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1. Henu 1 321241 0CBOCHUA IMCUMILIHHBI

L{ensiMu OCBOCHHMSI TUCITUTUTMHEI SBJISIFOTCS (JOPMUPOBAHUE CUCTEMATU3UPOBAHHBIX 3HAHUIA,
yMeHUII ¥ TpodecCHOHANbHBIX  KOMIETEHLUH B  O0JIaCTH NPOEKTUPOBAHUS  PA3BUTHUA
AJIEKTPOIHEPTETUUECKUX CUCTEM U 3JIEKTPUUYECKUX CETeH, MPHOOPETEHNE MaruCTpaHTaMH HABBIKOB
BBIOOpa AKOHOMUYECKHU IIeJIeCOO0pa3HbIX BAPUAHTOB IPOEKTUPOBAHUS AIIEKTPOIHEPTETUUECKUX
CUCTEM U CETEH, B TOM YHUCII€ C MPUMEHEHUEM HHHOBALMOHHBIX TEXHOJOIMH MU KOMIIOHEHTOB B
ANEKTPOIHEPIeTUKE.

3ajaun JUCHUTIINHBI:

elI3yueHrne Hay4HBIX OCHOB IIOCTPOCHUS COBPEMEHHBIX AIJIEKTPOIHEPIETUUECKUX CHUCTEM,
WX TPOEKTUPOBAHMS, MPUHIIUIIOBU METOJIOB PEAM3allMd ONTUMAJIbHBIX TEXHUYECKUX PEIICHUN
P IPOSKTUPOBAHUH PA3BUTHUS HIEKTPOIHEPIE€TUYECKUX CUCTEM.

ell3yueHre HOPMATUBHO-TEXHUYECKOW JOKyMEHTallMM B 0OJacTH MPOEKTUPOBAHUS
ANEKTPOIHEPIETUUECKUX CUCTEM U DJIEKTPUUECKUX CETEH;

eOcBoeHMe METOJIOB BBIOOpA OCHOBHBIX MIPOEKTHBIX perieHui u
TEXHUKO-3KOHOMMUYECKOTO0  OOOCHOBaHMS  MNPUHATBIX  pemeHu npu  pazButun  O9C
(2MEKTPOIHEPTEeTUUECKUX CUCTEM);

eOByajieHNE AITOPUTMAMU TPOEKTUPOBAHUS AJIEKTPOIHEPIETUUYECKUX CHUCTEM M CETeH,
pacuera yCTaHOBUBIIMXCS PEKUMOB CIIOKHBIX AJIEKTPOIHEPIE€TUUECKUX CUCTEM;

eDopmupoBaHue MPodhecCHOHANBHBIX U UCCIIEI0BATEIBCKIX HABBIKOB 110 IPOSKTHUPOBAHUIO
pazButusi 99C U 3IEKTPOIHEPTETUUECKUX OOBEKTOB.

2. MecTo AUCHMILVINHBI B CTPYKTYpe 00pa3oBaTeIbHOI MPOrpaMMbl

JucuumiyHa sBiIsieTcs JUCLUIUIMHON, (opMupyemas ydacTHHUKaMHM 0O0pa3oBaTeIbHbIX
oTtHomeHudd, b.1 ocHoBHOW mpodeccnoHanbHOM 00pa3oBaTEIbLHON MPOrpPaMMbl MOJATOTOBKH
MmarucTtpoB HampasieHus 13.04.02 «DneKkTposHepreTHKa 1 3IeKTPOTEXHUKAY.

[IpepexBu3uTaMi AAHHON AMCLMUIUIMHBI SBISIOTCA: «DJIEKTPOIHEPTEeTUUECKUE CUCTEMBI U

CETH», «DKOHOMUKA OHCPICTUKUN, ((BJ'ICKTpI/I‘leCKI/Ie CTaHIIUN», « 9KCHJ’IyaTaHI/Iﬂ
QJICKTPOSHEPICTUIYCCKUX CUCTEMD).
KOpeKBI/BI/ITLI — IloarotoBka K npoaeaype  3alrThI n  3aluTa BBIHYCKHOﬁ

KBaJIN(DUKAIIMOHHOM paboThI

3. ®@opmupyemMble KOMIIETEHIMH M HHIAMKATOPbI MX JOCTHKEHHMS] IO JWCHUILIHHE
(mooynio)

Konpr Conepxxanue Kon u HauMeHoBaHME HHIUKATOPA JOCTUKEHUS

KOMIIETEHIIUHA KOMIIETECHIUH KOMIIETEHIUHA

IKC-1 Criocoben IKC-1.1
CaMOCTOATEIILHO 3HATb: COBpPEMEHHOE COCTOSHHE  DJICKTPOIHEPreTHYECKOM
OpraHu30BbIBATH CHUCTEMBI U TEHJICHIIUU €€ Pa3BUTHS,
IPOEKTHPOBAHNE COBpPEMEHHBIC JIOCTHKEHHMS HAayKH W IEpeJOoBOM TEXHOJOTMH B
00BEKTOB 001acTH 3JEKTPOIHEPTETHKH;
SJICKTPOIHEPTETHKHU HOPMAaTUBHO-TEXHUYECKYIO0 TOKYMEHTALUIO, PETJIaMEHTHPYIOILIYIO

paboTy  DIIEKTPOIHEPTETHYECKUX OOBEKTOB W CHUCTEM U
HCIIOJIB3YEMYIO IIPU UX IPOCKTUPOBAHUU

TUIBI U XapaKTCPUCTUKU 3JI€KTpOO6Op}7I[OBaHI/I$I, HCIIOJIB3YyEMOI'O
IIpHA [IPOEKTUPOBAHUM ,

OpTraHu3alrIo U NOPAJAO0OK MPOCKTUPOBAHU A 99C u ux O6’BCKTOB.
IIKC-1.2

YMeTh: MOArOTOBUTH UCXOAHBIE JAHHBIE JUISl TPOBEACHHUS
pacyeToB, a UMEHHO, COCTaBUTh CXEMY 3aMEIICHUS
AIEKTPUYECKOM CETU WIIM CUCTEMBI B LIEJIOM ISl pacuéra
PEKUMOB IIPU PA3BUTUU CETU WJIM CUCTEMBI, BBITTOJTHUTD




IIKC-1.3

IIPOEKTOB

pacyeTsl MapaMeTpOB JIMHUH HIICKTPOIIEpEIaH,
TpaHc(hopMaToOpoB U TEHEPATOPOB.

Buaaners paboThl CO CIIPABOYHOM JTUTEPATYPOH U
HOPMAaTHUBHO-TEXHUYECKON JOKYMEHTAalMEeH [TPY BBITIOJIHEHUS

4. CTpyKTYypa M coep:kaHue TUCHUILINHBI (MOYJIs1)

4.1. CTpyKTypa QM CHUIIMHBI (MO1YJIs1)

O61mas TpyaoeMKocTh aucuuiingbl coctapisieT 7 3ET, 252 yacos.

TpynoemkocTs, | Tpyn0eMKOCTb, | Tpy10€MKOCTb,
Buna pabotsl akazn. Yacos akazn. Hacos akazg. Yacos
3 cemectp 4 cemectp Hroro
Oo0mas TpyroeMKoCTb 108 144 252
KonrakTHasi padora: 10 16 26
Jlexuuu (Jlek) 10
[Tpaktrueckue 3anstus (I1P) 4 8
JlaGopaTopHbie paboTsr (JIab)
KonTakTHas paboTa B EpHO] TEOPETUICCKOTO
obyuenus (KoutTO) (Ilposedenue mexyuyux
KOHCYTbmayuil U UHOUBUOYalbHAs paboma co
cmyoenmamil)
Konrt ITA 8 8
[TpomexyTodHas aTTecTanus: 3a4eT, IK3aMeH 6 6
CamocrositeibHas padora: 98 122 220
- ebinoaHenue Kypcosozo npoekma (KII), 36 79 108
Kypcogoti pabomwl (KP)
- 8bINONHEHUE UHOUBUOVATILHO2O MEOPHUECKO20
saoanus (UT3)
- 8bINOJHEHUE PACUEMHO-2PADUUECKO20 3a0aHUS
(PI3)
- HanucaHue pepepama (P)
- HanucaHue 3cce (3)
- camocmosimenbHoe u3yueHue pasoenos 40 20 60
- camono02omosKka (npopabomia u nosmopenue
JIEKYUOHHO20 MAmMepuana u Mmamepuana 10 10 20
VUEOHUKO8 U YUeOHbIX nocoOUll)
- N10020MOBKA K 1a00PAMOPHLIM 3AHAMUIM 0
- N0020MOBKA K NPAKMUYECKUM 3AHAMUAM 12 10 22
- N0020MOBKA K KOMLOKEUYMAM
- N0020MOBKA K NPOMENHCYMOUHOU ammecmayuu 10 10

um.n.)




4.2 Pacnpenesienre BHJA0B Pad0THI U MX TPYA0EMKOCTH 110 pa3iejiaM JUCHUILIIHHbI

3aounas ¢popma o0yueHus

®opMsbl
Buapl yaeOHO# paboThI, BKIIFOYAs TEKYIIero
CaMOCTOSITENILHYIO pa0OTy CTYACHTOB U KOHTPOJIS
TPYAOEMKOCTb (B Yacax) YCIIEBAEMOCTU
Ceme (no neoensam
No | Pazgen qUCHUITINHEI
CTp cemecmpa)
dopma
Jlex | JIab | II Komr CP Ko Konr I 0Me>I£) TOYHO
P To ITA | ponb P Y
i aTTecTaluu
(no cemecmpam)
1 |OOmmue Bompockl
HI P Ormpoc,
yIpaBJICHUS U BeACHUS | 3 1 0 1 0 12 1 0
JTUCKYCCHSI, TECT
pEKHMA SHEPTOCHCTEMBI
2 |Opranmzarnms
MIPOCKTUPOBAHHS 0
poc
00BEKTOB 3 1 1 0 18 1 0 poc,
JTUCKYCCHSI, TECT
AIEKTPOIHEPIeTUUCCKUX
CHUCTEM
3 |OkcmayaTanus Ompoc
yarall 3 | 1 o0 |122] 1|0 poc,
anemMeHToB D0C JUCKYCCHSI, TECT
4 |Opranuzamus
JKCIIyaTalfuu Ompoc,
yatatl 310 110 |10]|1 |0 P
pacTpeneTeTbHBIX JTUCKYCCHSI, TECT
ceTen
5 |lIporao3upoBaHue
CYTOYHBIX TPa(UKOB Ompoc,
y pad 3| 1 o | o|10] 0| o [O0
Harpy3oK JTUCKYCCHSI, TECT
norpeduTenei.
6 |Omnpenenenue
K03 (HULIIEHTOB
pacnpeseneHus
MOIITHOCTEHN B CETEBOH
YaCTU SHEPrOCHUCTEMBI Ompoc
P 3 | 1 10122 1] o0 poc,
JUIST SKOHOMHYECKOTO JTUCKYCCHSI, TECT
pacnpeseneHus
aKTUBHOI MOIITHOCTH
MEXITy
AEKTPOCTAHIHSIMH
7 | Beibop peryaupyroniei Ompoc
P PELYTHPYIOMER | 4 | 1 1|0 10| 1 | 0 [P
ANEKTPOCTAHIINH. JTUCKYCCHSI, TECT
8 |Onpenenenue
acrojaraeMou Ompoc,
P $ 4 | 1 0| 0|12 0| 0 |7
PEaKTUBHON MOITHOCTH JTUCKYCCHSI, TECT
Ha JIEKTPOCTAHIIUU
9 | Pacuer
Ormpoc,
MOTOKOpacnpeaeneHus B| 4 0 1 0 12 1 0
s JTUCKYCCHSI, TECT
CETEeBOM YacTu




HEPTOCHCTEMBI JIJIS
OTIpeIeIICHUs

ko3 pureHToB
pacripenieneHus
AKTUBHOH MOIIIHOCTH B
MaKCUMaJIbHOM U
PEMOHTHOM pEXHUMaX

10 |PacueTr PKOHOMHUUYECKOTO
pacnpeeiieHus

AKTHUBHOI MOIIIHOCTH 4 1 0 0 10 1 0 Ormpoc,
MEeXIy JTUCKYCCHSI, TECT
ANEKTPOCTAHIUSIMH
SHEPrOCUCTEMBI
11 |Pacuer Ompoc,
YCTaHOBHBIIIETOCS JTUCKYCCHSI, TECT
pexnMa SHEProCHCTEMBI | 1 1 10
JUIS 9aca MaKCHMyMa
Harpy3KH
YHEPTOCUCTEMBI
12 |OnepaTuBHbIE pacueTsl 4 1 0 10 Ompoc,
pexumoB K3 JUCKYCCHSI, TECT
13 | Pacuer Ompoc,
YCTaHOBUBIIUXCS JTUCKYCCHSI, TECT
PEKUMOB 4 0 1 10
HEPTOCUCTEMBI IS
Pa3HBIX CTYIICHEHN
rpaduka Harpy3Ku
KypcoBoii mpoekT 4 0 0 0 72 Hudd. 3ager
[TpomexxyTouHas
POMEAY 4100 0| 0| 0/|8]°FE6 Dx3amen
aTTecranus
Hroro 252 | 10 0 8 0 |220| 8 6

4.3. Conep:xaHue pa3iei0B M CHUILTHHBI

1. OO6uue BOmpoCH! YIIPaBICHUS U BEAECHUS PEKUMa SHEPTrOCUCTEMbI

PedopmupoBanne sHepreruyeckoil orpaciu. XapakTepUCTHKa W TEHIASHIMH pa3BUTUS
NEKTPO’HEpPreTuueckol  cucreMbl. CTpyKTypa  yIpaBi€HHS 3HEPrOCUCTEMAMH.  3ajaduu
OTEepaTUBHO-AUCIETYEPCKOTO YIPABIEHUS HA TEPPUTOPUAIBLHOM M BpPEMEHHOM YPOBHSX.
OnepartuBHas MOAYUHEHHOCTH 000pyaoBanus B DOC.

CuryaruBHas uepapxus pexuMoB D9C. Benenne HopmanbHOro pexxuma. KoHTpons pexuma
9HEPrOCUCTEMBI, PETYJIMPOBAHHE HANPSDIKEHMS, YaCTOThl M AKTUBHOW MOIIHOCTH. CucTeMHbIE
aBapuu. OCHOBHbBIE MePHI 110 NPEJOTBPAIICHUIO U JTUKBUJAIIMHN CUCTEMHBIX aBapuil.

Opranuzanus NpPOEKTUPOBAHHUS OOBEKTOB SJIEKTPOIHEPTrETHUECKUX CHUCTEM.

OcHoBHbIE TPEOOBaHUS K PEKUMY dHEprocucTeMsbl. [Iporao3upoBaHme CyTOYHBIX U T'OI0BBIX
rpadukoB Harpysku. IlnmanupoBanue pexxuma paborel 39C Ha Pa3TUYHBIX BPEMEHHBIX YPOBHSIX.
Br160p cocTaa paboratomero o6opyaoBaHus. Pe3epBbl 3HEPreTHIECKON CUCTEMBI.

Buner pemontoB anemenroB OOC. Tumbsl B3auMocBs3ed peMoHTOB. IlnmanupoBanue
KalUTaIbHBIX U TEKYIIMX PEMOHTOB OCHOBHBIX 3JIeMeHTOB DDC. BBIOOp 11€71€Cc000pa3HO CUCTEMBI
pemoHTOB 00opyaoBanust 33C. KOHTpOb U AMarHOCTHKA TEXHUYECKOTO COCTOSIHUS 000PYI0BaHUS
23C. CoBpeMeHHbIE METO/IbI HEPA3PYIIAIOIIETO KOHTPOJIS.




HcxonHble faHHBIE A1 IPOEKTUPOBAHUS U UX AHAIIU3

OKcIuTyaTanus reHepaTopoB. DKCIUTyaTaus Tpanc(hopMaTopoB. DKCIUTyaTalusl yCTPOHCTB
NEPEKIIIOYEHUsT OTBETBICHUN TpaHCPOPMATOPOB IO/ HArpy3KOW. DKCIUTyaTallus BbIKJIIOYATEIEH.
OkcrutyaTanus 00OpyIOBaHUS PaCIPEENIUTENbHBIX YCTPOHCTB. DKCIUTyaTalsi BO3AYIIHBIX U
KaOeJIbHBIX JIMHUH.

4. Kputepun BbIOOpa OCHOBHBIX IPOEKTHBIX pemieHuil. CopepkaHHe IMPOEKTa Pa3BUTHS
JIEKTPUUYECKUX CeTel

OyHKUMU TPEINIpUsATHs, SKCIUTyaTUPYIOIIEro paclpeneiuTenbubie cetd. OnepaTUBHAS
IIOJIrOTOBKA PEMOHTHBIX pa0oT. OpraHuzanus peMOHTa paclrpelnenuTesbHoi cetu. CocTaBieHHe
rpaduKoB peMOHTa 00opynoBanus. [Ipon3BOACTBO ONEPaTUBHBIX MEPEKIIOYCHUH.

TexHonornuecknue KapTbl Ha PEMOHTHBIE M HKCIUIyaTallMOHHbIE paboThl. TexHuueckas
JTOKYMEHTAIHSI.

OpraHu3alnvoHHbIE MEPOIIPUATHS, obecnieunBaroue 0e30nacHocTs padboT. OTBETCTBEHHBIE
3a 0e30MMacHOCTh MPOBENEHUs paboT, UX mpaBa U o0s3aHHOCTH. [lopsiok opranuzanuu padboT 1mo
Hapsany. Opranuzanust paboT o pacnopspkeHuto. Opranuzainus paOoT, BBIIOIHIEMBIX B MOPSIKE
TEKyIEeH AKCIUTyaTalluy COTJIAaCHO IepevHro. [loaroroBka pabouero Mecta u MEPBUYHBIA JIOITYCK
Opurazpl Kk pabore 1Mo Hapsagy M pacnopsbkeHuto. OkoH4aHue paboThl, caada-npueMkKa padouero
MecTa. 3aKpbhITHE Hapsiia, paclopsoKeHHs. BKIIIOUeHHE AIIEKTPOYyCTAaHOBOK TOCJIE  MOJIHOTO
OKOHYaHUs padoT.

TexHuueckue MeponpusTHsi, oOecreyuBaromume 0e30MacHOCTh pabdOT CO  CHATHEM
HanpsbkeHusa. OtkiroyeHus. BpiBemmBaHue 3ampernaroniux Iiakatos. IIpoBepka oTCyTCTBUS
HaNpsDKeHUS. Y CTAHOBKA 3a3eMJICHUN B PacCIpeAeTUTEIbHBIX YCTPOUCTBAX. Y CTAHOBKA 3a3eMJICHUN
Ha BJI. Orpaxnenue pabouero Mmecra, BbIBEIIMBAaHUE I11aKaTOB.

[TporHo3upoBaHKHe CyTOUHBIX TPaQHUKOB HArpy30K moTpedureneil. OnpeneneHrne pacyeTHBIX
MOIITHOCTEH AJIeKTPOCTaHLIUI U BEIOOp cocTaBa padoTaroiiero 000opy10BaHus

Onpenenenne  KOdOPUIIMEHTOB  paclpeiesieHHs]  MOIIHOCTEM B CETEBOM  4acTu
SHEProCHCTEMBbl  JUIsl  SKOHOMHYECKOTO  pacHpeleNieHHs: aKTUBHOW  MOIIHOCTH — MEXAY
AJIEKTPOCTAHIIUSAMHU

BeiOop perynupyromieil 31eKTpocTaHIMU. DKOHOMHUYECKOE pAaCIHpelesieHue pPEeaKTUBHOM
MOIITHOCTH MEXJTy JIEKTPOCTAHIIHSIMA

Onpeznenenue pacnojaraeMoil peakTUBHONH MOIIHOCTH Ha 3J€KTPOCTaHIIUU

CocraBieHne IUCIETIYEPCKOTo rpaduka

Pacuer mnoTokopacmpeneneHuss B CETEBOM 4YacTH HHEPrOCHCTEMBI IS OIpeesIeHUs
KOX(QPHUIIMEHTOB pacnpeeNieHHsI aKTHBHOW MOITHOCTH B MAaKCUMaJIbHOM M PEMOHTHOM pEXHUMax

PacueT 3KOHOMMYECKOIO paclpe/ielleHusi aKTUBHOW MOIITHOCTH MEXAY 3JIEKTPOCTAHLIUIMHU
HEPTOCHCTEMBI

Pacuer ycTaHOBHMBIIErocss pexuma HHEProCHUCTEMBl J/JIsi Yaca MaKCUMyMa Harpys3ku
HEPTOCHCTEMBI

OneparuBHble pacueTsl pexumos K3

Pacuer ycTaHOBHBIIMXCSI PEXKHUMOB SHEPrOCHUCTEMBI ISl Pa3HBIX CTyneHed Trpaduka
Harpy3ku

CocraBieHre BapHaHTOB ONEPATHBHONW CXEMBI HSHEPrOCHCTEMBI C HCHOJIH30BAHUEM
rpaduuecKkoro perakropa

4.4. Tembl U IVIaHBI IPAKTHYECKUX 3AHATHH

No paznena . TpynoemMkocTb
TemaTnka MpakTUYECKUX 3aHATHH (CEMUHAPOB)
IUCIIUILINHEI (gac.)
[Tporno3upoBaHue CyTOYHBIX I'pa)uKOB Harpy30K MOTpeOuTENeH.
1. OrnpeziesieHre pacueTHBIX MOITHOCTEH 3JIEKTPOCTAHITUI B BHIOOD 2
cocTtaBa paboTarouero 060py10BaHHs
2 Onpenenenne KodUIMEHTOB paclpeeeHUusT MOITHOCTEH B 9
' CeTeBOM  YacTH  DHEProCHCTEMBbl  JUIsl  IKOHOMHYECKOTO




pacrpeaciCHus aKTHUBHOM MOIITHOCTU MCKAY IJICKTPOCTAHIIUAMU

Bribop  perynupyromeii  3JIeKTpOCTaHLUUMU. OJKOHOMHYECKOE
3. pacrpeneseHue peakTUBHOMN MOIIHOCTH MEXTY 2
JIEKTPOCTAHLUSAMU
OmnpeneneHue pacnojaraeMoil peakTHMBHOH MOIIHOCTH Ha
4, AIEKTPOCTAHIIUHI 2
Htoro 12

4.5. TeMbl U IJIAHBI JTA00PATOPHBIX 3aHATHIA
HeT
4.6. IlpumepHasi TEMATHKA KYPCOBBIX IIPOEKTOB

Y4eOHBIM IIAaHOM MPETYCMOTPEH KypPCOBOM MPOEKT Ha TEMBI:

1. IlpoexTupoBaHue NIEKTPOIHEPTETUIECKON CUCTEMBI IIPOMBIIIIIEHHOTO paifioHa.

2. IIpoekTupoBaHu€e FIEKTPOIHEPIETUUECKON CUCTEMBI CBEPXBBICOKOTO HAIIPSKEHMUSL.

Tematuka KypcoBBIX MPOEKTOB (KypCOBBIX pabOT) yTBEp)KIaeTcs Ha 3acelaHuu Kadeapsl

€XKEr0JIHO).

MeTtoauueckue YKa3aHW: BbIIIOJIHEHUA KYPCOBOT'O ITPOCKTA IPCACTABJICHBI B HpI/IJ'IO)KeHI/II/I 3.

5. TeMbl IUCHMIIMHBI (MOYJIA) VISI CAMOCTOSATEbHOI0 U3YYeHHUSs

1. Pacuer morokopacnpeneneHuss B CETEBOW YacTH SHEPrOCUCTEMBI IS ONpPEACIICHUS
KO3 PHUIHMEHTOB pacnpe/ieeHHsl aKTUBHOW MOIITHOCTH B MAaKCUMAJIbHOM U PEMOHTHOM PEXHMax

2. PacueT 5KOHOMHYECKOI0 paclpeIeIeHNs aKTUBHON MOIIIHOCTH MEXTY JIEKTPOCTaHLUIMU

OHEPTOCUCTEMBI

3. Pacuer YCTAaHOBHUBUICTOCA PCKHUMaA SHEPrOCUCTEMBI U YaCa MAaKCHUMyMa Harpys3Ku

SHEPrOCHUCTEMBI
4. OnepaTtuBHbBIE pacueTsl pexuMoB K3

5. Pacuer ycTaHOBUBLIMXCS PEXKHMOB SHEPrOCUCTEMBI JUIsl Pa3HBIX CTyNEeHeW rpaduka

Harpy3ku

6. CocraBieHrue BapUAHTOB ONEPATUBHOM CXEMBbI JHEPTOCHUCTEMBI C HCIOJIH30BAHHEM

rpauuecKoro perakropa

6. O6pa3oBaTeibHbIE€ TEXHOJIOTHH

Ne Bunsl yueOHbIX
_— HaumenoBanue paznena - O06pa3zoBarenbHbIe TEXHOJIOTHH
1.  |OGmue Bompocs! Jlexuus OO030pHasi JEKIHUs C HUCIOJb30BAHUEM BHUJIEO
ynpasiieHus u BeaeHus ([Ipaktudeckoe MIPOEKTOpPa U Mpe3eHTalnl
pEeXHMMa YHEPTOCUCTEMBI [3aHATHE Pa3BepHyTas OGecena ¢ oOCyXAEHHUEM TOKIIAAA.
CamocrositensHas |Pemenne npumepos 1 3a1ad.
pabota KoHcynpTupoBaHne ¥ TpoOBEpKa JOMAIIHHUX
3aIaHA TIOCPEJICTBOM TPSMOTO OOIICHUS WITH
AIEKTPOHHOMU MMOYThI
2 PaszpaboTka pexxuma  |[Jlekrus OO030pHasi JEKIUsl C HUCIOJb30BAHUEM BHUJIEO
SHEPrOCUCTEMBI [IpakTnueckoe MPOEKTOpa U Mpe3EHTALMI
3aHATHE Pa3BepHyTas Gecena ¢ oOCyXAEHHUEM TOKIIAMA.
CamocrosiTenbHas |Pemenue npuMepoB H 3aj1ay.
pabota KoHcynpTupoBaHue U NpoBEepKa JOMAIIHHUX




3aJJaHUN TOCPEACTBOM MPSIMOTO OOIICHUS WU
AIEKTPOHHOMU MMOYThI

OkcIutyaTauus Jlexuust OO030pHass JEKUUs C HUCIOJIb30BAHUEM BHUJEO
anemMeHToB 9C [TpakTueckoe IIPOEKTOpPA U Ipe3eHTalnN
3aHATHE Pa3BepHyTas Gecena ¢ oOCyxaeHHUEM TOKIIAAA.
CamocrosrenbHas |Perienne npuMepoB U 3ajad.
pabota KoHcynbTupoBaHue u INpoOBEpKa JIOMALIHHX
3aJJaHUN TTOCPEICTBOM IPSIMOTO OOIIECHUS WU
3JIEKTPOHHON MOYTHI
Opranuzanus Jlexuus OO030pHast JeKUUs C HUCIOJIb30BAHUEM BHUJEO
JKCILTyaTaluu IIpakTueckoe IIPOEKTOPA U IIPE3EHTALUN
pacrpeeInTeNIbHbIX 3aHATHE Pa3BepHyTas Gecena ¢ oOCykaAeHHUEM TOKIIAAA.
cereu CamocrositenbHas |Pemenne npuMepoB U 3a1ad.
pabota KoHcynbTupoBaHue u TNpoBepKa JOMAaIIHUX
3aJJaHui MOCPEACTBOM IPSIMOrO OOIIEHUS WU
3JIEKTPOHHON TOYTHI
[Iporno3upoBanue Jlexuus OO030pHasi JEKIUsl C WUCIOIB30BAHUEM BHUJIEO
CYTOUYHBIX Ipa)uKOB [TpakTryeckoe IIPOEKTOpA U Mpe3eHTalui
Harpy3ok 3aHATHE PazBepuyTtas Oecena ¢ oOCyx)aeHHUEM AOKIIAJA.
norpeduTenei. CamocrosrenbHas (Pernienne npumepos U 3a1ad.
pabota KoHcynpTupoBaHue u mpoBepKa JOMAIIHHUX
3aJJaHUH MOCPE/ICTBOM IPSIMOIO OOIIEHUS WIN
AIEKTPOHHOMU MOYThI
Onpenenenne Jlexuus OO030pHast JEKIUsl C HUCIOJb30BAHUEM BHUJIEO
KO3 PHUIIHEHTOB [TpakTueckoe IIPOEKTOPA U NPE3EHTALNN
pacnpezeneHus 3aHATHE Pa3BepHyTas Oecena ¢ oOcCyXJeHUEM JIOKJIAa.
MOIIHOCTEN B ceTeBoil  |CamocTosATenbHas |Pemenne npuMepoB U 3a1ad.
4acTH SHEProcucTeMsl [paboTa KoHcynpTupoBaHue u TpoBepkKa JAOMAIIHUX
JUIs1 5KOHOMHUYECKOTO 3aJJaHUH MOCPE/ICTBOM IPSIMOT0o OOIIEHUS WIN
pacnpeneneHus AIEKTPOHHOMW MOYTHI
aKTUBHOM MOIIHOCTH
MEeXy
NEKTPOCTAHLUAMHU
Br16op perynupyromieit [Jlexius OO030pHasi JeKUWs C HUCIHOJIb30BaHUEM BHJIEO
AJEKTPOCTAHIINH. [TpakTrueckoe IIPOEKTOpPA U Ipe3eHTalNN
3aHATHE PazBepuyTas Gecena ¢ oOCyx)aeHHEM JOKIAJA.
CamocrosrenbHas |Perienre npuMepoB U 3a1ad.
paboTta KoncynpTupoBaHue u mpoBepka JOMAIIHUX
3aJJaHUN MOCPEICTBOM IPSIMOTO OOIIEHUS WIN
AJIEKTPOHHOMW MOYTHI
Onpenenenne Jlexuus OO030pHasi JEKIUs C HUCIOJb30BAHUEM BHUJIEO
pacnosaraeMoiu [TpakTrueckoe IIPOEKTOpPA U Ipe3eHTalNN
PEaKTUBHOI MOITHOCTH (3aHSTHE Pa3BepHyTas Oecena ¢ oOcyxJIeHUEM JIOKJIaja.
Ha 3JIEKTPOCTaHLUU CamocrosrenbHas |Perienre npuMepoB U 3a1ad.
paboTta KoncynpTupoBaHue u mpoBepkKa JAOMAIIHUX
3aJJaHUN TTOCPEICTBOM MPSIMOTO OOIIEHUS WIN
AJIEKTPOHHOMU MOYTHI
Pacuer Jlexuus OO030pHasi JEKIUsl C HUCIOJb30BAHUEM BHUJIEO
norokopacnpenenenus B|lIpaktuueckoe IIPOEKTOpa U Ipe3eHTalui
CETEeBOM YacTu 3aHATHE Pa3BepHyTas Gecena ¢ oOCyXAEHHUEM TOKIIAAA.




SHEPTOCHCTEMBI JIJIS
OTIpeIeIICHUS

ko3 pureHToB
pacripenienieHus
AKTUBHOH MOIIIHOCTH B
MaKCUMaJIbHOM U
PEMOHTHOM pEXHUMaX

CamMocTosTenpHas
pabora

Pemienue npumepoB u 3a1ay.
KoHcynpTHpOBaHME UM IpPOBEPKAa JOMAIIHUX
3aJJaHUi MOCPEACTBOM IPSIMOTO OOIICHUS WU
3IEKTPOHHOMU MMOYThI

10 |Pacuer sxoHOMHUecKOTO|JIeKIus OO030pHasi JEKIUs C HUCHOJIb30BAHUEM BHJICO
pacnpezeneHus [TpakTrueckoe MIPOEKTOPA U MPEe3eHTALUN
AKTUBHOM MOIIIHOCTH  |3aHSATHE Pa3BepryTas Gecena ¢ oOCyX)A€HHUEM TOKIIAAA.
MEXIy CamocTtosTenbHas |Perienue npuMepoB U 3a/1ad.
ANEKTPOCTAHLUSIMHU pabota KoHcynpTupoBaHue u mpoBepKa JOMAIIHUX
HEPTrOCUCTEMBI 3aJJaHUi TOCPEACTBOM MPSMOTO OOIICHUS WU
AJEKTPOHHOMU MOYThI
11  |Pacuer Jlekuus OO030pHast JEeKIUs C HUCIOJIb30BAHUEM BHJICO
YCTaHOBUBIIETOCS [TpakTrueckoe MIPOEKTOpPA U MPEe3eHTALNN
peXHMMa SHEPrOCUCTEMBI [3aHITHE Pa3BepHyTas Oecena ¢ oOCyXJe€HUEM JIOKIAJA.
Ui yaca MakcumyMa  (CamocTosTesnbHas |Perienue npuMepoB u 3a1ad.
Harpy3Ku pabota KoHcynpTupoBaHue u mpoBepKa JOMAIIHUX
HEPrOCUCTEMBI 3aJJaHUil TOCPEACTBOM MPSIMOTO OOIICHUS WU
ANEKTPOHHOMU MOYThI
12 |OmneparuBHnble pacuetsl |JIekius OO030pHasi JeKLMs C HUCHOJIb30BAaHUEM BHJIEO
pexumoB K3 IIpakTrueckoe IIPOEKTOPA U IIPE3EHTALNUN
3aHATHE Pa3BepHyTas Gecena ¢ oOCykAeHHMEM TOKIIAAA.
CamocrosrenbHas |Perienre npuMepoB U 3a/1ad.
pabota KoHcynbTupoBaHue u TNpoBepKa JIOMAIIHUX
3aJJaHUN MOCPEACTBOM IPSIMOTO OOIIEHUS WU
AJIEKTPOHHOMN MOYTHI
13 | Pacuer Jlexuus OO030pHast JEKIUsl C HUCIOJb30BAaHUEM BHUJIEO
YCTaHOBUBILUXCS [TpakTrueckoe IIPOEKTOpPAa U Mpe3eHTalnl
pEXUMOB 3aHATHE Pa3BepHyTas Gecena ¢ oOCyXkA€HHUEM TOKIIAAA.
SHEPrOCUCTEMBI JIs CamocTosrenbHas |Perienre npuMepoB U 3a/1ad.
Pa3HBIX CTyIEHEN pabota KoHcynbTupoBaHue u TNpoBepKa JOMAaIIHUX

rpaduka Harpy3Ku

3aJJaHUN MOCPEACTBOM IPSIMOTO OOIIEHUS WU
AJIEKTPOHHOMN MOYTHI

el oA

©oo~No O

7. OneHouyHble cpeAcTBa (MaTepHaJbl) MJIA TEKYLIEro KOHTPOJISI YCIHEeBAaeMOCTH,
NPOMEKYTOUYHOM aTTeCTAMH 00y4aloLUXCS MO0 AUCHUILIUHE (MOOY110)

7.1. Bonpocsl 1Jisi IPOBeAeHUs TEKYLEero KOHTPOJIs

DJIEMEHTBI CUCTEMBI NIEpE/Iavr U pacrpeneneHus I9.

XapaKTepucTUKa CUCTEM PACTIPEIEIICHUS JIEKTPUUECKONU SHEPTUH.
Konduryparus cucreM pacnpeneneHus dIeKTPUISCKON YHEPTUH.
[IpuHuMnuanbHas cxeMa nepeavn U pacupeieeHus FIEKTPOIHEPTUH B KPYITHOM
MPOMBIIIUIEHHOM paloHe.

HanpspkeHns 21€eMEHTOB 3JIEKTPUYECKOM CETH.

Pexxumbl HelTpanell HU3KOBOJIbTHBIX AJIEKTPUUYECKUX CETEH.
PesxxnmMbl HEeHTpasiel BBICOKOBOJIBTHBIX 3JIEKTPUYECKUX CETEH.
T- u [1-06pa3Hble cXeMbl 3aMEeIEHHUs C COCPEIOTOYCHHBIMU TTapaMeTPaMHU.

IIpononbHble 3neMeHThl conpoTusieHus JIOII.




10.
11.
12.
13.
14.
15.
16.

17.

[Tonepeunslie 3neMenTsl poBoaAUMOCTH JIDII.

D¢ dext koponuposanus BJL.

DeMEHTHI COMTPOTUBIICHUS KaOETbHOM JTMHUH.
CxeMblI 3aMeleHrs TUHUN AJIeKTpoIiepeay.
KoHcTpyKTHBHOE HCTIOMHEHNE BO3YIIHBIX JIMHUM.
Omnopsr BJL

[IpoBona BJI.

7.2. Bonpochl /151 IPOBE/IeHUs] BTOPOr0 TEKYLIEero KOHTPOJIS

VcnoBHbIE 0003HAYEHHUSA U IIPUHIUIINAJIIBHBIC CXCMbI TpaHC(l)OpMaTOpOB nu

aBTOTpPaHCPOPMATOPOB.

18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.

Cxema 3ameleHus JByX0OMOTOYHOTO TpaHchopMaTopa.

[TaciopTHBIC JaHHBIE TPAHCPOPMATOPOB U ABTOTPAHCHOPMATOPOB.

OnBIT KOPOTKOTO 3aMBIKAHUS M XOJIOCTOTO X012 IByXOOMOTOUHOT0 TpaHchopMaTopa.
JIByXx0OMOTOYHBIE TpaHCHOPMATOPHI C PACHICTIIIEHHBIMI OOMOTKAMH.

MapxkupoBka TpaHC(POPMATOPOB U aBTOTPaHC(HOPMATOPOB.

Cxembl 3aMenieHns TpEX0OMOTOYHOTO TpaHchopmaTopa.

OnBITEI KOPOTKOTO 3aMbIKaHUS TPEXOOMOTOYHOTO TpaHchopMaTopa.

Haznauenue u He0OX0IMMOCTb UCIOJIb30BaHUSI KOMIEHCUPYIOIINX YCTPOUCTB.
[IpumeneHue ycTpoiicTBa Mpo0IbHON EMKOCTHOW KOMITEHCAITHH.

Hcnonp30BaHrne CHUHXPOHHBIX KOMIIEHCATOPOB.

[TpuHIMIIMATBHBIE CXEMBI 1 OCOOEHHOCTH MPUMEHEHHUS CTAaTHUYECKUX THPUCTOPHBIX

KOMIIEHCATOPOB.

29.

MogenupoBaHue Harpy30K Ui pacu€ToB YCTAHOBUBIIMXCS PEKUMOB JIEKTPUUECKUX HArpy30K.
7.3. Bonmpochl K 3K3aMeHy

1. DnemeHTHI cUCTEMBI IIepeaun U pacupenencHus I9.

2. XapaKTepHCTUKa CHCTEM pacIlpe/IeeHuUs IIEKTPUICCKON SHEPTHH.

3. Konodurypamus cuctem pacnpeneneHus 3J1eKTpUIecKOi SJHEpIUH.

4. TlpuHuunuanbHasi cxema Mepeayu U pacipeesIeHNs MEKTPOIHEPTUU B KPYITHOM
IIPOMBIIIJIEHHOM paiioHe.

5. HamnpsxeHus 371€MEHTOB JIEKTPUIECKOM CETH.

6. Pexumbl HeliTpanel HU3KOBOJIBTHBIX AJIEKTPUYECKHUX CETEH.

7. Pexumbl HeWTpasiell BBICOKOBOJIBTHBIX AJIEKTPUUYECKUX CETeH.

8. T- u Il-obpa3Hble cXeMbl 3aMENIEHHsI ¢ COCPEJOTOUYECHHBIMH MTapaMeTpaMH.

9. TlpomonbHbIe 37eMeHTHI conpotuBieHus JIDII.

10. ITonepeunsie 31aeMenTsl npoogumoctu JIDIL.

11. Dddext koponuposanus BJL.

12. DnemMeHTHI CONPOTHBIICHUS KaOeIbHOM JIUHUY.

13. CxeMbI 3aMeIIeHHs JIHHAN JIeKTporiepeay.

14. KoHCTPYKTHBHOE UCTIOJIHEHUE BO3TYIIHBIX JTUHUH.

15. Onopsr BJI.

16. ITpoona BJIL.

17. YcnoBubie 0003HaUCHUS U IPUHITATIAATBLHBIE CXEMBI TPAHC(POPMATOPOB U
aBTOTPaHC(HOPMATOPOB.

18. Cxema 3amenieHus IByX0OMOTOYHOTO TpaHchopmaTopa.

19. ITacniopTHBIE HaHHBIE TPAHC(HOPMATOPOB U ABTOTPAHCPOPMATOPOB.

20. OmBIT KOPOTKOTO 3aMBIKAHUS U XOJIOCTOTO X012 IBYyXOOMOTOYHOTO TpaHchopmaropa.

21. JIByxoOMOTOYHBIE TpaHCHOPMATOPHI C paCHICTIIEHHBIME OOMOTKAMHU.

22. MapkupoBka TpanchopmMaTopoB U aBTOTPaHCPOPMATOPOB.

23. Cxemsbl 3aMenIeHus TPEXOOMOTOYHOTO TpaHChopMaTopa.



24. OnbITBI KOPOTKOTO 3aMBIKaHHS TPEXOOMOTOYHOTO TpaHchopmaTopa.

25. Haznauenue 1 He0OXOIMMOCTh HCIIOJIb30BAaHHSI KOMIICHCUPYIOIIUX YCTPOWCTB.

26. [IpumeneHre ycTpoicTBa MPOI0IHLHON EMKOCTHOW KOMIICHCAITUH.

27. Vicnonp30BaHWE CHHXPOHHBIX KOMIIEHCATOPOB.

28. IlpuHuMnuaibHbIE CXEMbl U OCOOCHHOCTH MPUMEHEHHS CTATUYECKUX TUPUCTOPHBIX
KOMIICHCAaTOPOB.

29. MogenupoBaHue Harpy30K JAJsl pac4€TOB yCTAHOBUBIIUXCS PEKUMOB AJIEKTPUUECKUX
Harpys3ox.

30. Bagauu pacuéTa U aHANKM3a YCTAHOBUBIIETOCS PEXXKUMA JIEKTPUUECKOMN CETH.

31. Pacuer pexrMa JIMHUM 3JIEKTPOIIEpeIauu 1Mo JaHHbIM B Havyane JIDIT.

32. PacuéT ycTaHOBHUBIIMXCS PEKUMOB MPOCTHIX 3aMKHYTHIX AIEKTPUUYECKUX CETEH.

33. Pacuér moTokopacmpeaeieHus MPOCTHIX 3aMKHYTBIX SJIEKTPUUECKUX CETEH.

34. IlpaBuia MOMEHTOB JIJIsl pacieTa TOKOB U MOIIIHOCTEH MPOCTHIX 3aMKHYTHIX 3JIEKTPUUECKUX
ceTel.

35. Meroabl pacuéra U aHallM3a MOTEPh AIEKTPUIECKON YHEPTHUH.

36. TpeboBaHUs K CXeMaM AIIEKTPHUECKUX CETEH.

37. Kondurypauuu 31eKTpUIECKIX CETEH.

38. CriocoObI MPUCOEAMHEHUS MTOACTAHIINN K JIEKTPUYECKON CETH.

39. TumnoBkie cXeMbl paclpeeTUTEeNIbHBIX YCTPOMCTB BHICIIETO HAIPSKEHUS.

40. CxeMblI pacnpeeTuTeIbHBIX YCTPOUCTB HU3IIETO HATIPSKEHHS.

41. PexxuiMbl pabOThI CUCTEMBI NT€peIayll U paclpeiesieHus AIEKTPOIHEPTUH.

42. PerynupoBaHUe HAMPSHKCHUS ¢ TTIOMOMIBIO TPAHC(HOPMATOPOB ¢ YCTPOUCTBAMHU
PEryIUpOBaHUS MO HATPY3KOM.

43. PerynupoBaHue HanpspKeHUS] H3MEHEHUEM ITOTOKOB PEAKTUBHOM MOIIHOCTH.

8. Cucrema oneHUBAHMA IVIAHUPYEMBIX Pe3yJIbTATOB 00y4eHHUs!

Kpurtepun onenuBanuns

Kputepuem oreHUBaHUs SBISETCS BBIIOJHEHUE CAaMOCTOSATENBHBIX 3aJaHUM M J1a00paTOpHBIX
pabor.

CamocrosTenbHble 3a7jaHus U Ja00paTOpHbIe paboThl MO Pe3yIbTaTaM BbIMOJIHEHUS U 3aIIUTHI
OLICHHMBAIOTCSI C YUYETOM CJIEAYIOLUIMX OCHOBHBIX [TApaMETPOB:

— CBOEBPEMEHHOE BBINOJIHEHUE padoThI;

— IIOJIHOTA U MMPAaBUJILHOCTH OTBETOB HA BOIIPOCHI, 3aJaHHLIC B XOA€ 3allIUThI pa6OTBI.

B ciyuae BBINIOJIHEHUS JAHHBIX YCIOBUH, CTyI€HT UMEET BO3MOXHOCTD C/IaBaTh TEOPETUUECKHUM
3a4eT 1o BONpOCcaM.

— OLIEHKA «3aYTEHO» BBICTABJISIETCS CTYIEHTY, KOTOPBIA TBEP/IO 3HAET MaTEpHUall, TPAMOTHO U 11O
CYHIECTBY MU3JIaract €ro, yMeCcT NpUMCHATD IMOJIYYCHHBIC 3HAHUA HA IMPAKTHUKE, HO JOITYCKACT B
OTBETE WM B PEIICHUH 3a7]a4 HEKOTOPbIE HETOYHOCTH.

— OIEHKa «HE 3a4TE€HO» BBICTABIAETCA CTYJIEHTYy, IIOKa3aBlleMy (parMeHTapHBIMH,
pa3po3HEHHBIN XapakTep 3HAHWW, HEIOCTaTOYHO MpaBUIIbHBIE (OPMYIHPOBKH 0a30BBIX
HOHSITHﬁ, HapylmICHHA JIOTUYECKOM MOCIACAOBATCIIBHOCTH B H3JIOKCHUW IMPOrpaMMHOI0
MaTepHaa, JOIycKaroleMy B OTBETE WM B PELICHUU 3aj1ay IpyOble OMNOKH.

bazoBast yacTh (IIpoBepKa 3HAHUN U YMEHUH 10 Kypcy)

Tema nnu Bunnr AynuTtopHas MunumanbHO MaxkcumansHo
3a/1aHHe TEKyIIEen W € KOJIM4ECTBO € KOJIMYECTBO
TEKyIIeH aTTecTanu BHEAyIUTOPHA 6amioB 6asoB
aTTecTaluu u A

Pemenune [TpoBepka Bueaynuropna 18 36
JIOJITOCPOYHOTO 3HAHHMH, s

3aJ1aHUs YMEHHI




KOHTPOJIBHOU
paboThI
CocraBienue IIpoBepka Bneaynuropna 7 14
TalJInI 3HAHHUH, P’
pacyYeTHBIX yMEHU
dhopmyn 1o
Kypcy
3ammTa [IpoBepka AynuTtopHas 0 0
n1abopaTOPHBIX 3HAHUH,
pabor YMEHUH,

HAaBBIKOB
[IpomexxyTouna [IpoBepka AynuTtopHas 15 20
sl aTTeCTalus: 3HAHHMH,
3a4eT YMEHHI
HTtoro MUHUMYM 47 84
JlonoyiHUTENbHAS YaCTh
Tema nunm Bunbr AynuTtopHas MunumaiasHO MaxkcumanbHO
3a/laHue TeKyIIeH WIH € KOJINYECTBO € KOJIMYECTBO
TeKyIIeH aTTecTau BHEAyIUTOPHA 6amioB 0aoB
aTTecTaluu u |
OTtpaboTka [IpoBepka AypautopHas 5 16
1abopPaTOPHBIX 3HAHHH,
pabort, yyactue YMEHHH
B OJINMITHA]IE
Hroro 52 100

9. YueOHO-MeTOAMUYECKOE U HH(POPMAIIHOHHOE ODecTieYyeHne TUCIUIIJIUHBI (MOTYJIs1)
9.1. OcHoBHas JIUTEpaTypa
[TanikoB, b. B. DnekTposHepreTuyeckre CUCTEMBbI M CETH. TOKHM KOPOTKOTO 3aMbIKAHUS :
yueOHUK U mpakTHUkyM ais By3oB/ b. B. Ilankos, B. }O. Bykonos. — 3-e u3a., ucnp. u Jgom. —

Mocksa :

N3naTenpcTBO

HOpaiir,

2021. —

353 ¢c. —

(Bricuee

oOpa3oBaHue). —

ISBN 978-5-9916-8148-3. — Tekcr : anektponHbli // O6pa3zoBarenbHas miatdopma FOpaiit [caiit].
— URL: https://urait.ru/bcode/470866 (nata oOpamenus: 11.12.2021).

VYmakoB, B. fI. DnekTposHepreTHYecKue CHCTEMbI U CETH : y4eOHoe mocodue st By30B /
B. 5. YmakoB. — Mocksa : M3natenscrBo FOpaiit, 2022. — 446 ¢. — (Bricmiee oOpazoBanue). —
ISBN 978-5-534-00649-0. — Texkcr : anekTponHbIl // OOpa3oBatensHas miatdopma FOpaiit [caift].
— URL: https://urait.ru/bcode/490265 (nata obpamenus: 11.12.2021).

JIbikuH, A.B. DOneKTpo’HEPreTHUYECKHE CUCTEMBI

n CCTH :

y4eOHUK Ui BY30B /

A. B. JIpikuH. — Mocksa : M3garenscTBo FOpaiit, 2021. — 360 c. — (Briciree oOpa3oBanue). —
ISBN 978-5-534-04321-1. — Tekcr : anektponHsblit // O6pa3zoBarenbHas miatdopma FOpaiit [caitt].
— URL: https://urait.ru/bcode/469782 (nata obpamenus: 11.12.2021).

9.2. lonotHUTEIBHAS JIUTEPATYPA

AmnannueBa, C. C. DJIeKTpodHEpreTHIeCKre CUCTEMBI U ceTh. [IpuMeps! u 3a1aun : yuyeObHOe
nocobue nnst By30B / C. C. Anannuesa, C. H. Illentor ; mon HayuHoii pepakmueit E. H. KotoBoit. —
2-¢ m3n.— Mocksa : M3marensctBo IOpaiit, 2021. — 177 c.— (Bpicmee obOpazoBaHue). —
ISBN 978-5-534-07672-1. — Tekcr : anekrponHsbiii // Obpa3zoBarenbHas iatdopma FOpaiit [caiit].
— URL.: https://urait.ru/bcode/474287 (nata obpamenus: 11.12.2021).

DJeKTposHepreTuyeckre cucTeMsl U cetu: npumenenne CAD-cpen B 2 4. Yacts 1 : yuebHOE
nocobue mns By3oB/ C. A. Epomenko [u ap.]; mox HayuHoW pemakmueirt A. A. CyBopoBa. —




MockBa :  M3parenbctBo  [Opaiir, 2021.— 158 c.—  (Beicmee  oOpazoBaHuE). —
ISBN 978-5-9916-9917-4. — Texcr : anekTpoHHbIi // Obpa3oBarensHas iatdopma FOpaiit [caiir].
— URL: https://urait.ru/bcode/472215 (nata obpamenus: 11.12.2021).

9.3. llepuoguyeckue U3TaHus

1. BectHuk MOCKOBCKOrO 3HEpreTMYecKOro MHCTUTyTa. M3marenscTBo: HanmoHanbHbIN
uccaenaoBarenbckuil yauBepcuteT « MOy, ['on ocHoBanust: 1994 ISSN: 1993-6982.

2. CunoBas snextponuka. MzmarensctBo: Meauna KuT. T'on ocuoBanus: 2004 ISSN:
2079-9322.

3. DnexrpudectBo. M3marenpcTBo: HalmoHANBHBIM HCCIEIOBATEICKUI YHUBEPCUTET
«MDW». I'ox ocHoBanus: 1880 ISSN: 0013-5380.

4. OJIEKTPO. DNEeKTPOTEXHHKA, AJIEKTPOIHEPIeTHKA, ANEKTPOTEXHUYECKAS
npomsiiuieHHOCTh. International Journal of Energy Production and Management. M3naTenscTBo:
Ypansckuii henepanvubii yauBepcuteT, DbC ACB. I'on ocHoBanus: 2016 ISSN: 2056-3272.

9.4. IIporpaMmMHoOe o0ecnieyeHmne

1) Windows 10 Pro

2) WinRAR

3) Microsoft Office Professional Plus 2013

4) Microsoft Office Professional Plus 2016

5) Microsoft Visio Professional 2016

6) Visual Studio Professional 2015

7) Adobe Acrobat Pro DC

8) ABBYY FineReader 12

9) ABBYY PDF Transformer+

10) ABBYY FlexiCapture 11

11) IIporpammHoe obecrieuenue «interTESS»
12) CnpaBouno-nipaBoBasi cucrema «KoncynpTantIIntocy, BepcHst «KcmepT
13) 1O Kaspersky Endpoint Security

14) «Autumnaruat.BY3» (MHTEpHET - BEpCHsl)
15) « AHTUIIIATHAT- HHTEPHET

9.5. Mpodeccuonanbubie 6a3bl JAHHBIX U MH(POPMALMOHHBIE CIPABOYHbIE CHCTEMbI

COBPEMEHHBIX HHPOPMALMOHHBIX TEXHOJIOT Ui

1) Ientp mucranimonnoro oopaszosanus (L[JI0) CaxI'V http://cdo.sakhgu.ru/

2) Odunmanbuelii caiiT CaxaJTuHCKOTO rOCYAapCTBEHHOTO yHUBepcuTeTa. http:/ www.sakhgu.ru/

3) Dnekrposneprerrueckuii Unpopmarmonnsiii [entp http://www.electrocentr.info/down/

4) Twirpx.com http://www.twirpx.com/files/tek/

5) OAO "CAXAJIMHBHEPI'O": http://www.sahen.elektra.ru/page.php?id=65

6) Studfiles. http://www.studfiles.ru/all-vuz/eie/

7) Enwmnoe OKHO JIoCTyTa K nH()OpPMAITMOHHBIM pecypcam:
http://window.edu.ru/resource/771/40771

8) Dnexrtporexuuueckas oubaroreka http://www.electrolibrary.info/bestbooks/elsnabgeniye.htm

9) Pocaneprocepsuc: http://lib.rosenergoservis.ru/elektroenergetika/

10) Cair ms snexktpukos: http://www.elektrikline.ru/biblioteka.html

11) DnexTporexHuueckas quTeparypa: http://electro.narod.ru/download

12) Kuura®ong, OOO «lleutp mmdposoi muctpudyrmm»;  http://www.knigafund.ru; OOO
«UenTp nudpoBoit AUCTPUOBIOIIHN

13) DnexkrponHas OuOIMOTEKa auccepraiuii;  Poccuiickas rocyaapcTBeHHas OHMOIHMOTEKa;
http://www.rsl.ru; ®I'BY «Poccuiickas rocyaapcTBeHHas OnOIMOTEKa

14) VuuBepcuTeTCKas oubnmroTeka ONLINE; 000 «Hekc-Meanay» (RU);
http://www.biblioclub.ru ; OOO «HexcMenua»
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15) BbC MWsnarennctBa «Jlaub»; OOO «Jlanp-Tpenm»; www.e.lanbook.com; BecruratHbii
0ecCcpOYHBI KOHTEHT

16) Polpred.com; OOO «ITOJITIPEACnpasounuku» ; http://polpred.com/; OOO «ITOJIITPE]]
CnpaBounuku» becriaTHbIil KOHTEHT.

17) IPRbooks; OO0 «Aii ITu Dp Meauax; http://www.iprbookshop.ru/.

10. OOecneyenne o00pa3oBaTEJbHOIO0 IMpoLecca sl JHMI ¢ OrPAaHMYEHHBIMHU
BO3MOKHOCTSIMM 3/10POBbSI 1 HHBAJIH/I0B

YueOHple H  yuyeOHO-METOJMYECKHEe MaTepuajbl Il  CaMOCTOSITENbHOW  pabOThI
o0ydaromuxcsi U3 4Kcia WHBAIUIOB M JIUIl C OTPAHHYECHHBIMH BO3MOXKHOCTSIME 3710poBbsi (OB3)
MPEeIOCTaBIAIOTCS B (hopMax, aJanTUPOBAHHBIX K OrPAHUYECHUSIM HX 3J0POBbSI M BOCHPHUATHUS
uHpOpMaIHN:

Jnis cinenbix U c1aboBUASIINX:

- JeKIuH O(QOPMIISIOTCS B BHJE AJIEKTPOHHOTO JOKYMEHTa, JIOCTYITHOTO C TOMOIIBIO
KOMITBIOTEPA CO CIEeIMATU3UPOBAHHBIM MPOTPAMMHBIM 00ECIICUeHUEM;

- THUCbMEHHBIC 3aJaHUs BBINOJHSAIOTCS Ha KOMIBIOTEPE CO CHEIHATH3HPOBAHHBIM
MIPOrpaMMHBIM 00€CTIeYeHUEM, UITU MOTYT OBITh 3aMEHEHBI YCTHBIM OTBETOM;

- o0ecrnieunBaeTCsl MHIUBUIyIbHOE paBHOMEPHOE ocBelieHue He meHee 300 Jrokc;

- JUIsL BBIMIOJIHEHUS 3aJaHusl MPU HEOOXOAMMOCTH TMPEAOCTABISIETCS YBEIMYMBAIOIIEE
YCTPOKCTBO; BO3MOYKHO TaK)Ke MCIIOJIb30BaHUE COOCTBEHHBIX YBEIMUUBAIOIINX YCTPOUCTB;

- IUCbMEHHBIE 3a/1aHusl OQPOPMIIIOTCS YBEIHUEHHBIM HIPUPTOM;

- DK3aMeH U 3a4€T MPOBOASATCS B YCTHOH (pOpMe HITH BBIIOIHSIIOTCS B TUCBMEHHOM (popme Ha
KOMIIBIOTEpE.

Jst tmyXux u cinabocbIIanimfx:

- JeKuuu OoQOpMISIOTCS B BHUJAE 3JIEKTPOHHOIO JOKYMEHTa, JHOO MpenocTaBisercs
3BYKOYCWJIMBAIOIIAs anmapaTypa WHAWBHYaTbHOTO MOJIb30BaHMS,

- IUCbMEHHBIE 3aJJaHUs BBIMOJIHAIOTCS Ha KOMITBIOTEPE B MUCbMEHHOM (hopMme;

- DK3aMeH W 3au€T MPOBOMATCS B NHCBMEHHOW (opMe Ha KOMIIBIOTEPE; BO3MOXKHO
poBesieHue B (popMe TECTUPOBAHMSL.

Jist U1 ¢ HapyIIEHUSIME OTIOPHO-/IBUTATEIBHOTO amnmapara:

- JeKIMH O(QOPMIISIOTCS B BHJE 3JIEKTPOHHOTO JOKYMEHTA, JIOCTYIIHOTO C HOMOIIBIO
KOMIIBIOTEpA CO CIHEIHATN3NPOBAHHBIM ITPOTPAMMHBIM 00€CTIeUeHUEM;

- TUCbMEHHBIE 3aJlaHUs BBINOJHAIOTCS Ha KOMIBIOTEPE CO CHEIHATM3HUPOBAHHBIM
MIPOTrpaMMHBIM 00eCIIeYeHUEM;

- BK3aMeH U 3a4€T MPOBOAATCA B YCTHOM (pOpMe MM BBIIOJIHIOTCS B MMCbMEHHON (opme Ha
KOMIIBIOTEPE.

[Tpu HEOOXOAUMOCTH MpeTyCMaTpUBAECTCS yBETUUEHUE BPEMEHH IS TIOATOTOBKU OTBETA.

[Tpouenypa npoBeaeHNs MPOMEKYTOUHOM aTTecTaluy 17151 00y4JaroUIXCsl YCTaHABINBAETCS C
yu€TOM MX HMHIMBUAYAJIbHBIX NCUXO(pU3NYEeCKHX ocobeHHocTell. [IpomexyTouHass arTecTanus
MOXET IPOBOAMUTHCS B HECKOIBKO ITAIOB.

[Ipy mpoBeneHHM MpOIETYpPHhl OLIEHUBAHMUS pPE3YJIbTaTOB OOYYEHHUS IpeIyCMaTpUBACTCS
WCTIOJTb30BaHNE TEXHHUYECKUX CPENICTB, HEOOXOMMBIX B CBSI3U C HHIMBHIYyaJIbHBIMH OCOOCHHOCTSIMU
oOydJarolmxcsi. OTH CpelIcTBa MOTYT OBITh MPEJOCTABIECHbl YHHMBEPCUTETOM, WJIH MOTYT
HCIIOJIb30BaThCsl COOCTBEHHbIE TEXHUUYECKHUE CPEICTBA.

[IpoBenenue mporeaypsl OLEHUBAHUS PE3YNIBTaTOB 00YUYEHUS JIOIYCKAEeTCsl C UCTIOIb30BaHHEM
JMCTaHITMOHHBIX 00pa30BaTEeIbHBIX TEXHOJIOTHIA.

ObecneunBaercs O0CTYN K HMH(OPMAIMOHHBIM M OuOIMOrpaduyeckuM pecypcaMm B CETH
WuTepHer ans kaxaoro odyyaromierocs B (popMax, aJanTUPOBAHHBIX K OTPAHUYEHUSM UX 3I0POBBS
Y BOCTIpUATHUS HHPOPMAITUH:

Jlnis cienbiX U cnaboBUASIIINX:

- B ICUYAaTHON (pOpMe yBETMUEHHBIM HIPUPTOM;

- B (hopme 31eKTPOHHOTO TOKYMEHTA;


http://www.e.lanbook.com/
http://polpred.com/

- B popme ayaunodaiina.

Jis TIyXux u cinaboCIbIIaIinX:

- B meyatHou dopme;

- B (hOpMeE IIEKTPOHHOTO JOKYMEHTA.

st o0y4aromuxcst ¢ HapyIICHUsIMU OMTOPHO-IBUTATEIBHOTO arapara:

- B Ie4aTHOH opMme;

- B (hOpMeE IEKTPOHHOTO JJOKYMEHTA;

- B hopme aynuodaiina.

VYdeOHbIe ayJUTOPUN U BCEX BHIIOB KOHTAKTHOW M CAMOCTOSITENILHOW paOOThI, HAy4YHAS
OuOIMOTeKa W WHBIC MOMEUICHUS Ui OOYyYeHHUS OCHAIIEHBI CIEIHaJbHBIM O0OpPYJOBAaHUEM H
Y4eOHBIMH MECTAMHU C TEXHHYECKHUMH CPEJCTBAMU OOYUYCHHS:

Jist crensIX U caboBUASIINX:

JUIS TIYXHX M CITa00CIBIIIAIINX

- aBTOMATH3MPOBAHHBIM pabOYMM MECTOM Ui JIIOJCH C HapylmICHHEM CiyXa H
CJIa0OCIIBIIIAIINX;

- aKyCTUYECKHI yCUIIUTENb U KOJIOHKH;

Jiist o0y4aroImuxcst ¢ HapYIICHUIMU OMTOPHO-IBUTATEIbHOTO arapara:

- IEpEIBUKHBIMU, PEryJIMPYEMbIMHU 3pronomMuieckumu napramu CHU-1;

- KOMIIBIOTEPHON TEXHUKOMW CO CIICIUAIbHBIM ITPOTPAMMHBIM 00ECTICUCHHEM.

11. MarepuajJibHO-TeXHUYECKOE 0OecredeHue 1 CIUIINHbI.

b1.B.06 |[[IpoektupoB |CaxanuHckas |Y4eOHbIE ayIUTOPUU C IPOCKIIMOHHBIM 000PYI0BaHUEM,
aHUue 06J'IaCTB, T. HMCIOIIUM MYJIbTUMECHWA U BBIXOO B CCTh I/IHTepHeT.
anexkTposnep (FOxno-Caxanun
TCTUYCCKHUX |CK, YII.

CUCTEM [lorpannunas, a.
68, xab. 400,
ka0. 210, 128




Ipuioxkenne 1 — MOHI OLEHOYHBIX CPEACTB JJIsI NMPOBEJEHHUS ATTECTAIIMHA YPOBHS
chpopMHPOBAHHOCTH KOMIIETEHIMIA 00y4aIOIIMXCH MO IMCUUILIUHE (MOTYJII0)

20. YKaxxuTe HeJIOCTAaTOK CETeH ¢ U30JIMPOBAHHON HEUTPAIIBIO.

A) 60JIBIII0N YPOBEHB NIEPEHANPSKCHHS B CETH

B) Gonbmioii ypoBeHns TokoB K3 B cetn

C) 60JbIII0¢ KOJIMYECTBO 3a3eMJISIFOLIIMX YCTPOHCTB B CETH

D) HEoOX0JMMOCTh HEMEICHHOTO OTKITFOYEHUSI MOBPEIKACHHOTO YUacTKa CETH

E) HeoOX0MMOCTh KOHTPOJISI LIEIOCTHOCTH HYJIEBOTO TIPOBOIHUKA

21. Vkaxwure crocod orpanndeHus Tpexdasapix TokoB K3.

A) mpUMeHEHHE CUJIOBBIX TpaHC(HOPMATOPOB C paCIIEIUICHHOW OOMOTKON HU3KOIO
HaNPSDKEHUS

B) wactuuHoe pa3z3emiieHHe HEWTpaiel CUIIOBBIX TpaHCHopMaTopoB

C) 3azemiieHHe HEWTpasell CUIIOBBIX TPAaHC(HOPMATOPOB UEPE3 PEaAKTOPHI

D) 3a3emiieHue HeWTpaieil CUIOBBIX TPaHCHOPMATOPOB UYEPe3 PE3UCTOPHI

E) mpuMeHeHue peakTopoB HYJICBOM IMOCIIEIOBATEILHOCTH

22. Kaxoii (hakTop siBIsieTCs OMpEIeNIIONIUM MPU BBIOOPE pekrMa pabOThl HEUTPAU B CETIX
110 kB ?

A) CTOMMOCTD H30JISIITUN D) crouMocTh 3a3eMIuTeNCH

B) ypoBens Toka K3 E) cpok ciyx0bl 000pyoBaHuUS

C) ypoBeHb nepeHanpsuKeHus

23. Ha xakoe HampspKeHHE JOJKHA PacCUMTHIBATHCS M3OJSIHSA B CETAX C M30JUPOBAHHOM
HEUTpasibIo?

A) Ha nuHEitHOe D) na 0,8 mTuHEHHOTO HATIPSKESHHSI

B) Ha daznoe E) Ha 1,1 ¢a3Horo HanpspKeHUsI

C) na 0,8 (ha3HOTO HANPSHKCHHUS

24. Kakoe HampspkeHHE MEXAy MOBPEXICHHOH (a3oil M 3emiieil moKaxeT BOJIBTMETP IMpH
MeTtaumaeckoM K3 B ceTsix ¢ U30IMpOBaHHON HEUTpabio?

A) HOJIb D) dasznoe

B) nuneiinoe E) 0,8 ot ¢azuoro

C) 0,8 ot nuHEHHOTO

25. Kakoe HampspKeHHE PEKOMEHIYETCS TPUMEHSITh IS ceTel ¢ d(pPeKTUBHO-3a3eMIICHHON
HEUTpapo?

A) 110xB u BbIle D) 40-100xB
B) or 1 10 2 xB E) menee [ kB
C) 3-35xB

26. Kakue cetu o [1Y3 oTHOCAT K ceTsM ¢ OOIBIIMMU TOKaAMH 3aMBIKAHHUS Ha 3eMJTI0?

A) c Tokamu 1 ¢a3Horo 3ambikanus Ha 3eMitro 6osee 500 amrep

B) ¢ Tokamu 2 ¢a3Horo 3ambikanus Ha 3emitro oT 100 mo 300 ammep

C) ¢ Tokamu 3 ¢a3Horo 3ambikanust Ha 3emiaro ot 100 1o 300 ammep

D) c Tokamu 1 asnoro 3ampikanus Ha 3emito ot 100 1o 300 ammep

E) ¢ Tokamu 3 ¢a3Horo 3aMbikanus Ha 3emiro 6osee 500 ammep

27. Kakoit pexxum pabOThl HEUTpaIu AOMYCKAET MPOJOJIKEHHS paboThl 000pyA0BaHUS TPU
K3 B pacnipenenurensHol cetu?

A) M301IUPOBaHHBIN D) riayxo3a3eMiIeHHbII
B) s dhextrBHO-3a3eMITCHHBII E) nroboii
C) Hukakoit

28. UeMm onacHo K3 B pacnpeaennTenbHbIX CETAX C 3a3€MJICHHOW HEUTpabIo ?
A) 6onbmuMm Tokom K3

B) noBsIiiieHHEeM YPOBHSI HATIPSHKEHHSI B CETH

C) 6omnpumm TokoM K3 ¥ MOBBIIICHUEM YPOBHS HAIIPSHKCHUS B CETH

D) HEOKOHOMHUYHBIM PEKUMOM PaOOTHI 000PYIOBAHUS



E) BOSHUKHOBEHHEM CHIIBHBIX EMKOCTHBIX TIOJIeH y 00OpyZoBaHUs, uepe3 KOTOopoe
nporekaeT Tok K3

29. B 4em cocTOUT 0COOCHHOCTh M3MEHEHUS TIEPHOIUIECKOM cocTaBisronieil Toka K3 mpu
KOPOTKOM 3aMbIKaHUH B LIETIH, TUTAIOIIENUCA OT HCTOYHUKA HEOTPAHUUEHHON MOIIIHOCTH?

A) neprouyeckas cocTaBIsIOLIas OT Hadasa rporecca K3 1o ero orkiroyenus papaa Const;

B) nepuonnueckas  cocraBisifOINas  HEM3MEHHAa TPU  IIEPEXOJHOM  Hpolecce, B
YCTaHOBMBILEMCSI PEKUME OHA 3aTyXaeT ¢ OCTOAHHON BpeMmeHu Ta;

C) nepuoauyeckass COCTABJSIFOIIAsl yBEJIMYMBACTCS IPH  IEPEXOJHOM Ipolecce, B
YCTaHOBMBILEMCSI PEKUME OHaA 3aTyXaeT O HYJIs;

D) nepuoanueckasi COCTaBIISAIONIAs 3aTyXaeT ¢ MOCTOSIHHOM BpemeHu Ta;

E) nepuonuueckas cocraBisitomas oT Havana mnpouecca K3 10 ero oTKIIOYCHUs HE paBHA
Const.

30. Kakoit npuuuHOi 00yCIIOBJIEHO CYILIIECTBOBAaHUE BBIHYK/IEHHON COCTABIIAIOIIEH MTOJHOTO
toka K3?

A) neiicTBrEM HanpsHKSHHsI ICTOYHUKA TUTAHUS

B) netictBuem dopcuposku cucremsl APB reneparopa

C) u3MeHeHUeM 3araca SHeprul MArHUTHOTO MOJIsl B MHAYKTUBHOCTSIX CETH

D) corylacHbIM HanpaBJICHUEM MArHUTHBIX TIOTOKOB OOMOTKH cTaropa W OOMOTKH
BO30OYXICHUS

E) u3MeHeHrneM MarHUTHOTO TIOTOKA BO30Y KICHUS 101 JAeiicTBUEM cucTeMbl APB

31. Ykaxure criocoObl TalieHus Ayru, 1eHCTBYIOIINE B aBTOIa30BbIX BBIKJIIOYATEISX.

A) yBeJIMYCHHUE JUTMHBI IyTH, OXJIAKICHUE, TIOBBIIICHUE JIaBJICHUS

B) moBbliieHIEe 1aBICHNUS, OXJIAKICHHUE

C) yBenMYeHUE [UIMHBI IyTH, TIOBBIICHUE JTaBICHUS

D) noBsllieHNE JaBICHHS

E) yBenuueHue JUIMHBI IyTH, OXJIaXACHNUE

32. Ilpu xakom ycinoBuH (mpu BkIroueHHOM APB) ycranoBusmmiics Tok K3 moxer ObITh
00JIbIlI€ HAYaJIBLHOTO 3HAUEHUS ?

A) eciu conpoTHBIICHHE TeHEpaTOpa MEHBIIIE COMTPOTUBIICHNUS Lienu 10 Mecta K3 B 4-6 pa3

B) eciu conpoTuBiieHre reHepaTopa MEHbIIIE COPOTHBIICHUS 1enu 10 Mecta K3 B 2 pasa

C) ecinu conpoTHBIIEHHE TeHepaTopa OoJIbIlie CONPOTUBIICHNUS Lienu 10 Mecta K3 B 4-6 pa3

D) ecnu conpoTtuBiieHue reHeparopa 0osble conpoTUBIeHUs Lenu a0 mecta K3 B 2 pasa

E) Takoro ycnoBus Her

33. Kakoe u3 NEpeyYUCIEHHBIX MAEMCTBUM MpPH KOPOTKOM 3aMbIKAHWM MPHUBOJIUT K
MEXaHUUYECKOMY Pa3pyLICHHUIO 3JIEMEHTOB KOHCTPYKIIHM, 4epe3 KOTopsle TeueT Tok K3 ?

A) 3IIeKTPOTMHAMUYECKOE

B) snekrpocrarnueckoe

C) MarHUTOCTPUKIIMOHHOE

D) anextporepmuueckoe

E) tepmocTatuueckoe

34. Ykaxure BepHYyI0 hopmyIty Aiis onpeaeneHus yaapHoro Toka K3.
0,01 0,01

Ai =1, [1+e Ta D)i,=1,, l1-e"
0,01 0,01

B)i =I,, 1+e E)i,=1,.|e Ta ]
0,01

Q)i =1 [1-e ™

y n.m

35. Ykaxure crioco0 orpannyeHus Tpexdasnbix TokoB K3.
A) CeKIIMOHMPOBAHHE CETeH



B) 3a3emiieHne HelTpasiel CHIIOBBIX TPAHC(HOPMATOPOB Yepe3 PeaKkTOPhI

D) npumeHeHue peakTOpOB HYJICBOM MOCIICA0BATEIIbHOCTH

C) yacTuuHOE pa3z3emMileHHe HelTpasei CUIoBbIX TpaHC(HOPMATOPOB

E) 3a3emiienue HeliTpaieil cuiioBbiX TpaHcdopmarope? 4epes pe3ucTopbI

36. Kakoe HamnpshkeHHne MEXTy TTOBPEKISHHOHN (a3oi U 3eMJIei TTOKaXET BOJLTMETP B CETSIX
C U30JIMPOBAHHOIN HEUTpaJIbIO ?

A) GoJbliie HyJIsI, HO MEHbIIE (azHOro

B) Houpb

C) 6oubiire ¢pazHOro, HO MEHBIIE TUHEHHOTO

D) Gosnblie TMHEHHOTO

E) Gosbliie TMHEHHOTO, HO MEHbIIIE MAKCUMAJIbHOTO

37. VYxaxure ¢GopMyldy Ais ONpPEICNCHHs CONPOTUBICHUS CIBOCHHOTO pEaKkTopa Mpu
MIPOJIOJILHOM PEXHUME PAOOTHI.

A) X, =20L(1+k,) D) X, =30l (1+k,,)
B) X, =30L(1-k,) E) X, =4oL(1-k,)
C) X, =20l (1-k,)



IMpuiaoxenne 2 - Meroauveckue YKa3aHus s 00y4arOMIUXCS M0 OCBOEHHUIO TUCIUILIHHBI
(MmomxyJin)

B cootBercTBMM ¢ mporpamMmoil Kypca BHAAMH CaMOCTOSITENIBHOM pa0OTBHI CTYyJIEHTOB
SABJIAIOTCA:
1) camocTOsTEIbHOE H3Y4YCHHE TEOPETUUECKOTO MaTepralia 1o ONpPeACICHHBIM TeMaM;

2) CeMUHAPCKUE/TIPAKTHYECKHUE 3aHSTHSL;
3) naboparopHbie pabOTHI;

4) TecTHpOBAHHUC,

5) KypCOBO# MPOEKT;

6) sK3amMeH.

Jis u3ydeHusl pa3[enoB JaHHOM Y4YeOHOM NUCHUIUIMHBI HEOOXOAMMO BCIHOMHHUTH U
CUCTEMATU3UPOBATh 3HAHUS, IOJIyYEHHbIE paHee 110 JAHHON OTpaciy HayYHOI'O 3HAHUS.

B xone nexyuonnvix 3anamuii HeOOXOAUMO BECTH KOHCIIEKTUPOBAHHE Yy4eOHOTO MarepHana,
oOpamate BHUMaHWE Ha KaTeropuu, GOpMYIHPOBKH, PACKPHIBAIOIINE COACPIKAHUE TEX WM WHBIX
SIBJIGHUH U MPOIIECCOB, HAYYHBIE BBIBOJIBI U MIPAKTUUECKHE peKoOMeHAanuu. JKenaTenbHO OCTaBUTh B
paboumx KOHCHEKTaxX TMOJsl, Ha KOTOPBIX JeJIaTh IOMETKH M3 PEKOMEHJIOBAHHOW IJMTEpaTyphl,
JIOTIOJIHSIIOIINE MaTepHall MPOCTYIIaHHOW JIEKIIUU, a TakKe MOAUYEPKUBAIOIINE 0COO0YI0 BaKHOCTh
T€X WM UHBIX TEOPETUUYECKUX MTOJIOKEHUH.

1. Camocmosamenvnas paboma CTyIeHTa SBISETCS OCHOBHBIM CpEICTBOM OBJIAJICHHS
y4eOHBIM MaTepuajoM BO BpeMs, CBOOOJHOE OT OOS3aTeNbHBIX yUYCOHBIX  3AHSITHIA.
CamocrosTenbHas paboTa cTy/IeHTa Ha/l yCBOEHHEM yueOHOro MaTepualia no yueOHO JUCIUIUINHE
MOKET BBITTOJIHATHCS B OUOJIMOTEKE YHUBEPCUTETA, YUEOHBIX KaOMHETaX, KOMITBIOTEPHBIX KJlaccax, a
TaKke B JoMallHUX ycioBusax. ConaepikaHue caMOCTOSITENIbHOM palOoThI CTYIEHTa OIpelesiercs
y4eOHO MPOrpaMMOil TUCIUTUTHHBI, METOAMYECKUMHU MaTepuaiaMu, 3aJJaHUSIMU U YKa3aHHUSIMH.

JlaHHBIN BU CAMOCTOSITENIbHON pabOThl OCYIIECTBISETCS CTyA€HTaMU Ha MPOTSYKEHUHU BCETO
W3Y4YEeHMs JUCLUIUIMHBI C €TI0 MOATOTOBKM K CEMUHAPCKUM 3aHATHSIM U UTOTOBOW aTTeCTalluu U
MIPOXOJUT MPEXKJIE BCEro B POpME CAaMOCTOATEIBHOTO U3yUeHHUS] YUeOHUKOB, MOHOTpauii Hay4HbIX
CTaTeil, CTATUCTUYECKUX JAaHHBIX U CyA€OHOM MPAKTUKU MO TeMaM JAUCIUILITHHBL.

[Io 3amaHui0 mpenojaBaTesiss CaMOCTOSITEILHOE TEOPETHYECKOe OO0Yy4YeHHE MOKET
OCYILIECTBIATHCS B CIEAYIOMUX (hopMax:

a) aHAJIN3 PEKOMEHI0BAaHHBIX HOBEHIINX MOHOTPaQUUECKUX UCCIEI0BAaHUMN U KYpPHAJIBHBIX
nyOnukauuMii 1Mo BBHIOpAHHOM TeMaTHKe, KOHCIIEKTUPOBaHME HX COAEpX aHHUA U 00CYyXIeHHE
MPOYUTAHHOTO HA MPAKTUYECKUX 3aHITUSIX;

0) ywyactue B moaOOpKe JTUTepaTypbl Uil MOATOTOBKH IO 3apaHee YTBEP)KICHHOH Teme
HAy4YHOTO MCCIIEI0BAaHUS;

B) 0000IIEeHHEe HW3YYEHHOW JMTEpaTyphl, MOATOTOBKA BBICTYIJICHHS Ha CEMHHApCKOM
(MpakTUYECKOM) 3aHSITUH, HAYYHO-TTPAKTUYECKON KOH(GEPEHIINH, KPYTJIOM CTOJIE U T.I.

OxunaeMplM pe3ysbTaTOM OCYIIECTBIECHMS CTyJAE€HTaMU AAHHOTIO BUJA CaMOCTOSTEIbHON
paboTHI SIBJIIETCS MONIYYeHUE UMU YIIyOJeHHBIX 3HAHUI MO BOIIpocaM U mpobiieMaM JUCIUILINHBI,
BbIpa0OTKa Ba)XHBIX MPAKTUYECKHX HABBIKOB PabOThl C MCTOYHUKAMH, OOOOILIECHMS M aHaIM3a
MOJIy4eHHOM nH(pOpMalmy, MyOIMYHOTO BBICTYIJICHUS U BeIeHUS HAYYHOU JUCKYCCHU.

2. Ilpakxmuueckoe 3anamue:

CemuHap (OT JIaT. seminarium - «paccaaHuK», IEPEHOCHOE - «IITKOJIa») - OJMH U3 OCHOBHBIX
BUJIOB YUYEOHBIX MPAKTUUECKUX 3AHATHHA, COCTOSIIIUI B 0OCYKICHUU CTYJICHTAMHU IMPEI0KEHHON
3apaHee TeMbl, a TaK)Ke COOOIIEeHUH, JOKIaI0B, pedepaToB, BHIIIOJHEHHBIX UMHU IO pPE3yJibTaTaM
yueOHbIX uccnenoBanuil. CeMUHApCKUE 3aHATHS SBISIIOTCS OHOM U3 OCHOBHBIX (hopM 0O0pa3zoBaHus.

[lenHocTh cemuHapa Kak GopMbl 00yUEeHUS COCTOUT B CIEAYIOIIEM:

— CTYACHTHI UMEIOT BO3MOXHOCTh HE MPOCTO CIyIIaTh, HO U TOBOPHUTb, YTO CIIOCOOCTBYET

YCBOCHUIO MaTcpuraja: NOATOTOBJICHHOC BBICTYIIJICHUC, BBICKA3aAHHOC JOIOJHCHUC HJIM BBIBOI



«BKJIKOYAIOT» JOMOJHATENBHBIE MEXaHU3MBI MX NIAMSATH;

— MPOUCXOJUT yIIyOJeHHe 3HaHUH 3a CYET TOT0, YTO BOIPOCHI pacCMaTPUBAIOTCS Ha Ooiiee
BBICOKOM METO0JIOIMYECKOM YPOBHE HIIM Yepe3 UX MPOOJIIEMHYIO IOCTAaHOBKY;

— HEMAJIOBAXHYIO POJIb UIpaeT OOMEH 3HAHUSMU; HEPEAKO IPHU MOJAIOTOBKE K CEMHUHApy
CTYACHTaM YIacTCAd HAaWTH WCKIFOYHTECIHLHO HHTCPCCHBIC U IMO3HABATCJIBHBIC MAaTCpHaJIbl, 4YTO
paciIupsieT Kpyro3op KaxkJI0ro CTyAeHTa;

— pPa3BHBAETCs JIOTMUYECKOE MBIIUIEHHE, CIIOCOOHOCTh aHAIU3UpPOBaTh, COMOCTABIATH,
JIeJIaTh BBIBOJIBI,

— Ha  CeMMHape CTYJIeHTbl  ydaTcsl  BBICTYNAaTh, JAMCKYTHpPOBaTh,  OOCYX/aTh,
apryMEeHTHUPOBaTh, yOEXKIaTh, YTO OCOOCHHO Ba)XHO IS MOJATOTOBKH K OYIyIIUM HTOTOBBIM
ATTCCTAalMOHHBIM HUCIIbITAHUAM U HpO(I)eCCHOHaHbHOﬁ ACATCIIBHOCTH BBIITYCKHUKOB;

— HMECA BO3MOKHOCTH Ha 3aHATHUU I'OBOPUTH, CTYACHTHI YUaTCA OIICPHUPOBATH HGO6XOI[I/IMOﬁ
B Oyay1iel mpodecCHOoHaNbHOM e TeTbHOCTH TEPMUHOIOTHEN.

B xoze obpazoBarenbHoro nporecca npu peanuzanuu OIIOII mpoBoasTcs ceMuHaphbl BUIOB:
CemuHap (OT JIaT. seminarium - «paccaJHuK», IEPEHOCHOE - «IITKOJIa») - OJIMH U3 OCHOBHBIX
BUJIOB YYEOHBIX MPAKTUYCCKUX 3aHSATHH, COCTOSIIUN B OOCYXXICHHU CTYJICHTAMH IMPEIOKESHHOU
3apaHee TEMBI, a TAK)KE COOOIIEHUH, JOKIAIoB, pedepaToB, BBHIOJHEHHBIX UMH TI0 PE3yJIbTaTaM
y4eOHbIX uccienoBanuil. CeMUHapCKUeE 3aHATHS SIBISIOTCS OJJHOU M3 OCHOBHBIX (hOpM 00pa3oBaHMUs.
B xoxe obpazoBarenbHoro npoiuecca rpu peanuzanuu OIIOIT npoBoasTcs ceMuHapbl BUIOB:
1) Obviunvie, Wi cucTeMaTUYecKue, MpeAHAa3HAUYCHHbBIC I M3YYEeHHUS Kypca B IIEJIOM -

OCHOBHBIE II0 MpPENJIOKEHHOW cTyAeHTaM TeMatuke. [lo BceM wu3y4aeMbIM AMCLMILIMHAM
pa3paboTaHbl IJIaHBl CEMUHAPCKUX 3aHATHH C KOHKPETHBIMU BOIIPOCAMM U 3aJIaHUSIMM O KaXKJ10H
TeMe, KOTOpble MOXHO YBUAETh Ha caiiTe B pabodell mporpaMme JUCUMIUIMHBL. [Ipu moaroroske k
CEeMHHapy OCHOBHas 3ajlaua CTyJIeHTa - HaliTH OTBETHI Ha IOCTABJIEHHBIE BOIIPOCHI, IOATOMY JIyUIlIe
3aKOHCIIEKTHUPOBATh HAJICHHBIN MaTepHall.

2) Temamuueckue, OOBIYHO TIPUMEHSEMBbIC JUIS YIIyOJICHHOTO W3Y4YCHHS OCHOBHBIX WM
Han0oJiee BAXKHBIX TEM Kypca.

3) Pegpepamusnas ¢opma npoeedenus cemunapa. Pedeparsl TIMONE3HBI IO Y3KUM
npobiremaM. PykoBoauTens mnpeanaraeT TeMy, JUTEpaTypy, NpPEABAPUTEIBHO 3HAKOMHUTCA C
cojiepkaHueM pedepara, KOTOPBIN 3aTeM MPEICTaBIAETCs CTYJEHTOM B YCTHOM popme. TpeboBaHue
K CTYJIEHTY - CBOOOJHO BiaJeTh MarepuanoMm. [IpenogaBarens MOXXET HpepBaTh JOKJIAAUUKA IS
o0CyX/IeHUsI TOW WJIM MHOM aeranu uinu ujed. I[lo OKOHYaHMM JOKJIajga CIyIIaTeNd, BKIIOYas
MpernojaBaTesis U CTyI€HTOB 3aJJal0T BOIPOCH! Tokinaauuky. [Ipu pabote Hajg pedepaTomM OCHOBHAs
3aJlaya CTYJeHTa — paCKpbITh TEMY M HAlITH OTBETHI Ha ITOCTaBJIEHHbIE Bonpockl. O0beM pedepata He
JOJKEH TPEeBbINIATh 15 cTpaHWIl MamuHOMUCHOro Tekcra (opmarom A4. Crpanunsl pedepara
JOJKHBI OBITH TPOHYMEPOBaHbI, B KOHIE pabOThI MPUBOAUTCS 0(OPMIICHHBIN MO MpaBUIaM CIIHCOK
HCIIOJIb30BAHHBIX UCTOYHUKOB.

Konnoxkeuym — Qopma NMpoBepKH M OLEHUBAHUS 3HAHUI CTYAEHTOB, MPOBOJMMBINA MO
MHUIMATUBE MPEINo/IaBaTesi IPOMEKYyTOUHBI MUHU-3K3aMEH HECKOJIBKO pa3 B CEMECTP, UMEIOIINN
LIEJIbI0 YMEHBIINUTH CIIMCOK TEM, BBIHOCUMBIX HA OCHOBHOM 3K3aM€H, M OLICHUTH TEKYIIUH YPOBEHb
3HaHUU CTYJEHTOB. B X07e KOIOKBHyMa, MPOBOAMMOIO B paMKaX CEMHHAPCKOIO 3aHSATHUS, MOTYT
TaKXKe IMPOBEPATHCA NPOEKTHI, pedepaTsl U JApPYrHe MUChbMEHHbIE padoThl cTyneHTOB. OIleHKa,
IIOJIy4E€HHasl Ha KOJUIOKBHUYME, MOJKET BJIMATH Ha OLEHKY Ha OCHOBHOM JK3aMeHe. B HEKOTOpBIX
Clly4asX MpenojaBaTeilb BBIHOCUT HA KOJUIOKBUYM BCE€ IPONICHHBIE TEMbI M CTYJEHT, KaKk Ha
UTOIOBOM 3K3aMEHE, IMOJy4yaeT €AMHCTBEHHYIO OLEHKY, MAYIIYI B 3adeT [0 AUcLUIIuHeE.*B
KayecTBE HAIJIJHOIO MHCTPYMEHTA CTYJCHTaM IpPH MPOBEACHUU OOBIUYHBIX, TEMAaTHYECKUX U
pedepaTUBHBIX CEMHUHAPOB PEKOMEHIYETCsl NMPH MOJArOTOBKE K JOKJIAaJaM HCIOJIb30BaTh CUCTEMY
«MynbTUMEIMa» - KOMIIBIOTEPHBIE ITPE3EHTALMN, KOTOPBIE TOJIKHBI COEPKaTh MILTIOCTPATUBHBIN



MaTepuai B BUj€ TabJIul, 1UarpaMM, pUCyHKOB, OJIOK-CXEM H T.J.
Ilpaxmuueckoe 3ansamue:
- MPAKTUKYM — 3TO MPAKTUYECKUE 3aHATHUS, KOTOPbIE MOCBAIIECHBl OCBOCHHUIO MOJIyYEHHBIX

TEOPETUUECKUX 3HAHUH 110 ONPEAEICHHON TeEME (MOAYIII0) IUCLUUIUIMHBI B IIJIJaHE UX IPUIIOKEHUS K
CYIIECTBYIOIEH MPOM3BOJICTBEHHOM JIMOO HAyYHOH IpoOieMaTuke; MperoCTaBIsieT BO3MOKHOCTh
IIPOBECTU TIPAKTHUUYECKOE HCCIIENI0BAaHUE; CTYACHTY, KaK IIPaBWJIO, NPEIaracTcsl CJlIea0BaTh
MOJITOTOBJICHHOMY TUIAaHy (METOJMKE) ACUCTBUI, HapabaThiBas Cyry0O NMpaKTUYEeCKHE HAaBBIKU; K
KOKJIOMY TPaKTUKyMy IMpernojaBaTesid pa3padaThiBalOT KOHKPETHBbIE METOAMYECKHUE YKa3aHUS;
SKOHOMMYECKUN U IOPUANYECKUN MPAKTUKYyMbl HE TPeOYIOT 000pYJOBaHUSI U MOTYT HMPOBOAUTHCS
HEIMOCPEICTBEHHO B JIEKIIMOHHOW ayAUTOPUHU

*B kadecTBe HArJsAHOTO WHCTPYMEHTA CTYACHTaM TIpU IMPOBEACHHUH CEMHHApPOB
PEKOMEHyeTCd TpU TNOATOTOBKE K JOKJIaJaM MCHOJIb30BaTh cUCTEMY «Mynbrumenua» -
KOMITBIOTEPHBIC TTPE3CHTAIUU, KOTOPBIE JOJLKHBI COJIEPKATh MIUTIOCTPATUBHBIN MaTE€prall B BUJE
Ta0JINII, AUArpaMM, PUCYHKOB, OJIOK-CXEM | T.]I.

UYtoObl Hambosee palMoOHAIBHO M IOJHO HCIIOJIh30BaTh BCE BO3MOXKHOCTH CEMHHAapa Kak
BH/JIA 3aHATHS, JIJIS TIOJTOTOBKH K HEMY CTYJICHTY TaK)Ke HEOOXOIMMO:

— BHHMATEJIBHO IPOYUTATh KOHCHEKT JICKIIUHU 110 JAHHOU TeMaTHKE;

— O3HAKOMHTBHCS C COOTBETCTBYIOIIMM pPa3/iejioM Y4eOHHKA, B TOM YHCIIE MPAKTUKYMOB U
y4eOHBIX TTOCOOMIA;

— TpopaboTaTh AOMOJHUTEIBHYIO JUTEPATYPY U UCTOUHUKH;

—  W3yYUTh METOJMKH BBITIOJTHEHUS TUIIOBBIX 33JIaHUH, 3aT€M PEIIUTh 33/1a4U U BBIIIOJTHATH
Jpyrue MUCbMEHHBIC 3aJIaHMsl.

3. Jlabopamopnvie pabomoel. JInsg BBHINOIHEHUS J1a0OpaTOpHOM paboThl O0yvaromuics
UCTIOJNB3YeT HEOOXOAMMOE OJKCIEPUMEHTAIbHOE O0OpYyJOBaHWE, NTPHUOOPHI M HWHCTPYMEHT.
JIaGopatopHbie pabOThI BHIIOIHIIOTCS CAMOCTOSATENBHO (MHAWBUIAYAIBHO UM B COCTAaBE TPYIIIBI) B
COOTBETCTBUHM C TpEUIaraéMbIM ONHUCAaHWEM pabOoThl. Pe3ynmpTaThl MCCIeNOBaHHWN 3aHOCSATCS B
TeTpajb J1a00paTOPHBIX padoT, BHIMOIHAIOTCS PUCYHKH C CXEMBI, B KOHIIE paOOThI Jief1aeTcs BBIBOJ O
MIpOJIeJIaHHOM padoTe.

[ToaroToBka k 1a00paTOPHOMY 3aHATHUIO BKIIOYAET B ce0s TEKYIIYI0 paboTy Haj y4eOHBIMU
MaTepHajlaMH C HCIOJh30BAHUEM KOHCIIEKTOB M PEKOMEHIYEeMOW OCHOBHOW M JIOTIOJHUTEILHOU
JUTEpaTypbl; TPYNIOBblE M WHIUBUAyaJIbHbIE KOHCYJIbTALlMM; CAMOCTOSITEIbHOE pEeLICHHE
npakTuueckux 3amad. CTyJIeHT MOXET MOJIb30BaThesa pecypcamu MHTepHeT, 6MbInoTeKo By3a,
KOTOpasi B TOJIHOM Mepe obecredyeHa COOTBETCTBYIOLIEH JmTepaTypoil. PaboTy ¢ nurepatypoit
PEKOMEHIYETCS JIeaTh B CIEAYIONICH MMOCIeI0BaTeILHOCTH: OCTIIbIA MPOCMOTp (TSt BRIOOpA TJIaB,
paszenos, crareil, KOTOpble HEOOXOIUMBI 110 U3y4aeMoi Teme); OerJblil MPOCMOTpP ColepKaHUs U
BBIOOp KOHKPETHBIX CTPAaHWUIl, OTPE3KOB TEKCTa C IOMETKOH WX PACIIOIIOKEHHS MO TIEPEUHIO
JUTEpaTypbl, HOMEPY CTpaHULBI W HOMepy ab3alla; KOHCIIEKTHpPOBaHUE MpouyuTaHHoOro. Ecmu
CaMOCTOSITENTFHO HE yNIAIOCh pa3o0parbesi B MaTepuae, Heo0XoIuMo chopMyITUpOBaTh BOIIPOCH U
O0paTUTBhCS 3a TOMOIIBI0 K TPENoJaBaTeNi0 Ha KOHCYJIbTAllMM WM ONDKalIIend JeKIHH.
PexomeHyeTcst perynsipHO OTBOIUTH BPeMs ISl TIOBTOPEHHS MIPOMIEHHOTO MaTepuaa, IpoBepsis
CBOU 3HAHUS, YMEHHUS M HABBIKH 10 KOHTPOJIBEHBIM BOIIPOCAM.

B paboueii mporpamme AUCHUIUIMHBI H3JIOKEH TEpeueHb JabopaTOpHBIX padoT o
COOTBETCTBYIOIMM TemaM. Kakaas M3 HUX COJEpPKUT KOMIUIEKC B3aUMOCBSI3aHHBIX 3aJaHM,
KOTOPBIE TIOCIIEIOBATEBHO JOJDKHBI BBITIOTHSITHCS CTYJICHTOM KakK BO BpeMs ayTUTOPHBIX 3aHITHI
MOJT PYKOBOJCTBOM IIPETOAaBaTeNs, TaK U B MEPUOJI CAMOCTOSTENbHOU paboThl. Ilpexne uem
IPUCTYNAaTh K BBINOJHEHHUIO JIAOOPATOPHOW paboThl, CTYAEHTY HEOOXOJUMO: O3HAKOMHTBHCS C
METOAMYECKUMH YKa3aHUSAMH JJIsl CTYJCHTOB M0 H3YUYECHUIO KOHKPETHOM TeMbI; U3yYUTh OCHOBHYIO U
JONOJTHUTENBHYIO JINTEPATypy, PEKOMEHI0BaHHYIO 10 TOH MM MHOM TeMe Kypca; BHUMATEIbHO
IPOYMTATh BCE 3aJaHUs JIAOOpPAaTOpHOW pabOTHl M OINpPENENUTHCS C ONTHUMAJIBHOM s cels
MOCTIeIOBATEIbHOCTBIO HMX BBIIOJHEHHS; NPOKOHCYJIBTUPOBATHCS C MPENOAABATENIEM WA €ro



aCCUCTEHTOM M  OpPraHM30BaThb HaJUIeXKalllee MaTepuallbHOE O00eCHeueHHe  BBIMOJIHEHUS
nabopaTopHOi pabOTEHI.

[Ipy BbINONHEHUHU J1a0OPATOPHBIX PAOOT B D3JIEKTPOHHOM BHUAE CclexyeT coOIr0AaTh
yKa3aHHYI0 B paboTe MocienoBaTenbHOCTh. Kakaplid 3Tam paboThl JOMKEH KOHTPOJIMPOBATHCS
IIPENoaBaTeieM.

OtBerbl Ha 3agaHust, OQOPMISIEMBIE PYKONHCHO, MJOJDKHBI M3JaratbCs CTYICHTOM
COOCTBEHHOPYYHO, pa300puuBBIM IIOYEPKOM, ©O€3 IOMAPOK M OTHOCUTBCS K CYILIECTBY
MOCTABJICHHBIX  BOMPOCOB. BhbIMonHEeHWEe KaXAOH J1abopaTopHOl  paboOTHl  MpOBEpSETCs
IpernoiaBaTesieM (UM €ro acCUCTEHTOM). Pe3ysibTaTsl IPOBEPKH OH OTPaXkaeT B KOHTPOJIbHOM JIUCTE
OLIEHKOM «3auTeHO», KOTOPYIO 3aBepseT cBoeil moanuckio. JlabopaTopuas paboTra MOXKeT OBITh HE
3a4TeHa B CIEAYIOLIUX CIIy4asX: €CJIU OHA IIOJHOCTHIO HE BBIIIOJHEHA WM BBINOJIHEHA HEBEPHO;
€CJIM TEKCT OTBETOB Ha 3aJjaHMsl ABJIETCS JIOCIOBHOM KOINMEH OTBETOB MEPENUCAHHBIX U3 APYTrOro
IpaKTHKyMa. BblnogHeHne MO0 HEBBINOJHEHHE Ja0OpaTOpHBIX paboT CcHOocoOHO OKa3aTh
pelaroriee BIUsHUE Ha (POPMHUPOBAHNE PE3YJIbTUPYIOIIEH OLIEHKH 110 KYpCy.

4. TecmupogaHnue - 3TO UCCIEOBATEILCKUNA METOJI, KOTOPBIA MO3BOJISIET BBIABUTh YPOBEHb
3HAHUW, YMEHUH U HABBIKOB CTyJEHTa. TecT — 3TO CTaHAAPTU3UPOBAHHOE 3aJaHUE WJIK OCOOBIM
00pa3oM CBsA3aHHbIE MEXAY 000 3a7aHus1, KOTOPBIE TO3BOJISIOT IIPETIO1aBATENI0 OLEHUTh YPOBEHb
3HaHUM, yMEHUN U HABBIKOB CTyJEHTA. TeCThl OOBIYHO COJEPKAT BOMPOCHI U 3aJaHusl, TPEOyoIme
OYEeHb KPATKOro, MHOI'JIAa aJIbTEPHATUBHOIO OTBETAa («Ia» WM «HET», «OOJIbLIe» WM «MEHbILIE» U
T.J1.), BBIOOpa OJHOTO W3 NMPHBOJUMBIX OTBETOB HJIM OTBETOB IO OAIIBHOW cHucTeMe. TecToBbIe
3aJJaHusl OOBIYHO OTJIMYAIOTCS JMArHOCTUYHOCTBIO, UX BBIIOJHEHHE U 00pabOTKa HE OTHUMAIOT
MHOTO BPEMEHH, TECThI MOYTH MOJHOCTHIO MCKIIOYAIOT CYOBEKTUBU3M II€/1arora, Kak B IpoIecce
KOHTPOJISl, TAaK U B IIPOLIECCE OLICHKHU.

CaMbIMH TIONYJISIPHBIMM SIBJISIFOTCSI TECTOBBIE 3aJaHMsI 3aKPBITOTO THMA (KaXKIblil BOIPOC
MMeeT HECKOJIbKO TOTOBBIX BAPMAHTOB OTBETOB, U3 KOTOPBIX HY’HO BBIOPATh OJMH WM HECKOJIBKO
BEPHBIX) U TECTOBBIE 3aJJaHUS OTKPBITOTO TUIA (HA KaX/IbIil BOIIPOC yUaluiCs T0JKEH IPEI0KHUTh
CBOM OTBET, HANpUMep, AOMHCATh CJIOBO, CIIOBOCOUETAHUE, IPEUIOKEHHUE, 3HAK, GopMyTy U T. 1.).
HapaBHe ¢ TpaaunuoHHBIMH (OpMaMU TECTUPOBAHMUS MPUMEHSETCS U  KOMIBIOTEPHOE
TECTUPOBAHUE, ITOT (PAKT COOTBETCTBYET OOILIEH KOHIENINU MOAEPHU3ALNU U KOMIIbIOTEPU3AILIH
cucteMbl oopasoBanus Poccum.

5. Kypcosoti npoexm.

O0mme nmos10KeHu.

OpHoM U3 OCHOBHBIX (JOPM CaMOCTOSITENIbHON pabOThl CTY/I€HTOB SBJISETCS HAIMCAaHUE UMU
KypcoBoit paboTsl. I1oBbINIeHHE KayecTBa HOArOTOBKH CHEIMAIMCTOB, BBITYCKAaEMbIX, O0ecTiedeHne
€ro KOHKYPEHTOCTIOCOOHOCTH TPeOYyeT COBEPIICHCTBOBAHUS BCceX GopM yueOHOTO Ipoliecca U B TOM
Yuce HAmUCAaHUs KypCOBBIX MpPOEKTOB U paborT. Ilpoucxomsr oOBEeKTUBHBIE H3MEHEHUS B
OpraHM3allK BCEro yueOHOro MpoLecca U B TOM YHCIIE B MOATOTOBKE CTYA€HTaMU KypCOBBIX padoT,
KOTOpbIE HEOOXOJUMO YYMTBHIBaTh UM HANpaBiATh. beicTpoe pa3BuTHE WHPOPMALMOHHBIX
TEXHOJIOTUH, MosiBlIeHue VHTepHeTa CyIlIeCTBEHHO pacIIUPSIIOT BO3MOXHOCTH CTYIEHTOB IIO
COKpAIllEHUIO TPYJOEMKOCTH BBIMOJHEHUS YYeOHBIX 3aJaHMi, HACHILIEHUIO HX (QaKTamy,
MPOOJIEMHOCTBIO, CTATUCTUYECKMMH MaTepHuajaMH, YTO B WUTOre CHOCOOCTBYET (POPMHUPOBAHUIO
poeCCHOHATTbHBIX KOMIIETEHIIUH.

KypcoBoii npoekT siBisiercst popMoii caMoCTOSITeNIbHOM padOThI, BHITOTHAEMON CTYIEHTOM Ha
OIIPEAEIEHHYI0O TEMY, B COOTBETCTBUHM C TEMATHKOW MO JaHHOW aucuuiinHe. KypcoBoil mpoekT
BBITIOJTHSIETCS TI0JT PYKOBO/ICTBOM IIpEToaBaTelisi, B IPOLIECCE €ro BHIMOIHEHHS CTYACHT pa3BUBAET
HaBBIKM K Hay4yHOH paboTe, 3aKpemisis ¥ OAHOBPEMEHHO pAaCIIMpssl TEOPETHYECKHE 3HaHUS,
MIOJIyYCHHbIE IPU U3YUEHUH AUCHUILIUHBI (MOyJs). IIpu BBINOIHEHNN KypCOBOTO IPOEKTA CTYACHT
JIOJDKEH TO0Ka3aTh CBOE YMEHHE paboTaTh ¢ HOPMATUBHBIM MaTE€pHajoOM, CIIPABOYHBIMH JaHHBIMH,
CTaHAapTaMH, YYeOHOW JHUTEpaTypoi, HCTOYHMKaMU VIHTEpHET, YTO MJaeT BO3MOXKHOCTH
CHCTEMAaTU3HpOBAaTh W AHAIM3UPOBATh TEOPUIO, (DaKTUYECKMH MaTepual MU CaMOCTOATENHHO
TBOPYECKH UX CONOCTABIATh U OCMBICIMBATE.



Meronnyeckue  ykazaHus ~ CO3JalOT  BO3MOXKHOCTb  CTYIEHTY  INPaBWIBHO U
KBaJIM(UIIMPOBAHHO HAIUCATh KYPCOBOM MPOEKT, cOOMIONasi MpH 3TOM Bce TPeOOBaHMSA 1O €ro
0(pOpMIICHHIO.

[TpaBHJIbHO BBINOJIHEHHBIN IPOEKT JAET CTYACHTY YBEPEHHOCTb B CBOEH MOATOTOBIEHHOCTU
K BBIIOJIHEHUIO B OyayllleM BBIIYCKHOH KBaIM(UKALMOHHOW pPabOThl, KayecTBO KOTOPOH
IIOBBIIIAETCS, €CIIM OHA SABJIAETCS MPOJOKEHUEM CaMOCTOSTENbHO U KaUECTBEHHO BBIIIOJHEHHBIX
CTYZICHTOM KypPCOBBIX ITPOEKTOB.

TBopueckoe pa3BUTHE JIOTMKH, METOJOB M TNPHEMOB BBIMOJHEHHS paboOT — 3alor Hx
COOTBETCTBUS HapacTalOLIMM TPeOOBaHUAM ITOATOTOBKH BBIIIYCKHUKOB BBICILIEH IIKOJIBI.

Ieap u 3a1a4n KypCcoOBOIo NMpoeKTa.

KypcoBoii mpoeKT 3aHuMaeT BaXKHOE MECTO B y4eOHOM IIpoliecce Bbiciei mkoubl. Ero nens u
IJIABHOE HA3HAYEHUE COCTOUT B IIOJAIOTOBKE CTYAEHTOB K CaMOCTOSITEJIbHOMY BBIIIOJHEHHUIO
HCCIIEI0BATENLCKOW paboThl, B OBJIAJICHUN HayaJbHBIMU HaBbIKAMU 3TOW palbOThl, B Pa3BUTUH MX
TBOpYECKOro noteHnuaia. OTcioa OCHOBHBIMU 33a4aMH KYPCOBOW PaOOTHI SIBISIFOTCS:

1) oBiazeHue NEPBUYHBIMU HABbIKAMM BEJICHHMSI MCCJIEI0BATEIbCKON pPabOThI; pa3BUTHE
TBOPYECKHUX CIIOCOOHOCTEH, MPOPEeCCHOHATBHBIX KOMIIETEHIIMKA B MHIMBUAYAILHOM PEXKUME IS
KaX/10T0 CTYyJIeHTa;

2) noaroroBka cTylaeHTa K  BbimosHeHHto BKP, kak  HauvanbHON  (opmbl
Hay4YHO-HMCCJIEI0BATENbCKON 1EATEIbHOCTH;

3) ycBOEGHHE METOOB TPAMOTHOTO BeleHHsI, O(OPMIICHUS M PEIAKTUPOBAHUS TEXHHYECKOM
JOKYMEHTAIUH, a TAK)KE BBIIIOJHEHUS IPAKTUYECKOI aHAIUTUIECKOM padoThI.

YMeHue BecTH uccie1oBaHue — NoA01paTh, aHaIU3UPOBaTh, 00001IaTh MaTepHall, CHCTEMHO
u3jgaraTb €ro Hay4HbIM CTHUJIEM, OOOCHOBBIBATH BBIBOJBL, OGOPMIIATH pabOTy — OTIMYAET
CHeluagucTa ¢ BbICIIMM oOpa3oBaHueM. KypcoBble MNpPOEKTHI IOCIEI0BATENbHO T'OTOBST
BBIITYCKHUKA, Hapall1Bas BlaJleHUe IeMEHTaMu HccieioBaTenbekoi paboTsl. Cpeau qpyrux Gopm
pa3BUTHS TBOPYECKOTO MOTEHLMAda CTYJIEHTOB — pedeparbl, 3cce, HayyHble JOKIaAbl Ha
CTYZICHYECKOM HayyHOW KOH(EepeHLUHU U Jp., KypcoBble PabOThl M MPOEKThl 3aHUMAIOT Beayllee
MECTO, YCTyIas 1O 3aBEPIIEHHOCTH TPEOOBAHUMN JUIIL COACPKAHUIO U OOBEMY BBITYCKHOM
KBaJTM(HUKALIMOHHOH paboTe.

B cooTBeTcTBHM € LIE€NBIO U 3a/ladaMM Ha3HAUYE€HUE KypPCOBOT'O IIPOEKTa B yueOHOM Ipoliecce
KOHKPETH3UPYIOTCA B OBJIAJICHUU CTYJEHTAMH CJEIYIOIINX 3HAaHUI U HaBBIKOB!

a) pabora ¢ OubOnuorpadueil: mojap30BaHME KarajoramMM M CIPaBOYHOM JIUTEpPaTypoOM,
CTaTUCTMYECKUMH U MHCTPYKTUBHBIMU MaTepUaaMu;

0) pa3paboTKH 3a/1a4 TPOSKTUPOBAHHS;

B) MOHMMAaHUS ¥ IPaMOTHOTO HalMCaHUs BBEJIEHU K JIF0OOH MccieoBaTenbekoi paboTe;

') METOJIMKH U CTHJISI U3JI0’KEHUS MaTepUajioB paboThI;

J) peNakUMOHHOro o¢opMIIeHHSI paboThl B COOTBETCTBHUM C OOIICYCTaHOBJIEHHBIMHU
TpeOOBaHUSIMU,

€) HalKMCcaHue 3aKII0UeHHs], ySICHEHHE ero Ha3HaueHUs B paboTe;

) COCTaBJIeHHEe OMOIMOTPaPUIECKOTO CITUCKA UCTIOIB30BAaHHBIX UCTOYHUKOB;

M) Ha3HauYeHUe NMPUIIOKEHUH 1 UX ohopMIIeHHE.

be3ycioBHO, oBnageHNEe STUMHU 3HAHUSAMHU JIOJDKHO MPOUCXOAMTH MOCTENEHHO, OT Kypca K
Kypcy, OT IIpeabIayIel paboThl K Kaxk/10i MOCIeayoNe Kpyr TpeOoBaHHi 10JIKEeH pacIIupAThCs, a
UX YPOBEHb BO3pACTaTh.

JUIs cTyIeHTOB CTaplIMX KYpPCOB 3a/ladyaMi KYpPCOBOT'O MPOEKTA SBJIAIOTCS: 00s3aTeIbHOCTD
HaJIW4Yus MaTepuajoB HOPMATHUBHO-CIIPABOYHOM [JOKYMEHTAllMu, TaOIUYHBIX, LU(POBBIX U
rpadMUecKuX AaHHBIX; MPOOIIEMHO-TIONCKOBBIN XapakTep paOdoOThl, OBJIAJCHHE METOIaMH PAcUeTOB
MIPUBOUMOTO MaTepuraja, 000CHOBaHHUE CBOCH TOUKH 3pECHHMsI U ITyTel pereHus mpoodsiemM. OCHOBHOE
BHUMaHHE B IOCTAHOBKE 33]1a4 OTBOJIUTCS] YMEHHUIO CTPOUTH U aHATM3UPOBATH HCXOJHBIN MaTepuall,
MIOMENIAEMBI B TEKCTE HAy4yHOM paOOThl, YMEHHUIO €ro aHaiu3upoBaTb. CTyAEHT HE TOJIBKO
XapakTepu3yeT npodeMy U CBOE OTHOIICHUE K Hel, HO ¥ TOKa3bIBACT MYTH €€ PelIeHuUs, ITpeiaraet
METOJBI €€ MPEOJIOTICHUS.



O0beM U CPOKHU BHITIOJTHEHHSI KYPCOBOTO MPOEKTA.

KypcoBoil poeKT BBHIMOIHIETCS CTYACHTaMU B COOTBETCTBUU € yueOHBIM I1aHoM. O0beM
KypCOBOTO TIPOEKTa: MosicHUTeNbHast 3amucka 30-40 nucToB medatHOro Tekcra (opmarom Ad4;
rpadudeckas 4acTh J0 4 1ucToB YepTexker hopmarta Al u cienudukamnms.

CpoKH BBITOJHEHUS] KyPCOBOTO IIPOeKTa (paboThl):

20 % - 3 Henens cemecTpa;

40 % - 6 Henmens cemecTpa;

60 % - 9 Henens cemecTpa;

80 % - 12 menens cemectpa,

100 % - 15 Henmens cemecTpa;

3amuTta KypcoBod paboTel 16-17 Hemens cemectpa (3a 1-2 Hexemo A0 Haydana
9K3aMEHAIIMOHHOM CEeCCHUM).

Kputepun ¢opmMupoBanus OLEeHKH 32 KYPCOBOH NPOeKT (0a/LUIbHO-pPeTHHIOBAsI
cHcTeMA OLlEeHUBAHMS):

1. Cobu1101eH e CPOKOB BBITIOJIHEHHSI MPOEKTAa Juana3oH omeHok ot 0 1o 25.

25 6amnoB — 0e3ycioBHOE COOMI0IeHNE TpadriKa BHITIOJIHEHHS MPOEKTA;

20 OamioB — OTCTaBaHHE OT CPOKOB He Oojiee YeM Ha OJHY HEeNeNi0, MPU YCIOBUU
3aBepUICHMS] IPOEKTA U MPEJICTABICHUS] HAyYHOMY PYKOBOJUTENO (0€3 3auuThl) Ha 15 Heperne;

15 ©amioB— HEBHIOIHEHUE MMPOMEKYTOYHBIX CPOKOB, MPHU YCIOBUU OKOHYATEILHOMN cllauu
(6e3 3amuThl) Ha 15 Henene,

10 6ayIoB — OKOHYATENBHOE MPEIOCTaBICHHE MPOEKTa HAYYHOMY PYKOBOAMTEIIO HE MO3KE
18 nenmenu cemecTpa;

0 OGamioB — OKOHYATENbHOE 3aBEpIICHUE MPOEKTa M MPEJICTABICHHE €ro HayyYHOMY
pykoBoauTento (6e3 3ammThl) o3xke 18 Hexpenn cemectpa.

2. Odpopmienue IosicHUTENBHOM 3alIMCKU KYPCOBOI'0 POEKTA JHANA30H OLIEHOK OT 25
1o 50.

41-50 GannoB — BeinosHeHue [10sCHUTENBHOM 3alMCKH TPOEKTa Ha BHICOKOM KaueCTBEHHOM
ypoBHe ¢ coomogeHueM Beex TpedoBanuiit ECK/I;

31-40 6amioB — TOXe, YTO U BBIIIE, HO C HECYIIECTBEHHBIMHU MOTPEIIHOCTIMH HUCTIOJIHEHUS
(muddepeHnpoBaHHO, B 3aBUCUMOCTH OT YKCIIA TIOTPEITHOCTEH);

25-30 GamioB — BBIMOJHEHHE PACYETHOW YaCTH MPOEKTa Ha MUHUMAJIBHO JOMYCTHMOM
YPOBHE;

PacueTHass yacTe paboThl He yJOBIETBOpstomias 25 Oamam J0JDKHA OBITH MepenenaHa
CTYJEHTOM.

3. I'padguueckoe opopmiieHre MPOEKTA IMANA30H OLeHOK oT 25 10 50.

41-50 G6aystoB — BBITIOJIHEHHUE MTPOEKTA HA BHICOKOM Ka4y€CTBEHHOM YPOBHE C COOJTIOJICHUEM
Bcex TpeboBanuit ECK/I;

30-40 GamnoB — TOXKE, YTO W BBIIIE, C HECYIIECTBEHHBIMU TOTPEIIHOCTSAMHU B WCTIOJTHEHUT
rpadudeckoro Matepuaina (1udppepeHIMpoBaHHO, B 3aBUCUMOCTH OT YHCIIa MOTPEIIHOCTEH );

25-30 6aymToB — BBIMONIHEHUE TPpadUIECKON YaCTH MTPOEKTa HA MUHIMAJIBHO JIOITYCTHMOM HO
Ka4yecTBY YPOBHE;

['padmyeckas yactb paboOThl He ynOBJIETBOpsoUIas 25 GauiaM J0JKHA OBITH NepenesaHa
CTYJEHTOM.

4. OneHKa 32 3alUTYy NMPOeKTa IMaNa30H OLeHOK OT 5 10 25.

21-25 GamnoB — MpHU 3alIUTe CTYJIEHT YCIHENIHO oTBeyaeT Oonee ueM Ha 80 % 3amaHHBIX
BOIIPOCOB, IEMOHCTPUPYS MPU OTBETE TEOPETHUUECKHE 3HAHMS, IPAKTUUECKHE YMEHUS U BIIaJCHHUE
OCHOBHBIMH HaBBIKaAMH;

11-20 6annoB — mpu 3alUTe CTYJIEHT yCHemHo orBeyaeT Oosnee yem Ha 60-80 % 3amaHHBIX
BOIIPOCOB, IEMOHCTPHUPYsI MPH OTBETE TEOPETUUECKUE 3HAHMS, TIPAKTUUYECKUE YMEHHS U BIaJCHHUE
OCHOBHBIMH HaBBIKAMU;



5-10 GanmnoB — mpH 3amKTe CTYJAEHT YCHENTHO oTBedaeT Oosnee yem Ha 50 % 3amaHHBIX
BOIIPOCOB, IEMOHCTPUPYS IPU OTBETE TEOPETUUECKHUE 3HAHMS, IPAKTUUECKHE YMEHUS U BIIaJICHUE
OCHOBHBIMM HaBBbIKaMHU.

3ammra TpoeKTa MPOBOAUTCS MyOIMYHO, B TMPHUCYTCTBHM JAPYTHX CTYACHTOB, IEpes
YTBEPKJIECHHBIMHU 3aBeIyIOIUM Ka(eIpoil KOMHUCCHUSIX, B COCTaB KOTOPOM 00s3aTelbHO BXOIUT
MpernosiaBaTeNlb — HAYYHBIM PYKOBOAUTENb Mpoekra. Dopma 3amuThl BBIOMpAETCS YICHAMHU
KoMHCCUU (ITyOJIMYHBIN T0K/Ia]] ¢ BBIBEIIMBAHUEM JIMCTOB IIPOEKTA, OTBETHI Ha BOIPOCHI, OIIPOC IO
JUCTaM IPOEKTa, OTBET 0 Ouneram U T.A.). CTyJEHT, HE 3alIUTUBILUN IPOEKT, JOIMYyCKaeTcs K
IIOBTOPHOM 3alUTe HE paHee YeM uepe3 J1Ba AHA. TpeTbs 3aliura KypcoBOro NpoeKTa IpoOBOIUTCS B
aTTECTAllMOHHON KOMHCCHH, COCTaB KOTOPOM Ha3HAYaeTCsl JUPEKTOPOM MHCTUTYTA C BKIIFOUEHUEM B
COCTaB KOMHCCHU 3aBeNyoIlero kadeapoil, Hay4YHOro pyKOBOJIUTENS, MPEACTABUTENS AUPEKIHH,
IIPEICTABUTEINSl CTyIeHYeCKOro coBeTa. CTyJEHT, KOTOPBIM B UTOre MOJY4YMi 3a KypCOBOW ITPOEKT
pelIeHHEeM aTTECTAllMOHHOW KOMHCCHUU OLIEHKY «HEYJOBJIETBOPUTEIBHO» CUHUTACTCS HMEIOIIUM
aKaJIEMUUYECKYIO 3aJI0JDKEHHOCTh U JIOJKEH BBIIOJHUTH KYpPCOBOM IMPOEKT MOBTOPHO 10 HOBOMY
3aJJaHUIO.

3aiuTa KypcoBOIro IpoeKTa OLIEHUBAETCS 10 CTOOAIILHON LIKaJIe C EPEBOJOM B OLIEHKY IO
NATHOAIIBHOM ILIKAJIe.

Tabnua — [11kana O1EeHOK 3aIMThl KYpCOBOIO ITPOEKTa

OTIIUYHO 85-100 6anoB
XOPOIIIO 70-84 Ganna
YAOBIETBOPUTEIIEHO 52-69 6amioB
HEYOBJICTBOPUTEIHHO 0-51 Gann

Okzamen. OK3aMEHbl SBISIOTCS BEIyLIUMH, HaubOoyee 3HAYUTEIbHBIMH (opMaMu
OpraHM3alnuu KOHTposii. B Xome MX NpOBOOUTCS HMTOroBas NpOBEpKa pe3yJbTaTOB Y4eOHOMN
JEATEIBHOCTH  CTYJIEHTOB IO H3YYEHHMIO KOHKPETHOM JUCLMIUIMHBI, SBISIETCA  yPOBEHBb
c(OpPMUPOBAHHOCTH 3HAaHUN W yMEHMH. DK3aMEHAllMOHHbIE OWJIETHl JJIsl YCTHOTO SK3aMeHa U
3aJJaHUsl COCTaBJISIET IperojaBaTesib, 00CYKAaeTcsl Ha 3acellaHuM KadeIpbl He MO3JHee YeM 3a
MeCHII IO CECCUU M YTBEPIKIAeT 3aBeAytoniuii kadenpoii. B ax3ameHarmoHHbIe OMIIETHI BKIIOYAIOTCS
2-3 BoIlpoca U3 Pa3HbIX pa3fesioB MPOTrPaMMBbl B 3aBUCHMOCTH OT CHEUM(UKM MpeaMeTa U OJHY
3ajauy WM npumep. Bompockl kommiiekta OMIETOB MO MPEIMETY OXBaThIBAIOT BECh OCHOBHOM
npoiiieHHbIi MaTepuan. [naBHoe TpeOoBaHME NpPHU KOMIUIEKTOBAaHMM OWJIETOB - CO3JaHHe
PaBHOLICHHBIX OMJIETOB M MO 00beMy y4eOHOro marepualia, M MO €ro XapakTepy, U IO CTENeHU
aKTUBU3AIMM T103HABaTEIbHOM JEATENbHOCTH CTYIeHTOB. Jlns ouyHOW (opMbl 0OydeHus - B
YHUBEpPCUTETE JEHCTBYeT OaUIbHO-PEUTHHIOBAasl CHUCTEMA, IIeJIECOO0Pa3HO CHUCTEMaTHYECKH
TOTOBUTHCS K 3aHATUSAM, HaOupaTh Oayyibl, CIIOKOMHO TMOJy4aTh JOMYCK K DJK3aMEHy WIU
aBTOMATHUYECKH MOIy4YaTh 3aCIyKEHHYIO B TEUEHHE BCETO CEMECTPA OLICHKY.



HNPUJIOKEHMUE 3 — MeroauyecKkue YKa3aHUA M0 BHINOJHEHUIO KYPCOBOI'0 MPOEKTA

BBeaenue

Mertoandeckne yKa3zaHHs 110 BBINOJHEHHIO KYpPCOBOTO IPOEKTa TPEJAHA3HAYCHBI IS
CTYJICHTOB JHEBHOW W 3a0uHOi (popm oOyuenms. Kpome 3TOro maHHOoe mocoOWe MOXKET OBITh
UCIOJIB30BAHO CTYICHTaMH BceX ()OpM OOYYEHHUs TPU PEIICHHUH BOIPOCOB MPOSKTUPOBAHHS U
pacuera 3JIEeKTPUUYECKUX CETEM.

VYkazaHus cojiepkar HeoOXOAMMBIH TEOPETHUECKUI MaTepHall, TOCTaTOYHBIN I U3YYCHUS
JEKIMOHHOTO Kypca: OCHOBHBIE IIENM M 3a/Jadyd, IPUHAMAEMbIC JOIMYIICHUS, HOPMATHUBHBIC
TpeOOBaHUS K PACUETy AIEKTPHUUECKUX CETEH.

B mpemmaraeMom Mmarepuasie pacCMOTPEH MaTeMAaTHUYSCKUW amnmapaT (OpMUPOBAHUS
pacueTHBIX CXE€M, MPHUBEICHBI IPAKTHUYECKUE WHKCHEPHBIE METOJMKH pacdyeTa OCHOBHBIX
XapaKTePUCTHK 3JIEMEHTOB U CUCTEMBI B IICJIOM.

Taxke W3gaHUE MOXKET OBITh TIOJE3HO CICHUATUCTaM, PAaOOTAIOIIUM B IHEPreTUYCCKOM
OTpaciii, MaruCTPaHTaM, aCITUPAHTAM.

1. 3aganne Ha KYPCOBOIi MPOEKT PAilOHHOM 3J1eKTPUYECKOH CeTH

3agaueil KypcoBOro IpoeKkTa sBIseTcs pa3paboTKa MPOEKTa pPalOHHOW AIIEKTPUYECKON
CETH C HOMUHAJIbHBIM HanpsbkeHueM 35-220 kB. Pa3pabarbiBaeTcs ceTh 115 AIEKTPOCHAOXKEHUS
4-6 HaceleHHBIX MYHKTOB OT OJHOM 3a/laHHON JIEKTPUYECKON CTAHIMM WIN KPYIHOU Y3J10BOM
MO/ICTaHIUH.

B 3amaHuM npuBOOUTCS MUHUMYM JaHHBIX, KOTOpble HEOOXOIMMBI JJSI BBITOJHEHHS
npoekta. OcTajabHble XapaKTEPUCTUKU CETH NPUHUMAIOTCS CAMOCTOSATEIbHO HAa OCHOBAaHUU
pEKOMEHIAaLNI CIIPABOYHOM JINTEPATYPhI WIIH IO COTIIACOBAHUIO C PYKOBOAMUTEIIEM.

B 3aganuu Ha KypcoBOHM MPOEKT HPUBOJATCS HUCXOAHBIE JaHHBIE O TeorpapuiyeckoM
pacIoIOKEHUH IyHKTOB, JIaHHBIE O MOTPEOUTENsAX 3JIEKTPOIHEPrHH, TeMa s YIiIyOJIeHHOU
npopa®oTKu U T.1. JlaHHbIE 0 TeorpaduuecKkoM pacrooKeHUH ITYHKTOB U COCTaBe MOTpeduTeei no
KaTeropusiM OIpeNeNsioT cxeMbl cereil. ['eorpaduueckoe pacrnonoxeHue MyHKTOB M HauOOJbIIas
3UMHSISL Harpy3ka OIpENesiloT BbIOOp HOMHUHAJIBHOTO HampshkeHus. BennuuHy cpenHero
HOMUHAJIBHOTO  KO3(QUIIMEHTa MOLIHOCTH TEHEpaTOpOB CHCTEMBbI, B KOTOPYIO BXOAWT
MIPOEKTUPYEMBII paiioH, HEOOXOAMMO YUUTHIBATh IIPU OMPEEICHUH MOIIHOCTH KOMIEHCUPYIOIINX
yCTpoiicTB. BenuunHa HauMeHbIIEW JIETHEW Harpy3kd ONpENENsseT NapamMeTpbl peXHUMa
HAaUMEHBIIMX  Harpy3ok. [IpolOKUTENbHOCTh  MCHOJB30BAaHUS  HauOoOJbLIEH  Harpys3Ku
XapaKkTepu3yeT roJoBble rpauKu HArpy30K MOJCTAHIMM M MPUMEHsETCs Ul BBIOOpa ceYeHUd U
pacuera noTepb JIEKTPOIHEPTUH B DNIEKTPUUECKHX ceTsX. HanpshkeHus Ha IUHAX AJIEKTPOCTAHIINH
NP1 HaUOOJIBIIMX HArpy3Kax, P HAMMEHBIIUX Harpy3kax U B MOCJI€aBaPUUHBIX PEKUMAX BIUSIOT
Ha TIapaMeTpbl XapaKTEPHBIX PEKUMOB pabOThI JEKTPUUECKUX CETEH.

KypcoBoif mpoeKT AO0IKEH BBIMOIHATCS B COOTBETCTBUHM C TpaduKoM, YTO OTMEYaeT Ha
OJaHKe 3a/laHUs PYKOBOJIUTEIb IIPOEKTA.

2. O0ue yKazaHus 10 KypCcOBOMY NPOEKTHPOBAHUIO

2.1. ConeprxaHue KypcoBOTO IPOEKTa

B 00beM KaxI0T0 KypCcOBOTO MPOEKTa PAHOHHOM AJIEKTPUUECKON CETH BXOJSAT CIICIYIONTHE
paszaensl (¢ OpUeHTAIMOHHOW Pa30MBKOI B IIPOIIEHTAX):

1. OmnpeneneHue NOTpeONCHUS W TMOKPBHITHE TOTPEOHOCTH B AKTHMBHOM WM PEaKTHBHOMN
MOIIHOCTSIX B npoektupyemont cetu (10%).



2. Bo16op cxembl, HOMHHAJIBHBIX HAMPSHKEHUI U OCHOBHOTO 000pynoBaHus (25%).

3. Pacuerbl mapaMeTpoB CXEMBbl 3aMEIICHHs W XapaKTePHBIX PEXKHUMOB pabOTHI
crpoekTupoBanHoi cetu (25-30%).

4. OO0ecrieueHne HOPMATUBHBIX OTKJIOHCHMH HAmpsHDKEHUS Ha [IMHAX BTOPUYHOTO
HaMpsHKEHUS MOJICTaHIMH cripoekTrpoBaHHOU ceTH (10%).

5. IlpopaboTka uHAMBH Iy bHOTO 3aaaHus (15-20%).

6. TeXHUKO-3KOHOMUYECKHUE MOKA3aTEIHN CIIPOCKTUPOBAHHON pAlOHHOM 3JIEKTPUYECKON CETH
(10%).

Ecnu Tembl yriyOiieHHOM npopaboTKU SBISIOTCS pa3/iesibl, MIPUBEICHHBIC BBIIIE, TO BHIOOP
CXeM, TapaMeTpoB 00OPYI0BAaHUS, OIICHKA KaUeCTBA AJIEKTPOCHAOKEHUS U T.I1. JOJDKHBI IIPOBOAUTCS
Ha OCHOBE TE€XHHMKO-dKOHOMHMYECKHUX CpPaBHEHHI BapHMAHTOB TEXHUYECKUX pPELICHHUH, MpopaboTKu
JOTIOJIHUTEIbHOU CIIPABOYHOM U IUPEKTUBHOU JINTEPATYPBL.

TeMbl WHAMBUIYaAIbHBIX 3aJlaHUM BBIIAIOTCS pYyKOBoAMUTENEeM Mpoekta. OHM MOTYT
OXBaThIBaTh BOIIPOCHI BBIOOpa CXEM U 0OOpYJIOBaHMs, BOIPOCHI METOAMK PACUETOB MApaMETPOB
CXEeM U pexuma, npumeHeHue 9BM u moneneit 31eKTpUUYEeCKUX CUCTEM JUIsl PacueTOB PaillOHHBIX
ANEKTPUYECKUX CETEH, XapaKTEPUCTUKY KOHCTpYKTUBHOIO HcnonHenus BJIDII u obopynosanus 11C
U T.A.

YrayGnenHas mpopaboTKa JO0JDKHA COIepKaTh 00JIee 1eTalIbHBIE PACUeThl, TOTIOIHUTEIbHBIE
TEOPETUUECKUE WIIK IKCIIEPUMEHTAJIbHBIE UCCIEN0BaHus ¢ TpuMeHeHneM DBM u mMoaenupyromumx
ycTpoiicTB. Pa3zen BBINOJHSETCS € HCIOJIB30BAaHUEM JOIOJIHUTENBbHOM JsuTeparypbl. Tema
YBSA3BIBAETCSI C OCHOBHBIMHU XapaKTEPUCTUKAMU MTPOCKTUPYEMOM ceTH. J[omycKaeTcss OTHOCUTEIbHO
€MKHE TeMBbI pa3pabaThiBaTh OTACIHHBIMHU YaCTSIMHU B €IMHOM IUIaHE HECKOJIBKUMH CTYACHTAMH.

2.2. OdopmieHue mpoeKTa

Odopmienne KypcoBoro mpoeKkTa OCYIIECTBISIETCS B COOTBETCTBUU CO cTaHmapTamu [19].
Yacth HEOOXONMMBIX CBEJEHUH TpeACTaBlieHa Ha CTEHAAaX JUIUIOMHOTO U KYpCOBOTO
MIPOEKTUPOBAHUSI KaQepHl.

KypcoBoit npoektr odopmisercs B BHIE COPOLIIOPOBAHHOM pacueTHO-TOSCHUTEIbHON
3aIIUCKU U YEPTEKEH.

B pacyeTHO-NOSCHUTENBHYIO 3alUCKY 10 MPOEKTY MOMELIAIOTCS CIEIyIOUINe MaTepUabl:
3aJlaHue Ha KypCOBOH IMpPOEKT, COJEpKaHUE, OCHOBHBIE pacueThl U MX pe3yJbTaTbl, CXEMbl CETH,
aHallu3 pe3yJbTaTOB, OOBSICHEHHE XOAa U IOCIEJOBATEIbHOCTH PacCMaTPUBAEMBIX BOMPOCOB U
000CHOBaHHUS MPUHUMAEMBIX PELLICHUH.

['maBbl ¥ M3JIOXKEHHE BOMPOCOB B 3aMHUCKE CIEAyeT HauyMHATh C YETKOH (HOpMyITHpPOBKU
pemaeMbIx 3afad. Jlagee MpUBOJIATCS HOPMBI, KPUTEPUU U TpeOOBaHMs, KOTOPbIE JOJKHBI OBITH
COONIOICHBI TIpH pa3paboTKe BOIMpPOCa, a TaKXkKe JaHHbIE U3 33/laHUus W MPEABIAYIINX pa3/eNioB,
HeoOxoauMble Ui pacueToB. Ha ocHoBaHMM c(hOpMYIMpPOBAaHHBIX TPEOOBAHUN HaMEYarOTCs IMyTH
pemenust 3agad. Ocoboe BHHMaHHE CleAyeT YIequTh OOOCHOBAaHMIO BBIIBUTAEMBIX BapHUaHTOB.
[TonHOCTBIO cleAyeT TNPUBOAUTH 0O0mMME (GOPMYJIbl M pPacueThl IS OJHOTO W3 BapHUAHTOB.
Pe3ynbpTaThl aHaJOTHMYHBIX pAcdYeTOB CJIEAyeT CBOAWTH B TaONHUIBI, OTpakaTh rpadukamMu u
MPUBOJIUTh HA CXeMax ceTH. TaOauipl JOMKHBI MMETh MOSICHEHMS: XapaKTEpUCTUKY YCIOBUH
MOJIy4eHHUs Pe3yIbTaTOB, 000CHOBaHME JALHEHIIIETO MyTH PEIICHUS 3a/1a49H U T. II.

PacyeTHo-nOsSICHUTENbHAS 3aNIMCKa JOJDKHA UMETh HYMEpPAalUIo TJ1aB, naparpados, CTpaHull,
Tabmui, cxeM U Qopmyin. (s pe3ynbTaToB pacyeToOB YKAa3bIBAETCS PAa3MEPHOCTH IMOJIyY4aeMbIX
BenuuuH. CoKpalieHue CcJIOB B 3amucke He nomyckaercs. [lpu wucmonbs3oBanmm  Gopmyd,
CTaTHUCTUYECKUX JAHHBIX, HOPMATHUBHBIX TpPEOOBaHMI ¥ TapaMeTpPOB OOOPYIOBAHUS TOJKHBI
MIPUBOJUTHCS CCBUIKM Ha MCMOJIb30BAHHBIC JTUTEPATYPHBIE HCTOYHUKH.

Pacrieqatku mporpaMMm TOSICHSIOTCS OJIOK-CXeMaMu, WHQOpMAIMel O BBOAEC U BBIBOJC
BEJINYMH.

PacuetHo-nIosiIcHUTENbHAS 3aIIMCKa TOJKHA COAEPKATh CIAEAYIOIINE PUCYHKH:

1. CxeMbl IepBOHAYATILHO HAMEYAEMbIX BAPUAHTOB PAOHHOM AJIEKTPUUECKOU CETH.



2. Cxembl BbIOpaHHBIX BapUaHTOB C OO0O3HAUEHHWEM HOMHUHAJIBHBIX HAIPSDKEHUH, MapoK
JMHUNA, MOIIIHOCTU TPAHC(POPMATOPOB U KOMIIEHCHPYIOIIUX YCTPOHCTB.

3. CxeMbl 3aMeIlEHUS IJIEKTPUUECKON CeTH UIsl pacyeTa pekMMa HauOOJBIINX HArpy3oK,
peKMMa HaWMEHBIIUX HArpy30K M HanOoJjee TSHKEJIOro IMOCIeaBapuiHOrO pekuMa ¢ yKazaHHeM
MapaMeTpPOB CETU U COOTBETCTBYIOLIETO PEKUMA.

4. Cxema ceTH JJis pacueTa HaJIeKHOCTH.

5. Cxema cetu Ui TEXHUKO-9KOHOMHYECKUX PACUETOB.

6. Cxewmbl, rpaKH U T.I1., OTHOCSIIUECS K TeME YIIyOJIeHHON MPOpabOTKH.

ITo kypcoBomy mpoekTy BbImosiHseTcs 1-2 yeprexxa dopmara Al 594 x 841 mm. Ha
yepTexax MpeJcTaBisieTcs cienytonas uHpopmarus:

1. OcHoOBHBIE  paccMaTpuBacMbleé  BapUaHTBl CXEM CETH €  IPUBEACHUEM
TEXHUKO-3KOHOMHUYECKUX I1apaMeTPOB;

2. IlpuHuunuanbHas 3JIEKTPUYECKash CXeMa COEAMHEHMH CIPOEKTUPOBAHHOM CeTH ¢
rapaMeTpamu pexxruMOB;

3. KoHCTpYKIIMM 3JIEMEHTOB CETH, TEOPETUUYECKHE 3aBUCUMOCTH, aJIFTOPUTMBI IPOrpamMM U
JpyTrHe WITIOCTPUPOBAHHBIE MaTepUaibl BOIPOCOB yIriyOIeHHON MTPOpabOTKH.

MuHuManbHbI 00BEM ONPEENSIETCS COBMECTHO C PYKOBOJUTENIEM KYPCOBOTO IPOEKTA.

3. [loTpedseHHe M NOKPBITHE MOTPEOHOCTH B AKTHBHOM M PeAKTUBHOI MOIIHOCTH

3.1. Ilorpebiienue U NOKpHITHE MOTPEOHOCTH B aKTUBHON MOIIIHOCTH

Jlns pacuera moTpeOsieHUsT 3IEKTPOIHEPTHH B PEalbHOM IMPOEKTHUPOBAHUM YUUTHIBAIOTCS
Takue (PaKToOpbl, Kak: TEMIIbI Pa3BUTHUS HAPOJHOTO XO35ICTBA; MPOMOPLUHU B Pa3BUTUU OTAEIbHBIX
oTpaciieil HapoJHOTO XO34MCTBA; pPa3BUTHE M BHEAPEHUE HOBBIX TEXHOJOTHH; TEMIBI pocTa
HaceleHus u T.1. /1,2,3,11/ .

B yuebHOM mnpoekTe moTpelseHHe aKTUBHOM MOLIHOCTH OMNPENENSIeTcs MO0 HauOOJbIINM
3UMHHM Harpy3kam IOoACTaHIUN. MOIIHOCTb, BbIIaBaeMasi FTEHEPATOPaMU JIEKTPOCTAHIUH, JOKHA
OBITh paBHA:

N

P = Puax + AP + AP, (3.1)

=

rae Pmax- MakcumalnbHas Harpyska 1-ro nmyHkTa; APc- morepu akTUBHOM MOIIHOCTH B
TUHUSAX U TpaHchopmaropax ceTu; APcH - MOIIHOCTh COOCTBEHHBIX HYX /I AJIEKTPOCTAHIIUM.

[ToTepu akTHBHOU MoOITHOCTH B JIMHKAX 35 KB cocraBnsroT ot 0,6% 10 3,8% nepenaBaemont
nonHou MomHocTu. [lorepu aktuBHOM MomHocTH B auHUAX 110 kB cocraBmsaoT ot 2% 1o 5%
rnepeaBaeMoi MOJHOW MOIIHOCTH. [loTepu akTHBHOM MOIHOCTH B NUHHAX 220 KB cocTaBidroT ot
3% no 10% nepenaBaemMoil MOLTHOCTH.

HanMenbpine 3HaY€HUS OTHOCHUTEIBHBIX TMOTEPh AKTUBHOW MOIIHOCTH COOTBETCTBYIOT
HAaUMEHBIIMM peKOoMeHAyeMbIM miuHaMm JIOII, HauMeHbIIUM MPUMEHSEMBIM CEUYEHUSM U
MUHHMAQJIBHONW YKOHOMHYECKOU TJIOTHOCTH TOKA JJIS CTaJICATFOMHUHUEBBIX TTPoBO10B. Hanbombmme
3HAQUYEHHUS] OTHOCUTEIBHBIX TIOTE€Ph AKTHUBHOM MOIIHOCTH TMPUBEIEHBl MJii MaKCUMAaJbHBIX
PEKOMEHIYEMBIX [IJIMH JIMHUW JJIEKTpOIepenayr, MaKCUMAJIbHBIX MPUMEHSEMBIX CEUYCHHH W
MaKCUMaJIbHOM MIIOTHOCTU TOKA.

[Torepu akTUBHOM MOIIHOCTH B TpaHchopMaTopax C BbICIIMM HampsbkeHuem 35 kB
cocTaisatoT ot 1.1% 1o 0,4% ot nepenaBaeMoii monHOM MoIHOCTH. [loTepy akTUBHON MOIIHOCTH B
TpaHcopmaTopax ¢ BeiciiuM HamnpsbkeHnueM 110 kB cocrasisitot ot 1.0% 10 0,4% oT nepenaBaemoit
noJHON MoutHOCTH. [loTepn akTHBHOM MOIIHOCTH B TpaHC(HOpPMATOPax C BBICIIMM HampsKEHUEM
220 kB cocrasisioT ot 0.6% 1o 0,4% mrs mormkaromux U 0,5%-0,2% 1 MOBBIIIAIONIAX OT
nepenaBaeMoil  MONMHOW MomiHocTH. Hambounbmias BelMWYMHA OTHOCHUTENBHBIX IOTEPh B
TpaHcpopmaTopax MeHbIIeld MoOIIHOCTU. [IpuBeneHHbIe BBIIE 3HAUYEHUS OTHOCHTENBHBIX MOTEPb



paccuuTaHbl Uil ABYXTpPaHC(OPMATOPHBIX MOACTAHIMKA TpU  KOdpGUIMEHTe 3arpy3Ku
TpaHchopmaropa B pexkuMe HauOOJIbIINX HArpy30K okojo 70 %.

Pacxop anekrposnepruu Ha cobctBeHHble HY)IbI KOC cocrapnser 3,7-6,8% BrIpabOTKH
pu padore Ha yriie, 4,9-2,3% BwIpaboTku mpu padboTe Ha raze u 5,2-2,5% npu paboTe Ha Ma3yTe.
Pacxon snextposHepruu Ha cobctBeHHble HYXIbl ADC cocraBnsier 5-7% BblpaboTku. Ha
cobctBennble Hyx bl TOL[ pacxonyercs 6,6-13,1% BripaOaTeiBacMOi 37eKTpo3Heprun. Pacxon
ANEKTPOIHEPTHH Ha COOCTBEHHBIC HYXKIbl T'HAPABIMYECKHUX AJIEeKTpocTaHiuil coctaniser 0,3-2%
BBIPAOOTKH.

Bosbime oTHOCHTEIBHBIE PACXO/IbI HA AJICKTPOCTAHITUAX MEHbIEH MomHocTH /11,12/.

[Tpy TPOEKTUPOBAHWUU CETEH IS MOIIHBIX MOTPEOWTENEH ClenyeT YYUTHIBaTh U PE3EpB
MOIIIHOCTH, KOTOPbII1 HEOOX0AUM, HaIIpUMep, AJisi o0ecredeH s padoThl JEKTPUUECKON CUCTEMBI C
pUEMJIEMBIMU TTapaMEeTPaMH B MOCIEaBAPUIHBIX pabounx pexxumax /3,7/.

3.2. [loTpebiienre U MOKPHITHE TOTPEOHOCTEH B peaKTUBHOIN MOIITHOCTH

CocraBnenne 0anaHca peaKTUBHOW MOIIHOCTH B JJAHHOM IPOEKTE MO3BOJSIET ONPEICITUTDH
MOIIHOCTh KOMIIEHCUPYIOIIMX YCTPOKCTB, a 3aTEM PA3MECTUTh KOMIIEHCUPYIOIIHE YCTPOUCTBA 1O
MOACTAHITUSIM.

[TocTymiieHne peakTUBHOM MOILIHOCTH B CETh IPOUCXOJUT OT F'€HEPATOPOB AIEKTPOCTAHLIUMI,
Oarapeil KOHJIEHCATOPOB U CHHXPOHHBIX KOMITEHCATOPOB TAK)KE OT JIMHHMA HICKTPUICCKOM CETH.

Qnoct=Prtger+Qcx+Qrx+Qc, (3.2)
rae Pr - momHoCTh, BeiaBaemasi reneparopamu OC (onpeaensercs B 3.1); tger - cpeanuit

HOMHHAIBHBIA K03()(PHUIIMEHT MOIIHOCTH T€HEPaTOPOB (B COOTBETCTBHH C 33JaHUEM Ha KypCOBOI
1poekT); Qck U Qpk - peaKTUBHAsA MOIIIHOCTh CHHXPOHHBIX KOMIIEHCATOPOB U OaTtapeil CTaTUYeCKuX
KOH/IeHCaTopoB; Qc - reHepalys peakTUBHOM MOIIIHOCTH JIUHHUSIMU CETH.

B omimume ot OanmaHca aKTHBHOW MOIIHOCTH, AK€ NPU OPUEHTHPOBOYHBIX pacyeTax B
OajaHce pEakTHMBHOM MOIIHOCTH HEOOXOAMM Y4eT TOTepb pPEaKTUBHOM MOIIHOCTH B
TpanchopmaTtopax. [loTpebnsieMass B CETH peakTUBHAST MOIIHOCThH OIpPENENsieTcs MOTpeOIeHuEM
PEaKTHBHON MOUIHOCTH Harpy3Kamu, NOTEPSIMU ~ PEaKTUBHOM MOIIHOCTH B  JIMHHUSX
AJIEKTpoIepeaay, NOTEPSIMHU B MOHMXKaoIMX TpaHchopmaTopoB 110 kB HampsibkeHHE KOPOTKOTO
3aMmbIkanusg Uxk=10,5%

n k n
AQ = ZQHi + ZAQWi +ZAQTi +AQrc , (3.3)
i=1 i=1 i=1
OTHOCUTENBHBIE TIOTEPU  PEAKTUBHOM MOIIHOCTH B TMOHIKAKIIMX TpaHchopmaTopax
HOI[CTaHHPII’I HOTpe6HTeJ’Ieﬁ NPpUMEPHO COOTBCTCTBYIOT IapaMETpPy KaTajlora — HAIPSI)KCHUIO

KopoTkoro 3amblkaHus AQTi= Uk Swmaxi/100. DToT mapamerp JOCTATOYHO CTaOWJICH JUIs
TpaHc(hOpPMAaTOPOB OJHOTO Kiacca HANpsDKEHUS, YTO IO3BOJSET OLICHUTh BEIMYUHY IOTEpPh
PEaKTUBHOI MOIIHOCTH B TpaHc(hoOpMaropax IO MOIIHOCTH Harpy3oK /0 BbIOOpa CHIIOBBIX
TpancopmaropoB. Jns TtpancopmatopoB 35 kB < HampsbkeHME KOPOTKOTO —3aMBIKaHUS
Uk=6,5-7,5%, ms tpancpopmaropoB 110 kB ux=10,5%, ans tpancdopmaropos 220 kB ux=12%.
CocraBieHue OanaHca pEaKTHMBHOM MOIIHOCTH IPOBOAUTCS 1O BbIOOpa KOMIEHCHPYIOLIMX
ycTpoiicTB. [loaTOMy, 4TOOBI HE 3aKiIaabIBaTh B pAacUeThl 3aBbIIICHHBIE 3HAUEHUS NOTEPh CIIETyET
YUUTBIBATh NPEANONaraéMyr0 KOMIICHCAIIMIO pPeakTUBHOW MomHocTu. Ilocne ycTaHoOBKHM Ha
MOJICTAHIIUAX YCTPOMCTB KOMIICHCAIIMU PEAKTUBHOM MOIIHOCTH Smaxi= Pmaxi/ cos@i koaddummeHt
MOIITHOCTH M3MEHMTCS 10 BenuuuHbl cos@ =0,95-0,96. Tak kak, pacueTHble BBIPAKEHHUS IS
0aaHCOB MOIIHOCTH (OPMHUPYIOTCS IJS IIMH T€HEpaTopoB, TO CIEAYEeT YUWUTHIBaThb U MOTEPHU
PEaKTHBHON MOIIHOCTH B MOBBIIIAIONIUX TpaHcPopMaTopax »>JIEKTPOCTaHIMH. B mepBoM
NpUOINKEHUN MOXKHO MPUHSTh UX PABHBIMU MOTEPSAM B TpaHC(HOpMaTOopax MOJCTAHIUI.

B nunusax 110 xB, B psae ciayuyaeB, MOXHO IPHUHATh PAaBEHCTBO I'EHEpAllMd U IMOTEPH
PEaKTUBHON MOITHOCTH.



B ceTsiXx HECKONBKMX HOMWHAIBHBIX HANpsHKCHUH Hamboliee 1esecoo0pa3Ho OCYIIeCTBUTh
MaKCHMaJIbHO BO3MOXKHYIO KOMITEHCAITMIO PEAKTUBHOW MOITHOCTH B 3JIEKTPHUYECKON CETH HUBIIETO
HaNpsDKCHUS. B 35IeKTpUYecKHX CeTsixX menecoo0pa3Ha HaunboJiee moJHas KOMIIEHCAIUsl PeaKTUBHOU
MOIIHOCTH HauboJiee AMEKTPUUYECKU yNaJICHHBIX MOACTaHImid. Ecinu nomyckaercs, 94To OTINYHE B
AJIEKTPUYECKOW  YAAJCHHOCTH ITYHKTOB OT HCTOYHHWKOB TIMTaHWsS HE3HAYUTEIBHO, TO
KOMIICHCUPYIOIIME YCTPOHCTBA pa3MEIaloTCsl TaKUM o00pa3oM, 4YTO O3TUM OOECIeYMBAETCs
PaBEHCTBO KOA(PPUIIMEHTOB MOIITHOCTH.

CpenHee 3HAYCHHE OTHOIICHUS PEAKTHBHOW MOIIHOCTH TMOJCTAHIIMM K AaKTHBHOU
(k03¢ HUIMEHT MOIITHOCTH) IMOCJIE YCTAHOBKH KOMIIEHCUPYIOITUX YCTPOUCTB OyI€T PaBHO:

iQHi _iQKYi

9oy = L n
ZPMAXi
i1

Ecnu s kakoi-To mojicTaHiuy 3HaueHue tgek< tg@i, To 3T0 03HAYaeT, YTO KOMIICHC AU
PCaKTUBHON MOIIHOCTH Ha 3TOW IMOJCTAHIMH HE TpeOyeTcs, a pacdeT tg@k CICIyeT MPOBECTH
BTOPHYHO, IIPEIOJIarasi, YT0 MOIIHOCTh KOMIIEHCHPYIOIIUX YCTPOMCTB HA 3TOM MOJCTAHIMHA paBHA
HYJIIO.

PeakTBHasI MOIHOCTh HA MOJCTAHIMU TOC/IE YCTAHOBKH KOMIICHCHPYIOIIUX YCTPOWCTB,
Oyzner paBHa

(3.9)

Qnki= Pmaxi  tgok (3.10)
a MOIIIHOCTh KOMIEHCHPYIOIIUX YCTPOICTB i-TOH MOACTAHIUK JOKHA PABHATLCS
Qkyi=QHi - Qnki , (3.11)

rae i=1,2,... HOMepa MMOACTaHIIHA

4. BblﬁOp CX€Mbl, HOMUHAJILHOT'0 HANIPAKCHUA U OCHOBHOI'O 3.]IeKTp0060py)]0BaHI/lﬂ

4.1. CocraBieHHe BapMaHTOB CXEMbBI CETH M COIOCTaBICHHE BApUAHTOB I10 HATYPAJIbHBIM
ITOKA3aTeSIM.

OpHUM U3 Ba)XHEHIIHMX YCIIOBHM, KOTOphle 0053aTeNbHO COOIIOAAIOTCSA HMPU COCTaBICHUH
CXEMBI, SIBISeTCS TpeOOBaHME OOECHeueHUs HaJleKHOCTU 3JIEKTPOCHAOKEHUS.

TpeboBaHMs K HaJEXKHOCTH 3aBUCAT OT COCTaBa IMOTpeOUTENed MO KaTeropusM. OTH
CBEJICHUs NPUBEICHBl B 3aJlaHHM HAa KypCOBOM MPOEKT IO IJIEKTPUYECKHM CETSIM M CHCTEMAM.

B oTHOmeHun obGecriedeHus HaJAEKHOCTH 3JIEKTPOCHAOKEHHsI NMPUEMHUKU pPa3AeistoTCs
Ha Tpu Karteropuu. HeoOxoammasi cremneHb HaAEKHOCTH corinacHo [IYD, koTopble sBASIOTCS
0000111eHuEM, TIPAKTUYECKOTO OMbITA MPOSKTUPOBAHUSA M SKCIUTyaTallUU 3JIEKTPOIHEPreTHUYECKUX
CUCTEM U YCTaHOBOK, B OCHOBHOM OIpEENseTCs XapakTepoM IMOoTpeOuTenei, uxX pojblo U
BaXHOCTBbIO B HApOJAHOM XO3AHCTBE, BEIMYMHOM MOPAJIBHOIO M MaTepUAIbLHOrO yiiepba mpu
OTpaHMYEHUU U TepepbiBax 3iekTpocHadxeHus /10/.

K mnepBoil Kkareropuum OTHOCSTCA DIEKTPONPUEMHHMKH TMEPEPHIB 3JIEKTPOCHAOKEHMUS,
KOTOPBIX MOXET TIOBJIEYh 3a COOOM: OMAaCHOCTh I JKU3HU JIIOACH, 3HAYUTEIbHBIN yIIepO
HApOJHOMY XO3SHCTBY, IMOBPEXAEHUS JIOPOTOCTOSILEr0 OCHOBHOTO 00OpYJOBaHMs, MacCOBBIN
Opak MpPOAYKLHH, PAcCCTPOWCTBO  CJIOXKHOTO TEXHOJOTMYECKOro Tpollecca, HapylleHHe
(YHKIIMOHMPOBAHUSL OCO00 BAaKHBIX AJIEMEHTOB HAPOJHOIO XO3sicCTBa.

DIEeKTPONPUEMHUKH TIEPBON KaTETOPUU JOJKHBI OOECTICUMBATHCS DJIEKTPOIHEPTHEH OT
JIByX HE3aBUCHUMBIX UCTOYHUKOB MHUTAHHUS U TEPEPBIB UX DIEKTPOCHAOKEHUS TPH HAPYIICHUU
ANEKTPOCHAOXKEHUSI OT OJHOTO M3 HCTOYHMKOB MOXET OBbITh [JOMyIIeH Ha Bpems
aBTOMAaTUYECKOIO BKIIIOYECHMS pe3epBa.

K 4dncny HE3aBUCHMMBIX MCTOYHMKOB IMUTAaHUS OTHOCSTCS JBE CEKIMU WJIM CHUCTEMBbI IIWH
OMHOW WJIM JBYX OJIEKTPOCTAHUMH W TOACTAHIMA MNPH OJHOBPEMEHHOM  COOJIOIECHUH
CIIEYIOINX JIBYX YCIIOBUU:



1. Kaxxnast U3 CeKUMH WIM CHCTEMBbl IIMH HUMEET IUTAHME OT HE3aBUCUMOIO HMCTOYHUKA
MIUTaHUS;

2. Cexkuuu (CHCTEMbI) IIMH HE CBSI3aHbl MEX1y COOOW MJIM MMEIOT CBSI3b, aBTOMAaTHUECKU
OTKJIFOYAIOIIYIOCS TIPU HAPYIICHUU HOPMAIBLHOW PabOTHl OJHOW W3 CEKUUU (CHCTEM) IIHH.

DIEKTPONPUEMHUKI BTOPOI KAaTerOpuu - DJIEKTPONPUEMHUKH, IIEPEPBIB B
AJIEKTPOCHAOKEHUN KOTOPHIX NPUBOJUT K MAacCOBOMY HEIOOTHYCKY IPOIYKIMH, MAacCOBBIM
IPOCTOSIM pabounX, MEXaHU3MOB M IPOMBIIUIEHHOTO TPAHCIOPTA, HApyLICHUIO HOPMAJIbHON
JEATEIbHOCTH 3HAYUTEIBHOIO KOJIMYECTBA TOPOACKHUX M CEIbCKUX KUTEIIEH.

OJNEeKTPONPUEMHUKHA BTOPOM KAaTEropuH PEKOMEHAyeTcs O0ecleuuBaTh JIEKTPOIHEpPruei
OT JABYX HE3aBUCHUMBIX HCTOYHUKOB IHUTAHMUSL.

JUis 37eKTpONPUEMHUKOB BTOPOI KaTeropuu NpH HapylIEeHUH  Ha BpeMs HEOOXoqumoe
JUIS BKJIIOYEHUS PE3EpBHOIO MHUTAHHUA JCHCTBUSIMM JEXKYpPHOTO II€PCOHANA WM BBIE3JHOU
OINEepaTUBHON OpHrapbl.

JlonyckaeTcss IUTaHHWE JJIEKTPONPHUEMHMKOB BTOPOM KaTEropuu II0 OJHOM BO3IYIIHOU
JUHUM, B TOM YHCIE C KaOelabHON BCTaBKOM, eciM obecrieyeHa BO3MOYKHOCTh IPOBEACHUS
aBapUITHOTO PEMOHTAa ATOW JWHUM 3a BpeMs He Oonee cyTok. KabGenmbHas BctaBka 1ol BJI
JIOJDKHA BBINOJIHATHCSL ABYMS KaOessiMH, KaXblii U3 KOTOPHIX BBIOMpAeTCs IO JJIUTEIbHO
JOIYCTUMOM Harpyske.

ITpy BO3MOXKHOCTH 3aMEHbI MOBPEXKACHHOrO TpaHc(opmaTopa 3a Bpems He 0Oojiee CyTOK
JIONYCKAeTCsl MUTAaHUE 3JIEKTPOIPUEMHHUKOB BTOPOI KaTeropuum OT OJHOrO TpaHchopmaropa.

K Tperpell KaTeropuu OTHOCATCS JIEKTPOIPUEMHHMKH HE IMOAXOIALIME IO OIPEIECIICHUE
IIEPBOM U BTOPOM KaTErOpHH.

JUis 21eKTpPONPUEMHUKOB TPETheH KAaTEeropuu 3JEKTPOCHAOKEHHE MOXKET BBIMOIHATHCS
OT OJHOrO HCTOYHMKA NHUTAHHUS @PU YCIOBUH, YTO TIEPEPHIBBI  AJIEKTPOCHAOKEHUS,
HEOOXO/MMBIE /1 PEMOHTA MM 3aMEHbl MOBPEXKJICHHOTO 3J€MEHTa CUCTEMbI, HE IPEBBIIIAET
OJIHMX CYTOK.

Takum o0Opa3oM, 1e1ecoO00pa3HOCTh CXEM  3JIEKTPOCHAOKEHUS 3JIEKTPONPUEMHUKOB
BTOPON U TpeTbel KaTeropuu IOHKHA OOOCHOBBIBATHCS TEXHUKO-PKOHOMHYECKMMH pacueTaMu C
yuyeToM yuiepba OT HEJOOTIyCKa 3JEKTPOHEpPruH, a Jydlmed cxemoll certu amis
ANEKTPONPUEMHUKOB TEpPBOM KaTeropuu OyaeT cxema, KOTopas ¢ HaWMEHBUIMMH 3aTpaTaMu
obecnieuuT TpedyeMyro HaJleKHOCTb.

[Ipy TpPOEKTUPOBAHMU pacCHpPEIeIUTENbHBIX CETe 3HEProCUCTEM COOIOAAETCS LEJbIi
psA  TNPUHLIMIIOB, KOTOpble HE BXOAAT B 00beM yueOHOTro npoekTHpoBaHus. Hampumep:
KOMIUIEKCHOE JJIEKTPOCHAOKEHHE BCEX IMOTpeOuTeNned B  30HAaX  DJIEKTPUYECKUX  ceTei
HE3aBHCHUMO OT MX BEJIOMCTBEHHOW IPHUHAIUIEKHOCTH;

HSKOHOMHUYHOCTh Pa3BUTHS U (YHKIIMOHUPOBAHUS CETH MPH 00ECIEeYeHUH ONTHUMAaJIbHBIX
ypoBHell TokoB K3 M morepb 3/IE€KTpO3HEPIuH;

BO3MOJKHOCTb BBIINOJIHATE PEJICHHYIO 3allUTy M PEICHHYH aBTOMAaTHKY;

MaKCUMaJIbHOE€ HCIIOJIb30BAHUE CYLIECTBYIOIIUX CETEHM C YYETOM HX BO3MOXKHOMI
PEKOHCTPYKIHUN.

[TpoexTupyemasi paifoHHas »dJeKTpUYecKass CeThb JOJDKHA 00ECHednuTh HaJAEKHOCTD
aneKTpocHaOxkeHus B cooTBeTcTBUU ¢ [1YD, kauecTBO 3nexTposHepruu B coorBerctBuu ¢ 'OCT
C HauMeHbIIMMM 3aTpaTamu. OOecrieyeHHe KadyecTBa aHAIM3MPYETCs TOJNBKO Ha IpHUMeEpe
OJIHOTO ITOKAa3aTelIs - OTKJIOHEHMS HANPSKECHHUS.

Jlomyckaercsi ~ orpaHuueHue  moTpeOureneil  mpu  0OECHeYeHUM  pe3epBUPOBAHUS
ANEKTPONPUEMHUKOB TMepBoi  Kkareropuu. [Ipum OTCyTCTBUM JaHHBIX, Harpy3Ku IepBOi
KaTeropuu peKoMeHayeTcss nmpuHumarb B pazmepe 10 - 15 % obmieit Harpy3ku moxacranumid /11/.

[TpoTskeHHOCTh HAMEYaeMBbIX JIMHUN TpU  OTCYTCTBHMM  0OJee TOYHBIX JAaHHBIX
npunumaercss Ha 15 - 20 % Oonplie pacCcTOSHUN MO TPSAMOM MEXAY paccMaTpUBAEMBIMU
ITyHKTaMH.



[Ipu pa3paboTke yueOHOTO TPOEKTa, KaK MpaBWiIO, HE TpeOyeTrcsi 00OCHOBAaHUE CXEMBI
NMEKTPUYECKUX COEAMHEHUH moacTaHuui c¢ ydetoM pasutus IIC, ¢ yuyeToM NOCTENEHHOrO
pacmiupenusi PY Bcex HampsiK€HUM M T.II.

Cxema noacTaHUMH JOJKHA YIOBJIETBOPATH CIEAYIOIIUM TpeOOBaHMSIM:

COOTBETCTBOBATH  CXEME  JJIEKTPOCHAOXKeHMsI paiioHa; oOecrieuuBaTb TpeOyeMyro
HA/IOKHOCTh  DJIEKTPOCHAOXKEHUS ~ MOTpeOuTeneili B~ COOTBETCTBUM  C  KaTE€rOpHUAMHU
JIEKTPOIIPUEMHHKOB; 00€ClIeunBaTh TPAH3UT MOILIHOCTH 4Yepe3 IOJACTAHLUU B HOPMAJbHOM,
PEMOHTHOM U MOCJEaBAPHUITHOM pPEXHUMax; 00eCreurnBaTh BO3MOKHOCTh IPOBEIECHUS PEMOHTHBIX
pabOT Ha OTAEIbHBIX JJEMEHTaX CXEeMbl 0€3 OTKIIOYEHHS CMEXHBIX IPHCOEIANHEHUI;
o0ecrieynBaTh HArIsIHOCTh, MPOCTOTY, SKOHOMHYHOCTH M aBTOMATUYHOCTh BOCCTAHOBIICHHS
NUTaHUs TOTpeduTened B IOCIeaBapuUiHOM  CcUTyallMd. B 3aBUCMMOCTH OT HaIpsKEHHS,
KOJINYeCTBa TPAHC(POPMATOPOB U JIMHUI MOTYT OBITH BHIOPAHBI THIIOBBIE CXEMBbI TIOJICTAHITHIA.

ITpu pazpaOoTke cXeM 3JIEKTPUYECKUX CETeH MOryT HaMeuaThCsl HE pe3epBUPYEMBbIE CETH
- paauanbHble U MarucTpajbHble. DTH CXEMbl HanOoJjiee MPUrOAHBI Ul MOTpeOuTenei TpeThei
Kareropud. bosee HaneKHbl pPE3EPBUPOBAHHBIE CXEMBI, KOTOPHIE BBIINOJHSKOTCS B BHIE
JBYXIICTHBIX WM pPaJHalIbHBIX JTUHHUNA. PEeKOMeHayeTcs MpoaHaIM3upOBaTh U LEIeCO00pPa3HOCTh
UCIIOJIb30BaHUS KOJBLEBBIX CXEM, KOTOpPBIE OTHOCATCS K PE3€pBUpPOBaHHBIM cxemaM. Moryt
IPUMEHSTHCSI U CMEIIaHHbIE BapuaHThl cxeM. I[Ipm 3TOM MOXKHO 00€cneyuTh BBINOJIHEHUE
TpeOOBAaHUI HAJEKHOCTH IEKTPOCHAOXKEHUS C HAMMEHBIIMMHU 3aTpaTaMu.

BompocamMu 000cHOBaHMSI CXE€M 3JEKTPUUECKHUX CTAaHIUMM M TOJACTaHLUMH  yJessercs
JOCTaTOYHOE BHUMAaHHME B COOTBETCTBYIOIIEM Kypce. OTHM BONPOCAM IIOCBSILEH U KypCOBOMU
npoekT. [1o3ToMy mpH BBIIIOJIHEHUU KypCOBOIO IPOEKTa 3JIEKTPUUECKONM CETH BBIOOp CXeM
MOJICTAHLMI NPOU3BOJUTCA HAa OCHOBE PEKOMEHJAIUI CIIpaBO4YHOM M yueOHOo#l nmuteparypsl /10,
11, 12, 16/.

B tabmune 4.1 u Ha puc.4.2. npuBeneHbl XapaKTEPUCTHUKU TUMIOBBIE CXEMBbl TYMHUKOBBIX
(KOJIbLIEBBIX), OTBETBUTENIbHBIX, MPOXOAHBIX M Y3JIOBBIX MOJCTAHLIUM.

Puc.4.1. BapuaHTsl cxem ceru.
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Tabauya 4.1 — Pexomenoyemvie cxemovt PY BH noocmanyuii

Z

oNe | HammenoBanue cxemsl (Puc.4.2)

bnok nunus - tpanchopmatop (T) ¢ pazpenunurenem (P)

biiok muHus - T ¢ npegoxpanurenem

biok nmunus - T ¢ otaenurenem (OJ1) unu ¢ BeikatouaTenem Harpy3ku (BH)

biiok nmunus - T ¢ BeiximrovareneM (B)

Vkpynnennuwtii 010k aunus - 0sa T ¢ npedoxpanumenamu

Yxpynaennsiit 610k guHus - 18a T ¢ OJ1 (wm BH) B iensix T

YkpynHeHHbi# 6510k auHus - 1Ba T ¢ B B ensix T

wixle =7 (e ol

biok nmuaus-T ¢ mpenoXpaHUTENsIMUA B €ro LUENH U OTXOIAIIEH JUHUEH MPUCOCIUHEHHON
yepes B

bnok nunus-T ¢ O/ B ero 1ienu 1 OTX0AsIIel JUHUEH .MpUCcOeTUHEHHOM uepe3 B

JIBa 610ka ¢ O/l (unu BH) 1 HeaBTOMaTHYECKOM MEPEMBIYKOM CO CTOPOHBI TUHUH

JlBa 6si0ka ¢ B 1 aBToMaTnyeckoil mepeMbIYKOi CO CTOPOHBI TpaHCc(HOpMaTOpPOB

Moctuk ¢ B B nepembruke u O] B nensix T

oz (=[x [=

OnHa cexuumoHHpOBaHHas cucrema IuH ¢ 00xoaHoi ¢ O] B nensx T u coBMeIeHHBIMU
CEKLIMOHHBIM M 00X0AHbIM B ( 10 11ecTH NpUucoeTMHEHH)

C B B nepembluKe U npegoxXpaHuTesiMi B nensx T

C B B nepemsiuke, O] B nensax T

C B B nepemsbiuke, B-H B nensix T u P ¢ auctanuronnsiMu npuBojgamMu B BJI

C B B nepembiuke u Ha BJI u O] B nensax T

OB IWN[(F-

JBoiinoit moctuk ¢ O/l B nensix T u mononmunurensHoi BJI, mpucoennHeHHON yepe3 JBa
BBIKJTFOYATEIIS

(ep]

To ke, HO ¢ P ¢ nuctanunonasiMu puBojamMu B rensax BJI u B-H B nensax T

7 To xe, HO ¢ B-H B nemsx, nuraromux BJI v ¢ P nucraHuMoHHBIM IPUBOJAOM B Liensax T u
paguansHOM BJI

8 TpoitHot mocTuk ¢ ogHuM B u B-H B nepembruke u nensax T u P ¢ nucraHumoHHBIMU
npuBogamu B emsx BJI

9 TpoitHot MocTuk ¢ TpeMsa B B mepempiuke, B-H B nensx T u P ¢ nucraHunoOHHBIMU
npuBogamu B B 1emsax BJI

Cxema a - OIMHOYHBIN 0JIOK, TpaHC(HOPMATOP MUTAETCS MO TYNMHUKOBON MPEUMYIECTBEHHO
KOpPOTKOH, BO3AylIHONM nuHuu. [Ipennonaraercs, 4ro 3ammra OUTAOMIETO KOHIA YyBCTBUTEIbHA K
MOBPEXKICHHUSIM B TpaHCHOpMaTOpE.

Cxema 6 mnpuMeHMMa Ha TMOJCTAHIUSAX C OIHUM TpaHC(HOPMATOPOM, MHUTAEMBIM TIO
TYHNUKOBBIM JIMHUSAM, KOT/Ia 3allUTa MHUTAIOIIEr0 KOHIIA HEYYBCTBUTENIbHA K MOBPEKICHUSM Ha
MOACTAHIINH.

Cxema B IpUMEHSAETCS Ha OTBETBUTEIBHOM IMOJACTAHIMU C JABYX - U TPEXOOMOTOYHBIM
TpaHnchopmaropom. B nenu tpanchopmartopa ycranosnen O/l, oTnensromuii TpanchopmaTop npu
ero moBpexaeHuu B OectokoByro may3y AIIB. Ilpu HEdyBCTBUTENBHOCTH pENEHHON 3aIUThI
MUTAIOIETO KOHIIA B [IEMU TpaHC(HOpMaTOpa YCTAHOBIEH KOPOTKO3aMbIKATENb.

Cxema r mpHUMeHsieTcs B OCHOBHOM IIpH NMHUTAaHUU aBTOTOpaHc(opmaropa OT BO3AYILIHON
nunuu ¢ OAIIB.

VYcTaHoBKa KOMMYTAI[MOHHOM amnmaparypbl Ha CTOPOHE BBICILIErO HANpsKEHUs B CXeMax Ji, €,
K ONpeAeNsieTcs TEMU Ke YCIOBUIMH, UYTO U B cXxemax 0, B, T.

B cxemax 3 u M MMoKazaHO KakUM 00pa3oM MPUCOETUHSETCS OTXOSAIIas BO3AYIIHAS JIMHUS
CPaBHHUTEIHHO OOJBIION ITHUHBIL.

Cxembl 1-9 MoctukoBbie cxembl. Cxema | mpuMeHsieTCa PeAaKo, KOrjaa MNpeaoXpaHUuTEeTu
o0ecreynBa0T HE0OX0AUMYIO YYBCTBUTEIIBHOCTD M CEIIEKTUBHOCTD 3aIIUTHI.

Cxema 2 monyuyniaa HIMPOKOE PACIPOCTPAHEHHE W IMPUMEHSETCS I aBTOMAaTHYECKOro
CEKLMOHMpOBaHMs Ha npomexyTouHbIX 11C Ha yuacTke aymHoi okono 50 kM B cetax 110 kB u 100




kM B ceTsx 220 kB. OnHako u3-3a Hanuuuda pazbeauHuTeneil B uensx BJI npu ycroitunBoi aBapuu
nutaromeit BJI nmpu onnom tpanchopmarope IIC noaHOCThIO 00€CTOUNBACTCS HITH TEPSET OJUH U3
IBYX TpaHC(hOpMaTOpOB, YTO B pAJE CIydyaeB TAKKe HENOMYCTHMO (Korza (akTHdeckas 3arpyska
TpaHcopmaTopa NpeBbIIIaeT MPOSKTHYIO U OCTaBLIMIICS B paboTe TpaHchopMaTop ¢ meperpy3Koil B
40% He obecrnevmBaeT B MEPHUOJ] aBapUHM MAKCUMYM Harpy3Kd WJIH €CThb 0CO0O OTBETCTBEHHBIC
noTpeOuTenn).

ITpumenenue B nensax BJI paspennHuTenel ¢ AMCTaHIMOHHBIMYU IPUBOAAMH, BKIIFOUEHHBIMU
B LMKJ aBTOMAaTUKU (cxeMa 3), Jenaer CXeMy aBTOMAaTHYECKOM M MCKIIOYAeT OIMNHUCAHHYIO
aBapUIHYIO CUTYallMIO, a TAKXKE OIIMOKH IIEpCOHANA IPU PYYHOM ONEPUPOBAHUY Pa3beIUHUTEISIMU.
B nanpHeiimeM ¢ 0CBOEHUEM BBIKJIIOYATENICH HArPY3KH MX YCTAaHOBKA B IIETIAX TPaHC(HOPMATOPOB
CHU3UT  KOJHMYECTBO  IEPEPBIBOB,  OINPEAEIAEMOE  OTHOCUTEIBHO  BBICOKOM  YIEJIBHON
MOBPEXIAEMOCTBIO OTHeNuTeNed, u yckopuT nuki AIIB npu aBapuu ¢ Tpancopmaropom (Bpemst
cpabatsiBanus O] 0,5-0,3c; Beikmtouarens Harpysku 0,12-0,1c¢). Takum oOpasom, B naibHeieM
PEKOMEHTyEeTCsl cXeMa 3 BMECTO CXEMBI 2.

Cxema 4 pexkomenayercs g oguHO4YHOW BJI ¢ IBYCTOPOHHMM NHTaHUEM U TPAH3UTOM
MotHocty npu Hanmuuuu OAIIB umu B xonoanom kimMare npu orcyrersun O/l tuma XJI. Ilpu
PEBU3UM JFOO0TO BBIKIIIOUATENS BKIIOUACTCS PEMOHTHAS NI€PEMbIUKA. Y YUThIBast HEAOCTATKU CXEMBI
PEKOMEHIIYIOT B psiJie ClIy4yaeB, OCOOCHHO TpH OTBeTcTBeHHOM mnorpedutene na CH wnm HH,
IIPUMEHSTh CXEMY KBaJpaTa.

Cxema 5 (mBoitHON MocTuk) mnpumensercs B cersax 110 kB npu HeoOxomumoctu
IIPUCOEAVHEHNS TYNIMKOBOM Uiy oTBeTBUTENBHOM IIC ¢ ogHol paguansroit BJI ninu npu Hanuuumn
TpaH3UTa, JOMYCKAOLIErO0 pas3pblB MpPH OTKIKOYEHHUHM paauaibHo BJI m Ha mnepuon peBu3un
BBIKJIFOYATEJIS.

C ocBoenueM BoIkItouatesneit Harpy3ku 220 kB cxema 5 Tak:ke MOKET ObITh UCIIOJIb30BaHa B
cersix 220 kB B ciyvasx, korna He Hameuaetcs pacmupenue 3o [1C u korna I1C, nuTaromasics no
panuaneHOi BJI, nmeeT BTropoe nutanue. Hannuue B cxeMe TOJIBKO ABYX BBIKJIFOYATEIEH JIEJIaeT €€
UCKJIFOUUTENIbHO SKOHOMUYHON U HaJIeXKHOH ( IPpU KOPOTKOM 3aMBIKaHWU Ha JIt000# nurtatomieit BJI
1 OTKa3e BBIKJIIOYATENsl MUTaHue NOTpeOuTeNnel coxpaHsieTcs OT BTOPOro Tpanchopmaropa).

Cxema 5 Ha 220 kB mn3-3a yKa3aHHBIX OTpaHMUYMBAIOLIMX YCJIOBHMH HE BKJIKYEHA B YHCIO
TUIIOBBIX.

Cxema 6 (mpumenuMa B ceTsix 110 u 220 kB) npumaer cxeme 5 aBTOMaTUYHOCTb 3a CUET
ycTaHOBKHM B uensx BJI pazpeaunHuTteneil ¢ AMCTaHIMOHHBIM MIPUBOAOM , BKIIIOUEHHBIM B IIMKII
aBTomMatuku. Ilocime ocBoeHus BbikitouaTtenell Harpy3ku 330 kB ¢ ycraHOBKOM HMX B Lemsax
TpaHc(hopMaTOpOB BO3MOXKHO MpuMeHeHne cxeMbl B ceTsax 330 kB u MOXHO OyJeT OCyIeCTBUTH
cxeMy 7, aHaJIOTn4Hyto 6 1 npumeHnumyro Ha Tpan3utHo# 11C B cersix 110-330 xB.

Cxembl 8 1 9 (TpoitHON MOCTHK) OTJIMYAIOTCS TEM, YTO MepBas MpeJHa3HaueHa /Ui TONapHO
napajuienbHbix BJI, a BTopas npu Hanmuyuu, KpoMme Tpan3utHou BJI, eme nByx paguansHbix BJIL

[Ipumepsl cxem MOJCTaHIMM Ha HU3IIEM HAIpsKEHWH NpuBeAeHbl Ha puc.4.2. Ha Husmem
HanpspkeHnu 6-10 kB moacraHumii, Kak IpaBWIO, MPUMEHSAETCS OJMHOYHAS CEKIIMOHUPOBaHHAs
CUCTeMa IIMH C pa3/ieiabHol paboToi cexiuii. CHHXpOHHbIE KOMITIEHCATOPHI U 0aTapen CTaTHUYeCKUX
KOHJIEHCATOPOB HEMOCPEICTBEHHO BKJIIOUAIOTCS HAa CEKLUHU HuU3LIero HampsbkeHus. Ha Husmem
HanpsDKEHWM MOTYT YCTaHaBJIMBATbCS PEAKTOPbl M JIpYyroe 0oOOpyJIOBaHHME ISl PEryIUpOBaHUS
HapspKEeHUs, orpaHuueHus Tokos K3.

TeXHUKO-2KOHOMHYECKOE CpPaBHCHUC BApUAHTOB MPOU3BOJUTCA B [IBA 3TAlla.

Ha mepBoM »5Tame BapWaHThl C OJMHAKOBHIM HOMHHAIBHBIM HANpsSHKEHUEM CeTel
CPaBHUBAIOTCS 0 HaTypaJbHBIM IOKa3aTensiM. Hampumep: mo AJMHE JUHUIA; MO UIMHE TPacce
JWHUI; TO NPOTSHKEHHOCTH JBYXICIHBIX JIMHWHN; YHUCITy BBIKIIOYATeJIed Ha MOJCTAHIWH; IO
BEIMYMHE HAWOOJbIIEH NOTEpU HANPSDKEHHS, HaJEKHOCTU 3JIEKTPOCHAOKEHUS MOTpeOHTeNei;
Mo THOKOCTH CETH, T.€. BO3MOXHOCTH IIPOM3BOJICTBA MEPEKIIOYCHUII 0€3 TMepephlBOB B
AJIEKTPOCHA0KEHUN ¥ BOZMOKHOCTH JTaIbHEHIIIET0 PAaCIIUPEHHUS CETH.



Bapuantel cxeM ¢ pa3HbIMHM  HAOpsSOKEHUSIMH  CPAaBHUBAIOTCSI € YYETOM
KaIUTaJIOBIOKEHUI.

[Totepu HampsKeHHs MPU NpPEIBAPUTEIHLHOM aHAIM3€E, KOT/a elle He BhIOpaHbl CeueHUs
JIMHUI, MOKHO HalTH, UCXOAS U3 CPEIHUX 3HaueHUH conpoTusieHuil BJI. AkTuBHOE ynenbHOE
conpotusnenue JIDII 35 kB pasno 0,8-0,2 Om/xm, mis JIDIT 110xB 0,4-0,1 Om/xm, ms JIDIT 220
kB okomno 0,1 Om/km. YaensHOE MHAYKTUBHOE compoTtusienue ains BJI 35-220 kB npumepHo
paBHo 0,4 Om/kM. CunTaercs, 4TO yJIOBIETBOPUTEIbHbIC YPOBHU HANPSXKEHUS HA TTOHUKAIOIINX
MOJICTAaHIUAX IOJIY4AIOTCs, €CJIM B HOPMAJIBHBIX PEeXUMaX MOTEPU HANpPSIKEHUS B CETU OJHOTO
HanpspKeHUs He mpeBocxoasT 15%, a B mocneaBapuitHbIX pexkumax - 20%.

4.2. BpiOop ocHOBHOro OOOpYIAOBaHHUS U OMpPENEICHHE TEXHUKO-IKOHOMHUYECKUX
IIOKa3aTesen

DKOHOMHMYECKOE CEUYEHHE MPOBOJIOB U JIMHUI 3JEKTpoliepenayu HampsbkeHueM 35-220 kB
OTIpEeJIeNICeTCS] HA OCHOBE HOPMUPOBAHHON SKOHOMUYECKOH IIIOTHOCTH TOKa/5/:

Fox =latifjox, 4.2)

rae - Ga3ucHBIM TOK, ONpenesieMbIi 10 MaKCUMAaJIbHON Harpyske 5-ro roja
IKCIUTyaTalliu;  Olj- TIONMPaBOYHBIA KOA()(DHUIMEHT, YYUTHIBAIOIIMNA W3MEHEHHE MaKCHMaJIbHOU
TOKOBOW HAarpy3kd IO rojaam 3a paccmarpuBaembiii neproxa (0,6-1,4); Jox - DKOHOMHYECKast

IJIOTHOCTD TOKA.

JluHaMuKka M3MEHEHHUs Harpy3ok IO rojaMm, Kak IpaBWIO, B KypCOBOM IIPOEKTE He
yuuthiBaetcs. [loaToMy 3HaYeHHE OMTPABOYHOTO KO3 (HUIIMEHTa MOKHO MPUHSTH PAaBHBIM 1.

BenuunHa SKOHOMMYECKOM IUIOTHOCTM TOKAa 3aBUCUT M OT MPOJOJDKUTEIBHOCTH
WCIOJIb30BaHUsl HauOOJIbIIeH Harpys3ky, 3Hau€HHUE KOTOPOH MPHUBOJIUTCS B 3aJaHUM Ha KypPCOBOM
IIPOEKT.

B coorBercTBUM C SKOHOMHMYECKHM CEUEHUEM BBIOMpAETCS CTaHJapTHOE Omrpkaiiiee
ceyeHre MpoBoaoB. Ecnu ans BblOOpa CTaHIAPTHOTO CEYEHHUS BOCIOJIb30BAaThCS JIaHHBIMHU
npuioxenus [1.1, To He moTpeOyeTcst NpoBEPATH MPOBOJIA MO YCIOBUSAM KOPOHBI. DTO 00bICHAETCS
TE€M, YTO MHUHHMMAJbHBIE ceueHus NpoBonoB B II.1 mpuBomsATCS € yd4eTom yCIIOBUS OTCYTCTBHS
KOPOHHPOBAHHUS MTPOBOJIOB TP CPEAHEIKCILTYATAllMOHHBIX KIMMAaTHYECKUX YCIOBHUSX.

PexomeHyeTcst NpoBepuTh BhIOpaHHBIE IPOBO/IA IO HATPEBY B MOC/ICABAPUNHBIX PEXKUMAX
COTJIACHO CBEIECHUAM U3 npuiioxenus [1.1.

B 1gaHHOM KypcoBOM MpOEKTe HE NPOM3BOJUTCA BBIOOp OIpENEIEHHBIX THUIIOB
BbIKTIOUareneil. JIns OneHKM CTOMMOCTH $4Y€eK BBIKJIIOYATEIe MOXHO BOCIOJIb30BaThCS
CBEACHMUSMM U3 npuioxenus 11.3.

Br16op xonmdecTtBa TpaHcpopMaTopoB (aBTOTpaHC(HOPMATOPOB) 3aBUCUT OT TpeOOBaHUI K
HA/IKHOCTH DJICKTPOCHAOKEHUSI MUTAIOIIUXCA OT MOACTAHIMIA moTpeduTeneil u siBisercs, T.O.,
TEXHUKO-DKOHOMHUYECKOH 3a1aueil.

Ha noacranuusx ¢ Beicinm HamnpsbkeHneM 220 kB 1 Bblllle, Kak IpaBUiIo, yCTAHABINBAIOTCA
aBTOTpaHCPOpMaATOPHl, OOIAAONINE PSAAOM MPEUMYIIECTB MO CPaBHEHHIO ¢ TpaHChOopMaTopaMu
(MeHbIINE Macca, CTOUMOCTb U IIOTEPU IIPH TOM 7K€ MOLIHOCTH).

B mpakTuke mpoeKTUpOBaHUs Ha MOACTAHLUSAX BCEX KaTErOpuil mperycMaTpuBaeTcs, Kak
MIpaBWJIO, YCTaHOBKa IBYX  TpaHchopMmaTopoB  (aBTOTpaHchopMaTopoB). MoIrHOCTh
TpaHcGopMaTOpOB BbIOMpaeTcs Mo Harpyske 5-ro roja SKCIUTyaTaluu MOJACTAHIIUU, CUMTAas C rojaa
BBO/Ia TPAHC(OPMATOPOB.

Hcxond n3 1onyCTUMOM Ieperpy3ku Ha Bpemsi MakchuMyMa Harpysku Ha 40 % , MOIHOCTh
KaX/10T0 M3 JBYX TpaHchopMaTopoB BeiOMpaeTcs paBHOM 0,65 - 0,7 MakcUManabHOH Harpy3ku
MOJICTAHIMHU Ui 0OECHeueHUs MUTaHUusl BceX IOTpeOUTened mpu aBapUHHOM BBIXOJE OJHOTO
TpaHcdopmaropa. B aBapuiiHbIX pexuMax MacisHbIE TpaHC(POPMATOPbI JOIMYCKAIOT
KpaTKOBPEMEHHbIE NEpPErpy3kd CBEpX HOMUHAIBHOTO TOKa HE3aBHUCHUMO OT BHJAa HX



OXJIQXK/ICHMS, TTUTEIbHOCTA NPEAIIECTBYIONIEH HAarpy3KH, TEMIIEpaTypbl OKPYKAIOIIEH cpeasl U
MeCTa YCTaHOBKH.

Ecmn kosddunment wHavampHOW Harpy3ku He Oonpme 0,93, Tto Thl momyckaioT B
TeueHHWe He Ooinee 5 cyTrok meperpy3ky Ha 40% cBepX HOMHUHAJIBHOTO TOKAa Ha BpeMs
MaKCHUMYMOB Harpy3ku OOIIEH NpOJIOIKUTEIBHOCThIO HE Oojee 6 4acoB B CYTKHU.

MouHoCTh  OIHOTPAaHCHOPMATOPHON  MOJICTAHLMU  ONpEAETSeTCs  MaKCHUMalbHOM
3arpyskoit Tpancdopmaropa (10 100%).

YcTraHoBKa Ha TpaHCPOPMATOPHOU IMOJICTAHLMHU OOJNBIIE JBYX TPaHCHOPMATOPOB MOMKET
MIPUBECTU K 3HAYUTEIILHOMY YMEHBLIECHUIO YCTAaHOBJIECHHON MOIIHOCTH U IOTEPh 3JIEKTPOIHEPTHUH,
OJTHAKO, TaHHOE MEPOTIPHITHE TPEOYET TEXHUKO-IKOHOMUYECKOTO 0OOCHOBAHHS.

Ha mnoxacraHumsx paccMaTpuBaemMoro IpOEKTa, KakK IPAaBWIIO, CIEAYET YCTaHABJIMBATh
noHmxaromue Tpanchopmaropst ¢ PITH.

Pacuersl mo onpeneneHuI0 CpaBHUTEIBLHOW AIKOHOMUYECKOH 3(h()EKTUBHOCTH KAaUTAIBHBIX
BJIO)KCHUH TPUMEHSIOTCA B 3JIEKTPOIHEPreTHYECKON OTpacid MPU COMOCTABICHUH BapHAHTOB
XO35MCTBEHHBIX WJIM TEXHUYECKUX PEUICHUH, pa3MEIICHUs MPEIIPUATHNH U UX KOMIUIEKCOB, IPU
pelIeHu  3a/1a4 10 BIOOPY B3aUMO3aMEHIIEMOM MPOYKIIUU, BHEIPEHUIO HOBBIX BUIOB TEXHUKH IO
CTPOUTENHLCTBY HOBBIX WM PEKOHCTPYKLUHU ICUCTBYIOMIMX MPEANPUATHH, BHIOOPY UX TapaMeTpOB U
T. 1.

[TokazarenemM CpaBHUTEIBbHON 3KOHOMHYECKON 3(Q(EKTUBHOCTH KAaMHUTaJIbHBIX BIIOKCHHUN
SIBJISIETCST MHUHUMYM TPUBEACHHBIX 3aTpar. [lpuBeneHHbIE 3aTpaTbl MO KaXJIOMY BapUaHTy
MIPEJICTABIISAIOT COOOM CYyMMY €KETOJIHBIX H3/AEPKEK MPOU3BOJICTBA (C€0ECTOMMOCTH MPOIYKIINH) U
KalUTaIbHBIX BIOKEHUU MPUBEACHHBIX K OJIMHAKOBOM Pa3MEPHOCTH B COOTBETCTBUU C HOPMATHBOM
3(PEKTUBHOCTH.

[IpuBenennbie 3aTpaThl 7 PaBHBIX [0 HAACKHOCTH BapUAHTOB OMPEACIAIOTCS IO
crenytomieit popmye:

3=E:K+HN, (4.2)

rae 3 — IpUBEIEHHBIE 3aTpaThl MO0 OJHOMY U3 paccMaTpUBaeMbIX BapuaHTOB; M —
€XKEroJIHbIe U3JIEPKKH MPOU3BOJICTBA (ce0eCTOMMOCTh MPOIYKIIMK) 10 BapuaHTy; K — cymMapHbie
KanuTaJIbHBIC BJIOKEHUS B CTPOUTENILCTBO 00BEKTa 110 BapuaHTy; EH — HOpMaTuBHBIN KOdDPuImeHT
3¢ (HEeKTUBHOCTH KalUTAIbHBIX BIOKEHUH.

[Tokazarenn K u I MOryT mOMEHSThCA Kak B IMOJHOW CYMME KallUTAJIIBHBIX BIIOKEHUN U
ce0ecTOMMOCTH TOI0BOI MPOAYKIIUU, TaK U B BUJAE YACTbHBIX BEIUUUH: yIeIbHBIC KalTUTAIbHbIC
BJIOKCHUS HA €MHUILY MPOIYKIIMH B C€0€CTOMMOCTh €IMHUIIBI TPOTYKIIUH.

W3 uucna TEXHUYECKH COIMOCTaBHUMBIX BAapHAHTOB MPEANOYTEHUE OTIACTCS BapHaHTy C
HaWMEHBIIMMH TTPUBEACHHBIMY 3aTpaTamMu. [Ipu oTiimunu BapraHnToB Ha 5% W MEHbBIIIE HEOOXOIUM
JIOTIOTHUTEILHBIA KaYeCTBEHHBIN aHAIN3.

3HaueHue NPUBEIEHHBIX 3aTpaT omnpeaensercs no @opmyne (1) nmpu yciaoBHH, 4YTO
KanuTalbHbIE BIOXKEHHS OCYIIECTBIISIIOTCS B TEUEHUE OJIHOTO T0Jla, a €XKETrOAHbIE H3ACPKKU
MIPOM3BOJICTBA OCTAIOTCS MOCTOSSTHHBIMHU 33 BECh EPHOJ] HOPMAJIbHOM dKCILTyaTallui, HOpMaTUBHBIN
kodpdutireHT 3(hHEKTUBHOCTH KAMUTATBHBIX BIOKEHUN B YHEPTEeTHUECKON OTpaciy MPUHUMACTCS
paBubM E; = 0,12.

Ecniu  comocrtaBmsiemble  BapuaHTBl ~ OOECIEUMBAIOT  PA3IMUHYI0  HAJEKHOCTb
ANEKTPOCHAOKEHUS, TO MPUBEIACHHBIE 3aTPAThHI ONPEEISIFOTCS CIEAYIOIUM 00pa3oM:

3=E,K+HU+Y, (4.3)

rae  Y— HapoJHOXO3SHCTBEHHBIHN yiiepO OT HeI0OTITyCKa AJIEKTPO3HEPTUH.

HaponHoxo3siicTBeHHBIN yIIepd ompenensieTcss Isd NOoTpeOuTenel BTOpPOM W TpeThe
KaTeropuu, KOTOPBIE IOMYCKAIOT IEPEPBIB B AJIEKTPOCHAOKECHUU.

3HavueHWEe NPHUBEIACHHBIX 3aTpar omnpenensiercs mo ¢opmyne (1) mpu ycioBud, UYTO
KanuTalbHbIE BIOXKEHHS OCYIIECTBIISIIOTCS B TEUEHUE OJIHOTO T0Jla, a €KETOAHBIC H3ACPKKU
MIPOM3BOJICTBA OCTAIOTCS MOCTOSTHHBIMU 33 BECh IEPHOJ HOPMAJIbHOM SKCILTyaTallui, HOPMaTUBHBIN
kod(pdutireHT 3(h(HEKTUBHOCTH KAMUTATBHBIX BIOKEHUN B YHEPTrEeTHYECKON OTpaCiIy MPUHUMACTCS
paBubM E; = 0,12,



B nuteparype npuBoAUTCS HECKOJIBKO METOJIUK MO ONPEAEICHUIO HAaPOIHOXO03SCTBEHHOTO
ymepba /3,5,9,10,11,12/. Hwmxke paccMaTpuUBAarOTCS OCHOBBI METOJUKH OIpeAeNeHUs yIiepoa,
paspaboranHoit B BI'TIM u HUM “OueproceTsnpoekT”. IT0 0gHA U3 MPOCTCHIINX METOJUK, HE
TpeOyYIOUNX 3HAHUS rpaduKa IEKTPUIECKUX HArPYy30K.

4.3. OnpezaencHue HAIG)KHOCTH CXEMBI U yIIepOa OT HEOOTITYCKa 3JICKTPOIHEPTHH

HaznexHOCTh 37eKTpOoCHA0KEHUsS TOTPEeOUTEIeH 3aBUCUT OT MHOXeCTBa (PaKTOPOB: CXEMBI
CeTH, KIIMMATUYECKUX YCIOBUH, YCTOWYMBOCTH, HAIMYHS PE3epBa MOITHOCTH HA 3JICKTPOCTAHIIHSIX,
paboThI yCTPOWCTB 3aIIUTHI M ABTOMATUKH U T. TI.

B kypcoBoM mpoekTe, Kak NpaBWIIO, JOCTATOYHO IPOAHAIM3HPOBATH CTPYKTYPHYIO
HA/ICKHOCTb.

[lpu pacuere XapaKTEPHCTUK HAJEKHOCTH CETH COCTABISIOT OJIOK-CXEMYy HaJeKHOCTH
OTHOCUTEIILHO TOYKH CETH, K KOTOPOU MOJKIIIOYAIOTCs oTpeduTenu. B obmiem cityyae 6510k-cxema
COJICPKHUT TOCIICIOBATEIbHBIC BETBH, MapaUIeIbHbIC M MOCTHKH. B mociemoBaTebHbIC BETBH
BKJIIOYAIOT TE€ DJIEMEHTBI, OTKa3 KaXJOr0 W3 KOTOPHIX NPUBOJUT K TPOCTOI OCTAIBHBIX, a
napajuieNIbHO COCAMHSIOT T€ DJIEMEHTHI, OTKa3 KOTOPBIX HE BEAET K OTKIIFOUCHHUIO IPYTUX. AHAIU3
HAQ/IOKHOCTH CXEMbI JIOIyCTUMO IPOBOAWTH 0€3 ydeTa HAAEKHOCTH pelieiiHON 3amuThl. B
OJIOK-CXeMy BBOJISIT OCHOBHBIC 3JICMEHTBI CETH: JIMHUSA, ThI, BEIKIIFOUATEIIH U T. 1.

B kadecTBE TEXHMYECKHX XapaKTEPUCTUK HAASKHOCTH HCHOIB3YIOTCA CIEIyIOIIue:
napaMeTp TMOTOKa OTKa30B (CpelHee KOJWYEeCTBO OTKA30B B Toa) ® , 1/roa; cpemHee Bpems
BOCCTaHOBJICHHS JJIeKTpocHa0xeHus Tg, et/ 0TKa3 u T.11.

CBeneHus 0 mapaMeTpax MOTOKAa OTKAa30B DJIEMEHTOB JJIEKTPHUYECKHX CETeH, O CpeaHeM
BPEMEHHU BOCCTAHOBJICHUS 3JIEMCHTOB JJIEKTPHUYECKUX CETEeH M CPEIHEr0I0BOM BPEMEHH TIAHOBBIX
MIPOCTOEB MPHUBEICHBI B IPUIOKEHUH 1 21eMeHTOB K09(h(DUITMEHT BBIHYKIEHHOTO MPOCTOS PAaBEH

N N
Ksnoc = z Kgi :ZTBi(’Ji , (4.4)
i1 i1

I7e  Oi-IapaMeTp NOTOKa OTKA30B 1 - IO A1eMeHTa, Tgi- cpeiHee BpeMsl BOCCTAHOBIICHUS 1-
IO DJIEMEHTA.

[Ipy napamienbHOM COEIMHEHUU 3JEMEHTOB KOI(PQGUIUEHT BBIHYKICHHOIO HPOCTOs
OTIPEAEIAETCS 10 BBIPAKEHUIO:

N N
Kpmapr = [ [Kei =] [ (Taion) (4.5)
i1 i1

s cxemsl (puc.4.4B) MUHUMaJIbHBIE CEYEHHS COCTOAT U3 neMeHToB (1,2), (4,5), (1,2,3) u
(3,4,5).

Koad¢uimeHT BoIHYXI€HHOTO MPOCTOs y371a B mpu nutanuu ot y3na A paBeH

Ke a= Kg1Ks2+ KgsKps+ Kpg1Kas2 Kas+ KasKesKas

HaponHoxo3sicTBeHHBIA ymiepOd OT TEpephIBOB dSJIEKTpocHaOkeHus: [-ro morpeburens
MO>KHO OTIPENIeIUTh MOCIIe pacuyera K03 duimeHTa BhIHYKISHHOTO MPOCTOs

a1 2 n B S Lt
| H }+-11} - L—Tn )
L 1 1
—_
I 4 2 1 B
2 5 y c

Puc.4.4. biiok-cxemsl 1Jid pacuera HaIe)KHOCTH
a - MOCJIeIOBATENIbHOE COCIMHEHNE, O - MapalljIeIbHOe COeIMHEHHUE, B - CXeMa MOCTHKA, T -
MUHHUMAJIBHBIC CEYCHUS JJISI CXEMBI (B).



V) =P Tn(Kg 218, + K, 8,6,) (4.7)

riue Pmaxi - MakCHMalbHOE 3HAYEHHE MOLIHOCTU MOTpeduTes; Tm - YUCIO YacoB
UCIOJIb30BaHUsT Makcumyma Harpy3kd; Kgi; Km - cpeaHue BEpOSTHOCTH aBapHMHBIX U
NpeHAMEPEHHBIX OTKJIIOUEHHI;0l - YIEIbHOEC 3HAueHHWEe yiiepba OT aBapuiHOrO OTrpaHHUYCHHS
DIIEKTPOCHAOKEHUS; €BI:EM - BEJIMYMHBI OTPAHMYECHUIN aBapMHHBIX U IUIAHOBHIX; [| -  yIEIbHOE
3HaueHue yiiepba npu npeaHaMepeHHOM OTKIIFOYCHUH.

B Ta6i1. 4.3 npuBeneHsl AaHHBIE 00 YAEIBHBIX yIIepOax MUl PasInYHbIX HArPYy30K.

Pacuernpiii romoBoW ymep®d OT aBapUMHBIX O W IUIAHOBBIX [3  OTpaHUYeHUN
aneKTpocHaO)eHus, pyo/kBt
Ta6nuna 4.3

€ ouE Bie o€ Bog o€ Bse
0.2 0.1 0.04 0.22 0.06 0.02 0.02
0.3 0.3 0.12 0.45 0.15 0.06 0.045
0.4 0.52 0.2 0.84 0.28 0.12 0.08
0.5 1 0.3 1.5 0.5 0.2 0.125
0.6 1.65 0.6 2.34 0.75 0.33 0.18
0.7 2.31 0.8 3.08 1.19 0.46 0.28
0.8 3.2 1.2 4.0 1.6 0.76 0.44
0.9 3.4 1.26 4.23 1.58 1.22 0.72
1.0 3.5 1.3 4.3 1.6 1.6 1

[Tpumeuanue: Harpy3ka: 1- mpombinuieHHas 60-80%, ObIT U chepa obcmyxuBanus 10-30%,
cenbckoxo3siictBenHas 5-10%; 2- mpomsbinuieHHas 70-90%, OvbIT u cdepa obciyxubanus 10-30%;
3-mpomerimierHas 20-40%, cenbckoxo3siicTBeHHas 60-80% .

5. PacueT cXeMHBIX H PECKUMHBIX MapaMETPoOB BblﬁpaHHle BapUAaHTOB CE€THU

5.1. PexomMeHaanuu Mo pacuyeTy OCHOBHBIX pabOUYUX PEKUMOB CETH.

Jlns oTOOpaHHBIX IO HATYpaJbHBIM IOKa3aTelsiM BApUAHTOB IPOBOAMTCS YTOUHEHHBIN
pacuer pexXMMOB U TEXHUKO-3KOHOMHYECKUE PACUEThI, YTO MO3BOJISET, APIyMEHTUPOBAHO BHIOpATh
HaWIydIlIdid BapuaHT ceTH, Ha 3Toil craguu pacueTsl NPOBOASTCS HE MO YCPEIHEHHBIM, a IO
(aKTUYECKUM 3HAUYEHUSM CONPOTUBICHUN JIMHUM, OMPEAETSIOTCS OXKHUIaeMble HANpsHKEHUsS Ha
IIMHAaX MOJCTaHIMN, MOAOUPAIOTCS OTBETBIEHHS TpaHcpopmaTtopoB u T. 1. [lapamerpsl pexnma
OTIPENIeNIAIOTCA JUI CIEAYIOIIMX XapaKTepHBIX CIy4yaeB: HOPMAJbHOI'O pEXHMMa HAMOOJBIIMX
Harpy3o0kK; HOPMaJbHOTO PEeKMMa HaWMEHBUINX Harpy3oK; HauOosee TsHKEJIoro mocjaeaBapuiiHOTO
pexuMa.

OCHOBOM pacyeToB SBISAIOTCS CXEMbl 3aMEIICHUS DJJIEKTpUYecKoM ceTH. (CXeMsbl
COCTABJISIFOTCS MaKCHUMAaJIbHO MPOCTBIMH, HO C MOJAPOOHOCTBIO JOCTATOYHOM JUIsl BBIIOJIHSIEMOTO
pacuera. Tak mo pacueTHOM cxeme puc. S5.1B ompenensieTcss MOTOKOPACHPEACIICHUE, IMOTEepU
MOIIHOCTH B JIMHUSAX C€TH, NoTepu HampspkeHus B JIOII u T. n. [{ns ompenenenns oTBETBICHUS
TpaHCPOPMATOPOB JIOCTATOYHO COCTABJICHHE CXEM, KOTOPbIE aHAJIOTUYHBI CXEMe INpeACTaBIEHHOM
Ha puc. 5.16.

[Ipu aHanu3e pEeXUMOB IMOTEPU MOLIHOCTU JIOMYCTUMO OMNPEAENATh MO HOMHUHAIbHBIM
HaIPSHKEHUSIM.

[Totepu mMoutHOCTH B TpaHchOpMAaTOpax BEIYUCIAIOT 10 GopMyiam:

ASt = APy + JAQT;SpT =SH — JQky



2
SHTllT

nUpyom
S%{TXT
AQy = — nAQxx
nUyom
rie SHT - Harpy3ka TpaHCHOPMATOPOB , N- YHCIO MAapajuICIbHO PadOTAFOIINX

tpanchopmaropoB, UHom - HOMHHAIBHOE HampsbkeHue, Rrt, X7 - aKTUBHOE M PEAKTHUBHOE
conpoTuBiieHus Tpanchopmaropa, APxx, AQxx - aKkTUBHBIC U PEaKTUBHBIE TTOTEPU XOJIOCTOTO X0/1a
Tpancdopmaropa.
[Totepu monHOCTH B JIDIT BRIUUCISAIOT CIIEAYIOIIMM 00pa3oM:
2 2
S“R . S°X
J J
+
2 U2
HOM HOM
rae S- mougHocTh, nepemaBaeMas no JIOII, Ry u Xy - akTMBHOE M MHIYKTUBHOE
conpotusnenus JIOII.

(5.2)

['enepanus peaktuBHOI MomHOcTH JIDII paccunTsiBaercs o Gpopmyre:
Qc=bolLU?, (5.3)

rae bo u L- ynenbHast eMkocTHas npoBoauMoctb U juinHa JIOII. Takum obOpazom, mocie
pacuera morepb U re"epauuu momuoctd B JIOII u moreps B TpancdopmaTopax MOKeT OBITH
orpeJiesieHa TPUBEACHHAS MOIIHOCTH 1 - TOW HAarpy3KH M mpeodpa3oBaHa cxema puc. 5.10 k Bumy

puc.5.1B.
al,
W W —p—
L
T1.1 T1.2 T21
Syz
6 : .
]hrEZ"” : Zwl __Zw?
A T T]Q
Z _Qw-l . '
Z =5 Sul Suz

5u1
Puc. 5.1. CxembI 3aMenieHns CeTH

N
§LHI = §‘HI + A§ﬁ“l - JZ% = JQxkyr1» (5.4)
1=1

riae AST| - moTepu MOITHOCTH B TpaHC(hOpMaTopax,
N

Q
y Sa

I=1
Qxy - MOIITHOCTh KOMIICHCUPYIOIIUX YCTPOUCTB.

B pexxuMme HauMEHBIIMX Harpy3oK CIeAyeT MPOBEPUTH OajaHC PEaKTHUBHOM MOIIMHOCTH. B
cjydac I/I36BITKa peaKTI/IBHOI\/'I MOIIMHOCTU BO3MOKHO OTKIIOYCHHUC YaCTU KOMIICHCHPYIOIIUX
YCTPOMCTB.

- TeHepaIs peakKTUBHOM MOITHOCTH B JIMHUSX MOIXOAIIUX K - TOM moacTaHIuy,



Pekomenayercsi pacdyer HamOojee TSKENbIX [OCICaBapUMHBIX PEXKHUMOB: OTKIIOUYEHHE
JTUHUH, KOMICHCUPYIOMIMX YCTPOUCTB U T. 1. [lo Hanbomee “TskeNbIM™ TOHUMACTCS PEXUM, TIPH
KOTOPOM BO3MOYHBI HAaUOOJIbIIINE CHIYKEHUS HAMIPSKEHUS HA TTOHUKAIOIIUX MOCTaHIIMSIX.

5.2. OOecnieueHue HOPMATUBHBIX OTKJIOHEHMM HAIpsDKEHHUS HA IIMHAX BTOPUYHOIO
HanpsHKeHUs OJCTaHIUM TPOEKTUPYEMOIl ceTH

EnMHCTBEHHBIM [TOKA3aTeJIEM KaueCTBA, KOTOPHII OLIECHUBAETCS B IaHHOM IIPOEKTE, ABJISETCS
otkionenue HanpspkeHuss. [OCTom (I'OCT 13109-97). Hopmbl kauecTBa 2IEKTPUIECKON SHEPTHH B
cHCTEeMax DJIEKTPOCHA0)KEHUSI OOIIEero HasHadyeHus. Onekrpuyeckas sHeprus. COBMECTUMOCTD
TEXHUYECKUX CPEJACTB 3JIEKTPOMAarHUTHAs) YCTAaHOBJIEHbl JOCTAaTOYHO JKECTKHE TpeOOBaHUSA K
OTKJIOHEHUSIM HAIPSKEHMSI HAa 3aKUMaX 3J1€KTPOIPUEMHUKOB.

Jlns BBITTOTHEHHWST STUX TpeOOBaHWM HampspkeHWe Ha mmHax 6-20 kB moacraniumi
HE00XO0IUMO TMOIICPKUBATH OIMPEICIICHHBIM 00pa30M MPH W3MEHEHUH Harpy3KH.

OOBIYHO OTKJIOHEHUS HAINPSDKEHUS BBIPAXKAIOTCS B IPOLIEHTAX HOMUHAJIBHOTO HANPSKCHUSL:
U,-U
%100, (5.5)

H

rae Ui - HanpspkeHue B y3ine [-Toit cetn, Uy - HOMHUHAJIBHOE HANPSKEHUE CETH.

Ha mmHax BTOpUYHOro HaNpsKEHUs MOHMKAIOIIMX MMOACTaHIUHN B Cy4yae HE0OX0IUMOCTU
o0ecreynBaeTcsl BCTpEYHOE peryJupoBaHue HalpsbkeHus B mpenenax ot 0 1o +5% HoMHHaIbHOTO
HaNPsDKCHUS CeTU. B meproapl CHUKEeHUs1 cyMMapHoii Harpy3ku 710 30% u HIbke OT ee HanOoJbIIen
BEIMYMHBl HANpsHKEHME Ha IIMHAX JOJDKHO IIOJIEP)KUBAaThCS HAa YPOBHE HOMHHAIBHOI'O
HanpspKEHUs ceTH. B mepuoibl Harpy3Ku HalpspKeHHE Ha HIMHAX JI0JKHO MIPEBBIIIATh HOMUHAJIBHOE
HanpsDKeHWe CeTH He MeHee 4eM Ha 5%, JIOIMyCKaeTcsl IOBBIIIEHHE HANpsDKeHUs Ha IIHMHAX
BTOpUYyHOro HampsbkeHust A0 10 %, eciu mpu ATOM OTKJIOHEHHUS HAmpsDKEHUs OirpKalImmx
notpeOuTeneil He MpeBBICUT HauOoJbIeH BeaMuuHbI, qomyckaemoil I1YD. B mocneaBapuifHbIx
pEeXHUMax MPH BCTPEUHOM PETYJIMPOBAHUN HANPSHKEHHE Ha IIIMHAX HU3IIETO HAMPSKEHUS HE TOJIKHO
OBbITh HUKE HOMUHAJIBHOTO HANPSKEHUS CETH.

B kayectBe cHneuManbHBIX CPEICTB PETryJIMpPOBaHUS HANPSDKEHUS  HCIOJIb3YIOTCA
CrelMabHbIe TPaHC(HOPMATOPHI C PEryJINPOBAaHUEM HANPSHKEHUS [O] HATPY3KOil.

Ecin u3BECTHO TNpUBEIEHHOE K BBICOKOW CTOpPOHE HAIpsHKEHME Ha IIMHAX HU3IIETro
HanpsokeHus moAacTaHmud Uy, TO MOXKHO ONpeNenuTh Heo6XomuMoe (PacueTHOE) HANpsKEHHE
PEryJIMpOBOYHOTO OTBETBJIECHUS TpaHCPopMaTopa:

Vie, =

U
Ugy = _H-HH (5.6)

U HX

raie  Unn- HOMHHAJIbHOE HampsbKeHHe OOMOTKM HU3ILIEro HamnpshKeHHUs TpaHcopmaTopa,
Unx - HampspbkeHue, KOTOpoe HeOoOXOAMMO MOJAECPKUBATh HA IMHAX HH3IIEr0 HAIMpPSDKEHHS B
pasnuuHbIX pexkuMmax pabotsl cetH (1,05 Uy - B pexkxume Haubonbiiend Harpy3ku U Up - B pexume
HaUMEHBIIEH HArpy3KH U B MOCIICaBapUHHOM PEXUME).

Jns ceteli ¢ HOMMHAJIBHBIM HarnpshkeHHeM 6 KB HeoOXxoaumMble HanpsbkeHus paBHbI 6,3 kB - B
pekuMe HauOOJIBIINX HAarpy3oK, 1 6 KB - B pexyMe HaMMEHBIINX Harpy3oK M B IOCII€aBapUHBIX
pexumax. [ cereil ¢ HOMUHaNBHBIM HanpspkeHueM 10 kB cooTBeTcTByromMe 3HaYE€HNs COCTABST
10,5 u 10 xB.

B cnywae tpancdopmaropo ¢ PIIH nmeercs BO3MOKHOCTb HU3MEHSITh PETyJIHPOBOYHOE
OTBETBJIEHHE 0e3 OTKIIIoYeHHs TpaHcpopmaropa. [loaTomy criemyeT ONpeAenuTbh HANpsKEHHE
PEryJIMpOBOYHOIO OTBETBIICHUS OTAEIBHO I PEKUMOB HanOOJIbIIEH U HaUMEHbIIeH Harpy3ok. Tak
KaK BpCMsI BOSHUKHOBCHU aBapHﬁHOFO pexxrumMa HCU3BECTHO, TO 6yneM CUMUTaTh, YTO OH BO3HHUKACT B
HauOoJiee HeOIaronpUsATHOM ciIydae, T. €. B IepHoj HauOOoIbIIUX HArpy30k. C yueToM CKa3aHHOTO
BBIIIC pAaCUETHOE HAIPSDKEHUE PETYIMPOBOYHOTO OTBETBIICHUS TpaHchopmaTopa OyIeT paBHO:

JUI PeKUMa HauOOJIBIIMX HAarpy30K



IJ’I-IMAI('C[]HH . (5.7)

UBHMAKC = U ,
HMAKC
JJIS pe;nga HAaNUMCHBIINX Hany30K
’
U _ Upvn Unn ) 58
BHMUH = 1y ; (5.8)
HMUH
JJISA nocneaBapHﬁHoro pe}KI/IMa
! U
_ YHIn YHH
U == (5.9)
HIA

OO003HAaYMM HANpsHKCHUE BBHIOPAHHBIX PETYJIMPOBOYHBIX OTBETBJICHUH ISl PEXKUMOB
HauOOJBIINX M HAMMEHBIIUX HArpy30K cooTBeTcTBeHHO uepe3 Upnpmakc # Upnavun. Torma

,HeﬁCTBHTeHLHbIe HaIIPsAKCHUSA B PEIKUME HanOOIBIINX Harpysok

Uj U
UH{MAKC
B PEKMME HAMMEHBIIUX HArPYy30K
I U
U BH/MUH
B [IOCJICABAPUITHOM pEXKUME
um U
Upyp =1 ZHH (5.12)
U HU—TA

OnpeﬂeneHHHe TaKUM 06p330M 3HAYCHHUA HAIIPSKCHUA MOACTaHITUMN CpaBHHUBAKOTCA C

KCJIAaCMBIMU 3HAYCHUAMMA HAIIPSAKCHUA.



Tpunoowcenus

Homyctumast

Taomuua I1.1.2

JUINTENIbHAs ~ MOIIMHOCTh IO  HAarpeBy  BO3AYILIHBIX
CTaJleallOMUHUEBBIMU ITpoBoAaMH 1ipH t=+20 C, MBA

CeucHue, Kiacc nanpsixenus, kB

MM 35 110 150 220
35 10,7 - - -
50 14,0 - - -
70 17,5 - - -
95 21,4 67,0 - -
120 24,1 75,8 107 -
150 28,2 88,8 125 -
185 32,7 103 145 -
240 - 122 171 244
300 - 142 199 276
330 - - - -
400 - - 242 346
500 - - - 388
600 - - - 440

I[J'II/ITGJIBHBIe AO0IMYCTHUMBIC TOKOBBIC HAIrPy3KHW Ha I'OJIBIC CTAJICAIIOMUHHUEBBIC IIPOBOJAa BHC

nomMenienuit npu t=+20 C
Tabmuua I1.1.2

JINHUH

S, MM?2

35

50

70

95

120

150

185

240

300

330

400

500

600

Tok, A

175

210

265

330

380

445

510

610

690

730

835

945

1050




I1.2 Tlokazarenu HaIEKHOCTH JIEMEHTOB AJIEKTPUUECKUX CETEH

HapaMeTpLI IIOTOKAa OTKa30B 3JICMCHTOB 3JICKTPHYCCKUX CCTCI>'I, I/I‘OI[

Taomuua I1.2.1.

OnemMeHT Hanpsokenue, kB

220 150-110 (35
Bozaymneie nuauu (Ha 100 km):
OJIHOLIEITHBIE 0,6 1,1 1,4
JBYXIICMTHBIC, OTKA3 OJTHOM ILIETIH 0,5 0,9 1,1
OTKa3 JIBYX Ienei 0,1 0,2 0,3
Tpanchopmarops! u 0,02 0,02 0,01
aBTOTPaHC(HOPMATOPBI
Bo3znyiiHbIe BRIKITIOYATEIIH:
B 1iernsax BJI 0,15 0,1 0,08
B JIPYTUX IEMAX 0,06 0,05 0,04
MacasHple BRIKIIOYATCITH
B uerax BJI 0,07 0,03 0,02
B JIPYTHX IETISIX 0,01 0,01 0,01
COopHbIe MUHBI (HAa TPUCOCTUHECHHE) 0,01 0,01 0,01
OTenuTeN U KOPOTKO3aMBIKATEITN 0,01 0,01 0,01
Paswenuaurenu 0,01 0,01 0,01

Cpe[[Hee BpEMA BOCCTAHOBJICHUSA 3JICMCHTOB 3JICKTPUUCCKUX

cereit Ts 107, ner/otkas

Tabmmmna I1.2.2.

OneMeHT Hanpsixenue, kB

220 110 35
Bo3zaymneie nuHu:
OJIHOILIEITHBIE 11 1,0 1,0
JBYXIIEMTHBIC, OTKA3 OJTHOM IEMTH 0,2 0,4 0,8
JBYXIIETHbIE, OTKA3 JABYX Lenen 4,0 3,0 2,5
TpaHc(hOpMATOPhI U aBTOTPAHC(HOPMATOPEI 80 60 45
Brikmrouatenu 4.8 2,8 1,3
OTaenureny 1 KOPOTKO3aMbIKATEIN 0,4 0,4 0,4
COOpHBIC TIHBI 0,4 0,25 0,25
Pasbenenurenu 0,3 0,2 0,2

[Tpumeuanus: 1. CpeaHee BpeMsi BOCCTAHOBIIEHHUS TOBPEXAEHHOW (a3bl 0gHO(A3HOTO
TpancopMaTopa (IIpH YCTAHOBIEHHOW Ha ITIOICTAHIIMH pe3epBHOil (ase) cocrapmser 1,1x 103
net/oTka3. 2. Bpems BOCCTaHOBJIEHHUS 3JEKTPOCHAOKEHHS MpPU MOBPEXKACHUHU BBIKIIOUATENeH B
cxemax ¢ ob6xomHoi cuctemoii 0,06x10°% mer/oTkas, a B cxeMaX MHOTOYTONbHHKA, MOTYTOPHBIX H

MocTrkoBbIxX 0,03x107 et/oTKa3.

CpenHeroioBoe BpeMsl MpPEeIHAMEPEHHBIX MpocToeB Ha oaHy BJI wim Ha enuHuIly

06opynoBaHus qn x10°
Tabmuna I1.2.3.

DJIeMEeHT Hanpsixenue, kB

220 110 35
Bo3ayminelie nuanm 7,0 5,0 4.0
Tpancdopmatops! 1 aBTOTpaHCPOPMATOPHI 8,5 7,5 6,0




Bo3znyniHble BeIKITIOUATENN 20,0 10,0 5,0
MaciasHble BBIKIIOYATEIN 8,5 6,5 2,0
COopHbIe HIUHBI (Ha OHO IPUCOCTUHEHHE) 0,4 0,2 0,2
Passenuaurenu 0,3 0,2 0,2
OTaenuteny 1 KOPOTKO3aMbIKATEIH 1,0 1,0 1,0

I1.3. IlapaMeTpbl KOMIEHCUPYIOIINX YCTPOMCTB

KoMruiekTHbIE KOHIEHCATOPHBIC YCTAaHOBKH

Ta6muua I1.3.1.
Tun Shom, Ucnionaenune Ilena, py0.

KBap

KVe6-1 330 BuyTtpennee 1450
KVY6-2 500 2010
KV10-1 330 1480
KVY10-2 500 2050
KYH6-2 420 HapyxHoe 1780
KYHI10-2 400 1710
KVY6-1 ¢ bPB-1 330 Buytpennee, c bPB 1540
KVY6-2 ¢ BPB-1 500 2100
KVY10-2 ¢ BPB-1 330 2140
KVY10-1 ¢ BPB-1 500 1570
YK6-450 450 BryTpennee 1760
YK10-450 450 1760




CHHXPOHHBIE KOMITEHCATOPHI
Ta6muna I1.3.2.

CroumocTs, ThIC. pYO.

Tun SHOM, UHOM’
MBA |[kB KOMIIEHCATOpA | pacuerHas

KC-10-6VY3 10 6,3 55 110
KC-16-6Y3 16 6,3 65 140
KC-16-11V¥3 16 105 [72 140
KCBB-50-11 50 11 162 350
KCB-100-11¥1 100 11 264 660
KCCB-160-15V¥1 |160 15 410 1000
KCBB-350-20 350 20 850 1700

Konngencaropusie 6atapen
Tab6muna I1.3.3.

barapeu ¢ kongencaropamu Tuna KCA-0,66-20
Usom, KB | MominocTs, MBap Pacuernas cro-
YCTAHOBJICHHAsI | pacmojiaraeMasi | UMOCTb, TBIC.py0
10 53 3,4 39
6 3,4 1,9 27
barapeu ¢ konnencaropamu Tunma KC2H-0,66-40
Usom, KB | MominocTs, MBap Pacuernas cro-
yCTaHOBJICHHAs] | pacriojaraeMasi | HMOCTb, ThIC. py0
10 10,6 6,7 67
6 6,7 3,8 44

Pacmiomaraemas

HecooTtBeTcTBHE

yCTaHOBJ'ICHHOI\/’I n

pacnojaraeMou

MOIITHOCTb KOHACHCATOPHBIX 63Tapefl IIpUHATA

MOIIIHOCTHU

IIpu HOMHUHAJIBHOM HAIIPAKCHUU.

Garapeit

o0BsCHSIETCS

0COOCHHOCTSIMH KOMILJICKTaMU KOHACHCATOPOB B 6aTapee, T'JITaBHBIM O6p830M Tpe6OBaHI/IeM

obecrnieueHUs HaaACKHOCTHU pa60TBI 6aTapeI/I B OCJIOM ITPpU MMOBPEKACHUUN OJJHOT'O U3 KOHACHCATOPOB.



[1.4. YkpynHeHHbIE TOKA3aTEINU CTOUMOCTH COOPYKEHUS
JUHUHN 3JIeKTporiepeaaun Hanpsokenuem 35-220 kB

Croumocts 1 km BJI 220 kB, ThIC. pY0.
Taomuua [1.4.1.
XapakTepucThKa U Paitonsr o | [IpoBoga CTaJeaJTIOMUHUEBBIE
MaTepua ornop TOJIONIEAy CEuCHHEM, MM
240/32 300/39 400/51
CrajibHBIE OJHOLIEITHEIE | 15,6 16,4 18,3
1 16,1 16,6 18,3
i 17,5 17,8 19,2
\Y 18,9 19,1 20,4
CranbHble JBYXIIEMHBIE C TOABECKOH | | 25,6 27,2 31,5
IBYX 1 26,3 27,6 31,5
nenei i 28,6 29,4 32,8
\Y 30,7 31,4 34,1
CranbpHble JBYXLEMHBIE C TMOABECKOI | | 215 22.3 23,6
OJIHOM LIenHn 1 22,0 22,3 23,6
1 24,2 23,9 24,4
v 25,9 25,5 25,4
JKene300eTOHHBIE OIHOLIEITHBIE | 12,4 13,2 15,0
1 12,3 13,2 15,0
1 13,1 13,7 15,5
v 14,3 14,7 17,0
JlepeBsiHHBIE OJTHO- | 12,9 13,7 15,7
LIETTHBIE TPOCOBBIE 1 13,1 14,1 15,8
1l 14,0 14,5 16,0
v 14,4 14,8 16,4
ITogsecka BTOpoOil 1ienu -1V 55 6,6 8,8
Croumocts 1 kM BJI 110 kB T1BIC. pYO
Ta6muua [1.4.1.
XapakTepucTuKa u Paiions! |IIpoBona cTajaeaatOMUHHUEBBIE
Marepuai ornop [0 TOJI0 | CEYCHUEM, MM
neny
70 |95 |120 |150 |185 |240
CraibHbIE OJHOIICII- I 10,8 110.8 (11.5|11.8 |12.7 [13.7
HBIE I 12,3112.1(125(125(13.1(13.8
11 14,6 {14.0 (141|144 |14.4|14.8




v 16.1115.2(15.4|15.4|15.4 |16.2
CranbHble I 16.1116.5(17.818.4 |20.6 |22.6
JIBYXIICTTHBIC clll 18.4118.2119.0 (19.3|21.2 {22.9
ITOJIBECKOM 1 21.8(21.2(21.3|21.4{22.4|24.0
JIBYX LIeTICH v 22.4(23.1123.4(23.7123.6 [25.6
CranbHble I 1451145(15.6 |15.7 |17.2 {18.3
JIBYXIICTTHBIC clll 16.6 116.1 |16.6 [17.4|17.7 {18.3
ITOJIBECKOM 1 19.7118.8 {19.4 |119.0 ({19.8 | 20.3
OJIHOM 1IenHn (\Y4 21.5(120.320.4|20.4|20.8 |21.7
KenezobeTonHbIE I 79 8.2 |81 |87 9.3 [10.3
OIHOLIEM- I 9.0 (89 |85 (89 |95 |10.3
HBIE 1 10.9110.6 (9.8 |10.1(10.2 |11.2

v 12.3111.8(10.7 |10.7 |11.3 |12.3
Kenezoberon- I 11.71125(13.0|15.0 (16.4 |17.8
HbIE JIBYXIICTI- | 13.2113.113.6|15.0|16.4 (17.8
HbIE C IOABEC- 1] 16.0 {15.5(15.3|16.6 |17.6 |18.7
KOM JIBYX Henei AV 18.2117.2 116.7 118.0 |118.9 [ 20.2
Kenezoberon- I 10.2110.5(10.8 |12.3(12.9|13.6
HbIE IBYXIICTI- | 114|111 11.2112.3|12.9(13.6
HEIE C IIOIBEC- i 13.9113.1|12.7 (13.7 |113.8 {14.3
KOU OJIHOM LIenHn AV 15.71145|13.8114.4 1149 (154
JlepeBsiHHbIE I 40 (43 |46 |53 |58 |-
JIByXCTOCYHBIE | 45 (46 (4.7 |53 |59 |-
0ecTpOoCOBBIE Il 50 |51 |52 (57 |6.1 |-

v 56 |56 |57 [6.1 |66 |-
[Toxsecka Bropoii nenwu | I- IV 25 (26 |28 (3.3 |40 (45




Croumocts 1 kM BJI 35 kB, ThIC. pYO.
Tabmuna [1.4.4

Xapakrepuctuka u | Paiionsl | [IpoBoja craneantoMuHu-
MaTepHua orop II0 TOJIO- | BBIC CEUCHUEM, MM

neny

50 (70 95 120 [150

CrapHbIC OJHO- | - 8.9 (9.1 (9.7 |9.8
LIEITHBIE 1 - 10.6 110.4({10.4 |10.6

] - 12.2111.8111.8 |13.1

\Y - 13.5113.1|12.8|15.7
CranbHble | - 13.0113.5|14.3 |14.5
JIBYXIICTTHBIC cl|ll - 15.1115.1(15.2 (16.0
IIOJBECKOH 11 - 18.2 {18.1118.8 (19.0
JIBYX IIeTICH v - 20.4 (120.3]21.6(21.8
CranbHbIE | - 11.6 111.7112.1|12.1
JIBYXIICTTHBIC cl|ll - 13.5(13.0|12.9(13.0
[MOJABECKOM 11 - 16.2 |115.7 {16.0 |15.6
OJIHOM LIeTH v - 18.2117.6|17.8|17.8
Kene3zo0eToHHEBIE | - - 65 |7.2 |7.8
JIBYXIICTTHBIC 1 - - 73 |7.6 |8.0

1 - - 8.4 |8.6 |8.7

v - - 9.4 (94 |95
Kene3o6eToH- | - - 10.519.7 [10.8
HBIE IBYXIIEII- 1 - - 11.4110.0 (11.1
HBIE C ITOJIBEC- i - - 13.4(11.9|13.0
KOU JIBYX IIEeTIeH v - - 15.0112.9 (13.9
Kene3zobeTon- | - - 8.8 [7.8 |8.6
HBIE IByXIIET- I - - 9.5 |81 |88
HBIE C ITOJIBEC- i - - 11.3(9.6 |10.2
KOH OJHOH Iienu v - - 12.6110.3(11.0
JlepeBsiHHbBIE I 3.5 |36 |39 (43 |49
JIByXCTOEUHbIE I 40 |40 (42 |44 |50
6ecTpocoBbIe Il 46 (44 |46 |47 |53

v 5.1 |5.0 |49 |51 |5.6
[TonBecka  BTOpO¥ | I- IV - 25 (26 (33 |35
LeTTH




I1.5. DxoHOMHYECKHE ITOKA3ATEIN ITOACTAHIINI

CroumocTs stueiiku OPY ¢ BBIKITFOYATENISIMH, THIC. PYO.
Tabmuna I1.5.1.

O6mee PacueTHas CTOUMOCTD STYCHKU
C BBIKJTFOYATEIICM

YHUCIIO BO3TYIIIHBIC | MacJISTHbIE
U, kB |BBIKIIIOY. | IPH OTKIIOYEHHOM TOKE, KA

B OPY 10 40 oonee 40 | o 30 oouee 30
35 1o 3 - - 6 -

3 11 25 7 10
110 2-4 - - 30 38

4 32 46 23 30
150 2-4 50 - - -

4 45 - - -
220 4 78 - 80 -

4 78 124 70 76

[TocTostHHas yacTh 3aTpat mo noactanmusm 35-220 kB
Taomuua I1.5.2.

U, xB DJeKTpuyecKasi cxema mnoj- ITocrossnHass 4acThb
cTaHIMU Ha ctopoHe BH 3arpar, ThIC. pyo.
220/110 COopHbIe IIMHBI 650
MocTuK, YETBIPEXYTOJIBHUK 460
be3 BeIKITIOUaTEICH 350
220/35/10 YeThIpexyroiapbHUK,  COOpHBIE
191020303 400
MocTtuk 300
220/10 be3 BeIKITIOUaTEICH 200
110/35/10 COopHBIE IIMHEI 270
MocTtuk 210
be3 BbIkIIOUaTENEH 150
110/10 COOopHBIE IIMHEI 240
Moctuk 180
be3 BhIkIIOUaTenei 110
25/10 C BBIKITIOYATEISAMU
Ha MOCTOSIHHOM TOKE 90
Ha TIepEMEHHOM TOKe 55
be3 BbIkIIOUaTENEH 50




Croumocts OTKpHITHIX PY, B ienom st OPY, Thic. pyo.
Tabmuna I1.5.3.

Cxema a11. Cxema Hanpspokenue
CO€EIl. II/CT. 35 (110 |220
fgggcégyéiizmp) 0e3 @ S R
T | @D [P
C OT/ICIUTEIeM _'1,' @ e

] @ : 6 - 80
C BBIKJIIOYATEIIEM

JIBa OyiOKa ¢ OTHENUTEISAMHU | —
aBTOMAaTHYECKas

IEPEMBIYKA  CO  CTOPOHBI|
TpaHnchopmaTopa {_L®_) - 16 43

JOIOJIHUTEIbHAS
JIAHUA, MIPUCOCAMHCHHAS
Yyepe3 JIBa BBIKITFOYATEIIS - 70 190

LY

MocTuk ¢ ormenurensmu B| |
Hersix Tpancgopma-To "

POB M BBIKIIOYATCIEM B

TIepeMbIUKe r" r@_) 10 (45 |120
YKpyITHCHHBIH E_@_)

0JIOK (JTMHUSA - IBa —

TpaHcpopmaTopa)  — @

C TPEJOXPAHUTEISIMU 34 |- -

C OTACIIUTCIAMU _[l“'l :E
{_®_) 6.4 |115 |25

C BBIKJIFOYATEIAMU 12 |- 160




I1.6. CtoumocTb TpanchopmaTopoB u aBTOTpanchopmaropon 35-220 kB

Tpancdopmaropsr 35 kB

Ta6muna I1.6.1.

TpaHnchopmaropsl 1ByX0OMOTOUHbIE Tpex
oe3 ¢ PITH C pacmieruieHHOH 00MOT- o0Mo
Suowm, | PITH xoit HH u PITH TOYHBI
MBA e c
PITH
pacue | TpaHc |pacue | pacye |TpaH |pacue | TpaHC | pacyer
THast |Qopm |THas |THas |cdop |THas |dop |Has
aTtopa MarTo MarTo
pa pa
0.1 0.76 137 - - - - - -
0.16 115 195 - - - - - -
025 144 259 - - - - - -
040 183 376 - - - - - -
063 22 5.17 - - - - - -
1.0 292 7.74 10 16 - - - -
16 4.2 98 11 17 - - - -
2.5 545 11 133 196 - - - -
4.0 7.2 13 157 222 - - - -
6.3 9.2 24 18.6 34 - - 21.7 37.6
10 138 29 32 48 - - 29.4 46.2
16 208 365 384 574 - - 36.8 54.1
25 - - - - 56.6 76 - -
32 - - - - 62 875 - -
40 445 67 - - 754 1018 - -
63 - - - - 924 122 - -
80 80.1 106 - - 1075 138 - -
Tpancdopmaropsr 110 kB
Tabmuua I1.6.2.
Tpanchopmaropbl 1ByX0OMOTOUHBIE TpexoOmo-
Showm, | 6e3 PITH ¢ PITH c TOYHBIC C
MBA pacmeriens | PITH
oif 0OMOTKOM
HH u PITH
TPaHC | pacue | TpaHC | pacye | TpaHC | pacye | TpaHC | pacue
¢dbopMm |THas |dopMm |THas |dopM |THas |dopM |THas
aTopa aTopa aTopa aTtopa
2.5 - - 21 37 - - - -
6.3 - - 29 45 - - 40 62
10 - - 36 55 - - 52 75
25 - - - - 65 92 69 107
16 - - 48 67 - - S7 81
32 - - - - 73 101 - -
40 52 89 - - 80 110 89 129
63 - - - - 99 135 114 157
80 80 123 - - 104 141 124 170

[Tponomxkenne 1a0671.6.2




25 23 80 75 19
00 65 10
50 95 57
00 95 60
Tpancdopmaropsl u aBroTpancopmaropsl 220 kB
Tabmuua I1.6.3
Tpancdopmartopsl ABTOTpaHC-
JIBYXOOMOTOYHBIE TpEXoOMO dhopmaTopsl
C paciien- ¢ PIIH
Snowm, | 6e3 PITH JICHHOM 00- | TOYHBIE C
MBA motkoi HH | PITH
u PITH
TpaHC | pacue | TpaHC | pacue | TpaHC |pacye | TpaHC | pacye
dop |tHas |dop |[THas |dop |THas |dop |THas
MaTo MaTo MaTo MaTo
pa pa pa pa
25 - - - - 111 168 - -
32 - - 82 130 - - 88 144
40 - - - - 127 189 - -
63 - - 117 170 204 273 117 183
80 65 123 - - - - - -
100 - - 187 251 - - 177 250
125 173 243 - - - - 197 270
165 - - 271 345 - - 227 304
200 222 290 - - - - - -
250 236 316 - - - - 239 316
400 336 420 - - - - 397 510
630 443 579 - - - - - -
1000 640 820 - - - - - -






