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1. MeTonu Ta 3acobu aHasi3y KOMyTalitHUX IepeXiHUX IIPOLIECiB y JIiHIsX eJleKTponeperayi HaBUCOKOI HAIIPyTy
Ha OCHOBI BapialilHUX MiIX0iB

2. Methods and means of analysis of switching transients processes in ultra high voltage transmission lines on the
basis of variational approaches

Pedepar:

1. PoboTa npucBsiueHa po3B’s13aHHIO 3a7javi OKpallleHHs! METO/IiB aHaJli3y NepexifHUX [IPOLeCiB Y eJIeKTPUIHUX
MepeXkax HaJIBUCOKOi HAaIIpYIy 3a HOPMAJIbHUX Ta aBapiiHUX Pe>XXUMiB poOOTU. 3AiICHEHO aHali3 y6JiKalil, sSKi
CTOCYIOTBCSI IOCJIiIPKEHDb MEPEXiTHUX MTPOLECIB Y €JIEKTPOTEXHIYHUX CUCTEMAX, Y TOMY YMCJIi HA OCHOBI
BapialiHuX NigxoxniB. OTPUMAaHO, BUXOMSYU 3 EJUHOTO €HEPTETUYHOTO MiAXOAY, SIKUU I'PYHTYETLCS Ha
MoaudikoBaHOMY iHTErpajbHOMY BapialifiHoMy npuHLUII [aMinbToHa-OCTPOrpaZiCbKOro PiBHSIHHS PYyXY
iHepLiHMX MacC 3 TIOAATHOIO TPAHCMICi€l0 pyXy, PIBHSAHHS €JIEKTPUYHMX KOHTYPIB i3 30cepeIyKeHNMY ITapaMeTpaMu
Ta PiBHSIHHS JOBrOi JiHii eJleKTponepenay 3 po3nofileHuMy napamerpamu. I106y1oBaHo Mo eJli JliHii TOCTINHOro

CTPYMY, 2 TAaKOX JIBOX (parMeHTiB eJIeKTPUYHUX MEPEX 3MIHHOTO CTPyMY, KJIIOYOBUM €JIEMEHTOM Y SIKMX € JI0Bra



JIiHiS esleKTpornepenadi 3 po3NnoiIeHMMU apameTpaMy. 3alIpOIIOHOBAHO 10 PO3B’sI3yBaHHS! PiBHSIHHS JOBrOi JiHii
BUKOPUCTOBYBATH KparioBi yMOBU [IPYroro Ta TpeTboro poxis (ymosu HeiimaHa i1 [Tyankape). Ha ocHOBI
PO3pO6IEHUX MaTEMAaTUYHUX MOJIeJIel aHali3yI0ThCs IIePEeXifiHi IPOLeCH B JIiHisIX IOCTIMHOrO Ta 3MiHHOTO CTPYMiB
SIKi pO3IJIIAI0TLCS SIK aBTOHOMHO, TaK i B IKOCTI €JIEMEHTIB CKJIAIHUX €JIEKTPUYHUX MepeX. [y BpaxyBaHHS
KOMYTAaLiIHUX MIPOLIECIB Y €JIEKTPUYHUX MepeKaxX po3po6IeHO MaTEMATUYHY MOJIe/Ib BUMUKaya HaJIBUCOKO]
HaIIpyTH, SIKa Ja€ 3MOTy BpDAaXOBYBATU BILIMB €JIEKTPOMEXaHIYHUX KOJIMBHUX MIPOLIECIB Y BUMUKAYi HA MTePeXiHi
IIPOLIECH B €JIEMEHTAX €JIEKTPUUHUX MepeX. TakoxX JOCiIKeHOo NepexifgHi pouecy Mif, yac LUKIY aBTOMaTUYHOTO
IIOBTOPHOT'O BBIMKHEHHSI. Pe3ysibTaT KOMII'IOTEPHOI CUMYJISLi] IPeACTaBeHi B BUTJISIIi PUCYHKIB, 11O
aHani3yoTbcs. [IpruyomMy OCTaHHI ofeprKaHi 3 BUKOPMCTAHHSIM YMCEIbHUX METOAIB. MaTepianu nucepralii MiCTATb
MaTeMaTH4Hi JOBeAEeHH, sIKi IPYHTYIOTbCSI Ha Teopisix nudepeHLiaJbHOro, iHTerpaabHOro Ta BapialiifHoro
yucseHb. Kiro4oBi cyoBa: nepexifni npouecy, BUMUKay HaIBUCOKOI HAMIPYTY, €JIEKTPUYHA MEPeXa, HaJlBUCOKA
Harpyra, MaTeMaTu4Ha MoZesb, npuHuun ['aMineToHa-OCTpOrpasCceKoro, piBHAHHA Einiepa-Jlarpanska, MexaHism

repeMilleHHS] KOHTaKTiB BUMM—~Ka4ya, JOBra JiHisl.

2. The manuscript is devoted to the problem of improving the methods of analysis of transients processes in power
lines of ultra-high voltage under normal and emergency operating modes. In the thesis, the actual scientific tasks
of improving the methods of analysis of transient processes in ultra-high voltage electrical networks under normal
and emergency modes of work are formulated and solved, which will allow adequately to reproduce the real
picture of the propagation of electromagnetic waves in power transmission lines and to investigate the influence
of oscillating electromechanical processes of the moving contact of the circuit breaker on the transients processes
in elements of electrical networks. In the first section, the analysis of publications related to the study of transients
processes in electrical systems based on variational approaches. The number of these publications was
insignificant, and the analysis confirms the expediency of using variational approaches to the study of transients
processes in these systems. Thus, scientists unanimously support the simulation of the arc with active resistance
(arc conductivity). However, the works do not take into account the transient mechanical processes in the circuit
breaker themselves in the implementation of switching, despite the fact that the rate of their flow is
commensurate with the rate of transients in the elements of electrical networks. Analysis of approaches to solving
the equation of the long line for the study of transients processes in power lines with distributed parameters
showed that the above equation is solved for an idealized line (line without loss), or apply a circular equivalent line.
Thus, the equation itself loses its physical essence, and therefore the improvement of methods for the study of
transients processes in long power lines with distributed parameters is an urgent task. In the second section of the
dissertation work the theoretical foundations of the nonconservative Lagrangian are given. It is shown how it is
possible to obtain equations of motion of inertial masses with a a non-rigid motion transmission, equations of
electric circuits with concentrated parameters and equations of a long power line with distributed parameters on
the basis of a single energy approach, which is based on the modified Hamilton-Ostrogradsky integral variational
principle. The obtaining of the mentioned equations was carried out by minimizing the extended functional action
of Hamilton-Ostrogradsky. The third section is devoted to the study of non-switching transients processes in
electrical networks. In particular, here, based on the interdisciplinary method of mathematical modeling, models of
the line of constant current and two fragments of electrical networks of alternating current are constructed, the
key element of which is a long transmission line with distributed parameters. The theory of the electromagnetic
field and circular approaches are used in the formation of the extended action functional on Hamilton-
Ostrogradsky. This approach made it possible using ordinary differential equations and partial differential
equations to adequately reproduce the physical processes in the objects under study. It is proposed to use the
boundary conditions of the second and third genera (Neumann and Poincare conditions) to solve the long line
equation. On the basis of the developed mathematical models, the transient processes in the direct current line for
the modes of operation on the equivalent active-inductive load, short circuit and non-working stroke are analyzed.
Transient processes in characteristic fragments of electrical networks in short-circuit modes, which were
preceded by the output of systems in the steady state, are investigated. In the fourth section to account for the
switching processes in electrical networks, based on the theory of Lagrange, the mathematical model of ultra-high



voltage circuit breaker. Key words: transients processes, ultra-high voltage circuit breaker, electrical net-work,
ultra-high voltage, mathematical model, principle of Hamilton-Ostrogradsky, equation of Euler-Lagrange,
mechanism of the movement of circuit breaker contacts, long line.
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