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BIAT'YK

odiuiiiHOro oOmnoHeHTa AOLEHTA kadeapu €JEKTPHYHOr0 TPAHCHOPTY
XapkiBebKOro HaliOHAJLHOIO YHIBEPCHTETY MiCHLKOr0 rocmnojapcTBa iMeHi
O. M. BekeroBa, 10KTOpa TexHiYHHX Hayk, fryn Kartepunu BanepiiBHu Ha
auceprauiiiny podory «JlocimifzKeHHs] NPHYHH 3HHKCHHSA TepMiHy CJIyKOH
i3onsnii ACHHXPOHHHX ABHIYHiB Hampyroto o0 1000 B», npeacraBJjieHy
Bacmienko Cepriem BikropoBuyemM Ha 3100yTTsl HAayKOBOro CTymeHsl
KAaHAMIATA TeXHiYHHX Hayk 3i cneuiaabHocti 05.09.03 — eJ1eKTPOTeXHivHi
KOMILIEKCH Ta CHCTeMH 10 cnenmiamizoBanoi Buenoi pamn JI 64.832.01
XapkiBchbKOr0  HALIOHAJIBLHOIO  TEXHIYHOIO yHiBEpCHTETY  CLIbCHKOIO
rocnogapersa imeHi Ilerpa Bacuienka

AKTyaJbHICTH POGOTH AHCEPTANIT

PoGoTa acWHXpOHHHX JBuryHiB (AJ[) moB’s3aHa 3  eIEKTPUYHHMH
pEXUMaMH, SIKI MaloTh CyTTEBHU BIUIMB Ha CTPOKH HOPMAJIBHOI iX eKCILTyaTarlii.
Bararo BUpOGHMYMX TEXHONOTIYHHX TIPOLECiB BiAOYBA€ThCA B yMOBAX,
HECIIPHUSTIMBEX s i30isuii o6mMoTok AJl, siKi IpaliOIOTh B yMOBax PYHHIBHUX
¢bakTOpiB HABKOJIMIIHHOTO cepe/loBHINa, IO SKHX MOXHA BIJHECTH MM B
TEXHOJIOITYHMX NPUMiLICHHSIX.

BIUIHB eeKTPHYHEX PEKUMIB Mepexi (HecHMeTpil Ta BiIAXUIICHHA Harpyry)
i (hakTOpiB HABKOJIMIIHBOIO CEPEOBHINA MPU3BOAUTEL N0 IPUCKOPEHOro 3HOCY
3omsmii o6motok AJl. B pesynbrari BUHHKAlOTh BHUTKOBI 3aMUKaHHSA pi3HOTO
cTymeHs aBapiiiHOCTI. Tak, 3aMMKaHHs HEBEIHKOI KIJIBKOCTI BUTKIB CYTTE€BO HE
BIUIMHE Ha pobodi xapakTepucTuku A/l, ane yTBOpeHe KOPOTKO 3aMKHYTE KOJIO
[IOYHe PO3irpiBaTy i pyHHyBaTH i30JIAIiI0 CYCIIHIX BUTKiB. Takuii BIUIUB 3 4acCOM
npu3Beie A0 MibK(asHUX 3aMHKaHb abo 3aMHKaHb Ha KOpIYC, L0 BHKIHKAE
aBapiiiny 3ynmuHKy AJl i mOpyIIeHHS TEXHOJIOIIYHOrO IPOLECY. 106 yHUKHYTH
aBapiliHoi cuTyawii TpeGa CBOE€YAaCHO BHSBUTH IOYATOK PO3BUTKY YILIKODKEHH.
[le HEMOXIMBO peallisyBaTd 4Yepe3 iCHylode TeXHiuHe OOCIyroBYBaHHI IIO
rpadikam IIAHOBHX PEMOHTIB.

BifcyTHICTP KOMIUIEKCHOTO migxoay [JO BHBYEHHS BIUTMBIB  SIKOCTI
eJIeKTPUYHOI eHepril CyMiCHO 3 HABKOJIMIUHIM Cepe/IOBUIIEM SIK €MHOr0 IiJIOTO, €

OJIHI€IO 3 IPHYMH BUHUKHEHHsS] HEIPOrHO30BAHHUX BIAXHUJICHD B HOpMaJIbHi} po6oTi
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AJl. ToMy pO3BHTOK Ta [ifBUIICHHS e(eKTHBHOCTI CHCTeM [IarHOCTHKY,
KOHTpOJIO Ta 3axucty AJl mix 4ac eKCIUTyaTallil sBIsLe COO0I0 aKTyallbHy, HayKOBO
[PaKTUYHY 3aJady.

Tema mucepTaliiiHOi POGOTH MOB’s3aHA i3 3aTalbHAMH VKpaiHCBKUMU
HAYKOBMMH TIPOTpaMaMu: MocTaHoBoko IIpesnpienta HanionanbHoi akajeMii HayK
Vkpaiau Bix 25.02.09 p. Ne55 «OCHOBHI HayKOBl1 HaIIpPSIMKH, HalBaXKJIBILLI
npobieMu QyHIaMEHTAIBHAX AOCIIUKEHD y rajqy3i OPUPOAHMYMX, TEXHIYHHX 1
rymaHiTapHux Hayk Ha 2009 —2013 pokm»; MOCTaHOBOIO Ka6inery MiHicTpiB
Vxpaiau Big 08.09.2015 p. Ne 684 «[IpiopuTeTHI HampsMH PO3BUTKY HAYKH 1
texHiku Ha nepion 10 2020 poky»; MOCTaHOBOIO Ka6inery MinictpiB Ykpainu Bif
23.08.2016 p. Ne 556 «Ilepemnik IpiOpUTETHUX HANPSMIB HAYKOBHX JOCIi/DKEHb i
HAYKOBO-TEXHIYHMX PO3pOOOK Ha mepiof 1o 2020 poky».

3a mrapamu HJIP TIpHa3oBCHKOrO [EpXKaBHOTO TEXHIYHOTO YHIBEPCUTETY
Oyna BUKOHaHa pobora: «MOHITOPHHT PEXMMIB €JEKTPHIHIX MEPEX, BiM SAKMX
JKUBJISATHCS TIePEBaHTAXYBAIbHI MAIMHK JPYTOro IepeBaHTaxyBalbHOTO paiiony
Ta BYTUJIHOTO MePEBAHTAXyBAIbHOIO KOMILIEKCY» HOMEP JIP 0116U007129.

HaykoBa HOBH3HA OTPHMAHMX Pe3yJIbTaTiB MOJAra€ B TOMY, IO B i
poo6oTi:
— BIeplle PO3pOOJICHO METOAWKY BHSIBICHHS BHTKOBOIO 3aMHKaHHA B

o6Mmoti cratopa AJl Ha paHHil CcTaiii HpU HEBEIUKiH KIJIBKOCTI 3aMKHEHHX
BUTKiB, KMl BiAPI3HAETHCA OIHOYACHHM YPaXyBaHHSM BiIXHJICHb HAIpYyr IO
¢azax AJl i 3MIHEHOro Omopy B 0oOMOTIII 3 BUTKOBHM 3aMUKaHHSAM, IO Ja€
MO>KJTHBICTb 3aOGICTH PO3BHTKY IOMIKODKEHD 1 II0sIBi aBapiiHOi cuTyailii;

— BIepie 3alpONOHOBaHi AIarHOCTHYHI KpWTepii, sIKi JO3BOJISAIOTH 34
3MiHOKO TOBHOTO OIIOPY OOMOTKH CTaTOpa BU3HAUHMTH KiJIbKICTh 3aMKHEHMX BUTKIB
P HAMOTIIi OGMOTKHM OXHMM IpPOBiJHHKOM, i KiIBKICTH 3aMKHEHMX BUTKIB B
napasebHIX MPOBiIHUKAX IIPY HAMOTII OGMOTKH ABOMA i OilbIle MapanebHIMH
IIPOBITHUKAMH;

- BIleplle 3aIPOIIOHOBAHO METOJ TEMIIEPaTyPHOTO 3aXUCTy OOMOTOK All1

BU3HAYEHHS TOBIIMHM IUapy Iy HA TOBEPXHI i30MALil, SKWH BiAPI3HAECTHCA
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CTIOCTepEeXKEHHSAM 3a DIi3HHIEI0 IOKa3aHb IBOX TEMIEpPATypHHX naBadiB, sKi
BCTAHOBJIEH] HA JTOGOBHUX YacTHHAX OOMOTOK, IO J03BOJISE€ BU3HAYUTH TOBIIMHY
mapy MHTy Ta NPU JOCATHEHHI KPUTHYHOTO piBHS TOBLUMHH Iy CHOpMYBaTH
aBapiifHMI CUTHAJ 1010 HEOOXiAHOCT] POBE/ICHHS npodiTaKTHIHAX 3aXO0AIB;

— YIOCKOHAJEHO PiBHAHHS TEILIOBOI Mmozeni, ska posrmimae AJl sk
OIHOpiJHE TLJIO, KA BiIPi3HAETBCS ypaxXyBaHHIM BiJIXWJIEHb HApyrd mo (asax i
HecUMeTpUYHUX onopiB ¢a3 AJl, BUKIHKaHUX HasBHICTIO BUTKOBHX 3aMHKaHb a00
HESKICHAM PEMOHTOM.

IIpakTHYHA 3HAYYILICTH POOOTH

Po3po6iieHa MaTeMaTH4Ha MOAENb, 5Ka N03BOJIE B npoueci eKCILTyaTawil
AJl BUSBISTH BATKOBI 3aMuKaHHS 4—10 % BUTKIB Ha PaHHi# cTafii iX yTBOPEHHS,
B yMOBaX HECHMETPHYHMX HAmpyr JKMBJICHHS, INO J03BOJIE 3armo0irTu
BUHHKHEHHIO apapiifHoi cuTyawii, Moxe OyTH BHKOpUCTaHa B MNPHUCTPOIX
HepyIHIBHOrO KOHTPOJIIO 1 3aXUCTY eJIEKTPOIBUTYHIB.

Po3po6neHo Croci0 KOHTPONIO Ta TEIIOBOTO 3aXHUCTy AaCHHXPOHHHX
JIBUTYHIB, SIKi IIPallOOTh B arpeCHBHOMY Cepe/lOBHILi, OCOONMBICTIO SKOro €
ONHOYACHE BHUMIPIOBAHHS TEMIIEPATYp BEPXHBOI i HIDKHBOI 71000BO1 YaCTHHHU
0OMOTKH CTATOpa, 33 Pi3HHUIIEI0 OTPHMAHUX JaHUX POOUTHCSA BUCHOBOK IIPO T€, IO
Mag MicIie CTpyMOBE TIepeBaHTaXEeHHs a00 MOKPUTTS. OOMOTKH IAPOM IHILY.

P03pOGIEHO aITOpUTM 1 NpOrpamMHe 3a0e3nedeHHS i IiarHOCTUYHOI
CHCTeMH KOHTpomo Ta 3axucty AJl, sika GesrnepepBHO 3MiHCHIOE MOHITOPHHT
piBHIB HampyT, Ga3HUX CTPYMiB, YaCTOTH MEPEXI 1 00epTiB eNeKTPOABUIYHA, IO
JI03BOJISIE CBOEYACHO BUSBUTU IOYATKOBMH MOMEHT BUTKOBOTO 3aMUKaHHHA, THM
caMEM CBOEYAacCHO 3amobirTd  aBapiiiHidl cuTyawii, 1 3axmctutu AJl Bin
HETIOBHO(A3HUX PEXHUMIB 1 IPOBaJIiB HANPYTH KUBHIIBHOT Mepexi.

PesynpTaTu  aucepraniiiHoi — poGoTtu BUKOPHCTaHi Ha  IPOBIIHUX
MiANPUEMCTBAX, TAKUX SK: JlepkaBHe MiAIPUEMCTBO «MapiynoibCbKUI MOPCHKHUN
TOProBeNbHUN TMOPT» 3 PiYHMM EKOHOMIYHHM ebextom 124 239,4 rpH./piK;
«MapiynoibChKuil  CyJHOPEMOHTHHH Ta cyaHOOyMiBHHIT 3aBOZ» 3 pPIYHUM

exoHoMiuHAM edekTom 52 810 rpH./pik. B HaB4anbHuUH MHpOLEC A30BCBKOIO
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MOPCHKOTO {HCTHTYTY HaL[lOHAJIBHOTO yHiBepcuteTy «Oecbka MOPChKa aKaieMis»
ma xapenpi «lmxeHepil i TeXHOIOri» pe3yNbTaTH JHCepTaliifHol poOOTH
BIPOBAKEH] IUIIXOM BHECEHHS JONOBHEHb 10 Kypey neKkui Ta JabopaTopHUX
poGit 3 mucummiiH «EnekTpoTexHika Ta eNIeKTPUYHI MalIMHM» B PO3JALIaX
«[TpuHIMn Aii aCHHXPOHHOTO JABUTYHA Ta IOLIYK HECIIPaBHOCTEMN».

OGrpyHTOBAHICTB i AOCTOBIPHICTL HAYKOBUX MOJIOKEHD Ta BHCHOBKIB.

CrymniEb OOIPYHTOBAaHOCTI HAyKOBMX IOJIOXCHDB i BHCHOBKIB aucepTalii
MiATBEPIDKYETbCA ~ 3aCTOCYBaHHAM  Cy4acHHX METOAiB  JOCHiDKeHHS 1
CTATHCTUYHOIO OOpOOKOI0 OTPMMAaHHWX JaHUX, IO B CYKYITHOCTI JIO3BOJIMJIO
3100yBauy OJepXKaTh HOCTOBIpHE YSBICHH BiTHOCHO 00’€KTy IOCII/DKEHHS 1
#oro BIACTUBOCTEH. Pe3ynbTaTH HOCHIDKEHb HE BXOIATH Y IpOTHpiYYs 3
iCHyrOUMMH JaHUMH.

[TpakT4Hi pe3yIbTaTH HiATBEPIXKEHO aKTaMH BIPOBAKCHH.

AmHaJi3 3micTy AucepTauii

IlucepTallis, siKa MOJAaHA Ha BIATYK, CKIAJa€ThCA 3 aHoOTAallil, MepeiKy
YMOBHUX [O3HA4€Hb, BCTYILy, YOTUPBOX pO3JIiMiB, 3arajlbHAX BHCHOBKIB, CIIMCKY
BUKOPHCTAHUX JKeped i nomartkis. lloBHMiH obcsr mucepramii cknagae 163
CTOpiHKM, BOHa MICTHTh 37 DHCYHKIiB IO TEKCTY, 34 tabnuui mo Tekcty, 99
HaliMeHyBaHb BUKOPHCTaHHX JuKepel Ta 7 IoAaTKiB Ha 17 CTOpIHKax.

Y nepumomy po3aiii HpOBelIéHO aHajli3 TNPUYUH 3HWKEHHS CTPOKY
excruryaranii AJl. ITokazano, mo Bnnnﬁ na AJl pyitHiBHUX (aKTOpiB Mepexi i
HABKOJIMIIHBOTO CEPENOBHINA IIPU3BOAUTH [0 3arajbHOr0 Ta JIOKAIBHUX
TmeperpiBiB  sKi CIOHYKalOTh BUHHUKHCHHS BHUTKOBHMX 3aMHKaHb. Kpim ToOTIO,
samukaHHg 4—10 % BUTKIB CYTTEBO He BIUIMHe Ha poboui mapamerpu AJl, ane
oTpoxy Oyze pyHHyBaTH i3011iI0 CycimHix BUTKIB. Lle BuK/MKae HEeOOXiIHICTh
KOHTPOJIIO Ta TIPOTHO3yBaHHS HOro CTaHy B MNPOLeEC HOro pobOTH, a TaKOX
3amOGIraHHsl PO3BHMTKY TOLIKOJDKEHHS HA TOYATKOBIM cramii. Jlns 1mporo
IIPOAHANI30BaHO ICHYOYi METOAHM i CmocoOU BUSBICHHS BATKOBOIO 3aMUKAHHI B
o6motkax AJl. ITokasaHo, IO BiACYTHICTh KOMIUIEKCHOTO MIAXOMY 10 PO3PaxyHKy

cTpyMiB B (asax AJl nmpu BUTKOBOMY 3aMHKaHHi 6e3 ypaxXyBaHH: SAKOCTI HampyTy
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Mepeki, € MPUYMHOI0 IOSBH IOMUIOK B BU3HAUEHHI ITOYATKOBOI'O MOMEHTY
BHTKOBOTO 3aMHKAaHHS B OOMOTLi cTaTopa. PillleHHS MOCTABICHUX npo0eM
MOYIMBE 33 PAaXyHOK YAOCKOHAJEHHS ICHYIOYMX Ta pO3pO6KH HOBHX METONIB
HepyWHIBHOTO KOHTPOIJIIO poGotu AJ[ B yMOBax mpari 3 HESKICHOI
eJIeKTPOEHEPTIi€I0 MEPEXi 1 arpeCHBHAM HABKOJIUIIIHIM CEpEIOBULLIEM.

Y napyromy po3aijii pO3ITIAHYTO TPUHHHH BIIXWIEHHS B pO3paxyHKaX
CTpyMiB NpY BUTKOBUX 3aMHKaHHSX, 3alIPONOHOBAHO HOBY MaTeMaTH4Hy MOJCIb
pO3paxyHKy CIpyMiB B (Qasax AJl mpu BHUTKOBMX 3aMHMKaHHSX B Mepexi 3
HECHMETPUYHOIO HAIIPYTOXO.

JlaHuit po3Ai IPUCBIYCHHUN po3pobIi MaTeMaTHIHOT MOJIeNIi PO3paxyHKy
ctpymie mo ¢azax A/l mpu HASBHOCTI Takux (aKTOpiB, K HECHMETpis |
BiIXWJIEHHS Hampyr B MEpEXi KUBICHHS, HecUMETpii MOBHUX OMOPiB OOMOTOK
AJl, BUKIMKAHHUX HAsBHICTIO BUTKOBMX 3aMHKAHb. OrpuMaHa MaTeMaTH4Ha
MOJIENIb JIO3BOJISIE BUSBIATH 1OYATKOBHI MOMEHT BUTKOBOTO 3aMuKaHHA 4—10 %
BUTKIB, 110 00OYMOBJIEHO TOYHUM BU3HAUCHHIM IapaMeTpiB CXeMHU 3aMilleHHS ALl
{ oCTiliHMM KOperyBaHHSM iX 3Ha4eHb B MPOLEC] eKcILTyaTallii.

JlogaTKoBHil HAarpiB i301sUil BUKIHKAE BiIXWJICHHS 1 HECUMETpis HampyT, a
Taxok mucbanaHc (asHUX ONOpiB OOMOTKH CTaTopa. Ha 6a3i po3pobieHol
MaTeMATHYHOI MOJIENi PO3PaxyHKYy CTPyMiB IPH BHUTKOBHX 3aMHKaHHIX OyIno
BIIOCKOHAJIEHO TEIUIOBy MOJeNb HarpiBy isomsmii, sxa mpexacraBnse AJl AK
OJIHODIIHE TiNIO.

Tperiii po3aia MPUCBIICHUH BUpIILEHHIO 33714l BIUIUBY LIapy MUY, SIKUHA
ocizae Ha J06OBiif YacTHHI OOMOTKH CTaToOpa, Ha JOKaJIbHI TEIUIOBl NPOLIECH B
i30omsii 06MOTKM Tix 1uM mapoM. OTpHMaHo 3aJIeKHICTh OJATKOBOTO HarpiBy
{30/1s111ii 71060BOi YacTHHH OOMOTKHM B QYHKLi TOBIIMHHU IIApy ITATY. B mpomeci
ocijaHHs MPOBIAHOIO MY Ha 0GMOTIIi, KOJI¥ IIPUCYTHIM 3HOC i30IsL1li, BUHUKAE
pi3HMIA TIOTEHL{aniB Ha MOBEPXHI, AKa NPU3BOAUTE 10 NpOTiKaHHs TOBEPXHEBHX
CTpyMiB, KOTpi BHAUIAIOTH TEMNO, SKe MPUCKOPIOE crapinHs izomsii. 3a

JOIIOMOTI'0O1O po3po6J1eH0r0 JaTyhKa IIOBerHeBO'I' HpOBi)_'lHOCTi, BCTAHOBJICHO, 11O
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IIpY 3BOJIOXEHI IPOBiIHOrO MHIY HOro MOBEPXHEBA IPOBIHICTh 3MIHIOETBCS HA
10—13 % i He 3aJI€XHUTh BiJ TOBLIMHHY LIapy MHTY.

Y 4yeTBepTOMY PO3/iJi MPEICTABIEH] TexHiuHi pillleHHs], sKi po3poOIeH] Ha
6asi pes3ylbTaTiB TEOPETHYHUX OCIIDKEHb, IO J03BOIMIH BCTAQHOBUTH, HOBI
3aKOHOMIPHOCTi BHUSBICHHA 1 po3mi3HaHHS JePEKTIB, MiBHUIMUATHA HIBUIKOMIIO 1
4yTIMBICTh  TEXHIYHHMX  3aC00IB  KOHTPOIIO mapaMeTpiB  pO3Ii3HaBAHH
TepeaBapiiHuX CHTYaliH.

Po3po6iieHo croci6 AiarHOCTUKU Ta 3aXUCTY AJl B pexXuMi peabHOro 4acy.
TpucTpiif AiarHOCTyBaHHS i 3aXHCTy oOMOTOK A/l, MPalIOIOYUX B 3AAJICHOMY
CepelOBHII, 3aCHOBAHUH Ha KOHTAKTHUX BUMIpax TeMIEpaTypH 71060BOI YaCTHHU
06MOTKH cTaTopa, 06pobLi OTPHMAaHUX JaHHX 1 BimkmodeHi AJl Bix Mepexi Ipu
IIepeBHIIEH] TeMIepaTypH BHILE JOIyCTUMOI. Ocob6nuBicTh crIoco0y € oHOYacHe
BHMIpIOBaHHS TEMIIEPATyPH BEPXHBOI JIOGOBOI YaCTHHY 0OMOTKH Ta JiaMeTpalibHO
IPOTHIIEKHOI HIKHBOI YaCTHHH, IOCTiliHe NOPIBHAHHA OTPUMAHHIX pe3yJIbTaTiB 1
3a 1X Pi3HHIEI0 POOUTHCS BUCHOBOK PO JIOKaJIbHE 3allAJICHHS 0OMOTOK THIJIOM 200
3araJIbHAM [IEPErPiB eNEKTPOABUIYHA.

Jlns [aiarHOCTYBaHHS BMTKOBHX 3aMHKaHb, HENOBHO(A3HUX PEXHUMIB 1
TOKOBHX [I€peBaHTAXKeHb PO3POOIICHO arOPUTM POOOTH, KOMII'IOTepHA NporpaMa
Ta Gnok-cxema mnpucTtporo 3axucry AJl. Ilpuctpiit no3Bose JiarHOCTyBaTH
IOYATKOBMI MOMEHT BHTKOBOTO ~3aMMKaHHS B CTaTOPHMX  OOMOTKax
eNeKTPOJBHTYHa, B SKOMY O€3IEPEpBHO 3IiHCHIOETHCS MOHITOPHHT piBHIB
HAIPYTH Mepexi, pasHux CTPyMiB, 4aCTOTH MEPEXi i 06epTiB eeKTPO/IBUIYHA.

V [0AaTKaxX [PEACTaBIeHO aKTH BIPOBAUKEHHS Pe3yJbTaTiB pO3poOKH 3a
TEMOIO JTUCepTaLil.

BianosiauicTs auceprauiiinoi po6oru Bumoram MOH VYkpainn.

Jluceprallis € HAyKOBAM PYKOIIICOM 3 JIOTiYHOIO 1 YITKOIO CTPYKTYPOIO,
SKWIi Ma€e BiAMOBifHE PO3OUTTS HAa PO3ALNM Ta HANMCAHUKM IPAMOTHOIO HAyKOBO-
TexHiYHOW MOBOW. Jlucepraiis pereqbHO OQOpMIIEHA 1 HANSKHUM HYHHOM
MPOLTIOCTPOBAaHA.

Iy6aikauii 32 TeMoI0 AMcepTauil










