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Po3risiHyTO 0coGimBOCTI B3aemMozii BUXopocTpyMoBoro nepersoproBaua (BCIT) 3 depomar-
HITHUM IPOBIZTHUM CEpEIOBHUIIEM IIPH MPOBEACHHI AedeKTocKomil (hepoMarHiTHUX AeTajel i By-
311iB. 3aIpOIIOHOBAHO YAOCKOHAIUTH KOHCTPYKIii BUMIPIOBAIBHOI CHCTEMH PE30HAHCHOI'O BHXO-
pocTtpymoBoro Jedexrockona 3 TpaHCHOPMATOPHHUM 3B’SI3KOM 3 JIBOMA 3B’S3aHUMH BHUMipIOBa-
JBHUMH KOJIMBAJBHUMH KOHTYpaMHM Ta JHU(EpeHIiaIbHUM JaTYHKOM, SKHMH Mae JIBi
BUMIPIOBAJIbHI OOMOTKH, 3 METOK KOMITCHCAIIIT 30BHIIIHIX 3aBaJl. 3a pe3ybTaTaMu JOCIIIKCHHS
BCTAQHOBJICHO 3aJIOXKHICTh IOTOKY BHMXOPOBHX CTPYyMiB BiJl MarHiTHOTO IIOTOKY II€PBHHHOL
OoOMOTKM 1 BJIAaCTHBOCTEH KOHTpOsbOBaHOro o06’ekta. Iloka3aHo, 1o TpaHchOpMaTOpHUil
NIepeTBOPIOBAaY  OUIBII CTIHKMH MO 30BHIIIHIX (AaKTOPiB, OCKUIBKM BHMIpIOBaJIbHI OOMOTKH
BMHKaIOThCs 3yctpiuHo i EPC, BUKIMKaHI 30BHIIIHIMA (aKkTOpaMu, B3aEMHO KOMITEHCYIOThCS.

Knrouogi cnosa: BUMipIoBabHUH TNiepeTBOpIoBad, [I-mogiOHMiIl MarHiTONpPOBOX, KOHTPOJIBO-
BaHMH (pepoMarHiTHHH 3pa3ok, 3aBaja.

IMocranoBka mnpodaemu. XapakTep B3a€MOJii BHXOPOCTPYMOBOIO IEpPETBOPIOBAYA
(BCII) 3 ¢epomMarHiTHAM MPOBITHIM CEPEIOBHUILEM IIPH IMPOBeNeHHI AedeKTocKoIii Gpepoma-
THITHUX JeTaJIel 1 By3JiB ONMUCYETHCS 3a JOMOMOTOI0 3aKOHIB €EeKTPOMAarHiTHOTO OIS, L0
BUMarae po3B’si3yBaHHS CHUCTEM DPIBHSHb y YaCTUHHUX MOXigHUX. OJHAK B OKpPEMHX 3ajJayax,
30KpeMa, 3MCHIIICHHS BIUIMBY 30BHIIIHIX 3aBaj], TAKUH MiAXi1 HepaioHATBHUA, 1 TOMY BUHH-
Ka€ HeOOXIIHICTh 3aCTOCYBAaHHS METO/IB, SIKi BUKIIOYAI0Th HEOOXITHICTh PO3B’A3yBaHHA CKJIa-
JHUX CHCTEM PIBHSHb.

AHaJi3 ocTaHHIX 0CJTIKeHb Y IbOMY HalPsIMKY BUXOPOCTPYMOBOI JiedeKTocKoIIii Jae
3MOTY HiHTH BUCHOBKY, IO HE 3BaYKAOUM HA BEJUKY KUTBKICTh poOIT 3 BKa3aHOI TeMaTHKH [ 1-
4, ta iH.] 10 TenepilIHBOTrO Yacy NpoOiieMy KOMIICHCallii 3aBajl MOBHICTIO HE BupilieHo. J[o
CKJIaJly BUMIPIOBaJIbHOI CHCTEMH BUXOPOCTPYMOBHX JE(EKTOCKOIIB BXOISATh BUXOPOCTPYMOBI
neperBoptoBadi (BCII) pi3Hux THIiB — 31 CTpHKHEBUM ocepasiM, 3 U-nopiOHUM ocepsiM, Ha-
KIaaHuH, npoxigauid. KoxXHui 3 BKa3aHUX TUIIB Ma€ KOHCTPYKTHBHI OCOOIMBOCTI, BiAIIOBiA-
HO JUIsi MOJICIIIOBAHHS MPOLIECIB Y HUX 3aCTOCOBYIOTh pi3HI migxoau. OnHaK MpH MpOBe/eHi
BHUXOPOCTPYMOBOI J1e()eKTOCKOMI] 3 BHUSABJICHUMH BIUIMBAMHU 30BHIIIHIX (DAaKTOPIB, TaKUX SIK
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TeMIepaTypa, eIeKTPOMATHiTHI 3aBaJii TOIIO, BOHM HE NAIOTh YiTKOI BIATIOBiAI HA TUTAaHHS, K
MTOKPAIIUTH HE TUIBKW TOYHICTH BHMIpPIOBAaHb, a TaKOX W 3JaTHICTh BU3HAYCHHS XapaKTepy
Je(heKTIB KOHTPOJIBOBAHOT'O 3pa3Ka.

3agaui mocaimkenns. Y wiii poOOTI mMpH JOCTIMHKEHHI B3a€MO/ii TpaHCPOPMATOPHOTO
BCII i3 hepoMarHiTHUM MPOBIJHAM CEPEOBUILEM MPOIIOHYETHCS, K 1 B MONEpeHIX podoTax
[5-7] po3rasimati B3aemMoziro enekTpoMarHiTHoro nosst oomoTku BCII 3 depomarniTHuM 3pas-
KoM. B OCHOBY JOCIiIPKEHHS TIOCTaBJIEHO 3ajady MiJBUIIEHHS TOYHOCTI BUXOPOCTPYMOBOTO
KOHTPOJIIO 3 METOI0 KOMIICHCAIT 3aBaJl, 110 JOCITAEThCS YIOCKOHAICHHSIM KOHCTPYKIIii BHMi-
PIOBAJIBHOT CUCTEMH PE30HAHCHOTO BHXOPOCTPYMOBOI'O JieeKToCKOmna 3 TpaHCc(hOpPMaTOPHUM
3B’SI3KOM 3 JIBOMA 3B’S3aHUMH BHMIPIOBAILHUMH KOJIMBAJIBHUMH KOHTYypamu Ta JudepeHiiia-
JIBHUM JaTYUKOM, SIKUI Ma€ JIBi BUMIpIOBaJIbHI OOMOTKH.

Buxuian ocHoBHoro marepiany. [1-nonionuit BCIT Hax KOHTposbOBaHOIO (epoMarHir-
HOIO TUIACTUHOIO TPEJICTABICHO Ha puc. 1, 1e @ — BincTanb Mix neHrpamu crpuwxHiB BCIT; i —
TOBIIMHA KOHTPOJILOBAHOTO 3pa3Ka; b — MupruHa KOHTpoJiboBaHoi aAunstHKU (b =d); d — nia-
meTp ocepns BCII, / — noBxrHA KOHTPOJIBOBAHOT MiJISTHKH.
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Puc. 1. IT-moxi6uuit BCIT Ham KOHTPOIbOBAHOK (GEPOMATHITHOO TIACTHHOO

Amnaniz B3aemozii TpanchopmaropHoro BCII i3 depoMarHiTHUM TPOBITHUM CEpEIOBH-
LIeM 3/IHCHIOETHCS 3 TAaKUMHM JOINYILIEHHSMH: MarHiTHI MOTOKH B OCepAi 1 KOHTPOJIbOBaHiii
JIUTSTHIT OJTHAKOBI 1 pO3MOIICHI PIBHOMIPHO.

CtpyMm nepBUHHOI 00MOTKH W) 30ymKye MarHiTHAN TOTiK O = @y, sin ®f B ocepxi Ta Ko-
HTPOJILOBAHOMY O00’€KTi, BUMIpPIOBAaJIbHI OOMOTKH W;j, Wy, 3 €IHAHO 3yCTPIdYHO, IPU IHOMY
Wi = Wna.

KoMrutekcHy TOBHY MOTYXKHICTB S, IO BHIUIIETHCS y KOHTPOJIHOBAHOMY CEPEIOBHIIII,
BH3HAYAIOTh 3a BUPa3oM [§]

uaHz 3 80E2

2 av, 1)

§=ij2dV+j2mj
14 14



146 Kosnoscerkuit O., Tpymakos /[I., Pernzinsk C.
ISSN 2224-087X. Enextponika Ta indopmariiai Texnomnorii. 2018. Bumyck 9

ne E — Harpy>keHICTh eJeKTPUYHOTO MOJIst; H — HalpyKeHiCTh MarHiTHOTO MOJIS; |, — a0COIIo-
THA MarHiTHa NPOHHMKHICTH KOHTPOJHOBAHOrO MaTepiany; £,=8,85:10 "> d/M — enexTpuuna
cTana; y — MUTOMa MPOBiTHICTE MaTepiary 00’ eKTa.

OCKIJTbKY MarHiTHA IHIYKILS 1 HAMPY>KEHICTh MArHITHOTO TIOJISL AUISIHKA MarHiTHOTO KoJia
B JIIHITHOMY i30TPOITHOMY CEpPEeIOBHIII MPOIMOPIiiHI, TO HANPY>KEHICTh MarHiTHOTO IOJIS J0-
piBHIOE

B O
(TRNTHNTRN TR

H= Q)

Jie W, — BIJHOCHAa MarHiTHa NMPOHUKHICTh Marepially KOHTPOJIBOBAHOTO CEpelOBHIIA; S, —
IIIONIA HONEPEYHOro Tepepizy 06’ ekTa; [g=4m-10 ' ['n/M — MarsiTHa cTana.
Hanpysxenocri enextpuaaoro £ i MarHiTHOTo H TOJIB 1TOB’sI3aHi CITiBBITHOMIEHHM [§]

E=Z H, Q)
Iie Zc — XBUWILOBHIA OIMip MaTepiainy 00’ ekTa (KOHTPOJIHLOBAHOTO CEPEIOBHIIIA).

XBHUJIHOBHUH OITip 3aJIEKHUTH 5K BiJl aOCOMOTHOI MAarHITHOI IPOHUKHOCTI L, TaK 1 BiJ Tpo-
BiJTHOCTI 00’€KTa ¥:

JOu,
LZe=,—7", “4)
Y
JIe ® — KyToBa ab0 IUKITiYHA YacTOoTa.
[MincraBnsroun Bupasu (3) i (4) y Bupas (2), onepx yemMo

i )
Jo R )
THoMy S,

Toni akTHBHI BTpaTH B Marepiaii 00’ €KTa BU3HAYUMO SIK

P, =Re(S) = [yE’dV =yE*Y,, (6)
14

ne V, — 00’eM 00’€ekTa.
3 ypaxyBaHHIM BHpasy (5) oTpuMyeMO

od’7,
B = ™
H,5H0S)

L{i akTHBHI BTpaTH B Marepiajli KOHTPOJIBOBAHOTO CEPEIOBUINA BUKINKAHO BUXPOBHUMHU
CTpyMaMH, TOMY 3 iHIIIOT CTOPOHH BU3HAYMMO iX 3a 3akoHOM J[koyirsi-JleHma

P, =RI’, ®)

nie [ — 3HaYeHHs] BUXPOBHX CTPYMIB Y KOHTPOJIBOBAHOMY cepeaoBHILi (00’e€kTi); R — omip KOH-
TPOJILOBAHOI AUISHKH, SIKWH BU3ZHAUYUMO SIK
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Sxmo nigcraButu Bupas (9) y (8), Toai orpumaemMo

/
Pfer :"{le’ (10)
2

[opieurotoun Bupasu (10) i (7), BCTAHOBIIIOEMO, 1110 IPUYMHOI0 AKTUBHUX BTPAT y KOHT-
POJILOBAHOMY CEPEIOBHIII € HABEACHI MarHiTHUM IIOTOKOM BHXPOBI CTPYMH, SIKi B CBOIO Uepry
30yIKYFOTh MarHITHHI MOTIK, HAMPSAM SKOTO 32 3aKOHOM JIeHIIa IPOTHIICKHUN TOMY TIEPBUH-
HOMY TIOTOKY, III0 HaBiB BUXPOBI CTPYMHU.

I3 piBHOCTI Bupa3is Brpar (7) i (10) BU3HAYMMO 3HAUEHHS BUXPOBOI'O CTPYMY:

_o®

I , 11
Z (11)

JIBi BUMIpIOBaITbHI KOTYIIKH Wy; 1 Wy YBIMKHYTI TOCHTIIOBHO 1 3YCTPI4HO, YTBOPIOIOYH
BUMIPIOBAJIbHY OOMOTKY i3 CHUIBHMMH 3aTHCKadaMH. Koy mepeTBOproBad He KOHTAKTYe 3
00’€KTOM KOHTPOJIIO, MarHiTHUH MOTIK, CTBOPEHUI 0OMOTKOIO W;, HABOJUTh y BUMIpPIOBAIIb-
Hux kotymkax EPC e i e,, siki MatoTh oTHaKOBe Jitode 3HaUeHHS. [103ask wy; i Wy, YBIMKHYTI
3yctpiuno, T0 EPC e i e, 3HaX0msTECs ¥ TipoTH(asi Ta cymapaa EPC Ha BUX0z1 BUMIipIOBaIb-
HOi OOMOTKH JOPIBHIOE HYJIIO.

SIKIIo mepeTBoproBaY BCTAHOBUTH Ha KOHTPOJILOBAHHMH 00’€KT, TO BUXPOBI CTPyMH, Ha-
Be/IeHI B KOHTPOJILOBAaHOMY 00’€KTi CTBOPIOIOTH BJIACHUM MarHiTHWI moTik @, 3 HanpsMowm,
NPOTHIICKHUM JI0 TOTOKY .

BenmunHa 11b0T0 OTOKY OLIHIOETHCS BUPA30M

I [hd
D, =, =4[ — > (12)
2\ =

e [ — BUXpOBHIA CTpyM, KU BU3Ha4daeThes 3a Bupa3zom (11). Ilicms 3amiHm 1IbOTO CTPYyMY 3
(11), onepxumo

oo A (13)
2Z.\'n

D, =p,,1,

3 OTPUMaHOTO BHpa3y BCTAHOBIIIOEMO 3aJIEXKHICTh MIOTOKY BUXPOBUX CTPYMIB BiJl TOTOKY
nepBuHHOI 00MOTKHN @ i BIacTHBOCTEH KOHTpOIboBaHOTO 00’ekra. Ilix BrmmBOoM moToky @,
KpiM 1HIYKTUBHOTO 1 aKTHBHOTO OTMOPIB OOMOTOK Wj; 1 Wy 3MIHIOETHCSI B3a€EMHA 1HITyKTHB-
HICTh M Mk OOMOTKaMH (3BHYATHO 3MEHIIYETHCS). Y Pe3yIbTaTi 3MIHIOIOTHCA MOIyJIi 1 (asu
EPC e, i e, i BenmmunHa BUXITHOTO CUTHAY e=e—e,. [IpupocTn 1ux napaMeTpiB 3aiexarh Bij
BIIACTUBOCTEH KOHTPOJIBOBAHOTO CepeloBHUINa (00’ €KTa), MO 00YMOBIIOE iHPOPMALIHY IIiH-
HICTh TpaHC(HOPMATOPHUX TIEPETBOPIOBAYIB.

Bynp-sKi 3MiHM mapamMeTpiB 00’ €KTa KOHTPOJIIO BUKIUKAIOTh 3MiHY BUXPOBHX CTPYMIB Ta
iXHPOTO MarHiTHOTO NMOTOKY. BianoBinHo OynyTs 3MiHIOBaTHCh BenmnunHU EPC KOTymIok wy; i
wy,. Taki mepeTBOpIOBadi OTPUMANIH HA3BY MUPEPEHIIIMHNK, T03asK BUXITHAM CHTHAJIOM € HE
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abcomrotHe 3HaueHHss EPC BuMiproBambHOI 00MOTKH, a IXHS pi3HAIA. BoHM OLIBII CTIHKI 1O
BIUIMBY 30BHIIIHIX ()aKTOPIB: TEMIEPATypH, €NEKTPOMArHITHUX 3aBa/]l 1 IHIIHUX.

BucHoBKH. PO3TIISIHYTO B3a€EMOIIFO €IICKTPOMATHITHOTO TOJSI AU(EPEHIIIITHOTO BUMIpPIO-
BaJBLHOTO TMEPETBOPIOBAYA 3 KOHTPOIHOBAHUM cepemoBuiieM. OTpUMaHO OIIHKY MarHiTHOTO
MOTOKY BUXpOBHX cTpyMiB. [TokazaHo, 110 TpaHcdopMaTopHuii EpeTBOPIOBAY OLIbII CTIHKHUIA
JI0 30BHILIHIX (paKkTOPIB 13-32 TOT0, IO BUMipIOBaIbHI OOMOTKH BMHKaIOThCs 3ycTpiuHo 1 EPC,
BUKITUKaHI IUMH (HAKTOpaMH, B3AEMHO KOMIICHCYHOTBCS.
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DEVELOPMENT OF THE EDDY-CURRENT FLAW DETECTOR FROM U-TYPE
MAGNETIC CIRCUIT WITH THE PURPOSE OF COMPENSATION OF
EXTERNAL INTERFERENCES
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The features of the interaction of the eddy-current transducer with the ferromagnetic conduct-
ing medium during the flaw detection of ferromagnetic components and pieces of equipment with
the revealed influences of external factors such as temperature, electromagnetic interference, etc.
are considered. Existing approaches do not provide a clear answer to the question of how to im-
prove not only the accuracy of measurements, but also the ability to determine the nature of the
defects of the controlled sample. The research goal is to increase the accuracy of the eddy-current
control by compensating of external interferences. The improvement of the construction of the
measuring system of the resonance eddy-current flaw detector with a transformer connection with
two connected measuring oscillatory circuits and a differential sensor having two measuring coil
blocks is proposed. These design changes practically do not affect the ability of the eddy-current
flaw detector to detect defects of different types and do not reduce its sensitivity to the anisotropy
of the properties of the controlled sample or the gap between the transducer sensor and the con-
trolled product. This takes on special significance for the eddy-current flaw detectors, the basis of
which is the resonance method of tracking from the effect of the gap, when the resonance fre-
quency and the quality factor of the measuring oscillatory circuit are monitored. According to the
results of the research, the dependence of the eddy-currents flux on the magnetic flux of the pri-
mary coil and the properties of the controlled sample was established. It is shown that the trans-
former transducer is more resistant to external factors, since the measuring coils are back-to-back
connected and EMF, caused by external factors, are mutually compensating.

Key words: measuring transducer, U-type magnetic circuit, controlled ferromagnetic sample,
external interference.



