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AnHotanms. [IpeacraBieH BapHaHT MAPUKOBOTO PACX0IoMepa MEKTPOIPOBOTHOM JKUAKOCTH € YETHIPbMS IEKTPOIAMH U
OayaHCHOM cXeMo¥, obecreurBaronel NCXOJHOE paBHOBECHE CXEMBI ITpeodpasosarest. [IpencraBieHsl pe3ylibTrarhl OMbIT-
HO-KOHCTPYKTOPCKHX PadoT 10 CO3AaHUIO MAPUKOBBIX PACXOJJOMEPOB EKTPONPOBOJHOM KUAKOCTH, TIPEHAa3HAYEHHBIX
JUISL CPEJICTB aBTOMATH3aIM1 IPOU3BOJICTBEHHBIX MPOIIECCOB U COLMAIBHON C(epbl SKOHOMUKH, — OCOOCHHO MEepCIeK-
THUBHO HCIIOJIb30BAHUE TAKMX PACXOZOMEPOB B TEINIOIHEPTETHKE, B MUIIEBOH M (papMalleBTHIECKON MPOMBIIIIICHHOCTH.
Pa3paboTaHHbIE MIAPUKOBEIE PACXOOMEPHI AIEKTPOIIPOBOAHO )KUIKOCTH 001a1a10T OOIIINM KOHCTPYKTHBHBIM TIPH3HAKOM.
B HUX HCTIONB3YIOTCS MIAPHK C HYJIEBOH IUIaByYECTHIO B KMIKOCTH M BUHTOOOPA3HBIN CTPyECHANPABILIIONINN ammapar ¢
COOCHO PacIIOJIOKEHHBIM KOJIBIEBBIM KaHaoM. KoH(HTypamus cTpyeHapaBIIsSioIIEero anmapaTra ClIpoeKTHPOBaHa TAKUM
00pa3oM, 4T0ObI MUHUMH3HPOBATh MTOTEPU SHEPTHH ABMKYIIEHCS JKHKOCTH M TIPEIOTBPAILATh CPBIBBI U 3aBUXPEHUE SKU]I-
KOCTH TIPH BXOJI€ B KOJIbLIEBOM KaHaJ. DJIEKTPOHHAs CXeMa EPBUYHOTO ITPeoOpa3oBaTesls pacxoa reHepUpyeT BBIXOIHON
cUrHai B (OpMe YaCTOTHI CIICOBAHNS IPSAMOYTONBHBIX HMITYTbCOB, TPONOPIIMOHATIHHON BETHUNHE pacxo/ia >KUAKOCTH.
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Abstract. A variant of a ball flowmeter of an electrically conductive liquid with four electrodes and a balanced circuit is
presented, which ensures the initial balance of the converter circuit. Results of development work on the creation of ball
flowmeters of electrically conductive liquid intended for automation of production processes and the social sphere of the
economy are presented - the use of such flowmeters in heat power engineering, the food and pharmaceutical industries
is especially promising. The developed ball flowmeters of electrically conductive liquid have a common design feature.
They use a ball with zero buoyancy in a liquid and a helical jet guide apparatus with a coaxially located annular channel.
The configuration of the jet guide apparatus is designed in such a way as to minimize energy losses of the moving fluid
and prevent breakdowns and turbulence of the fluid at the entrance to the annular channel. The electronic circuit of the
primary flow transducer generates an output signal in the form of a rectangular pulse repetition rate proportional to the
liquid flow rate.
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B ycnoBusix yBennueHus: YUCIEHHOCTH HACEJIEHUs 3EMJIU U HCTOLLEHUS BOAHBIX PECYPCOB IIPU
7100a71bHOM TOTEIUVIEHUH U TOTAJIbHOM 3arps3HEHUH OKpYXKaromiei cpesbl OBITOBBIMHU U MPOMBILI-
JICHHBIMU OTXOJIaMU OCTPO BCTAeT 3ajJlauya yuyeTa MoTpeOaeHus BOAbl Kak B COLMAIbHOU chepe u
JKUTHITHO-KOMMYHAJIBHOM X035 CTBE, TAK ¥ B IPOMBIIUIEHHOCTH U DJIEKTPO- U TEIIOYHEPTETHKE .

* MdepepanbHbiii 3akoH Ne 28-D3 ot 03 ampens 1996 r. ,,00 sneprocoepekeHun™ (¢ UI3MEHEHUSIME OT 5 arpers
2003 1., 18 mexadpst 2006 r.); DeaepanbHbiii 3akoH 0T 23 HOs0ps 2009 . Ne 261-D3 |00 3HEProcOSPEKEHUH U O TIOBBI-

[ICHUU SHEPreTUYCeCKOH 3(p(HEKTUBHOCTU M O BHECCHUU M3MEHCHHU B OTICIbHBIC 3aKOHONIATEIbHBIC aKThl Poccuiickoit
Oenepanuu’, cT. 5, 1. 2.
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Jlis yaeta notrpeOineHus BOAbI U BOASIHOTO HOCUTEIS TeIjIa B CUCTEMaX TEIJIOCHAOKEHHUsT MO-
I'YT UCIOJIb30BAaThCA PACXOIOMEPHI Pa3IMYHOIO TUIIA, HAIIPUMEpP, TypOUHHBIE, 3JIEKTPOMarHUTHEIE,
BUXPEBLIE U YJIBTPA3BYKOBEIE .

OZIHAaKO M3BECTEH €lIe OJMH THI PACXOJOMEpa KUAKOCTH — IIAPUKOBBIN [ 1], KOTOpBIA HE
HAaIIIeJl CBOEr0 MECTa Ha PhIHKE HH B COIMANIbHO-OBITOBOM, HA B TIPOMBIIIICHHOH chepax SIKOHOMHU-
KM, UCKIII0Yasi MX OTPaHUYCHHOE MCITOJIb30BAaHUE B TEILJIO- M AMEKTposHepreTuke [2]. B Vdumckom
YHHUBEPCUTETE HAYKH U TEXHOJIOTUH BOSHHUK BOIIPOC: MOXKET JIM IIAPUKOBBIN pacX00Mep PaCIIuPHUTh
cthepy nmpumeHeHus [3] B MPOMBIIIJIEHHOCTH U, OTTECHUB PACXOOMEPHI APYTHX THUIIOB [4], IpexIe
BCETO, 3apy0eKHOT0 MPOU3BOJICTBA, YTO B MOJTHON MEpE COOTBETCTBYET TPEOOBAHHSIM UMIIOPTO3aMe-
meHus B 9koHoOMUKe Poccun [S]. AHanu3 pelHKa Aa€T MOJOKUTEIbHBIA OTBET, HO IIPU YCJIOBUH, YTO
[IAPUKOBBIC PACXOIOMEPHI [0 TOUHOCTH U3MEPEHUS PACX0/ia )KUIKOCTU HE YCTYIAIOT APYTUM THIIAM
pacxoI0MepoB, a Mo JMHAMUYECKOMY auarnazony u3MepeHust (Omax/Omin, T1€ O — pacxoj )KUIKOCTH)
1 ce0eCTOMMOCTH U3/ICNIUN B YCIOBHSIX CEPUITHOTO MPOU3BOICTBA 3HAYUTEIIHHO HX MPEBOCXOSAT [6].

AHanu3 uHbOpMalKK O IPOAYKIMH OTEYECTBEHHBIX U 3apyOeKHBIX MPOU3BOAUTENEH pacxo-
JIOMEPOB U CYETYUKOB KosindecTBa >KuAKocTH (AO ,,Ap3amacckuii mpruOOpPOCTPOUTENBbHBIN 3aBOJ ",
r. Ap3zamac; 3A0 ,,TermmoBonomep®, . Mertuimm; OOO HIIO ,,Hayka“, Ye6okcapsr; 3A0 ,,B3nét*,
Cankr-IletepOypr; AO ,,Merpan®, Yena6uunck; OOO ,Tepmorponuk*, Cankr-IletepOypr; 3A0
»JIEKTPOHHBIE M MEXaHUYECKUE U3MepuTeNbHbIe cucteMbl, Uensonunck; OO0 ,,I'eonuuk’, MockBa;
AO ,JUIT® CubHA", Tromenn; OO0 ,,DHepreruka‘, Mocksa; [TAO ,,.3aBog Crapopycnpubop®,
r. Crapas Pycca; KROHNE Messtechnik GmbH, I'epmanust; Siemens AG, I'epmanus; ABB Automation
Products GmbH, I'epmanusi; Yokogawa Electric CIS Ltd., SIimonus; Schlumberger NV, Schlumberger
Limited, CHIA u ap.) MO3BOIWI BEIYUCIUTH KOAPGUIIUESHT MPUBIICKATSILHOCTH JIJIsI TPOMBIIILIIEHHO-
CTH U COIMAJILHOM 00JaCTH SKOHOMHUKHU U3BECTHBIX TUIIOB PACXOAOMEPOB KHUIKOCTH:

KH:_a

rae JI — munamudeckuii auanazon m3MepeHus (1 = Omax/Omin), C — oTIyckHas 1ieHa uznenus (pyo.),
I1 — nonmyctumasi mpuBeieHHas orpeHocTs u3mepenus (%) [6].

Ha puc. 1 B Buze nuarpaMMbl peCcTaBIeHbl 0000IIeHHbIE 3HaYeHHS KOdhdUIleHTa IpuBIe-
KaTeIbHOCTH Kj; pa3IMUHbBIX TUIIOB pacxonomepoB tunopazmepa Jy < 40 mm [6].
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Puc. 1

Pe3ynbrarel aHanM3a napaMeTpoB U CTOMMOCTH PacXoAOMEPOB POCCHICKOTO U 3apyOeHOro
IIPOU3BOZCTBA SBUJIMCH MOOYAUTENIBLHBIM (PAKTOPOM JUIsl pPa3pabOTKU IIAPUKOBBIX pacxoioMepoB. bouin

*TOCT 15528-86. CpencTBa u3MepeHHIA pacxoia, 00beMa FITH MaCChI MMPOTEKAIONTNX KUAKOCTH U Ta3a. TepMuHBI
U OIIPE/ICIICHUSL.
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pa3zpaboTaHbl TPU THUIMA MIAPUKOBBIX PACXOJOMEPOB KHUAKOCTHU: JIJISl AIEKTPOMPOBOIHON KUAKOCTH,
JUTSL TIPO3PAYHOMN KUJAKOCTH U IS JTH000H KUIKOCTH (3JEKTPOIPOBOAHOM U HEAIEKTPOIIPOBOTHOM,
MIPO3PAaYHOIl U HETIPO3PAYHOM ).

B nacrosieit cratbe npecTaBieH OAUH U3 BApUAaHTOB KOHCTPYKLIMU ILIAPUKOBOTO pacxofoMepa
JIEKTPONPOBOAHOMN KUJIKOCTH.

[[TapukoBbIN pacxoaoMep ANEKTPOINPOBOIHOM KUAKOCTH COCTOUT U3 THIPOMEXAHUYECKON YacTH
1 3JIEKTPOHHOTO TIpeo0pa3oBaTesi YaCTOTHI BPAIICHUS [IAPUKa, BHITIOTHEHHOTO U3 TUAIEKTPUIECKOTO
MaTepuaia ¥ UMEIOIIETO TJIaByuYeCTh B H3MEPSIEMOM KUIKOCTH, OJM3KYIO K HYJEBOH [7], B yacToTy
BBIXO/IHOTO HAIPSKCHMUSL.

B VHuBepcutere Ha Ha4aIbHOM 3TaIrle UCCIEN0BaHUI ObLIN pa3paboTaHbl U U3TOTOBJIECHBI IIAPH-
KOBBIE PacX0J0MEpbI JKUIKOCTH ¢ IBYMs [ 7] 1 Tpems [8] anekTpoaaMu 35eKTpOHHOTO peoOpazoBaTes
yeThipex Tunopasmepon (y-12, y-25, 1y-30 u [dy-40), KoTOpble MOT0KUTEITHHO 3aPEKOMEH 10BATH
ce0s pU HATYPHBIX UCIIBITAHHSIX B [OCYIapCTBEHHOM PETMOHAILHOM LIEHTPE CTaHIapTU3AINH, ME-
TpoJioTUH M uctbiTanuii uM. A.M. Myparmuna (Pecnybonuka bamkoprocran). DT KOHCTPYKIIHH, C
JBYMsI U TPEMsI DJIEKTPOAAMH, UMEIOT OOIIUN HETOCTATOK, POSIBISTFOIIUNACS TIPHU OOJIBIINUX PacXoax
KHUJKOCTH U CHIDKAIOLIUN MaKCHMaJbHO BO3MOXHBIA U3MEPSIEMbIN pacxos *KHUAKOCTH — ,,0lPOKH-
JbIBaHNE" BBIXOAHBIX UMITYJIbCOB U MIOCIENYIOIIEE UX ,,cunanue’ [9].

3arem ObLIT pa3zpaboTaH M M3TOTOBJICH IIAPUKO-
BbII pacxoznomep turnopasmepoM y-50 ¢ ueTripex-
AJIEKTPOJHON AIEKTPOHHOMW YacThiO (pHUC. 2), U3TO-
TOBJICHHBIN IIPU MOMOIIU aJAUTUBHBIX TEXHOJIOTHI
(3D-neyars no TexHonoruu FDM).

l'unpomexanuyeckas 4yacTh IIAPUKOBOTO Pacxo-
JIoMepa EKTPOIPOBOTHOM KUIAKOCTHU (pHUC. 3) BKITIO-
yaeT B ce0sl MUIUHAPUIECCKUIN KOpITyC /, M3rOTOBJIe-
HBIN U3 JUAJIEKTPUYECKOr0 MaTepuajia, Takoro Kak
CTEKJIO, TJIacTMacca WJIM KOMIO3UTHBIM Marepua.
BuyTpu kopryca pacnoyioKeH CTpyEHaINpaBIISIFOLINANA
anmnapar 2 co crynuueit 3 [10]. BeinonHeHHbIH U3 1u3-
JIEKTPHUKA MAPHK 4 00JIaaeT HYJAEBOM TJIABYYECTHIO B
YKHUJIKOCTH ¥ CBOOOTHO BpaI[aeTCs B KOJIBIIEBOM KaHa- Puc. 2
ne, 00pa30BaHHOM BHYTPEHHEH MOBEPXHOCTHIO KOJIb-
LIEBOT'0 KaHaja Kopryca / ¥ BHEIIHEW MOBEPXHOCTHIO
ctynuubl 3. KpoMe Toro, BHyTpHu Kopiiyca I cumMme-
TPUYHO OTHOCHUTEIIbHO TPACKTOPUU JBUKECHUS 11apa
4 pa3MenieHbl YeThIpe dJIeKTpoaa: Ii, Iz, I3 U 4.

CrauumoHapHblid OTHOCUTEIBHO Kopiryca / cTpye-
HanpapJAOIUN annapar 2 COCTOUT U3 HECKOJIbKHX
JonacTei, COpOeKTUPOBAHHBIX TakuM obpaszom [11],
YTOOBI ITPEOOPa30BaAHUE BXOIHOTO JIMHEHHOTO TIOTOKA
YKUJIKOCTH BO Bpallarouiics notok [12] npoucxonuio
0e3 roTepy CKOPOCTH B 00pa3oBaHMs 3aBUXpeHuii [13].

Paccrosinue mexay anexkrtpogamu J1 U Jp, 93 U
D4, D1 1 D4, D7 ¥ D3 OIMHAKOBO, OHHU Pa3MEILICHbI Ha
Kopiryce / TakuM 00pa3oM, YTOObI TPAEKTOPUS JIBHKE-

HalpaBJICHNUEC
HMs Iapa 4 JIeJIMIa PaCCTOSTHAS MEK Ty dJIEKTPOIaMU THOTOK, KETROCTH

Do 1 D3, D1 U D4 HA /IBE paBHbIC YACTH. | I i -

Ha puc. 3 nokazano, 4yto map 4 Bpaiaercs mo CINCH
4aCOBOM CTPEJIKE OTHOCUTENILHO BXO/1a PacxoJoMepa.
CHaualia OH MPOXOUT MEXIY dIEKTPoJaMu IJp U I3,
a 3aTeM — MEXKY JEeKTpoJaMu D1 U . Puc. 3
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Iy DneKTpuYecKas 4acTh LIAPUKOBOTO pacxojomMepa
R; KHUJIKOCTH, N300pakeHHasi Ha puc. 4, COCTOUT U3 YEThI-
pex AMEKTPOJOoB D1, D2, I3 U D4, TPEX pe3UCTOPOB R, R
R R, U R3, NCTOUYHMKA CTAOUIILHOTO MUTAIOIIETO HAMPSKECHUS
3y Ra 3 DAl Uy, a TakKe UHTErPalIbHOTO ONIEPALMOHHOIO YCUIIMTEISA
== T, > R, (OY) DA1, paboraromiero B KauecTBe OJHOTIOPOTOBOTO
‘U = KOMIIaparopa.
2 '_? o
R U B GanmaHcHO# cxeMe MEXITy IEKTpoiaMu D1 U Dy,
2 BBIX

| o =5 o | D1 u D3, Dy u D3, Dy U Dy ¢ pesucropamu Ry, Ry u R3
s % _:U n BKJIFOYEHBI CONMPOTUBJIEHUS JICKTPONPOBOAHOM KU I~
- KOCTH Ry U Ry>. MocCTOBas cxeMa IHMTAaeTCs cTadu-
HATpABNCHHC JM3UPOBAHHBIM HanpsokeHneM Uy, Beixomaoe mudde-

4 IBUKEHUS p p - A A
KUIKOCTH U 1Iapa PEHLMAIBHOE HAINPSKEHUE 3TOTO PE3UCTUBHOTO MOCTA
Pue. 4 MOJIKJII0YAETCs] K HEMHBEPTUPYIOLIEMY U UHBEPTUPYIO-

uc.

memy Bxogam OY DA1, koTopslii ipeHa3HaYeH AJisi HOp-
MHPOBAHUS BBIXOJHOTO HANpPsKEHUs Uppx [MAPUKOBOTO
pacxonomepa [ 14].

OV DA1 pabotaeT ¢ 0JHOMOSIPHBIM HCTOUHUKOM TtuTanus Uy. Ecnu BxonHoe nuddepenmais-
Hoe HanpsukeHue Uy 5 = Uy — Up 6ombiue Uy/ky, rae ky — kod(pQUIUEHT yCHIEHHUS TI0 HAIIPSKEHUIO
JUISL JAHHOTO THUIa HHTErPajIbHOIO ONEPalMOHHOTO YCUIIUTENS, TO BEIXOJJHOE HaNpsKeHue npeolpa-
3o0Batens pacxonomepa Ugyx OyaeT MaKCUMaIbHBIM, T. €. Upyx max. Y MHTETPAIBHBIX OMIEPAIlMOHHBIX
YCUIIMTENIEH 3HaUYEHUE Ky OOBIYHO COCTABIAET NECATKU UM COTHU THICAY. JTO O3HAYAET, YTO CHIHAIL,
MU3MEPSIEMbI MEXAY IEKTpolaMUu D1 U D2, MOXKET UMETh OYEHb HU3KUM YPOBEHb HANPSLKEHUS, Ha
YPOBHE MHJUIMBOJIBT. MaKCHMaJIbHO BO3MOKHOE BBIXOJTHOE HAIPSIKEHUE HHTETPAILHOTO OIIEPALIMOH-
HOT'O YCHJIUTEJSI MOJIOKUTEIBHON MOISIPHOCTU MPUMEPHO PaBHO Upyix max = Un — 0,6 B. Eciiu BxonHoe
HanpsbkeHue OY DAy Ugx ; = Uy — Uy MeHblie Hyns (OTpULATEIbHOE), TO BBIXOJHOE HAIPSKEHHUE
Upyix IPH OJTHOTIONSIPHOM DJIEKTponuTanuu OyaeT menbine 0,6 B, 4To ABIsSeTCS HU3KUM yPOBHEM
BBIXO/IHOTO CUTHAJIA.

[ToacTpoeunslit pe3ucTop R3 MCIONB3YyEeTCs IS KaTUOPOBKU CXEMbI B UCXOJHOE COCTOSIHHE,
KOr/la MapuK 4 HaXOAUTCSI HEMOJBUKHO B OOJACTH KOJIBLIEBOTO KaHaja, POTHUBOMOIOKHON 3JIEKT-
poliaM. DTO YUUTHIBAET PEaIbHbIE PACXOXKIACHHS B COIPOTUBIECHUAX MTPOMBIIIIEHHO TPOU3BOAUMBIX
pe3ucTopoB R U Ry, a TakKe CMEIICHUE HYJIS BBIXOAHOIO HANPSKEHUs ONEPALlMOHHOTO YCHIINTENSA
(mpu Uy = Uy Upyix # 0).

C nOMOILIBIO MTOACTPOEYHOTO PE3UCTOPa R3 MOKHO KOMIIEHCHPOBATH 3TU PACXOXKIEHUS U JOCTUYb
COCTOSIHHS, TIPY KOTOPOM BBIXOJTHOE HAIMPSKEHUE OMEPANMOHHOTO YCHIIUTEINS OyAeT paBHO HYIIO TIPU
OJIMHAKOBBIX 3HaYEHMX HanpspkeHUud Uy u Up. DTO MO3BOJISET YCTAHOBUTH UCXOIHOE COCTOSIHUE
CHUCTEMbI, YUYUTHIBAsi HEPABEHCTBO COMPOTUBICHUN R| U Ry ¥ CABUT HYJS BBIXOJHOTO HAIMPSKEHUS
ONEPALMOHHOIO YCHIIUTEIIS.

Jlnst onpenesieHns CONPOTUBIIEHUS PE3UCTOPOB R U Ry YYUTBIBAIOTCA KEJIAEMBIH TOK /), paBHBIE
Hanpsbkenust U u Uy, a Takyke U3BECTHBIC COMPOTUBIICHUS Ry B Ry, KOTOPBIE TIPENICTABIISIOT CO00
COIIPOTUBJICHUS KUAKOCTH MEXKAY EKTPoIaMu D WK D, U 001Iei mmHoM cxembl Uy, Koria cuctema
HaxOAMUTCS B UCXOTHOM COCTOSIHHH.

[Tocne cOOpKHU MIAPUKOBOTO PACXOAOMEPA KUAKOCTH U MEpe]l ero MpearpoaaKHON MPOBEPKOi
U OIJIOMOMpOBaHUEM TpeOyeTcs HACTPOUTh MEKTPOHHYIO CXEMY Ha HYXHbBIH pexuM padoTsl. s
9TOTO UCTIOJNIL3YETCS MOJCTPOCYHBIN Pe3UCTOp R3, KOTOPBIN MO3BOJISET CO3aTh HEOONIBIION TucOamanc
B MOCTOBOM CXeMe, JOCTAaTOUHBIH /IS MOJTydeHHUsT TPeOyeMoro BEIXOAHOTO HanpsbkeHus oT OY DA1.
Hanpumep, eciau B COOTBETCTBHH C TEXHHUYECKUMHU YCIOBHUSIMHU JJIs1 JAHHOTO pacxoioMepa Tpedyercs
MOJIYYUTh HU3KOE BBIXOAHOE HarpsikeHue Upyx OTHOCUTENIBHO OOLIEH MIWHBI (HE MPEBbIIIaolIee
0,6 B a1 MHTETpaIbHOTO OMEPANIMOHHOTO YCUIIUTENS ¢ OJHOMOJISIPHBIM MUTAHUEM ), TO C TOMOIIBIO
pesucTtopa R3 HacTpauBaeTcsi HeOOIbIOe OTIMIre HanpspkeHus U, Ha mHBepTHpYIomeM Bxoae OY
DA1 or nanpsixenust U] B HECKOJIBKO MUJUIMBOJIBT.
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B peanbHBIX ycnoBHsIX paOOThI IAPUKOBOTO PACXO0MEpa KHUAKOCTH, KOT/IAa MOTOK KHUIKOCTH
OTCYTCTBYET WJIM €r0 YPOBEHb HUXKE MOPOra YyBCTBUTEILHOCTH PacXoa0Mepa, BOSMOXKHO 3aCTOIO-
puBaHME HIapuKa 4 MEXAY 3JEKTpoJaMU D U 3. DTO NPUBENET K YBEIMUYEHUIO COIIPOTUBIICHHUS
JKUJIKOCTH MEXKIY JIEKTpoJaMu, U HanpsbkeHue U, Ha uHBeptupytomem Bxoae OY DAl npeBbicut
Hanpsbkenue Uj. B pe3ynbraTe Ha BXO/€ OMEPallMOHHOTO YCHIIUTENS 00pa3yeTcs MOIOKUTEIbHOE
muddepeHInanbHoe HAPSHKEHNE, YTO IPUBEIET K (POPMUPOBAHUIO TOCTOSHHOTO BBICOKOTO BBIXO/-
HOTro HanpspkeHust cxembl Ugyx = Uy — 0,6 B.

TakuMm 00pa3om, B CTAaTHUECKOM COCTOSIHUM IIAPUKOBOTO PAaCcX0I0MEpPa KHUAKOCTU BBIXOJHOE
HanpsokeHUue Ugpxy MOXKET MIPUHUMATH BBICOKOE HITM HU3KOE 3HAYEHHUE, HO HE OyAeT UMETh UMITYIb-
CHOTO XapakTepa.

[Ipu BpaieHuu mapuka B KOJBIEBOM KaHAJIE COMPOTHUBIICHUS KUIKOCTA MEKAY Pa3TUIHBIMU
MapaMu IEKTPOJIOB — D1 U Dy, D1 U I3, D2 ¥ D3, D2 U Dg4 — U3MEHSIIOTCS. ITO BBI3BIBAET MOMYJISI-
o quddepennuansHoro Hanpsbkenus Uy — Us, a clieioBaTenbHO, MOSIBICHUE UMITYTHCHOTO BBIXOJI-
HOTO HamNpsDKCHHsI ¢ OY€Hb KOPOTKUMH (PpoHTaMu Oyiarojapsi BBICOKOMY KOAGhOUIIMEHTY yCHUICHUS
HMHTErpAJIbHBIX ONEPalMOHHBIX ycuiauTenen. [Ipouecc renepanny Takoro UMITYJIbCHOTO BBIXOJJHOTO
HanpsokeHust Ugyx, 3aBUCSAIIETO OT 3HaYeHUd U1 u U, HA HEMHBEPTUPYIOIIEM U MHBEPTUPYIOIIEM
Bxoaax OY DA1, u yriioBoro nojioyKeHus mapa (¢ OTHOCUTEIBHO 3JIEKTPOJOB D1, Do, I3 U D4, OKA3aH
Ha puc. 5.

UBX
U
L B - . S <
0 | 21‘Ei | 4111 | 6T[i | 81ti [0}
| | | |
U | | | ] | | | |
U | | | l | | | |
e —— b ———}—
_(]B_"S.E‘ A == P —
U,
N2 e e N e R e
0 on 4n 6n 8t o
Puc. 5

PaccmoTpum, Kak 371€KTpOHHAs YacTh IIIAPUKOBOIO pac-
X0/IoMepa B peKuMe paboThl, YCTAHOBIEHHOM C TIOMOIIbIO
MOJCTPOEYHOTO CONMPOTUBICHUS R3, MOAABISAET BIUSHUE
YPOBHS 3JIEKTPOIIPOBOITHOCTH KUAKOCTHU B KOJIbLIEBOM KaHa-
ne. Ha puc. 6 npeacraBiieHbl BEKTOPbI TOKOB MOJIOAKUTEIbHBIX
U OTPULIATENIbHBIX UOHOB KUAKOCTH, KOTOPbIE MPOTEKAIOT
MEXKy pa3JIMYHBIMU HapaMU 3JIEKTPOJOB: D1 U D4, D1 U I3,
91 n 32, 92 u 93, 32 u 94.

Ha puc. 6 He ykazaHO HanpaBjieHHUE JIBUXKEHUS mo- L
JIOKUTENBHBIX U OTPULIATENIbHBIX HOHOB, MPOTEKAIOIIUX Ye-
pe3 KHUAKOCTh MEXAY MEKTpoAaMu 1 U Do. DTO CBI3aHO

C TEM, YTO IIPH MIPOXOXKICHUH LIAPa IO STUMH JIEKTPOIa- ;gﬂggf;;“e

MU HaNpaBleHUE TBUKEHUS MOHOB U3MEHSIETCS B 3aBUCHU- JKIIKOCTH U 11apa
MOCTH OT TOJIAPHOCTH JAUPPEPEHIIMATBHOTO HAMTPSKEHHSI

U - Us. Puc. 6
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Ecnu mapuk B TeKylnii MOMEHT BPEMEHHU PACIIONAraeTcst MeXIay NIEKTpoAaMHu D1 U D4, TO
nuddepeHnnanIbHOe HAMIPSIKEHUE COCTABUT

R, + AR, R,
7UH s
R, + R, + AR, R, + R,

Uy —-Uy=Uy

rae Ry — COMPOTUBIICHHUE KUAKON pabouei cpeabl MEXy AJIEKTPOJaMH, KOT/a IapUK HAXOAUTCS
Ha OTJAJIEHHUU OT HUX, T. €. UCKIIIOYAETCS MPEIATCTBUE IBUKEHUIO MTOJOKUTENIBHBIX U OTPULATENb-
HBIX HOHOB MEXAY dTUMH 3J1eKTporaMu; ARy — abCONIOTHOE YBETUUYEHUE COMPOTUBIICHUS KUIKOM
paboueii cpeabl MeX/Ty AIEKTPOIaMH, KOTJa MIAPHK MPOTHBOACHCTBYET CBOOOTHOMY MEPEIBIKECHHIO
HMOHOB B cpene; Ry, Ry — compoTuBiIeHHe I1ed MocTa 0e3 yueTa MajJo3HAYUTEIbHOTO CMEIECHUs
MOJIBM’KHOTO KOHTAKTa MOTEHIMOMETPA R3 OTHOCUTENBHO €ro EeHTPa, Heo0Xoaumoe s (PUKcauu
Ha4aJIbHOTO COCTOSIHUS CXEMBI.

JIJst OIIeHKY BEJIMYWHBI U TOJIIPHOCTU AUPHEPEHIINATBLHOTO HAMPSHKEHNUS MOXHO CUUTATh,
YTO CONPOTUBIECHUS R U Ry, C y4€TOM COIPOTUBIIEHUI COOTBETCTBYIOIOIINX YYACTKOB IEPEMEHHOTO
COMPOTHUBIICHHUSI R3, MPAKTUICCKU PABHBI 1 UX 0003HAYHTH Kak R. Torma quddepeHnnansHoe Hanps-
wenune U — Uy MOXKET ObITh BBIPAXKEHO CIEAYIOLIUM 00pa3oM:

U.RAR,
>
(R+ R, + AR )R +R,)

U-Uy= 0,

a Ha BBIXO/IE IEKTPOHHON CXEMBI pacXo/ioMepa BBIXOIHOE HarpshkeHHe Uy, OyZIeT MpornopuuoHaIbHO
nudpepeHHaTEHOMY HAIPSKEHUIO ¢ KOO(Q(QUIMEHTOM yCHIeHHs ky o Hanpspkenuto OY DAL, Takum
00pa3oM, BBIXOTHOE HAaNpsDKEHHE Oy/eT MOYTH paBHO HaNpspKeHUIo mutaHust Uy

Ecnu mapuk B TeKyIuii MOMEHT BpeMeHH OyZIeT pacroarathesi HaJ[ 3JIeKTpoaaMu Do U I3, TO
i depeHranbHOe HATPSHKEHNUE COCTABUT

R, R+ AR,
U <
R+R, "R+R.+AR,

U -Uy=Uy 0,

U HanpshKeHHE Ha BbIXOZE cXeMbl Ugyx OyJIeT MpeieTbHO HU3KUM.

BaxxHo oTMeTHTb, 4TO nu(depeHanIbHOe HApsHKEHNE Ha BXOE ONEPAIllMOHHOTO YCHIINTEIs
MMeeT OYCHb HU3KUW YPOBEHB (B MUJUTHBOJIBTAX ), U TOK, TPOTEKAIOIINN MEXTY IEKTPOAAMH D1 U -
IIPU PEAJIbHOM COIIPOTHUBIIEHUM KHUJIKOCTH, UMEET OUEHb MaJjble 3HaueHUs (B MUKpoamiepax). [Tpu
TaKMX HU3KUX HANPSKEHUSAX M TOKaX MEXIy 3JIEKTPOAaMH IEKTPOXUMHUECKHUE MPOIIECCHI HE BO3HU-
KaloT, U MO>KHO IIpeHeOpeyb BIMSHUEM JIBMKYIIEHCS AKHUIKOCTH Ha TIOIBUKHOCTH MOJIOKUTEIbHBIX U
OTpHULATENIbHBIX HOHOB. JKMIKOCTh OHOBPEMEHHO CIBUTAET TPACKTOPUU JIBUKEHUS TIOJIOAKHUTEIIBHBIX
1 OTPULIATEIBHBIX HOHOB B OZIHOM M TOM K€ HaIlpaBJIEHNUH, 3TO IPUBOANUT K OMHAKOBOMY yBEJINYe-
HUIO JUIMHBI COOTBETCTBYIOIIUX YYACTKOB AJIEKTPOINPOBOAHON KUAKOCTHU U, CIEAOBATEIBHO, UX JJIEK-
TPUYECKUX CONPOTHBIEHHA. B pesynbrare cundasubie Hanpsbkenus Uy u U, Ha aekTpoaax 1 1 J;
yBEIMYUBaIOTCs, HO Auddepennnansaoe Hanpsbkerne Ha Bxoae OY DAl octaeTcss HEU3MEHHBIM.

AHaJOTMYHO MOYKHO PacCy’kKJaTh O BIMSHUM BEIMUYMHBI COPOTUBIEHUS JKUIKOCTU Ry MEXIY
ANIEKTPOJaMHU, 3aBUCSIIIETO OT €€ BHJIa, THIIA U TeMIeparypsl. Vi3MeHeHue 3Tux (akTopoB IPUBOAUT
K paBHOMY W3MEHEHMIO cuH(a3HbIX HanpspkeHuid Uy u Up, HO ux pasHocTs Uy — Uy octaercst Heus3-
MEHHOMH, TOATOMY HavyajbHas HACTPOKa COCTOSIHUSI MOCTOBOM CXEMbI HE UBMEHUTCS [8].

Junamuuaeckuit uana3od QOmax/Omin U3MEPEHUS pacxo/ia KHUJIKOCTH 3HAYUTEIILHO YBEITHUUTCH,
ecnu BennuuHa auddepennmanbHoro HanpsokeHus Uy — Uy pu HU3KHUX pacxoaax OyJeT 10cTaTou-
Hoii st nepexirouerus OY DA1. luddepentmansHoe Hanpspkenue Uy — Uy mpuMeT HanOOoIbITy O
BEJIMYMHY MPHU ONITUMAIBLHON BEIMUUHE COMPOTUBIICHUHN R = Ry = R.

Brrancnus sxctpemyM ¢yHKiuu (1) mo napamerpy R, HOTYYHM ONTUMAIIbHOE COTIPOTUBIICHUE

R=VRE + R AR.
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Hanpumep, mycts Ry = 10 kOm, ARy = 1 xOM u U, = 5 B. Toraa pa3sHOCTh HanpspKeHUN NpU
R =10,448 xOwm, BbIuncIeHHOM 10 popmyre (2), B COOTBETCTBUHU C BhIpakeHueM (1), cocTaBuT
Uy — Uy =0,116 B— storo nocrarouno juis nepexmodenust OY DA1. Ecnu koa¢ddurmenT ycunenus
o Hanpspkenuro OV cocrasisier 50°103, To 1UIst €ro HaJIEKHOTO HEPEKITFOUYEHHS TOCTATOUHO Pa3HOCTH
Uy —U;=5/50-103=0,1-10-3 B, ipu U, = 5 B.

HaxkoHen, HEOOXOAUMO OTMETUTH, YTO BOJIBT-AMIIEPHBIE XaPAKTEPUCTUKH BOJBI U IPYTUX IEK-
TPONPOBOIHBIX KHUJIKOCTEH HEIMHEHHBI, TOATOMY MPH (PUKCUPOBAHUH PEKUMA PaOOTHI PE3UCTUBHOM
MOCTOBOM CXEMBI CJIEyEeT COMIACOBATh HANPSKEHUE DIEKTPONUTAHUSA C TEM YYaCTKOM BOJIBT-aM-
MIEPHOM XapaKTePUCTHKHU KUAKOCTH, T7ie HaONI0AaeTCss HanOoIbIlask 3aBUCMOCTh HAIIPSDKEHUS OT
BEJINYMHBI IPOTEKAIOIIETO TOKA. boislee TOro, 4yBCTBUTEIBHOCTh MOCTOBOM CXEMBI K ITOJIOKEHUIO
1IapvKa B KOJBILEBOM KaHAJIE 3aBUCHUT OT PACCTOSIHUS MEX]TY dJIEKTpoJiaMu D1, D4 ¥ D, I3 U AUaMe-
Tpa IIapHKa.

3axmouenne. TakuM 00pa3oM, IpeACTaBICHHBIN MAPUKOBBIM PacxooMep 3IEKTPOIIPOBOIHOM
JKHUIKOCTHA 00ECIIEUMBAET:

— 3HAYUTEIBHOE PACIIMPEHNE JUHAMUYECKOTO IMana30Ha N3MEPEHUS pacxoa NIEKTPOIPOBO-
JTHOW >KMJIKOCTH ITyTE€M IOJABJICHUS BIMSHMS CKOPOCTH JBUKCHHS KUIKOCTH B KOJBLEBOM KaHAJE
Ha BBIOPaHHBIA peXUM pabOTHI AEKTPOHHON CXEMBI. DTO MO3BOJISIET YBEINYUTH MAKCUMAIIBHO J10-
IIyCTUMYIO BEJIMUYHMHY U3MEPAEMOT0 pacxo/a;

— COKpallleHue noTpednsieMoil MOITHOCTH IEKTPOHHOM CXeMO# MPakTHYECKU B J[Ba pasa 3a
CUET UCIMOJIb30BaHMsI OHOTO MCTOYHMKA MUTAHUS (B OTIIMYHUE OT CXEM C JIByXIOJISIPHBIM TUTaHUEM
OTIEPALIMOHHOTO YCUIIUTEI);

— BO3MOJKHOCTb IIPUMEHEHHs OJHOIIOPOrOBOr0 KOMIIApaTopa Ha ONEPAalluOHHOM YCHIIUTEIIE,
YTO CIIOCOOCTBYET YIPOIIEHUIO CXEMBbI U TIOBBIIICHHIO €€ HaJIe)KHOCTH [9].
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