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IlosicHuTeIbLHASA 3aMUCKA

[To BeIGOpY 0OyHwaromierocs UM pa3padaThIBaeTCs TeMa IUTIIOMHOTO MPOEKTA 10 OJJHOMY U3
JIByX HaIPaBJICHUM:

1. Pacuer 3ieKTpU4eCcKOi 4acTH SJIEKTPOCTAHITII

2. Pacuer pailoOHHOM AJIEKTPUYECKON CETH U MOACTAHITUN

B cooTBeTcTBHY C ABYMs HaIlpaBJICHUAMU KYpPCOBOI'O IIPOCKTUPOBaHUA METOANYCCKUC yKa3a-

HUSA COCTOAT U3 ABYX YacTeu.

Yacts 1. Pacuer 3s1ekTpuyeckoii yactu diekrpoctanun 'PIC, ADC, TII
JIMIUIOMHBIN IPOEKT 10 pacueTy IEKTPUUYECKOM YaCTH JIEKTPOCTAHIIMK JOJDKEH COAEPKATh I10-
scHuTenbHyo 3anucky (I13) ¢ pacueramu u rpaduvecKyro 4acTh: TIIaBHAsI CX€Ma CTAHIMH, YEPTEK
OPYVY, cxema pesneitHOM 3alIUThI U CIIEL. BONpOoC. B MosicCHUTENbHOM 3anKCcKe T0JKHBI OBITh CIETYO-
1K€ Pa3Jelibl:
Bsenenue
1. Bb10op 0CHOBHOTO 000py/10BaHHS
2. TeXHUKO-3KOHOMUYECKOE CPABHEHUE
3. PacuéT TOKOB KOPOTKOT'O 3aMbIKaHHS
4 Bp160p 1 000CHOBAaHUE CXEM JJIEKTPHUUECKUX COeTUHEHUH PY
5 Br100p 371eKTp0o00OpyA0BaHUS M TOKOBEAYIIUX YacTen
6 Beibop criocoba CHHXpOHU3AIHH
7 Pacuér mudpepennmanbHoi 3amuThl Tpanchopmaropa
8 BpIOOp TUIIOB 3aIUT ISl BCEX HJIEMEHTOB CXEMBbI
9 Pacuér 3azemsstomiero yctpoiictsa OPY
10 Onncanne koHcTpykunu OPY-220 kB
11 CnenuansHoE 3a1aHue
12 KanurtanbHbIi peMOHT 3aJaHHOTO 3JIEKTPO0OOpY10BaHHS
13 TexHuka 6€30MaCHOCTH

Crnucok uCnoab30BaHHON JTUTEPATyPhI

[osicHuTenpHY0 3anucKy BHIMONHATE pudToM «GOST type By, npaBuibHO NpoHYyMepOBaTh HO-

mepa GpopmyIt, TabJIHIl U PUCYHKOB.



BBenenune

(ITomo6path MaTepuain 0 pa3BUTHHU JICKTPOIHEPTETUKH )

1 Bb160p 0CHOBHOT'O 000pY/10BaAHUSA

1.1 Beibop reHepaTopoB, HaIPUMED:

Cornacno 3ananuto Ha 'POC, Beiouparo reaeparop tuna TBB-220-2A, nanHsie reHepaTopa

3aHONIY B TaOJIHUILY

Ta6muma 1 - Texaudyeckue qaHHbIE TeHepaTopa

Oxnaxne-
HomunaneHbie napameTpsl Hue oOMo-
Yacrota Cucr.
Tumn Typ6o- TOK
BpaIleHUs, BOOY-
reHeparopa
00/MuH Stiom, lios, | Usom, . KICHUS | S, po-
X d Coso e
MB-A | kA kB 8 | Topa
[&]
TBB-220-2A 3000 259 9,49 | 15,75 | 0,197 | 0,85 BY | HB | HBP
1.2 Bo160op 0;109HBIX TpaHCHOPMATOPOB
MormHocTh 6J104HBIX TPAaHC(HOPMATOPOB Spacy ,B MB-A, onpenensiercst mo ¢popmyiie
Spoe =V(P. =P, f +(Q. -Q,, ). ®

rie Pey,, Qcn - pacxosa Ha coOCTBEHHBIC HY XTI, %

Pyer,, Qr - ycTaHOBJIEHHAs! aKTUBHAS U PEaKTHBHAsI MOIIIHOCTh TeHepaTopa

Pacxoz[ Ha COOCTBEHHBIE HYXbI OT YCTaHOBHeHHOﬁ MOIIHOCTH I'€HEpaTOopa PyCT (aKTI/IBHaﬂ

MOIIIHOCTh), B MBT, onpenensiercs no ¢popmyiie,

(Pcu%( JI-8, cTp.445)

P

PCH:' C.H.

100

%
“Pyer,

PeakTuBHBIC MOIIIHOCTH C.H. ¥ TeHepaTopa Q, B MBap, onpenesnstorcs no popmysie

QCH:PCH'tg(PCH, ) Qr:Pr'tg(Pa

@)

©)

HomuHaneHy10 MOIITHOCTH 0109HOTO TpaHchopMatopa Syoy, B MB-A, onpenensiem o popmyiie

SHOM 2 Spacq




Bribupaem 6mounbie Tpanchopmaropsl, Hanpumep T/111-250000/330
[Ipumeuanue: 6ounsie Tpanchopmatopsl - 6e3 PIIH (B koHIle 0003HaYEHUST HE JOIKHO OBITH

Oykssl “H”).

MormurHocTh 61049HOTO TpaHchopmaropa ¢ pacuiermieHHoil oomotkoit HH ompenensercst crnemy-

IOIIUM 00pa3oM:

TE S[?a{,"-l = ZJ(PZ - PC‘H )2 + (QZ - QCH )2

Bribupaem 610uHbIe TpaHC(HOPMATOPHI, JTaHHBIE 3aHOCUM B TAaOIUILY

Tabmuua 2 - TexHuueckue ganHble OJ0YHBIX TPaHCHOPMATOPOB

Uson 0OMOTKH, KB notepu, KBT
Tun Tpancopmaropa Uo% | 1%
BH CH HH Pxx Py
TA11-250000/330 347 - 15,75 214 605 11 0,5
TA11-250000/110 121 - 15,75 200 640 10,5 0,5

1.3 Pa3paboTka CTPYKTYpHBIX CXEM AJIEKTPOCTAHITHI
Heo6xoanmo pa3paboTaTh 2 BapHaHTa 3JIEKTPUIECKON CXEMBbI 3JIEKTPOCTAHIIHH.
Pexomenmanmu:
Ha I'POC 00b1YHO NPUMEHSIOT MOHOOJIOKH 0€3 reHepaTOpHOro BhIKItoyaress (puc.l), 61oku ¢
aBToTpanchopmatopom (puc.5,6).

Ha ADC npuMeHsSI0OT MOHOOJIOKH C T€HEpaTOPHBIMU BBIKIIIOUATEISIMU (pUc.2), 00beIMHEHHBIE
WIN YKPYITHEHHbIE OJIOKH B TOM Ciydae, KOI/la ¢ OJHUM SACPHBIM PEaKTOPOM YCTAHABIMBAETCS JIBE
TypOUHBI U /1Ba TeHeparopa.(puc. 3, 4).

Ha 6mounsix TOL| mpuMeHSIOT MOHOOIOKK 0€3 TeHepaTOPHOro BBIKIIFOYATeNsl M OJOKU C BbI-

KITIOYaTelleM, €CITM Harpy3ka TeHEpPaTOPHOTO HANpsDKEHUS IHTAeTCS OTIMaKaMH OT T'eHepaTOpOB
(puc.7).
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KomnuecTBo 0J10KOB N, IMPUCOCANMHCHHBIX K HMIMHAM CPCAHCTO HANPSKCHUA 3aBUCUT OT 3a-

JTAHHOM HArpy3KH Ha CpeaHeM HAmPsKEHUU (Pyay ).

S o 2.2
N > SW , 11 Sya=+/P,.  +Q%ux ; S; - HONHASL MOIIHOCTH TEHEPATOPA

2
Cs3p Mexay PY BBICOKOTO M CpeqHEro HampsbKEHUS MOXKET OCYIIECTBIISIThCS aBTOTpaHC-
(dopmaTopamMu CBsI3M WIHM OJIOUHBIM aBTOTPAaHC(HOPMATOPOM.
ITpu coctaBneHUH IBYX BapHAHTOB CTPYKTYPHOM CXEMbI JIEKTPOCTAHLIUU HEOOXOAUMO MpO-

paboTaTh BOMPOC MOJKIIOUEHUSI PEe3EPBHBIX TPaHCHOPMATOPOB COOCTBEHHBIX CITYKO (C.H.) U MX KO-

anyectBa (cm. JI 8 § 5.9, 5.10).

KonunuectBo pesepsubix TCH na I'POC, 6mounsix TOL[ 1 ADC MOXHO NpUHATH PaBHBIM JIBYM
IpY KOJIMYECTBE SHEPTOOIIOKOB HA 3JIEKTPOCTAHIIMH TPU U Ooee.

Pezepsubie TCH npucoeanHSIOT K ABYM pa3HbIM TOYKAM TJIaBHOM 3JIEKTPUYECKON CXEMBbI CTaH-
LIUH, YTOOBI IIPU PEMOHTE MJIM OTKa3€ JIF0OOr0 3JIEMEHTa CXEMbl PE3EpPBHOE IIUTAHUE C.H. Yepe3 OUH
TpaHc(hOopMaTOp COXPaHSIOCH.

Mectamu npuCcOeAUHEHHs PE3EPBHBIX TPAHCPOPMATOPOB MOTYT OBITh: cOOpHBIE MHKHBI 110-
220 kB, oomoTku HH aBTOTpanchopMaTopa cBsi3u, OTBETBICHUE HA T€HEPATOPHOM HAIPSKEHHUE OT
0J10Ka, UMEIOILEro N'eHepaTOPHBIH BBIKIIOUATEb.

[Tpumep 2-X BapHaHTOB CTPYKTYPHBIX CXEM AJIEKTPOCTAHLIUU
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Bapuant 2
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Pucynok 1 - CTpyKTypHBIE CXEMbI 2JIEKTPOCTAHIIUH
1.4 Be16op aBTOTpanchopMaTopoB

Bapuanr 1
Br160op 6104HBIX TpaHC(HOPMATOPOB CBSI3H.
.MouHocTs G104HOTO aBTOTpaHCc(hopMaTopa BHIOMpaeTcs ¢ ydeToM Kod(dduimeHTa BHITOTHO-
CTH:
Ugpr= Uy

Keor= U BH

HomuHanbHy10 MOIIHOCTB aBTOTpaHchopmaTopa Syou, B MB-A, onpeaenstor no ¢popmyie

Sz — Scn
z ,

K

6ble

SHOM

[TonHas MOIIHOCTH COOCTBEHHBIX HYXKI Scy, B MB-A, onpenensiercs mo gpopmyne
— 2 2
SCH— P e Tt Q cH

330750 k8 5220 KB B ciyuae, eciau B cipBOUHUKE HET aBTOTPaHC-

dbopmaTopa HEOOXOAMMON MOIIIHOCTH, TO MIPUXO-

JAUTCA 06’LC,ZLI/IHHTL JBa aBTOTpaHC(I)OpMaTOpa C Oa-

HUM TCHEPaTOpOM:

Toraa MouHOCTH aBTOTpaHCHOpMATOpPA OIpe-
JIeIIeTCsl CACTYIOIUM 00pa3oM:




[Ipumeuanue: npu BbIOOpe aBTOTpaHChOpMATOpa CIEAYET Yy4YeCTh, YTO aBTOTPAaHC(HOPMATOPEHI
tunia AOJILITH- onnodasnsie, ykazaHHas B CpaBOYHUKE MOITHOCTh YMHOXaeTcsl Ha 3. Hampuwmep,

AONUTH-167, S=3-167=501 MB-A..

Bapuant 2

Br160p aBTOTpaHCchOpMaTOpPOB CBS3U

OOBIYHO yCTaHABIUBAIOT JBa aBTOTpaHc(opMaTopa CBSI3U.

MorttHOCTh aBTOTpaHC(hOpMAaTOpa BEIOMPAETCS 0 MAKCUMAaIbHOMY MEPETOKY MOIIHOCTH MEKITY

PY BH u PY CH, onpenensiemomy dopmyioit

SPacwl = \/(n ’ Pz —n: PC'H - P,wzxc )2 + (n ’ Qz —n: QL’H - Q,waxc )2 '

/i€ N-4YKUCJIO TEHEPATOPOB, paOOTAIOIINX HA IIMHBI CPEAHETO HANIPSIKEHUS

Pr, Qr- HoMHHaIBHBIE U PEaKTUBHBIE MOIIIHOCTH TEHEPATOPOB.
Pc.H., QC.H.- aKTUBHAs U PEaKTUBHAS MOLIHOCTh COOCTBEHHBIX HYX/ OJIOKOB
Pc, Qc- akTHBHas ¥ peakTHBHAs HArPy3KH Ha IIMHAX CPEAHEr0 HaNpsHKEHUS.
MaxkcumanbHyI0 peakTUBHYIO Harpy3Ky Ha IIMHAX CpeHero HampspkeHust Qc B MBap, onpee-
JSI0T 10 hopMyiam
Qcmax=Pcmax'tg®,  Qcmin=Pcmintg®,
r7ie Pc max-MaKkcuMaibHas akTUBHAsI HAarpy3Ka Ha MIMHAX CPEJHEro HaNpsKeHus, Pc min -
MUHHMaJIbHAsl aKTUBHAsI HArpy3Ka Ha MIMHAX CPETHETO HATPSIKCHHUS.
[Ipnmeuanne:
IIpHU MoJicueTe peakTUuBHON MoutHocTH Q=P-tge cnenyer onpenenars tge A reneparopa, Uil C.H. U

JIJIS 3aJaHHOM Har PY3KH Ha CPCAHEM HAIIPAKCHHUU.

PacueTHy!0 MOIIHOCTH aBTOTPaHC(HOPMATOPOB ONPEAEIISIOT U1 TPEX PEKUMOB:

1. PexxnM MakCcHMaJIbHOM Harpys3KHt Ha NIMHaxX CPpEaAHCTO HAIIPSIKCHUS

Spacql = J(n ' PZ - n ’ PCH - P/WLZXC‘ )2 + (n ' QZ - n : QCH - Q.’LWXC )2

2. PexxuM MUHUMAaJTbHOM Harpys3KHt Ha NIMHaxX CPpEaAHCTO HAIIPSIKCHUS

SpacttZ :\/(n Pe _n'Pcn _Pminc)2 +(nQe _n'QcH _Qminc)2

3. ABapuitHbIil peXxuM (Ha MIMHAX CPETHETO HAIPSIKEHUS OTKITIOYMIICS OJUH OJIOK).

S uea =\(0-2)-P. =(-1)- P, = P,,.. ) +((1-2)-Q, ~(n-1)-Q, —Q....




[To HanbGonpIel pacueTHON MOITHOCTH BHIOPATh HOMUHAIBHYIO MOITHOCTh aBTOTpaHC(HOpMATO-

pa.
S
pacumax
SI-IOME Kn ’
rae Kn=1,4-koa¢pdunment neperpysku
TexHuyeckue naHHble aBTOTPaHC(HOPMATOPOB 3aMMCHIBAEM B TaOJINILy, HAIPUMED:
Ta6muma 3 - Texuuyeckue JaHHbIE aBTOTpaHC(HOpPMaTOPOB
Uion, KB [Totepu, kBT U %
Turm aBTO-
(1) SHOM, L. 0
TpaHcopma- xx Y0
P P MB-A K3 . = |
TOpa - - - ® T | T
BH [CH| HH |[XX | @ | % | & | Z |z |=
T an am aa) M @)
as] [an) @)
ATIAUTH -
200000/
200 330 | 115 | 15,75 |155 |560 |300 |210 |10,5 |38 |25 |0/45
330/110
ATIAUTH-
125000/ 125 330 | 115 | 38,5 100 | 345 | 240 210 | 10 |35 |24 |045
330/110

1.5 .Be16op pabounx u pe3epBHbIX TpaHchopmaTopoB coOcTBeHHbIX Hy k1 (TCH)

Paboune TCH npucoenuHaioTcss OTHAWKONW OT TeHeparopa, cienoatenbHo, Ugy. TCH = Uy, re-
HepaTopa. B cucreme c.H. mpumMensitoT Hanpsikenue 6 wim 10 kB, coorBerctBeHHO Uy. TCH = 6 nnm
10 xB.

Pacuernast mourHocTh padouero TCH ompenensercst cyMMoil MOIITHOCTEH BCeX AJIEKTPOIpHUEM-
HHUKOB, KOTOpPbIE MPUCOETUHEHbI K JaHHOMY TpaHcdopmaropy. TodHoe ompeneneHue pacueTHON
MOIIHOCTH OY€Hb 3aTPYIHEHO, IOATOMY UCHOJIB3YIOT hopMyiy ¢ koadduunentom crpoca Ke.

Pacuernpiii xodddunment Kc yduThiBaeT pa3sHOBPEMEHHOCTh pPabOTHI AIEKTPOIPHEMHHUKOB,
cpenHue 3HaueHus kodpdunuenrta Harpysku, KITJI, koadduimenra momHocTn ABuraTeneii:

Koadduuuents! crpoca Ke ykazansl B Ta61.5.2.(J1.8) crp. 445 mist pa3sHbIX BUAOB 3JIEKTPO-
CTaHLUI U TOILINBA.

MomHocTth padouero TCH onpenensiercs mo popmyiie:

P, %-P

2

Sen> :
100 ‘




MomHocth pe3epBHbIXx TCH momkna obecnieunts 3ameHy omHoro pabodero TCH um omHOBpe-
MEHHBIH ITyCK M OCTAaHOBKY OJIOKA.
Kak npaBuno, myckopesepBubie Tpancgopmatopsl c.H. (IIPTCH) umeroT MOITHOCTh Ha CTYTEHb
Beie padbounx TCH.
TexHuueckue naHHBIE TPAaHCHOPMATOPOB COOCTBEHHBIX HYK][ 3aHOCST B TAOJIHILY, HAIIPUMED:

Tabnuna 4 - Texuuueckue AaHHbIE TPAaHCHOPMATOPOB COOCTBEHHBIX HYXKT

Usom, KB [Totepu, kBT
Tun TpancpopmaTopa Ui % 1xx %
BH HH XX K3
TAHC-16000/15,75 15,75 6,3 17 85 10 0,7
TPAHC-25000/35 36,75 6,3-6,3 25 115 10,5 0,65
TPAH-25000/110 115 6,3-6,3 25 120 10,5 0,65

2 TexHHKO- IKOHOMHYECKOE CPABHEHHE 2-X BADHAHTOB CXeMbI JICKTPOCTAHIUH
(JI.8 ctp. 395-402). [Ipu pacuerax mosb3oBaThCs mpumepoM 53 ¢1p.397 yueOHnKa
TeXHNKO-2KOHOMUYECKOE CPAaBHEHUE MTPOU3BOJIAT 110 IPUBEAECHHBIM 3aTpaTaM «3»: ONpPEAEIsIOT
3arpathl 31 u 32 1151 000UX BapUAHTOB.
2.1 OmpenencHue roIOBBIX MOTEPh AICKTPOIHEPTHH B TpaHCPOpMaTOpax U aBTOTpaHCOp-
MaTopax
2.1.1, 2.1.2 OnpeaensieM MoTepH SHEPrUr B OJIOYHBIX TpaHCHOPMATOPaAX, IPUCOETUHEHHBIX K

mmHam BH u CH, [JW, B kBT'4, no ¢popmyie
S

max
OW=P, T+P(5 )%,
HOM
rne Py- motepu xomoctoro xona
Py~ TOTepH KOPOTKOTO 3aMbIKAHHS
Smax- MaKCHMallbHasl Harpy3ka Tpanchopmaropa
Shov- HOMHUHAJIBHAS! MOIITHOCTH TpaHchopmaropa
T=TroxTpen=8760-600=8160u -Bpems paboThl TpaHCHOpMaTOpa B TEUSHHE IO
T- MPOAOIDKUTEIHFHOCTh MaKCHMaJIBbHBIX MOTEPb, Ompenensercs mo rpaduky, puc.5.6. crp.
396 (JI8) B 3aBucuMocTr oT Tmax u Cose
Tmax- mpoIoKUTETHHOCTD UCTIONH30BaHUSI MAKCHMAIBHOM HAarpy3KH.
Hanpumep:

1=58009 mpu Tyct=70004, Cosop, = 0,85

2.1.3 OmpenensieM MOTepU SHEPTUH B OJJOYHOM aBTOTpaHCHOpMATOPE

I Bapuanta AW yuri, B kKBT4, 10 hopmyre



2.14

AWt = PXX-T+PKB-(%)2-rB+PKc-(SL“C)2-rc+PKH-(S"’+““ Yth, (4)

F,I[e T:TFOH-TpeMzg 1 60q

13=Tc= XX4 0pU Tpmax a7 =0,5-(TycT+T™max)u

T,= 58004
Omnpenensiem MakcuMainbHyt0 Harpy3ky oomMotku HH Sy, B MB-A, o ¢popmyie
Se—-S
Smax =— <
T2

Omnpeaensem MmakcuMalibHyt0 Harpy3ky ooMoTku CH Syaxc, B MB-A, o dopmyre

_ Y pacu.max

Smax c— 2

OmnpenensieM MakCUMallbHY10 Harpy3ky oomMotku BH S;.xs, B MB-A, mo dopmyiie

Stmax B=SmaxH +Smaxc M Smax B=SmaxH ~Smaxc,

B 3aBUCUMOCTHU OT TOI'O, KyJia HAalIpaBJICH IIEPCTOK MOIIHOCTU MCKAY HINHAMUA BH u CH

OmnpenensieM MOTepU KOPOTKOTO 3aMBbIKaHUS B OOMOTKE BBICOKOTO HarpsikeHus Pyg, B kBT, 110

dbopmyne
P, = 0,5.[PKB_C +1;23—2-H —I;{”C—ZHJ 5)
OmnpepensieM MOTepH KOPOTKOTO 3aMbIKaHUSI B 0OMOTKE CPEIHEro HanpspkeHus Py, B KBT, 1Mo
dbopmyite
Pe= 0’5.(PKBC + };gczH _};28—2_HJ (6)

OmnpenernsieM MOTepU KOPOTKOTO 3aMbIKaHUSI B OOMOTKE HU3KOTO HarpsikeHus Py, B KBT, 110
dbopmye
P P
— kB—-H xC-H
PKH_O’S.( 2t K2 —Py ¢

evle [c1 2224

OmnpenensieM moTepu SHEPruu B aBToTpancpopmarope cBsizu [ Bapuanta [1War; , B kKBT'4, 10

dbopmyre 4.

OHpCI[eJ'ISICM MMOTCpPU SHECPIr'Un B aBTOTpaHC(i)OpMaTOpC CBA3HU

Il BapuanTa [JWar2, B kBT4, mo gopmyie

SmaxB 5 S
AWar=Poc TP (s~ ) 18 tPuc(

max C

)1c, ()

HOM

rae T=T,;=87604

=Tc= 4 IpH Tmax a7=0,5-(TycT+Tmax)u



Omnpenensiem MakcuManbHyt0 Harpy3ky ooMoTrok BH u CH Syax8= Smaxc, B MB-A, o popmyne

- —  pacu.max
SmaxB - Smax c— 2

OmnpenensieM MoTepy KOPOTKOTO 3aMbIKaHUS B 0OMOTKeE BBICOKOTO HarpsikeHus Pyp, B kBT, 110
dbopmye 5

OmnpenensieM MOTepr KOPOTKOTO 3aMbIKaHUS B OOMOTKE CpeiHero Hamnpsbkenus Py, B kBT, o
dbopmye 6

OmnpexernsiemM notepu dHEpruu B aBToTpanchopmatope cBsi3u Il Bapuanta [1War, , B kKBT4, 10

dbopmyne 7

2.15 Omnpenenuts cymmapusble notepu sHeprun : AW u AWo, o popmyne (Hanpumep ais

PaccMOTPEHHOT0 pUMepa)

WA =n-AWs33ptn- AWi10tN- AWpt

r7e N — KOJIMYeCTBO TpaHC(HOPMATOPOB U aBTOTPAHCPOPMATOPOB B BApUAHTE
2.2 CoctaBuTh TabIUIly MOJcCUYETa KAaUTATbHBIX 3aTPAT, YUUTHIBasi OCHOBHOE 00OpYIOBAaHUE:
TparcopmaTopsl, aBToTpaHcGopmaTopsl, pezepBabie TCH, ecnu oHU pa3HbIE IO BapuaHTaM, SYEHKA

OPY c Briximouatensmu ( lotkn opuentupoBouno 10 40 kA), reHepatopHble BoIkiIrouarenu. Hanpu-

Mep:
Tabmuma 5 - KanutansHbIe 3aTpaThl
I BapuanT
Cronmocts II BapuanT
O6opynoBaHue €IMHUIIBI,
Oo0uas cTou- Oomuias
THIC. pYO. Kon-Bo Kon-Bo
MOCTB, TBIC. CTOMMOCTD,
€IMHUILI €INHULI

pyoO. TBIC. pyO.
TI11-250000/330 11550 2 23100 3 34650
TJI11-250000/110 8995 2 17990 2 17990

ATIILTH-
Al 11200 2 22400 - -
200000/330/110
AT TH-
Al 9205 - - 2 18410

125000/330/110
TPJIHC-25000/35 2660 - - 2 5320
TPJIH-25000/110 3220 2 6440 - -
sueiika 330 kB 5950 4 23800 5 29750




syeiika 110 kB 1120 6 6720 4 4480

Slueiika reHep. BBIKIL. 1400 1 1400 - -

HUroro: K1=101850 K>=110600

2.3 I'o1oBBIE 3KCIUTYaTallMOHHBIE U3AEPKKU
OmnpenenstoT rogoBble SKCILTyaTallMOHHbIe n3aepxku My u Uy, B ThIC. pyo0., 10 popmyiie

I/I:Pa+Po K+ BAW,
100

rae P,- oTuncnenus Ha amoptusanuto, %; P,=6,4%
Po- otuncnenus Ha o6cnmyxxuBanue, %; Po=2%

B- croumocTts 1 kB14 nmoteps anexTposnepruu, pyo/kBT-u

2.4 TlpuBenéHHbIe 3aTPaTh
OnpenensiroT mpuBeAEHHBIC 3aTPaThl 31 U 32, B THIC. PyO., 10 Gopmyme
3= puK+1,
/1€ Py - HOPMATUBHBINA KOA(DPUITUEHT IKOHOMUIECKOH 3P (HEKTUBHOCTH;
px =0,12
Omnpenensiem HanOoJiee SKOHOMUYHBIN BapUaHT 10 (hopmMyIie

31_32

A3= 100% (13 G0JbIIEr0 BEIUNTAIOT MEHBIIIEE)

1
[Hanee nenaercst BEIBOA, HAIIpUMED:
[lepBrlii BapHaHT SKOHOMHYHEE BTOPOTro Ha 2,67 Y%, NpUHUMAaIO €ro Juisd JaJIbHEHIINX pacue-

TOB.
3 PacueT TOKOB KOPOTKOI0 3aMbIKAHHS.
[Topsnok pacuera:

3.1. Haueptuth cxemy 3aMelieHus BRBIOPAaHHOTO BapraHTa, 0003HAaYUTh TOukH K3, HoOMUHANbHBIE

HaIIPAKCHUS, HAIPUMED:



] Ca

G1

Pucynok 2 - Pacuétnas cxema 3amenieHus

3.2. TloxcuuTaTh BEJIWYWHY COMPOTHBICHUH CXEMBbI, 3aJIaBIIUCh mNpeasaputenbHo S6=1000
MB-A..

3.3. [IpeoOpa3oBaTh cxeMy 3aMeIIEeHUs TOOYEPEIHO OTHOCUTENHHO Touek K3

N moacumnrate Toku K3 u TeruioBoi mMmmynbe s Becex Touek K3, 3agaBasich mpeaBapuTEIbHO
BBIKJTIOYATEIEM Ha JaHHOe HanpspkeHue (Ic.B.,t0.B.).

IIpumeuanus:

1. IIpu onpenenennn Bk B Touke K3 Ha BbIBojax reHeparopa toTKi cieayeT NpUHATH PaBHBIM
4c., T.e. IO BPEMEHHU PE3EPBHON 3alllUTHI, T.K LEMHU reHepaTopa 0co00 OTBETCTBEHHbIE. (YUEOHUK,
ctp.191.)

2. B cucteme COOCTBEHHBIX HYX] CXEMY CBOPAUMBAIOT JI0 OJHOTO COMPOTUBJICHHUS, pacyeT BEAYT
C YYETOM JICHCTBUSI JJICKTpOIBUraTeNsl (CM. y4eOHHUK, cTp.176-181).

3agatecs BeIkIouaresnem tuna BMIIO-10, Bxoasmum B siueriky KPVY.

PCSyJ’ILTaTBI pacucToOB TOKOB K.3. cBectu B Ta6J'II/II_[BI, Harpumep:



Tabnuua 6 - Pe3ynbraThl pacyera TOKOB K.3. B Touke K-1

HUctounukn
C1 C, G12 Gs Gas
Cymma
ls, KA 1,7 1,7 1,7 1,7 1,7
E'y 1 1 1,13 1,13 1,13
Xpes 0,36 1,39 0,6 2,4 1,36
o, KA 4,7 1,2 3,2 0,8 1,4 11,3
| wo, KA - - 0,88 0,44 0,88
II“" - - 3,6 1,8 1,6
T, ¢ 0,035 |0,035 0,035 0,035 0,035
y - - 0,94 0,98 0,98
1o, KA 4,7 1,2 3 0,78 |1,37 11
Ky 1,78 1,608 1,965 1,965 1,965
iy, KA 11,7 2,7 8,9 2,2 3,9 29,4
Ta C 0,04 0,02 0,26 0,26 0,26
e, KA 2,6 0,3 3,7 0,9 1,6 9,1
Bk, kA% c 4 0,2 4 0,3 0,8 9,3
Ucp, k = 340 kB

3aTem COCTaBUTh CBOJIHYIO TaOuIly TokoB K3, Hanmpumep:




Taobmauua 10 - CBoxHas tadiuua Tokos K3

Touxu K3 HctoyHuku Irmo, KA Ire, KA lar, KA Iy, KA BK,KAZ-C
Cl 4,7 4,7 2,6 11,7 4
C2 1,2 1,2 0,3 2,7 0,2
K-1 G12 3,2 3 3,7 8,9 4
330 xB Gs 0,78 0,78 0,9 2,2 0,3
Gus 1,37 11,3 1,6 3,9 0,8
Cymma 11,3 11 9,1 29,4 9,3
Cl 5,9 5,9 2,2 14,8 7
C2 8,3 8,3 0,6 18,8 12,4
K-2 Gi2 4 3,8 4.4 11 6,7
110 kB Gs 53 4,8 5,8 13,8 11,8
Gus 9,6 8,5 10,6 26,6 38,7
Cymma 33 31,3 21 85 76,6
Cl 13,4 13,4 1,9 33,6 725
C2 19 19 0 43 1451
K-3 Gi3 19 19 18,2 52,6 1969
15,75 xB Gy 11 11 9,3 30,5 515
Gs 54,6 42,6 53,9 151,7 12908
Cymma 117 105 81,1 3114 16918
Ci12. Gy 15,2 15,2 7,3 38,1 55,4
6?:}3 1 10,2 3,8 25 27.3 22,9
Cymma 25,4 19 9,8 65,4 78,3




4 Bb10op 1 000CHOBaHHE CXeMbI YJIEKTPUYECKHX coeHeHuii PY
I'maBHas cxema U cxema C.H. BBIOMpaeTCsl B COOTBETCTBUU ¢ TpeboBaHusMu «Hopm TexHomoru-
YECKOT0 MPOCKTUPOBAHUS» M BRIOPAHHOM CTPYKTYPHOU CXEMOiA.
OcHOBHBIE PEeKOMEHIAINH:
Hns PY 110kB u Bl ¢ 4UCIOM NPUCOCTUHEHUH HE O0Jiee YEThIPEeX PEKOMEHIYETCsl CXeMBbl
TPEYroJbHUKA, YEThIPEXYTOJIbHHKA.
st PY 110-220kB ¢ 60ybIIMM 4MCIOM IPUCOSTUHEHUN PEKOMEHIYETCSl CXeMa C OJHOW HIIH
JIBYMs pabOYMMHU U 00XOIHOW cUcTeMaMH COOPHBIX IIKH.
Hus PY 330-750xB pekomenayrotces cxemsl 3/2, 4/3.
Hua PY c.H. 6-10kB pekoMeHayercs OAMHOYHAs CEKIIMOHUPOBAaHHAs CUCTEMa IIUH, YHCIO
CEKLUH paBHO YUCITy KOTJIOB (TeHepaTtopoB). [Tutanue cekiuii ocyuiecTBiasieTcst OT OJIOKOB Yepes3 Mo-

Hwkaromue TCH nnu peakTopsl, eciu HanpspkeHue renepartopa u cekuuid C.H. coBmanaer.

[Ipumeuanus:
1. B PY 110-220 kB, BBIIOJHEHHOM II0 CXEME <«JIBOMHAS CHCTEMa IIUH ¢ OOXOJHOW» IMpH
qrclie MPUCOeANHEHUN Oomee 12 crieyeT CeKIMOHUPOBATh OJHY CHCTEMY IIWH, IPU YHUCIIE MPHUCO-

eauHeHu 0oliee 16-00€ CUCTEMBI ILIHUH.

2 B cxeme 3/2 cOopHBIE IIUHBI CEKIIMOHUPYIOT MPH YHCIIE IETI0YEK C BBIKIIOYATEISIMUA OoJtee

5.



IIpumep cxeMbl COCTUHEHMIA:

T wd

_?_?IE
T
T
-
T+

-

-

el iy

-
—D—=@
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Jus PY 110-220 kB ¢ GonbIuM 4YUCIOM HPUCOEIMHEHUH MMPUMEHSETCS cXeMa ¢ AByMs pabo-
YUMH U OJHOW OOXOAHOM cHCTEMaMU LIMH C OJHUM BBIKIIIOUaTesieM Ha 1enb. Kak npasuino, ode cu-
CTEMbI IIMH HaXOAATCs B paboTe IpPU COOTBETCTBYIOIIEM (DPUKCHPOBAHHOM IPHCOEIMHEHHM BCEX
NPUCOETUHEHUH, IIMHOCOETMHUTENbHBIN BbIKII0UaTesb QA BritoueH. Takoe pacnpeneneHue nmpuco-
€AVNHEHUN YyBEIMYMBAET HAJIEKHOCTh CXEMBbI, Tak Kak npu K3 Ha mmHax OTKIHOYaeTcs MIUHOCOEIN-
HUTEJBHBIN BBIKITIOUaTeNlb QA M TOJBKO TOJOBHHA MPHUCOSANHEHHMA. Ecan moBpekIeHrne Ha MUHAX
yCTOIUMBOE, TO OTKJIFOYMBIIMECS NMPUCOSANHEHMs MEPEeBOJAT Ha MCIpaBHYO cucteMmy wiuH. [lepe-
PBIB B 3JIEKTPOCHAOKEHHsI MOJOBHUHBI NPUCOEIUMHEHUI ONpeesseTcs AIUTEIbHOCThIO MEepeKIoye-
Huil. PaccmoTpennas cxema pekomenayercs aist PY 110-220 kB na cropone BH u CH noxacranumii
MIPU YKCIIe TPUCOeUHEHUN 7-15, a Tak e Ha SJIEKTPOCTAHIUAX MPU YHCIIe TPUCOSTUMHECHHH 10 12.
JlaHHas cxema MO3BOJISET NPOU3BOIUTh PEMOHT OJJHON CHCTEMBI LLIMH, COXpaHss B paboTe Bce MpH-
coeauHenus. OHa sIBJII€TCSl THOKOM M JOCTATOYHO HAJEKHOM.

B PV 330-750 kB npumMeHnsiercs cxema ¢ IByMsi CHCTEMaMU LLIMH U TPEMs BBIKJIIOUATEISIMU Ha
JBe Lenu. B HopManbHOM peXrMe BCE BBIKIIOYATEIN BKIIFOUEHBI, 00€ CUCTEMbI IIUH HAXOASATCS MO
HanpspkeHueM. [t peBu3nu 1r000ro BBIKIIOYATENS OTKIIOYAIOT €r0 U Pa3beAMHUTEINH, YCTaHOBJICH-
HbIe 110 00€ CTOPOHBI BhIKItoUaTess. KoanuecTBo onepanuii A1 BbIBO/IA B PEBU3HIO - MUHUMAIIBHOE,
Pa3beAUMHUTENN CIYXKaT TOJBKO JUIsl OTEIECHMSI BBIKIFOUATENS TP PEMOHTE, HUKAKUX ONEPATUBHBIX
NEPEKIIIOUEHUN UMU HE MPOU3BOAUTCA. JIOCTOMHCTBOM CXEMBI SIBJISETCS TO, UTO IIPU PEBU3UU JIHO0O-
r'o BBIKJIFOUATEINS BCE MPUCOEIUHEHHSI OcTaloTcs B padoTe. Jpyrum 1OCTOMHCTBOM MOJIYTOPHOM cXe-
MBI SIBJISIETCS €€ BBICOKasl Ha/IEKHOCTb, TAK KaK BCE LIEMH OCTAIOTCS B paboTe Jake MPU MOBPEKACHUU
Ha COOPHBIX [IMHAX.

Cxema 1mo3BoJIsIeT B pabodeM pexxuMe 0e3 oneparuii pa3beAMHUTENIMI TPOU3BOIUTH OMPOOO-
BaHUeE BBIKJItOUaTeseld. PEMOHT 1IMH, 0YMCTKA U30JISITOPOB, PEBU3MS IIUHHBIX pa3beAMHUTENEH Mpo-
U3BOUTCS 0€3 HapyIIeHus! paboThl 1enel (OTKIH0YaeTCsl COOTBETCTBYIOIIMN PsiJT IIMHHBIX BBIKIIOYA-
Tesieit), Bce IeNU MPOJOJKAIOT padoTaTh MapajyieIbHO Yepe3 OCTABUIYIOCS IMOJI HANpPSHKEHUEM CH-

CTEMY ILIHH.

5 BbI100p 3/1eKTPO00OPYI0BAHUSA ¥ TOKOBEIYIIMX YaCTel
5.1 BsiGop peakTopoB Ui OTXOASIINX K MOTPEOUTENIO TUHUI T€eHEPATOPHOTO HAMPSIKEHUS

(roabko pas TIIL!) (cm. mpumep 3.9. c1p.204-205 yueOHUKA)

C nomormisto peaktopa LR HEeoOxomumo ymenbmuth TOK K3 B Touke K-3 10 BeTMUMHBI TOKA OT-
KItoueHus Beikrouarens Q, . Hameuaem k ycranoBke B inHusAX 6-10kB Beikmogarens BMIID - 31,5
(unu aHaJNOrMYHBIN), BXxoamui B coctaB sueiiku KPY. Tok oTkitouenus Bwikimtouatens lotk=31,5

KA.



T OmnpenensieM HOMUHAJIbHBIA TOK peakTopa MO MAaKCH-

MaJbHOMY TOKY |yax, pOXosiiemMy uepe3 peaktop. Tok

lvax, B A, onipezensiercs mo popmyiie
&
&

P

10max

IMaX:—
)m \/§-UCP~COS(p

P10 max-3a/1aHHas Harpy3Ka Ha TEHEPATOPHOM HaIpsKe-

]2
HUU.
1 1 1 1 IOTK:31’5 KA = IHOTpe6
OnpenenuM pe3yIbTUPYIOIIEe COMPOTUBIICHUE

I I I I 1enu K.3. 0e3 peakropa, B Om, o popmyiie

KADBABHEID AUHGL K MecmHomy
A0 EOUmEAD U
— p
X pes— " —

NE

Onpenenum TpeOyemMoe COPOTUBIICHHUE LIETIH K.3., B OM, 171 OrpaHUYeHHs Toka K.3 70 I1o

no

TpeO. o hopmyre
U
cp

Xe3. e6 —
NI

no,mpe6

.OmpenernseM cCOonpoTUBIEHHE peakTopa, B OM, 1o Gpopmyiie

X p =X pes Tpeb X pes

Bri6upaem peaktop no cnenyrommm napamerpam : U, =10 kB |, =2111 A X, = 0,116 Om
Hameuaem k ycTanoBke peaktop ¢ lHom > Imax
Hanpumep, Beioupaem peakrop PBCII - 10 - 2500 - 0,14. iy, =79 KA
Ompenensem X'pe; nenu, B OM, ¢ yuéToM peakropa, 1o popmyie
X' pes=X pes T Xp
Omnpenenum (akTrueckoe 3HaueHue |, 32 peakTopom, B KA, 1o Gopmyie
U
| =@
RNCEO

IIpoBepuM CTOMKOCTB pEaKTOpa B PEXKUME K.3.

SHGKTpOI[I/IHOMI/IquKaH CTOfIKOCTL, HaIlpumep:
Ky=1,965; iy=~22loK,=~2:27-1,965=742 A
L = 79 KA = iy =79 KA



TepMuueckast CTOMKOCTb, HAPUMED:
liep =311 KA; tep =8¢; Ta=0,23 c; tone=1,2 ¢
1102 ( torctTa)
B, =31,1%.8 > By paes = 277 -(1,2+0,23)
7737 kA% > 1042,47 kA%

— 2 —
BK - ITep : tTep > BK pacu —

5.2 Bei0Oop BbIK/IIOYATENEH U pa3beAMHUTEIEH
Bri6op BeIKITIOUaTeneit u pazpeaunuteneii Ha cropone BH, CH, B menu renepartopa. u sueek
KPYV B cucreme c.H.

OmnpenensieM MakCUMaJIbHBIN TOK, KA, 110 Gpopmyiie

P
Ima)(: H.2 8
J3-U,,-cosp-0,95 ®

OmnpenensgeM HOMUHAIIBHOE JI0ITYCKAEMOE 3HAUEHHE allepruOAMUECKOM COCTABIISIONIEH B OT-
KITF0YaeMOM TOKE JIJISi BpEMEHH T 110 GopmyJie
i —_ v 2 .B ’ IOm(HOM
a,HOM ™
100

PacuéTHble 1 KaTaloKHBIC JaHHBIC BEIKITIOYATEIICH U pa3beIMHUTEIICH 3aHOCUM B TaOIUIIBI,

(9)

HarpuMmep:

5.2.1 Ha nampspkenue 110 kB

Tabnuna 11 - TexHnyeckue naHHbIE BBIKIIOYATENEH U pa3beJUHUTENEH

KartanoxHble 1aHHbIC
Pacuérnbie nanubie VYcnoBue BbiOOpa
BBBK-1105-50 P/13-110/2000

U,=110 kB < Uuon=110 kB Uuon=110 kB
Imax=1360 A < lion=3150 A lhon=2000 A
In=31,3 KA < lork =0 KA

=21 KA < ianon=33,1 KA

=33 KA < Lum=50 KA

i,=85 KA < =128 KA =100 KA

B.=76,6 kKA*c < liep trep=10443KA lreptrep=4200KA

5.2.2 Ha reneparopHoe HamnpspkeHue 18 kB

Omnpenensem Tok 1o hopmysiam 8§ u 9



160000

=6363 A

Ime 1 7318.0.85.0.95

lawow = 0, T.K. p=0

Tabnuna 13 - TexHudyeckue NaHHbIE BHIKIIOYATENEH U pa3beJUHUTENEH

Pacuértunie Karano>xHbie JAHHBIC
VYcnosue BbiOOpa
JTAHHBIE BBI'-20-160 PBII-20-20000

Uyer=18 kB < Unon=20 kB Uson=20 kB

lmax=6363 A < Liow=12500 A Lion=12500 A

l=57,6 KA < lomeson=160 KA

i2=42,76 KA < ia.uon=0 KA

V2 Lo (14 2 )=

V2 I N2 57,6 < 100
+42,76=124.2 kA V2 1160=225,6 kA

1110=65,62 KA < Lun=160 KA

i,=176,8 KA < =440 KA =490 KA

B.=17224 kA®c < liep trep=102400k A% liep trep=129600kA”c

5.2.3 Buibop sueek KPY B cucteme cOOCTBEHHBIX HYK]T

OmnpenensieM MakKCUMaJIbHBIA TOK Imax, B A, 110 popmyiie

.- 16000
™1,736,3

S

MCH

Imax= —F——,
3 : UHOM

rfe Sy HOMHHAJIbHAS MOIIIHOCTH TpaHc(opMaTopa COOCTBEHHBIX HYK/[I, HAIPUMED:

=1468 A

Jlist Tparcdopmartopa ¢.H. ¢ pacmernieHHol oomotkoid HH Sy menmures Ha 2:

S

MCH

o= ——en
max 2 ] 3 - U —

Pacuérnble u karanoxxueie qanuble ssueek KPY (J1.5 ¢.400 )3anocum tabnuiry

(10)



Tabmuna 13 - Texunueckue ganuble ssueek KPY

Pacuérnbie Ycnosue BbIOO- KaranoxHsle 1aHHbBIE
JIaHHBIE pa K-XXVI
Uyer=6,3 kB < Uuon=6 kB
Imax=1468 A < liov=1600 A
=19 kKA < lorcnon=31,5 KA
I,=65,4 KA < Lur=80 KA
Brikarouarenb _ BMIID-10-1600-31,5

Pexomenayemnie siueiiku KPY: K-XXI - K-XXVI.

5.3 Br10op TokOBeyIIHMX YacTei

5.3.1 Bb10O0Op 3KpaHUPOBAHHOT'O TOKOIPOBO/IA B IIEMH T'eHepaTopa (BBIOUPAETCs 110 THUITY TeHEe-
patopa, JI5. c1p.420)

MaxkcuMaabHBIA TOK OIPEJICIICH TP BBIOOPE I'EHEPATOPHOTO BRIKITIOYATIIS 110 (hopMyIie 8

PacuéTHble M KaTal0KHbIC JaHHBIC TOKOIIPOBO/Ia 3aHOCHM TaOJIUILy, HAIIPHUMEP

Tabnuna 15 - TexHuyeckue naHHbIE TOKOIPOBOIA

VYcioBue Karanoxxusie nanHbie
Pacuérnble nanHbIC
BBIOOpA TOH-220V1

Uy:=15,75 kB < Unon=20 kB

Imax=9499 A < liov=10000 A

iy:3 1 1,4 KA < I;[MH:420 KA
TpaHnchopmarop Toka | TII1JI-205-10000/5
TpaHchopMaTop HANPSIKESHUS —_— 3HOM-20

5.3.2, 5.3.3 Bei6op rubkux mmH B PY BH u CH (JI8 ctp. 237-239)
[Ipnmeuanne:
ITpu U >330 kB caeayer BeIOMpaTh paciieryieHHbIH TpoBoj B (ha3e, 4ToO0bI He OBLIO KOPOHU-

pOBaHUs

5]

S
Lo J o]

POCROACKEHUE @AF ¢ POCWERASHREM QRelodon




Ceuenune cOOpHBIX LIMH MPUHUMAETCS MO JAOMYCTHMOMY TOKY IPH MaKCHUMaJbHOHM Harpyske Ha
[IMHAX, PAaBHON TOKY Han0o0Jee MOIIIHOTO MTPUCOCIUHECHHUSI.
Hanpumep: Ha Hanpsixenue 330 kB
[TpuarMaeM cedeHre COOPHBIX MIKMH MO JOMYyCTUMOMY TOKY MPU MaKCUMaIbHON Harpys3ke Ha
muHax. OnpezaesnsieM HaUOOIBIIMKA TOK HOPMAJIBHOTO PeXUMa 1o hopMmyiie

S

I —_— HOMe
HOpM ™ ~— ————
V 3-U Hom

= 2500010 o
1,73-330

Imax=luopn=454 A

[Tpunumaem 2 nposoja B daze, 2xAC-400/64, =400 MM, d=27,7 mm, |, =860 A
Imax=454 A <1,0,=2-860=1720 kA

[IpoBepka Ha cxJEécThIBaHUE HE MPOU3BOAUTCA, T.K. | 0P=11,3kA < 20KA. IIpoBepka Ha Tep-
Mu4eckoe feiicTBre Toka K3 He Mpon3BOAUTCS, TaK KaK IIMHBI BBIIIOJIHEHBI FOJIBIMY IIPOBOJAMU HA

OTKPBITOM BO3YXC.

[IpoBepka 1o ycioBUsSIM KOPOHUPOBAHUS:
OmnpenensieM Ha4aJIbHYI0 KPUTHUECKYIO HANpsbkEHHOCTH Eg, kB/cM, mo dopmyie
0,299

Jr

rae M- ko3 HUIUEHT, YIUTHIBAIOIIHNI IEPOXOBATOCTh MOBEPXHOCTH MPOBOAA (I MHOTOIIPO-

Eo=30,3-m-(1+

)

BOJIOYHBIX MTPoB0J10B T=0,82)
lo- paJryc IpoOBOJIa, CM

E¢=30,3-0,82-(1+ 0,299

)=31,16 kB/cm

Omnpenensiem HanpsHDKEHHOCTH BOKPYT mipoBoaa E, kB/cM, 1o dhopmyre

by, 0354-U

D
n-r,-lg—=

9K

rae U- muneiinoe Hanpspkenne (U=1,1-Uyo=1,1-330=363 kB)
D.p- cpeanee reomeTpudeckoe paccTosiHue Mexy nposoaamu a3z (Dg,=1,26-D=1,26-450=567

CM)

K- k03¢ GHUIHEHT, YIUTHIBAIONINI YKCIIO TPOBOIOB N B (haze ompeaensiercs mo hopmyJie

k:,1+2-r—0
a



IJIe a - pacCCTOsTHUE MEXy IIPOBOJIAMH B pacUICTIICHHOH (ase, cMm
k=1+222%0 =1 07
40

I'5c- SKBUBAJICHTHBIN PaJNycC, CM, OIpeenseTcs mo Gopmyie

=4/l - @

r«=+/1,385-40 =7,4 cm

0,354 -363

E=1,07 —— D%
2-1,385-1g %

=26,3 xkB/cMm

Ycnosust mposepku 1,07-E < 0,9E,
1,07-26,3=27,93 < 0,9-31,16=28,04

[TpoBox 2xAC-400/64 npoX0oauUT MO YCIOBUIO KOPOHBI.

Br160op TokoBeaynmx yacteit ot BbiBo10B 330 kB 650uHOr0 aBTOoTpaHcopmaropa 10 cOOpHBIX
IIT1UH
TokoBeayIye 4acTH OT BBIBOJIOB OJIOUHOTO aBTOTpaHCc(hopMaToOpa A0 COOPHBIX LIMH BBINOJ-

HSFOTCS THOKUMH IMpoBOAaMHU.

. 2
OmnpenensieM ce4eHue 1Mo SKOHOMUYECKON TUIOTHOCTH TOKa, J,=1 A/MM”, o hopmyie

HopMm

J

k)
3

05= 4—\:4 =454mm°

Ipuarmaem 2 poBona AC-400/64, 1,,,=2-860 A, q=2-400 mm°
ImaX:453>6 A<|110n:1720 A

5.2.4 Bei6op xéctkux muH B PY cobctBennsix Hyx1 (JI8 crp. 230)

BoInoJHeH pacyer JJIsl JIBYX BAPMAHTOB. NIPUHHUMAEM IIHMHbI 0THOIO0JO0CHbIE HJIH JIBYX-

MOJOCHbIE — HE00XOAUMO BLIOPAThH

. OaHONOJI0CHBIE INNHbI

Pacu€THblil TOK IPOAOIIKUTENBHBIX PEXUMOB lyopy, B A, onpesieneH no gopmyne 10
liopn=1481 A
Imax=1,35"luopn=1,35-1481=1999,35 A
[TpuarMaem aaroMUHUEBBIE OJHONIONOCHBIE KHBI (120x10) MMZ; l,or=2070 A
[To ycnoBuio HarpeBa B MpOAOIKUTEIIBHOM PEKUME IIHMHBI TPOXO/IST:
Imax=1999,35 A <1,,,=2070 A

[TpoBepsieM MMHBI HA TEPMUYECKYIO CTOMKOCTH TI0 hopMmyie



qmin=

VB
C

1

2
-C
rac C'(b}’HKI_[I/IH, B % > OIPCACIIACTCA B 3aBUCUMOCTHU OT MaTCpuraia InH
MM

\/78,3-10°

Omin= o1 =97 2MM?, 4TO MEHbIIIE npunaroro ceuenus q=2x(120x10)

ITpoBepsieM IIMHBI HA MEXAHUYECKYIO IIPOYHOCTh
[TpuauMaem BennuuHy npoiera nponér I=1,2m, paccrosiaue mexay dazamu a=0,8 M.

3
OmnpenenuM HauOobIIIEe yaEIbHOE yeunue npu 3-X ¢gasnom k.3. F°, B H, mo ¢popmyne

2

i
f=3:107 >
a

654002
f:J§107~——7i;——-=926H

W3rubaromuii MOMEHT paBeH:

F.02 926 -1.2°
10

=133,34 H'm

OHpe,[[eJII/IM HAIIPAKCHUEC B MATCpUAJIC IIIMH, BO3HUKIICC IIPU BO3JCHCTBUU I/ISFI/I63.IOH_[6FO MO-

MEHTA Gpacq, B MIIa, IO pOpMyIIE

o..=M
pacu W y

bh © 1.12? ;
rne W = = = 24MM“- MOMEHT COTIPOTHUBJICHUS

6

Gpacu = % :5,6 MlIIa

YcnoBue npoBepKHU:
G paca =9,6 Mna < 6 ;=40 MIla

[ITnHBI MEXaHUYECKHU ITPOYHBI.
Bb160p OnOpHBIX U30JIATOPOB

Bribupaem uzonsatopst OD-10-375 V3
[MpoBepka U30JIATOPOB 10 HOMUHATIBHOMY HAIPSKCHHUFO
UyCT S UHOMH

rae Uyoy- HOMHHATBbHOE HANIPSDKEHUE U30JIATOPOB, B KB

6,3 kB =16,3 kB



IIpoBepka U30IATOPOB 110 TOITyCTUMOM HArpy3Ke
OmnpenensieM TOMyCTUMYIO Harpy3Ky Ha U30JATOPHI F ., B H o dhopmyite
Faon = O’6Fpa3p,
r1e Fpasp- HOpMANIbHO pa3pelleHHas Harpy3Ka Ha U305 Topsl, B H
Fon=0,6-3750=2250 H
OmnpenensieM pacu€THYIO Harpy3Ky Ha H30JATOPBI Fyacq, B H, 0 dhopmyite

= 2

|
Fpae=0,5-/3-107 2|

a

o7 (654-10°)°

Fpaci=0,5-~/3 -1 1,2=555,6 H

VYcioBre NpoBEPKH U30JIATOPOB IO JOIYyCTUMON HAarpy3Ke

Fpacq < Faon

555,6 H<2250 H

N3zonsatopsr OD-10-375 Y3 npoxoasT 1o HAIPSHKEHHIO U TI0 I0IYCTUMOM Harpy3Kke

Il. IBYyXmoJocHbI€ IINHbI

Br16op sxécTkux muH B PY coOCTBEHHBIX HYXA

Pac4&THbli TOK IPOJOIKUTEIBHBIX PEKUMOB |yopy, B A, OIIpezieneH no popmyne 10
liopn=1730 A

Imax=1,35luopn=1,35-1730=2335,5 A
Bri6upaem ABYXTOIOCHBIE allfOMUHKEBEIE UHBI ceuenneM 2(120x10) MMZ,
Lion vow = 3200 A
[To ycrmoBusiM HarpeBa B MPOJIOJKUTEIIEHOM PEKUME IIWHBI TIPOXOJIAT:
Imax < lon  2335,5 A <3200 A

HpOBCpHCM IMWHBI HA TCPMHUYCCKYTO CTONKOCTh

o o 2
OHpeI[eJISICM MHWHUMAJIBHOC CCUCHUC IO YCIIOBHUAM TCPMUUCCKONU CTOMKOCTHU aqTep B MM ,IIO

bopmyne

_ VBk

qTep

v/105-10°

=1 = 112,6 MmM?
91

Tep

YcnoBue npoBepKH Ha TEPMUUECKYIO CTOMKOCTD

qrep < Oron

112,6 Mm? < 2-(120-10)=2400 mm°

HpOBCpHCM IOIWHBI HA MCXAHUYCCKYTO IPOYHOCTDH



OHpCI[GJISICM AJIMHY OPOJICTa MCKAY U30JIATOPAaMU IIPHU YCIIOBHUU YTO YaCTOTa COOCTBEHHBIX KO-

nebanwuii mmH Oyaet 6osbine 200 I',l B M ,110 hopmyiie

2 < 1732 |J

~ 200 \q

rae J - MOMEHT UHepIuu
Ecnu mmHbI pacoyioxkeHsl Ha pedpo, TO
J=0.72-8%h
J=0.72-1%12=8,64 cm’

2 < 1732 | 864 _ 0.52 v
200 V12-1.2
=052 =0.72m

Ecnu mmHe! PAaCIIOJIOKCHBI TJIAlIMS, TO

¢-h®

J=0.72:

1123

J=0.72- =207,4 cm?

2 1732 [207.4 25
200 \V2-1-12
I=y25=16m

HpI/IHI/IMaeM PaCIIOJIOKCHUEC ITAKETA HIWH IJIAIIMs, T.K. IIOJIYYaCTCA S9KOHOMMUA U30JIATOPOB.

[Tponer - 1,6 M, paccTrostHue Mexay dazamu a = 0.8 m

OmpenensieM pacCTOsSTHHE MEXTy POKIJIaaAKaMu ,IN B M ,1o ¢popmyiie

<0216 2o, /Eds
Iy E,

rnea,=28=2'1=2cMm

E=710"TIa
3 3
Jn——h B _ 121 =1cm
12 12
K¢ =0,35
10
In<0.216- 2 71071 =0,67 M
66200\ 0,35

In< 0.133-4/E"]“ 1072
mn

e My = 2.7-10312-1-100 = 3,24 xr/m



10
In<0.133- 4 71071 10%2=0.51 ™
3.24

[IpnHrMaeM paccrosiHue MeXAy MPOKIaJAKaMU IO MEHBIIEMY 3HAYEHUIO
In=0,51m

OHpCILeJIHCM YHCJI0 IPOKJIag0K B IIPOJETE ,N ,I10 Q)opMyne

n=—-1
In

n= £ -1= 2,1
0.51

[IpuHuMaeM 4KcI0 IPOKIAI0K N = 2

OmpenernsieM pacdeTHBIH MPOJIET MPH JIBYX MPOKIajKax ,In B M ,mo ¢popmyiie

In= £ =0.53 M
2+1

OmnpepensieM CHITy B3aUMOACHCTBUS Mex 1y mosiocamu ,fn B H/M ,o popmyite

K, i’
fn=—2 2 .10”

4.8
rieB=10mMm =0.01 m
2
= 032002007 457 3035y
4.0,01
OmnpenensieM HaPsHKEHHOCTh B Marepuaie muH ,Gn B MIla ;o ¢popmyie
fol.2
Gn= 12w, ,
B>h 1212
rnreWn= 6 = 6 =2’
38350,53
Gn= 12.2 =449 MIla

OmnpenensieM HaMpsHKEHHOCTh B MaTepualie MIMH OT B3aumoencTeus ¢as ,Go

B MIla ,no ¢popmyie

|2-2

Gh= 3109,
a-Wo

B-h? 1122
rmeWb= 3 = 3 =48cm°




2 2
G = /3:10° % — 5,05 MIla

OmnpenenseM pacyeTHyI0 HaIPsHKEHHOCTh B MaTepuaine muH ,Gpacq B MIla
o popmyne
Gpaca = GP+Gn
Gpacu = 5,05+44,9 = 50,4 MIla
YcnoBre npoBepKu Ha IOMYCTUMYIO HANPSKEHHOCTh B MaTepualie HInH
Gpact < Gpon
50,4 MIla <75 Mna

[[IvHBI MEXaHUYECKH TPOYHBI
Br100p OMOpHBIX U307IATOPOB

Bridbupaem uzomstopsr OD-10-375 V3
[IpoBepka U30JSTOPOB 10 HOMHHATILHOMY HAIPSHKEHHIO
Uyer < Usow,
rie Uyon- HOMUHATIBHOE HANPSDKEHUE H30JIATOPOB, B KB
10 kB =10 kB
[TpoBepka U30ISTOPOB MO AOITYCTUMON HAarpy3Kke
OmnpenensieM JOMYCTUMYIO Harpy3Ky Ha U30ISTOpsI F o, B H o hopmyie
Fron = 0,6Fpasp, (66)
1€ Fpasp- HOPMAIBHO pa3pelieHHas Harpyska Ha H30ssTopsl, B H
Fron=0,6-3750=2250 H
OrmpenenseM pacu€THYIO Harpy3Ky Ha H30JIATOPBI Fpace, B H, 0 hopmyrie

- 2

|
Fpaci=0,5-4/3-107 2| (67)

a

(66,2 -10°%)?

Fpacs=0,5-+/3-107 16=758 H

YcaoBue IIPOBEPKU U3OJIATOPOB 110 ,[[OHyCTPIMOﬁ Harpyske
Fpacq < Faon
758 H<2250H

N3omsropsr OP-10-375 V3 npoxoasaT 1o HAMPsHKEHUIO U 110 JJOIMYCTUMOM Harpy3ke

5.4 Br100p H3MEpUTETBHBIX TPAaHCHOPMATOPOB



[Ipumeuanue: n3mMepuTenbHbIC TPAaHC(HOPMATOPHI BEIOUPAIOTCS JUISI T€X HaMpshKeHUH, rae Toku K.3.

B nenu rereparopa ciieyeT mpoBepsTh T€ N3MEPHUTEIBHBIE TPaHC(HOPMATOPHI, KOTOPHIE BCTPOSHBI B

SKpaHUPOBAHHBINA TOKOIIPOBO/)

Hanpuwmep:

5.4.1 Bwi6op tpanchopmaTopos Toka B JIDII 330 kB

[Tpunumaem tpanchopmarop Toka TOYM-330-V1; lryon=1A; Sopon=30 BA.

[IpoBepuM TpaHchopmaTop TOKa O BTOPUYHON HArpy3Ke

Tabnuna 16 - Bropuunas Harpyska TpanchopMaropa Toka.

Harpy3ska B azax, B-A
[Tpubop Tun
A B C
Amnepmerp 9-335 0,5 0,5 0,5
Barrmertp J-335 0,5 - 0,5
Bapmerp J-335 0,5 - 0,5
CuéTunk aKTUBHOM
COT-4TM.02 0,3 - 0,3
SHEPTUU
aTYUK aKTUBHOH DHEP-
A P E-829 1,0 - 1,0
7071
ATYUK PEAKTUBHOU
A P E-830 1,0 - 1,0
SHEPrUU
Hroro 3,8 0,5 3,8

HaubGonee 3arpyxens! Tpanchopmatopsl Toka pa3z A u C

Omnpenensiem o01ee CONPOTUBIEHUE TPUOOPOB Inpys, B OM, 110 hopmyie

I1I€ Sppus-MOILHOCTb, IOTpeOIsieMast pubopamu;

|240M~BTOPUYHBIM HOMUHAJIBHBINA TOK TpaHchopMaTopa.

3,8
Impu6= 1—2 :3,8 OMm

_ “npub

2HHO

(11)

OnpenensieM HOMUHAIBHYIO JIOIyCTUMYIO Harpy3Ky TpaHchopMmaTropa TOKa B BBIOpaHHOM

KJIacce TOYHOCTH Z3 yom, B OM, TIO hopMyIIe

r1e Syuon-HArpy3Ka BTOPUIHONW OOMOTKHU

2HOM

2HOM

(12)



Z) won= i—? =30 Om

OmnpenensieM AOIMyCTUMOE CONPOTUBIIEHUE IIPOBOJIOB Iy, B OM, 10 dpopmyiie
rnp:ZZ HOM ™ rnpnG'rK, (13)
rJe I(-CONPOTUBIICHHE KOHTAKTOB, TpuHUMaeM paBHbIM 0,1 OMm
rp=30-38-0,1=26,1 Om
OrnpenenseM ceueHUe COSAMHUTENBHBIX POBOIOB (, B MM, TI0 dbopmyiie

Pl e,
r

mp

o= (14)

IZie P-yAEIbHOE CONPOTHUBIIEHNE MaTepuaa npooja(c MeaHbIMu xuiiamu), p=0,0175
Om - mm®
M

lpacu-pacu€THast JUIMHA, 3aBUCSIIAs OT CXEMbI coetHeHust TpaHcdopmaropa Toka (lpac=150 m)

0,0175 150
26,1

2
=0,1 mMm

Bribupaem kouTpoibHbIi kabenb KBBI Qgus=2,5 MM,

OmnpenenseM AEHCTBUTENILHOE CONPOTHBIIEHUE IIPOBOJOB Iyp, B OM, 110 popmyiie

|
Mp= pﬂ (15)
qKaG
0,0175-150
rnp= T :1,05 OmMm
OmnpenenseM BTOPHYHYIO Harpy3Ky Tpancdopmaropa 2, B Om, 1o popmyie
M=V pus+mptc (16)

r,=3,8+1,05+0,1=4,95 Om
PacuérHble 1 KaTanoxHble JaHHbIE TpaHC(HOpPMATOpa TOKA 3aIIMChIBAEM B TAOIUILY

Ta6mmma 17 - PacuérHble 1 KaTal0KHbIE TaHHBIC TpaHChOpMaTopa ToKa

KaranoxxHbie 1aHHbIE
Pacuérnbie nannapie Ycnosue BeiOOpa
TOYM-330-V1
Uyer=330 xB < U.on=330 kB
Imax=454 A < liov=1000 A
1,=29,4 kKA < In=160 KA
B.=9.,3 kA%c < lrep trep=68-1=3969 KA
r,»=4,95 Om < Z2uon=30 OMm
CcXeMa COEeIUHEHUS BT.00M. _— 0,5/10P/10P/10P
KJIACC TOYHOCTH E— 0,5




5.4.2 Br16op TpanchopmMaTopoB HanpspkeHUs Ha cOopHbIx muHax 330 kB.

[Tpuaumaem Tpancopmarop HanpspkeHuss HKD-330-73, Sy;0,=400 B-A; knmacc Tounoctu 0,5.

. [IpoBepum TparchopMaTop Mo BTOPUIHON HArPy3Ke

Tabnuua 19 - BropuuHnas Harpy3ka TpaHcopMaTopa HanpsKeHHsI

S,B-A S oOmas
Yucno Yucno
[Tpu6op Tun OJTHOM cosQ | sin@ P, Q,
00MOTOK npubopoB
o0Mm. Br |BA
Bonbr™etp 3-335 2 1 0 1 2 -
Yacroromep
perucTpupy- H-397 7 1 0 1 7 -
FOIIUH
BonbsT™meTp
perucTpupy- H-394 10 1 0 1 10 -
O
Yacroromep 2-362 1 1 0 2 2 -
Uroro 21

OmnpenensieM Harpy3Ky Tpanchopmaropa HanpspKeHus o Gopmysie

Sys=

21> +0% =21 B-A
S,5=21 B-A<S),0,=3-400=1200 B-A

Szz=\/P2 +Q2

Tpanchopmarop HanpspKeHHS OyIeT paboTaTh B CBOEM KJIACCE€ TOYHOCTH

5.4.3 Bei6op TparchopMaTOpOB TOKA B IIETH reHEpaTopa

[Mpuanmaem tpancdopmarop Toka THIJI-205-10000/5; Z; yon=1,2 Om, kinacc Tounoctu 0,5

[TpoBepum TpanchopMaTop TOKa [0 BTOPUUHOM HAarpy3Ke

Ta6muma 23 - BropuyHas Harpyska TpaHcgopMaropa Toka

(17)

Harpyska B dazax, B-A

[Tpubop Tun
A B C
1 2 3 4
AmMriepmerp 2-335 0,5 0,5 0,5
Bartmerp J-335 0,5 - 0,5
Bapmetp J-335 0,5 - 0,5
CuéTunK aKTUBHOU

COT-4TM.02 0,3 - 0,3

SHEPTUU




JlaTuuk akTUBHOM MOIII-
E-829 1 - 1
HOCTH
JlaTuyuK peaKTHUBHOM
P E-830 1 - 1
MOIIIHOCTH
Awmmiepme eTUCTPU-
PHETPP P H-393 - 10 -
pyIommii
Barrmerp peructpupy-
PP . pHpy H-395 10 - 10
1030007071
Barrmerp (it typ6Ou-
1-335 0,5 - 0,5
HBI)
Hroro 14,3 10,5 14,3

HaubOonee 3arpyxensl TpanchopmaTopsl Toka ga3 A u C
Omnpenensiem oO1iee corpoTuBiIeHUe MprOOpoB 1o Gopmyie 11

14,3
Mipuo= 5—2 =0,57 Om

OmnpenensieM JOIIyCTUMOE COIPOTUBIIEHHE IPOBOJOB 110 hopmyiie 13
rp=1,2-0,57-0,1=0,53 Om
OmnpenensieM cedeHre COeIMHUTENBHBIX TPOBOOB 110 popmyiie 14

0,0175 40

=1,32 MM
053 MM
Bri6upaem koHTposibHbIi kabenb KBBIT (xa6=2,5 MM,
OnpenensieM 1efCTBUTENBEHOE CONIPOTUBIIEHHE POBOJOB 10 hopmyite 15
0,0175-40
Fop= %5 =0,28 Om

OmnpenenseM BTOPUYHYIO Harpy3Kky 1o ¢popmyie 16
r,=0,53+0,28+0,1=0,91 Om
PacuérHble 1 KaTanoXXHbIE JaHHBIC TpaHCHOPMATOpa TOKA 3aITMCHIBAEM B TAOIHILY

Tabnuua 24 - PacuéTHble U KaTaJloKHBIE JaHHbIE TpaHC(POpMaTopa ToKa

Karanoxabsle naHHbIe

Pacu€TtHpie nanHbIE Ycnosue BbiOOpa

TIJI-205-12000/5

Uyer=20 kB < U.on=20 kB

lmax=10737,5 A < Liow=12000 A

i,=194,36 KA < Lwn=380 KA
B.=7617,83 kA*c < lrep trep=28400 KA®-C




r,=0,94 Om < Zowon=1,2 OM
CcXeMa COeIMHEHNS BT.00M. E— 0,5/10P
KJIACC TOYHOCTH E— 0,5
5.4.4 Bpi0op TpaHchopMaTOpOB HAIPSKEHUS B LIEIU IeHEpaTopa
[Tpunumaem tpanchopmatop HanpsukeHuss 3SHOM-20; Sy,0n=75 B-A
[TpoBepum TpanchopMaTop Mo BTOPUYHOMN HArpy3Ke
Tabnuna 25 - BropuyHas Harpy3ka TpaHchopMaTopa HanpsyKeHUs
S, B-A S oOmas
Yucno Yucino
[Tpudop Tun | onHolt 0] sin@ Q,
00MOTOK npudopos | P, Bt
o0M. B-A
1 2 3 4 5 6 7 8 9
Bonbsr™merp peru-
H-393 10 1 1 0 1 -
CTpUPYIOILUI 10
Yactoromep 2-362 1 1 1 0 2 2 -
BonermeTp 3-335 2 1 1 0 1 2 -
BartmeTtp J1-335 15 2 1 0 2 6 -
Bapmetp J1-335 1,5 2 1 0 1 3 -
Jatuuk aTuBHOM
E-829 10 - 1 0 1 10 -
MOIITHOCTH
JlaTumk peaTuB-
P E-830 10 - 1 0 1 10 -
HOW MOIIIHOCTHU
BarT™me €ru-
PP H-395 10 2 1 0 1 20 -
CTPUPYIOIIHIA
Cuéruuk atuHout | COT-
1 2 0,38 0,925 1 2 4,87
SHEPruu 4M.02
Hroro 65 4,87

Omnpenensem Harpy3ky Tpanchopmaropa HanpsbkeHus 1o Gopmyse 17

S,s=+/65% + 4,872 =65,2 B-A

Sys=67,7 B-A<S),0,=3-75=225 B-A

Tpanchopmarop HanpspKeHUsST OyIeT padoTaTh B CBOEM KIJIACCE TOYHOCTH.




6 Bbi6op cniocoda cCHHXPOHU3AIUM

BxuroueHune reHepaTtopa Ha MapajiesibHYI0 pabOTy MOXKET ObITh BBIIIOJHEHO METOAOM TOYHOMN
CUHXPOHHU3AIUU WIH CAMOCUHXPOHU3ALUU.

Jlis BKITIOYEHHsI TeHepaTopa METOAOM TOYHON CHMHXpOHM3alUuu 0e3 Opocka ToKa B CTaTope H
0e3 pe3Koro U3MEHEHHsI Bpallatollero MOMEHTa POTOpPa JOJHKHBI ObITh COOJIIO/IEHBI TPH YCIIOBHUS:

- PaBEHCTBO 3HAYEHUI HANPSHKEHUI reHepaTopa U CeTH;
- COBIMAJICHUE ATUX HAIPsDKEHUH 1o (haze;
- PaBEHCTBO YacTOT I'€HEpaTOpa U CETH.

TouHast CHHXpPOHHU3ALMS IPOBOJUTCS MPU MOMOIIM aBTOMaTHUYECKOI'0 CHHXPOHU3ATOPa, a B TOM
cilydae, TJie ero HeT — BpyuHyto. CxeMa py4yHOl CHHXPOHU3AIMH BBIMOIHIETCS OJOKUPOBKON OT He-
CUHXPOHHOT'O BKJIFOUEHUS, pa3pellalollell BKIIIOUEHUE TeHepaTopa TOJIBKO MPHU JO0IyCTUMOM pa3Ho-
CTH 4acTOT BpAILEHUS U yIJIe paCXOXKIACHUS MEXy (pasamu HampspKeHU# reHepaTopa u cet. Pydnas
CUHXPOHM3AIIMS IPU OTKIJIFOUEHHON OJIOKHPOBKE OT HECUHXPOHHOT'O BKJIFOUEHHUS 3alpeIaeTCs.

CHuHXpOHM3aLMs TE€HEPaTOPOB METOJOM TOYHOM CHUHXPOHHU3AIMU SBISETCS BECbMa OTBET-
CTBEHHOM omnepauuei, Tpedyromiei 0T 00CIy>)KUBaIOLIET0 MePCOHaNIa COOTBETCTBYIOIEH KBAIU(pUKA-
MU U ombITa padboThl. [I03TOMY Ha JaHHOM CTaHLUU HYXXEH aBTOMAaTHUYECKUW CUHXPOHU3ATOP C MO-
CTOSIHHBIM BpeMeHeM onepexxenus YBAC.

[To crtoco0y caMOCHHXPOHHU3AIMH T€HEPATOP BKIIOYAETCS B C€Th 0€3 BO30YKICHHSI TIPH 9acTO-
Te BpallleHus1, OJIM3KOM K CHHXPOHHOM (cKoikkeHue +2%), mocie yero Bkiouaercss AI'TL, renepatop
BO30YyKJ1aeTcs U B TedeHue 1-2 ceKyH]I BTATMBAETCS B CHHXPOHU3M. PerynmmpoBoUHbIil peocTat nepes
BKJIIOUEHUEM T'€HEpaTopa J0JKEH ObITh yCTaHOBJEH B nojiokeHne XX. Bo n3bexanue npobos uso-
TS OOMOTKH pOTOpa M3-3a MOSBJICHUS MepeHanpsKeHN OHa JT0JKHA OBITh 3aMKHYTa JI0 BKJIIOYe-
Hust AI'TI Ha pe3rcTop caMOCUHXPOHU3ALIMHI

IIpy BKJIFOUEHMH METOAOM CAMOCHMHXPOHM3ALMHM MPHUMEHSIOT YCTPOMCTBO MOJIyaBTOMaTH4E-
CKOM CaMOCUHXPOHU3ALINH.

[IpermymiecTBOM MeTO/la CaMOCHMHXPOHU3ALMU SIBISIETCS: 3HAUUTEIBHOE YIPOIICHHE Omepa-
U BKIIIOYEHHsI, OBICTPOE BKIIFOUEHUE MAIIIMHBI B CE€Th, YTO OCOOEHHO Ba)KHO NP aBapUU B CUCTEME.

B aBapuiiHBIX yCIOBHUSX, KOTJIa HANPSHKEHUE M YaCTOTa B CETU MOTYT CHIIBHO Kojie0aTbcs, Orle-
panus 1o BKJIIOYEHHIO TeHepaTopa CIIOCOOOM TOYHOW CHUHXPOHHU3ALMU MOJKET 3aTSHYThCS Ha Mpo-
JOJKUTENTbHOE BPEMSI MJIM COIPOBOXKIATHCS BKIIOUEHHEM C OOJBIINM YIJIOM PacXOXJI€HUS BEKTOP-
HBIX HANPsOKEHUA TeHepaTopa U ceTH. B 3TuX ycloBusx TypOoreHeparopsl MOITHOCTRIO 10 200 MBT
BKJIIOUMTEJIBHO U THAPOTre€HEPATOPhl MOIIHOCTHIO 10 500 MBT BKIIOUMTENBHO pa3peniaeTcs BKIIIO-
yaTh Ha MapajUleNIbHyl0 paboTy METOJOM CaMOCHHXPOHHU3aLMU. I'eHepaTtopbl OOnblIel MOIIHOCTU
paspeliaercss BKJIIOYATh 3TUM CIIOCOOOM MPU YCIOBUHU, YTO KPATHOCTh CUMMETPUYHON COCTaBIISIO-
1Ieil TOKa CaMOCUHXPOHU3aLUHA K HOMUHAJIBHOMY TOKY He rpeBbIiaet 3.0

BriOupaeM crioco6 TOUHOM CHHXPOHHU3AIHH.



7 Pacuét nuddepennuajbHoi 3auThl TpanchopmaTopa
LAJLJ TIT
AT-31 bk

SN Lgﬁ‘f[

TP

- 3le

5 —3E
@ J\% AT-32
Yy
| |Taz A
WA
T4z I,
Kea=l

Pucynok 13 - Cxema TOKOBBIX Lieneil qud3amuTsl TpaHchopmaropa

JlaHHble 17151 pacyeTa, Halpumep:
Tun Tpancpopmaropa-T /L]
S;=200 MBA

Usn =347 xB

Unn =18 kB

K;; =1000/1=1000

K, =8000/5=1600

K3 =1500/5=300

lomax=1,12 KA=1120 A

Ik min=960 A

[anee - pacyeT mo METOANYKE.

Ik max — TOK OT JJaHHOTO TeHepaTopa B Touke K3 Ha cropone BH wm CH.
8 BbIOOp THIOB 3alIUT JJIsl BCEX 3JIEMEHTOB CXeMbI

OcHOBHBIE 3alTUTHI, TPUMEHsIEMbIE Ha OJIOKAaX C TEHEPATOPAMH:

3amuTa oT 3aMbIKAHMI HA 3¢MJII0 B 00MOTKe cTaTopa

Jlns reHepatopoB MouHocThio 160 MBT u 6onee mpumensiercs 3amuTa tuna 33I-1. OHa co-
CTOUT M3 OpraHa HANpsKEHUs HyJEBOW MOCIEA0BATEIbHOCTU MEPBOM FAPMOHUKH U OpraHa TPETben

rapMoHukd. OpraH MepBOM TapMOHHMKHU TPEICTABISET COOOM MaKCHUMabHOE peJie HAMpSHKEHUS C



(GUIBTPOM BBICHIMX FAPMOHUK, MPOIYCKAIOIUX TOJBKO HANPSIKEHNUE MEPBOM FAPMOHUKH; 3aIUIIACT
0O0JIBIIYI0 YAaCTh BUTKOB OOMOTKH CTaTopa I'€HepaTropa CO CTOPOHBI JIMHEWHBIX BbIBOAOB. OpraHom
TPeTheil TAPMOHUKHU SIBIIETCS pejie HANpsKEHUsS C TOPMOXKEHUEM, 3alMIIAIOIIEro 4yacTb OOMOTKHU
CTaTopa, MPUMBIKAIOILYI0 K HEUTPaJK, U caMy HEHTpaJlb.
[Monepeunas nudpepeHunaIbHAS 3alIUTA TeHepaTopa

[lonepeunast auddepeHunanbHas 3alluTa reHeparopa BKJIOYAaeTcsd Ha TpaHcpopMmaTop TOKa
YCTaHOBJICHHBII B IIEPEMBIUKE, COSIUHAIONICH Be HEUTpaiu BeTBeH OOMOTKM cTaropa. 3aliura pea-
TUpYyeT Ha 3aMbIKaHUs MEX1y BUTKAMM OJHON BETBH, MEXIY BETBIMH OJHOM (hazbl U MEKIy BETBS-
MU pa3HbIX (a3. 3amura BeimonHseTcs Ha pene Tuna PT-40/® ¢ GpuinbTpoM BBICIIMX TapMOHHMK.

[IpononpHas auddepeHnnanbHas 3aluTa reHeparopa

3ammra BeIONHsIETCS Ha pene tuna J[3T-11/5, umeromero padouyro oOMoTKy (144 BUTKA) C
OJITHUM OTBETBJICHHUEM IOCepeanHe. 3aluTa umMeer TpexdazHoe ucnonHeHue. TopmosHas 0OMOTKa
UMEET JUCKPETHOE PETYJIMPOBAHME YMCIIa BUTKOB, OOIee 4uciio BUTKOB 36. Topmo3Has oOMOTKa
BKJIIOYAETCSI BO BTOPUYHYIO LIENb TpaHC(opMaTopa TOKa CO CTOPOHBI IMHEHHBIX BBIBOJIOB T€HEPATO-
pa.

Pe3epBHasi AMcCTAHIIMOHHAS 3a1MTA

JlucraHuroHHasl 3aliuTa BelnonHeHa Ha pene tuna KPC-2 ¢ ucnosb30BaHUEM pelie COIPOTUB-
nenusi. Pene Bkirouaercss B TOKOBbIE Lienu uepe3 TpaHcpeakrop 1TP , B nenu HampspkeHus perne
BKJIIOUAETCS] BO BTOPUYHYIO 0OMOTKY TpaHchopmarop HanpsbkeHus: TH, coennHeHHyo B 3Be311y .

ToxoBasi 3ammuTa 00paTHON MOCJIEA0BATEJIBbHOCTH

TokoBas 3amuTa 00paTHOW MOCIEIOBATEILHOCTH BBINOJHEHA Ha ycTpoicTBe Thna PTd-6M.
VYerpoiictBo conepxkut GuiibTp Toka odpatHoit nocnenoBatenbHocTH (DTOII), opran ¢ uHTErpanb-
HOM 3aBUCUMON XapaKTepUCTUKOMN BBIIEPKKH BPEMEHH, JBa OpraHa, He UMEIOIINE BhIIEPKKH BpeMe-
HU (oTceukn) u curHanbHblll opran. GTOII npucoeaunsercs k TpaHchopmaTopaM TOKa, YCTAaHOB-
JIEHHBIM CO CTOPOHBI HeiTpayiu, 4yeM oOecreyuBaeTcsi JeHCTBHE 3allUThl IPH BHYTPEHHUX HECHM-
MeTpuyHbIX K3.

3amuTa oT NOTEpH BO30YKICHUS

3amura OoT NoTepu BO30YKIAECHHUS BBIIOJHEHA C TIOMOIIbIO HAIIPABJIEHHOI'O PeJie COMPOTUBIICHUS
tuna KPC-2, pearupyromero Ha n3MEHEHHE CONPOTUBIIEHUS Ha BBIBOJAX reHepaTopa. B Hopmaib-
HOM peXuMe paboThl BEKTOP MOJIHOIO CONPOTUBIICHUS Ha BBIBOJAX FeHEpaTopa HaxoauTcs B 1 KBaj-
paHTe KOMILJIEKCHOU TIJIOCKOCTH comnpoTuBieHuid. [Ipu motepe Bo30ykIeHHS TeHepaTop MOTpeOseT
U3 CETH 3HAYUTENIBHYIO PEAKTHBHYIO MOUIHOCTH U MPOJOJIKAET HECTU aKTHBHYIO HarpysKy, yKa3aH-
HBI BEKTOp IIOJHOTO CONPOTHUBIEHM nepememiaercs B 1V kBaapaHT. /[ BbIABIEHUS OTEPU BO3-
Oy>IeHHs BO BCEM JMara3oHe Harpy30K I'eHepaTopa peje CONPOTUBICHUS JOJKHO HAJEKHO OXBa-
ThIBaTh 00JsacTh B IV kBaapante ot Xy 10 0,5X¢

3amuTa poTopa oT neperpy3ku 00MOTKH POTOPa TOKOM BO30Y:KIeHUs



Ha typ6oreneparopax momurHoctsio 160MBT 1 60s1ee mpuMeHsieTcsl YCTPOMCTBO 3allUThl THIIA
P3P-1M.

VYerporictBo 3amuThl Tuna P3P-1M BeInosiHsAETCS € IBYMS CTYIICHSIMU JEUCTBUA :

- IEPBO, eiicTBYIOMIEH Ha pa3Bo30yKIEHUE TeHEPaTopa,

- BTOPOH, IEUCTBYIOIICH HA OTKIIIOUEHHUE €r0 OT CETU U Ha allleHue MoJIs.

Boiaepaka BpeMeHU NepBOi CTyNEHH MEHbIIE BBIIEPKKHU BPEMEHU BTOPOM CTYNEHU PUMEPHO
Ha 20%.

Tok poropa nojgaercs B 3allUTy OT JaT4MKA TOKA, B Ka4€CTBE KOTOPOIO IPU TUPUCTOPHOM U
BBICOKOYACTOTHOM BO30YKIEHHH HCIONb3yeTcs Tpanchopmatop nocrosunoro toka (TIIT), a mpu
OecieToYHOM BO30YKJIEHUN — UHAYKIIMOHHBIA KOPOTKO3aMKHYThIN AaTunk Toka MK/T.

Cursaamuzanmsi CAMMETPHYHOM Ieperpy3Ky reHeparopa

3aiuTa BEINOJIHACTCS ¢ HOMOIIBI0 TOKOBoro pene tuna PTBK, BkiitoueHHOTr0 Ha TOK 01HOM (a-
3bl, U JIEMCTBYET Ha CUTHAJI C BBIAECPAKKOM BpeMeHU 6-8 cek. B Hacrosiiee BpeMs JUIsl 3alIUTHI OT Iie-
perpysku npumensiercs pene tuna PTBK ¢ nuamazonom ycrasok 3,68 - 14A, umeromee Kiosppa-
=0,99.

CurHanuzanus mneperpysKku JIeHcTByeT Ipu TOKe Harpysku, paBHOM 1,06 l,oy. Pene PTBK BbI-
MOJTHEHO Ha MOJYIPOBOJHUKOBBIX 3JIEMEHTAX C UCIOIB30BAHUEM TPAaH3UCTOPOB, JHOOB, CTAOMIUT-
POHOB M MHTErpajbHOro ycuautens. Ero oTinyuTenbHoil 0COOEHHOCThIO SIBIISIETCSl OTCYTCTBUE CIIe-
[IMAJILHOTO OJIOKa MUTaHus (K peyie MOJABOJUTCS TOJBKO TOK OT TpaHchopmaTopoB Toka). OmHAKO
MIPH ATOM H3-32a cliokHOCTH cxeMbl pertie PTBK moBoisHO rpomosakoe (150x200x183 mMm) u ero mac-
Ca COCTaBJISIET OKOJIO SKT.

3ammTa OT NOBBIICHUS HANIPSIXKEHU S

VYcranaBnuBaeTCsl Ha BCEX DHEProdiiokax ¢ TypboreHeparopamu MomiHocThio 160 MBT u 60-
nee. BemonHsaeTcss Ha MakcuMalibHOM perte HanpsbkeHuss PH-58/200, umeromem koadduimeHT Bo3-
Bparta >0,85. YcraBka Ha pene HanpsokeHUs npuHuMaetcs Ug = 1,2U 0.

3amuTa He UMEET BBbIIEP)KKH BPEMEHU U MOJKET JIEHCTBOBATh TOJIBKO Ha XOJOCTOM XOJy T'€He-
paropa (Ha ramenue nois). [Ipu pabore 010Kka Ha HArpy3Ky OHA aBTOMATHYECKU BBIBOJUTCS U3 JEH-
CTBUS C MOMOIIBIO TpeX(Pa3HBIX TOKOBBIX peJie, pa3MBIKAIOIINX CBOM KOHTAKTHI P MOSIBICHUN TOKA
Y YCTaHABIIMBAEMBIX JUIsl UCTIOJIb30BaHusA B cxeMax YPOB c 11enpi0 KOHTPOJIS TOKa B BBIKJIFOUATENAX
(pene Toxa 1PT-4PT).

3amuTa oT 3aMBIKAHMI HA 3eMJII0 B LI BO30Y KAeHHs reHepaTopa

Jlyis curHanmm3aluyd BOZHUKHOBEHUS 3aMbIKaHUS HAa 3€MJII0 B OJTHOM TOUYKE LIETH BO30YKICHUS
TypOOTeHEepaTOPOB C TUPUCTOPHON M BBHICOKOYACTOTHON CHCTEMaMM BO30YXIEHUS MPUMEHSETCS 3a-
mTa Tuna K3P-3, BeimonHseMas ¢ HaJIo)KEHUEM Ha 1IeTlh BO30Y KIEHUS TIEPEMEHHOT0 TOKA YaCTOTOM
25 T'n. UcTOYHUKOM HaJIOKEHHOTO TOKa SIBJISIETCSI MATHUTHBIN AenuTens yactorsl MUY mosyyato-
M mutanue nepeMeHHbM TokoM S0l Hampsbxkenuem 220 B ot cetu coOcTBeHHBIX HYX . Ilepe-

MeHHBIA TOK 25 'l momaeTcss Ha 3eMiI0 (Ha Bal reHeparopa) U Ha oOmoTky poropa OBI' uepes



BCIIOMOTaTeJIbHOE YCTPOMCTBO. 3alllUTa pearupyerT Ha U3MEHEHUE CONPOTUBIICHUS M30JISILMU Lienen
BO30Yy KIeHMs. YcTaBku cpalaTeiBaHMsl 3amiuThl: 5 kOM, 2,5 kOwm. IlepBrlii curHan ykasbpIBaeT Ha
HEO0OXO0JMMOCTh MEpPeBOa TeHepaTopa Ha Pe3epBHOE BO30OYKACHHUE JUIsl YTOUHEHHUS] MECTOHAXOXKIe-
HUS y4acTKa CO CHIDKEHHBIM CONPOTHUBICHUEM U3O0JIAIINU, & BTOPOH (Tipu 0ojiee HU3KOM YPOBHE H30-
JSIIMK) YKa3bIBaeT Ha HEOOXOAMMOCTh HEMEUIEHHOTO OTKJIIOUEHHUSI TeHepaTopa , €CJIH CONPOTHUBIIE-
HUE U30JISLIUU TI0CTIe MEPEXoia Ha Pe3epBHOE BO30YXACHUE HUKE JOITYCTUMOTO.

JuddepenunanbHas 3amura Tpancgpopmaropa 0J0ka

HuddepennuuanbHas 3ammra Ha TpaHchopmaTopax OJ0Ka MpUMEHSETCsS B KayeCTBE OCHOBHOM
3amuThl OoT Becex BUOB K3 BhinmosiHgercs Ha pene tuna J3T-21 O6nagaeT BBICOKON YyBCTBUTEIBHO-
ctbio 1¢3=0,3 lnom. Bpemst cpabarbiBanus 3amuthl [I3T-21 He 6omee 0,04 ¢. B pabouyto niens BKIIO-
yeHa auddepennuanbaas otceuka Ha pesie PT-40. Orceuka nMeeTt 1Be yCTaBKH 10 TOKY:

6 lnom u 9 lnom.
I'azoBas 3amura Tpancgopmaropa

["a3oBas 3amuTa pearupyeT Ha ra3000pa3oBaHuE BHYTpU Oaka TpaHcpopMmaTopa, BO3ZHUKAIOLIEE
B PE3yJIbTATE PA3JIOKEHUS Macila WM pa3pyLICHUsT U30JSIUUU O] ACHCTBUEM 3HAUNTEIbHBIX MOBBI-
LIEHUH TEMIIEPATYPHI.

Briiensromuecs B TpancopMaTope ra3bl OCTYNAIOT B Ta30BOE pelie, BPE3aHHOE B MACIONPO-
BOJI MEXAY TpaHC(HOPMATOPOM U PACIIUPUTEIIEM.

["a30BO€ pene coaepKUT ABa JIEMEHTA - CUTHAJIBHBIA U OTKIIOYaOMi. CUTHAIBHBIA AJIEMEHT
cpabaThIBaeT MPHU MOBPEKICHHUIX, COMPOBOXKIAIOUINXCS cIa0bIM ra3000pa30BaHUEM TOCTIE HAKOILIE-
HUS OIpeielIeHHOro o0bema rasa B pere.

[Tpu 3HaYMTETHHOM TOBPEKICHNH, BBHI3BIBAIOIIEM OYpHOE BBIACICHHE T'a3a, MOBBIIIACTCS J1aB-
JieHHe BHYTpU 0aka U CO3/1aeTcsl MEepeToK Macja B CTOPOHY PaCUIMPUTEINsl, BO3JCHCTBYIOMUI HA OT-
KIroyaronuii snement. [locnenuuii cpabaTeiBaeT MpH NMPEBBIIIEHUN 3aJaHHOW CKOPOCTH MOTOKA Mac-
na. ['a3oBas 3amura 001a1aeT BHICOKOH UyBCTBUTEIBHOCTBIO U B PSAJIE CIIyYaeB BBISABISET MOBPEXK/IE-
HUS B HAYaJIBbHOM cTaauu UX pa3BuUTHs. Ha HeKoTOpble BUBI OIACHBIX MOBPEXKACHUN (Hampumep,
Ha MOXKap B CTaJlM cepAeYHUKa TpaHChOopMaTopa, Ha 3aMbIKaHHsI MAJIOrO YMCJIa BUTKOB OOMOTOK, Ha
HEKOTOPbIE HEMCIIPABHOCTH MepPEKIIoYaTels OTBETBICHU) pearupyeT TOIbKO ra3oBas 3allluTa, TOra
KaK Jpyrue 3aluThl 1P 9TOM HE NPUXOAT B AciicTBue. 110 yka3aHHBIM IpUUMHAM ra3oBas 3allluTa
NOJyYHiia IIHPOKOE PacHpOCTpaHEeHUe, U el MPUMEHEHHE Ha MOIIHBIX TpaHc(opmaropax M aBTO-
TpanchopmaTopax o0s3aTeNIbHO. BrIomHsIeTCS Ta30Bas 3ammTa Ha ra3oBeiX pene tuna PI'T-50, PI'T-
80 uimu BF-80/Q.

3amura ot onHodasubix K3 Ha cropone BH 0J10ka

TokoBas 3amuTa HyJ€BOW MOCIIENOBATEILHOCTH Ha TpaHCc(hopMaTopax OJIOKOB BBIIOJHSAETCS C
nomoInbio 1ByX TOKoBbIX penie 1PT, 2PT tuma PT-40, BKiIrOYeHHBIX Ha TOK HEUTpanu TpaHchopma-

Topa 6sioka. Pene 1PT nmpennazHaueHo A pe3epBUpoBaHUs 3alUT oT K3 Ha 3eMiIt0 CMEXHBIX 3Jie-



meHToB ceTh BH. C nomomsto pene 2PT ocymectsisercs nenenue muH BH u yckopenus nukeua-
IIUU HETIOTHO(a3HbIX PEXKUMOB.

JAuddpepennuaibHas 3a1IUTA OLIHHOBKH

JuddepennnanbHas 3anTa OUIMHOBKH Ha cTopoHe BH mpumensercs Ha Giokax, mpucoenu-
HeHHBIX K cxeme OPY 3/2, 4/3 unu mHOTOyTONBHUKA. [Ipy Hamuauu pesepBHOI AuddepeHnnaILHONn
6soka (Ha ADC) 3ammTa ONIMHOBKY BhINONHAETCA 0e3 TopMmoxkeHus ( Ha pene PHT-565 wnu PHT-
566) a ipu OTCYTCTBUHU pe3epBHOMU (. 3a1UTHI - ¢ TOpMOXkeHHeM Ha peine J[3T-11/4. 3amura omm-
HOBKH NPHUCOEAMHACTCS K TpaHC(HOpPMATOpaM TOKA B LIEMH KaXI0T0 BBIKIOYATENs 0J0Ka HA CTOPOHE
BH u k tpancdopmatopam Toka GiokKa..

KoHnTpoJs H30110M1 BBOJOB

YCTpoiCTBO KOHTPOJIS M30Jsuuu BBOAOB TpaHchopmaropa KIHB-500P Bkmtodaercs Ha eM-
KOCTHOM TOK HYJIEBOH MOCJEIOBATEIbHOCTH B LEMHM OOKJIAJOK TPeX BBOJIOB C OyMa)KHO-MACISTHON
m3ossiuuen, KMB-500P pearupyer Ha nepByr0 rapMOHUKY CyMMbl €EMKOCTHBIX TOKOB BBOJOB BCEX
Tpex das..

[Ipu yacTuuHOM MPOOOE M3ONISALMU BBOAA WM BO3PACTAHMM aKTUBHOTO TOKA YTEUKU B CBSI3U C
pasBuTHEM HOBpekaeHus Tok B ienu KB yBennunBaercss 1 BbI3bIBAaET cpabaThIBaHUE YCTPOUCTBA.

Pe3zepBHasi nudpepenunanbHast 3ammra

[Ipu Hanuuuu pesepBHOU AuddepenunanbHon 6oka (Ha ADC) 3alnTa OIIMHOBKY BBIIOIHSET-

cs 6e3 ropmoxenus ( Ha pene PHT-565 unu PHT-566) a npu oTcyTcTBUM pe3epBHOM Au(. 3a1IUTHI -
¢ TopmoxkeHueM Ha pene JI3T-11/4. 3amura OMIMHOBKY MPUCOCIUHSIECTCS K TpaHCPOpMaTopaM ToKa B

OCIH KaXXA0I'0 BBIKJIIOYATCIA 0JI0Ka Ha CTOPOHC BHu«k TpaHC(bopMaTOpaM TOKa.

9 Pacuér 3a3emasiromero ycrpoiicrsa OPY-330 (110, 220, 500, 750) xB
JlanHbIe 1715 pacdeTa, HarpuMep:
=24 M - mupuHa siueiriku OPY-330 kB;
B'=157.,4 - nnuna ssueriku OPY-330 kB;
N=4 - yucno siueex OPY-330 kB; (k-Bo siueek MOJACYUTHIBACTCS 1O CXEME COCTMHECHHM )
15=7,7 kA
=ty s +tos; 105=0,04 ¢; t,,=0,12¢ , 7= 0,16 c-AIUTETBLHOCTH BO3AECICTBUS TOKA HA YEIIOBEKA;
Re=1,2 OM - conpoTHBIIEHNE ECTECTBEHHBIX 3a3€MIIUTENEH
p1=1500 OM'M - yienpHOE CONPOTUBIEHUE BEPXHETO CIIOS 3EMIIU
p2=150 OM*M - yJieTIbHOE CONPOTHUBIICHUE HUYKHETO CII0S 36MJIU
h1=2 M - ToJIMHA BEPXHETO CIIOS
t=0,7 M- r1yOuHa 3a3eMJICHHSI TTOJIOC CETKH

|;=5 M- [UTMHA BEPTUKAIBHBIX 3a3€MIINTEIICH
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Pucynok 15 - ITnan 3a3emistomiero ycrpoiicrsa OPY-330 kB

Hanee — pacdeT o METOANYKE

10 Onucanue koncrpykuuu OPY-330, 500 kB

st cxembl ¢ IOJIyTOpa BBIKIKOYATENIMU HA LENb IIHUPOKO MPUMEHSAETCS KOMIIOHOBKA C TPEX-
PAIHON YCTaHOBKOW BBIKJIFOYATEIICH.

KommyTtanmnonnoe o6opynosanue 330 kB, B yacTHOCTH BO3IyIIHBIC BHIKIIFOYATENN, UMEET 3HA-
YUTENIbHBIE Pa3Mephl, MOATOMY IpPU BBIOOpE PACCTOSAHUN Mexay (asamu o0OpyIOBaHUS M OOIIMX
pa3MepoB sSYEEeK YUYUTHIBACTCS HEOOXOJMMOCTh MObe3/1a K 000PY0BaHUIO aBTOTPAHCIIOPTA IS T10-
Jlaul OTAENBHBIX y3JI0B 3TOT0 00OpYAOBaHHUS U CIEHUATbHBIX aBTOMEXAaHU3MOB U1 MOHTa)XHBIX U
PEMOHTHBIX paboT.

ITpu xomnonoBke OPY 330kB no cxeme 3/2 noporu A MOHTaXHO-PEMOHTHBIX MEXaHHU3MOB
IPOXOJAT BJOJIb TPEX PAJOB BBIKIIOUATENIEH M MEXaHU3MBbl MOIBE3XKAIOT K PEMOHTHPYEMOMY BbI-
KJIIOYaTeNto, Mpoe3kas MUMO JAPYTUX BBIKIIIOUATENEH, HaXOQIMMXCS Mo HampspkeHneM. C ydyeTom
MUHUMAJBHBIX PaJINYyCOB 3aKPYIJIEHUS JOPOTU PACCTOsIHHE MEXIY (ha3amMu BBIKIIOUYATeNed AOKHO
OBITH 8§ M M PACCTOSHUE OT OCH BBIKIIIOYATENS IO OCH Toporu-7,4 M. O4eBUIHO, YTO JUIS YMEHBIIIe-
Hus mara siaeiiku OPY 330 kB co cxemoii 3/2 1nenecoo0pa3Ho MPUMEHSTh CAMOXOHBIE MOHTaXHO-
PEMOHTHBIE MEXaHU3MbI MEHBIIIUX Pa3MEPOB.

BricoTa nmoaBecKkr BEpXHETO sipyca OIIMHOBKU U BBICOTA OIOP OMPENENSIOTCS C YUETOM IPOBE-
JIEHUS] MOHTQ)KHO-PEMOHTHBIX pabOT Ha BHIKJIIOYATENIE IPU HATMYMH HAMPSOHKEHHS Ha BEPXHEM spyce
ruOKOM OMIMHOBKHU. BeIcIas Touka KpaHa paBHA MPUMEPHO 16 M , pacCTOSIHHE OT KpaHa J0 MpPOBO-
JIOB, Haxosmmxcst o Hanpspbkeauem 330 kB, momkHO OBITH 4 M ,CTpena mpoBeca MPOBOAOB 3 M ,
M03TOMY BbICOTa MpuHATa 23 M. BricoTa omnop noikHa BEIOMPATHCS 110 MECTHBIM YCIIOBUSIM B 3aBU-
CUMOCTHU OT OTMETKH IUIOIIAJIKH, TJ€ YCTaHABIUBAIOTCS OMOPHI, MPUHSATOTO PACCTOSHUSI MEXIY OIO-

paMu, TSXKCHUA 110 IPOBOJAM U CCUCHUS IPOBOAOB.



OPY 500 kB npu Takoii ke KOMIIOHOBKE UMEET ANUHY siueiiku 249,4 M, a mar sueiku 28 m. C
1enbio yMeHblieHus pazmMepos OPY 500 kB Bo3MoxkeH 0TKa3 OT COOpPYKEHUS TPEX J10pOT BJIOJIb TPE
PS0B BBIKIIIOYATENEH, €CIIM BBICOTY CTYJIbEB 1101 000PYJOBaHUE MPUHATH 1O 4 M, YTO 00eCIIeunBaeT
BO3MOHOCTb ITPO€3/1a PEMOHTHO- MOHTaXHbBIX MEXaHU3MOB U MOATOTOBKY UX K paboTe 6e3 CHATHUS

HAIIPAKCHUA Ha COCCIHUX LICTIAX.

Onucanue koucrpykuuu OPY-110, 220 kB

Bce BrIKITIOUATENM U pa3MeLIAOTCA B OJUH PsJ OKOJIO BTOPOM CHUCTEMBI LIMH, 4TO 0OJjerdyaer
ux obcmyxkuBanue. Takue OPY Ha3pIBalOT OAHOPATHBIMU B OTJIMYHME OT APYTUX KOMIIOHOBOK, TJ€
BBIKJTFOYATEIIH JINHUN PACIIONOKEHBI B OTHOM Py, a BHIKIIIOUATeNIM TpaHc(hopmaTopos- B Jpyrom. B
TUIIOBBIX KOMIIOHOBKAaX BBIKIIIOYATENb HE M300pakaeTcs, MOKa3aHO JIUIIb MECTO €ro YCTaHOBKH.
Kaxplii nosiroc NIMHHBIX Pa3beAMHUATENEH BTOPOM CUCTEMBI IIMH PACIOJIOKEH IO IIPOBOJAMHU CO-
OTBETCTBYIOLIECH (ha3pl COOPHBIX MIMH. Takoe pacHoJOXKEHHE IO3BOJISET BBINOJHUTH COCTUHEHUE
IIMHHBIX Pa3beIUHUTENIEH HEMOCPEICTBEHHO 01 COOPHBIMU IIMHAMHU U Ha 3TOM K€ YPOBHE MPHUCO-
€MHUTH BhIKItouaTesnb. OmuHoBka OPY BeINoNHAETCS THOKUM CTalleallOMUHEBBIM 1IPOBOIOM. [Ipu
00JIBIION HArpy3Ke WM [0 YCJIOBHUSM IPOBEPKU HA KOPOHUPOBAHUE B Kax /101 (pa3e MOryT ObITh /1Ba-
TpH NpoBoJia. JINHENHbIE U IIMHHBIE IOPTAJIbl U BCE ONOPHI O] alllapaTaMu- CTaHIaPTHBIE, JKEJIE30-
O6etoHHbIe. bonbIIOe KOJIMYECTBO MOPTAIbHBIX KOHCTPYKIUH B paccMOTpeHHOM TunoBoM OPY BrI-
3BIBAaCT HEOOXOAMMOCTHh MPOU3BOJCTBA PA0OOT HA BHICOTE, 3aTPYAHSICT U YIOpOXKaeT MOHTax. Ecim

C60pHBIe IIWHBI BBITIOJIHUTD )KéCTKI/IMI/I, TO IIMHHBIX ITOPTAJIOB HE Tpe6yeTc;I, a MOHTaXX o0yeryaercs.

11 CneumnaJjbHoe 3aaHue

Ilo 3a/IaHUI0 IIPCTIOAaBaTCIIAAI-KOHCYJIbTAaHTa

12 KanutajabHbI PEMOHT 32JaHHOTO0 3JIEKTPO0OOPY10BAHUS

Pa3paboTaTh TEXHOJIOIHMUYECKYIO KAPTY PEMOHTA

13 TexHuka 6e30MaCHOCTH B 3J1eKTPOYCTAHOBKAX

[Ipumensiemoe B 3JIEKTPOYyCTaHOBKaX 000pyOBaHUE, MECTO AJISl HETO, a TAK)Ke MaTepuabl
TOJKHBI cOOTBETCTBOBATH TpeOoBaHUsAM ['OCT 1 TeXHUYECKUM YCIOBHSIM, Ha 3JIEKTPOOOOPYI0Ba-
HUSIX JIOJDKHBI ObITh TaOMnuku, npeaycMmoTpeHHsle ['OCTaM u TEXHUYECKUMH yCIIOBUSIMH.

DIIeKTpooOOPYI0BAHUE CTAHIIUU, CBSI3aHHBIE C HUM KOHCTPYKIIUH JOHKHBI OBITh 3aIUIIECHBI OT
KOPPO3UH 3aLIUTHBIMH CPEICTBAMH, T.€. CTOMKUMH K BO3JICHCTBHIO OKpYyXk)aromie cpeanl. Okpacka

JOJIDKHAa COOTBECTCTBOBATH O6H.[CMy (I)OHy OKpaCKH MOMEIIEHUN U TEXHUUECKOT O 060py,HOBaHI/I$I.



Oxpacka OTHOMMEHHBIX IIMH B KQXJI0W AJIEKTPOYCTAaHOBKE JIOJKHBI OBITh 01MHAKOBOMU. [1IMHEI
JIOJIKHBI OBITh OKpAIIIEHbI B CIEAYIONIUE IIBETA:

daza A-xenTbii

®a3za B-3eneHslii

®aza C-xpacHblit

HyneBble mIKHBL: IPU U30JUPOBAHHOM HEUTpau — OeJIblil, TP 3a3€MJIICHHON — YEPHBIH.

B OPVY nomxHbI HAXOAUTHCS WKA(DBI € IEKTPOTEXHUUECKUMHU 3aIUTHBIMU CPEJCTBAMU U UH-
CTPYMEHTAMH.

Bxirouenue u OTKIIOYEHUE Pa3beAMHUTENICH H30JUPYIOLIEH IITAHIOM CIIEyeT IPOU3BOIUTD B
JUAJIEKTPUYECKUX MepUYaTKAX.

VY CTaHOBKY U CHATHE 10/ HAIIPSDKEHUEM IIPEIOXPaHUTENEH ClIeAyeT IPOU3BOAUT B OUKaX, AU-
3JIEKTPUYECKUX IIE€PUATKAX C IOMOILBIO IITAHTU.

ITpu npousBoacTBe onepanuii B OPY 10/1HBI BBIIOIHATHCS TEXHUYECKUE U OpraHU3allMOHHbIE
MEPONPHUATHSL.

DNEeKTPOyCTaHOBKH OCMATPHUBAIOTCA 0€3 CHATHUS HAIIPSDKEHMSI ¢ HUX BAAJIM OT TOKOBEIYIIMX
yacreil. [IpaBo ocMaTpuBaTh 3J1eKTPOYCTaHOBKH UMEET JEKYPHBIN C KBAIM(UKATMOHHON HE HUXKE
,B yctanoBkax Bbinie 1000 B. IIpu npousBoacTBe ocMOTpa OAHUM JIUIIOM 3aIIPEIIAETCS IPOHUKATD 32
orpakJieHue, BXoIUTh B kKamepsl PY, He nmeroiue 6aprepos.

[Tpu oO6Hapy’KeHUHU 3aMbIKaHUI Ha 3eMJTIO 3alpeliaeTcs NpUOIKaThCA K MECTY 3aMbIKaHUS Ha
paccrostaue MeHee 8-10 m B OPY. TlpubnmxkaTtecs Ha 6oJiee OIM3KOE PaCCTOSTHUE IOy CKAeTCs TOJb-
KO JUTSL TMKBUIALIUH 3aMbIKAHHSI, @ TAK)KE MPU HEOOXOMMOCTH OKa3aHHs MEPBOM MOMOIIH MOCTpa-
JaBIIeMy. B aTuX cirydasx ciaeayer IoJIb30BaThCs MIPaBUIIaMU OKa3aHUs NIEPBOM IOMOIIH IIOCTpa-
JIaBIIEMY M 3aIIUTHBIMHU CPEJICTBAMH.

YacTH 371eKTpo000opy10BaHMs, HAXOIAIIHUECS 1O HAPSKEHUEM , TOJDKHBI UMETh CETOYHOE
OTpaxKacHUE.

Kanutku u Bopora OPY n0imkHbI ObITH 3anepThIMHU, @ Ha BXojax B OPY BbIBEHINBAETCS TEKCT «
CTOi1 - BBICOKOE HaIPSKEHUEY.

O06opynoBaHMe JOJKHO UMETh Ha/IeXKHYI0 OJJOKMPOBKY OT BKJIFOUEHUS pa3beIMHUTEISIMU U 3a-
3EMJISIOLUMU Pa3beIUHUTEISIMU.

PyKkoATKM 3a3eMIISIOIUX pa3beIMHUTENICH OKPALIMBAETCS B KPACHBIN LIBET, BHIKIIIOYATEIIN

JAOJIKHBI UMCTh YKa3aHHs IMOJTOKCHUSA «BxmoueHns» «OTKIIOUECHO.

IIpoTuBonoxkapHasi 6€30MaCHOCTH

Ha snexTpoctaniiuy npuyrMHaMM 10>Kapa WK B3phIBa MOXKET ObITh HEAOIYCTUMbIN HArpeB, Uc-
KpEHUS KOHTAKTOB. VICKpeHne uyru NOosBISIOTCS BO BpeMsi OIIMOOYHBIX JEHCTBUI ¢ KOMMYTallMOH-
HBIMHU armnapaTraMu, aTMOc(hepHbIX nepeHanpspKkeHuil. UToObl He TOMYCTUTh 3TOT0 HEOOXOANMO BhI-

MOJIHATH CIICAYIOIIUC IMTPOTHUBOIIOKAPHBIC MCPOIIPUATHSA:



- HIIEKTPOOOOPYTOBAHKE JIJIsI TT0’KAPOONIACHOTO U B3PBIBOOMACHBIX TIOMEIIEHUH BEIONPAIOT B 3a-
BHCHMOCTH OT €T0 KJIacca;

- 3JJaHUSI U COOPYIKEHHUS BBITOJIHSIIOTCS OTHECTOUKUMU;

- kaOeJIbHBIC TYHHEIH JOJKHBI OBITH TEPMETHUHBI JIsl MPEAOTBPAILICHHUS TIOTTaJaHus B HUX TeX-
HUYECKHUX BOJ U Macia u3 kamep PY mpu aBapusix MacIOHANIOJTHEHHOTO 000PYOBaHHUS, A TAKXKE
JOJIKEH OBITh 00€cIeYeH OTBOJI TOUYBEHHBIX BOJ;

- kaOeJIbHbIEC TYHHEIH JTOJIKHBI OBITH 00ECIICUEeHbI €CTECTBEHHOM BEHTUIISIIUCH;

- kaOeJIbHbIC TYHHEIH JTOJKHBI BBITOTHATHCS U3 HECTOPAEMbIX MaTepUasoB;

- Y MacJIOHAIMOJIIHEHHOTO 000PYAOBaHUs JOJDKEH ObITh 00ecrieueH OBICTPBIN CIIMB U OTBOJI Macia
B 0€30MacHOE MECTO Ha Ciyyail moxapa;

- JUIsI TYIIEHUS TI0KapoB TpaHCHOPMATOPHI TOJKHBI OBITH 000PYAOBAaHbBI YCTPOHCTBAMU aBTO-
MaTHUYECKOI0 MOXKapOTYIICHHUS;

- 3aropeBIIUICS TpaHCHOPMATOP TYIIAT BO3IYIIHO-MEXaHUIECKOW TIEHOM, PACIIBUICHHOHN BOJIOM,
YTJIEKUCIIOTHBIMHU OTHETYIIUTEIISIMH,

- 1P TYIICHUHU MOKapa B reHepaTope HE0OXOJUMO €ro OTKJIIOUUTH U 3alI0JTHUTh KOPITYC yrie-
KHCJIBIM Ta30M , BOJIOM WJIA [TapOM.

Bopoii MOKHO TyIIMTh JIEKTpOYyCcTaHOBKHU HanpsbkeHueM 10 10 KB npu ycioBuu:
B yctanoBkax 70 1000 B qunHa ctpyu nomkHa ObiTh HEe MeHee 4 M, Bbime 1000 B - 8 m; B 1u-
AJIEKTPUIECKUX TIepUaTkax, 00Tax, CTBOJ OpaHa00s JOJKEH OBITh 3a3€MJIEH MEHBIM MPOBOIHUKOM

2
ceueHueM He MeHee 16 Mm”.



Yacrsb 2. Pacuer pailoHHOM 3J1eKTPHYECKOH CeTH U NMOACTAHIMHI

JIMIIIOMHBIN IPOEKT MO pacueTy pailoHHOM 3JEKTPUUYECKOM CeTH U MOJACTaHIIMU JOJIKEH COoep-
&KaTb NosgcHUTENbHYO0 3anucky (I13) ¢ pacueramu u rpauueckyro 4acTh: cXeMa IEKTPHUUECKOM ce-
TH, CX€Ma TOJICTaHIIH, CXeMa peJIeiHON 3alUThl TpaHchopmaropa (aBroTpancopmaropa) u uep-

TEX CHCIHUAIFHOTO 3aJaHns. B MOSCHUTEILHON 3alMCKE JOKHEI OBITh CIICaAyromue pasacibl:

BBenenue

1. OmpeneneHue MOTHON MOIITHOCTH TIOICTAHIIUNA
. BeI0Op cHII0BBIX TpaHC(HOPMATOPOB HA TIOJCTAHITUIX

. Onpenenenne CONpOTHBIEHUH TpaHC(HOPMATOPOB

2

3

4. PazpaboTKa BapHaHTOB MTPOEKTUPYEMOI CeTH

5. IlpuBeneHue Harpy30K MOACTaHUUN K HIMHAM BBICOKOTO HaIPsHKEHUS
6 IlpeaBapuTenbHbIN PIEKTPUUECKUM pacu€T IBYX BApUAHTOB CETU

7 TeXHHUKO-?PKOHOMUYECKOE CPAaBHEHHE JIByX BAPUAHTOB CETH

8 Pacuer onTHMaIbHOTO BapuaHTa CETU

8.1 MakcumanabHBIi pexuM

8.2 TlocneaBapuitHBIN peRUM

8.3 MuHHMMaJIbHBIN peXUM

9 Bri6op pabounx otBerBnenuii PITH Tpanchopmaropos

10 Br16op raBHO# cXxeMbl TOACTAHIIN No U CXeMBbI COOCTBEHHBIX HY KT
11 Pacdet TOKOB KOPOTKOT'O 3aMbIKaHHUs Ha MOJCTAHIIUN

12 Bp160p 371eKTp0o0OOpYAOBAHHS U TOKOBEAYIIUX YacTei

13 Pacuet coOCTBEHHBIX HY K[| OACTAaHLIUN

14 Penelinag 3ammra 1 aBTOMaTHKA Ha MOJCTAHIINU

15 Pacuér 3a3emMistonero ycTpomcTaa

16 Onucanuie KOHCTPYKLINN



17 CnenuanbHbIi BOIIPOC

18 KanurtanpHbII peMOHT 33JaHHOTO 3JIEKTPOOOOPYTOBAHHS

19 Texnuka 6€30MMaCHOCTH ¥ TIPOTHUBOIIOKAPHASI TEXHUKA

Crucok ucnosabp3yeMoi IUTepaTypsl

[MosicHuTenpHY0 3anucKy BHIMONHATE mpudToM «GOST type By, npaBuibHO NpoHyMepoBaTh HO-

Mmepa popmyi, TabJIUL U PUCYHKOB.

BBeaenue

1. Onpenesenne NOJIHOM MOITHOCTH NMOACTAHIIUI
Pacuer Harpy30k Npou3BOJUTCSA, COTIIACHO UCXOAHBIX JaHHBIX 33a/laHus. B MakcUMallbHBIX U
MHHHUMAJIBHBIX pemHMax OHpe,Z[GJISIeTCSI II0JIHAsI U peaKTI/IBHaH MOIITHOCTBb Hany30K.
IMoacTanmus Nel

[Tonnas momHoCTh S, B MB-A, onpenensercs mo hopmyiie

S = P (1)
CoS @

30
S == =333
35 0.9

15
Sy=—=16.8
089

PeaktuBnas Harpyska Q, B MBap, onpezensercs no popmyse

Q=+S*-P? (2)
Qss = «/33, 3?-30° =145
Qo= «f16,92 -15* =78

[TomHast MOIITHOCTE MOACTAHINH Sy/er, B MB-A, onpenensercs mo ¢popmyie

Sner.= \Il (P10+ P35)” + (Quo+ Qss)” (3)

Swert = /(30+15)% +(14,5+7,8)? =50,2

IHoacranmus Ne2
[Tonnas narpyska S B, MB-A u peaktuBHas Harpy3ka Q, B MBap, onpeaensitorces o Gpopmynam

lu?2



S 10— Ez17,8 MBA
0,9

Quo= /17,8 —16% =78
Sper2 = S10=17,8
IHoacranmus Ne3
[Tonnast Harpyska S B, MB-A u peaktuBHas Harpy3ka Q, B MBap, onpeenstorcs no Gpopmyinam
lu2
12
S10= 09 =13,3

Qu = /13,3° -12° =57
[TomHast MOIITHOCTH MOACTAHIMU Syy/er, B MB-A
SH/CT3 = 1313

2. Bbi6op cu10BBIX TPAHCHOPMATOPOB HA MOACTAHIMAX
Ha 1-#i u 2-# moAcTaHIUAX yCTaHABIMBACM I10 JIBa TpaHcPopmaTopa, T.K. IOTPEOUTETH MO-
crannuu | u |l kareropun, a Ha 3-if MOACTAHIIMN YCTAHABIMBAEM OJIUH TpaHChOpPMATOp, T.K. OTpe-
outenu nmoactaniuu |1 kareropun
OmnpenenseM MOLIHOCTB TpaHchopMaTopa Ha noacranuuu Nel S;; 8 MB-A, o gpopmyne
S

S, = e 4
mp 1’4 ( )

L
1,4

OnpezenseM MOIHOCTb TpaHc(opmaTopa Ha nojactanuuu Ne2 S, 8 MB-A, o dpopmyie 4

s,>118 107
1,4

OmnpenenseM MOIIHOCTB TpaHchopMaTopa Ha noactanuuu Ne3 S;; 8 MB-A, o gpopmyne

Sip> Swers ()
Sp>13.3
Tabmuma 1 - Texunueckue napaMmeTpsl TpaHCHOPMATOPOB
Uson, KB Uy, %

Ne Tun Tpanc- APy | APy | lxx
n/ct dopmaropa BH | CH | HH | BC | BH | CH | xBr | xBr | %

1 TATH-40000/110 | 115 | 38,5 10,5 | 10,5 17 6 200 63 | 08

2 T/IH-16000/110 115 - 11 - 10,5 - 85 18 | 0,7

3 TIH-16000/110 115 - 11 - 10,5 - 85 18 | 0,7




3. OnpenesieHue cOnpoTUBJIeHU TPpaHCHOPMATOPOB
Moacranmus Nel. TpexoOMoTouHBIH TpaHchpmaTop (aBTOTpaHCHpPMATOD)

OmpenensemM o611ee akTUBHOE conpoTuBiaeHue R, B OMm, o dhopmyie

2
R06Lu = AF)SK .ZUH ’103, (6)

H

rne APk3 - motepu B TpaHcopmaTope Mpu KOPOTKOM 3aMBIKaHUU (U3 TaOIUIIBl TpaHChOpMAaTo-

poB)
U, - HOMHHAJILHOE BBICOKOE HampspKeHUe TpaHchopmaTopa B KB
Sy - HOMUHaJIbHAS! MOIIHOCTb TpaHC(opMmaropa, B kKB-A
200-115°
oo = — = .10°=1,64
400002

OrmpenenseM CONPOTHBICHUE KaX a0 00MOTKH, B OM
R1: R2: R3 :0,5'R06m:0,5'1,6420,82
OmnpenensieM HHIYKTUBHBIE COMPOTHBIIEHUs 0OMOTOK X, B OM, 5 110 hopmyme

U %-US2

X= 10, @)

H
rac UK - HAIIPSAKCHUS KOPOTKOI'O 3aMbIKAHUS

OmnpenensieM HaNpPsHKEHUsE KOPOTKOTO 3aMbIKaHusl B % 10 dopmyram:

U1=0,5(Ux1-2+Uxi-3-Uxz-3) (8)
U,=0,5(10,5+17- 6)=10,75%

U2=0,5(Ux1-2+Uxz-3-Usi3) ©)
U,=0,5(10,5+ 6 -17)=0%

Ui3=0,5(Ux1-3+Uxz-3-Uxi 2) (10)

U3=0,5(17+ 6 -10,5)=6,25%

OmnpenensieM HHAYKTUBHBIE CONPOTUBIICHUS 0OMOTOK X, B OM, 51 1o popmyie 7

_10,75%-115°

-10=35,54
40000

1

X2:O

_ 6,25%-115°
40000

Moacranmus Ne2. JIByxoOMOTOUYHBIH TpaHchopmaTop

3 -10=20,66

OmpenenseM akTUBHOE conpoTusieHue R, B OMm, 1o dpopmyie 6

_ 85.115°
R= >
16000

OmnpenensieM HHAYKTUBHOE COMPOTHBIICHHE 0OMOTOK X, B OM, 5 110 popmyte 7

10° = 4,39



= 10,5%-115°

-10= 86,8
16000

IMogcranmus Ne3

ConpoTHBIICHHS TaKue ke, KakK sl TpaHcHOpMaTopoB nojctaniiuu No2

R =4,39 Om
X== 86,8 Om

4. PazpadoTKa BAPMAHTOB NPOEKTHUPYEMOM CeTH

03C 2

I 46 S

S

Bapuanr |

Bapuanr |1

1
50 40
03C S, 2
6L l
LL 3 S,
S,
Bapuasnr 11

Bapuant IV

Pucynok 1 — Bo3aMoskHbIE BapHaHThI CXEM AJIEKTPUUECKON CEeTH



Jns naneHeinero pacyéra BpIOMpaeM J1Ba BapHaHTa € HAaUMEHbIICH CyMMapHOW JUTMHOM JTMHUMA
Ls1=180 kM, Ls>=198 kM, Ly3=200 kM, L54=226 kM.
JI71s1 TEXHUKO-9KOHOMUYECKOTO cpaBHEHHs BbiOMpaeM | u 1l BapuaHThI, HMEronne HanMEHBIITYIO

CYMMAapHYI0 JUIMHY JTUHHUH.

5. llpuBeeHne HArpy30K MOACTAHIMUI K IIMHAM BBICOKOI0 HanpsikeHus. OnpeaeneHue
NMPUBEAEHHBIX MOIIHOCTEH BCeX MOACTAHLM I
[TpuBenennas Harpyska I1C - 310 MOLITHOCTB, OCTYMAKOLIAst B TpaHchopMaTopsl Ha muHb BH,
CKJIaJIBIBAETCS U3 MOIIHOCTEH MOoTpeduTeeit 1 morepb B 0OMOTKAaX M MarHUTOIIPOBOIaX TpaHCHOp-
MaTopOB.
MoacTanuus Ne 1 ¢ TpexoOMOTOYHBIM TpaHCHOpMATOpOM (aBTOTpaHCHOPMATOPOM).
CocrasisieM cxemMy 3aMeleHUs
L L
T T

5 .
iE DPat JQ/H

Pucynok 4 — Cxema 3amerieHust TpexoOMOTOYHOro TpaHcpopmaropa Ha noacTanuu Nel



OmnpenenseM HaMarHU4YKUBAIOIIY 0 MOILTHOCTh TpaHchopmaropa AQ,, B MBap, o popmyie

1 .%-S
AQ, = =—* 11
Q= 00 (11)
0,8%-40
A =" "= 0,32
=100
OmnpenenseM notepu akTUBHOW MomHOCTH AP, B MBT, B cOnpoTHBIICHHSIX OOMOTOK 110 (hOpMYy-
ne
2 2
Ap:@ R (12)
U H 2
2 2 2 2
AP, = P, +2Q3 Ry _ 15 +72,8 0,82 -0
U, 2 115 2
OmpenenseM MoTepu peaKTUBHON MOIITHOCTH B 00MoTKax AQ, B MBap, 1o ¢opmyiie
P +Q? x
AQ= = 13
Q U2 2 (13)
2 2 2 2
) :P3 +Q, .§: 15°+7,8 '20,66:02
Ul 2 115° 2
OrmpenenseM MoJHY0 MOIIHOCTh Hadayia 3BeHa 0OMOTOK S, B MB'A, 1o bopmyre
S = S+AP+AQ (14)

OmnpenensieM MOJHYO MOIIHOCTB, OocTynarolyto B ooMoTky HH ( MomHocTs Hauana 3BeHa)
S;, B MB-A, o popmyie 14
Ss = 15+j7,8+j0,2=15+j8
OmnpenensieM MoTepy MOIHOCTH B conpoTuBiieHusix ooMotku CH no ¢popmynam 12 u 13

30° +14,5* 0,82 30°+14,5° 0
AP2= > . zO, AQZ:—Z._:
115 2 115 2

OrnpeiensieM MOTHYIO MOIIHOCTH B Hauane 3BeHa oomotk CH Sy, B MB-A, 1o dhopmyie 14
S, =30+ j14,5
OmnpenensieM MOJHYO MOIITHOCTH B KOHIIEe 3BeHa 00MoTku BH S1, B MB-A, o dpopmyie
S1=S,+S; (15)
S1=30+ j14,5+ j8+15=45+ j22,5
OrnpezernsieM moTepy MOIITHOCTH B CONMPOTHUBIICHUIX 00MoTku BH 1o ¢popmymnam 12 u 13

_PRP+Q} R, 45°+22,3° 082

AP - = ~0;
S VES) 1152 2
2 2 2
0, = P +2Q1 X, _45 +222,3 3554 o,
uz 2 115 2

rae P1=Py+P3; Q1=Q+Q3

OmpenernsieM MOJHY0 MOIIIHOCTH B Havase 38eHa 00MoTkd BH S, B MB-A, o gopmyite



S, =S, +AP, + jAQ, (16)
S'1=45+ 22,5+j3,4=45+{25,9
OHpCl[GJISICM HpI/IBeI[eHHyIO Hany3Ky IIOACTAHIINN Snp , B MBA, 1o (I)OpMyJIe
Sup = S1+2AP+2jAQ, (17)
Sup1 = 45+j25,9+2:0,08+2-j0,32= 45,2+j26,5

Moacranmus Ne2 ¢ 1ByXx0OMOTOYHBIM TpaHChopMaTopoM.

TE N ET
Sﬂ]: | E .&P‘;‘.‘ ]c;“
8

5=p+jQ

Pucynok 5 — Cxema 3amernieHust IByX0OMOTOYHOTO TpaHc(opMaTopa Ha moAcTaHIUsIX No2,

Ne3
OrmnpezenseM HaMarHMYMBAIOILY0 MOLTHOCTh TpaHchopmaTopa AQ,, B MBap, o popmyie 11
0,7%-16
A = - - =0,11
=100

Omnpenensiem norepu aktTuBHOU MoutHocTH AP, B MBT, o gpopmysie 12

16° +7,8° 4,39
115° 2

=0,05

Omnpenensiem nmotepu peakTuBHOM MoutHOCTH AQ, B MBap, no ¢popmyse 13

16> +7,8° 86,8
AQ: 5 . =
115 2

0,9

OrmpeenseM TOTHYIO MOIIHOCTh Hadasa 38eHa 00MoToK S, 8 MB-A, mo ¢opmymel4
S =16+j7,8+0,05+ j0,9=16,05+j8,7 MB-A
OmnpenensieM MPUBEICHHYIO HArpy3Ky TpaHc(opMaTopa, paBHYIO NPHBEIEHHON Harpy3ke MoJ-

CTaHIMH, S, B MB-A, o popmyne 17



Sup2 = 16,05+)8,7+2-0,018+2-j0,11 = 16,1+j8,8 MB-A

Moacranuust Ne3 ¢ 1ByX0OMOTOYHBIM TpaHC(hOpMaTOpam

OrnpezernsieM HaMarHMYUBAIOITY 0 MOIITHOCTH TpaHchopmaTtopa AQ B MBap, o popmyse 11

_0,7%-16

A =0,11
=00
Omnpenensiem notrepu aktuBHOU MoutHOCTH AP, B MBT, 1o gopmyuie 12
2 2
aP=22 57 4 392006
115

Omnpenensiem motepu peakTuBHOM MomHOCTH AQ, B MBap, 1o ¢popmyre 13

12° +5,7°
AQ="—"———.86,8=1,2
SRR

OmpenenseM MOJHY0 MOIITHOCTh Hadyayia 3BeHa 00OMOTOK S, B MB-A, 110 dbopmyne 14
S = 12+j5,7 +0,06+ j1,2=12,06+j6,9 MB-A

[IpuBeneHHas Harpy3Ka OJACTaHLUM Sy, onpesensaercs no Gopmyie 17, yyursiBas, 4To Ha MOJ-
CTaHIIMH YCTAHOBJICH OJMH TpaHCHOpMaTOp

Sups = 12,06+)6,9+0,018+j0,11 = 12,1+j7 MB-A

6. IIpenBapuTeJbHBIN YJIEKTPUYECKHI pacyeT BADUAHTOB CETH B MAKCUMAJIbHOM peKuMe

6.1 Pacuer anextpuueckoii cetu | Bapuanra

|
0 gE S0 1 40 Z 46 3 44 DSE
—» - T R —
43,7+]25,3 1,5+i2 17,6+]10 29,7+]17
45, 2+]26,5 16,1+]8,3 12,147

PucyHok 6 - Pa3BepHyTas cxema anekTpuueckoit cetu | Bapuanra

OmnpenensieM akTUBHYIO MOIIHOCTB, BhIxoasuyto uz O9C, Py, B MBT, o ¢popmyie

Pone = ZLP L (18)

06w
rjae L - qinvHa y4acTkoB ceTH
Lo6w - IITHMHA BCEH CeTH

_45,2.130+16,1-90+12,1-44

Poac - :43,7
180
OnpeiensieM peakTHBHYIO MOIIHOCTD, BhIxoasuyto u3 OIC, Q.. B MBap, 110 popmyiie
03¢ ZLQ L (19)

06wy



02C'—

_26,5-130+8,8-90+7-44

03¢ :25,3

100

OmnpenensieM akTUBHYIO MOIIIHOCTB, BhIxoasiyto uz O3C', Py, B MBT, 110 hopmye 18

_45.2-50+16,1-90+12,1-136

Pogc'— :29,7

180

OmnpenensieM peakTUBHYIO MOIITHOCTh, BeIxoas1y 0 u3 ODC, Qqe B MBap, mo ¢popmyiie 19

26,5-50+8,8-90+7-136 _
180

17

[TpoBepum Gananc morHocTe B MB-A

[Tpuxon Pacxon

43,7+j25,3 45,2+j26,5

29,7+j17 16,1+j8,8
12,1+j7

> =73,4+j42,3 X =73,4+j42,3

bamanc MOIITHOCTH BBITTIOJIHACTCA.

Omnpenensiem Toku | Ha yyacTkax cetu, B A, o ¢popmyrie

D2 2
|= Mlo3
J3-U,

2 2
_ \J43,7%+25,3 10°2265

I03C' -
' J3-110

f 2 2
= M103:13
J3-110

2 2
lgp = M-103:106

J3-110
_ «/29,72 +17% L

03c-3 ~
OmnpenensieM BpeMsl HCIIOJIB30BAHUS MAaKCUMaJIbHOM HAarpy3ku T, B 4, 0 ¢popmyJie
YP-T
T=
2P
T.x. Ha moncTanumio Nel Harpy3Ku MOCTYHAIOT ¢ 00EHX CTOPOH, TO Tgse-1 =11-2=T1

_12,1-3900+16,1-5700+1,5-5100

03¢-3 — =4936

29,7

(20)

(21)



16,1-5700+1,5-5100
17,6

T2-3= =564884

2 .
OmpeiensieM ceueHre MPOBOIOB F, B MM®, 110 9KOHOMHYECKO#H IUIOTHOCTH TOKA 10 (hOpMyJIe
|
F=— (22)
15

Fose-1= ? =265 Beioupaem nposox AC-240: r,=0,118

Fio= % =13 Bei6upaem nposox AC-95: 1,=0,314, x0=0,43

Fos= ?Zl% Bri6upaem npoBon AC-120: ry=0,245, X,=0,42

F3-00c' = % =164 Brioupaem npoBoa AC-240: r,=0,118, x,=0,4

OmnpenensieM aKTHBHOE CONPOTUBIICHUE HA ydacTkax cetu R, B OM, o ¢hopmyiie
R=roli, (23)
rzie lo - akTUBHOE CONPOTHUBIICHUE | KM TUHUU
Rose-1=0,118:50=5.,9
Ri-2=10,314-40=12,6
R2.3=0,245-46=11,3
R3.05c=0,118-44=5,2
OmnpenensieM HHIYKTUBHOE COMPOTHUBIIEHUE HA yYacTKax ceTH X, B OMm, o gopmyne
x=Xol;, (24)
/i€ Xo - ”HIYKTUBHOE COMPOTUBIICHHE | KM JTUHUHT
Xoe-1=0,4:50=20
X1-2=0,43-40=17,2
X2-3=0,42-46=19,3
Xore3=0,4-44=17,6

OmnpenensieM MoTepy akTUBHOM MOITHOCTH Ha y4acTkax cetu AP, B MBT, no ¢popmyie

P2 + 2
T QR (25)
2 2
APt =M-5,9 =1,24
110
2 2
APy, = 1 ;22 12,6 =0,006
2 2
AP35 :M 11’3 :O'4

0



29,72 +17°

AP3-03c' - 02 -17.6 :0,5

OmnpenensieM MOTEpH PEaKTUBHOM MOIITHOCTH Ha yyacTkax cetu AQ, B MBap, o opmyne

DZ + 2 "
AQ= U,ZQ .6 (26)
AQqoet = M 20=4.2
ooc-1 11 02 )
1,5% +2°
AQ1-2 = 1102 -17, 2 :0,01
AQua =767 +10" 19307
2'3 1102 H 1
AQaan =227 H1T" 106 g9
3-0a¢ 1 02 . )
Ompenensem K03(pHUIMEHT MOIITHOCTH COS(P Ha yJacTKax CeTH Mo GpopmMyIie
COSp = __r (27)
JP?+Q?°
COS(POBC-].: 43,7 20,86
\43,7% + 25,3
COSQ1-2= 1> =0,6
VJ1,5% + 22
COS(2-3= L :0,87
17,6* +10°
COS(P3-05c'= L :0,8
V29,77 +177
OmnpenensieM BpeMsi MAKCUMAJIbHBIX TIOTEPH MO COSQ ¥ BpEMEHU 1.
T 0onC-1 :3700‘{; T 1-2 :420011; T 23 :4200‘l; T 3-09C' =3500u
Omnpenensiem nmoTepu dHeprun Ha yuactkax cetu AW, 8 MBT-4, o hopmyie
AW=AP-t (28)
AWse-1 = 1,24-3700=4588
AW, = 0,006-4200=25
AW7.3 =0,4-4200=1680
AW3. 550 = 0,5-3500=1750
Omnpenensem norepu sHepruu o Beeit cetu AWy , B MBT-4, no popmyie
AWy = AWoe1 + AW1 + AW, 3+ AW3 g5 (29)

AWy =4588+25+1680+1750=8018



2 Pacuer snextpuueckoii cetu || BapuanTa

|
03t 50 1 40 Z f4 DSE
—» -— -
37,2+j216 B+j1L,9 24, 1413,7
L
3
45,2+j26,5 16,1+i8,8
12,147

Pucynoxk 7 - Pa3BepnyTtas cxema cetu || Bapuanra

OmpenernsieM aKkTUBHYIO MOIITHOCTb, BeIXostyto u3 O9C, Py, B MBT, o dopmyie 18

Po..= 45,2-104+16,1-64 —37.2
154

OmnpenenseM peakTUBHYIO MOIITHOCTb, BhIXosmryto u3 O9C, Q... B MBap, o popmyie 17

26510448864,
154

OmnpenensieM akTUBHYIO MOIIIHOCTB, BhIxoadamIyto uz O9C', Py, B MBT, o ¢popmyse 16

45,2-50+16.1-90
Posc=— =24,1
. 154

OmnpenensieM peakKTUBHYIO MOIIHOCTb, BRIXOAAMIY0 U3 ODC, Qo B MBap, no gpopmyie 17

26.5-50+8,8-90
= = =137
03C 154

IIpoBepum OanaHC MOITHOCTEMN

[Tpuxon Pacxon

37.2+4j21,6  45,2+j26,5
241+j137  16,1+j8,8
S =61,3+j353 ¥ =61,3+j35,3

Omnpenensem Toku | Ha ydacTkax cetd, B A, o ¢popmysie 20

2 2
_ 37,22 +216 102006

o3c-1— \/g 110
2 2
_ N8 H+49 iy

lo.4 =
#3110



| (2414137 1072146

03¢c’-2— —\/§ 110
J12,1+7
loses= Y227 0.10°=73
3110

OmpenernseM BpeMs MCIIOJIb30BaHUSI MAaKCUMAIBbHOM HAarpy3ku T, B 4, 1o ¢popmyre 21
Tosec1 =T10=5 1004

Typ= 16,1-5700+8-5100 ~5500 1
24,1

2 .
OmnpenensieM ceyeHue NpoBoJoB F B MM~ 110 SKOHOMHUYECKOH IJIOTHOCTH TOKa 10 (opmyiie 22

Fose1 = % =200 Beioupaem npoBoa AC-240: rp=0,118, X¢=0,4, | ;,0x=610 A

Fio= 4—19 =49 Breioupaem nposox AC-95: 1p=0,3, X0=0,406, I,,,=330 A

Foose =$=146 Breioupaem nposog AC-150: 19=0,193, x0=0,406, 1,,,=445 A

Foses =§=66 Breioupaem nposox AC-70: 1p=0,42, X0=0,41, ,,,=265 A

OmnpenensieM akTUBHOE CONPOTUBIIEHUE HA ydacTKax ceTd R, B OMm, o popmyie 23
Rose-1=0,118-50=7,7
Ri2=0,3-40=12
R2-05¢=0,193-64=12,3
Rose-3=0,42-44=18,4
OmnpenernsieM HHIYKTHBHOE COITPOTHBIICHHE HA yyacTkax ceTu X, B Om, o popmyie 24

Xone-1=0,4-50=19,5

X12=0,406-40=16
Xz_ogcf :0,406'64:25,6
Kose-3=0,41-44=18

OmnpenensieM MoTepu aKTUBHOW MOILTHOCTH Ha y4acTkax cetd AP, 8 MBT, no ¢popmyie 25

2 2

APgye1 = w-m =1,18
110

8°+4,9°
AP]_.z ZW]-Z =O,l
2-05C 1102 ) )

2 2

APoac-Sz 12,1_+7 18,420,3

0



OmnpenensieM MOTEpH PEaKTUBHOM MOILITHOCTH Ha y4yacTkax cetd AQ, B MBap, o ¢popmyie 26

37,22 +21,6°

AQose1 = SRR :19,5=3
AQ12 = % -16=0,16

AQ2.05¢c = % .25,6=1,62
AQoe-3= % -18,4=0,3

Omnpenenum ko3P PUIIMEHT MOIITHOCTH COS(Q Ha y4acTKax ceTu 1o Gopmyie 27
37,2
COS(Poac-lz

/37,22 + 21,62
8
{82 +4,92
B 24,1
COSQ2-gp¢ = ————o—
\J241% +1372
121

COS(Poac-3: T
J121% + 77

OmnpenensieM BpeMsi MAaKCUMaJIbHBIX MIOTEPD

T o5c-1=33009; 7 15=35009; 7T 9,050 =36504; 7T 15c.3=2500u

=0,87

COS(1-2= =0,85

=0,87

=0,86

OnpenensieM MoTepu AEKTpUUECKOr FHepruu Ha yyactkax cetu AW, B MBT-4, o popmyie 28
AWose1 = 1,18:3300=3894
AW, =0,1-:3500=350
AW3_gpe = 0,78:3650=2847
AW g5c-3= 0,3-2500=750
OmnpenenseM MoTepH JIEKTpUUECKOM dHepTrur Bo Beer cetn AW, B MBT-4, mo dopmyie 29

AW =3894+350+2847+750=7841

7 TeXHHMKO0-I)KOHOMHYECKOe CPAaBHEHHE IBYX BLIOPAHHBIX BAPHAHTOB CXEMbI
| BapuaHT
OmnpezensieM pacueTHbIE IPUBEICHHBIE 3aTPAThI U1 KaX10T0 BapuaHTa CETU 0 GpopMmyIie
3=1+P, 'K, (30)
rane U=U1;+U,+U3 - cymMapHbIe eKeroHble pacXobl Ha IKCIUTYaTaLUIO CETH.
Py- HOpMaTHBHEIH KO3 PuIHeHT 3¢ PekTHBHOCTH KanuTanbHbIX BioxeHui, P,=0,12-0,15

K - nmepBoHauanbHbIe KallUTaIbHbBIE 3aTPAThl HA COOPYKEHUE CETU



KanuranbHble 3aTpaThl - CKJIaIbIBAIOTCS U3 CTOMMOCTEN JIMHUH, TpaHC(HOPMATOPOB M aBTOTPAHC-

q)OpMaTOpOB, AYCCK C BBIKITIOYATCIISIMUA U OTACIUTCIISIMU. OHpC[[GJ'I?IeM KalmMTAJbHBIC 3aTPAaThI B JIU-

auto K, B ThIC. pYO, IO hopmyte
K=(Ko'Lose-17Ko'L1-21Ko'L2-3+Ko - L3-ac),
K=(Ko'lose-17Kol1-2+Kor l2-3+Ko'I3-00¢')
rae Ko—croumocts 1 km nunuu (Ilpunoxenne 1)
K= (10-50+8,2-40+8,6-46+10-44) = 49920 T1bIC. pYyO
OmnpenensieM exXeroHble 3KCILTyaTallMOHHbIE PacXo/bl 0 popmyIie
N, =1 +U+ U3
rne M1-CTOMMOCTh MOTEPSIHHOM B CETH SHEPTHH, B THIC. pyO, orpenensercs mo Gopmyie
1 =p-AW,
rzae - crouMocTh 01HOTO KBT 4 nmoTepsHHOI sHeprun
N;=1,6-8018 = 20526 ThIC. pYO.
W, -oTuncnenys Ha aMOpPTU3aLHIO, B ThIC. pyO, OnpeensoTes no Gpopmyiie

_ oK
2100 '

rae o, = 2,8% - IpOICHTHBIC OTYUCICHUS Ha aMOPTU3AIIHIO

Ny =2,8-49920/100=1398

(31)

(32)

(33)

(34)

W3- pacxonpl Ha TEKYIIM PEMOHT U 3KCILTyaTalluio, B ThIC. py0, onpeensercs mo Gopmyie

q - K

100

(35)

rae a,= 1% - BenMyMHa NPOLEHTHBIX OTYMCIICHUHN HA TEKYIIUH PEMOHT U 00CITy)KUBAHUE CETH

N3=1-49920/100=499

Esxeronnble skcmmyarannoHHbie pacxosl U, B Thic. py0., onpeaenseM mo popmyse 32
N, =20526+1398+499 = 22423 TbIC. pYO.

OmnpenensieM pacdyeTHbIC IPUBEICHHBIC 3aTPATHI, B THIC. py0, 1o Gopmyre 30
31=22423 + 0,12,-49920 = 28413

Il BapmanT

OmnpenensieM KanuTalbHbIe 3aTpaThl B IMHMIO K, B ThIC. py0, 110 popmyiie 31
Ki1=(9,4-50+8,2-40+9-64+8,1-44)-30=51912

OmnpenensieM eXeroHbIe YKCIUTyaTallHOHHBIE PacXo bl o ¢hopmyiam 32-35
N;=1,6-7841 = 12546 TbIC. pYO.
Ny=2,8-51912/100=1453 ThIC. pYO.
N3=1-51912/100=519 TBIC. PYO.
W, = 12546+1453+519 = 14518 ThIC. pYO.

OmpenensieM pacueTHBIC PUBEICHHBIE 3aTPaThI, B THIC. py0, 1o dhopmyiie 30

3n=14518 + 0,12-51912 = 20747



Omnpenensiem Hauboiee 3KOHOMUYHBIN BapHAHT 10 opMyIie

A3~ {MJ 1100% (36)
2
3o 2841320747
28413

-100=27%

Bropoii BapuaHT 5KOHOMUYECKH BBIFOJIHEE MEPBOT0 Ha 27%, MpUHUMAEM €ro JUIsl JalbHEUIITNX

pacducToB

8 PacyeTr onTHMAJILHOTO BAPMAHTA CETH

8.1 MakcuMaJbHBIN peXUM

|
03t 50 1 40 Z 64 DSE
—» - -—
37,2+j21,6 8+j1k,9 26,14+13,7
L
3
45,2+126,5 16,1+i8,5
12,1447

Pucynoxk 8 - Pa3BepHyTas cxema 3JIeKTpUUECKON CETH ONTUMAJIbHOTO BapUaHTa
OmnpenensieMm 3apsaHbIe MOITHOCTH TUHUHA Q, B MBap, mo gopmyne
Q=U,*BoL, (37)
rae bo- éMKOCTHAs IPOBOAUMOCTH OJTHOTO KHJIOMETpa JTMHUH
L - amHa ydacTka ceTu
Qbose-1 = 110%2,76-10°-50=1,67
Qg2 = 110%2,66-10°-40=1,29
QB2-ooc = 110%2,74-10°-64=2,12
QBoses = 110%:2,6:10°-44=1,38
OrmpenenseM pacueTHble HArpy3KH NOACTaHIMHN S, , B MB-A, o popmyne

Sp=Supnon i{QZB" +QTJ (38)

rae n- 0003HaYeHNE y4dacTKa CE€TUu



Qs Qs |_ : 1,67 1,29, .
Sp1= Sypnem1 ™ J[T +T =45,2+)26,5— J(T+T) =45,2+)25
12 =16,1+ 88— (o + 222 =16,14j7,1

S5 =121+ j7— j(%) ~12,14j6,3

OmnpenensieM MOIIHOCTB, BeIXo Iy 0 U3 ODC Sy, B MB-A, o Gopmyne
_ Sl +S,,Z,

803C
Z

(39)

0sc—03c’

e Zi=Z, , +2, . =12+j16+12,3+j25,6=24,3+j41,6 Om
Zo= Zz_ogc':12,3+j25,6 OMm
ZOBC-OZ)C’:ZOBC-l +Zl.2 +ZZ-03C' :7,7+j 19,5+12+] 16+12,3+125,6:32+J61 Om

s, - [(45,2 + j25)-(24,3+ j41:,),62)] +j[6(5116,1+ j7.1)-(12,3+ j25,6)] _ 388+ j191
+

OmnpeaernsieM MOITHOCTB, BeIxo syt u3 O9C', B MB-A, no dopmyie:
_ SaZi+S,,Z,

o 5 , (40)

0ac—0ac’

rae Zl' =Z__,=1,7+j19,5 Om

oac-1

Z,=2,.,+Z, ,=1,7+j19,5+12+j16=19,7+j35,5 Om
[(45,2 + j25)- (7,7 + j19,5)]+[(16,1+ j71)- (19,7 + j355)]

Spwr = : =225+ j13
32+ j61

|

03t 50 1 40 Z 64 DSE
36,8+19,1 6,4+i5,9 225+13
b
L5,2+j25 16,1471
12,1+j6,3

Pucynok 9 - [Ipeobpa3oBaHHas cxema 3J1eKTPUUECKOM CeTH ONTUMAIbHOTO BapHaHTa

[Tposepsiem 6ananc mormHocTer B MB-A
[Tpuxon:
SonctSonc =38,8+j19,1+22,5+j13=61,3+j32,1



Pacxon
Sp1+Spr= 45,2+j25+16, 1+j7,l:61,3+j32,1

Bbamaunc BeimonaseTcs.

OmnpenensieM TOKK Ha y4acTkax ceTH, |, B A, mo popmyne 20

2 2
/3887 +191% 10° =227

loneq = Y290 729~
02C-1 \/5110

| 2 2
l1o= 64" +59 -10%=44

V3-110

2 2
——"22’5+113~103:136,5

lr.0nc =

J3-110
J1212 +6,3% 4
| 3= MmO 7100 =72
. V3-110

2 .
OmnpenensieM ceyeHue MpoBoJoB F, B MM®, 10 3KOHOMUYECKOM MIIOTHOCTU TOKa, 10 Gopmyiie 22

Fos = 217 =227  AC-240 10=610 A
F, = 4—14 =44 AC-95  1Lo=330A
Foscr s = %436,5 AC-150 L= 445 A
Foscs = I—i =65 AC-70 1265 A

CeueHus MMpOBOAOB COOOTBCTCTBYIOT PaHCC IPHUHATHIM.

OmnpenensieM MoTepu aKTUBHOW MOILTHOCTH Ha y4acTkax cetd AP, 8 MBT, no ¢popmyie 25

2 2
APpyeq = 28 0L 5921 19
110
2 2
P = M12:0,07
110
2 2
AP2.g5e = Mlggzoﬁ
110
2 2
AP goe-3= %18 :0,27

OmpenernsieM MOTepU peaKTUBHON MOIIHOCTH Ha ydacTkax cetu AQ, B MBap, o ¢popmyie 26

38,82 +19,1
AQupy =22 "%~ 19 5=3
Qe 1102



6,4° +5,9°
AQ]_-Z = T 12 :0,09

20,5% +13?
A —030:—’ 25,6:1,25
Q: 110°

12,1 +6,3°
A 0ac¢- :;'18:0,27
Ques™ =77

OmnpenernseM OKOHUATEIBHOE paciipeaesieHne MomtHocted, B MB-A, mo dhopmyre
Si= SitAPi+jAQ; (41)
S'ope-1 =38,8+j19,1+1,19+)3 =40+j22,1
S'1-2=6,4+}5,9+0,07+j0,09=6,5+]6
S'9-00¢ =20,5+j13+0,6+j1,2=21,1+j14,2
S'3.00¢ =12,1 4j6,3+0,3+j0,3=12,4+)6,6

Omnpenensiem HanpspkeHue Ha mnHax O9C, B kB
Ugse=1,13-U,=1,13-110=124,3
Omnpenensem Hanpsokenne Ha noactaniuu Nel U; B kB, o gpopmyie

P . : RO?C— + 09C—. ’ X
U1:U03C' 0oc-1 1LJ Q 1

09o¢

0oc-1 (42)

40-7,7+22,1-19,5

U, =124,3-
124,3

=118,3

Omnpenensem Hanpspkenne Ha noAcTanmu Ne2 U, B kB, o ¢popmyie

Up=Uq,e- Py o3¢ " Ro_ooe + Qa_one * Xo_onc
U, (43)

Uy=1243 2b1123+14.2.256 0
124,3

Omnpenensem Hanpspkenue Ha noAcTaniuu Ne3 Us B kB, mo gopmyie

Poac—3 ) Roac—3 + Qoac—3 : xoac—3

U3: anc'
U 03¢ (44)

Us :124,3_12,4-18,4+6,6-18 1215
124,3

OmpenenseM MoTepu HANPSDKEHHS Ha y4acTKax ceTu B %, 1o gopmyiie

AU% — u -u,

1100, (45)

n
r7ie n- 0003HaYCHHE TOUKH ceTH (Ne TIOJICTaHIIMK), OTKYJa BBIXOUT MOIITHOCTD, IIPOXO/ISIIAS

M0 TaHHOMY Y4YacTKy; n' - TOUKa, Ky/1a BXOJUT MOITHOCTb.



u,-u 124,3-1183

AUgpe1=AU, , =—2—1.100=AU,__, = -100=4,8
u,. 124,3
AUp,=AU,_, = y,-Y, .100 = 119,3-118,3 .100=0,85
U, 118,3
u,-u - -
AUss=AU, , = 22792 100 — 1215-119,3 100 121-117,7 10024
U, U, 121
AUz =AU, . = YUs “U, -100 124,3-1215 -100=2,25
U, ,3
8.2 IlocneaBapuiiHbIN pesKUM
I
0it o1 40 2 64 DSE
FA +— -+
£5,24]25 61,3+j32,1
L
L5,24j25 16,1+7.1
12.1+j6,3

Pucynok 10 - Pa3BepHyTast cxema ceTu B OCI€aBapUHHOM PEKUME
OrmpezernsieM MOIITHOCTH Ha y4acTKax ceTH, B MB-A,
S12=S1 =45,2+j25
S2.3=S;+S5,=45,2+j25+16,1+j7,1=61,3+j32,1

OHpC,Z[CJ'IHCM Toku | Ha ydacCTKax CCTHU 110 (pOpMy.TIC 20, CpaBHHUM C OOIIYCTUMBIMU TOKaMH BbI-

OpaHHBIX MPOBOIOB

2 2
JBLF BT 0 n 1 oo

| 1=
03C"-2 3110

2 2
VIZL 8.3 10570 A < 1,=445 A

lonc-3= 73110
2 2
lpq = N2+ G071 A< Lon=265 A
J3-110

Omnpenensem HanpspkeHue Ha noactanuuu Ne2, B kB, mo ¢popmyne

U2 :U . Poac'—Z ’ R2—oac’ + Qoac’—Z : X2—oac'
03C
U

0’

(46)



61,3-12+32,1-16

U,=124,3-
124,3

=114,2

Omnpenensiem HanpspkeHUe Ha oacTanmuu Ne3, B kB, mo ¢popmyre

LJ3 :U03c _ Poac—3 i Roac‘3U+ Qoac—S ) Xoac—3 (47)

[ek]e

Us :124’3_12,1-18,4+6,3-18 1216
124,3

Onpenensem HanpspkeHue Ha nojactanuuu Nel, B kB, o ¢popmyne

U, =U,- R,- Rl—ZJQl—Z X, (48)
2

45,2-12+25-16

U, =114,2-
14,2

=106

OmnpenensieM MoTepy HaAIPSHKEHUS HA ydacTKax ceTH 1o ¢popmyiie 45

AU, = 24371167 106 6 106
124,3

AU, = w .100=11%
116,7

AU, 3= M .100=2,2%
124

8.3 MuHMMAJILHBIN pPeKUM
OmpenenieHne MOTHBIX M PEaKTUBHBIX Harpy30K B MUHUMAJIEHOM PEXKHME.

OnpenenﬂeM ITOJIHBIC U PCAKTUBHBIC MOIITHOCTH Ha IMOACTAHIUAX I10 Q)opMynaM lu2

[Moacranmus Nel
S10= 11 =12,4 MB-A
,89
Quo =+12,4% —112 =5,7 Meap
20

Sgs=——=22,2 MB-A
0,9

Qus=+/22,2% —20° =9.6 Map

IToxcranmus Ne2

1
510:_0211_1 MB-A
0,9

Quo=+/11,12 —10° =4.8 Msap

TToncranmus Ne3



Slo:i=10 MB-A
0,9

Q10=+/10* -9 =44 MBap

[IpuBenenue Harpy3ok noacranuuii k mmHaM BH B MunnmansHoM pexume
IMoacranmus Nel

Ompenensem nmorepu akTuBHOU MomiHocTH AP3, B MBT, Ha conporusnennn oomorku HH 1o

dbopmyne 12
AP3 =0
Omnpenensiem notepu peakTuBHOU MotHOcTH AQ3, B MBap, Ha conpotuBiennn ooMotkun HH mo
dopmyie 13
11 +5,7° 354
AQ3= —.—— =0,2
R T

OmnpenensieMm MoIHOCTH Havyasna 3BeHa ooMoTk HH S'3, B MB-A, o ¢popmyne 14
S'3=11+j5,7+j0,2=11+j5.9

[Totepu akTuBHOM MOIHOCTUAP, Ha conpotuBneHnn ooMotk CH 1 norepu peakTHBHON
mouHocTH AQ2 Ha conporuBiaeHnn ooMoTku CH paBHBI HyIIHO.

OmnpenensieM MOIHOCTh Havyasna 3BeHa 00MoTkn CH S'2, B MB-A, o popmyne 14
S, =20+j9.6

OmnpenensieM MOIIHOCTh B KOHIIE 3BeHa 00MoTku BH o gopmyne 15
S1=20+j9.6+11+j5.9=31+j15,5

Omnpenensiem nmoTepu akTUBHOM MorHOCTH AP1 B MBT, Ha conpoTtusiennn ooMotku BH 1o

dopmyne 12
2 2
= 31 +1§,5 0,82 -0,04
115 2

Omnpenensem nmorepu peakTuBHON MomHOCcTH AQ1, B MBap, Ha conpoTtuBiieHnn oOMoTkn BH
ompexaenseM no Gopmye 13

317 +15,5° 354 _
115° 2

AQ]_: 1,6

OmnpenensieMm MOITHOCTH Havasna 38eHa 00OMoTkH BH S1, B MB-A, o popmyie 16
S'1=31+j15,5+0+j1.6=31+j17.1

OmnpenenseM NpUBEIEHHYIO Harpy3Ky MOJICTAHIMU C ABYMS TpaHC(HOPMATOpaMu Sy, 1, B MB-A,
o ¢popmyne 17
Sip.1=31+4j17.140,063 -2+j(0,32 -2)=31,1+j17.7

IMoacranmus Ne2



Omnpenensiem norepu akTuBHOU MotHocTH AP, B MBT, Ha conpoTuBieHH 00MOTOK 110 (op-
myie 12
AP=0

OmnpenensieM nMoTepu peakTUBHOM MoHOCTH AQ, B MBap, Ha CONMPOTUBICHUN OOMOTKH 110
dopmyie 13

2 2
aQ= 10 +éi,8 86.8 o 4
1152 2

OrnpezernseM MOJHY MOIIHOCTh Havyasa 3BeHa B 00MOTKax S, B MB-A, 1o dbopmyne 14
S'=10+j4.8++j0,4=10+j5.2

OmnpenensieM NMPUBEASHHYIO HArpy3Ky ABYXOOMOTOYHOrO TpaHc(opmaropa, paBHYO MpHBE-
JIEHHOM Harpyske MojacTaHuuH, Sy, , B MB-A, o ¢popmyie 17
Sup2=10+j5.2+2-0,018+2-j0.11=10+j5.4

MMoxcranumst Ne3

Omnpenensiem nmoTepu akTHBHOM MoHOCTH AP, B MBT, Ha conpoTuBieann 06MOTKH 110 (hop-
Mmyie 12
AP=0

Omnpenensiem nmoTepu peakTuBHON MotHOCTH AQ, B MBap Ha CONPOTUBICHUH OOMOTKH IO
dopmyie 13
AQ= %86,820,7

OrnpenernsieM MOJTHY MOIITHOCTh Havyaya 3BeHa B 00MOTKax S, BMBA, 10 dbopmyne 14
S'=9+j4.4+0+j0,7=9+j5.1

OmnpenensieM NPUBEAEHHYIO HArpy3Ky ABYXOOMOTOYHOTO TpaHc(opmaropa, paBHYIO MpHBE-
JIEHHO Harpyske MojacTaHuuy, Sy, , B MB-A, o ¢popmyne 17
Sip3=9+j5.1+j0,11=9+j5.2

OmnpenenseM pacueTHbIC Harpy3ku nojctanimi Sp , B MB-A o ¢popmyne 38
Sp1=31,1+4j17.7-j(1.67/2+1.29/2)=31,1+j16.2
Sp2=10+)5.4-J(1.29/2+2.12/2)=10+j3.7
Sp3=9+]5.2-j(1.38/2)=9+j4.5

OmnpenenseM MOITHOCTB, BeIxo syt u3 O2C Sy,., B MB-A, mo dopmyie 39

5, - [(31+ j16,2)- (24,3 + j41£)]+j Ei“ j37)-(123+j25,6)] _ 251+ 125
+

OmpeaernseM MOITHOCTB, BeIxoasMyto u3 O9C' S'y,c, B MB-A, mo dhopmyre 40



5, = [(31+ j16,2)- (7,7 + j19,5)]+[(11+ j37)-(19.7 + j355)] _ 159+ j7.4
32+ j61

OmnpexernsieM MOIITHOCTh Ha yyacTke 1-2 ompenaernsem mo ¢popmyde 38
S1.2=Sp5c-Sp1

S12=(31-25,1+4j16.2)-(25,1+j12.5)=5.9+)3,7

[IpoBepsiem G6anaHc MOLTHOCTEN

[Tpuxon:

PosctjQosctPosetjQose= 25.1+j12.5+15.9+j7.4=41+j19.9

Pacxon

P1+jQ2+P2+)Q2=31+j16.2+10+)3.7=41+j19.9

bananc Beimonasaercs.

OmnpenensieM oTepu aKTUBHON MOIIHOCTH Ha ydacTkax cetu AP, B MBT, no ¢opmyne 25

251% +12,5°

AP, = 1102 -7,7=0,5

592 +3,72
1102

15,92 + 7,42
APz—oac' = T

fl.2,12 + 6,32
APOSC—B = T

AP_, = .12=0,01
12,3=0,3

-18,4=0,3

OmnpenensieM MOTEpH PEaKTUBHOM MOITHOCTH Ha y4yacTkax cetd AQ, B MBap, o ¢popmyie 26

251 +12,5°
AQ =" % 195=1,3
Qoac—l 1102
592 +37°
A == "= .16=0,01
Qs 1102
AQ, . = 159°+74° o o 06
2-00C" 1102 ' .
121% + 6,32
A o oY .18,4=0,3
QOBC—3 1102

OmnpenernseM OKOHUYATEIBbHOE pacIpeesIeHHe MOIITHOCTEH 1Mo hopmyiie 41
Sose-1=25.1+j12.5+0.5+j1.3=25,6+j13.8
S1.2=5.9+j3,7
S2-05c=15.9+)7.4+0.3+j0.6=16,2+)8
S2-05¢=12.1+)6.3+0.3+j0.3=12,4+j6,6
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Pucynok 11 - IIpeoOpa3oBanHasi cxema 3JIEKTPUUECKOU CETH ONTUMAIBHOTO BapUAHTa B MUHH-

MaJIbHOM PECIKUME

Ornpezenenre HaNps>KEHUsI HA CTOPOHE BBICUIETO HAIMPSIKEHUS MTOACTAHIIUIA.
Ornpenensiem Hanpspkenre Ha muHax OOC B MUHUMAIIBHOM pekuMe, B KB
U03C:1,04' 110=1 14,4 kB
Omnpenensem Hanpspkenue Ha noActaniuu Nel Up B kB, o gpopmyie 42

25,6-7.7+13.8-19.5
114.4

U;=114.4- =110.3

Omnpenensem HanpspkeHue Ha moacTaniuu Ne2 U, B kB, o ¢popmyiie 43

Up=114.4.162:123+8:256 ) 0o
114.4

Omnpenensem HanpsbkeHue Ha oAcTaniu Ne3 Us B kB, mo ¢popmyne 44

12.4-18.4+6,6-18 ~111.4

Us;=114.4-

OmnpenensieM MoTepy HANPSHKEHUS HA ydacTKax ceTH 1o ¢popmyiie 45
AU5c-1%=(114.4-110.3)/114.4 -100=3.6%
AU1.25=(110.3-110.8)/110.3 -100=0.5%
AU2.05c%,=(114.4 -110.8)/114.4 -100=2.6%
AUz 05¢0,=(114.4-111.4)/114.4 -100=2.6%

9 Bu10op padounx orBerBiaenuit PITH Tpancgopmatopon

MakcuMaiabHBIH PEXKUM

IToxcranmus Nel
OmnpenensieM HaNpsHKCHUE B HYJIEBOM TOYKE 3BE3/IbI CXEMBI 3aMmerieHus Tpanchopmaropa U'y,

oomotku BH, B kB, o ¢popmyie

Pl.&_}_Ql.ﬁ
Ul ™Uy- —2 2
Ul

(49)



45.082 e o 3554

U's~117.9- 2 2 -1143
1183

Onpenensiem Hanpspbkerrne Ha muHax CH, mpuBenenHoe k HanpsbkeHuto oomotku BH, B kB, 1o
dbopmyie

2
Ul =U; - (50)

30-0,41+14,-0
14,3

U'ss 114,3- =114,2

Onpenensiem Hanpsbkerrne Ha muHax HH, nmpuBenenHoe k Hanpspokennio oomMoTku BH, B kB, mo

dbopmyne
P3 . & + Q3 . &
2 2 (51)

Ufo=Us— U
0

Uryo= 114’3_15-0,41+8.10, 33 1135
114,3

Onpe;[enﬂeM PaCuYCTHOC HAIIPSKCHUC Ha MMHAX HH IIprU OCHOBHOM OTBCTBJICHHUU 00MOTKH BH, B

KB, o popmyine

U [
Upacq 10= L (52)
mpQ0
113,5
Upaca 10= ﬁ=10,86 kB Kemaemoe Hanpspkenne Uy;=10,5 — 10,7 kB, npumem Uy,=10,6 kB
OmnpenensieM 1060aBOYHOE YUCIIO BUTKOB (OTHOCUTENBHOE U3MEHEHHE) B % 10 (hopmyIie
U....—U._.. A
AW = 910 " e gqq0 P e (53)
U.
AW= M -100=2,36%
11
Bribupaem 9 orserBnenue PITH no tabmuue 1, K,=10,63
Omnpenensiem neiicrButensHoe Hanpspkenue Ha muHax HH Ujg eiier B KB, o hopmyne
U’
Ulooeacm =—1 (54)
kmp
U110 neiicr= @ =10,68 kB. CooTBeTCTBYyET jKeTaeMOMY.
Omnpenensiem neiicrButensHoe Hanpspkenue Ha mmHaX CH Uss geiier B KB, 0 popmyite
U ’
Uss gefier= —— (59)

K

mp



114,2
U35 seiter = 3—4 =37,56 kB

)

MuHUMAaIbHBINA PEKUM

OmpenenseM HaNpsOKEHUE B HYJIEBOM TOUYKE 3BE3/IbI CXEMBI 3aMelieHus Tpancopmaropa U'y,
obmotku BH, B kB, o popmyne 49

31.0,41+17,1- 35,54

U',=110,23- 2 -1075
110.3

Omnpenensem Hanpspkenue Ha muHax CH, mpuBeaenHoe kK HanpsbkeHuto oMotk BH, B kB, 1o
dopmyie 50
20-0,41

U'35 :107,5- =107,4 kB

Onpenensiem Hanpspbkerrne Ha muHax HH, nmpuBenenHoe k Hanpsokennio ooMotku BH, B kB, mo
dopmyne 51
11-0,41+5,9-10,33

U’y "107,5- =106,9
107,5

Ornpegensiem pacueTHoe Hanpsbkenue Ha muHax HH npu ocnoBHOM oTBeTBiIeHMN oOMoTkH BH, B
kB, no popmyne 52

Upacu 10= ]1'8%210,28 Kenaemoe HanpspkeHue Uye;=10,2 — 10,4 kB

COOTBCTCTByeT JKEJIacMOMYy.

Omnpenensem nericteutenbHoe HanpsikeHue Ha mMHaX CH Uss gejicr,, B KB, o hopmyne 55

107,4

——=359
2,99

U35 neiier —

ABapuiiHBII peXUM

OmnpenensieM HanpsDKEHNUE B HYJIEBOI TOUKE 3BE3/IbI CXEMBbI 3aMelieHus Tpancopmaropa U’y
oomotku BH, B kB, o ¢opmyie 49

45-0,41+25,9-35'5

U’,~106- 2_-1015
106

Omnpenensem Hanpsokenns Ha muHax CH, HH, npuBenennbie k Hanpsokenuto oomotku BH, B
kB, o ¢popmynam 50, 51

U'ss“101,5- 3224

=101,4 xB

U'0=10L,5- 15-0,41+8-10,33 1005
101,5

OHpeI[eJ'IFICM PaCuYCTHOC HAIIPSKCHUC Ha IMHWHAX HH IIpru OCHOBHOM OTBCTBJICHUU 0OMOTKH

BH, B kB, no ¢popmyie 52



Upaca 10= %=9,6 Kenaemoe nanpspkenue Uy.,=10,5 — 10,7 xB

T.k. pacyeTHOE HANPSHKEHNUE MEHBIIIE KEJIAeMOro, TO HeOOXOAMMO H3MEHUTH KO HUITHECHT
Tpanchopmaruu. Beibupaem oTBETBIICHNE.

OmpenernseM 4ncio BUTKOB peryiupytomei oomotku AW o dhopmyie 53

AW= w .100=-9,1%
Bri6upaem 15 orsersnenue PITH, K;,=9,5
Omnpenensiem neicTBUTENbHbIE HAMPSHKEHUS U1 peiicr B U3s geiier, B KB, 110 dopmynam 54, 55
U0 neiter= % =10,6. COOTBETCTBYET KEIAEMOMY.
101,4
U eiicr = - :37,3
e 2,72

10 Bb16op riiaBHo# cxeMbl moacTaHUMU Nel U cXeMbl COOCTBEHHBIX HYK/

['maBHas cxema IMEeKTPUYECKUX COeIUHEHUHN MOJCTAaHIIMH BEIOMPAETCS C YUETOM CXEMBbI Pa3BU-
THUS DJIEKTPUUYECKUX CETEN SHEPTOCUCTEMBI.

CxeMbl ¢ OTAENUTENSAMU 10Ty CTUMO NIPUMEHSATH TOJIbKO Ha HanpsbkeHuu 110 kB B ciyyasx,
KOT'Ja HET HEOOXOIMMOTr'0 KOJNYECTBA BLIKIIOYATEICH.

briounble cxeMbl puMeHst0TCs Ha ctopoHe BH TynukoBsix noacranmuii 7o 500 kB Bkiroun-
TEJIBbHO Y OTBETBUTENIbHBIX MOJICTAHLIUNA, TPUCOECIUHEHHBIX K OJTHOM WM IBYM JuHuAM 110 220 kB
BBIKJTIOYUTEIHHOIO

MocTtukoBbIe cXeMbl IpUMeHstoTCs Ha cropoHe BH noacranumii 35-220 kB npu Heobxoumo-
CTH OCYIIECTBJICHUS CEKITMOHUPOBAHUS JIMHUN U MOIITHOCTH TpaHchopmaTopoB 10 63 MB-A Bkito-
YUTEIHHO

C yderoMm cxembl pa3BUTHS AJIEKTPOCETEN IHEPrOCUCTEMBI IPUMEHSIEM Ha HanpskeHuu 110
kB — cxemy uerbipexyronbHuka. Ha Hanpsokenun 35 kB BeiOupaeM JBOMHYIO cucTeMy HIMH ¢ 00X0/1-
HOM, Ha 10 KB BrIOMpaeM 0IMHOYHYIO CEKIIMOHUPOBAHHYIO CUCTEMY IIIHH.

Ha moacrannuu yCTaHaBJIMBACM ABa TpaHC(bopMaTopa COOCTBEHHBIX HYXI.



\ PV 110 kB \ \ PV 35kB
T1 @5
\ PV 10 kB \

11 Pacuer TOKOB KOPOTKOI'0O 3aMbIKaHUA

11.1 Pacuert conpotuBienuii cetu u noAactaHuuu Nel B OTHOCUTENIbHBIX €IMHUIIAX

5-=500 MBA
¥c=0,5

5 =40

nta
[+ =50 km l3='5£+”"
MC1 T
35 B
-2
é ot
K-3

10 «H

Pucynok 12 - PacuetHas cxema cetu u noactaHiuu Nel



X3

KE ﬁ.
K-1
|i|x__: }:g KE }‘:1[: ;
L1 E-2
mxﬁ é mxﬁ
K-3

Pucynok 13 - Cxema 3amenieHust cetu u nojacranuu Nel

3agaeMcsa 0a30Bo MOITHOCTEIO S=1000 MB-A
OmnpenensieM CONPOTUBICHUS JTUHUMA 110 opmyIie
S5
2 i)
cp

X=Xyl

rae 1-umHa e
Xys~ YACIBHOE COIPOTUBIICHUE TUHUU
U.p- cpenHee HanpsiKeHHe

Xi= 04+ 5020 -1 5
115

Xo= 0,4 40- ﬂzl,z
115

X5=0,4-64- 100(2) =1,9
15

Ypoctum cxemy
X4=X+X3=1,2+1,9=3,1

_ X, -X, _1531 1
X, +X, 15+31

5

(56)



Xc

KE él{-l
Xp Fmo
m“? Xs ELEE;
[ 1 E-2
E-3

Pucynok 13 - [IpomexxyTouHast cxema 3aMeIIeHHs

OmnpenensieM CONPOTUBIIEHUE CUCTEMBI IO (hopmyIie

S6
X=Xc —= 57
c S, (57)

x6= 0,5 2000 -
500

Omnpenensiem conpoTuBieHne o0MoTku BH aBTOoTpancdopmaropa no hopmye

X(p= 015'(UKBH +UKBC _UKCH) ) Sﬁ , (58)
100-S

rie Ugpy- HallpspKeHHE KOPOTKOTO 3aMbIKaHMs AJIs Mapbl 0OMOTOK BBICOKOT'O M HU3KOTO
HanpspkeHus B %
Upc- HalpspKeHHE KOPOTKOTO 3aMbIKaHUS JIJIsl Tapbl 0OMOTOK BBICOKOI'O U CPETHETO HaIpsi-
x)eHus B %
Uxcn- HanpshKeHHe KOPOTKOTO 3aMbIKaHUSA /7S Tapbl OOMOTOK CPETHEr0 U HU3KOTO Hamps-
xeHus B %

jomxye 25:(105+17-6) 1000 _, ,,
40-100

Omnpenensiem conpoTuBienne ooMoTku CH aBToTpancopmaTopa mo ¢popmyiie

X C:0 P - (Ugc + Uen = Yisn) - Se (59)
) 100- S

HOM

ngxlozo
Onpenensiem conportusienne ooMotkn HH aBToTpancdopmaropa o ¢popmyse

Xep= 0,5- (U kBH +UKCH _UKBC) : 86 (60)
100-S,

XU=X1= 0,5-(17 1—(;30—2%,5) .1000 _156

Ynpoctum cxemy



X13=X5+ Xg=1+1=2

Pucynok 15 - Koneunas cxema 3amenieHus cetv v noactanuuu Nel

11.2 PacueT TOKOB KOPOTKOI'0 3aMbIKaHHsI OTHOCUTENBbHO Touku K-1
Omnpenensiem 6a30BblIii TOK I5, B KA, 110 hopmyie
S6

li=—————— 61
6 \/§ ] UCp.K ( )

1000
0

=~ =502kA
1,73-115

OnpeﬂenﬂeM Ha4dyaJlbHOC 3HAYCHUC HepHOHquCKOﬁ COCTaBJIHI-OH_Ieﬁ TOKa KOPOTKOT'O 3aMbIKa-

Hus o, B KA, 1o ¢popmyie

E ¢
|H0: . |61 (62)

rie I - 6a30BbIi TOK

E "q)- OJ1C nucrounuka, mist cuctemsl E “(1)21

Io = %-5,oz=10r<A

Omnpenenum nByXxGa3HbINA TOK K.3. 1O (HopmyJie

3
Ie® = % o (63)

I10?=0,87-10=8,7 kA
OmpenenseM anepuoauIecKy0 COCTABIISIIONTYI0 TOKA KOPOTKOTO 3aMBIKAHHUS 1,7, B KA, 110 op-
MyJie

-7

=21, -€" (64)



3amaemcs BeikiaouateneM BI'T-110 | t.,=0,035¢, t,s=0,055¢
Pacuernoe Bpems 1=0,01+t,;=0,01+0,035=0,045 c

-0,045

ir=1,41-10-3 °® =42 kA

OmnpenensieM yIapHbIi TOK KOPOTKOTO 3aMbIKaHHUS Iy , B KA, 110 popmyie

iy:\/z’lno - K

). (65)
rae Ky-ynapHslii koadduiment
1y,=1,41-10-1,7 =24 kA
OmnpenensieM 3HaYCHHUE TIEPUOMUECKON COCTABIISIONIEH TOKAa KOPOTKOTO 3aMbIKaHUS Iy, B KA
Ire =l =10 KA
Omnpe/ensieM TEIIOBOH HMITYJIEC TOKa KOPOTKOTO 3aMbIKanus B, B KA®-c, 1o opmyiie
Bl (e +T,), (66)
rae ton=ton +tp3=0,055+0,1=0,155 ¢
B,=10%(0,155+0,03)=19 kA%¢

11.3 PacdeTt TOKOB KOPOTKOT'O 3aMbIKaHHsI OTHOCUTENHHO TOUKHU K-2
Omnpenensiem 6a30BbIil TOK I, B KA, 110 hopmyie 61

= % ~15 KA
OnpenensieM pe3yabTUPYIOLIEE CONPOTUBIEHUE 10 TOUKH K. 3.
X16=X13 1+ X14=2+1,72=3,72
OmnpenensieM HadyaabHOE 3HAUEHHE NEPUOJINIECKOIN COCTABIAIOIIEH TOKa KOPOTKOIO 3aMbIKa-
Hus I, B KA, o gpopmyie 62
Imo= 1 15=4 kA
3,72

OmnpenensieM anepruoIuIecKy0 COCTABIISIONIYI0 TOKa KOPOTKOTO 3aMBIKAHUS 14r, B KA 10 (hop-
Mmyie 64

3agaemMcs BeikirogaTenem BI'T-35, t.,=0,035¢, t,,=0,055¢

Pacuetnoe Bpems 1=0,01+t,;=0,01+0,035=0,045 ¢

0,045

e =~/2 4.2 %92 =0,59 KA
OrmpenensieM yaapHbI TOK KOPOTKOTO 3aMBIKaHU ly, B KA, 1o ¢popmyie 65
Iy=1,41-4-1,608 =9 kA
OmnpenenseM 3HaYCHUE TIEPUOTUICCKON COCTABIISIFOIIEH TOKA KOPOTKOTO 3aMbIKaHUS I, B KA
IH': :IHO =4 kA
N 2
OmnpenensieM TEIIOBOM UMITYJIhC TOKa KOPOTKOTO 3aMbIKaHUs By B KA™-¢, o opmye 66

torc=tor B*+tp3=0,055+0,1=0,155 ¢



B, =4%(0,155+0,02)=2,8 kA%c

11.4 PacueT TOKOB KOPOTKOTO 3aMbIKaHUSI OTHOCUTEIHHO TOUkH K-3
Onpenensiem 6a30Bblil TOK I, B KA, 1o ¢popmyie 61
_ 1000
7173105
OmnpenensieM pe3yJIbTUPYIOLIEE COTPOTUBIECHUE 10 TOUKH K. 3.
X177X16+ X15=3,72+0,78=4,5
OmnpenensieM Ha4aJIbHOE 3HAYECHUE TIEPUOANYECKOMN COCTABIISIIOIIEH TOKAa KOPOTKOTO 3aMblKa-
Hus o, B KA, o opmyne 62
Imo= i-55212,2 KA
4,5

OrnpenenseM anepuoauvecKy0 COCTABIISIIONTYI0 TOKA KOPOTKOTO 3aMBIKAHHMS 1,7, B KA, 110 G op-
MmyJiie 64
3amaemcs BeikIouaTeneM BMIID-10, t.,=0,09¢, t,:=0,12¢

Pacuernoe Bpems 1=0,01+t,;=0,01+0,09=0,1 c

0,1

i =1,41-12,2-8°%=3 51 kA

OrmpenenseM yaapHbIii TOK KOPOTKOTO 3aMBIKaHU Iy, B KA, 1o ¢popmyie 65
1y,=1,41-12,2-1,935=33,3 kA

OmnpenenseM 3HaYCHUE TIEPUOTUISCKON COCTABIISIFOIIEH TOKA KOPOTKOTO 3aMbIKaHus I, B KA
I =l =12,2 kA

OrpeiersieM TeIIoBoil HMITYIIbC TOKa KOPOTKOTO 3aMBIKaHus By B KA ¢, o hopmyie 66
torc=torc B+tp3=0,12+0,1=0,22 ¢
B, =12,2%(0,22+0,15)=55 kA% ¢

Pe3ynbrarel pacuera TOKOB K.3. BO BCEX TOUYKaX CBOJIUM B TaOJIHUILY

Tabmnuua 2 - CBomHas TadIMLa TOKOB K.3.

OKH K.3.
Touku K.3. Iro, KA IHO(Z), KA Iy, KA I KA, lar, KA B., kA%
K-1 (110 xB) 10 8,7 24 10 4,2 19
K-2 (35 xB) 4 3,5 9 4 0,59 2,8
K-3 (10 xB) 12,2 10,6 33,3 12,2 3,5 55




12. Bb160p 3J1eKTP000OPY10BAHMSA ¥ TOKOBEIYILINX YaCTei.

Br16op BhIKITIOUaTENEH U pa3beTUHUTENCH.

Ha nanpsxenue 110 kB

S
|H0pM:O,7.ﬂ:0’7.@:147 A
J3-110 ./3-110
Imax=1,4 —SH"M‘” =206 A
maX / \/§.110
2.8 .40.
iaHOM:\/— B Lt :1’4 40-40 =22,6 KA

100 100
PacuéTrHble 1 KaTanoKHbIE JAHHBIE 3JIETa30BbIX BBIKIKOYATENICH U PA3bEAUHUTEIIEH  3aHOCUM
B TaOJIHITY

Tabmuma 4 - Beixmrovarenu u pazbeauautend Ha 110 kB

Pacuérarie  gan- | YciaoBrue BEI- KaranoxHble JaHHBIC
HbIE Oopa BI'T-11011*- 40/3150V1 P/13-110
Uyer=110 xB < Uuov=110 kB Uiov=110 xB
Imax=206 A < liov=3150 A liov=1000 KA
Inoe=10 KA < =40 KA -
|Ht:10 KA < |0TK,H0M:50 KA -
1.=0,59 KA < la.non=22,6KA -
I,=24 KA < =102 KA =80 KA
B.=2.8 kKA™c < lrep’ trep=407-3=4800 KA liep’ trep=2977KAC
Ha nanpsixenue 35 kB
S
liopw=0,7 - —=-=0,7 - 40000 =462 A
J3-35 \/3-35
Imax=14 —SH"M‘“ =925 A
maXx i \/é ] 35
J2-B-1 .40
la Hom= P orion = 14-40-50 =282 kKA

100 100

PacuéTHple M KaTallOKHEIC JaHHBIC 5JICTa30BbIX BBIKJIIOYATENCH U paS’Be,HI/IHI/ITCJ'ICI\/'I 3aHOCHM

B TaOIUILY



Tabnuua 5 - Beiximtouatenu u pa3beauHuTeny Ha 35 kB

Ycaosue KaranoxHsie 1aHHbIE
PacuérHrie maHHbIe
BbIOOpa BI'T-3511*- 50/3150Y1 P/13-35
Uye=35 kB < Uion=35 kB Uion=35kB
Imax=925 A < lhon=1000 A lon=1000 KA
Ino=4 kA < =25 KA -
l=4 kA < lork nom=25 KA -
1..=0,28 KA < lanon=28,2 KA -
iy%=9 KA < Lue=127,5 KA =80 KA
B.=3,12 kKA*c < liep trep=50°-3=7500 KA*c liep trep=2500KA”c

Bri6op siueek KPY Ha nanpsixenue 10 kB

OnpenensieM MakCUMaJIbHBINA TOK 1O (hopMyJie

|max: L
2\/5 : U HOM ,
r1e Sycy - HOMHUHAJIbHAS MOIIHOCTb TpaHC(HOpMaTOpa COOCTBEHHBIX HYX/
16,8-10°
= 0 4855 A
" 2.1,73-10

Pacuérnbie u kaTanoxxuele nanHble sstueek KPY 3anocum tabmuiry

Tabmumna 6 - Texunueckue gqaHuble ssueek KPY

(67)

Karano>xable 7anHble
PacuérHbie nanHbIE Ycnosue BeIOOpa
K-XII

Uye=10 xB < Uion=10 kB

Imax=485 A < lion=600 A

|]'[T:12,2 KA S IOTK,HOM:ZO KA

1,=33,3 KA < Lun=52 KA
Briximrouareis > BMII-1011

Bri6op Tpancgopmaropos Toka Ha 110 kB
[TpoBepum TpaHchopMaTop TOKaA [0 BTOPUUHOM HAarpy3ke

Tabnuna 7- Bropuunas Harpyska Tpancdopmaropa Toka

Harpyska B ¢azax, B-A

[Tpubop Tun
A B C

Amnepmerp 9-335 0,5 0,5 0,5




Barrmerp J1-335 0,5 - 0,5

Bapmerp J-335 0,5 - 0,5
CuéTunk aKTUBHOMN
COT-4MT-02 0,3 - 0,3
SHEPTUU
CuéTuukK peakTUBHOI
COT-4MT-02 0,3 - 0,3
SHEPTUH
Hroro 2,1 0,5 2,1

Omnpenensiem oO1iee CONPOTUBICHNUE PUOOPOB Ipys, B OM, 110 popmyie

S
ranG: ;pn6 (68)

2HOM

IJ€ Sppus ~MOILHOCTb, IOTpeOIIgeMas mpudopamu;

|2H0M2-BTOpI/I‘-IHBII7I HOMUHAJIBbHBIA TOK HpH60pa.
2,1
rnpn6: 5_2 :0;08

OmnpenensieM HOMMHAIBHYIO JIOMyCTUMYIO Harpys3ky TpaHchopMmaTopa TOKa B BBIOpaHHOM

KJIaCCE€ TOYHOCTH Z3 yoy, B OM, 10 Gopmysie

ZZ HOM— ?ZHOM (69)

2HOM
r7e Syon-HATPY3Ka U3MEPUTENLHON OOMOTKH

30
ZZ HOM— 5_2 :112

OrmpezenseM A0IyCTUMOE CONPOTUBIIEHHE ITPOBOMOB [y, B OM, 10 popMmye
rnp=22 HOM-erI/I6-rK (70)
rzie I,-CONpPOTUBJIEHNE KOHTAKTOB, IpUHUMaeM paBHbIM 0,1

rp=1,2-0,08-0,1=1,02 (Om)

2
OrmpenenseM cedeHne COeqMHUTENBHBIX TTPOBOIOB (, MM~ 10 (hopMyIie

g .
q= PV sa- (71)
Fis
OM-Mm°
TJIe p-yIeIbHOE COMPOTHBICHNE MaTepraia nmposoaa, (p=0,0283 ———)
M

lpacu-pacuéTHast ATMHA, 3aBHUCSILIAS OT CXEMBI COeMHEHUsT TpaHchopMmaTopa TOKa (lpaca=100 M)

_0,0283-100

=277 (MMZ)
1,02

Bri6upaem konTpoasHbIi kadenb AKBBI Qg6=4 MM,

Omnpenensem NeHCTBUTENBHOE CONPOTHBICHUE IPOBOJOB Iy, B, OM, IO popMmyiie



0,0283-100 _

Fap 2 0,7

OmnpezensieM BTOPUUHYIO Harpy3Ky Z;, B Om, o popmyie

ZZ < Z2H0M

0,88<1,2

ZerZZrnpn6+rnp+ Mk

Z,=0,08+0,7+0,1=0,88 (Om)

e
Oeaa

Tabnuua 8 - PacuéTHble 1 KaTanoXHbIe JaHHbIE TpaHC(hOpMATOpa TOKA

(72)

(73)

PacuérHbie naHHbIEe

YcnoBust BeiOOpa

Tpanchopmarop Toka

Td3M-110-V1
Uye=110 xB Uyer < Uon U,on=110 xB
Imax=206A Imax < liiow liov=600 A
1,=24 kA Iy < iy =126 KA
B.=19 kA®*c B liep trep liep trep=2028K A%
Z,=0,88 Om 2= Zowom Zryon=1,20M
Bapuant ncnonsenus ] 0.5/10P/10P/10P

BTOPUYHBIX OOMOTOK

Bri6op Tpancdopmaropos Toka Ha 35kB

[TpoBepuM TpaHcpopMaTop TOKa MO BTOPUYHON HArpy3Ke

Ta6muia 9 - BropuuHas Harpy3ka TpaHncopMaropa ToKa

Harpy3ska B pazax, B-A

ITpubop Tun

A B C
AmnepmeTp 3-335 0,5 0,5 0,5
Barrtmerp J-335 0,5 - 0,5
Bapmerp 1-335 0,5 - 0,5




CuéTunK aKTUBHOU
COT-4MT-02 0,3 - 0,3
SHEPTUH
CuéTunk peakTUBHON
COT-4MT-02 0,3 - 0,3
SHEPIrUU
Hroro 2,1 0,5 2,1

Omnpenernsiem oOuiee CONPOTHBIEHHE IIPHOOPOB Iypus,, B OM, 10 Gopmyie 68
2,1
Ipu6= 5—2 =0,08
OnpenensieM HOMHHAIBHYIO JOIMYCTUMYIO Harpys3ky TpaHcpopmaTopa TOKa B BBIOpaHHOM
KJIacCe TOYHOCTH Z3 yon, B OM, 1O popmyiie 69
30
ZZ HOM— 5_2 :1;2
OmnpenenseM JOIYCTUMOE COIPOTUBIIEHUE IPOBOJIOB [y, B, OM, 110 popmyiie 70
rp=1,2-0,08-0,1=1,02
OmnpenensieM cedyeHHe COeAMHUTENbHBIX IPOBOJIOB (], B MM 110 bopmyie 71
_0,0283-75 _

2,08
1,02
Bri6upaem konTponbHblil kabens AKBBIT (x6=4 MM,

OrmpenenseM AeHCTBUTENBHOE CONPOTHBIEHUE IPOBOJIOB Iy, B OM, 110 hopmyiie 72

o= 0,0283-75 0,52
4

OrnpepernsieM BTOpUYHYIO HArpy3Ky Zy, B OM, o ¢popmyse 73
Z,=0,08+0,52+0,1=0,7

ZZ < ZZHoM

0,7<1,.2

Tabmuma 10 - PacuéTHblie u KaTaOXHBIE TaHHBIE TpaHCPOpMATOpa TOKA

Tpancdopmarop Toka

Pacuérnbie nannbie YcnoBus BeIOOpa

TD3M-35-V1
Uye=35 kB Uyer < Uson Uuon=35 kB
Imax=925A Imax < luowm lhov=1000 A

i,=9 KA iy < =127 KA




B.=3 kA%c Be< lrep’rtrep lieptrep=2883KA% ¢

Z,=0,88 Om 2= Zouom ZZH0M=1920M

Bapuant ucnonHeHus - 0,5/10P

Br160op TpanchopmaTopos Toka Ha 10 kB
[TpoBepum TpaHchopmaTop TOKa 110 BTOPUYHOM Harpy3Kke

Tabnuua 11 - Bropuunas Harpyska TpanchopmaTopa Toka

Harpyska B pazax, B-A
[Tpubop Tun
A B C
Amnepmerp 9-335 0,5 0,5 0,5
Barrmerp J1-335 0,5 - 0,5
Bapmerp J-335 0,5 - 0,5
CuéTtunk aKTUBHOH
COT-4MT-02 0,3 - 0,3
SHEPTUU
CuéTuuk  peakTUBHOI
COT-4MT-02 0,3 - 0,3
SHEPTUU
Hroro 2,1 0,5 2,1

Omnpenensem oO1iee CONPOTUBIEHNUE IPUOOPOB Ipys,, B OM, 10 popmyie 68
2,1
Fmpue= 5—2 =0,08

OmnpenensieM HOMHHAIBHYIO JIOMYCTUMYIO HAarpy3ky TpaHchopMaTopa TOKa B BBIOpaHHOM
KJIacce TOYHOCTH Z3 yom,, B OM, 10 popmyiie 69

ZZ HOM— @ =018
5

2

OmnpenenseM JOIMYCTUMOE CONPOTUBIIEHHE IPOBOJIOB [y, B, OM, 110 popmyiie 69
rp=0,8-0,08-0,1=0,62
OrnpezenseM ceueHne COeAMHUTENbHBIX TPOBOJIOB (, B MM? 10 dbopmye 70

_0,0283-40 18
0,62

Bri6upaem konTposnbHblil kabens AKBBIT (x.6=4 MM

OmnpenenseM OeHCTBUTENBHOE CONPOTUBIEHUE IPOBOJOB [Ip,B OM, 1o opmyie 72

oo™ 0,0283-40 ~0.28
4

OmnpenensieM BTOpUUHYIO Harpy3Ky Z;, B Owm, o popmyie 73
Z,=0,08+0,28+0,1=0,46



ZZ < ZZHOM

0,46<0,8

Tabmuma 12- PacuétHble 1 KaTaja0KHbBIE JaHHBIC TpaHChOpMaTopa TOKa

PacuérHble naHHBIE

YcnoBus BeIOOpa

Tpancdopmarop Toka

TIOJI-10-V3
Uye=10 kB Uyer < Uson Uson=10 kB
lmax=970A Imax < low lLion=1000 A
i, =32 kA iy < T =69 KA
B.=28,6 kKA*c B lrep trep lieptrep=3072KA% ¢
Z,=0,64 Om 255 Zowou Z540v=0,80M

BapI/IaHT HUCIIOJTHCHU A

0,5/10P;10P/10P

Br160op Tpanchopmartopor HanpspkeHus Ha 110 kB

Tabnuua 13 - BropuuHas Harpy3ka TpaHc(opmaTopa HarpsKeHHs.

S,B-A Yucno | S obOmas
Ywucio
[Tpubop Tun OJTHOM cosQ singQ pu- P, Q,
00MOTOK

0o0M. 60opoB | Bt B‘A
Bartmerp J1-335 1,5 2 1 0 2 6 -
Bapmerp J1-335 15 2 1 0 2 6 -
OUII OUIT 3 - 1 0 1 3 -
CuéTynk ax-
TuBHOM dHep- | COT-4MT-02 2 2 0,38 0,925 2 8 19,4
%051
Cuéruuk peak-
TUBHOM 3Hep- | COT-4MT-02 2 2 0,38 0,925 2 8 19,4
5051

Hroro 31 38,8

OmnpenensieM Harpy3Ky Tpanchopmaropa HanpspkeHus Sys, B B-A, mo popmyne

Szz:\/PZ +Q2

S»s=+/31% +38,8% =50

[Tpuaumaem tpanchopmatop HanpsukeHuss HKdD-110-58;

(74)

Homunanenas MmomuocTs S=3-400=1200 B-A > S,yz=50 B-A ; knacc Toudoctu 0,5




Bri6op TpancopmaropoB HanpspkeHust Ha 35 kB

Tabnuma 14 - BropuuHast Harpy3ka TpaHcopMaTopa HaNpsKEHHUSL.

S,B-A Yucmno Yucno S o6mras
[Tpubop Tun OJTHOM oOMo- cosQ sing npudo-
P,Br | Q,B-A
o0Mm. TOK poB
Bartmerp J-335 1,5 2 1 0 6 18 -
Bapmerp J-335 1,5 2 1 0 6 18 -
OUII OUII 3 - - - 1 3 -
Cuéruuk ax-
COT-
TUBHOMU 2 2 0,38 | 0,925 6 24 58,2
4MT-02
SHEeprun
Cuéruuk pe-
COT-
AKTUBHOM 2 2 0,38 0,925 6 24 58,2
4MT-02
SHEeprun
Utoro 87 116,4

Omnpenensiem Harpy3Ky Tpancopmaropa HanpsbkeHus Sys, B, B-A, o dopmyne 74

S»s=+/87% +116,4% =145

[Tpunumaem Tpancpopmarop Hanpsokenus 3HOJI-35;

Homunansnast MomHocTs S=3 -150=450 B-A > S,5=145 B-A; xiacc Ttounoctu 0,5

Br160op TpanchopmaTopoB HanpsukeHus 10 kB

Tabmuma 15 - BropuuHast Harpy3ka TpaHcopMaTopa HaNpsKEHHUSL.

S,B-A | Hucmo Yucno S obOmas
[Tpubop | Tum OJTHOM obMo- CosQ sing pubo- P,
Q,BA
ooMm. TOK poB Bt
Bartmerp J-335 1,5 2 1 0 1 6 -
Bapwmerp J1-335 1,5 2 1 0 1 6 -
OUII OUIIT 3 - 1 0 1 3 -




Cuétunk  aKx-
COT-

TUBHON D3HEp- 2 2 0,38 0,935 4 9,7
4MT-02

TUA

Cuéruuk peak-
COT-

TUBHOH D3HEp- 2 2 0,38 0,935 4 9,4
4MT-02

505

Hroro 23 19,4

HHUC 110 JOIMYCTUMOMY TOKY IIPpU MaKCHUMaJIbHOM Harpys3kKe Ha IIMHaXx

OmnpenensieM Harpy3Ky Tpancopmaropa HanpsbkeHus Sys, B B-A, o dopmyie 74

Syy=4/23% +19,4% =30

[Tpunumaem tpanchopmatop HanpsuxeHnuss 3HOJI-06;

Homunansuas momHocts S=3-75=225 B-A > S,»=130 B-A

Br16op TokoBemymux yactei

Ha HanpsbkeHnue 110 kB

Tak kak THOKHUE IIUHBI 110 SKOHOMHUYECKOM INIOTHOCTH TOKA HE BBI6I/IpaIOTC$I, IIPpUHHUMACM CCUC-

OmnpenensemM HanOOIBIIHNN TOK HOPMAJIBHOTO PEKUMA lyopy, B A, 1O opmyIte

40000 _
1,73-110

HOpM ™ Vs

OmnpenensieM HaUOOJIBIIMKA TOK HOPMAJIBHOTO peXuMa lyax, B A, IO opmyIe

40000
1,73-110

IMax:1a35

[Mpuaumaem mposox AC-70/11 g=70 MM, d=11 MM, | on=265A

. 3
IIpoBepka Ha CXJIECTHIBAHUE HE TPOU3BOJAUTCS, TaK KaK IHO( )=10KA <20 KA.

=198

(75)

(76)

HpOBCpKa Ha TCPpMHUYCCKOC JIeliCTBHE TOKa K3 He MMPOU3BOAUTCA, TAK KaK HMIMHBI BBINTOJIHCHBI

TOJIBIMH ITPOBOAAMU HAa OTKPBITOM BO3AYXE.

[IpoBepka 1o ycioBUsIM KOPOHUPOBAHMSL.

OmnpenensieM HaYaJIbHYIO0 KPUTHUECKYIO HanpsbkEHHOCTH Eg, B kKB/cM, o popmyrie

0,299
E¢=30,3-T-(1+ ——),

i

(77)

rae T- KO3QQUINEHT, YUUTHIBAIOIIMHA IEPOXOBATOCTh MOBEPXHOCTH MPOBOJA (1711 MHOTOIIPO-

BOJIOYHBIX MPOBOI0B T=0,82)

lo- paaryc IpoBOJa, CM



0,299
./0,55
OmnpenenseM HanpsoKEHHOCTH BOKPYT npoBoaa E, B kB/cMm, o ¢popmyie
0,354-U
= (78)
ry 19 o

E¢=30,3-0,82-(1+ )=34,9 kB/cm

E

rae U- nuneitnoe nanpspkenne (U=1,1-Uyo=1,1-110=121 kB)
D.p- cpeanee reoMmeTpuYeCcKOe PacCTOSTHAE MEX Ty IpoBoaamu (a3
(Dep=1,26-D=1,26-300=378 cm)
_0,354-121
0,55-1g 38

0,55

)=27,4 xB/cm

VYcenosust nposepku 1,07-E<0,9Eq
1,07-27,4=29,3<0,9-34,9=31,4

Bo160op rubkux muH Ha Hanpsbkenue 35kB
BriOupaeM muHbI IO JOMYCTUMOMY TOKY IIPU MaKCHUMajbHOH Harpys3ke Ha IMIMHaX
OmnpenensieM HaUOOJIBIIMKA TOK HOPMAJIBHOTO peXuMa , B A, 1o ¢popmyie 75

40000

L 2462
1,73-35

IHOpM: 0;7

OnpenernsieM HaNOOIBIINI TOK HOPMAJIBLHOTO peKUMA ly,x, B A, 0 popmyie 76

40000
1,73.35

Ipurnmaem mposox AC-400/51, q=400 Mm%, d=27,5 MM, |0=825 A

lvax=1,35 =624

IIpoBepka Ha CXJIECTBIBAHHUE HE TPOU3BOIUTCS, TAK KAK Ino®=4KA <20 kA

[IpoBepka Ha TepmMuueckoe neicTBue Toka K3 He mpoM3BOAMTCS, TaK KaK IIWHBI BBIMOJHEHBI
TOJIBIMH ITPOBOAAMM Ha OTKPBITOM BO3JYXE.

IIpoBepka 1o ycinoBHUSAM KOPOHUPOBAHHUS

OmnpenensieM HaYaIbHYIO KPUTHYECKYIO Hanpspk€HHOCTH Eg, B kB/cM, 1o dopmyne 77
0,299
J1,375
OmnpenensieM HanpsKEHHOCTH BOKPYT npoBoja E, B kB/cm, no ¢popmyne 78
rae (D,=1,26-D=1,26-150=189 cm)

o 0,354-38,5
1,375-1g 5%

E¢=30,3-0,82-(1+ )=31,2

)=4,6

VYcnosus mposepku 1,07-E<0,9E,
1,07-4,6=14,8<0,9-31,2=28,08



Bri6op xéctkux muH Ha 10 kB
OmpenenseM pacy€THbIC TOKH MPOJAODKUTEIBHBIX PEKUMOB Imax, B A, o popmyie 67

D
Imax=1,35"luopn=1,35-485,5=655

[IpunumMaeM ogHoMONMOCHBIE IHHBI S0X6 MM i Lonr=740 A

[To ycnmoButo HarpeBa B MPOIOJKUTEIIEHOM PEKUME IIUHBI TPOXOJIAT:
Imax=655 A<lon=740A

[IpoBepsieM MIMHBI HA TEPMUYECKYIO CTOMKOCTD Qmin, MM?  TI0 dbopmyie

VB, 79

C

Qmin=

\/55-10°

Omin=———=81,5 MM?, 4TO MEHBIIIE npussToro ceuenus q=50x6=300 MM

91
[Ipunumaem BenuuuHy nposiera 1,5 M ,paccrosinue mexay dazamu a=0,8 M.

Omnpenensiem HauOombIIee yaeapHOE yeunue npu tpexdaznom K.3. mo popmyne

v 2

|,
£=J3-107" = (80)
a

333 2

£=3-107- =240 H

N3rubarommmii MOMEHT paBeH:

fi* 240.152
10

M= =54 H'm

OnpenenyM HamnpsyKeHUE B MaTepuase HIMH, BO3HHUKIIEE NPHU BO3ACHCTBMM H3rHMOAOILEro

MOMEHTA Gpacy, B MIIa, 110 OpMyIIE

M
Opaca — 81
prer = 1 (8)

2 2
raoe W= b-h = 0 66 S =4,2 MM>- MOMEHT CONPOTHUBIICHUS

b

Gpaca = % =12,9 MIla

VYcnoBue npoBepKu:
G pacy =12,9 Mna < G ;,0,=40 Mna

[[InHBI MEXaHUYECKHU MTPOYHBI.



Br160p OMOpHBIX H30ISATOPOB
XecTkue MMHBI KPETSITCS Ha ONIOPHBIX U30JISTOPax
Bri6upaem uzonstop OP-10-375-Y3 my1s1 BHyTpEHHEH yCTaHOBKH

Tabnuna 16 — Texuuueckue JaHHbIC U30JISITOPOB

PacuérHple naHHBIC YcnoBus BeIOOpa OD-10-375-V3
Uy,=10 kB Uyer < Usiou Uson=10 kB
Fpaci=332A Imax < liou Fron =3675-0,6=2205

Omnpenensem cuity, IeHCTBYIOILYIO Ha U30IATOP Fpaca B H 10 popmynie

2

i
Fpva:\/g 211077 (82)
a

(33,3-10%)2 1,5
3. .
V3 0,8

107=338 H

Fpacq:

Yci10B1E TIPOBEPKH U30JIATOPOB 110 JOMYCTUMOM HAarpy3Ke
Fpacq < Faon
Fpacq:338 H< F,uon:2250 H

Nzonsitoper OD-10-375 V3 npoXoasT Mo HAMPsHKEHUIO U 110 IOy CTUMOM Harpy3Ke.

13. Pacuet coOCTBEHHBIX HYK/

Br16op onepatuBHOTO TOKa

Ha noxacranuusax MOKET MPUMEHSATHCS ONEPATUBHBIN TOK: IMOCTOSHHBIN, MEPEMEHHBIA U BBI-
npsiMiIeHHBIN. VICTOYHMKaMH MOCTOSIHHOTO TOKa CIY’KaT aKKyMYJATOpHbIE OaTapeu, UCTOYHUKAMHU
MEPEMEHHOTO U BBINIPSMIIEHHOTO TOKAa — TpaHC(opMaToOpbl COOCTBEHHBIX HYX. BrIOOp onepaTuBHO-
r0 TOKa 3aBUCHUT OT HAJIMYHUA BbIKItouarenaein BH ¢ anekrpoMarHUTHBIMEA TTPUBOAAMH, TPEOYIOIIIMMHU
IMOCTOSHHOT'O TOKa.

CornacHo HTII pekoMeHayeTcs NpUMEHSTh ONEpaTUBHBIN MOCTOAHHBIN TOk Ha Bcex [IC 330-
750 kB, na [1C 110-220 kBc uncnom Beikiatouareneii BH tpu u Gosnee.

BriOupaem Ha MPOEKTUPYEMOM MOACTAHIIMHN ITOCTOSHHBIN ONepaTUBHBIN TOK. ICTOYHHUKOM TI0-
CTOSIHHOTO ONIEPaTUBHOTO TOKA MCIOJIb3yEeMaKKyMyJSITOpHYI0 O6atapero. Ha moacranium ycraHaBinu-
BaeM OJHY aKKyMYJSTOpHYI Oarapero 220 B, koropast paboTaeT B pexkKHMe HEPEPHIBHOTO TO13aPsi-

J1a OT BBINPSMUTENbHBIX YCTPOMCTB.

Br100p TpancdopmMaTopoB cOOCTBEHHBIX HYKIL




Jist 37eKTpUYECKOTro CHaOXeHHUs MOTpeOuTeNe CHCTeMbl COOCTBEHHBIX HYXKJ IMOJCTAHIIUH
npeaycMaTpUBaIOT TpanchopmaTopsl ¢ BTopuuHbIM HanpspkerneM 380/220 B. motpeburensiMu sHEp-
MU TOJCTAHINH SBJISIFOTCS 3JIEKTPOABUraTEIN CUCTEMBl OXJIAXIEHHUs TpaHC(HOpMaTOpoB, 000rpeBa-
HHUE MAaCJSIHBIX BBIK/IIOUaTeneil 1 mkadoB ¢ YCTAHOBICHHBIMU B HUX 3JIEKTPUYECKUMU ammaparaMu U
yCTpOHCTBaMH, IPUOOPaMH, SJTEKTPUUECKUM OTOIJICHUEM, OCBEILICHHEM U T.1.

Bori6op MomiHOCTH TpaHC(HOPMATOPOB COOCTBEHHBIX HYJKJ OCYIIECTBISETCS HAa OCHOBAHUU
CYMMUPOBaHMsI MOIITHOCTH NOTpeOUTENIeH POEKTUPYEMON MOACTAHIIUH.

Tabnuma 17 — IoTrpebuTtenu coOOCTBEHHBIX HYK]] MOACTAHIIUN

VYcraHoBneH- Harpy3sxka
Has MOIIT- Komm-
Bua morpeburens Cos ¢ Pyer,
HOCTb, YeCTBO tg o Qyer,
kBt
kBT KBap
OxJaxaenue Tpaachopmaropa
pasicop P 2 2 0,85 4
TATH-40 0,62 2,48
[Tomorpes BeIKIIFOUaTE- JIEH
4,45 3 1 13,35
110 xB 0
[Togorpes BeIKIIOUaTE- JIEH
2,5 2 1 5
35 kB 0
[Tomorpes mkagos KPY 1 12 1 0 12
OxaxkJIeHue U OCBEIICHHUE
60 1 1 60
oIy 0
Ocsemenne 3PY-10 kB 4,35 1 1 0 7
Bentumanug 3PVY-10 xB 1,96 1 0,85 0,62 1,96 Lo1
Ocsemenue OPY-110xB 1 0 10
IlogzapsimHo-3apsioHBIA  arpe-
P P P 1 2x23
rat BA3II 0
Uroro 160,5 3,69

OmnpenensieM pacueTHYIO Harpy3Ky c.H. mpu kodddurmente crnpoca K.=0,8 mo dhopmyie

Spaei= Ko /P> +Q% =0,8+/160,52 + 3692 =160,54 kB-A,

[IpunumaeMm k yctaHoBke 2 TpaHchopmaTopa



S uee _ 160,54
14 14

MomHocTh 0HOTO TpaHchopMaTopa Syey > =114,7 kB-A

Brioupaem tpancdopmarop TM-250/10/0,4

Peseiinas 3amura 1 aBTOMaTHKA

Peneiinas 3ammra cusioBoro Tpanchopmaropa.

Ha noacranium MoryT BO3HUKaTh HEHOPMAJIbHBIE PEKUMBI U IOBPEKAEHUS, KOTOPHIE B PSC
CJIy4aeB COIIPOBOXKJIAIOTCS 3HAUYUTEIIBHBIM YBEJIMUYEHUEM TOKA U TOHWKEHUEM HanpshkeHus. B cBa3u
C 3TUM IIPUMEHEHHUE aBTOMATUYECKUX YCTPONCTB HEOOXOAMMO, TaK KaK OHU 3alUIIAI0T 000py10Ba-
HUE OT IOBPEXKIACHUM.

[Ipu K3 3amura oTKIH0YaeT NOBPEKIEHHBIN YUaCTOK, BO3ICHCTBYS Ha BBIKJIFOUATEIH, IIPEIHA-
3HAauEHHBIE I pa3MblkaHus TOKOB K3. IIpy BO3HMKHOBEHUN HEHOPMAJIBHBIX PEKUMOB, 3allIUTA BbI-
SIBJISIET X, U B 3aBUCHMOCTH OT XapaKTepa HapyILIEHUH COBMECTHO C aBTOMaTUKOM MPOU3BOJUT CO-
OTBETCTBYIOLIUE ONEPALNHU 11 BOCCTAHOBJICHUSI HOPMAJIbHOTO peXUMa WU Mojadyel CUrHania Jjie-
KYpPHOMY IIEPCOHATY.

Peneiinas 3amuTa JODKHA YJOBIETBOPATE CIEAYIOLUIMM TPEOOBAHUSIM:

a) 00eCneuuTh CeNEeKTUBHOCTbD, T.€. OTKII0YATh TOJBKO MOBPEXKAEHHBIN YIaCTOK;
0) UMeTh MUHUMAaJIbHOE BpeMs cpadaThIBaHUS;
B) 00J1a/1aTh YyBCTBUTEIBHOCTHIO KO BceM BUAaM K3 1 HEHOpMaNbHBIM PEXKUMaM;

) 001a71aTh HaJEKHOCTBIO.

Ha npoextupyemoit noactanumu coraacHo [1Y D npeaycMarpuBaeTcs clieyronas 3aiura aB-
ToTpaHchopmMaropa:

1. IIpoponsHas auddepeHmanpHas 3amura

2. T'azoBas 3amura

3. MakcumasbHasi TOKOBas 3allluTa

4. TokoBas oTceuka

5. 3amuTa OT neperpy3ku

6. TokoBas 3aluTa Hy.]leBDfI noCJaCaA0BaTCIbHOCTHU

Pacuér nudpepeHunabHOi 321U THI TPaHchopmaTopa



DO

Mpucraska MNT-1

g_l

Pucynok 13 - Cxema TOKOBBIX Lieniei qud3aimuThl TpaHchopmaropa

OrnpenernsieM mepBUYHbBIE TOKH |lyoy, B A, IJI BCEX CTOPOH 3aIIAIIIaeMOro TpaHchopmatopa mo ¢op-

MYJIe
I _ ST.HOM (83)
. \jg.UHOM |

| = M =198,86

iTi 110 x/§ 121 ’ !

40000

| e =————— =599,844

iTi 35 \/§ . 38, 5

_ 40000 =2099,456 A.

| _
HOM 10 \/511

3anuceiBaeM K03 HUITMEHTHI TpaHC(hOpMAIMH, COOTBETCTBYIOIIHE BEIOPAHHBIM TpaHChopMa-

TOpaM TOKa

K, 10 =600/5, K, ,-=1000/5, K, ,, =3000/5.

Bropuunsie 00MoTKH TpaHchopMaTopoB Toka Ha HanpsbkeHue 110 kB u 35 kB coenuneHs! B
TPEYTOJILHUK, a BTOPHYHBIE 0OMOTKH TpaHCPopMmaTopa Toka Ha HanpsbkeHue 10 kB coennHeHbI 3Be3-

noii. [Toaromy koa¢hduUIIUEHTHI, YYUTHIBAIOIINE YKa3aHHBIE CXEMbI PaBHbI

Kei1o =3, Kex 35 =43, Ko =1.



Onpe,uenﬂeM BTOPHUYHBIC TOKH B IIJICUaX 3alllUThl, COOTBETCTBYIOIIUC MOIITHOCTH 3allIUIIIACMOTO

TpaHcdopmaropa, o Gpopmyie

I — _Hom " MNex ' 84
HOM.B KI ( )
HOM.B 110 = 198’ 86 : 3 = 2’87
600/5
oun 35 = 599,844-V3 \/§ =5,195 A,
1000/5
2099,456 -1 3499 A

HOM.B 10 = 3000 / 5

BriOupaem HOMUHaAIBHBIA TOK OTBETBIICHUS TPAHCPEAKTOpa pesie Ha ocHOBHOM cTtopoHe 110 kB

11O COOTHOIICHHUTIO

(85)

OTB.HOM.OCH. — ~ HOM.B.OCH. '

I =25 A.

oTB.HOM.110

Onpe,uenﬂeM paC‘léTHLIe TOKH OTBETBJICHUI aBTOTpaHC(I)OpMaTOpOB TOKa Ha HCOCHOBHBIX CTO-

ponax 35 kB u 10 kB no ¢popmyne

I
— I . OTB.HOM. OCH. (86)

OTB.pac4.HCOCH. HOM.B.HCOCH. '
HOM.B.OCH.

I()Bpacq 35 _51195.;—4,525 A1
OTB.pacu 10 1 |EE ’ 3,0 I‘8 A-
' . ,8

s croponsl 35 kB npuHrMaeM noBelmaromuil aprorpancgopmarop Toka AT-31 co crneayro-
HIMMHM [TapaMeTpaMu:
HOMMHAJIbHBIA TOK HUCIIOJIb3YEMOTO OTBETBIIEHUS, K KOTOPOMY HOJBOJASTCS BTOPHUUHBIE TOKH 3aIIUThI
4,29 A;
HOMMHAJIBHBIA TOK MCIIOJIb3YyEMOIO OTBETBIICHUS, K KOTOPOMY TOJKIIIOYAKOTCS pee
5A.
st cropons 10 kB nmpuanMaem moseimatomnuii asrorpancopmarop Toka AT-31 co crnenyro-
HIMMH [TapamMeTpaMu:
HOMMHAJIBHBIA TOK HCIIOJIB3YEMOTO OTBETBIICHUS, K KOTOPOMY IOJABOASATCS BTOPUYHBIE TOKH 3aIUThI
3,12 A;
HOMUHAJIbHBIM TOK UCIIOIB3YEMOTO OTBETBJICHUS, K KOTOPOMY ITOAKIIOYAIOTCA peie

3,63 A.



OmnpenensieM pacy€THbIE TOKH OTBETBICHUN IPOMEXYTOUHBIX TPaHC(HOPMATOPOB TOKA B IIETIH

TOPMOKEHUS pelie 1o hopmyiie

— HOM.B. , (87)
OTB.TOpM.pacHu. KAT
otB.TOpM.pacd.110 = 2’87 A’
5,195
| =————=6,055 A,
OTB.TOpM.pacy.35 4’ 29 / 5
=39 o7 a.

| _ =
oTB.TOpM.pacy.10 3,12/3,63

Onpe;[ensleM HOMMHAaJIbHBIC TOKW OTBETBJICHUI MMPUCTABKHU TOPMOKCHHA U IMTPOMECIKYTOYHBIX

TpaHc(hOpMATOPOB TOKA IO COOTHOIICHHIO

OTB.TOPM.HOM. — | OTB.TOpM.pacy. ’ (88)
otB.TopM.HOM.110 — 3A,
IOTB.TOpM.HOM.35 =3 A,
| =3,75 A.

OTB.TOPM.HOM.10

Tak xak Ha MoACTAHIIMH HE UMCCTCA CUHXPOHHBIX I[BI/IFaTeJIefI, B 3allIUTC TpéXO6MOTO‘-IHOI‘O
TpaHC(bopMaTopa IIpH HAJIWYHUU ITUTAHUA TOJIBKO CO CTOPOHBI BEICHIETO HANIPSAXKCHUSA B LCIIAX YBCIINU-
YEHHs YyBCTBUTEIBHOCTH 3aIIUTHl PEKOMEHIYETCSI OCYIIECTBISITh TOPMOKEHHE TOJIBKO OT TOKOB Ha
npuéMHBIX cTopoHax. OIHAKO, OT TOJCTAHIINH MUTAIOTCS TOTPEOUTEH MTEPBOI U BTOPOI KaTErOpHH,
MO3TOMY Ha CpeJHeM HamnpspkeHuH 35 kKB Bo3MokHA napasuienbHas padora Tpanchopmaropos. B

3TOM Cllydae [eJIeco00pa3HO OCYIIECTRISATH TOPMOKEHHE Ha BCeX TPEX CTOPOHAX TpaHCHOpPMATOpa.

=1,0.

*

B cooTBeTCcTBHH CO CKa3aHHBIM BEIIIE BLI6I/IpaCM YCTaBKy «Ha4dajia TOPMOKCHUA» |

mopm.Hau.

OmnpenensieM MEpBUYHBIN TOPMO3HON TOK, COOTBETCTBYIOIIUH «HAYaITy TOPMOXKEHHS» 110 POp-

MYyJI€
I OTB.TOPM.HOM. | I OTB.TOPM.HOM. 1T
ITOpM.Ha'-l.l'[ = 0’ 5|H0M KTOKI ) . . . + KTOK m’ -+
OoTB.TOpM.pacH. | oTB.TOpM.pacy. 1T
(89)
Io 0]
TB.TOpM.HOM. 11T
+ Kmx m |
oTB.TopM.pacy. III
S) 3,75
| e =0,5-198,86 1+ 1|=173,69 A
o 6,005 4,071

Omnpenensiem TOK HebamaHca B pEXKUME, COOTBETCTBYIOIIEM «HAaYaly TOPMOKEHUSD», 1O Gop-

MyJie



IH6.TOpM.Ha‘{A = ( KOI[H ) Knep "€+ AU +
- 90
+ IOTB.pacq. CH IOTB.HOM. CH I ( )
I TOpPM.Ha4.1II ’
otB.pacy. CH
rac IOTB.paC‘{. CH ° IOTB.HOM. CH — COOTBCTCTBCHHO pPAaCYCTHBIM U HOMHUHAJIbHBIM TOKHW OTBCTBJICHUU

aBTOTpaHc(OpMaTOpa Ha CTOPOHE CPEAHETO HAIIPSHKEHUS,
AU — nnamason peryiupoBanus ycrpoiictsa PITH Tparncdopmaropa,

€ — OTHOCHUTENIbHOE 3HAaUY€HUE TIOJTHON MOTPEIIHOCTH TPaHCPOPMATOPOB TOKA,

KO)IH , Knep — COOTBETCTBCHHO KOB(i)(bI/Hll/IeHTI)I OIHOTUITHOCTH YU NIEPEXOIAHOTO pECKMMaA,

=11-1.0,05+0,16 + % 173,696 = 45,497 A.

HO.TOpM.HaY.

OHpCI[eJ'IHGM HepBI/I“IHHﬁ MUHHUMAaJIbHBINA TOK Cpa6aTBIBaHI/I$I 3aIl0MTEI 110 CJIICAYIOIINUM YCIOBH-

SIM:
OTCTPOUKH OT PacCYE€THOTO MEPBUYHOTO TOKA HebalaHCa B PEXKHUME, COOTBETCTBYIOIIEM «HAYATY TOP-
MOKCHHSI

I >1,5-1 =1,5-45,497 =68,245 A,

¢.3.min HO.TOpM.Hau.

OTCTpOﬁKH OT TOKa HeOallaHca B MEPEXOAHOM PCIKUMC BHCIIHETO K3

| >03-1_ =03-19886=59,658 A.

c.3.min

3a paC‘{éTHOG 3HAUYCHHUC ITPUHUMACM HauOOoJIbIIEE U3 MMOJIYYCHHBIX paC‘{éTHBIX 3HAYCHUH
=68,245 A

OmnpenensieM OTHOCUTENbHBI MUHUMAJIbHBIN TOK CpabaThIBaHUS pelie IPU OTCYTCTBUU TOPMOKEHUS,

I ¢.3.min

NPUHUMAS 32 PaCUETHYIO CTOPOHY CPEJHETO0 HaIpsLKEeHUs, 1o (hopmyrie

U
ca.min UBH ) ch
I:p min < ! (91)
P K, I

otB.HOM. CH

68,245-&-J§

N D _0,433.
=000/ 5- 4,29

*

[TepBUYHBII MaKCUMAaJIBHBIN TOK, POXOIANINN Yepe3 3alluiaeMblil TpanchopmaTop, OyaeT

umeTh Mecto npu BHentHeM K3 B Touke K-2

l....=15-4000=6000 A,

Kmax

U COOTBETCTBYIOIIMN €My MaKCHUMaJIbHBIM pacu€THBIM TOK HebajlaHCa C YYeTOM YJIBOEHHOTO 3Haue-

HUS K03 (DUIMEHTA TIEPEXOJHOTO PeXXMMa onpeaenuM 1o Gopmysie (90)



| 4,525—-4,29

HO.pacd.

:(2-1-0,1+0,16+‘ ‘)-6000:2471,602 A.

OmnpenensieM KOAPPHUIHUEHT TOPMOKEHHS 10 HopMmyIie

HO.pacy. HOM.B.OCH. *
1’5' | ) | - Ic.p.min

K — HOM OTB.HOM.OCH. (92)

TOpM I !
05.m | L 1 1
I K K

Tok III

2471,602 2,87

1> o886 25 ~0,433
Koop = 6000 (6.055 4071 . 0%
0.5 [ 2E2 B
19886 | 5 375

OmpenenseM MepBUYHBIN CpabaTHIBAHUS OTCEYKHU IO YCIOBUIO OTCTPOUKH OT MaKCUMAJILHOTO
MEPBUYHOTO TOKA HeballaHCca MPU NEPEXOJHOM PEXKHUME Ha IIMHAX CPEAHETO HAMPSDKEHUS C y4ETOM

YTPOSHHOTO 3HaueHHs K03 PUIMEHTa TIEPEXOIHOr0 pexuma 1o Gopmyse (90)

4,525-4,29
4,525

HO.pacy.

—(3-1-0,1+ 0,16 +

] -4000=3071,602 A.

[TepBudHEI TOK cpabaThIBaHUS OTCEYKH MPH MIECTUKPATHON €€ yCTaBKe OmpeaesiuM o Gopmyre

| =6-1 L (93)

C.oTcC. OTB.HOM. OCH. K
cX

600/5
J3

OmnpenensieM Ko3(pGUIMEHT YyBCTBUTEIBHOCTHU 1O hopMyIie

| win 4000
68,245

I =6-2,87-

C.oTcC.

=1193,037 A.

=58,612>2.

T

¢.3.min
15 Pacuér 3azemusiromero ycrpoiictea OPY-110 kB

JlanHbIe A7Is pacyeTa:

Im(2 u3 pacyeta 1. K-1

JUTUTEbHOCTD BO3JICHCTBUA TOKA Ha YeloBeKa T=tp.3.+t0.B.;
to.B.=0,035 c; tp.3.=0,12c; 1=0,155c¢

R=0 OMm - conpoTuBiieHNE ECTECTBEHHBIX 3a3eMJINTENIEH

JlnuHa koHTypa 3a3emierus L=100m, mmpuna B=90m, mromans S=90-100=9000 M’



I'pyHT IBYXCIONHBIH, yA€IbHOE CONMPOTUBICHUE BepXHEro ciios p1=500 Om-M, HIKHero p2,=60
OM-M™.
Tonuaa Bepxuero ciaos h = 2m.
[To mepuMeTpy TEPPUTOPUH MOACTAHIMU B TPYHT 3a0UThI BEPTHKAIBHBIC 3a36MIUTEIH ATHHOM |;=5M,
COCZIMHEHHBIE CTAJIBHOM 1Mosiocoit Ha riyoune t = 0,7M.
PaccrositHre Mex Ity BepTHKAIbHBIMU 3a3€MIIUTEISIMU a=8 M;
OmnpenensieM TpeGyeMoe KOJIMYECTBO M10JIOC CETKU

a) no mupure OPY n; o popmyre

Ny=— (94)
a
90
Ng= EZI 1,25; npunumaem 11 nosoc
0) o mymmuae OPY n o dpopmyne
n=t= (95)
a

n.= % =12, 5; npunumaem 13 nonoc

OmnpenensieM 00Ty 0 JTUHY TOPU3OHTAIBHBIX MOJIOC 3a3eMIIIONIETO KOHTYpa L, B M, 10
bopmyne
Lr=n.-L+ny,'B (96)
Lr=13-100+10-90=2200 m
OmnpenensieM KOIMYECTBO JIEKTPOJIOB, 3a0UTHIX B y3JIaX CETKH 0 HAPY>KHOMY KOHTYPY 3a3€M-

JSIOUIET0 YCTPOMCTBA 1 110 hopMyJie

=2 (L+B) (97)
a
sz =48 J1eKTpOoI0B
7'y 7'y
—
h; =2m A
\ 4 Is=5M
02 | | v
2= M >

PucyHok 16 - PacnionoxeHue BEpTUKAIBHBIX 3a3€MJINTENEH



JleWicTBUTENBHBIN MJIaH 3a3eMJISIOIIET0 YCTPOHCTBA peoOpa3yeM B pacu€THYIO KBaJpaTHYIO

MOJIe€b CO CTOPOHOI B'

B'=+/S = /9000 =94,87 m

BI

Pucynok 17 - PacuetHas mozenb

OmpenensieM CONMPOTHUBICHUE PACTEKAHUIO TOKA OT CTYITHEH HOT YesioBeKa B 3eMITI0 Re, B OM,
1o ¢opmyie
Re=1,5-p1 (98)
R~=1,5-500=750 Om'M
Omnpenensem ko3 uIEeHT, onpeaensieMblil 0 COMPOTHUBIICHUIO Tela YenoBeka B mo ¢pop-

MyJie

ot (99)

rae Ru=1000 OM - conpoTUBIEHHE YETOBEKA

1000 _g

P= 10004750

OnpenensemM K03QUIIMEHT HaANPsOKEHUS TPUKOCHOBEHUs kn 1o ¢opmyie
_Mp

|B : I‘L )0,45

a-/s
0 OTHOIIEHUIO p1/p2=8,33 onpenenssem M=0,806; I, = 5Sm; a=8m; L=2200 m; B=0,57 m

_0,806-0,57 _
kn—m —0,158

8-94,87

Kn= (100)

Omnpenensiem HanpspkeHue Ha 3azemiuutene U3, B kB, mo ¢popmyne

u
U,= _;n (101)

n
Unp.non=440 B - nonyctuMoe HanpsKeHHe IPUKOCHOBEHHSI ONPEAEISIeTCs 10 3HAUEHUIO T

=0,155c¢



U=20 97858
0,158

U,=2785 B < Us3,0,=10000 B,

rac U3z[0n‘ A0IIYCTHUMOC HAIIPS?KCHUC Ha 3a3€MIIMTECIIC

OmnpenensieM TOMyCTUMOE CONMPOTHUBIIEHUE 3a3EMJISIOLET0 YCTporcTBa R, 5on, B OM, 1O (hop-

MyJie
R zon= % (102)
R on= 2185 =0,37 Om
7500
OmnpezaensieM YUCIIO SYEEK CETKU U3 MOJIOC [0 CTOPOHE KBaApaTa T 1o Gpopmyiie
_ L
m= —— (103)
2-4/S
m= 2200 =11,6; npuHumaem 1=12
2-94,87
OrnpenernsieM IMHY MOJ0C B pacu€THOi Monenu L'r, M, mo hopmyie
L'r= 2-/S- (m+1) (104)
L't=2-9487-(12+1) =2466,6 m
OmnpenensieM UTMHY CTOPOHBI STUEHKU CETKH ,b, B M, 110 dhopMyIie
b= ﬁ (105)
m
b= w =8
12
OrnpenensieM YUCiio BEPTUKATBHBIX 3a3€MJIUTENEH 110 IEpUMETPY KOHTYpa KBajipaTa I, 1o
bopmyne
M= @ (106)
b
M= 94,887 . =48 31eKTpOoI0B

OHpCI[eJ'IHeM 0611_[}/10 JJIMHY BEPTUKAJIBHBIX 3a3eMJINTENIEN LB, B M, IIO (bOpMYJ'IC
LB:|B'nB (107)
Lg=5-48=240 m

g+t

Js

OmnpenensieM OTHOCUTENbHYIO TITyOUHY

o popmyne

g+t

Js

(108)



lg+t _5+0,7 _
JS 9487

0,06

OmnpenensiemM o011iee CONPOTUBIIEHUE CIOKHOTO 3a3€MIIUTENS, IPE0OPa30BaHHOTO B pacyeT-

HYy10 Mozenb R;, B Om, mo hopmyiie

R,= A.%+—h":% (109)

Omnpenemnsiem ko3 dumment A o popmyiie

A=0,444-0848+" 1 ¢ o<lett
Js

Js

<0,1 (110)

A=0,444-0,84-0,06 =0,3936

OrnpenensieM yaeinbHOE SKBUBAJIEHTHOE COMPOTUBIICHUE P,,B OM M, MO CIAEAYIOMINM BEIHYH-

HaM:
P, _ 500 =8,3: i:§:1,6; h -t =2_—0’7:O,26
b, 60 I, 5 I 5
Haxoaum

Ps 1 3. rorna: p,=p.1,3=60-1,3=78 Om-m
P2

OmnpenensieM CONPOTUBICHHUE 3a3€MIISIFOIIETO YCTPOIiCTBa

78 N 78
94,87 2200+ 240

R,=0,354 Om < Ry;05=0,37 Om

R,=0,3936- =0,354 Om

[Tpou3BoauM NpoBEPKy 10 HaNpsKeHHUIo npukocHoBeHust Unip no ¢popmyiie
Unp=Kn1'R'; (102)
U,p=0,158-7500-0,354=423 B
Unp=419 B < Uyp 10i=440 B

TpeOGoBaHMEe BBHITOTHIETCS

17 CneuunajbHoe 3aJaHue

18 Kanurta/jbHblii peMOHT 32JaHHOI0 3J1eKTP0O00OPY10BAHUS



19 Texnuka 0e301aCHOCTH ¥ MPOTHUBONOKAPHAS TEXHUKA

Jlnst 6e30macHOCTH paboT, MPOBOAUMBIX Ha TMOACTAHIMH, JOJDKHBI COOJIOAATHCS OpTaHU3aIi-
OHHBIE U TEXHUYECKUE MEPOTIPUSTHS.

Opranu3zalinoHHbIE MEPOMPUATHS, 00ECIeUnBalOIIe 0€30MacHOCTh PaboT B AJIEKTPa yCTAHOB-
Kax:

- ohopMIIEHHE HapsAa WU PaCIOPSKEHUS

- IOIyCK OpHrajsl K paboTe

- HaJ30p BO BpeMEHU PabOThI

- oopmIIeHHE TIEpephIBa, OKOHYaHHE PadOTHI, IEPEBOIa Ha APYTYIO padoTy.

Texaudeckue MeponpusaThsa, obecreunBarone 0€30macHOCTh padOT € TMOJHBIM WJIM YaCTHY-
HBIM CHSITUEM HaIPSKEHUS:

- MPOBEACHUS HEOOXOAUMBIX OTKIIOUYCHUN W MPHUHITHS MEp MperyHpexaAeHUs Moaady Hamps-
KEHUS K MECTy pa0OThI BCICICTBUAE OIMMOOYHOTO WIIM CaMOTPOM3BOJILHOTO BKIIIOUEHHUS KOMMYTa-
LIMOHHBIN anmnapaTyphbl.

- BbIBeIIMBaHUs Iu1akatoB «He Bkitouarb—paboTaroT mroau,» «He Bkirouyats—paboTa HA JIMHUU

» , « He otkpsiBaTh—paboTatoT noau. [Ipu HEOOXOIUMOCTH JOJKHBI ObITh yCTaHOBIEHBI 7777

- IPUCOENUHAIOT K 3€MJIE MEPEHOCHBIE 3a3€MJICHMSI, MPOBEPSIOT OTCYTCTBHE HAINPSIKEHUS U
HaKJIa/IbIBAIOT 3a3€MJICHUSI.

- OpPraHM3yloT pabodyee MECTO U BBIBEHIMBAIOT IUTakaThl «CTON - BhICOKOE HampsikeHue», «He
Bie3aii—yOneT», «PaboTath 31ech», «Bie3ars 3aech». [Ipu Bcex BUIaX MPOBOJAUMBIX B IEHCTBYIOMINX
PV wnanpsbxkenuem 220 kB Ha pacctossHun 30 M OT HaXOJAIIMXCS MO/ HAMIPSIKEHUEM TOKOBEAYIIUX
yacTsIX pabodue JOKHBI TOJIb30BaTHCS CIIEUANIBHBIMU CPEJICTBAMU 3aIlIUTHI, 3a3eMIISIONIMMHU dKpa-
HUPOBAHHBIMU KOCTIOMAaMU MJIM 3KpaHAMH, YCTAHOBJIEHHBIMHU Ha MeCT€ paOOThl.

ITpu mpoBeeHuN paboOT BCe MEXaHUYECKHUE YaCTH 3a3€MIIIOT IEPEHOCHBIM CEUEHUEM HE MEeHee
4 mM. HanoxxeHnue M CHATHE 3a3€MJICHUI POU3BOANUTCS AUBIEKTPUUECKUMH NepuaTkaMu. Onepannn
[0 TPOBEPKE OTCYTCTBUS HANPSDKEHUS NMPOU3BOJAUTCS YKa3aHUSIMM HANpSOHKEHHUS] WIM IITAHTOM. J10-
MyCKaeTCs 3TO TOJIbKO B cyxyto noroay. Ha OPY-220 kB npenycMoTpeHO orpak/ieHHe MeTajuinde-
CKHMH CETKaM OT, IIOTIaJJaHusl 32 HUX IOCTOPOHHUX JIMII.

TokoBenymme yacTH HaXOAATCS Ha BBICOTE, 0OeCTeunBaroleil 6€301acHOCTh 00CTyKHUBaKOIIIEe-
ro nepcoHana. Bxoast B PY 3akpbiThl u umerot Haanuck « CToil BbIcOkoe HampsikeHue. Bee o6opy-
JIOBaHMsI UMEET HAANIUCh, €T0 HA3HAYEHNUE U MHBEHTAPHBIN HOMED.

TokoBenymue 4acTu OKpalMBalOTCA B COOTBETCTBYIOIIUI LIBET (MKENTHIM, KPACHBIH , 3€JI€HBIN).
Ha Beixmrouarensx umerorcs ykasarenu «BxmoueHo», OTKIII0OueHO». Y IPOBOAOB pa3beIUHUTENEH,
3a3eMJISIOIIMX HOXKEH M JIPyTMX ammaparoB JOJKHBI ObITh yKa3aHbl MOJOXKEHUS U CTPENIKH, YKa3bl-

Baromue ABWKCHUS IIPOBOJA.



Ha OPY npenycmarpuBaeTcs 3JeKTPOMAarHUTHAs U MeXaHHUYECKasi OJIOKMPOBKA MEXy arrmapa-
TaMH, KOTOpas IPeJOTBpALIacT HAIPaBICHHbIE NEHCTBHS MEPCOHAIA. PyKOATKM 3a3eMISIOIINX HO-

JKei OKpallleHbl B KPACHBIN 1IBET.

IIpoTuBONOKAPHBIE MEPOTIPUSITHS

31aHus U COOPYKEHUS TIOJICTAHIIUNA COOPYIKAIOTCSl OTHECTOMKKUMH. [lomenieHre muToB ymnpas-
JIeHUs, U IpyTrUe MOMELIEHHs IOCTPOEHbI TAKMM 00pa3oM, 4TOObI OrpPaHUUYUTh PACIPOCTPAHEHUE OT-
HS BO BpeMs II0’Kapa yYMThIBaTh €ro paspylLlaroliue nociaeacTsus. g 3TOro ycTaHaBiIuBarOT IIPO-
CThI€ M1 MACCHUBHBIE CTEHbI U3 HECTOPAEMBIX MATEPUAJIOB B TEX HANPABICHUSIX , B KOTOPHIX B3PbIB U
MOKap MPUBOJAT K OMACHBIM IMOCIEACTBUAM. B Ka)k70M cilydae npu BOSHUKHOBEHHUHU MOXKapa J0JK-
Ha ObITh OOecrieueHa BO3MOYKHOCTh OBICTPOM M Oe30MacHON BaKyally JIFOJEH BXOJaMU COCTABIIsAET
He 6osiee 30 M B IPOTUBOIIOJIOKHBIX CTOPOHAX MMOMEIICHUH.

B macionanonHeHHOM 000pyIOBaHMM COAEPIKUTCS TpaHcpopmaTropHoe Macio. B ciydae mo-
’Kapa ero CIMBAIOT U OTBO3AT B Oe3omacHoe MecTo. JlJis 3TOro noj KakKaplM M3 MacOHAIOIHEHHbIX
anmnapaToB MMEIOTCS siMa ¢ rpaBUilHOM 3ackinkoid. Kpome Toro MoiHele TpaHC(OpPMATOPBI pa3aess-
I0T IIEPErOPOJIKOM U3 HECTOPAEMOI'0 MaTepuaia.

Jlnst TymeHust oXapoB TpaHchOpMaToOpbl 000PYAYIOT YCTPOMCTBAMH aBTOMAaTHUECKOTO TOXKa-
poryuienus Boaoi. Haunboiee pacipoctpaHeHHbIH c1oco0 TyLIEHUS MOXKapa BOJOH.

Ha teppuropuun PY umeercst BononpoBoj, oOecrieunBaronuii pacxo Bo/Ibl Ha MIPOTUBOIIOKAP-
HOE BOJIOCHA0KEHHE.

B kalenbHBIX KaHalaX U TOHHENSX yCTAHABJIMBAIOT OTHE3AIUTHHIE NEPETOPOIKU Ha paccTos-
Huu 50-100 M, oOpa3yromue oTceku. B oTcekax MOHTUPYIOTCS CTAllMOHAPHBIE CETH MOKAPOTYILIEHUS
BO3/yIIIHO-MeXaHHueckoi neHoi. [1pu nmoxape neHa BeIOpachIBaeTCs U3 IMEHOT€HEepaTopa, 3aroHsIeT
IIOJIHOCTBIO OTCEK M T'ACUT OTOHb. Y CTAHOBKA MOKAapOTYILIECHUS JEHCTBYET aBTOMaTHYECKH. B mome-
IICHUAX KPOME TOTO0 YCTAHOBJIEHBI OTHETYIIUTENH, SIIUKHA C IIECKOM U MPOTHUBOIOYKAPHBI WHBEH-
Tapb. s TymeHus noxkapa B 3J€KTPOYyCTAHOBKAaX MPUMEHSIOTCS YIJIEKHCIOTHBIE U BO3AYLIHO MEH-

HBIC OTHCTYUIUTCIIN.
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Tabnuna 1 - PerynupoBounsie orBeriaenus PITH (U=115 kB)

IIpunoxenue

No 1/ Yucno OtHocuTensHOE 15 1 "
BUTKOB, % YHCJI0 BUTKOB, % —_— E,S mp = % oy = H

1 16,02 1,16002 3,46 20,22 12,12
2 14,24 1,1424 3,4 19,91 11,93
3 12,46 1,1246 3,36 19,59 11,75
4 10,68 1,1068 3,30 19,29 11,56
5 8,9 1,089 3,25 18,98 11,38
6 7,12 1,0712 3,199 18,67 11,19
7 5,34 1,0334 3,15 18,36 11

8 3,56 1,036 3,09 18,04 10,82
9 1,78 1,0178 3,04 17,73 10,63
10 0 1 2,987 17,42 10,45
11 -1,78 0,982 2,93 17,11 10,26
12 -3,56 0,9644 2,88 16,8 10,08
13 -5,34 0,9466 2,827 16,49 9,89
14 -7,12 0,9288 2,77 16,18 9,7
15 -8,9 0,911 2,72 15,87 9,52
16 -10,68 0,8932 2,66 15,56 9,33
17 -12,46 0,8754 2,61 15,25 9,14
18 -14,24 0,8576 2,56 14,94 8,96
19 -16,02 0,8398 2,5 14,63 8,77




Tabnuna 2 - PerynupoBounsie orBerBiaenust PITH (U=230 kB)

No Uucno | OTHOCHTENBHOE _ 230 _ 230 K - 230 _ 230
OTBETBJICHUS | BUTKOB | YHCJIO BUTKOB " 385 ™11 " 66 " 191
%

1 12 1,12 6,69 23,42 39,03 2,128
2 10,8 1,108 6,619 23,17 38,62 2,105
3 9,6 1,096 6,547 22,92 38,2 2,089
4 8,4 1,084 6,476 22,61 37,68 2,059
5 7,2 1,072 6,404 22,42 37,37 2,036
6 6 1,06 6,332 22,16 36,93 2,014
7 4,8 1,048 6,26 21,91 36,52 1,991
8 3,6 1,036 6,189 21,66 36,1 1,968
9 2,4 1,024 6,117 21,41 35,68 1,945
10 1,2 1,012 6,046 21,16 35,27 1,922
11 0 1 5,974 20,91 34,85 1,9
12 -1,2 0,988 5,902 20,66 34,43 1,877
13 -2,4 0,976 5,83 20,41 34,02 1,854
14 -3,6 0,964 5,789 20,16 33,6 1,831
15 -4,8 0,952 5,087 19,91 33,18 1,808
16 -6 0,94 5,615 19,65 32,75 1,786
17 -7,2 0,928 5,455 19,4 32,33 1,763
18 -8,4 0,916 5,472 19,15 31,92 1,740
19 -9,6 0,904 54 18,9 31,5 1,717
20 -10,8 0,892 5,328 18,65 31,08 1,695
21 -12 0,880 5,197 18,4 30,67 1,672




Tabnuua 3 - BenuunHa >kestaeMbIX HapsHKCHUN

UHOM, kB
MaxkcuManbHbIN PEXXUM MuHUMaIbHBIA PEKUM
U)Ke]'h KB
6 6,3 6,4 6,0 - 6,15
10 10,5-10,7 10,2 -10,3
35 37 -39 35-36
110 121 -122 115-116
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