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Pedepar:

1. PoboTa npucesiueHa BCTaHOBJIEHHIO 3aJI€5KHOCTI OXOJIOIPKEHHS TpPaHC(OPMATOPHOTO Macja Iif, yac 1oro
aBapifHOTO BUTOKY 3 TpaHCc(hOpMaTOpa Bif MapaMeTpiB TEIII0O0OMiHHUKA 3 TOPPOBAHUX TPYOOK i3 HEP>KABil0YOi
cTali, IKuii 3a6esnevye (pa3oBuil Iepexis X0J1040areHTy. Pe3ynbTaTi € OCHOBOIO [171s1 BIOCKOHAJIEHHS CUCTEMU
rornepepKeHHs MOUMPEHHS MoXKeXi Ha TpaHC(POPMATOPHUX MMifCTaHIisK. Y po3aii 1 mpoaHanizoBaHO Migxoaun
3ano6iraHHs MOIIMPEHHS NOXKeXi Ha 06'€KTaX €HePreTUKY, B. 4. TPAaHC(POPMATOPHUX MiACTAHLisX, i€ TOXKEXi
CIIPUYMHSIOTH aBapiiiHi pexxumu TpaHcdopmaropis. Cnoco60M NomepeKeHHs TAKAX MOKEeX € MacaolpuiMadi 3
rPaBiiHOIO 3aCUIIKOIO 1151 OXOJIOAKEHHS PO3JIMBY MAaca, ajie €(PeKTUBHICTh LIbOTO METO/Y 3aJI€KUTD Bil BIIUBY
IIOTOJHUX YMOB, @ BUTPATU Ha OOCJIYTOBYBaHHS € BUCOKMMU. BU3Ha4Y€eHO, 1110 B HAYKOBUX POOOTaX TEMATUKU

3aMo6iraHHs MOMMPEHHS MOXKEX HE PO3KPUTO NMUTAHHS MO0 peanisaliii eeKTUBHOI TenJI000MiHHOI CUCTEMY,



3[,ATHOI 3HU3UTH TEMIIEPATYPY Macjla HW)KY€e TEMIIEPATyPH CIasaxy i NpuaaTHoOi 3aMiHUTU rpaBiliHy 3acunky. Ha
OCHOBI aHasli3y XapaKTepUCTUK MeTajliB Ta KOHCTPYKLiii TEIJI006MIHHYKIB BU3HAUYEHO, 110 JOCJiIKEHHS B
HaIpPsIMKY 3HUKEHHS [10XKeXXOHebe31eyHoi TeMIIepaTypyu BUTOKY Macjla JOLiJIbHO IPOBECTU BUKOPUCTOBYIOUU
METOJI0JIOT{I0 TPOEKTYBAHHS KOKYXOTPYOHUX TEIJIOOOMIHHUKIB 3 BUKOPUCTaHHSIM BOOM B SIKOCTi XOJIO[JOAreHTy 3
¢$hazHnM nepexosoM. Y po3zisi 2 po3risiHyTO OCOGINBOCTI CIIOCO6IB epeadi Tersa, o BinoyBaloThCs B
KOXXYXOTPYOHUX TeIJI00OMiHHMKA. BcTaHOBIEeHNI KpUTEpill OLiHKY e(eKTUBHOCTI OXOJIO[KEHHS Macja B
TeNnI000MiHHUKY MacJjompuiiMada Temneparypa cnanaxy (150 °C). Ha ocHoBi piBHsIHb BepHyJiyi Ta 6a1aHCy eHepril
CTBOPEHO MaTeMaTU4YHY MOZEJb TENJI00OMIHHMKA 3 3aCTOCYBAHHSIM XOJIO[J0areHTy 3 pa3HUM IEPEXOA0oM. Y po3zii
3 HaBeJeHi pe3yJIbTaTU €KCIIEPUMEHTAJIBHUX JOCIIIPKEHD 3 BCTAHOBJIEHHS 3aKOHOMIPHOCTEN OXOJIOMKEHHS
TEMIIEPATyPX Macjla HWK4Y€e TEMIIEPATyPH CIAaxy IIif YaC IPOXOI KEHHS Yepe3 0XOJIOIKYI0UUI KOHTYD
TENA000MIHHUKA, IO € imMiTariielo aBapiiiHoro BUIMBY posirpitoro maciua no 250 °C 3 Tpancpopmaropa Ta
MI0JAJIbLIOTO F10T0 OXOJIO[KEHHS B TEIJIOOOMIHHUKY Macjonpuiimada. [IpoBeieHo aHasi3 OTPUMAHUX JaHUX 3a
CTaTUCTUYHUMU KpuTepissmu ['pab6ca, dimepa Ta Ha OCHOBI cepeHbOI BiTHOCHOI TOXUOKY Ta
CepeHbOKBAIPAaTUYHOTO BilXWUIeHHs. Y po3iji 4 3a pe3yJibTaTaMy €KCIIEPUMEHTIB BU3HAYE€HUI KoeillieHT
TeIIonepenadi 1151 OX0JIOAKEHHS MacJla BiJl TEMIIEpATypy CaMO3aliMaHHs 10 HIDKYE TEMIIEPATyPH CIIAlaxy B
mesxax Bif 200 s1 o 600000 1. 3a pe3ysbTaTamMu I0BHOTO (GaKTOPHOTO €KCIIEPUMEHTY PO3POOIEHO MAaTEMAaTUIHY
MOJeJIb 3aJI€KHOCTI MJIOL 0XO0JIOMKYI04Oro KOHTYPY T€IJIOOOMiHHUKA BiJl 06’eMy MacJia Ta JiameTpa TpyboK, siKa
IO3BOJISIE PO3Pax0OBYBAaTH OXO0JIOIKYBaJIbHI CUCTEMU [J1s1 Pi3HUX 00’eMiB MacJa B TpaHC(OPMATOPaX, 0 HaBEJEHO
B c)OPMOBaHil OBiKOBIi TabauLi. 3a pe3yabTaTaMu c(OPMYIbOBAHO MTPOIO3HULIii 17151 BHECEHHS 3MiH O HOPM i
IIpaBuUJI 010 3aCTOCYBAHHS TEIJIOOOMIHHUX CUCTEM 3aMiCTb IpaBiiiHOI 3aCUNKHU B TPaHCPOPMATOPHUX
MacjonpuiiMadax. Po3paxyHOK €KOHOMIUHOI e(peKTUBHOCTI TENJI00O6MIHHOI CUCTEMH 3aCBiIuuB ii nepesary Hap
TPaAMLiHOO IPaBifHOI0 3aCUNKOI0. [Ipy IbOMY yHepiue: - CTBOPEHO Ha OCHOBI piBHSIHb bepHyJLii Ta 6anaHcy
eHeprii MaTeMaTUYHy MOZIeJIb TeIJIOOOMIHHIKA, 32 JOTIOMOT'OIO SIKOi OGI'PYHTOBAHO Jjialla30H 3HayeHb KoedilieHTa
TeIlonepeayi Ternsoo6MiHHYKA, 110 3abe3nedye 3HUKEHHSI aBapifiHOI 10KeXKOHe0e3[eyHoi TeMIiepaTypyu Macia
HIDK4Y€e MOro TEMIIEpaTypu crajsiaxy. BusHauyeHo, mo ansa o6'emy macya 200-60000 i1 3HaueHHS KoedillieHTa
Ternsonepenadi ckaagae 236-2925 Br/m2-K; - cTBOpeHO perpeciiiHy 3a1e>KHICTb M0 0X0JI0KyI040r0 KOHTYPY,
110 3a6e3Ieyye Py NoKexXi 0X0JI0KEHHS Macjla HUK4e TeMIlepaTypu cliajaxy, Bif o6’eMy Macia Ta AiameTrpa
TPYOOK, sIKa MO>Ke OyTU 3aCTOCOBHA [1JIs1 TPOEKTYBAHHSI TEIJIOOOMIHHOI CUCTEMU Ha MaCJIOHAIIOBHEHUX
TpaHC(POPMATOPHUX MifCTAHLiSX. YIOCKOHAJIIEHO: - TEOPETUYHI MiIXO41 OLiHIOBAHHS YMOB 3HIKEHHS
TeMIIEpaTypH MacJa 10 6e31eYHOi BHACIIOK TPOXO/I’KEHHSI Yepe3 TeIJIO0OMIHHUK MacJIONpUMayiB
TpaHCPOPMATOPIB. - EKCIIEPUMEHTAJIbHY 6a3y OCIIiI>)KEHHS! IPOLLECIB TEITI00O6MiHY MK MacjioM Ta
TEIJI0O0OMIHHUKOM. JlicTajy MOAabIIOro pO3BUTKY: - METOAU HOPMYBAHHS IapaMETPiB 0X0JIOIKYI4YOr0 KOHTYPY
TENI000MiHHMKA Ha MacjonpuiiMayax TpaHcdopmaTopis. [IpakTuyHe 3HaUE€HHS pe3yJbTaTiB: - PO3pOOJIEHHS
METOJWYHOI I eKCIIepUMeHTaJIbHOI 623K /1J1s1 IPOTHO3YBaHHS e(eKTUBHOCTI TeIJI00O0MIHHOI crucTeMu Ha
MacJonpuiiMadax TpaHC(pOpMaTopiB, CYyTHICTh METOAMKY MOXKe OyTU ypaxoBaHa IIpH [J1s1 3MiH 10 YMHHUX HOPM i
npasu (ITYE); - pe3y/bTaTi BIPOBAIKEHI Y HisyibHICTh Kommanii 11 «[TpoektBynCrap» ta TOB «HBIT «AJIAN», y
IisypHicTh [JenaprameHTy 3anobiranHs Haa3eudariHuM cutyauism JJCHC Vkpainu, B OCBiTHIi nporec
HarjioHasibHOTrO yHIBEPCUTETY LIUMBIJIBHOTO 3aXUCTY YKpaiHu. CTBOPEHO €KCIIEPUMEHTAIbHUN CTEHT, IJI4

IOCJIiIKEHHS NIPOLeCy TeIJIOMAacOOOMiHY MiXK MAacjIOM Ta TEILJIOOOMIHHMKOM.

2. The work is devoted to establishing the dependence of the cooling of transformer oil during its emergency
leakage from the transformer on the parameters of the heat exchanger made of corrugated stainless steel tubes,
which provides a phase transition of the refrigerant. The results are the basis for improving the fire spread
prevention system at transformer substations. Section 1 analyzes approaches to preventing the spread of fire at
energy facilities, in particular transformer substations, where fires cause emergency modes of transformers. A way
to prevent such fires is oil receivers with gravel backfill for cooling oil spills, but the effectiveness of this method
depends on the influence of weather conditions, and maintenance costs are high. It was determined that scientific
works on the topic of fire spread prevention have not addressed the issue of implementing an effective heat
exchange system capable of lowering the oil temperature below the flash point and suitable for replacing gravel



backfill. Based on the analysis of the characteristics of metals and heat exchanger structures, it was determined
that research into reducing the fire-hazardous oil leakage temperature should be conducted using the
methodology for designing shell-and-tube heat exchangers using water as a phase transition refrigerant. Section 2
discusses the features of heat transfer methods occurring in shell-and-tube heat exchangers. The criterion for
assessing the efficiency of oil cooling in the oil receiver heat exchanger is the flash point (150 °C). Based on the
Bernoulli equations and energy balance, a mathematical model of a heat exchanger using a phase transition
refrigerant was created. Section 3 presents the results of experimental studies to establish the regularities of oil
temperature cooling below the flash point during passage through the cooling circuit of the heat exchanger, which
is an imitation of an emergency spill of heated oil up to 250 °C from a transformer and its subsequent cooling in
the oil receiver heat exchanger. The obtained data were analyzed using Grubbs and Fisher statistical criteria and
based on the average relative error and standard deviation. In section 4, the heat transfer coefficient for cooling oil
from the autoignition temperature to below the flash point in the range from 200 1 to 60,000 1 was determined
based on the results of the experiments. Based on the results of the full factorial experiment, a mathematical
model of the dependence of the area of the cooling circuit of the heat exchanger on the volume of oil and the
diameter of the tubes was developed, which allows calculating cooling systems for different volumes of oil in
transformers, which is given in the formed reference table. Based on the results, proposals were formulated for
amending the norms and rules regarding the use of heat exchange systems instead of gravel backfilling in
transformer oil receivers. The calculation of the economic efficiency of the heat exchange system demonstrated its
superiority over traditional gravel backfilling. At the same time, for the first time: - a mathematical model of the
heat exchanger was created based on the Bernoulli equations and energy balance, with the help of which the range
of values of the heat transfer coefficient of the heat exchanger was substantiated, which ensures a decrease in the
emergency fire-hazardous temperature of the oil below its flash point. It was determined that for an oil volume of
200-60,000 1, the value of the heat transfer coefficient is 236-2925 W /m2-K; - a regression dependence of the
area of the cooling circuit, which ensures cooling of the oil below the flash point in the event of a fire, was created
on the oil volume and the diameter of the tubes, which can be used for designing a heat exchange system at oil-
filled transformer substations. The following were improved: - theoretical approaches to assessing the conditions
for reducing the oil temperature to a safe one as a result of passing through the heat exchanger of transformer oil
receivers. - an experimental base for studying the processes of heat exchange between the oil and the heat
exchanger. Further development was made: - methods for normalizing the parameters of the cooling circuit of the
heat exchanger on transformer oil receivers. Practical significance of the results: - development of a
methodological and experimental base for predicting the efficiency of the heat exchange system on transformer oil
receivers, the essence of the methodology can be taken into account when making changes to the current norms
and rules (PUE); - the results were implemented in the activities of the companies PE "ProektBudStar" and LLC
"NVP "ALAI", in the activities of the Department of Emergency Situations Prevention of the State Emergency
Service of Ukraine, in the educational process of the National University of Civil Defense of Ukraine.
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VIII. 3aKkJIl04Hi BiZOMOCTi

ByacHe IlpizBumie Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY
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VKpIHTEI
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