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3apaya nsmMepeHUs YPOBHSA ABMSETCA OAHOW U3 BaXHENLLNX B CUCTEMAX MOHUTOPMHIa U yNpaBrieHUsi TEXHONOrM4yeckumm npouecca-
MU B oTpacnsx Aobbiuu, nepepaboTku, XxpaHeHUs 1 oTnycka HedTu. [pyn 3TOM XapaKTepHON YepTON COBPEMEHHOIO dTana pa3BuTus
NPOMBbILNEHHbIX U3MepuUTenei ypoBHA ABNSAETCA NOCTOSIHHOE NOBbIeHNe TPeGoBaHUM K UX METPONOrMYecKUM U IKCMnyaTauMuoH-
HbIM XapaKTepucTUKaM, HaieXKHOCTM U 6e3onacHOCTU (PYHKUMOHMPOBaHMA Ha o6bekTax. PaboThbl No coBeplueHCTBOBaHUIO NOA06-
HbIX NPMOOPOB OCHOBAaHbI HA UX MEPUOANYECKOW MOAEpPHMU3aUun ¢ ob6sA3aTernbHbIM YYETOM OMNbITa MPOMbILINIEHHOTO NMPUMEHEHNUS,
noucke HOBbIX TEXHUYECKUX PeLleHUn, CNOCOOHbIX 06ecneynTb BbICOKYH0 3¢h(hpeKTUBHOCTbL Co3AaBaeMou annapartypbl.

PA/IAPHBIE TEXHOJIOI'MHA

B COBPEMEHHBIX 3AZTAYAX BHICOKOTOYHOI'O UBMEPEHHA YPOBHA
U IMEPCIIEKTHUBHOE IIOKOJIEHUE OTEYECTBEHHbLIX PAJTAPHBIX ITPUEOPOB

0.5. HATOPHbIN
B.C.'YCEB
E.B. MYXUH

B nocneaHue roabl TpeboBaHns Kk TOY-
HOCTW ypoBHeMepoB B psiae ocobo oTBeT-
CTBEHHbIX MPUMEHEeHW (cuctemax Kom-
Mep4ecKoro y4yeta, cuctemax ynpasneHus
pesepByapHbIMW Mapkamu, KOHTpons pe-
3epByapoB C LEHHbIM TEXHONOrM4yeckum
CblpbeM) BbINN CyLEeCTBEHHO YXXeCTOYEHbI
M Ha CEroAHsILHWIA feHb NpakTU4eckn Ao-
BefeHbl [0 BenuWYuHbl Mnopsgka OAHOro
munnumetpa. [loTeHuManbHass BO3MOX-
HOCTb peanuaauum ykasaHHbIX MNokasa-
Tenew TOYHOCTWU, @ TakKxe P BaXHbIX
ocobeHHOCTEN, npucyWwux pagapHoOMy
(pagnonokaunoHHOMy) MeToay: BO3MOX-
HOCTb KOHTpONnsa nopasnsiwuiero 6onb-
LUMHCTBA XWAKOCTEN, HEBOCNPUUMYMNBOCTb

K MCNapeHWsiM, NeHe, BbICOKMM [aBlEHUI0
n Temnepatype 6eCKOHTaKTHbIA MPUHLMUN
N3MepeHunn — cpenanu ero npakTuyecku
OOMUHMPYOLWNUM B 3ajadvax MpeLn3noH-
HOr0O UM3MepeHus YpoBHA. JddekTus-
HOCTb PaAMONOKaLMOHHBIX M3MepuTenewn
HECOMHEHHa W B Cry4yae 3HavuMTenbHOW
BbICOTbl pe3epByapoB (6ornee 6 MeTpoB),
Korga reomeTpuyveckune pasmepbl, BeC ”
obpacTaHne KOHTaKTHbIX M3MepUTEeNbHbIX
[aTyYNKOB YPOBHSA CTaHOBATCS Cepbes-
HbIM MPEensiTCTBMEM Ha MyTW WX UCNOMb-
30BaHN4. [1oaTOMy cenyac BbICOKOTOYHbIE
paanonokauuoHHble YpOBHEMEpPbI, BbiMy-
ckaemble BedylMMW 3anagHblMWU NPoOW3-
BOAUTENSAMM M MOKa elle HeMHorumu P
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Puc.1 CTpykTypHas cxema ABYXaHTEHHOro pajapHoro ypoBHemepa
Fig. 1 Block Diagram of the Two Antenna Radar Level Meter
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HavanbHuk otaena OO0 «lMpegnpusatne «kKOHTAKT-1»
3am. HavanbHuka otgena OO0 «[lMpeanpusitne «KOHTAKT-1»

r. PasaHb

The task of measuring the level is one of
the most important tasks in the systems of mo-
nitoring and managing the technological pro-
cesses in the oil production, refining, storage
and delivery. In the meantime, a characteristic
feature of the current stage in the developm-
ent of industrial level measuring devices is an
ongoing upgrading of the requirements to their
metrological and operational performance, rel-
iability and safety of their functioning at the pr-
oject sites. The work aimed at improving these
instruments is based on their periodic moder-
nization with mandatory consideration given to
the experience of their industrial application,
on the search of new technological solutions
capable of ensuring the high effectiveness of
the instrumentation designed.

RADAR TECHNOLOGIES

IN DEALING WITH MODERN TASKS OF
HIGH ACCURACY LEVEL MEASUREMEN-
TS AND THE PROSPECTIVE GENERATION
OF NATIONAL RADAR INSTRUMENTS

D.Ya. NAGORNY Deputy Manager of SKB
OOO Enterprise “CONTACT-1"

V.S. GUSEV Chief of the Department, OOO
Enterprise “CONTACT-1"

E.V. MUKHIN Deputy Chief of the Department,
00O Enterprise “CONTACT-1", Ryazan

In recent years the requirements app-
lied to the accuracy of level meters in a
number of especially critical applications
(commercial accounting systems, tank ba-
tteries management systems, control of ta-
nks with valuable process feedstock) have
been considerably tightened up and today
are within an accuracy range of one milli-
meter. The potential possibility of implem-
enting these accuracy indicators as well as
a number of important features, inherent
in the radar (radio echo) method, i.e. the
ability to control the overwhelming majority
of the liquids, insensitivity to evaporatio-
ns, foam, high pressures and temperature,
proximity principle of measurements, have
made it virtually dominant in the precision
level measurements tasks. The effective-
ness of radio echo measuring devices is
beyond doubt also in the case of the tanks’
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considerable height (more than 6 meters),
when geometrical dimensions, the weight
and the build-up on the contact type level
measuring sensors become a serious im-
pediment to their use. Therefore, high pr-
ecision radio echo level meters produced
by the leading Western manufacturers and
still by some few Russian firms, are now
successfully being used by the compani-
es in Russia, performing all the necessary
operations, reliably functioning and fully
justifying for the investments.

The operating principle of the radar le-
vel meter with continuous emission is bas-
ed on the use of the frequency modulation
method (frequency wobbling) for the signal
emitted and corresponds to the operation
of a radar. The signal reflected off the sur-
face of the product under control, delayed
by the time of propagation, is received by
the measuring device again and compar-
ed with the one emitted. The result of this
operation is the isolation of the differential
frequency which is proportional to the time
delay of the reflected signal and hence
the distance for the product. Evaluation of
the differential signal frequency yields the
distance value, while the level reading is
calculated based on the height of the wor-
king tank, entered into the instrument, with
reference to the instrument installation fla-
nge (Hmax).

A summarized block diagram of such
a measuring device is given in Fig.1. The
driving of the oscillation emitted is ens-
ured by a radio transmitter connected to
a transmitting antenna. The frequency of
this oscillation is periodically changed by
the frequency modulator according to the
symmetrical linear law in line with the co-
ntrolling signal formula. The reception and
the preliminary amplification of the reflect-
ed wave are carried out by a receiving an-
tenna and a radio receiver. The isolation
of the differential frequency oscillation is
made in the mixer. The processing modu-
le to compute the current level value. The
reading obtained is reflected on the indi-
cator. Underlying the driver portion of the
radio echo instruments with a measuring
accuracy of 1 mm is the method of digital
computational frequency synthesis which
allows the emitted signal to be generated
in the super high frequency range with fre-
quency wobbling linearity of no worse than
1. 10-6 from the oscillations of the refere-
nce quartz oscillator. The high linear wo-
bbling ensures receipt of a monochromic
differential oscillation which is sampled on
the half of the modulation period.

For precision measurement of this si-
gnal’s frequency, the spectral method (the
frequency is determined by the maximum
of the spectral component) had to be used
which was implemented in a high product-
ivity digital signal processor. The potential
of this method is so vast that, during the
measurement process, it allows changes
of the differential frequency to be registe-
red in a stable fashion in tenths of a Hertz
(for example, a change in the level of the
product by 1 mm over a distance of 10 m
causes the differential frequency to chan-
ge by 0.4 Hz only).

pocCUMCKUMU prMpMamMu, yxe YChneLHo
MCNONb3yTCA Ha npeanpuaTuax Poccuum,
HageXHO (YHKLUUOHUPYS U  MOMHOCTbIO
onpasAbiBas BMOXEHWS.

MpuHuMN gencTBUA pagapHOro ypoB-
Hemepa C HenpepbIBHbIM U3ryYyeHueM
OCHOBaH Ha MCMonb3oBaHMM MeToda ua-
CTOTHOM MOAynsauMM (KavaHue 4acToThl)
M3Ny4aeMoro curHana u CoOTBeTCTBYeT
paboTe paguonokatopa. OTpaXeHHbI OT
NOBEPXHOCTU KOHTPONMMPYEMOro MPOAYKTa
CUrHan, UMewLnn 3afepxKy Ha Bpems
pacnpocTpaHeHusi, BHOBb MNpUHMMaeTCs
n3mepuTenem n CpaBHUBAETCSH C U3NYyYeH-
HbiM. Pe3ynbratom aTOM onepauuun ABns-
eTca BblaeneHue kornebaHus pasHOCTHOW
YacToTbl, KOTOpas MponopuuoHanbHa
BPEMEHHOW 3aJepXKKe OTPaKEeHHOro Cwur-
Hana, a criefoBaTenbHO — AanbHOCTU ANS
npoaykta. OueHka 4acTOTbl Pa3HOCTHO-
ro curHana paeT 3HayeHue [anbHOCTH,
a 3HayeHue ypOBHSI paccuyuMTbiBaeTcs Mo
BBEAEHHON B npubop BbicoTe pabouero
pe3epByapa OTHOCUTENbHO MOHTaXHOTO
dnaHua npubopa (Hmax).

O6o6LeHHas CTpPyKTypHas cxema Ta-
KOro n3aMepuTerns npefacTaBneHa Ha puc.1.
dPopmMmupoBaHue nsnyyaemoro kornebaHus
obecneynBaeTcs paguonepegawLwmm
YyCTPOMCTBOM, COEAMHEHHbIM C nepenato-
wen aHTeHHon. YacTtoTta aToro konebaHus
nepuoanvyeckn Uu3MeHSeTcad 4YacTOTHbIM
MOAYNSTOPOM MO CUMMETPUYHOMY Tu-
HENHOMY 3aKOHY B COOTBETCTBMM C pop-
MOV ynpaBnstwouwero curHana. lNpuem u
nepBUYHOE YCUNEHNE OTPaKEHHOW BOIHbI
OCYyLLEeCTBMNSAETCS MPUEMHOW aHTEHHOW MU
paavonpueMHbiM ycTponcTBoMm. Bbigene-
Hue konebaHusi pa3HOCTHOW YacTOTbl NPO-
n3soanTcsa B cmecutene. bnok obpaboTku
BbINONHAET BCe Heobxoaumble onepauyuu
No BbIYUCMEHUKD BENUYMHBI  TEKYLLETO
ypoBHsi. lNonyyeHHoe 3HaveHue oTobGpa-
XaeTcs Ha nHaukartope.

B ocHoBy 3apatowen 4actu paguo-
NOKaLMNOHHbBIX NMPpMOOPOB C TOYHOCTbIO M3-
MepeHus nopsgka 1 MM NOMOXeEH MeTon
LMPOBOro BbIYUCIIUTENBHOIO YacTOTHO-
ro CuHTe3a, nosBonswouiero u3 koneba-
HUSA OMOPHOro (3TanoHHOro) KBapLeBOro
reHepatopa ¢opMupoBaTb Un3nyyYaeMbli
curHan B CBY gnanasoHe ¢ NUHENHOCTbIO
KavyaHus 4acToTbl He Xxyxe yem 1+10-6.
BbicokonuHenHoe kavaHue obecneuymBa-
eT nonyYyeHme MOHOXpoOMaTU4eCKOoro pas-
HOCTHOro konebaHusi, BbIGOpKa KOTOPOro
OCYLLEeCTBMSETCS Ha MNOMOBUHE nepuoaa
MOAYNAUNN.

[na npeumMsnoHHOro usmMepeHus 4a-
CTOTbI 3TOr0 curHana notpeboBanock nNpu-
MeHeHue cnekTpanbHoro metoga (4acrtota
onpefensaeTcs No MakCUMyMmy crnekTparnb-
HOW cocTaBnsoLwen), peannsoBaHHOrO
B BbICOKOMPOM3BOAUTENBHOM LMGPOBOM
curHaneHom npoueccope. [loTeHuunans-
Hble BO3MOXHOCTM 3TOr0 MeTo4a HacCTOlb-
KO BBICOKM, YTO B MNpouecce WM3MepeHui
NO3BONSAIOT YCTOMYMBO perucTpupoBaTb
M3MEHEeHUs1 pa3HOCTHOW YacToTbl B Jecs-
Tble gonu repua (Hanpumep, U3mMeHeHue
YPOBHSA MpoAaykTa Ha 1 MM Ha JanbHOCTU
10 ™M Bbi3blBaeT M3MEHEHWe Pa3HOCTHOMN
yacTtoTbl Bcero Ha 0,4 Iu).

PesynbraTtom npumMeHeHns ykasaHHOro
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Puc.2 YpoBHemep BAPC3511
Fig. 2 BARS351I Level Meter

Puc.3 YpoBHemep BAPC352U
Fig. 3 BARS352| Level Meter

Puc.4 YpoBHemep BAPC351U co cTepxxHeBOM
aHTeHHoM Fig. 4 BARS3511 Level Meter with a
Rod Antenna




TEXHNYECKOro pelleHns ctana paspaboTka
N 3anyck B cepuiHOe NpOou3BOACTBO ABYX
npubopos — BAPC351M un BAPC352W,
pasnuyarnLWwmxca OQHO- U ABYXaHTEHHOW
KOHCTpYyKUunen (puc.2 n puc.3).

Oba ypoBHemepa MMeKT npakTuye-
CKW OOWHAKOBblE 3MEeKTPOHHble 6noku,
CMOHTUpPOBaHHbIE B KOprnyce C BWAOM
B3pbIBO3aLLMTbl «B3PbIBOHENPOHMLL@eMas
obonoyka». [lpu STOM OLHOAHTEHHbLIN
npubop npepnoyTUTENneH ANA pesepsya-
poB ¢ HebonbwuM AnameTpom naTpybka
(150 mMm), a AByxaHTeHHbIN ny4ywe pabo-
TaeT Ha cnabooTpaxatwmnx (ans paauo-
BOJTH) NpoAyKTax 1 NpoAayKTax, CnoCcobHbIX
Bbl3bIBaTb OTMOXEHWE Ha MNOBEPXHOCTU
aHTeHH. Takum o6pasom obGa npubopa
yAa4yHO [OMNOMHAT ApYyr Apyra B OTHO-
LWeHUW 3KCNMyaTauuoHHbIX kayecTs. [ns
3alWTbl OT BO3MOXHOr0 HebnaronpmaTHO-
ro Bo3fencTens atmocdepbl pesepsyapa
aHTEeHHbl YPOBHEMEpPOB M3roTaBnuBatoTCA
N3 CTOWKMX K arpeccuBHbIM BO34EWCTBU-
AM MaTepuanoB — HepXaseloLwen ctanu un
dToponnacta. [ns pesepByapoB ¢ ocobo
y3kumu natpybkamu (50 mMm) npegycmo-
TpeHo ucnonHeHve npubopa BAPC351U
CO CTEpP>XXHEBOW aHTeHHON (puc.4).

B HacToslee Bpemsi Ha npeanpuATU-
Aax HedTenobbIBalolWero n HedTenepepa-
baTbiBaloOLLlEro Kommnnekca kKak npaBumo
ncnonb3dyetcs Gonbwoe pasHoobpasue
AencTByOWMX pe3epByapoB (BepTuKanb-
HbIX, TOPW3OHTanNbHbIX, LIAPOBbIX), OT-
nuyalLWmnxca CToNb Xe pasHoobpasHbl-
MW KOHCTPYKUMAMM naTpyOKoB, NIOKOB W
rOprioBMH, Ha KOTOpble BO3MOXHa YycTa-
HOBKa ypoBHemepoB. [ins obecneveHus
MakcumanbHOW rmbkocTn npu agantauum
npubopoB K KOHKPETHbIM YCMOBUSIM Mpu-
MEHEHUS NCMOoNb30BaH MOAYMbHbIA MPUH-
LMN MNOCTPOEHUs ypOBHEMepoB,  Koraa
€[VHbIN 3MNEeKTPOHHbIN 6nok o06paboTku
cHabxaeTcs HaboOpOM pas3nMyHblX aHTEH-
HbIX YCTPOMCTB C BOMHOBOAHbLIMU YAMNVNHN-
TeNnsiMM U BCEBO3MOXHbBIMU MOHTaXHbIMU
dnaHuamu (puc. 5). MNpu aToM Kaxgbin
npubop n3rotaBnuBaeTCcs MHAMBUAYANbHO
¢ y4yeTom ocobeHHocTen paboyero pesep-
Byapa Ha OCHOBe AaHHblX, NpeAcTaBreH-
HbIX 3aKa34MKOM.

[Mopo6HbBIM NOAXOA K KOHCTPYMPOBAHUIO

Puc.5 PaznuyHbie MCNONHEHUA pagapHbIX
YPOBHEMEPOB, NPUCMOCOGNEHHbIE K
KOHKPETHLIM NPUMeHeHUsAM

Fig. 5 Various Options of the Radar Level
Meters Adapted To Specific Applications

pafapHbIx Npr6OpPOB NOMHOCTLIO onpaeaan
cebs Ha npakTuke, NMOCKOMbKY No3BonseT
npmcnocobuTb ypoBHEMEpP MNPakTUYecKn K
nobomy pasmepy noaxoasuiero narpyoka
N TemM caMblM peanusoBaTb 3asiBKM W Mo-
TpebHoCT nopasnstowero 6onblIMHCTBA
notpebutenen.

HemanoBaxHbIM akTopoM AN HO-
BblX NMpMOOPOB ABNAETCA npocToTa W Ao-
CTYMHOCTb MX MOHTaxa W HacTPOWKU Ha
obbekTax Ansi cobCTBEHHOro mepcoHana
cnyx6 KUMuA npeanpuatun. Cam MoHTax
npubopoB Ha pe3epByape CBA3aH C 06blY-
HbIMW pEeKOMeHAAUMAMU U BbINONHSAETCH
npu cobniogeHun TtpebosaHui no ycTa-
HOBKE W MNOOKMYEeHMo B3pbiBobGe3onac-
HOro anekTpoobopyanoBaHus (puc.6).

Kaxpgbin  ypoBHemep  cHabxaetcs
nporpammHbiM obecneyeHnem Ans ocy-
LeCTBNEHNA MyCcKOHanago4Helx pabor,
HacTporkun npubopa noa napameTpbl
KOHKPETHOro pe3epByapa W BbINOMIHEHUS
0AHOTOYEYHbIX paboynx namepeHuni. Tex-
HUYecKkne BO3MOXHOCTN YPOBHEMEPOB MO-
3BOMAIOT NOAKMYaTh UX K PSAY BHELIHUX
YCTPOWCTB, NpeAHasHavYeHHbIX ANs peLle-
HUS LUMPOKOro Kpyra MpoOu3BOACTBEHHbIX
3apay. [ns pacwupeHust yHKUMOHanb-
HbIX W MONb30BaTENbCKUX KayecTB npubo-
poB paspaboTaHo cneunanuanpoBaHHoe
BTOpMYHOE obopyaoBaHMe — BTOPUYHbLIN
npeobpasosaTtens YBI1-01 u 6nok KoH-
Tpons un ynpaeneHus bYK-01 (ans ogHo-
TOYEYHbIX M MHOFOTOYEYHbIX WU3MEepPeHUN
COOTBETCTBEHHO). BTOopuyHoe obGopyno-
BaHue obecneynBaeT UHAMKALMNIO pe3ynb-
TaTOB M3MEPEHUI, NO3BOMNsieT co3fdaBaTb
apxuBbl [aHHbIX W OCYLWECTBMAATb Yy4eT
06bEeMOB KOHTPONMMPYEeMbIX NPOAYKTOB MO
TapupoBOYHbLIM Tabnmuam pesepByapoB.

Nmveetcs u cobcTBeHHoe nporpam-
MHOe obecneveHne pans cospgaHua ACY
yrnpaBneHus pe3epByapHbIMU MNapkamu
Ha OCHOBe Trpynnbl pPaavonoKaunOHHbIX
YPOBHEMEPOB Kak NepBUYHbIX [AaTYMKOB
YPOBHSI.

CoBpeMeHHble  pe3epByapHble  MNapku
NpeAcTaBnsAlT cobovi CroXHbIe KOMMeKCb
obopynoBaHusi 1 coopyxeHuin, obecneuvsa-
toLLME XpaHeHVe 1 NepemMeLLeHne pasnmyHbIX
BWOOB XWOKWX MPOAYKTOB. BeckoHTaKTHbIV
NPUHLMM U3MEPEHWA N YHUBEPCanbHOCTb B>

Onopkas nnockocTs npuBopa
/ (MOHTaXHBIA (hnaHew)

Hynesoi yposeHb

Puc.7 YcnoBusi npaBuibHOro MOHTaxa
papapHoro ypoBHemepa Ha pesepByape

Fig. 7 Conditions for Correct Installation of the
Radar Level Meter on the Tank
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The result of implementing the above tech-
nical solution was the development and launch
into volume production of two instruments, i.e.
BARS351! and BARS352I, differing from each
other in having one or two antenna design (fig.
2 and Fig. 3).

Both level meters have virtually identical el-
ectronics modules mounted in a casing with the
type of explosion safety described as “explosion
proof envelope”. In the meantime the single an-
tenna instrument is preferable for the tanks with
a small diameter connection pipe (150 mm),
while the two antenna instrument is best suited
for operation with the products having a weak
reflectivity and the products capable of causing
deposition on the antenna surfaces. Therefore,
the two instruments successfully complement
each other in terms of operating qualities. To
protect them from possible unfavorable effect
of the tank atmosphere, the level meter anten-
nae are manufactured from the materials which
are resistant to aggressive effects, i.e. stainless
steel and fluoroplastics. For the tanks with ext-
ra narrow connection pipes (50 mm) an option
of the BARS351! instrument is provided which
features a rod antenna (Fig. 4). At the present
time the companies in the oil producing and oil
refining sector, as a rule, use a great variety of
existing tanks (vertical, horizontal, globular) wh-
ich feature as many different designs of conn-
ection pipes, hatches and filler necks on which
level meters can be mounted. In order to ensure
maximum flexibility in adapting the instruments
to specific applications, the modular principle of
building up the level meters is used, whereby a
single common electronics processing module is
equipped with a set of various antenna devices
with waveguide extensions and various installa-
tion flanges (Fig. 5). However, each instrument
is manufactured individually, taking into conside-
ration the features of the working tank based on
the data provided by the customer.

Such an approach to the design of the radar
instruments has completely justified itself in pra-
ctice since it allows the level meter to be adapted
practically to any size of the suitable connection
pipe and thus meet the requests and requireme-
nts of the overwhelming majority of customers.

A no less important consideration with re-
spect to the use of the new instruments is the
simplicity and the accessibility of their installation
and adjustment on project sites to the compa-
nies’ in-house instrumentation personnel. The
installation of the instruments on the tank is ba-
sed on the regular recommendations and is im-
plemented with the requirements to installation
and connection of the explosion safe electric eg-
uipment (Fig. 6) to be complied with. Each level
meter is provided with software for start-up and
commissioning, for the instrument adjustment to
the parameters of a specific tank and for taking
single point working readings. The specifications
of the level meters allow them to be connected
to a number of external devices designed to
handle a wide range of operating tasks. In or-
der to expand the functional and user qualities
of the instruments, special purpose secondary
equipment has been designed, i.e. secondary
transducer UVP-01, control and management
module BUK-01 (for single point and multi-point
measurements respectively). The secondary eq-
uipment provides the indication of the readings,
allows data archives to be created and volumes
of the products under control to be accounted
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for according to tank calibration tables. Our own
software is also available in order to create a co-
ntrol system to manage tank farms based on a
group of level meters as initial level sensors.

Modern tank farms constitute a complex
infrastructure consisting of equipment and fac-
ilities which ensure storage and conveyance of
various types of liquid products. Proximity (non-
contacting) principle of measurements and univ-
ersality of the radio echo measuring devices with
respect to the products under control are best
placed to handle the tasks of organizing autom-
ated accounting and management at large tank
farms with dozens of tanks. The software for the
automatic control system (applicable to BARS
level meters) allows the operator to have a co-
mplete overview of the tank farm status in real
time with a detailed display of the product move-
ment through individual vessels. The measuring
information regarding the tanks is presented to
the operator in the most convenient format and
contains visual graphics. It is possible to view
the archives for each tank as well as to create
reports both for the shift and in terms of the time
parameters specified by the operator.

For the purpose of hooking the level meters
with a PC, of integrating them into the automatic
control systems for the management of a produ-
ction process or for the hook-up with secondary
transducers, there is a digital output RS-485 av-
ailable. For connection to conventional analogue
registers (which are still often used at the project
sites), there is an additional output available for
the 4...20 mA signal. However, one has to take
into account the fact that the level measuring ac-
curacy when using the analogue output is relat-
ively low and amounts to 0.17%. From the point
of view of the measuring task, the key condition
for correct installation of the level meters is the
lack of foreign items (elements of the vessel in-
ternal design, those of the mixer, pipes, steps,
product flows) within the range of the antenna
radiation pattern (Fig. 7). Such objects have an
interfering effect on the process of measureme-
nts (there appear parasite reflected signals) and
lead to deterioration of accuracy.

The instruments have been found to be
applicable to different products: oil, furnace oil,
diesel fuel, gasoline, bitumen, as well as to petr-
ochemical products: lacquers and paints, spirits
and solvents. The level meters are installed on
the vessels of various designs: on horizontally
standing vessels, diameter 3.5 m, and on vert-
ically standing vessels, up to 12 m high (in pr-
inciple it is possible to use the instruments on
higher vessels).

The use of modern circuitry principles and
signal processing in the level meters has not
only allowed high metrological performance to
be implemented in them but also, based on the
positive test results, it has allowed the instrume-
nts to be metrologically certified and placed on
the State Register of Measuring Devices.

The BARS351! instrument has been award-
ed the diploma of the “100 Best Goods in Russ-
ia” Program for 2007.

Owing to their universal capabilities, the pr-
oximity radio echo level meters function reliably
in most various applications. The prospects for
the use of radio echo method for modern level
measuring needs find actual confirmation in the
gradual replacement of the conventional conta-
ct-type measuring devices with the ones under
discussion here.

paAmnonoKauMoHHbIX U3MepuTenen no OTHO-
LIEHNIO K KOHTPONMMpyeMbIM MpPOAyKTaMm Kak
Henb3si Nnydlle noaxoasT Ans pelleHus 3a-
Aay opraHu3auum aBTOMaTU3NPOBaAHHOTIO
yyeTa u ynpaBrieHUs Ha KPYMHbIX pe3ep-
ByapHbIX XO351IMCTBaX C AeCsATkaMu pesep-
ByapoB. [lporpammHoe obecneyeHne ACY
(npumeHnTenbHO Kk ypoBHemepam BAPC)
No3BONsieT onepaTtopy MMeTb NOMHbIA 06-
30p COCTOSIHUSA pe3epByapHOro napka B
peanbHoM MacwTabe BpemMeHu ¢ getanb-
HOW BM3yanusauuen ABWXKEHUS MpoAayKTa
no oTtaenbHbIM eMkocTsiM. M3mepuTtens-
Has MHdopmaunsa nNo pesepByapam npea-
cTaBnsietca B Haubonee ynoGHou ans
onepatopa ¢opMe U COAEepXWUT Harnsaa-
Hylo rpaduky. BosmoxeH npocmoTp ap-
XMBOB MO Kax4oMy pes3epByapy, a Takxe
dopmMupoBaHMe OTHETOB Kak 3a CMeHY, Tak
1N MO BPEMEHHbIM NMapamMmeTpam, 3azjaBae-
MbIM OnepaTopomM.

[na nopknio4yeHUs ypoBHEMEPOB K
nepcoHanbHOMY KOMMbIOTEPY, WHTErpu-
poBaHusa B cuctembl ACYTIT unu nogknto-
YEHWI0 KO BTOPUYHBIM MpeobpasoBatensm
cnyxuT umdposon Bbixod (RS-485). Onsa
NOAKMYEHUS K TpagULMOHHBIM aHarnoro-
BbIM perncrparopam (elie 4yacTo BCTpeya-
lownmMes Ha obbekTax) NnpegycMoTpeH Ao-
NONHUTENbHLIN Bbixoa curHana 4...20 MA.
OpHako, HeobX0AMMO y4nTbIBaTb, YTO TOM-
HOCTb M3MEPEHUN YPOBHSA MPU UCMONb30-
BaHWUMN aHaNoroBoro BbIXo4a OTHOCUTENbHO
HeBbicoka u coctaBnseT 0,17%.

C TOYKM 3peHuss namepuTenbHOM 3a-
Jayn OCHOBHbIM YCIOBUEM MPaBUMbHOIO
MOHTaxa YpOBHEMEPOB SIBNSETCH OTCYT-
CTBUE MOCTOPOHHUX NPEMETOB (3NEMEH-
Tbl BHYTPEHHEN KOHCTPYKUUW pe3epByapa,
Mewlanku, Tpy6onpoBoabl, NeCTHULbI, MNo-
TOKM MpoAaykTa) B npegenax auarpammbl

HanpaBrieHHOCTW aHTeHH (puc.7). Mopob-
Hble npeaMeTbl OKasbiBalOT Mellatollee
OencTBne Ha npouecc namepeHun (nosie-
NATCA NapasuTHble OTPaXeHHble CUrHa-
nbl) U NPUBOASAT K CHUXXEHUIO TOYHOCTMU.

Mpubopbl nokasanu MNPUMEHUMOCTb
K pasnuyHbIM NpoaykTam: HedTb, Masyr,
An3tonnueo, 6eH3nH, GUTyMm, a Takxke nNpo-
AyKTaM  HedpTexumMun: NakoKpaCoYHbIM
n3genuaMm, cnuptam u pacTBOpPUTENSM.
MoHTax uamepuTtenen NpousBoAuUNCs Ha
pesepByapax pasnnMyHbIX KOHCTPYKLMIA: HA
PI'C c gnametpom 3,5 m n Ha PBC c BbicO-
Tor A0 12 M (MPUHUMNNANbHO BO3MOXHO
npumeHeHne npubopos n Ha 6Gonee BbiCO-
Knx pesepsyapax).

Mcnonb3oBaHue B M3MepuTensix ypos-
HS COBPEMEHHbIX MPUHLMUMOB CXEMOTeX-
HUKN 1 06paboTkn curHanos NO3BONWMIO
He TONbKO peanu3oBaTb B HUX BbICOKWUE
MeTponornyeckne rnokasatenu, HO W Ha
OCHOBE MOMNOXWUTENbHbIX Pe3ynbLTatoB UC-
NblITaHWA OCYLLECTBUTb METPOMOrMYecKyio
cepTudukaumio nNpmbopoB C BHECEHUEM
nx B [ocygapcTBEHHbIN peecTp CpeAcTs
N3MEPEHUN.

Mpubop BAPC351/ oTmeyeH awunno-
Mom nporpammbl «100 ny4ywmnx ToBapoB
Poccum» 3a 2007 r.

Bnarogapss cBouMM yHuBepcarbHbIM
BO3MOXHOCTAM, GecKOHTaKkTHble paauno-
NOKaLWOHHblIE  YPOBHEMEpPbl  HaOEeXHOo
PYHKLMOHMUPYIOT B CaMblX pa3HoOo6pasHbIx
ycnoBuax npumeHexuns. MNepcnekTusbl uc-
nonb30BaHWUA PafMoNIoKaLMOHHOIO MeTo-
[a B COBPEMEHHbIX 3ajayax uM3MepeHus
YPOBHSI HaxoAsAT peanbHoe MNOATBeEpXAe-
HWe B NOCTEMEHHOW 3aMeHe MNofoGHbIMYU
npubopamu TPaAULMOHHBIX KOHTAKTHbIX
n3mepuTenen. m

Puc.6 MoHTax ypoBHemepa BAPC352U Ha pe3epByape PBC-1000
Fig. 6 Installation of the BARS352I Level Meter on the Vertically Standing Tank-1000
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