Bbi6op npubopoe yyéma pacxoda 600hbl.

B.U.MsicHukoe, cosemHuk 2eHeparibHo20 oupekmopa OAQO «3asod «Bodornpubopy,
3asedyrowul nabopamopuel UHGOPMaYUOHHO-U3MepumersibHbIx cucmem HUN
BOAIMEO, kaHOudam mexHU4YecKuXx Hayk.

Tunbl pacxogomepoB (BOAOCHETYNKOB) KIAaCCUPULIMPYIOTCHA B COOTBETCTBUMU C
peanu3oBaHHbIMU B HUX PU3NYECKMMIN MeTodaMn n3MepeHus pacxoga (obbvema) Boabl
[1,2]. Tun TennocyeTynKoB onpenendeTcs no TUny NpUMEHsIEMbIX B €ro coctaBe
pacxo4omepoB (BOOOCHETYMKOB) U TOYHOCTb TEMNITOCYETYNKOB 3aBUCUT B OCHOBHOM OT
TOYHOCTW BXOASLLMX B X COCTaB pacxo4oMepOB.

[ns yyeta xonogHon, ropsiien BoAbl U TEMSIOBOW SHEPINN B 30aHUSX HA TeppUTOpUmn
Poccuinckon degepaunm B HacTosLLEE BPEMS NPUMEHSAOTCA B OCHOBHOM Npuoopsl,
peanuasylolue 4YeTbipe MeToga U3MepeHUn: TaxoMeTPUYEeCKNn, BUXPEBOM,
yNbTPa3ByKOBOW U 9NEKTPOMArHUTHbIN [3].

Kaxxgbln U3 yKkasaHHbIX TUNOB NpnbopoB MMEET CBOM AOCTOMHCTBA U HeaocTaTku. [Npu
BblbOpe TMna npnbopa Ansa oCHaleHUsa 34aHNA BaXXHO OLLEHUTb BCE NX
NONOXUTENbHbIE N OTPULATENbHBIE XapaKTEPUCTMKK, YTOObI 3bexaTb B AanbHenwem
HeJOCTOBEPHbIX Pe3ynbTaToB U3MEPEHUIN U (PUHAHCOBBLIX MOTEPb, KaK CO CTOPOHDI
[MocTaBLMKOB, Tak U CO CTOPOHbLI [loTpebutenen aHepropecypcos.

Cpa3y cneayeT oTMETUTb, YTO B Poccumn HanpaBneHne pa3BUTUA pPbiHKa
npmMbopoB y4yeTa XONOA4HOWN, ropsivyer BoAbl U TENSIOBOW 3HEPrun B 34aHUAX He
COOTBETCTBYET COBPEMEHHbIM TEHAEHLMAM XapaKTepHbIM AnA 60NbWMHCTBA
3KOHOMMYECKMN Pa3BUTbIX CTPaH.

PaccmoTpum 0CO6EHHOCTU NPUMEHEHWS Pa3IIMYHbBIX TUMOB NPUBOPOB C y4ETOM
3apybexxHoro onbiTa, KOTOPbLIV MMEET B AaHHOW cdepe 6onee Boratyto MCTOPUIO.

OxapakTepudyem npmHUMnbl paboTbl KaXgoro Tmna npnbopos, NPUMEHSIEMbIX ANs
namepeHunsa pacxoga (oo6vema) Boabl. [pn aHannse 6ygem npyHMMaTh BO BHUMaHWe
TOT doakT, YTO 0b6nacTb NpUMeEHeHUsi NpnbopoB — obecneyeHne N3MepEeHNn XONOAHOMN,
ropsiien BoApbl M TEMMOBOW SHEPTMM B 30aHUAX A5 OCYLLECTBNEHNSA Y4ETHO-PACHETHbIX
onepauun.

[MorpeLlHoCTb BOOOCHETYMKOB (Pacxo40OMeEpPOB) BO BPEMS UX SKCMNyaTaunumn He 4OSmMKHa
npesbiwaTb 2%, AaHHast BENMYMHa NOrpeLLlHOCTM NPUHATA A1 BOOOCHETYNKOB BO
MHOrMX CTpaHax, Bkntoyasa Poccuio. cxoaa n3 MHOroneTHero onbita nccnegoBaHum
pasfiMyHbIX TUMOB NPMOOPOB, CYMTAEM, YTO MOrPELLHOCTb N3MEPEHMS pacxoaa
(obbema) Boabl 2% aBnaeTcs Hambonee peanbHOWM ANs XUITULLHO-KOMMYHanbHOro
X03ancTea. HopmupoBaHue norpeLHoCT! BOAOCHETYMKOB (Pacxo4oMepPOoB) B
ananasoHe 0,25-0,5% ana gaHHbIX YCIIOBUIA SKCNIlyaTaunm HOCUT CKOpee pekrnamMHbIn
XapakTep, XOTS NPU CTEHAOBLIX UCMbITAHMAX NPUOOPOB TakMe MNOrpeLIHOCTM
JOCTMXKNMBI.

Mpwn aHanu3e xapakTepuUCTUK NPUBOPOB Mbl He ByaeM NpMHMMaTbL BO BHUMaHMe
KOHCTPYKLWUW, peanuayroLime MeToabl N3MEPEHUSI MECTHOW CKOPOCTW NOTOKAa, Hanpumep
yNbTpa3ByKOBble AOMNIIEPOBCKME, 3NEKTPOMAarHUTHble 30HA0BbIE M Apyrue. [Ons



paccmaTtpuBaemoit 06nacT NpUMeHeHMs NpUBOpPbI TakMX KOHCTPYKLNIA He
obecneynBatoT KenaeMomn TOHHOCTU N3MEPEHUSI.

TaxomeTpuyeckme Npubopbl — UMEIOT NPUHLMN AENCTBUS, OCHOBaAHHbIN Ha
N3MepeHnn CKopocTun (konmyectTsa 060pOTOB) TeNa BpaLLEHUSs, HAXOASLWErocs B
NOTOKE N3MepPsiEMON BOAbl, UIBMEPEHHasi CKOPOCTb Tefla BpaLleHWsi NPonopLMoHarbHa
CKOPOCTU ABWMKEHUNSA BOAbl. TaxoMeTpuyecKkme CHETUNKN UMEKOT HECKOSbKO KIlacCoB, HO
ONS U3MepeHU B 34aHNAX NPUMEHSAIOTCS ABa U3 HUX: TYPOUHHbIE U KpbifibyaTble
BOAOCHETUYMKN. B TypOUHHBIX BOgOCYETUMKAX TENOM BpalleHnsa aBnseTcs TypouHka,
OCb BpaLLeHNs KOTOPOW pacrnorioXXeHa napannesibHO 0C1 ABUXEHUS NOTOoKa. B
KpblfibYaTbIX CHETYMKAX TESIOM BpalLleHUs ABNAETCS KpbliibYaToe KoSeco (KpblrbyaTka),
OCb BpaLLEeHNsa KOTOPOro pacrnorsioxeHa nepneHanKynapHO OCu ABMXEHUSA noToka. [1,2].

BuxpeBble npubopbl — UMEKT NPUHUMMN AENCTBUS, OCHOBAHHbLIN Ha N3MepeHnn
4YacTOTbl CPpbIBa BUXPEN C MOMELLEHHOIO B NOTOK nnoxoobTekaemoro Tena. Yacrota
CpblBa BMXPEN M BO3HMKAKOLLME MPU 3TOM Nyfbcaunmn gaBreHnsa nponopumoHanbHbl
CKOPOCTU U3MEPSEMOro noToka. [1ns nsmepeHust YactoTbl CpbiBa BUXPEN MPUMEHSIIOT
MarHuUTHbIN, YNbTPa3BYKOBOMW M Apyrme cnocobbl CbeMa curHana, 4Yto NpuHUUnuanbHo
He CKa3blBaeTCsl Ha OCHOBHbIX METOAMYECKMX NapaMeTpax BUXPEBbIX Npnbopos,
O[HAKO MOXET OKa3blBaTb CYLLECTBEHHOE BIIUSIHUE HA UX IKCNIyTaLMOHHbIE
xapaktepuctukm[1,4].

YnbTpa3sByKoBble NPUOOPLI - UMEKT NPUHUMN AENCTBUS,, OCHOBAHHbIN Ha
MCMNONb30BaHUM aKyCTUYECKUX CUrHaroB yrbTpa3ByKOBOro AnanasoHa, 30HAUPYHOLLMX
namepsembin NoTok. Miamepsiemble B npnbopax ¢ NOMOLLbIO yribTpa3Byka napameTpbl
NpOoNOpLUMOHanbHbl CKOPOCTU NOTOKA. YNbTpasByKoBble NPMOOpPLI - OAHO N3 HOBbIX
HanpasfeHun B NpMbopoCcTpoeHnn, NosnyYmBLLIEE MHTEHCUBHOE pa3BUTUE B NOCIeHNE
30 net, Gnarogapsi HOBbIM JOCTMXKEHMAM B 0611aCTV MUKPOMPOLIECCOPHOWN
3aNeKkTpoHukn. OCoBEHHOCTLIO AaHHOMO TMNa NPUOOPOB SBASETCH UCMONb30BaHMe
[MpounssoguTenamMu NPUHUMNMANBHO Pa3fnYHbIX YIbTPa3BYKOBbLIX METOLOB U
KOHCTPYKTMBHbIX PELLUEHNI, YTO NPUBOAUT K CYLLLECTBEHHbLIM pasfinynsam
3KCMNyaTauNOHHbBIX M METPOSIOrMYECKNX XapakTEPUCTUK YIbTPa3BYKOBbIX NP1BOPOB.,
NPOn3BOAMMBbIX pasHbiMU hrpMamun. B OCHOBHOM Ha pbIHKE MPUCYTCTBYIOT NpUOOopHI,
peanusylowue andgepeHumansHbii, 4ONIEPOBCKUA N KOPPESALMOHHBIM MeToabl [2,5].

OneKTpoMarHuTHbIe NPUGOPLI - UMEIOT NPUHLMN 4ENCTBUS, OCHOBAHHbIV Ha
B3aMMOOEeNCTBUN OBWXKYLLENCSA SNEKTPONPOBOAHON XUOKOCTU C MarHUTHbLIM MOSEM,
NOOYNHAIOLLMMCS 3aKOHY 3NEKTPOMarHUTHON UHAYKUnK. MNpu aBmxeHun
3MEKTPONPOBOASALLEN XNOKOCTM B MarHUTHOM none Hasoauntca 3.[0.C. PasHocTb
NnoTeHunanoB, BO3HMKAOLLAA MNP 3TOM Ha U30NMPOBAHHbLIX 3MNeKkTpoaax,
nepneHAVKYNSapHbIX HanpasneHnio OBMKEHNSA XNOKOCTU U HanpaBrieHUo CUNOBbIX
NMHUN MarHUTHOTO NOJISA, NPOMOPLMOHAribHa CKOPOCTU ABMXEHUSA XUAKOCTH [1,6].
CyLlecTByIOT pasHble MeToAbl CO30aHUA MAarHUTHOIO NMons, NPUHUUNNANLHO
pasriMyHble U3 HUX — 3TO COo3[aHne UHTerparibHoro nons (Nons AencTBYIOLWEro Ha Bce
nornepeyHoe cevyeHne nNoToka XnOaKocTn) 1 NoKarnbHOro MarHUTHOMO NONA
(mencTBytoLLErO B O4HOM MM HECKOMBbKUX NOKarbHbIX 061acTsax nonepeyHoro ceveHus
noToka).

MprmeHeHne NpMbopOoB C NOKanNbHbIM MarHUTHbIM NONeM MeHee ahPEKTUBHO, YEM
NpMBOpPOB C MHTErpanbHbIM MarHUTHbBIM Nonem, Bcrneactene 6onee BbICOKOM TOYHOCTH
nocnegHux, N03TomMy Mbl He Byaem paccmaTtpuBaTh B AarlbHENLWEM KOHCTPYKLUUN C
NoKanbHbIM NOSiEM.



OCHOBHbIE JOCTOMHCTBA N HEJOCTaTKN pa3nn4yHbIX TUNOB I'IpVI60pOB npmnBegeHbl B

Tabnuue 1.
Tabnuuya 1
Tun npnbopa [JocTouHCcTBa HepocTtaTtkmn Tpebyemble Nnana3oH
OJVHbI U3MepeHus
npsiMoro npu
yyacTKa norpeLu-
Tpybonpo-Boaa HOCTU He
Ans yctaHoBKku 6onee 2%,
npunbopa Vmax
(8...10mlc)
TaxomeTpumyeckum |- OTHOCUTENbHAdA - Bbicokas vyyBcTBu- 3-5[y oo 2-3[y TypOuHHbLIN
Jelle-Bn3Ha; - TEeNbHOCTb K nocne 1:20-1:150
aBTOHOMHOCTb (He MeXaHN4eCc-Kum KpbinbyaTbin
Tpe-OytoT BHELWHErO NpMMeECcsiM B BOAe U 1:10- 1:25
nUTaHns); - OTNOXEHUAM Ha
cTabunbHOCTb NPOTOYHON YacTu
nokKasaHumn, - npubopa, B
NPOCTOTa MOHTaXa U 4aCTHOCTU
oGcnyXmBaHumsS. OTNOXEHUAM
COegNHEHNN
Xeneasa; - nnoxas
4YyBCTBUTENMb-HOCTb
Ha ManbIX pacxogax;
- HannM4ne
BbICTyMNatoLLMX B
NOTOK OBUXYLLINXCS
pgetanemn
NnoaBePXEHHbIX
N3HOCY; - ANs
BeJEHWS apX1BOB U
NOOKITHOYEHMS K
ACKYO3 TpebyeTcs
JOMNONMHUTESb-HbIN
ANEKTPOHHbIN BIIOK.
BuxpeBomn - JelweBn3Ha npu - TpebytoT 6onbwmx 10-500y go 54y 1:30-1:100
OTHOCU-TENbHOW NPAMOJSIMHENHbIX nocne
npocrtoTte y4acT-KoB
KOHCTPYKLWN; - TpybonpoBoaa; -
HU3Koe nnoxas
3HepronoTpeb-neHne YyBCTBUTENb-HOCTb
(pabota ot Ha ManbIx pacxogax,
ABTOHOMHbIX OTHOCUTENbHO
NCTOYHUKOB); - HebonbLUOM
OTCyTCTBME pabouuni ananasoH;

NOABWXKHbIX AeTarnen. - Hanmume nepekpbl-
BalOLLMX MOTOK
petanen; -
NoBbILLIEHHAsA
YyBCTBU-TEIbHOCTb K



Tun npubopa

YnbTpa3sByKoBOWM

ANeKTPOMarHUTHbIN

[JocTonHcTBa

Jinn - - cnabasa
3aBMCUMOCTb OT
OTNIOXEHUWN Ha
NPOTOYHOW YacTun, B
4YaCTHOCTU MarHeTuTa
(KOHCTpyKUMKM Ge3
oTpaxartenen); -
HW3KOe 3Hepromno-
TpebneHue (pabota
OT aBTOHOMHBbIX
NCTOYHMKOB); -
TOYHOCTb B LUMPOKOM
AnanasoHe -
OTCyTCTBUE
BbICTYyNat-Lunx B
NnoToK AeTanen (3a
NCKMOYEHNEM
KOHCTPYK-LMIA C
oTpaxarenamu); -
BbICOKasi YyBCTBU-
TENbHOCTb Ha MarnbIX
pacxona.

- TOYHOCTb B
LUMPOKOM AnanasoHe
N3MepPEHUS; - HN3Kad
4YyBCTBUTENBHOCTb K
HepaBHOMEPHOCTM
Nons CKOPOCTEN
N3MepAEMOro noToka;
- OTCyTCTBUE
BbICTYyNat-Lwunx B
NOTOK aeTanen; -
BbICOKasi YyBCTBU-
TENbHOCTb HA MarbIX
pacxoga.

BMOpaumn.
HenocTtaTtku

4YyBCTBUTENBHOCTb
OTAENbHbIX
OLHOMNYyYeBbIX
KOHCTPYKLNW K
HepaBHO-MEPHOCTH
Nonsi CKOPoOC-TeN
N3MepAEemMoro
noToka; -
4YyBCTBUTENBHOCTb
npeobpasoBarenen
C oTpaxaTensamu K
0bpa30-BaHuIo
OTNOXEHUN Ha
OoTpakatoLLmnx
ynbTpasBykK
NOBEPXHOCTSAX.

- BblCOKasi YyBCTBM-
TEbHOCTb K
He3Ha4yn-TeNbHbIM
OTNOXEHUAM Ha
NPOTOYHOW YacTun
AN3NEKTPUYECKUX N
TOKOMPOBOASLLMNX
ocag-koB, B
ocobeHHOoCTH
MarHeTuTa; -
4YyBCTBUTENBHOCTb K
BHELLIHUM 3M1EKTPO-
MarHMTHbIM NONAM U
onyxgaroLwmnm
TOKaM; - BbICOKOE
3HepronoTped-
neHune.

Tpebyemblie Hnana3oH
ANUHbI n3mMepeHus
npsAMoro npwm
yyacTka norpeLu-

Tpybonpo-Boaa HOCTU He

Ans yctaHoBKU 6onee 2%

npubopa Vmax
(8...10m/c)

-MHorony4essble, (1:50-1:150

OAHOMy4YeBblE

oceBble U C

dopmmpoBaTe-

nem noToka: 5-

10Ay mo 2-5 fiy

nocne -

OfHOMNy4YeBblE C

AnameTpanbHbIM

kaHanom: 10-50

[y no 5 Oy
nocne

50y Ao 2-3 dy  1:100-1:200

nocne

Mpw aHanu3e pasnn4yHbIX TUNOB NPMGOPOB NPUHMMANUCL BO BHUMaHUE
XapaKkTepucTukm obLume ans Bcex npobopos paccmaTtpusaemoro Tuna. Mbl He
paccmaTtpuBanu u He NPUHMManu BO BHUMaHWE HepearibHble XapakTepUCTUKM



OTAenNbHbIX NpoussoauTenen. OgHUM N3 KpUTEPUEB OLEHKU SBIISNUCL NapamMeTpbl,
aeknapvipyemMble ans npubopos, NnpogaBaeMbix Ha pbiHKe 3anagHon EBponbl KpynHbIMM
npousBoaMTeEnsiMnU. AT NPUBOPBLI, KaK NPaBuIo, NOMYYMM OLLEHKY aBTOPUTETHOWN
HemeLKon opraHusaumm PTB. CnegyeT OoTMETUTb, YTO HEKOTOPLIX NPUBOPLI
MHOCTPaHHbIX Npou3BoauTENen Npu nepecevyeHnn poCCUMCKON rpaHunLibl pe3ko
yny4yLlatT CBOU XapakTEPUCTUKN, K 3TOMY Mbl OTHOCUIINCL KPUTUYECKM.

Poccunckum pbIHOK NpnMbopoB Ansi KOMMYHarlbHOro X03s1MCTBa CTPeMUTESTbHO
pa3BMBaeTCcsA, O4HAKO NAacnoOpPTHbIe XapaKTepUCTUKN NPUOOPOB 4acTO HOCAT
peknamHbIN, HO HUKaK He peanbHbIN xapakTtep [3,7]. B 6opbb6e 3a mecTo nop
COJIHLUEM OoTAeNbHble OTeYeCTBEHHbIe NPOU3BOAUTENN BblAAOT CBON HUYEM He
nogkpenneHHble paHTasnMm 3a hakTUyeckue xapakTepucTukm npubopos. CnoBom
MoTpebuTenb xo4yeT CKa3Ky, M OH MNoOJiy4aeT ee B KpaCUBOM ynaKkoBKe, C
nacnopTom, coBcem Hegoporo. NoTpebutensa He yauBnseT HeJOPOron
«CBEPXTOYHbIN, LUMPOKOANANA3O0HHbIN, YHUBEPCalbHbIA pacxogoMep», XOTA
n6on CneumanucTt B 4aHHOM 06NMacTU NOHUMAET, YTO 3TO
B3aMMOWCKIIIOYaloLwue apyr apyra noHATUsA.

MpoBoas UCMbITaHWUS Pa3fUYHbIX TUMOB NPUOOPOB 1 aHaNM3NPYsi MPUOGOPHbBIN PLIHOK, C
koHua 90-x Mbl o6pallaeM BHMMaHWE Ha TO, YTO OTAelbHble NPOU3BOAUTENN
3aBbILLAOT OCHOBHbIE MOKasaTeny CBoMxX NpnbopoB. ATO KacaeTcsi B NEPBYHO ovepesb
TOYHOCTU U3MEPEHUS, Anana3oHa U3MepPEHNs 1 AnVH NPSMbIX Y4acTKOB
TpybonpoBoaoB, TPebyoLmxcs 4ns yCTaHOBKM pacXxoAoMepoB (BOOAOCHETYMKOB).

YT06bI OLEHUTL NEePCNeKTUBHOCTbL TOMO UIM MHOMO T1Na NpMbopoB Ans
paccMaTpMBaeMOro CErMeHTa pbiHka, NoapobHee pacCMOTPUM XapaKTEPUCTUKN
npnbopos, NpMBeAeHHbIE Bbille B Tabnuue 1, 1 npoaHanuanpyem Mx JOCTOUHCTBA U
HegoCTaTKM.

Cpasy oTMeTuM, 4To nmeroTcs npobnembl obLwme Ans KaKAoro U3 paccmaTpuBaeMblx
TMnoB npnbopos. CyllecTBEHHOE 3apacTaHue BHYTPEHHEro cevyeHust pacxogomMmepa
(BogocueTyMKa), NPUBOAMUT K YBESNTMYEHMIO NOrpeLLHOCTI Noboro 13 paccmaTpuBaemblx
TnoB npmbopoB. OOBLACHAETCA 3TO TEM, YTO NPUHUUN AENCTBUS NPpMOOPOB OCHOBAH Ha
N3MEepPEeHNN CKOPOCTU NOTOKa. 3HaYEHNe pacxoda Mbl Nofly4aem, yMHOXas
N3MEPEHHYI0 NoLaab Ha rpagynpoBOYHbIN KOIMMULMEHT, KOTOPbLIA COAEPXKUT B cebe
BENMYMHY NnoLwaam nonepeyHoro cevyeHns pacxogomepa. NMoromy npm nameHeHmn
nnowaaun, Bcrieactene obpasoBaHns OTNIOXKEHUA, NMPONOPLMOHAnbHO pacTeT
NOrpeLLHOCTb n3MepeHna pacxoga. [Ansa samenneHuns npoueccoB obpa3oBaHns
OTMOXEHWM Ha NPOTOYHOM YaCTN BOOOCHETUYMKOB (pacxoaoMepoB) creayeT NPUMEHSTb
npnbopbl, NepBuYHbIE NpeobpasoBaTenn KOTOPbIX N3rOTOBIIEHbI N3 HEKOPPOLMPYHIOLLMX
MaTepuasnoB UM NMEKT KOPPO3NOHHOCTOMKME MOKPbLITUS.

BTopon daktop, okasbiBaloLWmMn oTpuLaTesibHoe BO34ENCTBME Ha BCE TUMbI
paccmaTtpmBaembix NpMBOpPoOB — coaepkaHMe B U3MepSeMon BoAe HEPACTBOPEHHbIX
rasoB. Hu oguH n3 NnpnbopoB He onpeaenseT nx KOHLEHTpauuo B BOgEe, NO3ITOMY
NOrpeLUHOCTb U3MEPEHNSA MOXKET BO3pacTaTb Kak MMHMMYM Ha NPOLEHTHOe
cofepxaHne HepacTBOPEHHOrO rasa B U3MEPSIEMON BOAE, HO KaK NoKasbiBaeT ONbIT Ha
camoMm Jene norpeLHocTb namepeHnsa ewle Boiwe [8]. [lononHuTensHasa norpewHocTb
B AQHHOM criyyae obycrnoBreHa HeagekBaTHOCTM BOCMPUATUS CKOPOCTU BO3AYLUHBIX U
BOJ0-BO3YLUHbIX MOTOKOB AaTyMkaMn npubopos. [Npu Hann4ymm HepacTBOPEHHOIO
BO34yXa B BOAE Henb3s obecneynTb n3MepeHns pacxoga n obbema ¢ HOpMUPOBAHHOWN



TOYHOCTbIO. TaXOMETPUYECKME CHETUMKN, HAaNpUMep, paboTatoT (M3MePSAIOT 0OBHEM)
He3aBWCKMMO OTTOro, YTO ABUXKETCH Mo Tpybe BoAa Unn BO3ayX.

TaxomeTpuyeckme nNpubopbl - cCamMbli PaCNPOCTPAHEHHbIN A0 NOCNEeAHEro BpeMeHn
TMN BOOOCYETYMKOB. OTM Npubopbl BeinyckatoTca 6onee 100 neT, KOHCTPYKUMS UX
OYeHb XopoLlo oTpaboTaHa. [MaBHOEe AOCTOMHCTBO — AELUEBM3HA, MPOCTOTa YCTAaHOBKM
n obcnyxuneaHmsi. OCHOBHblE HELOCTATKN OOLLEN3BECTHbI: M3HOC MOABWXKHbIX AeTanewu,
YYBCTBUTENBHOCTb K OTIOXEHNAM coeanHeHun xenesa. NMpnbopbl TpebyoT ycTaHOBKM
MarHUTOMeXaHN4YeCcKnx unbTPOB, KOTOPbLIE MOMTHOCTHIO HE MO3BOMSAT 3aLWUTUTD
TaxoMeTpu4eckne cHeTunkn. B pesynbraTe yxe 4yepes nonroga TypouHHbIE
BOJOCYETUYMKN HAYMHAIOT 3aHMXaTb NokasaHus. B cpegHem 3a 5-6 net akcnnyaTtauum
NOrpeLlHOCTb MOXET Bo3pacTaTth B cpeaHeM Ao 5-8%. Takke noaBepXeHbl
CyLEeCTBEHHOMY yXy[LIEeHUIO TOYHOCTH B Npouecce 3KCnyatauum KpbiibyaTtble
BogocHeTunku [9].

TaxomeTpuyeckme BOAOCHETUYNKN MMEIOT MIIOXYH YyBCTBUTENBbHOCTb HA MarbIX
pacxogax, npu4em B npoLecce aKcnryaTaumm YyBCTBUTENBHOCTb BOOOCHETYMKOB
CHWXaEeTCH, YTO NPUBOAUT K YBESTMYEHUIO MOrPELLHOCTUN yYeTa noTpebneHns XxonogHom
N ropsiyen BoApl B HOYHOE BpeMs. [IpumeHeHne 6onee YyBCTBUTENbHbLIX HA ManbIX
pacxogax BogocyeTyunkoB knacca C, kak npaBuiio ManodddeKkTMBHO, TakK Kak 3Tu
CUYETUMKM TEPSIOT CBOE NPENMYLLECTBO NPy 06pa3oBaHMM OTIIOXKEHUIN HA UX NPOTOYHOM
yactn. Bogocyetumkm knacca C 6onee 4yBCTBUTENbHbI K OTIIOXKEHUAM, YEM CHETUUKN
knacca B.

B 3apyb6exxHol npakTuke B Ka4ecTBe anbTepHaTMBbl TAaXOMETPUYECKNM CHETYMKAM B
nocrnegHee BpeMs HAXO4AT NPUMEHEHUe yrbTpa3ByKkoBble Npubopsbl. [na 4OMOBOro
yyeTa nx npomsBogsat Sensus, Kamstrup, Hydrometer, Siemens. 31u dompmsil,
NMetoLLIME aBTOPUTET HA MUPOBOM PbIHKE M M3BECTHbIE KaK NMPOM3BOAUTENN
TaxomeTpu4eckmx Nnpnbopos, NPOABUraloT B HacTosiLLee BpeMs npmbopbl
ynbTPa3ByKOBOro TMNa, Kak NPoAYKLMIO NepeoBbIX TEXHOOMN.

OTMeTUM, YTO Ha POCCUNCKOM PbIHKE 4NA U3MepEeHNa XONO4HOW BOAbI B
TpybonpoBogax Ay 15-32 mm 1 ropsayen Boabl B Tpybonposogax [y 15-20mm, B
BGnnxanwee Bpems, CKopee BCero, He ByaeT anbTepHaTMBbl TAXOMETPUYECKNM
cyeTyMKaM, TaK Kak 3T Npubopbl UMEKT OYEHb HU3KYIO CTOMMOCTb. B TO e Bpems
OTMETUM, YTO Takne pmpmbl kak Kamstrup, Hydrometer yxe BbinyckatoT
yNbTPa3BYKOBbIE KBAPTUPHbIE BOAOCHETUYNKN N TENITOCHETHMKMN.

YKaxeM eLle ogHy U3 MPUYNH BbITECHEHUSI TAXOMETPUYECKNX NPUBOPOB C PbIHKA.
CoBpeMeHHOEe pa3BUTNE INEKTPOHUKN NO3BONSET NOSTHOCTLIO aBTOMAaTM3NPOBaTh
npoueccbl n3aMepeHnin, céopa nHdopmMmauum o NoTpebneHmnm 3HeproHOCUTENEN,
nepegayv ee B gucrneTtyepckne n GUNnnMHroBble cuctembl. [1ns npUMeHeHns B Taknx
cucTemMax TaxomeTpudeckmx NnpnbopoB TpebyeTca MHTErpMpoBaHNE MeXaHNYEeCKNX
YCTPOWCTB 3TUX NPUOOPOB C 3NEKTPOHMKON, YTO NULLIAET TaxoMeTpuieckmne npnbopsbl
Takux NPeMMyLLIeCTB Kak AeLleBM3Ha, NPOCTOTa MOHTaXa U aKkcnnyaTauum.

BuxpeBble NpUGopbI — UMEOT NPOCTYIO KOHCTPYKLIMIO MPOTOYHOWM YacTw,
OTHOCUTENbHO AelleBbl. [NaBHble HeQOCTaTKM 3TOro TUna NPUBOPOB - H13Kas
YyBCTBUTENBHOCTb Ha MarbIX pacxofax U 3aBUCUMOCTb TOYHOCTU U3MEPEHUIA OT
HepaBHOMEPHOCTM MOSIsi CKOPOCTEN N3MEPSIEMOTO MOTOKA KUAKOCTU. YUNTbIBAS, YTO
HEeKOTOpble OTeYEeCTBEHHbIE MPON3BOANTENN 3aManyMBaloT BbllLEeHa3BaHHbIe
HeaoCTaTKun, NPUBEAEM B Ka4eCcTBe apryMeHTa XxapakTepucTUKM BUXPEBOTO



pacxogomepa u3BecTHon 3apybexxHon pupmbl Endress+Hauser n3 katanora,
N30aHHOrO Ha aHrNIMNCKOM A3blKke, 6e3 yyeTa «CneunduKkn PpOCCUIMCKOrO pbIHKa».
MorpelHoCTb BUXpeBOro pacxogomepa ompma Endress+Hauser 3agaet B
3aBncMmocTu ot yncna PenHonbaca[10], 4To ¢ no3vuumn rmapoavHamMuKm
3aKOHOMEPHO, TaK Kak yCTOMYMBbLIN NPOLIECC CPpbiBa BUXPEW HACTynaeT Npyu 4vucrax
PenHonbaca 60nblUMX HEKOTOPOro NOPOroBOro 3HA4YEHUS.

Mcnonb3ys aaHHble Endress+Hauser, npegcrtaBmm B 6onee NOHATHOW Anst
MoTpebutens dopme napameTpbl BUXPEBbLIX pacX04OMePOB (BOAOCHETYMKOB) AN
TMNOPa3MepPOB, UCMONb3yEMbIX NPU U3MEPEHUSAX B 34aHUAX.

Tabnuuya 2

YcnoBHbIV gnameTp, 25 32 40 50 80 100
y,mm

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

NpY NOrpeLIHOCTN He

G6onee 2%, Mm°/uac

MakcumanbHbIM gnana- 30 40 45 60 95 100
30H U3MEepeHUst Npu

NorpewwHoCcTn He bonee

yeM 2%

Mopor ycTtonumneon 0,3 0,4 0,5 0,6 1,0 1,2
paboTbl, M*/uyac

MpoaHanunanpoBaB AaHHY Tabnuuy, Mbl BUOUM, YTO Jaxe XapaKTepPUCTUKM BUXPEBBIX
pacxogomMepoB, NPU3HAHHOrO MMPOBOIO NMAepa, yCTynatT NPaKTUYeCcKn BCeM U3
paccMaTpuBaeMbIX TUMOB NPMOOPOB.

Tenepb paccmoTpum TpeboBaHMa K AnvHaM NpsiMbiX y4acTkoB [1pounssoantenu,
peanuayoLmne BUXpeBble NpMbopbl HA POCCUNCKOM PbIHKE, 0ObIYHO AeKnapupyoT
ANIMHY NPSIMOro yyacTka o npeobpasoBatens pacxoga — 100y, nocne 3-5[y. C Toukn
3peHns aHanuaa rmapoanHaMmnkn BUXPEBLIX NPMBOPOB, Takne nokasaTesniv Bbi3biBaoT
COMHeHue. BuxpeBble pacxogomMepbl U3MEPSIOT CKOPOCTb NOTOKa B 30HE,
pacnonoXXeHHOW BAONb AnameTpa Tpybbl, JaHHAs CKOPOCTb HE ABNAETCS cpenHen
CKOPOCTbIO NOTOKA, a Nosie CKOPOCTEN NOTOKa B aHHON 06nacTn YyBCTBUTENbHO K
BO34ENCTBMUIO Pa3SIMYHbIX MECTHbIX CONPOTMBEHNA (OTBOAOB, TPONHUKOB U Np.).

lMpuBegem gaHHbIE NO NPSMbIM y4acTkam TpybonpoBOAOB, KOTOpbIE AeKknapupyeT Ans
BMXpEBbIX Npubopos pupma Endress+Hauser [10].

Tabnuya3

Trn MECTHOro COnpPOTUBIIEHUS [nuHa npsmoro  [nuHa npsiMoro
yyacTka Tpybo- y4acTka
nposoaa Ao Tpybonposoaa
npubopa nocrne npubopa

KoHdy3op 150y S50y

Anddysop 18y Shy

KoneHo (otBoz 90°) 200y 50y

[1Ba KoneHa B 0gHOW NSIOCKOCTU 250y 50y



[1Ba KoneHa B pa3sHbIX NSIOCKOCTAX 400y S5y

3aTBop,3aaBuXKKa 500y S50y
Crtpyesbinpamutens (2[1y oo ctpyesbinpamutena n |[10dy S50y
8 nocne)

[1Ba n 6onee MeCTHbIX CONPOTUBNEHUN, HE 500y 50y

YKa3aHHbIX B Tabnuue Bbiwe

Takum o6pas3om, Mbl BUOUM, YTO ANt obecnevYeHnss HOPpMUPOBAHHOM TOYHOCTU
BUXPEBbLIX NPMOOPOB , Ha NPaKTUKEe AON1s UX YCTAHOBKM TpebyeTcsa NpsMOn y4acToK
Tpybonposoga anvHon 55y nnu xe 10[y, HO NpK yCTaHOBKE CTPYEBbINPAMUTENS.
CTteHpgoBble nccnegoBaHusa BUXpPEBLIX NPpMOOPOB NOATBEPXKAAKT BbilLecka3aHHoe [11].

CnepnyeT OTMETUTb HEKOTOPbIE KOHCTPYKTUBHbIE OCOBEHHOCTU BUXPEBbIX
pacxo4oMepoB, NPOSIBISAOLIMECS B NPOLIECCe aKcnnyaTauun. Buxpesble npnbops ¢
MarHMTHON CUCTEMOI CbeMa CUrHamna YyBCTBMTENbHOCTM K MarHeTuTy. MNpunbopsbl ¢
yNbTPa3BYKOBOW CUCTEMON CbeMa CUrHana MoryT HeyCTOMYMBO paboTaTb NpW BbICOKMUX
CKOPOCTSIX MOTOKA 1 HU3KOM AaBneHunn B TpyGonpoBoae.

Ha 3apy6eXHOM pbiHKEe BUXpEeBble pacxoAoMepbl B XUTULWHO-KOMMYHaNbHOMN
cchepe He HaXoOAT NPUMEHEHUs1, B CUNY TakKNX HeJOCTaTKOB, KakK nroxas
YYBCTBUTESIbHOCTb Ha MarbiX pacxofax U yCrIOXXHeHUe MOHTaxa 3a cyeTt
TpeboBaHMA 6ONbLUNX NPAMbIX Y4aCTKOB TPyOONpoOBOAOB AN UX YCTAaHOBKMW,

3TN NpUbOpPbLI NUCNONb3YHTCA B NepBYH oYepeab NPy U3MepeHUsxX napa, a Takke
pa3nunyHbIX ra3oB, TamMm rae NpUMeHeHue Apyrux TMNOoB NpubopoB 3aTpyAaHeHo [9].

YnbTpa3sByKoOBble U 31IeKTPOMarHUTHble NPUGopbl — HaMboree COBPEMEHHbIE
cpeacTBa U3MepeHus, MacluTabHoe NPOM3BOACTBO 3TMX NPMOOPOB CTario BO3MOXHbLIM
6narogapst UHTEHCMBHOMY Pa3BUTMIO MUKPOMPOLIECCOPHOW TEXHUKN,
COBEPLLUEHCTBOBAHUIO XapaKTEPUCTUK Y CHUKEHUIO CTOMMOCTW 3NEKTPOHHbIX
KOMMOHEHTOB. ONEKTPOMAarHUTHbIE U yNbTPa3ByKOBbIE NPUOOPLI UMEIOT LLUNMPOKNIA
AnanasoH N3MepeHUsl, OHW NErKo MHTErPUPYIOTCSA B aBTOMATU3NPOBaHHbLIE CUCTEMBI.

O6LwnM OOCTOMHCTBOM 3TUX NPMBOPOB ABNAETCS OTCYTCTBME BbICTYNaroLMX B
n3mepsemMbin NoTok getanen. NMpuHuunbl 4ENCTBUA 3NEKTPOMAarHUTHbIX U
yNbTpa3BYKOBbIX NPUOOPOB OCHOBaHbI HA UCMOMb30BaHMN CBOMCTB COOTBETCTBEHHO
3NEeKTPOMarHUTHbIX U akycTudeckux nonen. OgHUM 13 KpUTepUeB OLEHKU
YYBCTBUTENBHOCTM M TOrO 1 APYroro Tuna npubopoB sBMSETCA OTHOLLIEHNE
«LWyMm/NonesHbl curHany. 3agadven pa3paboTymKoB ABMNSETCS CHU3UTb OAHHbIV
nokasarernb, a Takke 4obuTtbca 3hPEKTUBHOrO MHTErPUPOBAHMSA NOSISE CKOPOCTEN
KOHTPOJSIMPYEMOrO MOTOKA XUOKOCTU.

AnekTpomarHuTHble NPUBOPLI MEIOT PasnYHbIE KOHCTPYKTUBHbIE PELUEHMS
hopMMpOBaHMS MarHUTHOTO MOJISA, OCHOBHAs! Liefb, K KOTOPOW CTPEMSITCS Mpu
hOpMUPOBAHNM MArHUTHOrO Nons — 4OOUTLCS ero paBHOMepPHOCTU. OT paBHOMEPHOCTH
MarHUTHOrO MOJISA M COOTHOLLEHUST «LUYM/MOME3HbIN CUrHan» 3aBUCUT TOYHOCTb
NpnbopoB M AMana3oH N3MepeHns.

B koHue 90-x Ha pOCCUNCKOM PbIHKE CTanu NOABNATLCA 3NEKTPOMarHUTHbIe Npubopbl ¢
AnanasoHom namepenns 1:500, 3atem 1:1000 v gaxe 1:2000. MNog nosyHramu, Ha
KOTOPbIX Ha4YepTaHbl AaHHble UUdpPbl, HaYanocb NOKOPEHNE POCCUMCKOrO PbiHKA.
Cneumanuctbl B 0bnacTtu pacxogomeTpun Hegoymesanu, Notpebutenu, B 6onbLuen
4yacTu, BOCNpUHUMAnu 3T Lundpbl ¢ BoogyluesrieHneM. OgHUM 13 nepsbix Ny6anyHo



obpaTtun BHUMaHWe Ha HepearnbHOCTb LUMPOKOro Anana3oHa 3fIEKTPOMarHUTHbIX
BogocYeTunKkoB cneumanuct «JlenaHepro» B 2003r.[12]. B gaHHOW cTaTbe
aHanM3npyTCA NOrpeLUHOCTN ANEKTPOMAarHMTHbIX NPUBOPOB, KOTOPbIE B NpoLecce
akcnnyatauum moryT gocturatb 50-60%. B kayecTBe NpuUYnHbI TAKMX NOrpeLLHOCTEN
paccmaTtpuBaeTcs obpaszoBaHMe HEGOMbLUNX OTMNOXEHWI B BUAE NINEHKN, 3aMblKatoLLEN
anektpoabl [ 12 ,c1p.388 ].

Mwud> 0 BbICOKOM TOYHOCTW SNIEKTPOMArHUTHbLIX MPUOOPOB B LUMPOKOM Anana3oHe
OKOH4YaTenbHO 6bin passesH B 2009 rogy cneumanuctom upmbl BaneT, kotopas
SIBNSETCA 0QHMM M3 npou3BoauTenen atux npmbopos [13]. B ctatbe 4OCTaTO4YHO
rPamMOTHO U3NOXEHbI, B 00LWEM-TO, M3BECTHbIE d)aKTbl, CyTb KOTOPbIX — 06OCHOBaHME
HepeanbHOCTU AeKnapupyeMbIX NPOU3BOAUTENAMM ANEKTPOMArHUTHbLIX PacXxo4oMepoB
XapakTepucTuk. Takum obpasom, B Te4eHne gecsatun net mHorue Nponssogntenm
3NEeKTPOMarHMTHbIX NPMOOPOB BBOAAT B 3abnyxaeHue

MoTpebuTtenen, BLIMIpbIBAOT TEHAEPLI M NOCTABAST NPUGOopPbLI, AeKnapupys
XapaKTEPUCTUKM, KOTOPbIE HEBO3MOXHO 06ecneunTb B YCNOBUSX IKCNIyaTaumm AaHHbIX
npudopos Ha obbekTax XKKX.

B 3apyGexxHOM npakTuke aNeKTPOMarHUTHbIE Pacxo4oMepb! LMPOKO UCMONb3YHOTCS B
nuLLEBON, hapMaLeBTUYECKON, XMMUYECKOMN LIENITHONO3HO-6yYMaXKHOM
NPOMbILLIIEHHOCTU, HO HE HaxXo4AT LUMPOKOro NPUMEHEHUS B XUMULLHO-KOMMYHaNbHOM
cekTope. Ha poccumnckom pbiHKE cuTyauus nHas, nonpobyem npoaHanuampoBaTth C YEM
3TO CBSI3aHO.

[1aBHO M3BECTHO, YTO Ha TOYHOCTb 3MIEKTPOMArHUTHbLIX PACXOA0MEPOB BNUAIOT Aaxe
TOHKME OTNOXEHUs1 Ha MPOTOYHOM YacTu npeobpasosartens [1,8,12, 14].

Mpn obpasoBaHMKM B NpoLiecce aKcnyaTaumm, NNeHKN WYHTUPYOLWEN 3NeKTpoabl,
9NEKTPOMarHUTHbIN NPUBOP HaYMHAET 3aHmXKaTb NokaszaHus. [aHHbIn hakT nerko
obHapyxumBaeTcsa Ha 00bekTax, rae yCTaHOBIEHbI ANIEKTPOMArHMTHbIE Pacxo4oMepbl Ha
npsiMOM 1 o6paTHOM TpybonpoBoAaXx 3aKpbITOM CUCTEMBI, KOrA4a CKOPOCTb
obpasoBaHnda OTNIOXEHUI B 3TUX TpybonpoBoaax pasnuyHa. B nogobHbix cnyyasnx B
ANHaMUKe PUKCUpPYeTCs POCT pacxoXaeHUsa nokasaHuin mexay npubopamm Ha NPAMOM
n obpatHom TpybonpoBogax. PasHocTb nokasaHum gocturaet -15% u 6onee [15], B TO
BpeEMS Kak, OHa He A0SPKHbI NpeBbIwaTth 4%. YToObl CKpbITh pacxoxXaeHus B
nokasaHusax NpMbopoB HEKOTOpbIE (bMpMbl CTanu BCTpamBaTh cneunasbHble
nporpamMmbl, KOTOpblE KOPPEKTUPYIOT pe3yribTaTbl UBMEPEHUN, Npexae Yem
3admKcnpoBaTh UX B CHETUMKAX U B apxmBax [16], 4To, 6e3ycnoBHO, HEQOMYCTUMO.

CnepnyeT OTMETUTb, YTO PAaCCMOTPEHHOE Bhbille SBfieHMe BCTpeYaeTcs Hepeako, HO ero
Henb3s Npu3HaTb MaccoBbIM. Kak npaBuno, obpasoBaHue NnNeHku naet paBHOMEPHO Ha
npsiMOM 1 o6paTHOM TpybonpoBoAaX U 3aHMXKEHME NoKa3aHW NPMOOPOB NPONCXOAUT
CYHXPOHHO, MO3TOMY (PUKCMPOBAaTb AaHHbIN Npouecc cnoxHo. ObHapyxnBaeTcs
3aHWXeHne nokasaHun Npu NoBepke, ecnu He NPOBOANTL NpeaBapUTESTbHON OYUCTKU U
NPOMBIBKW 3MEKTPOMarHUTHbIX NpeobpasoBartenen. Pe3ynbtaTtbl NPOBEPKM ABYX C
MOMOBMHOM ThICAY 3NEKTPOMarHUTHbIX NPMBOPOB Nocne Tpex neT aKcniyataumm
nokasanu, YTo Ja)ke nocre oTMbIBKM oTnoxeHun, 40% cyeTynkoB He obecneymBatoT
HOPMMPOBAHHOW NOrpeLHOCcTn nsmepeHus [17]. Hekotopsble Npoussoantenu
SNEKTPOMarHUTHbIX NPUOOPOB YTBEPXKOAKOT, YTO OTIOXEHUS B POCCUMCKUX
TpybonpoBogax, B OTMYME OT OTIOXKEHUIN B 3anagHOEBPONENCKNX - OCOBEHHbIE, OHU



He 3aMblKaloT 3MeKTpoadbl NPMOOPOB, He OTNaratTCst Ha PTOPONIAaCTOBOM NOKPLITUN,
Aa U MarHeTuTa B HalUMX CUCTEMAaX HeT.

M3BeCTHO, 4TO NpK KCNnyaTaunum cUCTeM BOAOCHAOXEHUS 1 TennocHabXeHna nayt
NpOoLeCChl KOPPO3nK CTanbHbIX U YYryHHbIX Tpyb6onposoaoB. O6pasytomeca okenapl
Xenesa COCTOAT U3 Tpex rmapatmpoBaHHbIx okucrnoB: FeO, Fe,O3 n Fe304, nocneaHnn
N3 HUX — marHeTuT [18]. MarHeTUT uMeeT YepHbIV LBET, ero NpoLeHTHOe coaepXaHue
PasfiMyHO B pasHbIX Criyvasix, MUKPO4YaCTULbl OKUCIOB Xeresa MoryT UMeTb S4p0 U3
mMarHeTuTa, okpyxeHHoe FeO n Fe;O3. Takme Yactuupl B 60nbLINX KONMYecTBax
3afepXKMBaloTCAa hunbTpaMmm ¢ MarHUTHbIMUK yNaBnmMBaTeNaMU AaXe Ha XONI04HOM
BOJeE, HO, KaK U3BECTHO, NpY NOBbILLIEHNM TeMnepaTypbl BOAbl paBHOBECUE CMeLLaeTCcH
B CTOPOHY 0bpa3oBaHus marHeTuTa [19]. B eBponemncknux cuctemax marHetmta MoxeT
ObITb MEHbLUE YEM B POCCUNCKUX CUCTEMAX 3a CYET Bonee Ka4eCTBEHHOM
BOOONOArOTOBKM. HecMoTpsi Ha 3To, eBponenckme nponssoanTeny npnbopos
paccMaTpuBaloT MarHeTUT KaK CyLLEeCTBEHHbIN DaKTop, OKa3blBaloLUIM BIIMSIHUE Ha
TOYHOCTb KakK 3N1IeKTPOMAarHUTHbIX, Tak U TaXOMETPUYECKNX NPUOOPOB 1, B NOCreaHee
BpeMs, npeanaratoT B Ka4eCTBe anbTepHaTuBbI yYrbTpa3ByKkoBble Nnpubopbl [20]. BaxHo
OTMETUTb, YTO Ha paboTOCMNOCOBHOCTb ANEKTPOMArHUTHbLIX MPMBGOPOB BO3OENCTBYET HE
TOMNBbKO MarHeTUT, BNUSIOWMIA HA MarHMTHOE MNose reHepupyemoe Npubopom, HO U
nobble apyrne oTNOXeHUs, U3MEHSIOLME NPOBOAMMOCTb MEXAY dreKTpogamm
npeobpasoBaTens. YTo KacaeTcsa XMMUYECKOro CocTaBa OTNOXEHUI, NPpUBEAEM B
KayecTBe npumepa pesynbTaThbl UCCrnegoBaHun npobbl, B3ATOM C hTOPONIAacToBOro
MOKPbITUSA 3NEKTPOMarHMTHOro npeobpasoBaTens, yCTaHOBIEHHOIO B cUCTEME

TennocHabxXeHnsa 3aaHnst OAHOrO U3 POCCUNCKMX ropoaoB. TOMWMHA OTNOXEHUN He
npesbiwana 0,1-0,3mMm, UBET OTNOXEHUN - YEPHbIN C BKPANmeHUsIMN KpacHo-
kKopn4yHeBoro. C NOMOLLbIO CNEKTPAnbHOrO aHannsa yCTaHOBMNEHO crieaytollee
cofepxaHne XuMMYecknx anemeHToB B npobe: Fe (kenes3o) — 50%, O (kucrnopopn) —
32%, C (yrnepop) - 10%. CneanyeT OTMETUTb, YTO NP N3MEPEHNN ropsaven BobI
obpa3oBaHne OTNOXEHNA Ha MPOTOYHOW YacTu NPMOOPOB NOET UHTEHCUBHEE, YEM B
cucTemMax OTonneHms. ATo BNOSIHE 3aKOHOMEPHO, TakK Kak CUCTEMbI FOPAYEro
BOAOCHabXeHUs NOCTOAHHO MOANUTLIBAOTCA 060ralleHHON KMCIOPOAOM, He
obecconeHHon BOAONPOBOAHOW BOLOM.

BbinonHss nccnegoBaHnsa BOAOCHETYMKOB, Mbl 00paTunmM BHUMaHue, 4To nNpu
ONIMTENbHOM KOHTaKTe C BO34YXOM OTNOXEHMS, 06pa3oBaBLUMECS HA MPOTOYHOW YacTu
NprnbopoB B NpoLecce aKkcnnyaTauum, U3MEHSIIOT CBOK CTPYKTYpPY, CTaHOBATCS ©onee
pbixnbiMu. [Npn NpoBegeHNN CTEHAOBLIX UCMbITAHUI NOCIE NPOCYLLKN NPOTOYHOWN
4YacTU OTNIOXEHUS YaCTUYHO CMbIBatOTCS. [103TOMY OLEHUTb pearnbHoe BO34eNCTBNE
OTOXEHMWI Ha NOrpeLIHOCTb NPUBopa MOXHO TOSbKO Ha 06bEKTE, YCTaHOBMB
nocrnegoBaTesibHO C NPMBOPOM, HaxXOAALMMCH Ha ANUTENbHOW 3KCMNnyaTauMm HOBbIV
npnbop mnNn NPOBOAUTbL ANUTENbHbIE UCTbITAHUSA NOCNeA0BaTENbHO YCTAHOBMEHHbIX
npudopoB pasHoro Tmna.

Pe3ynbTaThl UICNbITaHMWA B YCIOBUSAX 3KCMNJlyaTauum 351IEKTPOMarHMTHOro u
ynbTpa3ByKOBOro pacxogomepoB B FepmMaHuu nokasanu, YTo 3N1eKTPOMarHUTHbIN
pacxopomep yepe3 Tpu roaa aKcnnyaTtauum saHwxan nokasaHus Ha 20% , a
ynbTpa3BykoBou MeHee 4eM Ha 1% [9]. CneayeT oTmeTuTh, YTO 3anagHasa EBpona
npowna onpeaeneHHbIN 3BOSTIOLMOHHBIA MYTb OT TAXOMETPUYECKUX CHETUYMKOB K
3NEeKTPOMarHUTHbLIM U 3aTeM K YNbTpa3BYKOBbIM. MK npuMeHeHUs
3NEeKTPOMarHUTHbIX pacxoAoMepoB B KOMMYHanbHOM cekTtope 3anagaHoun
EBponbl npuxoautcsa Ha cepeauHy 80-x npowunoro Beka Ux Ao coctaBnsana



Toraa okono 40%. 3aTem cuTyauusi ctana nusmMeHsTbcA. Hanpumep, B gaTcknx
cucTemMax TennocHabxeHus K Hadany 90-x gons ynbTpa3BYKOBbIX NPUGopoB
coctaBuna 80%, a gons anekTrpomMmarHMTHbIX ynana ¢ 40% go 12% [9]. B
HacToswee BpemMmAa B 3anagHou EBpone npeobnaaatoT ynbTpa3ByKOBbIe
cyeT4mku. NMpnynMHa B TOM, 4TO TOYHOCTb U3MEPEHUN NOTPebneHus Boabl U
TEeNJI0BOW 3HEPrum Ha KOMMYHanbHbIX 06 beKTax NPu NCNOJIb30BaHUMU
yNbTpa3BYKOBbIX CYETYUKOB Bbille, YeM NMPU UCNOSIb30OBaHUN
3NeKTPOMarHUTHbIX, BCieACTBUE BIIUSIHUA HA TOYHOCTb 3JIEKTPOMAarHMUTHbIX
CYETYUKOB pa3fINYHbIX OTIIOXXEHUN. B HacTosILee BpeMs ynbTpa3ByKOBbIe
Tennoc4YeTYMKM U BOAOCHETUYMKN NPON3BOAAT Takme 3apybexHble hopMbl Kak
Sensus, Hydrometer, Techem, Siemens, Kamstrup. ®upma Kamstrup B 2009-
2010 rogax peanusyeT B ABYX €BPONENUCKUX ropoaax KpynHEWLUn nNpoeKT,
KOTOpPbIM NpeanosiaraeT MCNosfib30BaHUe ynbTpa3ByKOBbIX NPUOOPOB Npu yyeTe
BOAbl U TENNTIOBOW 3HEPrun Ha HECKOJbKUX ThbICAYaX OO bLEKTOB.

B YkpauHe, Takke Kak 1 B eBPONEenCcKnx cTpaHax, ynbTpasBykoBble Npnbopbl HaxoaaT
wmnpokoe npumeHeHue. B Knese yxe B 2003 rogy Aons ynbTpa3ByKOBbIX Npubopos
npesblwana 50% [21].

Ewe oanH cylecTBEHHbIN He4OCTaTOK ANEKTPOMarHUTHbIX NPUBOPOB — XKeCTKne
TpeboBaHUA K KA4ECTBEHHOMY 3a3EMIIEHMIO, YTO CBA3@HO C BbICOKOW
YYBCTBUTENBHOCTLIO 3TUX NPMOOPOB K 6nyXaatoLwmm TokaMm 1 BHELLHUM
3M1EKTPOMarHUTHbIM nonam [1], nnoxoe 3a3emrneHne, Unn OKUCIIEHNE KOHTAKTOB
CUCTEMBI 3a3eMIIEHNSA NPUBOOAT K YXYALUEHMNIO METPOSIOMMYECKUX XapakTepUCTUK
NpnbopoB.

MTak, Ha30BeM OCHOBHbI€ NMPUYNHbI AOMUHUPOBAHUSA INEKTPOMarHUTHbIX
npmbopoB Ha pbiHKe Poccuu:

- BbICOKaaA TOYHOCTb 3JIEKTPOMAarHUMTHbLIX I1pVI60pOB B CTEHOOBbLIX YCITOBUAX U
HeTpesOBaTeﬂbHOCTb UX K NpAMbIM y4aCTKaMm, 4YTO BBeJiO B 3a6ny>|<p,eHVIe, B CBoOe€e
BpemMA, Aaxe ONbITHbLIX 3anap,|-|oeBponel7|cxux HpOVI3BO,DMTeJ19ﬁ;

- OTCYTCTBME Ha pbiHKe B 90-e roabl He4OPOrmMx ynbTpa3ByKOBbIX NpMbopoB
nprMemMnemMoro Ka4yectBa CrnocoOHbIX co3AaTb KOHKYPEHLMUIO;

- bonee npocTasi U OTHOCUTENbLHO Heaoporasi B NPOU3BOACTBE KOHCTPYKLIMA
3NEeKTPOMarHUTHbIX NPUOOPOB;

- MOLLHasA peKnama v 3amanyuBaHue uHdopmauum o 3HaYNTENBbHOM yXyALUeHUU
XapaKTepUCTUK INEeKTPOMarHUTHbIX NpMbopoB B nepuop aKkcnnyatauum [22].

YnbTpa3sByKkoBble NPUOOPbLI HA POCCUMINCKOM pbIHKE NPEeACTaBNEHbl HECKOMbKMMM
OTEYECTBEHHbLIMU U 3apyOeXXHbIMU NPON3BOAUTENSIMMN.

[MpoaHanuanpyem nx OCHOBHbIE XapaKTePUCTUKU U OCOBEHHOCTN NPUMEHEHNS ANd
namepeHnsa obbema BOAbl M TENSIOBOW 3HEPrnn B 3aaHusX. Kak oTMeyanoch paHee,
ofiHa U3 0COBEHHOCTEN POCCUMINCKOrO pblIHKa YrbTPa3ByKOBbIX NPUOOPOB —
ncnonb3osaHue NponssoanTensaMmmn NPUHLMNMANbsHO PasHbIX KOHCTPYKTUBHBIX U
MEeTOLMYECKNX peLUEHUI, YTO CYLLLeCTBEHHO OTpaXKaeTCs Ha MEeTPOSTIOrMYECKNX 1
9KCNyaTauNOHHbIX XapakTepuctukax npnbopos pasHbix MNponssoantenen. B
OCHOBHOM MPUMEHSETCSA TPU YNbTPa3BYKOBbIX MeTOAA U3MEPEHUS:
anddepeHuUmanbHbIi, KOpPenSaLMOHHbBIA 1 OONIIEPOBCKUN.



Mpnbopbl, peanuaytoLime AoNNepoOBCKUIA U KOPPENALMOHHBIA MeToabl He obnaaatoT
BbICOKOM TOYHOCTbIO, OHU TPebyoT 60MNbLINX NPAMONIMHENHBIX YH4aCTKOB
Tpybonposogos: ot 35[0y no 85y - aonneposckue, ot 150y no 550y -
KoppensumMoHHble. [JOCTOMHCTBO AaHHbIX NPUBOPoB — n3MepeHne HeOAHOPOAHBIX MO
cocTaBy NOTOKOB. MpoMbiwieHHble 06pasLbl AOMAEPOBCKUX N KOPPENALMOHHbBIX
pacxogomepoB NosBUNUChL 3a pybexom bonee 30 neT Ha3ag, HO OHW He HaxoaAT
npuMeHeHnsa B cpepe KOMMYHarbHOro X03sa1UCcTBa BCreACTBUE YKa3aHHbIX Bbille
HeJOCTaTKOB.

LLinpokoe pacnpocTpaHeHne nonyyun yrnbTpasBykoBOW anddepeHunansHbii MeToa,
OCHOBAHHbIN HAa U3MEPEHNN Pa3HOCTU BPEMEH MPOXOXAEHNSA YIbTPa3BYKOBbIX
CUrHasoB No NOTOKY M NPOTMUB NOTOKa ABWMXKYLLENCS XXUOKOCTU. I3MepeHHasn pa3HOCTb
BPEMEH MPOXOXAEHNSA YIIbTPa3BYKOBbLIX CUrHANOB NPOonopuUnoHanbHa CKOpPOCTH
KOHTPOSNIMPYyeMOro noToka. B 3aBMCMMOCTM OT annapaTHOW peanusauum
andpepeHumaneHOro MeToAa pasnmyaroT Tpyu cnocoba n3aMmepeHns pasHOCTU BPEMEH
NPOXOXOEHUS YIbTPa3BYKOBbIX CUTHAIOB: BpeMeHHOM, ha3oBbI 1 4acTOTHbIN [5]. Bee
TPM YKa3aHHbIX cnocoba HaxoaaT NpMMeHeHne, Ho HambornblLuee pacnpocTpaHeHne
nosly4mn BpeMeHHon cnocob.

Mpunbopsl, peanusytowme auddepeHumnanbHbii METOA, UMEIOT pasfinyHble
KOHCTPYKLMWN NepBUYHOro npeobpasosartend. [JaHHbi Tun npnbopos, Npu NnpaBuibHO
BbIOpaHHON KOHCTPYKLNKN, HE YYBCTBUTENEH K 3arps3HEHUIO BOAbl. YbTPa3BYKOBbLIE
Nprbopbl YCNELIHO 3KCMNyaTUPYHTCS HA HEOYMLLLEHHON BOAE U3 BOAOEMOB U Aaxe Ha
CTOYHOWN XXNOKOCTW.

KoHcTpykums nepBryHOro npeobpasoBaTterisi BO MHOrOM onpeaensieT MeTporiorniyeckmne
N 3KCMyaTaluMOHHbIE XapaKTEPUCTUKM YNbTPa3ByKOBOro npubopa.

[ns TpybonpoBogoB anametTpom 15-40MM NPUMEHSOTCA OCEBbIE NEPBUYHbIE
npeobpasoBaTenu, akyCTM4eckue curHasnbl B 4aHHOW KOHCTPYKLUMM pacnpoCTPaHSATCA
BOOJSb OCY OBWXEHUS NOTOKA. PasnuyatoT oceBble npeobpasoBaTtenu 6e3
oTpaxaTenen u ¢ otpaxarensamn. KoHCTpykuusa 6e3 oTpaxatenen obecnednsaet
pacrnpocTpaHeHue ynbTpa3ByKOBbIX CUTHANOB HENOCPEACTBEHHO MEXAY ABYMS
ynbTPa3ByKOBbIMY AaTymKamMu. B KOHCTPYKLMM C OTpaxaTensiMmn ynbTpas3BYyKOBbIE
CUrHanbl pacnpoCcTpaHaTCa no 6onee CNoXHON TpaekTopumn, NpMYeM, Kak npasuo,
OCUK aKyCTU4eCKnx npeobpasoBaTesie HECOOCHbI C OCb0 aKTUBHOW YacTu
aKycTuyeckoro kaHana. KoHCTpyKuumn ¢ oTpaxkaTtenamm NpuMMeHsa0TCS B OCHOBHOM C
Lenbl CHMKEHMs1 cebecToMMOCTN NPon3BOACTBA NPpNbOPOB.

OTpaxaTtenu YacTMYHO NepeKpbIBaOT NOTOK M NPMBOAAT K 0cnabneHuto
yNnbTPa3ByKOBbIX CUrHANoB, 06pa3oBaHMe OTNIOXKEHUIN Ha OTpaxaTensax
yNbTPa3ByKOBbIX CUTHANOB MPUBOAMUT K CHDKEHUIO TOYHOCTUN namepennin. [pubopsl €
oTpaxaTtensamMmu, no gaHHbIM pypmbl Danfoss [20], 4yBCTBUTESbHbI K KQ4YECTBY BOAbI U
NO3TOMY MeHee HaaeXHbl. APPEKTUBHOCTb OYUCTKU YNbTPa3BYKOM AATYMKOB BblLLE,
yeM 3PPEKTUBHOCTb OYUCTKU OTpaxaTterien. Ha oTpaxaTensaxnponcxoauT UCKaxeHne
dopoHTa ynbTpasByKoOBOro curHana [23], npy obpasoBaHUN OTMOXKEHUN HA OTpaXaTensx
OaHHbIN NpoLecc yCUnNnMBaeTCs, YTo BeAEeT K YBENUYEHUIO NOrPEeLIHOCTU N3MEPEHUN.

[na poccunckoro pbiHKa Hanbonee NoAxoANAT yNbTpa3ByKOBble NpuMbopbl 6e3
oTpaxaTenen, faHHas KOHCTPYKLUUSA NepBUYHOro npeobpasoBatens He UMeeT
BbICTynaroLwWmMx B NOTOK AeTanen n obecneymBaeT 6onee BbICOKYI HafeXHOCTb
U3MEepPEeHNN NPU HaNn4um 3arpsas3HeHn B Boge.



YnbTpa3ByKoBble NPpUOOpPbLI C 0OCEBbIMU Npeobpa3oBaTensaMum, Kak NpaBuIo, He
TpebyrT 60oNbLNX NPAMbIX Y4aCcTKOB, ANA YCTaHOBKM npeobpa3oBaTens
Heobxoaum npsimon y4vacTtok 3-5 [ly no mecTta yctaHoBKkM u 3[y — nocne.

Onsa Tpy6onposogos anmeTtpom 50-100MM NpUMEHSIIOTCS YNbTPa3ByKOBbIE
npeobpasoBaTenu cnegyroLwmnx KOHCTPYKLMNA:

e C OOHWUM YNbTPa3BYKOBbIM Ty4OM, 30HAMPYHOLLMM U3MEPSIEMbIA NOTOK MO
anameTpy;

e C OOHWUM NYy4YOM, 30HAMPYHOLLMM U3MEPSIEMBbIN MOTOK MO TPEM XOpAaM;

e C ABYMS Ny4yamu, pacrosioXeHHbIMU Mo ABYM XopAaM;

e C hopMupoBaTenemM NoToka U OAHUM NN ABYMS fy4amu.

O6LWMI NpUHLUMN paboTbl BbilLeykasdaHHbIX KOHCTPYKLMWIA B 30HAMPOBAHMM NOTOKa
yNbTPa3BYKOBbIMY CUrHaNaMu Moz Yriom K OCU OBMKEHUS XUOKOCTU.

YnbTpa3ByKoBble pacxo4oMepbl C OAHUM YNbTPa3ByKOBbIM fy4OM, 30HANPYHOLLMM
N3MepsieMbI MOTOK MO AnaMeTpy, Haubonee NpocTasi U LWMPOKO pacnpocTpaHeHHas!
Ha POCCUINCKOM PbIHKE KOHCTPYKLIMSI.

CyTb MeTO4a B MU3MEPEHNN PA3HOCTN BPEMEH MPOXOXAEHNS YNbTPa3BYKOBOro CUrHana
MO NOTOKY M NPOTUB NOTOKA B AnameTpasibHOM MIOCKOCTN NOA YrIOM K OCU
npeobpasoBarens.

Heknapupysa NOrpeLHoCcTb 3TUX NpMbopos 1 Tpebyowmecsa Ans nx yCTaHOBKM NpsiMble
y4yacTkm TpybonpoBoaa, HekoTopble [ponssogutenn BBogaT MNoTpebutenen B
3abnyxgeHue. [1ns npuboposB AaHHOro Tuna TpebyTca 6onblune Npamble y4acTKu
TpybonpoBoaa, Kak 1 ans BuxpeBbix npubopos, ot 20y go 550y (cm. Tabnuuy 3),
WMEHHO TaKne npsiMble y4acTKM yKasbiBanucb B JOKYMEHTaL MM Ha Bce Npubopsbl
AaHHoM KoHCTpyKumn 15 net Hasaa. Ho yero He coenaewb ans MNoTtpedutens, 4Tobbl
3anHTepecoBaTb €ro CBOUM NpMOopoM, Hy a BO3POCLLYHO NOrpeLHOCTb Npubopa oH
aBOCb He OBHapYXWT.

HopmupoBaHHas norpeLlHoCcTb Npubopa paccMaTpuBaeMon KOHCTPYKLMM OTAESNbHbIMU
MpounssoguTensamm HeobocHoBaHHO 3aHmkaeTcsa o 0,5-1,5%, peanbHoe 3HayYeHne — 2-
3% npwu ycrnoeumn cobnogeHnmn ykasaHHbIX Bbllle ASIMH MPSIMbIX Y4aCTKOB
Tpybonposoga. [NpuymHbl HU3KOM TOYHOCTU SABHO U3BECTHbI — 3aBUCUMOCTb NOKa3aHui
NpnbopOoB AaHHOW KOHCTPYKLMK OT Yncna PenHonbaca v wepoxoBaToCcT CTEHOK
Tpybonposoga [24]. [NonbiTkn HEKOTOPLIX [1pon3BoanTeENEN CKOMNEHCMPOBATL 3Ty
3aBMCUMOCTb HMYEro obLLEero ¢ MeTpPoormen He UMEIOT, Tak Kak onpeaenexHme
9KBUBANEHTHOW rMapaBiMyeCcKon LLepOXoBaToOCTN TpybonpoBoaa AeN0 CAOXHOE U
[oporoe, a UCNosb3oBaHNE pacvETHbIX 3HAYEHNUN HaNOMUHAaEeT «ragaHme Ha KodenHon
rywe».

3a pybexxom aaHHas KOHCTpyKUmSA npubopa B nocnegHee BpeMs He Bbi3biBaeT
NHTEpEC, 3a NCKIIOYEHNEM YIbTPa3BYKOBbIX PACXOA0OMEPOB C HAaKNagHbIMU SAaTYMKaAMM.
M3BeCTHO, 4TO ynbTpa3sBYyKOBbIE NPMBOPLI C HaKNagHbIMK AaTykamMmn He obecnednBaroT
BbICOKOW TOYHOCTU U3MepeHus [25]. eknapupyemble B JOKYMEHTaLNN HEKOTOPbIX
MocTaBLwmkoB aTnX Npudopos norpetuHoctTn 0,5-1%, ganekn oT AeNCTBUTENbHbIX
3Ha4YeHWI, KOTOPbIE HAa CaMOM Aefne HaxogaTcs B gnanasoHe 2-5%. Obnactb
NPUMEHEHNSA YIbTPa3BYKOBbIX NPMOOPOB C HaKNagHbIMK AaTYNKaMmN —



TEXHOMOMYeckmne 3KCnpecc n3mMepeHust. AT Npmbopbl HENPUrOAHbI, C Y4ETOM
PaCCMOTPEHHbIX Bbille HeQOCTaTKOB, MPU U3MEPEHMUAX AN PACYETHbIX OnepaLuii.

CyTb paboTbl yNbTpa3BykoBOro npudopa ¢ O4HMM fy4OM, 30HANPYOLLMM U3MePSEMbIn
MOTOK NO TPEM XOpAam — yBenuyeHne obnactu akyCTM4eckoro nons n cMeLeHne
TpaekTopun fiy4a B obnactb CpegHUX CKOPOCTEN C pacnpocTpaHeEHNEM
yrnbTpa3ByKOBbIX koriebaHui No Tpem xopaam, NPOEKUMst KOTOPbIX Ha NonepeYHoe
ceveHne obpasyeT TpeyronbHuk [23]. CnoxHasi TpaekTopusi pacnpocTpaHeHus
yrnbTpa3ByKOBbIX konebaHui B JaHHON KOHCTPYKUUK obecrnednBaeTcsl C MOMOLLbLO
yeTblpex oTpaxaTenen. Noatomy npubop MMeeT BCe HeLOCTaTKN, XapakTepHble Ans
NpmbopoB C oTpaxaTensiMun, onMcaHHble Bbilwe. Kpome Toro, AaHHasi KOHCTPYKLUMS
OYeHb YyBCTBUTENbHA K 3aKpyTKe noToka. [ponssoauTenu, 3Has AaHHbIN 3deEKT,
npeanaratT ycTaHaBnmBaTb CTPyEBbINPAMUTENM U obecnevmBaTb NPSMOM Y4aCTOK
nepepn npeobpasosatenem He meHee 20[ly. OgHako, Kak M3BECTHO, 3aKpyTKa NoToka
MOXET COXpaHATbCA U Ha ydacTkax 30-50[y. [lononHuTenbHas norpeLHocTb
N3MEPEHNA MPU HaANMYUKM 3aKPYTKM NOTOKa B CTBOPE YCTaHOBKM NpeobpasoBaTens
npnbopa moxeT pocturatb 5-10%.

[Ona namepeHnsa Boabl U TENJIOBOW 3HEprum B TpydonpoBoaax 3gaHun
anameTtpom 50-100mm Hanbonee LuenecoobpasHO NPUMEHATb YNbTPa3BYKOBbIE
npeobpasoBaTtenu ¢ popMmupoBaTenem NoToka u AByxsy4yeBble
npeobpasoBaTenu ¢ U3AMepeHMeM CKOPOCTU MNOTOKa Mo ABYM xopaam. IATu
npubopbl o6ecneymBarOT TOYHOCTb U3MEpPEHUA He Xyxe 2%, B LUMPOKOM
Anana3soHe pacxopos. [psAmMble yyacTku Tpybonposoaa nepen CTBOPOM
yCTaHOBKM AaHHbIX Npubopos He npeBbiwaT 5-10y, no3aToMy ycTaHOBKa UX B
noaBanax 34aHuUn He Bbi3biBaeT npobnem. NMpnbopbl He YyBCTBUTESbHbI K
NOBbLILEHHOMY COAEPXXaHUIO XKene3a U Apyrux BewecTB B UsaMepssieMon Boae, He
TpebyrT yCTaHOBKM (hUNbTPOB. B KOHCTPYKUMAX npeobpa3oBaTtenen aTux
NpuOOpPOB HET BbICTYNaKLWMX B NOTOK AeTaren u oTpaxartenen. Mpubopbl
MOryT paboTaTb KaK OT ceTeBbIX, TaK U OT aBTOHOMHbIX UCTOYHUKOB NUTaHUA.

B 3akntoyeHne octaHOBMMCS Ha HEeKOTOpPbIX obwmx yCnoBuAX nNpu opraHnsaunm
namepeHmna soabl n TENsI0BOU QHeprnn B 3gaHn4AX.

o CnenyeTt nmeTb BBUAY, YTO MOHTaX NpMBopoB A0SKEH NPON3BOAUTCHA B CTPOroM
COOTBETCTBUM C TEXHMYECKMMU TpeboBaHumu [Mpon3BoanTens, TONbKO B 3TOM
cnyyae MoxeT ObITb AOCTUTHYTbl HOPMUPOBAHHbIE TOYHOCTU n3mepeHus. MNpu
BbIMNOJTHEHUM MOHTa)ka HeobxoaMmo obecneynBaTb COOCHOCTb
npeobpasoBaTtens pacxoga un TpybonpoBoaa, Tak Kak OTKITOHEHNE OT COOCHOCTU
BeAET K CyLLEeCTBEHHOMY YBEITMYEHMIO MOrPELLHOCTM n3mepeHmns. [ns
obecneyeHns COOCHOCTU crieayeT NpMMeHaTb NpeobpasoBaTenu pacxoia C
My(PTOBbBIM U doriaHLEBbIM TUNaMn nogcoeanHeHus. K cyieCTBEeHHbIM
norpeLuHocTam namepenns Ao 20% n 6onee MoXeT NPUBECTM BbICTyNatoLLasa B
NOTOK Nepepn BOAOCYETYMKOM YNMOTHUTENbHAA NPOKNaaKa.

e BepoATHOCTb OLINOKM NpU KOCBEHHOW NOBEPKE BOAOCYHETUMNKOB (PacxogoMepoB)
HeboNbLLOro AMameTpa CyLeCTBEHHO BO3pacTaeT, NO3TOMY NoBepsATb Npmbopbl,
yCTaHaBnMBaeMble B 3[aHUsIX, criegyeT NPOSfIMBHbIM METOLOM.

o [lpnbopsbl C ceTeBbIM ANEKTPONUTAHNEM CreayeT NoakntovaTb C NPUMEHEHNEM
BCTPOEHHbIX UM BHELUHUX CETEBbIX (OUNbTPOB, YTO MOBbILIAET HAOAEXHOCTb
paboTbl NprnbopoB. BHelwHNe ceTeBble QUMNBbTPLI UMEIOT ONpeaeneHHoe
NPEeNMYyLLLECTBO: BbIXOA U3 CTPOA hunbTpa npu BpocKe Toka, Kak npasuo,



NO3BONSET COXPaAHUTL PAaboTOCNOCOOHOCTL M3MEPUTENTBHOW TEXHUKN, B 3TOM
cny4yae He notpebyeTca ee JOPOroCTOSALWMN PEMOHT U NOBEPKA.
Mpw HanMyuu B 3g4aHNN HECKOSBbKUX KOHTYPOB y4YeTa TenrnoBOu 3HepPrum
LenecoobpasHo Ha Ka4oM KOHTYpe UCMNOoSb30oBaTb OTAENbHbIN TENNOCHETHMK.
[laHHbIN TennocyeTYMK AOSHKEH MMETb NacnopT, BbIMUCAHHbIN [ponssoauTenem,
N He TpeboBaTb KakMX-TO SOMOSHUTENbHbLIX HACTPOEK NOCHe Bbinycka 13
npounssoacTea. IMeHHO Takon noaxon npakTukyeTcs Bo BceM mupe [22]. OnbIT
NnoKasblBaeT, YTO yaopoXxaHne npubopos npu 3ToM He npesbiwaeT 1-2% o1
CTOMMOCTW BCEW CUCTEMBbI, HO Mbl MOMy4YaeM psi NpenMyLLecTB:
1. ymeHblUaeTcsa AnuHa curHanbHblX Kabenen;
2. noBbILWAETCH HAAEXHOCTb CUCTEMbI 3a CYET YNPOLLEHUS;
3. cokpaljaeTcst 06bem NOTEPSIHHOM MHPOpMaLMK Npu BbIXOLE N3 CTPOS
TENSIOBbLIYUCIIUTENS;
4. ynpoLwjaeTca KOHTPOSb 3a CUCTEMOW N CHUXKAETCS BEPOSTHOCTb
HeCaHKLMOHNPOBAHHOIO BMeLlaTeNbCTBA.

BblBOAbI

1.

Bbi6op npnbopoB Ans M3aMepeHusi XONo4HOW ropsiien BoAbl M TENNOBOW SHEPTUN
B 3[@HUAX — 3TO OTBETCTBEHHbIN LWar. HegoCcToBepHOCTb N3MepEHUs
noTpebnaemblix AHEPropecypcoB MOXET NPUBOANTD, KaK K AOMOMHUTENbHbIM
(PMHaHCOBbLIM U3AEPKKAM HaceneHus, Tak U K Cepbe3HbIM YObITKam
pecypcocHabxatoLwmx KOMNaHun.

Mpn BbIGOPE NPUOOPOB, M3 YMcna NpeacTaBeHHbIX HA POCCUNCKOM PbIHKE, He
cnenyet nosepsTb pekname. Paa MNpounssogutenen n iunepos nckaxaroT
MHGOPMAaLNIO, KakK O TOYHOCTU NpMbOopPOoB, Tak N 06 obnacTn nx BO3MOXKHOIO
npuMmeHeHns. Beibnpas npubopsl, crnegyet NpMHMMaTh BO BHUMAHUS OOLUMPHbIV
3apybexHbIr OnbIT C y4eTOM cneumduKn POCCUNCKNX KOMMYHArbHbIX CUCTEM.
Monyyuswmne B nocrnegHee BpeMs pacrnpocTpaHeHne Ha POCCUMCKOM PbIHKE
aAneKTpoMarHuTHble Npnbopbl 06nagatoT NOBbILLEHHON YYBCTBUTENBHOCTHIO
Aaxe K He3Ha4MTenbHbIM OTIIOXEHUAM Ha UX NPOTOYHOWN YacTu. YTo MoxeT
NPUBOAUTL B NpoLEecce AKCnyaTauum K poCcTy NOrpeLlHOCTU 3MEKTPOMarHUTHbIX
npmnbopos go 10-15% n Gonee.

[na namepeHuns XxonogHom, ropaven Boabl U TENSTIOBOW 3HEPTUN B 34aHUNAX
Hanbonee apPeKTUBHbI yNbTPa3BYKOBble cHeTUMKN. COHBIT 3TNX NPNBGOPOB B
9KOHOMMYECKM Pa3BUTbIX CTpaHax B NocrneaHue aABa AecatuneTus nmeet
HanboNbLUMI POCT, NPUYEM yrNbTPa3BYKOBblE NPMOOPbLI NPAKTUYECKN NOSTHOCTbIO,
BbITECHUITM N3 KOMMYHaITbHOIO CEKTOpPA PbIHKA 3MEKTPOMarHUTHbIE
TENNOCYETYNKN N BOOOCHETUUNKMN.

YnbTpasBYyKOBble BOAOCHETHUKN N TEMNSTIOCHETYMKN UMEIOT pasnnyHble
KOHCTpYyKUMn. He BCce ynbTpasByKoBble Npnbopbl NOAXOAAT ANS N3MepeHUs
BOAbl U TENSIOBOW 3HEPruun B 34aHNAX, TaK Kak OHU UMEIOT passinyHy0 TOYHOCTb
N HageXHOCTb. KOHCTPYKLMK C OTpaxaTensaMm 4YyBCTBUTESbHbI K OTIIOXKEHNAM
Ha NPOTOYHOW YacCTW, NOSTHONPOXOAHbIE NPUBOPbLI C AMaMeTparnbHbIM
pacrnonoxeHueMm ryya He obragatoT 4OCTAaTOMHON TOYHOCTLIO U TpebyroT
BonblwmMX NpsiMbIX y4acTKOB TpybonpoBoaa, ogHOMy4YeBble YNbTPa3BYKOBbIE
Npubopbl C NPENOMIIEHNEM fly4a MO TPEM XOpAaM YyBCTBUTESbHbI K 3aKpyTKe
noToka.

Haunbonee achdekTnBHbI ANs M3MEepPeHUst BOAbl U TENNIOBOW 3HEPTUN B 34aHUSX
ynbTPa3ByKOBbIE CYETUMKM OCEBOro Tuna 6e3 oTpaxarenewn, AByXny4eBble C
pacrnonoXeHWeMm riyyern No AByM napannenbHbiM Xopaam, OOHO- U OBYXITyYEBbIE
¢ popmmpoBaTeniemM nNoToka.



7. Tpu Hanu4nmn B 30aHMM HECKOJSTbKMX KOHTYPOB y4eTa TensioBon 3Heprum Ha
KaXK[,OM KOHTYpe LienecoobpasHo NPUMEHATb OTAENbHbIN, NPOCTENLLNIA
TennoBbIYUCNUTENb, YTO NOBbLILWAET HAOEXHOCTb CUCTEMbI YYeTa B LIENIOM,
COKpallaeT 3aTpaTbl Ha KabenbHble MMHUK, YNPOoLLaeT NPOLLECC KOHTPONS 3a
BO3MOXHbIMW HECAHKLIMOHUPOBAHHbLIMY BMeLLATENIbCTBAMN B CUCTEMY
namepeHuna. YgopoxaHme npnbopos npu 3aTom He npesbiwaeT 1-2% ot
CTOMMOCTU CUCTEMBbI B LIENIOM, YTO BbICTPO OKynaeTcsi NPU MOHTaXe U
3Kcnnyatauum y3nos yyeTa.

8. [pwu BIGOpe NpuBOPOB ANA N3MEPEHNN IHEPrOPECYPCOB B 3A4aHUSX crnegyeT
OPVEHTUPOBATLCHA HA UCMOSHEHNS, KOTOPbIE NErko MHTErpMpylTCs B
aBTOMAaTU3NPOBaAHHbIE CUCTEMbI COOpa AaHHbIX. YUYNTbiBAA COBPEMEHHbIN
YpOBEHb Pa3BUTUS BbIYUCIIUTESIbHOM TEXHUKN U | T-TeXHONOrmm nepexoq Ha
aBTOMATU3NPOBAHHbLIN Y4ET 3HEPrOpeCcypcoB B bnmkanwimne roabl HEM3OBEXEH.



