Bbi6op npubopoe yyéma pacxoda e00bl.

B.U.MsacHukoe, cosemHukK eeHeparnibHo20 oupekmopa OAO «3agod «Bodoripubopy,
3aeedyrowut nabopamopuel UHghopMayUOHHO-U3MepumersibHbIx cucmem HUU
BOAlrEO, kaHOuGam mexHU4ecKuXx HayK.

Tunbl pacxogomepoB (BOAOCHETHMNKOB) KITacCUULNPYOTCA B COOTBETCTBUMU C
peann3oBaHHbIMU B HUX (OU3NYECKMMIN MeTo4aMn n3MepeHus pacxoga (obbema) Bogbl
[1,2]. Tun TennocyeTyMKoB onpenenaeTcs no TUNy NpUMeHsIeMbIX B €ro cocTaBe
pacxo4omMepoB (BOAOCHETYMKOB) M TOYHOCTb TEMNSTIOCYETYMKOB 3aBUCUT B OCHOBHOM OT
TOYHOCTU BXOOALUMX B UX COCTaB pacxogoOMepOB.

[ns yyeta xonogHon, ropsyen BoAbl U TEMMOBOW 3HEPTUM B 34aHUAX HA TeppUTOpUn
Poccuinckon degepaunm B HacTosiLLiEE BPEMS NMPUMEHSOTCHA B OCHOBHOM Npubopbl,
peanusylolme 4YeTbipe MeToaa U3MepPEHUN: TaXOMeTPUYECKU, BUXPEBON,
yIbTPa3BYKOBOW U 9N1EKTPOMArHUTHbIN [3].

Kaxabln N3 ykasaHHbIX TUNOB NpnbopoB MMeET CBOU AOCTOMHCTBA U HegocTaTku. [Mpu
BblGope Tuna npubopa Ans OCHALLEHUSA 30aHMIA BaXXKHO OLEHUTb BCE UX
NONIOXUTENbHbIE U OTPULIATESbHbIE XapaKTEPUCTUKKN, YTOObI n3bexaTb B AarbHENLEeM
HEeJOCTOBEPHbIX Pe3ynbTaToB N3MEPEHNIN N PUHAHCOBLIX NOTEPbL, KaK CO CTOPOHDI
[MocTaBLWMKOB, TaK 1 CO CTOPOHLI MNoTpebuTtenen aHepropecypcos.

Cpa3sy cneayet oTMETUTb, YTO B Poccun HanpaBneHne pasBUTUA pPbiHKa
NnpubopoB yyeTa XONOAHOMN, ropsiuen BoAbl U TeNSIOBOW 3HEpPruu B 34aHNAX He
COOTBETCTBYET COBPEMEHHbLIM TEHAEHLMAM XapaKTepHbIM Ans 60NbLMHCTBA
3KOHOMMYECKN Pa3BUTbIX CTPaAH.

PaccMoTpum 0coBEeHHOCTM NPUMEHEHNS Pa3fMYHbIX TUMOB NPUOOPOB C y4ETOM
3apybexxHoro onbiTa, KOTOPbIM UMEEeT B JaHHOW cdhepe Bonee Boratyto UCTOPUIO.

OxapakrepudyeM npuHumnbl paboTbl Kaxgoro Tuna npnubopos, NpUMeHseMbIX Ans
namepeHna pacxoga (o6vema) sogbl. Npu aHanuase dbygem NnpuHUMaTh BO BHUMaHWE
TOT hbakT, 4TO 0ONacTb NPUMEHEHNA NPUBOPOB — obecnevYeHne N3MepPEHNN XONOLHOMN,
ropsiien BoAbl M TEMMOBOW SHEPTMM B 30aHUAX A5 OCYLLECTBNEHNSA Y4ETHO-PACHETHBIX
onepauun.

[MorpeLlHoCTb BOOOCYETUYMKOB (pacxo40OMEpPOB) BO BPEMS UX SKCMyaTaunumn He 4OSMKHa
npesblwaTb 2%, AaHHasi BENUYMHA NOrpeLlHOCTM NPUHATA A1t BOOOCHETYNKOB BO
MHOIMX CTpaHax, Bkntoyasa Poccuto. cxoaa 3 MHOroneTHero onbiTa nccnegoBaHum
pasfiMyHbIX TUMOB NPMOOPOB, CYMTAEM, YTO MOrPELLUHOCTb N3MEPEHMS pacxoaa
(o6bema) Boabl 2% aBnsaeTcs Hambonee peanbHOM ANs XUITULLHO-KOMMYHanbHOro
Xo03ancTea. HopmmnpoBaHue NorpeLHoOCTY BOAOCHETYNKOB (pacxo4omMepoB) B
ananasoHe 0,25-0,5% ansa gaHHbIX YCNoBUn SKCyaTauum HOCUT CKopee peknamMHbIn
XapakTep, XOTsl MPU CTEHAOBLIX UCMbITAHNAX NPMOOPOB TakMe MNOrpeLlHOCTH
JOCTMXKNMBbI.

Mpun aHann3e xapakTepucTuk NpubopoB Mbl He OyAeM NpUHUMATbL BO BHUMaHWE
KOHCTPYKUUW, peanuaytoLime MeToabl U3MepeHUst MECTHOW CKOPOCTM MOTOKa, Hanpumep
yrnbTpa3BYyKOBbIE AOMMEPOBCKMNE, SNIEKTPOMArHUTHbIE 30HA0BLIE N Apyrne. Ons



paccmaTpuBaemMol obnacTn NnpuMeHeHnst NPUBopPbI TakUX KOHCTPYKLMIA He
oGecneymBaloT XenaemMon TOYHOCTU N3MEPEHUS.

TaxomeTpuyeckune Nnpuodopbl — UMEKT NPUHLMUN ENCTBUSA, OCHOBaHHLIN Ha
N3MepeHNnN CKOPOCTH (Konnyectsa obopoTOB) Tera BpaLleHus, Haxo4sLWerocs B
NOTOKE U3MepsemMon Bobl, NU3MepeHHas CKOPOCTb Terna BpalleHWst NPonopLUmnoHansHa
CKOPOCTU ABWMXXEHUS BOAbI. TaxoMeTpudeckme CHETYMKN UMEKT HECKOSBbKO KaccoB, HO
A5 U3MEPEHUn B 30aHNSX NPUMEHSAIOTCA ABa U3 HUX: TYPOUHHbIE U KpblfibYaTble
BOOOCYETYUKN. B TypOBUHHBLIX BOAOCYETUMKAX TENOM BpaLleHUs aBnsieTca TypOuHKa,
OCb BpaLLeHMs KOTOPOW pacnosioXeHa napannenbHO OCu ABMXEHNS noToka. B
KpbINbYaTbIX CHETUMKAX TESIOM BpaLLEHUSA ABNAETCS KpblfibYaToe KOMeco (KpblfibyaTka),
OCb BpaLleH1si KOTOPOro pacnorioXeHa nepneHauKynsapHoO ocu ABUWXeHUs noToka. [1,2].

BuxpeBble npnbopbl — UMEOT NPUHLUMMN OENCTBUS, OCHOBAHHbLIN HA N3MepeHnmn
4YacTOTbl CPbIBa BUXPEWN C MOMELLEHHOIO B MOTOK NfioxoobTekaemoro Tena. Yacrorta
CpblBa BMXPEN 1 BO3HMKAKOLLME MPU 3TOM Nynbcauuun gaBreHnsa nponopuuoHanbHbl
CKOPOCTU M3MepSAeMOro notoka. [ns namepeHns 4actoTbl CpbiBa BUXPEN NPUMEHSIIOT
MarHuUTHbIW, YNbTPa3ByKOBOW M ApyrMe cnocodbl CbemMa curHana, Yto NpuHUMnmMansHO
He cKa3blBaeTCs Ha OCHOBHbIX METOAUYECKMX NapamMeTpax BUXPEBbIX NpMbopos,
O[HAKO MOXET OKa3blBaTb CYLLECTBEHHOE BIIUSIHUE HA UX IKCNIyTaLMOHHbIE
xapaktepuctukm[1,4].

YnbTpa3ByKoBbie NPUOOPbI - UMEIOT NPUHLNN AENCTBUS, OCHOBAHHbIA Ha
MCMNOMb30BaHMM aKyCTUYECKMUX CUrHaNoB yrbTPa3ByKOBOro AnanasoHa, 30HANPYHOLLMX
n3mepsiembln NOTOK. Miamepsaemble B npubopax C NOMOLLBIO YrbTpa3syka napameTpbl
NponopuUnoHanbHbl CKOPOCTU MOTOKA. YNbTpa3ByKOBbIE NPUOOPBI - OAHO N3 HOBbIX
HanpasneHun B NpnbopoCcTpoeHnn, NONyvmBLLEE NHTEHCUBHOE Pa3BUTNE B NocrneaHmne
30 net, 6narogapst HOBbIM AOCTUXEHUAM B 061acTn MUMKPONPOLLECCOPHOMN
aneKkTpoHukn. OCoBEeHHOCTbIO AaHHOro Tuna NpMbopoB ABNAETCA NCNONb30BaHUE
MponssoguTENs MU NPUHLUMNMANBHO Pa3fiMYHbIX YbTPa3BYyKOBbLIX METOL0B U
KOHCTPYKTMBHbIX PELLEHNI, YTO MPUBOAUT K CYLLECTBEHHbLIM Pasfinyinsam
3KCnslyaTayuMoHHbIX U METPONOMMYECKUX XapakTepPUCTUK yIibTpa3ByKoBbIX NPMOOpPOB,
NPON3BOAMMBIX pa3HbiMU hrpmamn. B OCHOBHOM Ha pbiHKE NPUCYTCTBYIOT NpUbopbI,
peanuayowme auddepeHunanbHbii, JOMNEPOBCKUN U KOPPENALNOHHbBIN MeToabl [2,5].

AneKTpoMarHUTHbIE NPUOOPLI - UMEIT NPUHUMN AENCTBUS, OCHOBAHHbLIN Ha
B3aMMOOENCTBUN OBVXKYLLENCA SNEKTPONPOBOAHON XUOKOCTU C MAarHUTHBLIM NOJSIEM,
NOOYNHAIOLLMMCS 3aKOHY 3NIEKTPOMArHUTHON MHAYKUUK. [pu ABMXKEHUN
3NEeKTPONPOBOASALLEN XKNOKOCTU B MarHMTHOM nosne Hasoantca 3.[.C. PasHocTb
NoTeHUnanoB, BO3HMKalOLLAs Mpy 3TOM Ha M30SIMPOBaHHbIX 3rekTpoaax,
nepneHAVKYNApHbIX HanpasneHnio ABMKEHNSA XNOKOCTU U HanpaBreHMo CUNOBbIX
NIMHUI MarHUTHOTO NOJISA, MPONOPLMOHAribHa CKOPOCTU ABMXEHUSA XMAKOCTH [1,6].
CyLlecTBYyHOT pasHble MeTOAbl CO30aHUA MAarHUTHOrO NMOns, NPUHUUNNANBLHO
pasfiMyHble U3 HUX — 9TO Co34aHne NHTerpasibHoOro nosns (Nons AENCTBYIOLLErO Ha BCe
nonepeyHoe ceveHne NoToKa XnOKoCTU) U NOKanbHOr0 MarHUTHOrO NOns
(BencTeytoLLEro B O4HOM UMW HECKOSbKMX JTIoKasibHbIX 061acTsax NonepeyHoro ceyeHus
noToka).

MpumeHeHne NprMbopoB C NoKanbHbIM MarHUTHLIM NofieM MeHee 3(PPEeKTUBHO, YeM
NpnBOPOB C MHTErparibHbIM MarHUTHbLIM MOMeM, BcneacTene 6omnee BbICOKOM TOYHOCTU
nocrnegHux, N0O3ToMy Mbl He Byaem paccmaTpuBaTb B AalfibHENLIEM KOHCTPYKLMK C
nokanbHbIM MOnem.



OcHOBHblE OOCTOMHCTBA M HEOOCTaTKU pa3nnyHbIX TUNOB I'IpVI60pOB npmBeaeHbl B

Tabnuue 1.
Tabnuua 1

Tun npubopa

TaxomeTpuyeckmmn

BuxpeBon

JocTtounHcTBa

- OTHOCUTENbHAasA
Jelie-Bu3Ha; -
ABTOHOMHOCTb (He
Tpe-OytoT BHELLUHErO
nuTaHus); -
CTabuNbHOCTb
nokasaHumn; -
NPOCTOTa MOHTaxa "
obcnyxXuBaHus.

- felweBn3Ha npu
OTHOCU-TENbHOW
npocrtoTte
KOHCTPYKUWN; -
HU3Koe
3HepronoTpeb-neHmne
(paboTta ot
aBTOHOMHbIX
NCTOYHUKOB); -
OTCyTCTBME
NOABWXKHbIX AeTanen.

HepnocTtaTtku Tpebyemble Onana3oH
OTNWHBI n3MepeHus
npsiMoro npu
y4yacTKka norpetu-

Tpyb6onpo-Boaa HOCTU He
AnNA yCTaHOBKK G6onee 2%,

npubopa V max
(8...10m/c)
- Bblcokas vyyBcTBU- 3-5[y no 2-3[y TypOuHHbIN
TENbHOCTb K nocne 1:20-1:150
MeXaHNYeC-KUM Kpbinb4yaTtbin
npumecam B BoAe 1 1:10- 1:25

OTNOXEHUAM Ha
NPOTOYHON YacTn
npubopa, B
YacCTHOCTH
OTNOXEHUAM
coeVHEHNH
Keneasa; - nnoxas
4YyBCTBUTENb-HOCTb
Ha Manblx pacxogax;
- HanM4ue
BbICTyNatoLLnX B
NOTOK OBUXYLLINXCA
aetaneu
NoaBEPXXEHHbIX
N3HoCy; - Ans
BEOEHWSI apX1BOB U
NOOKITHOYEHMUS K
ACKYO TpebyeTcs
AONOSNTHUTENb-HbIN
3NEKTPOHHbIN BMOK.

- TpebytoT 6onbwnx 10-500y oo 5dy 1:30-1:100
NPAMOJSIMHENHbIX nocne
y4acT-KoB
TpybonpoBoaa; -
nnoxas
4YyBCTBUTENb-HOCTb
Ha Manbix pacxogax,
OTHOCUTESBbHO
HebonbLwoun

pabounn gnanasoH;

- HanM4ne nepekpbl-
BaOLLMX MOTOK
netanemu; -
NoBbILLEHHAS
4yBCTBU-TENbHOCTb K



Tun npubopa

YnbTpa3ByKoBOM1

ANeKTPOMarHUTHbIN

JocTtonHcTBa

INnn - - cnabas
3aBUCMMOCTb OT
OTNOXEeHUN Ha
NMPOTOYHOW YacTun, B
YaCTHOCTU MarHeTuTa
(koHCTpyKUMK Be3
oTpaxarenen); -
HWU3KOe 3Hepromno-
TpebneHnue (paboTta
OT aBTOHOMHbIX
NCTOYHUKOB); -
TOYHOCTb B LUMPOKOM
ananasoHe -
OTCyTCTBUE
BbICTyNat-LmMx B
NoTOK AeTanen (3a
NCKITHOYEHNEM
KOHCTPYK-LMI C
oTpaxarensamu); -
BbICOKasi 4YyBCTBU-
TENbHOCTb Ha MarbIX
pacxofa.

- TOYHOCTb B
LUMPOKOM AnanasoHe
N3MepeHuns; - HU3Kas
4yBCTBUTENBHOCTb K
HepaBHOMEPHOCTU
Nonsi CKOPOCTEN
N3mMepsemMoro noToka;
- OTCyTCTBUE
BbICTYMNato-LMx B
NOTOK AeTanemu; -
BbICOKasi YyBCTBU-
TEeNbHOCTb Ha MaribIX
pacxopga.

BMGpaumn.
HepocTaTtku

4YyBCTBUTENBHOCTb
OTOENbHbIX
OLHOMYy4YeBbIX
KOHCTPYKLNN K
HepaBHO-MEPHOCTU
Nons CKOpPOC-Teu
N3mepsemMoro
NnoToKa,; -
4YyBCTBUTENBHOCTb
npeobpasoBaTenemn
C OTpaxaTtensimu K
0bpa3o-BaHuIo
OTNOXEHUN Ha
OTpaKaroLLmMX
yNbTpasByk
NMOBEPXHOCTSIX.

- BbICOKas YyBCTBU-
TEbHOCTb K
He3Ha4n-TeNbHbIM
OTNOXEHUAM Ha
NPOTOYHOM YacTn
ANINEKTPUYECKUX U
TOKOMPOBOASALLMNX
ocaj-KoB, B
ocobeHHOoCTH
MarHeTuTa; -
4yBCTBUTENBHOCTb K
BHELLHUM 3M1EKTPO-
MarHUTHbIM NOJSIAIM U
onyxgatoLwmnm
TOKaM; - BbICOKOE
3HepronoTpedb-
rnexHune.

Tpebyemble
ATNUHbI
npsiMoro
y4yacTKa
Tpybonpo-Boaa
ANs yCTaHOBKM
npubopa

-MHOrony4Jesble,
OAHONyYeBble
OCeBble U C
dopmumpoBaTe-
nem noTtoka: 5-
100y po 2-5 ly
nocne -
OAHONy4YeBblE C
anameTparnbHbIM
kaHanom: 10-50

Ay no 5 Oy
nocrne

SOy no 2-3 Oy
nocrne

Mpw aHanunse pasnn4yHbIX TUMNOB NPMGOPOB NPUHMMANUCL BO BHUMaHUe
XapaKTepucTmkn obLume ans Bcex Nnpobopos paccMmaTtpusaemoro Tuna. Mbl He
paccmaTtpuBanu 1 He NPUHMManu BO BHUMaHMe HepearibHble XapakTepucTuKu

Onana3oH
U3MepeHus
npu
norpewu-
HOCTU He
6onee 2%
Vmax
(8...10m/c)
1:50-1:150

1:100-1:200



oTAenbHbIX nponssoauntenen. OgHMM U3 KPUTEPMEB OLLEHKN ABMSNNCHL NapamMeTphl,
Aeknapupyemble ons npubopos, NpoaaBaeMblX Ha pbiHKe 3anagHon EBponbl KpynHbIMK
npounssoguTenamu. 3T Nprudopbl, Kak NPaBUIO, NONYYUIN OLEHKY aBTOPUTETHOM
Hemeukon opraHmsaumm PTB. Cnegyet OoTMETUTb, YTO HEKOTOPbLIX NpMbopbI
WHOCTPaHHbIX NPOM3BOANTENEN NPU NEPECEYEHUN POCCUNCKON rPaHnLIbl PE3KO
yny4yLlaT CBOU XapakTEPUCTUKN, K ATOMY Mbl OTHOCUINCH KPUTUYECKMN.

Poccumnckum pbIHOK NpMOOpPOB ANsi KOMMYHarlbHOro X03AMCTBa CTPEMUTESIbHO
pa3BuBaeTCA, OA4HAKO NAacNOpPTHbIe XapaKTepUCTUKMN NPUOOPOB 4acTO HOCAT
peKknamMHbIN, HO HUKAK He peanbHbIN xapakTtep [3,7]. B 6opbbe 3a mecTo nop
COJIHUEM oTAeNbHble OTe4YeCTBEHHbIe MPOM3BOAUTENUN BbIAAKT CBOU HUYEM He
noakpensneHHble (paHTa3nm 3a pakTu4eckne xapakTepucTuku npubopos. Cnosom
MoTpebuTenb Xo4eT CKa3Ky, U1 OH nosiy4yaeT ee B KpaCMBOM yrnakoBKe, C
nacnopTtom, coBcem Hegoporo. NMNoTpedburtens He yauBnsaeT Hepoporomn
«CBEPXTOYHbINU, LULMPOKOANANA3OHHbIN, YHUBEPCalibHbIA pacxoaoMep», XoTA
no6on Cneymnanuct B 4aHHOW 06N1acTU NOHMMAET, YTO 3TO
B3aMMOMUCKITIOYaKoLWMe apyr apyra noHATUA.

MpoBoas UCNbITaHWUS Pa3fUYHbIX TUMOB NPUOOPOB M aHaNM3NPYsi NPUGOPHbIA PLIHOK, C
koHUa 90-x Mbl OOpallaeM BHUMaHWE Ha TO, YTO OTAeNbHbIE MPOM3BOAUTENM
3aBblLLIAOT OCHOBHbIE MOKa3aTeny CBoMX NpubopoB. ATo kKacaeTcsi B NEPBYHO ovepenb
TOYHOCTM U3MEPEHMS, Anana3oHa N3MepeHns U ANVH NPsIMbIX Y4aCTKOB
TpybonpoBoaoB, TPeOYOLIMNXCS ANS YCTAHOBKM pacXoAoMepoB (BOAOCHETYNKOB).

YT06bl OLLEHNTb NEePCNEKTUBHOCTb TOFO UITNM MHOMO TUMa NPMOGOPOB ANs
paccMaTpuBaemMoro cermeHTa pblHKa, NoapobHee paccMOTPUM XapaKTepPUCTUKN
npubopoB, NpMBeAeHHbIe Bbille B Tabnuue 1, U npoaHanM3npyeMm Mx 4OCTOMHCTBA U
HeoCTaTKuU.

Cpasy oTMeTum, 4To nmerTcs NpobremMbl 06Lme ONs KaXK4oro U3 paccmaTpuBaeMblx
TMnoB Npmnbopos. CyLecTBEHHOE 3apacTaHne BHYTPEHHEro CeYeHnsa pacxogomepa
(BogocyeTUMKa), NPMBOAMUT K YBENTMYEHMIO MOrPELUHOCTH NBOro N3 paccmaTpmBaeMbix
TMNoB npnbopoB. OBBACHAETCA 3TO TEM, YTO NPUHLMN AENCTBMS NPMOOPOB OCHOBAH Ha
N3MEepPEHNN CKOPOCTUN NOTOKA. 3HAaYEHNEe pacxoda Mbl NOfy4Yaem, yMHOXast
N3MEPEHHYIO NoLlaab Ha rpagynpoBOYHbIA KOIMMULMEHT, KOTOPbIA COAEPXKNT B cebe
BENMYMHY NAoLaam NonepevyHoro ceveHnsa pacxogomepa. NMotomy npy UsmeHeHum
nnowiaan, BcrneacTeme obpasoBaHns OTNOXEHUI, MPONOPLNOHANbHO pacTeT
MOrpeLlHOCTb N3MepeHns pacxoga. [Ana saamenneHuns npoueccoB obpa3oBaHus
OTNOXEHMI Ha NPOTOYHOM YacTU BOAOCHETUYMKOB (pPacxogoMepoB) cnenyeT NpUMeHsTb
npnbopbl, NepBUYHbIE Npeobpa3oBaTeENN KOTOPbLIX M3rOTOBMEHbI N3 HEKOPPOAUPYHOLLMX
MaTepuanos NN UMEKT KOPPO3NOHHOCTOMKME NMOKPbLITUS.

BTopon daktop, okasbiBaoLWMn oTpULaTeNbHOE BO3AENCTBUE HA BCE TUMLI
paccmaTtpmBaeMbix NpMbopoB — coaepXaHue B M3MepsieMor BoAe HepacTBOPEHHbIX
rasos. Hn oguH n3 npnbopos He onpegenseT nx KOHLUEHTpauuio B Boge, No3ToMy
NOrpeLLIHOCTb N3MEPEHNA MOXET BO3pacTaTb Kak MUHMMYM Ha NpoueHTHoe
cofepXaHne HepaCTBOPEHHOrO rasa B U3MepsieMon BOAe, HO Kak MOKa3bIBaeT ONbIT Ha
camMoM [erne NorpeLlHoCcTb namepeHnsa elle Boiwwe [8]. JononHuTensHas NorpeLHoCcTb
B AAHHOM criydae obycroBrieHa HeagekBaTHOCTM BOCMPUATUSA CKOPOCTU BO3AYLUHbIX U
BOA0-BO34YLUHbIX NMOTOKOB AaT4MkaMu npmbopos. Mpu Hannymm HepacTBOPEHHOIO
BO34yxa B BOAe Henb3s obecneynTb M3aMepeHus pacxoga n obbema ¢ HopMUPOBaHHOW



TOYHOCTbIO. TaxoMeTpUyecKne cHeTUNKN, Hanpumep, paboTatoT (M3MepAaT 06BHLEM)
He3aBMCMMO OTTOrO, YTO ABMXKETCA No Tpybe Boaa nnun Bo3ayx.

TaxomeTpuyeckune NpuoopbI - Cambii PpacnpoOCTPaHEHHbIA A0 NOCNEQHEr0 BPEMEHN
TN BOAOCYETYNKOB. ITU Npnbopsbl BbinyckatoTca 6oree 100 neT, KOHCTPYKUMS MX
04eHb xopowo oTpaboTaHa. [MaBHOe JOCTOMHCTBO — AeLleBn3Ha, NPOCTOTa YCTAHOBKM
n obcnyxmneaHna. OCHOBHbIe HEQOCTATKM OBLLEN3BECTHbI: M3HOC NOABWXHbIX AeTanen,
YyBCTBUTENBHOCTb K OTNIOXEHUAM coeanHeHun xenesa. MNpnbopbl TpebyroT yCTaHOBKM
MarHMToMexaHn4ecknx unbTPOB, KOTOPbIE MOMHOCTLIO HE NO3BOSAKOT 3aLUNTUTD
TaxoMmeTpuyeckme cHeTuYnkn. B pesynbTtate yxe yepes nonroga TypOuHHbIE
BOJOCYETUYMKN HAYMHAIOT 3aHMXKaTb NokasaHus. B cpegHem 3a 5-6 net akcnnyataumm
NOrpeLUHOCTb MOXET BO3pacTaTth B cpegHeM A0 5-8%. Takke nogsepXeHbl
CyLLEeCTBEHHOMY YyXY[LIEeHUIO TOYHOCTW B Npouecce aKcnayaTauumn KpbiibyaTtble
BOJOCYETYMKM [9].

TaxomeTpuyeckme BOAOCHETUNKMA UMEIOT MIIOXY YyBCTBUTENBHOCTb Ha MarbIX
pacxogax, npu4em B npoLecce akcnryaTaumm 4yBCTBUTENbHOCTb BOOOCHETYMKOB
CHWXXaEeTCH, YTO NPUBOANT K YBESTMYEHMIO MOrPELLHOCTN yYeTa noTpebneHuns XxonogHom
N ropsiyen Boabl B HOYHOE BpeMs. [pumeHeHne 6onee 4yBCTBUTENBbHbLIX HA ManbIX
pacxogax BogocyeTunkoB knacca C, kak npaBuno manoadgekTuBHO, Tak Kak 3Tn
CUYETHUMKM TEPSAIOT CBOE NPEMMYLLECTBO NPy 0O6pa3oBaHUN OTNIOXKEHUIN HA UX NPOTOYHON
yactn. Bogocuyetumkm knacca C 6onee 4yBCTBUTENbHbI K OTIIOXKEHUSM, YEM CHETUYUKN
knacca B.

B 3apybexxHomn npakTuke B Ka4ecTBe anbTepHaTMBbl TAXOMETPUYECKNM CHETUMKAM B
nocnegHee Bpems HAXo4AT NPUMEHeHne yrbTpasBykoBble Npubopsbl. [ns 4oMOBOro
y4yeTa nx npousBogat Sensus, Kamstrup, Hydrometer, Siemens. 31u cdoupmel,
nmerLne aBTopUTET HA MUPOBOM PbIHKE U U3BECTHbIE KaK NpOU3BOAUTENMU
TaxomeTpuyeckmx Nnpmbopos, NPOABUraloT B HAcTosiLLee BpeMs npmbopbl
ynbTPa3ByKOBOro TUNa, Kak NpoayKLMo nepefoBbiX TEXHOOMMNA.

OTMeTMM, YTO Ha POCCUNCKOM PbIHKE AN U3MEPEHUsT XONO4HOW BOAbI B
TpybonpoBogax Ay 15-32 mm 1 ropsiuen Boabl B Tpybonposogax [y 15-20mm, B
brnvxarwee Bpems, cKopee BCero, He byaeT anbTepHaTMBbl TaXOMETPUYECKNM
cyeTyMKaMm, Tak Kak 3T Npmbopbl UMEIT OYEeHb HU3KYI0 CTOMMOCTb. B TO e Bpems
OTMETUM, YTO Takne mpmbl kKak Kamstrup, Hydrometer yxe BbinyckatoT
ynbTPa3ByKOBblE KBAPTUPHbIE BOAOCHETYUKN N TEMMOCHETUUKN.

YKaxeMm eLe OaHy M3 NpUYnH BbITECHEHUSI TAXOMETPUYECKNX NPUOBOPOB C pbiHKA.
CoBpeMeHHOEe pa3BuUTUE INEKTPOHUKM MO3BOSISIET NOSTHOCTLIO aBTOMATU3NMPOBaTh
npolecchl namepeHnin, cbopa nHdopmaumnm o NoTpedneHnn SHepProHoCUTENeN,
nepegayn ee B gucneTyepckme n OUnNnImMHroBble cUCTEMBbI. [N NpUMEHEHNs B Taknx
cucTtemax TaxoMeTpuyecKknx NpubopoB TpebyeTca NHTErPUPOBaAHME MEXaHUYECKNX
YCTPOWCTB 3TUX NPUBOPOB C INEKTPOHUKON, YTO NMLLaeT TaxoMeTpuyeckne npmbopbl
TaKMX NPEUMYLLIECTB Kak AeLleBU3Ha, NPOCTOTa MOHTaXa 1 SKcnnyatauuu.

BuxpeBble NpUbGopbI — UMEOT NPOCTYI0 KOHCTPYKLMIO MPOTOYHOM YacTw,
OTHOCUTENbHO AelueBbl. [NaBHblIe HeJoCTaTKM 3TOro TMna NpPMBopPoB - HU3Kas
YyBCTBUTENBHOCTb Ha MarbIX pacxofax U 3aBUCUMOCTb TOYHOCTU U3MEPEHUIA OT
HepaBHOMEPHOCTM NOJS CKOPOCTEN N3MEPSIEMOTO NOTOKA XXMAKOCTU. YUYNTbIBaAs!, YTO
HEKOTOPble OTEYECTBEHHbIE MPOU3BOANTENN 3aManyMBaloT BbllLEHA3BaHHbIE
HegocTaTku, MPUBEAEM B KaYECTBE apryMeHTa XapakTepUCTUKN BUXPEBOTO



pacxogomMmepa nu3BecTHom 3apybexHon doupmbl Endress+Hauser na katanora,
N30aHHOrO Ha aHrMMNCKOM A3bike, 6e3 ydeTa «cneunmkm pOCCUNCKOro pbiHKa.
lNorpewHoCTb BUXpeBoro pacxogomepa pupma Endress+Hauser 3agaet B
3aBucumocTn oT Yncna PenHonbacal10], 4To € no3vuyuun ruapognHaMmnkm
3aKOHOMEPHO, TaK Kak yCTONYMBbLIN MPOLECC CPpbiBa BUXPEN HACTynaeT Npu yucrnax
PenHonbaca 60nbLUmMx HEKOTOPOro NOPOroBOro 3Ha4YeHus:.

Mcnonb3ys aaHHble Endress+Hauser, npeacrtasmm B 60onee NOHATHOM Ans
MoTpebuTtens bopme napameTpbl BUXPEBLIX PaCX040OMepPOB (BOAOCHETYMKOB) AN
TUNOPa3MepoB, UCMONb3yeMbIX NPU U3MEPEHUAX B 3OaHUSAX.

Tabnuua 2

YcnoBHbIVM anameTp, 25 32 40 50 80 100
Ay,mm

MuHumanbHbIM pacxon 0,5 0,7 0,9 1,1 1,8 2,1

Npu NOrPeLHOCTUN He

Gonee 2%, M*/yac

MakcumanbHbIV gnana- 30 40 45 60 95 100
30H U3MEepPeHUs npu

norpewHocT! He 6onee

yem 2%

Mopor yctonunson 0,3 0,4 0,5 0,6 1,0 1,2
pa6oTbl, M*/yac

MpoaHanu3vpoBae AaHHyo Tabnuuy, Mbl BUOAUM, YTO JaXe XapakTepUCTUKN BUXPEBbIX
pacxo4oMepoB, NPU3HaHHOIO MMPOBOTO NAepa, YCTynarT NPakTUYeCcKkn BCEM U3
paccMaTpuBaeMbIX TUMOB NPUBGOPOB.

Tenepb paccmMoTpum TpeboBaHus K ANMHaM NPsiMbIX y4acTkoB [lpomnssoauTenu,
peanusyroLne BuxpeBble NPUBopbI HA POCCUNCKOM PbiHKE, OBbIMHO AeKNnapupyroT
ANMHY NpPSIMOro yvacTka 4o npeobpasoaTtens pacxoga — 100y, nocne 3-5[y. C Touku
3peHnsa aHanusa rmapoauHamMuKn BUXPEBBIX MPMOOPOB, Takne nokasaTenu Bbl3biBaloT
COMHeHue. BuxpeBble pacxogomMepbl U3MEPSIOT CKOPOCTb NOTOKAa B 30HE,
pacnonoXXeHHOW BAONb AnameTpa TpyObl, JaHHAA CKOPOCTb HE ABNAETCA cpeaHen
CKOPOCTbIO NOTOKA, a Nosie CKOpoCcTen NOToKa B AaHHOW 061acTu YyBCTBUTESNBHO K
BO34EUCTBUIO PasSiMyHbIX MECTHbIX COMPOTUBIEHNA (OTBOAOB, TPONHUKOB U Np.).

lMpuBeaem gaHHbIE MO NPSMbIM y4acTkam TpybonpoBOAOB, KOTOPbIE AeKnapupyeT AN
BUXpeBbIX Npubopos pupma Endress+Hauser [10].

Tabnuya3

Twun MecTHoro conpoTUBEeHUs [AnuHa npsmoro [nuHa npsmoro
yyacTka Tpybo- yyacTtka
npoBoaa Ao Tpybonposoaa
npuodopa nocne npmubopa

KoHdoy3op 150y 50y

Andpysop 180y SOy

KoneHo (otBog 90°) 200y 50y

[1Ba KkoneHa B 0gHOW NSI0CKOCTMU 25y 50y



[1Ba KoneHa B pa3sHbIX MIOCKOCTAX 400y 50y

3aTBOp,3aaBUXKKa 500y 50y
Crtpyesbinpamutens (2[dy oo ctpyesbinpamutena n 104y 50y
8 nocne)

[1Ba 1 6onee MeCTHbIX CONPOTMUBNEHUN, HE 50y 50y

YKa3aHHbIX B Tabnuue Bbilwe

Takum obpasom, Mbl BUAUM, 4TO ANs obecnevyeHnss HopMUPOBAHHOW TOYHOCTM
BMXPEBbIX NPMOOPOB , HA NPaKTUKe ANA UX YCTaHOBKKN TpebyeTcs NPAMON y4acToK
Tpy6onposoga anuHon 550y nnu xe 10y, HO Npn ycTaHOBKE CTPYEBbINPAMUTENS.
CTeHngoBble nccrneagoBaHnsa BUXPEBLIX NPpMOOPOB NoaTBEPXKAAOT Bbllecka3aHHoe [11].

CnepnyeT OTMETUTb HEKOTOPbIE KOHCTPYKTUBHbIE OCOBEHHOCTM BUXPEBBIX
pacxo4oMepoB, NPOSIBNSOLIMECS B NpoLiecce 3Kcnnyatauun. Buxpesble npubopsl ¢
MarHMTHON CUCTEMOI CbeMa CUrHamna YyBCTBUTENbHOCTM K MarHeTuTy. Mpunbopsl ¢
yNbTPa3BYKOBOW CUCTEMOIN CbeMa CuUrHarna MoryT HeyCcTOMYMBO paboTaTb Npu BbICOKMX
CKOPOCTSIX MOTOKA M HU3KOM AaBrieHun B Tpybonposoae.

Ha 3apyb6exxHOM pbiHKe BUXpPEBble pacxoaomMepbl B XXUTULWHO-KOMMYHabHOW
cdepe He HaxoAAT NPUMEHEHUs, B CUITy TaKUX He[OCTaTKOB, KakK nnoxas
YYBCTBUTEJNIbHOCTb Ha MasibIX pacxo4ax U YCIOXXHEeHMe MOHTaXa 3a cyert
Tpeb6oBaHUA 6ONbLUNX NPSAMbIX Y4aCTKOB TPYOONpPOBOAOB ANl UX YCTaHOBKMW,

3TK NpMOOPbLI UCNONbL3YHTCSA B NepBYIO0 o4epeab NPU U3MepeHusx napa, a Takke
pa3nuyHbIX rasos, TamM rae NpMMeHeHWe Apyrux TUNoB NpubopoB 3aTpyaHeHo [9].

YnNbTpa3BYKOBbIe U INEeKTPOMarHuTHble NpUbopbl — Hanboree COBpeMEHHbIe
cpeacTBa M3MepeHusi, MacluTabHoe NpPon3BoACTBO 3TUX NPMOOPOB CTano BO3MOXHbIM
Gnarogapsi UHTEHCUBHOMY Pa3BUTUIO MUKPOMPOLIECCOPHOM TEXHUKM,
COBEPLUEHCTBOBAHMWIO XapaKTEPUCTUK U CHDKEHUIO CTOMMOCTU 3NEKTPOHHbIX
KOMMOHEHTOB. QNEeKTPOMarHuTHble U yrbTpa3ByKOBble NPUOOPLI UMEKT LUMPOKUIA
AnanasoH U3MEPEHUS, OHW NErko UHTErpPUPYOTCSH B aBTOMATU3NPOBaHHbLIE CUCTEMBI.

O6LwnM OOCTOMHCTBOM 3TUX NPMOOPOB ABMNHAETCA OTCYTCTBME BbICTYNarLMX B
namepsieMblin NOTOK aeTanen. MNpuHUMnbl 4ENCTBUS 3NEKTPOMArHUTHbIX U
yNbTpa3BYKOBbIX NPUOOPOB OCHOBAHbLI HA UCMOSIb30BaHMM CBOMCTB COOTBETCTBEHHO
3NEeKTPOMarHUTHbIX U akycTudeckmx nonen. OgHUM 13 KpuTepues OLEHKM
YYBCTBUTENBHOCTM M TOrO 1 APYroro Tuna Nnpubopos ABMSETCA OTHOLLEHNE
«LWyM/nonesHbIn curHany. 3agaden pa3paboTymKkoB ABNSAETCHA CHU3UTb JaHHbIN
nokasartesb, a Takke 4obuTtbca apPEKTUBHOrO MHTENPUPOBAHNSA NOJISI CKOPOCTEN
KOHTPOSNIMPYEMOrO MOTOKA XUOKOCTMU.

OnekTpomarHuUTHblEe NPUBOPLI UMEIT PasfNNYHbIe KOHCTPYKTUBHbIE peLleHUs]
hOopMMPOBaHNS MArHUTHOTO MOJIsi, OCHOBHAs LiENb, K KOTOPOW CTPEeMSATCS Npu
dhopMMpoBaHMM MarHUTHOIO Nonsi — 4OBUTbLCS ero paBHoMepHocTU. OT paBHOMEPHOCTY
MarHUTHOMO MOSS M COOTHOLLEHUS «LUYyM/MOME3HbIN CUrHan» 3aBUCUT TOYHOCTb
NpuBopoB 1 AnanasoH U3MepEHUs.

B koHue 90-X Ha POCCUNCKOM PbIHKE CTanm NOSIBMATLCA 3NEeKTPOMarHUTHbIE NpMbopsbl C
AnanasoHom namepenna 1:500, satem 1:1000 n gaxe 1:2000. Nog nosyHramu, Ha
KOTOPbIX Ha4YepTaHbl JaHHble LMpbl, HA4anocb NOKOPEHME POCCUMNCKOro PblHKA.
Cneuuwanuctbl B obnactu pacxogomeTpum Hegoymesanu, Notpebutenu, B 6onbLuen
yacTu, BOCNpPUHMUManu atn undpsl ¢ BooaywesneHmem. OgHUM 13 nepBbix NyOnmnyHo



obpaTnn BHUMaHWE Ha HepearibHOCTb LLUMPOKOro AnanasoHa 3r1eKTpoOMarHUTHbIX
BogocyeTynkoB cneumanuct «JleHaHepro» B 2003r.[12]. B gaHHOM cTaTbe
aHanM3npyTCs NOrPeLLHOCTM SMEKTPOMarHUTHbIX MPMBopPoB, KOTOPbIE B NpoLecce
skcnnyaTauum moryt gocturats 50-60%. B ka4yecTBe NpUYnHbBI TaKUX NOrPELLHOCTEN
paccmaTpuBaeTca obpa3oBaHue HeEBOMbLUMX OTIIOXEHUA B BUAE NITEHKW, 3aMblKatoLLen
anekTpoabl [ 12 ,cTp.388 ].

Mwud 0 BbICOKON TOYHOCTM 3MEKTPOMArHUTHbLIX MPMOOPOB B LUMPOKOM AMana3oHe
OKOH4YaTesibHO Obin passesiH B 2009 rogy cneumanuctom pupmel B3neT, koTopas
ABNSETCA OOHUM M3 NpounssoauTenen atux npudopos [13]. B ctaTtbe goctaToyHO
rPaMOTHO U3NOXEHbI, B 0OLLIEM-TO, U3BECTHblE (PaKTbl, CyTb KOTOPbIX — 0BOCHOBaHME
HepeanbHOCTU AeKnapypyeMbiX NPON3BOANTENAMUN SNIEKTPOMArHUTHBLIX PAacXo40MEPOB
xapakTepuctuk. Takum obpasom, B TedeHue gecsatu net mHorme Npomnssogutenu
9NEKTPOMarHUTHbIX NPUBOPOB BBOAAT B 3abnyxaeHne

MoTpebutenen, BoIMrpbiBaOT TEHAEPbLI U NOCTABMAT NPUBOpPLI, AeKnapupys
XapaKTEPUCTUKM, KOTOPbIE HEBO3MOXHO 06ecneunTb B YCNOBUSIX IKCNyaTaumm AaHHbIX
npunbopoB Ha obbekTax XKKX.

B 3apybexxHon npakTuke aNeKTpoOMarHUTHble pacXxo4oMepb! LMPOKO UCMOSNb3YHTCS B
nuLLEeBON, hapmaueBTUYECKON, XMMUYECKOM LIEeN0NI03HO-0yMaXkHOM
NMPOMBILLIIEHHOCTU, HO HE HaXOASAT LUMPOKOro NPUMEHEHUS B XUULLHO-KOMMYHaNbHOM
cekTope. Ha poccuinckoM pbiHKe cuTyaumsi MHas, nonpobyem npoaHannanpoBaTb C YEM
9TO CBSI3aHO.

[1aBHO M3BECTHO, YTO HA TOMHOCTb ANIEKTPOMArHUTHLIX PACXOAOMEPOB BIIUSIOT AaXe
TOHKNE OTNOXEHUSA Ha NPOTOYHOM YacTu npeobpasosartens [1,8,12, 14].

Mpn obpasoBaHMmM B npoLiecce akcnnyaTaumm, NNEeHKU LWYHTUPYIOLWEN dNeKTpoabl,
SNEeKTPOMAarHUTHbIN NPUBOP HauYMHAET 3aHMXKaTb Noka3aHus. [JaHHbI aKT nerko
obHapyxumBaeTca Ha ob6bekTax, rae YyCTaHOBMNEHbI ANEKTPOMarHUTHbIE pacxogoMepbl Ha
npsiMoM 1 obpaTHOM TpybonpoBoaax 3akpbITOM CUCTEMbI, KOrAa CKOPOCTb
obpasoBaHna OTNOXEHUIN B 3TUX Tpybonposoaax pasnuyHa. B nogobHbIx cnyyasnx B
ANHaMUKe PUKCUpyeTcs POCT pacxoXaeHUs nokasaHun mexay npubopamm Ha NPSMOM
n obpatHom TpybonpoBoaax. PasHocTb nokasaHum gocturaet -15% u 6onee [15], B TO
BPeEMS Kak, OHa He AO0MMKHbI NpeBbIwaTh 4%. UToObI CKpbITb pacxoXaeHus B
nokasaHnsax NpMdopoB HEKOTOpPbIE (hMPMbI CTanu BCTpamBaTh crieumnasbHble
nporpamMmsbl, KOTOpble KOPPEKTUPYIOT pe3yribTaTbl U3AMEPEHN, Npexae Yem
3adMKCcMpoBaTh MX B CHETUMKAX U B apxmBax [16], 4To, 6e3ycnoBHO, HEQOMYCTUMO.

CnegyeT OTMETUTb, YTO PAaCCMOTPEHHOE BbiLLE SABMIEHNE BCTpeYaeTCsa Hepeako, HO ero
Henb3s Npu3HaTb MaccoBbIM. Kak npasuno, obpasoBaHne NNeHkM naetT paBHOMEPHO Ha
npamMoM 1 obpaTtHOM TpybonpoBoaax 1 3aHMXKeHUe NoKasaHU NpnubopoB NPONCXoanT
CYHXPOHHO, MO3TOMY (PMKCMPOBaTh AaHHbIN npouecc cnoxHo. ObHapyxuneaeTtca
3aHMXeHWe NokKasaHUn Npu NoBepke, ecnun He NPOBOAUTL NPeABapUTENBHON OYNUCTKU U
NPOMBbIBKN 3M1EeKTPOMarHMTHbIX NnpeobpasoBatenei. Pe3ynbTatbl NPOBEPKU OBYX C
NMOSIOBUHOWN ThICAY 3NIEKTPOMAarHUTHbIX NPUOOPOB Nocre Tpex feT aKcnnyaTaumm
nokasanu, YTo Ja)ke nocrie oTMbIBKM oTnoxeHun, 40% cyeTynkoB He obecneymBaloT
HOPMMPOBAHHOW NOrpeLlHOCTU n3mepeHus [17]. Hekotopsble Npoussoantenu
SNEKTPOMarHUTHbIX NPUOOPOB YTBEPXKOAIOT, YTO OTNOXEHUS B POCCUMCKNX
TpybonpoBogax, B OTNMYmMe OT OTSIOXKEHUI B 3arnagHOEBPONENCKUX - OCOBEHHbIE, OHU



He 3aMblKaloT 3MeKTpoabl NPMBOPOB, He oTNnaraTcst Ha PTOPONIAaCTOBOM MOKPLITUM,
Aa U MarHeTuta B Halnx cuctemMax Her.

M3BeCTHO, YTO Npu SKCNnyaTaunum cUCTeM BOAOCHAOXEHUA 1 TENNOCHA0XeHNA nayT
npouecchl KOPPO3UKU CTanbHbIX U YYTyHHbIX Tpy6onposogos. Obpasyrowmecs okenapl
Xenesa CoCToAT M3 Tpex rmapatnpoBaHHblx okucnos: FeO, Fe, O3 n Fe3;O4, nocnegHni
N3 HUX — marHeTunt [18]. MarHeTnT umeeT YepHbI LBET, Ero NPOLEHTHOE coaepXaHue
pas3fiMyHO B pa3HbIX Criyvasix, MUKPOYaCTULbl OKUCIIOB Xernes3a MoryT UMeTb 94p0 13
mMarHeTuTa, okpyxeHHoe FeO n Fe;O3. Takne yactvubl B 60MNbLINX KONMYECTBax
3agepXxuBaroTca hunbTpamm ¢ MarHUTHbBIMKM YNaBnMBaTENSAMU AaXe Ha XONOL4HOM
BOAeE, HO, KaK N3BECTHO, NPpW NOBbILLIEHNN TeMMepaTypbl BOAbI paBHOBECUE CMeLLaeTcs
B CTOPOHY 0bpa3oBaHus marHeTuTa [19]. B eBponencknx cuctemax marHetTuta MoxeT
ObITb MEHbLUE YEM B POCCUNCKMX CUCTEMAX 3a cyeT Bonee Ka4eCcTBEHHON
BOOOMNOArOTOBKM. HEeCMOTpsi Ha 3TO, eBponenckne nponssoanTeny npnbopos
paccMaTpuBalOT MarHETUT KakK CyLLEeCTBEHHbIN (DakTop, OKa3blBaloLUN BIIMSIHUE Ha
TOYHOCTb KakK 3NEeKTPOMAarHUTHbIX, Tak U TaXOMEeTPUYECKMX Npubopos 1, B nocnegHee
BpeMs, NpeanaratoT B Ka4eCcTBe anbTepHaTuBbl YNbTpasBykoBble Npnbops! [20]. BaxHo
OTMETUTb, YTO Ha paboTOCNOCOBHOCTb ANEKTPOMArHUTHbLIX NPMOOPOB BO3AENCTBYET HE
TOMNBbKO MarHeTUT, BIIUSIIOLLMA HA MarHUTHOE Mnone reHepupyemoe npnbopom, HO n
nobble apyrme OTMOXEHUS, UBMEHSIOLLME NPOBOAMMOCTb MEXAY SNeKTpogaMm
npeobpasoBartens. YTo KacaeTca XMMMUYECKOro cocTaBa OTIIOXEHUIN, NpUBEOEM B
KayecTBe Npumepa pe3ynbTaTbl UCCreaoBaHNN NpoObl, B3ATON ¢ hTOpONNacToBOro
NMOKPbITUS 3NIEKTPOMArHMTHOro npeobpasoBaTtens, yCTaHOBIEHHOIO B CUCTEME

TennocHabXXeHns 3a4aHnst O4HOro U3 POCCUMCKMX ropoaoB. ToMWwMHA OTNIOXKEHUIN He
npesbiwana 0,1-0,3mMMm, UBET OTNIOXKEHMN - YEPHbIN C BKPaNIeHNSIMN KpacHo-
KOopryHeBOro. C NOMOLLbIO CNEKTPArbHOrO aHanmsa yCTaHOBMNEHO crieaytoLlee
cofepXaHne XxumMmyecknx anemeHToB B npobe: Fe (kenes3o) — 50%, O (kncrnopopn) —
32%, C (yrnepop) - 10%. CrnegyeT OTMeTUTb, YTO NPU N3MEPEHUN ropaYven BOAb!
obpasoBaHme OTNIOXKEHNN HA NPOTOYHON YacTu NPpMBOPOB NOET MHTEHCUBHEE, YEM B
cucTemax OTonneHus. ATo BNOSIHE 3aKOHOMEPHO, TakK Kak CUCTEMbI ropAYvero
BOAOCHaBXEHMsI MOCTOAHHO NOANUTbLIBaOTCSA 06oralleHHON KMCNopoaoM, He
obecconeHHon BOAONPOBOAHOW BOAOW.

BbinonHss nccnenoBaHns BOAOCYETYNKOB, Mbl 06paTUN BHUMAHWNE, YTO NMpU
ANUTENBbHOM KOHTaKTe C BO34yXOM OTNOXEHWs, 06pa3oBaBLUMECS HA MPOTOYHON YacTy
NprMbOPOB B NpoLecce aKcnnyaTaumm, U3MEHSIIOT CBOKO CTPYKTYpY, CTaHOBATCS bonee
pbixnbiMy. [py NpoBeAEHUN CTEHAOBbLIX UCMbITAHUIA MOCHE NPOCYLLUKMA NPOTOYHOM
4YacTu OTIIOXEHUSI YaCTUYHO CMbIBatOTCH. MO3TOMY OLIEHUTL peanbHoe Bo3aencTene
OTNOXEHWI Ha NOrpeLIHOCTb NPUBopa MOXHO TONbKO HA 00BLEKTE, YCTAaHOBMB
nocrnegoBaTenbHO ¢ NPUBOPOM, HaxoAsALMMCS Ha ANUTENbHOW SKCnyaTauumn HOBbIN
npmMbop wNu1 NPOBOAUTL ANIMTENbHbIE UCMbITAHUSA NOCIEA0BaTENbHO YCTAHOBEHHbIX
NpnbopoB pasHOro Tuna.

Pe3ynbTaTbl UICNbITaHMWA B YCNOBUAX 3KCNJlyaTauum 3/1IEKTPOMArHUTHOro m
yNnbTpa3ByKOBOro pacxoaomMmepoB B [epMaHuu nokasasnu, YTo 35IeKTPOMarHUTHbIN
pacxogomep yepes TpU roga aKcnsyatauum 3aHumKan nokasaHus Ha 20% , a
ynbTpa3BykoBou MmeHee 4eM Ha 1% [9]. CnegyeT otmeTuTh, YTO 3anagHas EBpona
npowna onpeaeneHHbIN 3BONTIOLUOHHBLIN MYTb OT TAXOMETPUYECKUX CHETUYUKOB K
3NEeKTPOMarHUTHbLIM U 3aTeM K YNbTpa3BYKOBbIM. MK npyuMmeHeHUs
3NEeKTPOMarHUTHbIX pacxogoMepoB B KOMMYHanbLHOM cekTtope 3anagHoun
EBponbl npuxoauTtcsa Ha cepeauHy 80-X NpoLUnoro Beka Ux Aosis coctaBnana



Torga okono 40%. 3atemMm cutyauusa ctana naMeHsaTbCcA. Hanpumep, B gatcknx
cucTtemax TensiocHabxxeHus K Hadany 90-x gons ynbTpa3ByKOBbIX NpMbopoB
coctaBuna 80%, a gonsa anekrpomMarHuTHbIX ynana ¢ 40% no 12% [9]. B
HacTosiwee Bpems B 3anagHon EBpone npeo6nanaloT ynbTpa3ByKOBbIe
cyeT4mKu. NMpUUYMHa B TOM, 4TO TOYHOCTb U3MEPEHUN NOTPebneHus Boabl U
TENIOBOW 3HEPrum Ha KOMMYHanbHbIX 00 beKTax NPu NCNOJIb30BaHMUMU
yNbTpPa3BYKOBbIX CYETYUKOB Bbille, YEM MPU UCNOSIb3OBaHUN
3NeKTPOMarHUTHbIX, BCleACTBUE BIIUSIHUA Ha TOYHOCTb 3NIEKTPOMAarHUTHbIX
CYETUYUKOB pas3fiMyHbIX OTNIOXXEHUW. B HacTosIWee BpeMs ynbTpa3ByKOBbIe
TEeNNoCc4YeTYMKM U BOAOCHETUYNKN NPOU3BOAAT Takme 3apybexHble popMbl Kak
Sensus, Hydrometer, Techem, Siemens, Kamstrup. ®upma Kamstrup B 2009-
2010 rogax peanu3syeT B ABYX €BPONENCKUX ropoaax KpynHEWLWUn npoekT,
KOTOpbIA NpeanonaraeT UCNosfib30BaHUe yNbTPa3BYKOBbIX NPUOOPOB Npu yyete
BOAbl U TENJIOBOW 3HEPrUM Ha HECKOSIbKMUX ThiCAYaX 06 bLEKTOB.

B YkpauHe, Takke kak u B eBPONENCKMX CTpaHax, yNbTpa3ByKoBble Npnbopbl HAaXoaaT
lwmpokoe npumeHeHue. B Kuese yxe B 2003 rogy gons ynbTpasByKOBbIX Npubopos
npesbiwana 50% [21].

Ewe oanH cylecTBEHHbIN He4OCTaTOK AN1EKTPOMArHMTHbIX NPUBOPOB — XKECTKNe
TpeboBaHUA K KA4EeCTBEHHOMY 3a3EMJIEHUNIO, YTO CBSAI3@HO C BbICOKOW
YYBCTBUTENBHOCTLIO 3TUX NPMOOPOB K BnyxaarLwmm ToKam U BHELLHUM
3M1IEKTPOMarHUTHbIM nonam [1], nnoxoe 3asemMneHne, Uin OKUCIIEHNE KOHTAKTOB
CUCTEMBI 3a3eMIIEHNSA NPUBOOAT K YXYALLUEHUIO METPONOMMYECKUX XapakTepPUCTUK
npnbopos.

MTak, Ha30BeM OCHOBHbIE NPUYNHbI AOMUHUPOBAHUA INIEKTPOMArHUTHbIX
npmbopoB Ha pbiHKe Poccuu:

- BbICOKasi TOYHOCTb 3J/IEKTPOMAarHUTHbIX NPUGOPOB B CTEHAOBLIX YCNOBUSIX U
HeTpeGoBaTeNLHOCTb UX K NPSAMbIM y4acTkaM, YTO BBeo B 3abnyxaeHue, B CBoe
BpeMsi, AaXKe ONbITHbIX 3anagHOeBpPONenCcKUxX nponssoauTenen;

- OTCYyTCTBME Ha pbiHKe B 90-e roabl HEAOPOrMX yNbTPa3BYKOBbIX NPU6opoB
npuemMnemMoro KayectBa CnoCoOHbIX cO3a4aTb KOHKYPEHLMIO;

- bonee npocTasa U OTHOCUTENbLHO Hegoporasi B NPOU3BOACTBE KOHCTPYKLUUA
3NeKTPOMarHUTHbIX NPUOOpPOB;

- MOLLHaA peKnama v 3amanyuBaHue MHdopmMauun 0 3HAYUTENbHOM YXYALLIEHUU
XapaKkTepUCTUK 3NIeKTPOMArHUTHbIX NPMOOPOB B Nepuoa IKkcnnyatauum [22].

yﬂprBSByKOBbIe I1pVI60pbl Ha pOCCMﬁCKOM PbIHKE rnpeancTtaBJi€eHbl HECKOJIbKMMMU
OTe4YeCTBEHHbIMU U 3apy6€)KHbIMI/I npon3BoanTenamMn.

[MpoaHanuanMpyem nx OCHOBHbIE XapaKTePUCTUKM U OCOBEHHOCTU NPUMEHEHUS ANg
namepeHna obbema BoAbl M TENSIOBOW SHeprnmn B 3aaHuaX. Kak oTMeyanoch paHee,
ofiHa 13 0COBEHHOCTEN POCCUNCKOrO PbIHKA YNbTPa3ByKOBbIX NPMOOPOB —
ncnonb3osaHue NponssoanTensaMmn NPUHUMNMANbBHO PasHbIX KOHCTPYKTUBHBIX U
MEeTOOMNYECKNX PELUEHUI, YTO CYLLLECTBEHHO OTpaXaeTCcs Ha MeTPOSTIOrMYECKNX K
3KCnslyaTauMoHHbIX XapakTepucTukax npmbopos pasHbix [ponssogutenen. B
OCHOBHOM NPUMEHSAETCSA TPU YyNbTPa3BYKOBbIX METOAA N3MEPEHUS:
anddepeHumanbHbI, KOPPENALMOHHBIA 1 OONSIEPOBCKUN.



Mpnbopsbl, peanusytolime AoONSEPOBCKUA N KOPPENSALMOHHBIA MeToAbl He obnagatoT
BbICOKON TOYHOCTbIO, OHW TPeBYOT 60MbLINX NPAMOSIMHENHbIX Y4aCTKOB
Tpybonpoeogos: ot 35[0y ao 85[y - nonneposckue, ot 150y oo 55y -
KoppensiuMoHHble. [JOCTOMHCTBO AaHHbIX NPUBOPOB — N3MepEHNE HEOAHOPOAHLIX MO
COCTaBy MOTOKOB. [1pOMbILLNIEHHbIE 06pa3Lbl AOMNNEPOBCKMUX N KOPPESALMOHHBIX
pacxo4omMepoB nossunuck 3a pybexom 6onee 30 neT Has3ag, HO OHW HE HaxoaAT
NpPUMEHEHNS B chepe KOMMYHarbHOro X03s1McTBa BCNEeACTBME YKa3aHHbIX Bbille
HeJOCTaTKOB.

LLiInpokoe pacnpocTpaHeHne nonyyun ynbTpasBykoBon anuddepeHumanbHbin MeToa,
OCHOBaHHbIV Ha N3MePEHNN Pa3HOCTU BPEMEH NPOXOXAEHUS YIbTPa3BYyKOBbIX
CUrHanoB No NOTOKY M MPOTUB NOTOKA ABUXYLLENCH XUAKOCTU. I3MepeHHas pa3HOCTb
BPEMEH MPOXOXAEHNSA YNbTPa3BYKOBbLIX CUrHAIOB NPONopLMOHaribHa CKOPOCTH
KOHTPONMpyeMoro noTtoka. B 3aBucumocTn ot annapaTHOW peanusauum
anddepeHUmansHOro MetToda pasnuyatot Tpy cnocoba naMepeHns pasHocT BpeMeH
NPOXOXAEHUS YIbTPa3BYKOBbLIX CUTHAOB: BPEMEHHOM, (ha3oBbIv 1 YacTOTHbIN [5]. Bece
TPWY yKasaHHbIX cnocoba HaxoasaT NnpuMeHeHne, HO HanbornbLlee pacnpocTpaHeHne
NOoNy4Ynn BpEMEHHOW Cnocoo.

Mpnbopsl, peanusytowme anddepeHumanbHbii METOA, UMEIOT pasfinyHble
KOHCTPYKLMWN NepBuYHOro npeobpasosartend. [JaHHbii TMn npnbopos, Npu NnpaBuibHO
BblOpaHHON KOHCTPYKLWUKN, HE YYBCTBUTENEH K 3arpsi3HEHUIO BOAbI. YNbTpa3BYyKOBbIE
Nprbopbl YCNELIHO 3KCNyaTUPYIOTCH Ha HEOYMLLIEHHON BOAE U3 BOAOEMOB U AaxXe Ha
CTOYHOM XUOKOCTMW.

KoHCTpyKumMs nepBUYHOro npeobpasoBaTtensi BO MHOroM onpeaensieT MeTporiormyeckme
N 3KCnyaTaUMOHHbIE XapaKTePUCTMKN YrbTPasBYKoOBOro npubopa.

[ns TpybonpoBonoB anametpom 15-40MM NPUMEHSIOTCA OCEBbIE NEPBUYHbIE
npeobpasoBaTenun, akyCTu4eckne curHanbsl B JaHHON KOHCTPYKLUUM PacnpoCTPaHSoTCA
BAONb OCU ABWXEHNSA noToka. Pasnuyatot oceBble npeobpasosatenu 6e3
oTpaxarteneun u ¢ otTpaxarenamu. KoHCTpykuusa 6e3 oTpaxaTenen obecrneynsaeT
pacnpocTpaHeHne yrbTpasBYKOBbIX CUrHANOB HENOCPEACTBEHHO MEXAY ABYMS
yNbTpa3ByKOBbIMY AaTymMKamMu. B KOHCTPYKLMM C OTpaxXaTensiMm yrbTpa3ByKOBbIE
CurHanbl pacnpoCTpaHATCS No 6oree CroXHOW TpaekTopun, NpuYeM, Kak npasurio,
OCW aKkycTnyeckmnx npeobpasoBartenien HeCOOCHbI C OCbH) aKTUBHOW YacTu
aKycTmyeckoro kaHana. KOHCTpyKuumn ¢ oTpaxaTensiMm NPUMEHSIIOTCA B OCHOBHOM C
Lenblo CHMKEeHNA cebecToMmocT Npom3BoaCcTBa NpmMbopos.

OTpaxaTenu YacTM4YHO NepPeKpbIBAOT NOTOK M NPMBOAAT K 0cnabneHuto
YyNbTPa3BYKOBbIX CUrHANOB, 06pa3oBaHMe OTNOXEHWI Ha OTpaXKaTensax
yNbTPa3ByKOBbIX CUTHANOB MPUBOAMUT K CHUXKEHUIO TOYHOCTU namepeHnin. [pubopsbl ¢
oTpaxartenamu, no gaHHbIM pupmbl Danfoss [20], 4yBCTBUTESNbHbI K KQYECTBY BOAbI U
NO3TOMY MeHee HaZeXHbl. QPPEKTUBHOCTb OUUCTKN YrbTPas3BYKOM OaTYMKOB BbILLE,
yeMm 3P (PEeKTMBHOCTb OYUCTKM OTpaxKaTtenen. Ha otpaxaTtensaxnponcxogmt UCKaxxeHue
PpOoHTa yNbTPa3BYKOBOro curHana [23], npy obpasoBaHMM OTIIOXKEHMI HA OTpaXKaTensax
OaHHbIN NPOLLECC YCUINMBAETCS, YTO BEAET K YBENMNYEHUIO NOTPELLHOCTU U3MEPEHUM.

[na poccunuckoro pbiHKa HaMbonee noaxoaNT yrbTpa3ByKOBbLIe NpnbopbI 6e3
oTpaxaTeneu, JaHHasi KOHCTPYKLUSA NEepBUYHOro npeobpasoBaTens He umeeT
BbICTYyNarwoLWMX B NOTOK fieTanen n obecneymBaeT 6oree BbICOKYI Hal€XXHOCTb
M3MEepPEeHUN Npu HannyYnm 3arpAsHeHn B Boae.



YnbTpa3ByKoBble NPpUOOpLI C 0CEBLIMU Npeobpa3oBaTensMu, Kak NnpaBumno, He
TpeOyloT 6onbLUNX NPSAMBbIX YH4aCTKOB, ANA YCTaHOBKM npeobpa3oBartens
Heobxoaum npsimon y4dacTtok 3-5 [ly no mecta yctaHoBku u 3[ly — nocne.

Ons Tpybonposogos anmeTtpom 50-100MM NPUMEHSIOTCS YNbTpasByKOBbIE
npeobpasoBaTenu crnegyowmx KOHCTPYKLMNA:

e C OAHWUM ynbTpa3ByKOBbLIM STy4OM, 30HAMPYIOLLMM U3MEPSIEMbIN NMOTOK NO
avameTpy;

e C OAHWUM Ny4YOM, 30HAMPYIOLLMM U3MeEpPSIEMbIN MOTOK MO TPEM XOpAawM;

e C ABYMS Ny4yaMu, pacrosioXeHHbIMM MO ABYM XopAaM;

e C bopMumpoBaTENEM NOTOKA M OOHUM UMK OBYMSI NyHaMu.

O6Wun NpuHUMN paboTbl BbllleyKa3aHHbIX KOHCTPYKLUMIA B 30HAMPOBAHMM NOTOKA
yNbTPa3BYKOBbLIMW CUrHaNamMu Mof YriioM K OCU OBMKEHUS KUAKOCTU.

YnbTpa3sByKOBbIE PACXOAOMEPLI C OOHUM YIbTPa3ByKOBbIM Ny4OM, 30HANPYHOLLNM
n3MepsieMblil MOTOK MO AnamMeTpy, Hanboree NpocTasi U LWMPOKO pacnpocTpaHeHHas
Ha POCCUINCKOM PbIHKE KOHCTPYKLMSI.

CyTb MeToa B M3MEPEHNM PA3HOCTM BPEMEH MPOXOXAEHNS YNbTPa3BYKOBOro cMrHana
MO MNOTOKY W NPOTMB NOTOKa B AMaMeTparibHOM NIIOCKOCTU MOA YrIOM K OCK
npeobpasoBarens.

[eknapupys norpeLlHocTb 3TUX Npubopos 1 Tpebyolmnecs Ans X yCTaHOBKU NpsiMble
yyacTku TpybonpoBoaa, HekoTopble NMponssoguTtenu BBoaat Notpebutenen B
3abnyxgeHue. [Ana npubopoB AaHHOro Tuna TpebytoTesa 6onbline NnpsmMbie y4acTKm
Tpybonposoaa, kak un ans suxpesbix npubopos, ot 20y go 550y (cM. Tabnuuy 3),
MMEHHO Takue npsiMble y4acTKu yKasblBanuvcb B JOKYMEHTaLuMu Ha Bce Nnpubopsbl
AaHHOM KOHCTpyKumn 15 net Hasag. Ho vero He caenaewb ang MNotpebutens, 4Tobbl
3anHTepecoBaTb ero CBOUM NpuUbopoM, Hy a BO3POCLUYHO NOrpeLlHoOCTb Npubopa oH
aBOCb He OOHapyXuT.

HopmupoBaHHas norpeLlHocTb Nnpubopa paccMaTpmBaeMon KOHCTPYKLMM OTAENbHbIMU
Mpounssogutenamm HeobocHoBaHHO 3aHmxkaeTcs Ao 0,5-1,5%, peanbHoe 3HavyeHne — 2-
3% npu ycrnosumn cobnogeHnn ykasaHHbIX Bblle ANNH NPSMbIX y4aCTKOB
Tpybonposoaa. MNMpnymHbl HA3KOM TOYHOCTWN JABHO U3BECTHbI — 3aBUCUMOCTb NOKa3aHWUin
NpnbopoB A4aHHOW KOHCTPYKUMKM OT Yncna PenHonbaca v wepoxoBaToCTU CTEHOK
Tpybonposoaa [24]. MNonbITkn HekoTopbIX MNMponssognTenen CKOMNEHCMpPoBaTb 3Ty
3aBMCUMOCTb HMYero obLLero ¢ MeTposnornen He MMET, TakK Kak onpeaeneHne
9KBMBANEHTHOW rMapaBin4yecKon LWepoxoBaToCcTn TpybonpoBoaa Aeno CRoXHoe 1
[0oporoe, a UCrosfb3oBaHME pacYETHbIX 3HAYEHU HaNoOMWUHAET «rafgaHne Ha KogenHom
rywe».

3a pybexxom gaHHas KOHCTpyKuusa npubopa B nocrneaHee BpeMs HE Bbl3blBaeT
NHTEpeC, 3a UCKITIOYEHMEM YNbTPa3BYKOBbIX PACXO40OMEPOB C HaKNagHbIMU AaTYNKaMM.
M3BecTHO, 4TO ynbTpasBykoBble NPMOOPLI C HaKnagHbIMK gatynkamm He obecnednBatoT
BbICOKOM TOYHOCTW U3MepeHus [25]. [leknapupyemble B JOKYMEHTaALNN HEKOTOPbIX
MocTaBwumkoB 3TMx npubopos norpewHoctTn 0,5-1%, ganeku ot AeNCTBUTENbHbIX
3Ha4YeHNN, KOTOpPble Ha CaMOM Aene HaxoadaTcs B Anana3oHe 2-5%. ObnacTtb
NPUMEHEHNS YNbTPa3BYKOBbIX NPMOOPOB C HaknagHbIMK gatymkamm —



TEXHOJOrMYeckne aKCnpecc n3aMepeHus. T Npmbopbl HENPUroAHbI, C Y4ETOM
PacCMOTPEHHbIX Bbllle HeJOCTaTKOB, NPY U3MEPEHUAX ANS PacdYEeTHbIX onepaLuii.

CyTb paboTbl ynbTpa3BykoBOro npudopa ¢ OgHUM fy4OM, 30HOUPYIOLLNM N3MepPSEMbI
MOTOK MO TpeM XopAam — yeenunyeHme obractn akyCTM4ecKoro nosis U cMeLleHme
TpaekTopun nyya B 0bnactb CpegHuUX CKOPOCTEN C pacnpocTpaHEHNEM
yNbTpa3BYKOBbIX KofiebaHunin No TpemM xopaam, NpoekLmst KOTOPbIX Ha nonepeYvHoe
ceyveHne obpaasyeT TpeyronbHuk [23]. CnoxHas TpaekTopusi pacnpocTpaHeHns
yNbTpa3BYKOBbIX KofiebaHnn B JaHHOM KOHCTPYKLMK obecrneynBaeTcsi C NOMOLLbHO
yeTblpex oTpaxaTenen. Noatomy Npubop NMMeET BCe HEQOCTATKN, XapakTepHble Ans
NpnbopoB C oTpaxaTensiMu, onucaHHble Bbilwe. Kpome Toro, AaHHas KOHCTPYKLNSA
OYeHb YYBCTBUTENbHA K 3aKpyTKe NoToka. [ponsBoguTenu, 3Has AaHHbIN 3hdekKT,
npegnaratT yCTaHaBNMBaTb CTPYEBLINPAMUTENM UK obecnevmBaTtb NPSIMON y4aCTOK
nepepn npeobpasosarenem He meHee 20[ly. OgHako, Kak M3BECTHO, 3aKpyTKa NoToka
MOXEeT COXpaHATbCA M Ha ydacTkax 30-50[y. [ononHuTenbHas NorpeLHoCcTb
N3MEPEHNA MPU HaANMYUKM 3aKPYTKM NOTOKa B CTBOPE YCTAaHOBKM nNpeobpasoBaTtens
npubopa moxeT gocturatb 5-10%.

[Ona namepeHns Boabl U TENSIOBOW 3HEprun B TpybonpoBoaax 3aaHumn
avnameTtpom 50-100mm HanGonee LenecoobpasHO NPUMEHATb YIbTPa3BYKOBLIE
npeobpa3oBaTtenu ¢ popmmpoBaTesieM NOToKa U AByxXJly4YeBble
npeobpa3oBaTenu ¢ U3AMepeHMeM CKOPOCTU NOTOKa No ABYM xopaam. ITU
npmbopbl 06ecnevYnBalOT TOYHOCTb U3MEPEHUS He XyxXe 2%, B LUUPOKOM
Anana3oHe pacxopos. [psmblie yyacTku TpybonpoBoaa nepen CTBOPOM
yCTaHOBKU AaHHbIX NpMGopoB He npeBbiwakT 5-10[ly, no3ToMy ycTaHOBKa UX B
nogBanax 3gaHun He Bbi3biBaeT npobnem. NMpnbopbl He YyBCTBUTENbHLI K
NOBbILLEHHOMY COAEPXKaHUIO XKefne3a U Apyrux BewecTB B U3MepsieMon BoAe, He
TpebyT yCTaHOBKM pUNbTPOB. B KOHCTPYKUMAX Npeobpa3oBaTenen aTux
npMGOpPOB HET BbICTYNaKLWMX B NOTOK AeTarien u otTpaxarenemn. Mpu6opobl
MOTyT paboTaTb KaK OT ceTeBbIlX, TaK U OT aBTOHOMHbIX UCTOYHUKOB NUTaHUS.

B 3akntoyeHne octaHoOBMMCS Ha HEKOTOPbIX obLmx YCIoBu4axX npn opraHnsaumn
n3mMepeHna soabl 1 TennoBou SQHEPIrnn B 3gaHNAX.

o CnepnyeT MeTb BBUAY, YTO MOHTaX MPMOOPOB LOIMKEH NPOM3BOANTCS B CTPOrOM
COOTBETCTBUMN C TEXHMYECKMMM TpeboBaHun NMponssBoanTens, TONbKO B 3TOM
cny4vae MoxeT ObITb AOCTUrHYTbl HOPMUPOBAHHbIE TOYHOCTU M3mepeHus. Mpu
BbINOSTHEHUN MOHTa)a Heobxoanmo obecnednBaTb COOCHOCTb
npeobpa3soBaTens pacxoda u TpybonpoBoaa, Tak Kak OTKITOHEHNE OT COOCHOCTHM
BEAET K CYLLECTBEHHOMY YBENTMYEHWNIO MOrPELLHOCTN n3mepenus. [ns
obecneyeHnss COOCHOCTM crneayeT NPUMEHsTbL NpeobpasoBaTeny pacxoaa ¢
My(PTOBbIM U (hbnaHueBbIM TUNamm noacoegnHeHus. K cyectBeHHbIM
norpewHocTamM namepenmns 0o 20% v 6onee MOXeT NPUBECTU BbICTyNaroLLas B
NOTOK Nepes BOAOCYHETYMKOM YNAOTHUTENbHAA NPOKaakKa.

e BepoaTHOCTL OWNGBKM NpY KOCBEHHOW NOBEPKE BOAOCYHETYMKOB (PacxoLoMepoB)
HebonbLLOro AMameTpa CyLeCTBEHHO BO3pacTaeT, No3TOMY NOBepsATb NpUbopsbl,
yCTaHaBnNMBaemble B 34aHWsX, crieayeT NPoSIMBHbLIM METOOOM.

o [lpnbopsbl C ceTeBbIM ANEKTPONUTAHUEM CrieayeT NoAKNtoYaTb C NPUMEHEHNEM
BCTPOEHHbIX UMW BHELUHNX CETEBbIX (PUMbTPOB, YTO NOBLILAET HAAEXKHOCTb
paboTbl Npnbopos. BHelwwHMe ceTeBble MnbTpbl UMEOT onpeaesieHHoe
NPenMyLLEeCcTBO: BbIXOA 13 CTpos hunbTpa npun 6pocke Toka, Kak NpaBuso,



NO3BONSAET COXPaHUTb PabOTOCNOCOOHOCTbL N3MEPUTESNIbHON TEXHUKN, B 3TOM
cny4ae He noTpebyeTca ee AOPOroCTOALMIA PEMOHT M NOBEpPKA.

e [lpn Hannuuu B 34aHMN HECKOSTbKMX KOHTYPOB y4yeTa TensioBon SHeprum
LenecoobpasHo Ha KaXgoM KOHType UCMOoNb30BaTh OTAENbHbIA TEMMOCHETYNK.
[aHHbIN TennocyeTymK AOIMKEH MMETb NacnopT, BbiNMCaHHbIN [1ponsBoguTenem,
N He TpeboBaTb KaKUX-TO AOMNOMHUTENBbHbLIX HACTPOEK NOCHe BbiNycka U3
npounssoacTea. IMeHHO Takon nogxon NpakTukyeTcsa Bo BceM mupe [22]. OnbIT
NOKa3bIBaET, YTO yaopOXaHMe NpnbopoB npu 3ToM He npesbiwaeT 1-2% ot
CTOMMOCTW BCEWN CUCTEMbI, HO Mbl MONTy4aeM pag, NpenMyLLecTB:

1. ymMeHblUaeTcsa ANnHa curHanbHbIX kKabenew;

2. NoBbIWAETCA HAAEXHOCTb CUCTEMbI 3a CYET YNPOLLEHUS;

3. cokpawaetca 06bem NOTEPSIHHON MHAPOPMALMK NPU BbIXOAE N3 CTPOSA
TENSIOBbIYUCIIUTENS;

4. ynpouwaeTcsa KOHTPOSIb 3@ CUCTEMOW N CHUXKAEeTCs BEPOSATHOCTb
HeCaHKUMOHNPOBAHHOIO BMeLLaTenbCTBa.

B blBOAbI

1. Bbibop npubopoB A4S U3MepeHns XoroAHOM ropsyeint BOAb! U TENSTIOBOW AHEPTnn
B 3[@HUSAX — 3TO OTBETCTBEHHbIN LWar. HegoCcToBEpPHOCTb N3MepPEHUS
noTpebnaemblx 3HEPropecypcoB MOXET NPUBOANTD, KaK K LOMNOSTHUTENbHBIM
(PMHaAHCOBbLIM U3AEPXKKAM HacerneHust, Tak U K Cepbe3HbIM YObITKam
pecypcocHabXaroLwmx KOMNaHun.

2. [pw BbIBOpe NpnbopoB, 13 Yncna npeacTaBfeHHbIX HA POCCUNCKOM PbIHKE, He
cnenyet gosepsTh pekrname. Paa MNMpounssogutenen n [unepos nckaxaroTt
MHGOPMAaLNIO, KaK O TOYHOCTU NPMBOPOB, Tak N 06 0b6nacTn nx BO3MOXXHOIO
npuMmeHeHns. Beibnpas npnbopsbl, criegyet npMHMMaTh BO BHUMaHWUS OOLUNPHbIN
3apybexHbIr OnbIT C y4eTOM CneumdmrKm POCCUNCKUX KOMMYHArbHbIX CUCTEM.

3. lNony4mBLuMe B nocrneagHee Bpems pacnpocTpaHeHne Ha POCCUNCKOM PbIHKe
aNeKTpoMarHnTHble Npnbopbl 06nagatoT NOBbLILLEHHON YYBCTBUTENBHOCTLIO
AaXe K He3Ha4yuTernbHbIM OTIOXEHNAM Ha UX NPOTOYHOW YacTu. YTo moxeT
NpPMBOAUTL B MpoLecce aKCnyaTauum K pocTy NorpeLlHOCTM 3NEKTPOMarHUTHbIX
npmnbopos go 10-15% n 6onee.

4. [1na namepeHna XonogHowu, ropsiden BoAbl U TEMNOBOW SHEPTUM B 3OaHUAX
Hanbonee apPeKTMBHbI yNbTpasByKoOBble cHeTYMKN. CObIT 3TNX NpnGOPOB B
9KOHOMMYECKM Pas3BUTbIX CTpaHax B NocrnegHue ABa AecatuneTus umeet
HanboNbLUMI POCT, NPUYEM yrNbTPa3BYKOBble NPMOOPLI NPAKTUYECKN NOSTHOCTLIO,
BbITECHUITM N3 KOMMYHaITbHOIrO CEKTOPA PbIHKA 3NIEKTPOMAarHUTHbIE
TennocyYeTYNKN N BOOOCHETHUKMN.

5. YnbTpasByKOBble BOLOCHETHMKM U TEMSNIOCHETYNKN UMEIOT pasfinyHble
KOHCTpyKumn. He Bce ynbTpasBykoBble NPUBOPbI NOAXOAAT AN UBMEPEHMS
BOAbl U TEMNSIOBOW 3HEPrMM B 34aHNAX, TaK Kak OHU UMEIOT PasfinyHy0 TOYHOCTb
N HageXHOCTb. KOHCTpYKUMK C OTpaxaTensaMmn 4yBCTBUTENbHbI K OTIIOXEHNAM
Ha NPOTOYHOW YacTK, NOMHOMNPOXOAHbIE NPNBOPLI C AnamMeTparnbHbIM
pacnonoxeHnem fny4a He obnagatoT 4OCTAaTOYHOM TOYHOCTbIO U TpebytoT
BonbLMX NPAMbIX y4acTKOB TpybonpoBoaa, o4HOMNyYeBble YrbTPa3BYyKOBbIE
Npmbopbl C NpenoMneHnem fy4va no Tpem XxopAam YyBCTBUTESbHbI K 3aKpyTKe
noToka.

6. Haubonee acppekTnBHbI 4N N3MEPEHUSI BOAbI U TEMSIOBOW 3HEPIMM B 30aHUAX
yNbTpa3BYKOBbIE CHETUMKM OCEBOro Tuna 6e3 oTpaxaTtenemn, ByxJy4yeBble C
pacrnonoXxeHneM riyyen no AByM napannenbHbIM Xopaam, OOHO- U ABYXITyYeBble
Cc doopmMmupoBaTenem rnoToka.



7. Tlpn Hannyuu B 34aHMN HECKOJSTbKUX KOHTYPOB y4YeTa TensioBon SHeprum Ha
Ka)kOoOM KOHType uenecoobpasHo NPUMEHATb OTAENbHbIN, NPOCTENLLNIA
TENMOBbIYMCNUTENDb, YTO NOBbLILAET HAOAEXHOCTb CUCTEMbI YYETa B LIENIOM,
COKpaLlaeT 3aTtpaTthbl Ha KabenbHble NMHMK, YNpoLaeT NpoLLEeCC KOHTPONSA 3a
BO3MOXXHbIMW HECAHKLIMOHUPOBaHHbLIMM BMeLLATENIbCTBAMN B CUCTEMY
n3mepeHuns. YaopoxaHme npmbopos npu aTomM He npesbiwaeTt 1-2% ot
CTOMMOCTU CUCTEMbI B LIENIOM, YTO BbICTPO OKynaeTcs Npu MOHTaxe U
aKcnsiyaTauum y3nos yyeTa.

8. [llpu BbIGOPE NpMbOPOB AN N3MEPEHUIN IHEPrOPECYPCOB B 3aaHUAX crieayeT
OPVEHTUPOBATLCHA HA UCMONHEHUSA, KOTOPbIE NErko UHTErpupytoTCcs B
aBTOMAaTU3NPOBaHHbIE CUCTEMbI COOpa AaHHbIX. YUNTbiBasi COBPEMEHHbIN
YPOBEHb Pa3BUTUS BbIYUCIIUTENBHON TEXHUKU U I T-TexHonornn nepexon Ha
aBTOMAaTU3NPOBAHHbIN Y4eT 3HEPropeCcypCcoB B bGnmkaniume rogbl HEN3BEXKEH.



