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1. MeTonu Ta 3acobu aHasli3y KOMyTaliiHUX NIEPEXiTHMX IIPOLIECIB y JIiHIsX eJleKTponepeayi HaJBUCOKOI HAaIpyru
HAa OCHOBI BapialilHUX Migx0niB

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

Pedepar:

1. PoboTta nmpucBsueHa po3B’13aHHIO 3371a4i MOKpAIlleHHs! METO/iB aHaJIi3y NIePexXiJHUX [IPOLECIB Y €JIEKTPUIHUX
MeperKax HaJIBUCOKOI Halpyryu 3a HOPMaJIbHUX Ta aBapifiHUX PeXXUMiB POOOTU. 31iliCHEHO aHai3 My6 IiKaLii, sKi
CTOCYIOTBbCS JOCIIIPKEHDb MEPEXiTHUX MPOLECIB Y €IEKTPOTEXHIYHNX CUCTEMAX, Y TOMY YXCJIi Ha OCHOBI
BapialiiHUX Migxonis. OTPUMAaHO, BUXOMSYU 3 €EGUHOIO EHEPrETUYHOTO MiAXO0AY, IKUN IPYHTYETLCS Ha

MoI1(}piKOBaHOMY iHTErpajJbHOMY BapiallilHOMY IpUHLUII [aMinbTOHa-OCTPOrpagCcbKOro piBHSIHHS PyXy



iHepLiTHMX Mac 3 [TOJATHOIO TPAHCMICi€I0 PyXy, PIBHAHHSA €JIEKTPUYHUX KOHTYPIB i3 30CepeIKEHNMY ITapaMeTPaMu
Ta PiBHSIHHS JOBroi JiHii eslekTponepenad 3 posnofiieHuMy rnapamerpamu. I1006yioBaHo Mozieti JliHii TOCTiHOro
CTPYMY, a TaKOX JIBOX (PPAarMEHTIB €JIEKTPUYHUX MEPEK 3MIHHOTO CTPYMY, KJIIOYOBMM €JIEMEHTOM Y SIKUX € JIOBra
JIiHiS esleKTpornepeayi 3 po3NoiIeHNMU TapaMeTpaMy. 3alIpOIIOHOBAHO /10 PO3B’I3yBaHHS PiBHSIHHS JOBrOi JiHii
BUKOPUCTOBYBATH KPailOBi yMOBU [IPYroro Ta TpeTboro pofis (ymoBu HeiimaHa i1 [lyankape). Ha ocHOBI
PO3pO6JIEeHUX MaTeMaTUYHUX MOJleJIel aHali3yI0ThCs IIepexifiHi IpoLecH B JIiHisIX IOCTIMHOTO Ta 3MiHHOTO CTPYMiB
SIKi pO3IJIIAAI0THCS SIK aBTOHOMHO, TaK i B IKOCTi €JIEMEHTIB CKJIaIHUX €JIEKTPUYHUX MepeX. [lyis BpaxyBaHHS
KOMYTaLiIHUX NIPOLECIB y €JIEKTPUYHMX MEPEKax PO3pOOJIEHO MAaTEMAaTUYHY MOJI€JIb BUMUKA4a HaJIBUCOKOI
HaIlpyTH, SIKa Ja€ 3MOTy BpPaXOBYBATH BILJIMB €JIEKTPOMEXaHIYHUX KOJIMBHUX MIPOLIECIB Y BUMUKAYi HA NTePEXiNHi
IIPOLIECH B €JIEMEHTAX €JIEKTPUYHUX MepeX. TaKoX AOCIIIKEHO NePEeXiiHi MPOLECH IIifl Yac LUKy aBTOMaTUYHOTO
[IOBTOPHOTO BBIMKHEHHSI. Pe3yJIbTaT¥ KOMIT'IOTEPHOI CUMYJISLIi IPEeICTaBJIEH] B BUTJISLi PUCYHKIB, 110
aHasisyoTbed. [Ipp4omMy ocTaHHI ofepsKaHi 3 BUKOPUMCTAHHSIM YMCEIbHUX METOAIB. Marepianu nucepratii MiCTATb
MaTeMaTU4Hi IOBeIeHHS], SKi [PYHTYIOTbCS Ha Teopisix AudepeHLiaJbHOro, iHTerpaabHOro Ta BapialiiHoro
yucseHb. Kio4oBi cyioBa: nepexifni npouecy, BUMUKay HaIBUCOKOI HANIPYTy, €JIeKTpUYHA MEpeXa, HaJlBUCOKa
HaIpyra, MaTeMaTU4YHa MOeJb, NpruHIMN ['aminbToHa-OCTpOrpaAchKoro, piBHsHHSA Einiepa-Jlarpanxa, MexaHizm

repeMilleHHs] KOHTaKTiB BUMU—~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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