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AHHOTAIUA

CoBpeMeHHOE pa3BUTHE KOMMYTAIlMOHHOW TEXHUKHU Celyac pa3BUBAETCS IO
COBEPILICHCTBOBAHUIO MX YIMPABICHUS W TIOJYYEHHIO HOBBIX KadyeCTB, KOTOpPbHIC
pemaioT psij AKCIUTyaTallMOHHBIX TpoOsieM. OJHON M3 TaKUX PEIICHUN SBIISETCS
WCIIOJIb30BAHUE YTIPABIIIEMOM KOMMYTAIlMU B ceTax coOcTBeHHBIX HYX 1 [[DC 6 kB.
[IpoGnema orpaHuyueHHsi TEpEHANpPSKEHUST SBISETCS HE HOBBIM, M ceiuac
CYUIECTBYIOT P[] KaK OPraHU3aIllMOHHBIX, TaK U METOJIOJIOTUYECKUX TOIXO0B,
MO3BOJIAIOIIMX CPOPMUPOBATH MPUMEHEHHE MOJO0OHOTO poJa KOMMYTAlMOHHOTO
oOopynoBanue. Jleno B TOM, 4TO BaKyyMHBIE BBIKIIOYATETH B HACTOAIIEE BpeMs
SBIISIIOTCS TPUOPUTETHO PEKOMEHIYEMBIM KOMMYTAIIMOHHBIM OOOpYIOBAaHUEM IS
UCIIOJIb30BaHUS B CETAX CPEIHUX KIIACCOB HAMpsKEHHs] cOOCTBEHHBIX HYXJ Ha ['OC,
OnHako BMeCTE C MOJOXKUTEIBHBIMHI 3KCIUTyaTallUOHHBIMU CBOMCTBAMH BaKyyMHBIX
BBIKJIIOYATENC  HAOMIOJAlOTCS W OTpHULATENbHBIE: KOMMYTHPYEMOE  HUMHU
o0opyioBaHue MOKET MOBPEXKAATHCA. [ToBpexxaenus BBI3BIBAOTCS
HEOJArONpUATHBIMU [IPOLIECCAMH, COMPOBOKIAIOUIMMH KOMMYTAllUd BaKyyMHBIX
BBIKJIIOYATENICH: IMepeHanpsyKEHUs, BbI3BaHHbIE TOKAMM  Cpe3a;  ACKalauus
NEPEHAIPsHKEHUH MPU OTKJIIOYEHUH B LUKJIE BbICOKOYacTOTHBIX (BY) moBTOpHBIX
npoOoeB; MepeHanpsHKeHUsl MpU  BKIOYEHHMM B Lukie BY mpenBapuTenbHbIX
po0OO0EB; MepeHANPSHKEHUSI B PE3YJIbTaTe BUPTYAIbHBIX TOKOB Cpe3a.

[lepeuncneHHble MPOLECCH XapaKTEPHBI TOJNBKO JJS BBIKIIOYATENCH C
KECTKUMU JYTOTACSAIIMMH CpeaMH, B YHCIO KOTOPBIX BXOJIUT BaKyyM. Bricokme
KPaTHOCTH TIEPEHAIPsHDKEHUI OMacHbl B MEPBYIO OYepenb ISl ABUTATENCH, YPOBEHb
M30JSIIMKA KOTOPBIX cocTaBisieT nopsiaka 2,8 Ugy. BbICOKHE 9acTOTBI mepexoqHoro
mporecca Mpyu KOMMYTAIMSIX BBICOKOBOJIBTHBIX BBIKIIOUATENH (COTHH KHJIOTEPIl U
eIMHUIIBI MeTarepiy) MPeACTaBISIOT CEPhE3HYI0 OMACHOCTh AJII BUTKOBOUM H30JISAIIUU
BBICOKOBOJIFTHOTO O0OpY/JOBaHMs, KaOelnbHBIX My(T U Kabelel C M30JsIuel u3
cuiitoro nonudtuieHa (CIID).

Kniouegvie cnoea. snekTpuyeckass CeTb COOCTBEHHBIX HYXJ, BaKyyMHBIH
BBIKJIIOYATENb, yMpaBisieMas KOMMYTAlUs, BHJbl Harpy3oK, BOCCTaHOBMTEIbHOE
HanpspKEHUeE.



ABTOPE®EPAT

Tema  MarucTepckod  JAUCCEPTALMHU: «HccnemoBanuss  aaropuTMOB
YIPABJISIEMON KOMMYTAIIMM BaKyYMHBIX BBIKJIIOYATENIeH COOCTBEHHBIX HYX1T [[DC».

AKTYaJIbHOCTb:

B nactosimee Bpemsi HaOMIOAAeTCS WHTEHCUBHBIA POCT MCIOJIb30BaHUS
KOMMYTAIlMOHHOTO O0OpY/J0OBaHMS Ha OCHOBE BAaKyyMHOI'O OOOpYJIOBaHHS B CETU
cobctBeHHbIX HYx1 ['DC, BMecTe ¢ 3TUM BO3HUKAET HEOOXOAMMOCTh OOECIICUCHUS
3asIBJICHHBIX HKCILTYaTALIMOHHBIX XapaKTEPUCTUK. /(€10 B TOM, UTO 3HAYUTEIbHBIN
MEPEHANPSIKEHUST B BAaKyyMHBIX BBIKIIIOUATENSIX MPUBOJAT K OOJBIIOMY YHUCTY
OTKa30B. OJTO B CBOKI O4YEpeAb K HEJOIYCTUMOMY OTKazy B paboTe cetu
COOCTBEHHbIX HyXJA. B paboTe mnpuBOAUTCS aHAIM3  KOMMYTallMOHHBIX
MEePEHANPSKCHUI MPU Pa3IUYHBIX BHUJIAX JIEKTPUUYECKUX HATPY30K B COUETAHUU C
YOpaBIsieMOM KOMMYTAIlMM M MPEIJI0KEHUE B HCHOJB30BAHUM  PA3JIMYHBIX
ITOPUTMOB 10(Aa30BOT0 YIIPaBICHUS JYTOoracuTeIbHOM KaMepou.

Heap padoThl: aHaIU3 AITOPUTMOB CHHXPOHHONW KOMMYTAlUHU Pa3TUYHBIX
BHJIOB HArpy30K BKJIFOYasi MOIIHBIE BEICOKOBOJIBTHBIE JIEKTPOIBUTATENH.

OcHoBHBIC 3a124N:

® [IPOBECTH AHAJIN3 CYLIECTBYIOIIMX BHJIOB CPEACTB [0 OrPAHUYEHUIO
MEPEHAINPSIKEHUHN B AJIEKTPUUECKUX CETSX;

e aHaiM3 (QPyHJAAMEHTAJIbHBIX MPUHIMUIOB YIPaBIsIEeMOM KOMMYTAllMU MpHU
pPa3JIMYHbBIX BUJIaX HArPY30K;

e pa3paboTKa pa3IUYHBIX BUJIOB AJITOPUTMOB YIIPABISIEMON KOMMYTAIMH
Harpy30K B 3aBUCUMOCTM OT IIPUMEHEHHMS XapakTepa 3a3eMIICHUSI HEUTpaiu
TpaHchopmaropa,

® BO3MOXKHOCTh MPUMEHECHUS cuH(a3zHou KOMMYTaIuu TPYIIIbI
BBICOKOBOJIBTHBIX 3JIEKTPOJIBUTATENEH B CETH COOCTBEHHBIX HYX].

OO0bekT uccjieoBaHus: ceTb cOOCTBEHHBIX HYx 1 ['DC.

CTpykTypa M 00beM auccepTanmu: padoTa COCTOUT U3 BBEACHUS, YETHIPEX
IJIaB, 3aKJFOUYEHUS M CIUCKA UCIOJIb30BAHHBIX UCTOYHUKOB. Marepuasn U3J0KeH Ha
74 cTpanuiiax, conepxut 62 pucyHka u 12 tabmnmii.

Conep:xkanue padoTbi:

B nepeoii 2nase paccMOTpeHa akKTyaJbHOCTh IPUMEHEHUS YNPABISIEMON
KOMMYTAIIMU B CETU COOCTBEHHBIX HYXJ. PacCMOTpEeHBI TEOPETUUYECKHE TOT0KECHMUSI,
OINPEAEISIOINE BO3MOYKHOCTh NOJIYYECHUS MaTeMaTU4eCKOn MOJENH
nepeHanpsbkeHust B ceTu coOcTBeHHbIX HYx1I ['DC. A Takke ONMUCaHBI MeEpbI
OTpaHUYECHH OT TNEepEeHANPSIKEHUH, HAa OCHOBAHMM KOTOPBIX OCHOBaHa padoTa
JIVCCEPTALNH.

Bo emopoti enase nipeacTaBieHbl UMUTALIMOHHBIE MaKpOMOJEIIA aHAIIM3a MPH
CUHXpPOHHOM KoMMyTanuu B cpeae MatLab. [IpousBenen ananu3 KOMMyTaluuyd Npu
Pa3IMYHBIX OTKJIIOYEHHS (a3 MO0 HANPSHKEHHIO M TOKY BaKyyMHOI'O BBIKJTFOUATEJIS.
Cnenanbl  BBIBOJABI, MPOM3BEIICH CpPAaBHUTENbHBIA aHAIW3 MO TOJYYEHHBIX
pe3yabTaTam.

B mpemveii 2nase npuBeieHa cxeMa ynpaBJICHUs] ACHHXPOHHOW MaIllMHbI Yepe3
nyck uHBepTopa. [Ipon3BeIeH0 MaTeMaTUYECKOE ONMHMCAHUE ACUHXPOHHON MalIWHBI.
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Paccmotpena crpykrypHas cxema B cpeme MatlLab. IlpuBenensr pe3ynbTaTh
MOJIEJIMPOBAHUS MPOLIECCOB KOMMYTALIUK IIPU Pa3IMUHBIX YCIOBUIX NEPEKIIOUEHUS
(a3, caenaHbl BEIBOJIBI.

B uemeepmoii  2nase  TIPOBENEH  TEXHUKO-JKOHOMHUYECKUN  aHAJIN3
BBICOKOBOJIBTHBIX BBIKJIIOUATENIEH IPU pa3iInyHbIX BUIAaX pa3pblBoB Ayru. IIpuseneH
pacyeT 3KOHOMHYECKHX 3arpaT. Chaenan CpaBHUTEIbHBIN aHAJIN3.

B saxmouenuu chopMyIMpOBaHbBl OCHOBHBIE pE3yJlbTaThl pabOThl, JaHBI
PEKOMEHJAIMK 110 CHIKEHHIO MEpPEHAIPSKEHUsI B CeTAX cOOCTBEHHBIX HYx 1 ['OC.
[IpencraBieH aiaroputM ONTHMAJIBHOTO TMEPEKIIOUeHus (a3 MpH CUHXPOHHOU
KOMMYTaluu B cOOCTBEHHBIX Hyx)aax [ DC ans ganpHelero pa3Butus padoThl.

JanbHeiimee pa3BuTHe PadOThI: CICAYIONIMM 3TallOM CIY>KUT aHajau3
IPUMEHUMOCTH aJTOPUTMOB B CXE€Max COOCTBEHHBIX HYXJ IOJ CXEMbl BbIIAYH
MOIIIHOCTA KOHKPETHBIX CTaHUMHA M CO3JAaHMS MPOTrPaMMHOr0 0OeCleueHus,
MO3BOJISIOIINX MOJIEIUPOBATh KOMMYTAIIMOHHBIE MIEPEHANPSIKEHU.

IIpakTnyeckoe mnpuMeHeHHMe: pPadOTa MOMKET TMOCIYXUTb OCHOBOM Jif
OPEUIOKEHUS] 10 MOJECPHU3ALMU CXEM COOCTBEHHBIX HYXJ CYLIECTBYIOIIUX U
IPOEKTUPYEMBIX CTAHLIUM.



ABSTRACT

Theme of the master's dissertation:"Research of algorithms of controlled
switching of vacuum circuit breakers of own needs of HPP".

Relevance:

Currently, there is an intensive growth in the use of switckouipment based
on vacuum equipment in the network of own needs of hyelctréd power plants,
along with this, there is a need to ensure the declared opetati@racteristics. The
fact is that significant overvoltage in vacuum circuit breakemdsléa a large number
of failures. This in turn leads to an unacceptable failure in trexation of the
network of its own needs. The paper presents an analysis toh&\gi overvoltages
under various types of electrical loads in combination withrotled switching and a
proposal to use different algorithms for phésephase control of the arc-
extinguishing chamber.

The purpose of the work:to analyze algorithms for synchronous switching of
various types of loads, including high-power high-voltage electriorsot

Main tasks:

e analyze the existing types of means to limit overvoltage imtredal
networks;

e analysis of the fundamental principles of controlled swighfior various
types of loads;

e development of various types of algorithms for controlled switghof loads
depending on the application of the nature of the transformer neutsaidgro

¢ the possibility of using common-mode switching of augr@f high-voltage
electric motors in the network of their own needs.

Object of study: the network of own needs of hydroelectric power plants.

The structure and scope of the thesighe work consists of an introduction,
four chapters, a conclusion and a list of sources used. The mat@rasented oiid
pages, contains 62 figures and 12 tables.

The content of the work:

In the first chapter, the relevance of the application of controlled switching in
the network of own needs is considered. The theoreticalgioogi determining the
possibility of obtaining a mathematical model of overvoltagthe network of own
needs of hydroelectric power plants are considered. And also @sstivdo measures
of restrictions against overvoltage, on the basis of whichvtir& of the dissertation
is based.

The second chapter presents simulation macromodels of analysis in
synchronous switching in the MatLab environment. The armslgf switching at
various switching-off phases on the voltage and currentofdlsuum circuit breaker
is made. Conclusions are drawn, and a comparative analysis is amsetk dn the
results obtained.

The third chapter shows the control scheme of an asynchronous machin
through the start of the inverter. The mathematical descriptidheofsynchronous
machine is made. A block diagram in the MatLab environmenbmsidered. The



results of simulation of switching processes under diffepamtditions of phase
switching are presented, and conclusions are drawn.

In the fourth chapter, a technical and economic analysis of high-voltage circui
breakers with various types of arc breaks is carried out. The caloutdteconomic
costs is given. A comparative analysis is made.

In conclusion, the main results of the work are formulated, recommendation
are given to reduce overvoltage in the networks of own needsiocddigctric power
plants. An algorithm for optimal phase switching witmayronous switching in the
HPP's own needs for further development of the work is presented.

Further development of the work: the next stage is the analysis of the
applicability of algorithms in the schemes of their own sefd the schemes of
power output of specific stations and the creation of softwareall@t’s you to
simulate switching overvoltages.

Practical application: the work can serve as a basis for a proposal tc
modernize the schemes for the own needs of existing and projected stations.
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BBEJAEHUE

B Hacrosimee Bpemsi HMIMPOKOE PA3BUTHE KOMMYTAallMOHHOTO OOOpYAOBaHMS
CBA3aHO C T[PUMEHEHHEM BAaKyyMHOTO BBIKJIIOYATENs [0 MNPUYUHAM  HX
OTHOCUTEIBHOM MPOCTOTHI B AKCIUTyaTalli¥, HU3KOW CTOMMOCTH M CYLIECTBEHHOI'O
COKpalleHHs] rabapuTHBIX pa3MepoB, Ojarojaps 4eMy KX MOXHO PpPa3MECTUTh B
KOMIUIEKTHOM pactipeaenutesibioM yctpoiictse (KPY) cpennero HanpspkeHus.

Opnnako, mpoGiieMa nepeHanpsKeHs BCIEICTBUE UCIOIb30BaHUS BAKYYMHOI'O
BBIKJIIOYATENSl MPUBOAUT K HEOOXOJMMOCTH NPUMEHEHUS OrpaHUuYUTENeH
nepeHanpspkeHus  (OIIH), koTopele HMMEIOT HEIUHEHHYI0  BOJBTaAMIEPHYIO
xapaktepuctuky. K coxanenuto, k Hemoctartky OIIH MOXHO OTHECTHM HU3KUN
MEXaHUYECKUH pecypc BCIEACTBUE MOBPEKACHUS YCTPOIICTBA, aBTOMATHYECKU
Pa3phIBAIOLIErO LENb IPU NEPErPY3KE, II€ MOKET BOSHUKHYTh KOPOTKOE 3aMbIKAHHE
B CETHU C MOCIIEAYIONINM OTKJIIOUEHUEM.

B pabGote paccmarpuBaroTcs (QyHAaAMEHTaIbHBICE OCHOBBI, 3aJI0KCHHBIC B
(GU3HUKyY NepeHanpsHKeHUs] KOMMYTAlIMOHHOM KaMepbl PU CUHXPOHHOM (110 (ha3HOM)
YIPABJICHUH BBIKJIFOYATEIIS.

Lenu u 3amaun gaHHOW pabOTHI yKa3aHbl B aBTOpedepare K MarucTepckoin
JUCCEPTALMH.
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