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AHAJII3 METOIIB I 3ACOBIB KOHTPOJIIO BUTPAT PIIKUX 1
T'A30MOJAIBHUX CEPEJIOBUIIL TA IXHS KJIACHU®IKAILLA

Y cmammi npoananizoeano ocHosHi memoou ma 3acobu KOHMpPOar eumpam pioKux i 2a30n00ioHux
cepedosuiy, po3pobieno ixuw kiacupixayiro. L{e 0ozeonse suxonamu ubip sumpamomipa, siKuil 8ionogioas ou
IHOUBIOYAIbHUM BUMO2AM.

Knrouoei cnosa: sumpamomip, KOHMpoib eumpam, Kidcughikayis, OuHamiyHuil O0ianasoH, HAOIUHICMb,
MOYHICMb BUMIPDIOBAHHA, PYXOMI YACHUHU.

Beryn

UYepe3 mioJileHHE 3pOCTaHHSA I[IH Ha DPI3HI BUIM C€HEPTii BAXIMBUM 3aBJAaHHSIM CHOTOJICHHS €
MaKCHUMAaJIbHO TOYHUH KOHTPOJIb BUTPAT PIAKUX 1 Ta30MOAIOHUX CEPEIOBHUIII.

I'a3 B Ykpaini Ta iHmmx kpainax CHI' — ocHOBHUIT eHeproHocCii, IKUi € JHKepesioM 1HIINX BUIIB
eHeprii — eIeKTpUIHOI Ta TerioBoi. KpiM Toro, rasz — 1e ToBap i npeaMeT KOMEpLIHHUX yroJ MDK
KOMIIaHi€lo, sika 100yBa€, ra30TPAHCIIOPTHUMH KOMITAHISIMH 1 KIHIIEBUMHU CHOXKHUBAYaMHU.

OcCHOBHOIO TPOOIEMOI0 KOMEPIIMHUX BIAHOCHH MpPH IOCTAaBKaX IUIMHHHUX 1 Tra30MoOJiOHUX
cepelioBUIl € aucOaliaHC, IO BUHHUKAE Mg Yac (i3MYHOro OOJIKYy BiJ MOCTadyalbHUKA JI0
CMOXHUBaya. 3araJbHUMHU YMHHUKAMH, 1110 BU3HAYAIOTh BUHUKHEHHS LHOTO AUCOATAHCY, € TOXUOKH
y BUMIpIOBaHHI 00’€My PEYOBMHH, BIICYTHICTh JOCTOBIPHOTO OOJIKY 4Yepe3 HEBHUCOKY TOUHICTBH i
oOMEeXeHHuH Jiana3oH JIYMIBHHUKIB, HECTpaBHOCTI By3diB o0miky [1]. [lns yHUKHEHHS Takoro
aucbanaHcy HEOOXiTHO BHOpaTH BUTPATOMIp, SKHH Mae BCi HEOOXiOHI XapaKTEPUCTUKU IS
3a0e3MeueHHsI TOYHOTO BUMIPIOBAaHHS BUTPAT.

KoHTposib BUTpAT piAKMX 1 Ta30MOAIOHUX CEpEelOBUIN € BAXJIMBUM JJIsI METAIyprii, XapyoBoi
MIPOMUCIIOBOCTI, OyIiBHHITBA, OiloXimii, BHpOOHMIITBA 30aradeHHs pyAd Ta IHIOIMX Tay3ei
MIPOMUCIIOBOCTI.

Metoro poOOTH € aHami3 MeTOMAiB 1 3aco0iB KOHTPOJIO BHUTPAT PIIKUX 1 razonoxiOHUX
CepeZoBHIIl Ta PO3poOKa Kiacuikailii Ha IXHIl OCHOBI.

OCHOBHA YacTHHA

Ha cporonui icHye Beln4e3Ha KUIBKICTb BHUTPATOMIPIB, sIKi BAKOPHUCTOBYIOTh ISl KOMEPIIMHOTO 1
TEXHOJIOTTYHOTO KOHTPOJIIO MOTOKIB piluH, Ta3y Ta napu. Ha OCHOBI MPOBEIEHOTO aHaNi3y METOJIB
KOHTPOJIIO BUTpaTu pedoBUHH [2 — 34] Ta Bxke HasBHOI Kiacudikamii [35] 3ampornoHOBaHO HOBY,
yIOCKOHaJIeHy Kiacudikaiio (puc. 1), B OCHOBY sIKO1 MOKJIAJACHO YOTHPH OCHOBHI KiacH(iKalliiiHi
O3HaKH, a caMe: 32 BUMIPIOBAaHOIO BEJTMUMHOIO BUTPAT, 3a (BI3SMUHUM SBHUILEM, 32 IPUHLIUIIOM POOOTH,
3a e()eKTaMH, 1110 JIeKaTh B OCHOBI POOOTH Ta OCOOIMBICTIO KOHCTPYKII.

Butpara pe4oBUHH — 1€ KUIBKICTh pEUOBUHU (piqHM ab0 razy), sika MPOTIKAE Yepe3 MoNepeuHuit
nepepis TpyoOIpoBOJY 3a OJUHUIIO 4Yacy. Po3pi3HAOTh 00’eMHy BUTpaTy (), , SIKYy BUMIPIOIOTH B

OJMHHUIIIX 00’ €My 3a OJJUHHUIIIO Yacy, 1 MacoBy BUTpary (,,, BIIIOBIIHO:
Q,=V/t; (D
Oy=M/t, (2)

ne V — o0’em pinuHu abo rasy, siKi NpOHIIIN yepe3 ciueHHs TpyOu 3a yac ¢; M — maca pijuHH
a0o razy, siKi IpOMIUIM Yepe3 oNepeyHHid nepepis Tpyou 3a yac ¢ [2].
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OTxe, 32 BUMIPIOBAHOIO BEITMUYMHOIO PO3PI3HAIOTH 00’ €MHI Ta MaCOBI BUTPATOMIpH.

3a ¢IBUUHUMH SBUIIAMH, 110 MOKJIaAeHI B poOOTY, BUTpaTOMipu 00’€My MOIUISAIOTh HA MEXaHIYHI,
MEXaHIKU PIIUH 1 rasiB, eIeKTPOAMHAMIYHI, XBIJIbOBI, @ MAaCOBI1 JIIYMIHBHUKYU — HA TETUIOBI 1 MEXaHIYHi.

3riiHO 3 MPUHLIUIOM POOOTH 10 00'€MHHMX MEXaHIYHMX BUTPATOMIPIB Halle)KaTh TaXOMETPHUUHI 1
OCLWJTIOBAJIbHI BUTPATOMIpH, a O MAaCOBUX MEXaHIYHUX — IHEPLiiHI.

3a edexTaMu, 10 BUKOPHUCTOBYIOTh, Y TAXOMETPHUYHUX BUTPATOMIpaXx MOKHA BHIUTUTH OCHOBHI
Tpu rpynu: kamepHi (iHimi Ha3Bu: niadparmoBi abo meMOpaHHi), TypOiHHi 1 maposi [3]. Haifuacrime
BUKOPHUCTOBYIOTH IEPILi 1Ba BUM.

Kamepni BuTpaTOMipu MpH3HAuU€HI Ui BUMIPIOBAHHS BUTPAT MPO30OPUX PIAMH Yy 3aMKHYTHX
TpyOonpoBonax [4]. Ilpunuun poOOTH TakuX JIUWIBHUKIB TPYHTYETbCS Ha PI3HUII THCKIB, IO €
HACIIIIKOM 3aKOHY 30€peXeHHs €Heprii, 3rigHO 3 SKUM 3BY)XEHHS KaHAJIy MPOXOKEHHS IOTOKY
PEUOBUHH CIPUYHMHSE 30UIbIIEHHS MIBUIAKOCTI MOTOKY, a OTXKe, 1 30UIbIIeHHs KiHeTH4HO1 eHeprii. L{e
3YMOBJIIOE TAaJiHHA THUCKY PEYOBMHU B HaWBYX4Yid YaCTHHI TAKOTO KaHAy, OCKUIbKA KiHETHYHA
SHeprisi 30UIBLIYEThCS 3a paxyHOK eHeprii TucKy. Ilpu mpoMy BinOyBaeThCsl MEpEeMIlIEHHS PYXOMHUX
NEPEropoJIOK BUMIPIOBAJIBHUX KaMep MiJ TUCKOM JOCHIIKYBAaHOTO Ta3y. 3aJIeKHICTb MK MaJiHHAM
TUCKY 1 BUTPATOIO ONUCYIOTh:

0 =K~JAP, (3)

ne Q — BUTpaTa peuoBMHM; K — KOHCTaHTa i 1boro npuiany; AP — pisHuus THCKIB Ha KiHISIX
3BY)KEHHS (11€ 3HAUEHHS 3aJIeKUTh BiJ laMeTpy KaHaily 3BYXeHHs) [5].
KamepHi BUTpaTOMIpH XapaKTepHU3yIOTh TaKi IepeBaru:

1) MOXJIMBICTb BUKOPHCTaHHS Ha (B) TpyOax i3 BEJIUKUM J[laMETPOM;

2) He noTpeOyIOTh 3HAUHUX 3aTPAT MiJ 4aC MOHTAXY;

3) mepeBipeHi yacoM, 3a0e3MeUyIOTh HaIiiHY pOOOTY MPOTIAroM 6araTb0X poKiB;
4) exoHOMIYHMIA BUJ OOJIIKY 32 HEBEJIMKUX KOJIMBAHb BUTPAT;

5) BIACYTHICTH PyXOMHX KOMIIOHEHTIB;

6) Miclle yCTAaHOBKH, MOHTaXKHE ITOJIOKEHHS 1 HAIIPSIMOK MOTOKY HE BIUIMBAIOTH Ha iX poboty [6].

Jlo HesoJIIKIB BUIIEONMCAHUX BUTPATOMIPIB HaJIEKaTh:

1) auHAMIYHMIE giana3oH, oOMeXeHui 3HaueHHsIM 4:1 abo 5:1;

2) MoxJIMBe OJOKYBaHHS CUCTEMHM Yepe3 BUTMHAHHS JiadparMu Bifl TIpaBIiyHOTO yIapy;

3) ycTaHOBOYHA JOBXKMHA BUMIPIOBAJIILHOT CUCTEMHU MOJKE MAaTH BEJIHMKE 3HAYCHHS;

4) yepe3 epo3if0 MOKE 3MIHIOBATUCS T€OMETPisi KPOMOK OTBOpY, IO 3HMIXKYE TOYHICTH BCi€i

cucremu [7].

BupoOHukamMu KaMepHUX BUTpaToMmipiB € Bimomi MbkHapoaHi kommadii: OOO «AIIID9K»
(xommakTHuil BUTpaToMip OriMaster, Pocis), Mecon (Butparomip FON4, Himewyuuna), Siemens
(Himeuunna), PietroFiorentini (Itamis).

Typ6inHi BUTpATOMIpHU MPALIOIOTH 33 MPUHIMIIOM JIYMIBHUKIB 13 KpuiibuaTKoro Bosbsamana, ToOTO
peecTpyroTh 00’€M, IO MPOXOAWUTH dYepe3 IOIEepeuHUil mepepi3, BHUKOPUCTOBYIOUH NPU LBOMY
CEpeJHIO MBHUJKICTh MMOTOKY [8].

Taxi BUTpaTOMipu MEpPEeBa’KHO 3aCTOCOBYIOTh Ha IMIANPHEMCTBAX 3 AY)KE€ BUCOKUM CIOXHBAHHIM
NPUPOJTHOTO Ta3y, a TaKoXX Ha MAariCTpaisx i3 BIJHOCHO BUCOKMM THUCKOM. CydacHUH JIYMIBHUHN
MeXaHi3M TypOIHHOTO BUTpaTOMipa — II€ CBO€piHA KOMII'IOTEpHA MiHi-cucteMa. Bona He muie
HiIpaxoBYye IMITYJIbCH i IEPEBOIUTH 1X Y IM(PPOBUI €KBIBAJICHT, a i CIIAKYE 3a MPABUIBHICTIO POOOTH
JTYWIBHUKA, CUTHAJI3y€e MPO HECAaHKLIOHOBAaHE BTpydYaHHs B ioro po6ory. OcTaHHIM 4YacoM Taki
MEXaHI3MH OCHAIYIOTh MOJEMaMH, 3aBASKH SKUM YCi MOKa3aHHSA HampsMy INepelaloTh Ha CepBepU
ciryx06 minTpumku [6].

Ha TypOiHHMX IIMMIBPHUKAX HEOOXIIHO TMEpIONUYHO KOHTPOJIOBATH 3MIHY IMepenaay THCKY.
JlomycTrMe 3HaYSHHS Mepernajy TUCKY Ha JIYMIBHUKY /Ui KOHKPETHUX poOOUYUX YMOB PO3PAaXOBYIOTh
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3a opmynoro:
2
AP =AP, PP 1O (4)
Pep 'Pp Qp

ne AP, — mepenaj TMCKy Ha JIYMIIbHUKY, PETJIAMEHTOBAHUM y TEXHIYHIA noKymenrauii, [la; P —
TUCK Ta3y (abCoMOTHUI) 32 KOHKpETHMX poOounx ymoB, MIla; P — 3Ha4YeHHs TUCKY Trasy 3a
CTaHJAapTHUX YMOB, JUI SKHX PErVIAMEHTOBAHI BTpATU THUCKY; P, — 3HAUCHHS T'YCTHHHU Tasy 3a
CTaHNAPTHUX YMOB; (., — 3HAYCHHS TYCTUHM Ta3y 3a CTaHJAPTHUX YMOB, Ui SKHX

) _ 3
PETIaMEeHTOBaHI BTpaTH THCKy; () — BUTpara rasy 3a KOHKPETHUX poOoumx ymoB, M /ron; Q,—

BUTpATa rasy, [ K01 perJaMeHTOBaHi BTpaTH THCKY, M/ro1 [9].

Ockinbku TypOIHHMH BHUTpaTOMIp CKIQJAETbCA 13 JIEKUIBKOX PYyXOMHUX JeTaiei, HeoOXiTHO
BpPaxoOBYBaTH TaKi YUHHHUKH:

1) 3MmarmryBanbHI BIACTHBOCTI CEPEIOBUIIA;

2) 3MiHy CcTaHy i pO3MipiB JomaTeii;

3) 3HOC MIOIIUITHUKIB 1 TEPTH;

4) TtemmepaTypy, THCK 1 B’SI3KICTh BUMIPIOBAHOTO CEPEOBHUIIIA;

5) magiHHA TUCKY HA BUTPATOMIpI;

6) mpodinb MBUAKOCTI HA BXO/1 i e(heKTH 3aBUXPEHb.

Came depe3 1 YMHHUKM HEOOXiTHO BHMKOHYBAaTH KamiOpyBaHHS I TepeBipKy TypOIHHHX
JTYWIBHUKIB Y pOOOYHX YMOBaX.

Jlo OCHOBHUX T€peBar WX BUTPATOMIpIB HAJIE)KATh:

1) BimmiaHa TOuHICTH (+0,5% Bin GaKTUYHOTO 3HAYCHHS);

2) MakcuMaJbHUN TuHaMIYHUI miama3on a0 10:1;

3) Burparomip i3 GaifmacHUMH KaHaJIaMU BITHOCHO AemieBi [7];

4) eHeproHe3aeKHICTD;

5) Hu3bkuii piBeHb mymy [10].

Typ6inHi TYMIBHUKNA YYTIHMBI 0 CIOTBOPEHBb MOTOKY Ha BXOJI 1 HA BUXOJI BHUTpATOMipa, Xo4a
Cy4acHi BUMOTHU JI0 JOBXKHH NMPSAMHUX JAUISHOK JI0 1 MICJIS HMPUCTPOIO € MIHIMAJIbHUMHM 1 CKJIaIaloTh,
BiAmoBinHO, 2 1 1 miamMeTpu yMOBHOTO MPOXOAY BHTpaToMipa. TakoX [0 HEIOJIKIB HAJICKHUTh
MiIBUINEHA TOXKUOKA TiJ 9ac BUMIPIOBAHHS MOTOKIB Ta3y, IO MYJIbCYIOTb.

PexomeH1yl0Th 0OMpaTH BUTPATOMIPH THUX THUIIB, Y SIKMX JIUWIBHHUK TEMIIEpAaTypu M OTBip s
Bi0OOpY THCKIB po3MmilleHi B Kopmyci. He 0akaHO BCTAaHOBIIOBATH JIUWJIBHUKM Ha JUISHKAX, J1€
MOYJIMBE HAKOTTMYEHHs KOoHJeHcaTy [11].

Cepen BupoOHUKIB TypOiHHUX BuTpaToMmipiB Bimomi kommanii «Elster Instromet», «KOHBEJIC
Astomatuzanus» (Pocis), «Advantek Engineering» (CILIA), «Cameron» (CIIA), «Actaris» (Pocis).

OcmuioBallbHI  BUTPATOMIPH  TOJUIAIOTH HA  BUXPOBI  JUWIBHUKKA 1 JIYAJIBHUKH, IO
BUKOPHUCTOBYIOTh edekr Koannma. HalimommumpeHimmumMu BUTpAaTOMIpaMHU IIbOTO KJIACY € BUXPOBI, SIKi
3aCTOCOBYIOTH Ha MAacIITaOHUX MiANPHEMCTBAX, /€ BiIOYBAE€TbCS CIOKMBAHHS 3HAYHOI KUIBKOCTI
npUpOIHOTOo Tady. Sk 1 Ha TypOIHHMX BUTpaTroMipax, JIYMIBHHA MEXaHi3M BHXPOBOTO BHUTpaTOMipa
ABIIsiE cCOO0I0 KOMIT'IOTEpHY MiHI-CUCTeMy. BakiIMBOIO mepeBaroio i€l CUCTEMH € HeUyTJIMBICTH 10
MTHEBMOY/IapiB 1 MOKJIMBICTh POOOTH Ha 3a0pyIHEHHX razax [6].

Y 3amHiii yacTWHiI Tima 0coOmuBOi (GopMu, sKe OOTIKAE TMOTIK CEPeOBUINA, YTBOPIOIOTHCS
3aBuxpeHHs. Lli 3aBUXpEeHHS YTBOPIOIOTH Tak 3BaHy A0opikKy Kapmana. 3puB 3aBUXpeHb 3 TiNla, siKe
oOTikae, MOXHA BUSBUTH i po3paxyBaTH. Y AEIKOMY Jiana3oHi iXHs KUIbKICTh IPOMOpIliifHa BUTpATI,
110 JI03BOJISiE BUMIPSITH MIBUIKICTH pyXy cepenoBuina [12].

Yacrora yTBOpEHHsSI BHUXPIB 1 IIBHJIKICTh CEpeAOBHUINA MAIOTh Maibke JIHIHHY 3aleXHICTb, SKY
BHU3HAYAIOTh:
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f=5,-(v/d), (5)

ne f — 4acToTa BUHMKHEHHs BUXpIB; S, — uucio CTpyxais, sike BU3HAYalOTh €KCIIEPUMEHTAIIBHO;

Vv — IIBUAKICTh OTOKY CEpEIOBUINA; d — IIUpPUHA Tina 00TiKaHHA [12].

YacroTa yrBOpeHHs 3aBUXPEHb HE 3MIHIOETHCS MiJ] Yac 3MiHU TYCTUHH cepenosuma [13].

Jlo mepeBar BUXpOBUX BUTPATOMIPIB HAJIEKATb:

1) AoCHTh BEIUKUM TUHAMIYHUI Jiara3oH;

2) Manuii omip MOTOKY;

3) BIACYTHICTh PYXJIUBUX J€TaJCH;

4) JiHIMHAN BUXITHANA CUTHAJ;

5) HeBeluKa BTpaTa THUCKY;

6) mpoctoTa W HAIIMHICTH B eKCIUTyaTallil, OCKUIbKH I1’€30JaTYMKU HE KOHTAKTYIOTH 13
cepenoBuieM [12].

Henonikamu BUXpOBUX JTIYMIHHUKIB €:

1) MoxMBHUi BIUIMB BiOpallii Ha TOUYHICTh BUMIPIOBAHb;

2) 3HauHYy pOJIb Bilirpa€ MpaBUIbHA YCTAaHOBKA,

3) MakcuMallbHI BUTpPATH BiIMOBIIAIOTH MIBUAKOCTI MOTOKY 80 a6o 100 m/c;

4) HenmoctaTHA CTaOUTBHICTh KoOe(]illieHTa IEepPEeTBOPEHHS B HEOOXiTHOMY Jiama3oHi, IO
MPAKTUYHO HE JI03BOJIE PEKOMEHIYBATHU MPHUCTPOI LBOTO THUITY JUISI KOMEPIIHHOTO OOJIIKY
ra3y 0e3 momnepeHbOro KajiopyBaHHS B yMOBaxX €KCIUTyaTallii;

5) HeoOXiHO MependaynTH MpsIMi AUITHKH TPYOU /10 1 micist BUTpaToMipa 6e3 nepemkon [ 14].

Binoma ¢ipma-BupoOuuk «EndresstHauser» ProlineProwirl [15]. InmmMu BUpoOHMKaMH TaKuX
ButparomipiB € UIID «CubuedreaBromaruka» (Pocist), «Emerson» (ButpaTomipu Rosemount,
CIIA), xoprioparttist «Y okogawaElectricCorporation» (Burparomipu YEWFLO, Snownis).

O0’emMHI BUTpATOMIpH MEXaHIKM PIAMH 1 ra3iB 3a MPUHIUIIOM Mii MOAUISIOTh HA JIYWIBHHUKH 3
TUIOM OOTIKaHHSA Ta MaHOMeTpuyHi. Jlo BUTpaTOMipiB 3 TUIOM OOTIKaHHS HajleXaTb MOPIIHEBi Ta
poTariiiHi.

Poramiifauii BUTpaToMip — I1€¢ OAWH 3 MEPIIUX THITB Ta30BUX JIYWIBHHKIB, SKI MOYaIH
BUKOPHCTOBYBATH [UIsl MiApaxyHKy BUTpaTH rasy. Lli BUTpaToMipu 3arajoM BHUKOPHUCTOBYIOTH Ha
HiIIPUEMCTBAX, JIe CHOKMBAHHS NMPUPOJHOTO Tazy He mepeBuilye 200 kybomMeTpiB 3a roauny [6].
[Tpunun poOOTH TaKMX BUTPATOMIPIB IPYHTYETHCS Ha 0OEpPTaHHI IBOX CHIBBICHO pO3TaIllOBAaHUX
pOTOpIB T YIIMBOM MOTOKY Ta3y. BimmikoBuil mpucTpiii mokasye KitbkicTh razy (M’), fka
npoiIia yepe3 JUWIBHUK 3a pobouoro tucky P 1 temnepatypu 7. IlepepaxyHok B 00'eMHi
omunuy, V,,, no ymoB 3a 'OCT 2939 npoBonsaTs 3a GopMyIom:

P-T,

Vv, =V, ——1
Trr.K-P,

(6)

. . . . 3 o
ne V, — pI3HUIL NOKA3aHb JIYUJILHUKA 33 MEPIOJl BUMIPIOBAHHS, M™; P — abCONOTHUI THCK rasy,

MIla; T — abconroTHa Temneparypa rasy, K; K — xoediuieHT crucHenHs rasy; P, =0,101325 Mlla
17T, =293,15 K - BignoBiaHo cTaHAapTHI TUCK 1 TemnepaTypa 3a [OCT 2939 [16].

Takuii BUTpaTOMIp € JOBrOBIYHHMM, Ma€ BHCOKOIO TPOIYCKHOIO 3aTHICTIO 32 BITHOCHO
HEBEJIMKUX PO3MIpPIB 1 Macu, BUTPUMYE MEPEHABAHTAXKEHHsI, aBTOMAaTUYHUH MepepaxyHOK 00’emMy
ra3y MpoBOJIATh 32 IOTIOMOT0I0 KOPEKTOpiB (o0unciroBauiB) [17].

Hes3Baxaroun Ha BHIIEHABEJCHI NepeBaru, poTallifHUI BUTpATOMIp Ma€ HU3KY HEIOJIKIB, 10
SKUX BIIHOCSTh BHCOKAa BapTiCTh. BuMiproBalbHa cucTeMa TUWIbHUKA MOTpeOye peTenbHOT
MIrOHKY BCIX JIeTaliell 1 He 37aTHa MpaloBaTy i3 3a0pyaHeHuM razom [15].

Cepen BUPOOHMKIB pOTALIfHUX BUTPATOMIPIB BUAUIIIOTH Oenbrificbky ¢ipmy «Instromet
International», HIIIT «OBen-Ypam» i OO0 BIIO «Curnam» (Pocis), mimnpueMcTBO «Actarisy i
komrmanito «Elster Instromet» (Himeyunna).
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JIo MaHOMETPHUYHUX BHUTPATOMIpIB HaJeXaTh JIYMIBHUKH HA OCHOBI TiApPaBIIYHHUX OIIOPIB,
3BY)KYBaJIbHUX NMPHUCTPOiB. TakoK BETUKOIO IPYNOI0 MAHOMETPHUUYHUX BUTPATOMIpIB € CTPYMEHEBI,
BIILIEHTPOBI JIUMIBHUKY W OcepeTHeHa HaripHa TpyOKa.

CrpyMeHeBl JTIUYWIBHUKU 3HAWILIM IIUPOKE 3aCTOCYBAHHS B TEIUIOCHEPTeTHIll, MEAWIIMHI,
NAJIMBHIA 1 XIMIYHIH TNPOMHCIOBOCTI, IX TaKOX BUKOPUCTOBYIOTH JJIsi KOMeEpLilfHOro ¥
TEXHOJIOTTYHOTO KOHTPOJIIO MOTOKIB PiZIMH, Ta3y Ta Hapu.

CtpyMeHeBi BUTPaTOMIpH JO3BOJISIIOTH BUMIPIOBATH HEBEJIMKY BUTPATY Ta3y, OCKUIBKH MalOTh
HU3bKUN nopir uyriauBocTi [17]. [IpuHuun poGoTy mosisirae y BUMIpIOBaHHI YaCTOTH MEPEMUKAHHS
ctpymeHeBoro aBroreHepatopa (CAI), mo mnpomopiiifHa IIBHAKOCTI BHTpar raszy. Yacrora
KOJIMBAaHb MTOTOKY MpOIopIiiiHa BUTparti uepes comno CAI™:

q
f=8h——-, (7)
[-b-h
ne Sh —uucno Crtpyxans; /, b, h — xapakTepHi po3MipH, BIAMOBIIHO — JOBXHHA KaMepH, IIUPHUHA 1
rIMOMHA COIlIa CTPYMEHEBOTO €JIEMEHTA.
BianosinHo 10 popmynu BUTpaTH

g=np-h-b- T (8)

OTPUMYEMO, M0 YacroTa KojuBaHb 1oToky CAI' mpomopuiiiHa nepemaxy THCKY Ha
CTPYMEHEBOMY €JIeMEeHTI (ILIBUJKOCTI MOTOKY Yepe3 HbOT0) 1 I'yCTHHI cepenosuia [19]:
2-Ap

F=sn-t.

; 9)

Otxe, el Mero MOMIOHWN MO BUXPOBOTO i3 TUIOM OOTIKaHHS, TOMY IO B 000X BHITaJIKax
3a0e3MneuyeTbes CTBOPEHHS aepOMHAMIYHOTO TeHEPaTopa KOJIMBAHb.

3anexxHo Bin GopMH CTpyMeHs, a OTXKe, 1 MPUHIMIY (HYHKIIOHYBAaHHS, 1Ii BATPATOMIPU Y CBOIO
Yyepry MoAUIAIOTH I1I€ Ha TPU TPYIH:

1. Burparomipu 3 OCHMWIIOBAJILHUM CTpyMEHEM (PI3HOBHJ BUXPOBHX BUTpATOMIpiB). Sk 1y
BUXPOBOMY METOJi, TYT BHKOPHCTOBYIOTH NPHUHIMUI CTBOPEHHS aepOJAMHAMIYHOTO
reHeparopa KoJIMBaHb 13 4aCTOTOI0, MPOIopLiiiHoo BUTpari ra3y [17, 19]. Burparomipu 1iei
IPYITH, OKPIM CIUIBHUX HEJOMIKIB 13 BUXPOBUMHU JIUMIBHUKAMHU, MAIOTh TaKOXX HAJA3BUYAHHO
BENUKI PO3MIpH CTPYMEHEBOI'O €JEMEHTa IIOJO0 BEIMYMHU BHUMIPIOBAHOI BUTpATH U
HECTaOUTbHUM KOe(illiEHTOM IePETBOPEHHS.

2. YpapHo-cTpymeHeBi BuTpaToMipu. Lli BUTpaToMipy BHUMIPIOIOTH 3aJIe)KHUN Bl BUTPATH
nepenaja THCKY, 10 BHHMKAE IiJ Yac yaapy CTpyMeHs pimuHu ado razy. Taxi JYMIBHUKH
BUKOPHCTOBYIOTh JIUIIIE 11 BUMIPIOBAHHS MaJlUX BUTPAT.

3. Burparomipu i3 BIIXWJICHHSM CTPYMEHS, SIKUI BUTIKae. [IpuHIMI Aii mOsATrae B 3a1€KHOCTI
nepenaay THCKY BiJl BUMIPIOBAHOI IIBUJKOCTI ra3y, 10 BHHHUKA€E 32 BIAXUJICHHS CTPYMEHS
JOTIOMDKHOTO Ta3y abo pimuam [19].

BupoGuukamu cTpyiiHMX BUTpaToMipiB € pociiiceki kommadii «I'azoBuk», OO0 «I'nmobyc», I'K

«IIpommpubop», «TBH sneprocepBucy.

Jlo cTaHDapTHUX 3BYXKYBaJIbHUX IPHUCTPOIB Halexarh giadparmu, comia i Tpyoum Bentypi.
[lepeBaraMu Takoro MeTOJIYy €: MOKJIHMBICTH peaizalii Meroay ©0e3 BHUKOPHUCTaHHS CKJIaJHHX
MIKPOIIPOIIECOPHUX MPHUCTPOiB, BUMIPIOBAHHS BUTPATH 3a MAJMX HIBHAKOCTEH MPOTIKAHHS PIIUHU
a6o razis (0,1...0,5 m/c) i BUCOKa CTIMKICTh JJ0 3a0pYAHEHOT'0 BUMIPIOBAHOTO CEPEIOBHIIA.

Henonikamu Takux mpuCTPOIB €:

1) BHCOKa TPYAOMICTKICTH MOHTAXY;

2) HEBHCOKa TOYHICTH 3a HEBEJMKOTO Jliara3oHy BuMipioBanHs BuTpaTH (1:3);
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3) 3HayHa BTpaTa TUCKY Ha 3BYXYBJIbHUX NPUCTPOSX, IO Y CBOIO Yepry MPU3BOIHUTH IO

J0JJATKOBHX 3aTpar Ha poboTy Hacocis [20].

Came Tomy Oys0 JOUUIBHUM BBEJIEHHS HOBOT'O METOMAY «IUIOIIA-IIBHJIKICTDY 13 BUKOPHCTAHHIM
OCepeTHEeHO1 HaIIpHOT TPYOKH.

Lle#t mpunaa CTBOPIOE MeEpernaja THCKIB MPOMOPIIHHO KBaIpaTy MIBUAKOCTI MOTOKY 3TiTHO 3
Teopemoro bepHymti: cyma eHeprii y Oyap-sikiii Toumi TpyOM € CyMOIO CTaTM4HOi (THCK, IO
CTBOPIOE PEYOBHHA Y BCIX HAIpPSMKaX); KIHETUYHOI (IIBUAKICTh PEYOBHHH) 1 IOTCHIIHHOT €HEpTii
(rpaBiTaliiHuil CKIQAHUK). Y TaKOMY BHIIAKy TeopeMy bepHyIuti 3aucyroTh:

M PV Py
2¢ p 2¢ p

7€ v — HMIBUIKICTb MMOTOKY; g — IpaBiTalliiiHa cTana; p — THCK; p — I'yCTUHA pedyoBUHH [21].

; (10)

OcepenHeHy HamipHy TpyOKYy BUKOPHUCTOBYIOTH OUIBII, HUK Y MUIbIOHI BUTPaTOMIPHUX BY3JIB 1
B TpyOax 3 BENUKUM JiameTpoM. lle 3yMOBiI€HO CcTaOUIBHOIO 1 TOYHOIO POOOTOIO 3 TapHOIO
MOBTOPIOBAHICTIO pe3yibTaTy. TakoX MpWiaj Mae CyITEBI MepeBarn HajA TPaaUIiiHUMU
3BY)KYBaJIbHUMH JiayparmMamu 3aBASKH IPOCTOTI YCTAHOBKU M HU3BKUM BTpaTaM TUCKY.

Henonikamu BUTpaToMipiB 3MIHHOTO MEpenaay THCKY € HU3bKa TOYHICTh IXHBOT'O 3aCTOCYBAaHHS
Ml Yac BUMIPIOBaHHS MaluX BUTpAT y TpyOax HeBenukoro mgiamerpa (Menme 50 mm) i
MyJIbCYBaJBHUX MOTOKIB [21].

[TpomuciioBuil BUITyCK OCEpEIHEHUX HAIPHUX TPYOOK HAJAaroHKEHUH NESKUMHU 3apyOLKHUMU
¢dipmamu. Hampuknan, ¢ipmy CHIA Hanejwell (aBcrpiiicbka ¢imisi) BHUITyCKae BHUTPAaTOMIPH 3
HamipHUMH TpyOKamu Tuiy Annubar.

O0’emMHI  eNeKTpOJWHAMIYHI  BUTPATOMIPH TMOJUISIOTH Ha  1OHI3aIllifHi, MAar”iTHi Ta
€JIEKTPOMArHiTHI BUTPATOMIPH.

[Mpunnun  gii  ioHi3aIHHUX  BUTPATOMIPIB  TMOJSrae 'y BUMIPIOBaHHI IHTEHCHBHOCTI
BUIIPOMIHIOBaHHSI, HAIpPAaBJICHOTO MOMEpPEeK MOTOKY. Jlis 3MEHIIEHHS MOXWOKH Bl MIHIMBOCTI
JDKeperia BUIIPOMIHIOBAHHS MEPEBAaXXHO BUKOPUCTOBYIOTH AM(DEPEHIIiIHI epeTBOpIoBayi 3 ABOMa
npuiiMayaMu 10HI3aIiHOTO TOTOKY (a00 yabTPa3BYKOBOI'O BUNIPOMIHIOBAaHHS) [22].

Jlo HeNoJIIKIB TaKUX BUTPATOMIPIB HaleXaTh: YIJIMB IapaMeTpiB a3y, TEMIIEPaTypH 1 TUCKY Ha
BEJIMYUHY iOHi3alii. YCyHEHHs IMX YMHHUKIB 3HAYHO YCKJIAIHIOE KOHCTPYKIIIO IMIYJIBbCHUX 1
YyTIUBUX eneMeHTiB. KpiM Toro, ioHi3amiifHi JTIYMJIBHUKKA HE MOXYTh 3aCTOCOBYBATH IS
BHUMIPIOBAHHS BUTPATH CUJIHHO I0HI30BAaHUX 1 po3meueHux rasis [23].

Po3po6uukoMm ioHizauiiinux BurpatoMipiB € OO0 «IIpameHby.

[Tpuniun aii MarHiTHO-1IHAYKTUBHUX BUTPATOMIPIB IPYHTYETHCS HA BUMIPIOBAHHI MPOMOPIIIHHII
BUTPATI €NEKTPOPYLIIIMHOT CHIIU, 110 1HIYKOBaHA B MOTOL €IEKTPONPOBIIHOT PEUOBUHU Mil €0
30BHINIHBOTO MarHiTHoro mons (3akoH ®apaxmes). 3rigHO 3 HUM 3aKOHOM sl OYyAb-SKOTO
3aMKHYTOTO KOHTYpY iHAyKOoBaHa enekTpopyuriiiHa cuna (EPC) mpomnopiiiiHa mBHIKOCTI 3MiHi
MAarHiTHOT'O MOTOKY IO MPOXOIUTh Yepe3 el KOHTYP.

["010BHOIO TIEpeBaroio TaKMX JIYUIBHUKIB € T€, 10 EPBUHHI IEPETBOPIOBaUl HE MAIOTh YaCTHH,
SK1 BUCTYIAIOTh BCEPEINHY TPYOOIIPOBOY), @ 130JIALIIHI Ta aHTUKOPO3iiiHI MOKPUTTS T03BOJIAIOTH
BHUMIPIOBATH BUTPATH arpecUBHUX 1 abpa3iiiHux cepenosuil [24].

HenonikoM MarHiTHO-IHAYKTUBHHX BUTPAaTOMIpIB 13 MOCTIHHMM MAarHitoM € TOJsSpU3alis
YYTJIMBUX €JIEMEHTIB, sIKa MPU3BOIUTH J0 3MIHM ONOpY MepeTBoproBaya. Lle mpu3BoaAUTh 10 MOSIBU
I0JaTKoBUX TOxHOOK. KpiM 1poro, BHUTpaToMipd UyTIMBI [0 HEOJHOPITHOCTEH MOTOKY,
TypOyJIeHTHOCTI i HEPIBHOMIPHOCTI PO3MOIUICHHS MIBUAKOCTEH MOTOKY B MONEPEYHOMY Hepepisi
KaHay.

He3Baxaroun Ha HEJOJIKA MarHiTHO-IHAYKTUBHI BUTPATOMIPH 3HANIIIIN IIHPOKE BUKOPHUCTAHHS
B METaJyprii, XapuoBiii MPOMHUCIOBOCTI, y OyAIBHUITBI, 0i0Ximii, BAPOOHHUITBI 30araueHHs pyau, y
MEIUIUHI, OCKUIPKM BOHU MAalOTh Mally iHEpLIHICTh MOPIBHSAHO i3 BUTpATOMIpaMH IHIIUX THUIIIB
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[25].

Bupobuukamu €: «Krohney, «Siemensy, «Honeywell» (CLLIA).

Croroani HaOyB MOMYJSIPHOCTI 1€ OAMH METOJ BUMIPIOBAHHS BUTPATHU — YJIbTPa3BYKOBUil. Bin
MOJIATa€ B 3aJIGKHOCTI Yacy PO3MOBCIOKCHHS YNIbTPAa3BYKOBUX KOJIMBAHb 4Yepe3 IMOTIK rasy B
TpYOOIIPOBOIi 33aHOTO HiameTpa [26].

PizHu1t yacy At mpsMo mpomnopiiifHa MBUAKOCTI TOTOKY V :

=2y, (11)

1€ ¢ — IBUAKICTh 3BYKY B CepeloBHUINi; L — BiACTaHb MPOXOKEHHS YIbTPa3BYKOBUX KOJIMBAHb
[27].
B ynapTpazBykoBOMY JIYMIBHUKY PO3TAlllOBaHI Napu MEpBUHHUX MepeTBoproBauiB. HasBHICTH
JEKUIBKOX Map M03BOJIIE OTPUMYBATH OUTBII TOYHI 3HaUeHHs BUTpaTu. KokeH i3 1aT4MKIB 374aTeH
npuiiMaTH i nepenaBaTy curHajg. BumiproBaHHS yacy MPOXOJUKEHHS CUTHATY MDK KOXKHOIO Mapoio
BiIOyBaeTbcsl 0HOYAacHO. CHUTrHANl TEHEPYIOTh I €30€JIEeKTPHYHI KPUCTAIH, N0 SKUX MPHKIAICHO
Hanpyry, i HaBMaKH, KOJM YJIbTPa3BYKOBAa XBMJIS BAAPSETHCS 00 KpUCTal, Ha KPHUCTalli BUHHUKAE
Hanpyra. 3OUIBIIYIOYM KUIBKICTh Map JaTYMKIB, MOKHA TOYHO BHU3HAUYUTH W MaTEeMaTHYHO
KOMIICHCYBAaTH CIIOTBOPEHHS MPOQLII0 MOTOKY Y BCbOMY HOINEpeyHOMy mepepizi Tpyou. Komu B
TpyOl BIICYTHIHf pyX pE4OBHMHH, Yac Tepejaadi CUTHAIYy OJHAKOBUHM 3a Tewiero 1 mpoTtu Teuii. Sk
TUIBKM PEYOBHHA TOYMHAE TEKTH IO BHUMIPIOBAJIBHIN TpyOIl, IIBHUAKICTH 3BYKOBUX CHTHAJIIB
30UTBIIYETHCS. B TOMY HAIIPSIMKY, Y SIKOMY T€4e piliHa, 1 3MEHIIY€EThCS B IPOTUIICKHOMY HaIIPSIMKY
[29].
VYIIbTpa3ByKOBI BUTPATOMIpPH Y CBOIO YEPTy MOAUIAIOTH Ha!
1) yacToTHI BHUTpaToMipW, y SKHUX BHUMIPIOIOTh PI3HUII0 YaCTOT IOBTOPEHHS KOPOTKHX
IMITyJICIB UM MAKETIB YJIbTPAa3BYKOBUX KOJIMBAHb;

2) da3oBi BUTpaTOMIpH, Yy SKUX BHUMIPIOIOTH pPI3HHUIIO (Aa30BHX 3CYBIB YIBTPa3BYKOBUX
KOJIMBAHb;

3) YacoBO-IMIYJIbCHI BUTPATOMIPH, Y SIKMX BiIOYBa€eTbcsl Oe3mocepeqHe BUMIPIOBAHHS PI3HHULI
qyacy IpOXOKEHHSI KOPOTKHUX IMIYIbCIB [27];

4) pe30HaHCHI BUTPATOMIpH;

5) ojaHOKaHaIbHI (3 IBOMA I’ €30CJICMCHTAMH );

6) IBOKaHANbHI (HAassBHI YOTUPH 11’ €30€JIEMEHTH);

7) OararokananbHi [29].

VYIIbTpa3ByKOBI BUTPATOMIPH € HAWMEPCIEKTUBHIIIUMH Ui KOMEPIIHHOTO OOJiKY, OCKUIBKU
MalOTh HU3KY TepeBar:

1) BiOCYTHICTh PYXOMHX YaCTHH 1 YaCTHH, 1110 BUCTYNAIOTh Y MOTIK;

2) He CTBOPIOIOTH JOJATKOBUX BTPAT HAIOPY;

3) yIOpoOJOBXK TPUBAJIOr0 Yacy MOKYTh HpAIIOBATH Bil BOYIOBAaHOTO aBTOHOMHOTO JDKepesa

KUBJICHHS;

4) TtouHicTh MOXke KamiopyBartucs 1o <0,1%;

5) BUMIpPIOBaHHS € BITHOCHO TOYHUMH, HABITh KOJIHM TATYUK BUXOAMTH 13 maay [30].

B iHImIKMX NEepBMHHMX BUMIPIOBAJIBHUX NPUCTPOSX, TAKUX SK TYypOIHHI BUTPATOMIpH, BaKKO
3pO3YyMITH: YH JIIIICHO BOHH BCE II[€ TOYHO MPAIIOIOTh IICIIs ASSIKOT0 Mepioty eKcruryaTanii. Takuit
YMHHUK SK 3a0pyAHEHHs BiJ Macia TpyOONpOBOLY MO’K€ BIUIMHYTH HA TOYHICTH OYIb-SIKOTO
natyuka. Yacro € HEOOXiTHMM Bi3yaJlbHUH OIS Ui TEPeBIPKM  HAJEeXHOI poOOTH
BUMIPIOBAJILHOTO MPUCTPOI0. [t  ynbTpa3ByKOBUX JHYMIBHHUKIB MPOMOHYIOTH €JIEKTPOHHY
TIarHOCTHKY, sIKa JIOTIOMarae IepeBIpUTH HAJIEKHUA pPOOOYMI CTaH 1 TUM CaMUM 3HIKYE
BHYTpIIIHE BTPYYaHHS, sIKE YacTO MOTPIOHE JUIA IHIIMX BHUMIPIOBAJILHUX NMPHUCTPOiB. BHyTpimIHiO
TIarHOCTHKY MOYHA TaKO>X BHKOPHUCTOBYBATH Ul MEPEBIPKU IHIIHUX MOKAa3HHUKIB BUMIPIOBAJIBHOT
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KOHCTPYKIII], TAKUX SIK: TeMIieparypa iras [28].

He3Baxaroun Ha OYEBHW/IHI NEpeBaru YAbTPa3BYKOBHX JIYMIBHHKIB, ICHYIOTh TaKi HEIOJIKH
METOy:

1) oOmexeHHs 3a MIHIMATbHOIO MIBUAKICTIO TOTOKY;

2) CKIAAHICTh 1 BHCOKa BapTICTh NPHUCTPOIB, sIKAa 3a IHIIMX PIBHUX YMOB y 3 — 4 pas3u

MIEPEBHUIILY€E BAPTICTh TAXOMETPUUHUX 1 €ICKTPOMArHITHUX BUTPATOMIpIB;

3) ymiuB Ha MoKa3u Oyap0AIIOK MOBITPS B MOTOIII;

4) HeoOXigHICTh 3HAYHUX JOBXKHH JIHIHHUX TUISTHOK J0 1 MiCIs epeTBoproBaya [31].

Ha cporojHi icHye Bennye3Ha KUTbKICTh KOMIaHIH, 5Kl 3aiiMaloThCsl pO3pOOKOI0 YIBTPa3BYKOBUX
Butparomipis: «Krohne» (cepis UFM, GFM, Altosonic), «Emerson» (Senior Sonic, Junior Sonic),
«Sick Mahack» (CILA).

[Ile omHUM KJIaCOM BHUMIPIOBAHHS BUTPATH ra3dy € MacoBi BUTPATOMIpH, Cepes SAKHX TeIJIOoBi i
MeXaHIyHi BUTpaToMipu. Jl0 TEIUIOBUMX HaleXaTh KaJOPUMETPUUHI 1 TEPMOAHEMOMETPHUYHI
BUTPATOMIPH, a 0 MEXaHIYHUX — IHEPUIHHI JTIYMILHUKY.

KapiomicoBi BHUTpaTOMipu pa3oM i3 TypOOCHJIOBUMH 1 TIrPOCKONMIYHUMHU HaJeXaTh M0
IHepUIHHUX JIUWIBHUKIB. YCepearHi KOKHOTO KapioJicOBOTO BUTpaTOMipa po3TalloBaHa TpyOKa
(mampuknag, ¢ipma Yokogawa mnpomnoHye po3B’s30K i3 nBoma TpyOkamu) [32]. Tak 3BaHwmii
30yHUK 3MYITye TPYOKY KOJMBATHCS 3 TIEBHOIO TAKTOBOIO YaCTOTOH. SKIO B TpyOi BiACYTHIN pyX
BHUMIPIOBAHOTO CEpPEIOBUIIIA — BOHA KOJIMBAETHCS PIBHOMIPHO.

JlaT4uKy, po3TalIoBaHl Ha BXOJi 1 HA BUXOJl 3 TPYOKH PEECTPYIOThH LI PIBHOMIPHI KOJMBAHHS.
Sk TiTEKM BUMIPIOBAaHE CEPEIOBUIINE TMOYMHAE TEPEMIIIATUCS B TPYOi, 3'IBISIOTHCS [10JAaTKOBI
moioBkHI konuBanHA. [1in miero cunm Kapiomica BXinHa 1 BUXiHA YaCTUHU TPYOU BIIXHIISIOTHCS B
pi3Hi 60kH, TOOTO MpUCYTHE 3MimieHHs 1o (a3l [33]. BucokouyrinuBi JaTYUKU CHOpUHAMAIOTH 1Ii
KOJIMBaHHSA. SIK pe3yabTar, 3MilleHHs 1o ¢asi i € Miporo BUTpaTH peuoBUHHU. UMM BUILA MIBUAKICTH
MOTOKY, TUM OLTbIIIE IEPIOIiB KOJUBAHb YKJIAJA€THCSI HA BUMIPIOBAJTIbHY IUISHKY [34].

L1 rpymna BUTpaToMipiB Ma€ BUCOKY TOUYHICTh 1 HATIHHICTD, HAIPAM PYXy MOTOKY HE BIIMBA€E HA
poOoTy mpuiaxy, a 3a MPaBHIBLHOTO BCTAaHOBJIEHHS KapioJliCOBI BUTPATOMIPH HE YYTIUBI 10
BiOpalliif 1 mepenajiB TemrneparypH.

Taki BUTpaTOMipM NpUAATHI JKIIEe A8 TPyOONpPOBOMIB 3 HEBEIMKHUM JiaMeTpoM, a iXHi
MOKAa3aHHS 3aJIeKaTh BiI BIIKJIaIeHb IIJIAKIB Y TPyOax.

Cepen BupoOHUKIB KapiojlicoBux BuTparomipiB kommanis «Emerson» i 'K «EndresstHauser»
(IIBetinapis).

BucHoBkn

OnHuM 13 HaWBaXJIMBIMIMX 3aBJaHb Cy4acHOI EHEPreTHKH € 3a0e3NedYeHHs MaKCUMaJIbHO
TOYHOTO KOHTPOJIO BHUTPATH PiIKuX 1 ra3omofiOHux ceperoBunl. Ha cboroasi icHye Oe3niu
METO/IB BUMIpIOBaHHs BUTpaTu. KoXKeH 13 JMYMIBbHUKIB Ma€ CBOI MEpeBaru Ta HEJOJIKH, 3TiIHO 3
SKMMH 3HAXOJHUTh CBOE 3aCTOCYBaHHS B MPOMMCIOBOCTI. 3Ba)kKaloyM Ha BHILE3a3HAYEHE, Y poOoTi
MPOAHANII30BaHO Cy4acHI METOJIY BHMIPIOBAaHHS BUTPATH W 3alPONOHOBAHO iXHIO KiIAacHQiKalliro.
BcranoBneHo, 110 3aBSIKM CBOEMY IIUPOKOMY JHHAMIYHOMY Jlana3oHy, HaiiHiil poOOTi, BUCOKIH
TOYHOCTI 1 3pY4HIll IiarHOCTHUIIl HANMEPCIEKTUBHIIIMM METOJIOM € YIbTpa3ByKoBuil. Hezaxkatoun
Ha CBOI OYEBHJHI IepeBaru, ylIbTPa3ByKOBI BUTPATOMIPH € JIOCUTHh BapTICHUMH, a MiIBUILEHHS
KUTBKOCTI KaHAIB 3HAYHO YCKJIATHIOE IPOrpaMHy peanizaiiito o0poOku iHpopmarii.
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6. To build [EnexTpornamii pecypc]: Bumpl ra30BbIX cUETUNKOB: MEMOPAaHHBIC, POTAI[IOHHBIC, TYPOUHHBIC CUETUHKH.
Buxpesoii pacxomomep. — Pexxum moctyrry: http://gas.to-build.ru/content/view/56/44/. — Hazpa 3 expany.

7. LICON [Enextponnuit pecypc]: Tumbl pacxomomepoB. — Pexxum moctymy: http://eclicon.ru/?page id=1450. —
Ha3Ba 3 ekpany.

8. MESKOTEX MESS- UND KONTROLLTECHNIK [Enekrponnuii pecypc]: TypOuHHBIE pacxomomepsl. —
Pexxum noctymy: http://www.meskotex.com/hm.htm. — Ha3Ba 3 expany.

9. TlpaBuma merponoruu IIP 50.2.019-2006 «Metonuka BBINIONHEHUS W3MEPEHUH IIPH IIOMOIIM TYpOWHHBIX,
POTALMOHHBIX 1 BUXPEBBIX cueTyrkoBy / pen. B. H. Kombico. — M. : ®I'VII «Cranmaptundopm», 2007. — 33 c.

10. Kypnan «Omueprermka um TOK» [Enexrponnmii pecypc]: Pacxomomepsl: NpHHOMIBI pabOTBl M OIBIT

JKCIUTyaTanmu. — Pexum noctymy: http://www.energetika.by/arch/~page  m21=6~news m21=140. — Hassa 3
eKpaHy
11. TazoBuk [Emextponnmit pecypc]: TypOunHble cuerumkn Taza. — Pexum pocrymy: http://gazovik-

gaz.ru/spravochnik/consum/turbinnyie-schetchiki-gaza.html. — Ha3Ba 3 expany.

12. YOKOGAWA [EnexrponHuil pecypc|: BuxpeBoil pacxogomep, BUXpEBOU PacXofaoMep — NPUHIUI JEHCTBUS. —
Pexxum nocrtymy: http://www.yokogawa.ru/measurementcharge?prod=443. — Ha3sa 3 ekpaHy.

13. Texunueckuit macnopt D184S035U03 Rev. 12 [Enexrponnuit pecypc]: 2-npoBOAHOE KOMIIAKTHOE YCTPOUCTBO.
W3mepurenbHblii  mpeoOpas3oBaTens Ha 0ase IU(POBOro CHrHAIBHOTO Tporeccopa. — PexuM  gocTyiy:
http://www05.abb.com/global/scot/scot211.nsf/veritydisplay/53187d45{8a21695¢1257950003daaec/$file/D184S035U0
3-RU-12-11 2011.pdf. — Ha3Ba 3 expany.

14. PykoBozactBo no skcrutyarauuu 00809-0107-4860 [Enexkrponnuii pecypc]: Pacxomomepsl BuxpeBble Rosemount

8600D. — Pexum JIOCTYIY:
http://www?2.emersonprocess.com/siteadmincenter/PM%20Rosemount%20Documents/00809-0107-4860.pdf. — Ha3sa
3 EKpaHy.

15. Hayuyno-npousBozacteenHa ¢upma "Packo" [Enexrponnuii pecypc]:O NpUMEHMMOCTH pa3lIMYHBIX METO/IOB
N3MEpEeHNs pacxofa Ul KOMMEPUYEcKoro ydera rasa . — Pexxum moctymy:http://www.packo.ru/node/1763 . — Hazga 3
eKpaHy.

16. PykoBOACTBO 110 dKcIuTyaTammu 2.784.000 PO [Enexrponnuii pecype]: CUETUMK T'A3A POTALIMOHHBIA
PI'-K-Ex. — Pexxum noctymy: http://www.ppx.ru/product/re rgk.pdf. — Ha3ga 3 expany.

17. INPAMEHb [Enexrponnmit pecypc]: Crpyiinsle pacxomoMepsl. - Pexum JIOCTYILy:
http://npopramen.ru/information/other-flowmeters/specific-methods/3-jet-flowmeters. — Ha3Ba 3 expany.

18.  Hayuno-npomsBonctBenHa  ¢upma  "Packo" [Enexktponnmii  pecypc]: O  mpuMeHeHMHM — CTpYHHOTO
aBTOr€HEPATOPHOTO METO/a W3MEpEeHWs] B OBITOBBIX CUCTYMKAaX Tra3a M IIOBEPOYHBIX YCTaHOBKax . — Pexum
nmoctyty:http://www.packo.ru/node/2151 . — Ha3Ba 3 expany.

19. Yamueirume 3. WM. MatemaTtndeckast Monenb crpyiHoro pacxomgomepa. / O. WM. Hamnsirun, 0. B. 3emckos,
B. B. Kop3un // Xypnan texandeckoit puznku. —2004. — 1. 74. — Ne 4. — C. 16 — 19.

20. M3mepeHune pacxosa ¢ UCTIONb30BaHWEM OCPEHSIONINX HANOpHBIX TpyOok [Enexrponnwuii pecypc] / B. H. XKyk
// OHepreTuka u TOK. - 2010. - Ne 2.
http://www.energetika.by/arch/~year m21=2010~month m2I1=2~page m21=Il~news m21=568.

21. ETS [EnexrponHuii pecypc]: OCHOBHBIE NPUHLMIBI U3MEPEHMs PACXOAA ra3a C MOMOLIBIO OCPETHSIOLIECH
HaIOpHOH TPYOKH. Pexnm JIOCTYILY:
http://www.ets.inf.ua/PDF/Intra/%D0%9E%D1%81%D0%BD%D0%BE%D0%B2%D0%BD%D1%8B%D0%B5%20
%D0%BF%D1%80%D0%B8%D0%BD%D1%86%D0%B8%D0%BF%D1%8B%20%D0%B8%D0%B7%D0%BC%
D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F%20%D1%80%D0%B0%D1%81%D1%85%D0%BE%D0%
B4%D0%B0%20ITABAR-%D0%B7%D0%BE%D0%BD%D0%B4.pdf. — Ha3Ba 3 expany.

22. ABroMmaTH3alnMsa NPOMU3BOACTBEHHBIX NpoueccoB [EmexTponHuil pecypc]: MoHM3aLMOHHBIE pacXodOMEpBL. —
Pexxum moctymy: http://ru-auto.info/post/101488904990008/. — Ha3ga 3 expaHy.

23. Meranackane — wuHbponoptan [Enexrponnnii pecypc]: MoHM3alMOHHBIC pacxXxomoMephl. — Pexum moctymy
http://megapaskal.ru/pribory/rashod-pribor/228-i-snova-rashodomery-rashodomery-ionizacionnye.html. — Ha3sa 3
eKpaHy.

24. Ilpamenp [EnexTpoHHMH  pecypc]:  OIEKTpOMarHWTHbIE  pacxofoMmepel. — Pexum  pmoctymy:
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ABTOMATHKA TA IHOOPMAILIIMHO-BUMIPIOBAJIBHA TEXHIKA

http://npopramen.ru/information/other-flowmeters/physycal-phenomena/12-electromagnetic-flowmeters. — Hassa 3
eKpaHy.
25. Pacxomomep.py. [Enexrponnuii pecypc]: Uro Takoe 3yieKTpOMarHWTHBIM pacxomomep?!. — Pexunm mocrtymy:

http://www.td-rashodomer.ru/info/articles/elektromagnitnii_rashodomer.htm. — Ha3Ba 3 expany.

26. HoBblif criocod m3MepeHnsi pacxoia HMPHPOAHOTO ra3a yAbTPa3BYKOBBIM MerozioM [Enexkrponnuii pecypc] /
A. M. [epessrur, A. C. @®omumnr, B. B. Kozmo // Taznpom Poccms. — 2008. — Pexwum pnocrymy:
http:/npovympel.ru/files/pdf/hyperflow-us.pdf.

27. Anpgpiimmua M. II. BumiproBanns BUTpaté Ta KiutbkocTi rasy: Josimamk / M. II. Aunpiimmu. — IBaHO-
@pankisepk: TIT “Cimux”, 2004. — 160 c.

28. American school of gas measurment technology [Enexrponnuii pecypc]: Fundamentals of multipath ulrasonic
flow meters for gas measurement. — Pesxxum noctymy:http://asgmt.com/wp-content/uploads/pdf-docs/2011/1/F05.pdf . —
Ha3Ba 3 ekpany.

29. Barer.py. [Emextponnnii pecypc]: OT OmHONYYEBBIX YIBTPAa3BYKOBBIX PAacXOIOMEPOB K MHOTOIYYEBBIM:
Kputepuii BbIOOpa. — Pexxum gmoctymy: http://www.vzljot.ru/files/publications/odnoluch-ultrasonic.pdf. — Hassa 3
eKpaHy.

30. Chattopadhyay P. Flowmeters & Flow Measurement Y. 2. / P. Chattopadhyay. — New Delhi, 2006. — 76 c.

31. DOnekrporexundo. [EnekrponHuii pecypc]: YIbTpa3ByKOBBIE pacXoloMephl. Y CTPOHCTBO, IPUHLIMUI JCHCTBUS,
TUIBI M BUABI YIBTPAa3BYKOBBIX pacxogoMmepoB. — Pexum pocrymy: http://www.eti.su/articles/izmeritelnaya-
tehnika/izmeritelnaya-tehnika 529.html. — Ha3Ba 3 expany.

32. YOKOGAWA. [EnexrponHuii pecypc]: M3mepeHus pacxoja ¢ MOMOILBIO KOPHOJIHCOBBIX PacXOIOMEPOB B
ciryqae AByxdaszHoro rnmoroka. — Pexxum pocrymy: http://www.yokogawa.ru/default.aspx?mode=binary&id=502. — Ha3Ba
3 eKpaHy.

33. EcrectBo3Hanme n maremaruka. [Enexrponnuii pecypc]: Crina xopuonuca B o0meM Kypce Gu3HKH. — Pexum
nmoctyiy: http://www.pskgu.ru/projects/pgu/storage/wt/wt141/wt141 02.pdf. — Hazpa 3 expany.

34. Autoworks. [Enexrponnuii pecypc]: U3mepenne maccoBoro pacxoxa. Kopmonucosslii pacxomomep. — Pexum
nmoctyiy: http://autoworks.com.ua/teoreticheskie-svedeniya/izmerenie-massovogo-rasxoda-koriolisovyj-rasxodomer/._—
Has3Ba 3 ekpany.

35. Opranmzamus  ydera mpupogHoro rasza. OCHOBHBIE TIPUHLMIIBI, METOJBI M CpeAcTBa oOecredeHUs
METPOJIOTMYECKON HaJeXHOCTH Y3JIOB KOMMepueckoro ydera rasza [Emexrponnmii pecypc] / C. A. 3omorapeBckui,
O. T. Tyumu // Esxeroguelii COOpHMK HaydYHO-TEXHMYECKMX craTed, BbiryckaeMelii OOO “OJIBCTEP
IazamexTponmka”. — 2012, — Pexxum mpoctymy: http://www.packo.ru/node/2150.

bBinuncexkuit Hocun Hocunosuu — 1. 1. H., mpodecop, 3aBinyBad KadeapH elneKTpOoHIKH.

Cmaciox Mapuna Onekciigna — MaricTpanT KaQeapy eJIeKTPOHIKH.
BiHHUIEKWI HaIliOHATTFHUN TEXHIYHUHA YHIBEPCHUTET.

I'naouwescokuii Muxona Borooumuposuu — npoBinHuii (haxiBenb METPOJIOTIYHOTO IEHTPY.
HAK “Hadgrora3 Ykpainu”.
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AUTOMATICS AND INFORMATION MEASURING FACILITIES

Y. Y. BILYNSKIY, DC. SC. (ENG.), PROF.; M. A. STASIUK; M. V. GLADYSHEVSKIY

ANALYSIS OF THE METHODS AND MEANS FOR CONTROLLING LIQUID
AND GASEOUS MEDIUMS CONSUMPTION AND THEIR CLASSIFICATION

The paper analyzes main methods and means for controlling consumption of liquid and gaseous mediums
and elaborates their classification. This makes it possible to choose a flowmeter, which would correspond to
specific requirements.

Keywords: flowmeter, consumption control, classification, dynamic range, reliability, measurement accu-
racy, movable parts.

Introduction

Due to the constant growth of prices for various types of energy, it is an important current task to
provide a maximally accurate control of liquid and gaseous mediums consumption.

In Ukraine and other CIS countries gas is a basic energy carrier and a source of other energy
types — electric and heat energy. Besides, gas is a commercial product and, therefore, the object of
commercial agreements between an extractive company, gas transportation companies  and end
users. In the delivery of gaseous and liquid mediums the main problem of commercial relations is
imbalance that arises during physical registration performed on the way from a supplier to end
users. General factors, which determine this imbalance, are errors in measuring the substance
volume, absence of reliable registration due to insufficient accuracy and limited range of a meter as
well as failures of metering units [1]. To prevent such imbalance, it is necessary to select a
flowmeter having all characteristics required for ensuring precise flow rate measurements.

Control of liquid and gaseous mediums consumption is important for metallurgy, food industry,
construction engineering, biochemistry, ore dressing and other industries.

The aim of the work is analysis of the methods and means for controlling liquid and gaseous
mediums consumption and elaboration of their classification.

Main part

At present, there is a huge number of flowmeters used for commercial and technological control
over liquid, gas and vapor flows. Proceeding from the conducted analysis of the methods for substance
flow rate control [2—34] and already existing classifications [35], a new improved classification, based
on the four main classification criteria, is proposed (Fig. 1): according to the measured flow rate val-
ues, by physical phenomena, operating principles, according to the effects, which form the basis of
their operation, and design features.

Substance flow rate is the amount of substance (liquid or gas) that flows through the section of pipe

line within a time unit. Volumetric flow rate QV, that is measured in the units of volume per time unit,

and mass flow rate Q,, are distinguished:
O, =V/t; (1)
Q,=M/t, (2)

where V' is the volume of liquid or gas that passed through the section of pipe within time #; M —
mass of the liquid or gas that passed through the pipe section within time 7 [2].
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Thus, according to the quantity to be measured, volumetric and mass flowmeters are distinguished.

According to physical phenomena, which form the basis of their operation, volumetric flowmeters
are divided into mechanical, fluid mechanics, electrodynamic and wave flowmeters; mass flowmeters
are divided into thermal and mechanical metering devices.

According to the operating principle, tachometric and oscillating flowmeters belong to mechanical
volumetric flowmeters and inertia flowmeters — to mass flowmeters.

According to the effects, used in tachometric flowmeters, three main groups can be distinguished:
positive-displacement (they are also referred to as orifice or membrane flowmeters), turbine and ball-
type flowmeters [3]. The first two types are the most common ones.

Positive-displacement flowmeters are intended for measuring flow rate of transparent liquids in
closed pipelines [4]. Operating principle of such meters is based on pressure differential, which is the
consequence of energy preservation law, in accordance with which restriction of the substance flow
channel causes increase of the flow rate and, therefore, the increase of kinetic energy. This leads to the
substance pressure drop in the narrow part of such channel since kinetic energy increases at the ex-
pense of pressure energy. In this case displacement of the movable partitions of measuring chambers
under gas pressure occurs. Relationship between pressure drop and flow rate is given by

0 =KJAP, 3)

where () — substance flow rate; K — constant for a given device; AP — pressure differential at the

ends of the narrow part (this value depends on the diameter of the narrow channel) [5].
Positive-displacement flowmeters are characterized by the following advantages:

The possibility to be used at (in) large-diameter pipelines;

They do not require considerable expenses for installation;

They are time-proven, provide reliable operation for many years;
Economical type of registration for small flow rate variations;
Absence of movable parts;

I I SR

Installation place, position and flow direction do not influence its operation [6].

Dlsadvantages of the above-described flowmeters include the following:

1. Dynamic range is limited by the value 4 : 1 or 5 : 1;

2. Possible blocking of the system due to the diaphragm bending caused by hydraulic shock;

3. Fitting length of the measuring system could have large value;

4. Geometry of the opening edges may change due to erosion, which reduces accuracy of the entire

system [7].

Well-known international companies such as LLC «AIITI9K» (compact flowmeter OriMaster, Rus-
sia), Mecon (flowmeter FON4, Germany), Siemens (Germany), PietroFiorentini (Italy) are producers
of positive-displacement flowmeters.

Turbine flowmeters operate according to the principle of meters with Voldman’s impeller, i.e. they
register the volume, passing through the section, using average flow rate [8].

Such flowmeters are used mainly at the enterprises with very high natural gas consumption as well
as at the lines with relatively high pressure. Modern counting mechanism of the turbine flowmeter is a
kind of a computer mini-system. It does not only count pulses, converting them into digital equivalent,
but also controls proper operation of the meter, signals about a non-sanctioned interference into its
operation. Lately, such mechanisms have been equipped with modems and due to them all data of the
given direction are transmitted to the servers of support services [6].

At the turbine meters pressure differential variations should be periodically controlled. Permissible
pressure differential value at the meter for specific operating conditions is calculated by the formula:

veofz )]
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where AP — pressure differential at the meter, which is regulated by technical documentation, Pa;
P — gas pressure (absolute) under specific operating conditions, MPa; P. — gas pressure value under
standard conditions, for which pressure losses are regulated; p — gas density value under standard

conditions; P, — gas density value under standard conditions , for which pressure losses are
specified; O — gas flow rate under specific operating conditions, m’/year; Q — gas flow rate, for

which pressure losses are regulated, m’ /year [9].

As turbine flowmeter comprises several movable parts, the following factors should be taken into
account:

1. lubrication properties of the medium;
change of the state and size of the vanes;
wear of bearings and friction;
temperature, pressure and viscosity of the measured medium;
pressure drops at the flow meter;
input rate profile and turbulence effects.

Due to these factors, calibration should be performed and turbine meters should be checked under
operating conditions.

Main advantages of such flowmeters include:

1. high precision (+ 0,5% of the actual value);

2. maximal dynamic range up to 10 : 1;

3. flowmeters with bypass channels are relatively cheap [7];

4. non-volatility;

5. low noise level [10].

Turbine flowmeters are sensitive to flow distortions at the input and output of the flowmeter, al-
though current requirements to the lengths of straight parts in front of the device and behind it are mi-
nimal and amount respectively to 2 and 1 diameter of the flowmeter conditional passage. Another dis-
advantage is increased error in measuring pulsing gas flows.

It is recommended to choose flowmeters of the types where the temperature meter and pressure
take-off opening are located in the body. It is not desirable to install meters in the areas where conden-
sate accumulation is possible [11].

Among the producers of turbine flowmeters there are such well-known companies as «Elster In-
stromet» (Germany), «KOHBEJIC Aromaruzauusi» (Russia), «Advantek Engineering» (USA), «Ca-
meron» (USA), «Actaris» (Russia).

Oscillating flowmeters are divided into vortex flowmeters and meters with the application of Coan-
da effect. The most common flowmeters of this class are vortex flowmeters used at the large-scale en-
terprises, where huge amounts of natural gas are consumed. Counting mechanism of the vortex flow-
meter is a computer mini-system just like in turbine flowmeters. An important advantage of this sys-
tem is its insensitivity to pneumatic shocks and the possibility of operation with the application of con-
taminated gases [6].

At the back part of the body of a special shape (a so called bluff body), which is exposed to fluid
flow, turbulences are formed. These turbulences form the so called Karman’s vortex street. Breakaway
of turbulences from the bluff body could be revealed and calculated. In a certain range their quantity is
proportional to the flow rate, which makes it possible to measure fluid motion speed. [12].

The frequency of turbulences formation and the fluid speed have almost linear dependence, which
is given by:

VNN

S=5,-(v/d), (5)
rne f — frequency of turbulences formation; S, — Strouhal number, which is determined experi-

mentally; V — fluid flow speed; d — width of the bluff body [12].
The frequency of turbulences formation is not changed with fluid density changes [13].
Advantages of the vortex flowmeters include:
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sufficiently wide dynamic range;

small flow resistance;

absence of movable parts;

linear output signal,

small pressure loss;

simplicity and reliability of maintenance since piezo sensors do not contact with the medium
[12].

Vortex meters have the following drawbacks:

1. possible influence of vibration on precision of measurements;

2. significant role of proper installation;

3. maximal flow rates correspond to fluid flow speed of 80 or 100 m / s;

4. insufficient stability of the conversion factor in the required range, which does not allow to
recommend devices of this type for commercial gas consumption registering without pre-
calibration during operation process;

5. it is necessary to provide straight obstacle-free parts of the pipeline in front and behind the
flowmeter [14].

A well-known producer is «Endress + Hauser» ProlineProwirl company [15]. Other producers of
such flowmeters are «CuOnedreaBromarukay engineering company (Russia), «Emerson» (flow-
meters Rosemount, USA), Yokogawa Electric Corporation (flowmeters YEWFLO, Japan).

According to their operating principle, volumetric flowmeters, based on fluid mechanics, are di-
vided into those with bluff body and manometers. Flowmeters with bluff body include piston-type
and rotary flowmeters.

Rotary flowmeter is one of the first types of gas meters, which started to be used for gas con-
sumption calculations. These flowmeters are mainly used at the enterprises where natural gas con-
sumption does not exceed 200 m’ / h [6]. Operating principle of such flowmeters is based on the
rotation of two coaxially located rotors under the action of gas flow. Read-out device indicates the
amount of gas (m?), which passed through the meter with working pressure P and temperature 7 .

Sk W=

Conversion into volumetric units ¥, for the conditions according to standards of TOCT 299 is
performed by the formula:
P-T,

lerken, ©
N

where V, — difference in the readings of the flowmeter within the measurement period, m3; P —

absolute gas pressure, MPa; T — absolute gas temperature, K; K— gas compression coefficient;
P, =0,101325 MPa and 7, =29315 K — standard (normative) pressure and temperature respec-

tively according to TOCT 2939 [16].

Such flowmeter has long operating life, big rated capacity in spite of small size and mass, it
withstands overloading; automatic conversion of gas volume is performed by means of correctors
(computing devices) [17].

In spite of the above advantages, a rotary flowmeter has a number of drawbacks, particularly,
high cost. Besides, measuring system of the meter requires careful fitting of all parts and is unable
to operate with contaminated gas [15].

Among the producers of rotary flowmeters are Belgian company «Instromet Internationaly, sci-
entific-production company «OBen-Ypan» and LLC «Curnan» (Russia), enterprise «Actaris» and
«Elster Instromet» (Germany).

Meters based on hydraulic resistances — flow restricting devices — belong to manometric flow-
meters. Fluidic (jet) flowmeters, centrifugal flowmeters and averaged pressure tube also form a
large group of manometric flowmeters.

Fluidic meters are widely used in heat power engineering, medicine, fuel and chemical indus-
tries. They are also used for commercial and technological control of liquid, gas and vapor flows.
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Fluidic flowmeters make it possible to measure small gas volumes as they have low threshold
sensitivity level [17]. Their operating principle is based on measuring switching frequency of a self-
exciting oscillator (SEO), which is proportional to the gas consumption flow rate through the nozzle
of SEO:

q
— Sh- , 7
A I hoh (7

where Sh — Strouhal number; [, b, i — characteristic dimensions: chamber length, width and

depth of the jet element nozzle respectively.
In accordance with the flow rate formula

2-Ap
q=p-h-b- |——, (8)
yo,
we can make a conclusion that oscillation frequency of SEO is proportional to pressure drop at the
jet element (to the flow rate through it) and to the medium density [19]:

f:Sh-ﬁ- Zﬁ 9)
I\ p

So, this method is similar to vortex method with bluff body since in both cases creation of an
aerodynamic oscillator is provided.

Depending on the shape of jet and, therefore, on the operating principle, these flowmeters, in
their turn, are further divided into three groups:

1. Flowmeters with oscillating jet (a type of vortex flowmeters). Like the vortex method, this

method uses the principle of creation of an aerodynamic oscillator with frequency, propor-
tional to gas flow rate [17, 19]. Along with other drawbacks, flowmeters of this group have a
jet element of a very large size relative to the measured flow rate value and unstable conver-
sion factor.

2. Jet-impact flow meters, which measure flow rate dependable pressure drop, emerging with
the impact of liquid or gas jet. Such meters are used only for measuring small flow rates..

3. Flowmeters with outgoing jet deviation. The operating principle is based on the dependence
of pressure drop, which emerges with deviation of the jet of the auxiliary gas or liquid, on the
measured gas flow rate [19].

Russian companies «['azoBuk», LLC «['nmobycy», «IIpommpubop», «TBH Dueprocepsuc» are

producers of fluidic flowmeters.

Orifices, nozzles and Venturi tubes are standard restricting devices. This method has the follow-
ing advantages: the possibility to be used without application of complex microprocessor devices,
flow rate measurement at low speeds of liquids and gases (0,1 ... 0,5 m / s) and high resistance to
contaminated measured medium.

Disadvantages of such devices include:

1. Labor-consuming installation;

2. Low precision in narrow range of flow rate measurements (1: 3);

3. Considerable pressure losses at restricting devices, which in its turn, results in additional ex-

penses for pump operation [20].

For this reason it was expedient to introduce a new “velocity-area” method with the application
of the averaged pressure tube.

This facility creates a pressure drop, proportional to squared flow rate, in accordance with Ber-
noulli’s principle: the sum of energies at a certain point of the tube is a sum of static energy (pres-
sure created by the substance in all directions), kinetic energy (substance speed) and potential en-
ergy (gravitational component). For such case Bernoulli’s principle is written as:
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N PV P (10)

2¢ p 22 p’
where vV — flow velocity; g — gravitational constant; p —pressure; O — substance density [21].

Averaged pressure tube is used in more than a million of flow metering units and in large-
diameter tubes. This is explained by stable and accurate operation with good repeatability of the
results. Besides, the facility has significant advantages over the traditional restricting orifices due to
simple installation and low pressure losses.

A disadvantage of flowmeters with a variable pressure drop is low precision when they are used
for low flow rate measurements in small-diameter tubes (less than 50 mm) and pulsing flows [21].

Industrial production of averaged pressure tubes is provided by some foreign companies, €. g.,
USA company Hanejwell (Austrian branch) produces flow meters with the tubes of Annubar type.

Volumetric electrodynamic flowmeters are divided into ionization, magnetic and electromag-
netic flowmeters.

Their operating principle is based on measuring the intensity of radiation directed transversally
to the flow. To reduce the error, caused by instability (variability) of the radiation source, differen-
tial transducers with flow ionization (or ultrasound radiation) receivers are most often used [22].

Disadvantages of such flowmeters include influence of the gas parameters, temperature and pres-
sure on the ionization value. Avoidance of these factor leads to significant complication of the de-
sign of pulsing and sensitive elements. Besides, ionization meters cannot be used for measuring
flow rates of strongly ionized and incandescent gases [23].

LLC «IIpamens» is a developer of ionization flow meters.

Operating principle of the magneto-inductive flowmeters is based on measuring EMF, propor-
tional to the flow rate, which is induced in the flow of electricity-conductive substance under the
action of external magnetic field (Faraday law) . According to this law, for any closed loop an in-
duced EMF is proportional to the change rate of magnetic flux, passing through this loop.

Main advantage of such meters is as follows: initial converters do not have parts projecting in-
side the pipeline while isolation and anticorrosion coatings make it possible to measure flow rates
of aggressive and abrasive mediums [24].

Polarization of sensitive elements, leading to changes of the converter resistance, is a disadvan-
tage of this method. This causes additional errors. Besides, these flowmeters are sensitive to flow
inhomogeneity, turbulence and non-uniform distribution of flow velocities in the channel section.

In spite of their drawbacks, magneto-inductive flowmeters are widely used in metallurgy, food
industry, construction, biochemistry, ore dressing production, medicine since they have low inertia
as compared with flowmeters of other types [25].

Producers of such flowmeters are «Krohne», «Siemensy», «Honeywell» (USA).

The ultrasound method is one more flow rate measurement method that has become popular late-
ly. It uses time dependence of the ultrasound vibrations propagation through gas flow in the pipeline
with pre-defined diameter [26].

Time difference A7 is directly proportional to flow velocity V:

Arzz—fv, (11)
c

where € — sound speed in the medium; L — distance, that is passed by ultrasound vibrations [27].

In the ultrasound meter pairs of primary transducers are located. Presence of several such pairs
makes it possible to obtain more accurate flow rate values. Each of the sensors is capable of
receiving and transmitting a signal. Measurements of the time, within which the signal passes be-
tween each of the pairs, occur simultaneously. The signal is generated by piezoelectric crystals, to
which voltage is applied or, vice versa, when ultrasound wave strikes the crystal, voltage appears at
the crystal. Increasing the number of the pairs of sensors, it is possible to determine accurately and
to compensate mathematically distortions of the flow profile throughout the entire section of the
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tube. When there is no substance motion in the tube, signal transmission time is the same both up-
stream and downstream. As soon as the substance starts flowing in the measuring tube, the speed of
sound signals increases in the direction of liquid flow and decreases in the opposite direction [29].

Ultrasound flowmeters, in their turn, are divided into:

1. Frequency flowmeters, where the difference in the frequencies of repetition of short pulses or

packets of ultrasound vibrations is measured;

2. Phase flowmeters, which measure the difference of the phase shifts of ultrasound vibrations;
Time-pulse flowmeters, where the difference in time, within which short pulses pass, is
measured directly [27];

4. Resonance flowmeters;

5. Single-channel (with two piezoelements);
6. Double-channel (with four piesoelements);
7. Multichannel [29].

Ultrasound flowmeters are the most prospective for commercial accounting as they have a num-

ber of advantages:

Absence of movable parts or parts projecting into the flow;

They do not create additional pressure losses;

They can operate from an integrated autonomous power source for a long time;
Accuracy to <0,1% could be calibrated;

Measurements are relatively accurate even in the case of sensor failure [30].

In other initial measuring device, such as turbine flowmeters, it is difficult to understand if they
still provide accurate information after a certain period of operation. Such factor as contamination
caused by oil in the pipeline can influence the accuracy of any sensor. Sometimes, in order to check
proper operation of a measuring device, visual examination is required. For ultrasound meters elec-
tronic diagnostics is proposed, which helps in checking their proper operating condition and pre-
vents from extra internal interference which is often required for other measuring devices. Internal
diagnostics can also be used for checking other indicators of a measuring facility such as tempera-
ture [28].

In spite of the evident advantages of ultrasound meters, the method has the following drawbacks:

1. Restrictions concerning minimal flow rates;

2. Complexity and high cost of the devices, which is by 3 — 4 times higher than that of tacho-

metric and electromagnetic flowmeters, all other conditions being equal;

3. Influence of air bulbs in the flow on the flowmeter indications;

4. The necessity for long linear sections in front and behind the transducer [31].

Today, there is a huge number of companies engaged in the development if ultrasound flow-
meters: «Krohne» (series UFM, GFM, Altosonic), «kEmerson» (Senior Sonic, Junior Sonic), «Sick
Mahack» (Northern America).

Mass flowmeters, among which heat and mechanical flowmeters are distinguished, belong to an-
other class of gas flow rate measuring devices. Heat flowmeters include calorimetric and thermo-
anemometric devices. Mechanical flowmeters include inertia meters.

Carioles flowmeters together with turbo-power and hygroscopic devices are related to inertia
meters. Inside each Carioles flowmeter a tube is located (e. g., Yokogawa company proposes a solu-
tion with two tubes) [32]. A so called exciter forces the tube to vibrate with a definite clock rate. If
there is no motion of the measured medium in the tube, it vibrates with a uniform frequency.

Sensors, located at the input and output of the tube, register these uniform vibrations. As soon as
the measured medium starts to move in the tube, additional longitudinal vibrations appear. Under
the influence of Carioles force input and output parts of the tube deflect in different directions, i.e. a
phase shift is observed [33]. Highly sensitive transducers are responsive to these vibrations. There-
fore, phase shift is a measure of the substance flow rate. The higher the flow rate, the more vibra-
tion periods are included into the measured section [34].

This group of flowmeters has high accuracy and reliability, flow direction does not influence op-

[98)
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Haykogi nparii BHTY, 2015, Ne 1



AUTOMATICS AND INFORMATION MEASURING FACILITIES

eration of the device; Carioles flowmeters, if installed properly, are not sensitive to vibrations and
temperature drops.

Such flowmeters are suitable only for small-diameter pipelines and their indications are depend-
able on the slag deposits in the tubes.

Among the producers of Carioles flowmeters there are such companies as «Emerson» and «En-
dress + Hauser» (Switzerland).

Conclusions

Ensuring maximally accurate control over consumption of gaseous and liquid mediums is one of the
most important current power engineering problems. At present there exist a lot of flow rate
measurement methods. Each of the meters has its advantages and drawbacks, depending on which it
finds application in industry. Taking the above-mentioned into account, the paper analyzes the existing
flow rate measuring methods and proposes their classification. It has been determined that the
ultrasound method is the most prospective one due to its wide dynamic range, reliable operation, high
precision and convenient diagnostics. In spite of its evident advantages, ultrasound flowmeters are
rather expensive and their increased number of channels leads to much more complicated information
processing software realization.
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