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CrneniaJbHICTh 32 OCBITOIO: iHXEHED €IEKTPOHHOI TEXHIKY

Micue po6oTH 34,00yBava: HaujonanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBCbKUIA TIOMITEXHIYHMIA iHCTUTYT"
Kopg 3a €IPIIOY: 02071180
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Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs
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I11. BizomMocTi mIpo aucepraiiiro
Iudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CleliaJi30BaHOI BYE€HOI pagu): [l 64.050.04

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupninyosa, 6yx. 2, M. Xapkis, XapKiBcbKuii p-H., XapkiBcbka 0651, 61002, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupninyosa, 6yx. 2, M. Xapkis, XapKiBcbKuii p-H., XapkiBcbka 0651, 61002, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu

InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Koau TemaTHYHHUX PYOPHK: 44.29.37

Tema gucepranii:
1. TeopeTryHi OCHOBY PO3BUTKY LIM(PPOBUX TEXHOJIOTIN B CUCTEMAaX aBTOMAaTH3allii, 1ialrHOCTUKY, KOHTPOJIIO Ta

3aXnCTy eJIeKTpOTeXHi‘{HI/IX KOMILJIEKCIB.

2. Theoretical bases of development of digital technologies in systems of automation, diagnostics, control and
protection of electrotechnical complexes.

Pedepar:

1. luceprauisg nprucBa4eHa po3BUTKY TEOPIi €JIEKTPOMArHiTHUX MEPEXiTHUX IPOLECIB B €JIEKTPOTEXHIYHUX
KOMIIJIEKCaX i CUCTEMAax HU3bKOI HAIIPYTU [P HECUMETPUYHUX PEXKMMAaX POOOTH PO3NOAIIBHUX MEPEX
€JIEKTPOIIOCTaYaHHS, & CaMe po3po61i TEOPETUYHO OOIPYHTOBAHOTO CHCTEMHOIO KOMIIJIEKCY HAYKOBUX METOZiB
3aCTOCYBaHHS LU(PPOBUX TEXHOJIOTi 17151 BAOCKOHAJIEHHS 3aXMCHUX XapaKTePUCTUK aapariB pejiefHOro 3axuCTy

Ta IPOTUABAPIMHOI aBTOMATHKM €JIEKTPUYHUX MepexX Hanpyrow 0,4 kB. TeopeTnyHo 00I'pyHTOBaHa Ta AOBEAEHA



IOLi/IbHICTh PO3KJIAZAHHS CUTHAJIB, IO ABJSIOTh COO0I0 CKIIaAHI KOJIMBAaHHS, HA TAPMOHINHI CK/Ia10Bi, MIJIAXOM iX
IVCKpeTu3allii MHOKEHHSIM Ha I'PaTyacTy AesbTa-QyHKIIi0 3 4aCTOTOI0 MEHIIO0 32 MI0JIBOEHY YacToTy HaliksicTa,
110 [AJI0 MOKJIUBICTh PO3MUPUTU MEPEJIK NiarHOCTOBAHUX aBapiiHUX PEXUMIB POOOTHU PO3IOJiTbHUX MEPEK
eJIeKTpornocTadanHs Hanpyroio 0,4 kB. 3n06yny nonansmuil po3BUTOK MeTOIuU U(PPOBOi 06POOKU aHAJIOTOBUX
CHTHAJIIB MIJIIXOM X MHOKEHHSI Ha IrpaTyacTi fenbra-(pyHKLil 3 pi3HUMU iHTepBasaMu AUCKpeTU3alii, mo
IO3BOJIMJIO IIPUCKOPUTH aHaJli3 TApMOHINHOTO ClieKTpy (pasHUX CTPYMIB i CTpyMy B HEMTpPaJIbHOMY IIPOBiJHUKY 32
HasIBHOCTI HeJIIHITHMX CIIOTBOPEHD iX CMHYCOifaibHOi (POPpMU BHACIIINOK IPUCYTHOCTI HEJIIHINHAX HAaBaHTaKEHb.
TeopeTn4HO O6rpyHTOBAHA JOLIIBbHICTb 3aCTOCYBAHHS METOIB 1I(POBOi 0OPOOKM CUTHATIB OTPMMAHUX Bifl
IATYMKIB CTPYMY /11 GOPMYBaHHS KOMIJIEKCHUX KpUTEPIiiB CIIpalibOBYBaHHS anlapaTiB MAaKCUMAaJbHAX CTPYMOBUX
3aXUCTIiB IpU MixK(PaszHUX KOPOTKUX 3aMUKAHHSIX 3 MeTOI0 ineHTudikallii aBapiliHUx pe>kuMiB pOOOTH eJIeKTPUIHO]
Mepexi 3a CTylleHeM CIIOTBOPEHb CepeIHbOKBAIPAaTUYHUX 3HaYeHb (Pa3HUX CTPYMiB. BcTaHOBIIEHI poLeypu
11(ppoBoi 06POOKM OTPUMAHUX BiJ] JATUYMKIB CTPYMYy CUTHAJIIB 3 METOIO BUJTY4eHHs iH(opMallii Ipo Taki napameTpu
€JIEKTPUYHOTO KOJIa, SIK Koe(illieHT IIOTY>KHOCTI I FapMOHIMHUN CIIeKTp (pa3sHUX CTPYMIiB, BUXOIS4YM 3 aHAIi3y
CIIOTBOPEHUX IIiJ1 BIIJIMBOM HEJIHIMHMX HAaBAaHTAXXEHb 1 allepiofgu4yHOi CKJIa[0BOi IX CepeHbOKBALPATUYHUX
3Ha4Y€eHb, OOUMCIIEHUX B [IEPEXiTHOMY peXUMi 3MiHU CTpyMy. HaykoBO OGI'PYHTOBAHA Ta AOBEE€HA JOLNbHICTD
dhopMyBaHHS KPUTEPIIO CIIPAllbOBYBaHHS 3aXUCTY HEUTPAJIbHOTO [IPOBiAHMKA Bifl CTPYMIB IlepeBaHTaKeHHS Ta
CTPYMiB 0lHO(Pa3HUX KOPOTKMX 3aMMKaHb 0€3 3aJTy4eHHs FapMOHIMHOI0 aHaji3y ClIeKTPy HECUHYCOiJalIbHOTO
CTPyMy.

2. Expediency of decomposition of signals representing complex oscillations into harmonic components by their
discretization by multiplication by a lattice delta function with frequency less than twice the Nyquist frequency is
theoretically substantiated and proved, which made it possible to expand the list of diagnosed emergency modes
of distribution networks with voltage of 0.4 kV of trunk configuration. The theory of digital processing of analog
signals by multiplying them by lattice delta functions with different discretization intervals is further developed,
which allowed to accelerate the analysis of the harmonic spectrum of phase currents and currents in a neutral
conductor in the presence of nonlinear distortions of their sinusoidal shape due to different load characteristics.
The expediency of application of methods of digital processing of signals received from current sensors for
formation of complex criteria of operation of the maximum current protections at interphase short circuits for the
purpose of identification of emergency modes of operation of an electric network on degree of distortions of
average square phase current values during transient mode is theoretically substantiated which allowed to reduce
the sensitivity threshold of the maximum current protection to the level of currents of short circuits, the values of
which are less than the starting currents of induction motors connected at the beginning of the power line.
Procedures for digital processing of signals received from current sensors are established in order to extract
information about such parameters of electric circuit as power factor and harmonic spectrum of phase currents,
based on analysis of distorted under the influence of nonlinear loads and aperiodic component of rms values
calculated in transient mode which does not exceed one period of change of phase electromotive force.
Expediency of formation of criterion of operation of protection of neutral conductor against overload currents and
currents of single-phase short circuits without involvement of harmonic analysis of spectrum of non-sinusoidal
current, when purposeful distortion of rms value by selecting the appropriate discretization frequency of the
output analog dependence allows not to take into account the value of the current of the third harmonic when
constructing protection against single-phase short circuits and to take into account when constructing
overcurrent protection. Is scientifically substantiated and proved Taking into account the development of the
existing methodology in the field of digital signal processing theory, a set of scientific methods and research
approaches to solving the topical scientific and applied problem of improving the protective characteristics of
maximum current protection devices is developed, namely: * methods for determining the power factor of an
electric circuit in the transient mode of overcurrent occurrence for the formation of a complex criterion for
identifying the type of perturbation: remote short-circuit current or starting current of an induction motor; * a
method of analysis of the harmonic composition of phase currents of non-sinusoidal shape for rapid identification
of emergency modes of operation of power distribution networks in the presence of nonlinear loads; * a method of



sliding monitoring of the rms value of current by applying a mathematical apparatus for integrating the squares of
its instantaneous values obtained with determined discretization frequency of the output analog current
dependence in time; * methods for diagnosing the thermal state of induction motors operating in repeated short-
term operation mode by direct control of the temperature of the stator windings at start-up; * a method of
thermal protection of induction motors at nonlinear distortions of sinusoidal shape of phase currents. Algorithms
for digital processing of analog signals received from current sensors to ensure the operation of microcontroller
control units for relay protection devices and emergency automation are developed, namely: * algorithms for rapid
identification of the type of overcurrent, in particular starting currents of induction motors, for a time not
exceeding one period of change of phase electromotive force after arising of perturbation of the electric circuit;
algorithms of circuit breakers microcontroller releases operation in case of neutral conductor break in any place of
branched network with load distributed along the power line; ¢ an algorithm of circuit breakers microcontroller
releases operation in protection of neutral conductor from overload currents and single-phase short-circuit
currents; * algorithms for diagnosing the thermal state of induction electric motors in the transient start-up; * an
algorithm of operation of the relay of thermal protection of induction motors taking into account the higher

harmonic components in phase currents.
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Knenikos Bonopumup bopucosny

Knenikos Bosnogumup bopucosny
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