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B HacTosilee BpemMsa Ha npeanpusTUAX XUMUYECKON MNPOMBILLMEHHOCTU AOCTAaTOMHO OCTPO CTOMUT
3afjlaya TOYHOIMO UM HaOEeXHOro WM3MEPEHUSI YPOBHSI CXKIMDKEHHOro Xropa B uuctepHax. KpalHe Bbicokas
XUMUYECKas aKTUBHOCTb Xropa npuvBOoAUT K ObICTPOMY HapacTaHWUO Crosi XNOPHOro enesa Ha
KOHTaKTUPYIOLLMX C XITOPOM 3fiEMEHTaX M3MEPUTESIbHbIX CUCTEM, B YAaCTHOCTU MOMMABKOBbIX, EMKOCTHBIX M
WHOYKTUBHBIX YPOBHEMEPOB, YTO HEraTMBHO CKa3blBaeTCs KakK Ha TOYHOCTM M3MEPEHWUR, Tak M Ha
NMOMEXOYCTOMYMBOCTU TakMx cucteM B LUenoM. B cBA3M € 9TuUM npeactaBnseTcd NepcrneKkTUBHbIM
yNbTPa3BYKOBOW METOA4 W3MEpEHWS YPOBHS Xropa, MOCTPOEHHbIV MO MPUHLMMY WU3MEPEHUs BpeMeHU
NPOXOXAEHNS YNbTPa3BYKOBOrO MMMyNbCa MeEXAy OTPaeHUsMW OT rpaHuubl cpedbl >KUOKUA XIop —
ra3oo0pasHbIf XIop.

Ha Bonrorpaagckom npeanpusitum OOT «KaycTuk» BegeTcs akTuBHasd paboTa no NOCTPOEHMIO Takoro
TMNa ypoBHEMEepa C YMyYlEeHHbIMU MO CpPaBHEHWMIO C aHanoramu xapaktepuctukamu. OCHOBHOWM ynop
JenaeTtcd Ha MWCMNONb30BaHME COBPEMEHHOW 3reMeHTHOM 6a3bl U undpoByto 006pabOTKy MNOMy4YeHHOM
nHpopmaLmm. ObLasa CTpykTypa n3aMepuTenbHOM YacTu BbIrMSAUT cneayoLlwmm obpasom (cMm puc. 1):
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Puc. 1. CTpykTypHas cxema cuctemsl Lincpposort 06paboTkn ynbTpasByKOBOro ypoBHEMEpa.

Ona toro, 4to6bl nsbexarb HEOBGXOAUMOCTM NPOEKTUPOBATL CMOXHbIE B NMepeHacCTPOMKe Ha Apyryto
4YacToTy MHOTOKackagHble CXeMbl MpefBapuUTENbHOIO yCuneHust cnaboro OTpakeHHOro curHana
ucnonb3yetcs UMdpoBas QuUbTpauusa MPUHATOrO CurHama, npuvHUMN  KOTOPOW  OMUCHAH  HWXe.
Perynupyembii HanpspkeHnem reHepatop 'YH BbipaGaTbiBaeT curHam NpsAMOYrofisHon opMbl 4acTOTOW
fade, KOTOPbBIV MOJAETCA Ha OenuTenb 4acToTbl C KO3dhduuMeHTOM N=2" pacnonoxeHHein B MJINC. C
BbIXOAa AenuTens CHUMaeTCs OMOPHbIN cUrHan YactoTton fop, Mogynmpyembli No aMnnuTyge 30HANPYIOLLUM
nmnynbcom. dopma umnynbca 3agaeTcs ynpasBnsoWUM MUKPOKOHTporinepoM. YacTtoTa f,y. Onpepensercs
yrpaBnsaoWwnuM  MUKPOKOHTPOMNNEPOM C MOMOLLLID CTaHAApPTHbIX METOOOB M3MEpPEeHUs 4acToTbl U
KOHTpONUpyeTca NOCTOSAHHO BO BpeMsi paboTbl. HenocpeaCTBeHHO curHan co Bxopa Aenutenst 4acToTbl
aBnsaeTca Taktupytowmum ana AUM, yto npusoaut k Tomy, yto nocne AMN® N-anemeHTHOWN BbIGOpKM BTOpas
cocTaBnawllas cnektpa 6yaet COOTBETCTBOBATb YaCTOTE MOME3HOro CurHama, Kotopas U COXpaHsaeTcs B
ctatudeckon namatm B CO3Y. Takum obpas3omM ocyLLecTBNAETCH eCTeCTBEHHasi y3KononocHasa unbstpauus
npuHMMaemoro curHana. C uenbit MNOBLIWEHNA TOYHOCTM ONPeneneHnsi BPEMEHHLIX XapaKTepUCTUK
npuHMMaemoro  curHana [OMN®  ocyuwecTBnsieTcs METOAOM  CKOJb)XEHUS no  nNpMHMMaemown
nocrnegoBaTenbHOCTU AaHHbIX, U C 4acToTon f,qc COXpaHsieTca B namMaTu. BosHukawwee npu 3TOM
CrnaxvBaHne POHTOB 30HOMPYIOLLEro U OTPaKEHHbIX MMIMYNbCOB KOMMEHCUPYETCHA YNpaBrstoLWNM
MMWKPOKOHTPOJSINIEPOM.

T.K. HAM HYXHO BbIMMCINTbL COCTaBNAMLLYIO BCEro ogHow 4actothl — fo,, TO BbIrogHee 6yger
ncnonb3oBaTb HEMOCPEACTBEHHOE BblumcreHme AP ansa aton coctaBnsowen no gopmyre:

N-1 .
A, = Y X exp(-i ), e
i N

X; — TekyLme oTcyeThl Ha Bbixoge ALIM,

AF,, — OLleHKa KOMIMIEKCHOM aMrnnnTyabl ONMOPHONM YacToThl ANs Tekywmnx N oTcyeTos.

Takol noaxon No3BOSUT YMEHbLUNTL KONMYECTBO KOMMIEKCHbIX yMHOXeHu ¢ NlogN ans bBrNd go N
ans HenocpencTBeHHoro Bbliumcnernns OM®. Beibop MINC gna peanusauun anroputmoB AP 6bin caenaH
n3-3a ee yHMBEpPCANbHOCTM — He TpebyeTcs NULLIHWE 3NeMEeHTbl Ansl NMOCTPOEHUS OeNnUTens 4acTtoTbl U
nHTepgenca c CO3Y.

3HayeHne N aBrseTcs KOMMNPOMUCCHBIM C TOM TOYKM 3PEHUS, UTO HU3KME €ro 3Ha4YeHUs NPUBOASAT K
HM3KOMW TOYHOCTM OLIEHKM amMnnuTyabl MNOME3HOro CurHana, a CrvwkoM 6onbluve HeBbIroAHbl K3-3a
HeobXoOUMOCTM MCMONb30BaHUS CRAMLLKOM JOpOron annapatypbl — BbICOKOCKOPOCTHbIX AL n moaynewn
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LIOC. MNMpuemnemsble 3HaveHns N- a1o 8,16,32 n 64. Tak, ansa vactoTtbl Fo, nopsgka 300 kl'y n N=32 fyq He
npesbiwaeT 10MIY, YTO NO3BONSET OCYLLECTBNATL OTHOCUTESTbHO HELOPOryo OUUdPOBKY M MNOCIEAYIOLLYIO
06paboTKy B pearnibHOM MacliTabe BpeMeHu.

HanbHenwas obpaboTka nNPUHATOrO curHana npoucXoaWT C  MOMOLUBK  YMpaBsioLLEro
MUWKPOKOHTpOJIfiepa crneayroLmmM obpasom:

MWKpPOKOHTpOIIIEp BapbMpyeT napameTpbl YacToTbl reHepupyemon N'YH u ypoBeHb cpabaTbiBaHus
nopora AU go Ttex nop, noka He nony4ynt B TeYEeHUEe BPeMEHU 3anucu B NamsTb nopsgka 20 MOMEHTOB
nepexofa yepes rpaHuy nopora. B ganbHerwem no 3TMM MOMEHTaM BpeMeHW ONpeaensalTCa UHTepBanbl
BPEMEHM, KOTOpble WMEKT MaKCUManbHOE KOMUYECTBO KpaTHbIX MHTEpBanoB MexXay COXpPaHEHHbIMU
MOMEHTaMU nepexoda — WLLYTCS NepeoTpaxeHusa curHana. Ecnu uHTepBan ¢ MakcumarnbHOW BeENUYMHOWN
KpaTHOCTM MO 3TOMYy NapameTpy npeBblllaeT OnvKanwMin MHTEpBan — KOHKYPEHT Ha 3HAYUTENbHYHO
BEMNMYUHY, TO 3TOT WHTEpBan W CuUMTaeTCa COOTBETCBYIOLUM YpOBHO. B npoTuBHOM cniyyae
OCYLLieCTBNSAETCA YycpeaHEHME 3a HECKONbKO M3MEPEHWN OTPaKeHUM C MakcumanbHoOW amnnutygon. B
nobom cnyyae ocobeHHOCTM Mpouecca HanuBa/CrivBa XWMAOKOrO XxJflopa — HWM3Kasi CKOPOCTb M3MEHEHUSs
ypoBHS (nNopsigka 1-2MM/MUH), N BbICOKUA YPOBEHb HEOMpeAEerneHHOCTU NPW Hanvee BCreacTBME KUMEHUS
X1nopa, Mo3BOMseT OCYWEeCTBAATb YCpeOHEeHMe Mo MpakTU4Yecku mboMy KOMMYecTBYy OMbITOB, YTO
cnocobCcTBYET MNONYYEHNIO JOCTATOYHO BbICOKOW TOYHOCTU onpeaeneHnst ypoBHsA (4o 0.1%) .

K momeHTy npoBegeHusi KOHepeHuun npegnornaraeTcs MosydeHne pesynbTatoB paboTbl Takom
CUCTEMbI KaKk Ha MaTemMaTU4ecKoW MOAenu OTPaKEHHOro curHana, Tak U B pearbHbIX YCIOBUSIX BO BPEMS
Hanuea n cnuea xnopa. Kpome Toro Byaet onpegeneHa NepcnekTUBHOCTb TaKOW apXMTEKTYpbl NOCTPOEHUS
YypOBHEMEpPA 41151 MEHEE arPECCUBHbIX CPpef — BOAbl, HE(PTAHBLIX NPOAYKTOB U T.M.
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USING OF DSP METHODS DURING ULTRASOUND LEVELMETER DESIGHNING
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Levelmeter of liquefied chlorine is the actual task at this time in chemical industry. High chemical
activity of chlorine is the main reason of low precission of wide classes of levelmeter methods such as
capacity and float methods. Ultrasound sonar method of levelmeter is the perspective and low-cost.

Active work about creating such levelmeter with improoved characteristics is in the way at JSC
Kaustik and Volgograd State Technical University. The basics of this creating is the using of modern
elemental sources and innovate mehods of digital sighnal processing. Overall structure of measuring part is
the following (fig 1)

Ultrasound Ll PreAmp L AD(? sl FPGA VRO || Power Ll Ultrasound
sensor 12 bit Amp sensor
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Fig. 1. Structure of DSP system of ultrasound levelmeter.

Used digital filtering instead of multicascade complicated analogue filters in circuits of preamps. The
principle of such kind of filtering is following. Voltage-regulating oscillator generate meander with frequence
faae, Wich goes to frequence divider with factor N=2", that are placed in the FPGA. Output of divider is the
signal with frequence f,,, that is modulated by amplitude by probe impulse. The shape of impulse is
generated by control uC. Value of f,4 frequence is determinated by control uC and is controlled during work.
After DFT of N-elemental samples second spectral element is corresponding with f,, and will be placed into
RAM. That was filtering of accepted signal. Precission of timing characteristic determitating is improved
using slide method of DFT calculation.

Value of N is compromise. Low value brings low precision, high value brings high cost. Adequate
values are 8,16,32 and 64. E.q., for Fop=300kHz and N=32 resulting Fadc will be about 10 MHz, that give
ability to make relatively low-cost digitizing and following processing in real-time.

Following processing of saved in RAM complex values is done by control uC. Peculiarity of
technology of pouring in and discharge of liquid chlorine allow to average by multiple values and such achive
precision of 0.1%.




