AHOTALIIA

BpaxoBytoun kypc VYkpainu Ha mepeOynoBYy €HEPreTUYHOrO CEKTOpY B
HANpSMKY "3€JeHOi" eHepreTUKH, opratizaiis Ta (yHKIIOHYBaHHS €HEPreTUIHOTO
PUHKY BHUCTYNA€ KIIOYOBUM  MUTAHHSAM. 3a0e3MeyYeHHS CTaJoro BHUIOOYTKY
CJICKTPUKH 3aCTOCYBaHHSM BIiJHOBIIOBaHUX JoKepenax eHeprii (BAE) 1 6e3
3HAYHUX TEpepB B il MOCTayaHHI BHACIIJOK BUHUKHEHHS aBapiiHUX PEKUMIB Y
CJIEKTPUYHIN MEPEXi € AKTYAJIbHUM MUTAHHSIM.

I'any3pb 3acTocyBaHHs - abTEPHATHBHA BITPOCHEPTEeTHKA.

O0'exT HOCiIKeHHS - MaTEMAaTU4YHA MOJEIb CHHXPOHHOTO I'€Heparopa y
CTaH1 aBapiiHOTO KOPOTKOIO 3aMUKaHHS Horo Tpuda3zHoi 0OMOTKH, pO3TalIOBAaHO1
Ha CcTaTopi.

IIpenmert gociizKeHHS - BITOPOreHEpAaTOPHA €IEKTPUYHA CTAHIIiS.

Meta po00TH - BUKOHATH aHali3 poOOOTH reHepaTopa NOBITPSIHOI YCTaHOBKH
B aHOMAaJIbHUX yMOBaX, a caMe, Y YacTHHI MOXJIMBUX aBapiiHUX KOPOTKHX
3aMHKaHb Ha BHUXIJIHMX 3aTHCKayaX CHUHXPOHHOTO BITpOreHeparopa, fKi
BUHUKAIOTh MPU NOPYILIECHHI KaOeNbHOI EJIEKTPUYHOI MEPEXi, 10 MPUETHYE HOTO
JI0 BUIPSIMIISIYIB IUISIHKY PUAOMY BUPOOJIEHOT EIEKTPUKH.

B po0oTi BUKOHAHO MOJEIIOBaHHS 33Ja4: PO3PAXYHKY HIBUIKOCTI 1 TUCKY
MOBITpS, sike 000irae jomaTh reHepaTopa - Ha MiJCTaBi pimeHHs 3amavi Has'e -
Crokca, MO0 BCTAaHOBJICHHS WOro e(EeKTUBHOTO KyTa HAaXWIy TMpU 3MiHi
IIBUIKOCTI TOBITPS; BU3HAUEHHS CTPYMIB KOPOTKOTO 3aMHKaHHA Y MEpexi
YKUBJICHHS JI0 SIKOi MPUETHAHO T€HEepaTop Ha AUISHII BIJJATCHOI Bl Te€HepaTropa
Ta 0e3nocepeAHbO OUIs reHepaTopa; BU3HAYEHb CTPYMIB KOPOTKOTO 3aMUKAHHS Ha
caMOMY I'eéHepaTopi y JBOX PeKHUMaxX HOro podOTH - Ha XOJIOCTOMY XOJy 1 IiJT Yac
HaBaHTaKEHHA. Po3paxyHKH MOBeNH, IO aBapiiiHl peKUMU HE € KPUTUIHUMHU TS
oro poboTH, a mis 3abe3nedeHHs WOTro IITIICHOCTI, JOCTaTHbO HAWIMPOCTIIIOTO
IudepeHIiiiHoro 3axuMcTy 13 3aCTOCYBaHHSIM  TpaHC(OpPMATOPIB  CTPyMY.
JloJaTKOBO BHKOHAHO MOJICNIOBaHHS TEPEXiTHOTO MPOIECY Yy PO3MOALTBEHOMY
TpaHchopMaTopi, MO JO3BOJIUTH BCTAHOBUTH TMEPEAATOYHUN KOS(DIIIEHT YChOTO
JIAHIIOTa TeHEepaTop - Mepeka KUBJICHHI.

Marepianu IOCHIDKEHb € KOPHUCHHMH Y HaBUYaJbHOMY TMPOIECI MpH
MIArOTOBIN (haxiBIiB BIAMOBIIHOTO MPOLIIO.

3git nipo JI1I: 124 ctop., 12 tabm., 55 puc., 31 mxepen, 10AaTOK.



ABSRACT

Taking into account the course of Ukraine on the development of the energy sector
in the direction of “green” energy, the organization and functioning of the energy
market is a key issue.
Ensuring of sustainable electricity production using renewable energy sources
(RES) and without significant interruptions in its supply due to the occurrence of
emergency modes in the electrical network is an urgent issue.
The field of application- alternative wind energy.
The object of research is a mathematical model of a synchronous generator in the
state of an emergency short circuit of its three-phase winding located on the stator.
The subject of study is a wind turbine electric power plant.
The purpose of the study is to perform the analysis of air installation generator
operation in abnormal conditions, namely, in the conditions of possible emergency
short circuits on the output terminals of the synchronous wind generator, which
occur when the cable electrical network that connects it to the rectifiers of the
generated electricity receivingarea is disturbed.
In the study, the simulation of the following tasks was performed: calculation of
the speed and pressure of the air that runs around the generator blade - based on the
solution of the Navier-Stokes problem, regarding the determination of its effective
inclination angle when the air speed changes; determination of short-circuit
currents in the power network to which the generator is connected in the area
remote from the generator and directly near the generator; determination of short-
circuit currents on the generator itself in two modes of its operation - at idle and
during loading.The calculations proved that emergency modes are not critical for
its operation, but to ensure its integrity, the simplest differential protection using
current transformers is sufficient. In addition, the simulation of the transient
process in the distribution transformer was performed, which will allow to
determine the transmission ratio of the entire generator - power supply
networkchain.
The materials of the study are useful in the educational process of relevant
profilespecialists training.

Report on GP: 124 pages, 12 tables, 55 figures, 31 sources, 1 appendix.
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BCTYII

OxopoHa HABKOJUIITHHOTO CEPEJOBHINA IOCTA€ BCE OUIBII aKTyaJbHUM
3aBJAAHHSAM 3 pIKy Ha piK. 3BIACM HAWBAKIUBIIIUM [OCTAIOTh MUTaHHS
3aCTOCYBaHHS albTEPHATUBHUX JDKEpPEN €Heprii, A0 SKUX BIAHOCUTHCS 1
BITPOCHEPreTHKA.

3anouyatkoBaHa B Ykpaini JATOK (enmeprernuna kommanig) 1 JlaTchka
KomnaHis Vestas, cBITOBUH mifiep y BHUPOOHHUIITBI BITPOBUX TYpOiH, CKJIaTu
JIOTOBIp Ha OYJIBHHUIITBO MEpIIOi 4Yeprd TUIryJbChbKOi TMOBITPSAHOI TeHeparlii
EJIEKTPUKHU NOTYXHIcTI0 126 MBT1*pik y MukonaiBcbkuil o0nacti. @iHaHCYBaHHS
NEePIIOi YePryu IIaHY€eThCA 13 KOITIB, oTpuManux y 2019 pori B HacnioK BUITYCKY
3eneHux epooOmiramiit. Ileit mpoekt crane mitounm kpokom ['pymu JITEK mo
JOCSITHEHHIO BYTJIELIEBOI HEUTpaIbHOCTI (ekapOoHizaiii) 10 2040 poky 1 BHECKOM
VYkpainu y peamizamito eBponeiicbkoi mporpamu  Green Deal. Ha JITEK
Tinirynscekoi moBiTpsiHOi enekTpuuHoi craniii ([IEC) Oyayte BcTaHOBIEH1
iHHOBaIiitHi onshore- moBiTpsiHi TypOiHuM kommanii Vestas. Ili TypOiu 3matHi
MaKCHUMI3yBaTH BHUI00YTOK €JIEKTPUYHOI €HEprii IpH c1abKoMy MOBITPI.

BinnomnroBanbHa eHepreTvka (aHri. renewable energy) — 1e ramysb
CHEPreTUKH, METOI0 $KOi € TONIyK, OTPUMAaHHS Ta BUKOPUCTAHHS EHEprii 3
BIJIHOBIIOBaHUX Jkepen eHeprii [1]. BignosmioBani mxepena eneprii (BJIE)
3MaTHI TOHOBJIIOBATHCS caMOCTIMHO [2]. BigOyBaeTbcs Take MOHOBJICHHS
OpUPOAHUM TIIsXoM. Jlo TPUPOAHUX JKEpeNl eHeprii BITHOCSATh: COHSYHY
€HEPTilo, EHEeprilo BOAM, BITPY, OpraHiuHy O6iomacy Ta iH. To0To, CyTh moJiirae B
TOMYy, IO BIJHOBJIIOBAJbHY EHEPril0 HEMOXJIMBO BHUKOPUCTATH TOBHICTIO B
JIOBIOCTPOKOBIN MEPCHEKTUBI. Sk MpUKIIaa, MOKHA MOPIBHATA Ha(PTYy 3 €HEPri€io
conis. Hadra — e kopucHi KonanvHu, siki (GOPMYIOTHCS MiJ 3€MJICI0 MPOTATOM
0aratb0X CTONITh, B TOM K€ YaC COHIIE — II€ KOCMIYHE TUIO, SK€ IIOCEKYHIU
BUTIPOMIHIOE KOJIOCAJIbHY KUTBKICTh €HEprii, a B KOCMIYHUX MaciTabax 3ipka
HaIIOi COHAYHOI CHUCTEMHU BBAXKAE€THCS MOJIOJIOI0, TOXX BUIIPOMIHIOBAHHS €HEpPrii
Oyne TpuBaTtH me OaraTo MuUIbHOHIB pokiB. ToOTO, HapTa — CHpPOBHHA, SKa B

JIOBFOCTPOKOBIN TMEPCIEKTUBI MOXE 3aKIHYUTHUCh, a i 11 TIOHOBJICHHS
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3Hago0uThCs yac. COHIlE — JPKEpENo eHeprii, sike HEMOMJIMBO BUYEPIIAaTH Tak, SIK
Ha(Ty, a0 1HII BUAU TPAIUIIHHUX JHKEpen eHeprii (ra3, Byruwis). IcHye nekinbpka
BU/IIB BIIHOBJIFOBAJIbHUX JIPKEPEJ ICKTPOCHEPT1i: COHSAYHA CHEPris; CHEPTis BITPY;
BOoAM (TiIpOEHEpreTHKa); reoTepMaibHa €HEpTis; po3CisHa TeljoBa €HEeprii Ta
eHepris 6iomacu [3]. TpanuiiiiHo y HayKOBUX JDKEpesiaX BHAUISIIOTH TPU BUIU:
€HEpris COHIIS; €HEprisg 3eMJll Ta €Hepris, Ky MOKHa OTPUMATU 3a JOIIOMOTIOIO
pyxy minaHetu [4]. Jns mpakTUYHMX LiJeH BiTHOBIIOBAJIBbHI JDKEpena €Heprii
MOAUISIOTh Ha JIBl TPYIIU:

1. HeTpaauuiiiHi BiAHOBIIOBaHI Jykepena eneprii 1-i rpynu (HB/E-1), no
CKJIaJly SIKOi BITHOCSITh €HEPTiI0 COHIIS, BOAM, T€OTEPMaJIbHY, BITPY TOIIIO;

2. HeTpaJulliiHI BiHOBIOBaH1 mkepena 2-1 rpynu (HBJIE-2) moennyrothb
€HEprilo, OTpUMaHy 3 OlomacH, MPOAYKTIB ii mepepoOKH, MOOYTOBHUX BIJIXOJIIB
tomio [5].

Otxe, icHye 3HayHa KUIBKICTh BHJIIB Ta MIABUIIB BiJHOBIIOBAIBHUX JIKEpEI
€HEeprli.

Cnig 3a3HAYWTH, 110 BIAHOBIIOBAHA CHEPreTMKa Ma€ 1 TMO3UTHUBHI, 1
HEeraTuBHI pucH. /o HETaATUBHUX MOYKHA BITHECTH T€, [0 TYCTUHA €HEPTeTUIHOTO
noToky Big BJIE € manoto Ta HeogHaKOBOIO Il pi3HUX BUAIB eHeprii. Hanpukian,
I'yCTUHA €HEPIeTUYHOrO IIOTOKY COHSYHOI eHeprii ckiamae 1,36:10° MBt/m? |
reorepManbHoi — 3-10° MBT1/M? , rycTuHa BITpPOBOi €HEprii PH MIBUIKOCTI BiTPY
B 10 m/c cknagae 6-10% MBt/M? , B To# wac, Koyuu el ke mokasHuk y AEC
cknanae 0,2 MB1/M? . To6T0, icHye aucbanaHc Ta 3aJeXkKHICTh BiJ HPUPOIH Mixk
MOXJIMBOCTSIMM TE€HEpPYBaTH E€HEPrit0 JUIsl KUTTEAISUIBHOCTI Ta MOCTIHHO
3pOCTalOUMMU NMOTpedamMu JTOACTBA. AJle 3 KOKHUM KPOKOM PO3BUTOK TEXHOJIOT1H
BUPOOHMIITBA, HAKONMWYEHHs (30MpaHHS) BIJHOBJIIOBAHOI €HEPrii 30UIbIIye
MOXJIMBOCTI criokuBaHHsA. [l{ina nHa punky BJIE dopmyeTscs min BIuBom
PUHKOBHX Ta HEPUHKOBUX (PAKTOPIB, 3aJICKHUTH BiJ] TIOMUTY, MPOIO3HUIIii, BATPAT HA

BUPOOHUIITBO, KOH IOHKTYpPU PUHKY, TOLIO.
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