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BBEAEHUE

B anekTposHepreTMyeckux CHCTEMax OJHOBPEMEHHO  OKCIULYyaTHPYIOTCS
YCTPOMCTBA pPEJIEHHON 3alIMThl U ABTOMATHKU HA Pa3jIM4YHON 3J€MEHTapHOM Oaze:
AIIEKTPOMEXaHUYECKHE pene, OJIOKM pene, mKapsl M MaHeTM Ha HHTErpaibHbBIX
MHUKpPOCXEMaxX Majol U CPEJHEN CTENEHH MHTErpauuu (OrepauuoHHbIe YCHIUTEIN U
JIOTUYECKHE JJeMeHThl). Pa3pabaTbiBaloTCsi H  BHEIPSIOTCS  YCTPOMCTBA C
UCIOJIb30BaHUEM  ITU(GPOBBIX  YHHMBEPCAIBHBIX U CHEUHUATU3UPOBAHHBIX
MUKpPOIPOLIECCOPHBIX CHUCTEM (IIPOrpaMMHBIE YCTPOMCTBA PEJNEHHON 3allUThl U
ABTOMATHKH).

[Ipy  QYHKIMOHUPOBAHUU  BJIEKTPOIHEPIETUUYECKONM CHCTEMBI BO3MOXKHBI
pa3iauyHble €€ COCTOSHUS: HOPMAJIbHBIM  pPEXUM  pabOThl,  YTSKEICHHBIN
(HEeHOpMAaJBHBIN ), aBApUNUHBIN U MOCTICaBAPUNHBIN PEKUMBI.

K yTskeneHHOMY OTHOCUTCA PEXHUM, CONPOBOKIAIONIUNCA CBEPXTOKAMHU
Meperpy30kK, CHIHKEHHbIMUA aMIUIUTYI0M U (WJIM) 4aCTOTOM HaIpsKEHUsI, KaUaHUSIMHU
CUHXPOHHBIX T€HEpPaTOpOB, OJHO(A3HBIM 3aMbIKAHHUEM Ha 3€MJII0 B CETH C
M30JMPOBAHHON (KOMIIEHCUPOBAHHOW ) HEUTPAJIBIO.

ABapuiHBIN PEXUM HACTYIAET NPU BO3HUKHOBEHHH KOPOTKOTO 3aMBIKAHUS.
JIns TMKBUIALIMM TIOBPEKICHUS 3aLIUTHl JOJKHBI BO3/IECTBOBATh HA OTKJIIOUYCHHE
BbIKJIOYaTenen. [Ipu oTkase 3ammThl WM BBIKIKOYATENS JTUKBUAALMSA IOBPEKICHUS
BO3MOYKHA MOCJIE CTOSILEN 3alUTOM.

OCHOBHOE Ha3HAYEHHWE pEJNEHHOM 3alIUTHl - BBIABICHHE IOBPEKICHUS H
NEUCTBUE HA OTKJIIOYEHHME BBIKIIOYATENEH Uil  OTAEIEHUS IOBPEXKICHHOTO
AJIEKTPOIHEPIETUYECKOTO OOBEKTA.

JIONIOTHUTENIPHOE HA3HAUYEHUE PEJEHHOW 3aIUTHI BBISBICHUE YTSIKEICHHOTO
pexuMa M BblJ1adya MHGOPMAIIUN O HEM - JICUCTBUE HA CUTHAI.

OCHOBHOM Ha3bIBAIOT 3aIIUTY, KOTOpasi JOJKHA JIEUCTBOBATh PAHEE NPYTUX MPH
BHYTPEHHHUX ITOBPEXKIAEHUAX - ITPU KOPOTKOM 3aMbIKAaHMH Ha 3aIHAIIAEMOM JJIEMEHTE.

PesepBHas 3ammra mpeaycMaTpuBaeTCs I JCUCTBHST BMECTO OCHOBHOM U
BMECTO 3aLIUT CMEKHBIX JIEMEHTOB ITPU UX OTKA3€ WJIA OTKAa3€ UX BBIKIIFOYATENEH.

JIng onucaHus YCTPOWCTB PEJEHHOW 3allUThI, IIOSACHEHHUS COCTaBa U
(YHKUMOHATBHOTO HAa3HAYEHUS! AJIEMEHTOB HCIOJIb3YIOTCS pa3JIMYHbIE CIOCOObI
U300pAKEHUS CXEM: CTPYKTYpHbIE, (DYHKIIMOHAIbHBIE U MOHTaxHbIE. {1 pemenus
3324 CXEMOTEXHHUKHA IPU MPOCKTUPOBAHMM W WU3YUYECHUU PEJIECHHOW 3allUThl U
ABTOMATHUKHU IPUMEHSIOTCS NIPUHLININNAIBHBIE PAa3HECEHHBIE CXEMBI. B pa3sHeCeHHBIX
CXeMax OTIEIbHO N300paxaroTcs e MePEMEHHOT0 TOKa, COAepKalllie BTOPUYHbIE
oOMOTKHM TpaHCc(OpMATOpPOB TOKa M OOMOTKH pejie¢ TOKa; IENd TMEePEeMEHHOTO
HaIpsHKEHUsT OT TpaHC(HOPMATOPOB HAMPSIKEHUS ¢ OOMOTKaMH peJie HamlpsKeHUS,
ONIEpPaTUBHBIC LIENHU, COIEpXKAIIME KOHTAKTbl M3MEPUTENBHBIX M ITYCKOBBIX peEIIE,
OOMOTKM M KOHTaKTbl JIOTUYECKUX U HCIOJHUTEIbHBIX OPraHOB 3allUThI,
AJEKTPOMAarHWTOB MPHBOJAA BBIKIIOYATENS. B psAge ciydaeB HMCHOJIB3YHOTCS
NOSICHAIOLIME PUCYHKH, COAEpKAIIUE 3JIEMEHTHI, KaK NEPBUYHOM CXEMBbI, TaK W
pPEJIEHHON 3aIUTHI.

B Hacrosmee Bpems B 3JIEKTPOHMKE OKa3ajloCh BO3MOXHBIM pa3MEIaTh
0O0JIBIIIOE KOJIMYECTBO 3aKOHUYEHHBIX OJIOKOB (DYHKIIMOHAJIBHBIX 3J€MEHTOB B OJHOM



kopryce. 1lo3TOMy pasHeceHHbIE NPUHIMIHAIBHBIE CXEMbI, COCTABJICHHBIC IS
TaKUX KOPIIYCOB M MX COEIUHEHHM, CTAHOBATCS MAJOJOCTYIHBIMHU JUIA MOSCHEHUS
MNPUHIIMIIOB JEWUCTBUA U TPOIECCOB B OTICNBHBIX (DYHKIMOHAIBHBIX JJIEMEHTax
pPENEHHOM 3alUThl U aBTOMATUKH. [IpyM M3ydeHUM NMPUHIMIOB JECHUCTBUS U AHAJIU3E
(YHKIIMOHUPOBAHUS MPOTPAMMHBIX YCTPOWCTB PEICHHON 3alUThl U aBTOMATHUKU
MPUHUUIIMAIBHBIE CXEMbl MPAKTUYECKH TEPSIOT CMBICH. CTPYyKTypHBIE CXEMBI
TpeOyIOT MOAPOOHOT0 MaTEMaTHUYECKOrO ONMucaHusi (QYHKIUN pelerHON 3aliuThl U
IIPOLIECCOB X PEATU3ALNH.

[Ipoueccel (QyHKIMOHUPOBAHUS YCTPOMCTB pEIEMHON 3alUTBl MOTYT OBITh
IIPEICTABICHBl B BHJIE IIOCIIEIOBATEIBHOCTH JIEUCTBUM, B PE3YyJbTaTE BBIIOJHEHUS
KOTOPBIX TOCJIE MOCTYIUIEHUS BXOJHBIX BO3JEHCTBYIOIIMX BEIMYUH JOJDKHO OBITH
IPUHATO OJHO M3 JBYX BO3MOJKHBIX DPEIICHUN - OTKIIOYWTh WJIM HE OTKIIOYUTH
npucoenuHeHne. Takue IPOLECChl OTHOCATCA K KAaTErOpuy aJIrOpUTMHUUYECKHUX.
Hcnons3yercss crnocod MpeacTaBiIeHUs aJITOPUTMOB PEIEHHON 3alIuThl B BUJAE HX
CTPYKTYPHBIX CXEM.

Lenpt0o ngaHHOM paboOTHl SBISAETCA OKa3aHUE TMOMOUIM MpU y4eOHOM
MPOCKTUPOBAHUM  PEJIEHHOM 3alUThl M aABTOMATHKM JJIEKTPOCHAOXKEHUS B
COOTBETCTBHHU C 3aJJaHHUEM.

[IpensioxkeHHoe 3agaHMe Ha Y4YeOHOE MPOEKTUPOBAHUE OrPAHHUYUBAECTCS
OTHOCUTEJIBHO MPOCTHIMA MO KOH(PUTYypaluu paclpeieuTeIbHBIMU CETSIMU U
HOHU3UTEIBbHBIMU MOCTAHLIUAMH, JIJIsI KOTOPBIX B paboTe mpeasiaraetcs Nporu3BECTH
BbIOOp 3alllUT, pacyeT UX MapaMeTpoB M pa3padboTaTh yKa3aHHbIE MPUHIUIHAIBHBIC
AJIEKTPUYECKUE CXEMbI COTJIACHO MPWJIOKEHUIO K 3aJaHui0. B paborte mpuBeneHsl
pacyer TOKOB KOPOTKOI'O 3aMBIKAaHMS C MPUEMIIEMBIMU Ul PEJICUHOW 3allMThI
JONYIIEHUSMHU, BBIOOp CeueHUil KaOeNbHbIX M BO3AYIIHbIX JUHUH. [IpuBeneHsl
TaKK€ pacueTbhl PEJICHHOM  3alIUThl  BO3AYINIHBIX W  KAOCNBHBIX  JIMHUH,
TpaHc(opMaTOpPOB, BEICOKOBOJBTHBIX AJIEKTpOoABUTaTENeH, 3anuThl 0,4kB.

1.Bb160op ceueHusi npoBoaoB kadeabHOM JuHum 10 kB.

Ceuenue kaOenbHOW JIMHUM HEOOXOIUMO IUIsl OMpENETCHUSI CONMPOTUBIICHUS
ee, Heooxoaumoro npu pacuere TokoB K3. Beibop mpou3BoauTcs Ha OCHOBE JIaHHBIX,
NPUBEJICHHBIX B TaOJMIaX JUIMTEIBHBIX TOKOB M Teperpy3ok kabeneir go 10 xB.
JlnmutensHO nMomycThMas Harpy3ka BBIOPAHHOTO CEYEHHS JIOJDKHA OBITh HE MEHee
pacyeTHOW Harpy3Kku kabeyss B HopMalibHOM peknme. CeueHust KabelbHbIX JIMHUN 10
10 xB BbIOMparOT M0 HAarpeBy pacyeTHHIM TOKOM U MPOBEPSIOT MO TEPMHUYECKOM
CTOMKOCTH.

PacueTHbIil TOK ompenensieTcs It ciiydasl BO3pacTaHUsl Harpy3Ku KaOelbHOMN
TuHUY Tipu cpabaTteiBaHun ABP, T.e. BKITFOUEHHOM CEKIIMOHHOM BBIKJTIOYATEIE:

SHaep
\/§ “Unom
MOIIHOCTB NoTpebaenus ot muH 0,4 kB B 3TOM cnyuae:
Pyi = 500 kBt — aktuBHag 1-oi cexnuu 0,4 kB
Py, = 500 kBt — aktuBHas 2-oi cexiuu 0,4 kB

| pacy =



C yueTroM aKTHBHBIX M PEAKTUBHBIX MOTEPb B TpaHCPopMmMaTope B
KOMIIEHCUPOBAaHHOU 110 COSQ = 0.92 ceru:

S3 =S4 = Ky (Pu1 + Pr2)/ cOS@

S;=1,06 (500 +500) /0,92 = 1152 kBA

1152 _
Ipacq :m - 66,6 A

Cornacno tabnune 1.3.2 ITYD Bpemst TpaHChHOPMATOPHBIX MEPErpy30K IMpPH
cpabateiBanuu ABP — 510 6 yacoB makcumanbsHo. [Ipu nmpokiiaike B BO3AyXe U 3emiie
C TMpeaBapUTENbHOW Harpy3koid kabenss no 60% gomyctumas meperpyska Io
OTHOIICHUIO K HOMUHAIBHOH cocTaBiseT 125% (Knep = 1,25)

JInuTenbHO AOMYCTUMBIA TOK COCTABJISIET:

Loy = paen 068 _gaog.
Knep K 12510

Ha ocnoBanum tabmumsl 1.3. 18 IIYD BeiOupaem kabens 10 kB mud
MPOKJIAJIBIBAHUS €T0 B BO3AyXE CEUYEHUEM 25 MM? (Lyiion =65 A)
JInst mpoKnaabIBaHUS Ka6en;1 B 3eMJIE€ MOYKHO B3SITh B 16 MM? (Iyron = 60 A)
Brioupaem Spin = 25 MM? (100 = 65 A>53A)
Bri6upaem kabens AAbn — 3x25
ITo Tabn. 2.6. JI mHaxomum Iy = 1,24 OM/xM; Xo = 0,099 Om/KM.

fwa="ro - L3= 1,24 3,1 OMm

Xw3 — X0 ° L3 = 0,099 : 2,5 OMm

Zws =3,1+]0,2475

23| = V312 +0,24752 =3,109Om
wa=1,24-2,9=3596 Om

Zua = 0,099 - 2,9 = 0,287 Om
Zws = 3,5 +j 0,287

|2 wa| = V3,6 +0,2872 =3,610M

0) ¢ yd4YeToM TMEpCHNEeKTHBHI pa3BUTUS CeTH U paboTel TpaHchopmaTopa B
MOCJICABAPUHOM PEXKUME:

1600

lpae = 1,3 —— =84,1 A

P V311
841=76,4MM2

Sox = 1i

Bri6upaem kabens mapkun AAbm — 3x95.
ITo Ta6xa. 2.6. JI naxomum o= 0,326 Om/kM, Xo= 0,083 OMm/kM .
fwa="rog  Lz3= 0,326 2,5 1,01 Om
Xw3 = Xo * L3 =0,083 - 2,500 = 0,2070m
zws = 1,01 +j 0,207

23] = V1,012 +0,2072 =1,030m

wa = 0,326 - 2,8 =0,913 Om



Xwa = 0,083 - 2,8 = 0,232 Om
Zws = 0,913 +j 0,232

24| = 1/0,913% +0,2322 = 0,887 Om

[locne BbIYMCIEHHS TOKOB KOPOTKOTO 3aMbIKaHUs BBIOpAaHHBIA KaOelb
HEO0OXOAMMO MPOBEPHUTH HA TEPMUUYECKYIO CTOMKOCTh K TOKY KOPOTKOT'O 3aMbIKaHHUS
,JIPOXOJSIIEMY 10 TOMY KaO€Jto 3a BpeMsl cpadaThIBaHUS 3AILUTHI JINHUH.

2.Bb10op ceuenusi nposoaoB BJI -110 kB

Bo16op nuHMIA TPOBOIOB BO3AYIIHBIX JUHUH JEKTPONEepeiauul MPOU3BOIUTCS
0 SKOHOMHYECKOW IUIOTHOCTH TOKa C IOCIEAYyIOIIed MNpPOBEPKOW BBIOPAHHOIO
IPOBOJIA 10 HArPEBY.
MuHUMaNIBHOE CEYEHHE MTPOBO/IA 10 SKOHOMHUYECKON IIJIOTHOCTH TOKA
Sox = I_p [MMZ]
9K
riae |p — pacueTHsblil TOK, MPOTEKAOIUI 1O HpOBO)j[aM BJL, A

i, — DKOHOMHYECKAs INIOTHOCTh TOKa, A/MM?

B Tabmune 1.3.36. IIYD “DOkoHoMuuecKkasl IUJIOTHOCTh TOKa~ TPU YHUCIIE
HCTIONB30BaHUS MakcumMyMa Harpy3ku B rog  3000-5000 yacoB BbIOMpaeM
SKOHOMHUYECKYIO MIIOTHOCTD JJI aFOMHUHHUEBBIX TPOBOIOB

Joe = 1,1 A/Mm?

Harpy3sky tpancdopmartopa 110/10 kB MOXXHO mTOCUHUTATH:

a) IS CITy4asi BO3pacTaHusl Harpy3ku npu cpadbareiBannu ABP
JlJist 5TOr0 HEOOXOAMMO BBIYHMCIUTH CYMMApHYIO JJIUTEIBbHYIO Harpy3Ky Ha IIMHAX
10 kB:

XS =351+ Sy + Suz + Swa t+ Sy +S2

JAHbI TI0 33JJaHUIO :

Sl )51 Sz
M- cunxponnbii anektpoasuratens CIAH — 15 -76Y3

Py =2500 xkBT; U= 10 xB; =7; cosp =0,9; 4 =0,96

HOM

Syp = =200 _5g93 BA
n, cose, 0,96-0,9
S1 2893 _ 167.2 A:

I = =

ML= 3.0, V310
Mj- cunxponnsbiit anektpoasuratens CIIH — 14 —49 — 6V 3
Py =800 xBt; Uy = 10 xB; i = 75; 5 =94%; cos = 0,9

800 _ g45BA
0,94.0,9

Sws + Swa = 1152 MBA (u3 pacuera ceuenus kabenpHol uann 10xB)
¥S =(15000 + 2893 +1152 + 945 + 10000) MBA = 29990 kBA

M2 =



C yueTom noTeps B TpaHCPOpMaToOpe MOTpedIisieMasi MOIIHOCTb:

TS =Kz ZS = 1,06 - 29990 = 31789 kBA

TOK MOTPEOIEHUS:

_ 31789-10°
J3-110-10°

| = 159,78o% =1670,4 A, npuenennbiii kK U=10kB

I = 159,78 A no cropone 110 kB

159,78 )
S3K =T:145,2 MM"™.

145,2 — 179 MM2

C ydeToMm MOMpaBKU Ha TEMIIEPATYPY OKPYKAIOIIETO BO3yXa Sy=

npunumaeM cedenue BJI — 110 kB S, = 185 mm?
0) C y4YeToM TMEpCHEKTHBBI pa3BUTUS CETU U paboOThl TpaHchopmaTopa B
[IOCJIEABAPUIHOM PEKHUME:

63000
le=1,3-—2 = 411,6 A
P J3.115

Sy = 456 _ 374 Mmm?
11

BriOupaeM npoBo cranpamtomuareBoit mapku AC — 400/51.
ro = 0,075 Om/kM, Xo= 0,42 OM/kM

1
Mo < 3 X0 — aKTUBHBIM cornpoTuBiienueM BJI — 110 kB moxxHO npeneOpeyb.

3.PacyeT TOKOB KOPOTKOI'0 3aMbIKAHMSI.

Pacuer TOKOB KOPOTKOTO 3aMbIKaHHMS TPOU3BOJUTCS: MJIS MPOBEPKHU
OTCTPOEHHOCTH 3AIIUT OT MAaKCUMAJIbHBIX TOKOB K3 BHE 3alMIIAEMON 30HBI; TOK
K3 B MakcUMallbHOM pexuMe padOThl CUCTEMbl HUCMOJIB3YETCS ISl ONpeaesieHus
TOKOB CpaOaThIBaHMsI TOKOBBIX OTCEYEK M TOKOB HeOanaHca AuddepeHuuanbHoM
TOKOBOM 3aIlUThI;, JIJI1 MIPOBEPKU UYyBCTBUTEIBLHOCTH 3AIUTHl B 3aIIUIIAEMON 30HE
WM Ha CMEXHOM Yy4YacTKE IpPHU OCYIIECTBICHUM [ajJbHET0 PE3EpPBUPOBAHUS MPHU
MHMHHMAaJIbHBIX pacyeTHBIX ToOKax K3.

[Ipu BBINIOTHEHNUH PACYETOB IPUMEHSIETCA Pl JOMYILICHUIA:

- BJ1C ucToYHMKOB COBMaAAIOT 10 (ha3e B T€USHHUE BCero mpoiecca K3;

- HE YYUTHIBAETCS HACBIIICHHNE MATHUTHBIX CUCTEM 3JIEKTPUUECKUX MAIIHMH, YTO
MO3BOJISIET CYUTATh IOCTOSSHHBIMU W HE 3aBUCSIIMMU OT TOKAa WHIYKTHBHBIC
CONIPOTUBJICHUS BCEX IJIEMEHTOB KOPOTKO3aMKHYTOH IIETIH;

- HE YUYUTHIBACTCS EMKOCTH AJIEMEHTOB KOPOTKO3aMKHYTOM 11€TIH;

- 3-x (Qasnas cucrema cuutaercs cuMMmeTpuuHou. CocTaBigeTcs cxema
3amenienus. Beiouparorcs mecta K3.

Pacuetnbie Touku K3- TOUKHM Ha JIUHUSX, IIMHBI IOJICTaHIUN, CTOpOoHBI BH 1
HH  tpancdhopmatopoB.  CeKIIMOHHBIE  BBIKJIIOYATEIM  MPUHATO  CUHUTATh
OTKJIFOUCHHBIMH.



Haxongrcst conmpoTUBJIEHUST 3JIEMEHTOB CXE€Mbl M METOJOM IOCTENEHHOTO
npeodpazoBanus At MecTa K3 HaXOAUTCSl SKBUBAJICHTHOE CONPOTUBIICHHUE.
Pacuer nmpoBouM B MUMEHOBAHHBIX €IMHUIIAX TI0 (hopmyIie:

U
1 ,£3 )= e , e U, - HanpsDKEHNe pacueTHOIO y4acTKa

V3Z,,,

Z 03~ PE3yIBTHPYIOLIEE MOIHOE CompoTuBiIeHue ueru K3, Om;

/2 2
Zpe3 =\ Xpe3 T pes

COHpOTI/IBHCHHe CHCTCM Cl )51 C2 HaXOJHUM IIO BBIPpAKCHHUIO

2
U
X, = Xx - —HCE
SC
2
u 1152
HC1
Xe min = Xemin —HCE = 015.2->_ = 0,79350m
¢, min min e 2500
2
Yhct 1157

=0,2-——=1,0580m
2500

Xc,max = X*max S
Cl

2
HCo 1152
Xey min = Xemin — = 0152 = 0,63580m

2

U? 2
~ "2 —02. 157 =0,84640m
2000

Xeomax = X max g

%)

Comnporusnenus iuHuld W u W, HaX0QuM IO BBIPAXKECHUIO
x,, = xo!

Xy, =Xol; =0,40m/xm - 20xm =80m

Xy, =Xoly = 0,4Om/km - 15km = 60m

Tpanchopmaropst 110/10 ¢ pacuienieHHONH 0OMOTKON HU3IIETO HAMPSHKCHHUS.

Ecnn o6moTkn HH 006benuHsroTCs , TO TOTIa CONPOTUBIIEHHE TpaHCchopMaTopa
OTpeNeNsieTCs KaK CONPOTHBIICHHE JABYXOOMOTOYHOTO TpaHcopMaropa s
kpaiiaux nosioxxernit PITH o gpopmymam:

2
_ UK max Umax BH

X =
imax 100-S,,

2
UK min Umjn BH

X .=
rmin 100-S,




TI€ X, max > Xmmin — MAKCUMAQJIBHOE M MUHUMAQJIbHOE  COINPOTUBIICHUS
TpanchopmaTopa,;

U max »Usmin —Hanpsokenuss K3 % npu  kpaiiHux nonoxenusx PITH
TpaHcpopmaropa.

CormacHo I'OCTy 721-74 U ¢ py HE HOJDKHO IPEBBIIATH Ui HOMMHAJA
Hanpspkenus 110 kB — 126 xB.

Ecnun oomoTku HH mipuMeHsitoTcst paciieruieHHbBIMU (7711 YMEHBIIICHHUSI TOKOB
K3),T0o TpanchopmaTop Ha cxeme 3aMeIIeHUs TPEACTABIACTCS 3-X Ty4eBOM CXEMOH :
ConpoTuBIEHHUS JTy4dei :
XBH = 0,125 XBH-HH
Xun = 1,75 XpH-1H

JUts tpaachopmaropa MonHOCTHEI0 63000 kBa pu U =110 kB:

U « max » cooTBeTcTBYIOMEE AU prypy = +16% =11,9%
U « min » cootBeTcTBYI01IECE AU Pty =—16% =10,84%

11,9 1262
fmmax =00 g3 0

Umin i1 =Uepprr (1= AU ppy ) =115-(1-0,16) = 96,6xB

10,84 96,6

X, o = =160m
100 63




Se:=2500 mBA

Sc2=2000 mBA
_ 015

Xe=g5 Xe=02
115 xB 115 xB
ST1=63 MBA S1r=63 mBA
Ti AN 11547 211 T2 N 1154,7 211
Ux=10,5% Ux=10,5%
10 kB 10 kB
S:=15 uBA C/IH-15-76-6Y3  ||S:=15 B4 CJJH-14-49-643
"=0,85 P=2500 kBm E"=0,85 800 kBm
x"=0,35 E"=1,1 X"a=0,35 Er*=11
Ta ANKVT 2,5 km X"d*=0,2 T KIT2,5 km X"d*=0,2
8ST3:1,6 mBA ‘ ST4/=l,6 mBA
11/0,4 kB 11/0,4 kB
04 KBL \=55% 04 KB | ),=55%
Pi=500 xBm P+:=500 xBm

Puc.1 Cxema cuctemMsbl 3J€KTPOCHAOKEHUS

C1 C2
Xet o X2 4 gaes”
f K1 Ks
Xwir2 Xwarz
i4 !
%Kg %Kg
E
Xwaz j4 Xwar2 i3
K3 leo
XTlé Xt %%
4Ka 11 B 4Ku  11xB
5 Eurt 12 Eun
K5 EMl lez EM]‘
6 13
Ko SKss
7 14
4K7 0,4 kB 4K 0,4 kB

s

Puc.2 Cxema 3amernienus

Bnusitnue varpy3ku Enrs , Enrs yuntsiBaeTcs tonbko Ha muHax 0,4 kB, Epry,
Enr> Tonpko Ha mmHax 10 xB. [Ins 3amuThl HE YYWMTHIBAETCS TOK MOAMMUTKUA OT
ACMHXPOHHOW HArpy3ku (TOJBKO JJIsi YJIapHOTO TOKA B MECTE€ MPHUCOCIUHEHUS),
03TOMY NOANUTKY OT Enri, Enr, HE yunThiBaeM.



Pacuernas Tadoauna 1. « Toxku K3»

Pexnm MaxkcumMansHBIN MuHnMaabHBIN

Zs, 1(3)1 Crynenn | Zs, Om 1(3)’ Crynenu 1(2),
Touka K.3. Om KA U, kB KA U, xB KA
K1 0,7935 | 83,7 115 1,058 62,8 115 54,6
K> 4,7935 | 13,86 115 5,058 13,14 115 11,43
K3 8,7935 | 7,56 115 9,058 7,34 115 6,38
K4 24,7935 | 2,68 115 39,058 1,7 115 1,48
K4 0,227 28,0 11 0,357 17,8 11 15,48
Ka(c yuerom 28,92 11 18,72 11 16,3
MIOAIUTKH)
Ki(c yuerom 2,77 115
TIOJIUTKH)
Ks 0,6358 | 104,5 115 0,8464 78,53 115 68,52
Ko 3,6358 | 18,28 115 3,8464 17,28 115 15,0
Kio 6,6358 | 10,0 115 6,8464 9,7 115 8,44
Kn 22,6358 | 2,93 115 36,8464 1,8 115 15
K11(6e3 yuera | 0,208 30,6 11 0,337 18,85 11 16,4
TTOITUTKH)
Ki(c yuerom 30,90 11 19,15 11 16,7
TTOITUTKH )
Kii(c yuerom 3,015 115
TTOITUTKH)

[Tocne pacyeToB TOKOB K.3. B Toukax K4 u K11 HE00X01MM0 ipoBepuTh Kabenu,
nutatomue Juaud Wi u W, Ha TepMuueckyro cToikocTh. CedeHue kabessi Ha
TEPMHUYECKYIO0 CTOMKOCTH JIJIsi TOKA TPeX(})a3zHOTO 3aMbIKaHUS MPOBEPSETCS B HavYaje
NUTaHUS T10:

N
Stin = 1o - %T , e I, - ycranoBuBlileecs 3HadeHune Toka K3, A.

t, — mnpuseneHHoe Bpems Toka K3, mnpunumaem = 0,15 - Bpems

cpabaThIBaHUS OTCECUKH.
K7 — temnepatypHblii KO3 (ULIUEHT, YUYUTBHIBAIOLIN I OIpaHUYECHUE

JOIYCTUMOM TeMIIepaTyphl HarpeBa >k kadens, Ky 1 aTtOMUHHUEBBIX KHIT = §5.
s maanm Wa:

- 2892(;'5VO’15 —131,8 MM

Smin -

s maanm Wo:

S —3090(;'5Vo’15 =140,7 MM,

min —

IMpuaumaem S = 150 Mm? u1st 06oux Uit Wa n W,

Sw3 = Swa =15000%;  Xo=0.0790m/xu;  ry=0.2060m/ k.
Zo =0.206 + j0.079




1 Zo |= 0.2062 +0.0792 = 0.220m
Zws = Z0 -lya = (0.206 + j0.079) - 2.5=0.515+ j0.1975

| Z3 | ¥0.5152 +0.19752 =0.5520
Zwa = Zolywa = (0.206 + j0.079) - 2.8 = 0.577 + j0.221

| Zua = V05772 +0.2212 = 0.6180m

XT3 =

Pacuernas tabsmua 1. «Toku K3» (mpoaoskenue)

XT4 =

Ug% Ug? 55 112

100 SyT3 100 1.6

=4.160m

MaxkcumanbHBIN MuHuMaIbHBIN

Zy,Om |(3),KA Zy,Om |(3),KA I(Z),KA
Ky 0,415 15,32 11xB 0,6445 9,86 11xB 8,58
Kg 0,667 9,53 11kB 0,7567 8,4 11kB 7,3
K7 4,613 1,378 l1xB 4,74 1,34 l1xB 1,166
K7 0,0061 37,9 0,4xB 36,88 0,4xB 32,09
K12 0,429 14,82 11xB 0,532 11,95 11xB 10,4
K13 0,718 8,85 11kB 0,803 7,918 l1xB 6,88
Kia 4,624 1,375 11kB 4,75 1,338 l1xB 1,166
K1a 37,8 0,4xB 36,8 0,4xB
Zks  =Zka+Zygl2=j0227+ 0515 +210’1975 = j0,227+0,2575+ j0,09875 = (0,2575+ j0,3257)Om

| ZK5 lmax = \/0,25752 +0.32572 =0,4150m

ZKe = Zks+Zyw3/2=0,2575+ j0,3257 +

0,515 +210’1975 _ (0,515 + j0,4244)Om

| ZK 6 Imax = \/ 05152 +0,42442 = 0,6670m
Zk7 =Zke + X713 =0515+ j0,4244 + j4,16 = (0,515 + j4,5844)Om

| ZK7 Imax = \/0,5152 + 4,58442 =4,6130m

Zus = 0357+ 0,515+ j0,1975

mi

= (0,2575+ j0,4557)Om

| Zks5 = \/ 0,25752 +0,45572 = 0,64450x
0,515+ j0.1975
2

Zke =0,2575+ jO,4557 + =(0,515+ j0,55445)Om

|1Zks = \/0,5152 +0,554452 = 0.75670m
Zk7 =0515+ jO,55445 + j4,16 = (0,515 + j4,71400m

1Zk7 = \/0,5152 +4714%2 = 4.740m



0,577+ j0,221

Zk12max =ZKk11+Zwa!2=j0,207 + =(0,2885+ j0,3175)Om

| Zk12may |- /0,28852 +0,31752 = 0,4290

0,577 + j0,221

ZKk13 = ZK12max + Zwa 2 =0,2885+ j0,3175+ = (0.577 + j0,428)0m

1Zkis  |=4/05772 40,4282 = 0,7180m
Zk14 =2ZK13 o X14 =0,577 + j0,428 + j4,16 = (0,577 = j4,588)Om

1Zk1a = \/0,5772 + 45882 = 4,6240m

0,577 + jO,221
2

Zk12  =ZK11, +Zwal2=j0,337+ = (0,2885+ j0,4475)Om

1Zk12, I 1/0,28852 +0,44752 = 0,5320m

0,577+ 0,221

YA K13, = Zx12 +Zwal2=0,2885+ j0,4475+ = (0,577 + J0,558)Om

1Zk1z = 0,577% +05582 = 0,8030m
Zx14 =2Zk13 + X714 =0,577+ j0,558 + j4,16 = (0,577 + j4,716)Om

1Zk1a  |=+/0,5772 +4,7162 = 4,750
[locne ompeneneHus CONPOTMBIEHUWN HA ydacTKaX HAaxOJIUM pe3yJbTHUPYIOIIEe
IIOJJHOE COMPOTHBIIEHUE LENMU 0 TOYKM K3,IPUBEACHHOE K COOTBETCTBYIOLIEH

CTYIICHU HaIpsSHKEHUS
B xaxxnoit pacyeTHol Touke HaxoauM TokK K3 mo BeIpakeHUIO:

U
1 G , Tie U .- HalpshKEeHHWE pacuyeTHOro y4acTKa
pes

Z 503~ PE3YIBTHPYIOLIEE MOIHOE COMPOTUBICHHE e 10 To4ku K3 , Om;
[,2 2
Zp€3 =1 Xpes T pes

3HavYeHue TOKOB K.3. 3anucbiBaeM B Ta0Onuiy « Toku K3»:
TOKH TIOQITUTKHU

E -Uy _ 11-10 11.11 — 0,890x4 = 0.890%A

I = = =

lkg =9,53+0,89 =10,42x4 (C y4eTOM MOIITHUTKH)

TOKHM NOANMUTKH k7 =1.378+0.553 =1.93xk4 - MIPUBEICHHBIN K HanpspkeHnto 1 1 kB
| g7 =483k4 - npuseneHHbId K 0,4 kB

E"Uy _ 11-10 _
V3(xg2 +2wa)  V3(j2115+0,577 + j0,221)

TOK IIOAMUTKH K13 =



X"UZ -cosp-r  0,2.102.09-0,24

rae Xq?o = —— =21150m
A 92 PH 08
= 1110 =0,297x4
V305772 1 21,3712
I k13 =885+0,207 = 9,147 x4
TOK IIOAIINTKAU
E"Upy 11-10 11-10

lers _ _ — 0,248x4
T B(xgo + 204 + XT4)  VB3(j2115+0577 + 0,221+ j416) o572 1 25532

I K14max = 1375 +0,248 =1,623x4 - npuBeaeHnbli K 10 kB.
Ik14 = 40,58x4- nmpuBeneHHbIH Kk cTopoHe 0,4 kB.

Ha cTopony 110 kB noanuTka He 0OKa3bIBa€T MPAKTUUECCKA HUKAKOTO BIVSHUA.
4. 3amura cetn 0,4 kB.

3ammra cetu 0,4 kB B TpaHcpopMaTOpHBIX TOJACTAHITUAX MOXKET
MPOU3BOAUTHCS ABTOMATUUYECKUMU BBIKJTIOUATEISIMHU THIIAa «eKTpon», A3700, BA.
ABTOMATHYECKHUE BBIKIIOUYATEIIM MOTYT OBITh BBITIOJIHEHBI C IOJIYIPOBOIHUKOBBIMHU
pacuenuTensIMd  (CEJIGKTUBHBIMM W HECCJIICKTUBHBIMHU);  DJICKTPOMArHUTHBIMU;
AJIEKTPOMAarHUTHBIMU UM TEIUIOBBIMU  pacuenuTeasiMu. KaxXabplii BBIKJIIOYATEIb
obajaeT  XapakTepHBIMH  JUII  HETO 3alIUTHBIMM  XapaKTEePUCTUKAMU
tes, = T (Luaopysor ) MMM te 5 = F(1/ 1 gpgey.) (BPEMS - TOKOBBIMU XapaKTEPHCTHKAMH).

I[To ycnoBusAM OTCTPOMKM OT MYCKOBBIX TOKOB (IMKOB HAarpy3KH)
JKEJIAaTeNIbHO, YTOOBI TOK M BpeMsi cpabaThIBaHUS MPEBHIIIATN PACUCTHHIC 3HAUYCHUS
HE MeHee yeM B 1,5 pasza.

[To ycnoBHIO CEEKTUBHOCTH BBIKJIFOYATEIbh, KOTOPBIN OJMKE K UCTOYHUKY
MUTaHUS, JOJKEH UMETh BpeMs IEUCTBUS HE MeHee 4eM B1,5 pasza (IIpu TOM ke TOKe)
OoJibllle BpEMEHM ACHCTBUS BBIKIIOUATENIs HUXKHEH CTynmeHu. Tak eciad aBToMar
dbunepa I1P — 0,1 c, To BBoxHOM I1P — 0,15¢, dunep TII — 0,25¢, cexuuonnsiit TIT —
0,4 ¢, BBoanoi TII — 0,6¢ ¢ pazdopocom +10%.

[Ipu BBIOOpPE BBIKIIOUATENISI HEOOXOAMMO YUYUTHIBATH: HOMHUHAJIbHbBIC
3HAQYEHUs HANpPsDKEHUS W TOKa (1[EMU TOCTOSHHOTO WJIM IEPEMEHHOTO TOKa);
npeneabHOM KOMMYTAIIMOHHOM CHOCOOHOCTH; YCTaBKM paclenuTeseii B 30HE
KOPOTKOTO 3aMbIKaHMSI M HATPY30K (TOK cpabaThIBaHUS U BPeMs CpaOaThIBAHU).

1 crynmeHb 3alMTBl — TOKOBAasi OTCEYKU O€3 BBIICPKKH BPEMEHH Ha
BBIKJTIOUATEIISIX MOIIHBIX TPAaHCPOPMATOPHBIX TMOJCTAHIIMA KaK TMpaBUiio paboTaeT
HECENEKTUBHO. Tak i (A 3790 Tok 1., =20xk4, BAS5 u BA75 3aBucHuT OT ux

HOMMHAJIBLHOTO TOKa M coctaBisaeT 20 — 45 KA, a 1 BBIKJIIOYATENIeH «IEKTPOH»

TOK l.5,1.5 =(22..3.0)l¢; IloaToMy pacuer mnapaMeTpoB TOKOBOW OTCTPOMKHU

CBOJUTCA K COIIOCTAaBJICHHUIO 3HAYCHHA TOKaA IIE:.SG)H. max € YKa3aHHbBIMHU 3HAYCHHAMU

ToKa |.,. Ecnym HecelekTUBHBIE NEUCTBUS HE JOIMYCKAIOTCS, HO OKa3ajloCh 4TO



| ,S‘_’;)H,max >l.;, TO HeoOXoauMo nUOO MPHUHATH JPYrol BBIKIIOYATENb, JHOO

UCIIOJI30BaTh HE PaCIENUTENb, a OTAEIbHYIO0 TOKOBYIO 3alUTy. A Ha mpakTuke: 1%
CTYNEHb BBIBOAUTCS U3 PabOThI, UTO 3aBOJI-U3TOTOBUTENH KATETOPUUYECKH 3aIperiaeTt
U yBenuuuBaercs ycraBka |l crymenu, («DIEKTpoH») UTO TOXE JeNaTh
HEeXKeNlaTeNIbHO U3-3a YXyIIIeHUs 4yBCTBUTENbHOCTH || cTynenu.

Bropas cTyneHs 3anThl — TOKOBast OTCEYKA C BBIAEPKKON BPEMEHH.
1) [To ycnoBHIO OTCTPOWKH TOKAa M BPEMEHH BBIKITFOUATEINS HIDKE JIekKalen
CTyIIEHU

|
le5.12 Kome| c.3.2

tes = tIc.3.2 + At

rae K;mc.=1,3...1,5; At- cTyneHb cenekTuBHOCTH (st BASS, BA75 At=0.1c,

A3790C At=0,2..0.25¢). l., - TOK cpabaTbiBaHMs 1-Oif CTYIICHH HIDKE JIeXKalleil

3aIUTEL.
Jlns uckirroueHus: cpadaThIBaHUS IIPH KPATKOBPEMEHHBIX Harpy3kax HE0OX0auMO

les1 2 Kome. - Inep.
e Kome - 011 A3790C, BA pasen 1,5; st «daekrpo» - 1,6

B Tpancpopmaropubix moactaHuusx PHT3 u PHT4 muTaroTCs HEMOCPEACTBEHHO CO
coopHbix mKH 0,4 KB cexkuuu BBIKIIOYATENS WM BBIKIOYaTeNnsa (uuepa, KOTOpbie B
CBOIO OYEPEAb MOTYT MUTATHCA C MarucTpaiabHbIX WUHONPOBOAOB 0,4 kB, nmpu sTom
sammTa BBOoja IIP ,pumepa TII,.. CEKIMOHHOIO BBIKJIIOYATENSI OMPEICISIIOTCS
COTJIACHO UX «00O0OIIEHHOW» HArPY3KHU:

Iy =1y, = S 200

= = =7854
\/E-UH-cosgo \/5-0,4-0,92

B kauecTBe aBTOMATHYECKOI'O BBIKJIFOYATEISI JJIA TaKoM Harpy3Km MOXKHO

BBIOPATH M0 YCHOBUAM |, ;) > 11l sy 1yq 21,

l,.p >11-785=863,54.

Ho B nmaHHOM cilydae BbIOMpATh BBIKJIIOYATENIb MPUIETCA MO MpEAesIbHON
KOMMYTaITMOHHOW CIIOCOOHOCTH I}(fg)_ =504 > 48,3k4 (CM. TOK I,(f7)mm< =48,3k4 ). Takoit

KOMMYTAIITMOHHOM CITIOCOOHOCTHIO 001a1aeT «IJIEKTpoH» D25 B ¢ KOMMYTallMOHHBIM
TOKOM BBIKJTIOUatTens |, , =1600 4, HOMHUHaAIBHBIM 0a30BbIM TOkOM MT3 — 1600 A.

YcraBky MT3 BTOpo#i cTynmeHu BbIOMpaeM M3 IycKa HauboJjiee MOIIHOTO
aCMHXpOHHOTO HnekTpoaBuratenss tuma 4A (200 kBt, 7, =2004, xj=7) u

OCTAJIBHOM Harpy3KH.
IlyckoBoii TOK I, =xj -1, =7-200=14004.
OcranbHast HarpysKa |, =785 —200 =5854.



[To ycrmoBuIO OTCTPOMKM OT KpaTKOBPEMEHHBIX MEPETPYy30K /JIs aBTOMAara
«INEKTPOH»

leos. 2 Kome * | nep 216(1400 +11-585) = 3269,6A
K”

omc

Verasky Il crymenn 3amumter |, = Jlns BeIOOpa yCTaBOK

pab.max *
8

MaKCHMaJIbHOW TOKOBOW 3alllUTHl MPOHM3BOJAUM pacdeT MPUOMMIKEHHBIM METOIOM
TOKa ¥ KO3()PUIMEHT caMo3aITycKa 0000IIEHHOM HATPY3KH S 73(Szy4)-

Jlnst  onpeneneHuss CONPOTHBICHUS OOOOLIEHHOW HAarpy3kh B peXUME
camo3alyCKka B MMEHOBAaHHBIX €IMHUIAX CYATAEM, YTO MOIIHOCTb HArpy3Kd paBHa
MaKCHMAaIbHON pabodeil MOMHOCTU JMHUH, A [ ,u5 max =1o,00n, Kabems (kabern

SIBJISIFOTCSI HanboJee ciadbIM dJIeMeHTOM). Torna

X*Haep 'UHc .
XHaep A
3: |pa6. max
S
Ipa6. max = 23 S0 =8724.

V3-U -cosp- 11,47 ~J/3.0,4-092.0,9
Harpy3ky |ax =872 MOXHO 3anuTarh 3 — 4 kadensiMu

ceuenneM 120 Mm? - 1, 5,, =3-310=930A(upu npoknajKe B TpaHIIee)

ceuenreM 185 Mm% —1, 5., =4-235=940A (npu NpoKJIAIKE B BO3LYXE)

| pac 872

I = = =0224
%" Kuep Key  105-09
Conpotusnenue
0,35-400
X =" _""=0,0877 Om.
Hazp3 \/g . 922

CyMMapHO€ CONPOTUBJICHUE
D> X =Xg +Xp, =0,0061+0,0877 =0,0938 Om.

Tok camo3aIycKka Harpy3Ku
U cp 0,4

I = = = 2,46 KA.
U3y X V/3-0,0038
l., 2131,,,213-2,46=3,2 KA.
[To wnauOombiieMy TOKY cpabaThiBaHUs 3amuThl — 3,269 KA BbeIOMpaem
3269 o
KpaTHOCThb yCTaBKHU K, , = 08.1600 2,55. BpICTaBUM KPaTHOCTHb B 30HE K.3. PaBHOM

3. Tok cpabarbiBanus 3amuTsl /., =0,8-1600-3=38404
Bpewms cpabatsiBanus Beikatouarens puaepa TII ¢, , =0,25¢
TpeTbst CTyleHb 3aIHUTHI

m

Im _ Komc . I

c3 — K pab.max
68




VcraBka He HactpaumBaeTcs. OHa cCBsi3aHa C HOMHUHQJIBHBIM — TOKOM
pacuenurens. s mosynpoBOJHUKOBBIX pacuenurenen I¢, =1,25-1 py.Hom - B stom

cilyyae 3ajaya CBOJUTCA K BbIOOpY pacuenutens. Jis pacienuTeneil BhIKIIOYATENs
«OIEKTPOE» | 1y ions =161 4G riac

| py.riom =1,6-785=12564<0,8-1600 =1280 4 - pacLenUTEb BBIOpaH MPaBUIIBHO.

VYcraBka MT3 B 30He neperpy3ku 1,25-0,8-1600 =16004 .

BpeMs cpabaTeiBaHuUsI COTJIACHO 3aIIUTHON XapaKTEPUCTHKE B 3aBUCUMOCTU OT
MOJIOKEHUI Tepexiovarened S; U S, Ha JIMIEBOW MaHeIu MOJIYIMPOBOJHUKOBOIO

6soka PMT — 1 u pa3z6poca - 100300 c.

VYceraBku 3allMThl  CEKIIMOHHOTO BBIKJIIOYATENS BBIOMpPAETCS MCXOIS U3:
MaKCHMAaJIbHOTO TOKa HanboJjiee Harpy>KeHHOM CEKIIMH; TOKa KOPOTKOTO 3aMbIKaHUS
Ha muHax 0,4 kB; CeIeKTUBHOCTH C 3alUTON BBIKJIIOUATENs huiepa

B nmanHOl cxeMe TokopacmpeleieHue MexXIy GUIEepOM U CEKIIMOHHBIM
BBIKJIFOYATEJIEM HE MEHSETCS

Loy =Kome - K -1

K, e =11

Koo =1

Ic.3.nped. =38404

I., =11-1-3840=42244

., =125-08-1600-3 = 48004

CenekTUBHOCTh OOecneynM IO BpeMeHH t., g =t., +At=0,25+0,2=0,45c.

moxk 4 c.3.npeo.

[Ipunumaem t. ., -p =0,4c.

[lpu BBIOOpe 3amutel BBoga 0,4 kB TII-10/0,4 B wucxomum u3:
MAaKCUMAJIbBHOTO TOKa Harpy3ku Ccekiud 1,2; MakCHMaabHOrO TOKa KOPOTKOIO

3amblkanusi Ha mumHax 0,4 kB - Ir(ﬁgx; CEJIEKTUBHOCTU C 3alIUTOM CEKIIMOHHOIO

BBIKJIFOUATES.
MakcumanbHasi Harpyska 2-x cekuuii » 1=872-2=1744A. TOK KOPOTKOroO

3ambikanus 0,4 kB BBoaa ¢ yueroM noanutku - 48,3 kB.
| pynom =1 pag.max =1.6-1744 = 2790,4A
BriOupaem aBroMar 3nekTpoH 225B ¢ HOMHMHAJIBHBIM TOKOM  BBIKJIHOYATEIS

|, . =25004, HOMUHaNBHBIM pacuenurenem — 2500 A.

VYcraBka pacuenurens 1,251y pac =1,25-2500=3125 A.
l.=3125-1,25=3906,25 A. — B 30HE NIeperpy3KH.

MT3 Il crenenun

1) 1o yCI0BHIO OT KPaTKOBPEMEHHOM neperpy3ku nocie ABP

_ "
Inep. =K" Ipa6. max + Ksan - Ipa6. max 1

raie K”- k03(pdUIIMEHT, YYUTHIBAIOIMIUM HEKOTOPOE YBEJIMYEHHE Toka /[
CEeKIIMU TPHU CHIDKCHUM HANpPsHKEHUS TOAKIIOUCHHS K HEH camMo3aImyCKaroIIuXCs
3JIEKTpoABUraTesieu apyrou cexkuuu; K"=1....1,3.
Kun - caMmo3amycka aeKTpOoIBUraTesied CEKIuu



| yep =11-872 +2,6-872 = 3226 4

1752 Kope 1 yep =1,6-3226 =51614

2) 110 yCJIIOBHIO OTCTpOﬁKPI OT TOKa U BpECMCHHU Cpa6aTI>IBaHI/IH 3allIUTHBI CCKITMOHHOI'O
BBIKJIHOYATCJIA.

10.3. = Komc. 'KmOK ) Ic.s’.npe().aﬂeMeHma
I., =1,1-M-4800:7514
. 2,6-872
[To HanGonpIIeMy W3 3HAYEHHI TpuHUMaeTcs 1., > 7504 4.
1 7504
Haxomgum kpardocts K, , > -2 = =2.4.
AN <= 71252500

py.
1], =2,4-1,25-2500=75004
CTyneHu CeNeKTUBHOCTH i «DnekTpon» Ar =0,2 + 0,25
tes6600a =lcscp +A1=0,4+0,2=0,6c.

qYBCTBI/ITCJIBHOCTB 3aIlIUThI:

1) 32000

U "
c.3.660000,4 7500

=4,28>2.

6.Pacuer 3amuT 3s1ekTpoaBurareeii 10 kB.

Mi: Py =2500KkBT; Iy =167 A; ky =7
Tpancdopmatopsl Toka MOKHO MPUMEHSATH ¢ K, = 200/5
ly =200 A > 1

B kadectBe wm3MepuTenpHOro opraHa Ttoka  peme PT-40, PCT-11 (mpm
nepeMeHHoM ornepatuBHOM Toke), PCT-13 (Ha mocTossHHOM)

Ho6

6.1.PacyeT TOKOBOM OTCEYKH
[lepBuuHBIl TOK cpabaThIBaHHWS TOKOBOM OTCEYKH BBIOMPAEM IO YCIOBHIO
OTCTPOMKH OT IIyCKOBOTO TOKA AJIEKTPOJABUTATENS 110 BBIPAXKEHUIO:

les. = Kome InyCK.
riae Kyyue - KO3(UIMEHT OTCTPOWKH, YYUTHIBAIOUIMN OLIMOKY pejie W Haaudue
aneproJMYECKON  COCTABISIONICH |,y DIEKTpoaBHraTens, s pene PT-40
npumensiercs 1, 4; nis PT-80 — 1, 8;
| nyex - IYCKOBOM TOK DIIEKTPOABHUIATENsl TIPU HOMUHAIIBHOM HAIPSDKCHUH [UTAKOIIEH
CETH.

I nycK

IlyckoBoui TOk onpenenserca o /,,, u K| = I
HOM

les =Kome - K1 - Vyomos =14-7-167 =1636,6 A

I Kex -les. Kex - Kome 'KnyCK rom
c.p. — =

K1y Kty




_1.1,4.7.167
“p 200/5
YcTaBky npumensieM |, =41 A,l., =41.200/5=1640A

qYBCTBI/ITCJILHOCTI) TOKOBOM OTCEUYKHU IIpu 2% (l)aSHOM K.3. Ha BBIBOJaxX 3JI. ABUI'aTCJIA.

1) (2)
p min IKmin _ 15,480

=409A

K, = = = =0,43>2

lp  lepk, 41:200/5
I}(<2)min - B3AT U3 pacyera TOKOB K.3., CONPOTHBIICHHEM MHUTAIOMIETO Kabess
IpeHeOpEeTJIy.

YyBCTBUTEIBHOCTh JOCTATOYHAS. 3aIIMTy MOXKHO BBITIOJIHUTH Ha penie PT-40/50.
6.2. Pacuet TOKOBOI1 3alIIUTHI JJIEKTPOJABUTATEJISA OT MEPerpy3Ku.

Tok cpabGaTbiBaHHs 3alIUThl BBIOMPAETCS MO YCIOBHIO OTCTPOMKHA OT
HOMHHAJIBHOTO TOKA AJIEKTPOABUTATEIA:

I _ Komc. . I 0
c.3. HOM.08.
K14

rne Kome =12 - koapduuueHT oTcTpoilku (K. =1 IpU COCIUHEHUM IMOJHOW WM
HETIOJIHOM 3BE3/1011)
LI
200/5
200

BbIOUpaeM l¢ , =50A; 1., =5- = - 200A.

UyBCTBUTENBHOCTD HE ITPOBEPSIETCS.

Bbiiepkky BpeMeHH BbIOMpaeM B COOTBETCTBUM CO BpEMEHEM IyCcKa
3amuiaeMoro  anekrpoasuratens. [lpumensem pene PT-82/1( mkama —
uenounciaeHnsie 3HaueHuss 4-+10A. Bpiepkka BpeMEHHM B HE3aBUCUMOM 4YacTH
XapaKTEpUCTHUKHU 10 16 cek.

6.3. ToxoBas 3amuTa HYJIEBOM MOCJI€I0BATEILHOCTH.

Toxk cpabaTbIBaHUs.

3ammuTa OT 3aMBIKaHUS Ha 3eMJII0 coryiacHo TII. 5.3.48 (ITY3) nomxHa ObITh HE
Oonee: st anekTpoaBurarenei 10 2 MBT — 10 A, st anektpoasurarens < 2 MBT —
5A.

[Tonaras cetb 10kB c H301MpOBaHHON HEUTpPANIbI0 MPUMEHSEM: 3AIIUTY Ha
otkirodeHue ¢ pene PT3-51 ot Tpanchopmaropa Toka HyJI€BOIM TOCIEIOBATEIHHOCTH
tumna T3JI .

VYcraBka Oyner 3aBucetb oT eMKocTH ceTu 10 kB. YnenbHas eMKoCTh OfgHOU
KWIbl KaOenss OTHOCUTENbHO 0005I04KH Conyy, I KabenbHbIX JuHUM 10xB
Haxoautcs B nipeaenax (0,1-0,3)mxd/km.

[Ipu 3TOM TOK cpabaThIBaHMS 3AIUTHI OT 3aMbIKAHHS HA 3EMIIIO JIEKTPUUYECKU
CBS3aHHOU ceTH OyIeT:



I 5= Ko 30 Conys LU g,

I'ne K orc =2-2,5 pu paboTe ¢ BbIAEPKKONH HECKOIbKO CeKyHI; K o = 3-5 mpu
paboTe 6€3 BBhIACPKKU BPEMEHH ;
L — nvHa TUHWW,KM;
Ud — manpsikxenue a3bl ceTd B HOPMaJIbHOM PEKHME.
Pacyer MOXXHO TIpOBECTH TpH MCIOIH30BAHUU JAaHHBIX 00 yAETHHBIX
COOCTBEHHBIX EMKOCTHBIX TOKaxX MPH 3aMbIKAHUM HAa 3€MIIIO , MPHUBEACHHBIX B
tabnuue 10.1 JI10:

CormacHO 9TO¥ TaONWIBI YACTBHBIA COOCTBEHHBIH EMKOCTHOW TOK TIPH
3aMBIKAHMH Ha 3€MII0 Kabens ceueHueM 150MM? HOMUHANBHOTO HanpsokeHus 10xB
3loya=1,3A/kwm.

CoOCTBEHHBIM €MKOCTHOM TOK MPH 3aMBIKAaHWW Ha 3EMIIIO 3TOro kKadens mauHou | =
2,8 km
31p0=13-2,5=3,25A
Koadumment gyBcTBUTENBHOCTH NOKEH ObITh HEe MeHee 1,25 — 1,5. [loatomy
YCTaBKy cpabaThIBaHUSI TOKOBOM 3aILMThI HYJIEBOW MOCIEA0BATEIbHOCTH TPUHUMAEM
PaBHOU:
Ic3=3lp/Kau=325/1,3=25A; Ic3=2,5A;

[Ipy ManbIX TOKaxX 3aMBIKAHUSAX HA 3eMJIIO0 YCTAaHABJIMBASTCS 3alllUTa HYJICBOM
nocienoBaTenbHoCTH Ha pene 33I1-1A, 1¢3-70 MA+30% nHa yctaBke 1; 0,5A+30% Ha
yctaBke 2; 2,0A+30% Ha ycTaBke 3.

6.4.Pacuer ycTaBOK 321U THIl MUMHUMAJIBLHOT0 HANIPSKEHHU.

Hanpsixenue cpabatbiBaHus 1-0il CTyINEHU 3alllUTHl BEIOMPAETCA MO YCIOBUIO
ONpENENICHUsT CaMO3allyCKa M BO3BpaTa peje INPU BOCCTAHOBJICHUM HAIPSKCHUS
nocne otkiaroueHns K3 u npuaumaercs

Uy =708

Brlgepkka BpeMEHH OTCTPauBaeTCsl OT JeiCTBUS TOKOBBIX OTCEUEK U Oepercs:
t1.5 =05¢C.

7.MakcumajibHasi TOKOBasi 3amuTa Tpancpopmaropa 10/0,4xB.

Tpancopmarop T3(T4)- Su = 1600kBA
Sy 1600

T3(4) _\/E-UH _\/§-10

1 =9254

OCHOBHBIMU BHJIaMU TOBPEXKICHUN TaKUX TPaHCHOPMATOPOB SBISIOTCA:
1) muorodaznsie (Mexmydasnbie) K3 B 00MOTKaxX 1 Ha UX BBIBOJIAX;
2} onHodas3Hble 3aMbIKaHHs, KOTOpble OBIBAIOT IBYX BHJOB: Ha 3eMJII0 U



BUTKOBBIE.

3ambIkaHue OJHOU (a3bl HA 3EMITIO OMACHO ISl OOMOTOK, MMPUCOEIMHEHHBIX K
CeTAM C JIyX03a3€MJICHHbIMH HeWTpaiasiMu. B 53TOoM ciydae 3ammra JOJDKHA
OTKJIIOYaTh  TpaHchopMmaTop. B ceTsx ¢ HeHTpamsiMu, W30IHMPOBAHHBIMU WU
3a36MJICHHBIMH 4Yepe3 yroracsiife KaTyIIKH(peaKTOphl), 3alluTa OT OJHO(Ma3HBIX
3aMBbIKAaHUM Ha 3€MJII0 C JCHCTBMEM Ha OTKJIIOYEHUE YCTAaHABIMBAETCS Ha
TpaHcpopmaTope B TOM CiIydae, €Cli Takas 3aliuTa uMeercs B ceTd .OTKII0YeHHEe
TakuxX 3aMmblkaHui B ceTsix 6 uminu 10 kB HeoOXoAuMMO IO YCIOBUSIM TEXHUKU
0€30MacHOCTH.

HeHopManbHBIMU PEKMMaMU CUUTAIOTCA CIEYIOLIHE:

1) Buemnme K3, mpu KOTOpBIX uepe3 OOMOTKH TpaHCPOpPMATOpa MOTYT
OPOXOAUTH TOKU, IPEBBILIAIOIINE HOMUHAJIbHBIE, YTO MPUBOJUT K HATPEBY U30JISILIMU
OOMOTOK U €€ CTapeHHIO WK NOBPEXKACHHUIO;

2) meperpy3ka Tpanc(hopMaTopoB, KOTOpas HE BIHSET Ha pabOTy CHUCTEMEI
ANEKTPOCHAOKEHUS, TaK KaK TOKH NEpPerpy3kH, KakK IpaBUJIO, HEBEIUKA H UX
MIPOXOXKJICHUE JTOMYCTUMO B TEUYEHHE HEKOTOPOrO BPEMEHH, JOCTATOYHOIO, YTOOBI
NepCcoHaN MPUHSUT MEPHI 10 pa3rpy3ke Tpanchopmaropa (Hampumep, Imep — 1-6
IT.HOM fomycKaeTcs B TeueHue 45 MUH);

3)HenomycTUMOE MOHWKEHUE YPOBHS Macja, KOTOpPOE MOXKET HPOU30UTH MpH
MOBpeXKIeHUN 0aka TpaHchopmaropa.

7.1. BeiOop cxeM 1 yCcTaBOK 3aluT TpaHnchopmaTopa

TokoBbIE IIEMU 3alUT TaKUX TPaHCHOPMATOPOB OOBIYHO BBITIOIHSIOTCSA TIO
IByX(a3HOH, NBYX- WIIA TPEXPEICHHOM cXeMaM HETIOJTHON 3BE3/IbI.

C”

%) _ 6)
Puc.12.2. Cxemsbl BKiIIOYEHUS pesie Toka (a) 3amut Tpancopmaropa I/Y-11 u
BEKTOPHBIC IMarpaMMBbl MTOJTHBIX TOKOB npu ogHodazHoM K3 Ha cropone HH (0)



7.1. MakcuMaJIbHasi TOKOBasl 3alliiTa HA CTOPOHE BBICIIECI0 HANIPAKCHU S

Tok cpabaTeiBaHUsI MaKCHUMaJIbHOW TOKOBOM 3alIUThl HA CTOPOHE BBICILETO
HanpsoKeHus gy

| _ KomeKsan. )
C3. — pab.maxkc.

KG
re Kome - KOOQQUIUEHT OTCTpoiKY, K, =12
K, x03(puuueHT Bo3BpaTa TOKOBOro pese 3auurtbl: ans PT-40=0,85; PCT-
11,15=0,9;
PT-85=0,8 npu nasimunn ABP nHa cTtopone 0,4 xkB.
K., - Ko3h@uiueHT camMmo3amycKka 3JIEKTpoJBHrareneii o00O0mEeHHOM
Harpy3Kky; €cii JBUTaTelss He 00OpYyJOBaHbl YCTPOMCTBOM cCaMO3anycka, K,

npumensierca 1,2+1,3; npu NpoMBINUIEHHONW «0OOOIIEHHOW» HAarpy3Ke 3aBUCUT OT

YuCya JIEKTPOABUTATENEH, OOBIYHO
x d =035

Ksun =2.

[To ycnoButo obecrnieuenust 0e31€MCTBUS 3alTUTHI ocie padotel ABP
lc.s. = Kome (I pab.maxc. + Ksan. Ipa6.MaKc.pesep6)

TH€ | pyug varc.peseps. - MAKCUMaJbHBIA paboumii Tok cexumu 0,4 kB, koTopbIit

MOAKIIOYAETCS K pPacCYMThIBAEMOMY TpaHchopmaropy mnpu cpadartsiBanuu ABP;
npuHuMaercs paBHbIM 0,6+0,7 lyomp.
| pa6.uaxe =0.7-92=64,4A

los =21,2(1,2-64,4+64,4)+170 A npu OTCYTCTBHUU camo3alycka

I 212(2-64,4+64,4)=231,84A. BsiOupaem Tpanchopmartopel TOkKa  300/5;

lep 2 1170 >2,83; IIPUMEHSETCS Iy =3A, lc; =3:-60=180A;
o 2 1244, 3,86 ;npuMensteTcs lg , =4, lc; =4-60=240A.,

Bpemst cpabaTbiBaHHMS MaKCHMMaJbHOM TOKOBOW 3allUThl MPUMEHSIEM Ha CTYIEHb
CEJIEKTUBHOCTHU At = 0,4c Ooublile, yeM Bpemsi cpabaTeiBanus | ctynenu BBoja 0,4xB

(t., =0,6¢).

tc, =(i—1)max =t., BBoAa 0,4 kB=0,6 cek;

tc.3.mp—pa =1c; BBOJA 0,4xB+At;

tesmp—pa =06+04=10c.

a) B cnydae BoiOOpa pene PT-40,PCT-13 npunumaem ycrasku:l,, =3A (npu
OTCYTCTBHM CaM03anycka), l¢ , =4 A (mpu Ksun=2).

I, =3-60=180A

lg; =4-60=240A



t, = 1,0c — peii€ BPEMCHH C 3aMbIKAHUECM, 3aMBIKAIOIIIMM KOHTAKTOM Ha IIOCTOSHHOM

toke PB-112 unu PB-122, PB-01.
0) npu BeIOOpe 3anuThl Ha PT-81/1 m1s JOCTHXKEHUS CEIEKTUBHOCTH CO CTYNEHBIO
cesnektuBHOcTH 0,4+0,5¢ M BpemeHeM cpabatbiBaHud t., =0,6+(0,4+05)=(10+1l)c

HEO00X0UMO:
1) mocTpouTh XapaKTEPUCTUKY 3aBHCHMOCTH BpPEMEHU CpabaThlBaHUSA pelie OT
I
KpPaTHOCTH TOKa to, = f| -2
lc.p.
2)IOCTPOUTH MPsAMYIO, cooTBeTCTBYHOMIYHO ( 1,0-1,1)cC;
I ®
3) onpenenuTs KpaTHOCTD —PMAX e I, = 2 Kex = 1378, _ 229 A
Ic.p. K, 60

[pumensiem 1, =10 A (MakcumanbHas ycraBka PT-81).

I
B mepeceuennn mpameix t=1,1c u kpaTHOocTH —Z

" 2,3 HaxoguM TOYKYy |,
c.p

IpUHAIISKAIIYIO OJHOM U3 KPUBBIX ceMelicTBa xapakrepuctuk PT-81.

B naHHOM city4ae — 3TO KpHBasi, B HE3aBUCHMO# 4aCTH KOTOPOii t, =05¢.

. =10~3—f3)o =600A
tep. HA YCTaBKE PABHO 6C.

3
t., mpu | |(<% max = 10 € (HE3aBUCHMas YaCTh XapaKTEPUCTUKH )

I
t.; IpH P >5- 05¢c
Ic.p

UyBCTBUTEIBHOCTH 3alIUTHI MpoBepsieM npu 2-x (aznom K3 3a tpanchopmatopom
B:

a) cxeme 3-X pesieitHOTO UCIIOTHEHUS.

12 ﬁ'@ ‘Kex  0865.1378.1
maXx . .
Ky=—=-2 == =1,98>15
le.p lep K14 10-60
0) npu 2-X peleiHOM UCTIOJHCHHH:
3
0,865-0,5- 1 05.
K = min _ 0865-05-1378 00

lep KA 10-60

UyBCTBUTENHHOCTh HEAOCTATOUHA TTOATOMY MIPUMEHSIEM 3-X PEIICHHYIO CXeMY,
a Ha cropoHe 0,4 kB ycraHaBiuBaeM CHEIMAJIBHYIO 3alllUTy HYJIEBOM
MOCJIeI0BaTEIb-HOCTH TJIaBHBIM 00pa3oM Jjisi pe3epBupoBanus ogHodasHeix K3 Ha
3emiro B ceTax 0,4 kB.



7.2. | cTtyneHsb - TOKOBasi 0TCeYKa.

Toxk cpabaTbIBaHUs TOKOBOM OTCEYKH MOXKHO BBIOMPATh MO BBIPAXKEHUIO:
IC.3. =K I ®)

omc” Kexmex

rae Ko — KoOapGUIueHT OTCTPOMKY 3aBUCAIINI OT TUIA IPUMEHSEMOTO pele ToKa,
Kome =12+13 mipu PT-40; K orc = 1,6 mas1 3ammrsl Ha pene PT-85; K,pye =11 mpu

HCIIOJIb30BAHUU IMOJIYIIPOBOAHUKOBBIX U I_II/I(prBBIX peie.

1 3)
K3 max

ctopoHe HH B MakcumaibHOM pexxuMe pabOThl CUCTEMBI.

BriOupaem Tum pese ¢ ydeToM 3Ha4€HHsI TOKa cpabaThIBaHUS pelie:
= Réx.|03 :125i39§9::4&25

Ky - 300/5
lc.p mpumensiem 50A. 1, =50-1-300/5=3000 A

KO3 DUIIMEHT YyBCTBUTEIBHOCTH 3aLTUTHI onpeaessieTcs s ciayyas 2* pasznoro K3
B MECTE €€ YCTAHOBKH.

[ (2)

- TOK MPOTEKAIOIUNA B MecTe ycTaHOBKe 3amuthl npu 3* dasnom K3 Ha

Ic.p.

YT e, TAC lpg ., - TOK 2* (haznoro K3 na BeiBosax BH Tpancdhopmaropa
T,
3000

ITo k03¢ hUIMEeHTY TyBCTBUTEIBHOCTH OTCEUKA JIOJDKHA OBITH >2.

Ha pene PT-81/1 ycranaBnuBaeM KpaTHOCTh 3JIEKTPOMAarHMTHOTO 3JIEMEHTA

K:5—025.
10

7.3.CrieninanbHas TOKOBas 3allUTa HYJIEBOU MOCIIEI0BATEILHOCTH
TpanchopMaTopoB co cxemoit coenuHeHUss ooMoTok /Y-11 -10(6)/0,4xB

[Ipu omnodaznom K3 mns Tpancpopmaropa pacyeTHBIM TOK B penie
OTIPEIEIISIETCS MO TOKY OJHO(A3ZHOTO KOPOTKOTO 3aMbIKaHUs | ((1K)) , KOTOpBIN OOBIYHO

BBIYHCIIACTCS 0€3 ydeTa CONPOTHRIICHHS MTUTAIOIICH CETH IO BBIPAKCHHUIO:
1 3Ug

221mp +Z omp
JJist MpaKTUYECKUX PacYETOB MO BBIPAKEHUIO!
O Yg

113z

B ta6mumne I1-4 (JI3 ctp.273) 3nauenus 1/ Z1 s TpaHcGOpMaTOPOB C COCTUHEHUEM
Momnoctsio 1000kBA pasno 0,009 Om.




MomnocTtsio 1600kBA pasno 0,006 Om.
Momurnocteio 2500kBA paBHO
Ha ctopone 0,4xB nys tpancdopmatopos 1000kBA

10 = 92 _o5555xA
0,009
s Tpanchopmaropor 1600kBA
10 = 22 _353331A
0,006

Jlnst  TpanchopmatopoB co cxemoi coemuHeHus oOMmoTok JI/Y-11 Toxk
Ilgl) ~ IS), MMOCKOJIBKY Y 3TUX TpaHc(hopMaTopoB Zomp zZlmp (mpudem 3TOT TOK
BBIYHUCJICH C YYETOM COIPOTUBIICHUSI ITUTAIOIICH CETH), T.C.
11t TpancopmatopoB 1000xkBA.
1B = 235-243kA
11t TpancopmatopoB 1600kBA
1B —375KA.

BreiOupaercss TOK ©  BpeMsl cpalaTbiBaHUs CIEUUAIBHON 3alIUThl HYJIEBOU
ITOCJIEA0BATENBLHOCTH Ha cTopoHe 0,4xB.

|
>0,75 Koy - Ky - -1

or KTa

rae Koy =11+1,2

K, - KOO(pGUIUEHT YUUTHIBAIOLIUI KPAaTKOBPEMEHHYIO MEpEerpy3Ky TpaHchopmarTopa
mo 'OCT 1402-69 u ITYD.
|t — HOMUHaANBHBIN TOK TpaHchoOpMaTopa;
K74 - Ko3(ppumueHT tpanchopmanuu.
., >075-11-13-2300 = 2466 A
Bri6upaem tpanchopmarop THIJI-0,5 , K74 =800/5

Hunamuyeckas ycrounocts — 130
1-HO cexyHaHas TepMUYecKasi ycToiunBocTh — 90.

2466-1
=27 2 _154A
“P- 800/5

lpumensiem 1, =16 A
lc, =16-160 = 2560 A
pene PT-40/20

KoadduimeHT 4yBCTBUTEIBHOCTH:
1
I (

K, = kmin

IC.3



rac ||£1) - MHUHHUMAaJbHOC 3HAYCHHUC TOKa O,ZIHO(i)aSHOFO K3 na C60pHBIX mMrHax HJIN

BOMM3M HEX Ha cropore HH TIT (I ~ Ii£3) )

lc; -IEPBHYHBINA TOK CpabaThIBAHUS 3AIHUTHI
300 ass
0.4-2560

8.Pacuer 3amuT AByX00MOTOYHBIX TPpaHchopmaTopos 110/10kB.

Tpanchopmarop T1(T2)- Su = 63000kBA
;__Sun__ 63000
TI(T2) \/g-UH B115

=316,64

8.1.Pacuer MT3.

3amura ot BHemHUX K3 ciaykuT st oTkItoueHus Tpancopmaropa npu K3 Ha
COOpHBIX IMIMHAX WM HA OTXOMSIIUX MPUCOCTUHEHUSX, €CIIM peJieiiHas 3alluTa Uin
BBIKJIIOUATEIM OJTHUX DJJIEMEHTOB OTKa3ainu B pabore. OnHoBpemenno MT3
UCIIOJIB3YETCSl U ISl 3alUThl OT MOBPEXACHUN B TpaHcopMarope Kak pe3epBHas
MIPU OTKa3€ OCHOBHBIX 3aIIUT.

G

Q2
5: KAl
s

QU QBARP |
VH1 ix2

C yuerom ABP Ha ctopone HH Tok cpabaTbiBaHUsI 3alIUTHI OMPEAEAETCs MO0
BBIPAKCHUIO:

K
Ic.3. = [O(’:C' (I Ipa6.max +K3|2pa6. max)

rae K,pue..=1,2, K,=0,8 nsa pene PT-40
| 1pa6.max + 12 pa6. max 2= MaKCHMajbHbIC 3HAYCHUS TOKOB Harpy3Ku cekuui: | -

oT koTopoi nipu AerctBun ABP nopaercs Hanpsbkenue, Il- Ha KOTOPYIO MOJAETCS
HanpspkeHue, K, - Ko3pQUIUEeHT caMo3alycka qsuraresneil Harpysku Ho.

1.Toku Tpexda3HOro KOPOTKOTO 3aMbIKaHUSI B  MAaKCUMaJbHBIX U
MUHUMAJIBHBIX peKUMax 0epem u3 Tadmuipsl « Toxu K3 ».



2.PaccunThiBaeTCs TOK caMO3aIycka Harpy3Kd ¢ y9eTOM TOTr0, 4TO Harpyska —
TUNA  «OOOOIIEHHON»  ( Xxy4z, =0,35) CONPOTUBIIEHUE OOOOIIEHHOW HArpy3Ky,

OTHECEHHOEC K S/ mp U UBH min

2

X hiacp = % ~518 OM.
Tok camo3zamycka ctoponsl 110 kB:
I _ UHOM

3.max BH ~— ' '

\/E(X(nmin + mejnin + XHLIZ[?.Cy,lLl’L )
110000

I = =821 A.

+maxBH = 3(0,7935+ 24,7935+ 51.8)

IT0 OTHOMICHHIO K |03, mp. max = 6300/(\/§ 96 6): 377 A

Koaddumment camoszanycka K, = % =217

Tok camo3zamycka, mpoxosuui mo cropone HH:
96,6

IC3}’Z. max BH = 821 Y = 7209A,K3 = 2,17

3.BeiOupaercss Tok cpabarbiBaHUS CEJIEKTUBHONW MaKCUMAaJIbHOW 3alllUThI C
HE3aBHCUMOM XapaKTEPUCTUKOW, YCTAHOBIICHHOW HA CEKIMOHHOM BbIKIO4YatTene CB
(10xB). Makcumanbhblii pabounii Tok 4yepe3 CB MoxkeT ObITh B XYJIILIEM cCllydae
paBeH paboueMy TOKY JIro0oro u3 TpanchopmaTopoB. B cBor0 ouepesn, A Kaxa0ro
u3 Tpanc(hopmMaTopoB MaKCUMAaJIbHBIN pabounii TOK pu BBeeHHOM ABP He nomken
ObITh Gosee 0,65 — 0,7 1, , C TEM, YTOOBI HE BBI3BATH HEIOMYCTUMYIO IEPETPY3KY

ocTaBiierocst B padbore tpancpopmaropa. Toraa

les.c6 2 % Ipa6. max »
6
lesce > L1217 (0,65+0,7)-3310 > 6419 A, mpuHUMaeM paBHbIM 6500A
_ 6500
“P 50005
12) 0,865-11800
Ky )= Imm = 500 - 2,38 >15 B OCHOBHOM 30HE.
C.3
12) 0,865-8400 .
Ky(K6) = Im'“ == 00 - 1,16 <1,2 B pe3epBHOIi 30HE.
C.3.

YMEHBIINM YCTaBKY C YYETOM YYyBCTBUTEIBHOCTH B PE3EPBHOM 30HE.
< 0.865-8400 _ 6059. ITpunumaem 6000 A.

C.3.
tl

« _ 0.865-8400
K 6500

|5 =6000 A; 1. =

=121>12

ley - Kex _ 60001
Kyy  3000/5




[Io ycnoBuio coriiacoBaHusi MO YYBCTBUTEIBHOCTH C 3amMTod duaepa u
OTCTPOWKHU OT HAaUOOJIBIIIETO TOKA HArPy3KH MO BHIPAKECHHUIO.

Ic.3. 2 Komc.(l c.3.npeo. + II’-t.maX )

rae K, —kodbdumnuent HaaexHoro corinacoBanus (PT-40 u PT- 80
I<0TC=:|-a3)

l¢c.3npeo — HAUOONBIIMA W3 TOKOB CpabaThIBaHUs TPEABIIYIINX 3T

(TOKOBBIX OTCEUYEK TpaHC(HOPMATOPOB, MMYyCKOBBIX TOKOB JIBUTATENIECH).
| max — HAUOOJBIIMN TOK JMHUM 32 BBIYETOM TOKAa JHHUM C KOTOpPOH
MIPOU3BOAUTCS COIIACOBAHHME.

Harpy3ka XS Ha ceknuto =15+2.893=17.893MBA (0e3 ydeTa Harpy3ku C
KOTOPOM corjacyem)
| = 17,893

310
l., >13-(3000+1035-93)>5124,6 A.
les - Kex S 5124,6-1

Ky 3000/5

=1034,6 ~1035 A.

| > =854 A.

lep. =86 A.
., =86-600=5160 A.

[Ipumensiercs ycraBka 5160 A. BwiOpana ycTtaBka mpu KOTOPOW 3amiuTa
JIOCTaTOYHO YYBCTBHUTEIbHA, MOATOMY HET HEOOXOJWMOCTH YCTAaHOBKH ITyCKa TIO
HaIPSKEHUIO.

Bpems cpabaThIBaHUS 3aIIUTHI.
3amuTa 1Mo BpeMeHH oTcTpauBaeTcs oT otcedku ¢uaepa (TI1-10/04)
tcp = tCOd)udepa +At
tcg #0+0,5=0,5 c.
VY ckopeH#ne 3aiuThl MOKHO HE BBIOJIHATH (t. ,cg =0,5¢C.)

Ecnu 3anmuty CB-10 BBINOJHUTE ¢ KOMOMHUPOBAHUEM ITyCKOM I10 HAMPSHKEHUIO, TO

los = % -(0,65+0,7)l,,,p =1,5-(0,65+0,7)-3310 = 3227 +3475,5
8

3227-1

=—— — =5378. [Ipuanmaem |, , =54 A.
“P3000/5 P “p

., =54-3000/5=3240 A.

8.2.MakcumanbHasi  TOKOBas  3amura Ha  cropone 110 kB
TpaHcpopmaropa.

BriOupaetcst Tok cpabaTblBaHUsI MAKCUMAIbHOM TOKOBOM 3alIUThl HA CTOPOHE
110 kB Tpanchopmaropa.



1)

2)

K omec. K 3
K@
pexuMax TpaHC(l)OpMaTOp MOKET OBITH Harpy>K¢H 10 1,3 IHom.mp.(HpH OTCYTCTBHU

[To ycnoButo |, ;.0 > ‘| pag.max € YYETOM TOTO, YTO B HEKOTOPHIX

BTOpOTo TpaHchopMaTopa), TOK cpabaThIBaHUS €0 MAaKCUMaIbHOM 3aIlUThI
Iy 211-2,17-1,3-317/0,8 =1229 A (387% 1,03.mp)

c.3.mp.
[To ycnoButo BKIIFOUEHHS AOMOJHUTEIBHONW Harpy3ku npu cpadbarsiBanuu ABP
les. = Kome (Ksanlpad max Il + Ipa6. max |
I 6 = 1,2(2,17 -0,7-317+0,7 - 317) =844 A, cuutas, 4TO KaxAbli TpaHchopmaTop
3arpyxxeH 10 70 %.
N-1
Ho ycnoBHIO ¢ 5 pn0c1 2 Kome Ic.3.nped max + Z Ipa6 max(N-1) | COINIACOBaHMA C

3alMTON ceKIIMOHHOT0 BhIKITIouaTenas CB=10 kB
| >15 5160- = +0,7-3310- = | =1073 A.,
o 115 115

K yme =15 Oepercs u3 Tabnuuel 2 — 4.

B »TomM cnywae paccmaTpuBaeTCs YIAICHHOE K.3. HA OJHOW W3 JIMHHM,
OTXOJIIEN OT coceHel cexuuu (nmuraromieiics yepe3 CB), npu oTkaze 3aluThl WA
BBIKJIFOYaTesl 3ToM nuHuu. [lpu TakoMm K.3. Harpyska mepBoro TpaHcdopmaropa
MOKET OCTaBAThCS MPUMEPHO PaBHOM MaKCUMaIbHOU paboyei.

Takum oOpa3zoMm [JIsl 3alIUThl TpaHchopmaropa npumensiercs ., >1229 A.

s tpancdopmaropos |, =317 A npumensitorcs Tpanchopmaropst TBT — 110 c

KTA = 600/5, tak kak (1,3 X 317 =412A) 1 MOIHOCTH TaKuX TPaHCHOPMATOPOB
JOCTAaTOYHO YTOOBI 00ECeYrBaTh TOUHYIO PaboTYy.

V3
l., =1229-——— =17,718 A. IIlpunumaewm I, =178 A.
.600
ey, = 178595 ~1235 A
Cc.3. -
J3
3ammTa JIEWCTBYET C YCKOpPEHHEM MpH BKJIrOYeHUH BBOJIOB Ha K3 — l-as
CTyNEHb, Ha OTKIIOueHUe BBoAa mnpu aeictBud K3 — |l cryneHb, Ha BKIIIOUEHHE
KOPOTKO3aMbIKaTeNsl WM OTKItoueHue BoikiatoyaTens 110kB — Il ctynens.

Ecnu 4yBCTBUTENBHOCTH 3alIUMTHI HEAOCTAaTO4YHA, TO mOpumeHsercs MT3 ¢
MyCKOM MO HanpsikeHUto (Kiq, Tpu 3TOM paBeH 1).

YcTaHaBNIMBAETCS TUIIOBOM ITyCKOBOM OpraH HAaNpsKEHUS, KOTOPBIA COCTOUT
u3 ¢puabTpa-pene odparHoi nmocienaoparenbHOcTH Tuna PH® — 1M u MuaMMan»HOTO
pere HampsOKeHUs, BKIIIOYEHHOTO Ha OJTHO U3 MEXTy(ha3HBIX HAPSHDKCHUM yepes pas-
MBIKAIOIINA KOHTAKT PUIbTpa — pesie(eciiv 3alIuTa BEITOJHEHA Ha TTOCTOSHHOM OTle-
PaTUBHOM TOKE — Pa3MBbIKAIOIINM, 3aMBIKAIOIINHN, €CIIU 3alIUTa HA IEPEMEHHOM OIle-
PAaTUBHOM TOKE€) WJIM IyCKOBOM OpraH ¢ Tpems pelie MUHUMAJIbHOIO HaNpsKEHUS



,BKJIIOUEHHBIX Ha pa3iMuHble MexXaydas3Hble HaNmpsKEHUs TpaHCcPOpMaToOpoB

+ KAl
KL.1 KT
Wt
kv,
TV XL
Kv,, ]
KV, ¥y, KV, N ]
KV,
50
KT kH ) FAT
- L5t
b
&

KL2

TA L —f'j-l- Curnan
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HaIIPsAKCHU. 8 9

Puc. 4.10. ®yukimonaibHas cxema MT3 ¢ myckom 1o HanmpsiKeHuro (a) u
CXEMBI IIernel MepeMEeHHOro HarpskeHus (0) 1 onepaTUBHOIO TOKa (B)

Zv2

ai | 'JDO-EYAT

P KL.2
[

orTVvV

Puc. 4.11. CxeMbl KOMOMHUPOBAHHOTO MyCKa OT pejie MUHUMAJIbHOTO HAIPSKEHUS U
pesie HampsbKeHUs: oOpaTHOM MOCe0BaTeIbHOCTU (@) K IIeNeld OnepaTUBHOIO TOKa

(6)

3)¥YcraBka KV Ha HecpabaThiBaHUE TP MUHUMAJILHOM pabouyeM HANpsKEHUU.
Tok cpabateiBanust KA orcrpamBaercss HE OT |45 max, @ OT TOKAa HArpy3Kd

HOPMAaJILHOTO PEXKUMA
le.s. = Kome. - Ip.HOpM./K6
| p.nopy. MOKHO IIPUHATH IH.mp

12
., ==——-317 =4755A4.
C.3. 0,8
MoXHO NPUHATS |, = 4755-43 =6,85

120



_7-120

llpuanmaem 1o, =70 A. 1, = i =485 A . IlpoBepsemM mo yCIOBHIO
OTCTPOMKH 3aIIUTHI CEKIIMOHHOTO BBIKJIFOYATENS (BBIOJIHEHHOM c
KOMOMHHUPOBAHHBIM IIyCKOM IO HAIIPSKEHUIO)

les. 2 Komeles.cB =15- 3240-% =465 A

lpuanmaem ., =4854-1., =7 A

| 612<)4 )min 148

K, = = =3,05>15 - B OCHOBHOMU 30HE;
l., 0485
(o) 73. 11
K, = min _ 115 _4 44512 - B pesepsHoii 30He.

. 0,485

Broibupaercst HampsbkeHue cpabaTbiBaHUS KOMOWHUPOBAHHOTO ITyCKOBOTO
opraHa HarpsokeHusi. Hanpsbkenue cpabaThiBaHUS pejie MUHUMAIBLHOTO HAIPSHKEHUS
OTIpE/IEIISAETCS UCXOMs U3 YCIOBUSL 0OecleueHusl BO3BpaTa pejie Mocie OTKIIOYEHUs
BHelHero K. 3. Hike 40 B Opath Henb34.

_ Umin _(07+08)-100
Ucs. = = = (50 65)B
Kome  Kg  (11+12)-1,2

[lpuaumaem U., =70 B, U, =85 B.(koaddulMeHT Y4yBCTBUTEIHHOCTU HE

yuutbiBaercs). Hanpsbxkenue cpabateiBanus guibtpa-pene PH® — 1M BriOupaetcs
U3 YyCIOBHUSL 00ecreueHHsl OTCTPOMKM OT TOKa HeOallaHca (PuiibTpa B HOPMaJIbHOM
pexume.

U., =006-U,,, =006-100=6 B, 4TO COOTBETCTBYET MUHHMAaJIbHON yCTaBKE

PH®-1M c npenenamu mikansl 6+12B.

8.3.Pacuer mnpomosbHOi audepeHUNAIBHON  TOKOBOM  3allIMTHI
TpaHncpopmarTopa 63 mBA.

Pacuer BeImomHsEeTCS 1711 AByXoOMoTOo4HOro TpaHchopmaropa 110/10 xB.
MOITHOCTBI0 63 MBA ¢ paciiernieHHbIMU BTOPUYHBIMH OOMOTKaMH, COCTUHECHHBIMU
napajiesnbHo. TpanchopmaTop UMEET BCTPOSHHOE PETyIMPOBaHUE HANIPSIKEHUS IO/
Harpy3koi Ha ctopone BH B nipenenax +16% oT HoMUHAIBHOTO.

Hcxonnast cxema, 3HA4Y€HUS TOKOB Tpex(aszHOro I,(f) TOKa K. 3. B
MaKCHUMaJIbHOM U MUHUMAJIbHOM peXUMe MpUBeEIEHbI B «PacyeTe TOKOB KOPOTKOIO
3aMBIKAHUS.

ITopsnok pacuera corinacHO «PyKOBOAAIIMM yKa3aHUSAM 10 PEICHHOU 3aIUTe.
Brim 4. cnegyrommii (CM. pacdeTHYIO TaOIHILy).

|. Onpenensaorcs mnepBUYHBIE TOKM JUII O0EMX CTOPOH  3alUIAaeMOTO
TpaHcopmaropa, COOTBETCTBYIOIINE HOMUHAILHOW MOIIHOCTH.

Il. Ucxons u3 ko3 duumeHToB TpaHchopMaIii, UCIONb3YEMbIX IS 3allUTHI
TpaHc(OpPMATOPOB TOKA, OMPENEISIIOTCS COOTBETCTBYIOIME BTOPUYHBIE TOKH B
IJI€Yax 3alUThI.



I1l. Onpenensitorcss MepBUYHBIE MAaKCUMAaJIbHbIE TOKH K. 3., POXOJSIIHNE Yepes
3aIuIaeMblil TpaHc(hopMaTop MpH BHENTHUX MOBPEKICHHUSIX HA BCEX €r0 CTOPOHAX
(3HaueHMS TOKOB K. 3. B3SThI U3 «Pacuera Toka KOPOTKOTO 3aMbIKAHUS)

IV. Onpenensitorest pacyeTHbIC EPBUYHBIE TOKU HEOANAHCA |5 pacy, O€3 yUeTa

HebaaHca, 00yCIOBICHHOTO HETOYHOCTBIO YCTAHOBKH PAaCYCTHOT'O YKCIIA BUTKOB.

V. OnpenensieTcss OpHEHTUPOBOYHOE 3HAUCHHE TIEPBUYHOTO TOKA CpadaThIBaHHSI
3aIuUTH 0€3 ydeTa COCTaBIIAIONICH Toka HebamaHca, 00yCIOBICHHOTO HETOYHOCTHIO
YCTaHOBKH PEJICHHOTO YHCJIa BUTKOB.

VI. IlpousBoauTtcs TpeaBapUTelibHAsS TPOBEPKA YYBCTBHUTEIBLHOCTH C IEJIBIO
BBISICHCHHHM B TICPBOM IPHUOJVKCHHH BO3MOXKHOCTH BBITIOJTHEHHS 3alllUTBI C pelie
tuna PHT-565 ,PCT-15 unu neodxoaumoctu ucnosb3oBanus pene JI3T.

[Ipu nByxdasznom k.3. Ha cropoHe 10kB TpanchopmaTopa B MUHUMAIBHOM
peKHME TOK TIOBPEXKJICHUS MPOXOIUT M Yepe3 TpaHCHOpMaTOphl TOKa CTOpOoHBI 110
kB, coemuHeHHBIE B A - HHK. B 3TOM ciy4ae pacueTHBIH TOK B peie
QG depeHIMaTBLHON 3alUTHl B IBYXPEICHHOM UCTIOTHCHHUH TSI CXEMBI A — HHKA C
IByMsi pene  (TOKopacmpeseleHne B Iemsax AuddepeHInaTbHOl — 3alUuThl
Tpanchopmaropa nmpu 1Byx(a3zHoM K.3. B TOUKe K4 IMoKa3aHbl HA PUC) OTPEICITUTCS:

Huddepenupanbaas TOKOBast 3alUTa -OCHOBHAsI OBICTPOICHCTBYIOMIAS 3all1-
Tta TpaHchopmaropa. JuddepeHunaibHy0 TOKOBYIO 3aIUTy TpaHC(HOpMATOPOB C
pPEryJupoOBaHMEM TIOJI HArpy3KOHM pPEKOMEHAYETCS BBIMNOJHATH JJisi TOBBIIICHUS
YyBCTBUTENbHOCTH Ha Auddepenumansiom pene 3T ¢ TopmoxkeHueM mo IBYX-
peneitHoi cxeme, OOMOTKM KOTOpBIX BKJIIOYEHBI B LENU TpaHC(HOpPMATOPOB TOKa,
coeanHeHHbIN Ha ctopoHe 110 kB B «TpeyronbHuk»,Ha cropone 10 kB — «B 3Be31y».
Tpancdopmaropsl Toka BEIOMpaeM UCXO/I U3 HOMUHAJIOB TOKOB M HAMPS>KEHU.

1) OnmnpenenseM HOMUHAIbHBIC TOKH TpaHCHOpMATOpa:

S 63000
I =% — =316,3 A; (ctopona 110 kB
P J3.u, V3115 (orap )
S 63000
I = H__— =376,5 A; (cropona 110 xB
H.maxBH \/§'Umin \/5-96,6 ( p )

| _ S, _ 63000

P 311 311
2) Tokwu B mocicaBapuitHOM PEXKHME
I =490 A nHa cropone 110xB

asap.makc

I =4303 A Ha cropone 10 kB

asap.makc

=3310 A. (ctopona 10 kB)

3) Bribupaem BcTpoennble TpaHchopmartopel Toka TBT — 110 —600/5 s
croponsl 110 kB; TIIH®A-10 — 5000/5 wmu TITHIDA — 20 — 5000/5 mist cTOpOHBI
10 xB.

N3 pacyeToB TOKOB KOPOTKOTO 3aMbIKaHUsA, NPHU K. 3. 32 TpaHChHOpMaTOpOM

(3) _
IK4 max10 28,0 KA



| (5) =15,48 KA

K, min10
UucieHHbIe 3HAUYCHHUS ISl CTOPOHBI
HanmMeHnoBaHue BeTUYUHBI
115 kB 11 kB
HepBI/I‘-IHI)II/I ) 63000 _ 1317 63000 13310
HOMUHAJIbHBII TOK | +/3-115 V311
Tpanchopmaropa, A
Koaddumment
TpaHchopMaru 60y 500y
TpaHchopMaropa Toka, 5 5
Kra
CxeMa coeTMHEHUS A 4
BTopuuHbIii TOK B meyax, .
P 373, 331
A 600/5
[lepBuuHbIA TOK HeOaslaHca ,00yCIIOBJIEHHBIN IIOIPEITHOCTAMU

TpaHCc(HOPMATOPOB TOKA U PETYIUPOBAHUCM HATIPSHKCHHSI
16 = (Kamep- Kogn -e+AU*) 1%k max

a6 = (1-1-0,1+0,16) 2,68 = 0,697 KA
[IpeaBapuTenbHOE 3HAYCHHWE TEPBUYHOTO TOKA CpadaThIBaHWS 3aIlUThl IMPH
OTCTPOMKE OT TOKa HebajaHca
l.5 = Kotc - IHO

I, =1,3-0,697 = 0,907 kA

3HaveHHe TEPBUYHOTO TOKA cpadaThIBaHUS 3aIUTHI MPU OTCTPOMKE OT Opocka
TOKa HAMarHUYUBaHUS
l.5 = Kotc - lHomM

1,,=13-0,316=0,411kA

l., 0e3 Topmoxenus 907A~2817,, > 1571, . ( 1..=(3 - 4)1,,.

JOMyCKaeTcsl TOJBKO Il  MaJOMOIIHBIX  TpaHchopmaTopoB )Heobxomumo
YCTaHOBHTB 3aIIUTy ¢ TopMokeHueM J[3T-11 umm [I3T-21(23).

Mpu I3T-11 7 =1,5/
MecTto ycranoBku TopMo3HOM 0omoTku pene 3T — 11: mieuo HH.
[Ipuaumaem pene tuma JI3T-11 ¢ omHONt TOpPMO3HONW OOMOTKOH, KOTOPYIO
npucoegunsem Kk TT 10 xkB. TT 110 kB npucoeaunsieM K BTOpOW ypaBHUTEIbHOU
oomotke, a TT 10 xB mnpucoenunsieMm K TOPMO3HOW W TIEPBOM ypaBHUTEIHHOU
oOMoTke. B 3TOM ciyyae npu BHEWIHMX K. 3., HanmpuMmep Ha mmHax 10 kB,
CEJIEKTMBHOCTh (HecpabaThblBaHUE) 3aIIMUTHI OOECHEUYMBAETCS TOPMOXKEHHUEM pelle
TOKOM K. 3., @ I K. 3. B 30HE 3alLUThl TOPMOKEHHUE OTCYTCTBYET.

HOM
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Puc. 11-17. Cxema coequnenuit TT u pene tuma JI3T-11

4) TlepBuuHbli TOK HeOamaHca O€3 ydeTa COCTABIIIONIEH, OO0YCIIOBICHHOMN

m

HETOYHOCTHIO YCTAHOBKH UMCIIa BUTKOB | ;5 !
I' +1" =(1-1-0,1+0,16)- 2648 = 688 A
THE 13} sy = 2648 A
5) Tok cpabaThiBaHUS 3alUTHI BHIOUPAETCS TOJIBKO MO YCIOBUIO OTCTPOUKHU OT

Opocka TOKa HaMarHUIMBaHMS
I, =151 =1,5-376 =565 A

1 OIIPCACIIACTCA:

HOM.mp.max.

HOM.Mp .max

63000
I HoM.mp.max — m

6)Onpenensrorcs yncia BUTKOB 00MoTok 3T nns BeipaBHuBanus M.JI.C.. Ha
kommyTtatope JI3T mokHO momoOparh ar000€ I1elloe YHCIO Kak padodei, Tak H
ypaBHUTEIBHBIX OOMOTOK. PacueT HaumHaeTcs ¢ BbIOOpa YHCIa BUTKOB OOMOTKH
HTT, Bxitouennoit B iuieuo BH, T.k. 3Ta cTOpOHa peryimpyemMoro HanpsiKeHUsI.

=377 A

Omnpenesnenue yncjia BUTKOB 00MoToxk HTT

Ne O0o3HaueHne BEIUYHUHBI U
YuciieHHOE 3HaYCHUE
pacyeTHOE 3HAUYCHHE
3 .

1. | _ |l c.5.1e0cm 'Kg.)z.HeOCH 565-v/3 =8145

C.p.HeOCH KTA 600/ 5
2. @ neocn.pacu =Fy, [, 1008145 —12.277 BWT.
3. | o neocn.( Ommxkaiimee menoe ) | 12 BUTKOB
4. F 100/ _

C.p.HEeoCH = = 42 8’5 A

WHEOCH
5' Ic.a.ueocu M =589 A
(cropona BH) NE) ’




Ne O06o03HauCHHE BEITUIMHBI U
UucrieHHOe 3HaYeHue
pacyeTHOE 3HAYCHHUE
6. | 500, (cTOpoma HH) 589-966 51,5 A
11
7 Dy = HEOCH | 2ue0c 12457 _ 16568 pur.
120cn 331

8. | wye ( Ommxkaiimmee menoe | 17 BUTKOB

YHUCJIO )
9. m @ pacu —a)-l 16’658_172648:—54,36

H o x max 16,658
pacu

11. | OkoHUYaTenbHO  MPUHATHIE

YHCa BUTKOB | 17 BUTKOB

@oen = @ yp (cTOpoHa HH) 12 BuTKOB

@oen = @ ypy (cTOpoHA BH)
12. | IIpoBepka 331.17=457-12
56,27 ~ 55,84
13. | [Ipunumarotcs 17 BUTKOB - @,y
12 BUTKOB - ®;00cx

Omnpenensercs YUCI0 BUTKOB TOPMO3HON OOMOTKH O BBIPAXKEHUIO

S Komc - In6 - o -

~ Tk.makc.en.-tga’

rae Ik.makc.BH. — mepwoamueckas coctaBisoomas toka (mpu t = 0 €) mpu
pacyeTHOM BHeEITHEM Tpex(da3sHOM MpH K.3. 3a TpaHchHopMaTOpoM ,rjie BKIIOYEHA
TOPMO3HAasi OOMOTKA , B MAKCUMAJILHOM PEXHUME paOOThI CUCTEMBI C YIETOM BIIASHHUS
PITH tpanchopmatopa ;
IO — Tok HebanaHca (MEPBUYHBIN) ; @- PaCUETHOE YUCJIO BUTKOB paboyeit 0OOMOTKH
pene Ha CTOpPOHE , IJie BKJIIOUEeHa TopMo3Has oomotka ; Korc — koaddurimenr,
YYUTBIBAOIIMKA  OMUOKY penie ; {J «- TaHreHC yria HakJIoOHa K OCH alImcc
KacaTeJIbHOH ,IPOBEACHHON M3 Havajla KOOPJIUHAT K XapaKTEPUCTUKE CpadaThIBAaHUS
pesne (TOPMO3HOM) ,COOTBETCTBYIOIICH MUHUMAaIbHOMY TOpMOkeHuto.lIpuHumaeTcs
st JI3T-11 paabim 0,75

_1,5-663,3-96,6/11-16,568

- 28000-0,75
[IpunumaeM Omikaiiiiee OoJblLIEE IEJI0€ YKMCIO BUTKOB OOMOTKH YHCIIO BUTKOB
TOPMO3HOM 00MOTKHU( 0 =7)

=6,89

Onpenensercas  KOd(PPUUUMEHT  YYBCTBUTEJIBHOCTH  HpU  K.3. 34
TpaHCHOPMATOPOM B 30HE JIEUCTBHS 3aIUTHI, KOTJA TOK MOBPEKIACHHUS MPOXOIUT



TOJIBKO uepe3 TpaHchopMaTopsl Toka cTopoHs! 110 kB u TopmMokeHue OTCyTCTBYET.
[To Tabmume 2.1. nans cxembl COEAMHEHHUS TPaHCPOPMATOPOB B TPEYTOJIBHUK

o o (3) - 15-148 B
PACUCTHBIM TOK B PEII€ | pmin =151 70 o /Ky = 50075 0,0185x4 =185 A
Fep. 100
IIpu mpoxosxaeHnn Toka K.3. Ha cropone BH 1, = ==—=85A
Oy 12
I .
k@) o —pmin 185 5175552
lcp, 85

g TpanchopmaropoB 63 MBA cuuTtaercst HeOOXOOUMBIM | ., ~0,3l,,,,, 11

ATOr0 HEOOXOAMMO YCTaHOBUTH nuddepeHiuaibayto 3amuty Ha pene 3T — 21 unm
J3T — 23

[IpousBoauTcs npoBepka TpaHchopmaTopHoro Toka Ha cropone 110 kB Tuna
TBT-110.

a) IlpoBepka Ha 10% - [0 MOrpemIHOCTh MNPOU3BOJIUTCA MO PACUETHBIM
yenoBusiM (1 4¢y) MT3, TOCKONBKY OHM 0OoJiee TsDKEIbIC MO CPaBHEHHIO C

g depeHunanbHON 3aIUTOM.
los 73 =7200 A, HO C Y4E€TOM TOrO, YTO pE€JIe 3TOM 3alIUTHI BKIIOYEHBI B

ueny audpepeHnranbHon 3amThl. 1Ipu onpefeseHun Z,, e, yIUTHIBACTCS, YTO B

cXemax, HMCHOJIb3YIOIIMX JHEPrUi0 MPEeIBAPUTEIBHO 3apsKEHHBIX KOHJIEHCATOPOB
s OB (D0), u a Takke TOKOBBIE mpoMexyTounblie pene tumna PI1-361 u TokoBbIe
pene Bpemenu PBM-12 unu PBM-13, npumeHnsieMble B cxemax € ACHIYHTHPOBAHUEM
OB.
3HaueHue npeaenbHoil kpatHoctu Kig

Ilpacu

1110174 ’
r1€ 100,74 - TEPBUYHBIA HOMUHAJIBHBIA TOK TpaHCHOpMaATOpa TOKA

K10 =

11 pacy - NEPBUYHBIA PACUECTHBII TOK, IPU KOTOPOM JIOJDKHA 00€CIeunBaThCs padboTa

TpaHc(HOPMATOPOB TOKA C MOrPEIIHOCTHIO HE 6oee 10%

111 1,1-7200-115
Kqg = —C&3- = =5739
10 IlHOMTA Goy
5

[To xpuBodi mpenenpHOol  kpatHOocTeir TBT-110 mpu  Kra=600/5.
ZH oom. =100M. [l ABYX MOCHEIOBATENbHO BKJIFOYEHHBIX OJMHAKOBBIX OOMOTOK

Z,,00n =10-2=200m @dakTuyeckass pacyeTHas BTOpUYHAs HArpyska Uil

HNPHUHATOM cxeMbl 1o Tadm 1-5 JI. ).

Zy.pace =3Znp +3-Zpraa +Zpr. 7 +Zon +Z pen) + Znep =3-0,25+3(0,02+ 0,1+ 0,1+ 0,1)+01< Z,, 5y,
Ceuenre 1o [TYD B TOKOBBIX LEMSAX IS MEAHBIX MPOBOIOB MEAU >2,5 MM?,

ATIOMHHUEBBIX IPoBOA0B Al>4 MMm2. B mudpepeHmansHol 3auTe COMpOTHBIEHIE

AJTIOMUHHUEBBIX TIPOBOJIOB IPH JUIMHE 35 M U cedeHnu 4 MM2,



I
My =—
UIFE
rae | —amaa kabens oT TpancopmaTopa Toka A0 pene(M)
S —ceuenue nposoza ( kabeys) Mm?

y —yAeNbHas TPOBOAUMOCTD, ( M( ’ )) Mean=57 s amoMuausa — 34,5

Om - mm
35
Z,, =———=0,25 Om
P 4.345
ConpoTuBiIeHHE TOKOBOI'O PelIe
SH
an = IT
H

rae S—mnorpedsieMbie MOITHOCTH, BA
| — TOK, IPU KOTOPOH 3a/aHa moTpedseMast MOIHOCTh, A

PT-40:
Zpr_40 = O—'25 =0,02 Om
5
PII-361
10
Zpr-361="—>5 =01 OM
(2-5)
PBM-12
10
ZPBM = 5 =01 OMm
(2-5)
JI3T-11
Z,ZBT = 0,1 Om

[TpoBepka HafekHOM pabOThl KOHTAKTOB TOKOBBIX pejieé MAKCUMAJIbHON 3aIUThI.

(3)

ITo 3HaueHuto |nsx =15400 A.

Omnpenenserca Kyay :

7560
=——=126
max 600

C yueToMm MocieoBaTeIbHOrO BHIYMCICHUS! BTOPUYHBIX OOMOTOK 110 BEJIHMUNHE
0,5Z gpacy, =0,5-18=0910 xpuBoit npuinoxenust 18 (JI...) Haxomum Kigye, > 30,
torna A= Kmax /Kig <12,6/30=0,42. Ilo pucynky 1.13 (JI...) maxomum f<10% mms

PT — 40 f nomyckaercst 50% T.e. HajekHast paboTa KOHTAKTOB OOCCIeUeHa.
Hanpspkenue Ha BBIBOAAX BTOPUYHONM OOMOTKH TpaHChOPMATOPOB TOKa
ompenenseTcs 6e3 ydeTa anepuoandeckoi coctapistoniei Toka K3 mo BeipakeHHIO:

U2 max = \/EKmax 1 210m 'ZH.pacu
Uomax = J2.12,6-5-1,8 = 158,768 < 1400 B
ITo ycnoButo

Uomax £+v2-U2y,, =1,4-1000 =1400



Tpanchopmaropst TBT- 110 - 60% IIPUTOJIHBI K paboTe B 3aluTe TpaHchopmaropa
63 MBA.

8.4.IlpyHIMNMAJIbHASA JJIEKTPUYeCKas cXxeMa CWJIOBOro TpancgopmaTopa

Puc.11.5. [IpuHuMnuanpHas JJIEKTpAYECKas cxema
TOKOBBIX  IleMed W  [emei  omepatuBHOro  Toka  AuddepeHuaIbHOl
TOKOBOM 3amuThl, M T3, 3aIIUTHI OT NEPErpy30K CUIIOBOTO TpaHchopmaTopa.

b g
lG-i[l‘l j:lxr oR

Puc.11.6. IIpuniunuanbHas 3JIeKTpUYECKasi cxema
OTIEPaTUBHBIX IIENIEN yIIPaBICHUS

Ha puc.11.5, 11.6 npencraBieH npumMep NPUHIMIHAIBHONW SJIEKTPUUECKONH CXEMBI
3ammT  Tpancpopmaropa 110/10(6) kB Ha mnepeMEHHOM  BBINPSIMICHHOM
OTIEPaTUBHOM TOKE.

Ha puc.11.5 mnokazanbl TpanchopmaTopbl TOKa W TOKOBBIE peJie  3alluT
TpaHchopmaropa:

KAW1, KAW2 - nuddepeHnmanbHoil TOKOBOM 3alllUThl C TOPMOXKEHUEM (pelie
J3T-11);

KA1, KA2 - makcuManbHON TOKOBOH 3ammThl oT BHemrHUX K3 (pene PT-40);

KA3 - MakcuMallbHOM TOKOBOM 3alUTHI OT MEpPErpy3KH, IeUCTBYIOLIEH Ha CUTHAI
(pene PT-40);



KA4 - pene Toka, pukcupyroiiee HaIMuMe 6€CTOKOBOM May3bl.

B ToKOBBIE LI€TIM 3aIIMTHI BKJIIOYEHO ClieruanbHoe TpexdasHoe perne Toka KA Tuma
PT-40/P-5, KOHTaKTBI KOTOPOT'O MUCHOJB3YIOTCS B IEMH OJIOKUPOBKU M OTKIIOYCHUS
oraemurens QR .

Pene KV u KVZ BkitoueHbl B yCKOBOW OpraH HalpsiKEHUsI.

Ha puc.11-5 mokaszanbl omepatuBHble IHenu auddepeHnanbHoil | TOKOBOM U
MaKCUMaJbHOM  TOKOBBIX 3amuT. VICTOUHMKOM  ONEpaTUBHOTO TOKa IS
npomexxyTounbix pene KL o u KLc (tunma PII-361) a takxke pene Bpemenu KT
(PBM-12) cnyxar tpanchopmaropsl Toka TAl u TA2. Bo BTOpUYHBIE TOKOBBIC
Henu ATUX  TpaHCHOpMATOpPOB  TOKAa  BKJIIOYEHBI  MEPBUYHbIE  OOMOTKH
IPOMEXYTOUHBIX Hacelmarommxcesa tpaicopmaropoB KL | u KL 1. MIx BrOopuuHbIe
OOMOTKH 4epe3 BBIIPSIMHUTENbHBIE MOCThI nuTaroT Karymku pene KL 1, KL o , npu
yCJIOBUH, 4TO cpabaThIBAIOT U 3aMBIKAIOT CBOU KOHTaKThI peie KAW1, KAW?2
(muddepenmansuas 3amura) win KT (pene BpemeHu MakcumanbHOM 3aliuThl). B
31O )€ BpeMs no nepsuuHbM KL | 1 KL 1 uiau ogHOro u3 HuX IOJKEH MPOXOAUTH
Bropuunbli Tok K3. Ilocnme cpabateiBanus pene KL 3ambikatorcs Bce ero
3aMbIKarolmme KoHTakThl, B ToM umcie KL 1 1, KL 2 1, KOTOpbIe OCYyLIECTBIAIOT
caMOyJIep>KMBaHUE pesie. ITO CALNAHO JIs 00ECIeYeH s HAJIeKHOTO M JJOCTATOYHO
JUTATEIHHOTO 3aMKHYTOTO COCTOSIHMS KOHTakTOoB pene PII-361, waxomsmuxcs B
nernsx (KL 2,KL 2.2).

Pene Bpemenu KT (tuna PBM-12) umeer B cxeMe Tpu KOHTaKTa:

KT.1 — 3ambikaromuii, koTopbiii 3ambikaeT menb KL 1 , KL 2 ,uTo mpuBoguT k
BKJTFOUEHUIO KOpoTKOo3ambikatelss QN;
KT.2 — uMnynibCHBIN, C MEHbIIEH BbIEpKKOM BpemeHu, yeM KTI1, 3aMmbikaroniuii

1enb oTkitoucHus BoikmouatTens Q 10(6) kB;

KT.3 — uMmnynbCcHBIN, 3aMbIKaIONUi ¢ BeIAepkKOH okoso 0,5 ¢ Ty e muemnp B
MOMEHT BKJIFOUEHHUSI BpyUHYI0 Win oT aBToMaThku (AIIB); aTa nens, Ha3piBaeMast
«yckopenue 3amutbl nocie AIIBy», co3mactcs Ha HeOousbIIoONW mepuoj, okoso 1 c,
3aMbIKaHMEM KOHTakTa Y13 W ciyxuT nama OTKiIoudeHus ycronuumBoro K3 Ha
crtopone 10(6) kB.

Motopuuk pesie BpeMenu KT mMoxxer HauaTh pabOTaTh MPHU ABYX OJIHOBPEMEH-
HBIX YCJIOBHSX: MPOXO0XKJIeHUU Toka K3 1mo 1ByM Wik 0JJHOM U3 MEPBUYHBIX OOMOTOK
IPOMEKYTOUHBIX TpaHchopmaTtopoB Toka KL 1 1 3aMbIkaHUM LIETTH €r0 0OMOTKH.
ITocnennee ocyiiecTBIsIETCS 3aMBIKAIOIIMMKM KOHTAKTAMU TOKOBBIX pEJI€ MAaKCH-
MasibHOM 3ammuTbhl KA1l uaum KA2, a Takke pa3sMbIKalOIMIMMUA KOHTAKTaMH pelie
KL5.1 u SQ. Pene-noBTopuTens myckoBOro oprana HanpsbkeHust KLS B HopMansHOM
peXKMME HaxXOAWTCS TMOJl HaNpsDKEHUEM 4Yepe3 3aMbIKAIoOIIUi KOHTAKT —pesie
KVI1.Pa3mbikaronuii koHtakt KLS B menu KT npu stom pazomkuyT.Ilpum K3
cpabaTbiBaeT IyCKOBOW OpraH HamNpsOKCHUS, 3aMKHYTbIH  KOHTakT KV1
pasmbikaercs, KL5 tepser mnuranme, mnocie dero koHtakT KL5.1 B mernu KT
3aMBIKAETCSl, OCYIIECTBIISIS MyCK MAaKCUMaJIbHOM TOKOBOM 3aIlIMTHI IO HAMIPSKEHUIO.

[TapamnensHo ¢ pas3mbikaronM KoHTakToM KL5.1 BKIIOYEH pa3mbiKaro-1Iui
KOHTAaKT SQ - KOHTaKT BcroMmorareibHOM 1enu Beikiodatens 10(6) kB wim pene-
MOBTOPUTENS TOJIOKEHHUS] ATOr0 BBIKJIIOYATENA. DTO cleiaHo sl oOecreueHuun
paboThl MakCUMaIbHOW TOKOBOW 3aumuThl pu K3 Mexay Tpancdopmaropamu TOKa



TA1-TA3 u Beikmouaresiem O B TOT MOMEHT, Korja Ha TpaHchopMarop IMOJaHO
HanpspbkeHue co croponsl BH, a Beikimrouarens Q otkiroueH. [1oCKoNbKy MmMycKOBOMA
opras nutaetcst oT TV, a Ha HEM B 3TO BpeMsI MOKET OBITh HOPMaJIbHOE HAMPSIKCHUE
(oT gpyroil cekuuu), MyCKOBOM opraH He cpabotaeT. BmecTo Hero myck Makcumalb-
HOM 3aIllUThl OCYIIECTBIISIET Pa3MBIKAIOIIUN KOHTAKT SQ, 3aMKHYTHIH TpPU OTKIIIO-
YeHHOM ToJIokeHUH BhIkitouatens Q 10(6) kB. HamomunMm, 9To paccmaTpuBaemMoe
MOBPSXKICHUE HAXOAWTCS B  30HE JACUCTBUSA au(depeHITNATBHON 3allUThI
TpaHchopmMaropa.

[Munku ynpasnenuss EV umeror nHanpsikenue 220B u HopMallbHO MUTAIOTCS OT
TCH 10/0,22 kB (umu 6/0,22 xB). OHu Ha3bIBalOTCS IIMHKAMU OOECIIEYEHHOIO
NUTaHUS, TaK Kak TpPU TOTepe OCHOBHOIO HWCTOYHHMKA aBTOMATHYECKH
nepexitoyaores Ha npyroit: mu6o Ha TCH cocennero cuinoBoro Tpancgopmaropa,
60 Ha cBoi 110(6} kB (uepe3 npomexytounsiii Tpanchopmartop 0.1/0,22 xB.)

Ot mmHok EV monydaer nuranne KLS — pene-noBToputesb MyCKOBOTO OpraHa
HarpspKeHus (M. BeIme) U 3apsaHoe ycrporictBo UGC.,

DOHeprus peIBapUTEIHHO 3apsKCHHBIX kouaencaropos CG 1-CG5
WCTIOJIB3YETCS JITIS1 BBITOJIHEHHUS CIEYIOIINX OTIEePaIIHii:

CG1 - cpabatpiBanue OOIIETO BBIXOAHOTO MpoMexyTouHoro pere KL 4 mpwu
JEMCTBAM OTKJIFOYAIOIIEr0 JjeMeHTa ra3oBod 3ammrtel KSG2, a TaKXKe
muddepeHanTbHO U MakCUMaJIbHOW 3amuT yepe3 pene KL;

CG-2 - otxmouenue Boikiouarenss Q10(6) kB; ero snekTpoMarHuT OTKIIOUEHUS
YAT wmoxer mnoakmodatbes K CG2 wmmm xoHtaktom KT2 mepBoit cTyneHu
MaKCHMaJIbHOM TOKOBOM 3aIllUTHI WJIM KOHTAKTOM o0mero BeixogHoro peie KL 4 .1
(mns otkmroueHuss Q MpU BHYTPEHHUX TOBPEXKICHUAX TpaHCHOP-MATOPOB) WIIH
koHTakToM KT3 no nenu «yckopenus 3ammuthl nociie AIIBy;

CC3 - BxmoueHue kopotko3zambikatenast QN; ero sJeKTpOMarHUT BKIIOUEHUS
YAC nonkmouaetcs k CG3 mocne cpabateiBanus o61mmero Beixoanoro pene KL 4 u
3ambIkanusg koHtakta KL 4.1;

CG4 - cpabateiBanue pene KL3, pa3pematoiero otkiatouenue oraenutens QR B
OECTOKOBYIO  May3y; HACTYIUIGHHE Tay3bl (UKCUPYETCS Ppa3MbIKAIOIMIMMHU
KOHTakTaM# TOKOBBIX penie KA n KA4, koTopble 3aMBIKatOTCS TP OTCYTCTBHM TOKA
yepes TpanchopmaTopsl Toka TA 1 TAS cOOTBETCTBEHHO, a TaKKe KOHTAKTOM BCIIO-
MoraTteinbHOM 1enu KopoTko3zambikaTens QNS wmim xoHTakTOM €ro pene-nmoBTOpH-
TENs1, KOTOPBIA 3aMBIKAETCS ITOCJIE BKIKOYEHUS! KOPOTKO3aMBIKATEIS.

CG5 - orxmouenne otaenurenss QR ; ero sjexkrpomarHut oTkimrodeHUs Y AT
noakrodaeTcs kK CGS mocne 3ambikanus KoHTakToB perne KL3.1.

Ha puc.11.6 He noka3aHbl: ey yIpaBlIeHUs] KOMMYTallMOHHBIMU anapaTaMHy, LENn
CUTHAJIM3ALIMM, B TOM 4YHCIIE Ta30BOM M MaKCUMAJIIbHOM TOKOBOM 3allUThl OT
IEpErpy3a, a TAKXKe LEMN OTACIbHON ra30BOM 3auThl ycrpouctsa PITH.



9.Pacuer 3amut BJI- 110 kB

1. MakcumanbHas TOKoBas 3anuTa | crynenu — MexaydasHasi oTceuka.
tl,= 0,1 ¢ ( 6e3 BBIIEPKKH BPEeMEHH - COOCTBEHHBIE BpeMs CpadaThIBAHHUS

IETIeH OTKIIFOUEHUS).
[Ipn t<01c - MOXeT OBITh BBEJICHA IS 3alIUTHl OT PabOThI TPyOUATHIX

Pa3psSIAHUKOB.

kAl
M
L
|—|KA2
J
A B c M xA3
L
TA1 a' 1’ { TA3
TA2

a) Tok cpabaThIBaHUs IO YCIOBUIO OTCTPOiikH oT K3

I(I;,a = K(!mc ) IK,GH,maX (6'1)

rae K),. - KooQHuImenT oTCTpoiiky, yauTsIBAIONIHMI morpentHocT, TA u U0,
aNepUOJUYECKYIO COCTaBIISAIONLYIO;

Klpwe = 1,2 =13 - npu wucmonmssoammu PT-40; K. = 1,5+1,6 -mpm

ucnonb3oBanuu pene PT- 85.
| x gn,max -~ MAKCUMaJbHBIA TOK B 3amuTe 3X (asHeix K3 B Hayane CMEKHBIX

y4acTKOB ( B JaHHOM ciry4ae TpanchopmaTtop-BBoj 110 kB)
MOCTPOUM TpavK 3aBUCUMOCTH TOKOB 1@ = TOXL © = f)

T

O———p @

RN

N
I~

9120

20 140 |60 80

ter| e =100%

~01 J 40,5 I I

@ Iém :éxz flx\?%

1,% 0 20 [40 ][50 |60 [80 [100
1@ xA |838 [27,7 166 |138 [118 |92 |75

12 kA | 73 24 14,4 |12 10,3 |8 6,6

€%




|G _ Uy _ 115 _
J3(X.) +/3-0,7935
1@ _ Ue _ 115
V3(Xe +Xg-¢) ~/3-(0,7935+0,4-8-0,2)
1., >1,25-7560 = 94504 > (1,2+1,3)7560 = (9072 - 9828) A

83,8 KA

=46 KA

0) Tok cpabatpiBaHus 110 YCJIOBHIO OPOCKOB TOKa HAMAarHUYHUBaHUS
1L, > (3+4) = (3+4)-317 = (951+1268) A
BriOupaem ycTaHOBKY:
(9072 +-9828)
® " 600/5
[punumaem 1g, =76 B 1 ,=76 - 120 = 9120 A cocrasmuser 80%

Bri6upaem pene PT- 40/100 B 3x da3noit 3-x peneiinoit cxeme. [{nunbl aMHUN npu 3-
X ¢azubix u 70%, npu 2-x dazubix K3.
2. Bropas cTyreHb — OTCE€UYKa C BBIICPKKON BPEMEHU JJISI 3aIUATHI OCTAJIbHOW YaCTH
nuHun U Ttpanchopmatopa 'HH. Peanmsyercs ¢ momomipio 2X pese TOKa U pelie
BPEMEHHU TOK cpabaTbIBaHUA 3alIUThI CTyneHH || BeiOMpaercs:

a) MO YCJIOBUIO OTCPONKH OT OBICTPOICUCTBYIOIIEH 3alIUThI TpaHCpopMaTopa

.1=(756+815) A

leswl 2 Klomc ) Ic.3.mp

e Kypye= 1,1 +1,2 — kooduupent orcpoukn crymens ||
I'C_ 3.mp ~TOK cpabaTbiBaHus OBICTpoJeHCcTBYONIEH (IuddhepeHInalIbHON) TOKOBOM
3alUThl TpaHcpopmaropa
oo =12-0,59 = 0,708 KA

0) MO YCIOBHIO OTCTPOMKM OT MaKCUMalbHOro 3X-(pa3HOTro TOKa
TpaHchopmaropa (Touka K4)
losud 212143 =1,716 KA

Brei6upaem: 1716 A

Bri6upaem ycraBky:
17161
P 600/5
TpunnmaeM 1o, =15 A. I, =15-120 =1800 A

143 A

tooyl=t +At=0,1+05=0,6c.
KoaddurumenT uyBcTBUTETEHOCTH:
Tl I pmin (x3)

uw = T
| (x3) V3 22901600751
N Lpmin _ 2

yw

=352>2

| I 15
cp



3. Tperbs cryneHb — pesepBHas 3aummuta s guaun W1 U mociemyromux

y4acTKOB. BpImonnsercs 2X W 3X peleMHOW ¢ HE3aBUCUMOM XapaKTEPHUCTUKOU
BBIJICPKKHA BPEMEHMU.

Bpewms cpabaTpiBaHus:
teswy = e (n) +AL= Ceosmamp, * A =20+05=25 c.
Toxk cpabaTbiBaHusA:

© Komc Kszan - Ipa6.ma1<c

| =
c.3
K,

IIpHU 1oCaaKax HAIIPAKCHUA

Ic.3 =Komc "Kszan - Ipa6.makc 1pr AIIB.

rjae K;;nc =11+12; x, =0,85 mis PT-40; 0,8 nist PT-85; 0,9 nna PCT-11 u 13.

JluctannmoHHas 3amuTa ocHoBHOro komriekra. [kad [I/IE-2801.

K2
| e \fm 9 %
(Dt
ST = 63MBA
UK%:lo,S

HpOBepKa BO3MOKHOCTH YCTaHOBKH HaA JIMHUH I[HCT&HHPIOHHOIZ 3alIUTHI.

Bce MOBPCXKACHUS Ha JIMHHUHU, COIIPOBOXKIAIOIMIMCCA CHHIKCHHUCM HAIIPSKCHHA
HMXKCE 0,6 UH AO0JDKHA JIMKBUAWPOBATLCS MIHOBCHHO, IIO3TOMY BO3MOXXHOCTDH
YCTaHOBKH HHCT&HHHOHHOﬁ 3alIUThI HpOBCpGHHOfI II0 BCIHYHHE OCTAaTOYHOI'O
HAIIPsKCHUS Ha JIMHUAX IIPH K3 B KOHIIC 30HBI 3alIIUTHI.

U e, 110xB > 0,6 U, — 3TO TpeOoBaHHE yCTOMYNBOW PabOTHI.
Uy =312 2., e, 0,85

rae 1] - Tok K3 B () k1 B KOHIIe TUHUHT

21,0, = 0,45 OM/KM

U, =+/3-7,29-0,45-20-0,85 = 85,76 kB

UJ% :% =0,745>0,6U,

CrnenoBatenbHO, cucTeMa pabOTaeT YCTOMUMBO M JUCTAHIIMOHHYIO 3alIUTY MOXHO
CTaBUTb.

Br16op koaddummenta rpanchopmaruu tTpanchopmaropa Toka

SH 63000
| = = =317A
"M J3.Uy  +/3-115
| K .
Ky = roy “Kex _ 317 1263,3
I@mop
63,3-1,3=82,29

[Ipuaumaem 100/5, Tak Kak MO OJHOW JIMHUM MOTYT TMHTaThCi 2-a
TpaHcopmaropa Ha MOJCTAHIIHH.



| crynens 3amurhl.
[lepBuuHOE CONMPOTHBICHHE CpabaThIBaHUA CTYNEHU - MO oTcTpoiike K3 B

KOHIIE TUHUU (ToukaK3)

28, =Kyme - Zyg < 0,87 -8=6,96 OM

t.,= 0,1 c (6€3 BBIIEP)KKH BPEMEHH)
CEJIEKTUBHOCTh 1O  OTHOLIEHWIO K  OBICTPOACHCTBYIOLIEH  3alIUTe

TpaHchopMmaTopa JocTaeTcs
Kome — 0,87.

Il crynens 3amMThI.

[TepBu4HOE CONIPOTUBIIEHNUE BRIOUPAETCS IO HAMMEHBIIIEMY W3 YCIIOBHMA:

1. I[To ycnoBuiO OTCPOMKH OT MaKCHMaJbHOIO TOKAa HAarpy30K C Y4eToM
caMo3aInycka:

09-U, 3 0,9-115
V3. Kome “Koan IHaep. max “Km - COS((DMH - ¢H) V3 -13-2,5-317-1- C05(650 - 300)
€ Kore=1,3; Kzan=2,5; Km-KO3(POUIIMEHT TOKOpacpeIeICHHs, TpUHUMAETCI=1;

z) = =68 Om

IHazp. max = IHaep. max =317 A.

2. Ilo ycnoButo otctporikn ot K3 3a TpanchopmaropoM ¢ HaUMEHBIIUM
conpoTuBieHueM (y Hac oauH Tpanchopmatop U Unmin=96,6 kB).

1 AU L 9.1,78 B
Zo s < 0,87(2\,\,1 + [1—m)xmp_ min j = 0’85(8+(1_Wj15’5J =17,86 Om.

2
e =255 e o,
[punnmaem ? Z,, =17,86 O
ITpoBepka Mo 4yBCTBUTEIBLHOCTH MIPH K.3. B KOHIIE 3aLIUIIAEMOMN JTUHUU
= Zus =
Bri0op BeIACPIKKH BpeMEHU
t) =t +At=03+05=08 c.

=223>15>125

y

ypos

11 crynens 3ammThI.
1. Xapaktepuctuka cpabateBanus JI3 ¢ 1I2-2801 — tpeyronpHuk
MPEeIyCMOTPEHO 2 CTYINEHHU PEryJUpOBaHUS HAKJIOHA M MPaBOil OOKOBON CTOPOHBI,

MPOXOASUIEN Yepe3 HaYall0 KOOPAUHAT MO/ YIJIOM y = 479 ymm y = 359k ocu R.



PaccmaTtpuBaeTcs BO3MOXKHOCTh OTCTPOMKHM OT MaKCHMaJbHOI'O Harpy304HOTrO
pexuma 1o yriy. IIpuHuMaeTest ¢,,q.p. pacy = 300 +350 yTOJI HaKJIOHa IpaBoil OOKOBOM

CTOPOHBI XapaKTEPUCTUKHU

0
V =7Ynaep.pacu +12

Prazp.pacu = 300, y = 300 +120 =420 < 479, [IpyHUMaeTcs XapakTepHUCTHUKA C

yrioM HakinoHa 47° mpaBoit GOKOBOI CTOPOHBI XapaKTepUCTHKH. Ecimu 310 ycinoBue
YAOBJIETBOPSETCS, TO conpoTuBiieHne cpadarteiBanus |l ctynmenu BwrIOMparoTcs Mo
yCIOBUIO  obOecriedeHus TpeOyeMoil  YyBCTBUTEIBHOCTH B KOHIIE  30HBI
pe3epBUPOBAHUS.

Omnpenenenue conpotuieHus cpadbarsiBanus Il ctynenu.

1. [lo ycnoBui0 OTCTPOMKHM OT MAaKCHMAJbHOTO TOKa HArpy3ku C Y4eTOM

camo3alrycka Oy, = 659
oy =30°
Zg.3. — 019UH 0,9'11500 68

\/E'Komc “Ksgn - IHaep. max " Km 'COS((DMH. _(pH) \/§ '1,3'2,5'317'1,0'C03350
Owm
Ecnu npuHATH OTCYyTCTBHE camo3anycka (K, =12), T0 Z., =141,6 OM.

2. ITo ycnosuto cormmacoBanusi ¢ MT3 Tpancdopmaropa I'TIIT.
Kome 1,2
Bome = 2% .317=4475A
K, Hazp.max 085
MT3 rtpanchopmaTopa € NTyCcKOM IO HampsbkeHuto (cMm. pacuer MT3
TpaHchopmaropa)
HpuHATO: | ¢ spi73mp — pa = 485 A

Ic.3MT3’ =

2,0c — OTKJIIOUEHHME BbIKItOUares BBoga 10 kB.
t=
2 5._ BKIIOYEHHE KOpOoTKO3ambIKaTens K3-220 unmn OTKIIIOYEHUE BBIKIIIOYATENS
110 xB.

U 115
zM < 0,85[—” ~ Xemin J <085 [— - o,795j =1158 Om
NE - /30,485
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3AJJAHUE
HA PACUETHO-TPA®GUYECKYIO PABOTY
10 JUCIHHUIIIINHEC
«Peneitnan 3alliuTa H aBTOMAaTU3aAlUA JICKTPOIHEPTECTUICCKUX CUCTEMD)

CryneHt

['pynma

Bapuant

B pacuérHo-rpaduueckoil paboTe NpPOU3BECTH BBIOOP M pacyeT YCTPOUCTB
peNeHOM 3alUThl M1 ABTOMATHKH 33JJaHHON CUCTEMBI 3JIEKTPOCHAOKEHHUS.

Conepxanue padboT:

1. Pacuer ceuenuii 1 BBIOOp MPOBOIHUKOB KabeabHOM uHun 10(6) kB.

2. Pacder TOKOB KOPOTKOTO 3aMbIKaHHUsS B 00BbeMe, TOCTATOYHOM JJIsl BHIOOpA
NPUHIMIIOB M [apaMeTpoB 3allUT (pacyeTa yYCTaBOK TOKOBBIX OTCEYEK,
muddepeHunanbHOl  TOKOBOM  3amMTBl  TpaHcdopmaropa W IPOBEPKH
YyBCTBUTEIILHOCTH).

3.Bbibop M pacyer ycTaBOK 3alMThl M ABTOMATUKU YKa3aHHBIX 3JEMEHTOB
CUCTEMBI DJIEKTPOCHAOKEHHSI.

(pacuer 3amMT BO3AYNIHOW JIMHWUH, JBYXOOMOTOYHOTO TpaHCpOpMaTopa
110/10 kB (110/6 kB), kabenbHO# JuHMK 1IeXx0Boro Tpanchopmatopa 10(6 )/0,4 kB u
anekTpoaBuratens HampspbkenueM 10(6) kB mommuocteio 400...1250 kBt , ABP B
cetu 10(6),0,4 kB),3amuts 0,4kB.

[IpoBecTn coryiiacoBaHue 3alIUT CMEXKHBIX YYACTKOB MO BPEMEHU H TOKY
cpabatbiBanud. B mpouecce pacy€ToB MpPOM3BECTH BBIOOP U PACUETHYIO MPOBEPKY
TpaHC(HOPMATOPOB TOKA, BHIOOP TpaHcPOpMAaTOpOB HampspkeHus. s ykaszaHHOM
3alATHI ONPEJEIUTh CEYEHHE MPOBOAOB, COSAUHSIOMIUX TPaHCPOPMATOPHI TOKA U
perie 3aluThl.

4. Kpatkoe onucaHue paOOThl BBIOPAHHBIX CXE€M pEJIeHHON 3alluThl U
ABTOMATHUKH.

PI'P nmomxkna ObITh OoOpMIIEeHAa B BHIIE PACUCTHO-TIOSICHUTEIHHOM 3alMUCKU
(30...35 mucToB) u rpadudeckoii yactu Ha 1 arcre popmara Al.

PacueTHO-nOsSICHUTENbHAS 3a1IMCKA COAEPKUT: BBEICHHE, IVIaBbI C pe3yJIbTaTaMu
BBIMOJHEHHBIX paboT mo mnm. 1.4, 3akiIo4YeHHe ¢ KpaTKUM COJEp KaHHEM
PE3yIABTATOB MPOEKTUPOBAHUS, CIMCOK UCIIOJIb30BAHHOM JINTEPATYPhI, OIJIaBIICHHUE.

B rpaduueckoii 4yacTh NpUBECTH NPUHLIMIHAIBHBIE SJIEKTPUUYECKUE CXEMBI
3aIllUT.

3amuThl BO3YIIHON JIMHUH NPEANOYTUTENIbHEE BHIMOIHUTH B BUJI€ KOMILIEKTOB
tuna [IJ[3-2802, BP2-2701, T1/12-2802 u BBUAY CIOKHOCTH 3THUX YCTPOMCTB U
orpann4eHHocTd oobema PI'P mosHble mpUHIMNHATIBHBIE 3JIEKTPUUECKHE CXEMbl UX
HE PUBOJIUTH



Wcxonubpie maHHBIC Ul pacyeTa PeIeHHOM 3alUThl CXEMBI JICKTPOCHAOKCHUS
(puc 1,2) npuBeaeHsl B IPUIIOKEHNH |

a1

Pt Pn2

Puc 1. Cxema cuctemsl 371€KTPOCHAOKEHUS

Q/ &z
) o | /f/:”w FF“}W’)
[T [ a2

= "] o 2

Puc 2. Cxema cuCTeMbI 3J1€KTPOCHAOKEHUS



TpeboBanus Kk opopMIICHHIO.

O0bem BBeaeHUs - HE 00Jiee OJHOM-/IBYX CTPaHULI.

B mnocnenyrommx riaBax JOKHBI OBITh MPEACTaBUTH PE3YyJIbTaThl PaOOTHI
corjacHo 3ajanuio. Kaxxaas rimaBa JoJDKHA 3aKaHYMBATHCS BBIBOJAMH, B KOTOPBIX B
KpaTKoil (hopme AaroTcsl pe3yNbTaThl JAHHOTO 3Tana padoThl M KOHKPETH3UPYIOTCS
3a/1a4¥ ¥ METOJIbI MX PEIICHHS B MOCIEAYOIIHX IJIaBax.

B zaknoueHuun  QopMynHMpyroTCs TJIaBHbIE  BBIBOJBI  MPOEKTHUPOBAHUS,
MOKAa3bIBAIOIINE IOCTUTHYTHIN YPOBEHB B pelIeHUH MpoosieMbl. O0beM 3aKITI0YSHHUS -
OOBIYHO JBE-TPU CTPAHUIIBI.

Cnucok nuteparypbl. B cnucok, ¢ ykazanuem Oubiuorpaduyeckux TaHHBIX,
BKJIFOYAETCS JIUTEPATypa MO YCMOTPEHUIO aBTOpa MOSACHUTEIbHOMN 3anucku. Ecnu B
paboTe cieNaHbl CChUIKM Ha HAy4yHYI0 WHOOPMAIUIO, TO3BOJISIIONIYIO0 MPUHSTH
KOHKPETHOE pEIlIEeHHE, BKIIOYEHHE B CIHCOK JIUTEPATyphl MEPBOMCTOYHHKA
0053aTENBHO.

[TosicHuTenpHAs 3aMucKa neyaTaercs Ha npuHTepe (pudT pa3MepoM HE MEHEe
14 nyHKTOB) WJIM Ha TIEYATHOM MallIMHKE Ha JucTax Oymaru gopmarom A4 (210x297
MM) depe3 MoJaTopa-ABa HHTepBana. Jljis pa3BOPOTHBIX TaOJMLl W PHUCYHKOB
nomnyckaercst popmat A3 (297x420 mM). 3aroioBKU TaOIUIl, HA3BAHUSA CXEM MOXKHO
neyaTaTh 4epe3 OJUH UHTEPBaJl.

HarmeuaTanHbIi TEKCT JOJKEH UMETH IMOJISI CIEIYIOIIUX Pa3MEPOB:

BEpXHEE U HUKHEE - 25 MM;

npasbie - 10 MM;

JEBbIE - 25 MM.

Paspemaercs MCHoJib30BaHUE PYKONMCHOIO TEKCTa. B 3TOM cilyyae TEKCT
BBITIOJIHACTCS aKKypaTHO, 0€3 UCIIPaBJICHHM, pa300pUHBBHIM MTOUYEPKOM.

AO3amHbIl OTCTYNl paBEeH IMATH 3HAKaMm. 3arojioBKM TJiaB M maparpados
OTZIETSIIOTCSL OT TEKCTa CBEPXY M CHU3Y TpeMs HMHTEpBaJaMH. TEKCT Iedaraercs
CTPOYHBIMM  OyKBamH. 3aryiaBHbIMM  (IIPONMMCHBIMHU) OYKBaMM  I€YATaKOTCA
ab0peBuaTyphl, a TAK)KE Ha3BaHUs TJiaB, clioBa «BBeneHue» u «3akimtoueHue. 3HaKH,
CUMBOJIBbI, 0003HaUEHUE, a TaK)Ke MaTeMaTH4yeckue (popMyIsibl MOTYT ObITh HAOpaHBI
Ha KOMITBIOTEPE WJIM BIUCAHBI OT PYKHU TYIIbIO (YEpHUIIAMHU, ITACTOM) YEPHOT'O LIBETA.
BnuceiBaemble CHUMBOJIBI JIOJDKHBI HMMETh pa3Mep HE MEHee MAaIllMHOMUCHOTO
mpudTa, HAICTPOUHBIE U TTOACTPOYHBIC WHICKCHI, MOKA3aTeIN CTETICHH MOTYT OBIThH
MEHBIINX Pa3MEPOB.

Howmep BapuanTa BeiOMpaeTcs mo nocienuen nudpe 3adeTHon kHuxku (Puc 1-x
YETHBIM, PUC 2-K HEUETHBIM) WU CIIHUCKY TPYIIIIbI

JlaTa BbI1a4uu 3a/1aHUS

Cpox OKOHYaHHS TPOEKTUPOBAHUS

PykoBoauTenb paboThbl




Ipuiaoxenue 1.

HcxoaHble JaHHBbIE IS pacyeTa.

1. |Howmep BapuanTa 1 2 3 4 5 6 7

2. HoMuHanbHass  MOIIHOCTB | Sci 2500 |3000 (4000 |3500 2800 3200 {2900

nuraromie cuctemsl, KBA g, 2000 |2500 |4500 {3000 2600 2800 |2600

3. | Comporusienue muTaromie | Xcmin 0,15 (0,2 0,18 0,22 0,25 0,27 10,13
CHCTEMBI, TPUBEICHHOE K

HOMHHAJIBHOM ~ MOLIHOCTH, | X max 0,2 0,25 |0,22 |0,26 0,30 0,32 (0,17

0.c.
4. |HanmpsbkeHue cUCTEMBI U 110 110 [110 |110 110 110 110
5. |JnuHa muaui | LW, 20 15 25 15 20 10 8
3JIEKTpOTepeIaun, KM LW, 15 10 20 25 20 15 8
LW3 2,5 15 16 1,7 19 15 18
LW, 2,8 2,0 1,8 18 1,6 0,6 0,7
6. |YnmenbHoe compotusieHue | Xo 0,4 035 |04 0,35 0,4 035 |04
JIDII, OM/xM
7. HoMuHaneHasts  MOILIHOCTB | SH1,SH2 |63 40 25 16 63 40 25
TpaHcopmaropa, MBA Shz,Sha 1,6 2,5 1,0 1,6 2,5 1,6 1,0
8. |HomunansHoe Hampsoxenue |U 10 10 10 6 6 10 6
Tpanchopmaropa, kB 0,4 0,4 1.4 0,4 0,4 0,4 0,4

9. |Hampsokenue kopotkoro | Ugri,Ur | 10,5 10,3 10,4 |10,4 10,6 10,7 10,2

3aMbIKaHUA n peaci|2

perynupoBanus, % Urs,Ukr | 5,5 55 55 55 55 55 55
4
aUri, +16 [£16 |£16 |£16 +16 +16 |£16
aUr
10. |MomHocTs moTpeduTeneH | Sy 15 10 8 4 18 13
ot mmH 10(6) kB, MBA S, 10 10 8 3 18 14 6
11. |DnektponaBuraTeny M, CJIH —15-76-643 CT/H — 1250 — 23YXJI4
M; CJIH —14-49-643 AU AU CJH- |AY
1000xBt | 800xkBt |14-49- | 1000kBT
6Y3
12. |Bpewms cpabaTpiBaHus | Is1 1,0 0,5 0,5 1,0 0,7 15 0,7
notpedureseit ot muH 10(6)
B, ¢ ts2 0,5 0,8 0,5 1,0 0,5 0,5 0,7
13. |MomHocte moTpeOuTenek | Pri 500 350 400 350 300 350 400
or ummH 0,4 kB, kBt Pua 500 |300 |350 |350 250 400 450
14. |Bpewms cpabaTbiBaHus | tpmi 0,2 0,25 |04 0,3 0,25 0,25 10,35
norpedureneid or mun 0,4
kB, ¢ trH2 0,25 |0,2 0,4 0,35 0,25 0,3 0,35
15. |CxeMy cocTaBHUTb AJisi T1 W3 T3 T T, W, T

|
pumeuanne: M1-CJIH-15 76-643-Py = 2500 kBr, Uy =10 kB; cose = 0,9; —2—=7; = 0,96 %
HOM

M1-CJH-1250-23YXJIY — Py = 1250 xBr;

U= 6B wmm 10 kB, 5 = 96,8 %, n =6,79
HOM
M2-CJIH-14-49 — 6Y3 - Py = 800 kBr; Iy = 10 kB, ki = 7,5; 1z =94%; cos = 0,9;
Mp- acHHXpOHHBIE dNeKTpoaABUTaTenN A4 HanpspkeHuem 6000B;
Py = 1000 &BT; ly =113 A; cosp = 0,89; ki = 5,7; nx =95,5%;
Py =800 xBT; In =92 A; cose = 0,88; i = 5,5; 71 =95,2%;




