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Omnucano MeTo] 6€3KOHTAKTHOTO BU3HAYCHHS HATIPSIMKY BUIIPSMIICHOTO €JIEKTPHYHOTO CTPYMY
3a XapaKTepUCTHKaMH iforo MaraetHoro nous. [IpoaHasni3oBaHO YacoBi 3aJeKHOCTI TapMOHIY-
HUX CKJIQJHUKIB CTPyMY IJIsI JIBO- i OHOMIBIIEPiOAHOTO BUIIPSIMIICHHS. BusiieHo ingopmaTus-
Hi 03HaKM HANPsIMKY BUIPSIMJICHOTO CTPYMY 3a HANpPSIMKOM CTPYMY JAPYroi TapMOHIKH y MO-
MEHTH MaKCUMaJbHHUX 3Ha4eHb Nepiioi. Po3po6iieHo cxeMH i BUTOTOBJIEHO MaKeT MPUCTPOIO Ta
nepeBipeHo ioro po6boTy B 1abopartopii i Ha Tpaci MaricTpaibHUX TpyOOmpoBoaiB. [lepeBaramMu
Metony (MOPIBHSHO 3 BiJOMHMH) € BHJIyYCHHsI BIUIMBY 3aBaJIOHECYYMX CTPYMIB 1 IOJIB, IIO
iABHINY€E HAaIIHICTh 1 BipOTiAHICTh BU3HAYCHHS HAMPSMKY BUIPSMIIEHOTO CTPyMy B 3aXOBa-
HHUX NPOBiAHMKaX. MeTox MOXKHa BUKOPHUCTOBYBATH [JIsl BHUSIBJICHHS I BU3HAUCHHS HANpsAMY
BHNPSIMIIEHOTO TYJIECYIOUOTO CTPYMY HE3aJEC)KHO BiJ iHIIMX CTOPOHHIX MOCTIHHHX IIOJIB ik
4ac KOHTPOJIIO CTPYMIB €IEKTPOXIMIYHOTO 3aXUCTY Bijl KOPO3il y MiJ3eMHHUX TPYOOIpoBoiax, a
TaKOX y CHCTEMax yHpaBIIiHHS, EJICKTPOABTOMATHKH 1 PaJlioeIeKTPOHIKH.

KorouoBi caoBa: gunpsivnenuii cmpym, nyavbcayii NOMOKYy, 2aGpMOHIKU, HANPIMOK CMpyMY,
NPOMUKOPO3IUHULL 3AXUCI.

CONTACTLESS DETERMINATION OF RECTIFIED CURRENT
DIRECTION BY HARMONICS
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The direction of electric current is important in electrochemistry, in the problem of metal
corrosion in an electrically conductive medium. The flow of current from the medium to the
steel surface (cathodic polarization) inhibits corrosion, while the flow of current causes the
metal failure. Electrochemical protection is carried out by cathodic protection installations. A
rectified pulsating electric current is applied to the metal. The direction of this current is taken
into account to control the correctness of cathodic protection and determine the protective
current density. The known contact and contactless methods for determining the direction of
current are analyzed, and their shortcomings are revealed.

A new method for contactless determining the direction of rectified current is proposed, the
physical grounds of which are the presence of periodic pulsations with harmonic components,
the asymmetry of pulsations relative to the average value, and the unambiguous relationship of
current components with the polarity and magnitude of electrical signals from the magnetic
field receiver. The time dependences of the harmonic components of the current for two- and
one-half-wave rectification are analyzed. The essence of the method is explained by graphs of
the time dependences of the rectified current and its harmonic components for forward and
reverse currents. The maximum values of the first harmonic correspond to the smooth extrema
of the forward rectified pulsating current. For the reverse current the maxima of the same first
harmonic correspond to the sharp extrema of the rectified current. This asymmetry of ripples is
used for the recognition of forward and reverse rectified currents proposed in this method
(Dzhala’s method). Informative signs of the direction of the rectified current along the direction
of the second harmonic current at the moments of maximum values of the first harmonic were
identified. Schemes were developed and a prototype of the device was manufactured and its
operation was tested in the laboratory and on the route of main pipelines.
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The elimination of the influence of interfering currents and fields, which increases the reliabili-
ty and accuracy of determining the direction of the rectified current in hidden conductors are
the method advantages compared to the known methods. The method can be used to detect and
determine the direction of rectified pulsating current regardless of the presence of other external
direct currents when monitoring electrochemical corrosion protection currents in underground
pipelines, as well as in control systems, electrical automation, and radio electronics.

Keywords: rectified current, flow pulsations, harmonics, current direction, corrosion protection.

Beryn. HanpsiMOK €1eKTpUYIHOTO CTPyMy BaXKIIMBHH y €JIEKTPOXiMii 1, 30Kpema,
3a KOpO3il METaJIeBUX CIIOPY B €IEKTPOIPOBITHOMY CEpeIOBHUINI. Y BUIAIKy HATiKaH-
HsI CTPYMY 3 CEPE/IOBHINA Ha TIOBEPXHIO CTali KOPO3iifHi MPOIeCH TalbMyIOThCs (Ka-
TOJHA MMOJISIPHM3AIlis), a IMiJ 4ac BUTIKaHHS BiIOYBAETHCSI AaHOMHE PO3UMHEHHS METAIY.
B mpaxrtuiii enexTpoxiMigHOTO 3aXUCTy MIMPOKO BHKOPUCTOBYIOTH YCTAHOBKH KaTOI-
Horo 3axucty (YK3), siki )UBIATHCS BiJ] €EKTPOMEPEXKI 3MIHHOTO CTPYMY 1 IOJAI0Th
Ha TOBEPXHIO MiZ3aXUCHOTO METAIy BHIIPSIMIICHUH ITyJIbCYIOUHI SISKTPHUYHUI CTPYM,
SIKMH 3MIHIOE 3HAYEHHS 3 IUIMHOM 4Yacy, ajie He 3MiHIO€ (K 3MiHHUI CTpyM) CBiil Ha-
npsMOK. ByBaroTh BUmManky HempaBWiIbHOTO yBiMKHeHHs YK3, mo mpu3BoauTh 10
pyHHYBaHHS MeTaly. 3a HapsSMKaMH CTPYMIB Y Pi3HHUX TOUKAaX MiJ3eMHUX TPyOOIpoO-
Bogie (IIT) moxna BuzHauntH 30HY aii YK3; HampsiM Takox HEOOXiJHO BpaxoByBaTH
LT Yac OIIHIOBaHHS T'YCTUHHU 3aXHCHOTO CTpyMy. ToMy MOTpPiOHI pi3Hi 3aCO0H KOHTPOJIIO.

AHaJi3 cTany npo0sjemMu. HarmpsiMoK eeKTpUIHOTO CTPYMY V TIPOBITHAKY MOXK-
Ha BU3HAYWTH, MiTKITIOYAI0YH MUTIBOIETMETP IO CTPYMOIIPOBOY Y ABOX TOUYKaX 1 BHSB-
JISTFOYH TOYKY 3 BHUIIMM TOTCHINANIOM (CTPiNKa MiNTiBONIBTMETPA BiIXHISETHCS B HOTO
CTOPOHY), BiJl SIKOI, SIK BiJOMO, CTPYM TeY€ J0 TOUYKH 3 HHXKYUM MOTCHIIAIOM.

HenonikoM BigoMOro MeTo Iy € BUMOTa 3a0€3IeUCeHHS KOHTAKTIB 31 CTPYMOIIPOBO-
JIOM, 10 YCKIIQJHIOE HOTO BUKOPUCTAHHS /IS 130JIbOBAHUX 1 3aXOBaHUX MPOBIAHMKIB, 1
30KpeMa, Mig3eMHUX TpyOonpoBoiB. IloniOHI TpyAHOLI € 1 i Yac KOHTPOJIIO IyUKiB
3apsIHKEHNX YaCTHHOK.

MoxHa BH3HAYUTH HAMPSIMOK CTPYMY Y MPOBITHHUKY OC3KOHTAKTHHUM METOOM,
SAKUH 0a3yeThCsl HA BU3HAUYECHHI HAIIPSIMY CTBOPEHOT'O CTPYMOM MAarHeTHOTO IOJIA i BU-
KOPUCTaHHI MPaBUJI CBEpUIMKA. HampsM MarHeTHOTO MOJsI BU3HAYAIOTH MAarHETHOIO
CTPIJIKOIO, ajie JuIsl 331a4 KOHTPOJIIO NPHHHSATHIIINM € TIePETBOPEHHS HOJIS B €JEKT-
PUYHUI CUTHAJ, 32 TIOJIAPHICTIO SKOTO POOJISTH BUCHOBOK IIPO HATMPSIM CTPYMY.

[Ipote icHye MOTYXHE MarHeTHe Toye 3emili, Ha (OHI SIKOTO BUIUICHHS MarHeT-
HOT'O IIOJISI CTPYMY YCKJIafHeHe i moTpebye cremianbuux npuctpois [1-4]. Kpim Toro,
BiJIoMi MOCTiliHi (KOHTAKTHI i GE3KOHTAKTHI) CIIOCOOM HE JAI0Th MOKIMBOCTI BHALISATH
BunpsiviieHnid ctpyMm YK3 3a HasBHOCTI iHIMX (OIyKaroumux) MOCTIHHUX CTPYMIB, SIKi
MOKYTh IPOTIKATH TPYOOIIPOBOIOM.

®opmyTIoBaHHS 3aBAaHHA. BuHuKae 3amada OE3KOHTAaKTHOTO BH3HAYEHHS Ha-
IPSMKY BUIIPSMIICHOTO CTPYMY 32 HasiBHOCTI 3aBa]] — CTOPOHHIX IIOJIiB 1 CTPyMiB.

Marepiajau gociaiTzkeHHs1 i 00IPYHTYBaHHSI OTPMMAHUX HAYKOBHUX pe3yJibTa-
TiB. Ha OCHOBI HOCTIDKEHb CTPYKTYpPH 1 XapaKTEPHCTHK MO BUIPSIMIIEHOTO CTPyMY,
3allpOIOHOBAHO HOBHH METOJ| BU3HAUEHHS HOT0 HANpsIMKY — 3iCTABIEHHSIM MHUTTEBHX
3Ha4YeHb FapMOHIMHMX CKIaI0BHUX [5].

@i3nYHIMI OCHOBAMH METOJY €.

* HasBHICTP MEPIOANYHUX MYNTbCAIlii BUTIPSIMICHOTO CTPYMY (IIOTOKY);

* MOXKJIMBICTD PO3KIIA/ly BUIPSIMIICHOTO CTPYMY Ha TapMOHIiitHI CKIaoBi (3rifHo 3
NPHHIMIIOM CYNepIo3uii) 3a Teopemoro Dyp’e;

* acCUMeTpis MyJbCalliid BiTHOCHO CEPEAHBOTO 3a Mepioj] 3HaUSHHS.

Kpim 1mporo, mis po3s’s3aHHs i€l mpoOJIeMH BHKOPUCTOBYEMO OIHO3HAYHMIA
3B’S30K HANpPSAMY 1 3HAUCHHS CTPYMY 3 HaIPSAMOM i HAIPY>KE€HICTIO CTBOPIOBAHOTO HAM
MarHeTHOro moJjs (3a 3akoHoM bio-CaBapa) Ta 3 TOMSIPHICTIO i 3HAYCHHSM €IEKTPUY-
HOT'0 CUTHAJY BiJ clipuiiMaya MarHeTHOTO HOJI.
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Onuc meroay [5]. Hexail mynbcyrounit cTpyM OTPUMAaHO ABOMIBIEPIOJAHMM BH-
MIPSMIICHHSIM 3MIHHOTO CTpyMy 3 yactoToio f. Floro 3MiHy 3 4acoM OMHUCYEMO BHPa30M

J(t) =, -Jsinot| 1)

ne Ja — ammityna; o = 2nf — kpyrosa uacrora; t — yac. Posknamaroun B psg Oyp’e 3a
rapMOHIHHUMH CKIIaJOBUMH, MaEMO'

J(t) =Jy — Jq cos2mt — J, cos4mt — Jycosbot... 2
JIe aMILTITYIH TApMOHIK
2 4 4 4
Jo=—1J,, Jy=—13,, Jo=——T,, Joa=—1J,,.... 3
L T R N R - P )

Bupasu (1) i (2) omucyrors npsiMuii ctpyM (y BuOpaHoMy HarpsiMky). Jlist 3Bo-
POTHOTO CTPYMY BUPa3H BiIPi3HAIOTHCS 3HAKOM:

Jin() ==J4 -Jsinwt| . 4)

BigmiTumo, 10 4acoBi 3al€XHOCTI IOJIs,, CTBOPEHOTO CTPYMOM y AESKiH TOUIl
crioctepekeHHs, aHanoriudi supazam (1)—(4). CyTTeBuM Ui MOJANBIIOTO BHKOPHC-
TaHHSA METOXy € MOKIIUBUI 3CyB (Da3 MiK TapMOHIKaMH, SIKAH BUHUKAE y CEPEIOBHIIAX
3 JHCIIepciero 1 TMOBMHEH OyTH BpaxoBaHUIl MiJ 4yac HaJAIITyBaHHS BiAINOBITHOTO
MIPHUCTPOIO.

CyTp MeTOAY JIETKO MOSICHUTH Tpadiuao. Ha puc. 1 moka3aHo 4acoBi 3aJe:KHOCTI
BHUIIPSMIICHOTO CTPYMY 1 HOTO TapMOHIMHIX CKIAMOBHX ISl PAMOTO (@) i 3BOPOTHOTO
(6) crpymis. 11i  rpadiku JeMOHCTPYIOTh 3MIHH B 4aci MarHETHHX IIOJIIB, CTBOPEHUX
CTpYMOM 1 #ioro cknagoBumu. LIITpUxoBi JiHiT TOKA3yIOTh BUIIPAMICHHUH (IO MyIbCYE
3 yacToToro 20) ctpyM J(t) 3 amrutitymoro J, Ta HOro cepeiHe 3HAYCHHS — MOCTIMHY
cknanoBy Jo, siki omucyrotsest Bupaszamu (1) i (3). CyiinbHi JiHil UTIOCTPYIOTH TEpIIy i
JPYTy TapMOHIKHU 3 amIutiTyaaMu Ji ta Jp i gacrotamu 2m Ta 4@ BiANOBigHO (OmHcaHi
Bupasamu (2) i (3)); mpu mpoMy rapmoHika Ji 300paXkeHa BiJIHOCHO CEpEIHBOIO 3Ha-
yeHHs Jo.

Puc. 1. Entopu Bunipsimieroro crpymy J(t) ta fioro rapMoHiitHux ckiamnoBux Ji, Jz
ISt IpsiMoro () 1 3BopoTHOTO (6) CTpyMiB.

SAx BumHO 3 puc. la, MaKCUMallbHI 3HAYEHHS IMEPIIOl TAPMOHIKH BiIOBITAIOThH
IUTABHUM €KCTPEMyMaM TPSMOTO BUIIPSMIICHOTO ITyIBCYIOYOTO CTPYMY, @ JJIsl 3BOPOT-
Horo crpymy (puc. 16) MakcHMyMH IIi€i %K IEPIIOT TapMOHIKH BiAMOBIAAIOTE TOCTPUM
eKcTpeMyMaM BHIpsMiieHOTo cTpyMy — Jin(t). Ll acumeTpis mysbcaniii moKiageHa B
OCHOBY PO3ITi3HABAHHS MPSIMOTO i 3BOPOTHOTO BUIIPSIMIICHOTO CTPYMIB, 3aIllPOIIOHOBA-
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HOro y ganomy meroni (croci6 [xamu [5]). IlnaBuuii i roctpuii ekcTpeMyMH GOpMy-
I0ThCS BUIIUMH TapMOHIKaMH. 30KpeMa, 3a eKCTpeMalbHUX 3Ha4e€Hb 3BOPOTHOTO CTPY-
My BoHa momaTHa (puc. 1). BkasaHy BiIMiHHICTb HAmpsMiB CTPYMY IPYyroi TapMOHIKH
(y MOMEHTH IOCSTHEHHS MAaKCUMAIILHOTO 3HAUCHHSI CTPYMY HEpLIOl FapMOHIKH) BUKO-
PHCTOBYIOTB JUIsl BA3HAUCHHS HAIIPSIMKY BUIIPSIMIICHOTO CTpyMYy [5, 6].

®opmynu (1)—(4) onucyrOTh iJeaNbHO ABOIIBIEPIOAHO BUIPSIMIICHHH CTPYM.
MoxJUBI TakoX iHII MyTbCYIOUi CTPYMHU. Y BHIAAKY HEOJHAKOBHX XapaKTEPUCTHK
wiiu Bunpsivsiya (Hanpukian, YK3) crpymu Ha nepuiomy i apyromy miBrepionax 0Oy-
IOyThb pi3Hi. BUHMKA€e NUTaHHSA — YW MPALIOBATHME METOJ JUIsl TaKHX HeileaabHO BH-
OPSIMIICHUX MYJIBCYIOYNX CTPYMIB (TOTOKIB)?

PosrastHeMo kpaiiHii BHIIaZOK OAHOMIBIEPiOTHOTO BUIPSIMIICHHS. 3aMicTh BHpa-
3y (1) Toai s KOXKHOTO TEPIOAy OTPHMAEMO:
Jysinot, 0<ot<m,

J'(t)= 5
() 0, n <ot <27, ©

a 3amicTb (2)
J'(t)=J"9+J " sinot — (I, cos2mt + J', cosdot +...), (6)

ac
J J 2 2

Jo="2, Jy=-2, J,=—"1J,, J,=—J,,.. 7
T T TPt T3t @

Tperiit 1 4eTBepTHI WICHN IIHOTO PO3KIAAY OMHCYIOTH KOJNMBAHHSA 3 YacTOTaMHU
20 i 40, 5K 1 y IONEepeIHbOMY BUIAIKy. AMIUTITYAN LUX TApMOHIK TYT y JIBa pa3u
MEHIII, 90ro 1 CJIiI 04iKyBaTH. BiIMIHHICTh MOJISATAE y TOSBI JOJATKOBOT TApMOHIKH 3
JaCTOTOIO (, IO TI0 CYTi HE 3MIHIO€ 3aIIPOIIOHOBAHOTO CIIOCO0Y, KM MOBHICTIO TPH-
natHui 1 TyT. TakuMm 9uHOM, IIeHl MeTOx Jae 3MOTy OAHO3HAaYyHO BH3HAYATH HANpsSIM
BHUITPSAMIICHOT'O MYJIECYIOYOro cTpyMy (Y CEHCI FeOMETpUYHO BH3HAYCHOTO HATIPSIMKY)
3a HAMPSIMaMH KOMITOHEHT (rapMOHiK) 1oJist (YK TOJSIPHOCTI CUTHATIB) y TIeBHI BKa3aHi
BUILIE MOMEHTH 4Yacy. JlonatkoBe KamiOpyBaHHS 3a JONOMOI'OK CTPYMY 3aJaHOTO Ha-
IPSAMKY HE 000B’SI3KOBE.

Jist KoHTposro HampsMy cTpyMmy YK3 3pydHO BUKOPHCTOBYBATH IEpIly i IpyTy
rapmoHniku 3 yactoramu 100 i 200 I't. B okpeMux BHmaakax 3a MM METOJOM MOXKHA
3aCTOCOBYBATH H 1HII YaCTOTH.

Pe3ynbTary 3anpooHOBaHIM METOIOM JOCSTAIOTh TaK:

* IEPETBOPIOEMO TI0JIC BUTIPSIMIICHOTO MYJIBCYIOUOro CTpyMy (IIOTOKY) B €IIEKT-
PUYHUN CUTHAT,

* BUIIIJISIEMO TIEPINY 1 APYTy 3MiHHI TApMOHIKHI CKJIJIOBI;

* 3iCTaBJIsIEMO HANPSIMKHU TX MUTTEBUX 3HA4YCHb;

*y MOMEHTH JOCSTHEHHS MaKCHMAJIBHUX 3HAYCHb CHTHANY (HAmpyru) nepuioi
rapMOHIKH BHpi3aeMo (BHIIIAEMO) CTPOO-IMITYIIBCH IPYroi TapMOHIKH;

* 33 HAOPSIMKOM (OJIAPHICTIO, 3HAKOM) OTPHMAHUX CTPOO-IMIyIbCiB POOHMO BH-
CHOBOK IIPO HAIIPSIMOK BUITPSIMIICHOTO CTPYMY.

IIpaxTr4yHe BUKOPHCTAHHS cIOCO0y Mependadae po3MilIeHHS JaBadya MarHETHOTO
HOJIST TIOTIEPEK CTPYMOIPOBOAY B a3UMYTANBHO MO3UTHBHOMY (IOAATHOMY) HAMpsMi
(puc. 2), BU3HAYEHHS HAMPAMY MyJIbCYIOUOr0 MATHETHOTO OIS, SIKE OXOILTIOE CTPYMO-
HPOBIJ; 32 MPABHIIOM [TPABOT0 IBUHTA (CBEPAJINKA) BU3HAYAKOTH HAIIPSIM CTPYMY.

IMouaTKOBHIA €IEKTPUIHHUI CHTHAI Bifi CTpyMy (Y aHAIOTIYHOTO iHIIOrO (i3md-
HOTO TIOTOKY, SIKMH KOHTPOJIIOIOTH) MOJKHA OTPHMATH 32 JIOTIOMOTOI0 Pi3HUX CIpHiiMa-
4iB (IIEPETBOPIOBAYIB) TOJIS: CNICKTPUIHHX (KOHTAKTHUX-KOHIYKTHBHHX, EMHICHHX) Ta
MarHeTHHX. CyTTEBOIO IEpEBaroio MbOr0 CHOCO0y € MOXKIMBICTh BHKOPHCTAHHS iH-
JOYKTUBHUX CIpHiiMadiB (paMKa, KOTYIIIKa), [0 CIPOIIY€ arapaTypHy peai3aliio.
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Puc. 2. [TonoxxeHHs 1aBavya MarHeTHOTO 1o (2)
BifHOCHO cTpymomnpoBoay (1).

BUCHOBKHA

[lepeBaramu 3ampoOIIOHOBAHOTO CIIOCOOY TOPIBHSHO 3 BiJOMHMH € BITYYCHHS
BIUIMBY 3aBaJOHECYYHX CTPYMIB 1 MOJIIB, IO ITiBHUINYE HAMIHHICTD 1 BIPOTIHICTH BH-
3HAYEHHS HATIPAMKY BUIIPSAMIICHOTO CTPYMY B 3aXOBaHHX HpOBigHMKax. Horo mMoxHa
BHUKOPHCTOBYBATH ISl BUSBJICHHS 1 BU3HAUCHHS HANPSAMY BUIIPSIMIICHOTO MYyJIbCYHOUO-
ro CTPyMYy HE3aJEeKHO BiJ IHIIMX CTOPOHHIX MOCTIHHUX CTPYMIB IiJ Yac KOHTPOJIO
ctpymiB YK3 y migzeMHux TpyOOIpOBOAax, a TAKOXK y CUCTEMax YIpPaBIiHHS, €JIEeKT-
pPOaBTOMATHKH 1 pagioeneKTpoHiku. [is peanizarii MeToxy po3pobieHo GyHKIiOHATIb-
HY CTPYKTYPHY 1 IIPHHIUIIOBY CXEMH MIPUCTPOIO JUI BU3HAUCHHS HAIPSMY BUIIPSMIIC-
HOT'O CTpyMy. BUTOTOBIEHO MakeT IPUCTPOIO 1 IepeBipeHo Horo podoTy B mabopaTopii
1 Ha Tpaci MaricTpanbHuUX TpyOompoBoaiB. CTBOpeHHI A peaiizamii OMUCAHOTO Me-
TOMY TPUCTPIA A€ MOXKIWBICTH OINEPATHBHO OE3KOHTAKTHO BH3HAYATH HASBHICTH i
HanpsM ctpyMy YK3 y mim3eMHux TpydompoBogax. 3amponoHOBaHHN Cocio 1 Bifmmo-
BiZiHI HOMY IpPUCTPOi MOXXHA BUKOPHCTOBYBATH aBTOHOMHO 200 B KOMIUIEKCi 3ac00iB
JUTSL KOPO3IHHUX OOCTEKEHb CUCTEM IiI3EMHUX TPYOOIPOBOIIB 1 3’ €IHYBAILHUX IPO-
BOJIIB JJI1 KOHTPOJTIO TpaBWIbHOCTI miakmodeHb YK3 IIT 1 moB’si3aHUX 3 HUMH MeTa-
JICBHX CIIOPY/I.
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