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BBEJIEHUE

IIpumeHeHue J1 3epHOro jJIyd4 B K 4Y€CTBE KOOPAUH THOU OCHU (pelepHOH Ju-
HUM) OTKPBIB €T HOBbIE METPOJIOTMYECKHE BO3MOXHOCTH IIPU IPOBEIEHUH BBICOKO-
TOYHOU COOPKHU MCCIEI0B TEAbCKOro (win UHOro) obopynos Hus [1-4]. OcoOblii
UHTEpEC BbI3BIB €T MPUMEHEHUE JI 36PHOH METOOMKH I IOCTHPOBKH OOJIBILIOIO
YUCJI YCKOPUTEIBHBIX MOAYJIEH JIMHEHHOro Kosul iaep TaB-Horo aum m 30H .

OnH KO Ipu p CIpOCTp HEHHMHU JIyd JI 3€p B BO3MYIIHOWH Cpefie Heolpele-
neHHocTs o (L)* B IpOCTp HCTBEHHOI JIOK JIM3 LIMH JI 3SPHOIO JIyd BO3p CT €T C
npoitnenHoi umHou L [5].

Cpenu NpUYMH DTOTO SBJIEHHS BBIIEIUM H MOOJIEe CyIeCTBEHHbIE:

® B DU LIUH ONTHYECKOrO KOD(PUIMEHT MPETOMIIEHUS] BO3IYIIIHON Cpebl H
e L;

® [IpUCYTCTBUEC B BO3)1yHIHOﬁ cpene B3BEIIIEHHON IbUIA U aporeneﬁ u ap.

[MoMHuMO ®THX NPUYMH HEOOXOAUMO YK 3 Th HECT OWJIBHOCTH CEHCMHYECKOIo
U UHIYCTPH JIBHOTO IPOUCXOXIEHUS, NPUBOAALINE K HEKOHTPOIMPYEMOU yIIIOBOI
MOABUXKHOCTU OCHOB HHS JI 3€PHOTO MCTOYHHK , YTO, B CBOIO OY€pelb, BIMAET H
YIJIOBYIO CT OMJIBHOCTB MOJIOXEHHUS 71 3€PHOTO JIy .

B p 6ore [5] 1 3epHblii j1yd ObUT MOMeNIEH BHYTPb TPYObI miuHOW L. Bwuto
00H pyXeHO, YTO H BBIXOZE JIyd U3 TPyObl 0y(L) 3H YUTEIHPHO YMEHBII €TCS B
cp Buenun ¢ o(L) B cyd e «6e3 TpyObi»:

o(L)/or(L) =10 g L =10 M

HOCJ'IC)IyIOH_II/Ie HCCJICAOB HUA BbIABUINA CTOAYUEC 3BYKOBLIC BOJIHBI BHYTPU TPY-
Obl JOCT TOYHO GOJIBIION HMHTEHCUBHOCTH 3By4 HUA: H JIMH X J0 10 m 3BYK

*o(L) 0603H 4 eT CpelHEeKB AP THYHOE OTK/IOHEHHE B P CIPEAENICHHN W3MEPEHUHl MpOCTp H-
CTBEHHOI KOOPIAMH THI OCH JI 3ep IO MPOXOXAEHHU p ccTosHus L.



OCHOBHOH MOJIbI CJIBILIIEH HEMOCPEACTBEHHO. DTO H XOIUT €CTECTBEHHOE OOBsICHE-
HEe: TpyO , K K OOBEMHBIN PE30H TOp, «BHIOHP €T» W3 OKPYX OIIEro KyCTHYe-
CKOIO LIyM IIMPOKOrO Y CTOTHOTO M I 30H BOJIHBI C 4 CTOTOI OCHOBHOTO TOH
1 06epTOHOB.

IpencT BiseTcs eCTECTBEHHBIM NPEATIONIOXHTD, YTO CTOSYHE 3BYKOBBIE BOJIHBI
SBIISIIOTCSL TeM ¢ KTOPOM, KOTODBI CHHXX €T O JI 36pHOTO JIyd H BBIXOJE M3
TpyObl. IS POBEPKH BTOrO INPEAINONOXEeHUS! ObUIM MPOBEAEHbI dKCIEPUMEHTHI
MO BBIBJICHHIO 3 BHCHMOCTH MEXIY BEIUYHHOW 0 U MHTEHCHBHOCTBIO CTOSYEH
3BYKOBOH BOJHBL. I 3TOrO KOHIBI TPYObI: ) 006 OBUIH OCT BJIEHBI OTKPBITHIMU
1 0) ObUIM 3 KPBITHI CTEKJITHHBIMH OKH MM — W COOTBETCTBYIOIME BEIUYMHBI O
ObLTH M3MEPEHBI.

1. SKCIIEPUMEHTAJIBHASI YCTAHOBKA

Benuunnsl HeonpenenenHocreil o (L) u o7(L) B IPOCTp HCTBEHHOM JIOK JIH-
3 IMU JIyd J13ep H P CCTOSHMM L OT MCTOYHHK OBUIM M3MEPEHBl H 3KC-
MEePUMEHT JIBHOW YCT HOBKE, NOK 3 HHOM H pHc. | (momoOH S ycT HOBK ObINT
HCIOJIB30B H B [5]).

JIyu u3 ucrtoyHuk «JI 3ep» 1O NPOXOXAEHHM p CCTOSHMS L perucrpupy-
ercd ny HTHbIM cporonpueMHukoM JPn [6]; curd asl ¢ JPn moctyn 10T H
MIUTMTYAHO-IIM(PPOBOI 1peodp 30B TeNb U 1 Jiee H KOMIIbIOTep. Mexjy UcTou-
HUKOM «JI 3ep» u P11 MoXeT ObITh yCT HOBIEH TPYO . B oKcriepuMeHTe UCIOJb-
30B JIUCh IUT CTHUKOBbIE TPYOB! (JUIMHOMU MO 5 M) C BHYTpeHHHM A MeTpoM 40 MM.

Tpy®d ycT H BIUB JI Cb H TpPeX TOYEYHONOHOOHBIX ONOP X B CEpeAMHE H
H KOHIl X, YTOOBI MMHHMH3HUPOB Th OCII OJI€HHE CTOSYMX 3BYKOBBIX BOJIH BHYTPH
TPYOBI.

®oronpuemMHuk P p crojoXeH H ONOpe ¢ MUKPOMETPHUUYECKUM BUHTOM,
peryiupyrowumM nojoxenue M OTHOCUTENBHO JIyd JI 3€p € TOYHOCTBIO 3 MKM
(a1 HOHmyce mleH opHoro aeneHus — 10 mxm). Cura et Uy n Us ¢ A®n (1 u 2

Muxkpomerpudeckuii BUHT

Tpy0a ¢ mpo3padyHBIMH OKHAMEI U,
WY,
| AT (el iR
2
_ T
L=10m Jdn U,

Puc. 1. DxcniepuMeHT JIbH 5 YCT HOBK



H puC. 1) U3MEPANUCH C TOYHOCTHIO Oy = 2 MKB. P 3uunt AU aTuX curs j1oB
3 muceiB 11 cb [TK.

JMMTEeNBbHOCTD OHOTO LUKJI PErHCTpP MU BBIOMP J1 Cb OTHOCHUTENBHO KOPOT-
KOH (A2 2 MHH), 4TOObI YMEHBIIUTh BO3NCUCTBUE IIYM CEHCMUYECKOrO U HMHIY-
CTpU JIBHOTO mpoucxoxpaeHus. Ilpu muTenbHOCTH OAHOro u3MepeHus 2,5 ¢ B
TeUeHHe OJHOTO M3MEPUTESIBHOIO UK HPOU3BOAMWIOCH 10 50 n3MepeHUil.

st X 1uOpoBKU (POTONPHEMHHMK cMel Jici H p ccrosHue D = 50 MKM
MHUKPOMETPUYECKUM BHHTOM IIONEPEK Jyd , M HU3MEpAIcs P 3HOCTHBIM CHUTH JI
AUy. OrtHowenne AUy/D onpenenuno BETHYHHY K JMOPOBOYHOTO K0d(PH-
mueHt K = (52 £+ 3) MxB/MkMm.

H puc.2 mok 3 1 3 nmch p 3HoctHOrO curd a1 AU ¢ A®n i ayd J -
3ep , mpoiemero yepe3 Tpydy mivHoi L = 10 M (06 KOHII TpYOBI 3 KPBITHI
CTEKJITHHBIMU OKH MH).

Il HHBIE, COOTBETCTBYIOLIME YU CTK M A u b (puc. 2), cipoeiupoB Hbl H OCb
AU ¥ TNIpoKCHMMHpPOB HBI T' yccoBoil (pyHKumei (puc.3). Ilo pesyasT T M ¢ur
BBIUUCIISUTNCh 0 U 0 B MKB W 3 TeM npu nomory K Ju6poBOYHOro Koaduim-
€HT OHM IEepPEeBOAWINCh B MKM. DT IMpoLedyp IPOBOAWI Cb 0 U IOCIe K JIU-
OpOBOYHOTrO CMelIeHHs U1l 3ydeHusl BIUSHUS ocHOB Hus I H cr OWiIbHOCTD
pEerncTpupyeMsIX I HHbIX. M3MepeHuns W Iocienylolne BBIMUCICHUS I JH NP K-
THYECKH COBII [I ouiue Benuuunsl, oo = (1,8 £0,1) mxm 1 op = (1,9£0,1) MM,
YTO O3H Y €T OTCYTCTBHE BIUSHUS K JIMOPOBOYHOrO CMeIleHHs! (IpoxX Husl (poTo-
HNPUEMHUK ) H MpOLECcC U3MEpEeHus.
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Puc. 2. K nubposounoe cmemienne goronpuemMauk HO®Pn H 50 MM
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Puc. 3. Tucrorp MMbl, MOMyYeHHbIE U3 A HHBIX, COOTBETCTBYIOIIUX y4 CTK M A u b H
puc.2

2. PE3VJIbTATHI U3MEPEHUI

HHTEeHCHBHOCTD MHIYLMPOB HHBIX 3BYKOBBIX KOJIEO HHU 3 BHCHT OT HOOPOT-
HOCTH pe3oH Top . M3BecTHO, 4TO KOI TPYO 3 KPbIB €TCS C OZHOH CTOPOHBI,
MIUTUTY/l CTOSiY€H 3ByKOBOM BOJIHBI B HEl BO3p CT €T U3-3 yBelnueHHusd Koadu-
LUEHT OTp XEHMS OT 3 IIYLKHU. [pYyriMH CJI0OB MM, YCT HOBK CTEKJITHHBIX OKOH
B H IlIeM 9KCIIEPUMEHTE yBEJIMYMB €T JOOPOTHOCTh KYCTHYECKOIO pe30H TOp H,
COOTBETCTBEHHO, MIUTUTY/y CTOS4Yel 3BYKOBOW BOJIHBI B HeM. T KuMm 00p 30M,
1011 0OH PyXEHHS 3 BUCUMOCTH HEONPEAEICHHOCTH TIOJIOXKEHHUS J1 3¢PHOIO JIyd B
TpyOe OT MHTEHCHBHOCTH 3BYY HHUS CTOSIYEH 3BYKOBOH BOJIHBI JIOCT TOYHO HM3Me-
PUTh BEJTMYMHBI O

® B OTCYTCTBHE TPYyOBI;

B TpyOe;

e B TpyOe, OMH KOHEI KOTOPOH 3 KPHIT CTEKJITHHBIM OKHOM;

B TpyOe, 06 KOHLl KOTOPOH 3 KPBITHI CTEKJIAHHBIMUA OKH MH.

B 1 Gnuie npezxcT BieHBI pe3yNbT Thl M3MepeHuii 11t Tpyost L = 10 M u 6e3 Hee.



T Omuny 1. Pe3yasT ThI H3MepeHHS BEIMYHH 0 H [UIMHE P CHPOCTP HEHHS JI 3€PHOTO
ayay 10 m

DKCHEepPUMEHT JIbHbIE YCITOBHS 0, MKM
JT 3epHblii Iyd B BO3LyXe B OTCYTCTBUE TPYObI 7,5£0,4
JI 3epHblii JIyd H BbIXOfIe U3 TPYOBI, 06 KOHI[ OTKPBITHI 2,3+0,1
JI 3epHblil Tyd H BbIXOZE U3 TPYOBI, OOMH KOHEI 3 KPBIT 1,6 £ 0,1
JT 3epHblii Iyd H BBIXOAE U3 TPYObl, 00 KOHI[ 3 KDBITBI 0,20 £ 0,01

I HHBIe T OJIMIBI MOATBEPX/ IOT MPEINONOXEeHHEe, YTO YBeJIHYeHue 100poT-
HOCTH H LIEr0 KYCTHYECKOIrO Pe30H TOp (TPyObI) BBI3BIB €T 3H YUTEIHHOE yMEHb-
I[ICHHE I[IOTPEIIHOCTH B HPOCTP HCTBEHHOH JIOK JIM3 LUM JIyd H BBIXOAE H3
TPYOBI.

3. IPYTUE U3MEPEHUA;
W CCJIENOBAHME 3BYKOBBIX KOJIEBAHU

Koppensuus BeTM4uHbl o ¥ JOOPOTHOCTH PE30H TOP CBHETENLCTBYET O TOM,
YTO P CCEsSHHE JI 3epHOIO JIyd B BO3IyXe, BHYTpPU TPYOBI, IlIe PUCYTCTBYIOT 3BY-
KOBBIE CTOSYME BOJHBI, CHUX ercd. «®Hu3uK » OOH PyXEHHOro sBIEHHS, K K
MPEICT BISIETCS, MOXET COCTOSITh B BBIP BHHUB HHMU CTOSYMMM 3BYKOBBIMH BOJTH MH
BHYTPU PE30H TOP ONTHYECKHX HEOJHOPOAHOCTEH BIOJb JIMHUHM P CIIPOCTP He-
HUS J1 3€pHOTO JIyY .

B aTOM p 37mene mpuBEeOEHB! Pe3yabT Thl U3MEPEHMH, OCYLIECTBICHHBIX C Lie-
JIBI0 HETIOCPEACTBEHHOTO ONpefieIeH s Y CTOT 3BYKOBBIX Koj1e0 HHMIl B TpyOe, MH-
AYLUHUPOB HHBIX BHEIIHMM IIHPOKOIMOIOCHBIM LIyMOBBIM HCTOYHHKOM. M3Mepenus
BBITTONTHEHb! i Tpy0 L =34 M u L =5 M.

P ccmotpuM crnepyromuye ciyd u:

1. TIpu OTKPBITHIX KOHLl X TPYOBl P CUETH S 4 CTOT OCHOBHOW MOJBI COCT -
sisier v = L/4V, tne V' — ckopocTb 3ByK B BO3uyxe u L — JuiuH
TpyOBl. AMIUIUTYN CTOSYel BOJHBI MHHHM JIbH (y3eJ) B LEHTpe TPYOBI U
M KCHMM JibH (Iy4HOCTB) H KOHII X TPYOBI.

2. Tlpu H AM4YMK H ORHOM KOHIE TPYOBI 3 TIIYIIKM M OTKPBITOM BTOPOM KOHILIE
p CYETH 51 4 CTOT OCHOBHOW MOmbI vo = L/2V. IIy4HOCTb p CIONOXEH
H OTKPBITOM KOHIIE TPYOBI M, COOTBETCTBEHHO, y3€J y 3 KPBITOIO KOHII .

3. Tlpu 3 KpBITHIX 3 DIYIIK MU OOOUX KOHII X TPYOBI p CYETH 44 CTOT OCHOB-
HOU MOABI V3 = V7.



N3mepennsa npu aimHe TPyObl 34 M: OXMH KOHeENl 3 KPbIT 3 IJIYIIKOM.
B 3TOM cityd € OXHm ercsi CTOSY sl BOJIH C 4 CTOTOH OCHOBHOH MOOBI Vo R
2,4 Tm. O mom xer B 001 cTh MH(GP 3BYKOBBIX BOJTH M HE MOXET OBITh

Tpy6a

PesunoBas
MeMOpaHa

Puc. 4. P crnonoxenue pe3nHOBOI
MeMOp Hbl H KOHLE TPyOb!

JIETEeKTUPOB H OOBIYHBIM MUKPO(OHOM C D -
6ouum au 11 30H0M 40-13000 I'm. s nerek-
TUPOB HUS UH(P 3BYKOBBIX KOjIeO HHIA B K Ye-
CTBE UyBCTBUTEJILHOIO BJIEMEHT OBUT HCIIOJIb-
30B H TOHK S pe3uHOB s MeMOp H . OH Kpe-
MW Cb H OJIHOM U3 KOHIIOB TPYObI U MOJIHO-
CTBIO 3 KpbIB J1 ee Topel (puc.4).

CoOCTBEHH $1 4 CTOT KOjieO HUH MeM-
Op HBI 3 BUCHT OT €€ H TSKEHHSI U B KCIEpH-
MeHTe cocT B vy ~ 200 T'm. ITockonsky
OXHI €M $I 4 CTOT BO30YXJIEHHBIX CTOSYEH

3BYKOBOIi BOJIHOM K0J1eO HUI MeMOp Hbl ObUI 3H YMTEIBHO HHXKE, YEM Ly, TO B3 -
MMOJIEHCTBHE 3BYKOBBIX BOJIH C MeMOp HOI IPOMCXOAWJIO HEpe30H HCHBIM 00p -
30M. [Ipy ®TOM MIUIUTY CMeLIeHHs TOHKOW MeMOp Hbl «COOTBETCTBOB JI » M-
IUTUTYJIE CTOsIYei 3BYKOBO# BOJIHBL. Peructp 1us kosje6 Huit MeMOp HbI POM3BO-
IVJT Chb TI0 CXeMe, MIOK 3 HHOW H pHC. 5.

KoHTtponupyromuii 1 3epHbIil JIyd OTp X JICS OT IPUMBIK IOIIEH K Tpybe MeM-

6p Hel, peructpupos jca JPm, u xoned HUS UHTEHCHUBHOCTH JIyd 3 IHCHIB JIUChH

MIUTUTYZHO-IIM(PPOBBIM MTPeodp 30B TelleM M KoMmbioTepoM. OCHMILIOTP MM KO-
sie6 Huil MeMOp HbI [IOK 3 H H puc. 6.

®Dypbe-crieKTp Koj1e6 HUil MeMOp HbI, P CCUMT HHBIH MO 1 HHBIM OCLWJLIO-
rp MMbI (puc. 6), IpeACT BIeH H puc./. M3MepeHH 4 9 CTOT COBI JT C OXHI -
€MOI p CUETHOM IO BEJIMYMHE: Vo ~ 2,4 T

Pesunosas
TpyGa MeMOpaHa Jazep
Bosnyx b\
34 M X

e

Puc. 5. CxeM 9KCIEpUMEHT C Pe3UHOBOU MeMOp HOii
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Puc. 6. Ocuuitorp MM Kone6 HHsl pe3MHOBOM MeMOp Hbl; L = 34 M
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Puc. 7. ®dypre-cnekTp 4 croT KoneG HUM pe3nHOBO MeMOp Hbl, BBI3B HHBIX 3BYKOBBIMU
CTOSTYMMHU BOJIH MU BHYTPH TPYObI OT BHEIIHHX IIMPOKOIIOJIOCHBIX IIYMOBBIX HCTOYHHKOB

DKcrepuMeHT NpH JUINHE TPYOBI 5 M; 00 KOHII OTKpPBITBI. B Tpybe L =
5 M (puc. 8), OTKPBITOH C ABYX CTOPOH, BO30YyXJ €TCsSl CTOSIY S 3ByKOB S BOJIH C
P CUETHO 4 CTOTOH OCHOBHOW MOHBI U, ~~ 34 I'l. Kome® HuA 1 HHOH Y CTOTHI
MOTYT OBITh 3 PETMCTPHPOB HBI IIPU ITOMOLIM MUKPO(OH .
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Puc. 8. DxcnepuMeHT ¢ MUKPOGOHOM H IUTHHE TPYOBI 5 M
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Puc. 9. Ocuwiiorp MM 3BYKOBBIX Kosie® HUE BO3OyX B TpyOe IIMHOU 5 M

MuxkpocoH momeny jcs B OAMH M3 KOHLOB TPYObl; CHIH J ¢ MUKPO(OH
netekTupos Jics npu nomoum AUIT u xommnsiotep . B axcnepumenTe ucnosb3o-
B Jsics MukpogoH SONY AF-V120 ¢ 9 cTOTHBIM ¢ T 30HOM peructp muu 60—
12000 T'u. Drot MUKPO(OH B CBOeM p G0YeM 1 I 30HE PEriCTPUPYET BTOPYIO U
MOCTIeAYIOIKe T PMOHUKH KOJieO HUiA CTOST4YeH 3ByKOBOM BOMHBI. OCIIULIOTP MM
CUTH 1 C MUKPO(OH TOK 3 H H puc.9.

@Dypbe-CreKTp CUrH J1 ¢ MUKPO(OH , P CCYAT HHBIA MO J HHBIM OCLWJLIO-
TP MMBI, IpeAcT BiaeH H puc. 10.

B cooTBeTCTBUM C OXHJ HHEM 3 PErHCTPUPOB HbI YCTOWYMBBIE BTOP S U IO-
CIENyIOIME I PMOHUKHM CTOAYEH 3BYKOBOW BOJIHBI C 4 CTOTOM OCHOBHOM MOIBI
Vo ~ 34 I'll.

B k yecTBe «pedhepeHCHBIX» BEJTMYMH ObLTH AETEKTHPOB HbI 3BYKOBbIE BOJIHBI
BHE TpyObl. Ocumwuiorp MM | (pypbe—CIIEKTp IpeAcT BieHbl H puc. 11 u 12.
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Puc. 10. CnekTporp MM 3BYKOBBIX Koie® HHUil BO3OyX B TpyOe WIMHOH 5 M
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Puc. 11. Ocuwiiorp MM 3BYKOBBIX KOie® HHI BO3OyX BHE TPYObI

Cp BHeHHe A HHbIX (puc.8—12) MOATBEPXA €T H JIM4Me 3BYKOBBIX I' PMOHHK
C OXHJ eMbIMA OCHOBHOH M OOEpTOHHBIMH Y CTOT MU B TpyO X ¢ L = 34 M u
L = 5 M 1 uX OTCyTCTBHE BHE TpyO. MHTEHCUBHOCTh PE30H HCHOM CTOSTYEH BOJHBI
3H YHUTENBHO MPEBBIII €T yPOBEHb 3BYKOBBIX IIIYMOB BHE TPYOBI.
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Puc. 12. ®@ypbe-crieKTp 3ByKOBBIX KOO HHUil BO3OyX BHE TPYObI

BBIBO/JbI

Crost4 51 3ByKOB 51 BOIH BHYTPHU TPYOBI, BO3OYXI €M 51 BHEIIHUMH MIHPOKO-
MOJIOCHBIMH 3BYKOBBIMH MCTOYHHMK MU, BO3IEWCTBYET H IIPOLIECC P CIPOCTp He-
HUS JIyd J1 3ep B ®TOW TpyOe.

OGH pyXXeHHOe SIBIEHHEe PETUCTPUPYETCsl K K SCHO BBIP KEHH 51 KOPPEIsius
MeXHy yITydlleHHeM TOOPOTHOCTH pe3oH TOp (TpyObl) M yMEHbIIEHHEM Heolpe-
IEIEHHOCTH B IIPOCTP HCTBEHHOM JIOK JIM3 IIMU OCH JIyd IIO BBIXOHE M3 TPYOBI.

bx rox pHocru. Arops! 61 rog pusl M. H. MenkoBy 3 KpuTHYeCKOe Mpo-
YTEHHE CT ThU U cyulecTBeHHble KoppekTussl, B. [I. Ilemexonosy, B. M. Pom HOBY
u A.B.C 30HOBOI 3 o0oOcyxneHue u uHTepecHsle 3 Med Hua, K.JI ccepy — 3
COIEUCTBHE B ITPOBEACHUM 9KCIIEPUMEHT .
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