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[IpuBOasTCS AKCIIEPUMEHTANBHBIE U TEOPETHYECKUE PE3YJIbTAThI, MOJTYYCHHBIC
Mpu  KOMIUIEKCHOM  (JIOTIJIEPOBCKOM M HMMITYJBCHOM)  YJIBTPa3ByYKOBOM
30HIUPOBAHUH OTKPBITOTO ITOTOKA KUAKOCTH. [IpH yueTe HEOTHOPOAHOCTH ITOTOKA
1 N3MEHCHUS €TI0 FJ'IY6I/IHLI CACIaHbl OCHKN TOYHOCTHU JOIIJICPOBCKUX HSMGPGHHﬁ.
[TokazaHo, 4TO B 3aBUCHMOCTH OT KOHILEHTpauuu (Ha30BbIX BKIIOUCHHH B
KHUIKOCTU MCHACTCA aMIUIMTyJHad MOAYJIAlusa pacCCIHHOro CurHailia u,
COOTBETCTBEHHO, IIMPUHA JOIUIEPOBCKOTO cnekrpa. Lludposas cnekrpanbHas
o0pa0oTKa CHUTHaja TO3BOJIIET YMEHBIIUTh CTAaTUCTUYECKYI MOTPEIIHOCTb
U3MEPEHHS PacX0/1a KHUIKOCTH. AHAIN3 U3MCHEHUSI IIUPUHBI CIIEKTPOB TIO3BOJISET
OLICHUTh HIKHUN TOPOr YyBCTBUTEJIBHOCTH JOIUIEPOBCKOIO pPACXOAOMEpa H
NpUAETBl IPUMEHUMOCTH TPAJULIMOHHBIX (GOpMyYI s pacdyera Mpoduis MmoToka
KHUJIKOCTH.

BBEJEHUE

B ynpTpa3ByKOBOW pacxoJOMETPUM IIHPOKO IPUMEHSIOTCS KaK HMMIIYJIbCHBIC, TaK H
JOTIJIEPOBCKUE  METOJbl  KOHTPOJSL CKOPOCTH MOTOKa JKUAKocTH. OcoOyio 3amauy
NPECTaBIsIeT KOHTPOJb OTKPHITOrO TOTOKA B YaCTUYHO 3allOJIHEHHOM TpPyOONpoBOJAE WIIH
KaHaje. B 3ToM ciydae 71 TOUHOTO ONpeNeNeHHs pacxojla HEOOXOAMMO KOHTPOJIUPOBATH
KakK Mpo(duiIb CKOPOCTH TIOTOKA, TaK U ero riyOuHy. JloriepoBCKuii KOHTPOIb OCHOBBIBACTCS
Ha pACCeSTHUM YJBTPA3BYKOBBIX CHUTHAIOB Ha (Da30BBIX BKJIIOUYEHUSX, KOHIICHTpALUs W
¢duznyeckue napaMeTpbl KOTOPBIX 3HAYUTENBHO BapbUPYIOTCS U CUJIBHO BJIUSAIOT Ha TOYHOCTb
u3MepeHuil. CBsA3b MEXIy pPAacXxoJOM U JOIJIEPOBCKUM CIIBUTOM HEJMHEIHA BCIEJICTBUE
U3MEHEHUs TJIyOMHBI ¥ HEOJHOPOJHOCTH TMOTOKAa. Huke npuBOASATCS pe3yibTaThbl
KOMIUIEKCHBIX (MMITYJIbCHBIX M JOIUIEPOBCKUX) MU3MEPEHHH, KOTOpPbIE MO3BOJIIOT OLIEHUTh
3aBHCUMOCTh YJIBTPA3BYKOBBIX CHTHAJIOB OT MPOQWISA CKOPOCTH IOTOKA, €r0 TIyOWMHBI H
XapaKTepUCTHK (Pa30BBIX BKIIOYCHHHA. DKCIIEPUMEHTAJIBHBIE JaHHBIC COIMOCTABIISIIOTCS C
pe3yJbTaTaMy YUCIEHHOTO MOJIEIUPOBAHMS.
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I[TOCTAHOBKA 3AJIAYH

PaccMOTpUM OTKPBITBHIM IOTOK BOABI IO JIOTKY HPSAMOYIOJIBHOTO cedyeHus. Takoro poaa
3a/1a4M [LIMPOKO ONHUCAHBI B IuTepaTtype [1]. 3Has pacxos v BI3KOCTh BOJIbI, IIEPOXOBATOCTh U
TEOMETPUUYECKHUE Pa3MEPBI JIOTKA, TEOPETUUECKU MOKHO OIPEIEIUTD BCE MTapaMeTphl TOTOKA.

Pacnipenenenne ckopocreil mo BeicoTe U(R) s KMBOIO CEUYEHHMS NPSAMOYTOJIBHON

dbopmel onpenensiercst popmyoii [1]
/ U
U(R):%R(h—R)+$R, (1)

Irac I — HLCSOMeTpI/ILICCKI/Iﬁ YKIJIOH, Y — 00BEMHBIH BCC, n — JUHAMHUYECKUI

K03 uunent Baskoctu, U - HAXOIUM U3 COOTHOLICHUS
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riae A — K03 PUITUESHT THAPABINICSCKOTO TPCHUS.

Koadpdummentrr, Bxomsmme B ¢Gopmynsl (1 —4), TpyaHO ompeneauMbl B peaTbHBIX
YCIIOBUSIX M MOTYT MEHATBHCS cOo BpeMeHeM. Hamu mokazaHa BO3MOKHOCTh KOHTPOJHPOBATh
MIyOMHY UM CKOpPOCTh  IOTOKa  YyJIBTPa3ByKOBBIMH  MeTroAamu.  [lomyuyeHHbIE
AKCTICPUMEHTAJIbHBIE JaHHBIE COMOCTABJISUTUCH C pacueTaMu 1o ¢popmyiam (1 —4).

OKCrepUMEHTAIbHbIE M3MEPEHUS U TEOPETHUECKOE MOJEIMPOBAHHE TMPOBOIMINUCH 10
cxeMe, NMoKa3aHHoM Ha puc. 1.

PaccestHabiif Ha (a30BBIX BKIIOYEHUSX CHTHAJI MOJCIUPOBAJICS MPH IMTOMOIIH CIICAYIOMICH

bopMyIIBL:

R L,

h ' :
S(t) = j A, cos| f(R) t_w R 5
0
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da3oBble BKAOYEHUS Puc. 1.
Cxema 3KkcriepuMeHTa

MoMeHT TOsIBICHHUS [ pPacCeUBaIOLIEro »yeMeHTa ((a30oBble BKIIOYEHHUS) CUHUTAJICS
CIIy4ailHbIM, KOHIIGHTpAllUs U, COOTBETCTBEHHO, PACCTOSHUS MEXAYy pPacCEeUBAIOIIUMU
3JIEeMEHTaMH — pachpeaeeHHbIMHA 10 3akoHy ['aycca. Ciydaiinbie koopauHatel R = R(1)
($a30BBIX BKJIIOUEHUH MO BEPTUKAIBHON OCH CUHTAINUCh PABHOMEPHO pPACIpe/eICHHBIMU IO
riyouHe notoka. Pa3mep (pa3oBbIX BKIIOUEHUH (COOTBETCTBEHHO M aMIUIMTYAA PACCESTHHOTO

curHana A4, = (t)) cunTanuch pacmpeneIeHHBIME 110 3aKOHY ['aycca W He 3aBHUCSIIUMU

ran

0T R, ¢ — CKOpOCTb 3BYyKa B XHJIKOCTH, L, — paccTosiHHE OT Ibe301aTUMKa J0 JIOTKA.

[1 ( ) cos aj
c
U(R

f®)=f, ; ©)
( CcosS aj

rae U(R) —3HaueHUE CKOPOCTH INIOTOKAa >KMJIKOCTH IO KoopauHate R, f(R) —

c

JIOIUIEPOBCKAss 9acTOTa, @ — YTOJI JOIUIEPOBCKOTO pacCesiHMs, f, — Hecyllas dYacToTa

30HAMPOBAHMS.
TakuM 00pa3oMm, pacCesHHBIA CHUTHA WMEET HECYIIYI0 MEePEMEHHYIO JOIUIEPOBCKYIO

4acToTy [ W aMIUIMTYIHYI0 Monxymsiuio A (¢), KoTopas ompenemnsercs CilydalHbIMU

ran
MMITYJIbCAMU C aMIUIATYJ0M, COOTBETCTBYIOIIECH pa3MepaM BKJIIOYECHHU W JUIMTEIbHOCTBIO,
CBSI3aHHOM C BEPTHUKAJIbHOM KOOPAMHATOM BKJIIOUECHHUS U BPEMEHEM €r0 MPOXOKIECHUS depe3
00J1y4aeMor0 00,1acTh, KOTOPOE CBSI3aHO CO CKOPOCTHIO MOTOKA.

[Ipy  uyucieHHOM  MOJETUPOBAHUM  OOHAPYXKEHO, UYTO  COOTHOIICHHUE  MEXIY
CPEIHEB3BEIICHHON YacTOTOM JIOIJIEPOBCKOTO CHTHAJIA M IIMPUHOW CHEKTPA MEHSETCA B
3aBUCHMOCTH OT TlapaMeTpoB moToka. [Ipu 3Tom dopMma criekTpa onpeaensieTcs aMIuIUTy JHON
M YAaCTOTHOW MOAYJSINMENd curHaiza. B cBow ouepenp amIuIMTyAHas MOAYJIALUS

OTIpeNieNIsIeTCs, B OCHOBHOM, KOHIIEHTpaIMel BKIIOUEHUH, YacTOTHAs! — MPO(UIeM MOTOKA.
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METOJIMKA SKCITEPUMEHTAJIbHbIX U3MEPEHUI

Ha ©puc.l mnokasana cxema OJKCHEpPUMEHTANbHBIX M3MepeHui. Mcnosmbp3oBaics
IPSIMOYTOJIBHBIM JIOTOK M3 NOJUCTHposia ¢ ToamuHoM crteHku 0,7 MMm. Pa3mepsl soTka
17x11%350 mm. M3mepeHuss TpOBOAMINCH OJIMKE K KOHIYy JIOTKA, TAEe IBUKCHHE BOJBI
MO’KHO CUUTaTh YCTaHOBHUBIIHUMCH.

Kpome wuzmywaromero yiabTpa3ByKOBOro IpeoOpa3oBarenst |, HCHOIB30BAUCh /1B
MPUEMHBIX Mbe3oAaTunka 2 u 3 (pe30HaHCHAs YacToTa BceX mpeoOpaszoBareneit ~ 1,4 MI'm).

Jlist KOHTpOJIst TITyOMHBI TOTOKA MCIIOJIB30BAIIOCH UMITYJIBCHOE 30HAMPOBAaHUE, MPH 3TOM
PETUCTPUPOBAJIOCH PACIPOCTPAHEHHUE YJIBTPA3BYKOBOTO CUTHAJA MEXIY CHUMMETPUYHBIMU
npeoOpaszoBatesisiMu 1 U 3, Ha JaTyuke 2 PErMCTPUPOBAJICS HENPEPBIBHBIA JOIMIIEPOBCKUN
CUTHAIL.

VMnysbCcHBIE CHUTHAlBl PErHCTPUPOBAIUCH LUGPOBBIM oOcCLMIIOrpadoM C YacTOTOU
muckperuzanuu 50 MI'u. Ha puc. 2 nmokazana ¢opma MMITyJIbCHOTO CHTHAJIa M €ro CIEKTp
IpU pa3IMyHBIX 3HAYEHUSAX PACXOJa U, COOTBETCTBEHHO, INTyOHMHBI MOTOKA BOJbl. Kak BHIIHO
U3 PUCYHKa, ()OpPMbI UMIYJbCHBIX CUT'HAJIOB C YBEIMUYEHHEM IIIyOMHBI MOTOKA MEHSIOTCS B
COOTBETCTBUM C UHTEep(EpEeHIel CUTHANIOB, OTPAXXEHHBIX OT HMKHEH MOBEPXHOCTH JIOTKA U
BEPXHEH I'PaHUIIbl IOTOKA.

|
1

a §) B r

Puc. 2. ®opma 1 CHEKTp yIbTPa3ByKOBOTO HMITYJILCHOTO CHTHAJIA TIPU pacxonaax (mii/c):
a— 0e3 Bompl, 0 — 5,17;B— 53,7; T — 89,51
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Mpsl omnpexpensiii riyOWHY IMOTOKAa IO CIHEKTpaM CHUTHAJIOB. B crekTpax MOSIBISIIOTCS
pEe30HaHCHbIE MTUKH, COOTBETCTBYIOIIME YacTOTaM, KOT/ia 1Mo TIIyOuHE MOTOKAa YKIJIaabIBaeTCs
11€J10€ YMCJIO0 MOTYBOJH. B 3TOM citydae riryOuHa moToka onpezensiercs mo gpopmyie [2]:

_ T Cc (7)
= —= - R
Ke 2(fn+1 _fn)snla
rac K6 — BepTI/IKaHLHaﬂ CoCTaB/IOIIIasA BOJHOBOIO 4ucjia, ¢ — CKOpOCTB 3ByKa B
BOAC, M/C, [04 — erH CKOJIbXXCHUA I/IMHyHBCHOFO CHUIrHaja, n :1 5 2 cee T HOMep

PE30HAHCHOTIO MUKA, f, — YacTOThI PE30HAHCHBIX IUKOB.

Ha nmpuemHuKke 2 perucTpupoBaics HENPEPBIBHBIN AOIIEPOBCKUN CUTHAJI, PACCESIHHBIN Ha
(a30BBIX BKIIOYCHUSAX W HA HEPOBHON MOBEPXHOCTH IMOTOKA KUAKOCTH. CKOPOCTH MOTOKA
BOJIBI PETYJHpOBajiaCh HAcOCOM. AHajoroBas oOpa0OTKa JJOIUIEPOBCKUX CHUTHAJIOB, [0
o pOBKH, IPOBOAUIACH 1O TPATUIIMOHHOW TeTEPOJAUHHON CXEME C YaCTOTOW T'eTepOoJINHA,
COOTBETCTBYIOIIEH wyacToTe 3oHAWpylomero curHana (1,4 MI'm). CurHan Ha BBIXOJE
rerepoanna (0 — 1 x['u) omudpossiBaics ¢ yactoTol nuckperusanun 44 xI'n npu momouu
AIII 3BykoBOM KapTbl KOMIIBIOTEPA. OTO IO3BOJSET IOJYYUTh JOIUIEPOBCKHE CHEKTPHI
CUTHAJIOB C TOUHOCTHIO HE HUXkeE 1%.

[Tpumepbl NOMIEPOBCKUX CHEKTPOB, IMOJyUYEHHBIE B pe3ysbTaTe HU(ppoBOil 00paboTKH
CUTHAJIOB (IJIUTENBHOCTh 3alucu <~ 15 cek), mpu Tpex pasMyHBIX 3HAUEHUSAX pacxoja
nokaszaHel Ha puc.3. Kak BUAHO M3 pPUCYHKA, C YBEIMYEHUEM pacxoja JIOIUIEPOBCKUE
CHEKTpPhl CMEIIAIOTCS B BBICOKOYACTOTHYIO 00JacThb W CYLIECTBEHHO MEHSIOT (opmy.
N3meHeHus (GopMbl CIEKTpa 3aBUCST OT NPOQHIIS CKOPOCTH MOTOKA KUKOCTH.
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Puc. 3. DxcnepuMeHTalIbHBIE CIIEKTPBI JOIIEPOBCKUX CUTHAJIOB NP PA3JIMYHbIX 3HAUEHUAX
pacxona: 1 — 6 mu/c, 2 — 15 mu/c, 3 — 53 mn/c
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AHAJIN3 PE3YJIbTATOB U3MEPEHUI

Jnis oneHkH (hakTOpoB, BIUSIOUIMX Ha (OPMY IOIMJIEPOBCKHUX CHEKTPOB, MPOBOIUIOCH
YHUCICHHOE MOJCITUPOBAHUE PACCESHUSI CUTHalda Ha (a30BBIX BKIIOUEHUSX B JKUIKOCTU C
rapamMeTpaMu IMOTOKA, IOJYYEHHBIMU B XOJ€ SKCIIEPUMEHTA.

[Ipu 00paboTKEe SKCHEPUMEHTATBHBIX JAaHHBIX PETHCTPHPOBATIACH CpPEAHEB3BEIICHHAS
4acTOTa JOILUIEPOBCKOIO CIIEKTpA:

[G(r s df
fp=te— ®)

[6(r dr

rne G(f) — IOmIepOBCKHUI CIIEKTP.

3atem, npu oOpameHun Gopmyisl (6), paccuuThiBasiach 3(HPEKTUBHAS CKOPOCTh MOTOKA
U,,(f.,,) Tpu pasHbix 3HaueHusx pacxona. COOTBETCTBYIOMIAs 3aBUCHMOCTh NPUBE/ICHA HA
puc. 4, kpusas 1.

TeopeTI/I‘lCCKI/I U o PpaCCUUTBIBAIACh KaK CpCAHsA HHTCrpajibHAsA CKOPOCTb IIOTOKa

fU(R) dR

U,, = rne U(R) — pesynbrar MozenupoBanus 1o ¢dopmyae (1).

CootsercrByrommas 3aBucumocts U, 0T pacxona () NpuBe/ieHa Ha puc. 4, KpuBast 2.

Ecmu cumtarh, 4TO THKHM B JOIUIEPOBCKHX CIIEKTPaX COOTBETCTBYET 3(h(HEKTUBHOMN
CKOpPOCTH, TO OKCIICPUMCHTAJIBHBIC JaHHBIC IIO3BOJIAIOT MMOCTPOUTH 3aBUCUMOCTH
3¢ (HEeKTHBHON CKOPOCTH OT pacxoja.

0,200 1 Uy, M/c

0,150 -
0,100 -
0,050 -
0, ma/c
0,000 . . )
0 50 100 150

Puc. 4. 3aBucumocts U, (Q)

IMYHKTUP — SKCIICPUMCHTAJIbHAs, CIUIOIIHAA — TCOPCTHICCKAA
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Kak BuaHo u3 puc.4, sKCHepuMEHTAIbHbIE M TEOPETUYECKHE 3aBHUCHUMOCTH XOPOIIO
COrJacyloTcs Mpu OOJbIIEM pacXo/ieé BOJAblI M 3HAYUTENBHO PACXOIATCA MPU MaJbIX
CKOPOCTSIX MTOTOKA.

[To-BuMMOMY, pPACXOXKIAEHHE IOJYYEHHBIX MAHHBIX pHC.4 MOXKET OBITh CBS3aHO C
KalWUIApHBIMUA () PeKTaMu U «IIPUIMIIAHUEM» BO3JYIIHBIX My3bIPbKOB K CTEHKaM JIOTKA.
[Tockonbky paccessHMe Ha ABMXKYIIMXCS (Da30BBIX BKJIIOYEHHSIX J1a€T OCHOBHOM BKIad B
JOTIJIEPOBCKHUM CHTHAN, X 3aMelJIeHHEe, U3-3a B3aUMOJCHCTBHS CO CTEHKaMH JIOTKA, MOXKET
OOBSCHUTH PACXOXKACHHUE HKCIIEPUMEHTATIbHBIX U TEOPETUUECKUX JaHHbBIX.

Ha puc. 5 moka3aHbI PACUCTHBIC 3aBUCUMOCTU CpGI[HGBBBCI.HCHHOfI 4aCTOThI ]ip (KpI/IBBIC

2, 4) u mmpunsl cnektpa Af (1,3) or pacxoma mpu JBYX 3HAYEHUSX KOHIICHTpPAIUU

BKIrOueHmi. Kak BUJHO U3 PHUCYHKA, OTU 3aBUCUMOCTHU HEJIUHEHHBI. I[OHJ'ICpOBCKI/Iﬁ CABUI" U
murpuHa JAOIUICPOBCKOT'O CIICKTpa MCHSAIOTCA B 3aBUCUMOCTH OoT pacxoga

HCIIPOIIOPIUOHAIIBHO. Ilo 3MeHeHnIO0 OTHOIIEHHS STHX BeanuuH K = Af/fcp B 3aBUCHMMOCTH

OT pacxojia MOXKHO CYJMTb O COOTHOIICHHH MEXTYy (ha30BOM M aMIUTUTYJHOU MOIYJSIUEH
curnana. CooTBETCTBYIOIIKE pacueTHbIE (5, 6) 1 skcniepuMeHTanbHas (7) KpUBbIE TOKa3aHbI B
MPaBOM YacTU PUCYHKA.

KoHuenrpanun BkmrodeHui mns KpuBblX 1, 2, 5 u 3, 4, 6 paznuyaroTcs B TpU pasa.
3aBucuMocTH 3, 4, 6 COOTBETCTBYIOT HU3KOM KOHIICHTPALIUH.

Kak BugHO U3 pucyHka, ¢popMa SKCIIEPUMEHTAIFHOM M PacueTHBIX 3aBUCHUMOCTel K OT
pacxojia COIIACYIOTCS. 3aBUCMMOCTH JUISl BEJIMYMHBI K HMMEIT XApaKTEPHBIH MAaKCHUMYM,
KOTOPBIA CMeIlaeTcsi B 00JacTh BBICOKMX PACXOJIOB C YMEHBUICHHEM KOHIICHTpAIlUU
BKJTFOUECHH.

Af, T
fcp, \f, Iy K

10 2 30

Puc. 5. XapakTepucTHKu AOTIEPOBCKUX CTIEKTPOB (1 —4) U OTHOIIEHKE UPUHBI CIIEKTPa K
CPEIHEB3BEIICHHON YacToTe OT pacxoa (5, 6); 7 — sKcnepuMeHTaIbHasi 3aBUCUMOCTb
OTHOILIECHMS NIMPHUHBI CIIEKTPA K CPETHEB3BEIICHHON 4acTOTe

[Tpu GOMNBIION CKOPOCTH TMOTOKA, 3aBUCUMOCTH i K HACBHIAIOTCS, T. €. OTHOIIEHHE

WAPUHBL Af K CpefHeMy NOIUICPOBCKOMY CIBHTY [, HE MEHSETCS. DTO MOXKET UMETh

cJIeayromiec 00BsICHEHHE. HpI/I MIMPOXOKIACHUN OTACIBHBIX BKJIIOUCHUI 4Cpe3 yJIbTPa3BYKOBOC
IIOJIC BO3HHKACT paCCGHHHLIﬁ CHUT'HaJI B (bopMe pPaauoOnuMITYJibCa, YaCTOTa 3aIlOJIHCHUSA

M. B. Hukanppos, J1. A. CnaByTckui
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KOTOPOTO OIIPEJEIIAETCS] CKOPOCTBIO JIBUKEHMS ITy3bIpbKa, aMIUIMTYyJla — €ro pa3Mepami, a
JUINTENILHOCTh OTHOAroliel — BpPEMEHEM NPOXOXKIEHHS CKBO3b OTPaHUYEHHYIO OO0JIaCTb,
oOmydaeMyro ynbTpa3sBykoM. Ilpum OonblION CKOpPOCTH IOTOKA YBEJIUYEHHE YacTOThI
3aIl0JIHEHUS OKa3bIBAETCS IIPONOPLHAOHAIBHBIM YMEHBLIEHUIO IUTUTENBHOCTH
COOTBETCTBYIOLIETO MMITyJibca orubaromeil. B pesynbraTe pacimimpeHue crekTpa 3a cyer
YMEHBUIEHUSl  JUIMTEIBHOCTH  OrMOarolmed  COOTBETCTBYET CMEIICHUIO CIEKTpa B
BBICOKOYACTOTHYIO OOJIaCTh 3a CUET yBEJIMYEHUs IOIUIEPOBCKOro casura. BenenctBue storo
BeMYMHA K HE MEHSIETCs C yBEJIMYEHUEM pacxo/a.

Takum o00pa3oMm, sl TOBBIIMICHUS TOYHOCTH OIpPENENICHUsT pacxoja HEoO0X0IUMO
YUUTHIBaTh aMIUIUTYIHYIO MOAYJISILIMIO CUTHAJIOB, CBSI3aHHYIO ¢ KOHIIEHTpALMe BKIIOUEHUN
U BPEMEHEM HX IPOXOXKIEHUS B YJIbTpa3BykoBoM Inojie. OmpezneneHue oTHomeHuss K
MO3BOJISIET, TAKMM 00pa3oM, OLIEHUTh HW)KHUH TOPOT M3MEPEHHUs PacXoia KHUIKOCTH, TpU
KOTOPOM KOHIIEHTparus (ha30BbIX BKIIOUEHHH UMEET MPUHITUIHATIBLHON 3HAUCHHE.

TpaguMOHHO B JOIUIEPOBCKUX YJBTPAa3BYKOBBIX pPacX0JOMepax YacTOTHBIM CIBUT
OLICHMBAETCSA IO YUCIy Iepexoja CUrHaja 4epe3 Hosb 3a BpeMs uszMepeHus. [Ipu stom
aMIUTUTYAHAsE MOMAYJISLIMS CUTHAjJa M COOTBETCTBEHHO (popMa IOTMJIEPOBCKOTO CIIEKTpa HE
YUUTBIBAETCSI. DTO MPUBOAUT K CHCTEMATUYECKHM OIIMOKaM, TIOCKOJIbKY MPO(UIH MOTOKA U
KOHIIEHTpAlUsl BKJIIOYEHMH B NPAKTHMUECKHUX 3a/JadyaX MOTYT OKa3bIBaTh CYIIECTBEHHOE
BIIMSIHUE Ha pe3yJsibTaT u3MepeHuil. OneHkKa JOIIEpOBCKOrO CIBHUra IO CPeIHEB3BEIICHHOMN
YacTOTE CHEKTpa IO3BOJSET YYECThb AMIUIUTYJHYIO MOJIYJIALMIO M TOBBICUTH TOYHOCTh
U3MEPECHUM.

Ha puc. 6 nansl pe3yabTrarsl u(poBoii 00pabOTKHM CUTHAJIOB JABYMSI METOJAMHU: TI0 YHCITY
MEepPEX0JI0B CUTHAIOB 4epe3 Houb (1,2) ¥ mo CpenHeB3BEIICHHOW 4acToTe crekrpa (3, 4).
[Ioka3aHbl OTHOCUTENBHBIE IOIPEIIHOCTH W3MEPEHUN II0 pe3yJbTaTaM CTaTUCTUYECKON
00paboTKH MpH pa3HbIX 3HAYCHHUSX pacxoja mo 20 3amucsm mmrensbHocThio 160 Mc (1, 3) u
320 mc (2, 4).

14 A%
12 |

10 A

0,00 5,00 10,00 15,00 20,00 25,00
Q,mn/c

Puc. 6. 3aBUCUMOCTh OTHOCUTEIBHON MOTPEIHOCTH IIPU ONPEIEIEHUN JOIIIIEPOBCKOTO
CIBHTa MPU PETUCTPAIIMU YHCIIa IEPEXO0I0B CUTHAA yepe3 Houb (1, 2) u 1o
CPEIHEB3BEIICHHON YacToTe crekTpa (3, 4)
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OTtHocuTeIbHAsT CTATUCTUYECKAs] MOTPEIIHOCTh M3MEPEHUs! CPEIHEB3BEIICHHON 4acTOThI
CIEKTpa OKa3bIBaeTCsl 3HAYUTENbHO HW)KE IIOTPEUIHOCTH, IMOJYYEHHOM TpaaullMOHHBIM
METOJIOM, U Ha pabouymnx pekuMax He mpesbilaet 2% npu JuiiHe 3anucu 320 Mmc.

Takum oOpa3om, 1udpoBas 00pabOTKa AOMJIEPOBCKUX CHUTHAJIOB C y4eTOM (HOPMBI
CHEKTPOB TIO3BOJISIET OLEHUTHh BIMSHUE MNPO(UIS MOTOKA U aMIUIUTYJHOW MOIYJISIUU
CUTHAJIOB, 3aBUCANICH OT mapameTpoB (ha30BbIX BKIIOYEHH, TIOBBICUTh TOYHOCTh U3MEPEHUI
B 33J1a4ax B YJIbTPa3BYKOBOW PaCcXOIOMETPHUHU.

3AKJIIOYEHUE

KomruiekcHble HUMITyJIbCHBIE W JIOTNIEPOBCKHE HU3MEPEHHsI MO3BOJIAIOT OJHOBPEMEHHO
OTIpeACNUTh TITyOUHY M CKOPOCTh OTKPBITOTO MOTOKA KUIKOCTH. [T0CKONBKY 3TH mapamMeTpbl
CBS3aHBl MEXIy COOOM, MOJy4YeHHBbIE JAaHHbIE MOTYT HCIOJb30BaThCS Kak JUid 3ajady
pacxoJOMETPpUM, TaK W Il OINpPEHENICHHs] BSI3KMX CBOMCTB xuakoctu [3]. Kpome Toro,
npouiIb MOTOKA CYIIECTBEHHO 3aBUCUT OT KOd(HIMEeHTa IIepOXOBATOCTH CTEHOK JIOTKA,
MO3TOMY OH MOKET OBITh OTpeeieH Yepe3 YIbTPa3ByKOBbIE H3MEPEHUS MTApaMETPOB MOTOKA,
B TEX Cly4asiX, KOrja KOHTakTHble MeToAbl [4] Hempuemiembl. CHEKTpajabHBIM aHAINA3
JOTIJIEPOBCKUX CHUTHAJOB TMO3BOJIIET YUYeCTh BIMSAHHE NTPOQUIS TMOTOKA >KUIKOCTH U
aAMIUTUTYAHON MOJYJISILIUU CUTHAJIOB, YBEIMYUTh TOYHOCTh H3MEPEHU.

CBsi3p MEXIy pacXxoJOM U JOIJIEPOBCKUM CIBUTOM HEJIMHEWHA BCIEACTBUE W3MEHEHUS
IyOMHBI ¥ HEOJHOPOIHOCTH MOTOKA. [[s1 OIEeHKHM HMXKHEro Mopora M3MEpPEeHHil CKOpOCTH
MOTOKA, BBIIIE KOTOPOTO MOXKHO HCIIONB30BAaTh TPATUIMOHHYIO (GopMynly uis Tpoduis
notoka (1), HeoOOXOAMMO yYMTHIBATh KOHIEHTPALMIO BKIIOYEHHH (aMILTUTYIHYIO
MOJIYJISIIMIO CUTHANIA U, COOTBETCTBEHHO, pacIIUpPEHHE JOIJIEPOBCKOIO CIIEKTpa), a TaK ke
ruapodusndeckiue 3PQPEKThl, MPUBOAALIIME K H3IOMY SKCIEPUMEHTAIbHOW 3aBUCHMOCTHU
(puc. 4) mpu ManbIX pacxoax.
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