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EKCHHEPUMEHTAJIBHI JOCJIIKEHHSA
YJIbBTPA3BYKOBOI'O METOY KOHTPOJIIO PIBHA
PIIMHHUX CEPEJOBUII 3 HEPIBHOMIPHUMU
INOBEPXHAMMU

VY poboTi HaBelEHO PEe3yNIbTATH eKCIEPHMEHTAIBHHX JIOCHIKEHb YIIbTPa3ByKOBOIO 3aC00Y KOHTPOIIFO
PIBHS PiIMH 3 HEPIBHOMIPHUMH MOBEPXHIMH, 00yMOBJICHIMH MeXaHIYHUMH JIisiMu. [1okazaHo, O AT
KOHTPOJIIO PIBHS PiMH 3 TAKMMH ITOBEPXHSIMU MOXKHA BUKOPUCTATH BTOPHHHI yIbTPa3ByKOBI €()EKTH.

This paper sets out experimental results of ultrasonic test for the level of liquid fluids with unequal
surfaces caused by any mechanical actions. It is said that to test the level of liquid fluids winh such
surfaces you may use ultrasonic secondary effecta.

Beryn. VYV XiMmiuHIM TexHONOrii € HEOOXiTHICTh KOHTPOIIOBAaTH PiBEHb B
peakTopax NpW HAsBHOCTI PIIMHHOIO KHII'SYOro mapy, B abcopbepax 3
0apOOTyBaHHSIM Tazy 4Yepe3 pIIUHY, T@pU MeEXaHIYHOMY YU Ta30BOMY
NepeMilllyBaHHI ~ pearyrouux piIAMHHUX — cepefoBuil Tomo. Jlias — Takux
TEXHOJIOTIYHUX TPOLECIB KOHTPOIIb PIBHS € aKTYaJbHOIO 33Ja4ero, Tak K BiJoMi
METOM KOHTPOJIIO PIBHSA SIK MOIUIABKOBHUH, OYyWKOBHMH, TipOCTAaTHYHHUM,
I1’€30METPUYHMN Ta IHIII € MPaKTHYHO HenpuaaTHUMH. HaitOuibn npunaTHUMM
JUIsSl KOHTPOJIIO PIBHSI PIJIMHHUX CEPEIOBUIL 3 HEPIBHOMIPHUMH IOBEPXHSAMH €
3aco0H, B OCHOBY POOOTH SIKMX IOKJIAJIEHI €HEepPreTUYHI MPUHIUIIHN PEONOTiYHUX
MIepeTBOPEHb, HATIPUKIIAJL, CHEPTis YIbTpa3ByKoBux konuBaHb (Y 3K).

Bimomi yiprpassykosi 3acobu xkoutpomo (Y33K) [1, 2], sxi npusHadeHi asist
BUMIDIOBAaHHSI DIBHS PIIMHHUX CEpEJOBUIL, MOBEPXHI KOTPHX € IUIACKUMH,
HANpHKIAJ, y CTalllOHApHHX pe3epByapax 1 €eMHOCTsAX. B ocHOBY ix pobotu
TOKJIQICHUA TPUHLUI BUMIPIOBAaHHSA 4Yacy NPOXOKEHHS YIBTPa3BYKOBHM
curHanom (Y3C) mozasiifHOI BifcTaHi BiJg BHIIPOMiHIOBaYa OO0 KOHTPOIOIOYO]
IUTACKOi TOBEpXHi a00 3a MPHUHIIUIIOM BUMIPIOBaHHS BiIOWTOrO BiJ IIi€l MOBEpXHIi
Y3C. 1o oOCHOBHUX HEIOJIKIB TaKUX 3aC00IB KOHTPOIIO PIiBHS € BEIUKI TOXHUOKH,
SIKI MOXYTh ckiamaté 1o 20 MM i Oijplme, a TakoXK TOCTAaTHBO BEJIHMKA 30HA IX
HEYYTIUBOCTI.

IMoctanoBka 3agaui. EKcreprMeHTanbHO  BCTAaHOBJICHO, IO  IIpH
BHUMIipIOBaHHI PIBHS PiAMHHIX CEPEIOBHIL YIBTPA3BYKOBUM METOIOM IIPH CTAIOMY
BUIIPOMIHIOIOUOMY curHainy E, mpuiiMadem crpuiiMaeTbcsi HE OQUH BiIOUTHI Bin

moBepxHi Y3C, a nBa i Oibllle CUTHANIB, PO3ALJICHUX B Yaci K MOKa3aHO Ha PHC.
1. SIkmio mepmmii CHTHall CIpUHAMAEThes depe3 NMPOMIKOK 4acy 7;, TO JIPYTHH

gyepe3 NPOMDKOK yacy 7,, TPeTill - 73 1 Tak Jaii. BigMideHo, 1o IpoMiXOK dacy
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T, Maibke B JBa pasu OiNbIIMH BiJ MPOMIKKY 7;, a8 MPOMDKOK 7, =75. Ilpn
YIBTPa3ByKOBOMY METOZl KOHTPOJIIO DIBHS TEPUIMH CIPUAMArOuMid CHTHAN 3
ammutitynoro E; HasuBaloTh OCHOBHMM, a 3 ammiiTygamu E, i E; curmamamm

BTOPUHHHX €(eKTiB BUMipIOBaHHs. 3 METOI0 YHUKHEHHsS HaKJaJaHHS OCHOBHOTO
Ta BTOPHMHHHMX CHTHAJIB IPH TOBTOPHHUX BUMIPIOBaHHSAX 30y/PKYIOUi CHTHAIH

PO3IIISAIOTH B Yaci TAKMM YMHOM, IIOOH Yac po3AiNeHHs T > 7, + 17, +73.
e
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Puc. 1. locninoBHicts Y3C, sKi cpUiiMarOThCs pUiMayeM

Bigomo [1], mo BropunnHi Y3C BHHHKAIOTH BHACTIZIOK PO3CIFOBAHHS
Bigoutoro Y3C Bix moBepxHi piquHHOrO cepenosuia. Bropunui Y3C mocsratoth
BHYTPIIIHIX YacTMH pe3epByapa YH €MHOCTi, BiJOWBalOTBCS BiI HHX,
MIOBEPTAIOTHCS O IOBEPXHI PIiAWHU, BiIOMBAIOTBCA BiA HEl 1 MOMamaloTh Ha
npuiiMad, CTBOPIOIOYM CHTHAMN 3 aMIuIiTynoo E,. Ammiityna E, meoro curnamy
Moxe ckmamatd 10 - 50 % Bim ammiuityan E;. Ammiityma BropumHHEMX Y3C
3aNIKATh BiJl XapakTepy IIOBEpXHI PITUHHOTO CEepefoBHINAa 1 € (yHKII€
KOHTPOJIOIOYOTO piBHA. 3alavyelo JOCHIHKEHb € BCTAHOBIICHHS BiAITOBITHUX
3akoHoMipHOCTeHd mipr Aii Y3C Ha HepiBHOMIpHI MMOBEPXHI PiIAMHHOTO CepeaOBHUINA
1 MOXKJTUBICTh BUKOPHCTAHHS YJIBTPa3BYKOBOTO METOAY ISl KOHTPOIIIO PIBHS TAKUX
CEepEeIOBHIIL

OcHoBHa 4YacTHHA. EKCriepEMEHTaNbHHMH JOCIIJDKEHHSIMH YCTAHOBJICHO,
0 TpH HAsBHOCTI HEPIBHOMIPHUX ITOBEPXOHb, OOYMOBICHHX MEXAaHIYHUMH YU
peakmiiHUMH [isIMH, aMIUTITyJa OCHOBHOTO CHTHally E; 3MeHmiyerscs mnpu
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OMHOMY H TOMYy K 3Ha4yeHHI 30Y/DKYIOUOro CHTHaJy Ta piBHI PiAWHHOTO
cepeJloBHINaA, a aMILTITYAN BTOPUHHMX curHaniB E,, E; Tomo 36inbmyroTecsa. Leit
XapaxkTepHUi e(exkT MoXHa IMOKJIAacTH B ocHOBY moOynoBu Y33K piBHA piguH 3
HEpIBHOMIPHHMH ITIOBEPXHOCTSIMH.

ExcriepuMenTanbHi TOCTIDKEHHS TPOBOMMINCS Ha YCTaHOBLI, cXeMa SKOi
MIpUBEJICHA Ha pHC.2.

OCHOBHUH

¥3C

Bropunnnit
y3C

‘ . CepeaoBUIIIC _ ‘

O
Lo

le

Puc.2. Cxema eKCriepuMeHTaNbHOI YCTAHOBKH KOHTPOIIO PiBHS
HEePIBHOMIPHHUX PIANHHUX CePeIOBHII]

YcraHOBKa CKIIAJA€ThCS 3 EMHOCTI 1, B SIKY 3aJIMTO BOJY J10 AesSKOro piBus L,
npucTporo 6apOoTyBaHHs 6, KyaIM HanpaBIseTbes MoBITPs mig Tuckom P . Tlixypui
TIOBITPSI IPOXOAATH 110 BHCOTI PIJMHHOTO CEPETOBHIIA i CTBOPIOIOTH HEPIBHOMIPHY
noBepxHIO 5. Bucoty Ah Takoi moBepxHi MOKHa PEryiIroBaTH 3a paxyHOK 3MiHH
THUCKY P TOBITpA, a TAKOXK NPUCTPOEM 6 3 PI3HUMHU MPOXiJHAMHU OTBOPAMH.
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Meroayka BHKOHAaHHS EKCIIEPUMEHTY. 3 OJOKy 2 eJIeKTpHYHHH IMITYJIbC
TIOAAETHCSL HA BHUIIPOMIHIOBaY 3, sSKWH 30y/Kye ynbTpa3ByKoBi KonmBaHHA. ¥Y3C
HaNpaBISIETEC HAa HEPIBHOMIpPHY MOBEPXHIO pIIMHHOrO cepenoBumma. Ilicms
BimOMTTS ocHOBHa uactuHa Y3C copuiiMaerbess mnpuiimMadeM 3y BHITIAI
OCHOBHOI'O CHTHAlly 3 aMIUliTygoro E;, a iHmIa dYacTHHa, BiAOUBINHCH Bif
HEpIBHOMIPHOI ITOBEPXHi, PO3CIIOETHCS B PIJMHHOMY Ta Ia30BOMY CEpEIOBHINAX i
Tmicnst BIAOWTTS BiJ BHYTPIIIHIX YacTHH amapary 3HOBY HAIpaBIISIIOTHCS Ha IO
MOBEPXHIO 1 y BUIVIANI BTOPMHHOIO CHUTHANy 3 aMIUIITy#ow E, copuiimaeTscs
npuiiMadeM. Tak sk BTOPUHHI CUTHAJIM JJOCTaTHHO CHJIBHO MOTJIMHAIOTHCS Ta30BHUM
Cepe/lOBHINEM, TO HACTYITHUMH BTODMHHMMHM CHTHallaMH 3 aMmmuiityaamu Ej, E,
MOXKHa 3HexTyBaTH. OCHOBHHUII Ta BTOPMHHI CHTHalM 3 mpuiiMaya 3 (0AHOYACHO
CIIY)KUTh BHIIPOMIHIOBa4YeM) TMOCTYNalOTh Ha ociwiorpad, Ha eKpaHi sKOro
(GbopMyeThCS  BIAMOBiHA TMOCTIIOBHICT SIK TOKa3aHO Ha puc. 1. Bucora
HepiBHOMIpHOT moBepxHi Ah 3miHioBanacs Big 0 g0 10 MM 3a paxyHOK 3MiHH
TUCcKy P moBiTps, sike moaaBasocs B yCTaHOBKY Ha OapOoTyBanHs. [Ipu 3amanomy
3Ha4YeHHI BUCOTH Ah HEepiBHOMIPHOCTI PiIMHHOTO CEPEAOBHIIA Ta 3aJaAHOMY HOro
piBHI 3a OCHWJIOIpaMOI BHM3HAYaIMCS aMIUNTyIM OCHOBHOTO Ta BTOPUHHHUX
cUrHajiiB i OymyBammcst 3ajexHocti E; = f(Ah) i E,= f(Ah). Ha puc. 3.
npuseneni sanexuocti E; = f(Ah), a ma puc. 4 samexmocti  E, = f(Ah) mma
PI3HUX PIBHIB PiJIHOTO CEPEIOBHIIIA.

El, mV
81

L=2m
T T— ., Lsm
0 2 4 6 8 Ah, mm

Puc. 3. 3anexHocti ammtityau ocHoBHOoro ¥Y3C Bil 3MiHH BUCOTH HEPiBHOMIPHOCTI
MOBEPXHI PIAMHHOTO CEPEIOBUILIA IS PI3HUX PiBHIB
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3 puc. 3 BumHO, IO 3i 30IJBIICHHSM BUCOTH HEPIBHOMIPHOCTI ITOBEPXHI
piauHHOTO cepeoBUILa abcomroTHa oXuoKa BUMIipIOBaHHS
AE;(Ah, L)=E(L)-E,(Ah, L) (me E;o(L) - ammnityna ocroBHoro curnay s
pi3HUX 3HaueHb piBHA L mpu Ah=0; El(Ah, L) - aMIUTITy/1a OCHOBHOT'O CUTHATY
JUIsl pi3HMX 3HaueHb piBHA L mpu Ah=var) 30inblnyeTbcst 3a HeNiHIHHUM
3aKOHOM (IMB. 3aIITpUXOBaHa o0nacTs uist piBHSA L =4a . 31 3MEHIIEHHAM piBHS
piauHHOrO cepenoBuIa (BIAMOBIAHO 31 30UIBIIEHHSM TOBIIMHH Ta30BOTO
cepeloBUINA) TOXWOKM  BHMIpIOBaHHS AEl(Ah, L) 3MEHIIYIOThCS, IO
00YMOBJIIOETHCS 301IbIICHHM TTorarHaHHA Y 3C Ta30BUM CEpEIOBHUILEM.

Ez,ka L=4m

3+

| I I I .
0 2 4 6 8 Ah, mm

Puc. 4. 3anexunocri ammnityau BropurHoro ¥Y3C BiJ 3MiHH BUCOTH HEPiBHOMIPHOCT1
MOBEPXHI PIIMHHOTO CEPEIOBHILIA ISl PI3HUX PiBHIB

3 puc. 4 BUAHO, mIO 31 30IIBIICHHSM BHUCOTH HEPIBHOMIPHOCTI MOBEpPXHI
PIOMHHOTO CepeAOoBHINa aMIUTiTyda BTOpHHHOTO Y 3C IUTaBHO 3pOCTa€ HE3aJEKHO
Bil BUMIpIOBaIbHOrO piBHA. Taka 3MiHa BTOPHMHHOTO e(deKTy Moxe OyTh
BUKOPUCTaHA IS TMiABHWINCHHS TOYHOCTI BHMIPIOBAHHA pIBHA PIIUHHUX
CepeIOBUIN 3 HEPIBHOMIPHUMH MOBEPXHSIMH, YBOASYHN BiAMOBIAKY KOMIIEHCAIIIO B
pe3yabTaT BUMIPIOBAHHS, 3MEHIICHHS 30HM HEYYTIMBOCTI, a TaKOXX 3MEHIIECHHS
BIDUIMBY 3MiHH ra30BOT0 CEPEOBHUINA Ha KOHTPOJb PiBHS.

VY nmesxux ympTpa3BYKOBHX piBHEMipax Ui KOMIIEHCAIii 3MiHH MapaMeTpiB
ra30BOr0 CEpEelIOBHUINA BHKOPHCTOBYETHCS peliepHa IUacTHHA. [Ipu BUMiprOBaHHI
PiBHS 3 HEPIBHOMIPHAMH PiIMHHAMH CEpPEIOBHINAMH pEllepHA TUIACTHHA CYTTEBO
BTpada€e CBOI KOMIICHCYIOUI BIIACTHBOCTI 1 MPaKTHYHO cTae HeeeKTUBHOM. K
TOKA3aJIM eKCIIEPUMEHTAIbHI JTOCHIPKeHHS, UL TaKUX DPiJUMH B SKOCTI AESKOro
perepHOro CcuMrHamy JoniuieHO BHKopuctatH  Y3C  BTOPHHHOTO — edeKTy,
BpaxoBylOUH TOH (akT, mo 3ayiexHocTi E, = f(Ah, L) € TUIaBHUMH 1 MaloTh
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HEBENIUKY HeniHiiHicTh. OKpiM TOro, BpaxXOBYIKOUH, IO BTOPUHHUH curHan E,
3aBXKIHU NMPUXOUTH JI0 NIpUiiMada 3 AESKUM 3aIli3HEHHSIM ICIIsl OCHOBHOT'O CUTHATTY
E;, To me Jae MOXIUBICTH 3MEHIIMTH 30HY HEUYTIMBOCTI IO JOILyCTHMOIO
MiHIMaTbHOrO 3HauyeHHs. Ha puc. 5 mnpuBemeHa HOMOrpaMa 3aJI€KHOCTI
BropuHHOro Y3C Bix BUCOTH HepiBHOMIpHOCTI Ah 1 piBHS piauan L .

Ez, mV

4= Ah=10mm

E1, mV

Y
-E2, mV

Puc. 5. Homorpama 3aJ1e;kHOCTi BTOPHHHOrO curHaiy E, = f(El) TS
PI3HHX 3HAYCHB PiBHS Ta BUCOTH HEPIBHOMIPHOCTI PiAMHHOTO CEpEeOBHIIA

3 puc. 5 BuaHo, mo E, = f(El) JUTSL 3/JAHOTO 3HAYCHHSI BUCOTH HEPiBHOMIPHOCTI

Ah € ninifiaumu (nyHKTUPHI JIiHIT). 3 AeSKMM HAOIMKEHHAM i NPAMi JiHIT CXOAATbCS B
tourti N 3 KoopauHATAMI (El =-034,E, = —2,35).

BucHoBku. ExcriepuMeHTanbHI JOCTIKEHHAS TOKa3aIH, 0 YABTPa3BYKOBUN
MEeTOA MO)Ke OyTH BUKOPHUCTAHHUH JJISI KOHTPONIO PiBHA PIOMHHUX CEPEIOBHUII 3
HEPIBHOMIPHOIO TOBEPXHBOK. [IpM mbOMY HEPIBHOMIpPHICTP TOBEPXHI piIUHH
Moxke gocsraté 10 10 M, mo mo3Boisie OymyBaTu 3acO0M KOHTPOIIO PIBHS LIS
MIOMIpHO KHITTYMX PIOMHHUX CepeloBHII. Brepiie moka3aHo, mI0 LIS MOOYI0BH
3aco0iB  KOHTPONIO pPIBHA pIOMHHUX CEPElOBUIl 3  HEPiBHOMIPHUMIM
MTOBEPXHOCTSIMA BUKOPUCTOBYETHCSI BTOPHHHHHN YIIbTPa3BYKOBHH €(DEKT.
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