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CTaHy LIEJII0JI03HO] i30a1ii

2. Predicting the lifetime of the power transformer using a complex model of technical condition of cellulose

insulation

Pedepar:

1. luceprarito NpUCBSIYEHO YOOCKOHATIEHHIO MATEMATUYHUX MOZEJIEN ISl IPO-THO3YBAaHHIO 3aJIMIIKOBOTO PECYPCY
CHJIOBOTO TPpaHCPOPMaTOpa Ta TEXHIKO-€KOHOMIUHOT0 OOI'PYHTYBAHHS CTpaTerii HOro TeXHIiYHOTo 0OCIyrOBYBaHHS
IIJISXOM PO3POOKU KOMILIEKCHOI MOJIeJli TEXHIYHOTO CTaHy 11eJI0J103HO] i30J1s11ii. 3alIpONIOHOBAaHO KOMILJIEKCHY
MOJeJIb TEXHIYHOTO CTaHy LIeJII0JI03HO] i30J1411il, SIKa CK/I1alaeThCsl 3 MaTEMaTUIHOI Mozesi (popMyBaHHS peasibHOTO
pecypcy TpaHcdopMaTopa Ha eTalli 1oro BUpOOHMIITBA Ta MOJIeJli BUTPATU PeCYyPCy LIeJI0J103HO] {30141l c1u10BOro
TpaHc@opmaTopa Ha eTani ekcryarauii. Po3po6sieHo MaTeMaTU4Hy MOZEeJIb BOJIOTOOOMIHY B CUCTEMI LIEJII0JI03HA
i3oms1ist - TpaHC(OPMATOPHE MACJIO Y B3a€EMO3B'SI3KY 3 iHIIMMU MaTeMaTUYHUMU MOJEJISIMY, SIKi ONACYIOTh CTaH

TpaHcopmaTopa B ekciuryartalii. [[poBeieHo aHasi3 BIJIMBY IPOBEEHHS TEXHIYHOTO 0OCIyTOBYBAHHS CHUJIOBOTO



TpaHc@opma-Topa (30KpeMa, CYIIiHHS aKTUBHOI YaCTUHU) HA PECYPCHI XapaKTePUCTUKY LEJII0JI03HO] i301A1Ljl.
BuKOHaHO MOJIe/IIOBaHHSI BUTPATH pecypcy TpaHchopmaropa Ij1sl pisHUX CTPATETiil TEXHIYHOTO 06CIyrOBYBaHHSL.
3a 101IoOMOroI0 aHasli3y pe3yJbTaTiB MOJIe/II0BaHHS OOI'PYHTOBAHO HEOOXiIHICTb YpaxyBaHHs [IPOBEEHHS
TEXHIYHOTO 00CIyrOBYBaHHS IIPY PO3PaxyHKax 3a/IMIMIKOBOTO PECYPCY i MOJIe/IIOBaHHI BUTPATU PeCypcy i3osLii B
ekcrryaTauii. OTpuMaB NoJanbunii PO3BUTOK PO3PAXyHKOBUI METO]] BUBHAYEHHSI CKOPOUEHHS CTPOKY CIIY>KOU
i3osswii 3a paxyHOK KOperyBaHHs BiloMoi pOpMyJIM iHTerpaly CTapiHHS MWIJISIXKOM OijIbIll TOYHOI iHTeproJisLii
BUXIIHUX JJAaHUX, 1[0 BUKOPUCTOBYIOTHCS [1J151 TOOYIOBY 3aJI€KHOCTI IIBUAKOCTI CTapiHHS BiJj BMiCTYy BOJIOTH B
i3osawii. Bnepie 3anpornoHOBaHO MaTEMATHUYHI MOZEJIi 117151 OLIiHKM BIUIMBY €Tally BUPOOHMLTBA HA MPU3HAYEHUN
Pecypc, SIKi BiIpi3HSIOThCS YypaxyBaHHSIM HEJIOCKOHAJIOCTI 32C06iB KOHTPOJIIO i CTOXaCTUYHOCTI IIPOLIeCY 3MiHU
PeCypcy B XO[li TEXHOJIOTIYHOTO MPOLECY.

2. The thesis is dedicated to the improvement of mathematical models for forecasting the residual lifetime of a
power transformer and the feasibility study of its maintenance strategy by developing a complex model of
cellulose insulation technical condition. The complex model of the cellulose insulation technical condition, which
consists of a mathematical model of the transformer's real resource formation at the stage of its production and a
model of the resource consumption of the power transformer's cellulose insulation during the exploitation phase,
is proposed. The mathematical model of water exchange in the system of cellulose insulation - transformer oil in
the interrelation with other mathematical models, describing the condition of the transformer in exploitation is
developed. The analysis of the effect of maintenance of power transformer (in particular, drying of the active part)
on the characteristics of cellulose insulation is carried out. The transformer resource consumption modeling for
different maintenance strategies is executed. The simulation justified the need to take into account the
maintenance in the calculations of the residual resource and the modeling of the insulation resource consumption
in operation. The calculation method for determining the reduction of insulation's lifetime was further developed
by adjusting the known formula of the integral of aging by more accu-rate interpolation of the original data used to
construct the dependence of the rate of aging on the moisture content of the insulation. For the first time,
mathematical models for assessing the influence of the production stage on the assigned resource, which differ by
the imperfection of control and stochasticity of the process of resource change during the technological process,
are proposed.
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