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Pedepar:

1. PoboTa npucBsiueHa BCTAHOBJIEHHIO 3aJIE)KHOCTI OXOJIOIPKEHHS TpaHCHOPMaTOPHOTO Maca Iif, yac Horo
aBapilfHOro BUTOKY 3 TpaHcdopMaTopa Bif, napameTpiB TENJI00O0MiHHUKA 3 FTOPPOBaHUX TPYOOK i3 HEP>KaBilo4oi
craJi, Ikl 3abe3nedye (paszoBUil IEPeXif, X0I040areHTy. Pe3ysibTaTu € 0CHOBOIO 117151 BOCKOHAJIEHHS CUCTEMU
nornepeKeHHs MOMMPEHHs MoXKeXi Ha TPaHCHOPMATOPHUX MiACTaHLisAX. Y po3ii 1 mpoaHani3oBaHO Migxonu
3aro6iraHHs MOMMPEHHS TTOXKeXi Ha 06'eKTaX eHEPreTUKY, B. 4. TPAaHCPOPMATOPHUX MiICTAHIIAX, e MOoXeXi
CIIPUYMHSIOTH aBapiiiHi peskumu TpaHchopmatopis. CriocoboM MmornepespkeHHs TaKUX MOXKeX € MacjlonpuiiMadi 3
rpaBiliHOIO 3aCUIIKOIO 17151 OXOJIOJPKEHHS PO3JIMBY MacJa, ajle €(PEKTUBHICTh 1JbOTO METOy 3aJI€KUTD Bif] BILJIUBY
[IOTOAHUX YMOB, @ BUTPATU Ha OOCIIYTOBYBAHHS € BUCOKMMU. BU3Ha4Y€HO, 110 B HAYKOBUX POOOTaxX TEMaTUKHU
3ano6iraHHs MOMMPEHHS TTOXKeX He PO3KPUTO MUTAHHS 010 peanidallii edeKTUBHOI TernJI000MiHHOI CUCTEMU,
31aTHOI 3HU3UTHU TEMIIEPATYPy Macjla HIKYe TEMIIEPATypU ClIalaxy i NPUAATHOI 3aMiHATHU IpaBiliHy 3acuIKy. Ha
OCHOBI aHasi3y XapaKTepPUCTUK METajliB Ta KOHCTPYKIii TEMII00OMIiHHUKIB BUBHAYEHO, 110 JOCIiIKEHHS B

HaIpPsIMKY 3HUKEHHS [10XeXXOHebe3[1eyHoi TeMIIepaTypyu BUTOKY Macjla JOLiJIbHO IIPOBECTU BUKOPUCTOBYIOUU



METOJI0JIOT{I0 TPOEKTYBAHHS KOKYXOTPYOHUX TEIJIOOOMIHHYKIB 3 BUKOPUCTaHHSIM BOOM B SIKOCTi XOJIO[JOAreHTy 3
$haz3HuM nepexooM. Y po3zisi 2 po3risiHyTO OCOGINBOCTI CIIOCOOIB repeadi Tera, o BinoyBaloThCsl B
KOXXYXOTPYOHHUX TeIJI00OMiHHMKA. BcTaHOBIEHNI KpUTEpPill OLiHKY e(EeKTUBHOCT] OXOJIO[KEHHS Macja B
TENJI000MIHHUKY MacjomnpuiiMada Temneparypa cnanaxy (150 °C). Ha ocHoBi piBHsIHb BepHyJiyi Ta 6a1aHCy eHepril
CTBOPEHO MaTeMaTU4YHY MOZEJb TENJI00OMIHHMKA 3 3aCTOCYBAHHSIM XOJIOJJ0AreHTy 3 pa3HUM IEPEXOAOM. Y po3Lii
3 HaBeJleHi pe3yJIbTaTU €KCIIEPUMEHTAIBHUX JOCIIIPKEHD 3 BCTAHOBJIEHHS 3aKOHOMIPHOCTEH OXOJIOIKEHHS
TEeMIIEpaTypH MacJja HIDKYe TEMIIepaTypy Cajnaxy Mifl, 4ac NPOXOIPKEHHS 4YePE3 0XO0JI0OKYIOUNl KOHTYP
TerI006MiHHUKA, 10 € iMiTalielo aBapiiHOro BUIMBY posirpitoro macsa no 250 °C 3 tpancdopmaTopa Ta
[I0/IAJIBIIOTO HIOTO OXOJIOKEHHS B TEIJIOOOMIHHUKY Maciompuiimaya. [TpoBeieHO aHasli3 OTPUMAaHUX JaHWX 32
CTaTUCTUYHUMU KpuTepismu ['pab6ca, dimepa Ta Ha OCHOBI cepelHbOI BiJHOCHOI TOXUOKY Ta
CepeIHbOKBAIPATUYHOTO BilXUJIEHHS. Y po3iji 4 3a pe3yJibTaTaMy €KCIIEPMMEHTIB BU3HAYE€HUI KOeillieHT
TeIIonepenadi 1151 OXOJMIOAKEHHS MacJla Bill TEMIIEpAaTypy CaMO3aliMaHHS 10 HIDKYE TEMIIEPATYPH CIIAaxy B
Mmeskax Big 200 11 mo 600000 1. 3a pesysibTaTaMy TOBHOTO PAKTOPHOTO €KCIIEPUMEHTY pO3p0o06JIeHO MaTeMaTUiHy
MOJ€JIb 3aJIEKHOCTI MJIOL 0XO0JIOMKYI04Oro KOHTYPY TEIJIOOOMiHHUKA BiJl 06’eMy MacJia Ta JiameTpa TPyOoK, siKa
II03BOJISIE PO3PAXOBYBATH OXOJIOKYBaJIbHI CUCTEMU 1151 Pi3HMX 00’eMiB MacJja B TpaHC(POpPMATOpPax, 110 HABEIEHO
B c(hOpMOBaHil AOBITKOBil TabauLi. 3a pe3ysabTaTamu cHOPMYJIbOBAHO ITPOIO3ULLii 1711 BHECEHHS 3MiH 10 HOPM i
IIpaBuUJI OJI0 3aCTOCYBAHHS TENJIOOOMIHHUX CUCTEM 3aMiCTb IpaBiiiHOI 3aCUNKU B TPAaHCPOPMATOPHUX
MacJonpuiiMadax. Po3paxyHOK €KOHOMIUHOI e(peKTUBHOCTI TE€MJI00OMIHHOI CUCTEMH 3aCBiI4UB ii nepesary Hap
TPaAXLIiNHOW0 TpaBiliHO 3acunko. [Ipu 1pboMy yIeplue: - CTBOPEHO Ha OCHOBI piBHSIHb bepHyJuli Ta 6anaHcy
eHeprii MaTeMaTUYHy MOZieJIb TeIJIOOOMIHHUKA, 32 JOIIOMOT'OIO SIKOi OGI'PYHTOBAHO Jjiania30H 3HaYeHb KoedillieHTa
TeIIonepenayi Ternsmo06MiHHUKA, 10 3abe3nedye 3HUKEHHSI aBapifHOI I0KeXXOHEeOe3[1eYHOoi TeMIIEPaTypyu Macia
HIDKYE 110r0 TeMIlepaTypu crnasnaxy. BusnaueHo, mo g1 06'emy macya 200-60000 1 3HaueHHs KoedillieHTa
Terionepenayi cknangae 236-2925 Br/m2-K; - cTBOpEHO perpeciiiHy 3aj1eXHIiCTb [JI011i 0X0JI0IKYI04Y0r0 KOHTYPY,
110 3a6e3Ievye Py I0KeXi 0XOJI0KEHHS Macjla HUK4e TeMIIepaTypu clajaxy, Bif 06’eMy Maca Ta AiameTrpa
TPYOOK, sIKa MOXKe OyTU 3aCTOCOBHA [1JIs1 TPOEKTYBAHHSI TEIJIOOOMIHHOI CUCTEMU HAa MACJIOHAITIOBHEHUX
TpaHCPOPMATOPHUX IiICTAHIAX. YIOCKOHAIIEHO: - TEOPETUYHI MiIXO!1 OLiHIOBAHHS YMOB 3HMUKEHHS
TeMIlepaTypH MacJa 1o 6e31e4HOi BHACIIOK [TPOXO/I’KEHHS! Yepes TeIJIO0OMIHHUK MacJoNpUuiiMayis
TpaHCPOPMATOPIB. - EKCIIEPUMEHTAJIbHY 6a3y IOCIIiI)KEHHS IPOLECIB TENTI00OMiHY MK MacjoM Ta
TEIJIO0OOMiHHUKOM. JlicTajy MOJabIIOro pO3BUTKY: - METOAY HOPMYBAHHS IaPaMETPIB 0X0JIOIKYI4YOrO KOHTYPY
TeII00O0MIiHHMKA Ha MacJionpuiiMayax Tpancdopmaropis. [IpakTryHe 3HaY€HHSI pe3yJIbTaTiB: -~ PO3POOIEHHS
METOJUYHOI 11 eKCIIePUMEHTaJIbHOI 6a3u [1J151 IPOrHO3YBaHHS €(eKTUBHOCTI TeIJI00OMIHHOI CUCTEMHU Ha
MacJoNpuiiMadax TpaHC(POPMATOPiB, CYTHICTh METOAMKY MOXKe OyTU ypaxOBaHa IpY [AJ1s1 3MiH 10 YMHHUX HOPM i
npasu (ITYE); - pe3ysibTaTi BIIPOBAPKEHI Y HisyibHICTh Kommaniit 11 «[TpoektBynCrap» ta TOB «HBIT «AJIAN», y
IispHiCTb [lenapTameHTy 3anobiraHHs Haa3BuvaiiHuM cutyauism JJCHC Vkpainu, B OCBiTHI npolec
HanioHasnbHOro yHiBEpCUTETY LIMBIZIBHOTO 3aXUCTy YKpaiHu. CTBOPEHO €KCIIepUMEHTAIbHUI CTEH], 17151

IOCJIIKeHHS MTPOLeCy TeIJIOMacOOOMiHy MiK MacJIOM Ta TEIJIOOOMIHHMUKOM.

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 | 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 /m2K; - 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



BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBH pajgu

BiiacHe IIpisBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acCimaHHi
BignoBigasbHuUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peeCTpallilo HayKOBOIi

OisIIBHOCTI

BacmanoB Osekciii EBreHoBUY

BacmanoB OJekciii €BreHOBUY

Menexuk Poman CepriftoBuy

VKpIHTEI

Opuenko TersiHa AHaToJIiBHA



