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OBI'PYHTYBAHHSA HAPAMETPUYHOI'O TEMIIEPATYPHOI'O PEXKUMY
B 3AXNCHUX CIIOPYJAX TPAHC®OPMATOPIB

Y poGoTi pe3yapTaTi JOCHTIHKEHHS IEMOHCTPYIOTh, III0 32 YMOB POCIHCHKOI arpecii BHpoBaPKeHHS
Cy4JacHHX MIIXOdiB 10 0OMeXeHHS MONIMPEHHS TOXKeXi Ha TpaHcPopMaTopHOMY O0JaHaHHI € OTHUM
i3 MPIOPUTETHUX 3aBJaHb 3aXUCTY EKOHOMIKHY 1 HalliOHAJLHOT Oe3Meku Kpainu. 3ailicHeHo BUOip po3pa-
XYHKOBOTO CLIEHApil0 JOCTIKEHHS TeMIIEpaTypPHOTO PEKUMY IIiJl Yac MOXKEeXi Ha TpaHchopMmaropi,
SIKMH PO3MIIIEHO B 3aXMCHINA KOHCTPYKIIii, TPOBEAEHO 3a JBOMA CLICHAPiSIMU BUHUKHEHHS Ta MOMINPEH-
Hs noxkexi. [loOymoBaHi po3paxyHKOBI MOJENI JIsl IPOBEIEHHS JOCIIPKEHHS. 3a pe3ylbTaTaMu Teo-
PETHYHOTO AOCHTIHKEHHS POJAEMOHCTPOBAHO 3MIHHM TEMIIEPATYPH B 3aXUCHIN KOHCTPYKIIII i Yac To-
piHHS TpaHcopmaTopa 3a JaHHUMH JaTYMKA TEMIIEpaTypH, IO BCTAHOBJICHO Ha BHcoTax 1 M, 10 M Ta
18 M Hag MiclleM BUHUKHEHHS TOPIHHS, KON Y 3aXMCHIA KOHCTPYKIi BiZICyTH aBTOMaTHYHA CHCTEMA
MOYKEKOTACIHHSA Ta Y BHIIAAKY, KOJIH Y 3aXUCHIH KOHCTPYKIii HasiBHA aBTOMAaTHYHA CUCTEMa MOKEXKO-
racinas. OTpuMaHi pe3ybTaTH 3aCBIUWIIM, IO 13 HASBHICTIO y 3aXUCHIA KOHCTPYKII aBTOMaTHYHOI
CHCTEMH TOXEKOTACIHHS CIOCTEPIraeThCs IEBHE 3HIKCHHS TEMIIEpaTypH MICHs JABOXCOTOI CEKyHIH
TOCTIKEHHS, 10 TOSCHIOETHCS OXOJIO/KEHHS BOJTHIMH ITOTOKaMH OyIiBeTbHUX KOHCTPYKITIH 3aXuc-
HOI CIIOpyH, JUIsl OOTPYHTYBaHHS TEMIIEPATYPHOTO PEKHUMY IIiJ] Yac MOXKeXi TpaHnchopmaTopiB mpuii-
MaJICh YMOBH HaHOIJBIIIOTO BIUIMBY TEMITEpaTypH Ha OyAiBenbHI KOHCTpyKii. [IpoBeneHa cratuctiuaHa
00po0OKa pe3ynpTaTiB qociimkeHs. [IpencraBieni pe3ynbTaTi JOCTIHKEHHS 00 OOTPyHTYBaHHS MO-
I(IKOBaHOTO TEMIEPATypHOTO PEXUMY TiJl Yac MOXekKi Ha TpanchopMmaropax, 10 pO3TalloBaHi B
Cepe/IMHI 3aXMCHUX CIOPY/, SKUH OUIIBHO B MOAATIBIIOMY BUKOPHCTOBYBATH JIJIsl OLIIHKU KJIACY BOT-
HECTIMKOCTI OyAiBeTbHUX KOHCTPYKLINA TaKHX 3aXHUCHUX CIOPYA Ta BCTAHOBJICHO HOPMOBAaHMH Hac 3a
sikoro OymiBeNbHI KOHCTPYKIIil 3aXMCHUX CIIOPYA MAaOTh BUTPUMYBATH BILTUB MOIN()IKOBAaHOTO TEMIIE-
parypHoro pexxumy. Hajgani mpono3umii o0 moJanbIiux JOCHiKSHb Y 3a3HaY€HOMY HaIpSIMKY.

Kua104oBi cjioBa: BOTHECTIHKICTh, MeXa BOTHECTIHKOCTI, KJIaC BOTHECTIHKOCTI, TeMIIepaTypHUAN
pexuM, TpaHchopMaTop, KpUTHYHA iHPPaCTPyKTypa

1. Beryn

Tpanchopmaropu, K cTaTUYHI €IEKTPOMATHITHI IPUCTPOI, € BAXKIUBOIO JTAHKOIO
MK PO3NOAUIBHUMH MepexamH Ta JiHisAMU enekTpornepenayi. Ctatuctuudi gaHi Jep-
XKaBHOI CIy»OM YKpaiHU 3 HaJ3BHUAaHUX CUTYalllil CBIIYATh, 110 MOJOBUHA MOXKEXK,
10 BUHUKAIOTh B €HEPTETUYHIN Tally3i, COPUYUHEHO 3arOPSHHAM TPaHC()OpPMATOPHOTO
obnamHaHHsg. PO3BUTOK Takoi MOXeX1 Ma€e TUIOBUI CIIEHApIl: MAaCTHIIO, IKE BHKOPHC-
TOBYETHCS IS OXOJIO/KCHHSI Ta 130JI11i1 €JIEeMEHTIB TpaHchopMaTopa, IeperpiBacThes
noHaz 250 °C, mo npu3BOIUTh 10 pyHHYBaHHS KOpmycy TpaHcdopmartopa. B pesymb-
TaTl BiIOYBA€ThCSA aBapiMHUN BUKH] MAacTUJIA 13 MOAAJIBIIUM HOT0 3aiiMaHHsAM. TpaHc-
dbopmaTopu, SK OJUH 13 HAWOUIBII MOXKEKOHEOE3MEUHNX BUJIIB OOJaAHAHHS, MICTATH
Bix 200 11 1o 60 000 51 MiHEpaJIbHOTO MACTHIIA, IO € TOPIOYOI0 PEYOBHHOIO 13 TYCTHHOIO
B miamasoni (0,80—0,89)  10° kr/n’.

B yMoBax MOXIMBOTO PAaKETHOTO YH JPOHOBOTO ypakKeHHsS TpaHCc(POpMaToOpHE
o0JIaJIHaHHS E€HEPreTUYHHUX MIAMPUEMCTB, SIKE KPUTHYHO BAXKJIUBE JIJII CKOHOMIKH Ta
0e3mneku Kpainu, moTpedye po3MilIeHHs B CIIEIiabHAX 3aXUCHUX CIIOpyaax. BomHouac
1Ie CTBOPIOE PHU3UK PO3BUTKY MACIITAOHOI MOXEX1 BCEPEIUHI MPUMIMIEHHS 3aXUCHOI
CHOPYAH y pa3i 3aiiMaHHs MacTWIa BHACIHIIOK aBapiitHOTO pexuMy poOoTu TpaHcdop-
Martopa. 3a3HaueHe 3yMOBIIIOE€ HEOOX1AHICTh YHOPMYBaHHSI BUMOT I110JI0 BOTHECTIMKOC-
Tl OTOPOKYBaIbHUX OYy/1IBEIbHUX KOHCTPYKLIH TaKOi 3aXUCHOT CIIOPY/IH.
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Takum ynHOM, HE3BaKAIOUM HA HASIBHI CTAHIAPTH BiJICYTHI HAYKOBO OOTPYHTOBAaHI
METO/IM BU3HAYEHHS apaMEeTPUYHOI0 TEMIIEPATYPHOIO PEXUMY TpaHCPOPMATOpIB Yy 3a-
XUCHUX CIOpPYJAax, IO YCKJIAJHIOE po3poOKy aJeKBaTHUX BUMOI O BOTHECTIHKOCTI
KOHCTPYKIIH 1 NIABUILYE PU3UK PO3BUTKY MACIITa0HMX IMOYKEX I Yac aBapiiHUX pe-
KHUMIB poOOTH TpaHC(POPMATOPHOTO 00IaIHAHHS, @ TAKOK HEOOIPYHTOBAaHUX €KOHOMIY-
HUX BUTPAT Ha MMPOEKTYBAaHHS BOTHECTIMKOCTI OyA1BEIbHUX KOHCTPYKLIN TAKMX CIOPYI.

2. AHaqi3 JiTepaTypHUX JaHUX Ta MOCTAHOBKA NMPodJieMH

UunaHi B YKpaiHi HOPMaTHBHO-TIPABOB1 aKTH 1 JOCTIHPKCHHS BUCHHUX, III0 BHBYA-
I0Th MOBEJIHKY 3aJ1300€TOHHUX KOHCTPYKLIA B yMOBaX TE€PMIYHOI'O BIUIMBY BOTHIO,
MIPECTABISAIOTh Pi3HI METOJUKH, SIKI ONMUCYIOTh pOOOTY LMX KOHCTPYKIIH 3a B1JIMOBII-
HUX YMOB. JlJi MPOTHO3YBaHHS TEMIEPATYPH TMOMKEKI MIMPOKO BUKOPUCTOBYETHCS 1H-
TerpajbHa MOJEJb, 0 0a3yeThCAd HA alpOKCUMALIMHUX (popMysax Ta HOMOIPaMMaX.
s Monens, Oyaydn HaAUMPOCTIIIO, MPUITYCKAE, 10 TEIUIOTa FOPIHHS PIBHOMIPHO poO-
3MOJIiJieHa 0 00’eMy NMPHUMIIIEHHS] Ta BUTPAYa€ThCS HAa HArpiB MPOAYKTIB 3rOPSHHS.
Opnak i1 mpakTUYHE 3aCTOCYBAHHS BUMAarae IMOMNEpeIHhOTO 3HAHHS TEMIEpaTypH Mo-
KEXK1 y IepiIoMy HaOJIMKEHH1 JJIsl pO3paxyHKy KJIIOUOBUX MapaMeTpiB: TYCTHUHU MOBI-
Tps, 00’€MHOT TEIIOEMHOCTI Ta HAaBEIEHOI'O CTYIEHS YOPHOTHU AMMOBHX Ta3iB, TOMY
MOpsAJT 13 3a3HAYEHUMU BIJIOMUMH pe3yJbTaTaMU JOPEYHUM Oyiio O BUKOPHUCTATH, IS
JOCTIIPKEHHS TEMIIEpaTypHUX PEXKHUMIB TOKEXKI1, OJIBOB1 MOJIENI.

[HIIMMK HAYKOBLSIMU 3aIPOTIOHOBAHO HU3KY METO/IIB PO3PAXYHKY BOTHECTIHKOCTI
OyaiBeIbHUX KOHCTPYKIiH. Y poOoTi [1] BU3HaUeHI 0COOIMBOCTI MOBEAIHKHA KOMIIO3U-
THOT cTase3ai1i300eTOHHOI TUTUTH B YMOBAaX MOXexXi. Po3risganucs nmutanHs HecTalio-
HapHOTO TEMIIEPATYpPHOrO MOJs TMPHU HArpiBaHHI TaKUX KOHCTPYKIH. B poboti [2]
C. Ilo3neeB nmochimkyBaB METOIU PO3PAXYHKOBOI OIIIHKM BOTHECTIMKOCTI CKIISTHUX
KOHCTPYKIIIH, MPU IbOMY TaKOX y IMX MPOIecax PO3TIISIAINCS BUKIIOUHO CTaHAapTU-
30BaHi1 TEMIEPaTypHI PEKUMU MOKEXK1. Y poOoTi [3] po3rassHyTI MaTeMaTUYHI MOJENI
MOIIMPEHHS MOXKEX1 B TPUIIOBEPXOBIA OYIIBII 3a pe3ylbTaTaMyd HaTYpHUX BUIIPOOY-
BaHb pearyBaHHs Ha MOXeXY. B 11iif poOOTI TakoX 1032 YBarow 3aJIUIITUIACS TUTAHHS
apaMeTpPUYHOr0 TEMIIEPATYPHOTO PEKUMY MOKEKI.

VY pobori [4] po3pobaeHo METOAUKY BU3HAUYEHHS PO3NOALLY TEMIEpAaTypH y Iie-
pepi3i 3a11300€TOHHOT TUTUTH 32 CTAaHAAPTHUM TEMIEPATYPHUM PEKUMOM HOXKEXKI1 3 1MO-
JANBIIOI0 MOXJIMBICTIO BUKOPUCTAHHS JaHUX TEIUIOBHX MMOKA3HUKIB Ui MPOBEICHHS
OI[IHIOBaHHSI BOTHECTIMKOCTI 3a11300€TOHHUX TUIMT 3 OY/b-IKUM TEpPEepi3oM 3a CIpo-
IIEHUM METOJOM, PEKOMEHI0BaHUM €BpokoaoM 2. Pazom Bci 11l HOCTITKEHHS y CBOIM
OCHOB1 0a3yIOThCSl Ha CTaHIAPTU30BAHUX TEMIEpPATYpHHUX pPEXHMaxX MOXKEX Ta 3aJu-
IIMJIA 11032 YBarol MUTAHHS 3aCTOCOBHOCTI 3alpONOHOBAHUX HUMH METOJIB TIij 4ac
JOCTIIP)KeHHS TapaMEeTPUYHHUX TeMIIepaTypHUX PEKHUMIB, 0COOJIMBO B yMOBaX 3MEHIIe-
HOT KUJIBKOCT1 OKMCHUKA HEOOX1THOTO JJIsl TIPOLIECY TOPIHHSL.

OOTrpyHTYBaHHS TEMIIEPATYPHOTO PEKUMY IT1J] 4aC TIOKEXK1 € BAXKIIMBUM aCIIEKTOM
3a0e3MeueHHs TOKEKHOI O€3IMeKH JII0JIeH, eKCIUTyaTallliHOl HaAIiHOCTI 00IalHaHHS, B
TOMY YHUCH1 NPUPOAHIX ekocucTteM. Hajn BUBUYEHHSI mapaMeTpUYHOIO TeMIIepaTypHOTro
PEXUMY TIOXKEX1 B PI3HUX cdepax MpOoBOAATH IOCTiIKEHHS pi3Hi BueHl. Hampuknan, B
poborti [5], HaBeaeH] AOCTIHKEHHS TapaMeTPUYHUX TEMIEPATypHUX PEXKUMI TOKEX1 B
MPUPOJHUX EKOCUCTEMAX.

OTXe MOXHa KOHCTaTyBaTH, II0 BUKOPUCTAHHS CTaHAAPTU30BAHUX TEMIIEpaTyp-
HUX PEXKUMIB IIOA0 OOIPYHTYBaHHS BUMOT JJis1 TpaHC(HOPMATOPIB, PO3MIIIEHUX B 3a-
XMCHUX KOHCTPYKLISAX € HE JOIUIBHUM Ta MOXe€ MPUBECTH JI0 3aBUILEHIUX EKOHOMIYHHUX
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BUTpAT Ha MPOEKTYBAaHHS BOTHECTIUHKOCTI OyMiBETbHIX KOHCTPYKIIH TaKUX CIIOPY/I.

Y po6oTi [6] po3mIsIHYTI MaTeMaTHYHI MOEII TOPIHHS TPaHC(HOPMATOPHOTO Mac-
Ja, ajie 11l MOJIeNl BUKOPUCTAH1 3 METOI0 OOTPYHTYBAHHS MIHIMaJIbHUX MapaMeTpiB rpa-
BIMHO-IIIEOHEBO1 3aCUIIKH Y MacjaonpuiiMayi TpaHncpopmaropa.

3a3HaueH1 BUIIE Ta IHINI JOCTIHKEHHS HE MICTATHh AaHUX IIOJ0 MPOIECIB 3MIHU
TEeMIIepaTypH IiJ] Yac MOKeXk1 Ha aBTOTpaHCcHOpMaTopax, M0 PO3TAIIOBaHI B 3aXUCHUX
cnopynax. Lle 3yMOBIIO€ aKTyallbHICTh TPOBENIEHHS IOCIIIKEHB, CIIPSIMOBAaHUX Ha 00-
IPYHTYBaHHSI TEMIIEPATYPHOTO PEKUMY ITiJl Yac MOKEXi B 3aXMCHUX CHOPYyaax JAJs aB-
ToTpaHchopMaTopa Ha OCHOBI iX peajbHUX MapameTpiB, MIO BIUIMBAIOTH HAa MPOIECH
TeIUIonepeiayl Ta 1acTh 3MOTrY 3aroOirTh HEOOIPYHTOBAaHUM E€KOHOMIYHMM BHTpaTaM
Ha MPOEKTYBaHHS BOTHE3aXUCTY OyAiBEIbHUX KOHCTPYKIIIM TaKUX CIIOPY/.

3. Mera i 3aBIaHHA J0CTIAKEHHS

Merta pobOTH MOJATAE B PO3KPHUTTI 3aKOHOMIPHOCTEH 3MiIHM TEMIIEpaTypH i 4ac
MOKEK1 B 3aXUCHIN copy.ll aBTOTpaHchopmaTopa, SK HayKOBOTO MiJIPYHTSI BCTAHOB-
JIEHHS TEMIIEPATyPHOT'0 PEKUMY TTOXKEXK1 SISl OI[IHIOBAHHSI KJIacy BOTHECTIMKOCTI Oy/Ii-
BEJIbHUX KOHCTPYKIIN TaKuX 00’ €KTIB.

JJis OCSITHEHHS TTOCTABJICHOT METH HEOOX1IHO BUPIIIUTH TaKi 3aBJIaHHS:

1. [IpoananizyBaT Cy4acHMl CTaH BUKOPHCTAHHS CTaHIApTU30BAHUX TeMIIEpa-
TYPHUX PEXHUMIB IiJ] 4ac OI[IHIOBAHHS KJIaC1B BOTHECTIMKOCTI OYIIBEIbHUX KOHCTPYK-
i} 3aXUCHUX CIIOPY/;

2. [IpoBecTn OOIpYHTYBAHHS TEMIIEPATYPHOTO PEXUMY IiJ Yac MOXKeX1 Ha TpaH-
chopmaTopi, 0 PO3MIIICHO B 3aXUCHIN CITOPY/II.

4. Martepiajau Ta MeTOIM A0CJiIKEHHSA

OO6’eKT mOCHIKEHHST — 3MiHA TeMIIepaTypH IiJl Yac MOXKeXi Ha TpaHcPopMaTo-
pax, 110 PO3TaIIoBaHi B 3aXUCHUX cropyaax. [IpeaMeTr 1ociiIKeHHs — BIUIUB KUTBKOCTI
TpaHCHOPMATOPHOTO MACTHIIA Ta TCOMETPUYHHUX MapaMeTPiB 3aXMCHOI criopyau (MOX-
JIMBA TUIOMIA TIOXKEeXi) Ha 3aKOHOMIPHICTh 3MIHM TEMIIEPATYPH MiJ Yac MOKEekK1 Ha TpaH-
chopmaTopax, 10 pO3TAIIOBaHI B 3aXUCHUX criopyaax. ['imoTe3a AOCHiKEHHS MOJsATae
y BpaxyBaHHI peajbHUX MapaMeTpiB Ta XapaKTEPUCTUK 3aXWUCHUX CHOPY. JJsl TpaHC-
(dbopmMaTopiB mijJ 4ac BCTAHOBJIEHHS TEMIIEPATypHOTO PEKUMY JUISl OLIHIOBAHHS KJlacy
BOTHECTIMKOCTI 1X OyAiBETbHUX KOHCTPYKIIIM.

MeTonu nOCTiKEHHS: KOMIUIEKCHUN aHalli3 1 y3araJlbHeHHS paHillle BUKOHAHUX
pOOIT MIOAO MOCTIIKEHHS TEMIIEPaTypHUX PEXKHUMIB MOXKEK1; MATEMaTHYHE MOJIETIO-
BaHHS 13 BUKOPUCTAHHSM IporpaMHoro komriekcy FDS mporieciB 3MiHu Temmeparypu
MiJ yac MOXKeX1 Ha TpaHc(hOpMaTopax, IO PO3TAlIOBAaHI B 3aXHCHUX KOHCTPYKIIISX
IUIIXOM 3aCTOCYBAaHHS HU3KH UYMCEIBHUX MiAXOMAiB. [IpoCcTOpOBY AMCKpeTH3AIliio qu-
(dbepeH1ianbHUX PIBHSHb BUKOHYBAIH 32 JOTIOMOTOK METO/IIB KIHIIEBUX PI3HUIIb (3 BU-
KOPHUCTaHHSIM CTIMKOI CXEMH «IPEAUKTOP-KOPEKTOp») Ta KiHIeBUX 00 emiB. s
PO3B’si3aHHs OTpUMaHO1 cucteMu piBHsAHB Hap’e-CTokca 11010 3MiHM TEMIepaTypu B
yMOBax TOXEX1 Ha TpaHchopMmaTopax, IO PO3TAIIOBaHI B 3aXHMCHUX KOHCTPYKIIISX,
BUKOPUCTOBYBaBcsi Mmetoj, Eilnepa, nns BU3HAYEHHsSI PO3MIPY PO3PAXyHKOBOI CITKH
KOMIT FOTEPHUX Mojelieli OyB 3aCTOCOBaHUN MeTo] AuXOoToMmii. MeTomonoris oOpoOKku
OTPUMAaHUX PE3yJbTAaTiB BKIIOYAJIa CTATUCTHYHUI aHami3 (kpurepii Pimepa 11 ogHO-
pimHOCTI nucnepciit Ta ['paGOca nis BUKUIIB), Ta CTaHIAPTHI METOAM MaTEMaTUYHOI
CTaTHCTHKH.
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5. CyyacHuii cTaH BHMKOPHCTAHHSI CTAHJAPTU30BAHUX TeMIlepaTypPHHX
pe:KuMiB

AHani3 Hecy4oi KOHCTPYKIIi 3 MOTJSAY MPOTHIIOXKEKHOTO 3aXUCTY CJIiJl MPOBO-
JUTH 13 3aCTOCYBaHHSIM BCTAHOBJICHUX IS 33/IaHUX PO3PAXyHKOBHUX CUTYaIllil Mojienei
TEPMIYHHMX Ta MEXAHIYHUX BIUIMBIB, & TAKOXK MMapaMeTpiB HECY4Oi KOHCTPYKLII IpH Ii-
JBUIICHUX TeMIlepaTypax [7]. B3arani BOrHeCTIHKICTh Ma€ MIATBEPKYBATUCH 32 HasB-
HOCTI HaCTYITHUX TMapaMeTPiB: YacOBHX, MIITHICHUX Ta TeMIepaTypHux. [lopiBHsSHHS 3a
TEeMIIepaTypHUMU MapaMeTpaMu € HalOUIbII MONIMPEHUM METOJIOM 3a SKOr0 BH3HAYa-
€TbCS KPUTHUYHA TEMIepaTypa Jis HAaBAaHTAKEHHS, IO OMUCYETHCSA 3a JIOTIOMOTOIO
CIIPOIIEHUX PO3PaXyHKOBUX METOMIB. SIK mpaBui0, B OUTHIIOCTI BUIAIKIB JJIS MPOCK-
TyBaHHs OY/iBEbHMX KOHCTPYKIIIM 3aCTOCOBYIOTh HOMIHAJIbHI TEMIEPATYpHI PEKUMU
MOKEXK1: CTAaHAAPTHUI TEeMIIEpaTypHUN pEeXUM; TEMIEPATypHUN PEKUM 30BHIIIHBOI
TT0KEXK1; BYTJICBOAHEBHUI TEMITIEpATypHHI pexkuM [ 8].

ByrneBoaHeBuii TemMnepaTypHUi peXUM XapaKTEePU3YEThbCsl OUIbII IHTEHCUBHUM
HAIPIBOM y IMOPIBHSHHI 31 CTAHIAPTHHM PEXUMOM IOXKEKi. VOro 3acTOCYBaHHS €
00O0B’A3KOBUM JUIsl BU3HAUYEHHS MEX BOTHECTIMKOCTI OyIIBEbHMX KOHCTPYKIIH Ha
00’exTax HahTOTa30BOr0 KOMILIEKCY, JIe TeMIIepaTypa MOXKexXi JOCATaE 3HAYHO BUIITUX
3HAYCHb 1 3pOCTAE€ 3HAYHO IIBUIIE, HIK TIPHU TOPIHHI 3BUYAHUX OyAIBETbHUX MaTepi-
aniB. I'padiune npeacTaBiIeHHs AMHAMIKK PI3HUX TEMIEPATYPHUX PEKUMIB MOKEXK] y
BUIJISI/II KPUBUX «TeMIIepaTypa-dyac» HaBeJeHO Ha puc. 1.
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Puc. 1. TemnepatypHi pe:xuM#u po3BMTKY Moxexi: 1 — cTaHIapTHUH TeMnepaTypHMil pe-
JKUM MoKexki; 2 — TemnepatypHmii pexkuM RABT ZTV aas aBToM00iIbHUX TyHeJiB; 3 — Temiie-
patrypHuii pe:xxuM RABT ZTV pas 3ai3HNYHUX TyHeJiB; 4 — TeMIlepATYPHUI peKUM BYIJIeBO/-
HeBOI Moskexi; 5 — TeMnepaTypnuii pe;kum RWS (imMiTye ropinns 6enzososy (50 m*) B TyHeui)

Crnin 3a3HAYUTH, 10 TPUMIMICHHS 3aXWCHOI KOHCTPYKIIi JJisi TpaHCchOpMaTopiB
Ma€e 0coOJIMBY XapakTepucTtuky. OIHUM 13 3aBJaHb OTOPOKYBAJIbHUX KOHCTPYKIIHN €
MIATPUMKA HOPMAJIBHOTO MIKPOKJIIMAaTy (TeMIepaTypu Ta BOJIOTOCTI) BCEpeIWHI TPHU-
MIIIIEHHS MiJ Yac eKCIIyaTarlii Ta 3aXUcT OyAIBJi BiJl BIUIMBY MOBEPXHEBUX 1 IPYHTO-
Bux Boj. [lepenbauaeTncsi KackagHa poOOTa BEHTHISTOPIB CUCTEM JBOMA BEHTHIIATO-
paMH, 3 TIPOLYKTUBHICTIO KOKHOTO — 71 650/2=35 825 m’/rox Tompo. Il1aH-cxemy 3a-
XUCHOT KOHCTPYKIII JijIst po3MillieHHs TpaHchopMaTopa 300paxkeHo Ha puc. 2 [9].

3a yMOB OOpaHHsS pPO3PaXyHKOBOTO CIEHApil0 MaiOTh OyTH BpaxoBaHi: 00 €MHO-
TUTaHYBaJIbHI PIIICHHS; TEIIO(I3MYHI XapaKTePUCTUKU OYyHiBETbHUX KOHCTPYKLIHN 1 po3-
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MIIIEHOTO YCTAaTKyBaHHS Ta OOJIaJHAHHS;, XapaKTEPUCTHKH, 00’€M Ta pO3TalIlyBaHHS
TOPIOYMX PEYOBHH 1 MaTepiaiiB; CHCTEMH MOXKEKOTACIHHS Ta BeHTHIALIT. Po3paxynko-
BUI CIieHapiii oOMparoTh 3 MO3HUIIT OYIKYBaHHS HAMTIPIINX MOXJIMBUX HACHIJIKIB IJIS
MOTAJIBIIIOTO PO3BUTKY TOKexki. [Ipu 11boMy HEOOXITHO BpaxyBaTH: WMOBIpHI MicCIIf ii
BUHHUKHEHHS; MOXKJIMBY JUHAMIKYy PO3BUTKY; a TaKOXX CKJIA]l Ta XapaKTEPUCTUKH CHUC-
TEMU MPOTHUIIOKEKHOI 3aXucTy. [IpumycKaeThes, MO 3aropsiHHS BiJOYBA€ThCSA Y MPHU-
MIIIIEHH] 3 HAllOJIBIIOK MOKEKHOK 3aBAHTAXKEHICTIO Ta HAMMEHIIIUM 00’ €MOM.
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Puc. 2. Ilnan-cxeMa 3aXMCHOI KOHCTPYKIII 11 TpaHcpopMaTopa

Buxonsuu 13 3a3Ha4€HOT0 HaMH PO3IVISIHYTO JIBa CLIEHApii BUHUKHEHHS Ta IMOIIH-
PEHHS TIOKEXI1, a caMe:

Cuenapiii 1 — nokexxa BUHMKJIA y IPUMILIEHHI PO3MILIEHHS 001afHaHHs TpaHCop-
Mmatopa kiacy AT 330 kB, TpanchopmaTopHe MacTUIIO BUJTMBAETHCS HA TIJIOTY Ta BUTBHO
PO3TIKAETHCA MO BCIH IO NPUMIIIEHHS. ABTOMaTUYHA CUCTEMA MOKEKOTraCiHHS BIACY-
THs1. Po3paxyHKoBa 1uioma cTaHOBUTh 348 M pO3paxyHKOBa BUCOTA CTAHOBUTH 18 M. Po-
3BUTOK TIOXKEX1 MPUUMAEMO SIK JUIsl KpyroBoi (popmu. BuximHi mapameTpu XapaKTepuCTHK
TpaHc(opMaTOpHOro MacTUIIa JUIsl pO3paxyHKy npuitMaemo 3a ganumu [10].

CueHapiit 2 — noke)xa BUHUKJIA y MPUMILIEHH] PO3MIIIEHHS 00JIaJHAaHHS TpaHC-
dbopmatopa kinacy AT 750 kB, TpanchopmaTopHe MacTHIIO BUIMBAETHCS HA MIJJIOTY Ta
BUJILHO PO3TIKAE€THCS MO BCIM IO MPUMILICHHS. ABTOMAaTUYHA CHCTEMa TOXKEKOTa-
CiHHSI HasiBHA Ta CIpAIfOBajia HAICKHUM YMHOM Ha 180 c micis moYaTKky BUHHUKHEHHS
ropisms. Po3paxyHKOBa IUIONIA CTAHOBUTH 348 M’, PO3PaxyHKOBA BHCOTA CTAHOBHTh
18 M. Po3BuTOK mokexxi nmpuiitMaeMo SIK [yt KpyroBoi ¢popmu. BuxinHi napameTpu xapa-
KTEPUCTHK TPaHC(HOPMATOPHOTO MACTUIIA TSl pO3paxyHKy npHuitMaemo 3a nanumu [10].
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6. OOrpyHTYBaHHSI TEMIIEPATYPHOI0 PeKMMY Ha TpaHCc(OpPMATOPi B 3aXMCHIH
cropyai

Po3paxyHok TemMmepaTypHOro peXuMmy Mijf 4ac MOXKeXl TpaHcpopmaTopa, KUK
PO3TalllOBaHU B 3aXMCHIM KOHCTPYKIIii, MPOBEJIEHO 3a MOJHOBOIO MOJEIUII0 BUKOPHUC-
TOBYIOUM PEAKIII0 MPOCTOi cTexioMeTpii (TpaHchopMaTOpHE MACTUIIO MOXKE MICTHUTH
TIIBKA TOMH BYTJIELIO, BOJIHIO, KHCHIO Ta a30TY).

Jlns BimoOpakeHHs Ta Bi3yasisallii pe3yibTaTiB MojentoBaHHS mporpamu FDS
BUKOPHUCTAHO crieniaiabHy nporpamy SmokeView. FDS 3naTHa peanizyBatu oOuucito-
BaJpHy razoauHamiuny mozens (CFD) mpoueciB TermoMacooOMiHy MiJi 4ac TOPIHHS.
[Iporpama uncensHO po3B’si3ye piBHsAHHSA Hap’e-Ctokca aiisi HU3bKOMIBUAKICHUX TIOTO-
KiB, TapaMeTpH SIKUX 3aliexkaTh Bia Temneparypu. OCHOBHA yBara mpUIUISETHCS MOJIe-
JIIOBAHHIO MOILIMPEHHS UMY Ta TEIIONEpeaayl Mmijl yac Mmoxexi. Y 3araJbHOMY BHUTJISI1
cuctema piBHsHb HaB’e-Ctokca [11] BKiItoUae aBa OCHOBHI PiBHSHHSA — PIBHSHHS pyXy
Ta PIBHSHHS HEPO3PUBHOCTI.

BizyanizoBana 3D Mozens 3aXxuCHOT KOHCTPYKIIi 13 TpaHchopMaTopom 300paxe-
Ha Ha puc. 3.

Puc. 3. BizyanizoBana 3D MoaeJb 3axucHOI KOHCTPYKILIi i3 TpancdopmaTopom

BinnoBigHo 10 00paHuX ClLEHapiiB MOXEX1, TOPIHHA BIJOYBA€TbCA B CEpelMHI
MPUMIIIEHHS Ha BCi1M MOTO IJIOIII MPOTSATOM BCHOTO Yacy MOJENIOBaHHs. [laTunku Bu-
MIPIOBaHHS 3HAUEHHS TEMIIEPATYPH PO3MIIIEHO OE3MOCepeIHBO M0 MePUMETPy MPHUMi-
HIEHHS JIe PO3MIITY€EThCS TpaHchopMaTOpHE 00JIaIHAHHS.

Ha puc. 4 nokazaHo 3MiHU TeMIlepaTypH B 3aXMCHIM KOHCTPYKIII MiJl YaC TOPIHHS
TpaHcopMaTopa 3a JaHUMH JAaTUYMKA TEMIEPATYPH, 0 BCTAHOBIEHO HA BUCOTaX | M,
10 M, 18 M Hax MiclileM BUHMKHEHHS TOPIHHS, KOJU y 3aXMCHIM KOHCTPYKIi BiACYTHS
aBTOMAaTHYHA CUCTEMa MOKEXKOTaCIHHSI.

Ax 6aunmo 13 rpadikis, MO JATYUK, SKUA pO3TAIIOBAaHO Ha BUCOTI 18 M BiJ piBHS
HiJJIOTH 3aXMCHOI KOHCTPYKIIT MOKa3aB HAaWOUIBII 3HAYCHHSI TEMIepaTyp, TOMY s
MOAAIBIIIOTO JOCHIKCHHS TEMIIEPATyPHOTO PEXKUMY MOMKEK1 JOCTATHHO MOKa3iB TEM-
MepaTypHUX AaTUMKIB, K1 PO3MIllleHI HAa BUCOTI 18 M Bia piBHSA MiUIOTH 3aXUCHOT
KOHCTPYKIIi.
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Puc. 4. 3minu TeMnepaTypu B 3aXMCHili KOHCTpPYKUIi i 4ac ropinHs TpaHcdopmaTopa 3a
JAHMMHU JaTYHKA TeMIepPaTypH, KOJU y 3aXUCHii cnopyai BiIcyTHA aBTOMaTH4HA cucTeMa I10-
JKeKOraciHHs, [0 BCTAHOBJIEHO Ha BUcoTax: a— 1M, 0 — 10 M, B— 18 m

Ha puc. 5 nokazaHo 3MiHM TeMIepaTypH B 3aXMCHIIM criopy/i M 4ac TOpiHHS aB-
ToTpaHchopMaToOpy 3a JAaHHUMH JATYMKIB TEMIEPAaTypH, IO BCTAHOBJICHO HA BHUCOTI
18 M Haj miclileM BUHMKHEHHS TOPIHHS, KOJM Yy 3aXHUCHIA CHOpY/l BIJICYTHS aBTOMaTH-
YHA CUCTEMa MOKEKOTaCIHHA.
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Puc. 5. 3minu TeMnepaTypu B 3aXHCHIill copyai nmig yac ropiHHa aBToTpaHcpopMaTopy 3a
AaHUMH JATYNKIB TeMIlepaTypH, 10 BCTAHOBJIEHO Ha BHCOTI 18 M Haj mMicueM BHHMKHEHHS Io-
PiHHS, KOJIM Y 3aXMCHili cTopyAi BiICYyTHSI aBTOMaTHYHA CUCTEMA MOKeKOTacCiHHS

Pesynbrat mepeBipku Ha HASBHICTh Y JOCIIKEHHSIX BUKU/IIB Ta KBa31BUKHIIB 32
kputepiem ['pabbca nokaszani Ha puc. 6.

TakuM YUHOM OTpUMaHi PE3yJIbTATH CBIIYATh, IO JTOCIIKCHHS HA TOYaTKOBOMY
eTamni MITATh BHKHJIB Ta KBa31BHUKUAIB, TOMy TaKHMH PE3yJIbTaTH MOKHA 3HEXTYBAaTH
M1 9ac MOJAIbIIOTO X OOPOOISHHS.
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Puc. 6. Pe3yabTaTn nepeBipku Ha HASIBHICTH Y JAOCTiI:KEHHSIX BUKH/IIB Ta KBa3iBUKUAIB 3a
Kputepiem I'padoca

Ha puc. 7. mokazaHo 3MiHM TEMIEPATYPH B 3aXUCHIN CIIOPYAl i Yac TOPIHHA aB-
TOTpaHc(OpMaTOpy 3a JaHUMH JIaTYMKA TEeMIEpaTypH, L0 BCTAHOBJIEHO Ha BHCOTaX
1 M, 10 M Ta 18 M Hax MiclieM BUHMKHEHHS TOPIHHS, KOJIH y 3aXHCHIN CIIOpyAl HasBHA
aBTOMAaTH4YHA CUCTEMa MOXKEeKOraciHHS.
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Puc. 7. 3minu TeMnepaTypu B 3aXHCHIili ciopyai nmig yac ropiHHs aBpToTpaHcpopMaTopy 3a
JaHUMM JATYMKA TeMIepaTypu, KOJH Yy 3aXMCHiil cnopyai HassBHA aBTOMATHYHA CHCTeMa MOKe-
sKoraciHHs, 110 BCTAHOBJIEHO HAa BUcoTax: a— 1M, 60— 10 M, B — 18 ™M

3a manumu rpadikamMu aHAJIOTIUYHA CUTYAIlisl MO0 HAMOUTBIINX 3HAYEHb TEMIIe-
patyp Ha JaT4uKy, SKMWA pO3TallOBaHUM Ha BiAMITII 18 M BiJ piBHS HiAJIOTH 3aXUCHOI
cnopynu. Ha puc. 8. mokazaHo 3MiHM TeMIepaTypu B 3aXMCHIM cropy.i Mia 4ac ropiH-
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Hsl aBTOTpaHcopmaTopy 3a JAaHWUMH JAaTYUKIB TEMIEpaTypH, 1[0 BCTAHOBIIEHO Ha BU-
coti 18 M Haj MiclieM BUHUKHEHHS TOPiHHS, KOJIM Y 3aXUCHIN CIIOPY/li HassBHA aBTOMa-
THYHA CUCTEMA [OXKEKOTACIHHA.
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Puc. 8. 3minn Temnepatypu B 3axucHiii cnopyai mig yac ropinusa aBrorpancgopmaropy 3a
JAHUMM JATYMKIB TeMIepaTypH, 10 BCTAHOBJIEHO Ha BUCOTI 18 M Hajg MicueM BUHMKHEHHA
TOpPiHHA, KOJIN y 3aXHCHiil cIOpy/i HAABHA ABTOMATHYHA CHCTEMA MOKeKOTACIHHS

Pe3ynbrat mepeBipku Ha HASBHICTD Y JOCIIKCHHSIX BUKHIIB Ta KBA31BUKHUIIB 32
kputepiem ['pab6ca nmokaszani Ha puc. 9.

Puc. 9. Pe3yabTaT nepeBipku Ha HASIBHICTh Y JOCTIIKEHHSIX BUKHIIB Ta KBa3iBUKUIIB 32
kputepiem I'padoca

VY eKcnepruMeHTaIbHOMY JIOCII/KEHHI 13 HAsBHICTIO y 3aXUCHIA KOHCTPYKIIii aBTO-
MaTUYHOI CUCTEMH TOKEKOTACIHHSI CIIOCTEPITA€ThCsl IEBHE 3HIKEHHS TeMIepaTypu Micis
200 cexyHIU JTOCIIKSHHS, 110 MOSCHIOETHCS OXOJI0/HDKCHHS BOJATHUMH MIOTOKaMH OyTiBe-
JBHUX KOHCTPYKIIM 3aXUCHOT KOHCTPYKIii. ToMy JUIsl moAanblioro oOIpyHTYBaHHS TEM-
MIEpaTypPHOTO PEKUMY TIiJ1 4ac MOXKexi Ha TpaHchopMaTopax, sSiKi po3TaIIOBaH] y 3aXUCHUX
KOHCTPYKLUIi CITii NPUMAHATH YMOBY HalOUIbII JKOPCTKOTO BIUIMBY TEMIIEparypu Ha Oyi-
BeJIbHI KOHCTPYKIIii, a caMe KOJIHM B MPHUMIIIEHHI 3aXUCHOI KOHCTPYKIIii BIICYTHS aBTOMa-
THUYHA CHCTEMa MOXKEKOraciHHs Ta OpaTH A0 yBaru JMIIE MOKa3H JAaTYMKIB TEMIIEPaTypH,
SIK1 pO3TaIlIOBaHi Ha piBHI 18 M Bij| piBHS MiJIOTH 3aXUCHOT KOHCTPYKIIIi.

Ha puc. 10 naBeneno YCEpeNHeHy TeMIepaTypHy KpUBY OTPUMaHY 33 Pe3yJbTa-
TaMH TPOBE/ICHOTO JOCTI/KEHHS 13 MOKa3iB JaTYMKIB TEpMOMap, SKi po3TalloBaHi Ha
piBHi 18 M Bijg piBHS MiAJIOTH 3aXMCHOI KOHCTPYKIII J€ BIAIITOBAHO TpaHCc(opMaTop
IUIS BUIIAJKY, KOJM MPUMIIICHHSA 3aXUCHOI KOHCTPYKIIi HE OCHAIlleHe aBTOMATUYHOIO
CHCTEMOIO TIOXKEKOTACIHHS, a TAKOXK TeMIIEpaTypHa KPHBa IMOXKEKI Y BUIIE BU3HAUYCHUX
YMOBaX, sIka OTpUMaHa pO3pPaxyHKOBUM METOJIOM, Y TIOPiBHSHHI i3 CTaHIapTH30BAHUMU
TeMIepaTypHUMH KPUBUMH JJISl BYTJIEBOIHEBOT MOXKEX1 Ta CTAHAAPTHOTO TEMIepaTyp-
HOTO PeXUMY MOXKEKI.
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Puc. 10. TemnepaTrypHi KpuBi pexxnMiB nmoxe:xxi: 1 — ByriieBoqHeBHil TeMIepaTypHuil pe-
JKUM TOKeXKi; 2 — CTAHJIAPTHUH TeMNePaTYpHUN peKUM Moxkexi; 3 — TeMIepaTypHa KpUBa pe-
JKMMY MOKeKi, OTPHMAaHa PO3PaXyHKOBHM MeTOA0M; 4 — MOAM(iKOBAHUI BYIJIeBOAHEBMIl TeMIle-
PATYPHUIl peKUM MOKeKi

ByrneBoaHeBuii TeMnepaTypHUil pexkuM MOXKEXKi:
0,(t) = 1080 (1 - 0,325 e ***"' — 0,675¢ **) + B, 1)

7e: t — 4ac CTaHJapTHOT'O BOTHEBOTO BUIIPOOyBaHHS, ¢; O) — moyaTKoBa TeMiiepaTypa
cepenosuia, °C; 0y = 20°C; 0,(t) — TemmepaTypa y BOTHEBIli KamMepi yCTaHOBKH JUIs
BU3HAYCHHS MEK.

CrangapTHUN TeMIepaTypHUI PexUM MOKEXKi:

0,(t)=345-1g(8t/60+1)+6,, )

MonudikoBaHuil ByrieBOJIHEBUI TEMIEPATYPHUI PEXUM MOXKEXK] M1 Yac TOpiH-
Hs TpaHcopmaTopa, sSIKUi PO3TalllOBaHUM Y 3aXHUCHIA KOHCTPYKIIII:

0,(t) = 680 (1 — 0,325 & **™ 0,675 >™) + 0, (3)
TemnepaTypHuii pekxuM ONUCY€ETHCS 3aTIEKHICTIO:
6,(t) = 680 (1 — 0,325 e **" —0,675¢ > + 6, (4)

3a pesynapTaTaMH yCEpEIHEHOi TeMIepaTypHOI KPUBOI PEXKUMY MOXKEXi, IO
OTpUMaHa PO3PAXYHKOBUM METOJOM MO>KHA BIAMITHUTH 3HIKEHHS TeMIIepaTypu TOpiH-
Hs mricist 30 XB MOXKEXi, 0 MEXY MOKe OYTH MOSCHEHO BUTOPAHHSIM IMOKEKHOTO Ha-
BaHTaXCHHS Ta MOKHA BUKOPHUCTATH i1 OOTPYHTYBAaHHS HOPMOBAHOTO KJIACy BOTHEC-
TIHKOCTI OTOPOKYBaJbHUX OYAiBEIBbHUX KOHCTPYKIIIM 3aXUCHUX KOHCTPYKIIi, B SIKHX
BCTaHOBJICHO TpaHc(opMaTopu Ta i3 ypaxyBaHHIM KoedilieHTy 3anacy 1,2 mae ctaHo-
BuTH He MeHIre Hixk REI 45.

7. O0roBopeHHs1 pe3yJbTATIB 1040 OOIPYHTYBAHHS TeMIEPATYPHOIO
PeXUMY I Yac MosKe:xi Ha TpaHcdopmarTopi

OTpumaHi pe3yJlbTaTH YMCEIBHOTO MOJETIOBAHHS TEMIIEPATYPHOTO PEKUMY IiJT
gac MoXex1 TpaHnchopmaTtopa, po3MIIIEHOT0 B 3aXHMCHIN CHOPY/i, CBIAYATh MPO CYTTE-
BUW BIUIMB HA TEIUIOBI XapaKTEPUCTUKHU TAKUX YMHHUKIB, K HasIBHICTH (200 BIJICYT-
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HICTh) aBTOMAaTUYHOI CHCTEMH IOXKEKOTACIHHS, & TAKOXK BHCOTA PO3TALITYBAHHS TOYKU
BUMIPIOBAaHHS TeMIIepaTypH. AHami3 MOKa3iB TepMonap Ha pizHUX piBHAX (1 M, 10 M,
18 M) 103BOJIMB BCTAHOBUTH, 1110 HAMBUILI 3HAYEHHS TeMIEpaTyp (PIKCYIOThCS y BEpX-
HI{ YaCTHHI NPUMILIEHHS, U0 BIANOBIAAE (PI3UYHIN NPUPOII pyXy rapsadux rasib 1 Ha-
KOIMYEHHS TEIJIOBOTO MOTOKY miJ creneto. Came TOMY JUIsl OJAIbIINX PO3PAXYHKIB
Ta TIOPIBHSAHb OOTPYHTOBAHO OOpaHO piBeHBb 18 M K pemnmpe3eHTATUBHHU JIs OIHIO-
BaHHsI MaKCUMaJIbHOI TEPMIYHOI JIii Ha OTOPOKYBaJIbHI KOHCTPYKITIi.

[TopiBHSIbHMI aHaJi3 TEeMIIEpaTypPHUX KPUBHX JJIS CIIEHApPIiB 13 HASBHICTIO Ta Bi-
JCYTHICTIO aBTOMAaTUYHOI CUCTEMU MOXKEXKOTaCIHHSI TOKa3aB, 0 €(EeKTUBHICTh FaCIHHSA
nposiBIsieThesl Bxke micig 180 cexyHIu BiJl MOYaTKy TOPIHHS, Y 1€ MOMEHT CIIOCTEpi-
raeTbes cTabinbHE 3HMKEHHS Temneparypu. Lle cBiTUMTh PO 3HAYHUMN BIUIUB CUCTEM
aKTUBHOTO TIPOTHIIOXKEKHOTO 3aXHCTy Ha OOMEXEHHS TETUIOBOTO HABAaHTAXKCHHS Ha
KOHCTpYKIii ciopyau. [Ipote s misieid HopMyBaHHS KJIaCy BOTHECTIMKOCTI IPUIHSATO
pO3MISIIATH HAWTIpIIMK ClIeHapid 0e3 Mii CHUCTEeMH IOXKEeKOTacCiHHS, IO BiAMOBITAE
NPUHIIUITY TPOEKTYBAHHS 32 KPUTUYHUMHU YMOBaMHU.

VY X011 MOZIeNIOBaHHS BUSBIICHO, 1110 XapaKTep PO3BUTKY MOXKEKI B 3aXUCHIHN cIO-
pyai U1 TpaHcpopMaTopa CYTTEBO BIAPI3HAETHCS BiJl CTAHJAPTHOTO Ta BYTJIEBOIHEBO-
ro TeMrneparypHux pexumiB. [lopiBHsSHHS MoaudikoBaHOI TeMIiepaTypHOi KpUBOi, 3a-
MPONIOHOBAHOI aBTOpaMH, 3 HOPMAaTUBHUMH pPEKHMaMH (BYTJIEBOJAHEBUM 1 CTaHIApPT-
HHM) TI0Ka3aJlo, II[0 BOHA OUTBIN aJeKBaTHO B1I0Opakae peasibHI YMOBHU TOXKEXK1 y Tpa-
HC(HOPMATOPHHUX MPUMIIICHHSIX 3aXUCHUX CIIOPY/I.

OTtpumana cepeqiHsi KpUBa TeMIIEPaTypHOTO PEXKUMY JI03BOJINIA BCTAHOBUTH Tpa-
HUYHI TeMIIepaTypHi YMOBU JJIsl OLIHIOBAHHSI BOTHECTIMKOCTI OrOPOKYBAIbHUX OYIi-
BEIbHUX KOHCTPYKIIiN 3aXUCHUX CIIOPY/ [ TpaHchopMaTopis.

OTxe, pe3yabTaTH JOCTIIPKEHHS MAIOTh SIK MPAKTUYHE, TaK 1 METOI0JIOTIYHE 3HA-
YeHHs. 3anpoNOHOBaHUNW MOJU(IKOBAaHUM BYIJIEBOAHEBUN TEMIIEpAaTypHUN pEXUM
MOK€ OyTH BUKOPHUCTAHUU JUIsI MPOEKTYBAaHHS Ta PO3PAaXYHKY BOTHECTIMKOCTI KOHC-
TPYKIiil TpaHC(HOPMATOPHUX MPHUMIIIEHD B 3aXUCHUX CIIOPYJaX, a TAaKOX VIS YAOCKO-
HAJICHHS HAI[lOHAJTbHUX HOPMATHBHUX JOKYMEHTIB y YACTHHI BU3HAUEHHS PO3PaxXyHKO-
BUX TEMIIEPATYPHUX PEKUMIB MMOXKEXKI Y CIELIaAIbHUX 3aXUCHUX CIOPYax.

8. BucHoBkH

1. Y poGoTi BUKOHAHO OOTPYHTYBaHHS TEMIIEPATyPHOTO PEKUMY TIOKEXK1 Ha Tpa-
Hc(opMaTopax, PO3TAMIOBAHUX Y 3aXUCHUX KOHCTPYKIiAX. [IOpiBHSHHS OTPUMAHOTO
TEMIIEPaTYPHOTO PEXUMY 3 YNHHHUMH CTaHIapTH30BAHUMHU TEMIIEPATYPHUMH pEKUMa-
MU (CTaHJAPTHUM Ta BYTJIEBOJHEBHMM) MOKA3aJo, IO ICHYIO4l BUMOTH (OPMYIOTh CYT-
TEBO JKOPCTKIIIMKA TEIUIOBUH BIUIMB. 30KpeMa, 3TiTHO 3 HOpPMAaTHUBaMH, TeMIlEpaTypa
Moxe jgocsratu moHan 1100-1200 °C npotsrom mepiux 10—15 XBUIKH, TOdI SIK PO3-
PaxyHKOBI 3HQUEHHS JIJIsl PEaJIbHOTO PO3BUTKY MOKEX1 TpPaHCPOPMATOPHOTO MAcCTHIIA B
3aMKHYTOMY MPOCTOpPi € HIKUYUMU Ha 15-25 % y mouaTkoBuii nepion ropinus. Bera-
HOBJICHO, 1110 3aMKHEHICTh 00’ €My Ta 0OMEXEHHI MPUTIK KUCHIO 3HIKYIOTh IHTCHCHB-
HICTh TOPIHHS 1 MIBUJIKICTh €K30TEPMIYHUX pEaKliiid, 110 BIUIMBAE Ha (HaKTUUHY HOpMY-
Ty TEMIIEPaTYPHOTO PEKUMY TTOKEKI.

2. OOrpyHTOBaHO CIieHapii BAHUKHEHHS Ta PO3BUTKY MOXKEX1 ISl TpaHchopmaTo-
PiB y 3aXMCHUX KOHCTPYKIISX, IO JO3BOJIWIO COPMYBATH apryMEHTOBAHUN MIAXI A0
BHU3HAYCHHS MapaMETPUYHOTO TEMIIEPATYpHOTO PEXHUMY MOKexki. Ha ocHOBI aHamizy
TEIUIOBUAUICHHS] MAaCTHIJIa, YMOB BEHTHJIALIT Ta T€OMETpii CIOpyAn OTPUMaHO MOAU(Di-
KOBaHHUI BYTJICBOJHEBUI TeMIEpaTypHHUM PEXUM, SKUN Kpalle BiANOBiNA€ peaTbHUM
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yMmoBaM. Po3paxoBaHy KpUBY XapaKTepU3ye MIBUALINKA MOYATKOBUI MPUPICT TemIepa-
Typu (mpubnuszzo 10 900 °C-1000 °C).

OTpumMaHi pe3ynbTaTu I'PYHTYIOTHCS Ha MOJEINI 13 BU3BHAYCHUMHU T'€OMETPUUYHUMU
napaMeTpaMu MPUMIIIEHHS Ta PO3MIpax Mpopi3iB B HOro OropoKyBaJIbHUX KOHCTPYK-
1isx. Mojenb He BpaXxOBYy€e MOKIIMBE PYWHYBAHHS 3aXHUCHOI CIIOPYIH TpaHCcpopmaTopa.
Ile Moxe mpHU3BECTU A0 BIIXWIEHb MIK PO3PAaXyHKOBHMHM Ta PeaIbHUMH TEMIIEpaTyp-
HUMU PEKUMaMHU.

3anpornoHOBaHUN MIAX1] TI03BOJIsSIE KOPEKTHIIIE OI[IHIOBATH BOTHECTINKICTH KOHC-
TPYKILIH 3aXUCHUX CIIOPYJ TpaHC(HOPMATOPIB, YHUKATH HAJMIPHOTO 3aBUILIECHHS BUMOT
70 MaTepiamiB Ta 3abe3leuyBaTd MiJBHUINCHY 1H)XXCHEPHY HAJIMHICTh 3 ypaxyBaHHSIM
pEaIbHUX CIICHAPITB MOXKEK.
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JUSTIFICATION OF PARAMETRIC TEMPERATURE REGIME IN TRANSFORMER
PROTECTIVE STRUCTURES

The research results demonstrate that under conditions of Russian aggression, the implementation
of modern approaches to limiting the spread of fire on transformer equipment is one of the priority tasks
of protecting the country’s economy and national security. A calculation scenario for studying the tem-
perature regime during a fire on a transformer located in a protective structure was selected, and was
conducted using two scenarios for the occurrence and spread of fire. Calculation models were built for
the study. The results of the theoretical study demonstrate temperature changes in the protective struc-
ture during transformer burning according to data from a temperature sensor installed at heights of 1 m,
10 m and 18 m above the place of combustion. when the protective structure does not have an automatic
fire extinguishing system and in the case when the protective structure has an automatic fire extinguish-
ing system. The results obtained showed that with the presence of an automatic fire extinguishing sys-
tem in the protective structure, a certain decrease in temperature is observed after the two hundredth
second of the study, which is explained by the cooling of the building structures of the protective struc-
ture by water flows, To substantiate the temperature regime during a transformer fire, the conditions of
the greatest impact of temperature on building structures were assumed. Statistical processing of the
research results was carried out. The results of a study on the justification of a modified temperature
regime during a fire on transformers located inside protective structures are presented. which is advisa-
ble to use in the future to assess the fire resistance class of building structures of such protective struc-
tures and establish a standardized time during which building structures of protective structures must
withstand the effects of a modified temperature regime. Suggestions are provided for further research in
this direction.

Keywords: fire resistance, fire resistance limit, fire resistance class, temperature regime, trans-
former, critical infrastructure
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