Jleknus 1. BBenenue B 3ByK
1.1 O0mas Teopus 3ByKa

Urto xe Takoe 3BYK, 3TO ONIYIICHHWE, KOTOPOE BOCHPHUHUMAET CIIYXOBOWU
opran "yxo" (camo mo ceOe SBJIEHHME CYIIECTBYeT M 0€3 ydacTus «yxa» B
mpolecce, HO TakK MpOIIE JJIsi MOHMMaHHWsA), BO3HHUKAaOIIee MpH BO30YKIEHUU
OapabaHHOI MEpPEernoHKH 3BYKOBOM BOJIHOM. YXO B JIaHHOM CiIy4ae BBICTYIAET B
ponu "mpuéMHUKA" 3BYKOBBIX BOJIH PA3JIUYHON YaCTOTHI.

Pucynok 1.1 — 3BykoBas BosHa

3ByKOBasi BOJIHA )K€ NIPEICTABIISIET COOOM, MO CyTH, MOCJIEI0BATEIbHBIN Psij
YVIUIOTHEHUN U pa3pspKeHHUM cpenbl (Yalle BCEro BO3AYIIHOM Cpellbl B OOBIYHBIX
YCIIOBUSIX) pa3iu4yHoM dYacToThl. [Ipupoaa 3BYKOBBIX BOJH KoJieOaTenbHas,
BbI3bIBacMasi M MPOM3BOAMMAs BHOpamuei Jo0bIXx Tel. BO3HUKHOBEHUE W
pacrpoCTpaHEHNE KIACCHYECKOM 3BYKOBOW BOJIHBI BO3MOJKHO B TpPEX YIPYIHUX
cpenax: razoo0pa3HbIX, >KUAKUX M TBEPAbIX. [IpM BO3HMKHOBEHUH 3BYKOBOM
BOJIHBI B OZJHOM M3 3THUX THUIIOB MPOCTPAHCTBA HEU30€KHO BO3HUKAIOT HEKOTOPHIC
M3MEHEHHSI B CAMOW Cpele, HAnpuMeEp, M3MEHEHHE IUIOTHOCTH WM JABIICHHUS
BO3/lyXa, IEPEMENIEHNE YACTULl BO3AYIIHBIX MaccC U T.1.

[TockonbKy 3ByKOBasi BOJHA HMMEET KOJIeOaTeNbHYI0 MPUPOILY, TO y Heé
UMEEeTCsl Takash XapaKTepUCTUKA, Kak yactora. Yacrora usmepsercs B repuax (B
yecTh Hemelnkoro ¢usuka ['enpuxa Pynonsda I'epria), u 0603Ha4aeT KOJIUUECTBO
KOJeOaHWil 3a Mepuoj BpPEMEHM, paBHbI onHOW cekyHue. T.e., Hampumep,
4acToTa



20 T'u o6o3nauaer nukia B 20 kosiebanuil 3a oAHY ceKyHay. OT 4acTOTHI 3ByKa
3aBUCUT U CYOBCKTHMBHOE IIOHATHE €ro BBICOTBI. YeM OoJblle 3BYKOBBIX
KoJIeOaHUM COBEpIIAETCA 3a CEKYHIy, TEM «BBIIIEC» KaXETCSd 3BydaHue. Y
3ByKOBOM BOJIHBI TaK 3>K€ HMMEETCA em€ OJHAa Ba)KHEWINas XapaKTEepPUCTHUKA,
WMEIIasl Ha3BaHWE — JUIMHA BOJHBL. JIIMHOM BOJIHBI TIPUHATO CUHMTATh
paccTosiHke, KOTOPOE MPOXOJUT 3BYK OMPEICIEHHOW YaCTOThI 3a MEPUO]], PABHBIM
oaHoOM cexyHe. s mpumepa, JJIMHA BOJIHBI CAMOI'0 HA3KOT'O 3BYKa B CIIBIIIMMOM
auamasone g 4enoBeka yactotod 20 I'm cocraBnser 16,5 merpoB, a anmuHa
BOJIHBI caMoro Bbicokoro 3Byka 20000 I't coctaBnser 1,7 cantumerpa.
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Pucynok 1.2 — JInuHa BOITHBI

YenoBedeckoe yXo YCTPOEHO TaKMM 00pa3oM, YTO CIIOCOOHO BOCTIPUHUMATH
BOJHBI TOJIBKO B OrpaHW4YeHHOM sauamnazone, mpumepro 20 I'm — 20000 Im
(3aBUCHUT OT OCOOCHHOCTEH KOHKPETHOT'O YEJIOBEKa, KTO-TO CIOCOOCH CJIBIIIAThH
9yTh OOJbIIIE, KTO-TO MeHbIe). TakuM o0pa3om, 3TO HE O3HAYaeT, YTO 3BYKOB
HUYKE WY BBIIIE 3TUX YAaCTOT HE CYIIECTBYET, IPOCTO YEIIOBEUYECKUM YXOM OHU HE
BOCIIPUHUMAIOTCS, BBIXOJS 3a TpaHUIly CIBIIIKMMOrO JHana3oHa. 3BYK BHIIIE
CHBIIIMMOTO JUara3oHa Ha3bIBa€TCs YJAbTPA3BYKOM, 3BYK HIKE CIBIIIMMOTO
auana3oHa Has3biBaeTcsi HMH(ppa3BykoM. HekoTopeie JKHMBOTHBIE CIIOCOOHBI
BOCIIPUHUMATh yJbTpa W WH(QPa3BYKH, HEKOTOpPHIC Ja)Xe MCIOJB3YIOT ATOT
JIMAna3oH JUIsl OPUEHTUPOBAHUSL B MPOCTPAHCTBE (JIETy4He MbIIIH, AeibpuHbl). B
cily4ae, €Clii 3BYK MPOXOAMT YEpe3 Cpey, KOTOpasi HAMPSIMYIO HE CONPUKACAETCS
C OpraHoM CjyXa 4eJoBeKa, TO TaKOW 3BYK MOXKET OBbITh HE CJBIIINM WM CHJIHHO
0CJIa0JICHHBIM B MTOCJIE/ICTBHUH.

B My3blkanibHON TEPMHUHOJOTMHM 3BYKAa CYIIECTBYIOT TaKHE BaKHBIC
0003HaueHNUs, KaKk OKTaBa, TOH U 00epTOH 3Byka. QOKTaBa O3HaYaeT MHTEPBAJ, B
KOTOPOM COOTHOIIIEHUE YaCTOT MEXKIy 3ByKamu cocTaBisieT 1 k 2. OkTaBa 00BIYHO
OYEHb XOPOILIO pa3ivuyvMa Ha CIyX, B TO BpeMs KaK 3BYKH B Mpelesiax 3TOro
WHTEpBaja MOTYT OBITh OYE€HH IMOXOXKUMHU APYT Ha Apyra. OKTaBOW TakKe MOKHO
Ha3BaTh 3BYK, KOTOPBIA JeiaeT BABOE OoJibllie KOJeOaHWil, yeM Ipyroi 3BYK, B
OJIMHAKOBBIA BpeMeHHoU nepuoj. Hanpumep, yactora 800 [, ecth HU 4TO MHOE,



Kak Oosiee Bbicokast okTaBa 400 I'm, a wactora 400 'ty B cBOIO odepenb SABIACTCS
cneayroomiei okraBoil 3Byka yactorod 200 I'u. OkTaBa B CBOIO 04YEPENL COCTOUT U3
TOHOB M 00epTOHOB. [lepeMeHHbIe KoNeOaHNus B TApMOHUYECKON 3BYKOBOW BOJIHE
OJIHOM 4acTOThl BOCHPHUHHUMAIOTCS YEIOBEUECKHUM YXOM KaK MY3bIKAJbHBIN TOH.
Konebanusi BBICOKOW YacTOThI MOXHO HHTEPIPETHPOBATH KaK 3BYKHM BBICOKOIO
TOHA, KOJIEOAaHUSI HU3KOM YaCTOThI — KaK 3BYKH HU3KOTO TOHA. YeIoBEeYeCKOe yXO
CIOCOOHO YETKO OTIAMYATh 3BYKH C pa3HULEH B OJuH TOH (B auana3zoHe no 4000
I'm). HecMoTpst Ha 3TO, B MY3bIKE HMCIOJIB3YETCA KpailHE Majloe€ YHCJIO TOHOB.
OOBscHsAETCA 3TO U3 COOOpaKEHUI MPUHIIMIIA TAPMOHUYECKON CO3BYUYHOCTH, BCE
OCHOBAHO Ha IMIPUHIIUIIE OKTAaB.

PaccMOTpUM TEOpHIO My3bIKAJIBHBIX TOHOB HAa MPUMEPE CTPYHBI, HATAHYTOU
onpenen€HHbiM 00pa3zoMm. Takas cTpyHa, B 3aBUCMMOCTH OT CHJIbI HATSDKCHMS,
Oyner uMeTh "HAacTpOMKY" Ha KakKyl-TO OJHY KOHKpPETHYI d4actoTy. llpu
BO3JCHCTBUM HA ATy CTPYHY 4YeM-JIUOO C OJIHOW OIpeAeiaEHHON CHUJION, YTO
BBI3OBET €€ KoyieOaHusi, cTaOwibHO OyAeT HaOMoAaThCsd KaKOW-TO OJUH
ONPENEIICHHBIM TOH 3BYKa, MBI YCIJIBIIIUM HCKOMYK) 4YacTOTy HACTPOMKH. ITOT
3BYK Ha3bIBA€TCS OCHOBHBIM TOHOM. 32 OCHOBHOH TOH B MY3bIKaJIbHOU cdepe
opuIMaIbHO TPHUHATA YacToTa HOTH "ng" mepBoil okTaBbl, paBHas 440 I
OpnHako OOJIBLIIMHCTBO MY3bIKAJIbHBIX MHCTPYMEHTOB HUKOTJa HE BOCIIPOU3BOJAT
OJIHM YHUCThIE OCHOBHBIE TOHA, KX HEU30€XKHO COMPOBOXKIAIOT MPU3BYKH,
UMeHyemMble 00epTOHaMHM. TyT yMECTHO BCIIOMHUTH BaXKHOE OIPEICICHUE
MY3bIKaJIbHOM aKyCTHKH, TMOHATHE TeMOpa 3Byka. TemMOp — 3TO 0OCOOEHHOCTH
MY3bIKaJIbHBIX 3BYKOB, KOTOpbIE MPUAAIOT MY3bIKAJILHBIM HWHCTPYMEHTAM M
rojlocaM HMX HENOBTOPUMYIO Y3HAaBAEMYIO CHEHU(PUKY 3BY4YaHUs, AaXKE €CIU
CpPaBHUBATh 3BYKM OJIMHAKOBOW BBICOTBI W TpPOMKOCTH. TemOp Kaxaoro
MY3bIKaJIbLHOTO MHCTPYMEHTa 3aBUCUT OT paCHpeAesieHHUs 3BYKOBOW 3HEPIHH IO
00epTOHAM B MOMEHT IOSIBJICHUS 3BYKa.

O6epTonbl  GHOPMUPYIOT CHEIU(UUECKYI0 OKPacKy OCHOBHOTO TOHA, IO
KOTOPON MBI JIETKO MOKEM ONPEIEIUTh M y3HAaThb KOHKPETHBIA HHCTPYMEHT, a
TaKkkKe YETKO OTIMYUTH €ro 3ByYaHHE OT APYroro MHCTpyMmMeHTa. OOepTOHBI
ObIBAalOT JABYX THIIOB: FapMOHWYECKHE W HerapMoHumdeckue. [apmoHmveckue
00epTOHBI MO ONPEIEIICHUIO0 KPaTHbBl 4acTOTE OCHOBHOrO ToHa. Hamportus, ecnu
00epTOHBI HE KpPAaTHBI M 3aMETHO OTKJIOHSIOTCS OT BEJIMYMH, TO OHU Ha3bIBAIOTCS
HerapMOHMYeCKUMHU. B My3blke NPAKTUYECKH HCKIIOYAETCS OINEPUPOBAHKE
HEKpaTHbIMU O0E€pTOHAMH, MO3TOMY TEPMHH CBOAMTCS K MOHATHIO "0OepToH",
nojpazyMeBasi MoJl COOOW TrapMOHMYECKHH. Y HEKOTOPhIX HHCTPYMEHTOB,
Hanpumep, popTenruaHo, OCHOBHOM TOH Ja)Ke€ HE ycleBaeT cPOpMHUpPOBATHCA, 32
KOPOTKHI MPOMEXKYTOK MPOUCXOUT HApACTAHUE 3BYKOBOM PHEPTUU 0OEPTOHOB, a
3aTeM TaK >K€ CTPEMHTENIbHO MPOUCXOAUT craj. MHOTHe MHCTPYMEHTBI CO3Ja0T
TaK Ha3bIBaeMbIM 3(PPekT "mepexomaHoro ToHA'", KOrJa SHEPrHs ONpeAeTEHHBIX
00epTOHOB MaKCHUMaJlbHAa B ONPEIEIEHHBIII MOMEHT BPEMEHH, OOBIYHO B CaMOM
HayvaJie, HO IOTOM PE3KO MEHSAETCS U MEPEXOIUT K APpyruM odepToHam. HacTOTHBIN
AMana3oH KaKJ0r0 MHCTPYMEHTa MOKHO PacCMOTPETh OTAENIBbHO, U OH OOBIYHO
OTPAaHMYUBAETCS  YaCTOTAMM  OCHOBHBIX  TOHOB,  KOTOpBIM  CIIOCOOEH
BOCITPOU3BOAMTH JTaHHBIN KOHKPETHBIM HHCTPYMEHT.



B teopuu 3Byka Takxke mpUCYTCTBYyeT Takoe moHstue kak myMm. llym — 3to
700011 3BYK, KOTOPOU CO3/1a€TCsl COBOKYITHOCTBIO HECOTJIACOBAHHBIX MEXKYy COO0M
HMCTOYHHKOB. BCceM XOpOIIO 3HAKOM IIyM JIMCTBBI I€PEBBEB, KOJBIIIMMOW BETPOM
U T.J.

OT 4Yero 3aBUCHUT TPOMKOCTH 3ByKa? OUeBHIHO, UYTO MOAOOHOE SBIICHHE
HaIpsAMYIO 3aBUCHT OT KOJINYECTBA YHEPTHUH, IEPEHOCUMOMN 3BYKOBOM BOJHOM. JJIs
ONpEJEICHUS] KOJMYECTBEHHBIX NIOKA3aTelIed TPOMKOCTH, CYIIECTBYET IOHATHE —
UHTEHCUBHOCTB 3BYKa.
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Pucynok 1.3 — 3BykoBoe /aBiieHHE

NHTEeHCHMBHOCTH 3BYKAa ONpENCseTCs KaK MOTOK SHEPTHH, MPOIIEAIINA
yepe3 Kakyro-TO IJIONIaJb MPOCTPAHCTBA (HApuMeEp, cM’) 3a €IVHHUIY BPEMEHU
(mammpumep, 3a cekyHay). [Ipy OOBIYHOM pa3roBOpe WHTEHCHBHOCTH COCTaBIISET
npumepro 9 min 10 Br/cm®. UenoBedeckoe yxo CIOCOGHO BOCIPHHUMATH 3BYKH



NOCTaTOYHO  IIMPOKOrO  JMana3oHa  4YyBCTBUTEIBHOCTH, IpPU  3TOM
BOCIIPUUMYHBOCTh YaCTOT HEOJHOPOJAHA B MpPEAENaxX 3BYKOBOIO crHekTpa. Tak
HaWIydImmuM o0pa3oM BocmpuHUMaeTcs auanazoH dactoT 1000 I'm — 4000 I,
KOTOPBI Haubosee MIMPOKO OXBATHIBAET YEJIOBEUECKYIO PEYb.

[TockonbKy 3BYKH CTOJb CHJIBHO Pa3lMYalOTCs 10 MHTEHCUBHOCTH, yJ00HEe
paccMaTtpuBaTh €€ Kak JIOTapu(pMUUECKYI0 BETUUMHY U U3MEPATH B Aerubenax (B
4YecTh WIOTHAHACKOro ydéHoro Ajsekcanapa ['psma bemna). Huxauit mopor
CIIyXOBOM UYyBCTBUTEIBLHOCTH 4esioBeueckoro yxa cocrtabisger 0 JI0, BepxHuii
120 JI6, on »xe emé HasbiBaeTcs "OoseBoit mopor" (pucyHok 1.3). Bepxhsis
IrpaHUIla YYBCTBUTEIBHOCTA TaK € BOCIHPUHUMACTCS YEIOBEUYECKUM YXOM HE
OJIMHAKOBO, & 3aBUCUT OT KOHKPETHOW YacCTOThI. 3BYKM HU3KHUX YacCTOT JIOJKHBI
oOnagaTh ropas3no OOJbIIe WHTEHCUBHOCTHIO, Y€M BBICOKHE, YTOOBI BBI3BAThH
6oseBoit mopor. Hanpumep, 6oneBoit nopor Ha Hu3koit yactore 31,5 'y HacTymaer
npu ypoBHe cuibl 3BykKa 135 nb, xorma na wactore 2000 ['m omrymenune Oonu
nosiBUTCA npu yxke npu 112 nb. Mmeerca Taxke NOHATHE 3BYKOBOTO JABIICHUS,
KOTOopoe (aKTUYECKH pacIIMpsieT TPUBBIYHOE OOBACHEHHE PaCHpOCTpaHEHHUE
3BYKOBOU BOJIHBI B BO3/1yX€. 3ByKOBOE JIaBJIeHHe — 3TO IEPEMEHHOE U30BITOYHOE
JaBJICHUE, BOSHUKAIOILIEE B YIIPYTrOM CpeJie B PE3YNIbTATE MPOXOXKICHUS Yepe3 Hee
3BYKOBOM BOJIHBI.

1.2 BoainoBasi npupoja 3ByKa

UtoObl Jydille TOHSATH CHCTEMY BO3HUKHOBEHHS 3BYKOBOW  BOJIHBI,
MPEACTaBUM KJIIACCHUSCKHH JIUHAMUK, HAXOMSIIMICSI B TpyOe, HAMOJTHEHHOM
BO3AYyXOM. Eciu AMHAMUK COBEPIIUT PE3KOE IBIKEHHUE BMEPEN, TO BO3AYX,
HaxXOASIIMNCA B HEMOCPEACTBEHHOW OnuzocT auddy3opa Ha MrHOBEHHE
cxumaercs. [locime 3Toro BO3AyX pacIIMPUTCS, TOJIKAsh TEM CaMbIM CXKATYIO
BO3JIYIIHYIO 00J1acTh BAOJB MO TPyOE.

(

Pucynok 1.4 — BonHoBas npupoja 3Byka



Bor 53T0 BOJHOBOE [BHMKEHHME M OyneT BIIOCIEICTBUHM 3BYKOM, KOTAa
JIOCTUTHET CIIyXOBOro opraHa u "Bo3Oyaut"' OapabanHyro mnepenoHky. I[lpu
BO3HMKHOBEHHWU 3BYKOBOM BOJHBI B Ta3e CO3JAETC W30BITOYHOE JaBJICHUE,
M30bITOYHAA ITUIOTHOCTh W TPOUCXOAUT MEPEMENICHUE YacTHL] C IOCTOSHHOU
cKkopocThio. [Ipo 3ByKOBBIE BOJHBI Ba)XHO TMOMHUTH TO OOCTOSITENBCTBO, YTO
BEILIECTBO HE MEPEMENIAETCS BMECTE CO 3BYKOBOM BOJIHOM, a BO3HUKAET JIMILb
BPEMEHHOE BO3MYIIIEHUE BO3AYIIHBIX MacC.

Ecnu npencraBuTh nopiieHb, MOABEIICHHBIA B CBOOOJHOM MPOCTPAHCTBE HA
MPYKWHE U COBEPILAIOIINI MOBTOPSAIOIIMECS JBUKEHUS "BHEpEn-Ha3an', To TaKue
KojeOaHusi OyAyT Ha3bIBaThCS T'APMOHUYECKMMH WJIM CUHYCOWUJAIbHBIMH (€CIH
MPEACTaBUTh BOJHY B BHUJAE Ipaduka, TO MOJYYHMM B 3TOM CIIy4ae YUCTEHIIYIO
CUHYCOUJly C TMOBTOPSIOIIMMUCA clajaMd U mnoabéMamu). Eciaum mpencraBUThH
JUHAMUK B TpyOe (Kak M B MpUMEpE, ONHCAHHOM BBIIIE), COBEPIIAOIIHIA
rapMOHUYECKHE KoyebaHus, TO B MOMEHT JIBIDKCHMs JuHamuka "Brepén
MOJIy4aeTCsl U3BECTHBIN yke Ah(DEKT cxxaTusi BO3ayXxa, a MpU JIBIKCHUH JTUHAMHUKA
"Hazan" oOpatHbeiil 3ddexT paspsokeHus. B asTtom ciywae mo Tpybe Oyner
pacupoCTpaHAThCA BOJIHA YEPEAYIOLIMXCS CXAaTUH M pa3pexkeHuil. PaccrosHue
BJIOJIb TPYOBbl MEXIYy COCEJHUMH MaKCMUMyMaMu WM MUHUMyMmMamu ((dazammn)
OyZeT Ha3bIBaThCAd AJMHON BOJIHBI. Eciu dYacTuibpl KOJEOMIOTCSA MapaljiesIbHO
HAIIPaBJICHUIO PACHPOCTPAHEHMS BOJIHBI, TO BOJIHA HA3bIBACTCS MMPOAOJIbHOM.
Ecnu sxe oM KoneOatoTca NepreH MKy pHO HAPABICHUIO PACIPOCTPAHEHUS, TO
BOJIHA Ha3bIBAa€TCA Momnepe4yHoil. OObIYHO 3BYKOBBIE BOJIHBI B Ta3aX U KUIKOCTAX
— MPOJIOJIbHBIE, B TBEPHABIX K€ TEJIaX BO3MOKHO BO3HMKHOBEHHE BOJH 0OOOUX
tunoB. [lonmepeuHble BOJXHBI B TBEPABIX Telax BO3HUKAIOT Onarogaps
COMNPOTHUBJIEHUIO K U3MEHEHUIO (hopmbl. OCHOBHAS pa3HULA MEXAY STUMU TBYMS
TUIIAMU BOJIH 3aKJIIOYAETCS B TOM, YTO MOINEpedyHas BOJIHA 00JagaeT CBOWCTBOM
nojsipu3aly  (KojeOaHus MPOUCXOJAT B  ONPEACIIEHHOW IUIOCKOCTH), a
IPOJOJIbHAS — HET.

1.3 CkopocThb 3ByKa

CKOpOCTh 3ByKa HaIpsIMYIO 3aBHCHUT OT XapaKTEPUCTUK CPEJbl, B KOTOPOW OH
pactpoctpansiercs. OHa omnpezaensieTcsi (3aBUCMMa) JABYMSI CBOMCTBaMHU CpEJbI:
YOPYIOCTBIO M IUIOTHOCTBIO Marepuana. CKOpOCTh 3ByKa B TBEPABIX Tellax
COOTBETCTBEHHO HANPSMYIO 3aBUCUT OT THIIAa MaTE€pHalia U €ro cBorcTB. CKOPOCTH
B Ta30BBIX Cpellax 3aBUCHUT TOJIbKO OT OJITHOTO TUIMA Jedopmanuu cpeasl: cxaTHe-
paspexxenue. l3MeHeHMe JAaBlieHUST B 3BYKOBOM BOJHE MPOUCXOIUT 0Oe3
TEMI000MEHA C OKPY>KAIOUIUMHU YaCTUIIAMHU M HOCUT Ha3BaHHE aInadaTUYECKOE.

CKopoCTh 3ByKa B ra3e 3aBUCUT B OCHOBHOM OT TE€MII€paTypbl — BO3pacTaeT
IIPU NOBBIIIEHUN TEMIIEPATYPHI U NAJAET IIPU MOHMKEHUU. TaK xKe CKOPOCTh 3ByKa
B ra3000pa3Hoil cpeaie 3aBUCUT OT pa3MEpPOB M MACChl CAMHMX MOJIEKYJI ra3za, — YeM
Macca ¥ pa3Mep 4acTHI] MEHbIIE, TeM "MPOBOAUMOCTE" BOJHBI OOJIbIIIE U OOJbBIIE
COOTBETCTBEHHO CKOPOCTb.

B xuakoy m TBEPIOM cpenax MPUHLUII PACIIPOCTPAHEHUSI U CKOPOCTh 3BYKa
AHAJIOTMYHBI TOMY, KaK BOJIHA PACIPOCTPAHSETCA B BO3AyXE: MYTEM CHKATHSA-



paspsbkenus. Ho B JaHHBIX cpefgax, MOMHUMO TOM JK€ 3aBUCUMOCTH OT
TEMIIepaTyphl, JOCTATOYHO BAXKHOE 3HAUYEHHE HMMEET IUIOTHOCTh Cpeabl U €€
COCTaB/CTpYyKTypa. YeM MeHbIIIe TIIOTHOCTh BEIIECTBA, TEM CKOPOCTh 3BYKa BBIIIE
U HAo0OpOoT. 3aBHUCHUMOCTH K€ OT COCTaBa CpPEIbl CIOXKHEE M OMpENeNsieTcs B
KOKIOM KOHKPETHOM cIllydyae C Y4€TOM pACIOJOXKEHHS W B3aUMOJACUCTBUSA
MOJIEKYJI/aTOMOB.

CkopocTs 3ByKa B Bo3ayxe npu t, °C 20: 343 m/c.

CkopocThb 3ByKa B IUCTWIUIMpOBaHHOM Boje nipu t, °C 20: 1481 m/c.

CkopocTts 3ByKka B ctanu mipu t, °C 20: 5000 m/c.

1.4 Ctosiume BOJIHBI M HHTeP(depeHIust

Kormga nuHamMuk co3aé€r 3ByKOBBIE BOJIHBI B OTPAaHUYEHHOM IPOCTPAHCTBE
HEen30€KHO BO3HHMKAET 3(h(PEKT OTpakeHUs BOJIH OT rpaHull. B pesynbrare 3TOr0
yamie Bcero Bo3HHMKaeT 3¢dekT uHHTepdepeHMH — Korja JaBe Wik Oojee
3BYKOBBIX BOJIH HAaKJIaIbIBAIOTCA APYr Ha Jpyra. OcOObIMH CIy4dasMH SIBIICHUS
uHTEephEepeHINN SIBISAI0TC 0Opa3oBaHue: 1) buennii BoaH wiu 2) CTOSIMUX BOJIH.
bueHusi BOJIH — 3TO Cilydaid, Korja MPOUCXOAUT CIIOKEHHE BOJH C OJM3KUMHU
yacToTaMH U aMIUIMTYA0M. KapTiHa BO3HUKHOBEHUS! OMEHMI: KOT/1a JIBE MOXO0XKHUE
10 YaCTOTE BOJIHBI HAKJIAJBIBAIOTCS APYr HA Ipyra. B Kakoi-TO MOMEHT BpEMEHH
IPY TaKOM HAJIOKEHHUH, aMIUTMUTYHBIE TTMKA MOTYT COBIaAaTh "'mo ¢asze", a Takxke
MOTYT COBIIaJIaTh M crajsl 1o "mpotuBodaze". IMeHHO Tak M XapakTepU3yIOTCS
OueHus 3ByKa. Ba)kHO MOMHMTH, YTO B OTJIMYME OT CTOSYMX BOJH, (ha30BbIe
COBHIAJCHUS IHUKOB IPOUCXONAT HE IOCTOSHHO, & 4Yepe3 KaKHhe-TO BPEMEHHBIE
nmpoMexxKyTkd. Ha ciyx Takasi kapTuHa OMEHUI pa3inyaeTcs JOCTaTOYHO YETKO, U
CIBIIIUTCS KaKk [EpUOJAMYECKOE HapacTaHhe U  yObIBaHHE TI'POMKOCTH
COOTBETCTBEHHO. MeXaHU3M BO3HUKHOBEHHMS 3TOro 3 dexra npenenbHo NpocT: B
MOMEHT COBMAJCHUS MUKOB I'POMKOCTh HapacTaeT, B MOMEHT COBNAJCHUS CHaJ0B
IPOMKOCTh yMeHbluaeTcsi. CTosiude BOJIHBI BO3HUKAIOT B CIydae HaJOKEHUS
JIBYX BOJIH OJIMHAKOBOM aMIUIMTYbI, (Da3bl U 4aCTOTHI, KOTJa TP "BCTpeye" Takux
BOJIH OJIHA JBMDKETCS B IIPSIMOM, a pyrasi — B 0OpaTHOM HampaBjeHHH. B ydacTke
MpOoCTpaHCcTBa (e o0pa3oBaiach CTOsSYasi BOJIHA) BOSHUKACT KapTUHA HAJIOKEHUS
JBYX YAaCTOTHBIX aMIUIMTY[, C YE€pPEAOBAHHUEM MAKCUMYyMOB (T.H. IIy4HOCTEH) U
MUHUMYMOB (T.H. y370B). IIpM BO3HMKHOBEHUM 3TOTO SBJICHHS KpaiHE BaXHOE
3HAUYCHHE HMMEeT 4YacToTa, daza ¥ KOdD(UIMEHT 3aTyXaHWs BOJIHBI B MECTE
oTpakeHus. B oTnnyne ot Oerymux BoJiH, B CTOSTYEH BOJIHE OTCYTCTBYET MEPEHOC
SHEPrUM BCJIEJACTBUE TOTO, YTO OOpa3ylollue 3Ty BOJHY MpsiMas M oOpaTHas
BOJIHBl TIEPEHOCST SHEPrUl0 B PABHBIX KOJWYECTBAX M B TNPSIMOM M B
IPOTHUBOIIOJIOKHOM HampaBieHUsX. [ HarisiAHOro MOHUMAaHUST BOBHUKHOBEHUS
CTOSTYEN BOJIHBI, IPEACTABUM IPUMEP M3 JAOMAIIHEN aKyCTHKH. J[omycTuM, y Hac
€CTh HAaIlOJbHBIE AaKYCTHUYECKHME CHUCTEMbl B HEKOTOPOM OTIPaHHMYEHHOM
OpOCTpaHCTBE (KOMHATE). 3aCTaBUB MX UIPaTh KaKylO-HHUOYAb KOMIIO3UIIMIO C
OOJBIIMM KOJMYECTBOM Oaca, monpoOdyeM U3MEHUTh MECTOIOJIOKEHUE CIIyIIaTeNs
B TnoMmemleHuu. TakuMm o00pa3oMm ciyiiareib, MOMaB B 30HY MHUHHUMyMa
(BBIYMTAHMSI) CTOSTUEH BOJHBI OLTYTUT 3G (HEKT TOTo, uTo Oaca CTajlo OYeHb MaJlo, a



€CJI CIyIIaTelb MONaaaeT B 30Hy MaKCUMyMa (CII0KEHHS ) YaCTOT, TO MOTy4aeTCs
oOpaTHbIi A(PEKT CYIIECTBEHHOTO YyBeIMYeHHUs OacoBoit oOnactu. [lpu 3TOoM
saddekt HabmomaeTcss BO BCeX OKTaBax 0a3oBod wactoThl. Hampumep, eciu
0a3zoBas vactora cocraBisgeT 440 I't, To sBaeHUe "cioxkeHnus" WM "BelYUTAHUA"
Oynet HabmomaThes Takoke Ha yactorax 880 I'mr, 1760 ', 3520 't ut T.11.
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Pucynok 1.5 — Ctostune BOTHBI
1.5 SIBJjieHue pe3oHaHca

VY OonblMHCTBA TBEPABIX TEJl MMeeTCs COOCTBEHHAs 4acTOTa pe30HaHca.
[ToHATH 3TOT 3P HEKT TOCTATOUHO MPOCTO HA MTPUMEPE OOBIYHON TPYObI, OTKPHITON
TOJIKO C OJHOrO KoHIa. IIpencTtaBuM cuTyaluio, 4TO € APYroro KOHUA TPYOBI
MO/ICOEUHAETCA TUHAMUK, KOTOPBIM MOXKET UrPaTh KaKylO-TO OJHY MOCTOSIHHYIO
4acToTy, €€ TakXke BIIOCIEICTBUU MOXHO MEHSThb. Tak BOT, y TpyObl MMeeTcs
COOCTBEHHasl 4acTOTa PE30HAHCa, FOBOPS MPOCTHIM SA3BIKOM — 3TO YacTOTa, HA
KOTOpo# Tpyda "pe3onupyet" wim u3naét cBol cOOCTBEeHHBIN 3BYK. Ecim wacTora
IMHAMHKa (B pe3ysbTaTe PEryJIMpOBKU) COBMAAET C YaCTOTOW pe3oHaHca TPYOBI,
TO BO3HUKHET 3(PPEKT yBeINYEHHUS] TPOMKOCTH B HECKOJIBKO Pa3. ITO MPOUCXOAUT
MOTOMY, YTO TPOMKOTOBOPUTEIH BO30YXkJaeT KojeOaHusi BO3AYIIHOTO CTOi0a B
TpyO€ CO 3HAYUTEIHLHOM aMIUIMTYJON 10 T€X MOp, NMOKa He HaWaércs Ta camas
«pPE30HAHCHAsI YacTOTa» M Mpou30MaAET raddexT cnoxenus. Bo3Hukinee siBaeHue



MOHO OIKMCATh CIEAYIOUMM 00pa3oM: Tpyba B 3TOM IpuMepe 'momoraer"
JTUHAMUKY, PE30HHUPYs HA KOHKPETHOM YacTOTE, UX YCHJIUS CKJIAJABIBAIOTCS H
"BbUIMBAIOTCS" B CHOBIIUMBIA TpoMkuil 3¢ddext. Ha mpumepe My3bIKaTIbHBIX
MHCTPYMEHTOB JIETKO IMPOCIJIEKUBAETCS 3TO SIBICHHUE, MMOCKOIBKY B KOHCTPYKLIHH

OOJIBIIMHCTBA MPHUCYTCTBYIOT 3JIEMEHTHI, HAa3bIBAEMbIE PE30HATOpAMU (PUCYHOK
1.6).

Pucynox 1.6 — Pe3onarop (pe3oHaTopHOE OTBEPCTHE)

HerpynHo  nmoragatbcsi, 4YTO  Ppe30HATOP  CIYXWAT LEIM  YCUIUTh
ONPEAECIEHHYIO YaCTOTY WM MY3BIKAJIbHBIN TOH. JlJIsi mpuMepa: KOPIyC TUTaphI C
PE30HATOPOM B BUJIE OTBEPCTHSI, compsiraeMoro ¢ 00bémMoM; KoHCcTpyKius TpyOku
y ueiitel (1 Bce TpyOwl BooOme); [{unuaapuyeckas popma kopryca 6apabana,
KOTOPBIN cam 10 cebe SIBISETCS pe30HATOPOM OTPEACIEHHOM YaCcTOTHI.

1.6 YacToTHbIii ciekTp 3ByKa u AUX

[lockonbky Ha TpaKTUKE NPAKTUYECKH HE BCTPEYAIOTCS BOJIHBI OJHOM
YacTOThI, TO BO3HHKAET HEOOXOAMMOCTb PAa3JIOKEHHUS BCETO 3BYKOBOT'O CIIEKTpa
CIIBIIIUMOIO JHana3oHa Ha OOepTOHBl WM TapMOHUKH. [ >Tux 1enei
CYIIECTBYIOT TpauKu, KOTOPbIE OTOOpa)XaroT 3aBHCUMOCTb OTHOCHTEIHHOI
SHEPrUM 3BYKOBBIX KOJIeOaHHM OT 4yacTOThl. Takoi rpaduk Ha3piBaeTcs rpaduxom



YaCTOTHOTO CHEKTpa 3ByKa. YacTOTHBIA CHEKTP 3BYyKa ObIBa€T JBYX THUIIOB:
JTUCKPETHBIN 1 HETIPEPBIBHBINA. JIMCKPETHBIN rpaduK CIIeKTpa 0TOOpakaeT 4aCTOTHI
M0 OTHENBbHOCTH, PA3ACNEHHBIE NYyCTBIMU IPOMEXKYyTKaMH. B HempepbhIBHOM
CIEKTPE MPHUCYTCTBYIOT CpPa3y BCE 3BYKOBBIE YACTOTHI.

B cmydae ¢ My3bIKON WM aKyCTUKOM YaIlle BCETO MCIOJB3YeTCS OOBIYHBIN
rpaduk aMIJIMTYJHO-4AacTOTO# XapakrepucTukm (cokpaménno "AUX"). Ha
TakoM Tpaduke mpe/icTaBlieHa 3aBUCUMOCTh aMIUIATY/Ibl 3BYKOBBIX KOJIEOAHUN OT
YacCTOThI Ha MPOTsHKEHUHU Beero crnektpa 4acToT (20 ' — 20 xI'r). ['nsiast Ha Takoit
rpaduk JErko MOHSATh, HAPUMEP, CUIIbHBIE WM cladble CTOPOHBI KOHKPETHOIO
JUHAMUKA WM aKyCTUYECKOW CHUCTEMbl B I1€JIOM, HauOoJiee CHUJIbHBIE YYaCTKH
DHEPreTUYECKOM OTHa4M, YAaCTOTHBIE CHAibl U IOABEMBI, 3aTyXaHHs, a TaKXKe
IIPOCIIEAUTD KPYTHU3HY CIIaJa.
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Pucynok 1.7 — AMIUIMTYTHO-4aCTOTHAsl XapaKTEPUCTUKA 3ByKOBOI'O CUTHAJIa

1.7 PacnpocTpaHeHue 3BYKOBBIX BOJIH, (pa3a u nporuBodasza

[Ipouecc pacnpocTpaHEHMs 3BYKOBBIX BOJIH HPOUCXOJUT BO  BCEX
HANpaBJICHUSAX OT HCTOYHMKA. [Ipocrermmi npumep s NOHUMAHUS 3TOrO
SIBJICHHSI: KaMeIlleK, OpOIeHHBIN B BoIy (pUCYHOK 1.8).

Or wMmecra, KyAa ynaja KaMeHb, HAUMHAIOT PACXOJUTHCS BOJHBI IO
NOBEPXHOCTH BOABI BO BCEX HampablieHHsX. OIHAKO MPENCTABUM CUTYaLUIO C
UCIIOJIb30BAaHUEM JMHAMHUKA B HEKOTOPOM 00BEME, MOMYCTUM 3aKPBITOM SIIUKE,
KOTOPBIM MOAKIIOYEH K YCHJIMTENK W BOCHPOU3BOJUT KAKOW-TO MY3bIKAJIbHBIN
curtHas. HecioxHo 3aMeTuTh (0COOEHHO MPHU YCIOBHUH, €CIHM NMoAaTh MouHbli HY
CUTHAJ), YTO JTUHAMHUK COBEpIIAET CTPEMUTENIbHOE JBMXEeHUEe "Brepén', a moToM
TAaKOE€ K€ CTpEMUTENbHOE ABWXKeHue "Hazaa'. OcTaércs MOHATh, YTO KOIJA



JMHAMHK COBEpIIIAeT JABMKEHUE BIEPE, OH M3Ty4aeT 3BYKOBYIO BOJIHY, KOTOPYIO
MBI CJIBIIITUM BIIOCIIEACTBHHA. A BOT YTO MPOMCXOAUT, KOTJA JMHAMHUK COBEPIIACT
IBIDKEHUE Ha3zan? A  TMPOUCXOIUT TapaJoKCaIbHO TOXE camMoe, JIUHAMUK
COBEpIIIAeT TOT K€ 3BYK, TOJILKO PACHpPOCTPAHSIETCS OH B HAILIEM IIPUMEPE BCEIIEIIO
B TIpenieniax o0bEMa SIIIMKa, HEe BBIXOJS 33 €r0 Mpeebl (MUK 3aKphIT). B memnom,
Ha TPUBEACHHOM BBINIE TPUMEPE MOXXHO HAOMIOAATh JOCTATOYHO MHOTO
WHTEPECHBIX (DU3UYCCKUX SBIICHUN, HanOoJiee 3HAYMMBIM M3 KOTOPBIX SIBIISCTCS
noHsiTUE (Basbl.

Pucynox 1.8 — BonHoBbI€ KONIeOaHUs HA BOJIE

3ByKOBasi BOJIHA, KOTOPYIO IWHAMHUK, HaxoIschb B 00bEME, H3IIy4yaeT B
HalpaBJICHUHU ciymiatens — HaxoautTcsa "B (aze". OOpaTHas ke BOJIHA, KOTOpas
yXOAUT B 00BEM sIuKa, OyIeT COOTBETCTBEHHO NpoTHUBOdazHoil. Ocrtaércs
TOJBKO MOHSTh, UTO MOJPa3yMEBAIOT 3TU MOHATUS? dDa3a CUrHAJIA — 3TO YPOBEHb
3ByKOBOI'O JIaBJE€HUS B TEKYIIMHA MOMEHT BpPEMEHHM B KaKOW-TO  TOYKE
npoctpancTBa (pucyHok 1.9). daszy mpolne BcCero TMOHATH Ha MpUMEpe
BOCITPOM3BEICHUSI MY3bIKAJILHOTO MaTepraga OOBIYHOM HAMOJBHOM CTEpEo-mapoi
JOMAIIIHUX aKyCTHYeCKHX cucTeM. lIpencraBum, 4YTO J1B€ Takue HAaroOJbHBIE
KOJIOHKM YCTaHOBJIEHbI B HEKOTOPOM IMOMeElIeHUU U urpator. O0e akycTuyeckue
CUCTEMBbl B JTOM CJIy4a€ BOCIPOMU3BOJSAT CHUHXPOHHBIA CHUTHAJI TEPEMEHHOIO
3BYKOBOTO JIABJICHUSI, IPUTOM 3BYKOBOE JaBJICHUE OJJHON KOJIOHKH CKJIaJIbIBAETCS
CO 3BYKOBBIM JIaBJICHHEM JApYrod KoJoHKU. [Ipomcxoaut momoOHbI 3¢ deKT 3a
C4YE€T CUHXPOHHOCTH BOCHPOM3BEICHUS CUTHaja JieBor U npaBod AC



COOTBCTCTBCHHO, APYT'HMMH CJIOBAMHU, IIMKW W CIIaJibl BOJIH, U3J1y4aCMbIX JICBLIMH U
IMpaBbIMHU TUHAMHUKAMH, COBIIAAAIO0T.
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Pucynok 1.9 — ®aza 3BykoBOTO CHrHajiza

A Temepb MpeACTaBUM, 4YTO JIaBJICHHUS 3BYKa TMO-TIPEKHEMY MEHSIOTCS
OJIMHAKOBBIM 00pa3oM (HE TpeTepneiar W3MEHEHUH), HO TOJbKO Temeph
MPOTUBOIMOJIOKHO Apyr Jpyry. [logo0HOEe MOXET MPOU30UTH, €CIIU MOAKIIOUNUTD
OJIHYy aKyCTHYECKYI0 CHCTEMY M3 JBYX B oOpaTHOW mossipHocTH ("+" kabenb oT
ycuiutens K "-" KiieMMe aKyCTHUecKoi cucteme, u "-" kabenb ot ycunutens K '+
KJIEMM€ aKyCTHYeCKOW cuctembl). B 3TOM ciydae TPOTHUBOIOJIONKHBIA IO
HaIIPaBJICHUIO CUTHAJI BBI30BET PA3HUILY JABJICHHM, KOTOPYIO MOKHO MPEICTABUTH
B BHUJE YHCEN CIEAYIOIMM O00pa3oM: JieBasg aKyCTHYecKas cucTteMa OyaeT
co3naBath nasieHue "1 Ila", a mpaBas akyctuueckasi cucteMa OyJeT CO37aBaTh
naenenne "munyc 1 I1a". B pesynbratre, cymMmmapHas I'pOMKOCTh 3ByKa B TOYKE
pasMeleHust ciymarens OyaeT paBHAa HYJI0. OJTO SBJICHHE HAa3bIBACTCS
npotuBodazoil. Eciu paccmatpuBath mpumep 0oJiee AeTaIbHO IJi1 TOHUMaHUSI, TO
MoJIy4aeTcs, 4TO JBa JAWHAMUKa, urpawoimue "B ¢aze" — co3JaloT OJUHAKOBBIC
00JIaCTH YIUJIOTHEHHUS U Pa3psLKEHUsT BO3Ayxa, 4eM (haKTUYECKH MOMOTalT JPYyT
npyry. B ciydae ke ¢ uaeanusupoBaHHON MpoTuBOGa30i, 00JIaCTh YIJIOTHEHHUS
BO3AYIIHOTO  TPOCTPAHCTBA,  CO3JaHHAsT  OJHUM  JUHAMUKOM,  OyJaeT
CONIPOBOXKJIAThCSI 00JIACTHIO Pa3PSIKEHUST BO3IYITHOTO MPOCTPAHCTBA, CO3aHHOM
BTOPbIM JAUHAMUKOM. BBITVISIAUT 3TO TPUMEPHO, Kak SBIEHHE B3aWUMHOTO
CUHXPOHHOTO TaiieHus: BoiH. [IpaBaa, Ha NpakTUKE NMajgeHUs TPOMKOCTU J0 HYJIS
HE TIPOUCXOJIUT, U MBI YCIIBIIIIUM CHJIBHO UCKKEHHBIN U OCITA0JICHHBIN 3BYK.

CaMbIM 1OCTYIHBIM 00pa30M MOKHO OIKCATh 3TO SIBJIEHUE TaK: JIBa CUTHAJIA
C OJMHAKOBBIMHU KOJEOaHUSIMHU (4acCTOTOM), HO CABUHYTHIE MO BpeMeHHU. BBumy
ATOT0, yAOOHEee MPEICTABUTh ITU SIBJICHUS CMEIICHUSI Ha MPUMEpPEe OOBIYHBIX



KPYIJIBIX CTpPEJIOYHBIX 4YacoB. lIpeactaBuM, 4TO Ha CTEHE BHUCUT HECKOJBKO
OJIMHAKOBBIX KpYTJIbIX 4YacoB. Korjga CeKyHIIHbIE CTPENKH ATHUX YacoB OeryT
CHHXPOHHO, Ha oAHuX 4acax 30 cekyHa u Ha apyrux 30, To 3TO IpUMEp CHUTHAJIA,
KOTOpBIH HaxoauTcs B ¢asze. Ecim ke cekyHaHBIe CTPENKH OETyT CO CMEIICHUEM,
HO CKOpPOCTb MO-NPEXHEMY OJIMHAKOBA, HAallpUMep, Ha ogHuX 4yacax 30 cexkyHn, a
Ha Apyrux 24 cekyH/bl, TO 3TO U €CTh KJIACCUUECKUU PUMEP CMENICHUs (CABUTA)
mo (aze. Takmm xe oOpasom ¢aza u3MepseTcss B Tpaaycax, B IIpeaenax
BUPTYaJbHOM OKPYKHOCTH. B 3TOM cilyyae, mnOpu CMEUICHUHW CUTHAJIOB
OTHOCUTENBHO Apyr apyra Ha 180 rpamycoB (IOJOBUHA MEPHOJIA), U MOJIYYaETCs
KJlaccuyeckas npotuBodasza. Hepenko Ha mpakTUKE BO3HMKAIOT HE3HAYUTEIbHBIC
cMellleHus 1o (a3e, KOTOphIE TaK e MOXKHO ONPEAEIUTh B rpajycax U YCHEIIHO
YCTPaHHUTb.

Bonnbsl ObiBatoT 1miiockue U cepuueckue. I[lnockuit BomHOBOM (DpoHT
pacnpocTpaHsieTcss TOJbKO B OJHOM HAalpaBICHUM M PEAKO BCTPEYAETCs Ha
npaktuke. Chepudyeckuil BOJTHOBON ()POHT MPEACTABISIET COOOM BOJHBI MMPOCTOrO
TUIA, KOTOPbIE MCXOAST W3 OJHOM TOYKA M PACHpPOCTPAaHSIETCS BO BCEX
HanpaBJICHUSX. 3BYKOBBIC BOJIHBI 00JIaIalOT CBOMCTBOM JAU(PAKIUM, T.C.
CITIOCOOHOCTBIO OrMOaTh MPENATCTBUS U 00BbeKThl. CTerneHb OrMOaHusl 3aBUCUT OT
OTHOLIEHUS JIMHBI 3BYKOBOM BOJHBI K pa3MepaM MPENsSTCTBHS WIH OTBEPCTHUA.
Hudpakiyst BO3HUKAET U B ciIy4yae, Korja Ha IyTH 3ByKa OKa3bIBaeTCsl Kakoe-I10o
npenarcTBrue. B 3ToM ciryyae BO3MOKHBI JIBa BapHaHTa Pa3BUTHUS COOBITHI:

1) Ecnu pa3mepsl MpensTCTBHsS HAMHOTO OOJIbIIE [UIMHBI BOJIHBI, TO 3BYK
OTpa)kaeTcsi WJIM TMorjomaercs (B 3aBUCUMOCTH OT CTENEHH MOTJIOIIECHUS
Marepuana, TONIIKUHbBI OPensITCTBUSA U T.J.), @ 0331 NPEnsITCTBUS (HopMUpyeTCs
30HA "aKyCTHYECKOM TEHU".

2) Ecnu ke pasMepbl MPETsITCTBUS CPAaBHUMBI C JUTMHOW BOJIHBI WIJIH JaXKe
MEHbIIIE €€, TOr/1a 3BYK AU parupyer B KaKOH-TO Mepe BO BCEX HAINPABICHUSX.

Ecnu 3ByKkOBasi BOJIHA NPU IBUJKEHWH B OJHOW CpEZE MOIMANaeT Ha TPaHUILy
pasjena ¢ Jpyrou cpeaou (Hampumep, BO3IYIIHAS cpeaa ¢ TBEPAOM cpesoit), To
MO>KET BO3HUKHYTh TPU BapUaHTa Pa3BUTHUS COOBITHII:

1) BoJIHA OTpA3HUTCS OT MOBEPXHOCTH pas3jieia;

2) BOJIHA MOXKET MPOMTHU B PYTYIO Cpeay 0e3 M3MEHCHHUsI HAITPABIICHNUS;

3) BOJIHA MOXET MPOWTH B JPYTYIO CpPely C M3MCHCHHEM HAIpABJICHUS Ha
TpaHuIEe, 3TO Ha3bIBACTCS "MPETOMIIEHUE BOJHBI'".

OTHollleHHeM H30BITOYHOIO JIaBJICHUS 3BYKOBOM BOJHBI K KOJIEOATEIbHOM
00BEMHOM CKOPOCTH Ha3bIBAETCSI BOJHOBOE COMPOTHBJIEHHE. ['OBOpS MpOCTHIMU
CJIOBaMH, BOJHOBBIM CONPOTHUBJIEHHMEM Cpelbl MOXXHO Ha3BaTh CIHOCOOHOCTb
NOTJIOIIAaTh 3BYKOBbIE BOJHBI MK "compoTuBiasaThess" uM. KoadduumeHTs
OTPaXXEHUsI U TPOXOXKACHHUS HANPSIMYIO 3aBUCAT OT COOTHOILIEHHUS BOJIHOBBIX
CONIPOTHUBIIEHUM NIBYX Cpel. BOJHOBOE CONPOTHUBIEHUE B ra30BOU Cpeae ropasao
HIWDKE, YEM B BOJIE WM TBEPABIX Tenax. [1o3ToMy ecnu 3BykoBasi BOJIHA B BO3/1yX€
najaeT Ha TBEPAbld OOBEKT WM Ha MOBEPXHOCTb TITyOOKOW BOJBI, TO 3BYK JINOO
OTpakaeTcs OT MOBEPXHOCTH, TUOO TMOIJIOMIAETCSA B 3HAYUTEIHHOM Mepe. 3aBUCHUT
3TO OT TOJILMHBI OBEPXHOCTH (BOABI WJIM TBEPAOTO TEJd), HA KOTOPYIO NAJaceT
MCKOMasl 3ByKOBas BOJHA. IIpy HU3KOM TONIMHE TBEPAOW WIM KUAKON CPEMBI,



3BYKOBBIE BOJIHBI IPAaKTUYECKH IOJHOCTBbIO "TpoxoAsT", H, HaoOOpOT, MpH
OOJBIION TONIIMHE Cpenbl BOJHBI 4alle OTpaxkaeTcs. B ciydae oTpaxeHHs
3BYKOBBIX BOJIH, IIPOUCXOUT TOT MPOLIECC IO XOPOIIO U3BECTHOMY (DHU3HUECKOMY
3akoHy: "Yron nmajgeHust paBeH yriy oTpaxeHus". B 3Tom ciydae, Korja BoJIHA U3
Cpelbl C MEHbIIEH IUIOTHOCTBIO MOMAJAaeT HAa TPaHUIy CO Cpedoil OobIIei
IJIOTHOCTU - NPOUCXOAUT siBjieHHWEe pedpaxkuum. OHO 3aKioyaeTcsd B U3rMOe
(npenomiieHHH) 3BYKOBOM BOJHBI mocie "BCTpeud' C MPEnsTCTBUEM, H
00s13aTeTFHO COMPOBOXKIAETCS U3MEHEHHEM CKOPOCTH. Pedpakiiust 3aBUCUT Takke
OT TEMIIEPATypPbI CPE/Ibl, B KOTOPOU MTPOUCXOJUT OTPAKEHUE.

B nponecce pacnpocTpaHeHHUs! 3BYKOBBIX BOJH B IIPOCTPAHCTBE HEM30EKHO
MIPOUCXOJUT CHUKEHUE UX HHTEHCHBHOCTH, MOKHO CKa3aTh 3aTyXaHUE BOJH H
ociabneHve 3Byka. Ha TmpakTWKe CTONKHYTbCS C TOAOOHBIM 3¢ dexTom
JOCTATOYHO MPOCTO: HAPUMED, ECJIM JIBa YEJIOBEKA BCTAHYT B I10JI€ HA HEKOTOPOM
OJIU3KOM PACCTOSIHUM (METp M OJMkKE) M HAYHYT YTO-TO TOBOPUTH JIPYT IPYTY.
Ecnu BHocneACcTBUM yBEIMYUBATD PACCTOSHHE MEXKIY JIOAbMU (€CJIM OHH HAaYHYT
OTHANATBCA APYr OT Apyra), TOT K€ CaMblil YpOBEHb PAa3rOBOPHOM TPOMKOCTH
OyZeT CTaHOBUTHCS BCE MEHEE U MeHee CIBIIUMBIM. [10700HbIN TpUMep HATJISAHO
JEMOHCTPUPYET SIBJICHUE CHU)KEHHSI HHTEHCUBHOCTH 3BYKOBBIX BOJIH. [louemy 31O
npoucxoautr?  IlpuunHONM  TOMY  pa3jiMuyHble  MPOIECCHl  TEII00OMEHa,
MOJIEKYJIIDHOTO B3aWMOJCHCTBHSI W BHYTPEHHETO TPEHHs 3BYKOBBIX BOJIH.
Haubonee yacto Ha MpakTUKE MPOMCXOJIUT IMPEBPALLEHUE 3BYKOBOM SHEPruu B
TerioByto. [logo0HbIe TMpoliecchl HEM30€KHO BO3HUKAIOT B JI0OON M3 3-EX cpen
pacnpocTpaHeHUsi 3ByKa M HMX MOXKHO OXapaKTepu30BaThb Kak MOIJIONIeHHe
3BYKOBBIX BOJIH.

WMHTEHCHUBHOCTh U CTENEHb MOIVIONIEHUS! 3BYKOBBIX BOJIH 3aBHUCHT OT MHOTHX
(akTOpoB, TaKMX Kak: JaBJICHHE WU TeMmIepaTypa cpelbl. Takke MOTrJOIlIEeHUE
3aBHUCHUT OT KOHKPETHOM 4acTOThl 3ByKa. [Ipm pacnpocTpaHeHHH 3ByKOBOW BOJIHBI
B KUIKOCTSAX WJIM ra3ax BO3HHUKAET 3P(EKT TPEHUS MEXIY Pa3HbIMH YaCTULIAMH,
KOTOPOE€ HA3bIBAETCS BS3KOCTHbIO. B pe3ynbTare 3TOro TpeHUs Ha MOJIEKYJISPHOM
YPOBHE W MPOUCXOJUT MPOLECC MPEBPALIEHUS BOJIHBI U3 3BYKOBOM B TEIUIOBYIO.
Jpyrumu ciI0BaMH, Y€M BBILIE TEIJIONPOBOAHOCTH CPENbl, TEM MEHBIIE CTEIECHb
MOTJIOIIEHHsT BOJIH. [lormomieHne 3Byka B ra3oBBIX CpElax 3aBHCHUT €IIE U OT
naBieHus (atMocdepHOe JaBlIiEHME MEHSAETCS C  MOBBILICHUEM  BBICOTHI
OTHOCUTEIBHO YpPOBHA MoOps). YUTO KacareJbHO 3aBUCUMOCTH  CTENEHH
MOTJIOUICHHUs] OT YacTOThl 3ByKa, TO NMPUHMMAas BO BHHUMAHHUE BBIILICHA3BAHHBIC
3aBUCUMOCTH BSI3KOCTU M TEIUIONPOBOAHOCTH, MOTJIOLIEHUE 3BYKa TEM BBIILIE, YEM
BbIIlIE €ro 4actoTa. [ npumepa, npyu HOpMaJIbHOW TeMIlepaType U JIaBJICHUH, B
Bo3ayxe moryomnieHue BoJiHbl yacTtoTo 5000 T'm cocraBmser 3 JI6/kMm, a
noryonieHue BojHbI yactoroi 50000 I'x coctaBut yxke 300 [16/M.

B TBEpAbIX cpemax COXpaHSIOTCS BCE BBIIIEHA3BAHHbBIE 3aBUCUMOCTHU
(TEeTIOPOBOTHOCTD U BSI3KOCTB), OJHAKO K ATOMY JT0OABIIETCS €II€ HECKOIbKO
ycinoBuid. OHHM CBSI3aHBI C MOJIEKYJSIDHOM CTPYKTYpOW TBEPIABIX MaTEpHUAIIOB,
KOTOpasi MOXeT ObITh Pa3HOI, CO CBOMMH HEOJTHOPOAHOCTSIMH. B 3aBUCHMOCTH OT
ATOr0 BHYTPEHHETO TBEPIOTO MOJIEKYJISIPHOTO CTPOEHUS, MOIJIOUIEHUE 3BYKOBBIX
BOJIH B JIAaHHOM CJIy4ae MOXET ObITh PA3JIMYHBIM, U 3aBUCUT OT TUIIA KOHKPETHOTO



Marepuana. [Ipu npoxoxxaeHun 3ByKa 4yepe3 TBEPAOE TEJO, BOJIHA MPETEPHEBACT
psia peoOpa3oBaHUil U MCKAKEHMI, YTO Yallle BCEro MPUBOAMUT K PACCEUBAHUIO U
MOTJIOIIEHHIO 3BYKOBOM 3HEepruu. Ha MOJEKyIsIpHOM YPOBHE MOXKET BO3HHKHYTb
s deKT auciIoKalMii, KorJga 3BYKOBas BOJHA BBI3bIBACT CMEIEHHWE AaTOMHBIX
IJIOCKOCTEM, KOTOPBIE 3aT€M BO3BPAILAIOTCS B MUCXOAHOE MojoxeHue. JInbo xe,
JNBIKEHUE JTUCIOKAUM MPUBOAUT K CTOJKHOBEHUIO C MEPIEHAUKYISPHBIMU UM
JUCIIOKAIUSIMU WK Je(peKTaMH KPUCTAITMYECKOTO CTPOSHUS, YTO BBI3BIBACT UX
TOPMOKEHHE U KaK CJIEICTBHE HEKOTOPOE MOTJIOIEHUE 3BYKOBOM BOJHBI. O1HAKO,
3BYKOBas BOJTHA MOXET M PE30HUPOBAThH C TaHHBIMU AcPEKTaMH, YTO MPUBEILT K
UCKQXEHUIO MCXOJHOM BOJHBI. OHEPrusi 3BYKOBOW BOJHBI B  MOMEHT
B3aUMOJEHUCTBUSL C  DJIEMEHTAMHU  MOJIEKYJIIDHOW  CTPYKTYpbl — MaTepuaia
pacceuBaeTcs B pe3yJbTaTe MPOLECCOB BHYTPEHHETO TPEHHUS.



