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PaccmoTpeH  MexaHM3M ~ BO3HUKHOBEHHS  TypOYJEHTHOCTH B  BS3KOM
TEIUIONPOBOAHOM Ta3e C NO3WLUMM HapylIeHus JIMHEWHoro 3akoHa I'yka,
CBSI3bIBAOILIETO U3MEHEHHE JaBJICHHUsSI C OTHOCUTEIbHON 00beMHOHU edopMaliien.
ITokazaHo, 4TO Maible aKyCTHYECKHE BO3MYILECHMS IUIOTHOCTH, BO3HHUKAIOIIUE B
IIOTOKE BS3KOIO TEIJIONPOBOJHOTO Ta3a, BbI3BIBAIOT HENPONOPLHOHAJIBHBIE
MyJbCAllUU JAaBJICHUS, TOPOXKIAIONINE TypOYIeHTHOCTh. [IpuBOIATCS pe3ynbTaThl
BBIYHMCIIUTEIBHOIO U HATYPHOT'O SKCIIEPUMEHTOB.

KitoueBrbie ciioBa: BOSHUKHOBEHHE TYpPOYJICHTHOCTH, BSI3KUH TEIUIONPOBOIHBIN
ras.

BBE/JIEHUE

[Tpobnema BOZHUKHOBEHHUSI TypOYJIEHTHOCTH MTPHUBIICKAET BHUMAaHUE HHKCHEPOB U yUEHBIX
¢ koHua XIX Beka, HO OKOHYATEIBHOI'O PELICHHs II0KA HE IOIy4YeHO. BOoT yTo mumer mo
TOMY TIOBOJy W3BECTHBIH HcciaenoBarenb TypoOynentHoct B. B. Ctpymunckuit [1]:
«/lpyrue BaKHbIE HCCIENOBaHUSA, HAdaTble Takxke eme PelHombacoM, OTHOCATCS K
npobjgemMaM yCTOMUMBOCTH TEUEHHs Kak NpoOjeMe BO3HUKHOBEHHUS TYpOYJIEHTHOCTH.
BpIBOABI JIMHEHMHOW TEOPUUM  YCTOMYMBOCTH  TOJIBKO KA4ECTBEHHO COOTBETCTBYIOT
skcniepumentaM IllybGayspa u Ckpamcrena. Pacuersl kputuyeckux ywcen PeifHonbiaca mo
JUHENHON TEOPUM NMPHUBOJAAT K 3HAUEHUSM, KOTOPBIE MOYTH Ha JBa MOpPsAKa OTIIMYAIOTCS OT
IKCIIEPUMEHTaIbHbIX. HauaTele ucciieoBaHMs 10 NMPUMEHEHUIO0 HEJIMHEHHON TeopHuH IOKa
JaneKkd OT 3aBepuieHus». B paborax Jlekonra, Tunpans, Panes, Maiiepa u np. [2, 3]
YCTAHOBJIEHO BJIMSHHUE 3BYKa Ha MOBEACHUE IUIAMEHHU I'a30BbIX FOPENIOK U I'a30BbIX CTpyl. B
pabotax [4, 5, 6] 1 ap. yCTAaHOBJICHO BIUSHUE aKyCTUYECKHX BO3MYIIICHUH Ha BOSHUKHOBEHHUE
TypOyJIEHTHOCTH B TIOTPAaHUYHOM CJIO€, HO HESICEH MeXaHU3M BozjeiicTBus. Kakum obpazom
MaJible aKyCTHYECKNE BO3MYIIEHUS MPUBOJAT K BOSHUKHOBEHUIO TMAPOJANHAMUYECKUX BOJIH
Tonnvmuna-IInMXTUHra CO CKOPOCTAMM PacIpOCTPAHEHHUS, 3HAUYUTENbHO MEHBIIUMU
ckopoctu 3ByKa? PaccMoTpum 3TH (DakThl ¢ MO3UIMM YCTaHOBIEHHOTO B paboTax aBTOpa
HapyLIeHUs JMHEHHOrO 3aKoHa ['yKa, CBSI3bIBAIOIIET0 U3MEHEHHUE JaBICHUSI C OTHOCUTEIBHON

o0BemMHOI nedopmarueii [7].
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TEOPETUYECKA YACTD

OnHUM U3 OCHOBHBIX (PM3UYECKUX CBOWCTB KUAKOCTEU U Ta30B SIBISETCS CKUMAEMOCTH,
KOTOpasi OMPEJENIeTCs, KaK CIIOCOOHOCTh BEIIECTBA M3MEHSITH CBOW O00BEM MOJ JEHCTBUEM
BCECTOPOHHETO AaBJieHUsS. TpajMIIMOHHO CUYUTAETCS, YTO CHOKMMAEMOCTh T'a30B JOCTATOYHO
TOYHO OIMCHIBACTCS JTMHEWHBIM MPHOIMKEHUEM, COTIACHO KOTOPOMY H3MEHEHHE JaBIICHUS

CBSI3aHO C OTHOCUTENbHON 00beMHOM Aedopmarueii 3akonom ['yka

dv dv dp
dp=—FE—=-E—=F—,
P V v p (1

rae: p — JaBjieHue, £ — Moyl 00beMHON yNpyrocTH rasa, V,v,p — 00beM, yJeIbHbIN

00BeM, TJIOTHOCTH Ta3a COOTBETCTBEHHO. MOysb OOBEMHON yHpPYrocTH E TpeAcTaBIseT
co00i#1 k03D pHUIHEHT TPOTTOPITUOHATILHOCTH.

IToMuMO MOZyJI yIPYTrOCTH Ta3a Uil XapaKTEPUCTUKH CKUMAEMOCTH MCTOJIB3YIOT TAKKe
KOO(PQPUITUEHT CKUMACMOCTH M CKOPOCTHh 3BYKa, KOTOPBIC CIICAYIOIIAM OOpa30oM CBS3aHBI
MEXIy co00i

p=—ha =—, ()

rae: fp — ko3 GUIMEHT CKUMAEMOCTH, ¢ — CKOPOCTh 3BYKa, P — IUIOTHOCTb.

JluneliHas 3aBUCHMOCTh MEXKAY HW3MCHEHHUEM JIaBJICHHS M H3MEHEHHEM o0beMa
CIIpaBeUIMBAa TP MOCTOSHCTBE MOAYJIs yIPYrocTH raza. Moayib yNpyrocTd MOKOSITUXCS
ra3oB 3aBHCHUT OT WX JABJIEHUS U, IPH MOCTOSTHCTBE 3TOTO MapaMmeTpa, sIBISETCS MOCTOSHHON
BeMIMUUHOW. [loaTOMY MJIsI MOKOSIMXCSA Ta30B JIMHEMHBIM 3aKOH ['yka TOCTaTOYHO TOYHO
OTHMCBIBAET CBS3b MEXY U3MEHECHUEM JaBICHUS U N3MEHEHHEM O00bheMa.

Ho nns aBmxyiierocs moToka BSI3KOTO TEIJIONMPOBOAHOTO Ta3a ¢ MOMEPEUYHBIM CABUTOM
9Ta JWHEWHAas 3aBUCUMOCTh MEXIy W3MEHEHHEM JaBJICHHS W U3MEHEHHEM o0bema
HapyIlIaeTcs, TaK KaKk MOAYJb YNPYTOCTH 3aBUCHUT OT MPOILIECCOB, MPOUCXOMSAIIUX B ITOU
cpene (CKOPOCTH MOTOKA, YaCTOTHl U MHTEHCHBHOCTH BO3MYIIEHUS, TPAJIUEHTOB CKOPOCTH U
TeMneparypsl u 1p.). Ilokaxxem 3To.

B [8] momyuena c¢opmyna It CKOPOCTH 3ByKa B TIOTOKE BSI3KOTO Ta3a C y4eTOM
JTUCCHUTIAIIUY SHEPTHH U TETNTIOOOMEHA:

5 2, V- (afgradp - gradp)+ (k - I)CD

a =da
S
% 3)
ot
rac a, — azma6aTHoe U HU303HTPOIHOC 3HAYCHHUE CKOPOCTH 3BYKa;, p,pP — JABJICHHEC U

IINIOTHOCTH I'a3a; O — (1)YHKHI/I$I, Y4YUThIBaromasa JUCCHUIIalliO SHEPTHUHU U TEIJI000MEH.
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T — Ttemmeparypa ra3a; V — BEKTOp CKOPOCTH Ta3a C NPOCKIUSMHU U, V, W Ha OCH
JEKapTOBOM CHCTEMBI KOOpJIWHAT X, ), Z COOTBETCTBEHHO; A — Kod(dummeHt
TEIUIONPOBOAHOCTH; [ — KOIPQPUIIMCHT JUHAMUYCCKOW BS3KOCTH; ¢ — Bpems; k —

[0Ka3areib aauadaTsl.
Hatinem Mojty)ib 00BEMHOH yIPYTOCTH, YYUTHIBAS MOJIYYSHHOE BBIPAKEHHUE JUUISI CKOPOCTH

3ByKa (3):
V. (a2gradp — gradp)+ (k - I)CD
E=pa’ =pa’ + : .
ot

AHanmu3 BbeIpakeHus (4) TIOKa3bIBaeT, YTO MOIYJIh OOBEMHOW YIPYTrOCTH MOYKHO
NPEJCTaBUTh B BHJIE

E=FEs+En, (5)
rjae: Es =pa’ — annabaTHRIN MOYJTb 00beMHOMI YIPYTOCTH,
V -\a’gradp — gradp )+ (k —1)®
En=p (a‘“ graap g;a p) ( ) — HenWHEeWHass go00aBka MOAyNss OOBEMHOMN
o

YOPYTOCTH, OOYCIIOBJICHHAs AMCCUIANUMEH SHEPrUu U TEIIOOOMEHOM B IOTOKE BSI3KOTO
TEIUIONPOBOAHOrO Ta3a.

U3 (5) cnemyer, 4ro MOaysib OOBEMHOW YHPYrOCTH C YYETOM HEITHMHEHHON 100aBKH
SBIISIETCS JIOKAJbHOU (DyHKIMEH MapaMeTpoB MOTOKA, U3MEHSIOUICICS OT TOYKH K TOYKE B
notoke. KauecTBeHHBIH aHanM3 3aBHCHUMOCTH HEIWHEHHOW [100aBKHM MOIyNss OOBEMHOM
YOPYTOCTH OT Pa3NUYHbIX (PAKTOPOB MMOKA3bIBAET, UTO

2
En=f?»uATu 1

) )_2)_2)—
h* h” P,

> (6)

rjie i — XapakTepHblid pasmep, p,,, — AMIUIATY/a BO3MYIIECHHUS [UIOTHOCTH, ® — KpPYrosas

4acTOTA BO3MYILEHHS IUIOTHOCTH.
To ecTp HenmHEWHas J00aBKa MPSMO MPONOPIMOHATBHA KBAJApaTy CKOPOCTH TMOTOKA H

00paTHO PONOPITMOHATIFHA AMIUTUTY/IC ¥ YaCTOTE BO3MYIIICHHUS TUIOTHOCTH.
C yuerom (5) HaiinmeMm, coriacHo (1), xapakTep HU3MEHEHMs NABJICHUS TPH W3MEHEHUU

IIJIOTHOCTH:
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dp:Es@+En@. (7)

p p

W3 Beipakenus (7) clemayer, 4TO B IOTOKE BSA3KOTO Ta3a C TONEPEYHBIM CABHUTOM
HapylIaeTcs JIMHEWHBIM 3akoH ['yka M3MEHEeHMs HaBJICHUS B 3aBUCUMOCTU OT H3MEHEHHS
wioTHocTH. Tak Kak HenuHeWHas Jgo0aBka MOIyJNsi OOBEMHOM YIPYroCTH SIBISIETCS
JIOKQJIbHOM (YHKIMEeW MapamMeTpoB IIOTOKA, Maylble BO3MYILEHUS IUIOTHOCTH OyIyT
IPUBOJUTH K HEMPONOPILMOHAIBHBIM U3MEHEHUSM JIaBJICHUS, TOPOXKIAIOUINM TypOYJICHTHbBIE
MyJIbCAIUH.

PE3VYJIbTATBI BBIYMCJIIUTEJIBHOI'O 1 HATYPHOI'O OKCIIEPUMEHTOB

Ha puc. 1 mpuBeneH xapakTepHbIH 3aKOH H3MEHEHUS MOAYJA OObEMHOW YIpPYrocTu
BSI3KOT'O TETLJIONPOBOIHOTO Tr'a3a B (PUKCHPOBAHHBI MOMEHT BPEMEHH BOJIb IUIOCKOTO KaHasa
BOMM3M cTeHkH. [IpuBeneHsl MOysIb 00BEMHOM YIPYTOCTH € yUETOM JUCCUIIAIMK SHEPTUU U

TermnooOMeHa. E;;, — ONpelensycs C IPUBICYCHUEM BBIMHMCIMTENLHON Monemu [7],
anuabaTHBIA MOJYJIb OOBEMHOM ynpyroctu Es; , — onpenensiics no gopmyie Es = pa’.
AnnabaTHBII MOTYJIb OOBEMHOM YIIPYTOCTH TIPAKTHUECKH MOCTOSHEH 1 paseH 1,414-10° Tla.
Moayne 00bEMHOM yNPYrocTH C YYETOM JMCCHUIIALIMM DHEPTMU U TemiooOmeHa £, Ha

OIPE/ICJICHHBIX y4YacTKax IIpeTepreBaeT pa3pbiBbl. CKauykd IMPOMCXOMAT OTHOCHTEIHHO
a7nabaTHOTO MOJTYJIsi 0OBEMHON YIIPYTOCTH.
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Puc. 1. E, 5, — MOmyJ b 00BbEMHOM yIIPYrOCTH BA3KOIO TEIUIONPOBOIHOTO ra3a ¢ y4eTOM
JMCCHIIALMU SHEPIUU U Ternooomena, Ila; Es, ;, — aguabaTHbIA MOIyJIb 00bEMHOM
ynpyrocty, I1a; i — HoMep y371a KOHEUHO-Pa3HOCTHOM CETKH IO OCH X

[Tony4eHHbIE pe3yibTaThl BBIYUCIUTEIBHOTO SKCIEPHMEHTA IO XapakTepy H3MEHEHHS
MOJyJist 00bEMHOM yIpyrocTH (puc. 1) COOTBETCTBYIOT BhIBEICHHOM Qopmyre (4).
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Bo Bcex skcrnepuMEHTAbHBIX HCCIEIOBAHUAX «ECTECTBEHHOIO» IEpexo/ia OTMEYasioch
CYIIECTBOBAaHUE JIOCTATOYHO WHTEHCHBHBIX HHU3KOYaCTOTHBIX BO3MylleHuil [6]. B [6]
oTMeyaeTcs: «OTH HU3KOYACTOTHBIE MYyJbCAllMM PE3KO YCUIMBAINChL B  00JIACTH
BO3HUKHOBEHHUSI TYpPOYJIEHTHBIX NSTEH, YTO YKa3blBaeT Ha MX CYIIECTBEHHYIO pOJb B
npolecce nepexoia, ... MPUUMHbI UX BO3HUKHOBEHUS JalieKo He sicHb». W3 BbIpaskeHus (6)
clemayeT, 4YTO HeNWHEeWHas  go0aBka  Momaysist  OOBEMHOM — ympyroctd  oOpaTHO
MPOMOPLMOHANIbHA YAaCTOTE€ BO3MYILEHUSI TUIOTHOCTH, U, CII€OBATEIbHO, HU3KOYACTOTHbHIE
aKyCTHUECKHE BO3MYIUEHHUS OyIyT NpPUBOAMUTH, corjacHo (7), K HENpONOpLHUOHAIBHBIM
MyJIbCAIUSAM JIaBJICHUS, TIOPOXKIAIOIMIUM TYypOyJIEHTHOCTh. [[J1s1 IPOBEPKU 3TOTO MOJIOKECHHS
OBLT TTPOBE/ICH SKCIEPUMEHT MO0 BO3HUKHOBEHHIO TypOYJICHTHOCTH B BO3YIIHON CTPY€ IMOJ
nercTBueM 3Byka. Cxema JKCIIEpUMEHTa TMpHUBEIEHAa Ha puc. 2. Meroauka MNpoBEACHUS
JKCTepUMEHTa pa3padoTaHa B [3].

f Puc. 2.

Cxema 3KCcriepuMeHTa 0 BO3HUKHOBEHUIO
! TypOyJIEHTHOCTH B BO3IAYIITHOU CTPYE MO
i T JICHCTBUEM 3BYKa;
1 — corto BO3AYIIHOM CTPYH C
1 2 BHYTPCHHUM JIMAMETPOM Ha BbIxojze 1,5 MMm;

2 — nnams ropsiei ceeun; L — nnuna
JAMHHAPHOTO y4acTKa BO31yIIHON CTPYH

[Inamst cBeuum wHCHONB3yeTCs KaK HHIAMKATOp, IMO3BOJISIIOIIMKM BH3yalbHO HaOIIOJATh
BO3HUKHOBEHHE TypOyJaeHTHOCTH. CKOpOCTh BO3AYIIHOW CTPYH Ha BBIXOAE M3 COILUIa
BBIOMpAETCS] HE3HAUMTEIHHON, YTO OBbl HAYaJbHBIN JTAMUHAPHBIA YYaCTOK CTPYH TOMNaaal B
o0nacTb IUIaMEeHH cBeud. JlJIMHA JaMUHApHOTO YydYacTKa CTPyM BbIOMpaeTcd THopsaka
L=60...90 mm. Co3nianue 3ByKa NPUBOJIUT K BOSHUKHOBEHUIO TYpOYJIEHTHOCTH B HaYaJIbHOM
JaMUHAPHOM YYacTKe CTPYH, YTO BU3yaIbHO HAOJIIOJAEeTCs 1O IUIaMeHu cBeuH. [[iist coznanus
3ByKa HCIIOJIb30BAJICSl TEHEpPaTop CHUTHAJOB crenuanbHoi ¢opmel [6-27  (3amaBancs
TapMOHUYECKUN CHTHAN) ¥ HU3KOYACTOTHBIA muHaMuK 4A.28Y4 ¢ >pQeKTuBHBIM paboynm
muana3zoHoM yactoT 70...1400 T'n. YpoBeHb 3BYKOBOI'O AABJIEHHS M3MEPSIICS LIYMOMEPOM
BIIIB-003. 3Byk u3iy4ancsi NEpHEHIUKYJSIPHO HAaNpaBICHUIO JIBMKEHMSI CTPYH, U B ITOU
IUIOCKOCTH H3MEPSJICS YPOBEHb 3BYKOBOI'O JaBJIEHUS. AHAJIU3MPOBAJICA YaCTOTHBIN
JIara3oH, B KOTOPOM IPOHUCXOUT BO3HUKHOBEHUE TypOYICHTHOCTH. Pe3ynbraTsl n3mMepeHuit
npencTaBieHbl Ha puc. 3. B wacrotHoM auanasone 70...1000 I'y co3nanue 3ByKOBOrO MoJist
NPUBOJUT K BO3ZHUKHOBEHHUIO TYpPOYJIEHTHOCTH, COINPOBOXKIAIOIIEHCS XaO0TUYECKUMHU
KOJICOAHMSIMU TUJIAMEHHM CBeud. [IpM yBEIMYEHWH YACTOTHI 3BYyKa CTPYs CTaHOBHTCS
HEUyBCTBUTEIIBHOM K aKyCTHUYECKMM KOJICOAHUSM, 4YTO TOATBEPXKIAECT TOJTYYCHHBIC
3aBucuMocTH (6) u (7). C yBennueHneM 4acTOThI 3ByKOBBIX BOJH YMEHBIIAETCS HEIMHEHHAs
nobaBKa MOIYJsl OOBEMHOW yNPYTOCTH M YMEHBIIACTCS aMIUIATY/a IyJIbCalldil 1aBJICHUS B
CTpye, IOPOXKIAIOIIast BOSHUKHOBEHUE TypOYICHTHOCTH.
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Puc. 3. Bo3HukHOBeHUE TypOYJEHTHOCTH B BO3IyIIHON CTpY€ IPU aKyCTHUECKOM
Bo31eiicTBum; L, — ypoBeHb 3ByKOBOrO 1aBieHus, 1b; V — vacTtoTa 3ByKa, I'Il

3AKJIIOYEHUE

— Iloka3aHo, 4TO B MOTOKE BSI3KOTI'O TEILIOMPOBOAHOTO Ta3a HApyIIAeTCA JUHEUHBI 3aKOH
['yka, CBSI3BIBAIOIIMI HM3MEHEHHE JIaBJICHUS C OTHOCHTEIIbHOW OO0BeMHOU nedopmaluei.
Manble aKycTUYecKHME BO3MYIIEHHUS IUIOTHOCTH, BO3HMKAIOIIME B IIOTOKE BS3KOTO
TEIUIONPOBOJAHOIO  ra3a, BBI3BIBAIOT  HEMPOMOPIHOHANbHBIE — MMYJIbCAUU  JaBJICHUS,
MOPOXKAAIOITUE TYPOYJIEHTHOCTD.

— OKCHEPUMEHTAIbHO YCTAHOBJIEHO, YTO AKyCTHYECKHE BO3MYIIEHHS HU3KOW YacTOTHI
70...1000 't npuBOAAT K BO3SHUKHOBEHHIO TypOYJIEHTHOCTH B BO3YLIHOM CTpYe.

— Ilonmy4yeHHble aHANUTUYECKUE 3aBHUCHUMOCTH AJII MOAYJS OOBEMHOM YIPYTrOoCTH BSI3KOTO
TEIUIONPOBOAHOIO Ta3a, yTOUHEHHOT0 HEJIMHEMHOro 3akoHa ['yka, CBA3BIBAIOIIETO N3MEHEHNE
JABJICHUS. C WU3MEHEHHMEM IUIOTHOCTH, IOATBEPKAAIOTCS BBIYMCIUTENBHBIM U HATypPHBIM
JKCIIEPUMEHTAMHU.
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