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BBE/JIEHHE

KypcoBasi pabota BeImonHsieTcs Ha 0aze Kypca JieKiui no aucuuiuinae «Perneiinas
3allMTa W aBTOMATU3alUs BJECKTPOIHEPIETUUECKUX CUCTEM» W TMPEIHA3HAYCHA I
CHUCTEMATHU3alluY, PACIIUPEHUS U 3aKPEIUICHUS TEOPETUYECKUX 3HAHUM U MPAKTUYECKUX
HABBIKOB CTYJEHTOB.

CtymeHT B paMKax MPOQPECCHOHAIBHBIX KOMIETEHITMH JTODKEH MPUOOPECTH HABBIK
CaMOCTOATENILHOTO PEIICHUs HEeOOJBIIOT0 00beMa 3a7a4 MPHU MPOSKTUPOBAHUU PEJICHHOM
3alIUTHl YYaCTKa JIEKTPUUECKOU ceTH. Bee pelienus, npuHAThHIE B TPOLECCE BBINOJIHEHUSA
KypCOBOM pabOThI, JOJKHBI OBITh OOOCHOBAaHBI aBTOPOM pabOTHL. 3a MPUHSTHIC
TEXHUYECKUE PEUICHUS] U IPOBEIACHHBIE PACUEThl B IPOLIECCE BBIIOJIHECHUS KYpPCOBOU

pa6OTBI OTBCTCTBCHHOCTb HECCT CTYACHT, HBJ'I?IIOH_[I/II\/JICH aABTOPOM pa6OTBI.

OCHOBHbBIE ITOJIOXKEHUA

DNEeKTPUUECKUE CHCTEMbI, B COOTBETCTBHUM C MX Ha3Hau€HUEM, OOJBIIYIO 4YacTb
BPEMEHH OO0ECIEeUnBAIOT MOTPEOUTENe KadueCTBEHHOW »JeKTpuueckoi sHeprueit. Ho
KakKuMH Obl HAJEXKHBIMU HHM OBUIM 3TH CHCTEMbI, B HHUX HEU30€KHO BO3HHKAIOT
IIOBPEXKIAEHUS. U HEHOPMAaJIbHBIE PEKUMBI, KOTOPHIE B CBOIO 0Ye€peab MOTYT IIPUBOJIUTH K
BO3HUKHOBEHUIO aBapuii [1].

C uenbto oOecreyeHHss HOPMAJIBHOTO JJIEKTPOCHAOKEHHsI XOTs Obl 4YacTu
notpeduTeneii, NpPeJOTBpAIICHUS  HEHOPMAIbHBIX  PEXHMOB, MNPUBOAAIIUX K
BO3HUKHOBEHHIO W Pa3BUTHUIO aBAPHUM, BO3MOXKHOIO pAa3PYLICHHUS IOBPEKIAEHHOTO
AJIEKTPOOOOPYIOBAaHUSI B CUCTEMax »dJEKTPOCHAOXKEHMs JOKHA ObITh peali30BaHa
peneiiHas 3aluTa.

Henopmanvuvie pescumbt OObIUHO CBSI3aHBl OTHOCUTENBHO C HEOOJIBIIUMU
OTKJIOHEHHUSIMHU 3HAYEHUI HANPSKEHUS, TOKA U (WJIM) YaCTOThI OT JOIYCTUMBIX 3HAUECHHI
[2]. K HeHOpMaIbHBIM PEXUMaM OTHOCAT MEPETpy3KH, OJHO(A3HbIE 3aMbIKAHUS Ha 3EMJTIO
B CETSAX C M30JIMPOBAHHOM WM KOMIICHCUPOBAHHOM HEWUTPablO, a TAaKXKe IIOHWKEHUE

YPOBHS Maclia B paclIupuTesie MacistHoro Tpancdopmaropa [3].



Ilospesicoenun 4daie BCEro CONMPOBOKIAIOTCS 3HAUYNUTEIBHBIM YBEIMYECHUEM TOKA B
AJIEMEHTAaX PHEPrOCUCTEMBI U IIyOOKHM IOHMKEHUEM HampsbkeHus. Hambonee yacteiMu
Y ONACHBIMU MOBPEKICHUSIMU SIBJISIIOTCSI KOPOTKUE 3aMbIKaHus [4].

Aeapuu — >T0 HapylIeHUsI pabOTHI SJIEKTPOIHEPTETHUESCKON CUCTEMBI WK €€ YacTH,
COTIPOBOXAAIOIINECS HETOOTIIYCKOM 3JIEKTPOIHEPTUU MTOTPEOUTENSAM WU HEAOYCTUMBIM
yXyALIeHHEM €€ KauecTBa, pa3pylIeHHEM OCHOBHOTO O0OpYyIOBaHHS, BOSHUKHOBEHHEM
YIpO3bl 3/I0POBBI0 U JKU3HU Jrofed. HeHopMmalibHbIE PEXHMBI CO3AIOT BO3MOXHOCTb
BO3HMKHOBEHUSI IIOBPEXJCHUI, a HEBBIABICHHBIC BOBPEMs IIOBPEKICHUS MOIYT
MIPUBOJMTH K aBapusM [4].

Penelinas 3amura — 3TO KOMIUIEKC aBTOMAaTHYECKUX YCTPOMCTB, MpPEIHAa3HAYEHHBIX
Ui ObICTpOro (Mpu MOBPEKIACHUSX) BBISBICHUS M OTICJIECHUS OT CETH MOBPEXKAEHHBIX
AIIEMEHTOB STOW CETH B ABAapPHUHBIX CUTYyallUsAX C IIeJIbI0 00ecredeHrnss HOpMaJIbHOU
paboOThI UCTIPABHOM YacTH 3TOMU ceTu [4].

Ha3naueHneMm yCTpOMCTB aBTOMATHMKHM, YCTAHABJIMBAEMBIX B HHEPrOCUCTEMAX,
ABJISIETCSL:

- OBICTPOE OTKIIIOUEHHUE MOBPEXKIEHHOTO 3JIEMEHTA;

- TPEKpalleHHe HEHOPMAIbHBIX PEXUMOB pabOThl (HampUMep, TMEPEerpy3Ku)
AJIEMEHTOB CUCTEMBI;

- ObICTpOE BOCCTAHOBJICHHE OJJIEKTPONMTAHUS NOTpPEOUTENEH, aBTOMAaTHUYECKU
OTKJIFOYEHHBIX OT UCTOYHHMKA TUTAHUS BCIEACTBUE BOZHUKIIIETO B CUCTEME TTOBPEKICHUS;

- IOAI/Iep’KaHue Ha 3a/IaHHOM YPOBHE HalPSKEHUS y TOTpeOUTeNei;

- IIyCK U OCTaHOB CUHXPOHHBIX MAaIlIVH;

- OTKJIIOYEHUE YacTH MOTpeOuTenedl NpH BO3HUKHOBEHHHM Je(ULIATA AKTHBHOU
MOIIIHOCTH B 3HEPrOCUCTEME, OT KOTOPOI cHUCTEMA NIEKTPOCHAOKEHHUS MOTydYaeT MUTaHuUE,
Y WX BKJIFOYEHHUE MOCTe JUKBUAAMU aqeuura u T. 1. [5].

[Ipy OTKIHOYEHUM YCTPOMCTBOM 3aIUTBl OJHOTO U3 DJIEMEHTOB CHCTEMBI
AIIEKTPOCHAOKEHHS, HAlpUMep JHHUM WM TpaHchopmaTopa, YacTh MOTpeOuTeNnen
AIIEKTPOPHEPIUHU 00ECTOUYMBAIOTCSA. BocCcTaHOBIEHME NHUTAHUS TAaKUX MOTpeOuTeNnen
OCYLIECTBIISETCS, KaK IPAaBUIIO, yCTPOMCTBAMH aBTOMATHYECKOTO MOBTOPHOTO BKIIFOYEHUS
(AIIB) wim aBTOMaTHYECKOTO BKJIFOUEHHUS pe3epBHOTO ncTouHMKa nutanus (ABP) [5].

[Tonnepkanue 3aJaHHOTO YPOBHS HAIpPSDKEHUs OOECIeuMBaeTCs BO3JECHCTBUEM HA

B036y)KI[eHI/I€ YCTAHOBJICHHBIX B CUCTCMC CUHXPOHHBIX MalllkuH (CI/IHXPOHHBIX HBHFaTeHeﬁ
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CH, cunxponnsix renepatopoB CI' TOIl wunu cunxponHsix kommeHcaTopoB CK),
U3MEHEeHHueM Kol3(dduuueHta TpaHchopMalMi MOHMXKAKOMMX TpaHCHOPMATOPOB HIIU
BKJIFOUEHUEM M OTKIIIOUEHUEM ceKIuil koHneHcaTopHbIx Oarapeil (BK). Perynuposanue
HAMPSDKEHUS B CHCTEME DIIEKTPOCHAOKEHHSI IIPOBOIUTCS B OCHOBHOM aBTOMATHUYECKH, AJIS
Yero CHHXPOHHBIE  MAIMHBI  OOOPYIOYIOTCSI ~ YCTPOHMCTBaMU  aBTOMAaTHUYECKOIO
perynupoBanusi  Bo3OyxaeHus  (APB), Tpancpopmaropsl —  yCTpoHCTBaMH
aBTOMATUYECKOTo peryiupoBanusi kodp¢uuuenra tpancpopmauuu (APKT), a Gartapen
KOHJICHCATOPOB — YCTPOMCTBAMU aBTOMATHYECKOI'O YIIPABJICHUS BKJIIOYEHUEM U
OTKJIFOYCHHUEM cekimii 3Tux 6arapeit (AYBK) [5].

[TosiBnenue neduunTa akTUBHOM MOIIIHOCTH B 3HEPTOCUCTEME BBI3BIBAET MOHUKEHHE
yactoThl. Hanmume  Oospmioro  aeduuMra MOIIHOCTH  YpPEBATO  OMACHOCTBIO
JTABUHOOOPA3HOI'O CHUXKEHHS YaCTOThI, pE3YyJbTaTOM KOTOPOT'O SBJISIETCS aBapUsl CUCTEMBI,
BbI3bIBAIONIAsl IPEKpallleHUue D3JIEKTpONnuTaHus Bcex mnoTtpebuteneid. [loatomy OGananc
TreHEPUPYEMOU U MOTPEOIIEMON AKTUBHBIX MOIIIHOCTEN B SHEPTOCUCTEME MTPU OTCYTCTBUH
HEOOXOJMMBIX PE3EPBOB MOKET OBITh BOCCTAHOBJIEH JIMILIb IyTEM OTKIKOYEHUS YacTH
MEHee OTBETCTBEHHBIX NOTpeOuTeneil. JTa 3ajadya pelaeTcss ¢ MOMOIIBI0 YCTPONCTB
aBTOMATHYECKOM 4YacTOTHOM pasrpy3ku (AYP), ycraHaBiuMBaeMbIX Ha MOACTaHIUSX.
OtkrouenHble  yctpoiictBamMu  AUYP  morpebutenu mnocne JukBHaauuu jaedunura
MOIIIHOCTA W BOCCTaHOBJICHMS HOPMAaJbHOIO 3HAYEHUS YaCTOTBl B 3HEPrOCHCTEME
aBTOMATUYECKHU BKIIIOUAIOTCS B paboTy ycTpoiictBamu yactotHoro AIIB (HAIIB) [5].

B oHeprocucremax aBTOMAaTHM3HMPYETCS TakKe IIPOLIECC IIOAKIIOYEHUS K CETH
CUHXpOHHBIX reHeparopoB CI', cunxponHbix aBurareneit CJl, CHHXpPOHHBIX
komrneHcatopoB CK u gpyrux 351eKTpoyCcTaHOBOK [35].

Bce mnepeuncineHHble BBIIIE YCTPOWCTBA OTHOCSTCS K YCTPOMCTBAM JIOKaJIbHOM
ABTOMATUKH, TaK KAK OHU BO3JICHCTBYIOT HAa OTIEIbHBIE 3JIEMEHTHI YHEPrOCUCTEMBI IO
3apaHee 3aJaHHOMY JKECTKOMY aJTOPUTMY BHE 3aBHCHUMOCTH OT PeKHMMa pabOThl APYTUX
AJIEMEHTOB CUCTEMBI. CymiecTByer  Takxke oOmiecucTeMHas aBTOMaTHKa,
NOJIEPKUBAIOLLAsl B HOPMAJIBbHOM pEXHUME pabOThl SHEPrOCUCTEMBI TPeOyeMble 3HAUCHUS
YaCTOTHI, HAIIPSDKEHUS B Y3JIaX CUCTEMBI, IEPETOKOB AKTUBHOM M PEAKTUBHOM MOIIHOCTH,
a TaKkKe aBTOMATHKa, MPEJOTBpAlllaloNias pa3BUTUE AaBapUHBIX MPOLECCOB B

sHEprocucteme (MpoTUBOaBapuitHas aBToMaTuka) [S].



Hu oaun s1eMeHT 31eKTpOIHEepPreTHUecKoil cucteMsl (TeHeparop, TpaHchopmarop,
JUHUS DJEKTpolepenayu, CcOOpHbIe IIUHBI W Jp.) He o0JagaroT aOCONIOTHOM
HaJeKHOCThIO. C OOJbIIeH WM MEHBIIEH BEPOSTHOCTHIO OH MOXKET OBITh MOBPEXKICH,
MpUYEM MOJIABJISIIONIEE OOJBIIMHCTBO MOBPEKICHUN COMPOBOXKIACTCS BO3SHUKHOBEHUEM
KOPOTKOI'O 3aMbIKaHHs. PeXHM KOPOTKOrO 3aMBIKaHHUSl OINACEH ISl SHEPTrOCUCTEMBL:
yCcTOWuMBass paboTa HHEPrOCUCTEMBI MOXKET OBbITh HapylIeHa, H3-3a CYIIECTBEHHOIO
HMCKOKCHHSI TTapaMEeTPOB PEKUMa HEPTOCUCTEMBI TIOTPEOUTENN JIEKTPOIHEPTUU TEPSIOT
ANEKTPONUTAHNE, JIUTEILHOE CYIIECTBOBAHHE TOKOB KOPOTKOTO 3aMBIKAHHS pa3pyllacT
MTOBPEIMBIIHIICS AJIEMEHT SHEPTrOCUCTEMBI 10 HEPEMOHTOIIPUTOHOTO COCTOSIHUSA [5].

Hasnauenuem peneiinou 3auiumol AG1AE€MCA  GbIAGNEHUE NOEPEIHCOCHHO20
InemMenma u Ovicmpeiiuiee e20 OMKIIOYEeHUe om 3IHepzocucmemvl. Kpome moeo,
YCMPOUCmMea peneiHol 3aujumsl OOINCHbL NPEOYNpescoams NO8ped*COeHUue dleMeHma
9HepeocUucmeMmyl 8 Cyuae 803HUKHOBEHUSI HEHOPMANbHO2O U ONACHO20 OJisi He20 PedHcumda
pabomwl (nepecpy3ka, HenoaHopazHwll pedxcum u op.) [3].

OcHoBHBIE TPEOOBaHNUS, IPEIBIBISIEMBIC K YCTPOMCTBAM PEJICHHOM 3aIIUTHI.

Cenexmusnocme. 1lon cenektTuBHOCTHIO P3 moHMMaeTcst crmocoOHOCTh yCTPOMCTBA
peneiHON  3allUThl BBIIBUTH U OTKIIOUUTH HMMEHHO TMOBPEXKIACHHBIM  3JIEMEHT
HDHEPrOCUCTEMBI, & HE KaKOW-TMOO HMHOW, XOTS NPH HAJUYUH KOPOTKOTO 3aMbIKAHMS
HapyIIaeTCcsi HOpMalibHasi paboTa MHOTHX 3JIEMEHTOB YHEPIOCUCTEMBI [S].

bvicmpooeiicmeue, T.. CHOCOOHOCTH PEICHHONW 3aUTHI B KpaTdanIIuil
MIPOMEKYTOK BPEMEHH (JIyUIlle BCETO MTHOBEHHO) BBISIBUTH M OTKIIIOUUTH MOBPEKICHHBIM
AJIEMEHT SHEPrOCUCTEMBHI [5].

Yyecmeumenvnocms. 1log dYyBCTBUTENBHOCTHIO P3 moHMMaeTcs CrnocoOHOCTH
YCTPONCTBA PEJNCHHON 3alllUThl YETKO OTIMYATh PEKUM KOPOTKOTO 3aMbIKAHHS JIFOOOTO
BHuna (TpexdasHoe, nByxdaszHoe, oqHo(pazHOe KOPOTKOE 3aMBIKAaHHE) OT BCEBO3MOJKHBIX,
Jake YTSDKEJIEHHBIX PEKUMOB palOThl 3alIMINAEMOro OOBEKTa NPU OTCYTCTBUU
KOPOTKOT'O 3aMbIKaHu4 [5].

Haoesrcnocme. Ilon HagexHOCThO P3 moHMMaeTcs OTCYTCTBHE OTKAa30B HIIH
JIOKHBIX cpabaThIBaHUM peNIeHHOMN 3allUThl, YTO oOecreunBaeTcs Kak (PyHKIIMOHAIBHOM,
TaK W anmnapaTHOM HaJIeKHOCTbIO YCTPOMCTBA 3aIlUTHI [J].

VYcerpoiicTBa penelHON 3alluThl pPEarupyroT Ha 3HAYEHUS MapamMeTpPoOB peXHuMa

3aIuIaeMoro oobeKTa (TOK, HanpsHDKEHHE, HalpaBiieHHe MOIITHOCTH U p.) [5].
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JIro0yro cxemy pelieiHOM 3alUThl MOYKHO ITPEJICTaBUTh B BUE 0000IIEHHOM CXEMBI,
MIpUBEICHHOM Ha pucC. 1.

Nudopmaruss 0 COCTOSHUM OOBEKTa, OOBIYHO B KauyeCTBE KOHTPOJIHUPYEMBIX
MapamMeTPOB BBICTYIIAET TOK W HAIMPsDKEHUE, TpeoOpa3yeTcs MPH MTOMOIIY U3MEPHUTEITbHBIX
npeoodpazosarenerd I x Bumy, ynooHOMY ISl JajdbHEUIe oOpaboTku U Oe301acHOMY
JUTsT  OOCITY’)KMBAIOIIET0 TIepcoHanga. B kadecTBe H3MEpPUTEIBHBIX TPeoOpa3oBaTeNeH

MPUMEHSIIOTCS] TpaHC(HOPMATOPHI TOKA M HATIPSIKCHHUSL.
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Pucynok 1 - CtpykTypHas cxema peeiiHOM 3aIuThI

N3meputensHble opranbl /O, WHOTJAa WX HA3bIBAIOT ITYCKOBBIMHM, HEMPEPBIBHO
KOHTPOJIUPYIOT COCTOSIHUE U PEXKUM PadOTHI 3aIIMIIAEMOr0 OOBEKTA.

Jlornyeckass wacth JIY 3amuThl 00palaThIBae€T CBEJACHUS, TMOCTYIUBIIUE C
U3MEPUTENbHBIX JJIEMEHTOB, W (QOpPMHUpPYET VYIOpPaBIAONIEE BO3JCUCTBHE Uepe3
UCIIOJTHUTENIbHBIE JJIEMEHThl /D Ha KOMMYTAlMOHHYIO allaparypy, 3BYKOBYIO U
CBETOBYIO curHanu3anuio. CurHansHbii opran CO ¢duxcupyer cpabaThbiBaHUE 3aIlUTHI B
L[EJIOM HUJIU €€ OTJEIbHBIX OJIOKOB.

3aInThl NOAPA3AEISAOT HA OCHOBHBIE U PE3EPBHBIE:

Ocno6noti Ha3bIBACTCS 3allTa, MIpeIHa3HauYeHHAas A1 paboThl MPH BCEX WM YacTH
Bu10B K3 B mpenenax BCEro 3alllMIIAeMOro 3JEMEHTa CO BPEMEHEM, MEHBIIUM, YEM Y
JIPYTUX YCTAHOBJIEHHBIX 3aIIUT [5].

Peszepsnoii nazpiBaeTcs 3aliuTa, npeaycMarpuBaeMast i paboTbl BMECTO OCHOBHOM
3alllMTHI JAHHOTO JIEMEHTA MPHU €€ 0TKA3€ WJIU BBIBOJIE U3 pabOThHI, a TAK)KE BMECTO 3aIlIUT

CMCIKHBIX J3JICMCHTOB IIPpH HX OTKA3C HJIM OTKa3ax BBIKJIIOUATEICH CMEXXHBIX AJIEMECHTOB

[5].



B cootBercTBUM €O cnocobamu oOecnedeHHs CEJIEKTMBHOCTH IpH BHemHuXx K3
pa3ianyarT JBE TPYNIbl 3aUIUT: C a0COJIOTHON CENEeKTUBHOCTHIO U C OTHOCHUTEIBHOU
CEJIEKTUBHOCTHIO [5].

OTHOCHUTENIbHYIO CEJEKTUBHOCTh HMMEIOT 3allUThl, HA KOTOPbIE [0 MPHUHIMILY
JEUCTBUSI MOXKHO BO3JIOXHUTH (PyHKUMU pe3epBHbIX NpH K3 Ha cMmexHbIX snemeHTax. C
Y4ETOM 3TOr0 TaKWe 3allUThl B OOIIEM CiIy4yae JIOJDKHBI BBINOJHATHCS C BBIACPKKAMHU
BpeMeHu [3].

AOCOTIOTHYIO CEJIEKTUBHOCTh HMMEIOT 3alllUThl, CEJIEKTUBHOCTh KOTOPBIX IIpU
BHemHUX K3 oOecneunBaercss uX NOPUHIUIOM JEHCTBUA, T. €. 3allldTa CIOCOOHA
cpaborate Tosbko npu K3 Ha 3amumaemom snemente. [loaToMy 3amuThsl ¢ aOCOIIOTHON
CEJIEKTUBHOCTBIO BBIMIOJHSIOTCS 0€3 BBIAEPKEK BpEMEHH [5].

KopoTkue 3aMblkaHMsi, KaK TMpPaBWIO, COMNPOBOXKAAIOTCS BO3pACTaHUEM TOKA.
[IoaTOMy mEpBBIMH B 3HEPrOCUCTEMAX IOSBUIUCH MIOKOGblE 3aujumbl, JICVCTBYIOIINE B
TEX CIIy4asiX, KOrja TOK B 3aIIMIIAEMOM AJIEMEHTE MPEBBILIAECT 3aIaHHOE 3HaUeHHE. Takue
3aIMTHI BBIMOJHAOTCS IUIABKUMU MPEJOXPAHUTEISIMU U pesie. TOKOBBIE 3alUThl MOTYT,
KpOME MOJHBIX TOKOB (pa3, HCHONb30BaTh TAKXKE Cllaraioliue OOpaTHOW U HYJIEBOM
MOCJIEIOBATEIbHOCTEN TOKA, MPAKTUYECKH OTCYTCTBYIOLIME B HOPMAIILHOM pexume. Ecnu
CpaBHMBATh JIEHUCTBYIOIIEE 3HAUCHHE TOKAa (WJIM €r0 CUMMETPUYHBIX COCTABJISIOLINX) C
3aJJaHHBIMU 3HAYEHUSIMU, TO 3alllUTa OyAEeT UMETh OTHOCUTEIBHYIO CEJIEKTUBHOCTb. Eciu
K€ CpPaBHMBATHh KOMIUIEKCHI TOKOB IO KOHLIAM 3alMINAEMOr0 3JIEMEHTA, TO YKa3aHHYIO
3aIMATY Ha3bIBAOT OughhepenyuanvHoil moKogoi. ITOT NPUHIUI [TO3BOJISAET BBIITOIHUTH
3aIUTy ¢ a0COMFOTHOM CEIEKTHBHOCTHIO [5].

B kadecTBe M3MEPUTENBHBIX OPraHOB NPUMEHSIOTCS TAKXKE MUHUMAIbHbIE pefie
Hanpax)cenus, KOTOpble CcpadaThIBalOT, KOIJAa 3HAYEHHE BO3JCHUCTBYIOIIEH BETUYMHBI
CTAHOBHUTCSI MEHBIIIE 3aJaHHOTO [35].

3amuThl  HANpPsDKEHUST MOTYT (UKCHPOBATh TMOBPEXKACHHS M 1O TMOSBICHUIO
clararolyx HarpspKeHUs oOpaTHOM M HYJIEBOHM ToOcieaoBaTebHOCTEN. B ATHUX ciydasx
M3MEPUTEIBHBIE OPTaHbl BHITTOIHSAIOTCS HA OCHOBE MaKCUMAJIBHBIX PEJie HAPsHKEHUs [S].

B psape cinywaeB He ynaercs BBINOJHUTH 3allMThl HA OCHOBE OTMEUYEHHBIX
MIPOCTENIINX NMPUHIUIOB. [103TOMY IpUMEHSIETCA AUCTAHUUOHHBINA TPUHIMII, KOTOPBIU
IIPEAyCMaTpuBacT COBMECTHOE MCIOJb30BAaHUE TOKAa M HANPSDKEHMS 3al[UIIAeMOro

o0bekTa TakuMm oOpa3zoM, uto npu K3 B u3MepuTeabHOM oOpraHe 3ailuThl (pene
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COTPOTHUBJICHUS) (POPMUPYETCSI CUTHAJ, MPOMOPIUOHANBHBIA conpoTuBiIeHUI0 neTin K3
[5].

[Ipu peanuzaiuu 3alUT C OTHOCUTENBHOM CEJIEKTUBHOCTBIO ISl SJIEMEHTOB CUCTEMBI,
MOJTYYalIIMX MUTaHUE OT JIBYX WM 00jiee MCTOYHUKOB MUTAHUSA, JJIsI OOECIICUCHUS UX
CEJICKTUBHOCTH BO3HUKAET HEOOXOJIUMOCTh (PUKCHpOBaTh HampaiieHue mMouHocTH K3 u
TEM CaMbIM OOECIEeUnBaTh UX JIEUCTBUE MPHU YCIOBUM ONPEAEICHHOIO HAMPABICHUS 3TOU
MOITHOCTH (HampuMep, OT LIKH - B JIMHUIO). B 3THX ciaydasx pacCMOTpPEHHbIE TOKOBBIC U
JUCTAHIIMOHHBIC 3alIUTHI BBITIOJHAIOTCS HamnpaBJeHHbIMH. CIOCOOHOCTH OMNpPENENsTh
HalpaBJICHUE MOITHOCTH OOECIeYMBACTCS TPUMCHEHHEM CIICIHABHBIX  OpPraHOB
HalpaBJICHUS MOIIMHOCTA (KakK IIpaBUJIO, B TOKOBBIX 3alllUTAaX) WM NPUIAHUEM
HaIlpaBJICHHOCTH  JICUCTBUSL ~ HU3MEPUTEIILHOMY  OpraHy  (HampaBJICHHbIE  peJie

CONPOTUBJICHUS B IUCTAHIIMOHHBIX 3a1IuTax) [5].

O®OPMIJIEHUE PACUETHO-TTOSICHUTEJILHOM 3ATIMCKU KYPCOBOI
PABOTBI

PacuetHo-noscuaurenpHas 3anucka opopmisiercsa B coorBeTcTBuu ¢ «['OCT 2.105-95
Enunas cuctema KOHCTPYKTOPCKOM AokyMeHTanuu. OO6mue TpeOoBaHUS K TEKCTOBBIM
JOKYMEHTaM» Ha OJIHOIM CTOpOHE CTaHJapTHOro JucTa 6enoit Oymaru ¢popmara A4 'OCT
6656-76 (210x297 mMm). PacueTHO-TIOsICHUTEIbHAS 3aITUCKA COCTABISIET 00BEM MPUMEPHO
30 cTpaHul MAaIIMHOMMCHOrO TeKcTa. Mcmonb3yembli MWIPUPT A8 KOMIBIOTEPHOTO
Habopa: Times New Roman, BbicoTa 14, nHTEpBam — MOMYyTOpHBIMA. AO3albl B TEKCTE
HAaYMHAIOT OTCTYNOM, paBHBIM MATH yAapaMm numnynieil MamuHku (15 - 17 mm).
Paccrostnue ot paMku (OpMbI 0 TpaHUI] TEKCTA B Ha4aje U B KOHLE CTPOK — HE MeHee 3
MM. PaccrosiHue oT BEpXHEN WM HUKHEN CTPOKHM TEKCTa 10 BEPXHEN WIIM HUKHEU PAMKH
J0JOKHO ObITh He MeHee 10 MM. BripaBHUBaHuUE TekcTa — 1o mupuHe. Bee cinoBa q0mKHbI
OBITh pa3feneHbl TONbKO OgHUM Tpobermom. [locie 3Haka mpenuHAHWUS BBICTABISETCS
npo0eis, meped 3HAKOM NpeNuMHaHus Mpoden He jgomyckaercs. Bcee 3aronoBku
BBITNIOJIHAIOTCSL  3aIJIaBHBIMU  (NIPONUCHBIMM) OyKBaMHM M € HOBOW cTpaHuubl. He
HYMEpYIOTCSl CIIEAYIOINE 3arojIOBKU: 3aJaHuE, COACpKAHHE, BBEJCHUE, 3aKIIOYCHHE,
CIIMCOK MCIOJIB30BAHHOM JINTEpATYyphl, NPWIOKEHUA. Bce He HyMmepyromuecs 3arojloBKH

dbopMaTUpyIOTCS MO LIEHTPY; BCE HyMEPOBAHHBIE 3aT0JIOBKH — C a03aIIHOTO OTCTYTIA.

8



[ToazaronoBku — CTpOYHBIMU OyKBaMH 0€3 MOJYEPKUBAHUN U APYTUX OTMETOK.

[lepeHoc cii0B B 3aroyioBKax M IMoA3arojioBKax He Jonmyckaercs. B KoHIle 3arojloBKOB
M TI0J3ar0JIOBKOB TOYKH HE IMPOCTABISIOTCA. B ciyuyae Ha3BaHUA M3 HECKOJBKHUX
MIPEUTOKCHUH, TTEPBOE MPEUTOKEHNUE OT BTOPOTO OTIEISAETCS TOYKOW, a B KOHIIE BTOPOTO
MPEIOKEHHUS] TOYKA HE CTaBUTCS. 3aroJIOBKH CIIEAYET IMevyaTaTh C MPOMUCHOU OYKBBI 0€3
TOYKH B KOHIIE, HE MmoauepkuBas. [lepeHOCH CIIOB B 3arojioBKax HE JOIycKaroTcsa. Ecim
3aroJIOBOK COCTOWT W3 JABYX MPEMIOKCHHH, MX Pa3leisitoT TOUYKOW. PaccrosHue Mexmy
3aroJIOBKOM U TEKCTOM IPH BBITIOJIHEHUH JOKYMEHTA MAlTUHOMKUCHBIM CIIOCOOOM JOJIKHO
ObITh paBHO 3-4 WHTEpBajlaM, MPH BBINOJHEHWH PYKOMUCHBIM CIOCOOOM - 15 mwm.
Paccrosinne Mex 1y 3aroioBKaMu pasjieia u mojpaszesna - 2 MHTepBajia, PU BBITTOJIHEHUH
PYKOMHUCHBIM CI1ocoOoM - 8 MM. Kaxkplif pazfies TEKCTOBOTO JIOKYMEHTa PEKOMEHIYETCs
HayMHATHL C HOBOro JMcTa (cTpaHmibl). CHOCKM B TEKCTE HCIOIB3YIOTCS TOJBKO TPH
HEOOXOJAMMOCTH TIOSICHEHUSI TEKCTa, a WCIOoib3yeMasi JUTepaTypa BBIHOCHTCS B
OTIIETBHBIN pa3/ies U CChIIKA Ha HEe JCIaeTCsS B TEKCTE B KBaAPATHBIX CKOOKax

CopaepkaHrue pacyETHO-TIOSCHUTEIBLHON 3alMCKU: THTYJIBHBIM JIHCT, COJEp)KaHHE
(opopmiisiercss o dopme 9 mpunoxkenus A ['OCT 2.106-96), 3amanue, BBeIcHHE
(opopmmsiercss mo ¢opme 9a mpumokeruss A ['OCT 2.106-96), ocHOBHas dYacTh
(opopmmnsiercs o popme 9a mpunoxenuss A 'OCT 2.106-96), 3akmouenue (opopmisieTcs
no ¢opme 9a nmpunoxenus A T'OCT 2.106-96), cnucok HCIONIB30BAHHON JTUTEPATYPHI
(opopmmsiercss mo dopme 9a mpunoxkenus A ['OCT 2.106-96), upwioxeHus
(opopmiisiercss o popme 9a mpminoxkenus A ['OCT 2.106-96). Pexomennyercs B
MPUWIOKEHUSI K PACUCTHO-TOSICHUTEIIBHOM 3alUCKE BHECTHU CXEMBI PEIICMHOW 3allUTHI,
pa3paboOTaHHBIE B MPOIECCE BHITIOJHEHHUS KypCOBOW pabOThl. PekoMeHmIyemblie pa3mems
OCHOBHOW 4YacTH NpoekTa: 1. AHaau3 HOPMAJIbHBIX PEKUMOB AJIEKTPOIHEPTETUUECKON
cetr. 2. PacueT TOKOB KOPOTKOTO 3aMbIKaHUs. 3. BeIOOp 3amuT U pacuer UX yCTaBOK. 4.

Onucanue IIPUHATBIX CPCIACTB pGHGﬁHOﬁ 3aIIUThI.

O®OPMJIEHUE TPAOUUYECKON YACTU KYPCOBOU PABOTBI



['paduueckas yacth KypcoBoi pabotsl opopmisiercsa B coorBerctBuu ¢ [[OCT 2.701-
2008, I'OCT 2.702-2011, 'OCT 2.710-81, I'OCT 2.721-74. I'padpudeckast 4acTb KypcoBOit
paboThI BKIIIOYAET J[BA YEPTEIKHBIX JIUCTA!

l. IlpyHuunuaneHass cxeMa HW  CXeMma  3aMENICHHUS  33aJaHHOIO0  y4acTKa
AIIEKTPOIHEPTETUUECKONU CETH ¢ 00s3aTeIbHBIM 0003HAUYEHUEM PaccMaTPUBAEMBIX TOYEK
KOPOTKHX 3aMbIKaHUM (BEJIMYMHBI TOUEK KOPOTKHUX 3aMbIKAaHUM MPEICTABIISIIOTCS HA JIUCTE
B OTCJIPHOW TAOJIMIIE B COOTBETCTBUH C TPEOOBAHUSIMH K O(POPMIICHUIO)

2. Cxema pesieifHOM 3alIuThl CUJIOBOTO TpaHchopMaTopa U cXxema PeIeHON 3alUThI

JIUHUH.
[IOCJIEJJOBATEJILHOCTD BBITIOJIHEHU S KYPCOBOI PABOThI
1. AHaIM3 HOPMAJIBHBIX PEKUMOB JIEKTPOIHEPreTHYECKOM CeTH.

AHanu3 HOPMAJIBHBIX PEXUMOB KOHTPOJHMPYEMOM CETH NPOBOJUTCA C LEJIBIO
YCTaHOBJICHMSI 3HAUEHUI MAaKCUMAaJIbHBIX pa0OYMX TOKOB B MECTAaX YCTAaHOBKHU YCTPOMCTB
penerHoM 3ammThl. OINpenensroTcs MeCTa YCTAHOBKHM YCTPOMCTB PEJIEHHOM 3allMTHI B
3aBHCHUMOCTH OT CIloco0a NMHUTaHus MOTpeOuTened (OJUH WM HECKOJIBKO HCTOYHUKOB
nuTaHus). PaccunThIBarOTCS 3HAUEHUS MAaKCHUMAJbHBIX pabOYMX TOKOB B JIMHMSX
NIEKTPONEpeaYd € Y4YEeTOM BO3MOXHOIO BBIBOAA psAda NIEMEHTOB U3 paboyero
COCTOSIHUSL.

MaxkcuManbHBIA pabounii TOK Ga3bl JUHUH ONPEaesIeTCs Kak, KA:

Smax
Ip.max.w = \/§—UW (1)

rae:  Spax - BEJIMYMHA MAKCHMAaJbHOW MOIIHOCTH, IE€PEAAaBAEMON JIMHUEH
3JIEKTpoIepeaun, KBT.

U,, - BeIMunHa HaNpsHKEHUsI, IEpeIaBaeMoro 1o JIMHUHU dJIeKTporiepeiadn, kB.

[Ipu pacyere pabouynx MaKCHMAaJbHBIX TOKOB B JIMHHSIX OJJICKTPOIEpEaaun
MIPUHUMAETCS, YTO BCE TpaHC(HOPMATOPHI padOTAIOT ¢ HOMUHAJIBHOW HArpy3Koil.

[Imomagp TMOMEPEYHOr0 CEYEHWS MTPOBOJAOB JUISl JIMHUAM  BJIEKTpoIepenadn
OTIpENIeNIICTCS. MO0 JOMYCTUMBIM JUIMTEIIBHBIM TOKaM B COOTBETCTBUHU C TpPeOOBaHHSIMU

I1YD.
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2. PacyeT TOKOB KOPOTKOI0 3aMbIKAHUS

2.1. IlapameTpsl CXEMBI 3aMEILICHUS.

Heobxoaumo ompenenuTs ASHCTBYIOMNE 3HAYCHHSI TOKOB KOPOTKOTO 3aMBIKaHHSI BO
BCeX MecTax (MO CXeMmMe) YCTaHOBKM 3alllUT (MeCcTax KOHTPOJiA TOKa 3allluT) B
MaKCHUMAJIbHOM ¥ MHHHMAJbHOM pEXKHUMaX pabOThl JJIEKTPUUECKOM CHUCTEMBI IpHU
MOBPEXKJICHUSIX B PACUECTHBIX TOUKax [4].

3a pacueTHbIC TOYKH MPUHUMAIOTCS IIUHBI BCEX MOACTAHIIUN, MECTa IPUCOCTUHEHUN
TpaHCcPOpMATOPOB K MArUCTPAIBHOM JIMHUM M 3aKUMBl OOMOTOK 3THX TpaHC(HOpMaTOpPOB
[4].

JIns BBITIOJIHEHUSA PACUYETOB TOKOB KOPOTKOIO 3aMBIKAHUS COCTABJISIETCS CXEMa
3aMElIeHUsS W OMNpPEIESIOTCS IMapaMeTpbl AJIEMEHTOB cXeMbl. [lapaMeTpbl 3J1€MEHTOB
CXEMBbI 3aMEIICHUS TPUBOJIATCS K OAHOUN CTYNEHU HAMPSYKECHMUSL.

AKXTUBHOE COIIPOTUBJICHUC JIMHUH, IIPUBCACHHOC K BBI6paHHOI>'I CTYIICHHU HAIIPSAKCHUA,

OmMm:
2
UH0M6)
Tw = Tomw * | (— 2
w YAW W\ ()
rac: Tygw — YACIBHOC AKTMBHOC COIIPOTHBJICHMC JIMHHUM SJICKTPOIICpCAAaYd H €€

MPOTSHKEHHOCTh, OM/KM;
l,, — IPOTSHKEHHOCTH INHUH, KM;
U omg — 3HAUCHUE HOMHHAIBHOTO HAIPSYKEHUSI BHIOPAHHOW CTYNIEHU HaNpsKeHust, KB;
U yomw - 3HAUEHUE HOMUHAIIBHOTO HANIPSIKEHUS JIMHUM 3JIEKTporiepeiayu, kB.

NHIyKTUBHOW CONIPOTUBIIEHUE JIMHUHN dJIEKTporepeaayn, Om:

2
UH0M6)
Xy = Xygw * Ly ( 3
w yaw - two\gy. ()
Trac: xy;[w — Cp€aAHEC 3HA4YCHHUC COIIPOTHUBJICHHUC JIMHHM OJICKTPOICPCIAadUud H €€

IPOTHKEHHOCTh, OM/KM (IOMyCTUMO MPUHATD Xy, = 0,4 OM/KM);
AKTHUBHOE€ W HHIYKTUBHOE COINPOTUBICHUE JUHUU HJEKTpornepeaad BbIOpaHHOU
CTYIICHH HANPSKEHUS ONPENEISIOTCS KaK:
Tw = Tyaw * L 4)

Xw = Xyaw L @)
11



3HadyeHUs [mapamMcTpoOB JIMHUU QJICKTpoIICpCaad 3aHOCATCA B Ta6HI/II_Iy 1.

Tabnuua 1 - 3HaueHuss napaMeTpoB JIUHUI dJIEKTponepeay

O6o3HayeHmne 3HavyeHue MapaMeTpa JUHUU JIEKTpoIiepeay
rnapaMmeTpa W1 W2 W3 Wn
Ugom» KB
Iy max»> KA

Mapxka npoosa

Tyaw» OM/KM

Xymw> OM/KM
l,, kM
Tw, OM
Xw, OmMm
ComnpoTuBiieHUs] TpaHCHOPMATOPOB OMPEACISIIOTCS C yYeTOM UX IAaCIOPTHBIX
JIAHHBIX:
UHOM62
e o (6)
HoMT

rae Py, — MOIIHOCTH KOPOTKOTO 3aMbIKaHus TpaHchopmaTopa, KBT.
S o — HOMUHAJIbHAS! MOIIIHOCTH TpaHchopMaTopa.
NHIyKTHBHOE COTIPOTUBIICHUE TPAHCPOPMATOPOB HAXOIUTCS IO HOpMyJIe:

— UKT . UHOM62
100 S,omr

(7)

XT

rae U, — KOpOTKOTO 3aMbIKaHus TpaHchopmaTopa, %.
PaccunTannblie 3HaUCHUS TapaMeTPOB TPaHCHOPMATOPOB 3aHOCITCS B TAOIHUILY 2.
BayTpenHee CONPOTUBICHUE JKBUBAJCHTHOIO HCTOYHUKA MUTAHUS OMpEAeseTcs I

dhopmyie, Om:
2

x. = UH0M6 (8)
O
K

3
rac: SI(( ) — IIOJIHAaA MOIIHOCTHL KOPOTKOI'O 3aMbIKaHHWS HAa IIWMHAX IMOACTAHIINU Nel (z[aHa B

3aganun), MBA.
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Tabnuua 2 — [NapameTpsl TpanchopMaToOpoB

Obo3HaueHue 3HaueHue mapameTpa TpanchopmMaropon

rnapamerpa T1 T2 T3 T4 TS Tn

SHom, kBA

Pk, kBt

Uk, %

rt, OM

xt, OM

2.2. OrnpeneneHre 3HaYCHUH TOKOB KOPOTKOTO 3aMbIKaHUS

3HaueHust TOkoB K3 onpenensrorcs o METOAUKE pacueTa TOKOB IIPU CUMMETPUYHBIX
3aMBIKaHUSAX 0€3 ydeTa MOAMHUTKH CO CTOPOHBI HAarpy3ok. JIJIsi KOHKPETHBIX PAacUeTHBIX
YCJIOBUM COCTAaBIIIETCSl OT/EJIbHAS CXEMa 3aMEIICHUs Ha OCHOBE CXEMBbI AJICKTPUUYECKOU
CeTH U UCXOAHOM CXEMBbI 3aMeleHus [4].

PacuetHyro cxemy 3amemnieHuss HEOOXOIWMO COCTaBIIATh TaKHUM OOpa30oM, YTOOBI
MPOCUYNTATh KaK MHUHUMAaJbHbIC, TaK W MaKCHUMaJbHblC aBapUiiHbIC TOKU. BenuuuHa
aBapUMHBIX TOKOB OYIET 3aBHUCETh OT JJICKTPUUYECKOW YIaJeHHOCTH TOYKH KOPOTKOTO
3aMBIKaHUS OT HCTOYHUKA MUTaHUA. [[OMHMO COCTaBIICHHsI PaCUETHBIX CXEM HEOOXOIUMO
ONpPEACINTh KAaK BEJIMYMHY MAaKCMMAJIbHOTO TOKa KOPOTKOIO 3aMbIKaHUSA B
paccMaTpuBaeMOM CxeMe, TaK U BeJIMYMHY MUHUMAJILHOTO aBapUITHOTO TOKA.

MakcuMallbHBI TOK KOPOTKOIO 3aMbIKaHUsl 0€3 yueTa MOJINUTKH CO CTOPOHBI
Harpy30K IpY YCIOBUHM OJJHOCTOPOHHETO MUTAHUS OINPEEAeTCs KaK, KA:

@  __E/V3

kmaxKn ~— | 5 5 (9)
ry +xz

rhe: 'y H Xy - CYMMapHO€ aKTUBHOE M WHIYKTHBHOEC CONPOTHUBIICHUS OT MCTOYHHKA
MUTAHUS 10 TOYKU KOPOTKOTO 3aMbIKAHUSI COOTBETCTBEHHO, OM;
E. — 3/IC a1eKTpo3HEpreTUUeCcKO CUCTEMBI MJINM UICTOYHUKA MUTAHUs, KB.
MuHUMaNbHBIH TOK KOPOTKOTO 3aMBIKaHUS, BO3HHUKAIOIIME B MECTE YCTAHOBKHU
3aIUATHI TSI JIMHUKM DJIEKTPOIIepeadd MOXKHO paccMaTpHBaTh KakK JBYX(ha3HbIC TOKH

KOPOTKOI'O 3aMbIKaAHHA:
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k K [
maxKn 2 r22+x22

s tpanchopmaTopoB, paboTarmmx B TpeX(pa3HOW IJIEKTPUUSCKOM CETH C
IJIyX03a3€MJICHHOW HEUTpaiblo O BTOpUYHBbIM HamnpsikeHueM 0,4 kB, BO3MOXXHBI €111e 1
oaHO(a3HbIe KOPOTKUE 3aMbIKaHUs. TOKHU B JIMHUU JICKTPOTIEPEAAUU MIPU ITUX KOPOTKUX
3aMBIKAaHHSAX MOTYT HMMETh MEHBIIHNE 3HAYCHMs, YeM NpH JBYX(a3HBIX 3aMBbIKAHHSIX.
[TosTOMYy TOMOJHUTENHHO HEOOXOIMMO OINPEACTUTh 3HAYCHHUS TOKOB IMPHU OJHO(DA3ZHBIX
KOPOTKHUX 3aMBIKaHHSIX 32 TpaHcpopmaropamu [4]. Ot Toku Ha ctopoHe 0,4 kB ¢ yuerom
MEPEXOTHOTO COMPOTHUBJICHUSI B MECTE MOBPEXKICHUS M SKBUBAJICHTHOTO COMPOTUBIICHUS
MUATAIOIIEH ANEKTPUUECKON CETH OMPENIEIIIOTCA B COOTBETCTBUU C [6].

3HaueHuss TOKOB B ¢a3HbIX BbIBojax o0MoTok 0,4 kB TpancdopmaropoB mpu

onHodazubix K3 Ha 3axuMax 3TUX OOMOTOK, KA:
E
€)) b
I’ =——(11)
kn Z&l) /3

rae: Zgl) — TIONHBIC COMPOTUBJICHUS TpaHchopmatopoB mpu ogHodasHbix K3,
YUYUTBHIBAIOIIME IEPEXOJHBIE  CONPOTUBICHHS B  MECTE IOBPEKICHHUSI U
DKBUBAJICHTHOE COIIPOTUBJICHUE JJIEKTPUYECKOM CETHM OT MCTOYHHUKA IUTAHUA 10
TpaHchopmartopa.
Toku B nuHMU 3nekTponepenaun Ha cropoHe 10 kB npu oaHoda3HbIX 3aMBIKaHUIX

3a TpancopmaTopamu, KA:
©)

€ — kn _ -
kminWnkn = N (12) toe N, HOMUHAJIbHBIH KO3(QOUIMEHT TpaHChOpMALIUH
Tpanchopmaropa.
Toxwn, BO3HUKAIOLINE pu K3 B MecTax YCTaHOBKU IpYTrUx

3aIUT, OMPEACISIOTCS IO aHAJIOTMYHOM Metoauke. [ ux ompeneneHus: HEOOXOIUMO
WCIIOJIB30BaTh €IIe W APYTHEe CXEMbl 3aMEIICHUS pPAacCMAaTPUBACMOU AICKTPUYECCKOM
cuctembl [4]. Ilocrme ompenmeneHus BCEX HEOOXOIUMBIX PACUYCTHBIX 3HAUYCHUN TOKOB

KOPOTKOI'O 3aMbIKaHHA COCTABJIAACTCA CBOAHAA Ta6JII/II_Ia 3.
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Ta6Jmua 3 —Toku KOPOTKOI'O 3aMbIKaAHH:A B MCCTAaX YCTAHOBKH 3aIlIUT

Mecto Howmep MaxkcumanbHbii TOK K3, MunumanbHbIi TOK K3, MuHuMaIbHBIN
KOHTPOJISL | pacueTHOM jiS2 KA 1@ kA Tox K3, &) ’
Toka K3 touku K3 kmax kmin kmin

(mecTo _ _ KA
YCTAHOBKH [Topsakoserit | 3Hauenue | [lopsakoBeiii | 3HaueHuUe
3aLLUTHL) HOMED toka K3, | Homep pucynka | Toka K3,
pUCYHKa KA CXEMBI KA
CXEMBI 3aMeIICHHS
3aMeNIeHUs
1 2 3 4 5 6 7
JInHus
W1
JInaus
Wn

3. BpI0Op 3a1MT M pacyeTr UX YCTABOK

3.1. 3amwura TpaHCHOPMATOPOB C HANPSKEHUEM BTOPHIHBIX 00MOTOK 0,4 KB.

Tpancopmatopsl ¢ HanpsKeHUeM BTOpUYHBIX 00MoTOoK 0,4 kB MomHocThiO 70 0,63
MB-A noakiodaroTcs K 3JIEKTPUUECKON ceTu uepe3 npeaoxpanutenu. [Ipenoxpanurenu
JUTsl TpaHCc(OPMATOPOB BEIOMPAIOTCS IO CIAEAYIOIMIUM YCIOBUSM [4]:

1. HomwunuannHOE COOTBCTCTBOBATH

HaIlpSDKEHUE  MIPEAOXPAHUTENS  JTOJDKHO
HOMUHAJIbHOMY HAIIPSIKEHUIO CETH.

2. HomuHanbHBIA TOK NpPEJOXpAHUTENS JOHKEH OBbITh OO0JIbIIE MaKCHUMaJIbHOTO
pabouero Toka Tpanchopmaropa.

3. HomuHanbHBII TOK OTKIIOUEHHUS TMPEAOXPAHUTENS] MJODKEH OBbITh OoJblie
MakcuMabHOro Toka K3 B MecTe yCTaHOBKM NPEOXPaHUTEISL.

4. TlpemoxpaHuTenb HE JODKEH cpadaThiBaTh MpU OpPOCKaxX TOKA HaMarHWYWBaHUS
IpU MOAKIIOUYEHUHU TpaHCc(hopMaTopa K MUTAIOIIEH CETH B PEKUME XOJIOCTOrO XO/a.

[IepBoMy yCOBHIO YAOBIETBOPAIOT npenoxpanurenu tuna [IKT.

MakcumanpHble paboure TOKH TpaHCPOPMATOpoB, A, ONPEACISIIOTCS C YYETOM

JIOMYCTUMOM NIEPETPY3KHU:

Ipa6maxTn = knep ' IHOMTn(lg)
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rae Kpep = 1.4 —  KO3QOUIMEHT NOMYCTHMOH IIE€perpy3ku TpaHC()OPMATOpPOB (IS
OOJBITMHCTBA OTEYECTBEHHBIX TpaHCc(hOpMaTOpoB momyckaeTcss meperpyska g0 40%
HOMUHAQJIBHOW MOIIHOCTH) [4].

JIst OTCTPOMKK OT OPOCKOB TOKa HaMarHWYWBaHWs TpaHcPopmMaTropa HEOOXOIUMO
MMETh HOMHHAJIbHBIA TOK TUTABKOM BCTaBKkU B 1,5...2 pasza GoJibllie HOMUHAJIBLHOTO TOKA
Tpanchopmaropa [3].

CnenaHHblii BBIOOpP JIODKEH COOTBETCTBOBATh PEKOMEHIAIMSIM TPOCEKTHBIX U

AKCIUTYaTUPYIOIINX MPEIPUATHIA [7].

3.2.  3ammura, ycTraHaBiauMBacMas Ha MAruCTPAJIBHOW  BO3AYLIHOM  JIMHH

ANEKTPONEPEAAUH.

B coorBerctBuM ¢ pexomennauusMu [1YD u 3amaHueM Ha KypcoByro paloTy i
BBISIBJICHUSI MEXIy(pa3HbIX 3aMbIKAHUH Ha MarucTpajibHOW JMHUM, B Hayaje JHMHUU
YCTaHABJIMBAETCS CTyIIEHYaTash TOKOBas 3allMTa, BBIIOJHEHHAs Ha OCHOBE pEJIe THUIA
PT-40. IlepBast cTymeHb — CEJIEKTUBHAs TOKOBas OTCEUKa O€3 BBIACPKKUA BpPEMEHU
cpabatbiBanus, a BTopas — MT3. Jlnsa BbisiBiaeHHUs OAHO(MDA3HBIX 3aMBIKAHWM Ha 3E€MIIIO,
KOTOPBIE MOT'YT BO3HUKHYTh Ha MaruCTpaJIbHOM JIMHUM, HA MTOACTAHIINM, OTKY/Ia [TOJIy4aeT
IMATAHUE MAarucTpaJbHas JIMHUS, NPEAYyCMATPUBAETCS YCTAHOBKA YCTPOWCTBA KOHTPOJIA
m3omsiiiu cetr 10 kB [7]. Pexxumbl paboTel moTpedutesneil, mpucoeInHEHHBIX K IIIHMHAM
10 kB 3TOi mnoACTaHIMM, NOJDKHBI JOIYCKaTh OTKJIIOYEHWE IHUTAaHWUA Ui IIOMCKa
MOBPEXACHHOTO TMPUCOEIUHEHUSI TPU CpabaThIBAHUU YCTPOWCTBA KOHTPOJIS H3OJISIIIHH.
BriOupaercs TOK cpabaTbIBaHUs (epBUYHBIN) NepBOM CTYIEHU
3aIUTHI (CETEKTUBHOM ToKoBOW oTceukn). [1o ycnoButo orcrpoiiku ot TokoB K3 B KOHIIE

MEpPBOIr0 y4yacTKa MarucTpajibHOU JIMHUU B MECTE MPUCOeAUHEHUs TpaHchopmartopa [4]:

Iesw—ro1 = K3+ If(jr)laxw}(n(14)
rae k, = 1,2 — koadunment 3amaca.
[To ycroBur0 OTCTpOHKH OT OPOCKOB TOKa HAMarHUYMBAHUS BCEX TPAHC(HOPMATOPOB,
MIPUCOCTMHECHHBIX K MAaruCTPaIbHOMN JIMHUN dJICKTpoIepeaaqn [4]:
Igw—r01 = (3 —5) - (Xluour) (15)
rae: Y.l ouT — CYMMa HOMHHAIBHBIX paO0OYHX TOKOB TpaHC(HOPMATOPOB, TTOAKITIOYCHHBIX K

MarvucTpajJbHON JTUHUU.
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W3 nonydeHHbIX 3HaYEHUMN cleAyeT BhIOpaTh OOMBIIMKM TOK CpaOaThIBAaHUS 3alUTHI,
KaK yJIOBJIETBOPSIIONINIT 000MM YCIIOBUSIM.

OueHka MPOTSKEHHOCTH 30HbI, KOHTPOJHMPYEMOW IMEPBOM CTYNEHBIO 3alllUTHI,
MPOU3BOAUTCS TpaduuecKuM MEeToIOM. J[Jist 3TOro CTpouTCs Tpaduik 3aBUCUMOCTH TOKOB
K3 ot paccrosiHus (0T Hauana MaructpaibHOM JuHuM) 10 mecta K3 (puc. 2). Kpome Toro,

HAHOCUTCS TIpsiMasi, M300pakaromiasi TOK cpabaThIBaHHsI IEPBOM CTYIEHH 3aIUTHI [4].

Iy kA W6 w7 w8
6 i i i i
1 WU SR T, — T — -
N B W - S S —— —
3 NN . R e
Y S e e
E : ; TO!
t e T S HO!
3ona aeiicteua TO | ' e
ot T L o i
B E 3ona seficteus HO | iy
| L 1 aft] | |
0 2 4 6 8 10 12 14

Pucynox 2 — I'paduaeckuit MeTo]1 OIICHKH MPOTSXKEHHOCTH 30HBI, KOHTPOJIUPYEMOM

MEPBOM CTYIICHBIO 3AINUTHI

30Ha, KOHTpoOJIMpyeMass II€PBOM CTYNEHBIO 3alUTHI, JIOJDKHA  COCTaBIATH
He wmeHee 30% cyMMapHOW  JJIMHBI ~ MarucTpaibHOil  JguHMUM. B ciydae
YAJEHHOCTU 3TOM JIUHUM OT UCTOYHMKA MUTAHUS U CPABHUTEIHHO HEOOJbIINE 3HAUCHUS
TokOB K3 mnpu NoBpexACHUAX, MOKHO CUUTATh MEPBYIO CTYNEHb 3AIIUTHI JTOCTATOYHO

s dexkTuBHON. B 3THX yCIOBUSAX 3alIMTy B I[EJIOM MOXKHO BBITIOJHUTH JABYXCTYTEHYATON

[4].
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Bribupatorcss ycraBku cnenytomied crynenud 3anmutel — MT3. Ilo Toky oHa

OTCTpanBaCTCA OT MAKCUMAJIbHOI'O pa6oqero TOKa B KOHTpOHI/IpyeMOﬁ JIMHHU, A:

k., -k
IC3W—MT3 = 3k—BC3

) Ipa6maxw4 (1 6)

riae k, —xoaddunuent 3amnaca, k, = 1.2;
k., —xoaddunment Bo3Bpara, k, = 0.85;
k.; —xo3dPunment camosarmycka st Harpy30K JUHUY, ke, = 1.2.

Boigepkka BpemeHu cpabateiBaHusi ctyneHd MT3 ompenensieTcss mo yclOBHUIO
COTJIACOBAHUS C PEJOXpaHUTEAMH. I 3TOr0 HE0OXOAUMO HCIIONB30BaTh rpaduuecKuil
METOJ, T.K. BPEMSITOKOBBIC XapaKTEPUCTUKU TPEAOXPAHHUTENCH TPUBOIATCS B
CTIPAaBOYHHUKAX TOJHKO B BHUJE TpadukoB. [1o cripaBOYHBIM JaHHBIM CTPOSITCS PACUCTHHIC
XapaKTepUCTHKH TpeAOXpaHHUTeel (CMelleHHble MO0 OCH TOKOB BIpaBo Ha 20%),
BBIOPAHHBIX IS TPaHC(HOPMATOPOB TOJIKIIOUYECHHBIX K MaruCTpaibHOW JuHMH (puC. 3).
['panu1bl XapaKTEPUCTUK MPEAOXPAHUTEICH COOTBETCTBYIOT 3HAYCHHSM MaKCHMAJIbHBIX

TOKOB B PACUCTHLIX TOYKAX ITOAKIIFOUCHU A TpaHC(bOpMaTOpOB [4]
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Pucynok 3 — I'paduyeckuii MmeToa BbIOOpa BBIAEPKKH BpEMEHU cpadaThIBaHUs CTYIIEHU
MT3 no ycJI0BHIO COTJIACOBAHMS C MPEAOXPAHUTEISIMU

Jlia  cormacoBaHMsi TpU TNPUEMIIEMBIX BBIIEPKKAX BpPEMEHH CpabaThIBaHUSA
HEOOXOUMO yBEIWYUTh (CHU3UTH) TOK cpabareiBanus crtynenun MT3. Jaxe mnpu
MakCUMaJbHOM  TOKE  cpabaTblBaHUs IO  YCIOBUSIM  YYBCTBUTEIBHOCTH B
peXKUME OCHOBHOIO JCHCTBUS BBIIECPKKAa BPEMEHH CpaOaTbiBaHUsA JODKHA OBITH HE
3HAUUTENIBHON. bonbloe BpeMs BBIICPKKA HE MPOXOJUT IO YCIOBUSIM TEPMHYECKOU
yCTOWYUBOCTH 000pyoBaHus [4].

B sTux ycrmoBusix 3amuTy, yCTaHAaBIMBaeMyl0 Ha JUHUH W6, Ienecoo0pa3Ho
BBIIIOJIHUTHh TpexcTyneHdyaroi. IIpaBuwia ycTpoHCTBa 3JIEKTPOYCTAHOBOK 3TO HE
3anpemaoT. llepBasg cTynmeHb — CeJNEKTHBHAas TOKOBash OTCEUKa (TOK cpabaTbIBaHUS
OMpeJeNeH); BTOpas — HECEJIEKTUBHAs TOKOBasg OTCEYKA C BBIIEPKKOM BpEeMEHU
cpabaTtbeiBaHus; TpeTbss — MT3. BblOuparorcs ycTaBKM BTOpPOM CTYNEHU 3alIUTHI.
Tok cpabGarbiBaHHsI BTOPON CTYHEHHM 3alUTHI ONPEAEISIETCS MO YCIOBUIO OIPAHMYEHUS

KOHTPOJIMPYEMOM 30HBI B IIpE/ieJaX MarucTpaJbHON JTUHUH, A [4]:

3
leaw—ro2 = k3 ) ngnzaxw (17)

3 . .
(3) MakCUMaJIbHBIN TOK K3 B KOHIIE KOHTPOJIMPYEMOMN 30HBI.

Kkmaxw”~

rae |

C wmenpto oOecrieueHUsi CEJIEKTUBHOM pabOThl BTOPOM CTYNEHW 3alllUThl U
peloXpaHuTeNel, MOXKHO BbIOpaTh BpeMsl TOKa CpabaThIBaHUS BTOPOM CTyNEHHU OoJblie
Ha CTYNEHb CEJEKTMBHOCTM HAWOONBIIErO0 U3 BCEX BPEMEHH cpadaThIBaHUS
Mpe0XpaHnuTelIsl TpaHchopmaTopa.

Bribupatorcss TpanchopMaTopsl TOKa AJii MarucTpaibHoW JnHuuU. llenecooOpazHo
BbiOpaTh TT ¢ HOMHHAIBHBIM TEPBUYHBIM TOKOM, TPEBBIMIAIONUM MaKCUMAIbHBIN
pabouuii TOK B IMHUM B 2-3 pasa.

Bri6upatorcs pene u onpenesstoTces napaMeTpbl UX cpadaThIBaHMSL.

Tok cpabaTbiBaHUS pesie TOKa:

v

kex |
IC.p.W—TO 1,T02,MT3 & IC.S.W—TO 1,T02,MT3 (1 8)
TT

rne: k.o, — K03(pPUIMEHT CXEMBI, ONMpeAeseTCs B 3aBHCHMOCTH OT BHJA COCIUHEHUS
nepBUIHBIX 00MOTOK TT;

k.. — xoapunment tpanchopmammu npuHITOrO TpanchopMaTropa ToKa.
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OHGHI/IBaCTC}I YYBCTBHUTCIBHOCTb 3alllUTHI. I[J'I}I HCpBOP'I )51 BTOpOP'I CTyHCHCﬁ
IMOKAa3aTCJICM YyBCTBUTCIIbHOCTHU ABJIACTCA IIPOTAKCHHOCTD KOHTpOJIpreMOP'I 30HBEI.
KOB(b(bI/II_II/IGHT 9YBCTBHUTCIIbHOCTH TpGTBGﬁ CTYIICHH 3alllUTBI B PCIKUME OCHOBHOI'O

nercTBus (HOJDKEH OBITh Oobiie 1,5):

@

kq.ocx—x = I S (19)
c.3.w—MT3
2
rae: Il(m)u.nW - 3HAYCHWE MUHHUMAJIbHOrO TOoka K3 mnpu NOBpekKICHUM B KOHIIE

KOHTPOJIMPYEMOM MAaruCTpaIbHON JIUHUM.

UyscTBuTenbHOCT MT3 B pexuMe pe3epBHOrO JACHCTBHS OLEHUBAETCA IO
)

MHUHUMaIbHOMY TOKY K3 [ kminwrpes

IIPU TIOBPEXKJICHUH 32 TpaHCHOPMATOPOM Ha 3aKUMaxX

OOMOTKH HH3KOI'0 HampsKCHUA, ITOAKIHOYCHHOMY B KOHIC MaFHCTpaHBHOﬁ JIMHHUU

(k03¢ GHULIMEHT YyBCTBUTEIBLHOCTH JTOJKEH OBITH Ooibiie 1,2):

4y.pe3 — ( )

I c.3.w—MT3

B cayugae, ecnmn k03hHUIMEHT YyBCTBUTEIHHOCTH B PEKHUME PE3CPBHOTO JICUCTBUS
MeHblie 1,2, TO Ui pe3epBUPOBAHUS OCHOBHBIX 3alllUT  TpaHCHOpPMATOpPOB
(mpenoxpaHuTeneit), MOAKIIOYEHHBIX K MAaruCTPaIbHON JUHUMU, HEOOXOAUMO NMPUMEHEHUE
CIICLIMAJIbHOW PE3E€pBHOM 3aIUTHl WM W3MEHEHHE MNapaMETPOB JJIEKTPUYECKOU CETH.
OpHako, pealbHO JOIMYCKAaeTCs OHKCIUTyaTalus MOAOOHBIX JJIEKTPUUECKHX CceTe 0e3
pe3epBupoBanus 3auuT (puc. 4.) [4].

BriOuparoTcss BcroMorarenbHbIE pelie N0 HUX XapaKTepUCTUKaM B CIPABOYHBIX
naHHbIX. OcylecTBiseTcs MpoBepka TpaHchOpMaTopoB Toka. s aToro ompeaensercs
€ro MaKCHMaJbHas KpPAaTHOCTh PACUYETHOTO TMEPBUYHOTO TOKA IO OTHOUIEHHIO K
HOMMHAJIbHOMY NEPBUYHOMY TOKY TT:

I
kio = fﬂ (20)
1HoMTT

[To kpuBO# mpenenbHBIX KpaTHOCTEH kio ompeaensercs MaKCHMaNIbHO JOMyCTUMAs
BrOpruyHas Harpy3ka TT (monHOE CONMPOTUBIEHHE), MPU KOTOPOW MOJHAS MOrPEUIHOCTh
TT ne npesbimaet 10%.

PacuetHoe HaumOosbiiee conmpoTuBieHue Harpy3ku TT ompenensercs kKak cymMma

COHpOTI/IBJIeHI/Iﬁ INOAKIIFOUCHHBIX K €TI0 BTOpH‘IHOﬁ 0OMOTKH peiIc, a TaKiKe
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COTIPOTUBIICHUI TNPOBOJHUKOB B CHUTHAJIBHOM KaOejie M CONPOTHUBIIEHHE MEPEXOJHBIX
KOHTAaKTOB:
ZHpacq = Zrnp + Y Zpene T+ er[ep (21)
TI€ YTyp — AKTHBHOE CONPOTHUBJIEHHE IIPOBOJHMKOB B CHIHAJILHOM Kalere,
npuHrnMaemoe paBHbIM (.05 Owm;
XTnep — AKTUBHOE CONPOTHUBJIEHHE IEPEXOAHBIX KOHTAKTOB, IPUHMMAEMOE
paBHbIM 0.1 Om.
ConpoTuBIeHUE peie:
Sp
A Pene — 12—(22)
cpmin
PacuetHoe wnaumbonbpiiee compoTHuBieHHE Harpy3ku 1T JOMKHO OBITh MEHBIIE
JOIyCTUMOI'0, B IPOTUBHOM Cllydyae He0OXOJUMO BbIOpaTh APYyroil TpaHchopMaTop Toka

I CXCMY ITOAKIIIOYUCHUS PCIIC.

E. s +
10 kB KH1 KL1
Mepean
CTYNEeHb
F Q (oTceuka)
v KT1
I § Bropas
wf |G L s
'P.EL-'IE KLE oTCedEa C
n1 n2 P KT1.1 BLIAepHKON
TA1 KA1 KA2 KAS5 - NPaMers)
| | T O o R KT2
TA2 ;(,_43 —4 _5 T_ Tpetbs
- | I T 0 i A KH3 KL3 CTyneHb
T P KT2.1 (MT3)
®
Q
i » Lenwn
= OTKRKYEHWE OTKNHYEHUS
SO BbIKIIOMATENA BbiKnio4aTens
) T KLd  KH4
_D |_l ® | Curdanuaayms
KV PV I_I 3aMbIKAHUA Ha
%‘I 3eMnio




PI/ICYHOK 4 — HpI/IHI_II/IHI/IaJII)HaH H OIICPpAaTHBHAA CXCMaA 3allIUThI

3.3.  3amurel, yCTaHABIMBAEMbIE Ha TPAHCPOPMATOPE C HANPSIKEHUEM BTOPUYHBIX

ooMotok 6oxabmre 0,4 kB.

B cootBercTBUM ¢ TpeboBanusmu I1YD Ha TpaHchopmaTopax MOIIHOCTBIO JOJIKHBI
OBITh YCTAHOBJICHBI CJIEAYIOUINE 3aIIUTHI:

1. TasoBag 3ammra I BBIABICHUS  MOBPEXKACHUM  BHYTPH  KOXKyXa,
COIIPOBOKIAIOIIUXCS BBIJEIICHUEM I'a3a, U IIOHWKEHUS YPOBHS Macia.

2. llpononpHas nud¢epeHnnanbHas TOKOBAsl 3allUTa Ui BBISBICHUS BHYTPEHHUX
ITOBPEKJICHUN U MOBPEKICHUN HA BBIBOJAX.

3. MakcumalibHasi TOKOBasi 3alUTa /s BbIsBIEHUs BHEIIHNX K3.

4. MakcumanpHas TOKOBAs 3allUTa I BBISIBJICHUS IEPETPY30K.

BeiOupaercss razoBas 3amiMTa Ha OCHOBE pelle, YCTAaHOBJIEHHOIO 3aBOJIOM-
U3roToBUTENIEM TpaHchopmaropa. B 3ammure ncnonb3yroTcsi KOHTAKThI IEPBOM (Ha CUTHAN)
U BTOPOHM (Ha OTKIIFOUEHHUE) CTYyNMEHEeW 3aimuThl. OnpenenstoTcs BEIUYUHBI IS YCTaBOK
IuQdepeHInaIbHON 3alUThl, YCTaHABIMBAEMOl Ha TpaHCcpopMaTOpe M HMX 3HAUYEHUS
(Tabn. 4) u cpeaHME 3HAUEHUS NEPBUYHBIX U BTOPUYHBIX HOMUHAIBHBIX TOKOB B ILJIEYaX
3anuThl (Tabma. S5) [4].

Tabmnia 4 — MakcuManbHble 1 MUHUMaJIbHBIE TOKH K3

HaumenoBaHue BEJIMUNHBI YuclieHHOE 3HaYCHUE

MaxkcuManbHBI CKBO3HOU TOK Tipu TpexdaszHom K3 3a tpancdopmaropom,

y (3)
TIpUBEEHHbII K CTOPOHE HU3MIEr0 HanmpskeHus, | KmaxTKHH’KA

MaxkcuMalnbHbIH CKBO3HOM TOK nipu TpexdazHom K3 3a tpancdopmaropom,

(3)
[IPUBEIEHHBIN K CTOPOHE BBICIIETO HAmpsuKenus, | KA
p A p p > "kmaxTKBH’

MuHNManBHBIA CKBO3HOW TOK mpH nByX(asHom K3 3a tpancdopmaropom,

y 3)
TIpUBEEHHbIH K CTOPOHE HU3LIEro Hanpskenus, | KminTKHH’KA

MuHNUManBHBIA CKBO3HOW TOK mpH nByX(asHom K3 3a tpancdopmaropom,

y 3)
TIpUBEEHHbII K CTOPOHE BBICIIEr0 HampsiKkeHus, | KminTKBH’KA

[IpoBepsieTcsi BO3MOKHOCTD MCIONBb30BaHus U PepeHInanbHON TOKOBOM OTCEUKHU
Ha ocHoBe pene PT-40.

Omnpenensercs NepBUYHBIN TOK HebanaHca:
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Iy = (kanep ko €+ AUper + AfBpr) : I}(jr)zaxTKHH’(ZB)
rae Kainep — KOO(QOHMUMEHT, yYHTBHIBAIOINMA HAIMYHE AIEPHOJMYECKON COCTaBIAIOIIEH
Toka K3 (nmpunmmaercs kypep, = 2 a1 mubpepennnanbHol TOKOBOM 3aIUTH).
ko — k03 dunuent oqHOTUIHOCTH, (Kopy = 1);
& —MakcumanbHas aonyctumas norpemHocts TT (€ = 0,1);
AU per — JMamna3oH  peryaupoBaHus  KoddduiueHTa  TpaHCHOpMaAIUU
TpaHcopmaropa;
Af gpp — OTHOCUTENBHOE 3HAYEHHME COCTABIAIOIICH TOKAa HebanaHca OT HETOYHOCTH

BbIpaABHHUBAHUA BTOPUYHBIX TOKOB B IITICUAX 3aIllIUTBI, KOTOPOC OIIPCACIIACTCA:

IZHH - IZBH

AfBpr = (24)

IZHH

CpeI[HI/Ie SHAQUCHHUA IICPBHUYHLIX W BTOPHYHLBIX HOMHUHAJIBHBIX TOKOB B ILICYaX
3alIUTHBI OIIPEACIIAIOTCA U IPEACTABIIAIOTCA B BUAC Ta6JII/II_[BI 5.

Tabmnia 5 — HomuHanbHbIE TOKH B INI€YaX 3aIIUTHI

HaunmenoBanue HucneHHoe 3HaYEHUE JJI1 CTOPOHBI
BEJIMYMHBI U yomBH, KB U yomHH, KB
MepBUYHbBIA HOMMUHANBHBIN TOK SHOMT SHOMT
tpanchopmatopa 1y, 1xH,A V3 U omBH V3 - U omtu
KoaddunumeHTb TpaHchopmaLmu J —— J F—
TT krrBH, KTTHH 5 5
Cxema coenunenust TT
KoadpduumeHTbl cxemsl kCXBH» k k
Kextm CXBH CXHH
SHOMT -k SHOMT -k
Bropuunsie TokH B V3 U,omph CXBH V3 Usomnn CXHH
JIe4ax 3alluThI S  J—
5 5

OmnpenensieM 3Hau€HUE TOKA cpabaThIBAaHUS 3aIUTHI IO YCIOBUIO OTCTPOUKHU OT TOKa
HeOaauca:

I = k3 s (25)

riae k;=1,3 — koadumnment 3amaca.
[To ycinoBuIO OTCTPONKH OT OpOCKa TOKa HAMAarHUYMBAHUS:
I; =GB —4) Iy (26)
BriGupaetcs HanbosbIIee 3HaAYCHUE U3 PACUETHBIX JUIsl TOKa CpabaThIBaHUS 3alUTHI.

[IpoBepsieM 4yBCTBUTENHLHOCTH 3aUThl. KoappuimeHT 4yBCTBUTENIBHOCTH:
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k, = i 27)
G

exttt " minTKHH

rae i, =
pmun kTTHH

- TOK B pPCJIC HAa CTOPOHC HU3LICTO HAIIPSAKCHU S,

k -1
I _ RCXHH!c3

op = - TOK cpa0aThIBaHUs perie.

ktTHH

3HadeHne KOA(P(UIMECHTa YYBCTBUTEIBHOCTH JOJKHO OBITH OOJNBIINE JOMYyCTHMOTO
k,> 2, B mpoTUBHOM cCiIly4ae HEOOXOJMMO TPOBEPHUTH BO3MOXKHOCTH HCITOJIb30BAHHUS
mud depeHnraTpHOM 3aIUThl ¢ HACHIIAIOIIUMHUCS TIPOMEXYTOYHBIMH TpaHCc(hopMaToOpaMu
0e3 TopmoxkeHus (Ha ocHOBe perre PHT-565).

Onpenensiercs  MakKCUMaJIbHOE  3HAY€HUWE IEPBUYHOIO TokKa  HebajaHca,

IMPUBCACHHOT'O K CTOPOHEC BBICHICTO HAIIPAKCHUA.

_ . ) .13

IH6 - (kanep kO,E[H €+ AUper) IxmaxTKBH (28)

3HaueHUE TEPBUYHOIO TOKa CpadaThIBaHUS 3aIUThI IO YCJIOBHIO OTCTPOMKH OT
TOKa HebajaHca:
Is = ks lyg
[To ycmoButo OTCTPONKH OT OpOCKa TOKa HAMAarHUINBAHUS
IC3 = kO ) IlBH(Zg)
rae kore=1,3 - K0O3(pULIMEHT OTCTPONKH 3alIUTHI OT OPOCKA TOKAa HAMarHUYHMBaHUSI.

[TpoBepsiem 4yBCTBUTENBHOCTH 3aUTHL. KoadduiineHT 4yBCTBUTENHHOCTH:

I .

__ !pmin
ky =2 (30)
cp
k . 1(3)
CXBH “ gminTKBH
T [y = —— 55 - TOK B perne Ha CTOPOHE HUBIIETO HAIPSIKCHHS,
TTBH
kcxpu'lcs

I, = —"=—=- TOK cpabaTkIBaHHS pee.

kTTBH

OmnpenensieTcs 4UCIO BUTKOB 0OMOTOK pesne (Tabin. 6). [lnedo 3ammTsl ¢ GoIbIIuM
BTOPUYHBIM TOKOM (CTOpOHA HHU3IIETO HANPSIKCHHs]) MOXKHO TPHHATH 32 OCHOBHYIO
CTOpPOHY M TOJKIIOUUTh K paboueil (muddepenunansHoit) odMoTke pene. OnHaKo

IIOAKJIFOYCHUC MOXKCT OBITH IMPOU3BCACHO TOJIBKO K YPAaBHHUTCIbHBIM 0OMOTKaM peiIec (pHC

5).
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Tabnuua 6 — OnpeaeneHne Yucia BATKOB 0OMOTOK pelie

HanMeHoBaHMe BeJIHYHHBI YuciaeHHOe 3HAYEHHE

Hpe,Z[BapI/ITeJ'ILHOG 3HAa4YCHUC TOKa Cpa6aTI>IBaHI/IH peic Ha

cropone BH, [ cpgy, A

PacueTHOE 4YHCIO BUTKOB OOMOTKH peiI€ Ha CTOPOHC BH

F
Wehpact = 7 L e F o = 100 - MJC cpaGateiBanus

CPBH

pene cepuu PHT-560, A

Bb1OpanHO€E YMCII0 BUTKOB Wen

Toxk Cpa6aTBIBaHI/I$I peiiec € Yy4deTOM BBI6paHH01"O qucjia

Fe

_ Fop

BUTKOB [ ppyy = "
BH

[lepBuuHbIil TOK cpabaTbiBaHUS 3alIUThl Ha cTopoHe BH

. k’I'I‘BH

CPBH

IC3BH = I
CXBH

[lepBuuHblil TOK cpaOaTeiBaHus 3amuThl Ha cropoHe HH

. UHOMBH

Iesny = Iespy U
HOMHH

PacuerHoe uucino BUTKOB 0OMOTKM pene Ha cropoHe HH

_ IZBH
Wynpaca = Wpen * I,
BH

Br1OpanHO€E YMCII0 BUTKOB Win

Cocransromas ToKka HebamaHca OT HETOYHOTO
BBIPAaBHUBAHMUS MJAC OOMOTOK Au(QepeHnanbHOro pene

(3)
kmaxTKBH

Wunpaca —Wun

Whn

Toxk Hebamanca ¢ yueTomM TpeTBeI;'I COCTaBJIHIOHleI;'I

3)
kmaxTKBH

Wynpacu —Wan

IH6y = IH6 +

Wyn

Tox cpabaTbhiBaHusg 3amuThl Ha cTopoHe BH c yuetom

YTOUHEHHOTO 3HaueHus Toka Hebananca [ py=k; * [16y

Tok cpabaTbIBaHHs pelie MPH YTOYHEHHOM 3HAYeHUH TOKa

kCXBH.IC3BH

nebananca [ gy = P
TTBH

MunumanbHoe 3HaUeHrue KodpduiueHTa

YYBCTBUTCIIbHOCTHU IIPU YTOUHCHHBIX IMapaMETpax

k _Ipmin
T
CpBH
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! 4 Wyp1 2 4 Ypag 6 |
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KAT1
s D e sl i e e I
-
Al 4 Upag 6 |
M ,
PHT-565 1
KAT2 |
TA4

Pucynok 5 — Cxema nuddepenimanbHO 3aUTH TpaHC(HOpMaTOpa, BHIIOJIHEHHON Ha
pene PHT-565

UyBCTBUTENBHOCTh AUPPEPEHINATBHON 3alUTHl MOXHO IOBBICUTH, €CIIM €€
BBIIIOJIHUTE C TopMoxkeHueM Ha pene tuna J[3T-11. Onpepensrorcs mapameTpsl
aupdepeHInaIbHON  3alMThl ¢ TopMoXkeHueM. IlepBuuHblii TOK HeOanaHca, A,
MIPUBEJEHHBIN K CTOPOHE BBICIIETO HANPSKEHUA, 0€3 yuéTa TPEeThel COCTABIISIIOLIEN TOKa

He6aJ1cha, O6YCJ'IOBJ'I€HHOﬁ HCTOYHOCTBIO BbIPpABHUBAHUA MI[C IJICY 3alllMThI:

Lis = (Kanep * Kopu - € + AUper) 1S (31)
TOK Cpa6aTI>IBaHI/IH 3allIUTHI, A, BI)I6I/IpaeTCH TOJIBKO IIO YCJ'IOBI/IIO OTCTpOﬁKPI oT
Opocka TOKa HAMarHWYMBaHUS TPH MHUHUMAIFHOM KO0d(pduimeHnTe TtpaHchopMaluu
CHUJIOBOT'O TpaHC(bopMaTopa, COOTBCTCTBYIOIHGM KpaﬁHeMy ITOJIOKCHUIO peI‘yJI;ITopa:
ICBBH =1,5- IlBH(gz)

OmnpenenstoTcs yncia BUTKOB 00MoTok pene JI3T (tadm. 7.)

Tabnuua 7 — Onpeaenenue yucia BUTKOB oOMoTok peine 3T

HaunmeHnoBanue BeJIHYNHBI YuciaenHoe 3HaUYeHHUE

[IpenBapuTensHOE 3HAUYEHHE TOKA CpabaThIBaHHS pelie Ha

cropone BH, [¢pgy, A

PacuerHoe umcio BUTKOB OOMOTKH pejne Ha cropoHe BH

F
—>, e F, = 100 - MJIC cpaGarsiBanus

CpPBH

WBHpac‘{ -

pene, A
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HaunMmeHoBaHHe BeJIHYHHDI

YuciaeHnHoe 3HaUYeHHUE

Bb1OpaHHO€E YNCII0 BUTKOB Wen

Tok cpabaTeiBaHusi pene ¢ Y4eTOM BBIOPAaHHOTO YHCIIA

Fe
—
BUTKOB | CpBH

W BH

[lepBuuHblil TOK cpabaTbiBaHUS 3aUIUTHl Ha cTropoHe BH

. k’I'I‘BH

CPBH

ICSBH = I
CXBH

IlepBuunblil TOK cpaOaTeiBaHus 3amuThl Ha cropoHe HH

. UHOMBH'(l_AUper)

UHOMHH

Ieaun = Iespy

PacueTHOE 4YHMCIO BHTKOB OOMOTKH pei€ Ha CTOPOHC HH

IZBH

Wynpacu = Wpen I
BH

Br1OpanHO€ YMCII0 BUTKOB Win

Cocrasisromas TOKa Hebalanca OT HETOYHOIO
BBIDAaBHHBAHMS MJC OOMOTOK Ju(QepeHIInaIbHOIO pele

(3)
kmaxTKBH

Wunpaca —Wun

Wyn

Toxk Hebamanca ¢ yueTomM TpeTBeﬁ COCTaBJIHI-OH_[eﬁ

3)
kmaxTKBH

Wynpacy —Wun

IH6y = IH6 +

Wyn

BBI6I/IpaeTCH YHuCJI0 BUTKOB ypaBHHTeHBHOﬁ 0OMOTKH

Wyp1 = Wyy Ha ctopone HH

BriOupaercst 4uciio BUTKOB YPaBHUTEIBHOM OOMOTKH

Wyp2 = Wgy Ha cTopore BH

AbcomoTHas morpemHocts BeipaBHuBaHus MJIC oOMOTOK

B mieuax 3ammtl AF = W,y * Ioyy — Wen * [2p4]

CxeMma BKIIFOUEHHS OOMOTOK pelie TToKazaHa Ha puc. 6. Onpenensercs Yucio BUTKOB

cropone HH.

PacueTHOE uMCIIO BUTKOB TOpMO3HOﬁ OOMOTKH:

k3'1H6HH'Wp
Wy 2 ® .

kmaxTKHH LA
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TopMo3Hoit 00MoTKH peine 13T, Heo6xoaumoe Jij1st TOro, 4TOOBI peie He cpadaThIBAJIO TIPU

MaKCHUMAaJIbHOM CKBO3HOM TOKC€. TOpMOSHaH 0OMOTKA BKJIFOYAETCA B IIJI€YO 3alllUThI Ha




roe: lugun TOK HeOajaHca, NpUBEICHHBIM K cropoHe BH ¢ wucnonas3oBanuem

MHHHUMAJILHOTO K03 duIenTa TpancopManiy CHIOBOro Tpanchopmaropa, A:
Ugy - (1 — AU)
Usn

Ligun = luepn -

W, - PAaCYETHOE YKMCIIO BUTKOB pabo4er OOMOTKH B IUIEYE 3AIUMTHI, IJI€ BKIKOYEHA
TOpMO3Hasi 0OMOTKa;

tana = 0.87 - TaHTreHC yria HakJIOHa K OCH abCcLUCC KacaTelnbHOU, IPOBEACHHON U3
Hayajia KOOpJAMHAT K TOPMO3HOM XapaKTEpUCTUKE pelle.

k, - koaddunmenT 3anaca (MOKHO MPUHATH PaBHBIM 1,5).

A B C
A1 |TA2 |7A3
| & =
E E E—l. 12 ©1 6 4 Bypr g g Wpas 3
W.
I I
S——. . B S . KAW1 |
¥ <4 'S
) || e i
A 12 ®1 g 4 Wypr g|g Wpat 3
y I
| |
: 1 Wypo A3T-11 :
: KAW2 |
[l
TA4 TA5 i s

Pucynoxk 6 — Cxema nuddepeHnmanbHoi 3auuThl TpaHchopMaTopa, BRIMOIHEHHOM

Ha pene JI3T-11

B topmo3znoit o6MoTke pene JI3T-11 MokeT ObITh YCTAaHOBJICHO TOJIBKO CIIEAYIOIIEE
yuciao BUTKOB: 1, 3,5, 7,9, 11, 13, 18, 24) [4]. [IpoBepsieTcsl UyBCTBUTEILHOCTD 3aIIUThHI

(k03 PUIHEHT YyBTCUBTEIHLHOCTHU AOKEH OBITH OOJbIIE 2):
I

__ ‘pmin

Ky

I CpBH
Tox cpabateiBanusi MT3 TpanchopmaTopa it BbigBieHHs BHemHux K3
OTIPEIEISCTCS TI0 YCIOBUSAM OTCTPOHMKH OT TOKOB B MaKCHUMAJIbHBIX pa0OunX PEeKUMaxX U
OT TOKOB CaMO3aIlyCKa, BO3HUKAMIOIIMNX B IIOCICABAPUMHOM pEXUME B OOMOTKax
TpaHchopmaropa:

ICSBHKS = Ipa6maxT (34)
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k
ICSBHKS = k_3 ) Ic3anT(35)
B

r7€ [ 3apr — MAKCUMAJIBHBIA TOK CaMoO3aIlyCKa B MocJieaBapuiiHOM pexxuMe B ooOMoTke BH
TpaHchopMaTopa COOTBETCTBEHHO
MakcumanpHBId TOK caMo3almycka B OOMOTKe TpaHchopmaTopa OOYCIOBICH
ANEKTPOABUTATEISIMHA B HArPy3Ke:

I sanr = Keay '@.—H(36)

HOM

Kpome storo, MT3 or BHemnux K3 momkHa OBITH corjlacoBaHa ¢ 3alllMTaMH,
YCTAaHOBJICHHBIMU Ha OTXOJSAIIEH JIMHUU W Ha JIMHUAX, OTXOASIIUX K Harpy3ke H, mo Toky

H I10 BpCMCHMU:

U
I3y = ko ) kcsw 'U_HH(37)
BH

tesrz = tew + At(38)
rre k, — koapPUIUEeHT OTCTPOMKH, paBHbIH 1.1;
At — cTyneHb CelleKTUBHOCTH, paBHast 0.5.
Koadpdurnment uyBctBuTenbHOcTH mipu nByx(dazHom K3 3a Tpancopmatopom

(momxeH ObITH OosbIe 1,5):

1%
kq — KMINTBH (39)

IC3T

Ocy1ecTBisieTcs: BBIOOp pele.

Bri6upaem napamerpst MT3 Tpanchopmaropa ot neperpysku.

[lepBuunblii TOK cpabaThIBaHHsI OMPEACNACTCS IO YCIOBUIO OTCTPOMKH OT
MaKCUMaJbHOTO pabouero Toka TpaHcdopmaTopa Ha ctopoHe BH, rnme ycraHosiena
3aIlnTa:

k
Iopr = k_3 *Tyomr (40)

B

3amuTa noakirodeHa K TeM ke TT, uro u MT3 ot BHemHuX K3.

kel
Tox cpabateBanus pene: gy, = ———(41)

kTTBH

Cxema 3amuthl TpancopmaTopa ¢ auddepeHnnanbHOil 3aUUTOM Ha OCHOBE pelie
J3T-11 (puc. 7): cxembl CHIIOBBIX U BTOPUYHBIX LEenen (puc. 7 a), cxema onepaTUBHBIX

1enei 3amuTel (puc. 7 6).
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CATHAMHEALHA

PI/ICYHOK 7 — a - CXEeMbI CUJIOBBIX U BTOPHUYHBIX ueneﬁ; 0 - cxema OIICPATHUBHBIX

ereil 3anmThl

4. OnucaHue NPUHATHIX CPEICTB PesIeiiHOM 3aAIUThbI

JlaeTcst kpaTkoe ONMMCaHuE MPUHSITHIX CPEICTB PEIECHHON 3auThl. JlaeTcs onurcaHue

IIpUHIOUIIA pa6OTBI CXCM OIICPATUBHBLIX I_IGHGI‘/’I 3alIUTHEI. HpeI[CTaBJ'IHIOTCH OCHOBHBIC

XapPaKTEPUCTUKH CIIPOCKTUPOBAHHOM 3aILIUTHI.

B mponecce

KOHCYJNbTalMM W coOmoaath Trpaduk paborel. [lomHOCTEIO OGOpMIIEHHAs pPacdeTHO-

3ALIIUTA KYPCOBOI PABOTHI

BBITIOJIHEHUS KYpPCOBOM  pabOThI
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MOSICHUTENIbHAS 3alUCKa CIAETCS PyKOBoAWTENO. [locie ycnemHoro nomycka K 3ailiuTe,
CTYJIEHT 3alllMIlaeT KypCOBYIO pabOTy B YCTAaHOBJICHHBIM CpPOK TMepe]; KOMUCCHEH,
YCTaHOBJICHHON Kadeapoit.

3amuTa KypcoBoi pabOTHI MpeaycMaTpuBaeT MokKiaz (He Oojiee S5-7 MUH.) U OTBETHI
Ha BONPOCHI YJIEHOB KOMUCCHH U MPUCYTCTBYOIMX. CTYJEHT OKEH MOKa3aTh MOJHOE
MPEJCTAaBICHUE O CIPOSKTUPOBAHHON peyieiHON 3amuTe, OOOCHOBaTh MPHUHSATHIC
TEXHUYECKUE pEILICHUs,, YMETh [JlaTb YeTKUE OObACHEHUsA. Pe3yiabTaThl 3alluThI
olleHUBaIOTCS TU(DPEpEeHIIMPOBAHHON OLIEHKOW, TPU STOM YUYHUTHIBACTCS TBOPUYECKUMN
MOAXOJl CTYJIE€HTa K PEIICHUI0 TOCTaBJICHHOW 3a/laud, CTENEHb CaMOCTOATEIbHOCTH,
coOmofienne rpaguka paboOThl, KayeCTBO PACUETHO-TIOSICHUTEIILHOW 3aluCKd U

rpaduuecKkoi yacTu mpoeKTa.
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