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AHHOTaNMsA

Ipenmet uccieqoBanns. PaccMOTpeHBI BOIIPOCH! OIPEJENICHIsI MACCOBOTO PAacXojia arpeCCHBHBIX U HECTAOMIBHBIX XKUIKO-
cTel ¢ y4eToM ux (axtudeckoit miotHocTH. Metoasl. [IpeioxeH sKcIiepuMEHTaTBHO-TEOPETHUECKUI METO MICCIICIOBaHUS
ULl 0O0CHOBAHMS 0OJIMKA MacCOBOTO PacXooMepa )KUAKOCTEH C IMOMOILBIO CY)KaIOIIEro YCTPOiCcTBa Ha OCHOBE TPyOb! Ben-
Typu. OcHOBHBIE pe3yabTaThl. PazpaboraHa HOBas KOHCTPYKIMS MAacCOBOTO pacxofoMepa C IPUMEHEHHEM CY)KaIOIero
YCTpOWCTBA Ha OCHOBE TPyObI BeHTypH, KOTOpasi OTINYAETCsI MCIIOIb30BaHUEM YCTPOMCTBA JUIS U3MEPEHHUS ITIOTHOCTH KU1~
KOCTH, 4TO TO3BOJISIET ONpPENEIUTh €€ MaCCOBBIM pacxol. MaccoBhIi pacxogoMep XKHUIKOCTeH 00nagaeT yHUBEPCATbHOCTHIO
Onaronapss KOMOMHHPOBAaHHOMY COCTaBY, B KOHCTPYKIIMH KOTOPOTO MEHSETCS TOJIBKO CYXKalollee yCTPOHCTBO, paCCUNTaHHOE
JUISL 3aJJaHHOTO COCTaBa JKUAKOCTH. [lonydeHHble 3aBUCMMOCTH CKOPOCTH 3BYKa OT KOHLUEHTPALUN KOHTPOJIUPYEMOMN JKUAKO-
CTH TIO3BOJIWIM ONpPEACTHTh €€ (AKTHYECKYI0 IUIOTHOCTP M MEepeHTH K pacueTy MacCoBOTO  pacxofa.
IpakTHyeckast 3HAYUMOCTD. Pe3ynbTaTsl HCCIICIOBAaHUS MOTYT OBITh HCIIOJIB30BAHBI IPH IIPOCKTUPOBAHUN MAaCCOBBIX pac-
XOZIOMEPOB KUIKOCTEH, 0COOEHHO arpeCCHBHBIX U HECTAOMIBHBIX.
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Abstract

Subject of Study. The paper deals with problems of determination for the mass flow rate of corrosive and unstable liquids,
taking into account their actual density. Methods. Experimental and theoretical research method is proposed for the
appearance justification of constriction flow meter for liquids based on the Venturi tube. Main Results. A new design of
constriction flow meter for liquids based on the Venturi tube has been developed, outstanding with a device for measuring the
density of liquid that makes it possible to determine its mass flow. Mass flow meter for liquids keeps versatility thanks to the
combined composition; only constriction device is changing in its design, being calculated for a given composition of the
liquid. Obtained dependencies of sound velocity on the controlled liquid concentration, gave the possibility to determine its
actual density and pass on to mass flow calculation. Practical Relevance. Research results are usable in the design of mass
flow meters for liquids, particularly, for corrosive and unstable ones.

Keywords
mass flow meter, Venturi tube, corrosive liquid, constriction device.

BBenenue

HectabuibHble M arpecCHBHBIE JKUAKOCTH HaXOIAT HMIMPOKOE IIPUMEHEHHE B Pa3IMYHBIX OTPACIsX IPO-
MBIIIIEHHOCTH. HanpuMep, B KOCMUYECKOH OTpaciy AIUTENBHOE BPEMS SKCIUTYyaTUPYIOTCS] paKeThl KOCMHUYECKO-
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W.B. Haymuwik, N.KO. Kurkarynos, A.l. Kpenb, KA. CtenaHosa

TO Ha3HAYCHHS, 3alPaBKa KOTOPHIX MPOM3BOAUTCS PA3IMYHBIMH KOMITOHEHTaMH, HEKOTOPHIE M3 HUX SBISIOTCS
arpecCUBHBIMH, TOKCHYHBIMHI ¥ HECTaOWIBHBIMA. [[J11 KOHTPOJIS KOJMYECTBA 3alPaBIsIEeMOrO TOIUIMBA B COCTaB
KOMIUIEKCOB BKJIFOYEHBI CHCTEMBI M3MEPEHHs 00BEMOB M KOHTPOJS YpPOBHSA, CBS3aHHBIE C CHUTHAIHM3aTOPAMU
YpOBHEMH, YCTAaHOBICHHBIMH BHYTpPH 0akoB pakeT-HocHTenel. OCHOBHAS 4acTh MMEIOIINXCS Ha3eMHBIX CPEICTB
KOHTPOJIS pacxojia He 00J1a1aeT YHUBEPCAIbHOCTHIO, TaK KaK CO3/[aHa JUlsl KOHKpeTHOro Thna Hocurels [1-10].

Oco0y10 aKTyaJIbHOCTh TOYHOCTb JJO3UPOBAHUSI arpeCCHBHBIX M HECTAOMIIBHBIX JKHIKOCTEH Mpuodperaer
B XMMHYECKOH U HepTeXuMUUeCKol oTpaciu. Bompoc TOYHOCTH OCTPO CTOMT NPHU JO3UPOBAHUH BBIIICYKAa3aH-
HBIX JKHJIKOCTEH B ITOCTOSHHO MEHSIOIIMXCS YCIOBHUSX (Ieperajibl TeMIepaTyp, AaBieHus U T.j.). OcobeHHo-
CTBIO XMMHUECKHX M HE(PTEXUMHUYECKHX TPEANPHUSITHIA SBISETCS Pa3BETBICHHOCTh TEXHOIOTHUECKUX YCTPONUCTB
OT MOMEHTA IPOM3BOJICTBA arpECCUBHBIX M HECTAOMJIBHBIX XHIKOCTEH JI0 mepenadyn ux rmorpedurento. B xone
JAHHOTO TIPOIIeCCca KUIKOCTH MPEOBIBAIOT B PA3IMYHBIX YCIOBHUAX, CYIICCTBEHHO BIHUSIOMINX HAa UX XapaKTepH-
CTHKH. B cBs3M ¢ 3TUM HEOOX0AMMO HMETh HHYOPMAIHIO 0 (PAKTUIECKOM COCTOSIHHUH, HAIIPUMED, O TUNIOTHOCTHU B
OTIpeieNIeHHBIf MOMEHT BPEMEHH, /IS €€ yueTa Py 00eCIIe9eHUH TOYHOCTH JJO3UPOBAHMUS.

CrnemyeT OTMETHTH, YTO U3MEPEHHE PACXOAa arpeCcCUBHBIX M HECTAOMIBHBIX KHIKOCTEH COIPSIKEHO C
OTIpeIeIEHHBIMU TPYIHOCTAMHU. HermocpencTBEHHBIM KOHTAKT ¢ TaKUMH JKHAKOCTAMHU Ype3BbIUATHO HeXelaTe-
JIeH, TOCKOJIBKY OH CONPSIKEH C ONMACHOCTBIO JUISL 3[0POBbS YEJIOBEKA, a TAKXKE C OMACHOCTHIO MOBPEXKICHHS UITH
3arpsi3HeHus cpeacTB usMmepeHuid. Hampumep, nepexucs Bogopona (H,O,) oTHOCHTCS K BBICOKOOIACHBIM JKH-
KOCTSIM BCJICICTBHE OOIIIETOKCUYESCKOTO U Pa3IpakaroNIero ACHCTBHS, a TAKXKE e¢ MOXKapHOi omacHocTH [8, 9].

B aT0i1 cBsI3M pa3paboTka MaccoBOro pacxoinomepa >KUAKOCTEH, 0COOEHHO arpecCHBHBIX M HecTaOWIIb-
HBIX, SIBJISIETCS] HAa3peBIIEi HayYHOH poOJIeMOil, peleHNI0 KOTOPO#i ITOCBsIIeHa HacTosmas padoTa.

Jist pemieHnst mpoOieMbl N3MEPEHUST MACCOBOTO PAcxojia MPEAIOKEeH PacXoJoMep KHUIKOCTEH, KOTOPBIi
BKIIIO4aeT TpyOy BeHTypu, nmupmaHomerp, HIMEPUTEIBHBIA TpyOONIpOBON, OOOPYIOBAaHHEIN 3alOpHO-
peryiHpyIomel apMarypoil Ha BXOA€ W BBIXOIE M3 HETO, IMbE303JICKTPUIECKIH MTpeodpa3oBaTelb, YCTAHOBIICH-
HBI HA U3MEPUTEIFHOM TPYOOIPOBOIIE, TEHEPATOp YABTPA3BYKOBBIX UMITYIBCOB H 0OpabaThIBaroIIee yCTPOHCT-
BO ANIEKTPUYIECKUX CHTHAJIOB IMPUHUMAEMBIX OTPAKEHHBIX UMITYIIbCOB, CBSI3AHHBIX C IIBE303IEKTPHUECKUM IIpe-
oOpazoBareneM. B cxemy Takke BKIIOYEH NaTYUK OTMETKA BPEMEHHM U MHUKPOKOHTPOJUIEp, 00padaThiBaIOIIuii
MOJyYCHHBIE JaHHBIE, OTPENENss II0 CKOPOCTH MPOXOXKIEHHS YIBTPAa3BYKOBOH BOJHBI IUIOTHOCTH JKHAKOCTH U
BEJIMUMHY €€ MacCOBOT'O Pacxojia IyTeM BBIYMCIICHHS NPOU3BEICHHSI 00bEMHOI0 PacXo/ia Ha TIIOTHOCTb.

BrinonHeHHbIE HCClIENOBaHUS MOKa3aJId, YTO IpPEAiaraéMblil MacCOBBIA PacxXoOMEp KUIKOCTEH, HC-
MOJIB3YIONIHH CY)KaIoIee YCTPOMCTBO HA OCHOBE TPYObl BeHTypH, 00J1aaeT MOBBIIICHHONH TOYHOCTBHIO TO3HUPO-
BaHMS XHUIKOCTH 32 CUET ydeTa €€ IUIOTHOCTH M YHHBEpPCAJIBHOCTHIO Oiaronapss KOMOMHHPOBAHHOMY COCTaBy
pacxozomepa, KOTOPBI MO>KHO TOIOMPaTh MO/ 3alaHHBIA COCTAB )KUAKOCTH.

IIpeumymiecTBa TpyOKku BeHTYpH 10 CpaBHEHHUIO € APYTUMH CYKAIOIIMMH YCTPOHCTBAMU

B nHacrosiiee Bpems cymiecTByeT MIMPOKas HOMEHKIIATypa PacXoIOMEpOB, OCHOBAHHBIX HAa Pa3IMIHBIX
¢msuueckux npuHnumax [11-13]. TlpoBeaeHHbIN aHAINM3 TOKa3aJI, YTO JUIS M3MEPEHHUsS pacxoia >KUIKOCTEH,
0COOCHHO arpecCHBHBIX M HECTaOWIBHBIX, HaHOOJIee MPHEMIIEMBIMH SIBISIFOTCS PACXOIOMEPHI C CYKAIOIIUMU
ycrpoiictBamu (CY). JlaHHBIE pacXxogoMeps! HAILIN IIHPOKOE MPUMEHEHHE B IIPOMBIIIUIEHHOCTH B Ka4eCTBE OC-
HOBHBbIX le/I60p0B I UBMEPCHUA pacxoa. Hx rimaBHOE NMPpEUMyHICCTBO — KOHCTPYKTUBHAA NNpOCTOTA, OTCYTCT-
BUEC IBUXKYIIHUXCA YyacTel U BBICOKas HaACXKHOCThb.

OCHOBHbBIC IPEUMYIIIECTBA M HEAOCTaTKU pa3nuuHbix CY npezcranieHsl B Ta0. 1.

Crnemyer OTMETHUTB, YTO 3a AuadparMoii oOpa3yroTCs 3aBHXPEHUS, B KOTOPBHIX BEIUYHHA CTATHYCCKOTO
JTABJICHUS] MOXET CTaTh HIDKE JABJICHUS HACBINICHHOTO Mapa. B pe3ynprate MeeT MecTo Halludue KaBHUTAIHOH-
HBIX ITy3BIPHKOB T'a3a, KOTOPHIC IPU CXJIONBIBAHUYU BEI3BIBAIOT pa3pylIcHHE KOHCTPYKIMOHHOTO MaTepuana. O0-
pa3oBaHHE MUKPOIIOBPEXKICHUN CIIOCOOCTBYET 3apOXKICHHUI0 MEKKPUCTAJUINTHONH KOPPO3HH MaTEPHAIOB, KOTO-
pBIe B OOBIYHBIX YCJIOBHSIX ITOKA3BIBAIOT BBHICOKYIO KOPPO3HMOHHYIO CTOHKOCTBH MO OTHOIIECHHWIO K arpeCCHBHBIM
JKUKOCTSIM.

KaBurarus B HecTaOMIBHBIX JXUAKOCTSIX (Takux kak H,O,) sBisieTcss (pakTopoM Havajga UX PasaoKeHHS,
TaK KaK M3-32 CHWKEHHUS CTAaTWYECKOTO JABICHHUS B 30HE TypOyIEHTHOCTH CHCTEMa HECTAOMIBHOM >KUIKOCTH
MOXKET OTPEearupoBaTh B HAIPABICHUH IOIACP KaHUS TPEKHETO JaBICHUS 32 CUEeT BOPACHIBAaHHA B CPELy KUCIIO-
pona paznoxenus [11]

H202<—> 02+ Hz.

[Mpumenerne CY Ha ocHOBE TPyObl BEeHTYpH UCKITFOYAET MOSBIICHUE YCIOBHHN ISl KABUTAIMH.

Takum ob6pazom, CY Ha ocHOBe TPyObl BeHTypu sBISETCS pacXxomoMepoM, B KOTOPOM OTCYTCTBYIOT 3a-
CTOMHBIC 30HBI M 30HBI KABUTAIIMH, TIO3TOMY HauOoJiee MPEeIOYTUTEINICH ISl PUMEeHEHUs B KadectBe CY nMeH-
HO 3TOT THII, 0COOCHHO JJISl aTPECCUBHBIX W HECTAOMIBHBIX KUIKOCTEH.
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MACCOBbI/ PACXOOOMEP XXWOKOCTEW

B cootserctun ¢ TOCT' Tpy6a BeHTypH — THIT CTAaHAAPTHOTO CYKAIOIIETO YCTPOHCTBA, KOTOPOE COCTO-
UT U3 BXOAHOTO IMJIMHAPUYECKOTO Y4acTKa, CXOMSAIIEHCs KOHMYEeCKOl yacTH (KoH(Y30pa), TOPJIIOBHUHBI U PACXo-
Juieiics: koundeckoit yactu (nuddysopa).

Bri6op reomeTpudecKkux mapaMeTpoB CYXKAIOIIEro YCTPOWCTBA MPOM3BOIMIICS COITIACHO AEHCTBYIOLICH
HOPMaTUBHOM JIOKYMEHTALMH M OIBITY TMIPABINYECKUX pacuyeToB. [eoMeTpuyeckue napaMmeTpbl BHIOUpPAINCH
13 cooOpakeHuit obecrieueHns HeOOXOMMOW TOYHOCTH U3MEPEHHH ITapaMeTPOB MIOTOKA )KUAKOCTH.

HaumenoBanue Xapaxkrepuctuka CY
tuna CY JloctonHcTBa Henocrarku
—IIpocta B M3roTOBICHMH U MOHTaxe,|—B mporecce SKCIUTyaTanud HEW30€KHO TMpH-
MOXET NPUMEHAThCS B HIMPOKOM [Ma-| TYIUICHHE BXOAHOW KPOMKH Auadparmbl, 4TO
na3one uncen PeitHonbaca (Re) NPUBOAUT K JIOMOJHUTEIBHOM MpPOrpeccu-
—IMpuMeHnMa Ha TPyOONIPOBOIE C BHYT-| PYIOIIEH HEONpeneneHHOCTH Kod(hduImeHTa
Juadparma pernuM auamerpom ot 50 1o 1000 MM | HCTeYeHUs], KOTOpast MOXKET OBITh CYIIECTBEH-
—Heomnpenenensoctsb ko3 duimenrta| HOH ms JuadparM, yCTaHaBIMBAEMBIX B TPY-
ucTeueHus auadparM MeHblne, yeM y| Oomposonax puamerpom mMeHee 100 Mm
npyrux CY —TIloTepu napnenus Ha quadparmax BbIlLIe, YeM
Ha npyrux CY
—QO0Onagaer CTaOWIBHBIMU XapaKTepH- | — SBIAETCS CIOKHBIM B H3TOTOBICHUU
CTHKaMH IpH [UIUTEIBHON 3KCILIyara-|— [I[puMEeHsIOT TOJBKO Ha TPyOOIpPOBOJE BHYT-
SLIHICHOE 17070 peHHuM auaMeTpoM He 6osee 630 MM
COILIO —Ilorepn maBneHns Ha HEM MeHbIIE, 4eM [ — OTCYTCTBYIOT DKCIIEpUMEHTAJbHbIE JaHHbIE
Ha nuadparme 110 MX HMccenoBanmio npu Re > 107
—MosxeT HMETh OTHOCHTENBHBEIN IHa-|—HeonpeneneHHOCTh Kod(pdHLIMEHTa HCTEede-
MeTp oTBeperus Ao 0,8 Hus gocturaet 2%
—O06nanaer cTaOMIBHBIMU XapakKTepu-
CTMKaMH TpH UIMTEIBHOW SKCILTyara-
UM pacxomoMepa — SIBnsieTcs CIOKHBIM B H3TOTOBICHUHT
Comio —Ilorepu aaBiieHUsl HA HEM 3HAYUTENBHO |— VIMeeT y3Kkuil Auana3oH npuMeHeHus no Re
Bentypu MeHbLIE, YeM Ha quadparme u 3JMIC-|—MeeT OONBILYIO HEONPEAENEHHOCTh KO-
HOM COILTe (buLMeHTa HCTeUCHHS
—KoadduuueHr ucTeueHHs HE 3aBHCUT
ot Re
—QO06namaer CcTaOMIBLHBIMH XapaKTEPH-
CTUKaMH IIpU IlJ'IIdTeJ'IbHOﬂ OKCILUlyaTa-
U
—Ilorepu naBieHUs HA HEW 3HAYUTEIBHO
MeHbIIIe, 4YeM Ha auadparme u corure, a
B HEKOTOPBIX CJIydYasiX MEHbILE, YeM B
Tpyba eomte BeHl;yp u. Tpebyiotea koporime —SIBysercs CIOXKHBIM B M3TOTOBJIICHUH U MMEET
MPSIMOJIMHEHHBIE YYACTKH TPYOOIPOBO-
Bentypu 1 OospILIE pa3MepsI
—B npoTo4HON 4YacTu OTCYTCTBYIOT 3a-
CTOHHBIE 30HBI, TI€ MOTYT CKAIlTMBaTh-
csl OCaIKu
—donyckaercst K IPUMEHEHUIO B TPyOO-
MPOBOJAX C BHYTPEHHHM JIHAMETPOM
J0 1200 MM

Tabnuua 1. CpaBHMTeJ'IbHaFI XapakKTepuUcTnka OCHOBHbIX BUOOB CyXXaloLnx yCTpOVICTB
ana naMepeHua pacxoga

AHanu3 mokasal, 4To Cyxkarolee yCTpoicTBo (Tpyba BeHTypH) MOXeET HCONb30BaThCss B COCTaBE Mac-

COBOTO PacXooMepa, BKIIIOUAIOLIETO B ce0sl CIIEAYIONIME MIEMEHThI: U3MEPHUTENBHBIH TPyOOIIPOBO, CyKatollee
YCTPOICTBO, qrU(MaHOMETP C JMEKTPUUECKUM BBIXOIHBIM YHH(UIIMPOBAHHBIM cUrHajioM. Tako#l cocTaB m0O3BO-
JIMT TIPH IPUHSTUH COOTBETCTBYIOIIMX JOIYILEHUH 110 Nepenajy JaBiIeHUs] U3MEPSITh PacxXoll MPOXoIsIeii yepes
Cy’KaloIlee yCTpOHCTBO KUAKOCTH.

' TOCT 8.586.1-2005 (MCO 5167-1:2003). TocynapcTBeHHas cucTeMa OOECICYCHHSI CIMHCTBA W3MepeHuil. M3Mepenue
pacxola M KOJIMYECTBA SKUAKOCTEHl M ra3oB € IOMOUIBIO CTaHJAPTHBIX Cyxaromux ycrpoiicts. Baex. 01.01.07. M:
Crannaptunagopm, 2007. 72 c.
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MaccoBblii pacxogoMep *KUAKOCTel HA ocHOBe TPYObI BenTypu

Jna m3MepeHHns MaccoBOTO pacxofa pa3paboTaH pacxomoMep JKUOKOCTEH, KOTOPHIA BKIIOYAET TPYOy
Bentypu 1, nudmanomerp 2, mo BeTHUMHE MOKA3aHUH KOTOPOTO OMpenensercs 00beMHBIH pacxol KUIKOCTH,
M3MEPUTEIILHBIA TpyOonpoBoa 13, 000pyI0BaHHBII 3alIOPHO-PETYIUPYIOLIEH apMaTypoil Ha BXOJIE U BBIXOZE M3
HEro, Ibe303JIeKTPUYECKUI NpeoOpa3oBarelb 9, yCTaHOBIECHHbI HAa H3MEPUTEIILHOM TPYOOIPOBOZE, FEeHEPaTop
YABTPa3BYKOBBIX MMITYJICOB 8 W 00pabaThIBarOIee YCTPOUCTBO 6 3JICKTPHUUCCKUX CUTHAIOB MPHUHUMACMBIX OT-
PaXEHHBIX UMITYJIbCOB, CBSI3aHHBIX C ITLE303JIEKTPHUYECKUM IpeoOpa3oBarenieM. B cxeMy Takxe BKIIOUYEH JIaTYHK
OTMETKH BPEMEHH 5 W MHUKPOKOHTpoJutep 4, 00pabaThIBarOIMi NOIyYeHHBIE JaHHBIE, ONPEAEsis IO CKOPOCTH
MPOXOXJICHUS YJIBTPa3BYKOBOH BOJIHBI IUNIOTHOCTD JKHIKOCTH M BEJIMUMHY €€ MacCOBOTO PAacXoja ITyTeM BBIYHC-
JICHUS IPOM3BENEHISI 00BEMHOTO PacXofa Ha IIOTHOCTE.

[IpuHIMnManpHas cxemMa MacCOBOTO PACXOIOMEPA KUAKOCTEN MTPEICTABICHA HA PUCYHKE.

HaHpaBJ’ICHI/IC IIOTOKa 1
— _\

PucyHok. NpuHuunuansHas cxema MaccoBOro pacxogoMepa Xunakocten

[Tpu M3MepeHnr MaccoBOTO pacxojia KUIKOCTH ¢ TIOMOIIbI0 TpyOsl BenTypu 1 cozmaercs mectHOE Cyxe-
HHE TI0TOKa, YaCTh IIOTEHINAILHOIN SHEPTUH KOTOPOTO NEPEXOAUT B KHHETHYECKYIO SHepruto. CpenHsisi CKOpOCTh
MIOTOKa B MECTE €r0 CYXKEHHs IOBBIIIAETCS, a CTATHYECKOE JIaBICHHE CTAHOBHUTCSI MEHBILIE CTaTHYECKOTO JIaBJIe-
HUA 110 TpyObl BenTypu 1. PazHOCTh nmaBneHus (mepemay MaBIeHUS) U3MEpSETCS TU(PMAHOMETPOM 2, IO BEJIH-
YHMHE TOKa3aHUH KOTOPOTO OIpeAenseTcs 00beMHBIH pacxol )XuAKocTH. JlaHHbIe ¢ AnpMaHOMETpa MOCTYHAIOT B
MHUKPOKOHTpOILIEp 4.

ITpyn u3MepeHHn MaccoBOTO pacxoia KUIAKOCTEH, 0COOCHHO arpeCCUBHBIX U HECTaOMIBHBIX, HEOOXOIUMO
M3MEPATH €€ IUIOTHOCTH, JUIS 3TOTO MpeIaraeTcsl NCIOIb30BaTh yIBTPa3ByKOBOW MeToxn miMepenus [14, 15]. C
3TOM LENbI0 U W3MEPEHUs INIOTHOCTH XHUIKOCTH M3MEPHUTENBHBIN TpyOomnpoBoa 13 3amomHseTcs myTeM OT-
BETBJICHUS 4YacTH oOIIero motoka. /is peryiMpoBaHHs MOJA4YM KHIKOCTH H3MEPHUTEIbHBIA TpyOomposox 13
000pyIOBaH 3alOPHO-PErYIUPYIONIEH apMaTypoii Ha Bxoze (kiamaH 3) u Beixoxe (kiamad 7) u3 Hero. C 3Toi
LEJbI0 KJIalaH 7 OTKpPBIBAaeTCsl, a KilanaH 3 3aKpbIBaeTCs. 3aTeM KianaH 3 OTKPBIBACTCS, U MOCIE 3aIl0HEHUs
JKUJKOCTBIO H3MEPHUTENILHOTO TpyOorpoBosa 13 mocnenoBaresibHO 3aKpbIBatoTCs Kianansl 7 u 3. [IponsBogurcs
M3MEpEHHUE TUIOTHOCTH )KUAKOCTH.

Chapyxu creHkH 10 nsmepurensHoro Tpyoonposoaa 13 ycTaHOBIIEH IbE303JIEKTpUIECKUii mpeodpaszosa-
Tenb 9, paboTaroImuil B HMITYJIbCHOM PEXHME IO cOBMeIeHHOH cxeme. [Ipn obecneueHnn akyCTHUECKOTO KOH-
TaKTa MeXay mpeobdpa3oBateneM 9 u creHKo# 10 mcIrycKaeMbIid NMITYJIbC YIBTPa3ByKOBOW IPOIOIEHON BOJHEI,
JIBIDKYIIUICS mo Hampasiernto 11, mepecekaer cteHky 10, cioit skuakocth, cteHky 12. [locne orpakeHus ot
TPaHHUIIBI Pa3ziena «CTEeHKa 12—B03MyX» YIBTPa3ByKOBOM MMIIYJIbC [IEPECCKAET B OOPAaTHOM HAIPaBICHUU CTECHKY
12, cnoit sxuakocTH, cTeHKy 10 ¥ MpuHUMAaeTCs he303IEeKTPHIECKUM Mpeodpa3oBaTenem 9.

C 00pabaThIBaOLIEro yCTPOHCTBa 6 JIEKTPUYECKUX CUTHAJIOB MPUHMUMAEMBIX OTPAKEHHBIX UMITYJIbCOB U
nudmanoMeTpa 2 AaHHBIE TOCTYNAIOT B MUKPOKOHTPOJLIEP 4, ONPENeIISIOIIUIA 110 CKOPOCTH POXOXKICHUS YIIbT-
pa3By1<0130171 BOJIHBI INIOTHOCTDH JXKUAKOCTU U BCIIMYUHY MACCOBOI0 pacxoda XUAKOCTU ITYTEM BBIYUCICHUA IIPO-
M3BEJICHNS] 00EMHOT0 Pacxo/ia Ha IMJIOTHOCTb.

3areM kJanaHbl 7 OTKpbIBatoTCs. LIMK u3MepeHuil moBTopsieTcs.
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MaremaTuueckasi MOA€Ib U IKCIEPUMEHT

MaccoBblii pacxo/] Cpeabl ISl CYKAIOUIMX YCTPOWCTB MOXKHO ONPEAETHTS 1Mo (opmyiie [3]

qn = (nd’/4) K,y K,y CE (2pAp)™,
rae Ky, — nonpaBo4HbIA KOA(PQPUIMEHT, YUUTHIBAIONIMH IEPOXOBATOCTh BHYTPEHHEH MOBEPXHOCTU M3MEPHTEIb-
HOro TpyOonpoBona; K, — NOnpaBOYHBIA KOI((PHULIUECHT, YYUTHIBAIOIIUA NPUTYIUIEHHE BXOIAHOW KPOMKH AHa-
¢parmsl (paen 1 s Tpyd Benrtypn); C — koaddunment ucreuenus (paseH 1 st tpyo Benrtypn); E — xoaddu-
LUEHT CKOPOCTH BXOJIa; p — INIOTHOCTb CPeAbl; Ap — Nepenaj JaBlIeHUs B CYKaIOLIEM YCTPOUCTBE.

[Tpn n3MepeHun MaccoBOIO pacxoia Cpeabl IONOTHUTEIBHO HEOOX0IMMO 3HATH 3HAYEHHUE €€ TUIOTHOCTH.
C 3TOH LeNnbIo NPEeIoKeH YIABTPa3ByKOBOW CIIOCO0 ONpe/esieHns] CKOPOCTH 3ByKa B XKUIKOW cpeje, KOTOPBIA U
MO3BOJISIET ONPENEIUTH €€ INIOTHOCTb.

VIIBTpa3ByKOBOH CIIOCOO OMpENeNIeHNsI CKOPOCTH 3BYKa B XKUAKHX CPelax BKIIIOYAET M3TydeHHe (IpHeM)
YABTPA3BYKOBBIX KOJICOAHWH B H3MEPSIEMYIO JKHAKOCTH C MOCIEIYIOMIMM MPeoOpa30BaHUEM B AICKTPUIECKHE
CUTHAJIBI, aHAJIU3 BBIIIEYKA3aHHBIX 3JIEKTPUYECKHUX CUTHAJIOB IUIS ONPENENECHUS CKOPOCTH 3ByKa B JKHIKOCTH;
MPU 3TOM HCIOJIB3YIOT OAMH OOPaTUMBII 37IE€KTPUUIECKUil IpeoOpa3oBareib, KOTOPBIl 00eCeYnBacT H3IydCHUE
(mpuem) ynbTpa3ByKOBBIX BOJIH B JKHIKOCTb. B IOTOK M3ITydaeTcsl ylbTpa3ByKOBasi BOJIHA, B CBOIO OUEpelb, pe-
THCTPUPYETCSI OTPAXKEHHAs! BOJIHA C OJHOBPEMEHHBIM M3MEPEHHEM €€ YacTOThI, 0 KOTOPOH BBIYUCISAIOT CKO-
POCTB 3BYKa C IOMOIIIBIO COOTHOILICHUS

rac o — TOJIIIMHA CJI0s PICCJ'ICZ[yeMOﬁ KHUIOKOCTH, [z — CYMMAapHOC BpEMs IMPOXOKACHHUSA MPAMOTO U OTPAKCHHOTO

UMITYJIBCOB; O sz — TOJILKMHA CTCHOK; C,, , €,

CT:

— CKOPOCTB 3BYKa B MaTepHaie CTEHOK.
2

cry ?

Jlns onpeienicHUs 3HAYEHUS TUIOTHOCTH P M CKOPOCTH 3ByKa C B 3aBUCHMOCTH OT KOHI[CHTparuu K KOH-
TPOIHUPYEMOH KUIAKOCTH OBLIH MPOBEACHBI SKCIICPUMEHTANBHBIC UcclieoBanus [16]. B xauecTBe mprmMepa Obiia
paccMoTpeHa MePeKUCh BOIOPOa B BHJIE BOMHBIX PACTBOPOB Pa3IMYHON KOHIICHTPAIMHU KaK OIHA M3 Hambolee
arpecCUBHBIX JKUIKOCTEH, UCIIONB3YEMbIX B IPOMBIILICHHOCTH.

dusnyeckrue CBOWCTBA pacTBOpa MEPEKHCH BOIOPOJA CYIIECTBEHHO 3aBHCAT OT KOHIEHTpauuu. B uact-
HOCTH, B nmuanazoHe koHmeHTparuu oT 0 mo 100% tutoTHOCTE pacTBopa m3MeHsercs B mpenenax ot 0,998 mo
1,450 r/em’.

P, r/em’ K, % C, M/c

0,998 (mucTriIHpOBaHHAS BONIA) 0,0 1487.,4
1,045 13,0 1516,1

1,080 22,0 1526,4

1,095 26,0 1545.9

1,108 29,5 1556,1

L115 31,0 1565.,4

1,140 37,0 1587,7

1,315 75,5 1715,7

Tabnuua 2. SKcneprMeHTarnbHble 3Ha4eHUs NIIOTHOCTU p U CKOPOCTU 3ByKa C B 3aBMCMMOCTM
oT KoHUeHTpauun K nepekucu sogopoaa

HJ'IH OnpeaAciiCHUA BCINYNHBI fz B 06pa311ax HCTIOJIB30BaJI YJIBTPA3BYKOBLIC MMITYJILCHI MJIMTEIILHOCTBIO

nopsifika 2 MKC ¢ 3amonHstoniei yacroror 10 MI'u. VYnbsrpa3BykoBble HMITYJIbCHI T€HEPUPOBAIMCH C MOMOIIBIO
NPSIMOTO pa3fenbHO-coBMelIeHHoro npeodpasosarerst [1112-10-UMM c adekTHBHO# MmToniaapio mbe303IeMeHTa
4,25 mv?. B KadecTBe GIIOKA PErHCTPALMK MCTIONB30BANCA YIbTpasBykoBoii nedexrockorn USN 60 (Krautkramer) ¢
YacTOTHBIM auara3zoHoM ot 0,25 no 25 MI'm. IlpeoOpazoBarens pa3meniaics Ha BHEIIHEH MOBEPXHOCTH CTEHKH
COCy/a, KOTOPBII NpeacTaBisil cOO0M TOMNBIM Mapajieienuie]], BHITOJHEHHBIH N3 KOPPO3NOHHOCTOMKON CTalu
12X18HI10T. dnst obecnieueHns MOCTOSIHCTBA aKyCTUYECKOTO KOHTAKTa M KOMIIEHCAIMH BJIMSHUSI KOHBEKTHBHOTO
TEI000MEHa HCIIONB30BAIICS TEPMOCTAOMIBHBIN aKyCTHYeCKHi Tenb. [lepen HadamoM MCCIeNOBaHWI SKCIIEpH-
MEHTAJIBHO ObIIa TOMydeHa BEIMYMHA BPEMEHHON 3aIEpXKKHW IPH PacIpOCTPAHEHWH YIBTPa3BYKOBOH BOJHBI B
TpaKkTe MpU3Ma TeHepaTtopa — CIOW KOHTAKTHOTO Teis — CTeHKa cocyaa. llomydeHHas 3afepXKKa yduThIBajIach B
JanbHEHIeM IpH ONpeeTIeHUN 3Ha4eHUH CKOPOCTH PaclpOCTPaHEHNUs YIbTPa3BYKOBBIX UMITYJILCOB.
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HccnenoBanus Moka3ainu HAIMYUE SPKO BHIPAKECHHONM 3aBUCUMOCTH MEX/Y CKOPOCTBIO 3ByKa M KOHIICH-
Tpamuen nepekucu Bopopoaa. [lonydeHHbIe SKCIEpUMEHTANbHbIE JaHHbIE ANMPOKCHUMHPOBAIN KBaJPaTUUHON
3aBUCUMOCTBIO [16]

C=0,0116 K*+2,2331 K + 1482 [m/c].

OKCIepUMEHTANbHbIE 3HAUSHUs TUIOTHOCTU P M CKOPOCTH 3Byka C B 3aBUCHMOCTH OT KOHLIEHTpauuu K
MIEPEKKICH BOJIOPO/Ia MTOKa3aHbI B Ta0I. 2.

O0cy:xkaeHue pe3yJibTaTOB

Pe3ynbTaTel NpOBEAEHHBIX 3KCIEPUMEHTANBHBIX HCCIENOBAaHUN MOKAa3aJld HaJIM4KE SPKO BBIPAKEHHOU
3aBHCHMOCTH MEX/Iy CKOPOCTHIO 3ByKa M KOHLEHTPALEH KOHTPOINPYEMOH XKHUIKOCTH (B JaHHOM CIIydae Iepe-
KHCH BOZIOPOJIA).

[TomyueHHast 3aBHCMMOCTH TO3BOJIMJIA MEPEHTH K pa3paboTKe yCTpOMCTBA Ui M3MEPEHHS IUIOTHOCTH
JKUJKOCTH, YTO MO3BOJISIET OINPENEIUTh €€ MAacCOBbIM pacxoa. IIpeanokeHHbl cOCTaB yCTPOWCTBA MO3BOJSET
MOTy4aTh MH(GOPMAIMIO O TEKYIIEeH IMIIOTHOCTH XHUIKOCTU IO CKOPOCTH MPOXOXICHHMS YIbTPa3ByKOBOW BOJIHBI,
HO, KaK I0Ka3aly SKCIIEPUMEHTANIbHBIE HCCIIEN0BAHNs, B IPOLIECCE U3MEPEHHUS CIIEAYET yUUTHIBATh BPEMEHHbIE
3aJep>KKU Ha TPaHHULAX pa3ziena cpef 110 BCEMY aKyCTHUECKOMY TPaKTy.

CToHT Tarke OTMETHUTh HEraTUBHOE BIMSHHE KOHBEKTHBHOTO TEINIOOOMEHA B TOUYKE KOHTAKTa Ipeodpa-
30BaTeNsl ¢ MOBEPXHOCTHIO COCyAa MPU M3MEPEHHUH CKOPOCTU PaclpOCTPaHEHUs YABTPA3BYKOBBIX HMITYJIBCOB.
3TO BIUSIHUE MOYKHO KOMITIEHCHPOBATH 33 CYET MPUMEHEHUsI CIIELUaTM3UPOBAHHBIX TEPMOCTAOUIIBHBIX TeJIeH.

Jist u3mMepeHust 00bEMHOTO pacxojia JKUIKOCTH ObUTO BEIOPAHO Cy’Kalolllee yCTPOMCTBO Ha OCHOBE TPYObI
BenTtypu, a Taxxe pazpadborana ero mozens [12, 16].

[MpenoskeHHast KOHCTPYKIMS MaccOBOIO pacxojoMmepa o0ecrieuuBaeT u3MepeHrne 00beMHOTo pacxosia
IUIOTHOCTH NEePEKAaYMBAEMON KHUIKOCTU € MEPECYETOM Ha MACCOBBIN PacXof MPH UCHOIb30BAHUM CIIEHUAIBEHOIO
BBIYHCIIATENHHOTO ycTpoiicTBa. [Ipy M3BECTHON KOHCTPYKIMU MPEACTABISIETCS] BOSMOXKHBIM IIPOBEICHHUE pacye-
TOB, C WCIIONBE30BaHUEM IMporpaMMHOTo mpoxykra ANSY'S, 9To MO3BONSET ONPEACIHUTh TUAMTa30H U3MEepEHHHA

paCXO)Ia qmax /qmin :
3akJiroueHue

ITpoBeneHO HKCIEPUMEHTATIBHO-TEOPETHIECKOe 000CHOBaHHE 00IMKAa MacCOBOTO PacxogoMepa IepeMeH-

HOTO Teperaja JaBJIeHHs] C TIOMOIIBIO CYXaIOIIero yCTpoicTBa Ha ocHOBe TpyObl Benrtypu. IIpoBenennsie nc-

CJIeZI0BaHMsI MOATBEPAMUIN BO3MOXKHOCTD UCIIONIb30BAHUS 3aBUCMOCTH U3MEHEHUSI CKOPOCTH 3ByKa OT KOHIIEH-

TpaILK KOHTPOINPYEMOH CpPeIbl IPH ONPEAETICHUH TEKYILEeH MIOTHOCTH HECTAOMIBHBIX M arPeCCHUBHBIX JKUIKO-

cTell. BHepeHne npeioXKeHHOT0 MacCOBOTO PacX00Mepa B Pa3IMdHbIE OTPACIH HPOMBIIIIIEHHOCTH TTO3BOJIUT

YUUTHIBATh IUIOTHOCTH JKHJIKOCTH B OIIPEAEIECHHBIH MOMEHT BPEMEHH, UTO CYIIECTBEHHO MOBBICHT NOKA3aTeNN

TOYHOCTH JJO3UPOBAHUSL.

Pe3ynbraThl BBIIONIHEHHON PabOThI MOKa3aiH, YTO MEPCIEKTHBHBIMU HAMpPABICHUSIMU JalbHEHIINX HC-

CJIEIOBAHUM CIIEyeT CUUTATh:

—  PacyeTHO-3KCIEPHMEHTAJIBbHOE YTOYHEHHE XapaKTePUCTUK MAacCOBOIO PacxojoMepa, 00eCIedHBAIOIIEro
MOBBILIEHHYIO TOYHOCTh M3MEPEHHs 3a CYeT ydeTa (PaKTHYEeCKOW TEKyIIeW IUIOTHOCTH JKHIKOCTH IyTeM
BKJIIOYEHUS B CXEMY U3MEpPEHHS U3MEPUTEIIS INIOTHOCTH;

— TPOBEIEHHE HKCIEPHUMEHTAIBHBIX UCCIEAOBAaHUNA Ha IMIMPOKOM CHEKTPE KUAKOCTEH PAa3IUYHOrO COCTaBa €
LIEJIBIO TTOTyYEHUs KaTMOPOBOYHBIX 3aBHCUMOCTEH.
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