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1. O6rpyHTYBaHHS TEMIIEPATYPHOTO PEXKUMY IOXKEXKI Ha aBTOTPaHC(HOPMATOPaX, 10 BCTAHOBJIIOIOTHCS B 3aXUCHUX

criopypax

2. Substantiation of the fire temperature regime for autotransformers installed in protective structures

Pedepar:

1. lucepranis npucBs4eHa BCTAHOBJIEHHIO 3aKOHOMIPHOCTEH 3MiHUM TEMIIEPATYPHU IIif, 4acC MOKEXKi B 3aXUCHIN
CIIOPYZi aBTOTpaHC(OpMATOPa SIK HAYKOBOTO MiJI'PYHTS [J1s1 BUBHAYEHHS TEMIIEPATYPHOTO PESXKAMY IOXKEXKI 3
METOIO OLiHIOBAaHHS KJIaCy BOTHECTIMKOCTi Oy/iBe/IbHUX KOHCTPYKIiii Takux 06'eKTiB. [IpoaHani3oBaHO CTaTUCTUYHI
IaHi po noskexxi Ha aBToTpaHcdopMaTopax, 30KpemMa B yMOBaX BOEHHUX OOCTPIJIiB, Ta BUSIBJIEHO TEHIEHLIIO 10
3POCTaHHS iX KiZIbKOCTi. PO3IJISIHyTO YMHHI HOPMATUBHI BUMOTH 10 6Y[iBE€JIbHUX KOHCTPYKLIN 3aXUCHUX CIIOPYZ,
TpaHC(OPMATOPIB Ta iCHYIOYi METOJIM OLIIHKM BOTHECTINKOCTi. BCTaHOBJIEHO, 110 3aCTOCYBAHHS TEMIIEPATYPHOTO
pPeXUMY BYTJIEBOGHEBOI IIOXKEXi € HAIMIPHO )KOPCTKUM JJ151 yMOB 3aXMCHUX CIIOPY], 3 OOMEKE€HUM IIPUTOKOM
NOBITPsI Ta Koe(illieHTOM IIPOPI3y y 30BHIlIHIX OTOPOKYBaJIbHUX KOHCTPYKLisX yuiie 0,3%, 110 CYyTTEBO 3[0POKYE
Oy[iBHALITBO TaKuX 00'€KTiB. BU3Ha4yeHO, 110 17151 OLiHIOBAHHS BOTHECTIMKOCTI OYZiBE€JIbHUX KOHCTPYKLIN 3aXUCHUX
CIIOPY[ LOLIbHO BUKOPUCTOBYBATH [TAPAMETPUYHUI TEMIIEPATYPHUI PEXKUM PEasIbHOI MOXKEXKI, IKUI BPaxoBye

IIO>KEe>KHE HaBAHTAKEHHSI, HASIBHICTb CUCTEM II0KEKOTaCiHHS Ta IIapaMeTpH NpopiziB. PO3pobieHo MaTeMaTUyHy



MOJeJIb TEIJIOOOMIHY Iif] Yac MOKEeXi B 3aXMCHIN CIIOPYAi aBTOTPaHC(HOPMATOPA, SIKA BpaXOBY€ KOHCTPYKTUBHI
0COOJIMBOCTI PUMIIIEHHS, XapaKTEePUCTUKY [TOXKEXKHOI0 HaBaHTaKEHHS Ta [lapaMeTpH MPOPi3iB y 30BHIIIHIX
ctiHax. TeopeTuyHi fOCiI>)KeHHs [I0Ka3asy, 110 Hal6isblli 3HaYeHHs TeMIlepaTypy (PikCyloTbCs Ha BUCOTI 18 M Bin
piBHs migJiory, o 6yJ10 BpaXOBaHO [P NOAAJIBIIOMY aHai3i. BcTaHOBIIEHO, O 32 HAasSIBHOCTi aBTOMATUYHOI
BOJISIHOI CUCTEMU IOXeXKO0raciHHs micist 200 CeKyHAM CIIOCTEPIraeTbCsl 3HKEHHS TEMIIEPATYPU BHACIIIOK
OXOJIOJPKEHHSI KOHCTPYKLii. JI715 06IpyHTYBaHHS HalOiIbIll )KOPCTKOTO CLiEHAPilo TEIJIOBOTO BILIMBY Ha OyliBeJbHI
KOHCTPYKIii pO3risianncs yMOBU BiZICYyTHOCTI aBTOMaTUYHOTO [10XKEXOraciHHs. 3a ycepeJHEHOI0 TeMIIEPATYPHOIO
KPUBOIO BCTAHOBJIEHO 3HWKEHHS TEMIIEPATYPU TOpiHHA nicsa 30 XBUIMH MOXKEXKi BHACIIILOK BUTOPSIHHS
MIOKEXHOTO HABAHTAXKEHHS, 10 JO3BOJINJIO OOIPYHTYBAaTU HOPMOBAHUI KJIAC BOTHECTIIKOCTi OrOPOIKyBalbHUX
KOHCTPYKLi#1 — He MeH1Ie REI 45 3 ypaxyBaHHsIM KoedilieHnTa 3anacy 1,2. [l 1poBeieHHS eKCIIepUMEHTaIbHUX
IOCJiIKEeHb HAa OCHOBI TeOPii (Pi3MYHOro MOMEII0OBaHHSI OOI PYHTOBAHO NTAPAMETPU 3MEHILIEHOTO MAKeTy CIIOPYAU 3
macmTabHuMm Koedinientom 0,23. BctaHoBIEHO, o 1py 36epeskeHHi KpuTepito Opya MOKINBO aeKBaTHO
BiITBOPUTH TEILJIOra3000MiHHI ITPOIIEeCH MOKEXi B IPUMIIIEHHSIX PiI3HUX reOMETPUYHUX MaCIITa6iB.
TensioBuaineHHs Moesli MmacTadbyeTbes 3a piBHsIHHIM Qm=0,053Qp, a 4acoBi XapaKTepUCTUKU — 32
criBBimHOmeHHAM tm=0,497tp. [IpoBeneHo Tpu cepii eKClepUMEHTANLHUX SOCIIKEHD, PE3YJILTATU AKUX
niaTBepAuIY 3060KHICTh MK COO0I0 Ta aJJeKBaTHICTh MaTeMaTUYHOI MOJIeJli: BiTHOCHE BiIxXUjleHHs pe3ysbTaTiB
MOIETIIOBAHHS Bifl eKCIIepUMEHTAaNbHUX JaHUX CTaHOBUTh 35%, cepenHbokBaapaTudne — 90°C, 1m0 € NpUNHITHUM
L7151 JAHOTO TUITY AOCJiIKeHb. Briepiie no6ynoBaHo Moan(iKOBaHU TEMIIEPATYPHUI PEXKUM IIif] Yac TOKEXi B
3axXMCHIil criopyii aBTOTpaHCPOPMATOPA, IKUI1 BpaXOBye peasibHUI XapaKTep PO3BUTKY MOKEXi B yMOBax
00Me>KeHOI I1o/1a4yi OKMCHUKA, BeJIMKUI BHYTPILIHINM 06'eM criopyu Ta cieuudivHi mapameTpu MoxXexXHOro
HaBaHTaXEHHS TPaHCPOPMATOPHOro Macja. Po3po6eHo MeTOAMKY OLIiHKU KJ1acy BOTHECTIKOCTI OyAiBeIbHUX
KOHCTPYKIIi#l B YMOBax BIUJIMBY SIK ByTJIEBOJHEBOTO, TaK i 3aIPONIOHOBAHOTO N1aPAMETPUYHOTO TEMIIEPATYPHOTO
pexXuMy Moxkexi. MeToguka 6a3yeTbCsl Ha CTaHAAPTAX, FAPMOHI30BAHUX i3 HOPMATUBHOIO 623010 €BPONECHKOTO
Coro3y. EkoHOMIYHa e(peKTUBHICTb 3alIPOIIOHOBAHOrO MiX0Ny NiATBepAKeHa IOPiBHSIHHSIM BUTPAT Ha
BUTOTOBJIEHHS KOHCTPYKIIi/ 32 YMHHMM BYIJIEBOJHEBUM PEXMMOM Ta 3a 3aIIPOINIOHOBAHUM MOIM(PIKOBAaHUM
PEXUMOM. 3aCTOCYBaHHSI IAPaMETPUYHOTO TEMIIEPATYPHOTO PESKUMY J03BOJISIE AOCAITA €KOHOMIYHOTO e(PEeKTy
IOHAMEHIIE Y 2 Pa3y 3a TAKUMMU [TOKa3HMKAMH, SK TOBIMHA IIJIMTH, TOBIIVMHA 3aXMCHOTO Mapy 6€TOHY Ta TOBLIMHA
BOTHE3axXUCTy. [IpakTUYHE BIPOBA/I’KEHHSI 3aIIPOIIOHOBAHOrO MiIX0y MOXKJIMBE LIJISIXOM BHECEHHS 3MiH 10
IToctanosu Kab6inety MinicTpiB Ykpainu Bif 26 kBiTHs 2024 poky N2 471. HaykoBa HOBA3HA MOJIATa€ Yy IEPIIOMY
PO3pOOJIEHHI MaTeMAaTUYHOI MOJIeJli TEeTIJIOMACOIIEPEHOCY I/ 4ac IoXeXi B 3aXUCHIN criopyi
aBTOTpaHC(OpPMATOpa 3 YPAXyBaHHAM KOHCTPYKTMBHUX OCOOJIMBOCTEN MPUMIlLILEHHS, BCTAHOBJIEHHI 3aJ1€XKHOCT]
3MiHU TEMIIEPATYPHOIO PEKMMY IOKEXKI Bif IapaMeTpiB MPOPi3iB i IOKEXKHOTO HABAHTAKEHHS, a TAKOXK Y
PO3pO6JIEHHI METOUKY €KCIIEPUMEHTAIbHOTO JOCTIIKEHHS 3 KOPEKTHUM MacIITabyBaHHSIM pe3yJIbTaTiB
dismyHOro MoZesI0BaHHs. Pe3ysibTaTu AucepTalii BIIpoBaJKeHO B IPAKTUYHY HisiyibHiCTh MiHicTepcTBa pO3BUTKY
rpomay, Ta Tepuropiit Ykpainu, Konpenepauii 6ynisenbHukiB Ykpainu, TOB «YkparpoiHgycTpisi» Ta B OCBiTHIN
npouec HanioHasbHOrO yHIBEpCUTETY LMBIILHOTO 3aXUCTYy YKpAiHU.

2. The dissertation focuses on establishing the temperature change patterns during a fire in an autotransformer
protective structure as a scientific basis for determining the fire temperature regime in order to assess the fire
resistance class of building structures at such facilities. Statistical data on fires at autotransformers were analysed,
including those occurring under wartime shelling conditions, revealing a growing trend in their frequency. Current
regulatory requirements for building structures of transformer protective enclosures and existing fire resistance
assessment methods were reviewed. It was established that applying the hydrocarbon fire temperature regime is
excessively severe for conditions of protective enclosures with limited air intake and an opening coefficient in
external enclosing structures of only 0.3%, which significantly increases the construction cost of such facilities. It
was determined that the parametric temperature regime of a real fire is more appropriate for assessing fire
resistance, as it accounts for fire load, the presence of fire suppression systems, and opening parameters. A
mathematical model of heat transfer during a fire in an autotransformer protective structure was developed,
incorporating the structural features of the enclosure, fire load characteristics, and opening parameters in



external walls. Theoretical studies showed that the highest temperature values are recorded at a height of 18
metres above floor level, which was taken into account in subsequent analysis. It was established that when an
automatic water fire suppression system is present, a temperature decrease is observed after 200 seconds due to
the cooling of structures. To substantiate the most severe thermal impact scenario on building structures,
conditions without automatic fire suppression were considered. The averaged temperature curve established a
decrease in combustion temperature after 30 minutes of fire due to burnout of the fire load, which allowed
substantiation of the standardised fire resistance class of enclosing structures at no less than REI 45, with a safety
factor of 1.2. For the purpose of experimental research, the parameters of a reduced-scale model of the structure
were substantiated using physical modelling theory, with a scale factor of 0.23. It was established that by
preserving the Froude criterion, it is possible to adequately reproduce heat and gas exchange processes of fires in
enclosures of different geometric scales. Heat release of the model is scaled according to the equation
Qm=0.053Qr, and time characteristics according to the ratio tm=0.497tr. Three series of experimental studies
were conducted, the results of which confirmed mutual convergence and the adequacy of the mathematical
model: the relative deviation of modelling results from experimental data is 35%, and the root mean square
deviation is 90°C, which is acceptable for this type of research. For the first time, a modified temperature regime
during a fire in an autotransformer protective structure was developed, accounting for the actual nature of fire
development under conditions of limited oxidant supply, the large internal volume of the structure, and the
specific fire load parameters of transformer oil. A methodology for assessing the fire resistance class of building
structures under both hydrocarbon and the proposed parametric fire temperature regimes was developed. The
methodology is based on standards harmonised with the regulatory framework of the European Union. The
economic efficiency of the proposed approach was confirmed by comparing construction costs under the current
hydrocarbon regime and the proposed modified regime. Application of the parametric temperature regime allows
achieving an economic benefit of at least twofold in terms of such indicators as slab thickness, protective concrete
layer thickness, and fire protection layer thickness. Practical implementation of the proposed approach is possible
through amendments to the Resolution of the Cabinet of Ministers of Ukraine dated 26 April 2024, No. 471. The
scientific novelty consists in the first development of a mathematical model of heat and mass transfer during a fire
in an autotransformer protective structure accounting for the structural features of the enclosure, in establishing
the dependence of the fire temperature regime on opening parameters and fire load, and in developing an
experimental research methodology with correct scaling of physical modelling results. The dissertation results
have been implemented in the practical activities of the Ministry of Communities and Territories Development of
Ukraine, the Confederation of Builders of Ukraine, Ukragroindustriya LLC, and in the educational process of the
National University of Civil Protection of Ukraine.
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