Bbi6op npubopoe yyéma pacxoda e00bl.

B.A.MsicHukoe, coeemHuk 2eHepasibHo20 dupekmopa OAO «3aeod
«Bodonpubop», 3asedyrowuti nabopamopuel uH¢hopmMayUuOHHO-
usmepumersnbHbix cucmem HUN BOAIMEO, kaHOuGam mexHU4YecKux Hayk.

Tunbl pacxogomepoB (BOAOCYETYUKOB) KnaccudumumnpyroTca B COOTBETCTBUM C
peannM3oBaHHbIMU B HUX (PU3NYECKUMM MeToAaMM u3MepeHnsa pacxoaa (o6vema)
BoAabl [1,2]. Tun Tennoc4yeTYUKOB onpeaensieTcs No Tuny NpuMeHsieMbIX B ero
cocTaBe pacxogomMepoB (BOAOCYETUYMKOB) U TOYHOCTb TEMNOCYETYUKOB 3aBUCUT
B OCHOBHOM OT TOYHOCTU BXOASALWMX B UX COCTaB pacxogoMepoB.

Onsa yyeta xXonogHomn, ropsiven Boabl U TENSIOBOM 3HEPrMu B 34aHUAX Ha
Tepputopun Poccuinckon ®Pegepauum B HacTosLee BPeMSA NPUMEHSOTCA B
OCHOBHOM NpuUOOpbLI, peanusyloline 4YeTbipe MeToAa U3MEpPEeHUN:
TaxoMeTpU4eCKUN, BUXPEBOMU, YyNbTPa3BYKOBOW U 3JIEKTPOMarHuTHbIN [3].

Kaxabl N3 ykazaHHbIX TUMOB NMPUOOPOB MMeeT CBOU AOCTOUMHCTBA U HEQOCTAaTKM.
Mpwn BbIGOpPEe TMNa npnbopa ANA OCHaLleHUs 34aHUN BaXXHO OLIEHUTb BCe UX
NonoXxuTesibHble N oTpuuaTesibHble XapaKTePUCTUKU, YTOObI n3bexaTb B
AanbHenleM HeAOCTOBEPHbIX pe3ysibTaToB U3MepeHUn n (puHaHCOBbIX NOTEPb,
KaK co CTOpOHbI MocTaBLIMKOB, TaK U CO CTOPOHbI NMoTpebuTtenen
3Hepropecypcos.

Cpa3sy cneayet oTMeTUTb, YTO B Poccun HanpaBneHue pa3BuUTUA pPbiHKa
npMbopoB y4yeTa XONO4HOW, ropsiuen BoAbl U TENNOBOM 3HEPrUU B 34aHUAX He
COOTBETCTBYET COBPEMEHHbLIM TEHAEHLMAM XapaKTepHbIM Ans 60NbLNHCTBA
3KOHOMMYECKN Pa3BUTbIX CTPaH.

PaccmoTpyMM 0COGEHHOCTU NPUMEHEHUA Pa3fIMYHbIX TUMOB NPUGOPOB C y4EeTOM
3apy06exXHOro onbiTa, KOTOPbIA UMeeT B flaHHOM chepe Bonee 6oraTyro UCTOpUIO.

OxapakTtepusyem NpuHLUUNbI paboTbl KaXXaoro Tuna npméopos, NPUMEHSEMbIX
Ans namepeHuns pacxoga (o6vema) Boabl. Mpu aHanuse 6yaem npuHuMaTb BO
BHUMaHMe TOT pakT, 4TO 06nacTb NpMMeHeHUsa NpubopoB — obecneyeHne
M3MepEeHUN XONoAHON, ropsiver Boabl U TENOBOW 3HEPrum B 34aHUAX AN
OCYLUEeCTBJIEHMA YYETHO-PaCYeTHbIX onepaLun.

MorpewHoCTb BOAOCYETYMKOB (pacxoaoMepoB) BO BpeMs UX IKCnnyaTauum He
OOJKHA npeBbiwaTb 2%, AaHHasA BerIM4YnHa NorpewwHoCcT NpuHATa ans
BOAOCYETYMKOB BO MHOIMMX CTpaHax, Bkntoyas Poccui. Ucxoasa us
MHOrosieTHero onbiTa UccrnefoBaHUM PasNMYHbIX TUMOB NPUGOPOB, CYUTAEM, YTO
NorpeLwwHoOCTb U3MepeHus pacxoaa (o6ema) Boabl 2% saBnsietcs Hambonee
peanbHOM ANA XWUIMULHO-KOMMYHarbHOro xossncrea. HopmupoBaHue
NorpeLwHOCTM BOAOCYETYMKOB (pacxogomepoB) B Aanana3soHe 0,25-0,5% ansa
OaHHbIX YCNIOBUM 3KCNnyaTaLum HOCUT CKopee peKraMHbIA XapaKTep, XOTA Npu
CTeHAOBbIX UCTbITAaHUAX NPUOOPOB TakMe NOrpeLHOCTU OCTUKNMBI.

Mpwu aHanu3e xapakTepucTUK NPUOOPOB Mbl He byaeM NPUHUMaTb BO BHUMaHUe
KOHCTPYKLIMU, peanu3ylolmne MeToabl U3MepeHusi MECTHOM CKOPOCTU NMOTOKa,
Hanpumep ynbTpa3ByKOBble AOMNIePOBCKME, 3NIeKTPOMarHuTHbIe 30HAOBbIE U



apyrue. [Ina paccmatpuBaemoun ob6nactu npumMeHeHus NnpMbopbl TaKMUX
KOHCTPYKLUMA He ob6ecneynBalroT XKeflaeMon TOYHOCTU U3MEPEHUS.

TaxomeTpuyeckue Nnpudopbl — UMET NPUHLUN AeUCTBUA, OCHOBAHHbIN Ha
M3MepeHUn CKOpPOCTU (Konmnyectea o60pOTOB) Tera BpaleHns, Haxoaslerocs B
NOTOKe u3mMepsieMon BoAbl, U3aMepeHHasA CKOPOCTb Tera BpalleHusA
nponopumuoHaribHa CKOpoCTU ABUXEHUA BoAbl. TaxoMeTpuyecKkme CHeTYMKN
MMEKT HeCKOJIbKO KIlacCoB, HO ANSA U3MepPEeHUN B 34aHNAX NPUMEHSAIOTCA ABa U3
HUX: TYPOUHHbIE U KpblINbYaTble BOAOCYEeTYMKN. B TYypOUHHbLIX BogocUYeTYMKax
Ternom BpalleHUs iBnseTcs TYPpOMHKa, OCb BpalleHMA KOTOPOW pacnosioXeHa
napannenbHO OCU ABMXKEHUSA NOTOKa. B Kpbinb4yaTbIX cHeTYMKAX TeNoOM
BpalleHUA BNAETCA KpbiibYaToe Koneco (KpbifibyaTka), OCb BpalweHus
KOTOPOro pacnosioxeHa neprneHauKynsipHo ocu ABUXeHUs noTtoka. [1,2].

BuxpeBble npubopbl — MMET NPUHLUN AeUCTBUA, OCHOBaHHbLIA HA U3MEpPEHUN
YacTOTbl CpbiBa BUXPEN C NOMELLEHHOro B NOTOK Noxoo6TekaeMoro Tena.
YactoTa cpbiBa BUXpen U BO3HMKaKOLKMe NpU 3TOM Nynbcauuun aaBneHus
NpPoOnopLUUOHaNbHbl CKOPOCTU U3MEPAEMOro NoToka. [1ns namepeHmsa 4acToTbl
CpbiBa BUXpen NPUMEHAT MarHUTHbINW, YNbTPa3ByYKOBOMW U Apyrue cnocobbl
cbeMa CUrHana, YTo NPUHLUNUaNbLHO He CKa3biBaeTCsl HA OCHOBHbIX
MeToAuYeCKUX NnapamMmeTpax BUXpeBbIX MPUOOPOB, OAHAKO MOXET OKa3bIiBaTb
CylweCTBEHHOE BJIUSIHUE Ha UX IKCNJyTauUMOHHbIe XxapaKkTtepuctuku[1,4].

YnbTpa3ByKoBble NPUOOPLI - UMEKT NPUHLUN 4ENCTBUSA, OCHOBaHHbIN Ha
MCNOJSIb30BaHUN aKyCTUYECKUX CUTHANOB yNbTPa3ByKOBOIro AMana3oHa,
30HAUPYHOLWKNX N3MepsaeMbii NOToK. U3mepsiemble B npubopax ¢ noMmoLwbro
ynbTpa3Byka napamMmeTpbl NPOonopLMoHanbHbl CKOPOCTU NOTOKA.
YnbTpa3ByKoBble NPUOOPLI - 0O4HO U3 HOBLIX HanNpaBrieHN B NPUOOPOCTPOEHUN,
nosny4ymBlLUEe UHTEHCUBHOE pa3BuTue B nocnegHue 30 net, bnarogaps HOBbIM
OOCTMXEHUAM B 0611acTU MUKPOMNPOLIECCOPHOMN 3NEKTPOHNKU. OCOBEHHOCTLI0
AaHHoro TMna npMbopoB ABNsieTcA ucnosnb3oBaHue NpoussoauTenamm
NPUHLUNNANBbHO Pa3fNIMYHbIX YIIbTPa3BYKOBbIX METOA0B U KOHCTPYKTUBHbIX
peleHun, YTO NPUBOAUT K CYLLEeCTBEHHbIM Pa3fiuynaM 3KCniyaTauMOHHbIX U
MeTPOJIOrMYEeCKMX XapaKTepPUCTUK YIibTPa3BYKOBbIX MPUGOPOB, NPOUN3BOANMbIX
pa3HbiMu hupmamu. B oCHOBHOM Ha pbiHKe NPUCYTCTBYIOT NPUOOPHI,
peanusyowme audcgepeHunanbHbIA, AONNEPOBCKUNA N KOPPENALUOHHbLIN
meToAbl [2,5].

OneKTpoMarHuTHbIe NPUGOoPLI - UMEIT NPUHLUN AENCTBUA, OCHOBAHHbIN Ha
B3aMMOAEeNCTBUMN OBUNXKYLLEMUCA INEeKTPONPOBOAHOMN XNAKOCTU C MarHUTHbIM
nosnem, NOAYNHAIOLWMMCA 3aKOHY INeKTPOMarHMTHOM nHaykumun. NMpu aBuxeHnn
3NEeKTPONpoBOAsiLLeN XUAKOCTU B MarHUTHOM none Hasoaurtcsa 3.[1.C. Pa3sHocTb
NnoTeHuuManoB, BO3HUKaKLWas Npu 3TOM Ha U30JIMPOBAHHbIX 3reKTpoaax,
nepneHaAUKYNAPHbIX HanpaBneHUo ABUKEHUSA XUAKOCTU U HanpaBrieHUIo
CUNOBbIX JINHUA MarHUTHOTO NMONs, NPONOpLMOHaribHa CKOPOCTUN ABMKEHUA
xunakoctu [1,6]. CywecTBYyOT pa3Hble MeToAbl CO34aHUA MarHUTHOrO Nons,
NPUHLUNNANBbHO pPa3fiMYyHbie U3 HUX — 3TO CO3AaHMe UHTerpanbHoro nons (nons
OEeNCTBYHOLLEro Ha BCce nonepevyHoe ceyeHne noToka XuUAKocTn) U NoKanbHOro
MarHMTHOro Nons (AeUCTBYHOLWEro B OAHON UITN HECKONbKNX NOKanbHbIX
obnacTax nonepeyHoro ce4eHMs NoTokKa).



NMpumeHeHne NpUGOPOB C NMoKanbHbIM MarHUTHbLIM Nonem meHee 3pheKTUBHO,
YyeM NPUOBOPOB C MHTErpanbHbLIM MarHUTHbLIM Mornem, BcrneacTeme 6onee
BbICOKOM TOYHOCTU NOcneaHnX, No3TOMy Mbl He Oyaem paccmaTpuBaTh B
AanbHenleM KOHCTPYKLUU C SIOKanbHbIM nonem.

OCHOBHbIe OCTOMHCTBA U HEAOCTaTKU pa3finvyHbIX TUNOB I'IpVI60pOB npuBeaeHbl

B Tabnuue 1.

Ta6bnuua 1

Tun npnbopa

TaxomeTpuyeckum

BuxpeBon

[docTonHcTBa

- OTHOCUTENbHas
Aele-BU3Ha; -
AaBTOHOMHOCTb (He
Tpe-oyroT
BHeELUHero
NUTaHUA); -
CTabUNbHOCTb
nokKasaHun; -
NPOCTOTa MOHTaxa
M o6cnyXXuBaHus.

- feleBU3Ha npu
OTHOCU-TEJIbHOMN
npocroTe
KOHCTPYKLIUW; -
HU3Koe
3HepronoTpeo6-
neHue (pabora ot

HepocTatku

- BbICOKas
YyBCTBM-
TEeNbHOCTb K
MeXaHU4eCc-Kum
npMMmecsim B Boge
M OTJIOXXEHUSAM Ha
NPOTOYHOM YacTu
npubopa, B
YaCTHOCTHU
OTNOXEHUAM
coeauHEeHUn
Kenesa; - nnoxas
YyyBCTBUTENb-
HOCTb Ha ManbIX
pacxopax; -
Hanunune
BbICTynarLwmx B
NOTOK
ABUXYLLMXCA
aeTtanen
noaBepPXKeHHbIX
U3HOCY; - Ansa
Be4EeHUA apXMBOB
M NOAKNIOYEHUS K
ACKYJ TpebyeTcs
AONONTHUTENb-HbIN
3NIeKTPOHHbIN
OGNOK.

- TpebyloT
6onbLnx
NPAMOJIMHENHbIX
y4acT-KOB
TpybonpoBoaa; -
nrnoxas
YyBCTBUTEb-

Tpebyembie dnana3oH
OJNTUHbI NPAMOro U3MepeHus

y4dacTka npuv norpetu-
Tpybonpo-Boga HOCTU He
ONA yCTaHOBKKM 6onee 2%,
npubopa V max
(8...10m/c)
3-50y po 2-3ly TypOWHHbLIN
nocne 1:20-1:150
Kpbinbyatbin
1:10-1:25

10-50y no 54y (1:30-1:100
nocne



dBTOHOMHBbIX HOCTb Ha MalblIX

MCTOYHUKOB); - pacxopax,
OTCyTCTBUE OTHOCUTEJILHO
NoABUXHbIX HeGonbLWwoMn
neTtanen. pabouun
AnanasoH; -

Hanu4uue nepekpbl-
BalOLMX NOTOK

aertanem; -
NoBbILWEeHHas
YyyBCTBMU-
TeNbHOCTb K
BUOpauun.

Tun npubopa [JocTonHcTBa HepocTtatku Tpebyembie Onana3oH
AJINHbI NPAMOro U3MepeHus
y4yacTka npuv norpetu-
Tpybonpo-Boga HOCTU He
ONA yCTaHOBKM 6onee 2%
npubopa V max

(8...10m/c)

YnbTpasBykoBon Jlnn - - cnabas --- -MHorony4eBble, 1:50-1:150

3aBUCUMOCTb OT YYBCTBUTESIbHOCTb OAHOJNy4Y€eBbIe

OTIIOXXEeHWUMN Ha oTAeNnbHbIX oceBble U C

NPOTOYHOW YacTWU, OAHONYy4YEBbIX dopmupoBare-

B YaCTHOCTU KOHCTPYKLIMN K nem noToka: 5-

MarHeTuTa HepaBHO-MepHocTn 100y no 2-5 Ay

(KOHCTpPYKUUM 6e3 nonsa cKopoc-Tem nocne -

oTpaxaTtenew); - M3MepsiemMoro oAHoIy4YeBble C

HU3KOe 3Heprono- MOTOoKa; - AnameTpanbHbIM

TpebneHue YyBCTBUTENbHOCTbL KaHanom: 10-50

(pabota ot npeobpasoBatenenly no 5 fly

AaBTOHOMHbIX C oTpaxaTensiMu K nocne

MCTOYHUKOB); - o6pa3o-BaHUIO

TOYHOCThL B OTIIOXKEHUMN Ha

LUIMPOKOM oTpaxaroLmx

AunanasoHe - yNnbTpa3BykK

OoTCyTCTBUE NOBEPXHOCTSX.

BbICTynaro-Wux B

NOTOK AeTanewu (3a

UCKITIOYeHnemM

KOHCTPYK-LUM C

oTpaxartensimu); -

BbICOKasi YyBCTBM-

TeNnbHOCTb Ha

ManbIix pacxoaa.

ANEeKTPOMarHMTHbIN - TOYHOCTb B - BbICOKas 50y no2-30y 1:100-1:200
LUIMPOKOM YyBCTBU-TEbHOCTb MocCne
AunanasoHe K He3Ha4m-
n3mMepeHums; - TeNbHbIM
HU3Kan OTNIOXEHUAM Ha

YYBCTBUTEJIbHOCTbL NMPOTOY HOW YacTu
K ANIANEeKTPNn4eCcKunx



HepaBHOMEPHOCTU U
Nnonsi CKOpocTeM TOKONPOBOASALMNX

n3mepsemMoro ocag-KoB, B
noTokKa; - 0COOEeHHOCTH
oTCyTCTBMUE MarHeTuTa; -
BbICTyNnarw-W1UX B YyBCTBUTENbHOCTb
NOTOK AeTanen; - K BHELWHUM
BbICOKasi YyBCTBMU- 3NEKTPO-
TEeNbHOCTb Ha MarHUTHbIM NONAM

Manbix pacxoga. WM 6nyxaarowum
TOKaM; - BbICOKOe
3HepronoTpeo-
neHue.

Mpn aHanuse pas3nnMyYHbIX TUNOB NPUOOPOB NPUHMMANUCbL BO BHUMaHUe
XapakTepucTUKu obme Ana scex npobopos paccmatpuBaemoro tuna. Mol He
paccmaTtpuBanu v He NPUHMManu BO BHUMaHUE HepeasribHble XapaKTepUCTUKU
oTaenbHbIX NnpousBoauTenen. OQHUM U3 KpUTEpUEB OLIEHKU ABMANUCH
napameTpbl, AeKnapupyeMble AnA npubopos, NpoaaBaeMbIiX Ha pbiHKe 3anagHoun
EBponbl KpynHbIMU NnponsBoaUTENAMU. DTN NPUOOPbLI, Kak NpaBuNo, NONY4YUIU
OLeHKY aBTOPUTETHOM HeMeLKon opraHusaumm PTB. CneayeT oTMeTUTb, 4YTO
HEKOTOPbIX NPUGOPbLI MHOCTPaHHbLIX NPOU3BOAUTENIEN NPU NepeceyYeHumn
POCCUMNCKOM rPpaHuLibl PE3KO YIy4LlaloT CBOU XapaKTePUCTUKU, K ITOMY Mbl
OTHOCUITUCb KPUTUYECKMN.

Poccunckumn pbIHOK NpnbopoB Afsi KOMMYHarlbHOro X03s1IMCTBa CTPEMUTESNIbHO
pa3BuBaeTCA, OQ4HAKO NAacCMNOPTHbIe XapaKTepUCTUKMN NPUOOPOB 4acTO HOCAT
peknamMHbINA, HO HUKaK He peanbHbIN xapakTtep [3,7]. B 6opb6e 3a mecTo nox
COJIHUEM oTAeNnbHble OTeYeCTBEHHbIE MPOM3BOAUTENN BbIAAKOT CBOU HUYEM He
noakpenneHHble (paHTa3nm 3a pakTUYecKkne xapakTepucTuku npubopos. CnoBom
NMoTpebuTenb Xo4eT CKa3Ky, M1 OH Mnosiy4yaeT ee B KpaCMBOM yNaKoBKe, C
nacnopTom, coBcem Hepgoporo. NMoTpebuTtens He yauBnsaeT Heaoporomn
«CBEPXTOYHbIN, LUMPOKOAUANA30HHbIN, YHUBEPCalbHbIA pacxogoMep», XOTH
nwobon CneunanncTt B AaHHON 00NacTU NOHUMAET, YTO 3TO
B3aMMOMUCKIOYaroLme apyr Apyra noHATUA.

NMpoBoAas ucnbiTaHUA pPa3fIM4HbIX TUNOB NPUOOPOB U aHaNU3NPYs NPUOOPHBLIN
PbIHOK, C KOHUA 90-X Mbl OOpallaeM BHMMaHUE Ha TO, YTO OTAesIbHbIe
NpPoOM3BOAUTENM 3aBbILLAKT OCHOBHbLbIE NOKa3aTenu cBoux npmbopos. 31O
KacaeTcsi B NepByl oyepeab TOYHOCTU U3MEPEHUsI, Anana3oHa U3MEepPEeHNs 1
OJIVH NPAMbIX Y4acTKOB TPy6onpoBoAoB, TpebyroWwmnxca AnA yCTaHOBKU
pacxogomepoB (BOAOCHETYUKOB).

YT06bl OLEHNUTb NePCNeKTUBHOCTL TOro UMM MHOro TMNa NpuMbopoB Ans
paccmaTpuMBaeMoro cermMeHTa pblHKa, nogpo6Hee pacCMOTPUM XapaKTepPUCTUKKU
npubopoB, NpuBeAeHHbIe Bbile B Tabnuue 1, U npoaHanu3anpyem ux
OOCTOUHCTBA U HeA4OCTaTKM.

Cpa3sy oTMeTMM, 4TO MMEIOTCA NPobnemMbl obLmMe Ans KaXxaoro us
paccmatpuBaeMbiX TUNOB NpubopoB. CyllecTBeHHOe 3apacTaHue BHYTPEeHHero
ceyeHusi pacxogomepa (BogocyeT4yuka), NPMBOAUT K YBENTMYEHUIO NOrpeLlHOCTH
nboro n3 paccmartpuBaemMbiX TUNOB NPpUbopoB. O6BLACHAETCA 3TO TeM, YTO



NPUHLMN JEeACTBUA NPUOGOPOB OCHOBaAH Ha U3MEPEHUN CKOPOCTU NOTOKA.
3Ha4yeHMe pacxoa Mbl Nosly4yaem, yMHOXasA U3MEPEHHYIO Niowaab Ha
rpagyMpoBOYHbIN KO3(h(PULIMEHT, KOTOPbLIA COAEPXKUT B cebe BennymnHy nnowaaum
nonepevyHoro ce4yeHus pacxogomepa. loromy npu nsameHeHum nnoiyaaum,
BCcneacTBue obpa3soBaHUs OTIOXKEHUM, MPONOPLMOHANIbHO pacTeT NOrpPeLHoCTb
n3mepeHus pacxopa. [ins 3ameaneHus npoueccoB o6pa3oBaHUsA OTIIOXKEHUN Ha
NPOTOYHOM YacTU BOAOCHETHYUKOB (pacxoaomMepoB) criegyeT NPUMEHATb
npubopbl, NepBUYHbIE Npeobpa3oBaTesnin KOTOPbIX U3rOTOBSIEHbI U3
HeKOppOAUPYHOLIUX MaTepuarnoB UMM UMErT KOPPO3IMOHHOCTONKNE NMOKPbLITUSA.

BTopown chakTop, oKasbiBaloWmMn oTpmuaTenbHOe BO34eUCTBME Ha BCe TUMbI
paccmaTtpuBaeMbiX NPMOOPOB — coaepkaHne B U3MepsaeMon Boge
HepacTBOpPEHHbIX ra3oB. H1M oavH U3 NpMboOpOB He onpeaensieT Ux
KOHLUEeHTpauuo B BoAe, NO3TOMY NMOrpeHOCTb U3MEpPEeHUsi MOXeT Bo3pacTaTb
KaK MUHUMYM Ha NpPOLEeHTHOe coAepKaHMe HepacTBOPEHHOro rasa B usmepsieMoun
BOoAe, HO KaK NoKa3blBaeT OMNbIT Ha CaMOM fierie NOorpewHoOCTb U3MepPeHUs eLle
Bbiwe [8]. lononHuTenbHaa NOrpewHoCcTb B AAHHOM cnyyae obycnoBrieHa
HeaAeKBaTHOCTU BOCNPUATUA CKOPOCTU BO3AYLWHbIX U BOAO-BO3AYLIHbIX
NOTOKOB AaTyMkamu npubopos. Npun HanM4YMmM HepacTBOPEHHOro Bo3ayxa B BoAe
Henb3A ob6ecnevynTb N3IMepeHUa pacxona u oo6bLema ¢ HOpMUpoBaHHOMN
TOYHOCTbI. TaxoMeTpuUyeckme cHeTYMKN, Hanpumep, paboTaroT (M3MepsAIoT
06beM) HesaBUCMMO OTTOro, YTO ABMXKETCA No Tpybe Boaa unm Bo3ayx.

TaxomeTpu4yeckune Nnpudopbl - CaMbi pacnpoCcTpaHeHHbIN A0 nocnegHero
BPEMEHU TUN BOAOCYETYUKOB. AT NpMbOopbI BbinyckatoTcst 6onee 100 ner,
KOHCTPYKLIMA UX OYeHb XOpOoLLo oTpaboTaHa. FmaBHOe AOCTOUHCTBO —
AelweBU3Ha, NPOCTOTa YCTAaHOBKU N obcnyxmnBaHusa. OCHOBHbIe HEQOCTaTKU
o6 en3BecTHbI: U3HOC NOABWXHbLIX AeTanen, YyBCTBUTENIbHOCTb K OTIIOXEHUAM
coeanHeHun xene3a. Npubopbl TPeOYHT YCTAaHOBKM MarHUTOMEXaHU4eCKuxX
pUNbLTPOB, KOTOPbIE NOSTHOCTLIO HE NO3BONSAKT 3aWMUTUTL TaXOMeTpUYeckue
cyeTumKu. B pesynbTaTe yxKe yepes nonroga TypouHHbIE BOAOCHETHYUKN
HauYMHaKT 3aHMXKaTb NoKasaHus. B cpeaHem 3a 5-6 neTt akcnnyartauum
NOrpewwHoOCTbL MOXET Bo3pacTaTb B cpeaHeM Ao 5-8%. Takke noaBepXeHbl
CyLWeCTBEHHOMY YXY/ALUEeHMIO TOYHOCTU B NpoLecce 3KCnyataumm KpbifibyaTble
BogocueTuuku [9].

TaxomeTpuyeckme BOJOCUYETHYUKN UMEIOT NJIOXYH0 YYBCTBUTENbHOCTb Ha MarnbIX
pacxopax, npuyem B npouecce 3KcnmnyaTauum YyBCTBUTENIbHOCTb
BOAOCYETYMKOB CHUXXAETCA, YTO NPUBOAUT K YBENTMYEHMUIO NOrpeLHoCTH y4yeTa
noTpebGneHusa XxoNnogHoOM n ropsyen Boabl B HOYHOe Bpems. NpumeHeHue Gonee
YyBCTBUTESbHbIX HA MarbiX pacxogax BoAOCYETYMKOB Krnacca C, kak npaBuino
Mano3ad¢pekTUBHO, TaK KaK 3TU CHETYMKU TEPSAIOT CBOE NPenumMyLLecTBO nNpu
o6Gpa3oBaHUU OTMOXEHMUIN Ha UX NPOTOYHOM YacTu. BogocueTumkm knacca C
Gonee YyBCTBUTENbHbI K OTNIOXEHUSIM, YeM CYETYMKM Knacca B.

B 3apyb6exxHon npakTuke B Ka4ecTBe afibTepHaTUBbI TAXOMETPUYECKUM
cyeTYMKaM B nocrneagHee BpeMs HaxoaAaT NPUMEHeHUe ynbTpa3ByKOBbIe
npubopsbl. [ina AomoBoro y4yeta ux npomsBoaar Sensus, Kamstrup, Hydrometer,
Siemens. 311 ¢pmpmbl, MMeOLMEe aBTOPUTET HAa MUPOBOM PbIHKE U U3BECTHbIE
KaK npou3BoauTenn TaxoMeTpuyecknx npubopos, NpoaBUraloT B HacTosiLee
BpeMsi NPMOOpbI yibTPa3sBYKOBOIro TUNA, Kak NPOAYKLUIO NepeaoBbIX
TEXHOJSTOrUM.



OTMeTnM, 4TO Ha POCCUNCKOM PbIHKE AN U3MepPEeHUs1 XONoaHOM BOAbI B
TpybonpoBoaax Ay 15-32 mm n ropsiuen Boabl B TpybonpoBoaax [y 15-
20mMm, B bnmxanwee BpeMs, CKopee BCero, He byaeT anbTepHaTUBbI
TaxOMeTPUYECKMM CHETYMKaM, TaK Kak 3T Npubopbl MMEIOT OYEHb HU3KYHO
cTouMocTb. B TO e BpemMA oTMeTUM, 4To Takne hmupmbl kKak Kamstrup,
Hydrometer yxe BbinyckaloT yNnbTpa3ByKOBble KBapTUPHbIe BOAOCHETUYMNKMN U
TEeNNoCYEeTUYMKMN.

Ykaxem elue ogHy U3 NPUYMH BbITECHEHUSA TAXOMETPUYECKUX NPUOOPOB C pblHKa.
CoBpemMeHHOe pa3BUTUE INIEKTPOHMUKN NO3BOSISET NOSTHOCTLIO
aBTOMaTM3UpPOBaTb Npouecchbl U3MepeHnn, coopa nHpopmaumm o noTpedbneHnn
3HeproHocuTenen, nepeaayv ee B AucneT4epckme u OUNNMHroBble CUCTEMbI.
[OnA npumeHeHNA B TaKMX cUCTeMax TaxoMeTpu4ecknx npubopos TpebyeTtca
MHTEerpMpoBaHue MexXaHU4YeCKUX yCTPOMCTB 3TUX NPUOOPOB C INTIEKTPOHUKOM, YTO
nuwaeT TaxomMeTpuyeckme NpMbopbl TaKUX NPEeMMyLLEeCTB KakK AeLleBU3Ha,
NpPOCTOTa MOHTaXa M 3KcnnyaTauuu.

BuxpeBble Npubopbl — UMEKT NPOCTYH KOHCTPYKLUIO MPOTOYHOMN YacTy,
OTHOCUTENbHO AeleBbl. [NaBHble HEJOCTAaTKU 3TOro TMNa NPMGopoB - HU3Kas
YYBCTBUTESIbHOCTb Ha MarnbIX pacxogax U 3aBUCUMOCTb TOYHOCTU U3MEPEHUN OT
HepaBHOMEPHOCTU NOJISi CKOPOCTEN N3MEPSAEMOro NOTOKa XUAKOCTU. YUMTbIBas,
YTO HEKOTOpPble OTe4YeCTBEHHbIE NPOM3BOAUTENN 3aManyYMBaloT BbllleHa3BaHHbIe
HeAoOCTaTKWU, NpMBeAeM B Ka4eCcTBe apryMeHTa XapakTepucTukn BUXpeBOro
pacxopgomepa usBectHon 3apybexHon mpmbl Endress+Hauser us karanora,
M3[0aHHOro Ha aHrMMNUCKOM fA3blke, 6e3 yyeTa «cneumndmkm pOCCUNCKOro pbiHKay.
MorpewHocTb BUXpeBoro pacxogomepa dupma Endress+Hauser sagaet B
3aBucumMocTu ot yucna PenHonbaca[10], yTo ¢ no3vuuu ruapoanHamMuKu
3aKOHOMEPHO, TaK KaK YCTOMYMUBbIN NPOLECC CpbIBa BUXPEW HacTynaeTt npu
yucnax PenHonbAaca 60nbLNX HEKOTOPOro NOPOroBOro 3Ha4eHUs.

Ucnonb3ysa naHHble Endress+Hauser, npeacraBum B 605ee NOHATHOW ANA
MoTpebutens hopmMe napameTpbl BUXPEBbLIX pacxoaomMepoB (BOAOCHETHYMKOB)
ANns TUNopasmepoB, UCMONb3yeMbIX NPU U3MEPEHUAX B 3a4aHUAX.

Tabnuua 2

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

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

Npu NOrPeLLHOCTU He

Gonee 2%, m*/yac

MakcumanbHbIV gnana- 30 40 45 60 95 100
30H U3MEepeHUs npu

norpewHocT! He 6onee

yem 2%

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

MpoaHanu3upoBaB AaHHYI Tabnuuy, Mbl BUAUM, YTO AaXe XapaKTepPUCTUKU
BMXpPEBbIX pacXxo4oMepoB, NPU3HaHHOro MMPOBOro nNuaepa, ycrynawT
NpakTU4YeCcKn BCEM U3 paccMaTpuBaeMbIX TUNOB NPUOOPOB.



Tenepb paccMOTpUM TpeboBaHUSA K ANMHAM NpsMbIX y4acTKkoB [MpoussoauTtenu,
peanusylowme BUXpeBble NPUOOpPLI HA POCCUUCKOM pPbIHKEe, 0ObIYHO
OeKnapupyroT ANMHY NPSAMOro yyacTka Ao npeobpasoBartens pacxoga — 10y,
nocne 3-5[y. C TOuku 3peHMA aHanusa ruapoanHaMuKm BUXpeBbIX NPUOGopoB,
TaKue nokasaTenu Bbi3biBalOT COMHeHMe. BuxpeBble pacxoaomepbl U3MeEpPSAIOT
CKOpPOCTb NOTOKa B 30HE, pacnosyioXKeHHOM BAOSb AnamMeTpa TpyObl, AaHHas
CKOPOCTb He SIBNAeTCA cpefHen CKOPOCTbIO NOTOKa, a Nosie CKOPOCTen NOTOKa B
AaHHOW 06nacT YyBCTBUTENbHO K BO3AENCTBUIO Pa3fINYHbIX MECTHbIX
conpoTUBNEeHun (0OTBOAOB, TPOMHUKOB U Np.).

MpuBenem gaHHbIEe NO NPAMbIM y4YacTKkaM TPy60onpoBOAOB, KOTOpbIe
AeknapupyeT ana suxpeBbix npubopos dmnpma Endress+Hauser [10].

Ta6bnuua3
Trvn mecTHOro conpoTUBEHUA OnvHa npamoro [inuHa
y4dactka Tpy6o- npsimoro
npoBoaa Ao y4yacTKa
npubopa TpybonpoBoaa
nocne
npubopa
KoHdy3op 150y 50y
Andrcpysop 180y SAy
KoneHo (oTBopg 90°) 200y 50y
[1Ba KkoneHa B 0O4HOM NNOCKOCTU 250y 50y
[lBa KorneHa B pa3HbIX NSIOCKOCTAX 400y 50y
3aTBOp,3aABUXKKa 500y 50y
CtpyeBbinpamuTtens (20y ao 100y 50y
cTpyeBbINnpaAMUTens u 8 nocne)
[lBa n 6onee MeCTHbIX CONPOTUBIIEHUN, HE 500y 50y

YKa3aHHbIX B Tabnuue Bbiwe

Takum o6pa3om, Mbl BUAUM, 4TO ANA ob6ecnevyeHUss HOPMUPOBAHHON TOYHOCTU
BUXpPEBbIX NPMOOPOB , Ha NPaKTUKe ANA UX YCTAaHOBKU TpebyeTcA npsAMon
y4yacTtoKk TpybonpoBoaa anuHon 550y unu xe 10[ly, HO Nnpu ycTaHOBKe
cTpyeBbinpamuTtens. CTeHaoBble uccnegoBaHUA BUXPEBbIX NPUGopoB
noaTBepXXaarT Bbilwecka3zaHHoe [11].

CnenyeTt OTMeTUTb HEKOTOPbIe KOHCTPYKTUBHbIE OCOGEHHOCTU BUXPEBbIX
pacxoaomepoB, NPOsIBNAIOLWMECA B Npouecce 3Kkcnnyataumu. BuxpeBble
Npubopbl C MarHUTHOM CUCTEMON CbeMa CUrHana YyBCTBUTENbHOCTMU K
marHeTuTy. Npnbopbl ¢ ynbTpasByKOBOM CUCTEMOM CbeMa CUrHana MmoryT
HeyCTOM4YMBO paboTaTb NPU BbICOKUX CKOPOCTAX MNOTOKAa U HA3KOM AiaBlNeHuun B
Tpyb6onpoBopge.

Ha 3apyb6exxHOM pbiHKe BUXpPEBble pacxoaomepbl B XXUTULWHO-KOMMYHallbHOW
cdepe He HaxoAAT NPUMEHEeHUs, B CUITy TaKUX He[OCTaTKOB, KakK nnoxas
YYBCTBUTEJNIbHOCTb Ha MasibIX pacxoAax U YCIOXXHEeHMe MOHTaXa 3a cyert
Tpeb6oBaHUA 6ONbLINX NPSAMbIX Y4aCTKOB TPYOONpPOBOAOB ANAA UX YCTAaHOBKMW,

3TK NpMOOPbLI UCMONbL3YHTCSA B NepBYIO0 o4epeab NPU U3MepeHUsx napa, a Takxe
pa3nuyHbIX rasos, TaM rae NpMMeHeHWe Apyrux TUNoB NpubopoB 3aTpyAaHeHo [9].



YnbTpa3sByKoOBble U 31IeKTPOMarHUTHble Npubopbl — HaMbonee coBpeMeHHbIe
cpeAcTBa U3MepeHUus, MacluTabHoe NPOM3BOACTBO 3TUX NPUMGOPOB cTano
BO3MOXHbIM 6narogapsi MUHTEHCMBHOMY Pa3BUTUIO MUKPOMPOLLECCOPHOM
TeXHUKWU, COBEPLUEHCTBOBAHUIO XapaKTEPUCTUK U CHUXKEHUIO CTOUMOCTH
3/1eKTPOHHbIX KOMMOHEHTOB. JNeKTPOMarHMTHbIe U yNbTpa3ByKOBble NPUGopbLI
MMEIOT LUMPOKUIA OMana3oH MU3MepPeHUsi, OHU Nerko MHTErpupyroTcs B
aBTOMaTUM3UPOBaHHbIE CUCTEMDI.

O6WKUM JOCTOMHCTBOM 3TUX NPUOOPOB ABNAETCA OTCYTCTBUE BbICTyNaloLWmX B
n3mMepsiemMbin NOoTokK Aetanen. NpuHUMNLI 4EeNCTBUSA INIEKTPOMarHUTHbIX U
yNbTpPa3BYKOBbIX MPMOOPOB OCHOBaHbl HA UCMOJIb3OBaHUN CBONCTB
COOTBETCTBEHHO 3NIeKTPOMarHUTHbIX U aKkycTu4eckux nonen. OgHum us
KpUTepmueB OLeHKU YYBCTBUTENbHOCTM U TOrO U ApYyroro Tuna npubéopos
AABNSAETCA OTHOLEeHUEe «wym/nonesHbin curHan». 3agadyen paspaboT4ymkoB
SIBNAETCA CHU3UTb JaHHbIN NOKa3aTenb, a Takke Ao0UTbcsa 3 peKTUBHOro
MHTErpMpoBaHUs NOJIsi CKOPOCTEN KOHTPOJSIMPYEMOTO NOTOKA XKUAKOCTH.

OneKTpoMarHuTHble NPUOOpPbI UMEIOT Pa3fIyHble KOHCTPYKTUBHbIE pelueHus
dopMMpoBaHUA MarHUTHOrO MOJIsi, OCHOBHas Lieflb, K KOTOPOW CTPEMSTCS Npwu
dopMMpoBaHUM MarHUTHOro NonsA — AO6GUTLCSA ero paBHomMepHocTU. OT
pPaBHOMEPHOCTU MAarHUTHOIO NMOMSA U COOTHOLUEHUA «LYM/MOMEe3HbIN CUrHan»
3aBUCUT TOYHOCTb NPUGOPOB U AMUANA3OH U3MEPEHUSA.

B koHue 90-X Ha POCCUMUCKOM pPbIHKEe CTarnu NOABNATLCA 3J1IEKTPOMarHUTHbIE
npubopbl ¢ AnanasoHom uamepeHua 1:500, atem 1:1000 n paxe 1:2000. Mop,
JNIO3yHraMu, Ha KOTOpbIX HaYyepTaHbl AaHHble LU pbl, HA4anNocb NOKOpeHue
poccunckoro pbiHka. CneumanucTbl B 0611acTu pacxogoMmeTpun HeaoyMeBanu,
MoTpebutenn, B 6onbLien 4acTn, BOCNPUHMMANM 3T uudpbl €
BooayweBneHnemM. OQHMM U3 nepBbIX Ny6NMYHO OOpaTUN BHMMaHME Ha
HepearibHOCTb LWMPOKOro Anana3oHa 3fIeKTPOMarHUTHbIX BOAOCYETYNKOB
cneuunanuct «JleHaHepro» B 2003r.[12]. B naHHOM cTaTbe aHaNM3npyroTCcA
NOrpeLwHoOCTU ANEeKTPOMarHUTHbIX NPMO6OpPOB, KOTOpbIe B Npouecce
akcnnyartauun moryTt gocturatb 50-60%. B kauecTBe NpUUMHBLI TaKUX
NnorpewwHoCcTen paccmaTpmBaeTcs obpa3zoBaHMe HeOONbLUNX OTIIOXKEHUN B BUge
NJfieHKn, 3amMmblKarowen anektpoabl [ 12 ,ctp.388 ].

Mud 0 BbICOKOM TOYHOCTU 3NEKTPOMArHUTHbIX NPMOOPOB B LUMPOKOM Anana3oHe
OKOH4aTesnbHO 6bin pa3BesH B 2009 rogy cneunanuctom hmpmbl BaneT, koTopas
ABNAETCA OA4HUM U3 npousBoaguTenen aTux npuoopos [13]. B ctatbe gocTaTto4yHoO
rpamMoTHO U3NOXEeHbl, B 00LWEeM-TO, N3BeCTHbIe (hpaKTbl, CyTb KOTOPbIX —
o60CHOBaHMe HepearibHOCTU AeKNapupyeMbIiX Npou3BoauTensaMm
3NEeKTPOMarHUTHbIX pacxoaoMepoB XapakTepucTtuk. Takum obpasom, B Te4eHue
necAaTn net MHorme lNMponsBoauTenu 3NeKTPOMarHMTHbIX NPM60pPOB BBOOAT B
3abnyxaeHue

MoTpebuTtenen, BbIMrpbiBalOT TeHAEPbI U NOCTABASAT NPUOOPLI, AeKNnapupysa
XapaKTepUCTUKU, KOTOPbie HEBO3MOXXHO 06ecneyYnTb B YCIOBUAX 3KCNyaTauum
OaHHbIX NpubopoB Ha ob6bekTax XKKX.

B 3apy6exHOW npakTuke 3f1IeKTPOMarHUTHbIe pacxoAoMepbl LUMPOKO
MCNONb3YKTCA B NULWEBOU, hapmMmaLeBTU4ECKON, XMMUYECKOWN LessHo03HO-
GyMaxXHOM NPOMbILINIEHHOCTU, HO HE HaXOAAT LWMPOKOro NPUMeHeHus B



XUITULHO-KOMMYHarNbLHOM ceKkTope. Ha poccUICKOM pbiHKe CUTyauusi MHas,
nonpobyem npoaHanu3npoBaThb C 4YeM 3TO CBA3aAHO.

[laBHO U3BECTHO, YTO HA TOYHOCTb 3JIEKTPOMArHUTHbIX PacXoAOMepOB BIUAIOT
OaXxe TOHKUe OTNIOXXEeHUs1 Ha NPOTOYHOM YacTu npeobpasoBartensa [1,8,12, 14].

Mpu o6pasoBaHuM B npouecce 3KCniyaTaumm, NeHKN WyYHTUpPYHoLLen
3NEeKTPOoAbl, 3NEKTPOMArHUTHbIA NPMOOP HAYMHAET 3aHNXKaTb NOKa3aHUA.
[daHHbIN paKT nerko ooHapyxnBaeTcs Ha 06 beKTax, rage yCTaHOBNEHbI
3NeKTpOMarHuTHble pacxoAomMepbl Ha NPSIMOM M o6paTHOM TpybonpoBoaax
3aKpbITON CUCTEMBbI, KOrAAa CKOPOCTb 0Opa3oBaHMUSA OTNOXEHUN B ITUX
TpybonpoBoaax pasnuyHa. B nogo6HbIX criyvyasx B aguHamuke oukcupyeTca pocT
pacxoXxaeHusi NoKasaHUM Mexay npubopamm Ha NpPAMOM U o6paTHOM
Tpyb6onpoBoaax. PasHocTb nokaszaHun gocturaet -15% v 6onee [15], B TO Bpema
KaK, OHa He AO0MKHbI npeBbiwaTtb 4%. YTOObI CKPbITb PAaCXOXAEHUA B NOKa3aHUAX
npMbopoB HEKOTOpbIe (hupMbI CTanu BCTpanBaTb crieymnarnbHble NporpamMmmbil,
KOTOpPble KOPPEKTUPYIOT pe3yfibTaTbl U3BMEPEHUN, Npexae Yem 3achMKkcupoBaTb
MX B cYeTYMKax u B apxuBax [16], 4To, 6e3ycnoBHO, HeAONYCTUMO.

CnenyeTt oTMeTUTb, YTO PaCCMOTPEHHOE Bhille ABJIeHUe BCTpe4vaeTCcA Hepeako,
HO ero Henb3A NpM3HaTb MaccoBbiM. Kak npaBuno, obpasoBaHMe NNeHKu naet
paBHOMEPHO Ha NPAMOM M OOpaTHOM TpybonpoBoAax N 3aHMXKEeHUe NoKasaHumn
NpuobopoOB NPOUCXOAUT CUHXPOHHO, NO3TOMY (hMKCUMpPOBaTb AaHHbIN Npouecc
cnoxHo. ObOHapyXnBaeTcs 3aHUXKeHUe NoKasaHUM Npu NOBEpPKe, ecnn He
NpoBOAUTb NpeaBapUTENbHON OYMUCTKM U MPOMbIBKU 3/1IeKTPOMarHUTHbIX
npeobpa3oBaTtenen. PeaynbTaTbl NPpOBEPKU ABYX C NOJIOBMHOM ThICAY
3NeKTPOMarHUTHbIX NPUOOPOB Nocne Tpex feT IKcnyaTauum nokasanm, 4YTo
Aaxe nocne oTMmbIBKU oTnoxeHun, 40% cyeTynkoB He obecneymBaloT
HOPMUPOBaAHHOW NMorpewHocTn namepeHus [17]. Hekotopsle NMpoussoautenu
3NeKTPOMarHUTHbIX NPMOOPOB YyTBEPXKAAIOT, YTO OTNOXEHUS B POCCUNCKNX
TpybonpoBoaax, B OTNIM4MEe OT OTIIOXKEHUN B 3anagHOEBPONEeNCcKUX - ocob6eHHbIe,
OHU He 3aMbIKaloT ANeKTpoAbl NPUOOPOB, He OTNararTcA Ha (pToponacToBoM
NOKPbITUU, A U MarHeTUTa B HalWMX CUCTEMaX HeT.

M3BecTHO, 4YTO NpM 3KCNyaTaLuMm cUCTeM BOAOCHAGXeHUs U TennocHabxeHus
MAYT NpoueccChl KOPPO3UU CTalNbHbIX U YYTYHHbIX TPYOONpPOBOAOB.
OO6pa3yrLwumecs oKkcuabl Xenesa COCTOAT U3 TPeX rmapaTMpoBaHHbIX OKUCIOB:
FeO, Fe;03; n Fe;04, nocneaHunn ns HUx — marHetut [18]. MarHeTUT uMeeT YepHbIN
LBEeT, ero npoLeHTHOe coAepKaHue pasfiIMvyHO B pa3HbIX CryYasiX, MUKPO4acTULibl
OKMCIOB Xere3a MOryT MMeTb AP0 U3 MarHeTuTa, okpyxeHHoe FeO n Fe,0s;.
Takue yacTuubl B 60nbLINX KONMYECTBaX 3aAepXXMBarTcAa PpunbTpamm c
MarHUTHbIMM ynaBnuBaTesnisiMm faxe Ha XON04HOW BoAe, HO, Kak MU3BECTHO, Npu
NOBbILWEHUU TemMnepaTypbl BOAbl paBHOBECUE CMellaeTcs B CTOPOHY
obpasoBaHua marHeTuTa [19]. B eBponenckMx cuctemax MarHeTuta MOXeT ObITb
MeHbLlUe YeM B POCCUMUCKUX CUCTEMAX 3a cYeT bonee Ka4eCTBEHHOMN
BogonoarotoBku. HecmoTtps Ha 3To, eBponenckue npoussBoauTeny npuéopos
paccmaTpuBarOT MarHeTUT Kak CyLeCTBEHHbIN (hakTop, oka3biBalOLWMUN BNUSAHNE
Ha TOYHOCTb KaK 3/IeKTPOMArHUTHbIX, TaK U TaXOMeTPUYeCKux npmbéopos u, B
nocnegHee Bpems, npeasaraloT B Ka4ecTBe anbTepHATUBbI YIIbTPa3BYKOBbIe
npuoopbl [20]. BaXHO OTMEeTUTb, YTO Ha PaboOTOCNOCOOHOCTb
3N1eKTPOMarHUTHbIX NPUGOPOB BO3AEMCTBYET HE TONIbKO MarHeTUT, BIUAIOLLMMN Ha
MarHuTHoe noJse reHepupyemMoe npMbopom, HO U NdbIe Apyrue OTNOXeHus,



U3MeHsLWMe NPOBOAUMOCTb MeXAy 3NeKTpoaamu npeobpasoBarens. Yto
KacaeTcsi XMMMYECKOro coctaBa OT/IOXKeHUN, NpMBeAeM B KavyecTBe npumepa
pe3ynbTaTbl UCCrefoBaHUNA NMPoObl, B3ATOW € (hTOPONNAcCTOBOro NOKPbITUA
3NEeKTPOMarHMTHOro npeobpasoBaTens, yCTaHOBIIEHHOro B cucteme

TennocHabXeHus 34aHNUA OQHOIro U3 POCCUUCKUX ropoaoB. TonwmHa OTNOXEeHUN
He npeBbiwana 0,1-0,3MM, UBeT OTNOXEHUN - YepPHbIN C BKpansieHUsIMU KpacHo-
KopuyHeBoro. C nomoLlbio CnekTpanbHOro aHanu3sa ycTaHOBIEHO creayrouiee
coepxaHue XMMUUYECKMX anemMeHToB B npobe: Fe (kene3o) — 50%, O (kucnopopn)
- 32%, C (yrnepop) - 10%. CneayeTt oTMETUTb, YTO NPU U3MEPEHUU ropsaYen
BOAbl 0Opa3oBaHue OTNOXEeHUN Ha NPOTOYHOM YacTu NpudopoB naet
MHTEHCUBHee, YeM B CUCTEMaX OTOMJEeHUA. ATO BNOJSIHE 3aKOHOMEPHO, TaK KakK
CUCTeMbl ropsiyero BoAOCHabXXeHUsi NOCTOAHHO NOANUTbLIBAaOTCA oboraweHHON
KMCNopoaAoM, He 06eccosnieHHON BOoAONPOBOAHON BOAOMN.

BbinonHasa nccnefoBaHusi BOAOCYETYUKOB, Mbl 06paTUM BHAMaHKe, YTO Npwu
ONUTENbHOM KOHTaKTe C BO34yXOM OTIIOXXeHUsA, o6pa3oBaBLUMECH Ha NMPOTOYHOM
yacTu NpMGopoB B NpoLecce 3KCnsyaTauum, U3MeHSIOT CBOK CTPYKTYpY,
cTaHOBATCA 6onee pbixnbiMu. Mpu NnpoBegeHUN CTEHAOBLIX UCNbITAHUA NOCTe
NPOCYLUKM NPOTOYHOM YacTU OTNOXEHUA YacTUYHO cMbiBaloTcs. MoaTomy
OLIeHUTb peanbHOoe BO34eNCTBME OTNOXEHUIM Ha NOrPeLHOCTbL NpubGopa MOXHO
TONbKO Ha 06beKTe, yCTaHOBUB NocrieAoBaTesNibHO C NPUGOPOM, HaxoAALMMCA
Ha ONUTeNbHOW 3KCMNJlyaTauuu HOBbIA NPUMOOP UMK NPOBOAUTL ANUTENbHbIE
McNbITaHUA NocrnefoBaTeNlbHO YCTAaHOBJEHHbIX NPUGOPOB pasHoro Tuna.

Pe3ynbTaTbl UICNbITaHMWA B YCNOBUAX IKCNJlyaTauMm 3/1IEKTPOMArHUTHOro m
yNnbTpa3ByKOBOIro pacxogomMmepoB B lepMaHuu nokasanu, YTO 35IeKTPOMarHUTHbIN
pacxogomep 4yepe3 Tpu roga aKcnnyatauum 3aHuxkan nokasaHus Ha 20% , a
ynbTpa3BykoBou MmeHee 4eM Ha 1% [9]. CnegyeT otmeTuTb, YTOo 3anagHas EBpona
npowna onpeaeneHHbIN 3BONTIOLUOHHBIN MYTb OT TAXOMETPUYECKUX CHETUYUKOB K
3NEeKTPOMarHUTHbLIM U 3aTeM K YNbTpa3BYKOBbIM. MUK npMMeHeHus
3NeKTPOMarHUTHbIX pacxoAoMepoB B KOMMYHanbHOM cekTope 3anagHou
EBponbl npuxoauTtcsa Ha cepeauHy 80-X npoLunoro BeKka Ux AosisA coctaBnana
Toraa okono 40%. 3atemMm cutyauusa ctana nsameHAaTbcA. Hanpumep, B gatcknx
cuctemMax TennocHabtxxeHus K Havany 90-x fonA ynbTpa3BYKOBbIX NPpUGopoB
coctaBuna 80%, a gaons anekrpomMarHuTHbIX ynana ¢ 40% no 12% [9]. B
HacTosiwee BpemMa B 3anagHon EBpone npeobnaaaloT ynbTpa3sByKoBble
cyeT4muKu. NMpUynMHa B TOM, 4TO TOYHOCTb U3MEPEHUN NOTPedreHus BoabI U
TENIOBOW 3HEPrum Ha KOMMYHanbHbIX 00 beKTax NPU NCNOJIb30BaHUMU
yNbTpa3BYKOBbIX CYETYUKOB Bblille, YEM MPU UCNOSIb3OBaHUN
3NeKTPOMarHUTHbIX, BCIeACTBUE BIIUSIHUA Ha TOYHOCTb 3NIEKTPOMAarHUTHbIX
CYETUYUKOB pas3fIMyHbIX OTNIOXEHUN. B HacTosILee BpeMs ynbTpa3ByKOBbIe
TEeNNoc4YeTYMKM U BOAOCHETUYNKN NPOU3BOAAT Takme 3apybexHble popMbl Kak
Sensus, Hydrometer, Techem, Siemens, Kamstrup. ®upma Kamstrup B 2009-
2010 rogax peanu3yeTt B ABYX €BPONENCKUX ropoaax KpynHeuwwunm npoexT,
KOTOpbIA NpeanosiaraeT UCNosfib30BaHUe yNbTPa3BYKOBbIX NPUOOPOB npu yyete
BOAbl U TENNTIOBOW 3HEPIrUM HA HECKOJIbKMUX ThiCAYaX OO HLEKTOB.

B YkpauHe, TaKkke Kak U B eBPONEMUCKUX CTpaHax, yfbTpa3BYyKOBble Npudopbl
HaxoAAaT wupokoe npumeHeHue. B Kuese yxe B 2003 roay Aons ynbTpa3ByKOBbIX
npnbopoB npesbiwana 50% [21].



Ewe oauH cyuwecTBeHHbIN HeAOCTATOK 3NIEKTPOMArHUTHbIX NPUOGOPOB — XKeCcTKue
Tpeb6oBaHMUA K Ka4UeCTBEHHOMY 3a3eMJIEHUI, YTO CBA3aHO C BbICOKOW
YYBCTBUTEJSIbHOCTLIO 3TUX NPUOOPOB K GNyXAaloWMM TOKaM U BHELUHUM
3NeKTPOMarHuTHbIM nonsam [1], nnoxoe 3azeMmneHne, UM OKUCIIEHNE KOHTAKTOB
CUCTEMbI 3a3eMNeHUsi NPUBOAAT K YXyALEeHUI0O MeTPOSIOrMYeCKUX XapaKTepucTuk
npmnoéopos.

UTak, Ha30BeéM OCHOBHbIE€ NPUYNHbI JOMUHUPOBAHUSA INEKTPOMarHUTHbIX
npmbopoB Ha pbiHKe Poccuu:

- BbICOKasi TOYHOCTb 3NIEKTPOMarHUTHbIX NPMOOPOB B CTEHAOBLIX YCNOBUAX U
HeTpe6GoBaTeNbLHOCTb UX K MPAMbIM y4yacTkaM, YTO BBeNo B 3abnyxaeHue, B CBoe
BpeMs, AaXe OMNbITHbIX 3anagHOeBPONencKMx NnponsBoguTenen;

- OTCYyTCTBME Ha pbiHKe B 90-e roabl HEAOPOrMX yNbTPa3BYKOBbIX NPpU6opoB
npuemMnemMoro KayectBa CnoCoOHbIX cO3aaTb KOHKYPEHLMIO;

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

- MOLLHaA peKnama v 3amanyuBaHue MHdopmMauun 0 3HAYUTENbHOM YXYALLEeHUU
XapaKkTepPUCTUK NIEKTPOMArHUTHbIX NPMOOPOB B Nepuoa IKkcnnyatauum [22].

YnbTpa3ByKoBble NPUGOpPLI HA POCCUNCKOM pbiHKe NpeacTaBlieHbl HECKONTbKUMU
OTeYeCTBEHHbIMU U 3apy6eXXHbIMU NPOU3BOAUTENAMM.

MpoaHanu3upyem Mx OCHOBHbIE XapaKTePUCTUKU N OCOBEHHOCTU NPUMEeHEHUs
Ans namepeHmsa oobema BoAbl U TENNOBOW 3Heprumn B 3paHusAX. Kak oTmevanochb
paHee, ogHa U3 0COOGEHHOCTEN POCCUMNCKOrO pbiHKA yNbTPa3BYKOBbLIX NpubopoB
— ucnonb3oBaHue lNMpousBoagnTensaMn NPUHLUNNANBHO Pa3HbIX KOHCTPYKTUBHbIX
M MeTOAMYECKUX PeLUeHUN, YTO CYLLeCTBEHHO OTpaXaeTcs Ha MeTPONIOrMYeCKUX U
3KcnyaTauMOHHbIX XapaKkTepucTuKax npubopoB pasHbix NMpousBogutenen. B
OCHOBHOM MPUMEHAETCA TPU YNbTPa3BYKOBbIX MeTOAa NU3MEPEHUA:
anddepeHunanbHbIN, KOPPENALMNOHHLIA U ONJIEPOBCKUMN.

Mpubopbl, peanusyrowmne AONNEPOBCKUNA U KOPPENSALMOHHbIA MeToAbI He
o6napaloT BbICOKON TOYHOCTLIO, OHU TPEOYHT 60NbLUMX NPAMOSIMHENHbIX
y4yacTkoB Tpyb6onpoBopaoB: ot 35[y no 85[ly - nonnepoBckue, ot 15[y no 550y -
KoppensunoHHble. [JOCTOMHCTBO AaHHbIX NPUOGOPOB — U3MepeHUe
HeOAHOPOAHbIX MO cOCTaBy NOTOKOB. MpoMbIWwneHHble 06pa3ubl JONIePOBCKUX
N KOppensiLMOHHbIX pacxogoMepoB NOSABMIIUCH 3a py6exom 6onee 30 net Ha3aa,
HO OHM He HaxoAAT NpUMeHeHUs B cchepe KOMMYyHarbHOro Xo3sMcTBa
BCNeACTBUE YKa3aHHbIX Bbllle HeJOCTaTKOB.

LLinpokoe pacnpocTtpaHeHMe nony4mn ynbTpasBykoBon andcepeHumanbHbIN
MeToA, OCHOBAHHbIA HA U3MEPEHNMN PAa3HOCTU BPEMEH NPOXOXAEHUS
yNbTPa3BYKOBbIX CUFHANOB MO MOTOKY U NPOTMB NOTOKAa ABUXYLLENCA XXUOKOCTHU.
N3mepeHHas pa3HOCTb BPEMEH NPOXOXAEHUA YNbTPa3BYKOBbIX CUrHANOB
nponopumMoHaribHa CKOpOCTU KOHTpOnupyemoro notoka. B saBucumocTtu ot
annapatHou peanusauuu auddepeHumanbLHOro meToaa pasnu4yaloT Tpu cnocoba
M3MepeHUsi pa3HOCTU BPEMEH NMPOXOXAEHUA YIbTPa3BYKOBbIX CUrHaNOB:
BpeMeHHOM, (ha3oBbLIN N YacTOTHLIN [5]. Bce Tpm ykaszaHHbIX cnocob6a HaxoaAaT
npMMeHeHne, HO HambonblLuee pacnpocTpaHeHue NoNy4Ynn BpeMeHHOM Crnocoo.



Mpnbopsbl, peanusyowmne aucpdepeHumanbHbIN METOL, UMEKOT pasfninyHble
KOHCTPYKUMU NepBUYHOro npeobpa3oBaTens. [laHHbIN TUN NpubopoB, nNpu
npaBUIbHO BbIOPaHHOW KOHCTPYKLMU, HE YYBCTBUTENEH K 3arpA3HeHUr0 BoAbl.
YnbTpa3ByKoBble NPUOOPHLI YCNELWHO 3KCNNyaTUPYOTCA Ha HEOUYULLEHHOWN BoAe
M3 BOJOEMOB M faxe Ha CTOYHOMW XXUAKOCTHU.

KoHcTpyKuusa nepBuYHOro npeobpasoBarternisi BO MHOromMm onpegensiet
MeTPOJIOrM4ecKue n 3KCnsyaTalMoHHbIe XapakKTePUCTUKUN YNbTPa3BYKOBOIro
npubopa.

Ona Tpy6onpoBoaoB aonameTpom 15-40MM NpUMEHSAIOTCSA OCeBble NepBUYHbIE
npeobpa3oBaTenu, akyCTU4eCK1Me CUrHanbl B JaHHOW KOHCTPYKL UK
pacnpocTpaHATCA BAONb OCU ABUXEHUA nNoToka. PasnunyaroTt oceBble
npeobpa3oBaTenu 06e3 oTpaxaTenen u ¢ oTpaxarenamm. KOHCTpyKuusa 6e3
oTpaxareneun obecneuymBaeT pacnpocTpaHeHue ynbTpa3ByKOBbIX CUrHaNoB
HenocpeacTBEHHO MeXAy ABYMS yIbTPa3BYKOBbIMU JaTYMKaMu. B KOHCTpyKUum
C OTpaxaTensaMM ynbTpa3ByKOBbI€ CUrHasbl pacnpocTpaHAlTCcA no bonee
CINOXHOM TPaeKTopuU, NpruYeM, Kak NnpaBuUIio, OCU aKyCTUYECKUX
npeobpa3oBaTenen HECOOCHbI C OCbH aKTUBHOM YaCcTM aKyCTUYECKOro KaHana.
KOHCTpyKUuMM ¢ oTpaxaTensaMn NPUMEHSIOTCA B OCHOBHOM C Liefibi0 CHUXXEeHUSA
cebecToMmocTu npousBoacTBa Npubopos.

OTpaxatenu 4acTUYHO NepeKpPbIBalOT NOTOK U NPUBOAAT K OcrabneHuto
yNnbTpPa3BYKOBbIX CUrHaNoB, o6pa3oBaHue OT/IOXKEHUM Ha OTpaXaTensax
yNbTpa3BYKOBbIX CUTHANOB NPUBOAUT K CHUXKEHUIO TOYHOCTU U3MEPEHUMN.
Mpnbopbl ¢ oTpaxaTensamMmu, no AaHHbIM hupmbl Danfoss [20], YyyBcTBUTENbLHDI
K Ka4eCcTBY BOAbl U NO3TOMY MeHee HaAeXHbl. APPEeKTUBHOCTb OYUCTKU
yNnbTpPa3ByKOM JaTUYMKOB Bbile, 4eM 3h(hpekTUBHOCTbL OYUCTKM OoTpaxaTtenen. Ha
oTpaXaTenaxnpoucxoauT UcKaxxeHne (ppoHTa ynbTpa3sByKOBOro curHana [23],
npu obpasoBaHUM OTNIOXKEHUN Ha OTpaXkaTenAax AaHHbIW Npouecc ycunmBaeTcH,
YTO BeAeT K YBeNIMYEHUIO MOrpeLlHOCTU U3MEPEHUMN.

[na poccunckoro pbiHKa Hanbonee NOAXOAAT yNbTPa3ByKOBble Npubopbl 6e3
oTpaxareneu, AaHHasi KOHCTPYKLUA NepBUYHOro npeobpasoBaTens He MmeeT
BbICTynaroLwmx B NOTOK AeTanen n obecneymBaeTt 6onee BbICOKYI HafeXHOCTb
M3MepEHUN NPU HaNN4Ynn 3arpsaA3HeHun B BoAae.

YnbTpa3ByKoBble NPpUOOpPbLI C OCEBbIMU Npeobpa3oBaTenaMm, Kak NpaBumno, He
TpebyoT 60NbLNX NPAMbIX YY4aCTKOB, ANA YCTaHOBKX npeobpa3oBaTtens
HeobGxoaum npsamom y4yactok 3-5 [ly no mecta yctaHoBku 1 3[ly — nocne.

Onsa Tpy6onposoaoB aumeTpom 50-100MM NnpumMeHAOTCA yNbTpa3ByKOBbIe
npeobpa3oBaTenu crneayroWmnx KOHCTPYKLUN:

e C OOQHMM YNbTPa3BYKOBbLIM JTy4OM, 30HAUPYIOLMM U3MEPSAEMbI NOTOK NO
anameTpy;

e C OQHMM NY4YOM, 30HAUPYIOLLUM U3MepPsieMbl NOTOK NO TPeM XopAaam;

e C ABYMS Ny4yamu, pacrnosioXeHHbIMU No ABYM XopAam;

e C chopMupoBaTenem NOToka U OOHUM UNK ABYMS nNyvYamu.

O6wumin npmMHLUMN pabdboTbl BbileyKadaHHbIX KOHCTPYKLUMUMA B 30HAUPOBaHUN
NOoTOKa yrfbTPa3ByKOBbLIMU CUrHaNamMu nopg yrrnom K ocu ABUXKEHUS XXUOKOCTW.



YnbTpa3ByKOBbIe pacxo4oMepbl C OAHMM yNbTPa3BYKOBbLIM JTy4OM,
30HAUPYIOLUM U3MepPSEMbIN MOTOK MO AMameTpy, Hauboree NPocTas U LUMPOKO
pacnpocTpaHeHHass Ha POCCUMNCKOM PbIHKE KOHCTPYKLMUA.

CyTb MeToAa B M3MEPEHUUN Pa3HOCTU BPEMEH NPOXOXAEHUA yIbTPa3ByKOBOro
CUrHasna no rnoToKy M NpoTUB NOTOKa B AuamMeTparibHOM NJIOCKOCTU NoA Yrinom K
ocu npeobpasoBartens.

[deknapupys norpewwHocTb 3TUX NPUOOPOB 1 Tpebyrowmecs Ana UX yCTaHOBKU
npsiMble y4acTKu TpybonpoBoaa, HekoTopble NMponsBoauTenu BBoAAT
MoTpebutenen B 3abnyxaeHne. [ina npubopoB faHHOro Tuna TpebyroTcs
6onblmne Nnpsimble y4acTKn TpyoonpoBoAaa, Kak 1 Ansa BUXpeBbIX NPUOopoB, oT
20y no 550y (cm. Tabnuuy 3), UMEHHO TakKue NpsiIMble y4acTK1 yKa3biBanuch B
OOKyMeHTauum Ha Bce Npubopbl AaHHOM KOHCTPYKuun 15 net Ha3ap. Ho yero He
caenaewb ansa NoTtpebuTtens, 4Tobbl 3aMHTEepecoBaTb ero CBOUM NPUOOpPOM, Hy a
BO3POCLUYIO MOrpPeLwHOCTb NPMbopa OH aBOCb He OOHAPYXKUT.

HopmMupoBaHHas norpewHocTb Npubopa paccmaTpmBaeMon KOHCTPYKLIUK
otaenbHbiMU lNMponsBoautTenamMm Heo60CHOBaHHO 3aHmxaeTtca o 0,5-1,5%,
peanbHoe 3Ha4YeHue — 2-3% npu ycrnoBumn cobnoaeHnmn ykasaHHbIX Bbille AJIUH
NPAMbIX Yy4acTKOB TpybonpoBoaa. NMpuyYnHbl HU3KOW TOYHOCTU A4ABHO U3BECTHbI
— 3aBMCUMOCTb NOKa3aHM1 NpMbOpOB AAHHOM KOHCTPYKLUUM OT Yucna
PenHonbAaca v WepoxoBaToCTU CTEHOK TpybonpoBoaa [24]. NMonbITKN HEKOTOPbIX
NMpousBoauTenen CKOMNEHCMpoBaThb 3Ty 3aBUCUMOCTb HU4Yero ooduiero ¢
MeTpPOoJIorMen He UMELOT, TaK Kak onpeaeneHne 3KBUBaNeHTHOM rMapaBrnyeckomn
LIepoXxoBaToOCTU TpybonpoBoAa Aesno CroXHoe U Aoporoe, a UCNonb30BaHue
pacyeTHbIX 3HAa4YeHUM HaNOMMUHaeT «rafaHue Ha KohenHoM rywe».

3a pyb6exxom gaHHaA KOHCTPYKUUA npubopa B nocreaHee BpeMs He Bbi3biBaeT
MHTepec, 3a UCKITIOYEHNEM YIibTPa3BYKOBbIX pacXoAoOMepOB C HaKnagHbIMU
Aatyukamu. U3BeCTHO, YTO yNbTPa3BYKOBbIe NPUOGOPLI C HaKNagHbLIMU
AaTynKkamMm He ob6ecne4ynBarOT BbLICOKOW TOYHOCTU U3MmepeHus [25].
HeknapupyemMbie B 4OKYMeHTaLUmn HeKoTopbix NocTaBwmMKoB 3TUX npubopos
norpewHocTn 0,5-1%, faneku ot 4eMCTBUTENbHbIX 3HAY€HUWN, KOTOPbIe HAa CaMOM
Aene HaxoaATcA B AMana3oHe 2-5%. O6nacTb NpMMeHEeHUs ynbTpa3BYKOBbIX
npubopoB C HaKNaAHbIMU AaTYMKaMU — TEXHOSIOrMYeCKne 3KCrnpecc N3MepeHus.
AT¥ NpMGopbLI HENPUroAHbI, C Y4eTOM PaCCMOTPEHHbIX Bbille HEJOCTAaTKOB, NpU
M3MepeHUsIX ANA pacyeTHbIX onepauun.

CyTb paboTbl ynbTpa3ByKOBOro npuoéopa ¢ O4gHUM JIy4OM, 30HAUPYIOLUM
M3MepsieMbl NOTOK MO TPeM XxopaaM — yBerim4eHme o6rnacTum akyCTu4eckoro
nonsi u cMeleHne TPaeKTopuM fiy4ya B obnactb cpeaHUX CKOpocTen ¢
pacnpocTpaHeHueM yrnbTpa3BYKOBbIX KOnebaHMi No TpemMm xopaam, NpoeKkums
KOTOpPbIX Ha Nonepe4yHoe cevyeHne obpa3syeTt TpeyrosibHuK [23]. CnoxHas
TpaeKkTopusa pacnpocTpaHEeHUA YNbTPa3BYKOBbIX KofiebaHun B AaHHOWU
KOHCTPYKLMKN obecnevynBaeTcs C NOMOLLbLIO YeTblpex oTpaxarenen. Moatomy
npubop nmeeT BCe HEQOCTaTKU, XapaKkTepHble Ans NPpUGopoB C oTpaxaTensamu,
onucaHHble Bbiwe. Kpome Toro, AaHHas KOHCTPYKLUA OYeHb YyBCTBUTENbHA K
3aKkpyTKe noTtoka. lponsBoguTenu, 3Haa AaHHbIN 3dheKkT, npegnararoT
yCTaHaBnMBaTb CTPYEBbLINPAMUTENUN UNN obecnevynBaTb NPAMON y4acToOK nepea
npeobpa3oBaTtenem He meHee 20[ly. OgHako, KaKk U3BECTHO, 3aKpyTKa NOTOKa
MOXEeT COXpaHATbLCA U Ha ydacTkax 30-50[1y. lononHuTenbHas NOrpewwHoCcTb



M3MepPeHUs1 NPU HaNM4uMmn 3aKpPyTKU NOTOKA B CTBOPE YCTAaHOBKMU
npeobGpa3oBaTens npubopa moxet gocturatb 5-10%.

[Ona namepeHnsa Boabl U TENNIOBOW 3HEprum B Tpybonposoaax 3gaHuUn
avnameTtpom 50-100mm HanGonee LenecoobpasHO NPUMEHATb YIbTPa3BYKOBbLIE
npeobpasoBaTtenu ¢ popMmupoBaTenem noToka u AByxsy4yeBblie
npeobpasoBaTenu ¢ U3AMepeHMeM CKOPOCTU NOTOKa No ABYM xopaam. ITU
npubopbl 06ecneymBarOT TOYHOCTb U3MEpPEHUA He XyxKe 2%, B LUUPOKOM
Anana3oHe pacxopos. [psAmMble yyacTku Tpybonposoaa nepen CTBOPOM
yCTaHOBKU AaHHbIX NpubopoB He npeBbiwaloT 5-10y, noaToMy ycTaHOBKa UX B
noaBanax 3AaHuUn He Bbi3biBaeT npobnem. NMpnbopbl He YyBCTBUTENbHbI K
NOBbILLEHHOMY COAEepPXXaHUIO XKeres3a U ApYyrux BewecTB B U3MepAeMon Boae, He
TpebyrT yCTaHOBKM (pUNbTPOB. B KOHCTPYKUMAX Npeobpa3oBaTenen aTux
NpuOOpPOB HeT BbICTYyNaKLWMX B NOTOK AeTarnen u oTpaxarenen. Mpunbopbli
MOryT paboTaTb KaK OT ceTeBbIlX, TaK U OT aBTOHOMHbIX UCTOYHUKOB NUTaHUSA.

B 3akn4yeHne ocTtaHOBMMCSA Ha HEeKOTOpPbIX oowmnx ycrnoBuAaxX npu opraHnsaunm
nimepeHunsa soabl n TensoBom 9Heprnm B 3aaHUAX.

« Cnepyet nmeTb BBMAY, YTO MOHTaX NpMObOpPOB A0KEeH NPOM3BOAUTCA B
CTPOromM COOTBETCTBUM C TEXHMYECKMMU TpeboBaHuu MNMpoussoaurtens,
TONbKO B 3TOM Crly4ae MOXeT ObITb AOCTUIHYTbl HOPMUPOBaAHHbIE
TOYHOCTU N3mepeHus. lNpun BbINOSTHEHMU MOHTaXa Heob6xoaumMo
obecneynBaTb COOCHOCTL Npeobpa3oBartens pacxona u Tpybonposoaa,
TaK KaK OTKITOHEHME OT COOCHOCTU BeAeT K CyLeCTBEHHOMY YBeJIN4YeHUro
norpewHocT! namepeHuns. [ina obecnevyeHnss COOCHOCTU crneayeTt
NPUMEeHATb Npeobpa3oBaTenu pacxoaa ¢ MyqpToBbIM U (hraHLEeBbIM
Tunamm noacoeanHeHus. K cywectBeHHbIM NOrpewHOCTAM U3MepPEeHUs oo
20% v Gonee MOXeT NpUBECTU BbICTynawLlias B NOTOK nepea
BOAOCYETYMKOM YNIOTHUTENIbHAA NPoKnaakKa.

e« BepoATHOCTbL OWIMOKM NPU KOCBEHHOM NOBepKe BOAOCHETUYNKOB
(pacxopomepoB) HeOOMNbLLIOro AnameTpa CyLeCTBEHHO BOo3pacTaerT,
No3TOMy NOBEpPATb NPUOOpPbLI, yCTaHaBNMBaeMble B 3[aHUAX, crneayeT
NPOSIMBHbLIM METOAOM.

o [pnbopkl c ceTeBbIM 3NeKTpONUTaHUeM crnegyeT NoAKNYaTb C
NnpUMeHeHNeM BCTPOEHHbIX UM BHELIHUX CeTeBbIX (PUNbLTPOB, YTO
NoBbIWaeT HAAEXKHOCTb paboTbl NpubopoB. BHewHne ceTeBbie hUnbTPbI
MMeIoT onpeaeneHHoe NpeMMyLLecTBO: BbiXoA U3 cTpos unbTpa npu
OGpocke Toka, Kak NnpaBuIio, NO3BOJISIET COXPaHUTbL PaboOTOCNOCOBHOCTL
M3MepUTEeNIbHOW TEXHUKU, B 3TOM Crly4ae He noTpebyeTcs ee
LOOPOroCcToALWMN PEMOHT 1 NOBepKa.

o [pu HanNMuum B 34aHNN HECKOSIbKUX KOHTYPOB y4YeTa TennoBOUu aHeprum
Lenecoo6pa3Ho Ha KaXAoOM KOHTYpe UCNOJib30BaTb OTAENbHbIN
Tennoc4yeTymk. [laHHbIN TENNOCYETYUK AOIMKEH UMETb NacnopT,
BbinNnucaHHbIN Npon3BoauTenem, n He TpeboBaTb KaKUX-TO
[OMNOJNTHUTENbHbLIX HAaCTPOEK Nnocrne BbiNycka U3 npoussoacrea. MMeHHO
Takow noaxon NpakTukyeTca Bo BceM mupe [22]. OnbIT noka3bIiBaeT, YTo
yAopoxaHue npubopoB npu 3ToM He npeBbiwaeT 1-2% oT CTOMMOCTU BCEN
CUCTEMbI, HO Mbl NOfly4aeM psa NpPeMMyLLecTB:

1. ymeHblUaeTcsl AfIMHa CUrHanbHbIX Kabenewu;
2. noBblWaeTcs HaAeXHOCTb CUCTEMbI 3a CYET YNPOLUEHUS;



3. cokpawaeTtcs o6bemMm noTepssHHON MHoOpMaL MM Npu BbiXxoae u3
CTPOSsi TENNOBbLIYUCNUTENS;

4. ynpouwaeTcsA KOHTPOJIb 32 CUCTEMON U CHUXKAETCA BEPOSATHOCTb
HeCaHKLUMOHMPOBaAHHOIO BMeLLaTeNnbLCTBa.

BblBOAbLbI

1. BbiGop npubopoB Ansa uaMmepeHusi XornoaHou ropsiuen BoAabl U TensioBoun
3Heprum B 34aHUAX — 3TO OTBETCTBEHHbIN Wwar. HeaoctoBepHOCTb
M3MepeHUsi NoTpednsaeMbIX 3IHepropecypcoB MOXET NPUBOAUTD, KaK K
AOMNONHUTENbHbLIM (PUHAHCOBbLIM U3AEpPXKKaM HaceneHus, Tak U K
Cepbe3HbIM YObITKaM pecypCcoCHabXaroLwmx KOMMNaHUNn.

2. lMpwn BbIGOpPE NpnboOpPOB, U3 YMCcna npeacTaBreHHbIX Ha POCCUUCKOM
pblHKe, He criegyeT AoBepsATb pekname. Pap MNpoussogutenen n lunepos
MCKaxkaroT MHpopmaumio, Kak 0 TOYHOCTU NPMOOPOB, Tak U1 06 obnacTu nx
BO3MOXHOro nNpumMmeHeHusi. Bbibupas npubopsl, crneayeTt npuHUMaThb BO
BHMMaHUA OOLINPHBLIN 3apyb6eXXHbIN ONbIT C yY4eTOM cneuundukm
POCCUNCKNX KOMMYHarbHbIX CUCTEM.

3. MonyumBLIMe B nocrneaHee BpeMs pacnpocTpaHeHne Ha POCCUNCKOM
PbIHKe 3NIeKTPOMarHuTHbIe NPpubopbl 06NaaaroT NOBbILLEHHON
YYBCTBUTEJIbHOCTbLIO AaXe K He3HAYUTENIbHbIM OTNOXEeHUSAM Ha uxX
NPOTOYHOM YacTU. YTo MOXeT NPUBOAUTL B NpoLecce 3KCnyaTauum K
POCTY NOrpeLHOCTU 3f1eKTPOMarHMTHbIX npudopos ao 10-15% v 6onee.

4. [Ina namepeHusi XonogHou, ropssyen Boabl U TENSIOBOWN 3HEPruu B 34aHUAX
Hanbonee acheKkTUBHbLI YyNbTPa3BYKOBbIe cHETYUKU. CObLIT 3TUX NpMbopoB
B 3KOHOMMYECKM Pa3BUTbIX CTpaHax B NocriegHue ABa OeCATUNETUA UMeeT
HanbonbLWNIN POCT, NPUYEM YNbTpa3ByKOBbIe NPUOOPbLI NPaKkTU4eCKn
NOSIHOCTbIO, BbITECHUIIN U3 KOMMYHarIbHOro CeKTopa pblHKa
3NeKTPOMarHUTHbIE TeNSIOCYEeTYUKN U BOJOCUHETHUKM.

5. YnbTpa3ByKOBble BOAOCYETYUKUA U TENSIOCHETYMKMA UMEIOT pasfinyHble
KOHCTpYKUun. He Bce ynbTpa3ByKoBbie NPpUOOPbLI NoAXOoAAT Ans
M3MepeHusi Boabl U TENSIOBOM 3HEPrMu B 3AaHUAX, TaK KaK OHU UMEKT
pPasnnyHyo TOYHOCTb U HafeXHOCTb. KOHCTpyKUMM ¢ oTpaxaTtenamu
YYBCTBUTESIbHbI K OTSIOXKEHUSAM Ha NPOTOYHOWN YacTU, NONTHONPOXOAHbIe
npubopbl ¢ AMamMeTpanbHbIM PacnosioXXeHMeM fiy4ya He obnaparoTt
[OCTaTOYHOWN TOYHOCTbLIO U TPEOYHOT OONbLUMX NPAMbIX Y4aCTKOB
Tpyb6onpoBoaa, ogHony4YeBble yrbTpa3ByKOBbIe NPUGopbI ¢
npesioMyieHneM fiy4ya no Tpem XxopAaam YyBCTBUTENbHbI K 3aKpyTKe NOTOKa.

6. Hanbonee achcpekTUBHLI ANA N3MepeHUs BoAbl U TENNIOBOM 3HEPruu B
30aHUAX YNbTPa3BYKOBbIE CHETYMKM OCEBOro Tuna 6e3 otpaxarenemu,
ABYXJly4yeBble C pacrnosioxeHuem fiyyen no AByM napasnsfenbHbiM Xopaam,
OAHO- 1 ABYyXJly4yeBble ¢ hopMmumpoBaTesnieM NoTokKa.

7. Mpwn HanM4uM B 34aHNN HECKOJIbKUX KOHTYPOB y4YeTa TENNIOBOW 3HEPrum Ha
KaXXAOM KOHType Lenecoobpa3sHO NPUMEHATb OTAENbHbIW, NPOCTEULLNN
TENNOBbIYUCIIUTESb, YTO NOBLIWAET HAAEXKHOCTb CUCTEMbI Yy4YeTa B Lieriom,
COKpawjaeT 3aTpaTthbl Ha KabenbHble NMMHUK, YNpoLLaeT NPoLecc KOHTPOns
3a BO3MOXXHbIMU HECAHKLIMOHUPOBAHHbIMU BMelLaTeNlbCTBaM1 B CUCTEMY
n3mMepeHusi. YaopoxxaHue npmobopoB npu 3TomMm He npesBbiwaeTt 1-2% ot
CTOMMOCTM CUCTEMbI B LLeJSIOM, 4YTO ObICTPO OKynaeTcsi MPU MOHTaXe U
3Kcniyataumm y3noB y4yeTa.

8. MMpwu BLIGOPE NPMOOPOB ANst UBMEPEHNN IHEPropeCcypPCoB B 34aHUAX
cnegyeT OPUEHTUPOBATHLCA Ha UCMONHEHUSA, KOTOPbIe Nerko



MHTErpuMpyroTCA B aBTOMaTU3MPOBaHHbIe CUCTEMbI COOpa AaHHbIX.
YuyntbiBas COBPEMEHHbIN YPOBEHb Pa3BUTUA BbIYUCIUTENILHON TEXHUKN U
IT-TexHONOrMM nepexon Ha aBTOMaTU3MPOBaHHbLIN Y4YeT 3HepPropecypcoB B
onunxauwimne rogbl Hen30exeH.



