AHaau3 pOCCHﬁCKOFO PBIHKA CYCTYUKOB, IPUMCHACMBIX 1JI U3MECPCHUSA
XO.]]O)]HOﬁ, ropﬂqeifl BOAbI TeIJ10BO JHEPIrum B 31aHHUAX.

B.M.MscHukoB, cOBeTHUK reHepaibHoro nupekropa OAO «3aBon «Bomonpubopy,
3aBeyroUInii madbopatopueit MHPOPMALMOHHO-U3MEpUTENbHbIX  cucteM HUN
BOJI'EO, kanauaaT TEXHUYECKUX HaYK.

Tuner  pacxomomMepoB  (BOJOCYETYMKOB)  KIACCUDUIUPYIOTCI B COOTBETCTBHH  C
peaIM30BaHHBIMU B HUX (PU3UYECKHMH METOJaMU H3MepeHus pacxona (o0bema) Boawl [1,2]. Tun
TEIJIOCYETUUKOB OMPENEseTCs [0 TUIy MNPUMEHSEMbIX B €ro COCTaBE PACX0JOMEpPOB
(BOOCUYETYMKOB) U TOUHOCThH TEIUIOCYETUYMKOB 3aBUCUT B OCHOBHOM OT TOUHOCTHU BXOJSIIUX B UX
COCTaB pacxoJ0MEpPOB.

JUiss ydera XOJOJHOM, ropsdYed BOJbl M TEIUIOBOM JHEPrUM B 3JaHUSIX HA TEPPUTOPUU
Poccuiickoit @enepanuiy B HACTOAIIEE BpeMsl IPUMEHSIOTCS B OCHOBHOM IIPHUOOPHI, PeaTu3yone
4YeThIpe  METOJa  WU3MEPEHHUM: TaXOMETPUYECKUH, BUXPEBOH, yIABTPa3ByKOBOH U
JIEKTPOMAarHUTHBIN [3].

Kaxnplif u3 yka3zaHHBIX THIIOB MPUOOPOB MMEET CBOM JOCTOMHCTBA U HenocTaTku. [Ipu BIOOpE
TUNa nIpubopa A OCHALICHUS 3AaHUN BaXKHO OLICHUTH BCE UX IOJIOKUTEIbHBIC U OTPULIATEIIbHBIE
XapaKTepUCTUKH, YTOObI M30€XaTh B AaJbHEUIIEM HEIOCTOBEPHBIX pPE3yAbTaTOB W3MEPEHUH H
(UHAHCOBBIX MOTEpPh, Kak co cropoHbl IlocTaBmukoB, Tak U co cropoHbl lloTpebureneit
SHEPropeCypCoB.

Cpa3sy caenyer oTMeTuTh, YTO B Poccnu HampaBieHHe pa3sBUTHSI PbIHKA NPUOOPOB yueTa
XOJIOIHOM, Topsiyeil BOABI M TENJIOBOH JHEPrUH B 3JaHUSIX He COOTBETCTBYET COBPEMEHHBIM
TeHIEeHIUAM XapaKTePHbIM VISl §0/1bIIHHCTBA IKOHOMHYECKH Pa3BUTHIX CTPaH.

PaccMoTpuM 0COOEHHOCTH MPUMEHEHHs Pa3IMYHBIX THUIIOB MPUOOPOB C yUETOM 3apyOeKHOTO
OTIBbITa, KOTOPBII UMEET B JaHHOU cdepe Oomee OoraTyro UCTOPHUIO.

OxapakTepu3yeM NPUHLIUIBI PabOThl KaKJOrO THUIA MPUOOPOB, MPUMEHSEMbIX IS U3MEPEHUs

pacxona (o0bema) Boawl. [Ipu ananuze OyaeM NpUHUMATh BO BHUMaHHE TOT (DakT, 4yTo 00iacTb
pUMEHEHHs IPUOOPOB — oOecIeueHne N3MEPEHUN XOJI0IHOM, TOpsiueii BOJIBI M TETUIOBOW SHEPIHH
B 3JIaHMSIX JUISL OCYIIECTBIICHUS YU€THO-PACUETHBIX OIEpaIuii.
[TorpenrHoCTh BOAOCUYETYUKOB (PAacX0IOMEPOB) BO BPEMsI X IKCIUTyaTallud HE JOJDKHA MPEBBIIIaTh
2%, NaHHas BEJIMYMHA MOTPEIIHOCTH MPUHSATA Ui BOJAOCUCTYMKOB BO MHOTUX CTpaHaX, BKIOYas
Poccuro. Mcxoas M3 MHOTOJIETHETO OTIBITAa HCCIEIOBAHUN Pa3IMYHBIX THUIIOB MPUOOPOB, CUUTAEM,
9TO TOTPEIIHOCTh M3MepeHus pacxona (oobema) Bonabl 2% sBisieTcss HamboJyiee peambHOU IS
KHUJIMIIHO-KOMMYHAJIBHOTO ~ Xo3siicTBa.  HopMmHupoBaHMe — MOTPEIIHOCTH  BOJOCYETUMKOB
(pacxomomepoB) B auanazone 0,25-0,5% A JaHHBIX YCIOBUM SKCIUTyaTallMM HOCUT CKOpEe
pEeKIIaMHBIA XapakTep, XOTS MPH CTEHAOBBIX HCHBITAHUSIX NPUOOPOB TaKWe  IMOTPELIHOCTH
JOCTH>KUMBI.

[Ipu ananm3e XapakTepUCTUK MPUOOPOB MBI HE OyleM MPUHUMATh BO BHHUMAaHUE KOHCTPYKIIHH,
peanu3yronme MeToAbl U3MEPEHHSI MECTHOM CKOPOCTH IMIOTOKA, HAIIpUMED YJIbTPA3BYKOBBIC
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JOTUIEPOBCKHE, AJIEKTPOMArHWTHBIE 30HIOBBIE M JApyrue. Jlns paccmaTpuBaeMoil o6iactu
pPUMEHEHHsI TPUOOPHI TAKMX KOHCTPYKIMI HE 00eCIIeUnBalOT KelaeMOi TOUYHOCTH U3MEPEHUSL.

TaxomeTpuyeckne NMPUOOPbI — UMEIOT NPUHIMI JEHCTBUS, OCHOBAHHBIM HAa W3MEPEHUU

CKOPOCTH (KoJIu4ecTBa 00OPOTOB) TeNa BpAIICHUS, HAXOMISIIETOCS B MOTOKE HM3MEPSIEMOU BOJIBI,
M3MEpPEeHHasi CKOpOCTh TejJa BpallleHWs MPOMOPIHUOHAIbHA CKOPOCTU JIBMXKEHHUSI  BOJIBL
TaxoMeTpuyecKkue CUYETYMKA MMEIOT HECKOJIbKO KJIacCOoB, HO /i M3MEPEHUN B 3IaHUAX
MPUMEHSIOTCS JBa W3 HUX: TypOWMHHBIE M KpPbUIbYAThIE BOJOCYECTYMKH. B TypOMHHBIX
BOJIOCUCTUMKAX TEJIOM BpAIICHUS SIBISETCS TYpOWMHKA, OCh BpAIllCHUS KOTOPOHW pAaCIOJOKEeHA
napajuieJJbHO OCH JIBIDKCHHS TOTOKA. B KpbUIbUATBIX CUYETUYMKAX TEJIOM BpAILEHUS SIBISETCS
KpbUIbYATOE KOJEeCcO (KphUIbUATKA), OCh BPALIEHUSI KOTOPOrO PACHOJIOKEeHA MEPIEHIUKYISIPHO OCH
JBW>KEHUS 1MoToka. [1,2].

BuxpeBble NpUOOPBI — UMEIOT NPUHIKI JASHCTBHSA, OCHOBAHHBIA HAa U3MEPEHUU 9aCTOTHI
CphlBa BUXpEW C IMOMEILICHHOTO B MOTOK IUI0OX0O0OTEekaemMoro Ttena. Yactora cpbiBa BUXpeH U
BO3HUKAIOIIKE IIPU 3TOM ITyJIbCALUU JABJICHUS IPONOPLUUOHAIBHBI CKOPOCTH U3MEPSEMOTO MTOTOKA.
JUisi “3MepeHusl 4acTOThl CPbIBA BHUXPEW INPUMEHSIOT MAarHUTHBIM, YJIBTPa3BYKOBOM M IPYrue
crocoObl CheéMa CHUTHaJla, 4YTO MPUHIUIHAAIGHO HE CKA3bIBAaeTCs Ha OCHOBHBIX METOAMYECKHX
napameTpax BHUXPEBBIX NPUOOPOB, OJHAKO MOXKET OKa3blBaTh CYIIECTBEHHOE BIHMSIHHE Ha HUX
AKCIUTYTAllMOHHbIE XapakTepucTuku| 1,4].

YabTpa3ByKoBble NPUOOPBI - WMCIOT TNPUHIMI JCHCTBUS, OCHOBAHHBIA Ha
HCIOJIb30BAHUN  aKyCTUYECKMX CHTHAJIOB  yJIbTPa3ByKOBOTO  JMala3oHa, 30HIUPYIOLIUX
u3MepsieMblii  1MoToK. M3mepsieMple B mpuOopax ¢ TIOMOINBIO YAbTPa3ByKa HapaMeTphl
MPONOPIMOHAIEHBI CKOPOCTH MOTOKA. YIIbTPa3BYKOBbIE MPHUOOPHI - OJJTHO U3 HOBBIX HANIPABICHUN B
npuOOPOCTPOCHNH, TIOTYUMBIIIEe HHTEHCUBHOE pa3BUTHE B nociennue 30 ser, 61aronaps HOBBIM
JIOCTIDKEHUSIM B O0JIAaCTH MHMKPOTIPOLIECCOPHOM ANIEKTPOHUKH. (OCOOEHHOCTHIO JAaHHOTO THIA
npubOpoB  sABISETCS  HUCMOJb30BaHWE  [IpOM3BOAMTENSAMH  NPUHIMIIKAIBHO  Pa3IUYHBIX
YJIBTPa3BYKOBbIX METOJOB M KOHCTPYKTHUBHBIX PpEIIEHWH, YTO HPUBOJUT K  CYLIECTBEHHBIM
Pa3NUYMsAM HKCILTyaTAlIMOHHBIX M METPOJIOTHUECKUX XapaKTEPUCTUK YIIBTPa3BYKOBBIX NMPHOOPOB,
NPOU3BOJAMMBIX pa3HbIMH (GUpMaMu. B OCHOBHOM Ha pBIHKE NPUCYTCTBYIOT TPHOOPHI,
peanusytoniue nuddepeHIanbHbIi, TOTUIEPOBCKUN B KOPPETISIIMOHHBIN MeTOIbI [2,5].

JJIEKTPOMATHUTHbIC NPUOOPBI - WMEIOT NPUHIMWI JCHCTBHSA, OCHOBAaHHBIA Ha
B3aUMOJCHCTBUM  ABWXKYIIEHCA  DJIEKTPOIPOBOAHOM  KUIAKOCTM C  MArHUTHBIM  IIOJIEM,
MOTYMHSAIONIMMCS 3aKOHY 3JIEKTPOMAarHUTHOM MHAYKIUH. [Ipu ABMXKEHHM 3JEKTPOIPOBOASALICH
KHUJIKOCTH B MarHUTHOM 1oJie HaBoutes J.J1.C. Pa3HOCTh MOTEHIIMAIOB, BO3ZHUKAIOIIAS IPH 3TOM
Ha M30JMPOBAHHBIX  3JIEKTPOJAX, MEPHEHIUKYJSPHBIX HANpPABICHUIO JBUKECHUS >KUIKOCTU H
HAMpaBJICHUIO CHJIOBBIX JIMHUM MAarHUTHOTO IIOJIA, TPOIMOPIMOHAIBHA CKOPOCTH JBHKCHHS
xuakoctu [1,6]. CyiecTByroT pa3Hble METOJbl CO3JaHUS MAarHUTHOIO TOJS, NPUHLMIIHAAIBHO
pa3NUYHbIE U3 HUX — 3TO CO3/IaHUE MHTErPAILHOTO MO (IOJIs AEHCTBYIOIIETO Ha BCE MOTIEPEYHOE
CEUCHHE TOTOKAa XUAKOCTH) M JIOKAIBHOTO MAarHMTHOTO TMOJIA (JICHCTBYIOIIErOo B OJHOM WM
HECKOJIBKUX JIOKAJIBHBIX 00IAaCTAX MOMEPEYHOr0 CEYCHUS MTOTOKA).

[TpumeneHne mpubOPOB € JOKATHHBIM MarHUTHBIM T0JieM MeHee 3((HEKTUBHO, YeM MPUOOPOB €
MHTETPAJIBHBIM MAarHUTHBIM TOJIEM, BCJEACTBHE 0ojiee BHICOKOW TOYHOCTH IMOCIEAHUX, TOITOMY
MBI He OyJieM paccMaTpUBaTh B JAbHEHIIEM KOHCTPYKIMH C JIOKATbHBIM MOJIEM.

OCHOBHBIE IOCTOMHCTBA M HEAOCTATKH PA3IMYHBIX TUIIOB MPUOOPOB MpHUBEIeHBI B TabmuIe 1.



Tab6mumna 1
Tun npudopa Jocrouncrsa Henocrarku Tpedyembie | /Inmana3zon
AJIMHBI N3MEpPECHUA
MMPAMOro npu
y4yacTka Norper-
TpyOonpo- HOCTH He
BOJA IS 0o.J1ee 2%,
YCTAaHOBKH V max
npudopa (8...10m/c)
Taxomerpu4eckui
- OTHOCHTEJbHAs Jielle- | -  BBICOKAas  YyBCTBH-
BH3HA; TENIFHOCTh K MEXaHH4ec-
KAM TIpUMECSM B BOZAE U
- aBTOHOMHOCTb (HE Tpe- OTIIOKEHHSAM Ha
OyIOT BHEIIHETO ITUTAHMs); | NPOTOYHOU 4acTu TypOuHHBIHA
npubopa, B YAaCTHOCTH 1:20-1:150
- CTaOMIIBHOCTH MTOKA3aHUH; | OTJIOKEHUSM COEIMHEHHUIH
xKeresa;
- IPOCTOTa MOHTAXa U 3-51y no
00CITy)KMBaHHUSI. - Imuoxas 4yBCTBUTENb- | 2-3]1y mocie
HOCTb Ha MaJIBbIX
pacxopax;
KpbuibuaTsiii
- HaJM4U€ BBICTYMAIOLIUX 1:10- 1:25
B IIOTOK JBIDKYIINXCS
Jletaneil  ToABEPKEHHBIX
W3HOCY;
- Ul BEJICHUSI apXUBOB U
nonkiroueHus k ACKYD
TpeOyeTcss IOMOTHHUTENb-
HBII 3JIEKTPOHHBIH OJIOK.
Buxpesoi
- JEIIEBM3HA TP OTHOCH- | -  TpeOyoT  OONBIINX
TEJILHOM MIPOCTOTE | MPSAMOJIMHEHHBIX  y4acT-
KOHCTPYKIINHY; KOB TpyOOIpoBoAa;
- HHU3KOE DHEpromorped- | - IUIoXash YYBCTBUTEIb-
JIEHUE (pabota OT | HOCTb Ha MaJIbIX
aBTOHOMHBIX ICTOYHHUKOB); | pacxomax, otHocurenbHo | 10-50y mo
HEeOOJIBIIOH pabounii | 5y nocie 1:30-1:100
- OTCYTCTBHE IIOBM)KHBIX | JHMAIa30H;
JeTaJICH.
- HauM4YMe  IepeKphI-

Baromux II0TOK HeTaJ’ICﬁ;

- IOBBIIIICHHAA YYBCTBU-
TCIBHOCTDH K BI/I6paHI/II/I.
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[Tponomxenne Tadmuisn 1

- OTCYTCTBUC BBICTYIIAIO-
KX B IIOTOK ,HeTaJICﬁ;

- BBICOKAsI YyBCTBU-
TEJIbHOCTh Ha MaJIbIX
pacxoza.

-  YYBCTBUTCJIIBHOCTH K
BHCIIITHUM QJICKTPO-
MAardiuTHBIM TIOJISIM u
6J'Iy)KI[aIOHII/IM TOKaM,;

- BBICOKOE DHEPromnoTpeod-
JICHUE.

Tun npudopa Jocrouncrsa Henocrarku Tpedyembie | /Inmama3zon
AJIMHBI NU3MEpPECHUA
MMPAMOro npu
y4yacTka Norper-
TpyOompo- HOCTH He
BOJA JJIs1 0osee 2%
YCTAHOBKH Vmax
npudopa (8...10m/¢)
YabTpa3sBykoBoi
- cmabas 3aBHCHMOCTB OT | - YyBCTBUTEIHHOCTb
OTJIOKEHUH Ha MPOTOYHOW | OTAENBHBIX OIHOJYYEBBIX
4acTu, B YaCTHOCTH | KOHCTPYKIHMH K HEepaBHO-
MarHeTuTa  (KOHCTPYKIUH | MEPHOCTH IOJS CKOPOC-
6e3 oTpaxkareneil); Tell U3MEPSAEMOro MOTOKa,
- HHU3KOE 9HEPTroIo- -MHOT'OJTY4Y€EBEIC,
TpeOnenne  (pabora  OT | - YYBCTBHUTEIBHOCTb | OIHONYYEBBIC
ABTOHOMHBIX HCTOYHHUKOB); | IpeoOpa3zoBaTerneit c | oceBble W c
- TOYHOCTH B INUPOKOM | OTpakaTelisiMH K 00pa3o- | (hopMupoBate-
JIMATIa30He BaHHIO OTJIOKCHHH Ha | JIeM IOTOKa:
OoTpakaroUMx yneTpasByk | 5-10[1y no 1:50-1:150
- OTCYICTBUE BBICTYNAIO- | NOBEPXHOCTIX. 2-5 1y nocne
IMX B TOTOK Jeraned (3a
UCKJIFOYCHHEM  KOHCTPYK- -OJJHONIy4eBbIC C
LU C OTpaXKaTeIAMH); JaMETPaIbHBIM
KaHaJIOM:
- BBICOKAs YyBCTBU- 10-50 Ay o
TEJIbHOCTh Ha MaJIbIX 5 Hy nocine
pacxoa.
JIeKTPOMAarHUTHBII
- TOYHOCTb B INMPOKOM | -  BBICOKAas  YYBCTBH-
Jaa30He U3MEPEHHS; TEeBHOCTh K HE3HAYH-
TENbHBIM OTJIIOKCHUSIM Ha
- HU3Kas YyBCTBHTEIBHOCTb | MPOTOYHOM YacTh
K HEpaBHOMEPHOCTH IIOJS | IHAJIICKTPUYECKHX u | 5Oy no
CKOpOCTEH  HU3MEpAEMOro | TOKONPOBOMSAIMX —ocad- | 2-3 Jly mocne 1:100-1:200
MTOTOKA; KOB, B  OCOOECHHOCTH
MarHeTHTa;




[Ipu ananu3e pa3nUYHBIX THIOB NPUOOPOB MPUHUMAIUCH BO BHHMMAHHE XapaKTEPHUCTUKU
oOmue 11 Bcex MpoOopoB paccMaTpuBaeMoro Tuma. Mbel He paccMaTpUBalid U HE MPUHUMAIIU BO
BHUMAHHE HEPEAIbHbIE XapaKTEPUCTUKU OTACIBHBIX Ipous3BoauTeneid. OOHUM U3 KpUTEPUEB
OLICHKH SIBJISUTHChH TTapaMeTphl, AeKIapupyeMble Ui IpuOopoB, MPOAaBaeMbIX HA PHIHKE 3araIHon
EBponbl KpyNHBIMH TPOU3BOJUTEISIMH. OTH TNPUOOPHI, KaK MPaBUIO, TMOJYYHIH OLCHKY
aBTOpPUTETHOW HeMmerkoi opranuzanuu PTB. Crnenyer OoTMETHUTh, YTO HEKOTOPBIX MPHOOPHI
MHOCTPAHHBIX IIPOU3BOJUTENICH IPU NEPECEYCHUU POCCUMCKOM TIPAaHULBI PE3KO YIYYIIAIOT CBOU
XApaKTEPUCTUKHU, K OTOMY Mbl OTHOCWJIMCH KPUTHUYECKH.

Poccuiicknii pbIHOK nNpHOOPOB A1 KOMMYHAJBHOIO XO3SiCTBa CTPEeMHTEIbHO
Pa3BHBaeTCs, OJHAKO NACIOPTHBIC XapAKTEPUCTUKH MPUOOPOB YACTO HOCAT PeKJIAMHBIH, HO
HMKAaK He peaJbHbl Xxapakrtep [3,7]. B Oopn0e 3a mecTo moj CcOJHIEM OTAeIbHBIE
OoTeyeCTBeHHbIe NPOM3BOAWTENN BbIIAIOT CBOM HHYeM He NOAKpeIUIeHHbIe (paHTa3uM 3a
¢pakTHyeckue xapaktepuctuku npudéopos. CioBom Ilorpedurenb Xxo4er CcKa3Ky, H OH
NMojy4aeT ee B KpPacHMBOH YNAaKOBKe, C NacImopToM, coBceM Henoporo. Ilorpedurtesnst He
YAMBJIAET HEAO0POroil «CBEPXTOYHBIN, IIUPOKOIMANIA30HHbINH, YHUBEPCAJIbHBIH pacxoaoMep»,
X0Ts J1000#i CrenuaancT B JaHHON 00/1aCTH MOHUMAET, YTO 3TO B3aUMOUCKIIYAKONIINE IPYT
ApYyra NOHATHS.

[IpoBoss UCTIBITAHUS PA3TUYHBIX TUIIOB MPUOOPOB U aHATU3UPYS MPUOOPHBINA PHIHOK, C KOHIIA
90-x MBI 06pau1aeM BHUMAaHHUC Ha TO, YTO OTACIILHBIC NPOU3BOAWUTCIIA 3aBbIIIAIOT OCHOBHBIC
MOKa3aTeNd CBOMX MPUOOPOB. DTO KacaeTcs B MEPBYIO OuYepeab TOUYHOCTH M3MEpEHHs, Jrarna3oHa
U3MEpPEHUsT M JUIMH TPSAMBIX Y4YacTKOB TpPyOONpOBOAOB, TPEOYIOIIMXCS IS YCTaHOBKHU
pacxos10MepoB (BOAOCUETUMKOB).

YToObl OIICHUTh MEPCHEKTUBHOCTh TOTO MM MHOTO THIMA MPUOOPOB Ui paccMaTpUBAaEMOIO
CerMEHTa PBIHKA, MOAPOOHEEe PacCMOTPUM XapPaKTEPUCTHKH NMPUOOPOB, NMPHUBEICHHBIC BHIIIEC B
Tabnuie 1, ¥ mpoaHaIU3upyeM HX JOCTOMHCTBA M HETOCTATKU.

Cpa3y OoTMETUM, YTO MMEIOTCS MPOOIeMBbl OOIIUe A KaXJA0ro W3 PacCMATPUBAEMBIX THUIIOB
npubopoB. CylllecTBEHHOE 3apacTaHWe BHYTPEHHETO CEYCHHUs pacxoaoMmepa (BOJOCUETUHKA),
MPUBOJUT K YBEIWYCHHUIO TOTPEIIHOCTH IO0OT0 W3 paccMaTpUBAEMBIX THIIOB TPUOOPOB.
OOBscHsAETCS 3TO TEM, YTO NPUHIUI JEHCTBUS MPUOOPOB OCHOBAH Ha HM3MEPEHHUHU CKOPOCTH
MOTOKA. 3HAYEHHUE pacxo/ia MbI TIOJTy4aeM, YMHOXKasi H3MEPEHHYIO TUIOMIAb HAa TPalyHPOBOYHBIM
KOO (UIIMEHT, KOTOpPHI COACPKHT B ce0¢ BEIWYMHY IUIOMIATU IOMEPEYHOTO0 CEYCHUS
pacxomomepa. I[loToMy mpw U3MEHEHMH IUIOIIA[M, BCIEACTBHE OOpa3OBaHUS OTIIOKCHUH,
MPOMOPIMOHAIBHO PACTeT TOrPEIIHOCTh HM3MEpeHus pacxona. s 3aMeuieHus TPOIECCOB
oOpa3oBaHUS OTJIOKEHHA Ha TPOTOYHOM YAaCTH BOJOCUYCTYMKOB (PaCXOJOMEPOB) CIIEAyeT
MPUMEHSTH MPUOOPHI, IEPBUYHBIC MMPE0OpPa30BaATEIN KOTOPBIX H3TOTOBJICHBI U3 HEKOPPOIUPYIOIINX
MaTepHUAaIOB WM UMEIOT KOPPO3UOHHOCTONKHE MTOKPHITHS.

Bropoii ¢akTop, OKa3pIBAIOUINI OTPHUIIATEILHOE BO3JCHCTBHE HAa BCE THUIBI PAaCCMaTPUBAEMBIX
npubOpOB — CoJZep)KaHuE B U3MEPSAEMO BOJE HEPAaCTBOPEHHBIX Tra3oB. Hu oauH u3 npubopoB He
OIIpElEeNsAeT UX KOHLEHTPALHUIO B BOJE, IO3TOMY IOTPELIHOCTh U3MEPEHUS MOXKET BO3PACTATh KaK
MHHMMYM Ha IPOLEHTHOE COJEP:KaHUE HEPACTBOPEHHOIO ra3a B M3MEpSAEMOM BOJAE, HO Kak
IIOKa3bIBa€T OIBIT HAa CaMOM JeJi€ MOIPELIHOCTh M3MepeHus eue Bble [8]. JlomosHUTENbHAs



MOTPEUTHOCTh B IAaHHOM cllydae 00yCJIOBJIEHAa HEaJeKBAaTHOCTH BOCIPUSATHS CKOPOCTH BO3IYIIHBIX
Y BOJIO-BO3AYILIHBIX MIOTOKOB AaTYMKaMU puOopoB. IIpu Hammuum HepacTBOPEHHOTO BO3/1yXa B
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BOJE HENb3s OOECHeuuTh H3MEpPEHHs pacxolJa W 00beMa C HOPMHUPOBAHHOW TOYHOCTBIO.
TaxoMeTrpuyeckre CUETUYMKH, HAMPHUMEpP, PadOTAIOT (M3MEPAIOT 00bEM) HE3aBUCHUMO OTTOTO, YTO
JBHIKETCS 110 TpyOe BOJA MM BO3/AYX.

Taxomerpuyeckue npudOpbI - camblii PACIPOCTPAHEHHBIN [0 MOCIEJHETO BPEMEHU THII
BOJIOCUETYMKOB. DTU MpHOOpH! BhIMycKatoTcst O6onee 100 ner, KOHCTPYKIHMS MX OYEHb XOPOIIO
orpaborana. [7aBHOE JOCTOMHCTBO — JEUIEBM3HA, IPOCTOTAa YCTAHOBKU M OOCITY)KMBaHUS.
OCHOBHBIE HEIOCTAaTKM  OOILIEH3BECTHBI: W3HOC TMOJBUKHBIX JeTalieil, YyBCTBUTEIBHOCTh K
OTJIOXKEHUSAM COeMHEHuH >kene3a. I[lpubopbl TpeOylOT YCTAaHOBKM MarHUTOMEXaHUYECKHX
(GWIBTPOB, KOTOPHIE MOJHOCTHIO HE TO3BOJSIOT 3AIIUTUTH TaXOMETPUUYECKHE CUeTYUKU. B
pe3yibTare yke 4epe3 Moiroja TypOMHHBIE BOJOCUYETUMKM HAYMHAIOT 3aHIKATh NOKa3aHusA. B
cpenHeM 3a 5-6 JieT dKCIulyaTallud MOTPEIIHOCTh MOXKET BO3pacTarh B cpeaHeM a0 5-8%. Takxke
MIOABEPKEHBI CYIIECTBEHHOMY YXY/IIEHHWIO TOYHOCTH B IPOLECCE 3KCILTyaTallud KpbUIbYaThble
BOJIOCUETYHKH [9].

TaxomeTpuueckue BOJOCUETYMKM HMMEIOT IUIOXYK) UYYBCTBUTEIBHOCTh HAa MAJbIX pacxojax,
IIPUYEM B IIPOLIECCE IKCILTyaTallUd YyBCTBUTEIBHOCTh BOJOCUETYMKOB CHUXKAETCS, YTO IPUBOIUT
K YBEJIMYEHHUIO TMOTPEIIHOCTH Yy4eTa MOTPEOJICHUs] XOJOTHONW M Topsiuedl BOAbI B HOYHOE BpEMs.
[Tpumenenue OoJiee YyBCTBUTEIBHBIX Ha MAJIBIX pacxoJax BOJAOCUYETYMKOB Kiacca C, Kak MPaBHUIIO
Manod(p(PEeKTUBHO, TaKk KaK d3TH CUETUYUKH TEPSIOT CBOE MPEHMYLIECTBO IpPH OOpa30BaHHH
OTJIOKEHHH Ha WX MNPOTOYHOW wyacTu. Bopocuerumkm xiacca C 0Oojee UYyBCTBUTENBHBI K
OTJIOKEHUSIM, YEM CUETUMKH Kiacca B.

B 3apy0exHoii mpakTHKE B Ka4eCTBE aJbTEPHATUBBI TAXOMETPUUYECKUM CUETUYHMKaM B IMOCIEIHEe
BpeMsl HaXoJAT MPHUMEHEHHE YNbTpa3BYKOBBbIE MPUOOpHL [l 10MOBOro y4era MX MPOU3BOISAT
Sensus, Kamstrup, Hydrometer, Siemens. OTi ¢pupMbl, UMEIOIKE aBTOPUTET HA MUPOBOM PBIHKE U
M3BECTHBIC KaK IMPOU3BOAUTEIN TaXOMETPUUECKUX HMPUOOPOB, MPOJBUTAIOT B HACTOSIIEE BpEeMs
npUOOPHI YIBTPa3BYKOBOTO THIIA, KaK MPOIYKIHUIO MEPEJOBBIX TEXHOIOTHHA.

OTMeTuM, 4TO Ha POCCHHCKOM pBIHKE JUISI M3MEPEHHUS XOJIOJHOM BOJBI B TPYOOIpPOBOJAX
Iy 15-32 MM u ropsiueii Boabl B TpyoornpoBoaax /1y 15-20mm, B Omipkaiiiiee Bpemsi, CKOpee BCero,
He Oy/leT aJbTEepHATHBBI TAXOMETPUUYECKUM CUETUYMKAM, TaK KaK 3TH HPUOOPH UMEIOT OYEHb
HU3KYIO0 CTOUMOCTb. B TO e Bpemsi oTMmeTuMm, yto Takue pupmsl kak Kamstrup, Hydrometer yxe
BBIITYCKAIOT YJIbTPa3BYKOBbIE€ KBAPTHUPHBIE BOJOCYETUNKN U TEIUIOCUETUHUKH.

VKakeM emie OJHy H3 TNPUYMH BBITECHEHHS TaXOMETPUUYECKHX TNPUOOPOB C pHIHKA.
CoBpeMEHHOE pa3BUTHE JJIEKTPOHUKU IIO3BOJIIET IOJHOCTBIO ABTOMATH3UPOBATH IPOLIECCHI
M3MepeHui, coopa nH(popMaIyu o MOTPEOICHUH SHEPTOHOCUTENEH, Tepeadyn ee B AUCIETYEPCKUe
U OWUIMHIOBbIE CHCTEeMBL. [l MpUMEHEHUs B TaKUX CHCTEMaX TaXOMETPUYECKUX MpUOOpOB
TpeOyeTcsi MHTETPUPOBAHME MEXAaHMYECKHX YCTPONCTB 3THX NPHUOOPOB C 3IIEKTPOHHKOW, UYTO
JHUIIAET TaXOMETPUUYECKHE MPUOOPHI TaKUX MPEUMYIIECTB KaK JCIIeBU3HA, MPOCTOTAa MOHTa)Xa U
IKCIUTyaTal1H.

Buxpesble mpuéopbl — MMEIOT IPOCTYH0 KOHCTPYKLIMIO IPOTOYHOW YacCTH, OTHOCUTEIBHO
nemeBsl. ['TTaBHbIE HEJOCTATKH 3TOTO THHAa NMPHOOPOB - HU3KAsg YYBCTBUTEIBHOCTh HAa MabIX
pacxolax MW 3aBUCUMOCTb TOYHOCTHM H3MEPEHUIl OT HEPAaBHOMEPHOCTH TIOJS CKOPOCTEH
U3MEPSAEMOTO TOTOKA JKUJIKOCTH. YUMTHIBAs, YTO HEKOTOPBHIE OTEYECTBEHHBIE IPOU3BOIUTENN
3aMaluMBalOT BBILICHA3BaHHBIE HENOCTATKH, IIPUBENEM B Kaue€CTBE apryMEHTa XapaKTEPUCTUKU
BUXPEBOTO pacxoioMepa U3BECTHOH 3apyoOexxHoit ¢pupmbl Endress+Hauser u3 karanora, u31aHHOTO
Ha aHTJIMICKOM sI3bIKE, 0€3 ydeTa «CHEeIU(PHKH POCCHICKOTO pbIHKa». [lorpemHocTs BUXPEBOTO
pacxogomepa ¢upma EndresstHauser 3amaer B 3aBucumoctu oT umcia PeitHonbaca[10], uto ¢



MIO3ULIMHU TUIPOJAUHAMUKU 3aKOHOMEPHO, TaK KaK YCTOWYMBBIN MPOLIECC CPbIBA BUXPEH HACTYIIAET
npu uucnax PelfHonbaca 60IBIIMX HEKOTOPOTO OPOrOBOTO 3HAYCHMSL.
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Ucnonb3ys nmannele EndresstHauser, mpencrtaBuMm B 0ojee monstHOW mis [lotpeburens dopme
MapaMeTpbl BUXPEBBIX PACXOJOMEPOB (BOAOCUYETYMKOB) I TUIIOPA3MEPOB, UCIOIB3YEMBIX MU
U3MEpPEHUSX B 3/IaHUSX.

Tabmuma 2
YcnoBHbIH Auamerp,
Ay,Mmm 25 32 40 50 80 100
MuHUMAJIBHBIH  Pacxo
NpPU MOTrPEelIHOCTH He 0,5 0,7 0,9 1,1 1,8 2,1
6outee 2%, M’ /uac
MakcuMaJbHBIH aHuana-
30H H3MepeHusi NpH 30 40 45 60 95 100
NMOrpeliHOCTH He 0Oosee
qyem 2%
IHopor YCTOMYHBOMI
pa6oThI, M’ /4ac 0,3 0,4 0,5 0,6 1,0 1,2

[IpoaHanu3upoBaB JaHHYIO TaONMUIy, Mbl BHIUM, YTO Ja)K€ XapaKTEPUCTUKU BUXPEBBIX
pacxolOMepoB, MPU3HAHHOTO MHPOBOTIO  JIMAEpa, YCTYNAKOT IPAKTHUECKU BCEM U3
paccMaTpUBaEMBbIX TUIIOB MTPHOOPOB.

Teneps paccMoTpuM TpeOOBaHMS K JUTMHAM MPSAMBIX Y4acTKOB [Ipon3BoauTeny, peaqu3yromniie
BUXpEBBIE MPUOOPHI Ha POCCHICKOM PBIHKE, OOBIYHO JCKIAPUPYIOT JJIMHY MPSMOrO y4dacTKa 0
npeoOpazoBarenst pacxona — 10y, mocne 3-5/1y. C ToYku 3peHUs aHaIW3a TUAPOJUHAMUKH
BUXPEBBIX MNpPUOOPOB, TaKHE TIOKA3aTeNM BBI3BIBAIOT COMHEHHE.  BHXpeBble pacxojoMepsl
M3MEPSIIOT CKOPOCTh TIOTOKA B 30HE, PACIIOJIOKEHHOHN BIOJb AMaMeTpa TpyObl, JaHHAs CKOPOCTb HE
ABIISICTCS CPEOHEH CKOPOCTBbIO IIOTOKA, a TII0jJe CKOpOCTEeH TIOTOKa B JaHHOW oO01acTu
YYBCTBUTEJIBHO K BO3/IEHCTBUIO Pa3IMYHBIX MECTHBIX COIIPOTUBIIEHUN (OTBOAOB, TPOMHHUKOB H IIp.).

[IpuBenemM mAaHHBIE TO MPSMBIM YydacTKaMm TpyOONpPOBOJOB, KOTOpBIE JEKIAPUPYET JUIA
BUXpEBBIX prdopoB ¢upma Endresst+Hauser [10].

Tabnuma3
THI MECTHOTO CONTPOTUBIICHUS Jnmuna npsimoro | JiimHA mpsiMOTo
ydactka TpyOo- | ydacTka
poOBOJA 1o | TpyObompoBoa
npubopa nocye npubopa
Kondysop 15y SOy
Auddysop 181y Sy
Koneno (orBoz 90°) 20y SHy
JIBa KojieHa B OHOMN MIOCKOCTH 25y S5Hy
JIBa KOJIeHa B pa3HbBIX MIOCKOCTAX 40y SHy
3aTBOp,3aABIKKA 500y SHy
CrpyeBbinpsimurens (2/ly 1o cTpyeBBIIPAMUTENS | § TIOCIIE) 10y SHy




JlBa u Ooiiee MECTHBIX COITPOTUBJICHUHN, HE YKa3aHHBIX B TaOIUIIE
BEIIIIE 50dy SHy
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Takum o00pa3oM, Mbl BUAMM, YTO Ui OOECIEYEHHS HOPMUPOBAHHOM TOYHOCTH BUXPEBBIX
npuOOpOB , HA MPAKTUKE JUISI UX YCTAaHOBKHU TpedyeTcs MpsMOil ydyacTOK TpyOompoBoJa JUIMHOM
55y nnu ke 10/ly, HO npu ycraHOBKe cTpyeBbIpsAMuUuTeNns. CTEHAO0BbIE UCCIIEIOBaHMS BUXPEBbIX
npuOOPOB MOATBEPXKAAIOT BhIIecka3zanHoe [11].

Crnenyer OTMETHUTh HEKOTOPBIE KOHCTPYKTHBHBIE OCOOCHHOCTH BHXPEBBIX pacxoJI0MEpOB,
MPOSIBJISIIOIIMECS B IMpOIEcce KCIUTyaTaluu. Buxpessie mpuOOpsl ¢ MArHUTHOM CHCTEMON chema
CHTHAJIa YYBCTBUTEIBHOCTH K MarHeTuty. IIpubopsl ¢ ynbTpa3ByKOBOM CHCTEMON CheMa CHTHala
MOTYT HEYCTOWYMBO palbOTaTh MPH BBICOKMX CKOPOCTSX IIOTOKAa M HU3KOM JaBICHHU B
TpyOomIpoBOIE.

Ha 3apy0exHoM pbIHKe BHXpeBble PacXoA0Mepbl B KWJINIIHO-KOMMYHAJIbHOH cdepe He
HAXOJAT NPUMEHEHHUs, B CHJIYy TAKMX HeJOCTATKOB, KaK IJIOXas YyBCTBUTEIbHOCTH HA MAJIBIX
pacxogax M YCJOKHEHHe MOHTaka 3a c4yeT TpeOoBaHWs O0O0JbIIMX MNPAMBIX YYACTKOB
TPYOONPOBOAOB /Il MX YCTAHOBKH, 3TH NPHUOOPHI HCIOJBL3YIOTCS B MEPBYI0 o4Yepeab NPH
U3MEpeHusiX Mapa, a TaK:Ke Pa3JINn4YHbIX ra3oB, TaM /e MIPUMEHeHne IPYruX THIIOB IPpUdopoB
3aTpyaHeHo [9].

YiabTpa3ByKoBble U 3J1eKTPOMATHUTHbIe NMPUOOpPBI — Hanbojee COBPEMEHHBIE CpPEICTBA
M3MEPEHHUs, MAaCIITa0HOE TMPOU3BOJCTBO 3TUX MPUOOPOB CTaJO BO3MOXHBIM Onaromaps
MHTEHCUBHOMY Pa3BUTHIO MHUKPOIIPOLIECCOPHON TEXHUKH, COBEPIIEHCTBOBAHUIO XapAKTEPUCTUK U
CHIDKEHMIO CTOMMOCTH D3JIEKTPOHHBIX KOMIIOHEHTOB. OJIEKTPOMAarHUTHBIE U YIbTPAa3BYKOBBIE
npubOpsl  UMEIOT I[IUPOKUMH  JAMama3oH  W3MEPEHUs, OHU JIETKO  HMHTETPUPYIOTCS B
aBTOMAaTU3UPOBAHHBIE CUCTEMBI.

OOuMM JTOCTOMHCTBOM 3THX NPHUOOPOB SIBISETCS OTCYTCTBHE BBICTYMAIOMIMX B M3MEpsSEMBbIN
NOTOK Aetaneld. [IpuHIuIbI AeHCTBUS SJEKTPOMArHUTHBIX U YJIbTPa3BYKOBBIX TPHOOPOB OCHOBAHBI
Ha UCIOJIb30BAHUU CBOMCTB COOTBETCTBEHHO 3JIEKTPOMArHUTHBIX M aKyCTHUECKUX moJied. OnHuM
U3 KPUTEPHUEB OLIEHKU YyBCTBUTEIBHOCTU M TOTO M APYrOro THIA MPUOOPOB SIBJISETCS OTHOLICHHUE
«UIYM/TIONIE3HBIA CUTHA». 3ajaueil pa3pabOTUMKOB SIBISETCS CHU3UTH JAHHBIM IOKa3aTellb, a
TaKke JOOUTbCA >(PPEKTUBHOTO HMHTETPUPOBAHUS TOJS CKOPOCTEH KOHTPOJIMPYEMOIO MOTOKa
KUAKOCTH.

DNeKTpOMarHuTHbIE MPHOOPHI UMEIOT pa3iIMYHble KOHCTPYKTHUBHBIC pemieHus (popMHUpPOBaHUS
MarHUTHOTO TI0JI, OCHOBHAS II€JIb, K KOTOPOH CTpeMsTcs npu (POPMUPOBAHUH MarHUTHOTO TOJIS —
n00uTbCs ero paBHOMEpHOCTH. OT pPaBHOMEPHOCTM MArHMTHOTO TIOJII M COOTHOLICHHUS
«UIYM/TIONIE3HBIN CUTHAID) 3aBUCUT TOYHOCTh IPUOOPOB U TMANa30H U3MEPEHUSL.

B konme 90-x Ha pOCCHHCKOM pBIHKE CTald MOSBIATHCS — 3JIEKTPOMArHUTHBIE MPUOOPHI C
muanazoHoM usMepenus 1:500, zarem 1:1000 m maxe 1:2000. Ilox no3yHramu, Ha KOTOPBIX
HauepTaHbl JaHHbIE HU(PHI, HAYAIOCh TTOKOPEHUE POCCUICKOrO phlHKA. CHEHMaaiucThl B 00JIACTH
pacxogoMerpun HejoymeBand, [loTpeburenu, B OosblIed YacTH, BOCHPUHUMAIU 3TH LHUQPHI C
BoorymieBneHrneM. OHUM M3 MEPBBIX MyOIMYHO 0OpaThi BHUMaHHE HA HEPEaJbHOCTh IIUPOKOTO
JMana3oHa 3JIEKTPOMAarHUTHBIX BOJOCYETUMKOB crienuanuct «Jlensnepro» B 2003r.[12]. B nanHoi
CTaThe AHAIM3HUPYIOTCS TOTPEUIHOCTH 3JCKTPOMArHUTHBIX NPUOOPOB, KOTOpHIE B IpoIEecce
JKCIUTyaTauu MoryT gocturate 50-60%. B kauecTBe MNpUYMHBI TaKUX IOTPELIHOCTEN
paccMaTpuBaeTcst 0O0pa3oBaHHE HEOOJBIINUX OTIOXKEHWH B BUJAE IUICHKH, 3aMBIKAIOIICH 3JIEKTPO-
el [ 12 ,cTp.388 ].

Mud o BBICOKOH TOYHOCTH OJJIEKTPOMAarHUTHBIX MPUOOPOB B IIUPOKOM JHAMa30HE
OKOHYaTeNbHO ObLT pa3BesH B 2009 rony crnenuanuctoM GupMbl Binet, koTopas sSBIseTCs OJHUM
U3 Ipou3BoauTeNel 3tux npubopos [13]. B craThe JOCTAaTOYHO ITPaAMOTHO M3JIOKEHBI, B 00ILEM-TO,
u3BeCTHbIE  (DAaKTBl, CyTh KOTOpPHIX — OOOCHOBAaHME HEPEAJbHOCTH  JIEKIApUPYEMBIX




MIPOU3BOAUTEIISIMU AJIEKTPOMArHUTHBIX PACXOJIOMEPOB XapaKTEePUCTHK. Takum 00pazom, B TeUueHHE
necsaTH JieT MHorue IIpon3BoauTe Iy AIeKTPOMarHUTHBIX TPUOOPOB BBOAAT B 3201y ICHHE
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[TorpeOuTeneil, BHIMTPHIBAIOT TEHAEPHl M MOCTABIISAIOT MPUOOPHI, NEKIAPUPYS XapaKTEPUCTHUKH,
KOTOpBIE HEBO3MOXHO OOECIEUYHTh B YCIOBHSAX AKCIUTyaTallMM JAHHBIX NMPHOOPOB Ha OOBEKTax
KKX.

B 3apy0OexHON TNpakTUKE »HIEKTPOMArHUTHBIE pAcXOJOMEphl HIMPOKO HCHOJB3YIOTCS B
MUIIEBOH, (hapMaleBTHUECKOW, XUMHUYECKOW IEIUTION03HO-OyMaKHOM MPOMBIIIJICHHOCTH, HO HE
HaxXOJAT IIMPOKOIO IMPUMEHEHHUS B KWIMIIHO-KOMMYHaIbHOM cekrope. Ha poccuiickoM pblHKe
CUTYallUsl UHAsl, MONPOOYEeM MPOAHATU3UPOBATE C YEM ITO CBS3aHO.

JlaBHO M3BECTHO, YTO HA TOYHOCTb IEKTPOMATHUTHBIX PACXOJOMEPOB BIUSAIOT JaXe TOHKUE
OTJIOKEHHUS Ha MMPOTOYHOM YacTH npeodpaszosarens [1,8,12, 14].

IIpu oOpa3oBanuM B TMpolecce OKCIUTyaTallMM, IUICHKM LIYHTHPYIOLIEH 3JIEKTPOIbI,
SIIEKTPOMArHUTHBIA ~ TNpUOOP HAUMHACT 3aHWXKaTh Moka3aHus. JlaHHBIA  (dakT  Jerko
oOHapyXHBaeTcss Ha 00BEKTaxX, I YCTAHOBJICHBI AIEKTPOMArHUTHBIE PACXOJIOMEPHl Ha MPSIMOM U
o0paTHOM TpYOOIPOBOJAX 3aKPBITOM CHCTEMBI, KOTJIa CKOPOCTh 00pa30BaHUsS OTJIOXKEHUN B ITHX
TpyOOnpoBOIaX pa3nuyHa. B MOOOHBIX ciydasx B AWHAMHUKE (PUKCUPYETCS POCT PACXOKICHHS
MOKa3aHUi MEXIy NnpubopamMu Ha HpsMOM U oOpatHOM TpyOompoBojax. PasHocTh mokazaHMi
nocturaet -15% u 6onee [15], B TO Bpems Kak, OHa He JOJDKHBI IpeBbath 4%. UToObI CKpPHITH
pacxXoXJeHusT B IMOKa3aHUSAX NPUOOPOB HEKOTOpbIE (UPMBI CTAIM BCTPAWBATH CHEIMATIbHBIC
IIPOrpaMMBbl, KOTOPbIe KOPPEKTUPYIOT PEe3yabTaThl U3MEPEHUH, Mpexae 4eM 3aukcupoBaTh X B
CUeTYHMKaX U B apxuBax [16], uro, 6€3yCII0BHO, HEOITYCTUMO.

Crnenyer OTMETUTH, YTO PACCMOTPEHHOE BBILIE SIBJIEHHE BCTPEYAETCS HEPEIKO, HO €0 HEIb3s
npu3HaTh MaccoBeIM. Kak mpaBuiio, oOpa3oBaHWE IUIEHKM HAET PAaBHOMEPHO Ha MPSIMOM H
oOpaTHOM TpyOONpPOBOJAX U 3aHMKEHUE MOKA3aHUH MPUOOPOB MPOUCXOAUT CHHXPOHHO, MTO3TOMY
¢buKcupoBaTh JaHHBIA Tpoliecc ciaoxHO. OOHapyXHUBaeTcs 3aHIDKEHHE MOKa3aHW NP MOBEPKE,
€CIi HE MPOBOJUTH  IPEABAPUTEIBHOM OYUCTKM UM INPOMBIBKM  3JIEKTPOMAarHUTHBIX
npeobOpazoBareneidl. Pe3ynpTaTbl TpPOBEpPKH JBYX C TIIOJOBUHOW THICSY AJIEKTPOMArHUTHBIX
npuOOPOB MOCTE TPEX JET IKCIUTyaTallMH MOKa3aJld, YTO JjaXKe MOCJie OTMBIBKH OTioXeHur, 40%
CUETUYMKOB HE 00eCleuyrnBalOT HOPMHUPOBAHHOW morpemHocTH u3Mepenus [17]. Hexortopsie
[Tpon3BoaANTENN 3NEKTPOMArHUTHBIX NPHOOPOB YTBEP)KIAIOT, YTO OTJIOKEHUS B POCCUHCKUX
TpyOOIIPOBOJIaX, B OTJIMYHME OT OTIIOKEHUN B 3aI1aTHOCBPOTIEHCKUX - OCOOCHHBIE, OHU HE 3aMbIKAIOT
ANIEKTPOBI IPUOOPOB, HE OTIAraloTCs Ha (PTOPOIUIACTOBOM MOKPBITUH, Jla M MarHeTUTa B HAIIUX
CHUCTEMaX HET.

W3BecTHO, YTO MPH IKCIUTyaTallMM CUCTEM BOJOCHAOKEHUS U TEIJIOCHA0KEHUS HIIYT MPOLIECCHI
KOPPO3HH CTaJbHBIX M YYT'YHHBIX TpyOOmpoBojoB. OOpa3yromuecss OKCHABI XkKelle3a COCTOST U3
Tpex runparupoBaHHbIx okucioB: FeO, Fe,O; u Fe;O4, mocnennuit u3 Hux — marHetut [18].
MarHeTuT MMeeT 4YepHBIM ILIBET, €ro IMPOLIEHTHOE COJEp)KaHUWE PA3IU4YHO B Pa3HBIX Cilydasx,
MHUKpPOYACTHUILBl OKHUCIIOB KeJie3a MOTYT MMETh SIApO W3 MarHeruta, okpyxkeHHoe FeO u Fe,0s.
Takpe wyacTuibl B OONBIIMX KOJMYECTBAX 3aJEPXKUBAIOTCS (MIBTPAMU C MAarHUTHBIMU
YJIaBJIMBATEISIMM 1a’K€ HA XOJIOJHOU BOJE, HO, KAK U3BECTHO, IIPH MOBBIIIECHUN TEMIIEPATYPBI BOJIBI
paBHOBECHE CMEIaeTcsi B CTOpPOHY oOpazoBanuss Maraetuta [19]. B eBpomelickux cucremax
MarHeTUTa MOKET ObITh MEHBIIE YeM B POCCHHCKUX CHUCTEMax 3a cyeT 0ojee KaueCTBEHHOM
BOJONOATOTOBKUA. HecMoTpst Ha 3TO, €BpOIEHCKHE MPOU3BOAUTENN IMPUOOPOB PAaCCMATPHBAIOT
MarHeTUT Kak CYLIECTBEHHBIM  (akTOp, OKa3bIBAIOIIMN BJIMSHME HA TOYHOCTh  Kak
AIIEKTPOMArHUTHBIX, TaK M TaXOMETPUYECKUX MPUOOPOB M, B TOCIEIHEE BpEMs, MpEAIaraioT B
Ka4yecTBE albTepHATHBBI YIbTpa3ByKOBble mpubopsl [20]. BaxxHo oTmeTuTh, 4YTO Ha
paboTOCIOCOOHOCTH 3JEKTPOMArHUTHBIX MPUOOPOB BO3ACHCTBYET HE TOJIBKO MAarHeTHUT, BIUSIOIIUI
Ha MarHuTHOE T0Jie TeHepupyeMoe MpUOOpOM, HO U JIOObIe JPyrue OTIOKEHHS, W3MEHSIOIINE



MPOBOJIUMOCTh MEXKJy DSJEKTpOAaMHu IpeoOpa3zoBaTens. UTo KacaeTcss XHUMHYECKOTO COCTaBa
OTJIOXKEHUH, MPHUBEIEM B KayecTBE NpUMeEpa pe3yiabTaThl HCCIEAOBAaHUI MpoObI, B3ATOH C
(TOPOIIACTOBOTO MOKPBITHS ANEKTPOMAarHUTHOTO TIpeoOpa3oBaTelis, yCTaHOBJIEHHOTO B CHCTEME
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TEIUIOCHA0XKEHUS 3/1aHUSI OJJHOTO U3 POCCUHCKUX ropoJioB. TOJIIMHA OTIOXKEHHUH HE MpeBbIIIaia
0,1-0,3MM, LBET OTJIOXKEHUH - YEpHBIH C BKPAIIEHUSMH KpacHO-KOpHUYHEBOro. C IMOMOIIbIO

CIIEKTPAJIbHOTO aHAJIN3a YCTAHOBJICHO CIIEAYIOIIEe COACpP)KaHuEe XMMHUECKUX 3JIEMEHTOB B mpooe:
Fe (xene3o) — 50%, O (xucnopoxa) — 32%, C (yrmepon) - 10%. Crenyer OoTMETUTh, YTO MpHU
M3MEpPEHUU Topsiueld BOJBI 0Opa3oBaHHE OTJIOKEHUH HA MPOTOYHOM dYacTH NPHOOPOB HUIET
MHTEHCUBHEE, YEM B CUCTEMAaX OTOILIEHUS. DTO BIIOJHE 3aKOHOMEPHO, TaK KaK CUCTEMBI TOPSYETO
BOJOCHA0)KEHUSI TOCTOSIHHO TOJMHUTHIBAIOTCA OOOTALICHHOW KHUCIOPOJIOM, HE 0O0ECCOIECHHOM
BOJIOIIPOBOJHOM BOJION.

BeimonHsst MccnenoBaHus BOJOCYETYMKOB, Mbl OOpaTHIM BHUMAaHUE, YTO TPHU JITUTEIHHOM
KOHTAKTE C BO3/JYXOM OTJIOXKEHHs, 00pa30BaBIIMECs HA MPOTOYHOM yacTh MpHOOPOB B Ipolecce
SKCIUTyaTallil, M3MEHSIOT CBOIO CTPYKTYpY, CTaHOBATCS Oozee puIxiabiMu. Ilpu mpoBeneHun
CTEHJIOBBIX MCHBITAHUM MOCJE MPOCYIIKH MPOTOYHON YAaCTH OTJIOKEHHS] YACTUYHO CMBIBAIOTCH.
[To3TOMY OIIEHUTD pearbHOE BO3JICHCTBHUE OTIOKEHUH HA MOTPEIIHOCTh MPHOOpa MOKHO TOJIBKO Ha
00BEKTe, YCTAHOBHB TOCIIEOBATEILHO C MPUOOPOM, HAXOAALIMMCS HA UIUTEILHOM SKCIUTyaTalluu
HOBBI TPUOOP WJIM TPOBOJMUTH TUTEIbHBIC HCIBITAHUS TOCIEJOBATEIFHO YCTAaHOBICHHBIX
npuOOPOB Pa3HOTO THUIIA.

PesyinbTraThl HMCHBITAHHI B YCJOBHSIX JKCIUIyaTallMM  3JIEKTPOMATHUTHOIO H
YJAbTPa3BYKOBOr0 pacxoaoMepoB B ['epmMaHuMm mnokasaau, 4YTO 3JEKTPOMATHMTHBIH
pacxoaomep 4epe3 TPH rofa dKCILUIyaTalluM 3aHUKAT noka3anus Ha 20% , a yJIbTpa3ByKOBOMH
MeHee yeM Ha 1% [9]. Caenyer ormerutb, 4T0 3anagnass EBpona mpounuia onpeaeeHHbIH
IBOJIOLHOHHBIH NMYTh OT TAXOMETPHYECKMX CYETYHMKOB K JJIEKTPOMArHHTHBIM H 3aTeM K
YIbTPa3BYKOBbIM. IIMK NMpuMeHeHUs1 3J1eKTPOMATHUTHBIX PAcX0J0MepPOB B KOMMYHAJIbHOM
cektope 3anmagHoii EBponbl mnpuxogutrcs Ha cepenuHy 80-x mpoumuioro Beka HMX 1005
coctaBJisiiia Toraa okosno 40%. 3arem curyanusi crana u3mMeHnsitbess. Hanpumep, B 1aTckux
CHCTeMaxX TelI0CHa0keHHs K Havaay 90-x 1015 yJIbTPa3BYKOBBIX NpruOopoB cocraBuia 80%,
a 10J4 JdeKTpoMarHuTHBIX ynajaa ¢ 40% g0 12% [9]. B HacTosimee Bpemsi B 3anmajaHoi
EBpone mnpeo0iagaor yabTpa3ByKoBble cuyeTYdukH. [IpuymHa B TOM, 4YTO TOYHOCTH
U3MepeHu noTpelJieHNs] BOAbI M TEIUIOBOM JHEPrHM HAa KOMMYHAJIBHBIX 00beKTax NpH
HCIOJB30BAHMN  YJIbTPA3BYKOBBIX CYETYMKOB  BbIlle, YeM IMPH  HCHOJb30BAHMHU
3JIEKTPOMATHUTHBIX, BCJEICTBHE BJIUSIHUSI HA TOYHOCTH 3JIeKTPOMATHUTHBIX CYETYHKOB
Pa3JIMYHBIX OTJI0KeHHH. B HacTosimee BpeMs YJbTPa3BYKOBbIe TeIJIOCYHECTYHKH U
BOJOCYETYMKH NMPOU3BOAAT Takue 3apyOexHble popmbl kak Sensus, Hydrometer, Techem,
Siemens, Kamstrup. ®upma Kamstrup B 2009-2010 rogax peanausyer B ABYX eBpPONEHCKUX
ropojax KpyHnHeHInid NMPOeKT, KOTOPBIH Npeanosaraer MCnojab30BaHue YJIbTPa3BYKOBBIX
NpuOOpPOB NMPH y4yeTe BOAbI U TENJIOBOH JHEPIUH HA HECKOJBKHUX ThICAYaX 00bEKTOB.

B Vkpanne, Takke Kak ¥ B €BpPOIEHCKUX CTpaHax, yIAbTPa3BYKOBBIE IPUOOPHI HAXOIAT IIUPOKOE
npumenenne. B Kuese yxxe B 2003 rony 1014 yabTpa3ByKOBBIX pruOopoB npessimana 50% [21].

E1me oauH CymecTBeHHbII HEIOCTATOK 3JIEKTPOMArHUTHBIX TPUOOPOB — KECTKHE TPeOOBaHUS K
Ka4eCTBEHHOMY 3a3€MJICHHIO, YTO CBSI3aHO C BBICOKOM YYyBCTBHUTENBHOCTBHIO 3THUX NMPHUOOPOB K
ONMyXIalONIMM TOKAaM M BHEIIHUM DJEKTPOMAarHUTHbIM moJisiM [1], rutoxoe 3a3emiieHue, WIN
OKHCJICHHE KOHTAaKTOB CHCTEMbI 3a3€MJICHHMSI MPHUBOAAT K YXYALIEHUIO METPOJIOTHYECKHX
XapaKTepUCTUK MTPHOOPOB.

Hrak, Ha30BeM OCHOBHbIC NPUYHHBI JOMMHMPOBAHMS JIEKTPOMATHUTHBIX NPUOOPOB Ha
pbinke Poccun:



- BBICOKasi TOYHOCTHh 3JIEKTPOMATHUTHBIX NPHOOPOB B CTEHIAOBBLIX YCJIOBHAAX H
HeTPeOOBATEJBbHOCThL MX K NMPSAMBIM Y4YacTKaM, 4YTO BBeJO B 3a0/y:KIeHHe, B CBOe BpeMms,
AasKe ONBITHBIX 3aMIaJHOECBPONEHCKUX MPOU3BOAUTEIICH

- OTCYTCTBHE HA PbIHKeE B 90-¢ roabl HEAOPOTruX yJIbTPAa3BYKOBBIX NPHUOOPOB NPHEMIEMOT0
Ka4eCTBA CMOCOOHBIX CO31aTh KOHKYPEHUMIO;
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- 0Oojee mpocTass M OTHOCHUTEJIbHO HeIOporass B INPOM3BOACTBE KOHCTPYKIMA
3JIEKTPOMATHUTHBIX NPHOOPOB;

- MOIIHasi peKJaMa M 3aMal4yuMBaHue HH(OPMANUM O 3HAYMTEJBLHOM YXyJAIICHUH
XAPAKTePUCTHK YJIEKTPOMATHUTHBIX NPUOOPOB B NEPHOJ IKCILIyaTanuu [22].

YiabTpa3ByKoBble TNPHOOPHI Ha POCCHHCKOM pBIHKE TMPEICTaBICHbl HECKOJIbKUMHU
OTEYECTBEHHBIMU U 3apYOEKHBIMU MPOU3BOJUTEISAMHU.

[IpoaHanu3upyeM UX OCHOBHBIE XapaKTEPUCTHKH U OCOOCHHOCTH MPUMEHEHHUs ISl U3MEPEHUs
o0beMa BOJBI M TEIUIOBOM PHEpPruM B 374aHMAX. Kak oTMeuanoch paHee, oJlHa U3 OCOOCHHOCTEH
POCCHICKOTO  pbIHKAa yJIbTPa3BYKOBBIX HpUOOpPOB — wHcmosb3oBaHue I[IpousBomutensiMu
NPUHLIMIHNAIBHO pPa3HbIX  KOHCTPYKTUBHBIX M METOJIMYECKUX pPEIIeHUH, YTO CYIIECTBEHHO
OTpa)kaeTcsi Ha METPOJIOTMYECKUX M SKCIUTYaTallMOHHBIX XapaKTEPUCTHKaX MPUOOPOB pPa3HBIX
[IponsBogureneii. B OCHOBHOM IIpUMEHSETCA TPU YIBTPA3BYKOBBIX METOJA HW3MEPCHMUS:
mddepeHInanbHbIN, KOPPEISIUOHHBINA U TOTIJICPOBCKHIA.

[Tpubopsl, peanu3yronue IOTUIEPOBCKUN M KOPPEISAIIMOHHBIA METOJBI HE 00JIAaf0T BBICOKOM
TOYHOCTBIO, OHHU TPEOYIOT OONBIIMX MPSIMOJMHEHHBIX YYacTKOB TpyOompoBojoB: oT 35/ly mo
85y - nomneposckue, ot 15/1y no 55y - koppensunoHHsle. JJOCTOMHCTBO JaHHBIX MPHOOPOB —
M3MEpPEHHE HEOTHOPOIHBIX IO COCTaBy MOTOKOB. IIpoMmbliieHHbIE 0Opa3lbl JOTUIEPOBCKUX H
KOPPEJISILIMOHHBIX PACX0J0MEPOB MOSIBIIIUCH 3a pyOekoM Oosiee 30 neT Ha3aa, HO OHU HE HAXOJT
IpUMEHEHHs B cepe KOMMYHAIBHOTO X0O3SHCTBA BCICICTBUE YKAa3aHHBIX BBILIE HEJJOCTATKOB.

[Ilupokoe pacrmpocTpaHEHHE TONYYMJ  yIbTPA3BYKOBOW  au((epeHIHanbHblii  METO[,
OCHOBAHHBIN Ha U3MEPEHUH PA3HOCTH BPEMEH IPOXO0KIECHUS YIbTPa3BYKOBBIX CUTHAJIOB I10 MOTOKY
U TOpPOTUB IMOTOKA JBUXKYLIEHCS JKUIKOCTH. M3MepeHHas pa3HOCTb BpPEMEH IPOXOXKACHUS
yIABTPAa3BYKOBBIX CHUTHAJIOB IPONOPLUOHAIBHA CKOPOCTH KOHTPOJMPYEMOro TIoToka. B
3aBHCUMOCTH OT alllapaTHON peanu3anuu I epeHIInaIbHOr0 METoa Pa3iInyaloT TPU Crocoda
M3MEPEHHUsT PAa3HOCTH BPEMEH INPOXOXKJIEHHS YIbTPa3BYKOBBIX CHTHAJIOB: BPEMEHHOMU, (ha3oBbIA U
yacToTHbIM [5]. Bee Tpu ykazaHHBIX crmoco0a HaxXoIAT NpPUMEHEHHE, HO HaumOoubliee
pacrpocTpaHeHHe MOIy4Ynsl BpEMEHHOH CIIoco0.

[Tpubopsl, peanusyromue auddepeHInanbHbIi METOJ, HMMEIOT Pas3IHYHble KOHCTPYKIIUH
nepBUYHOTO npeoOpaszoBaresns. JlaHHbINA THI TPUOOPOB, PH MPABHILHO BHIOPAHHON KOHCTPYKIIHH,
HE YYBCTBUTEJIECH K 3arpsS3HEHUIO BOJIBL. YIIBTPa3BYKOBBIE PUOOPHI YCIICITHO SKCILTYaTUPYIOTCS Ha
HEOYMILICHHON BOJIE U3 BOJOEMOB U J1a)K€ HA CTOYHOM KUIKOCTH.

KoHcTpykuus mepBHYHOrO MpeoOpa3oBareist BO MHOTOM OIpPEAENIIeT METPOJIOTHYECKUE |
HKCIUTyaTal[MOHHBIE XapaKTEPUCTUKU YIbTPA3BYKOBOIO IpUOOpa.

Jnst Tpy6onpoBosioB auaMeTpoM 15-40MM NPUMEHSIOTCS OCEBbIE MEPBUYHBIC MPEoOpa3oBaTeN,
aKyCTMUYECKUE CUTHAJIbl B JAaHHOW KOHCTPYKIMH PACIPOCTPAHSIOTCS BIOJIb OCH JBUKEHMS MOTOKA.
Paznuuaior oceBble mpeoOpazoBarenu 0Oe3 oTpaxkaTeneil u ¢ oTpaxarensMu. KoHcrpykius 6e3
oTpakaTteneil 00ecreyuBaeT pacHpOCTPAaHEHUE YIbTPAa3BYKOBBIX CHUTHAJIOB HEMOCPEACTBEHHO
MEXAY JBYMs yJIbTPa3BYKOBBIMHU JaTUMKaMU. B KOHCTpyKIuuM ¢ OTpakaTeiasiMH yIbTPa3BYKOBBIE
CUTHAJIBI PACHpPOCTPAHSIOTCA MO Oojiee CIO0KHOM TPAeKTOPHM, MpHYEM, KaK MpPaBUIIO, OCH
aKyCTHYECKUX NpeoOpa3oBaTesieil HECOOCHBI C OChI0O aKTHMBHOM YacTH aKyCTHYECKOTO KaHaa.



KoHcTpyKIMu ¢ oTpakaTensiMH NMPUMEHSIOTCS B OCHOBHOM C IIENBIO CHIDKEHHSI Ce0eCTOMMOCTH
MIPOU3BOJICTBA IPUOOPOB.

OTpaxxkaTenu 4YacTUYHO MEPEKPBIBAIOT MOTOK W MPHUBOIAT K OCIAO0IEHUIO YIbTPa3BYKOBBIX
CUTHAJIOB, 00pa3oBaHUE OTJIOKEHWH Ha OTpaKaTeNsAX YIbTPAa3BYKOBBIX CUTHAJIOB NPUBOJIUT K
CHIDKEHHIO TOYHOCTH M3MepeHuid. [Ipubopsl ¢ oTpaxarensmu, o aaHHsM pupmbl Danfoss [20],
YYBCTBUTEIbHBl K KaueCTBY BOJBI M IO3TOMY MEHEe HaJIeKHbl. O(PQPEKTUBHOCTh OYHMCTKU
yIABTPA3BYKOM JATYUKOB BBIIIE, 4eM 3(P(PEeKTUBHOCTH OUMCTKH OoTpakaTeneil. Ha oTpaxaremnsix
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MIPOUCXOUT UCKaKEHUE (PPOHTA YIBTPa3BYKOBOro curHaia [23], mpu oOpa3oBaHUU OTJIOKEHHH Ha
OTpaXkaTeJsiX JaHHBIA MIPOLECC YCHIINBAETCS, YTO BEAET K YBEIMUEHUIO IOTPEIIHOCTH U3MEPEHUI.

11 poccmiickoro pblHKa Hau0oJiee MOAXOAAT YJIbTPa3BYKOBble NpuOOpbl 0Oe3
oTpakaTeJeil, JaHHAas1 KOHCTPYKIUSI IEPBUYHOI0 Npeodpa3oBaTesisi He HMeeT BHICTYNAKIIHX
B NOTOK JeTajieil n odecrneynBaeT 0oJiee BBICOKYI0 HA/IeKHOCTh M3MEPEHHH NMPH HAJIUYHMHU
3arpsi3HEHHH B BoJe.

YabTpa3BykoBble NpHOOPHI € 0CeBBIMH Npeodpa3oBaTeIsiMi, KaK NMPaBHJI0, He TPeOyHT
00JIbIIMX NPSIMBIX YYACTKOB, /ISl YCTAHOBKH Npeo0pa3oBaTtesist He00X0AUM NPSIMOH y4acTOK
3-5 My no mecra ycranoBku u 3/ly — moce.

Hnst TpybonpoBoioB auMerpoMm 50-100MM NpUMEHSIOTCS YIIBTPa3BYKOBbIE MpeoOpazoBaTeNn
CJIEYIOLIUX KOHCTPYKIIUH:

- C OJIHUM YJbTPa3BYKOBBIM JIYy4OM, 30HAUPYIOIIUM U3MEPSAEMBIN ITOTOK 10 TUAMETPY;

- C OJIHUM JIy4OM, 30HUPYIOLIUM U3MEPSIEMBIN IOTOK IO TPEM XOpJam;

- C IBYMs JIy4yaMH, pacloJIOKEHHBIMH I10 IBYM XOpJam;

- ¢ popMHpOBaTENIEM MMOTOKA U OJJHUM WU ABYMS JIydaMHU.

OOumii npuHmMn paboThl BBIIICYKA3aHHBIX KOHCTPYKIHMA B 30HIUPOBAHMU IOTOKA
YABTPAa3BYKOBBIMM CUTHAJIAaMU TIOJ] YTJIOM K OCH JIBUYKEHUS )KUJIKOCTH.

VY bTpa3ByKOBBIE PACXOJOMEPHI C OJHUM YJIBTPA3BYKOBBIM JIy4OM, 30HAUPYIOIHUM U3MEPSIEMBbII
MOTOK TIO JUaMeTpy, Haubosee MpocTas U HIMPOKO PACHPOCTPAHEHHAss HA POCCUHCKOM pBIHKE
KOHCTPYKLHSI.

CyTb MeTOZla B HM3MEPEHUHU PA3HOCTH BPEMEH IPOXOXKACHUS YIbTPa3BYKOBOIO CUTHAja IO
MOTOKY U MPOTHB MOTOKA B TUAMETPAIILHOM IIIOCKOCTH IMOJT YTIIOM K OCH ITpeoOpa3oBaTes.
Jleknapupysl MOTPEIIHOCTh ATUX MPUOOPOB U TPeOYIOUUeCs ISl X YCTAHOBKU IMPSMBIE Y4aCTKU
TpybonpoBoa, HekoTopbie [IpousBoaurenu BBoaT [loTpeduTeneit B 3a6myxaenue. s npubopos
JaHHOTO THIA TpeOyroTcs OOJbIIKME NpPSAMBIE y4YacTKH TPYOONpPOBOJAA, KaK M JJsl BUXPEBBIX
npubopos, oT 20y no 55y (cM. tabmuiy 3), IMEHHO TakKue MPSMbIC YYaCTKH YKa3bIBAJIHNCh B
JOKYMEHTAIlMM Ha BCe MPUOOPHI TaHHON KOHCTpyKIMH 15 et Hazaa. Ho vero He crenmaemsb s
[TorpeOuTens, yTOOBI 3aMHTEPECOBATh €r0 CBOMM NPHUOOPOM, HY a BO3POCIIYIO MOTPEIIHOCTD
npubopa OH aBOCh HE OOHAPYKHT.

HopmupoBaHHass MOTrpemIHOCTh MpuOOpa paccMaTpUBaeMOW KOHCTPYKIUH  OTACIbHBIMHU
[TpousBoauTensimu HeoOOocHOBaHHO 3aHmkaetrcs Ao 0,5-1,5%, peanpHoe 3HaueHue — 2-3% mpu
YCIOBUM COOJIONEHUM YKa3aHHBIX BBINIE JIUH TNPSAMBIX Y4acTKOB TpyoOompoBoja. IIpuumHsbl
HU3KOH TOYHOCTH JIABHO M3BECTHBI — 3aBUCHUMOCTb MOKa3aHU MPHUOOPOB JAHHOW KOHCTPYKIHMH OT
yucna PeifHonbaca M 1EepoXoBaToCTH CTEHOK TpyoompoBonaa [24]. IlombITkM HEKOTOPBIX
[TpousBoauTENEH CKOMIIEHCHPOBATH 3TY 3aBUCUMOCTh HUYEro OOIIEro ¢ METPOJIOTHEH He UMEIOT,
TaK Kak OIpeJiesieHNe SKBHBAJCHTHOM THIPABIMYECKON IIEPOXOBATOCTU TPYOONpPOBOAA JEI0
CII0’)KHOE€ M JIOPOTO€, a UCIOJIb30BAHNE PACUETHBIX 3HAYCHUH HANlOMUHACT «TaJjaHue Ha Ko(deHHOon
Tymie».

3a pyOexoM gaHHas KOHCTPYKLHUS NMpHOOpa B IMOCIEAHEE BpeMs HE BBI3BIBACT MHTEPEC, 3a
UCKIIIOYEHHEM YJIbTPa3BYKOBBIX pacXOJOMEPOB C HAKIAJAHBIMU JaT4MKaMHu. M3BECTHO, YTO
yIABTPA3BYKOBBIE MPUOOPHI C HAKJIAIHBIMH JaTYMKaMH HE OO0ECleYMBAaIOT BBICOKOW TOYHOCTH
u3Mepenus [25]. Jexnapupyemble B JTOKYMEHTAllMM HEKOTOpBIX [locTaBIIMKOB 3THX HpHOOpOB
norpemHocT! 0,5-1%, naneku oT AeMCTBUTENBHBIX 3HAUEHUH, KOTOPbIE HA CAMOM JIEJI€ HaXOIATCS



B quamnasoHe 2-5%. O6xacTe NpUMEHEHHUs yIbTPa3BYKOBBIX MPHOOPOB C HAKIAHBIMU JATYUKAMHU —
TEXHOJIOTUYECKHUE HKCIPECC M3MEpeHHs. DTU MpUOOPHl HEMPUTOAHBI, C YIETOM PACCMOTPEHHBIX
BBIIIE HEAOCTATKOB, IIPU U3MEPEHUSX Ul PACYETHBIX OIEPALIVHN.
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CyTb paboThl yABTPa3BYKOBOTO MpHOOpa ¢ OJHUM JIY4OM, 30HAUPYIOIIUM H3MEPSEMbIA TOTOK
10 TPEeM XOpJaM — yBEJIHUYeHHE 00JacTH aKyCTHUECKOTO MOJS M CMEIIEHHE TPAeKTOPHH Jyda B
00J1acTh CpeTHUX CKOPOCTEH C paclpoCTpaHEHHEM YIbTPa3BYKOBBIX KOJIEOAHUHN MO TPEM XOpIam,
MPOEKIUS KOTOPHIX Ha MOINepeyHoe ceueHue o0paszyer TpeyroibHHK [23]. CroxHas TpaeKTOpHs
pacrpocTpaHeHUs] yJAbTPA3BYKOBBIX KoOJE€OaHM B JaHHONW KOHCTPYKIMHU OOECIIEYMBACTCS C
MOMOIIBIO YeThIpex oTpakarteneil. [losTomy mpubop MMeeT Bce HEAOCTATKH, XapaKTepHbIE IS
npubOpOB € OTpakaTeNIsIMH, ONHMCaHHbIe Bblme. Kpome TOro, aaHHas KOHCTPYKIHMS OYEHb
YYBCTBUTEIbHA K 3aKpyTKe MoToka. I[lpouwsBogurtenu, 3Has MJaHHBIA A(QeKT, npeaiaraiot
yCTaHaBIIMBATh CTPYEBBIIPSIMUTENN UM 00ECTIeUNBATh MPSIMOM y4acTOK Mepes mpeodpasoBareneM
He MeHee 20/ly. OgHako, Kak M3BECTHO, 3aKpyTKa MOTOKA MOXET COXPAaHAThCA U HAa ydacTKax
30-50dy. lononHUTENnpHAas NOTPEIIHOCTh M3MEPEHMs INpPU HAJIWYMM 3aKPYTKH [IOTOKAa B CTBOPE
YCTaHOBKH IpeoOpazoBares nprudopa MoxxkeT aocturatb 5-10%.

J1s1 m3MepeHHsl BOABI M TeIUIOBOH 3Hepruu B TpyOompoBoaax 3aaHuii aumamerpom S50-
100mM HauOosee 1eeco00pPa3HO MNPHUMEHATH YJIbTPa3BYKOBbIe TMpeoOpa3oBaTeiu C
(¢opmupoBaTesieM NOTOKA U ABYXJIy4eBble IPeo0pa3oBaTesn ¢ H3MEepPeHneM CKOPOCTH NOTOKA
Mo ABYM XopaaM. JTH HpHOOpbI 00ecrnevynBalOT TOYHOCTb HM3MepeHHMs He Xxyxe 2%, B
IIHPOKOM Anana3oHe pacxonos. IIpsimblie yyacTkn TpyOonpoBoaa nepex CTBOPOM YCTAHOBKH
JAaHHBIX NpUO0pPoB He npeBpIAT 5-10/1y, MO3TOMY ycTaHOBKA MX B NOABAJAX 3JaHUH He
BbI3bIBaeT nMpodJeM. IIpudopbl He YyBCTBUTEIbHBI K MOBBILICHHOMY COJICP/KAHUIO Kese3a U
APYIrUX BellecTB B M3MepsieMOil Boje, He TPeOYIOT YCTAHOBKHM (pUJILTPOB. B KOHCTpyKIMAX
npeodpa3oBareiieil 3THX NPUOOPOB HeT BBICTYNAKIIMX B MOTOK JeTajeil M OTpaxkaTesei.
IIpudopsl MOoryT padoraTh Kak OT CeTeBbIX, TAK H OT ABTOHOMHBIX HCTOYHUKOB MUTAHUS.

B 3akiroueHne OCTaHOBHMCS Ha HEKOTOPHIX OOIIMX YCIOBHSX IMPH OPraHU3aIUN HU3MEPEHUS
BOJIbI U TEILIOBOM DHEPIUU B 31aHUSX.

e Crenyer WMeTh BBHJY, YTO MOHT&X HPUOOPOB JOJDKEH MPOM3BOJUTCS B CTPOrOM
COOTBETCTBUU C TEXHHUECKUMH TpeOoBaHuU [Ipon3BOaUTENS, TOJBKO B 3TOM CIydae MOKET OBITh
JOCTUTHYTHl HOPMHPOBAaHHBIE TOYHOCTH M3MEpeHHus. [Ipy BBHIMONHEHUM MOHTa)Ka HEOOXO0IUMO
o0ecrieynBaTh COOCHOCTH MpeoOpazoBaTeNsi pacxoja M TPyOONpOBOJa, TaK KaK OTKIOHEHHE OT
COOCHOCTH BeJIeT K CYLIECTBEHHOMY YBEIHYEHHUIO MOTPEIIHOCTH H3MepeHus. s obecriedeHus
COOCHOCTH CJIEyeT NMPUMEHSTh MpeoOpa3oBarenn pacxoja ¢ My(QTOBBIM U (IIaHIEBBIM THIIAMU
nojcoequHenus. K cymecTBeHHBIM MOTPEIHOCTSIM u3Mepenus 10 20% u 6ojiee MOXKET MPUBECTH
BBICTYIAIOMIAsl B IOTOK MEpPe BOJAOCUETUNKOM YILIOTHUTENbHAS MPOKIIAIKA.

* BeposATHOCTH OIMOKH MPU KOCBEHHOH MOBEPKE BOJOCUETUYUKOB (PACX0A0MEPOB) HEOOIBILIOTO
JMaMeTpa CYLIECTBEHHO BO3PACTAET, IO3TOMY MOBEPATH MPHOOPHI, YCTAaHABIMBAEMbIE B 31aHUSX,
CIIeyeT MPOJIMBHBIM METOIOM.

* [Ipubopsl ¢ ceTeBBIM AIIEKTPONMUTAHUEM CIIEIYET MOJKII0YATh C MPUMEHEHUEM BCTPOECHHBIX
WIA BHEUIHMX CETEBBIX (DMIBTPOB, YTO MOBBIMIAET HAJEKHOCTh paboOTHl mpubopoB. Buemrnue
ceTeBble (MIBTPHI UMEIOT OIPENEIEHHOE MPEUMYIIECTBO: BBIXOJ U3 CTPOsi (GuibTpa mpu Opocke
TOKa, KaK MPaBHJIO, MMO3BOJISIET COXPAHUTh pabOTOCHOCOOHOCTh M3MEPUTENBHON TEXHUKH, B 3TOM
cllydae He NOTpeOyeTcsl ee JOpOroCTOSIIUI PEMOHT U MOBEPKA.



* [Ipy HanMuuM B 37JaHUU HECKOJIBKUX KOHTYPOB y4yeTa TEIUIOBOM SHEpPruu ILenecooOpazHo Ha
KaKJJOM KOHTYpE MCIIO0JIb30BaTh OTAEIbHBIN TEIUIOCUETUHK. JlaHHBIN TEIIOCYETUUK JOJIKEH UMETh
nacropT, BeIUCcaHHbIA IIpon3BonuTenem, U He TpeOOBaTh KAKUX-TO JOTOJHUTEIHHBIX HACTPOEK
MocJje BbIMycKa U3 Mpou3BoACTBA. IMEHHO Takoil MOAX0 MPaKTUKYeTCsl BO BceM Mupe [22]. OnbIT
MOKa3bIBAET, YTO YAOPOXKAHUE NMPHOOPOB NMPH ITOM HE MHpeBbImaeT 1-2% OT cTOMMOCTH BCei
CUCTEMBI, HO MBI [I0JIy4aeM Psii IPEUMYILECTB:
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- YMEHBIIIAETCs JJIMHA CUTHAIBHBIX KaOelei;

- IOBBIIIAETCS HA/IEKHOCTh CUCTEMBI 3a CUET YIPOLIEHUS;

- COKpariaercsi 00beM MOTepsSHHON MH(DOPMAITUK ITPH BBIXOJIE U3 CTPOS TETIJIOBBIUMCIIUTENS;

- YOpPOULIAEeTCsl KOHTPOJb 3a CUCTEMOHM M CHUXKAETCS BEPOSTHOCTh HECAHKLIMOHUPOBAHHOTO
BMEILIATENIbCTBA.

BbIB O 1 bl

1. BsiGop npubopoB Ui U3MEPEHUS XOJIOAHOM TopsYel BOJbI U TEIJIOBOM SHEPTUU B 3JaHUAX
— 3TO OTBETCTBEHHBIN Imar. HeocToBepHOCTh M3MEpEHUsT MOTPEOIIIEMBIX SHEPrOPECYPCOB
MOJKET NMPHUBOJIUTH, KaK K JIOMOJHUTEIHHBIM (PMHAHCOBBIM HM3/EP’KKaM HACEJIeHMs, TaK U K
CepbE3HBIM YOBITKAM PECYpPCOCHAOKAIOIIMX KOMITAHHA.

2. Ilpu BbIOOpe TPUOOPOB, U3 YHCIA MPEACTABICHHBIX HA POCCHICKOM DBIHKE, HE CIEIyeT
noBepsaTh pekname. Psg IlpomsBogurenedt m JluinepoB HckaxkaroT HH(OpMAIMIO, Kak O
TOYHOCTHU MPHUOOPOB, TaKk ¥ 00 00JACTH UX BO3MOXKHOTO MpUMeHeHus. Boioupast mpubopsl,
CllelyeT NMPUHUMATh BO BHUMAHUS OOIIMPHBIA 3apyOeKHBIA OMBIT C Y4ETOM CHEIHM(PUKH
POCCUMCKMX KOMMYHAJIbHBIX CUCTEM.

3. IlosyunBmiMe B IOCIEAHEE BpEMS  paCHPOCTPAaHEHHWE Ha  POCCHUIMCKOM  PBIHKE
AJIEKTPOMArHUTHBIE TPUOOPHI O0O0JNAAl0T TOBBIIICHHON UYYBCTBUTEIBHOCTBIO JIaXKe K
HE3HAYUTENIbHBIM OTJIOXKEHHUSAM Ha UX IPOTOYHOU yacTH. YTO MOXKET IPUBOAUTH B IpOLIECCE
HKCIUTYaTaIlMH K POCTY HOTPEUTHOCTH AIEKTPOMArHUTHBIX pubopos 10 10-15% u Gotee.

4. Jlns M3MEpeHus XOJIOJHOM, ropsdyeid BOAbI M TEIUIOBOM SHEPruu B 3J1aHUAX Haunboiiee
3¢ GEKTUBHBI YABTPA3BYKOBbIE CUeTYHKHU. COBIT 3TUX MPUOOPOB B SKOHOMHUUYECKH PA3BUTHIX
CTpaHax B IIOCJIEIHUE [Ba JECATUIIECTUSA uMeeT HaumOOJBIIMI poCT, MpUYeM
YIBTPa3BYKOBBIE MPUOOPHI MPAKTUYECKH IOJHOCTHIO, BBITECHHIM M3 KOMMYHAJIBHOTO
CEKTOpa PbIHKA AJIEKTPOMAarHUTHBIE TEIVIOCYETYMKU U BOJOCUETUHUKH.

5. YapTpa3ByKOBBIE BOJOCUETYMKH U TEIUIOCYETYMKU MMEIOT pa3iudHble KOHCTpykuuu. He
BCE YJIBTPa3BYKOBBIC MPHUOOPHI MOIXOMAAT Ui M3MEPEHHS BOIBI M TEIJIOBOM SHEPTUU B
3aHUSAX, TaK KaK OHU MMEIOT pa3IM4HyI0 TOYHOCTh M HaJeKHOCTb. KOHCTpyKuuu c
OTpaXkaTelsIMU YYBCTBUTENBHBI K OTJIOXKEHHSAM HAa MPOTOYHON YacTH, MOJHOIPOXOIHBIE
npuOOpPHI C AMAMETPATBHBIM PACIIOJIOKEHHEM JIyda He 00JIaaloT J0CTaTOYHOM TOYHOCTHIO
U TpeOyroT OOJBIINX MPSIMBIX Y4acTKOB TPyOOIPOBOJA, OJHOJIYYEBBIE YIBTPAa3BYKOBHIE
pUOOPHI C MPETOMIICHUEM JIy4a 10 TPEM XOp/iaM YyBCTBUTEINBHBI K 3aKPYTKE MOTOKA.

6. HaubGonee »QQekTuBHBI a5 HM3MEpPEHHS BOJBI U TEIJIOBOM SHEPruM B 3HaHUAX
yIBTPa3BYKOBBIE CYETYMKH OCEBOrOo TuUma 0Oe3 oTpaxkarened, JABYXJIy4eBBIE C
pacroJIO’)KEHUEM JIyded II0 JABYM MapajUleIbHBIM XOpJaM, OJHO- U JBYXJIY4EBBIE C
dbopMupoBaTenemM MOTOKa.

7. Ilpm HanmMUMKM B 3[JaHUM HECKOJIBKUX KOHTYPOB Y4eTa TEIUIOBOM DHEPIMM Ha KaXIOM
KOHType IIeJIecO00pa3HO TMPUMEHSATh OTACIbHBINA, MPOCTEHINNUN TEIIOBBIYUCIUTENb, YTO
MOBBIIIAET HAJEKHOCTh CHUCTEMbI y4deTa B LIEJIOM, COKpallaeT 3aTpaTbl Ha KaOelbHbIE
JUHUM, YOPOLIAET NPOLECC KOHTPOJIA 32 BO3MOXHBIMH HECAHKLHOHMPOBAHHBIMU
BMEIIATEIbCTBAMH B CUCTEMY U3MEPEHHS. Y I0pOKaHHE MPUOOPOB MIPHU ATOM HE IPEBHIIIACT
1-2% OT CTOMMOCTH CHCTEMBI B II€JIOM, YTO OBICTPO OKYIMaeTcss NPH MOHTaXE U
AKCIUTyaTallMH y3JI0B y4eTa.
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IIpu BBIOOpe mTPHOOPOB [UII HM3MEPEHUIl HHEPropecypcoB B 3HAHUAX  CIEHAYET
OPUEHTUPOBATHCS HA UCIIOJHEHUS, KOTOPBIE JIETKO HHTErPUPYIOTCS B ABTOMATU3HPOBAHHbBIE
cucTeMbl cOOpa JMaHHBIX. YUMTHIBasi COBPEMEHHBIM YPOBEHb Pa3BUTHUS BBIUYMCIUTEIBHON
TexHukd U IT-TexHosoruii nepexox Ha aBTOMATU3UPOBAHHBIM y4e€T 3HEPrOpecypcoB B
OmKaiIme roabl Hen30eKeH.
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