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Breimycknast kBanudukaimonaas pabora IIpoekTupoBanue penaciHou 3alluThl JMHUH
anexkTponepenad 220 kB IIC
«Kpacuonomsguckasa » — beaosckast  POC Kysz6acckoit 993C c., puc., _
TaoI., HCTOYHHUKOB, MpUJL.

KimroueBrle ciioBa: YCTAaHOBHBIIMICS PEXKUM peJIeHHAs 3alIUTa, VCTaBKa, YYBCTBUTEIHHOCTD,
MHKPOIPOIIECCOPHBIN TEPMUHAJI, TUHUS

OOBEKTOM UCCIICJIOBAHUS SBIISIOTCS pelieiiHas 3aliuTa U aBToMaruka Juauu 220 kB.

Hens pabotel — IlpoekTrpoBanue peneitHoi 3ammThl IMHUM dJiekTponepeaay 220 kB T1C
«KpacHonossackas » — benosckasg I'POC Kyszbacckoit 99C

B mporecce uccienoBanus MPOBOIUINCH AHAIN3 3AIIUIIAEMOT0 00bhEKTa, 0OOCHOBAHHWE U
BBLIOOD BHIOB M COCTaBa PENEHHON 3aIMTHLI, alllapaTHON pealM3aliy peleHHON 3aIlUThl JTHNHUN
DJIEKTPOIIEpEAaYr, pacyeT YCTAaBOK M YYBCTBHTCJIBHOCTH  PEJCHHON  3alIUThHl  JIMHHAM
3JICKTPOIICPEAAYH.

B pesynbsrare mccienoBaHusi 000CHOBAHBI M BBIOPAHBI BUJbI U COCTaB PEICHHON 3aIUTHI,
anmnapaTHas peanu3anys peaeiHHON 3alUThl JUHUU 3JIEKTPONepeadyd, PAacCUMTaHbl YCTABOKU U
YYBCTBUTEIBHOCTH PEJICHHOMN 3aIUThI JUHUU HJICKTPOIIEPEaauH.

OcHoBHBIE KOHCTPYKTHBHBIE, TEXHOJIOTHYECKHUE U TEXHUKO-IKCIUTyaTallMOHHbBIC
XapPaKTEPUCTUKHU:

1) TexHMUecKue TaHHbBIE U XapakTepucTuku mkada [1132607- 016

e [IpenHa3HayeH jis pe3epBHOM WM €IMHCTBEHHOM 3aIUThI JIMHUM JJICKTPOINECpEIadn
Hanpspkenuem 110-220 xB.

e Coaepxur OJIMH KOMIULIEKT, peanu3yromun byHKIIII 13,
TH3HII, TO, MT3, APIIT, AYB, AIIB u YPOB.

e HOMUHJIbHBII epeMeHHbIN TOK [HoM 5 A

e HOMHUHaJIbHOE MeXIy(ha3sHoe HanpsbKkeHue nepemeHHoro Toka Unom 100 B

¢ HOMHHAJIBHOE HAMPSHKEHUE OINEPATUBHOIO MOCTOSHHOTO WJIM BBIIPSMIIEHHOTO TOKA
Unut, 220 B

e HoMmuHaIbHag yactorta faom, 50 I'm.

CreneHb BHEAPEHUS:

1) PaccunTaHHBIC YCTaBKH MOTYT HCIIOJb30BAThCs MPOCKTUBHBIMU KM IHEPreTHUECKUMMU
KOMIAHMSIMU JIUI oOecrieueHust 3aiuThl aunun snekrpornepenay 220 kB I1C «KpacHonoissHCKast »
— benosckas I'POC Kysbacckoit 93C pazpadoran OO0 HIIIT «OKPAy,

2) Ikada 11192607- 016 mumpoko HpUMEHSET Juis o0ecneUYeHUs pEIeHHOM 3alllUThl U
ABTOMATHMKH JIMHMH dJICKTponepeaaun HanpsbkeaueM 110-220 xB.

OO6nacTe NpUMEHEHUS:

1) Paccuurannbie ycraBku Illkada [1132607- 016 MOTyT HCIOIB30BaThCs MPOSKTUBHBIMU
WJIA SHEPreTUYCCKUMHM KOMITAHUSMM JIIsE 00ecreueHus 3auThl TMHUU 3aekTporepenay 220 kB T1C
«Kpacuonojsgackas » — benosckas ' POC Kysb6acckoit 33C
OxoHoMuYeckas 3(h(HeKTUBHOCTH/3HAYMMOCTh paboThl obecneueHne HaJaeKHOM U GecnepeboiHoN
pabote! M saekTponepenad 220 kB I1C «KpacHononsHckas » — benockas ' POC Kysbacckoit
90C

B 6y;[y1ueM IIaHUPYETCA PCKOMCHAOBATH IMMPOCKTUBHLIM HJIM SHECPTCTUYCCKUM KOMITAHUAMU
PaCCYUTAHHBIC YCTABKH.




Onpenenenusi, 0003HAYEHN S, COKPAIIEeHUSI, HOPMATHBHbIE CCHLIKHU

93C - 3JIEeKTPOIHEPTETUUECKUE CUCTEMBI;

P3A - peneliHoli 3a1IUThl 1 aBTOMATHKU;

APM CP3A — nporpaMMHbIi KOMIUIEKC JIJIsl PACYETOB AJIEKTPUUECKUX BEJIIMUUH MPU
MOBPEKJICHUSAX CETU U YCTABOK PEJICUHOM 3aIlUTHI;

K3 — kopoTkoe 3aMbIKaHUE;

YPOB - ycTpoiicTBO pe3epBUpPOBAHMS MPU OTKA3E BBIKIIOYATEIS;

AIIB - aBTOMaTH4€CcKO€ MOBTOPHOE BKIOUYEHUE;

TT — Tpancdopmarop Toka;

TH — tpanchopmaTop HanpsKEHHUS;

TO — TokoBas oTceuka

T3HII - TokoBas 3amuTa HyJ1€BOI NOCIEA0BATEIIBHOCTH

JI3 — nucTaHIIMOHHAS 3alIUTa;

BHH - 6510xupoBKY Ipu HEUCIPABHOCTSX B HEMSIX EPEMEHHOTO HATIPSIKCHHUS;

TO — ToKOBast OTCEUKA,;
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BBeaeHue

CoBpeMennbie 22C  SBASIOTCA  CIOXKHBIMA ~ MHOTOMAPAMETPUUYECKUMH  TUHAMHUYECKUMU
CUCTEMaMH, BCE DJIEMEHTHI KOTOPBIX JKECTKO CBS3aHHBI MEXIy CO00M OOIMMH peKuMaMu paboTHl,
a TaKXKe METOJaMU U CpeJcTBaMH HX peanusauuu. CyliecTByromue TeHIAEHIUU pa3BuTus D3C
BEIyT K HUX JaJbHEUIIEMY YCIOXHEHHUIO U HACBIILIEHUIO CPEACTBAMHU IIEHTPAIM30BAHHOU
ABTOMATUKH PEJICHHON 3alllMThl, YTO eImie Oojee YCHIMBAET MKECTKOCTh B3aMMOJEeHCTBHMA. B
YACTHOCTH CO3/AI0TCS M BBOJASITCS B AKCIUTyaTal[MI0 HOBbIE 3alUTHI JUIS JIMHUHN 3JIEKTporepenad,
JUIS KPYIHBIX T€HEepaTopoB, TpaHCPOPMATOPOB M IHEProONOKoB. OT HAAESKHOCTH MX 3aIlUTHI
3aBUCUT OecriepeOoiHOe 3JIeKTpOCHAOKEeHHEe MoTpeduTeneii. B aTom Ooibliyi0 posib Urpaer
peneiiHas 3aluTa, KOTOpas SBISETCS OCHOBHBIM BHJIOM aBTOMAaTHKH, 0€3 KOTOPOW HEBO3MOXKHA
HaJe)KHAsE paboTa COBPEMEHHBIX JJEKTpUUeCKUX cucteM. OHa OCYIIECTBISET HEMPEePhIBHBIN
KOHTPOJIb 32 COCTOSTHUEM MU PEKUMOM PabOTHI BCEX AJIEMEHTOB SHEPrOCHCTEMBI U pearupyer Ha
BO3HUKHOBEHHE MMOBPEXKJACHUI 1 HCHOPMAIbHBIX PEKUMOB

B Hacrosimiee Bpemsi B AJIEKTPOYCTAHOBKaxX HCHOJB3yeTcsl ycTpoiictBa P3A Tpex BuAOB,
KOTOpBbIE OTPA)KAalOT TPU TIOKOJEHUS pa3BUTHs anmapatypbl P3A: aiexkTpoMexaHUuYecKue
YCTPOWCTBA, MHKPOIJCKTPOHHBIE M MHKpOMpoueccopHbie. Hambonee coBpeMEHHBIM SIBISETCS
nocierHu BUA. Tak Kak HMIET NPOLECC IO BHEAPEHUI0 MHMKPOIIPOLIECCOPHBIX YCTPOMCTB B
JIEKTPOYCTAHOBKAX, C KaXKIbIM pPa30oM NyOJIMKyeTCs JOCTaTOYHOE KOJMYECTBO Y4eOHBIX
MaTepuaioB, npu npoektupoBaHun P3A HeoOxoauMo oOpamarbcs Kak K COBPEMEHHBIM U
IIEPCIIEKTUBHBIM MUKPOIIPOLIECCOPHBIM YCTPONCTBaM.

VYcrpoiictBa P3A B COBOKYNHOCTH MPEACTAaBIAIOT COOOH CIIOKHYIHO MHOIOCTYHNEHUYATYIO
cucTeMy, INpeJHa3HaueHHyr s  OecriepeOOMHOro  3J1eKTpocHaOXKeHHs  moTpeduTeseit
JIEKTPO’HEPTUU M COXPAaHEHMs YCTOWYMBON pabOThl CHHXPOHHBIX TeHepaTopoB. OmHAKO
BBINOJIHUTB CBOIO 33auy 3THU YCTPOMCTBA MOTYT JIMIIb B CIy4ae, €CIM OHM OTBEYAIOT KOMILIEKCY
TpeOOBaHUM, W3JI0KEHHBIX B HOPMAaTUBHBIX Marepuanax. CooTBeTcTBHE peajbHbIX P3A 3TUM
TpeOoBaHUsIM oOecneuynBaeTcs, B OCHOBHOM, Ha CTaJWHd MPOEKTUPOBAHUSA, KOTOpPOE IIpH
MPaBWJIbHOM €ro OpraHu3aluu 00s83aTeabHO JOJKHO OBITH KOMILIEKCHBIM.

B nannoit pabore mocrapieHa 3agadya BEIOOpA U pacueT YCTABOK PEJICMHON 3alUThl BO3IYIIIHON
nuHUM 3nektponepenad snekrpornepenad 220 kB IIC «KpacnononsHckas » — benockas ['POC
Kysb6acckoit 39C.

JIns  BBINOJHEHWSI TIOCTABJICHHOM 3aJa4d MCHOJIB30BAJICS BBIYMCIUTENBHBIA PACUETHBIN
komiuiekc «APM CP3A» (IIK «bPU3», r.HoBocuOupck), KOTOpbI MPUHAT B MPOMBILIUIEHHYIO
JKCIUTyaTaIMIo0 B KaueCTBE OCHOBHOTO mporpammuoro cpenactsa B LIIY EDC, OAY Bocroka, OJ1Y
Cubupu, OJY VYpana, OAY Cpenneii Bonru, OAY Lentpa, OAY Cepepnoro Kapkaza, OY
Cesepozanana, Bcemu PIY stux OJY. APM CP3A mnepeagan B skciutyaranuio Bo Bce MOC
®denepanbHOI CETEBOM KOMIIAHUM, a TAKXKE B SHEpreTuyeckue kommnanuu benopyccuu, Kazaxcrana,
JlaTtBun, JIutBBl, MOHTOJINH.

APM CP3A no3BoJisteT:

e CTpouTh MaTEMATHUYECKYI0 MOJENb IEKTPHUUYECKON CeTH ¢ HEOTPaHUYCHHBIM 00bEMOM
y37I0B W CBsI3ed, Kak B TpaduueckoM, TaKk M B TaOJIMYHOM BHJE. DKCIIOPTHPOBATH
rpadguueckoe m3obpaxenue cetu B ¢popmar Corel DRAW, AutoCAD. IIpousBomuthb



AKCTIOPT/UMITOPT JICKTPHUUECKOM YacTH MOJIENIN CeTH (BETBU M €€ mapaMeTphl) B popMar
nporpammsl Excel.

[Ipou3BOIUTE pacyeThl SIEKTPUUECKUX BEJIMYUH B CETH HEOTPAaHUYEHHOro o0beMa, Mpu
MOBPEKACHUSIX JTHOOON CI0KHOCTH, C YIETOM TI'PYII BETBEH B3aUMOMHAYKIIMHU, AKTUBHOM
COCTABJISIIOLIEH COIPOTUBICHUN, OTIWYUSA BEIUYMHBI CONPOTUBICHUHW MPSAMOH U
o0paTHOW TOCIENOBAaTENbHOCTEH M (PAKTUYECKHX TPYNI COEIMHEHHS OOMOTOK
TpanchopmaropoB B Tpex(ha3HOW CHMMETPUYHON ceTH Jr00oro HanpsokeHus. [lomydars
BBIXOJIHBIE TOKYMEHTHI B popmare Word u Excel.

[Tpon3BOAUTH pacueT YCTaBOK MHKPOIPOIECCOPHBIX 3aIUT, TOKOBBIX CTYHNEHYATHIX
3allUT OT 3aMbIKAHHMI Ha 3eMJIIO, JUCTAaHIIMOHHBIX 3amuT Tuna JI13-1636, /13-503, I13-5,
[a3-2001, MIA2-2801,bPD-2801, TokoBeIXx 3amuT oT Mexaydasasix K.3.,
MUKpornpoleccopHbix AucTanunoHHbIX 3amuT HIIT «9KPA», SIEMENS, ALSTOM.
[Tonydats BBIXOAHBIE NOKYMEHTHI B (opmare makera Word, Mpou3BOIUTH 3KCHOPT
peneiinoro ¢ouaa B popmar nporpammsr Excel.

[Tonyyats HOBYIO ceTb Ha 0a3ze SKBHBaJIEHTa ceTH. [Ipou3BOANUTH pacueT mapaMmeTpoB
MIPOU3BOJIHOM CXEMBI 3aMelleHusl (IIYHTOB) JUIsl MOBPEKICHHUM JTIOO0N CIOKHOCTH, C
y4eTOM I[apaMeTpOB B3aUMOMHAYKIIMU BETBEH HYJIEBOM MMOCIIEIOBATEILHOCTH.
[Ipon3BOIUTE pacyeThl MO ONPEAEICHUIO MECTA IIOBPEKICHUS CETU:

- pacueT TabauIl A7 ONpeieJICHHs] MECT TOBPEXKACHU CETH;

- pacuet mecta nospexaeHus cetu (OMII) no nokazanusm npruOoOpoB.



1. OnucaHue paiioOHa 3HEPTOCHUCTEMBI

OObekT: peneinas 3ammra JuHUM dnnekTporepenad 220 kB IIC «KpacHomomnsHckas » —
benosckas I'POC Kysz6acckoit 99C. [lnsa dhopMupoBaHusl pacUETHBIX CXeM OyAeM HCIIO0Ib30BaTh
mucneruepckyto cxemy Kysbacckoit D9C, koTopasi GaKTHYECKHU SIBISICTCS CXEMOUM AIIEKTPHUICSCKHIX
COCJIMHEHH /111 HOPMAJIbHOTO ONEPATUBHOTO PEKUMA.

Paiion s mpoexktupoBanus P3A nmoipkeH copep:kaTb KpoMe 3aJaHHBIX aBTOMAaTH3UPYEMBIX
AJIEMEHTOB TaK)Ke JBa YPOBHS nepudepuil U3 NpeAbLAyIIuX 3JEMEHTOB B HAINIPABICHUU JCHCTBUS
KoMIUIeKTOB P3A 1o KOHIIaM 33aHHOM JIMHUY U JIBa YPOBHS MEepU(EpUii: OFHOTO - U3 CMEKHBIX
JJIEMEHTOB, a JPYyroro - W3 MPEAbIAYLIMX OTHOCHUTEIBHO CMEKHBIX JJIEMEHTOB B OCHOBHOM
HampaBJIeHUU (T.e. B HaIIpaBICHUU CETH) ACWCTBUS PE3EPBHBIX 3alUT KaXJ0H M3 CTOPOH
3aJJaHHOTO TpaHc(hopMaTOpa WK aBTOTpaHchOopMaTopa, SHEprodIioKa.

BriOpaHHBI TakuM TyTeM pallOH MpEACTaBiseT co0Oil B psle ciaydyaeB BecbMa OOIIMPHYIO
CXEMY, OJJHAKO BOJIEBOE COKpAIEHUE €€, XOTS M YIPOIIAeT, HO HE 00JIeryaeT B MOCIEAYIOLIEM
3ajauy npoektupoBanHus P3A.

Jlyis BBIOpaHHOTO palioHa PAcUETHOW CXEMBI COCTABIISICTCS COBMEIICHHAS CXeMa 3aMeIleHUs
npsiMOW, OOpaTHOM W  HYJEBOM  IOCIENOBAaTENIbHOCTH  JJI  PacyeToB  BBIHY)KJIEHHBIX
CUHYCOUJIAJIbHBIX 3JIEKTPUYECKUX BEJIMYMH MPU MOBPEXKACHUIX B CBEPXIEPEXOIHBIM MEPUOT U
MIpU HEOOXOIMMOCTH B yCTaHOBUBIIEMCS pexume K3.
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2. Boi6op 1 000CHOBAHMeE BHIOB H cocTaBa P3
Cornmacio [1] Ha AMHUSX C JABYXCTOPOHHUM TUTAHUEM JIOJDKHBI YCTAHABIMBATBHCS JIBE
HE3aBHCHMBIC 3aIUTHI OT BCEX BHUJIOB MOBPESKICHUS: OBICTPOICHCTBYIOMIAS 3aIIUTa ¢ a0COIIOTHON
CEJICKTUBHOCTBIO M KOMIUIEKT CTYIEHUYATHIX 3aIIUT (PE3EPBHEIE).

B kadecTBe OCHOBHOI OBICTPOAECHCTBYIOLIEH 3alllUThl MNPUMEHATH OAMH M3 CIEAYIOLIMX
BapuanToB [1, 2, 3]:

1) npononsayo auddepenuuansuyto 3amury (J13J1);

2) nuddepennuanpHo-haznyro (JD3) 3anury;

3) 3aIMUTy C BBICOKOYACTOTHOM OJIOKUPOBKOA;

4) KOMIUIEKT CTYIEHYATBIX 3aIIUT C Mepeaadeid OJIOKUPYIOMIUX UITH Pa3pellialonX CUTHAIOB.
B xauectBe pe3epBHOIA:

1) JIucranuuwonHas 3ammra [4, 5].

2) T3HII (TokoBas 3amMra HyJEBOH MOCIeI0BaTeaIbHOCTH) [4, 6, 7]..

3) MTO (mexnydasHas TOKOBasi OTCEUKA).

Cern nHampspkennem 110-220xB pabotaroT B pexkume ¢ 3()(HEKTUBHO WIH TIIyX03a3eMJICHHOU
HelTpanpio. [loaToMy 3aMbIKaHME Ha 3€MJII0 B TaKUX CETAX SIBISIETCS KOPOTKUM 3aMbIKAHUEM C
TOKOM, WHOT/Ia MPEBBIMIAIONINM TOK Tpex(daznoro K3, U MoANeKUT OTKIIOYEHUIO ¢ MUHUMAIILHO
BO3MOHOM BBIJICPKKOU BPEMEHU.

3anepkka B oTKI0YeHMH K3 MOXKET NmpHUBECTH K HapyUIEHHIO YCTOMYMBOCTU MapajlielbHON
pabOThl JEKTPOCTAHLMHM, W3-32 JJIMTENbHOM TMOCAAKM HANPSIKEHUS MOXKET OCTaHOBUTHCA
00OpyZOBaHHE U HApPYIIUTbCS TEXHOJOTMUECKUH TMpOLEecC MPOU3BOJACTBA, MOTYT MPOU3OUTH
JOTIOJIHUTEbHBIE TIOBPEKAEHUS JIMHUH, HA KOTOPOM BO3HUKIIO KOPOTKOE 3amblkaHue. [loaTomy, Ha
TaKMX JIMHUAX OYEHb YacCTO NPHUMEHSIOTCS 3allUThl, KOTOPBHIE OTKJIIOYAOT KOPOTKHE 3aMbIKaHUS B
mo00i Touke O3 BBIIEPKKH BpeMEHH. DTO MOTyT ObITh auddepeHunnanbHble 3ammThl [8],
YCTaHOBJICHHBIE 110 KOHLAM JIMHUM W CBS3aHHBIE BBICOKOYACTOTHBIM, IPOBOJAHUKOBBIM WIH
ONTUYECKUM KaHAJIOM. OTO MOTYT OBbITh OOBIUHBIE 3alIUTHI, YCKOpSiEeMble IpPH MOJyYEHUU
paspelaronero, Wi CHATHH OJIOKUPYIOIIEro CUTHAJA C MIPOTHUBOMOJIOKHON cTOpOoHBI. TOKOBBIE U
JUCTAaHLIMOHHBIEC 3aLIUTHI, KaK IPABHUJIO, BBIIOJIHAIOTCS CTYNEHYaThIMU. KOIn4ecTBO CTyneHen He
MeHee 3, B psJie ciaydaeB ObIBaeT HeoOXxoauMo 4, UM Jaxe S5 cryneHeil. Bo MHOrux ciydasx, Bce
TpeOyeMble 3alllUThl MOKHO BBINOJIHUTH Ha 0a3e ojgHOro ycrpoiictBa. OnHAKoO, BBIXOJI U3 CTPOs
3TOr0 OJIHOTO YCTPOWCTBA OCTaBiIsieT 0OopynoBaHHMe Oe3 3aluThl, 4To Hexomyctumo. [loaromy
3alIUThl JMHUN BBICOKOTO HANPSKEHHS 11e1ecO00pa3sHO BBINOJIHATH M3 2 KOMIUIEKTOB. BTopoit
KOMIUIEKT SIBJISIETCSI PE3EPBHBIM U MOXKET OBbITh YINPOILEH [0 CPAaBHEHHUIO C OCHOBHBIM: HE UMETh
AIIB, umMeTh MeHbIlIee KOJIUYECTBO CTYNEHEH U T.n. BTOpoil KOMIUIEKT MOJKEH MUTAThCA OT
Jpyroro aBToMaTa OMNEepPaTUBHOTO TOKa M KOMIUIEKTa TpaHchopMmaTtopoB Toka. [lo Bo3MoOXKHOCTH,
pE3epBHBIA KOMIUIEKT MOXET MUTAaThCs OT JPYrod akKyMyJsTOpHOW Oarapeu M TpaHchopmaropa
HaIlpsDKEHUs, JACUCTBOBAaTb HAa OTACIIBHBIA COJICHOWJ OTKJIIOUEHHs BBIKJIIOYATENA. Y CTPOMCTBA
3aLUThI BHICOKOBOJIBTHBIX JIMHUM JOJIKHBI YUUTHIBATh BO3MOYKHOCTh OTKAa3a BBIKJIFOYATENS U UMETh
YPOB, 1160 BCTpoeHHOE B caMO YCTPOHCTBO, JINOO OPraHU30BaHHOE OT/IEIIBHO.
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Jlnst aHanmu3a aBapuu U pabOTHl PEICHHON 3alUThl U ABTOMATHKH TPEOYETCsS PEerucTpamus Kak

AHAJIOTOBBIX BCIIMYWH, TaAK U JUCKPCTHLIX CUTHAJIOB IIPpU aBapr/'IHBIX COOBITHSIX.

Taxum 06pa30M, JJI1 BBICOKOBOJIBTHBIX JIMHUH KOMIIJICKTHI 3allIMThl U aBTOMATHUKHN JOJIZKHBI
BBIITOJHATL CICAYIOIIUC q)YHKL[I/II/II

3ammTy oT MeX1ypa3HbIX KOPOTKUX 3aMbIKAaHUN M KOPOTKUX 3aMBbIKAHUN Ha 3eMJTIO.
[Todaznoe unu Tpexdaznoe AIIB.

3aluTy OT MEPErpy3KH.

YPOB.

OmnpeneneHne MecTa OBPEKICHHS.

OcuwiorpagupoBanue TOKOB M HANPSHKCHHH, a TaKKE PETUCTPALUS JIUCKPETHBIX
CHUTHAJIOB 3allIMThI 1 aBTOMATUKH.

YcTpoiicTBa 3aIUTHI TOJKHBI PE3EPBUPOBATHCS WM AYOJIMPOBATHCA.

Z[J'ISI HI/IHI/Iﬁ, HUMCIOIIIMX BBIKJIOYATCIIN C HO(baSHBIM YIIPABJICHUCM, H606XOI[I/IMO HUMCTH 3alllUuTy

OT HENoJHO(A3ZHOTO PEeKUMA, NEHCTBYIONIYIO HA OTKJIFOUEHHUE CBOETO M CMEXHBIX BBIKIIOUATCIICH,
TaK KakK JUTUTSIbHBIN HETTOJTHO(DA3HBIN PEXKUM B CETSAX HE JIOITYCKASTCS.
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3. Bei6op annapaTHou peasimsauuu P3 IMHUU 3/1eKTponepeayu

3.1. /lucTaHIMOHHAA 3alUTa JUHUH.

Tpexcrynenuarass nucraHuvoHHas 3amurta Tuna [1192607-016 [9] npennazHadena ist
MPUMEHEHUsS OT BceX BUAOB Mexaydaszubix K3 c ycTpoilcTBOM OJIOKMPOBKM MpU KayaHHUSIX U
HEUCIIPABHOCTSAX B LEIMAX EPEMEHHOT0 HanpsikeHusi. OCHOBHBIM OPraHOM BCSIKOM JMCTaHLIIMOHHOM
3aIUTHI SBJSETCS Pelie CONPOTUBIICHUS, KOTOPOE, U3MEPsiss CONPOTUBIICHUE JIUHUU 10 MECTA K. 3.,
ONPEACISIET, HA KAKOM YYacTKE IMPOM3OLLIO MOBPEXKICHUE U COBMECTHO C JIPYTMMH OpraHaMH
3amuThl 00ecreynBaeT ee AecTBUE ¢ He0OXOAMMOMN BhIIEPKKOW BPEMEHH.

Tak, opyu K. 3. Ha 3aIIMIIAEMON JIMHMU O Hel IPOXOJUT K MeCTy K. 3. TOK | K3> 2

HAIIPs>KECHUEC U v Ha IMAHAaX II0ACTaHIHWHA 6y,I[CT paBHO MaACHHUIO HAIIPSXKCHHA B COIIPOTUBJIICHHUU

y4acCTKa JIMHUHU ZK3 . OT IIKH IIOACTAaHIINHU JO TOYKH K.3.: U M~ |K3 . ZK3

HerpysHo BHIETb, 4YTO OTHOLICHHE OCTaTOYHOIO HANpPsKeHMs Ha wmHax K | g3,
IPOXOJSIIIEMY IO 3aIIMIIAEMOI JIMHUU, PAaBHO CONPOTHBIICHUIO Y4acTKa JIMHHM J0 MeCTa K. 3.:
Zgz =Up 1 g3

JINCTaHIIMOHHAs 3aIllUTa BBHINOJHACETCS IO CTylNeH4YatoMy npuHimmy. Kak mpaswuio,
pEeryarpOBKa TUCTAHIIMOHHOM 3alIUTHI BBITIOIHACTCS CICIYIOIUM 00pa3oM:

- 1-1 30Ha 3ammMTHl 0€3 BBIICPKKH BPEMEHH 3allUIIaeT TOJIFKO YacTh JIMHHH (IPUMEPHO
85%) cuMTasi OT MecTa yCTAaHOBKM 3alllUThl. BOJbIIMI OXBAT JIMHUM HEIOMYCTHM, TaK KaK H3-3a
HOTPEeITHOCTeH  TpaHC(OPMATOPOB TOKA, TPAHC(HOPMATOPOB HAMPSHKEHUS M CaMOro  pelie
CONPOTHBIICHUS 3alllUTa MOXET CpaboTaTh NMpPU K. 3. Ha CMEXHOH jmuHUU. CONpOTHBICHHE
cpabaThIBaHMUs pele CONPOTUBIICHUS MIEPBOI 30HBI OIPEACIACTCS U3 YCIOBHS OTCTPOMKH OT K. 3. HA
[IMHAX MPOTHBOIOJIOKHOH MOACTAHIIMU 1O (hopMyIIe:

Zic 3 =Kg - Z 7, tne Zyc 3 — mepBruHOE CONMPOTHBIEHUE CPaGaTHIBAHMUS MEPBOH 30HBI

JMCTAHUMOHHON 3amuTel; Z ;7 — CONpOTHBICHHME 3amuimaemMoil ymun; Ky — xosdduument

HAJIS)KHOCTH OTCTPOWKH, YYUTHIBAIOLIMI MOTPEIIHOCTU pEle CONPOTUBICHHS, TPaHCHOPMATOPOB
TOKa M HATPSDKEHUS, a TAKXKe MOTPEIHOCTH pacyera. [Ipunnmaercs pasasim 0,8—0,85.

I[TepBast 30Ha 3aIUTHI BHIIOIHACTCS O0€3 BBIACPIKKU BpEeMEHH, T. €. t; = 0.

- 2-s 30Ha OXBAaTHIBACT KOHEIl 3alMIAeMOl JMHWM, IIHHY MOJCTAHIIUA M YaCTh CMEXHOMN
auHud. CoIpOoTHBIIEHHE CpabaThIBaHMUs pEJe CONPOTHUBIIEHUS BTOPOIl 30HBI OMpenenseTcs U3
CHEAYIOUIUX YCIOBHM:

1). CornacoBaHue C TEpPBBIMU CTYNCHSMH JMCTAHIIMOHHBIX 3alUT CMEXKHBIX JIHHUIL:

Zocs =Ky(Zy+K yKp-Z9c3), re Zyc 3 — nepsuuHOE CONPOTHBIEHHE CPAOATHIBAHUS

BTOpOI>'I 30HBI JUCTAHIIMOHHOM 3aIIUTHI 3aIIUIIaeMOM JIMHUU, Zﬂ — COIIPOTHUBJICHUC 3alUIIaeMOM

JINHHU, k‘H — KO03h(DUIIMEHT HAIEeKHOCTH OTCTPOWKH, YUWTHIBAIOIMIUM TOTPEIIHOCTh pelie
COMPOTHUBIIEHHUS, TPaHCPOPMATOPOB TOKA U HATIPSHKEHUS, a TAKKE MOTPEIIHOCTh PACYETOB YCTAaBOK
3alUTBl CMEXHOW IJIMHWUHM, TpuHUMaercs paBHeIM 0,7—0,8; Z‘1C.3._ CONPOTHUBIICHUE
cpabaTblBaHUS TEPBO 30HBI JUCTAHIIMOHHOM 3alIUTHl CMEXHOW JTUHUM; kp — K03 dULUEHT
pacnpeneneHus, paBHbIN: kp =l 30 /1 K31 The | gzom | g3 —TOKN K. 3., mpoxoasdmue mo

3alUIIaeMOll ¥ CMEXHOW JUHUSM TpH K. 3. B  KOHIE CMEXKHOH  JIMHUU.
2).0tctpoiika ot K.3. 3a TpanchopmaTopamMu MPUEMHON TMOJCTAHIIMA WM TpaHchopMaTopamu

otmaiiku  mo  Qopmyne: Zyc 3 = K H (Z g+ k p: ZT) , Trae Zt —  CONpPOTHUBIEHHUE

TpaHcpopMaTOPOB.
W3 n1Byx paccUMTaHHBIX COTNPOTHBICHUI BHIOMPAaEM MEHBIIIEE.

Beigepikka BpeMeHH BTOPOW CTYIEHU MPUHUMACTCS Ha CTYIEHb CEICKTUBHOCTH OOJIbIIE
BBIJICP)KKM BPEMEHM TEX 3allUT, OT KOTOPHIX IPOU3BOIMIACE OTCTPOHKA COMPOTHBICHHUS
cpabaThIBaHMs BTOPOM 30HEL 1y, =1; + At



- 3-1 cryneHb. TpeTbs 30Ha OXBAaTBHIBAET CMEKHYIO JIMHUIO JUIS PE3EPBUPOBAHMS NIPU OTKA3E
€€ 3aILUThI U BBIKJIIOYATEIS.

ConpoTuBieHne cpadaTbiBaHUs MYCKOBBIX OPTaHOB OIpPENESeTCs] U3 YCIOBHS OTCTPOUKHU OT
MaKCHMaJIbHOTO TOKA Harpy3KM M MUHUMAJIBbHOIO J3KCILTyaTallMOHHOI'O HANpsDKEHUS Ha IIMHAX
MOJICTAaHIIUH 110 hopMyJie ISl HAIIPABIECHHOTO peJie COMPOTUBIICHUSA:

Unmin
V31 max - Ky -Kg -€0S(8 — @p)

MaKCHMaJIbHBII  TOK Harpys3Ku, KOTOpBIﬁ MOXET MOPOXOJUTh IIO 3amnmaeM0171 JIMHUH,

Z3c3 = rie In.max =0.81 zor—

Uwmin =0,9-Uponm — MUHEManbHOE 3KCILTyaTallMOHHOE HAIPSKEHHE HA IIMHAX TOJCTaHIMH,
KOrJa 10 JIMHUM IIPOXOJUT MAaKCHMAJIbHBIA TOK HATPY3KH; O — YIOJ MAaKCHMAIbHOM
YyBCTBUTENBHOCTH pENe CONPOTUBNEHHS; @p— yronm Mexay |y max¥ Umin o Ky —

K03(QQUIMEHT HAIEKHOCTH OTCTPOWKH, NpMHMMaeMblii paBHbIM 1,2—1,25; Kp —Kkoaddunuent

BO3BpaTa pene CONPOTHUBIICHUSL.
Boiaeprkka BpeMeHu TpeTheii crynenu: {3 =1, + At

3.2. Mexxay¢da3Has oTceyka.

Ikad I192706-016 [9] comepkur TOKOBYIO OoTceuky oT MHorodasueix K3. Haszunauenwe TO
TPAJUIIMOHHO JIJIi OTEYECTBEHHBIX 3aIWT JIMHUN BBICOKOTO HAIPSHKCHHSI — TO JIOTIOJHUTEIbHAS
3alUTa Ha CIIydaid HEYETKOW pa0OThl JMCTAHIIMOHHOW 3allUTHl MPH 3aMBIKAaHUSX B Hadale
3aIUIIaeMO TMHUY.

3.3. ToxkoBad 3aliUTa HYJIEBOH NMOC/1eJ0BaTEe/JIbHOCTH.

B cxeme ueTbIpexcTyneH4aTol TOKOBOW 3alllUThl HYJIEBOW MOCIEAOBATEIbHOCTH — JUISl JIMHUI
110-500 kB [10], umeromux nmuTaHue ¢ ABYX U Oojiee CTOPOH, BCE CTYNEHHU, KPOME IMOCIEIHEH,
SIBJISIFOTCS. TOKOBBIMHM OTCEYKAMH W TMPETHA3HAYEHBI B OCHOBHOM JIJISl JICUCTBUS MPU 3aMBIKAHUAX Ha
3eMIII0 B IIpejesiax 3alUIIaeMOl JMHUM U Ha IIMHAX IPOTHUBOIONOXKHON monacraHuuu. [locnenuss
CTYIIEHb MpEJHa3HaY€Ha B OCHOBHOM JUISl OCYUIECTBIICHHS PE3EPBUPOBAHUS IPU 3aMBIKAHUAX HaA
semito Ha mpeabiaymed guauu. T3HIT ucnonbsiyer (akT mosBiaeHHS B TOKaX U HANPSKEHUSX
COCTABJISIIOLINX HYJIEBOM MOCIEI0BATEIbHOCTH U TpUMeHsieTcs Juis 3amuThl oT K3 Ha 3emutto. TokoBas
3alllUTa HYJEBOW MOCIEIOBATEIbHOCTH BBINOJHEHA C WCIIOJNB30BAHUEM pEJie TOKA, BKIHOYAEMbIX B
HYJIEBOI MPOBOJT TOKOBBIX LieTiel ((PHIIbTP TOKA HYJIEBOU MOCIE0BATEILHOCTH).

Jlns obecrniedeHus CENEKTHMBHOCTH JIEHCTBUS 3aIIUTHI cMeXHBIX BJI Bpems aeicTBusi 3amuT
BBITIOJIHSIIOT B 3aBUCUMOCTH OT paccTosiHUsl 0 MecTa K3: yem MeHbIe TOK cpabaTbiBaHMs, TO €CTh
yeMm fanbiine K3, TeM gonbiie Bpems cpabaTbIBaHUSI.

I crynens.

Tok cpabaTeiBaHMsI TIEpBOM CTYNEHHM 3allMThl MPU BBINOJHEHUU €€ 0e3 BBIICPKKU BPEMEHU
BBIOMpPAETCS] MO YCIOBHUSIM OTCTPOMKHM OT YTPOCHHOTO TOKAa HYJIEBOW IOCIEA0BATEIbHOCTH,
MPOXOSIIET0 B MECTE YCTAHOBKH 3AILUTHI:

a) HpI/I 3aMbIKaHHH Ha 3€MJIIO Ha IIIHMHaX HpOTHBOHOJ’IO)KHOfI MmoACTAaHIIMH IIPpU OTKJIIOYEHHOHU U
3a3eMJICHHOI Ha 000MX KOHIaX MapajiebHON TUHUY;

0) Ilpu kackaJHOM OTKJIIOUEHUHU 3aMbIKaHHS Ha 3€MJIIO OJIHOM (a3bl Ha MapaieIbHOW JIMHUU
BOJIM3U IIMH TOJICTAHIINH, HA KOTOPOH yCTaHOBJICHA 3aIUTA.

Tok cpabaTbiBaHMs MEPBOI CTYMEHH 3aIIUThI OIPEEINISIETCS O BHIPAYKEHUIO.

YTPOCHHOT'O HA4YaJbHOI'O TOKA HYJIEBOW IOCIEIOBATEIBHOCTH, MPOXOASAIIEIO0 B MECTE YCTaHOBKH
3QIIUTHI TIPY 3aMbIKaHWH Ha 3€MITIO HA IIMHAX NPOTUBOMOJIOKHOMW MOACTAHINH; K, = - KOO()hHUIHEHT

Ocs. ZKOMC -3[0, TIE 3|0 — MAaKCUMAaJbHOE 3HAUYEHHUE MEPUOJUUYECKON COCTaBIISIOLIEH

OTCTPOMKH, YUUTBHIBAIOUIMI TMOrPEUIHOCTh pelie, OIIMOKM pacueTa, BIMSHHUE arepuoJu4ecKon
cocTaBsiomell n HeoOxoauMblii 3amac. I[lpunumaem  x, . =1.3.
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BreiOpannass 3amuTta JODKHA — YAOBIETBOPSATH  TPEOOBAHUSM  UYYyBCTBUTEIBHOCTH  TIPU
METAUINYECKUX 3aMBbIKAHUSAX HA 36MIIKO0 B PACUETHOM PEKHUME.

UyBCTBUTEIBHOCTh 3alIUTHl JOJDKHA IPOBEPSTHCS NMPU 3aMbIKAHUM HAa 3€MJII0 OJHOM (a3bl.
OpnHako B pslie CaydaeB JOHKHA TaKXKe MPOBEPSITHCS YYBCTBUTEIBLHOCTH 3AIUTHI U MIPU 3aMbIKAHUH
Ha 3eMii0 JBYX (a3. DTo HeoOXoIuMMo, eclid IpH 3aMblIKaHMM Ha 3eMIII0 JIBYX (a3 3ammra OT
MHOTO(a3HBIX 3aMBIKAHWW OKa3bIBACTCS HEYYBCTBUTEIbHOW, Hampumep mnpu K3 B 30He
pe3epBUPOBAHHUS, WIIM BO3MOKHO 3HAUUTEIBHOE €€ 3aMEJICHUE, HAIPUMEP MPU NEPEXOAE 3aMbIKaHUS
OITHOM (pa3bl B 3aMBbIKaHHE IBYX (ha3 HA 3eMITI0, €CIM HE MPETYCMOTPEHO NEHCTBUE BTOPOW CTYICHU
JUCTAHIIMOHHOW 3aIIMThl 0e3 OJIOKMPOBKU NMPHU KauyaHUSAX; 00eCledeHne YyBCTBUTEIBHOCTH 3alIUThHI
IpU 3aMBIKAaHWU Ha 3eMIII0 JBYX (a3 B MOCIEIHEM CiIydae MOMKET MPEAOTBPATHTh 3aMeJICHUE
orkitoueHus K3.

KoadduiimeHT YyBCTBUTENBHOCTH pelie TOKAa 3allUThl OIMPEACISeTCS 10  BBIPAKEHUIO

Kq = 3]0 / ]0 c.3.
rae 3l

min
omin MHUHUMAJIBHOC 3HAUYCHUC HepI/IOI[I/IIIeCKOf/'I COCTaBHSIIOH_Ieﬁ YTPOCHHOI'O HAYAJIbHOT'O
TOKa HyneBoﬁ IOCICA0BATCIIBHOCTH, IIPOXOAAIIEI0 B MECTC YCTaAaHOBKH 3aIIUTEI ITPU PpaCYETHOM BUJC
3aMbIKaHUS Ha 3EMJII0 B PACUCTHOM PCIKUMCE,

| — MEPBUYHBINA TOK CpadaThIBAaHHUS COOTBETCTBYIOIIEH CTYIEHU 3aIUTHI.

Jls TOKOBOM CTYyIEHYaTOM 3alUThl HYJIEBOH MOCIIEA0BAaTENbHOCTH JO0JDKHBI 00ECIIeYrBaThCs
CIIeAYIOIINE MHHUMAJIbHbIE 3HaYeHUsI KOd(PPHUIIMEeHTa YyBCTBUTEILHOCTH JUIS PEJie TOKA!

a) IpU 3aMbIKAHUU HA 3€MJIIO B KOHIIE 3allMILAEMOM JIMHUM Oe3 yuyeTa pe3epBHOIO JEHCTBUS —
oKoJI0 1.5, a pu HAJIMYMK HAJIEKHO JEHCTBYIOLIEH pe3epBHON CTYNEHU — OKoJIO 1.3; mpu HaIM4uU Ha
IIPOTUBOIOJIOXKHON MOACTAHIIMM OTJEJIHON 3alllUThl NIMH JOIycKaeTcs: obecrneunBarh K03hduuueHt
YYBCTBUTEIBHOCTU B PEKUME KACKaJHOTO OTKIFOUYEHHUS 0KO0JIO 1.5;

0) npu 3aMbIKaHUU Ha 3€MJIIO Ha IIUHAX MPOTUBOINOJIOKHOM MOJCTAHLIUHU — OKOJIO 1.5;

B) IpU 3aMblKaHMM Ha 3€MJII0 B KOHIIE 30HBI DPE3EPBUPOBAHMS B PEKUME KACKaIHOTO
OTKJIIOUEHUS TIOBPEXKACHUS IS ITOCJIEIHEN CTYIIEHH 3aIlUThl — HE MeHee 1.2.

CrnenyeT yuuTbIBaTh, YTO IPU 3aMBbIKAHUM HA 3€MJIIO 10 MYHKTY «@» B CIIy4ae HUCIIOJIb30BAHMSI
paccMaTpuBaeMOi 3allUThl B KAU€CTBE OCHOBHOM, a TakyKe MPU 3aMbIKaHUM HA 3€MJIIO 10 MYHKTY «0»
B Cllydasx, KOI/la CHelMajbHas 3allMTa IIMH HE NPEeIyCMaTpPUBAETCS, BbIIEPKKA BPEMEHH 3alllUThl,
KaK IPaBUJIO, HE IOJKHA MpeBbIath 1.5 c.

II crynens.

Tok cpabaTbeiBaHHsI BTOPOIl CTYIEHU 3aIIUTHI (OTCEUKHU C BBIAEP’KKON BPEMEHHU) BHIOMpAETCS IO
YCIIOBUSM:

a) OTCTPOWKHM OT YTPOEHHOIO TOKa HYJIEBOM MOCIEIOBATEIBHOCTH, IMPOXOISIIET0 B MeCTe
YCTQHOBKH 3alllUTHI MPU 3aMbIKAHUU Ha 3€MIIIO 3a MPEJbIIyIIMM aBTOTpaHC(HOpPMaTOPOM Ha CTOPOHE
€ro CMEKHOTO (CpeIHEero) HanpsKeHus (MPUMBIKAIOIIEH K CETH C IIIyX03a3eMJIEHHON HeUTpabio);

0) coriacoBaHus C MEPBOM CTYNEHBIO 3AIIUTHI MPEIbIAYIIEH JIUHUN WK 3alIUThI OT 3aMbIKaHUN
Ha 3eMJII0 MPEABIAYIIEro aBToTpaHCcOopMaTOpa yCTAaHOBIEHHON Ha CTOPOHE CMEKHOTO HaNpsKEHUs
(mocneaHee MPOU3BOIUTCA BMECTO YCIOBHS «a» B ClIydae, €CIM 3TO HEOOXOJUMO JUIsl MOBBIIIEHUS
YyBCTBUTEIbHOCTH 3AIUTHI);

B) OTCTPOHKM OT YTPOEHHOIO TOKa HYJEBOM IOCIEI0BATEIbHOCTH, MPOXOJIIEr0 B MecTe
YCTaHOBKH 3alUTHl B HEMOJHO(A3HOM pexume, BozHuKaroueM B 1ukie OAIIB Ha 3amummaemoii nnm
NpeabIAyIIel JINHUY, a TAK)KE B JUTUTEIHHOM HEMOJHO()A3HOM PeKUME Ha NPeAbLAYILEH TUHUH.

B nensx nmoBhIIEHUS YyBCTBUTEIBHOCTU MOXKET OKAa3aThCs L€I€COO0pa3HBbIM COIJIaCOBBIBATH
BTOPYIO CTYIIE€Hb HE C NMEPBOH (110 M. «0»), a CO BTOPOM CTYNEHBIO 3aLIUThI IPEIbIIyIIeH TUHUN.

Boiaep:kka BpeMeHU BTOPOM CTYNEHM 3allUThl JOJDKHA OBITH COIJIaCOBaHA C BbLIEPKKAMU
BPEMEHM CTYNEHEN 3alUT NPEAbIIYIIUX 3JIEMEHTOB, C KOTOPBIMHU POU3BOAUTCS COTIACOBAHUE.

III cTyneHns.

Tok cpabGateiBaHusl TpeTheill CTYHNEHHM (OTCEUKHM C BBIIEPKKOH BpeMEHH) BBIOMpaeTcs IO
YCIIOBHSIM:

a) cOrJacoBaHME C 3aLIUTON MpeAbLAylIed JUHUM (CO BTOPOM WM TpeThe ee CTYIEeHbIO;
MOCJIeIHEE B CIlyyae, €clid MpPH COTJIACOBAHMM CO BTOPOW CTYNEHbIO 3aIMTHI MPEAbIAyLIEH JIMHUN
paccMaTpuBaeMast TpEeThsl CTYNEHb He YAOBJIETBOPSAET TPEOOBAaHHUAM YyBCTBUTEIBHOCTH) UITH 3AIUTON

Oc.3.
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OT 3aMBIKaHUH Ha 3eMJIIO MPEIBIIYIIETr0 aBTOTpaHCc(POopMaTopa, yCTAaHOBICHHON Ha CTOPOHE CMEKHOTO
HanpsDKeHUs (C MEpBOH ee CTYMEeHbI0, €CIIM BTOPask CTYNEHb pacCMaTPUBAEMON 3alIUTHl OTCTPOCHA OT
3aMbIKaHMs Ha 3€MJII0 Ha IIMHAX 3TOr0 HAIpPSDKEHMs, WM CO BTOPOH €€ CTYNEHbIO, €ClIU BTOpas
CTYHEHb  pacCMaTpMBAaeMOM  3allMTBl  COIJIACOBaHA  C  MEPBOM  CTYNEHBIO  3aIIUTHI
aBTOTpaHchopMaTopa);

0) cormacoBanue ¢ nepoil wim Bropoit crynensto CT3HII aBTOTpanchopmaropa co CTOpPOHBI
€ro CpeIHEro HapsHKEHUs PACIIONOKEHHOIO Ha IPOTUBOIOI0KHOM KOHIIE JIMHHH.

Bbinepkka BpeMEHU TpEeThel CTYNEHH 3allUThl J0JDKHA OBITh COTJIACOBAaHA C BBIICPIKKAMU
BPEMEHHU COOTBETCTBYIOLIMX CTYMEHEH 3aIlUT MPEAbIIYIIUX HIEMEHTOB.

IV crynens.

Tok cpabaTeiBaHUs YE€TBEPTON CTYIEHU JOJKEH ObITh OTCTPOEH OT TOKA HeOajaHca B HYJIEBOM
MPOBOJIE TPaHC(HOPMATOPOB TOKA MPU BHEUIHUX 3aMBIKAHUAX MEXIY (pa3amu, eclid paccMaTpuBaeMast
CTYIEHb 3alllUThl HYJIEBOM MOCIIEA0BATENLHOCTH UMEET BBIICPKKY BPEMEHH, PAaBHYIO MM MEHBIIYIO,
YeM 3alluTa OT 3aMbIKaHWH MeX1y (a3zaMH Ha MOBPEXKACHHOM 3JeMeHTe. Kak mpaBuiio, ykazaHHOE
COOTBETCTBYET YCIIOBHUIO OTCTPOWKM OT TOKOB HeOamaHca npu K3 Mexnay Tpems ¢azamu 3a
TpaHchopMaTopaMd W Ha CTOPOHE HH3IIETO HANPSHKEHHUS aBTOTPAHC(HOPMATOPOB MOACTAHIIUU
JAHHOTO U MPOTHUBOMOJI0KHOTO KOHI[OB JIMHUU.

Tok cpabaTbIBaHMS 3aIUTHI, BHIOMPAEMBbIi 110 pacCMaTPUBAEMOMY YCJIOBUIO, ONPEEIISETCS 110
BBIPA)KEHUIO:

I :Komc K -1 oub,y

nep Oub,y 2
TpaHCPOPMATOPOB TOKA B YCTAHOBHBIIEMCS PEXHUME IMPH pacCMaTpUBAeMbIX BHENIHHX K3 mexmy
Tpems dazamu;

K,n. — KOOOQUIHMEHT OTCTPOMKHM, YYHTBHIBAIOWIMK IOTPEIIHOCTH PENE, OIMMOKU pacyera u

rac | TOK HeOajaHca B HYJICBOM IIPpOBOJC

Oc.3.

HE0OXOIMMBII 3armac, IPUHUMACTCS paBHBIM 1.25;
K — KO3 (UIUEHT, YYUTHIBAIOIINN yBEIIMUECHUE TOKa HebajdaHca B MEPEXOJHOM PEKHUME,

nep
NPUHUMAETCS] PaBHBIM:
2 — TIpH BBIIEP)KKE BpeMeHH paccMaTpuBaemont crynenn 10 0.1 cex.;
1.5-npu BeIAEpKKE Bpemenu a0 0.3 c;
1-npu BeAEpKKE BpemenH Boiie 0.5-0.6 c.
Tox HebGananca MOKeT OBITh NPUOIMIKEHHO OIIPEEIICH 0 BHIPAKEHHIO
lows. =K1 rue | — MaKCHMaJIbHOE 3HaueHue (pa3HOro TOKa, IPOXOALIETO B MECTe

pacu pacu
YCTaHOBKH paccMaTpuBaeMoil 3amuThl pu BHemHeM K3 mexay Tpems gazamu;
K - —Koa(pduureHT HeOanaHca.

"o

Ho
KO3(1)(1)I/H_II/ICHT He6aJ1cha IMPUHHUMACTCA B 3aBUCHUMOCTU OT KPAaTHOCTU I

K, =0.05;

6) mpu GompmIMX KpaTHOCTSAX, HO He mpesocxomsmmx (0.7-0.8) 1 ,, (I ,, — mpenembHas

pacu -~

a) npu HeOONBIINX KPaTHOCTX, 10 (2-3) 1

KPaTHOCTh IIEPBUYHOTO TOKa TpaHCHOpMaTopoB Toka npu 10%-Hoi norpemnoctn), x,, =0.05-0.1;
B) IpH KpaTHOCTAX, 60mbmux (0.7-0.8) | ,, mpoBoauTcs crenuanbHelil pacyer.

VYceragka IV crynenu CT3HII BeiOupaeTcst u3 yciaoBusi:

a) OTCTPOIKM OT cymMmmapHoro Toka Hebananca @HIT B MakcumanbHOM paboueM pexume.

0) orcTpoiiku oT cymmapHoro toka Hebananca ®HII npu 3x-¢paznom K3 3a TpeyroabHukamu
aBTOTPaHCHOPMATOPOB ¢ 00EUX CTOPOH JIMHHU.

4. Bb100p u3MepuTeIbHBIX TPAHC(POPMATOPOB.

TpaunchopmaTop Toka npegHasHAuEH Ui PEoOpa30BaHUs EPBUYHOTO TOKA J0 3HAYCHMS,
HaubOosee yAOOHBIX AJi1 HM3MEpPUTENbHbIX NMpuOopoB u pene (1 u 5A), nns otneneHus uenen
M3MEpPEHUS U 3aILUTHI OT IEPBUYHBIX LIETIEN BBICOKOTO HanpsbkeHus [ 1, 4].
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[Tpu Tpancopmanuu Toka TT UMEIOT MOTrPEUTHOCTD B CIEACTBUU:

-KOHCTPYKTHBHBIX OCOOCHHOCTEH (Ce4eHHe MarHUTONPOBOJA, MATHUTHOW MPOHHUIIAEMOCTH,
CpeaHell IIMHBI MAarHUTHOTO ITYTH)

-BTOPUYHON Harpy3ku (CONMPOTUBIEHUN MNPHOOPOB, MPOBOJOB, KOHTAKTOB), KPaTHOCTH
MIEPBUYHOTO TOKA MO OTHOIIEHHI0 K HOMHUHAJIbHOMY. YBEJIMUYEHHUE 3TUX NapaMeTPOB yBEIUYHUBAECT
MIOTPEIIHOCTb.

Hopwmanbnas pabora TT ocymiecTBisieTcs: B pexume 0au3komy Kk K3, korja Harpyska UMeeT
Masoe cornpotusiieHue. B pexume XX: MarHUTOIIPOBOJ 32 CUET YBEJIWYEHMS] MAarHUTHOI'O NOTOKA
OyZeT HarpeBaTbCs, a HA BTOPUYHOM pa30MKHYTONH OOMOTKE MOSIBUTCS BHICOKOE HANPSKEHUE.

Bwi6op TT:

-ITo HanpsxeHuto:.

-IIo KOHCTPYKIIMYU U CXEME COEAUHEHNS OOMOTOK.

-ITo kimaccy TouHoCTH.

. _ 2
-TTo Bropuunoii arpyske: Rypm =S 1 50p
Honyctumoe:
Rr»=R2-R, ;i —Ry . R¢ - comporusnenue xowrakros = 0,10m, R2 -

HOMHUHAJIBHOE JOIyCTUMas Harpys3ka TpaHcopMaTopa TOKa.
Beibupaem TT nns napyxso#t ycranosku TO3M 220b

UnowMm, kB lnom, mep, A | lnom, BTOp, A
220 1000 5

TpancdopMmaTop HANIPSIZKEHUS.
Hpe)lHa3HaquI>1 AJid TIOHMIKCHHA BBICOKOI'O HAIPSXKCHUA OO0 CTAHAAPTHOI'0 3HAYCHHA (

100;100/+/3 ) ¥ A7 OTACNCHHs IeTel M3MEPEHUs M PEJeHHOM 3alMThl OT MEPBUYHBIX IENel

BBICOKOTO HarpsikeHus [ 1, 4].

TH paGotaer B pexxume Onu3koMy K XX, Tak Kak CONPOTUBJICHUE MapLENbHbIX KaTyIIEK U
pene 0oJbIloe, a TOK, MOTPEOIIeMbI UMU, HEBEITUK.

[TorpenrHocts KO3 GULHEHTOB TpaHCHOPMALIUU CBSI3aHHBI:

-paccesiHue MarHUTHOTO MOTOKA U IOTEPHU B CEPACUHUKE

-BEKTOP HaNpPsDKEHHsI OTHOCUTEIBHO BEKTOpa MEPBUYHOTO HAPSHKEHUS CIBUHYT HE TOUHO Ha
180rp. — yryioBast HOTrpemHOCTb.

-KOHCTPYKIIMM MAarHUTONPOBOJA, MAarHUTHOW IPOHUIAEMOCTH CTalId U Kod(p(uIeHTa
MOIITHOCTH BTOPUYHOI Harpy3Ku.

Bei0oop TH:

-110 HanpsbkeHuto ycraHoBku Uyct < Unowm;

-KJIacCy TOYHOCTH;

-110 KOHCTPYKIIUU U CXEME COETMHEHUS 0OMOTOK;

-0 BTOPUUHOI Harpyske S, < S - HOMUHAJIbHAs MOIIIHOCTH B BEIOPAaHHOM

2rom » T1€ S0y
KJIacce TOYHOCTH, TMPU ITOM CIEAyeT UMETh B BUAY, 4TO s OJHO(]a3HBIX TpaHCHOPMATOpPOB,
COEIMHEHHBIX B 3BE31Y, CIEAYET B3ATh CYMMAapHYIO MOIIIHOCTh BCEX Tpex (a3, a JAJis COeAMHEHHBIX
[0 CXE€Me€ OTKPBITOIO TPEYrojbHUKA — YABOEHHYIO MOIIHOCTh OJHOr0 TpaHcdopmaropa; Sp-
Harpyska Bcex NMpuOOpoB U pelie, MPUCOEIMHEHHBIX K TpaHc(hopMaTopy HanpsikeHus, BA.

BriOupaem HK®-220-58.

17



3ATAHUE JIJISI PA3JIEJIA
«®PUHAHCOBBII MEHE/JKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXEHHE»
CryneHry:
I'pynna DPUO
3-9401 Hycparnnnaes NLA.
HucTuryT DJIEKTPO3HepreTHYecKMii Kadenpa 93C
Yposens o0pasoBannst | CrieryuaaucT (I/IH)KeHep) Hanpagsienune P3uADDC

Hcxonubie naHHble K pasgeny «PHHAHCOBBIH MeHEIKMEHT, pecypcodpdeKTUBHOCTL H

pecypcochepekeHne»:

1. Cmoumocmv pecypcos nayunoeo uccireoogsanusi (HHU):| Cmoumocms mamepuaibHwix pecypcos
mamepuaibHo-mexHu4ecKux, IHepeemu4ecKux, Cmoumocmo 060py006anz
qbuHchoebzx, qu)OpMaquHHblx u yejnoeevyecKkux

2. Hopmbl u Hopmamuebl pacxo008aHusi pecypcos Hopmbvr amopmuzayuu

Pasmep onnamer mpyoa

3. HUcnomvsyemas cucmema Hano2oo6roxcenus, cmasku| Omyucienus 6 coyuanbhvle QoHobl
HA0208, omuucnenuti,  OUCKOHMUPOBAHUA U
KpeoumogaHnus

IMepeyens BONpPoOCOB, MOIJIEKANMX HCCIETI0BAHNIO, TPOEKTHPOBAHMIO U Pa3padoTKe:

1. Oyenxa xrommepueckozo nomenyuana uHxiceHeprvix | [Inanuposarue gbinoIHeHUs NPOEKMA

pewenuii (UP)

2. Dopmuposanue niana u epagura paspabomxu u Dopmuposanue  6r0xcem  3ampam  HA  HAYYHOO
enedpenusi UP ucnedosamnue

Ilepeyennb rpaguyeckoro marepuaJja:

Ipu neobxooumocmu npedocmasums ICKU3HbLE Brodxcem 3ampam Ha Hay4yHoe uccnedosaHue
epaguueckue mamepuavl K paciemHomy 3a0aHUI0

| JlaTa BbIIauM 3a1aHusA U1 pa3jiesia no JuHeiiHomy rpaguky ‘

33}13HI/I€ BbIJ1AJ KOHCYJIbTAHT:

JlokHOCTD [(%(0] Y4enast cTeneHs, Moanucey JlaTta
3BaHHe
JlouieHT Kopmynosa JILA. K.T.H.
33}13HI/I€ NPUHAJT K HCIOJTHCHUI0 CTYAEHT:
I'pynna [037(0] Hoanuck Jara
3-9401 Hycpatminaes 1.A.

6. @uHaHCOBBIII MEHEIKMEHT, pecypcodddeKTUBHOCT M  pecypcocOepeskeHHe.

JIKoHOMHUYeCcKasA 3P PeKTHBHOCTH CIIPOEKTHPOBAHHBIX PeJIeHBIX 3aIIUT U ABTOMATHKH
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JuHun  Jektponepenay 220 kB KpacHonoasinckas - benoBckas Kysbdacckoit
IHEProCUCTEMbI

6.1. KanurajibHble BJI0KEHUSA B MPOCKT pPeJieHHOM 3a1UUThl U ABTOMATHUKHA JTHUHUM
220 kB Kpacnonoasinckas - besioBckasi Ky30acckoii sJHeprocucremMbl.

- [InagupoBaHre KoOMIJIeKca padoT

KanuranpHble BIOXKEHUS B IPOEKTUPOBAHUE PEIEHHOM 3alllUThl BHIOPAHHOTO 00BEKTA
HanpspkeHneM 220 kB ckitagpIBaroTCs M3 CTOMMOCTH MPOEKTUPOBAHUS PEICHHON 3aIUThI, U3
3aTpaT HAa MOHTaX W HajaJKy oOOpyAOBaHMs (KOMIUIEKTOB 3alllUT) U W3 CTOMMOCTH CaMOI0O
00opyI0BaHHUS:

K:K +Ko60py() +K

npoexkm MOHmMAdIC?

Knpoekm - 3aTpaThl HA BBITIOJIHCHUC IIPOCKTA,

K 06opyo~ CTOMMOCTb KOMILIEKTOB 3aIlHT;

K

onmaoe~ 34TPATBl HA MOHTaXX M HAJIaIKy 000pyIOBaHUS.

[IpoekTrpoBaHuEe CpPEACTB pENEHHOW 3alllUThl U AaBTOMATHMKU BKIIOYAET B ceOs
HECKOJIBKO 3TanoB. ClenyeT OTMETUTbh, 4YTO JUIsl BBIYMCICHMS DIIEKTPUYECKUX BEJIMYMH,
HEOOXOAMMBIX [UIl ONpPEJENIEHUS YCTaBOK W MPOBEPKH UYYBCTBUTEIBHOCTU YCTPONCTB
PENEeNHOM 3aUThl HCIOJIB3YETCS] KOMILJIEKC MPOMBINUIEHHBIX TporpamMM «APM CP3A».

Jlnst opraHuzaliMd MPOEKTa IMPUMEHSIOTCS pa3iIudHble METOJbl 3KOHOMHUYECKOIO
MJIAHUPOBAHUA C IeJbi0 Oosnee d(PPEeKTUBHOTO HCIOJIB30BAHUS BPEMEHH U pabodyeil CHIIHI,
CHW)KEHMsI Tpyzao3arpar. [lnmaHupoBaHHME NpOEKTa 3aKIIOYAETCs B COCTABJIEHUU IIEpEUHs
paboT, HEOOXOAUMBIX JUIsl JAOCTHMIKEHHS] MOCTABIIEHHON 3aJayM, OINpeNeseHUH YYaCTHUKOB
KaXJ0i paboThl, YCTAaHOBJICHMHM NPOJOJDKUTEIIBHOCTH B pabO4yMX JHSAX, MOCTPOCHUs

JMHEWHOTO UM CETEeBOTro rpaduka u ero onTuMu3auu. [9]

- [ToaTamHoe pacnpeeicHUe MPOSKTa

JIJist poeKTUPOBaHUS OBLIN 33/IeHCTBOBAHBI UCTIONHUTENN: HAYYHBIH PYKOBOJAUTEINH MTPOCKTA
(HP) — montent 15 paspsana (15 p.); umxenep (M) 9 paspsina (9 p.)

Jlnst  yJacTHMKOB TIPOEKTa HEOOXOAMMO ONpENeNuTh WX 3arpy3Ky. 3arpyska
WCIIOJIHUTEJICH - 3TO Omeparus, Mpu KOTOPOH MPOUCXOIUT ONPEACIICHUE HY)KHOTO KOJUYECTBA
WCTIOJTHUTENEeH U 00beMa X 3arpy3KH B 3aBUCUMOCTH OT KOJIMYECTBA BBITIOJIHEHHBIX paboT. J{os
3arpy3kd HaydyHOTO pykoBoauTens He Ooinee 10% OT BpeMeHH, 3aTpadyeHHOTO WHKXCHEPOM Ha

IIPOEKTUPOBAHUE.
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B Ttabnuue 4 mnpuBeneH mnepeyeHb, UIUTEIBHOCTb, HUCIIOJHUTENN U 3arpy3ka OCHOBHBIX
ATarnoB U paboT, UMEIOIINX MECTO MpH MpoekTupoBaHuu P3A ydactka certu.

Ta6muma 4. Kommiiekc paboT 1o pa3paboTke mpoekTa

Ne [lepeuens paboT Hcnonaurenn HpOHOHmHEeHBHOCTB Sarpyska
pao. paboT, nHeH JHA
IToaroToBUTEIBHBIN ATAIT
1 [locTanoBka Leneil U 3a1a4, MOJIy4EHUE UCXOAHBIX WNnxenep 2 2
JAHHBIX PykoBogurens 2
2 CocraBneHne n yTBEep>KACHHE TEXHUYECKOTO 3a1anus | MHxeHep 3 3
MIPOEKTa PykoBogurens 2
3 [Monbop n M3ydeHne IuTepaTyphl Wmxenep 10 8
HWccrnenoBanne 1 aHaIM3 MPEIMETHOH 00IacTH
4 AHanmm3 cXeMBbl YHepropaifoHa Mixerep 4 4
PykoBoaurens 2
CocraBieHHe cXeM 3aMeMIeHuUs IPSMO, 00paTHOH 1
HYJICBOH TIOCIIeIOBAaTeIFHOCTEH. BBeneHne B 6a3y WNnxenep 5
5 5
nanHbiXx APM CP3A undopmanuu o 3ajanHOM PyxoBonurens -
00BbeKTe
Pacuet peneiinoii 3amutel B kommiekce APM CP3A
6 Pacyer cTyneH4aToi TOKOBOW 3aIlUTHI AJIs JINHUU Wrxenep 8 8
7 PacueT nucTaHIIMOHHON 3alIMTHI TUHUHA Wnxenep 6 6
8 Pacuert TokOBOM OTCEUKH i IMHUA Wnxenep 5 5
OdopmireHre TOKyYMEHTAaIUH U TOJTOTOBKA K cade MPOeKTa
10 AHaIN3 NOTYYCHHBIX PE3yIbTaTOB Umxenep 6 6
11 [MoaroroBka u cipava 3JEKTPOHHOTO BapHAHTA Vikenep 10 10
pa3paboTKu
AHanm3 ¥ pacyeTsl IPON3BOJCTBEHHON 1
12 9KOJIOTHYECKOM 0E€30MaCHOCTH, TEXHUKO- Wmxenep 15 17
9KOHOMHYECKOT0 00OCHOBAHUS MPOEKTa
13 Hamnucanue nosiCHUTENIBHON 3aIIUCKU WHxenep 11 11
14 OdopmiieHne rpaduyeckoro Mmarepuana Wmxenep 5 5
Hroro Umxenep 87 90
PykoBoauTenb 6 6
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MocTaHOBKE LeAeH 1 33[34, NTONYYEHWE MCXOHDIX AaHHbIX
CoCTaBNEHME W YTBEDHASHWE TEXHMUECKOTO 3343HHA NPOEKTA
Moabop 1 HayyeHWe AUTEpaTypI

AHanu3 CXeMbl SHEPropaiioHa

COCTaBNEHME CXEM 3AMELLEHUA NPAMOH, 0BPATHON M HyN_EOH...

PaCcyeT CTYNeHYaToi TOKOBOM 3aLMThI ANA NMHIM

PacyeT UCTAHUMOHHON 331LTI AMHUK

PACYET TOKOBOW OTCEUKM JUTA TMHUK

AHann3 NOAYYEHHBIX PE3YIBTATOR

MOArOTOBKA M Ca4a INEKTDOHHOTO BapHaHTa paapaboTku

AHanua v pacueTsl I'IpOHBBO,ﬂ,CTBEHHOﬁ W SKONOTMYECHOH. .,

HanucaHue NOACHATENBHOH 3aMKCKK
OdopMAEHHE rpadHUECKOrD MaTEpHana

18 AHB
20 AHB
22 AHEB

l.—- 24 AHB

26 AHB
28 AaHe
30 AHe
1 des
3 des
5 thes
7 tdes
9 hes
11 des
132 des
15 des
17 des
19 des
21 des
23 bes
25 des
27 dbes
29 pes
2 map
4 map
& map
8 map
10 map
12 map
14 map
16 map
18 map
20 map
22 map
24 map
26 map

21



- CocTaBiieHHE CMETHI 3aTpaT Ha pa3pabOTKy IIPOEKTa

L[CJ'IBIO JaHHOTO pas3Jciia ABJIACTCA 9 KOHOMUYCCKHN 000CHOBAHHOE OIIPCACIICHUC

3aTpaT Ha pa3paboTKy mpoekTa. B paMkax TaHHOTO MPOEKTa CO3/1aeTcs OJlHA pa3padoTKa,

OIIPpCACIICHUC 3aTPaT IMIPOU3BOAUTCA ITYTCM COCTABJICHUA CMCThHI 3aTpart, T.C. IPYHIIMPOBKaA

IIPOBOAUTCH 110 3JICMCHTAM.

3arpaTsl, 00pa3yroume ce0ecTOMMOCTh pa3pad0TKH MOXKHO CIPYIIIUPOBATH

CIIEIYIOIIHUM 00pa3oM:

- MaTCpUaJIbHBIC 3aTPAaThl HA IPOCKTUPOBAHNC,

- aMOpPTHU3alus KOMHBIOTepHOﬁ TCXHHUKH,

- 3aTpaThl Ha OIUIATy TPY/a;

- OTYHMCJICHUS BO BHEOIOKETHBIC (COITMaIbHBIC) (POHIBI.

- IIpO4YHUC PaCXOObI;

- HaKJIaJHBIC PACXO/IBI;

a) mamepuanvHvle 3ampamol

Z[aHHLII\/'I QJICMCHT BKIIIOYACT CTOUMOCTDH BCCX MATCPUAIOB, UCIIOJIB3YCMbBIX ITPHU

pa3paboTKe MPOeKTa, BKII0OYAsi pACXO/Ibl HA UX MPUOOPETEHHE U, TPU HEOOXOAMMOCTH,

0CTaBKYy. MaTepuaibHbIe 3aTpaThl Ha MPOeKTHUpoBaHue cocTaBisitoT Um3 = 1000 py6eit.

Tabmauia 6

Bun 3arpar Konunyectso Croumoctb, py0. | [TomHast crouMocCTh, p.
Terpanu nns 3anmceit | 3 mT. 20 60

Bymara st mewatu 1 ymakoBka 190 190

@311 HAKOMUTENb I wr. 400 400

Kanuenapus 1 xoMILIIEKT 145 145

DneKTpOIHEePrust 100 kBt 2,05 py6/xkBt*y 205

MaTepI/IaJ'IBHI)IG 3aTpPaThbl HA IPOCKTUPOBAHUC!

Umat = 60 + 190 + 400 + 145 + 205 = 1000 py®.

6) amopmuszayus KOMNbLIOMEPHOU MEXHUKU

AMOpTI/I3aL[I/I$I — 3TO OTYUCJICHHBLIN B ACHCKHOM BBIPAKCHNHN U3HOC OCHOBHBIX CPCACTB

B IIpollecce€ HUX IPUMEHEHMUS,

IMPOU3BOJACTBCHHOTO HCIIOJIB30BAHUA.

JIaHHBIN DJIEMEHT

OTpAXKACT CYMMY aMOPTHU3ALIMOHHBIX H3JACPKCK Ha IMOJIHOC BOCCTAHOBJICHHC OCHOBHBIX

CPENCTB, HCTIOJIb3YEMBIX TIPHU peain3alliu MPOeKTa (KOMIbIOTEPHON TEXHHUKH).
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OcHOBHOE CpPeACTBO (KOMITBIOTEpPHAs TeXHUKAa W MeOenb - KOMIbIOTEep — 2 IIT.,
npuHTep-1 mWT., cTON — 2 IWT., CTYyJ — 2 IIT.) NepBOHAYAIbHOW cTOMMOCThIO 28000 pyOei.
Cpok moJie3HOro ucrnoJib3oBaHust 5 jner. Bpemsa pabotel 3a kommnbrorepoM 45 nHel. Takum

06p330M, aMOpTH3aluA 3a BECh IICPHUO IIPOCKTUPOBAHUSA:

Taomuna 13.4

HammenoBanne KomnuectBo, | Crommocts, | Cpok Hopma Otuucienne | OTuncneHne 3a
T pyo. CIy’XOBI, | aMOpTH3alMK | 3a TOJ, pyo. TIePUO.T
rox MIPOCKTHPOBAHHUS
(3 mec), py0.
KomusloTep 2 5000 3 33,3% 3330 832,5
KomrmbrotepHsiii 2 2000 5 20% 800 200
cTOJ
Cryn 2 500 2 50% 500 125
[TpunTep 1 1000 3 33,3% 1165,5 83,25
2Ham 1240,75

AMOPTHU3AIMOHHBIC OTYUCIICHUS PACCUUTHIBAIOTCA 11O (hopMyIie:

u _ Cnepe n
AM — d
365-t
C
rne "P® — mepBoHaYaNbHAsS CTOMMOCTH OOBEKTA;

N — BpeMsi pabOTHI 32 KOMITBIOTEPOM.

t — CpOK IOJIE3HOT0 UCIOJIB30BAHUS 00BEKTA (CPOK CITYkKObI).

Takum oOpazoM:

1y =125 " 1940,75 pyneit

365-t

8) 3ampamul Ha ONJaamy mpyoda

Pacuér 3apabotHoii munats! (3I1) BeIMOMTHIETCS HA OCHOBE MECSIYHOIO OKJIa/a,
Kod(ppuImeHTa OTyCKHBIX, HaJ0aBKU U palioHHOTO KO3 puimenTa nermoaHuTens. Jis
YYaCTHUKOB NPOEKTA MPETYCMOTPEH TOIBKO palOHHBIA KOA((PUIIMEHT, KOTOPHIH JIJIS T.
Tomcka coctaBinsier 30%. M3nepxku Ha onaTy Tpyaa:

Uy =G, +10) K- K5,

rae: 311 ,— mecaunslit oknan ucnonHuTens (Juist nHxerepa 16700 + 2000 pyo6.

Hag0aBKa , 71 pyKoBoaAUTEN (Mo1ieHTa) 23265 py0. a Taxke HagbaBka 2200 py0. K okiamy

PYKOBOJUTEIA);
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K - xo5QuiyeHT yuuThIBaIOIMIA OTIYCK, IPUHUMAETCS paBHbIM 1,1;

J1 - HanOaBKa, AeHeKHas BblIUIaTa cBepX 3apaboTHoM miatsl (2200 py0., 1
JIOTICHTA);

K - paiionnslil ko3QpuEenT, mpuHUMaeTcs paBHbIM 1,3;

daxTrueckas 3apabOTHas IUIaTa PACCUUTHIBACTCSA CIEIYIOIUM 00pa3oM:
A3

1

Do _
iz = Ny,

rae: M — 3apaboTHas IIaTa 3a Mecsly;
Ny - KOJIM4YEeCTBO pabouux nHeH (21 neHs);
N, - haKTUYECKOE KOINYECTBO OTPAOOTAHHBIX JTHEH;

Pacuet 3apaboTHO TUIATHI C YY4ETOM TPYAOEMKOCTH MPUBE/ICH B TaOIHIIE 5.

Tabnuua 5. 3aTpaTsl Ha 3apa0OTHYIO ILJIATy

Hcnonnurtens 3aprutara 3a Mecs, pyo. dakTuueckas 3apiuiara, pyo.
Nuxenep 26741 114604,29
HayuHblif pyKOBOAUTEH 36414,95 10404,27

Hroro 125008,56

Takum 00pazoM, 3aTpaThbl Ha OIIaTy TpyAa s 2-X YYaCTHUKOB IPOEKTHUPOBAHUS 32

BECh MEPUOJ] COCTABIAIOT M E’DH = 125008,56 pyoei.

2) Omuucnenus 6 coyuanvhvie (6HebH0NHCemuvle) PoHObI.
OTtuncnenus: BO BHEOIODKETHBIE (POHJIBI BKITIOYAIOT B C€0sI OTYMCIICHUS B PA3TUYHbBIC
(b oHIbI (TIEHCUOHHBIN, 00513aTETFHOT0 MEIUIIMHCKOTO CTPAaXOBaHUsA U JIp.), KOTOPHIC

coctaBisaoT 30 % ot cymmsbl 3apaboTHoi mnatsl (311).

Hpp=0,3- 0%, =0,3-125008,56 = 37502,57 py6.

0) IIpouue 3ampamoi

B mpoune pacxoibl MOTYT OBITH BKITIOUEHBI: paCcXObl Ha MOJIb30BAHUE HHTEPHETOM,
pa3MHOXEHHE MaTepUalioB, apeH 1y CIIell000py10BaHUs, KOMAaHIUPOBKH, IOYTOBBIE U
TenerpadHbie pacxXoIbl U T.1I.

ITpoune pacxoasl cocTaBisatoT 10% OT Bcex MpeabLAyLIINX 3aTpaT Ha pealn3aluio
MIPOEKTA U COCTABIISIOT:

pyOuei.
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e) Haxnaouwsie pacxoowi
Haknaansie pacxoasl coctapisitor 200% oT cyMMBbI 3apab0OTHOM aThl 2-X

YYaCTHUKOB IIPOCKTUPOBAHUS U COCTABIISIOT:
Uyp = U3, -2=125008,56 - 2 = 250017, 1pyGueii.

Bce BhileniepeurcieHHbIe 3aTpaThl BKJIIOYAIOTCA B CMETY, KOTOpasi puBe/eHa B Ta0IuIe 6.

Tabnuna 6. Cmera 3aTpaT Ha pa3paboTKy

DIeMeHThI 3aTpaT VYcnoBHoe o6o3HaueHue | Cymma pyo.
MarepuanbHble 3aTpaThl Uy 1000
AMopTH3anus KOMIBIOTEPHOU TEXHUKU | M 43, 1240,75
3aTpaTsl Ha OIJIATy Tpyda HE’DH 125008,56
ConuaibHble OTYHUCIIEHUS Heo 37502,57
ITpoune 3aTpaTsl U pp 16475,19
Haknagnsie pacxomasbl HUyp 250017,1
Htoro: 207077,06

Takxum oOpa3om, 3aTpaThl Ha peanu3aiuio mpoekra coctaBmiau Knp=207077,06 pyomneii.
[TpubsutHs IpoekTa coctaBut 20%

11=207077,06-0,2=41415,41

JloroBopHasi 1leHa TMPOEKTa OMpelnesieTcss ¢ Yy4eToM KO3(pUIMEeHTa HOPMATUBHOU
pEeHTa0EeTbHOCTH Pa3paboTUnK Kgp:l,Z

Torma noroBopHas 1leHa COCTaBUT:

1,,.=207077,06+207077,06-0,2 =248492,47

KanurtanoBioxxeHusi B OCHOBHbIE CPeACTBA.
Cmoumocme npoexmuposarst, 000py008anus, YCMAHOBKU U HANAOKU cpedcms P3:

K=Kp +Kys + Ky, =207077,06 +1300000 + 260000 = 1767077 pyo.

rae K;,;=234,095 teIC. py6. — CTOMMOCTB IPOEKTUPOBAHHS;

K5 — croumocts peneitHoi 3amuThl (mkad 192607 011 — 2 koMIUIeKTa 3alIUT: OCHOBHAS
3ammuTa u pesepBHasi, 2*650 Teic. pyo. Mtoro: 1300 thIC. pyo.);

Mounrax, Hanajgka o6opynoBanus cocrapisieT 15-20% oT ctouMocTi 000pyI0BaHUS.

K, =0,2*K06=260 TbIC. py0. — CTOUMOCTH YCTAHOBKH M HaJIaJKH KOMIIJIEKTOB 3aLIHUTHI.
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6.2 Ouenka ’xkoHoMU4YecKHi IPdekT cnpoexkTHpoBaHHBIX cpencTB P3. Peseiinas
3ammta JuHuu 220 kB KpacHonoasinckas - besioBckast

OKOHOMHYECKUI APQeKT peneiiHoN 3amuThl OmpeAenseTcss NpeJoTBpPaIlEHHBIM
yiepOoM BeileICTBUE BHEIPEHUs cpelicTB P3A
CBegem B TabnuIly nepedyeHb O0O0OpyAoBaHUS M ero croumocTh. [IpoBemem pacuer
CTOMMOCTH 000PYIOBAHHUS.

Tabnuma 7. O6opyaoBanue u croumMoctsh P3A.

HaunmenoBanue KonnuectBo Lena 3a mr., THIC. OO011ast CTOUMOCTB, THIC. PYO.
pyo.

lIxad 2 300 600

MHKPOIIPOLIECCOPHBII

OKPA 11132607 021

Tparchopmatopsr 6 100 600

Toka TO3M 220b-

600/5

[TpoBoaa ynpasieHus 100

U CUTHAJIU3aLUU

Hror 1300 T. p.
Iy — yPS’A

P3A o
3 — OKOHOMHNYECCKHNU

rae Y — sKOHOMUYEeCKH# yiepo 10 BHenpeHus cpeacts P3A; Y
yiiep0 nocie BHeapeHus: P3A.
Yiiep6 npu oTcyTcTBUU Ha 00beKTe P3A ckitambiBaeTcs U3 yiepOa BCIeCTBHE

paspymmnTenabHOro aencteus Tokos K3 (V) (paspymenne MOXKeT 3aKII049aThCs B
¢busrueckoM yiepoe U peKUMHOM Pa3pyIICHUH, BCICICTBUE CHIDKCHHSI HATIPSHKEHUS TIPSIMON
MIOCJIeIOBATEIIBHOCTH), yiiepOa oT HebajaHca aKTUBHON MOIITHOCTH B y3J1aX, 00beIMHCHHBIX
aBTOMaTHU3UPYEMBIM d1eMeHTOM (Y, 5) U yiiepOa oT mpekpaiieHus nepetokos (V) ):
y=V.+V.;+tV,
VYuep6 ot aeiicteust K3 npu Hanuuuu Ha o0bekTe P3A, ckiianbiBaeTcs 3 yimepooB

BCJIEJICTBHE OTKA30B CpadaThIBaHUs, U3MUIIHUX U JOXKHBIX cpadaTeiBanuii P3, a Taioke

pacyeTHbIE 3aTpaThl HA YCTAHOBKY U COAEpKaHUE YCTpOCTB P3A:

P3A

P3A P3A
yP3A:yoc + VYuc + Yyic +CP3A.
B urtore nmeewm:

_ P3A P3A P3A
O=Vis Vst Y-V Tuc-VY e - Y oc - Upsa.
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6.2.1 Yep0 npu orcyrcTBUM Ha 00bekTe P3A

1) yiiep0O, o0OyclIOBIEHHBIN pa3pyIuTeabHbIM AeiicTBueM K3 Ha nuHun

Vis= Uz @5ty Ay,

rae llgs - meHa BOCCTaHOBIICHUS TUHUY TIOCTIC aBAPUIHOTO PAa3PYIICHUS BCIICICTBUAC
npotekanus Toka K3, MoxkeT ObITh OlICHEHA KaK CTOMMOCTh COOPY>KEHHS OJTHOTO MPOJIeTa
nunud, gz = 200 TeIC. pYO.;

®°; - mapaMeTp noroka K3 Ha JMHUM, IPUHUMAETCS PaBHBIM [IapaMeTpPy MOTOKa
MTOBPEXKACHUS JTMHUHU, KOTOPBIH HAXOIUTCS KaK MPOU3BEACHUE yICIbHON BEIMUYNHBI JAHHOTO
noToka Ha 100 KM JIMHMK JaHHOTO KJIacca HANPSHKEHUS ©°, Ha JIJIMHY JIMHUN
«KpacuHomonsuckas - benosckas» 1=57,6 km, T.e.

o’ = 0°,-1/100 = 1-57,6/100 = 0,576 1/rox;

e ®°, - mapaMerp noToka nospexaeHuii 100 kM suaum, pased 1,00;

p - PACUETHBIN CPOK = 1 rox;

0, - BEPOSITHOCTh BKIFOUCHHOTO COCTOSIHHS JIMHUH (OTCYTCTBHUS INIAHOBOT'O PEMOHTA),
Ha paccMaTpUBAEMOM JIMHUU:

.= 1- pnn =1- mnn'm(TH)n R

rae pLH m(T"), — BEPOSITHOCTD U CPEIIHSS MPOIOJDKATEITHHOCTD TIIIAHOBOTO
PEMOHTA JINHUK; ®' - IAPaMETP MOTOKA BHIBOJA JIMHUH B IJIAHOBLIM PEMOHT.

[Mokaszarenu ®', U m(TH)JT BBIYHUCIISIOTCS Yepe3 MapaMeTphl IOTOKAa U CPETHHE
IIPOIOIDKHTEIBHOCTH COOTBETCTBEHHO Tekymero o™, m(T"), u kamurtansHoro o™, m(T™),
PEMOHTOB:

0,=0,=1,

m(TH)n: [O)HKn'm(THK at (U)HTH - (DHKH)' m(THT)n] / (Dnm

0",=0,18 1/rox,

m(T™),= 3,4-10° rox, m(T"™),=37-10°rog,

m _0,18-37-10° +(1-0,18)-3,4-10"°
m(T )n_ (1 )

Q.=1-p"=1-0" m(T"),=0,99056.

=0,00944 TOA,

VYuiep6, 00ycnoBIeHHBIN pa3pylIuTeIbHbIM JaeiicTBreM K3 Ha nuHUU:
Vi = Uiz @’y t,-0, = 114,11 THIC. PYO.
2) ymiep0, oT HebalaHca aKTUBHOM MOIITHOCTHU

VYip = Oy @5 (p11y + pollp)-t,,
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VYus = 3,971 1hIC. PYO.

3) ymepO OoT npekpanieHus nepeToka akTMBHON MOIIHOCTH I10 3alUIIaeMOMYy

AJIEMEHTY
V= dra-m(Nig)-m(T°)
Y1=728,9 ThIC. pYO.

CBenieM pe3ylbTaThl pacyeToB B TaOIUILy 7:

Tabnuma 7. CocraBnstomme 6a30Boro yiiepoa

Cocrapastoras Benuuuna, ThIC. pYO.
Y3 114,11

Vg 728,9

Y 3,1

6.2.2 Yep0 npu ycTaHOBKe HA TMHUH COBPEMEHHBIX Mo/eJieil 3aluT

1) VmepO, o0ycIOBICHHBIN O0TKa3aMu cpabaTbiBaHus P3:

Ve =(q"apppy +1"dpPp +9"PpP) (Vi + Yis)
VP =21-10""2 1eIC. PYO.

2) yiiep0, BCIEACTBUE U3IUIIHUX CpabaThIBAaHHI:

Vi = [q“ngqp (0 + 0pu )+ (q“qu +qpp" )qpmpn + (q“qup +q"pp )q%}‘fntp
VP2 =0,0775 TBIC. pYO.

3) ymep0, BCIeACTBHE JIOKHBIX CpabaThIBaHUI:

Vi = [q“ngqp (e + @pa )+ (a"app +app" ) apop, +(a"agpy +a"p} )qwn}‘/ntp

VP =0,0992 TthIC. y.I1€.

Ta6mmma 8. Cocrapisroniye yiepoa nociie BHeaApeHus: P3A

Cocrasnstonias Bennuuna, TeIC. pYO.
v 21.10 12

yP 0,0775

yp 0,0992

28



6.2.3 3aTpaThl Ha BHe/IpeHHeE U coJepkaHue ycrpoiicts P3

Cmoumocms npoexmuposanusi, 000py008anUsl, YCMAHOBKU U HANAOKU cpedcms P3:

Ky = Kip + Kog + Ky =207077,06+ 1300000+ 260000 = 1767077 py6.,

rae K;,=234,095 TeIC. py6. — CTOMMOCTB IPOEKTHPOBAHHS;
Ky — croumocTs peneitroi 3ammuthl (mkad 1132607 011 — 2 koMriekTa 3amuT:
OCHOBHas 3amuTa u peseppHas, 2*650 toic. pyo. UToro: 1300 toIC. pyo.);
Momnrax, Hanagka 06opyaoBanus coctabisieT 15-20% oT cTouMOCTH 000pyIOBaHUS.
K, =0,2*K06=260 TbIC. py0. — CTOMMOCTh YCTAHOBKM M HaJlaJKH KOMILIEKTOB
3aIUTHI.
Pacuemuvie 3ampamul Ha énedpenue u codeporcanue ycmpoucmea P3A:
Wpsa = Uay + Uopen™ (Hat Hopen) *K=(0,05+0,02)*1767077=123695,39p
e Uay = Hy*K, Mosen = Hopen ¥ K
H,\=0,05 — HOpMBI aMOPTH3aIMOHHBIX OTYUCIICHUH,
Hosen = 0,02 — HOpMBI Ha 0OCITY)KBIBaHHUE,
Ksx = 1767077 py06 - cTOMMOCTh YCTaHOBKM W HaJIaJKM OCHOBHOIO U PE3EpBHOIO
KOoMILIeKTOB 3amuThl BJI-220 kB;

I/Ip3a — OKCILTYaTallMOHHBIC H3ACPIKKH,

B umoece umeem sxkonomuueckutl s¢hghexm 0 KOMNIEKMO8 3auumsl pupmsvl IKpa:
V= VY3 +Vus+ Y= 114,11+728,9+3,1 =846,11 TbIC.py6.
YPAZ yp Ly A Ly A =)+ 0,0775 40,0992 =0,1767 ThIC.pY6.
D=V -V*-U =846,11 - 212,18 — 123,695 =510,235 TsIC.PYO.
To=K,/2=1767077/510235=3,46  npu E=0.
1,,=0,05% K=0,05%1767077=88353,85 ThIC.py0.
U50,=0,02% K=0,02
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