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MCCNEOOBAHUE LUNDPOBbLIX CNOCOB0OB ®OPMUPOBAHUA
PAOVUOCUIHANOB C IMHENHON YACTOTHON MOAYNAUUEN
B COBPEMEHHbIX PAONOJIOKAUMOHHbLIX UBMEPUTENAX
YPOBHA XUOKOCTH

C.B. loeansies

PaccMaTpuBaeTcs MpUMEHEHHE METO/a HPSMOro IH(POBOro CHHTE3a YacTOTHI JUIS
(hopMuUpOBaHUS 30HAHUPYIOLIETO PAJMOCHTHANA C JIMHCHHON YacTOTHOH MOIyJSAIHed B
COBPEMEHHOM DPaJIMOJIOKAI[IOHHOM H3MepHTeNe ypOBHs >KUIKOCTH. [IpuBeeHbl pe3yiib-
TaThl UCCIIEIOBAHUS BIMSIHUS OCHOBHBIX APAMETPOB LIU(PPOBOTO BHIUUCIUTEILHOTO CHH-
Te3aTopa Ha CPEIHEKBAIPATHUCCKYIO MOTPEITHOCTh M3MEPECHUS PACCTOSHUSA IO TOBEpPX-
HoCTH XHUAKOCTH. CHOpMYITUPOBaHbl PEKOMEHIAIMK MO BHIOOPY 3HAYCHUII MapaMeTpoB
MU(PPOBOTO BEYUCIUTEIHHOTO CHHTE3aTOPa, MO3BOJSIONIAC MHHUMH3UPOBATH CpPEIHE-
KBaJIPaTUYECKYIO TOTPEIIHOCTh U3MEPEHHS PACCTOSHUS B PAJAUOJIOKAIIMOHHOM M3MEpHTENe
YpOBH# XuakocTd. PaboTa BEImomHeHa B Hay4dHO-HCCe10BaTeIbCKOM HHCTUTYTE LU(PPO-
BBIX cUCTeM 00paboTku u 3amuThl uHpopMmarmu IOYpl'Y mom pykoBOJICTBOM J-pa TEXH.
HayK, mpodeccopa xadeapsl THHYOKOMMYHHKAITMOHHEIX TexHoioruii Kapmanosa 10.T.

Knioueswie cnosa: npamoii yugpogoii cunmes, auHelHAs YACMOMHASL MOOVIAYUS,
AHCUOKOCMb, CPEOHEeKB8AOPAMUYECKAas NO2PEUHOCHIb.

Beenenune

B nHacrosmiee Bpems B pa3iIW4HbBIX OTpAcisX MPOMBIIIICHHOCTH ISl OIIEPATUBHOTO OECKOHTAKTHO-
T'0 U3MEPEHUs YPOBHS 3aMOJTHEHHS TEXHOJIOTHUECKHUX PEe3epBYyapOB MIMPOKO UCIIONB3YIOTCS PanoIoKa-
LIMOHHBIE YPOBHEMEPHI, TOCTPOEHHBIE HA OCHOBE YaCTOTHO-MOIYJIMPOBAHHOTO JTAIbHOMEpA.

s mocTrkeHus BBICOKOM TOYHOCTH U3MEPEHHS TaKOro nprodopa TpedyeTcs nepecTpoiika 4acTOThI
B IIMPOKOM JIHMAIa30HE C BBICOKOW JHMHEHMHOCTHIO MOIYJIAIMOHHON Xapaktepuctuku [1-4]. Cymect-
Bytomiue aHanoroseic CBY reneparopbl He 00ecreunBalOT TPeOyeMOi JTMHEHHOCTH MEePECTPOUKH Yac-
TOTBI, TIOATOMY aKTyaJbHOH 3ajaucil sSBJISIETCS HMCCIICAOBAaHWE BO3MOKHOCTH NMPUMEHEHUs HU(PPOBBIX
croco0oB (OPMHPOBAHUS PAJAUOCUTHANOB C JIMHEHHOW yacTOTHOM Mopmymsauuei (JIUM) B paanomnoka-
LIMOHHOM YpOBHEMEpE.

Hcnonp3oBaHne COBpeMEHHBIX HMU(POBBIX TEXHOJOIMHA CHHTE3a PaJldOCUTHAIIOB MO3BOJACT (op-
mupoBath JIYM paauocursansl ¢ BHICOKOW JTUHEHHOCTHIO M CTAOMIBHBIMH XapaKTepucTHKamu [5-9].
OpHako X MpUMEHEHHE JAO0KHO OCHOBBIBATHCS HAa HCCIIEIOBAHMU 3aBUCUMOCTH TOYHOCTH M3MEPEHHUS
paccTosiHUS 10 TIOBEPXHOCTU XKHJIKOCTH OT 3HAYEHUS mMapameTpoB ImdpoBoro cuntesaropa JIYM pa-
OHOCHUTHAJIA.

Onucanue uccjief0BaHUs

s mpoBeneHnst yka3aHHOTO MCCIIEOBaHMs Obula pa3paboTaHa KOMIBIOTEpHAs: MOJENb PAAHOIIO-
KallMOHHOT'O HM3MEPUTENS YpPOBHA XKUJAKocTH. DopmupoBaHue 3oHaupytomero JIYM paguocurnana
MPOU3BOAUTCA HU(POBBIM BBIYMCIMTEIBHBIM CHHTE3aTOPOM IIyTeM IiepeHoca kBaiapaTypHoro JIUM
CUTHaJjla U3 HU3KOYaCTOTHON 00JIaCTH B TpeOyeMyI0 00JIacTh YaCTOT € IMMOMOIIBIO KBaAPATypHOI'O MOIY-
nsaTopa [10]. Ouenka pacCTOSHUS 10 TOBEPXHOCTH KUAKOCTH BBIYHCISETCS B U3MEPUTEILHOM MOJYJIE,
MOCTPOCHHOM Ha 0a3e CIeKTPaIbHOTO MeToJ1a 00pabOTKY CcHrHaa OMeHU.

B xoze ucciaenoBaHusi ¢ KOMIBIOTEPHOH MOJENN CHUMAIUCh BEKTOPBI OLEHOK PacCTOSIHUS 10 TMO-
BEPXHOCTH KHUAKOCTH. [lomyueHHbIE OLIEHKH UCTIOIB30BAIUCH AJISl IIOCTPOCHUS 3aBUCHMOCTEN CpeqHe-
kBaapatuueckoi mnorperrHocTr (CKII) paccrosiHus OT 3HaueHHUS MapaMeTpoB HU(POBOrO BBIYHMCIIH-
TenpHOTO cuHTe3aropa (LIBC).

Ha puc. 1 npusenena 3aBucumocts CKII paccTosHus oT BenuuuHbl TakToBOH yacToThl LIBC. AHa-
JIU3 TIOJTYYEHHOM 3aBHCHMOCTH TOKa3bIBAET, YTO yBeIHUeHHe TakToBoW yacToTsl LIBC mpuBoauT K mo-
spnernto konedanuii CKII paccrosaus. Konebanust npoucxonsr orHocurensHo 3HaueHust CKII pac-
CTOSIHHS, COOTBETCTBYIOILETO BEJIMUYMHE TAKTOBOM YacCTOTHI, BRIOPAHHON HECKOJBKO OOJbIIEH yIBOCH-
HOTO 3HAYEHUsI BEpXHEH TPaHUIbl pabovero Iuarna3oHa 4acTor.
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Puc. 1. 3aBucnumocTtb CKIl paccTtosiHMA OoT Benn4nHbl TakToBOoM YacTtoThbl LIBC

3aBucumocts CKII paccTosHUs OT KOIMYECTBA paspsiioB LU(PO-aHATIOTOBOTO Mpeodpa3oBaTess
LBC npuBenena Ha puc. 2. Ha rpaduke 4eTKo BBIIENSIOTCS ABE O0JIACTH: HAYaJbHBIM Y4acTOK, I
CKII paccrostaus pe3ko mensercs (0T 2 1o 6 paspanoB LIAIL) u yyacTok, rie HOrpenrHocTb MpakTuye-
CKH HE MEHSICTCS TIPU yBeNIMUeHUH KomuecTsa paspsaaoB LIAIL (Gomee 8 paspsmos).

100 T
90

80

70

50

CKI paccTtosiHnsa, Mm

40

|
|
60 \
|
|
|

30

20

O
v

5 10 15 20 25 30 35
PaspsigHocTs LA, 6ut

10 | |
0

Puc. 2. 3aBucumoctb CKI1 pacctosiHusa ot konu4yectBa paspsigos LIAM
uMcpoBoOro cuHTe3aTopa

Ha puc. 3 mpuBeneno cemeiictBo 3aBucumocteid CKII paccTosHus OT 3Ha4YeHHMsS 4YacTOTHI cpes3a
crinaxkuBaromero ®HY, nonmyuennoe anst GpuibTpoB yeThpex THIOB: barrepBopra, UeOnimeBa, HHBEPC-
Horo YeOblmeBa u amuntauyeckoro. Ha rpadukax BeigenstoTes nBa ydactka. ['panuieil Mexxay ydyact-
KaMH{ CITy>KUT 3HaYeHHE YacTOTHI Cpe3a, paBHOE YeTBEPTH BEIMUMHBI TakTOBOM yacTtoThl LIBC. Ha mep-
BoM yuactke (oT 100 mo 250 MI') CKII paccrosiuus u3MeHseTcsl J0CTaTOYHO pe3ko. Ha BTopom yuacT-
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ke CKII paccrosiHusa mensercs ciabo mpu U3MEHEHHH YacTOThI cpe3a. B Touke, coOTBETCTBYIOLIEH TTO-

noBuHe TakToBO# yactotsl LIBC, nocturaerca munumansrnoe 3nauenue CKII paccrostaus.
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Puc. 3. 3aBucumoctb CKI1 pacctosiHusA OT 3Ha4YeHUs1 YacToThl cpe3a
crnaxuBatowiero ®HY

CewmeiictBo 3aBucumocte! CKII paccTosHMs OT 3HAUECHHs 3aTyXaHUS B IOJIOCE 3aJCpPKUBAHUS
crnaxuaromero ®HY npuseneno Ha puc. 4. Ilo rpadukam BHIHO, YTO U3MEHEHHE BEIIMYMHBI 3aTyXa-
HUS B TOJI0CE 3ajepkuBanus Uil ¢puiabTpa bartepBopra u uHBepcHOro GuibTpa YeObllepa npakTude-
CKU He oka3biBaeT BinsHuUA Ha 3HaueHue CKII paccrosuus. B To jxe BpeMs mns punbtpa UeObimesa u
ammunTrdeckoro QguiasTpa Hadmogaercs Bo3pactanue CKII paccTosHuS Tpy yBeNWYEHUU BETHYUHBI
3aTyXaHHs B TIOJIOCE 3aJCPKUBAHUS.
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Puc. 4. 3aBucumoctb CKI1 paccTosiHus oT 3HauYeHUs 3aTyxaHusA
B nosioce 3agepXxvuBaHusa crnaxusarowero PHY
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BriBoabI

Ha ocHOBaHMM MONYYEHHBIX MPAKTUYECKUX PE3YIHTATOB MOXHO CHOPMYIHUPOBATH CIIEAYIOIINE
BBIBOJIBI I PEKOMEHIALINU!

1. Ilpumenennre MeToa NPsIMOTro UQPPOBOTO CHHTE3a YacTOTHI 30Haupyomero JIYM paanocurna-
Jla B COBOKYITHOCTH CO CIIEKTPaJIbHOW 00pabOTKON CUrHana OMeHUH 00eCIICUNBACT MOJIyUCHUE TOYHOCTH
WU3MEPEHHS PaCCTOSIHUS 10 MOBEPXHOCTH JKUIKOCTH B PE3EPBYape B HECKOJIBKO AECATKOB MIJIITUMETPOB.
JanpHelero CHIKEHHS TOTPEITHOCTHA U3MEPEHUS PACCTOSIHUS MOYKHO JTOOUTHCS IIyTeM ONTHMU3AIAN
AITOPUTMOB CIEKTPAIIbHON 00pabOTKU CHrHAa OMEHUH.

2. [losprrenne TakToBo# yactothl LIBC nmpuBoauT K MOsIBIEHHUIO KOIEOaHUH CpeTHEKBaApaTHIECKON
TIOTPEIIHOCTH PACCTOSHHUS OTHOCHTENBHO 3HAYEHHs, COOTBETCTBYIOIIETO YIBOCHHOW BEpPXHEH uacToTe
pabouero nuamnasoHa. B cBsa3u ¢ atum pabodee 3HadeHue TakToBoi dacToThl LIBC nomkHO BBIOMpaThCS
BBIIIIE MUHIMAJIBHO JOITyCTUMOI'O M YyTOYHSTHCS B XO/I€ BBITIOIHEHHS OTIBITHO-KOHCTPYKTOPCKUX PaboT.

3. Ilpu ManbIx 3HaueHusx yucia paspsanoB LIAIl nudppoBoro BEMUCIUTENEHOTO CHHTE3aTOpa (Me-
Hee 6 paspsnoB) HaOmomaercs mMakcuMmanbHasi CKII paccrosaus. Haunnas ¢ 8 paspsmos LIAIL mo-
TPEUIHOCTh JOCTUTAeT MUHUMAJIBHOTO 3HAUYEHUS U MPAKTUYECKH HE MEHSAETCS MPH JalbHEHIIeM TOBbI-
menun paspsiaHoctd LIAIL TlosToMy Ha mpakTHKe PEKOMEHIYETCsl UCIIOJIb30BaTh B U(PPOBOM BBIUHC-
nutenbHoM cuHTe3aTope JIUM pannocurnana LA ¢ pa3psgHOCTEIO HE MeHee 8 OuT.

4. DxcniepuMeHTaNIbHOE UccienoBanue BausHUS xapakrepuctuk @HY pasunoro tuma Ha CKII pac-
CTOSIHUS MOKa3bIBAET, YTO HAWIYUIINE Pe3yJIbTaThl Moly4daroTcsa npu ncnoaszoBannn @HY barrepsop-
ta. [Ipu ucrionp3oBanun GuiabTpoB nanHoro tuna B [IBC pekomeHayeTcs BEIOMpATh 3HAUECHHE YaCTOTHI
cpe3a (unbTpa BOIM3M 3HAUEHUS TTOJIOBHHBI TakTOBOM dacToThl LIBC. 3aTyxanue B mosoce 3aiep>KuBa-
Hust @HY bartepBopTa MpakTUUECKN HE CKa3bIBAETCS HA BEIMYMHE CPEAHEKBAIPATUIECKON MTOTPELIHO-
CTH PacCTOSHUS, IIOATOMY KOHKPETHOE 3HA4Y€HHE JTaHHOTO MapaMeTpa JOJDKHO BBIOMPATHCS MCXONS U3
co00paKeHUI HauMEHbLIEH CIOKHOCTH peain3aliy GUIbTpa.

Padora BhImosiHeHa npu noaaep:kke rpanta IlpombinuienHoi rpynnsl «MeTpan» no teme «Mccieno-
BaHHe NM(POBLIX cioco00B GopMHPOBAHUSA PATHOCUTHAJIOB C JIMHEHHOI YacTOTHOI Moayasuueil B coBpe-
MEHHBIX PAAH0T0KALMOHHBIX H3MEPUTE/ISIX YPOBHS KUAKOCTH».
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UccnedoesaHue yugppoebix ciocoboe hopmupoeaHusi paduocuzHasoes ¢ uHeliHol YyacmomHol
modynsiyueli 8 coepeMeHHbIX PaduosIOKaUyUOHHbIX U3MepUMmersix ypoeHs Xuokocmu
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INVESTIGATION OF DIGITAL WAYS OF FORMATION
RADIO SIGNALS WITH LINEAR FREQUENCY MODULATION
IN MODERN RADAR LIQUID LEVEL GAUGE

S.V. Povalyaev, South Ural State University, Chelyabinsk, Russian Federation,
svp.drts@gmail.com

The paper discusses the application of direct digital synthesis method for probe sig-
nal formation with linear frequency modulation in a modern radar liquid level gauge.
The results of investigation describe influence basic parameters of direct digital synthesizer
on distance root mean square error to liquid surface. Recommendations on the choice of
parameter values of direct digital synthesizer that minimize distance root mean square
error in the radar liquid level gauge are formulated. The paper is done in Scientific Re-
search Institute of Digital Processing Systems and Information Security of the South Ural
State University under the guidance of Doctor of Engineering, Professor of Information
and Communication Technologies Karmanov Y.T.

Keywords: direct digital synthesis, the linear frequency modulation, liquid, root
mean squared error.
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