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AHOTAIIS

Uliban Tamep EnexkrpomarHiTHUI OaratomapaMeTpoOBUN MEPETBOPIOBAY 3
MPOCTOPOBO-TIEPIOIMYHUM TOJEM JUIsl KOHTPOJIO IMIIIHIPUYHUX BHUPOOIB. —
KBamidikariitna HaykoBa Ipailsi Ha MpaBax PyKOIHCY.

Hucepraiiisi Ha 3100yTTSI HAYKOBOTO CTYIEHS KaHAMJlaTa TEXHIYHUX HAYK
(moxtopa ¢imocodii) 31 cnemianbHOCTI 05.11.13 — MpuIaau 1 METOIU KOHTPOJTIO Ta
BU3HAYCHHS CKIaay pedoBuH (15 — aBTrOomMaTuzamis Ta NpuiIago0yTyBaHHS).
HarmionanpHuit TexHi4yHUI yHIBepcUTeT "XapKiBCbKUN MOJITEXHIYHUM THCTUTYT",
M. Xapkis, 2019.

3axucT BIIOYACTHCA Ha 3aciaHHI creliaaizoBaHoi BueHoi paau /| 64.050.09
y HamionanbHoMy TexHIYHOMY yHIBepcUTEeTI "XapKiBCBKHI MOMITEXHIYHUN
iHcTUTyT", M. Xapkis, 2019.

VY nucepramiiiHiii poOOTI MpeACTaBiIeHI HAYKOBO-TEXHIUHI PE3YJIbTaTH
JOCTIPKEHHSI €JIEKTPOMAarHiTHOro 0OaraTornapamMeTpoBOro MepeTBOpIoBavya Jyis
BU3HAYECHHS MapameTpiB UWIIHAPUYHUX METAJEBUX BUPOOIB, MPUHLMI POOOTH
SAKOTO TPYHTYETHCS Ha BUAUICHHI aMIUTITyId Ta (a3 MPOCTOPOBHX TapPMOHIK
HEOJHOPIAHOTO0 MarHiTHOTO MOJIs, MPEACTaBiIeHOro y BUIsAlL pany Pyp'e. O0'ext
JOCITIKEHHST TOCTaTHBO MOBHO ONMMCAHWN B HayKOBIiH Jiteparypi. IlokazaHo, 110
nojasplie 30UIblIeHHs 1HQOPMAaIITHUX NapaMeTpiB, SIKI KOHTPOJIOIOTHCS OJHUM
NEPETBOPIOBAYEM MOXKE 3IHCHIOBATUCS JeKUTbKOMa NuIixamu. Hampukian,
BUKOPUCTAHHS JJIS JKUBJICHHS TEPETBOPIOBaYa CTPYMOM pI3HUX YacToT 3
NOAANBIIOK (DUIBTPAIIEI0 1 BUAUICHHSIM aMIUITYIM 1 (a3d Ha KOXKHIM 4acToTI.
Taka peamizamis OaraTomapamMeTpOBUX AaTYMKIB JOCHUTH CKJIQJHA 1 HE 3aBXKIU
BiJI0Opakae CIPaBKHIO KapTUHY MPOILIECIB, IO BiAOYBAIOTHCS B 00'€KTI KOHTPOIIIO
yepe3 pi3Hy TJIMOMHY TNPOHUKHEHHS moJsa (ckiH-edekr). Ilokazano, 110
3aCTOCYBaHHS PE3yJbTATIB JOCIIKEHHS 1€ MOXKJIMBICTh OTPUMATH OLITBII MOBHY
iH(popMarllito mpo 00'€eKT KOHTPOJIO, sSKa HE Momia OyTH OTpUMaHa NpH
BUKOPHUCTAHHI TPaIUIIHUX MeTOiB. ToMy, 3acTOCyBaHHS PO3pOOJIEHOT0 METOY,

€ IICPCIICKTUBHHM.
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B po6oti po3pob6neHa ¢izuko-MaTeMaTHyHa MOJEIb €JIEKTPOMArHiTHOTO
NEepPEeTBOpIOBaYa 3 HEOAHOPIAHMM PO3MOIIIOM EJIEKTPOMArHITHOTO MO AJis
MPOBITHUKA 31 CTPYMOM, PO3TAIIOBAHOTO Y3/I0BXK 01YHOI MOBEPXHI LHUIIHAPUIHOTO
BUpOOy Ha Jeskid Bigctani d Big IEHTpa METAlIEBOrO I[MIIHApa pajaiyca a.
Bupimena mpocTopoBa 3amaya po3MOAiLTY 3MIHHOTO B 4aci MarHiTHOTO MOJA 1
OTpUMaHl BHpa3W, 3a SKHUMH MOXKHA OOYMCIUTH GYHKIIT Ui OyIb-sIKOi
IPOCTOPOBOI TApPMOHIKHM, 32 SKMMH MOHA CKJIACTH KapTHHY PO3IMOALTY IMOJS B
Oyab-saxuil 001acTi (BcepeauHi BUpoOy, MK BUPOOOM 1 IPOBITHUKOM 31 CTPYMOM,
a TaKOX 11032 UM MPOBITHUKOM).

OTpuMaHo MaTeMaTH4HI BHUpa3d Il BU3HAYCHHS  HAIMPYXEHOCTI
Mar”iTHOro mouyiga Ais r-i 1 @-1 CKJIaJoBOi, CTBOPIOBAHOIO CTPYMOM OJHOIO
npoBiHKUKa (200 TMosroca 3 KIHIEBUMH KyTOBUMH po3mipamu). [IpoBegeHo o6k
TOBIIMHU CTPIUKH TMOIIOCA 3 CYMApHUM CTPYMOM, SIKHI MPU3BOJUTH 0 3aMIHU B
dbopmyrnax Juisl HaNpy>KEHOCTI TOJIA 3HAUYCHHS I' Ha Aeskuil eheKTUBHUU pajiyc.
OTtpumaHO MaTeMaTH4HI BUpa3d I aMIUNTyad 1 a3 N-i OpocTopoBOi
TApMOHIKM CHTHaJy I[EepeTBOPIOBAaYa, IO HABOJUTHCS B BUMIPIOBaJIbHUX
00OMOTKaX, pO3TalllOBAaHUX Y3/I0OBX MOBEPXHI MIIIHIAPUIHOTO 00'€EKTY KOHTPOIIO 3
KyTOBOIO KOOPJIMHATOK ¢ Ha OKpyxHocTi pamiyca d. s miarBepakeHHs
aJICKBaTHOCTI 3allpOIIOHOBAHOT MOJIENI MEPETBOPIOBAaYa MPOBEEHI €KCIIEPUMEHTH,
Kl TOKa3ajdu BIAMIHHICTD MDK pPO3PaxXyHKOBUMH 1 €KCIIEPUMEHTAIbHO
orpuMaHuMu 3HadeHHAMHM EPC BuUXITHOTO cUrHaimy mMepeTBoproBada. Tak,
HAIIPUKIIAJ, U1 BUMIpIOBAIBLHUX OOMOTOK, 3 KyTOBUMH KoopauHatamu ¢ = 0° i ¢
= 180° po36ixkHICTh 3HAYEHb HANPYr cKiana He Oinbiie 5%, a aus oOMOTOK 3
posramryBanssm mo ¢ = 30°, 60°, 300° i 330° po36ikHicTh ckiana He Oinbine 10%.

3anmpornoHOBAaHO TAaKOX MPHHOMH 1 CHOCOOM BHAUICHHS HEOOX1THUX
IPOCTOPOBUX TApPMOHIK 1 TMPUIIIYHIEHHS TapMOHIK 3 BHCOKMMH HOMEpPAMHU.
OcTaHHe M03BOJIIE 3HU3UTU BIUIMB BUIIMX MPOCTOPOBUX rapMmoHik no 1%. Jlns
BUKITIOUEHHSI 3 KapTHHHU TPOCTOPOBOTO PO3MOIUTY TMOJIA MapHUX ab0 HEmapHHUX
rapMOHIK 3alPOMIOHOBAHO BUKOPHUCTOBYBATH CHUCTEMY IPOBIIHUKIB 3 OJIHAKOBUMU

1 IPOTHJIKHUMH HATIPSIMKAMH CTPYMIB B HUX.
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OtpuMaHoO yHIBepcalibH1 (DYHKIIII MEPETBOPEHHS Ui aMILNTY U 1 da3u N-i
CKJIaJ0BOi TapMOHIKH I TiepeTBOproBada. Po3poOieHO MeTon  CHUTBHOTO
KOHTPOJIFO CJICKTPpUIHKUX (G), MarHiTHUX (W) 1 reoMeTpuuHHX (@) MMapameTpiB
HUAJIIHAPUYHUX BUPOOIB, HA OCHOBI IEPETBOPIOBAYA 3 OJHHUM HaMarHiuyBaJIbHUM
MOJIFOCOM TPH BHUKOpUCTaHHI 1-1 1 2- mMpOCTOPOBUX TapMOHIK, SKHIl JO3BOJISE
OJIHO3HAYHO BUPILIYBATH 3a/layy OararornapaMeTpoBOro KOHTPOJIIO JJIsl IIUPOKOTO
COPTUMEHTY BUPOOIB, PI3HUX KOHCTPYKIIIH 1 peKUMIB pOOOTH MIEPETBOPIOBAUIB.

Po3po6iieno MeToa Ha OCHOBI €EKTPOMArHiTHOTO MEPeTBOPIOBaYa 3 JBOMA
HAMarHi4YyBaJIbHUMH TOJIOCAMH 1 PI3HUM HampsMKoM cTpymy. OTpuMaHo
yHiBepcaibHl (YHKLII MMEPETBOPEHHS 3 BUKOPUCTAaHHAM 1-i 1 3-i mpocTopoBuUX
TapMOHIK, a TaKOX 3allpOIIOHOBAHUN AJITOPUTM peaiizalii OaraTornapameTpoBOro
KOHTPOJIIO MapaMeTpiB MWIIHAPUYHUX BUPOOIB. BU3HAUEHO UyTIHMBOCTI METOMY 1
3HANJIEHO palllOHaIbHI PEXUMHU pOOOTH MEPETBOPIOBaYa. BUKOHAHO pO3paxyHOK 1
MOKAa3aHO BIUIMB BUIUX TAPMOHIK MOJIsl HA BUX1JIHI CUTHAJU TIepeTBOproBaya. Tak,
HANpUKIIAL, JUIsI TEepeTBOpIOBaYa 3 OJHUM 30y KYBaJbHUM TPOBIIHUKOM,
BIIKUJIaHHS 3-1 TapMOHIKHM MIPU3BEAE 0 MOXUOKHU pO3paxyHKy pe3yiabTytouoi EPC,
gka gopiBHoe 5%, a IS TepeTBOproBaya 3 JABOMa  30yIKyBaJTbHUMH
MPOBIAHUKAMH, TP BIAKUIAHHI 5-1 rapMOHIKH, CTAaHOBUTH 1,5%.

Po3pobneno wmaker mabopaTOpHOi YCTAHOBKM 3  €JIEKTPOMArHITHUM
NEPETBOPIOBAYEM 3 TPOCTOPOBO-NIEPIOJUYHOIO CTPYKTYpOKO TMOJS 1 MPOBEAECHI
€KCIIEPUMEHTAJIbHI JIOCHIJKEHHSI MO BU3HAYEHHIO |, G, 1 a 3 IMITalliiHUMU
3pa3kaMy PI3HOTO COPTAMEHTY ISl MIATBEP/KEHHS aJIeKBATHOCTI PO3pOOJIEHOTO
MeTony. HaBegeHa KOHCTpPYKIliSI €IEKTPOMArHiTHOTO IEpETBOpIOBada 3 JBOMA
30yKYyBaJIbHUMU TOJIFOCAMHU 1 PI3HUM HAIPSIMKOM HAMAarHIi4yBaJIbHOTO CTPyMY 3
BUKOPUCTAHHAM aMIUNTyau 1-1 1 3-1 mpoCTOPOBUX rapMoHIK 1 ¢a3u 1-1 rapMOHIKH.
OckibkH 0€31ocepeHbO OLIHUTH MTOXUOKU KOHTPOJIIO Ly, G 1 @ 711 po3p00JIEHOTO
OararomapaMeTpoBOTO TMEPETBOPIOBAaYa JOCUTh CKJIAHO, B POOOTI MPOBEICHO
BHUMIPIOBaHHS X XK€ TTapaMeTPiB KOHTPOJIbHUMHU MEeTOAaMH. Tak AJis BU3HAUYCHHS
a JOCTIKyBaHOTO 3pa3ka BHUKOPHCTOBYBABCS MIKPOMETp 3 Jialma3oHOM

BuMiproBanHs niamerpa (50 = 0,01) Mm, 17151 BUSHAYCHHS © MAJIIHAPUYHOTO 3pa3Ka
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BUKOPUCTOBYBABCS KOHTAaKTHUI €NEKTPUYHUI MeToJ Ha 0a3l MOTEHI[IOMETpa
noctiiHoro ctpymy P363-3, 3 kmacom tounocti 0,005, a ans BU3HAYEHHS |
BUKOPHCTOBYBABCS METO]I aMIIepMETpa - BOJIbTMETPA JUIsI KUIBLIEBOTO 3pa3Ka.

[TokazaHo, 10 3acTOCYBaHHS pPO3pOOJIEHOTO MEpPETBOPIOBAYa J103BOJISIE
OTPUMYBAaTH HaWOIbII TMOBHY 1HGOpPMAII0 TPO CTaH TMOBITPSAHUX JIHIH
eJieKTporiepeaad, ToOTO BU3HAYATHU [, G, 1 & MWIIHIPUYHUX JPOTIB, a TAKOXK
KOPETbOBAaHUX 3 HUMU MEXaHIYHUM HAaBaHTAXCHHSIM, TEMIIEPATYPOIO, BEIHUYNHOIO
CTpyMy, IO MPOTIKA€ B JiHII Ta BU3HAYCHHS MUTOMUX CJICKTPUYHUX BTpAT MpHU
JIAarHOCTHUIIl CTaHy TMOBITPSHUX JIHIA eJIeKTpornepeaay, o MiATBEPHKYEThCS
akToM BrpoBajkeHHs Bia 18.12.2015p (morosip Ne 377551 Big 27.07.2015p mix
HTY «XIIl» Ta [TAT «Ykprigponpoekt» M. XapKiB).

KitouoBi cioBa: eNeKTpOMarHiTHIA MEpeTBOPIOBaY, BIJHOCHA MarHiTHa
IPOHUKHICTh, TUTOMA E€JIEKTPOIPOBIAHICTh, HEOJTHOPIIHE €JIEKTPOMArHiTHE MOJIE,
IPOCTOPOBI FTAPMOHIKH, aJITOPUTM, KOHTPOJIb.
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ANNOTATION

Shaiban Tamer Multi-parameter electromagnetic transducer with spatially-
periodic field for controlling cylindrical products. — Qualifying scientific work on
the rights of manuscript.

Dissertation for the degree of candidate of technical sciences (doctor of
philosophy) in specialty 05.11.13 — instruments and methods of substance
composition control and determination (15 — automation and instrumentation).
National Technical University "Kharkiv Polytechnic Institute”, Kharkiv, 2019.

The defense is held at the meeting of the specialized academic council
D 64.050.09 at the National Technical University "Kharkiv Polytechnic Institute”,
Kharkiv, 2019.

The dissertation presents the scientific and technical results of the study of
the electromagnetic multi-parameter transducer for the cylindrical metal products
parameters determining, whhich principle is based on the allocation of the
amplitude and phase of the spatial harmonics of a nonuniform magnetic field
presented in the form of a Fourier series. The object of the study is in the full
extent described in the scientific literature. It is shown that further increase of
information parameters controlled by one transducer can be carried out in several
ways. For example, the use of different frequency to power the transducers, signal
filtering and separation of amplitude and phase at each frequency. Such
implementation of multiparameter sensors is quite complicated and does not
always give the true picture of the processes taking place in the controlled object
due to the different depth of field penetration (skin effect). It has been shown that
the application of the study results provides an opportunity to obtain more
information about the studied object that could not be obtained by using traditional
methods. Therefore, the application of the developed method is promising.

The physic-mathematical model of an electromagnetic transducer with non-
uniform distribution of an electromagnetic field for a conductor with a current

located along the lateral surface of a cylindrical product at a distance d from the
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center of a metallic cylinder of radius a. The spatial problem of the distribution of
a magnetic field variable in time is solved and expressions allowing calculating the
functions for any spatial harmonic are obtained and it is possible to make a picture
of the distribution of the field in any area (inside the product, between the product
and conductor with current, as well as beyond this conductor).

Mathematical expressions are obtained to determine the intensity of the
magnetic field for r-th and ¢-th components, generated by the current of one
conductor (or pole with finite angular dimensions). The thickness of the pole with
a total current is taken into account, which leads to the replacement of r quantity in
the formulas for field strength by effective radius. Mathematical expressions are
obtained to determine amplitude and phase of transducer’s signal n-th spatial
harmonics, which are generated in the measuring windings located along the
surface of the cylindrical object with the angular coordinate ¢ on a circle of radius
d. Experiments have been carried out to confirm the adequacy of the transducer’
proposed model, which showed the difference between the calculated and
experimentally obtained values of the EMF of the transducer’ output signal. For
instance, for measuring windings with angular coordinates ¢ = 0° i ¢ = 180°
difference of voltage values is less than 5% and for measuring windings with
angular coordinates ¢ = 30°, 60°, 300° i 330° difference is less than 10%.

Methods and algorithms of allocating the necessary spatial harmonics and
eliminating harmonics with high numbers are offered also. The latter allows us to
reduce the influence of the higher spatial harmonics down to 1%. To exclude from
the spatial distribution of the field odd or even harmonics it is suggested to use a
system of conductors with the same and opposite directions of currents in them.

The universal transformation functions for the amplitude and phase of the n-
th harmonic component for the transducer are obtained. Method is developed for
simultaneous testing electrical (o), magnet (u,) and geometrical («) parameters of
cylindrical objects, by the use of transducer with on magnetizing pole considering

1-st and 2-nd spatial harmonics, which allows unambiguously solve the task of
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multi-parameter testing for a wide variety of products, various designs and modes
of operation of transducers.

The method based on the electromagnetic transducer with two magnetized
poles and a different direction of current is developed. The universal functions of
conversion with use of 1-st and 3-rd spatial harmonics are obtained, also the
algorithm of realization of cylindrical wares’ parameters multi-parameter control is
offered. The sensitivity of the method is determined and rational modes of
transducer operation are found. The calculation is performed and the effect of the
higher harmonics of the field on the output signals of the transducer is shown. For
example, for a transducer with one excitation wire, the rejection of the 3-rd
harmonic will result in an error of the resulting EMF calculation equal to 5%, and
for a transducer with two excitatory wires, when the 5-th harmonic is rejected, it is
1.5%.

A layout of a laboratory unit with an electromagnetic transducer with a
spatial-periodic field structure was developed and experimental studies were
carried out to determine p, o, and a with simulation samples of different sorts to
confirm the adequacy of the developed method. The construction of an
electromagnetic transducer with two excitation poles and a different direction of
the magnetizing current with the use of the amplitude of the 1-st and 3-rd spatial
harmonics and the 1-st harmonic phase is presented. As soon as direct estimation
of error of testing w,, c and a for the developed multi-parameter transducer is quite
complicated, in the work the measurements of these parameters were carried out by
control methods. So, to estimate a of the studied sample micrometer with a
diameter measuring range (50 + 0,01) mm was used, to estimate ¢ of a cylindrical
sample, a contact electric method was used based on the potentiometer of direct
current P363-3 (R363-3), having accuracy class of 0,005, to estimate ., the method
of an ammeter — voltmeter for a ring sample was used.

It is shown that implementation of the developed transducer allows to
receive the most complete information about the condition of electric power lines,

that is to define p,, o, and a of cylindrical wires, as well as the mechanical load,
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temperature, magnitude of the current flowing in the line correlated with them and
the determination of specific electrical losses during the diagnosis of the state of
electric power lines, as evidenced by the implementation act dated 18.12.2015
(agreement No 377551 dated 27.07.2015 between NTU “KhPI” and PJSC
“Ukrhydroproekt” city of Kharkiv).

Keywords: electromagnetic transducer, relative magnetic permeability,
specific electrical conductivity, heterogeneous electromagnetic field, spatial
harmonics, algorithm, testing.

List of publications on the topic of the dissertation

1. Tamer Shiban. Prospects for the development of multi-parameter eddy
current transducers / B.M. Gorkunov, A.A. Tishchenko, Shiban Tamer // News of
NTU "KhPI". - 2016.— Ne15 (1187). - p. 8-11.

2. Tamer Shiban. Electromagnetic transducer with a spatially periodic field
for multi-parameter control systems / B.M. Gorkunov, €.A. Borisenko, Shiban
Tamer, Shahin Issam // News of NTU "KhPI". Seriya: Problem automated
elektroprivodu. Sylowa elektronika that energy efficiency. - 2018. - Ne26 (1302),
T.1. - p. 80-85.

3. Tamer Shiban. Experimental studies of eddy current transducer with
spatially periodic fields / B.M. Gorkunov, S.G. Lviv, Shiban Tamer, E.A.
Borisenko // Metrology and prilad. - 2018. Ne 4 (72). - p. 45-50. Index Copernicus.

4. Shiban Tamer. Normalized functions of eddy-current measuring
transducers with a spatially periodic field structure in the case of multiparameter
testing of metal products / B.M. Gorkunov, S.G. Lvov, Shiban Tamer, Ye.A.
Borisenko // Ukrainian Metrological Journal - 2018.— Ne 3. - P. 28-34.

5. Shiban Tamer. Multi-parameter electromagnetic converter for control and
diagnostic systems / B.M. Gorkunov, S.G. Lvov, N.N. Sirenko, Shiban Tamer //
Electrotechnic and Computer Systems. —2019. — Ne30(106), — P. 218-225.

6. Tamer Shiban. Increasing the sensitivity of electromagnetic transducers
with spatially periodic fields / B.M. Gorkunov, A.A. Tishchenko, Shiban Tamer //

Zbirnik naukovih prats "Problems of energy resources saving in electrical systems.



12

Science, study and practice” Kremenchuk: KRNU. - 2016. - Vip. 1 (4) - p.107-109.

7. Tamer Shaiban. Electromagnetic Multiparameter Converter for Control of
the Structure of Metal Products / B. Gorkunov, A. Tyshchenko, S. Lvov, Shaiban
Tamer // IEEE Proceedings of the International Conference on Modern Electrical
and Energy Systems, MEES 2017, 15-17 November, Kremenchuk, Ukraine. —
Volume 2018-January. — P. 284-287. — do0i:10.1109/MEES.2017.8248912).
Scopus.

8. Patent for useful model Nel125124 GOIN27 / 90 // Gorkunov BM, Lvov
SG, Tishchenko AA, Shiban Tamer. Method of contactless control of the
parameters of cylindrical conductive products. Application No. u 2017 12770,
application. 22.12.2017, published. Apr 25, 2011, Bul. Ne8 Dekhpatent of Ukraine.

9. Tamer Shiban. Noncontact control of the state of electric power wires /
B.M. Gorkunov, SG Lvov, AA Tishchenko, Shiban Tamer // Abstracts of the 5th
scientific-practical conference "Methods and means of non-destructive testing of
industrial equipment”, November 24-25, 2015. - Ivano-Frankivsk: El, IFNTUU.-
2015.-pp. 51-53.

10. Tamer Shiban. Multi-parameter eddy current transducer for monitoring
overhead power lines / B.M. Gorkunov, M.M. Sirenko, A.A. Tishchenko, Shiban
Tamer // Materials of the 11-nd All-Ukrainian Scientific and Technical Conference
of the Conference "Actual Problems of Automation and Connection", 10-11 thru
2015 rub. - Kharkiv: NTU "KhPI". - 2015. — P.109-110.

11. Tamer Shiban. Eddy current transducer with a spatially periodic field /
B.M. Gorkunov, A.A. Tishchenko, Shiban Tamer // Zbirnik tez dopovidey XV XV
International Science and Technical Conference "APPLAUDOBUVANNYA:
camp and prospects”, 17-18 May 2015. - Kyiv: NTUU "KPI" .— 2016. — C.158.

12. Tamer Shiban. The choice of the power frequency of the electromagnetic
transducer when measuring the electrical resistivity / B.M. Gorkunov, L.V. Vepriv,
Shiban Tamer // Materials of the Il All-Ukrainian Science and Technology
Conference “Actual Problems of Automation and Connection”, 8-9 of 2016 years.
- Kharkiv: NTU "KhPI". - 2016. — P.136-137.



13

13. Tamer Shiban. Expansion of functional capabilities of eddy current
transducers with spatially periodic fields / B.M. Gorkunov, A.A. Tishchenko, I.V.
Tyupa, Shiban Tamer // Zbirnik tez dopovidey XVII International Scientific and
Technical Conference "APPLIEDOBUDUVNNYA: camp and prospects”, 16-17
March 2017r. - Kyiv: NTUU "KPI". -2017. - p. 129.

14. Tamer Shiban. The development of the theory of multi-parameter
electromagnetic converters / B.M. Gorkunov, S.G. Lviv, A.A. Tishchenko, Shiban
Tamer // Tezi dopovidey VI I International Scientific and Technical Conference
Met Metrology, Information and Vimyryvalny Technology and System (MIVTS-
2017), on the 25th — 25th of March 2017. - H.v. 37-38.

15. Tamer Shiban. Electromagnetic multi-parameter method for controlling
cylindrical products / B.M. Gorkunov, SG Lvov, AA Tishchenko, Shiban Tamer //
Collection of abstracts of the 4th International Scientific Conference
"Measurement, Control and Diagnostics in Technical Systems (VKDTS-2017),
October 31-November 2, 2017 - Vinnitsa: VNTU. -2017.- P.131.

16. Tamer Shiban. Non-contact measurement of parameters of conducting
cylindrical products / B.M. Gorkunov, SG Lvov, AA Tishchenko, Shiban Tamer //
Materials of the | International Scientific and Technical Conference "Actual
Problems of Automation and Instrumentation™, December 7-8, 2017. - Kharkiv:
NTU "KhPI". - 2017.- P.147-148.

17. Tamer Shiban. Normalized transformation functions during vibration-
current control / B.M. Gorkunov, Ye. A. Borisenko, Shiban Tamer // Abstracts of
the XXVI International Scientific and Practical Conference “Information
Technologies: Science, Technology, Technology Education, Health". -Harkov:
NTU "KhPI". - 2018. -CHII - P.15.

18. Tamer Shiban. Analysis of uncertainty under multiparameter eddy
current control of metal products / Gorkunov BM, Borisenko Ye.A., Shiban Tamer
/I Abstracts of reports of the XV International Scientific and Technical Seminar
"Uncertainty of Measurements: Scientific, Regulatory, Applied and Methodical
Aspects" UM-2018, September 10 - Sozopol. - 2018. - p.16.



3MICT
[MTEPEJIIK YMOBHUX CKOPOUEHD.........cccoiiiiiiiiiiiieiece e 4
B TVIL .ottt ettt ettt bt e st e et e nbeeseee e 5
PO3UI 1. AHAJII3 METOJIB 1 3ACOBIB EJEKTPOMATHITHOI'O
BATATOITAPAMETPOBOI'O KOHTPOJIIO ITAPAMETPIB BUPOBIB.......... 13
1.1 TTOCTAHOBKA TTHTAHHS «.....vveeeuereeeesteeesnteeaeassseeesnseeesanseeesasseessasssesansnneesnsseessnsnnesns 13

1.2 EnexktpomarHiTHI METOAM Ta 3acoOM KOHTPOJIIO MapaMmeTpiB maTepiaiiB i

153710100 1 - PRSPPI 14
1.3 IcHytoui OaraTomapaMeTpoBl METOAM Ta 3acCO0M KOHTPOJIIO IapaMeTpiB
1537101003 1 RPN URRR 26
1.4 BuOip HAIPSAMKY JTOCTIIIKCHD .eeivvvreivrreessreesssnessssseeesssessssssssesssssssssssssssnseeans 35
PO31JI 2. TEOPIAA POBOTU EJIEKTPOMAI'HITHOI'O ITEPETBOPHOBAYA
3 [TIPOCTOPOBO-ITEPIOANYHUMMU TTOJISAMMU.......cooviiiiiiieiieiieiee e 38
2.1 TTIOCTAHOBKA TTHTAHHST «...uvvveeeereeesuteeesasseeesssseeesasseessasseessnssssssssesssssnsessasseessnsneenns 38

2.2 di3uko-MaTeMaTH4YHa MOJEIbh IMEPBUHHOTO IMEPETBOpPIOBaYa 3 MPOCTOPOBO-
TICPIOTMTHUMUE TTOTIEM ..vvveeissreeessreesssseessssssesssssesesssssessnsssssssssssssssssssssnessseessnsseens 39
2.3 IlutanHs Teopli e€JIEKTPOMArHITHOIO TIEPETBOPIOBaYa 3 MPOCTOPOBO-
MEPIOTUTHOIO CTPYKTYPORO TIOJIST tvvvenvvreesrensssssesssssssessnssessssssssssssessssssessssssesessseenns 46

2.4 Po3paxyHOK OYIKYBaHMX 3HAa4€Hb aMIUIITyId Ta (a3d BUXIIHOIO CHUTHATY

€JIEKTPOMATHITHOTO TEPETBOPEOBAURA .......vveervreesnressnreeasrenessreesnnessnnesssessssesesneessseens 52
2.5 BUCHOBKH JIO POBIIITY 2 .vvveeitveeestueesssueesssssesessssssssnsssssssssssssssesssssssessssesssssseesns 57
PO31JI 3. POSPOBKA METOAY FATATOITAPAMETPOBOI'O KOHTPOJIIO
EJIEKTPOMAT'HITHUX [TAPAMETPIB HUWJIIHAPUYHUX BUPOBIB.......... 59
3.1 TTOCTAHOBKA TTHTAHHS «.....veeeiueeeeestteeesnseeeessseessnsneessnseeesssseaesasnesesssneessssseessnnsneens 59

3.2 BrumB mmpuHM 1 Miclsl pO3TalllyBaHHS 30YIKYIOUHMX 1 BUMIPIOBAJIBHHUX
0OMOTOK Ha TAPMOHIMHUHN CKJIAT MATHITHOTO TIOJIS vvevvvveesereressreeesssneeesnsnneesssnnenns 60
3.3 Po3pobka meToay Ta MEPBHMHHOIO €JIEKTPOMArHiTHOTO IEpEeTBOpIOBayYa 3
IPOCTOPOBO-TIEPIOANYHAM  TMPEACTABIEHHSAM  30y/KYyIOWOro MO s

0araTonapaMeETPOBOTO KOHTPOITED ......vvrerreessreesuresssessssnsessreesnessnessssessssssesneessnees 67



3

3.3.1 Peamizamiss 0GararornapaMeTpoBOr0 METOJy KOHTPOJIO Ha OCHOBI
€JIEKTPOMArHITHOTO TIEPETBOPIOBAYA 3 OJTHUM 30YKYIOUUM TTOTIOCOM........c.vvvesnn 68
3.3.2 Peamizaliiss MeTO/ly Ha OCHOBI €JIEKTPOMArHiTHOTO MEPETBOPIOBaya 3 JBOMaA
30y/KYBaIbHUMH TIOJIFOCAMH 1 PI3HUM HATIPSIMKOM CTPYMY evvvvvrreaiereeessirenssssnennns 80

3.4 BpaxyBaHHS BIUIUBY BHUIIMX TapMOHIK TMIOJS HAa BHUXIJHI CHUTHAIU

BUMIPIOBATBHUX OOMOTOK TMTEPETBOPIOBAUA ....vvvvreisvreeesssrresssrrnsssssnnsssssensssssesesssnnenns 87
3.5 BUCHOBKH JTO POBIIITY 3 ..eoiuviiiiieeiiiesireesiteesstessnseesstseesssessssessnsessssesssseessneessnenns 89
PO3/11JT 4. PO3POEKA TIPMCTPOIB TPUIIAPAMETPOBOI'O KOHTPOJIIO
I[TAPAMETPIB HUAJITHAPUYHUNX BUPOBIB ........ccocviiiiiiiiiieiee e 91
4.1 TIOCTAHOBKA TIITAHHS - uvveeesuereessuteeesssseeesssseessasseesssseessnsseessnssesssnssesssssesssnsnns 91

4.2 Po3poOka MEpBUHHOTO €JIEKTPOMArHiTHOrO IEpPETBOpIOBaYa 3 IMPOCTOPOBO-
MEPIOTUTHOIO CTPYKTYPORO TIOJIS 1vvvrrnrvressrrrsssssesessssnessnsssssssssssssssssssssesssssssesssseenns 92
4.3 KoHTpOoJIbHI METOAM BH3HAUCHHS EJICKTPUYHUX, MArHITHUX 1 TE€OMETPUIHHUX
MapaMETPIB TOCTIIKYBAHUX 3PABKIB 1uvvveeiurreesisrereissrreesssseessssessssessssseesssssesssssseenns 98
4.3.1 Bu3HaueHHS NUTOMOIO €JIEKTPUYHOTO OMNOpY Marepially KOHTAaKTHUM
CTHECKTPHUUHUM METOIOM ...eutteeessuereesuseeesssseessssesssnsseessnseessssnssssassesssasssessasseessnsseenns 99
4.3.2 BusHaueHHsI MarHiTHUX MapaMeTpiB JOCTIIKYBaHUX MaTepialliB METOJIOM
AMIIEPMETPA-BOITIBTMETP® +. e vreesnreessresaneeessneessneessesasesasneessnneessseesnessnnessnsneessnes 104

4. 4 TlpakTiyHE BUKOPUCTAHHSA OararonapameTpoBOrO METOMY Ta MPUCTPOIO IS

KOHTPOJIIO TEXHIYHOTO CTAHY MOBITPSHUX JIHIA €EKTPOMEPEIK - vvevvvrarrrrernneerenes 109
4.5 BUCHOBKH JIO POBIIITY 4 ..oveeiiveeiieeitieeiee et sinee et 118
BUCHOBK.......ooiiiiii e 120
CIIMCOK BUKOPUCTAHUX JIKEPEJIT ..o 123
B Q1 5 o) s NP PP PPSPRPR 141
JIOIATOK B ..o, 145
JIOIATOK B ..o, 147

B Q1 15 o)< U P U PPEPRPR 150



