCUBHOCTb, B JIOTApUPMHUECKOM
Macmrade 1, KpoMe TOTO, BBEJEM MHOXHTEIh 2, TIOTYIHM T€ e BEIIMIMHBI I YPOBHS
WHTEHCUBHOCTH. Hampumep, 3ByKOBOE JTaBIIEHUE CaMOTO CJT1a00T0 U3 CIBIIIUMBIX 3BYKOB PAaBHO
npumepso 0,00002 H (HLIOTOHa)/MZ, a B KaOWHE IU3EJIbHOTO TPY30BHKA OHO COCTABISIET 2 H/v?,
CJIEIOBATENIEHO, YPOBEHb MHTEHCUBHOCTH IITYMOB B KaOWHE paBeH

2x10" 5
20lg """ _=201g10° =100 1B.
5 X107 5

Taoauna 3

HNHTEeHCUBHOCTD, 3BYKOBOE JIaBJICHUE U YPOBEHB 3ByKa B BO3/1yXE
IIPY KOMHATHOM TeMnepaType U HOPMaJIbHOM JIaBJIICHUH HA YPOBHE MOPS

HNHTEHCHUBHOCTD, 3BYKOBOE JIaBJI€HUE, | YPOBEHb 3BYKa,
Br/m? H/m? nb




100 000 000 200 000 200
10 000 000 190
1 000 000 20 000 180
100 000 170
10 000 Z 000 160

1 000 150

100 200 140

10 130

1 20 120

0,1 110

0,01 2 100

0,001 80

0,0001 0,2 80
0,00001 70
0,000001 0,02 60

0, 0000001 50

0, 00000001 0,002 40
0,000000001 30

0, 0000000001 0,0002 20
0,00000000001 10
0,000000000001 0,00002 0

Bripaxkast ypoBeHb 3ByKOBOT'O JABJICHHSI B IeLIMOENaX, CIeIyeT MOMHHUTD, YTO MPU YBEIIUYCHUH
JlaBlieHUs BABOE npuoOasisiercs 6 1b. Eciu B kabuHe mu3enbHOro rpy30BHKa IryM qocturdaeT 106 nb, To
3BYKOBOE JIaBJIICHHE YABOUTCS U COCTABUT 4 H/MZ, a UHTEHCUBHOCTD YBEJIMUUTCS B UETHIPE pa3a u
nocturaer 0,04 Br/Mm>.

Mz1 MHOTO TOBOpHIIM O MEPE MHTCHCUBHOCTH 3BYKa, HO COBEPIICHHO HE KAaCAJIMCh MPAKTUICCKUX
MCTONOB U3MCPCHUA 9TOH BeanduHbI. K AOCTYIIHBIM JJIST UBMCPCHUA XapPAKTCPUCTUKAM 3BYKOBOI71
BOJIHBI OTHOCATCA HHTCHCUBHOCTD, JaBJICHUEC, CKOPOCTh U CMCIICHUC YaCTUII. Bce st XapaKTECPHUCTHUKHU
HECMMOCPCACTBCHHO CBA3aHbI APYT C APYT'OM, U, €CJIU YAACTCA USMCPUTDH XOTHA OBI OIHY U3 HUX,
OCTaJIbHBIC MOKHO BBIYUCIIUTD.

HeTpymHO yBHIIET WIIM IOYYBCTBOBATH HA OIIYIH KOJICOAHHE JICTKUX MPEIMETOB, OKa3aBIINXCS HA
MyTH 3BYKOBOI BOJHBL. Ha 3TOM siBJIeHHM OCHOBaH MPHUHIIUII ASHCTBHS OcHuLIorpada — camoro
cTaporo Buja mymomepa. Ocruuiorpad coCTOUT U3 AMagparMsbl, K HEHTPY KOTOPOIl MpUKpeIieHa
TOHKasi HUTh, MEXaHHUUECKON CUCTEMBI JIJIsl YCUJICHHS KOJIeOaHMiA, U Tepa, 3aIUChIBAIOIIETO Ha
OyMakHOM JIeHTe cMelneHus nuadparmpl. Takue 3amiucy HAMOMHHAIOT «BOJHUCTHIC IMHUNY, O KOTOPBIX
MBI TOBOPHJIX B MPEBIYIIEH rIaBe.

Otot npubop ObLT KpaitHe MaJOYyBCTBUTEJICH U TOJUIICS TOJIBKO JJIS MTOATBEPIKICHHS aKyCTUYECKUX
TEOPHI YUEHBIX TOTO BpeMeHHU. MHepIHs MexaHU4YeCKUX JAeTallel MPeIesIbHO OTpaHUYMBalia YaCTOTHYIO
XapaKTepUCTHKY U TOYHOCTH MpuOopa. 3aMeHa MEXaHUYECKOTO YCUIIUTEINS ONTHYECKON CHCTEMOH U
UCIoNIb30BaHue (poTorpaduueckoro MeTo1a perucTpallii CUTHAJIOB MTO3BOJIMIIN 3HAYUTEIHLHO CHU3UTh
WHEPLMOHHOCTH pubopa. B ycoBepIieHCTBOBAHHOM TaKUM 00Pa3oM YCTPOMCTBE HUTh AUAPparMbl
HaMaThIBaJach Ha Bpamlarouuiics 6apadaH, 3aKpeIICHHBIN Ha OCH, K KOTOPOU MPUKPEILISIOCHh
3epKalblle, Bpalfaromieecs BMecte ¢ 6apabanom. Ha 3epkabiie magan qyd cBeTa; MpH MOBOPOTaX
3epKayiblia TO B OJHY, TO B JIPYT'YIO CTOPOHY, MPOUCXOIUBIINX B PE3yJIbTaTe KojieOaHU MeMOpaHBbI, Ty4
OTKJIOHSUICS, ¥ OTH OTKJIOHEHUSI MOKHO OBIJIO 3aMHMCHIBATh HA CBETOUYBCTBUTENBHYIO Oymary. M Tonbko
C Pa3BUTHEM DJIEKTPOHUKH ObUIH pa3padoTaHbl O0JIee WM MEHEE TOUYHbIE U3MEPHUTENIbHBIE TPHUOOPHI, a
JUTsI KOHCTPYUPOBAHHUS COBPEMEHHOTO TTOPTATUBHOTO IIIyMOMeEpa MPUIILIOCH T0KUIATHCS N300peTeHUS
TPaH3UCTOPOB.

[To cymiecTBy, COBPEMEHHBIN IIIYMOMEDP — 3TO AJEKTPOHHBINA aHAJIOT CTAPOr0 MEXaHHUYECKOTO
yctpoiictBa. [lepBbIM 11arom B mpoliecce U3MepeHus CIyKUT Ipeodpa3oBaHre 3BYKOBOTO JIaBIICHUS
B U3MCHCHUS JICKTPUICCKOTO HAMPSHKCHHS, 3TO MpeoOpa3oBaHue MPOU3BOIUT MUKPO(doH. B



HACTOSIIEE BpeMs B TAKUX MPUOOpax MPUMEHSIOT MUKPO(MOHBI CAMBIX Pa3TUYHBIX THIIOB:
KOHJICHCATOPHBIE, C IBMKYILEUCS KaTyIIKON, KPUCTAIUIMYECKUE, ICHTOYHBIE, C HArPETOU IPOBOJIOKOM,
C CETHETOBOM COJIbIO — ATO JIMIIL Majas 9acTh BCEX TUIOB MUKPO(OHOB. B Hamelr kHUre Mpl He OyaemM
paccMaTpuBaTh NPUHIUIIBI UX ICHCTBHS.

Bce MUKpO(OHBI BBITIOJIHAIOT OJHY U Ty e OCHOBHYIO ()YHKIIHIO, M OOJIBIIMHCTBO U3 HUX CHA0KEHO
MeMOpaHOH, TOTO WJIM UHOTO BU/IA, KOTOpasi IPUBOJUTCS B KOJICOAHNST N3MEHEHUSIMU JIaBICHUS

B 3BYKOBOH BoJIHE. CMelieHus: MeMOpPaHbl BBI3BIBAIOT COOTBETCTBYIOIINE U3MEHEHUS HAIPSKCHUS Ha
3akuMax MEKpodoHa. Crenyromuii mar B U3BMEPEHUH — YCUIICHHUE, a 3aTEM BBITIPSIMIICHHAE
NEPEMEHHOT0 TOKa M 3aKJIFOYUTENIbHAS ONepalns — Mojaya CUrHajla Ha BOJIBTMETP, OTKATUOPOBAHHBIH
B ferpOenax. B GonbmmHCTBE TaKUX MPUOOPOB BOIBTMETPOM U3MEPSIOTCS HE MAaKCHMAJbHBIE, a
«CPETHEKBAApAaTHUHBIC 3HAUEHUSD CUT'HAJIA, TO €CTh PE3ybTAT OMPEIEICHHOTO BUAA YCPEeIHEHUS,
KOTOPBIM TTOJIB3YIOTCS Yallle, YeM MaKCHMaJIbHBIMU 3HAYCHUAMH.

OOBIYHBIM BOJIBTMETPOM HECJIb34 OXBATUTH OFpOMHBIﬁ Juarna3oH 3BYKOBBIX I(aBJ'[eHI/Iﬁ " IIO3TOMY B TOH
YaCTH YCTPOMCTBA, € MPOUCXOAUT YCUIICHUE CUTHAJIA, UMEETCS] HECKOJIBKO LENEH, Pa3IMYarOUXCs
no ycwieHuto Ha 10 n1b, koTopble MOYKHO BKJIIOYATh MOCJIEI0OBATEIBHO OJIHY 3a APYTOil.

OpHAaKO /10 CHX TOp ellle IMUPOKO MPUMEHSIOT YCOBEPIIEHCTBOBAHHYIO MOJIEIIb CTapOro ocuumiorpaga.
B 211eKTpoHHO-ITYy4eBOM OCIIIIIOCKOTIE TPpoOieMa HHEPLIIUOHHOCTH, CBOMCTBEHHAS MEXaHUYECKOMY
ocumutorpady, TOTHOCTHIO HCKITIOYEHA, TaK KaK Macca JIEKTPOHHOTO Jyda PEeHeOPEeKuMO Malia M OH
JIETKO OTKJIOHSIETCS 3JIEKTPOMArHUTHBIM TIOJIEM M PUCYET Ha SKpaHe KPUBYIO KOJeOaHUN HANPSKEHUS,
Mo1aBa€MOro Ha puodop.

[TonmyuenHnas ocuuyuiorpaduyecKkas 3aruch MPUMEHSETCS I MATEMaTHYECKOTO aHamn3a (hOpMbI
3BYKOBOM BOJIHBI. OCIIMIITIOCKOIBI TAK)KE YPE3BBIYANHO MOJIE3HBI U TPU U3MEPEHUN UMITYJIBCHBIX
ryMoB. Kak MBI y)ke TOBOPHITH, OOBIYHBIN IITYMOMEP HETPEPBIBHO OIPEACIISACT CPEIHCKBAIPATUIHBIC
3HaueHus curiana. Ho, Harpumep, 3ByKOBOM XJIONOK WJIM OPYJAMUHBIN BBICTPEN HE OPOKAAIOT
HEMPEPBIBHBIN IIYM, a CO31AI0T €AUHUYHBIA, OYEHb MOILIHBIN, MHOTA ONACHBIN JJISl CIIyXa UMITYJIbC
JIABIICHHS, KOTOPBI COMPOBOXKIACTCS MOCTEIIEHHO 3aTyXalOMMMHU KojeOaHuAMH naBiaeHus (puc. 13).
HavanbHbli cKa4oOK J1aBJIICHHS] MOKET MTOBPEAUTH CIIYX WJIH pa30UTh OKOHHOE CTEKJIO, HO TaK KaK OH
eAMHUYEH U KPaTKOBPEMEHEH, TO CPEeIHEKBaIpaTHUHas BEJIMUMHA HEe OyJeT /I HeTO XapakTepHa U
MOYET TOJIBKO MPUBECTU K HEAOPAZYMEHUIO. XOTS JJIs1 U3MEPEHHS UMITYJIbCHBIX 3BYKOB CYIIIECTBYIOT
CIEI[UANIbHBIE IIIYMOMEPHI, OOJIbIIIAs YaCTh UX HE CMOKET 3aPETUCTPUPOBATH MOJHOCTHIO
CpPEIHEKBAIPATUIHYIO BEJIMUMHY UMITYJIbCA MIPOCTO MOTOMY, YTO OHHM HE YCIeBaloT cpaborats. BoT
3/1€Ch OCUMJUIOCKOII U IEMOHCTPUPYET CBOU IPEUMYILECTBA, MTHOBEHHO BbIUEPUYMBAsL TOUHYIO KPUBYIO
MOJbEMA JIABJICHUS, TAK YTO MAaKCUMAJIbHOE JABJICHUE B UMITYJIbCE MOKHO H3MEPUTH IPSIMO Ha dKpaHe.
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Puc. 13. TunuuHbii UMIYJIbCHBIN IIYM.

Bo3MoxkHO, 0HUM U3 HauboJiee CyleCTBEHHBIX BOIIPOCOB aKYCTUKH SIBJISETCS 3aBUCUMOCTh ITOBEICHUS
3BYKa OT €ro 4acToThl. HYM)KHSSI yacTOTHAs IpaHULa BOCTIPUATHS 3ByKa YEJIOBEKOM COCTABIIET OKOJIO
30 I', a BepxHsist — He BbIme 18 kI'1; mo3ToMy rymomep A0JKeH OblT ObI PErMCTPUPOBATH 3BYKH

B TOM € nara3oHe yactoT. Ho TyT Bo3HMKaeT cepbe3Hoe 3aTpyHeHue. Kak Mbl yBUauM

B CJIEIYIOIIEH T1aBe, YyBCTBUTEIbHOCTh YEJIOBEUECKOT0 yXa JUIsl pa3IMYHbIX 4aCTOT 1ajJeKO He
OJIMHAKOBA; TaK, HapuMep, yToObl 3BykH ¢ yactoToi 30 ' u 1 k' 3Bydanu oquHaAKOBO IPOMKO,
YPOBEHb 3BYKOBOI'O aBJICHHSI IEPBOI0 M3 HUX JT0JKEH ObITh Ha 40 nb BhIlIe, yeM BTOporo. 1
CJIEI0BATEJIBHO, IOKA3aHUs IIyMOMEPA CaMH IO ceOe ellle He MHOIOrO CTOST.

OT0ii mpoOIEeMOH 3aHITUCH CIICIUATIMCTHI [0 AIEKTPOHUKE, U COBPEMEHHBIE ITyMOMEPbI CHA0KEHBI
KOPPEKTUPYIOIIUMHU KOHTYPAMH, COCTOSIIIUMHU U3 OTAEIBHBIX IIEM0YEK, MOJKI0Yas KOTOPbIE MOXKHO
CHU3UTbH YYBCTBUTEJIBHOCTH IIyMOMEpA K HU3KOYACTOTHBIM M OYEHb BHICOKOYACTOTHBIM 3BYKaM U TEM
CaMbIM MPUOJIU3UTH YACTOTHBIE XapaKTEPUCTUKU MPUOOpa K CBOMCTBAM UeI0BEYECKOro yxa. OObIYHO
IIYMOMED COJEPKHUT TPU KOPPEKTUPYIOUINX KOHTYpa, o6o3HauaeMbix A, B u C; Hanbosee mone3Ha
KOppeKuus A; Koppekinio B npumeHstor nuis u3penka; koppekius C mMano BiIuser Ha
YyBCTBUTEIBHOCTH B Auana3one 31,5 ' — 8 k1. B HEKOTOpBIX THIIAX IIyMOMEPOB HCIIOIB3YyETCS eIlIe
Koppekuusa D, koTopas mo3BoOJIseT CUNTHIBATh TOKa3aHus mpudopa npsimo B eaununax PN nb,
IPUMEHSIEMBIX JUUIsl U3MEPEHHUS IIIyMa camMoyeToB (cM. AKYCT. cioBapb). Tounsblil pacuer PN nb Becbma
CJIOXEH, HO JIJIsl BRICOKUX YpOBHEH I1yma ypoBeHb B enqunuiiax PN nb pasen ypoBHio B 1b,
U3MEPEHHOMY IIIyMOMEPOM ¢ Koppekuuent D, rmmtoc 7 1b; B OOJIBIIMHCTBE CIIY4aeB IIIYM PEAKTUBHBIX
camoneToB, BeipakeHHbIN B PN b, nmpubiu3utensHo paBeH YpoBHIO B 1b, H3MepeHHOMY IIIyMOMEPOM
¢ Koppekuuen A, uroc 13 1b.

B Hacrosiiee BpeMs o4TH MOBCEMECTHO YPOBEHD IIyMa IPUHUMAIOT PAaBHBIM YPOBHIO, U3MEPEHHOMY
B 1b ipu momo1u nrymMmoMepa ¢ Koppekiuen A, u BbIpaxaroT ero B equHuiax 1bA. XoTs yenoBeueckoe
YXO BOCIIPUHUMAET 3BYK HECPAaBHEHHO 00Jiee YTOHUEHHO, YeM IITyMOMED, U TIOITOMY 3BYKOBBIC YPOBHH,
BBIpOKECHHBIC B TBA, HU B KO Mepe HE COOTBETCTBYIOT TOUYHO (hPU3HOJIOTHUECKOU PEAKIINH, HO
MPOCTOTA YTOW SAMHHMIIBI IETIACT €€ YPE3BBIYAHO YAOOHOM /ISl MPAKTUIECKOTO MPUMCHECHHUS.

Baxkneilunii He10CTaTOK U3MEPEHNUSI TPOMKOCTH B 1BA COCTOUT B TOM, YTO IIPH 3TOM Hallla PEaKIHs Ha
3BYKHM HU3KOM 4aCTOTBI HEJOOLICHUBACTCS U COBEPIICHHO HE YYUTHIBAETCS IIOBBIICHHAS
YyBCTBUTEIBHOCTh YXa K TPOMKOCTH YUCTBHIX TOHOB.



K uncny nocrouncTs mkansl 1BA cienyeT, B 4aCTHOCTH, OTHECTH TO OOCTOSATEIBCTBO, UTO 3/1€Ch, KaK
MBI YBUJIUM B CJIEIYIOLICH IJIaBe, yABOCHHE TPOMKOCTH Ipy00 COOTBETCTBYET YBEIIMUCHUIO YPOBHS
myma Ha 10 1BA. Onnako naxe 5Ta mkana gaet He Oosiee ueM rpy0oe ykazaHue Ha POJib YaCTOTHOTO
COCTaBa IIyMa, a TaK KaK 3Ta XapaKTEpUCTHKA IIyMa YacTO YpEe3BbIYailHO BaXHa, TO pPE3yJIbTaThI
MU3MEPEHUH, POBEAECHHBIX C MTOMOIIBIO IIyMOMEPA, MPUXOJIUTCS TONOJIHATH JaHHBIMU, OJy4E€HHBIMU
IIPU UCII0JIB30BAaHUU APYTUX IPUOOPOB.

YacToThl, KaK ¥ MHTEHCUBHOCTH, U3MEPSIOT B JIOrapu(hMUUECKOM MacIiTabe, puideM 3a OCHOBY
MIPUHUMAIOT CTYIIEHU yJIBOEHUS YKcia KojebaHuil B cekyHay. Tak Kak, 0JIHaKO, IMara3oH 4acTOT MEHee
LIMPOK, YEM AHANa30H HHTEHCUBHOCTEMN, YNCIIO AECATUKPATHBIX YBEJIUUYEHUN HE MOJCUUTHIBAIOT,
JECATUYHBIMU JIoTaprupMaMu HE MOJIb3YIOTCS U YaCTOTHI 3ByKa BCET/1a BHIPAXKAIOT YHCIIOM KOJIEOaHUIA,
WIY IIUKJIOB B CEKYHy. 32 €MHUIY YaCTOThI IPUHUMAIOT OJHO KojieOaHue B CeKyHy, Win 1 repig
(I'm). OnpeneneHne MHTEHCUBHOCTHU 3BYKa JJISI KQXKJIOH 9aCTOTHI MOTPEOOBAIO ObI OECKOHEYHOTO YHCIIa
n3Mepenuil. [loaTomy, Kak 1 B My3bIKaJIbHON IPAKTHKE, BECh TUANIA30H Pa3JeiISIIOT Ha- OKTaBbl. CaMas
OoJIpITIasl YacTOTa B KAXI0W OKTaBE B JIBa pa3a MPEeBHIIAET camyro Manyto. [lepBoiii, Hanboee mpocToi
3Tal YaCTOTHOT'O aHAJIN3a 3ByKa — U3MEPEHHUE YPOBHS 3BYKOBOT'O JAABJICHHUS B IpeeIax KakIou nu3 8
win 11 okTaB, B 3aBUCUMOCTH OT UHTEPECYIOLIETO HAC Uana3oHa 4acToT; IPH U3MEPEHUH CUTHAI

C BBIXO/Ia ITyMOMEpa MOCTYIAET Ha HA0Op OKTaBHBIX (PUIBTPOB, WIIM HA OKTABHBIH ITOJIOCOBOM
aHanu3atop. CIoBO «I10JI0ca» yKa3bIBaeT Ha TOT UM MHOM Y4acTOK YaCTOTHOTO CHEeKTpa. AHAIU3aTop
coniepkuT 8 min U 3JIeKTPOHHBIX (PUIBTPOB. DTH YCTPOICTBA MPOITYCKAIOT TOJIBKO T€ YaCTOTHBIC
KOMIIOHEHTBI CUTHAJIa, KOTOPBIE JIEKAT B MpeJeNax uxX nojaockl. Bxitovast GuiabTpsl IO 0IHOMY, MOKHO
MIOCJIEZIOBATEILHO U3MEPUTh YPOBEHD 3BYKOBOT'O JABJIEHUS B Ka)KJIOM 110JIOCE HETIOCPECTBEHHO IIPU
MOMOIIIH LITyMOMEDpA.

Ho Bo MHOTHX ciy4asix JaXke OKTaBHBIE aHAJIM3aTOPBI HE AAIOT JOCTATOYHBIX CBEJICHUN O CUTHAJIE, U
TOTrAa MpHUOETaIoT K 0oJiee eTaTbHOMY aHAJIN3Y, IPUMEHSS (QUIBTPHI B ITOJIOBUHY UJIH B OJIHY TPETh
OKTaBbl. [l oydeHus ene 0oJiee 1eTalbHOrO aHaIn3a UCIOJIb3YIOT Y3KOIIOJIOCHBIE aHATIU3aTOPBI,
KOTOpPBIE «pa3pe3aroT» IIyM Ha [10JIOCHI IOCTOSHHON OTHOCUTENBHOM IHUPUHBI, Haripumep 6 % ot
CpeHEl 4acTOTHI MOJI0CHI MU Ha MOJIOCHI LIMPUHOW B ONPEJEIEHHOE YNCIIO repl, Hanpumep 10 nim
6 ['u. Ecau B IryMOBOM CIIEKTPE MPUCYTCTBYIOT YUCTHIE TOHBI, YTO CIIYYAETCsI HEPEJIKO, X YaCTOTy U
aMIUIATYly MOXHO YCTaHOBUTH TOYHO C TIOMOILIBIO AaHAJIM3AaTOPa AUCKPETHBIX 4aCTOT.

OO6BIYHO 3BYKOAHAIM3UPYIOLIAs anmapaTypa O4eHb IPOMO3/Ka, U M03TOMY €€ IPUMEHEHNE
OrpaHUYMBaETCsl paMKaMH JJabopaTtopuil. BecbMa yacTo 3ByK, MOUIEkKAIINNA NCCIIEI0BAaHUIO, YEPE3
MUKPO(OH U YCHJIMTEIbHBIC SN IIyMOMepa 3aMUChIBAIOT HAa BEICOKOKAYECTBEHHBIN MOPTATUBHBIN
MarHuTo()OH, IPUMEHSIS IS KaTHOPOBKHU KOHTPOJIbHBIE CUTHAJIBI; 3aTEM 3aIIUCh MPOUTPHIBAIOT yXKe
B J1a0opaTopuu, MoJaBasi CUTHaJ Ha aHAIM3aTOP, KOTOPbIl aBTOMAaTUYECKH BHIYEPUMBACT YACTOTHBIH
CHeKTp Ha OymakHoii iente. Ha puc. 14 n300paxeHbl CIEKTPbl TUITMYHOTO IIIyMa, TTOJy4YeHHBIE

C TIOMOIIBbIO OKTaBHOT'O, TPETHOKTABHOI'O U Y3KOMOJIOCHOTO (1mosoca 6 ['11) ananu3aTopos.
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Puc. 14. AHanu3 3ByKa ¢ IOMOIIbIO OKTaBHOI'O U TPETHOKTABHOT'O (PHIIBTPOB
U GUIBTpa ¢ LIMPUHOM moJiock! 6 I'm.

OpnnHako, 4TOOBI U3MEPUTH IIYM, €IIe HeJJOCTATOYHO 3HATh YPOBEHb TPOMKOCTHU U YaCTOTY 3ByKa. Eciu
TOBOPHUTH O IIIyME OKPY’KAIOIIEH Cpe/bl, TO OH CKJIAIBIBACTCSA U3 MHOXKECTBA OTJEIHHBIX IITYMOB
Pa3IMYHOTO MPOUCXOKICHHUS: ATO IIIYMbI YIUYHOTO JIBU>KEHHSI, CAMOJIETOB, IPOMBIIIICHHBIE IITYMBI, a
TaKKe IIyMBI, BOSHUKAIOIINE B pe3yabTaTe APYTHX BUIOB JACATEILHOCTH UeoBeka. Eciu mompiTaThes
MU3MEPUTh YPOBEHbB IIIyMa Ha YJIHIIe OOBIYHBIM IIIYMOMEPOM, TO OKaXETCsI, YTO ITO YPE3BBIYANHO
CJIOXHas 33/1aya: CTpelika IymoMepa OyieT HempephIBHO K0y1e0aThCsl B OUEHb IHUPOKKX Ipenenax. Yto
JKE CIIeTyeT MPUHSTH 332 ypOBeHb myma? MakcuMmanbsHbiid oTcueT? Her, 3Ta 1iud)pa cIUIIKoM BBICOKA U
HerokazaTtenbHa. CpeTHui ypoBeHb? IT0 OBLIO OBl BO3MOXKHO, HO KpaifHE TPYIHO OIICHUTH CPEIHIOIO
BEJIMYUHY VISl KAKOTO-TO OMPEIETICHHOTO MPOMEKYTKA BPEMEHH, a YTOOBI YIEP>KUBATh CTPEIIKY

B [IpEeENIaxX MIKaJbl, MIPUAECTCS HENPEPHIBHO MEHATH CTYIIEHH YCUJIEHUS IIIyMOMeEpa.

Taoauna 4

Cratuctudeckoe pacrpeeseHie YpoBHEH myma npu
CHWJIbHO (IYKTYHPYIOIIEM LIYMOBOM KJIMMaTe,
noka3sbIBaroiee BpeMs (B %), B TeUeHUE KOTOPOTO OBLT
MIPEBBILICH KaXbIil U3 YPOBHEH, YKa3aHHBIX B IEPBOM
cTono1e.

(Ha ocHOBaHMM 3TO# TaOIUIIBI ITyTEM WHTEPITOJISIITUN
MOJTy4eHBI crienyromme 3Hauenus: Ly = 94 nbA,

I—lO =83 ILBA, L5o =72 ,Z[BA, Lgo =66 nbA n

Lgg =60 nBA, ¢ Tounoctsio 10 1 1b.)

YpoBeHb Bpewsi, B TeueHHne KOTOPOTO OBLT
nryma, MIPEBBIIIECH JaHHBIN YPOBEHb,
nbA %
100 0
95 0,7
90 2,9
85 8,3
80 15
75 33,6
70 62,5
65 96,7
60 98,9
55 100

CyIecTBYIOT J1Ba OOIIEPUHATHIX METO/1a ydeTa (PIyKTyalluy yPOBHSI IIyMa, MO3BOJISIFOIINE BRIPAXKATh
ATOT YPOBEHb B YMUCICHHOW Mepe. B mepBOM MeETO/e UCTIOIB3YIOT TaK HA3bIBAEMbI aHAIU3ATOP
CTaTUCTUYECKOTO pacipeiesieHus. DTO yCTPONUCTBO PETUCTPUPYET OTHOCUTEIBHYIO JOJII0 BPEMEHH,

B TEUCHHUE KOTOPOT0 U3MEPSAEMbIA YPOBEHD IIYMa HAXOJUTCS B Mpeiesiax KaKI0W U3 CTYIEHEN IIKaJbl,
PACIIOJIOKEHHBIX, HAIIPUMED, yepe3 Kaxaple 5 nb. Pe3ynpTaTel TAKUX U3MEPEHUN IIOKA3bIBAIOT,

B TEUEHHUE KAKOU JIOJIM MOJTHOTO BPpEMEHHU OB MPEBBIIIECH KaXK bl M3 3BYKOBBIX ypoBHeW. HaHecs Ha
rpaduk ducia, mpeacTaBICHHbBIE B Ta0d. 4, COCIMHUB TOYKH TUIABHOW JIMHUEH U YCTAHOBHUB YPOBHH,
KOTOpbIe ObLTH TIpeBbIIeHb B TeueHue 1, 10, 50, 90 u 99 % BpemeHHn, MbI CMOXEM 1aTh
YIOBJICTBOPUTEILHOE OMUCAHKE «ITYMOBOTO KJIMMAaTay. YKa3aHHbIE YPOBHU 0003Ha4aroTcs Tak: Ly, Lo,
Lso, Loo 1 Lgg. L1 maeT mpeacraBieHrne 0 MaKCMMalbHOM 3HAUYCHUH YPOBHS mIyma, Lig — 310



XapaKTEpHbIA BBICOKUI YpOBEHb, TOT1a Kak Lgo kKak Obl IOKa3bIBAET LIYMOBOM (JOH, TO €CTh YPOBEHb, 110
KOTOPOT'0 CHUYKAETCS 1LIyM IIPU HACTYIUIEHUU BPEMEHHOTI'0O 3aTulllbsl. bosbII0il HHTEpeC npeacTaBiseT
Pa3HOCTh MEX 1y 3HaueHUsAMU Lo 1 Lgo; OHA yKa3bIBaeT, B KaKuX MpeJesiax B KaXK10M JaHHOM MecTe
BapbUPYETCs yPOBEHb LIIyMa, a yeM Oouiblle KojaeOaHus IIyMa, TEM CHIIbHEE €T0 pa3parkarolee
Bo3zelcTBUe. BripoueM, ypoBeHsb Lig 1 cam 1o cebGe ciyKHUT XOpOIIUM M0Ka3aTesieM O0eCIOKOSIIEro
JIEHCTBUS TPAHCIIOPTHOTO 1IyMAa; ATOT MOKa3aTeNb IIUPOKO MPUMEHSAETCS IPU U3MEPEHUU U
IIPOrHO3MPOBAHUS TPAHCIIOPTHOTO IIyMa, M C €r0 Y4ETOM ONPEIEIISIOT pa3Mephl FOCy1apCTBEHHON
KOMIIEHCAIMH KEPTBAM LIIyMa HOBBIX aBTOCTpaj u aopor (cM. ria. 11). Urak, Lig — 310 ypoBeHb 3ByKa,
BBIPAXCHHBIN B 1BA, KOTOPBII MPEBHIAETCS B TCYEHHE TOYHO JECSATH MPOLICHTOB OT IIOJHOTO BPEMEHHU
U3MEPEHUM.

OOBIYHO TPAHCHOPTHBIN HIYM (QIYKTYHUPYET BIIOJIHE ONpEeICHHBIM 00pa3oM, IOITOMY ypOBeHb L1g
CILY’)KUT CaMOCTOSITEIIbHBIM JOCTATOYHO YZOBJIETBOPUTENIBHBIM MIOKA3aTEIEM IIyMa, XOTs TOJIBKO
YaCTUYHO IMPEJICTABIISET CTATUCTUYECKYIO KapTUHY IIymMa. Eciiu jke IryMbl MEHSIOTCST 6€CTIOpsI04HO,
KaK, HallpuMep, 3TO MPOUCXOIUT ITPHU HAJIOKEHUH APYT HA JPYyra 5KeIe3HOA0POXKHBIX, TPOMBIIUIEHHBIX
¥ MHOTJ]a CAaMOJIETHBIX IIIYMOB, paclpe/ieJIeHre IIyMOBBIX YPOBHEH CHIIBHO KOJIEOJIETCSI OT TOUKHU K
Touke. B mo100HBIX ciryyasx Takxke KeJaTeIbHO BbIPa3UTh BCE CTATUCTUYECKHE JaHHbIE OJTHUM
yucaoM. beutn cienansl MOnbITKY H300pecTr (opMyITy, BKITIOUAIONIYIO BCIO KapTUHY IIIyMa, BKIIIOYast U
pa3max IMIyMOBBIX QuykTyaruu. K TakuM rmoka3aTessiM OTHOCATCS] «MHJEKC TPAHCIIOPTHOTO IIyMa» U
«ypPOBEHB IIIYMOBOTO 3arpsi3HEHUs», HO CaMBIii PacIpOCTPaHEHHBIH MOKa3aTelb — 3TO 0c000To poaa
cpenHss BenuunHa, o0o3Hauaemast L. OHa XxapakTepusyeT cpe/jHee 3HaUeHUe SHEPriH 3ByKa (B
OTJIMYHE OT apU(PMETHIECKOTO YCPEAHEHUSI YPOBHEH, BRIpaKeHHBIX B N1B); HHOTA Loy HA3BIBAIOT
HKBUBAJIEHTHBIM YPOBHEM HEIIPEPBIBHOTO LITyMa, TOTOMY YTO YMCIEHHO 3Ta BEJIMYMHA COOTBETCTBYET
YPOBHIO TaKOT'O CTPOTO CTA0MIBHOTO IIIyMa, IPYU KOTOPOM 3a BECh MIEPHO] U3MEPEHUSI MUKPO(DOH
IPUHSIT OBl TO K€ CyMMapHOE KOJINYECTBO SHEPIHH, KAaKOe ITOCTYINAeT B HEr0 IIPU BCEX
HEPaBHOMEPHOCTSIX, BCILIECKAaX M BEIOpOCaX M3MepsieMoro (GIyKTyupyromero myma. B mpocreiimem
ciydae L, coctaBut, Harmpumep 90 1bA, ecnu ypoBeHb liryma Bee Bpems paBasiiics 90 1bA, unu ecnu
MIOJIOBUHY BPEMEHH U3MEpPEHuUs IIyM cocTaBisil 93 nbA, a octanbHOE BpeMsl MOJTHOCTHIO OTCYTCTBOBAJ.
JleficTBUTENBHO, TaK KaK YABOCHHE MHTEHCUBHOCTHU MJIM SHEPTUH LIyMa IPUBOAMT K YBEITHMUEHHIO €TI0
ypoBHs Ha 3 1B, TO AJIs TOTO, YTOOBI IPU YABOSHUH WHTEHCUBHOCTH IITyMa COXPAHUTH IOCTOSTHHBIM
oO11ee KOJIMYECTBO IHEPIUH, CIIEAYET BABOE YMEHBIIUTh BPEMsI €T0 JeHCTBUSA. AHAJIOTUYHO TY Ke
BeMYHHY L, = 90 1BA MBI mosmyuum ripu yposae tryma 100 nBA, ecnit oH neficTByeT B TeueHHe
OJIHOM JE€CATON TOrO K€ MPOMEXKYTKa BpeMeHu. M3MepeHne pacxoaa 3JIeKTpOIHEPTuH MPH MTOMOIIN
AIIEKTPOCUETUYHKA MPOU3BOAUTCA MOI0OHBIM ke o0pa3oM. Ha nmpakTuke nepuo/ibl MOCTOSHHOTO YPOBHS
IIyMa U IEPUO/IbI IOJTHOTO €r0 OTCYTCTBHUS BCTPEUAIOTCS HE YaCTO, U MIO3TOMY PACCUUTATD Ly
JIOCTaTOYHO CJIO’KHO. 3/1€Ch Ha OMOMUIb MIPUXOAST TaOJIULIbI pacipeesieHns Tuna Tadin. 4, win
CHeIMaJIbHO CKOHCTPYUPOBAaHHBIE aBTOMaTH4Yeckue cueTunku. Muaekc L, o0nanaer apyms
HEeJ0CTaTKaMU: IPU YCPEAHEHUH KOPOTKHE BCIIJIECKH IIIyMa C BHICOKMM YPOBHEM BHOCST OOJIBIINN
BKJIAJ], YEM IIEPUO/BI IIyMa HU3KOTO YPOBHS; KPOME TOT0, YBEIMUEHHUE YNCIa MAKCUMYMOB MaJIo
BJIMSIET HAa BEUUUHY Ly, Hanpumep, eciu npu ycpennenuu 3a aessb uryma ot 100 moeszioB noiaydaercs
HKBUBAJICHTHBIN YPOBEHb L, = 65 1BA, TO npu yBeanueHnH yucia noes3aoB BaBoe L, BozpacTaer
Bcero Ha 3 1bA. Jlist Toro uro6s! BenuuuHa L, BO3pocia Tak ke, Kak P YABOSHUU I'POMKOCTH (TO
€CTb KaK IIpH yBeJn4eHUH ypoBHs Ha 10 1bA) miyma, co3gaBaeMoro KakasIM U3 MOE3/10B, X YUCIIO
npunutock O6s1 yBenuuuTh B 10 pa3. U Bce ke, HECMOTPSI HA HEKOTOPYIO HEIIOJIHOLEHHOCTb, IIKAJA Loy
NPECTaBISAET OO0 HAMTYUIIYIO YHUBEPCAIBbHYIO MEpY IIyMa U3 BCEX UMEIOIIMXCS B HACTOSIIEE
BpeMs. B AHIIMN OHa MOCTENEHHO MOIYYUT TAKOE JK€ PacIpOCTpaHEHUE, KAKOE UMEET Ha KOHTHHEHTE.
Celiuac oHa y)xe pUMeHsIeTCs] B AHIVIMU JUIsl U3MEPEHUS 1035l IlIyMa, [10JIy4aeMoil JInlamu,
paboTaOMMH B IPOMBIIIJIEHHOCTH IO HailiMy.

[IpumeHnsercs u apyras Mepa, Mo CyLIECTBY ropaszio 0osiee CXOAHAS € Ly, 4eM MOXKET 1oKa3aTbes Ha
IIEPBBIM B3I 3TO HOPMUPOBOYHBIN MHJEKC IIYyMa, K COKAJICHUIO CIIMIIKOM XOPOIIO 3HAKOMBIN TEM,
KTO JKMBET BOJIM3H KPYIHBIX a3ponopToB. [lIkamy HOpMUPOBOYHBIX HHIEKCOB IIyMa UCIOIB3YIOT JJIs
XapaKTEPUCTUKU CPEAHEMAKCUMAIIBHBIX YPOBHEH IlIyMa caMoJieTOB, BoipaxkeHHBIX B PN ab (Tak
HA3bIBAEMBII «BOCIIPUHUMAEMbIH YPOBEHB 3BYKa», CM. AKYCT. CJIOBaph), @ TaK KaKk OHa HAYMHAETCS OT
ypoBHst 80 PN 1b (oxoinio 67 1bA), To 3HaueHue 80 BbIUUTAETCS U3 BETUYUHBI CPEAHEMAKCUMAIBHOTO



ypoBHs. Teoperndecku, eciiv 3a BpeMsi U3MEPEHHUS IIyM IIPOU3BOIUT TOJIBKO OJMH CaMOJET, BEIMYUHA
3TOTO MHJEKCca OyJeT TOYHO PaBHATHCS cpeHeMakcumansHoMy ypoBHIO B PN 1b munyc 80. Ilpu
KaX/IOM Y/IBOCHMH YHCJIa CAMOJIETOB CJIeyeT MPUOaBIATh K 3TOMY uMcly 4,5 eTuHULbL, a He 3, KaK Ui
MIKAITBI Ly, XOTSI pOpMyIIa 3TOr0 MHACKCA U BBITJIUT HECKOJIBKO OIIEIOMIISIONIE, BBIIIE HAM YAaJIOCh
(aKTHUECKHU MOJHOCTBIO €r0 OXapaKTepu30BaTh. EciM oTaenbHbIE TMKOBBIE YPOBHHM LIIyMa CaMOJIETOB
pa3IMYaroTCs BCETO HAa HECKOJIBKO b, YCPEAHEHHYIO BEJIMYMHY MOYKHO BBIYMCIIUTE apupmeTrnyecku. B
IPOTUBHOM CJly4ae 3Ha4eHUs YPOBHS IlIyMa, BeIpakeHHbIE B 1b, mpuaercs oOpaTHO NepeBOINUTh

B BEJIMYMHBI MHTEHCUBHOCTH, U 37IeCh MOTPeOyroTCs Tabua JorapugmMoB U cBeTIas rojosa!

CyH.[GCTByeT MHO>XECTBO ,upyrI/Ix Mep, IIKaJI U UHACKCOB I I/ISMCpeHI/ISI LHyMa, BKJIHOYast (I)OHBI, COHBHI,
HOM, pa3myHbIe Tpon3BogHbIe PN 1b 1 psin Apyrux KpuTepueB, He CUUTAs BCEX MEKIYHAPOTHBIX
BapHaHTOB IIKaJIbl HOPMHUPOBOYHBIX UHAEKCOB 1IyMa. B rmase 11 Mbl paccMOTpUM HHIEKC,
Ha3bIBAEMBII «HCIIPABICHHBIN YPOBEHD IITyMay, O(UITHAIBHO MPUHATHIA B AHIJIHH JUTSI H3MEPEHUS
HpOMBIH_UICHHOI‘O IJ_IyMa. 3aHI/IMaTBC$I OIIMCaHUCM ;[pyrI/Ix CANHUI U HOKa?;aTeJIeﬁ HECT HGO6XOI[I/IMOCTI/I;
cienyet oTMeTHTh, uTo B CHIA 11 n3MepeHus mryma Ha padodeM MecTe IPHUHAT MoKa3aTeNb Ly, HO
IIPY yIBOEHUU BPEMEHHU BO3JEHCTBUS 1lIyMa K €70 3Ha4€HHI0 TaM pubasisitoT He 3 ab, kak B EBpore, a
5 nb. B ocransnoMm nokazarenu n1bA, Lig 1 L, MPUMEHSIFOTCS OJMHAKOBO BO BCEM MHUpE.

[11] Bell (6e) — mo-aHTITUHCKU 3HAYUT KOJIOKOJI. — [Ipum peo.

S. Cayx 1 moBpexIeHUs Cayxa

[IpencraBeTe cebe ycTpOKUCTBO, C MOMOIIBI0 KOTOPOTO OAMHAKOBONH TOYHOCTHIO MOYKHO B3BECHUThH U
010Xy, ¥ cJIOHA! ITO KaXXETCs HEBO3MOXKHBIM, HO BEJIb YEJIOBEUECKOE YXO BBITIOHIET HE MEHEE
TPYIHYIO 33/1a4y: CaMblii TPOMKHUI 3BYK, BOCOPUHUMAEMbI UM, B 10 TpHUIIITHOHOB (1013) pa3 cuiibHee
CaMoro TUXOT0; YX0 aHAJIU3UPYET 3BYKH, pazinyaromuecs no yactore noutu B 1000 pa3. Mbl 1OBOJIBHO
0oliko 3aroBopuiu 00 yimax u ciyxe. OIHaKo 9To ke Takoe ciiyx? UTo mpouCXouT Ha KOHI[AX ATUX
TpyOouek? Ha nepBblil B3Il BCe KaXKETCSl COBEPILIEHHO SICHBIM: YIIIH — 3TO OpraH BOCIPUSATHUS
3BYKOB. HO ycTpOMCTBO MX CTOJIL TOHKO U CJIOKHO M JIEUCTBYIOT OHU COOOIIA C TAKOW TOYHOCTHIO,
JIOCTOMHOM BBIYMCIUTEIBHOW MAIIMHBI, UTO IO CUX MOP HAayKa €Ille He JO KOHIIAa MPOHUKIIA B UX TalHY.

Yro nenarot ymu? OHU BOCIPUHUMAIOT 3BYK U Pa3jiaraloT €ro Ha KOMIIOHEHTHI, IeHCTBYS
OJIHOBPEMEHHO U KaK y3KOIOJIOCHBIE aHAJIN3aTOPBl, U KaK aHAJIM3aTOPbl JUCKPETHBIX YacToT. OHU
nepenarT B MO3T KOJMPOBAHHYIO HH(POPMAIHIO, T0CTATOYHO OOraTyro mNoJgpoOHOCTAMHU, YTO IO3BOJISET
MHTEPIPETHPOBATH WU UACHTU(DUIIUPOBATH 3BYKH U IOHUMATh CJIOKHYIO PeUb. YIIH OCYILECTBISAIOT
TaK)ke OOPaTHYIO CBS3b, [T03BOJISISI UEJIOBEKY YIIPABIISITH CBOEH PEUBIO; C X MOMOIIBIO MBI OIIpeiesieM
HAIPaBJICHUE U PACCTOSHUE 10 UCTOYHMKA 3BYKA; U3 IPOMKOI0 HEYNOPSAAOYEHHOIO IIyMa YL MOT'YT
BBIJIETIUTH PETYJISIpHbIE 3BYKH, YTO JIeJIaeT BO3MOXKHBIM pa3OupaTh peub, 3ariyliaeMyto nymom. B
yIlIax HaxoAATCs TaKKe M opranbl paBHOBecHsl. CII0BOM, HECMOTPS Ha KaXKyILYIOCs IIPOCTOTY, YIIH
OTHOCSTCS K CAMBIM CJIOKHBIM OpraHaM 4eJIOBEYECKOI'O TeJla, XOTS Mbl U IPUBBIKIN BOCIPUHUMATh X
CYLIECTBOBAHME U JICHCTBHUE KAaK HEUYTO OOBIYHOE.

B yxe paznuyaroT Tpu caMOCTOSITEIbHBIC OT/IENa: Hapy)KHOE, CpeJHee U BHYyTpeHHee yXo (puc. 15).
Jlyumnii cnoco6 pa3o0pathesi B CTPOSHUH yXa — 3TO MPOCIEANUTh MYTh, KOTOPBINA MIPOXOIUT 3BYKOBAsI
BOJIHA, ITPEK/I€ YEM MBI YCIBIIINM 3BYK. M3 IJ1. 3 MBI yKe 3HaeM, u4To, KOTJa 3ByKOBasi BOJHA OEKUT 110
TpyO€ U JOCTUTAET €€ OTKPHITOIO KOHI[A, BHE3AITHOE CTOJKHOBEHUE BOJIHBI C OECKOHEYHO OOJIBIINM
00BEMOM HapY)KHOT'O BO3/yXa BBI3bIBAET NOYTH MOJHOE ee oTpaskeHue. I Hao0opoT, Koraa 3ByK OexHT
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B BO3/1yX€ M BCTPEUYAET HAa CBOEM IIyTH OTKPBITBIN KOHEL TPYObl, OH BXOAUT B TpyOy, 001anas JIullb
MaJIOi J10J1€ UHTEHCUBHOCTH HApY>KHOU BOJIHBI.

Cayxobue
KOCMOYKU

KORGA

bapadiannas * "
nepenowka  CpedHee yxo

Puc. 15. Yxo.

YacTe yxa, KOTOPYIO B IPOCTOPEYMH Mbl HAa3bIBAEM YLIHBIM OTBEPCTHEM, — B HayKE OHAa UMEHYETCs
HApPY>KHBIM CIIYXOBBIM IIPOX0JIOM — MPEACTaBIIeT co00t0 TpyoKy. Cama o cebe 3ta TpyOKa HE MOTJIa
ObI 10cTaTOYHO 3(PPEKTUBHO BOCIIPUHUMATH 3BYKH U3 BHEIIHErO MHpa BBUY, TOBOPS TEXHUYECKUM
S3bIKOM, HECOTJIACOBAHUS UMIIEJaHCOB CIIyXOBOTI'O IIPOXO/A U BHEIIHEH cpebl; 6e3 OJIM3Koro
COIJIaCOBAHHUS UMIIEJAHCOB 3/1€Ch, KaK U B PaIMOTEXHUKE, HEBO3MOXKHA JIOCTaTOYHO MOJIHAs Iiepeaaya
SHEPIruu. ITO 3aTPyJHEHUE TIPEOIOJIEBACTCS C TIOMOIIBIO MACHUCTOH JICTICIIKU C XPSIIaMH, Ha3bIBaeMOH
YIIHON paKOBHUHOM, KOTOPYIO [0 HE3HAHHUIO YAaCTO HEIOOLEHUBAIOT, HE IPU3HABas 3a HEW aKyCTHUECKOM
¢bynkumu. YiHas pakoBuHa Onarogapsi 0coOOEHHOCTSIM cBoei (hopMBI fenaeT 601ee IIaBHBIM epexo/
OT Hapy’»KHOT'O BO3/1yXa K BO3/1yXy B CIIyXOBOM IIPOXOJE, YTO HECKOJIBKO YBEJIIMYMBAET JOJIIO 3BYKOBOM
SHEPIMH HAPYKHOM BOJIHBI, IIONAAAI0MIEN B CIIyXOBOU IPOXOJ. YIIIHAsl paKOBMHA aHAJIOTMYHA AHTCHHE
B PaJJMOTEXHUYECKUX YCTPOICTBAX.

IIpoHUKHYB B Hapy»KHBIN CIIyXOBOM ITPOXOJ, 3BYK PACIIPOCTPAHAETCS Najee KaK IUIOCKas BOJIHA U Yepe3
2— 3 cM BCcTpedYaeT Ha CBOeM IyTu OapabaHHYyIo nepernoHky. OHa mpecTaBiseT coool MeMOpaHy,
KOTOpasi yICP)KUBACTCSI B COCTOSIHUM H3BECTHOTO HATSHKEHUS JABYMs MBIIIIIaMu, tensor tympani u tensor
stapedius, ¥ MpUBOIUTCS B IBM)KEHHE B pe3yJIbTaTe KoJeOaHHs AaBJICHUS B HAPYKHOM CIIYXOBOM
npoxoze. K 0apabaHHO nepenoHke NprUcoeIMHEHb! TPH MaJlble KOCTOYKH: MOJIOTOYEK, HAKOBAJIbHS U
CTpeMs, KOTOPBIE HAXOJATCS B 3aII0JIHEHHON BO3yXOM KOCTHOM nojoctu. Popma cTpeMeHn
OIPaBJBIBACT €r0 HA3BAHNUE; CBOUM OCHOBAHMEM CTPEMsI YIIUPAETCS B OBAJIbHOE OKHO — OTBEPCTHE,
Be/yllee Bo BHyTpeHHee yxo. CpeaHee yxo ¢ ero TpeMs KOCTOYKaMH — €II€ OJHO MPHUCIIOCO0ICHUE
JUIS COTJIACOBAHUS UMIIEJAHCOB; €T0 MOYKHO CUUTATh aKyCTUYECKUM TpaHC(HOopMaTopoM. Tpu KOCTOUKH,
00BbeIMHEHHBIE HA3BAHUEM «CITYXOBbIE KOCTOUYKH», 00pa3yIoOT IUIEYH phlYyara, JUIMHbI KOTOPBIX
OTHOCATCS NPUOIN3NUTENBHO Kak 3:1, U €Clii y4ecThb, YTO IOBEPXHOCTh OBAJIBLHOTO OKHA BO MHOI'O Pa3
MEHBIIIE TIOBEPXHOCTH OapabaHHO MePenoHKH, TO OKa3bIBACTCS, UTO AaBIICHUE, IEpe1aBacMoe Ha
OBaJIbHOE OKHO, IpUOIM3uTenbHO B 20 pa3 Goibllie, 4eM J1aBlIeHUE, UCIIBITIBaeMoe OapabaHHON
IIEPENIOHKOM.

CpenHee yxo COETUHEHO C HOCOTJIOTKOM €BCTaXUEBOW TPyOOH, MOIyUMBIICH CBOE HA3BaHUE 110 UMEHHU
OTKPBIBLIETO €€ UTAJIbsIHCKOro aHaToMa. [Ipu riioTaHum eBcraxueBa Tpyoa OTKPBIBAETCS U 1aBICHHUE O
00e cTopoHbl 6apabaHHOI MEPENIOHKH BRIPABHUBAETCS, YTO CYIIECTBEHHO, B YACTHOCTH, IS
KOMIIEHCAIIUM U3MEHEHUH JaBJICHMs, KOTOPBIE IPOUCXOAT, HAIPUMED, IIPU OIBEME HA BBICOTY.



BeposiTHO, Ka)k1oMy, KTO JIeTaJl Ha caMoJieTaX, BHYTPH KOTOPBIX JaBJICHUE HE OAICPIKHBACTCS
AOCTATOYHO MMOCTOAHHBIM, IIPUXOJUIIOCH UCIIBITHIBATH ociabieHue clIyxa ujin 00JIb B yuax mnpu
HIOCaJIKe WJIM Ha B3JIETE; 3TU OLIYIICHUS 0OCOOCHHO CHJIBHBI IPHU HacMopke. [IpuyrHa ux — najieHue
WM YBEIMUCHHUE aTMOC(EPHOTO IaBJICHUS CHApYXU OapaOaHHOM MEeperoHKHU, KOTIa JaBlICHUE BHYTPU
CpPEIIHero yxa COXpaHsAeTCsl HeM3MEHHBIM. B 9THX yciioBHsiX OapabaHHas IeperoHKa OKa3bIBACTCS O/
JICCTBHEM OJHOCTOPOHHETO JIABJICHHSI, YTO CHU)KAET €€ CIIOCOOHOCTD K KOJICOAHHSM U BBI3bIBACT
HEKOTOPYIO TYyroyXxocTh. [IpH JOCTAaTOYHO CHIIBHOM JIaBJICHHU Ha 0apaOaHHYIO IIEPETOHKY MOSBIISIETCS
00JIb B yIIax.

OOBIYHO MTPU TJIOTAHUH BCE ATU OLIYIICHUS UCUE3aI0T; €BCTaxHeBa TPyOa OTKPHIBAETCA, BO3AYX
MPOXOUT B MOJIOCTh CPETHETO yXa UJIM BBIXOJIUT U3 Hee, U AaBJIeHHE TI0 00e CTOPOHbI OapabaHHOM
NEPENOHKH ypaBHUBAETCS. 3aTeM €BCTaxueBa TpyOa BHOBb 3aKphIBaeTCs, U OapabaHHast epernoHKa
MO3KeT BO300HOBUTH KoJiebanus. Ho nmpu HacMopke eBcTaxueBa TpyOa U Jake MOJIOCTh CPETHETO yXa
HAIOJIHEHBI CJIM3UCTHIMU BBIICJIICHUSIMU, U BIDAaBHUBAHUE IABJICHUS MOXKET HE Ipou3oiiT. B cpennem
yX€ 4acTO COAEPKUTCS HEOOJIBIIOE KOJTMUECTBO KUAKOCTU, KOTOPasi BBIBOAUTCS MPH III0TAaHUU, HO €CIIU
MIOJIOCTH 3aI0JIHEHA CIU3bI0, TO KOJIEOaHUs CITYXOBBIX KOCTOYEK TOPMO3STCS BA3KOCTBIO )KUIKOCTH, U
3TO erie 6oJiee CHIKAET YyBCTBUTENIBHOCTD CITyXa.

CnyxoBoli poriecc 3aBepIaeTcs Mocie TOro, Kak KojJeOaHusi KOCTOUEK IIepelatoTCsl BO BHYTPEHHEE
yX0. DTOT OTAEN MPEACTABISIET COOOM CIOKHYIO CUCTEMY TPYOOUEK, 3aKIIFOUYCHHBIX B KOCTh Yeperna, 1
Ha3bIBaeTCs JJAOMPUHTOM. B HEM 00beIMHEHBI /1Ba Pa3IMYHBIX OpPraHa; OjHa €ro 4acTb — 3TO
BECTHOYJISIPHBIN anmapat, BKIOYAIOLIUHI MOTyKPY>KHbIE KaHAJIbl U HE UMEIOIINN OTHOLICHHUS K
CIyXOBOMY Iporieccy. BecTuOynspHbIi anmapat — 3TO YCTPOMCTBO 11 U3BMEPEHHS YTIIOBOTO
YCKOpEHHsI Tela, MO3BOJISIoNIee yASpKUBATh paBHOBecHe. Jpyras yacTb TaOUpUHTA, YIUTKA, — CAMBIH
CJIOXHBIN 3JIEMEHT yxa. C BUly OHa II0X0Ka HA OYEHb MAJICHbKYIO PAKOBUHY YJIUTKH U COCTOUT U3
CHHUPAIBbHON TPYOOUKH, 3aTIOJTHEHHON KHUIKOCTHIO, HA3bIBAEMOM MepUIMM(O; YIUTKA ACTUTCS
IIEPErOpOAKON Ha JIBE NapalICJIbHBIC ITOJIOCTH: BEPXHUN U HYDKHUN KaHajbl. JTH KaHaJbl HA KOHLIE
YIUTKU COSUHAIOTCS HEOOBIIUM OTBEPCTHEM B IEPErOPOAKE, HA3bIBAEMBIM T'€ITMKOTPEMOIA.

Ecnu Obl criupanbHyto TpyOOUKY YIUTKH y1aJd0Ch pa3BepHYTh, OHa ipuoOpena Ol hopmy,
n300pakeHHYI0 Ha puc. 16, a. J/[BikeHHe CTpEeMEHH B OBAJIBHOM OKHE BBI3BIBAET KOJICOAHUS
nepuInMbl, BO3MOXKHBIE 01aroiaps TOMy, YTO KPYIJIo€ OKHO, PacCIOJI0XKEHHOE B KOHIIE HUKHETO
KaHaJa, 3aTSTHYTO THOKOW MeMOpaHo#, KOTopast OMyCKaeT, MepeMeIeHAEe TTPAKTHIECKN HECKIMAEMOM
KHUJIKOCTH.
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Puc. 16. Cxema «pa3BepHyToii» yauTkH (a). CeueHne BUTKa yauTKH (0).

[leperoponka ynmuTK COCTOUT U3 MeMOpaHbl PeliccHepa u 6a3uisipHOil MEMOpaHbBI i COAEPKHUT JPYTYIO
KUAKOCTh — dHAOIUM(]Y. B mpocTpancTBe MEX Iy STUMH IBYMsI MEMOpaHaMU HAXOJUTCS OpraH
Koptu, conepsxammii npubnuszurensHo 24 000 Tak Ha3pIBa@MbIX BOJIOCKOBBIX KJIETOK, PACTIONOKECHHBIX
Ha 0a3WIIPHON MeMOpaHe, UMEIOIIEeH BOJIOKHUCTYIO CTPYKTYPY, HAIIOMHUHAOIIYIO CTPYHBI apQbl.
CrenyaucThl OKA €11 He MPULIUTH K €AMHOYIIHOMY MHEHHUIO OTHOCUTENIBHO TOTO, KAK UMEHHO 3TH
KJIETKH, CBSI3aHHBIC C HEPBHBIMU OKOHYAHHSIMHU U CIIYXOBBIM HEPBOM, PEarupyroT Ha KOJIeOaHHs
nepunuMpbl. HEekoTOphie yueHble cCuuTalld paHee, 4YTO BOJOKHA 0a3uiIsipHON MeMOpaHbl HAXOSTCS

B COCTOSTHUY HATSKEHUS U UX PE30HAHCHAS YacTOTa (BCIIOMHUM HATSHYTYIO CTPYHY) IPOTPECCHUBHO
MOHIDKAETCS C YAaJIEHUEM OT OCHOBAHUSI MEMOpaHbl OBAILHOTO OKHA, & YaCTOTHBIN aHaU3 3BYyKa
OCYIIECTBIISIETCS OJaroaapsi TOMy, 4TO Ka)KJ0€ BOJIOKHO BO30YKIa€TCs TOJIHKO Ha CBOCH COOCTBEHHOM
YacToTe.

Ceituac HanOOJBIIUM NMPU3HAHUEM TOJIB3YyeTCs Teopus ['eopra ¢pon bekenm. CornacHo 3To# Teopuw,
BOJIOKHA HE HATSHYTHI U CJI0’KHbIE MEXaHUYECKUE CUJIBI BBI3BIBAIOT U3rHOaHne 0a3uIsspHON MEMOpPaHbI
B Pa3HbIX TOYKAaX (B 3aBUCHUMOCTHU OT YaCTOTHI 3ByKa) IO €€ JJIMHE; IIPU 3TOM oprad KopTu ucneIThiBaeT
CIBUTOBbIE HAMIPSIKEHUSI B COOTBETCTBYIOIINX TOYKAX, YTO B CBOIO OUYEPE/Ib BbI3bIBAET BO30YXKIEHUE
HEPBHBIX BOJIOKOH.

OnHako 10BOJIBbHO (pu3ronoruu. [ToroBopum ydie o ToM, YTO IMEHHO CIIBIIAT YIIU, [IOTOMY YTO JUIs
KEPTB IIyMa 3TO TOPa3a0 BaKHEe, YeM KaK MMEHHO OHH ciblmar. CaMblil HU3KUHN TOH,
BOCIIPUHUMAEMBIN YEJIOBEKOM C HOPMAJIBHBIM CIIyXOM, UMeET yacToTy okouo 20 I'u. TouHo ycTaHOBUTH
HWKHIOIO TPAHUILy HIKaJIbI CJABIIIMMOCTH JJOBOJIBHO TPYAHO, MOCKOJIBKY 3BYKH € yacToToi Huxke 20 '
HEPEJIKO BOCIIPUHUMAIOTCS. HE OPTaHOM CilyXa, a APYTHMH y4acTKaMU HEPBHOW CUCTEMBI. Bepxuuit
IIpeJies CIyXOBOI'0 BOCIPUATHS CUIIBHO Pa3InyaeTcs y pa3HbIxX Jrojieil. Ocoboe 3HaueHue 3/1eCh UMEET
BO3pacT. B BoceMHaaaTh et npu 0e3ynpedyHoM ciIyXe MOXKHO ycubimaTh 3Byk 10 20 000 I'm [20 kI
(xumorepir)|, HO B CPeIHEM TPAHUIIBI CIBIIIUMOCTH ISl JIF0OOT0 BO3pacTa jexkaT B MHTepBaie 18—

16 xI'n. HexoTopsle 11011 NOYTH MOCTOSIHHO OIIYIIAIOT B yIIaX C1a0bli 3B0H OYE€Hb BBICOKON YacCTOTHI,
YTO MEMIAEeT UM Pa3InyaTh BHEIIHUE pa3IpakUTEIN MOA0OHON YacTOTHI.

TepMUHBI «BBICOTA 3BYKa» U «4acTOTa 3ByKa» OTHIOJb HE PaBHO3HAUHBL. YacToTa — 3TO u3udeckas
BEJIMYMHA, XapaKTEPHU3YIOLIasl 3ByKOBYIO BOJIHY, @ BBICOTA TOHA — YUCTO CYOBEKTUBHOE OLIYIIIEHUE,
KOTOPOE 3aBUCHUT HE TOJBKO OT 4acTOThI. [Ipy OONbIINX MHTEHCUBHOCTSX BbICOTA 3BYKA MOBBIIIAETCA



KaK Ha BBICOKOMW, TaK ¥ Ha HU3KOW 4acTOTe, MPU MaJIOH K€ MHTEHCUBHOCTH HU3KOYACTOTHOTO 3BYKa €r0
4acTOTa MOXKET U3MEHSTHCS IPUMEPHO Ha 5 % 0€3 3aMETHOI0 AJIsl CIIyIIATEN sl U3MEHEHUSI BBICOTHI.

BLICOTa TOHA U 4aCcTOTa HC ABJIAKOTCA CHHOHMUMAaMMU CIIC U 110 TOﬁ HpI/I‘-II/IHe, YTO CIIOKHBIC 3ByKI/I qacTo
00J1a/1at0T ONPeIeICHHON BBICOTOM, HO B JIGMCTBUTEIIBHOCTH COCTOST U3 I1€JI0T0 psija 4acToT. Tak,
HaIpUuMep, 3BYK CKPUIIKU UMEET ONPEIETICHHYIO BBICOTY, HO COAEPKUT MHOXKECTBO TaPMOHUK,
NMCHOIIINX pa3J'II/I'-IHI)Ie YJaCTOTHI.

BricoTa, KOTOpYI0 0OBIYHO MPUITUCHIBAIOT TAKOMY 3BYKY,— 3TO BBICOTa OCHOBHOM 4acTOTHI, HJIN
NEpBOI FTaApMOHUKH; OJTHAKO, KaK OKa3bIBAETCS, €CIIM U3 TAKOTO CII0XKHOTO 3BYKa yOpaTh OCHOBHYIO
YacTOTY, €ro BbICOTA OCTAHETCs AJIS CIIYLIATEN s TOH *Ke, U3MEHHUTCS TOJIbKO OKpacka TOHA, WK TeEMOD.
OTO cieyeT CYUTATh CIYyXOBOM MILTIO3UEN: TOKA3aHO, YTO B MOJ0OHBIX CIIy4asiX OTCYTCTBYET
BO30YKJIEHHE B TOM Y4acTKE YIUTKH, KOTOPbIl 00OBIYHO BO30YKIaeTCsl HA OCHOBHOI yacToTe.

C BO3pacTOM 4yBCTBUTEIBHOCTh YEJIOBEYECKOIO yXa K BBICOKOYaCTOTHBIM 3BYKaM ITOCTETIEHHO I13]aeT;
3TO COBEPILICHHO HOpPMaJIbHBIN Ipoliecc, Ha3bIBaeMblil mpecOuky3ucom. Ha puc. 17 nokazaHo oOpIuHOE
TE€4YeHHEe ITOro npouecca. Kpusblie, COOTBETCTBYIOLIUE CaMbIM HU3KUM CJIBILIMMBIM YPOBHSIM 3BYKa JJIs
Pa3IUYHBIX YaCTOT, OAHOBPEMEHHO OTPAXKAOT OAHO U3 BAKHEHMINNX SIBJICHUN aKyCTHKH: CIIyX TOpas3zio
YyBCTBUTEJIbHEE K 3ByKaM B o0acTu 4 k['11, ueM k 6osiee HU3KUM Wi 0oJiee BBICOKUM 3BYKaM. OObIYHO
3BYK yacToToM 30 I'11 cibllIeH TONIBKO MTPU YPOBHE 3BYKOBOTO AasieHus 60 nb, Torna kak ais
MOJIO/IOTO YEJIOBEKA C XOPOIIUM CIyXOM HOPOT CIBIIIMMOCTH Ha yacToTe 4 KI'1] MOXKET OmycKaThes, Kak
U3BECTHO, 10 —2 1b. 3HaK «MMHYC» HE JOJDKEH HUKOIO CMYIIAaTh: OH BOBCE HE 03HAYAET, YTO PeUYb UAET
0 KOJIMYECTBAX 3BYKa, «MEHBIINX, YEM OTCYTCTBHE 3ByKa». BCIOMHUM, YTO ypOBEHb 3BYKOBOT'O
JTaBJICHUS OOBIYHO BBIPAXAIOT B Aenndenax oTHocuTesnbHo ypoBHs 0,00002 H/M%. Eciu U3MEPIEMOe
3BYKOBOE JIaBJIEHUE MEHbILIE ITON BEJIMUMHBI, ypPOBEHb B 1b BhIpaskaeTcsi OTpULIATEIbHBIM YHCIIOM.
BripoueM, npakTHUECKH YPOBEHb OKPYKAIOILET0 IIlyMa HUKOT'/1a He ObIBaeT HACTOJIBKO HU30K, YTOOBI
YAAJ0Ch PacCibIIaTh 3BYK YpOBHS —2 nb. YKa3aHHOE BbIIIE pa3IMiie B YyBCTBUTEILHOCTH CIyXa, KAk
IIOKa3aHOo Ha puUC. 17, CTAHOBUTCS ropa3fo MEHEE 3aMETHBIM IIPU BO3pacTaHUM 3ByKOBOI'O YPOBHS, a
KOTJ1a 3BYKOBOW YPOBEHb 3HAUUTENIBbHO NpeBbIaeT 130 1b, To HeE3aBUCUMO OT 4acCTOTHI 3BYK BBI3BIBAET
6oseBoe omyiieHue. 3Byku ¢ ypoBHeM nopsiaka 150 nb npu mo6oii yactore HeMeJIEHHO IPUBOJIAT K
MOBPEXKACHUIO CITyXa.

BompocoM noBpexaeHus ciryxa 1noJ BO3eUCTBUEM IIyMa MbI 3aiMEMCSI HEMHOTO TI03:)K€, a celdac,
MOKa MBI €I1e He 320N (PU3UOJIOTHUIO YXa, UHTEPECHO 03HAKOMUTKCS C ABYMS 3alTUTHBIMU
MPUCTIOCOOICHUSIMH, CO3AaHHBIMU CaMON MPUPOJIOH, KOTOPBIE B KAKOW-TO Mepe MPEAOXPAHIIOT YXO OT
noBpexaeHus mryMoM. OJTHO U3 HUX U3BECTHO MO/ Ha3BaHUEM YIIHOTO pedrnekca. Mepia tensor
tympani yaepxuBaet 6apabaHHyIO IEPEIOHKY B COCTOSHUM JICTKOTO HATSHKEHHUS; 3Ta MBIIIIA COCTOUT
U3 IBYX HEOONBIINX MBI, KOTOPBIC TSAHYT OapabaHHYIO MEPETIOHKY BHYTPh, a CTPEMsI — HapyXKy.
Ecnm yxo moaBepraercst BO3eHCTBUIO IIIyMa, IPEeBBIMIA0NIero npubdiausutensno 90 1b, B TeueHue
BpeMeHH cBbitie 10 Mc (MIIITUCEKYH]T), TPOUCXOIUT pedIECKTOPHOE COKpAIlIEHHUE MBIIIIIBI tENSOr
tympani, B pe3ynbTaTe BCe MEXaHMUYCCKUE YaCTH CPEAHETO yXa CTAHOBATCS 00JIee KECTKUMH, YTO
CHMIKAET YYBCTBUTEJIBHOCTH K 3ByKaM HU3KOM U CpEIHEN 4acCTOThL. BCTpedaroTcs: CHaCTIMBYMKHY,
o0Jasarorye CrmocoOOHOCTHIO MPOU3BOJIBLHO YIIPABIIAThH YIIHBIM PeICKCOM: 3HasI O MIPEACTOSIIEM
TPOMKOM 3BYKE, OHU MOT'YT COKPATUTh MBILIIY U TEM CAMBIM 3aILUTUTh CBOM CIIyX.
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Puc. 17. JIuauu paBHOM TPOMKOCTH JIJIsl YUCTHIX TOHOB (ISl JIFOJIEH pa3IMYHBIX BO3PACTOB).

Bropoe 3ammrtHOe npucnocobieHne COCTOUT B U3BMEHEHUH XapakTepa KoJeOaHui yITHbIX KocTouek. B
YCIIOBUSIX HOPMAJTbHOU (DYHKIIMU TIPH TyMe OOBIYHON MHTCHCUBHOCTH ITOJ] BO3JICHCTBHEM KOJICOAHUI
CIIyXOBBIX KOCTOUYEK CTpeMs MPUOOpeTaeT NOCTyNaTeaIbHOE JBUKEHHIE, KOTOPOE Yepe3 OCHOBAHHE
CTPEMEHHU U OBAJIbHOE OKHO NepeaaeTcs nepuanumde, 3anoiHsonieil Bepxuuil kanan ynutku. Ho eciu
KTO-TO, K CBOEMY HECUYACThIO, OKaYKETCS C HE3aIIMILIEHHBIMU YILIAMHU 10 BO3JEHCTBUEM IIIyMa CBBIILIE
140 nb, To xapakTep KoIebaHUI MOJIIOTOYKA, HAKOBAJILHHU U CTPEMEHHU y HETO PE3KO U3MEHUTCSI — OHH
HAYHYT Ka4yaThCsl U3 CTOPOHBI B CTOpPOHY. [Ipu TakoM ABM)KEHHM OCHOBAHMS CTPEMEHM nepuinMpa He
OyZAeT IBUTraThCsl BAOJb YIUTKU, @ CTAHET TOJBKO EPEMEIIAThCS C OHON CTOPOHBI OBAJIBHOI'O OKHA K
npyroii. ITpu 3Tom KoneGaHust JaBieHUs B IEPUIUMQpE 3aMETHO YMEHBILATCS; I03TOMY, KaK TOJIbKO
KOCTOYKH HA4YHYT KoJiebaTbcs MOA0OHBIM 00pa3oM, IPOMKOCTh BOCIIPUHUMAEMOI'0 3ByKa MITHOBEHHO
ynazer.

Kak BugHO U3 puc. 17, yX0 HE TOJIbKO 3HAYMTEIHHO MEHEE YyBCTBUTEIILHO K 3BYKaM HU3KOM 4acTOTHI,
HO, KPOM€ TOTO, HEPAaBHOMEPHO OIIEHMWBAET I'POMKOCTh Ha PA3IMYHBIX YacToTax. MOKHO ObLIO OB
MPEJINOJIOKUTD, YTO MPHU YIBOCHUH YPOBHS 3BYKOBOTO JIaBIICHHUS Y/IBAUBAETCSA U TPOMKOCTb, OJTHAKO
3TO He Tak. B npenblz[ymefxi TJ1aBC€ MbI TOBOPUJIN, YTO YABOCHHE 3BYKOBOT'O AaBJICHUA COOTBETCTBYCT
YBEJIMYEHUIO YPOBHs 3ByKa Ha 6 1b. Ecnu oHako, Mbl H3MEPHUM B JIelInOenax ypoBeHb KaKOro-HUOYIb
3BYyKa, a TIOTOM OyJIeM YCHIIMBATh €T0 JIO TeX TOop, I0Ka OH HE TTOKaKEeTCS HaM BIBOE TPOMYE, TO
00Hapy»X 1M, 4TO YPOBEHb 3BYKOBOTO JIaBIICHUS YBEIHMUUTCS puOan3uTenbHo Ha 10 nb; nunbmvMu
CJIOBaMH, 3BYKOBOE JIaBJICHHE BO3POCIIO Oosiee 4YeM B TpH pasa. M3 ri1. 2 Ml 3HaeM, 4TO 3TO
COOTBETCTBYET YCUJICHUIO MHTEHCUBHOCTH 3BYKa (TJIOTHOCTH MOTOKA SHEPTUU HA €IUHUILY
noBepxHoctu) B 10 pas.

Kak 3ByKkoBoO#i aHanu3aTop yxo o01a/aeT OJJHUM OYEHb CYLIECTBEHHBIM HEJOCTATKOM: B IPUCYTCTBUU
YHUCTOTO TOHA OIPEEIEHHON YaCTOThl yXO HE BOCIIPUHUMAET 3BYKH OJIM3KHX YAaCTOT U MEHbILEH
MHTEHCUBHOCTH (puc. 18). D10 siBNeHne, Ha3pIBAEMOE MaCKUPOBKOW, IMEET MECTO HE TOJIBKO MpPHU
YHUCTBIX TOHAX, HO U MPH JIIOOBIX 3ByKax. Brpouem, HHOT1a MacKMpOBKa Ype3BbIYaiiHO y00Ha:



HaIpHUMep, B Te€X ClIydasiX, KOI/a XKelaTeabHO, YTOObI KaKOi-TO pa3roBOp He ObUI CIBIIICH
MMOCTOPOHHUM, YaCTO 3HAUYUTEIHHO MPOIIE BBECTU JOMOIHUTEIBHBIN 3BYK, YEM MOHU3UThH 3BYKOBOM
YpOBEHB peyH.
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Puc. 18. Mackupyrolee 1eiicTBUE YUCTOTO TOHA.

A Kak 00CTOUT J1eJ10 ¢ APYTMMHU CBOMCTBAMHU HAIIIETO CIIyXa: ONpe/IesIeHUEM HarpaBIeHUs U
paccTosIHUSA, PA3TMUECHUEM OTACIBHBIX JUCKPETHBIX COCTABIIIOMUX Ha (POHE CIUIOMIHOTO TYMOBOTO
CIIEKTpPa, a HE TOJBKO IMPOCTOT0 BOCTIPUSTHS BBICOTHI OTAENIbHOM 3a1aHHON HOTHI? O0a 3TH CBOMCTBA
HAIIIETO ClTyXxa 00yCIIOBICHBI HAJTMUMEM JIBYX YIICH; y JIIO/IeH, CTPaJAlOINX MOHKEHUEM CITyXa

B OJIHOM yX€, 3TH CIIOCOOHOCTH OTCYTCTBYIOT. Kak omnpenesnseTcs HalpaBieHUe IPUX0/ia 3ByKa,
HOHATHO U3 puc. 19. Eciiu TONbKO HCTOUHUK 3BYKa PACIOIOKEH HE B INIOCKOCTH CUMMETPUH T'OJIOBBI,
paccTosiHUS OT UICTOYHUKA 3BYKA J0 KaXKJ10I0 U3 YUIEH pa3IMyYHbI U, CII€0BATEIBHO, O OAHOIO yXa
3BYK JJOMJIET Ha KaKyl0-TO MaJIyIO JOJII0 CEKYH/Ibl paHbllie, YeM JI0 ApYroro. Mosr B COCTOSIHUU
U3MEPUTH» ITY pa3HUILY BO BPEMEHHU U TaKUM 00pa30M OMpeesIUTh HallpaBlieHHe, OTKY/1a UACT 3BYK.
OpnHako TOYHOCTb TaKOI'O ONPEIEIIEHNsI HE OYEHb BBICOKA, IOCKOJIbKY, €CJIM PACCTOSTHUE /10 UICTOYHHKA
3ByKa HEU3BECTHO, YTOJI, IO KOTOPBIM MPUXOAMT 3BYK, HEJIb3sl ONIPEIEIINTh, 3HAsI TOIBKO Pa3HUILY BO
BpPEMEHM Npuxoa 3Byka. BripoueM, Ha OCHOBaHHH OIBITA CIIYIIATEIb YACTO MOXKET ONPEEIUTh
paccTosiHue A0 UCTOYHMKA 3BYKA, UCXO/s U3 €r0 TPOMKOCTH, a B CJIy4ae yAaJICHHbIX HICTOYHUKOB —
YUUTBIBasi YaCTOTHBIM CIIEKTP 3BYKa, KOTOPBINA IPETEPIIEBAET U3BECTHBIC U3MEHEHUS B PE3YyJIbTaTe
MOTJIOUIEHUS B aTMOC(epe U BIUSHUS OKPYXKAIOIIEH cpeibl, 4YTO MPUBOAUT K 3aTYXaHUIO
BBICOKOYAaCTOTHBIX 3BYKOB. Kpome Toro, 3a UCKIIOYEHHEM CiIydasi, KOr/la UICTOUHUK PACIIONIO0KEH MOUTH
B IUIOCKOCTH CUMMETPHH I'0JIOBBI, OJTHO YXO BCEI/la HAaXOAUTCS B 3BYKOBOM TEHM, TaK CKa3aTh, «3a
YIJI0M», U 3BYK JIOXOAMT JIO HETO TOJIBKO B pe3yiabTaTe qupakuy Ha JTUIEBON WIH 3aTbUIOYHON YacTu
TOJIOBBL. DTO OOCTOSATENBCTBO YCUIIMBAET PA3HUILY BO BPEMEHU MEKIY UMITYJIbCAMH, TOCTYNAIOUIMMHU

B MO3T' OT 000UX YIIIEH, a TaKKe CHUXKAeT IPOMKOCTh 3BYKa, MONAJAl0IIEero B 3aTEHEHHOE YXO.



Puc. 19. Onpenenenuie HarpaBieHHUs IPUX0/1a 3ByKa.

W3 cka3aHHOIO JIETKO MOHATH, YTO YCTAHOBUTH MECTOIIOJIOKEHUE NCTOYHUKA HU3KOYACTOTHBIX 3BYKOB
ropaszio TpyAHee, 4YeM BbICOKOYACTOTHBIX, TaK KaK B IIEPBOM CJIydae pa3HHIA BO BPEMEHH CKa3bIBACTCS
MHOI'0 MEHBIIE, 4eM BO BTOpOoM. KpoMe Toro, kak Mbl y3HaeM B I'1. 6, HU3KOYAaCTOTHBIN 3BYK B IOpaszio
OoJbLIe CTeTIeHN OrH0aeT MPEMsTCTBUA B pe3yibTaTe MU PaKIUU, YeM BHICOKOYACTOTHBIH,
BCJIEJICTBHE YErO Pa3HHLA B TPOMKOCTH 3BYKOB, BOCIIPUHUMAEMOMN KaXKIbIM yXOM, elie 0oiee
CHUKAETCA.

E1me o1HO mpenMyIecTBo OMHAaYpaIbHOTO ciiyXa (C MOMOIIbI0 000X YIIIei) CBSI3aHO C OCHOBHBIM
pasIuureM MeX1y 3ByKOM, COCTOSIIIIMM U3 YUCTHIX TOHOB, U CIIy4aiHbIM 3BYKOM, MTOI00HBIM

B U3BECTHOM CMBICIIE Xa0TUUYECKOMY JABUKEHUIO MOJIEKYJ BO3AyXa. EClIM HY)KHO yJIOBUTH
rapMOHUYECKHUI 3BYK, HAIIPUMEP, CKBO3b IIIYM BETPA, YEJTOBEUECKOE YXO CIPABIIACTCS C 3TOM 3aa4eil
MHOT'0O JIy4liec HI060F0 QJICKTPOHHOI'O MHCTPYMCHTA, 3a UCKIIFOUCHUCM BBIYMCIATEIBHON MAIIUHEL.
[TpuynHa 3TOTO MPOCTA, U COOTBETCTBYIOIINI MPOIIECC COBEPIIEHHO aHAJIOTHYEH KOPPEISIIIHOHHOMY
MCTONY aHaJIM3a 3ByKa ¢ IOMOIIbIO BBIYUCIIUTEILHON MAaIIUHEI.

YV B3pOCIIOro ueaoBeKka pacCTOSHUE MeX Ty yiaMu coctasisieT 150—200 MM, 4To, Kak MBI yKe
TOBOPWJIH, TIOYTH BCETAa MPUBOAUT K 3aMETHOM pa3HOCTH (a3 Mex 1y 3ByKaMH, IPUXOIALIMMU K
KaXJoMy u3 ymei. [IponsseneHre Takux AByX CUTHAJIOB IS IEPUOAUYECKOr0 U IS CIIy4aiiHOTO
MCXOJIHOT'0 3BYKa 3aBUCHT OT CABMra (a3 no-pa3HoMy: Ui IEPUOANYECKOI0 3ByKa Cpe/IHEE 3HAUCHHE
MPOM3BEACHHUS 3aBUCHUT OT PA3HOCTH (ha3 Takke NePUOIUUECKU; ISl CIyYalHOT O JKe 3ByKa CpeHee
3HAa4YEeHUE NPOU3BEIEHHS OBICTPO NMaJaeT NPU YBEIUYEHUU Pa3HOCTU (a3. ITO 0OCTOATENBCTBO U
MO3BOJISIET PA3JINYATh EPUOJUUECKUI UM TAPMOHUYECKHI 3BYK Ha (DOHE CITydaifHOTO IIyMa.
[Tocnennue ab3anpl, NO-BUIMMOMY, OCOOEHHO UHTEPECHBI JUIs JTF00OUTENIeH BHICOKOKaYeCTBEHHOTIO
BOCIIPOM3BEICHHS 3BYKa C IIOMOUIBIO CTEPEOPOHNIECKUX YCTPOHCTB, KOTOPBIE, OTHAKO, OBLTH CO3/JaHbI
B IIEPBYIO OYEpE/Ib ISl TOTO, YTOOBI IPUIATh BOCIIPOU3BOAMMOMY 3BYKY JIOMOJHUTEIBHOE



«A3MEPEHUEY, YTO MO3BOJISAET cO3/1aTh A3 PekT OMHAypaTbHOTO (MM CTEPEOPOHNIESCKOTO) BOCTIPUSTHS
3BYKa.

He ciaumkoM OTKIOHSACH OT TEMBI HaCTOHH_[eﬁ TJ1aBbl, paCCMOTPHUM CIIC OAHO ABJICHUC, CBA3aAHHOC

¢ OMHaypaJbHBIM BOCHIPUSATHEM 3BYKa, a UMEHHO UpeBoBelianue. [1o cBoeii cyTn upeBoBeIIaHne
3HA4YUTCIIbHO 60.]166 CJIOKHAaA UIIKO3UA, YEM KaXKCTCA. Kax MbI YK€ BUACIIN, HAllla CHOCO6HOCTB
OTIpeIeNIATh HalpaBJIeHUE 3ByKa MPU CIyHIAaHUU 000MMU YIIIaMH UMeeT ci1aboe 3BEHO (€ro MOKHO
JMKBUUPOBATH, UCHIOJB3Ys TPETHE IJIEKTPOHHOE «yXO»— MUKPO(DOH): Pa3HOCTH [0 BPEMEHHU HJIU 110
¢aze B BOCIIPHUATHH 3BYKa Ka)JIbIM YXOM yKa3bIBa€T HAIIPABIICHHE TOJIBKO B TOM CITy4ae, €CIIH U3BECTHO
paccTostHUE 10 MCTOYHHKA 3BYKa, HO M TOTJa 3a4acTyi0 He CIMIIKoM TouHO. Kornia kTo-Huoynb
TOBOPHUT C HAMH, BCeTa 0oJiee MIM MEHEee OYSBHIHO, OTKY/Ia UMEHHO HUJIET 3BYK, IIOTOMY YTO MBI
BUIHWM, KaK YCJIOBCK IICBCIIUT I‘Y6aMI/I U ABUTACT YCIIIOCTHIO. B HOILO6HBIX CIydadax Mo3r CpaGaTBIBaCT
0e301mrO0YHO, ¥ €ro HEBO3MOXKHO yOeIUTh, UTO 3BYK HJIET U3 Kakoro-1mmoo apyroro mecra. Ho ecnu
YCJIOBCK CIKaJI YCJIHOCTU U TOBOPUT oe3 KaKI/IX-JII/I6O BUUMBIX IPU3HAKOB pCYUU, 3pUTCIILHO OIIPCACIINTD
paccTosiHHUE JI0 HICTOYHHKA 3BYKa y)KE HEBO3MOKHO U MPOIIECC OTHICKAHUS HAITPABICHHUS CTAHOBUTCS
MeHee yeTkuM. Ecan YpCBOBCHIATCIIL LOCTATOYHO JIOBOK JIA TOIO, LITO6IJI TEMU NI UHBIMH
HEaKyCTHYECKUMH CPEJICTBAMH 3aCTaBUTh CIYIIATENS COCPEIOTOUYNTH BHUIMAaHUE HA KAKOM-TO HE
CJIMIIKOM yJJaJICHHOM TpeAMETE, MO3T YYTET BU3YaJIbHOE PACCTOSHUE IO ATOTO MPEeAMETa MPH
«BBIUUCIICHUN» (a30BOM PA3HOCTH MEKIY YIIIAMU; B PE3YJIBTATE Y CIYIIATENsl BOSHUKAET MOIJTMHHOES
OIIYIIEHUE, YTO 3BYK MPUXOJUT KMEHHO OT ATOTO npeamMeTa. Eciin B kauecTBe MmociieTHero BeIoOpaHa
Kakas-HUOyIb BechbMa 3 (eKTHAsI MOABIWKHAS KYKJIa, TO BIICYATICHHE OBIBACT TOCTATOYHO CHUJIBHBIM.
Brpouem, Teneps upeBoBenIaTe N 0OBIYHO MOSIBIISIIOTCS TOJIBKO Ha SKPaHaxX TEIEBU30POB; 31€Ch
aKycTuueckuit 3 ekt ypeBoBeaHus COBEPIICHHO TEPSAETCS, U 3PUTEIh BUIUT JIUIIIb KAKOE-TO
KYKOJIbHOE TIPE/ICTABJICHUE U YEeIIOBEKA, TOBOPSIIETO C 3aKPBITHIM PTOM.

Koneuno, ymm He Bcerya paboTaroT Tak HaeanbHO, KakK cieaoBaio Obl. HecuacTHbIi citydail 60JIe3Hb,
BO3JICHCTBHUE IITyMa — BCE 3TO MOXET CEPbE3HO HAPYIIUTh UX QYHKIHIO. THOPOIHOE TEI0 MOXKET
npopBath 0apabaHHYIO MIEPEIIOHKY, a Y/ap MO T'OJIOBE BBI3BATh MOBPEIKACHUE CPEAHETO HITH
BHYTPEHHET0 yXa. boJie3Hb MOKET MOPA3UTh CPEIHEE YXO WM YHUUTOKHUTH YyBCTBUTEIIbHBIC
BOJIOCKOBBIC KJICTKH Ha 0a3WIIPHOI MeMOpaHe, HO XyKe BCero, KOT/ia MPOU30MIeT MOBPEKICHUEC
CJIyXOBOT'O HEpBA U HAPYILATCS €0 CBA3U C TOJIOBHBIM MO3rOM — TOr1a OeIHsra, ¢ KOTOPBIM 3TO
CIIYyYUJIIOCh, CTAHOBUTCA «TJIYXUM KaK IICHB», HACTYIIACT INIyX0Ta BOCIIPUATHA.

[Tpu Bcex BUAAX TIyXOThI, KPOME TMOCIEIHEr0, MEIUIIMHA B COCTOSTHUU TIOMOYb MTOCTPAaBIIEMY:
MOBpeXAeHHbIE OapabaHHYIO MEPENOHKY U CIIYXOBbIe KOCTOUKH 3aMEHSIOT MMyTeM TPAHCIUIAHTAllUU WIIN
BXKUBJICHHUS UCKYCCTBEHHBIX KOCTOYEK M3 TIACTMACCHI. ECIIM BOIOCKOBBIE KJIETKH B YIUTKE HAUUHAIOT
TEPSITh YyBCTBUTEILHOCTh — MOKET IOMOYb YCHJICHHE 3BYKa, NOCTYNAIOUIETO B HAPYKHBIN CITyXOBOM
KaHaJl; HO KOT/Jla MOTH0aeT CIIyXOBOUM HEPB — yXO KaK OPTaH YyBCTB CTAHOBHUTCS COBEPIIIEHHO
Oecrone3HbIM. S HaJIeI0Ch, YTO KOT1a-HUOYAb CTAaHET BO3MOXKHBIM TaKO€ BO30YXIEHHUE JPYTUX
Y4aCTKOB HEPBHOM CHCTEMBI; KOTOPOE MPHUBEIET K «HCKYCCTBEHHOMY» clyXy. OmryieHue 601 4eM-To
CXOJTHO €O cIyXOM. boJib 4acTo MMeeT «TOHaIbHYIO0 XapaKTepUCTUKY»: y OyJIaBOYHOTO yKOjIa —
BBICOKHIA TOH, Y TOJIOBHOW 00NN — HU3KU. BO3MOXKHO, YK€ HE 32 TOpaMu TO BpeMsl, KOT/1a IyTeM
BO30YXKICHHSI COOTBETCTBYIOIIMX YYACTKOB HEPBHOM CHCTEMbI HECUACTHBIM JIIOJISM C MOTUOIINM
CIIyXOBBIM HEPBOM BHOBB OYJIET JJaHA BO3MOKHOCTh BOCIIPUHUMATH 3BYK. ClierioMy, 6€3yCclIOBHO,
MO3KHO J1aTh IPOCTEHUIINI BU «3PEHHUSI», UCTIONB3Ysl €r0 CIIMHY KaK CBOETro poja TeJIeBU3UOHHBIN
9KpaH, U ACHCTBYS Ha PA3IUYHbBIC YIACTKH CITMHEI C ONPEICIICHHBIMU CHJIAMH B COOTBETCTBHH

C HaXOAAIIMMUCS TIEpe]] HUM MpeaMeTaMu. B HacTosIiee BpeMs UCCIIeqyeTcsl TaKKe BO3MOKHOCTh
BBEJICHHUSI CUTHAJIOB HEITOCPEJCTBEHHO B MO3T.

VX0 MOKeT OBITh OBPEXKCHO B pe3yNbTaTe OOJIE3HH, HO TOpa3/io TPEBOKHEE TOT (AKT, YTO TOJIBKO Y
MaJIOr0 YMCIIa B3POCIBIX MYKYHH CIyX HE MOBPEKACH IIYMOM; TI03TOMY, B YaCTHOCTH, IOYTH
HCBO3MOXHO YCTaAaHOBUTD, Kakoi CIIyX CJICAYCT CUNTATh «KHOPMAJbHBIM» IJI MY>KYHWH. YewMm 310
BBI3BaHO? 31€Ch MOXKHO Ha3BaTh HECKOJIBKO MPUYMH. Majo KTO U3 MYXXUYHUH, JOCTUTLIIHX CPETHETO
BO3pacTa, HU pa3y B )KU3HH HE MOJIb30BAJICS OTHECTPEIBHBIM OPY)KUEM, TIPUUEM C HE3AIUIICHHBIMU
yIIIaM{; MHOTHE Y4acTBOBAJIM B BOCHHBIX JICHCTBUAX. XOTS B HACTOSAIIEE BPEMsI BO BCEX BHIaX BOHCK



SCHO OTJAIOT ce0e OTUET B TOM, KaKyl0 OIIaCHOCTh IIPEACTABISACT LIyM, U 1aXKe BHOCST CBOMMHU
paboTaMu HEeMaJbIil BKJIJ] B U3y4E€HUE 3TOTO BOMPOCA, MHOTHE JIFOOUTEIH CTPEIKOBOTO CIIOPTa U
OXOTHUKH 3a0bIBAIOT, YTO KaXKIbIH BBICTPE — 3TO €I€ OAMH IIar K TyroyXocTd. B BoeHHBIX HIKOIax
MaJbUMKH [TOJIBEPratoTCs IEUCTBUIO IIyMa PYKEUHBIX BBICTPEJIOB, YTO IPEACTABISIET CEPHEZHYIO
OIAaCHOCTBh JUJIS CIyXa, OCOOEHHO Ha 3aKPBITHIX CTpeabOuIIax; 12-kanubepHble OXOTHUYBH PYXKbsI
IIPUHOCSAT HE MEHBIIE BPEa, YeM OOEBbIE BUHTOBKHU. YILIHBIE IPOTEKTOPHI, O KOTOPBIX MONUAET peyb

B I'J1. 14, 00s13aTeNbHBI 715 BCEX, KTO MOJIB3YETCS JTFOOBIM OTHECTPENIbHBIM OpYkueM. OJTHaKO P ITOM
HE00X0AUMO COOTIOIATh BETMYANIIIYIO OCTOPOKHOCTD, IIOCKOJIBKY TaKas 3allUTa YIIeH MOXKET
IPUBECTH K HECYACTHOMY CJIy4al0, €CIIU IOMEIIAET YeJIOBEKY YCIbILATh IPEeI0CTEPEratoIinii OKpHK.

Camas pacnipocTpaHEHHAs U CEPbE3Has IPUYMHA TYTOYXOCTH, BBI3BAHHON IIIyMOM, — 3TO BO3/IEUCTBHE
BBICOKMX YPOBHEH IlIyMa Ha pabo4ux MecTax, Oy/Jb TO KabWHa TU3eTIBHOTO IPY30BHUKA, TUTEHHBIHN 3aBOJ
WIN APYTHe CaMble pa3INyuHble IPEANPUATUS — OT TUIIOrpaduu 10 GadpUKH CUHTETUYECKUX
MaTepHuasioB. Eclii HCKITIOYUTE B3PBIBBI U CTPENIBOY, TO MOBPEXKICHUE CIyXa IIyMOM BHE CBSA3H

¢ paboToit — coObITHE MaoBeposiTHOe. Kak Obl HM pa3apaxal 4yeaoBeKa IIyM CaMOJIETOB HIIN
Ha3eMHOI'0 TPAHCIIOPTA, OH BPS JIM MOKET BBI3BATh (PU3HOIOTUYECKOE TIOBPEKACHUE CITyXa.
B03M0>KHO, HCKIIFOUEHUE COCTABIISIOT MOTOLUKIIBI HEKOTOPBIX MAPOK U, KAK MBI YK€ TOBOPHIIH,
OpKecTphl oN-My3bIkH. Kak e HMEHHO BO3AE€MCTBYET IIyM Ha CBOM *epTBbl? Kakoil ypoBeHb LIyMa
cleqyeT cuuTaTh onacHbIM? OOpaTHUMBI JIU MOBPEXAECHUS cityxa?

[IIym MOXET MOBIUATH Ha CIIYX TPOSAKUM 00Pa3oM: BbI3BATh MTHOBEHHYIO TIIYXOTY WJIM MOBPEKACHHE
opraHa ciyxa; IpH JJIUTEIbHOM BO3AEHCTBUU — PE3KO CHU3UTh YYBCTBUTEIBHOCTh K 3ByKam
OTIpEJICNIEHHBIX YaCTOT, U, HAKOHELL, IIIyM MOXET CHU3UTh YyBCTBUTEIHHOCTh CIIyXa Ha OTPaHHUYEHHOE
BpeMs — MHUHYTbI, HEJIENU, MECSLIbI, IIOCIIE YETO CIIYyX BOCCTAHABIMBACTCS MMOYTH MOJTHOCTHIO.

[TepBblii THI TOpakeHUI — aKycTUYecKast TpaBMa — OOBIYHO BBI3BIBAETCS BO3ACUCTBUEM IIIyMa OUYE€Hb
00JIbI110}1 MHTEHCUBHOCTH, HanpuMep B3pbiBa. [0 0ueBUIHBIM IPUYKMHAM YCTaHOBUTH
JKCIIEPUMEHTAIIBHO MUHUMAIIBHBIN YPOBEHB LIIyMa, IPUBOASAIIETO K IIOBPEXKACHUSAM TaKOIO poJa,
HEBO3MOJKHO; HO, ITI0-BUMMOMY, UMITYJIbCHBIN 1IyM, npeBsimaromuid 150 nb, BEI3BIBAET TpaBMY
MrHoBeHHO. [Ipu aToM GapabaHHas MepenoHKa MOXKET 0Ka3aThCsl HEMOMPABUMO pa30pBaHHOM, a
CIIyXOBBIE KOCTOUYKH CJIOMAaHHBIMM WJIM CMEIIEHHBIMU. OTHAKO HE UCKIIFOUEHO, YTO YJIUTKA BCE-TAKU
YILIEJIEET, IOCKOJIBKY IOBPEKIECHUE KOCTOYEK MOXKET IIOMEIIATh IIepeaade BCel DHEPruu 1Iyma

B nepuiaumay.

["oBOpst 06 UMITYJIBCHOM ILIIyMe€, CIEAYEeT OTMETUTDH OJIHO CYIIECTBEHHOE 00CTOATEILCTBO, CBA3aHHOE CO
CKa3aHHBIM B IIPEIBIAYILIEHN I1aBe. boipiias 4acTh NIyMOMEPOB ONPEEISIET HE MAKCHUMAaJIbHOE
3HAaYEHHUE JIaBJICHUS B 3BYKOBOW BOJIHE, @ CPETHEKBAIPATUYHOE, TO €CTh HEKOTOPYIO YCPEAHEHHYIO
BEJIMYHMHY. DTO YI00HO JUIsl U3MEPEHMSI HETIPEPHIBHOTO IIIyMa U JJaeT Pe3yJbTaThl XOPOILO
COBIA/IAI0IIKE C CYObEKTUBHOM CIIyXOBOM OLIEHKOH 1IyMa; OJJHAKO MPU U3MEPEHUH UMITYJILCHOTO
IIymMa, KOrJa HepeJlKo HaOJIt0JaeTCsl BCEro OJIMH MAKCUMYM C OYEHb KPYTHIMU OJBEMOM U Ma/ICHUEM,
CpeHEeKBaipaTHUyUHas BEJIMUMHA J1aeT O€3HaIeKHO 3aHMKEHHYIO OIIEHKY YPOBHS LITyMOBOT'O HMITYJIbCA.
K TomMy e ObIcTpoelicTBHE OOBIUHBIX ITYMOMEPOB, KaK MPAaBUJIO0, HEJOCTATOYHO JUIsl TOTO, YTOOBI
CTpeJiKa ycresa JOMTH X0Ts Obl 0 CpeIHEKBaIpaTUUHON BeTUUUHBI. [IJ11 u3MepeHus: UMIYyIbCHOIO
IymMa Jy4Iie BCero 100 MoayduTh H300paskeHre 3BYKOBOM BOJHBI HA AJIEKTPOHHO-TTy4€BOM
ocuuuiorpade u u3MepUTh MaKCUMaJIbHBIM YPOBEHB 10 JACJICHUAM Ha SKpaHe, TM00 BOCIIOJIb30BaTHCS
CIELUAIbHBIM UMITYJIbCHBIM IIyMOMEPOM.

B3pbIBbI HE €IUHCTBEHHBIN UCTOUHUK UMITYJIBCHOTO LIyMa. Y 1ap MOJIOTOM, 110 CTaJIbHOU MJIACTUHE
TaK)Ke MPOU3BOAUT 3HAUNTENbHBIN UMITYJIBC IIyMa, XOTS M HE CTOJIb BEICOKOTI'O YPOBHS, KaK B3pbIB.
I/IMHyJIBCBI MEHBIINX UHTEHCUBHOCTEH TOXKE TPAaBMUPYIOT CIYX, HO BBI3BIBAIOT HOBPCIKACHUA HC

B CpPEJIHEM, a BO BHYTPEHHEM YX€, KaK 1 HEeIIPEPhIBHBIN IIIyM, O KOTOPOM peub elle Brepeau. Uto
KacaeTcsi UMITYJIbCHOTO LITyMa, TO 3/I€Ch YEJIOBEK B CBOEH IBOIOLMHU SIBHO OTCTAN OT Pa3BUTHS TEXHUKH.
Kak Mbl yke 3HaeM, B UeJIOBEUECKOM yX€ €CTh JIBa 3aIlIUTHBIX YCTPONUCTBA: OJJHO U3 HUX — YIIHOM
pednekc. K HecuacThio, OH cpabaThiBaeT B TeueHHEe mpuMepHO 10 Mc (MIJUTHCEKYHT), & 332 9TO BpeMs
UMITYJICHBIN IIYM YK€ MOKET BbI3BaTh TpaBMy. Ho Mo j00HBIi UMITYJIBCHBIH 1TyM ¢ OYeHb KOPOTKUM



BPEMEHEM HApaCTaHUs MOYTH HUKOT1a HE BCTPEYAETCS B IPUPOJE, OH MTOPOKAAETCS TOIBKO YEIIOBEKOM.
CrnenoBatenbHO, IPUPO/IA BOBCE HE «3a3€BaJIachy, IOMYCTUB 3aJCPXKKY YITHOTO pediexca, a mpocTo
«HE TIPUHAJIA B pacyeT» OOCTOSITENLCTB, HE CYIIECTBOBABIIMX B TEUCHUE MUJUTUOHOB JieT. Cleayionmm
IIarOM BOJIOIIMOHHOTO TPOIIECca B 3TOM HAIPaBIICHUH, HECOMHEHHO, OYIE€T pa3BUTHE CIIOCOOHOCTH K
MIPOM3BOJIBLHON aKTUBALIMU pediiekca MpH MePBhIX K€ MPU3HAKAX YIPOXKaoIlle TPOMKOTO IIymMa y
3HAYUTEJIHHO OOJIBIIET0 YHCIIA JTIO/IEH, YeM YHCIIO «CYACTIMBUYUKOBY, 00JIaJal0IINX STON
CIOCOOHOCTHIO yike cerofus. Kak MHe KakeTcs, MO’KHO HaydUThCs TPOU3BOJIBHO BHI3BIBATH Y CeOsI
yirHo# pedexc. MHorna HeTpyaHO YIOBUTh MOMEHT, KOT/Ia 3TOT peduieKc BCTYNaeT B JeiCTBUE — IMPH
ATOM YacTO CIIBIIIHO claboe IenKkanre, 0e3 COMHEHHs CBSI3aHHOE CO CMEILIEHHUEM YITHON CEphl OKOJIO0
OapabaHHOMN NEPENOHKHU NPU HATSHKEHUHU TOCTIEAHEN. 32 ATUM LIEIYKOM CIIEAYeT OHUKEHHUE
YyBCTBUTEIBHOCTH CIyXa.

Eme oguH MOIIHBIN UCTOYHUK UMITYJIBCHOTO IIIyMa — 3TO 3BYKOBOM XJIOIMOK, CO31aBA€MBbIil
camonerom. [Ipexkae Bcero cremayeT cka3aTh, OAHAKO, YTO, IO OOMIEIPUHATOMY MHEHUIO, /IS Pa3phiBa
OapabaHHOM TIEPENOHKHU TpeOyeTcss MuKoBoe N30bITouHOE HaBieHue B 35 000 H/M?, a s MTOBPEXKICHUS
nerkux — 100 000 H/m?. M3GBITOUHOE %Ke JaBICHHE, CO31aBAEMOE CBEPX3BYKOBEIMHU CAMOJICTAMH,
O4YeHb peako mpesbimaet 100 H/m?. U36bITOUHOE nasienue csoie 6000 H/m? JIIOJTA TIEPEHOCHT 6e3
KaKUX-JIMOO BPEIHBIX (PU3UOIOTUICCKUX MTOCIEICTBUH, TaK YTO 3/IECh MBI €Il UMEEM JOCTATOYHBIN
3arac «poyHoCcTH». OHAKO MCUXOJOTHYECKas PeaKIMs CTAHOBUTCS 3HAYUTEIBHOM, U JTFOAM HAYNHAIOT
BBIpAXKaTh CBOE HEYJOBOJIBCTBUE BCIIYX YKe MPUOIU3UTEIHHO TipH 50 H/MZ; pu U30BITOYHOM
nasinennu B 50—100 H/m? M3peJika BO3HUKAIOT MEJIKHE MTOBPEKIACHUS 3JaHUI, HO 00IIIECTBEHHOE
BO3MYIIIEHNE CTAHOBUTCS TPOMOTJIACHBIM.

MoeT oKa3aTbCsi CTPAaHHBIM, TOYEMY 3TOT THII IIIyMa HE BBIPAXKAIOT B JACMUOCIaX, KaKk BCE MPOUYHUEC
rymbl. Pasymeercs, cienarh 3T0 BIIOJIHE BO3MOXKHO. Toraa mpuBeeHHbBIC TU(PHI TPeoOpa3saTcs
cnenyrommM obpazom: 185 1b — paspeiB 6apabanHo# niepenonky, 194 1b — moBpexaeHUE JIETKUX,
134 nb — ornymmurensHoe 1 128 1b — yMepeHHOe HerooBaHue 001IecTBa (BCE ATH UG PHI B3STHI
OTHOCHTEJIBHO YPOBHS 2X 10 H/Mz). OnHako 3ByKOBOH XJIOTIOK HACTOJIBKO CHJIBHO OTJIMYAETCs OT
0OBIYHOTO IIIyMa U HACTYIACT TaK BHE3AITHO, YTO JIaHHBIC, BRIPAKCHHBIC B JIEIOeIax, TOJIBKO CO3/1at0T
HesiICHOCTh. KpoMme Toro, eciu TpedyeTcsi yCTaHOBUTH CTENICHb BO3ICHCTBUS IIyMa Ha JIFOJEH U 31aHus,
HEOOXOIMMO 3HATh JICHCTBUTEIBHYIO BETMYMHY MAaKCUMAIILHOTO JaBICHHS, C KOTOPBIM JCHCTBYET
3ByKOBast BoJtHA. O MpUYMHAX 3BYKOBOT'O XJIOTIKA MBI IOTOBOPHM B TJI. 6.

OpnHako MOBpEXIEHUE ClTyXa UMITYJIbCHBIM IIIyMOM — 3TO €LI€ HE IVIaBHas IPUYMHA JJIs
OecrokoiicTBa. ['opaszio 6osee naryOHbI A1 CllyXa JUIMTENIbHBIE IEPUO/IbI HENPEPHIBHOIO BO3/IEHCTBHS
1ryma 00JIbIIOi MHTEHCUBHOCTH. DTOT BU/I IIIyMa JICUCTBYET JBOSIKO, IPUYEM NEpPBbIi BUI BO3CHCTBUSA
MOJKET U HE IPUYNHUTB CEPbE3HOro Bpena. Tak, eciiu 4eI0BeK MOABEPraeTCs 10JIee YeM HECKOIBKO
MUHYT BO3JEHCTBUIO 3ByKa CPEIHEN WIN BBICOKOM YacTOTHI C YpoBHEM 0K0JI0 90 nb nian HeMHOTO
BBIIIIE, OH UCIIBITBIBACT ITOCJIE ITOTO TaK HAa3bIBAEMBIA «BPEMEHHBIN CIABUT Nopora». HopmanpHbli
IIOPOT CIIyXOBOI'O BOCIIPUSATHS — 3TO CaMbIil HU3KUI YPOBEHB, [IPU KOTOPOM JITaHHBIN YEJIOBEK €I1Ie
CJBILINT 3BYK TOM WM MHOM 4aCTOTBI; IIOCIIE BO3ACHCTBYS CHIIBHOTO IIyMa 3TOT MOPOT 3aMETHO
nosbllaercs. JlonycTuM, 4eJI0BEK B HOPMaJIbHBIX YCJIOBUAX CABILIUT 3BYK 4acToTsl 4000 I'y mpu
YPOBHE 3BYKOBOTI'O AaBiieHus B 5 1b. YpoBeHb (OHOBOIO I1ymMa 00bIYHO MHOTO BhIlE 5 1B, n mosTomy
M3MEpEHUS TIOPOTOB CIYXOBOI'O BOCIPUATHUS CIIEYET IPOU3BOJUTH B CIIELIMAIBLHO 000PYJOBAHHBIX
MIOMEILEHUAX C OYEHb HU3KMM YPOBHEM OKPY>KAIOILEro IIyMa, M0JaBasi 3ByKOBbIE CUTHAJIBI YEPE3
TOJIOBHBIE TeJe(OHBL. JTa METOMKA HA3bIBACTCS ayAHOMETPHUECH; OHA MTO3BOJISAET MOTYYUTH KPUBYIO
MH/IMBUAYaJIbHOM 4yBCTBUTEIBHOCTH CIIyXa, WK ayauorpaMmy. OOBIYHO Ha ayAHorpaMMax OTMEYaroT
OTKJIOHEHMS OT HOPMAJIBHON YyBCTBUTEIBHOCTH CIIyXa, & HE AEHCTBUTEIBHBIN ITOPOT CIBIIIUMOCTH.
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Puc. 20. AyauorpaMMa TUIIMYHOTO C/IBUTa IIOPOTa CJIBIIIMMOCTH 110CJIE KPATKOBPEMEHHOTO
BO3JICUCTBUA 1IyMa.

[lonBepruem ucnbiTyeMoro B TeueHre 10 MUH BO3JIEHCTBHIO IIIyMa B 4aCTOTHOM nojoce 1200—
2400 I't mpu ypoBHE 3BYKOBOTO JaBiieHus, ckakeM, 100 nb; HeMeUIeHHO ToCie MPeKpaeHus Iryma y
HEro 0OHapYKUTCs MOHMKEHUE YYBCTBUTEIBHOCTH ciayxa. Eciu pansbiue o cibiiiain 38yk B 4000 I'iyg
pu ypoBHE B 5 b, TO, 4TOOBI OH CMOT €T0 YCJBIIIATh MOCJE IIIyMOBOI'O BO3EHCTBUS, 3BYK IPUIETCS
yeunutb 10 20 1b. OHako Takoe MOHMKEHHE ClTyXa MPOJOKUTCS He Oolee modydaca, Mociie 4ero
OCTaTOYHBIN CABUT MTOpora cTaHeT He3ameTHbIM. Ha puc. 20 npeacTaBieHa TUNWYHAS ayAUOTpaMma,
CHJATasl HEMEIJIEHHO II0CIIE TAKOr0 HIIyMOBOIr0 Bo3/eicTBUA. Ha Hell MOXKHO 3aMETUTh HEKOTOPOE
HECOOTBETCTBHUE YACTOT: CABUI ITOpOTra CUiIbHEE Bcero BbipaxkeH s yacTtoThl 4000 ', XoTs 11ym,
BBI3BABILIUI CIIBUT, 3BYKOB 3TOHM YacTOTHI HE cofeprkall. Takoe HECOOTBETCTBUE XaPAKTEPHO IS
MOHMKEHUS CIIyXa, BBI3BAHHOTO IIIYMOM, U IIPUYMHBI €T0 10Ka He BroJiHe sicHbl. [louTn Bcerna
HauOOJIBIINN CIBUT MOPOTa CIABIIIMMOCTH HaOJII0AaeTCs Ha 60Jiee BBICOKON YacTOTe, YeM 4acToTa
IyMa, BbI3BABIIIETO CJIBUT.

C yBenmM4YeHHEM BpEMEHHU BO3CHCTBHSI U ITPH IMOBBIIICHUN YPOBHS IITyMa YBEIIMYUBACTCS BPEMCHHBIN
CIBUT MOPOTa U y/UIMHSETCS Neproj BocctaHoBNneHus. Ecnu, Hanpumep, rym B 100 nb npu yactorax
1200—2400 I'm yancst 100 MuH, TO BpeMEHHBIH ¢BHUT Tiopora npeB3oiiaeT 30 nb, a s
BOCCTAHOBJICHHUSI HOPMAJILHOTO ClIyXa MOTpedyeTcst okoio 36 .

Ecnu Bo3zeiicTBHE CHIIBHOTO IIIyMa HE MPOUCXOAUT CUCTEMAaTUYECKH, TO OCTATOUYHBIN 3P PEeKT CTOIb
HE3HAYUTEIICH, YTO KM MOKHO IpeHeOpeds. OJHaKO MHOXKECTBO JIIOCH BO BCEM MHUPE IMMOCTOSTHHO
MOJBEPraloTCs Ha MPOU3BOJICTBE WK APYIHX paboTax BO3AEUCTBUIO BHICOKMX YPOBHEH 11yma; 3 dexr
nepecTaeT ObITh BPEMEHHBIM, U C TOJAaMH MOHMKEHUE CIIyXa CTAHOBUTCS TSAKEIIBIM U XPOHUYECKHM.
OOBIYHO XKEPTBBI IIyMa CKJIOHHBI OTPHULIATh, YTO Y HUX HE BCE OJAronoiIydyHo cO ciayxoM. MHe
NPUXOIMIIOCH OBIBATh HA MHOTHX ITYMHBIX 3aBOJaX, Ie roBopwin: «/la, 1eficTBUTENFHO, YPOBEHb
IIyMa y Hac BBICOKMI, HO MBI IIPUBBIKJIA U HAllla «T€PIMMOCTb» K IIyMy Bo3pocia». Yemyxal!
[TporcxoauT BOT YTO: YEIOBEK NPUXOAMT Ha paboTy, T/ie ypOBEHb IIyMa BBICOK, U, KOHEYHO, Y HETO HET



MPUBBIYKY K IIyMy. B KOHIle mepBoro pabodero [Hs y HEro BOSHUKHET CHIIbHBIM BPEMEHHBIN CIBUT
mopora, KOTOPbIi, BO3SMOXKHO, OYZIET CONPOBOKIATHCS 3BOHOM B yIIIax («THHHUTYC»). Eciiu oH moenet
JIOMOM Ha CBOEW MaIlIMHEe, TO 00HAPYKHT, YTO €€ MOTOp CTall IIyMETh KaK ABUTaTeIb MAlIMHBI OoJiee
BBICOKOT'O KJIacCa, MO0 OH HE YCIBIMIUT ApeOe3KaHus U CKPUTIA, B OCOOCHHOCTH IITYMOB, OJIM3KHX TI0
gactote k 4000 I'ti. /Toma rosoc skeHbl OyAeT 3By4aTh TakK k€ TPOMKO, KaK OOBIYHO, HO y HETO
BO3HHMKHET OIIYIICHUE, YTO OHA TOBOPUT Kak Obl yepe3 ojiesyio. Eciiu y Hero HeT Ipyrux HapyleHui
ClIyXa, TO OH 3aMETHT, YTO 3BY4aHHE BHICOKOYACTOTHBIX 3BYKOB HEECTECTBEHHO YCHIIMIIOCH; 3TO
00yCJIOBJICHO TE€M, YTO CPABHUTEIFHO CO 3HAYUTEIBHOM MOTEPEH YyBCTBUTEIBHOCTH K YaCTOTAM OKOJIO
4000 I'm moTeps ee Ha GoJiee BRICOKUX YacTOTaX HUUTOXHA. [IIlyMm okakeT neiicTBHE U HA TICUXUKY —
YeJIOBEK [TOYYBCTBYET CHIIBHYIO YCTaJIO0CTb.

Ha cnenytoiiee yTpo ciiyx y HEro 4aCTUYHO BOCCTAHOBUTCS, 3BOH B YIIIaX MPEKPATUTCS, a YCTAJIOCTh
MIpoIeT mocie cHa. Bropoii u mocnenyromye JHU paboThI MMOBIUSIOT HA HETO TOPa3o MEHbIIE. Y HETo
y)Ke yCTaHOBI/ITCH cABUr Hopora CJIBIIIIUMOCTH, U HOBTOMy mrym ITOKAXETCs eMy HC TaKUM FpOMKI/IM. OH
MIPUBBIKHET K HEKOTOPOMY MTOHMKEHUIO CITyXa U, BO3MOXKHO, TIEPECTAaHET UCTIBITHIBATh 3BOH B YIIIaX.
Ecnu ciyctst HekoTopoe BpeMsi, BIUIOTh A0 OJAHOTO rojia, — 3TO 3aBUCUT OT XapaKTepa U YPOBHS

[IyMa, — ATOT YEJIOBEK OCTAaBUT ITYMHYIO pabOTy U TepeieT Ha TUXYIO, YepPe3 HECKOJIBKO HEllelb, a
BO3MO>KHO, MECSIIIEB €T0 CIIyX BOCCTAHOBUTCS B YJOBJICTBOPUTEIbHOM cTenieHu. OJIHAKO, €CIIM OH HE
HU3MEHUT pabOThI, HACTYITUT MOMEHT, KOT/J[a BOCCTAHOBJICHHE ClTyXa Oy/ieT y>kKe HEBO3MOYKHO, U B KOHIIC
KOHIIOB OH CaM Ha4HET 3aMeyaTh, YTO OCTPOTa CIyXa y HETO MOHU3MWIACH U €My CTajlo TpyIHEe
pazoupats cioBa. OH OOHAPYKHUT, YTO TOHMUMAET, YTO TOBOPHUTCS TI0 TEJEBU30PY, TOJBKO TOT/1a, KOTaa
3BYK OY€Hb I'POMKH, J1a’Ke M0 €ro COOCTBEHHOMY OIIYIICHHUIO.

Ha sToii cTraguu nmoBpexaeHue ctano cToikuM U HeoopatuMbeiM. C rogamu nposan B oomactu 4000 Iy
Ha ayJlMuorpaMMe 3TOro 4esloBeKka Bce Oosee yriyousercs, a 3aTeM U paclIupsieTcs —
4yBCTBUTEIBHOCTD CJIyXa CHU)KAETCA U Ha IpYruX yactoTax. K cTapoCTH OH CTaHET COBCEM TYrOYXHUM
(puc. 21).
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Puc. 21. Tunnynsle ayquorpaMmsl, MOKa3bIBAIOIINE IOTEPIO CIIyXa y TKaueH.




Nrak, Mbl 00CYAMIM CHMIITOMBI. A 9TO MOKHO CKa3aTh 0 mpuuuHax? Kakol CHJIbI 1 KaKOTro pojia myM
npuuuHseT nospexaenusn? [Ipopoaunucey odmmpHele uccnenoBanus, U B 1972 r. MunucrepctsoM
Tpyaa Obu1 BeimymieH Koaeke mpaBuil o yMEHBIICHUIO O3Bl IITyMa, OJTy4yaeMoi paboTalonIMMu 1o
HaiiMy, pa3paOoTaHHBII Ha OCHOBE HAOJIOICHUH CITy4aeB MOBPEXKICHHS CITyXa Yy JIMII, 3aHATHIX

B IIPOMBIIICHHOCTH. DTH UCCJEeI0BAaHUS BBINOIHEHBI Tpod. bapHcoM n3 MeanIMHCKOro MHCTUTYTA
(Hapunr-Kpocc) u gokropom Pobunconom 3 HarmonansHoii pusmaeckoi tadbopatopun. [Ipemerns
JOIYCTUMOTO IITyMa, YKa3aHHbIE B KOJEKCe, ObUIM YCTAaHOBIICHBI C OTJISIIKON Ha peabHOCTh
COOJTIONICHUSI UX MPEINPUHUMATEISIMI; HEKOTOPBIE IKCIIEPTHI CUUTAIOT ATH MPE/IEIIbl 3aBbIIICHHBIMH HA
5 1b. A ecnu Obl ObUTIO BO3MOXHO BOOOIIIE MpeHeOpeyb MPAKTUYECKUMU TPYIHOCTSIMH, STH MPEACIIbI
cienoBaino 061 moHm3uTh Ha 10 ab.

B nipenpinyieli riaBe Mbl TOBOPIIIA 00 YKBUBAJIEHTHOM YPOBHE HETPEPHIBHOTO IIyMa, 0003HaYaeMOM
L,xs. DTa mmkana ocoOeHHO y00Ha B TeX CiIydasx, KOT/la HeOOXO0AMMO YCTAaHOBUTH KPUTEPHUI pHUCKa
MOBPEXKICHUSI CIIyXa, TOCKOJIBKY OHA JIa€T TOTOBBIN PELENT JIJIsl yueTa OUeHb Pa3JINYHbIX YPOBHEU
[IyMa, ¢ KOTOPBIMH CTaJKUBAETCS pa3HOPabOUHii, KOTOPBIN B TEUEHHE KOPOTKUX MEPHUOIOB BPEMEHH
HAXOJIUTCS HAa pa3HBIX YYaCTKaxX 3aB0OJia C pPa3HbIMU YPOBHSIMHU LTyma. B mpocreliieM ciaydae, Korjaa
pabounii MPOBOIUT BOJIU3M OJHOM M TOH K€ MAIIIMHBI 8 U B JICHB, MPEICTBHBIN YPOBEHB IITyMa,
JIOIyCcKaeMbIil KojieKcoM, paBeH 90 1bA; Tak Kak B 3TOM CJIy4yae IIyM BCE€ BPeMs IOCTOSIHEH, TO U 10
mkaje L, 9ToT nmpenen paBeH 90 n1bA. Ecnu paGoTaronuii moaBepraeTcsi BO3CHCTBHIO IITyMa BCETO
YeTHIPE Yaca B JICHb, & OCTAILHOE BpeMs paboTaeT B YCIOBUSX TUIIHHBI, MPECIBHBIN YPOBEHD IIyMa,
YCTaHOBJICHHBIN KOJEKCOM, paBeH 93 n1bA, MOTOMY 4TO MpU COKPAIICHUH BABOE BPEMEHHU BO3/ICHCTBUS
[IyMa CyMMapHasi BeIMYuHa L, COXpaHsIeTCsl, €CIIM YBETUYUTH BJIBOE IHEPTHUIO 1IyMa (TO €CTh
MOBBICUTH YpOBeHb Ha 3 11b). B komekce npuBeieH Takke METO.T BEIUUCHEHHUS Loy, 7S cityuas
CYMMAapHOT0 BO3JIEHCTBUS pa3IMYHBIX YPOBHEH IITyMa B TEYEHUE Pa3HBIX TPOMEKYTKOB BPEMEHH, HO
CaMBIif MPOCTOM, XOTs U Oosiee JOPOroi cnocod yuuThIBaTh BCE BapHUallii YPOBHEH 1IyMa co
BPEMEHEM — 3TO U3MEPEHUE Ly, TP MOMOIIH IIIyMOMEPOB CIIEIMAILHON KOHCTPYKIMU. HekoToprie
U3 HUX BKJIIOYAIOT HEOOJBIINE ChEMHBIC AIEMEHTHI, TaK Ha3bIBAEMbIC JJO3UMETPHI, KOTOPHIE
o0crnemyeMblii HOCUT Ha ce0e; BpeMs OT BPEMEHH WX IMOKa3aHMsI CHUIMAIOTCS C TIOMOIIBI0 OCHOBHOTO
YCTPOMCTBA, U TAKUM 00pa3oM ompeensercs qo3a myma. B Tabn. 5 mpuBeaeHbl npeaebHo
JIONTYCTUMBIE 03I BO3JACHCTBUS PA3IMYHBIX TTOCTOSIHHBIX YPOBHEH IIyMa B BUIE MaKCUMaJIBHOTO
BpPEMEHH, B T€YEHHE KOTOPOTO MOXHO €KEIHEBHO HAXOAUTHCS O] BO3ACHCTBHEM 3TOrO 1IymMa 0e3
pHUCKa MOBPEXKIACHUS CIyXa.

Tabnuua 5
Kpurepuii pucka noBpexaeHUs Ciryxa, MOJIHAs €KETHEBHAS 1034 BO3CUCTBUS
IIpoomKUTENBHOCTD IIpenenbHO NOMYCTUMBIE 103BI,
BO3JICHCTBUA nbA
84 90
44 93
24 96
lu 99
0,54 102
0,254 105
7 MUH 108
4 muH 111
2 MUH 114
1 MmuH 117
30c 120




He Bce ntoau oguHakoBo pearupyroT Ha myMm. OHa 1 Ta e 03a IIyMOBOI'O BO3JICUCTBUS Y OJTHUX
BBI3BIBACT MOBPEKIACHUS CIIyXa, Y APYTUX — HET, Y OJTHUX ITH TOBPEKICHUS MOTYT OBITh TSDKENIee, YeM
y npyrux. [Tosromy nro60i npeaen JomycTUMOro IITyMa BCeria ciaelyeT OLIEHUBATh UCXOs U3 YKclia
ToJIel (B MPOIIEHTAX ), TIOTYYAOIIUX TTOCTIE BO3ACHCTBHS IITyMa TOBPEXKICHUS OoJiee ciadbie, 4eM
KaKkoi-To BbIOpaHHbIN nipenen. [Ipenemnsl, B3sThIE U3 KOJEKCA U MIPEICTaBICHHbIE B Ta0. 5,
rapaHTupyroT, uto y 90 % nrozeil ykazaHHbIE O3Bl IIIyMa BbI30BYT OCTaTOYHOE MOHM)KEHUE CIIyXa
Menee yeM Ha 20 nb mocne 50 et paboThl MpU yKa3aHHOW J103€ IITyMOBOTO 00ydeHus. [Ipu cHmkeHnn
npenenoB Ha 5 nb sta nudpa yBenuuurcs 10 93 %, a npu camwkennn Ha 10 1b — 10 96 %. Ioteps
cinyxa 6onee uem Ha 20 1b HauUMHAET cephE3HO MEIIATh YEJIOBEKY, KOTJa K 3TOMY J00aBIsAIOTCS elle
BO3pacTHbIC M3MEeHEeHUs ciryxa. [lonmxenue ciuyxa mensbiie yem Ha 20 1b He OUeHb CYIIECTBEHHO, a Ha
10 n1b — mpakTU4ecKu HEOUTYTHMO.

Kaxk npaBuiio, rym, HaCTOJIBKO TPOMKHI, 9TO HEBO3MOXHO Pa3rOBapHBATh, HE MEPEX0/Is Ha KPHK, yKe
HECET OMAaCHOCTh MOBPEXKIECHUS cliyxa. MOXKHO YTBEpXk/IaTh, YTO €CIIH YEJIOBEK, HE paboTaIoMUN
CHCTEMAaTHYECKH B IIyMOBOH 30HE, TIOIYYHUT MOCIIE MPeObIBaHUS B HE BPEeMEHHBIN CIIBUT TIOpOTa
CJIBIIIMMOCTH, TO YPOBEHB IIIyMa B 30He ckopee Bcero npebimaeT 90 nbA. Booliie, He3aBUCUMO OT
MPOJIOJKUTEIBHOCTH BO3ICHCTBHS OCTABIITh YIIM HE3aIMIIEHHBIMH NIpH ypoBHE myma B 120 nb
HEpa3yMHO, a Ipu YpoBHe, nocturaroniem 135 nb, — omacuo. Jlaxke npu Mojb30BaHUN YITHBIMH
NPOTEKTOPaMH a0COMIOTHBIH Mpees JOIMyCTUMOTo ypoBHs Iryma coctaBisier 150 n1bA, a Tak kak
MHOTHE BUbI IPOTEKTOPOB CHUKAIOT ypoBeHb Bcero Ha 20 NBA mnu naxke MeHblIe, TO HOIIEHUE UX HE
YHUUYTOXKAET OMACHOCTH MOBPEKICHUS CITyXa, €CIIM Bl HAXOJJUTECh BECh ICHb B 30HE CHIILHOTO IIyMa.
Kak mbl yBuiUM B 111. 11, 3TO HE €AMHCTBEHHBIN HEJOCTATOK YIIHBIX POTEKTOPOB, MPEMATCTBYIOLIUI
PELICHUIO TPOOJIEMBI MTOBPEKACHUS CITyXa ITyMOM.

[To-BuMOMY, IIIyMBI, COCTOSIIIIME U3 YUCTHIX TOHOB, O0JI€e ONacHbI, YeM IIUPOKOMOIOCHBIE ITYMBI,
MO3TOMY Ha 3aBOJIaX, IJIe MAIIMHBI WJIH KaKUe-JIMOO MPOLECChHI MPOU3BOJIAT IIYMBI OJTHOTO TOHA WIIH
IPYINIIBI TOHOB OY€Hb OOJIBLION IPOMKOCTH, MIpeieIbHbIe YPOBHU LIyMa JOJKHBI ObITh Ha 5—10 1bA
HUKE, YEM 3TO NPEAYCMOTPEHO KOJAEKCOM.

[TonmxeHue ciyxa, BRI3BAHHOE NMPOU3BOICTBEHHBIM IIIyMOM, HHBIMHU CIIOBaMH, MPO(ecCHOoHaIbHOE
MOBPEXKACHHE CIyXa, — MOKaIyl, caMoe CEPbe3HOE BO3JIEHCTBHE IIIyMa, HO OHO HE €MHCTBEHHOE.
[IIym oka3pIBaeT Ha YEJIOBEKA MHOTI'O JPYTUX BPEIHBIX BO3AECHCTBUIA: HEKOTOPBIE BUBI ITyMa U
BUOpAILIMY BBI3BIBAIOT 3a00JI€BAHUS; IIIYM MOXET CEPhE3HO HAPYLIUTH CBSI3b, OH HEPEJIKO MPUBOIUT K
HECYACTHBIM CITy4asiM; IIPU TOCTOSSHHOM pa3pa’karoleM BO3ACHCTBUH IIYM MOKET BbI3BAaTh
NICUXUYECKHE HAPYIICHUS; IIIyM MEIIAET 3aCHYTh U IIPEPHIBAET COH, M PE3YIbTATHI 3TOIO MOTYT OBITh
BeCbMa cepbe3HbIMU. Kopoue roBopsi, IyM yXyIIIAEeT YCIOBUS KU3HU YEIOBEKa.

E1e He Bce BpeHble BO3CHCTBUS 1IyMa U €r0 COOOIHIKa— BHOPALMU PACKPBITHI 10 KOHIIA.
N3BecTHO, uTO MI0/1M, paboTaroIMe ¢ BAOPUPYIOIUMH PYYHBIMA HHCTPYMEHTAMU, CTPAIAIOT
3a00JIeBaHUSMU, U3BECTHBIMU KaK «Oelble MaIbIbl», «MEPTBast pyKay, «iBieHue Pelino». CUMITOMBI
3a0o0sieBaHUsl — 0OJIb, OHEMEHHE U IUAHO3 MAJIBIEB, KaK MIPH JeHCTBUH X0J101a. OYeHb 4acTo
HaOJII0AaeTCsl U MOBPEXK/ICHUE CYCTaBOB M KOCTEH PYyK, IPUYEM CYCTaBbl PACIyXaroT U TEPSIOT
MOJIBUYKHOCTh. BO3MOXKHO, UTO MOBPEKIEHUS KOCTEH U CYCTaBOB HACTYMAIOT B PE3yJIbTaTe MOBTOPHBIX
PE3KUX yIapoB, KOTOPBHIM MOABEPraoTCs KUCTH PYK IPU padoTe C yAapHBIMH MEXaHU3MaMHu, a Jpyrue
CHUMIITOMBI BBI3bIBAIOTCS BHICOKOYACTOTHBIMU KoJieOaHusMu. ECTh y MeHsI Takasi, Ka3anoch Obl,
HEBUHHAsI MAIlIMHKA — PYYHOH MbUIECOC AJIs1 aBTOMOOMIIS, COBEPIIAIOIINI BUOpALMU ¢ YaCTOTOM

290 I'n. Yaxe yepe3 mosdaca pabOTHI OH BBI3BIBACT OHEMEHHE U CJIA00€ MOKaJIBIBAaHUE B pyke. S
0OHaApPYKUII TAKKe, YTO BUOPAIIUS KUCTH MOXET BbI3BaTh BPEMEHHBIN CIBUT ITOPOTa CIIBIITUMOCTH
BCJIEICTBHE Tepeiaun KojiebaHuii yepe3 KOCTH PyKH U IIeH BO BHyTpeHHee yxo. Ha ceif pa3
BUHOBHUKOM OKa3aJICsl pyYHOI BUOPAaLIMOHHBIN I'PaBUPOBAIIBHBIN pe3ell ¢ yacToTor Bubpammii 50 I'm.
[TopaboTaB >THM pe31IOM B TE€UEHHUE MOJIyyaca 1 HaJeB YIIHbIE TPOTEKTOPBI, YTOOBI UCKITIOYUTh
BO3MOYKHOCTH C[BUT'a TIOPOTa 3BYKOM, TIEpEIArOIIMUMCSI T10 BO3yXY, S HAIlIed Y ce0sl BDEMEHHBIH CABHUT
MOpora, 3KBUBAJICHTHBIN CIBUTY, BOZHUKAIOIIEMY IPU TOM K€ BPEMEHU BO3/1CHCTBUS
BBICOKOYACTOTHOTO IITyMa B OKTaBHO# moJjioce ¢ ypoBHeM okoJi0 90 n1b. Eciu mogqo0HbIH HHCTPYMEHT
MOJKET MPUBECTH K BPEMEHHOMY CIIBUTY ITOPOTa, OH, HECOMHEHHO, MOKET BbI3BaTh U OCTATOUHOE



MMOHWKCHHUE CITyXa Y JIFoEH, paboTaronux ¢ HUM NOCcTOssHHO. Hanbomnee BpegHoe neiicTBre 0OBIMHO
OKa3bIBAIOT TAPMOHHKH pabOoUeii 4aCTOTHI MEXaHU3Ma, a 3TH TAPMOHHKH JIAXKE Y ITHEBMATUYECKOTO
CBepJa OCTUTalT HecKombkuxX KI 1. Takast BUOparust moBpexaaet nepudepuueckie HepBhl U
KalWJUISpbl MAIBIEB U KUCTEU PYK.

Jpyrue BpeaHble BO3eCTBUS IIIyMa M BUOpALMii HA OPraHU3M B HACTOSIILIEE BPEMS HE CUUTAIOTCS
CepbEe3HBIMHU, 32 UCKIIIOYEHHEM BO3JICHCTBUS 3BYKOB OYEHb BBICOKUX WUJIM OYEHb HU3KUX YaCTOT, a
TaKXe OueHb 00JIbII0N HHTEeHCUBHOCTH. LIIymM oueHb O0JIbIION MHTEHCUBHOCTH MOYKET BbI3BATh
PE30HAHC B MOIYKPYKHBIX KaHAJIaX — OpPraHax paBHOBECHS, HAXOAAIIUXCS BO BHYTPEHHEM yX€, UTO
IIPUBOJAMT K TOJIOBOKPYKEHUIO U TOIIHOTE. YJIBTPa3BYKOBOM IIYM C YaCTOTOM, IIPEBBILIAOIIECH IPaHULLY
CIIBIIIUMOCTH, TaKXKe MOKET BbI3BaTh TOIHOTY, @ MH(Pa3ByK U OU€Hb HU3KOYACTOTHBIN CIIBIIIUMBIN
IIyM BO30YX/1al0T PE30HAHCHI BO BHYTPEHHHUX OpraHax, BKJIIOYasi CEp/Ie U JIeTKHe. AKyCTHYECKUM
BO30Y)KJICHHEM C OTPEJICTICHHOM YaCTOTON U JJOCTATOYHO OOJIBIIION aMIUTUTY0M MOYKHO OCTAaHOBUTH
nyJabscanuio cepaua. CunbHbI HU3KOYAaCTOTHBIN 1IYM 3aTPYAHSAET AbIXaHUE.

13-3a pe3oHaHCOB, BO30YXK/1a€MBbIX B JIMIIEBBIX U YEPEMHBIX KOCTSX CIBIIIMMBIMHU 3BYKaMHU CPEIHHUX
4acTOT, UX BO3/EICTBHE YpEe3BbIUAHO HEMPUATHO Ja)Ke MPHU yIOTPEOICHUN YITHBIX TPOTEKTOPOB:
YTPauuBaETCs SICHOCTh MBICIIU, BO3MOXHO, BCJIEICTBUE PE30HAHCHBIX SIBJICHUH, BOSHUKAIOINX

B TOJIOBHOM MO3TI'€; HapyLIAeTCs KOOPANHALMS IBHKEHUSI KOHEYHOCTEH, YTO, BO3MOXKHO, BBI3BAHO
BUOparueii Mo3ra u nepudepuueckux HepBoB. Eciu o Toil nin nHON NpUYKHE YeI0BEK BBIHYKICH
HaXOJUTHCS B 30HE BECbMa MHTCHCUBHOI'O 1IIyMa, OH JOJDKEH 10 MEHBIIEH Mepe HalIeTh
3BYKO3ALUTHBIN LIIJIEM, 4 HE OTPAHUYHUBATHCS YIIHBIMU IIPOTEKTOPAMHU.

BaxHbI TakKe IICUXOJIOTUISCKUE U APYTrUeC HENATOJIOTNYICCKHUE MMOCIICACTBUS IIYMOBBIX BO3,Z[CﬁCTBPII>i,
HO OHHM HEC BCCTJa NOAJAI0TCA U3MCPCHUIO. Kax HN3MCPUTDH CTCIICHb pasapaKCHUA, UCIIBITbIBACMOI'0O
yesroBeKoM? CKOJIBKO Bpcla MPUHOCUT IIOXO0C HaCTpOCHI/IC? PEBI[pa)KCHHBIC JIFOAH CTAaHOBATCA MHOT' 1A
HECCTCCTBEHHO BCIIBUIIBYMBBIMHA WM MPUHUMAIOT COBCPIICHHO HETIPABHUIIBHBIC PEIICHUS, KOTOPBIC
noa4dac MoryT npuBeCTH K KaTaCTpO(I)I/I‘{eCKI/IM MNOCICACTBUAM. vy JKCPTB IIyMa MOKCT PA3BUTHCA
JACTIPECCHUA UIIHU CKIIOHHOCTB K IICUXOCOMAaTUYCCKHUM 3360J’I€BaHI/I5{M; pa3pymaroTcsa CEMbH, BOSHUKAIOT
HECYACTHBIC CJIy4au, OCIOKHAOTCA OTHOIICHHA HAa ITPOU3BOJICTBC.

[IIym BBI3BIBAET M OOBIYHYIO YCTAIOCTh U HECIIOCOOHOCTH COCPEIOTOYUTHCS, TAKXKE BEAYIIHE K
CHIKEHUIO MPOU3BOAUTEIBHOCTH TPY/Aa U HECUACTHBIM CitydasiM. M3MepuTh 3aBUCHUMOCTh
MIPOU3BOJUTENILHOCTH TPYAA OT IIyMa HE MPOCTO: KaK TOJIBKO MBI OTOMpaeM rpymnmny oocieayeMbIX 1
HaYMHAEM JKCTIIEPUMEHTUPOBAThH, U3MEHSST OKPYIKAIOIINE YCIOBUS, Oy/Ib TO aKyCTHKA, OCBEIICHUE UITH
OTOILIEHUE, — MPOU3BOAUTENBHOCTD TPY/1a UCTIBITYEMbIX HEMEJIEHHO BO3PACTAET MPOCTO OT TOTO, UTO
OHH OIIYIIAIOT 3a00Ty O CBOEM 37J0POBbE U CTPEMJICHUE KaK-TO UM MOMOYb. OJJHAKO MaJIO KTO PEIINUTCS
OTpHUIaTh, YTO JIIOAH, PAOOTAIOIINE B YCIOBUSIX CUIBHOTO IITyMa, Yalle oMmubatTes U, Cle0BaTeIbHO,
WX TPy MEHEe Mpou3BoauTesieH U 3G (HEeKTUBEH. Y CTAaHOBJICHO TAKXKe, YTO MIPH CHIKCHUH YPOBHS
[IIyMa YMEHBIIAeTCs YUCIIO HEBBIXOIOB Ha padoTy.

BeposTHO, pacCTpoiCTBO CHAa — caMblii CEpbe3HBIN yIIepO, KOTOPHII IIyM MPUHOCHUT YEIIOBEKY,
UCKJII0Yasi, KOHEYHO, OBpeXxaeHUs ciayxa. g adpdexTruBHON pabOThl, YMCTBEHHON U (PU3UYECKOH,
MIOYTH BCEM HY’KEH MOJHOLUEHHBIN COH. Clie1yeT NOMHHUTb, YTO, KOTJ]a YEJIOBEK CIIUT, €T0 OpraHbl
YyBCTB, B TOM YHUCJI€ U YIITH, OCTAIOTCS «BKIIOUEHHBIMIY. ECIM BO BpeMsi CHa MBI HE CIIBIIIUM 3BYKOB
HU3KOTO YPOBHS, TO 3TO BOBCE HE 3HAYUT, YTO YIIIM HE YJIABIUBAIOT UX, a IPOCTO FOJIOBHOM MO3T MHAYE
pearupyer Ha ciIyxoBble pasapaxurenu. Kak u3BectHo, f1axe 1o Hapko30M HEPBHBIE UMITYJIbCHI
MIPOJIOJKAIOT MEPEIaBAThCS B BBICIIME LIEHTPBI TOJIOBHOTO MO3Tra. LIlyM HU3KOrO ypoBHSI MOXKET HE
OKa3bIBaTh BUIMMOI'O BIMSHUS HAa COH, HO (DAKT BOCIIPUATHS IIyMa BBISBISIETCS IPU BHUMATEIBHOM
aHanmse sekTpodHiedanorpammsel (331). Bo Bpems rirybokoro cHa mendok B 50—60 nBA BeI3biBaeT
JIETKO UACHTU(PHUITMPYEMBIN OTBET KOPHI TOJIOBHOTO Mo3ra. JIto0omnbITHO, 4To MeToa D3I mo3BossieT
OCYIIECTBUTDH ayJUOMETPUIO AK€ TOMHUMO KEJIAHUS UCCIIEyEMOTr0, TaK KaK OTBETHI KOPbI COBEPILIEHHO
Hernpou3BoJIbHBL LIIyMbl 60J1€€ BRICOKMX YPOBHEH BBI3BIBAIOT BEChMa BhIpakKeHHBIC n3MeHeHus D01



[Ipoie Bcero cunTaTh, YTO BIMSHME IIyMa HA COH CBOJUTCSA K TOMY, YTO MOJ ACHCTBUEM LIyMa YEJIOBEK
npodyxnaerca. Pazymeercs:, 3T0 0O4eHb BaKHbIH MOMEHT, HO MHOTHE HEI0OLICHUBAIOT 3HAUYECHUS
BBIHY/ICHHOTO C/IBUTa TNTyOWHBI CHA, €1lle He MPUBO/SILEro K nNpolyskaeHuio. Kak mokaspiBaior
HKCIIEPUMEHTBI, €CJI Ha CIISIIEro YeI0BeKa, €/[Ba JOCTUTIIETO CTaluU CaMOT0 IIyOOKOTro CHa,
BO3/ICHCTBOBATH TaK, YTOObI, HE Pa30yIuB, MEPEBECTH B CTAJAUIO MEHEE TITyOOKOT0 CHa, pe3yibTat
OKa3bIBACTCS TAKUM K€, KaK U MPH MTOJTHOM IPOOYKACHUH.

BHe3anHoe nipo0OykieHne oT Tiyb0KOTro CHa MOXKET COMPOBOKIAThHCS cepArieOnenuemM. Ecnu yenoBeka
OYIUTh KXIBIHA pa3, KOTJa OH JOXOIUT JI0 CTAINH CHOBUACHHH (JIETKO OINpeIesieMOl 10 OBICTPBIM
JBUKCHHUSIM TJ1a3), U TAKUM 00pa30oM JIUIIUTE CHOB, Y HETO Pa3BUBAIOTCSI CHMITTOMBI, IIPUBOJISIIINE

B KOHIIE KOHIIOB K TAJLTIOIMHALIUSAM M IE30PUCHTAITUH.

[ITym BBI3BIBAET KaK CABUTH TIIYOMHBI CHA, TAK W TIOJIHOE TTPOOYKIEHHUE. XOPOIIO U3BECTHO, UTO JIFOICH
B Bo3pacTte crapuie 60 et serye pa30yanuTh UM IEPEBECTH B COCTOSIHUE MEHEe ITyOOKOro CHa, YeM
JleTel WM JIF0IeH cpeHero Bo3pacTta. Pa3nnuus B peakiu pe3Ko BbIPaKEHbI; YCTAHOBIIEHO, YTO LIyM,
KOTOPBIM OyauT muuib 5 % nereit 7—38-neTHero Bo3pacTa, BbI3bIBAaET MOJIHOE MpoOyxaeHue 70 %
mofelt B Bo3pacte 69—72 net. Pa30yeHHbIN MOKUIION YETIOBEK TPYIHEE 3aChIIaeT BHOBb, YEM
peOeHOK MM YeNIOBEeK CpelHuX JeT. JJoka3zaHo Takke, YTO KEHIIUHBI JIeTYe MPOCHIIAI0TCS OT HIyMa,
4EeM MY>KYUHBI.

Ecnu conocTaBUTE U3MEHEHUS CHA, BBI3BIBACMBIC IITYMOM, C HOPMAJIBHBIM ITPOLECCOM CHA, JICTKO
MOHSITh, KaK 3HAUUTEIbHA POJIb OKPYKAIOIIEro myMa. M3BecTHO, YTO AJis CISIIero Hanbomnee
0J1aroTBOpHA CTaaus TIIyOOKOTO CHA, a JIJIsl TOTO YTOOBI JOCTUTHYTH €€, B3POCIOMY YeJIOBEKY TpeOyeTcst
OKOJIO Yaca, ¥ OYE€BHJIHO, YTO HECKOJIBKIX KPATKOBPEMEHHBIX IIIYMOBBIX pa3IpakeHUll B TCUCHHE HOUU
JIOCTATOYHO, YTOOBI BRI3BATh CEPHE3HOE PACCTPOMCTBO MOTHOLIEHHOTO CHA. Takoe ke 3HaYeHue UMeeT U
CTa/Ivisl CHOBUJICHHIA, YacThle MPOOYKACHHSI BO BpeMsI KOTOPOH MOTYT CHIIBHEUIITM 00pa3oM
OTPa3UTHCS HA KA4eCTBE CHA.

HccnenoBanoch Takke BTOPUYHOE MIPOSIBICHUE NEHCTBHS OKPY/KAIOLIETO IyMa HA COH, @ UMEHHO
yIUIMHEHUE CPOKa, HEOOXOIUMOTO JJIsl HACTYIUIEHUS CTa UM I1yOoKoro cHa. B ojJHOM skcriepumenTe
OBLI0 O6HaPY)KCHO, 4TO B YCJIOBUAX THIIWHBI MCXKIAY MOMCHTOM, KOTa YCJIOBCK JIOKHUTCA B IIOCTCIIb, U
HACTYIJICHHEM TJTyOOKOIo CHa MPOXOAMIIO B CpeAHEM 26 MUH, a IPU HAJIMYUU TPAHCIIOPTHOT'O IIyMa
9TO BpeMsi cocTaBiisiio 6onee S0 MuH, B n3BeCTHBIX Mpeienax rojJI0OBHOM MO3T ClIOCOOEH
KOMIIEHCUPOBAaTh HAapyILIEHHsI KaueCTBa CHA B YCJIOBHSX IIyMa U HEJOCTATOK INTyOOKOI'O CHa B Hayale
HOYHU BO3MECTHUTH YBEIMUEHUEM MPOJOKUTEIBHOCTH CTa U IITyOOKOIro CHa M OoJIblIei ero
YCTOMYMBOCTBIO B O0Jiee MO3HUE Yachl (OPSA0K, OOpaTHBII HOPMAILHOMY).

Ecau roBoputs 0 npezenax A0MyCTUMOr0 HOYHOIO IIyMa, TO CJIEAYET 3aMETUTh, YTO LIYM ITIOCTOSIHHOTO
YPOBHS MEHbIIIE BIUSET HA COH, YEM IIYM C KOJI€OAaHUSAMH YPOBHS WM IPEPBIBUCTHIN IyM. 3HAUUT,
Ba)KHEE IONBITATHCS MPEIOTBPATUTH HECKOIBKO KOPOTKHUX «BCIIBILICK) IIIYMa, YE€M CTPEMUTHCS
MOHU3UTH OOIIUIT ITYyMOBOM YpOBEHbB. 3/1€Ch, KaK M B JPYTUX CUTYAIHAX, HATHYHE MOIXOSAIIETo oHa
MOJKET OKa3aTh JIEHCTBEHHYIO IOMOILb B CIIydasiX, KOTJa Hejb3sl M30ekaTh IpepbIBUCTOTO IIyMa
00J1b11I0TO YpOBHA. B Tpomnukax, rje BaesaHHbIe B OKHA IIIYMHBIE YCTPONUCTBA AJI1 KOHAUIIMOHUPOBAHUS
BO3/1yXa PaclpoCTpaHEHbI OUYEHb IIUPOKO, YEJIOBEKY, O€3yCIOBHO, TOPA3/10 JIerye craTh, €CJIU TaKoe
YCTPOMCTBO HE YIPABIIAETCA TEPMOPETYIATOPOM, a pabOTaeT HEMPEPHIBHO.

[Tpu ponoBom mryme B 35 n1BA oTaenbHbIe ITyMOBbIE MAaKCUMYMBI ¢ ypoBHEM B 45—50 nbA, XoTs u
KQ)KyTCs CIIMILIKOM BBICOKMMH, IIPAKTUYECKH BIIOJIHE ITpremiieMsl 1uist 80 % crmux Jroei; npu
YBEJIMYEHUH YUCIIA ITYMOBBIX MAaKCUMYMOB 3TOT IIPENEN CJIEAYET OHU3UTb.

Haxkomner, nryMm noposxJaer ele oJiHy npo0ieMy — HapyllieHue cBA3u. Bo MHOIMX KUTEHCKUX
CUTYallUAX OYE€Hb Ba)KHO, YTOOBI OIMH YEJIOBEK MOT OBICTPO M TOUHO NepeaaTh HHGOPMALUIO IPYromMy.
ThICAUM JIET YCTHOE CIOBO OBUIO OCHOBHBIM CPEICTBOM CBSI3H, U, XOTS ceiiyac pa3BUTUE 3JIEKTPOHUKH
HECKOJIBKO CHHU3MJIO 3Ty €ro poJib, pe4b MO-IIPEKHEMY UPE3BbIYAIHO BayKHA 1A BeeX Hac. Hapymenue
CBSI3M MOKET MTPHUBECTH, BO-TIEPBHIX, K CHIDKEHHIO 3()()eKTUBHOCTH TPYAA U, BO-BTOPHIX, K TOPA3/I0



Oosiee cepbe3HBIM U ke (aTalbHBIM MOCIeACTBUAM. Hepenko HecHacTHbIE ClTydan MOKHO
npenoTBpaTuTh OKpukoM: «IloGeperucs!» (ecnu mpoxoxemy rpo3uT, HapUMep, OMTACHOCTh CBATUTHCA
B sIMY) UM OoJiee JUIMHHBIM NpeaocTepexenueM: «IIposoaa nox Tokom!». OueBuaAHO, eciu
OKPY’KaIOIIMIA IIyM IMOMEIIAeT YCIBIIATh TAKHE MPEJOCTePEKESHNUS, IO MOTHOHYT MO MPUYHHAM,
IPEJOTBPATUTH KOTOPBIE OBLTO BO3MOKHO.

6. OT4yero Tak IIyMHO? MexXaHU3MbI U IIIYM

Kaxxnomy sicHO, 4To npoOsema ype3MEpHOT0 11yMa, BO3HUKILAS B HAIIM THU, BbI3BaHa HE TPyOaMu,

B KOTOPBIX XOJAT MOPIIHH, U HE MYIbCUPYIOUIMMHU OajuioHaMu. He mOBUHHBI B HEell HU OJ10K-(DIeHTHI,
HU CKPHIIKH, HU OpKeCTpOBbIe Tapenku. OIHAaKO 0 CUX MOP Mbl TOBOPHIIN TOJIBKO 00 3TUX UCTOYHHKAX
3ByKa. ['1e ke uctTuHHbple BUHOBHUKY Iyma? [louemy onu mrymat? U npu yem TyT O610K-(PreiTsl,
CKPUIIKU U TapesKu?

PaccmoTpuM cHadana MexaHu3Mbl BooO1e. BepHeMcst K My3bIKaJIbHBIM MHCTPYMEHTaM U BCIOMHUM,
YTO MBI PA3JEJIWIN UX HA TPU IPYIIIILL: U3JAOLINE 3BYK B PE3YJIBTATE adPOAUHAMUYECKUX IIPOLIECCOB,
IIPU BBIHYKJACHHBIX MEXaHUUECKHUX KOJIEOAHUAX U IIPU yAape WK coylapeHUH Tea. Mbl Ha3bIBaJIu U
TPH 3Tara BOSHUKHOBEHMS 3BYKA: [IEPBOHAYAIILHOE, WJIK UCXOIHOE, BO3ZMYILCHHUE, YCUIICHUE WIH
M3MEHEHHE ATOr0 BO3MYILEHUS U U3JIy4eHHe 3ByKa. Kak Mbl BbISICHIIN, 0€3 HCXOIHOTO BO3MYLICHHS
BOOOILIE HEJb351 CO3/IaTh HUKAKOT0 3BYKa. J[71s1 0110K-(hIedThl TAKUM BO3MYILIEHHEM CITY>KUT
o0Opa3zoBaHue BUXPE BOKPYT BAYBAEMOM CTPYH BO31yXa, AJIsl CKPUIIKU— TPEHHUE CMBIYKA O CTPYHBI,
JUIS TapeJioK — BHE3alHoe u3rudanue u aedopManus npu COyaapeHuu. A 4To MPOUCXOIUT

¢ MexaHu3mMamu? KakoBO NCXOTHOE BO3MYILIECHUE Y HUX?

Bo3bMeM nasiibHYyIO Jamiy, IpOCTOe YyCTPOUCTBO 0€3 MOABMKHBIX YacTel, — 3TO MPUMEP YHUCTO
a’pOMHAMHUYECKOr0 HCTOUYHMKA 3BYKa. B Takoll 1aMIie KepOCHH ITOJ JaBIEHUEM PACIIBUIAETCS U,
MIPOXOJS Yepe3 y3K0oe 0TBEPCTHE, 00pa3yeT CTPYIO JIETKO BOCITIAMEHSIEMBIX TapOB. DTa CTPYs
HENPEepbIBHO BO3rOPAETCsl, M ra3000pa3Hble MPOyKThl TOpeHHs BhIOpachIBatoTcs U3 coria. [Ipu pabote
MAsJIbHOM JIAaMIIbI IIyM BO3HHUKAET 110 TpeM npuuuHaM. [Ipexne Bcero, Kkorna cTpys napoB BbIPBIBACTCS
U3 OTBEPCTUs, 00pa3yIOTCs TAKUE e BUXPHU, KaK MPHU BBIXO/I€ BO3AYyXa U3 MYHAIITYKA OJIOK-(IICHTHI.
Bosnukaer munsmmii 3Byk. Jlanee, mocie BCacblBaHUS BO3AyXa B KAMEPY CrOpaHus 4yepe3 MUPOKUe
OTBEPCTHUS, PACIOJI0KEHHBIE BOKPYT CTPYH, MOCIEIHIS 3aropaeTcsi Ha HEOOIbIIOM PACCTOSIHUU OT
MecTa ee Bbixoga. CMech roproyero 1 Bo3ayxa yxe TypOynu3upoBaHa, U MO3TOMY FOpeHHE —
HEYCTaHOBUBILUICS Mpouecc. [laBienue, co3aBaeMoe pacIupsIFOIIUMUCS ra3000pa3HbIMU
IIPOJIYKTaMH F'OPEHHUsI, HEPABHOMEPHO M HEYCTOMYMBO, U ATO CO3/1aeT IIyM ropeHus. Ecim usmepurs
KoJIeOaHHsl MHTEHCUBHOCTH CBETA OT IJIAMEHU MasJIbHOM JIaMIIbl U CPABHUTH UX C KOJIEOaHUSIMU
JTaBJICHUS BO3/1yXa, IPYTUMU CIIOBaMH, CO 3BYKOM, MEKIY HUMHU OOHAPYKUTCS YIUBUTEILHO MHOTO
obmtero. Hakonert, emie 601b11Hi 1ITyM 00yCIIOBIIEH TE€M, YTO y KOHIIa KaMepbl CropaHus OBICTPO
JBYDKYILUICS TypOYJIEHTHBIN IOTOK FOPSIYEro raza cpazy HauMHAaeT CMEIINBAThHCS ¢ XOJIOJHBIM U
HETOBIKHBIM OKPYKAIOIIUM BO3JlyXOM: 00pa3yloTcsi BUXPH U MOTOKH, BBI3BIBAIOIINE OECTIOPSI0YHbIE
KoJieOaHMs AABJICHUS U YCWIIMBAIOLINE PEB IOPSILEH JIaMIIbl.

MBI onrcany OIMH U3 BUIOB a3pOAMHAMUYECKOIO IIyMa, HO, MI0-BUIMMOMY, 3HAYUTEIBHO Yalle HaM
MPUXOJUTCS CTAJIKUBATHCS IIPOCTO € LIIYMOM B3pbIBa. B 3TOM cirydae BMECTO HENPEPBIBHOTO
pEryanpyeMoro Mnpouecca CropaHus Topro4ero NpouCcXoIuT BHE3AIMHOE CrOpaHue 0O0IbIIOro
KOJIMYECTBA JIETKO BOCIIJIAMEHSEMOI0 BEILECTBA, CONIPOBOKAAEMOE PE3KUM YBEIUYCHUEM JABICHUA U
00J1b11101 TYpOYJIE€HTHOCTBIO. By/ieT 11 BOZHUKAIOUIHI 1ITyM 3By4aTh, Kak T'yJl WIM pe3Kuil yaap,
3aBHUCHUT OT psiia OOCTOSATENBCTB: OT CKOPOCTH BO3TOPAHUs, OT TOTO, IPOUCXOIUT JIU OHO B OTKPHITOM
WJIM 3aMKHYTOM IIPOCTPAHCTBE, HAIIPUMEP B NATPOHE; B MOCIEIHEM CIIy4ae PU BBUIETE IMyIU
00pa30BaBIIMIiCS B THJIb3€ CXKAThIH ra3 BeIPhIBACTCS HapyKy BHE3alTHO. BHe3amHoe BHICBOOOXKIEHNE
CXKaTOr0 BO3/yXa WM ra3a MOKET IPOUCXOAUTh HE TOJIBKO IIPU B3pBIBAX: OHO, HAIIPUMED, TPOUCXOIUT
B BBIITYCKHOM OKHE ITHEBMAaTHYECKOT0 nepdoparopa.



Bo3MokHBI 1 Jpyrue BUIbl HCXOAHOTO BO3MYILIEHHS a3POANHAMHUYECKOr0 MPOUCXOXKAeHUs. [IBrkeTcs
JIM BO3/1yX MUMO HETIOABM)KHOTO TEJIa, JIU TEJIO IEPEMEIAETCS B HEMTOJIBUYKHOM BO3JlyXe — BCEra
00pa3yroTCcs BUXPH, 1aXe eClIM Teslo 00agaeT ootekaeMoi opMoH, Kak, HalIpuMep, KpbUIO caMoJieTa.
Ha puc. 22 n3o6paxena kapTuHa o0TekaHus Tena. Bo3pMeM npocTemmii cixydaid ABHKEHHS 11apa

B HETOABMKHOM BO3JlyXe: pe3Koe MaJIeHUE JaBJICHUs B CIIyTHOW CTpye M03a/u Tejla BbI3bIBAET
TypOyJIEHTHOCTb, @ 3HAUUT, U IIyM. YeM Jydie adpoArnHaMU4YeCKie CBOMCTBA JABIKYILETOCS TeJla, TEM
cnabee urym. Ho aBrokyieecs Teiao He TOJIBKO CO3/1aeT TYpOYIEHTHOCTh B CIIyTHOM CcTpye; JUIsl TOTO
4TOOBI MPONTH Yepe3 BO3AYIIHYIO CPENly, MY IPUXOANUTCS PACTaIKUBATh BO3JyX B CTOPOHBIL. JTO
BBI3BIBACT PE3KOE YBEJIMYEHUE IaBICHUS 110 00€ CTOPOHBI IBUXKYILErOCs Tejla U, IPU ABUKEHUN
CaMOJIETHOTO KPbLIa, YBEJIMYEHUE AABJICHUS C OJHOW CTOPOHBI U YMEHBIIEHUE — € ApYyroi. MI3meHeHus
JTABJICHUS CO3/JJAI0T 3BYKOBYIO BOJIHY, HEIIPEPHIBHO YOETAIOIYI0 CO CKOPOCTBIO 3ByKa OT JIBUIKYILEIOCs
tena. Korza yepes onpeesieHHy0 TOUKY B BO3/1yX€ C IIOCTOSIHHON CKOPOCTBIO IIPOXOAST B IPAaBUIbHON
[0CJIe10BATEIbHOCTH ABMKYIIMECS TeJla, TO IPOX0XKIECHUE TeJ CO3/1aeT BOIM3HU ITOM TOUKH
[I0CJIeZI0BATEIbHbIE UMITYJIbCHI. ECiiN TeNa ABMKYTCS € IOCTATOYHOM CKOPOCTbIO, TaKas
[0CJIEe10BATEIbHOCTh UMITYJIBCOB CO3/Ia€T CIBIIIMMBIN 3BYK. Tak IpOUCXOIUT, HAIPUMEP, ITPU
BpallleHUHU Iponeiepa: Ipy MPOXOKICHUH KaXK10H JIONACTH Yepes3 3aJaHHYI0 TOUKY BO3yXY
COO00IIaeTCsl UMITYJIBC M CIEIYIOLIME JPYT 33 APYrOM UMITYJIBChI PACIIPOCTPAHSIOTCS B BO3JIyX€E B BUJIE
3BYKOBBIX BOJIH. Eciii 4eThIpexstonacTHRIN mponesuiep BpamaeTcs co ckopocThio 1200 06/Mun (20
00/c), TO ero onacti OyAyT NPOXOAUTh yepes JTr00yro BEIOpaHHYI0 HaMu TouKy 80 pa3 B CEKyHAY,
co3taBast 3ByK ¢ ocHOBHOM yactoTtoi 80 I'1r.

Puc. 22. Buxpeobpa3oBanue B OTOKE, O0TEKAIOIIEM KPYroBOW MpOdUIIb.

[Tynbcanuu naBieHus, BEI3bIBAEMBIE IBIKYITUMUCS JIONACTSIMH, HE SBIISIIOTCS aOCONIOTHO YUCTHIMU
TOHaMHU, TO €CTh CUHYCOUAAJIbHBIMU BOJTHAMMH. Bo BTOpOfI rJ1aBC MbI YK€ BCTPCUAIUCH C TeopeMoﬁ
dypbe, KOTOpAs TJIACUT, YTO KaX bl KOHEYHBIN U HENPEPBIBHBIN MTEPUOUYECKUIN TTPOIECC MOKHO
Pas3jiIoXUTh B HpOCTOﬁ pAA CUHYCOUAAJIbHBIX BOJIH C COOTBECTCTBYHOIIIUMUA (I)a3aMI/I " aMIUIUTydaMU.
Hmnynbecel qaBiaeHus, co3aBaeMble IBHKEHHUEM JIOMAcTel mporneiepa, — 3TO KOHEUHBIE,
HCMPCPBIBHBIC U IICPUOANYICCKUC KOJIe6aHI/IH, a CJICA0BATCIIbHO, UX MOYKHO Pa3JIOKUTH B P/ CDypbe.
[IpoaenaB 310, MBI OOHAPYXKUM, UTO LIYM MpOTIEIIepa AeUCTBUTEIBHO COCTOUT U3 Psifia TApMOHUK.

OrnrcanHoOE sIBJICHHE OyIET BRIPAXKECHO €IIe OTUETIMBEE, €CIIM B HEMOCPEICTBEHHON OJIM30CTH K
BPAIAIOIIMMCS JIOMACTSIM HaXOIUTCS HEMOABUKHOE TENO (AIEMEHT cTaTopa). Bo3nyx, 3akpydnBaembiii
JIOTIACTSIMU, TIPOXO/ISI MEMO HETIOJIBUYKHOTO TeJIa, OKa3bIBACT TO XKE JICUCTBUE, KAK €CIIU ObI IBUTAJIOCh
camo Tteiio. Ho 1e5o He TOAbKO B TOM: €CJIM BCYHYTD IMAJIEL] MEXKY JIONACTSIMU U HETOJIBUKHBIM TEJIOM,
ero OBl TYT K€ pa3/IaBUJIO WJIM OTOPBAJIO; BOT TaK PE3KO CKUMAETCS BO3/IYX, 3aKITFOUEHHBIN MEXITY
BpAILIAIOLIIMMHUCS U HETIOJIBUKHBIMU AJIEMEHTAMU KOHCTPYKLIMH, U TAKOE CKATUE BHOBb CO3/1a€T
3BYKOBYIO BOJIHY. HakoHell, Haiu4re B KOHCTPYKIIMA HEMOABUKHBIX JIEMEHTOB MPUBOJAUT K TOMY, YTO
BpAILAFOLIASACS JIOMACTh, IPOXOAS MEKY HUMH, BCTPEUAET BO3/LYX, IBUKYIIUICS C PA3HOW CKOPOCTBIO:
10331 JIEMEHTOB CTaTOPA BO3/yX MOYTH HEIMOJBH)XEH, @ MEKy HUMU OH JIBUXKETCS IOBOJILHO



ObICTpO. MI3MEeHEeHnEe CKOPOCTH MOPOXKIAAET M3MEHEHHUE TABIICHUS, a 3TO YK€ M €CTh 3ByK. HacToTa
rymMa, BO3HUKAIOLWICTO IIpr B3aHMOI[CI>iCTBPIH Bpallaromuxcsa U HEIMMOABUXKHBIX 3JICMCHTOB
KOHCTPYKIIMH, 3aBHCUT OT YUCJIA JIOTIACTEH U CKOPOCTH BpalieHus. Bce ckazaHHOe CripaBeIiTMBO HE
TOJIBKO U1 BO3AyXa, HO U JJId )KUJIKOCTHU, TOJIbKO TCPMUH ((aBpOI[HHaMH‘-IeCKHﬁ» npuacTCAa 3aMCHUTDH
Ha «TUAPOIUHAMHYCCKUIN.

IToxa MBI TOBOPHJIA TOJIBKO 00 HUCXOJHOM BO3MYIICHUHN B NICTOYHHUKAX 3BYKa U HC KaCaJIuChb HU
YCWICHUA, HU U3JITYYCHUA, OJHAKO MBI CKOPO YBUJUM, YTO B a3pOAMHAMHUYCCKOM LIYMC BCC 3TU TpU
SIBJICHUS 3a4aCTyI0 00pa3yroT OJIMH MPOIECC. A 9TO MOKHO CKa3aTh O BBIHYXJICHHBIX MEXaHUIECKHUX
KosiebaHusax? 3/1eck 1e710 00CTOUT coBceM MHave. [Ipn MmexaHnuecKkux KoiaeOaHUsIX MPOLece U3ITyUeHHS
3ByKa 4acTo (K cyacThio!) He 3¢ dexTrBeH. CaMplii TPOCTOM BU UCXOTHOTO BO3MYIIICHUS TIPH
BBIHY’KJCHHBIX KOJICOAHUAX CO3/1aeTCsl IBIXKEHUEM KaKOT0-IH0O0 Tela 10 HEPOBHOM MOBEPXHOCTH.
JIBm>keHMe KapaHaamia mo Oymare He MpoM3BEAECT MHOTO IITyMa, HO PO JBM)KEHUE 3yOHIa 1o
TOYUJIBHOMY KOJIECY 3TOI'0 HC CKaXXCIIb. Heprz[Ho MOHATH MPOLECC CO3JaHNA IyMa B 3TUX CIIydasaX:
MOBEPXHOCTB JINCTa OyMaru U300MIyeT CITy9ailHbIMU IIEPOXOBATOCTSIMH MAJIBIX Pa3MepOB, Y
TOYUJIBHOI'O KOJIECA 3TU IECPOXOBATOCTU MHOI'O KPYITHEC. HpI/I JBHXXCHUHU I10 HepOBHOﬁ MMOBCPXHOCTHU
KapaHJall U 3yOrIo MPUXOIAT B KoieOaTeIbHOE IBUKCHNE BBEPX U BHU3, B PE3YJbTaTEe U BOSHUKAET

IIyM.

OnwucanHble KOJeOaHUs UMEIOT OECTIOPAI0UHBIN XapakTep. B oTiauuune ot HUX KoneOaHus,
00YyCIIOBJICHHBIE BpalllEHUEM HEYPaBHOBEIICHHBIX 3JIEMEHTOB KaKOT0-TMO0 MEXaHU3Ma, PETYIISPHBL;
OHU BBI3BIBAIOT MEPUOJAUUECKOE CMELIEHUE MEXaHu3Ma B LesioM. [Ipocreimuii npumep — rpys,
pacmnoJoKeHHBIN HA KOHIIE Bpaliaromerocs ctepkHs. LlenTpoOexHas cuiia 1elicTByeT B HalpaBiIeHUH
CTEpIKHS; €CJIM CTEP)KEHb BPAIIIAETCs C MOCTOSIHHOM CKOPOCTHIO, @ MEXaHHU3M B IIEJIOM MOKET CBOOOHO
K0J1e0aThCsl TOJIBKO B OJJHOM HaIlpaBJIEHUH, HAIPUMED BBEPX-BHU3, TO MOJ I€WCTBUEM LIEHTPOOEKHOM
CHJIBI OH OyJIeT CMEIIAThCS U3 MOJIOKEHHS ITOKOSI Ha PAaCCTOSIHHUE, IPOTIOPLIUOHAIBHOE KOCHHYCY YIiia
MEX1y CTep>KHEM U HampaBlieHueM cMmeleHus. [Iockonbky KOCHHYC paBHO3HAYEH CUHYCY, CIIBUHYTOMY
o (aze Ha 90°, TO B 3TOM cllyyae pe3ylIbTHPYIOIIee KoieOaHue CO3/1aeT «IUCTHII TOHY, TaK KaK
Kosie0aHus AaBJICHUS [IPU YUCTOM TOHE 00pa3yloT CHHYCOUAANIbHYIO BoJHY. Pasymeercs, y MHOTUX
MEXaHU3MOB CHJIbl, 00YCIIOBJIEHHBIE HEYPABHOBELIEHHOCTBIO, 3HAYUTEIBHO CI0KHEE, YEM CHJIBI,
BO3HUKAIOIIKE IPU BPAIIEHUH OJTHOTO poTtopa. OHa U3 MPUYHMH UX CIIOKHOCTH COCTOUT B TOM, UTO
peanbHBII MEXaHU3M HUKOT/a HE COBEpIIAeT KOJICOaHUH TOJIbKO BBEPX-BHU3; OH OOBIYHO KOJIeOJIeTCs

B IIECTH Pa3IMYHBIX HAMPABICHUSIX: BBEPX-BHU3, U3 CTOPOHBI B CTOPOHY, BIIEpeI-Ha3a]], Bpallasich
BOKPYI' BEpTUKAJIBHOM U ABYX TOPU30HTAIBHBIX Ocell (¢ 00Ky Ha OOK M B IPOJOJIHLHOM HAIIPABJICHUN).
[TosToMy pe3ynpTUpYIOLIHE KOJeOaHHsI MEXaHU3MOB C OOJIBIIUM YHCIIOM HEYPAaBHOBEIICHHBIX
BpallalOIUXCs IeTalel, KaK MpaBUio, Ype3BbIYaiHO CIIOKHBI.

Cpenu cui, criocoOHBIX BO30YX/1aTh KoJeOaHus1, 0COOYI0 KaTETOPUIO COCTABIISIOT JICKTPOMArHUTHBIE
cuibl. C KoseOaHUsIMH, CO3/1aBaeMbIMU 3TUMHU CHJIAMH, YaIlle BCETO MPUXOAUTCS BCTPEYAThCS

B DJIEKTPOMOTOpPAX; CHJIbI B3aUMOICHCTBHS MEXKTY SIKOPEM H AJIEKTPOMArHUTOM, TO €CTh MEXTY
POTOPOM M CTaTOPOM, BBI3BIBAIOT JIeOpMAIMK U BHOpanuu 4yacTeit MoTopa. Bripouem, 0ObIYHO
OCHOBHOM IIIyM B 3JIEKTPOABHUraTEIAX UMEET adPOIMHAMHUYECKOE IIPOUCXOKICHUE U 00YCIIOBICH
B3aUMOJICHCTBHEM MPOpPE3ei B POTOPE U CTATOPE.

B Tpancopmaropax MarHUTOCTPUKIIMS BbI3BIBACT Je(OPMALIMIO CEPEUHUKA U TEM CaMbIM KOJIeOaHUs
C OCHOBHOM 4acTOTOM, paBHOIl YacTOTe MEPEMEHHOT0 TOKa. [Ipr ’TOM 0OBIYHO BO3HHUKAET U MHOXKECTBO
rapMOHHK, HanboJee BeIpakeHa u3 HuX — BTopast. [loaTtomy npu wactore nepemennoro toka 50 I'ig
IyM Tpanc(hopmMaTopa B OCHOBHOM cocperoToyeH Ha yactote 100 I'm; ciaemyeT yauThIBaTh Takxe
PE30HAHC B KOPITyce, 3alI0JJHEHHOM MaclioM, U 3()()EeKTUBHOCTh M3IIy4eHHs 3ByKa BCEM arperatomMm

B LIEJIOM.

Teneps noroBopuM 00 yfaapax U cOyJapeHHUsX Tell. XOTs yaapbl ciayxat BecbMa 3((HeKTUBHBIMU
MCXOJJHBIMH BO3MYIICHUSIMH, CAMH T10 ce0e OHH CO3/Ial0T HE TaK Y>K MHOTO nryma. Ecim Obr
OPKECTPOBBIE TapeJIKA U3rOTOBIISUIA HE U3 MEJIH, a U3 IUIACTMACCHI, TO yJap NaJOYKU 10 HUM 3BY4ajl Obl
OYEHb THXO0. Y 1ap KyJaKoM 110 KAMEHHOM CTeHE TOYTH He MPOM3BOAMT Iryma. Eciu xe ynaputhb



KYJIaKOM I10 CTCHKE KECTSHOT0 KapTOTEUHOro IKada, ryM OyaeT ropa3io rpoMue, HO TOJIBKO
Onmarogapst 6onbIiei 3 (HEKTUBHOCTH YCUIICHHS U U3TTYICHHS.

Y napamu conpoBoxaaeTcs pabota MHOTUX MeXaHn3MOB. OCOOEHHO CUIIbHBIE Yaphl IIPOU3BOISAT
pecchl, MPOOOWHUKHY U IITAMIIOBOYHBIC MAlIMHEL. B MTHEBMaTH4eckux rnepdoparopax KoHell 3yonia
ylapsieT o HOBEPXHOCTH JIOPOKHOTO MOKPBITUS. 3yObsi U PE3LIbI MU, TOKAPHBIX U (PE3epHBIX CTAHKOB
¢ OOJIBIIION CKOPOCTHIO YAAPSIOT IO 00pabaThiBaeMOMy MaTepuaiy. B ClIOXKHBIX MeXaHU3MaX
KJIallaHHBIE KOPOMBICTIA CTy4aT O KJIAMaHbl, 3y0uaThkie Kojeca — OIHO O IPYToe, 3BE€310YKH — O 3BEHbS
oenu U T. 1.

OpHaKO MHOTHE M3 3TUX UCXOIHBIX BO3MYIIEHUH CaMH 110 ceOe MPON3BOIMIH OBl JINIIb CaMbIi
HE3HAYUTENbHBIN TyM. Maio npoky Obl10 OBl OT Halel 0710K-(preiThl, He OyIb ee KOpITyC
PE30HATOPOM; KOJICOAHHUSI CKPUITUIHOM CTPYHBI OBLITH OBI €J1€ CIIBIITHBI B OTCYTCTBHE JICKH;
IUIaCTMacCOBasi OPKECTPOBas Tapelika okaszanachk Obl BooO1e Oecnione3Hoi. [Touemy? D10 mpoucxoaut
[0 IBYM NpUYUHAaM. Bo-TiepBbIX, HCXOAHBIE BO3MYILEHUS B OJI0K-(uieiiTe OecopsI04HbI, a
OecropsA0UHBIH IIYM 10 CBOEH MpHUpoJe He CIUIIKOM 3P PeKTUBEH. BOZHUKIIINE BUXPU «TOIKYTCS
0e3 COrIacoBaHHOTO B3aMMOJICHCTBUS, U B pE3yJbTaTe YBEIMUCHHUE JaBICHUS, CO3aHHOE OTHIM
BUXPEM, YaCTO HEUTPAIU3YETCs 3a CUET MaJCHHs JaBJICHUs, BEI3BAaHHOTO pyruM. Konebmromasics
CTpYyHa U3JIy4aeT cjalblil 3BYK, IOCKOJIBKY, KaK MbI Y>K€ BUJEIIHU, OKPYKAIOLIHH €€ BO3/1yX He
C)KMMAaeTCsl U He pa3pexaercs, a IpocTo o0TeKaeT ee. A pedopmMarius miacTMacCoOBOM TapeikH,
00ycCIIOBIIEHHAs yAapOM, 3aTyXaeT CJIUIIKOM OBICTPO, YTOOBI BBI3bIBATh 3aMETHBIN HIYM.

VYcunenue u u3ydeHHne 3ByKa — CYIIECTBEHHBIE dTalbl B CO3/IaHNK 11ymMa. B Omok-dieiite
PE30HAHCHBIE SIBJICHUS B KOPITYCE CO3/1at0T 0OpPaTHYIO CBA3b, KOTOPAs CYIIECTBEHHO YIOPSA0YNBACT
obOpaszoBanue Buxpeil. Tak Kak BUXpU 00pa3yrOTCsS B TOM K€ TEMIIE, B KOTOPOM KOJIEOIETCS BO3IYITHBII
CTONO, OHU JIEUCTBYIOT COTJIACOBAHHO, YBeTUYMBast YPPEKT, a He MPOTUBOICHCTBYIOT IPYT APYTY
OecniopsiiouHo. [{i1s co3raHus 3ByKa pe30HaHC CTPYHBI HE MEHEE BaXKEH, YEM PE30HAHC BO3/yXa

B Kopiryce 0mok-(preiTel. JleiicTBUTEIBHO, €CITH HaM, HAlpUMED, B3AyMaeTCs BOAUTh CMBIYKOM 1O
Kpalo CTOoJIa, pe30HaHCa He BO3HUKAET U MOJIy4aeTcs 3ByK, KOTOPBIH Bps/ JIM KOMY-THOO CMOKET
JIOCTaBUTh yIOBOJLCTBUE. Elle BaskHee Bonmpoc 00 3GeKTUBHOCTH U3TyUEHUS: BEb caMma 1o cede
CTpyHa IOYTH HE U3JIy4aeT 3ByKa, 00 BO31yX ee oO0TekaeT. B ckpumke, olHaKo, KoJieOaHUs CTPYHBI
JIEUCTBYIOT C IEPEMEHHBIMU CUJIAMU Ha MOJICTaBKY, Ye€pPe3 KOTOPYIO OHU NEPEAAOTCS Ha AEPEBSHHBIN
KOpPIyC HHCTpyMEHTA. Pa3zMephl Kopiryca HaCTOJIBKO BEIMKH, YTO TIEPETEKAaHUE BO3yXa BOKPYT HETO
MIPOUCXOIUT 3HAYUTEIHHO ClIadee, YeM BOKPYT CTPYHBL PazymeeTcs, nepeTekaHue 3aBUCUT U OT
Y4acTOTHI; YeM OO0JIbIIIE TOBEPXHOCTh, TEM HIXKE YaCTOTa, KOTOPYIO 3Ta MOBEPXHOCTh MOXKET

3¢ (HEeKTHBHO U3Ty4aTh, U TeM OOJIbIIIE HHTEHCUBHOCTH M3JIy4aeMbIX 3BYKOB. Bce, KTo 3aHUMAICS
CHCTEMaMH BBICOKOKa4E€CTBEHHOTO BOCIIPOM3BEACHUS 3BYKa, 3HAIOT, YTO ISl IEpeJadn
HU3KOYACTOTHBIX 3BYKOB HEOOXOIMM IPOMKOTOBOPHUTEIH OONBIINX pa3MepoB. Eciu rpoMKOTOBOpUTENH
3aKJIIOYUTH B SIIIMK, TO MEPETEeKaHUE BO3AyXa YMEHbBILAETCS; MOI00HBIHN crioco0 nmpuMeHsercs B 6ac-
IPOMKOTOBOPUTEIISX.

[TockonbKy KXyl TOUKY KOJIEOMIOIIEHCs TOBEPXHOCTH MOYKHO pacCMaTpUBaTh Kak
CaMOCTOSITEJIbHBIN UICTOYHUK I1YMa, IOBEPXHOCTh ABOMHOM IJIOMIAAN U3JTy4aeT IIIyM JBOMHON
MHTEHCUBHOCTHU, TO €CTh 10 YPOBHIO HA 3 b BbIlIe. ITO cCripaBeJIMBO MIPHU YCIOBUH, UTO aMIUTUTY/IbI
Kosie0aHus 00enx MOBEPXHOCTEH B cpeiHeM o/iInHAKOBHI. Lllym 3yOunia Ha TOUMIBHOM KOJIECE 3aBHCHUT
0T 3((HEeKTUBHOCTH U3ITYUCHHSI 3BYKA KaK KOJIECOM, TaK U 3yOminoM. Ecnu kakoe-mnbo 13 3TUX Tel
CIocOOHO COBEPIIATh PE30HAHCHBIE KOJICOaHMsI 3HAYUTEIIBHON aMILTUTY Ibl — a 3TO, 0€3YCIIOBHO,
TaK, — TO UCXO/JHOE BO3MYIICHNE, BOSHUKAIOIIEE B TOUKE KacaHHs 3yOnia u Kojieca, BO30YIUT 3TH
pe30HaHCHBIE KoJIeOaHUs U 3BYKOBas SHEprus OyAeT uznydathbes agpdexktuBHo. K aTomy nodaButcs
TaKXKe HeOOIBIION a3pOJUHAMUYECKHNA IITyM, 00YCIOBJICHHBIN JBI)KEHUEM BO3/IyXa B HEPOBHOCTSX
MOBEPXHOCTU TOYMIIBHOTO KOJIeCa, BO3MYIIIAEMOT0 OCTpueM 3youia. Yem Gombliie KOJIeco, TEM BBIIIE
WHTEHCHUBHOCTD IITyMa M TeM 00Jiee HU3KOYaCTOTHBIM OH OKaxkeTcs. Kosieco 60X pa3mepoB
XapaKTepu3yeTcs He TOJIbKO 0oJiee HU3KUMH PE30HAHCHBIMU YaCTOTaMU, HO U OOJIbIEH CIOCOOHOCTHIO
K M3JIy4eHUIO0 HU3KOYaCTOTHBIX 3BYKOB. HanpoTus, 3youso, o6namaromiee MajabIMy pa3MepaMu,
PE30HUPYET Ha BHICOKHUX YaCTOTax U 3()PPEKTUBHO U3TYUAET TOIHKO BHICOKOUYACTOTHBIEC 3BYKH.



XoTs pe3oHaHC 0ueHb 3(P(PEKTUBHO YCUIIMBAET 3BYK, OH HE MEHSAET U3JIy4alolIUX CBONCTB
noBepxHocTH. CKPUMTUYHBIA MacTep JOJHKEH TaK pacCUUTaTh KOPIYC CKPUITKU, YTOOBI €r0 pe30HaHCHAS
yacToTa ObUla MEHbIIIE HU3IIeH yacToThl 6acka. [loBepxHOCTH, HE MMEIOLIE PE30HAHCOB, —
«MEPTBBIE» IOBEPXHOCTH — MOCPEICTBOM HCXOJHOTO BO3MYIIIEHHS BCE KE MOMXHO ITPUBECTH

B COCTOSIHUE KOJIeOaHUs, U TOT1a NP UX OOJIBIION N3Tydaromeil MOBEpXHOCTH OHU MOTYT
CYLLECTBEHHO YBEJIMYUTDH LIYM.

HpI/I HaJIMY1U PE30HAHCOB UX 3HAYCHUC ‘lpGSBBI‘I&fIHO 3aBHUCHUT OT TOI'0, HACKOJIbKO BbIHYKIAAIOIIasa
YacTOTa UCXOAHOI'0O BO3MYIIICHUA Onu3Ka K peSOHaHCHOfI yacToTe. Ecim 3TH 9acTOTHI COBIIAAAaro0T,
BO3MOXXHO 3HAYUTCIIbHOC YCUJICHUC IITyMa.

Korna ucxoansie BO3MyIIeHHsI 00YCIOBIEHBI CUIIAMH, BOSHUKAIOIINMH MIPH BPaLICHUH
HEYPaBHOBEIIECHHBIX YaCTEH MEXaHU3Ma, OYEHb YACTO YCUJIEHUE U U3TyYCHHE 3BYyKa OCYILIECTBIISIET
HACTHJI, HA KOTOPOM YCTaHOBIIEH MeXaHu3M. OOBIYHO ATO OOJIbINAS TOBEPXHOCTH, KOTOPAsi MOXKET

3¢ (PEeKTUBHO U3ITydaTh 3BYK, B YACTHOCTH HU3KOUACTOTHBIA. Kpome Toro, MexaHn3Mbl OOBIYHO UMEIOT
METAJTUIECKUI KOXKYX, 00JIaatoluil, MoXKalyi, He MEHBIINM YHCIOM PE30HAHCOB, YeM OPKECTPOBas
Tapeska, U, XOTs PE30HAHCHBIE YaCTOTHI OOBIYHO JICKAT BBIIIE OCHOBHOM YaCTOTHI KOJICOaHUH
MEXaHH3Ma ¥ MOATOMY X BKJIAJ B IITyM Ha 3TON YacTOTE HEBEIHUK, Ha 00Jiee BEICOKUX YACTOTaX IIyM
3HAYUTEIIBHO YBEIUYUTCS.

Kaxk MBI ye 3Haem, B yJapHbIX MICTOYHHKAX 3BYKa IVIABHYIO POJIb UTPAIOT MEXAHU3MBbl YCUJICHUS U
u3iydenus. Ecin ynapseMsii IpeAMET HE PE30HUPYET, TO BO3HUKAIOLIUM LIIYM — 3TO IIPOCTO
pe3yNnbTaT MTHOBEHHOI'O BBITECHEHHMSI BO3/1yXa MEKIY COYIAPSIOIIMMUCS IIPEAMETOM U KOJOTYIIKON U
elle JAByX-Tpex KosieOaHui, KOTOpbIE AISATCS OHY-IBE MUJUTUCEKYHBI. Y Aap jk€ M0 PE30HUPYIOIEMY
IIpeIMETY BBI30BET €ro BO30YKJI€HUE, U TOrJa KoyieOaHusl POIISATCS 110 KpailHel Mepe ceKyHay Win
JIOJIbLIIE, B 3aBUCHMOCTH OT BEJIMYMHBI BHYTPEHHETO TPEHUS UIIU 3aTyXaHUs, BCICACTBUE KOTOPBIX
3BYKOBasl JHEPIUs MOIIOMIAETCA.

[Tpu paboTe LITaMIOBOYHOIO IIpecca PE3OHUPYET U METAIL, U3 KOTOPOTO C/EaH Mpecc, U
oOpabaTbIBaeMblii METaII, @ 4acTo elwe noJ noj npeccoM. Korna pabotaer nupkyaspHas nuia, yaapsl
Mexy 3yObsiMU U 00padaThiBa€MbIM MaTEpUAJIOM, a TAKXKE adPOAMHAMUYECKUH 111yM, CO31aBa€Mblii
B3aMMOJICHCTBHEM POTOPA U HETIOJIBUKHBIX 3JIEMEHTOB, BO30YXK/IAIOT BBIHYK/IE€HHbIE PE30HAHCHBIE
KoJIeOaHHS B AMCKE MUIIBI, KOTOPHIA, BOOOIIE TOBOPSI, 0UYCHB ITOX0K Ha OPKECTPOBYIO TApPEIIKY.
IIpakTHuecku Bceraa, KOraa yaap BbI3bIBAET JOCTATOYHO TPOMKHUH IIyM, 3TO 3HAYUT, YTO I1€-TO UMET
MecTo pe3oHaHc. Eciiu ynaputh 1ai0HbIO IO CTEHE, BO3AYIIHOE MPOCTPAHCTBO, OCTAIOILIEECS MEXTY
HE3HAYUTEJIbHBIM YIIyOJIeHuEeM JIaJIOHU U CTEHOM, BeieT ce0s Kak pe3oHarop I enpmroinbia. O Takux
pEe30HATOpax, COCTOSIINX B OJIM3KOM POJICTBE C PE3OHUPYIOIIUMH TPYOAMHU, MBI paCCKa)XeM B TJI. 8.

Teneps 0OpaTHMCSl K HEKOTOPBIM BaYKHEHIIINM UCTOUYHUKAM ITyMa ¥ paCCMOTPUM MOAPOOHO, HACKOIBKO
IPUMEHUMBI K HUM BBILIEU3JIOKEHHbIE cooOpaxenus. [louemy mymsat ngeurarenu? I[louemy nuzenu
IIPOU3BOJAT OoJbllIe, IIyMa, yeM OeH3zoaBurarenu? [loueMy camoneTsl BU3XKaT, Ui Ha MOCAAKY, U
peByT npu B3sneTe? YTo 3acTaBIiIAe€T BCE ITU MALIMHBI IIIYMETh TaK CHIILHO?

OnuH u3 HanboJee pacpOCTPaHEHHBIX UCTOYHHUKOB IITyMa HE TOJIBKO B TOPOJaX, HO U B CEIbCKUX
MECTHOCTSIX— JIBUTaTEb BHYTPEHHETO cropanus. ['enpu @opa Bpsl U MPEACTABIISIL, YTO €TO
aBTOMOOMIIb CTaHET MpeATeYei OAHOr0 U3 TJIABHBIX HAPYIIUTENCH MOKOS B HBIHEITHUE BPEMEHA.
Bo3MoxHO, HE OyIb ABUTaTENsl BHYTPEHHETO CTOPAHUs, SKOHOMHUKA IPOMBIIUICHHBIX CTPaH TakK U
ocTaBasiach Obl B MJIaJIECHYECKOM COCTOSTHUH, HO C OBICTPBIM POCTOM TFOPOJICKHX aBTOCTpaa U
HENPEPBIBHBIM YBEJIMYEHUEM PA3MEPOB U MOILIHOCTH JIBUTATENEHN IIIYM U BBIXJIONHBIE T'a3bl CTAIA OJHON
W3 CEPBE3HEUILINX IPUYUH 3arpA3HEHUS OKPYKAIOLIEH Cpelibl B TOPOAax.

JlerkoBble aBTOMOOWIIM TIOBUHHBI B 3TOM MEHbIIIE, YEM OCHAILEHHBIN JU3eIbHBIMU MOTOPAMHU I'PY30BOi
tpa"cnopt. Korna B nocnennem necsatuieru X1X Bexka Pynonsd Jluzens paspaboran «au3enbHbIN
LIUKJD», OH, HE M0/103peBast ITOr0, U300pes1 caMblil IIYMHBIN IBUraTeIb BHYTPEHHETO CTOPAHUs U3 BCEX
M3BECTHBIX J0 Te€X NOp. JIM3€eIbHbIi ABUTaTeb NOJIYYHI TAKOE IUPOKOE IPU3HAHUE, [IOTOMY YTO OH



npeoOpasyeT B paboTy OOJBIIIYIO OJIIO JAHHOTO KOJMYECTBA TEIlIa, 4eM Jito0o0i apyroi. HecmoTtps Ha
60J'IBH_IYIO HCXOAHYIO CTOMMOCTD, HOHOHHHTGHBHBIﬁ BCC M TOHMKCHHYIO MOIITHOCTD IIPU TOM KC
paboueM oObeMe, TU3eNb OKa3aJICsl 3HAYUTEIILHO SKOHOMHYHEE MTPH JITUTSITFHON SKCILTyaTalud, YeM
6€H3I/IHOBBIG JABUTraTCiInu, U, KOHCYHO, OH 6YI[CT IMHAPOKO NPUMCHATHCA €IS MHOTHEC I'OJIbI. I[CHB, Korga
€r0 3aMEHST Ta30BbIC TYPOUHBI, AIICKTPHUUCCKHAE MAITUHBI HITH SJICPHBIC IBUTATEIN, HACTAHET OYCHb HE
ckopo. [ToaToMy o3HakoMuMCcs TOApoOHEe C MPUIMHAMHE [ITyMa, TIPOU3BOAMMOIO JBUTATEISIMU
BHYTPEHHETO CrOpaHKs BOOOIIE M TU3EJIEM B YACTHOCTH.

JIBurarens BHYTPEHHETO CTOpPaHUS MOXKHO pacCMaTPHUBATh KaK CPeJICTBO MpeoOpa3oBaHUs IIymMa

B MEXaHUYECKYIO SHEPTHIO — 3TO 3BYYHT BECbMa CTPAHHO, HO TaK OHO U €CTh. A Tak KaK MallluH C K. II.
1., paBabIM 100 %, He cyiiecTByeT, TO HE YAUBUTENBHO, YTO HAIlIa NTyMOBAsI MAIIMHA BBIITYCKAET
HEKOTOPOE KOJIMUYECTBO 3BYKOBOW PHEPTUH B OKpYKarollee MpOCTPaHCTBO. Bes paboTa B mopIiHeBOM
JIBUTaTeNIe BHYTPEHHETO CTOPaHUs OCYILIECTBISIETCS B KaMepax cropanus. ['a3el, pacumpssch, 1aBsiT Ha
JTHO TIOPIITHS, ¥ paboTa JaBIeHUS Yepe3 MATyHbI U KOJCHUYATHINA Bajl mpeoOpa3yeTcs B SJHEPTUIO
BpaieHus. Eciu as onHoro o6opora Baja U3MEpUTh 3aBUCUMOCTh JIaBJICHUS B KaMepe CropaHus
OOBIYHOTO IM3EBHOTO JIBUTATENS OT BpEMEHU M pe3yNbTaThl n3MepeHuit Hanectu Ha rpaduk, To
MOJIYYUTCS KpUBasi, N300pakeHHast Ha puc. 23, COOTBETCTBYIONIAs IBUTATEINI0, pab0TaroIIeMy ¢ MOJIHOMN
HArpy3KOH U MOCTOSTHHBIM 4uCIoM 000poToB 2000 06/MuH. BaxxHO, 4TO 3Ta KpUBas JaBICHUS
MEPUOANYECKH IMOBTOPSETCS; 3HAYHUT, 3aBUCUMOCTbH JIaBJICHUS] OT BPEMEHH MOYKHO Pa3NIOKUTh B Psijl
dypbe, TO €CTh Ha CyMMY TapMOHUK, MTOI00HO TOMY, KaK MbI pa3jarajid Ha TApMOHUKH 3BYKU
MY3BIKAJIbHBIX HHCTPYMEHTOB (CM. 1. 3), HO TOJIBKO ¢ 00Jiee CIOKHBIMH 3aBUCUMOCTSIMU MEX]Ty HUMHU.
PesynpraTt ananusza o metony @ypre AaBieHUs B MWJIMHIPE U IIIyMa CHAPYXKU JBUTATENsI MOKa3aH Ha
puc. 24. DTOT pUCYHOK He J1aeT (Ha30BbIX 3aBUCUMOCTEN MEXKAY COCTaBISIONIMMH, HO OHU HAaC U HE
HUHTEPECYIOT.
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Puc. 23. Ocuunnorpamma gaBiaeHus! B THIUHAPE TU3EIA (B. M. T. — BEPXHSIS MEPTBasi TOUKA).

Teneps yxe HETPYIHO MOHSATh, IOYEMY JAU3EIb — MaIllMHA HE TOJIbKO TEIIOBasi, HO U rymMoBas. B
KaMepe CropaHus TeHepalys myMa MPOUCXOIUT TAKUM 00pa3oM, 4TO MyJIbCAllUs JaBICHUS MIPU
MOCPEICTBE MOPILHS MOKET MOBEPHYTh KoJleHYaThli Basi. Kak u cieayeTr 0xuaath, ypoBeHb 3ByKOBOT'O
JTaBJICHUS B KaMepe CrOpaHusl OTPOMEH, (akTHUUECKH OH rpeBbliiaeT 220 1b OTHOCUTEIBHO HYJIEBOTO
YPOBHSA 2x10~° H/m2. Eciu 651 Bce 9TO JaBIICHHE BBIIUIO H3 HWIMHAPA HAPYXKY B BUE IIyMa, HUKAKOU
SHEpPruu Obl HE OCTAJIOCh, HO, K CUACThIO, OOJNIbIIAS YaCTh SHEPIUU OCTACTCS BHYTPHU JABUraTels U
coBeplIaeT nosuesHyro padoty. Konebanus naBieHuss Ha HApYHOW MOBEPXHOCTHU JABUTaTeNs €/1Ba
coctaBisaioT 0,001 % oT BeanuuHbI KoJeOaHUI BHYTPH KaMephl CTOPaHUsl, a Ha PACCTOSHUM | M OT
JIBUTATENIsl 3BYKOBOE JaBjieHue nagaet eme Ha 10 %.
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Puc. 24. Y3K0no0CHBIE CIIEKTPHI JAaBJICHUS B LIUJIUHIPE U IIyMa CHAPYKH [WIMH]IPA.

[Touemy He Bcst sHEPruUs BRICBOOOXKIaeTcs B BUae mryma? [loyemy Bce e 4acTh ee BBICBOOOKAAETCS?
Ha o6a sT1 Boripoca MOXHO OTBETHTH OJHOBpeMeHHO. Ecii Ha BpeMs 3a0BITh O BBIXJIOIHBIX U
BITYCKHBIX OTBEPCTHAX, TO BUJIHO, YTO IIIyM HE MOXET BBINTH HApYyKy U3 KaMepbl CTOPAaHHUs, HE BOWS
IpeBAPUTEIIFHO B METAJUT IIMJIMHAPOBOTO OJIOKA M KapTepa, OTIMBaeMbIX 00BIYHO U3 uyryHa. lllym He
TOJIBKO J0JDKEH IPOHUKHYTh B METAJUI, HO U BBIMTH OTTY/Ia B HAPYXKHBINA BO3yX. B 1. 9 MBI yBUANM,
YTO B aKYCTHKE, KaK ¥ BO MHOTHUX JPYTUX 00J1acTIX PU3UKH, OTHUM U3 BOXKHEHIITHX YCIOBUM

3¢ PEKTUBHOTO MEPEX0/1a FHEPTUH U3 OJHOW CPEJIbl B APYTYIO SBISIETCS MaJiasi pa3HUIIA

B COIPOTHUBIICHUH 3TUX Cpell. AKyCTUUECKOE CONPOTUBIICHHE (Yallle HA3bIBAEMOE aKyCTHYECKUM
uMIenaHcoM) uyyryHa npumepHo B 60 000 pa3 6ombiie, yem amst Bo3ayxa. [loaTomy Tombko
HE3HAYUTEIFHOE KOJMYECTBO 3BYKOBOW SHEPTHH NIEPEXOHUT M3 BO3AyXa B UYT'YH, a 3aT€M M3 HEro

B Bo3ayX. Lllym nmpenMyIiecTBEeHHO OCTaeTcsl B KaMepe CropaHus, a 3HAUMUTeNIbHast 4acTh 3BYKa, BCE XKe
NPOHUKIIIETO B YYTYH, TaK U HE BBIXOIUT HAPYXKYy.

K coasienuto, yyryHHbIH HUIMHIPOBBINA OJIOK YaCTHUYHO «IIPEO010JIeBaeT» 3To nmpenarcTeue. Ecin
IIWJIMHAPOBBIN OJIOK C KApTEpOM HUCIBITATh B JIA0OPaTOpUU Ha BUOPAINIO, OOHAPYKUTCS, YTO OH
00J1a/1a€T MHOKECTBOM PE30HAHCOB Ha Pa3HbIX YacTOTaX. MI3ruOHbIe BOJIHBI, BO3HUKAIOIINE B METaIE,
OTPaKAIOTCS OT BCEX YUACTKOB 0JIOKA, I/Ie €ro (JopMa U TOJIIMHA PE3KO U3MEHSIOTCS, CO3/1aBasi BO BCEi
KOHCTPYKLIMH CTOSIYME BOJHBI pa3IMYHON MPOCTPAHCTBEHHOM (POPMBI U pa3IUYHBIX YACTOT.
PaszymeeTtcs, Bce 3TU BOJIHBI IMEIOT FTApMOHUKU. SIBIeHHE ke pe30HaHCa B KOHCTPYKIIMH 3HAUNUTEIBHO
CHIDKAET €€ aKyCTHUECKUI UMIIEAaHC AJIs 3ByKa PE30HAHCHOM YacTOTHI.



Korna gypse-cocTaBinstomias yma, Ipou3BOAUMOro B KAMEpE CropaHusi, COBMAAET C KaKOH-110o u3
PE30HAHCHBIX YaCcTOT OJIOKA LMIIMHAPA, HAPYKY BBIPHIBACTCS 3HAYUTEIHHO OOJIBIIAs OIS 3BYKOBOU
sHepruu. Bo3Bpamasce k puc. 24, BUAUM, 4YTO UIMEHHO 3TO U IPOUCXOIUT B ONIMCAHHOM JIBUTAaTEIIE IIPH
4aCTOTaxX, COOTBETCTBYIOIIUX TPEThEU U CeIbMOU rapMoHMKaM. IlepBas, BTopas, ueTBepTas u Bce
OCTaJIbHbIe TAPMOHUKHU, OYEBUIHO, XYK€ «HACTPOEHBI» HA PE30HAHCHBIE YaCTOThI IMJIMHAPOBOTO OJ0Ka
Y HE TaK JIETKO MPOXOAT CKBO3b HEro. Bee ckazaHHOE CIIpaBeIMBO IS IOCTOSHHOM CKOPOCTH
BpaueHus B 2000 06/MHH; Ipy U3MEHEHUH Yuciia 000POTOB U3MEHUTCS U BCS KapTHHA.

HunmaapoBeIit 6JI0K U KapTep OTHIOAL HE €IMHCTBEHHBIC M3TyJdaTeNId 3ByKa B iBuraresne. Konebanms
MIEPEIal0TCS TAKXKE K KOPITYCY paclpeIeTUTeNs 3aKUTaH:s U K KPBIITKaM KJIalaHOB, KOTOPBIE OOBITHO
PE30OHUPYIOT CUIIbHEE, YEM UYT'YHHBIE JAeTalu. bosbine cuiibl mepeatoTes TakxkKe Yyepes MOpIIHU

B KOJIEHYAThIN BaJl, TAK YTO IIKHUB Baja, KAK U MAaXOBUK, CTAHOBUTCS M3J1y4aTeIeM 3BYKa, XOTSI MaXOBHUK
0OBIYHO HAXOJIUTCS BHYTPH KapTepa CLEIICHUS.

Temnepp MBI y’K€ B COCTOSIHUH ITOHAThH, TOYEMY JU3EIIBbHBIN ABUTATENb IIYMUT COBCEM MHAYE U MHOTO
rpomue, yeMm OeH3MHOBBIN. [Ipeskae Bcero, kora O€H3MHOBBIN ABUraTeh paboTaeT ¢ HeOOIbIION
Harpy3KoH MM coBceM 0e3 Hee, BCAChIBAaHUE 3aPOCCEIMPOBAHO U POCT AABJICHHS B KAMEPE CrOPAHUS
PE3KO CHMIKAETCS, YTO 3HAYMTEIIBHO YMEHBIIACT aMIUIMTYAY cocTaBisiommx Pypee. B nusene ke npu
CHIDKEHUU U IIOJIHOM CHATHUH Harpy3KyU HUKAKOIO IPOCCEIMPOBAHUSA HE IPOU3BOMAT, & YMEHBIIAKOT
JIMIIb KOJIMYECTBO TOPIOYEro, BIPBICKUBAEMOr0 B KAMEPY CrOpaHus, TaK YTO JABICHUE B LIUIUHIPE
CHIDKAETCS HE3HAYUTEIIBHO.

Eme cymecTBeHHee TO 00CTOSTENBCTBO, YTO B OCH3WHOBOM JIBUTATENIE pacIpOCTpaHEHUE TIIIaMEHU OT
3amanbHOM CBEYH JI0 CTEHOK KaMephl CTOPAHUS MPOUCXOIUT CPABHUTENBHO MEIJICHHO, B PE3yIbTaTe
Yero KprBasi BO3pacTaHUs JABJICHHUS UMEET TOCTATOYHO ITUTaBHBIN X01. COBEpIICHHO HHAYEe OOCTOUT
JIEJI0 C IU3eNIeM: Hapy>KHBIM BO3/IyX BCAChIBACTCS B KAMEPY CTOPaHUsl, COKMMAETCS, a 3aTeM OTMEPEHHAS
MOPIIHSI TOPIOYETO BIPBICKUBAETCS B KaMepy. TemMiieparypa Bo3ayxa MOJHUMAETCS BCICICTBHE CIKATUS
HAMHOTO BBIIIIE TEMIIEPATypPhl BOCIITIAMEHEHHUSI )KUKOTO ToruiBa. [IpakTiHuecku Bce TOTUINBO
BCITBIXMBAET OJTHOBPEMEHHO, M B ’TOT MOMEHT Ha KPHBOU JABJIICHUS OTMEUASTCS BHE3AITHBIN, Pe3KUN
CKauok aapneHus. [Ipu pa3nokeHnn KPUBBIX pOCTa AaBICHUS B AU3EIBHOM M O€H3WHOBOM JBUTATEISAX
B psii Dypre 0OHAPYKUBAETCS, YTO AU3EIIO CBOMCTBEHHBI BHICOKHE TAPMOHUKH Topa3o 0oJbIIei
WHTEHCUBHOCTH, UYTO U OOBSICHSAET XapaKTEPHBI CTYK Npu padoTe nuzens. U3 paznmuus B panax Oypee
CIeAyeT TakXKe, 9YTO HapacTaHUE IIyMa C YBEJIUYCHHEM CKOPOCTH y O€H3MHOBOTO JIBUTATENsI OOJIBIIIE,
yeM y nusens. JlecaTukpaTHOe yBeTMYeHHE CKOPOCTH OCH3MHOBOTO JABUTATENS TAET YCUIICHUE TITyMa Ha
50 nb, Torna kak y ausens — Bcero juiib Ha 30 nb. Ecnu Ob1 yianock 10CTUTHYTH TOCTaTOYHON
CKOPOCTH BpaIlleHUs y OEH3MHOBOTO ¥ aHAJIOTUYHOTO JU3EIHHOTO JBUTATENS, TO P HEKOTOPOM YHUCIIE
000poTOB 00a ABUTATENSI CO3/1aBay OBl OJIMH U TOT K€ YPOBEHH IITyMa.

3aMeTuM, 4TO JIECATUKPATHOE yBEJIMYEHHE 00beMa ABUTATENs YBEIMUUBAET YPOBEHb IlIyMa BCETr0O Ha

17 nb. Otcrona cnenyert, 4To, IPUMEHSS TUXOXOJHbIE IBUTATEIIH, IPU COOTBETCTBYIOILIEM YBEITHUECHUH
uX 00beMa Mbl YMEHBIINUM IIYM. BpICTpOXO0/IHBIN HEOONBIION ABUraTeNb, IO CYIIECTBY, BCEraa
MPOU3BOJIUT OOJIBILIE IIIyMa, YeM MEJIJICHHO paOOoTaloMii JBUraTeb TOM k€ MOIIHOCTU. Ecin kK Tomy
K€ Yy4€CTb, YTO IIPX MEIJICHHOM BPAIICHUN JBUTATEIb CO31a€T HU3KOYACTOTHBIC 3BYKH, OTHOCAILUECS K
TOH 4aCTH 3BYKOBOT'O CIIEKTPa, K KOTOPOU HAIIl CIIyX MEHEE YyBCTBUTEIICH, TO YMEHBIICHHE IIIyMa
OyZIeT erie CylecTBeHHEE.

B nBurarene ectb u Apyrue UCTOYHHUKH 1IyMa; OJHU U3 HUX HE 3aBUCAT OT CTOPAHUS TOILJIMBA, IpYTrHe
cBsi3aHbl ¢ HUM. Kaxplii pa3, KOr/ia OTKPHIBAETCS BBIXJIOMHOM KilanaH, IPOMCXOIUT MTHOBEHHOE
BBICBOOOKJIEHUE U MTEPETEKaHUE CKATOro ra3a B ra3onpoBo/. [lynbcanuu ra3a B ra3onpoBojie

B TEUCHHE KaX10T0 000pOTa JBUTATElIsl, KaK M KPUBYIO JAaBJICHHUS B KAMEpE CrOPaHUs, MOXKHO
Pa3oXKUTh Ha TapMOHUYECKHE cocTaBisomue. TpyoonpoBo U BeIXJIONHAs TpyOa 001aaaoT
COOCTBEHHBIMH PE30HAHCAMU M TAPMOHUKAMHU, U, €CIIM UX YaCTOTHI COBIAIAIOT C YaCTOTAMMU BBIXJIONA,
mrym yeunuBaeTcs. K cuacTeio, B O0JIBIIMHCTBE CIIy4aeB JBUTATeNIM CHAOKEHBI JOCTATOYHO

3G PEKTUBHBIMY TIIYIIUTENSIMH BBIXJIONA, YCTPOHCTBO KOTOPBIX MBI pacCMOTpUM HIpke. U ecnu 3ByK
BBIXJIONA CPABHUTEIBHO CUJICH, 3TO 3HAYUT TOJIBKO, YTO U3 IKOHOMUHU MPUMEHEH TITyIIUTENb MJI0XO0T0



Ka4ecTBa; TEXHUYECKHU BCEI/1a BO3MOKHO CHU3HTH BBIXJIOIHOM IIIYM 10 YPOBHS, MEHBIIETO, YEM
YPOBEHB IIIyMa camMoro JaBuraress. bopr0a ke ¢ mymoM caMoro JBUTaTelss — Hauboiee TpyaHas
3a7aya.

CrnenyeT Takyke CUATATBHCS U C IIYMOM BITyCKa, KOTOPBIM YaCTO YCKOJIb3a€T OT BHUMAHHUSA
KOHCTPYKTOpOB siBUratesneil. Korna ByckHON KilaniaH OTKpBIBA€TCSA, AaBJICHUE B LIMIMHJPE €1IE
HECKOJIBKO MOBBILIEHO, U Ta3 YCTPEMIISIETCS BO BITyCKHOU TpyOoripoBo/. [loutu HemeyieHHO
IPOUCXOIUT 00paTHOE JBM)KEHUE, U a3 BCACHIBACTCA B MIIMHAP. YacTo IIyM BITyCKa OKa3bIBACTCA
MEHBIIIE ITyMa PE30HAHCOB BITYCKHOT'O ra30IpOBO/Ia, BO30YXKAaeMbIX KOJEOAHUAMHU T'a3a BO BILyCKHOM
OKHE.

B 6eH3MHOBBIX JBUraTeINIsAX, paboTaronmx 0e3 Harpy3KH, IIyMbI BBIXJIONA U BITyCKa 3HAUYUTEIEHO
ocIalIsI0TCsl, A1 IU3€ETIs JKe Harpy3ka He UMeeT 0co0oro 3HadeHus. B 0eH3MHOBOM JiBUTATENe HIyM
BBIXJIONA YCUJIMBAETCS MIPU TOPMOKEHHH, HAIIpUMeEp KOTa aBTOMOOWIIb UAET MO/ TOPY U MOTOP
BpalllaeTcs ¢ MPUKPBITHIM pocceneM. OnpeeeHHYIO POJib B IU3EIbHBIX U HEKOTOPBIX O€H3MHOBBIX
JIBUTATEJIAX UI'PAIOT TOIUIMBHBIE GOpCYHKHU. MIX 1mryMm oObIyHO crabee nryma asuratens. Llens k
pacnpenenuTebHOMY BaJIUKy, KJIallaHHas Iepeiada u KopoOKa nepeiad — BCe BHOCUT CBOH BKJIAL
B CYMMAapHBbIH LIyM.

B sTOM «0opKecTpe», CpsSsTaHHOM O] KallOTOM aBTOMOOWIIS, €CTh €Ille OJJUH HHCTPYMEHT, apTus
KOTOPOT'0 3BYYUT TOpPa3a0 rpoMUe, 4YeM OOBIYHO TyMAIOT, — 3TO BEHTUJISITOP CUCTEMBI OXJIaXKICHHS
Motopa. lllym BooO111e HCKOHHOE CBOMCTBO BEHTHIIATOPOB, M OHU 3aCITYKHBAIOT 0COOOT0 MecTa

B IIEPCYHEC MEXAaHNU3MOB, OIMMCHIBAEMBIX B 3TOMU TJIaBE. HpI/I HEKOTOPBIX CKOPOCTAX ABUTATCIIA JICTKOBBIX
aBTOMAIINH IIIYM BEHTUJISITOPA CTAHOBUTCS TAKUM K€ TPOMKHUM, KaK U IIyM camoro mortopa. [Ipu
JECATUKPATHOM YBEJIMYCHUHU YHCIIa 000POTOB MOTOpPA IITyM BEHTWISITOpa Bo3pacTtaet Ha S0—60 nb u
CTAHOBUTCS rPOMUE IITyMa MOTOPa; KpOME TOTO, BEHTUJISITOP HAYMHAET CHUKATh MOJIE3HYI0 MOLTHOCTh
MOTOPA, BBI3bIBasl €0 MepeoxiaakaeHue. 3aMeHa 0OBIYHOTO BEHTHIIATOPA YyCTPOMCTBOM

C TEPMOCTATHYECKOH PEryIUPOBKON U DIIEKTPUIECKUM MPUBOJIOM WIIH JIEKTPOMATHUTHOU My(PTON HE
TOJIBKO CHU3UT IIYM JABUTATCIIA, HO U COKOHOMUT HEKOTOPOEC KOJIMYCCTBO MOJIE3HON MOIITHOCTH IIpH
BBICOKHX 000poTax MoTopa. K cokaneHunio, 5JKOHOMHSI TOPIOUEro He3HAYUTENbHA TI0 CPABHEHHIO CO
CTOUMOCTBIO TaKHUX yCTpOﬁCTB, HO BC€ K€ JIBa-TPU JIMIIHUX KUJIOMETpPaA B YaC WA JABA-TPpHU JIMIIHUX
KHJIOMETpa Ha raJuIOH TOPIOYEro, a TAK)Ke CHUKEHUE IITyMa JOJKHBI PUBJI€Yb BHUMAaHUE K 3TUM
YCTPOMCTBAM.

Xots BCHTHUJIATOPBI, KOHCYHO, HC OCHOBHBIC BUHOBHHKHU IIyMa, CJICAYET OCTAHOBUTLCA HAa HUX YiKC
ceﬁqac, I/I60, Koraa Mbl ,Z[Of[I[CM A0 aKyCTHUYCCKOI'0 9y0BUIIA — PCAKTUBHOI'O ABUT'aTCIIsA, BBISICHUTCA,
4UTO MCXKIAY HUMU €CTb MHOI'O 0611161"0. K TOMY K€ B UUCJIC yCTpOﬁCTB JJIs1 BEHTHIIAIIUN U
KOHAUIMOHUPOBAHUSA BO31yXa 3TO CAMbIC ITYMHBIC MCXaHHU3MBI.

BeHTUITOp — 3TO YCTPOMCTBO AJI NepeMeleHus Bo3ayxa. CyIiecTByIOT ABa TUIIA BEHTUISATOPOB —
oceBbIe U IIeHTpoOekHbIe. Ha puc. 25 moka3aHbl TUITMYHBIC IPEJCTABUTENN TEX U JPYTUX. Y OCEBOTO
BEHTHJIITOPA MHOTO OOIIEr0 C aBUALIMOHHBIM IPOIEUIEPOM, U IOITOMY OCEBbIE BEHTHIITOPHI,
paboTarolye Npu He3HAYUTEIbHOM CTaTUYECKOM JIaBJIEHUU WM IPAKTUYECKU B €r0 OTCYTCTBHE (UTO
JIONTyCKaeT MPUMEHEHHE KOopIyca MPOoCTeHero Tumna), 00bIYHO Ha3bIBAIOT MPOTEIIEPHBIMU.
LleHTpoOEKHBIN BEHTWISTOP MPUBOJUT BO3yX B KPYrOBOE ABM)KEHUE, M LIEHTPOOEKHASI CHUJIa CO3/1aeT
paiuanbHbIi HOTOK BO3yXa, HAPABISIEMbIi YIUTKON B BBIXOJHYIO TPYOY, PacloNOKEHHYIO 10/
IPSIMBIM YTJIOM K Bajly BEHTWIISITOpa. JIonacTu 3TUX BEHTUIIATOPOB MOT'YT ObITh MCKPUBIIEHBI BIIEpE,
Ha3aJ] WM PacIONOKEHbI paJHaibHO, OT YETo 3aBUCAT paboure XapakTepUCTUKU. B BeHTUIsTOpax
JIr000r0 THUIIA MEXaHU3MbI 00pa30BaHUs IIyMa OJIMHAKOBBI; CO3JAI0TCS UIyMbl IBYX BUJIOB, @ IMEHHO
BUXPEBOH 1IIyM U LIIyM BpalieHus. Mbl y:ke BCTpe4aluch C HUIMM B HadyaJle 3TOM TJIaBbl.



Puc. 25. OceBoii BeHTHIIATOP (BBEPXY) U IICHTPOOCSKHBIA BEHTHIATOP (BHHU3Y).

OO6pa3oBaHre BUXPEH CO3AaeT MIMPOKOTIOIOCHBIA TyM, JTUIICHHBIA TUCKPETHBIX COCTABIISIONINX; OH
KaK OBl CITY)KUT «aKKOMITAHEMEHTOMY JIPYTOMY BUJy IITyMa BEHTWISITOPA — IIyMY BpAIllCHUS.
Bri6epem B Bo31yXe KaKkyr-HUOYIb TOYKY BOJIM3U TPACKTOPHUH JIOTIACTEH; TIPH KaXJIOM MPOXOKICHUHI
JIONIACTH MUMO 3TOM TOYKHU BO3AYX B HEM MOJYUUT JOTOJHUTEIBHBIN TOJYOK, CO3AAI0OIINI BHE3AITHBIN
HUMITYJIBC JIaBJICHHsI. Y OOJIBIIMHCTBA BEHTHUIISITOPOB YaCTOTA 3BYKa MPOXOXKIACHUS JIOMACTEH JICKUT

B TIpeJieiaxX CIBIIIMMOCTH; TpaduK MyIhCAI[UH TABJICHUS B JIFOOOH TOYKE BO3AYIIHON CPEIbl —
nepuoanyeckas kpupas. M kak BCAKYIO IEPUOIUYECKYIO KPUBYIO, €€ MOKHO Pa3JIOkKUTh B psag Pypee,
TO €CTh MPEJICTABUTH B BUJIE CYMMbI TAPMOHMUYECKUX COCTaBIsIOMMX. OCHOBHASI YaCTOTa paBHA YaCTOTE
MIPOXOXKACHUS JIOTIACTEeH BEHTHIIATOPA, HO, TOMUMO Hee, B IITyMe OyAeT MPUCYTCTBOBATh MHOXKECTBO
BBICILIUX TaPMOHUK.

[ITym BpamieHus yBeIMUUBACTCS, KO /1A JIOMACTH IPOXOAAT MUMO HENOJABUKHBIX TEJI, HAIIPUMED
HaMpaBJISIOIUX JONATOK WM CTAaHUHBI MOTOPA B OCEBOM BEHTUISITOPE WIIU SI3bIKa — B LIEGHTPOOEKHOM.
[Tpu IpOXO0’KACHUY JIOTIACTH BO3IYX OKa3bIBACTCS BHE3AITHO «3aXKAThIM», YTO elle 00jee yCUIMBaeT
IIyM BpalleHus. DTO siBIeHHE 00yCIOBIEHO 3a30paMU MEX/1y BPAILAIOIIMMUCS U HEMOBUKHBIMU
AJIEMEHTAaMU U UMEET MECTO HE TOJIBKO B BEHTHIIATOPAX, HO M BO BCEX BpPALAIOIIUXCSl MEXaHU3MAX,

B YaCTHOCTH TypOMHaX U 3JEKTpOMOTOpax. UTo KacaeTcsl HalpaBIIAIOLIMX JIONATOK B OCEBBIX
BEHTWJIATOPAX, TO, €CIIM UX YUCIIO PABHO YHCITY JIONACTEH, IIIYM IIPOXO0KICHHUS JIONACTEN 3HAUYUTEIILHO
YCUJIMBAETCS; €CJIN YUCIIO TE€X U IPYTUX pa3iIMyHoO, 00Ilee yCHiIeHHe iyMa MeHbIe. Eciy, kak 3To
4acTo CIIy4aeTcsl, Kakasg-HuOy/b YaCTh BEHTHIIATOPA, HAIIPUMEpP KPETJICHUE WK KOPITYC, TPUXOIUT

B PE€30HAHCHbIEC KoeOaHus, IlyM BUXPEl U IIyM BpallleHUs CYILECTBEHHO Bo3pacTtaeT. Eie Xyxe, korjaa
BO3HUKAET PE30HAHC CaMUX JIONIACTEH: €CIIH, 110 HECUACTHOU CIIYy4alHOCTH, PE30HAHCHAs YaCTOTa WA
€€ rapMOHUKA JUIs JIOTIACTH WJIN HAIPAaBJIAIOLIEH JIOMATKU COBIALYT C YaCTOTOM 3BYKa ITPOXOKACHMUS
JionacTel WK ee rapMOHUKOM, TO 00€ IPUYMHBI HAUYHYT JEHCTBOBATh COBMECTHO U IIPOU30IIET



JlaJpHENIee YCUIICHUE IIyMa. Y HEKOTOPBIX MPONEIUIEPHBIX BEHTUIATOPOB JIOMACTAMU CIy’KaT
LIMPOKUE, OYTH IUIOCKUE IITAMIIOBKH U3 JIMCTOBOM CTaJU, U, pa3yMEETCs, OHU PE3OHUPYIOT CUIIbHEE,
yeMm apyrue. B HacTosiee BpeMst JIONAcTH Il OCEBBIX BEHTUIATOPOB 3a4acTYIO U3TOTOBIISIOT U3
TEPMOIIIACTHKA WM APYTUX MOAOOHBIX MaTepHAIOB, XapaKTEPU3YIOIUXCSl OONBITMMH BHYTPEHHUMHU
MOTEPSIMU, U IO3TOMY PE30HAHCHI B HUX HE3HAUUTENbHBL. C aKyCTUUECKUMU CBOMCTBAMHU Pa3IMYHBIX
MaTEepHAJIOB MbI 03HAKOMHUMCS B TJ1. 12.

[IyM BEeHTHIISATOPA MOKHO C IOCTATOYHON TOYHOCTBIO PACCUUTATh TeopeTHuecku. OOImuil ypoBeHb
M3JIy4aeMOU BEHTWIATOPOM 3BYKOBOM SHEPTHH ONPEAEIISETCS €r0 MPONU3BOIUTEIBHOCTBIO,
CTaTUYECKHUM JaBJIEHUEM U MOTPeOIIieMO MOIIHOCTBIO. J|0CTaTOYHO 3HATH J1BA M3 3TUX (PAKTOPOB.
Ecnu HaM n3BeCTEH ypOBEHb IIyMa KaKOro-IM00 BEHTUISITOPA, Ml MOXKEM COCTaBUTh IIPECTABICHUE U
0 YaCTOTHOM paclpe/le]IeHNH IIyMa, Oy/b TO OCEBOW WIIM IIEHTPOOEKHBIN BEHTUIIATOP. Y TOCIETHETO
OCHOBHAs 4acTh IIIyMa JIS)KUT B HU3KOYACTOTHOM 00J1acTH B OKTaBHOM 1mosoce 63 I'11, a B Gosee
BBICOKHMX TOJIOCAX LIYM MPOTPECCUBHO yOBbIBaeT. B cpeHeM B KaXKI0# MocieayIomiel OKTaBHOM moJioce
YPOBEHB IlIyMa yMeHbIIaeTcs Ha 5 1b; 0HAKO y HEKOTOPBIX BEHTWIATOPOB, B YaCTHOCTH Y
BEHTHJISITOPOB C 3aTHYTHIMU Ha3a/1 JOMACTAMH, 3ByKOBasi JHEPTUsi B OCHOBHOM COCPEIOTOYEHA BOJIM3U
9aCTOTBI IPOXOXKIAECHHSA JIONACTEN.

VY 0ceBBIX BEHTHJISITOPOB IIYM BPAIIEHUs TaKXKe BECbMa 3aMETeH, HO OOMINE TapMOHHK ITPUBOJIUT K
JIOBOJILHO PAaBHOMEPHOMY 3BYKOBOMY CIIEKTPY, HA HU3KOYaCTOTHOM M BBICOKOYACTOTHOM KOHIIaX
KOTOPOT'O YPOBEHB IIIyMa IIOHWKAETCS Ha HECKOJIBKO 1b. DTN BEHTHIIATOPHI JIErde 3ariIylInTh, YeM
HEHTPOOEKHBIE, IOTOMY YTO B MX IIIyMe TOpa3/l0 MEHbIIIE HU3KOYACTOTHBIX COCTABIISIONINX, KOTOPbIE
3a4aCTyIO TOYTH HE MOIAI0TCS OCIA0ICHHIO; OJTHAKO, KOT/Ia BEHTHIISTOP PUCOETUHEH K
TpyOONpOBOAY, BHYTPEHHHE OTEPU B TPYOAX OOBIYHO 3aMETHO CHIDKAIOT IIYM IIEHTPOOESIKHBIX
BEHTWJIATOPOB, HO MOYTH HE OKA3bIBAIOT BIMSHUS Ha IIIyM OCEBBIX BEHTWIATOPOB. I1lym oceBbIx
BEHTHJISITOPOB TOPA3/10 HENPUATHEE, IOTOMY YTO COJIEPKUT MHOTO YHCTHIX TOHOB, TOT/Ia KaK
OCTaTOYHBII IIYM HEHTPOOEKHOTO BEHTUIIATOPA COCTOUT TOJIBKO M3 BUXPEBOTO LIyMa U BBI3BIBACT
3HAYUTEIHHO MEHBIIIEC HEMPUATHBIX OLTYIICHUH.
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Puc. 26. TypOopeakTUBHBII TBUTATEb.

QU005

Hy, a Tenepps oOpaTMcs K peaKTUBHOMY JIBUTaTEIII0 — M3 BCEX MAIIMH, 3arpsA3HAIOMINX IIyMOM
OKPYXAIOIILYI0 CPeAy, OH UMEET HAauXyIIIYI0 penyTamuto. [IpoHocammiics Hax ronoBoi peaKTUBHBIN
CaMoJIET CO3/1aeT CaMblii CHIIBHBIN IIyM U3 T€X, KAKUE JTOBOJMUTCS CIIBIIIATH COBPEMEHHOMY YEJIOBEKY
B OOBIYHBIX yCIOBUSIX. BO3MOXKHO, 3TOT 1IyM NpUUKHSAET 00JIbIIe O€CIIOKONCTBA OOJIBIIEMY YUCITY
JIO/IeH, ueM JI00oM ApYyroi, Jake 4eM IIyM Ha3eMHOT'O TPAHCIIOPTa — €ro INIaBHBIN CONEPHUK.
[Ipo6yieMa nryma peakTUBHBIX CaMOJIETOB MOJy4YHIIa TAKOE 3HAUE€HUE, YTO PEaKTUBHBIE IBUTATENN
MOJIB3YIOTCSl YHUKAJIBHOM NMPUBHIIETHEN: B IIepeuHe TpeOOBaHUA, PEAbABISEMbIX TPOSKTUPOBIIUKAM,
yCTpaHEHHE IIyMa 3aHUMAET OJIHO U3 NepBbiX MecT. KakuM Obl femieBbiM, 3 (EKTUBHBIM, JIETKUM U
HKOHOMHMYHBIM HM OBUI JAHHBIM PEaKTUBHBIN JBUraTellb, €T0 HE YCTAHOBSIT HU HAa OJJTHOM I'PakJJaHCKOM
caMoJIeTe, €CJIM OH OKa)KeTCS CIIMILIKOM IIIyMHbIM !

Uwuratenb, BO3MOXKHO, BOCKIMKHET: «Bce peakTUBHBIC IBUTAaTENN UIYMST CIUIIKOM cuiibHO!» Ho Bce Ha
CBETE OTHOCHUTENHHO, U ObUIO OBl HECTIPABEAJIMBO UTHOPUPOBATH 3AMETHBIEC IOCTHKEHUSI HEKOTOPBIX
KOHCTPYKTOpPOB B 00pb0€ 3a yMEHbIIIEHHE IITyMa peakTUBHbIX J|Burareneit. [Ipexae yem npogoxars,
HaM CJIeJlyeT BCIIOMHHTD, YTO ONMMKalIlue poArYd PeakKTUBHBIX MOTOPOB — ra30Bble TYpPOUHBI —



IHUPOKO NPUMECHAKOTCA B KAYCCTBEC CTAIUOHAPHBIX U CYTOBBIX ,Z[BHFaTeJIeﬁ, a TaK)KE Ha CaMbIX
COBPCMCHHBIX 3JICKTPOCTAHIHAX. Ceituyac nbITalOTCS UCIIOIL30BaTh UX U KaK aBTOMOOMIIbHbBIE
JBUI'aTCIIN. A BCb TOJBKO 6J1aronap>1 HCKYCCTBY MHKCHCPOB-dKYyCTUKOB HACCJICHHUC 3allIUIICHO OT
myMa 3TUX MalllkH; IIpaBaa, ncpea 3TUMU CICHHUAJINCTAMH HE CTOAJIA HpO6HeMa YCTAaHOBKHU
FHYIHI/ITCJIeﬁ Ha CaMOJICT.

CpenHnsist cTeneHb ABYXKOHTYPHOCTH

Bbonbiias cteneHb JBYXKOHTYPHOCTH
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Puc. 27. TypOOBEHTHIIATOPHBIE IBUTATEIIH.

Bropoii 3axkoH HproTOHa yTBEepkKIaeT: KaKIOMY JIEHCTBUIO COOTBETCTBYET PaBHOE U OOPATHO
HaIpaBJIEHHOE MPOTUBOAEHCTBUE. Kak pakeTHBIN, TaK U PEAKTUBHBIA IBUTATEIN LETUKOM OIMUPAKOTCS
Ha 3TOT 3aKOH. PakeTHBIN IBUTaTENb HECET ¢ COOOM U JKUIKOE roprouee, U OKUCIUTENb. [Ipu cropanun
TOpIOYEro B KaMepe CropaHusl BBIACIACTCS OTPOMHOE KOJMYECTBO TEIJIa M 00pa3yroTcs 0oJbIne
o0BeMbI ra3a. ['a3 pacupsieTcs ¢ OOIBIION CKOPOCTHIO M BEIXOAUT U3 KaMepPhl CTOpaHUs HAPYKY uepe3
€IMHCTBEHHBIN BBIXOJI: COIUIO B XBOCTOBOM YacTH pakeThl. B pe3ynbTaTe 3HaUMTEIbHAS Macca rasa
HEMPEPBHIBHO BHIOPACHIBACTCS C YCKOPEHHUEM M3 XBOCTOBOM YaCTH PAKEThI, YTO MOKHO CPABHUTH

C HEMPEPHIBHBIM MOTOKOM ITYJIb, BRICTPEIMBAEMBIX U3 pYKbs. KaxKblil, KTO CTPEISI U3 PYKbs, 3HAKOM
C SIBJICHHEM JICHCTBUS U MMPOTUBOACHCTBHSI IPU OTJAY€ PYXKbsl, IPUBOIAIIUM K OOJIC3HEHHOMY YAapy

B IIJICYO ITOCJIE KaX10r0 BeIcTpena. Eciu Obl pyXKbe CTPEIIsiIo HEMPEPHIBHO, YAap MPEBPATUIICS ObI

B [IOCTOSIHHYIO CHILY, ICHCTBYIOIIYIO HA IJIEUO CTPEJISAIONIEr0. DTa CHJIa U €CTh B YUCTOM BUJE CUJIA
MIPOTUBOJICUCTBHS, HJIM PEAKIIMsI Ha IEUCTBHE BhITATKUBaHUs mysd. [TogqoOHBIM ke oOpa3oM mpu
BBITAJIKNBAHUHU MAaCChI BBIXJIOITHOTO T'a3a U3 PAKETHOTO JIBUTATEIS CO3JAETC pEaKTUBHAS CHIIA, U
HMMEHHO 3Ta PeaKIusi COOOIIAeT IBIKCHHUE paKeTe.

PeakTuBHBII 1BUraTelNb, B CYLIHOCTH, TOT K€ PAKETHBIN ABUTaTElb, HO HECYIIUI ¢ cOOO0I HE BeCh 3amac
HE00XOMMOTI0 Ta3a, a UCIOIb3YIOIUI OKPYKAIOIIHI ra3, TO €CTh BO3yX. Y MPOCTOro
Typ60peaKTI/IBHOF0 ABUTATCIIA, KaK U 'y paKETHOI'0, MMCIOTCA KaMEpPhbl CrOpaHtsd U BBIXJIOITHOC COILIO,



yepe3 KOTOPOE ra3bl BBIPHIBAIOTCS C YCKOPEHHUEM, CO3/1aBasl PEAaKTUBHYIO TATY. ['opsiunii raz oOpasyercs
TakK ’ke, KaKk ¥ B KaMepe CrOpPaHus OPIIHEBOTO ABUTATENs: K BO3AYXY IO/ IaBICHUEM 100aBiIsIeTCs
pacrnbUIeHHOE roproyee U cMech 3axuraercs. Ho B TypOopeakTHBHOM ABHUraTesie 3TOT IpoLecc
IIPOUCXOJUT HEMIPEPHIBHO; ISl CKATHS BO3/1yXa IPUMEHSIETCS KOMIIPECCOP — BEChMa CJIOKHBIM
MHOT'0JIONIACTHBIN, MHOTOCTYIIEHYATHIN OCEBOM BEHTHIIATOP. C IMOCIEI0BATEIBHO PACIOI0KEHHBIMH
CTYIIEHSIMU; TOPIOY€EE BIPHICKUBAETCS B KAMEPY HENPEPHIBHO, ITOCTYIIAsl B HEE OJJHOBPEMEHHO CO
CKATBIM BO31YXOM, TaK YTO ITOCJIE 3aIyCKa JBUTATENs 3aKUTaHUE OCYILECTBIISETCS CaMOIIPOU3BOIBHO
U HenpepbIBHO. /15l npuBeaeHus B 1€HCTBUE KOMIIPECCOPA 103311 KaMepbl CTOPaHUs YCTaHABIMBAETCS
ra3oas TypOuHa, KOTOpas OTOMPAET YacTh SHEPTUU PACIIUPSIIOIIUXCS Ta30B AJIs BpAIEHUsS
kommpeccopa. TypOrHa noxosxa Ha 0OpallieHHbIH BEHTHIIATOP WIH HAa BETPSHYIO MEJIbHUILY
XUTPOYMHOM KOHCTPYKLIMHU; CUJS Ha TOM K€ Bally, 4TO U KOMIIPECCOP, OHA BPALIAET €rO.

[Iym TypOOpeakTUBHOTO ABUTATENS UIMEET HECKOJIBKO UCTOYHUKOB. Hanbomnpimmii mrym co3gaet
TypOyJIeHTHOE MepeMeIMBaHie CKOPOCTHOM CTPYH rasza ¢ OKpY>XaroIluM aTMOC(EPHBIM BO3TYXOM.
CHOBa Ha CLIEHE BUXPU — HAIllK CTapble 3HAKOMBIE, U TENEPh Mbl JOCTATOYHO OCBOUJIUCH C HUMH,
4TOOBI MOHATH, KAKUM 00pa30oM CTpys raza MpoU3BOAUT IryM. IHTepecHO, 4To, co3aBasi ¢ MOMOIIBIO
CIIEIMAIIBHOTO YCTPOMCTBA MOTOK XOJIOJHOTO BO3/1yXa, BO BCEX OTHOLICHUSAX, KDOME TEMIIEPATYPHI,
NOJ00HBIN CTpye TYpOOPEAKTUBHOTO JBUTATEIS, MBI YCIJIBIIIUM ITOYTH TaKo# ke myM. Mctounukn
3BYyKa PACMOJIO0KEHBI HE B COIUIE, & HECKOJILKO HMUXKE 0 TEYEHUIO ras3a, B TaK Ha3bIBAEMOU «30HE
CMEIIEHUsI», 1€ CKOPOCTHAs TypOyJIEeHTHas CTPYsI CMEIINBAETCs ¢ aTMOC(EepHBIM BO3TyXOoM. MOKHO
ObLUTO OBI MPEANONOKUTE, YTO CTAIIMOHAPHBIA TYpOOPEaKTUBHBIN ABUTATEb TOJDKEH MPOU3BOIUTH
0oJIbILIE IIIyMa, YEM JABIKYIIUINCS, BBUY OOJIBLIEN CKOPOCTH I'a30BOI0 NOTOKA OTHOCUTEIBHO
OKpYXaromiero Bo3ayxa. Jlo i3BeCTHOI CTENEHHU 3TO BEPHO; OJJHAKO B ACWCTBUTEIHHOCTH BCE OOCTOUT
ropaszio CJI0XHEe, U MOKET OKa3aThCsl, YTO BO BTOPOM CJIy4yae BbICOKOYACTOTHBIH 1IyM OOJIbLIE.

Beixoasiias u3 coria CTpys U3IydaeT IIyM B pa3HbIX HAMIPABICHHUAX C Pa3IMYHON MHTEHCUBHOCTBIO.
JIpBHHAS OIS IIyMa MJET Ha3al ¥ AuarpaMMa HalpaBJIEHHOCTH MMEET CEpALEBUAHYIO GOpMY:
HanOOJBIINK YPOBEHB IIyMa HAaOIr01aeTCs 0311 ABUTATENs MPUOIM3UTEIBHO oA yriioMm 40° Kk ero
ocu.

Ha BTOpoM MecTe B co3aaHuu nryma TypOOpeakTUBHOIO JBUTaTeNsl CTOUT Kommpeccop. [lepas
CTYIEHb B OOBIYHOM JIBUTaTeJIe — 3TO BEHEIl HApaBJIAIOIIUX JONATOK, 3aTeM CIIEIyeT MepBas
BPAILAIOIIAsACS CTYIIEHb, [IOTOM — CHOBA YEPEAYIOLIMECS CTYIIEHH JIOMAaTOK CTATOPOB U POTOPOB.
Uucno Tex U Ipyrux CTyNeHerd MOXKET TOXOAUTh 10 MATHAAUATH. B3anMoaeincTBre pOTOPOB U CTaTOPOB
CO3/1aeT IIyM BBICOKOMN YaCTOThI, CXOJIHBIHA CO 3BYKOM CHUPEHBI, KOTOPBIH, Kak 0OBIYHO, COITPOBOXKAAETCS
rapMOHMKaMU M U3JIy4aeTcs BIEpea. ITO U €CTh TOT CBUCT, KOTOPBIN CaMOJIET U3AAET IIPU MTOCAJIKE.
Ecnu nonactu koMmpeccopa U3roToBJIEHbl U3 OOBIYHBIX METAJIOB, B HUX BO3HUKAIOT PE30HAHCHI,
KOTOpBIE yBEIMYMBAIOT IyM. M, Kak Bceraa, €ciiv pe30HaHCHBIE YaCTOThI IIM TAPMOHUKH JIONIACTEN
COBIAJAIOT C YACTOTON B3aMMOJIEHCTBHSI POTOP — CTaTOP, IIyM YCHJINBAETCS.

["a3oBas TypOuHa TOKE BUKUT, HO €€ IIyM H3Iy4daeTcs Ha3aJ U OOBIYHO MEPEKPHIBACTCS IIIyMOM
CTpYyH.

Kopmyc — elie oauH u3inydaTelnp ymMa B peakTUBHOM JBuraresne. [llymbl, uiayiime u3HyTpH, a MIMEHHO
IIYMBI CTOpaHusl, IIyMbl TYPOUHBI U KOMIIpECCOpa, IPOHUKAIOT B KOPITYC U BBI3BIBAIOT €0 KOJIeOaHus,
HOCJIeIHUE B CBOIO OYepe/ib U3IydaroT myM. Ho o cpaBHEHHIO ¢ ITyMOM HMCTEUEHHS CTPYH LIYyM
KopITyca O4eHb ciad.

B HacTos11ee BpeMsl KOHCTPYKIIMM PEAKTUBHBIX JABUraTelIe 3HAUNTENBHO YCOBEPLIEHCTBOBAHBI, U
paboTa B 3TOM HaIpaBICHUU MPOI0JKAETCS, a IEPBOHAYAJIbHBIE MOJIENIN TYpPOOPEAKTUBHBIX
JBUTaTeNel yxoasT B npoinioe. Oka3aloch BO3MOXHBIM CHU3UTh U3Ty4eHHE HCTOUHHUKOB IITyMa 3THX
JIBUTATENIEeH; B HOBBIX TYpPOOBEHTHIIITOPHBIX ABUraTENIX YMEHBIIEHA CKOPOCTh CTPYH ra3a
YCOBEpPIIEHCTBOBAH MpoIiecc cMelleHus, B HuxX nepBas cTyneHb KOMIIpeccopa UMeeT O0blne
pa3Mepbl, U BO3yX 00/IyBaeT KOPITYC ABUTATEINS («IBYXKOHTYPHOCTB, CM. TII. 12).



He tak naBHO, 07JHaKO, MBI BCE CMOTJIN YOEAUTHCS, YTO CAMOJIETHBIE ABUTATEIN OTHIOAb HE
€MHCTBEHHAs] IPUYMHA IIYMOBOT'O 3arpsi3HEHUS cpebl. M 1eiCTBUTENIBHO, COBEPILIEHHO
«OecUIyMHBIN» CaMOJIET MOKET CO3/1aTh CIOXKHEHIyI0 Mpo0aeMy IyMa, €ClId OH MOJIETUT CO
CBEPX3BYKOBOM CKOPOCTHIO. «3BYKOBOU XJIOMOK)» — HOBBIN THII IIIyMa, IO CPAaBHEHUIO ¢ KOTOPHIM
OCTaJIbHbIE KaXKyTCs HE3HAYUTENbHBIMH, U OH CO3/1aeT MPOOJIeMbl TOCYAapCTBEHHOT0 MaciiTada. Uto
K€ TaKoe «3BYKOBOM xJ10mok?» Koria BOeHHbIE CaMOJIEThI BIIEPBbIE MOJETEIN CO CBEPX3BYKOBBIMU
CKOPOCTSIMH, CO3JIaTEIM MHOTUX KUHO(UIBMOB TOTO BPEMEHHU CTapaliuCh 3aleyaTieTh «IIPeo0IeHIe
3BYKOBOTO Oapbepay. JISeTYMKH B 3aIIUTHBIX OYKAX BBIJBUTAIN BIIEPEI YEIIOCTh, CKPEIKETATH 3yOaMH,
9KpaH COTpsIcalicsl, ¥ KAl MoTa coeranu y HuX co Jiba, Koraa, mogo0Ho ApMarreiony, npuoIuxancs
KYJIbMUHAIMOHHBIN TyIIepa3guparoiii MOMEHT U OHU IIPOPBIBAIMCH CKBO3b 3BYKOBOW Oaphep.
Bripouewm, crieninaiucTsl MHE OOBSCHUIIU, YTO MOKHO JIOCTHYB uncia Maxa, paBHOro 1, HUUYero mpu
9TOM HE 3aMETUB...

No3byxobas
CKOpOCMb

CBepx3byxoban
CKOPOLME

Puc. 28. Bonabl AAaBJICHUS B BO3AYXC IIpU I[OSBYKOBOﬁ n CBer3By'KOBOI71 CKOPOCTAX NBUIKCHMUA.



Ha camom nene oT 3ByKOBOTO XJIONKa CTPAAAIoT JIIOAM, OCTaBIInecs Ha 3emie. Korma TBepaoe temno
ABWIKCTCA B BO3AYXC, HCIIOCPCACTBCHHO BIICPCAN 3TOI'0 TCJIa BOBHUKACT MMOBBIILICHHOC JABJICHUC. HpI/I
CKOPOCTH TeJIa, MEHBIIIEH CKOPOCTH 3BYKa, 3TO JaBJICHHE OCTAETCS MaJIbIM M TOJIBKO JaeT Ha4ajo
3BYKOBBIM BOJIHaM, OTXOASIINM OT Tena (puc. 28). Ho eciiu ckopocTh Te€a OTHOCUTEIBHO
OKPYXKAaIOIIETo BO3/lyXa OOJIbIIE CKOPOCTH 3BYKa, 3BYKOBBIE BOJIHBI HE YCIIEBAIOT OTXOUTH OT TEJa U
JIaBJICHUE HAKAIUIMBAETCS BIIEPEAM Tela, 00pa3ys CKauoK yIUIOTHeHHs (yAapHas BOJIHA) KOHUYECKOM
dopmer. Konyc pacmmmpsiercs, ¥ yaapHas BOJHA B KOHIIE KOHIIOB JOCTUTAET 3eMJIH, T1€
BOCIIPUHUMAETCA KaK 3BYK XJIOIKA WJIM I'yJ BeICTpesa. Bonpeku BecbMa paclpOCTPaHEHHBIM
IpeICTaBICHUSAM 3BYKOBOH XJIOITOK BO3HHUKAET 110 CJIEy CaMoJIeTa Ha POTSHKEHHH BCETO BPEMEHH,
MOKa OH JIETUT CO CBEPX3BYKOBOM CKOPOCTBIO, @ HE TOJIBKO B MOMEHT «IIPEOIOJICHHS 3BYKOBOT'O
Oapbepay». Tak kak ¢ yBeJTHMYCHUEM BBICOTHI TEMIIEPATypa BO3lyXa MOHIKAEeTCsl BO BCell Tporocdepe,
TEMIIEPATypPHBII IPaIUEHT BbI3bIBAET U3rUO MYTH yIapHOU BOJIHBI KBEpXY (V1. 7) U IO3TOMY OHA HE
BCETa JoCTUTaeT 3eMid. UToOBI yapHas BOJIHA 3HAYUTEIILHON BEJTMYHMHBI JOIILIA 10 3EMJIH, YUCIIO
Maxa y camonera, uayiero Ha Beicote 10 000 M, nomkHO npeBsluaTh 1,3 YaapHbie BOJIHBI UMEIOT N-
o0pasnyto Gpopmy (puc. 29); OHM BOZHUKAIOT BO BCEX TOUKaX, I1e opma camoneTa npeTepreBact
M3MEHEHHS, HAIPUMEp B MECTaX COSAMHEHUS KPBUTBEB C KOPITYyCOM, Y oOTeKareneid MoTopa, y
CTaOMIIN3aTOPOB U PYJIEH, HO BCE 3TH BTOPOCTEIICHHBIE BOJIHBI CIMBAIOTCS 110 MEPE PaclpoCTpaHEHH,
TaK 4TO J0 3€MJIM AOXOJAT TOJIBKO ABAa OCHOBHBIX yJapa — OT HOCa U OT XBOCTAa, YTO U MPpHUAACT
ynapHoii Bonae N-o6pa3nyro popmy. BoT mouemy Mbl CIBIIIMM 3BYKOBOM XJIONIOK Kak JiBa ObICTPO
CJICAYIOLIHX JIPYT 3a IPYroM yaapa.

£

fabnerve nebosmy-
UeHHOU OMMOCHEDs

Puc. 29. 3BykoBO#i XJIOMOK.

C yBenn4yeHHEM BBICOTHI I10JIETa MHTEHCUBHOCTD XJIONKA HA 3eMile yMeHblIaeTcs. CleyeT TaKkxke
UMETb B BUJY, UTO Ha BBICOTAX, II€ JETAIOT CBEPX3BYKOBBIE CAMOJIEThI, BO3/1YX 3aMETHO Pa3pekeH U
3TO YMEHBIIAET aMIUIUTYAY BOJHBL. 3a0CTPEHHas, I0100HO urie, popma HOCa CBEPX3BYKOBBIX
CaMoJIeTOB, IOMUMO BCEr0 POYEro, CIOCOOCTBYET YMEHBILICHHUIO BOJIHBI JaBICHUS BIIEpEIN caMoJIeTa.



7. OT TOYKH A K TOUKe b — 3BYK B OTKPBITOM
MPOCTPAHCTBE

MBI y’x€ MHOTO Y3HaJIM O 3BYKE U €70 MCTOYHHKAX, IIO3HAKOMMJIMCH TAK)XKE C YCTpOIICTBOM yxa. Tenepn
e TOMNBITAeMCS BBISICHUTD, YTO CIIy4aeTCsl CO 3BYKOM IIOCJIE€ TOTrO, KaK OH BBIXOJUT U3 UCTOYHMKA. UTO
IPOMCXOIUT C HUM Ha IyTH OT UCTOYHHUKA K yXy? OTBET Ha 3TOT BOIIPOC HHTEpECHEE, YeM OOBIYHO

JTyMAIoT.

BepHemcs Ha MUHYTY K HallleMy CTapOMY 3HAKOMOMY — IYJIbCUPYIOIEMY OaJNIOHY U MPECTaBUM, YTO
OH MOJIBEIIIEH B BO3JIyX€E IIe-TO MEXIy HeOOM U 3emuieil. B mpeapiayieii riaBe Mbl CeNIaId OJTHO
3aMeyaHue, 3Hau€HHuEe KOTOPOro HaM CTAHET SICHO TOJIBKO TeMephb: KaXKAYyI0 TOUKY TOBEPXHOCTH,
COBepILaroLIel KoebaHus, MOXKHO pacCCMaTPUBATh KaK CAMOCTOSITENIbHBIN HCTOUYHUK 3BYKa. Eciiu Mbl
Moi1eM HazaJ ellle Jajiblie, K IJIaBe 2, Mbl IPOYTEM TaM, YTO Iepeadya 3ByKOBOM BOJIHBI
OCYILIECTBIISIETCS] MOJIEKYJIaMH (MJIM YaCTUI[AMU) CPEbl, KOTOPBIE CKUMAIOT Pa3/IeisIOIIUe UX
«TIPYKUHKW», B PE3yJIbTaTEe YET0 T€ MPUOOPETAIOT NOTEHIUAIBHYIO SHEPTHIO U MIEPEAIOT €€
CJIEYIOIIMM YacTHUIaM, TIOCIIETHUE MTPUXOIAT B IBI)KEHUE U PUOOPETAIOT KHHETUYECKYIO SHEPTHUIO U
T. A. OTHAKO B 3TOM OIMCAHUU MBI KO€-YTO YIIYCTHJIHA U3 BUAY. B ra3oBoil cpene naBiieHre HUKOT1a HE
ObIBaeT HAMPABJICHO TOJBKO B OJIHY CTOPOHY. Eciii 1aBUTh BHU3 HA MOPIIEHb BEJIOCUIIEIHOTO HACOCa U
IIPOKOJIOTH KaMepy cOOKY, TO BO3AYX OyJeT BBIXOJUTh U3 OOKOBOI'O OTBEPCTHS C TAKOU e CUIION, KaK U
U3 OTBEPCTUS, MpoJeaHHOro cHU3Y. [IpencraBum cebe TUIMYHYIO, HAPUMED, CHHYCOUIAIBHYIO
3BYKOBYIO BOJIHY JJIMHOM 0K0JIO 200 MM M BBIYEPTUM KPHUBYIO JIaBJICHUS BI0JIb HAIPABJICHUS €€
pacnpocTpaHeHHs; OKAXXETCs, YTO B JIIOOOH MOMEHT BPEMEHHU y4acTOK, I/Ie Cpefia C)KaTa, COCTABISAET
MIOJIOBUHY JUIMHBI BOJIHBI, TO €cTh 100 MM, 1 BOBCE HE PaBEH pac CTOSHHIO MEXAY MOJIEKYJIAMH.
Moutekyiibl BO31yXa HE BBICTPAUBAIOTCS B HEKMI CTPOMHBIN Psifl, TJI€ BCE CBA3BIBAIOIIUE UX
«IIPYKUHKW» IEUCTBOBAIN OBl CTPOTO B OJIHOM HAINPABICHUU: OHU PACTIOIOKEHBI CAMBIM
Oecrops104HbIM 00pa30M, TaK YTO MEKMOJICKYIISIPHBIC CHIIBI ACHCTBYIOT BO BCEX HAIIPABICHUSAX.
[TosTomy eciu OBl y1aJ10Ch «3aMOPO3UTHY BO3MIYX, B KOTOPOM PAacHpOCTPAHSAETCS 3ByKOBas BOJIHA, U
IpSMO B CEPEIUHY Y4acTKa CTYIICHHS BBECTH MPUOOP At U3MEPEHHsI JaBIeHuUs, 001a a0
HAIpPAaBIICHHBIM JIEHCTBUEM, TO, KaK Obl Mbl HU IIOBOPAYMBAIM TPHUOOP BO BCEX HAIIPABIICHUAX, €TO
MOKa3aHUe OCTAIOCH Obl HEM3MEHHBIM.



\k_ b3 K HOCOCY

Puc. 30. IToctpoenue ¢ppoHTa BOIHBI MeTO10M [ TOMTeHCA (JI71s1 MyILCUPYIOIIETO OaJIJIOHA).

W3 sTOro ciaenyer, 4To KaXaylo TOUKY 3BYKOBOTO M3J1y4aTelsi MOKHO pacCMaTpHUBaTh KaK
CaMOCTOSITENIbHBIN HCTOUHUK 3BYyKa, CO3JJAI0IINI IepeMEHHOE AaBJIEHUE BO BceX HampasieHusx. Ha
puc. 30 mokazaHO HECKOJIBKO TOYEK Ha MOBEPXHOCTHU MYJIbCUPYIOIIEr0 OAJUIOHA B MOMEHT €ro
pacmupenus. Kaxaas Touka gaeT Hayajo cBoei cOOCTBEHHOM Noychepruueckoil 3ByKOBOM BoJIHE, A
TaK Kak JaBJIeHHE JeMCTBYeT B BOJIHE BO BCEX HANPABICHUSX, TO KAKAYIO TOUKY (PPOHTA BOJHBI MOYKHO
paccMaTpuBaTh KaK HOBBIM HCTOYHHUK 3BYKa. DTOT MOJXOJ K OCTPOEHUIO BOJIHBI U3BECTEH KaK METO
I'roiirenca.

He Gynem crioputhb ¢ TeéM, KTO PELIHUT, YTO COBMECTHOE JIEMCTBUE MUPHAIOB STHUX KPOIIEYHbIX
TUIOTETUYECKHUX BOJIH IIPUBEJIET JIMIIb K KAKOM-TO Kallle U3 3BYKOBBIX BOJIH. B3risiHyB Ha puc. 30, Mbl
0oOHapy’KUM, YTO Ha CaMOM JIeJIe Bce IIPOUCXOJUT OYEHb yropsaaoueHo. Kak Mbl mOMHMM, eciiu uepes
JAaHHYIO TOYKY NPOXOoOAT ABC WU 0oJIbIIe 3BYKOBBIX BOJIH, X JAaBJICHUA UJIW HHTCHCUBHOCTHU
CKJIa/bIBatoTCs (MeTol cynepro3unuu). KoneuHo, eciy Bce 3TU BEIMYMHBI BHIPAXKEHBI B Jleruoenax,
CJIEyeT MOJIb30BaThCS MPABUIIOM CIIOKEHHSI YpOBHEHU. [IpH cloeHnn MeKUX 1moiryceprudecKux BOJH,
U3J1y4aeMBbIX OT/AEIbHBIMH TOUKAMU IMOBEPXHOCTH MYJIbCUPYIOLIETO OalJIOHa, MOJIy4aeTcsl HOBBIN (PPOHT
BOJIHBI, TaK)Ke UMerouii popmy cdepsl, KOHIIEHTpUUecKol ¢ 6amioHoM. bonee Toro, kaxkaas Touka
3TOr0 HOBOTO (DPOHTA OMSATH CIIY’KUT CAMOCTOSITETIbHBIM UCTOYHUKOM 3BYKa, U, B PE3yJIbTaTe CI0KEHUS
9THUX HOBBIX BTOPUYHBIX BOJIH, IIOJTYUYUTCA HOBAasA KOHICHTPUYICCKAA c@epnquKaﬂ BoiHAa. B
paccMaTprUBaeMOM cilyyae He ObU10 Heo0X0AMMOCTH oOpamiaTbest K Metoay I 'toiireHca — BrosiHe
JIOCTaTOYHO OBUIO CKa3aTh, UTO chepruuecKuil 0aioH u3iydaeT cpepuuecKre 3ByKOBbIE BOJIHBI BCE
BO3pacTaroNIero paanyca, oerymmue co ckopoctbio 344 m/c. OqHako B 6051€e CIOKHBIX CIydasx
MOCTPOCHUC BTOPUYHBIX BOJIH — CI[I/IHCTBCHHI;Iﬁ IMIYTbh K IOHUMAaHUIO MHOTHUX oco0eHHOCTEN IIOBCACHUA

3BYKa.

IToBepxHOCTB ChepruuecKoil BOIHBI, U3Ty4aeMOi OallIOHOM, YBEJIMUMBAETCS 110 MEpE YAaJICHUS OT
0aJlJIOHa; COOTBETCTBEHHO MHTEHCUBHOCTD 3BYKa yMeHblaeTcs. Kaxx1oMy yBeIn4eHUIO pacCTOSTHUS
BJIBO€ COOTBETCTBYET YBEIIMUEHUE IIOBEPXHOCTH 3BYKOBOW BOJIHBI B 4 pa3a, 4TO NPUBOJUT K CHUKEHHUIO
MHTEHCUBHOCTH 3BYKa, a CJIEZIOBATEIbHO U YPOBHSI 3ByKOBOI'O JjaBjieHUsl, Ha 6 1b. J[pyrumu cioBamy,



MHTEHCUBHOCTH 3ByKa 00paTHO MPOMOPIMOHATIbHA KBAJPATy PACCTOSHUS OT HCTOYHUKA — 3TO TaK
Ha3bIBAEMBI 3aKOH OOpaTHBIX KBAJPATOB.

Puc. 31. 3nydeHune 3BYKOBBIX BOJISI KOJIEOIOMIEHCS CTAILHOM TIJIACTHHOM.

Ecnu HCTOUHUK C U3BECTHBIM YPOBHEM 3BYKOBOI MOIIIHOCTH M3JIy4aeT 3BYK B BUJE chepHuecKu-
CUMMETPHUYHON BOJIHBI C OJMHAKOBOM MHTCHCUBHOCTBIO BO BCEX HAIIPABIICHUAX, YPOBEHB 3BYKOBOT'O
JTaBJICHUS HA JTI000M PacCTOSIHUU OT MCTOYHHKA JIETKO BBIYUCIUTh. IHTEHCMBHOCTD 3BYKa MEHSAETCS 110
3aKoHy 1/ r’, rae r — paccTosHUE OT LEHTpa U3Iydarelsa 40 JaHHOU Touku. Ha paccrosHum I ot
MCTOYHUKA UHTEHCUBHOCTh 3ByKa paBHA MOIIIHOCTH UCTOYHUKA, YMHOXKEHHON Ha 1/4mr?. Ilepexons k
nenubenaM, MoJyduMm:

YPHEEHB 3RYKOBROTD JIARJICHHH =

1
YpoBeHb MOIMHOCTH HETOYHHKA+101g P (nB).
nr

OpHako Ha MpaKTUKe OOBIYHO HE BCE TAaK IMPOCTO, IIOTOMY YTO HCTOYHHKH 3BYKa PEJIKO CO3JAI0OT CTOIh
y100HOE I pacyeToB chepruuecKu-CHMMETPUYHOE N3TydeHue. 3a0yieM o MyIbCUPYIOLIEM OaJlJIoHe U
paccMoTpuM 0oJiee CII0KHBIN HCTOUHUK 3ByKa — KOJICOIIIOIIYIOCS CTAJIbHYIO INIACTUHKY. 3/1€Ch
BBILLICONMCAHHBIN CII0KHBIA METO TOCTPOEHUSI BOJIHBI CTAHOBUTCS MoJie3HbIM. U3 puc. 31 BuaHoO, uyTO
BTOPHUYHBIC c@epnqecm/le BOJIHBI, U3JTy4a€MbIC OTACJIbHBIMU TOUKAMU, B3AUMHO YHHUYTOKAKOTCA 110
KpasiM IJIACTUHKH, TaK KaK BOJIHBI Ha OJIHOM CTOPOHE, IUTACTUHKHU OTJIMYHBI 110 (ha3e TouHo Ha 180° or
BOJIH Ha JIpyroi ee ctopoHe. B cepenrne miacTuHbl orudaromniasi BTOPUUHBIX BOJIH IPEICTaBISET COO0M
HE [IapOBYIO IOBEPXHOCTB, a INIOCKOCTh, TO €CTh M3Jlyyaemasl BojiHa — 1tockas. [ToaTomy nouru Bech
3BYK M3JIYUAa€TCs B HAlIPpABJICHUU, IICPIICHAUKYIAPHOM IUIACTUHE; 3aKOH O6paTHI)IX KBaapaToB 3ACCh
HEIPUMEHHM.

Ilo mepe ynasieHust OT IJIACTUHBL, & TAK)KE C YBEJIMUYEHHEM JIJIMHBI BOJIHBI B3AMMHOE YHUUYTOKEHHUE BOJIH
10 KpasiM IJIaCTHHbBI CTAHOBUTCSI MEHEE MOJHBIM. [103TOMyY Ha paccTOSIHMM HECKOJIBKUX METPOB OT HEE,
B TaK Ha3bIBAEMOM JanbHel 30He, popma BOIH CHOBA MpUOIMKaeTCs K chepuyecKoil, a 3aKOH
00paTHBIX KBAIPATOB OISITh BXOJUT B CHITY, OJTHAKO JIUIIb JJIS1 KQKIO0TO HATIPABJICHUS B OTACIBHOCTH,
MOCKOJIBKY B pa3HbIX HAMPAaBICHUAX HHTEHCUBHOCTh 3BYKa MOKET OBITh pa3MTUYHON. 3aBUCUMOCTD 0NN
M3JTy4eHHOW MHTEHCUBHOCTH OT HANPAaBJICHHUS HA3bIBAIOT KOO(PPHUIMEHTOM HANPaBIeHHOCTH Qe.

J1J1st ICTOYHUKOB TaKO# MPOCTO# POPMBI, KaK IIACTUHA, KO (PHUIIMEHT HAPaBIEHHOCTH MOYXKHO
BBIYUCIIUTH JUIS JTFOO0TO yriia ®, HO B OOJIBIIMHCTBE CIy4aeB €ro Mpoie U3MepHUTh. Ecii n3BecTHBI



YPOBEHb MOILITHOCTH U K03()(PULIMEHT HANPaBIEHHOCTH, YPOBEHb 3BYKOBOT'O JJaBJICHUS HA PACCTOSHUU
I (M) OT UICTOYHMKA 3BYKa B TOUKE, JIEXKAIIEH Ha IPSIMON, COCTaBIIAIONIEH yros ® ¢ 0Ccbl0 UCTOYHHUKA,
omnpenensercs no popmyie
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rae ¥Y3J] — ypoBeHb 3ByKOBOTO AaBiieHHs; ¥ 3M — ypoBeHb 3BYKOBOH MOLTHOCTH UCTOYHHKA.
Paccuntath 3aBUCUMOCTb YPOBHS JaBJICHUS OT PACCTOSIHUSA MOXKHO JIOCTATOYHO TOYHO, 0OCOOEHHO €Clin
TOYKH JIeXKAT Ha OJHOM MPSIMOM U HET HEOOXOAMMOCTH 3HATh HAIIPABJICHHOCTh UCTOUHUKA. OJJHAKO TaK
00CTOMT J1€J10 TOJBKO Ha OTKPHITOM BO3yXe€, KOTJa MOOJIN30CTH HET KPYIHBIX 00BEKTOB, IPU
OTCYTCTBHMHM BETpa U MPU TEMIIEpAType, HE MEHSAIOLIENCS ¢ BbICOTOM. K coxkanenuto, 3Tu ycioBus
HUKOT/Ia HE COOJIIOAAI0TCS OJHOBPEMEHHO — B O0YKE Me/1a HEMMPEMEHHO OKa3bIBAETCS JIOKKA JAETTSL.

[Ipexne Bcero BOIM3M HCTOYHHUKA BCET 1A HAWAETCS KaKkas-HUOYIb OTpakarolias HOBEPXHOCTh, XOTS ObI
IIOBEPXHOCTH 3eMJIU. Tora pacipoCTpaHsIOTCS IBE€ BOJIHBL: NIPsIMasi U OTPa)KEHHAas, U €CIIU IIyTh
OTpaXCHHOM BOJIHBI HE3HAYUTENIBHO JJTMHHEE MIPSIMOT0, TO aMIUIUTY/bl 00€UX 3BYKOBBIX BOJIH MOTYT
0Ka3aThCsl MOYTH PABHBIMH U JINOO UHTEHCUBHOCTb, JIMOO JaBJIEHUE YIBOMTCS, UTO JJACT yBEIMUYCHHE
ypoBHs Ha 3 win Ha 6 1b coorBeTcTBeHHO[12]. [Iprt MHOTOKPAaTHOM OTPa)KCHUU YPOBEHb MOXKET
BO3pacTH elle cuibHee. OHaKo UHOT A elle OoJbllee 3HaUCHHE UMEIOT BETEP U U3MEHEHHUE
TEeMIIEpaTyphl ¢ BbICOTOH. B atMocdepe HuKoraa He ObIBa€T HU MOJIHOTO O€3BETpUsl, HU OJMHAKOBON
TEMIIEpaTyphl Ha BCEX BBICOTAX. JIETKO 3aMETUTH, YTO IPOTUB BETPa CIBIIIUMOCTD YXYALIAETCS,
HE3aBHUCHMO OT TOT'O, MACKUPYET JIX BETEP 3BYKH, K KOTOPBIM MbI IIPUCITYILINBAEMCS, WIH HET.
Hexoropbie 00BACHSIOT 3TO TEM, UTO BETEP «OTHOCHUT 3BYKHM Ha3a/», OJJHAKO 3TO HE TaK — pa3Be
TOJILKO CKOPOCTb BETpa JOCTUTHET CKOPOCTH 3BYKa; HO TOT/Ia BETEP YHECET U CaMOro HabusogaTes!

JlelicTBue BeTpa Ha 3ByK MHOI'OCTOPOHHE, HO MPEX/IE€ BCEIO MbI IOTOBOPUM O CJIOKEHUH BEKTOPOB
ckopoctu. Ha puc. 32 nokasan ciaydaif, Korjia 3ByKoBast BOJIHa O€XHT M0 HEOOBIIUM YTIIOM K
HAIPAaBJICHUIO BETPA; pPE3yJbTUPYIOLIEE HAPABICHUE PACIIPOCTPAHEHUSI U CKOPOCTh BOJIHBI
OTpeNieNsIIoTCs Mo MPaBUILy Mapauiesorpamma. Jlpyroe nelicTBie BeTpa Ha pacpoCTpaHEHHE 3ByKa
CBA3aHO C TEM, YTO CKOPOCTb BETpa y IOBEPXHOCTHU 3€MJIM MEHBIIE, YeM B 00JIE€ BHICOKHX CIIOSAX
atMocdepsl. [ToaToMy npu pacnpocTpaHEeHUH 3ByKa IPOTHB BETPA PE3yIbTUPYIOLIAsl CKOPOCTb 3BYKa Y
MOBEPXHOCTHU 3€MJIM OOJIbIIE, YEM Ha BBICOTE.
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Puc. 32. BiiusiHue BeTpa Ha HaNpaBJIEHUE PACIIPOCTPAHEHUS 3BYKOBOM BOJIHBI.
1 — HampaBneHMe pacpOCTpaHEHUs 3ByKa B OTCYTCTBUE BETPa;
2 — pe3ynabTHPYIOLEee HAIIPABICHUE PACIIPOCTPAHEHHUS 3BYKa,
3 — HampaBJICHHE BETPA.

[Ipexxne ueM 0OBSICHUTH, K UMY ATO MPUBENIET, PACCMOTPUM POJIb TEMITepaTyphl. B Teduenue nHs mox
JIEWCTBHEM TETUIOBOTO M3JIyY€HMsI COJTHIA 3eMiist HarpeBaeTcs. OHa HarpeBaeT Npuieraromui K Heit
CJIOH BO3/yXa, 3aTEM B PE3YJIbTaTe KOHBEKIIMH HATPEBAIOTCS, XOTS U B MEHBIIICH CTEIIeHH, OoJiee
BBICOKHME CJIOM BO3/1yXa. BOZHUKAIOIINI B TUXUH COJTHEYHBIN J€Hb OTPULATEIbHBINA TEMIIEPATYPHBIN
rpaJueHT YacTO BeChbMa 3HAYMTEJIEH 10 BeanunHe. Houblo 3emiist 0TIaeT Teio BO3yXy, HO yKe He
MOJTy4aeT ero OT coiHIa. [IyreM KOHBEKIMH HArPEThIid BO3IyX NepeMelacTcsi Ha OOJIBbIINE BHICOTHI, U
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B SICHYIO, TUXYIO HOUb HEPEJIKO Ha0II0/1aeTCsl 3HAUUTEIbHBIN TOJI0KUTENBbHBIN TeMIlepaTypHbIT
IPaJUEHT, WIH «TeMIIepaTypHasi UHBEPCUS».

B TennoM Bo3ayxe cKopocTh 3ByKa 0oJIbIie, 4eM B X0JI0HOM. [Ipu oTpunareabHOM TeMIiepaTypHOM
IpPaJueHTe CKOPOCTh 3ByKa YMEHBIIAETCS 110 MEPE yIaJICHHs OT IIOBEPXHOCTH 3¢MJIM. AHAJIOTHYHOE
SBJICHHE HAOJII01aeTCsl, KOT1a 3BYK PaclpoCTpaHsieTCs MPOTHB BETPA MPU MOJI0KUTEIBHOM IPaTUCHTE
CKOPOCTH BETpa: B 3TOM Cilydae yObIBaHHE CKOPOCTH 3BYKa C BHICOTOM MOIyYaeTcsl B pe3ysibTaTe
BBIUMTAHUS U3 HEE CKOPOCTHU BCTPEUHOT'O BETPA.

Kak 310 oTpaxkaercs Ha pacnpocTpaHeHHHU 3ByKa? D10 BUIHO U3 puc. 33. Ha HeM n3o0pakeH GppoHT
3BYKOBOI BOJIHBI, O€TyIlel MpU MOJ0KUTEILHOM I'PaJUEHTE CKOPOCTH BETPa U OTPUIIATEILHOM
TeMIepaTypHOM IrpajueHTe. B BepxHeil yacTu BOJIHOBOM (PPOHT pacmpocTpaHsercs B 0oJiee X0JI0JHOM
BO3/IyX€ WM NPOTHUB 00Jiee CUIBLHOIO BETPa U MO3TOMY ABUTAETCS C MEHBIIEH CKOPOCTHIO, YEM

B HIDKHEH yacTu. B pe3ynbrare GpoHT BOJIHBI M3rHOaeTcst KBEpXY. AHAIOTUYHO, €CIIH B JOAKE IPECTH
OJHUM BECJIOM CUJIbHEE, YEM JIPYTUM, TO JIOAKA MOBOPAYMUBAET B CTOPOHY OT Hero. Ha puc. 33 nokasan
pe3ynbTupyroumii 3¢ dext. Eciu 3BykoBast BoJIHA pacpOCTPaHAETCsl OT UCTOYHHKA ITPOTHB BETPa WIH
OeXUT B JIFOOOM HampaBiIeHUH B aTMOC(Epe MPHU OTPULIATEIILHOM TEMIIEPATypHOM I'paUeHTe, €€ MyTh
HCKPUBIISIETCS] KBEPXY U 3€MJISl OKa3bIBAET SKPAHUPYIOLIEE IEHCTBUE, COITPOBOXKIAEMOE
BO3HMKHOBEHUEM 3BYKOBOW TEHH. DKPAaHUPOBAHHUE IIPH 3TOM HE IIOJIHOE, TaK KAK BCIIEICTBUE
TU(PaKIKU 3ByKa BOJIHA IIPOHUKAET U B 00JaCTh TEHU — C ITHM SIBJICHUEM MBI CKOPO TO3HAKOMHMCHI.
Bo BcskoM cityuae, 3a mpefesiaMi KpUTHUECKOT0 PAaCCTOSHUS MEKAY HCTOUHUKOM 3BYKa M TOUKOM, e
BOJIHA, IPOXOAIIAs HUXKE BCEX OCTAJIbHBIX, KACAETCS NOBEPXHOCTHU 3€MJIM, UHTEHCUBHOCTD 3BYKa
3HAYUTENIBHO CHUXKAETCS. DTO CHUKEHUE OCOOEHHO CHIIBHO BBIPAYKEHO JAJIS1 BBICOKOYACTOTHOTO 3BYKA,
YTO TAaKXKe CBA3aHO C sBIeHUEeM Audpakuunu. HanpoTus, npu pacnpocTpaHeHHH 3BYKa 10 BETPY WIH

B YCJIOBUSIX TEMIIEPATYpPHOU MHBEPCUH (DPOHTHI BOJIH U3rnOaroTcs B 0OPaTHOM HalpaBJIEHUH, YTO
IPUBOJUT K NPSMO MPOTUBOIIOJIOKHBIM PE3YIbTaTaM.
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ﬁé/ﬁﬁ Eﬂﬁﬁiﬁﬂﬂ - Hanpabnenue pacnpoc-
mpavexus 3byxa
Puc. 33. Biussaue yObIBaHUS TEMITEPATYPHI C BEICOTON U TIOJIOKUTEIILHOTO IPaIeHTa BETpa Ha
pacupoCTpaHeHHUe 3BYyKa.
1 — TemnepaTypa yObIBaeT C yBEITUYEHUEM BBICOTHI;
2 — CKOPOCTh BETpa BO3pPACTAET C YBEITMUYEHUEM BBICOTHI.

Uuciio nepeMeHHbIX TapaMeTPOB B 3aJ1a4e paclpOCTPAHEHMS 3ByKa TaK BEJIIMKO, YTO TEOPETUYECKAs
OLIEHKA BIIMSAHUSA TPAIMEHTOB HEHAJIEKHA; YTOOBI 1aTh MIPEJICTABICHUE O MOPSAIKE BETHMUUH, YKAXKEM,
YTO MpH YacToTe 3ByKa 1 kKI'I1 M pacpocTpaHeHUM €ro NPOTHUB BETPa, IYIOLIETO CO CKOPOCThIO 20 KM/4,
MHTCHCUBHOCTB 3BYKa Ha PacCTOSIHUM 1 KM OT UCTOYHMKA CHU3UTCS npuMepHo Ha 30 nb.
TypOyneHTHOCTb BETpa BBI3BIBAET PACCESIHUE 3BYKOBBIX BOJIH U OTKJIOHEHHE WX B 00JaCTh TE€HH, a
TaK)K€ CHM)KaeT MHTEHCUBHOCTD IPOXOASAIINX BOJH.

Ha pacmpocTpanenue 3Byka Ha OTKPBITOM BO3/yX€ BIUSAIOT HE TOJIBKO IT'PAJUEHTHI BETpa U
Temreparypbl. Ha G0IbIIMX pacCTOSTHUSIX AJISI BRICOKMX 9acTOT OYCHB CYIIECTBEH APYrou paktop —
BA3KOCTH BO3/lyXa. Tak Kak 4yaCTHIIBI BO3/1yXa HEMPEPHIBHO COBEPIIAIOT KoJieOaTebHbIE ABMKEHUS, TO
MEXy COCETHUMHU YaCTUIIaMU BO3HHUKAIOT CUJIBI TPEHUs. TpeHue Bceraa MPUBOIUT K MOTJIOMICHUIO
HHEPTUH; Ha BHICOKUX YaCTOTaX, KOTJIa COCEAHHIE YaCTUIIBI KOJIEOIIOTCA JPYT OTHOCUTENBHO Ipyra

¢ OOJIBIIION CKOPOCTHIO, BIMSHUE TPEHUS MOXKET CTaTh 3aMETHBIM. B pe3ynbrare TpeHust 3ByK 4acTOTOM
10 xI'y Ha pacctossHuM B 1 kM 3atyxaeTt npumMepHo Ha 40 n1b, 3To momuMo ocnabnieHus,
00YCIIOBIICHHOTO 3aKOHOM OOpPATHBIX KBaIPAaTOB 3eMJIsl TAKXKE IMOTJIOIIAET 3BYKOBYIO dHEpru0. 00
STOM MBI Y3HAeM B clieyromeil rnaBe. Eciu MEeCTHOCTh XOJIMHUCTAs, 3apOcCiiiasi IECOM MIIH MOKPHITa
CHETrOM, MOTJIONICHUE MOKET OKa3aThCsl OUEHb CYIIIECTBEHHBIM.



Jlo cux mop Haim 3ByKOBBIE BOJHBI UCIIBITHIBAIN TOJIBKO AEHCTBHE BeTpa U TemmepaTypsl. Ho Beb Mbl
JKUBEM HE B ITYCTBIHE, U 3BYKH, KOTOPHIE MBI CJIBIIIMM Ha OTKPBITOM BO3/1YyX€, KaK IPaBUJIO, BCTPEUAIOT
Ha CBOEM ITyTH MPENATCTBUS NOTBEPKE, YEM JYHOBEHHUE BeTpa. UTO MPOMCXOINT, KOrAa 3BYKOBas
BOJIHA MaJ]aeT Ha TBEP/YIO MOBEPXHOCTh, MBI Y3HAEM €IIIe TOJBKO Yepe3 JBE IIaBbl, HO, TAK KaK OOBIYHO
MOBEPXHOCTU UMEIOT OrPAHUYEHHBIE Pa3MeEpPhl, BBIICHUM YK€ Cei4ac, YTO MPOUCXOJUT CO 3BYKOM,
00XOIAIIUM Kpast TAKHX TPETSITCTBUH.

[IpencraBum cebe JUIMHHYIO, COBEPIICHHO 3BYKOHETIPOHUIIAEMYIO CTEHY, OTPAaHUYCHHYIO TIPSIMBIM
KpaeM. UTo cayduTcsi Co 3ByKOBOM BOJTHOM, TPOXOAIIEH MUMO ATOTo Kpasi? [lo-Buaumomy, MHOTHE
CKaXXyT, YTO BOJHA MPOWJIET COBEPIIICHHO MPSIMO U 10 APYTYIO CTOPOHY CTEHBI 00pazyeTcs 3BYKOBast
TeHb. BO BCSIKOM cilydae, 3TO IPOUCXOAUT CO CBETOM, a BEJlb HAC YUUIIM, YTO 3BYK, KaK U CBET,
pactpocTpaHseTcst npsMonHeHo. OTHAKO U JUIS 3BYKa, U JJI CBETa BCE OOCTOUT MHAYE.

B camom nesne, BcnoMuuM Meton ['1olireHca uis moctpoeHus BoJHbL. Kaxxayro TOUky (poHTa BOJIHBI
MO>KHO paccMaTpHUBaTh KaK CaMOCTOSITENIbHBIA HCTOYHUK BTOPUYHBIX BOJIH, U3JIy4alOIUN MaJI€HbKHE
cepuyeckre BOJIHBL, a 6y1arogapsi TOMy YTO TOYKU PacOI0KEHbI HEPEPHIBHO, B3aUMOJICHCTBHUE ITUX
chepruecKrx BOJIH IPUBOIUT K 00OPa30BaHUIO TAKOTO ’Ke HOBOTO ()POHTA BOJIHBI, IPOIBUHYBIIETOCS
HeMHOT o Briepea. Ho eciiu ppoHT 3ByKOBO# BOJHBI BCTpEeUYaeT Kpail CTeHbI, TOJIBKO YacTh (PpoHTa
MpoiIeT MUMO ATOro Kpasi. [loaToMmy ToukM Ha KOHIIE TOM YacTu (PpoHTA, KOTOpask MPOoIIa MUMO
CTEHBI, OKXYTCs 0e3 coceneli ¢ oiHOM cTopoHbl. C 3TOM CTOPOHBI B3aMMOICHCTBUE MAIEHBKHUX
cepHuyecKrX BOJIH, BOCCTAHABJINBABIIMX OCHOBHON ()POHT BOJIHBI IO MEPE €T0 MPOJBUKEHUS BIEPE,
npekpaTurcs. B pe3ynbrare cpezanHblil Kpai ()pOHTA BOJHBI CTAHET HOBBIM HCTOUHUKOM 3BYKQ,
U3ITY4arolM c(hepruECKUe BOIHBI B 001aCTh 3BYKOBOI T€HU NMEPHEHIUKYISPHO HAIIPABICHHIO
pacnpocTpaHeHHss OCHOBHOT'O ()pOHTA BOJIHBL. BOJIHBI MO-TIpekHEMY HallaraioTcs APYr Ha Apyra, HO
pE3yabTaT MOIY4YacTCsl COBCEM HHOM.
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Puc. 34 (@) Kaptna npoxosxaeHust psijia BOJHOBBIX (PPOHTOB MUMO pedpa CTEHBI.

Ha puc 34, a cxemaTruecku n300pakeHo JalibHEiIIee qBMKeHne 000pBaHHbBIX (POHTOB BOJIH. Kpome
TOTO, /I HEKOTOPOTO MOMEHTA BPEMEHH MTOKa3aHbl BTOPUYHBIE CPepHUECKHE BOIHBI, H3Ty4eHHbIC
TOYKaMH Ha 00OpPBAaHHBIX KOHIAX (PpOHTOB. J{JIsi MPOCTOTHI HA PUCYHKE TPEACTABICHO TOJIBKO
HECKOJIBKO TOYEK I10 X0y JBIKCHHUS (POHTA, a B JCHCTBUTEIBHOCTH OHU 00pa3yloT HENPEPHIBHYIO
auHMo. UTOo K€ mpoucxoauT Tenepsb? B HanpaBieHUM, NEpHEHIUKYISIPHOM JIBUKEHUIO OCHOBHBIX
BOJIH, BCE BTOPHYHBIE BOJIHBI B3AUMHO YHUUTOXKAIOTCS. TOYKM MaKCUMAaJIbHBIX CI'YILIEHUH B OTHUX
BOJIHaX TOYHO COBIAJIAI0T C TOUKaMU MaKCUMAaJIbHBIX pa3pekeHuid B qpyrux. Ho, uem Gnnxke k TMHUN
IPOXOKICHUS Kpasi pOHTA, TEM MEHEe IMOJIHO BTOPUYHBIE BOJIHBI YHUUTOXKAIOT APYT Jipyra. B
pe3yibTaTte, HapUMEp, B TOUKE a IKpaHUPYIOIee IEHCTBHE CTEHBI BRIPAXKEHO OYEHB CIIa00, ITOTOMY
YTO BTOPUYHBIE BOJIHBI KOMOMHUPYIOTCS 3/1€Ch IPEUMYILECTBEHHO KOHCTPYKTUBHO U MPOU3BOIAT TaKOM
K€ 3BYK, KaK 1 OCHOBHBIC BOJIHEI. HaHpOTI/IB, B TOYKE b B3aI/IMO)I€I\/JICTBI/I€ BTOPHWYHBLIX BOJIH
JIECTPYKTUBHO U 110 YUCTO T€OMETPUUYECKUM ITPUYMHAM COIIPOBOXKIAETCS UX 3HAUUTEIILHBIM B3aUMHBIM
yHIYTOXKeHHEeM. [1oaTOoMy B Touke b HabroaTenb B OCHOBHOM 3aIlUIIEH CTEHOH OT 3BYKa.

Tenepb obpatumcst k puc. 34, 6. On aHanorudeH puc. 34, a, HO OTHOCHTCS K 00Jiee HU3KOYaCTOTHOMY,
uHaue, K 0oJiee JUIMHHOBOJIHOBOMY 3BYKY. Paznmuuus Mexay 3TUMH pUCYHKaMH OpocaroTcst B riiasa. J{ins
JJIMHHOBOJIHOBBIX 3BYKOB B3aMMMHOC YHUYTOXKXCHHUEC BTOPUYHBIX BOJIH JAJICKO HEC TaK 3(1)(1)CKTI/IBHO, )51
MIOATOMY KPAHUPYIOIIEE ACHCTBUE CTEHBI MPOSIBIISICTCS TOJBKO B 00JIaCTH O0JIee TIIyOOKO# 3BYKOBOM
TCHHU. HaHpOTI/IB, AJI1 CaMbIX KOPOTKOBOJIHOBBIX 3BYKOB B3aMMHOC YHUYTOXXCHHUEC BTOPUYHBIX BOJIH



MIPOUCXOAUT YPE3BBIYANHO 3P HEKTHUBHO MOYTH 10 CAMBIX 00OPBAHHBIX KOHIIOB (POHTOB. Takum
00pa3oM, BBICOKOYACTOTHBIC 3BYKH 110 CBOEMY TIOBEJICHHUIO OJIMKE K CBETOBBIM BOJIHAM, YE€M
HU3KO4acTOTHBIC. OMUCAHHBIN BHIIIE MPOIIECC Ha3bIBAaCTCS AU(PaAKIUCii; OH MPHUCYI BCEM BUaM BOJIH,
B TOM YHCJIC U CBE€TOBBIM, XOTA AJIMHA CBECTOBBIX BOJIH HACTOJIBKO MaJjia, 4YTO 06Hapy)KI/ITB I[I/I(l)paKI_[I/IIO
CBETa 3HAYUTEIIHLHO TPYIHEE.
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Puc. 34 (6) To xe, HO IpU MEHBIIIEH YAaCTOTE 3BYKA.

Kak Mbl yke 3HaeM, 3ByKH, COCTOSIIUE TOJIbKO U3 OJHON YacTOTHI, BCTpeyaroTcs peako. Judpakuus
BJIMSET Ha CIOXKHYIO BOJIHY TaK Xke, Kak U IPOCTYI0, HO TU(PAKLIKs HU3KOUYACTOTHBIX KOMIIOHEHT
BbIpa)Ke€Ha 3HAUUTEIBHO CHiIbHEe. UTOOBI yCTAHOBUTH, HACKOJIBKO BEJIMKa OyneT AUPPaKIKs B TOM WIH
MHOM cllyyae, He0OX0AMMO 3HATh PACCTOSHUS OT UCTOYHHUKA U TIPUEMHHKA 3BYKA JI0 CTEHBI, a TAKXKe
BBICOTY 3TUX 00beKTOB. J(u(ppakiys mo3BoIsIeT MOHATh, I0YEMY MbI CJIBIIIUM 3BYKH OT HICTOYHUKOB,
KOTOpbIE HAXOAATCS BHE HAIIETO MOJIS 3pEHUs, KaK 3TO 4acTO HAOIIOAAeTCsl B CAMbIX pa3HOOOPA3HBIX



curyarusix. Kak Mbl y)ke ymoOMUHAJIH, TOBOPS O 3BYKOBOW T€HH, 00YCIIOBICHHOM I'palueHTaMH BETpa 1
TeMIepaTypbl, AU(PpaKus 3ByKa — OJIUH U3 (PAKTOPOB CHIKEHUS dPPEeKTa 3aTCHEHHUSI.
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Puc. 34 (B) [Toctpoenue pponTa BoHBI MeTO0M [ TOlreHCca TPH U3 TyYSeHUH 3BYKa U3 OTBEPCTHS.

[pomecc B3aMMHOTO YHUYTOKEHHSI BTOPUYHBIX 3BYKOBBIX BOJIH UTPAET OOJBIIYIO POJIb, KOTAA 3BYK
pacmpe/iesieH B TPOCTPAHCTBE HEPABHOMEPHO. HeTpyIHO 3aMETUTh CXOICTBO MEXIY OMMCAHUEM
TUPpaKkIuu 1 00BICHEHHEM HAIIPAaBICHHOCTH U3JTYYCHUS, CO3/]aBAEMOTO KOJICOIFOIIEHCS ITIaCTUHOM.
Korna miockue BOJIHBI, OeryIiye o BeHTUIISIIUOHHON TpyOe, BHE3AMTHO BBIPHIBAIOTCS HAPYKY, HA
KOHIIE €€ MPOUCXOIMT TO )K€, YTO U MPH U3ITyYCHHUHU 3BYKa KOJIEOIFOIIEHCS CTATBHOM TTACTUHOM:
BBICOKOYACTOTHBIN 3BYK HAIIPABIISCTCS MPSIMO, BIIEPE]I, TOT/IA KaK JIJIsl HU3KUX YaCTOT B3aMMHOE
YHUYTO)KCHUE BTOPUYHBIX BOJIH 110 KpasiM (DPOHTA OKA3BIBACTCS MEHEE TIOJTHBIM, TOITOMY BBIXOISAIHIA
U3 TPYOBI 3BYK HU3KOTO TOHA MMEET MEHBIITYIO HAIIPABIEHHOCTh U PACXOIUTCSI B CTOPOHEL. SIBIICHNME,
KOTOPOE MBI 0003HaYaN KaK «B3aUMHOE YHUUTOKEHHE) HITU «B3aUMOJICHCTBHE BOJIHY, HA S3bIKE
(bu3HKYN HAa3BIBAIOT «HHTEpEepeHIme». MHTeppepeHIrs nMeeT MECTO BCeT1a, KOT/Ia JIBE BOJHBI
OJTHOBPEMEHHO MPOXOIAT Yepe3 OJJHY TOUKY. DTO OYCHb PACIPOCTPAHCHHOE SIBJICHHE; BIICPBbIC MBI



BCTPETWIINCH C HUM, pacCMaTpUBasi MPOXOXKIECHUE 3BYKa B PE30HAHCHOM TpyOe: B pe3yibTaTe
UHTEpEPEHIINH NCXOIHOM U OTPAKCHHOM BOJIH BO3HMKAJA cTOsiuasi BojaHA. Ha aToM nmpunmummne
MOCTPOEHBI IPUMEHSAEMBIE B 1a00PATOPUAX UHTEPHEPOMETPBI— 3TO 0COOBIE PE30HAHCHBIE TPYOBI IS
U3MEPEHUS OTPAXKaTEIBbHON CIOCOOHOCTHU BELIECTBA, KOTOPOE MTOMENIAIOT Ha KOHIIE TPYOBI.

Pazymeercs, oTpaxkeHue 3ByKa IPOMCXOJUT HE TOJIBKO KOT/Ia 3BYK JOXOJAMT /10 KOHIA TPYOBI, HO U

B Ipyr'uX ciydasx. Yaiue Bcero oTpakxeHue HabJroJaeTcs IpyU MaJeHUH 3ByKa Ha OOJIBIIYIO IUIOCKYIO
TBEPJIyIO MOBEpXHOCTh. HauHeM ¢ KOHILA U, Ipexkae YeM 00CYkIaTh MPUUUHBI (CM. TJ1. §), paCCMOTPUM
HEKOTOpBIE CIIEJICTBUS OTpakeHUs 3ByKa. Ha puc. 6 u 7 Obl10 1MOKa3aHo, YTO MPOUCXOIUT MPHU
B3aUMOJICHCTBHHM OETYIIMX IPYT APYry HAaBCTPEUy BOJH: 00pa3yercs cTosiuasi BOJHA; OHA MyJIbCHPYET,
OCTaBasICh HA MECTE U HE ABUTasACh HU B KAKOM HAIPABJICHUU. DTH PUCYHKH OTHOCHIIMCH K INIOCKUM
BOJIHAM, OeTylIuM 1o Tpyoe, HO C MJIOCKUMHU BOJTHAMHU HMPUXOAUTCS BCTPEUATHCS HE CIUIIKOM YacTo; y
Hac ropaszo 0oJIbIlIe IIaHCOB HATKHYThCSI HA APYrOM TUI BOJH — Ha cepudeckue BOIHbL. YTo xe
MPOMCXOIUT MPH OTPAKEHUH C(HEepHUUECKON BOITHBI?

Puc. 35. InrepdepeHiys BOIHBI ¥ €€ OTPAKESHHSI OT MIIOCKOCTH.

Ha puc. 35 u3o0pakeHa «3amopoxkeHHas» cepudeckas BoaHa. Ha puCyHOK HAaHECEHBI 1 COSMHECHBI
JIPYT C IPYrOM TOYKH MAaKCUMAJIbHBIX CTYILIEHUH U pa3pekeHui B BosiHe. [lomruMo nagaronieid BOJIHBI,
Ha CXeMe MOKa3aHbl 0OJIbIIAs OTpaXKaroliasi IOBEPXHOCTh U OTpakeHHas cepudeckasi BOIHA. 3/1eCh
CHOBa HaOJII01aeTCsa HHTEP(EPEHIMS: CTYILIEHUS U pa3peKeHUsl B OJJHOM BOJIHE OYyT B3aUMHO
YHUYTOKATBCA WJIN YCUIIMBATLCA IIPU HAJIOKCHUHU HA CTYHICHUA U PA3PCIKCHUA B APYyT OU BOJIHE.
Pe3ynbrat nomyyaercst BecbMa JIFOOOIBITHBIN: 00HAPYKUBAIOTCS OMPEICICHHbIE 30HBI, I'71€ 00€ BOJHbI
IIOCTOSIHHO B3aHMOH€ﬁCTBy10T KOHCTPYKTHUBHO, YCUJIMBASA UHTCHCUBHOCTD 3BYKa, U IPYruc 30HbI, I'AC
UX B3aUMOJICHCTBUE TIOCTOSIHHO I€CTPYKTUBHO M MPUBOJIUT K CHUKEHHIO HHTEHCUBHOCTH 3BYKa J10
Hys1s1. [Ipy HU3KOUACTOTHBIX 3BYKaX, C MX OOJBIION AITMHON BOJHBI, TH 30HBI BEJIUKH, M TO3TOMY IIPH
HAJIMYUU B HU3KOYaCTOTHOM 3BYKOBOM I10JI€ OTPa’KaTEIbHBIX MOBEPXHOCTEH MOKHO OKa3aThCs B 30HE
3HAYUTEIILHOM MHTCHCUBHOCTH 3BYKa, a IIEper/isd B IPYyroe MECTO, IIONACTh B 30HY OTHOCUTEIBHOU



TUIIMHBL. /{151 BBICOKOYACTOTHBIX K€ 3BYKOB TAKHE 30HBI OYCHb MAJIBL, TAK YTO OJHO YXO MOXKET
OKa3aThCs B 30HE OOJIBIION HHTEHCUBHOCTH 3BYKa, a IPYroe — B 30HE THUIIUHBI. Eciu noasurate
rOJIOBOM, TO MOYKHO ITONACTh IEPBBIM YXOM B 30HY THILHHBI, & BTOPBIM — B 30HY CHJIBHOT'O 3BYKa.

MBI paccMOTpenH pouecc HHTEpGEPEeHIMH IPUMEHUTEIBHO JIUILb K YUCTOMY TOHY. Ecin 3ByK
COJICPIKUT LEJIbI HAOOP YMCTHIX TOHOB, UHTEP(EPEHIIMOHHAS KapTUHA 3HAYUTEIBHO YCIOKHUTCA. A
B Cllyyae 0eCIopsIOYHOrO IIyMa, He COJIepIKallero IepuoJuIecKuX KOMIIOHEHT, HHTEp(epeHIus
BOOOIIIE HE UMEET YCTOWYMBOIO XapaKkTepa, 30Hbl CHIIbHOM U €1a00i MHTEHCUBHOCTH 3BYKa He
bopMupyIOTCS, TaK KaK JITMHBI BOJIH, (pa3bl U aMIUIUTY/AbI 3BYKOB, COCTABJISIOLINX LITYM, HETIPEPHIBHO
MEHSIOTCS.

[12] TTpu pa3HOCTH MyTel, paBHOM MOJIOBHHE JTMHBI BOJHBI, 3TH BOJIHBI MOTYT YHUYTOXHTH JIPYT
Jpyra: BMECTO YCWJICHHS MTPOU30UIET ocnabnenue. — [Ipum. peo.

8. Iloriomenue 3ByKa U JBIPKU B MOTOJIKE

3aiinem B 11000€ 3/1aHUe COBPEMEHHON KOHCTPYKIIMU U B3TJITHEM BBEpPX: Mbl YBUJUM Ha MOTOJIKE
TBICSIYM MEJKUX OTBepcTuil. [IpuBbIUHOE 3penulie — aKyCTHUeCKUi oTosoK. 3aueM? MHorue
MPUITUCHIBAIOT PAZaM 3THX JbIPOUEK MOYTH BOJIIIEOHOE CBONCTBO «BBICACHIBATH IIIYM», UIIH
«pacHubUISATh TULIINHY» B oMelieHnH. VIHbie 1aB BOJII0 CBOEMY BOOOPaKEHUIO, 3aTE€BAJIN MIOCTPOHKY
3BYKOHEIIPOHHIIAEMBIX CTEHOK U3 Mep(oprupoBaHHBIX MaHeNeH; X JKAa0 KECTOKOE pa30oyapoBaHUe.
Ho npyroro u Henb3st ObUIO 0KMAATh. AKYCTHUECKUN MOTOJIIOK — 3TO MPOCTO MJIOXOM OTpa)xaTeb
3BYKa: KOT/Ia 3BYK O€KHUT O BO3YXY M HATAJIKUBAETCS HA TBEPAYIO, IVIOTHYIO IIperpaiy, OH
oTpaxaercs, oJI00HO TOMY KaK CBET OTpakaeTcs OT 3epKaia. TemHas Oymara — IJI0XOH OTpakaTesb
CBETa, U B HEE HE MOCMOTPHILLCS KaK B 3€PKaJIO; €CJIM OKJIEUTh CTEHbI TEMHBIMHU 0005IMHU,
OCBELIEHHOCTh KOMHAThl YMEHBIINUTCA. AKYCTUYECKHH ITOTOJIOK — 3TO BCETO JIMIIb aKYCTUYECKHE
TEMHBIE «000M».

Yro ke B JEHCTBUTEILHOCTH KPOETCS 32 CIIOBAMHU «3BYK OTPAXKAETCsI XOPOLIO» U «3BYK OTpa)KaeTcs
w10Xo»? Mbl BoclipuHUMaeM (PakT OTpa’keHUs 3ByKa Kak HEYTO caMo coboit pasymeroieecs. OHako,
4TOOBI MOHATH MPUHIIMIT ACHCTBUS PA3IMUHBIX MTOTJIOTUTENIEH 3BYKa U IPABUIBLHO OLIEHUTb, KOTJa OHU
TIOJIE3HBI, a KorJa O€CIOJIe3Hbl, CIETyeT BEPHYThCS K MPOOIEMe OTPaKCHHS M paCCMOTPETh €€ 0oree
JETAIBHO.

B GonpiMHCTBE CiTy4yaeB MIIOCKUE TBEP/IbIe MOBEPXHOCTH (hAaKTUUECKU BEAYT ce0sl KaK aKyCTUYECKUE
3epKaJia; TOJCTasi TpaHUTHAs CTeHa OTpaxkaeT 99 % «ymapsromnierocs» o0 Hee 3ByKa, Ipyrue TBEPbie
MOBEPXHOCTH OTPaXKaIOT 0KOJIO 95 % 3ByKa. Ecniu BCHOMHUTSE 0 Jerubenax u TpOMKOCTH, HETPYTHO
YBUJIETb, UTO MPU OTPAKEHUHU 3BYKOBasl BOJIHA HE IPETEPIEBAET 3aMETHOTO WJIN XOTS ObI JIETKO
M3MEPUMOT0 CHIKEHUS YpoBHs. UTo ke mpoucxoaut? Mbl 3HaeM, 4TO 3BYKOBasi BOJTHA — 3TO BOJHA
CTYILIEHHSI, COTIPOBOKAAEMas pa3pelIeHueM, KOTopasi paclipoCTpaHsIeTCs B BO3AyXe C OOJBIIONHN
CKOPOCTBIO, TOJJOOHO TOMY KaK MepeaaeTcs TOMYOK MEKAY He BINIOTHYIO CIEIUICHHBIMH BarOHaMH
noe3aa. Bo3myx B 1IeJIOM HE IBUXKETCSI, HO JIJISl CO3/IaHUS CTYIICHUN YaCTUIIBI BO3TyXa JOJIKHBI
COJNIM3UTHCS, YyTh-4yTh CMEIIAsICh BAOJb IMHUU PACIIPOCTPAaHEHUS 3ByKa. BerencTsue ynpyroctu
BO31yXa cOnm3uBIINECS HJaCTHUILIbI 6I)ICTpO OTCKAaKMBAIOT Ha3aa U, MUHYS CBOC NCXOJHOC ITOJIOXKCHUE,
pasneTaroTcs IPYT OT JIpyra Jajbliie, YeM OHH HAaXOUIHCh B MOJIOKEHUH PAaBHOBECHS, — TaK
BO3HHKAeT pa3pexenne. OTHAKO TOIHKO HEMHOTHE 3BYKH CO3AIOT MPABHIFHOE YepEIOBAHNE
CTYILCHHI U pa3psKCHUH, Yallle MOJICKYJIbI BO31yXa TOJIISTCS, KaK MacCaXKHUpbl METpo B yac nuk[13].


http://ivanstor.narod.ru/noise/107.htm#_ftnref12
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UYTto xe Mpon30iAET, €CIU Ha IyTH BOJHBI CT'YIIEHUS BCTPETUTCS TpaHuTHas cTeHa? [lepenaBasch ot
OJIHOTO CJIOSI MOJIEKYJI IPYTrOMY, CTYILIEHHUE AOUIET O BO3YLIHOTO CJI0s, IPUJIETatoIIero K
MOBEPXHOCTHU TPAHUTA, K TSKEJIOH, TBEpAOH U jkecTKOM cTeHe. Korjia 4acTuiisl 3TOro mocieHero ciost
MOJTy4JaT TOTYOK C3aJ1, Y HUX yXKe HE HalJIETCS COCeICH criepeid, KOTOPBIM OHM MOTJIU OBl IepeaaTh
TOJYOK; YACTHUI[bl HATKHYTCS Ha CTEHY, U BOJIM3U Hee aBJIeHUE YBEIUYUTCS. 3aTEM BCIICCTBUE
VIPYTOCTH BO3/1yXa YaCTUIIBI OTTOJIKHYTCS OT CTEHBI C BO3POCIICH CHUIION TaBIIEHUSI M 00pa3yIOT HOBYIO
BOJIHY CTYILIEHUS, OETYIIYI0 B 00paTHOM HANpaBiIeHUH U MTOYTH TaKYIO K€ CHIIbHYIO, KaK U BOJIHA,
yIdapHBIlIas B CTEHY.

HecmoTps Ha BCIO CBOIO JKE€CTKOCTb, IPAHUT TOXKE B KAKOH-TO MaJIOil CTENEHU MOJATIIUB U TaKKe
nedopmupyeTcs IpHu Bo3eiicTBuu naBieHus. Korja Mbl CTOMM Ha TPaHUTHOM TJIbIOE, TO UMEHHO
COTIPOTHUBIIEHHUE JIe(hOpMAlINH 1aeT HALIUM HOTaM OINOpPY M JIeHCTBYET Ha HUX C CHIIOH, KaK pa3
JIOCTATOYHOM U1 TOTO, 4YTOOBI MBI HE ITPOBAIMIIMCH B TPAHUT; ITO K€ CONPOTUBIICHHUE 3aCTaBIAET
OTCKOUYMUTH YAAPUBILIUICS O CTEHY KYCOK IpaHHTa (BIPOYEM, ITO YK€ U3 APYroi onepsl). AHaJIOTUYHO,
HOJ] IaBJICHUEM CJI0sI BO3/yXa, IPHKATOrO K TOBEPXHOCTU CTE€HBI, TPAHUT IPOTrUOAETCs, XOTS 3TO
nporubanue HUUTOXKHO Mato. [Iporudanue, ninm aeopmarius, MOCkUIAET 3BYKOBYIO BOJIHY BHYTPh
I'PaHNTAa, ¥ BOT 3/I€Ch-TO U PAacXoAyeTcs 00iblIas 4aCTh TOIO OJHOIO IMPOLIEHTA MOTEPSIHHOM 3BYKOBOM
SHEPTrUH.

HOFJIOH_IGHHaH I'paHUTOM SHECPIUAd «KU3BIMACTCA» U3 YIIapI/IBHJCfI B CTCHY BOJIHBI, U OT CTCHBI OTPAKACTCA
Bcero 99 % nanaromie sHeprun. YacTh MOrJIONIEHHON SHEPIUU 3aTPauMBaECTCsl HA HATPEBAHKUE, KOTOPOE
COIIPOBOXKIAET Ae(POpPMaLIUIO, HO OCHOBHAS JIOJIsl SHEPTUHU YXOJIUT B TPAHUT, O YEM MBI IOIpoOHEe
MIOTOBOPUM B clieytoliei riaaBe. Yem cTeHa ToHbIIIe, Jierye U Msrye, TeM 0oJblie oHa JedopMupyeTcs
104 1aBJICHUEM 3ByKOB01>i BoJIHBIL. Eciu TOJIIMHA CTCHBI MaJIa IO CPAaBHCHUIO C I[JIPIHOP'I BOJIHBI B €€
MaTepuale, TO CTeHa IPOorHeTcs Kak menoe. OObIYHO Tak U ObIBaeT; B MOJOOHBIX CIIydasx KECTKOCTh
BCIHICCTBA CTCHBI HCCYHICCTBCHHA, a IVIABHYIO POJIb UTPACT MHCPLUA CTCHEIL. YewMm TsoKCICE CTC€HAa, TEM
OoJIbllie ee MHepLUs U TEM MEHBIIIE OHa CIIBUTAeTCs oA AeicTBUeM cuiibl. Eciiu ¢yrOonuct ynapur
HOTOM 1O M4y, MSIY OTJIETUT OT €r0 HOTH, €CJIA KE OH YAapHT I10 CKaJie, CKajla OCTAHETCs Ha MECTe, a
OH JIBa-TpH AHs HE OyAeT urpath B yT00I1, HO 3aTO OYAET paccKas3blBaTh, UTO €0 HOTA «OTPAZUIIACH)
OT CKaJIbl U CHJIA OTPaXKCHHUsI pa3Ouiia eMy Mmajbllbl Ha Hore. M, ueM Tshkernee ckaia, TeM CHiibHee YIuo!

3a UCKIIFOUEHUEM HEKOTOPHIX OCOOBIX CITyuaeB, Jake OTHOCUTENBHO JIETKasl, HO HeTIOpHUCTasl CTEHA
OTpakaeT Ha BCEX YacToTax Mo MeHbiel Mepe 90 % >Hepruu 3Byka. Takoe 00JbIIIOe OTpaKeHUE HAC HE
yCTpauBaeT, U pa3paboTKa Pa3IMIHBIX 3BYKOMOTIIOMAIIINX YCTPOMUCTB — 3TO MOMBITKH 3aCTABUTH
OTpakarollue MOBEPXHOCTH MOTJIONIATh BOZMOKHO OOJIBIIIYIO YAaCTh Ma/Ial0IIero 3ByKa, a He OTChUIATh
€ro oopatHo.

Bo3Bpaiasch kK IOrpaHHYHOMY CJIOI0 BO3]lyXa, HAIOMHUM 00 OJTHOM OOCTOSITEJILCTBE: €CIIM OTITYCTUTh
Ipy3, 3aKpEIUICHHBIN Ha NPY)XMHE, OH CHOBA MOJIPHITHET BBEPX; HO €CIIM CHAOIUTH NPYKUHY
aMOpPTH3aTOPOM HaroA001e aBTOMOOUIIBHOTO, B KOTOPOM TPEHUE WITU CUJIBI BI3KOCTH CONIPOTHUBIISIOTCS
JIBKEHHIO TIPYKUHBI BBEPX U BHU3, IPy3 NTOYTH HE MOANPHITHET. Bee Buaenn, Kak MpbIraeT BBEPX-BHU3
nepesioK aBTOMOOUIISL ¢ U3HOLIEHHBIMU aMOPTHU3aTOPaMH.

Kak mbI yke 3HaeM, BO31yX MOXKET BECTH ce0s Mo00HO MPYKUHE, 1 UMEHHO 3TO CBOMCTBO MO3BOJISET
€My CO3/1aBaTh OTPAXKEHHYIO BOJIHY U BOOOIIE TIepe1aBaTh 3BYKOBbIE BOJIHBI. ECiii ObI BO3TyX MOKHO
OBLITIO aMOPTU3UPOBATh, KaK MPYXKUHY, pe3yIbTaT OKa3aics Obl TOT )K€, UTO U [ mpykuHbl. Korna Ha
OTpaXKaIoIIEeH MOBEPXHOCTH PACTET JAABJICHHUE, YACTHUIIBI BO3AyXa COMMKAIOTCS U UyTh-4yTh CMEIIAIOTCS
B HAIPaBIICHUHU OTpaKarolei TOBEPXHOCTH. UTO ke MOTYyUUTCS, €ClIM CO3AaTh HEOOIbIIOe TPEHHE,
3aTPYIHSIONIEE MEPEeABUKEHNUE YacTUI] Bo3ayxa? AMopTusanus! Bo3myx 4aCTUYHO YTPAaTUT CBOU
MPY>KUHAILIKME CBOMCTBA, TAK KaK MPEOAOJICHUE TPEHUS, MPETSITCTBYIONIETO ABMKEHUIO YaCTHL], CO3/1aET
TEIUI0, a HeoOXoAuMas Ui ATOro SHEprus OyneT 3adpaHa u3 3ByKOBOM BOJHBL. OHAKO, €CIIH KTO-TO,
y3HaB 00 ATOM, B3JlyMaeT OTAILTUBATH CBOU JIOM C MOMOIILIO0 YCTPOMCTB, OTJIOMIAOIINX IITYM
CaMO%'IeTOB, HAIIOMHUM eMy, uTo naxke ripu mryme B 100 nb nmotok sneprum cocrasisier Bcero 0,01
Bt/™m”.



Co3naTh HEOOXOAMMOE TPEHHE OYEHb JIETKO; BCTIOMHUM, YTO BTSTHUBATh B CE0S1 BO3yX CKBO3b CHUTapeTy
TpYyZHEe, YeM CKBO3b ITCTYI0 TPYOOUKY, 3T0 00yCIOBIEHO IMEHHO TPEHHEM HIIH, TOUHEE, CHIIaMHU
BsI3KOCTH. Bo3ayx oOnamaeT onpenenieHHON BA3KOCTBIO, XOTS TOPa310 MEHBIIIEH, YeM, HallpuMep,
He(dTh. Ho HEDTH HCTIBITHIBaET OOJBIIOE COMTPOTUBIICHHE, KOT1a MTPOTEKAST IaXKe TI0 IMUPOKOU Tpyoe;
BO3JIyX TaK)K€ MCIIBITBIBACT OOJIBIIOE COMPOTHUBICHUE, IPOTEKAs Yepe3 OYCHb Y3KYIO TPYOOUKY, HITH
POCauMBasCh MEXy BOJIOKHaMH Tabaka B curapere. [loatomy, eciu BOJIM3K OTpakaromen
MOBEPXHOCTHU IMIOMECTHTH CJIOM MJIM MaT U3 BOJIOKHUCTOTO MJIH SYEUCTOTO MaTepHaa, CHUIIbI BI3KOCTH
OyZIyT COTPOTHBIIATHCS ABMKCHHIO YACTHUI] BO3JIyXa MPH CTYIICHUAX U PA3PEKECHUSIX U SHEPTHUS Y
OTpaXEeHHOH BOJIHBI OyneT oToupartscs. [Ipu 3TOM MOXKET BO3HUKHYTH HEOXKUIaHHOE 3aTPyIHCHHUE!
€CJIM BOJIOKHA B MaTe YJIOKEHBI CIIMIIKOM TECHO, €T0 MOBEPXHOCTh OKAKETCS U3JIHIIHE IJIOTHOHU, 1
TOT'/1a BCTAHET Y)K€ M3BECTHAs HaM Ipo0ieMa — BOJHBI OYyT OTpa)kaThCsl OT HAPYKHOM MOBEPXHOCTU
MmaTta. CienoBaTenbHO, IPU BRIOOPE IJIOTHOCTH MaTepraa MOrJIOTUTENS TpeOyeTcss HailTh KaKoe-To
KOMITPOMHCCHOE pemenne. Kak BeIsiICHHIOCH, HanOouee 3¢ heKTUBHBI BOJOKHUCTBIE MaTePUAIIBI

¢ mI0THOCTEI0 50—200 Kr/M°. OUEBH/IHO, B TYSHCTBIX TIOTMOMIAIONIIX MATCPHANAX TICHKH TOIDKHBI
COCIMHSATHCS MEXKILy COOOI OTKPBITHIMH OPAMHU.

MBI TOJTBKO HaYaIk CBOE 3HAKOMCTBO C MIOPHCTHIMH ITOTJIOTHTEIISIMH, U ITPEKIE BCErO HAM HEOOXO0IUMO
paccMOTpeTh CaMblii OCHOBHOU ()aKTOp, a HIMEHHO 3aBUCHMOCTD ITOTJIONIEHUS 3BYKa OT €r0 YacTOTHI.
YacroTa 3ByKa BOOOIIE UTPaeT OMPEISIISIONIYIO POJIb B aKycTuke. Kak MbI yke BUIeH, OONbIIas 4acTh
3ByKOB BKJIFOYACT KOMIIOHCHTHEI IHI/IpOKOFO auaria3oHa 4aCcToT € JJIMHAMU BOJIH HpI/IMepHO oT 20 MM 0
HECKOJIBKUX METPOB. J[J11 HU3KOYaCTOTHBIX 3BYKOB C JIJTAHOW BOJIHBI B HECKOJIBKO METPOB MOTJIOIICHHE
B BOJIOKHUCTOM cJioe ToJuuHoM 20—30 MM HE3HaYUTEIHHO, HO, €CJIM TOJIIUHA CI0SI CpaBHUMA

C JUTMHOM BOJTHBI MJTH JIa)K€ TIPEBBIIIACT €€, MOTJIOTUTEIh CTAHOBUTCS YPE3BbIYaliHO (D PEKTUBHBIM.
YBenudeHre TOIIUHBI CII0SI Ha OOJBIION TUIOIIA I O00MIETCSl OUEHB JIOPOT0; OJHAKO MOKHO
3HAYUTEJIHO YIIYYIIUTh TOMIOIMICHHE, IPOCTO OTOABUHYB IMOPHUCTHIA MAT OT OTPaKarOIICH
MOBEpXHOCTH. B 3TOM cirydae ycuneHue 3G QpeKTHBHOCTH TOTJIONICHHSI HE CBS3aHO, KaK MPH YTOIIICHUN
MaTa, C YBEIIMYCHUEM pa3MepOB 00JIACTH B3aMMO/ICHCTBHSI BOJIHBI C BOJIOKHAMM; 37I€Ch JCHCTBUE
BOJIOKOH Ooutee 3()()eKTHBHO TIOTOMY, YTO Ha HEKOTOPOM PACCTOSTHHH OT OTPAXKAIOMICH MOBEPXHOCTH
JIBI)KEHUE YaCTHIL BO3/IyXa, COBEPIIAIONINX HU3KOUYACTOTHBIE KoJicOaHus1, 0ojiee MHTEHCUBHO. [loaTomy
CHUJTBI BSI3KOCTH CO CTOPOHBI BOJIOKOH OKa3bIBAIOT B 3TOM MeCTe OOJIbIIIee BO3ICHCTRHE.

Ho camoe ctpanHOe HauMHaeTCs TOr/Aa, KOI1a AJIMHA BOJHBI OKA3bIBAETCS] MEHbILIE TOJILIMHBI
BOJIOKHUCTOTO CJI0s. YeM BbIlIEe 4YaCTOTA, TEM MEHBUIEE PACCTOSHUE MPOXOAT YaCTULIBI B ITPOLIECCE
CcBOMX KosieOaHu# (1Mpu 3aJaHHOM 3BYKOBOM JIaBJIEHUM) U, CJIEOBATEIBHO, TEM MEHBIIE OBEPIAOTCS
JEHCTBUIO CHJI BA3KOCTH; Ha HEKOTOPBIX YACTOTaX BOJOKHHUCTHIN CIIOH BeseT cedst mogo0HO mpyKUHE,
4TO yMeHbIIaeT ero 3¢ dexruBHOCTE. K TOMY k€ C pOocTOM 4acTOTHI BO3pacTaeT OTpaxkaroliee IeiicTBre
HapyKHOI OBEPXHOCTH MaTa.

W3 cka3aHHOIO OYEBHIHO, YTO YACTOTA UMEET MEPBOCTENEHHOE 3HaUeHUE U1 3PPEKTUBHOCTH
TIOTJIOIIEHUS 3ByKa. boJbIlas 4acTh MOPUCTHIX MOTJIOTUTEICH MaJIO YTO AA€T JJIsl HU3KHUX YacCTOT, 3TH
HOMJIOTUTENN OYeHb I(P(GEKTUBHBI IS CPEITHUX U BBICOKHMX YaCTOT U HECKOJIBKO MEHEE MOJIE3HbI IPU
OUYECHb BBICOKHX YacTOTax. My»K4nHa, TOBOPSILUI 110 Tene(oHy U3 3araymEHHON OYAKH, MOKET
3aMEeTHTb, YTO €r0 r0JIOC CTAHOBUTCA 00JIee I'YJIKUM, — 3TO Pe3y/bTaT 3HAUUTEIbHO MEHBILIETO
MOTJIOUIEHUS] HU3KUX KOMIIOHEHT €ro rojioca. B mydiieM ciydyae BOJIOKHHUCTBIE MaThl B 3aBUCUMOCTH OT
MOPUCTOCTH, TUNIOTHOCTH U TOJLIMHBI noryiomaroT oT 80 % u nouru 1o 100 % 3Byka Ha yacToTe, Ha
KOTOPOi# UX 3(h)(heKTUBHOCTh MAKCHMaJIbHA. Y HEKOTOPBIX TUIIOB aKYCTHUECKUX TUIUTOK

3¢ deKTUBHOCTH cHIKaeTcst 10 60—70 % — TakoBBI )KE€PTBbI, IPUHOCUMBIE B YTOJly JEIIEBU3HE,
JIOJITOBEYHOCTH M BHEIIHEMY BUAY. 3aBUCHMOCTb MTOTJIOMICHUS OT YaCTOTHI JIJISl pa3HBIX THUIIOB
HOTJIOTUTENEH TIoKa3aHa Ha pHc. 36. DPPeKTUBHOCTD MPEACTABICHHBIX HA PUCYHKE MaTepUaloB
BbIpa)k€Ha IOCPeICTBOM Ko3(puirierTa nornouieHus o. s nosepxHocty, noraomaromieii 100 %
Ma/IalolIero Ha Hee 3Byka, koagduuuent o = 1,0, mpu nornomenuu 50 % a = 0,5 u T. 1.

ITo cpaBHEHMIO ¢ TBEPABIMU CTEHAMH, OTPAXKAIOLIMMHU OKOJIO 95 % 3HEepruM najaroero Ha HUX 3ByKa,
CTEHa, MOKPBITasi BOJIOKHUCTBIM CJI0eM U oTpaxkatouias Bcero 10 unu 20 %, kazanoch Obl, IOTJIOMIAET
oueHb cuibHO. Ho Tak nm 5T0? Hukoraa He cienyer 3a0bIBaTh YAMBUTEIBHOE COOTHOIICHUE MEXKTY



I'POMKOCTBIO M enubenaMu. B ri1. 4 MbI y3HAIN, 9TO TTaJIeHHE HHTEHCUBHOCTH 3BYyKa Ha 80 %
YMEHBIIIAET YPOBEHb Bcero Ha 7 ab. U3 1. 5 BBISICHWIIOCK, 4TO U3MeHeHue ypoBHs Ha 10 ab, rpybo
TOBOPSI, COOTBETCTBYET YBEJIIMUCHUIO WJIM YMEHBIIIEHUIO TPOMKOCTH BliBoe. OTCI0/1a ClIeAyeT, YTO
MOPUCTHIE MAaTEPHAIIBI UyJIEC HE COBEPILIAIOT: €CJIM YPOBEHb yIaBIIEro Ha cTeHy 3Byka 80 1b, a
oTpaxkeHHOTO — 73 1B, TO OcTasCA ele OYeHb TPOMKHI 3BYK.

YwuTaTesnb MOXET TOTyMaTh, UTO €CJIH CHJIBI BI3KOCTH TaK CHJILHO BIUSIIOT HA OTPAKEHHYIO BOJHY, TO
OHHM CITIOCOOHBI 0Ka3aTh HE MEHbINIEE ACHCTBUE M HA BOJHY, BOLISANIYIO B CTCHY WIJIA MTPOXOISIIYIO
CKBO3b HEE, U UTO, 3aII0JTHUB OKOHHBIN MTPOEM CJIOEM CTEKJITHHOW BaThl, MBI 33/ICP’KUM OOJIBIITYIO YacTh
myma. [lopazmeicium Hazn 3tuM! 3BYK, IPOXOAAIIMI CKBO3b CIIOM BOJIOKOH, ITOIBEPTacTCsl MEHEE
CHJIBHOMY BO3JEHCTBUIO, YEM OTpPaXE€HHBIN. B mocieaHeM cirydae BOJIOKHA JEUCTBYIOT HAa YaCTHIBI
BO3/lyXa M TOTJIa, KOTJa T€ JBUXKYTCS BIepe ] Ipu (GOPMHUPOBAHUH BOJIHBI CTYILIEHUSI, U TOT1a, KOTaa
OTXOAT Ha3aJl IPH 00pa30BaHUU OTPAKEHHOM BOJIHBI; OJTHAKO BCE MTPOUCXOJISAIIEE C OTPAXKCHHON
BOJIHOM HE NMEEeT HUKAKOI'0 OTHOILIEHUS K BOJIHE, Oerylel Buepea. A B pe3ynbTare 3BYK, UYL
CKBO3b MTOPUCTHIN MaT TOJIIMHOM, CKaxkeM, 20 MM WIJIH OKOJIO TOTO, ocjiabsercss MeHee 4yem Ha 3 nb, To
€CThb €/IBa 3aMETHO, TaK YTO 1I€HA CTEKJISTHHOM BaThl HE OKyMHaeTcs!
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Puc. 36. D¢ ¢pexkTuBHOCT pa3IMyYHBIX MOTIOIMAIOLINX MAaTEPHAIOB Ha Pa3HbIX YacTOTAX.
1 — 50-MUIIMMETPOBBIN CIIOM MUHEPATBHOM MIEPCTH HA TBEPIOM OCHOBAHUH;
2 — TOo/BEeIIEHHAsi MUHEPaJIbHO-BOJIOKHHUCTAs IUINTA ¢ LIeJeBO nepdoparuei;
3 — nepdopupoBaHHas Cyxas MTyKaTypKa Ha TIOJIOKKE U3 MUHEPAIbHOU IIEPCTH;
4 — nephopupoBaHHas JPEeBECHOBOJIOKHUCTAS IJIUTA.

Kax Mb1 yxe Bugenu, ko3¢ dunuent noriomenus o = 0,8 He Tak y)K XOpoiil, 0HaKO B TJ1. 10 MbI
y3HAeM, 4TO BO MHOTHX CIy4asiX 3TOr0 BIIOJHE JOCTaTOYHO. HO MHOT/1a HEe0OX0IMMO MOTIIONIEHHE,
omuzkoe k 100 % B mMpoKOM Juana3zoHe 4acToT, HallpuMep B abopaTopusx uiu cryausx. Kaxmoe
HE3HaYuTelIbHOE npupamieHue 3ddexruBHOCTH NIoriomeHus ceepx 80 % maet Bce 00BN BRIUTPHIII
B CMBICIIC CHIDKEHUSI YPOBHS OTPa)KEHHOM BOJHBI, BRIPAXKEHHOTO B Aeni0esax, — ellle 0J{Ha U3 IPUUY/]
9TOM MIKAJIBI; TIO3TOMY HHOT/Ia €CTh CMBICI JOOUBATHCS MAKCHUMAJILHO BO3MOKHOTO KO HUITUEHTA
norJjomenus. Ho kax?

OueBUAHBIN OTBET HA ATOT BONIPOC — HAYATh HApPAIUBATh TOJIIMHY MOPUCTOTO MaTa. OJHaKO OJTHOU
ATOM MepHl HEJIOCTATOYHO, a IPU HU3KOYACTOTHBIX 3BYKaX MOTPeOyeTcsi HEOCYIIeCTBUMO OOIbIIast
tommuHa. Kpome Toro, Hapy>kHasi TOBEPXHOCThH MOKPBITHS caMa MPEJCTaBIseT cOO0H J0CTaTOYHO
PE3KYI0 TPaHUIly, HA KOTOPOM OTPa3UTCs 3HAUUTENIbHASI 4YaCTh BHICOKOYACTOTHOTO 3BYyKa. [IpaBuiibHOE
pelIieHue OCTaBICHHOM 3a/1a4 — YJIOKHUThH BOJIOKHA B JNTMHHBIE 3a0CTPEHHBIC KIIMHBS, KOTOPBIC MPH
HEO0OXOIMMOCTH MOKHO TOJICPKATH PEIKON TKAHBIO. DTH TOTJIONIAFOIINE KITUHBS CJICTyeT
PACIIOIOKUTH TaK, YTOOBI JT0O0H 3BYK, OTPA3HBIIMCH OT OJHOTO U3 HUX, TYT XKe MOoMaaall Ha APYTou,
3aTeM Ha TPETHH U T. J.; B Pe3yJbTaTe HHTCHCUBHOCTH 3ByKa CHU3UTCS 10 MPEHEOPEIKUMO MaJIOi
BEJIMYMHBI. BBICOTa TaKKUX KJIMHBEB MOXET JIOCTUTATh METpa B 00Jee; 3a HUMHU CO3al0T BO3IYIIHYIO
MOJIOCTh, U 3P PEKTUBHOCTD TAKOTO MOKPHITUS Npubdmkaercs K 100 % B oueHb IIUPOKOM JHara3oHe
gacToT. OJTHAKO MOTJIOMIAOIINE KINHBS W3-32 MX BBICOKOH CTOMMOCTH W HEJICTIOTO BUA PEIIKO TC
HaxXoOdAT HpI/IMCHCHI/Ie, KpOMe HOMCHICHI/If/'I CIICIIMAJIBHOT'O HA3HAYCHU .

Bornee nemesslil, HoO MeHee 3 (EKTUBHBIN CITOCOO 3arIyIIUTh 3BYK B TIOMELICHUN COCTOUT
B IPUMEHEHUH CJI0€B BOJIOKHUCTOT'O WJIM BCIIEHEHHOIO MaTepHalla BO3paCTaOIIE! IIIOTHOCTH.
CHapyX¥ YKJIaJbIBAlOT CAMbI TOHKUH H JIETKUH CIIOH ¢ OOJBIIMMHE ITPOCBETAMHU, TOBEPXHOCTh



KOTOPOTO cama 1o ce0e He CO3/1aeT CKOJIbKO-HUOY/Ib 3aMETHOTO OTPAKEHHST; OJHAKO CIIMIIKOM PhIXJIast
CTPYKTYpa 3TOTO CJIOSl HE MTOPOXKIAET U TOCTATOYHBIX CHJI BA3KOCTH. ClielyIoIye ClIoN JearoT Bee
Oonee 1 OoJiee IIIOTHBIMY, TIOKA MOTJIOIICHUE B HUX HE JOCTHUTHET 3HAYUTEIbHOMN BETMYMHBL. DTHM
croco00OM yaaeTcs 0CIabuTh OTPaKEHUE OT HAPY)KHOM MOBEPXHOCTH MOTJIOTUTEIS.

Ho mbI noka erie He 0OBSCHUIIN, 3a4eM JKe JIeNaloT AbIPKH B otonke! Bpsia nmu ube-Hubyab
JTFOOOIBITCTBO YAOBJIETBOPUTCS YTBEPKIEHUEM, UTO STH IBIPKU TaM HHU K YEMY U YTO BOJOKHHUCTHIH
MaTepHall 0331 HUX ObUT ObI Tak ke 3pdexTuBeH. UToObI yCUIUTH MyTaHUILY, JOOABUM, YTO, €CIIH OBl
TaM He ObUIO M BOJIOKHHCTOT'O MaTepuaia, neppopupoBaHHas 00JUIIOBKA MPO0JKaIa ObI MOTJIOMATh
3Byk! Eciu 1 3T0 erie He T0CTaTOYHO MapaoKCaIbHO, MOXKHO COOOIIUTE JIOTIOTHUTENIBHO, YTO HET
HEOOXOMMOCTH HU B JIBIPKaX, HM B BOJIOKHAX: camasi pocTasi MaHelb ToXe OyneT moriomars 3Byk! U
KaK 3TO HH YIUBUTEIHHO, BCE TPH YTBEP)KACHHSI COBEPIICHHO CIPABEIUBBL

3a0yneM Ha BpeMs O BOJIOKHAX M MOKPBITUAX U IOTOBOPUM O JBIPKAX B MOTOJIKE, BEPHEE, O ABIPKAX U
HEKOTOPOM 00beMe BO3yXa, 3aKJIIOUEHHOM 110331 HUX. B CBS3M ¢ 3TUM ONUCAaHUEM BCIIOMHUM CaMbli
OOBIYHBIHN MpeIMET — MPOCTYIO OYTHUIKY. HYacTo MIKOJIBHUKU YXUTPAIOTCS HAaUTPBIBATh MEJIOANU Ha
KOJIMAayKax OT CAaMOMUILIYIINX PYYEK, HICKYCHO J1ysl IONEPEK OTBEPCTHSI KOJayka, Kak B CBUCTOK. C
OYTBUIKOH MOJIyYUTCS TO K€ CaMOoe, TOJIBKO 3BYK OyleT HUXKe, a €CIIU B3SATh OOJBIIYIO OyTHUIKY

C KOPOTKHM TOPJIBIIIKOM, HAIIPUMED JBYXJIUTPOBYIO BUHHYIO OYThLIb, U YMEJIO 1yTh, IOIYYHUTCS
6acoBast HoTa. HecoMHEHHO, TOAOOHBIE COCY/ABI OBLIN MPAOTIIAMU CAMBIX PAHHUX AYXOBBIX
MHCTPYMEHTOB; ThICSYEJIETHS Ha3a/l NEPBOOBITHBINA YE€JIOBEK MOT YCIIbIILIATh IEHUE BETPA HaJ
TOPJIBIIIKOM OTKPBITOr0 cocyna. M mo3xe Bo Bce BpeMeHa JIF01U U3BJIEKAIH 3BYKH U3 COCYI0B.
ButpyBuii ynnoMuHai, 4T0 NOKOIINE COCYABI, WX TOJIOCHUKH, IPUMEHSIIUCH B TPEYECKUX TeaTpax Ha
OTKpBITOM Bo3ayxe. OnHako Tonbko B XIX Beke I'epman ['enbMrosbl] 3auHTEpECOBAIICSA STUM SBJICHUEM
C HAYYHOUM TOYKH 3peHUSs. [ €IbMIoIbIly U €ro COBpEMEHHUKY Pasieto npuHamiexxaT BaxKHEUIINne
UCCIIEI0OBaHMs MOTJIOIIECHUS 3BYKa, 1 UX MMEHAMH Ha3BaHBbI J1BA TUIIA [TOTJIOTUTENIEH 3BYKa: TOPUCTHIN
IIOTJIOTUTEIb, BIIEPBbIE MPEUIOKEHHBIN Panieem, — «pasieeBckast KOIHa» U «I101011ast OyTbUIKay,
KOTOpas BeZeT cels Kak pe3oHatop I enbmrossia.

3BYKH, U3/1aBaeMble OYTBUIKO, KOT1a MBI IyeM IOINEPeK €€ TOpIIbIIKa, — MPOCTO PE30HAHC, XOTS
HECKOJIBKO OTJIMYAIOIIMNCSA OT pe30HaHca B TpyOe. DTOT BU pe3oHaHca OO0JIblIe MOX0XK Ha MOBEICHNE
rpy3a Ha MpYy>XHHE, YeM Ha HAJI0XKEHHUE MPSIMON M OTPa’keHHON BOJIH, CO3/1aI0IIee B PE30HAHCHOU TpyOe
CTOSIUYIO BOJIHY OOJIBIION aMIUIUTYAbl. Eciy 3aTKHYTh OTBEpCTHE BEJIOCUIIETHOTO HACOCA M HaXKaTh Ha
ero pyuKy, BO3/1yX BHYTpH Oy/eT AeWCTBOBAThH Kak NpykuHa. Eciiu HaBepXy MpyKUHBI 3aKPEMUTH IPY3,
Ha)kaTh Ha HEE U OTIYCTHUTh, TPYy3 OYAET PEryIsIpHO K0sieOaThCsl BBEpX-BHU3; IIPU OHOM U TOH XKe
NPY>KUHE U OJTHOM U TOM € I'py3€ 3TH KoJieOaHus Oy1yT NPOUCXOUTh C TOCTOSTHHOM YacTOTOM.
OO0bI4HO yacTOTa KOoJIeOaHUs IPYKUHBI M0J] TPY30M, TaK Ha3bIBaeMasi COOCTBEHHAs 4acTOTa,
OTHOCHTEIJILHO HEBEJIMKA — BCET0 HECKOJIBKO COTEH Kojiebanuil B MuUHyTy. Eciin Harpy3ka HeOosbIas,
a MpY>KMHA I0CTaTOYHO Tyrasl, COOCTBEHHAsl 4aCTOTa MOXKET YBEIMUUTHCA O MHOTHX COTEH KOJIeOaHUI
B MUHYTY H IIOTIACTh YK€ B CIBIIIUMBIN Auana3oH. [loueMy npyxuHsl 0071a/1at0T COOCTBEHHON
yactoToit? Eciiu BMecTo TOro, 4ro0bl 3aCTaBIATh I'Py3 K0J1e0aThCsl BBEPX U BHU3, Mbl OCTOPOKHO U
IUTABHO OITYCTHM €T0 Ha IPYXXHHY, OHA COKMETCS Ha OIPEJEIICHHYIO BEJINYMHY, KOTOpasi 3aBUCUT HE
TOJIBKO OT MacChl Harpy3KH, HO U OT KECTKOCTH IIPYKUHBI: )KECTKasl MPY>KUHA OITYCTUTCSI HA MEHBIIEE
paccrostHue, yeM MArkasi. J[jist Toro 4To0bl CKaThCs MO Harpy3KOH, PYXUHE MoTpedyeTcs
OIpeieJIEHHOE BpeMsl, KaK U JUIsl TOT0, YTOOBI PACIIPSIMUTBCS, KOT1a Harpy3Ky cHUMYT. Clie10BaTeNbHO,
yacToTa KoJIeOaHUH MPYKUHBI 3aBUCUT OT PACCTOSHUS, KOTOPOE OHA IPOXOIUT MPH CKATHH, U OT
CKOPOCTH, C KOTOPOH OHa C:)kUMaeTcs. Bee aTu paccykaeHus NpUMEHUMBI U K BEJIOCUIIETHOMY HAcOCy
C 3aTKHYTBIM OTBEPCTHEM.

OcTaBUM HAacOC M BEpHEMCS K OYThUTKaM — C HUMH IIPOUCXOJUT TO K€ camoe. Ecii B TOPIIBIIIKO
OYTBUIKM BCTaBUTh MOPILEHB, BO3AYX B HEH, KaK U B BEJIOCUIIETHOM Hacoce, yro00uTCs NpyXHUHE, U
B KaKJ0W JaHHOM OyThUIKE MOPIIEHb OYJET XOAUTh BBEPX U BHU3 C YACTOTOM, ONpPEAEIIIEMOil ero
BecOM. Y0epeM NopIIeHb — TOI'/Ia B KAYeCTBE I'Py3a OCTAHETCs TOJIbKO BO3JyX B ropJiblike. Bo3mayx
BHYTpH OYTBUIKU OYAET MPOJI0JIKATh KOJIeOaThCs MOJO0OHO MPYKUHE, TOJIBKO C TOpa3ao OosbIen
4aCcTOTOM, IOTOMY YTO BO3/YyIlIHAs MPOOKa B TOPJIBIIIKE — CPAaBHUTENBHO JIeTKul rpy3. Yacrora



Kosie0aHui BO3yXa HACTOJNBKO 3HAYUTENbHA, YTO MOJIYUYUTCS CIBIIIUMBIN 3BYK, @ YTOObI BO3OYIUTH U
MOJIEPKUBATH 3TU KoJieOaHus, MOTpeOyeTcsl TONBKO BO3MYIIIEHHE BO3IyXa B FOPJIBIIIKE OYTBUIKH, IJIs
Yero JOCTaTOYHO AYTh MONEPEK OTBEPCTHSI.

CobcTBeHHas yacToTa MPY>KUHBI ONPEENIIeTCS He TOJIbKO YIPYTOCThIO, HO M Maccoi ee BUTKOB. To ke
OTHOCHTCS M K BO3yXy B OyTBUIKE: y MAJICHBKOTO 00beMa BO3/lyXa YIPYrocTh OOJIbIIE, YEM Y
6ompIoro. [loaTomMy 3agaHHOE IBIXKEHHE BO3AYIITHONM MPOOKHU B TOPJIBIIIKE BBI30OBET B MAJIOM 00bEME
BO3/lyXa MPONOPIIMOHATBHO OOJIbINIee CTYIICHUE WIH pa3pekeHne, ueM B 0ombiioM. [locTeneHHo
3aroJHss OyTHUTKY BOIOH, MOKHO YCIIBIIIATh, KaK TI0 MEpPE pOCTa YIPYTrOCTH YMEHBIIAIOIIETOCS
o0BbeMa BO3/1yXa MOBBIMIAETCS COOCTBEHHAs! 4acTOTa OYTHIIKK. DTa 4YacTOTa B TAKOMU )K€ CTETIEHU
3aBHCHT U OT Pa3MEPOB TOPJIBIIIIKA, UTPAIOLIETO POJIb IPy3a: YEM OHO KOpOoYe U LIMpe, TEM Jierye, a
CJIEIOBATEIILHO M OBICTpEE MPOUCXOIAT KOJIeOaHUs BO3/AyXa. Y IBYX MOJUTUTPOBBIX OYTHIIIOK

C TOPJIBIITKAMH Pa3HOW MIMPUHBI YACTOTHI KOJIeOaHMi OyayT pa3IMIHBIMU: Y OYTHUIKH C 00Jiee y3KUM
TOpJIOM YacToTa Huke. DopMa U ITTMHA TOPJIBIIIIKA TAKKe BIHUSIOT HA YACTOTY, HO TOBOJILHO CIIOKHBIM
00pa3om, U BEIYHCIIEHHE TOYHON pe30HAHCHON YacTOThI OYTBHIJIKM MOKET OKa3aThCs JOBOJIBHO
XJIOTIOTHBIM.

Kakoe oTHoOIIEHHE, 0/THAKO, BCE 3TO UMEET K MOTJIOIIECHUIO 3ByKa? Biemnaem OyThUIKY B CTEHY Tak,
YTOOBI €€ OTBEPCTHE OBLIO 3aMOJIULIO C IOBEPXHOCTHIO CTEHBI, IOTOM OINPEAEIIUM, XOTS Obl
HKCIEPUMEHTAIBHO, €€ COOCTBEHHYIO YaCTOTYy M HAIIPaBHM Ha CTEHY BOJIHY 3BYKa 3TOH YacTOTBHI.
[IpocnenuM 3a y4acThIO BOJIHBI CTYILIEHUS: BOT OHA MOJOLLIA K OTBEPCTUIO OYTHUIKH: €€ MPUXO0/]
NOJEHCTBYET, KaK TOTYOK Ha TPY3, BUCIIIUN HA IPYKUHE, — BO3AYIIHAs MPOOKa B TOPIIBIIIKE OyIeT
BTAJIKUBATHCS BHYTPh OyThUIKU. Cpa3y mocie 3Toro npodka BEICKOUYUT OOPATHO, MPOCKOYUT MOTOKEHUE
paBHOBECHSI, U BO3/1yX BBIHACT U3 TOpJblika. Bo3aymHas npoOka, coBepias Takue Kojebanus, cama
CTaHET UCTOYHHMKOM 3BYKa U OyJIeT MOChIIATh B 0OPaTHOM HAIpaBJIeHU! (TO €CTh OTPAXKATh) TAKYIO JKE
3BYKOBYIO BOJIHY. Tak Kak KoyieOaHUsl B OYTBIIKE IPOUCXOIAT C TOH K€ 4aCTOTOM, YTO U B TAIAr0IIeH
3BYKOBOM BOJIHE, BO3/IyIlIHAsl TPOOKa HAYHET OBTOPHOE JIBM)KEHUE TOYHO B TOT MOMEHT, KOT/1a
MOJIOM/IET CieyIoIasl BOJIHA CIYLIEHMSI, TO €CTh CITYCTs IIOJHBINA LUKJ KoJIeOaHUil 1ociie nepBoi
BOJIHBL. [Ipu konebaHusIX MpoOKHU ee SHeprus OyAeT HEelPEePhIBHO MPEBPAIATHCS U3 MOTEHIUATBHON

B KHHETUYECKYIO M 00paTHO. DTy SHEPTHIO MEPEa0T MPOOKE U MEPBOE U MOCIIEAYIOIIUE CTYIICHUS, TaK
YTO CHayaja aMILUTUTyAa KojJebaHuii mpoOKu pacTer.

Ecnm 3Byk BHe3armHO 000pBaTh, KOJIeOaHHS BO3AYIITHON MPOOKHU CITYCTSI KOPOTKOE BpeMsl TIPEKPATSITCS.
Otyero? TeopeTnvecku OHH, Ka3aJloch ObI, TOJDKHBI IIPOJIOIDKATHCS BEeYHO[14], HO, KaK u BO BCEX
«BEYHBIX JIBUTATEIISAX», JBUKECHUIO MPEMSITCTBYET TPEHUE, WIIH YK€ 3HAKOMasi HaM CHJIA BSI3KOCTH. B
TpyOe OnmmKalmid K CTeHKaM CJIOH BO3yXa MPUJIUIAET K HUM. DTO SBJICHUE CBSI3aHO

C IOBEpXHOCTHBIM HATSKEHHEM CTEHOK UM Bo3[yXa. Eciu nyTh BIOJIb TPYOBI, BO3AYX MOCEPEINHE
TpyObI IBUHETCS BIIEPE]] M IIPU ATOM MOJIEKYJIBI BO3yXa OYIYyT CKOJB3UTh MO CBOMM COCEIISIM,
yepKUBaeMbIM Ha CTeHKaX TpyObl. CONPOTHUBIIEHNE CKOJIBKEHHUIO CO3/1a€T BA3KOE TOPMOKEHUE U
MOTJIOTHUT YaCTh SHEPTHH, KOTOpPasi MPEeBPaTUTCS B TEIUIOTY. YeM ObICTpee IBMKEHUE BO3/IyXa B TpyOe,
TeM OO0JIbIlIe BA3KOE TOPMOKEHHE.

["opiibIIKO OYTHUIKKA MOKHO paccMaTpUBaTh KaK KOPOTKHUM OTpe30K TPYOBL, I/ie JeHCTBYIOT Majble
CHJTBI BSI3KOCTH, OKA3bIBAIOIINE COMPOTHBIICHNE ABMKCHUIO BO3IYITHOM MPOOKH. DTO BO3ACHCTBUE CUIT
BA3KOCTH U IPUBOJUT K OCTAHOBKE BO3AYIIHON MPOOKH MOCJe MpeKpalleHus nojaayu 3syka. Ho sato
3HAYUT, YTO CUJIbI BI3KOCTU JEUCTBOBANIM U NIPU HAJIMYUU 3BYKa, TO €CTh UMEJl MECTO HETPEPHIBHBIN
pacxo dHEPruu, MOATOMY KojeOaHUs U HE YCHIIMBAIIUCH 10 OECKOHEYHOW aMIUIUTY/IbI.

Korna gactoTa 3ByKOBO# BOJIHBI U COOCTBEHHAs YacTOTa KoJieOaHU BO3yxa B OYThUIKE COBIAAAIOT, TO
€CTh IIPU PE30HAHCE, YACTHIIBI BO3AYIIHON MPOOKHU ABIKYTCS BIIEpe-Ha3a] ropasao OsicTpee, 4emM
YaCcTHUILIbI BO3/1yXa B MaJaroIei 3ByKOBOI BOJIHE, U PACXO/ SHEPTUU Ha MPEOJOJICHUE BSI3ZKOTO
TOPMO>KEHHUS CTAHOBUTCSI BEChbMa 3HAUUTEIbHBIM. EClIM yMEHBIIUTHL OTBEPCTHUE FOPJIBIIIKA, HATIHYB Ha
HEro, HarmpuMep, CI0K Mapiiu U OCTaBJISISI OTKPBITBIMU TOJIBKO OTBEPCTHUS B TKaHU (00beM BO3TyXa

B OYTBUIKE CIEIYEeT OTPEryIUPOBAThH TaK, YTOOBI pE30HAHCHAS YACTOTa OYTBUIKU OCTANACh MPEKHEH ),
TO, OUYEBHJIHO, CHJIBI BI3KOCTH 3HAYUTENILHO BBIPACTYT U C MPEKpallleHueM 3ByKa KosieOaHusl BO3AYIIHON
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NpOOKH TaKXke MPEKPaTATCs MPAKTUYECKH MOCIIE OAHOT0 Nepuoaa. Jpyrumu cioBaMu, K TOMY
MOMEHTY, KOT'/Ia BO3/AyIlIHAs MPoOKa JODKHA ObLIa OBl BBIMTH U3 TOPJIBIIIKA, OHA YK€ TIOTEPSET CTOIBKO
HHEPI'UH, YTO 3BYKOBasl BOJIHA, KOTOPYIO OHA MOLLIET OOPATHO (TO €CTh OTPA3UT), OKAYKETCS COBCEM
HUYTOXXHOU. BOT MBI ¥ oTyumiu noraoturens![15]

IIpu pe3oHaHCce NMOTIIOLIEHUE 3ByKa MOXKET 10XOAUTH 1ouTH 10 100 %. M0XHO BBIHYAMTH BO3IyX

B OyTBUIKE KOJIE0AaThCs C YaCTOTOM, OJIM3KOM K COOCTBEHHOM YacTOTE, HO HE COBMAJAIONIECH C HEH, U,
yeM 0oJIbllIe pa3HUlla MEXy 3TUMHU YaCTOTaMH, TeM ciabee kojebsercs Bo3ayx B Oyreuike. 1o 3Toii
NPUYIHHE Pe30HAHCHAS TIOJIOCTh WIIH TIPOCTOH pe3oHaTop [ enbMroibia 3 QeKTHBEH TOIBKO PH
qyacToTe, OJIM3KOM ero coOCTBEHHOM YacTOTe WIIM COBIAJAIOIIEH ¢ Hell. DTO BUIHO U3 puc. 37.
Jlnana3oH 4yacToT OOJIBIIOrO MOTIOIIEHUS MOKHO PACIIUPUTD, €CJIN HATIOJIHUTD FOPJIBIIIKO OYTBIIKH
BOJIOKHHCTBIM MaTepHaioM, HO MaKCUMaJibHas 3((EKTUBHOCTH MOTJIOMICHHUS TIPU 3TOM OHU3UTCS: IPU
4acTOTaX, OTJIMYHBIX OT COOCTBEHHOM YacTOThI, KOJIEOaHUs IPOLOIIKAOT BO30YK1aThCsl, HO
3HAYUTEIHHO YMEHBIIAETCS aMIUTUTY/1a PE30HAHCHOTO KOJIe0aHHs; MO3TOMY HEJNb3sl MOJIYYUTh 3BYK,
JYHYB HaJl OTBEPCTHEM OYTBUIKH C TOPJIBIIIKOM, HAOUTHIM BOJIOKHUCTBIM MaTepuanoM. Cie10BaTebHo,
TaKOM pe3oHaTOp JAeHCTBYET B OoJiee MUPOKOM JUAMa30He YacTOT, HO €ro MaKCHUMalbHast

3¢ GEKTUBHOCTH 3HAYUTEIBHO CHIDKeHA[16].
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Puc. 37. Ilornomenne 3ByKka rnmaHebl0 U pe3oHaTopoM [ enpmrosbiia.

Haxonern-to MbI 1oOpaich 10 ABIPOK B MOTOJKE. Teneps MX Ha3HAUYCHHE JIETKO OOBSICHUTD: €CITH
CIIO’KUTH BMECTE MHOXECTBO OYTBUIOK, CTEHKH UX OKaXXYTCS HEHY>KHBIMH — TOPJIBIIIKH U 0OBEMBI
caMuX COCYyZI0B OyJlyT pe30HUPOBATh TaK k€ Xopouio (puc. 38). Eciau ropaslikyu JOCTaTOYHO y3KUE,
MOXHO 00OWTHCH 0€3 MapJH, TaKk KaK CHJIa BI3KOCTU OyJIeT J0CTaTOYHOW. MHOTHE aKyCTHYECKHE
TUTUTKX — 3TO TIPOCTO HAOOP pe30HAaTOPOB [ eIbMrosbIia, HAlOJTHEHHBIX BOJIOKHUCTHIM MaTePHAIIOM,
B KOTOPBIX YOpaHbI JUITHAE CTCHKH.
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OT0 4YaCTUYHO U OOBICHAET MapaJlOKCaJIbHBIE YTBEPKACHUS, C/ICIaHHbIE paHee B 3TOM ri1aBe. Mbl yxe
TOBOPHJIN O BBICOKOH 3((EKTUBHOCTH MOTJIOMIEHHUS 3BYyKa MIPOCTHIM IMOPUCTHIM IMOKPBITHEM 0€3
nephoprupoBaHHOMN MM KaKOW-ITnO0 Apyroi oonnioBky. IHBIMH clI0BaMu, aKyCTHUECKUH MOTOJIOK O€3
BCSKHX JIBIPOK, @ MIPOCTO MPECTABIISAIONINI COO0H clIoi MUHEPAIBbHOMN MIEPCTH, CTEKISTHHOW BaThl HITH
MOAXOAIIET0 IEHUCTOT0 MaTepuaa, BIIOJHE IPUTOJEH KaK MOIJI0TUTENb 3ByKa. TpyaHO TOIBKO
yZepKaTh TaKOH IJIACT Ha MOoToJKe! BoJOKHUCTBIE MaTepuaibl OUEHb HEMPOUHBI U JIETKO PaclagatoTcs
Ha KyCOYKH, a KyCOYEK CTEKJIIHHOM BaThl, IONABIIMK 32 ITUBOPOT, BECbMa COMHHUTEIBHOE
ynoBosbcTBHE. KpoMe Toro, naxe moiry’KeCTKMe IMOTJIOTUTENH U3 JIMCTOB MUKPOIIOPUCTOIO MaTepHaa
UMEIOT BECbMa HENPUBIIEKATENIbHbIN BHELIHUNA BUJ, CIOCOOHBIN OTIYTHYTh JH00O0T0 JIeKopaTopa
IIOMEUICHUH OT BCSIKUX IOMBITOK UCIIOJIB30BATh 3BYKOIOIVIOMAIOIINAE MATEPUAIIBL.
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Puc. 38. Akyctudeckas 1umra, 1eUCTBYrOIIas Ha 3BYK TaK e, Kak pe3oHarop I'enpmrosbia.

KoHe4HO, ¢ TOMOIIBI0 CETOK MOXKHO IIPEJOTBPATUTh OCBHIIIAHKE C IIOTOJIKA BOJIOKHUCTBIX CJIOEB, HO
BHEIIHUM BHJI ITOTOJIKA IIPY ATOM HE YIIYYLIUTCS; €CIIU K€ IPUMEHUTH CIUIOIIHOE ITOKPBITHE,
norepsercs 3¢ dext nopucroctu. Haj permenuem 3Toit 3aa4i HEMao MOJIOMAJIH FOJIO0BY T€, KTO
BIIEpPBBIE 33/ lyMaJl OPraHU30BaTh MaCCOBOE IIPOU3BOJICTBO aKyCTUUECKUX IIUT. IIpexae Bcero
HE00X0AUMO OBLIO TOOUTHCS BBIPAOOTKHU M3/EIHM, IPOUHBIX U NPUATHBIX Ha BUJ. M300peTarenu
HayaJly C JIy4yllel, TouHee, ¢ €IMHCTBEHHON UMEBIIEHCS B UX paclopsyKeHUH KOMOMHAIUN
MaTEpHUAJIOB: MUHEPAJIBHOM IEPCTHU, YIAEPKUBAEMOIN Ha MECTE MEJIKOW ITPOBOJIOYHOM ceTkol. CHavaa
MCIOJIb30BAJIM KPYMHOSYEUCTYIO CETKY, 3aTeM MEePEeXOANIN Ha Bce 0oJiee MEJIKHE OTBEPCTUS U
U3MEPSUTH MOTJIOUICHHE 3BYKa, YTOOBI ONPEAEIUTh, KaK CUJIBHO ITPH ITOM CHHXaeTcs 3(PpPpeKTUBHOCTD
norsotuTess. Korjga oTKphITYyIO TUIOIaAL OTBepCcTHi cokpaTuiu 10 30 % ot o01miei miomaaum, To
HEOXHJIAHHO JJIS1 BCEX BBIICHUIIOCH, UTO MOTEPH IPPEKTUBHOCTH OUEHb HE3HAYUTEIbHBI: MTOTJIOICHNE
HECKOJIBKO YIIaJIo JIUIIb B BHICOKOYACTOTHOI 00sacTu. Beckope ynanoch HaWTH MOYTH HUACaIbHBIN
BapHUaHT MOKPHITUSA — CJIOM MUHEPAIbHOM BaThl TOIIIUHON 25 MM, IPUKPBITHII TepPOpUpPOBaHHBIM
CTaJIbHBIM JINCTOM, KOTOPBIA MOKHO OBLITO 3ManupoBaTh. Takoe ycTpOHCTBO XOPOIIIO MOIJIOMIAJIO 3BYK,
Y Ha HEeTo ObLI BBIAAH MATEHT.



Bce 310 nmponcxoauino okosio NATHACCATH JIeT Ha3al;, ceifuac akyCTHYECKHE TIOKPBITHS CAMBIX Pa3HbBIX
TUIIOB HABOJHWIN PHIHOK. HEKOTOpPBIE U3 HUX UMEIOT OPUTHHAIBHYIO KOHCTPYKIIHIO, IPYTUe
Pa3INYaIOTCs THIIOM HCIIOIb3YEMBIX BOJOKHUCTBIX MAaTEPHAIOB; H3TOTABINBAIOT U KECTKUE MOKPBITHS
U3 OKpAIICHHBIX MMOBEPXHOCTEH, Mep(OPHUPOBAHHBIX MAJIBIMU MM OOJBIIUMH OTBEPCTHIMH,
PAacIoI0KEHHBIMH PETyISIpHO WK Oecriopsao4Ho. YacTo AealoT OTBEpCTHs pa3HbIX pa3MepOB, U4TO
NpUIaeT NOTOJIKY MEHEee CKYUHBI BHEIIHUI BUJ] M TTO3BOJISIET O0Jiee IIMPOKO Pa3ABUHYTh PE30HAHCHBIE
Y4aCTOTHI, 3HAYCHHSI KOTOPBIX 3aBUCST OT BEIMUMHBI OTBEPCTHH. M3roTOBISIOT Takke MOKPHITUS CO
mensiMu. OTBepCTHS HE 00s13aTENBHO JAOJDKHBI OBITh KPYTIIBIMH.

D¢} PexTUBHOCTD TAKMX MOTTIOTUTENEH HECKOJIBKO pa3inyaeTcs, HO JJIs BCeX XapaKTepHa Masiast

3¢ GEKTUBHOCTH MOIJIOIEHUS HA HU3KHUX YacTOTax (ee yaaeTcs ylyqllnTh, IOMeIast MOrI0THTEIb Ha
HEKOTOPOM PAaCCTOSIHUU OT CTEHBI), 00JbIas 3pPeKTUBHOCTD IJIsi CPEAHUX U BHICOKHX YaCTOT U
HECKOJIbKO MEHbILIasi — JUIsl OYE€Hb BHICOKHMX YacTOT. Bhllie MbI paccMaTpuBaii OTBEPCTHSI KaK
HJIEMEHTHI PE30HATOPOB, OJTHAKO PE30HAHC JIHIIb YACTUYHO 00yCIOBIMBAET 3(PPEKTUBHOCTH TOKPHITHUS.
OTBepcTHs ¥ METAJUT MEXy HUIMU MaJlo CKa3bIBAIOTCS HA HU3KOYACTOTHBIX JUIMHHOBOJIHOBBIX 3BYKaX,
U JUUTSl HUX TTOKPBITHE ICUCTBYET TaK, KaK €cyid Obl neppopupoBaHHON OOIMIIOBKH coBceM He Obuto. [1pu
CPEIHMX M BBICOKHX 4acTOTax 3(p(PEeKTUBHOCTD MCIIOJIb30BaHMsI BOJIOKHUCTOTO MaTepuaa Kak
MOTJIOTUTEISE MOTJIa OBl YXYAIIUTHCS BCIEACTBHE YMEHBIIEHHON TUTIOMIAAN OTBEPCTUH, HO 3TO
CHIDKEHHE KOMIIEHCHPYETCs BOSHUKHOBEHUEM Pe30HaHCHOr0 3(dexra orBepcTuil. [Ipn oueHb BHICOKHX
gacToTax 3((HhEeKTUBHOCTH MOTIIOUICHHUS CHOBA Ma/1aeT, MOTOMY YTO 3TH YaCTOTHI JIEKAT BhIIIE
PE30HAHCHBIX YACTOT, U [yl KOPOTKOBOJHOBOT'O 3ByKa YUAaCTKH METaJljla MEXy OTBEPCTHIIMHU CIIy’KaT
XOPOIIMMH OTpaxkaTesiMi. YTO MOXKHO CKa3aTh IO MOBOJY YTBEPKACHUS, UTO aKyCTUIECKHNA TTOTOJIOK
MOJKET IOTJIOIIATh 3BYK U 0€3 OTBEPCTHI MM BOJIOKHUCTBIX MaTepuanoB? Tenepb 3To HETPYAHO
00BsicHuTh. Kak MBI y)ke 3HaeM, OyThUIKa — 3TO CaMblil OOBIYHBIN PE30HATOP, HO BEAb €CTh U APYTrOi
CTOJIb e OOBbIUHBIN pe3oHaTop — Oapaban. Ecnu ynapute B 6apabaH, OH M31aCT My3bIKaJIbHBIH 3BYK,
XOTsI, U3-32 MHO)KECTBEHHBIX PE30HAHCOB,  HE OYECHb OIPEICIICHHOW YaCcTOThI, HO TEM HE MEHEE 3TO
Oyner HekoTopast HoTa. [1o cymecTBy, OapadaH He TaK YK CHJIBHO OTIMYAETCS OT OYTBUIKH, TOJIBKO

B HEM BO3/yX 3aKJII0OYECH B THOKYIO 000JI0UKY, KOTOpasi IPH HATSHKEHUU TIPUOOPETAET YIIPYTOCTh, U
TaKuM 00pa3oM BBOJIMT B AeHCTBUE J00aBOUYHbIE (DAKTOPBI — CBOM Maccy U ynpyrocts. Macca
OapabaHHOH KOKH MT'PAET POJIb Ipy3a Ha MPYKUHE, a €€ HATSHKEHUE U yIIPYTOCTh BO3yXa BHYTPH
OapabaHa COBMECTHO JIEMCTBYIOT Kak MpyxuHa. Ecian ocnabuTh HaTskeHUe Ko OapabaHa, OH
MePeCTaHeT 3By4YaTh NPHU yaape, IOTOMY YTO MSTKYIO, IIPOBUCIIYIO KOXKY HEJb3sI 3aCTaBUTh KOJIEOAThCA:
ee yrpyrue cBoicTBa MposIBIIIOTCS TOJIBKO MO HaTsKeHUueM. Takas koka OyJeT moxosa Ha
aMOpTH3aTOpP, KOTOPBI MBI PACCMOTPEIH B 3TOH TJIaBe, HO TMO-TPEKHEMY COXPAHHUT OJIHY U3 CBOUX
(byHKLUH, TPOJOIIKAs CIIY>KUTh 000JI0UKOH [l ONpeIeTICHHOM Macchl BO3/lyXa 3aK/IIOueHHbIN B Hel
BO3/yX HE YTPATHT CBOWCTB MPYKUHBI K CMOKET KOJIE0AThCSI, €CIIU TOJBKO TOIYYUT TOCTATOYHO
SHEpruu, yToObl MepemeaTb 000s10uKy. Kak 1 B ciiyuae Harpy3ku Ha MpYXUHY, YEM TsDKeJee Koxa,
TeM HIDKE COOCTBEHHAsI 4aCTOTa, @ YeM MEHBIIE 00BeM BO3/1yXa, TeM OoJiee yrpyra BO3TyIIHAS
Npy>XHHA, a 3HAYUT, TEM BBIIIE YaCTOTA.

Ecnu takoit 6apaban co c1abo HaTAHYTON KOKei YCTaHOBJIEH Ha CTEHE U Ha HETO MaJlaeT 3BYKOBas
BOJIHA, YACTOTA KOTOPOIl COBMAIET ¢ COOCTBEHHOM 4acTOTOH OapabaHa, TO HENIPEPHIBHOE MOCTYIUICHNE
HHEPI'UU BOJHBI Oy/IE€T 1IOCTATOYHO JJISl TOT0, YTOOBI BEI3BATh pe30HAaHC OapabaHa; HO B Ipolecce
JIBIDKEHUS M CTUOAHUsI HEHATSAHYTOM KOKH OapabaHa 3HaYUTENIbHAS YacTh 3TOM YHEPTUU U3PACXOIYETCS
B pe3yJbTaTe MorIomieHus. UeM racTuuHee U Msrye Koxka, TeM CHIIbHEe OHa FacHUT KoJeOaHus U TeM
00JIbI1Ie PHEPTUH MOTJIOMAET (KOHEYHO, OTJIOICHHAs 3BYKOBast SHEPTUs IIPU STOM MIPEBPALLACTCS

B TEIUIOBYIO SHEPTHI0). Kak v B Ipyrux aHATOTHYHBIX CIIydasx, eclii 6apabaH HAOUT BOJIOKHUCTHIM
MaTepHUaJIoM, PE30HAHCHbIE CBOMCTBA CTaHYT MEHEE BhIPAXKEHHBIMH U OapalaH Oy/eT jerye BhIHYIUTh K
KOJICOaHUSAM Ha JPYruXx, OJM3KUX YacTOTaX.

Pabouas xapakTepucTHKa 1MoJJ00HOr0 NaHEIbHOT0, WM MEMOPAHHOT 0, OTJIOTUTEN OUYeHb CXOHA

C XapaKTepUCTUKON pe3oHaTopa I'eapbmroinblia, HO TOJIBKO AJIs ropa3fo 0ojiee HU3KUX 4acToT. Y
pe3oHaTopoB ['enbMrospla NpakKTUYECKN HET BEPXHEW YaCTOTHOW I'PAaHUIIbl, HO HUKHSIS TPaHUIIA €CTh!
OHa ompeJensieTcs MpeaeabHo JOMyCTUMBIMU rabapuraMu pe3oHaropa u jexut Boimm3u 100 .
CoOcTBeHHas 4acTOTa MAHEIBHOTO MOTJIOTUTENS 3aBUCUT OT MACChl TAHEH U TITyOUHBI BO3TYLITHOTO



MPOCTPAHCTBA 32 HEl; MOJIE3HBIN JUAa30H 4YacTOT TaKOro noraotutens npoctupaercsa ot 40 mo 400 I'm.
Jiist GoJtee BBICOKHX YACTOT TPYAHO MOA00paTh TOCTATOYHO JIETKYIO 00071049Ky. Takoi MOrIoTUTENh
MO>KHO M3TOTOBHTD U3 JIOOOT0 MaTepHualia, OTBEYAIOIIET0 CASAYIOIIMM OCHOBHBIM TPEOOBaHUSIM:
MOIXOJISAMIAs Macca, JOCTATOYHOE 3aTyXaHUe M JOCTaTOYHAs THOKOCTh. Macca U riyOrHA BO3IYIITHOTO
CJI0s1 ONIPEAEIISIIOT PE30HAHCHYIO YaCTOTY; 3aTyXaHHUE HE MO3BOJISIET CAaMOM MTAHEIN CTaTh BTOPUYHBIM
HMCTOYHUKOM 3BYKa M 00€CIIeYrBaeT MOTJIONICHHE YHEPTUHU; THOKOCTh MEMOPAHBI CO3/Ia€T BO3MOYKHOCTh
HU3KOYaCTOTHOTO pe3oHaHca. HezanemmnupoBaHHbIE KECTKUE MAHETU MOTYT TOJIBKO YXY/IIIUTh
MOJIO’KEHUE B PE3yJIbTATE MOSBICHHUS rapMOHUK. OTHAKO 3TUM 00CTOSTEIHCTBOM MOKHO
BOCTIOJIb30BAThCS, €CIIM BBECTH TOIJIOMICHNE TAKUM 00pa3oM, YTOOBI MTAaHENIM COXPAaHSIIN PE30HAHC Ha
4aCTOTaX TAPMOHUK M IPU STOM TMOTJIONIAIN U 00Jiee BBICOKUE YacTOThI. JKECTKHUE MaHeIu 4acTo
M3TOTOBJISIOT U3 (haHepbl, HO y TAKUX MaHeJell HeIocTaTOuHOe BHYTpeHHee TpeHue. Jlenas ¢ oOpaTHOi
CTOPOHBI MPOPE3U, MOKHO CHU3HTH JKECTKOCThH ITAHEIIU, TTIOYTH HE YMEHBIIIas €€ Maccy, a 100aBouyHOE
MOTJIOIICHUE YAAETCS MOJIyYUTh, HAHOCS Ha MaHEeJb CIIEHHUANIbHYIO OKJIEHKY MSATKyI0 aHelb MOXXHO
clieaTh U3 OJTHOTO-IBYX CJIO€B TOJIEBOT'O KapTOHA; JJIsl paCIIMPEHUSI YACTOTHOTO JUana3oHa

3¢ (HEeKTUBHOCTH MOTJIOMICHUS B BO3YLITHOE MMPOCTPAHCTBO MEXK/1Yy KAPTOHOM U CTEHOH 4acTo
MOMEIIAOT BOJOKHUCTHIN MaT.

['me nenecooOpa3Ho MPUMEHATH pe30HAHCHBIE MTOTIoTUTENU? OHU () (HEKTUBHBI B OTPaHHYCHHOM
Jara3oHe 4yacToT, U UX pa3Mepbl JOJDKHBI OBITh CTPOTo MoAoOpaHsl. B pesynbrare ycunenus
Kosie0aHui BO3yXa — a UMEHHO OHO JIEKUT B OCHOBE MEXaHU3Ma UX JIEUCTBUS — 3BYKOBOE J1aBJICHUE
Ha 3a/IHIOI0 CTEHKY IOJIOCTH BO3pacTaeT U 00JiblIee KOJIMYECTBO 3BYKa IIOCTYNAET B CTEHY.
[ToBTOpsieTCs cTapast UCTOPHSL: MOTJIOTUTENH MOTJIOLIAIOT 3BYK, TO €CTh YMEHBIIIAIOT SHEPT U0

B IIPOXOJIALIEH BOJIHE, HO OJIHOBPEMEHHO ITOMOTal0T 3TOM BOJIHE IPOHUKHYTH B CTE€HY, I03TOMY JJIs
3BYKOBOU M30JISILIUM OHHU COBEPILIEHHO OECIOJIE3HBL.

OpHaKo 17151 HEKOTOPBIX 1eJIel pe30HAHCHBIE TIOTJIOTUTENN YPE3BBIYANHO MOJIC3HBL; H30MPATETEHOCTh
UX JIEUCTBUS MOXKET O0EPHYThCS MPEUMYILECTBOM, HAIPUMEP €ClId NOTpeOyeTcs MOracuTh

B [IOMEILIEHUH CTOSYYIO BOJIHY OIPEAEIEHHON YaCTOThI MJIM YMEHBIINUTD 3X0 B KOHIIEPTHOM 3aJI€.
[TanenbHble pe3oHATOPHI A3 (HEKTUBHBI B 00JaCTH HU3KOYACTOTHBIX 3BYKOB, JIJISl TIOTJIOMICHHS KOTOPBIX
JPYTUMH CcII0co6aMu OTPeOOBAIHMCh OBl CJIOM BOJIOKHUCTOT'O MaTepHralia OrpOMHON TOJIIIHEI.
Cy1iecTByeT HeMaso MPUEMOB, TTO3BOJISIONIMX PACIIUPUTH TUana3oH 3PPEKTUBHOTO MOTIOMIEHUS
3BYKa [TaHEJIbHBIMU PE30HATOPAMU: MOYKHO, HAIIPUMEP, CKOCUTD 3aJIHIOI0 CTEHKY I10JIOCTH PE30HAaTOpa
WM pa3HOO0Pa3UTh pa3Mepsl oTBepcTuil. Pesonaropsl I'enbMrosiblia ¢ ycrexoM MpUMEHSIOT TaKkkKe

B CHEIUAJIbHBIX TIIYIIUTENSX, IPeJHA3HAYEHHbIX U1 CIy4aeB, KOr/ia IIyM IPEUMYIIECTBEHHO
COCpEZ0TOUCH Ha OJTHOW OMpeesIeHHOM YacToTe.

[13] 3nech peub uueT, KOHEYHO, HE O TEIJIOBOM JIBUYKEHHH MOJICKYII, & 0 OSCHOPSIOYHOM JABHKCHUH
YaCTUI] CPeJibl IPU MPOXOXKICHUN CIIOKHOIO 3ByKa TUIA IIUPOKOIIOIOCHOTO yMa. — [Ipum. peo.

[14] Maxxe TeopeTnvecku KosebaHus He OYAYT MPOIOIKATHCS BEYHO B OTCYTCTBUE MOTIIOIICHHUS:
KoJIeOaHMS BO3/yXa B FOPJIBIIIKE PE30HATOPA U3IYYAI0T CHEPUIECKYIO 3BYKOBYIO BOJIHY HApYXKy U
KoJsiebaTeIbHast SHEPTUsl Pe30HATOpPa TIOCTETIEHHO «BBICBECUMBACTCS» B BUJIC ATUX 3BYKOBBIX BOJH. —
Lpum. peo.

[15] B neitcTBUTEILHOCTH HAUOOJIBIIICE MOTIIOICHUE TTOJTy4aeTCs IPU TOPa3io MEHBILIEM TPSHHUHU, KOT/1a
rocJie mpeKpanieHust BO30YKIeHHs YnciIo KoneOaHui ynajeT BCero BIBOE M0 CPABHEHUIO CO CIIy4aeM
OTCYTCTBHUSI morioweHus. — Ilpum. peo.

[16] B neiicrButenbHOCTH 3G (HEKTHBHOCTH PE30HATOPA CHU3UTCS BO BCEM JHMAaNa30He 4acToT, HO,
MIOCKOJIbKY CHM)KEHHE HanOoJjiee 3HAYMTEeIbHO BOJIM3H PE30HAHCa, 3Ta yMEHbIIeHHas 3G eKTHBHOCTH
OyAeT coxpaHsAThCS B O0JIee NIMPOKOM THUANIA30HE YacToT. — [lpum. peo.
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9. 3ByKOHENIPOHUIIAEMOCTh — Pa300/J1aueHHbIH

MU}

«3BYKOHENIPOHUIIAEMOCTh» — KaKO€ BEJIMKOJIECITHOE CJI0BO! 1H)XKEHEepOB-aKyCTUKOB BCEra MPOCAT
o0ecrneunTh 3ByKOHETIPOHUIIAeMOCTb. Beib BoloHeIpoHuIIaeMast O0IIKMBKA HE MPOITyCKAaeT BOAY, TaK
noueMy Obl HE CYIIECTBOBATH CIIELIMATBHON OOIIMBKE, KOTOpasi ObI He MpoIryckaina 3Byk? Tak Kak poJib
OTBepCTI/Iﬁ B aKYCTUYCCKHUX INNIMTKAaX OIrpOMHA, Y HHKCHCPOB BO3HHKIJIA CIUIOIIHAA ITyTaHUIIA MCIKIY
MOHSTUSIMU TOTJIONIEHUS ¥ U30JISLIMU 3ByKa. M He yIuBUTENBHO, IOTOMY YTO BOMPOC HE MpocT. B
MPEIBIAYIIEH TTIaBe MBI CAMBIM MOAPOOHBIM 00pa30M OOBSCHUIIH, YTO YCTAaHABIMBATH TOHKUI
MOPUCTHIN MaT ¢ LEJIbIO 3aJ€P>KaTh 3BYK, UAYIIHI U3 OJHON TOYKH B APYTYHO, — 3TO MPOCTO MOTEPS
BpeMeHU. MaKCUMyM, Yero MOXKHO TOOUTHCS TaKUM ITyTeM, — 3TO CHU3UTh ypoBeHb Ha 3 1b Ha
BBICOKHX 4acTOTaXx.

KoHeuHo, mopucTeie MaTepurasl MOrJIONIA0T 3BYK, a TAK KAK OHU YACTUYHO YMEHBIIAIOT YHEPTUIO
3BYKa, OHH YMEHBIIAIOT U SHEPTUIO BOJIHBI, MPOXO et uepe3 Hux. Ho amst Toro yTo6s! NOIy4nuTh
MaJo-MaJIbCKH CTOSIIIEE 3aTyXaHue, TONIIHHA CJIOS TOTJIOUIAI0IIETr0 MaTepraa 10JKHa ObITh CpaBHUMA
C JUIMHOW 3BYKOBOM BOJHBI. Tak Kak Ha MPAaKTUKE YacCTO NPUXOIUTCI UMETh JI€JI0 CO 3BYKOBBIMHU
BOJIHAMH JUIMHOM B HECKOJILKO METPOB, ICHO, YTO 00 MCIOJIb30BaHMH MOTJIOMIAIOIINX MaTepUaoB
HETIOCPEICTBEHHO B KaYeCTBE 3BYKOU30JIATOPOB HE MOXKET OBITh U peuH. UTO ke MPUMEHUTH B TAKOM
ciaydae? M3 kakoro BelmecTBa H3rOTOBUTh «3BYKOHETIPOHHUITaeMOCTh»? [lo-BuauMomy, TpeOyeTcst HeUTo
HEOOBIKHOBEHHOE, ITOCKOJIbKY BIOJIHE pa3yMHOE 3HaueHue 3Bykouzossiiuu 40 n1b o3Havaer, 4to
MHTEHCHUBHOCTD 3BYKa HY>)KHO YMEHBUIUTh B I€CATH ThICSAY pa3!

BepneMmcs Hazan 1 CHOBa BHUMATEIBHO MMPUCMOTPUMCS K TOMY, YTO MPOUCXOAUT, KOTJa 3BYKOBast
BOJIHA TIAJIA€T HAa HEKOTOPYIO MOBEpXHOCTh. OOBIYHO OO0JbIIAs YacTh 3BYKOBOM SHEPTHH OTpakKaeTcs,
HEKOTOPOE KOJIMYECTBO €€ MOTJIONIAETCS U MEPEXOJUT B TEIUIO, @ YaCTh IPOHUKAET YEPE3 MOBEPXHOCTD.
B cuny 3akoHa COXpaHEHUS DHEPIUU B KAXKIOM CIydae CyMMa BCEX ATHUX J0JIEN DHEPTUH: OTPAKEHHOM,
MOTJIOIIEHHOM M MpOoIIeIend — BCeraa JOJKHA PABHATHCS YHEPTUU BOJIHBI, MaJatoIend Ha
MOBEPXHOCTh. TaK Kak Ham >KeJIaTENbHO YMEHBIIUTD OO MPOLIEAIIENH BOJIHBI, JIOTUYHO ONBITATHCS
YBEJIUYUTH JI0JTI0 OTPAKEHHOM WIIM MOTJIOIIEHHON BOTHBL. HO yBeIMUUTH MOTTIONIEHUE HENb3S: 3TO
TpeOyeT 6oNbIIoro 00beMa U TOPOTHX MAaTePUAIOB (KPOME CITydasi BRICOKHX 9acTOT); IIOATOMY
OCTaeTCs TOJIBKO YBEIMYMBATh HHTEHCUBHOCTh OTPAKEHHOM BOJIHBI 32 CHET MPOILIEIIIECH.

B Takoii moctaHoBKke mpo0ieMa yrpoIaeTcs: 4eM OOoJIbIle OTpaXKaeT MOBEPXHOCTh, TEM MEHBIIE 3ByKa
IPOHMKAET yepe3 Hee. B npenpinyiieil riase Mbl pacCMOTPENH YCIOBUS OTpaskeHUs 3ByKa. Tak,
TpaHUTHAs CTCHA HACTOJIFKO MaCCHUBHA U TaK MaJ0 C)KUMaeMa, YTO JITKHE MOJICKYITbl BO3/IyXa HE MOTYT
OKa3aTh Ha HEe 3aMETHOr0 Bo3aeiicTBus. [ nanpHeiimero HaMm ObUT0 OBI OJIE3HO pacHojaraTh
HEKOTOPOU Mepoil, KOTOpast OIHOBPEMEHHO YYUThIBaIa Obl M YIIPYroCTh, ¥ INIOTHOCTh BEIIECTBA.
BcnoMHUB, 4TO CKOPOCTB 3ByKa B CPEJie 3aBUCUT OT YIIPYT'OCTH U INIOTHOCTHU 3TOM Cpejibl, B Ka4ecTBe
TaKOM Mepbl MbI MO’KEM BBIOPATh BOJIHOBOE CONPOTUBIIEHUE cpelibl. [IoHATh 3HaueHHe 3TOI BETUUUHBI
HECJIOKHO. [IMoTHOCTB TpaHuTa BeNuKa, a BCIEACTBHE €ro MaJol C)KUMAeMOCTH CKOPOCTh 3ByKa B HEM
Takxe Bearka. [I03ToMy BOIHOBOE CONPOTHBIIEHUE IPAHUTA OTPOMHO. B pesynbpTrare 3TOro, Kak Mbl yxe
3HaeM, MpH MaACHUH 3BYKOBOW BOJIHBI U3 BO3/yXa Ha IPAHUTHYIO CTEHY oTpaxkaeTcs 6ombiue 99 %
najaroueit sneprun. Ho eciau 651 Mbl 3aMEHUIIM TPAHUTHYIO CTEHY «CTEHON» BO3yXa, CKayKa OT
MaJIOro K OOJIBIIOMY UMIIEAAHCY HE ObLIO Obl, a MOTOMY Hc4e3s10 Obl U oTpaxkeHne. Yem Gobine
pasnuuue (HecoriacoBaHHE) UMIIEAHCOB JBYX CpeJl, TeM OOJIbIIe OTPaXKEHNUE U TEM MEHbILAs A0
TaJIar0IIEN BOJIHBI TPOXOJUT U3 OJHOM CPElbl B IPYTYIO.

OI[HaKO okoio 1 % 3ByKOBOI>i OHEPIUH BCC )KC BXOAUT B I'PAHUT, U, TIOCKOJIBKY CTCHA HEC OCCKOHEYHO
TOJICTasdA, 4aCTb SQHEPIrun, KOTOPAA IMPOHHUKIIA B I'PAHUT U HC ITOTJIOTUJIACE B HEM, HOfI}lGT 0 BTOpOﬁ
rpaHUIIbI CTCHBI. Tenepb BO3HHKACT BOIPOC O NEPECXOAC 3BYyKa U3 I'paHUTA CHOBA B BO3AYX. HOCKOHBKy



UMIICAHC TPAHUTA BEJIMK, HUYTOXKHBIC CMEIICHHS €r0 YaCTHII YXKE CO3Jaf0T BBICOKHE JIaBICHUSI
B BOJIHE; OIHAKO ITH )K€ CMEIICHHS CO3JalyT B BO3AyXe JIMIIb BeChMa Maiioe AapieHue. [loatomy
BOJIHA, PAaCTIPOCTPAHSIONIASCS B TPAHKUTE, IPHU MAJCHUHN HA €r0 TPAHUILY C BO3yXOM CO3/IaCT B BO3IyXe
BOJIHY BEChMa MaJIOil MHTEHCUBHOCTH: TIepeiaua SHEPTUU CHOBA OyneT ManodppeKTuBHa.

Tousicras, mI0THAs KAMEHHAs CTEHA — HAWIYYLIWA IPOCTOU U30JATOP 3ByKa. Ha BBICOKMX "acToTax
KUpIUYHAs CTeHa ToNuHOM Beero 350 MM obecrnieunBaeT CHIKEHUE 3ByKa Oosee yem Ha 60 nb.
OpHako 1enecoo0pas3Ho Jin 10O0MBATHCS 3BYKOU3OJISIIMH, BO3BOS TXKEIYIO KAMEHHYIO CTCHY
TOJIIIMHOM BO MHOTO JIECTKOB CAHTHUMETPOB? DTO MOKHO JI€JIaTh TOJIBKO B CAMOM KpalHEM CITydae.
OOBIYHO CTPOST CTEHBI HACTOJIBKO TOHKHE, YTO 00€ MX CTOPOHBI IBUXKYTCS IOYTH CUH(pA3HO,
IIOCKOJIBKY TOJIIIMHA CTEHbI MaJla 10 CPAaBHEHUIO C JIJIMHOW BOJIHBL. Toraa 3agada o pacpoCTpaHECHUH
3BYKa B MaTepHajie CTEHbI IEPECTAET UHTEPECOBATh HAC, a TOBEIEHNE 3BYKOBOU BOJIHBI IPUHUMAET
JIPYTrou XapakTep.

[IpencraBum cebe TOHKYIO MaHENIb WK MEPETOPOIKY TIOMAIBI0 3 M2, UMEIOITYIO OTOPY, HO HE
3aKpEIJIEHHYIO 10 NepuMeTpy. Eciu ¢ 01HOM CTOpOHBI IPUIIOKUTE K HEM MOCTOSIHHOE AAaBJICHNE, OHA
MIPOTHETCSA, ¥ BeTMYMHA TIPOruda OyIeT NEeTUKOM ONPENEIAThCS €€ YIPYTOCThIO (3KECTKOCThIO). Tak,
pE3MHOBAs NaHENb CUIIBHO BBITHETCS, TOTAA KaK CTaJlbHas eBa nogjnacrcs. Ecinu naBneHue Ha. oJlHy
CTOpPOHY OyZIeT MEJIEHHO MEPEXOAUTH OT MOJOKUTEILHOTO K OTPULIATEIbHOMY, BOSHUKAIOIIHIE
BBIITyYMBAaHUE U BRITMOAHUE MTaHEIN O-TIPEKHEMY OYAYT ONpEeesaThCs €€ ynpyrocTbio. OnHako
MOCKOJIBKY MaHeNb 001a1aeT HHepLUeH, IPH TI0CTATOYHOM YBEITMUYEHUN YaCTOTHI 3HAKOIIEPEMEHHOTO
JTABJICHUS €€ Macca HaAuHEeT CKa3bIBAaThCS B TOM jK€ CTETIEHU (@ 3aTeM U OO0JIbILIE), YTO U YIPYTOCTh.
[IpencraBum cede qBEpb, MOABEIICHHYIO Ha YIIPYruX NnemisiX. Eciiu noneITatbes MeUIEHHO TOKaYUBaTh
JIBEpb BIEpe-HA3a]], €€ IBUKEHNE B OCHOBHOM OYyJIeT OrpaHUYMBATHCS YIPYTOCTbIO Mo/IBecKH. Eciu
e HayaTh ObICTPO JepraTh ABEph TyAa U 00paTHO, TO TJIABHYIO POJIb HAYHET UTPaTh €€ HHEPIUS:
(aHepHyIO ABEph ropas/o JIer4ye packaynBaTh, 4eM TyOOBYIO, 1aXKe €CIIU YIPYTroCTh METeNb He
M3MEHUJIACK.

L/-\Vf\\./ CmeueHue %Wv—

Ckopocmes
N \J g

, Yekopenue

BpeMs - BpeMs =

Puc. 39. MI3MeHeHue cMelleHus, CKOPOCTH U YCKOPEHHMSI ITAaHENIU OT BPEMEHHU
(Ipm IBYX yacTOTax KojeOaHus, CripaBa 4acToTa BABOE BHIIIE, YEM CIICBA).

IToaTOMy TOBOPSAT, UTO HA OYEHb HU3KUX YACTOTaX Mepeiaya 3ByKa 4epes3 IaHeb YIPaBIsSeTcs ee
YIPYroCThIO, HO 110 MEPE POCTa YaCTOThI MHEPLMA (Macca) CTAaHOBUTCS 3HAYUTEIBHO OoJiee
cyuecTBeHHOU. [ToscHUM 3TO Ha puMepe, Koraa Bo30yKaaromias cujla — CUHYCOMIaIbHbIN 3BYK
(uucThlif TOH). B 3TOM npocreiiiieM ciyyae cMelIeHNe TaHeI CUHYCOUAAIIBHO. MBI YK€ 3HaKOMBbI



¢ rpaukoM cuHyconaanbHOl QyHKIMH. CKOPOCTh N3MEHEHHSI ITOJIOKEHHSI — TO CKOPOCTh, CKOPOCTh
K€ U3MEHEHUs CKOpocTH — yckopenue. Ha puc. 39 nmokaszansl rpaduku cMemeH s, CKOPOCTH H
YCKOPEHHUs AJIs aHEeIH, KOJIEOIOLIeHCsl Ha HEKOTOPOH ONpeieIeHHOM 4acToTe, a TaKXKe Ha 4acToTe
BIBOE Oosbiieil. [Ipu 1aHHOM 3BYKOBOM JIaBJICHUHU C YBEJIMYCHUEM YAaCTOTHI CMEIICHUE YOBIBACT 110
aMIUTUTY/Ie, HO CKOPOCTh YacCTHILl OcTaeTcs 0e3 u3MeHeHus. Jlanee, Ha pUCyHKE BUJIHO, UTO IIPU ATOM
CKOPOCTb U3MEHEHUS] CKOPOCTH CTajla BIBOE OOJIbIIE: MAKCUMAJIBHOE 3HAUEHUE YCKOPEHUS
yZBauBacTcs NpU yABOCHUHU 4acToThl. Ho, cornacHo BTopoMy 3akoHy Hel0TOHA, yCKOpEeHHE NPSAMO
IIPONOPLIMOHAIILHO MPHIIOKEHHOH cuiie. Takum 00pa3oM, TEOPETUYECKU IIPU YIBOEHUH YaCTOTHI
norpeboBanack Obl BBOE OOJIbLIAs CUIIA, YTOOBI 3aCTABUTH MAHENb KOJIE0AThCs C TOM K€ CKOPOCTBIO.
Opnako, Tak Kak JIeWCTBYIOIAsl CO CTOPOHBI 3BYKOBOI BOJIHBI CHJIa HE H3MEHUJIACH, YIBOCHHUE YaCTOThI
3BYKa MPUBEJET K YMEHBILIECHUIO aMIUIUTY/ bl KOJI€OaHU TaHEIH BJIBOE.

[To npyryio CTOpOHY OT MaHeIH KapTUHA TaKOBa, KaK €clii Obl HCTOYHUKOM 3BYKa Oblila MaHelb. 3BYK,
MO ¢ OJTHOW CTOPOHBI, MPUBOINT €€ B KOJICOAHUS, U ATH BBIHYKICHHBIC KOJICOAHUS U3ITyIarOT
C Ipyroif CTOPOHBI 3BYKOBbIE BOJIHBI — OCJIa0JICHHbIE KOMUU NaJaroImux BojH. [lockonbky mpu
YABOCHUH YaCTOTHI aMIUIUTYla CKOPOCTH YMEHBIIIAETCS BBOE, MOKHO OKUJATh, YTO 3BYKOBOE
JaBJICHHE U3JIy4aeMBbIX C IPYroil CTOPOHBI BOJIH TaKKe YMEHBIIUTCS BIBOE. TE€OpeTHUYEeCKH TaK U €CTh.
BcenomuHnasi, 4To npu yMEHBIIEHUU 3BYKOBOTO JIaBJICHUS, BJBOE YPOBEHb €r0 YMEHbIIaeTcst Ha 6 1b,
MIPUXOJIUM K 3aKITIOUEHHIO, YTO YABOCHHE YAaCTOTHI YBEIMUMBAET 3BYKOU3OJIALNIO Ha 6 1b.

Kaxk mbI 3HaeM 13 Broporo 3akoHa HpioToHa, yckopeHre 00paTHO MPONOPIUOHAIEHO Macce Tela.
Ortcronia ciienyer, 4To MpU JAHHOM 4acTOTE 3BYKOM3OJISIIIMS TAaHE! yBeJlnunBaeTcs Ha 6 nb npu
Ka)XJIOM YZIBOGHUH Macchl naHeau. OTHaKO 3TO YHCTO TEOPETUUECKUE PACCYKICHNUS, U, KAK MBI CKOPO
YBHJIUM, HA MIPAKTUKE BOZHUKAET MHOXKECTBO OOCTOSATENBCTB, B PE3YAbTaTe KOTOPHIX MOBEACHHE
IaHEJN HE CIIEAYET 3TOMY «3aKOHY Maccy. BMecTo ymy4menus u3onsuuu Ha 6 1b B caMOM JyduieM
cirydae yaaercst 100uthes He 6osee 4—5 nb. DOMIupuUecKky MOTy4eHHBIN «3aKOH Maccy» BBITIISINT, KaK
nmokaszaHo Ha puc. 40.
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NACMHOCMb, K2
Puc. 40 3axon macc

Kakwue jxe JI0BYIIKH [T0ICTEPETat0T IPOEKTUPOBILUKOB IIPH CO3/IaHUU 3BYKOU30JIUPYIOLIUX
neperopoaok? Eciu pykoBoICTBOBATHCS UCKIIOYUTEIHLHO 3aKOHOM MaccC, TO MOXHO BCTPETUTHCS

C BeCbMa HEMPUATHBIMH CIOpIpu3amMu. Besikas neperoposka o6aaiaeT He TOJIBKO MacCoil, HO U
yOPYrocThio. XOTS Mbl BUJIEH, YTO 3BYKOU3OJISIIIMOHHBIE CBOMCTBA MEPErOPOIKU ONPEACIISIOTCS €€
YIPYTOCTBIO JIMIIb HA OYEHb HU3KUX 4acTOTaX, 3TO HE 3HAYUT, UTO B IPYIUX CIydasX yIpyrocTb He
urpaet posiu. BcnoMHUM MeHBIE TapelKy U3 TU1. 3, OHU PE30HUPYIOT UMEHHO BCJIEJICTBUE CBOECH



yrpyroctd. OT MATKO# Tapesku He ObUTO Obl HUKAKOTO MPOKY. A Meperopoika, HaxoIsIIascs Mo
MOCTOSIHHBIM OJTHOCTOPOHHUM JiaBjicHueM? BenuunHa ee nmporuba omnpeaensiercs ee ynpyroctbio Eciu
JIaBJICHUE BHE3AITHO CHAThH, IEPETOPOIKA BBITHETCS B 00PATHYIO CTOPOHY, U 3TO MPOU30IIET TeM
ObICTpee, YeM OOJIbIIe YIIPYroCcTh Meperopoaku [IpnodpeTst CKopocTh, OHA MMPOCKOYHT MOJIOKECHUE
PaBHOBECHS M YCIIEET COBEPILIUTh HECKOJIBKO KOJICOAHUIT TyIa-Cro/1a, MPex/ie ueM ycrmokources: Yacrora
ITUX KOJICOAHUI — PE30HAHCHAS YaCTOTA NEPErOPOIKU — OIMPEACISICTCS YIIPYTOCTHIO K MacCOi
neperopoku Eciii yactora najarorieii BOJIHbI paBHA WK OJIM3Ka Pe30HAHCHOM 4acToTe, TO
neperopojika Oy/IeT CHIIBHO PaCKauMBaThCs 1O/ ACHCTBUEM ATOM BOJIHBI, B Pe3yJIbTaTe Mepeaaya 3ByKa
C OJIHO¥ €€ CTOPOHBI Ha JPYT'YIO OyIeT MPOUCXOANUTH 0ueHb 3P PekTHBHO [T0CKOIBKY Meperopoaka
MOKET pE30HHUPOBATH HA MHOI'MX YaCTOTAaX, CTAHOBUTCA OUCBUAHBIM, YTO 3aKOH MacCC CHUJIbHO
HapyIIaeTcs.

Konednwwasca

naHedb
Puc. 41 DddexT coBnageHuii A = Ay COOTBETCTBYET KPUTHIECKOM YaCTOTE

U uToOwI erme 6oiee yCIoKHUTH MTPO0IieMy, OOHAPYKUBAETCS JOTIOTHUTEIBHBIN THIT PE30HAHCOB,
KOTOPBIN TaKKe HYKHO MPUHUMATh BO BHUMaHue To, 0 4eM TOJIBKO 4TO ObLIO CKa3aHO, HATOMUHAET
PE30HAHC I'py3a, MOJBEIICHHOTO Ha MPYXHUHE, C KOTOPHIM MBI IOJPOOHO MO3HAKOMUIIUCH

B npeaplIayen rinase OqHako, TOBOPS O MEJIHBIX TapeIKax, Mbl OUCHIBAIM PE30HAHC, CBA3AaHHBII

C M3rUOHBIMU BOJTHAMHU, OCTYIIMMU IO UX TIOBEPXHOCTH. A TIO TIEPETOPOIKE TAKKE MOTYT O€xKaTh
M3TUOHBIE BOJIHBI, KaK MOKa3aHo Ha puc. 41 DTo BOIHBI COBCEM JPYroro THIA, YeM 3BYKOBBIE BOJHBI

B TBEPJIOM Cpejie, HO OHU TOKE XapaKTEPU3YIOTCA YaCTOTOW U JUIMHOW BOIHBI [Ipy HAaKIIOHHOM najieHUuU
3BYKOBOM BOJIHBI Ha MEPETOPOAKY MOKET 0OKa3aThCs, YTO JJIMHA BOJIHBI 3BYKa, OTCUUTHIBAEMasl BAOJb
NEPETOPOIKH, U JJIMHA U3rMOHOM BOJIHBI HAa HEW cOoBNaAal0T B 3TOM ciydae neperopoaka Takxe
HAYMHAET YCUJICHHO PacKauMBaThCs, YTO COMPOBOXKAaeTCs BechbMa AP (EeKTUBHOI nepeaaueii 3ByKa

C OJIHOM CTOPOHBI Ha JIpyryto. 13 puc. 41 BUaHO, YTO JIs1 JAHHOM JJTMHBI U3TMOHON BOJHBI CYIIECTBYET
TakKasi 4aCcTOTa MaIalollero 3ByKa, HIKE KOTOPOii Mo100HbIHN «3((eKT COBNaACHUS HEBO3MOXKEH, TaK



KaK JJa)ke TP MaJeHUH BOJIHBI TOYHO BJI0JIb IIEPETOPOIKH JUIMHA BOJIHBI 3BYKa OKa3bIBaeTCs OOJIBbIIIE,
4YeM JUIMHA U3TMOHON BOJIHBL. DTY YAaCTOTY HAa3bIBAIOT KPUTUUYECKOIA.
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Puc. 42. TunnyHast yacTOTHas XapaKTEPUCTHKA 3BYKOU3OJISIUN OJHOCIOWHOM He3aneMpupoBaHHON
[IEPETOPOJKHU.
1 — 3aryxaHue omnpenensieTcs: ynpyrocTbio;
2 — 0051aCTh PE30HAHCOB;
3 — 3aTyxaHue ONpeeNieTCS MacCou;
4 — ob6nacts 3 deKTa CoBIaICHUH.

U3 Bcero cka3aHHOTO CJEIyeT, YTO MEePEropoika, Macca KOTOPOil MpeICTaBIseTCs JOCTATOYHOM, YTOOBI
00ecTeunTh XOPOIITYI0 H30JIAINIO 3ByKa, HA CaMOM JieJie BeieacTBue 3G (GeKTOB pe30oHaHca U
COBITIaACHHUSA OKa3bIBACTCA IIOYTU GCCHOHCSHOﬁ Ha OCJIOM pPAAC 4acCTOT. YacToTHasg 3aBUCUMOCTD
3BYKOHM3OJISIIIMY TAKOW TIEPETOPOIKH OYAET BBITIAICTh TaK, KaK TOKa3aHO Ha puc. 42: 3aKOH Macc
OKa)XETCS BBITIOJHEHHBIM JIMIIE B Y3KOH MMOJI0CE YacTOT B CEpeANHE CrieKTpa. UTo ke MOXKHO clienaTh?
OmHUM U3 CTIOCOOOB YIYYIIUTh U30JISIIHIO SBISIETCS MOIMBITKA PACIIUPUTH ATY IIEHTPATBHYIO TIOJIOCY,
CIBUHYB PE30HAHCHBIC YaCTOTHI KAaK MOYKHO JIaJIbIlle BHU3, & KPUTHUECKYIO YaCTOTY — KaK MOYKHO
JTAJIbIIIEe BBEPX TIO CIIEKTPY.

IIpexkae BCero BBIACHUM, KaKylO POJIb MOXKET ChI'PaTh YIPYIOCTh B OCYLIECTBIICHUU 3TOM 3aJa4n. YeM
NOJATIUBEH MPYXKKHA, K KOTOPOU IMPUKPETJIEHa Macca, TEM HUKe COOCTBEHHAs YacTOTa. Y MEHBLICHHE
YIPYrOCTH NEPErOPOJIKU HE TOJIBKO MOHU3UT €€ COOCTBEHHbIE YACTOTHI, HO U YKOPOTHUT U3THOHYIO
BOJIHY, KOTOpasi CHU’KAET U30JIUPYIOLIME CBOMCTBA IIAHEIU, U TEM CAMBbIM ITOBBICUT KPUTUYECKYIO
yacToTy. bosee ToHkas neperopojika Taxke umesna Obl 60j1ee BBICOKYI0 KPUTHYECKYIO 4acTOTY, HO IIpU
3TOM YMEHBIIMJIACh OBl €€ Macca, YTO, KaK MBI YK€ 3HaeM, HeXKeJIaTeIbHO.

Crnenyromumii IpueM — yBEIMUEHNE MAcCChl IEPETOPOIKH; 3TO BBIMOJIHO HE TOJIBKO B CHIIY 3aKOHA Macc,
HO TaKX€ ¥ IOTOMY, YTO €CJIA 3TO MOYXHO OCYIIECTBUTh, HE YBEJINUMBAsI YIIPYTOCTh NEPETOPOJIKH,
YAACTCS TaK)K€ CHU3UTH PE30HAHCHBIE YACTOTHI U ITOJHATH KPUTUYECKYIO YaCTOTY.



Cy1iiecTByeT, 0IHaKO, ¥ Ipyroi cnocod pennTh Hally IpobiieMy, U €ro MOXKHO HCITOJIb30BaTh Kak
HE3aBUCHMO, TaK U COBMECTHO C BbIIIICYKa3aHHBIMUA MepaMu. OH 3aKII04aeTCs B CIEAYIOLIEM: BMECTO
TOTO YTOOBI OTOJIBUTATh PE30OHAHCHI U KPUTUYECKHE YaCTOTHI B JaJIbHUE KOHIIBI CIIEKTpa (T1ie BeAb
TaKKe MOXKET MOHAJO0UTHCS XOPOIIIast 3BYKOU3OJISIINSA ), TOTBITATHCS CHU3UTH aMILTUTY/ IbI
PE30HAHCHBIX KoJIeOaHU U BOJIHBI coBNaAeHU. [loTepst H30ISMOHHBIX CBOMCTB MEPEropoIKu

B pe3yJIbTaTe PE30HAHCA BhI3BAaHA TE€M, UTO MPU PE30HAHCE K YHEPTUH, MTOTYICHHON MEPETOPOIKOM OT
yhaBIlel Ha Hee BOJHBI, MPUOABIISIETCS SHEPTHUs, IPUHOCHMAs BCE HOBBIMU BOJIHaMU. Eciin Ob1 3Ty
SHEPIHUI0 YJAIOCh KAKMM-TO 00Pa30M MOTJIOTUTh, 3PPEKT pe30HaHCa 3HAUNTEEHO OBl CHUZHIICS.

Jnis neopmariuy Kycodka 3aMa3Ky WM TIIMHBI JOCTATOYHO 3aTPaTUTh HeOOoMbIyt0 sHepruto. [locie
nedopMaluy KycoueK OCTaeTcs B HOBOM COCTOSIHUM, HE MPHOOpeTast KaKOH-IMO0 MOTEHIUAIbHOM
sHepruu. Kyna xe neBanack 3Heprus, 3aTpayeHHas Ha Je(opMalrio TaKOro TUIACTHYHOTO MaTepraa?
OHa norioTuiIack B pe3yiabTaTe TPEHUS MEXly MOJICKYJIaMH 3aMa3KHi WM INIMHBI M 00paTHUiIach

B TEIUIO. DTO KaK pa3 TO, YTO HaM HY)KHO: €CJIM ITOKPBITh PE30HUPYIOLIYIO IEPETOPOJKY CI0EM KAKOI0-
1100 MIACTUYHOTO BELIECTBA BPOAE INIMHBI, TO IPU KaX10M JedopMalnu Neperopoiky B mporecce
PE30HAHCHBIX KoJleOaHUH clloi Takxke OyzaeT neopMupoBaThCS U MOTIIOMATh YHEPTUIO. DTHM
croco0OM MOKHO BBECTH 3aTyXaHHe B KosiebaHus neperopoaku. KoneuHo, oOMa3bIBaTh EPErOPOSIKY
TJIMHON HE 0OYEHB-TO yI0OHO, HO CYIIECTBYET MHOKECTBO MAaTEPUATIOB — OT CMOJI 10 Pa3TUIHBIX
MAaTEHTOBAHHBIX COCTABOB, — KOTOpPbIE IEHCTBYIOT 0100HBIM 00pa3oM. Ha puc. 42 nyHkTHpOM
MIOKA3aHO JIEHCTBUE BBOJUMOIO TAKUM IIyTEM 3aTyXaHUs: B PE3YJbTATe J1aXKe UpE3MEPHO yIpyras
HEeperopojKa CTAaHOBUTCS MPUTOTHON AJIS L€l 3BYKOU3OIISILHH.

Teneps MbI MOXKEM CPOPMYIUPOBATH HECKOJIBKO MOJIOKEHHUH, KOTOPHIMH HEOOXO0AUMO
PYKOBOJACTBOBATHCA TP MPOEKTUPOBAHUH 3BYKOM30JIUPYIOLIUX NIEPETOPOAOK. i Bcex 4acToT, KpoMe
CaMbIX HU3KHX, ONPEAEIIIOINMEI (PAKTOPaMU SIBIISIOTCA:

1) 6onbiIas Macca,
2) Manasi ynpyrocTb,
3) BbICOKOE 3aTyXaHHUE.

KoneuHno, MHOTHE MaTepHalibl caMu 0 ceOe B TOM WIIM UHOW CTENEHH 00JIaaloT BHYTPEHHUM
3aTyXaHueM, 1 I03TOMY He BCerjaa HeoOX0IuMO BHOCUTH 3aTyxaHue u3BHe. Hampumep, BHyTpeHHEe
3aTyxaHue B (paHepe BETUKO — B CTO pa3 OoJblile, YeM B CTAIH WM aTfOMUHUAU. OJJHAKO TIPU PaBHBIX
Maccax (anepa obiagaeT ropa3ao OOJbIIEH YIIPYTroCThI0, YeM CTaabHOM IucT. [loaToMy npu BBEIcHUHT
JIOCTaTOYHOTO 3aTyXaHWUsl, HA[PUMEP MyTeM HAaHECEHUS IeMII(pUPYIOIIETo COCTaBa, CTAILHOMN JTUCT
OKa3bIBAETCS ropasio Jyulle (paHepsl, TaK KaK ero pe30HAHCHBIE YaCTOThI HUXKE, a KpUTHYECKast
gacToTa BbIIe. HammydmmMm mMaTepuaaoM ObLT OBl CBUHEII: €r0 Macca 3HaYuTeNbHa, YIPYTOCTh Malla, a
3atyxanue Beauko. Ho ceunen gopor. B [Ipunoskenun 1 ganbsl BETUYUHBI INIOTHOCTH (MacChl),
YIPYTOCTH U KPUTUYECKON YAaCTOTHI JJISl pa3IMUHBIX MaTepuanoB. BooO1e, 1151 0AHOCIOMHBIX
MEPETOPOIOK 3a/1eMI(UPOBAHHBIN CTaIbHON JIMCT — HAWIYYIIUI BapUAHT C TOYKU 3PEHUS] CTOUMOCTH,
MPAKTUIHOCTU U 3BYKOU3OJIMPYIOIIUX CBOMCTB.

OnHaKo CyIIEeCTBYIOT U30JIATOPHI 3BYyKa ropa3ao 6omuee 3pPeKTuBHBIC, YeM OHOCIONHBIC
neperopoaku. Jomyctum, umeetcs 3aaemMindupoBaHHas IEPEropoka ¢ Majiol YIpyrocTbio U

C MMOBEPXHOCTHOMU IUIOTHOCTHIO 5 Kr/M% 1 Ham TpeOyeTcs yIydiIuTh 3BYKOU30JAINI0. UTO JIJIs 3TOTO
caenyet caenarb? Ecnu cuutath, 4TO pe30HaHCH U 3D (PEKT COBMACHUN y)KEe IO BO3MOKHOCTH
MOJIaBJICHBI, TO OCTAETCS OJIHA CBOOOHAS IEPEMEHHAss — Macca. MOXKHO yBEITUYUTh MacCy
MIEPErOPOJIKH, HO JaXe €CIIM ITO YAACTCS CAENaTh, HE YBEJIIMUMBAsI €€ YIIPYTOCTH, TO, KaK CIEyeT U3
3aKOHa Macc, MPU YIBOCHUH MACChl HEJIb3sl pACCUUTHIBAThH OOJIbIIE, UeM Ha 6 1b, a MpaKTUYECKH JIHIIb
Ha 5 nb. Bpsa nu takoe yBenuueHne 3BYKOU30JSALMU ONPaBAacT ABOMHOM pacxoa maTepuanos. Eciau
Y4eCTh, UTO yiy4ineHue Ha 15 nb motpebyeT yBenmuveHus MOBEPXHOCTHOM MIIOTHOCTH 110 40 Kr/M%, TO
3TOT MYTh MAJIO 3aMaH4YMB, OCOOCHHO €CIIM YBEIMUEHUE BECa HEIOMYCTUMO C HHKEHEPHOU TOUKH
3pEeHUS.



B Hayvase 3To# riaBel MBI TOBOPWIIM O POJIM BOJIHOBOTO CONIPOTHUBIICHHUS IIPH IIepeaade 3BykKa. [l
YIpOUIeHHUs1, 00CYX/1asi TOBEACHNUE TOHKUX MEPEropoaoK, Mbl HE KaCaIUCh UMIIEAAHCOB, U, BO3MOXKHO,
HampacHo, IOTOMY 4TO, TOBOPsl O BTOPOM 3akoHe HbI0TOHA, 00 yBEIMUEHNU YCKOPEHUS UM MACChl, MbI
MPOCTO MHBIMHU CJIOBAaMH MTOBTOPSIIIM COOOPaKEHHUs1, OTHOCSIIMECS K HECOTIIaCOBAaHHBIM MMIIEIaHCaM.
PeakTHBHBIM MacCOBBIM UMIIEAAHCOM (WM YAEIbHBIM UMIIEAAHCOM MEpeJaun) NePEeropoaKy Ha3bIBatOT
IIPOU3BEIEHNE MAcChl IEPErOPOJIKH Ha 4acTOTy. Tenepb pacCMOTPUM MEXAHU3M 3BYKOU3OJISILIUU
NIEPETOPOAKH KaK Pe3yIbTaT HECOTJIACOBAHUS UMIIEJAHCOB MEXy BO3YXOM M NIEPErOPOJKOM CO
CTOPOHBI, OTKY/1a NaJAeT 3BYK, U MEX]y IEPErOPOJKOIN U BO3IyXOM C TOM CTOPOHBI, Ky/ia 3BYK
nepenaeTcs.

YTo npon3ouneT, €CiIM BMECTO YIBOEHHUS MAaCChI IEPErOPOIKH MBI IOCTABUM 1103311 IIEPBOM BTOPYIO
NIEPETOPOIKY, OCTAaBUB MEX1Y HUMH HEOOJIBIION BO3AYIIHBIN IpoMexyTok? CymMmapHas Macca Oyner
B/[BO€ OOJIbIIIE, KaK €CJIM ObI MBI IPOCTO YJIBOMJIN TOJIIIMHY MEPBOM MEPErOpOIKH, OJHAKO MIPHU ITOM MbI
BBEJIH €1l JBa (pakTopa, 00yCIOBIUBAIOIIMX HAPYIIEHNUE COTTIACOBAHUS UMIIEAAHCOB, —
JIOTIOTHUTEIIbHBIE TIEPEXOIBI 3BYKA U3 BO31YyXa BO BTOPYIO IEPETOPOJKY U U3 HEE CHOBA B BO3AYX.
[TosTOMYy MOKHO OKH/IaTh, YTO ABOMHAS MEPETOPOJIKA OKaxkeTcs Oosee 23PpPeKTUBHOM, YeM
OJTHOCJIOMHAS TIEPETOPOIKA TBOMHOM MacChl. Tak OHO M MOJTy4YaeTCcss Ha caMoOM jeie. A eciu Obl
yZaJI0Ch pa3[iBUHYTh NEPETOPOIKH TOCTATOUHO JAJIEKO APYT OT Apyra, OCTaBUB MEXAY HUMH OOJIBIION
BO3AYIIHBIA IPOMEKYTOK, TO 001 3((PEeKT MoUTH paBHsICS Obl apU(PMETHUECKOW CyMMe U3O0JIALHM,
BBIPQXEHHBIX B JIeLIMO€Iax, CO3]aBaEMbIX KaXX/10l U3 3THUX MEPErOpPOAOK B OTAECIBHOCTH.

K coxanienuto, 00bI9HO MIPUXOJUTCS CTABUTH MEPETOPOIKH OJIM3KO APYT K APYry U, KPOME TOr0, KaKUM-
1100 00pa3oM, HaNpUMep IIIHIbKaMU, COEIUHATh UX MEXaHUYECKH APYT ¢ ApyroM. MexaHnueckue
COEMHEHHUS YBEIMYMBAIOT UMIIEIAHC BO3IYLIHOTO IIPOMEXKYTKA 110 CPAaBHEHHIO C UMIIEITaHCOM
CBOOOJIHOTO BO3/1yXa CHAPYXH MEPErOPOJKH, B PE3yIbTAaTEe CTENICHb HECOIVIACOBAHUS UMIIEJaHCOB
BHYTPH TaKOM IEPErOpOAKH yMeHbIIACTCA. TeM HE MEHee NBYXCIIOMHBIE IEPETOPOJKH MHOTO

s dexTrBHEE, UeM PKBUBAJICHTHBIC OHOCIIOMHBIC, U Aat0T BeIUTphI B 10 a1b u 6omnee. [Tpu sTom Bce
po0JIeMBl, CBI3aHHBIE C PE30HAHCAMH U AP PEKTaMH COBIAJICHUH, MTO-TIPEKHEMY OCTAIOTCS
CYLIECTBEHHBIMH U JaKe YCIOXKHSOTCS. [1osBIseTCsl HOBBIN pe30HAHC: BO31YX MEKIY MEPEropoaKaMu
MOJKET BECTH ce0s KaK pe30HaHCHas Tpy0a, y)Ke ONMCaHHast B 3TOW KHUTE, UTO TAK)XKE CHIDKACT
3BYKOM30JIsIIMI0. K cUacThio, HETPYIHO CHU3UTh PE30HAHCHBIHN 3((EKT cll0sl BO3yXa, IPUMEHHB
KaKoi-1100 mopucThiii MaTepuain. Takol coii AeiicTByeT Ha BO3AyX OJ00HO AeMiiepy U BIUSET Ha
PE30HAHCHBIE CBOICTBA BO3AYIIHON MOJOCTH TaK Xke, Kak JeMII(pUPYIOIIKe CIIOM Ha OJHOCIONHYIO
NEPErOpPOAKY.

MoxHo Ob1T0 OBI 6€3 KOHIIa YBEIMUUBATh 3BYKOU3OJIALINIO, 100ABIISAs BCE HOBBIE U HOBBIE
neperopoaku. ['maBHbIM (aKTOPOM 3/1€Ch CTAHOBUTCS CTENIEHb MEXaHUYECKON U30JISILUH OJTHON
[IEPErOPOJKH OT Apyrou. Eciau mexny neperopokaMu paciosoKeH NPYKUHALIUN CII0U TUIIa
MHUKPOIIOPHCTON PE3NHBI, BHE PE30HAHCHOW 4aCTOThI TAKOW «IIPYXHHBD» BCe OyIeT XOpOUIOo, a IpH
PE30HAHCE PELIAOIYI0 POjb ChIrPaeT CTENEeHb 3aaeMndupoBaHHOCTU ciosi. K coxanenuto, xoporee
JIeMI(pHUPOBaHUE B MEKIIEPErOPOIOUHOM IPOCTPAHCTBE O3HAYAET MOBBIIEHUE UMIIEJAaHCA, & TOCKOJIBKY
HMIIEIaHCHI IEPETOPOJOK BBICOKH, CJIEYET I10 BO3MOKHOCTH YMEHBIIATH UMIIEAAHC IIPOMEKYTOYHOTO
cnos. IToaTomy, momeniast Mexay EperopoiKamMu ypyrui CJIOH WIN yIIPyTue 3JIEMEHTHI,
NPENOYTUTENIbHEE OOPOTHCS C PE30HAHCOM CIIOSI IyTEM YMEHBIICHHS PE30HAHCHON YaCTOTHI
(ymeHbLIast [u1st 3TOro K03 GUIUEHT yIpyrocTH €i10s1), a He IyTeM IPUMEHEHHsI TOBBILIEHHOTO
nemMrQupoBaHusl.

Wuorna Henmb3s 000MTUCH 0€3 )KeCTKOTO MEXaHUYECKOTO COeTMHEHNS MEX Ty ieperopoakamu. Eciu
BO3AYIIHBIA IPOMEKYTOK Y3KHi, @ CTEHKH TSKEJIble, TO pe3yJbTUpYyromui 3 ekt Mano oTingaercs ot
M30JSILAH, CO3/1aBaeMON OIMHOYHOM IEPEropoaAKON C TOM e CyMMapHOM Maccoi. Hanpumep, nBoitHas
KUPNHUYHAS CTeHA TOMIMHON 280 MM ¢ BO3AYIIHBIM IPOMEKYTKOM BHYTPHU TONIMHON 50 MM U

C MHO>KECTBOM METAUTMUYECKHUX CBI3CH MCKOY 00erMH MMOJIOBUHKAMH HEMHOTUM Jy4dme, 4ueM
CIUIOIIHAs cTeHa TOMIHUHON 230 MM. MOKHO HECKOJIBKO YIYUIINUTh MOJI0KEHUE, youpast CBA3H U BCe,
4TO MOXKET IepelaBaTh KOJIeOaHus, HallpUMep 3alOIHSIOIIYIO HIE0EHKY, @ BO3YIIHYIO 0JOCTh



3aIl0JIHUTh MUKPOIIOPUCTON PE3UHOM, OTHAKO, YTOOBI IPH ITOM H30JISALMSI 3aMETHO BO3pPOCIIa,
NOTpeOyeTCsl YBEIMUNUTh BO3YLIHBIA IPOMEKYTOK 10 KpaiiHei mepe 10 100 mm.

HauGonee u3BecTHBIN IpuUMep OCYLIECTBICHHS IPUHLMIIA TBOMHOM MEPETrOPOAKH — ITO ABOMHBIE
OKOHHBIE paMbl. M 31€Ch, Kak U B APYTrUX aHAJOTUYHBIX CIy4asx, TOCIOACTBYET IyTaHuna. Taxk,
JIBOIHAsI paMa CO CTEKJIAMM, KECTKO 3aKPEIJIEHHBIMU B paMe Ha paccTosiHuM 20 MM ApyT OT Apyra, JaeT
He OO0JIBIIYIO U30JISLUIO, YEM pama C OAHHM CTEKJIOM CyMMAapHOM Macchl. AKyCTHY€ecKas IBOMHas pama
JOJDKHA YAOBJIETBOPATH TPEM TPEOOBAHUSAM:

1. Bo3aymHelid IpoMeKyTOK J0JkeH cocTaBiaTh 100 mm umu Goee.
2. Ilo kpaiiHeil Mepe 0IHO U3 CTEKOJI I0JDKHO OBITh 3aKPEIICHO HE KECTKO.
3. OKOHHBIE IPUTOJIOKHU JOJKHBI UMETh 3BYKOIOTJIOLIAIOILYIO OOIHIIOBKY.

Bborock, 4TO cka3aHHOE MOXKET MOBPEIUTh MPOAake OOBIUHBIX TEINIOM30JUPYIOLUINX JBOMHBIX paMm.
JKurenu ceBepHbIX cTpaH, Hanpumep Hopeeruu, ¢ JaBHUX MOpP yCTaHABIMBAIOT ABOWHBIE paMBbl

¢ 00JIBIIKMM BO3IYUIHBIM IPOMEXKYTKOM. [I03TOMY B 3THX cTpaHax mpoOiemMa BO3pacTarolIero
TPAHCIIOPTHOTI'O IlIyMa CTOUT MEHEE OCTPO, YEM B IPYTHX.

Mo3KHO yKka3aTb MHOT'O IIPUMEPOB IIPUMEHEHUI MHOTOCIIONHBIX NIEPETOPOIOK VIS LIeJIEH U30IIALHUN
3ByKa. B [Ipwiioxkennu 2 nprBeneHsl JaHHBIE 110 3BYKOU30JIALMY HEKOTOPBIX THUIIOB IIEPErOPOJIOK U
naHeneil. B kpaifHux ciydasix, B 4aCTHOCTH JUIsl CTYIMM U aKyCTHYECKUX J1TaOOpaTOpHid, ClieayeT
CTpPOUTH OETOHHOE TIOMELIEHUE, BHYTPU KOTOPOT'O CTPOSAT BTOPOE MOJHOCTHIO HE3aBUCUMOE OETOHHOE
MOMEIIECHUE, MTO/IBELIMBAEMOE Ha MOAATINBBIX KPEIJICHUAX, TaK YTOOBI MEX1y 000MMHU OMEIIEHUSIMHI
ocTaBaJicsl O0JIBIIOI BO3AYIIHBIN MPOMEXKYTOK. K MOBEPXHOCTAM CTE€H MPUKPEILISIOT CIIOM
3BYKOIIOIVIOLIAOIIEr0 MaTEPHAIIa, U TBEPABIE COCIUHEHMS MEXKIY IIOMEILEHUSAMU TIOJHOCTBIO
OTCYTCTBYIOT. B TakoM nomenieHn#r HeoOX0IMMBbI JBEPH CTIeUaIbHON KOHCTPYKIMH, HO 00 3TOM MBI
pacckaxem B ri1. 13.

Hpyroit npumep — mnaBatoiuii moi. Ero ocHOBY cocTaBiseT O€TOHHAS TUINTA, HA KOTOPYIO KJIaIeTcs
MaT U3 MUHEPAIBHOM MIEPCTH U MATHAECCATUMUIIIMMETPOBBIA HACTHII, MOJIKPEIJIEHHBIN TPOBOJIOYHOM
CETKOW. DTO OJIHA U3 JIYUIIUX KOHCTPYKIHMI 3BYKOU30JUPYIOIIETO NEPEKPHITUS, TPH YCIOBUHU UYTO MaT
3aBEPHYT Ha KPasiX U OTCYTCTBYET «aKyCTUUECKOE KOPOTKOE 3aMbIKaHHE)», HATPUMED MPU KOHTAKTE

¢ TWIMHTYcoM. Takoe mepeKphITHe Takke BechbMa dPGEKTUBHO YMEHBIIIAET Niepeiady yaapHOTro 3ByKa
C BEpXHHMX dTaxkei Ha HWKHUE. [[maBaroiiye noJibl ¥ U30JISIUIO0 OT YAAPHOTO 3BYKa Mbl TAKKE
paccMoTpuM B 11 13.

[Toxanyii, HanbGoJiee HEPOU3BOAUTENBHBIN PACX0/1 C TOYKH 3PEHUsI aKYCTUKH — 3TO YCTaHOBKA
JKWJIbLIAMU aKYCTHUECKHX IUIUTOK Ha IMOTOJIKAX CBOMX KBApPTHUP, C IOMOIIBIO KOTOPHIX OHU HAJEIOTCS
YIYYIINTh 3BYKOU3OJIALUIO OTOJIKOB. Kak Mbl yBUIUM B clieayroliei riase, Hebonbiioi a¢dexrt
JEHCTBUTEIIBHO €CTh, OJTHAKO BOBCE HE IIOTOMY, YTO YMEHbIIAETCA NIEpeaaya 3ByKa 4yepes3 MOTOJIOK.
X0Ts1, KaKk Mbl BUJENH, IATUAECATUMAIUIMMETPOBBII IOPUCTHIM MAaT MOKET YMEHBIINTh HHTEHCUBHOCTD
MIPOXOJSAIIETO Uuepe3 Hero 3Byka Ha 3 b, naxe 3TOT MU3EepHBI BHIMTPBILI HE JOCTUTAeTCs ITPU
pAacIoyIOKEHNH MaTa Ha TIOTOJIKE. DTO OOBSACHIETCS TEM, YTO UMIIEIAHC MOPUCTOrO MaTa UMEET
IIPOMEXKYTOUHOE 3HAUEHHE MEX]ly UMIIEJJaHCaMH BO3/1yXa U OCHOBHOI'O MEPEKPHITHS, U TOITOMY
CMSATyaeT Pe3KOCTh CKauKa, co3/iaBas 0oJiee IUIaBHbIH, Iepexo1 OT MAJIOro K OOJIbIIOMY 3HAYSHHIO
umneaanca. [TockonabKy B 1TaHHOM KOHCTPYKIIMU W30S 3BYKa ONPEAEIAETCs, IMEHHO PE3KOCThIO
HECOIJIaCOBAaHUS UMIIEAHCOB, HAIMYKME TOPUCTOTO MaTa IPUBOJUT K YBEIMUEHHUIO KOJIMUYECTBA 3BYKA,
IIPOHUKAIOILEro BHYTph NoTosika. [IpaBaa, B ieJI0M HM30ISIIMS HE YXYALIAeTCsl, IOTOMY YTO B MaTe CHJIbI
BA3KOCTH, JEHCTBYIOLINE MEKIY BOJIOKHAMH MM BHYTPHU IIOP, IPUBOIAT K HOIVIOIICHUIO SHEPTUU U
CHW)KCHHIO MHTEHCUBHOCTH ITPUMEPHO Ha Te ke 3 1b; B pe3ysbraTe 3ByKOM30JIALHUs [TOTOJIKA HE
U3MEHSETCS.



Tenepb paccMOTpHUM, KaK MOBIUAET OTBEPCTHE B 3BYKOM30JIMPYIOIIECH IEPETOPOIKE HA €€
3BYKOM3O0JISILIMIO. DTO HY’KHO 3HATh, TAK KaK BO MHOTUX IIEPETOPOAKAX IPUXOAUTCS IIPOJEIIBIBATH
OTBEPCTHS, a JaXKE €CIIM UX U 3aKPBIBAIOT, TO UCIOJB3YIOT JIs TOr0 MaTEpHal C XyAILUMU
3BYKOM3O0JIMPYIOLIUMU CBOMCTBAMM, YEM CTEHA. Tak, B CTCHaX UMEIOTCS IBEPHBIC IIPOEMBI, @ MaCChI
JIBEPE MEHBIIE COOTBETCTBYIOLIMX MAcC CTEH. XyXK€E TOr0, CTEHBI 3a4aCTYI0 UMEIOT
HEIpEeAyCMOTPEHHBIE OTBEPCTHS. Kak ke BIMAIOT OTBEPCTHS U YYACTKHU C XyAUIEH 3BYKOU30JIALMEN HA

pe3ynbTupyromui 3pdext?

Mpb1 MHOTO TOBOPHIIA 00 U3MEPEHUH 3BYKOM3OJIAINH B JCIIHOEax, OJJHAKO TOYHO HE YCTAHOBUJIU, YTO
3a 3TUM KpoeTcs. Borpoc HeclioxkeH: eciii 3ByKOU30JI1Hs ieperopojiku coctapisietr 40 nb Ha yacrote
1 xI'11, 3TO 3HAYMT, YTO YPOBEHh MHTCHCHBHOCTH TpoIieamei BoiaHbl Ha 40 n1b MeHbIle, yeM ypoBeHb
MHTEHCUBHOCTH M0 BOJTHBI. Bblllle Mbl TOBOPUIIN, UTO TIPH KOJIEOAHUSIX MEPErOPOJIKH,
BBI3BIBAEMBIX MQIAOIITUM 3BYKOM, €€ 3a/IHIOI0 CTOPOHY MOYKHO paccMaTpHUBaTh Kak HCTOYHUK 3ByKa. B
TJ1. 4 MBI OOBSICHIITH, KaK U3MEPSATH B IENMOENax MOTHBIN SHEPTeTUIECKUI BBIXO]] HCTOYHUKA 3ByKa —
YPOBEHb MOIITHOCTH UCTOYHUKA. [[09TOMY MOXXHO CYMMHUPOBATh BECh 3BYK, HU3JIy4aeMbIil 3aHEH
CTOPOHOU MEePEropoJIKH, U PACCUUTATh TAKUM 00Pa30M YPOBEHB 3BYKOBOI MOIIIHOCTH. Y POBEHb
WHTEHCHUBHOCTHU 3BYKa, KaK MBI 3HA€M, 3TO OTHOIIICHUE COOTBETCTBYIOIINX 3HAUYCHUMN, BRIPAKCHHBIX

B eauHULAX BT/M%, npencTaBiceHHOe B AenuOenax. CTeHa miomaasio 4 M2 U3IIYYUT SHEPTHIO, PABHYIO
WHTEHCHUBHOCTH (B BT/MZ), YMHOXeHHOU Ha 4. KOHEYHO, CKIIaJIbIBATh BETUYNHBI, BRIPAKCHHBIC

B Jer0Oenax, clieyeT He 1Mo apu(MEeTHIECKOMY, a MO JIOTapU(PMUIECKOMY MTPABWILY; IS TOTO HYKHO
BOCITOJIB30BaThCs Ta0uIeH, nanHoi B [Ipunoxkenuu 3. Takum o6pazom, 11l IEPEroOpoOaKH TIOMABIO
4 m? npu ypoBHe nipoxosieit Boaubl S0 1b u yactote 100 'l ypoBeHb MOIIIHOCTH MPOIIEIIIEH BOJIHBI
Oynet paBeH 56 n1b (omHO yaBoeHue miomanu aact 3 1b, Bropoe— emie 3 ab).

Teneps posienaem B cteHke orBepcTue. Uto npousoiiaet? Ha puc. 43 nan rpaduk, mo3Boistomui
IMMPOU3BCCTHU paCUCT: UCXOAA U3 OTHOCHUTEIBLHOM JOJIN ILIomaau C HU3KOM SBYKOI/BOJISILII/Ieﬁ U 1iomaigun
¢ 60JIbI11011 3BYKOU30JSAUEH HAXOAT MOTEPIO UOJISILIMU [IEPETOPOAKHI, OOYCIOBICHHYIO «ILTIOXUMU
YYaCTKaMH.

B kauecTBe npuMepa paccCMOTPUM IEPErOPOJKY C TPEIMHOM y nona. [lycTs miomans TpemmHbl
coctasisier Bcero 1/500 gacTh miomaam meperopoiku, v mycTh Ha yactore 4 kI 11 3ByKOn30Is111s
neperopoaku pasHa 60 n1b. CornacHo puc. 43, TpeluHa CHU3UT 3BYKOU30JISLUIO IEPETOPOIKH HA
nensix 33 nb! OTcrona ACHO, KaK BaKHO TINATEIbHO JUKBUANPOBATH BCIKUE TPEIIMHBI U 3a30PbI BO
BCEX CIIydasix, Korja HeoOXoanmMa Xopoluas 3Bykousousinus. [lopazutenbHo, Kak peko TOXOIAT J10
MOHUMaHMs 3Toro oocrosTenscTBa! Huvke Mbl yBUAMM, HACKOJIBKO BaXKHO F€PMETH3UPOBATh ABEPH 110
BCceMy nepumeTpy. Kupnudnsle cTeHbI Bcerza cieayeT ITyKaTypuTh, YTOObI HE OCTaBAJIOCh CKBO3ZHBIX
nop.
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Puc. 43. CHmxeHre U30JSIIIUY IPU HATMYUU YYaCTKOB MaJION M30JISIITUU Ha TIEPETOPOJIKE ¢ OOIBIION
3BYKOM3OJIALIUEN
(MHOXUMTENH 1000 OTHOCUTCS K MPaBOi MOJIOBUHE PUCYHKA).

HeGnaronpusitheiii 3 (heKT MaibIX OTBEPCTHH 0COOCHHO CHIIBHO CKA3bIBACTCS HAa BBICOKHUX YaCTOTAX.
Bonuel OTPaAKarTCA OT OTBepCTHfI, MaJibIX IO CPABHCHUIO C I[HHHOﬁ BOJIHBI, @ HC IPOXOAAT 4€PC3 HUX.
YuTarelis 3T0 HE JOIDKHO YAUBIIATE: MbI BUACIH, YTO PE30HAHCHI B TPYOE BBI3BIBAIOTCS OTPAKCHUEM
BOJIH OT OTKPBITBIX KOHIIOB. 3I[GCB MBI BHOBb CTAJIKUBACMCSA C PA3JIMYMCM UMIICAAHCOB: UMIICJAaHC
OTBEPCTHS B CTEHE BBIIIIE, YeM UMIIEJAHC CBOOOIHOrO BO3ayXa. [I0CKOIBKY e MOYTH JIH00ast
3BYKOM3OJIMPYIOIIAs MePeropoKa ropasno 6osee 3p¢GeKTUBHA HA BBICOKHUX, YEM HA HU3KUX YacTOTaX,
yTedKa 3ByKa CKaKeTCst 00siee CHIIbHO Ha BBICOKHX YacTOTAaX.

Jist 3ByKa, MPOMIEIIECT0 Yepe3 OTBEPCTHE CPEIHHUX Pa3MEPOB, XapaKTEPUCTUKA HAITPABICHHOCTH
OKAa3bIBACTCS Pa3IMYHOMN JJIsl BBICOKMX M HU3KUX YacTOT — 3TO 00YCIIOBICHO Audpakiueit n
uHTepdepeHpei. [lydox BBICOKOYaCTOTHOTO 3BYKa, UCXOISIIHMIA U3 OTBEPCTHS, HAIIPABJICH MPSIMO
MEPIeHIUKYISIPHO cTeHe. HU3K04acTOTHEIN 3BYK AU(parupyeT BO BCE CTOPOHBI, U €ro XapaKTepUCTHKA
HaIpaBJIEHHOCTH OOJIBbINIE MOX0Ka Ha Toycdepy.

I/ITaK, moABCAEM UTOI' TOMY, UYTO MBI Y3HAJIU O 3BYKOU3OJIALUH.

1. {51 OTHOCTIOMHOM TIEPETOPOJIKH TPeOYyeTCs BBICOKAsi TOBEPXHOCTHAS TUIOTHOCTH (Hampumep,
KHpIIMYHAas neperopoaka ronmuHon 230 mm umeer motHocTs 400 KF/MZ). IlockonbKy yaBoeHue Ui
YMEHBILIEHHUE B JIBa pa3a Macchl IEPETOPOIKY 1a€T U3MEHEHHUE €€ 3BYKOM30JIMPYIOIIEeH CITOCOOHOCTH
Bcero Ha 4—b5 nb, oka3bIBaeTCs1, MOKHO IPUMEHSITh U IEPETOPOJIKU C TIOBEPXHOCTHOM MIOTHOCTHIO
BCEro 5 Kr/m’, IIPU YCJIOBUU YTO

2. yIpyrocTh MEPEropoKy Maja (3a UCKIIOUYCHHEM CITy4aeB, KOT1a TpeOyeTcst H30JIUPOBATH TOIBKO
Huskue yactotel, 30 ['n 1 Hke). [Ipu Manoit ynpyroctu pe3oHaHChl KoJeOaHMid U pe30HaHC
COBIIAJICHHUI PA3IBUTAIOTCS HA Kpasi YaCTOTHOTO JTMAIa30Ha, T/I€ ATH SBJICHUS OOBIYHO MEHEE
CYILECTBEHHBI. B IPOTUBHOM ciiy4yae clielyeT UMETh B BH]Y, UTO Pe30HAHCHI U 3(hPEeKT coBMaIeHH
3HAYUTEJIbHO CHUKAIOTCS, €CIIN



3. meperopojika CUIbHO 3aeMI(rpoBaHa J100 BCIEICTBUE BHYTPEHHETO TPEHUS B MaTepualie
IIEPETOPOIKH, TUOO B pe3y/IbTaTEe HAHECEHMSI HAa €€ IIOBEPXHOCTH CJIOS MOIJIOIIAOIET0 MaTepraa.

4. Hamny4iasi 3ByKOU30JISIMS IPU 3aJaHHOM CYMMapHOM BECE JJOCTUTAETCs ITyTeM IIPUMEHEHUS IBYX
WM OOJIBIIETO YKCIIa Pa3ieibHBIX IEPETOPOJIOK, CBSI3aHHBIX MEXKTy COOO0M BO3MOXKHO OoJiee
MOJIaTJIMBBIMU CBSA3SIMU. 3BYKOM3OJISALMS YJIyUIIA€TCs [IPU YBEIMUEHUU BO3AYIIIHOIO IPOMEXKYTKA
Mexay neperopoakaMu. [lockoiabKy pe3oHaHChl IPOMEKYTOYHOTO BO3IYIIHOTO 00beMa MOTYT CHU3HUTh
3BYKOM3OJISIIIMIO (B HAUXYALIEM Cydae JBOMHAs IePEropoika MOKET OKa3aThCsl XyXkKe OJIHOCIOWHOM),

5. IpOMEXYTOYHOE MPOCTPAHCTBO JOKHO OBITH 3aII0JIHEHO TEM WJIM MHBIM 3BYKOMOTJIOIIAIOITHM
BELIECTBOM. B psizie ciydaeB MOKHO 3aCTaBUTh MOIVIOTUTENb BecbMa 3(()EKTUBHO BBIIOJIHATH BTOPYIO
(GYHKLMIO — HECTH Ha ce0e BTOPYIO MEPEropoiKy, Kak, HaIpuMmep, B cliydyae IyIaBarolliuX MOJO0B WIH
JUCTOBOTO MaTepuaia ¢ HaKJIEeHHbIM Ha HETO CJI0EM MUKPOIIOPUCTOMN pE3HHBI.

6. Db dexT U30IANH MOKET OKA3aThCSI KATACTPO(PHUUECKH CHUYKEHHBIM TIPU HAJIMUUH TPEIIH, 3a30POB
U OTBEPCTHii, OJJTHAKO, KaK NOKa3bIBaeT pHc. 43, ¥ B cily4yae, KOTr/la OT y4aCTKOB C MEHBIIICH M30JIALUeH
0CBOOOJUTHCS HENB3S, CIIIE HE BCE TIOTEPSHO.

7. HaneceHue Ha CTEHBI 3BYKOIOIJIOMIAIOIINX MaTEpUaIOB, HAlIpUMep MOPUCTHIX MAaTOB, CaMo 110 ce0e
HE yJIy4IllaeT 3BYKOU3OJISIIHIO.

8. 3BYKOM30JIMPYIOIIIE EPETOPOIKI U TIAHEIN ITOYTH BCETa CO3/IAI0T OOJIBIIYIO U3OJSAIHIO Ha
BBICOKMX YaCTOTaX U 3a4acTyIO0 OYEHb MAITYIO Ha HU3KHUX. YaCTHYHO 3TO CBSI3aHO C 3aKOHOM Macc
(ymy4menne u30mnun Ha 5 1b py yIBOGHUH 9acTOTHI), @ YACTHYHO C TEM, YTO PE30OHAHCHI OOBITHO
MMEIOT MECTO Ha HU3KHX YacToTax. [103ToMy BeIpaskeHHE 3BYKOM3OJISIMU NEPEropoaAKH KaKUM-TO
OJTHMM YHCIIOM JIer0eI BBOJAUT B 3a0Ty’KA€HUE, M BEChbMa Ba)KHO IIPOBECTH PACUETHI ISl BCETO
JMara30Ha MHTEPECYIOUIMX HAc 4acToT. [Jist 3Toro ynoOHee MoIb30BaThCsl OKTaBHBIMU IOJIOCAMU
qacToT (cM. T71. 4). lHOT1a TeM He MeHee ONepUpPYIOT HEKMMH YCPETHCHHBIMU BEJTMYHMHAMH
3BYKOM3OJISIIIMY, BRIPAKEHHBIMH B JielIMOeNax, i Bcero quanasona yactot ot 100 go 3200 I'm.

10. IloMemieHnsA, CTPOEHUA U KOHIEPTHbIE
3aJIbl — «JIeTauue 0 M0 KPbIlIen

Becenpuaky, pacneBaromiyie B BAHHONH KOMHATE, XOPOILIO 3HAIOT, YTO B TOMELICHNUH 3BYK BeJIEeT ce0s
MHOT/Ia COBEPIIEHHO MHAYe, YeM 3BYK B OTKPBITOM IpocTpaHcTe. [llodepsl 3aMeuaroT, 4To npu Bble3ze
U3 rapaxa pe3ko IasaceT ypoBeHb liiyma MOTopa. Bee, KoMy IPUXOIUIIOCH IIEPEE3kKATh C KBAPTUPHI HA
KBapTUPY, IOMHST, KaK CTPAaHHO 3BydYaT MX Iojloca B IyCTHIX, JIMILIEHHBIX MEOETU KOMHATAaX.

[Tpu4mHBI BceX ITUX SBJICHHUH TOBOJBHO MPOCTHI, HO OHU UTPAIOT TOPa3a0 OOMIBIIYIO POJIb, YEM ITO
Ka)KeTCs Ha MepBbIid B3TIsi. M3yueHne nmoBeieHHs 3ByKa B MOMEIICHHUSIX HE MEHEe Ba)KHO, YeM JTF000i
JIPYTrOW acleKT aKyCTUKH, U HE TOJIBKO TOTOMY, YTO HACJIaKICHUE, UCITBITBIBAEMOE ThICIYaMHU
mro0uTenel My3bIKd, 3aBUCUT OT TTO3HAHUI apXUTEKTOpa B 00JIaCTH aKyCTUKH, HO U, OBITH MOXKET, eIIle
B OOJIbIIIEH CTENIEHU TTOTOMY, YTO pa3HOOOpa3HbIE IITYMbI, KOTOPHIE BO3HUKAIOT B MIOMEIIEHUAX U
HAHOCST BpeJ CIyXy paOOTaroIIKX TaM JI0Jei, BO MHOTOM 3aBUCSAT UIMEHHO OT OKpYykeHus. HacTtosmas
IJIaBa Kak Obl TIOJIBITO’KMBAET BCE CKA3aHHOE B MPEIbIAYIIMX TJIaBaX, U 3/1€Ch MBI TOKAXKEM, KaK
SIBIICHUS U3ITYYCHHUSI, TUDPAKITUH, TOTTIOMIEHUS U OTPAKEHUS, KOMOUHUPYSICh TEM U UHBIM ITyTEM,
CrocoOHBI JTHOO TOCTABIATH YIOBOIBCTBHE, TNOO MOPTUTH KU3Hb BCEM, KTO HAXOIUTCS B TIOMEIIICHHSIX.

st Hayana paccMOTpUM HEOOJIBILIOE MYCTOE MOMEIIEHUE, pa3Mepbl KOTOPOTO JIUIIIb B HECKOJIBKO pa3
IIPEBBILIAIOT JJIMHY BOJIHBI MHTEPECYIOLIETO HAC 3ByKa. [IyCcTh B cepeiluHe TaKOro NoMeIleHus
Ha4yMHaeT paboTaTh MaJeHbKUI HEHANPABICHHBIA UICTOYHHUK YUCTOTO TOHA. 3BYKOBBIE BOJIHBI TIOOETYT



OT HEro BO BCEX HAIPABIICHUSAX U BCKOPE TOCTUTHYT CTEHOK (CTEH, M0JIa U OTOoJIKa nmoMenienus ). Eciu
3TH CTEHKH TBEP/bIE U KECTKUE, KAK B BAHHON KOMHATE, OHU OTPa3AT IpuMepHO 95 % 3ByKOBOM
HHEPTUH, TO €CTh 3BYKOBbIE BOJIHBI OTPA3ATCA [MOYTH MOJHOCTHIO, KaK CBET OT 3epkania. Ho MbI 3HaeM,
YTO KOMOHMHAIUS MMaJaroIIel 1 OTpaskeHHON BOJH 00pa3yeT cTosiuyro BosHy. [loaTomMy Bo BceM oO0beme
MOMEIIIEHHUS] YCTAHOBUTCS CHUCTEMa CTOSYMX BOJIH TOM K€ JUTMHBI, YTO BOJIHA Majaromiero 3Byka. Eciau
OKa)KETCSI, YTO PACCTOSIHHE MEXTY KAKUMHU-THOO0 IBYMS U3 TPEX IMap MapajuieIbHbIX CTEHOK
MOMEIILIEHUS! PABHO JJIMHE BOJIHBI 3BYKa UM COCTABIISIET 11€JI0€ KpaTHOE OT Hee, TO B pe3ysbTare
KOHCTPYKTUBHOU MHTEP(EPEHINH CTOsIYas BOJIHA OyeT Bce O0siee yCHIIMBAThCS, U MBI TIPUIEM €IIIe K
OJIHOMY THUIMY pe3oHaHca. [lomenieHre MOXHO paccMaTpUBaTh Kak TPEXMEPHYIO PE30HAHCHYIO TPYOYy.

K coaienuto, KapTHHA CTOSYMX BOJH B MAJIOM ITOMEIIEHHH YPE3BBIUAHO CIIO’KHA BBHY
BCE€BO3MOXKHBIX KOM6I/IHaHI/Iﬁ N3 €TO0 AJIMHBI, ITUPUHBI U BBICOTHI, KOTOPBIC U OIMIPCACIIAIOT YaCTOThI
BO3MOYKHBIX Pe30HAHCOB. Ecim y Hac HET Mo pPyKO# CYETHOM MAIIMHBI, TO HAM TPUICTCS JOJITO
TPYAUTLCHA, paCCUHUTBIBASA YaCTOTHI BCCX PC30HAHCOB, MOJTYUUBIINX HA3BAHUC «HOPMAJILHBIX) HIIN
«coOCTBEeHHBIX» KojeOanuil. CyObeKTUBHBIN 2P(HEKT 3THX HOPMAJIBHBIX YaCTOT — JBOSIKHIA: BO-
MEPBLIX, MPHU MOCTOSHHOM 4acToTe 3BYKa MOXHO, IBUTAasICh 110 IIOMCIICHHNIO, TIOTTIAAaTh TO B YUACTKHU

C TIOBBIIICHHOW WHTEHCUBHOCTBIO 3BYKA, TO B YYACTKH C MOHMKCHHOW HHTEHCUBHOCTBIO: BO-BTOPBIX, —
JIIO6I/ITCJ'H/I eTh B BAHHOM KOMHATE 3HAKOMBI C STUM — HCKOTOPBIC HOTHI MOJIYYAOT MPCUMYIICCTBO,
BBIJICIISIOTCS U yeriuBaroTcst. Hota, KoTopast Tak )HIeHbKO 3Bydaia B ClIaJIbHE, B BAHHOW KOMHATE
Oyzer criera MpesNecTHO U MOTHO3BYYHO.

Ecnu He orpaHUYMBaTHCS TOIHKO HU3KUMH YACTOTAMU, YUCIIO COOCTBEHHBIX KOJIEOAHHUI OKa3bhIBaCTCs
CTOJIb 3HAYUTEIBLHBIM U OHU PACTIPEACIISIOTCS 110 TAKOMY OOJIBIIIOMY YHCTY PA3IMYHBIX 4acTOT, YTO Ha
Ka)KJ0€ U3 HUX B OT/ACILHOCTH MOKHO HE 00pamiath BHUMaHUs: 3BYK, N3/1aBa€MbIil HICTOYHUKOM, CHOBa
Y CHOBA OTpa)KaeTcsi OT CTEHOK MOMEILEHHs, HO, 38 UCKJIIOUEHUEM HU3KUX YaCTOT, HUKAKOH SICHO
BBIPQXCHHOW KapTHHBI CTOSYMX BOJIH HEe ToirydaeTcs. OOpa3yercs Tak Ha3biBaeMoe nud¢y3Hoe mone. B
ATOM CJIy4ae ropas/o Jerye BbIICHUTh, KaK BIUSCT HATMUME CTEHOK MIOMEIICHHS Ha YPOBEHb 3BYKa,
CO3/1aBaEMbIi JAHHBIM UCTOUYHHUKOM.

PaccmoTpuM cdepuuecknii HCTOUHHK 3ByKa ¢ ypoBHEM 3ByKoBo# MomHocTd 100 1b. CornacHo 3akoHy
00paTHBIX KBaJAPaTOB, B OTKPHITOM IIPOCTPAHCTBE YPOBEHb MHTEHCUBHOCTH 3ByKa Ha PACCTOSHUU 3 M OT
TaKOT0 UCTOYHMKA cocTaBUT 79 nb. BHeceM 3TOT HCTOUYHUK B OOJIBIIOE TIOMEIIEHUE pa3MepaMH,
ckaxeM, 10x10x3 m. [lonmycTuM, 4T0 KO3PPUIIMEHT MOTIOLIEHHUS CTEH, TOTOJIKA U [10JIa B ’TOM
nometieHuu paBeH 0,05 (Tak Oyzer, eciu MoMeIIeHne TOCTPOSHO, HAITPUMED, U3 OIITYKaTypEHHOTO
Kuprnya win 6etona). Yto Mbl yenbimmm Tenepb? Bo-nepBhIX, Mo-NpekHeMY MPSMOK 3BYK OyaeT
IIPUXOJIUTH HEMIOCPEACTBEHHO OT UCTOYHMKA K yXY, U, €CJIM MOITHOCTh UCTOYHUKA HE U3MEHWIACh U
MEXI1Yy HUM U yXOM HE€ MOCTaBWJIM KaKOTro-1100 MPEensTCTBUS, YPOBEHb HHTEHCUBHOCTH 3TOTO 3BYKa
no-npexxueMy coctaBuT 79 n1b. OqHako, mociae TOro Kak Mbl yCIBIIAIH MPSIMOI 3BYK, BOJIHA IPOOEKUT
Jlajiee U ynajeT Ha CTEHBI, TIOJ U MOTOJIOK. DTH MOBEPXHOCTH MOTIOTAT 5 % 3BYKOBOMU 3HEpruu, a 95 %
0Tpa3sAT 0OpaTHO K HaM. 3BYKOBbIE BOJIHBI CHOBA MTPOOETYT MUMO HAC, U ATOT Ipolecc OyaeT
MOBTOPSATHCS CHOBA U CHOBA. UT0OKI 3ByK moTepsist 20 % cBoeil 3Hepruu, To €CTh YTOOBI €0 YPOBEHb
ynain Ha 1 1b, OH TOJDKEH HCTIBITaTh OoJiee YeThIpex oTpaxeHuil. B pesynbrare no6aBieHus Bcex
MIOCJIEIOBATEIIbHBIX OTPAXKEHHM, CIEAYIOINX APYT 3a APYrOM, IOKAa OHU COBEPLIEHHO HE 3aTyXHYT,
MHTEHCUBHOCTD IIEPBOM OTPa’KEHHOM BOJHBI OKa)KeTCsl yBeJIMUeHHOM B 18 pa3. Mo)kHO moka3aTh, 4TO

B PE3YNbTATE OT CIOKEHUS BCEX OTPAXKEHUM MHTEHCUBHOCTD 3BYKa YBEJIMUMBAECTCS B
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raic oa— CpCI[HPIfI KOB(l)(I)I/IL[I/ICHT HOorJIOIMCHUA CTCHOK ITOMCIICHU . 3Ty BCIIMYHUHY HETPYAHO
pacCcuyuTaThb. Paznuunnie MaTE€puraibl HOTJOIIAKOT Pa3HYHO JOJIO MagarolI€ro Ha HUX 3BYKa, U UX
KOBq)(bI/IL[I/IeHT MOrJIOICHHUA NJIA PA3JIMYHBIX YaCTOT MOXHO IMOJTYYUTH ITYyTEM COOTBECTCTBYIOIIHUX



n3mepenuii. B [punoxennu 4 nqansl 3HaYeHUS KoddPHUITMEHTa TOTIOMEHUS IS PsAla MaTePUAIIOB.
[ToxHOE MOTJIOIEHNE TaHHOTO yYacTKa MaTepualia ONpeessieTcs Kak Mpou3BeaeHne koddduunenta
MOTJIOUICHUS Ha IJIOMA/Ib 3TOTO YYacTKa, a MOJHOE MOTJIOIEHUE B TOMEIICHUH PABHO CYyMME TaKHUX
BCJIMYHMH JIA BCEX YUACTKOB ITOBEPXHOCTU CTCHOK IMMOMCIICHUA. CpeI[HI/IM K03(1)(1)I/II_II/ICHTOM
MOTJIOUICHUS Ha3bIBAIOT OTHOILIEHUE 3TOM CyMMAapHOU BETMYMHBI K TIOJTHOM IMJIOUIaAH MTOBEPXHOCTH
BCEX CTCHOK. B 04eHb O0JIBIINX MMOMEIIEHHSIX, HATPUMEP B KPYITHBIX KOHLEPTHBIX 3aJ1aX, BA3KOCTh
CaMoro BO3/lyXa TaKXke BBI3bIBAET MOTEPH SHEPTUHU («BO3IYIITHOE MOTIIOLIECHUEY), KOTOPHIE ISl BBICOKUX
qacToT HGO6XOI[I/IMO IIPUHHUMATH B pacyeT.

PaccunTaB MHTEHCUBHOCTD NIEPBOM OTPAKEHHON BOJIHBI U YMHOXKHB €€ Ha 18, Mbl IOJIy4UM IOJIHYIO
WHTEHCUBHOCTH 3ByKa, 00YCIIOBJICHHYIO OTpaXeHUsIMU. [10CKOIBKY MBI UIIIEM BEINYHHY,
XapaKTepU3YIOLIYIO TOMELICHHUE B IIEJIOM, CJIEYeT PaCCUUTATh YCPEAHEHHOE 3HaYeHue. [Ipennonoxum,
nomenieHue umeet chepudeckyro popmy. Toraa Ha TOBEpXHOCTH chepbl HHTEHCUBHOCTD 3BYKa,
npuxoagsaero OT UCTOYHHKA, paCIlIOJIOKCHHOT'O B ICHTPC, paBHA MOJIHOU MOIIHOCTH UCTOYHHUKA,
YMHO>KCHHOU Ha 1/(4nr2). Ecam Obl Bce CTEHKH MOTHOCTHIO OTPaXKaH 3BYK, OTpaKEHHAs BOJIHA BHOBb
ObI CXOMJIaCh B LIEHTPE U €€ CyMMapHasi IHTEHCUBHOCTh paBHsIach OB MOIIIHOCTH McTOUHUKA. Ho Hac
MHTEpEeCyeT He MHTEHCUBHOCTD 3BYKa B IICHTPE WJIM Ha CTEHKE, a CPEIHSS 110 BCEMY MOMEIICHUIO
MHTEHCHUBHOCTb OTPAKEHHOM BOJIHBIL. [IpaBUIIbHBIN pe3ysIpTaT Mbl IOIIyYUM, PACCUMTAB UHTEHCUBHOCTh
Ha cepellMHe pajinyca; 3TO JaeT JJisi COOTBETCTBYIOIIETO MHOXHTEIS 3HAUYCHHE
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[To100HBI ke pe3yabTaT Mbl UMEU ObI U JIJIS1 IPSMOYTOJILHOTO ITOMEIIEHHUS: CPETHUN YPOBEHb IIEPBOM
OTpa)KEHHOM BOJIHBI IIPH [TOJTHOM OTPa)KEHUH OT BCEX CTEHOK COCTaBMJI ObI 101110 4/5 OT 3ByKOBOM
MOIITHOCTH MCTOYHHKA, TJI€ S — IIOJIHAS TUIOMIalb CTCHOK noMeteHus. [103ToMy cyMMapHBIi ypOBEHb
OTpaXCHHOT'O 3BYKa PABEH
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rae Y3M — ypoBeHb 3BYKOBOM MOIIIHOCTH MCTOYHHKA, a Y 3] — ypoBEeHb 3BYKOBOTO JJaBJICHUSI.

Jist ynobcTBa yacTo BBOAST TaK Ha3bIBaeMyro KOHCTaHTy nmomenienus R = Sa/(1 — a)). Torma
npenpymas GopMyia IpUHAMAET BUJT

4
V3J[ = ViM+101g .

B Goustbiieii yacTi 4acTOTHOTO JUAINia30HA YABOCHHE O Ta€T CHYKEHUE ypoBHsA Ha 3 1b. Uem Oosbire
IJIOIIAb CTEHOK MOMEIICHUS, TO €CTh €ro pa3Mephl, TEM MEHbIIIE YPOBEHb OTPAXKEHHOTO 3BYKa
(«ypoBeHb peBepOepaIum») Ipu TOM K€ 3HAUCHHUH .

B namem npumMepe ypoBeHb MOIIIHOCTH UCTOYHUKA paBHsICS 100 nb, mOBEpXHOCTh CTEHOK MOMEILICHUS
uMena momas 320 M2, a cpeanuit ko3 dunuent nornomeHus Opu1 npuHAT paBHbIM 0,05. [ToacTaBmuss
BCE 3T BEJIMYMHBI B TIOJTYUEHHYIO (POpMYIly, HAXOIUM



4(10—0,05
¥3J1 = V3M +101g (10-003) _

320x 0,05
=100 +101g0,24 =
=100 6=
= 94 zB.

Ecnu yuecTs, 4TO TOT %€ UCTOYHUK CO3/1aBajl HA PACCTOSHUU 3 M YPOBEHb 3BYKOBOI'O JaBJICHUS
IIPSAIMOTO 3BYyKa Bcero 79 nb, To siCHO, HACKOJIBKO pacTeT IIyM, CO3aBAEMblid HCTOYHUKOM, KOT1a OH
HaXOJUTCSI B IOMEIIECHUN.

OddexT oTpaskeHuit B MOMENICHUH Ha3bIBAIOT peBepOepaleil, U moxydeHHoe 3Hauenue 94 nb
OTHOCHTCS K peBepOepamoHHOMY 3BYKY. [louTH Bceraa mpuCyTCTBYET TaKKe M MPSIMOU 3BYK, C yU4ETOM
KOTOPOTO MoyHast popMyIa Jisi CYMMapHOTO YPOBHsI 3BYKa IPUHUMAET BUJL

4
¥31= V3M+10lg 2 4

Anr® R

rae Q — Koa(pGUIMEHT HAalIPaBICHHOCTH UCTOUYHHUKA 3BYKa, I — PAaCCTOSHUE OT CIYIIATENs 0
HCTOYHMKA 3ByKa M R — KOHCTaHTa MOMEIICHUS.

[Tpu ananmze 3Toi popmMysbl BO3HUKAET HHTEPECHBINA BOMIPOC: eciu o = 0, TO €CTh CTEHKU MOJTHOCTHIO
OTPaKaloT 3BYK, TO MHTEHCUBHOCTH 3ByKa B MMOMELIEHUH OECKOHEUHO BeuKa. [locie HecIoKHbIX
paccyXJIeHU| Mbl IPUXOJIUM K 3aKITFOUEHUIO, YTO TaK U JIOJDKHO OBITh: HCTOYHUK 3BYKA BCE M3ITy4aeT U
U3JTydaeT SHEPrHI0, KOTOpasi, 0TPaXKasCh OT CTCHOK, BCE HAKAIUTUBAETCs B ToMeleHnu[17] (koHeqHo,
Ha MPaKTHUKe MOJTHOCTHIO OTPAKAIOIIKX MMOBEPXHOCTEN He ObIBaeT). [[pyroe BaxkHoe ClIeICTBHUE: €CITU
YBEJIUYUTH CPEAHUN KOI((DUIIMEHT TOTJIOIIEHHS CTEHOK 0, TO YPOBEHb peBepOepallioOHHOT0 3ByKa
CYyILIECTBEHHO ynazeT. Tak, eciiv B HallleM MOMENIEHUH C TOBEPXHOCTHIO CTEHOK B 320 M o YBEJIMYUTH
ot 0,05 1o 0,1, To B momeniennu ctanet tuuie Ha 3 ab. Eciu 651 ynanock nonyduts K03 GUIMEHT
norjomenus o = 0,5, To cTano Okl Tuie Ha 13 nb.

Urak, sicHO, 9TO 7151 60JIBINEH YacTH YaCTOTHOTO JUaIa3oHa yIBOCHUE cpeHero koddduimenta
MOTJIOIIEHUS IPUBOJIUT K CHIKEHHUIO 11yMa Ha 3 1b. Ho B BepxHe# yacTh 4acTOTHOTO AMana3oHa npu
OOJIBITIOM IMMOMEIIIEHUH, KOT/1a MOYKHO OBLIIO OBI 0KHIATh IEUCTBUS «3aKOHA COKPAIIAOITUXCS
JIOXO/IOBY», B ICHICTBUTENLHOCTH IPOUCXOAUT HEYTO oOpaTHoe. [IpaBaa, mogo0HbBIH BUI MOTTIOIIECHUS
BCTPEYAETCS TOJIBKO B OYEHB CIEIUATIBHBIX YCIOBUAX, HAIPUMED B 3arTyIIEHHON KaMepe: 371eCh
yBenuueHue kodddummenta nornomieHus scero Ha 3 %, ¢ 0,95 no 0,98, mpuBOAUT K CHUKEHHUIO YPOBHS
Ha 4 nb[18].

YToOb! ONpeeuTh B OOBIYHBIX YCIOBUSAX MAJIOro KO3 GUIMEHTA MOTIOMEHHS, Ha CKOJIBKO JeI0en
yJIaCTCsl CHU3UTh LIIYM TPU TOM WM HHOM YBEJIMUYEHHH KOA(PUIMEHTA MOTJIOIeHUs, HET
HEO0OXOIMMOCTH PACCUNTHIBATH KOHCTAHTY IOMEIIEHNUS — BCE, YTO HYXHO 3HATh, 3TO BO CKOJIBKO pa3
BBIPOCJIA BEJTMUMHA S0l YIYUIIEHHE PABHO JECATUKPATHOMY JIOTapu(pMy 3TOH BETUUUHBI.

BepHeMmcsi cHOBa B Halle peBepOepupyrolee MoMeIeHHe ¢ ypoBHeM 3Byka 94 nb. UToObI IpsiMOii 3BYK
CpaBHSUICA T10 BEJIMYMHE C PEBEPOSPAIIMOHHBIM, MIPUIIIOCH ObI MPUOIN3UTHCS K HCTOYHUKY 3BYKa Ha
pacctosiaue 300 mM. [Ipu yBennyenun ko3 duirenTa noriomneHns CTEHOK IOMEIICHNs YPOBEHb
peBepOepamOHHOT0 3ByKa CHU3UTCS M Ha OOJIBIINX PACCTOSTHUSX OT UCTOYHUKA OyAET MpeodianaTh
MPsIMOM 3BYK: peBepOepaIlOHHBIH 3BYK IPUMEPHO TOCTOSIHEH BO BCEM MOMEIIEHUH, TOTa KaK MpsiIMOU
yOBIBAET 10 MEpPe yIaJCHHUS OT UICTOYHHKA.
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Uto npou30iAeT, €ciau BHE3aIMHO BBIKIIOYNTh HCTOYHUK 3ByKa? MIHOBEHHO JIM HACTYIIUT TUILIUHA?
Hert, Tak kak HEOOXOAMMO U3BECTHOE BPEMs ISl TOTO, YTOOBI MTOCIIECHUE 3BYKOBBIC BOJIHBI,
U3ITy4YeHHBIE UCTOYHUKOM, YCTIEeNU JOCTATOYHOE YHCIIO pa3 OTPA3UTHCA OT CTEHOK U MOTJIOTUTHCS
MPAKTHUYECKH MOJIHOCTHIO. Y IapbTe B PeBEPOSPHUPYIOIIEM TOMEIIICHUH B JIAJIOIIH, H BBl CAMH
YCIIBIIINTE, KaK TOCTETIEHHO 3aTyXal0T 3BYKOBBIEC BOJIHBI, OETyIIHe OT OAHON CTEHKHU K Apyroil. Bpems
T, B TeueHHE KOTOPOTo 3BYK 3aTyxaeT Ha 60 1b, Ha3bIBaIOT «BpeMEHEM peBepOepalun» JaHHOTO
nomenieHus. B 1abopaTopHBIX YCIOBUAX yIaeTcs MOIY4YUTh BpeMs peBepOepaliuu, focturaoiiee 15 c.
Ecmu mocerurento 6antuctepus B [Tuze (pacmonokeHHOTO MO COCEICTBY CO 3HAMEHUTOMN «I1aIafoleit
OarrHei») yaacTcsl yTOBOPUTh XpaHUTENS UCIIOHUTH apIie/KU0, TO, TOCKOJIbKY BpeMs peBepOepanun
B Oamntucrepuu paBHo 12 ¢, akkopa OyaeT 3BydaTh OKOJIO YETBEPTH MUHYTHI, M TIOCETUTEIb 3aMETUT
YAUBUTEIHHOE U3MEHEHHE TeMOpa 3ByKa: IMPEKe BCEro 3aTUXHYT BEICOKOYACTOTHBIC 3BYKH, @ HU3KHE
4acTOThI OYAYT NPOAOKATH 3By4aTh. DTO MPOU3BOAUT OOJIBIIOE BIIEYATICHUE JIaXKe HA YEJIOBEKA,
JIUIIEHHOTO MY3bIKaJIbHOTO CIyXa.

HetpynHo BUeTh, 4TO BpeMs peBepOepanyu B MOMEIIEHHUH, TIe YCTaHOBIIIOCH U] Py3HOE 3BYKOBOE
ToJie, CBs3aHO ¢ Kod(h(pHUIIMEeHTOM MOTIomeHUs CTeHOK. [I0CKOIBKY Hac HHTEpecyeT BpeMsl 3aTyXaHUs
3BYKa, B pacueT BXOJUT TaKXKe U 00beM NOMeIIeHUsI. MpaMOpHBIN KYITOJI M CTEHBI OANTUCTEPHSI JAI0T
cpennuii ko3 durmeHT noraomeHus Bcero 0,03, mosTomy 3HaueHHEe 7' TaM BEIIHKO.

AmepukaHckuil yueHslid C30MH, HCXO0/1S U3 KapTUHBI HEIIPEPBIBHOTO 3aTyXaHHs 3BYKa, TIOTYUUIT
bopmymy

o 0,16V,
S

rae V — oobeM nomenienus. Eciam, BipodeM, KO3 PHUIIMESHT MOTIIOMIEHHS BETUK, TO 3aTyXaHHEe
MIPOMCXOIUT HE HETIPEPHIBHO, & «CTYNEHIMI»: TIPU KaKJJOM OTPAKEHHUH y 3BYKa «OTOMPAETCS»
Oonbuiast 1ot SHEpruu. YTo0b! yuecTh 3TOT 3G deKT, DUpUHT MOAUPHUIKMPOBAT MPEABIAYILYIO GOPMYITY
CIIEAYIONIUM 00pa3oMm:
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a Knyzncen no6aBun B 3HameHaTenb popMyiibl Ca0nHa ciaaraemoe 4mV, KOTOpOe yIYUTHIBAET
MOTJIOIIEHHE B BO3AyXe (M — MPOCTPAHCTBEHHBIN KO PUIIMEHT 3aTyXaHUs 3BYKa).

JIro60mBITHO, YTO, TOTJa KaK YCTAHOBHUBILUICS YPOBEHb peBepOEpaIIMIOHHOTO 3ByKa B OOJIBIIIOM
MOMEILEHUH HIKE, YEM B MaJIOM, JIJIsl BpEMEHU peBepOepaluy XxapakTepHa oOpaTHasi 3aBUCUMOCTb. B
MaJIOM ITOMEIEHUH PACCTOSIHUE, TpoberaeMoe 3ByKOBBIMU BOJTHAMHU OT OJJHOT'O OTPAXKEHHS 710
CJIEYIOLIEr0, MHOI'O MEHBIIE, U [I0ATOMY OHU MOIJIOLIAKTCS ropas3io OblcTpee, 4eM B OO0JIBIIOM
MIOMEIICHUH, I/I€ TO K€ YHCIIO OTPAKEHUN MPOUCXOAUT B TEUCHHE 3HAYUTEIBHO 00JIee IUTEIBHOTO
BPEMEHU.

Camo 1o cebe BpeMs peBepOepaliuy peaKko MpeCcTaBIseT HEMOCPEICTBEHHBIA HHTEPEC IS TPOOIEMBI
IIyMa, HO €70 U3MEPEHHE CYLIECTBEHHO ITOMOTaeT U3MEPEHHUIO MTOJIHOTO TOIVIOIIEHUS B IOMEIIECHUN.
YcraHOBUBIIMIACS YPOBEHB peBepOepalni, KOTOPHIH YaCTO UMEET BaKHEWIIIee 3HAaUCHHUE, 3aBUCUT
TOJIBKO OT TMOJTHOTO MOTJIOIIEHHUS U OT MOJTHOM MOBEPXHOCTH CTEHOK MOMEIICHUs. B 00BIUHBIX YCIOBUIX
BpeMsl peBepOepaliny OnpeaesstoT NPy NOMOIIM MUKPO(QOHA, YCUITUTENS U YCTPOICTBA,
PETUCTPUPYIOLIETO YPOBEHB; MOCIEAHEE CHA0KEHO CaMOIUCIIEM, KOTOPbI BbluepUUBAeT Irpaduk
3aTyXaHus 3BYKa Ha JABIDKYIIEHCs pasrpadiieHHoN OyMaKHOM JeHTe.

[Tpu poeKTHPOBaHUY 3aJI0B, T/Ie TPEOyeTCs XOpoIIas akyCTHKa, pOJIb BDEMEHH peBepOepanny BecbMa
BEJIMKA, ¥, XOTS B HAllIeW KHUT'€ 9TH ACHIEKThI aKYCTUKH MTPAKTUYECKHU HE 3aTParuBaloTCs, MONbITAEMCs



BCE K€ BKPATILIE PACCMOTPETH ATOT Bompoc. YTo BOOOIIIE OApa3yMeBalOT MO TEPMUHOM «XOpOIas
aKkycTuka 3ana»? JIIoOuTesiM My3bIKU MPEKPACHO MU3BECTHO, YTO OAHHU KOHIIEPTHBIE 3aJIbI
JEHCTBUTENILHO JTyYIlle JPYTHUX, HO MaJIO KTO 3HAET, oueMy 3TO Tak. UToObI 10OUTHCS XOpolIeit
aKyCTHKH 3aJ1a, HEOOXOIUMO BBITIOJTHUTH TPH COBEPIIICHHO HE3aBUCUMBIX YCIOBHS. Bo-TIepBEIX, Bpems
peBepOepalyu JOIKHO UMETh HY)KHOE 3HaUeHHe. Eciii OHO CIIMIIKOM BEJTMKO, B IOMEIICHUH
BO3HUKHET U3JUIIIHSS peBepOepalus: mocjie10BaTelIbHbIC My3bIKIbHBIE HOTBI OyIyT Ha0eraTh OJlHa Ha
JIPYTYIO U pe3yibTaT OyaeT TaKoi ke, KaK €ClId MHaHUCT HAYHET UTPaTh Ha posijie, He CHUMasi HOTH

¢ nexanu. llepkoBHas My3bIKa IO CBOEH CTPYKTYpE TAKOBA, YTO €€ MOYKHO HCIIOJHSAThH B MTOMEIIICHUSIX

¢ 607bIIMM BpeMeHeM peBepOepanuu. MneanbHbIM B 3TOM OTHOLICHUH SBIISETCS TaK Ha3bIBa€MbIN
CTPOTHIA CTHJIb, TOCKOJIbKY B HEM H3MEHEHHSI BBICOTHI 3BYKa MaJIbl, @ KOT/1a BEICOTA H3MEHSETCS, TO
MPOJI0KAoIIeecs 3By4aHNe MpeabIayIuX HOT noBbiaet 3¢ dext. Ho ecau Obl B 1IepKBH 3a3By4al
OOBIYHBIN CHM(DOHUIECKUI OPKECTP, ITO BBI3BAIO OBl Kako(oHUIO 3BYKOB. C Ipyroit ctopoHsl, B ["aii-
MapKe AyXOBOM OPKECTP 3BYUHT KaK-TO KHUJAKO U HecOaJaHCUPOBAHHO, TOCKOJIBKY B OTKPHITOM
MIPOCTPAHCTBE 3BYKH HE YCUIIMBAIOTCS peBepOepanueii. Ha puc. 44 mpuBeeHbI HEKOTOPBIC JaHHBIE TIO
ONTUMAJIFHOMY BpeMeHHU peBepOepanuu Ha yactote S00 ' st 3a710B pa3aMvHOTO Ha3HAYEHUs. 3aJIbl,
MIpeIHa3HAYCHHBIC TOJIBKO JIJISl BEICTYIUICHUSI OPATOPOB, JOJIKHBI 00J1a/1aTh MaJIBIM BpEMEHEM
peBepOeparyu, 4ToObl peub 3Bydaja Hauboee pa3dopurBo.
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O8vem nomewenus, ™
Puc. 44. Tunnunbie 3HaYCHUST BpEMEHH PEBEpOEpAIIHH.

Bropoe ycioBue cBA3aHO ¢ Te€M, YTO BOCIIPUSATUE 3BYKA MOXKET ObITh COBEPILIEHHO HApYIIEHO U3-3a
HaM4Us B ToMenieHnn 3xa. Ho passe 9xo — 3To He peBepOeparus? Her, paznuune Mexxay HUMU
CBA3aHO C HEKOTOPHIM XapaKTEePHBIM MPOMEXYTKOM BpeMeHU. Korjja B moMeleHu BO3HUKAeT KaKoii-
100 3BYK, TO 0 CIIYIIATENS MPEKIE BCETO JOXOIUT MPSIMOM 3BYK. 3aTEM BCTYIAIOT MEPBBIC
OTpaXCHHBIE BOJHBI U T. JI. DKCIIEPUMEHTHI MOKA3aJIM, YTO €CIIU NEPBbIE OTPAKEHHBIE BOJIHBI PUXOISAT
K CIyLIaTeNIo He TI03Ke YeM yepe3 35 Mc Imociie IpsiMOro 3ByKa, TO OH CJIBILIMT TOJIBKO OJIMH-
€IMHCTBEHHBIH 3BYK, IPHUUEM TaK, KaKk €ciu Obl 3BYK MPUXOIMI IPSIMO OT UCTOUHUKA. Ecin ke
OTPa>KEHHBIN 3BYK MPUXOJUT I03Ke 4eM depe3 S0 Mc mociie npsMoro, TO OH BOCIIPUHUMAETCS Kak
oTIIeTbHOE 9X0. Tak Kak CKOpOCTh 3ByKa paBHa 344 m/c, TO NP pa3Iu4UU JUIUHBI yTH MPSMOTO U
OTPa)KEHHOT'O 3BYKOB, MpEBBIIIAtONIEeM 12 M, yke BO3HUKAET 3X0. UTOOBI HCTIPaBUTH MOJIOKEHHE,
JIOCTaTOYHO HA YYaCTOK MOBEPXHOCTH, OT KOTOPOTO OTpa)kaeTcsl BOJIHA, HAHECTU KaKOH-TH100
3BYKONOIJIOUIAOIIMM MaTepuall. X0 APYroro TUIa MOTYT CO3JaTh PE30HAHCHI, TAKUE, KAK ONMCAHHBIE
paHee cOOCTBEHHbIE KOJIeOaHMsI, BOSHUKAIOIINE MTPU 00pa30BaHUU CTOSYUX BOJH MEXKIY
napauiebHBIMU CTEHKaMH. DTO MPUBOAMT K CIICIYIOIIUM TOCIEICTBUSIM: BO-TIEPBBIX, HEKOTOPHIE
MY3bIKaJIbHbIE HOTHI U3TUIIIHE YCUITUBAIOTCA U, BO-BTOPBIX, BpeMs peBepOepallny Ha TUX 4acTOTax
BO3pacTaeT, B PE3y/IbTaTe YEr0 HEKOTOPHIE HOTHI IPOJOJKAIOT 3By4aTh MOCJE TOTO, KAaK OCTaJIbHOMN
3BYK YK€ 3aMep.



U nakoHer, TpeThe yCIOBHE XOPOIIEH aKyCTHKH 3ajla — ero reomeTpudeckas ¢popma. Dopma 3ana
JIOJDKKA 00ECTIeUUTh HE TOJIBKO OTCYTCTBHE 9Xa WIIM PE30HAHCOB, HO U XOPOIIYIO CIBIIIUMOCTD B JIFOOOM
ero Touke. [locnennee 0coOEHHO TPYIHO, TOCKOJIBKY TOOUTHCS 3TOTO MOYKHO TOJIBKO B TOM CiIydYae,
€CJIM TIOTOJIOK M CTEHBI OTPAXKAIOT 3BYK BO BCEX HAMPABJICHUIX, IPUUEM OTPAKEHHBIC BOJIHBI JOJKHBI
JIOXOUTH A0 JTF0O0ro MecTa 3aJa ¢ 3ama3plBaHueM He 6osee yeM Ha 35 Mc. 371eCh BO3MOXKHBI
CCPBbC3HBIC TPYAHOCTH, TAK KaK IJId MMOJTYYCHHUA JOCTATOYHOI'O BpCMCHU peBep6epau1/H/1 H€O6XOI[I/IM
00J1b1110i1 00BEM 3aJ1a, a CJIe0BaTENbHO, U OOJIBIIIAs BBICOTA MOMEIIEHHUS, HO TOTAa OTPaXKEHHS OT
BBICOKOI'O IIOTOJIKA MOT'YT IPUXOAUTH CIIMIIIKOM ITIO31HO. B takux ClIydasax NpUMCHAIOT IMOJABCCHBIC
OTpakaTeu 3ByKa, MEKIy KOTOPBIMH OCTABJISIIOT IOCTATOYHO MECTa, YTOOBI 3BYK MOT IIPOHUKATD

B IIPOCTPAHCTBO HAJ HUMHU. MHOECTBO COBPEMEHHBIX 3aJI0B YCTPOEHO UMEHHO TaKUM 00pa3oM.

3an «Posn Anp0epT-X0iun» MoJIb30BAJICs TYPHOU CIIaBOM M3-3a 3Xa, IPUXOUBIIETO OT €r0 BEICOKOTO
KyIosioo0pa3Horo notosnka. [IpudnHa 3akimodanack He TOJIBKO B OYEHb OOJIBIION AJTUHE MTyTH
OTpa)KEHHOM BOJIHBI, HO TaKXe U B TOM, YTO TIOTOJIOK OKa3bIBajl (pOKycHpylollee neiicTBuIE,
ycuiuBasiee 3x0. [IpeanpuHuMaInch NONBITKY YCKOPUTD IPUXOJ IIEPBBIX OTPAKEHUH IIyTEM
COOPYKEHHMsI HaBeCa HaJl OPKECTPOM, HO X0 YAAJIOCh YCTPAHUTD, JIUIIb YCTAHOBUB I0J{ KYIIOJIOM
MOPHCTHIE 3BYKOIOTJIOUIAIOIINE «IETAIOIIHE OII0Ia».

HNHorna oka3pIBaeTCS 0YE€Hb TPYIHO IOIYYUTh TOCTATOYHO OOJIBIIOE BpeMs peBepOepaluu B 3aje,
0COOEHHO eclIi 00bEM TOMEIICHUS, TPUXOAIIUNACS Ha OJTHO MECTO, MaJl. DTO 00YCIOBICHO TE€M, UTO U
HaxoJsIIasics B 3aJIe MyOJInKa, U Kpeciia TakKe MOTJIONIaoT 3BYK. [loHOe mornomenne, mpuxoasiieecs
Ha Kaxkaoro ciymaress, paBao 0,5 npu 500 ', u, cienosarensHo, myoauka ooycnonusaeT 50 %
MOJTHOTO TOTJIONIEHU B 3aj1e. Ho coBpeMeHHbIH TI00UTeNb MYy3bIKH B OTJIMYHE OT €0 MPEIKOB yXKe He
MOJKET YJIOBJIETBOPUTHCS aKYCTUKOM 3HAMEHUTBHIX CTaphIX 3aJ10B. COBpEeMEHHbBIE TyalleThl HACTOIBKO
MU3MEHWINCH, YTO MOTJIONICHUE, 00YCIOBICHHOE MYOJIMKOM, 3HAUNTEIbHO CHU3MIOCH. JlaMbl B MUHU-
100KaxX B TOM OTHOIICHUH HE MOTYT KOHKYPHUPOBATh CO CBOMMH IpabadyIikaMu, 001a4eHHBIMU

B TIBIIIHBIE TYaJETHl, U TIO3TOMY TETIepb BpeMs peBepOepanny 3aJ0B, HECOMHEHHO, YBEITHYHMIOCH T10
CPaBHEHUIO C JOOPHIMU CTAPBIMU BPEMEHAMH.

YacTo npUXOAUTCs TUOO UCTIBITHIBATD AKYCTUYECKHE XapaKTEePUCTUKHU 3aj1a, TMOO0 IPOBOAUTE B HEM
OPKECTPOBYIO PETIETHIINIO B OTCYTCTBUE IMyOauKH. [Ipu aTOM, pazymeeTcsi, yBeTUINBaETCS BpEMS
peBepOepaly ¥ U3MEHSAIOTCS aKyCTHYECKUE CBOMCTBA 3aj1a. YTOOBI MPEo10JIETh 3TO OCIOKHEHHUE, Ha
HIDKHEH CTOpOHE CHIICHUH JeNnaroT nepgopaiuio, peBpamas ux TaKuM 00pa3oM B HEKOe 1o00me
pe3oHaTopoB [ enpbMrosnbIia; TOraa Mpu OTKUHYTHIX CUAEHBSIX 3TH PE30HATOPHI YACTUYHO
KOMITCHCHPYIOT OTCYTCTBHUE MOTJIONIEHHUS, 00YCIOBIEHHOT0 Imy0onnkoii. [TomHOCTRIO 00MTOE HE3aHATOE
Kpecio umeeT koaduruent noriomienus 0,3 npu vactore 500 I'n. B Amepuke npu npoOHOM
NPOCTYIINBAHUY B OJTHOM HOBOM 3aJie¢ ObUT MPEATPHHAT SKCIEPHUMEHT C 3aMEHOH CIIyIaTeiaen
00JIBAHKaMHU U3 MUKPOIIOPUCTOIO OJIMypeTaHa. IT0 MEpPONpUsITHE, KCTaTH, M30aBUIIO OPKECTP OT
BO3MOYKHOUM HET00pOKeIaTeIbHOM peakiuu 3ana!

O6BI'—IHO B TEX cnyqaﬂx, Korga HCO6XOJII/IMO YBCJ'II/I'—II/ITB IIOTJIOLICHUEC Ha CpeﬂHI/IX 1 HU3KHUX 3BYKOBI)IX
4acTOTaX, IPUMEHSIOT KOMOWHAIMH 3BYKOIOTIOMIAONINX MAaTOB U Pe30HATOPOB [ enbMrobiia, a
MOTJIONMICHHS] HU3KUX YaCTOT JIOOMBAIOTCS IPH TTOMOIIM MEMOPaHHBIX U TTAaHEJIbHBIX PE30HATOPOB.
I/IHOFZ[a, ‘-ITO6LI CO344aTh IIOIJIOIICHUEC HAa HU3KHUX YaCTOTax, I/ICHO.HB3yIOT TAKXE U 6OJ'II>I_HI/IG pCSOHaTOpLI
I'ensMrobIa.

o cux mop npu pacuerax peBepOepalii Mbl pacCMaTPUBAIA TOJIBKO MOMEIIEHUS ¢ TU(PHy3HBIM
3BYKOBBIM IOJIEM; OJHAKO OHO XapaKTEPHO AAJEKO HE JIJIsl BCAKOro moMelieHus. Tax,

B IIPSIMOYTOJIBHOM MOMEUIEHUH BpEMS peBepOepaliii MOKET U3MEHUTHCS U3-3a HAINYHS
«aKyCTHUECKOT0» (3BYKOMOIJIOLIAIOIIET0) MOTOJIKA. 3BYKOBBIE BOJIHBI, OTPAXKAIOLIKECS OT M0JIa U
MOTOJIKA, 3aTYXal0T ropa3/io CKopee, YeM BOJIHBI, Oeraroliue MeKy XOpOIIo OTpaXatouMMi CTEHAMU
noMenieHus. B pe3ynbprare 3ByKk cHavasna 3aTyxaeT ObICTpo, a 3aTeM Oosiee MeasieHHO. B aTux cimydasx
oObI4Has hopmylia MOKET IPUBECTU K HEMTPABUIIbHOM OlleHKE aOCOIIOTHOTO YPOBHS
peBepOepaIMoHHOT O 3ByKa, CO3/1aBaeMOr0 UICTOYHUKOM C JaHHBIM YPOBHEM MOIIHOCTH. O/IHaKo 3Ta



dbopmysa mo-TpeKHEMY OCTAETCS MOJIE3HOM MPU pacyeTe OTHOCUTEIBHOTO 3P deKTa yBeTUICHUS
IIOTJIOICHUA B IIOMCIHICHUU.

Ho Bce IMMOJIYYCHHBIC (1)OpMyJIBI BHOCAT TOJIBKO ITyTaHUIY, KOT'Ja ACJI0O IOXOOUT 10O HOBEHIIIEr o BapuaHTa
B AKYCTUYECKOM IUIAHUPOBAHUM MOMENIEHNU — MOMEIIEHUN OTKPBITON INIAHUPOBKU. AKYCTHUKH TOJIBKO
ceryac HAUMHAIOT UCIOIb30BaTh OCO6€HHOCTI/I MOBCACHUS 3BYKa B YCJIOBHUAX, KOI'/ZIa TOPU30HTAJIbHBIC
pasMEPLI MOMCUICHUA BO MHOT'O, ITOPAAKa ACCATKA, pa3 IMPEBLIIIAIOT €TI0 BBICOTY U KOrga Kak IOTOJIOK,
TakK ¥ M0JI CUJILHO MOTJIOIIAIOT 3BYK. [Ipu npoBenenun pacuetoB st A1 y3HOro 3ByKOBOTO OIS
MpEeIoiaraeTcs, 4YTo 3ByK OJIMHAKOBO YAaCTO OTPAXKaeTCsl OT BCEX YUYACTKOB CTEHOK U, CJIEIOBATENbHO,
YpOBEHb peBepOepaIuy NoUTH MOCTOSTHEH 10 BCEMY NMOMENICHHUI0. B momenieHuu oTkpsIToi
IUTAHUPOBKH YCJIOBHSI COBCEM APYTUe U peBepOepallMOHHOTO MOl B OOBIYHOM CMBICIIE CJIOBa HET. B
TaKOM MTOMEIICHUU NPSMOM 3BYK MO-TIPEKHEMY YObIBa€T 00paTHO MPOMOPLHUOHATIBHO KBAAPATy
paccTosiHuA OT ucTouHuka. Ho mpu pacuere peBepOepaliii MOKHO HE YUYUTBIBATh CTEH M CUUTATh, YTO
oMenieHue OECKOHEYHO JUIMHHOE U ITUPOKOE, a €AMHCTBEHHO CYIIECTBEHHBIN pa3Mep ero — 3T0
BbIcoTa. Ha puc. 45 nmoka3aHbl pacnofio’keHHE UCTOYHHUKA M TOUKH MpUEMa Ha TUITUYHOM y4acTKe
IIOMCHICHUA OTKpBITOﬁ IMJIaHUPOBKHU. Han60nee CUJIbHBIMHU OTpPAaXCHHBIMU BOJTHAMUA 6y,Z[YT TC, KOTOPLIC
OTPa3UJIUCH OT MO0JIa WU MOTOJIKA TOJILKO OJIMH pa3. [los mouTH Bceraa oka3piBaeTcs JydIIUM
OTpaAXKaTCIIEM, UYEM IIOTOJIOK. NHTEeHCHBHOCTD OTPaXXCHHBIX BOJIH ONPCACTIACTCS ABYMS
00CTOSTENIbCTBAMU: ITUHOM MYyTH, B COOTBETCTBUU C 3aKOHOM OOpATHBIX KBAJPATOB, U MOTJIOIICHHEM
MMOTOJIKA ¥ moja. Eciau 3Th BeTWINHEI HU3BCCTHBI, HCTPYAHO HAUTU UHTEHCUBHOCTDH NEPBLIX OTPAKCHHBIX
BOJIH.
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Puc. 45. Tpaektopuu 3ByKa B IOMEILEHUU C OTKPHITON TUIAHUPOBKOM.

K mepBbIM 0TpaXeHHBIM BOJTHAM J00ABIISIFOTCS CIEAYIOIIHE 10 CHIIE BOIHBI — T€, KOTOPBIE UCTIBITATH
OJTHO OTPa)KE€HHE OT TOJIa ¥ OJTHO OT MOTOJIKA; 3aTeM HACTYIMHUT OYEPEIb BOJH, OTPASHBIIHNXCS JTBAXK]IbI
OT MOTOJIKA ¥ OJHOKPATHO OT I0JIa, U Ha000poT. B mpHHIIMIIEe Y1CIIO BOSMOXHBIX MTyTEH BOJTH
OECKOHEYHO, HO MOCJIe HECKOJIBKUX OTPaKEHUH OCTaTOYHBIM 3BYKOM YK€ MOKHO NMpPEeHEOpeyb.

Kaxk BustHO 13 puc. 45, myTe IpsIMOT0 3ByKa MHOT'O KOPOY€E IyTH, IPOXOJAUMOTO OTPaKEHHBIMU
BOJIHAMH, TIOKAa PACCTOSHUE OT UCTOYHUKA HE MPEBOCXOAUT NpUMEPHO 10 M. DTO 3HAUUT, YTO NPU
YABOCHHUH MPSAMOTO PACCTOSHUS ITyTh, KOTOPBIM NPOXOAT OTPA’KEHHBIE BOJIHBI, YBEJIMUNBAECTCS MEHBIIE
yeM BiBoe. J{o paccrosuuii npumepHo 30 M OT UCTOYHUKA AP PEKT MOTIOLUICHUS 3BYKa IIOTOJIKOM U
II0JIOM OCTaeTcst 0oJiee WM MEHee MOCTOSHHBIM. UTO MPOUCXOAUT Ha OOIBIINX PACCTOSHUSAX, MbI
YBUJUM IIO3HEE.

B utore oka3spiBaeTcs, YTO BOJM3U UCTOYHHKA MPSIMOM 3BYK MPe001aaeT HaJl OTPaXXKEHHBIM U
MOCJIETHUM MOXHO IIpeHebperaTs. Eciy ypoBeHb MOLTHOCTH UCTOYHHMKA U3BECTEH, YPOBEHB 3BYKOBOTO
JTaBJICHUS BOJU3M HET'O MOYKHO pPacCUUTaTh MO 3aKOHY OOPaTHBIX KBAJIPAaTOB: PH YABOESHUH PACCTOSHUS
ypoBeHb najgaet Ha 6 a1b. Ecnu cpeanuii koadduiineHT noriomenus npessimaet npumepHo 0,5, To
npsMoii 3ByK npeobiaiaeT noscroay. Bripouem, Masioe moriomieHue mnojioM, KOTOpbIii MOKET ObITh
3acTaBlieH Pa3InYHON MeOEeIbIo, B OOJIBIINHCTBE CIIy4aeB CHUXKAET CpeAHUN KO HUIIUEHT
norsomenus 10 0,4 11t yactot Beime 125 'y u menee yem 10 0,2 npu 6osee HU3KUX yacToTax. B
TaKMX ClIydasix, HAaYuHasi C HEKOTOPOI'O PaCCTOSIHUS, OTPAKEHHbBIE BOJIHBI, YDOBEHb KOTOPBIX YObIBAET
IIpY yJIBOGHUH paccTOsTHUS Bcero Ha 3 1b, mpeB30iyT, 1o MHTEHCUBHOCTH NPSAMOM 3BYK. OOBIUHO 3TO
paccTosiHUE PaBHO 3 M U COOTBETCTBYIOLIUH Y4acTOK pOCcTUpaercs npuMmepHo 10 10 M, mocie yero
JUIMHBI TyTeH MPSIMBIX OTPA’KEHHBIX BOJIH MPUOIMKAIOTCS APYT K APYTY U IPU YABOCHUHU PACCTOSHUS
YpOBEHb BHOBB yObIBaeT Ha 6 1b.



OnHO 13 BaXKHBIX CIEICTBUI CKa3aHHOT'O COCTOUT B TOM, YTO B IIOMEIICHUN OTKPBITON INTAHUPOBKHU
CyOBEKTHBHOE OIIYIIIEHHE PeBepOepay OTCYTCTBYET U BECh 3BYK KaXKETCS UCXOISIIIM MPSIMO U3
UCTOYHHUKA. DTO OOBSICHAETCS TE€M, YTO BCE OTPAKEHHBIE BOJIHBI YCIIEBAIOT IPUNUTH 3@ BpeMsi, MEHbIlIEe
KPUTHUYECKHX 35 MC (0 HEM MBI YK€ TOBOPHUIIX BBIILIE); UCKIIOYEHHUE COCTABIISAIOT TOJIBKO JAAJbHUE MOJIS.
B neicTBUTENBbHOCTH, IOMELIEHHS OTKPBITOM INIAHUPOBKH COAEPKAT HE OJIUH, 4 MHOYKECTBO
MCTOYHUKOB 3BYyKa. [l03TOMY HEMOCPENCTBEHHO PACCUUTATh YPOBEHb OKPY’KAIOLIETO IIIyMa HE OYEHb
npocto. /11 3Toro HeoOXOAMMO 3HATh PACIOIOKEHUE UCTOUHUKOB U CTATUCTHUYECKYIO OLICHKY
pacrpenesIeHus ¥ 4ncia ICTOYHUKOB, JEHCTBYIOLIUX OJHOBPEMEHHO B KaXKIblii MOMEHT BpeMeHU. B
OOJIBLIMHCTBE CIy4aeB MOKHO IIpeHeOperaTs peBepOepallMOHHBIM 3BYKOM JAJIbHETO 0JIs, IOTOMY 4TO
NepBbIN TUI peBepOepalu, 00yCIOBICHHbIN OJMKHUMU HCTOYHUKAMU 3BYKa, BCEI/1a OKa3bIBAETCS
npeo0sa oMM, €CIIM TOJIBKO B KAKONW-TO YAaCTH MMOMELIEHUs He OyeT 3Ha4uTeIbHO 0oJiee IIyMHO,
4E€M B OCTAJIBHOM.

Temnepp oTBIIEUEMCS OT IOMEILCHHUM OTKPBITON IIJIAHUPOBKY, TaK KAK CEHYac HAC MHTEPECYET TOIbKO
NOBEJICHNE 3BYKa, a HE KPUTEPHUH LIIyMa U ToMY 11o100Hoe. [103xe MBI CHOBa BepHEMCSI K 3TOMY
BOIIPOCY.

WTtak, monBeseM HEKOTOpble HTOTH. BO-TIepBBIX, YCTAHOBJIECHO, YTO 3BYK BEJET ce€0s B OMEIICHUU TaK
K€, KAK ¥ B OTKPBITOM IIPOCTPAHCTBE, TOJIBKO TOTAd, KOI/Ia CTEHKU IOMEIIEHUS IPAaKTUYECKU
IIOJIHOCTBIO MOIVIOMIAKOT 3BYK. BO BCex Ipyrux ciydasx NpUXOAUTCS UMETH JEJIO C ABYMs, €CIIH Jaxe
HE C TPEeMs THIIaMU IIyMOBBIX M0JIeil. B 0OBIYHBIX MOMELEHUAX Mbl UIMEEM JIEJI0 C MPSIMBIM 3BYKOM BO
BCell 005acTy, e OH ABISETCA JOMUHHUPYIOUIMM. B 3T0i 061acTi 3ByKOBOE 10JI€ C TOUKH 3PEHUS
CIIyIIaTessl MMEET HallpaBJICHHBIN XapaKkTep U MOAYMHIETCS 3aKOHY 00paTHBIX KBaJgpaToB. Brpouew,
€CJIM B IIOMEILEHUH C XOPOLIO OTPAKAIOIIUMH CTEHKaMU HaXOIUTCA MHOI'O HCTOYHUKOB 3BYyKa, TO
CyMMapHOe peBepOepaliMOHHOE 110JI€ MOXKET IPEBOCXOIUTH [0 NHTEHCUBHOCTH MPSIMOM 3BYK BILIOTH /10
CaMbIX MAJIBIX PACCTOSIHUM OT UCTOYHMKA WM J1aK€ MTOBCIONY.

Jlanee, HaUMHAs C ONPEICICHHOTO PACCTOSIHUS OT KaXI0T0 HCTOYHHKA, peBepOePaMOHHOE TI0JIe
CTaHOBHUTCS MpeobaaaronmM. B 3Toit 001acTH 3ByK OKpYKaeT CIyIIaTelis CO BCEX CTOPOH, U
CyOBEKTHUBHBIN dPPEKT MOIydaeTCsi COBCEM APYruM. BBHUy HEHANIPaBIEHHOCTH PeBEpOCPAIIHOHHOTO
3BYKa IOIIBITKHU 3a3KpaHHUPOBATh €10, OYCBUIHO, O€eCIIOJIE3HEL. HaKOHeH, B IOMCUICHUAX OTKpBITOﬁ
TUTAHUPOBKH, C UX OOJIBITUMH TOPH30HTAILHBIMU pa3MEpPaMU U aKYCTHUYECKUM MTOTOJIKOM, Haubosee
Ba)KHBIE TTOJIS JIEXKAT MKy OOJIACTSMH MPSIMOTO 3ByKa U IEHCTBUTEIBHO pEBEPOEPAIIMOHHOTO 3BYKA.
DT0 — 00J1acTh HEMPSIMOTO 3BYKA.

Jo cux mop Mbl MOJITYATIMBO MPEJIOIaraii, YTO HCTOYHUK 3BYKa HAXOAUTCSI BHYTPU UHTEPECYIOIIETO
HaC IMOMCIUICHUS. 9TI/IM, KOHCYHO, npo6neMa HEC cheanBaeTcs{, " C OTUM COI'JIaCUTCA Ka)I(I(I)IfI, KOMy
CIy4anoch B3JparuBaTh, KOTJla PEaKTUBHbIHN JIaiiHEp MPOHOCUIICSA HaJl ero JoMOM. C KaKUM 3BYKOBBIM
MIOJIEM MBI IMEEM JIeJI0 B 3TOM cirydae? OTBeT JOBOJIBHO NPOCT. Bo MHOTHX ciiydasx IIym oT
Hapy>KHOTO UCTOYHHKA IPOHUKAET B TOMEIICHUE Yepe3 CTeHY. MBI y:Ke BUAEIH, YTO CTEHA,
BO30y)K/1aemasi C OTHON CTOPOHBI A IAl0IIMMHU 3BYKOBBIMHU BOJIHAMH, CaMa CTAHOBHUTCSI HICTOYHUKOM
3ByKa MO ApYyryto cTopony. [loaTomy, eciu 3ByK MPOHUKHET B CTEHY, OHA CTAHET UCTOYHUKOM 3BYyKa
JUUISL TIOMEIICHHUSI, a 3BYKOBasi MOIITHOCTh 3TOTO UCTOYHHMKA OYJIET 3aBHCETh OT HHTEHCUBHOCTH
HpOXOIlHH_Ief/'I BOJIHBI 1 OT IIJIOIIAaAM CTCHBI. ECJII/I BLIpa)KaTL pe3yanaTLI B r[[6].[1/166.]'[3.)(, TO 3TO 3HAYUT,
9TO cTeHa momaapio 10 M2 u3nmyunt Ha 3 ab Oosbie 3ByKa, 4eM CTeHa Iiomaapo 5 M2. Ha oueHn
HHU3KHUX 4aCTOTax CTCHaA KOHG6H€TCH Tak, 4TO I/I3Hy‘-IaCT IIJIOCKHUEC BOJIHEI, HOI[O6HBI€ BOJIHAM,
B0O30Y)K/1a€MbIM IPH ABUKEHUU TIOPITHS B TPYOE; X UHTEHCUBHOCTH HE 3aBUCHUT OT PACCTOSTHUSI.
Bripouewm, 17151 60IBIIMHCTBA YaCTOT CTEHA HE KOJIEOJIETCS KaK 1eI0e, U XapaKTep ee BHOpaIfii O4eHb
cioxxeH. Bo Bcex moMeneHusx, 3a HCKII0YEHUEM CHITLHO 3arIyIIEHHBIX, 3BYKOBOE T0JIE TTPH
NPOHUKAHUY IIIyMa CHApY>KH UMEET NMPEUMYILECTBEHHO peBepOSPallMOHHBIN XapaKTep.

Otcrona crneyeT BaKHOE 3aKit0deHue: () (PEKTUBHOCTh CTCH MOMEIICHUS KaK U30JISITOPOB 3BYKa
3aBHCHUT HE TOJBKO OT BEJIMYMHBI 3BYKOU3OJISIIIUM CTEH, HO M OT CTETIEHU MOTJIOUICHUS 3ByKa
B MoMeteHuH. Eciy 3ByK MPOHHUKAET B MOMEIICHUE YePe3 CPABHUTEIHHO HEOOIBIIYIO IUIOMIAIb,



HaIpHUMep Yepe3 OKHO, IPSIMON 3BYK MOKET OCTAaBaThCs 3HAYUTENIbHBIM U HA HEKOTOPOM PACCTOSIHUU OT
OKHa, a TMOTJIOUICHNE B TIOMEIIEHUH CKaXETCsl JINIIb HA peBepOepalluOHHOM 3BYKE.

PaccmoTpumM Tenepb 00paTHYIO CUTYAIHIO: IPEINOI0KHM, YTO HAC HHTEPECYET YPOBEHb 3BYKOBOTO
JIaBJICHUS B KAKOM-TO TOUKE CHAPYXKHU NoMeleHus. Kak cka3pIBaeTCs B TAKOM Cllydae HAIMYHUE
OTpaXKICHUs, KOTOPBIM CITYXKHT noMenienue? PesepbepaiioHHOe 1oJie, CO37aBaeéMoe OTPaKEHUSIMH OT
rPpaHULl TOMEIEHUS, YBeTHMUnBaeT 3P (EKTUBHBIN YPOBEHb HCTOYHUKA, HO ATOT 3P (HEKT YHUUYTOKAETCS
3a cuet 3Bykom3oysinuu creH (31, n1b). B camom zene, oTpa’keHHbIE BOJIHBI YBEITUUYHUBAIOT IPSIMOM 3BYK
BHYTpPU nioMeleHust B otHowmenuu 1/o. CTeHbI MOMENIEHUs MOKHO PACCMAaTPUBATh KaK HOBBIH
MCTOYHUK 3BYKa C YPOBHEM 3BYKOBOM MOIIIHOCTH

¥3M, -3 -10lga.
YMeHbIeHre 1yma, 00yCcIoBICHHOE OTpaKIeHUEM, CJIeI0BaTeNIbHO, OyIeT paBHO
31 +10lg a aB.

DTO 3HAYMT, YTO MPH MAJIOM 0 3BYKOU3OJISIHS OTPAXKICHUS CYLIECTBEHHO CHU3HUTCS. B wacTHOCTH, PN
a = 0,05 cHMKeHue U30JIMPYIOLIETO AEUCTBUS OTpakICHUSI yMEHbIIaeTcs Ha 1enbix 13 nb.

O uem roBopsT 3TH 1UGPbI? [ TaBHBII BEIBO — HENb3s MPOCTO BHIYECTh BETUYNHY 3BYKOM3OJISIIIUN
CTEHBI B OTJEIBHOCTH U3 UCXOJTHOTO YPOBHS 3BYKOBOTO JABJIEHUS U HAJEATHCS, YTO MMOTYUUTCS
YPOBEHb 3BYKa IOCJIE€ TIOCTPOMKH OTPasKICHUS, OKPYKAIOIEro HCTOUHUK CO BCEX CTOPOH JHO0
OTJIEJISIOUIET0 UCTOYHUK OT MecTa HabmoaeHus. Heo6xoauMo NpuHATH B pacueT IUIOMa b CTEHBI, a
TaKKe MOIJIONIEHNE BHYTpHU NoMenieHus. Hepeako npuxoauiiocs 10poro IiaTuTh 3a MOMBITKH
3aKJIIOYUTH UCTOYHHK IIyMa B 3aMKHYTBI 00bEM, rak Kak Mpy 3TOM IIIyM CHAPYKU MTOYTH HE
CHUJKAJICS, MO0 CTEHKH 00beMa BHYTPH CIIY>KUJIU XOPOIIMMHU OTPaKaTeIsIMU 3BYKa.

U emte o1Ha HENPUATHOCTB. Bee, UTO MOKa roBOPHIIOCH B 3TOM I1aBE, OTHOCUTCSA K 3BYKY B BO3JyXE.
MpI yMOI4aIu O TOM, 4TO, ITONaB B KaKyl0-HUOYb KUPIIMYHYIO CTEHY, 3BYK pPaclpoCTpaHseTcs yKe

B TBEPJIOM TEJI€, XOTS B IaJIbHEMILIEM OH CHOBA MOXKET BBIMTH B BO3JIyX. A B TBEP/BIX TEJIaX 3BYK MOXKET
pacnpoCTpaHAThCS Ha OOJBIINE PACCTOSIHUS C OY€Hb MaJIBIMU MIOTEPSIMU SHEPTUU. 371€Ch 3BYK HE
MOTYHMHSCTCS 3aKOHY OOPaTHBIX KBaIPaTOB, IOTOMY YTO B CTEHE OH HE PACXOAMTCS BO BCE CTOPOHBI

B BUJIe C(hepUUYECKHX BOJIH, @ KAHAJIU3UPYETCsl BHYTPU CTEHBI B BUJIE MJIOCKUX MM M3TMOHBIX BOJH. [Ipn
3TOM BO3MO>KHBI KpaiiHE HEXKeJlaTeNbHbIE MOCIEACTBUA. 3BYK B BO3/lyX€, 1a/las Ha CTEHY IOMELICHMS],
IpeBpalaeTcs B 3ByK B TBEpAOM Teje. Jlaxe eciau B pe3y/bTaTe HeCOIIacOBaHUS UMIIEJaHCOB B CTEHY
BoiizieT ToabpKO 10 % 3HEepruM BO3AyIIHOTO 3ByKa, 3TO IPUBEAET K YMEHBIIECHUIO YPOBHS BCErO Ha

10 nb. TTonas B TBEpAYIO CTEHY, 3BYK HE TOJIBKO OY/AET BBIXOAUTH CHOBA B BO3AYX IO JPYTyI0 CTOPOHY,
HO U PaclpOCTPAHUTCS BIOJIb CTEHBI B OCTAJIbHYIO YacTh 3A4aHus. B pe3ynbraTe, eciu B 31aHUU
MMEIOTCS 1Ba UJIM TPU CMEKHBIX TOMELIEHHMS, 3BYK OyeT epexouTh U3 OJHOTO B JIPYro€ HE TOJIBKO
IPSIMO CKBO3b CTE€HY, HO U ITyTE€M PACIpPOCTPAHEHUS BAOJIb CTEH U MEPEKPHITUS U AaJIbHENIIErO
nepensiaydeHus B Bo3ayx. Ha puc. 46 nmoka3aHsl IyTH, IO KOTOPBIM 3BYK MOKET NEPEUTH U3 OJHOTO
nomenieHus B apyrue. K coxxanenuto, 66TOH — OJMH U3 HAMITYYIINX TBEPBIX MPOBOJIHUKOB 3BYKa, TaK
KaK BHyTpEHHEe IOIJIOLIECHHE 3ByKa B HEM BEChMa MaJjo: 3BYK B JKHJIOM JJOME MOXKET
IPOIYTEIIECTBOBATE 10 OETOHY OT BEPXHETO 3Ta)a KMUJIOT0 J0Ma J0 CaMOro IOBaa.
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Puc. 46 bokoBble myTH nepenayy 3ByKa MKy MOMEILEHUSIMHU.

Ecnu 3Byk, nepenaromuics o TBEpioMy Tely, UTPAET TJIABHYIO POJib, TO BCE MOJIyY€HHbIE POPMYJIbI
OKa3bIBAIOTCS OECIONC3HBIMU U BEIMYMHY 3BYKOU3O0JISILIUU CTEH HEJIb3s UCII0JIb30BaTh
HETOCPEJACTBEHHO JIJIsl pacueTa ypoBHEH 3ByKa Xy/IIne ciiydyan OOKOBOM mepeayu 3Byka — 3TO
neperaya MeKAy CMEKHBIMM ITOMEIIEHUAMHU. Toraa TeopeTndeckoe 3HaUeHUE JJ1s1 U30JISLUU CTEHbI
MIPUBEJET K CIUILIKOM ONTUMUCTUYECKUM BBIBOJIAM; B 3TOM Clly4yae ClieyeT pyKOBOJICTBOBAThHCS
3HAYECHUSIMHU, [T0JTy4aeMbIMH IIPU UCTIBITAHUSAX Pa3HBIX TUIIOB CTEH HA MECTE, a HE JAHHBIMU
1ab0paTOpHBIX U3MEpPEeHUil. 3aKOH Macc 3aBEeJIOMO HEIPUMEHHUM B MOJ0OHBIX ciaydasx. Pasymeercs,
3BYK, paCIpPOCTPAHSAIOLINICS B TBEPIOM TeJle, MOXKET U BO3HUKATh B 3TOM TeJe, a He 0053aTeIbHO
NEPEXOIUTh B HETO U3 BO3yXa. Tak MPOUCXOIUT, KOI/1a MEXaHU3MBbI KPEISTCS HEMOCPEICTBEHHO K
TBEPAOMY OCHOBAHHIO, & TAKXKE KOrJa Mbl CAMH XOJIUM I10 11oity. B ri1. 13 MBI paccMOTpUM METOABI
OOpBOBI U C ITUM IITYMOM.

[17] Paccyxnas Takum 0Opa3om, aBTOP, MIO-BUAMMOMY, IPUHUMAET, YTO HCTOYHUK U3ITydaeT
IIOCTOSIHHYIO MOIIIHOCTh U IOTJIOIIEHUE B BO3JIyXe OTCYTCTBYET. bojiee peajibHO TOBOpUTH 00
MCTOYHHUKE C MIOCTOSTHHON 00bEMHOM CKOPOCTBIO; TOT1a MHTEHCUBHOCTH CTPEMUTCS K KOHEUHOMY
3HA4YEHHUIO, €CIIM TOJBKO YacTOTA U3JIYy4YEHHUS HE COBMAJAET C KaKOH-11M00 U3 COOCTBEHHBIX YaCTOT
KosiebaHuii nomemienusi. — llpum. peo.


http://ivanstor.narod.ru/noise/110.htm#_ftnref17

[18] IpuBencuuas udpa (4 16) OTHOCHUTCS TOIBKO K peBEpOCPAIIHOHHOMY 3BYKY, KOTOPBIH B 3TOM
CIIy4ae Majl 0 CPAaBHEHHIO C MPSMBIM 3BYKOM. [103TOMY M3MEHEHHE TIOYTH HE CKAXKETCS Ha CYMMapHOM
YPOBHE 3BYKa B IIOMEIIIEHHUH, ¥ 110 OTHOIICHUIO K ’TOMY CYMMapHOMY YPOBHIO «3aKOH
COKPAIIIAOIINXCS I0XOI0BY» CIIpaBenB. — [Ipum. peo.

11. HackoJbK0 THXO A0J5KHO ObITH? Komdopr,
00s13aHHOCTH padoToaAaTEe/ A M 3aKOHOAATEJIbCTBO

CrnoBo «obecuIyMIMBaHuE» BBOAUT B 30Ty /I€HUE TOUHO TaK )K€, KaK U CJIOBO
«3BYKOHETIPOHUIIAeMOCTb». O0a TepMIHa BBI3BIBAIOT IIPEICTABIECHHE O TOJIHOM UCKIIOUEHUH WIN
YHMUYTOKEHUU IlIyMa, TOT1a KaK 3TO ITOYTH HUKOTJa HEBO3MOJKHO, Jla U HE HYXHO. B camoM Jnene, Beab
HE3aBHCHMO OT HA4aJIbHOTO YPOBHS IlIyMa, JIJIsl TOTO YTOOBI JOBECTH 3BYKOBOE JaBJICHHUE 10 HYJIS,
NPUILTOCH OB CHU3UTh YPOBEHb Ha OECKOHEUHOE YHCio Aeunbden. BerpeuatoTes TpynHble 3ajaHus, HO
BpsIZL JIM TaKue TpeOOBAHMS IOCTABUT JAAKE CaMblid JaJI€KUIl OT MPAKTUKYU MHXKEHEP WIN
IIPOEKTUPOBILIUK!

K uemy e B TakoM citydae ciaeayeT crpeMuTbest? Kakoil yM yke oKaxeT pa3zgpakaroniee 1eicTBue?
Kakoii mrym Mo3kHO eliie cuntaTh 0Oe3onacHeIM? A uto TpedyeT 3akoH? Eciu Mbl cymMeeM OTBETHTDH Ha
BCE 3T BOIIPOCHI, MBI CMOKEM OTBETHUTh M Ha TJIaBHBIN BOIIPOC: BO UTO 00oiaeTcs 6opbda ¢ mymom?
JIro6as 6oprba ¢ IryMOM CTOUT JIEHET, HO MPOU3BOIUMEBIE 3aTPaThl HUKAK HEJb3sI CUNTATh
«TIOMEIIEHUEM KalluTaja», IOTOMY YTO «J0XOI0B» C 3aTPA4€HHOI0 KalluTaJla 3/1€Ch HE MOJIY4HILb.
Yame Bcero 60pn0a ¢ myMmoM — 3TO OJTyMEphl, KOTOPbIE aIMUHUCTPALIUS BEIHYX/I€HA OCYIIECTBIISATh
M0J] 1aBJICHUEM IPOTECTYIOIINX COCEIeH HITH MO/IBEPTAOLINXCS Ype3MEPHOMY IIYMY pabOUMX CBOETO
npennpusaTus. «llepeoOecurymanBanue» — 3To BbIOpackiBaHHUE JeHET Ha MoMoiiKy OHa u3 Hanbosee
BA)XXKHBIX MPOOJIEM, CTOSIINX Mepe]l MHKeHepaMH-aKyCTUKaMH, — HalTH MpaBUIIbHBI KOMIPOMHUCC
Mexy 3P PEeKTUBHOCTHIO MPUHUMAEMBIX MEP U HEOOXOJUMBIMU pacxonaMu. O1HaKko
«HET000eCIIyMIMBAHNUE)» CTOJb K€ PACTOYUTENBHO, TOTOMY YTO HEIOCTaTOYHBIE MEPOIIPUATHS,
KOTOpBIE B JaJIbHEUIIIEM MOTPEOYIOT JOTOTHUTEIbHBIX paboT, B UTOre O0OWIYTCSl 3HAUYUTENBHO
JIOpOXKe, YeM CBOEBPEMEHHOE YIy4IlIeHHe aKyCTUYeckoi o0cTaHOBKU. K cuacThio, B HEKOTOPBIX
ciydasix 60pbOy € IIyMOM MOXHO paccMaTpHBaTh KaK BBIFOJJHOE IOMEIIEHUE KalUTala, HOCKOJIbKY

B PE3yJIbTaTe YBEIMUMBAETCS IPOU3BOAUTEIBLHOCTD TPYAA. Bps I MOKHO COMHEBATHCS B TOM, UTO
paboTa ciyKalux YIpeKJIeHus cTaHeT 6osiee 3PeKTUBHOM, €CITU UX U3 IITYMHOTO TTOMEIICHUS
IIEPEBECTH B IPYTOE, XOPOILIO CIPOEKTUPOBAHHOE C AKyCTUUYECKOM TOUKH 3peHMs. Tak, B COBpEMEHHBIX
CITy’K€OHBIX IIOMEIIEHUAX, B CAMOM IPOEKTE KOTOPHIX KOMIUIEKCHO PEIIEHbI BOIIPOCHI aKyCTUYECKON
00CTaHOBKH, YAa€TCs 3HAUUTENHFHO OBBICUThH TIPOU3BOUTEIHLHOCT PA0OTHI 110 CPAaBHEHHUIO

C OOBIYHBIMM TOMEIICHUSAMH OTKPHITOHN MIIaHUPOBKH. [0 HEKOTOPBIM AAHHBIM, IPU YMEHBILIEHUHU IIyMa
Ha 3aBOJIaX CHIYKAETCS YHCIIO HECYACTHBIX CIY4YaeB M YMCIIO HEBBIXOJIOB HA paboTy, B pe3ysbTaTe Yero
TaKXe pacTeT MPOU3BOAUTENBHOCTD Tpyaa. Heckonbko et Hazaq B 0AHOM (oToaTesbe Obl MPOBEACH
TIIATEIbHO KOHTPOJIMPYEMBIN 3KCIEPUMEHT C 1I€JIbIO BBIICHUTh, HACKOJIBKO COKPATUTCS YUCIIO
OOpBIBOB JIEHT, BBI3BAHHBIX OIIMOKAaMH OIepaToOpa, yIPaBIsAIOIIEr0 MEXaHU3MaMHu, P YMEHbIICHUH
OKPY’KaIOIIETo IIymMa. Y 1aJoCh YCTAaHOBUTb, YTO MPH paboTe B aKyCTUUYECKH 00pabOTaHHBIX
MOMEUIEHUAX CKOPOCTh PA0OThI HE U3MEHMIIACh TI0 CPABHEHHIO ¢ HEOOPaOOTaHHBIMM, HO YHCIIO
OOpBIBOB JICHT CHU3HWJIOCH B TISITh pa3. M3BecTeH ciyvaid, KOr/ia MpOU3BOIUTEILHOCT TPYAA TKauen
BbIpocia Ha 12 % mocie Toro, kKak UM ObLIH BbIIaHbI YIIHBIE 3aTTyIIKH.

Bripouem, 6opb0a ¢ mrymoM B IEPBYIO OUepeb BbI3BIBAETCS HE 3200TOM O MPOU3BOAUTEIBHOCTH TPY/A,
a HEOOXOIMMOCTBIO TIEPeCTaTh MEMIATh KOMY-TO, M OYEHb YACTO ITO OTHOCUTCS K IIIyMY B YKHJIBIX
nomenieHusx. Yto ke cieayer CUuTaTh pa3ApaxaroniuM IIyMOM, €CJIU pedb UJIEeT He 0 KaKOM-HUOY b
HEBPOTHKE, @ IPOCTO O YEJIOBEKE C HOPMAJIbHBIM CIIYXOM?
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[Toutn BoO Bcex ciyuasx HanOoJiee BayKEH HE aOCOTIOTHBIN YPOBEHB IITyMa, a OOIIHNA «IITyMOBOMH
KkauMatTy». Kak oHax1p1 ObUIO cKa3aHO Ha CyJeOHOM IpoIecce, TO, YTO CUUTAETCS HEY100CTBOM

B benbrpas-ckBepe, He 00s13aTEIBHO CIIEIyeT paclieHUBaTh Tak xe U B bepmonacu! XoTs 3To
3aMeUaHUe M MOXKET MOKA3aThCs CACIAaHHBIM C TIO3UIINH MIPEJACTABUTENCH «IIPABOTO KPBLIa)

B aHIJIMIICKOM MapiiaMeHTe, OHO TeM HE MEHEE CIPABEIMBO C aKYCTHYECKOW TOUKH 3PEHHUSI, KOTOPYIO
HE CJIEJTyeT OTOXKIECTBIISITh C COIMANIbHOM. Jle)io He B TOM, YTO T€, KTO BBIHYXJICH TPATUTh OTPOMHEIC
CYMMBI Ha BBITIIATY HAJIOTOB U apeH/IbI 32 CBOM JIOMa, B TpaBe TpeOOBATh HEMHOTO CITOKOWCTBHSI U
TUIIMHBI; TTIABHOE B TOM, YTO «aKyCTUYECKUE KIMMAThDy benbrpaB-ckBepa 1 bepMOHICH COBEPIIIEHHO
pas3IMYHBbI.

JleficTBUTENBHO, ITYM HECKOJIBKMX BEHTUJISITOPOB Ha NTHIIEPaOpuKe MOKET BBIPACTH B TPAHIHO3HYIO
npobieMy B IIIyXO# JiepeByIIKe, TOrJa KaK B IPUTOPOTHOM KHUIIOM pailoHe OH Oy/eT MOYTH He3aMETEH.
Kaxas-uuOynp uyryHonuTeiiHas MacTepcKas CO3JJaeT B MPUIIETAIOIEM pallOHEe ITYMOBOE 3arpsi3HEeHue,
KOTOpO€ OBbIIO OBl HETEPIUMO B OOJIBIIMHCTBE APYTUX MecT. Ho KUTenu 3Toro paiioHa mepeHocsT ero
JIETKO MOTOMY, YTO OHO HE BbIAENAETCs Ha 001IeM (hoHe, co31aBaeMOM €Ille U JPYTUMHU ITYMHBIMH
MPOM3BOJICTBAMH; KPOME TOTO, 3TH JIFOAM 3apadaThIBAIOT ce0e Ha KU3Hb MMEHHO Ha JIAHHBIX
npennpusaTusax. [Haxrepsl He oOpaial0T BHUMaHUs Ha [IUIaM U OTBaJIbI [IJIaKa, KOTOPBIE Y HUX BCErJa
nepe;] r1a3aMu, MOTOMY YTO € CO3/IaHUEeM ATHX OTBAJIOB CBA3aHbI HX 3apaboTku. Ho mompolyiite
HaOpocaTh Kydy IIIaka, HampuMep, B Y eIBUH-I apieH-CUTH U TIOCMOTPUTE, YTO U3 3TOTO MOTyIUTCs!

Henw3s mostomy nenaTe yTBEpKIAEHUS BPOAE «AOIMYCTUMBIN YPOBEHD LIIyMa B CIIAJIbHE COCTABISAET

35 n1bA». B oueHb MHOTHX ClTydasiX 3TO U3JIMIIHE HU3KUN ypoBeHb. KpoMe Toro, oauH Buj nryma

¢ ypoBHeM 35 nBA MokeT okazaThCst Topaszio 0ojee pa3apakaroliuM, 4eM KaKOH-TO IPYroi ITyM TOTO
e ypoBHs. B 3T0il kHHTe 0 IIyMe TOBOPHIIOCH YK€ I0CTaTOYHO, YTOOBI OHATH, YTO JBA COBEPIICHHO
Pa3IMYHBIX ITyMa MOTYT U3MEPSITHCA OJHUM U TeM ke uncioM nbA. [Ipocrenmmii npumep —
CpaBHEHME LIIyMa, COCTOSIILIErO U3 HECKOJIBKUX YUCTBIX TOHOB, C IIIyMOM, HE UMEIOLIUM TOHAJILHOTO
XapakTepa, HalpuMep IIyMOM BeTpa. TUNHYHBIN IIyMOBOM 3arpsi3HUTEINb — rPaJUpHs. 3a4acTyrO 3TO
JiepeBsHHAas OaliHs ¢ OOJBIINM OCEBBIM BEHTUIISITOPOM HABEPXY; BO3AYX OXJIAXKAAETCS MPU
MIPOCAChIBAaHUHM €ro Yepes 3aBecy najaroiieid Boabl. OObIYHO BEHTUIISITOPHI BPAIIAIOTCS TaK MEJIJICHHO,
YTO TOH C YaCTOTOM, PAaBHOW YaCTOTE MPOXOKICHUS JONACTEN, HE CIIBIIIEH; OCTAJIbHON IIyM
00YyCIIOBJIEH a3pOJUHAMUYECKUMHU IPUUMHAME U MAJAI0NIe BOAOH, U, XOTS OH MOXKET UMETh
3HAYUTENIbHYI0 HHTEHCUBHOCTh HAa HU3KUX YaCTOTAX, IUCKPETHBIX TOHAJILHBIX KOMIIOHEHT B HEM HET.
Bo3bMeM Tenepb, CkaxeM, BHITSKHON BEHTHIIATOP KaKOT0-TUOO0 3/1aHuUs; OH BPAIIAETCsl B HECKOJIBKO
pa3 ObICTpee BEHTWISITOpA IPaiupHU, U 3HAUUTEIbHASI YACTh SHEPTUHU €r0 IIyMa COCPEI0TOYEHA Ha
OJIHOM WJIU IBYX TUCKPETHBIX TOHAX. XOTs YPOBEHb IIyMa, 00YCIOBIECHHBINA KaXKIbIM U3 BEHTUJISITOPOB,
Y PacroJIo;K€HHOT0 HETIOAAJIEKY JIoMa MOXKET 0Ka3aThCsl OAMHAKOBBIM, paBHbIM, Hanipumep, 40 1b,
BBITSDKHOM BEHTHJISITOP, IO BCEH BEPOSATHOCTH, CO3/1aCT MPOOIIeMy HeXellaTeIbHOro IIyMa, TOT1a Kak
BEHTWJISITOP IPAIUPHU HE TOJIBKO HUKAKOM MpOOJIEeMBbl HE CO3/1aCT, HO, BO3MOYKHO, Ja)Ke OKaXeT
OnaronpusaTHOE JACHCTBUE.

bnaronpustaoe? Kakum o6pazom? Jlemo B ToM, 4T0 TpoOIeMy Iryma HHOTIa MOYKHO PEIIUTh, HE TyTeM
CHIDKEHHUS, a IMyTeM fo00aBieHus 3Byka. Eciu Ha Tepputopun pabpuku, rae pacroyiokeHa rpaaupHs,
BCE BpeMsl XOJAT, CTY4aT U XJIOMAIOT IBEPHMHU, TO JIaXKe MPHU YCIOBUHU, YTO YPOBEHb TAKOTO IIIyMa Ha
JIpYroii CTOPOHE YJULIbI U HEBEJIMK, OH MOXET CUIIbHO pa3apaxkaTh. Hanuuue mymsiei rpagupau
o0ecreynT To, YTO Ha3bIBaIOT MacKUpoBKoi. Cam 1o cebe 1IyM TpaJipHU HE UMEET pa3Ipakarolero
XapakTepa, a BBUAY HECITIOCOOHOCTH yXa BOCIIPUHUMATh HEKOTOPHIE 3BYKH B IMIPUCYTCTBUU HEKOTOPBIX
JPYTUX — Mbl TOBOPHJIM 00 3TOM B TJI. 5 — pa3pakaroniuii XxapakTep CTYKOB U XJIOHNaHbsl MOKET
0Ka3aThCs MOJIaBJICHHBIM, /1A €II€ BMECTE C IIIyMOM HEKOTOPBIX IPYTUX HEMPHUITHO «ITOIOLINX)»
BEHTUWJISITOPOB, €CJIM UX TPOMKOCTB HE CIUIIKOM BEJIHKA.

Yro e HYKHO JeN1aTh, YTOObI OLIEHUTh JJAHHYIO IIYMOBYIO NpodsieMy? Kak BBISICHUTB, KAKOBO
pasapaxkatouiee Aelictsue myma? Eciin B HallleM pacOpsiKEHUH €CTh TOJIBKO IIPOCTOH LIyMOMEp, TO
Jy4ie Bcero o0paTtuThes K cyuecTBytomeMmy bpuranckomy crangapty Ne 4142 or 1967 r.,
o3aryiaBjieHHOMY «MeTo pacdyeTa MpOMBIIIJIEHHOIO IIyMa, IeHCTBYIOIIETO Ha TEPPUTOPUSX, 3aHIATHIX
COBMECTHO IOJI JKWJIbIE KBAPTAJIbl U IPOMBILIUIEHHBIE MPEANPUATUS». X0Ts MexayHapoiHas



opraHu3anys 1o crangaprusanuu[19], BO3MOXKHO, IPEATI0KUT 3HAYCHUSI, MEHBIIIHE TEX, YTO
IIPEelyCMOTPEHbI bpUTaHCKUM CTaHAApTOM, OCIEAHUM B psi/Ie OTHOLIEHUI BEChbMa MOJIE3€EH.

Tak, 3TOT cTaHAapT NpelycMaTpPUBAET ABa TUIA CUTYaLlUU: CIIy4au, KOTJa MEIIAOIUNA ITIyM MOXHO
BPEMEHHO IIPEKPATUTh, YTOOBI U3MEPUTH (POHOBBII YPOBEHD IIyMa, U CllyyaH, KOTJa 3TOro CAeaaTh
HEJb3sl. YPOBEHb MEIIAIOLIETO ITyMa U3MEPSIOT B 1BA B KakoM-1100 MeCTe CHapy K 31aHus (Ha
BbIcoTe 1,2 M HaJ] ypOBHEM I'pYHTa U Ha PACCTOSIHUM IO KpaifHel Mepe 3,6 M OT CTEeH), OT KHUJIBILOB
KOTOPOTO UCXOJAT UM MOTYT HCXOJUTh kasoObl. BaxkHO MpocieuTh, 4To0kI IIyM, 00YCIIOBICHHBIN
BETPOM, JIEKTPUUECKON HABOJIKOW WIIM JPYTUMHU OCTOPOHHUMH MPUYMHAMHU, ObUT UCKITIOUYEH; J1aXKe
NpY HAJIMYMU BETPOBOI 3aIIUTHl MUKPO(OHA HEXeNAaTeIbHO MPOU3BOIUTH U3MEPEHHUS IPU CKOJIBKO-
HUOYb cCHJIbHOM BeTpe. Ecinu nokasanus npubopa oueHb Majbl, CIeIyeT IOMHHUTh, YTO Kaxaas
YCUJIMTENbHAS LETb €r0 XapaKTepU3yeTCs ONpeIeICHHBIM COOCTBEHHBIM IITYMOM, KOTOPBIH OmMpeaemnseT
HIDKHIOIO TPaHUIy JMHAMMYECKOTO AUANa30Ha IIyMOMeEpa.

Bo MHOruX ciiy4asix uiyM He MOCTOSIHEH: €r0 YPOBEHb MOXKET CUIIbHO (DIyKTyHpoBath. Toraa Hy»kKHO
CTapaThCs MPOU3BECTH JBA OTCUYETA: IEPBBIA — CpeHee (Ha IJ1a3) MOJI0KEeHHE KOIEOTIOIeHCs CTPEeIKU
npubdopa (3Ty BEIUYHHY CIEAYET ONPEeaesiTh, €CIIM KojieOaHus ocTatotes B peaenax 10 nbA),

BTOPOI — CpeTHEMAKCUMAIILHBIA YPOBEHB, 10 KOTOPOTO CTPETIKa OTOPACHIBAETCS BpeMs OT BpEMEHHU.

H3mepenust HeOOXOAMMO MTPOBOAUTH B TEUEHHE JOCTATOUHO JITUTEILHOTO BPEMEHU, YTOOBI OIICHKU
4aCTOTHI BCTPEYAEMOCTH U JUTUTEIIBHOCTH 000UX YPOBHEH — uX 0o0o3Hayarot Ly u Ly — Obutn
HaJeKHEL.

[lanee Hy)KHO yYHUTBIBaTh XapakTep ryma. Eciu 1Iym HeperyisapeH 1 UMeeT UMITYJIbCHBIM XapakTep,
KaK, HallpuMep, yAapbl U CTYKH, O KOTOPBIX I1IJIa pedb BbIIIE, TO, YTOOBI yUECTh 100aBOYHOE
pasapakaroliee AecTBUE, K N3MEPEHHBIM 3HAUEHUSM YpOBHEH cienyeT 106asuth 5 1bA. To xe
HE0OXO0IUMO cJieNaTh U MPU HAJIMYUK B IIIyME ONPEAEICHHON pa3IndiMMON HEMPEPBHIBHON HOTB» JTaXkKe
€CJIM OHa MpeJICTaBIIsAeT cOO0M He YUCTBIN TOH, a TOJIBKO 00JIafaeT ONpeiesIeHHON BbICOTOM. Bripouew,
3TO HE €IMHCTBEHHBIE XapaKTEPUCTUKH 1IyMa, BIUSIOLINE HAa CTENEHb €r0 pa3/ipakaolero AeCcTBUs.
Ilepemerkaromuiics MyM CUUTAETCS MEHEE Pa3IpaXkarolliuM, YeM HEIIPEPBIBHBIN, XOTS MEPBBI IPU
PETYJISIPHBIX BKIFOUEHUSIX U BHIKITIOUEHUSIX MEIIAET CUIbHEE, IIOTOMY YTO MPHUBIIEKAET K ce0e BHUMAaHHE
IIPY Ka)KJIOM BKJIFOYEHUU WIN BBIKIIOYEHUH. Hepeako Mbl 3aMeuaeM OCTaHOBKY 4acOB MIIU
NpeKpalieHUue nryMa CUCTeMbl 0TOIUIeHUs[20], XOTs 10 3TOr0 MbI HUKaK HEe BOCIPUHUMAITH UX
MPUBBIYHOIO IIIyMa: BHUMaHHE ObUIO MPUBIEYEHO MMEHHO BHE3AITHBIM MPEKPALICHUEM IIyMa.

Ecnu, Bripoyem, 10J11 BpEMEHH, B TEYEHUE KOTOPOTO LIIyM OTCYTCTBYET, IPEBOCXOAUT HECKOJIBKO
IIPOLICHTOB OT IOJHOTO BPEMEHHU, CYMMapHOE pa3IpakeHUe OT NIyMa CHHKAETCA. TUIIMYHBINA Cllydan
(mpaBpna, OH He IpeaycMaTpuBaeTcss bpuTaHCKUM CTaHAApTOM) — 3TO IIyM camosieToB. JIro0oii
YeJIOBEK, IPOKUBAIOIINN HENOJAIEKY OT JIOHIOHCKOTO a3ponopra XuTpoy, COTIACUTCA C TEM, UTO
KM3Hb Ha TAKOM K€ PACCTOSHUU OT a’ponopta ['3TBUK, rie mepepbIBbl MEXKAY MOJIETAMH 3HAYUTEIBHO
Oounbiie, 6puTa 661 MHOTO TIpHATHEE. [109TOMY, 4TOOBI yUECTh MEPEMEKAIONIUICS XapaKTep IIyma,

B U3MEPEHHBIN YPOBEHb BHOCIT HEKOTOPYIO MONPaBKy. B cTannaprax mpuBoasTcs rpaduky JUIst
pacyeToB MOIpPaBOK MPU TUIIMYHBIX PEXUMAaX CIEI0BaHUS MOJIETOB, IPU TOM UM MHOM JJTUTEIbHOCTH
IIyMa 1 IIpY TOM WJIA HHOM YHCJIE [TOJIETOB B TEUEHUE 8-4aCOBBIX MEPUOIOB AJI HOUU U ISl OCTaJIbHOU
YaCTH CYTOK.

[Tocre BBIMONIHEHHS YKa3aHHBIX U3MEPEHUH CIICAYET MOMBITATHCS BHIKIIOUUTh HCTOUHUK H3y4aeMOTo
IIyMa, YTOOBI MOXHO OBIIIO H3MEPUTH YPOBEHB ITyMOBOTO (hoHa. DOH TaKkKe MOXKET OKa3aThCs
HETIOCTOSIHHBIM, M TIO3TOMY HEOOXOAUMO CJIEIUTH 3a MOJIOKEHHEM CTPEJIKH U (PUKCHPOBATH THITUYHbIC
HU3KHE 3HAUEHUS YPOBHsI, UTHOPUPYS OTAEIbHBIE BHIOPOCHL. BripoueM, Takoe MeporpusTue Bps JIu
yJacTcs POBECTH B CIIydae, HalpuMep, Ta30BOT0 3aBO/Ia — MIPEKPATUTH €r0 PadOTy MO MPEII0roM
HE00X0IUMOCTH U3MEPUTH (DOHOBBIH IIyM!

Ha sTom paboTta Ha MecTe 3aKaHYUBAETCS, K OCTAIOTCS TOJIBKO pacdeThl. BEIUUCISIOT BEIHUNHY
«UCTIPABIIEHHOTO KPUTEPHs»: BETUYMHA OCHOBHOTO Kputepus Oepetcst paBHoit S0 1bA; nanee, ecnu
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nrymsiiiee npeAnpusTue NOSBUIOCH YK€ HECKOJIBKO JIET Ha3a/l, HO He TUIHYHO IS pailoHa, J00aBIISIIOT
5 nbA; niis naBHO pabOTAIONIMX MPEINPUIATHN, THITMYHBIX JIJIs1 JAHHOTO paiioHa, mo0aBmsior 10 nbA.
Jluteiinasi, 0 KOTOPO¥ peyb IUIa BbIIIE, MOMAJIET B MOCIEAHIO KaTteropuio. Pasymeercs,
IPEANPUATHEM)» CUUTACTCA JII000€ MPOMBIIICHHOE 3aBECHUE WIIM YCTaHOBKA. J[J1s1 TOBKO 4TO
OpraHU30BaHHBIX MPEANPUATUH, KaK U AJIS NPEIIPUITUN, TIE B PE3yIbTaTe PEKOHCTPYKIIMH MOKHO
OKUJIATh MOBBINICHUS] YPOBHS IIIyMa WITU TJI€ OPTaHU30BaHO HOBOE IMPOM3BOJICTBO, HUKAKOU T0OABKHU HE
JenaroT.

3aTeM BHOCST MOIMPABKH, YYUTHIBAIOIINE IITYMOBOW KJIMMAT pailoHa. /{7151 CeIbCKMX MECTHOCTEN
BBIYUTAIOT 5 NBA; 11 NPpUropoAHBIX KUIIBIX KBAPTAJIOB C MAJIBIM YJIMYHBIM JBUKEHHEM MOIpPaBKa HE
BHOCHUTCS. JIJIsl TOPOJCKHX KIIIBIX KBapTanoB nodasisercs S nbA u 1. 1., 20 n1BA noGaBnsroT mis
MIPEUMYILIECTBEHHO MPOMBILUIEHHOTO paiioHa ¢ MaJIbIM YHUCIIOM >KUIIbIX JoMOB. Kpome Toro, 5 nbA
MPUOABJISAIOT B CITydae, €CJIH IIyM IPOU3BOJAUTCS TOJIBKO B pabouee BpeMs, U BEIYUTAIOT, €CJIH IITyM
MIPOU3BOIUTCS HOUBIO. HakoHell, K M3MEepeHHOMY YpOBHIO 100aBmsitoT 5 nbA, ecnu rym co3maercs
TOJIBKO 3UMOMH, TIOCKOJIBKY MPEI0JIaraeTcs, YTO B 3TO BPEMs TOJla OKHA B JJoMaX OOJIbIIEH YacThIO
3aKPBITHI U MQJIO KTO IIPOBOJUT BPEMSI, CUS B CBOEM CaJIUKE.

Tenepb MbI MOXKEM MOAONUTH K HOPMUPOBAHHUIO IIIyMa, JJIsl 4Yero, COOCTBEHHO, U MIpeHa3HAueH 3TOT
cra”naprt. [Ipexae Bcero ucnpapiieHHbIN ypOBEHb ()OHOBOT'O 1IIyMa CPaBHUBAIOT C UCIPABICHHBIM
KpUTEPUEM. DTO AT MPEACTABIEHUE O TOM, HACKOJIBKO IIIYMOBOM KJIMMAaT XapaKTepeH AJIs JaHHbIX
ycnoBuid. Eciiu uctipaBieHHbIH ypoOBeHb (POHOBOTO IIyMa IMPEBOCXOAUT UCTIPABIICHHBINH KPUTEPHIA, TO
€CTb €CJIU JIaHHBIN palloH HEOOBIYHO ITYMHBIN, HO U30BITOUHBIN IIyM He npeBocxoaut 10 1bA, To co
CTOPOHBI JKUTEJIeH palloHa BO3MOXKHBI kKaJIOOBI B CiIy4ae, €ClIM KaKoH-TM00 U3 IByX UCIPaBIECHHBIX
ypoBHeH 1myma (0003HaYMM UX COOTBETCTBEHHO L't 1 L'y) mpeBOCXOIUT UCTIPAaBICHHBIN KPUTEPH Ha

10 nbA u 6onee. Eciiu cutyarust oOpaTHas 1 TEPPUTOPHS MaJIONTyMHasl, )kajl00bl BO3MOKHBI B CITydasXx,
korga L'y mmm L', mpeBocxonsat ypoBeHs poHoBoro myma Ha 10 1BA u 6onee. Eciu 3nauenust poHOBOTO
IIyMa [OJYYUTh HE YAAJIOCh, TO IPUXOJUTCS UCXOJUTh TOJIBKO U3 UCIIPABIEHHOTO KPUTEPHSL; KOIia
m6o L'y, mubo L'y mpesrimarot ero Ha 10 1bA u 6osiee, mpoTECTHI CO CTOPOHBI JKUTEINEH paiioHa BIOIHE
BEPOATHBI. B IpOTHBHOM cityyae »xajio0 BpsL JIM MOXKHO OXKHUIATh.

Bo Bcex ciywasx npeBsimieHue Ha S5 1bA He cuuTaeTCs CyIIeCTBEHHBIM, HO, Pa3yMeeTcs, eClIu
JIOITYCKaTh JIMIIHUE 5 1BA 1715 mIyma KaXk10ro U3 MPEeapHUsITHA, TO B pE3yJbTaTe pa3HULIA B OLICHKE
(OHOBOTO IIIyMa MOXET MOJIyYUThCs 3HAaUNTENbHOM. [loaTOMY TaMm, T1ie u3MepuTh YpoBeHb (OHA HE
YAAETCsl, HO OH SIBHO aHOMAJIbHO BBICOK MJIM AHOMAJIBHO HU30K, JIY4IIe HE CIMIIKOM I10J1araTbCs TOJIbKO
Ha UCTIPaBJIECHHBIA KPUTEPHUH.

Ecnu okazanoch, 4To 1mIyM MpUAETCS CHUXKATbh, TO U3MepeHus: ypoBHs B 1BA craHoBsTCS
0ecIoNIe3HbIMY, U, YTOOBI BBIACHUTH, HA KAKUX YaCTOTAaX HEOOXOAMMO CHU3UTh YPOBEHb, CIIEIyeT
NEepelTy K YaCTOTHOMY aHAJIU3Y LIyMa, UCII0JIb3Ysl OKTaBHbIE, IIOJYOKTaBHbIE, TPETHOKTABHbBIE U JIAXKe
Oonee y3konosaocHsle GuIbTphl. B Bputanckom cranaapte npuBoAUTCS TpaduK, rIaBHOE JOCTOMHCTBO
KOTOPOT'O COCTOUT B JIETKOCTH €ro nocTpoeHust. OH npeacrasiseT co00i HaOOp CUIBHO YIPOILIEHHBIX
KPUBBIX PaBHOM TPOMKOCTH; HA HETO HAHOCST Pe3yJIbTaThl OKTABHOT'O aHAJIN3a IyMa, U 3TO MO3BOJISIET
BBISICHUTB, B KAKOH U3 I10JIOC JIe’KaT Haubosiee HeXkenaTesIbHble KOMIIOHEHTHI 3BYKa.

3HaueHus, NoJay4aeMble 10 CTaHAAPTY, HECOMHEHHO, 3aBBILIEHBI, HO TEM HE MEHEE UMH IIUPOKO
MOJIB3YIOTCS JJIsl OLIEHKU BEPOSITHOCTU MOCTYIUIEHUS JKano0, a TakxKe JUIsl ycTaHOBIIeHHs kpuTepues. Ho
HEpPEJIKO UM MOJIb3YIOTCS HETIpaBuWiIbHO. Bes nmpoueaypa BeipaboTaHa €IMHCTBEHHO I ONPEEIICHNUS,
KaKOBa BEPOSITHOCTb TOTO, YTO JTAHHBINM ITyM OKa)KE€TCsl TPUEMIIEMBIM JUIsl TOM WJIM MHOM TPYIIIIBI
HacesneHus. CTaHIapT HE yCTaHABIMBAET pa3pelleHHbIX ypoBHEN. K coxanienuto, Bce yaiie
BCTPEYAIOTCA CIIyyau, KOTJIa MOCIJIE OLIEHKH IIyMa B COOTBETCTBUH CO CTAHAAPTOM OH HE ObUI COUYTEH
Ype3MEpPHBIM, a U3MEPSIBIINE ITYM — KTO Obl OHU HU OBbLTN — 3asBIISUIN O€AHBIM skepTBaM: «CoriacHo
bpuranckomy crannapty Ne 4142 ot 1967 r., Bbl He 10JKHBI kKastoBaThes» KoHeuHo, 3To B3a0p:
CTaHAApPT — 3TO PYKOBOJACTBO JJIs JIUII, BbIPAOaThIBAIOIIMX KPUTEPUHU U 3aHUMAIOIIUXCS O0pHOOit

C IIIyMOM, HO TOJIBKO B TOM OTHOUIEHHH, YTO OH ITIOMOTaeT NPEABUAETh, KAKOH IIYM OKaXKETCS
MIpUEMJIEMBIM, a KaKOH — HeT. XOTs MPH cllyyae Ha CTaHJapT MOKHO CChUIATHCS U pa3dope aena



B CyJIe, €r0 HeJb3sl pacCMaTpUBATh KaK 3aKOH, YCTaHABIMBAIOLINM, IMEET WM HET KBAPTUPOCHEMIITUK
MPaBo JKaJIOBATHCSA HAa HEJIOMYCTUMOCTD IIyMa.

OTOT CTaHJAPT JAJEKO HE EAMHCTBEHHOE ITOCOOHE MPU OLIEHKE IIIYMOB, U 32 MOCJIETHHE TObI
BBIPaOOTaHbI pa3HOOOPa3HbIE CUCTEMBI OIIEHOK. MOKHO OBIJIO ObI IMOCBITUTH IIEJIBI TOM BOIIPOCAM,
KaCaloUIMMCSl aKyCTHUECKUX €AMHUI K MeTOI0B olieHkU myma. MCO ony6inkoBana no muppom
R1996 cnincok pekoMeH1anuii, aHaJOrnYHbIi bpuTaHcKOMy CTaHIapTy, ¢ TOM JIMIIb Pa3HUIIEH, YTO

B HEM PEKOMEHAYETCsl UCTIOIb30BaTh MKAMY Lo AT ClTyyaeB, KOTIa IIyM MEHSETCSl B 3HAUUTEIBbHBIX
npenenax. Pekomennanuu MCO He naroT oOUMX KpUTEPUEB, HO B YACTHBIX CIy4dasx B HUX
IpeJUIaraeTcsl B KauecTBEe KPUTEPHS HCIIOIB30BaTh YPOBEHb (POHOBOTO IIIyMa, OTIpeIeIeHHBINA Kak Lgs,
KOTOPBIN MPAKTHUECKH OOBIYHO OYEHB OJM30K K Lgo. 3aTeM peKoMeH1yeTcs pacCUUTHIBAThH BEIMYUHY
YPOBHS JUI1 HOPMHPYEMOTO ITyMa JTUO0 KakK Loy, TMO0 c11ocoO0M, aHAIOTUYHBIM ITPUMEHSEMOMY
Bbpuranckum crannapToM; nojydeHHOE UCIPaBIEHHOE 3HAUEHUE MPeJIaraeTcs CPaBHUBATH C YPOBHEM
¢dona. Ecau ucnonp3yetcs BeuuuHa Ly, TO €AMHCTBEHHAS BO3MOXHASI KOPPEKIUS CBOJUTCS K
nob6aske +5 n1bA pu UMITyJIBCHOM XapakTepe nryma. HakoHelr, mpeBbIlIeHre UCTIPABICHHOTO YPOBHS
nryma HaJ ()OHOM CBSI3BIBACTCS C OJKUAEMON PEaKITUeH JKUTENeH paiioHa ClIeyronuM o0pa3oMm:

[IpeBsiieHE YPOBHS u;yga: HaJ KPUTEPHUEM IIIyMa, Oskraemas peaxius
0 Huxkaxkoii peakmn
5 OTtaenpHbIE KaI00bI
10 MBHOTOYHCICHHBIE KaJT00bI
15 Yrpo3a opraHM30BaHHBIX IPOTECTOB
20 AKTUBHBIE IPOTECTHI

NCO naet Taxxe peKOMEHIAUH 110 KPUTEPUSAM JOIIYCTUMOIO IIyMa JIsl IOMELIEHUH Pa3IMuHOro
Ha3HaueHus. [lepBoHauanbHO B OCHOBY npeioxkeHnit ICO 6bu1M nosiokeHsl He ypoBHU B 1BA, a
rpadMKu HOPMHUPOBOUYHBIX KPUBBIX JIJISl OLIEHKH IITyMa, KOTOPBIE M CeHYac OCTAIOTCS BEChMa MOJIE3HBIMU
(KaK ¥ aHAJIOTUYHbIE KpUBBIE KpUTepueB 11yma, npumensiemblie B CIIIA). Onu nogo6HbI
UJI€aTU3UPOBAHHBIM KPUBBIM PaBHOW 'POMKOCTH. /[JaHHOMY IIyMy NPUITUCHIBAIOT HOPMUPOBOYHBII
MHJIEKC, HAHOCSI pe3yJIbTaThl €r0 OKTaBHOI'O aHAJIN3a Ha rpa)uk HOPMUPOBOYHBIX KPUBBIX U
yCTaHaBJIMBasi HAHOOJBIINN HOMEP HOPMHPOBOYHOW KPUBOI, KOTOPYIO OKTaBHBIN CIIEKTp IIyMa
IIEpPECEKACT B OJHOM WJIM HECKOJIBKMX OKTaBHBIX Iosiocax. Vcronp30BaHue 3TUX KPUBBIX TOPA3A0
IIpOLIE, YEM CPAaBHEHUE YPOBHEN, BBIPAXKEHHBIX B 1BA, OCKOJIbKY BO3MOYKHO [TOYTH OECKOHEUHOE
MHO€CTBO KOMOMHALIMI YpOBHEH B OKTaBHBIX MOJIOCAX, AAIOIIUX B CYMME OJIHO U TO K€ 3HaUCHUE
nBbA. Bopouewm, 7151 paccMaTpUBaeMON HaMM ceidac 11eIu NpejicTaBieHue ypoBHel B 1bA 6osee uem
YAOBIIETBOPUTENBHO.

B 3axmounrtensHoM otyete Komurera no mpo6ieMe 1ryma AaHbl HEKOTOpbIE MpeABapUTEIbHbBIE
PEKOMEH/IAlIMK 110 YPOBHSIM IITyMa JIJIsl dKUJIBIX KOMHAT U cniajieH (kputepuu bpuranckoro ctanaapra
OTHOCSITCSI K YPOBHSIM IIIyMa BHE 3/1aHUi). B Ha3BaHHOM OTUYeTe AOMYCTUMBIE YPOBHS, KOTOPhIE MOTYT
OBITh MPEBHINIEHBI HE OoJiee ueM B TeueHue 10 % BpeMeHH, peIBapUTEIbHO OLIEHUBAIOTCS
CJeIyIOIIUM 00pa3zoM:

VYposens, 1bA




MecTonosioxeHne paiiona JTHEM |HOYBIO

Cenbckuil paiioH 40 =30
[IpuropoaHsle paiioHbI, pacloOI0KEHHbIE 45 35
BJIaJIM OT OCHOBHBIX Maructpaiei

O’KWBJIEHHBIE TOPOJICKHE PAOHBI 50 35

[Ipu cocTaBeHHH 3TUX OLEHOK YYUTHIBAIOCH, YTO JUIS yJOBJIETBOPEHUS TaKuX TpeOoBaHuil Oyner
HE0O0XO0IMMO CHM)KATh (paKTHYECKUE YPOBHH IrymMa Ha 5 1bA u 6ornee.

KoHeuHo, TpaHCTIOPTHBIH IIyM U LIyM MPEANPUATUI HE €AUHCTBEHHBIE HCTOYHUKHU OECIIOKOICTBA
KWJIBLIOB; MOT'YT IONACTHCA COCEIH, KOTOPBIE COBEPLICHHO HEMPEJHAMEPEHHO CUIBHO MEIIAIOT BaM
IIPOCTO MOTOMY, YTO U3 UX KBApPTUPBI OYAET JTOHOCUTHCS IIyM BOJIbl, CIyCKaeMOM B TyaJleTe, MJIU 1aKe
mrym maroB. CTaHIMSI UCCIIEJOBAHUS KIIIBIX I0MOB B YOTdopae mpoBesia psji 00cae10BaHuH,

B PE3YNBTATE KOTOPBIX MBI UMEEM CUCTEMY OLIEHOK 3BYKOU3OJISALUN MEKKBAPTUPHBIX CTEH U
nepekpbIThii. OLeHKa IPOU3BOJUTCS 110 TPEM KaTEropusaM: KaTErOpHsl U300 KallUTAIbHOU CTEHBI,
kareropus usossiiuu I u kareropus uzossituu 1. Kareropus II naet npumepHo Ha 5 1b MeHbIyto
M30JISILMIO, YeM KaTeropus I, a kareropus KanmuTalbHON CTEHBI IPEAYCMATPUBAET Ty KE U30JALHUI0, YTO
U Kateropus I, HO ¢ ynydiieHneM B HU3koyacToTHOM obsactu (Ha 4 nb npu 100 I'n). Kupnnynas crena
TomuuHON 230 MM, pa3aensiomias ABe KBapTHUPbl, OOBIYHO COOTBETCTBYET KATErOPUU KalIUTAIbHON
CTEHBI.

BcenoMHuEB, 4TO, COINIACHO 3aKOHY MacC, YMEHBIIEHUE MACChl IIEPETOPOAKU BIBOE BBI3BIBAECT CHUKEHUE
U30JIUUH Ha 5 1B, MPUXOJUM K 3aKJIIOUEHHUIO, UTO I BBINOJIHEHHs TpeOoBaHus kaTteropuu Il MmokHO
VIOBJICTBOPUTHCS TOPa3no Ooee Jerkoi meperopoikoi. ITo OTHOCUTCS U K MepeKphITHsIM: 120-
MWIIMMETPOBBIA OETOHHBIN MOJI, MOJATIMBBIA MaT U IJIaBAOIIMN HACTUII BIIOJHE OTBEYAIOT
TpeOOBaHUAM KaTeropuH I; To ke MOKHO cKa3aTh U 0 OeTOHHOMH ruHTe TonuuHoi 200 MM. O
IPUMEHEHUN KaTerOpUH KaluTalbHOW CTEHbI HEYEro U FOBOPUTH. [[j1s Toro 4ro0sl ryM mMajo
paszapaxail, CTEHbI, pa3IeiAIOIINAe KBAPTUPHI WIM YaCTU JOMA C OTJAEIbHBIMU BBIXOJIAMMU, & TAKKE
OTJEJIAOLIME CIAJIbHU U 00IIMe KOMHATBI OT KOPUAOPOB U XOJIJIOB, JOJKHBI YJJOBIETBOPSTH
TpeboBanusaM kareropuu I. IIpu neperoponkax kareropuu Il mrym 6ynet memaTs 3Ha4UTEIBHO
CUJIbHEE, HO, BEPOSITHO, 00JIee YeM MOJIOBUHE JKUIIBLIOB OH HE PUYMHUT CEPhE3HOI0 OECIOKONCTBA.

TakuMm 00pa3om, MbI pacrojiaraeéM pyKOBOISIIUMU MPEINUCaHUSIMU IS OLIEHKH 11yMa goma. Ho kak
00CTOUT J1eNI0 ¢ NIryMoM Ha pabote?

B 1. 5 MBI 101poGHO paccMOTpEN BOIPOCHI, CBA3aHHBIE C TIOBPEKACHUEM CIIyXa IIyMOM; OJJHAKO
HEJ0CTATOYHO MPOCTO YOEIUTHCS, UTO COTPYIHUKH MIPEANPHUATHS HE HAXOAATCS B OMACHOCTH, XOTS

C 3TOTO M HYXHO HauuHaTh. B Hactosmiee BpeMsa 90 nbA cunrtaroT npeneabHbIM 3HAUEHUEM
HKBUBAJIEHTHOI'O PaBHOMEPHOT'O I1IyMa, IOIIyCTUMOro Ha pabodyeM MecTe. B ri1. 5 nokasano, 4ro
IIPAKTUYECKH OLIEHUTh PUCK IIOBPEXKIECHHUS CIyXa BECbMa CJIOXHas 3aJja4a; B psAAe Cl1ydaeB, HAIPUMED
MPU JOCTATOYHO UTUTEJIbHBIX MEPUOJAX OTCYTCTBUS IIyma, ypoBHU Bbilie 90 1bA Takke OKa3bIBAIOTCS
6e3onacHbIMH. TeM He MeHee BeCbMa BO3MOXKHO, UTO B JAJIbHEHINIEM 3Ta BeIMUKMHA Oy/IeT y3aKOHEHa.
371ech CHOBA CIEAYET UMETh B BUY, YTO J1Ba PA3JIUYHBIX IIyMa, U3 KOTOPBIX OAWH MIPEACTABIIAET
OO0JIBLIYIO ONTACHOCTh, YEM APYroi, MOI'YT UMETh OAMHAKOBBIN ypoBeHb B N1BA. B Takux ciyyasx
BO3HHMKAET HEOOXOAMMOCTb B YACTOTHOM aHAJIM3€ IIyMa U B UCIIOJIb30BAHUN HOPMUPOBOUYHBIX KPUBBIX
IIyMa; O/IHAKO JII0OON YaCTOTHBIN aHanu3aTop cTouT He MeHee 200 (pyHTOB CTEPIIMHTOB U BCAKHIA
HPENOYTET MMOJIb30BaThCS IPUOOPOM, KOTOPBINA 000HIETCS B YETBEPTh ITOM LieHbl. [losBineHne
BPEMEHHOIO C/IBUTA ITOPOTa (CM. V1. 5) CIBIIIUMOCTH Y JIUL, KOTOPbIE OBIBAIOT HA IIYMHBIX y4acTKax
JIMIIB OT cIyYast K ClIy4ar0, HO He paboTaroT 3/1€Ch NOCTOSIHHO, MOKET CIYXKHUTh CUTHAJIOM O PUCKE
MOBPEXCHHSA CITyXa Y TIOCTOSIHHBIX paOOTHHUKOB; B 3TOM CiIy4ae TpeOyeTcs TIIATEIbHO UCCIIEI0BATh
CUTYAIUIO U IIPU HEOOXOJUMOCTH MIPUIJIACUTDH CIELIUATUCTOB.



CrenyrouyM MyHKTOM B IOPSKE OYEPEAHOCTH HJIET MPOU3BOAUTEIBHOCTD TPya U OOLIMH «IITyMOBOM
KJIMMaT» Ha NPEANpUATUN WIN B yupexaeHuu. CHOBa OTMETHUM, 4TO JJIs IEPCOHANA IPEANPUATUI

90 nbA — mpenen, Bbllle KOTOPOrO MPOU3BOJUTEIBLHOCTh TPY/A 3aMeTHO yxyamaercs. [lo-Buaumomy,
HE CIIy4aifHo 3Ta IM(pa COBIANACT C YPOBHEM, COOTBETCTBYIOIIUM PUCKY MOBpexkAeHUs ciayxa. [Ipu
HTOM IOAPa3yMEBaAETCsl, YTO peub UAET O paboTe, CBSI3aHHOM ¢ yIpaBIeHHUEM MEXaHU3MaMHU WU

¢ HaOmoIeHNeM 3a HUMH. PazymeeTcs, mo Mmepe He0OX0IUMOCTH MOBBIIICHUS! BHUMAHUS U
COCPEIOTOUYEHHOCTH PacTeT, U HOTPEOHOCTh B CHIXKEHUHM LIIyMa: TakK, 51 Obl HE CMOTI' HAIlKCATh 3Ty KHUTY
npu ypoBHe 1myma 90 1bA, Ho MHe 1TOBE3J10, U ceifuac, Koraa s MUy 3TH CTPOKH, B3IJIAbIBAsI HA
IIyMOMED, 51 BJKY Ha HEM YpOBEHb Bcero B 32 n1bA.

Haunewm c BepxHel yactu mkaisl. YpoBeHb 90 1BA 1onycTUM B TSXKEI0W MPOMBIIIIEHHOCTH WM TIPU
MPOM3BOJICTBEHHBIX MPOIIECCAX TAKOW NTYMHOCTH, YTO BCJICJICTBUE OOJBIINX 3aTPaT HA CHIKCHHE
YPOBHSI HEJIb3s1 TpeOOBaTh OOJBIIIETO, YeM MPOCTO obecreueHus 0e3omacHocT; ypoBeHb 80—85 nbA
MO>KHO CUMTaTh IPAHULIEH, IPUEMIIEMOMN I JIETKOH IPOMBILUIEHHOCTH; 75 1BA — BepxHMii Ipenen
IIyma Jjisl CIIOKHBIX paboT, HapuUMep COOPKHU 3JIEKTPOHHOTO 000py10BaHus. Bo MHOTHX yUpexaeHUIX
OOBIYHOTO THITA JJOMYCTUM YpOBeHb IitymMma 60—65 nbA, HO 3TO, Kak MpaBUIIO, BBI3BIBAET KAIOOHI,
Mo3TOMY ypoBeHb 55 nBA ciienyeT cuutath 6oJiee mpueMaeMbIiM. B HEOOMBIITNX YUPEIKIESHUIX
CTpEeMSITCS JOBECTH ypoBeHb Iryma 110 45—50 nbA, a 11t kKaOMHETOB pyKOBOAALINX PAaOOTHUKOB
yaoBIeTBOpuTENbHO 3HaUeHHe 35—40 nbA.

[Iym, COOTBETCTBYIOIINI yKa3aHHBIM 3HAYECHHSIM YPOBHEH, TOIDKEH OBITH JIMIICH Pa3apaXkatoinx
0COOEHHOCTEH BpOJIe MMITYJIBCHOT'O XapaKTepa WM MPUCYTCTBHSI JUCKPETHBIX TOHOB. B mepByio
o4epelb 3TO OTHOCHUTCS K HW)KHEW YacTH IIKaJIbl ypoBHEH. [Ipy Hann4uu ke 3THX HeXeNaTeIbHbIX
XapaKTePUCTHK YPOBEHb MEIIAIOUIETO IITyMa CIeIyeT CHU3UTh Ha 5 1BA 1o cpaBHEHHUIO C OOBIYHBIMU
3HaueHUSIMHU. EciM MCTOYHMK 3ByKa, HAIpHMeED THIIYIIAs MAIIUHKa, CO3aeT UMITYJIbCHBIH IIyM, TO
Jy4Ille BCETO MOIBITAThCS MOBBICUTH YPOBEHb (DOHA, KOTOPBIH OYAET AeCTBOBATh KAK MaCKUPOBKA,
YAaCTUYHO YMEHbIIIasl pa3apaxkaroliee JeUCTBUE CTyKa. B 00BIYHOM yUpEeKACHHU CO CPEIHUM YPOBHEM
¢donoBoro myma 50 1BA, HO Py HATTMYUU UMITYJBCHBIX ITYMOB OT MUIIYIIMX MAIIMHOK, CTyKa
KapTOTEYHBIX SIIUKOB, 3ByKa POHSACMBIX Ha MOJI IPEIMETOB IIYMOBOM KIIMMAT MOXKET OKa3aThCs XyKe,
4YeM B IIOJJOOHOM K€ YUpEKIECHHH ¢ ypoBHEM (GoHoBOTrO myma 55—60 nbA, 00yciioBIeHHBIM, CKaXKeM,
IIyMOM BEHTUJISIIHOHHON CUCTEMBI, HE HMEIOLIMM Pa3Ipakarolero XapaKkrepa.

NneanbHbIM yCTIOBHEM B KOHTOPCKOM MTOMEIICHUU CIEAYET CUMTATh OY€Hb HU3KHI YPOBEHb
peBepOepalyu, 4To JOCTUTAETCSl YCTAHOBKOHW aKyCTHYECKOTO MOTOIKA M MCIIOJIb30BAaHHEM KOBPOBBIX
MMOKPBITUIA Ha TOJTY; YMEHBIIIEHUE e 00IIEro ypoBHs (POHA MOKHO KOMIICHCUPOBATh MACKUPOBKOH,
CO3/1aBa€MOM, HaIpUMEP, IIIYMOM BEHTUJILIMOHHON cucTeMbl. THOT1a OKa3bIBaJIOCh AaXe
HEO0OXOIUMBIM UCKYCCTBEHHO CO3/1aBaTh MACKUPYIOIIUH IITyM ITyTEM ITPOUTPHIBAHKS MAarHUTO(POHHBIX
3amuceid 100 ¢ MOMOIIBIO JIEKTPOHHOTO TeHepaTopa mryMa. Takue MeponpusTrs 0COOCHHO BaXKHBI

B OOJIBIIIMX KOHTOPCKHUX MOMEIIECHUSAX OTKPHITOHN MIIAHUPOBKH, TI€ OJJTHOBPEMEHHO B OJTHOM MTOMEIIECHUHN
pabotaet 10 200 "yenoBeK.

J1o cux mop Mbl FOBOPHIJIM TOJIBKO O PYKOBOSIIMX YKA3aHUSAX U PEKOMEHIALUAX. A CYIIECTBYIOT JIU
3aKOHBI, OTHOCSAIIMECS K IyMy? Kak HU yTUBUTEIBHO, 3aKOH MOT BMEILIMBATHCS B BOIPOCHI LTYMHOCTH
YK€ ¢ JaBHUX MO, 330Jr0 710 TOro, KaK OblI 33yMaH 3aKOH O CHH)KEHHH Iryma. Jleso B TOM, 4To,
rOBOPs FOPUIUYECKUM SI3bIKOM, CO3/1aHUE IIIyMa MOXKHO PaclieHUBaTh Kak JEHCTBHE, IPUBOJIALIEE K
HapYIICHUIO ITOKOS TPaXkJaH, a 3TO JIEHCTBHUE, COTJIACHO 3aKOHY, MOKET PACCMATPUBATHCS B U3BECTHOM
Mepe Kak npectyruieHue. CyIiecTBYIOT pa3Hble TUIIBI HAPYIICHUS [TOKOs I'pak[aH: HapyIlIeHUe
00IIeCTBEHHOT 0 TOPSIIKA, HaKa3yeMoe HapylIeHne 00IIEeCTBEHHOTO MOPSIKa U HapyIICHUE MTOKOS
YaCTHOTO JIMLA; 3TU TUIIbl COBEPIIEHHO Pa3Iuy4Hbl. TOYHBIX ONpPENEIEHUI KaKA0ro U3 HUX He
CYILLECTBYET, HO /Ul MPAKTUYECKUX LEIEH MOYKHO MOJIb30BAThCSl CJICTYIOIMMU:

1. Hapymienue o011ecTBEHHOTO MOPsIKa — CO37jaHne OECIIOKONCTBA WIIM OTIACHOCTH JISI HACETICHHS.

2. HakazyeMoe HapyIiieHHe 00IIECTBEHHOTO MOPsIIKa — HapyIIeHUE, PeciieyeMOoe 10 3aKOHY.



3. HapyieHue mokost 4aCTHOTO JIMIIa — [OMeXa JPYromy JIMIY B OJ30BAaHUU UM CBOUM 3€MEJIbHBIM
Y4acCTKOM.

IlepBble nBa TUIIA HAPYIIEHUH OTHOCATCA K paspsiay IPECTYIUICHUHN, TPEThe — 3TO IPAKIAHCKOE
IIPaBOHAPYLIEHHUE, 110 IOBOLY KOTOPOI'0 MOCTPAJABIINI MOXKET OOPAaTUThCS B IPaXKJaHCKHH Cy/I.
HauaTp nenno no noBoy HapymeHHust OOLIECTBEHHOTO MOPSIKA MOXKET TOJIBKO I'€HEpaJIbHbIHI
artopHei[21], u, XOTsI OH MOXET CaMOCTOSATENIBHO MPEaTh Cyly HAPYIIUTEIs, OH OOBIYHO 00pamaeTcs
B Bricokuii cyn[22] 3a cOOTBETCTBYIOIIMM MPEAUCAHUEM.

Co3znanue mrymMa noAXoIuT MO/ BCE TPY Ha3BaHHBIX THUIA HapylieHui. [lockonpky HapymeHue
0OIIECTBEHHOTO MOPAJKA €CTh MPECTYIUICHHUE, a HApYLLIEHUE ITOKOS YaCTHOTO JIMIA TAKOBBIM HE
ABJIIETCS, BAXXHO YCTAHOBUTH paszianune Mexny HUMH. Cyabs anelUIIMUOHHOTO cyAa /JJeHHUHT cka3ai:
«Krnaccuyeckoe onpesenenye pa3inyus 3aKI04aeTcs B TOM, YTO HapyIICHUE MOPsIKa 3aTparuBaeT
uHTepechl noanaHHbx Ee BennuecTBa BooO11Ie, a HapyllleHHEe MOKOSl YaCTHOT'O JIMIA 3aTparuBaeT
MHTEPECHI TOJIbKO OTNIEIbHBIX JULl. Ho 3TO HE 0ueHb momoraeT pa3odpathes B cymiecTBe npodiaemsl. Ha
BO-TIPOC, KAKOE YMCIIO UHIMBHIYYMOB CJIEyeT yXKe cuuTaTh noaganHsiMu Ee Benudecta BooOe,
OTBETUTH HE JIerye, YeM Ha BOMPOC, KAaKOW BEJIMUMHBI IpyIIa rpaxjaaH oopasyet toimy... [loatomy s
YKJIOHSIFOCh OT OTBETA Ha 3TOT BOIPOC... S mpeArnounTaro oOpaTUThCS K IPUYMHAM SIBIICHUS U CKa3aTh,
YTO MOJ] HapylIEeHUEM OOIIECTBEHHOTO OPsAKa HYKHO MOHUMATh TaKOE€ HapyILIEHUE TOKOS IPaXKaaH,
KOTOpPOE UMEET CTOJb IIUPOKOE PaCIPOCTPAHEHNE U 110 CBOEMY JI€HCTBUIO HOCUT CTOJIb OTYJIbHBIN
XapakTep, 4To ObUTO Obl HEPA3yMHO OXKUAATh, YTO OTIEIBHOE JIULO MPEATPUMET CAMOCTOSITEIEHO
cynebHoe J1eno U 100beTCs MPEeKpalleHns: HApyIICHNH, U TIO9TOMY TaKHue MEPhI T0JKHBI ObITh
OCYIIECTBIICHBI BCEM OOIIIECTBOM).

st Bo30ykaeHus cyaeOHoro emna Heo0X0IMMO, 9YTOOBI HATTMYECTBOBAN YIIepO, XOTs Obl OH
3aKJIFOYAJICS TOJBKO B HAPYIICHUH OJIArOMPUSATHBIX YCIOBHI MPOXKUBaHUS UCTHA y cebs B mome. Korna
HapYIICHUE CBS3aHO C IITYMOM, 32 OCHOBY IIPUHUMAETCS TIOMeXa JTUIHOMY KoM(popTy rpakaad. OHa
JIOJIKHA OBITh CYIIECTBEHHOM.

Yro KacaeTcst HaKa3yeMOro HapyIIeHus: O0IIEeCTBEHHOI O MOPSIIKa, TO, COTIACHO 3aKOHY O CHH)KEHUH
nryma ot 1960 r., oHO OTHOCHUTCA K KOMIIETeHIIUHU 3akoHa 1936 1. 0 HapoJHOM 3/1paBOOXpaHEHUH.
BrnpoueMm 3akoH 0 CHHKEHHU IIyMa TeNeph MepeKphIBacTCs 3aKOHOM O KOHTPOJIE HaJl 3arps3HEHUEM
OKpy’Karomiei cpeast ot 1974 r., KOTOPBIi, BBEJSI HEKOTOPBIE HOBBIEC PAIUKAIBHBIC TIOJIO0KEHNUS,
pacupsieT nmpaBa MECTHBIX BiacTell B 00phOe ¢ Haka3yeMbIMH HapYIIEHUSIMHU OOIIECTBEHHOTO
nopsiika. Tak, B 0053aHHOCTh MECTHBIX BJIACTEH BXOAHWT MHCIIEKTUPOBAHHE MTOIBEIOMCTBEHHOTO UM
paifoHa ¢ 1esIbl0 OOHApYKEHHS CITydaeB, KOrja He0OX0AMMO NMPUHATH MEpPhI IPOTHB ITYMOBOT'O
3arpsi3HEHUS; €CITH MTOCIIe KOMaHANPOBKH Ha MECTO HapyIICHHUs O(PHUIMATBHOTO JIMIIAa — WHCIIEKTOpa
3JIpaBOOXPAaHEHMs WIM YMHOBHUKA YTIPABJICHUS IO OXPaHE OKPYXKAIOLIEH cpesibl — BIacTu
yOeXKIAI0TCs B CYIIECTBOBAHUH ITYMOBOTO 3arpsi3HEHUS], OHH JJOJDKHBI BPYYUTh BHHOBHUKY
odununansHoe nmocraHosiaeHue. [locneaHee MoOXeT MPOCTO coAepKaTh TpeOOBaHUE O CHIDKEHUH LITyMa
1100 yKa3aTh MEPOIPUSATHS, KOTOPBIE JIJIsl TOM IIETTH TOJKHBI OBITH OCYIIECTBICHBI. HeBbIoTHEHIE
TpeOOBaHUI pacCMaTPUBAETCS KaK MpaBOHAPYIIEHHUE; TOTa JIeJI0 MepelacTcsi MUPOBOMY CYIIbE,
KOTOPBI BO30YXk1aeT cy1eOHOe J1eJ10 MPOTUB JIMLA, OJYYUBILIET0 NpeAyNpexIeHre. MecTHbIE BIaCTH
Terneps 0oJiee He JOJKHBI 0KUIATh O(HUIIMATIBLHOTO MPEANUCAHUS OT MUPOBOTO CYAbH. Jle10 MoXKeT
OBITh HA4YaTO B MUPOBOM CYZI€, HECMOTPSI HA HAMEPEHUE OTBETUMKA OCIIOPUTH IIOCTAHOBJIEHUE, HA UTO
naetcsi cpok B 21 nenb. B kauecTBe HakazaHus Hanaraercs mwrpag B pazmepe 200 GpyHTOB cTepIUHIOB
3a mepBoe npaBoHapyiieHue (3a nocienyronme — 400 GpynaToB) mtoc 50 GyHTOB 3a KaK/IbIi ICHb,

B TEUCHHE KOTOPOTO HAPYIIEHHE MPOI0JIKaI0Ch. OTHO U3 NOJI0KEHUHN, OTIMYAONINX HOBBIN 3aKOH O
CHIDKEHHMHM LIyMa OT CTaporo, IJIacUT, YTO KaX/bli KBAPTUPOCHEMILUK UMEET IPAaBO IPUHOCUTB 5Kaio00y
HETIOCPEICTBEHHO B MUPOBOH CY/I, €CJIM OH UCTIBITHIBACT HEYAOOCTBO OT IIyMa, XOTS CyJl M HE 00s13aH
Ha OCHOBE 3TOr0 BO30YAUTH Aeio. J[pyroe u3sMeHeHue 3aKI04aeTcs B TOM, YTO HallMOHATU3UPOBAaHHbIE
OTpAaciy MPOMBIIIUIEHHOCTH, HECKOJIBKO MPauyHO UMEHYEMbIE Ha IOPHIUIECKOM S3BIKE
«yCTaHOBJICHHBIMH TI0 3aKOHY TpoOoBIIMKamMu[23]», He 0cBOOOKAaI0TCS 00JIee OT OTBETCTBEHHOCTH T10
CyIy 3a HaKa3zyeMoe HapylIeHHe OOIIECTBEHHOTO MOPsIKa.
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A KaKoOBBI CpEJCTBA 3aIIMUTHI y OTBETYMKA? UTO MOKHO NIPEANPHUHSATH, COBEPIINB IPAaBOHAPYLIEHUE U
okazaBuuch o cynoM? [IpaBunibHOM JIMHUEH 3a1UThI OyIET MOMBITKA TOKA3aTh, YTO
MHKPUMHUHHpYEMOE JIeicTBHE BOOOIIE HE SBISETCS HAPYIIEHUEM MTOKOS Tpa)aaH, 1100, eciu U
SIBIISICTCS, IPUHAIJICIKUT K IPYrOMY THITY: TaK, IPU OOBUHEHUU B COBEPIIICHUH aKTa HAPYIIICHUS MTOKOS
IpaKJaH MOHO B KQUE€CTBE ONPAaBJaHUs IOKA3bIBaTh, UTO €T0 CIENYET PACLIEHUBATh TOJIBKO Kak
HApYIICHUE TTOKOSI YaCTHOTO JIHIa. B ciydae 0OBUHEHHS B COBEPIIICHHH HAKa3yeMOTO HAPYIICHUS
0OIIECTBEHHOTO MOPAIKAa MOKHO MOTUBHUPOBATH 3aIIUTY TEM, YTO OBLIM MPEATPUHSTHI BCE
MPAKTUYECKU BO3MOKHBIE MEPBI JJIS1 IPEIOTBPALLEHHUS IIIyMa U IPOTUBOAECHCTBUS €r0 BIUSHHUIO.
MO0>KHO BBIABUHYTH €111€ OJUH-APYTOl ONpaBAaTENbHbIA APIYMEHT, OJTHAKO, KOrAa peyb UAET O
HAPYIICHUU TIOKOS, BCe OHH OyyT MajoyMecTHbl. OJIMH U3 TaKUX apryMEHTOB— 3TO YTBEPKICHUE,
YTO MOJIOKEHUE JEJ HEJIb351 UCITPABUTh HUKAKUMU BO3MOKHBIMU MEPAMMU.

CymecTBYIOT J1Ba OCHOBHBIX CTIOc00a OOphOBI ¢ HApyIIEHHUEM MTOKOs TPak[aH, OIMH U3 KOTOPBIX, KaK
HU CTPAHHO, HE CBSI3aH C CyAeOHBIM pa3ouparenscTBoM. CTaBIIN )KEPTBOU HAPYIICHHUSI TIOKOS MOKET
B35ITh 3aKOH B COOCTBEHHBIC PYKH M OCYIIIECTBUTH CBOE TIPaBO Ha 00phOY ¢ HapymieHneM. Tak, eciu
coceJl HapylllaeT Balll TIOKOH, HAIIPUMEP YCTaHOBUB LIYMHBIA BEHTWIATOP B CTEHE JJOMA, BBl MOXKETE
MPOCTO BOWTH HA €T0 TEPPUTOPHUIO U 3aKIIMHUTH BEHTHIISITOP, €CIIH €T0 IIyM JCHCTBUTEIHLHO OBLT
HEBBIHOCHUM. OHHaKO HO[[O6HO€ HeﬁCTBHG HUKAaK HCJIb3s PCKOMCHIA0BATD, 100 MOCJIE HETO BEI
0€3yCIIOBHO TOTepsieTe MPaBo BO30OYAUTH JIEJI0 B CYJIE.

OOBIYHO UAYT IPYTHM IYTEM: CICIYET MOJIYIUTh COOTBETCTBYIOIIEE CYyIeOHOE MPEIITUCaHue,
3anpeniarolnee CoOBepIIaTh WK MPOI0JDKATh HEIIPABOMEPHOE JEHCTBUE WITH, HA000POT, Oe3/1eiCTBHE.
HeBpInoHeHWE TaKOTO PENICHUST TPUBOIUT K TIOPEMHOMY 3aKJIfO4eHuI0. [Ipennucanue He BbIIaeTcs,
€CJIM TIPUYUHSAEMBIH yiepd HEeCYIIECTBEH WM €CJIM OKA3BIBAETCS, YTO ITO MPEIMHUCAHIE UMEET
MPUTECHSIOIIUE XapaKTep A1 OTBETYMKA. 3a4aCTyIO TOJ00HOE TPEANICAHIE COTTPOBOKIACTCS
MPHUCYKICHUEM KOMIICHCAIINH 32 YOBITKH; B CIIy4asiX, KOTJa XOAaTaliCTBO O BbIJIa4ye MOCTAHOBICHUS
COIPOBOXKIAIOCH TPOCKOOH O BOZMEIICHUH YOBITKOB, OHO MOKET OBITh BBIZJAHO CYIOM TpadCcTBa; MpH
3TOM HET HEOOXOAMMOCTH OOpaiaThcs B Beicokuii cy.

3aKO0H 0 KOHTPOJIE HaJl 3arps3HEHUEM OKPY’KaIOIIeH Cpe/ibl He TOJIBKO cielan 6osee 5KeCTKUMH 3aKOHbI
0 IIyMe KaK HaKa3yeMOM HapyIIeHUU OOILIECTBEHHOTO MOPSJIKa, HO U CHEIHAIbHO TOCTABHII BOIPOC O
IIyMax Ha CTPOUTENbCTBE. PyKOBOACTBYACh BpUTaHCKMM KOAEKCOM MPaBUII 110 CTPOUTEIBHBIM IIyMaM,
MECTHBIE BJIACTH YK€ Ha HauaJIbHOM ATare MOTYT BBICTYNUTD C MPEAYNPEXKICHUEM, B KOTOPOM OyeT
YCTaHOBJIEH HE TOJIBKO MPEJCIbHBII YPOBEHb IIIyMa, HO U YKa3aHbl OTPaHUYEHUS, CBSI3aHHBIE

C IPUMEHEHNEM TEX WIM UHBIX BUJ0B MEXaHU3MOB, U OTPAHUYEHHMS HA BPEMs IHs, B TEUEHHE KOTOPOro
MOTYT MPOU3BOAUTHCS paboThL. [loapsaunk uMeeT mpaBo 00KaloBaTh JAHHOE MPEIyPEkKICHUE

B MHPOBOM CY/I€, IPUYEM HAWITYUIIUM TaKTUYECKHM XOJIOM B 3TOM cllydae Takxke Oyner
JI0Ka3aTeNbCTBO TOIO, YTO OH YK€ IPUHSJ BCE BO3MOYKHBIE MEPHI 10 YMEHBILIEHUIO IIyMa.

B otnnuue oT TpaauIIMOHHOMN NMPaKTHKH UCIIOIB30BaHUS 3aKOHOB 10 O0ph0E C TEMU UM HHBIMU
YaCTHBIMU HapYyIIEHUSIMU 3aKOH O KOHTPOJIE HaJl 3arps3HEHUEM OKpYXKAIOIIEeH cpebl COAEPKUT OHO
pasvKaJbHO HOBOE MOJIOXKEHUE. DTO KOHLENINS 30H CHU)KEHHUS LITyMa, IT03BOJISIIOLIAasi MECTHBIM
BJIACTAM, BEJIAIOIIUM y4aCTKaMU TEPPUTOPHH, HA KOTOPBIX OOLIMH IIyMOBOH (hOH aHOMAJIBHO BBICOK

B pe3yJIbTaTe JeHCTBUS OONBLIOrO YHUCIIA NPEANPUATHIA, TPEAYIPEAUT YXYALICHUE CUTYAIUU, C TEM
4TOOBI B JJAJIbHEHIIEM TOOUTHCS yIyUIlIeHUs MOJI0KEeHUs. BiacTu npou3BoIsAT U3MepeHHe IyMa,
C03/1aBa€MOr0 KaXJIbIM U3 NPEANPUATHI Ha TEPPUTOPUH, OOBABICHHOM 30HON CHIDKEeHHUs 1yma. [locne
3TOT0 BCSIKOE MIPEBBIIIEHHE 3apETUCTPUPOBAHHOTO YPOBHsI OyJeT CUMTAThCs IpaBOHapyleHueM. boiee
TOT'O, BJIACTH UMEIOT IIPAaBO IPHUHATH [IOCTAHOBICHNUE O CHU)KCHUH 1IIyMa, €CJIM YMEHBIIECHUE
3aperucTPUPOBAHHBIX YPOBHEH MpecTaBiseTcs ocylecTBUMbIM. [Ipu 3TOM He Tpebyercs
yCTaHaBIMBATh (PAKT HAPYIICHUS IMOKOsI rpaxkaad. [Ipenmnpusarue momydaeT Cpok, 0 MEHbIIEH Mepe

B IIECTh MECSALEB, JUIs BBINOJIHEHUs TPeOOBaHUI O CHHKEHUH IIyMa U, pa3yMeeTcsl, UMeeT IPaBo
arneyuIMpoBaTh K MUpoBOMY cyay. (Ha Moit B3risia, MUPOBBIM CyIbsSIM HE MEIIalio ObI 003aBECTHCH ITOM
KHIDKKOM!)



Hakonen, moMrMO OATBEPKICHHUS 3aKOHOIATENILCTBA, KACAIOIIETOCS TAKMX BOIIPOCOB, KaK
UCTIOJIb30BaHUE TPOMKOTOBOPHUTENICH Ha yIUIaX, 3aKOH JaeT MUHUCTPY IIPABO OrpPaHUYUBATH YPOBEHb
IIyMa, CO3/1aBaeMOr0 MEXaHM3MaMH, PACIOJIOKCHHBIMHU BHE NPEINPUATHH, HAIPUMEp Ha
CTPOMTENBHBIX IUIONaIKax. HacTosmmii 3aK0H He pacpOoCTPaHAETCs Ha IIIyM MOTOPHU30BAaHHOTO
TPAHCIIOPTa, OTHOCUTEIFHO KOTOPOTO JIEHCTBYIOT MpaBmia oT 1969 r. o mpou3BOACTBE M HKCILTyaTallUH
MOTOPHU30BAHHBIX CPEACTB TPAHCIIOPTA. DTH MPaBUIIA YCTAHABIMBAIOT MPEICIbHbBIC 3HAUYCHUS [T
IIyMa, CO3/1aBa€MOT0 BHOBb BBIITYCKA€MBIMH CPEICTBAMU TPAHCIOPTA: JIETKOBBIMU U IPY30BBIMH
aBTOMAIIMHAMH U MOTOLMKJIAMH, — a TaK)Ke HECKOJIBKO MOBBIIIEHHBIE TPEACTIbHBIC 3HAUCHUS IS yKe
UCTIONIB3YEeMBIX CpeACTB TpaHcnopTa. K coxkaneHuro, MoauIus He UIMEeT HU BPEMEHH, HU OXOTHI
3aHUMAThCS MIPOBEJICHUEM B KH3Hb STHX MPABUIL, TAK YTO B Cy/I€ BO30YXK/IA€TCsI HUYTOKHO MaJioe
YHCIIO JIeJT O TIPEBBILICHUN YPOBHS IryMa. [IpaBuiia okazannuce moje3HbIME B TOM OTHOILCHHUH, YTO OHU
o0y IMIIN U3TOTOBUTENEH yCTaHABIMBATh Oosee 3 PEeKTUBHBIE CUCTEMBI BBIXJIONA HA BBIITYCKAEMBIX
UMM aBTOMOOWIX. Terepp ciesoBano Obl IPEANPUHATD U HOBBIC IIATH K TIOHIKESHUIO JTOMTYCTHMBIX
YPOBHEH IIyMa, OJJTHAKO B ’TOM OTHOIICHWU AHIIINS 3aBUCUT OT OOILETo phIHKA.

Ha tpancnopTHbIE ITyMBI paclipoCTpaHseTcs, BIpoUeM, 3aKOH O TOCYIapCTBEHHON KOMIICHCALIUU OT
1973 ., coryiacHO KOTOPOMY YITpaBJCHUS JOPOT 00s3aHBI OTUIAYNBATh CTOUMOCTh 3BYKOU3OJISIINN
JIOMOB OT IITyMa, BO3HUKAIOIIETO MPH BBEJICHUN B AKCIUTYyaTAIIMIO HOBBIX U YIYYIIEHHBIX JOPOT.
Kputepuii, ycTaHaBIMBAIOMINIA, U30JIUPOBAHBI JIU JOMa OT TPAHCIIOPTHOTO IIIyMa UJIU HET,
OTIpeJIeNIAeTCs TEM, IPEBBIIIAET JIM 3HaueHue L1g ypoBeHb 68 1bA npu ycpeaHenuu mryma 3a 18 u (c
06.00 o 24.00).

CyliecTBYIOT U ApyTrHe MpaBuia, IPeIyCMaTPUBAIOLINE BBIIIATH CYOCUANN AJIs yIyqllIeHUs
3BYKOM3OJISIIIMY JIUIAM, TTPOKUBAIONIUM BOJIM3HM a3pONOPTOB TUIIA XUTPOY, I 3TBUK 1 MaHUYecTepcKoro.
B »THX ciy4asx omia4yMBacMble MEPOIIPHUATHS IO 3BYKOU30JISALUH 3aKII0OYAIOTCS B YCTAHOBKE
3BYKOM3O0JIMPYIOLUX JIBOMHBIX OKOHHBIX paM U BEHTWIALIMOHHBIX YCTPONCTB, KOTOPBIE IPOCKTUPYIOTCS
TaKuM 00pa3zoM, YTO MPOITyCKAIOT HAPYKHBIN BO3/1yX, HO CHUKAIOT YPOBEHbB I1yMa, IPOHUKAIOIIET O

B IIOMEILEHUE CHAPYKU.

HauGonpinit mpoGesn B 3aKOHOAATEIBCTBE O TyMaX— 00JIaCTh MPOU3BOACTBEHHBIX LITYMOB; 3TO
napajiokcaibHO, IOTOMY UTO NMpodeccruoHaIbHOe 3a00eBaHne — (PU3MUECKOe MOBPEKICHUE cliyXa Yy
COTEH ThICSY JIOJICH, 3aHATHIX HA POU3BOACTBE, — ropaszio Oosiee cepbe3Has npodiema, 4em
HapyIIeHUEe MOKOs TpakJaH Ype3MepHBIM nryMmoM. Koieke mpaBuil 1o yMEHBIIICHHUIO 0361 IITyMa,
MOJTy4aeMoil pabOoTaoIMMHK IO HaiiMy, O KOTOPOM IIIjIa pedb B TJ1. 5, ObII ONMyOJMKOBaH TOJIBKO B 1972
r. XOTs MMOCTAaHOBJICHHUS 3aBOJICKOTO 3aKOHOAATENbCTBA OT 1961 r. OB JOCTATOYHO MIMPOKH, TAK UTO
3aBOJICKHE MHCIIEKTOPHI MOTJIM BO30YXJaTh Jiefla O BPETHOM BO3/IEHCTBHHU IIIyMa, OHU HUKOT/1a He
M0JIb30BAJIUCH CBOMM IIPABOM, YACTUYHO U3 OIIACEHUs IPOUIPATh JIEJI0 U TEM CaMbIM CO3/1aTh
HE)KeJIaTeNbHbIN npeneaeHT. [IpencraBiseTcs, 4To NpUIKUCcaTh OCIa0JIeHUE cIyXa 03¢ IIyMa,
MOJIy4€HHOM 4eJI0OBEKOM Ha padoTe, OKa3bIBAJIOCh 3aTPYAHUTEIIBHBIM BBUY OTCYTCTBUS
COOTBETCTBYIOIIHNX JOKYMEHTAJIBHBIX JAaHHBIX; OTPOMHOCTB K€ TIOCJIEJICTBUIA PU3HAHKS caMoro (akTa
nyrana BiacTi. CaMu jKepTBbI CUMTAIM TITyXOTY €CTECTBEHHBIM PE3YJIbTaTOM XKHU3HH, CBI3aHHON

¢ paboTOM B IIyMHOM OTpaciy NPOMBIIUIEHHOCTH. B 1974 r. Ob11 npuHsT 3aK0H 00 OXpaHe 310pOBbs U
0 0e30MacHOCTH TPYAA, XOTSI BOIPOCHI IIIyMa B HEM CHEIHMAJIbHO U HE OroBapuBaignck. OHAKO B 7TOM
3aKOHE CKa3aHO, YTO 0053aHHOCTHIO KAXKIOTO MPEATNPHHUMATEIS SBISIETCS TaKast TIOCTAaHOBKA Jieia Ha
IPOM3BOJICTBE, KOTOPAsl B IIpeJesiaX pa3yMHON BO3MOXKHOCTH 00€CIIEUnBAEeT OTCYTCTBUE pUCKa
3I0POBBIO U OE30MAaCHOCTH IS JIUL, paOOTAIONINX y HETO 10 HalMYy.

AHaOrHYHBIM 00pa30M OTrOBapUBAETCS 00S3aHHOCTH MPENNTPUHUMATENS B Pa3yMHBIX BO3MOKHBIX
mpejesaax Tak MPOSKTHPOBATh U M3TOTOBIIATH MPOAYKIIMIO, YTOOBI TaKOBast ObliIa Oe30macHa M He
MIPEJICTaBIIsIa PUCKA JIJIS 3J0POBbsI MPH MPABUILHOM €€ UCTIONB30BaHUU. XOTS 371eCh IITyM CIIEIUAIBHO
U HE YIIOMHHAETCsI, 0€3 COMHEHHUsI, COXPAHEHHUE CITyXa YeJIOBEeKa TaK jK€ BaXKHO, KaK, CKaKeM,
0€e30MacHOCTh MAJILIIEB.

Bripouewm, Kak ¥ B CiTy4asx HapyIICHUS TOKOS TpakKaaH, Ha padoTe Jrydlle BCEro ONUpaThCs Ha
00BIYHOE MPABO, CCHUIASACH HA MYHKT O HEOPEKHOCTH, SIBUBIIEHCS NpUYMHON yiiepOa. Takas



HEOPEKHOCTh CUUTAETCS TIPAaBOHAPYIICHUEM B TOM K€ Mepe, KaK ¥ HapyIlIeHUE MTOKOS TpaXKIaH, U
MIO3TOMY €€ OIpe/IesIeHUe HEOCTATOYHO TOYHO, «...yITyIIEHHE B COBEPIIEHUH YeT0-Tu00, YTO
OJaropa3yMHBIH YeJIOBEK, PYKOBOJIUMBIH COOOPAKECHUSIMHU, KOTOPhIE OOBIYHO HEOOXOAMMBI ITPH
BEJICHUU JIEJI, COBEPIIII ObI, HJI COBEPIICHUE YeT0-TN00, YTO OJIaropa3yMHbI U OCTOPOXKHBIIN YEIIOBEK
He coBepuIii 0b»[24], — BOT OJIHA M3 MOMBITOK OMpPEIe/ICH . BhITh MOXKET, HAUTYUIIUI BapUaHT ObLT
NPEJUI0KEH OHUM HOBO3EIAaHACKUM CYJbei, KOTOPbIA chopMyarpoBai npolIeMy CIeayromnumM
obpazom:

a) KaKue OMacHOCTHU JAOJHKEH ObLI Obl MpeABUIETh (OTBETUHK), TPOSBISIONINN pa3yMHYIO CTETIEHb
IIPEyCMOTPUTEIBHOCTH ?

0) KaKue Mephl JOJKHBI ObI OBITH (EMY) U3BECTHBI B YCIIOBUSAX pa3yMHOM 3a00ThI ¥ TIPU HATUYUHU
001IIEeTOCTYITHBIX CBEACHUI?

B) OBLIN JIM MEPHI, 0 KOTOPBIX (OH) OJDKEH OBLT 3HATH, IPOTHUB ONACHOCTH, KOTOPYIO (OH) TOJDKEH OBLI
IPEyCMOTPETh, TAKOBBI, UTO JaBajii (eMy) IPaBO OTBEPTHYTh UX KaK YPE3MEPHO JIOPOTHE U
XJIOIIOTHBIE ISl IPUMEHEHUS?

CymiecTByeT BaXXHBIH IMyHKT, OTPAaHUYHUBAIONINI BO3MOKHOCTH BO30OYIUTH CyIe0HOE TIPECiIeIOBaHUE 3a
HeOpexHocTh. CorjaacHO aHTTTUIHCKOMY 3aKOHOIaTeIbCTBY, MPEANOCHUIKON K OTBETCTBEHHOCTH 3a
JIOTTYIIICHHYIO HEOPEKHOCTh CIYKUT HATUUNE 005A3AHHOCMU CO CTOPOHBI JINIA, OMYCTHBILETO
HEOPEKHOCTh, MPOSIBUTH 3a00Ty 0 MOCcTpaaaBiieii cropone. OnpeaeneHue YCIOBHiA, TPU KOTOPBIX TaKas
0053aHHOCTh UMEET MECTO, HACTOJIBKO K€ PACILIBIBUATO, KAK U BCE JPYTUE ONPEAEIICHUS; OJTHAKO
CYILECTBYIOT MPEIEICHThI, HA OCHOBE KOTOPBIX B UMCJIO B3aMMOOTHOIICHUM, KOTJ1a TaKasi 00S3aHHOCTh
BO3HUKAET, BKJIIOYAIOTCS OTHOILIEHHUS Bpaya U MalMEHTa, YICHUKA U YUUTENs], IOBEPEHHOIO U KIMEHTA,
OJIHOTO JIULIA, TIOJIB3YIOIIErocs TOPOTOl, U APYroro, TAKKe MOJIB3YIOUIETOCs €10, X0351MHA U CITyTH
(apxanveckue TepMUHBI I paboTomaTelNs ¥ Caykamiero). Ham moaxoauT mocie ol IyHKT 3TOTO
MIEePEUNCIICHHUS.

[TepBoe meno Takoro poja, BEIUrpaHHoe B cy/e[25], Obu10 ckoM 00pyOInKa rpeOHbIX BUHTOB,
KOTOpPBIN CTpajiaji OT Ype3MEPHOro IymMa B TeueHue psja jer. Korja ucren nocTynuil Ha 1aHHYO
paboty B 1957 r., cityX ero He UMeN OTKIIOHEHUH oT HOpMBI. OH paboTtan B 00pyOOYHOM 1eXe Ha
npolieccax, BKIOYaBIINX (PaCOHUPOBaHKUE TPEOHBIX BUHTOB U3 MapraHIeBOM OpOH3bI IPU TOMOIIH
IHEBMaTH4ecKUX 3youi. Ilo ero cioBam, Korja OH BIEpBbIE BOLIEN B II€X, IIyM MEepenyraji ero 10
MIOJTYCMEPTH; IPYTOi CBUJETENh TOBOPHJI, YTO IIIYM «TPAHUYMI ¢ OOJIEBBIM mMoporom». B 1957 r.
OTBETUMK pacrosaraji IByMs pa3MepaMi YIIHBIX 3arIylIE€K BMECTO IIATH WIH, BO3MOXKHO, CEMH, U
BbIOOD pa3zMepa OblI peiocTaBiieH UcTiy. [yt Toro 4toOb! yiiHas 3ariayuika wid JJ00i Apyroil tum
YIIHOT'O IPOTEKTOpa obecreynBain 3QpPeKTUBHYIO 3aILUTY, OHU JTOJKHBI IPUXOJUTHCS [0 MEPKE; Kak
MPU3HAJ CY/IbsI, YTOOBI CO3/IaTh HEOOXOAMMYIO 3aIIUTY, BEIOODP MOIXOASIIEH 3arIyIku He JOIHKEH ObLT
IPEJOCTaBIATHCS CaMOMY MOCTpaAaBIIeMy; JIs 3TOro TpedoBagach Kakas-1100 GopMa KOHTPOIS,
HaIpUMep CO CTOPOHBI MEIULIMHCKON CECTPBI WM MTyHKTA 1epBoil momomuu. Cynbsa 00bsIBII O€3 KaKUX-
1100 KoseOaHMi, 4YTO OTBETYHMK HAPYIINJI CBOIO 00S3aHHOCTh OKA3bIBaTh PasyMHYIO 3a00Ty. OTBETUHK
IIPU3HAJL, YTO MpUMEPHO ¢ 1968 1. OH JOmKEeH ObLT ObI MPEAOCTABIATh PpAOOYNM BMECTO YIITHBIX
3ariylieK MPOTEKTOPHI B BUJE HAYIIHUKOB.

OTBeTYMK MPOUTPATI IEJI0, TAK KaK HE CMOT IIPEICTaBUTh HUKAKUX JOKA3aTeIbCTB TOTO, YTO OH
HPOSIBIISUT BHUMaHKE 110 OTHOLICHHUIO K IPOOJIeMe YpE3MEPHOTO IIyMa Ha 3aBOJIC; B PE3YJIbTATE CYIbs
c4esl HeOOXOAMMBIM BBIHECTH 3aK/IIOUEHHE, YTO OTBETYMK HE MPOSIBUII B TaHHOM CIIy4yae J0CTaTOYHOMN
3a00ThI 0 paboUMX W HAPYIINUI CBOIO 00S3aHHOCTH, HE MPEAOCTABUB PAOOYUM HAyITHUKOB. OTBETUHK
yTBEp:KJall, 4To, AaXKe ec Obl OH MPEeAOCTaBUII TEpCOHATy HAyIIHUKU B 1957 1., ucTel Bce paBHO HE
ctan Obl UX HOCUTH. B OTBET Ha 3TO aABOKAT MCTLIA MYZIPO 3aMETHJI, UTO B 00SI3aHHOCTh OTBETYHKA
BXOMJIO IPEANPUHATH TaKUe ATy Mo Npornarat/ie U yoexIeHu0, KOTopble Obl 00eCTIeYHTN HOILIEHUE
HAYIIHUKOB, a Cy/bsl PU3HAJ, YTO, Oy/b COOTBETCTBYIOIIAs] KAMIIAHU 110 IIpOoNaraHije NpoBeeHa,
uctel He Ol ObI B 1957 1. cTONIb HEpa3yMHBIM, UTOOBI OTKA3aThCsl OT HOLICHUS! HAyIIHUKOB. ETo
MUJIOCTh CY/bsl IPUCYINUI UCTIY KOMIIEHCalKIo B pa3Mepe 1250 pyHTOB cTEpIMHIOB U J00OABUJI, YTO
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ecyii OBbI TOT BO3OY/IWII JICJIO HA IATH JIT PaHbIlle, TO 1O MPOLEAYPHBIM IOPHIHYSCKAM IPHIUHAM
CyMMa KOMITEHCAIIMHU ObUTa OBbI BIBOE BBIIIIC.

PGSYJIBTEITLI 9TOro AfcJjia IIOKa3bIBarOT, 4TO B 00BIYHOM IpaBC UCKU O He6pe)KHOCTI/I OTHOCHUTCIIbHO IIyMa
MOT'YT CTaTh CTOJIb K€ YaCTbIMHU, KaK U UCKHU 110 HAPYIICHHIO ITOKOA IrpaKaiaH YpE3MCPHBIM LTYMOM.

[19] Dra opranusaiys 4acTo YIIOMHHAETCS B IUTepaType Mo coKkpaiieHHbIM Ha3Banuem MCO (ISO —
International Standards Organisation). — I1pum. peo.

[20] Peus uet, mo-BuAMMOMY, O KBAPTHPHBIX T'a30BBIX OTOMUTEIBHBIX cUCTEMaX. — [Ipum. peo.

[21] Beiciunii YHHOBHUK OPraHOB FOCTUIIMU B AHTJIMH, SBISIOIIUICS YWICHOM KaOMHETa MUHUCTPOB. —
Llpum. peo.

[22] Cyn mepBoit HHCTAHIIUY O TPAXKIAHCKUM JIeJIaM C FOPUCIUKIIMEH HAa TEPPUTOPHH BCEi
BenukoOpurtanuu. — [lpum. peo.

[23] Urpa cnoB: mo-anrnuiicku «undertaker) 3HAUUT U «IPEANIPUHUMATEIBY, U «TPOOOBIIMKY. —
Lpum. peo.

[24] [eno Bnaiita npotuB bupMunreMckoit BomonpoBoHoi kommanuu (1856 r.).

[25] demo Beppu npotuB MapraHiieBoit MOPCKOM KOMITAHUU

12. Kakoro 3arimyumeHuss MOKHO 100uThcsa? Kak
KOHCTPYMPOBATH MAJIOLIYMSIIME MEXaHU3MbI?

Kak koHCTpynpoBaTh MajgoUIyMsIue MEXaHu3Mbl? UTO HYy’KHO U3MEHUTH B KOHCTPYKLIUH, YTOOBI
YMEHBIIUTD UX OIyM?

MBI yke TO3HAaKOMMIIIKCH C TPEeMS dTalaMH CO3JaHus IIyMa: HCXOJHOE BO3MYIIIEHHE, €r0 YCUIICHUE U
BUJIOM3MEHEHHE, a TAKXKE U3ITyueHue 3ByKa. Eclin BbI HE cuMTaeTe, 4To TablieTKa aclprHa U3JICUUT Bac
OT HCIIPUATHOI'O OIIYHICHUA, BBI3BAHHOT'O I'BO3I€M, TOpYAalllUM U3 CUACHBA CTYyJIa, TO, KOI'1a pCub
IIOMJIET O LIyME, Bbl, KOHEUHO, Cpa3y M10AYMaeTe, HEJb3s JIU YCTPAHUTh UCXOJHOE BO3MYLIEHHUE?
Pazymeercs, 3T0 HamTydmmi Moaxo/1, HO 4acTo JIM MO>KHO MM BOCIIOJIb30BaThCA? Bo3pMeM, Hanmpumep,
HHSCHBHLIP’I ABHUTATECIIb. I/ICXOILHOG BO3MYHICHUC 3ACCHh — POCT AABJICHUA B KaMCPEC CropaHusi, HO BEAb
3TO U €CTh CaM MCTOYHHUK MOILIHOCTHU ABUTatenis. B TypOopeakTuBHOM JIBUraTelie CXKUTraHue TOproyero,
COIIPOBOXKIAEMOE IIIyMOM, — €IMHCTBEHHBIN CIIOCO0 cO3/aTh TpedyeMoe YCKOpeHHe ra3os,
HAIpPAaBJIEHHOE B CTOPOHY, OOpaTHYIO ABH>KEeHUIO. B MHeBMaTnueckoM nepgopaTope ImyM co31at0T
MMOBTOPSAIOIINECCA YAapbl HAKOHCYHUKA 3y61/u1a,— HO UMCHHO JIs1 9TOI'0 U CIIPOCKTHUPOBAJI BECh
MexaHu3M. Takum 00pazoM, MepCreKTUBbI HE MPEICTABISIOTCS MHOM000CIAIOIIMMHE, OJHAKO

B I[GﬁCTBHTGJIBHOCTH 3CCh BO3MOKHOCTEH AJI1 CHUKCHUSA 1TyMa 60JIBI_H€, HYEM KaXKETCA Ha HepBbeI
B3TJISI.

B ri1. 6 MBI paccmaTpuBanu rpaduk JaBieHUS B LWIMHIPE TU3€IIs U BUAEIH, YTO MPU MOMOLIY aHan3a
@ypbe 3TO JaBIEHUE MOXKHO NPEICTABUTh B BUAEC CYMMbI KOMIIOHEHT — YUCTBIX TOHOB
C COOTBETCTBEHHO MOJI0OpaHHBIMU aMIUIUTYIaMU U (azaMu. AMIUIUTYIbI KOMIIOHEHT BBICIINX
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rapMOHUK OIPEAEIISIN YPOBEHb IlIyMa, 00YCIOBIEHHOTO pe30HaHcaMH Kopiyca apuratess. Eciu 6b1
HaM yIaJIOCh JOOUTHCS TOTO, YTOOBI CIIeKTp Pypbe TOCTATOUHO PE3KO Majall Ha BHICOKUX YacTOTaX, TO
YpOBEHb 3ByKa MOT Obl CHU3UThCS Aenuden Ha 15.

Ha puc. 47 noka3zans! Tpu rpaduka 1aBjaeHUs B HIJIMHAPE HEKOTOPOrO TU3EIHHOIO ABUTATE,
cosepiuatomiero 1000 o6/mun. Puc. 47, @ cOOTBETCTBYET BPAILLICHHUIO JU3EJIs CTOPOHHHUM J[BUTATEIIEM,
KOr'/la roprouee BooOIIe He BIIPHICKMBAETCA: BO3IYX MPOCTO CXKMMAETCA U pacIIupsieTcs Mpu
MIPOBOPAYMBAHUY BaJla ABUTATENS. DTO HanboJiee Tiiaakas KpuBas M3MEHEHUS 1aBIICHUS, KAKYIO TOJIBKO
MOYKHO TIOJIYYWTh; Ha pUC. 48 MOKa3aHo, 4TO, HaUMHasg npumepHo co 100 I, BenuurnHa KOMIIOHEHT
@ypbe B 3TOM CiTydae crajgaeT oueHb ObicTpo. K cokanenuto, HCIoNb30BaTh ABUTATENb B 3TOM PEKUME
HUKOMY He HyxHO! KpuBas b npencrasisiet rpaduk TaBICHHS TOTO K BUTATENSI B YCIOBHIX
HauOOJbIIEH TUTABHOCTH U3MEHEHUS IaBIICHUS, KOTOPYIO MOYKHO MOJIYYHTh ITPH COOCTBEHHOM XOJI€
neuratens. OOpaTuTe BHUMaHHE Ha HECKOJIBKO 0oJiee OCTPBIN MUK JaBICHUS U Ha KPYTOM
IPSIMOJIMHENHBIN Y4acTOK BOJIM3U BEPXHEN MEPTBOM TOUKH (B. M. T.). DTO — MOMEHT,
HEIMOCPEJICTBEHHO CIEAYIOINN 3a BIPBICKUBAHUEM FOPOYETO, KOT1a MPOUCXOAMT €ro cropanue. B
3TOM CJIy4ae CrOpaHUE MPOTEKAET TOCTETIEHHO, 32 BpEMs, B TEYEHHE KOTOPOTO Bajl [IOBOPAYUBAETCS HA
20°. Ha puc. 48 mokaszaH CIEKTp ¥ JUIS dTUX YCIOBHI. BBUY MeHee TutaBHOM GOpPMBI KPUBOH TaBICHUS
BBICIINE KOMIIOHEHTHI Pa3fIOKEHUs B CIIEKTp npuMepHo Ha 20 1b npeBbIaioT 1o BeIM4YnHe
COOTBETCTBYIOIIME 3HAYCHHS [T KPUBOK a. 3a HCKIIFOUCHHEM «ropbukay» B obmactu 1600 I'u, kpuBas b
HE MEHee IJIaBHasi, YeM COOTBETCTBYIOLIAasl KpUBas AJi1 OEH3MHOBOI'O ABUTATENSI C TOM K€ BEIMUMHOM
MaKCUMaJIbHOTO JaBjieHus B uiauHape. «['opOuk» 00ycIoBlieH pe30HaHCOM ra3a B Kamepe CropaHus,
KOI'JIa OH «yJapsieTcsd» O CTCHKH.

270 B.M.m 90 270 B.M.m 90

270 B.M.m 90

Puc. 47. OcumiuiorpaMMel aBJieHHs B HAIHHAPE AU3EIIs PH BPAIICHUH TOCTOPOHHUM JIBUTATEsIeM (a),
HauOoJiee riajaKas KpuBas pu cOOCTBEHHOM xoje asurarens (b),
HanboIiee KpyTasi KpuBasi Py COOCTBEHHOM XOji¢ IBUrates (C).
Bce kpuBbie cHaThI ipu 1000 06/MuUH (B. M. T .— BEpXHsIsl MEPTBast TOUKA).

Teneps B3rISHUTE HA KPUBYIO C — CaMyI0 CTPAIIHYIO U3 3TOro Tpruo. OHa H300pakaeT pocT 1aBICHUS
B Cllyyae, KOIJla CropaHue IpOMCXOJUT OYTH MIHOBEHHO B BEpXHel MepTBoi Touke. BuaHo peskoe,
IIOYTH BEPTUKAJIBHOE HapacTaHWUE JaBJICHUS 1O 3HAUEHUs CBbILIE 28- 10° H/v?, KOTOpOE
COIIPOBOKIAETCS 3aMETHBIMM OCLMJUIALUSIMU, HAKJIbIBAIOLIMMHUCS Ha OCHOBHYIO KpHBYt0. He
YAUBUTEIBHO, YTO 3Ta KPUBAs COJEPIKUT BBICOKOYACTOTHBIE KOMIOHEHThI Dypbe 00IbI1I0I BETNYNHBI;
OonbLI0H «Top6» HabMroAaeTcs Ha yactoTe 0Kos1o 2600 I'1. DTOT YaCTOTHBIHN CIIEKTP HEMHOT'MM JIy4lle
CIEKTpa MUI000pa3HOro CUrHaJla (C CUrHaJIaMU TaKOTO BHJIa BCTPEUYAIOTCS B 2JIEKTPOHUKE), CPABHUTHCS



C KOTOPBIM IO IIIYMHOCTH HE MOKET HH OJIMH JIBUraTelb, Ja’Ke CO3AAHHBIA CaMbIM 3JI0HAMEPEHHBIM
IIPOEKTHPOBILIMKOM.
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Puc. 48. YacToTHBIE CLIEKTPBI KPUBBIX, IPEJCTaBICHHBIX Ha puc. 47.

Yro kacaeTcst HICXOAHOTO BO3MYILEHHS, KapTUHA BBITTISAUT Oosiee Oe3HaIeKHOM, UeM Ka3aloch Ha
nepsbIif B3rsia. Kak, ojHako, MOXKHO ObLIO ObI CIIaAUTh POCT AaBiieHus? i1 Hauaia MOXKHO
OTpEeryJIupoBaTh MOMEHT Bemibiliki. KpuBas b cooTBeTcTBYET OOJIee paHHEMY 3aKUTaHUIO, YeM KpUBast
C, U, XOTsl UX Pa3jInure 00YCIIOBIEHO HE TOJIBKO 3TUM 00CTOSITEILCTBOM, JIETKO BUJIETh, YTO OHO TAKXKE
BA)KHO. ECIIM BIPBICKUBAHUE TOPIOYETO IPOUCXOAUT HEMIOCPEACTBEHHO MEPE]] IPOXOKIACHUEM
HOpPILHEM BepXHEH MEPTBOM TOUKH, TO IPOILECC HAUMHAETCs IpU OoJiee BBICOKOM JIaBIEHUU B CAMOM
IWIMHpPE. DTO NPUBOJUT HE TOJIBKO K O0siee BBICOKOM TeMIepaType U 0oiiee ObICTPOMY 3aKUTaHHIO,
HO U K YCWJICHUIO JAaBJICHUS, BBI3bIBAEMOMY BHE3AIIHBIM CTOPAHUEM I'OPIOYETO U HAJIOKEHUEM
CO371aBa€MOr0 JJaBJICHMsI HA CaMblii BBICOKUI y4aCTOK UCXOJHOM KpuBoH cxxatud. [Ipu Gosiee panHeM
BIIPBICKE YCUJICHHE JaBJICHUs, Hajlarasch Ha KPUBYIO CXKaTHUs, CO371aeT MEHee 3a3yOPEHHYIO KPUBYIO.
BepHueMmcs k kpuBol C. HemocpeACTBEHHO Iepes] CKauKOM JAaBJICHUS B BEpXHEN MEPTBOU TOUKE
Ha0JI0AaeTcs yIIoeHHe KPUBOH, 110100HO€e YIJIOLIEHHUIO Ha KpUBOii a. B camoM ferne, eciy NpUKpBITh
PYKOI IIpaByIO MOJIOBUHY KPUBOI1 C, OCTaJIbHAs YacTh €€ BBIMJISIUT COBCEM Kak KpuBas a. Ckadok
JIaBJICHUs HACTYIIAET B CAMbIN XYAIIWM MOMEHT, IOTOMY YTO YBEJIUYECHHUE CIKATHUS IPEKPAILAeTCs

B MOMEHT, KOT'Jla OPIIEHb MPHILET K KOHILY CBOETo xo/1a. Eciiu ObI TOT k€ CKayoK J1aBJICHUS
HaKJIaJbIBAJICS. HA KPUBYIO CXKaTHs paHblIe, I7ie U 6€3 TOro MPOUCXOAMT ObICTPBIN pOCT JAaBieHHs, 00a
HAKJIOHA CJIMJINCH Obl BMECTe 00Jiee TUIaBHO U YPOBEHb BBICOKOUYACTOTHBIX KOMIIOHEHT 3HAUUTENIBHO ObI
YMEHBIIUIICS.

O,I[HaKO peryjainpoBKa MOMCHTA BCIIBIIIKU HE CI[I/IHCTBGHHHﬁ CYIJ_IGCTBGHHLII‘/’I CbaKTOp. Baxno TaKXCEC,
KaK UMCHHO IOpro4ec BIIPLICKUBACTCA B KaMCPy CTOpaHus. Ecnu onO nonagacTt Ha CTCHKHU KaMEpPhbI, TO
Ha6n}oz[aeTc>1 HEPAaBHOMCPHOCTD PACIIPEACIICHUS I'OPOYICTO U BO3JyXa B KaMEpe. TOFI[a CropaHue
TOILIMBA MPOUCXOAUT MCAJICHHCE, UCM IIPU BIPBICKUBAHUHW I'OPKOYCTO B CCPCANHY KaMEPhbI, I'AC



MTHOBEHHO 00pa3oBajiach ObI CMeCh roprouee — Bo31ayX. [loaToMy B IepBOM ciiydae ropeHue — 6osee
MEJICHHBIH MPOIECC U HAKJIOH KPUBOH JIaBJICHUS HE TaKOM KPYyTOii; CyOBEKTHUBHO MBI OOHAPYXUM, UTO
CTYK B IW3€JIe TIOYTH MOJHOCTHIO MCUE3; B MPUHIUIIE 3TO MOX0XKE HA MPEeAyNpexaeHUe JeTOHAIUU

B OEH3MHOBOM MOTODE, I'/I€ BBICOKAsI CTETIEHb CXKAaTUsl JOCTUTAETCA ITyTeM IPUMEHEHUs
BBICOKOOKTaHOBOT'O OCH3MHA, UTO MPEAYNPEkKAACT MPEKICBPEMEHHOE CAMOBO3TOPAHHE IIPH BHICOKOM
TEMIIEpAType, CO3/1aBaeMOi OOJIBIINM CXKATUEM, U PETYJIMPYET IPOLECC CTOPaHUs TOILIMBA.

Teopetnuecku, ueM OoJiee MIaBHO UIET rpaduK JaBlIeHUs B IUIMHIAPE, TEM OOJIbLIe JOKEH ObITh

KO3 PHUIMEHT MOJIE3HOTO JEHCTBUS IBUTATENS. B KOHIIE KOHIIOB, JBUTATENh — 3TO «ITyMOBAst
MallliHa, B KOTOPOi Tpedyemasi MOIIIHOCTh CO3JJaeTCsl B PE3yJIbTaTe MPEeBpaIlieHIs] OCHOBHOW YaCTOTHI
KOJIeOaHMIi JaBJICHUS B IMIMHPE B MEXaHMUYECKOE BPAIICHNE TP MOMOIIN TOPIIHEH U KOJICHYaTOro
Bajia. DHEPrys, 3aKII0UYEHHAs B BHICIINX FAPMOHUKAX, OECIIONIe3Ha, MOCKOIbKY KOJIEOaHUs TOPILIHS

B IIWJIMHPE MTPOMCXOAST TOJIBKO HAa OCHOBHOM yacToTe. Yem Oosee criakeH rpauk JaBIeHNAHN, TEM
OosbIIast YacTh YHEPTUHU MPUXOIUTCS Ha HIDKHIOK TAPMOHHUKY M MOXKET OBITh IepelaHa Ha KOJICHYaThIH
BaJI

YTo MOXKHO cKa3aTh 00 UCXOJIHBIX BO3MYILIEHUSIX B IPYrUX ABUTATENSAX, HAIPUMEDP B TypOOpEaKTUBHOM
nsurarene? 37ech Aem0 00CTOUT MHAYE: XOTS ISl MOJTyYeHUsI CTPYH CTOpaHue TOIUTMBA HEOOXO0IUMO,
baykTyanuu qaBieHus He HyKHBI. [locTosiHHOE 1aBlieHue B IMJIMHAPE ABUTATENs qu3eis OecIoie3Ho,
HO MIOCTOSIHHOE JIaBJIGHUE B KaMEpe CrOpaHusl peaKTUBHOT'O ABUTaTeNst OblIo OBl aeanom! JleiicTBue
PEaKTUBHOM CTPYM HUKAK HE CBA3aHO C KOJIEOAHUSIMU J1aBJICHUS, KOTOPBIX MBI IOKAa HE MOXKEM
n30eXaTh MPOCTO U3-3a HEJOCTATOYHO BHICOKOT'O YPOBHS COBPEMEHHON TEXHHKH.

Haubonee HexenarenpHble GIyKTyalluy JaBICHHS BOSHUKAIOT HE B KaMepe CropaHusl, a moclie
BbIOpachIBaHMS ra30B U3 COILIA MPU TYpOYJIEHTHOM CMELIEHUH UX C OKPY>KaIOILIUM BO3TyXOM.
MHOKECTBO HCCIeT0BAHUHN MPOBOINUIIOCH U MPOJIOJDKAET MPOBOIUTHCS C IIENIbI0 TOOUTHCS Ooee
IIJTaBHOI'O CMEUICHUA OTpa6OTaHHI)IX ra3oB M BO34yXa Ha BbIXOJEC U3 COIIJIA. UcneITeIBaIMCH Ccomaa
pa3HBbIX KOHCTPYKIHI, HO OCHOBHOM (haKTOpP, KOTOPBIF HEOOXOAUMO YIUTHIBATEH MPU JTFOO0U
MoauUKaIui, — 3TO, KOHEYHO, COXPAaHEHUE TATH ABUTaTENs. B paHHUX pa3zpaboTkax MpUMEHsIIN
CUIIbHYIO TOPHUPOBKY coria (puc. 49), o0neryaronyro nepeMenmBaHue BClIeCTBIE Ooiee TITy00Koro
3acachIBaHUS BO3/AyXa B CTPYIO ra3a HEMOCPEACTBEHHO 1103311 COIIa. DTO /1aBajio BO3MOKHOCTh
CHU3UTH YPOBEHH IIIyMa B TUATIA30HE CPEAHUX YaCTOT HAa 6—7 Ab. Bpio Takke yCTaHOBIIEHO, YTO
YMEHBIIIEHUE JUaMEeTpa COIIa CABUTACT YaCTOTHBIN JUAIa30H IITyMa BBEPX, & MOCKOJIBKY MOTJIOMICHUE
3ByKa B BO3/lyX€ pacTeT ¢ YaCTOTOM, 3TO, Ka3aJI0Ch, JaBajI0 HEKOTOPHIN BhUrpshIll. Ho BBHAY TOrO 4TO
HanOoJIbIIIast YyBCTBUTEIBLHOCTH HAIIIETO yXa K mymy jJexxut Bomm3u 4000 ', a mpobiema mryma
camoJlieTa BCTaeT HauboJee OCTPO, KOT/Ia CAMOJIET JICTUT BOJIM3H 3eMITH, B TIEJIOM 3TO MEPOTIPUSATHE
YXYALIAJI0 CUTYAIHIO.



Puc. 49. BocbMuenecTKoBbI IIyLIIUTENb PEAKTUBHOTO IBUTATEIS.

Haunbonpmumii mar Ha myTH CHIKESHHUSI ITyMa CTPYH OBLT ClIeIaH MPHU CO3JIaHUU TYPOOBEHTHIISTOPHBIX
npuratenei tuna Posc-Poiic RB 211, koTopble ycTaHaBIMBalMCh Ha BO3AYIIHBIX JlaliHepax Tpucrap
KOMITaHuH JIOKXu . DTOT TUI JBUTATENS MOTYyYnsI Ha3BaHUe NBYXKOHTYypHOro. [lepBast cTyrneHb ero
HACTOJIFKO YBEJIHMUYEHA B AHMAMETPE, UTO €€ CKOpee CiIeI0Baio Obl CYUUTATh MHOTOJIOMACTHBIM
BEHTUJISITOPOM, YEM CTYIIEHBIO KoMITpeccopa. OHa 3akiitoueHa B 00161101 kanot. Jlanee cnengyet
ocTalibHas 4acTh KOMIpeccopa, y KOTOPOi, Tak K€ KaK M Y KanoTta ABUTaTeNs, TuaMeTp MEHBIIE, YeM
BEHTWISITOP. 3HAUUTENIBHAS JIOJIST BO3yXa, OTOpackiBaeMasi IEPBOM CTYIMEHBIO, 00XOIUT JIBUTATEIbh
CHaApYXH U BBIXOJMT Yepe3 3a/iHee OTBEpCTHE OONbIIOro KarnoTa. Yepes ABUraTeslb MPOXOUT JTUIIIb
MaJjoe KOJIMYECTBO BO3/lyXa. B pe3ynbrare, XOTs ycKOpsieTcs 3HaUUTENbHAs Macca BO31yXa, TOJIbKO
4acTh €€ MPOXOJUT Yepe3 KaMepy CropaHusi U OTOPaChIBAETCS B BUIE BHICOKOCKOPOCTHOM CTPYH.
Bonbmias sxe yacte 0TOpackIBa@MOT0 BO3/1yXa, UMEIOIIAs Ty XKE TeMIIEpaTypy, YTO U OKpyKaromias
aTMoc(epa, 00TekaeT HapyKHYIO TOBEPXHOCTh JBUTATENS U, IOXO/S 0 BEIXOJHOTO OTBEPCTHS COILIA,
o0Opa3zyet Mex Iy TYpOYJICHTHOU cTpyel U oKpykarotei atMochepoit OydepHyro 30Hy. Bo3myx,
MIPOIIEIIINI CHAPYKU IBUTATENSI, MEHEe TYpOyJIeHTEH, YeM CTPYsl, YTO caMo 1o cebe yKe CHIKaeT
IIyM; KpOME TOro0, 01aroapsi HAIMYUIO IPOMEXKYTOYHOTO CJI0s BO3/lyXa, OOTEKAIOLIETO ABUTaTeNb,
CMEIICHHE Ta30B CTPYU U XOJIOJHOTO aTMOC(EepHOT0 BO3AyXa MPOUCXOAUT ropasao 6olee TIaBHO.

Jeno 6bu10 OB MOMPOLIE, €CIH ObI ITyM TypOOPEaKTUBHOTO (MU TYPOOBEHTHIIATOPHOTO) IBUTATEIIS
C03/1aBajia TOJIBKO CTPYs; B IEHCTBUTENBHOCTH 3TO HE TaK. ECTh Takke BO3MYIIEHHUs, 00YCIIOBICHHBIE
a’pOIMHAMUYECKUMU B3aUMOICHCTBUSMU MIPH BPAIIEHUHU JOMATOK KOMIIpeccopa U (B ropa3io MEHbIIIeH
cTeneHu) jonatok TypOuHsl. [locnennue nokonenus asurareneii pupmsl Posuic-Poiic Bomomator

B ce0e IrJIaBHOE HOBOBBEJIEHHUE B 3TON 00JIaCTH: OOBIYHBIE BXOJ/IHBIE HANPABIIAIONIUE JOMATKH 3/1€Ch
TIOJTHOCTHIO BHIOPOIICHBI, OJ1arojapsi 4eMy UCKIIIOUEH BaKHBIH HCTOYHUK BO3MYIIIEHUH, BEI3BIBAEMBIX
MPOXOKICHUEM KaXJI0M JonmaTKH yepe3 001acTu MOHMKEHHON CKOPOCTH BO3/yXa M03a1u
HETIOABIDKHBIX HANPABJISIOMKX JonaTok. [IyM B3anmMoieiicTBHS BEHIIOB POTOPA U cTaTOpa OBLIT CHMYKEH
IyTeM YBEJIMYECHHUS 3a30pa MEX/y BEHIIaMU U 110100pOM HAMIYYILIEro COOTHOIIEHHS MEXy YUCIaAMU
JIOTIATOK B OJTHOM U JIPYTOM BEHIIE.

OTu nBUTaTENH CHAOXKEHBI TAKXKE TPEMS OTACIbHBIMU ITYCTOTEIBIMU KOHIIEHTPUYECKUMHU TPUBOIHBIMH
BaJIaMH, YTO MO3BOJISIET CHU3UTh CKOPOCTh BPAIIEHUS] BEHTWISATOPA, KOTOPBIN IPUBOIUTCS B IBUKECHUE
JIpYT'MM BajloM, 4yeM Komrpeccop. Kpome Toro, ABUrareiab UMEET TaKKe YCTPOMCTBO, IpeIHA3HAUEHHOE
JUIS N3MEHEHMS TUIOIAAHN U GOPMBI COIUIA OT KPYTOBOM /10 MPSIMOYTOJIbHOM, 3TO U3MEHSET
XapaKTepUCTUKY HAIIPABJIEHHOCTHU IIIyMa, OTKJIOHSISI OOJIBIIYIO YaCTh €r0 BOOK; B pe3ysibTaTe ObLIO
MOJy4eHO CHM)KEHUE IIyMa y OBEPXHOCTH 3eMiM Ha 3 ab. JlanpHeiero yMeHpIIeHus myma
JIBUTATENs yJAI0Ch JOCTUTHYTh IIPU MOMOIIY 3HAYUTEIBHOTO KOJMYECTBA 3BYKOIOTIOIAOIIEH



00JIMILIOBKH, BCTPOSHHOH B pa3IMyHbIe BO31yX0BoAbl. Kak MbI yBUIMM B ClleyIOLIEH IT1aBe,
3BYKOIOTJIONIAIOIIAsI OOJIUIIOBKA BO3TyXOBOJIa MOXKET 3HAYUTEIHHO OCIA0UTh OETYIIUN BIOIb HETO
3ByK. B KaI0M JBHTaTesIe 3BYKOIONMOMAIOMIEH 0GIHIIOBKOI TOKPHITO 0K0/IO 20 M° TOBEPXHOCTH
BO3yXOIIPUEMHHUKA BEHTWJIATOPA U BBIXOJHOTO Bo3ayxoBoja (puc. 50). B Hu3koTEMIEpaTypHBIX
BO3/yXOBOJaX HUCIOJIb3YIOTCSI BOJIOKHUCTO-IIOPUCTHIE IIJIACTMACCHI, B TOPAYUX Y4aCTKAX — METAILIO-
BOJIOKHHCTBIE MaTepHraibl. Kak mokas3aHo B 1. 8, 4acTOTHBIN 1uana3oH 3((PEeKTUBHOCTHA BOJIOKHUCTBIX
HOTJIOTUTENIEN CABUIAETCsl BHU3 MIPH YCTPOUCTBE 3a30pa MEXy HUMM U cTeHKOH. [loaTromy 06muioBka
BO3YXOBOJIa BEHTUJIATOPA, TJI€ YaCTOThI 00Jiee HU3KHE, YEM B BBIXJIOITHOM T'a30IMPOBO/JIE, YKPEIUICHA

C 3a30pOM, TOI'J1a KaK B BBIXJIOIIHOM I'a301IPOBOJIE B 3TOM HE ObUIO HYK/bI, TOCKOJIbKY IIYM TYpOHHbI
0oJ1ee BbICOKOUACTOTHBIN. KOHEUHO, camblil HU3KOYAaCTOTHBIIM 3BYK T€HEPUPYETCSI HAa CTPYE, YXOASIIEH
OT ABHUraTesisl, U HUKaKue MOIJIoLaonue o0J1IoBKY TYT He ToMoryT. OJ1HaKo BBUY OOJIbILION
CTEIIEHH JIBYXKOHTYPHOCTHU IIyM cTpyH jasuratesnst RB 211 okaspiBaeTcs HUXke 1IyMa BEHTWISATOPA,
KOMIIpECCOpa U TYpOMHBI, B3SIThIX BMECTE.

|
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Puc. 50. 3BykormorJoriaromnias 00JIMIOBKA aBUAIIHOHHOTO IBUTATEIS (HCUPHASL TUHUSL).

Tenepp nepeiieM K UICXOAHBIM BO3MYILEHHM B JPYIUX YCTPOMCTBAaX. B MHeBMaTH4eCcKOM
nepdopaTope NpakKTUUECKU HENb3s1 MOBJINATh HA OCHOBHOM MEXaHM3M CO3/1aHus IIyMa —
NEPUOANYECKOE BO3AECHCTBHUE CKATOIO BO3yXa HAa OPIIEHb, — HE CHU3UB CYILIECTBEHHO

3¢ dexTUBHOCTH Nepdoparopa. HecMoTps Ha TO 4TO M U1l LMIIMHAPA epdopaTopa MOKHO HOTYYUTh
rpaduK 1aBIeHUs, aHATIOTUYHBIN rpaduKy /U MUIUHApa nu3els (rpaduk as nepdoparopa Gonee
3a3yOpeHHbIH), yTH npeBpalleHust (GpayKTyallMy B IIyM TYT COBCEM APYrHe U MOITOMY CIiIa)KUBaHUE
KPHUBOH JIaBJIeHHA B IMIIMHAPE nepoparopa He IPUBEAET K CHIDKEHUIO IIyMa.

OpnHako 1IyM MHOTHX JIPYIrMX MEXaHU3MOB MOXHO 3HaYUTEIbHO CHU3UTh. Hanpumep, nis
JIBIPONPOOHBHOTO IIpecca MOKHO U3TOTOBUTH TYHCOH C Pa3HOM BBICOTOM PEKYILEH 4acTh B Pa3HBIX
TOYKaX, YTOOBI y/1ap Mo U3/EJINI0 HE PUXOIUIICS OJJHOBPEMEHHO IO BCEl MOBEPXHOCTH. Pe3kocTh
yzapa npu 3TOM CHIIbHO CHU3UTCS. Pasymeercs, eciii OSBUTCS BO3MOXHOCTh 3aMEHUTh PE3KUM yiap
HETPEPHIBHO HAPACTAIONINM JaBJIEHUEM, KaK B THIPABIMUECKOM Ipecce, Mpodiema nryma OyaeT mouTH
UCKJTIOYCHA.

V napbl, BOSHUKAIOIIUE MIPU IEHCTBUM MHOTHX MEXaHU3MOB, 110 CYIIECTBY, HUKAK HE CBSI3aHbI C UX
pabotoii. B aTux cnydasx 3¢ppekTuBHOCTh MEXaHNU3Ma HE OCTPAZaeT OT MPUMEHEHUS
aMOPTH3HMPYIOIINX NPOKIIAI0K U oAkIaaoK. [Ipu ynape kakoi-HHOYAb AETaIbIO 110
aMOPTU3UPYIOLIEMY JIEMEHTY HOCIEIHUI COKMETCSI, OTJIOIIAs SHEPTHUIO YAapa, KOTopas B pe3ysbTaTe
HOTEeph HA TPEHNUE, BBI3BAHHBIX BHYTPEHHUM IIOTJIOIICHUEM B MaTepHaje, OOpaTUTCS B TEILIO.
Paznuunbie AbIpOIPOOUBHBIE MIPECCHI COIEPKAT MHOKECTBO HICTOUHUKOB COBEPIICHHO U3JTUIIHETO
yIapHOTO 3ByKa, KOTOPBI MOYKHO ITOJIAaBUTH ITPU MOMOIIN PE3MHOBBIX[26] aMopTH3HpYOIINX
MOJIKJIAI0K.


http://ivanstor.narod.ru/noise/112.htm#_ftn26

YroObl TaKue pe3NHOBbIE MPOKIAJAKH WX MOAKIAKU BBIIOIHIIN CBOM (DYHKIIUHM HE TOJIBKO Ha
BBICOKMX 4aCTOTaX, OHU JIOJDKHBI OBITh JOCTATOYHO TOJICTHIMH U TOAATIUBBIMU. SICHO, UTO MPH
OTCYTCTBHUHM CYILIECTBEHHOM JAepopMalinu MaTepuaia Heslb3sl MOJYyYUTh OOJIbIIOE MOIJIOEHHE SHEPT U,
[I03TOMY MHOT/Aa IPUXOAUTCS UCII0JIb30BATh MPOKIaAKU TonmuHou 10 20—30 mM. BaxkHo oTnaBath
cebe OTYET B TOM, YTO pe3HHa MPAKTHUECKU HECXKUMaeMa. DTO MOXKET 3By4aTh OJOOHO BBIPa)KEHUIO
«BOJIa HE TEKy4ay, M, OJTHAKO, ITO BepHO. Pe3nHy MOXKHO CHIIbHO IIpoe(hOopMUpPOBATH, TOIBKO
MOJBEpPrasi ce CABUIOBBIM HAIPSXKEHUSM, HO HE ITyTEM BCECTOPOHHeEro cxkaTus. Hactynus Ha
MaJIeHbKUI KyCOYEK pPE3HHbI, Mbl PACIUIIOIIMM €r0, HO TOJIBKO IIOTOMY, YTO OH pa3/jacTcs BO BCE
CTOpOHBI. Takoe BBIISTYMBAHUE B CTOPOHBI IPOUCXOIUT BCIEACTBUE CABUTAIOLINX HAPSKEHHH,
JEHCTBYIOLIUX MO/ MPSMBIM YTJIOM K NPUIIOKEHHON cuiie. Eciin BCTaBUTh KyCOYEK pEe3UHbI B CTAIbHOE
KOJIBLIO, JIETKO OOHAPYKUTh, YTO OH IEPECTAHET CKUMATHCS: OH HE CMOXKET OoJiee pa3laBaTbCs

B CTOPOHBI.

C 3T0i1 BaXKHOI OCOOEHHOCTBIO MOBEICHUSI PE3UHBI MBI BCTpETUMCH ellie He pa3. [Toka peus uuet o
MOTJIOUIEHUH SHEPTUH YIApOB, CIEyeT YUYUTHIBATh, UTO MPU CKATUU OOJBIIOT0 KyCKa CIUIOIIHOM
PE3MHBI OH OKAYKETCS NOJATIMBBIM TOJIBKO B TOM Mepe, B KAKOM OH CMOJKET pa3/iaBaTbCs B CTOPOHBI

¢ 6okoB. Ecnu pa3naBatbes eMy HEKy/a UM €clid ero O0KOBasi MOBEPXHOCTh MaJia, Kak B OOJIBIIIOM
JIUCTE, TO PE3NHY MOKHO paccMaTpHUBaTh Kak jkecTkoe Tello. [1o 3Toil nmpuunHe AJi MOrIoeHus
yIapOB MUKPOIIOPUCTAs pe3rHa (C 3aKPHITHIMU [TOPaMHU ) 3a4aCTYIO IPUTOTHEE, YEM CIUIOUIHAS, TOTOMY
YTO BO3AYIIHBIE KapMaHbl IOP MO3BOJISAIOT PE3UHE 1e(pOPMHUPOBATHCS BO BCEX HampaBieHUsAX. [Ipu
HEOOJBIINX HArpy3KaX MUKPOIIOPHUCTas pe3nHa AeUCTBUTENBHO AaeT Topas3io 00blyio nedopmanuio,
HO HE MEHee Ba)KHO TO, YTO NPHU OOJBIION HAarpy3Ke OHA CILIIOLIMBAETCS U CHOBA CTAHOBUTCS KaK Obl
crutomtHoi. K coxkanenuro, ciaydan pe3kux yJapoB B MEXaHM3Max BCTPEUAIOTCS TOBOJIBHO YacTo.
Hanpumep, numrymas mMamuHka padoTana Obl ropa3io TUIIIe, eclii Obl €€ BaJUK ObUI ClIeaH U3
MUKpOTOpHUCTOil pe3unsl. [IpaBaa, Torna otnedyatku OykB ObUIH OBl €/1Ba 3aMETHBI!

Ha npumepe peakTHBHOTO ABUraTesl Mbl BUJIETH, YTO CHU3UThH a3POIMHAMUYECKUE BOSMYILICHHUS MOXKET
0Ka3aTbCs OYEHb TPYAHBbIM. [l TBEpABIX TEJ, IBUKYLIUXCS OTHOCUTENBHO BO3AYyXa, IPUMEHEHHE
o0TekaeMbIX (hOpM HaIpalMBaeTCs B MEPBYIO OUEPE/Ib; XOPOIIee adPOAMHAMUYECKOE TPOSKTUPOBAHHE
JIOTIacTel BEHTUIISITOPOB, BO BCIKOM CIIy4ae, MOXKET UCKIIOUUTH U3JIHIIHEee BUXpeoOpa3oBanue. B
YaCTHOCTH, CYIIECTBEHHO, YTOOBI YroJl aTaKu JIonacTei He ObUT CIUIIKOM BeJuK. Bo Bcex ciyuasx,
KOI'Jla UMEET MECTO B3aUMOJIEHCTBUE POTOP — CTATOP, HAIIPUMEP MEKY JIONACTIMU BEHTUIIATOPA U
€ro CTOMKaMM WM MEXAY POTOPOM U CTATOPOM JIEKTPOMOTOpPA, YBEINUEHHE IpocBeTa 3P PEKTUBHO
CHIDKAET adpOAMHAMHUYECKUE BO3OYKIEHUS. DTOT CIOCOO MOXKET, OJJHAKO, BCTYIIUTh B IPOTHBOPEUHE

C APYTUMU COOOpaKEHUSIMH: HAIIPUMEp, pa3ABUTaHUE POTOPA U CTATOPA MOKET CHU3UTh KO (DULIUEHT
MI0JIE3HOTO ACWCTBUS MEXaHU3Ma. B HEKOTOPBIX IIEHTPOOEKHBIX BEHTHIIATOPAX YPOBEHb IIyMa Ha
YacTOTE MPOXOKIEHUS JIONACTe MOKHO YMEHBIIIUTD MTyTEM YBEIMUEHUS IIPOCBETA MEKIY POTOPOM U
A3BIKOM YIUTKU BaxkHO Takke n30erath TypOyJIEHTHOCTH Ha BX0Jl€ BEHTHWIATOpA. JleJ10 B TOM, YTO
pa3Mepsbl BUXpel MOTYT 0Ka3aThCsl HACTOJIBKO OOJIBIIUME, YTO OHU MOBJIHSIIOT HA MOJABEMHYIO CUITY
Jonacrei, a U3MEHEHHE NOIbEMHON CUIIBI O3HAYaeT KoJeOaHUs JaBJICHHUs, a CJIE0BATEIbHO, U LIYM.

be3ycnoBHO, M0JI0’KEHHE MOYTH BCET/1a MOYKHO YIYUIIUTh TIIATEIbHBIM OJ00POM YHUCIIA SJIEMEHTOB

B pOTOpE U cTatope. YeThIpeXIoMmacTHRIH POTOP, BpalIaONIHiCsS B HETIOCPECTBEHHON OJIN30CTH K
YeThIPEM HAIPABIISAIONIMM JIONIATKAaM, CO3J]aeT Topa3io 0ojee CHIIbHBIN 3BYK, YeM eCIH Obl
HAMPABIAIOIIMX JIOMATOK OBLJIO TPU WM MATh. Kak mpaBuiio, yncia JIONaTok poTopa U cTatopa He
JTOJDKHBI HAXOJIUTHCS B IPOCTOM OTHOIIEHHUHU. Torja pa3nuyHbpIME OyAyT HE TOJIBKO OCHOBHBIE YaCTOTHI,
CO3/1aBaeMbl€ TEM U APYTUM, HO M HECKOJIBKO NEPBBIX FApMOHUK. BhIroga nosydaercst 1BOsIKas:
MHTEHCUBHOCTb JAMCKPETHBIX TOHOB B IIIyM€ YMEHBIIUTCS, a pa3Apaxarollee AeiicTBUE IITyMa CHU3UTCS,
BBH/JY TOTO YTO pachpeieJIeHre OTICIbHBIX TOHOB U UX TAPMOHUK Ha 0oJjiee NIMPOKUI 4aCTOTHBIN
JIMana3oH cJIeJaeT UX MEHEe OLyTUMBIMH.

Ilepexong K MEXaHUYECKUM UCXOJHBIM BO3MYILEHUSM, 3aMETUM, YTO YaCTO IIYM MOKHO CYILIECTBEHHO
CHU3UTb, yMEHbINIAs 3aBOJICKHE NOMycKH. LIlymM mIapuKONOAIIMITHUKOB CBUIETELCTBYET O
HETPaBWIIbHON (hOpMe MAPUKOB M KOJICI: KOTJa-HUOY/Ab ¢ 3TUM OyleT MOKOHYeHO, Jlaxke ecnu Jist
3TOro MOTpedyeTcs OTIAMBATH IIAPUKH B YCIOBHIX HEBECOMOCTH Ha 3aBOJIE, Pa3MEILIEHHOM Ha CITyTHUKE



3emmu! Illym BpameHus npu OOJIBIIOM YKCIe 000POTOB MOXKET OBITh CHIDKECH ITyTEM JTyUIIei
OanancupoBku. Korma npuxoaurcs MMeThb €70 ¢ QIIyKTYUPYIOIIEH CUIION, clieyeT 00paTUThCs K
CO00pakeHUsIM, PACCMOTPEHHBIM JTs1 in3eisi. Ecim ynactest ycTpaHUTh pe3kue (QIyKTyaluy,
WHTCHCUBHOCTH BBICITUX rapMOHUK Dyphe Oyaer cHukeHa. Eciim MOKHO HApYIIUTh PEryIsipHOCTh
GITyKTYyaIuu, 3ByKOBasi SHEPTHS paclpeieIuTCs Ha 00JIee MMPOKOM YUaCTKe CIIeKTpa U He OyaeT
COCpeIoTOueHa TOJILKO Ha HECKOJIBKUX YaCTOTaX.

B 6mwkaiiimmii pa3, Koraa Bbl 3aiiMeTech MPOBEPKON MOKPHIIIEK HA KoJiecax Ballleil aBTOMAIIMHBI (ITOKa
OHH €lIe HEe N3HOUICHBI), 00paTUTe BHUMAHKE Ha Y30pP BBICTYIIOB Ha KaTsIIeNHcs MOBEPXHOCTH,
0COOEHHO IO KpasiM: BbI YBUJIUTE, YTO MOMEPEYHbIE TPOPE3N MEXKY YyU4aCTKaAMH BBICTYIAIOLIEH Pe3UHBI
PacCIOJIOKEHBI HEPETYIISIPHO, TAK YTO PACCTOSHUS MEKIY HUMH IIOCTENICHHO U3MEHAIOTCA OT Y3KHX K
MIUPOKUM. DTO JI€TAeTCs ISl TOTO, YTOOBI HA X0y IIIMHBI HE «CBUCTENN; IIPU TAKOH HEPAaBHOMEPHOCTH
CJIBILIHO TOJIBKO IIUIIEHUE CIy4alHOTO XapaKTepa.

Ha ognom yudactke aBrocTpazsl M10 B mopsiake skcrieprMeHTa ObUIO CIIOIb30BaHO OETOHHOE
IIOKPBITHE C MTONEPEYHBIMU KAaHABKAMM JUIsl CTOKA BOJbI. OKa3aj10Cch, YTO KAaHABKU BBI3bIBAJIN TPOMKUI
BU3TJIMBBIN IIYM, KOTJ]a Ha/l HUMU MPOE3Kajld MalIUHbI, TaK YTO BCTPEBOXKEHHBIE IO Ephl HA 3TOM
YUYacTKe Che3Kallid Ha 000YUHY, YTOOBI B3TJIIHYTh, HE PUKIIOUMIOCH JIX YeT0-HUOY/Ib C 3aTHUMH
ocsiMu. Ha apyrom ydactke nmocce KaHaBKHM POPE3aIu Ha JABYX YEPEAYIOIIMXCS PACCTOSHUAX APYT OT
Jpyra, HO, KaK M CJIEJIOBAJIO OKUIATh, ITYM M B 3TOM CIIy4ae COCTOSUI U3 YUCTHIX TOHOB. M30exaTh
ATOr0 MO>KHO TOJIBKO IPH MOJHOCTBIO CIIyYailHOM pacrpeaeseHud MPOMEXKYTKOB JIHOO0 MPH THIATEIHLHO
PacCYUTaHHOM 3aKOHE YEPEIOBaHUs Y3KUX U IIUPOKUX NMPOMEXKYTKOB. Ilocieqnuil MeTox o3BossieT
CO3/aTh BIIeYaTJIEHNE HACTOIBKO OBICTPOM TpPEJH, YTO B pe3yJbTaTe IIyM paclpeaensercs mno oonee
[IMPOKON YaCTOTHOM ToJIoCe: K O0Jiee IIMPOKONOIOCHOMY IITyMYy MPUBOAAT 00a MeTona. Panbiie
JlyMaJIH, YTO MPUYMHA BOZHUKHOBEHUS YUCTHIX TOHOB — PE30HAHCHI IIIMH, HO 3TO 0Ka3aJ10Ch
OomO0YHBIM. XOTSI BBISICHIIIOCH, YTO C BU3TJIMBBIM IIIyMOM OOpPOTHCSI MOXHO, BCE K€ LIyM IIUH Ha
TaKMX I110CCE OKAa3aJiCsl CUJIbHEE, YeM MPH Kau€HUH 10 TJIaJKOI OBEPXHOCTH; B 3TOM YOEIMUINCh Ha
CBOEM I1€YaJIbHOM OIIBITE HEYIAUHUKH, IIOCEIUBIIHECS 10 COCEACTBY € aBTOCTpanoil M10.

Bo3Hukaer nHTEpECHas: BO3MOKHOCTD IIOKPBIBATH IIOBEPXHOCTH TOPOT'M KAaHABKAMM, B KAKOW-TO MEpE
aHAJIOTMYHBIMU OOpO3/1KaM rpaMMO(OHHOMN 3aMucH, U cO31aBaTh TaKUM 00pa3oM HEYTO BPOJe
TOBOPSIINX JTIOPOKHBIX 3HAKOB. K coxkaeHuto, BBICOTA «T0JI0Ca» 10pOru OyIeT MEHATHCS

B 3aBHCHMOCTH OT CKOPOCTH aBTOMAIIIUHBI: MbI YCabIIMM rojioc Ilomnst Po6cona mpu Masoi CKOpocTH U
nucK yTeHka JloHanbaa (M3 MyIbTUIUIMKAIWHN J{ucHes )— npu BICOKOW. MOKHO OBLIO ObI IPUMEHSTh
MOCTOSIHHBIE 3HAKH, 3QJIUThIE B OETOH, U U3MEHSEMbIE 3HAKH, CO3/1aBaeMbl€ BbIBUTAHHEM CIEIIMAIbHbBIX
IJIAHOK HaJ| IIOBEPXHOCTBIO JOPOTH IPU ITOMOIIHY I'MAPABIAYECKOr0 yCTporcTBa. [IocKombKy
npejularaeMasi cicTeMa HUKOTja He CMOXKET OBbITh MCTOJIb30BaHa /ISl pEKJIAaMHBIX 1ieJIel, OHa UMEeT Pl
MPEUMYIIECTB, HATPUMEP MOXKET CIY>KUTh JUIA MPEIYIPERKICHUS O JTOPOXKHBIX MPOOKaxX Ha II0cce PU
TyMaHe.

[To0OHBII THUIT UCXOAHBIX BO3MYIICHUH BCTpeUyaeTcs BO MHOIMX MexaHu3Mmax. Ecinu pacnonarats
3yOLbI HUPKYJISAPHON MUIIBI HE CTPOTO PETYIISPHO, MOXKHO OBLIO ObI, TIIATEIBHO PACCUMTAB
IIPOMEXYTKH MEXIY HUMH, PACTSHYTh 110 4YaCTOTE CIIEKTP KaK a3pOAUHAMUYECKHAX BO3MYLICHUM, TaK U
KosiebaHuii camMoil muitbl. JJ1st 3TOM XKe 1enu B OXJIaXIAIOUINX BeHTWIATOPaX pajuaTopoB aBTOMAIINH
HapYIIAIOT PETYJIAPHOCTD B PACIIOJIO0KEHUH JIONIACTEH, YTO IPUJAET UM HENIPUBBIYHBIN BUA. To ke
MOYKHO CJIeJIaTh ¢ pe3uamu (pe3 ppe3epHbIX U pacoHHO-(PpPEe3epHBIX CTAHKOB M ¢ KaHABKaMU CBEpIL.

Opnnaxo, eciau Obl Bce 3TH UCXOIHBIE BO3MYILIEHUS MOKHO OBLITO ObI OTHEIUHUTH OT UX YCUITUTENEH U
W3IIydaTesiei-rpOMKOTOBOPUTENIEH, )KU3HB cTaja Obl ropasao tuiie. [loaToMy, eciiu HaM U HE yaeTcst
CHU3UTh UCXOJIHBIE BO3MYILICHHUS, €11[€ HE BCE MOTEPSIHO: BO MHOTUX MEXaHU3MaX MOXHO JIOCTaTOUYHO
3¢ (PEeKTHBHO BO3/ICHCTBOBATh HA OCTAJBHBIC JIBA 3BEHA IITYMOITPOM3BOISIICH IIETTOYKH.

Hanocneme BEPHEMCH €1IC pa3 K AU3CITbHOMY ABHUTAaTCIIIO U TIOCMOTPHUM, YTO MOKHO CACIIATh
C MCXaHU3MaMU YCUJICHUSA U U3JTYyYCHU, YTOOBI YMCHBIIUTD LIYM. Mu1 YK€ 3HACM, YTO OCHOBHAs 4aCTb
ryMa, BO3BHUKAIOIICTO B KaMEPE CropaHrsd, HC JOCTUTACT MMOJIHOCTBIO HAPYXXHOT'O IMTPOCTPAHCTBA U 3TO



00YCIIOBIICHO pa3In4reM UMIIEJAHCOB MKy ra30M B KaMepe CrOPaHus M KapTepOM H IIMITHHIPOBBIM
6mokoM. Ham u3BeCTHO Takke, YTO IJ1aBHAs MPUYMHA CHIDKECHHS UMIIEIaHCca KapTepa U 0J10Kka — HUX
pe3oHaHchl. Ecin OBl ynanoch BBeCTH KaKOH-THO0 BHI MOTIIOIIEHHS B CTPYKTYPY KapTepa u
IWIMHAPOBOTO 0JI0KA, KOTOPBIN OBl YMEHBIIAN aMIUTUTYy PE30HAHCA, ObLI OBl C/I€TaH BaKHBIN II1ar
BIIEpE/I.

OToMy BONpOCy OBLIN MOCBALIEHBI MHOTHE MCCIIEOBAHUS; TEPBBIM Havals ux 1-p Teo [Ipun, padoras
B OJIHOW IIPOMBILIIIEHHOW KOMIIAaHUH; 3aT€M OH IIPOJIOJIKUII U3Y4EHHE BOIIpOCa, nepeias B MHcTuTyT
UCcleIoBaHus IyMa U Bubpauuii B CayTreMnToHCKOM yHUBepcutTeTe. [IpoMbliieHHas KoMIaHUs
M3TOTOBIISIa 000pY0BaHUE JIUIsl BIPHICKUBAHUS TOPIOYETO B AM3EIISAX; YTOOBI I0Ka3aTh, YTO WHKEKTOP
HE BHOCHUT CYHIECTBEHHOI'O BKJIa/la B IIyM JU3E€JIbHOTO JBUTATeNs, ObIJIO NPEAIPUHATO U3TOTOBIEHUE
MasoImymsnero au3ens. [lonbITky oka3auuch yaauyHbIMH, U ObIIO CO3/1aHO J1BA THIIA JIBUTATENEH,
YPOBEHb IIyMa KOTOPBIX CYOBEKTUBHO UMeEI, IPpy00 roBOps, MOJIOBUHHYIO TPOMKOCTb IO CPABHEHUIO

¢ ABUTATEISIMU O0BIYHOTO THIA. [IpobiieMa MOCTPOWKHM MaJIOIIYyMHOTO JIBUTATEINS pellagach IByMs
nyTsimu. [1epBblil — M3roToBIeHNE ABUraTeNs C CUIBHO 3a1eMII(UPOBAHHBIMU CTEHKAMHU, BTOPO —
UCTIOJIb30BaHUE TAKUX MAaTEPUAJIOB M TaKoW (POPMBI KapTepa U IHIUHIPOBOTO OJI0Ka, TPH KOTOPHIX UX
KECTKOCTBh BO3pacTajla HACTOJIBKO, YTO PE30HAHCHBIE YACTOTHI YBEJINYUBAJINCH IIPUMEPHO B 5 pas.

B cooTBeTcTBUU € 3TUM OBUIO OCTPOEHO JIBA ITOYTH OJIMHAKOBBIX IK3EMILISIpa JBUTATENS IEPBOTrO
tuna. OCHOBHAs pamMa YeTHIPEXIMIMHIPOBOTO ABUraTeNs C TPEMs MOJIIUITHUKAMH KOJIEHYaTOro Baja
ObL1a cBapeHa U3 CTAJBbHBIX JINCTOB U HECNa PyOaIlIK OXJIaXICHUS UWIHMHIPOB U MOIIIUITHUKI
KOJIGHYATOT'0 U KYJauKOBOT'O BAJIOB. DJIEMEHTHI KOHCTPYKIIMH, TaK e KaK M T'OJOBKH LMJINHAPOB, ObUIN
ctaHaapTHeIMU. Takas pemieTyaTtasi KOHCTPYKIMS KapTepa U HUIMHIPOBOTO OJI0OKA BIIEP)KHUBAJIa BCE
BO3HHKAIOIINE HANPSHKEHUS, a OCKOJIbKY 0011asi Hapy»KHasi IOBEPXHOCTh Kapkaca ObUIa OueHb Mala,
U3ITy4eHHE IIyMa pe3Ko CHIKaoch. OHAKO 3aJIUTh B TaKOM penieTyaThlii KapKac BOJYy U Macjo ObLIO
HEBO3MOKHO. OCTaBasoch HATH MaTepHaibl 1151 OOKOBBIX CTEHOK, KOTOpBIE ObI HE YCHIINBAIIN
Kosie0aHuil KapKaca BCJIECTBUE PE30HAHCA: K COXKAJICHUIO, HEKOTOPOE YBEJIMYCHHE IyMa ObLIO
HEn30€XHO IPOCTO B PE3yIbTaTe YBEIMUEHUS CYMMapHON Hapy>KHON IOBEPXHOCTH. bl
M3TOTOBJICHBI ChEMHbIE MTAHENU U3 PAa3JINYHbIX MaTEPHAJIOB: CTAJIU, CBUHIIA, TUTACTMACC U CIIOMCTHIX
KOHCTPYKLUH («CaHABHYEH») CTallb — pe3nHa — CcTallb. [[aHenu u3 cBUHIIA U [J1aCTMAcC € UX
OOJILITUMU BHYTPEHHUMH TOTEPSMH ObUTH 04€HB 3P (HEKTHUBHBI, HO B KOHEYHOM CUETE ObUTH BHIOpaHBI
CJIOMCTbIE KOHCTPYKIIMHU U3 CTAIM U PE3UHBL. DTH MaHEIU KPEIWINCh K pedpaM KapKaca MHOKECTBOM
MaJIeHbKUX BUHTUKOB; 0Ka3aJl0Ch, YTO 3TU MAHEJIH U3Iy4aloT IIyM ¢ YpoBHEM Ha 15 nb meHble, uem
YYT'YHHBIE CTEHKH OOBIYHOTO KapTepa. B momomHeHne Macio0TCTOMHUK KapTepa ObUT H30JIMPOBAH OT
KapKaca MpH MOMOIIY PE3MHOBOI JIEHTHI, a IPYTHe KPYIMHbIE METAITMUYECKHE KPBIIIKH, HAaIpUMEp
KPBIIIKA PacTpeieIUTENbHOT0 YCTPOHCTBA, OBUIH CHIIBHO 3aeMII(pUpOBaHbI (OHU M3TOTOBJISUIUCH U3
TaKMX K€ CaHIBUYEH CTallb — pPEe3rHa).

HauGonpine BuOpanuu B 1M3€IbHOM JIBUTATENI€ UCTIBITHIBAET KOJIEHYATHINA Bal. DTO BbI3BaHO, KakK U
CJIE10BAJIO OKUAATh, TEM, YTO BCE CKAUKHU JABJICHUS B KAMEPaxX CropaHusl HEMOCPEICTBEHHO
nepezaroTcs Ha Baj, K cokaneHuto, Ha OTHOM KOHILIE BaJla UMEETCs IIKUB, M ITOT IIKUB BeET ceOs
10J00HO TPOMKOTOBOPUTENIO. [IpH HCIIBITAHUM ONHUCBIBAEMOTO «IKCIIEPUMEHTAIBHOTO AK3EMILIApa
JIBUTATEJIs» 0Ka3al0Ch, YTO, €CIM CHATh MIKUB, IIyM Ha yactore 1600 I'1y (coOcTBEHHas yacToTa IIKHBA)
cHwkaeTcs Ha 25 nb. [ToaTroMy ObIT CKOHCTPYMPOBAH IIKHUB U3 ABYX YacTEH, YTO TO3BOJIHIIO
M30JIMPOBATh €r0 OT BaJla: LICHTPaJIbHAsl BTYJIKA YKPEIUIUIach Ha Bally, a HApyXHas 4acTh IIKKUBaA,

¢ OOJIBIIIMM AMAMETPOM OTBEPCTHSL, COSAMHSIIACH C HEW IPU OMOITN pe3nHOBOM My ThI. [To
CPaBHEHUIO C OOBIYHONM KOHCTPYKLMEH MIKKBa 3T0 faBayio 15 nb Beiurpeima Ha yactote 1600 I'm.

B pe3ynbrate, nocie Toro Kak CHU3MWIM TaK)Ke IIyMbl BCACBIBAHUA U BBIXJIONA, a KOPOOKa nepeaay Obuia
CUJIBHO 3BYKOM30JIMPOBAHA, IIYM B «3KCIIEPUMEHTAJILHOM JBUTATEIIC» CHU3UIICS 110 CPABHEHUIO

¢ 00b1yHbIM IpuMepHo Ha 10 1b, HaunHas ot 400 ' u Beie. Ecnu He cunTaTh HU3KKE YAaCTOTHI, HA
KOTOPBIX JIBHTATEIh KoJieOascs Kak 1eloe U Ha KOTOPBIX MOTOMY HUKAKoe JIeMI(pHPOBaHNE TIOMOYb HE
MOTJIO, YKa3aHHbIE MEPOIIPUATHUS CHU3WIIU LIYM JI0 YPOBHsI, CO3/1aBa€MOro OEH3MHOBBIM JIBUraTeIeM
TOH 7K€ MOLIHOCTH, ¥ YCTPAHWIA HENIPUATHBIN CTYK, XapaKTEpPHBIN JUI JU3EIIEeH.



Jpyroii Tun aBuraTesis ObUI HOCTPOEH COBEPIIEHHO MHAUE U BO MHOTUX OTHOILEHHSIX MEHbIIE
MOJIXOAMI U IPAKTUYECKOT0 ocyliecTBIeHNs. KapTep n MIMHIPOBBINA 610K OBLIN OTIUTHI U3
MarHusi, ¥ TOJIIMHA UX CTEHOK cocTaBisia okosio 30 MM. BenencrBre Maso IIOTHOCTH MarHus Bec
JIBUTATEJIS HE MPEBBIIIAT OOBIYHBIX 3HAUCHUN, HO BBUY OOJIBIION TOJIIIWHBI CTEHOK MX )KECTKOCTh Ha
M3ru0 3HAYNTENILHO MOBBICUIIACh. BO3HUKIIM CylleCTBEHHBIE PAKTHUECKUE MPOOIIEMBI, CBSI3aHHbIE

C MaJION MPOYHOCTHIO MarHus Ha pa3phIB, & TAKXKE C €ro M0IBEPKEHHOCTHIO I'aJIbBAHUYECKONW KOPPO3UH,
HO 3TH TPYIHOCTH YAAJIOCh NPeo10JieTh. JIBUraTens ObUT CHA0XKEH CUIIBHO 3a7eMII(UPOBaHHBIMU
KPBILIKaMU PaclpeesIUTENbHOI0 YCTPONCTBA U KIIAIIAHHBIX PHIYAroB, a TAKKE 3BYKOM30JIMPOBAHHBIMU
MacJIOOTCTOMHMKOM KapTepa U IKUBOM KOJIEHYATOr o Bajia, aHAJIOTHYHBIMU TEM, KOTOpPbIE ObLIH
IIPUMEHEHBI B 3KCIIEPUMEHTAILHOM JIBUTaTelIe IEPBOTO TUIIA.

OnwuceiBaeMas KOHCTPYKLUS o0Jiajana AByMs JOCTOUHCTBaMU. Bricokast U3rnOHas )KEeCTKOCTh CTEHOK
CHI’KaJla aMIUIUTYy BUOpalHii Ha HU3KHX 4acTOTaX, a 00yCIOBIEHHOE KECTKOCThIO YBEIMUEHUE
COOCTBEHHBIX YaCTOT IMEPEBOIUIIO PE30HAHCHI B TY 00JIaCTh, /1€ KOMIIOHEHTHI Dypbe
BHYTPUIIWIMHIPOBOTO AABJICHUS UMEIH YK€ MAIyI0 BeIMUUHY. [0 cpaBHEHMIO C TEPBBIM TUIIOM 3TOT
JIBUTATEJIb UMEJI IPEUMYILECTBO HA HU3KUX YaCTOTaxX M JjaBajl IPUMEPHO TOT K€ PE3YyJIbTaT Ha CPEIHUX
1 BBICOKHX YaCTOTax.

Pe3ynpTatel, NoyyeHHbIE B IPOMBIIIIICHHON KOMIIAHUM U pa3BUThle B CayTreMITOHE, JIETJIU B OCHOBY
cyOcunupyemMoro npaBUTensCTBOM IIpoekra 6ecuryMHOro maccaxupckoro Tpancnopra. MHCTHTYT
UCCIIEIOBaHMsI IITyMa U BUOpauiil pazpaboTan MajomyMsIe JBUraTesId, OCHOBaHHbIE Ha 00pa3Iax
¢bupm «Posic-Poiicy u «bpurtum Jleitnanay; oqHoBpemenHo VccnenoBaTenbckoe 00ecTBO
MOTOPOCTPOUTEIBHON MPOMBIIUIEHHOCTH 1 JIabopaTopust JOPOKHBIX UCCIEIOBAaHUNA IPOBOIMIN
JIOTIOJTHUTEILHYIO HCCIIeI0BATEIbCKYIO pPa0OTy MO IIyMaM CaMOil aBTOMAIIIMHBI U TIO IIYMY IIHH.
Lenpio OBLTO MOCTPOUTH TPY30BUK, YPOBEHB IITyMa KOTOporo Obut Okl Ha 10 1b HUXKE, yeM

B CYIIECTBYIOIIUX MOJIEINAX, U TAKUM 00pa30M MOKa3aTh aBTOMOOMIIBHOW U MOTOPOCTPOUTEIIBHOM
IPOMBIIIJIEHHOCTSM, 4TO 00Jiee «TUXHUE» IPY30BUKH MOKHO BBIITYCKATh 110 BIIOJIHE IIPUEMIIEMOM LIEHE.
Amnanoruynast nporpamma 6suta Hayata u B CIHIA, X0Ts Tam Hccae10BaHus TPOU3BOIMINCEH 110 OoJiee
KOHCEpBaTUBHOI ITporpamMme, peycMaTpuBarolieil BHayajie TOIbKO 3BYKOU30JIALIMIO IBUTATENA, a He
paavKanbHOE U3MEHEHUE KOHCTPYKLIUH.

Ycnexu, JOCTUTHYTBIE TIPU pa3paboTKe OMMCAHHBIX JIBUTATENEH, MOKHO, Pa3yMeeTcsl, UCTIOIb30BaTh U
JUIS1 OTPOMHOTI'0 MHOKECTBA IPYrUX MeXaHU3MOB. Hanpumep, npeaynpexieHre pe30HaHCHBIX SIBICHUN
OTHOCUTCH K Hauboee MJI0AOTBOPHBIM METOAAM CHUIKCHHUSA YPOBHSA LIyMa JII060I‘O MCEXaHHu3Ma. O,HI/IH
13 CTIOCOOOB TOOUTHCS ATOTO — BBECTH 3aTyxaHue. O4eBUIHO, JTyUIIle BCErO MOIydaTh TpedyeMmoe
3aTyXaHue, IPUMEHss MaTepHalbl, 111 KOTOPBIX XapaKTEPHO MIMEHHO MaJIo€ YCHIIEHNE Kosie0aHui npu
pe3oHaHce. Pe3anHa — X0poI1o U3BECTHBIN MPEACTABUTENL ATOM KaTETOPUU MATEPHUAIOB: IS €€
CTPYKTYpPbI TUIIMYHO HAIIMYUE JUIMHHBIX MOJICKYJISIPHBIX LENIEH, CKOJIB3SIIMX OJHA 110 APYTOU IIPU
nedopManuy MaTepuania, pu 3TOM IMPOUCXOTUT MOTEps KojebaTeIbHONH IHEPTUH BCIEACTBHE TPEHHUS.

K coxxaneHuto, HEBO3MOKHO MTOCTPOUTh MEXaHU3M NPAMO U3 pe3uHbl! OJHUM U3 Hanbosiee BasKHbIX
OTKPBITUH MMOCIEAHUX JIET OBLIO OTKPBITHE YIIIEpOJHBIX HUTEeH. CrenuanbHas TepMooOpaboTKa
MO3BOJISIET U3MOTOBUTH U3 JUIMHHBIX NMPSAAEH CUHTETHUECKOr0 MoJUMepa JUIMHHBIE LIETIOUKH,
00pa30BaHHBIC YITIEPOJAHBIMUA MOJIEKYJIaMU U 00J1aAa011e BEICOKOM MPOYHOCTHIO Ha pa3phiB. [Ipu
CBSI3BIBAHMU CO CMOJIAMM 3THU LU 00Pa3yIOT «4yA0-MaTepHa», UMEIOUINNA IPOYHOCTb CTAIH IIPU
3HAYUTEJIBHO MEHbIIEM Bece. MeHee U3BECTHO JPYTroe€ CBOMCTBO 3TOT0 MaTepuaia — €ro BecbMa
OoJbLIME BHYTPEHHUE NTOTEPH.

VYriepoHbie HUTH TOJIBKO HAavalld pa3padaThiBaThCS U MIOTOMY ITOKA eIe JOpord. B HacTosmui
MOMEHT HUX LI€HA €lle NPEISITCTBYET LIEJOMY psly BO3MOXHBIX puMeHeHU. K coxxanenuto, npyrue
MaTEPHAJIBI ¢ OOJIBIIIMM BHYTPESHHHUM ITOTJIOIEHHEM 001a/1al0T MAJIOH TPOYHOCTBIO 51 )KECTKOCTBIO.
HOC—)TOMY HpI/IXOI[I/ITCH HpI/IMCHHTB O6BI‘-IHBIC MCTaJlJIbI, HaHpI/IMep CTaJib, a MOIJIOIICHUC BHOCHUTH
JPYTHMH CpecTBaMH. MBI yKe BUICIH, KaK 3TO OBLIO CJICITAHO B KOHCTPYKITUH SKCIIEPUMEHTAIIBHOTO
JIA3€EJIs; IPEXkKIE YeM IEPEXOIUTh K IPYTrUM IIPUMEHEHHUAM TAKUX MOIVIOTUTENIEH 3BYKa, pACCMOTPUM
OoJiee moIPpOOHO UX JICHCTBHE.



Puc. 51. HeapmupoBaHHBIN 1 apMAPOBAHHBIIN MOMIOMIAOIINE CIIOH.
1 — HeapMUpPOBaHHBIH MOTJIOUIAIOIIUI CIIOH;
2 — TOJIBKO MPOJOJIBbHOE PACTSKEHUE;
3 — apMUpPOBaHHBIH MMOTJIOMIAIOLINHA CII0H;
4 — nedopmarus caBura.

Ha puc. 51 nokasaHna crasibHasi IJJACTUHA, COEIMHEHHAS CO CJIOEM IOIVIOIIAIONIIETO 3BYK BEUIECTBA,
HAIpUMeEp CO CI0EM CHHTETUYECKOU pe3uHsbl. [ImacTrHa MOKeT U31ydaTh 3BYK, KOJIEOIACh KaK IeIoe,
OJTHAKO YaIlle U3JTy4eHUe 00yCIOBICHO M3THOHBIMU KOJIeOaHUsIMU TIacTUHBL [Ipu n3rubanuu
TUTACTUHBI PE3UHOBBIN CIION TaKkKe U3TH0aeTCs U, KaK CIEAYET U3 T€OMETPUIECKUX COOOpaKeHU,
HapyKHas MOBEPXHOCTh PE3WHBI PACTATUBACTCS NMPH U3THOAHUH TUTACTHHBI B OJJHY CTOPOHY U
CXKUMaeTCs MPU U3THOaHUM B MPOTHUBOIIONIOKHYIO CTOPOHY. PaccessHre niu MorionieHue SHepTun
MIPOUCXOAUT B pe3ybTaTe MOTEPh Ha BHYTPEHHEE TPEHHUE TIPH MPOIOTBHBIX PACTIKEHUAX U CHKATHUSIX
pe3ussl. [IpencraBum Tenepsb, YTO K HAPYKHOM CTOPOHE PE3MHOBOIO CJIOS TPUKIIEEH TOHKHI
MeTamnuaeckuil mucT. [Ipu n3ruGanum miacTUHBI PE3MHOBBIN CIIOM HE CMOKET PAaCTAHYTHCS WIH
CKAThCS IOTOMY, YTO OH MPUKJICCH K TOHKOMY METAITUYECKOMY JIUCTY, 001a1at01eMy OOIbITUM
COIPOTUBIICHUEM PACTSKEHUIO. DTO O3HAYAET, YTO PE3UHOBBIN CIIOM OKAXKETCSI CUIIBHO MEPEKOIICHHBIM,
TO €CTh OH UCIIBITAeT OOJBINNE CABUTOBBIC NedopMalini. Bee 3HAIOT, 4TO COTHYTHh PE3UHOBBIN JIHCT
CMOXET M peOeHOK, HO, YTOOBI CABUHYTH OJIHY MMOBEPXHOCTh OTHOCHTENIBHO APYTOo Ha 3HAYUTEIHHOE
paccTosiHue, ToTpeOyroTCs ropasno Oonbiie cuibl. [1o 3TON NMpuunHE «apMHPOBAHUEY CUITBHO
noBbImaeT YOPEKTUBHOCTD JeMIT(PUPOBAHHS; TIPH STOM TOHKHHN CIIOW PE3UHBI MOXKET O0Ka3aThCs
BBITO/IHEE TOJICTOTO, TAK KaK B HEM CJIBUTOBEIE epopmanu OyayT UMEThH OOJBIITYIO BETHUHHY.

[IpuxienBanue Kycka WM KYCKOB METAITUYECKOTO JIUCTA K MAaHEH C MOTJIOTUTETIEM MOXKET OBbITh
oueHb 3P (GEKTUBHBIM MPU NPABUILHOM MOAOOPE pa3MEpOB JIUCTA U MOJIOKEHUS MPUKICHKHY;

3¢ (heKTUBHOCTH Oy/IET 3aBUCETh TakKXkKe OT 4acToThl. OTCI0/1a, OJTHAKO, HE CIIeyeT, 4TO 00paboTka
MOTJIOUIAIOIIMMH MaTepraiaMu 0e3 apMUpOBaHUS HUUErO HE AA€T: CYLIECTBYET MHOTO IMaTEHTOBAHHBIX
MOKPBITHH, KOTOPBIE JIETKO HAHOCSTCS Ha 3arIylIaeMyI0 ITOBEPXHOCTh M YaCTO 00ECIEeYNBAIOT
JIOCTaTOYHOE TOTJIoNIeHre Koebanuil. [loMruMo pe3suHbl, MOKHO IPUMEHSTH U APYTHe MaTepUalIbI.
Hcnons3y1oT 1enblii Habop BEIIECTB OT CMEcei CMOJT 10 Boiioka. OIMH XOPOIIO W3BECTHBIM
MOTJIOUIAIONINI MaTepHall OXO0K M0 BHELUTHEMY BUY Ha OBCSIHKY U UMEETCS B Ipojake J100

B )KHJIKOM BHUJIE, THOO B BUJIE CAMOIIPUKIICUBAIOIINXCS JIUCTOB. B mocieanem cirydae ero yago0Ho
MIPUKJIEUBATH K CJIOI0 3BYKOIOTJIONIAIOIIEH HEOMIPEHOBOI MEHbI, yOUBasi TAKUM MPOCTHIM CIIOCOOOM
cpa3y AByX 3aiiiieB. HeCKONIbKO Jierde U JeIieBie MOKPHITHE U3 JBYX CIIOEB CTCKIISTHHON TKaHH,
MIPUKJIEEHHOM K CTallu crienuanbHoi cMouoil. [Ipu sToM Takke JOCTUTaeTcss OrpOMHas KECTKOCTh
KOMITIO3UTA, JTAJIEKO MPEBBIIIAIONIAS )KECTKOCTh CTAIH UM CTEKJIOBOJIOKHA B OTAEIBHOCTH. [Ipu
HaJJIeXKalleM BEIOOpe CMOJI MOXKHO MOJTYYUTh U TEPMOCTONUKOE AeMII(PHUPYIOIIEe MTOKPBITHE.



Bce e apMupoBaHHBINM CaHIBUY CTalb — PE3MHA — CTaJlb 00J1a/1a€T MHOKECTBOM MTPEUMYIIIECTB.
NmeroTcst Takue KOHCTPYKLMU, COCTOSIIIIME U3 CTAIBHOTO JincTa Kanuopa 20 (tommuna 0,95 mm),
CKJICEHHOT'O CMOJION ¢ JTUCTOM KanuoOpa 26 (TonmuHa 0,48 MM), 4To maet oo1ryro ToimuHy (okono 1,6
MM), COOTBETCTBYIOITYIO KaauOpy 16. CyIecTByIOT Takke MaTepHalibl, CKIEEHHBI U3 MHOTUX CIIOEB
pe3uHbl U antoMuHus. K coxaleHnio ux KeCTKOCTh Ha U3rubd Maja, a U3rOTOBJICHHE UX
3arpyaHuTensHo. [lITaMmoBaTh 3TH MaTepHabl 10 CHX IO HE YIAeTCsl, TOTOMY YTO OJIMH U3 CJIOEB
o0Opa3zyeT CKIaJKu WK TpeckaeTcs. [IpoBOAsTCS OMBITHI 1O pa3ieabHON IITAMIIOBKE CJIOEB U UX
nocuenyrouen ckierke. Ilpu cBapke Takux KOMITIO3UTHBIX JIMCTOB «HAYMHKA)» BBITOPAET, a II0B
MOJTy4aeTCsl CIa0bIM, TOTOMY YTO 3a4acCTYIO CKpPEIUISIETCS TOJILKO OJIMH U3 CJIOEB CaHIBUYA.

JemndupoBanre MUPOKO MPUMEHSIETCS U CHIKEHHS IIIyMa B MexaHH3Max BceX BuoB. Hanecenue
JIeMI(pHUPYIONINX MOKPBITHHA cHIDKaeT myM Ha 10 1b u 6ojee Bo Bcex ciydasix, KOTa 3ByK U3ITydaeTcs
JIETKUMU MaHensiMu. Eciu manean MOKHO CIPOEKTUPOBATh TAKUM 00pa3oM, YTOOBI UX pe30HaHCHAs
4yacToTa HUTJE HE COBIaJiaja ¢ YaCTOTaMU MCXOJHOTO BO3MYILIEHMSI, 3TOTO MOXKET 0Ka3aTbCA
noctatouHo. OOIIen3BEeCTHINA pUMEp AeMIT(UPOBAHUS MaHeel — 3T0 00ecIIyMInBaHNuEe aBTOMAIINH
«CelaH» 1 BOOOIIEe TOPOKHBIX TPAHCHIOPTHBIX CpeAcTB. [lanenu Kpsiim, noia, Kanora MoTopa u
KPBIIIKY OarakHuKa — BC€ OHU 00J1a/1al0T MHOKECTBOM PE30HAHCOB, U AEMII(PUPOBAHIE MOXKET
NpUHECTH O0MBITYIO TOB3Y. [IpuMeHenne nemMnupoBaHHBIX KOMIIO3UTHBIX CTAJIBHBIX JTUCTOB
MO3BOJIUT CHU3UTH IIYM JIOPOKHBIX MEePPOpaTOpOB Jiennden Ha 7, IpU YCIOBHH YTO MPEIBAPUTEIBHO
3arIyméH IIyM BBIXJIONA oTpaboTaHHOTO Bo3ayXxa. C aKyCTHYECKOW TOUYKH 3pEHUs] HanTydIast
KOMITO3UTHAsI CTajbHasi KOHCTPYKIIUSI — 3TO TMOJbIH JIUCT, 3aNI0JHEHHBINA CBUHIIOBOM Apo0Obi0. OnHAKO
Ha MPaKTHKe TaKkas KOHCTPYKIHS HE TOANUTCS, TaK KaK MPHU HArPeBaHUHU IPOOb CILTIOIUBACTCS.
[Ipo6oBanu NpUMEHSATH B Ka4eCTBE 3aMOJHUTENS ME/b, MApTraHell, YyT'yH, HO 3TO HE JTaeT TaKUX XKe
pE3yJIbTaTOB.

Pe3oHaHCBI B TBEpABIX TENAX HE €AMHCTBEHHBIN TUIl PE30HAHCHBIX KojleOaHnil. BCnOMHUM pe30HAaTOpbI
I'enpmromnbia, onucanHpie B II1. 8. JIr0O0 3aMKHYTBI 00beM BO31yXa CIIOCOOSH COBEPINATH
pe30HaHCHBIE KOJIeOaH!s, U B 3aBUCUMOCTHU OT (JOPMBI U pa3Mepa 00beMa Mbl MOKEM BCTPETUTHCS

C OJTHO, a Yalle ¢ LeJIbIM PSIIOM pe30HaHCHBIX YyacToT. TeopeTnuecku crocod 60prObI C pe30HaHCAMU
IPOCT: cieayeT 100 3a1eMnpupoBaTh KouedaHus, HAIPUMEP C MTOMOIIBIO BOJIOKHUCTBIX HITH
MIEHUCTBIX MAaTEePHAJIOB, TINOO KOHCTPYKTUBHBIM ITyTEM BBIBECTH PE30HAHCHBIE YACTOTHI U3 OMACHON
obnactu. Yem Gompliie pa3Mep BO3IYITHOTO 00beMa, TEM HIKE PE30HAHCHAS 9acTOTa, U 0OpaTHO.
KpymnHble nonoctu BeayT ce0s Mog00HO0 MaJIbIM IIOMEIICHHUSIM, U B HUX MOTYT YCTaHOBUTBHCS
HOpMaJbHbIE KosieOaHus, onucaHHble B IJ1. 10. [Ipy Hanuuuu «ropibliKay, COEIUHAIOMEr0 00bEM

¢ BHENIHEH aTMocdepoil, Kak B pe3oHaTope | eabMroplia, 4acToTa TeM BBIIIE, YEM TOPIIBIIIKO IIHPE.
He cnenyer ymyckarb U3 BUAY TOTO 00CTOSITEIBCTBA, YTO 331eMII(pUPOBAHHBIN pe3oHaTOp | enbpMrosbia
BecbMa 3¢ (HEeKTUBHO MOTJIOMIAET 3BYK, @ 3TO MOXKET OKa3aThCsl OYCHb MOJIE3HBIM B HEKOTOPBIX CIIydasix.

WTak, ecTh TpH HampaBiIeHUsT OOPHOBI C IyMOM MEXaHW3MOB. Ecin He yaeTcst CrilaiuTh HCXOTHBIE
BO3MYIILIEHUS, TO, HABEPHOE, BOBMOXKHO U30€XKaTh UX YCUJICHUS B PE3YJIbTATE PE30HAHCA, INOO BBOIS
nemrdupoBanue, 100 U30aBISASACh OT Pe30HAHCA ITyTeM W3MEHEHHsI KOHCTPYKIMH. Eciin 1 91O He
yaeTCsl, MO’KHO BOCIIPETISITCTBOBAThH U3TYYSHHIO 3BYKa, TI0 BO3MOKHOCTH YCTPaHSIS KOHTAKThI MEXKIY
HCTOYHHUKOM BO30YXKJICHUS M BCEMU JIPYTHMH YaCTSIMH MeXaHnu3Ma. B o0miemM pykoBOICTBYHTECH
3/1paBbIM CMBICIIOM!

[26] Tepmun «pe3uHa» moapazyMeBaeT 37eCh HapsLy C HaTypalbHOW PEe3WHON caMble pa3IndHbIC
MOJIMMEPHBIE MaTepUAIIbI.
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13. O0eciymuinBaHue U U30JISIIMA 3BYKA

VBBI, HHOT A2 HUKaKasi UH(OpMAIHs, BpPOAE TOU, YTO Mbl IOYESPIHYIIH U3 TPEAbIAYIIEH TTI1aBbl, He
CMOXeT MoMo4b. Korzia cragkuBaembes ¢ mpoOIeMoi IiryMa, KOTOPYIO CTaBUT YK€ CYIIECTBYIOIIHI
MEXaHH3M, OECIOJIE3HO MPUHUMATHCS OOBSICHITH, KaK CIIEOBAIO MPOCKTHPOBATH €T0 C CAMOT0 Hayaja.
HcTtuna mpocra: ¢ MEXaHU3MOM yXK€ HUUYEro He C/ieJaelllb, HO HeNb3s JIM YTO-HUOYAb clienaTh

¢ mrymom?

OO0patuMcsi K THIUYHOMY CITY4ar0, B KOTOPOM OTYETIIMBO MPOSBISIETCS] OONBITUHCTBO BO3HUKAIOIINX
MPaKTUYECKHUX MPoOJIeM, — K IIyMYy Au3elb-TeHepaTopa. Takue yCTaHOBKH MCTIONB3YIOTCSI B KAUECTBE
PE3EPBHBIX arperatoB B CAMbIX HEOKUJAHHBIX MECTAX — TaM, I/1€ HEJb3s MUPUTHCS C BO3MOKHBIMU
KanpuzaMu HarmoHanpHON CHCTEMBI JIEKTPOCHa0KeHus. Harmpumep, Ux 4acTo ycTaHaBIMBAIOT

B OONBHUIIAX, M TaM UX IIyM 0cOOeHHO HexenaTeneH. [IpencraBum cebe, 94To HaM HEOOXOUMO
YCTAHOBHUTH OJIMH U3 TAKUX arperaToB U HET BO3MOKHOCTH €r0 NEPEKOHCTPYUPOBATD.

[Ipexxae ueM npeanpUHUMATh KaKHe-Iu00 Apyrue Mepbl, HEOOX0IUMO CIIPOEKTUPOBATh
aHTUBUOPAIIMOHHBIN (PYHAAMEHT. DTO 3HAYMT, YTO JBUTATENIb U T€HEPATOP HYKHO YCTAaHOBUTH Ha
oO011eli BcnoMoraTeabHON paMe Tak, YTOObI OHU HE MOTJIM CMEIIAThCS OJIMH OTHOCUTENIBHO JIPYroro

B PE3yJbTaTe JEHCTBYIOINX MEKIY HUMU MOMEHTOB. 3aTEM CIIEAYET YCTAHOBUTH paMy Ha IIECTU WIN
BOCBMH YIIPYT'MX aMOPTH3aTOpaX, BHIIIOJHEHHBIX B BUJIE MIPYKUH, TUO0 PE3NHOBBIX MPOKIIAIOK WIN
3JIEMEHTOB C PE3MHOBBIMU MPOKIAIKaMH, pa0OTAIOLUIMMHU Ha CABUT. DTH aMOPTH3aTOPbI TOJKHBI
00J1a1aTh OJIATIIMBOCTHIO B BEPTUKAIBHOM U TOPU30HTAIBHOM HANpPaBIEHUSAX, JOCTATOYHON 1JIs
MOJABJICHUS CAMbIX HU3KUX BBIHYKIAIOIIUX YaCTOT, IPUYEM HEKOTOPBIE U3 ILIECTH THIIOB KoJeOaHui
reHepaTopa MOTyT OKa3aThCs CBSI3aHHBIMU.

HenocraTouHo, oJ1HaKo, MPOCTO MOCATUTh FTEHEPATOP HA AMOPTU3ATOPBI U YCIIOKOUTHCS HA ATOM.
HeoOxoaumo Takke, 4ToObI BCe CBSI3U, BEAYIIHE KaK K IBUTATENI0, TaK U K TeHepaTopy, ObUIH THOKHMH.
Croza oTHOCSITCS TPYOOTIPOBOABI TOPIOYETO, KaOEIEPOBOIBI, a TAKKE BO3AYXOBO/IHI.

Ecnu npoTuBoBHOpaLIMOHHBIE aMOPTHU3AaTOPBI TPUMEHEHBI HE OBUIH, TIOCIIEIYIONINE MEPOTIPUSITHS 110
CHIKCHHUIO 1IyMa OKaXYTCSl B 3HAYUTENIbHOM CTeleHN 00eCIIEHEHHBIMU, IIOCKOJIbKY, TOMUMO
reHepaTopa, U IpyHT, ¥ CaMO 3JIJaHUE TaKkke OyAyT U3Iy4yaTh 3BYK AK€ HA 3HAUUTEILHOM PACCTOSHUU
OT reHeparopa (BCIOMHUTE KaMepTOHHBIN 3¢ (HeKT); m0ITOMY, B KaKoe ObI COBEPIIEHHOE
3BYKOHEIIPOHUIIAEMOE OTpakJI€HUE Mbl HU 3aKIFOUYMIN MEXAaHN3M, BCE PABHO JOCTATOYHO CHIIbHBIN
MCTOYHHK IIyMa OKa)KETCS BHE OIPaXKJICHHUS.

PazymeeTcs, cyTh mpoOaeMbl B TOM, 4TOOBI 3aKPBITh TyTH 3BYKY. [IpocTteiimuii crtocod
BOCIIPEMNSTCTBOBATH 3BYKY MIPOHUKHYTH U3 TOUKH A B TOuKy b — 3aropoauts emy gopory. Eciu
MCTOYHUK U3Ty4aeT BO BCE CTOPOHBI, €T0 MPUJIETCS 3arepeTh B suK. B ri1. 9 Mbl roBopuiu 06
W30JISIIIVH 3ByKa U BUJIENH, UTO JJIsl 3TOTO B TIEPBYIO ouepeb Tpedyercst macca. Eciiu Mbl MokeM
BBICTPOUTH KUPIIUYHOE WM OeTOHHOE orpaxkaeHne — oraudHo! Kak Buano u3 [punoxenus 2,
3BYKOM3OJIAIIMS TAKUX CTEH OYJET oueHb Xopolei. OHaKo ¢ MPaKTHUYECKON TOUKU 3pEHUS 3TO HE
BCEr/ia BRITOAHO. Macca MOXKeT 0Ka3aThCsl Upe3MEepHOU, a KpoMe TOr0, MHOT/IA KENATeIbHO UMETh
pa3bopHOe YyCTPOHCTBO. B 3THX cilydasix MpeCcTaBIIsIOTCS IBE BO3SMOKHOCTH: TIOKEPTBOBATH YaCThIO
KEJIaeMOT0 CHIDKEHUS 1lIyMa WU TOCTPOUTH OJJHOCIOMHYIO CTEHKY U3 OoJiee jierkoro matepuaia. Ecnu
peub HIET TOJLKO O Macce, TO, B3SIB JIUCT MATKOW CTaIl HOpMaJIbHOTO Kajaubpa 16[27] unu nocky u3
MPECCOBAaHHOM CTPYKKH TOJIIMHOMN 25 MM, MbI OJYYUM JEHIEBBIA U TOCTYIHBIN MaTtepuan. OaHako
B CTaJIM COOCTBEHHOE 3aTyXaHHE MaJIO, IIOCKOJIBKY ATO KECTKUI MaTepual ¢ MajJbiM BHYTPEHHUM
TPEHUEM U MTO3TOMY B CTAJIbHBIX JINCTAX BO3MOKHBI PE30HAHCHBIE SBJICHUS. A Mbl 3HAEM, UTO
PE30HaHCHI «IIPOOMBAIOT Opemn» B 3akoHe Macc. [1oaTomy HeoOX0IMMbI KaKue-TO JOMOIHUTEIbHbBIE
AJIEMEHTBI, MOTJIOIIAOIINE 3BYK.

CHayaina, 0JTHaKO, paCCMOTPHUM JIpyTyto mpodiemy. Kak Mbl momHuM 13 1. 10, eciii BO3BECTH BOKPYT
MCTOYHMKA 3BYKa OTPAKICHUE, PE3YIbTUPYIOIIEE YUCIIO ACIIUOEN HEeb3sl HATH, MPOCTO BHIYUTAS U3
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HCXOJHOTO YPOBHS B IeIM0eNax BeIMUMHY 3BYKOU3OJISINY cTeHOK. Clelyer elie npudoaBUTh
JECATUKPATHBIN JIorapu(M MOBEPXHOCTH IEPETOPOIOK, OOPAIIICHHBIX B HHTEPECYIOIIYI0 HAC CTOPOHY,
U BBIYECTH IECATUKPATHBIN Jlorapudm cpeqHero ko3 uimeHTa norjaoueHus MOBEpXHOCTEH BHYTPU
noMenieHust. 3To 00yCIOBIECHO TEM, YTO 3BYKOBasl BOJIHA, UAYIAsk OT UCTOYHUKA K CTCHKE TOMEIICHMUS,
YaCTUYHO MPOXOIUT HAPYXKY, & HACTUYHO OTpaxaeTcst o0patHo. OTpaskeHHasi BOJIHA BHOBb IOMNAIAa€T Ha
CTEHKY, CHOBAa YaCTHUYHO MPOXOJUT HAPYXKY U OTpakaeTcs elie pas. Ipyrumu ciioBamu, 4acTh BOJIHBI,
KOTOPOI HE yJIaeTcsl MPOHUKHYTh Yepe3 Orpa)ICHUE Cpasy, OTPAXKAETCs U ONSTh MOBTOPSET CBOIO
nonbITKY. [103TOMY, €ClTi CTEHBI XOPOIIO OTPAKAIOT 3BYK U3HYTPHU, HAPYXKY IPOHAET OOJBIIE 3BYKA,
YeM B clly4yae, KOTr/ia CTEHBI MOTJIOMIAIOIIHE.

OTO0 03HAYAET, YTO CTEHKU OIPaKJCHUS CIEAYET MOKPHITh U3HYTPH 3BYKOIOIIIOMAIOIIMM MaTEPHATIOM.
Ecnu 3T0r0 He clienaHo u eciu, Hanpumep, cpeHuil ko uiuenT noriomuieHus pasex seero 0,05, To
npubasuth cieayet 10 1g 0,05 = —13ab. [eiicTBre orpaaeHus OKa)XeTcsi CHIKEHHBIM Ha 13 1b.
IIpencraBum cede, 4TO Orpa’kAeHHUE MOKPHITO U3HYTPU CII0EM MUHEPAJIBLHON IEPCTH TONILUHON 50 MM;
YUUTBIBas, YTO CamMa MMOBEPXHOCTh AM3EIIb-TeHEpaTOpa OTpaXkaroliasi, IpUMeM — KOHEYHO, C U3BECTHOM
JoJIeH pou3Boia — cpenHuil ko duiment orpaxenus npu 500 ' pasusim 0,6. Torna noteps
W30JIUPYIONIETO NeUCTBUS orpaxaeHus coctaBut Bcero 10 Ig 0,6 = —2 b, yto Ha 11 ab myume, yem

B IIpeAbIAYIIEM cilydae. (3aMeTHM, 4TO MoJ00OHBIE PacUeThl CIeAyeT MPOU3BOAMUTH MO KpaifHel Mepe
JUTIST K&KII0M M3 6—8 OKTaBHBIX IT0JIOC.)

Bo3Hukaer erie npakTH4ecKuii BONPOC: KaK 3aKpeIUIsiTh HOKPBITHS U3 MUHEPAJILHOM IIEpCTH Ha
cTeHkax? 31ech NpUrofeH 1000 criocod — MeTalIMuecKue CeTKHU, nepPpoprupoBaHHbIE
METaJTIMYECKHE JINCTHI, KaK M JJIS 3aKPEIUICHNS aKyCTUYECKON TUTUTKHU. /|11 orpaskJieHns U3 JTUCTOBOTO
METaJula UCTIOIb30BaHUEe MUHEPAIBHOM MIEPCTH AaeT 100aBOUHBINA 3HAUNTEIIbHBINA BBIUTPHILIT

B pe3yibTaTe ee AeMIupyomero AeicTus. /s 1epeBIHHBIX OrpaskACHUH 3TO HE TaK He00X0ANMO,
IOTOMY YTO AE€PEBO 00IaJaeT HEMAJIBIM 3aTyXaHUEM U CaMo Mo cele.

Ecnu kameHHOE orpakieHHe OCTPOUTD HEJb3s, @ OHOCIIONHAs IEPEropoKa U3 CTAJILHOTO JINCTA
KanuoOpa 16 He 1aeT HeoOXO0AUMOM U3OJSIUHI, MOXKHO, KaK OBbLJIO YKa3aHO B TJl. 9, MPUMEHUTh MPUHIUI
JIBOITHOM NIEPErOpOAKH. DTO, B YACTHOCTH, MOXHO CIEJIaTh, IOCTPOUB CHAPY>KU MIEPBOTO OIPaXKACHUS
TaKoe ’ke€ BTOpOE Ha pacCTOSSHUU NpuMepHO 150 MM 1 ycTaHOBHB 00a OrpakACHHsI Ha JICHTax U3
[I0IaTIIMBON MUKPOIIOPUCTOM PE3UHBI (3TO MEPOIIPUATHE KENATEIBHO IPOBECTU U ISl OJJHOCIOWHOTO
OTpaXkJIeHus).

B Gosiee criokHBIX CUCTEMaX MPUMEHSIOT KOHCTPYKITUN TUTIA «CAHIBUY» U3 00JIee JIETKUX
MEPErOPOJIOK, 3aKATHIX MEXK]Y CIIOSIMA MUHEPAIBHOU 1miepcTu. MOXKHO, pa3yMeeTcsl, IPUMEHSTh U
pa3UYHBIC IPYrUe MOTIOTUTENN 3ByKa, HATPUMEP HEOMIPEHOBBIC UITH TTOJINYPETAHOBBIE TICHOTUIACTHI,
KOTOpBIE, OJTHAKO, TPEOYIOT CHEIHaIbHON MPOTUBOMOKAPHONH 00pabOTKH; TEM HE MEHEe OHU
OKa3bIBAIOTCS 00JIee SKOHOMUYHBIMH M HE HYKIAIOTCS B CTICIIMAIBHBIX 3aKperuieHnsax. Ho He Besakuit
CTapbIil MEHOIUTACT MIPUTOJICH JJISt ATOM IeNU: TIOPBI JOKHBI OBITh COOOIIAIOIIMMHUCS, & COIPOTUBIICHUE
MPOTYBAHHUIO TOJDKHO OBITH TOCTATOYHO OOJIBIIHM.

Pa3smeps! orpaxieHus BAUSIOT Ha ero 3()(EeKTUBHOCTH B IBYX OTHOLIEHUSAX. Bo-TiepBbIX, N3TyueHne

B JaHHOM HampaBlieHUuH OyneT TeM Oouiblie, yeM O0JbIle pa3Mephbl COOTBETCTBYIOIIEH cTeHku. Kpome
TOT0, MIOCKOJIBKY CYIIIECTBEHHO CpeIHee 3HaueHUe Kod(DPHIIMeHTa MOTIOMICHISI BHYTPH OTPaXKICHUS, a
HEKOTOPBIE MEXaHU3MbI 0071a1at0T OOJBIIIMMHU KECTKUMH, XOPOILIO OTPAKAIOITIMH 3BYK
HOBerHOCTSIMI/I, TO IJIs1 TOI'O K€ MCXaHU3Ma 1 TOI\/JI Xe aKYCTI/I‘-IGCKOI\/JI O6J'II/IIIOBKI/I orpamz[eHI/m Cpe}IHI/II\/II
KO3 (UIIMEHT MOTIIOMIEeHHUs U1 OONBIIOr0 OrpaskaeHus OyIeT Boliie, yeM i Majnoro. [Tostomy
HEPEJIKO OKa3bIBACTCS IIEeJICCOO0Pa3HBIM CIeIaTh OTpakICHUE MTOOOJIBIIE, B YACTHOCTH, €I U TOTOMY,
YTO TOTJa MOXKHO OYyZIeT yCTaHOBUTH JIBEPH JUIS IIPOXOAA BHYTPh IIPU PEMOHTE U YXOJ€ 32
MeXaHH3MaMH U 000MTHCH 0€3 CheMHBIX MMaHeJIeH.

Tunu4uHeli npuMep, KOraa NoJaBjIeHNe pe30HaHCca BO3YITHOIO 00beMa N03BOJISIET CHU3UTh 00N
IIYM, — 3TO JBIMOXO/]I KOTEJIbHOI, B KOTOPOM K CIIy4yailHOMY IIIyMYy MOXET J00aBUThCS KOMIIOHEHTA
YUCTOI'0 TOHA, TaK KaK CIydailHble UCXOJHbIE BO3MYIICHHUSI, CO3/JaBa€MbI€ CrOPaHHEM FOPIOYEro



B BO3JIyX€, BEAYT ce0s MO00HO 3aBUXPEHHSIM, KOTOPBIE CO3/1a€T MY3bIKAaHT, AYIOIIHI B OJ10K-QIIeHTy
(cMm. 1. 3), mpudeM IbIMOBast TpyOa BeneT cebs kak kopiyc drueiiTel M30exkath Takoro pe3oHaHnca
TPYZHO — 3TO BOIPOC THIATEIBHOTO BEIOOPA pa3MepoB. Bee KOoTenbHBIC YCTAHOBKH Pa3IMYHbI, U
MIOSTOMY YHHBEPCAJIbHBIX PEKOMEHIAINN HE CYIIECTBYET, HO €CIIM PE30HAHCHI ABIMOBOM TPYOBI 1al0T
CYIIECTBEHHBIN BKJIA]] B CYMMAapHBIU IIIyM, TO UHOT/Ia €IMHCTBCHHBIN BBIXOJ] — YCTAHOBHUTD TITyIIUTEIb
TUIIA, KOTOPBII OyZeT ONKCaH B CIEAYIOLIEH IJ1aBe.

Jpyroii BaxKHbIN IPUMEP — ITO BEHTUIATOP, IPUCOEAUHEHHBIN K IPUEMHOMY UM BBIXOAHOMY
TpyOompoBoy. [ maBHOE TpeOoBaHuE 371eCh — OTIIMYUE PE30HAHCOB TPYOOIPOBOJIA OT YaCTOT
IIPOXOXAECHUS JIOTIACTEN BEHTHIIATOPA U MX TAPMOHMK. AHAJIOIMYHbIE HETPUATHOCTH MOTYT
BCTPETUTHCS B MBUIECOCAX U DJIEKTPOMOTOPAX.

CHMXEeHHE aMIUTUTYAbl PE30HAHCOB MOXKET MPEAYIPENUTh HEXKETATEIbHOE U NHOTa CYILIECTBEHHOE
yCUJICHHE IIIyMa, HO 3a4acTylo erle 0osee BaXXHO CHU3UTh 3()()EeKTUBHOCTD H3iydeHus. BcmomauM, uto
KaKAYI0 TOUKY M3J1y4aroleil MoBEpXHOCTU MOKHO pacCMaTPUBATh KaK OTAENIbHBIM CaMOCTOSATEIbHbII
TOYEYHBIN UCTOYHMK 3BYyKa. OTCIOZa BBITEKAIOT 1B CIEACTBUSA. Bo-IIepBBIX, Ha Kpasix MOBEPXHOCTH
MO>KHO OXHJ1aTh AECTPYKTUBHOU MHTephepeHIn (cM. puc. 31); BO-BTOPBIX, BABOE OOJIbIIIAs
MIOBEPXHOCTH, KOJIEOIIOIAsACS C TOH ke aMIUIUTYAO0H, YTO U MEHbIIast, OyeT U3J1ydaTh BIBOE OOJIBIIYIO
SHEPIHUI0, TO €CTh CO3JACT YPOBEHB ITyma Ha 3 b BeIlIe. Y 1apuB 0 KaMEPTOHY U JIepikKa €ro B pyKe,
MBI IOJYYHMM €/1Ba CJBIIIHBINA 3BYK, UTO O0YCJIOBJICHO KaK HHTEp(epeH1rell 3ByKOB, CO3/IaBaeMbIX €ro
JIBYMsI HOXKKaMH, TaK 1 Majloi OBEPXHOCTHIO HOKeEK. [IprkaB pyKoATKY KaMepTOHa K CTOJTY, MbI
00Hapy»XUM BO3pacTaHUE YPOBHSA 3BYKa. DTO OOBSACHSIETCS TEM, YTO KoJieOaTebHast JHEPTHsI
nepeaeTcs 10CKe CToja, KOTopas caMa HaunHAeT KojiebaThes; BCIEACTBHE €€ OOJIBIINX pa3MepOB
uHTEepEepeHIHs Maja, a IJIONIAb U3JIyJarollel MOBEPXHOCTH BenuKa. [Ipu MH)KEHEPHBIX pacueTax
0OBIYHO MOXHO MpeHeOpeyb MOTJIOUIEHUEM SHEPTUHU B CTOJIE; TOT/1a OKa3bIBAETCs, YTO, IOCTABUB
KaMEpPTOH Ha I[OCK;/ mromansko 0,01 M2, Mbl IIOJIyYUM YpOBEHbB 3ByKa Ha 3 1b HUKe, 4eM ISl I0CKU
mromaaeio 0,02 m°.

[ToaToMy, HanpuMep, TSI DIEKTPUIECKOTO MOTOPA, YCTAHOBJIICHHOTO Ha MIEPEKPHITHN TIPSAMO Ha O0iTax,
K IJIONIaIM UCTOYHUKA 3BYKa CJeIyeT MPUOABUTh U IOBEPXHOCTH MO, U, IaKe €CIIM HE BMEIIAIOTCS
€Ille ¥ PE30HAHCHBIE SIBJICHUS, ITyM MOTOpa Oy/IeT U3JIy4aThCsl BecbMa 3P GEKTUBHO H3-3a OOIBIINX
pa3MepoB U3Iydaromieil noBepxHocTH. [IpocToe cpencTBo — ycTaHOBKAa MOTOpa Ha yIPyroM
byHIamMenTe — 00€CIeunT 3HAUUTETFHOE CHIDKCHHE ITymMa. BCcrmoMuHast, 9To B HEKOTOPBIX
CTPOUTENILHBIX MaTepuajax, HalmpuMep B 0€TOHE, 3BYK PAcIpOCTPaHSIETCS Ha OOJBIINE PACCTOSHUS

C MaJIbIMH MOTEPSIMH, JIETKO TOHATh, YTO, HE IPUHKUMAs MEp 10 U30JIALUN MEXaHU3Ma OT OMOPHI, MBI
PUCKYEeM pactpOCTPaHUTh dPPEKTUBHBIN «ICTOYHHUK 3BYKa» JI0 CAMBIX YIAJCHHBIX TOYCK 37aHUS.

Bomnpoc 3¢ peKTHBHOCTH N3TydeHHs: BeChbMa BayKeH U IPU MEHBLIMX MaclITabax ycTaHOBOK. HexgaBHO
MHE IPULLIOCH BCTPETUTHCS C CUIIbHBIMU BUOpauusMu TpyOs! Ha yactore 3 kl'11. TpyOa Obl1a obmnTa 1
cama 1o cebe u3iaydana HEMHOTO 3ByKa, HO KPOHIITEHHBI, HA KOTOPBIX TpyOa OblIa 3aKperieHa u
KOTOpBIE€ HAXOWJINCh CHAPY KU OOIIMBKH, BHIHYIAJIM BCIO KOHCTPYKLHUIO U3/1aBaTh 'POMKYIO HOTY
ITOM K€ YaCTOTHI.

J71st TOoro 4ToObI 3arMyIIUTh IIYM MUINYIEH MAIIMHKH, YaCTO MPUMEHSIOT BOMIOYHYIO TIOJIKIAIKY, HO,
KaK HU CTpaHHO, MaJIO KTO JOraabIBACTCA IPUHATH TC K€ MEPHI 11O OTHOICHUIO K APYT'UM MEXaHU3MaM.
Crnyxatiye HepeIKO OIBEPTaloTCs COBEPIICHHO HEHYKHOMY IIIYMY OT aJIpeCHBIX MAaIIUH MPOCTO
MIOTOMY, YTO T€ )KECTKO YCTaHOBJICHBI Ha OOJIBIINX MOBEPXHOCTAX. [/lerno oO6cTonuT ropasno cepbesHee,
korna 200-ToHHBIH Mpecc KEeCTKO MPUKPETIeH 00JITaMy HEMOCPEACTBEHHO K IUTUTE HACTUIIA — B 3TOM
ciydae CTpaaaTh OyayT M )KUTENU coceaHero qoma. Hacockl mepenatot mrym B TpyOBbI, a TpyObI
KpeIsTCs K CTeHaM; J1a)ke MOTOPBI Ha YIPYroM (hyHIaMeHTe MOTYT IepelaBaTh IIyM IO )KECTKUM
kabenenpoBoaam. Kora st kynui cebe aBTOMalInHYy, JJIEKTPHYSCKUI TPOMBIBATENb BETPOBOT'O CTEKIIA
OTBPATUTENIBHO LIYMEJ MIPOCTO MOTOMY, YTO OBLII MPUKPEIUICH HETIOCPEACTBEHHO K CTEHKE KOPITyCa.
Yrpyroe KperieHne cpasy ceano padoTy MeXaHH3Ma HECIIBIITHOM.



[Tosxanyi, BO Bcex cilydasx, Mpexk/ie 4eM MPUHUMATh KaKue-In00 Mephl 0 00eCIIyMIIMBAaHUIO, CIIETyET
MOTBITATHCSI BAOPOU30JIUPOBATH HICTOYHHUK CXOJHOTO BO3MYIICHHSI OT BCEX APYTUX MPEIMETOB. DTO
0COOEHHO Ba)KHO, KOTJIa JIENI0 KacaeTcs KPYMHBIX MEXaHU3MOB, K KOTOPBIM MPUKPEIUICHBI HACOCHI U
MOTOPBI, a TAK)KE IJIEMEHTBI, paboTaromIue co CTyKoM. OOBIYHO B TAKUX CUTYAIIMSIX BOZHUKAIOT U
PE30HAHCHI, U, pa3yMeeTcsl, N30JIALNS UCTOYHHKA BO3MYIICHHI HAMHOTO CHU3UT TPEOOBAaHUS K
MOTJIOLIEHUIO 3BYKA.

Yro xe Takoe coOCcTBEeHHO BHOpoun3osinusa? HegocTtatouHo mpocTo MOJIOKUTH MOMABIINICS MO PYKY
CTapbIil KyCOK PE3UHBI WM MTPOOKU MOJT MEXAHU3M: 3TO MOXKET JIM00 HUYEro He 1aTh, TM0O0 Jaxe
YXYALIUTH MOJO0XKEHHE.

BonbmmHCTBO BUOPOU30ISTOPOB PACCUMTAHO HA HU3KOUYACTOTHBIC KOJIeOaHus, JIeKAIIHNe JJAXKe HUKE
cipImuMoro auana3ona. K coxanenuro, 6oiee riy0okoe pacCMOTPEHHE ATOTO BOITPOCA BHIXOHUT 32
mpeienbl Halle KHUTH. J[71st morydeHus: BUOPOU3OJISIINI MBI CHOBA TIOTIBITAEMCS OCYIIECTBHUTH
paccoriacoBaHHe UMIIETAHCOB, a 3TO O3HAYAET, YTO GYHAAMEHT JIOJKECH OBITh KaK MOXHO Ooliee
MOJIaTIMBBIM: YEM HUXKE €T0 KECTKOCTh, TEM BhIIIE U30sAus. OyHIaMEHT, OIHAKO, TOJKEH OBITh
JIOCTAaTOYHO MACCHBHBIM, YTOOBI BBIZICPXKATh BEC CAMOTO MeXaHN3Ma. B kauecTBe aMOpTH3aTOPOB
dbyHIaMeHTa MOXXHO MTPUMEHSITh IWIHHIPUIECKIE MPYKUHBI WIH JTUCTOBBIE PECCOPBI; MOXKHO TaKKE
UCTIOJIB30BaTh IPYTHE YIPYTHe MaTepralibl, HAPUMEP PE3UHY WK axe Bo3ayX. OIHAKO IpyKHUHA
C TIPUKPEIJICHHOM K HEll Maccoil 00pa3yeT pe30HAaHCHYIO CUCTEMY C HEKOTOPOH OIpeeeHHON
PE30HAHCHOW YaCTOTOM, M €CJIU CUJIa, TPUIIOKEHHAsI K Macce, MEHSIETCSI C TOM K€ 4acTOTOM, TO,
pasymeeTcs, OMydUuTCsl yCUIIeHHe KojaeOaHui, st 60pbObI ¢ KOTOPHIM MPUIETCS BBOJIUTH
noryomenue. Ho gaxe eciu moriioneHne HacTONBKO BEJIUKO, YTO CHCTEMA, TPEIOCTaBICHHAsT CaMON
ce0e mocie CKaThs MPYKUHBI, BO3BPAIIAETCS K CBOEMY HCXOJHOMY COCTOSIHUIO 0€3 KOJIeOaHui,
HUKAKOW W30JIAIUU BUOPALIUI HE TIOTYYUTCS M aMOPTH3ATOP JIMIIb HE YXYAIIUT ITOJIOKEHUS.

Puc. 52. TunuyHslil pe3uHOBBIA aMOPTH3aTOP s (yHIaMeHTa (B pa3pese).

BooO11e Henb3s MoIydnTh BBIMIPBILIA, T0KA BEIHYX/1al0111asl YacTOTa HE MPEB30I1ET PE30HAHCHYIO

4acTOTY HarpyKEHHOTO aMopTu3aTopa 0ojee 4eM B \E pas, a 3aMeTHOE [10/1aBJICHUE BUOpaIUi
HAuYMHAeTCs, TOJIBKO KOTJa OTHOILIEHHE ITUX YacTOT MPeBbICUT 2. TeopeTnuecku U30s1ust BUOpanuit
IIPOJIOJIKAET BO3PACTATh 110 MEPE YBEIUYEHHUS ITOTO OTHOIIECHMS, OJJTHAKO B JIEHCTBUTEIIBHOCTH ITO
BEPHO TOJIBKO MPH BHITIOJIHEHUH psia MPEAIOI0KEHNH, B TOM YHCIIe MPEINoIoXKeHUs 00 uieanbHOMI
KECTKOCTH omopbl pyHaameHTa. Ha mpakTrke Hellb3sl pacCUUTHIBATh HAa W30JISIIIHUIO, IPEBBIIAOIYIO
20 nb, a ecu omopa WM HACTUII CIIMIIKOM MOAATIMBBI, TO U 3TO HEJOCTHXKUMO, OCOOEHHO Ha
PE30HaHCHBIX YacToTax caMoro Hactuia. [Ipu n3omnsuu BuOpauii 3ByKOBOI 4acTOTHI HEJIb3sI
OTPaHUYUBATLCS NPYKMHAMH B Ka4€CTBE AMOPTU3ATOPOB, IIOTOMY YTO BBICOKOYACTOTHBIN 3BYK
MPEKPACHO PACIPOCTPAHSIETCA 110 METAJLTY BAOJIb BUTKOB MPYKUHBL. BO MHOTHX clTydasx
HE)KeJIaTeIbHbI TOJBKO HU3KOYACTOTHBIE BUOPAIIMH, U TOTJ]a 3TO OOCTOSATEICTBO HECYILIECTBEHHO;
OJHaKO, €CJIU MMPUXOAUTCA 60p0TI)C$I " CO 3BYKOBBIMH YaCTOTaAaMH, aMOPTU3aTOPBI AOJI>KHBI COACPKATH
PE3UHOBBIE ITPOKIIAJIKH, WIIH, TI€ BO3MOKHO, CJIIENYET I10Ib30BaThCs PE3UHOBBIMU AMOPTU3ATOPaMHU.

Emie u eme HYXXHO IIOBTOPUTH, YTO INUIOTHAA PE3WHA, €CJIM OHA TOABCPracTCAa I[e(bopMaI_[I/II/I CXXaTus,
OecnoJie3Ha B KAUeCTBE aMOpTU3aTopa, 3a UCKIIIOYCHUCM CJIYy4acCB, KOT'Jlda IMONICPCYHBIC pa3MCPhbL



PE3UHOBOTO 0JI0KA UJIH MOJIOCKH MaJibl IO CPABHEHMIO C MX TOJIIKMHON. B G0NMbIIMHCTBE PE3NHOBBIX
aMOPTHU3aTOPOB PE3MHA UCIBITHIBACT CIBUTOBEIC TehopMaru, it KOTOPBIX 3TO MaTepHall TOpa3ao
Oosee nmoaaTauB (Ha puc. 52 n300paxeHa TUIMHYHAS KOHCTPYKIUS TAKOTO aMOPTH3aTopa).

CoOcTBeHHas yacToTa KojebaHuil rpy3a Ha aMOPTU3aTOPeE CBsI3aHa ¢ IPOrHOOM aMOpTU3aTOpa MO
Jexarield Ha HeM Harpy3kod. Ha puc. 53 nan rpaduk, cBs3piBaromuii 3t BenuuuHbl. OHAKO IS
BbIOOPA HY’KHOTO THUIIA U30JISITOPA MPH TaHHBIX BRIHYKJIAIOIIUX YacTOTaX TpeOyeTcsl crennaibHbIN
pacueT, HOCKOJIbKY arperart, yCTAHOBJICHHBIA Ha aMOPTH3aTOPAX, MOKET OJTHOBPEMEHHO KOJIe0aThCs
HIECTHIO PA3IMYHBIMU CIIOCO0AMU C IIECThIO Pa3HBIMU YaCTOTAMH.

Oco0oe BHUMaHUE CIeNyeT yAeIsATh KOHCTPYKIIUH JIBEPEN U MaHesel orpax/1eHus; meab B 2 MM 10
MEPUMETPY ABEPHU LISl 0OCTY>KUBAIOIIETO TIEpCOHAIa, IPOOUTOM B CTEHE TIOMIAAbIO 4 MZ, MOXKET
CHU3UTH 3BYKOM30JISIMIO cTeHbl Ha 15 nb (cMm. puc. 43). Camu aBepu T0KHBI UMETH 3BYKOU3OJISIIHIO,
oTnuyaIyrocs He 6onee yem Ha 5—10 a1b OT H30NALIMU CTEHBI, U JOKHBI OBITh CHA0KEHBI
BO3JYXOHENPOHUIIAEMBIM YIUIOTHEHUEM. /{7151 3TOr0 MOKHO MPUMEHUTHh MUKPOTIOPUCTYIO PE3UHY WIIH
MoJIOCcKy U3 (pochopucToit OpoH3BI; ABEPH JOKHA TAK)KE UMETh HAKUMHOU 3aTBOP. 11 OKOH, IIpH HE
CJTUIIIKOM OOJIBIIION WX TUIOIIA, MOYKHO OTPAHUYUTHCS OJTHON paMOW CO CTEKJIOM TOJIIIUHON 6 MM;
ecyu 100aBiIsieTcst BTOpasi pama, TO CIeAyeT 00€ paMbl 3aKPETUIATh YIIPYTO.
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Puc. 53. 3aBucuMocTb Mex1y COOCTBEHHOM 4acTOTOM (yH/IaMEHTa U ero CTaTUYECKUM ITPOruooM Mo
Harpy3Kom.

[TockoabKy MPOEKTUPYEMOE HAMU OTPaKICHUE NMPeAHa3HAUYEHO [l IU3€elb-TeHepaTopa, BOSHUKAIOT
JIOTIOJTHUTEIIbHBIE TPOOJIEMBI, B YACTHOCTH BOIIPOCHI OXJIaX/I€HUS, KOTOPBIE MOT'YT OKa3aThCsl OYEHb
cepbe3HbIMU. Eciin paguaTop nu3ens pasMelleH IpyU YCTaHOBKE, TO OKaXXeTCs HEe0OOXOUMBIM BITYCKaTh
U BBIIIYCKATh U3 OIPakJIC€HHs HECKOJIBKO ThICSY KyOMUECKUX METPOB BO3ayxa B yac. Kakum xe oOpazom
MPOIycKaTh BO3AYX BHYTPb U Hapy»Xy, B TO %€ BpeMs HE BBIITYCKasi HapyXy HIym?

[pexne Bcero mpuaeTcst Mpope3aTh B CTEHE BXOIHOE U BBIXOJAHOE OTBEPCTHSI. ITO OTKPOET I0POTY
BO3JIyXY, HO TaK)Ke M 3BYKY. Kak 0OBIYHO, OTBEPCTHSI MOYKHO pacCMaTPHBATh KaK CAMOCTOSITEIbHBIC
MCTOYHUKU 3BYKa. DTU UCTOYHMKH OyIyT co3/1aBaTh noiycpepudeckue BojaHbl. B o0nactu 6onee
BBICOKHX YaCTOT CKaXXyTcst HHTepdepeHIMoHHbIe () ()EKThI, BCISACTBHE KOTOPHIX H3ITydCHHUE
BBICOKOYACTOTHOTO 3ByKa OyJeT HAaIpaBJICHO B OCHOBHOM BIIEPE]] OT OTBEPCTHS.



Puc. 54. [Tnockue BOHBI B BO3AYXOBOJIE C MOTJIOMIAIONIEH OOTUIIOBKOM.

Yro 316ch MOXKHO npeanpuHsaTh? Kakum o6pa3om 3araymuTh myMm, Oerymuid B ra30BOM ITOTOKE BJIOJIb
TpyObI WK Bo3ayxoBosa? Eciau Bo3yX0BOX OTHOCTBIO IEPEKPHIBAET OTBEPCTHUE, 3BYK OyAET
PacIpoCTPaHATHCS BHYTPH HETO JBYMsI IIYTSAMU: YaCTh BOJIH, BOIIEAIIMX B BO3yXOBO/I, TOOEKHT,
OTpa’kasiCh MOCJIEAOBATENLHO TO OT OJJHOM, TO OT ApYroil cTeHKH. [lpyrue BOIHbI TOOETYT NPsIMO BAOJb
BO3/IyXOBO/Ia KaK IIJIOCKHE BOJHBI, HE yIapssCh O CTeHKU. Eciiu CTEHKU BO31yX0BO/1a IJIOXO OTPaXaroT
3BYK, TO €CTh IOTJIOLIAIOT €0, TO BOJIHBI IEPBOT0 THIIA JaJieKo He «yoeryT». Kak ganeko npoberyr 3tu
BOJIHBI, 3aBUCHUT OT YTIJIa, MIOJ] KOTOPBIM OHU MaJal0T Ha CTEHKH, IIUPUHBI BO3AYXOBOA U
Kod((UIIMEHTA MOTIOMIEHUS O0IUIIOBKY CTEHOK. J[7151 OOBIYHOTO THTIA 3BYKOIOTIONIAOIIEH 00IUIIOBKI
aMIUIUTY/1a BOJIH, MaIal0IIUX MO YTIoM, IpeBbimatomumM 30°, CHU3UTCS 10 YPOBHS IUIOCKUX BOJIH YXKe
Ha pacCTOSIHUM TPUMEPHO YETBIPEX MONEPEYHUKOB BO31yX0Bo1a (puc. 54). UTo kacaeTcs MIOCKUX
BOJIH, TO IPUYMHA UX MOJIONICHHs He Tak mpocTa. [Ipu pacnpocTpaHeHnH TUI0CKOI BOJIHBI BIOJIb
OOJUITOBAHHOTO BO3YX0OBO/Ia OHA YACTUYHO (BOJM3U CTEHOK) OCKUT B 3BYKOIOTJIOMIAIOIIEM
matepuaie. [Ipu konebaHusIX yacTUIl BO3yXa BIEpe/] U Ha3a/l BA3KOE CONPOTUBIICHUE B MOPax
MaTepuaja NpUBEIET K IUCCUIIAL[MM YAaCTH SHEPTUHU 3BYKOBOU BOJIHBI. OJIHAKO B COOTBETCTBUU

¢ npunuunoM ['tolirenca (oOpa3zoBaHre BTOPUYHBIX BOJIH) SHEPTHsl, OMJIOICHHAs BOJIU3U CTEHOK,
BO3MELIAETCS 3@ CUET SHEPTUHU OCHOBHOM YacCTH BOJIHBI, PACIIPOCTPAHSIOIIECHCS B CEPEIUHE
BO3/IyXOBO/Ia, AHAJIOTUYHO TOMY KaK AU(PPAKIHs MPUBOAUT K IPOHUKHOBEHUIO 3ByKa B TEHEBYIO
o0acTh Mo3aju SKpaHa B pe3ynbraTe SHEprHsi OCHOBHOW YaCTH BOJIHBI BCE BPEMs IIOCTYIAET K KpasiMm,
/i€ OHa MOTJIOIIAETC s, U [0 MEepE pacIpOCTpaHEHHUsl B BO3yXOBOJIe BoJiHA 3aTyxaeT. Kpome Toro,
CKOPOCTB 3BYKa B 3BYKOIOTIJIOIIAIONIECH OOIMIIOBKE 3HAUUTEIFHO MEHBIIIE CKOPOCTH 3BYKa B BO3/1YXE;
oHa cocTtaBisieT okojio 200 M/c (a B Bozmyxe — 344 m/c). DTO pa3nudue OKa3bIBaeT TO XKe JACHCTBUE,
YTO U TPAJAMEHT TEMIEPATYPbl,— KPYTO «U3rHOAeT» BOJHY Yy KpaeB, Ie 4yacTb ()pOHTA BOJIHBI, OeryImas
BHYTPH TOIJIOMIAIOIIET0 MaTepHaa, OTCTaeT OT (PPOHTAa OCHOBHOI YaCTH BOJHBL. JTO U3rHbOaHUe
(dpoHTa BOJTHBI IPUBOJIUT K TOMY, YTO DHEPTHUS BOJIHBI YCTPEMIIIECTCSI BHYTPh 00UIIOBKH [I0CKOIBKY
0OJUIIOBKA HE MOJHOCTHIO MOTJIOMIAET 3BYK, BOJIHA YACTUYHO OTPA3UTCs 00paTHO B BO3yXOBOJ, HO 3Ta
OTpakXeHHasl BOJIHA CKOPO 3aTyXHET.

Ha ocnabnenue miockoil BOJIHBI OKa3bIBAIOT BIMSHUE YETHIpE (haKTopa: HIMPUHA BO3TyXOBO/A,
TOJIIIMHA OOJIMIIOBKH, COMTPOTUBIICHHE MPOIYBAHHIO B OOIHMIIOBKE U YacToTa 3Byka. OcoOeHHO
cymiecTBeH nocieauuii ¢pakrop Ecian ammHa 3ByKOBOI BOJHBI BEJIMKA IO CPAaBHEHHIO C TOJIIIMHOM
OOJUIIOBKH, 3aTyXaHHE Ha KpasiX BOJTHOBOTO ()pOHTA CPABHUTEIHHO MAJIO; IPU MOHWKEHUH YaCTOTHI
3aTyxaHue yMeHblIaeTcs. Bipouem, ninmHa BoJHBI enie Oosee CylniecTBEHHA 110 Apyroil npuurHe Ha
BBICOKHX YacTOTaX UHTEep(HEepeHIIHs MPUBOAUT K B3aUMHOMY YHHUUTOKEHUIO BOJH, OETryIInux

B OOJIMIIOBKE; B pe3yJIbTaTe 3BYKOBOE JIaBJICHNE BHYTPU OOJIMIIOBKH PE3KO MaJaeT U 3ByKOBask SHEPTUs
MEPEHOCUTCS B BUJIE MyYKa, 3aHUMAIOIIETO CPETHIOI0 YaCTh CEUEHUS BO3AYX0BOa, 6€3 Kakoro-iudo
BJIMSIHUS TIOIVIOIIAIOIIMX CTEHOK YacToTa, Ha KOTOPOM HaUMHAETCs 3TO SBJICHUE, CBSI3aHa C IIUPUHON
CEYEHHSI BO3yXOBO/IA.

B nieniom okaspiBaeTcs, YTO 3aTyXaHue B OOJUIIOBAHHOM BO3/1YXOBO/I€ MPONOPLMOHAIBHO TONIIUHE
OOJUIIOBKYU ¥ 0OpATHO MPOIOPIMOHAIEHO IIUPUHE CEYCHHUS 32 BHIYETOM TOJIIUHBI 00JUIIOBKU. UTO
KacaeTcsi CONMPOTUBIICHUS IPOAYBAHUIO OOJIUIIOBKH, TO 3/1€Ch MOKHO PYKOBOJICTBOBATHCS BEJIMUNHOM



Kod(duImeHTa moraomeHus: HanOOoIbIIHN KO3 GUIIMEHT MOTJIONICHUS COOTBETCTBYET U
HauOOJIBIIEMY CONPOTUBIICHHUIO 3aTyXaHUE B OOJIMIIOBAHHOM BO3JyXOBO/JIE PACTET C YACTOTOH JI0 TeX
1op, MOKa 3ByK HEe 00pa3yeT MydkKa, pacCIpOCTPaHSIONIErocs BIOIb CPEIHEH TNHUU BO31yX0BOA,
HE3aBUCUMO OT CTEHOK. JTO MMPOUCXOAUT IIPHU 4aCTOTC, KOrJa JJIMHA BOJIHEI B BO3AYXC ITPUMCPHO paBHA
HIMPUHE BO3AYXOBOJA.

Hemano ¢popmMyn U3MBIIIISIOCH AJIS TOTO, YTOOBI onpeAenaTh 3G (HEeKTHBHOCTh OOJINUIIOBKU

B BO3/JJyXOBOJI€ yTeM pacueTa. HekoTopsle U3 HUX al0T HEAOIYCTUMYIO IOIPELIHOCTD, APYTUue
HEBO3MO>KHO MPUMEHUTH Ha MpakTuke. Hamnyummii myTs — cocraBieHue Ta0inll, OCHOBaHHBIX Ha
peanbHBIX UCTIBITAHUAX; 1T0100Has Tabnuna npuseneHa B [Ipunoxenuu 5. [lpocras o6nuiioBka Bcex
YETBIPEX CTEHOK BO3yXOBOJa IPAMOYTOJBHOIO CEUEHUS €Ie HE MPee BO3MOKHOTO Becpma

3¢ deKTUBHA KOHCTPYKIIUS, B KOTOPOU 3BYK MPOXOJUT 110 Y3KUM KaHaJIaM MEKIY MOTJIOMA0IIUMHU
CTEHKaMU, — IUIACTUHYATHIA MIYIINUTENb € 3BYKOIOTJIOMAIOIUMY NIEPErOPOJKAMH, Pa3AeIIOIMMHU
BO3/IyXOBO/ BAOJb €r0 JUIMHBI (puc 55). Takue neperopo ik 4acTo NPUMEHSIOT B TIATEHTOBAHHBIX
TIIYIIUTENAX, UCTIONIb3YEMbIX B BEHTUIISIIUOHHBIX CUCTEMAX.

[Toutn Bcerna pemaronuii GpakTop — 3TO HEOOXOIUMOCTh POITYCTUTH TPEOYyEeMBbIi 00hEM BO3TyXa 1O
BO31YXOBOJY IIPU MUHUMAJIBHOM CONPOTUBJICHUH €ro npoTekanuio. Eciu Obl He 3T0 TpeGoBaHue,
MOKHO OBLITO OBl JOOUTHCSI OTPOMHOIO OCJIA0JIEHUS, KPYTO U3rn0as BO3yX0BO/I, TAK YTOOBI ITIOCKAS
BOJIHA y/apsulach 00 OOJIUIIOBKY, paccernBaiach U ObICTPO MOTJIONIANACH.

Puc. 55. Bo3ayxoBoJ ¢ MIaCTUHYATHIM TITYIIUTEIEM.

Wtak, Mbl CIpaBUIKCH C MPOOJIEMOM 1101a4 U BBIBOJIa OXJIAXKJAIOIIET0 BO3AyXa BHYTPb OTpaX/IeHUs
HAIIero au3eis. A 4TO Hy)KHO IPEANPUHATH JUUIS TallleHUs 3ByKa BCAaChIBaHUS U BBIXJIONA
OTpakJIEHHOT'O IBUTATENIsl BHYTPEHHETO cropanus? Mbl IPUBBIKIN K BUAY 3apKaBEBIIEH BBIXJIOMHON
TpyOBI HaIIero aBTOMOOWJIST; 3a4aCTyIO MBI BUJIUM M BHYTPEHHOCTb TITYLIUTENs, KOT1a U3 HEro
BBIBAJIMBAETCS MMOCJIETHUI KIOYOK PrKaBOro MeTajlia, BO3BEIIas O TOM, UTO MOTU0 ellle OJIUH
riymuTens! BCKpbIB TTymuTe b aBTOMALIMHBL, Mbl YBUUM BCETO JIUIIb KAKYIO-TO 000JIOUKY

C HECKOJIBKMMH TOpUaIluMu U3 Hee Tpyokamu. Kak ke paboTaer riymunTens?

Paszymeertcs, 1 ryIieHUs MOKHO MCIOIb30BaTh KOPOTKUI KPYTJIbIM BO31YX0BOI, OOJUIIOBAHHBII
MOTJIOIAOIIMM MaTepHaioM (IPOTOUHBIN TIymuTeNnsb). OJHAKO OCHOBHAS YacTh SHEPTUU IIyMa
BBIXJIOMNA (KaK U IIyMa BCAaChIBaHMSI) COCPEAOTOUEHA HA HU3KUX YaCTOTaX, B YACTHOCTH HA YacCTOTE
CJIEIOBAHUS BCIIBIILIEK B ABUraTelie, a €CiM, Kak 0ObIYHO, TPOLIECCHl CTOPAHUs pa3IMyaroTcs OT
LWIMHIpA K IUWJIUHAPY U OT TaKTa K TaKTy, TO 3TO MOXET IPUBECTH K CyOrapMOHUKAM €111€ MEHbIINX
4acToT.

Kak n3BecTHO, TIyIIUTeNN C MOTJIOUIEHHEM paboTaroT III0X0 MMEHHO Ha HU3KHMX YacTOTaX; K CUACThIO,
KeJlaeMoe 0CNabJICeHNe HU3KOYAaCTOTHBIX 3BYKOB yIA€TCsl MOIYYUTh ITPU TIOMOIIN COBEPIIEHHO IPYTroro
MeToja — IpaB/a, IEHOH HEKOTOPOIo OMOJIHUTEILHOIO IPOTUBOAaBIE HUS B TpyOe. PaboTta 3Toro
JpYroro TUMa riIyIIUTENs B OTINYKE OT MOTJIOMIAOLIET0 TIYIIUTENS OCHOBaHA HAa pEaKTHUBHOM



npuHnune. OCHOBHOM BUJI pEaKTHBHOTO TIYIIUTEISI — 3TO MPOCTO PaCHIMpUTENbHAs kKamepa[28], He
coJieprKallasi HU4ero, Kpome Bo3ayxa. M 3ecb cHoBa Mbl BCTPEYAEMCSI C pacCOrIaCOBaHUEM
uMIeaaHcoB. BMecTo Toro 4toObl MPUBOAUTH AJIEKTPUUECKUE AHAIOTH, JIy4Ille OObICHUTH
MIPOUCXOJISIINE B ATOM TIIYIIUTENE MPOLIECCHI YyTeM CPaBHEHUS €T0 C aHTUBUOPAIIMOHHBIMU
aMOpTH3aTOPaMH, O KOTOPBIX MBI YK€ BKpaTIie TOBOPHIIH.
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PacmmpurenbHas kamepa COeIMHEHa BBIXJIOMHBIM TPYOOIIPOBOIOM C HCTOYHMKOM 3BYKA U BBIXJIOITHBIM
naTpyokoMm — ¢ atMocpepoit. Ecian HCTOYHNKOM 3ByKa CIYKUT BBIXJION JBUraTells, OH OyneT
MIOCBUIATh B PACILIMPUTEIBHYIO KaMepy MEPUOINYECKUE UMITYIIbCHI ABJICHUS, KOTOPBIE MOKHO
paccMaTpuBaTh Kak HA0Op CUHYCOMJIAJIbHBIX BOJIH, B KOTOPOM HanOoJIbIIast 10JIs SHEPTUu
coCpeoToueHa Ha OCHOBHOM 4acTOTe. DTH UMITYJIbChl HAITOMHHAIOT BO30YKJAIOIIYIO CHITY,
JIEWCTBYIOIIYIO HA MEXaHU3M, YCTAaHOBJICHHBINM Ha MPY>KUHHOM aMOpTH3aTope (CM. CTp. 246).
PacmmpurenbHas kamepa — 3TO OTpaHUYEHHBIN 00bEM BO3/1yXa, U, KaK BCIKUI 00bEMHBIN pe30HATOP,
OHa UMEET CBOIO PE30HAHCHYIO 4YacTOTy. Eciii 3Ta pe3oHaHCHAas 4acTOTa COBMAJAEeT C OCHOBHOM
YaCTOTOM MCTOYHMKA IIyMa, BO3HUKAET TOT k€ APPEKT, KaK UIsI MEXaHU3Ma, YCTAHOBICHHOTO Ha
IpyXUHE U 00pa3yIOIIEro ¢ Hel CUCTEMY € TOH k€ COOCTBEHHOW 4acTOTOM, YTO U 4acTOTa KOJeOaHMi
MeXaHU3Ma, a UMEHHO 00JIbIIoe ycuieHue kojaedanuii. CoOCTBEHHON 4acTOTOW 001a71aeT M BHIXJIOMTHON
naTpyOoK; €ro poJib aHaJIOTUYHA POJIM MOAATIMBOTO MEPEKPHITUS I0J] aMOPTH3aTOPOM, Ha KOTOPOM
CTOUT ABUTaTesb. B pe3ynbraTe NoiayyuTcss HEKOTOpast 0011asi OCHOBHAS 4acTOTa COOCTBEHHBIX
KosieOaHUi KaMepbl BMecTe ¢ maTpyokoM. IIpu coBnasieHnu 3Toi 4acTOThI ¢ 4aCTOTONH BO30YKICHUS
KOJICOAHMS 3HAYUTENBHO YCUIISITCS U TIYIIUTENb CMOXKET 0CTIa0IsATh 3BYK TOJIBKO B PE3YIIbTATE MOTEPh
Ha TpeHUE NpU KoJeOaHusX rasa.

Puc. 56. I'nymurenu BeIxJiona.

Bo3zBpamasice kK MEXaHU3MY, YCTAHOBICHHOMY Ha aMOPTU3aTOPAX, Mbl BCIOMMHAEM, 4TO IIPU
YBEJIMUEHUH YUCIIa 000POTOB YCUIIEHUE YMEHBILAETCS U 3aMEHSAETCSI OCIIa0IeHUEM — U30JISILUEN
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BUOpauuii. B ToUHOCTH TOXE MPOUCXOAUT U ¢ pe3oHaTopoM. [Ipu Bo3pacTaHuM 4aCTOTHI HCTOYHUKA

3BYKa yCHJIEHUE MpeKpaniaeTcs MNpu JOCTHUKEHUHN YaCTOTHI, B "E pa3 OobIiieid, yeM coOCTBEHHAas
gacToTa pe3oHaropa. [lo mepe nanpHenIero yBeIMueHusi OTHOIICHHS 9acTOT KOJIeOaHHs BO3IyXa
MIPOXOJIST HAPYKY BCE B MEHBIIIEH CTETIeHU; OcllablieHne ynaJeT Ha PE30HAHCHOM YacTOTe BTOPOi
rapMOHHUKH. 3ateMm KpuBas ocJia0JIeHusT CHOBa MOAHMUMACTCA BBCPX U CHOBA KPYTO IMaJacT BHU3 HA
Ka)XJIOM M3 BBICIIMX TAPMOHMK OCHOBHOW PE30HAHCHOM YaCTOTHI.

[Ipu KOHCTPYHPOBAaHUU PE3OHAHCHOTO TIIYIINUTENS CIEAYET YUUTHIBATh TPU BaXKHEHIIINX
o0crosTenbeTBa. Bo-1epBhIX, yIPYrocTh «IpYKUHBDY. UeM 00Jiblie MONepeuHoe CEYeHHEe
pacIIUPUTENLHON KaMephl, TeM Msrde BO3AYIIHAS MPYKUHA U TeM OOJIbIIeH U30JSIUU 3BYKA MOYKHO
JIOCTUTHYTh. BO-BTOPBIX, COOCTBEHHAsI YaCTOTa KaMephl, 3aBUCSIIAs B OCHOBHOM OT e¢ JIUHBL. U
HAKOHEI, COOCTBEHHAsl YacTOTa BBIXJIOITHOTO MATpyOKa, KOTOpas OMpe/eiaeTcs ero AMuHon. EcTb,
0JIHAaKO, €Ill¢ Ba 00CTOATENbCTBA, KOTOPbIE MOTYT UCKA3UTh HAILIM NPEJCKa3aHUsl, HO y4e€CTh KOTOpbIE
YpE3BbIYANHO TPYJHO — 3TO UMIIEITAHC UCTOYHHUKA U UMIIEJAHC HArPy3KH Ha BBIXOJE.

OO6patuMcs cHavasa K UMIeancy ucToyHuka. Korya Mpl iMeeM J1eJI0 ¢ MEXaHU3MOM, YCTaHOBIIEHHBIM
Ha IPYKMHHOM aMOPTHU3aTOPE, TO MPU U3MEHEHUH YIPYTOCTH aMOPTHU3aTOpa CUjla, IEHCTBYIOIAs Ha
MEXaHU3M, CYIIECTBEHHO HE MeHseTCA. [IpyruMu clioBaMH, UMIIEIAHC UICTOYHUKA B 3TOM CIIy4ae BEJIUK.
TouHO Tak e IIIyIIUTENb HE MOBIMSET CYIIECTBEHHO Ha UMITYJIbChI, U3JTy4YaeMble IBUTATENIEM IIPU
BBIXJIONE, €CJIM POTUBOIABIIEHUE OCTAETCs MaJIbIM. MIMnienanc Ha BXOJi€ pacIIUPUTENBHOU KaMepbl
MaJl, TaKk KaK €€ MONEepeyHHK BEJIMK; UMIIEJaHC Ha BXO/I€ BBIXJIOIHOTO NaTpyOKa BEJUK, TaK KaK €ro
MOTIEPEYHHK MaJll; HaKOHEIl, UMITeaHC HapY>KHOH cBOOOAHOM aTMocdepsl Ha BRIXO/Ie TaTpyOKa Maj
(HarmOMHUM, YTO €T0 MaJOi BeTUYNHONW 00YCIOBICHO BOSHUKHOBEHHE CTOSYHMX BOJH B TPpyOeE, CM.

1. 3). Bce 3Tu HapylieHus coraacoBaHUs MEXAY UMIIeIaHCaMU U MPUBOJST K OCJIa0JICHUIO BOJHBI,
npoxojsuiei uepes riymurens. [loaToMy ke, 13MEHUB UMIIETAHC NCTOYHUKA WIIM HATPYy3KU Ha
BBIX0/I€, MbI U3MEHHUM U 3((HEKTUBHOCTH TIyIIUTENA. B kKauecTBe mpruMepa UCTOYHUKA 3BYKa,
00J1a1a10111€T0 MaJIbIM UMIIEIAHCOM, MO>KHO MPUBECTH TPOMKOTOBOpHUTEND. Clie10BaTENIbHO, €CIIU
MIPOBOJIUTH UCIIBITAHUSI PEAKTUBHOIO IIYLIUTENS, OJb3YysACh TPOMKOTOBOPUTENIEM KaK HCTOYHUKOM
M30JIMPYEMOTO IIyMa, MOXKHO OYAET NPUNTHU K U3JIUILHE TECCUMUCTUYECKHUM 3aKIIFOUEHUSIM.
AHAIOTMYHO, U3MEHSIS UTO-THO00 B BBIXJIOIMHOM MaTpyOKe, HApUMep MPUCOEIUHSS €TO elle K OTHOMY
TITYIIATENI0, MOKHO TOHU3UTH 3()(PEKTUBHOCTD EPBOTO TIIYIIUTENS, IIOTOMY YTO U3MEHUTCS HMITETaHC
Harpy3ku. [logoOHbIe cooOpakeHUs TOKA3bIBAIOT, IOYEMY B MEXaHUYECKUX CHUCTEMaXx MpU
3aKpeIUICHUH MPY>KWH aMOPTHU3aTOpa Ha MACCHBHOM OCHOBAaHHH TMOJYYaeTCs JIydIasi BHOPOHU3OJISIIHSA,
YeM IPH 3aKPEIJICHUU Ha JIETKOM WUJIM NOJIaTIMBOM OCHOBAHUH.

PazymeeTcs, NpuHIUI PEAKTUBHOTO TIIyLIEHUS HE UCUEPIIBIBAETCS YCTPOMCTBOM €JUHCTBEHHON
IPAMOTOYHOM nojsioctu. [loocTh MOXET cofiepkaTh OOKOBOE OTBETBIICHUE, 10JI00HOE PE30OHAHCHOMY
norsotureno (cM. ri1. 8). B aToM ciydae monmy4yaercs kapTuHa, oOpaTHas TOH, YTO HaOmo1aeTcs Ipu
JIEWCTBUM NPSAMOTOYHON KaMEPBI: HA PE30HAHCHOM Y4aCTOTE JJOCTUrAaeTCsl HE HAUMEHBbIIEe, a
HaunOoJibIIee ocaalieHue, a SHEPrusl PU STOM IOIJIOIAETCs CUIIbBHEE BCETO B Pe3ysbTaTe
MHTEHCUBHBIX KOJIEOAHUI Cpeibl B TOPJIBILIKE PE30HATOPA.

Ha npakTrke BBIXJIOIHBIE TIYIIUTENN U3TOTOBJISIOT B BUJE MHOIOKAMEPHBIX CUCTEM, CHA0KEHHBIX
OOKOBBIMH OTBETBJICHUSIMHU, PA0OTAIOIIMMU KaK pe30HATOPbl. YTOOBI CAeaTh «BO3AYIIHYIO IPYKUHY»
MSITYe, MO’KHO BBIIBUHYTH COCAMHUTENIbHBIE TPYOKH BHYTPb KaMEPhl — 3TO YBEIMUYHUT CO3/]aBAEMOE €10
3aTyxaHMe. Y CTaHOBKa JBYX KaMep OJiHa 3a APYyroi He 00s3aTeIbHO yIBauBaeT ocllablieHUe 3BYKa,
OJTHAKO TPH MPABUILHOM COEJIMHEHUH KaMep MOKHO TOJIYYHTh JaXke 0oJiee yeM TBOMHOM 3P PeKT.
Bosnbias yacTe peakTUBHBIX [UIYLIUTENEH, OSBIIABLIMXCS Ha PbIHKE cObITa, ObLIa pa3paboTaHa
HMIIUPHUYECKU MHOTO JIET Ha3a, U 10 CUX MOP MX MCCIEIOBAHUS POBOISTCS METOAOM MPOO M OIIUOOK.
MoXHO HagesThCs, UTO TEHeph AJIS pacyeTa MIyIUTeae OyyT MUPOKO MPUMEHATh BHIYUCIUTEIbHbIE
MAIIMHBI, YTO TIO3BOJIHT pa3padboTaTh AEUCTBUTEIHHO 3(pPEKTHUBHBIE MOIEIIH.

HenoctaTtkom 3THX TIyHMIMTENEH CIeAYeT CYMTATh MPOBajbl UX 3()PEKTUBHOCTH HA HEKOTOPHIX
yactoTax. Ha BBICOKMX YacTOTaX rapMOHUKH PE30HAHCOB CJIEAYIOT OJIHA 3a IPYTOH, U B 3TOI obsactu



3¢ (HEeKTUBHOCTH TIYHIUTENEH MOKET OKa3aThCsl HEIOCTaTOUHOM. Bo MHOTUX rTymuTessx
IpeyCMaTPUBAIOT JOTIOJHUTEIBHYIO CTYIIEHb MOTJIOMICHUS 17151 00pBOBI C BHICOKOYACTOTHBIM 3BYKOM;
uMest Ao ¢ IBUTaTesIeM, CIe10Bajio Obl CHauajaa yCTaHAaBIMBATh PEaKTUBHBIN TIYIINUTENb, 4 3aTEM
HUXKE TI0 TEYEHHUI0 — MPSIMOTOYHBINA TIYHIUTENb ¢ norionieHueM. OuH U3 U3TOTOBUTENEH
PEKOMEHAYET JUIsl MOTYYeHUS HAaWTy4IlIuX Pe3ylbTaToB BEIOUPATh JUIMHY BBIXJIOMHOTO MaTpyOKa
pPaBHOM €ro JeCATUKPATHOMY AUAMETPY.

AKTHUBHBIE U PEAKTUBHBIC TTYIIATEIN TPUMEHSIOT HE TOJIBKO JJIs TNIYIIEHUS BbIXJIONA ABUTaTeNIeH
BHyTpeHHero cropanus. O6a Tura oka3bIBatOTCS BEChMa MOJIE3HBIMU IS TIYIIEHUS [ITyMa BBIXOJIHOTO
OKHa ITHEBMAaTUYEeCKOTo nephopaTopa, HO, K COKAICHHUIO, KaK ObI XOPOIIO HU OBbUT CIPOEKTHPOBAH
TIIYIINTENb, OH HECKOJIBKO CHUXaeT 3 PexkTuBHOCTh paboThl Mexanu3ma. Lllym ynaeTcst yMeHbIIUTh
Bcero Ha 5—7 b, ueMy He cieyeT yauBIATHCS, TaK KaK BBIXJION OTPaOOTaHHOTO BO3/lyXa — JIMIIb
OJIMH U3 UCTOYHUKOB 3BYyKa. [lapamiensHoe ncnonb30BaHue 3aeMI(UPOBAHHBIX CTAbHBIX JeTallel
YIYYIIAIO Obl CUTYAIUIO, TAK K€ KaK JeMII(PUPOBaHUE U U30JISALUS Kopiyca MexaHn3ma. OObIYHO

B niepdopaTtopax i JOPOKHBIX pabOT MPUMEHSIOT MITYIIUTEIN-YEXJIIbl, CITyXKalllie OJTHOBPEMEHHO
JIBYM LiensiM. Takoi IIyIuTenb COCTOUT U3 HEMPOHUIIAEMOI'0 ChEMHOI'0 PYKaBa, WM MEIIIKa,
3aKpPBIBAIOIIETO BBIXOIHOE OKHO U MPHUIIHYPOBAHHOTO K KOopIycy nepdoparopa cBoeil HIKHEH 4acThlo,
I'ZIe PaCIOJI0KEH AUCK C POPE3sMH, yepe3 KOTOpbie OTpaOOTaHHBIM BO3AYX BBIXOIUT HapyxKy. Bechb
MEIIOK U3HYTPU MOKPBIT MOTJIONIaoIIel 00JUIIOBKON U 00pa3yeT BMECTe ¢ KopIrycoM nepdopaTtopa
YaCTUYHO OOJMIIOBAaHHBIN BO3yX0BoI. Kpome Toro, 3akpbiBas Hapy>KHYIO TOBEPXHOCTh TiepdopaTopa,
MEIIOK HECKOJIBbKO CHIKAEeT U3JIyudeHHUe IIyMa KopiycoM nepdoparopa. OqHako, yTo Obl MBI HU J€NAIH
¢ mepopaTopom, HeNb3s N30eKaTh HEMOCPEICTBEHHOTO KOHTAKTa CTAIbHOTO MHCTPYMEHTA € JOPOT O,
a B pe3ysibTaTe KaMepTOHHOTO 3(pdeKTa MOBEPXHOCTh JOPOTH CaMa CTAHOBUTCS U3JTydaTesieM IIyMa.

Teneps MBI MOJKEM BEPHYTBCS K IN3EIIb-T€HEPATOPY U MPUCIIOCOOUTH aHAJOTMYHOE YCTPOUCTBO K
BBIXJIOIHOM cucteMe. [Ipu 3ToM HEOOXOIMMO CIEIUTh 32 TEM, YTOOBI BCE COSTMHEHUS OBLITH THOKUMU.
KomOuHnanuo guiabtpa ¢ rirymmreneM, paboTarolIyro Ha TOM K€ PUHIIUIIE, MOYKHO IIPUMEHUTH H IS
BO3ayXonpuemMHuka. Cienyer UMeTh TaKXKe B BULY, YTO PEAKTUBHBIC TITYIIHTEIN H3TyJar0T 3BYK
CBOMMHU KOPITYCaMH, U, €CITH IPUIETCS PACIoiaraTh IIyIIUTENb BHE aKYCTHUECKOTO OTPAKIACHUS, BCE
HAIlI MEPOTIPUATHS OyIyT CBeICHBI Ha HeT. Jlydiiee pemeHue B 3TOM CiIydae — 3aKOIaTh TIyITUTEIb
Ha BO3MOKHO OOJIBIIYIO ITyOHMHY B 3eMJIIO. B mpoTHBHOM ciydae He 000HTHCH O€3 OOIIMBKU
TIIYIIUATENS KAKUM-JINOO MOKPBITUEM.

EcTh nBa criocoba HaHeCEeHUs IOKPHITHS, U OUY€Hb BAYKHO BHIOpATh U3 HUX HAKOO0JIEE TIOIX O ISIITHIA.
Ecnu kopmyc u3onupyeMoro MexaHu3Ma pe3oHUPYeT, UTO MOKHO BBISICHUTb, CDABHUBAS €r0 OTKIIUK Ha
BO30YXKICHHE Pa3HBIMH YaCTOTAMH CO CIIEKTPOM IIIyMa B YCIOBHSIX IKCIUTyaTaIluH (MHOTA TOCTATOYHO
MIPOCTO MPHUCIIYIIATHCS K 3BYKY yJapa Mo KOPIyCY TYIbIM HHCTPYMEHTOM), TO CJIeIyeT MPUMEHHUTD
nemrupyroliee MoKpeITHe. Pe30HaHC MOKHO CHIIBHO CHU3UTh, TOKPBIB KOPITYC JTOCTATOYHO TOJCTHIM
CJI0€M TOTJIOUIAIOIIET0 COCTaBa TUIA MATEHTOBAaHHBIX 00Ma30K Ha OCHOBE cMoJ1. OHAKO JJIsl MHOTHX
00BEKTOB, HATIPUMED TSI TIIYIIUTENCH, B KOTOPHIX BUOPAIIMU KOPITyCa BBI3BIBAIOTCS MIPOIIECCAMH,
MPOUCXOSIIMMH BHYTPHU KOpIlyca, 100aBOYHOE 3aTyXaHHUe €/1Ba CHU3UT aMIUIMTYly Ha KaKoi-HUOYIb
onuH aenuben. Ecnu nemno He B pe3oHaHCcax, TO MPOCTOE YABOCHHE MAaCChl KOPITYCa YMEHBIIUT IIIyM
nenuben Ha 5, 4To He Tak y»K MHOTO. B 3TOM citydae mydiiie BCero BCIIOMHHUTD IPUHITUIIB, H3JI0KEHHbBIE
B TUI. 9, ¥ 3aKPBITh MEXaHU3M HETPOHHUIIAEMOI 000JI0YKOH C ITOBEPXHOCTHON TUIOTHOCTHIO TPHUMEPHO 5
Kr/M’, JIeXaleil Ha YIpyroi MoIoKKe, HAIPUMEp CII0e MHHEPAIBHOMN LIEPCTH, KOTOPas KCTaTH
MOJIAaBUT U BO3MOXKHBIC Pe30HAHCH. HapyskHas 000J04Ka HE JOJKHA HUT/IE COMPUKACATHCS

C KoJieOroIeics MOBEPXHOCTHIO, a B KaYeCTBE MaTepHalia 000JIOUKH MOKHO B3STh YTO YTOJHO — OT
METAJLTUIECKOTO JIUCTA JIO 3aTBEPCBAIOIINX COCTABOB MIIN KAKUX-THOO TSHKEIBIX THOKUX
MJIACTMACCOBBIX IUCTOB (PaOpPUUHOTO U3roTOBICHUSA. HECKONBKO OTKIIOHSSACH B CTOPOHY, OTMETHM, YTO
nojo0Has nmpobieMa 4acTo BO3HUKAET MPH 00pa30BaHUM MOITHOM TypOyYJIEHTHOCTH 1103311 KJlaraHa
ra3omnpoBo/ia MpU MPOTEKAHUH Ta3a Yepe3 OTBEPCTHE KIIanaHa cO CKOPOCThIO, MPEBHIIMIAOIIEH CKOPOCTh
3ByKa (unucimo Maxa M > 1). Ecniu Ha Masio-MaJIbCKH JUTMHHOM YYaCTKE Ta30IPOBO/Ia BOZHUKAET
MOIIIHOE Pa3BUTHE 3aBUXPEHHM, CO3a€TCs 3HAYNTEILHOE U3IIyYEHUE PE3KOTO BHICOKOUYACTOTHOTO
ciyqaitHoro nryma Oka3anoch, 9TO ¢ TAKMM BeChMa BBICOKOYACTOTHBIM IITYMOM MOKHO OOpOThCH,
o0muBasi TpyOy TOJICTBIM CIIOEM IJIOTHOTO TOPUCTOTO BOJIOKHUCTOTO MaTepualia, HalpuMep IMIOTHOTO



CTEKJIOBOJIOKHA, JJaske 0e3 Hapy>KHOI OOMIMBKH. DTO KaK OBl MPOTHBOPEUUT TPAAHULIUSAM aKyCTHKH, HO
psi HeaBHUX paboT mokasai 3pPeKTUBHOCT 3TOro MeToa. MHCTUTYT MPUKIIAAHON (rU3uKH

B JlenbdTe BepeT mo nrymy Tpy0 McciaeI0BaTeNbCKIE PadOThI, OT KOTOPBIX MOXKHO OXKH/IATh
MHTEPECHBIX pe3ynbTaToB. OqHaKo 00IIMBKA TPYObI HE €IMHCTBEHHOE HEOOXOIMMOE MEPOIIPUSATHE

B ITO/IO0HBIX CITy4asiX, IOTOMY YTO 3a4acTyl0 BUOPALUK MPOHUKAIOT OOXOAHBIM IyTEM Yepe3 OMOpbl, Ha
KOTOPBIX JIGKHT TpyOa, 1 3BYK Oy/I€T U3JIy4aThCsl CTEHKOM, TOJICPKUBAIOIICH KOHCTPYKIIH. JTO
CHOBa cTapasi UCTOPHUS O KAMEPTOHE, CTOSIIEM Ha MIOBEPXHOCTH CTOJIA; SICHO, YTO I TPyO HE0OX0IUMO
IPUMEHSTH THOKHE OIOPBI.

TenepL HAaHCECCM NOCICAHNUEC HITPHUXU B HAILIC OITMCAHUC CXEMbI 3BYKOU3OJIALUN JU3CIIb-T'CHEpATOPA.
Bo-miepBbIX, HEJb3sI JOMYCKATh B CTEHKAX OTPaXKICHUS HU 3a30pOB, HU TPeUHH. Bo-BTOPBIX,
OTPaXKICHUE HE JOJDKHO UMETh )KECTKOTO KOHTAKTa HU C KaKOH KOJICOJIFOIIEHCS YaCThiO0 YCTaHOBKH,

B TOM YHCJIE ¥ C CHCTEMO# BBIXJIONA, OTIOpa KOTOPO#i JOJIKHA CTOSTh Ha 3e€MJIe, a caMa OHa JTOJDKHA
YIPYTO COSTUHSTHCS ¢ IBUrareneM. Cam ke arperar, u3eb-reHepaTop, He J0DKEH UMETh KECTKHIMA
KOHTAKT ¢ 3emJieil. B MecTe, rjie BhIXJIOMHAs TPpyOa MPOXOIUT Yepe3 OrpaxIeHue, CIeAyeT CeNIaTh
OTBCPCTHUC 60JIBIHOFO AUaMCTpa U AJid €T0 repMCTU3allhuU UCITIOJIB30BaATh TuoKo€e MMPOKJIAA0YHOC
acbecToBoe KOJbIO. [Iist Apyrux TpyO, KOTOPBIE HE PACKAIISIOTCS BO BpeMsi paOOThbI, MOKHO TIPUMEHHUTH
pe3nHoBOe WK (heTpoBOe YIIOTHSOMIEE KOIblo. HeGombioe 106aBoYHOE OCIa0ICHHE TTOTYIUTCS,
€CJTH BBIXJIOITHOM MaTPyOOK M JKATI031 OXJIKIAIOMIeH CHCTEMbI He OYIyT OOpallleHbl B HAIIPABICHUH,
B KOTOPOM XKCJIAaTCJIIbHO CHU3UTH YPOBCHB LITyMa, IOTOMY YTO 3TH UICTOYHUKHU 3BYyKa O6J'IaZIaIOT
HAIMpPaBJICHHOCTHIO HA CPSTHUX U BBICOKUX YaCTOTAX

K coxxanenuto, sKCIutyatanys MHOKECTBA MEXaHU3MOB HE MO3BOJISIET 3aKJIIOUUTh UX BHYTPb
orpaxaeHusi. Hampumep, MOKeT 0Ka3aThCs, YTO K MEXaHU3MY HEOOXO0IUM HACTOJBKO YaCTBINA JOCTYII,
YTO Ja)Ke ABEPb C AJIEKTPOIIPUBOJIOM HE CIACAET MOJI0XKEeHHs. TakoBbl, B YAaCTHOCTH, MaJIble IPECCHI U
KJICTIAJIbHBIE MAIINHbBI, B KOTOPHIE ONEPATOP JI0KEH HEMPEPHIBHO MOJaBaTh AeTaiu. B aToM ciyyae Bce
e MPUHOCHUT T0JIb3Y Orpa)</IeHHue, UMEIOIIee OTBEPCTHE BMECTO JBEPH. Y POBEHb HHTEHCUBHOCTHU
3BYKa, U3]Ty4aeMOI0 OTBEPCTUEM, TPOTIOPLHUOHAJICH JOrapu(My ero IUI0IMaH; KPOME TOTO, ONSATh-TaKU
B CHJIY HECOIJIACOBAaHHOCTH UMIIE/IAHCOB, €CIU JIJIMHA BOJIHBI BEJIMKA IO CPABHEHHIO C OTBEPCTUEM,
UMEET MECTO OTPaXKEHHUE, MMOJ00HOE TOMY, KaKOE MPOUCXONT, KOT/Ia TUIOCKAst BOJIHA TOAXOIUT K
OTKPBITOMY KOHIly TpyObl HH3K04aCTOTHBIN 3BYK JIMILB C TPYAOM H3IydaeTcs Yepe3 OTHOCUTEIHHO
Mazoe orBepcTue. bosee Toro, Bolle AN 3ByK HE UIMEET HAIPaBJIEHHOCTH, CJIEJOBATEIBHO, U3
OTBEpCTUS HE BHIXOJUT MHTEHCHUBHOTO 3BYKOBOIO MTy4Ka, KaK 3TO UMEET MECTO JIJIsl 3ByKa, UTMHA BOJIHBI
KOTOpOT0 Majia II0 CPABHEHMIO C pa3MepaMH OTBEPCTUS.

Ecnu HeoOxoauMo npojienaTh B Orpak IeHUH HeOOIIbIIoe OTBEPCTHE, HAIIPUMED, YTOOBI MPOITYCTUTH K
MEXaHU3MY JICHTY KOHBeHepa, MOXKHO PEITUTh MPOoOIeMy 3BYKOU3OJISIITUHN, TIOMECTHB KOHBEHEp

B TYHHEJIb CO CTCHKAMHU, MIOKPBITHIMH 3BYKOIIOTJIOIIAIONINM MaTepUaIoM; TaKOH TYHHEIb OyaeT
JIeCTBOBATh KaK OOJIMIIOBAHHBIN BO3/IYXOBO/I WJIM MPSMOTOYHBIN TIIyIIUTENb. FIHOT A BCe orpakaeHue
MOJKHO BBITIOJIHUTH B BUJIE OOJIMIIOBAHHOTO U3HYTPU TYHHETIS, XOTSI, €CITH €0 pa3Mephl BEJIUKH,
3HAYUTEIbHBIN IITyM OyIeT U3JTyd4aThCs C KOHI[OB.

Henb3s 3a0p1BaTh ¥ 0 TOM, 4YTO MEXAHU3MbI OOBIYHO PA3MEIAIOTCS BHYTPH 3/1aHUIL, a MBI YK€
paccMaTpUBaIM BOIIPOC O POJIM peBepOepanyy B IOMEIIEHUAX. 3a4acTyl0 B [IeX€ 3BYKOIOTJIONICHNE
HEBEJIMKO, TaK YTO YK€ Ha PACCTOSIHUU MOPAJKA IBYX METPOB OT UCTOUYHHUKA 3BYyKa peBepOepallMOHHBIN
3BYK OoJIblile, 4eM IpsMOi. ITO 0COOCHHO BaXKHO B TE€X CIY4asx, KOIJIa OIPaXI€HHUs U SKPAHBI
YCTaHaBJIMBAIOTCS HE CO BCEX CTOPOH, IOTOMY UYTO YJIy4YIIEHUE IOIY4aeTCsl TOJIbKO

B HENIOCPEACTBEHHON OJIM30CTH K MEXAHU3MY, TaM, € 10 YCTAHOBKH dKpaHa IpsIMOM 3BYK
npeobnanan, Eciu B moMeneHun ToNbKO OJUH IVIaBHbIA UCTOYHUK 3BYKa, TO YCTAaHOBKA 3KpaHa
HanOosee 3(h(heKTUBHA TPU PACTIONOKEHUH SKPaHa B HEMOCPEACTBEHHON OJIM30CTH K HCTOUHHUKY 3BYKA;
4acTh YHEPTUU MOMVIOTUTCS B CHCTEME MEXAHU3M — JKPaH U HE PACIIPOCTPAHUTCS Jasblle. JTO
0COOEHHO CYLIECTBEHHO JJI HAlIPABJIEHHBIX HICTOYHUKOB 3ByKa U SKPaHOB, PACIOI0KEHHBIX

C COOTBETCTBYIOIIEH CTOpOoHBI. HO BcmoMHMTE Be3aecyuil Jorapum: eciam HCTOUYHUK
HEHAIpaBJICHHBIH, a 9KpaH oXBaTbIBaeT yroi B 180°, To naxe npu ko3 unmeHTe noriomeHus dKkpaHa,
paBHOM 1,0, TO ecTh IpH MOJHOM IMOTJIOIIEHUH NAJAI0IIEro Ha SKpaH 3ByKa, 3BYKOBasi SHEprus,



MOCTyNaroIias B MOMEIIEHUE, B [IEJIOM CHU3UTCS Bcero Ha 3 b, uTo eaBa 3ameTHO. B
JCHCTBUTEIIEHOCTH JIE€JI0 OOCTOMT €IlIe XYyKe, TaK KaK KOO (PHUIIMEHT MOTJIOMICHUS SKpaHa 0ObIYHO HUKE
1,0, 1 7151 HEHATIPABJIICHHOTO UCTOYHMKA 3BYKa SHEPTHSl YMEHBIIUTCS TOJIBKO HAa BETMUUHY, PAaBHYIO
JECATUKPATHOMY JIOTapu(My JOTH OKPY>KHOCTH, OXBaYCHHON IKPAHOM, YMHOKEHHOH Ha KO QUIIUEHT
TIOTJIOIIECHUSI dKpaHa:

B

CHH)KeHHE MOII[HOCTH H3TydaeMoro 38yka = 101g, | 1— Er
T

rae ® — yroi (B paguaHax) CerMeHTa, 3ar0pOKEHHOT0 SKPaHOM, a oL — K03()(PUIIUEHT MOTTIOMICHHS
3BYKa SKpaHOM IIpH HOPMaJIbHOM MaJieHUH 3Byka. Hampumep, sxpaH, 0XBaThIBAIOIIHH [TOJIOBUHY
OKPY)KHOCTH M UMEIOIINHI KO3((DUIIMEHT NOTJIOIEeH s, paBHbIH 0,7, CHU3UT peBepOepaliiOHHBIN IyM
TOJIbKO Ha 2 Ab. M0XHO YTOUHUTH pacueT, IPUHSIB BO BHUMAHKUE HAIIPABIEHHOCTh HCTOYHUKA, €CITH
OHa CYIIECTBYET, YTO HEMHOT'O YIIYUIIHUT Pe3yiIbTaT, HO pa3HUIla OyIeT HeBeJInKa.

DKpaHUPOBaHKE TOMOTaeT HAIIPABUTh 3BYK, HO CIEAYET IOMHUTH, YTO 3BYK Ouparupyer, 00Xoas
9KpaH, U 4TO 3TOT 3 (PEKT yBEIMUNBAETCS C TIOHIKEHUEM 4acTOThI (CM. puc. 34). DkpaH, MOBEPXHOCTh
KOTOpOTo o0pallieHa K HICTOYHUKY, CUIIBHO MOTJIOMIAET 3BYK, YTO HECKOJIBKO CHU3UT U paKIHio, HO
OBLTO OBI HEPA3YMHO PAaCCUUTHIBATh Ha 00BN 3P PEeKT SIKpaHUpPOBaHUs, yeM Ha 5—6 nb npu
yactoTax Bbime 500 ['1y; Hibke ke 9TOi YacTOThI MaJIo Ha YTO MOYKHO pacCUUTHIBATh. D ekt
SKPAHUPOBAHUS CUIILHO 3aBUCHT OT PACTIOIO0KEHUS UCTOYHUKA U IPUEMHHUKA (MIOCKOJBKY OT 3TOTO
3aBHCHT yroJl OTPYKECHHSI B aKyCTUYECKYIO TeHb), a Takke 0T 3()(PEKTUBHOM BBICOTHI SKpaHa. 3BYK,
BBIXOJISIIMN U3-32 Kpasi IKpaHa, Kak Obl CO3/1aeTCsl IITMHHOM JIMHUEW UCTOYHUKOB, a 3BYK C 00enx
CTOPOH dKpaHa MPUBEJET K MOSBICHUIO UHTEP(HEPEHIIMOHHOM KapTUHBI (Kak Ha puc. 35), B KOTOpoit
JIaXke TIPH CITydaiiHOM TryMe d(hPeKT SIKpaHUPOBAHUS OKAKETCS 3aBUCAIIIAM OT HATIPABJICHHS.

BepHblii cioco® CHU3UTH peBepOEpaIIMOHHBIN 3BYK — YBEIHUUTH CPEIHUI KOA(PHUIIMEHT MOTIOMICHNUS
OTKPBITBIX TOBEPXHOCTEH B NOMEIIEHUH. Ype3BbIUaifHO CYILIECTBEHHO YSICHUTB ce0e TO
00CTOATENBCTBO, YTO B OOJIBIINHCTBE CIIy4aeB, I0KA MBI HE Y080UM TIOTHOE MOTJIOICHUE, PA3HULLY

B peBepOepannu Heb3s Oy/leT 3aMeTUTh. YKIaKa aKyCTHUECKUX IUIMTOK Ha BHYTPEHHEN MOBEPXHOCTH
KPBIIIN [IeXa f1aeT 00bIYHO He Oosee 5—6 ab, mpuuem omnepatopsl, HaXoAAIIUECS YacTO B 00IaCTH, TIe
npeoOiasaeT NpsiMoi 3ByK OT MEXaHU3MOB, HE 3aMETAT HUKAKOro yinydieHus. Hekotopele npuemsl,
KOHEYHO, ITO3BOJISIOT YIy4IIUTh MOJIOKEHHE, HAIIPUMED YKJIaJKa 3BYKONOINIOIAOIINX [TaHEIeH

B IIPOCTPAHCTBE MEXKAY CTPONMIBHBIMU (pepMaMu KpbIlri. CyIIECTBYIOT TaK)Ke CIeIHaIbHbIE
HOIJIOTUTENN — OOJIBLIME TeJla C MOIVIOIIAOLIEH TOBEPXHOCTBIO; €CJIN MOABECUTh K IIOTOJIKY
JIOCTaTOYHOE YMCIIO TAKUX MOTJIOTUTENEH, MHOTAa MOXKHO IIPEOA0IETh TPYAHOCTH, CBSI3aHHBIE

C HAJIMYMEM B LIeXe JIJAOUPUHTOB TPYO, 1 0OOUTUCH O€3 00JIMIIOBKY OTPaKAIOIIKX MTOBEPXHOCTEH
aKyCTHYECKUMHU IIMuTKaMu. Kak npaBuiio, cienyer pacnojaraTh BO3MOKHO 00Jblee KOJMYECTBO
MOTJIOUIAIONINX MaTeprasIoB BOJIM3U UCTOYHHUKOB 3BYKa.

Opnako cHHXEeHHE peBepOepaliy MyTeM YBEJIUMYEHHs MOIJIOIIEHN — 3TO HanboJjee 10poroi crnocoo,
a a¢dexr HeBenuk. Llenecoobpa3Hee ¢ camoro Havaia npuoOpecTu Oosiee TUXUIA MEXaHU3M MIIH JTaXe,
MOCOBCTOBABHIUCH CO CIICUAIMCTOM, BHECTU UBMCHCHUA B €0 KOHCTPYKIUIO, TaK YTOOBI YMCHBUIUTH
u3nydeHue myma. [loBcemecTHoe MpUMEHEHHE aHTUBUOPAIIMOHHBIX (DYHITAMEHTOB YHHUTOXKAET
KaMepTOHHBIN 3 (PeKT 1 3auacTyro O0JIbIIE CHIKAET IIyM, YEM aKyCTUYECKHUI MOTOJIOK, OCOOEHHO Ha
HU3KHMX yacToTax. CiaenyeT MOMHUTb, YTO Ha BBICOKHX 3BYKOBBIX YAaCTOTAX IPOCTHIE MPYKUHBI —
IJIOXHUE U30JIATOPEI. Ecnm BHECTH M3MEHEHHUS B caM MEXaHU3M HeE MMpEACTABIACTCA BO3MOXKHBIM, TO
XOPOILIO CIIPOEKTUPOBAHHBIE aKYCTUYECKHE OTPaKJICHUsI B OOJIBIIMHCTBE CIIy4aeB JaloT BIIOJIHE
JIOCTaTOYHOE OCJIA0JICHHE IIyMa, JaXKE €CIIM B HUX NPUXOAUTCS MPOJeNbIBaTh 0TBepCcTUs. Hepenko
MPOEKTHUPOBAHUE OTPAXKIECHUM U SKPAaHOB, COUYETAIONINX TpeOyeMble aKyCTUUYECKHE, SPTOHOMUYECKUE U
HKOHOMMUYECKHUE NapaMeTpbl, TpeOyeT O0JIBIIOro HCKYCCTBa, HO, K CYACTBIO, €CTh JOCTATOYHO BeChMa
OTIBITHBIX CIICIIUATMCTOB, U3rOTABIMBAIONINX COOTBETCTBYIOIIEEe 000pyIOBaHUE.



Pazymeertcs, ObIBaeT, 4TO B CaMOM MECTE CO3/IaHus IIIyMa HUKTO HeE jKaJlyeTcsl, TOr/1a KaK COcen
MOTHUMAIOT TI0 TOMY TIOBOAY T'poMKui KpuK. [1lym 3aBo/1a MeIIaeT KUTEIsIM OKpYTH; 00J1agaTenn
CHCTEM BBICOKOKAUYE€CTBEHHOT'O BOCIIPOM3BEACHUS 3BYKA JTOBOASAT COCEEN JO UCCTYIUIEHUS. UTO
KacaeTcsi 3aBOJIOB, TO, OUYEBUIHO, JIFOOBIE MEPOTIPUSATHUS TIO CHUIKCHHIO IITyMa BHYTPHU [[EXOB MIPUBEAYT U
K CHHKEHHIO Hapy>KHOTO mryma. OHaKO MHOT/Ia MOKHO He O€CITOKOUTHCS 00 ypOBHE 1IyMa BHYTpPH, HO
HEO0OXOIUMO YIIYUIITUTH 3BYKOH3OJISAIIUIO ITYMHOTO MIOMEICHHS. DTO, 0€3YCIOBHO, OTHOCUTCS K
KOMHAaTaM JII0OUTeNe TpOMKOI My3bIKU. Henb3st Hu4ero 100UThesl, MPOCTO HAJCTIsA aKyCTHUECKHE
IUTUTKU HA CTEHKY, OTJEIISIONIYIO HAIlly KOMHATY OT KOMHAThI cocesia. Mbl BUIeNd B IJ1. 9, 4TO 3TO HE
YBEJIMYUT U30JSILUIO CTEHB. BeposATHO, KOMHATa HAIIero JIOOUTENS MY3bIKA UMEET I0CTATOYHOE
MOTJIONICHHE, CHA0XKEHA KOBPOM, 3aHABECSIMH M MATKON MeOelblo. AKyCTHUECKHUE TUTUTKU Ha CTEHE,
pazaensroliel KOMHAThl, He MOTYT 0oJiee YeM yIBOUThH MOTJIOIIEHUE, a 3TO JacT Toibko 3 nb s
peBepOepupyromero 3Byka. OOIMIIEBaB Bce YETHIPE CTEHBI M MMOTOJIOK aKyCTHUECKUMH ITUTKAMH,
MO>KHO BBDXKATh €I1[€ HECKOJIbKO Je1n0e, U TOT/1a IPOHUKATh OYJeT MPEUMYIIECTBEHHO MPSIMOU 3BYK, a
HUKaKOE TOTJIONIEHUE BHYTPH KOMHATBI HE MOXET MOBJIUATH HA MPOXO0KACHUE TIPSIMOTO 3BYKA.

Bo Bcex ciydasx, korna pesepOepanys B IyMHOM ITOMEIICHUN HE CIIMIIKOM BeJIHKa (CpeaHUN
koa(durmenT noraomenus He Hwke 0,1), moriomeHne He pemmT NpoodeMy YMEHBIIICHUS TepeIadn
3BYKa MEX1Y IIOMELIEHUSIMH, PAa3BE YTO MOKHO YAOBJIETBOPUTHCS — PEIKHUN Ciydail!— ropcTouxoit
nenuben. 3agada oka3bIBaeTCs TPYAHOW; JaXe eCiu JTI0OUTENb MY3bIKH YABOUT MAcCy MEPETOPOIKH,
OTJEIISIONIEH ero OT COCEeTHEeT0 MoMeeHus, To Ooubie 5 1b o He BeUrpaet. [Ipuaercs eMmy CTpOUThH
JIBOIHYIO MIEPETOPOAKY CO BTOPHIM CJIOEM Ha yHpyroi onope. Ha nepBoii neperopojke emy Hy»KHO
OyZAeT yCTaHOBUTh MSTKUE PE3MHOBBIE U30JISTOPHI (B BO3SMOYKHO MEHBIIEM UUCIIE) U TIOBECUTh HA HUX
BTOPOI HEMPOHUIIAEMBIH CJIIOW C MOBEPXHOCTHOM MJIIOTHOCTHIO MpUuMepHO 10 KI/M?, TaK 9TOGBI 5TOT
CJION HUTJI€ HE UMEJ )KECTKOI0 KOHTAKTa ¢ OCHOBHOM CTEHOM. 3a30p MEKAY MOBEPXHOCTAMU JO0KEH
ObITh HE MeHblIIe 50 MM, ero cieayeT 3aroJHUTh 3BYKOMOTJIOMIAIOIIUM TOKPBITHEM, HATIPUMED U3
MUHEPAJILHOM IEPCTH, YTO MPEAOTBPATUT PE30HAHCHI 3aMKHYTOT0 BO3AYIIHOro o0beMa. Kpast Broporo
CJ10s1 HEOOXOJUMO YIJIOTHUTH Ha CTEHAX M Ha MOTOJIKE MPU TTOMOIIY MACTUKU — 3/1eCh TaKXKe He
JOJDKHO OBITH JKECTKOT'O KOHTAKTA.

W onsATh XkKe NpuaeTcs OropuuTh Bac, TaK KaK U 3TOT METOJ HE 1aCT BCEro, 4TO TpeOyeTcs, IOTOMY YTO
3BYK, IA/IAIOLIUI HAa IPYTHU€ CTEHBI, IPORAET IO TBEPAON KOHCTPYKLIMH U, JOCTUTHYB COCEAHEN
KOMHATBI, CHOBA M3JIy4YUTCS B HEE CO CTE€H. 3BYK MOXKET MPOXOIUTH OOJIBIINE PACCTOSHUS 110 OETOHY U
B MHOT'OKBapTHUPHOM JIOME MOXKET HaJiesaTh Hemalio Oef.

B cityuae korzia yaapHsiii 3ByK — 3BYK, MIEPEAAIOIIUICS 10 KOHCTPYKIMSIM, — CTAaHOBHUTCS OCHOBHOM
poOIeMOH, MOKaIyH, e IMHCTBEHHBIM PEIICHHEM MOKET OBITh IOCTPOWKA MOMEIICHUSI BHYTPHU
MIOMEUICHNUS, KaK 3TO OBIJIO ONUCAHO B IJ1. 9, Ipu4eM BHYTPEHHEE MOMEILEHHE JODKHO YKPEIUIAThCS Ha
BUOPOM30IMPYIOUINX OMOpaxX U HUTJIE He COMPUKACAThCS C OCHOBHOM KOHCTpyKuuei. [IpocTpancTBo
MEX/y Hapy’KHbIM M BHYTPEHHUM IIOMEIIEHUAMH JIOJIKHO ObITh CHA0KEHO 3BYKONOTJIONIAIOIIEH
0O0JIMIIOBKOM, a TBEPU B 0OOUX MOMELIECHHUSAX TOJKHBI OBITh 3BYKOHETIPOHUIIAEMBIMH.

Nuorna noctpoiika crieuanbHbIX JIOXKHBIX CTEH U MOTOJKA MOXKET BCE K€ YIYUIIUTh 3BYKOU3OJIALIUIO
6onee yem Ha 10 1b, naxke mpu ydeTe OOKOBBIX MMyTeH pacpocTpaHeHHUs 3ByKa. BapuaHT Takoro
pelIeHus: — IJIaBaIoIIEe MEPEKPHITHE, KOTOPOE HE TOJIBKO YIYUIIaeT 3BYKOU30JS LU0 KOHCTPYKIIMU
10J1 — TIOTOJIOK, HO ¥ CHIYKAeT yAapHbI mryM OOGBIYHO 3TO LIYM IIAroB >KUJIBIOB BEPXHETO 3Taxa, U
OH MOXET OBITh TJIABHOM MOMEXOH 37eCh MOMOTAET MATKOE MOKPBITUE TI0JIa B BEPXHEN KBAPTHUPE, HO
IUTABAIOIIME MOJIB UMEIOT PsiJl MPEUMYIIECTB, B YACTHOCTU OHU CO3/1AI0T TEIJIOU30JISIIIHIO, YTO
0COOEHHO CYIIECTBEHHO, €CIT OTOMUTEIbHASI CUCTEMa PACIIOI0KEHA IO TIOJIOM.

[TnaBaromuii noJ NpexcTaBiseT COO0N MaT U3 MUHEPAJIBHOM MIEPCTH, YIOKEHHBIM HA CTPOIMIIAX UITH
Ha OETOHHBIX IUIMTaX NepekprITus. [loBepx Takoi MpOKIaaKK pacnoaraeTcs JOUaThlii HACTUII JTUO0
TOHKHH cJI0i 6eToHa. CieyeT UIMETh B BUALY HECKOJIIBKO MOMEHTOB: TIPH T10JIaX C JACPEBIHHBIMU
CTPONMUJIAMHU HEJIb3sl JOMYCKATh CJIUIIKOM OOJIBIIOTO 1aBJICHUS Ha MaT, KOTOPBIH MOXKET CIIPECCOBATHCS
B TBEPAYIO MAacCy; KPEIeKHbIC IBO3/I HE JOJKHBI IPOHUKATH U3 TOCOK IUIABAIOLLEIO 110J1a B CTPOIIMIIA.
ITpu ncnonb30BaHNM OETOHHBIX CJIOEB MOSBISAIOTCA OFPAHUYEHUS HA MIPEEIbHYIO IUIOIAAb 110J1a, IPU



KOTOPOH eI1le He BO3HUKAET OMACHOCTh TPEIIMH B O€TOHE: MPH OOJIBIIHUX TUIOMIAIX HEOOXO0 MO
pa3eNuTh IEPEeKPHITHE HA YYaCTKU. Bo Bcex ciydasx MaThl IOJDKHBI OBITh TIOJIBEPHYTHI HA Kpasix, a
MIPU YCTAHOBKE TUIMHTYCA HY>KHO CJIEIMTh, YTOOBI OH HE TOXOau1 10 Toyia. Kak Bceraa, TI03yHroMm
JIOJDKHO OBITH: HUKAKUX KECTKUX KOHTAKTOB.

Takyro KOHCTPYKIIMIO HE YaCTO MOKHO HCIIOIh30BAaTh HA 3aBOJIaX, T/Ie OOBIYHO BO3BOISAT HAKIOHHBIC
KPBIIIA U3 BOJIHUCTHIX acOECTOBBIX UINT. ECM MpOHWKHOBEHHE IIyMa Yepe3 KPBIITY CYIIECTBEHHO, TO
MOKHO MPUMEHUTH 8030YXOHENPOHUYAeMblll TIOIBECHON MOTOJIOK, YCTAHABIMBAS €T0 KaK MOXKHO HIKE.
OOBIUHBIN aKyCTUYECKUN TTOABECHOM MOTOJIOK OKA3bIBAETCS HETPUTOTHBIM, €CJIM TOJIBKO HE CIIeTaTh
€ro HeMPOHHUIIAEMBIM C 00paTHOI cTopoHkl. HexoTopsie GuOpOBbIe aKyCTUYECKHE TUTUTKU
HETPOHUIIAEMBI, U UX IPUMEHEHHUE JAET JOTOJHUTEIbHYIO BHITOAY — CHUYKEHHE YPOBHS
peBepOepann. OOBIKHOBEHHAS MITYKATypKa KaK MaTepHal JUIsl MOJABECHOTO MOTOJIKA YIIYYIIaeT
3BYKOM3OJIAIINIO, HO, Pa3yMeeTCs, He BIUsCT Ha peBepoOepanno. Yucio MmoaABECHBIX CTEPIKHEH TOJKHO
OBITh MUHIMAJTFHBIM, a UX 3aKPETIJICHUE 110 BO3MOKHOCTH YIPYTHM.

K cuacThio, 3aBOJICKHE KPBIIIH OOBIYHO HE CaMOE CJ1ab0e MECTO B MPOOJIEME 3BYKOU3OJISAIINU: OTIACHBI
00bIYHO JBepH 1 OKHA. Ka3amock Obl, TIyIo Bce BpeMsl HAallOMUHATD: ICPKUTE IBEPU M OKHA
3aKpBITBIMHU, HO YaCTO 3TO 00JIer4aeT pelieHue npoosieMsl. Bripouem, Kak TOJIBKO HHCIIEKTOP
3/IpaBOOXPAHEHHUS TIEPECTAHET KAJIOBATHCS HA IIIyM CHAPYXKH, 3aBOJICKON HHCIIEKTOP MOJAHUMET IIYM I10
MOBOAY BEHTWISAIUU! MOYKHO YCTaHOBUTH MPOCTYIO BBITSDKHYIO CUCTEMY BEHTHIISLIAN, HO OTBEPCTHSI
JUTS TIOIa4M ¥ OTBOJIA BO3/yXa HY)KHO CHA0UTh MOTJIOMIAIONIMMH TIIYIIHTEIIMU. ECITH 3aBOICKO# 1IryMm
JEHCTBUTEIILHO CITMIITKOM CHJICH M JOHOCUTCS JIaXKe Yepe3 3aKPhIThIC IBEPH U OKHA, TO OKHA MOYKHO
3aJI0KUTh CTEKJITHHBIMU OJIOKaMH, a IS IBepeil Moj00paTh CeUaIbHYO TSHKEITYI0 KOHCTPYKIIHIO

C BO3JIyXOHEIPOHHUIIAEMBIMHU YIUTOTHEHUsIMU. OIHAKO, €CITU Yepe3 IBEPU BCE BPEMS XOJIAT, TO MOXKET
MPUBECTH K OOJIBIIMM OCJIOKHEHHUSIM; YACTHYHBII BBIXOJ] U3 MOJ0KEHHS — 3aMEHHUTD JIBEPH
aKyCTHYCCKUMHU dKpaHaAMHM, YCTAHOBJICHHBIMU TIepe/I IBEPHBIMU MipoeMaMu. Clie/IyeT elle yIUThIBaTh
BO3MOXKHOCTh TOTO, YTO B MOMEIIEHHUH C 3alleYaTaHHBIMU OKHAMHU paboYne HAUYHYT CTPaaaTh
KIaycTpodooueit (00SI3HBIO 3aKPHITHIX MTPOCTPAHCTB), HECMOTPSI HA JOCTATOYHOE KOHJAWIIMOHUPOBAHUE
Bo31yxa. Toraa cHOBa MPHUIACTCS MOAYMaTh O CHIDKCHUH [IIyMa B CAMOM HCTOYHHKE.

Ecau Hu4TO Apyroe He moMoraer, MOKHO BCE e 3aTKHYTh YIIM MMajbliamMu. Bpsia im npu 3ToM
pabOTHUK COXPAHUT Ty e MPou3BoAuTeNbHOCT TpyAa! Ho, cuacTbio, ecTh crioco0 MOIY4YUTh TOT JKE
Pe3yabTaT, OCTABIISISI PYKH CBOOOIHBIMHU JUISl IPYTUX AeJl. DTO — YIIHbIE IPOTEKTOPHI, OHU UMEIOT
OosblIre MpeuMyIIecTBa U emle 0ombinue HegocTaTki. CylecTByeT YeThIpe Pa3sHOBUIHOCTH YIITHBIX
IIPOTEKTOPOB: 1BA TUIIA IIPOTEKTOPOB, BCTABIIIEMBIX B YXO, U J]BA — HAPYKHBIX.

[lepBbIit THI BCTaBISIEMOTO MTPOTEKTOPA — ATO TAMIIOH WJTK 3ariylIKa-mpoOKa U3 MATKOTO MaTepuana,
npeHa3HauYeHHas 71 pa3oBOro ynorpebienus. CiaeayeT MOMHHUTb, YTO BCE MPUHIIUIIBI aKyCTUKH
CIIpaBEJIUBBI, KOT'/Ia JEJI0 KacaeTcs 3alUThl yxa; Oy/eT Majo NpoKa, €ClId 3aTKHYTh YXO KIIOUKOM
BaThl: BaTa CJIMIIKOM MOPHUCTA U 00JIa/1aeT CIUIITKOM MaJloil Maccoil. B kpaifHeM ciydae MOXET TOMOYb
BaTa, CMOYEHHAs KaKOM-1100 JKUIKOCTHIO, HO ATO SIBHO MaJIO MOAXOAAIIUIN CI0C00 11l BCEOOIIEero
npuMeHeHus. B antekax npogaroTcs MapuKy U3 MPOBOIIEHHOIO BOJOKHUCTOTO MaTepuaia, U3 KOTOPbIX
MO3KHO CJIeJIaTh 3ariylIKy B YXO, HO OHU BBI3bIBAIOT HEMPUATHOE olylienue. Haumyumuii Bua yuHoi
3ardylKd pa30BOro MOJb30BAHUS — U3JIETUE U3 TaK HA3bIBAEMOI'0 CTEKIISTHHOTO ITyXa. JTO CTEKISTHHOE
BOJIOKHO HACTOJIBKO TOHKOE B OTJIMYHE OT OOBIYHON CTEKJISTHHOW BaThl, YTO OHO HE OKa3bIBAET
pazzpaxarouero JeHCTBUS; OHO IPOAAETCS B allTEKE, U KIOYOK TaKOM BaThI JIETKO CKaTaTh B KOMOYEK U
BCTaBUThH B YXO.

Jpyroii TUII BCTaBJIIEMOr0 YIIHOI'O IPOTEKTOPA — 3apaHee chpopMOBaHHAS IUIACTMACCOBAs 3arIyIlKa-
npoOka i yxa. Takue 3ariylku U3roTOBJISIOT pa3HbIX pa3MEpoB, TaK Kak (€CIIM UCKIIOUYNUTh
HEKOTOPbIE «YHUBEPCAJIBbHBIE» U3/IENINs) BaXKHO JOOUTHCS IUNIOTHOTO NMPHJIETaHuUs 3arIyIlKH.
Heo6xo1nmo Takke peryisipHO CTEepUIM30BaTh MPOTEKTOP. OIHM THITHI 3aTTyIIEK HETIPUATHBI 15
HOLIEHHUS, IPYTHe MHOTI'O JIy4llle, 1 UX MO’KHO HOCUTb XOTb LeJIbli eHb. OCTpOyMHOE YCTPONUCTBO
paboTaeT Kak KianaH, 3aKpbIBAIOIIUI 3arIyIIKy U 3ByKa, KaK TOJIBKO YPOBEHB IIIyMa MEPEXOIHUT



Yyepe3 HEKOTOPBIH Mpeies], TaK YTO B YCIOBUAX (PIYKTYHPYIOIIEr0 YPOBHS MEHbIIIEe cOOJIa3HA BEIHYTh
3ariyIiKy, KOT/Ia HACTyIMaeT THIIHWHA, IIOCJIE Yero MOKHO U 3a0bITh BCTABUTH UX 00pATHO,

Hapy>kHble ylIHBIE IPOTEKTOPBI MU HAYIIHUKHU, B HEKOTOPBIX OTHOILICHUX MIPEAIIOYTUTEIbHEE, YEM
3aryiiky. Jlerye ciequTh 3a TEM, YTO UX ACHCTBUTEIBLHO HOCST; THTHEHUYECKUN BOIIPOC 3/1€Ch TAKKE
CTOUT MeHee ocTpo. MiHOT1a OHU At0T U OOJIBILIYIO 3ALIUTY: OHU UMEIOT IJIACTMACCOBBIM HapY>KHBIN
KOPITYC, CHa0KEHHBII MEHOIUIACTOBOM OOIUIIOBKOM U KHUIKUM YIUIOTHEHHEM, KOTOPOE JIETKO
B0300HOBIseTCS. OIHAKO OHU UMEIOT M HEJIOCTATKU — HArPEBAOTCS U BBI3BIBAIOT Pa3IpaKCHUE KOKHU
IIPH TOTAIaHUH T10]] HAYITHUK TBEPJIbIX YaCTUYEK.

JIns1 0ueHb CHIIBHBIX 3BYKOB, NpeBbimaromux 130 n1b, HeqocTaToOuHbl U HAYIIHUKY, TaK KaK
BBI3bIBAEMbIC 3BYKOM BUOpAIlMU Yepena, BO-TIePBhIX, IEPEAI0T 3BYK K BHYTPEHHEMY yXY U, BO-BTOPBIX,
HETPUATHBI caMu 10 ce6e. Kak-To MHE MPUIIIOCh U3MEPSITh IIIYM TOHOYHOW MAalTuHbI B UCTIBITATEIEHON
Kamepe, koraa mryM gocturan 150 nb, a y MeHst ObUH TONIBKO HapYKHBIE YIIHBIE TIPOTEKTOPHI.
Pe3onaHChI KOCTEH U TTOIOCTEN JTUIa OBUTH B BBICIIICH CTETICHH HETIPUATHBI, M Ta)Ke TyMaTh CTAJIO
TPYAHO (S XO4y CKa3aTh: elie TpyAaHee, 4eM 00bIuHO!). B Takux cutyanusx HeoOX0AMMO HaJleBaTh
[IUIEM, HO Ja)Ke TOTIa BpeMs HAXOXKJICHHSI B 30HE CHJIBHOTO IIIyMa JOJIKHO OBITh OTPAHUYCHO.

YacTto Bce-Taku OUY€Hb TPYAHO JOOUTHCS 3aIIUTHI OT LIyMa P MOMOILM YIIHBIX IPOTEKTOPOB. B
HEKOTOPOM CTENEHHU 3TO CBA3aHO C TEM, YTO paboune HepeIKO MPEANOUYNTAIOT [T0IBEPraThCs
3HAYUTEJIbHOMY IIIYMY, YEM UCIIBITHIBATh HEY100CTBA MM HEMPUATHBIE OLUTYIICHHS OT HOLIEHMS! YIIIHbBIX
HIPOTEKTOPOB, a KPOME TOT'0, HE BEPAT TOMY, UTO UX CIIyXy HAaHOCUTCS yiiepO, JInO0 He0OOLEHUBAIOT
CTeneHb 3Toro yiepoa. K coxxanenuto, B HEKOTOPBIX Kpyrax padoTy B YCIOBHSX CHIIBHOTO IlIymMa
CUMTAIOT YyTh JIU HE F€pPOMCTBOM, U 00Jiee CTapble WIEHBI TAKMX COOOIIECTB J1aXe LIETOJISI0T CBOCH
TYTOYXOCTBIO. JTO BEJIET K TOMY, UTO Ha HOIIIEHHE YIIHBIX MPOTEKTOPOB HAUMHAIOT CMOTPETh KaK Ha
NPOSIBIICHUE U3HEKEHHOCTH. B pe3ynpTrare Takux (u3ndeckux v (PU3NOJIOTHYeCKUX TPYAHOCTEH
HaHUMAaTeIlb HE MOXET JIOBOJILCTBOBATHCS MPOCTO MPUOOPETEHHEM JOCTATOUHOTO KOJIMYECTBA YITHBIX
NPOTEKTOPOB M, Pa3/iaB UX, IOUYUTH Ha JIaBpaX, MoJaras, 4To ero A0Jar BeinoidHeH. Heobxomumo
BBEJICHUE TIPOrpaMMbl 00yUEHUs, a ellle JIyullle — OpPraHu3alus LeJol CXeMbl MEPONPUATUH O
COXPAHEHHUIO CIIyXa.

Homenue ynHbIX IpOTEKTOPOB MOXKET J1aXKe YJIYUIIUTh YCIOBUS 3BYKOBOI CBSA3H, MOCKOJIbKY CHUYKAET
YpOBEHb O€CIOPSI0YHOT0 CUTHANA, JOCTUTAIOIETO YXa, 10 YPOBHSI, IPH KOTOPOM aHAJIN3UPYIOIIUN
MEXaHU3M MO3ra CIIoCOOEH JIyyIlle BBIACNIATh OCMBICICHHBIE 3BydaHusi. OHAKO YCUIIMBAETCS
OMACHOCTh, YTO MPEIYNPEKAAIOIINE CUTHATIBI, KaK, HAalIPUMEp, 3BYKH, U3/1aBaeéMble MAIlIMHON nepe
aBapHel, MOTyT OCTaTbCsl HE3aMEUEHHBIMH, a B PE3yJIbTaTe BO3MOKEH HECUACTHBIN CIydail.

B 3akitoueHne OTMETHM, YTO HOUIEHHE YIIHBIX 3ariylIeK, WIH IPOTEKTOPOB, peliaeT 3a1a4y 3alluThl
OT LIyMa TOJBKO TOT'/1a, KOT/1a 3alUIIaeMblii [T0/IBEpraeTcs LIyMOBOMY BO3ECHCTBUIO JINIIb B TEUEHUE
CPaBHUTENILHO MaJIOH O MOJIHOTO BPEMEHHU paboThl MEXaHU3Ma (B YaCTHOCTH, €CITU LIyMY
[OJBEPraeTcsi BOOOIE HEOOIBIIOE YHCIIO JIFOJCH, HallpUMep IKCILTyaTallMOHHBIN COCTaB IIpU
HaOJIIOICHNH 32 MEXaHU3UPOBAHHBIM MPOLIECCOM) JINOO KOTAAa OCTAIbHbIE METOIbl CHUKECHHUS IIyMa
HENPUMEHUMBI 110 TEXHUYECKUM WJIM SKOHOMUYECKUM MPUUHHAM.

[27] HopmanbHblit kamubp 16 cooTBETCTBYET TOMIMHE IHUCTA 1,6 MM.

[28] PacmmpurtenpHas kaMmepa — 3TO y4aCTOK TPYObI OOJIBIIETO CEYCHHUSI, YeM OCHOBHOM
BO311YXOBOI. — [lpum. peo.


http://ivanstor.narod.ru/noise/113.htm#_ftnref27
http://ivanstor.narod.ru/noise/113.htm#_ftnref28

14. AKycTHYeCKasi JMATHOCTUKA U pelentypa

Ckoubko 0 JIeKapCTB HU JIeXKAJIO B Balllel aKyCTHUECKOM anTeuke, Bce OHU OyyT Oecroe3Hsbl, a
HEKOTOPBbIE, TIOXKAIYH, U BPEJHBI, €CIIM BBl HE 3HAETE, KOT/1a M KAKOE U3 HUX HYXKHO ITPONHCATh. BBITH
MOKET, HanOOJIBIIUM HECYACThEM, KOTOPOE MOXET BhI3BaTh OIIMOOUHBINA aKyCTUYECKHIA AUAarHO3,
OyZIyT TOIBKO MPOKIATHS JUPEKTOPA-PACTIOPSIUTENS, Y3HABIIETO O AECATKAX THICTY (PYHTOB,
3aTpayeHHbIX BIYCTYI0. Ho «HemoydKa Xyke HEBEXK/AbI», H €CJIM Bbl ceiiuac, 3aXJIO0MHYB 3Ty KHUTY,
OpocuTeCch 0UepTs TOJIOBY pelIaTh Ballld COOCTBEHHBIC 3aITyTaHHBIE aKYCTHUECKUE MTPOOIIEMBI, TO
OyabTe ocTopoXxHee!

DTy rIaBy MOXHO ObUTO OBl 3aMIOJHUTH TPYCTHBIMHU UCTOPUSIMU 00 MHXKEHEpaXx, HE 3HAIOLINX Pa3HUIIbI
MEXKy MOTJIOIMIEHUEM U U30JISIIUEN 3BYKA WIIM MEKy H30JAIMEN 3ByKa 1 Terionsorsinuen. [lyranumny
HE YMEHBIIAOT U YBJIEKAIOLIUEC CO31aTeIN TEIUION30IUPYIOIIUX IOKPBITUN, KOTOPBIE 4aCTO
Ha3bIBAIOT CBOIO MTPOJYKLHIO «TEIIO- U 3ByKOU3OJISIUOHHBIM MaTepUaIoM», TOT1a KaK OHH
[IOAPa3yMeBaloT IO/ TUM «TEIUIOU30JIALIMOHHBIN U 3BYKOIOTJIOIAKOIIUN MaTEpUaID).

AxycTruyeckasi TuarHocTUKa TpeOyeT MHOTO OOJIBIIET0, YeM YMEHHE OTIAMYATh U30JISLHIO OT
norsiouieHus. B Hame BpeMs 6oibliasi 4acTh aKyCTHUYECKUX MEPONPUSITUNA TPOBOAUTCS JIUIIIb

B pe3yJIbTaTe 3aMo3alblX COOOpaXeHUH, U 4acTo, KOT1a HHXKEHEP-aKyCTUK BBIXOIUT Ha CIIEHY, EMY
roBopsT: «BoT mpobiiema ycTpaHeHus IITyma — 4TO BBl HaMm nocoBeTyeTe?» [1o3BobTe 00paTUTHCS K
Moel COOCTBEHHOW KHUTE 3aICcel «MCTOpHUIl 00JIe3HUY.

Ha oxnoii haGpuike 1mieia MOHTaX MATH OONBIINX YCTAHOBOK JIs CYIIKH keslaTuHa. Kaxias ycraHoBKa
COCTOsIIA M3 IIMPOKON TPYOBI, BIOJIb KOTOPOH IMepeMenaiuch rpanydibl kenaTnHa. Ha onpeaeneHHbIX
WHTEpBaJiaX B TPYOy MOaBAaJICS MIPU MOMOIIH OOJBIIOT0 EHTPOOESIKHOTO BEHTHIIATOPA MOCTOSHHBIN
MIOTOK TOPSTYET0 BO3/1yXa, KOTOPBIN MPOAYBaJICs KBEPXY CKBO3b keJaTuH. OTpaboTaHHbBIN BO3IYX
yaansijics 3aTeM B BEpTUKaJIbHOM HAIPaBJICHUH B IIECTH MECTaX, HO, TOCKOJBKY OH HeC ¢ coO0i
YaCTHUILIbI J)KEJIaTUHA, €70 IPUXOJUIOCH IPOMYCKATh Yepe3 CernapaloHHyI0 CUCTEMY. DTa cCUcTeEMa
COCTOsJIa U3 IUKIIOHA — YCTPOMCTBA, B KOTOPOM MOTOK BO3/1yXa 3aKPYUHBAJICS, IPOXOIS Yepe3
CIHMPANBHYIO KaMepy, U TOMaaall B KOHYCOOOpa3HbIH COCy, TIe IIEHTPOoOeKHAsK CHIla OTOpachiBaia
TpaHyJIbl )KeNaTHHA Ha KOPITYC COCYAa, MOCe Yero OHU Malajii Ha JHO, OTKY/AA KJlanaH

C JIEKTPOINIPUBOJIOM BO3BpaILlaj KEIATUH B CYLIHIIKY.

K momenTy o0OcrneioBaHus B SKCIUTyaTalliy HAXOIUIIUCh TOJIBKO JIBE€ CYIIMIIKH C UX JIBEHAAIATHIO
UKJIOHaMU. B COOTBETCTBUY C TMTHEHUYECKUMHU TPeOOBaHUSIMU MMOBEPXHOCTH CTEH ObLIa TBEPAOH, a
3HAYUT, U XOPOLIO OTpaXKarollel 3ByK; KpOME TOro, ObLI YCTAHOBJIEH M1OABECHON IOTOJIOK, TAKXKE
XOPOIIO OTpaXkaromiuii 3Byk. HanbomnpImii ypoBeHb I1ymMa ObuT 00HAPYKEH HA MJIOMIAJAKE MEXKIY ABYMSI
CymuiKamu, TaMm oH gocturai 104 1bA; Ha Apyrux miomaakax, re nuia NocTosiHHas paboTta, ypoBeHb
myma coctaBiisiit 97—98 nbA. OkTaBHBIN aHAIW3 IIyMa MOKa3ajl BeCbMa pPAaBHOMEPHYIO YaCTOTHYIO
XapaKTepUCTHUKY, KaK 3TO BUJIHO U3 pUC. 57, TaK YTO yPOBEHb LIIyMa CYILIECTBEHHO IPEBOCXOAMII JII000I
KpUTEPUN pHUCKa MOBPEXKIEHUS CIIyXa, COOTBETCTBYIONIMNI BOCBMUYACOBON HEMPEPHIBHON padoTe.
ITepconan pacnonarai yIHbIMA NPOTEKTOPAMMU.
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Puc. 57. Pe3ynbraT OKTaBHOI'O aHaJIM3a IIyMa ABYX CYIUIMJIBHBIX allllapaTosB.

[Iym BocTippuHUMAJICS KaK BHICOKUH IIMPOKOIOIOCHBIN CBUCT M HUKAK HE OBLI JIOKAJIM30BaH 110
HaIpaBJICHUIO, IOCKOJIBKY BCIOY peBepOepallMOHHbIN 3BYK Ipeolianan Haa npsaMeiM. [Ipu nomomnu
akcesiepomeTpa ObUTH U3MEPEHBI BUOPALIMK HA PA3IMYHBIX IOBEPXHOCTSX, U BCKOPE CTAJIO SICHO, YTO
HCXOJHOE BO3MYILEHHUE BBI3BIBAIIOCH TBEPABIMH, KaK KAMEILIKH, TPAHYJIaMH JKEJIATHHA, yIAPSOLMMUCS
0 KOpIyC IIMKJIOHOB. BuOpanuu UKI0HOB XapaKTEPU30BAIUCH TEM K€ CIIEKTPOM, UTO U IIyM, H,
COIJIACHO U3MEPEHUSIM, 3HAUUTEIbHO MPEBOCXOANIN BUOpALMK B JIFOOOM ApyroM mMecte Ha (pabpuke.
Jlaxe ecny NpUHATH BO BHUMAHUE MaJIYIO [IOBEPXHOCTh LIMKJIOHOB 10 CPABHEHUIO C KOpPITyCaMu
CYLIMJIOK, OBLIO SICHA, YTO LUKJIOHBI U3J1y4atoT Topa3io OoJblle IIyMa, YeM CYIIMIKH, K KOTOPBIM OHU
OBUIH XKECTKO MPUCOEANHEHBI. BO3MOXKHOCTh KaMepTOHHOTO 3¢ (deKTa He 03Ha4asa, 4YTO UCXOJHOE
BO3MYIIEHUE HE OBLIO TaKKe MECTOM Hauboubliero n3nydeHus. lllym oT BEeHTUIIATOPOB, BCAChIBABLIMX
HapY>KHBIH BO3JIyX Y€pe3 BXOJIHBIE TPYObI, ObLT HECYIIECTBEH.

BBuay cTporux caHMTapHO-TUTMEHHYECKUX TPeOOBaHUH (BCE MOBEPXHOCTH PETYIISIPHO TPOMBIBAIHCH
ropsiueil BOJOW U3 1uIaHra) ObUTO OBl TPYIHO MPUIYMATh KAKOW-THOO CIIOCO0 MOKPHITH
3BYKOOTPAXKAIOIIHe TOBEPXHOCTH 3BYKOTIOTIONIAIOIINM MaTepPHaIOM, KOTOPBIN, BHITIOIHSSI CBOE
Ha3HA4YCHHE, HE cenayics Obl pacCaIHUKOM OaKTepUil — yKe HE TOBOPSI O CTOMMOCTH MOJ00HOTO
MmeponpusaTs. C YMCTO aKyCTHUECKOI TOUKH 3peHHs CHI)KEHUE peBepOepaliy Obu10 Okl BechbMa

3P PEKTUBHO, MTOCKOIBKY KOAPPHUIIMEHT MOTIIONICHUsI CTEH OBUT HACTOJILKO HU30K, YTO YBEITUYUTH €TI0
BO MHOTO pa3 He MPEACTaBUIO Obl TpyAHOCTH. HO B 3THX yCIOBHSAX €IUHCTBEHHBIM BBIXOZOM OBLIO
npeaynpexIeHUE U3TyYSHHS IITyMa OT IUKIIOHOB, MTOCKOJIBKY /ISl YCTPAHEHHS UCXOTHOTO BO3MYIIICHUS
MPUILIOCH OBl IIOCTPOUTH HOBBIE ITUKJIOHBI C YIPYTUMH cTeHKamMu. He okazanock Obl 3¢ (eKTUBHBIM H
CO3/IaHUC 3aTyXaHHs B IUKJIOHAX, IIOTOMY YTO, XOTSl CTCHKH ITUKJIOHOB, BHITTOJTHCHHBIC U3
HEpIKaBEIOIeH cTany, 001aJal0T MaJIbIM BHYTPEHHUM TPEHHEM, OHU MPUBOJSATCS B KOJIeOaHUs ylapaMmu
’KECTKUX I'PaHyJI ¥ TIOBBIIICHUE 3aTyXaHHsI 0CJIa0HII0 OBl 3BYK BCETO Ha HECKOJIbKO neruben. [Toatomy
HaWTy4Ilee JIEKapCTBO 3/1€Ch — MPUMEHEHHUE 3BYKOM3O0JIUPYIOIIEr0 MUKPOTIOPUCTOTO MOKPBITUS HITH
MOKPBITUSI K3 MHHEPATBHOM MIEPCTH, KOTOPOE NaCT HEOOIBIIIOE TOTJIONIEHHE, C IOTIOJIHUTESITLHBIM
HAJIO)KEHUEM CBEPXY BO3IYXOHETIPOHUIIAEMOM OOIIMBKY U3 JTFOOOT0 MaTepHaia ¢ MOBEPXHOCTHOU
IUIOTHOCTBIO He MeHee 3 Kr/M’. [Ipi HaIe)KHOM 3a1e/1Ke MUKPOIIOPUCTOrO CJIOS HIIM MHHEPAIbHOM
[IEPCTH HUKAKUX HAPYIICHUH CAHUTAPHO-TUTUEHUYECKUX MTPABHUII HE BO3HHUKAJIO, U B KOHIIE KOHIIOB



ObLTa MpUMeHeHa (pupMeHHas! JIMCTOBAs OOIIMBKA U3 MOJIMBUHUIXJIOPUIA HA MUKPOTIOPUCTOMN
MOJVIOXKKE, 3aKpeIIeHHe KOTOPOil He IPeACTaBUIIO 3aTPyAHEHUH.

C npo0eMoii HeCKOJIBKO IPYTOro XapakTepa MPUILIOCh CTOJIKHYTHCS B KOHTOPE, OKHAa KOTOPOM
BBIXOJMJIM B CBETOBOM KOJIOZEL B LIEHTPE 31aHUA. B pecTopane — ero KyxHs TakKe BBIXOJWIA B 3TOT
KOJIOZEL] — MMeEJIach YCTAaHOBKA JUJIsl KOHAULMOHUPOBAHMSI BO3/1yXa C MATHIO KOHAEHCATOPHBIMU
arperataMu, pacroJio>keHHbIMH Ha JHe Kojoaua. KonneHncaTopsl uMeny HWIMHAPUYECKYIO GopMy, U
KaX/IbIif N3 HUX ObUI CHA0XEH MaJIbIM KOMIIPECCOPOM H TEINIOOOMEHHUKOM, a TAKXKE OCEBBIM
BEHTHJISITOPOM nuameTpoM 600 MM, KOTOPBIH U SBJISUICS TJIABHBIM HCTOYHHKOM Iryma. Ha puc. 58
MIOKAa3aHbl PE3yJIbTaThl OKTAaBHOI'O CIIEKTPAIBHOIO aHAIM3A IIyMa B KOHTOPE IIPU OTKPBITHIX OKHAX.
Crnenyet 0OpaTUTh BHUMaHUE HA OCTPBIN MUK Ha 9acToTe 63 ['11, M3-3a KOTOPOTOo IIyM HAaTOMHUHA 3BYK,
M3/1aBa€MbIil CAMOJIETOM C MOPIIHEBBIM MOTOPOM, YTO BOBCE HE XapaKTEPHO I JaHHOTI'O BUJA
IIYMOBOTO UCTOYHMKA. [IpH BBIKIIIOYEHHBIX KOHJIEHCATOPAX LIyM ObLI 3HAUYUTENIBHO ciadee.
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Puc. 58. Pe3ynbTaT OKTaBHOT'O aHaNIM3a IIyMa B CIy)KEOHOM TTOMEIICHHH.

CBeTOBOM KOJIO/IEI] UMEJT B JITTUHY OKOJIO 12 M 1 B UpUHY — 2,5 M, a CTEHKH €r0 ObLUTH 00pa30BaHBI
CHJIBHO OTPaKAIOIIMMU 3BYK CTEHAMH M OKHaMU 37aHus. Kak U BO BCeX OTHOCUTEIILHO MaJIbIX
MOMEIIIEHUSX, B KOJIOJIIE CYIIeCTBOBATI HA00Op COOCTBEHHBIX KOJIeOaHUil, MOTOOHBIX TEM, O KOTOPBIX MBI
roBopwid B 171. 9. Ha Gexy BbicoTa 3ByKa BpaIllleHUs] BEHTWIATOPOB — 75 'l — nexxana BOm3H
PE30HAHCHOM YaCTOTHI OJHOTO U3 MPOJIOJILHBIX COOCTBEHHBIX KOJIeOaHH KOoALa. TO UMEJO JABa
MIOCJIEAICTBYSI: BO-IIEPBBIX, BO3HUKAJIA CTOS/Yasl BOJIHA, 3HAUUTEIBHO YCUIIMBAIOLIAs aMIUIUTY Ly
KoJjeOaHus Ha yactore 75 I'1 B MecTax my4dHocTei (cM. puc. 7). Bo-BTOpBIX, BBHIY HETOYHOTO
COBIIQ/ICHUS YaCTOThI CTOSUEH BOJIHBI C YACTOTON TOHA, U3aBAEMOr0 BEHTUJISITOPOM, IIPU €TI0
BKJIIOUEHUU MEXKY STUMH IBYMSI TOHAMHU BO3HUKAIU MeAJICHHbIe OMEeHUS, TOCKOJIBKY Pa3HOCTh (pa3
MEXTy TOHAMH MEJIJICHHO MEHSJIach, U 00a KOJIeOaHUsI IPOUCXOIUIHN TO CHH(A3HO, TO TPOTHBO(]A3HO.
DT0 00CTOATENBCTBO €llle OoJIee YCHIMBAIO MelIatoliee JeHCTBUE 3BYKa.

O06opynoBaTh KOHJACHCATOPHI MOTJIONIAIOIIMMHU TITYITUTEISIMU — JeJ10 He Jerkoe. HetpymHo Ob110
YCTaHOBUTH CBEPXY HMIHMHAPUICCKUI OOIMIIOBAHHBIN TITYIIUTEINb C IIEHTPATHHBIM MOTIOMIAIOIIHM
TEJIOM; TaK KakK, OJIHAKO, BO3JIyX BCACBIBACTCS 110 BCEMY IIEPUMETPY Y OCHOBAHMSI KaXI0TO arperara,



JUTSL CHIDKEHUS 1IIyMa MOTpeOoBasics Obl CIOKHBIN TITyIIUTENb, U3TOTOBICHHBIN 110 CHIEIHATbHOMY
IIPOEKTY.

X0Ts HAJIMYKE CTOSYEH BOJHBI IPUAABaIO MpobdIeMe 0coOyI0 OCTPOTY, OHO JKE€ M CIIACAJIO MOJIOKEHHE,
HOTOMY YTO MOKHO OBUIO Cpa3y MOJIY4YHUTh OOJBIION BBIMTPHIII, HOAABIIS 3Ty BOIHY. i1t 9T0i 1enn
MIOTIEPEK CBETOBOI'O KOJIO/Ia ObLI YCTAaHOBIIEH SKpaH TPEXMETPOBOI BBICOTHI, MI3rOTOBICHHBIN U3 JINCTA
MSITKO# cTaii HopMasibHOTOo Kannopa 20[29], 061uIi0BaHHOTO ¢ 00€UX CTOPOH CII0EM MHUHEPAIbHON
HIEPCTH TOMIUHON 50 MM; OOIHIIOBKA NPHKUMAIIACh TEPPOPHUPOBAHHBIM METAJUIMYECKUM JIUCTOM.
OKpaH pacioiarajiy Tak, YTo0bl OH pa3/ieisiy KOJIOEIl [0 IJIMHE Ha /IBA Y9acTKa, pa3Mephl KOTOPBIX He
HaXOJMWJIHNCh B IPOCTOM apH(PMETHIECKOM OTHOIICHUH.

OtuM ciocoboM poomuck TpoitHoro 3ddexra. Bo-nmepBhiX, Bce COOCTBEHHBIE YaCTOTHI 00EUX CEKITHI
CBETOBOTO KOJIOJIA TIOHSUTHCH JI0 3HAYSHHI, MHOTO OOJIBITUX YaCTOTHI IITyMa BPAICHUS
BEHTUJISITOPOB; BO-BTOPBIX, HATTMYKE MOTJIOMIAIONINX CTEHOK 9KpaHa OTPAaHUYUBAIO BO3MOKHBIE
AMIUTATY]IBI CTOSTYHMX BOJIH JIO TIPEHEOPEIKUMOM BEITMIHHBI; B-TPETHUX, OKHO KOHTOPHI 0Ka3aJI0Ch
3aCIIOHEHHBIM 3KPaHOM OT KOHJIEHCATOPOB, TaK YTO 10 OKHA TOXOAMI TOJBKO IIyM, TU(parupoBaHHBIHI
Ha BEpPXHEH KPOMKE dKpaHa. Y JaIOCh pacCYMTATh U 3TY JIOJIO ITyMa, YUUTHIBAS HATMIHE TPYTHX
OTpaXKAIOIIUX CTCHOK.

B pe3ynbraTe 1rymMm KOHIEHCATOPOB B OKTaBHOM mosioce 63 'l ObUT CHUYKEH 10 3HAUYEHUS, MEHBILIETO
YpOBHSI IIyMOBOTO (hoHa (TIOKa3aHHOTO Ha pUC. 58 MTPUXOBOI IMHUEH), Oonee yem Ha 16 1b. Bpsg nmu
TaKOro pe3yibTara yaaaoch Obl JOOUTHCS MyTEM YCTAHOBKH TIyIIUTENEH Ha BXOJAHBIX U BBIXOIHBIX
TpyOax KOHAEHCATOPOB, OCKOJIbKY MOTJIOMIAOINE TIYIIUTEIN OCOOCHHO II0X0 paboTal0T Ha HU3KUX
4acTOTaXx.

Pa3ymeercs, B ceIbCKON MECTHOCTH JKUTENIN BECbMa YyBCTBUTEINILHBI K IITYMY, U UX JKaJI00BI Ha ITyM
(babpuku, MokaIyi, HUIKOT/Ia HE MPEKPATHIIh, TIOKa He yoepemb camy (hadpuKy; 3T0 00yCIOBICHO TEM,
YTO BEChMa YacTO Kaso0a Ha IIyM TOJBKO OTpaXkaeT APYryl0, OCHOBHYIO, IPUYMHY HEJJOBOJIBCTBA: CaM
(axT HeKeNaTeTBPHOTO COCEICTBA ¢ MpeanpusTueM. HemasHo, BIpoyeM, NPHUILIOCH UIMETH JIENI0 CO
cllydaeM, Korja Mpu4YrHa JUIs kano0 Obuia BroiHe peaibHa. Ha yyacTke, npeqHa3HaYeHHOM IS
JICTKOI'O IPOMBIIIIJICHHOI'O CTPOUTCIILCTBA, OBLIT MMOCTPOCH XUMHYECKHI 3aBO/J.

K coxanenuto, miaHUpyroye BIaCTU COWIM BO3MOXHBIM J1aTh pa3pellieHre Ha MOCTPONKY OyHrano Ha
y4acTKe 3eMJIH, KOTOPBIH, KaK 0Ka3ajocCh, JIeyKal HEMMOCPEACTBEHHO 3a Orpajiol 3TOT0 3aBOjIA.

Heynaunuseblil Bnajenen 6yHraao KpyriaocyToYHO MOABEPrayics BO3ICHCTBUIO CaMbIX pa3HOOOpa3HbIX
MIPOMBIIIJICHHBIX IIYMOB. [ Havyanma yrmoMsiHeM J1Ba OOJIBIIMX MOPUIHEBBIX KOMIIPECCOPa,
CO3/1aBaBIIMX BEpHBIX 88 1b CHapyXu 10Ma; 3TOT IIYM YaCTHUYHO JIEXKajl Ha OCHOBHOM 4acTOTe
KOMIIPECCOPOB, BHE 00JaCTH BOCHIPUSATHS 3ByKa (OH BBI3BIBAJI, OJJHAKO, BUOpAIIMU CTEKOJI B OKHAX U
Jlayke KPBIIIN), HO MHOTO IITyMa MPUXOIWIIOCH M Ha OKTaBHBIC mojockl 31,5 u 63 I'n. [Hanee,
nomMoBiazener] noxydan 58 nb Ha yactote 1 kI'I1 OT KaKOro-TO BEHTUIISATOPA, 0OCITYKUBABIIIETO
MIOMENIEHUE KOMITPECCOPA, Aa €Ille CTOJIBKO K€ Ha yacToTe 4 kIl OT JIMHHBIX y4aCTKOB ra30lpoBOIa
BBICOKOTO JIaBJICHUS], CHA0)KEHHOTO HECKOJIBKUMHU IapOBBIMH KIIAaTTaHAMHU.

Bosnukaina u gpyras npo6iema: IyM Ha TEpPUTOPHH 3aBOJA U BOJIU3M HETO MOMNaAal B JUANa30H
YPOBHEHN BO3MOKHOTI'O IIOBPEKIEHUS CIIyXa. XOTs HCTOYHUKH IIyMa HE HAXOAMUJIUCH B 3AMKHYTOM
IPOCTPAHCTBE, TEM HE MEHEee BO3HUKAJIO JOCTATOYHO OTPaXKEHUH, 00pa3yroLmx
H0JIypeBepOepaliMOHHOE 3BYKOBOE I10JI€, TaK YTO ONPEAEINTh HICTOYHUKU BBICOKOYACTOTHOTO 1IyMa 110
CIIyXy ObLJIO HEBO3MOXKHO. B 3TOM ciydae cHOBa n3MepeHne BUOpaluii pa3IMuHbIX TOBEPXHOCTEH,
BBIINIOJTHEHHOE CHA4Yaja Ha CIyX [P IOMOILX OJHOTO BaPUAHTA CTETOCKOIA, U3BECTHOTO IO
HA3BAHMEM TEKTACKOII, 3aTE€M — IIPU IIOMOILHU aKCEIEPOMETPa U IIyMOMEPA, IO3BOJIUIO YCTAHOBUT,
YTO LIYM UCXOJUT U3 y4acTKa TPYObl MEKy BBIXJIONHBIM KJIAIIAHOM U BBIXJIOMHOM TpyOo#. BeixionHas
TpyOa ObuTa cHaOXeHa CTaHIAPTHBIM TSI TOJJOOHBIX YCTAHOBOK PEAKTHBHO-TIOTIIONIAOIINM
BBICOKOYACTOTHBIM TUIYLIUTENEM, COCTOSIIMM U3 KOHNYECKOW KaMephbl, 3alI0JTHEHHOM KOJIbLIaMH U3
HEpP>KaBEIOLIEH CTalu.
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3BYKOM30IMPYIOIIEe MOKPHITHE HA KJIamaHax U Tpyoax cHu3uio myMm Ha 19 ab pu gacrote 4 kI 11, HO,
MOCKOJIbKY TPYOOTIPOBO/I OBLI )KECTKO CBSI3aH C KOHCTPYKTUBHBIMHU JJIEMEHTAMU 37JaHHsI, YUCTHIN TOH,
reHepUpyeMbIi TOTIEPEYHBIMH KOJICOaHUSIMU ra3a B TpyOe, MOMaaaln B 3TH AJIEMEHTHI U U3TyJacs
TaKUMU MMOBEPXHOCTSIMHU, KaK pU(IIeHbIe TUCTHI NEepeKphITHiL. CaMu ONMOPHBIE KPOHIITEHHBI TAaKKe
JaBaji 3HAUUTEIbHOE U3TydeHne. MOXKHO OBLIO MPUHATH MEPBI aKYCTHUECKOT0 XapaKTepa: yCTAHOBUTD
MOTJIOMIAIOIIMH TTYIIHUTETh HIDKE KJIalmaHa, 9T T03BOJIMIO Obl 00OMTHCH MTOUTH 6€3 U30JIMpYIoIei
OOLIMBKU U pemio Obl mpobaemMy u3ydeHus: KOHCTPYKIMH. OJHAKO HHXKEHEPHI HE MOKeNalH MONTH
TaKUM IIyTE€M, U IPULUIOCH IPUMEHUTH YIPYI'He KPOHIUTEHHBI 10 BCEH ITIMHE TPYOBI.

[IIym KomMmpeccopa CBOIMIICS LEIUKOM K ITyMy BcachiBaHusl. [lynbcannm moToka Bo3ayxa B O0JIbIIOM
HU3KOOOOPOTHOM KOMIIPECCOPE COJEP KaIM FApMOHUKH, JIeXKalle BHYTPU AMaIa3oHa ciaslmumMoctu. 13
HKOHOMHUYECKUX COOOpakeHUI KOMIIaHUA pelIriia He IpuoOpeTaTh TUIIOBOTO (PUPMEHHOTO TITYIIUTEIS;
pacrnosiarast CoOOCTBEHHBIMA THOOUHBIMH U CBAPOUYHBIMU arperaraMu, OHa CIIPOEKTHPOBajia U MOCTPOMIIa
CHeIMaIbHBIN PEaKTUBHBINA TITYLIUTENb, COCTOSIIIUIN U3 OOJBIIOr0 HMIMHAPA, Pa3AeICHHOrO Ha /1Ba
pe30HaTOpa, UMEIOIUX BUJ] PACIIUPUTENBHBIX KAMEP; KOJIbLEBOE IPOCTPAHCTBO MEKIY HUMHU
00pa30BHIBAJIO OTBETBJICHHBIN PE30HATOP, COOOIIAIOIINIACS ¢ LIEHTPaIbHON epHOpUPOBaHHOM TPYOOii,
Y4YaCTKH KOTOPOH, JIMIIEHHbIE Neppopauii, MPOCTUPAIHUCH A0 MOJTOBUHBI PACIIUPUTEIBHON KaMepbl

C KaXKJI0M CTOPOHBL.

B pe3ynbraTe 3THX MEpONPHUATHHN IIIyM B MECTE PACIIOIOKEHUs OyHTano ObUT CHMXKEH J10 HECIIBIIIUMOTO
ypoBHs. [locie 3Toro cpaBHUTENBHO MpOCTast 3a1a4a OOpbOBI C IIYMOM OCEBOT0 BEHTHIIATOPA
KOMIIPECCOPHOI'O IOMEILIEHUS CBEJIACH K YCTAHOBKE KPYIJIOr0 MOTJIOLIAIOUIETO MIIYIIUTENS,
00JUIIOBaHHOTO 50-MHJITUMETPOBBIM CII0EM MUHEPAIBLHOM HIEPCTH U CHA0KEHHOT'O IIEHTPAIbHBIM
norjouaomuM TejaoM. ConpoTUBIEHHE OTOKY BO3/1yXa, CO34aBaEMOE TITyLIUTENSIMHU, JIHILIb
HE3HAYUTEJIbHO YMEHBIINIO 00beM M0JJaBa€MOT0 BO3/1yXa.

Bo Bcex onucaHHbBIX CydasiX OMMOOYHBIA JUArHO3 MpHBeEI Obl K O0IBIINM (PUHAHCOBBIM YOBITKAM.
Ommn6xoii 66U10 ObI CHAOXKATh UKJIOHBI 3BYKOIOTIJIOMIAIONINM, @ HE 3BYKOU30JIMPYIOLIUM MOKPHITHEM
1100 HaYaTh MPOBOJAUTH OOLIMPHYIO aKyCTHUECKYI0 00pabOTKy CYIIMIIOK WIIH. IPYTUX Y4aCTKOB
YCTaHOBOK, /1a’K€ HE YCTAHOBHUB, 4TO 3a IIIyM OTBETCTBEHHBI NIMEHHO LIUKJIOHBI. B cilydyae co cBETOBBIM
KOJIOZIeM He3HaHUe 3()(PEKTOB CTOSTUMX BOJIH MPUBEIO OBl K BECbMa TPYAHBIM U JOPOTOCTOSAIIUM
IIOTIBITKAM TI0JIaBaTh BO3AYX B KOHJEHCATOPBI YEPE3 BO3LYXOMPOBOIbI C MIYIIUTEISIMH, a TAKKE
3ariylaTh BEIXOAHYIO TPYOY — XOpOIIo, eciiu Okl Bce 3TO X0oTs 061 Ha 10 n1b cHmsuno mym. Ha
XMMHYECKOM 3aBOJI€ X035ieBa ObLIH YK€ TOTOBBI IPUCTIOCOOUTH BTOPOI TITYIIUTEIh Y OCHOBAHUS
BBIXJIOITHOHM TPYOBI, XOTSI HCTOUHUK HEMPUATHOCTH HAXOAMJIICSI MHOTO BBIIIE 110 TeYeHUI0. UTOObI
CHU3UTBH IIIYM KOMIIPECCOPOB, YACTO MbITAIOTCS IPUMEHUTH MTOTJIOTUTENH 3ByKa, OAHAKO MPH TaKUX
HU3KHX YaCTOTAaX OHU MPAKTUYECKU OECIIONE3HbI, €CIIN TOIBKO HET BO3MOYKHOCTH ITOCTPOUTH
TUTACTUHYATHIN MIIYIIUTENTh OOMBIINX pa3MepoB. IIoCKOIbKY Ha BXO/I€ TAKMX KOMIIPECCOPOB IOYTS
OTCYTCTBYET IIyM Ha CPEHUX U HU3KUX 4aCTOTaX, yCTAHOBKA MOJOOHOIO INIACTUHYATOTO MITYyILIUTENs
Obu1a ObI OOJBINION U HETIPOU3BOAUTEIBHON 3aTPATOM.

KycrapHble MONBITKY CHU)KEHUS IIyMa Ha 3aBOJaX 4acTO MPUBOJAT K JIMIIHUM XJIoroTaM. Bragenery
OJIHOTO KPYITHOTO aBTOMOOUJILHOTO 3aBO/JIa MBITAJICS CIIPABUTHCS C IIYMHBIM IBUIECOCOM B JIMTEHHOM
1[eXe P MOMOIIH TPEXCTOPOHHET0 aKyCTHYECKOT0 3KpaHa, KOTopblil obomencs emy B 4000 pyHTOB
CTEpJIMHTOB. By/ib 9KpaH Ha METp BHIIIE, OH Aai Obl HEOOIbIION A (PEKT B OJHOM HAMPABICHUU, HO 3TO
MOBBIIICHHUE CJeNIAaHO He OBLI0, a TaK KaK KpaH ObUT U3rOTOBJIECH MIPOCTO U3 OOBIYHBIX NIEPETOPOJIOK,
YCTaHABJIMBAEMbIX B KOHTOPCKUX IMOMEIICHUSIX, U MOTJIOMAOIIUE MaTepUalIbl HE TPUMEHUIIH, TO

B UTOT€ MOJIOKEHHE TOJIBKO HECKOIBKO YXY/IIMIOCH, TAK KaK CTEHKH, PACIIONIOKEHHBIE BOKPYT
MEXaHHU3Ma, OTPaXKalH 3BYK.

AHanoruyHas CUTyalusi, HO B 3HAUYUTEJIbHO YMEHBIIEHHOM MaclTabe BCTPETUIIACh MHE

B IIPUKBAPTUPHOM rapake MO/ )KUJIbIM IOMEILEHUEM, IJI€ IIIyM CO3aBajicsl HEOOJIBIINM
NIEKTPUYECKUM HACOCOM. B xkuitoe nomenieHne nryM npoHUKai Kak Mo BO3yXY, TaK U I10 CTEHAM.
[TpITasich ymy4dIMTh MOJI0KEHNE, BOKPYT HACOCA COOPYIMIIN IOIIATHIHN SIIUK, BBUIOKEHHBIH (PUOPOBBIM
KapTOHOM, HO CTEHKH SIIHUKA CONPUKACATUCH C HACOCOM, YTO YJIY4Ilaja0 yCIOBUS U3Iy4CHHs 3BYKa:



ypoBeHb myMa B okTaBe 125 'y noansiics Ha 2 ab. [loa MammHoOM NOMECTUIN PE3UHOBYIO MTOACTUIIKY;
pazymeercs, TOHKUN CJI0M pe3uHbl He 00J1a1an JOCTaTOYHOM MOIaTIAMBOCThIO, HO MaJIO TOTO —
TPYOOIIPOBOJ] HACOCA MO-TIPEKHEMY KECTKO COSAMHSIT HACOC C TIOJIOM U CTeHaMH!

MHoraa BeI MOXKETe JOCHITA HA/1aBaTh PEKOMEHAALNH, ¥ Bce O€3yCHenIHO, TOTOMY YTO MOHTaKHUKH
MIOHATHUS HE UMEIOT O Mepax O00OphObI C IIyMOM, HE 3HAKOMBI C CAMUMH YCTPOHCTBAMU U HE IOHUMAIOT
uXx geiicTBus. Heknit moapsI9nK 10 BEHTHIISIIIHOHHBIM CHCTEMaM YCTAaHOBWII OJIHY M3 HUX B HEOOJBIION
KOHTOpE, pacroI0kuB 000pyI0BaHNE B HE3AHATOM ITOMEILICHUH HaJl TOTOJIKOM, KOHTOPBI,
M3TOTOBJICHHBIM W3 CTEKJISTHHBIX TTaHEJe. B 9TOM citydae He TOJBKO CIIeI0Balio TPUMEHHUTh
TUTACTUHYATHIE TIIYIIUTETN B BO3yXOBOAAX, HO U OBUIO COBEPIIEHHO HEOOXOAUMO JOOUTHCS MOTHOM
MEXaHWYECKOM N30JISIIMU BEHTHIISITOPA OT CTPYKTYPHBIX 3JIEMEHTOB OCTPOHKH. T0, 94TO KaKue-To
aKyCTHYECKHE MEPOTIPHUITHS HEOOXOIUMBI, COOOPA3HITH YKE ITOCIIe OKOHYAHUS paOOThI; MPHUIILIIOCH
pa3paboTaTh HOBBIM MPOEKT MOHTAkKa OMOPHOM TUINTHI BEHTHIISITOpa 1 MoTopa. K coxkanenuto, mactepa,
BBITOJIHSBIINE TIEPEACIKY, XOTS ¥ YCTAHOBHIIM aHTUBUOPAIIMOHHbBIE KPEIUICHHUS, OCTaBUJIM HA MECTE
OO0JTHI, KPETIMBIINE OTIOPHYIO TUTUTY K OakaM MepeKphITHs !

A BOT elle OJJUH NpUMEP KPYIIECHUS HAJEK], TAK)KE CBA3aHHBINA C MOHTaXEM BEHTUJISILIUOHHOMN
ycTaHOBKH. [1o pa3nuyHbIM MpUYMHAM 0Ka3aJ10Ch HEOOXOAMMBIM HAHECTH Ha HEKOTOPOM Y4YacTKe
BO3/IyXOIPOBO/Ia, U3TOTOBJIEHHOT'O U3 JINCTOBOI'O METaJljIa, 3BYKOIOTJIOMIAIONIYI0 OOJIMIIOBKY B BUIE
S0-MUIIITUMETPOBOTO €105 MUKPOIIOPHCTOr0 MaTepralia Ha CrielnaibHoi moanoxke. K coxanenuto,
YCTaHOBUIMKU-MOHTAXXHHUKHU 00J1a/1aIl Ype3MEPHOH 10JIel 3IpaBoro CMbIC/Ia U MPUILTN K TOXBaJIbHOMY
3aKJIFOYCHHUIO, YTO MIPOTEKAHUE BO3/1yXa YIYULIUTCS, €CIIU YCTAHOBUTH aKyCTUUECKYIO OOJIUIIOBKY
MOJIJIO’KKON BHYTPh BO3/1YX0BO/Ia, BMECTO TOTO YTOOBI MPUKJIEUBATh MOMAJIOKKY K MeTasuty. Kakomy-To
HECYaCTHOMY IPUIIUIOCH IIOTOM I0J13aTh BAOJIb BO31YX0BO/a, OTAMPAsI MOTJIOIIAOIIHMI CJI0i OT CTEHOK
CcOOCTBEHHBIMH HOTTSIMHU.

OpHaxIbl 5 € TSHKENBIM CEepJILieM MOCETUI OIMH 3aBO/I, IIaBHBIA MH)KEHEP KOTOPOTO COOOIINI MHE, YTO
OH KOHCYJIbTUPOBAJICS C MHOTMMH CIIELMATUCTaMU 110 aKyCTHKE, HO BCE X MPEJIOKEHHS ObLIH
6ecnone3nbl. OKazanoch, YTO IIYM CO3/1aBajiCsi MHOYKECTBOM PA3IUYHbIX HUCTOYHUKOB M YTO CTEHBI
IIOMEILEHUS XOPOLIO OTPakaJlu 3BYK; IO3TOMY BCE KOHCYJIbTAHTHI PEKOMEHA0BAJIN BMECTO TOTIOPHBIX
KOXKYXOB JUISl KQKJIOTO U3 CJIIOKHBIX ITYMSIIMX MEXaHU3MOB YCTAHOBUTH 3BYKOMOTJIOLIAIOIIHE
MOKPBITHS HA MTOTOJIKE U B IONOJHEHUE K 3TOMY MEPOIPHUITHIO (UM B 3aMEHY €r0) YCTaHOBUTH
3BYKOIOTJIOUIAIOIINE MaHEeIN Ha CTPONMIBbHBIX (hepMax Mo Kpblllied. YBbI, IIaBHBIA HHXKEHEP PeLIil
caenatb NpoOHBIi mar 1 00paboTan TOIBKO OJWH MOTOJIOYHBIA MPOJIET, a TOTOM YIUBIIIICS, IIOYEMY
HET HUKaKoro 3¢ dekra. SIcHO, 4To KajaKoe yBeIMUEHHE MOIIIOIIEHUS, CO3/1aBaEMOE MaJIbIM
00pabOTaHHBIM Y4aCTKOM MTOBEPXHOCTH, J1aXKe He MPUOIIKAIOCH K YIBOCHHIO CYMMapHOTO
HOTJIOILEHUS SHEPIHH, KOTOpoe TpeOyeTcst Isl MOHUKEHUs YPOBHS peBepOepallMOHHOro 3ByKa Ha 3 ab.

S y)xe yoMHHal B 3TOM KHUTE O IPUMEHEHUH N1epGOPUPOBAHHBIX SKPAHOB — ATOT CIIy4aid, K
COXKAJICHUIO, IEUCTBUTEIILHO UMeT MeCTO. JIt01sIM HpaBUTCA UJiesd MAJIBIX OTBEPCTHM, OTCACHIBAIOILINAX
3BYK, H S BUJICJI MEXaHU3MBI, CHA0KEHHBIE TOJIHKO TepPOPHUPOBAHHON IMAHEIIbIO, HHOT/A €IIIe JJIs
MOJTHOTBI KapTUHBI OKJIEEHHOH ¢ 00paTHOM CTOPOHBI 3BYKOMOTIoNIatoIeil mpociaoikoil. Hu to, Hu
Jpyroe, KOHEUYHO, HE IPUBOJMIIO K 3aMETHBIM Pe3yibTaTaM, HO PACX0J0B ITH MEPONPUATH TpeOoBay;
3TO CHOBA MOATBEPKAAET HEOOXOIUMOCTH e11le OOJIbILEH MOMYJIApU3aMH AKYCTUIECKON HAYKH.

[29] Hopmanshslii kanubp 20 cootBeTcTBYET ToamuHe aucta 0,9 Mm. — Ilpum. peo.

15. MHoromymHoe oyayuiee
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Yro oxuaaer Hac B OyaylieM B MUpE, MOJTHOM I1yMOB? [IpuHeceT OHO THIIMHY WK elle OoJbIie
mryma? KakuMu HOBBIME CITIOCOOaMHU MOXHO OyZeT OOpOTHCS C IIIyMOM?

Mpr BCCraa JOJIZKHBI IIOMHHUTB, YTO TUIIIMHA CTOUT ACHCT. 9T0 3HA4YUT, 4YTO HU OAHUH U3TOTOBUTCIIb
MEXaHU3MOB, aBTOMAILIIH HJIM CAMOJICTHBIX JABHUTaTeJIel HE 3aliMETCs CHIKEHHEM IIyMa POCTO U3
coobOpakeHuil (pUIaHTPOITUH.

Jaxe ceifuac Te maru, KOTOpbI€ ClIeIaHbl Ha MyTH KOHCTPYUPOBAHUs 0oJiee TUXUX
TypOOBEHTUJIITOPHBIX JIBUTATENIEH, HE YIY4IlIal0T aBTOMATUYECKU YCIOBHM KU3HHU JIOCH Ha 3eMIIe.
[laiiTe oneparopy aBUaJMHUM MEHEE ITYMHBIM CaMOJIET, U OH HEMEJIEHHO IIPUKAKET JIETUYMKAM /1aBaTh
HOJIHBIH ra3 cpasy Mociie B3JeTa, €CM eMy yAacTcs yAepKaTbes B Ipefiesiax HOpM, OTPAHNYMBAIOLINX
YPOBEHb IIyMa BOJIHM3H a3pomnopra.

H3rotoBuTENbh MEXaHU3MOB MOMBITAETCS CHU3UTH IIYMHOCTH CBOCH MPOIYKIMH JTUIIb B TOM ClIy4ae,
€CJIA er0 BBIHYIHUT K TOMY 3aKOH JIN0O €CJIH MOTPEOUTEIIh IIPEAMOYTET 00JIee TUXHE MEXaHU3MBI U
BbIOEPET KOHKYPHUPYIOIIYIO MPOIYKIMIO, TOTOMY YTO OHA CO3/1aeT MEHBIINK ypoBeHb myma. Ho u
MOKyTaTeJIb HE CTAHET IJIATUTh JIMIIIHEE 3a MEHEe IIYMSIIUN MEeXaHUu3M, €CIIi Ha TO HE OyJeT
Cepbe3HOM MPUUKHEL Takue cepbe3Hble MPUYHHBI CYIIECTBYIOT, HO UX HAJI0 BHICTABUTH HA BceoOIIee
o0o3penue. U naxxe Toraa noTpedyroTcs 3aKOHOAATENbHbBIE MEPBI, IPEXK/IE YEM YTO-TO CIIBUHETCS

C MecTa.

B nelicTBUTENTBHOCTH OCHOBHAs NTpo0JieMa — OTCYTCTBUE CBeJleHUH. Bo3aelicTBre iIyma MOHUMAIOT He
B IIOJIHOM Mepe, U HEKOTOPbIE OTKA3bIBAKOTCS BEPUTH, UTO IIYM MOXKET KaK-TO HOBPEIUTh UX CIYXY.
BeITh MOXKeT, elie 6oee CyIecTBEHHO TO, YTO KOHCTPYKTOPBI, 3@ MaJIbIMHU, HO BaKHBIMHU
UCKJTIOYEHHUSIMH, €CIIM U paclojararT Koe-KaKuMHU CBEACHHUSIMU 110 aKyCTHKE, TO B CBOel padoTe
IPOCTO 3a0bIBAIOT O HUX. B Kax/10M 13 MpUMEpOB, KOTOPbIE MBI IIPUBEIIN B MpEAbIAYILEH I1aBe,
HEOOXOMMOCTh aKyCTHUECKON 00pabO0TKM OblIa MOHATA C ONO3JaHUEM, IOTOMY UTO HUKIMO He
omaoasan cebe omuema B TOM, UTO JAHHOE YCTPOMCTBO CO3JacT npobyieMy myma. Ha creHke kaxaoro
KOHCTPYKTOPCKOTO OI0pO ci1e10BajIo Okl BBIBECHUTH IJIAKAT C HAANUCHIO: «Kak OyayT oOCTOSATH Aemna

¢ mymom?» Ilpurnamenue cnenuagicTa-aKycTiKa s 03HAaKOMJICHHS C YepTexaMu 000N IeTCsl BCEro
B HECKOJIBKO (DYHTOB CTEPIIMHIOB, HO 3TO OKYIIHTCS CTOPHIICH, €CIIH BBIITYCKaeMbIi MMPOAYKT OyneT
IPOM3BOJIUTH MEHbIIIE IIyMa. Beab HAMHOTO AeleBe IPeayCMOTPETh CHH)KEHHUE 1IIyMa B UCXOIHOM
IIPOEKTE, YEM MPHUHSITHCS 3a JI€JI0 U IITONATh ABIPKHU, KOTJa yXKe IMO3JHO YTO-THU00 MONpPaBUTh.

AKyCTHKa HE CJIMIIIKOM TPY/IHAsl TUCIMIUINHA; pa3 U HABCET/Ia YyCBOUB OCHOBHBIE TTOHSITHUS, MOKHO
clieNiaTh OYEHb MHOTO€, PYKOBOJICTBYSICh IIPOCTO 3PaBbIM CMBICTIOM. Temneph yKe ecTh HeMallo
MCKYCHBIX U OIIBITHBIX CTIEI[UATNCTOB, KaK B YHUBEPCUTETAX, TAK U B KOHCYJIbTATUBHBIX OIOPO, KOTOPHIE
OXOTHO IPUMYT y4acTue B paboTe KOHCTPYKTOPOB. [1ogBHIIOCH MHOKECTBO TPOU3BOIUTENICH
aKyCTHYECKOTO 000pYI0BaHUS U aKYCTUYECKUX MAaTepUaJIOB, MPeIaralolinx He TOIbKO MPEBOCXOIHYIO
MPOIYKIIMIO, HO M CBOM 001b1110# onbIT. CIIpoc Ha MPOAYKIIMIO BCE OOJIbIIIE 3aBUCUT OT €€ IITYMOBBIX
cBoicTB. CIIOBO «IIIyM» BCE Yallle MOSBISETCA B peKjiaMax aBTOMAIIIMH, U OT U3TOTOBUTEJICH MaIlliH
Tenepb HapsAAy C IPYrUMHU TEXHUUYECKUMH MOKa3aTelsIMU TpeOYyIOT JaHHBIX 00 YpOBHE ITyMa.

Yero crnemyeT 0)KUAATh OT TEXHUUYECKOTo Iporpecca? YTo MOXKHO cKa3aTh O LIyMe MEXaHU3MOB
Oynymero? Lllym caMoIeTOB JIMIITH HEMHOT'O YMEHBIIUTCS [0 CPABHEHHUIO C IIIYMOM TPEXMOTOPHBIX
PEaKTUBHBIX CAMOJIETOB HOBOT'O IIOKOJIEHUS, IOTOMY UTO YK€ celyac IyM JIBUraTesel Juib
HE3HAYUTENIHO MIPEBOCXOIUT IIIyM 00TeKaHMs Kopiryca camonera. OIHaKo yCIOBHUS BOJIU3U
a’poIopToB OYAYT 3HAUUTEIBHO YIY4IIAThCS 10 MEPE BHITECHEHUS CHIIBHO HIYMSIIIUX CaMOJIETOB
ctaporo tuna. Ecinu korna-nmudo B HeOe MOSIBITCS CaMOJIEThI C BEPTUKAIBHBIM B3JIETOM, KapTHHA
pacnpeneneHns yma BOKpYT a3ponopTa U3MEHUTCS KapANHAJIBbHO: IIIyM B HENIOCPEACTBEHHOMN
OJIN30CTH BO3PACTET, HO, MOCKOJIbKY CaMoJIeT OyJIeT JOCTUTaTh OOJIBIION BBICOTH HA MEHbILIEH
JUCTAHIMH XKUTENH, YAAJIEHHBIE OT a3pOIIOpTa Ha CPEAHKUE PACCTOSHUSA, OKaXKyTcs B BeIMTpbIIE. Te ke,
KTO MPOKMBAET AAJIEKO OT a3pOIOpTa, BEPOSITHO, HE 3aMETAT CYLIECTBEHHON Pa3HUIIBL.



CymiecTByeT cepbe3Hasi ONaCHOCTh 3HAYMTEIBHOIO YBEJIUYECHUS IIIyMa JU3EJIbHBIX IBUTATENIEH; 3TO
BBI3BaHO YCOBEPLIEHCTBOBAHUEM JIMTEHHOTO IIPOU3BOCTBA, 103BOJISIFOIIMM YMEHbBIIATh TOIILUHY
OTJIUBKM B MECTAaX, UCIBITHIBAIOIINX MaJible HANPSKEHUSI. Y MEHBIIIEHHE TOIIIMHBI CTEHOK KapTepa 10
5 MM NPHUBOJUT K HEMPOIIOPLUOHATIBHO OOJBIIOMY pOCTy M3ydeHus nryma. CyriecTBeHHast 4acThb
HEO0OXOIUMBIX MCCIIEOBAHMIA IO IIIyMY JIBUTATEJIeH YK€ BBIIMOIHEHA, U IaBHO IIIYM BBIXJIONIA MOXHO
3arJIyIINTh BIIOJHE YIOBIETBOPUTENHHO. J{€10 TONBKO B CTOMMOCTH MEPOTPHUSATHIA; HO MOKa 100
NOTpeOUTENH, TNOO0 3aKOH HE 3aCTaBAT U3TOTOBUTENICH MPUHUMATH MEPHI IO CHIKEHUIO IIyMa, [Tl HUX
ObUT0 OBI CAMOYOHIICTBOM YIOPOKaTh MPOIYKIIMIO, €CIIU COBIT HE 3aBHCUT OT TOTO, HACKOJIBKO
3arJyleHbl MEXaHU3MBI.

Bo Bcex oTpacisix mpOMBIIIIEHHOCTH HAOMI0AaeTCsA CTPEMIICHHE 00JIErYUTh KOHCTPYKIMH. A 3TO
O3HA4YacT HC TOJIbKO MCHBIITYIO MACCy, HO U MCHBIITYIO 3BYKOU3OJIALUIO, MHOT'OCJIOMHEIE K€e
MEPETOPOIKH JIETKOro Beca Aoporu. Heo6xonnmo 10 KOHIIa YCBOUTh, UTO TEIIOU30JISIUS U
3BYKOU3O0JISIIUA — Pa3HLBIC BCIIU. B CTpOI/ITGHBHOﬁ IMPOMBINIVICHHOCTHU UCCIICAOBAHNA BEAYTCA
HENPEPBIBHO, U B 3TOM 00JIaCTH HET HeJoCTaTKa B 3HaHUU Aena. CKOpo MOKHO OyJeT NpsMO MOoJIyvaTh
«YMAKOBAHHYIO 3BYKOU3OJISILIMION» JIJISl IOMA, KaK celyac MoJy4yaroT YCTAHOBKH LIEHTPATbHOTO
OTOIUICHUS; IIeHa Bo3pacTeT mporeHToB Ha 10. Croga BOWIYT ABEPH C YIUIOTHEHUEM, IBOMHBIE paMbl
JUISL OKOH, 00€CTIEYMBAIOIIIE HE TOJIBKO TEIUIO-, HO ¥ 3BYKOU3OJIALINIO, 3aTyIEHHAS BEHTWISIIMOHHAS
CHCTEeMa, 3ByKOU30JIMPYIOIIAst KPbIIIA U, MOXKET ObITh, 3BYKOIOTJIOLIAIONIHNE MOTOJIKY B MOMeIIeHusx. B
MCCTax, ;1€ HCXKECJIATCIIbHA TAXKEIad KaMCHHAA KJIaJlKa, MOTYT OBITH IMPUMCHCHBI IBYX- UJIU
TPEXCJIOWHBIE TOHKUE MEPErOPOJKU C YIPYTol MOIBECKOM.

be3yciioBHO, B HEKOTOPHIX 001aCTSIX B pe3yIbTaTe MPUMEHEHHNS HOBBIX MaTepUaIOB MOKHO OKHATh
yiyamenus. [Imactmaccsl 0071a1a0T 3HAYUTENBHO OOBIIUM BHYTPEHHHUM IOTJIONIEHUEM, YeM CTallb;
YK€ YIOMUHAIIOCh O BO3MO>KHOCTH UCIIOJIb30BaHUs YIJIEPOIHBIX HUTEH B JIOMACTAX KOMIIPECCOPOB
CaMOJICTHBIX JIBUTATENICH. by/IeT MOsSBIATHCS BCe OOJIBIIE aBTOMAIIUH C TIACTMACCOBBIMHU KOPITYCAMH,
KOTOPBIE 10 CUX MOP HE MOJIYUYUIIU €IIE IHUPOKOr0 pAaCIPOCTPAHEHUS YACTUYHO M3-3a TOr0, YTO

B METAJI000pa0aTHIBAIOIIYIO MPOMBIIIEHHOCTh BIIOKEHBI OTPOMHBIE KanmuTalibl. KoHeuHO, TutacTMacca
o0J1ajaeT MEHbIIIEH Maccoi, UeM CTajlb, M, €CJIM HAHECTH Ha CTAIBHOU JTUCT AeMI(UPYIOIMINUNA CIIOMH,
MOJIYYUTCS] XOPOILIUK 3ByKOH30JTOp. OTHAKO B aBTOMAITMHAX €IMHCTBEHHOE MECTO, T'/1€ U30JISALIUS
3ByKa BakHEE, YEM €ro MOTJIONIEHHUE, — ATO MEPEeropoaKa cajioHa. byner BrnojiHe BO3MOKHO PUMEHSTh
1100 HarpyXEHHbIN IIACTMACCOBBIN JIMCTOBOM MaTepHall, Kak 3TO JENAa0T [l HEKOTOPBIX aBTOMAIINH
BBICIIIETO KJ1acca, JIMO0 HarpykKaTh IJIACTMACCOBYIO MIEPETOPOJIKY TOJIBKO B OTBETCTBEHHBIX MECTaX.
['maBHOI poOIEMOI OCTaHETCSI HEIOCTATOUHAS M3OJISIIHS TUIACTMACCOBOT'O KOPITyca MO OTHOIICHHIO K
BHEILIHEMY IIIYMY: BOAUTEINIO IPHUIETCS HECIAKO, KOI/Ia OH OKAXETCS B CILIOIIHOM ITOTOKE TSIKEJIBIX
JIM3EJIbHBIX TPY30BUKOB, PEBYIIMX HA HETO CO BCEX CTOPOH.

BeposiTHO, KpyIHEHIIee U3MEHEHUE B TOCIIOACTBYIOLIUI HBIHE AKyCTUUECKUHN KJIUMAT BHECET IIEPEX0.
Ha JIpyrue nepBUYHbIe ABUraTen. JJHU NOPIIHEBOrO ABUraTellsl BHYTPEHHETO CTOPAHUS COUYTEHBI, 1axe
€CJIM KOHEI[ eMYy NPUAET el He ckopo. Korna anekTpudeckuii cnocod npoaABHKEHUS YKPEIUTCS 110-
HACTOSIIEMY, OH MPUHECET C cO00I HanboIIbIIIEe CHIDKEHHE LITyMa, HE TOBOPSI YK€ O CHMKEHHH APYTUX
BUJIOB 3arpsi3HEHUS OKpYKaroleil cpenbl. B HacTod1ee Bpemst Bce 3aBUCHUT OT TeX, KTO pa3padaThiBaeT
aKKyMYJIATOPBI: 2JIEKTPOMOOUIIN HE CMOTYT MPUBJIEYb K ce0e BHUMAHUE, IOKA HE CTAHET BO3MOKHBIM
npoexaTh 0e3 nepe3apsaaku He MeHee 60 KM co CKOpocThio cBbiIe 70 kKM/4ac. Yike ceidac 3Toro Obuio
OBl BIIOJIHE I0CTaTOYHO AJIsi BHYTPUTOPOJICKOro TpaHcnopra. Eciin HCKIIIOUUTh TPaH3UTHBIN TPaHCIIOPT,
3TO MO3BOJIMJIO OBl U3THATH IBUrATENIb BHYTPEHHETO CTOPAHUs U3 LEHTPAIbHBIX YaCTe roposia, He
CUMTasi, KOHEYHO, CIIy4aeB MEPEBO3KH 0COO0 TSHKENBIX TPY30B B TOPOJ WM U3 HETO.

Kakumu npusTHeIMH cTasiu Obl ropoJia, eciii Obl ITyMa TaM ObLIO MaJlo, BEIXJIOMHBIX [a30B HE ObLIO OBl
COBCEM M JUI BCEX XBaTajio ObI MECT Ha CTOSTHKaX. DJIEKTPOMOOMIIH HE BIIOJIHE OECIIyMHBI, TYJACHUE
3JIEKTPOMOTOpA U LIYM Nepelayd OCTaHYTCsl, HO ¢ HUMHM MOKHO OYZIeT CIpaBUTHCS, €CIIU
KOHCTPYKTOPBI BHECYT B CBOM IPOEKTHI XOTh MAJIYIO TOJIMKY aKyCTHYECKUX 3HAHUM.

Jpyroii Bua nepBUYHOTO JABUTaTeNsl — ra3onas TypOuHa. [loka 3TOT ABUTraTeah UMEET HEKOTOPbIE
TEXHUYECKHE HEI0CTaTKH, HO X, HECOMHEHHO, YJ1aCTCsl yCTpaHuTh. ['a3oBas TypOuHa co3aaet, ObITh



MOJKET, HE MEHbIIE IIyMa, YeM OOBIYHBIN ABUTaTeIh BHYTPEHHETO CrOPaHus, HO C €€ IIyMOM Jierye
cripaBUThCs. PeakTHBHOM CTPYH 3/1€Ch HET, OTCYTCTBYIOT TaKXKe BCE HU3KOUYACTOTHBIC MYJIbCAIUH,
BUOpALIMY U TIyXHE YAaphl, XapaKTepHbIe 1 qu3eIbHbIX ABUraTeneil. C BBICOKOYaCTOTHBIM IIIYMOM
ra3oBoii TypOHHBI OOPOTKCS TOpa3ao yerde. [louTn Bce METOABI CHIDKEHUS IITyMa BEChMa
Mano3¢hHEeKTUBHBI HA HU3KUX YaCTOTaX.

Yro KacaeTcst BO3AYIIHOTO TPAHCIIOPTA, TO €Ile BeChMa HECKOPO MBI YBHINM (@ JTydIle CKa3aTh —
YCIBIIIMM) YTO-HUOY/Ib OTIMYHOE OT TOM WU IPpYroi MoauduKanuu TypOOBEHTHIISS TOPHOTO ABUTATEIs.
Kak ToJpKO MbITaemIbest JyMaTh O CIIEAYIONIEM MTOKOJICHHH aBUAIIMOHHBIX JBUTATeleH, oaaaeib
npsMo B 00J1aCTh Hay4HOM (haHTaCTUKU. MHE U3BECTHA TpyIIa JIOACH, 1eATeIbHO paboTaIONINX HAJ
TEM, YTO OHU HA3bIBAIOT «AHTHUTPABUTALMOHHBIM YCTPOMCTBOM», HO €CIIM MM YTO-HUOYIb yAacTcs
cenaThb, TO 3T0 OyJeT HEUTO BBIXOJAIIEE 3a MPEaeIibl COBpeMeHHOH (pu3uku. bbuto 651 cO0Ia3HUTENEHO
CYMETB «BBINIPSIMUTHY TMIEPEMEHHYIO CHITY, CO3/JaBa€MYI0 ITapoil BPaLafONINXCsl B TPOTHBOIIOIOKHOM
HaNpaBJICHNH SKCIEHTPUYHBIX TeJl, — 0e3pa3IudHo, Oy/b TO KyCKH CBUHIIA MJIH IEKTPOHBL. EcTh
Masi03(EeKTUBHBIN CIIOCO0 OCYIIECTBUTH TAKOE ABMKEHHUE: HY)KHO ITOMECTUTH BPAIAIOIIEecs TEI0

B KaKoe-JIM00 CPeCTBO NEPEIBIKEHH, KOTOpPOe OBl JIerye rnepeMeniasoch Brepes, ueM Hazaa. Ho kak
NPUMEHUTH 3Ty UACIO JJIS TOJIETa B BO3yXE MM B KOCMUYECKOM IPOCTPAHCTBE — HE MOTY
npuaymath! KoHeuHo, Hayka ele He cKa3aljla CBOETO IOCIIEIHETO CJI0BA; MOXKET ObITh, MBI YBUIUM U
aHTUTPABUTALIMOHHBIE YCTPOMCTBA, U, €CIIM OHH OYIyT JOCTATOYHO THXMMH (KaKOH ynap, eciu
YCTPOMCTBA OKXKYTCA NIyMSIIUMU!), OHA U3 BAXKHEHIINX MTPOOJIEM CHIKEHHUS IIymMa Oy/eT perieHa. Y
MEHS JINYHO Ha 9TO MaJO HAJCHK/IBL...

Heckomnbko 65mke K peaabHOCTH, XOTS SBHO HE IPUTOAHO HU JJI KaKUX Lesel, KpOMe MEXKIITAHETHBIX
MYTEIIECTBHM, 3TO pelIeHHe MPOoOIeMbl IPOABHKECHHUS IPU TTOMOIIH IEKTPHUECKON PeakTUBHOM
MamuHbl. COBpeMEHHas aBUallMs U MEKIUIAaHETHbIE KOPaOJIn MCIIONIb3YIOT PEAKIIMIO, BO3HUKAIOILIYIO
IIPY YCKOPEHUHU MAacCChl. B pEakTUBHBIX CaMOJIETaX YCKOPSIOT CMECh BO3lyXa C MPOAYKTaMH CTOPAHMS
TOIJIMBA, B KOCMUYECKHX annaparax, padoTaroliux B 0€3B03AYIIHOM IPOCTPAHCTBE, — TOJIKO ropsiune
raspl. DJIIEKTpUYECKasi peaKTHUBHAsI MaIllMHA JJOJDKHA YCKOPSTh U OTOPACHIBATH OT CEOS AIEKTPOHBI O UX
HUYTO>KHO! MAaCCOH, U 31€Chb MOXKHO OXKUJATh PEAKLUH, HE IIPEBBILIAIOIIECH 10 MOIIHOCTH CUJIBHOIO
PYKOIIOKaTH.

Pazymeercs, s KOCMUUECKHUX LI€NIEH JOJATOBEUHOCTh JABUTATEIIS BAXKHEE €r0 MOIIHOCTH; TIOCIIE
HECKOJIBKHUX JICT IBUKCHHA C MAJIBIM YCKOPCHHUEM B BAKYYMC MOKHO PAa30OrHaTbCAa 10 OoJIbIIIEH
CKOPOCTH, UCM ITOCJIC HCCKOJIBKUX YaCOB 66H.ICHOFO TOpCHUA. Ho muurtoxxnas MOIIHOCTH ACJIACT TaKHUEC
JIBUTATENIN COBEPIICHHO HETPUTOIHBIMU JJIsl BO3AYIIHOTO WJIM HA3€MHOI'0 TpaHcmopTa. Het mancos,
9TOOBI )KYPHAIIBI JJIsI aBTOTIOOUTENEH CTall PEKIaMUPOBATh YCTPOUCTBA, KOTOPhIE HAOMPAIOT CKOPOCTh
ot Hyms 10 100 km/4 3a Bpewms, papHoe nmpumepHo 120 000 c!

HoBuHKOIi B 00;1aCTH IEPBUYHBIX JBUTATEIEH SBHIIOCH OBl YCTPONCTBO, KOTOPOE MCTIOIB30BAJIO OB
SHEPTUIO CKATHIX U PACTAHYTHIX MEepObliX mel BMECTO SHEPTHUH CKATHIX Ta30B B OOBIYHBIX JIBUTATEIISIX.
[TopuineBoii ABUTATENb, TOCTPOCHHBIN Ha 3TOM NMPUHIIHIE, ObLI ObI TOpa3o THIlE, YeM Ta30BbIi. Bo-
MEPBBIX, €M0 CKOPOCTH ObLTA ObI HACTOIBKO Malla, YTO IIyM, TOSIBISIOIIUNACS BMECTO IIyMa CTOpaHUs
TOIUTMBA B OOBIYHBIX JIBUTATEIISAX, JIE)Ka Obl B HECIBIIIMMON 00JIaCTH, a U3JTy4eHHUE er0 ObLIO OBl TAKXKe
oueHb Mayo. Ecnu k 3ToMy 100aBUTH €11le¢ MAarHUTHBIEC MOAIIUITHUKY, pa3padoTKa KOTOPHIX HAXOIUTCS
eIIe B CaMOM Ha4aJlbHOM CTaJINM, TaKas MaIllnHa 3acyKuia Obl Ha3BaHUE «OECITyMHBINA JBUTATEIbY. A
YCTPOMCTBA TUTIA MATHUTHBIX MOIIMITHUKOB MOYKHO OBLIO OBI C MOIB301 MPUMEHUTH U HA
CYIIECTBYIOIIMX JBUTATENSAX, U YK, KOHEYHO, aKyCTHKA HE €MHCTBEHHAs 00JIaCTh, 3aMHTEPECOBAHHAS
B HUX.

HecoMHEHHO, OABATCS HOBBIE IELIEBbIE MATEPUAIIBI, YIOBJIETBOPSIOIIME CAMBIM BBICOKMM
aKyCTUYECKUM TpeOOBaHUIM U yA00HbIE JUIsl TPAKTUUECKUX ITPUMEHEHHUH. Bricokomornomatomiye,
IIOAATJIBBIE U MHOTOCJIOMHBIE MaTepUabl HAXOAAT IIMPOKOE IPUMEHEHHUE; YBEIUYCHUE YIEIbHOTO
HIOTJIOIEHUS TT03BOJIUT B OOJIBILION CTENEHU COXPAHUTh KOHCTPYKTUBHO BaXKHYIO KECTKOCTb.
TUNMUYHBIA TPUMEP — CHIIBHO 33]1eMII(UPOBAHHBINA CTaJIBLHOM JIUCT, TOKPHITHIHA CII0EM Ha OCHOBE
CMOJIbl, apMUPOBAHHBIM B CBOIO OU€PEb TOHKHM CTAJIbHBIM JINCTOM, YTO CO3JIa€T ITPU BUOpALMSIX



OosbLIO€ TIOrJIONIEHHE. PaHee B 3TOM KHUT'€ TOBOPUIIOCH, YTO U3TOTOBJIEHNE TAKOIO MaTepHasa CBA3aHO
C HEKOTOPBIMU TPYIHOCTSIMHM, HO OHU B KOHEUHOM cueTe OyayT npeonosieHsl. Pazymeercs, Takoit
3a1eMI(pUpOBaHHBIN JIUCT BCeria Oy1eT MHOTO TOpOKe OOBIKHOBEHHOT'O CTaJIbHOTO JIUcTa. Bee 3To,
KOHEYHO, HE POU3BE/ET IIEPEBOPOTA B JaHHON 00JI1acTH.

Ectb, 01HaKo, ele OMH IIyTh, 10 CUX IIOP €Ile IPAaKTUUECKU HE UCIIBITAHHBIN. Bee, 0 ueM Mbl
TOBOPWJIH, HABOJHT Ha MBICITh, YTO OOpb0a ¢ IIyMOM — BeCbMa ITACCHBHOE 3aHsATHE. MBI OOBITHO
paccuuThIBaEM Ha MCIIOJIb30BaHUE PEAKIIMU MACChl WIIM PEAKLUH IPYTroro Tuna (TepMUH «PeaKLus»
ClIeZlyeT IIOHUMATh B (PU3MYECKOM, a HE B XMMUYECKOM CMbIcie ciioBa). [lamatormas BonHa 1100 cama
JOCTABIISIET SHEPTUI0, HEOOXOAUMYIO JUISl TOTO, YTOOBI 3arOpOIUTh cebe MyTh, TMOO0 UCHOIB3YET IS
3TOH L€ YTO-HUOYb CTOJIb IPOCTOE, KAK MHEPIIHSL.

Ecnu neiictButensHO OyaeT clienaH peliaonuil mar B HanpaBieHUH 00pbObI € IITyMOM, TO YK,
BEPOATHO, IIYTEM CO3JaHUSI UICKYCCTBEHHOM PEaKIMK 10 OTHOLIEHUIO K 3BYKOBBIM BOJIHAM.
CyliecTBYIOT 1Ba-TpH cI10C00a, KOTOPBIMU 3T 3aJa4a MOXKET ObITh PELICHA, U KOe-KaKue
HKCIEPUMEHTBI, IPaBJa B MaJOM MaciITade, y>ke BHIIOIHEHBL. [lepBas BO3MOXKHOCTH BeCbMa
IIpUBJIEKATEIbHA: OHA 3aKJII0YAETCs B CO3/IaHUU «@aHTU3BYKa», KOTOPbII YHUUTOXUT 3BYK B pe3y/bTaTe
JNECTPYKTUBHON MHTEPPEPEHIINH C HUM.

AHTI/IBCH_[eCTBO COCTOUT U3 ATOMOB, YaCTHUILIBI KOTOPBIX UMCIOT 3apAd ITPOTHUBOIIOJJIOKHOI'O 3HAKA 110
OTHOIICHHIO K YaCcTUIIaM OOBIYHOTO B€IICCTBA U CaMU I10 cebe He OTIMYHMMEI OT IIOCJICIHUX. Tonpko
IpU BCTPCUEC 3TUX HACTULL APYT C APYI'OM IIPOUCXOAUT UX B3AMMHOC YHUYTOKCHUC, UJIN aHHUT WAL,
Konebanus AaBJICHUA B AaHTU3BYKEC IIPOTUBOIIOJJIOKHEI 110 3HAKY KOJICOAHUSAM JaBJICHUA B 3BYKC. B
OTACJIBHOCTH aHTU3BYK HC 6y,[[eT OTJIMYCH OT 3BYKa, HO IMPU BCTPCUC OHU YHUUTOXKAT APYT Apyra.

Bce 3T0 3By4HT 3aMeUaTenbHO, HO 3/1€Ch €CTh IMO/ABOX. JIETKO M3ITydUTh aHTU3BYK, IPOCTO MPUHUMAs
3BYK IPH TIOMOIII MUKPO(OHA U BOCITPOU3BO/IS €ro ¢ 00paTHBIM 3HaKoM. Ho c03/1aTh aHTU3BYK C TOM
K€ IPOCTPAaHCTBEHHOH (JOPMO¥ BOJIHBI, YTO H 3BYK, TAK YTOOBI paBHBIC KOJICOAHHS TaBICHUS
MPOTHBOTIOIOKHOTO 3HAKA CO3/[aBAIIUCH B HY)KHBIX MECTaX M B HY)KHbIE MOMEHTHI BpEMEHH,— BOT 3TO
MOYTH HEBO3MOXXHO. Bo3bMeM mpocToii ceprueckuii HCTOYHUK 3BYKa, HAIIPUMED ITYJIbCHPYIOIINIA
6amtoH u3 1I1. 2. [l Toro 94To0bI BOCTIPOU3BECTH HICHTHYHBIN chepruecKknii BOTHOBOM (HPOHT
aHTU3BYKa, KOTOPBIA YHUYTOXKHI OBl 3BYK, CO3/IaBa€MBbIi 0AJIOHOM, TOTPEOYETCS PaCTIOIOKHUTh
MCTOYHUK aHTH3BYKa B CAMOM IIEHTpE OaJuToHa. ITO KaK pa3 MOXKHO ObLIO OBl OCYIIECTBUTH, HO
NyJIbCUPYIOLIHE JIU OaJIOHBI 3aCTABIISIOT HAC IPOBOUTH MYUUTEIbHYIO HOUb 0€3 cCHA? A ecliu B35Th
BMecTO OayutoHa 0oJiee CII0KHOE YCTPOWCTBO, H3ITyJaroIas HOBEPXHOCTH U aHTU3BYKA JOJDKHA OyneT
UMETH Ty e (OpPMY M 3aHHMaTh TO K€ MECTO, YTO U cama Imymsimas MammHa[30].

MOXHO TOOUTHCSI YACTUYHOTO YCIIeXa, €CIIH, OCTABHUB MOTBITKH YHHUTOXHUTD 3BYK, U3JIy4aeMbIi BO
BCCX HAIIPABJICHUAX OT UICTOYHHUKA, YAOBOJIBCTBOBATHCA CO3JAHUCM XOTA ObI HEOOIBIION TOJIOCKHU
TUIIWHBL. DTO MPOUCXOINT U 0€3 aKTUBHOT'O BMEIIATENILCTBA, KOTIa B pe3yIbTaTe HHTEP(EPEHIINN
MEXTy ITaJIAl0IIeH ¥ OTPpaKSHHOW BOJIHAMU o0pa3yeTcs cTosidas BorHa (M. puc. 6). B atom ciyuae
OTpakKeHHasl BOJHA UTPAET POJIb AaHTU3BYKA ISl BOJTHBI IPOCTON (DOPMBI, U B Psijie TOUEK STH BOJTHBI
racqat Apyr Apyra, Tak 4TO B TAKMX TOYKaX 3BYKa COBCEM MJIMU IMOYTHU HET. K COXaJICHUIO, 3TO TOYKH

B OYKBaJIbHOM CMBICJIE CJIOBA, U, Ia)KE€ €CIIU TIOMECTUTh YXO TOYHO B TaKyIO TOUKY, 3BYK OYIET CIBIIICH
13 ee okpecTHOCTH. Beck addext, kpome Toro, Oy/eT UCIIOPUEH TEM, UTO APYroe YXO OKAKETCS BHE
TUXOT'0 MECTa, 32 UCKJIFOUEHUEM CITy4aeB MPOCTHIX TOHOB, UTMHA BOJIHBI KOTOPBIX MOJ00paHa Tak,
YTOOBI MOKHO OBLIIO OJTHOBPEMEHHO MOMACTh OJIHUM YXOM B OJIHY, & BTOPBIM — B JAPYTYIO THUXYIO
Touky. imMes B BUy, UTO CHHKEHHE YPOBHA 3ByKa Ha 20 1b COOTBETCTBYET YMEHBIIIEHUIO 3BYKOBOTO
nasieHust Ha 90 %, 3akiirouaem, 4TO JUIsl IIOJIYYEHUS yIOBIETBOPH» TEJIBHOTO 3P deKTa B3auMHOE
IIoralmi€Hue BOJIH AOJI>KHO 6LITL IIOYTHU ITOJIHBIM.

Co3naBas (pOHT aHTU3BYKOBOM BOJIHBI, OJIMKE MOAXOASIIHNI 110 popMe K GPOHTY HCXOAHOTO 3BYKA,
MO>KHO 3HAQUUTEIBHO PACIIMPUTH 00JaCTH TUIIHMHGL. [Ipy B3anMoaeicTBIM MaJaroiero U OTPaXeHHOT O
3BYKOB 00JIaCTh THUILMHBI MaJla, IOTOMY 4TO MpH chepruuecKoil majaroiiei BOJHE U TIOCKON
OTpakarollel MOBepXHOCTU (POHTHI UCKPUBJICHBI B IPOTHUBOIMOIOKHBIX HAPABICHHUSIX U TIOITOMY
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HanboJiee Pe3Ko OTIIMYAIOTCS APYT OT aApyra. Kpome Toro, adgdekT ramenus BooOIie 3aMEeTeH TOJIBKO
JUIS TApMOHUYECKOTO 3BYKa. [Ipu HCKYCCTBEHHOM CO3aHUU aHTU3BYKA U Oosiee OJIM3KOM
BOCIIPOU3BEICHIH (hPOHTA UCXOIHOM BOJHBI MOYKHO 3HAYUTEIILHO YBEITUYUTH OOJIACTH THUIIUHBI, a
HCKYCCTBCHHOE CO3/IaHHE aHTH3BYKA YCTPAHICT HEOOXOIUMOCTh OTPAaHUYHUBATHCS TOIBKO
rapMOHUYECKHMHU BoJHaMU. CHHTE3MPOBATH MOYKHO BOJIHBI C JTFO00I BpDEMEHHOM 3aBUCUMOCTBIO, a TIPH
H€O6XOIII/IMOCTI/I AJI TTIOJTYUCHUSA KCJIATCIIbHOTO COOTHOIICHUA (1)213 MOKHO BKJIHOYHUTH B YCTPOﬁCTBO
TCHEpAaIlNy aHTU3BYKA JIMHUU 3aJICPKKH.

OpnuH u3 cnocoO0B BHECEHHSI HCKYCCTBEHHOM peakuy MOXKET HallTH PUMEHEHUE

B 3BYKOM3OJIMPYIOLINX Meperopoakax. [IocTpouB neperopoiky v BhIICHUB BUJIBI €€ KOJIeOaHui Ha
Pa3IMYHBIX YaCTOTaX, MOYKHO YCTAHOBUTH B MyYHOCTAX (TO €CTh TOUKAaX HAMOOJBIIEr0 CMEIICHHS )
3JIEKTpOMarHuTHHIE BUOpaTopsl. K coxanenuto, uX notpedyeTcst MHOKECTBO M IS KaXKI0H YaCTOTHI UX
PacmoJIoKEeHUE TOJKHO OBITh APYTUM. 3aTeM MPH MOMOIIHU CETKH MUKPO(GOHOB, TOMEIIEHHBIX Ha
HEOOJIBIIIOM PACCTOSTHUM MIEPE]] MAHENBIO M «Pa3BeIbIBAIONINX» (HOPMY BOJIHBI, TPUOIMKAIOIIEHCS K
CTEHKE, MOYKHO TepeiaTh CBEACHHSI O ()POHTE BOJIHBI B yCTPOUCTBO 3aJ€PKKU BPEMEHHU U Jaliee

B BUOPATOPBI, TaK YTOOBI CO3/1aTh B ITAHEIN HANPSKEHUS, paBHBIE TI0 BEJIMYMHE U TPOTHBOIOJIOXKHBIE
10 3HaKy TeM, KOTOpbIE CO3AacT MaJarolias Ha MaHelb 3ByKOBas BoJHA. Pazymeercs, IpUMEHUMOCTh
ATOTO METOJ1a BEChMa OTPaHUYEHA XOTS ObI BCIEACTBUE €T0 OOIBIION CIIOKHOCTH M BEICOKOM
CTOMMOCTH 3JIEKTpOHHOTO 00opynoBanus. [lorpebyercs Hemanas uccienoBaTenbckas padboTa naxe s
TOT0, YTOOBI CO371aTh JJAOOPATOPHYIO MOJIENb TAKOTO YCTPOoiicTBa. Jl0CTaTOUHO YIOMSHYTh, YTO MAHENb
U BUOpATOPHI MPUAETCA YCTAHOBUTH HA HEOOBIYHO JKECTKOM paMe, 4T00bI 3P PEKTUBHOCTH YCTPOICTBA
HE JTUMHUTHPOBAIACH TAKUMHU (PaKTOpaMH, KaK Macca BUOPATOPOB, a 3TO UMEET CMBICI TOJIBKO JIJIS
BBICOKHMX 4acTOT. Ha BBICOKMX 4acTOTaxX M MPU HAKJIOHHOM I1aJICHUH BOJIHBI HA MTaHEU OJTHOBPEMEHHO
OyzaeT Bo30yKIaThCsl HECKOJIBKO CTOSYMX BOJIH, YTO YACTUYHO MO3BOJIUT MPEOJI0JIETh OCIEIHIO0
npobiieMy, HO MOTPeOyeT 3HAYUTENBHO OOJBIIET0 Yncia BuOpaTopoB. Hagex sl Ha Takoe perieHue
BOIPOCA BO3HUKHYT JIUIb C MOSBIEHUEM JIOCTATOYHO MPOCTOTO 3JIEKTPOHHOIO 000pyA0BaHus, 1a U
TOTJ]a PacX0/Ibl HA IOJJOOHYIO YCTAHOBKY PEAKO CMOTYT OBITh OTIPAaB/IaHBI.

OnHAKO NEKTPOHUKY YK€ IPUMEHSIOT C YCIIEXOM ISl YIIYYIIECHUs aKyCTHYECKUX CBOMCTB KOHLEPTHBIX
3a510B. Tak, eciy MpHu NPOEKTUPOBAHUM ITOMEIIEHUS OKA3bIBAETCS TPYJHO MOJIYYUTh JOCTATOUYHO
OosbLI0€ BpeMs peBepOepannu, To MPUMEHSIOT CUCTEMY «UCKYCCTBEHHOM peBepOepanun». B
NPUHIHIE 3TO JTOCTUTACTCS IYTEM DIIEKTPHUECKOTO BOCTIPOU3BEICHHS 3BYKa Ha BEIOPAHHBIX 4aCTOTaX
IIPY TIOMOIIY FPOMKOTOBOPUTENEN, pa3MEIIEHHBIX B CYILIECTBEHHBIX U1 () (heKTa TouKax MoMeIeHus,
HO P PEKT OKa3BIBACTCS COBEPIIEHHO OTIMYHBIM OT JEHCTBUS MPOCTOM CUCTEMBI YCUIICHUS 3ByKa. B
JPYroM BapHaHTe MCIIOJIb3YETCsl YCTPOICTBO, 00eCeunBaroliee BpEMEHHYIO 3a7epKKY, U HCXOAHBIH
3BYK MHOTOKPATHO MOBTOPSIETCSI CO BCE YMEHBIIAIOIIEHCS aMIUTUTY 101, IMUTUPYS 3P PEKT oTpaskeHuit
0T cTeH noMenieHus. [locneanuit cnocod oka3pIBaeTCs MOJNE3HBIM Ul MaJbIX CTYAUN 3BYKO3aMNUCH

C CHJIBHO 3arJyIIEHHBIMU CTEHAMH, B CIIyYasix KOT/Ia )KeIaTeIbHO BOCIPOU3BECTH IPPEKT OOIBIIOro
3aj1a WM JPyroro NoJoOHOro NOMEIEHUs..

[TpoGiiema NCKYCCTBEHHOM peaknny U aHTU3BYKa MPeICTaBUiIa Obl HECKOJIBKO MEHBINE TPYIHOCTEH

B TaKMX 00JIACTAX, KaK TIyIICHHE 3ByKa BBIXJIONA: pa3Mephl «BOJHOBO/A» B 3TOM CIIy4ae HaCTOJIBKO
MaJIbl, YTO MPUXOAMUTCS] UMETH /IO TOJIBKO C IMJIOCKOW BOJHOM, M IOATOMY 3a00THI O hopMe PpoHTa
BOJIHBI CHUMAIOTCSL. B 3TOM citydae nmpo06iieMbl CBS3aHbl CKOpEE ¢ TEMIIEPATypoid, KOppo3uel 1 Booo1Ie
C TSDKEJIBIMH YCIIOBHSIMHU pabOTHI ¢ TOHKOH anmaparypoil. CTOMMOCTb CHOBa OyIeT yCTpalaromei, a
OOBIYHBIE TITYIINTENN U TaK pPadOTAIOT HETIOXO.

Korna s BBICTYyIAKO C JICKOUAMHU, MHC 4aCTO 3aJal0T BOIIPOC, TOYEMY HUKTO HC UCIIOJB3YCT B KAYCCTBC
H30JITOPAa I 3BYKA BAKYYM: Ha YpPOKax I10 (bI/I?)I/IKC B IISITOM KJIACCC BCC Ha6J'IIO,Z[aJ'II/I, Kak ociabeBaer
3BOH KOJIOKOJIbYHMKA, TOMCIICHHOI'O IO KOJIOKOJI BO3AYITHOI'O HACOCa, IMIPU OTKaAaYMBAHHUU BO3yXa.
KOHG‘IHO, COBCPHICHHO CIIPaBCAJIMBO: 3BYK HC MOXKCT CYIIECTBOBATH B BAKYyyMC. Ho BAaKYYM HEC TOJIBKO
OJIWH U3 CaMbIX JOPOrux crmoco0oB MOJIYYCHUA «HUYCTO» 3a Balllk ACHbBI' (TYT, BIIpOYCM, €CTh HEMAJIO
CHUJIBHBIX KOHKprHTOB), HO OH TaKXC Tpe6yeT, YTOOBI €r0 3aKJIIOYMIA BO YTO-TO, TOUHEC, HCKIIFOYNIIN
n3 4€ro-To.



JIBoliHas MaHeIb ¢ MPOMEXKYTKOM, B KOTOPOM CO3/IaH BaKyyM, He OyaeT oco0eHHO 3P PeKTHBHOM
MOTOMY, 4TO 3BYK OYJIET MPOXOAUTh, KAK [0 MOCTHUKAM, TI0 AJIEMEHTaM KOHCTPYKIIHH, YACPKHUBAIOIIIHM
TUTACTHHBI TTAHEJIA Ha U3BECTHOM PACCTOSIHUM IPYT OT Apyra. Jlake eciv 3TH MOCTUKHU YAAacTCs CIenaTh
MOAATIUBBIMU U NTOTYIUTH 90 % M307s1KUH, TO BCE KE 3TO HE MPEICTABUT MPEUMYIIIECTBA 110
CPaBHEHUIO C OOBIYHBIMU TIEPETOPOIKaMU. S He BIKY 0CO00M OYIyITHOCTH IS TTAHENEH ¢ «BaKyyMHOMN
HAOMBKOI». J[ymaro, 4TO €Clu MOSIBUTCS MEXaHHU3M, KOTOPBII MOXHO OYIET MOMECTUTh B IOCTATOYHO
MPOYHYIO0 KaMepy, OTKYy/la OTKa4aH BO3/AYX, M YIEPKUBATh €ro B IPOCTPAHCTBE TPU TTOMOIITH
AJIEKTPOMATHUTHOM MOJIBECKH, TO, IEHCTBUTEIHHO, 3a00THTHCS O IIIYME STOTO MEXaHU3Ma HE MPUACTCS.
Ho BO3HHMKHET Apyroii BOMPOC: KaKO# MPOK OT CTOJIb HAJEKHO 3aU30JIMPOBAHHOTO MEXaHU3Ma?

Bripouem, HUKakux yynec He TpeOyeTcs s TOro, YTOObI PY HBIHEHITHEM COCTOSTHUM TEXHUKHU
JIOCTUTHYTH HaJIe)KHBIX M 3HAYUTEIBHBIX yCIIEX0B B 00proOe ¢ mymom. B camom gene, Gombioe
COKpalIeHHUE IIIyMa MOKET JaTh BO3BPAILIEHUE K HEKOTOPBIM UAESAM JEBATHAILATOTO BEKA: HA CBET
CHOBA BBIXOJAT MapoBas MallMHa U fBUratesb CTUpIIMHTA, OCHAIIEHHbIE COBPEMEHHON TEXHOJIOTHEH.
Tak Kak B 3TUX MEXaHU3Max HET B3PHIBOB B LIMJIMH/IPAX, TO UX BO3POKIECHUE 00CIIAET CTOMNb KEITAHHOE
CHW)KEHHE IIyMa.

OsxuaemMast peBOJIONHS B 00J1aCTH OOPBHOBI € IIIyMOM CBsI3aHa HE CTOJIBKO C TEXHOJIOTHYECKUMHU
npoOieMaMH, CKOJIBKO ¢ IPHOPUTETOM PabOT B ATOH U ApYrux obmacTsax. HelHe KOHCTPYKTOp nin
TUTAHUPOBIIMK JOJKHBI HAUMHATD HE € JIeTajel, Kacaromuxcst TpeOyeMoi MOIIIHOCTH, WITN
CTPOUTEIHLHOTO 00OPYIOBAHUS, @ C OTPAHNUYCHNH, HAJIATaeMbIX YCIIOBHSMH OKpPY’KaloIiei cpeasl. DTH
OTPaHUYEHUS JTOJDKHBI BKIIFOUATh HE TOJIBKO TO, YTO BUAHO U MIPOCTHIM IJ1a30M, HO U TO, YTO HE
YBUIMIIH HA YEPTEIKHOI JOCKE, — 51 TOBOPIO 00 ypoBHE nryma. ToJIbKO TOT1a MOKHO TPOJIOIIKATh
MPOCKTHPOBAHUE YCTPOWUCTBA, U IEIIBIO JOJDKHO OBITh YIOBJIETBOPEHHE BCEM TEXHUYECKUM
TpeOoBaHUsAM, HO HE B yIIepO okpykaromieit cpene. OxpaHa OKpyKarole cpeibl 00X0IuTCs
TEXHUYECKH PA3BUTHIM CTPaHAM B OIPOMHBIE CYyMMBI. MBI MOKEM JIOOUTHCS TUIIMHBL, €CIIU MBI €€
HOXeJaeM, HO TUIATHTh 3a Hee HaM HNPUICTCS HATMYHBIMH.

[30] MosxHO mOKa3aTh, 4TO MOCIIEIHEE YCIOBUE HE 00SI3aTENIbHO: B KAUECTBE M3Iy4aolIeli aHTU3BYK
MIOBEPXHOCTH MOKHO B35ITh JTFO0YIO0 3aMKHYTYIO TIOBEPXHOCTh, BHYTPU KOTOPOH HAXOANUTCS HIYMSIIAN
00BbeKT. — Ilpum. peo.

AKYCTHYECKHUH CI0OBAPH

AKYCTHUYECKUU — nMmeronuii CBOWCTBA UM XapaKTEPUCTUKHU, AEUCTBYIOLINE HA 3BYK WU
CBSI3aHHBIE CO 3BYKOM: «@KYCTHUYECKHE IUTUTKH», HO HE «aKyCTUYECKUI MH)KEHEP» (€CiIN pedb TOJIbKO
HE UJET 0 KO3 (UIMEHTE MOTTIOUICHUS 3ByKa HHKEHEepoM!).

AMIUINTYJJA — MakcuManbHOE 3HaAYCHUE KOJICOIOMICHCS BEIMUMHBL.

AYJIUOTPAMMA — rpaduk, BeraepurnBaeMblii (0OBIYHO aBTOMATUUYECKH) dyOUOMEMPOM, TAFOTITHI
XapaKTePUCTHUKY CIIYXOBOTO BOCTIPUSITUS WIH BETUYUHY ITOTEPU CITyXa UCIBITYEMOTO B (PYHKIIHH OT
9acTOThl. OOBIYHO CTPOUTCS OTAETBHBIN TpaduK sl KAXKIIOro yXa.

AYJIMOMETP — npubop s mosmydeHust (00bIMHO aBTOMATHYECKOTO) @) Ouocpammul, CO3IAI0NINN
KaJaMOpOBaHHBIN CUTHAJ B KaXKJOM Tele(OHE U OTMEYAIOIIUI Ha TpaduKe YPOBHU, HA KOTOPBIX
UCTIBITYEMBIH 1TO/IaeT 3HAK, CBH/ICTEIBCTBYIOIINH O TIOSBJICHUN MJIH HCYC3HOBEHUH CIBIITMMOCTH.


http://ivanstor.narod.ru/noise/115.htm#_ftnref30

BEJI — necsateb deyuben (0OBIYHO HE IPUMEHSIETCS).

BUEHUS — nepuoanyueckue yCcuiieHUs U 0caablieHUs] aMILUIUTY/Ibl, BBI3bIBAEMbIE Cynepno3uyueti ByX
TOHOB pa3IMYHON YacTOThl. YacToTa cienoBanus OMeHU paBHa Pa3HOCTH YaCTOT TOHOB.

BMHAYPAJIbHBIN — ucnonb3yromuii CHoOCOOHOCTh CIYIIATh ABYMsI YIIaMH, HAaIIPUMED C LENIbIO
ONpeIeNICHUs] JUCTAaHIIMU WM HAPABICHUs. TepMUH IPUMEHAETCS TAKKE U PU HIEKTPOHHOM
MOJIEJIMPOBAaHUU 3TOTO MpOLECCa.

BOJIEBOM TTOPOT", MJIN TIOPOT” OCSI3AHMS — MHUHHUMAIBHBIN ypogenb 36YK08020 0asieHus Ha
JTAHHOM 4acTOTEe, BOCIPUHUMAEMBII HCTIBITYEMBIM KakK 00JIb B yXe€.

BO3BYXAEHUE, NI BO3SMYIIEHNE — BeIHYX/IeHHOE U3MEHEHHE JaBICHMSI, TOJI0KEHUS WIH
JIPYTror XapaKTepHOUN BETUYUHBI.

BOJIHA — ymnpyroe Bo3MyIlieHUE, paCIPOCTPAHSIONIEECS B CPE/IE.

BOJIHOBOE COITPOTUBJIEHUME (pC) — mepa, xapakTepu3yroias cpey, nepeaarolyio 3ByK, U
paBHast OTHOILEHUIO 2¢hhexmusHozo 38yk0602o oasnenus K 3pHeKTUBHON ckopocmu uacmuy. OHO
PaBHO MPOU3BENICHUIO TNIOTHOCTH «P» HA CKOPOCTH 3BYKA B CPEIIE «C.

BOJIHOBOUM ®POHT — noBepxHOCTH, 00pa30BaHHAs BCEMU TOYKaMH, B KOTOPBIX (ha3a 60.1Hbl UMEET
OJIHO U TO K€ 3HaUYEHHUE.

BOCIIPUHUMAEMBI1 YVPOBEHB 3BYKA (PN 1b) — ypoBeHb 3ByKOBOTO JaBJICHHUS CIydaifHOTO
[IyMa B MOJIOCE OT OJIHOM TPETH OKTaBBI JO OJTHOM OKTaBbl B okpecTHOCTH yacToThl 1000 I,
COOTBETCTBYIOIIUH, IO OLIEHKE «HOPMAIbHBIX)» CIIyIIaTeseil, [POMKOCTH pacCMaTPUBAEMOT0 IIyMa.

BPEMA PEBEPBEPAIINN — npomexyTOK BpeMEHH IOCIIE€ BBIKIIOUEHNS HCTOYHUKA 3BYKa, B TEUEHHE
KOTOPOTO peBepOepallMOHHbIN 3BYK JaHHON 4acToThl ociabeBaeT Ha 60 1b. OObIYHO U3MEPSIOT BpeMs
1utst iepBbix 30 1b ocnabnaeHus ¥ SKCTPANoNIUPYIOT Pe3ybTaT.

BBIHYXXJIEHHBIE KOJIEBAHUW S, NI BUBPAILIMU — roaebanus nnn BuOpanyu,
MOJIIEP>)KUBAaEMbIE IyTeM COOOIICHUS Mylbcupyromero notoka suepruu (cm. Takxxke CObCTBEHHA S
YACTOTA).

BBICOTA 3BYKA — xapakTepuCTHKa CIIyXOBOI'O BOCIIPUATHS, IO3BOJIAIOIIAs PacpeAesIUTh 3BYKHU 10
LIKaJIe OT HU3KUX 10 BBICOKMX 3BYKOB. 3aBUCHUT IIPEUMYIIECTBEHHO OT YaCmombyl, HO TAKXKE OT
BEJIMYMHBI 3ByKOBOT'O JABJICHUS M (DOPMBI BOJIHBI.

I'TAPMOHUKA — cunycouoanvras KOMIOHEHTA (YUCTBIN TOH) CJI0KHOM EPUOINYECKON BOJIHBI,
4acTOTa KOTOPOM COCTaBIISIET LIEJI0€ KPATHOE OCHOBHOU Yacmomsl BOJIHbL. KOMIIOHEHTY («00epTOoH»)
C YaCTOTOH, B/IBOE OOJIbIIEH OCHOBHOM YacTOTHI, HA3bIBAIOT BTOPOH TapMOHHUKOM.

I'AYCCOBO (MJI1 HOPMAJIbHOE) PACIIPEJIEJIEHUE — TepmMuH, IpUMEHSAEMBIN B CTATUCTUKE
JUI OIMCAHUSI BEJTMUUHBI M YaCTOTHI BCTPEUAEMOCTH OIINOOK. BakHelme XxapakTepucTUKu —
HanboJiee yacTas BCTPEYaeMOCTh COOBITHI B IEHTPaJIbHOMN (CpeiHel) Touke Win BOJIU3U Hee,
IIPOTPECCUBHOE YOBIBAHUE BCTPEUAEMOCTH COOBITUI IIPU YAAJICHUM OT LIEHTPA U CUMMETpPHUs
pacrpeneneHus o ooe cTopoHsl oT HeHTpa. Ilpu cryuatinom wyme xaxayro GIyKTyanuo aMIUIATYIbI
CUUTAIOT COOBITHEM, HE3aBUCUMO OT TOT'O, JIC)KUT JIX OHA BBIILIE WJIM HUXKE CPEIHEr0 3HAUCHMUSL.
[TukoBoe 3HaUEHUE KAXKAOH (PIyKTyalluy SKBUBAJICHTHO OIIMOKE, U pacrpeaeeHue OO0k

C TEYEHUEM BPEMEHHU — I'ayCcCOBO.

T'EPLL (T'u) — cm. YACTOTA.



I'PAIVUEHT — u3MeHeHue JOKaJIbHOM CKOPOCTH 3BYKa C N3MEHEHUEM BBICOTHI HaJl YPOBHEM 3EMIIU
WIN C U3MEHEHUEM KaKOoTro-JIMOO APYroro pacCTOsSHUS, MPUBOSIIEE K pedpakuuu 3ByKa. Yarie Bcero
BBI3bIBACTCSI MOBBIIICHUEM HIIM YMEHBIIEHUEM TeMIIEpaTyphbl C BBICOTON WIIHM Pa3IHuUsSIMU B CKOPOCTH

BETpa.

I'POMKOCTbD — cyxnaeHue 00 HHTEHCUBHOCTH 3BYKa, BBIHOCUMOE 4EJIOBEKOM Ha OCHOBaHHUU
CJIyXOBOTO OILIYIIEHHS; 3aBUCUT OT 3BYKOBOTO JIaBJICHUS U 4acTOThl. B 3HaunTEIbHON YacTH quana3zoHa
CJIBIIIMMOCTH YTPOEHHE 3BYKOBOI'O JaBJIEHMsI, YTO OUTH paBHO 10 1b, MO’KHO cunTaTh NPUBOASIINM K
YABOEHUIO TPOMKOCTH.

JEMII®NPOBAHUE — 3atpata sHepruu kojaedateabHOW CUCTEMBI WM YacTULIbI HAa IPEOOICHUE
TPEHUS WU CWII BA3KOCTH. [Ipu 3TOM 3aTpadeHHas SHEprus NepeXoauT B TEILIO.

JEIUWBEJI (1b) (oaHa necsaras Heia) — 4UCII0, BBIpaXKAroIIee B IOrapu(GpMUIECKON MepPE OTHOIIECHUE
JIBYX BEJIMYWH; YIOTPEOIIeTCs TIPpH OOJIBIIOM TUara30oHe H3MEHEHUS STHUX BEIWYHH. berr MoxXHO
OIPEICITUTh KaK YUCIIO ACCATUKPATHBIX YBETMICHUH MEHbIIICH BEITUUUHBI i, TPEOYEMbIX JIJIsI
JOCTHDKCHUS 3HAYCHUSI OOJIbIICH BEIMYMHBI 11, TO ecThb 1g(i1/i2). Uucio nenuben morydaercst myrem
YMHOKEeHUS nocieanei Benuunnbl Ha 10. Yate Bcero B 1b BBIpakkaroT yposens 36yK08020 0asietus,
B 9TOM CJIy4ae MEHbIIIas BEIUYHMHA OOBIYHO COOTBETCTBYET 3HAUCHHIO 2 X 107 H/™?, o0003HaYaeMoOMy
KaK HYJIeBOW ypOBEHb JIaBJICHUS. Y POBEHb 3BYKOBOI'O JaBJiCHUS B 1b MpuMeEpHO paBeH yposHio
UHMEHCUBHOCMU 3BYKA MIPHU HYJIEBOM YPOBHE 107"? Br/m2. Bennunna gbA — YPOBEHB 3BYKOBOT'O
JABJICHUS], U3MEPEHHBIN B b TIpU MOMOIIH wyMomMepa, COAEPKAIIETO KOPPEKTUPYIOIIYIO LIETIOUKY,
CHIDKAIONIYIO YYBCTBUTEIBHOCTD YCTPOMCTBA HA HU3KUX M OYE€HBb BBICOKHMX YaCTOTaX, JJISl TOTO YTOOBI
TOYHEE UMUTHPOBATH YyBCTBUTEILHOCTh YEIOBEYECKOTO YXa U MOJIy4YaTh OTCUETHI, JAOLIHE HEKOTOPhIE
yKa3aHUs Ha TPOMKOCTb, HETIPUATHOE JICHCTBHE WM TIPUEMIIEMOCTh 3ByKa. 3HaueHue nbA oObIdHO Ha
10 enuHUII TPEBOCXOANUT SKBUBAJICHTHOE 3HAUCHUE HOPMUPOBOYHO20 UHOEKCA WyMa sl TaHHOTO

3BYKa.

JANOPAKIUA — oTKIIOHEHHE OT 3aKOHOB 3€PKAILHOTO OTPAKEHUS UITU NPeOMAeHUs. U BOOOIIIE OT
r€OMETPUUYECKUX 3aKOHOB PacIpOCTPAHEHHsI BOJIH. TUNTMYHBINA IPUMEP — NPOHUKHOBEHUE 3BYKa
B 00J1aCTh 38YK0601 meHU TI03a11 aKyCTUUECKOI 0 IKpaHa.

JUODY3HOE IIOJIE — 3ByKOBOE nose, B KaXk/10i TOYKE KOTOPOI'0 YPOBEHb 3BYKOBOT'O J1aBJICHUS
OJIUH U TOT K€, a 3BYKOBBIE BOJIHBI PACIIPOCTPAHSIIOTCA OJIMHAKOBO BO BCEX HAIIPABICHHUSX.

JJUIMHA BOJIHBI (A) — paccTositHue Mexay «rpeOHsSIMI» CHHYCOUIaIbHOM BOJHBI MIJIH, TOYHEE,
paccrostHue (110 EePIEeHANKYIAPY) MEXKAY ABYMsI (ppOHTaMHU, pa3InUaOIIMMHCA 10 Ba3e Ha OIUH
1esbii nepuo. JlyinHa BOJTHBI paBHA OTHOIIEHUIO CKOPOCTH 3BYKa K yactore. CiiydailHbId 1
HENEPUOANYSCKHIA 3BYK TAK)KE MOYKHO OMUCHIBATH TIPH MTOMOIIH MMOHSITHS 4aCcmomul, a CIEIOBATENBHO,
U JIJTUHBI BOJIHBI.

JIOIUIEPOBCKUM DPOEKT, JIOIVIEPOBCKHUIM CABUI — H3MeHeHHe YacTOThI 3BYKa,
Ha0JII01aeMoe B TOUKE, IBHKYILEHCS OTHOCUTEIBHO HCTOUYHUKA 3BYKA U (MJIM) OTHOCUTENIBHO CPEbI,
B KOTOPOM pacnpocTpaHsaeTcs 3ByK. Korjga aBToMammHia 1aeT ryloK, NoAbe3xkKast K HEMOABUKHOMY
HaOJII0AaTeINI0, TO B MHTEPBAJIE MEKAY ABYMS MOCIIeI0BAaTEIbHBIME KOJIeOaHUSIMHU AuadparMbl TyIKa
MCTOYHUK 3BYKa JBHXKETCA TyJa e, Ky/la U BOJHA, ¥ I03TOMY CJIEYIOIasl BOJIHA CO3AaeTcs OJIMKe K
IpebIayIeH, YeM B CIy4ae HeMOABMKHOM aBTOMaIuHbL. [lomydaercs BojaHa MeHbILIEH Onumbl, a
3HAYUT MOBBIIAETCS YaCmoma.

3ATJIYIIEHHAS KAMEPA — noMeleHle co CTEHKAMM, OYTH MOJHOCTBIO MOTTIONAIOMIUMH 3BYK
B BeChMa IIMPOKOM JUANa30HE YACTOT. 3arnyménHas KaMepa MOoUYTH CO3JaeT YCIOBUS C80000HO20 NOJIA.

3BYK — BosmHOBOE IBHKEHHUE B KAKOW-THOO YIIPYTroit cpede OO CIlyXOBOE BOCHIPUATHE, CO3AaBAEMOE
TaKHUM JIBUXCHUEM.



3BYKOBAS TEHb — akycTuueckuii aHaJIOT CBETOBOM TE€HU; aKyCTUYECKasi TEHb YaCTUYHO
«3aCBEUYMBACTCS» BCIEICTBUE Oupakyui.

3BYKOBAS HACTOTA — yacToTa, jiexarasi B CJIBIIIMMOM JIMana3oHe 4acToT, npumepno 20—20
000 I'm.

3BYKOUM3OJIALINUA — mepa n3omisun 3ByKa eperopoKkoil, CTEHOM WiIN MaHEeNblo, BIpaKeHHas

B 1B, 3ByKou305s111s1 paBHA JECATUKPATHOMY J€CATUYHOMY JIorapu(My OTHOILIEHHUS] HUHTEHCUBHOCTEN
najaromiei v npoueaei BoiH J1u00 NpocTo pa3HocTH (B 1b) ypoBHEN HHTEHCUBHOCTEN Najaomen u
nporueameii BoiH. Eciau, BpoueM, pedb UAET 0 3aMKHYTOM ITOMELICHUH B IIeJIOM, peBepoepanus
BHYTPHU HETO YMEHBIIAET CYMMAPHYIO 3BYKOU3OJISIIIHIO.

NMIIEJJAHC — xoMIuIeKCHOE OTHOIIIEHHUE CUITBI (MU AaBjieHus) K ckopoctu;, cM. Takke BOJTHOBOE
COITPOTUBJIEHHUE.

MHTEHCHUBHOCTD — noTtok sHepruu uepe3 eAMHUYHYIO IUIOIAJKY, Iepe1aBaeMbli 3BYKOBOM
BOJIHOW; UMEET pa3MepHOCTh BT/M2, MOXKeT OBITh BBIpaXKEeHA B deyubeniax OTHOCUTETHHO HEKOTOPOTO
ypoBHs1. {51 niockoti c60600mno0il becyweli 601HbI THTEHCUBHOCTD paBHA pz/pc, T p — 3BYKOBOE
JaBJICHUE, PC — BOJIHOBOE CONPOMUBLEHUE CPeObl.

MH®PA3BYKOBOW — nMerouii vacmomy, MEHbIIYIO 36VKOGbIX YdCHON.

KOCTHAS ITPOBOJUMOCTD — cnoco0, KOTOpbIM 3BYK MOKET IPOHUKHYTh BO BHYTPEHHEE YXO U
OBITH YCIIBIIIIAHHBIM, HE TTPOXO/S Yepe3 BO3AYX B CIIyXOBOM MPOXO/IE.

KODDPOUITUEHT ITOI'JIOIIEHUS () — eciii HOBEPXHOCTh HAXOAUTCS B 3BYKOBOM II0JIE, TO <0
€CTh OTHOUIEHUE 3BYKOBOW SHEPTHH, MOTJIOIIEHHOM MOBEPXHOCTHIO, K SHEPTUH, NTAJAI0IIEH Ha Hee.
Ecau nornomaetcs 60 % manaroreit suepruu, To koddduiueHT noriomeHus paseH 0,6.

KOSOOUIMEHT CHXXEHUSA IIYMA — ycpeaHeHHoe 3HaueHHe KO3 (UIIMEHTA MOTIOEHUS
JTAaHHOM NOBEPXHOCTHU WJIM JaHHOTI0 Matepuana Ha yactorax 250, 500, 1000 u 2000 I'n; ucnonb3yercs
KaK YIPOIICHHBIN MOKa3aTellb 3)(HEKTUBHOCTH aKyCTUYCCKUX ITUTOK.

KPUTEPUI PYICKA ITOBPEXIEHUS CJTYXA — ypoBeHb IIyMa, 3a1aBaeMblil B 3aBUCHMOCTH OT
YaCTOThI U TAKUX (PAKTOPOB, KaK (popMa BOJIHBI (HAIIPUMED, YUCTBIA TOH, CIYUaliHbIl ITyM) U
IIPEPBIBUCTOCTb, P KOTOPOM BEPOSTHOCTH CTOMKOTO MOHMKEHHUS CIyXa IPEBOCXOAUT ONPEAEICHHYIO
BEJIMYMHY.

KPUTHUYECKASA YACTOTA — camas HM3Kas 4acToTa, MPU KOTOPOH €l1e BO3MOKEH PE30HAHC
COBIIaACHUUN OJIs L[aHHOﬁ IIaHCJIU U BBIIIC KOTOpOfI 3BYKOU3OJIALUA MMaHCIIU IMOHHUKACTCA. Yem MeHblIIE
YIOPYTOCTh MaHETN U YeM OHa TOHBIIIE, TeM BhIIIE KpuTHYeckas yactoTta. B I[lpunoxenuu 1 gans
HCKOTOPBIC TUITUYHBIC 3HAYCHU A KpHTI/IquKOfI qaCTOTHI.

MACKHWUPOBKA — noBellIeHUE nopoza civiuuumocmu JAHHOTO 3ByKa BCJIEICTBUE BO3AEHCTBUS
Jpyroro 3ByKka; Har0oJiee pKO BbIpaXKeHa B Cllydae, KOIJla MaCKMpyeMblil 3BYK BBIIIE MACKUPYIOILETO.

HETIPEPBIBHBIN CITEKTP — yacToTHBIN cOCTaB 3ByKa, XapaKTEPU3YIOIIUNICS HEMPEPHIBHBIM
pacrpenesleHueM YaCTOTHBIX KOMIIOHEHT BO BCEM JHMAara3oHe.

HOW — enuHuma niyMHOCTH, CBSI3aHHAs C BOCHIPUHUMAEMbIM YPOBHEM, BbIpakeHHbIM B PN 1b.

HOPMHWPOBOYHBIE KPMBBIE 1 HOPMHWPOBOYHBIE MH/IEKCHI IIYMA — Hab0opb! KPUBBIX,
CBA3BIBAIOIIMX YPOBHU 3BYKa B OKTABHBIX I10JI0CaX C IPUEMJIEMOCTBIO JUI T€X UM UHBIX YCIOBUN —
OT 3aBOJICKOT'O IIyMa JI0 KBapTUPHOTO. Pe3yabTaThl OKTaBHOTO aHAIM3a IIIyMa HAHOCST Ha rpaduk
HOPMHPOBOYHBIX KPUBBIX IIIyMa, U HAUOOJIBIINI HOMEP KPUBOM, IPEBBIIICHHBIN YPOBHEM LTyMa



B OJTHOW MJIM HECKOJIBKMX OKTaBHBIX I10JI0CAX, CYUTAETCS HOPMHUPOBOYHBIM MHIEKCOM IIyMa.
CymecTByeT Takke apupMeTHIecKuit MEeTO]] HaXOKIESHUS 3TOTO MHIeKca. B mmpokoil mpakTuke
MPEOYUTAIOT OJIB30BAThHCS OLIEHKOH ITymMa B 1BA kak 6ojee aieKBaTHOM.

OKPVYKAIOLIUM LIIYM — (OHOBBIi MIyM MM OOLIHiT JOMUHUPYIOIIMIA IITyM Ha JaHHOM Y4aCTKE
(MHOT1a B OTCYTCTBHE IITyMa, TOJICKAIIETO UCCIIEI0BAHUIO).

OKTABA — unHTepBasl MEXy ABYMS 3ByKaMH, YaCTOThI KOTOPBIX PA3JINYaIOTCS BIBOE.

OCHOBHAS YACTOTA — 4dactoTa MOBTOPEHUS AJIsl NEPUOAMYECKON (PYHKIINH, ONPEAEIAeTCS
(HecTporo) Kak HU3IIAs YacTOTa CJI0KHOM NEPUOINYECKON BOJIHBI, NHOT1a Ha3bIBAE€TCS [IEPBOM
rapMoHuKoii (cMm. Takke CYBI'APMOHUKN).

IMEPUOJJMYECKHNHU — nocTostHHO MOBTOPSOIMUNACS 063 N3MEHEHHI Yepe3 paBHbIC MPOMEKYTKH
BPEMCHU, HA3bIBACMBIC TICPUOAOM. Knaccnueckuit NpuMEp — CHUHYCOUJAJIbHAA BOJIHA.

[MMKOBBIN YPOBEHB 3BYKOBOI'O JTABJIEHWS — 3naucHue (B 15) HaHGOMBIIET0 3BYKOBOTO
JaBlieHUs (B OTJIMYUE OT CPEIHEKBAIPATUYHOTO, WIH 3¢ PekmusHoco, 3ByKOBOTO JIaBIICHHUS ).

[IJDIOCKASA BOJIHA — BomiHa, B KOTOPOH 80.1HO8bIEe (hpOHMbI — THIOCKOCTH, MapalIeIbHbBIE APYT
Apyry.

[TOJIE — obnacTh, r/1e MPOUCXOST HHTEPECYIOINE HAC aKyCTHUECKHE SBIICHUSI.
ITOJIOCA — y4acToK 4aCTOTHOI'O CIEKTPa, HAIPUMEP OJTHA OKTaBa, MOJOBUHA OKTaBbI, TPETh OKTABHI.

I[TOPOI" CJIBIIINMMOCTU — MuHUMAaNbHBIN YPOBEHB 3BYKOBOTO JIABJICHMS, BOCIPUHUMAEMBIN
CIIyXOM MCIBITYEMOI'O Ha JaHHOM 4acToTe.

I[TPECBUKY3UC WIN [TPECBUAKY3UC — TyroyxocTs (00bIYHO /U1l BEICOKUX 3BYKOB),
Pa3BHBAIOMIASCS C BO3PACTOM.

I[TOTEPA CJIY XA — noBblllIeHUE IOPOTa CIBIILIMMOCTH B JAHHOM yX€ Ha JaHHOW 4acToTe
(BbIpaXkeHHOE B 1b) OTHOCUTEIBHO HOPMAJIBHOI'O IIOPOTa.

I[TYYHOCTD — Touka, TUHUS WU TOBEPXHOCTh, HA KOTOPOH aMIUTHTYAa KOJIEOaHH TOCTUTAEeT
MakcuMmyma (cM. Taxke Y3EJ).

PEBEPBEPAIINS — 3ByK, 00pa3yroIuiicss B IOMEIIEHUH B PE3yJIbTaTe MHOTOKPATHBIX OTPAKEHHUH OT
Orpa)kJalolUX MOBEpXHOCTEN. PeBepOepalinoHHbIN 3BYK MTPOOKAET HEKOTOPOE BpeMsl 3By4aTh €Ilie U
noclie mpeKpamieHus u3nydeHus 3syka uctounukom (cMm. BPEMS PEBEPBEPAILINN).

PE3OHAHC — cuctema HaXxoUTCs B p€30HAHCE MPH BBIHYKJICHHBIX KOJIEOAaHUAX HA TaHHOW 4acToTe,
€CJIM aMIUIMTY/1a €€ KoJieOaHUI yMEHbIIAeTCsl KaK MPU YBEJIMUEHUH, TaK U IPU YMEHBIIEHUH YacTOThI
BBIHY’)KIAIOIIEH CHUJIBI.

PE3OHAHC (MJIN DODEKT) COBITAJIEHUM — coBnageHue MIMHBI M3THOHON BOJTHBI,
pacnpoCTPaHSIOIEKHCS IO MAaHEH, C JJIMHOM BOJIHBI CJIE/Ia MaJarolIei 3BYKOBOW BOJIHBI HA MIAHEIIH.
YacrtoTy, HI)KE KOTOPOH PE30HAHC COBMAACHUN HEBO3MOXKEH, HA3bIBAIOT KPUMUYECKOU 4acmomoll.

PE3SOHAHCHAA YACTOTA — yacrtoTa, Ha KOTOPOH UMEET MECTO PE30HAHC.

PEO®PAKIUA, NI ITPEJIOMJIEHUE — n3MmeHeHue HanpaBieHUsl paclipoCTpaHEeHUs 3ByKa MpU
nepexoie U3 OJTHON Cpebl B IPYTYIO MIIH MPH MPOXO0XKIECHUH 007aCTU epaduenma CKOpOCTH 3BYKa.



CBOBOJIHASA BET'YIIIAS BOJIHA — BonHa, pacnpoCTpaHSIONIascs B 0e3rpaHUIHON cpefie
(TeopeTrnyecKoe NpeICTaBICHUE).

CBOBOJHOE IIOJIE — 06nacTth, B KOTOPOH OTCYTCTBYIOT CYIIECTBEHHBIC OTPAKECHHUS 3BYKa.
CBA3AHHBIE MO/IbI — mozpl, 0ka3bIBarOIUe B3aUMHOE BIMSHUE IPYT HA JPYra.

CJABUI" [TOPOI' A — u3MeHeHHe (BpeMEHHOE WU TTOCTOSTHHOE) 1opo2a CAbIUUMOCIU Y TAHHOTO
cyOBeKTa.

CUHYCOUJAJIBHAA BOJIHA — 6osna, n3MeHs0mascs BO BpEMEHU U B IIPOCTPAHCTBE I10 3aKOHY
CHHYCa. DTO CaMbIi MTPOCTOM BUJI BOJHBI, M €r0 YACTO HA3bIBAIOT YUCTHIM TOHOM. [Ipoekiius Toukw,
PaBHOMEPHO JIBHKYILIEHCS 110 OKPY>KHOCTH, Ha IIPSIMYIO, JIEKAIIYIO B IIJIOCKOCTH OKPY>KHOCTH,
NepeMeIaeTcs Mo 3aKOHY CUHYCa yIila, OMMChIBAEMOT0 PauyC-BEKTOPOM TOUKH.

CUHYCOUIAJIBHBIN — u3MeHSIOLIHIiCS MPOIOPLHOHATBHO CHHYCY YITIA.

CKOPOCTDB YACTMULL — nnst Toro 4to0BI epeiaBaTh 3ByK B CpPeie, BOJIHA, TPOXOAINIAs Yepes
KaKyro-1100 TOUKY, JOJKHA MPUBOIUTH B KOJIeOaHNEe YaCcTUILy, HAXOISIIYIOCS B 9TOU TOUKE.
CYIIIGCTBGHHBIMI/I MOT'YT SIBUTBCA 3HAUYCHUA CKOPOCTHU B I[aHHI)II\/II MOMCHT, MaKCHUMAaJIbHBIC 3HAYCHU A,
CpelHeKBaipaTHUHbIe, WK 3 (PEeKTUBHBIC, 3HAUCHUS; TIPU TaHHOM 3()PEKTUBHOM 3BYKOBOM JIaBIICHUU
s pexTUBHAS CKOPOCTh YACTHUI] U3MEHSIETCSI OOPaTHO MPOMOPIIMOHAIBHO BOJTHOBOMY COTIPOTUBIIEHUIO.

CJIIVHANHBIN IIYM — 11yMm CIUIOIIHOTO CIEKTPA, BEI3BAHHBIN CIydailHBIMU KOJIEOaHUSAMU
JTaBJICHUS WU aHAJIOTUYHbIE (DIYKTyalnu JIF000H APYroi BEeTUYHHBI.

COBCTBEHHAA YACTOTA — gacToTta, Ha KOTOpPOH cucTeMa CBOOOIHO KOJIeOIeTCs mocie
MPEKPAIICHUSI COOTBETCTBYIOIIETO BO30YKICHHUS.

COH — eauHuIa rpOMKOCTH, paCCUUTAHHAS Ha MOJyYeHUE MPUOIU3UTETHHO PABHOMEPHOM IIIKAJIBI
TPOMKOCTH.

CIIEKTP — cOBOKYITHOCTH YacTOT, 00pa3yIONInX JaHHBIN 3BYK.
CPEJIA — BemiecTBO, 110 KOTOPOMY TME€pPeIaeTCs 3ByKOBasi BOJIHA.

CPEJHEKBAIPATUYHOE 3HAUYEHUE — >¢dextuBHOE 3HaUCHUE KOIEOMIOLICHCS BETUYHHBI:
pe3yNbTaT BO3BEJCHUS B KBAJPaT, yCPEAHEHUS U TTOCIETYIOIET0 H3BJICUYEHHS KBaAPATHOTO KOPHSL.

MaxkcnManabHOE 3ByKOBOE JJaBJICHUE B CHHYCOHWJAIbHON BOJIHE B "/E pa3 Oouibliie
CPEIHEKBAIPATUYHOTO 3HaUeHUs. D(PPEeKTUBHBIN YPOBEHB 3BYKOBOTO JIABJICHHUS JACT HAWIYUIIYIO MEPY
OOBIYHBIX 3BYKOB, HO JUIsl OLIEHKH IIIyMOB UMITYJIbCHOT'O XapakTepa TpeOyeTcsl yKa3aTb nuKkogblil
YpO6eHb.

CPEAHAA OJIMHA CBOBOJHOI'O ITPOBET'A — cpennee paccTosiHEEe, IPOOETaeMoe 3ByKOM
MEXY IBYMS TIOCTIEI0BATEIbHBIMU OTPAKEHUSIMHU B TOMEIICHUH.

CYBI'APMOHUKA — konebanue ¢ yacmomoti, paBHOW OCHOBHOM YaCTOTE MEPUOIUICCKOIN BOJIHEI,
pa3leIeHHON Ha LIeJI0e YHCIIO.

CVIIEPIIO3UIUSA — apudpmeTrueckass KOMOMHALUS MOJIEH ABYX MK OoJiee BOJIH.

TOH — 3Byk onpeneneHHoun ebicomul.



YI'JIOBAS UACTOTA (®w) — u3 MaTeMaTU4eCKUX COOOpaxeHUH yI00HO MOJIb30BATHCS YaCTOTOM,
BBIPOXKEHHOU B 2epyax, YMHOKEHHOM HA 27T, UTO SKBUBAJIIEHTHO yriy B 360°, BEIpA)KECHHOMY
B pajiaHax. YTioBas 4yactota ® = 27f, Takum 00pa3oM, eCTh 4aCTOTa, BhIpaXKEHHAS B pajuaH/C.

VY3EJI — Touka, JMHHS WIA TIOBEPXHOCTh, HA KOTOPBIX aMNaumyOd BOJHBI paBHA HYIIIO.
YPOBEHD — 3naueHue 1aHHOW BETUYUHEI B deyubenax.

YPOBEHDB 3BYKOBOI'O JABJIEHUS — s¢hhexmusroe 3ByKOBOE TaBIICHUE, WU
cpedHeKksaopamuiHoe 3HaueHue OTKIIOHCHNUH TaBJICHUs OT aTMOC(EPHOTO JaBIICHHS, BEI3BAHHBIX

. -5
MIPOXOXKICHHEM 3BYKOBOM BOJIHBI, BRIPAXKEHHOE B deyubdenax OTHOCUTEIHHO AaBieHus 2x10 ° H/m2.

YPOBEHb 3BYKOBOI MOIITHOCTU — nomHas 3ByKOBas SHEPrHs, H3IydaeMas HCTOUHMKOM 3a |
¢, BBIp@XEHHas B Oeyubenax, oOBIMHO OTHOCHTENBHO ypoBHs 107 Br.

DOA3A — Mmepa «onafaHus B TAaKT» WK «BBIX0JIa U3 TAKTa» JUIS 3ByKa WIIM JPYroil MEPUOIUICCKON
¢bynkuuu. M3mepsiercs B yriioBoi Mepe B rpajlycax Wid, Jiydie, B paauanax (360° = 2r paguan); eci,
HaIpUMep, OJHA CHHYCOUAAJIbHAS BOJIHA OTCTAET OT APYrOW, TAK YTO MMHUMYMBI IIEPBOM COBIIAJAOT
110 BPEMEHU C MAaKCHUMyMaMH BTOPOM, TO TOBOPSAT O pacXOKIAeHHUH 10 ¢a3e Ha T paguaH, wim Ha 180°
(cMm. Taoke YIJIOBASI HACTOTA).

®OH — egununa yposHsa rpomkoctd (cm. COH).
[MUKJIbI B CEKYHIY — cm. HACTOTA,

YACTHULIA — B TEOpETUIECKOM CMBICIIC OECKOHEUHO MaJIbIii 00bEM BEIIECTBA UITH CPEJIbI;
MPaKTUYECKH — JIOCTATOYHO MaJIbI 00BEM.

YACTOTA — uuncno MOBTOPSIOMINXCS ITUKIIOB JBMKEHUS, KOTOpOE KojebaTeIbHas CUCTeMa W
YacTHlla COBepIIaeT B TeueHue 1 c; BeipakaeTcs B reprax (I'm) wnu B miukin/c. Hemepuoandeckre BOTHbBI
TAKXKE MOYXHO XapaKTepU30BaTh MOHITUEM YAaCTOTHI, HO B ’TOM CJIy4ae 4aCTOTOM CUYUTAETCS YUCIIO
MOBTOPEHMIA MTPOLIECCOB HAPACTAHUS M YOBIBAaHUS aMIUTUTY (bl JAHHOW BEJTMYMHBL.

HTYM — 3ByK, HeXeNaTeIbHbIHN IS CaylIaTels, 0eCCMBICICHHBIH, cyuatitblil 3BYK.
IITYMOBBIE KPUTEPUUN — HaGopb! KpUBBIX, CBA3BIBAIOIINX YPOBHH 3BYKa B OKTaBHBIX OJIOCAX
C TIOMEXO0# pa300PUYMBOCTH PEUU M MIPUEMIIEMOCTBIO ISl TEX WJIM MHBIX YCIIOBHM (OOBIYHO JJISl pa3HBIX

TUTIOB KOHTOPCKHUX TTOMEIICHU).

DDODEKT BEUEPMHKHM — ciocoOHOCTh «HACTPOUTHCS» HA OJMH TOJIOC CPEAU IIyMa APYTHX
r0JI0COB.

OOPEKTHUBHBIN — tepmun «3¢heKTuBHBIY», Kak HaIpUMep, BeIpakeHHe «3(h(HeKTUBHOE 3BYKOBOE
JIABIICHHEY, 03HAYACT CPEOHEK8AOPAMUYHOEe 3HAYEeHUe.

9XO — oTpakeHHBIH 3BYK, JOCTUTAIOIINH CIYIIATEIs ¢ TAKUM OOJIBIITUM 3aI03/1aHUEM, YTO BBI3BIBACT
OLIYIIEHHE, OTAEIBHOE OT OLIYLIEHUS IIPSMOTo 3BYyKa.



IHpuiaoxeHus

Hpunoxenune 1

IToBepXHOCTHASI IVIOTHOCTh M KPUTHYECKAS YACTOTA VIS PA3JINYHBIX MATEPHAJIOB

O6bemHas Kputnueckas yacrora,

Mopyns FOnra,
Martepuan IIOTHOCTB, YMHOKEHHAs Ha MIOBEPXHOCTHYIO TUIOTHOCT,
H/M2 -10-9

Kr/m3 -10-3 ' xr/m2
CBuHeln 11 14 600 000
Cranb 8 210 98 000
AnroMuHHAH 2,7 70 32 000
Crexio 2,5 41 38 000
Beron 2,3 24 44 000
Kuprmunas xmanka 2 16 42 000
TBepawIil KapTOH 0,8 2,1 30500
[tykaTypHas niuTa 0,75 19 29 000
®danepa 0,6 4.3 13 200
dnakcIuHyM 0,4 1,2 13 200




IHpunoxenue 2

TunuyHble 3HAYEHHUS 3BYKOM30/ISILIMYU NePeropoaioK

[loBepxHOCTHA
Tommmaa
s TUNIOTHOCTb, 3ByKOH30IIAIHSA, 15
» MM 2
KI/M

Cpemuast [125T (2501 |[500T |1xk[ |2x[ (4«

A I 10 IO IT I 10
danepa 6 3 18 10 13 17 22 | 24 | 21
Crekiio 5 13 23 17 21 25 26 | 23 | 26
Cranb 0,12 9,3 29 20 23 27 32 | 34 | 4
Kuprnu
(omTyKaTypeHHBIH 145 220 45 34 36 41 51 58 60
)
beron 152 350 47 35 39 45 52 | 60 | 67
JBoiiHas
Heperopo/Ka u3
FHUTICOBOM CYXOH 100 43 43 25 | 37 | 44 | 52 | 55 | 45
IITYKaTypKH
C METATHICCKUMHU
CBSI3SIMU
To xe, HO
C JICPEBSIHHBIMH 100 40 40 25 31 40 46 53 48
CBSI3SIMU
danepa,
TPHUKIICCHHAS TI0
00¢ cTOpoHEI 90 12 26 16 | 18 | 26 | 28 | 37 | 33
JICPEBSHHBIX CTOCK
¢ ceueHueM 25x76
MM
[TarenTOBaHHBIE
MOALYJIbHPIC 76 42 41 24 | 30 | 37 | 41 | 46 | 45
aKyCTHYCCKHE
HaHEeIH




Hpunoxkenue 3 Taoauna neuuden

[Tpumep: cnoxenue mymoB ¢ ypoBasmu 86, 83 u 79 nb, orser: 1,0 + 0,5+ 0,2 = 1,7, uto
COOTBETCTBYET puMepHO 2 b, Tak 4T0 CyMMapHBIi ypOoBeHB cocTaBisieT 88 nb.

OtHomienue nHTeHcuBHOCTEH | 1/Ib| |OTHOMIEeHHe HHTEeHCMBHOCTEH | 1b
100 +20 | 10,80 -1
79 +19] 0,63 -2
63 + 18] 0,50 -3
50 +17] 10,40 —4
40 + 16| [0,32 -5
32 + 15| 10,25 —6
25 + 14| 10,20 =7
20 + 13} |0,16 -8
16 +12( (0,13 -9
13 +11] (0,10 -10
10 + 10| 10,079 -11
7,9 +9 0,063 -12
6,3 +8 0,050 —13
50 +7 0,040 —14
4,0 +6 0,032 -15
3,2 +5 0,025 -16
2,5 +4 0,020 -17
2,0 +3 0,016 -18
1,6 +2 0,013 -19
1,3 +1 110,010 —20
1,0 0




Hpunoxenue 4

Tunuyeble 3HaYeHUs KOIPPUIMEHTA NOTI0LIeHUS

BemectBo Koaddunment nornomenus, o
125 I'| 250 I'r|500 I'p| 1 k|2 k|4 k'

Bosayx (#a 1000 M°) Ipy KOMHATHOIT TeMmepaType 0,03 |0.06 |0,2
Kupnuunas knaaka 0,05 10,04 (0,02 0,04 (0,05 |0,05
beron 0,02 10,02 0,02 (0,04 |0,05 |0,05
OKOHHBIE CTEKIIA 0,2 0,1 0,05
@danepa win TBEpAbIA KapTOH, YCTAHOBIICHHBIE 0.3 0,15 0.1
C BO3AYIIHBIM IPOMEXYTKOM
JlepeBsHHbBIE TIOJIbI 0,15 10,2 0,1 01 (01 |01
Tonkwuii KoBep Ha OETOHHOM IOy 0,1 0,15 0,25 0,3 (0,3 0,3
KoBep ¢ BOpcoM Ha TOJICTOM CJI0€ BOMIOKA 0,1 0,25 |05 0,5 |06 10,35
76-MUITTIMETPOBBIN CII0M MUHEPAJIHHOH mepcTH (Ha
ﬁ‘g;:;zl\;a(;f;?; ?‘IHGI/II)P(gé)pI/IpOBaHHHM METaJUIMYECKUM 04 0.7 0.75 109 1085 10,75
JHCTOM
To e nnst TonmuHb 25 MM (Kak B akyctudeckux mmrax) |0,1 0,3 0,6 0,75 0,8 10,8
Lo e e it o1 ozs Joas [oat [ose [os2
12-mMunnumMeTpoBbie iepHopupoBaHHBIE 0.2 055 0.6 06 |0.65 |08

APCBCCHOBOJIOKHUCTBIC IIJIUTHI

3aryxaHue 3ByKa B BO3JyYX0BOJAaX C aKyCTHYeCKOH 00JIMIOBKOi1

Tonmuza 00aUIIOBKU [ipiHa Bo3 HOTO
(MHHEpabHas MEPCTh) Ha 00enx P AT Ocnabnenue Ha oronnsie 300 MM,
CTOpOHaX, NPOMEIYTIA, nb
M MM
125|250 I'u|500 x|l k|2 x['|4 k[

25 25 1 2 5 15 | 37 | 58
50 0,5 1 3 10 | 27 | 26
100 — 0,5 2 17 | 10
200 — 0,5 1 3
400 — — 1 —

50 25 5 11 24 | 32 | 48
50 3 9 19 | 22 | 28
100 0,5 2 6 11 | 12 | 10
200 0,5 1,5 3 6 2
400 — 1 2 —
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