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BBEJIEHUE

[lenpto KypcoBOro TMpoeKTa SBISCTCS NPAKTUUYECKOE TNPUMEHEHHE U
3aKpETUICHUE CTYJACHTAMH TEOPETHYECKHX 3HAHWM, TOJYYCHHBIX TPH H3YUCHHUH
muciuiuinHbl - «lIpoeKkThpoBaHWe  ANIEKTPOYCTAHOBOK  DJIEKTPOCTAHIUN |
MOJACTAHIIMI» MyTEeM pEIICHUS KOHKPETHBIX WHXKCHEPHBIX 3a/Jad, U IMPUOOpETCHHE
HABBIKOB ITPOCKTUPOBAHUS DJICKTPUICCKON YACTH TTOACTAHIIUMN.

3aauamMu KypcOBOTO MTPOCKTUPOBAHUS SIBIISTFOTCS

- I3y4YCHUE OPTraHM3AIIMOHHBIX MPOOJIEM MPOCKTUPOBAHMS, OCHOBHBIX
KPUTEPHUEB TIPHU MPUHATHH PEIICHUH O TPOCKTUPOBAHUIO JICKTPOYCTAaHOBOK;

- OCBOCHHE METOJIOB pacyeTa OCHOBHBIX IMapaMeTpPOB, OMPEICISIONIUX BHIOOD
CTPYKTYpPbl U KOHCTPYKIIMU 3JIEKTPOYCTAaHOBOK, BHYTPEHHUX M BHEIIHHMX CBSI3CH U
MIPUMEHSIEMOTO AJIEKTPOTEXHUIECKOTO 000pYI0BaHUS.

- popMupoBaHUE YMEHUN M HABBIKOB MTPOCKTUPOBAHMS DJICKTPUICCKUX CXEM C
Y4ETOM TPEOOBAHHI COOTBETCTBYIONNX HOPMATUBHBIX IOKYMEHTOB;

- U3y4YCHHE KOMIIOHOBOK JJICKTPOYCTAaHOBOK M IPUHIIUIIOB MPOSKTHUPOBAHUS
pacrpeeTuTeIbHBIX YCTPONCTB Pa3IMUHBIX KJIACCOB HAMPSHKCHUS.

[Tocne BBITOTHEHMS M 3aITUTHI KYPCOBOTO MPOEKTA CTYACHT JIOJDKEH:

3HAMDb.

- HOpDMAaTHBHbBIE JIOKYMEHTBI, OCHOBHBIC HCTOYHHUKH HAYYHO-TEXHHUYECKOU
uHpOpMaIMK MO TPOCKTUPOBAHMIO  DJICKTPOYCTAHOBOK  AJICKTPOCTAHIIUM U
MOJACTaHIINMH;

- TEXHUYECKUE CPEACTBA JUII HW3MEPCHHUS OCHOBHBIX IapaMeTpOB Ha
AIIEKTPOCTAHIIUSX U TIOICTAHIIHSIX;

-CXeMbl M DJIEMEHTBI OCHOBHOTO OOOpYJOBaHHUS dJCKTPOCTAHIIUK U
MOACTaHIINMH;

Memb.

- CaMOCTOSITEIFHO pa30MpaTbcsi B HOPMATHUBHBIX METOJMKAX pacuera W
MPUMEHSTD WX JIJIS TPOCKTUPOBAHMS DJICKTPOCTAHITUHN U TIOICTAHITU;

- 000CHOBBIBAaTh MPUHATHE KOHKPETHOTO TEXHUYECKOI'O PEIICHUS, UCXOMIS M3
TEXHHUKO-3KOHOMHYECKOTO aHalM3a pPa3JIMYHbIX BapHAHTOB CTPYKTYPHOH CXEMBI
CTaHIUU U MOJICTAHIIHH;

61a0emb.

- OCHOBHBIMH METOJIaMH, CIIOCO0aMHU M CPEJCTBAMU TOJYyUCHHUS, XPAHCHUS U
nepepaboTku nH(pOpMaIUK 1o BRIOOPY HOBOTO 00OPYAOBAHMS;

- COBPEMEHHBIMHU UH(POPMAITMOHHBIMHU TEXHOJIOTUSIMHU, CETEBBIMU
KOMITBIOTEPHBIMU ~ TEXHOJIOTHUSMH, 0Oa3aMH JaHHBIX W TIaKeTaMH TPUKIIATHBIX
IIPOTPaMM MPU MTPOCKTUPOBAHUH JICKTPOYCTAHOBOK 3JICKTPOCTAHIIMMA U TTOACTAHIIHH;

- ’”HQOPMAIMOHHBIMA ~ TEXHOJOTHSIMH, B TOM YHCIIE COBPEMEHHBIMU
CpelIcTBaMH KOMITBIOTEPHON TpauKyd TPU MPOCKTUPOBAHUM DIIEKTPOYCTAHOBOK
AJIEKTPOCTAHLIMM U MOACTAHIINAM;



- pa3pabOTKN HWHCTPYKUMH, CTAaHIApPTOB U PETJAMEHTOB IO JKCIUTyaTalllH
AIIEKTPOTEXHUUIECKOTO 000PYIOBAHHUS.

1 COAEPXXAHUE KYPCOBOI'O ITPOEKTA

KypcoBoii mnpoekr Ha Ttemy «lIpoekTupoBaHue dIEKTPUYECKOW YaCTH
noncranimu 110/10 xB» mpeamnonaraer mpopaboTKy psga 3afad MO pacyeTy |
MIPOCKTUPOBAHUIO  DJIEMEHTOB  MOJCTAHUMHU: pacdeT H  BBIOOP  CHIIOBBIX
TpaHc(OpPMaTOPOB, BBIOOP CXEM M KOMIIOHOBOK pACIPEAEIUTENBHBIX YCTPOMCTB,
pacyer peXHUMOB pabOThl, BBIOOP OCHOBHOTO OOOpPYAOBAaHHUSA, INPOECKTHUPOBAHHUE
CUCTEMbl MOJIHME3AIIMTHL. MeToAuYecKue yKa3aHusi M PEKOMEHJALHMH  TI0
BBIMIOJIHEHHIO Pa3JIEJIOB KypCOBOTO MPOEKTa MPUBEAEHBI B pasnaeine 6 u [lpunoxenun
1.

[losicHuTEenpHAsE 3amUCKa K KYpCOBOMY MPOEKTYy [JOJDKHA BKJIKOYaTh
CJIEIYIOIME PA3AEIBl U CTPYKTYPHBIE JJIEMEHTBL:

TUTYJILHBIN JIUCT

COLAEPXAHUE

BBE/JIEHNE

1 TEXHMYECKOE 3AJIAHUE

2 AHAJIM3 PAIOHA PACIIOJIOXXEHU S TTOJCTAHIINN

3 BbIBOP CHUJIOBBIX TPAHCO®OPMATOPOB
3.1 Ananu3 Harpy3ku TpaHc(OpMaTOPOB B 3UMHUMN TIEPHO/T
3.2 Ananu3 Harpy3ku TpaHc(opMaTOpOB B JIETHUHN TIEPUO]T

4 BLIBOP CXEM PACIIPEJIEJIUTEJIBHBIX YCTPOVMCTB
4.1 Beibop cxeMbl pacupeaenuresibHoro ycrporctsa 110 kB
4.1.1 Meroauka pacyera rnokasaresied HaAeKHOCTH

4.1.2 Pacuer nokazareiieil HaJIeXKHOCTH TIEPBOTO BApHAHTA CXEMBI
4.1.3 Pacuer nokazarelieil HaJIe)KHOCTH BTOPOTO BAPUAHTA CXEMBbI
4.2 Boi0op cxembl pactpenenuTensHoro ycrpoiictsa 10 kB

5 BBIBOP KOMIIJIEKTHBIX PEIIEHUN UL PACIIPEJIEJIMTEJIBHBIX
YCTPOMCTB

5.1 Bei6op xommiekTHbix pemennit OPY 110 kB

5.2 Be16op xomruiekTHbIX pemiernit 3PY 10 kB

6 PACYETHBIE VYCJIOBHUA JId BbIBOPA IIPOBOJAHUKOB U
AIIITAPATOB

6.1 Pacuer TOKOB HOPMAJIBHOTO U YTSKEIEHHOTO pexxuMoB B 1emsax OPY 110
kB



6.1.1 Lenu muraronux muaui 110 kB

6.1.2 llenu oTxoasammux aunuii 110 kB

6.1.3 Llenu cunosix Tpancpopmatopos 110 kB

6.1.4 Llenu c6opubIx e 110 kB

6.1.5 Llenb MEXIYIIMHHOTO (CEKIIMOHHOTO) BhIKIFoUaTesst 110 kB
6.2 PacyeT TOKOB HOPMAJIBHOTO U YTSKEJIEHHOro pexxuMoB B 1emnsix 3PY 10 kB
6.2.1 lenu orxoasmux aunuii 10 kB

6.2.2 llenu cunoBbix TpanchopmaTopos 10 kB

6.2.3 llenu c6opubIX muH 10 kKB

6.2.4 Llens ceximoHHOTO BhIKItoUaTess 10 kB

6.3 PacyeT TOKOB KOPOTKOTO 3aMbIKAHHS

7 BBIBOP DJIEKTPUYECKUX AIIITAPATOB U ITPOBO/IHUKOB
7.1 Bei6op u npoBepka obopynoBanuss OPY 110 kB

7.1.1 KoMMyTalliOHHbIE anmnapaThl

7.1.2 3mepuTenbHble TpaHCPOPMATOPHI

7.1.3 COopHbIE MIUHBI

7.1.4 OrpaHnuuTeNy NepeHanpsHKEHUN

7.2 Bei6op u npoBepka obopyaoanus 3PY 10 kB

7.2.1 Sueiiku KPY

7.2.2 KOMMyTallMOHHBIE aNapaTsl

7.2.3 U3mepuTenbHble TpaHCPOPMATOPbI

8 IPOEKTUPOBAHUE CUTEMbI MOJIHUE3ALLIMTHI
8.1 OO11re moJI0KEHUS 3aIUTHI MMOJCTAHITUN OT MPSMBIX YAapPOB MOJHHUH
8.2 Pacuer cucrembl mosHue3amuTel OPY 110 kB

3AKJIIOYEHUE
CIIMCOK HMCIIOJIB3OBAHHBIX NCTOUYHUKOB
[TPMJIOXKEHHM AL

[TosicHeHUs K COJIEPKAHUIO CTPYKTYPHBIX JIEMEHTOB:

Tumynonort aucm. @Popma u oOpasel] 3aMoJHEHUS TUTYJIBHOTO JIMCTa
MIPUBEJICHBI B PUIIOKECHUH 2.

Texnuuecxoe 3a0anue KypcoBoil TPOEKT JOHKEH BBITIOJHSATHCS HA OCHOBE
WHJIUBUAYAJIBHOTO 33JJaHUsI, KOTOPOE MPUBOJUTCS B TAHHOM pa3fere.

Cooepoicanue. ConepxaHue JOJDKHO OTpaXKaTh BCE pas3feiibl, BKIIOYEHHBIE B
MOSICHUTEJIBHYIO 3aMMCKY C YKa3aHUEM CTPAaHMI], HA KOTOPHIX OHU HAUMHAIOTCS.

Beeoenue. Bo BBefeHUU KpaTKO (OPMYIHUPYIOTCS IENbh U 33Jla4U KypCOBOTO
MPOEKTA, YKa3bIBAIOTCSA OCOOEHHOCTH, TEXHHUYECKOE W TPAKTUYECKOE 3HAUYCHUE,
OCHOBHBIE HAIPaBJICHUS MpeJjiaraéMbIX peiieHuil. Bo BBeieHUH ClienyeT pacKphITh
aKTYaJIbHOCTh BOTPOCOB TE€MbI, OXapaKTEPU30BaTh MPOOJIEMY, K KOTOPOM OTHOCUTCS
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TeMa, MEPEUYUCIUTh METOAbI U CPENCTBA, C MOMOIIBI0 KOTOPBIX OyAyT perarbes
MOCTaBJICHHBIE 3aJaud. 3aJaud MOXHO (OPMHUPOBATh MO TEMATHUKE pPa3/IeioB
KypCOBOIO MPOEKTAa, HO B KPYIHOM pa3jelie MOTIYT PEIIaTbCsl HECKOJBbKO 3a]ad.
3amaun ynmoMHHAIOTCS 6€3 CChUIOK Ha paszenbl. [lo kax ol 3a1aue Hy>KHO HE TOJIBKO
yKa3aTh CyTh pa0OThl, HO W TOKa3aTh ISl YE€TO BBIMOJHSIOTCS padOThl U KaK OHU
MEXIy cO00i MeperieTaloTcs Ha MyTH JOCTHKEHNU KOHEeUHO! nenu. Hanpumep, i
BbIOOpa 000pyI0BaHMS HEOOXOAMMO IIPOU3BECTH PacueT TOKOB MPOJOKUTENBHBIX U
KpPaTKOBPEMEHHBIX PeKUMOB. J/lanee HeoOX0AMMO MPOU3BECTH BHIOOP 000PY10BaHUS
[0 PACCUMTAHHBIM TOKaM MPOAOJIKUTEIBHBIX PEKUMOB U BBINOJIHUTH MPOBEPKY IO
YCTaHOBJICHHBIM KPUTEPHSAM JJI1 TOKOB KPAaTKOBPEMEHHBIX PEKUMOB

Ocnosnas uacmv. CONEPKUT OCHOBHBIE MOJAXOJBI, METOJMKH, pPaCUEThl U
pe3yabTaThl IPOCKTUPOBAHMS JIEKTPUUECKON YACTH MOACTAHIIUH.

3axnouenue. B 3akimioueHUM TOJBOASTCS WTOTH TPOJIETaHHOM padOThl B
KOHTEKCTE MOCTaBJIEHHBIX paHee 3a7a4. HeoOXoammMo U3J10KUTh CyTh MPOCIIaHHbBIX
paboT, HO yXKe ¢ KOHKpeTUKoil. OTMeuaeTcs 4To ObUIO CAEIaHO U ToueMy (JIJIsl Yero),
KaKkoil MeToj ObUT KCHOJB30BaH JUIsl PEIICHHs 3aJaud, KakoM pe3yJbTaT Obul
MoJyueH (BbIOpaHa KOHKpETHas cxeMa, O0OpYyJIOBaHHME U T.M.), Y€M BBIOpAHHBIN
BapUAHT MPEBOCXOUT aHAJIOTHU (€ciii ObUIO CPAaBHEHUE), MOYKHO OTMETHUTH 3HAUCHUE
pelIeHus JaHHOW 3a/a4uu 11 paOOThI B 1[EJIOM (YTO OHA TIO3BOJIMJIA JIAJIbIIIE JIeNIaTh),
a TaKXke BAXHOCTh pe3yibTaTa Il OOBEKTa B LEJIOM WM €ro OTIEIbHOU
MO/ICCTEMBI.

Cnucok  UCnOIb308AHHBIX  UCMOYHUKOS. B CIIMCOK  HCIIOJIB30BAaHHBIX
MCTOYHUKOB BKJIIOYAIOTCS HEMOCPEICTBEHHO WCIOJIb30BAaHHBIE HWCTOYHHKH, Ha
KOTOPBIE UMEETCS CCBIIKH B TEKCTOBOM JIOKyYMEHTE. VICTOYHMKH B CIIMCKE HyMEPYIOT
B TIOPSIJIKE X YIIOMUHAHHS B TEKCTE.

Ilpunoocenus. B TpUIOKEHUS  CIEQyeT  BKIKOYATh  MaTE€pHUAIIbI
BCIIOMOTATENILHOTO XapakTepa. B mpuiokeHus MOTyT ObITh MOMEIIEHBI: TaOTUIBI U
PUCYHKH OOJIBIIOTO popMata; JOMOTHUTEIbHBIC PACUETHI.



2 3AJAHUE 110 KYPCOBOMY ITPOEKTY

3agaHue MO KypCOBOMY IIPOEKTY BKJIIOYAET JAaHHbIE MO HAUMEHOBAHUIO
HACEJICHHOTO ITyHKTa, BapuWaHTy rpaduka Harpy3Kd TOJCTAHIIUU, JaHHBIC II0
ANEKTPUYECKUM Harpy3kam, MeperokaM MoIIHOCTU. B Tabnuue 2.1 mpeacraBiieHb
BapUAHThl MCXOJHBIX JAHHBIX. ['paduku Harpy3kd MOJCTAaHUMNA TPUBEACHBI Ha
pucynkax 2.1-2.4. Tlo yka3zaHuio npemnojaBaTesiss MOTYT ObITh HUCIOJIb30BaHbI UHbIE
UCXOJIHBIC JIAHHBIE.

Tabnuna 2.1 — MicxonHble JaHHBIE JJIs1 BHITOTHEHHS KypCOBOTO MTPOEKTa

Bapuanr 1123 4 | 5 6 | 7 8 [ 9 10| 11 |12 | 13| 14 | 15
= : : S| o
HaceneHHplii myHKT % % é g § 2 L’é E o g g é = CE
SlS|2|E|2|g|g|e|5|2E|5|2|zelz
SIE|d|S|Z2|E|2|e|€|g|R|S|2|E|=
I'paduk Harpy3ku Alb | B|T|A|B|B|T|A|Bb|B | T |A|bB |B
Pur makc, MBT 40 | 50 | 30 | 25 | 45 | 45 |45 | 25| 35|70 | 80 | 60 | 40 | 70 | 35
Qur makc, MBap 25 (32 |24 | 18 |30 | 35 (35|17 |25 |52 | 55|42 |38 | 54|28
[Muraromue 110 kB 2|3 2 |12 3 2 3 2 3 3 2
Orxomsmue 110 3 1 3 2 1 2 |2 1 3 2 1 2 1
[Tepetox 1, MBT 20 65 | 15| 1540 | 30 [ 15 | 50| 15| 20 | 30 | 20 | 40 | 20 | 15
[lepetok 2, MBT 5 - (15110} - |30|10| - (10| 10| - |20 | - | 40 | 30
ITeperok 3, MBT 20 - |10} - - - - - [ 10| - - - - - |15
Otxomsmue 10 kB 10| 8 | 6 8 |10 6 | 8 | 10 | 10 | 8 6 | 10 | 8 6 | 6
Tok K3, kA 15|14 17|15 1318|1521 |14 |19 |19 |18 | 20 | 17
I'paduk Harpy3ku r{Alsp|B| T A|B|B|T"|A|B|B|T|A
Pur makc, MBT 30 | 65| 40 | 20 | 44 | 25 | 45| 35 |45 (30| 45|70 | 60 | 40 | 70
Qur makc, MBap 29 | 45|25 | 12 | 31 | 18 | 27 | 20 | 30 | 20 | 30 | 52 | 42 | 38 | 54
[Muraromme 110 2 13 2 123 3 2 1213 3 21213 312
Otxomamrue 110 3 2 2 3 2 1 2 2 1 2
I[Teperok 1, MBt 15 30|20 |40 |20 |60 |20 | 60 |45 20| 30|20 |40 |20 15
ITeperok 2, MBt 101530 10|30 | - [25| 15| - [ 35|20 | 10 | 40 | 30 | 30
[leperok 3, MBT 10 | - - 10 | - - - - - - - 10 | - - -
Orxomsmue 10 (35) 10 8 |10[10] 8 | 6 | 10| 6 8 |10 10| 8 | 6 | 10| 6
Tox K3, kA 20 (13|15 | 14 [ 17 | 15| 13 |18 | 15|21 | 14| 19 | 18 | 20 | 17




Harpyska B NpoLeHTax 0T Smax

Harpyska B npoLeHTax 0T Spax
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Pucynok 2.1 — Bapuant rpaguka Harpy3ku A
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Pucynox 2.2 — Bapuant rpaduka Harpy3ku b



Harpyska B NpoLeHTax 0T Smax

Harpyska 8 npoueHTax 0T Sy ax
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Pucynox 2.3 — Bapuant rpaduka Harpy3ku B
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3 TPEBOBAHUM A 110 OOOPMIIEHUIO KYPCOBI'O ITPOEKTA

KypcoBoil mnpoekT mnpenmnonaraer pa3pabOTKy MOSCHUTEIbHON 3allUCKU U
rpaduaeckoit yactu. [loscHutenbHas 3anucka odopmisercs B peaakrope MS Word
win aHanorax. ['paduueckyro YacTh MPOEKTa PEKOMEHIyeTcs O(QOpMIATh C
ucnons3oBanueM CAIIP AutoCAD.

[TosicuurenbHas 3amucka opopmisiercs: cormacHo 'OCT 2.104-2006. Ha Bcex
JUCTAaX, 32 HCKIIOYEHHEM TUTYJIBHOTO, JOJKHBI MPUCYTCTBOBATH OOpaMIISIONINE
JUHUU (paMKH) U OCHOBHBIE HAJIMUCH MO (POpME JJII TEKCTOBBIX KOHCTPYKTOPCKUX
JOKYMEHTOB (ISl 3arJIaBHBIX M MOCIEAYIOMMX JUCTOB). Dopma 3ariiaBHOro JMcTa
UCIIOJIb3YETCs B HaUajie KaXKJJ0ro HyMepyeMoro pasjerna.

[TosicHuTenpHasi 3amucka JODKHA COJAEpXaTh 00s3aTeNbHbIE CTPYKTYpHBIC
aneMeHThl (paszznen 1). TexcroBas 4acTh MOSCHUTENBHOW 3aUCKH OQOpPMIISETCS B
cootBercTBUM ¢ TpeboBanusmu ['OCT 2.105-95. Ha Bce pucyHkd U TaOIUIBI
JOJIKHBI OBITh CCBUIKM B TEKCTE, HAIIPUMED, «(PUCYHOK 1)», «IIpUBENIEHBI B TaOJIHIIE
2». Ilognucu Tabmuir u pucynkoB mo Qopme «Tabmuma 1 — Hazpanuwe» (Han
TabyuLel, BbIpaBHUBAHKUE TI0 JIEBOMY Kparo 0e3 otctyna), «Pucynok 1 — Hazpanue»
(mox  pucyHKOM, BbIpaBHMBaHHE 10 cepeauHe). Ccbulku Ha  JUTEpaTypy
opopmisitorcst B [ckoOkax]. Hymepanus MCTOYHMKOB — CKBO3HAsl IO IEPBOMY
ynomuHanuto. Crnucok nuteparypsl odopmisierca cornacio 'OCT 7.0.100-2018.
ONEeKTpUYECKHE CXEMBI, pa3MeIlaeMble B TEKCT€ IOSICHUTEIBHOW 3aIliCKH,
PEKOMEH/IyEeTCsI BBIIOJHATE B pegakrope MS Visio.

IIpu odopmnenun B penakrope MS Word HeoOXoaumo MNpUAEPKUBATHCS
CJIEIYIOLMX OCHOBHBIX TPEOOBaHMIA:

[Tonst moxymenTa (Mm): sieBoe — 25; mpaBoe — 12,5; BepxHee — 7,5; HIDKHEE —
25

Mpudt Times New Roman, pa3mep 12 - 14

BripaBHuBaHue mpudTa no mupuHe

PaccranoBka nepeHocoB — aBTOMaTHYeCKast

Mexctpounsiil uatepsan — 1,15 - 1,25

Otctyn niepBoii cTpoku ad3ama —12,5 mm

BripaBHUBaHME PUCYHKOB — IO LIEHTPY 0€3 OTCTyna

BripaBHUBaHMe TaOIMI] — [0 IIMPUHE OKHA, O€3 OTCTyNa

[Toamucu pucynkoB u Tadbmmi — o 'OCT

Hymepanus cTtpanuil — 0o LEHTPY BHU3Y CTPaHUILIBI
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4 TPEBOBAHMA 110 3AIIIWUTE KYPCOBOI'O ITIPOEKTA

3amura  KypcoBOIO  IPOEKTAa  IPOBOJUTCA  IIOCJIE  IPEAOCTABIICHUS
3aBEPILICHHON pabOThl M YCTPAHEHUsI BCEX 3aMEUaHUM MO PACUETHOW YacTH. 3alluTa
IPOBOJUTCS YCTHO B (hopMaTe cobeceqoBaHus 10 MaTepuanaM padoTel U B Gopme
OTBETa Ha KOHTpPOJbHBIE BONpOChl. (O0Ilee KOJIWYECTBO BOMPOCOB 3aBHCHUT OT

KayecTBa
padoTHI.

OTBCTOB CTYACHTA W YPOBHA BJIAJACHHA MATCPUAJIOM HpeI[CTaBJIGHHOﬁ

Tumnosbie KOHTPOJIbHBIC BOITPOCHI:

Al o e

BULY.
8.
9.
10.
11.
12.
13.
14.

Hcxonnpie nanHble 17151 MPOEKTUPOBAHUS MTOACTAHIIAMN.

DTanbl NPOEKTUPOBAHUS AJIEKTPUUECKON YaCTH NOJACTaHIUU.

OcHoBHbBIE TPeOOBaHUS K MPOEKTUPYEMBIM DJIEKTPOYCTAHOBKAM.
Krnaccudukanus cunoBbIX TpaHC(HOPMATOPOB.

[ToTepu MOIITHOCTH B CHUJIOBBIX TpaHCPOopMaTOpax.

CucrematruecKke 1 aBapuitHbIC TIEPErpy3KH CHUIIOBBIX TpaHC(HOPMATOPOB.
[IpeoOpazoBanue HenpepbIBHOrO rpaduka HArpy3Kkd K JABYXCTYIEHUYATOMY

Meroanka BbIOOpa KOJIMYECTBA U MOIIIHOCTH CUJIOBBIX TPaHC(HOPMATOPOB.
IIpoekTupoBaHue CXEMbI IPUCOECAUHEHUS TOJICTAHIIMU K SJHEPIOCUCTEME.
IIpoekTupoBaHUe CTPYKTYPHON CXEMBI IIOJACTaHIUU.

Br160p cxem pacnpenenuTenbHbIX YCTPORCTB OACTaHIIMM.

Tunossie pemenus PY 110/10 kB noacranuuii.

OO01ue mooKeHus BbIoopa 31eKTpooOOpy10BaHus.

Pacuer TOKOB NPOJOJDKUTENBHBIX PpPEXKHMOB M TOKOB KOPOTKOTO

3aMbIKaHUA.

15.
16.
17.
18.
19.
20.

Kpurepuu BpiOOpa v MpOBEPKHM KOMMYTAallMOHHBIX annapaToB.

Kpurepuu BbiOOpa 1 MPOBEPKU U3MEPUTETBHBIX TPAHCPOPMATOPOB.
KomriuiekTHble pacnpeenuTeNbHbIe YCTPOMCTBA CPEAHETO HAIPSIKEHHUS.
KoMIuiekTHbIE pacnpeeuTeNIbHbIE YyCTPOMCTBA BEICOKOTO HAIPSIKEHHUS.
TexHuko-3xk0HOMUYECKOEe 000CHOBAaHKE BIOOPA CXEM pacHpeyCTPOUCTB.
Monnuesammra noACTaHIU K.

12



5 KPUTEPUHN OLIEHMBAHMA KYPCOBOI'O ITPOEKTA

Kputepru onieHMBaHUS pa3inyaroTcs Ui paCYeTHON YacTU U YCTHBIX OTBETOB
IIPHU 3alIUTEe KypcoBOro npoekra. [1o pesynbraTtam BBINOJHEHUS PACUETHOM YacTH U

HOCHGI[YIOH_ICﬁ 3aIIUTHI ITPOCKTA BBICTABJIACTCA OLICHKA 110 IITHOAJJIBHOM CHCTEME.

Tabnuna 5.1 - Kputepuu olieHUBaHUS paCUETHBIX 33JIaHUK MO MSITHOAIIBHOM

CHCTCMC
Onenka Kpurepuii
«OTIHIHOY Meroauka u mopsaok pacyera BepHble. OMMOKN OTCYTCTBYIOT, THOO
HMCIOTCA HCCYIICCTBCHHBIC BEIYUCIIMTCIIbHBIC OIIINOKH.
MGTO[[I/IKa " MOPAAOK pacy€Ta BCPHELIC. NmeroTcss BBIYMCIIMTEIBLHEBIC
«Xopomio» omuOKH, OOYCIIOBICHHBIE HEBHHMATEJIbHOCTBIO IPH  pacyerax,

KOTOPBIC HC MMPUBECJIN K CYHICCTBCHHOMY UCKAXKCHUIO PE3yJIbTaTa.

«y,I[OBJ'IeTBOpI/ITCJ'ILHO»

HMMeroTcss He3HAUYUTEIbHBIE OIIMOKHA B MCTOAOJIOI'UH, OIIMOKH B
MMPOMECIKYTOYHBIX pacyeTax, O6yCJIOBJI€HHI)I€ HCIIOJJHBIM ITOHMMAaHHEM
[NpyuHIKIIa pacdyeTra, IpH ITOM KOHEUHBIN pe3yjbTaT HUMECT
MMPUEMIICMBIC OTKJIOHCHMUA.

«Hey,Z[OBJ'IeTBOpI/ITeJ'IBHO»

[IpumeneHa HeBepHas METOJOJIOTHS, HApyIIeH IOPSAJOK pacuera,
UMeeTCsl  cepbe3Has ~ CHUCTeMHas  ommnbka,  00yCIOBIIEHHBIE
HENOHMMAaHUEM IMIpUHIMIA pacyeTa M MNpHUBEALIME K OLIMOOYHOMY
pe3yJbTary.

Tabnuma 5.2 - Kputepuu olieHUBaHUs YCTHBIX OTBETOB

OreHKa 1o «HEYIOBJICTBO- «YIOBJIETBO-
KPUTEPHUIM PUTEITBHO» PUTEITBHO» (XOpOTHO» (OTIIHHOY
1 2 3 4 5
CHCTEMHOCTD U O6mnamaer O06uamaer O6namaer O061amaeT MoJTHOTON
MMOJIHOTA 3HAHUI B YaCTUYHBIMU U MUHUMAJIbHBIM | HA0OpOM 3HAHWM, | 3HAHWA U CUCTEMHBIM
OTHOIIICHUH pa3pO3HEHHBIMH HabopoM JIOCTATOYHBIM IS | B3MVISIIOM Ha
H3y9aeMbIX 3HAHUSAMU, 3HAHWH, CHCTEMHOT'O M3y4aeMbIii 00BEKT
00BEKTOB KOTOPBIC HE MOXKET | HEOOXOIUMBIM B3IJIs1a Ha
HAYYHO- KOPPEKTHO | JUIsi CACTEMHOI'0 | M3y4aeMbIil
CBSI3BIBATh MEXKIY | B3TJIsIA Ha 00BEKT
€000 (TOIBKO M3yYaeMBbIit
HEKOTOPEIE U3 00BEKT
KOTOPBIX MOXKET
CBSI3BIBATH MEKIY
c000it)
Pabora ¢ He B cocTositnum MoskeT HalTH MoeT HalTH, MosxeT HalTH,
uHpOpMaIHeH HaXOJIUTh HE00XOIUMYIO WHTEPIPETUPOBAT | CUCTEMATH3HPOBATh
HEOOXOJUMYIO nH(pOPMAIMIO B | b U HEOO0XOIUMYIO
uHGOPMAITHIO, pamkax CHUCTEeMaTU3MPOBa | MH(OPMALIHIO, a TAKIKE
00 B COCTOSIHMM | TIOCTaBIICHHOM Th HEOOXOAMMYIO | BBISBHTH HOBEIE,
HAXOJIUTh 3a1aun nH(POPMAITUIO B JIOIIOJTHUTEIbHBIC
OT/IEIbHbIE pamKax HMCTOYHHUKH
(hparMeHTHI MTOCTaBJICHHOM nH(GOPMAITUU B paMKax
uHGpOpMAIUH B 3a/1a9u MTOCTaBJICHHON 33J1aYf
pamKax
MMOCTaBJICHHOM
3a1a9u
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OueHka no «HEYJIOBJIETBO- «YIOBJIETBO-
«XOPOLIO» «OTIUYHO
KpUTEPHUSIM PUTENBHOY PUTENBHOY
1 2 3 4 5
Hayunoe He moxet nenatpb B cocTosinun B cocrostnuun B cocrostnun
OCMBICIICHUE Hay4YHO OCYIIECTBIISTH OCYILECTBISTh OCYILIECTBIISTh
H3y4aeMoro KOPPEKTHBIX Hay4HO CHUCTEMAaTUYECKUN | CUCTEMAaTUYECKUN U
SIBJICHMSI, TIPOIIECCa, | BBIBOJIOB U3 KOPPEKTHBIM Y HAy4YHO Hay4YHO-KOPPEKTHBIN
o0OBekTa HMMEIOIINXCS Y HETO | aHallu3 KOPPEKTHBIN aHanu3
CBEJICHUH, B MPEIOCTABIICHH | aHaliu3 MPEeI0CTaBIICHHOM
COCTOSTHHH o¥ mHpOpMaNIUK | TIPEIOCTaBICHHONW | MH(OPMAIIHH,
MPOAHATU3UPOBATH nH(pOpMAaIUH, BOBJICKAECT B
TOJIBKO HEKOTOPBIE BOBJICKACT B HCCIIE0BAHUE HOBBIE
U3 UMEIOIINXCA Y HCCIIEOBAHUE peJeBaHTHBIE
HEro CBEJICHUN HOBBIE MOCTaBJICHHOU 3a/1a4ue
pejeBaHTHBIC JTaHHBIE, TIPEJIaracT

3a1a4e JaHHbIE

HOBBIE PaKypCHI
MOCTaBJIECHHOM 3aJauu

OcBoenue B cocrosnunu B cocTosnun B cocrosnuu He Tonpko Bnageer
CTaH/IAPTHBIX pelaTh TOIbKO peuathb pelarhb aJTOPUTMOM U
JITOPUTMOB (dhparMeHTHI TIOCTaBJICHHBIC ITIOCTaBJICHHEIC TMIOHUMAET €ro OCHOBEI,
peuienus MOCTaBJICHHOMN 3aJa4u B 3aJauy B HO U TNIPEJIaraeT HOBbIE
po(h)eCCUOHANBHBIX | 3a/1a4yH B COOTBETCTBHU C | COOTBETCTBHUH C pEllIeHNs B paMKax
3amaq COOTBETCTBHH C 3aJIaHHBIM 3aJIaHHBIM TIOCTaBJICHHOM 33124

3aJaHHBIM aIrOPUTMOM aJrOpUTMOM,

aJropuTMOM, HE MOHUMAaET

OCBOMII OCHOBBI

MPEATI0KECHHBIN MPEAI0KEHHOTO

aJrOpUTM, anropurma

JIOIYCKAET OIIMOKH

6 METOANYECKUE YKA3AHUSA

[1O BBIITOJIHEHMIO KYPCOBOTI'O ITPOEKTA

B nanHom paszene yueOHO-METOIMYECKOTO MOCOOUsI PaCCMOTPEHBI OCHOBHBIE
[IOJIOKEHUS], METOJBI, PUMEPBI U PEKOMEHIALMH 10 BBINOJHEHUIO OCHOBHBIX 3a]a4
KypCOBOT'O MNPOEKTUPOBaHUsA. JlOMOJHUTENBHBIE PEKOMEHJALMU 110 BBIMOJHEHUIO
KypCOBOr0 NnpoekTta npuseaeHsl B [Ipunoxenun 1.

AHaJIu3 paiioHa PacCHoJIOKEeHUS MOACTAHIUN

IIpuBoauTCST omMcaHue paioHa PaCIOJIOKEHHS MOJCTAaHIIUK (HACEICHHOTO
MyHKTA): PacloJIOKEHHUE, aAMUHUCTPATUBHASA MNPUHAIJICKHOCTh, pa3Mephl, KIUMAaT,
HacelieHWe (IMHAMUuKa), coluaiabHas cdepa, MPOMBIIUICHHOCTh, JHEPTEeTHKA,
AJIEKTPUUYECKUE HArpy3KH U T. 1. [[pUBOASITCS MOSCHSIONIUE PUCYHKH, CXEMBI, KapThl,
JarpamMMbl, TaOJIUIIBI.

ITockonpky paccmarpuBaembie B KII 1momankum coOOpyKeHUs IMOJICTaHIIUI
PacMoJIOKEHBI TEPPUTOPHUSIX  C  PA3IMYHBIMU  YPOBHSIMU  Pa3BUTHUSA
UH(PPACTPYKTYpPBI, TO COJEPNKAHUS JAaHHOTO pasjiesia SBISIETCS BapUaTUBHBIM U BO
MHOT'OM 3aBHUCHUT OT KOHKpeTHOW Tuiomaaku. OCHOBHas 3amada — cOop Haumbosee

Ha
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noipoOHOM HeoOXoauMol HMH(pOpMaMKU MO palloHy pacloyiokKeHUs oO0bekTa. B

KauyecTBE HCTOYHUKOB HH(OpMAIMM PEKOMEHAYETCS HCIIOJIb30BaTh JIOObIE
MaTepuaabl ~ HHTEPHETa,  HMHPOPMAIIMIO C  CAMTOB  COOTBETCTBYIOILIUX
aIMUHHUCTPATUBHBIX  €IWHMI], CXE€Mbl [EPCIEKTUBHOTO  pA3BUTHS,  KapThl

IJICKTPHUICCKUX CETEH M T. .

Br100p cnJI0BBIX TPaHCHOPMATOPOB

Br16op MomHOCTH TpaHCPOPMATOPOB BENIETCA C YUETOM XapakTepa rpadukos
Harpy3ku U gomyctumbix 1mo ['OCT 14209-85 cucremaTHyeckux M aBApUMHBIX
neperpy3ok. I[lepBbie MOryT MMETh MECTO CHUCTEMATHYECKH IMPU HEPaBHOMEPHOM
CyTO4HOM rpaduKe Harpy3ku TpanchopmaTopa, BTOpbIE — IPU aBapUMHON CUTYaIlUH,
Korja TpeOyeTcsi COXPaHUTh DJJIEKTPOCHAOXKEHUE TMOTpeOUTeNie, HECMOTps Ha
neperpys3Ky Tpancopmaropa.

Omnpenensercs HauOObINIAasg HATPY3Ka MOACTAHIINY Sy

SHI‘ = V PHZI' + QI%I" (1)

HameuaeTcst HoMUHANIbHAsE MOIITHOCTH TpaHchopMaTopa SHOM:

SHI‘
Siuom Z =~ (2)

[IpenBapuTenbHO MPUHUMAETCS TpaHCPOPMATOP C HEOOXOIUMON MOIIHOCTBIO
u cucremoin oxnaxnaenuss tuna M, [ wmm JII. Ilapamerpst Tpancdopmartopa
CBOAATCS B TaONMIly M B JajbHeilIeM OyIyT HCIOJNb30BaHbI MPU pPacueTe TOKOB
KOPOTKOT0 3aMbIKkaHus (Tabnuma 6.1).

Tabnuma 6.1 - [lacmopTHbIE TaHHBIE CUIIOBOTO TpaHChOpMaTopa

SHOM, Usiomen Usomnn Uk Ixx

T ’ " | APxxxB AP kB ’ ’

o MB-A | «B kB BT HET % | %
XXX XXX XXX XXX XXX XXX XXX | XXX

Ananuz nazpysku mparcgopmamopa 6 3UMHULL nepuoo
AHanu3upyeTcsi HOpMaJbHbIN pexuM paboThl B 3MMHUNA MTEPUO/L:

2. SHOM = Sur- (3)
Takum 00pa3oM, B HOPMaJIbHOM peXuMe paboThl TpaHChOpPMATOPHI

00€eCreunBaOT TOJHOE JJIEKTPOCHAOKEHHE MOTpeOuTeNneld B 3UMHHUN Tepuona 0e3

eperpy3Ku.

3aTeM paccMaTpUBAECTCS PEMOHTHBIM PEKMM B 3UMHHM Nepuold. B naHHOM
pexxuMe OyAeT MPOU3BEICHO IUIAHOBOE OTKIIIOYEHHE OJIHOTO U3 TPaHC(HOPMATOPOB.




OcraBumiica B pabote TpaHcpopmaTop OYIET HCHBITHIBATH CHCTEMATHYECKYIO
Meperpy3Ky, Tak Kak SHT > SHOM.

[IpoBoauTCcss TpoBepKa JOMYCTUMOCTH TakoW meperpy3ku. g s3toro
HENPEPBIBHBIN CYyTOUHBIN I'paUK Harpy3ku Ajsl 3UMHETO IEepuojaa MmpeodpasyTcs B
SKBUBAJICHTHBIN CTYMEHYAThIM rpaduk (pUCYHOK 6.1)

S, MBA

K
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Pucynoxk 6.1 — DxBuBaneHTHBIN rpaduK HArpy3KU JUIsl 3MMHETO Mepro/Ia

Ha rpaduke BblOenstoTCS MHTEpPBaNIbl BpeMeHH At U ompenensiercs cpemaHsis
MOIIIHOCTb HAa UHTEPBAJI€ C MEHbILIEH HArpy3KOi, TaHHbIE 3aHOCATCS B Ta0nMILy 6.2.

Tabnumna 6.2 — CpeHsisi MOIIIHOCTD JIJIs MHTEpBaJIa ¢ MEHBIIIEH HAarpy3Kou

Howmep unTepBana

Harpyska S, MBA

[TponomxuTenbHOCTD Atm, U

1 XX XX
N XX XX
3 XX XX

XX XX

PaccuuthiBaeTcss HauanpHas Harpy3ka K; skBuBajmeHTHOro rpaduka mpu

CHCTEMATUYECKOU MEPErPY3KE:
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1 . ’ZiSZAti
Kl B Stom ZiAti ’ (4)

Ha rpaduke BblAensioTcs MHTEpBaibl BPEMEHU h U ONpenensieTcs] CpemHss
MOIIIHOCTb Ha YYacCTKe C MMePErpy3Koi, JaHHbIE 3aHOCITCS B Tabiuily 6.3.

Tabmuua 6.3 — CpenHsisi MOIHOCTh HA YYaCTKE C MEepErpy3Kou

Howmep unrepnana Harpyska Sp, MBA [IponomxurensHocTs Ahy, 9
1 XX XX
2 XX XX
3 XX XX
XX XX

PaccumnthiBaeTcs IIPCBLIIICHNUC HAI'PY3KH KZ OKBHBAJICHTHOTI'O rpa(bmca:

-1 ) ’ZiSIZAhi
KZ B Stom ZiAhi ' (5)

Omnpenenserca Ko3Q(QUIMEHT MaKCUMalbHOW HArpy3ku Kmax HCXOIHOTO
rpaduka Harpy3Ku JJisi 3MMHET0 IEpHOJa:

_ Smax
Kmax - S : (6)
HOM T
CpaBHI/IBaeTCH, K, ¢ Kpu, ucxomHoro rpaduka Harpy3ku. Ecmu K, >
0,9Knax, T0 K5 = K,. Eciu K™, < 0,9K,,,4, TO K,nipuanmMaetcst paBabiM 0,9K,,,,,., @
IPOJOJDKUTEIBHOCTD MEPErpy3KH MnepecuuThiBacTcss. Korma ycioBHe BBITOJIHSETCS,
To npuHuMaerces K, = K,.

K, = 0,9K,,,45. (7)
Hanee TpaHchopMaTop IpOBEpsieTCSl Ha CUCTEMAaTHUYECKylo neperpysky. s
ATOTO TP TEMIIEpaType BO3ayxa B 3UMHHUI niepuoj] (Beioupaercsa u3 tadmuisl [OCT
14209-85 ¢ yuerom ropona), BIOpaHHOW CHUCTEME OXJIaXACHHUsS TpaHchopmaropa,
npeaBaputenpbHor Harpy3ke K; u nponomxurensHocTH meperpy3ku no ['OCT
onpeaensieTcs: A0MYyCTUMBIN K03QGUIIMEHT cucTeMaTudeckoi neperpy3ku Kacnmyon.
KZCM,Z[OH > KZ- (8)
Ecnu ycrnoBue BBINONHSETCS, YTO U3 3TOTO CIEAYET, YTO paboTa BHIOPAHHOTO
TpaHcopmaropa mpu cUCTeMaTHUEeCKOW meperpyske nomyctuma. Ha stom BbeIOOp
3aKaHuMBaeTca. Eciu Ha 3TOM 1iare pacueTHbId KOG UIIMEHT OKaxeTcs OOoJbIe
JOIYCTUMOTI'O, TO BBOJAUTCSI CE30HHOE OIPAaHUUYEHUE PEMOHTOB JIJIsl 3MMHET0 TIEPUOIa.
OpHako 3TO HE MCKIIOYaeT BO3MOXKHOCTh OTKa3a OJHOTO W3 TpaHC(OPMaTOpOB B
3uMmHui nepuoy. [Ipu 3Tom octaBmmiicss B pabote OyeT UCIBITHIBATh 3HAUUTEIbHYIO
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neperpy3ky. [loatomy st 3uMHero neproja He0OXOAUMO BHITIOTHUTH AaHAIOTUYHYIO
IIPOBEPKY, HO YK€ 110 JOIYCTUMBIM aBAPUMHBIM MEPETPY3KaM.

Ananuz nazpy3xku mpancgopmamopa 6 iemHutl nepuoo

Jlis JIeTHEero mepuoja BBIMONHICTCS aHAJIOTHYHBIN pacdeT. Ecnu yeTHuit
rpaduk Harpy3Kd JIGKUT HUKE MOIIHOCTH OJHOTO TpaHCc(hopMaropa, TO pacdeT He
TpeOyeTcs, MOCKOJIbKY TpaHc(hopMmaTop HE HCIBITBIBAET Teperpy3ok. [lpm stomy
HY)KHO TIPUBECTH TpaQuK HArpy3Kd C JIMHHEHW HOMHMHAJIBHOW MOIIHOCTHU
TpaHcopmaTopa U COOTBETCTBYIOLICH pa3MeTkod mo ocsim. [locie yero memaetcs
BBIBOJ 00 OTCYTCTBHHM MEPETPY30K B pekume (n-1).

Br100op cxem pacnpeneuTebHBIX YCTPOMCTB
Bwibop cxemwl pacnpedenumenvrozo ycmpoticmea 110 kB

BpiOop mpuUHIMNHANTBHBIX JJIEKTPUYECKUX CXEM OCYIIECTBISETCS U3 YHUCTa
TUIOBBIX pemieHui, npuseneHHbx B CTO 56947007-29.240.30.010-2008, ¢ yuerom
pexomenmamuii  CTO  56947007-29.240.30.047-2010 B 3aBUCUMOCTH  OT
HOMUHAJIBHOTO  HANpSDKCHWS,  Ha3HAYEHUsS  JJICKTPOYCTAHOBKM M YHUCTA
MPUCOEIMHEHUA. B KypcoBOM mpoekTe HeoOXOOUMO OCYHIECTBUTH BBIOOP JIBYX
HamOoJiee TOAXOMSIIUX CXEM U BBIIOJHUTh HX CpaBHEHHUE II0 TEXHHUKO-
AKOHOMHMYECKUM MOKA3aTEIISIM.

IIpumep pacuera mnokasareliel HAACKHOCTH CXEMbl pacHpeayCTpPOMCTBA
110 xB.

[Ipu 0oO1IeM YKcie NPUCOETUHEHH, PABHOM IISITH, B KAUECTBE AJIEKTPUUECKON
npuHIunuanbHon cxembl OPY 110 kB mMoryT ObITh MCTIOJIB30BaHbI TUTIOBBIE CXEMBI:
110-12 «Ogna pabouasi, CEKIIMOHUPOBAHHAS BBIKIIIOUATENIeM, U O0XO/IHAsI CUCTEMBI
ey, 110-13 «/IBe paboune cucTeMbl UK.

Tumnosas cxema 110-12 (pucyHok 6.2) [cxema BeruepunBaercs coriaacHo ['OCT
HAa HOpPMAJIbHBIE CXEMbl B COOTBETCTBYIOIIMX LBETaX IO 33JaHHOMY YHCIY

NPUCOEANHEHN| TPUMEHSAETCS.... [OPUBOASITCS PEKOMEHJAUUH U3 YKa3aHHbBIX
crangaptoB]|. IIpeumymecrBamu cxembl 110-12  gBnstores...  [mpuBoaMTCS
uHpopmanus u3 crangaptoB]. K HemocTtaTkaM CXeMbl OTHOCATCS ... [HEAOCTATKH

OIIPEAEISAIOTCA CAMOCTOSTENIBHO HA OCHOBE MH(OPMALIUK CTaHIAapPTOB].
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Pucynok 6.2 — Cxema snektpudeckas npuHUUnuaibHas turnosas «110-12»

Tunoas cxema 110-13 (pucynok 6.3) [cxema BeruepunBaetcsi coriaacHo ['OCT
Ha HOpMaJbHBIE CXEMbl B COOTBETCTBYIOIIMX IIBETAX I10 3aJaHHOMY YHCIY

IIPUCOEUHEHNN | TPUMEHSIETCSA.... [IPUBOAATCA PEKOMEHIAMM W3 YKa3aHHBIX
cranaaptoB]. IIpeumymectBamu cxembl 110-13  gBiustorcs... [mpuBOAUTCA
uHpopManus u3 crasaaptoB]. K HemocraTkam cXeMbl OTHOCSTCS ... [HEIOCTATKH

OTIPE/IEIISAIOTCA CAMOCTOSITEIBHO HA OCHOBE MH(OpMAalLIUK CTaHIapTOB].

BriOop BapuaHTa cxembl Uil AalIbHEWIIEH MNpPOpaOOTKU BBIMIOJHIETCS IO
pe3yJIbTaTaM COIOCTABJIEHUS TEXHUKO-IKOHOMUYECKHUX ITOKA3aTEIEN, pACCUMTAHHBIX
nanee. B kadecTBE OCHOBHBIX IIOKA3aTeJIEl  YUYWUTHIBAKOTCS:  KOJHWYECTBO
KOMMYTAI[MOHHBIX alnapaToB, YUCJIO OMEpPaldid BBIKIIOYATEISIMU B TOJ U BEPOSITHBIN
rOJI0OBOM HEJOOTIYCK AJIEKTPOIHEPIuU. Pe3ynbTaThl pacyeToB ¢ BEJCHBI B TaOJIUILY
6.4. Ilo pe3ynpTaTaM aHajau3a pacyETHBIX MOKa3zaTelel K JMajabHeWIie mpopadoTke
npuHumaetrcss TumoBas cxema 110-12 «Opgna pabouass CEKIIMOHMPOBAHHAs
BBIKJIIOYATEJIEM W O0XOJHAs CUCTEMbl LIMH» Kak OoJjiee HaJeXHas U TEXHUUYECKU
ruoKasi.

Pucynok 6.3 — CxeMa snekTpuueckas npuHiunuanbas tunosas «110-13»
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Ta6J'II/II_Ia 6.4 — TeXHUKO-2KOHOMHYECKHE MTOKa3aTeIIu pacCMaTpuBACMbIX CXEM

. BeposrtHblit
KonnuectBo KonnuectBo Yucno oneparuit
o . HEJI0O0TITYCK
CxeMma BBIKJIOUATENICH, | pa3beIMHUTEINICH, | BHIKIIIOYATEIISIMU,
AIIEKTPOIHEPTHH,
€ IUHULL € IUHHAILL 1/ron
ThIC. KBTU/TO
110-12 7 21 XX XX
110-13 6 19 XX XX

Memoouka pacuema noxasamenei HA0EHCHOCMU

Jlist pacuera HaJeXKHOCTHU TaBHbIX cxeM PV 1menecoobpa3HO HCHOIB30BATH
TaOJIUYHO-JIOTUYECKUM METO/I, KOTOPBIN MPEIoaaract MMOOYEPETHOE
LEJICHANIPABJICHHOE (TOJIBKO ISl PACUETHBIX aBapUIHBIX CUTYAIlMil) paccCMOTpEHUE
OTKa30B DJIEMEHTOB JJEKTPOYCTAHOBKM C BBIABICHHEM HX IIOCIEACTBUM B
HOPMAaJIbHOM U PEMOHTHBIX COCTOSHUSX.

CormacHo metony, B cxeme PY pasznuyaroT y4duThIBa€Mble, PEMOHTHBIE U
pacyE€THBIE JJIEMEHTHI. {151 yUUTBIBAEMBIX DJIIEMEHTOB PACCMATPUBAKOTCA UX OTKA3bI,
MPUBOJSIINE K aBapUUHOMY OTKIIIOUEHHUIO PACUYETHBIX 3JIEMEHTOB (HEIOOTIYCKY
AJIEKTPOPHEPIUU). DJEMEHTHI, BBIBOJ KOTOPHIX B IUIAHOBBIA PEMOHT CHUXKAET
HAJIeKHOCTb CXEMBI PaCIPEACIIUTEIILHOTO YCTPOUCTBA, IPUHUMAIOTCA 38 PEMOHTHBIE.
B kaudecTBe pacueTHBIX 3JIEMEHTOB NPUHUMAIOTCS T'€HEpPATOpbl, NOTPEOUTENH HU
nuHAK drekTponepenaydn. [Ipu arom JISII MoryT paccmaTpuBarbesi ¢ TOYKH 3pEHUS
BBIJIaYM, IPUEMA U TPAH3UTA DJIEKTPOIHEPTUH.

OO0s13aTeNbHBIMU  YUUTHIBAEMBIMU W PEMOHTHBIMHU 3JIEMEHTAMM  SIBJISIFOTCS
BBIKJIIOUATENIM KaKk HauMMeHee HaaexHble siemeHTtsl PY. Ilpu skcrutyaramuum
BO3MOKHBI ~ Pa3jMYHbIE OTKa3bl BeIKIIOYaTenedl, OJHAKO HauOoiee TSKeNble
MOCJIEICTBUS 111 paOOTOCIIOCOOHOCTH CXEMbI BO3HUKAIOT MPU OTKa3ax, MPUBOIALINX
K OTKJIFOYEHHUIO CMEKHBIX BBIKIIFOUATEIICH.

[Topsimok onpeneneHus moka3zaTeiael HAAEKHOCTH NPUMEHUTEIBHO K PY
IOJCTAHIIMN BKIIFOYAET CJICIYIOLINE ITAIbI:

1. 3amanue HauvanpHbIX YycioBuM (cxema PY, mapamerpsl 3JI€MEHTOB,
BEJIMYMHBl HArpy30K M TIEPETOKOB MOIIHOCTEW, IOCIEACTBHS OT OTKa30B
MPUCOEAUHEHUN ).

2. OrmpeneneHne NEpPEYHS YYWUTHIBAEMBIX, PACYETHBIX M PEMOHTHBIX
DJIEMEHTOB.

3. CocrtaBneHue TaOaUIbl PACUETHBIX CBI3EH.

4. IloouepenHblil aHANIN3 HOPMAJIBHBIX U ABAPUNHBIX PEKUMOB C 3aHECECHUEM
pe3yJIbTaToB (TepsieMasi MOIITHOCTh U BpeMs IPOCTOsI) B TAOIHUILY.

5. Pacuer BeposTHOCTEM I BCEX 3aNIOJHEHHBIX sIUE€EK TaOJIULIbI.

6. Pacuer BepoOsSTHOTO HENOOTIYCKA 3JIEKTPOIHEPIMU W3-3a HEHAIAEHKHOCTH
CXEMBI.

20




[IpomexxyTouHblE  pe3yJbTaThl  pacuera  IOKa3zarejJed  HaJeKHOCTH
oQOpMIIAIOTCS B BUE TaOIMIIBI PACUETHBIX CBsi3eH. B BepTUKaIBHBIN Psiji TOMEIIAIOT
- yYUTBIBAEMbIE JJIEMEHTHI C WX PACUETHBIMU IMapaMeTpaMu IMOTOKa OTKa3oB. B
TOPU3OHTAJIBHBIM  Psii BHOCAT j-€ PEMOHTHBIC DJIEMEHTBI C BEPOSITHOCTAMHU
HaxoXJeHusi B pemoHTe. Kaxknmas sideiika TaOIMIBI COOTBETCTBYET KOHKPETHOM
aBapuUHON CHUTyallUh TpU OTKa3€ OJHOTO U3 DBJEMEHTOB B HOPMAJIbHOM U
PEMOHTHOM COCTOSIHUU CXEMBbI. B Kaxmyto ssueiiKy TaOJIuIbl 3aHOCATCS:

- BemuuHa TepsieMor MoutHocty APij, MBT;

- MapaMeTp MOTOKa OTKa30B 1] MPH OTKa3e 1-TO JIEMEHTA B J-M COCTOSIHHH
CXEMBI;

- BpeMs BBOJIa B pabOTy OTKIIOUMBIIKXCS pabo4mx sreMeHToB TBij, 4.

BennunHa TepsemMoOll MOIMHOCTH ONPENENsAETCST HAa OCHOBE aHauu3a
HOCIIEACTBUM OTKa3a 3JIEMEHTa JJi1 KOHKPETHOTO COCTOsIHUS cxeMbl. LlenecooOpazHo
1oJjiarath, YTO OTKJIIOYEHUE MPUCOCAUHEHUM, HAXOAUBIIMXCA K MOMEHTY aBapHhH B
[JJAHOBOM PEMOHTE, HE MPHUBOJUT K IMOTEPE COOTBETCTBYIOIIMX MOILIHOCTEH
(re”eparuu, MOTpPeOICHUs, TEPETOKA), MOCKOJbKY OHHM OBbUIM 3a0J1aroBpeMEHHO
oOecrieueHbl pe3epBaMu dHeprocucTeMbl. OAHAKO B OTAENBHBIX CIy4YasX BO3MOKHO
PacCMOTPEHHE MOCIIEICTBUM INIAHOBBIX PEMOHTOB C ITOTEPEN MPUCOETUHEHUI.

BeposATHOCTh HAX0XKIEHHS JIEMEHTA B PEMOHTE:

L w.Ty + uT, )

Di = "8760
rJe O — CIPaBOYHBINA MMapaMeTp MOTOKa OTKa30B JIEKTpoobopyxoBanus, 1/rox; T, —
CpeI[Hee BpeMH BOCCTAaHOBJICHMHA, 9, H — qacToTa IIJIAHOBBIX peMOHTOB

JIEKTpo0OOpynoBanus, 1/rox; 7, — MPOAOKUTEIBHOCTD KallUTaIbHOIO PEMOHTA, Y,
8760 — KOTMYECTBO YACOB B rOJY.

BeposiTHOCT HaxOXAEHUSI CXEMbl B HOPMAJIbHOM COCTOSSHUM JUISL 7
PEMOHTHBIX 3JIEMEHTOB OIPEEIISIETCS KaK BEPOSTHOCTh HE HAXOXKJACHUS HU OJIHOTO
13 2JIEMEHTOB B PEMOHTHOM COCTOSIHUU:

\ (
qpo = 1‘2%}'- 10)
=

BeposiTHOCTh OTKaza 1-r0 dJ€MEHTa B J-M COCTOSSHUM CXEMBI paBHA
MPOU3BEJICHUIO TIOTOKA OTKA30B JIAHHOTO JJIEMEHTA M BEPOSTHOCTH HAXOXKICHUS
CXEMBI B TAHHOM COCTOSTHUU:

dpoWij = Wiq;, (11)

Bpewmst BBozia B paboTy OTKIFOUMBIIMXCS PACUETHBIX JIEMEHTOB TBjj 3aBUCUT
OT XapakTepa aBapUIHOTO COCTOSIHUS:

- €CIIM MPUCOEANMHEHUE HEJIb3sl BBECTH B padoOTy, MOKa HE OyJeT MpOU3BENICH
BOCCTAHOBUTENIbHBI PEMOHT OTKAa3aBILEro 3JIEMEHTa, TO TBjj paBHO BpeMEHH
BOCCTaHOBJICHHSI 3TOTO DJICMCHTA,
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- €CIM  OTKA3aBIUMU JJIEMEHT MOYHO OTHEIUTb Pa3bEeIWHUTEISIMU U
BOCCTAHOBUTH IPUCOCIUHEHUE IIyTEM OIEPATUBHBIX IEPEKIIIOUYCHUM, TO TBj; paBHO
BPEMEHHU ONEepaTUBHBIX nepekiatoueHuit (0,5 4);

-€CIM OTKa3 »JJIEMEHTa IMPOM30LIE] B IIEPUOJ PEMOHTA CMEXKHOIO
BBIKJIOUATENSl M1 BOCCTAHOBUTH MPUCOEAUHEHUE BO3MOXKHO TOJIBKO OTPEMOHTHPOBAB
OJIUH M3 3JIEMEHTOB, TO TBjj paBHO
2T,;

IIpp oTKa3zax DIEMEHTOB, MPUBOASAIIMX K OTKIIOYCHUIO HECKOJIBKUX
IPUCOEAVHEHNN, B PSJIE CIIy4acB BPEMs BOCCTAHOBIICHHUS ISl PA3HBIX IPUCOCIUHEHUM
Oyzner pasnuuarecs. [Ipy 3TOM B siueliKy TaOJIMIBI 3aHOCUTCSI HECKOJIBKO 3HAuYEHUI
TEPSIEMOU MOLHOCTH U BPEMEHU €€ BOCCTAHOBJICHMUS.

[TapameTp ImOTOKa OTKAa30B BBIKIIIOYATENS 3aBUCHUT OT €0 PACIOJIOKCHHUS B
cxeme PY (TMna u mapameTpoB KOMMYTHUPYEMBIX IMPUCOEIUHEHHI) W OTpakaer
IIOBPEXKIACHUE B CTATUYECKOM COCTOSIHUU U IIPU ONIEPATUBHBIX IIEPEKIIIOYCHUAX.

Tyij = Ty — (12)

Wy = Wy Ager T Agop Non: (13)

II€ s — CIPABOYHBIM MapamMeTp MOTOKA OTKAa30B BBIKIIOUATENS, 1/TOM; ager —
OTHOCHUTEJIbHAS YacTOTa OTKAa30B B CTATUYECKOM COCTOSIHUU; 8pon — OTHOCHUTENIbHAS
4acTOTa OTKA30B IMPHU OIMEPATUBHBIX MEPEKIIOYEHUIX; Noy — KOJTMYECTBO Omneparui
BBIKJIIOUATEJIEM B TOJI, 1/ToI.

KonudecTBo omneparuii BHIKJIIOYATENEM 3a TOJ (32 UCKIIOUEHUEM OOXOJIHOTO
BBIKJIFOYATEJIs) onpeensercs no gopmyre:

Non = Nu ) (#1 + MZ) + [(NH - 1)((1)1 + (1)2) + z a)c.i] ’ (1 - a’B.K)' (14)

rae Ny — KOJMYECTBO OIEpalMil LHKJIA, PABHOE YHMCIIY OIEpPALMN BBIKIIFOYATEIIEM,
HEOOXOMUMBIX JUIsl OTKIIIOYEHHUS M TOCIEIYIONMEro BKIIOUEHUS MPUCOCTUHEHUS
(paBHO NBYM JUIsl JIMHEWHBIX CXEM U YETBIPEM ISl KOJIBIIEBBIX CXEM); [ U [y —
4acTOTa TIUIAHOBBIX PEMOHTOB NPUCOCIUHEHUM, KOTOPBIE COEAUHSIET JAHHBIN
BBIKJIFOYATENb, 1/TOA; ®; U @, — CIOPABOYHBIA MMapaMeTp TMOTOKa OTKAa30B
NPUCOCANHEHNH, KOTOPBIC COCAMHSACT JAaHHBIM BBIKIIOYATEIb, 1/TOA; XMc; —
anreOpandeckass CyMMa TaOJHMYHBIX TapaMeTpPOB IOTOKAa OTKAa30B COCEIHUX
BBIKJIIOUATENIEH, OTKa3bl KOTOPBIX BBI3BIBAIOT ABTOMATUYECKOE OTKIIOUEHUE
paccMaTpUBaeMOro BBIKJIIOYATENS, 1/TOMA; azx — OTHOCUTEIbHAs YacTOTa OTKAa30B
BBIKJIIOUATEINS ITPU OTKJIFOUYECHUU MTOBPEXKACHUN 0 NPUCOEANHEHUIO.

B ciiygae 00xoHOTO BBIKIIIOUATENISI METO/ pacueTa KOJIMYeCcTBa Onepalui 3a
roJ 3aBUCHUT OT MPUHATHIX PACUETHBIX YCIOBHM C TOYKH 3PEHHS HCIOJb30BAHUSA
00XOJHOTO BBIKJIIOYATENSI NPU PEMOHTaX U aBapusx. B oOiiem ciiydae MOXKHO
NPUHATH, YTO OOXOJHOM BBIKIIOUYATENIb HCIOJB3YETCS I 3aMElIeHUs OIHOTO
BBIKJTIOUATENSl BHEIIHETO NpuUcoequHeHus: (Tpancopmaropa, JMHHH) Ha BpeMs
MPOBEACHUS IUIAHOBOTO PEMOHTA, WIM 3aMEIIEHWsS OAHOTO  OTKAa3aBUIErO
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BBIKJIFOYATENSI BHEIIHErO0 NPUCOCAUHEHUs IPU OTKAa3axX B HOPMAJIbHOM COCTOSIHUM
cxeMmbl (Korma OOXOAHOM BBIKJIIOUATENb HE HCIONb30BAICA JJs  3aMEIICHUs
BBIBEJICHHOTO B IUIAHOBBIA peMOHT). IIpH Takux ycCIOBHSX KOJMYECTBO ONEPALIMIA
0O0XOJHBIM BBIKJIIOYATEJIEM 32 TO/l PABHO:

Noy = Nu -(n- .uB.c) + Nu ) (z wB.i):

rae N, — KOJIM4ecTBO onepanui HUKJIa paBHOE ABYM; N — KOJIMYECTBO BBIKIIOYATEIEN
BHEIIIHUX NPUCOEIUHEHUN B CXEME; [y — CIIPABOYHAS YaCTOTA IJIAHOBBIX PEMOHTOB
BBIKJIIOYATENEH; X®z; — CyMMa COOCTBEHHBIX IapaMETPOB IIOTOKAa OTKa30B
BBIKJIFOYATEJIEH BHEIIHUX IPUCOCAMHEHUN (JINHUH, TpaHC(HOPMATOPOB).

[lo 3amonHeHHOM TabnMile PACUETHBIX CBSI3€H BBIYUCIAETCA BEIMYMHA
BEPOSATHOTO TOJOBOTO HENOOTIIYCKA JJIEKTPOIHEPIMH KAaK CyMMa BEPOATHBIX
HEJIOOTITYCKOB IPU KAXKJIOW U3 pACCMAaTPUBAEMBIX aBAPUMHBIX CUTYALIAN:

AW = Z(APU ' (,l)ij ' TB.ij)' (16)

IIpy BBHINOJHEHUH PACUETOB PEKOMEHIYETCS HCIO0JIb30BaTh MOKA3aTeNN
HAJIe)KHOCTH M pemMoHTonmpuroaHoctu snemeHtoB OPY 110 kB, nmpuBeneHHble B
tabnunax 6.5-6.7. Ilpu 3TOM HEOOXOAMMO YYHUTHIBATh, YTO CHPABOYHBIN MapaMeTp
MOTOKAa OTKA30B BO3JYIIHBIX JIUHUK OpuBoAUTCS HA 100 KM UIMHBI TMHUM U TOJDKEH
OBITh TIEPECUHTaH K (PaKTHUECKOM JTHHE.

(15)

Taomuna 6.8 — [loka3zaTrenu HageKHOCTH DJIETa30BbBIX BHIKIIOYATEIEN

Usiow, KB B T T o, a a a
o, 1 1/ron 5,1 P>t 1/1“0,[[ 6.0n 8.K 6.cm
110 0,02 20 30 0,14 0,006 0,013 0,1

Tabnuua 6.6 — Ilokazarenu HaAEKHOCTU BO3YIIHbBIX JIMHUW 3IEKTPONEepeaun

Unow, KB

o, 1/(rog x 100xm)

TB, u

Mrex, 1/ron

TTeK, 9

110

1,1

9

3

12

Tabmuma 6.7 — ITokazaTean HaaEKHOCTH CHIIOBBIX TPaHC(HOPMATOPOB

UHOM, KB (D, I/FOI[ TB, q uKan, I/FOH T](ar[, q M’]‘e](, I/FOH TTCK, q
110 0,02 100 0,17 300 2 12
Tabnuma 6.8 — [lokazarenu Haae)kHOCTH cOOpHBIX UH OPY
Uson, kB o, 1/ron TB, u Wrex, 1/TOT Trex, O
110 0,01 5,5 1 30

Pacuem noxazameneii naoescrnocmu nepeoco eapuarma Cxembol

3afaroTcs pacueTHbIE YCIOBUS JUIsl IEPBOTO BapuaHTa (pUCYHOK 6.4):
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- DJIEKTPOCHAOKEHUE OCYIIECTBIISETCS TOJIBKO 0 MUTAIOITUM JIMHHSIM;

- [ToTeps oTxoasmen TMHUN IPUBOIUT K IOTEPE MEPETOKA 110 HEW;

- Ecnin oTxopsias AMHUS HAaXOIWJIach B PEMOHTE HA MOMEHT aBapuH, TO MO
Hel He ObUIO MepeToKa MOIIHOCTH;

- OnHoro TpaHchopMaTopa I0CTATOYHO JJIsi CHA0KEHHSI MECTHOM Harpy3Ku;

- OaHOM NUTAaKOIIe TMHUM TI0CTATOYHO JIJIsi CHA0KEHHS BCEX HArPY30K;

- Jlnunaa nutaronux auaui — 100 kM, IIrHA OTXOASIIUX TUHUNA — 50 KM;

- Bpems onepatuBHbiX nepexntoueHuid B OPY 110 kB — 0,5 yaca.

50MBT
T1 T2

Pucynok 6.4 — CxeMa 17151 pacyeTa HaJIeAKHOCTH NIEPBOTO BapraHTa

HpOI/I3BOI[I/ITC5{ pacqu HOKa3aTCHeﬁ HAaACKHOCTHU HepBOFO BapI/IaHTa CXCMBI.
BepOHTHOCTL HaXO0XKXKICHUA DJSJIEMCHTA B IINNIAHOBOM W BOCCTAHOBHUTCIBHOM
PEMOHTE:
_ Ty +uT,
i = 78760

BepOHTHOCTB HaXO0XACHUS CXEMBI B HOPpMAaJIbHOM COCTOSTHUM:

n
Gpo = 1— Z p;-
j=1

BpeMH BOCCTaHOBJICHU S MPpUCOCANHCHUA Ipu OTKas3e¢ OOHOI'0 us3
BBIKJIIOUATEJICH BO BpEM: INIAHOBOI'O pEMOHTA CMCKHOI'O BBIKITHOYATCIIA!

T2

Bi

Zij

Tyij =Ty —
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KonuuecTBo onepanuii ¥ mapameTp MOTOKa OTKa30B BhIKItouarens Q1:

Non = Ny (s + 112) + [(Ny = D@1 +02) + D 0] - (1= a0
Wy = W Ager T Agop Non'

KonuuecTBo onepanuii ¥ mapaMmeTp MOTOKAa OTKa30B BhIKItouatens Q2:

Non = Ny (s + 112) + (N = (@ + 02) + ) 0] - (1= 2,

Wy = Wy Ager T Agop Non.

Buvibop cxemvwl pacnpedenumenvroco ycmpoticmea 10 kB

Br16op cxembl anekTpuuecko npuHuunuansHoit 3PY 10 kB npousBoautcs us3
YyHyClia TUIOBBIX pemreHui coriacHo crangapram B CTO 56947007-29.240.30.010-
2008, CTO 56947007-29.240.30.047-2010. B Hactostmiee Bpems 3PY cpemnero
HaIpsDKEHUs, Kak MpaBujio, peanu3yiorcs Ha ocHoBe mkadgoB KPY. Haubonee
OTpaB/IaHHBIM CXEMHBIM peteHueM s mkadoB KPY spnsiercs Tunosas cxema 10-1
- OJIHA, CEKIIMOHUPOBAHHAS BBIKIIOYATEIIMH, CUCTeMa IIUH (pUcyHOK 6.5) [cxema
BbruepunBaercs cornacHo ['OCT Ha HOpManbHBIE CXEMBI B COOTBETCTBYIOLIHMX
[BETAaX M0 3aJJaHHOMY YHCITY PUCOCANHEHHUH |.

Wt

\l/
| | |
VvV Y v

Pucynok 6.5 — CxeMma pacnipenenutenbHoro ycrpoiictsa 10kB

PacuerHble ycJ10BUsI 1JI51 BBIOOPAa IPOBOJIHMKOB M alllapaToB

DneKkTpooOOpyOBaHNE  BBIOMpAETCS IO  YCIOBUSAM  TMPOJOKUTEIIBHBIX

PCKHUMOB n IIPOBCPACTCA 10 YCIIOBUSAM KpaTKOBPCMCHHBIX PCKHUMOB,
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ONPEIEISIIOIUM U3 KOTOPBIX, KaK IPABUIIO, ABIISIETCS PEXKUM KOPOTKOIO 3aMbIKaHUS.
B npomomxuTenbHBIX pexuMax (HOPMAJIbHBIM, PEMOHTHBIE, IOCII€aBapUIHBIE)
TEMIIEpaTypa 3JEMEHTOB 3JIEKTPOOOOPYIOBAaHUS JIOCTUTAET YCTaHOBUBILETOCS
3HAYECHHUs INPU HEU3MEHHOM TeMIlepaType OXJIAXAAloWEen cpenbl. ABapUHHBIC
PEXKUMBI SIBISIOTCA KPATKOBPEMEHHBIMM, TaK KAaK IO MPOAOJDKUTEIBHOCTH OHU HE
COTIOCTaBUMBI C pa0OUYMMH, OJTHAKO MX YCIIOBUS MOTYT OKa3aThbCs KpailHe TSHKEITbIMU
1St paboThl 000PYIOBAHUSL.

HopmasIbHBIN peXuM, Kak IIPAaBWIO, COOTBETCTBYET HOPMAJIBHONH CXEME
AJIEKTPOYCTAHOBKH, KOI'/Ia BCe €€ 3JIEMEHThl HAXOAATCA B paboTe 0€3 BBIHYKICHHBIX
OTKJIIOUEHUN (pucyHOK 6.6a). ToK Harpy3ku B 53TOM pEXHME MEHSETCS B
3aBHCHUMOCTH OT Tpaduka Harpy3KH.

B peMOHTHOM peXHME YacTh 3JEMEHTOB 3JIEKTPOYCTAHOBKU OTKIIFOUEHA IS
IIPOBEJEHUS IJIaHOBBIX peMOHTOB. IIpu 3TOM ocTaBuieecs B paboTe 0OopyaoBaHUE
MOKET HECTH MOBBILICHHYIO (10 CPABHEHHUIO C HOPMAJIbHBIM PEXKHMOM) HArpy3Ky
(pucyHok 6.60). AHaJIOrMYHBIE YCJIOBHS XapakTEpHbl I IOCJI€aBAPUMHBIX
pPEXKUMOB,  KOrJa  4YacTh  JJIGKTPOYCTAHOBKM  BBIBEJEHA B  aBapHilHO-
BOCCTAHOBUTEJIbHBIM PEMOHT. B CBA3M C yBEJIMYEHHEM TOKOBBIX Harpy3oK
AJIEMEHTOB JJIEKTPUYECKOM CXEMBl PEMOHTHBIA M TOCJICAaBAPUUHBIA PEKUMBI
SABJISIFOTCS Y TSKEJICHHBIMHU.

] N N N
20 A 20 Al lun A —> 0 Al
| \L 0 A | L0 A
| | | | - —
10 KB]—FL -%_E kB
0 A 2204
220 Al | izzo A0 Al - lm A
10 kB 10 kB
HO2ZPY3Ka HOZpy3Ka HOZPY3Ka HOZPY3KO
a) 0)

PucyHnox 6.6 — Bo3aMo)xHbIe BApUAHTHI paciipe/ielieHus TOKOB B HOPMaJIbHOM (a) U
yTsKeJIeHHOM (0) pexxumax

[Ipr ycnoXKHEHUMM CTPYKTYpPhl JJIEKTPUYECKOW CXEMbI YBEJIMYHUBACTCA
KOJINYECTBO BApUAHTOB PACIPEAECIEHUS TOKOB IO €€ BETBSIM B YTSKEICHHBIX
pexuMax. Y4eT OTKa30B 3JIEMEHTOB, NPUBOIAIIMX K OTKIOYEHHIO HECKOJIBKHUX
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BETBEU CXEMbl, YBEITMUMBAET pacu€THbIC 3HaUeHHs TOKOB. Harpy3ouHast cnocoOHOCTb
ANEKTPUYECKUX AIllIapaTOB U IPOBOJHUKOB BO MHOI'OM ONPENEIIAET UX CTOUMOCTHBIE
nokaszaresnu. [IodTomMy COrmacHO KpUTEPUI0 DKOHOMUYHOCTH, IIPHU OIPEHCICHUU
pacyeTHbIX TOKOB JUId BBIOOpa 3JEMEHTOB JJEKTPOYCTAHOBKM BO BHUMAaHHE
OPUHUMAIOTCA TOJBKO HanOoJiee BEpOSITHBIE YTSKEIECHHbIE peXuMbl. lIpumepom
TaKOTO PEXKUMA MOXKET CIYKUTh OTKa3 3JIEMEHTA B OJJHOM BETBH BO BPEMS PEMOHTA
AJIeMEHTa B JApPYroi BeTBU cxeMbl. [lo pe3ynbraram pacuera peKMMOB i1 BbIOOpa
AJIEKTPOOOOPYIOBAHUS HUCIIONB3YETCS TOK HOPMAaJbHOTO PEKMMa M MaKCHUMAJIbHBIN
TOK YTSDKEJIEHHOI'O PEeXKHUMa.

Pacuem mokoe I’lpOdOJZDfCZ/tmeﬂbelx PEeICUMOB

Llenv mpancgpopmamopa. TOK HOPMAIBHOTO pPEXKUMAa TPUHUMAETCS MPHU
3arpy3ke TpaHcpopMaropa O €ro HOMHUHAIBHOW MOIIHOCTH (Suom) TpHU
HOMUHAJIBHOM HanpspKeHUU  (Uyoy). HanOonpmmii TOK yTSXKEIEHHOTO pexuMa
MPUHUMAETCS  TPU  YCIOBUM  OTKIIOYEHHUS  TapauieIbHO  paboTarouiero
TpaHchopmaropa, KOrja oOcCTaBIIMiicss B pabore TpaHchopmaTop MOXKET OBITh
NEpPErpykeH MO TMpaBUJiaM CUCTEMATHYECKUX WM AaBapUUHBIX MEPErPy30K.
HauOonbimas pomyctumasi meperpy3ka MNpHU 3aJlaHHBIX YCIIOBUAX COOTBETCTBYET
JIOITyCTUMOMY TOKY.

SHOM
IHOpM = \/§'UH0M; (20)
Lyrs = Ineperp.gon. (21

L]env nunuu. TOK HOPMATIBLHOTO PEXUMA JIMHUHU OTPEEISAETCS 0 HAauOOIbIIIeH
Harpys3ke JMHHM B JaHHOM pexume (¢ yderoMm rpaduka Harpysku). B ciyudae
OIMHOYHOW paJvalibHOM JIMHUM TOK HOPMAJIBHOTO PEXUMA M YTSHKEIEHHBIM TOK
OJIMHAKOBBI (22), TMOCKOJBbKY B CXEME€ OTCYTCTBYIOT JIpyru€ JIMHUM, Harpyska
KOTOPBIX MOXET ObITh IlepepaclpesiefieHa Ha paccMmarpuBaemyro. B ciyuae
HECKOJIbKMX (n) mapauieabHO palOoTalomMX JIMHUW HOpMAalbHbIE  YCJIOBHS
COOTBETCTBYIOT PABHOMEPHOMY pACHPECICHUI0 Harpy3ku Mo jauHusMm (23), a
YTSKEJIEHHbIE YCIOBUS (24) pacCUUTBIBAIOTCS ISl CITydasi OTKJIFOUEHHS OJJHOM JINHUU

(n-1).

SHaF
IHOpM = IYT)K = \/gT:;M; (22)
SHaI‘
IHOpM = n-\/§-UpHOM; (23)
_ SHan
IyT)K B (n_l)'\/gluHOM. (24)

Lenv meoxcoyuwunnozo (cekyuonno2o) eviknouamens. PacueTHbie yCIOBUS IS
JaHHBIX Lenel TpeOyoT Hanboliee rIyOOKOro aHaJIn3a pa3IMuHbIX PEKUMOB paOOTHI.
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B wunmeambHOM Ciiydae HOpPMAJbHBIM PEXUM DIIEKTPOYCTAHOBKH XapaKTEPHU3YETCs
OTCYTCTBHEM IIEPETOKA MOIIHOCTH MEXIY IMUHAMHU (CEKIUSIMH), TO €CTh Harpy3Ku
pacrpeneneHbl paBHOMEPHO (pUCyHOK 6.6a). OqHaKko B yCIOBUAX KCIUTyaTalluu, Kak
OpaBUiIO, dYepe3 MEXAYIIMHHBIN (CEeKIMOHHBIN) BBIKJIIOYATEh B HOPMAaJIbHOM
peXUME MPOTEKAET TOK HeballaHca, KOTOPBIM 3aBUCUT OT paclpeliesieHUs: Harpy3oK
M0 MIWHAM W TPOITYCKHOW CHOCOOHOCTH MUTAIOIIMX JIMHUKM dJeKTporepenadyn. Tox
YTSKEIIEHHOTO PEeKUMa e MEXKIYIIMHHOTO BBIKIIIOUATEINS ONPEIEIACTCS C YUETOM
nepeToka MOIIHOCTU MPU HanboJiee HeOJAronpUsITHOM KCIUTYyaTallHOHHOM PEXHME,
HanpuMep, MpU MOoTepe MUTAHUS HA OJHOW M3 IIMH, OTKAa3€ OJAHOTO TpaHcpopMaTopa
(puCcyHOK 6.60).
Pacuem mokos kopomkoeo 3amvikanus 6 PY 110 kB

TokH KOPOTKOTO 3aMbIKaHUSI PACCUMUTHIBAIOT JJII MPOBEPKU amnmapaToB U
TOKOBEIYIIUX YAaCTEH HAa TEPMHUYECKYI0 U JUHAMUYECKYIO CTOWKOCTb, JJi1 BbIOOpA,
pu HEOOXOAUMOCTH, YCTPOUCTB MO OTPAHUYCHHIO 3TUX TOKOB, a TAKXKe JJi BhIOOpa
MMapaMeTPOB YCTPOMCTB PENEHHON 3aLUTHI.

Pacuernbie Toukm K3 BbeIOMparoT Takum o0pa3zom, uToObl TOKM K3 B
paccMaTpUBa€MOM JJIEMEHTE 3JIEKTPOYCTAHOBKU ObLIM HAMOOJBIIMMU. PacueTHbhIM
BuroM K3 mnpu mnpoBepke NPOBOJHUKOB U AJIEKTPUUYECKUX amnmapaToB Ha
AIEKTPOJMHAMUYECKYIO CTOMKOCTH siBiigeTcs Tpexdasnoe K3, a mpu mpoBepke Ha
TEPMUUYECKYIO0 CTOMKOCTh — TpexdazHoe win apyxdaznoe K3. B kypcoBom mpoekte
pacuer Toka K3 Bemercs ¢ yueroM WM3BECTHOro (IO 3aJaHUI0) 3HAYCHUS
nepuonueckon cocrapisitonieid Toka K3 na mumnax 110 xB.

Anepuonnueckas cocrapisionias Toka K3 onpenensercs no dhopmyre:

—t
iqr = V2 Iy - €™, (25)
rae t — MOMEHT BpeMeHH; T, — moctosiHHas BpemeHu uenu K3 (mpuHuMmaeTcs 1o
CIIPABOYHBIM JAHHBIM).
3HaueHue yAapHOro ToKa onpezensercs no gopmyie:
iy = KyuV2 - Lo, o6 (
e Ky~ ynapHbiii KO3)QUIUEHT, 3aBUCSIIMI OT IOCTOSHHON BPEMEHH TN

—XX

K= (1+em). (27)

Pacuem mokoe xopomroeo 3amvikanus ¢ PY 10 kB

ToK KOPOTKOTO 3aMbIKaHUsI CO CTOPOHBI CUCTEMbI 3a7aH Ha muHe 110 kB.
Mexnay mmuaamu 110 u 10 kB BiIFO4€HO CONPOTHBICHHUE B BUE TpaHCHOPMATOPOB.
ComnpoTuBiieHHE JABYX MapajuieibHO paboTarIMX TpaHCHOPMATOPOB, MPUBEACHHOE
K HanpspkeHuto 10 kB paccuuthiBaeTcs o popmye:
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2 2
(P}cs'U%) +( uK3-U§ >
SZom 100-Sgom U&

Z,. = —. 28
T 2 Uz (28)
JIns pacdeTa TOKa KOPOTKOTO 3aMbIKaHUSI HEOOXOIMMO ONIPEACIIUTD
CONIPOTHUBIIEHUE CUCTEMBI, IPUBENECHHOE K HanpsbkeHuto 10 kB no Beipakenuro:
U, Ug
Le=——"—. (29)
V3-1, UZ

BenuunHa mniepronyYecKOrd COCTaBISIONIEM TOKAa KOPOTKOTO 3aMbIKAHUS CO
ctopoHsl 10 kB paccuuThiBaeTCs MO BBIPAKEHUIO:

L U
K310 \/§ . (ZT + ZC) . (30)

Jlanee o W3BECTHBIM BBIPAKEHUSIM OIPEJIETSECTCS 3HAUYECHUE allepUuOgUYECKON
cocrapisitonieit Toka K3, ymapuHoro koaddunmenta u ynapHoro Toka K3 B
pacnpenyctpoiictee 10 kB.

Bp100p 3/1eKTpUYECKHUX aNNapaToB U NPOBOJHNKOB
Buibop sviknouameneii

Bribop u mpoBepka BBHICOKOBOJIBTHBIX BBIKIIOYATENCH BBIMOIHIETCS TIO
kputepusiM, ycraHoBieHHBIM ['OCT P 52565-2006 (tabmuua 6.9). OcHoBHOE
Ha3HAUYCHHUE BBIKJIIOYATENIEH — KOMMYTAlMsl TOKOB MPOJODKUTENBHBIX U
KPaTKOBPEMEHHBIX peXHMOB. Hawnbosiee TsSKENbIMU — ONEpalUsIMH  SIBIISAECTCS
orkirodeHne TokoB K3 um Bkimouenue 1meneil Ha Tok K3 mpu paborte cuctembl
aBTomMaTuyeckoro noBTopHoro BkitoueHus (AIIB). IIpoBepka JaHHBIX PEXHMOB
MIPOU3BOAMUTCS COOTBETCTBEHHO MO KPHUTEPHUSM OTKIIOYAIOMIEH W BKIIOYAIOIICH
criocooHoctr BbikitovaTens. [Ipu BosHukHOBeHMM K3 BbIKIIOYATENh JIODKEH
OTpaHMYEHHOE BpeMsi mpolyckaTh uepe3 ceds Tok K3 0e3 mnoBpexaeHHil.
CrocoOHOCTh ammapaTra MPOTHBOCTOSATH KPATKOBPEMEHHOMY TEPMHUUYECKOMY M
JUHAMUYECKOMY AeicTBui0 Toka K3 Ha3bIBaeTCsi COOTBETCTBEHHO TEPMHUYECKOW U
JTMHAMHYECKON CTOMKOCThIO. B Tabmuie 6.9 (cTonberr «ycioBue») Ha IEPBOM MECTe
yKa3aH mapameTp M3 TEXHUYECKOW JIOKYMEHTAllMU BBIKIIIOYATEINs, a Ha BTOpPOMU
MO3UIMU — PACUETHBIN MapaMeTp 3IEKTPOYCTAaHOBKH.
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Tabnuua 6.9 — Kputepuu BbIOOpa U NPOBEPKH BHICOKOBOJIBTHBIX BBIKJIIOUATENEH

YcaoBue Kpurepuit
& Uom = Ucriom 110 YPOBHIO U30JISIIUN
L% Lion = Luopm 110 HOMHUHAJIBHOMY TOKY
/M Ky Loy = Ly 10 TOKY YTSDKEICHHOTO PeKrUMa
VT
Lok nom = Ino 10 OTKJIFOYAIONIEH CIOCOOHOCTH MEPUOANYECKON COCTABIISIONICH
Loricom = Lat 10 OTKJIFOYAIONIEH CIOCOOHOCTH arnepUOIMYECKON COCTABIISIONICH
o Lo nom = Ino 10 BKJIFOYAKOIIEH CIOCOOHOCTH MEPUOTUIECKON COCTABIISIONICH
?’; Lnnnom = Lyn 0 BKJTFOYAOIIEH CIIOCOOHOCTH alepruoIuIeCKON COCTABISIONIEH
2 T10 JICKTPOJUHAMUYECKON CTOMKOCTH K TIEPHOINYECKOMN
8-< Il'lp.CKB = Il'IO 9
= COCTaBJIAIONIEH
: ; I10 JIEKTPOJUHAMUYECKON CTOMKOCTH K allepUOINYECKON
Lip.ckB = lyn o
COCTaBIISIOIICH
Ifep * trep = By 0 TEPMHYECKOI CTOMKOCTH

Buvibop pazvedunumeneii

BriGbop u mpoBepka BBICOKOBOJBTHBIX pPa3beAUHUTENCH BBIMOIHICTCS TIO
kputepusiM, yctaHoBiieHHbIM ['OCT P 52726-2007 (tabmuua 6.10). Pazbenunurenu
IpeIHa3HAYeHbl I 00€CIeUeHUs] HOPMATHUBHBIX H3OJSIMOHHBIX MPOMEKYTKOB B
PA30MKHYTBHIX IIEMAX M HU3MEHEHMS CXEMbl »JJeKTpuueckoil cetu. Ilockombky
pa3beAMHUTEIN HE NpPEeAHA3HAYCHBI IS KOMMYTAIMU IIE€Nell MOJ Harpy3Kou, To
KPUTEPHUH BKIIOUYAIOIIEH U OTKIIIOYAIOIIEH CTOCOOHOCTH K HUM HE IPUMEHSIOTCS.

Tabnuna 6.10 — Kpurepuu Be160pa 1 IpOBEPKU BHICOKOBOJIBTHBIX Pa3beIUHUTEIEH

YcaoBue Kpurepuit
= Uiom = U iom 110 YPOBHIO H30JISILIAN
k% Fiom 2 Liopu 110 HOMHUHAJIBHOMY TOKY
m Ky« Liom 2 Ty 10 TOKY YTSKEIIEHHOT'O peKuma
I > ] 10 AIEKTPOJUHAMUYECKON CTOMKOCTH K MEPUOINYECKON
< np.ckB = ‘n0 9
2 COCTAaBJISIOIICH
% i > T10 JIEKTPOJUHAMUYECKON CTOMKOCTH K allepUOINYECKON
& fp-CKB = YA COCTaBJIAIONIEH
IZep " trep = By 0 TEPMHUYECKOM CTOMKOCTH

Buvibop usmepumenvuvix mpancgopmamopos

W3mepurtenbHble  TpaHc@opMaTopbl  NpeIHAa3HAYEHbl Uil  TOHMKEHUS
peanbHBIX 3HAYEHUH TOKOB M HANPSXKEHUH A0 YPOBHS, MO3BOJISIIOLIETO BBIMOJIHUTH
M3MEPEHHS C MOMOIIBIO CTaHAAPTHBIX MpHOOpoB. M3mMepuTenbHble TpaHCcHOpPMATOPHI
TOKAa U HANPSOKEHUS UMEIOT Pa3iIMyuHbIN crioco0 BKIoueHUs. [1ocKoIbKy nepBUYHAs
oOMOTKa TpaHC(OPMAaTOPOB TOKA BKJIIOYEHA B CHUJIOBYIO Li€llb, TO 4Yepe3 Heé
IPOTEKAIOT TOKU MPOJIOJDKUTEIBHBIX M KPAaTKOBPEMEHHBIX pPEeXHUMOB. lloaromy
cornacHo ['OCT 7746-2015 TpancgopMaTopbl TOKa BEIOMPAIOTCS U MPOBEPSAIOTCS IO
CTaHIAPTHBIM KPUTEPHUSIM IS TOKOIPOBOSIIETO CTaTHYECKOro 000pYI0BaHMS
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(Tabmuma 6.10), a TakKe MO KPUTEPUSIM TOYHOCTH M3MEPECHUI: KOHCTPYKITUH, KIIACCy
TOYHOCTH, HArpy3Ke BTOPUYHBIX IICTIEH.

TparchopMaTtopsl HaMpsHKEHUS TOIKIIOYAIOTCS K CETH TMapajuieIbHO U HE
IPOITyCKalOT depe3 cedst TokoB cuiioBbix neneil. [loaromy cormacao 'OCT 1983-
2015 TtpaHcopmaTOopbl HANpPsDKEHHS BBIOMPAIOTCS M MPOBEPSIOTCS TOJBKO I1O0
HaIMpSHKEHUIO JJIEKTPOYCTAHOBKHU, KOHCTPYKIIMM U CXEME COCIUHEHHUS OOMOTOK,
KJIACCY TOYHOCTH M Harpy3Ke BTOPUYHBIX ILIETICH.

[TockonbKy mapaMeTpbl MEPBUYHOM OOMOTKM TpaHCPOPMATOPOB TOKa
OMPENENSAIOTCS TOKOBBIMM HAarpy3kaMu CHUJIOBOM IIeMH, TO KJIacC TOYHOCTH
TpaHCHOPMATOPOB  TOKAa BO  MHOTOM  ONpENEISeTCs WX  KOHCTPYKIIUEH:
TCOMETPUYECKUMH  pa3Mepamu, (OpMOW W  MaTEepPHAIOM  MarHUTOIIPOBO/IA,
KOJINYECTBOM BUTKOB U CEUEHHEM MpOBOJia OOMOTKHU. M3-3a CBOWCTB MarHUTHBIX
MaTEpHUAJIOB MPU MaJBIX EPBUYHBIX TOKaX (10 5 % OT HOMHUHAJIBLHOTO) MOTPEIIHOCTh
OOMOTKM CTaHOBUTCS MakcuMaibHOW. [losTOMy nisi M3roToBlieHUsS OOMOTOK,
MpeHa3HAaYeHHBIX TUISt KOMMEPUYECKOTO ydera, UCIIOJIb3YIOTCS
HaHOKpHUCTaJUNInueckue (amMopdHbie) CIUIaBbl, O0JAJAIONIUNE€ BBHICOKOW MAarHUTHOU
MIPOHUIIAEMOCThI0, 00ECIIEYNBAIOIINE BHICOKYIO TOYHOCTh TpaHC(hopMaTopa ToKa npu
MaJIbIX MEPBUYHBIX TOKaxX (kiaccel TouHoctu 0,5S u 0,25).

Knacc TouyHOCTM A1 Kak0d OOMOTKM TpaHchopmaropa TOKa BBIOMpaeTcs
ucxoas u3 ee HasHaueHusa corsiacHo ['OCT 7746-2015 u3 cranmaptHoro pspa: 0,1;
0,2S;0,2; 0,5S; 0,5; 1; 3; 5; 10; 5P; 10P.

Bwvibop komniexmuou owunosku

JKecTkass omMHOBKA TpeaHA3HAYCHA IS BBIMIOJHEHUS MHOTOIPOJICTHBIX
COOpPHBIX IIMH W JJIEKTPUUYECKUX COCIUHEHUNH MEXKAY BBICOKOBOJIHTHBIMU
anmapaTamM¥ B paclpele/IUTeIbHbIX YCTPONCTBAaX. B KOMIIJIEKT MOCTaBKMU OIIMHOBKHU
MOTYT OBITh  BKIIOUCHBI: TpyOdYaThle IIWHBI, OIMOPHBIE  HW30JATOPHl U
METaJUIOKOHCTPYKITUH, IIIMHOJACPKATETN U COCTMHUTEIbHAS apMaTypa.

[TockombKy KECTKas OITMHOBKAa (OPMHUPYET OCHOBY CHJIOBBIX IIETed IS
IPOTEKaHUsI TOKOB, TO €€ BBHIOOp M TMPOBEpPKa MPOM3BOIAUTCS MO CTAHIAPTHBIM
KPUTEPUSIM Il TOKOIPOBOJAIIECTO CTaTUUECKOTO oOopynoBanus (Tabmuma 6.10).
KommiekTHass ~ OIIMHOBKA  NPENCTaBlIsieT  cO0OM  TOTOBOE  pelIeHHEe  C
perJIaMeHTUPOBAaHHBIMHU pa3zmepamu. [1o 3ToW mpUYMHE MPOM3BOIUTEIIH OIIMHOBKH
KOMIUIEKTYIOT W3JC/IUs TEXHUYECKHUMH JIAHHBIMU 110 JOMYCTUMBIM TOKOBBIM
BO3/ICHCTBUSIM aHAJIOTHYHO AJICKTPUUECKHUM arraparam.

IIpoexkTpOBaHHMe CHCTEMbI MOJTHUE3ANUTHI
Obwue nonodiceHus 3auumsl NOOCMAHYUL OM NPIAMbBIX YOapO8 MOJHUU

OTKpbITEIE pacnpenenuTenbable yeTporicTBa noactaniui 20-500 kB nomkHbI

OBITH 3aIIMINECHBI OT MPSIMBIX YAapOB MOJTHUH. 31aHus 3PY 1 3aKpBITHIX MMOACTAHIIHIMA
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CIEAyeT 3allMIIaTh OT MPSMBIX yAapOB MOJHHWHM B PalOHaX C YHCIOM TIPO30BBIX
yacos Oounee 20.

3amuty 37aHUid 3PY M 3aKpBITHIX MOJCTAHIMN, UMEIOIMHNX METALTNYECKUE
HNOKPBITUSL ~ KPOBJIA, CJEAYET BBINOJHATh  3a3€MJICHUEM O3THX  IOKPBITUN
(xoHCTpyKUMi). [ns 3amutel 3ganuii 3PY 0 3aKkpbITBIX NOJACTAHLIMMA, KpbIlia
KOTOPBIX HE UMEET METALTMYECKUX MJIU JKEJI€300€TOHHBIX MOKPHITUN JIMOO HECYIINX
KOHCTPYKIIUH UM HE MOXET ObITh 3a3€MJICHA, CJIEIyeT yCTaHABIMUBATh CTPEKHEBBIC
MOJIHUEOTBOABI UM MOJIHUEITPUEMHBIE CETKH HEMTOCPEACTBEHHO HA KPBILLIE 3aHUM.

MONMHUENPUMHHKN YCTaHABIMBAIOTCA HAa HEKOTOPOM PACCTOSHUM OT YTJIOB
TEPPUTOPUM TOACTAHUMKU B KoimuectBe 4 1mTykK. Eciam 3TOro koaumdecTtBa
MOJIHUETIPUEMHUKOB HEJOCTAaTOYHO JJisi 3amuThl Bceil Tepputopuun [IC, TO
YCTAHABIIMBAIOTCA €1Ie 2 MOCEPEAUHE OJHOW M3 CTOPOH TEPPUTOPHUH 3AIIUIIAEMOTO
00BeKTa.

Pacyer BBICOTBI MOJIHMEOTBOJA TMPOU3BOIATCA HCXOM U3 HAACKHOCTU
3anuThl. P; = 0,99. 30Ha 3ammThl OJJUHOYHOTO MOJHUEOTBOAA MPEACTABIEHA HA
pucyHKe 6.7.

h
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FFTETFIIry II-’I(I‘.'[!IN{(I(I-’ FELETT

Pucynok 6.7 — 30Ha 3a1IMThl OIMHOYHOTO CTEP>KHEBOTO MOJIHUEOTBOAA: 1 — rpaHuULIbI
30HBI 3aIUThl HA YPOBHE 3eMJIM; 2 — FPaHUIIbI 30HbI 3alIUTHI HA YpOBHE hy

B cnyuyae 3ammutel OPY ¢ HCHONB30BaHUE YETHIPEX MOJIHUENPUEMHUKOB,
pacnoniokeHHbIX BHYTpH Tepputopun OPY, dopmupyroTcs ABe 30HBI 3alUTHI — I10
BHEIITHEMY KOHTYPY MOJTHUCTIPUEMHHUKOB U TI0 BHYTPEHHEMY KOHTYPY (PUCYHOK 6.8).

Haubomnbiiee  paccrosiHue  MEXAy  MOJHHENPUEMHUKAMHU  (IMaroHasb)
orpenensiercs 1mo popmyie:
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L= /lf+lz, 31)

rae /; — paccTosHue MEXIy MOJHHEeNpUeMHHKaMu no ctopoHe b OPY IIC; [, —
paccTosiHuE MEXy MOJIHUEIIpUeMHUKaMu 1o ctopone a OPY TIC;

a
[

A
) 4

IIomanb
NMoACTaHIIHH

Y 2 / 4
A 4
/

MOJIHHEOTBOIBI

Pucynok 6.8 — 3amuTa Teppuropun OPY yCTaHOBKOM YEThIPEX MOJIHUETIPUEMHUKOB

Jlanee cocTaBisieTcs: ypaBHEHUE:
Mo T
ho—h, 1/ (32)
r7e hy — BBICOTA KOHYCa 3allUThl (PUCYHOK 6.6); A, — BBICOTA 3alllMIIAEMOT0 0OBEKTa
(pucyHnok 6.6); rp — paguyc 3anIuThl HA YPOBHE 3eMid (PUCYHOK 6.6); 7, — paauyc
3alIUTHI HA YPOBHE 3aIMIIIAEMOTO 00bEeKTa (PUCYHOK 6.6).
[Tpu BBICOTE MOTHHEOTBOAOB 110 30 M:
ho =0,8-h
{ro =0,8"h, (33)
r7ie /1 — BBICOTa MOJIHUEOTBO/IA.

[Ipeamonaraercs, 4YTO  MOJHHEOTBOIBI  PACIOJOXKEHBI  CUMMETPUYHO
oTHocuTeNnbHO Tepputopuu [1C. Paguyc 3aiuTel Ha ypoBHE 3allMIIAEMOTO 00bEKTa
CO CTOPOH a W b TOJCTAaHIIUW OMPENENAeTCS W3 BBIPAKCHHH (CIpaBEIJIUBO IS
3aIUTHI Y€THIPHMS MOJIHUCTIPUEMHHUKAMHU ):

b_ll

rxa - 2 ’
-1 34

Txbzazz. ( )

MakcumanbpHOE yJajJeHue 3aluiaeMoro oObeKTa OT MOJHHEOTBOJA Ha
BHEIIHEM KOHTYpE IOCTUraeTcs Ha auaroHanu Kk yriiy OPY u npunumaercs ais
NAJIBHEUIIIUX PACUETOB:
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= [T+ szb (35)

HYTCM IIOJACTAHOBKHA h() U o HOJIYUIHUTCA CICAYIOIICC BBIPAKCHUC!
0,64-h2—0,8 h-(h,+1) = 0.
(36)
Pemmenuem JAaHHOT'O YPAaBHCHUA 6y,Z[eT MHWHHUMAJIBHO BO3MOX>XHAas BBICOTA
MOJIHUCOTBOOA.

- 08-(hy+1,) 108 (hy+1y)
- 1,28 ' (37)
BreiOupaeTcss BbICOTa MOJHHMEOTBOJA 3aIMINAEMOro OOBEKTa, a 3aTeM
OTIpe/IeIIAETCs BBICOTA paJyca U KOHyca 3alllUThl MOJIHHEOTBO1a (pUCYHOK 6.9).
30Ha 3alIXTHl MOJHUEOTBOJOB HA IOJCTAHLHMM ONPENEISAETCS IOCPEICTBOM
COBMEILIEHMS 30H K0 napbl MOJHUEOTBOAOB. Kaxkas mapa paccMaTpuBaeTcsl Kak
IBOMHOM MOJIHMEOTBOA (pucyHOK 6.8). PaccTrosiHue MeXay MOJIHHUEOTBOAAMHU HE
JNOJDKHO TPEBBIIATh MPEAEIbHON 3HAYEHUSI BBICOTBHI Lyqy, WHAYE MOJIHUEOTBOIBI
CUMTAOTCS OJUHOYHBIMU B IIJIAHE 30HBI 3aILMUTHI. 30HA 3aIUT MEXKY KaKI0N Mapou
MO’KET CHHKAThCSl IPU MPUOIMKEHNN K LEHTPY, 00pa3ys IpOBEC 3alluT.

o —— — —— ———— —— — — — —— — — ——

—_—AA

Pucynok 6.9 — 30Ha 3amuThl ABOWHOTO CTEPKHEBOT'O MOJIHUEOTBO/Ia BLICOTOM /10
150 m: 1 — rpanuIia 30HbBI 3aIIATHI HA YPOBHE 3€MJIM; 2 — TPaHUIIA 30HbI 3al[UTHI Ha
ypoBHE hy;

[Tpu BbICOTE MOTHUEOTBOAA /10 30 M, MAKCUMAJIBHO BO3MOKHAs IJIMHA MEKTY
rnapaMy MOJTHUEOTBOJOB COTJIACHO:

Loy =475 h. (38)

Bricora mpoBeca 30HBI 3alIUTBl  MOJIHUEOTBOAOB  OINpPEIEISAETCS IO
BBIPAKECHUIO
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hc _ Lmax —L _ho’

Linax — Lc (39)
rae L. — pacCTOsSIHUE MEXKY MOJIHUEOTBOJAMH, IPU KOTOPOM MPOBEC 30HBI 3AIIUTHI
HEe 00pa3zyeTcs.

[TockonmbKy, B OOJBIIUHCTBE CIy4aeB L4, > L, m00as w3 map
MOJIHUEOTBOJIOB MOXKET PACCMATPUBATHCA KaK JBOMHON MOJHHUEOTBOJ. 30HA 3aIUT
JIBOMHOTO MOJIHMEOTBO/Ia MPE/ICTaBIICHa HA PUCYHKE 6.8.

CornacHo, Tpu BBICOT€ MOJIHMEOTBOJa MeHee 30 M, pacCTOAHUE MEXKIY
MOJIHUEOTBOJAaMU L., TIpU KOTOPOM TIPOBEC 30HBI 3alllUTBl HE oOpasyercs,

OIPCACIIACTCA 110 BBIPAKCHUIO!

L. =225"h.
(40)
Bennuuna CYKCHH 30HBI 3alIIUTEI OIIPCACIIACTCS 110 (bOpMYJICI
- =r0'(hc_hx)
cxX hc - ( 41)

IToce ompeneneHus BBICOTBI M paadyca IIpOBeca IMPOBOJUTCS IPOBEpKA
NOMAPHO PACIIOJIOKEHHBIX MOJHUEOTBOIOB HA HAIMYKE ITPOBECA.

Pacuem cucmemol monnuezawumer OPY 110 kB

Pasmeper Tteppuropun I1IC onpepenstorcss cOrinacHO TPUHATOMY IUIAHY
KOMIIOHOBKHU. B 3aBucumoctd oT pasmepoB PY MonHuesammura MOXET OBITh
BBITIOJIHEHA YETHIPhMSI WM 0oJiee MOJIHHEOTBOAaMH. B mio0om ciydae KaxkIble
YeThIpE MOJIHMEOTBOJA OOpa3yloT UeTHIPEXyTOJbHUK, B paMKax KOTOPOTO
MPOU3BOAMUTCS MOMAapHasi MPOBEpPKA 30H 3aIUTHI. 3aTeM NPOBEPSAETCA CIETYIOUIUI
YEeTBIPEXYTOJbHUK  (eciu MOJIHUEOTBOJOB OoJplIE  YETBIpPEX). Ecmm
YEThIPEXYTOJbHUKA CUMMETPUYHBI, TO BO3MOXHA MPOBEpPKa OAHOro U3 Hux. llpu
kpynHeix ~ PY  momnmesammura [IC  Oymer  obecnieuWBaThCs — YETHIPHMS
MOJIHUEOTBOJAMH, PACIIOJIOKEHHBIMH IO yIJIaM TEPPUTOPUU U IBYMS Ha CEepeuHE
ctopoHbl Tepputopuu (pucyHok 6.10). Ilpu stom Bcs Tepputropus OPY 110 kB
JENUTCS HAa 2 HECUMMETPUYHBIE 30HBI, JJISl KaXKJIOM M3 KOTOPBIX PAacCUUTHIBAETCS
30Ha 3amuThl. Micxoaubie nanHbie 11 pacueta MmosiHue3anuTel OPY 110 kB ucxons
13 MPUHATON KOMIIOHOBKHU CBOJATCS B Tabmwmiry 6.11.

35



. =T ™ L T'E T ™ = | i |
e i '!._ == Ti=a 5 = = ol T 1k =F K T _'L' T TN TR R '_;'_ N TR [ =
| 3 - ! "‘*_ I 1 | |
o = = o | = =i
S T S " : !
o b _,
) T 2 |—Y| -"I.I d "l '.I i i e D |
[ o | e | e | e | i | = e | e |

Pucynok 6.10 — Pacnonoxxenne MmosmHneotBo1oB Ha Tepputopun OPY 110 kB

Ta6J'II/II_Ia 6.11 — I/ICXOI[HBIG JAaHHBIC JJIA paCcdCTa 30HbI MOJIHUC3AIIUTEI IIOACTAHIINH

[Tapametp 3HaueHHne

JlaHHbIE MOJICTAHIINH:

- JUTUHA a, M XX

- mupuHa b, M XX

- rwromanb 11C Sie, M XX
Janusie 30H 3anuTs [1C:

- JiHA 30HBI I a;, M XX

- mupuHa 30861 [ b7, M XX

- nnwHa 30861 11 a7, M XX

- mupuHa 30851 11 b7, Mm XX
Bricora HanboIIee BLICOKOTO 00bEKTa /iy M XX
Paccrosinust Mex 1y MOJTHUEOTBOAMHU:
1-2,4-510, M XX
2-3,5-61,M XX
1-4,2-5,3-60L1,01xsm XX

Pacuer MomHME3anmUTBI TPOBOIUTCSA IS JBYX HECHMMETPUYHBIX 30H TIO
MpUBEJCHHBIM (opMyaM. Pe3ynbTaTel pacuera cBOASTCS B Tabiuuiry 6.12.

Tabnuma 6.12 — Pe3ynbrathl pacuera monnuesamutsl OPY 110 kB

3HaueHue
[TapameTtp I 30Ha IT 30Ha
3aILUTHI 3aILUTHI
Haubonbiiee paccTosiHie MEXAY MOJHUEOTBOAAMH L, M 67,01 60,82
Pannyc 3amuThl Ha YpOBHE 3aITUIIIAEMOT0 O0BEKTA g, M 9 9
Paauyc 3amuThl Ha YpOBHE 3aIIMIIAEMOr0 00BEKTA Fxb, M 11 11
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HauGonpmmii paanyc 3auThl Ha YPOBHE 3aIIHUIAEMOT0 00BEKTA 7y, 9 9
M

BricoTa MOJTHHEOTBOIA 110 YpaBHEHUIO (8.7) h, M 25,44 25,44
[IpuHrMaemasi BBICOTa MOJTHUE3AITUTHI Anpun, M 25,5 25,5
BBICOTA KOHYCA 3aIlMTHI /g, M 204 20,4
Paaunyc 3amuThl Ha YPOBHE 3€MJIH 79, M 20,4 20,4
MakcumanbHO BO3MOXKHASI ITTMHA MEXAY MapaMu MOJIHUEOTBOIOB 12113 121,13
Lmax, M

PaccrosiHne Mex 1y MOJTHHEOTBOAAMH, P KOTOPOM ITPOBEC 30HBI 56.25 56.95
3aUUThl HE 00pasyercs Le, M ’ ’
BricoTa mpoBeca 30HBI 3aIIUTHI MOJTHUEOTBOAOB /ic, M 17,31 19,28
BenuuunHa cy>XeHusi 30HbI 3aIUTHI 7ex, M 7,07 8,43

[Io pesympraTaMm pacyera CHCTEMbI MOJHHME3AMMUTHI MPOBOJUTCSA IOMApHAs
IIPOBEPKAa MOJIHMEOTBOAOB HA IMPOBEC 30HBbI 3aIUUTHI. Pe3ysibTaTbl IPOBEPKH HA

IIPOBEC U CBOJATCA B Tabnuily 6.13.

Tabnuna 6.13 — [IpoBepka NPOEKTUPYEMOI CHCTEMbI MOJTHUE3AIUTHI HA ITPOBEC

Hopsiaxosste Homepa nap Kputepuii moBepku 3HavYcHUs Pesynbrar
MOJTHAEOTBO/IOB
1-2 i1 <L 39<56,61 [Iposeca ner
1-4 L <Ly 39<56,61 [IpoBeca Her
1-5 Li <Ly 67,01>56,61 [Tpogec ecTh
2-3 li; < Lgy 27<56,61 [IpoBeca HeT
2-4 li, <L 27<56,61 [IpoBeca Her
2-6 L, <L 60,82>56,61 [Tpogec ecTh

B cnyuae Hamuums mpoBeca MEXIY IMapaMd MOJIHHEOTBOJOB HEOOXOIMMO
npoBepuTh ycnoBue h, > h,. Eciam ycrnoBue BBIMONHSETCS IS BCEX Tap
MOJIHUEOTBOJIOB, TO CHCTEMa MOJHHUE3alIUTHI, COCTOAIAs W3 6 MOJHHEOTBOJIOB
crocoOHa o0ecneunTh TpedyeMyto HaiexkHOCTh 3amuThl OPY 110 xB.
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Hpunoxenne 1
JonojiHUTeIbHbIE PEKOMEHAAIUM 110 BHINMOJIHEHHIO KYPCOBOI0 MPOEKTA

1. Jlnsa kakux yenetl He0OX0OUMO NPOU3BOOUMb CHen MOKO08?

Toku paccUUTHIBAIOTCS JJIS BCEX IETICH, TJe TPOU3BOAUTCS BHIOOP M TIpOBEpKaA
obopynoBanusi  (TpancopmaTopoB, ammapatoB, mpoBoaHukoB). Tokxu K3
paccunThiBatoTCs Ha muHax Ha murHax 110 kB u 10 kB npu 3aMKHYTBIX CEKIITMOHHBIX
BbIKJIIOUaTEeNsAX. PacueTHrie Toku u Touku K3 ormedens! Ha pucyHke I11.
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Pucynok I11 — Pacuernsie Toku u Touku K3 Ha cxeme moAcTaHIIMU
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2. Kakue munwsi 060pyodosanusi Heooxooumo 8blopams npu npoekmuposanuu?

B xypcoBom npoekTe HeoOX0IuMO BHIOpaTh U MPOBEPHUTH MO YCTAHOBICHHBIM
KPUTEPHM DJIEKTPUYECKUE AIIapaThl U IPOBOIHUKU:

-B nemsx 110 xB: BeikdtowaTenu, pazbeAUHUTENH, TpaHCPOPMATOPHI TOKa,

TpaHchOpMaTOPhl HANIPSKEHHUS, OTPAHUYUTEIN NTepeHANPsHKEHHM, COOpHbIE IIMHBI

-B nemax 10 kB: sueiiku KPY wu wux HamojgHeHue (BBIKJIIOYATEIH,

TpaHcPopMaTOpsl TOKa, TPAHCPOPMATOPHI HATIPSKEHUS, IIIUHBI )
KoMMmyTanimonHsie ¥ U3MepUTENbHBIE anmaparhl (3a UCKIIOUEHHUEM IIUH U
OIIH), nonnexarue BIOOPY U MPOBEpKE, TOKa3aHbl HA prcyHKe [12.
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Pucynok 112 — Dnextpuyeckue anmnapaThbl Ha CXeME MOICTaHIIUU
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3. YUmo maxoe ymsiceneHHblll peHcUM MeHCOYUUHHO20 GbIKTIoYamens?

Toxk  yTSDKENEHHOTO  peXMMa  [eNd  MEXKAYIIMHHOTO  BBIKIIIOYATEIIS
OTIPE/ICISAETCS C yYEeTOM IEepeTOKa MOIIHOCTH TpH Hambojee HeOIaronpusITHOM
AKCIUTyaTallMOHHOM pexuMe (Hampumep, MoTepsl MUTaHUS Ha OJHOM M3 LIWH, OTKa3
tpaHchopmaropa). Ha pucynke I3 mpuBoauTcs cxema, MOSCHSIONIAs U3MEHEHHE
MEPETOKOB B MOCJIeaBapuiHOM pexume. B o0iiem ciiydae B HOPMAJIbHOM pPEXHME
MEPETOK MO MEXKAYIIMHHOMY (CEKIIMOHHOMY) BBIKJIIOYATENI0 3aBUCHUT  OT
pacnpeesieHus: Harpy30K o HIMHAM U MPOMYCKHOW CIOCOOHOCTH MUTAIOUIUX JIMHUM
ANEKTPOIEPEAAYH.

25 MBT 25 MBT
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HopManbHbin | |
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[locne aBapyu BO3HWMK NEPETOK

Pucynok 113 — HanpaBneHue nepeTokoM MOLIHOCTH Pa3HbIX COCTOSIHUSIX CXEMBI
MOJCTAHIIUU
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4. Ymo makoe komniekmuole peuteHusi 0jisl pacnpedycmpoucmas?

KommiekTHble pelieHus — 3To TOTOBble KOMIOHOBKU PV, pa3pabaTeiBacMbie
MPOU3BOJUTENIAMUA  DJIEKTPOTEXHUUYECKOTO O00OpYJOBaHHUA Ha OCHOBE W3JEIHMA
coOcTBeHHOro mnpousBoiacTBa. KommuiektHole pemenuss OPY  cooTBeTCTBYIOT
TUIIOBBIM CXEMaM M BKIIOYAIOT IUIAHUPOBKY U II€PEYECHb YCTAHABIMBAEMOIO
o0opynoBanusi. lcnosib30BaHME KOMIUIEKTHBIX PEHIEHU MO3BOJISIET YIPOCTUTH
MIPOLIECC MMPOEKTUPOBAHUS MOJCTAHIINM, a TAK)KE 3HAUUTEIIBHO YCKOPSAET COOPYKEHHUE
00BEKTA 3a CUET UCIIOJIb30BAHUS TUIIOBBIX PELIEHUIM U MOJyJIel BBICOKOW 3aBOJICKON
TOTOBHOCTH.

PaboTta ¢ KOMIIJIEKTHBIMU PEIICHUSAMH B paMKaX KypCOBOI'O NMPOECKTHUPOBAHUS
MTO3BOJISIET MOJYYUTh MPEICTABICHUS O B3aUMHOM PaCIOJIOKEHUH 3JeMEHTOB PY Ha
MECTHOCTH M OO€CIEeYMBAET UCXOJIHYI0 HHGOpMalHi0 (IUIAHUPOBKY M TabapuThI
OPY) nns mpoeKkTUpOBaHMS CHUCTEMBbl MOJHME3AIIUTHI. [IpuMepbl KOMIUIEKTHBIX
pemennit OPY 110 kB npencrasiens! Ha pucyHke 114.
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Pucynok 114 — IIpumepst kommuiekTHbIX pemienniit OPY 110 kB

KommniektHple pemieHus pa3padaThlBalOTCS IS Pa3UYHBIX  KJIAcCOB
Hanpspkenuss v, nomuMo OPY BH, Bxmouator kommektHeie 3PY 6-10 kB.
Kommextuoie 3PY mpoextupyrorcs B BUJe OJOYHO-MOJYJIBHBIX KOHCTPYKIIMM Ha
ocHoBe siueek KPY. KommiektHbie 3PY mpoeKkTUpyOTCS KaK 4acTh KOMIUIEKTHBIX
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[1C 110/10(6) kB, nmubo kak komruiekTHbIE TpaHcpopmaTtopHble moacTaHuuud TII

10(6)/0,4 xB. Texuuuyeckas IOKyMEHTaluds KOMIUICKTHBIX 3PV

BKJIKOYACT

IUTAaHUPOBOYHBIE PELICHHE IO pa3MEIEeHHI0 000pyJ0oBaHUS M KaOelIbHBIX Tpacc, a
TaK)Ke IepeyeHb 000PY10BaHMUSL.
[Tpumeps! koMIuiekTHbIX pemieHui 3PY 10 kB npencrasnensl Ha pucyHke I15.
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Pucynok I15 — [Ipumepsl kommiekTHbIX peniennit 3PY 10 kB
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5. Kak mooicHo nonyuums uHhopmayuro 0 KOMIJIEKMHbIX peueHusx?

[locne BBIOOpa THUIOBOM CXeMBbl TO pe3yJbTaTaM pacueTa HaJeKHOCTU
HE00X0MMO OOPATUTHCA K MPEMOJaBATENIO I TMOTYyYEHUS] KOMIUIEKTa JOKYMEHTOB
no BbIOpaHHOM cxeme. [lo 3ampocy mpenojaBarens NPeaOCTABISIET JOKYMEHTAIUIO
Ha TUnoBoe TexHuueckoe pemenue OPY 110 kB (Bkiroyas KoMIOHOBKHU B hopmare
dwg).

JIOTIOTHUTENPHBIM ~ UCTOYHUKOM ~ MHGOPMAIMK  MOTYT  OBITh  CaWTHI
IPOU3BOAUTENEH KOMIUIEKTHBIX PEIICHUH U COJEpIKaIlascsa Ha HUX JTOKYMEHTallUs:

- 3aBoj aneKTpoTexHuueckoro ooopynoBanus 39TO http://www.zeto.ru

- BricOKOBONIBTHBINH o103 http://Www.vsoyuz.com

- Dnextpouut Camapa https://www.electroshield.ru

- TaBpua anexTpuk https://www.tavrida.com

- DnexkTporexuudeckuit 3aBos T3 Bektop http://etz-vektor.ru/

- YpamsnekrpoTsbkMar http:/ www.uetm.ru

B ycnoBmsx OTCYTCTBHSI TEXHUYECKOW IOKyMeHTanuu B dopmare dwg
BO3MOJKHO HCITOJIh30BaTh CXEMBl M3 THIIOBBIX aab0oMOB B pdf myrem mmmopta B
Autocad.

JJist 5TOr0 HEOOXOMMO CO3/IaTh MYCTOM JIUCT U BHIOPATh (DYHKIIMIO UMIIOPTA, 3aTEM
BBIOpATh UMIIOPTUPYEMBIN TOKYMEHT U yKa3aTh HOMEp CTpaHuIlsl (pucyHok I16).
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Pucynok 116 — [Iponiecc umnopra rpaduxu B nporpamme Autocad
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http://www.zeto.ru/
http://www.vsoyuz.com/
https://www.electroshield.ru/
https://www.tavrida.com/
http://etz-vektor.ru/
http://www.uetm.ru/

NMnopT cinoXKHOM CXE€Mbl 3aMMET CPAaBHUTEIBHO IPOJOJKUTEIBHOE BpPEMS.
[Tporpecc onepanuu oTodOpakaeTcsi B IpaBOM HUKHEM yrily okHa Autocad. B cioyuae
YCHENIHOTO UMIIOPTa MOXHO MOJYYHUTh KAYECTBEHHBIN pEaKTUPYEMBbIil BEKTOPHBIM
4epTexk, KOTOPbIM TpeOyeT HE3HAUMTENbHBIX A0pa0OTOK (yAaJeHHE HEHY)KHbIX
00bekTOB, pacmmpenus OPY nox HeoOxoaumoe uucio nuHuid). Ha nnane ykazaHsl
pa3Mephbl, HEOOXOUMBIE JIJIsl JAIbHEUIINX pacueToB (pucyHok I17).

Pucynox I[17 — [Ipumepsl cxembl komnoHnoBouyHoro penieHust OPY 110 kB B ansbome
U3 JJOKYMEHTAIlMH Mpou3BoAUTENS U B Autocad mocie npoiierypbl UMIIOpTa
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6. HysicHo iu umo-mo MeHsmsb 8 Muno8OM KOMHOHOBOUHOM peueHuu?

Ha ocHoBe THmOBOro pemieHuss HEOOXOAUMO  COCTaBUTb  CXEMY,
COOTBETCTBYIOIIYIO 3a/JIaHUI0O HAa MPOCKTUPOBAHHWE B YACTH KOJUYECTBA JIMHUM
110 kB u cunoBeix TpanchopmaropoB. Kpome Toro, ajisi yiaydiieHUs BOCHPHUSATHUS
CXEMbI pPEeKOMEHJyeTcs yOpaTh ¢ YepTeka KOMIIOHOBKHM OCHOBHOT'O OOOPYJ/IOBaHMS
BCE JIOMOJIHUTEIBHBIC DJIEMEHTHI (mKadbl YNIpaBIEHUS, JOTKH, OCH, JHUIITHHE
HajnucH). [IpuMep pa3anuusi ICXOIHOTO U MepepabOTaHHOTO YepTeka MPe/ICTaBICH
HIDKE.
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7. Umo dondxcno 6vims 8 pazoene no 8b100py KOMNIAEKMHBIX PeUeHUl?

B paznene mpuBogutcs Bcsi HeoOxoaumas umHbopmanus s GopMHpOBaHUS
MPEACTABICHUS] O NPHUHATBIX KOMIOHOBOYHBIX pemenusx PY 110 kB u 10 kB,
nepeyYeHb o0opyI0BaHUs, PEKOMEHOBAHHOTO MIPOU3BOIUTEIIEM U1t
paccMaTpUBaEMOI0 KOMIUIEKTHOTO pelieHus (AaHHOe 000pyA0BaHUE MTPUHUMAETCS K
YCTAHOBKE M MpoBepsieTcss B paszzgene «BplOOp OCHOBHOIO 3JIEKTPOTEXHHUYECKOTO
000pyI0BaHUS ).

B paszpene momemiaroTcs MHUHHMATIOPHBIE BHJIBI CBEPXY U € OOKY, CXEMBI
pasmernienus obopyaoBanus Ha OPY u B 3PY. B nanpHeiiimeM KOMIIOHOBOYHBIC
pemienust OPY BeimonHsI0TCS B BUJIe yepTeka Ha nucte popmata Al (Bua cBepxy,
BHJIBI COOKY), CHa0XaeMOT0O TIEPEYHEM »DJIEMEHTOB (BO3MOKHO BBITIOJIHUTh Ha
OTACIBLHOM JIUCTE).

8. Ilouemy 6b100p KOMNIEKMHBIX peulenuti 6e0emcsi 00 paciemmubslx YCio8ui?

BbIOOp KOMILIEKTHBIX pELIEHUH BO3MOXEH II0CIE BbIOOpA TUIIOBOW CXEMBI
ANEKTPUYECKUX COETUHEHUN. BBIOpaHHOE KOMIIOHOBOYHOE PEIICHHE HEOO0XOIUMO
YUYUTBIBATH NPU JAJTBHEUIIINX pacyeTax:

- IEPETOKU MOITHOCTH 3aBUCAT OT MECTa IOAKIIFOYECHUS ITPUCOCIUHECHNN;

- HOMEHKJIaTypa BBIOPAaHHOrO OO0OpYJIOBaHMsS JIOJDKHA COOTBETCTBOBATH
PEKOMEHAAUMSAM MPOU3BOAUTENS KOMIUIEKTHOTO PELIEHUS;

- I TPOEKTHUPOBAHUS MOJHHUE3AIIUTBl M 3a3¢MJSIOIIETO  yCTPOWCTBA
HeoOxonumbl TabapuTHbie pasMmepbl OPY, KoTopble 3aBUCAT OT NPHUHITOU
KOMIIOHOBKH.

9. Tnsa kakux 00eKmoa8 HyHCHO NPOEKMUPOB8aAms CUCEMY MOIHUE3AUWUMbL?
B kypcoBoM mpoekTe MpOM3BOAUTCS pacdeT CUCTEMbI MOJTHUE3ANTUTHI TOIHKO
st 00bexToB OPY 110 kB 6€3 cusioBbix TpanchopMaTopoB.

10. Kak onpedenums pazmepwvl 3aujunyaemozo 06vekma 0Jisk MOJTHUe3auumol?

3amumaeMbiM  00beKTOM siBiisieTca Bc€ oOopynoanne OPY 110 kB 3a
UCKJIIOYEHHEM CHJIOBBIX TpaHcpopmaTopoB. Pa3mepbl 3ammiaemMoro o0beKTa
ONPENENAIOTCA B 3aBUCUMOCTH OT NPHHATBIX KOMIIOHOBOYHBIX PEIICHHI Ha OCHOBE
aHaJM3a BHUJIOB CBepXy M COOKy (Bce pa3Mepbl yKazaHbl B JOKyMeHTaluu). B
YOPOUIEHHOM BHJE 3allMIaeMblii OOBEKT MpEACTaBIsieT COO0M MNPSIMOYTOJbHBIM
napajuiesnienurne, onucaHHblii BOKpyr ooopynosanust OPY 110 kB (pucynok I19).

HNanee nwa mmane OPY 110 kB c ydetrom pexomeHpamnuii paspaboTunka
KOMIUIEKTHOIO  pemieHuss (IpW  HaJIM4YuU) BBIOMPAIOTCS MECTa yCTaHOBKHU
MOJIHUENTPUEMHHUKOB. Hanprumep, Ha moptaiax BHyTpr OPY wim Ha npoxKEeKTOPHBIX
BBIIIKAX 32 €ro mpeaejaMud. B3auMHOe pacnosoKeHHe 3alldIaeMoro oObeKTa u
MOJIHUETIPUEMHUKOB ONPEAEIIUT JANbHEHIINI pacyeT CUCTEMbl MOJIHUE3AIHUTHI.
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Pucynox I[19 — I'abapuTs! 3amuinaeMoro 00beKTa Ipyu pacyeTe MOJTHUE3AIUTHI

11. Kakumu wepmedicamu HeoOXooumo cHaboums npoexkm?

B kypcoBoM mpoekTe MNpemryCMOTPEHO BBINIOJIHEHUE Tpauueckod yvacTu B
BUJIE YEPTEKEN CXEMBbI JIEKTPUUECKON NPUHIUIUAIBHON U KOMIIOHOBKM OPY 110
kB. I'padrueckas yacTh BKJIIOYAET CIAETYIONINE MO3UITUH:

- CxeMa »srekTtpuueckas npuHuunuanpHas (Bkiatouaer OPY 110 kB,
tpanchopmaropsl u 3PY 10 kB) — popmat A3

- [lepeueHb 37€MEHTOB K CXE€M€ 3IEKTPUUYECKON MPUHIMNUAIBHOU — GopMar
A4

- [Imarn OPY 110 kB, conmepxkammii oOmuii BUI CBEpXy M BUIBI COOKY st
Lerne JIMHEHMHOTO, CEeKIMOHHOTO W O0O0XOJHOTO BBIKJIIOYATEIeH (BKJIIOUYAET
KOMIIOHOBKY OCHOBHOTO OOOpYJOBaHHUS, MECTa pa3MEIICHUs] MOJHUCTPUEMHUKOB,

TPaHUIIBl 30HBI 3AIUTHl HA YPOBHSIX 3€MJIM W 3alIUIIIAeMOro OOOpYyIOBaHUS) —
dbopmar A2.
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Hpuaoxenue 2

Oo0Opa3zen TUTYJIBHOIO JIMCTA
denepalibHOE TOCYAAPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEIKICHHE
BBICIIET'O O6pa3OBaHI/I$I
«KAJIMHUHT PAJICKIH TOCY JAPCTBEHHBINM TEXHUUECKWIH YHUBEPCUTET»
I/IHCTI/ITYT MOPCKHUX TCXHOJ’IOFHﬁ, SHEPICTUKHU U CTPOUTEIILCTBA

Kadenpa suepreruku

3a4TeHo ¢ OTMETKOM
Jarta 3aimuThl
IIpenonaBarens

KYPCOBOMU INPOEKT
«[TPOEKTUPOBAHUE DJIEKTPUUECKOM YACTU INOACTAHIIMHU 110/10 kB B r. XXX»

no pucruruinae «IIpoekTupoBaHue MOJCTAHIIUN CUCTEM SJIEKTPOCHAOKEHUS»
HarpasieHus noAroToBku 13.03.02 «OnekTposHepreTuKa 1 3JIEKTPOTEXHUKA»

PaboTy BbINONHMI:
CTyZIeHT rp. XX-29
HBanos N.1.

Kanununrpan
20XX
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