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CHEKTPAJIbHBINA AHAJIN3 3BYKA BBICTPEJIA JIJISI PAITUOHAJIBHOT'O
MOCTPOEHUS IYJBbHOI'O YCTPOMCTBA CHUKEHUS 3BYKA BBLICTPEJIA

BricTpen 13 OrHECTPeNbHOTO OPYXKHsI COIMPOBOXKAAETCS TPOMKHM 3BYKOM W BCIIBIII-
KO NJ1aMeHu, KOTOpbIE IEMaCKUPYIOT OTHEBYIO MMO3ULUIO, TEM CAMBIM, IIOJIBEprasi OHaCHOCTH
CTpeKa.

[Tpu BBINONHEHUH 3a7a4 NOJIMLENHCKOr0 XapaKkTepa, CBA3aHHBIX ¢ OCBOOOXKIEHUEM 3a-
JIOKHHUKOB, O0E€3BPE)KMBAHMEM IPECTYMHBIX TPYIN 3BYK BBICTPENA CTAeT IMOMEXOW JUIs
CKPBITHOT'O BBIBOJIA U3 CTPOSI OCBETUTEIbHBIX MPUOOPOB, IIMH aBTOMOOMIIEH, KOMMYHHUKaLUH
Ha TOATOTOBUTEIHLHOM JTAIle ONEpalny, He TO3BOJISIET B MOJHON Mepe UCTIOIb30BaTh (PaKTOp
BHE3aITHOCTH.

Kpome nemackupoBKH, 3BYK BBICTpEIa OKa3bIBA€T OTPULIATEIbHOE JIEUCTBUE U Ha ca-
Moro ctpenka. OCOOEHHO YyBCTBUTENIBHO 3TO B MOMEIIEHUSAX WM Ha 3aKPbITOH MECTHOCTH,
KOTJ]a OTPaKEHHE 3BYKOBBIX BOJH OT CTEH MJIM MECTHBIX MPEIMETOB, a TAK)KE BBI3BIBAEMBII
UMM PE30HAHC BBI3BIBAIOT CUIIbHYIO HAarpy3Ky Ha Oprassl ciiyXa. JTo, B CBOIO O4Yepe/b, CHH-
’KaeT YyBCTBUTEIBHOCTh yXa, HapylIaeT OMaHypajJbHYIO CIIOCOOHOCTH CIIyXa M OPHEHTAIHIO,
3aTPY/HSET FOJI0COBYIO CBs3b [1].

B cBsI3M ¢ 3TUM TIyIMIHUTENN BXOIAT B YHCIIO CTAHJAPTHBIX KOMITICKTYIOMINX Psiia 00-
pasloB OpPYXKUS, IIUPOKO HUCHOIb3YEMBIX KOHTPTEPPOPUCTUUYECKHUMHU U MOJIMLEHCKUMU (op-
MHUPOBaHHSIMHU.

OpHako 00jacTh MX MPUMEHEHHsI HE OTPaHMYMBAETCS CHELMAIbHBIMH ONEPALUIMHU.
[Tomo6HOE BOOpY)KEHHE HBIHE HMCIIOJIB3YETCS TOpa3io IIMpe, YeM MOKHO ObLIo OBI Mpesmno-
JIOXKHTB: €r0 MPUMEHSIOT KOHTPTEPPOPUCTHYECKHIE TPYIIIBI TIOJIUINN U APYTHE CIIeUATbHBIC
dbopmupoBaHus, apMENCKUIl crielHa3, TallHble areHThl MPU COBEPLICHUHM TEPPOPUCTHUECKUX
aKTOB W, JTa)kKe, KOMMYHAJIbHBIE CITYXKOBI JUII CAHUTAPHOTO OTCTpelsia OpOASYUX KUBOTHBIX B
yepte ropoaa [1].

[TocTeneHHO MIyMUTENN HaXOAAT Bce Oosbliee MpuMeHeHue u B apMuu. CoBpeMeH-
Hble BOWHBI, B OTJINYME OT BOMH MpPOILIBbIX, KOTJa B JOOOBBIX CTOJKHOBEHMSIX CXOJMJINCH
OTPOMHbIE MHOTOMMJUIMOHHBIE apMHUH, Bce OOJIblle MPUHUMAIOT XapakTep MOJyNapTH3aH-
CKOM-TIONTyTeppOpHUCTHUECKOil 00phObI. B 3TOM cinydyae 6oeBble AEHCTBUS CBOAATCS K TaKTH-
YeCKOMY MTPOTHBOOOPCTBY HEOOIBIINX TPYIII, U HATMYHE MAIOITYMHOTO OPY)KUSI CTAHOBUTCS
KU3HEHHO HEOOXOJMMBIM.

Takum 00pa3oM, B COBPEMEHHBIX YCJIOBHUSX CO3JIaHHE YCTPOWCTB CHI)KEHUS YPOBHS
3Byka BeIcTpena (YCY3B), mo3BoJsIOMIMX MPOU3BECTH BBICTPEN CKPBITHO, INpHOOpeTaer
0CO00YI0 aKTyaJIbHOCTb.

[IyM, conmpoBOXKAAIONMIUI BBICTPEN U3 OTHECTPEIIHOTO OPYXKUS, SIBIISETCS CIeJICTBU-
€M HECKOJIbKUX MpudrH. OCHOBHBIMU MCTOYHHKAMH 3BYKa TPH BBICTPEJIE 3 OTHECTPEIHHOTO
OPYXHUsI SABIISIOTCS:

— COYIapsIOLIUECs YACTH MEXaHU3MOB OPYXKUS;

— BO3/YX, BBITECHSIEMBIH M3 KaHaja CTBOJIA, U TOPOXOBBIE Ta3bl, MPOPHIBAIOIIUECS
MEXy IMyJieH U CTeHKaMU CTBOJIa M OOTOHSIOLIHE MYIIIO;

— IyJis, TEHEPUPYIOIIasi TOJIOBHYIO YIAPHYIO BOJIHY (11 CBEPX3BYKOBOI MyJN);

— JIylbHas BOJIHA, CO3/1aBaeMas MOPOXOBBIMH ra3aMH, BBIPHIBAIOIIMMHUCA U3 KaHala
CTBOJIA BCIe] 3a myJjei [2].
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O030p u aHAJIN3 TOCTYNHBIX pabOT MOKAa3al, YTO B HACTOALIEE BPEMS TEOPETHUECKHUM
METOJ POCKTHPOBAHUS YCTPOUCTB CHIKEHUS YPOBHSI 3ByKa BhICTpelNia HE pa3padoTaH, a co-
3JaHHE TAKUX YCTPOMCTB OCYILECTBIISAETCS HA AMIIMPUUECKOM YPOBHE, OIIBITHBIM IIyTEM.

YuuteiBasg pazHooOpasue CKOpPOCTEH IMylib U CHApsAIOB, a TaKKe JaBICHUH Ha JTyb-
HOM cpe3e IPEJCTaBIsAeTCs MPaKTHUECKH BaXKHBIM Pa3paboTaTh aKyCTHUECKHE U ra30[uHa-
MHUYECKHE TIOJXO/IbI K PEHICHHUIO 33a]aui Pa3pabOTKU M CO3JaHus MOJA00HBIX ycTpoiicTB. [1pu-
HUMas BO BHUMaHME TO, YTO CIIyX 4YeJIOBEKa BOCIHPHUHUMAET HE BECh JMANA30H 4acToT, a
TOJIBKO 4acThb ero B npeaenax ot 16 1o 20000 ['u, B kauecTBe KIIIOUEBOM 3a/1a4u CIEAYET CUH-
TaTh Pa3JIOKEHHUE B CIIEKTP 3BYKa BBICTpEJIA C MOCIEAYIOIIUM HAJII0KEHUEM 3TOr0 CIIEKTpa Ha
creKkTp (oHOBOrO IIymMa. DTO MO3BOJIUT ONPEICIUTh JUANAa30H CIEKTPA, MOATIEKALIHHA BO3-
JEMCTBUIO KOHCTPYKTHBHBIX 3JIEMEHTOB, a TAK)KE YPOBEHb T'POMKOCTH BBICTpEsa AJISl OLICHKH
CHEKTPaJIbHOM YyBCTBUTEIBLHOCTH yXa IPU BOCIPUSITHU 3BYKa BBICTpEIA.

Kak n3BecTHO, 10 CHEKTPaIbHOM XapaKTEepUCTHKE ONPEEIIAIOT A (UKCUPOBAHHOM
YacTOTHI V, U3 CHEKTPa, COOTBETCTBYIOIIYIO aMIuntyny 4. Torma, makcumanbHas KoseOa-
TeJbHAsI CKOPOCTh

Vo = OA=271VA. (1)

O¢ddexTuBHOE €€ 3HaUCHHE OMPEENAIOT Kak [3]

v, =mex _ [2rvA~141nvA. @)

o =" 2

MrHoBeHHOE 3HAYCHUE 3BYKOBOT'O JaBJICHUA P, B HaHHOﬁ TOYKEC, OIIPCACIIACTCA KaK

P = pcwAcos ot = pcv,,, Cos ot , 3

TrJie p — IVIOTHOCTB CPEJIBl, ¢ — CKOPOCTH 3BYKa B Cpe/Ie.

Crnenyer OTMETHTB, YTO CKOPOCTB 3BYKa B ra3ax B IIMPOKHX TpeNesiaX 3aBUCHUT TOJIb-
KO OT TeMIlepaTypbl U HE 3aBHCHUT OT JaBJeHWs raza. Tak, mius Bo3ayxa mpu t=0 °C,
Co = 331,6 m/c. 15t mpon3BOIBHOM TeMIepaTypbl BO3IyXa CKOPOCTh 3ByKa B HeM [4]

R =K, 1+2L73 ~331,6+0,6t. @

AMIIIUTYAa NaBleHUS, OMpeaessionias MakCUMalbHOE 3BYKOBoe naBieHHEe 3 (3)
OTIPENIETTUTCS TIPH YCIOBUU COS X = 1:

P ax = PCOA=PCV, . . (%)

C yuetom Beipakenuit (1)-(3) u (5) cuna 3Byka J onpenensercs Kak

2 p2
Rn_alepmaxA@:PyﬁVyé __¥
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J= (6)
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[IpuBeneHHbIE COOTHOIIECHHS MCIIOIB30BATNCH NTPHU 00pabOTKE MEPBUYHBIX PE3yibTa-
TOB DKCIIEPUMEHTAIILHOTO MCCIIEIOBAHUS 110 3BYKOMETPUPOBAHUIO BBICTpEA U3 9-MM MUCTO-
neta Maxkapoga (IIM).

Pe3ynbraTel 3aMepoB 3aIMCHIBAIMCH HA MAarHUTHBIA JAMCK C MOCIenyomeid oopadboT-
koit 3armucu ¢ nomoisio nporpamm COOL EDIT u SPEKTROLAB.

CriekTpsl OHOBOTO IIyMa M 3ByKa BbICTpeNia MPeICTaBIeHbI Ha puC. 2 U 3.
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Pucynoxk 2 — Cextp ()OHOBOTO IIyMa IPH IPOBEACHUH 3KCIICPUMEHTA

Power Level = -0.88 dB Left Channel
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Pucynok 3 — Criektp 1myma BoicTpesa u3 9-mMm nucrosiera Makaposa (ITM)
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JanpHeiie ucciaenoBaHus JOJDKHBI OBITh HAlpaBlIeHbl HAa ONpEICICHHE CIEKTpa
3ByKa paboThl MEXaHWYECKHX YacTell aBTOMaTUKHU (0e3 BhICTpeNa), U TAKUM 00pa3oM CHEKTp
BBICTpEJIa 32 BBIYETOM BKJIAJI0B (DOHOBOTO IIyMa M 3ByKa PabOTHI MEXaHUYECKUX YacTeH AacT
COCTAaBJISIFOIIYIO 3BYKA, ITOJUICKAIIYIO MTOJABICHHUIO C TIOMOIIBIO YCTPOHCTB CHUKEHHUS YPOB-
HS1 3ByKa BBICTpEla.
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CIIEKTPAJIbHUI AHAJII3 3BYKY IMOCTPLIY JJISI PAIIIOHAJIBHOI
MNOBYOBHU AYJOBOI'O IPUCTPOIO 3HUKEHHS 3BYKY INTOCTPLITY

VY po6oTi nokazaHa HEOOX1IHICTh CTBOPEHHS MIPUCTPOIB 3HUKEHHS PIBHSA 3BYKY IOCT-
piny (IT3P3I1) anst CHIOBUX CTPYKTYpP JACP)KaBH 1 BAXKIHUBICTh PO3POOKH aKyCTUYHUX Ta ra3o-
JUHAMIYHUX MIOXOAIB J0 PIIIEHHS JaHOol 3ajadi. BUCYHYTO iJ1el0 CIIEKTpajIbHOTO aHalizy
3BYKY HOCTPLITY 3 METOI0 BU3HAUEHHS J1ala3oHy CIEKTpa, 10 MiJUISIrae BIUIMBY KOHCTPYKTH-
BHUX eneMeHTiB [I3P3I1.
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