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ABSTRACT

A device for measuring electric field designed to control the parameters of corrosion protection of steel
structures equipment in marine environments.

New contact device for electric field measuring in the marine environment is describe. It uses contact
electrodes in combination with hydrodynamic extension cords as the dielectric tube. Measurement is carried out
in two stages (the measuring device is in two states - open and closed). The change of the state of the meter is
provided by a dielectric barrier, located in the cleft between the closed ends of hydrodynamic extension cords.
This provided by a constructive immutability of the gap between the closed end of the dielectric tube and the
surface of the dielectric barrier. It is shown that to reduce measurement error of the electric field in the marine
environment caused by incomplete shortening of researched field with a dielectric barrier in its open state,
sections of contact electrodes must be placed in a plane perpendicular to the direction of the measured field.
Dielectric barriers of known marine electric field meters cannot provide full shortening of the field because of
their geometry.

Developed dielectric barrier with new geometry provides full shortening of measuring field. For this
purpose dielectric barrier was provided with slots made on different sides of it, they are placed opposite to
contact electrodes. However, the depth of each of the slots is greater than half of the thickness of the dielectric
barrier by the size of the gap between the closed end of the dielectric tube and dielectric barrier. Moving
dielectric barrier causes a change in electrolytic circles meter. When inserting a dielectric barrier in the gap
between the closed end of the dielectric tube measuring of the sum of voltages of investigated field and the
potential difference between electrodes happens. With this placement of dielectric barriers, the voltage caused by
investigated field on the open ends of the dielectric tubes (its value is determined by the length of the dielectric
pipes and tension of investigated electric field) and tension caused by the contact potential difference between
the electrodes is applied to the electrodes. In the process of extraction of the dielectric barrier from the gap
between the pipes ends dielectric stress caused by the contact potentials difference between the electrodes is
applied to electrodes. In this position of the dielectric barrier voltage induced by the stress of investigated
electric field equals zero because of the measuring base of contact electrodes zero equality. Further subtraction
of voltages measured by electrodes in each of the states of the dielectric barrier allows calculating a value of
stress of the field of the investigated signal.

The paper describes a design of the device which consists of two coaxial dielectric tubes with its open
ends inserted into the environment, where measurement of investigated electric field takes place. Closed ends of
coaxial dielectric tubes located opposite to each other. The closed ends have through holes, which are placed
symmetrically relative to the center of the closed end of the dielectric tube. Hydro channels with contact
electrodes are placed inside holes. Between the closed ends of the tubes is a narrow gap with dielectric barrier
inside. The dielectric barrier has slots which are taken by hydro channels. Cross-sections of hydro channels are
situated in the same plane in the middle of a narrow gap. Between dielectric barrier and closed ends of the
dielectric pipes is a gap with constant size no matter what state dielectric barrier is in.

KEY WORDS: clectric field, marine environment, electrodes, contact difference of potentials,
measurement, measurement error, hydro switch.
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Po3pobiienns mpucTporo uis BuMiproBaHb eiaekTpudHoro mons (EIT) y MopcekoMy cepeno-
BHUII TIEPCTIIEKTUBHE Ui KOHTPOIO MapaMeTpiB CTaHy 3aXUCTY Biji KOpO3ii MeTaleBUX KOHCTPYKILii
ra3oHapTONPOMHUCIOBOTO 00IaTHAHHS Y MOPCHKHUX YMOBaX.

[ndopmanis npo EIT HeoOximHa mix vac rixpodizuvHuX Ta Teodi3MYHHX BHUMIPIOBaHb, MIPH
MPOBE/ICHHI 010JI0TTYHUX, OKeaHorpadiyHUX JOCiHKeHb CBITOBOrO OKeaHy. ToMy mpo0iieMi BUMIpPIO-
BaHb EIl nmpucBsueHa HU3Ka HAYKOBO-TEXHIYHUX JIOCHTIHKEHb 1 pO3p0o0OK, 3HAYHA YaCTHHA SIKUX BiJO-
OpaxeHa y mparsix [1-3].

Binomi mpucrpoi s BumiproBanus EIl y mopcekoMy cepenoBuini [1] BkirouaroTh y cebe
KOHTaKTHI €JIEKTPOJIH, HECTAOUIBHICTh BIIACHOI €NEKTPOPYIIIHHOI CHIIM SKHX € JDKEPEIOM TOXHUOKH
BHUMIpPIOBaHHS MOJIS, MO 0OMEXKYE MOMIHMBOCTI 1X 3acToCcyBaHHsS. [CHYIOTH pi3HOMaHIiTHI criocodu ii
sMenmeHHs [2]. CyTh ix momsrae B TOMy, 0100 MPOBECTH BUMIPIOBaHHS TOJIsL y JBi crazil. B omHiit
BHUMIPIOETHCS CyMa JIOCIIJKYBAHOTO IOJISl 1 KOHTAKTHOT Pi3HUII MMOTEHINAIB eJIeKTPOAIB, y IHIINA —
TUIbKYM KOHTAKTHA PI3HHUILA MOTEHIiATiB. Pi3HUIA pe3ysIbTaTiB I[UX JBOX BUMIPIOBaHb 1 € BEIMYMHA
JOCITIPKYBAHOTO EIIEKTPUIHOTO OIS,

PizHomaHniTHI peanizalii Takoro miaxomy A0 BumiproBanHs EIl mMaroTh Ti 4M iHIII HEAOIIKH
EKCIUTyaTaiiHOro, METPOJIOTTYHOTr0 YH SHEPreTHYHOro Xapakrepy. 30KpemMa, 3aCTOCyBaHHS Tigporie-
peMUKaviB JJisl 3MECHIIEHHS MOXWOKK BUMIPIOBaHHS BUMarae repMernsailii 3acionku. e yckiaanroe
MIHIMI3aIlil0 €HEProCIOKMBAaHHS Ta 3a0€3MEUCHHS JOBrOCTPOKOBOI CKCIUTyaTallii B aBTOHOMHOMY
pexumi. Bimomuii npucTpiid, nmpu3HadeHui i BUMiptoBaHHs HanpyxeHocti EIT B enextpomiTi [3], 1
3a0e3mneuye cTabiIbHE JOBIOTEPMIHOBE BUMIPIOBAHHS IOJIS 32 MiHIMAJIbHOI'O CHEPrOCIOKUBaHHs. Bin
CKJIAJIA€ThCSI 3 JBOX JICNCKTPHUYHHX TpyO, IO MArOTh BIIKPHUTI KiHIN, BHBEACHI Yy 30BHIIIHE
CEpeIOBHIIe, Ta 3aKPUTI KIHIl, 3BEPHEHI OIWH JO OJHOrO i PO3AUICHI BY3bKOK INUIMHOIO, B SIKIi
3HaXOJUTHCS TUIOCKA JIICIEKTPUYHA TIEpPeroHa, Mo Mae JBa podoUi CTaHU (3aKpUTHH 1 BIAKpUTHI) 1 3
000X CTOpIH SIKOi € OJJHAKOBI MPOMDKKH. [Ipn 1IbOMY B 3aKpUTHX KIiHISX JIEIEKTPHYHUX TPYO € BiKHA
3 TiIpoKaHaNaMH, Y SIKUX 3HAXOJAThCS KOHTAKTHI eleKTPOJIH.

HenonikoM Takoro mpucTporo € Te, Mo JielIeKTpHYHa TIepernoHa B OJHOMY 31 CTaHiB (BiIKpH-
TOMY) NIPH BUMIPIOBaHHI BIACHOI ENEKTPOPYIIHHOT CUIIH €JIeKTPOIIB HIISIXOM 3aKOPOYYBaHHS JIOCIi-
mxyBanoro EIN. Lle 3akopouyBaHHs 3MIiHCHIOEThCS HE TOBHICTIO. [IpHUMHOIO IILOTO € Te, MO 3pi3u
ripoKaHaliB, y sIKMX PO3MIILIEH] eNEeKTPOIU, PO3HECEH]I B MPOCTOPi i HE MOXYTh OYTH TOMIIIEHI B
IUIOIIMHI, IEPIECHANKYJIAPHIN 10 HAMPAMKY JTOCIIIXKYBaHOIO TIOJIsI, Yepe3 0COOTMBOCTI KOHCTPYKIIII.

3HaueHHs1 a0COMOTHOT MOXMOKM BUMIPIOBAHHS €JIEKTPUYHOIO TIOJS JUIS TAaKOTO BUMIpIOBava
MOKHA BUPa3UTH (HOPMYJIO0

AE = E§, (1)
Je 0 — TOBIIMHA IIUTMHU MK aTpyOKaMHu.

3menIeHHs moxubku BuMiproBanHs EIT y MopchkoMy cepeloBHIII MOXKHA JIOCATHYTH, 3a 0e3-
MEYUBIIN TIOBHE 3aKOPOYYBAaHHS JOCTIXKYBAHOTO TIOJIS y BIJKPUTOMY CTaHi JieTESKTPUYHOI TIepero-
HU. Takuil pe3ynbTaT AOCIATAEThCS 3aBASKA 3MiH1 (POpMU JTieTeKTPUIHOT MiepernoHu [4].

3anponoHoBaHO MPUCTPil (puc. 1), SKUI MICTHTH JIBi AieneKTpuyHi TpyOu 1; 2, BIAKPUTI KiHITI
SIKUX 3; 4 BUBEJICHI Yy 30BHIIIIHE CEPENOBUIIIE, @ 3aKPUTI KIHII 5; 6 3BEpHEHI1 OJIUH J0 OJHOI0, Y KIHIISIX
5; 6 € BikHa 7; 8, sIKi po3MillIeHI CHMETPHYHO BiJTHOCHO IIEHTPY 3aPUTOTO KiHIS JICIEKTPUKHUX TPYO,
y BIKHax po3MilieHi rigpokananu 9; 10 3 KOHTaKTHUMU enekrpoaaMu 11; 12, Mixk 3aKpUTHMH KiHIISIMA
Tpy0 5; 6 € minuHa 13, y sKill moMileHo JieNeKTpu4Hy mepenony 14, mo mae nasu 15; 16, B siki
3ax01iTh riapokananmy 9; 10 i 3pi3u rigpokanaiiB 17; 18 3HaXOAATHCSA B OJHIN IUIOIIMHI MOCEPEAMHI
19 By3bKOT mIiMHK 13, MIXK Ji€NIEKTPUYHOIO MEepenoHto 14 1 3aKpUTUMHU KIHISIMH JTIaJIeKTPHYHUX TPYO
€ nmpoMixkok 20; 21, sikuii 30epira€Thes MPpH BCIX POIMIMICHHSAX JIINIEKTPUIHOT IEPEIOHH.

HienektpuuHa niepernona 14 nepeMilniarouuch NepiognyHO MEpEeKprUBa€e MPOCBIT MK KOHTAKT-
HuMU enekTpoaamu 11, 12. Hampyra Ha koHTakTHUX enekTponax 11, 12 Bu3HavaeThCsl BUpa3oM

U =EL + Ay, (2)
ne E — HanpyXeHICTh eIEKTPUYHOrO MOl Y MOMEHT BUMIPIOBaHHS, L— 3Ha4eHHs 0a3u MPHUCTPOIO B
MOMEHT BUMIpIOBaHHS; Ay — BIIaCHA €IEKTPOPYILiiHA CHJIa KOHTAKTHHX EIEKTPOIIB.

[epexprBaHHS JiETEKTPHYHOIO MEPETOHOI0 TIPOCBITY MiX EIIEKTPOJIaMK 3MiHIOE 0a3y MpHUCT-
POIO, 110 BUKITMKAE MOAYIISIII0 HAMPYTH HA KOHTAKTHUX €JIEKTpoax. Y 3aKpUTOMY CTaHi JTialleKTpuy-
HOI TepenoHu (MPOCBIT MK €IEKTPOJaMU MEPEKPUTHI) 0 KOHTAKTHUX enektpomi 11, 12 mpukia-
JIeHa Harpyra

U/:E/L/+Al/// 5 (3)
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ne E; — HanpyxeHicts BuMiptoBanoro EIl y MOMEHT, KOJIM MPOCBIT MK €NEKTPOJAMH TEePEKPUTHH
JETIeKTPUYHOIO TIEPETIOHOI0, L — 6a3a BUMIpIOBaHHS B IIe MOMEHT; Ay/; — BlaCHa KOHTaKTHA Pi3HUIISL
MOTEHI[IATIB €JIEKTPO/IiB B IIell MOMEHT.
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[lpu BigkpuTOMy cTaHi iENEKTPUYHOI IEPENOHH, KOJH MPOCBIT MK eNeKTpOoJaMH He

MIEPEKPUTHI, MAEMO HANIPyTy
U, =(E;+ AE) L, + Ay,, 4)

ne L, — 6aza BUMIPIOBaHHS IPH BIIKPUTOMY CTaHI JieNEKTPUYHOI epenoHu; Ay, — BIacHa KOHTaKTHA
PI3HUIIS OTEHI[IAIB €IEKTPOIIB Y 1€l MOMEHT.

3naueHHs1 HanpyxeHocTi EIl y MOMEHT, KOJIHM TPOCBIT MDK €IeKTpOJAaMU TEPEKPUTHIA,
BHU3HAYaeThes 3 (3) 1 (4) BUpazom

E/=(U/—Ug)/mL/-i-AE(]—m)/m—(At///— Al//g)/mL/, m:(L/—Lg)/L/. (5)

3 dopmynu (5) BUAHO, 110 TOYHICT BUMIPIOBAHHS HANIPY)KEHOCTI €ICKTPUYHOIO MOJis £; THM
Oiblna, YuM Oinble m. Y HAIIOMy BUNIQJIKYy KOHCTPYKTHBHO 3abe3redeHo 3HaveHHs L, = 0, Tomy
m =1 1 moxubka BUMIPIOBaHHSI MO € MIHIMAJIEHO MOKITUBOIO.

BUCHOBKH

Y 1ockOHalleHO MOPCHKUN CEHCOpP ENEKTPUIHOIO MO 3 HErepMETHYHOIO 3aCIIOHKOI0 KOMYTa-
Topa. [lomimmeHo HOro MeTpoNIOTiYHI XapaKTePUCTHKHU IIUIIXOM 3acTOCYBaHHS (IirypHoi 3aciIOHKH
KOMyTaTopa. BUKoprcTaHHS 3alpOIIOHOBAHOTO MPHUCTPOIO JJIsi BUMIPIOBAHHS EIIEKTPUYHOTO TIOJIS B
MOPCBKOMY CEpPEOBHII A€ 3MOTY IPOBOJUTH JOBrOTEPMIHOBI BUMIPIOBAHHS MOJISA 3 OUIBIIOK TOY-
HICTIO TIPY HU3bKHX €HEpro3aTparax.
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