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Loceid sedeHHs boliosux 0ili npodemMoHcmMpysas, Wo 8 Cy4acHil siliHi 06’ekmu Kpumu4yHOI iHppacmpykmypu
CmMarome rnepuioyep2080t0 Yinsto 018 amak. Li 06’ekmu He marome 8i0rnoeioHo20 3axucmy 8i0 pakemHux ma
asiayitiHux amak. lpo ye cgiduams amaku ma pyUHY8AHHA HA eAEKMPUYHUX CMAHYIAX MA 8UCOKOBOAbMHUX
niocmanuyiax. BHacniook amak y 2022-2023 pokax 6yo 3pyliHosaHo 49 cunosux mpaHcgopmamopis 3 91 [1];
binbwicmes 3 HUX € CUCMEMOYymME0PIOHYUMU 8UCOKOBOMbMHUMU MPAHCHOpMamopamu.

Lna moeo, wob 8 nodanvwomy yHUkamu nodibHux cumyauili ma nidsuwumu HadiliHicms ma eHepzoepekx-
mueHicmeb nid yac sedeHHA boliogux 0ili, MPONOHYEMbCA NepeHecmu mpaHcgopmamop y niozemHuli 6yHKep.
Lle ycknadHume ypaxceHHA mpaHcgopmamopis nid Yac sedeHHA boliosux Oili.

Mema pobomu nondezae 8 niG8UWEHHI 3axUUweHocmi ma egpeKkmueHOCMi eHepaocucmemu WAIXoM repeHe-
CeHHS mpaHcgopmamopis y niozemHi 6yHkepu. OCKinlbKU pO3MilUyeHH MPaHchopmamopa nio 3emsero € Kom-
M7EKCHUM NMUMAHHAM, K 207108HYy npobaemy 6yao0 subpaHo menaosguli pexcum pobomu. [aa 0ocaeHeHHs
memu bynu nocmaseseHi maki 3a0a4i: 8U3HAYEHHSI OCHOBHUX KOHCMPYKMUBHUX riapamempis 6yHKepa 018 po-
3MilleHHSA 8 HbOMY MPAHCHOoPMamopa; Po3pobKa mamemamu4Hux mooeseli 0715 8U3HAYEHHS memrepamypu
Macaa ma 2apAavoi MoYKU; aHAsi3 HOPMU MeMNepamypHUX pexumie pobomu mpaHcghopmamopa; 8uU3Ha-
YeHHA HeobxiOH020 pigHA BeHMUAAT 015 0X0N00HEHHA Ma NiOMPUMAHHA HOMIHAAbHOI memniepamypu mpa-
Hcghopmamopa,; nposedeHHs PO3PaXyHKie Mensa08020 pexcumy npu pobomi cusnos8o20 mpaHcghopmamopa.

Y pe3ynsmami pobomu suzHa4eHo po3mipu nidzemHoz2o byHkepa ma HeobxioHy nomyxHicme io2o cucmemu
8eHMuUAAUIT 015 0X0N00HEHHA mpaHcgopmamopa. [aa nidmeeporeHHA echekmusHoCmi 3anpornoHo8aHol
cucmemu seHMUAAYii 6ya10 nposedeHoO Po3pPaAxyHOK MenaA08020 pexcumy, AKUl epaxosye maki pakmopu, K
3MIiHa OHA Ma Houi 8 IIMHIO MOpy POKY i HABAHMAMEHHA Ha eHepaocucmemy. Y NiOCyMKy 8U3HA4YeHO, W0 3a-
MPOMNOHOBAHA CUCMEMA 0X0100XeHHA 30aMmHa nNidmpumysamu memnepamypy Ha 6onycmumomy pigHi. byno
MAaKOX 8U3HAYEHO CMPOK CAy#bu mpaHcghopmamopa 3a makux ymos pobomu. BiH cmaHosumume 24 poku 3
20 HoMiHanbHUX [2].

Zna nepesipku movyHocmi po3paxyHKie 6ysa10 nposedeHo aHAM02iYHUl PO3PAXYHOK Mersn08020 PeEXUMY 3d 00-
nomozoto memody KiHyesux eanemeHmis y 3acmocyHKy SOLIDWORKS Flow Simulation. LLnsxom ropigHAHHA
pe3ysnbmamie po3paxyHKie 6ys0 8usHa4eHo, wo noxubka cmaHosume He binowe 4 %.

3anponoHosaHi Memoodu po3paxyHKie ma pe3ysaemamu Marome NPAKMUYHY UiHHICMb ma moxcyme 6ymu eu-
KOpUCMGaHI Npu rnpoekmMy8aHHI nid3emHux byHKepie ma eeHMuAayii 011 posmiujeHHAa mpaHcgopmamopis. Yci
mMemoOdu po3paxyHKie ma mamemamu4Hi MoOesi € yHisepcanoHUMU, Momy nidxo0ame 048 PO3PAxyHKY 8UCO-
KOB0/IbMHUX CUI0BUX MPAHCopmamopia.
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The experience of warfare has shown that in modern warfare, critical infrastructure facilities are the primary
target for attacks. These facilities do not have adequate protection against missile and air attacks. This is
evidenced by attacks and damage to power plants and high-voltage substations. As a result of the attacks in
2022-2023, 49 out of 91 power transformers were destroyed [1], most of which are systemically important high-
voltage transformers.

In order to avoid such situations in the future and to increase reliability and energy efficiency during hostilities,
it is proposed to move the transformer to an underground bunker. This will make it more difficult to damage
transformers during hostilities.

The aim of the work is to increase the security and efficiency of the power system by moving transformers to
underground bunkers. Since the placement of a transformer underground is a complex issue, the thermal
operation was chosen as the main problem. To achieve this goal, the following tasks were set: determination
of the main design parameters of the bunker for placing a transformer in it; development of mathematical
models for determining the oil temperature and hot spot; analysis of the norms of temperature conditions of
the transformer; determination of the required level of ventilation to cool and maintain the rated temperature
of the transformer; calculations of the thermal regime during the operation of a power transformer.

As a result of the work, the dimensions of the bunker and the required capacity of the underground bunker
ventilation system for cooling the transformer were determined. To confirm the effectiveness of the proposed
ventilation system, the thermal regime was calculated, taking into account such factors as the change of day
and night in the summer and the load on the power system. As a result, it was determined that the proposed
cooling system is able to maintain the temperature at an acceptable level. The service life of the transformer
under such operating conditions was also determined. It will be 24 years out of 20 nominal years [2].

To verify the accuracy of the calculations, a similar calculation of the thermal regime was performed using the
finite element method in the SOLIDWORKS Flow Simulation application. By comparing the calculation results, it
was determined that the error was no more than 4%.

The proposed calculation methods and results are of practical value and can be used in the design of
underground bunkers and ventilation for transformers. All calculation methods and mathematical models are
universal and therefore suitable for the calculation of high-voltage power transformers.
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