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Ha ocHOBe  3KCIEpUMEHTANBHBIX M  TEOPETUYECKUX  HCCIENOBAHUU
paccMaTpuBaeTCs BO3MOXKHOCTb BOCCTAHOBJIEHHs I1apaMETPOB IOTOKA BSA3KOH
YKUAJIKOCTH MO CHEKTPY PACHpPOCTPAHSAIOLIETOCS B HEM YJIBTPA3BYKOBOI'O CHUTHAJIA.
Jlnst pemienust 0OpaTHOM 3a1aun ucnonb3oBaHo BKb-npubmmkenwue. [Ipu stom mist
BOCCTAHOBJICHHSI TIPO(UIS MOTOKA MPOM3BOAUTCS OOpaICHHE AUCIIEPCHOHHOTO
ypaBHEHMsI Il COOCTBEHHBIX 3HAUEHUH MOJ, aHAJOTHYHOTO MpaBHIIaM
kBaHTOBaHUs bopa-3ommepdenbia B KBaHTOBOW MexaHuke. [lokazaHo, 4To 1O
MOJIOBOl CTPYKType YJIbTPa3BYKOBOIO TIOJiI B BOJHOBOAE MOXET OBITh
BOCCTaHOBJICH MPO(HIbL CKOPOCTH TIOTOKA C TOYHOCTHIO HE HIKE EIUHUIL
MIPOLICHTOB M, COOTBETCTBEHHO, BA3KOCTh JKUIKOCTH U aKYCTUYECKHE CBOMCTBA
TpaHUIl BOJHOBOZAA. Pe3ymbTaThl MOTYT OBITh MCHOJB30BAaHBI B YJIBTPa3BYKOBOI
pPacxolOMETPUH U THATHOCTHKE.

BBEJIEHUE

3amavya PEKOHCTPYKIIMU TIOJIeH CKopocTeld 3Byka (c¢) W TedeHus (V) 1O JaHHBIM
aKyCTUYECKHX H3MEPEHHH OTHOCHTCS K OOpaTHBIM 3amadaM MaTeMaTHdeckoil ¢usuku. B
OTCYTCTBHE TEUEHUI oOpaTHas 3a/a4a B pa3IMYHBIX MOCTAHOBKAX MOJPOOHO HMCCIEN0BAIACh
MHOTMMHU aBTOpam# [1, 2], onHako B SIBHOM BHJE TOYHBIE (hOpMYJIbl 0OpamieHust MoTydeHbl
JMIIb A7 cioydas CJIOMCTOM cpeabl. OHM OCHOBAaHBI Ha MHTETPAIbHOM INPEoOpazOBaHHUU
Abens. Hanmuume TedeHWil nenmaer cpely aKyCTUYECKM AaHM30TPOIMHONW M NPHUHLIUIHAIBHO
VCIIO)KHSAET pelIeHne oOpaTHOW 3amaud. B ciiydae MEIUICHHBIX TEUEHUN BO3MOXKHO
NpUOIMKEHHOE PEIICHUE 33a4i C TOMOUIBIO JIMHEHHOW MHBepcHuH [3, 4], HO U1 CTPYHHBIX
TEYCHUU TaKasi TMHEapUu3alrs MOXKET 0Ka3aThCs HEONYCTUMOMN. J[pyroi moaxon, KOTOPhIA U
pa3BUBAETCS B IAaHHOH CTAaThe, COCTOUT B TOM, YTOOBI 000OIIUTH HEKOTOPBIC U3 PE3YIHTATOB,
NOJYYCHHBIX JUIS HEMOABIKHOM cpeasl Mpu  moMomuud AOGeneBoil HMHBEPCHM, Ha
paccMaTpUBaEMBbIH CIIy4ail Cpellbl C TECUCHUEM.

3ajaya pacCMOTpPEHa B MOJOBOM IIOCTaHOBKE, a MMEHHO, KOrJa M3 O3KCIEpUMEHTa
M3BECTHBI YACTOTHBIE 3aBUCUMOCTHU PACIIPOCTPAHSIIOIIMXCS CUTHAJIOB.

Jlia HemoABMXXHOM cpenbl oOpaTHas 3ajada B TaKOW IMOCTAHOBKE OblIa PaccMOTpEHa B
[5 — 7], nmpudeM Ha IpUMepax cpei ¢ OHIMHEHHON 1 GMKBAJpPATHYHON 3aBHCHMOCTBIO ¢° OT
r1yOuHBI z OBUIO NTOKA3aHO, YTO MCIIOJIb30BaHHE MOJIOBBIX JIAHHBIX MTO3BOJISIET BOCCTAHOBUTH

npo¢ b c(z), B TOM YHCJIC U B PsJE CIy4aeB, KOTrJa IPYrUMU criocobamu (Hampumep, C
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UCIIOJIb30BAaHUEM JIy4eBOM KapTHHBI pPAacHpOCTpaHEHWs) JaHHAas 3ajgada  SBJISETCS
HEpa3peimnmoi.

Pemmenue 3a1aun npeacTaBiiseT HHTEPEC ISl IIUPOKOTO Kpyra TEXHUYECKUX MPUII0KEHUH,
B YaCTHOCTH YJIbTPA3BYKOBOI TMAarHOCTUKU, PACXOJIOMETPUU U T. 1.

ITOCTAHOBKA 3AJIAYI

PaccmoTpuM ciydail IiioCKOCIOUCTON Cpelbl, T. €. HEBO3MYILIEHHBIE TapaMETPhI CPEJIbl HE
3aBUCAT OT JIEKAPTOBBIX KOOPJAWHAT X U ) , HO MEHAIOTCS B 3aBUCUMOCTH OT KOOPAMHATHI Z

(z=0 — cooTBeTcTBYeT cepeauHe BOJHOBOAA). IlycThb CKOpOCTH TeueHHs HampaBieHa
TOPU3OHTAIBHO 10 OCH X M HE 3aBUCHT OT BpeMeHU. Ha puc. 1 mokazana xoHdurypamnus
3a/1a4d ¥ BO3MOKHAs CXEMa HKCIIEPUMEHTAIIbHBIX U3MEPEHUH.

n=1, 2, 3

Puc. 1. Kondurypanus 3a1aun u cxema SKCIepUMEHTAIbHBIX U3MEPEHUI

AZ

X
>

B cioucto-HeoaHOPOIHOM cpelie, Te TPOCTPaHCTBEHHAsT HEOJHOPOAHOCTh OMpEAesieTcs
OJIHOI KOOPAMHATOM, IOJIE OMMCHIBAETCS ypaBHEHHEM [ enbmrosiblia Ui NaBiIeHUS p C
3(1)(1)6KTI/IBHBIM BOJIHOBBIM 4YHCJIOM, 3aBUCAIIUM OT CKOpOCTGfI 3ByKa ¢ W TCUCHUA V),
MJIOTHOCTH cpeanl p [8]:

2 2

a 2 2 2 0
pr—e2) Fo | p-o, 1
a§2p+( B~ =& ik P (1)

3necb k=@®/c — BOJHOBOE YHUCJIO 3ByKa, (O — IHUKJIMYECKAs] 4YacTOTa BOJHBI.

DddexTuBHOE 3HAUEHHME BEPTHKAIbHON KoopmmHatel {(z)= pO_IJ. p(z)B(z)dz', tme z, —
Z0

KoopJanHaTa CTCHKUM BOJIHOBOJA, 0P, — PaBHOBECHad IIJIOTHOCTb, C(Z) — MOHOTOHHO

BO3pacTaromas QyHKIHS OT z, & — TOPU3OHTAIbHAS KOMIIOHEHTa BOJTHOBOTO BEKTOPA,

. A. CnasyTtckunii, M. B. HukaHgpos, A. B. TypxaHos
KOHTponb Npoduns NoToKa XWAKOCTU MO MOAOBOM CTPYKTYpe y/ibTPa3ByKOBOr0 CMrHana
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B=1-=—, 2)

0

rae B — xko3hduImeHT, BHOCSIIHIA TOMPABKY B PEIICHHE TIPU YUETe ABUKCHUS CPEIbI.
[Ipodune ckopocT T™pH JAMUHAPHOM TEUEHUH JKUJKOCTH PACCUUTHIBACTCA IIO

cienyromei Gpopmye [9]:
4z°p

v=|1-—3
Hu

Vo s 3)

rac H - MUpHWHA BOJHOBOJA, I — CABUIOBasA BA3KOCTH, V, — CKOPOCTb T€YCHHA B LICHTPEC
BOJIHOBOJA.

Ha rpanune pasnena aByx cpen (IOTOKA JKUIKOCTH M CTEHKH) JIOJKHBI BBITIOJIHATHCS
KMHEMAaTU4YECKOE YCJIOBHE, COCTOSIIECE B PAaBEHCTBE HOPMAIbHBIX CMELICHUM YacTHII,
MIPWIETAIOIINUX K TPAHULIE CO CTOPOHBI IIEPBOM M BTOPOM Cpeibl, U TUHAMHUUYECKOE YCIOBHE,
COCTOAIIIEE B PABEHCTBE JCHCTBYIOUIMX HAa TPAHHUIBI CHJI CO CTOPOHBI 00eux cpen. Brons

oGosHaueHne |p|. s ckauka maBieHus plx,z,t) Ha rpaHuIe BOTHOBOXA, TPAaHUYHBIE

20

YCJI0BUS MOXKHO 3aIlUCaTh B BUAC!

Lo =0,[p].=0. &)
p oz,

B cpene, mapamerpbl KOTOpPOH HE 3aBHCIT OT BpPEMEHH (MBI MOXXEM CJellaTh TaKoe
NPE/IOI0KEHNE BBUIY JIOBOJIEHO HE3HAUYUTEILHOTO MPOMEKYTKa BPEMEHU H3MEpPEHHs, IO
CpPaBHEHHIO CO BpEMEHEM H3MEHCHHUS IapaMeTpoOB IIOTOKa, a WMEHHO TeMIIepaTyphl,
IJIOTHOCTH M T. I1.), MOXXHO HalTh perieHue (1) B BUAE CHEKTPAJIBHOTO MPEACTABICHUS IO

BpPEMECHU:

oo

pnz= [ So. o oo, ©
— n
rzie k, — BOJIHOBBIE YKcia (IOCTOSIHHBIE PACIIPOCTPAaHEHUs) Il Kaxkaou u3 mox, p, (k,,z) —
MPOCTPAHCTBEHHOE pacHpeIesieHne KaKI0H MOJIBI 0 KOOPAHHATE Z .

Breipaxkenue B KBaJpaTHBIX CKOOKax MpeICTaBiIsieT CcoOON  MPOCTPAaHCTBEHHOE
pacnpeziesieHue BOJIHOBOTO MOJs Ha (MKcUpoBaHHOM yacTtoTe. [IpocTpaHcTBeHHas CTPyKTypa
10 KOOpJIMHATe z MEepBBIX Tpex mon (n =1, 2, 3) noka3ana Ha puc. 1. Uurerpuposanue (5)

[0 YacToTe IMO3BOJISIET MPU MOMOIIM oOpaTHOro mnpeoOpa3zoBaHusi Dypbe NOTYyUUTH
BpPEMEHHYIO (hOpMY yIBTPa3BYKOBOT'O CUTHAJIA.

Pacyersl © OSKCHepUMEHTANbHbIE M3MEPEHHS NPOBOAMINCH TMPH  HUMITYJIbCHOM
BO30YXKICHUM YIbTPA3BYKOBBIX CHUTHANOB. XapakTepHass (opma HCHOIB3YeMOro MpHu
pacueTax yJabTPa3BYKOBOI'O HMIyJbCa M €ro CIEKTp MpeAcTaBieHbl Ha puc.2. OHu
COOTBETCTBYIOT HMITYJIbCHOMY BO30YKIEHHUIO MbE303JIEKTPUUYECKOTO  YIbTPa3BYKOBOTO
npeoOpaszoBaTesi ¢ pe30HaHCHOM yacToToi ~ 1,4 MI.

. A. CnasyTtckunii, M. B. HukaHgpos, A. B. TypxaHos
KOHTponb Npoduns NoToKa XWAKOCTU MO MOAOBOM CTPYKTYpe y/ibTPa3ByKOBOr0 CMrHana
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S(f),
P(t), /‘l
orea. | © /\\U (\\/1\_//\\/-" or.en.

0 0,5 1 1,5 2 2,5 3

t, MKc f (vacToTa), MlNy

(a) (6)

Puc. 2. Bpemennas ¢hopma (a) u criektp (0) yIbTpa3ByKOBOTO CUTHAIA

MOJIEJIMPOBAHUME BOJITHOBO/JHOI'O PACITPOCTPAHEHNA YJIbTPA3BYKA

PacueTsl ynbTpa3BYKOBBIX MOJIEH B UX CIEKTPAIbLHOM MPEJCTABICHUU B COOTBETCTBHH C
pemeHueM (5) IpOBOAWINCH JJIsl CUTHaNa, IOKa3aHHOro Ha puc. 2. IlpoBeaeHo uducieHHOE
MOJICIMPOBAHUE YJIBTPa3BYKOBOTO TOJS B BOJHOBOJE DPA3JIMYHON TOJIIMHBI U Pa3HBIMU
CKOPOCTSIMU (TpoduIeM) TOTOKA YKUIKOCTH.

Ha puc. 3 nokazana ¢opma CHEKTpOB NPOIIEANINX Yepe3 BOJHOBOJ YIbTPa3BYKOBBIX
CUTHAJIOB ISl TONIIKHBI BoJHOBOAA 1,6 MM (1) 1 SMMm (2) B OTCYTCTBHHM MTOTOKA.

S(f),
oT.en.

0 0,5 1 1,5 2 2,5 3
f (wacToTa), My

Puc. 3. Cnektp ynbTpa3ByKOBOTO CUTHAJIa B BOJHOBOI€ TouHOM 1,6 MM (1) u 5 mm (2) npu
OTCYTCTBHH TE€UEHHMSI B HEBSI3KOM KHUJIKOCTH.

Kak BugHO M3 pHUCYyHKA, B CIEKTPE CHUTHAJIOB MPOSBISIOTCS HECKOJIBKO JIOKAJIbHBIX
MaKCHMYMOB, KaXJblii U3 KOTOPBIX COOTBETCTBYET HHTEp(GEpPEHIIMH 3aXBau€HHBIX B
BOJTHOBOJ MOJ. Jyis TONIMIMHBI BOJHOBOAA 1,6 MM B CHEKTpe Ha PUC. 3 MOXKHO BBIJCIHUTD
JIOKaJIbHbIE MaKCHMYMbI, COOTBETCTBYIOILIUE MEPBBIM JABYM-TPEM PACIpPOCTPAHSIOMIUMCS B
BOJIHOBOZIe MoAaM. C yBelMYEeHHEM TOJIIMHBI BOJIHOBOJAA (CHEKTp 2 Ha pucC. 3) JOKaIbHbIE

. A. CnasyTtckunii, M. B. HukaHgpos, A. B. TypxaHos
KOHTponb Npoduns NoToKa XWAKOCTU MO MOAOBOM CTPYKTYpe y/ibTPa3ByKOBOr0 CMrHana
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MaKCHMYyMbl CTAHOBSITCSI MEHEE BBIPA)KEHHBIMH, MOCKOJIbKY MHTEep(hEpEeHLMOHHAs KapTHHA
dbopMupyeTcss 3HAYUTETHHO OOJBUIMM YHUCIOM MO/, PAaCHpPOCTPAHSIOIIUXCS B BOJHOBOJIE.
3aryxaHue yJIbTPa3BYKOBBIX BOJH B BOJHOBOAE MOXET OBbITh OOYCJIOBIEHO JBYMS
MPUYMHAMHU, & UMEHHO — «IIPOCAauMBaHHEM)» BBICIIUX MOJ Ye€pe3 TpaHHIIbl BOJHOBOJA M

JUCCUNAIIMEH 3a CYeT BSI3KOCTH IKHJKOCTH. Bo BTOpOM ciydyae BOJIHOBOE YHCIIO
2

. 0] i® 4
IPEICTABIAET CO00M KOMIUIEKCHYIO Benuuuny [1]: k=—|1-— r]+§ u , TIe N u
c pc

U — k03P PUIMeHTsl 00bEMHOM U CIBUTOBOW BSI3KOCTH. MHHMasl 4acTh BOJHOBOTO YHUCIIA

MpeACTaBIsIET co00M KOAh(UIMEHT 3aTyXaHWs aKyCTHYECKHUX BOJIH, KOTOPBIA pacTeT C
YBEIIMYCHUEM YaCTOTHI YIIbTPa3ByKa.

Ha puc. 4. mokasaHpl CIIEKTPHI YIbTPA3BYKOBBIX CUTHAJIOB, paccunTaHHbIe 0e3 ydera (1) u
¢ yueToMm 3aryxaHus (2).

S(f),
oT.en.

f (wactoTa), My

Puc. 4. Criektp ynbTpa3ByKOBOTO CUTHaIA B BOJTHOBO/IE TOIIIUHON 1,6 MM B JKuAKOCTH 0e3
Bs13KOCTH (1) U ¢ BA3KOCTHIO (2) pH OTCYTCTBUH TEUCHHS

Kak BUAHO M3 pPUCYHKA, y4eT BS3KHX MOTEPh MPUBOJUT K CPE3aHHUIO BBICOKOYACTOTHBIX
MOJI ¥ CMEILICHUIO SHEPTUH CUTHAJIA B HU3KOYACTOTHYIO YaCTh CIEKTPA.

[Ipy HanMuuM MOTOKA JOKaJbHBIE MAKCHUMYMbI B CIEKTpPax YJIbTPa3BYKOBBIX CHUTHAJIOB
MEHSIOT CBOE TIOJIO)KEHHE B COOTBETCTBHHM CO CKOPOCTBIO M mpoduiem motoka. Ha puc. 5
MOKa3aHbl CIIEKTPbl CUTHAJIOB B BOJHOBOJE TOJILIMHOW 1,6 MM IIpU CKOPOCTH MOTOKA Ha OCHU

BonHOBoza 0,5M/c . [lpu pacuerax pacmpoCTpaHeHus! YAbTPa3ByKa MO HAMPABJIEHHIO TIOTOKA

(1) m mpoTuB moroka (2) HAOIIOAAETCSI CMEIIEHUE B BHICOKOYACTOTHYIO M HHU3KOYACTOTHYIO
YacTH CIIEKTPa COOTBETCTBEHHO.

. A. CnasyTtckunii, M. B. HukaHgpos, A. B. TypxaHos
KOHTponb Npoduns NoToKa XWAKOCTU MO MOAOBOM CTPYKTYpe y/ibTPa3ByKOBOr0 CMrHana
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S(f),

or.en

0 0,5 1 1,5 2 2,5 3
f (vacTtoTa), MlNy

Puc. 5. Criektp ynbTpa3ByKOBOTO CUTHAJIA B BOJTHOBOJIE 0€3 BA3KOCTH TOJIIMHON 1,6 MM mpu
HaJIMYUU TeYEHUs 1o HampasiieHuo (1) u npotus (2) pacnpocTpaHeHUs YIbTpa3ByKa

Pacyersl mokazanu, 4TO 3aBHCHMOCTH CMEIICHUS YacTOT JIOKATBHBIX MAaKCHMyMOB OT
CKOpPOCTH TIOTOKA V HOCHUT NPAKTHYECKU JIMHEWHBIM XapaKTep M COCTABISET MPHU HECyIIEH
yactore yabtpasByka 1,4 MI'm ~ 3000 'y wa 0,1 m/c. IIpu 3TOM B3aMMHOE MOJIOKEHUE
JIOKQJIBHBIX MAKCUMYMOB 3aBHT OT Mpoduiis cKopocTu motoka. Ha puc. 6 mokazaHbl CHEKTPHI
YIBTPa3ByKOBBIX CHTHAJIOB IIPH CKOPOCTH MOTOKa Ha ocy BonHosozxa 0,5 m/c (1) u 1m/c (2).

[Ipu >TOM mpodmiIs MOTOKa MEHsieTCs B cooTBeTcTBUU C dopmynoi (3). Kak BuaHO U3
PHCYHKA, YaCTOTHOE CMEIIEHHE JIOKATHHBIX MAKCUMYMOB 3aBHCUT OT HOMEpPA MOJIBI.

S(f),
oT.en.

f (wacToTa), My

Puc. 6. CriekTp yabTpa3ByKOBOTO CUTHAJIA B BOJTHOBOJIE 0€3 BA3KOCTH TOJIIMHON 1,6 MM mpu
tedernu 0,5 m/c (1) u 1 m/c (2)

Takum 00pa3zoM, MO MOJOKEHHUIO JOKAJIbHBIX MAaKCUMYMOB B CIIEKTpPE YJIbTPa3BYKOBBIX
CHUTHAJIOB MOTYT OBITh MOJIy4Y€HBl 3HAUEHUS MOCTOSHHBIX PACIIPOCTPAHEHUS IS TIEPBBIX 2-3
MOJI, «3aXBaY€HHBIX)» BOJIHOBOJIOM.

B03MOXHOCTB BBIIEICHUS JTOKAJIbHBIX MAKCUMYMOB B CIIEKTPE YJIbTPAa3BYKOBBIX CUIHAJIOB
NoKa3aHa HaMM 3KCIIEPHUMEHTANIbHO. B cooTBeTCTBUM CO cxemoil puc. 1, Bo30OyxaeHue 3ByKa

. A. CnasyTtckunii, M. B. HukaHgpos, A. B. TypxaHos
KOHTponb Npoduns NoToKa XWAKOCTU MO MOAOBOM CTPYKTYpe y/ibTPa3ByKOBOr0 CMrHana
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B BOJIHOBOJIE, 00pa3yeMOM IIOMEIIEHHbIMU B BOJY CTaJbHBIMHU OOpa3LaMu, MPOU3BOJHIOCH
PE30HAHCHBIMHM  IOJYBOJHOBBIMHM Ib€303JIEKTPUYECKUMHU IpeoOpa3oBaTes MM 4acTOTOM
f =14 MI'n. inuna BonHoBoaa L =170 MM , 4TO 3HaYUTEIBHO MPEBBIIACT JJIMHY 3BYKOBOU

BOJHBI (~ 1 MM ).

Ha puc. 7 Bmecte ¢ TeopermueckuM crekTtpoM (1) mpuBeACHBI 3KCIEPUMEHTATBHBIC
JaHHbIE (2), MOTyYeHHbIE TP MU(PPOBON 00pabOTKE yIbTPA3BYKOBBIX CUTHAJIOB.

S(f), .
oT.en. o\

1 \1
P de, /2

N

0 0,5 1 1,5 2 2,5 3

f (wactoTa), My

Puc. 7. CriekTpbl yabTpa3ByKOBOT'O CHTHAJIA B BOJTHOBOIE ToJIUHOM 1,6 mm: (1) —
pacueTHbI, (2) — 3KCepUMEHTATbHBIM

JlokasibHbIE MaKCUMYMbI, COOTBETCTBYIOLIUE MEPBBIM TPEM MOJIaM BIIOJIHE MOTYT OBITh
BbIJIEJICHBI B OKCIIEPUMEHTAIbHBIX YCIOBHUSX.

BOCCTAHOBJIEHUE ITPO®IJIA IIOTOKA

[Tokaxkem, 4TO 1O 3HAYEHUSM MOCTOSIHHBIX PACIPOCTPAHEHUS, MOKET OBITh BOCCTAHOBJICH
npo¢uIIb CKOPOCTH 3BYKa, @ 3HAUUT, B TJAMUHAPHOM MTOTOKE, MPO(UIb CKOPOCTH TOTOKA.

B xBazuknaccuueckom (BKB) mpubnmkennn ycnoBueM Ui HaXOXKACHUS MOCTOSHHBIX

2
pacnpocTpaHenus ¢, =+/k> —k,~ (BepTHKalbHas COCTABJAIONIAS BOJTHOBOTO YKCJIA) ABIAETCSA

CIeayrouee TUCIEPCUOHHOE YPAaBHEHHUE, KOTOPOE HAXOUTCS U3 TPAHUYHBIX YCIOBUM [4, 5]:

0] 1
—J e(z)-t, dz=F,=m|n+—_ | (6)
0 2
et
B »TOM BBIpaxkeHHH, aHAIIOTMYHOM IpaBWiIaM KBaHTOBaHuUsl bopa-3ommepdensvaa, £(z) —

(yHKIIUS HEOTHOPOIHOCTH CPEBI B YPABHEHUH | €IbMIobLA:
u"(z)+k’e(z)u(z) =0. (7)

VYpaBHenue (6), ¢popManbHO CHpaBeUIMBOE MPU OOJBIIMX 3HAYCHUSX 71, OKa3bIBACTCS
OpUMEHUMbIM Tpu n>2. Jlnga pemeHus oOpaTHOW 3amadyd — BOCCTAHOBJICHHS
HEOJTHOPOJHOCTH 00pasiia Mo CTPYKType BOJTHOBOTO MOJIs, ypaBHEHUE JOIMYCKaeT oOpalleHue
o ¢popmyne Abens:

. A. CnasyTtckunii, M. B. HukaHgpos, A. B. TypxaHos
KOHTponb Npoduns NoToKa XWAKOCTU MO MOAOBOM CTPYKTYpe y/ibTPa3ByKOBOr0 CMrHana



DNEKTPOHHbIN XypHan «TexHuyeckas akyctvka» 2003, 17 8(9)

z(e) = L ,—t G (8)

Jlns BHIUMCIeHHs (GYHKIHA HeodHOpomHOCTH £(z) B cooteTcTBHH C (8) BMeECTO
HenpepbBHOH Gyrkiuu {(F) MOXeT GBITh MCIOTB30BAaH IMCKPETHBIH HAGOpP TOCTOSHHBIX
pacnpoctpanenust ¢, . Ilpu sToM GyHKIUS t(F ) B IPOCTEHIIEM cllydyae MOXeET ObITh

anmpOKCHUMUPOBAHA MOJMHOMOM I10 JAWCKPETHOMY HA0OpYy MOCTOSIHHBIX PacHpOCTpaHEHUSI.
[Tpr 3TOM TOYHOCTH BOCCTAHOBJICHHS MPO(MUIS OKAa3bIBACTCS HE XYXKE CIUHUI] MPOICHTOB.
Conocrasnsis (7) ¢ (1), Mbl moydyaeM BbIpakKeHHUE JI11 HEOAHOPOAHOCTH MOTOKA!

e(z)=p’ s 9)

Ha puc. 8 mpencraBieHsl mpuMepbl BOCCTAHOBJIEHUSI MPOoduis BOJHOBOJAA (TMyHKTHpHAs
JUHUS) TO COOCTBEHHBIM 3HAYEHMSIM IOCTOSHHBIX PpAcCHpOCTpaHEHUs s TpeX MO,
COOTBETCTBYIOIIUX CIIEKTPaM CUTHAJIOB Ha pHC. 6.

0,0010 - 0,0010 -
0,0008 0,0008
0,0006 0,0006
0,0004 0,0004
0,0002 0,0002
z, m 0,0000 z, m 0,0000
-0,0002 -0,0002
-0,0004 -0,0004
-0,0006 -0,0006
-0,0008 -0,0008

-0,0010 - -0,0010 -
0 0,2 0,4 0,6 0,8 1 0 0,2 0,4 0,6 0,8 1
v(z), Wc v(z), Wc
(@) (©)

Puc. 8. Mcxoaubie (CriToniHas IMHUS ) 1 BOCCTAHOBJICHHBIC 110 CIIEKTpaM pHUC. 6 Tpoduin
MOTOKOB (TyHKTHpHAs JIuHUA): (a) — 1o crekTpy (1), (6) — mo criektpy (2)

B 1eHTpanbHON YacTH BOJHOBOJA MCXOIHBIA M BOCCTAHOBJICHHBIH MPOPWIL CKOPOCTH
MIOTOKA XOPOILIO COrNacyroTcs. PacxoxaeHus HabMogal0Tces B MpUrpannaHoi oonactu. Eciu
IpU BOCCTAHOBJIEHUH MPOQMIS CKOPOCTH MOTOKA HCIOJIb30BATH AMMPOKCUMAIHIO IO
dbopmyne (3) U rpaHMYHBIC YCIOBUS B BUJC CKauyka aKyCTHUYECKOTO MMIIeJJaHCA Ha TPaHUIIE
BOJIHOBOZIA, TO TOYHOCTh BOCCTAHOBJICHHMSI MOXXET OBbITh 3HAYMTEIbHO TOBbImeHa. [lo
OlLIEHKaM, NpOoQuIIb MOTOKAa MOXKET OBITh BOCCTAaHOBJEH C TOYHOCTBIO HE HIKE OJHOTO
npoueHTa. [IorpemHocTs BOCCTAHOBJIEHMST B OCHOBHOM  OIPENENSIETCS, I10-BUIAMMOMY,

TOYHOCTBIO OIIPCACIICHUA ITOCTOAHHBIX PACTIPOCTPAHCHU .

. A. CnasyTtckunii, M. B. HukaHgpos, A. B. TypxaHos
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3AKJIIOYEHUE

Takum o0pa3zoM, mpopmIb CKOPOCTH MOTOKA JKUAKOCTH MOXKET OBITh BOCCTAHOBIIEH IO
YaCTOTHBIM  XapaKTEPUCTUKAaM  YIbTPa3BYKOBOIO  CHTHalla,  PETUCTPHUPYEMOro B
(buKCUpOBaHHOM TOouKe BONHOBOJA. [Ipu 3TOM MHTEpdhepeHIMOHHBIE OUEHHsST MEX Ty MOAAMU
MOTYT OBITh 3apEerHCTPHPOBAHBI Ha TpaHUIE BOJHOBOAA, T.. Ha OCHOBE MOJYYEHHBIX
pe3yiabTaTOB  MOXeET ObIThb pa3paboTaH HAKIAAHON  yJIbTPAa3BYKOBOM  pacxoloMep,
MO3BOJISIOMINN OLIEHWBAaTh HE TOJIBKO WHTETPAJbHBIM pPacxoja >KUAKOCTH, HO U MPOpUIb
MOTOKA, KOTOPBIA OMpeAessieTcss BSI3KOCTBIO JKUAKOCTH M CBOWCTBAMH CTEHOK BOJIHOBOJIA.
Ecnu wu3mepeHuss mnpoBOAATCA XOTS OBl JUISL JBYX pAas3JIMYHBIX CKOPOCTEH MOTOKa, TO
anMpOKCHMALUsl BOCCTAHOBIICHHBIX Hpoduieil mo ¢opmyne (3) MO3BOIAET MOIYUUTH
KOO(QQUIHUEHTHl B 3TOM BBIPAKEHUHU, T. €. MOIYYUTh COOTHOLICHHS MEXIYy BS3KOCTBIO U
TUIOTHOCTBIO JKUJKOCTH.

CrnenoBarenbHO, MPEATIOKEHHAs METOAMKA OLEHKH MapamMeTpoB MOTOKA >KUIKOCTU IO
JAHHBIM  yJIbTPA3BYKOBBIX  HM3MEPEHUIl MOXKET HCHOJB30BAaThCA Kak B 3ajadax
pacxoJOMeTpuH, Te, Ha JaHHBIH MOMEHT, U3MEHEHHE CKOPOCTH IMOTOKAa IO €ro CEYCHHUIO
YYUTBIBAIOTCS MOJYSMIUPUIECKUMU (POPMYyJIaMH, TaK U JJIsl TUATHOCTUKU BSI3KUX CBOMCTB
KHUJIKOCTH.
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