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lpeaucnosue

aHHOe yuyeOHOe mocobue OCBellaeT MUMPOKUI KPYr BOMPOCOB,

CBSI3aHHBIX C pacyeTaMM TOKOB KOPOTKMX 3aMbikaHui (K3)

B CJIOXHBIX 3HeprocucreMax. Pacuet TokoB K3 sBisieTcst ogHOM
M3 BaXXKHEMUIINX IMMPOEKTHBIX U 3KCIUTyaTallMOHHBIX 33124, KOTOPbIE pellia-
IOTCS TIEPCOHATIOM AUCIETYEPCKUX LIEHTPOB, 3JIEKTPOCETEBbIX KOMIAHUIA
U TIPOEKTHBIX OpraHU3aLni.

[1IepBas rnmaBa mocoOus MOCBSIIIEHA TEOPETUUECKMM aclieKTaM pacyeTra
ToKoB K3. PaccMOTpeHBI MPUHIMITEI COCTAaBICHUS CXeM 3aMELLCHUS Ipsi-
MO, 0OpaTHOI U HYJIEBOM MOCIeI0BATEIbHOCTEN pa3IMUHbBIX 2JIEMEHTOB
BJIEKTPUYECKONM CETU U TeHepupyouiero ooopynosanus. [IpuseneH yuer
B3aMMHOI UHAYKTUBHOCTHU JIMHUI 31eKkTponepenad (JIDII).

Bropas riaBa yueOHOro mocoousi mocasileHa BOIIpocaM pacyeToB TO-
koB K3 B sHeprocucremMax: onrcaHme (yHKIMOHAJIbHBIX BO3MOXHO-
CTE ¥ NPUHLMIOOB pabOThl B COBPEMEHHOM IPOrpaMMHOM KOMILIEKCE
RastrWin3. B xauecTBe npuMepa IMPUBOAUTCS MOIIAroBOe ONMMCaHUe pac-
yeToB TOKOB K3 [1J1s1 KpyITHOI 71€KTPO3HEPreTUIECKOM CUCTEMBI.

B TpeTbeii ri1aBe mocoOust OCBELLEHbI BOITPOCHI IIPOBEPKU IPO30TPOCCOB
MO TEPMUYECKOM CTOMKOCTU TOKY K3.

I[IpuHuune! pacueToB ToKoB K3, mpencraBieHHbIE B HACTOSIILEM U3-
JaHUU, COOTBETCTBYIOT AEMCTBYIOIIMM HOPMATUBHO-TEXHUYECKUM JIOKY-
MEHTaM B 00JIacTU aucHeT4epcKkoro yrpasieHus, B ToM uucie 'OCTy
no pacuetaM TokKoB K3 (I'OCT P 52735—-2007 «KopoTkue 3aMbIKaHUS
B 2JIEKTPOYCTaHOBKaX. MeTobl pacyeTa B 2JEKTPOYCTaHOBKAX MePEMEH -
HOI0 TOKAa HampsKeHWeM cBhIle 1 KB»).



ITIABA 1. TeopeTuuyeckue OCHOBbI pacyeToB TOKOB
KOPOTKUX 3aMblKaHUH

1.1. 061Me CBEeHHSA 0 KOPOTKUX 3aMbIKaHWAX B 3HEProcucTeMax

JIST BJIEKTPOIHEPTETUYECKOM CUCTEMbI XapaKTEPHbI CIAEAYIOLINE

pEeXUMBI pabOThI: HOpMAaJIbHBIN, aBApUITHBIN, ITOCIeaBapUIHBII

Y PEMOHTHBIN, MPUYEM aBapUNHBINA PEXXUM SIBJISIETCS KPAaTKOBPE-
MEHHBIM, @ OCTATbHbIE — MPOAOIKUATEIbHBIMU. OCHOBHOM MPUYMHOM TTe-
pexoa SHeProCUCTEMbI U3 HOPMAJIBHOTO (PEMOHTHOI0) COCTOSTHUS K aBa-
pUIiHOMY SIBJISIETCSI KOPOTKOE 3aMbiKaHue (K3).

B s1exTposHepreTuueckmux cuctemMax, padoTarolux ¢ 3a3eMJICHHOM
HelTpaJiblo, pa3nuyaloT yeTbipe Buga K3: onHodasHoe, aByxdasHoe,
IByX(¢a3HOe Ha 3eMII0 U TpexdazHoe. M3 Hux Hambosiee 4acTo BO3HU-
KaeT onHoda3zHoe K3, BEpOosITHOCTh KOTOPOTO BO3pacTaeT C yBEJIMYE-
HUEM HamnpsiKeHus1 ceTu. JlaHHbIA (akT CBI3aH ¢ pOCTOM PACCTOSIHUS
Mexnay pazamu. BepossTHocTh BodHMKHOBeHUS K3 onpenensieTcs ero Bu-
JIOM, a TaKXKE KJIACCOM HaMNpsI>KeHUS CETH, B KOTOPOM OHO MPOUCXOIMT.
Ha puc. 1.1 u B Tabu. 1.1 npuBeneHa knaccudukanusa K3, momydyeHHBIX
¢ perucTpaTopoB aBapuitHbIX cOObITHI [TAO «PCK EDC» 3a 2016 1. Uc-
XOJI51 U3 MPUBEAEHHBIX TaHHBIX MOXXHO ClIeaTh BBIBO, YTO B cpeaHeM K3
BO3HUKAET Kaxble 56 4acoB B TO/I.

Cpeny nprumH BO3HUKHOBEeHUST K3 BbIIEISIOT CAEAYIOLIUE:

® T'PO30BOE MEPEKPHITUE U3OJISLINN;

e HapylIeHWE U30JSLMHU JIEKTPOOOOPYIOBaHNSI, BBI3BIBAEMOE €€ CTa-
pPEHMEM, 3aTPSI3HEHMEM MOBEPXHOCTU U30JISITOPOB, MEXaHUYECKUMU
MOBPEXICHUSIMMU,

® MEXaHWYECKUE MOBPEXIAECHUS 3JIEMEHTOB 3JIEKTPUIECKOMN ceTr (00-
PBIB ITPOBOJA JIMHUM BJIEKTPOIIepeaayr U T.11.);



® JIPpCAHAMCPCHHDLIC K?), BbI3bIBAEMbIEC AEUCTBUEM KOPOTKO3aMbIKa-

TEJICH;

e TIepEeKPhITUE TOKOBEAYIIMNX YACTel XKUBOTHBIMU, NTULIAMMU;
e MajJeHue aepeBbeB Ha ydyacTku JIDII;
e OIIMOKM MepcoHaja MPU BLITTOJIHEHUH MePEeKIIOYSHUIA.
Hapuc. 1.2 uBTabm. 1.2 npuBeaeHa KiaccuduKkays MpUIMH BO3HUKHO-
BeHus K3, moiayyeHHBIX 13 0T4eTHBIX JaHHBIX [TAO «CK EDC» 1o ogHoi
U3 KPYITHBIX perMoHaIbHbIX 3Heprocuctem st [TC 500, 220 kB 3a 2016 .

JByxdaznoe K3 Ha 3emiio, ¢aza Bu C
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[naea 1. TeopeTn4eckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMbIKaHUI

Oxkonuarnue maoa. 1.1

Bun KOPOTKOTO 3aMbIKaHUA

KonuuectBo, ex.

OnHodasnoe K3 Ha 3emutio, dhaza B

34

Onnodasnoe K3 Ha 3emuio, aza A

43

Onnodasnoe K3 Ha 3emmo, ¢aza C

62

Wroro:

155

I'po3oBoe nepexpeiTHe
HecaunkumonnpoBaHHas BEIpyOKa jreca 28
ITepekpbiTie Ha poBoze (assl 26
TlepexpbITre TUPISHBI U30JIITOPOB 22
Paspymenue uzonstopa 10
ITepekpoiTHe IPOBOJA HA TPaBEpCy 5
TononenoobpazoBanue 5
H3nowm nuefidpa mpoBoaa B MecTe CBapKu 3
OOpBIB THPIISAH/IBI H30IATOPOB 3
Pa3pynienne KOHICHCATOPA CBA3U 2
OOpsIB rpo3oTpoca 2

VYnaBuias onopa 1

48

0 10 20 30 40
Kommaectso, ej.

Puc. 1.2. Knaccudukanusa npuunH K3 nng I1C 500, 2

Knaccudukamusa npuwunn K3 paa I1C 500, 220 kB

50 60

20 xB

Tabauya 1.2

[MprymHa KOPOTKOTO 3aMBbIKAHUS KommyecTso, en.
I'po30oBoe mepekphITHE 48
HecankiimoHnupoBaHHast BIpyOKa Jjieca 28
IlepexpriTie Ha TTpoBoOIE (Pash 26
TlepekpoITHe TUPIISTHIBI N30JISITOPOB 22
PaspyieHue nzogsitopa 10
l'ononenoobpa3oBaHue 5
IlepekpsITHEe ITPOBOAA HA TPAaBEepCy 5
OOpBIB TUPJISTHIBI U30JIITOPOB 3
H3znom nuteiidpa nmpoBoaa B MeCTe CBapKu 3
OOpEIB IPO30TPOCa 2
PaspyiieHue KoHaeHcaTOpa CBSI3U 2
VYnasias onopa 1
Hroro: 155

10



1.1. 06wme cBeAeHMs 0 KOPOTKMX 3aMblKaHMSX B 3HEPrOCKUCTEMAX

M3 puc. 1.2 u taba. 1.2 MOXHO BUAETh, UYTO B OOJBIIMHCTBE CIy4acB
MPUYMHON BOZHUKHOBEHMSI KOPOTKOIO 3aMbIKaHUS SIBJISIETCSI TPO30BOE
nepekpoiTue n3onsauuu — 48 ciydaeB. Bropoe MecTo 3aHMMaeT HeCaHK-
LIMOHMPOBaHHAas BbIpYOKa jieca WK NePeKPhITHE U30JISILIMN U3-32 TOPOC-
JI1 B mpoceke — 28 cayyaeB. Ha TpeTbeM MecTe — MepeKpbITUE U30JISLIUU
(bazHbBIX TPOBOIOB — 26 cllyyaeB, MO pa3HbIM MPUYMHAM: OT CUJIBHBIX I10-
PBIBOB BETpa, XKU3HEIEITEeIbHOCTU IITUIL U MIPOe3[a TEXHUKHU 10 TlepeHa-
MPSKeHU Ha U30JISILIMU.

OcHoBHbIe nociieacteug K3:

CUCTeMHasl aBapMs, BbI3BaHHasl HapyllleHMEeM YCTOWUYMBOCTU CU-
CTeMbl, MPUBOJSIIAS K 3HAUYUTEJIbHOMY TEXHUKO-2KOHOMUYECKOMY
yiepoy;

TEPMUYECKOE TTOBPEXKIEHMUE DJIEKTPOOOOPYI0BAHMSI, CBSI3AHHOE C €T0
HeIOMYCTUMbIM HarpeBoM Tokamu K3;

MeXaHMYeCKOoe MOBPEeXIAECHUE JIeKTPOOOOPYI0BaHMSI, BbI3bIBAEMOE
BO3CHCTBUEM OOJIBILIMX JIEKTPOMArHUTHBIX CUJI MEXAY TOKOBEIY-
UMY YaCTIMMU;

yXyAlleHre YCI0BUIA paboThl MOTpeOMTE e, BhI3bIBAIOIIEE HApYIlIe-
HUsI TEXHOJOIMYECKOT0 Mpoliecca, MpUBOJsIIee K yIIepoy;
HaBeJIieHUE PU HeCUMMETPpUUHbBIX K3 B cOCeTHUX TMHUSIX CBSI3U U CUT-
Hanmzauuu DI C, ormacHBIX 17151 00CTy>KMBaoIIero nepcoxHana [1].

B npakTrke mpoeKTupoBaHUS M SKCIUTyaTalluU 2JIEKTPOIHEPreTUUEeCKUX
cucTeM pacueT ToKoB K3 nmpousBoauTcs ajisl CeIyoInX Ieaei:

pacyeT LIYHTOB KOPOTKOTO 3aMbIKAHUS U151 UCTIOJIb30BAaHUS B pacye-
Tax 3JEKTPOMEXAaHUYECKUX MEPEXOAHBIX ITPOLIECCOB;
MPOEKTUPOBAHNE W HACTPOUKA YCTPOMCTB pEICHHOM 3aIIUThI U aB-
TOMAaTUKU;

BbIOOP KOMMYTAlIMOHHBIX alllapaToB ¥ MPOBOJIHUKOB U UX MPOBEP-
KM ITO YCJIOBUSIM DJIEKTPOAMHAMUYECKON U TEPMUYECKOM CTOMKOCTH,
KOMMYTAILIMOHHOM CITOCOOHOCTH Y U3HOCOCTOMKOCTH;

pa3paboTKa Mep Mo orpaHu4YeHN10 TOKOB K3;

OonpeneJeHue Yrciaa 3a3€eMJICHHbBIX HEUTpaJIEe U UX pa3MeElIeHUE
B 9HEPTrOCUCTEME;

COMOCTABJIEHUE, OLIEHKA W BBIOOP CXEMBbI JIEKTPUUECKUX COEAUHE-
HUA;

OIpeeIeHME BIUSHUS JUHUNA 3JIEKTPONEpeaady Ha TMHUM CBS3H.
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[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

1.2. UcxopHble faHHbIe W AONYLLEHUs
Nnpu pacyeTe TOKOB KOPOTKUX 3aMbIKaHUN

Hns pacuera TokoB K3 HeoOXOIMMBI IMapaMeTphbl 2JIEMEHTOB 3JIeK-
Tpuueckoii cetu: JIDII, TpaHchopMaTopoB, aBTOTpaHCHPOpPMATOPOB, TO-
KOOTIPaHMYMBAIOIINX PeaKTOPOB, a TAKXKe MapaMeTpbl UICTOYHUKOB TOKa
K3: cMHXpOHHBIX TeHEepaTOPOB, ACUHXPOHHBIX/CUHXPOHHBIX JIBUTATE/IEH.
B ta6n. 1.3 npuBeneHbl JaHHBIE, HEOOXOAUMBIE 1JIsT pacuyeTa ToKoB K3.

Tabauya 1.3
Heo0xonumble nanubie 1711 pacyera TokoB K3

DJEMEHT CXeMBbI TMapamerp
3aMeIIeHUS
/ JnvHa, KM
r VYnenbHOe aKTUBHOE cONpoTUBiIeHue, OM/KM
N YnenbHOe MHIYKTUBHOE COIPOTUBIICHUE MPSIMOiA ITOCIe-
! noBaTeabHOCTU, OM/KM
JIDII, KJIDI X, VYienbHOe MHIYKTUBHOE COIMPOTUBJICHUE HYJIEBOI ITOCIIe-
noBaTebHOCTU, OM/KM
b YnenbHast eMKOCTHasI MPOBOAUMOCTh, CM/KM
VYienbHOe MHAYKTUBHOE COIMPOTUBICHUE B3aUMOMHIYK-
X,o |LMM HYJEBOM IOCIEI0BaTEIbHOCTH OT APYIUX JTUHMUIA,
OM/KkM
S.on | HoMuHambHast MomtHOCTh, MBA
uKB—H)
T U, | Hampsokenms K3 mexxmy oomoTkamu, KB
paHchopMaTo- "o
Pbl, aBTOTPAHC- N
(bopmatoper | L epi K3, MBr
AP kC-H
K, | KoadhduimenT rpaHchopManm

'B Tex cay4asx, KOTJa OTCYTCTBYIOT JaHHBIE O (DAKTUYECKH UCTIONB3YEMBIX B YCIOBH-
SIX OKCITTyaTallny Ko duimeHTax TpancdopManmi TpaHc(hopMaTopoB 1 aBTOTpaHCHOP-
MaTOpOB, TOIYCTUMO UX IPUHUMATh PAaBHBIMU OTHOIICHUIO CPSIHNX HOMUHAIBHBIX Ha-
MIPSDKEHUI ceTelt, CBI3aHHBIX STUMU TpaHCchopMaTopaMu 1 aBToTpaHchopmaTopamu [1].
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1.2. icxoaHble JaHHbIE 11 AONYLLIEHNS NPK PacHeTe TOKOB KOPOTKMX 3aMblKaHUI

Okonuanue maba. 1.3

DJIEMEHT CXEMBI
3aMeIIeHUS Hapawerp
X, HomuHaasHOE MHIYKTUBHOE COMPOTUBIcHKE, OM
Toxoorparwrm- I, |HoMuHaJIbHBIA TOK, KA
BaloOIINE peak-
TOPEI AP |Ilotepu MomHOCTH (Ha ¢ha3y) P HOMHUHAIEHOM TOKe, KBT
K, |HomunanbHbIl KO3(DULIMEHT CBI3U
P, |HomuHambHas akTMBHAS MOIIHOCTH, M BT
COS @y, | HOMMHATBHBIN KO3()HULMEHT MOILHOCTH
U,. |HoMmuHanbHOe HampsokeHue, KB
1., |HoMuHaIbHBIN TOK cTaTOpa, KA
CHHXpOHHbIE X CBepXxIepexoaHoe MHIYKTUBHOE COITPOTUBIICHUE MTPSIMOMA
MalInHbI 4 | mocnenoBaTeIbHOCTH IO TTPOIOILHOM ocu, OM
X, CBepxmnepexoaHoe MHAYKTUBHOE COITPOTUBICHUE 00paT-
HOI TTOCJIeIOBATEILHOCTH TI0 TIPOIOILHOM ocu, OM
X, CBepxmnepexoaHoe NHAYKTUBHOE COITPOTURIICHUE HYJIEBOU
TOCIIEA0BATEIFHOCTH TT0 TIPOIOJIBHOI ocr, OM
P, |HoMuHanbHas akTUBHAs MOIIHOCTh, M BT
U,. |HoMuHanbHOe HanpstxeHue, KB
ACUHXPOHHbIE COS @y, | HOMMHATBHBI KO3()HULMEHT MOILHOCTH
37IEKTPOIBHTA- 1., |HoMMuHaIBHBIN TOK, KA
Tenm X CBepxmnepexoaHoe UHIYKTUBHOE COMPOTUBICHUE 3JIEK-
M tponBuraresnsi, Om
I KpaTHOCTB ITyCKOBOTO TOKa MO OTHOIIEHUIO K HOMUHAIb-
HOMY TOKY

HonyieHus npu pacyete TokoB K3 ckinaapiBaloTCs U3 TOMYIIEHUIN Me-
TO/AA pacyera 1 JOMYIIEHUIA, MPUHSATHIX MPU (DOPMUPOBAHUU MaTeMaTH-
YeCKOM MOJIeJIM SHEPTOCUCTEMBI.

B cootBeTcTBUM ¢ [1] o151 pacueTa HecuMMeTpUUHBbIX K3 pekomeHayer-
CsI UICTTOJIb30BaTh METOJ CUMMETPUYHBIX cocTaBstonux. Mcnonb3oBanue
JAHHOTO METOo/a MOAPA3yMEBAET CIEAYIOIIME TOMYIIECHMS:

® pacyeT BeIeTCs TOJbKO JJIsl DJIEKTPUYECKUX BEJIMYMH OCHOBHOI Tap-

MOHUKU;

e B pacueT BBoasgTcs ToJabko DJ1C npsiMoii mocyie1oBaTeIbHOCTH;

e YCTPOMCTBAa aBTOMAaTUYECKOTO PETYJIUPOBAHUST BO3OYXKIEHUS CHH-
XPOHHOI MaIllMHBI pearupyroT TOJIbKO Ha OTKJIOHEHUS HAPSDKEHUS
MPsIMOM MOCJIeN0BATEIbHOCTU U CTPEMSTCS MOAAEPXKATh €r0 paBHBIM
HOMMHAJIbHOMY HalpsSIKEHUIO.
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[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

ITpu hopMupoBaHUY CXEMbI 3aMELLIEHUSI SHEPTOCUCTEMBI JIJI51 PACUETOB
TokoB K3 B cooTBeTcTBUM C [1] momyckaeTcs:

e HE yYUThIBAaThb MEXCUCTEMHbIE CBSI3U, BHIMOJHEHHbBIE C TOMOIIbIO

aJIeKTporiepenayu (BCTaBKM) MOCTOSITHHOIO TOKA;

e HE YUYMTHIBaTh MOMEPEYHYIO €eMKOCTh BO3AYIIIHBIX JTUHUI DJIEKTPO-
nepegaun HanpsikeHreM 110—220 kB, ecim ux ajrHa He MpeBhIlIa-
et 200 kM, n HanpskeHueM 330—500 kB, eciu ux mMHaA He MPEBBI-
mraet 150 km;

e HE yYUThIBATh HACHIILIEHUE MATHUTHBIX CUCTEM 3JIEKTPUUECKUX MallIVH;

e HE yUMTbIBaTb TOK HAMAarHMYMBaHUS TpaHC(OPMATOPOB U aBTOTPAHC-
¢opmaTopos;

e He YUYMTHIBATh BJIMSHNE aKTUBHBIX TTpoBoguMocteit JIDTI, KIIDII,
TpaHc(hOPMaATOPOB (aBTOTPaHC(HOPMATOPOB);

e TIPUOJMKEHHO YUUTHIBATh JIEKTPOIIPUEMHUKHM, COCPENOTOUCHHBIE
B OT/ICJIbHBIX y3J1aX UICXOAHOM pacueTHOM CXEMBbI;

e TIPUMHMMATh YMCJIEHHO PAaBHBIMM aKTHBHOE COMTPOTUBJIEHNE U COIPO-
TUBJIEHUE TTOCTOSTHHOMY TOKY JII000T0 3JIeMEHTa MCXOIHOI pacyeT-
HOM CXEMBI.

Haunb6onee ynaneHHywo' ot pacuetHoit Touku K3 yacTb a5meKkTposHepre-
TUYECKOI CUCTEMBbI JOIyCKAeTCs MPEACTaB/SITh B BUIE OMHOIO MICTOUHMKA
SHeprum ¢ HemsMeHHoM 1o amruutyae DAC E, v pe3yJIbTUPYIOIINM 9K-
BUBAJICHTHBIM MHAYKTUBHBIM cortpoTusierneM X . DIC 5KBUBaJICHTHO-
ro MCTOYHMKA MPUHUMAETCSl paBHOM cpeTHEMY HOMUHAJIbHOMY HaMpsiKe-
HUIO TOYKM CETU, Yepe3 KOTOPYIO OCYIIECTBIISIETCS CBSI3b pacCMaTprMBaeMO
3HEProcrcTeMsl ¢ mpuieratoieit. ConpoTusieHue NpsIMO 1 0OpaTHOM Mo~
CJIeI0BATEIbHOCTY SKBUBAJICHTHOTO UCTOUHMKA X ONpeNeIsIIoTCs], NCXO-
ISl I3 M3BECTHOTO TOKa oAnuTKY /¥ 0T 5KBUBaTIEHTUPYEMOil 4YaCTH CHCTe-
MbI Ipu TpexdazHoMm K3 B y3/10B0ii TOUKE yKa3aHHOM CETH:

U
X(S) _ __ Cp.HOM ) 1 ) 1
c \/§]é3) ( )
AJITOPUTM TTOJTlydeHUsI 9KBMBAJIEGHTHOI'O COMPOTUBIIEHUSI HYJIEBOU MO-
CJIE€O0BATCIIbHOCTU XCO MOXKHO HaWTU M3 BbIpaXKCHUA OJIA OIIPCACICHUA
ToKa ogHoga3Horo K3:

! ;1 reHEepaTOpa WM CMHXPOHHOTO KoMTeHcaTtopa K3 IomycTUMOo cunTaTh yaaneH-
HBIM, €CJT1 pacueTHasI Touka K3 HaXOmUTCsI IT0 OTHOIIEHMIO K CHHXPOHHOM MaIIIHE 3a IBY-
M 1 boJiee TpaHchopMaTOpaMy MU 3a peakTopom [2].
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1.3. CocTaBneHne CXem 3aMeLLeHNs 3NIEMEHTOB 3N1EKTPUYECKON CeTH

[(1) — 3Ucp. HOM (1 2)
CBXD X+ X0 '

3 1 o o
roe XV, XV — sxBuBaneHTHOE CONPOTUBIEHME TIPSIMOIT (0GPATHOIT) 1 HyJle-

o o 1
BOii TocenoBatebHocTeit, OM, /!"— Tok monmitku onHodasHoro K3, KA.
1 o
U3 BoipaxeHus (1.2) MoxHO oLeHUTh X 10 cienyroeii popmyIie:

(1) _ 3Ucp. HOM 3) _ 3l]cp. HOM Ucp. HOM
N 7T N < STU RN £V 7E
U
Xc(l) _ __Cp.HoM 3 2 (13)

\/g [‘51) - ]c(s)

Hcnons3ys BeipaxeHus (1.1) u (1.3), MOXHO MO U3BECTHBIM ITOAMMUT-
KaMm omHoda3zHoro u TpexgasHoro toka K3 oT mpuieraroiiein aHeprocu-
CTEeMbl pacCUMTaTh SKBUBAJEHTHbIC PEAKTAHCHI.

1.3. CocTaBneHue cXem 3aMeLLeHHUs 3NIEMEHTOB 3/IEKTPUUECKOI CeTH

Jist pacyeTa TokoB K3 METOIOM CUMMETPUYHBIX COCTABJISIFOLIIUX HEO0-
XOIMMO COCTaBUTh CXeMBbI 3aMEIIEHUS OTACJIbHBIX MOCIEA0BATEIbHOCTEM
BceX 271eMeHTOB ajekTpuueckoit cetu: JIDII, KJIDII, TpanchopmaTopsl
(aBTOTpaHC(OPMATOPHI), TOKOOTPAaHUYNBAIOIIIME PEAKTOPHI, TeHEPaTOPHI,
CUHXPOHHBIE KOMIIEHCATOPbI, Harpy3ka. CTOUT OTMETUTBD, YTO TIPU pacye-
tax TokoB K3 cienyeT yauThIBaTh BIMSHUE KaxKI0M KOMITJIEKCHOI Harpys3-
KU, eclii TOK B MecTe K3 oT Toii Harpy3ku coctasisieT He MeHee 5 % Toka
B MecTe K3, onpenesieHHOro 6e3 yueta Harpy3KHu.

Bo3ayluHble, KaGenbHbie NMHUM 3NEKTponepesay

3HaYeHUs yAEJIbHOTO MHAYKTUBHOTO COMPOTUBJICHUS TIPSIMON MOCTIe-
JIOBATEJIbHOCTU U YAEIBHOIO aKTUBHOT'O COIPOTUBICHUS BO3MYIITHBIX JT1-
HUI caeayeT IpUHUMATh 10 CITPaBOYHBIM Ta0JIM1IaM, UCXO/IS U3 MaTepua-
Jla ¥ CeUYEeHMS ITPOBOJIOB U CPETHETO TEOMETPUUYECKOTO PACCTOSTHUS MEKITY
¢azamu. Ecim oTCYTCTBYIOT JaHHBIE O CEYEHUSIX TTPOBOAOB, TOITYCTUMO
yIIeJIbHOE MHAYKTUBHOE COMPOTUBJICHME MPSIMOIA ITOCJIeI0BATEIbHOCTU BO3-
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[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

JOYIIHBIX JUHUI HanpspkeHreM 10 220 kB npuHuMaTh paBHBIM 0,4 OM/KM,
JuHuii HanpsokeHueM 330 kB — paBHbIM 0,325 OM/KM, a TMHUMN Hamps-
xkeHuem 500 kB — paBubim 0,307 OM/KM.

Cxema 3amenieHusi IPSIMO¥ MOCJI€I0BATEIbHOCTH
Mg JIDIT u KJIDIT mapaMeTpbl cXeMbl 3aMelleHUs ITPSIMOil OCIea0-
BaTEJIbHOCTU MOXHO HAWTH IO CIEAYIOIIUM BbIPaXKEHUSIM:

X, =x,1, (1.4)
R =nl, (1.5)
b =bl, (1.6)

rae X,, 1, b — ynenbHble peakTUBHOE, aKTUBHOE COMPOTHBIeHUE, OM/KM

1 €MKOCTHasl ITPOBOAMMOCTS TPSIMON rocsenosarebHocT; CM/km; [ —
nyvHa JIDI, KIIDIT, kM.

Cxema 3amelnieHns1 00paTHOM MOC/Ie0BATEILHOCTH

B cBs13u ¢ Tem, uto mist JIDIT u KJIDIT B3anMonHayKiust Mexay ¢aza-
MM He 3aBUCHUT OT MOpsiaKa yepenoBaHus a3, UHIYKTUBHbIC, aKTUBHbBIC
COIIPOTHUBIICHUS U €MKOCTHasI IIPOBOJMMOCTb MIPSIMOIi M 00paTHOI mocie-
noBatesibHOCTER onrHaAKOBEL: X, = X,, R =R,, b, =b,.

Cxema 3amelnieHus HYJIEBO# MOC/I€I0BATEIbHOCTH
st onHouenHo# TpexdasHoit JIDIT conpoTuBiaeHUe HYJIEBOM Moce-
JIOBaTEJIbHOCTU MOXET ObITh OMpee/IEHO IO CJIeAYIOIIEMY BbIpaXKeHMUIO:

. D . D
7, =R +R,+j0,1451g—=R +0,15+ j0,4351g—, (1.7)

R, R,
rae R, — akTMBHOE COMPOTHBIIEHUE TIPSMOIL TTocaeaoBaTeIbHOCTH, OM;
R, — akTuBHOE conporuBieHue 3emin, OM, COOTBETCTBYIOLIEE ITOTEPE aK-

TUBHOM MOIIIHOCTU MPU MPOXOXKIECHUUN TOKA B 3eMJIE (OHO MPaKTUYCCKU
HC 3aBUCUT OT IPOBOAMMOCTHU 3EMJIU, TaAK KaK C €€ UISBMCHCHNCM MCHACTCA
IINIOTHOCTb TOKA B 36MJ’I6); l)3 — OKBHUBAJICHTHaA I‘JIY6I/IH3. BO3BpaTra ToKa

yepes semito (D, = 935 m), M; R,,— cpeHUit reOMeTPUYECKUIT pauyC CU-

CTEMbI TPEX ITPOBOAOB JIMHUH, M, KOTOprfI MO2KHO BbIYUCJIUTD IT1O CJICAY-
IOIIEMY BbIPpa’kK€HUIO:
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1.3. CocTaBneHne CXem 3aMeLLeHNs 3NIEMEHTOB 3N1EKTPUYECKON CeTH

R,=3R. D2, (1.8)

rae R, — sKBUBaJICHTHBIN paarycC MPOBO/IA, YUUTHIBAIOIINI HATUYKE B pe-
QJIBHOM TIPOBOJIe BHYTPEHHETO0 MarHUTHOTO ToJiss. OH MeHbIIIe NeiCTBU-
TeJbHOTO paanyca MpoBoaa R: 1ist CIUIONIHBIX TPOBOIOB U3 HEMAarHUTHO-
ro marepuana R, =0,779R, nna crameamioMMHUEBBIX IPOBOLOB

¢ nBymsi-Tpemsi mposonamu R, =0,82R; D, =D, Dy D, — cpenHee re-

OMETpPHUUECKOE paccTossHME MexXay NpoBogamu ¢as3 A, B, C.
ComnpoTuBiieHNE HYJIEBOM MTOCIEA0BATEILHOCTU KaOeieil 3aBUCUT OT Xa-
paKTepa UX MPOKJIaAKU, HATMYUS WJIN OTCYTCTBUS ITPOBOSIIECH 000JIOUKH,
COIPOTUBIICHUS 3a3€MJICHUI TPOBOASIIEN 000JIOUKHU (€CTU OHA UMEETCS )
u apyrux axkropos. [Ipu pacuere TOKOB HecuMMeTpUIHbIX K3, ripenHa-
3HAYEHHBIX JJI1 IPOBEPKU 000PYAOBAHUS JOMTYCTUMO IMMPUHUMATh:

X,=(3,5..45X, R =10R.
,ZlOHYCKaeTCﬂ MCITI0Jb30BaTh JaHHbBIC O CPCAHMX 3HAYCHUAX OTHOLLEHUM

COIIPOTUBJICHUM HYJIEBOI U IPSIMOM TTOCJIEI0BATEAbHOCTEN BO3MYIIIHBIX JIU -
HUI 3JIeKTpoIiepenayn, KOTopble puBeAeHbI B Ta0a. 1.4 [1].

Tabauya 1.4
Cpennue 3nauennsi orHomenus X,/ X, 1isi BO3IYIHbIX JIMHUIA JJIEKTPONepeaadn
XapakTepucTUKa JTUHUUA XX,
OpnHoleTHas IMHAS 0e3 3a3¢MJICHHBIX TPOCOB 3,5
To ke, co cTaTbHBIMU 3a3€MJIEHHBIMU TPOCAMU 3,0
To xe, ¢ 3a3eMJIEHHBIMU TPOCAMU 13 XOPOIIOMPOBOASIIINX MaTepUaAIOB 2,0
JByxuenHas JUHUS 0€3 3a3eMJIEHHBIX TPOCOB 5,5
To ke, co cTaTbHBIMM 3a3€MJIEHHBIMU TPOCAMU 4,7
To xe, ¢ 3a3eMJIEHHBIMU TPOCAMU 13 XOPOILIOMPOBOASIIINX MaTepUATOB 3,0

[TortepeyHyto €eMKOCTHYIO MTPOBOAUMOCTD B CXEMAX 3aMEIIEHUS HYJIe-
BOU MOCEA0BATEbHOCTU BO3AYIIHOW JuHUM (BJI) MoxHO mpubinxeH-

HO ONMpE€ACIUTD MO CICAYIOIIEMY BbIPAKECHUIO:

by =202 (1.9)

Ig &
R3K
rae R, — SKBUBaJIEHTHBIN paauyc ITPOBOIA, YIUTHIBAIOLINIA HAJTUYKE B pe-
aJIbHOM IIPOBOJIE BHYTPEHHETo MarHuTHoro nonust, Om; D, — cpennee reo-
METPUUYECKOEe pacCTOsIHME MexXay mpoBogamu da3 A, B, C, m.
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[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

Ipu nmpakTUYECKUX pacueTax TOKOB HeCMMMeTpUUHbIX K3 gomyctumo
MPUHUMATb:

b, =(0,55...0,6)b, — npu oTCYTCTBMM TPO30TPOCA,

b, =(0,65...0,7)b, — npu Hanuuum rpo3orpoca.

YdeT B3aUMOMHIYKIMH POBOIOB

[1pu onpeneneHnM CONMPOTUBIICHUST HYJIEBOM TTOC/IENI0BATEIbHOCTH BO3-
ayiHbIX JIDIT HeoOXx0aMMO YYUTBHIBATh BIUSIHUE B3AMMOWHIYKLIWHU OT JIPY-
TUX JTUHUM (1IeTeit), MpoJoKEeHHBIX 10 TOM Xe Tpacce. [1pu commkeHun
tpacc JIDII oHM HaYMHAIOT B3aMMOIEICTBOBATh 10 HEypaBHOBEIIIEHHOM
HyJIeBol nocaenoBaTeabHocTu. ComkeHue u yaageHue tpacc JIDII mpu-
BOJIMT K HEOOXOIMMOCTHU pa3oueHust cxeMbl 3ametieHus JIDI Ha yuactkmn
C pPa3HbIMM 3HAYEHUSIMU B3aUMOMHIYKIIVH.

MHayKTHBHOE COMPOTUBICHNE B3aMMOWHAYKILIMM HYJIEBOI ITOCIEea0Ba-
TEJTBHOCTH OMHOM LIS OT IPYTOii (T. €. MEXKIY IPOBOIOM OJHOM LIETIA U TPE-
MsI TTIPOBOJAMU IPYTO LM ) TIPU OTCYTCTBUHU Y O0OEUX LIeTIel 3a3eMJICHHBIX
TpocoB, OM/KM, CIeAyeT ONpPeaeIsiTh IO CAeAYIOIIEMY BhIPAXKEHUIO:

X, , -0,4351g-2 (1.10)

1-11
rae D, =935 M — skBuBajieHTHas [J1yOMHA BO3BpaTa TOKA Yepe3 3eMITIO, M;
D, ,, — cpenHee reomerpuueckoe paccrossHue mexay nersmu [ u 11, M, ko-
TOpOE ONpeaessieTCsl paCCTOSIHUSIMU MeXIy KaXabiM nmpoBojaoMm (A, B, C)
uenu I u kaxnawsim mposogoMm (A’, B, C') uenu II:

DI—]I = 2/DAA'DAB'DAC'DBA'DBB'DBC'DCA'DCB'DCC' . (111)
Takum o6pa3oM, HaIMuMe B3aMMHOW MHAYKIIMU C APYTUMU (hazaMu

B CHCTEeMe HYJIEBOI IMOCJeIOBaTeIbHOCTEN 3HAUMTEIILHO YMEHBIIIAET CO-
MPOTHUBJIECHUE (ha3bl.

TpanchopmaTopbl, aBTOTPaHChopmaTopbl

[TapameTpsl cxeMbI 3aMellieHUsT TpaHCc(pOpMaToOpoB U aBTOTpaHCGOP-
MaTOPOB CJIeAyeT HaXOAUTh UCXOAs M3 (paKTUIECKUX TJaHHBIX XOJI0CTO-
ro xona u K3, ecau 3Tu gaHHBIe HENOCTYMHBI, TO AJISI pacyeTa He0OX0-
JIVMO MCIOJb30BaTh MacnopTHbIE MmapaMeTpbl. B Tabi. 1.5 moka3aHo
cpaBHeHHME (PaKTMUECKMX U MACIIOPTHBHIX MapaMeTPoB TpaHcdopmaTopa
TPAH-25000/110.
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1.3. CocTaBneHne CXem 3aMeLLeHNs 3NIEMEHTOB 3N1EKTPUYECKON CeTH

Tabauya 1.5
CpaBHeHne (haKTHIYECKHX M MACTIOPTHBIX MapameTpoB Tpancdopmaropa TPIH-25000

OOBEKT X, Om R, OMm AX, % AR, %
CrnpaBoyHbIe JaHHbIE 55,9 2,54 — —
Ici 52,43 2,53 6,2% 0,4%
nc?2 56,07 2,57 —0,3% —-1,2%
Ic3 53,32 2,68 4,6 % -55%

M3 1aba. 1.5 BUgHO, 4TO pacxoxaeHue (PaKTUUeCKUX JaHHBIX U CIIpa-
BOYHBIX MOXET OBITb 3HAUMTEJIBHBIM M COCTABJISATh 10 15 %.

Cxema 3aMelnieHus PSAMOii MOCJIeI0BATETbHOCTH
[TapameTphl cXeMbI 3aMEIIEHUS TIPSIMOI TTOCIIEI0BATEIBHOCTHU IBYX00-
MOTOYHOTO TpaHC(HOpMaTopa MOXKHO HAUTH TTO CJICAYIOLINM BBIPaKCHUSIM:

U; u,

X=5"700° (1.12)
AP,.U?

R ==L, (1.13)

e S, — HOMUHaJIbHas TOJIHast MOIITHOCTh TpaHcdopmaropa, MBA; u, ., —
HanpskeHue onbita K3 B iporieHTax, kKB; Uy — Bbiciliee HOMMHATbHOE Ha-
npspkeHue, KB; AP, — morepu akTUBHOM MOIIHOCTH B onbiTe K3, MBT

7151 TpaHCchOPMATOPOB C pacuienienHot 00MOMKOU HU3Ue20 HANPANCeHUs.
MapaMeTpbl CXeMbl 3aMEILIEHUSI MOTYT ObITh HalIEHbI CJIETYIOIIMM 00pa30oM:

K
Z, :(I—T"]ZBH (1.14)
K
Zyy == Zy =5 Zy: (1.15)

rae £y, — HOMMHAJIBHOE TTOJIHOE COMPOTHBIICHUE TpaHchopMaTopa, OMm;
Zy,,Z\, —3HaueHUe COMPOTUBJIEHUS PACIIEIUIEHHON OOMOTKM HU3IIETO
HanpsbkeHus paHcopmaropa, Om; Om; K — koadduireHT paciuerie-

Hus (s Tpexda3zHoro TpaHcopMaTopa ¢ paciierjeHueEM OOMOTKYA HU3-
11IeTO HAMpPsDKEHMS Ha IBE BETBU paBeH 3,5).
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[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

Cxema 3aMelleHUs mpexoOMOmo4H020 MpanHchopmamopa i aemompanc-
gopmamopa, UMEIOIIET0 OOMOTKY HU3ILIEro HampsKeHUs, TPeacTaBIsi-
eT co0oli TpexiiyueBylo 3Be3ay. [lapaMeTpsl cxeMbl 3aMelleHUsT MPSIMON
MOCJIeIOBATEIbHOCTU TPEXOOMOTOUHBIX TPaHC(HOPMATOPOB U aBTOTPAHC-
¢opMaTOpPOB MOTYT OBITH HalICHBI 110 BBIPaXKeHUSIM aHAJTOTUUYHBIM (1.12)
u (1.13), koTopble MpeacTaBiIeHHI B [2].

Cxema 3amenieHnsi 00paTHON MOCJIEA0BATEILHOCTH

OGMOTKM TpaHCHOPMATOPOB UMEIOT DJIEKTPOMATHUTHYIO CBSI3b, HO BCE
KOHTYpBI HenoaBMKHBI. CJIen0BaTeIbHO, IS JAHHBIX DJIEMEHTOB DJIEK-
TPUYECKOM CETU COMPOTUBIIEHUS MPSIMOI 1 0OPATHOM IMOCIEI0BATETBHO-
creii paBHbl: X, = X,, R =R,

Cxema 3amelneHus HyJ1eBOii OCJIe10BATEIbHOCTH

[Tpu 3aMbIKaHMSAX HA 3€MJTIO B OTHOM TOKE LIMPKYJISILIASI TOKOB HYJIEBOM
MOCJIeI0BATEIbHOCTA B OCHOBHOM OIPENEIISIETCI CXeMaMU COCTUHEHUS
00MOTOK TpaHC(hOPMaTOPOB U 3a3eMJIeHMEeM UX HelTpaeii. B Tpexda3Hbix
TPEXCTEPKHEBBIX TpaHC(HOpMaTOpax MarHUTHBIE TOTOKW HYJIEBOM mocJe-
JIOBATEJIbHOCTHY 3aMbIKAIOTCS YEPE3 U30JUPYIOLILYIO CPENY U KOXYX, KOTO-
pbl€ XapaKTepU3YIOTCS BBICOKMM MarHUTHBIM colpoTuBaeHueM. CrienoBa-
T€JbHO, PEAKTUBHOE COIIPOTUBIIEHUE HYJEBOU MOCIENOBATEIbHOCTHU
MEHBbIIIE COMPOTUBICHUS MPSIMON U OOpPaTHOM MOCJIEA0BATEIbHOCTEH.
B npakTtuyeckux pacyerax npu OTCYTCTBUM (haKTUUECKUX JAHHBIX O CO-
MIPOTUBJIEHUU HYJIEBOI MOCIENOBATEILHOCTH TpaHcdopmaTopa Z,; OHO

MOKET ObITh BBIYUCJIEHO I10 CJICAYIOLLIEMY BbIPpaAXXKCHUIO:
Zy:=(0,85-0,9)Z,,, (1.16)

rae Z,+ — COIMPOTUBIICHUE HYJIEBOI MOC/IeI0BAaTeIbHOCTH TpaHC(HOPMAaTO-
pa, Om.

JI1s1 TpoTeKaHWs TOKOB HYJIEBOM ITOCIEA0BATEIbHOCTH B OOMOTKE TPaHC-
¢dopmaTopa npu MosiBJICHWM Ha €€ BbIBOJAX HAMPSIKEHW ST HYJIEBOI MOCe-
JOBAaTEJIbHOCTU OTHOCUTEJBHO 3€MJIM HEOOXOAMMO, YTOOBI 3Ta 0OMOTKA
rMeJia 3a3eMJIEHHYI0 HeTpasib. CONpOTUBIEHNE HYJIEBOU MOCIEN0BaTE b-
HOCTHU TpaHcopMaTopa co CTOPOHbI OOMOTKM, COETMHEHHOI B TPEYTOJIb-
HUK WIN 3B€30y C U30JIMPOBAHHOM HEUTPaIblO, 0ECKOHEYHO BeJuKO. [1pu
COCTaBJICHUH CXEMbI 3aMELLIEHUS HYJIEBOM ITOCIIeI0BATEIbHOCTU TpaHC(HOp-
MaTOphI 0€3 3a3€MJICHHOMN HEUTpaIn HEe YYUThIBAIOTCA. PaccMOTpruM HEKO-
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1.3. CocTaBneHne CXem 3aMeLLeHNs 3NIEMEHTOB 3N1EKTPUYECKON CeTH

TOPBIE CXeMbI COeAMHEHMSI 0OMOTOK TpaHC(POPMATOPOB U COOTBETCTBYIO-
LLIME UM CXEMbl 3aMelleHUsT HYJIEBOI MOCe10BaTeIbHOCTH.

Cxema coenuHeHHs 0OMOTOK TpaHc(opMaTopa «3Be3/1a — TPeyroJbHUK»

B maHHOM ci1y4ae nmepBUYHasi 0OMOTKA CHJIOBOTO TpaHchopMaTopa co-
eIMHEeHa B 3BE3/1y C 3a3eMJICHHOI HEMTpaJiblo, a BTOpUYHAs — B TPEYTOJIb-
Huk. Ha puc. 1.3 moka3zaHa cxema 3aMelleHUs HyJIEBOI TTOCIeI0BaTeIbHO-
CTU TpaHcopMaTopa ¢ JTaHHBIM TUIIOM COeTMHEHUS] OOMOTOK.

A Z:
—e da '_I:'__l_

_/ b )
B —e C

C

Puc. 1.3. Cxema 3aMelieHUsI HYJIEBOI TTOCIeIOBAaTeIbHOCTH TpaHCc(hopMaTopa
C CoeMMHEeHNEM 0OMOTOK TpaHCc(hopMaTopa «3Be3a — TPEYTOJIbHUKY

Cxema coenuHeHUst 00MOTOK TpaHC(opMaTopa «3Be31a — TPeYroJIbHUK»

C 3a3eMJIeHHEM HeliTpa/u yepe3 peakTop

MHorna HeliTpaab TpaHchOpMaTopa 3a3eMIISIIOT Yepe3 peakTop WK aK-
TUBHOE COMPOTUBJICHUE, B TAKOM CJIydyae JaHHbBIN 2JIEMEHT JOJKEH BXO-
JIUTh B COCTaB KOHTYpPA, 10 KOTOPOMY MPOTEKAIOT TOKU HYJIE€BOI MOCIeN0-
BaTeJbHOCTHU, CJIE€A0BATEIbHO, OH TOJKEH OBbITh YUTEH B CXEME 3aMEIEHUS
HyJieBol mocyienoBareabHocTU. Ha puc. 1.4 moka3zaHa cxema 3aMelleHUst
HYJIEBOI IMOCJIEI0BaTeIbHOCTU TpaHCchopMaTopa ¢ 3a3eMJIeHUEM HeUTpa-
JIK 4epe3 COMPOTUBJIEHUE.

A — 37, 7
—a —  H }—

A b =
B —e C

C
szp

Puc. 1.4. Cxema 3amMelieHUsI HYJIEBOI TTOCIeIOBAaTeIbHOCTH TpaHC(hopMaTopa
C coeIMHEHNEM 0OMOTOK TpaHc(opMaTopa «3Be31a — TPEYTOJIbHUK» 1 3a3eMJIEHUEM
HeUTpanm 4yepe3 COIPOTUBIICHNE
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[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

Cxema coenuHeHHs1 00MOTOK aBTOTpancgopMaTopa

OCHOBHBIM OTJIMYae€M aBTOTpPaHC(HOPMATOPOB OT TpaHC(opMaTopa siB-
JISIETCSI HAJTMUME DIEKTPUUYSCKOM CBA3M MEXKAY MEPBUYHOM U BTOPUYHOMN
oOMoOTKamMu. ABTOTpaHC(HOPMATOPHI BBIITYCKAIOTCS C TpeMsi 0OMOTKaMHU,
MpuYeM HelTpaab NEPBUYHON U BTOPUYHOM OOMOTKHU TJIyXO 3a3eMJICHBI,
a TpeTU4YHasi oOMOTKa coeluHsieTcsl B TpeyroabHuK. Ha puc. 1.5 mokazaHa
cXeMa 3aMelleHUS HYJIeBOM MOCaea0BaTeIbHOCTH aBTOTpaHC(hopMaTopa.

a b c
—
b — e Zs Zu
Ly T
B — ¢ i
C TCen,TCH -

Puc. 1.5. Cxema 3ameleHUsT HYJIEBOI TTOCEA0BATEIbHOCTA aBTOTpaHC(opMaTopa

Ha puc. 1.3—1.5 npuHATEI Clieayooimne 0003HaYeHUsT: Z1 — COIPOTUB-

JIEHUE HYJIEBO IMOCJIeA0BaTEIbHOCTU TpaHC(HOpMATOPa, KOTOPOE MOXKET
OBITH HalIeHO 110 BeIpaxkeHuto (1.16); £y, Z,; — CONpOTUBIEHUS HYIEBOI

MOCJIeI0BaTEIbHOCTU OOMOTOK BBICIIETO M HU3ILIETO COMPOTUBIEHU aB-
ToTpaHcdopmMaTopa.

Cxema 3aMelleHUsT HYJIE€BOI TOC/Ie10BaTeIbHOCTA TPEXOOMOTOYHOTO
TpaHcopMaTopa COCTaB/ISIETCSl aHAJIOTUYHO CXeME 3aMEIeHMST aBTOTPaHC-
¢dopmartopa.

ToKoorpaHu41BaloLLue PeakTopbl

CornacHo nojioxeHuto [TAO «PocceTu» 0 eIMHON TEXHUYECKOU MOJIU -
TUKE B 3JIEKTPOCETEBOM KOMILJIEKCE B JIEKTpUUECKU ceTsaX 35 KB u Bbille,
3anpelIeHo MCII0Jb30BaHME TOKOOrpaHMUYMBAKOLIUX peakTopoB. OgHAKO
YCTpOICTBA JAHHOIO TUIMA HAlILUIM IIUPOKOE MpUMeHeHue B PY anexkTpo-
craHuui [3].

MHayKTUBHOE COMPOTUBIIEHME JIy4a CO CTOPOHBI CpeIHEro 3axkumMma (T. €.
3aX1mMa, 00palleHHOTO B CTOPOHY MCTOYHUKA SHEPTUM) CIEAyeT Onpee-
JISITH IO CJEAYIOILIEMY BBIPAXKECHUIO:
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1.4. CocTaBneHne CXxem 3aMeLLieHNst CUHXPOHHbIX N ACUHXPOHHbIX MALLMH

X, =-K,X, (1.17)

rae K., — koahdULUeHT cBsA3M MeXIy BETBSIMU peakropa; X, — HOMMU-

HaJIbHOE MHAYKTHBHOE COMPOTUBJICHUE peakTopa (T. €. COIPOTUBIICHUE O~
HOI1 BeTBY peaKkTopa Ipu OTCYTCTBUM TOKA B Ipyroii BeTBU), OM.

MHIyKTuBHBIE COMPOTUBICHMS ABYX APYTUX Jy4Yeid CXeMbl 3aMelIeHU S
OIMHAKOBBI 1 OMPESISIOTCS I10 CAEAYIOIIEMY BbhIPaXKeHUIO:

X, =X, =(1+K,)X,. (1.18)

AKTHUBHOE COIIPOTUBJICHUEC Ka>XI0l BETBH CIBOEHHOTO pe€axkTopa CICAYy-
€T OIpPEACIATD I10 CJICAYIOIIEMY BBIPA>KEHUIO:

AP
R=—+—, 1.19
212, (1.19)
rae AP — HOMUHaJIbHBIE ITOTEPU MOLIHOCTH Ha (ha3y peakropa, KBT; /., —

HOMUHAJIbHBIN TOK peakTopa A.

ConpoTuBjaeHUs MPpSIMO, 0OpaTHOM U HYJI€BOM MOCIEA0BATEIbHOCTEN
TOKOOTPAaHWUYMBAIOILETO PEAKTOPA PAaBHBI B CBI3U C TEM, UTO IJISI TOKOO-
rpaHUYMBAIOIIMX PEAKTOPOB B3aMMOWHAYKIIMS MEX Yy (pa3aMu HEe 3aBUCUT
OT MopsiaKa yepeaoBaHus das.

1.4. CocTaBneHne CXem 3ameLyeHus
CHHXPOHHbIX U aCMHXPOHHbIX MALLMH

HMcTounuku nutaHus (CUHXPOHHBIE T€HepaTOpbl, KOMIEHCATOPhI
U 2JICKTPOABUIaTEIM) B MPaKTUUYECKUX pacueTax Inpenctapisiorcs D1C
3a HEKOTOPBIM COMPOTUBJIEHUEM, 3HAYEHUSI KOTOPBIX 3aBUCSIT OT IOMYIIIE-
HUI, IPUHSTHIX TIPU pacyeTax.

CHMHXPOHHbIE reHeparopbl

ITpu pacuete neiicTBYIOLLIETO 3HAYEHUS TIEPUOINUECKOM COCTaBIISIOIEH
toka K3 HauaabHBII MOMEHT BpeMeHH /|, Bce CUHXPOHHbBIE MAILIMHbI (Te-

HepaTopbl, IBUraTeJM, CHUHXPOHHbIE KOMIIEHCATOPHI), UMEIOIIIME AEMII-
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[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

(bepHBIE OOMOTKM, BBOISATCS B CXEMY 3aMelleHUs cBepxmepexonHoit DJ1C
E; 3a cBepxnepexoaHbIM corporuBiaeHeM X .

Cxema 3amelneHus IPSAMO¥i MOCJI€I0BATEIbHOCTH

B cxemy 3ameliieHUs IpsIMOIA TTOC/IeIOBaTeIbHOCTU CUHXPOHHBIN reHe-
paTop BBOAUTCS B BUE cBepxmnepexonHoro DJ1C 3a cBepXIepeXoaHbIM CO-
MIPOTUBJICHUEM.

3HaueHue cBepxrepexoqHoi DJ1C MOXHO OIpeneauThb o CAeAYoIIe-
MY BBIPaXKEHUIO:

2
E] = [%iloxgsm%j +(1,X]cosg,)’, (1.20)

rae U, — nuHeitHOe HampsiKeHUe Ha BbIBOAAX CMHXPOHHOIO reHeparopa
B HOPMaJIbHOM pexxume, KB; /, — TOK cratopa CHHXpOHHOTO reHeparopa
B HOpMaJIbHOM pexume, KB; X — cBepxmepexomHoe CONMpOTUBIEHUE

no ocu d, OM.

B Beipaxkenun (1.20) 3HaK «+» OTHOCUTCSI K CMUHXPOHHBIM MalllMHaM,
KoTopble K MOMeHTY K3 paboTanu B pexume nepeBo30YKIeHMS, a 3HAK
«—» — K pabOTaBIINM C HETOBO30YXICHUEM.

Cxema 3ameneHlsi 00OPaTHOI MOCIEA0BATEIbHOCTH

MarHuTHBIN MOTOK, CO3AaHHBII TOKaMU OOpaTHOM IMOCaea0BaTe/b-
HOCTM CMHXPOHHOM 4acTOThI, Bpalllasich OTHOCUTEJIbHO POTOpaA C IBOM-
HOI CUHXPOHHOI CKOPOCTbBIO, BCTpEUaeT Ha CBOEM MYTU HEIIPEPHIBHO 13-
MEHSIOIIEECS MArHUTHOE COMPOTUBIIEHUE; 3TO O0YCIOBIEHO MAarHUTHOM
HECUMMETpPHUEN poTopa M TEM, YTO HaBEJACHHBIC B MPOJOJbHBIX U MOIe-
PEUHBIX KOHTYpaX poTOpa TOKU CO3[al0T pa3IMYHbIC OTBETHBIE PEaKIIUU.
Takum obpazoM, mpu HecuMMeTpUUHBbIX K3 1ToTOK 00paTHOI1 nociienoBa-
TEeJILHOCTU TAaPMOHWYECKU U3MEHSIETCSI ¢ ABOMHON CMHXPOHHOU CKOpO-
CThIO B MpeAeax MeXIy ero HauboJIbIIMM U HAMMEHBIIMM 3HAYEHUSIMU,
pa3HuIIa MEXAY KOTOPBIMU 3aBUCUT OT CTENIEHU HECUMMETPUM pOTOpa: OHA
BeJIMKa NpU pe3KOil HECUMMETPUHU POTOpA U, HATIPOTUB, COBCEM MCUE3aeT
IPY €ro MOJHON CUMMETPUM.

BoipaxkeHue 1j1s1 BBIYMCIEHMSI CONPOTUBJICHUSI 0OpaTHOM mociienoBa-
TeJIbHOCTA CUHXPOHHOI'O reHepaTopa UMEET CAeayIoIIni BuI [2]:

X, = (XX (1.21)
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1.4. CocTaBneHne CXeM 3aMeLLEHNS CUHXPOHHBIX 1 ACUHXPOHHbIX MaLLVH

B nmpakTtnueckux pacueTax mjist TypooreHepaTopoB MPUHUMAIOT [2]:

X,=1,22X]. (1.22)

Cxema 3amelnieHus1 HyJIeBO# NMOC/IEA0BATEILHOCTH

Toku HyJ1eBOI MOC/IeI0BaTEIbHOCTU CO3AAI0T MPAKTUYECKM TOJbKO Mar-
HUTHBIE MOTOKM pacCesiHUs CTAaTOPHOI OOMOTKHU, KOTOpbIE, KaK IPaBUIo,
MEHbIIIE YeM ITPY TOKaX MPSIMOM UM 0OpaTHOM MOCIe10BaTeIbHOCTH, ITPU-
YeM 3TO YMEHbIIIEHNE CUJIbHO 3aBUCUT OT TMMa 0OMOTKHU. [ToaTomy Beu-
yrHa X, CHHXPOHHBIX MAIlIMH BApbUPYETCS B IIMPOKMUX IPEIEIax:

X, =(0,15-0,6)X7. (1.23)

JIng yyeta CMUHXPOHHBIX ABUIaTeieil HE0OOXOAMMO MPUMEHSTh aHaJIO0-
TMYHbBIE BbIpaXKEHUS.

ACHHXPOHHbIE ABUraTenu

[Ipu pacueTe HavYaJIbHOrO AEUCTBYIOLIETO 3HAYECHUS TIEPUOINUECKON
cocrasiisiioleit Toka TpexdasHoro K3 B ajieKTpoycTaHOBKaX HAMPSIKEHU -
eM cBbillie 1 KB B MCXOIHYIO pacYeTHYIO CXeMY JOJKHbI ObITh BBEICHbBI BCE
ACUHXPOHHBIE 1 CUHXPOHHBIE 3JIEKTpoaABUTraTe I MollHOCThIO 100 KBT
u 6oJiee, eCJIM MEeXIy DJIEKTPOABUTATEIIMU U TOUKO K3 OTCyTCTBYIOT TO-
KOOTIpaHUYMBAIOIIIME PEAKTOPHI WY CUJIOBbIE TPaHC(HOPMATOPHI.

Cxema 3amelneHus IPSIMO¥i MOCJIeI0BATEIbHOCTH

B cxeme 3amernieHusT mpsiMOit TTOCTIEIOBATEIbHOCTY ACMHXPOHHBIH IBU-
ratelib peacTaBisgeTcs: B Buae cBepxiepexonHoit D1 C 3a cBepxrepexo-
HBIM COMPOTUBJICHUEM T10 ITPOIOJIBHOI OCH.

CaepxnepexonHyto DJ1C aCMHXPOHHBIX 2JIEKTpOJBUTraTeieil B MOMEHT,
npeamecTByoimii K3, MOXXHO onpeaeuTh 1o ClIeayoIeMy BbIpakeHUIO:

2
E)- (%—ongﬂsin%j +(1,X ] cosq,) (1.24)

rac X /ZL[ — CBCPXIICPCXOIHOC MHAYKTUBHOC COITPOTUBJIICHUC SJICKTPOIABU -

rareist, OMm.
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[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

OTHOCHTEJIbHYIO BETMUMHY BETMUMHBI X 4 MOXKHO OIPENeIUTh Kak:

X L (1.25)

TycK

rac I myek OTHOCUTEJIbHBIN HYCKOBOﬁ TOK IBUTATECJIA.

Cxema 3amelneHus 00paTHOI MOC/IeA0BATEIbHOCTH

B npakTrueckoM pacueTe mpu OIpeaeJeHUU CONPOTUBICHUST 00paT-
HOI1 MocCJeA0BaTeIbHOCTU aCMHXPOHHOI'O TeéHepaTopa MOXKHO MCIOJIb30-
BaThb CjeAyllee COOTHOILIeHue [2]:

X, =X (1.26)

Cxema 3aMenieHun HYJIeBOﬁ NoCJae10BaATECJIbHOCTH

PeakTuBHOE COIIPOTUBJICHHUEC Hy.TICBOfI I10CJICA0BAaTCIbHOCTU ACUHXPOH-
HOTI'O ABUTAaTCJIA U CI/IHXpOHHOfI MalllMHBI OITPEACTIACTCA TOJIBKO paCCCAHN -
cM CTaTOpHOﬁ OOMOTKHU 1 CUJILHO 3aBUCUT OT TUIIA U KOHCTPYKIMH ITOCJICI -
HEM. I[OCTaTO‘{HO HaAC>KHbIC BHAYCHUA 9TOT'O pCaKTUBHOI'O COITPOTUBJIICHUA
MOTIYT OBITb ITIOJIYYCHBI IPEUMYIICCTBECHHO OIIBITHBLIM ITYTEM WJIM I10 JaH-
HbIM 3aBOJa-MU3rOTOBUTCIIA.

KomnnekcHas Harpy3ka

ITpu pacuerax TokoB K3 cienyer yduThiBaTh BAUSIHUE KAXI0M KOM-
IUIEKCHOM Harpy3ku, eciu ToK B MecTe K3 oT Toii Harpy3ku cocCTaBiIsieT
He MeHee 5 % Toka B MecTe K3, onpenesieHHOro 6e3 yuera Harpy3Ku.

B mpakTuyeckux pacyerax HOMyCcKaeTcsl 9KBMBaJeHTUPOBAHUE KOM-
IUIEKCHOI Harpy3Ku ¢ MpeacTaBieHueM ee B BUle 3KBUBajeHTHO DJ1C
1 DKBUBAJIEHTHOTO CONIPOTUBJICHMSI.

Cxema 3amMelneHus NPsAMOii MOCJIeI0BATETbHOCTH

Cornacno I'OCT P 52735—2007, KoMIUIeKCHasl Harpy3Ka y4MThIBA€TCS
IapamMeTpaMu, IpUBeACHHBIMU B Ta0II. 1.6.
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1.5. lpoBepka cunoBoro 060pya0BaHNs

Tabauya 1.6
ITapamMeTpsl y3/10B KOMILIEKCHOM HAIPY3KH

ITapameTpsl y371a Harpy3Ku
V3en DJIeMEHT KOMIUIEKCHOM HArpy3Ku HampspKkeHueMm, kB
6—10 35—-110
No Ca Al | AIH I1 T O | X (o.e.) | E"(o0.e.) | X (o.e.)
1 100 — — — — — 0,15 1,11 0,25
2 — 100 — — — — 0,17 0,936 0,27
3 25 10 40 10 11 4 0,43 0,865 0,54
4 50 10 15 — — 25 0,33 1,03 0,43
5 — — 35 — — 65 0,23 0,788 0,34

Ilpumeuanue. B Tabnuiie NpuHATHI clenyonye ooo3HaueHus : CI — CUHXPOHHBIE dJIeK-
TPOABUTATEIM HaNpsKeHreM cBbile 1 KB; ALl — acCMHXpOHHBIE JIEKTPOABUTATETN HATIPSI-
keHueM cBbliiie 1 KB; AIIH — acuHXpoHHBIE 371eKTpoABUTraTeIM HanpsoKkeHueM 1o 1 KB;
IT — npeodpazoBatenu; DT — anekTpoTepMUUecKre ycTaHOBKU; O — ocBelleHue.

Cxema 3ameneHuss 00PaTHOI MOCJIeI0BATEILHOCTH

MHIyKTUBHOE COMPOTUBJICHNE O0OPATHOM MOCIEI0BATEIbHOCTU CUH-
XPOHHBIX M ACMHXPOHHBIX 3JICKTPOABUTaTEJICH JOITyCTUMO ITPUHUMATh YKUC-
JICHHO paBHBIM MHAYKTUBHOM cocTaBisitoleit ux conporuniieHuss K3. Co-
MPOTUBJICHUE O0OpaTHOI MOCIEI0BATEIbHOCTU KOMIUIEKCHOM Harpy3Ku
KaKoro-110o y3ja B OTHOCUTEIbHBIX €IMHUIIAX, OTHECEHHOE K MOJTHOM
MOIIIHOCTH Harpy3Ku U CpeIHEeMY HOMUHAJIbHOMY HAIPSIKEHUIO TOM CTY-
TeHU HaTpsDKEHUS CETU, IIIe 3Ta HarpysKa IpUcOoeaHEeHa, CJIeayeT TPu-
HUMaTh PaBHBIM: IPK HampskeHWu cetn 35 kB u 6osee X,(0.e.)=0,45
Y TIpU HarpspkeHun cetr MeHee X,(0.e.)=0,35,

1.5. MpoBepka cunosoro 06opynoBaHus

B npakTrke mpoeKTUpoBaHUS M 3KCIyaTaluu no Toky K3 ocyiect-
BJISIETCS TIPOBEPKA CJIEYIOLIETO CUJIOBOTO OOOPYI0BAHMS:

1) cunoBbIe BBIKJIIOUYATEIN;

2) pa3beAUHUTEIIN;

3) TpaHcopMaTOpPHI TOKA;

4) BBICOKOYACTOTHBIE 3arpaauTeiu;

5) NPOBOJHUKMU.
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lpoBepka cunoBbIX BbIKNOYaTENen

ITpoBepka BhIKJIIOUATENIEH OCYIIECTBISCTCS 110 CIESAYIOIIUM KPUTEPH-
am [4]:

1) KOMMYTallMOHHOM CITIOCOOHOCTH;

2) 2JIEKTPOAMHAMUYECKOIN CTOMKOCTH;

3) TepMUUECKOM CTOMKOCTH.

IIpoBepka no KOMMYTAIIMOHHOM CIIOCOOHOCTH

JI1st nTaHHOM MPOBEPKM HEOOXOAMM pacyeT Tpexda3zHoro uiu ogHodas-
Horo K3 B 3aBUCHUMOCTH OT TOTO, TIpu KakoM Bujae K3 Tok nMeeT Hanbo1b-
1Iee 3HayeHue.

HauGonbiiee 3HaueHUE MEpUOINYECKOM cocTaBsonieii Toka K3 B me-
CT€ YCTAaHOBKM BBHIKJIIOYATE/IsI B MOMEHT BpeMEHU T pa3MbIKaHUS €T0 IyTo-
racUTEJIbHBIX KOHTAKTOB HE JOJKHO MPEBbILIaTh HOMUHAIBHBINM TOK OT-
KJTIOUEHMS BBIKITIOYATEIST

I >

OTKJI. HOM [Mr>

(1.27)

rae /..., . — HOMUHAJIbHBIA TOK OTKJIIOUEHUSI BRIKTIOUaTeNst, KA; [, —
3HaYeHME TIePUOanMYeCcKOi cocTabisolleil Toka K3 B MOMeHT BpeMeHU
T, KA.

(1.28)

C. B. OTKJI?

T=1,+!

rae tpg— BpeMs IECTBIE PeJIEAHOM 3auThl, ¢; ., .. — COOCTBEHHOE Bpe-
M3 OTKJTIOUEHUS BBIKJTIOYATENIA, C.

Anepuonuyeckas coctasisionias Toka K3 He 1oykHa rpeBbIaTh HOp-
MUPOBAHHOE JIJISI BBIKJTIOYATENIST 3HAUECHME:!

V2o
1 00 OTKJI. HOM
roe /. — HOMUHAaJIbHBIN TOK OTKJIIOUEHMS BBIKJIIOUaTessd, KA; B

OTKJI. HOM HOpM

coaepkaHue arepruoanYecKoi COCTaBISIIONIEH TOKA B TOKE OTKJIIOYeHUS, %;
[, — 3HAYEHME arnepuoanIecKoil cocrapistomieit Toka K3 B MOMeHT Bpe-

20> (1.29)

MEHHU T, KA.
IIpoBepka no TOKY 3JIEKTPOAMHAMHYECKOI CTOMKOCTH

Jns jaHHOM MPOBEPKM HEOOXOAUMO BBIMOJIHUTh pacueT Tpexda3Ho-
ro K3 [1].
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DnekTponHamMuyeckoe neictere Toka K3 3akitouaercs B AeCTBUY Me-
XaHUYECKUX CUJI, 00YCIOBJIEHHBIX TOKOM KOPOTKOTO 3aMbIKAHMSI, Ha y3JIbI
BBIKJIFOYATEJIS.

CriocoOGHOCTD BBIKJIIOUATEJISI BBIACPXKUBATD 2JIEKTPOAMHAMUYECKOE Jeii-
ctBue Toka K3 xapakrepusyercs TOKOM 3J1eKTPOAMHAMUYECKOM CTOMKO-
CTU BBIKJIIOYATEJIS.

DexkTpoarHaMUUYecKasi CTOMKOCTb BbIKJII0UaTe 1 00ecIrieunBaeTcs mpu
BBITIOJITHEHU U YCJIOBUSI:

L 2 by (1.30)

rie i, — yIapHbIi TOK KOPOTKOTO 3aMbIKaHU, KA, I
HaMUWYECKMI CTOMKOCTH BBIKJTIOUATENIsl, KA.

i, =21,K,,, (1.31)

— TOK 3JIEKTPOAUN -

JVUH

rae [, — HauajabHOE AEMCTBYIONIEE 3HAUEHUE IEPUOANIECKO COCTABIISI-
toueit Toka K3, KA; K, — ynapHblit Koo dULUEHT.
VnapHblit KoadduLeHT onpenesisieTcs 1o CJIeAyIoLeMy BhIpaxkKeHUo [S]:
3

K, =1,02+0,98¢ /% (1.32)

rae X,., R, — 9KBUBaJIeCHTHbIE peaKTUBHOE Y aKTUBHOE COMPOTUBIICHMUSI,
Owm.

3K

R,

NEeJISATh IO CAeAYIOIEMY BhIpaXKeHMIO (B IpOTUBHOM ciydae mo (1.32)) [5]:

B tex ciyuasix, korma > 5, ynapHblii KO3(OGUIIMEHT JOITYCTUMO OIIpe-

0,01

K, =l+e ™, (1.33)

rae I, — mocTosiHHAsI BpeMEeHU 3aTyXaHUs allepUOANYECKON COCTABIISIO-
et Toka K3, ¢, onpenensiemasi 1o cieayroiieMy BeIpaxkeHuIo [5]:

7’; — X3K ,
('OC&K

(0, — CUHXPOHHasl YIJIOBasi YacTOTa HaMpsKEHUsI CeTU, paji/c.

(1.34)

ITpoBepka BhIK/IIOUATEICH HA TEPMUYECKYIO CTOMKOCTh
JI1st naHHOW TMTPOBEPKU HEOOXOAUM pacyeT Tpex(azHoro niv ogHodas-
Horo K3 B 3aBUCMMOCTH OT TOTO, KAKO€ U3 HUX IIPUBOJUT K OOJIbILIEMY TEP-
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MUYECKOMY BO3JIEHCTBUIO B LIETISIX TEHEPATOPHOIO HAIIPSDKEHUSI — TPeX-

¢aznoro uau aByxdasHoro K3.
Tok TepMHUUecKOil cToiikocTH 1 rep IPY K3 — 5TO HOPMUPOBaHHBI TOK,

TEPMHUYECKOE NeMCTBUE KOTOPOTO BBIKJIIOYATEb CIOCOOEH BBIAECPXKATh

npu K3 B TeueHre HOPMUPOBAHHOTO BPEMEHU TEPMUUYECKON CTOMKOCTHU
TEPM. HOPM.*

Tepmuueckoe aeiictBrue Toka K3 BbIpaxkaeTcsl ¢ TOMOILIbIO MHTeTpalia
Jxoyns [S]:

B, =[" i, (1.35)

rae B, — rernosoit ummyinbc, JIX; i,, — Tok K3 B MOMEHT BpeMeHH 7, KA;
I, — BpeM oTKITI0YeHUs K3, c.

tOTKJ'l = tpa + tB. OTKJI ? (136)

rae f,, — BpeMsI ICUCTBUS PEJIEHUHOM 3alUTHI, C; I, ., — BPEMS, 32 KOTO-
poe€ BBIKJII0YaTE b OTKIIOUUT TOK K3, ¢.

Metonuka pacuera uHTerpana Ixoymnsg 3aBucut ot Mecta K3 B sHep-
TrOCUCTEME:

1. 1 Bcex reHepaTopoB pacueTHoe K3 gBisieTcs ynaaeHHBIM.

K3 Haxonutcs 3a iByMs TpaHC(hopMaTOpaMU WM peakTopoM. B taHHOM
cliydae uHTerpai JIXXoyss onpenesieTcs: o BbIPaXKEHUIO:

2t

—“‘orkn

B, =Iic| tyn + T, o[ 1= ], (1.37)

TKJT

rie Iy — neicTBylolIee 3HaYeHKe MepUOIMISCKOM COCTABIISTIONIE TOKa
K3 0T 5KBHBaJIEHTHOTO UCTOYHUKA SHEPTUK (CUCTEMBI), KA; T, | — 5KBH-

BaJICHTHAasI TIOCTOSIHHASI BPEMEHU 3aTyXaHUs ariepruoanyecKoi CoCTaBIsI-
foneit Toka K3, c.
TepMuyecku 3KBUBaJIEeHTHbIN TOK K3 B 3TOM cilyyae COCTaBUT:
=2t

OTKJI

P O WS Ry (1.38)

Tep.9K
OTKI

2. icxonHast pacueTHast cXeMa COIEPXKMUT OJMH WJIM HECKOJIBKO reHepa-
TOPOB, JUIs1 KOTOPBIX pacyeTHOe K3 siByisieTcst OJIM3KUM.

B maHHOM ciy4ae cxema 3aMelleHHs TaKKe IpeodpasyeTcs K MpoCcTei-
HIeMy BUY, COAEPXKAIIYIO pe3yJIbTUPYIOLee S9KBUBAJIEHTHOE COITPOTHBIIE-

30



1.5. lpoBepka cunoBoro 060pya0BaHNs

nue X u BJIC E, no sra DJ1C usMeHsieTcs BO BpeMeHH. B aTom ciryyae
uHTerpai Ixoynst onpenessieTcs 1o BhIpaXKeHUO:

-2t

OTKJI

+T | 1-e ™ ||, (1.39)

i )
Bk _[HOF B*kr OTKJI

rae /,r — HavalbHOE IEMCTBYIONIEE 3HAYEHME TIEPUOINIECKON COCTABIIS -
foieit Toka K3 or reHeparopa (CHHXpOHHOTO KomIieHcaTopa), KA; T, . —
IOCTOSTHHASI BPEMEHU 3aTyXaHMs allepruOJINUeCKO COCTaBISIIONICH ToKa
K3 or renepaTtopa (CMHXpOHHOTO KOMITeHcaTopa), ¢; B,, — oTHocuTeb-
HBbIit uHTerpan JIxoys, JIx. ’

ITo HaiimeHHOMY 3Ha4YeHUIO B, paccuMThIBAETCS TEPMUYECKH SKBUBA-
JIEHTHBIN ToK K3:

2t

—“lorkn

T
Lo = Ipor [T+ T=e T, (1.40)

Tep.9K
OTKJT

ITpu pacuere TokoB K3, nmpenHazHauyeHHBIX 11 TPOBEPKU 000pyn0Ba-
HUS, TOMYCKAETCs BIYUCISATh 3HAUEHUE TEIJIOBOTO UMITYJIbca MO CIAEAy-

IOIIEMY BbIpaXkKE€HUIO:
B =1},(x+T), (1.41)

IJIe T— MOMEHT BpeMEeHHU, COOTBETCTBYIOLIMIA HaUYaly pacXOXXIeHUS Tyro-
racUTebHbIX KOHTAKTOB KOMMYTALIMOHHOTO aInapara, ¢; 7, — MmocTosiH-
Has BpeMeHU 3aTyXaHMs anepuoandeckoit cocranisomeit K3, c.
Tepmuueckass CTOMKOCTb BBIKJIIOUATENSI 00ECeYMBAETCSl TPU BbIMOJ-
HEHUU yCJIOBUSIL:
B <I’t (1.42)

Tep Tep ?
rae /,,, — TOK TepMUYECKOli CTOMKOCTH, KA; 7,,,— BpeMsl TePMUYECKOI CTOI -

KOCTH.
B pasznene 2.2 npeacraBieH npuMep TaOaMLIbI JJIsl TTIPOBEPKU CUJIOBBIX
BBIKJTIOYATEJICH.
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MpoBepka pa3bepunuTeNEH

[IpoBepka pazbeAUHUTEIICI OCYIIECTBISIETCS MO CIEAYIOIINM KPUTE-
pusim [6]:

1) anexTpoagMHaMHUUecKasi CTOMKOCTb;

2) TepMUYECcKasi CTOMKOCTD.

IIpoBepka no TOKY 3J€eKTPOAMHAMUYIECKOM CTOMKOCTH
DaeKTpoaMHAMMNYeCcKasi CTOMKOCTh pa3beIMHUTEIISI 00eceunBaeTCs

IIPX BBIITOJIHCHUU YCIIOBUA:
P> (1.43)

IUH ya?
rae i, — yaapHbiil Tok K3, KA, xotopblii Berauciserca no gopmyse (1.31)

(cm. c.29);1,,., — TOK 3JIEKTPOAMHAMUYECKU I CTONKOCTU pa3beIMHUTENS, KA.

IIpoBepka pas3beauHUTE €l HA TEPMUIECKYI0 CTOMKOCTD
TepMuyeckasi CTOMKOCTb pa3beIMHUTEIIS 00€CIIeYMBAETCS MPU BBIMOJ -
HEHWUU YCIIOBUS:
2
B <[t (1.44)
raoe 1 ep — TOK TEPMHUYECKOI CTOMKOCTH, KA, ., — BPEMSI TEPMUYECKOMI
CTOMKOCTH; BBIpaskeHUe JUTsI BRIUKMCIeHUs B, ananornuHo ¢ 1. «[IpoBepka

CWJIOBBIX BbIKJTIOUaTesei» mo hopmynam (1.35), (1.37), (1.39), (1.41), (1.42).

lpoBepka TpaHchopmMaTopoB TOKA

B cootBeTcTtBUM C [7], TpaHChOPMATOPBI TOKA TTPOBEPSIIOTCS HA DJIEK-
TPOAMHAMMYECKYIO U TEPMUUECKYIO CTONKOCTDb K TOKY K3. ITpu aToM mipo-
BEpKa BBIMTOJHIETCS 110 BbipaxkeHusM (1.43) u (1.44).

MpoBepKka BbICOKOYACTOTHbIX 3arpaauTenei

B cootBeTcTBMM C [6], BBICOKOYACTOTHBIE 3arpaguTe/ I IPOBEPSIOTCS
Ha 2JIEKTPOAMHAMMYECKYIO 1 TEPMUYECKYIO CTOMKOCTD K TOKY K3. I1pn
5TOM IIPOBEpKa BbIMOJHAETCS MO BbIpaxkeHUsIM (1.43) u (1.44).
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lpoBepka TOKOBEAYLLMX YaCTEH

IIpoBepKa Ha AMHAMMYECKYIO CTOHKOCTD

ITpoBepka MIMHHBIX KOHCTPYKIMIA Ha 3JIEKTPOAMHAMUYECKYIO CTOM-
kocTb npu K3 3akiouaercs B pacuere MaKCMMaJIbHOIO MEXaHMYECKOI o Ha-
NpsKeHus: B Matepualie (G ,,,) 1 MaKCUMaJIbHOM Harpy3ke Ha U30JITOPbI

(F,,.,) ¥ BCpaBHEHUM TOJYYEHHBIX 3HAYEHU I YKa3aHHbBIX BEJIMUMH C JOITY-

CTUMBIMU 3HAYEeHUSIMHU [1].
[IInHHas1 KOHCTPYKLMS 001a0aeT 3JEKTPOAMHAMUNYECKON CTOMKOCTBIO,
€CJIM BBIMOJIHSIIOTCS CJIEAYIONIE YCIOBUS:

O max <o

14
Fmax S F ( 5)

Jion ?

rae Gﬂon — JOIIYCTUMOE€ MEXaHMNYCCKOEC HAIIpAXKECHHNE B MaTEpUaJIC 1LIUH,

H/ M2; F;[on — OOITYCTHUMadad MEXaHNYCCKasda HAarpy3ka Ha U30JIATOPLI, H
Bpra)KCHI/IC OJIA O . 3ABUCUT OT AJIMHBI ITPOJIETA 3JICMEHTA IIMHBI MEXK-

Ny MIPOKJIaIKaMU, PACCTOSIHMS MEXIY OCSIMU 3JIEMEHTOB COCTaBHbIX, MO-
MEHTa COMPOTUBIIEHUS ONIEPEYHOTO CEYEHUSI DJIEMEHTA IIIMHbBI, YMCJIa CO-
CTaBHBIX MPOBOJIHUKOB (ha3bl U MOXET ObITh HalineHo B [1], Kak
v BeIpaxkeHust st F .

IIpoBepKa HA TEPMUYECKYIO CTOHKOCTD

ITpoBepka MpOBOJHMKOB Ha TEPMUUECKYIO CTOMKOCTh Npu K3 3akiio-
YyaeTcs B ONpeeIeHUN UX TeMITepaTypbl HarpeBa K MOMEHTY OTKJTIOUEeHMUST
K3 u cpaBHEHUM 3TOI TeMIIepaTyphl C IPeAeAbHO JOIMYCTUMOI TeMIlepa-
Typoii HarpeBa npu K3. [1poBonHUK yIOBIETBOPSIET YCIOBUIO TEPMUYE-
CKOIi CTOMKOCTHU, €CJIY TeMIIepaTypa HarpeBa MpoBOJIHUKA K MOMEHTY OT-
kmoueHuss K3 9, He mpeBbIlIaeT MpeaeabHO JOMYCTUMYIO TEMITepaTypy

HarpeBa COOTBETCTBYIOIIETro MpoBoaHuKa mpu K3 9 T. €. €CJIU BbIMOJI-

K. IOT1 Y
HsieTcs ycjoBue [1]:

9 <9 (1.46)

K. g0 *

JlomyckaeTcsi mpoBepKa IMPOBOJHUKOB Ha TEPMUUYECKYIO CTOMKOCTD ITPU
K3 npou3BoauTh TakxKe IyTeM CpaBHEHUSI TEPMUYECKU SKBUBaJICHTHOM
totHocty Toka K3 J. C JOIyCTUMOM B T€YEHHE pacYETHOM MPOIOI-

Tep. 9K

)uteapbHoCcTH K3 MI0THOCTBIO TOKA J.

Tep. 101 *

[TpoBOOHUK yIOBIETBOPSIET
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YCJIOBUIO TEpMUYECKOI cToiikocTu npu K3, eciiu BbIMOMTHSIIOTCSI COOTHO-
HIEHUSI:

JTCp. 3K < Jrep. il (147)
ITC
_ p. 5K
Tep. 3K S ’ (148)
I 1

JTCp.,[[Ol'l = M V) (149)

S tOTKJ'[
e S — MJoiaab NornepeyHoro ce4eHus MpoBoAHNKa, M%; [ rep.zion, 1 — OJI-

HOCEKYH/IHBII TOK TEPMUYECKON CTOMKOCTU (IOMYCTUMBIIA OAHOCEKYH/I-
HbIii TOK K3), KA; MOXXHO HaiiTu B [1].

1.6. MeTopb! orpaHnyenus Tokos K3

Cpenu mpuumH pocTa ypoBHel TOKOB K3 BBIIESIOT:

e YBEJIMYEHUE MOITHOCTHU FreHepalluu, BKJIIOUEHHOM Ha Mapasule/IbHYIO

paboTy B JIEKTPOIHEPreTUUECKON CUCTEME;

e yBeJMYEHUE YKMClia MapaiesIbHbIX JMHUH 3JeKTpoIiepenay;

e 3aMeHa BO3AYIIHBIX JIMHUI KaOeJIbHBIMU.

YBenauueHue ypoBHeit TOKOB K3 TpUBOAUT K C/IEAYIOLIUM MTOCIEICTBUSIM:

e TIOBPEXIEHME KOMMYTAlIMOHHBIX allnapaToB (BbIKJIIOUaTes el U pa3b-

eIUHUTENICi);

® HEBO3MOXHOCTb OTKJIIOUEHUS TOKOB K3 CyllecTBYyIOIIMMU KOMMY-

TallMOHHBIMU anrapaTaMu;
e TIOBpEXIEeHUE FeHepaToOpoB, TpaHC(POPMATOPOB, PEAKTOPOB, CUH-
XPOHHBIX M CTATUYECKUX KOHAeHcaTopoB, JIDIT u np.

AJbTEepHATUBOI 3aMEeHOI KOMMYTaIlMOHHOTO 000PYA0BaHUsI C HE0CTa-
TOYHOI KOMMYTAlIMOHHOM CITOCOOHOCTBIO SIB/ISIETCS IPUMEHEHNE TOKOO-
IrpaHUYMBAIOIIUX YCTPOMUCTB.

s orpaHMYeHUST UCITOIb3YIOTCS CIlelMaIbHbIE METOIbI, TTO3BOJISIO-
1IKe TIPUBECTU YPOBEeHb TOKOB K3 K 1omycTMMOMY 110 OTKJII0YAOIIEH CIo-
COOHOCTM KOMMYTAIlMOHHBIX alnapaToB, TEPMUYECKON U TMHAMUYECKOM
CTOMKOCTU IPOBOJHUKOB.

Cpenu mupoKo UCIOJIb3yeMbIX METOIOB orpaHnyeHust TokoB K3 B ce-
Tsx 110 kB u BeIlIe HauboIbIIIee MPUMEHEHME TIOJIYIMIIN ciieaytoniue [8]:
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1.6. MeTtonpl orpaHuyeHns Tokos K3

1) craliMoHapHOE CEKIIMOHUPOBAHUE JIEKTPUUYECKOM CeTH;

2) aBTOMaTUYECKOE JIeJIeHNE DJIEKTPUIYECKOI CeTH;

3) onTUMM3ALMS peXUMa 3a3eMJIEHUs HeTpasieit TpaHC(OpPMaTOpOB;

4) npuMeHeHWe TOKOOTrpaHMYMBAIOIIMX PEaKTOPOB.

Take cylIecTBYIOT TOKOOTpaHMYMBAIOIIWE YCTPOMCTBA, OCHOBAHHbIE
Ha CUJIOBOM 3JIEKTPOHUKE U SIBJIEHUU CBEPXIIPOBOAMMOCTH:

1) npyMeHeHne BCTaBOK IMOCTOSIHHOTO TOKa;

2) NpuMeHeHHUe TOKOOTpaHMYMBAIOIIUX YCTPOMCTB CO CBEPXITPOBOIHM -

KaMMU.

CTauuoHapHoe fieneHue aNeKTPUYEcKoi CeTH

CraupoHapHoOe JIeJIeHUE DJIEKTPUUECKOM CETH IPUMEHSIETCS B ITpOLIecce
ee DKCITTyaTally U SBJISIeTCS BRIHYKIECHHOM Mepoii. JleJieHre CeTH Ipon3-
BOJIMTCS C IIOMOILBIO CEKLIMOHHBIX, ITMHOCOEINHUTEIbHbBIX WIN TMHENHBIX
BBIKJTIOYaTesIei. JJaHHBII METO CITOCOOCTBYET YMEHBIIICHUIO YPOBHEH TO-
koB K3 3a cueT yBeTMueHUS CONTPOTUBIIEHUS OT ICTOYHUKOB TOKA JIO TOY-
ku K3.

Ha puc. 1.6 mpeacrapiieH IpuMep peaan3aliy CTallMOHAPHOTO Jeie-
HUSI CETU C MTOMOILBIO OTKJIIOYEHUS IIIMHOCOETMHUTEIBHOTO BBIKJIIOYATE -
7. Ha mpakTuke cTalilmoHapHOE JeJIEHNE CETH MOXKET pealn30BbIBATLCS
OIHUM M3 CJIEAYIOIIMX CIIOCOOOB: OTKITIOUEHNE IITMHOCOETMHUTEITLHOTO
BBIKJTIOYATENISI, OTKIJIIOUEHUE BBIKIIOYATENS] TMHUU, OTKJIIOYEHUE BBIKIIIO-
yareJisg aBToTpaHcdopmaropa.

1 ClI

2 ClI

Puc. 1.6. ITpuMep cTallMOHAPHOTO JIEJIEHUS CETU

ﬂocmouﬁcmea: IIPpOCTOTA p€ain3alli, BbICOKAAd 3(1)(1)CKTI/IBHOCTL, HUN3-
KHMEC 3aTpaThl.

Heodocmamku: CYHICCTBCHHOC BJIMAHMUEC HA YCTOﬁQHBOCTL N HAAC2KHOCTD
pa6OTbI C—)JICKTpH‘ICCKOfI CCTHU, a TAKXKEC Ha YBEJIMYCHUC ITOTCPb MOIITHOCTH.

35



[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

ABTOMaTHYECKOE AeNIeHNe 3NEeKTPUYECKOM CeTH

ABTOMaTHYECKOE AeJIEHNE CeTU ITPeIHa3HAYEHO ISl KACKAIHOIO OTKIIIO-
yeHust Toka K3. Ha puc. 1.7 npencrapiieHa 1ociaea0BaTeIbHOCTh PaOOThI
aBTOMAaTUKM onepexkatoiiero aeaeHus cetu (AOJC).

Jlocmouncmea: HU3Kasi CTOMMOCTD peaju3allii, COXpaHeHUE 3aMKHY-
TOCTU CETH.

Hedocmamku: yBenrueHre BpeMEHU OTKJIIoUueHMsI Toka K3, 4To MoxXeT
HETaTHBHO CKa3aThCsl HA COXpaHEHUN TMHAMUWYECKO YCTOMYMBOCTU SHEP-
TOCUCTEMbI, CHIKEHME KOMMYTAlIMOHHOIO pecypca BbIKJIlouaTesiei.

a 0
1 ClI 1 ClI
2 ClI 2 ClI

6 e
1 ClI 1 ClI
2 ClI 2 ClI

Puc. 1.7. Cxema paboTbl aBTOMAaTUYECKOTO JCJICHUS CETU:

a — VCXOIHOE COCTOSTHUE cXeMbl; 6 — MoMeHT K3 Ha oTxonsiieil TMHUN;
6 — OTKJII0YEHUE CEKLIMOHHOTO BhiKItouaTess aeiictBueM AOJIC; e — oTKIIIoueHue
MOBPEKIECHHOMN TMHUU

HpI/I BO3HMKHOBeHUU K3 MEPBBIM OTKJIIOYAETCS CEKLIMOHHBIN BBIKITIO-
4aTeCJjib, BBIMMOJIHAA aBTOMAaTUYCCKOC OCIICHUEC CETU, ITOCJIC HETO OTKJII0YAa-
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1.6. MeTtonpl orpaHuyeHns Tokos K3

€TCsI BBIKJIIOUaTe b MPUCOeIUHEeHUS, TToce TukBuaauu K3 ceKlmoHHbIi
BBIKJIIOUYATEJIb BKJIIOYAETCSI. ABTOMAaTUYECKOE JIeJIeHUEe CETU MOXKET OCy-
LLIECTBJISATHCS MyTEeM OTKJIIOUEHMST CEKIIMOHHOTO, IIIMHOCOEAMHUTEIbHOTO
BBIKJIIOYATEJIEN, OTKJIIOUEHUSI CaMOI0 MOIITHOTO MPUCOEIMHEHMS, TOHU -
>Karollero aBprorpaHcgopmaropa.

OnTUMK3aUuMA pexuma 3a3eMneHus HelnTpanei TpanchopmaTopos

OnHuM U3 pakTOpPOB, CYIIECTBEHHO BIUSIONINX HA YPOBEHb TOKOB K3,
SIBJISIETCSI SKBUMBAJICHTHOE COIPOTUBJIEHME HYJIEBOM MOCAe10BaTeIbHOCTU
ceTr oTHocuTebHO Touku K3. YBennueHre naHHOTO COMPOTUBICHUS MPU-
BOJUT K YMEHbIIIEHNIO TOKOB HeCUMMeTpUuYHbIX K3 Ha 3emiio.

OnHuM 13 HauboJiee pacrpoCTpaHEHHBIX CIIOCOOOB MOBBIILIEHUST SKBU -
BaJICHTHOI'O COITPOTUBJIEHUSI HYJIEBOM MOCIeI0BAaTEIbHOCTH SIBJISIETCS OM-
TUMU3ALMS peXrMa 3a3eMJIeHUST HeiTpasieit TpaHcgopMaTopoB. Bo3aMox-
HOCTb UBMEHEHHS KOJIMYECTBA 3a36MJICHHBIX HEMTpasieit orpaHUYMBaETCS
PSIOM YCIOBUIA:

1) oTCyTCTBME Ha CTOPOHE HU3IIETO HAMPSKEHUS TpaHC(opMaTopa reHe-

PUPYIOLIMX UCTOYHUKOB U 3JIEKTPOIBUTaTe el OOJIbIIION MOIITHOCTH;

2) OTCYTCTBUE B pacIpeaeIMTeIbHOM YCTPOMCTBE aBTOTpaHC(OpMaTo-
POB CBSI3U C CETSIMU IPYTUX KJIACCOB HAMPSLKEHMSI (MPU 3TOM 10K~
HbI OBbITh IPUHSTHI MEPHI, UCKJTIOYAIOIIIME IEMCTBUS peeHOM 3alu-
ThI U CUCTEMHOI aBTOMAaTUKH1, KOTOPbIE MOT'YT MMPUBECTU K BbIIEJICHUIO
Y4acTKOB ceTu 0e3 TpaHC(HOPMATOPOB ¢ 3a3eMJIECHHBIMU HEUTpaIIMu);

3) BBIOOD pexuma 3a3eMiieHus HeliTpaau oomoTok 110—150 kB Tpanc-
(bopMaTOpOB € yueTOM KJjlacca U30JISILUM HelTpanu [9];

4) MoCcTOSIHHOE 3a3eMJIEHHE HEUTpaau y Bcex aBTOTpaHC(hOpMaTOpOB
1 oomoTkoK 220—330 kB Tpancpopmaropos [9];

5) neviTpaau ooMoTok 110 kB TpaHchopmaTopoB, KOTOpBIE B ITpoLiecce
BKCIUTyaTalliM MOTYT ObITh M30JIMPOBAHbI OT 36MJIM, JOJIKHbBI ObITh 3a-
LIUIIEHBI OTPAHUYUTEISIMU MIEPEHATIPSIKEHU I C ypDOBHEM OrpaHUue-
HUsI, CKOOPIMHUPOBAHHBIM C YPOBHEM U3O0JISILIAM 3alMIIae MO Heli-
Tpau [9].

Jlocmouncmea: 23pekTuBHOE CHUXeHUe TOKOB K3; cmocoOceTByeT 1oj-

nepKaHuo HanpspkeHus npu K3.

Hedocmamku: HeoOX0aMMO 3alUILIATh Pa33eMJIEHHYIO HEMTpaJlb OT Iepe-
HanpsKeHUI, UTO CBS3aHO C AOMOJHUTEIbHBIMU (PMHAHCOBBIMU 3aTpaTaMM.
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[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

lpMMeHeHWe TOKOOrpaHU4MBaLOLLUX PEaKTOpPOB

TokoorpaHM4YMBaIOIIMIA peaKTOp MPeACTaBIsIET COOOM TOMOJTHUTEIHLHOE
peakTUBHOE COIPOTUBJIEHUE, CITOCOOCTBYIOIIIEE YBEIUUYEHUIO CYMMAapHOTO
COIPOTUBJIEHUSI OT UCTOYHMKA ToKa 10 MecTa K3, criocoOcTByeT noajaep-
JKaHMIO HaIpsiKeHUs Ha muHax npu K3.

CornacHo nojioxeHuto [TAO «Poccetu» 0 eqrHO TEXHUYECKOM MO-
JIMTUKE B 2JIEKTPOCETEBOM KOMILJIEKCE B 3JIEKTpUYECKU ceTsaX 35 kB
1 BBIIIIE, 3alPEIIEHO MCIOJIb30BaHME TOKOOTPAHMYMBAIOIINX PEAKTO-
poB [3]. lllupokoe nmpuMeHeHUEe JaHHBIN TUIT TOKOOIPAHUYUBAIOIIUX
YCTPOMCTB Hauies B PY ajieKTpuueckux CTaHIIMIA U B paclipeaeanuTellb-
HbIX ceTax 6 (10) kB.

Ha puc. 1.8 npenocrasieH puMep MCIOJb30BaHUsI TOKOOTPpaHUYKMBaA-
fomiero peakropa Ha TOLI.

Puc. 1.8. IIpumep ncnob30BaHUS TOKOOTPAHUYMBAIOIIETO peakTopa Ha TOL]

JoctouHcTBa: 3¢ PeKkTuBHOE CHUXKeHUe ToKOB K3; criocodcTByeT noa-
JIep>XaHUIo HarpskeHus npu K3.

HenocTtaTku: mpuBOaUT K MepeHATPSIKEHUSIM B CETU, YBEJTMUYEHMIO T10-
Tepb 3JEKTPOSIHEPIMU U MOLIHOCTHU; BIMSIET HA HOPMAaJbHBIN peXuM pa-
OOTHI CETH.

BcTaBku NOCTOAHHO TOKA

OCHOBHBIM 3JIEMEHTOM BCTaBKM IocTosiHHOro toka (BIIT) aBasercs
npeo6pa3oBaTe/ib TOKA, KaXIbliA U3 KOTOPBIX MOXET pabOTaTh B PEXXUME
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1.6. MeTtonpl orpaHuyeHns Tokos K3

WHBEPTOpPA WU BhINIpSIMUTENSA. baaronapst MCnoab30BaHUIO CUJIOBOI MO-
nynpoBogHuKoBo# TexHuKu BITT obecrieunBaet moanutky Toka K3 Benn-
YUHOM, KaK MIPaBUIIO, He NpeBbliaomei 1,27, .

Ha puc. 1.9 npeacraBneHa npuHuunuaibHas cxema BITT.

1
oC 1 S'Z Z‘& 2C2

Puc. 1.9. IlprHUIMIIManbHAsT cXeMa BCTaBKU ITOCTOSTHHOTO TOKA

B nHacrosmee Bpems BIIT Hamuim mmpokoe nmpuMeHeHUE JIsI CBI3U
HeCUHXPOHHBIX 30H (eauHcTBeHHast B Poccum BIIT cBsizbiBaeT Poccuii-
ckyto Penepanyo 1 OUHISHIWIO U peIHA3HAYeHA UIST SKCIIOPTa dJIeK-
TposHepruu u3 Poccun B ®unnsauanio). Oo6nacts npumeHenus BITT mis
orpaHuyeHus1 TokoB K3 orpaHnyeHa BbICOKOI CTOMMOCTbIO CUJIOBOM MO~
JIYIPOBOAHUKOBOU TEXHUKU.

TokoorpaHuy1BaroLime ycTPOMCTBA CO CBEPXNPOBOAHUKAMM

[TpunHuMn orpannyeHusi TOokoB K3 0ocHOBaH Ha MPUHIIMIIE BBICOKOTEM-
nepaTypHOil CBEpXIPOBOAUMOCTU. B HOpManbHOM pexrme paboThl CETU
MaTepuall BHyTpY KpUOCTaTa HaXOIMUTCS B COCTOSIHUM CBEPXITPOBOAMMO-
ctu. [Tpu K3 Tok, mpoTekaroliuii yepe3 CBEpXIpOBOJIHUK YBEJIMUMBAETCS,
Kak U TeMIiepaTypa CBepXIIpOBOIHUKA, 1 €r0 COpoTuBeHue. B pe3yabraTe
JAHHOTO Tpoliecca nocturaercs ymeHbleHre Toka K3. Tokoorpanuuusa-
o11Iee YCTPOMCTBO COCTOUT U3 KpUOCTaTa, KpUOKYJiepa 1 MOJyIPOBOAHM -
KoBoro Marepuaja. Kpuocrar — ycTpoiicTBO, o0ecrneyrBaloliee Terjiom-
30JISILIMIO CBEPXIPOBOAHUKOBOIO MaTepuralia, KpMOKYJIEp — YCTPOIMCTBO,
nojaepKrBarolee HeoOXoAUMYIO TeMIIEpaTypy B KpHocCTaTe.

Ha puc. 1.10 npencraBieHa IpuHUMITHAIbLHASI CXeMa OTPaHUYUTEISI TO-
KoB K3 co cBepXIpoBOIHUKOM.

Bce coBpeMeHHbIe cpeacTBa orpaHuyeHust TokoB K3 HaxonsTes Ha cTa-
1M pa3paboTKu. CylecTBYIOT e IMHUYHbIE TECTOBbIE 00pa31ibl TOTOBBIX TO-
KOOIpaHUYUTENIEN, HO X 1IeHa Ha HECKOJIBKO MOPSIAKOB BbIIIIE 1LIEHbI TPpa-
TUIIMOHHBIX CpeaCcTB orpaHnyeHus TokoB K3. [ToBceMecTHOE TpuMeHeH1e
COBPEMEHHBIX CPEACTB orpaHn4yeHusi TOkoB K3, 0CHOBaHHbBIX Ha IPUHIIM-
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[nasa 1. TeopeTnyeckne OCHOBbI PACYETOB TOKOB KOPOTKMX 3aMblKaHWIA

ax CBepXMpPOBOAMMOCTHU, HA CETOAHSIIHUIA IeHb 3aTPYIHUTEIbHO BO MHO-
T'OM 13-3a OTCYTCTBUSI CEPUITHOTO IMTPOMBbIIILIEHHOTO IMTPOU3BOICTBA 1 00JIb-
IO CTOMMOCTU 000pYIOBaHMSI.

Kpnocrat

: I : : CBepXIpOBOJHUK : : l :

OC1 2C2

Kpuokysiep

Kpnocrat

(:)—| }—I—( T
IIpoBosHUK

oC1 2C2

Kpuoxkymep

Puc. 1.10. [IpuHUMIIMaIbHas cXeMa orpaHn4uTesss TOKoB K3 co cBepXITpoBOIHUKOM

1.7. OchopmneHnue pacueTos TOKOB K3

B pamMkax BHecTaauitHOI paboThl pacyeThl TOKOB K3 BBITTOTHSIOTCS C 1ie-
JIbIO TPOBEPKM COOTBETCTBUSI KOMMYTAlIMOHHOTO 00OpPYIOBaHUS pacyer-
HBIM YPOBHSIM TOKOB K3, a TakKe 1151 OlleHK HEOOXOIMMOCTU MPHUMEHE-
HUSI METOI0B OrpaHUYeHns TOKOB K3.

Pacuet TokoB K3 BbINOIHSIETCSI B COOTBETCTBUM C TEXHUYECKHM 3a/IaHN -
eM (T3) Ha mpoekTUpoBaHeE, B KOTOPOM YKa3bIBaeTCs: LIeJIb paOOTHI; Tpe-
0OBaHMS K BBITIOJIHEHHUIO U Pe3yJbTaTaM; UCXOIHbIE TaHHbBIE, TTPEIbsIBISI-
eMble 3aKa34MKOM; YKa3aHus K pabore.

Hns pacyeToB TokOB K3 Mcnoab3yeTcss MaKCMMalbHbIM pa30MKHYTHI
peXnM paccMaTpUBaeMOM CeTH: BKIIIOUEHBI BCE JTMHUM 2JIEKTPOIIEpe-
nay (3a UCKJII0UYEHUEM TeX, KOTOPbIE OTKIIOUEHbI B HOPMaJbHOM cxeme),
BKJIIOUEHO BCE reHepupyloliee odopyanoBanue. TakuM o6pa3zoM MOIeIn-
pyeTcsl COCTOSIHME CETU B HOpMaJIbHOI cxeme. BTopbiM pexkuMoM, HE00-
XOIMMBIM IS pacuyeToB TOKOB K3 sBisieTCsl MaKCUMaabHbINA 3aMKHY-
TBI PEXUM CETU: 3aMbIKAIOTCS BCE TOUKM JACTIEHUS CeTU. JJaHHbBIN pexxuM
MpeaHa3HauyeH JJis OIpeesieHUs] HauOOJIbIIMX MOTEHIIMAIbHO BO3MOX-
HBIX ypoBHel TokoB K3.
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KoHTpOnbHbIE BONPOCHI K NepBoii rnase

TunoBas mosicHUTEeIbHAS 3aMMcKa o pacuyeraM TokoB K3 B pamkax BHe-
CTaauitHOM pabOThl BKJIIOYAET B C€0s1 HECKOJIbKO ITyHKTOB.

1. O61mume nojioxkeHusl. XapaKTepUCTUKA PACUETHBIX YCJIOBUIA.

B nanHoM pa3zneiie He0OX0IMMO MPeaCTaBUTh IepeuyeHb BBOIMMOIO/Bbl-
BOJMMOTO T€HEPUPYIOLIETO 000PYIOBAHMS WIIU DJIEMEHTOB JIEKTPUUYECKOM
CeTHU JJIs1 KaXKJI0ro 2Tara pacuera, a TakKe yYTeHHbIe 9KBUBAJIEHTHBIE pe-
aKTaHChI CBSI3€l C COCETHMMU SHEProCUCTEMaMMU.

2. Pacuet TokoB K3 Ha Kaxabli1 3Tarl.

B kxauecTBe pe3ynbTaToOB pacueToB HEOOXOAUMO TIPEACTaBUTh TaOJUIIbI
MPOBEPKU KOMMYTAILIMOHHOTO 000pyn0oBaHusl, KapThl TOKOB K3.

Kapta TokoB K3 npeacrasisieT co00ii cxemy 3J1eKTpUIECKOM CETH ¢ Ha-
HECEHHBbIMU 3HAYEHUSIMU CYMMapHbBIX TpeX(da3HbIX U OJHOMA3HBIX TOKOB
K3 Ha mmHax nmoactaHuui ¥ TOKM HOAMUTKY IO KaX10i 13 MOAXOISIINX
munuii. Ha puc. 2.30 (cM. c. 71) mpeacraBiieH mpuMep KapThl TOKOB K3.

3. BbIBOIBI 11O KaXKA0MY pacu€THOMY MEPUOLY.

B nanHoOM paspaene HeoOXOoAMMO CiesiaTh BBIBOA O COOTBETCTBUN KOM-
MYTaIlMOHHO# CITOCOOHOCTH BBIKJIIOUaTeeit pacueTHbIM ToKaM K3. Tak-
K€ HEOOXOIMMO MPUBECTU PEKOMEHAALIMHY 10 3aMEHE CUJIOBBIX BBIKJIIOYA-
TeJIel WM TPeIOXKUTh CIocod orpaHu4yeHust TOkoB K3.

KoHTponbHble BONpockl K Nepsoi rnase

1. Ilepeuncnute nomyiieHus1, TpUHUMaeMble JIJisl pacueToB TOKOB K3.

2. Kak yuuTtbIBaloTCs pUJieraloiie dJHEProcucTeMbl IMpU pacueTax To-
koB K3?

3. Ot yero 3aBUCHUT COMPOTUBICHUE HYJIEBOM MTOCIe10BATEILHOCTU JIM -
HUU 2JIeKTponepeaayn/TpaHcgopmaropa/aBroTpaHcdopmaropa’?

4. B kakoMm ciyyae cyMMapHBbIii TOK omHO(a3Horo K3 MoxeT ObITh 00J1b-

11Ie CyMMapHBbIit ToKa TpexdasHoro K3?

[lepeurcauTe KpUTeprK MPOBEPKU CUJIOBBIX BhIKITIOUaTe el 1o Toky K3.

[NepeuncanTe cmocoObl orpaHnyeHMs Tpexda3Hbix TOKOB K3.

INepeuncante cnocoObl orpaHnYeHUsI 0OJHOG(a3HBIX TOKOB K 3.

[Tepeuncaure 1OCTOMHCTBA M HEAOCTATKM KaxKA0T0 CIocoda orpaHu-

yeHus TokoB K3.

@
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IMABA 2. Pacyet TOKOB
KOPOTKOro 3aMblKaHuA

2.1. OnucaHne UCXOOHbIX JaHHbIX
ANA pacyeTa TOKOB KOPOTKOr0 3aMbIKaHus

aHHas IJIaBa IMMO3BOJIMT NOJYYUTh HABBIKM pacuyeTa TOKOB KOPOT-

KOTO 3aMbIKaHUS B DJIEKTPOIHEPreTUYECKUX cuctemax. B kaue-

CTBE OCHOBHOTO IPOTPAMMHOTO MPOAYKTa UCIOJb3yeTCs Mpo-
rpamMmMHbIil KoMIuieke (I1K) RastrWin3, no3BoasgIOMINUIA OCYIIECTBIISITh
pacyeTbl CHMMETPUYHBIX 1 HECUMMETPpUYHBIX K3.

JIJ1st ipuMepa 2JIEKTpOHEepreTuYecKasi CucTeMa BKJIIOYaeT B Ce0sI MSATh
noacraHuuit 220 kB, onnHHaauats noactaHumii 110 kB u aBe anekTpo-
CTaHLIWU:

e 3anagnas 'POC (600 MBT): Beimaya MOIITHOCTH B ceTh 220 KB;

e Bocrounasg I'POC (252 MBT): Beimaya MoiiHocTH B ceTh 110 kB.

[TpyHUIMIIMAIBHAS cXeMa DJIEKTPUUYECKOM CeTU MpUBEAeHa Ha puc. 2.1.

Kak BuaHO 13 cXeMbl, UMEIOTCS JIBE TOYKW CTALIMOHAPHOTO JIEJEHUS
cetu Ha [1C 110 kB Kapnater u I1C 110 kB ®abpuka, a Tak:ke TOKOOIrpa-
HUYMBAIOIIWI peakTop B pacnpeaeanuTeabHoM ycTpoiictBe 110 kB mexny
1 CI u 2 CI Bocrounoii I'POC.

Ha 3anamHoii I'POC pacnonoxeHbl Tpu 3Heproodoka (TypooreHepa-
Topbl 3XTBB-200-2), Ha Boctounoit [POC — nBa sHeprobiioka (Typ-
o6oreHepatopsl 2XTB®-63-2AY3). PacronoxkeHue reHepupyloIIero
000pyI0BaHUS B CETU COOTBETCTBYET JaHHBIM Tabu. 2.1. [TapaMeTpsl re-
HEPUPYIOIIEro 000pyI0BaHMS MIPUBEAECHBI B Ta0a. 2.2 U BHIOpaHbI B CO-
OTBETCTBUM CO CIIPABOYHUKOM I10 MPOEKTUPOBAHUIO JI€KTPOIHEPTETU -
yeckux cucteM [10].
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2.1. OnncaHne NCXOAHbIX JAHHBIX 415 pacyeTa TOKOB KOPOTKOr0 3aMblKaHus

AC-400 89 0
nc 1o TIC KAPIATBI
Tononb Axajy or

$ | IIC CEJIO MC 220«B

BopoGbéo opog)
IC TOYKA

ot
nC 220«B
Kanu+a
CesepHas [P3C
[MpombiLuneHHas

AC240 120 1 2

1 2
IIC TYYA TIC HEEO IIC KPYT

i
2l ¢ 2
b ! : 2 I0>?<Lan
b4 ) IC BALIIHA g . TPC
i AC 400; 36 0 s ! 11C KPAIi
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I SAIIAJIHAS TP3C BOCTOUHAS I'PAC 2 j e M [!] [!]
1CW »
L 2 U ‘
) [ L;l
" c TIC ATIPETh A 165 50
5 y IIC PAI
< = I
2 i 2 3 = 2
< gl &
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|, - 8 TIC TAPAC
2 2 +=H
2 TIC 3ABOJ £ —T =
AC150 18,0 TIC 3APA
AC-240 10,0 b
: AC 1;35 90 1 7 §
AC-240 8 5 HC TATA =
AC 400 82 0
I.lBeTonoe HCMOJIHeHHE KJIACCOB HANPSKeHUs
Cers 220xB
Certs 110xkB
I"enepaTopHOE HanpsHKEHHE
Puc. 2.1. IIpuHIMnuanbHas cxema 3JIeKTpUIecKoi ceTn
Tabauya 2.1
PacnoioxkeHne renepaTopoB
HUCIeTYepCcKoe
CraHuus Vizen Tun a P
HauMeHOBaHUe
3 3 TBB-200-2 Tr-1
anaaHast
4 TBB-200-2 Tr-2
I'PoC
5 TBB-200-2 Tr-3
13 TB®D-63-2Y3 Tr-4
BocrouHasa 14 TB®-63-2Y3 Tr-5
T'POC 18 TB®D-63-2Y3 TT-6
19 TB®D-63-2Y3 Tr-7
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[naBa 2. Pac4eT TOKOB KOPOTKOr0 3amMblKaHNS

Tabauya 2.2
ITapameTpsl reHepUPYIOIET0 000PYIOBAHUS
UHOM7 PH0M7 Xa’v Xd: Xnda an x2s
Tun renepatopa kB MBT cos (¢) o.e. o.€e. o.e. o.e. o.e.

TBB-200-2 15,75 | 200 0,85 0,27 2,11 0,18 | 0,100 | 0,22
TB®-63-2¥3 10,50 63 0,80 | 0,30 1,91 0,20 | 0,102 | 0,25

B Tab. 2.3 npeacrasieH repeyeHb TpaHC(OPMaTOPOB B paccMaTpuUBa-
eMoi1 aieKTpruuecKoit cetu. IlapameTpbl TpaHCHOPMATOPOB U aBTOTPAHC-
(hbopMaTOpPOB 2/IEKTPOIHEPTETUYECKOIN CUCTEMBI, TPeOyeMble IIJIs1 pacueTa
TokoB K3, mpuBeneHsl B TadI1. 2.4.

Tabauya 2.3
JlanHHbIe MO CUIOBBIM TpaHchopMaTopam
Jucneryepckoe HAMMEHOBAHUE Mapka
T1 3amagnag [POC TOII-250000/220
T2 3anagnasa ['POC TOII-250000/220
T3 3anmaguas TPOC TOII-250000/220
ATI1 Lentp ATILITH-125000/220/110
AT?2 Llentp ATIILITH-125000/220/110
T1 Boctrounast TPOC TALI-80000/110
T2 Bocrounast TPOC TALI-80000/110
T3 Bocrounas 'POC TAII-80000/110
T4 Boctounas 'POC TALI-80000/110
AT1 Anpenb ATILITH-125000/220/110
Tabauya 2.4

ITapameTps! cHI0BBIX TPAHC(HOPMATOPOB M ABTOTPaHCGHOPMATOPOB

[MapameTpsl CUITOBBIX TpaHC(HOPMATOPOB

Tun TpaHnchopmaTopa R‘S/}*]EMA R:, OMm Xr, OM U,,xB |U,, kB
TALL-80000/110 80 0,70 19,20 121 10,50
TALL-250000/220 250 0,60 26,00 242 15,75
[TapameTpsl aBToTpaHcOpMaTOPOB
Tun aBroTpancdopmaropa R, Om X, Om Yo KB
BH |CH |HH | BH |CH| HH | BH | CH | HH
ATALOTH-125000/220/110 |0,55(0,483,20(59,2| 0,0 | 131,0| 230 | 121 | 11
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2.1. OnucaHue NCXoaHbIX AaHHbIX ANs pacyeTa TOKOB KOPOTKOr0 3amMblKaHNs

B Ta6n. 2.5 nmpuBenaeHsl nucnetdyepckue HaumeHoBaHus JIDII, Homu-
HaJbHOE CEeUYeHME M MapKa CTajeaTlOMUHIEBOTO IMPOBOJIa, KOTOPHIM BHITIOJ -
HeHa JIMHUS, KOTWYECTBO LIeTIei, K1acC HATIPSKeHUS BO3AYITHOM JIMHUMT
U ee mimHa. [TapaMeTpbl KaXIoro cedeHus IpoBoAa BLIOpaHbI B COOTBET-
CTBUM CO CITPABOYHMKOM IT0 IMMPOEKTUPOBAHUIO 3JICKTPOIHEPTETUUECKUX

cuctem [10].

Tabauya 2.5

ITapameTpsl JIMHUIT 31eKTPONIEpeIAYN

HazBanue JIDI1 CeueHue | JnuHa, KM | KonuuecTBo ueneii
BJI 220 xB
BJI 220 xB Anpens — Hebo AC-400 120,00 1
BJI 220 kB 3anagnas 'POC — Tyya AC-400 96,00 1
BJI 220 kB 3anmagnas 'POC — Anpenb AC-400 36,00 2
BJI 220 kB Tyya — Kpyr AC-400 89,00 1
BJI 220 kB Llentp — Kpyr AC-400 82,00 1
BJI 220 kB LenTp — 3anagnas 'POC AC-400 27,00 2
BJI 110 kB
BJI 110 kB Anpens — 3aBoxn 1 C AC-120 6,00 1
BJI 110 kB Anpens — 3aBon 2 C AC-120 6,00 1
BJI 110 xB bamnsg — Bocrounast TPOC AC-240 15,00 1
BJI 110 xB Boctrounas 'POC — Enb 1 AC-240 5,00 1
BJI 110 xB Bocrounast TPOC — Enp 2 AC-240 5,00 1
BJI 110 kB Boctounast 'POC — Kapmartsr | AC-120 12,00 1
BJI 110 kB Bocrounast TPOC — Ceno AC-150 10,00 1
BJI 110 kB Enp — Anpenb AC-150 13,00 1
BJI 110 kB Enp — ®abpuka AC-150 18,00 1
BJI 110 xB 3apss — Tapac AC-120 11,00 1
BJI 110 kB Kapnarsl — Touka AC-120 15,00 1
BJI 110 xB Pait — Kpaii AC-185 5,00 1
BJI 110 xB Pait — 3aps AC-185 6,00 1
BJI 110 kB Ceno — Tsra AC-150 20,00 1
BJI 110 xB Tapac — Kpaii AC-185 10,00 1
BJI 110 xB Touka — barrHs AC-240 12,00 1
BJI 110 xB Tara — Llentp AC-185 9,00 1
BJI 110 kB ®abpuka — Anpeib AC-150 10,00 1
BJI 110 kB LlenTp — Anpenb AC-240 10,00 1
BJI 110 kB Uentp — Enn AC-185 6,00 1
BJI 110 kB Llentp — 3apg AC-240 8,50 1
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B snekrpuyeckoii ceTu UMEIOTCS AeCSATh TOYEK 3a3eMJIEHUST HeUTpanei
TpaHchopmatopoB. Ito aBroTpaHchopmaropsl Ha [1C 220 kB LlenTp 1 aB-
totpaHcpopmarop Ha [1C 220 kB Anipennb, a Takke 0J109HBIE TpaHC(hOpMa-
topbl Ha 3anagHoii POC n Boctounoii 'POC. B tab:. 2.6 npencraBiecHO
MECTOITOJIOXKEHME BCeX TOUEK 3a3eMyIeHUs] HeliTpasieil TpaHCc(opMaTopoB
U aBTOTpaHC(HOpMATOPOB.

Tabauuya 2.6
BenomocTb 3a3emiieHnsI HeliTpasieil CHIOBBIX TPaHC(HOPMATOPOB
IMoncranuus HopwmanbHo 3a3eMiieH
T1 3anagnas 'POC
3amnagnas [POC T2 3amagnag 'POC
T3 3anagnas 'POC
ATI1 Hentp
T1C 220 kB
KB Henp AT2 lentp
T1 Bocrounas 'POC
T2 Bocrounas 'POC
Bocrounan IPHC T3 Bocrounass TPOC
T4 Bocrounas 'POC
I1C 220 kB Anpenb AT1 Anpenb

Ha Boctounoit 'POC B pacnpeaennteabHoM ycTporicte 110 kB, kak
MOXHO 3aMETUTh U3 MPUHLMITMATIBHON CXeMBbI 3JIEKTPUUYECKOM CEeTH, pac-
MOJIOXKEH TOKOOrpaHWUYMBaroIuii peakrop, coequHsommii 1 CII 110 kB
u 2 CII 110 xB. Tpebyembie a5 pacueta TokoB K3 mapameTpsbl JTaHHOTO
TOKOOTPAHUYMBAIOIIIETO PEAKTOPA CJICIYIOLINE:

e tur peaktopa — PTCTT;

U, = 110kB;

e R=020m,

e X,=5,00m.

B ciienyroniem pasnesie OonMchiBa€TCs MPOLECC COCTABICHUS CXEM 3aMe-
LIEHUS TTPSIMOi, OOpaTHOW 1 HYJIEBOI MOCJIEA0BATEIbHOCTE BCEX JIEMEH -
TOB 3Heprocuctembl 1 pacueT ToKoB K3 B I1K RastrWin3.
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2.2. Pacyet ToKOB KopoTkoro 3ambikanug B 1K RastrWin3

Cxema 3ameLieHus npsamoin/obpaTHoi nocneaoBaTenbHOCTH
3N1eKTPUYECKOH CETH

Ha nayanbHOM 3Tane padboThl HEOOXOIMMO CO31aTh HOBbIH (haii ¢ 11a-
0JI0HOM «IMHaAMMKa.rst». Jlajiee cocTaBaeHHEe CXeMbl 3aMELLIEHUS DJIEKTPU -
YEeCKOM CEeTU MPSIMOM MOCJIeN0BAaTEIbHOCTU BBIMOJHSIETCS MOCPEACTBOM
BBOJIa JaHHBIX IO y3JIaM U BETBSIM pacCcMaTpUBaeMOM 2JIEKTPUYECKON
ceTu. BBoa maHHBIX MO y3JlaM MOXKHO OCYIIECTBUTb KaK BO BKJIAAKe
«OTKpBITHY31IbI2 Y 31IbI», TaK U BO BKIagkKe «OTkpbuiTb~>Hecummerpusi—
Yansi~Hecum—~U/1» (puc. 2.2). BBogutcs ciaeayoliass Heooxoaumasl NH-
(opmarius 06 y3nax:

e HOMeED y3Ia;

e Ha3BaHUE y3J1a;

e HOMMHAaJIbHOE HampsKeHUe y3ia.

0 5 Tun Homep HazeaHwe U_HoM  PaiioH v
1 Harp 1 LeHTp 220 230 1 230,00
2 Harp |2 3anagHaa MP3Cc 230 1 230,00
3 Harp |3 -1 15 1 15,75
4 Harp |4 -2 15 1 15,75
5 Harp 5 Tr-3 15 1 15,75
5] Harp |6 Tyqa 230 1 230,00
7 Harp |7 LeHdtp AT1cp.T. 230 1 230,00
a Harp |8 UexnTp 110 115 1 115,00
g Harp |9 UenTtp 1C 10 1 10,50

Puc. 2.2. BBon mapaMeTpoB y3710B paCU€THOI MOJEIN BO BKJIAKE
«OTKPBHITH>Y 37161~ Y 371bI»

JI1 BBoJa mapamMeTpoB NpsiMoii mocyienosareibHocT JIDITT u tpaHchop-
MaTOPOB HY>KHO OTKpPBITh BKJIAIKY «OTKpbITh>BeTBU—~BeTBu» 160 «OTK
poitb~HecumMmeTtpus—BetsBu—~Hecum—HWI» (puc. 2.3). B tada. 2.9 npone-
MOHCTPMPOBAHbI pacyeTHBIE TaHHbIE ITapaMeTPOB cXeMbl 3amelneHus: BJI
220 xB u BJI 110 kB paccmatpuBaeMoii 2JIEKTPUUECKOM CETH.
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0 5 Tun = M_Ha4 M_KoH

18 nan 20 26
19 nan 23 34
20 n=n 23 35
21 nan 31 15
22 n=n 12 15
23 n=n 12 17
24 nz=n 15 28
25 n=n 15 32
28 nzn 16 23
27 nan 17 24
28 n=n 2 20
29 nan 2 &

Nom | I

HazsaHue i

Anpent -Hebo
Anpens 110 - 3asog 1C
Anpens 110 - 3asog 2C

Bawnsa 2C - BoctouHaa P...

Boctoqnana MP3C 1CW -E...
Boctoqnana MP3C 1CW -E...
Boctoqnan MP3C 2CW - K.,
BocTouHans MP3C 2CW - C...
Ene 1CLL - Anpene 110

Enk 2CLL - dhabpuka 1C
Janaaran MP3C - Anpens
Janaanan MP3C - Ty4a

R X
8,76 50,40
1,46 2,56
1,46 2,56
1,77 6,10
0,59 2,03
0,59 2,03
2,93 5,12
2,04 4,20
2,65 5,496
3,67 7,56
1,31 7,56
7,01 40,32

Puc. 2.3. Beox mapametpoB JIDII pacueTHO# MOAEIN BO BKIIaIKe
«OTKpBITh~BeTBN~BeTBU»

B
-324,1
-15,3
-15,9
42,1
-14,0
-14,0
-32,0
-27,1
-35,0
43,0
-194,5
-253,3

BBomurcs cienyromas tpedyemas nHgopmarnus o JIDII nisa pacueTos

ToKOB K3:
e TUII BETBY,

e HOMCEp y3Jia HayaJia,
® Ha3BaHUC y3Jla KOHIIA,
® Ha3BaHUEC BETBU,
® AKTHMBHO€ COIIPOTUBJIICHUE BETBU,
® HWHAYKTHUBHOC COIIPOTUBJICHNEC BETBU,
® CMKOCTHad IMpOBOAMMOCTDb HAa 3€MJIIO.
Tabauya 2.9
Pacuernbie mapametpni JIDII s BBona B ITK RastrWin3
fai;) 11;0]; Hassanue JIDI1 R,Om | X,OM | B, MkCMm
BJI 220 kB
20 26 |Anpenb — HeGo 8,76 50,40 —-324,12
2 20 |3amagHas 'POC — Anpeib 1,31 7,56 —194,47
2 6 |3anmamnas IPOC — Tyua 7,01 40,32 —259,30
6 38 | Tyua — Kpyr 6,50 37,38 | —240,39
1 2 |Uentp 220 — 3anagnas I'POC 0,99 5,67 —145,85
1 38 |Lentp 220 — Kpyr 5,99 3444 | —221,48
BJI 110 kB
23 34 | Anpenb 110 — 3aBon 1C 1,46 2,56 —15,95
23 35 |Anpens 110 — 3aBon 2C 1,46 2,56 —15,95
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Okonuarnue maba. 2.9

;{ai;) l}?;; Hazsanwue JIDI1 R,Om | X,Om | B, MkCMm
31 15 | bamnsa 2C — Bocrounasg 'POC 2CIII 1,77 6,10 —42.10
12 16 |Bocrounas 'POC 1CII — Enp 1CII 0,59 2,03 —14,00
12 17 |Bocrounas 'POC 1CIHI — Enp 2CII 0,59 2,03 —14,00
15 28 | Bocrounas I'POC 2CII — Kapmarsr 2C 2,93 5,12 —32,00
15 32 |Boctounas 'POC 2CII — Ceno 1C 2,04 4,20 =27,10
16 23 | Enp 1CII — Anpens 110 2,65 5,46 —35,00
17 24 | Enb 2 CIII — ®adpuxka 1 C 3,67 7,56 —48.,70
39 40 |3apsa — Tapac 1 C 2,70 4,70 -29,20
27 29 | Kapmatel 1 C — Touka 3,66 6,41 —39,90
44 | 42 |Paii 1 C — Kpaii 1 CII 0,80 2,10 —13,50
45 | 39 |Paii2 C — 3apsa 0,95 2,50 —17,00
33 37 |Ceno2C —Tara2C 4,10 8,40 —54,10
41 43 |Tapac 2 C — Kpaii 2 CIII 1,60 4,10 —27,50
29 30 |Touka — bamns 1 C 1,42 4,86 —33,70
36 8 |Tsaral C — Lentp 110 1,43 3,72 —24,72
25 | 23 |®ao6puka 2 C — Anpenb 110 2,04 4,20 —27,00
8 23 | Lentp 110 — Anpenb 110 1,20 4,05 —28,00
8 16 |Lentp 110 — Enn 1 CII 0,95 2,48 —16,50
8 39 |Lentp 110 — 3aps 1,00 3,44 —24,00

ITapameTpsl TpaHC(OPMATOPOB BBOASTCS B TEX K€ BKJIaakax, yto u JIDI1
(puc. 2.4). PacueTHble TapaMeTphl CXeMbI 3aMelleHUsT TpaHC(OPMaTOPOB
npuBeaeHbl B Tad. 2.10.

Tabauya 2.10

Pacuernbie mapametpsl TpancdopmaTopos i BBoaa B ITK RastrWin3

fai;) E;; HasBanue R,Om | X, Om K,
2 3 |3amagnas 'POC — TT-1 0,6 26,0 0,065
2 4 |3amagnas TPOC — TT'-2 0,6 26,0 0,065
2 5 |3amagHass TPOC — TT-3 0,6 26,0 0,065
1 7 | Uentp 220 — Llentp AT1 cp.T. 0,6 59,2 1,000
7 9 |Uentp AT1 cp.T.— Lentp 1C 3,2 131,0 0,048
7 8 |Lentp AT1 cp.1.— Lentp 110 0,5 0,0 0,526
10 8 |Lenrp. AT2 cp.1.— Lentp 110 0,5 0,0 0,526
1 10 |Lentp 220 — Lentp. AT2 cp.T. 0,6 59,2 1,000
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Oxonuarnue maba. 2.10

Ha- | Ko-
HazBanwme R,Om | X, Om K,
qaJo | HELL
10 11 Hentp. AT2 cp.T.— Hentp 2 C 3,2 131,0 0,048
12 13 Bocrounaa 'POC 1 CIII — TI-4 0,7 19,2 0,087
12 14 Bocrounag 'POC 1 CII — TT-5 0,7 19,2 0,087
15 19 Bocrounag 'PBC 2 CIII — TI'-7 0,7 19,2 0,087
20 21 Anpenb — Anpenb AT cp.T. 0,6 59,2 1,000
21 22 Anpenb AT cp.T.— Anpens 1 C 3,2 131,0 0,048
21 23 Amnpenb AT cp.T.— Anpens 110 0,5 0,0 0,526
5 Tun  +*  N_Hay N kow N.n L.. Hazsanue - R X B Krfr
1 Tpp 20 21 Anpenb - Anpene AT cp.T. 0,55 59,20 1,000
2 Tpp 21 23 Anpene AT cp.T. - Anpen... 0,48 0,526
3 Tp-p 21 22 Anpens AT cp.T. - Anpen... 3,20 131,00 0,045
4 Tpp 12 15 BocTounas MP3C 1CWL -B... 0,20 5,00 1,000
5 Tpp 12 13 BocToyHaa MP3C 1CWI -T,., 0,70 19,20 0,087
3 Tpp 12 14 Bocrounas MP3C 1CW -T... 0,70 19,20 0,087
7 Tpp 15 13 BocTounan MP3C 2CWL -T... 0,70 19,20 0,087
8 Tpp 15 19 BocToynaa MP3C 2CWL -T,., 0,70 19,20 0,087
g Tp-p 2 3 3anaaHas [P3C -Tr-1 0,60 26,00 0,065
10 Tpp 2 4 3anaaHaA MPC -Tr-2 0,60 26,00 0,065
11 Tpp 2 5 ZanaaHas MP3C -Tr-3 0,60 26,00 0,085
12 Tpp 1 7 LenTp 220 - UenTp AT1c... 0,55 59,20 1,000
13 Tpp 1 10 LenTp 220 - LenTp, AT2 ... 0,55 59,20 1,000
14 Tep 7 3 UenTp AT1cp.T. -UenTtp ... 0,48 0,526
15 Tpp 7 9 LenTp AT1cp.T. -Uentp ... 3,20 131,00 0,045
16 Tpp 10 3 LenTp, AT2 cp.T. -UenT... 0,48 0,526
1 Tep 10 11 UenTp, AT2 cp.T. -UenT... 3,20 131,00 0,048

Puc. 2.4. BBog napaMeTpoB TpaHC(HOPMATOPOB PACYETHOM MOIEIN BO BKIIAIKE
«OT1KpBITH>BeTBU—~BeTBU»

V3en nauvana BeTBu THNa «TpaHcdopMaTop» peKOMEHIyEeTCs 3a/1aBaTh
y3JI0M, PACIIOJIOKEHHBIM Ha CTOPOHE BBICIIEro HampspkeHust. CTOUT OT-
METUTh, YTO KO3 duumueHT TpaHchopmauu B [1K RastrWin3 BBonut-
cs1 MeHblle enuHuLbl. Koadduiument tpanchopmanuu 1.0 3amaercs njst
0003HaYeHMSI CTOPOHBI BBICIIIETO HAMPSIKEHWSI CUJIIOBOTO TPEXOOMOTOYHO-
ro TpaHcopMaTopa Ui aBTOTpaHCGhOpMaTopa.

ToxoorpanuuuBarouit peakrop, coenuHsrommii 1 CII 110 kB u 2 CIL
110 kB pacnpenenurenbHoro yctpoiictBa Bocrounoii 'POC, nis ynoocTBa
1 aBTOMAaTU3alliM ITpoliecca BBOIA MapaMeTPOB HYJIEBOI MOCeA0BaTEIbHO-
creit B I1K RastrWin3 pekoMeHayeTcsl 3agaBaTh ¢ KOA(MOUIIMEHTOM TpaHC-
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(dopmaun, paBHbIM 1.0. AKTUBHOE ¥ MUHAYKTUBHOE COIPOTUBJICHUE peaK-
TOpa BBOJUTCS, KaK yKa3aHo B Ta0J. 2.8.

Brixmouarenu B [1K RastrWin3 3analoTcs BEeTBbIO C HYJIEBBIMU COIIPO-
tuBJieHUsIMU (puc. 34). Ctonbdelr «S» 03HavyaeT, BKIIFOYEH JaHHbBIN JIEMEHT
WJIM OTKJTIOUEH:

¥ _ 51eMeHT OTKITIOUEH:;
— 3JIEMEHT BKJIIOUYEH.

Tn  «  MN_Ha4 M_koH N_n I.. HassaHue R X 5] KTfr

Beikn 12 15 BocTounaa MP3C 1CW -B...
Benn 16 17 Ene 1CW - Ene 2CLL
Brikn 24 25 dabpika 1C - dabpuka 2C

Kk k-

Bbikn 2B 27 Kapnatel 2C - KapnaTel 1C
Beikn 30 31 BawHa 1C - BawHa 2C
Bewn 36 37 Tara 1C - Tara 2C

Bein 40 4 Tapac 1C - Tapac 2C

Brikn 42 43 Kpai 1 CL - Kpair 2 CLU
Bin 44 45 Pait 1C - Paii 2C

Bemn 32 33 Ceno 1C -Ceno 2C

[P IR Y. T T TR

=]

Puc. 2.5. BBon BbIKJIIOUaTes el pacueTHOM MOJIEIN BO BKJIaJIKe
«OT1KpbITh~>BeTBU—~BeTBU»

[TapaMeTpbl cxeMbl 3aMelleHUsI 0OpaTHOM MOCAEI0BATEILHOCTU 3JIe-
MEHTOB ayiekTpudeckoi cetu (JIDII, TpaHchopmaTtopbl, TOKOOTpaHUYM-
BaloOIllMe PeakToOphbl) paBHbI MapaMeTpaM CXeMbl 3aMeIleHUs MPSIMOI MO-
CJIeIOBATEJIbHOCTHA B CBSI3U C TEM, UYTO B3aMMOMHIYKIIMS MEXIy dazaMu
HE 3aBHUCHUT OT IOpsAKa YyepeaoBaHus (a3, Kak ykazaHo B M. 1.3 maHHOro
y4eOHOro nocoousl.

Cxema 3ameLieH1s HyNneBow NOCNea0BaTeIbHOCTH INEKTPUYECKOI CETH

JIJ1s1 mpakTUYeCKUX pacyeToB TOKOB HecUMMeTpU4HbIX K3 nomyckaer-
CS1 UICIOJIb30BATh IAHHBIE O CPETHUX 3HAYCHUSIX OTHOLIICHUI COIPOTUBIIE -
HUI HYJIEBO U NIPSIMOM MOCIE€A0BATEAbHOCTEM BO3AYIIIHBIX JIUHUN 3J1€K-
Tponepeaadyu, KOTopble MpuUBeaeHbI B Ta0I. 1.4.

Jl1s1 cocTaBlIEeHUsI CXEMBbI 3aMELLEHUsI HYJIEBOU ITOCJIEA0BATEIbHOCTU
B TabJ1. 2.11 mpuBeaeHbl 3HAYEHUSI, paBHbIE OTHOILLIEHUIO COPOTUBICHUS
HYJIEBOW 1 TTPSIMOM TTOCJIenoBaTeIbHOCTEN. 11 ympoleHust BBoJa UCXO/I-
HbIX gJaHHBIX 1151 JIDIT Obin BEIOpaHbI 3HAUEHUS OTAEIbHO AJIs1 KaXKI0Iro
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Kjacca HanpsokeHusi. CHavala BBOISITCSI TTapaMeTPphl CXeMbl 3aMelleHU s
HyJeBoi nocaenoBarebHoCcTH JIDII, TpaHchopMaTOpPOB 1 TOKOOTPAHUYM -
Balolero peakropa (puc. 2.6—2.7). C nenblo ynpoIlieH!s Impoliecca BBoIa
rapaMeTpoB UCIIOJIb3yeTcs rpynmoBast Koppekuus. [Ipumep BBoga aKTUB-
HOT'O U MHIYKTUBHOI'O COMPOTUBIIEHUI HYJIEBOI ITOCeA0BaTeIbHOCTH JJ151
KO3((pULIMEHTOB HYJIEBOM MOCJIeI0BATeIbHOCTH U3 Ta0JI. 2.11:

o if(ktr)r: (if (ip.uhom~220&iq.uhom~220)r*2.5: r*2);
o if (ktr)x*0.9: (if (ip.uhom~220&iq.uhom~220)x*3: x*3.5).

Tabauya 2.11
Koad dummenTnl HyeBoii nocaenosareasHocTu Ausd JIDII u tpanchopmatopon
DIIeMEeHT ceTh Ry/R, XX B,/B,
JISII 220 kB 2,50 3,00 0,70
JISIT 110 kB 2,00 3,50 0,70
Tpancdopmatopsl 1,00 0,90 0,70
o s Tun s0 | tpl | N_Ha4 | N_koH N_n HassaHue R i B KTfr 0 0 bo
1 nan nen o1 2 LleHTp 220 - 3anagHan IP... 5,67 -145,8 2,475 17,010 -102,095
2 Tpp Tpp 2 3 3anagHan MP3C -Tr-1 26,00 0,065 0,600 23,400
5) Tpp Tpp 2 4 3anagHaa MP3C -Tr-2 26,00 0,085 0,600 23,400
4 Tpp Tpp 2 5 3anaaHas [P3C - Tr-3 26,00 0,085 0,600 23,400
5 nan nan 2 [ 3anagHas [P3C - Tyua 40,32 -259,3 17,525 120,960 -181,510
6 Tpp Tpp 1 7 LlenTp 220 - UeHTp AT1C... 1,000 0,550 53,280
7 Tpp Tpp 1 10 LlenTp 220 - LleHTp, AT2... 0,55 59,20 1,000 0,550 53,280
8 Tpp Tpp 7 8 LenTp AT1cp.T. -UexTp ... 0,48 0,526 0,480
9 Tpp Tpp 10 8 LenTp. AT2 cp.7. -Uent... 0,48 0,526 0,430
10 Trp Tpp 7 9 Lientp AT1cp.T. -Lentp ... 3,20 131,00 0,048 3,200 117,500
11 Tpp Tpp 10 1 LieHTp. AT2 cp.T. -LenT... 3,20 131,00 0,048 3,200 117,900
12 Tpp Tpp 12 13 BocTouHaa MP3C 1CW -T... 0,70 19,20 0,087 0,700 17,280
13 Tpp Tpp 12 14 BocTouHaa MP3C 1CW -T... 0,70 19,20 0,087 0,700 17,280
14 Tpp Tpp 12 15 BocTounaa MP3C 1CW -B... 0,20 5,00 1,000 0,200 4,500
15 # Boxn # oo 12 15 Boctouraa MP3C 1CW -B...
16 nan nsn 12 16 BocTouraa [PIC 1CW -E... 0,59 2,03 -14,0 1,180 7,105 -9,800
17 nan nan 1z 17 BocTouHaa IP3C 1CW -E... 0,59 2,03 -14,0 1,180 7,105 9,800
18 nan nan 8 16 LeHTp 110 - Enp 1CLWI 0,95 248 -16,5 1,900 8,680 -11,550

Puc. 2.6. BBox napaMeTpoB HyJIeBOIi TTOCAeI0BATEIBHOCTH TpaHchopmaTopos 1 JIDIT
pacueTHol Mozaenu Bo Bkiaake «OTkpeiTb~Hecummerpus—~Bersu—~Hecum—M1/1»

3a3eMJieHMe HelTpaseil TpaHC(OpMaTOPOB MOIEIUPYETCS BO BKJIA -

ke «OtkpbiTb~Hecummerpusi—~¥Yansi~Hecum—~U/l» (puc. 2.8). Ctonbdenn
«Tun0» mo3BoJisIeT MOAEIMPOBAaTh 3a3eMJICHUE y3J1a B CXeMe 3aMelleHUs
HYJIEBOI MOCJIe10BaTeIbHOCTH.
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[o - Tun s0  tipd  M_Hay MN_koH N_n HazeaHue R X B KT/ o *0 b
37 Beicn Bewn | 30 31 BawHa 1C - BawHa 2C
38 nzn nzn 27 29 KapnaThi 1C - Touka 3,66 6,41 -39,9 7,320 22,435 -27,930
k] nn nn 29 30 Toura - balwHA 1C 1,42 4,86 -33,7 2,340 17,010 -23,590
40 nsn nsn 15 32 BocTouHan MP3C 2CLW -C... 2,04 4,20 -27,1 4,080 14,700 -18,970
41 nsn nsn 23 34 Anpens 110 - 3asog 1C 1,46 2,56 -15,9 2,920 8,960 -11,165
42 nzn nzn 23 35 Anpens 110 - 3ason 2C 1,46 2,56 -15,9 2,920 8,960 -11,130
43 Beikn Beikn | 36 37 Tara 1C -Tara 2C
4 nsn nsn 33 37 Ceno 2C - Tara 2C 410 8,40 -54,1 8,200 29,400 -37,870
45 nsn nsn 36 8 Tara 1C - UenTp 110 1,43 3,72 -24,7 2,360 13,020 -17,304
46 nzn nn 1 38 UerTp 220 - Kpyr 599 34,44 -221,5 14,875 103,320  -155,036
47 nsn nsn s 39 UerTp 110 - 3apa 1,00 344 -24,0 2,000 12,040 -16,800
£ Beikn Beikn 40 41 Tapac 1C - Tapac 2C
43 Beikn Beikn 42 43 Kpait 1 CLU - Kpai 2 CLU
50 Boikn Beikn | 44 45 Pait 1C - Paid 2C
51 nsn nsn 44 42 Paii 1C - Kpait 1CLL 0,80 2,10 -13,5 1,600 7,350 -9,450
52 nsn nsn 45 39 Paii 2C - 3apa 0,95 2,50 -17,0 1,900 8,750 -11,900
53 nsn nn 6 38 Tyuqa - Kpyr 5,50 37,38 -240,4 15,250 112,140 -158,273
54 Beikn Beikn | 32 33 Ceno 1C - Ceno 2C

Puc. 2.7. BBon mapaMeTpoB HYJIEBOI1 TTOCIea0BaTeIbHOCTU TpaHchopmaTopoB 1 JIDII
pacueTHoOI Moaenu Bo Bkiaaake «OTkpbeITb—Hecummetpusi—Bersu—~Hecum—W11»

0 5 s0 .= 2 | " Homep HazsaHwe U_Hom
1 [ sk 3 -1 16
2 a4 -2 16
3 a5 -3 16
4 sak 9 LlenTp 1C 10
5 zak 11 Lientp 2C 10
[ sak 13 -4 10
7 ak 14 Tr-5 10
3 zak 18 -6 10
9 zaxk 19 -7 10
10 zaK 22 Anpene 1C 10

Puc. 2.8. 3azemieHue y3/10B pacueTHOM MOJIE]IN BO BKJIaIKe
«Ot1kpoITh~HecumMmetpus—Yanei~Hecum— M1 /1»

3aK — y3eJI 3a3¢MJICH B CXeME 3aMEILeHHUsT HYJIEBOI TOC/IE0BATEIbHOCTH; Y — y3€JI HE 3a3eMJIEH
B CXeMe 3aMelleHHUsT HYJIEBOI TIOC/IeI0BATEIbHOCTU

MecTa 3a3emyieHMsT HeliTpalieil TpaHc(hOopMaTOPOB YKa3aHbl Ha TIPUH-
LIMNKUAJIbHOM cXeme 3JieKTpruueckoi cetu (puc. 2.1, c. 43) u B tadu. 2.7.

Yyert conpoTuBneHus B3aMMOMHAYKLUW NPOBOAOB B pacyeTax TOKOB
KOPOTKOro 3amMmblKaHus

BoinosiHeHre yyeTa B3aMMOMHIYKIIMY TPOBOAOB MOXKHO BBIITOJIHSTh
JIBYMsI criocodbamMu. s UCIIOJIb30BaHUSI TIEPBOIO CII0CO0a HY>KHO BbIOpaTh
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[naBa 2. Pac4eT TOKOB KOPOTKOr0 3amMblKaHNS

UKOHKY «PenakTupoBaHe MarHUTOCBSI3aHHBIX TpyIi» (puc. 2.9) nis BbI-
30Ba COOTBETCTBYIOIIETO JMAJIOTOBOTO OKHA, @ BTOPOI BHITIOJIHSIETCSI C UC-
noab3oBaHueM BkIIanok «BerBu—~Hecum— W /» u «MarnutocBs3pb—Hecum».

- @ [Bea. Cew] [Beig. BMP] [Beig. Ae] [Copoc. Beig] MAM10 [NANHY] [4] [ V] -
- ERTE - BALESESFD M-

PeqakTHpoBaHWe MarHHTOCBASAHHBIX MPYNNm F

Puc. 2.9. Pacnonoxenune nkoHku «PegakTupoBaHue MarHUTOCBSI3aHHBIX TPYIIIT»

ITpu HaXXaTMM HA UKOHKY MOSIBUTCS OKHO, TJI€ HEOOXOAMMO HaxXaTh «+
Mr. I'p.». Jlanee mporpamMma IOIpOCUT 3a4aTh HOMEP MAarHUTOCBSI3aHHOM
IPYIIbI; B JaHHOM pacyeTHOM npumepe 3agaem Ne 1. Jlagee nporu3BoauUT-
cs1 Be10Op JIDII, nj1st KOTOphIX HEOOXOAUMO 3aJaTh COMMPOTUBIIEHUE B3au-
MOMHIYKIIMU. B riepBoii MAarHMTOCBSI3aHHOM IpyIINe B JaHHOM Pacy€THOM
npumepe HaxonsTcs ase JIDIT 110 kB Boctounasi TPOC — Enb. Takum 00-
pa3oM, Beioupaem JIDIT 12—16 1 12—17.

Crenyrommm 3TarioM He00XOAMMO 3a1aTh aKTUBHOE M MHIYKTUBHOE CO-
MPOTUBJIEHNS B3aMMOUHIYKIIMU B MAaTPULIE COMTPOTUBICHUIA BIOPAHHBIX
JIDII, xoTopast umeeT pa3Mmep 2X2, eclii y4ecTh, YTO OJHA siueiika — 3TO
3HAYEHUS AKTUBHOI'O M MHAYKTUBHOI'O COMPOTUBIIEHUI OAHOTO JIEMEHTA.
Ha rnaBHo#1 nuaroHaim 3Toil MaTpuiibl pacloJIOKEHbI COOCTBEHHBIE COITPO-
tuBsieHus JIDI1, a Ha TOOOYHOI — 3HAYEHMSI COMTPOTUBJIEHU B3aUMOUH-
OyKiyu. B sueiikax, BblIEJEHHBIX KPACHBIX 1IBETOM, 33[1al0TCS aKTUBHOE
1 MHIYKTUBHOE 3HAYEHMSI COITPOTUBJIEHUS B3aMMOMHIYKIIMU. M300paxe-
Hue pabouero OKHa IocJje BBeAeHUsI 3HaUeHU TpuBeaeHo Ha puc. 2.10.

gl Pegaxtuposanwe marHuTocsAsaHHoili rpynne [ 1]

PazpylwumTe NoBaEnTE MAHIMK * | | YoanuTe AMHAK
M2 | yH. v | HA. g0  bD r0 %0 0 [2] %0 [2]
1 12 18 o] 0 9,8 1,18 7,105 0,73 4,78

b2 12 17 0 0 48 0,75 4,78 1,18 7,105

Puc. 2.10. BBox conpoTuBIIeHUs B3aMMOWHIYKIIAY JUISI MATHUTOCBSA3aHHOM Tpyribl No |

PacueTHOe 3HaueHUE MHAYKTUBHOTO COMPOTUBIICHUS B3aMMOUHAYK-
uvu JIDIT 110 kB onpenenero o popmyie (1.8), ono paBHo 0,955 Om/KMm.
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2.2. PacyeT TOKOB KOPOTKOro 3ambikaHus B 1K RastrWin3

VYnenbHOE aKTUBHOE CONPOTUBJIEHUE B3aUMOMHAYKIIMU B TAHHOM MpUMeE-
pe 3anaHo paBHbIM 0,150 OM/KM.

Takum xe 006pa3oM BBOASTCS JaHHbIE O B3AMMOMHIYKIIAY 11 IBYX Ma-
pamutenbHbIX JIDIT 110 kB Anipens — 3aBoa. Bee rpymimnbl MarHuTocBsi3aH-
HBIX BeTBeH MpeacTaBieHbl Ha puc. 2.11.

.
ol pynnbl MErHUTOCEAIEHHEIX BETEEH = | E] -

OBHOBMTE +Mr. p.

¥uH. Y, H.L kom, gl bl  r1  x1 g0 b0 o %0 [  x0[2 m[3 x0[3]
3 ~ Nerp=-1

12 16 0 0 0 0 0 0 9,8 |'1,18 7105 0,75 4,78

12 17 0 0 0 0 ] ] 93 0,75 478 1,18 7,105
+ N2rp.:2

23 34 0 0 0 0 0 0 -11,165 2,92 ' 8,96 0,9 5,73

23 35 0 0 0 0 0 0 -11,13 | 0,9 573 292 8,96

Puc. 2.11. Mudopmalimsg 0 MarHUTOCBS3aHHBIX TpyIIIIax

Bropoii crioco6 BBoAa nH(poOpMalLny O B3aMMOMHAYKIIMU peainu3yeTcs
¢ noMmo1ubto BK1anok «BerBu—~Hecum—~W» n «Marnutocsa3pb—Hecum».
Homep MarHuUTOCBSI3aHHOM TpyMIibl, K KOTOPOW NMPUHAIIECKUT JIU-
HUSI, 1 HOMEpP JIMHUM B MaTHUTOCBSI3aHHON TpyMIle 3aJal0TCs B TabJIM1Ie
«BetBu~Hecum—H I» ¢ moMoIbio cToa0110B « N2 Mc Ip» 1 «Ne Mc» (puc. 2.12),
a COIPOTUBIIEHUS B3aMMOMHIYKIINY B « MarHutocBsa3b~Hecum» — ¢ mmo-
MOIIbIO CTOJOLIOB «10» 1 «x0» (puc. 2.13).

O MN_Hau M_koH MN_nm HazsaHue R X B o x0 b0 Nemcrp = N2 mMC
23 35 Anpene 110 - 3asoa 2C 1,496 2,56 -15,9 2,320 8,960 -11,130 2
23 34 Anpens 110 - 3ason 1C 1,46 2,56 -15,9 2,820 8,960 -11,165 2
1
1

BocTounaa P3C 1AW -E... 0,59 2,03 -14,0 1,180 7,105 -8,800
12 15 Boctounans MP3C 1CIU-E... 0,59 2,03 -14,0 1,180 7,105 -9,800

alwna
a
~
T N

Puc. 2.12. Undopmannsi 0 MAaTHUTOCBSI3aHHBIX TPYIINax BO BKJIAIKE

«BetBu—~Hecum—~U/1»

NE mc 1 N2 mc 2 ril x0
1 i1 2 0,750 4,780
Z 1 2 0,900 3,730

Puc. 2.13. Mudopmanus o cConpoTUBICHUU B3aMMOUHIYKIIMY BO BKJIaIKe
«MarnutocBsa3b~Hecum»
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[naBa 2. Pac4eT TOKOB KOPOTKOr0 3amMblKaHNS

Beoa napameTpoB cXem 3ameLleHusl reHepaTopos

B paccmarpuBaeMoit aHeprocucTeMe MMEITCs IBE 3JEKTPOCTAHLIMM:
3anagHas [[POC u Boctounasi TPOC. ['eHepaTopbl JaHHBIX 3JIEKTPOCTaH-
LI TIpeacTaBlieHbl B Ta0I. 2.1.

B Tab1. 2.2 npuBeneHbl OCHOBHBIE HEOOXOAUMBbIE TTapaMeTPhI IJIsI TaH-
HBIX TUIIOB FT€HEPATOPOB [IJIsI COCTABACHHUS CXeM 3aMelleHUs TIPSIMOid, 00-
paTHOM W HYJIEBOM MOCIEI0BATEIbHOCTEIA.

PacueTHble mapamMeTpbl CXeMbl 3aMelleHUSI TeHepaTOPOB MpPHBEIESHbI
B Ta0J1. 2.12. PacueT jaHHBIX MapaMeTpoOB IpUBENEH B pasm. 1.4.

Tabauya 2.12
ITapameTpsl reHepupyoLIEro 000PyA0BAHUS

Cranmmsa | ¥Y3en | Jucreryepckoe HAMMEHOBaHUE f]rs’ g"’M’ é)(i:[ é/i;[
3 TI-1 16,673| 0,190 | 0,232 | 0,105
3?;3}(‘:3" Tr-2 16,673] 0,190 | 0,232 | 0,105
5 TI-3 16,673| 0,190 | 0,232 | 0,105
13 TI-4 11,2811 0,284 | 0,347 | 0,143
Bocrounas | 14 TI-5 11,2811 0,284 | 0,347 | 0,143
I'eaC 18 TT-6 11,2811 0,284 | 0,347 | 0,143
19 TI-7 11,2811 0,284 | 0,347 | 0,143

YyeT BHelUHe# 3HeprocucTemsl

Jlanee HEOOXOAMMO MTPOU3BECTU YUYET JUHUM BJIeKTpoIiepenayr, KOTo-
phle SIBJISIIOTCS CBSI3SIMU C COCEHUMM 3HepropaiioHamMu, chopMUpOBaTh
BHEIIIHME KBUBAJIEHTHI. B KauecTBe MCXOMHBIX JaHHBIX U3BECTHA ITOAIIUT-
Ka Tpexda3Horo u ogHoga3zHoro TokoB K3 1mo paccMaTprBaeMbIM IPUCOE-
auHeHusiM. B tabu. 2.13 nipuBeaeHbl 3HaYEHUsT MOYJIE TOKOB ITOANMUTKY
onHoda3Horo u TpexdaszHoro K3 njis Bcex 3KBUBAJIEHTUPYEMbIX ITPHCOE-
nuHeHui. TuroBoe 0003HaYeHNE BHEIITHUX 9KBUBAJEHTOB Ha KapTax TO-
koB K3 noka3aHo Ha puc. 2.14.

Takum obpazoM, Kaxka0e 3KBUBAJCHTUPYEMOE TIPUCOEIUHEHNE MPe -
CTaBJISIETCS B BUIE UICTOUYHMKA SHEPTUM ¢ HeM3MeHHoI o amruutyae D/1C
U pe3yJbTUPYIOIIMM 3KBUBAJEHTHBIM MHAYKTUBHBIM COIMPOTUBICHUEM,
KakK 3TO OMKCAHO B I1. 1.2 jTaHHOTO yueObHOTro 1ocoousi. BHenHue sKBrBa-
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2.2. PacyeT TOKOB KOPOTKOro 3ambikaHus B 1K RastrWin3

JICHTBI BKJTFOUEHBI KaK B CXeMY 3aMEILIEHUSI TIPSIMOI TTOCJIEI0BATEIbHOCTH,
TaK 1 B CXeMY 3aMelleHUsI OOpaTHOM 1 HYJIEBOI MOCJIEA0BATEIbHOCTEN.

Tabauya 2.13
Cymmaphbie noanuTKu ToKoB K3 Ha rpaHNYHBIX MOACTAHIUSX
[MonnuTtka
Haszsanue I1C T <A T KA
Tyua 19,9 14,8
Kpaii 1C 2,0 1,4
Kpaii 2C 2,3 1,5
He6o0 4,2 2,5
Kpyr 9,3 6,4
Touka 6,9 5,1
oT oT oT oT
IIC220kB TIC 220 kB TIIC 220 kB TIIC 220 kB
Kopsoxma VYpan I'opka Ozepo
35 3.0 2.0 23 12,8/13,0
3,0 2,7 2,1 2,2
1.0 1.0
1,5 1,5

Puc. 2.14. ITpumep 0003HaUEHUST BHEIITHUX SKBMBAJIEHTOB Ha KapTe TOKoB K3

ITapaMeTpbl cXeMBbl 3aMellleHIUS BHEITHUX SKBUBAJECHTOB IIPUBEICHBI
B Ta01. 2.14.

Tabauya 2.14
ITapameTpsbl cxeMbl 3aMelIeHUs] BHEITHUX SKBHBAJIEHTOB

Hazsanwue I1C X, Om X, Om Xy, OM E, xB
Tyua 7,00 7,00 14,00 242,00
Kpaii 1C 35,00 35,00 80,00 121,00
Kpaii 2C 30,00 30,00 75,00 121,00
He6o 33,00 33,00 100,00 242,00
Kpyr 15,00 15,00 35,00 242,00
Touka 10,00 10,00 20,00 121,00




[naBa 2. Pac4eT TOKOB KOPOTKOr0 3amMblKaHNS

3HauyeHMe MHAYKTUBHOIO COMTPOTUBIIEHUS BHEIIIHETO SKBUBaJIEHTa pac-
CYMTAHO TaKUM 00Opa3oM, 4ToObI MpU pacyeTe Toka K3 Ha moacraHumy,
KyJa MPUXOIUT JaHHAasl JIMHUS U3 COCEHEero paiioHa, 3Ha4yeHue MOAIUT-
KU ToKa onHo@dazHoro K3 coBnajno co 3HaueHUEM MOANUTKU TOKA OJHO-
¢aznoro K3, ykazaHHOTO B MUICXOAHBIX TaHHBIX.

Bsoa mapametpoB cxemnbl 3amerneHus B [1K RastrWin3 npogemoHCcTpr-
poBaH Ha puc. 2.15. CUHXpOHHbIE TeHepaTOPhl OTKJIIOYAIOTCS B CXeMe 3a-
MelleHUs HYJIEBOI MOCIe10BaTEIbHOCTHU C TOMOILIbIO KOJJOHKU «$0» B CBSI-
31 C TEM, UYTO T€HEePaTOPbl CO3[AI0T TOJILKO CUMMETPUUYHYIO TpeX(a3HYIO

cuctemy DJIC. Kak ObLJ10 CKa3aHO paHee, KpaCHBIM KpecT ¥ o3nauvaer,
YTO 2JIEMEHT OTKJIIOUEH.

M Hassanue N ysna r x r2 X2 ] X0 E
-1 3 0,150 0,232 0,105 16,673
Tr-2 4 0,190 0,232 0,105 16,673
Tr-3 5 0,190 0,232 0,105 16,673
-4 13 0,284 0,347 0,100 11,281
Tr-5 14 0,284 0,347 0,100 11,281
5 13 0,234 0,347 0,150 11,281
-7 19 0,284 0,347 0,150 11,281
BH. 3kBMBaneHT Tyya 220 & 7,000 7,000 14,000 242,000
BH. skBMBaNeHT Kpail 1... 42 35,000 35,000 80,000 121,000
BH. 3kBMBaNEHT Kpail ... 43 30,000 30,000 75,000 121,000
11 11 BH. skBuBaneHT Kpyr 220 33 15,000 15,000 35,000 242,000
12 12 BH. skBMBaNEHT Hefio 220 26 33,000 33,000 100,000 242,000
13 13 BH. skBvBaneHT Touka 110 29 10,000 10,000 20,000 121,000

KKK -

5
5

Puc. 2.15. MHdopmalus o reHepaTopax U BHEITHUX SKBUBaJIEHTaX

I'pacpnueckun nuteppenc MK Rastring
[ANA pacyeTa TOKOB KOPOTKOro 3amMblKaHUs

st co3maHust rpauyeckKoro n3oopaxeHust pacyeTHoit Mmoaenu B I1K
RastrWin3 Heobxonumo OTKpbITh BKIaAKy «OTKpbIThb~I pacdukar. [TaHeab
17151 pabOThI ¢ TpaUIECKUM U300paxkeHeM pacuyeTHO MOIe/IU Y HACTPOIi-
K1 0TOOpakaeMbIX ITapaMeTpPOB M300pakeHa Ha puc. 2.16.

Madwka
Al e *1_' %1 Bk (e alb i JononHutensHo = | Cnoii 2 -

Puc. 2.16. ITanens 1ist paboThl ¢ TpadUIeCKUM U300pakeHUEeM
pacueTHoii Moaenn
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2.2. PacyeT TOKOB KOPOTKOro 3ambikaHus B 1K RastrWin3

Kaxk mipaBuio, pacuetsl, mpoBoguMsbie B [1K RastrWin3, npoucxonat
C UCITOJIb30BaHMEeM I'pauueCcKOoro oToopakeHusi pacy4eTHOM MOEIU SHEP-
TOCUCTEMBI. YTIpaBJISITh TapaMeTpaMy pacyeTHO MOJIE/IN, KOHTPOJUPOBATh
BEJIMYMHBI 3JIEKTPUYECKOT0 pexkriMa MOXKHO HEMOCPEICTBEHHO ¢ rpaduKu.

Jl1st oTtoOpakeHUsT Ha rpadrike HEOOXOIMMBIX Y3JIOB M BETBEI pacueT-
HO¥ MOJIeJIM HEOOXOIMMO BOCITIOJIb30BaThCsI OKHOM BBOJA y3710B (puc. 2.17),
HO B HayaJjie paboThl HEOOXOAMMbIE HOMEPA y3JI0B PACYETHON MOJIEIN MO-
TyT OBITb HEU3BECTHHI. JIJ1s1 0TOOpaXeHUsI BCeX BETBEM, CBSI3aHHBIX C y3-
JIOM, HEOOXOIMMO, yIePXKKBasi HEOOXOAMMBbIN Y3€J1, JIEBO KHOMKOM MBILLI
HaxaTb KJIaBuIlly «mpoden». Ha rpaduke oToGpaxaroTcsl CBSI3HbIE BETBU
U TIPUMBIKAIOLIME K HUM Y3JIbl B BUJIE MHOTOJTy4eBO 3Be3/bl. Jlajee HeoO-
XOJMMO YIIOPSIIOYUTh IOSIBUBIIMECS] BETBU U Y3J1bl JIEBOM KHOMKOM MBI
WJIW CKPBITh HEHYXKHbBIE Y3J1bl IPAaBO KHONKOM MbIu [11].

Oaiine Pacuersi Omepoms  Oxkwa  Momows | Crans
BOE SEXRE A BPrEROO0OLA- FEHTR-
Yane: | | Mumeieie peaxtopel | | LLiyHTs!
2 2 x| #vam x| fsesn x| padna x | MpHanpmrerss X

Of>]4 4 TER D db & Aonomumenswor Croi1 -
3 [}

TouHocTe P (Pmax) s 100212 114749.4%
re— > || ®1002z O 1008c O 10312 O 1001 O 1001 ;m&,ZJ

TourocTs yrna (Dmax) 2|} O1001€ O 1001 O 1002 O 10021 O 10024

TouHocT P paitona (Amax) 10

Maxc wicno vrepaLyit (max) 100 _Soen Bereeums o020 |

Tun yrsoxenesua (Tun) Crannapt N3

opMHpoBaTL OnMcaHMs KoHTP. | la

Z:Jaas

205501

Aobaensb sHauerms KoHTp. se. la
TIOUEK SKCTPEHYMa N0 KOHTDONM] HeT
eTpeny Pon |
Texywsi war (War) 1,000 —
Cymaprsii war (War_C: Byrynonas00 I 500.54
yMaproi war (War_Cym) . rynons:
mcn =

Zenenve wara (Qenllar)

Texywan urepauns (Urep) +228 4
CocTosHue yTsxenerus (CTaTyc Hopma H
KOPPEKLYIA MO TEMNEPATYPe: Ter 25,00 100233

KOpPEKLY1R M0 TeMnepaType: ney BEKETOBO
'KODDEKLY1A M0 TeHnepaType: Bel 100288

B0 KOHTPOMS BCEX 0rpar il a2i22, 135 2138
OTKAIOWTS KoHTPOMS BCEX OrpE

1001
cHE

ENATOBAP © 227.85

100227,

OTKMO4MTD KOHTPONb BCEX ONPe
OTKAOITH KOHTPOM BCEX ONPE
Kax pacuTsisaTs YP npu yTsoke Mnocus crapt

Y AdEDNEE DM

Puc. 2.17. OTtobGpaxkeHue y3/10B U BeTBEl pacueTHOI MOJen Ha rpaduke

CylecTByeT HeCKOJIbKO CIIOCOOO0B MPUHYAUTEIbHOTO U3MEHEHMST OpH-
€HTaLMU LIMH y3J1a pacyeTHOM MOoIeun Ha rpaduke:

e ynepxXuBasi HEOOXOAMMBIN y3€eJ1 JIeBOM KHOTIKOM MBILLIN, HAXATh KJ1a-
BUILLY «Alt»;
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205501

| ozt

Byrynemas00 200,94

yaepKuBast HEOOXOAMMBII Y3€eJ1 JIEBO KHOIKOM MBIIIIU, HAaXaTh KJ1a-
Buy «Shift»;

[(irACI—
205501

Byrynbmas00 _j_
500.54
422394 = 2
L

yaEepKUBasi HEOOXOAUMBIN y3€J1 JIeBOM KHOMKOM MBILIY, HAaXaTh CO-
yetaHue KiaaBu «Alt + Shift».

205501

Burynpmasi0o

4,225‘191»184.‘5 1071 %
< o03.9+1845 ) 500,54

st paboThl ¢ rpacdukoii B [1K RastrWin3 ipenycMOTpeHbI ClIeIyIolIue

PECKUMBI:

60

° «HpI/ICOGI[I/IHeHI/Ie» — PCXKUM UCITOJb3YCTCA IJIA pEAAKTUPOBAHUA MC-

cTa MPUCOEAVNHEHUS BETBU WIM M300paxeHus: GUrypsl K y3muy. s
MPUMEHEHHUS 3aXBATUTh MBIIIBIO HYXKHBI OOBEKT U ITEPEMECTUTD
B TpeOyeMoe MeCTO;

'@' ={>-‘ “-I ER o alb 1 [ononHutencHo v+  Cnoi 1 v
NpucoenuHerne I

«zmom» — PEXKUM HUCIIOJIB3YCTCA OJIA pCAAKTUPOBAHUA MCCTa M3-
JIOMa Ha JIMHUM. 3aXBaTUB MBIIIBIO TOYKY Ha BETBU, IICPEMECCTUTC €€
B HY2KHOC MCCTO,

(M e "L'I 117 R ab “ JononnutensHo » | Cnoit 1 -
‘ Hsnom I

«PucoBanue cxeMbl» — PEeXXUM UCITOJIb3YETCS Il J0OaBICHUST HO-
BBIX Y3JI0B U BETBEI OJHOBPEMEHHO B paCUETHYIO MOJIEe/Ib U Ha Tpa-
duyeckylo cxemy;



2.2. PacyeT TOKOB KOPOTKOro 3ambikaHus B 1K RastrWin3

M 4 Ek R alb 4 | JononHuTensho ~  Cnoit 1 -
PucoBaHue cxemMbl l

«BblaeauTh» — peXXUM UCIIOJb3YeTCs ISl BblaeaeHMs y3710B. B ripo-
rpamMMe 3alIOMUHAETCS MOCIEeIHUI BbIACICHHbIN yU4acTOK;

im> 4 4 ‘nzcﬁ alb 4  JAononHutenso »  Cnoii 1 v
Boigenutb I

«TekcT» — pexXuM UCTOJb3YeTCs VISl peIaKTUPOBAHUS MECTA pacro-
JIOXKEHMSI TEKCTOBBIX HAIMUCEH. 3aXBaTUB MBIILIbIO HAAMKUCh, HAIO Me-
PEeMECTUTH €€ B Hy>KHOe MecTo. {19 u3MeHeHus1 pa3Mepa — HaxXaTh
knapuiy «Ctrl», 11st usmenenus yria — «[Ipooen»;

M > 4 4 % Ehalb 4 | JononHutensho v | Cnoit 1 v
Tekcr ]

«Hagnuce» — PEXKUM HCITOJB3YETCA MJId BBOAA U PECAAKTUPOBAHUA
TEKCTOBbIX HaﬂHHCCﬁ;

LTS '1,' A q&“ AononnutensHo ~  Cnoi 1 -
Hapgnuch I

«O0BEKT» — HaXaTue KHOMKM aKTUBUPYET CIIeLIMAIbHbIN PeXXUM rpa-
(buku 111 co3naHus U pelaKTUPOBAHMS TUHUIA;

M 94 4 TR alb JoncnxutensHo v | Cnoii 1 v

0O6bekTbl

KOHTEKCTHOE MEHIO «/10TTOTHUTETLHOY

> «@POHOBBII IJIAH» — 3TOT ITePEKIIOYATETb ITPeIHA3HAYEH JIJII BOC-
CTAaHOBJICHUS yIaJIeHHBIX OKOH TEKCTa;

> «BOkcnopt DXF» — ncnonb3yercst ajisi BBIBOJA TeKYyILero rpadpu-
yecKoro okHa B ¢aiin ¢popmata DXF (AutoCAD);

> «Cou TeKCTa» — MO3BOJISIET OBICTPO MEHSITh HA0OP BHIBOIMMOTIO
Ha rparUecKyio CXeMy TeKCTa.

Jns co3naHusi HECTAHAAPTHOTO CJI0SI C pacYeTHBIMM MapaMeTpamMu
HEOOXOAMMO BBIOpATh CJION, KOTOPBIA OyIEeT KOPPEKTUPOBATHLCS Jajee.
B nanHoM ciyuyae, Kak BUnIHO 13 puc. 2.18, BeiOpan cioit Ne 2. Bo Bkian-
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ke «[lomomHuTtenbHO~TeKCcT» B oKHE « TeKCT» cienyeT BhIOpaTh mapaMeTphl
IUJTSL y3J10B ¥ BeTBel. /1151 y371a BeIOpaHbl TpY MapameTpa B sueiike « Tum»:
«HOMED y3J1a», «Ha3BaHUE y3Jia», «pacueTHbI MOAY/Ib HAMPSKEHUS Mpsi-
MOI1 TIOCJIeI0BATEIbHOCTU» U «PaCU€THBIM MOAY/Ib HATIPSIKEHUSI HYJIEBOM
rnocjenoBaTeIbHOCTH». KoppeKTupoBKa BUAMMOCTH JaHHBIX ITapaMeTpPOB
BBITIOJTHSIETCS B sTueiike «BummMocte» (puc. 2.18).

TewcT | TenewsmepeHwA | HacTpolika cnoes

Boibop npodwna ATpUBYTHI
Cnoii
Tun | ny [Homep y3na] -
Cnoi 2 -
BET
MapameTp H - -
¥zen 1 Pasmep ¥ |45
¥3en 2
¥3en 3 Pasmep¥ 43
¥zen 4
Y3en 5 BuaumocTe J
¥3eno
Yoen 7 WpugT |LITT -
Berse 1 MpuBAska | ¥3en-nes Hus -
Beteb 2
Beteb 3 HanpaeneHue
BeTeb 4
Haanmuce

Puc. 2.18. Bknaaka «/lononHutenbHo~>TeKcT»

B naHHO# BKJIaiKe JTOMOJHUTEIbHO MOXHO PeIaKTUPOBATh pa3Mephl
HaAIKMCHU JIJTS OTIpeieJIEHHOTO IapamMeTpa y3ia (siueitku «Pazmep X» u «Pas-
Mep V»), mpudt (saueiika « I pudT»), monoxeHue HaAANKUCH y y3a (ssueii-
ka «[ITpuBszka»).

Jlist BeTBU BbIOpaH nmapamMeTp « TOKM Bcex Mocaea0BaTeIbHOCTEN B MO-
paake 012». Takke mjist oToOpaxkeHUsl (pa3HbIX TOKOB MOXHO BbIOpaTh
«Toxu Bcex a3 B nopsinke ABC B Haualjie BeTBU». [1JIsI KOPPEKTUPOBKU
HaAIKUCeN 1JIs1 BETBU UCMOJb3YIOTCS T€ Xe STYEeUKM, 4YTO U JJIsI HaaANuCen
y3na. I'paduueckoe nzobdpaxkeHre pparMeHTa MOJEIM AJIsl pacyeTa TOKOB
K3 (omgHodaznoe K3 B y31e Ne 1) nuzodpaxeHo Ha puc. 2.19.
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2.2. PacyeT TOKOB KOPOTKOro 3ambikaHus B 1K RastrWin3

[ -112/-79 1L -S41/-

OAMHOYHBIA M NAKETHbIW pacyeT TOKOB KOPOTKOr0 3amMblKaHUs

B MK RastrWin3

Puc. 2.19. BHewHuii Bua Mmoaenu 1isl pacyeta Tokos K3

— Twua o [ S0/-78 I

135,33 [ 50/-78 1L 120/-76 1L 390/-80 J
30

— 67.08 -186

U

= . - ~ [ -45/-65 10 -370/-80 1L —416/-80 ] Baouwms 10

A E S E

vl i T 2 us7e -iees =

— :7 = —= Sanagraa TP3C £525

- | | | BocTounas P

e} 5o [

oo = — =l

| - | ! B

< Lo ~ -39 [ -213/-84 1 -315/-88 1L —-

= e 5 le ca27 @ _

N DN s L - o

S e~ [ < BocTounas MP3C 1CW T @ o

I o sl — 0 Lo fnal

= ] - — n N -

= )

o | o= % % 8.21 kY = 8 a I___[

|7 817 a7 s ‘ = o oo

g o mdren g o3 o o A=

G I oL L = L I~ =

o 503 a4 ;: o) ‘ 5 < e

O a i = 0 S

CyllecTBYIOT 1Ba OCHOBHBIX cItoco0a pacueta TokoB K3 B RastrWin3:
OJIJMHOYHBIN pacyeT 1 MaKETHBIN pacyer.

JIJ1s1 BBIMOJTHEHUSI ONMHOYHOIO pacyeTa HE0OXOAUMO OTKPBITh BKJIAJIKY
«OtkpbiTb~Hecummerpus—~CoctaB~>Hecum». B cronbue « Tur» ykasbiBaer-
Csl TUIT HeCUMMeTpuH, B cTosioue «I11» ykazpiBaeTcsi HOMEp y3j1a HECUMMe-
TpUU, B CTOJIOLIE «NO» YKa3bIBA€TCSI HOMEP HECUMMETPU U, TTO3BOJISIOLIN I
BBITIOJIHATH pacyeT ToKoB K3 ¢ 0IHOBpEMEHHO HECKOJIbKUMU JeHCTBYIO-
UMY TPYTIIIaMU HECUMMETPUHU, B CTOJIO1IE «N2 COCT» yKa3bIBA€TCSI HOMEP
cocTapigolleil Hecummerpuu. Ha puc. 2.20 npencrasieH IpuMep 3aaa-
Hus Touku K3 119 paccmarpuBaeMoii CETH.

1 1dh 1

Puc. 2.20. 3aganue onHogasnoro K3 B y3me No 1

N2 coct Tun ni

YT10OBI BLIMOJHUTH pacycT 3aJaHHON’ HCCUMMCTPpHHM, HY>KHO HaXaTb

Ha KHonKy «TK3» Ha rmaBHoi paboueit maHenu (puc. 2.21).
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[naBa 2. Pac4eT TOKOB KOPOTKOr0 3amMblKaHNS

Ve
e J

Puc. 2.21. Pacnonoxenue kHonku «TK3» Ha paboueii maHeau

i ——
[fFA =

i T K-

YToOBI MPOCMOTPETH pe3yabTaThl pacyeTa TOKOB K3, Hy>)KHO OTKPBITh
BKJIAKM C pacueTHBIMU MapamMeTpaMu u3 pasaeia «OTkpbeiTb~HecnuMm-

METPUSI»:

o «¥Y3npi~Hecum—~PC» — pacueTHbIe 3HaYEHUS TTapaMeTPOB CUMMeE-
TPUYHBIX COCTABJISIOIINX Y3JIOB;
o «Y3npi~HecuM—~P®» — pacueTHble 3HAYEHUS TTapaMeTpoB (a3 y3-

JIOB;

e «BertBu—~Hecum—PC» — pacyeTHble 3HaU€HUS TTapaMeTPOB CUMMe-
TPUYHBIX COCTaBJISIOIINX BETBE;

e «BerBu—Hecum—P®» — pacueTHbIe 3HaUEeHUS MapaMeTPOB (a3 BETBEIA.
Bo Bknanke «Y3neiHecum—PC» oToOpaxkaroTcsl pacueTHbIe MOIYJIU

U YIJIbI HATIPSKEHU I BCeX MOCIeA0BaTeIbHOCTEN CUMMETPUYHbBIX COCTaB-
JISTIOIIUX, pacyeTHbIE MOAYJIM U YIJIbl TOKA B 3eMJIIO JIJIST BCEX IOCIEA0Ba-

TEJIbHOCTEW CUMMETPUYHBIX COCTABJISIONINX (puUc. 2.22).

0 Twn0  Homep HassaHwe U_Hom
LeHTp 220 230
3anagHan P3C 230
-1 16
-2 16

-3 16
Tyua 230
LleHtp AT1 cp.T. 230
LeHtp 110 115

G~ o b W M-
w
i
Ed

(= IR Y T T =

v
230,00
230,00
15,75
15,75
15,75
230,00
230,00
115,00

ViL
173,55
197,08
14,23
14,23
14,23
234,40
204,96
107,81

-25
-14
-10
-10
-10
2
-11
%

dvil

Vi
100,20
113,78
8,21
8,21
8,21
135,33
118,33
62,25

Deltal
0,05
0,58
0,42
0,42
0,42
0,38
0,33
0,26

V2
44,30
-31,60
-1,39
-1,39
-1,39
-5,60
-23,58
-12,39

Delta2
0,27
1,40
1,82
1,82
1,82
10,05
-2,68
-2,27

Puc. 2.22. Bxiragka «Y3nei~HecuM—PC» ¢ pacueTHBIMY 3HAYEHUSIMU TTapaMeTPOB

Bo Bknangke «Ys3nei~Hecum—P®» oTobOpaxaloTcs pacueTHbIE MOIYIU
U YIJIbI HANPSDKeHMI (a3, pacueTHbIe MOIYJIU U YIJIbl TOKOB B 3eMJTIO (pa3

(puc. 2.23).

Bo Bxitanke «BerBu—~Hecum—PC» oToOpazkaroTcsl pacyeTHble MOIYIU
U YTJIbl TOKOB BCEX MOCeA0BaTeIbHOCTEN B Hayajle U B KOHILIE BETBU, pac-
YETHBIC 3HAYCHUSI AKTUBHOW U PEAKTUBHOI MOIIHOCTEN MPSIMOI TTocie-
JOBaTeJIbHOCTH B Hayajle U B KOHILIE BETBU, pacueTHOE 3HAaUeHNE aKTUBHO-
I'o ¥ MHAYKTUBHOTO COMPOTUBJIEHHUS B HauaJle U B KOHLIE BETBU (puc. 2.24).
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2.2. PacyeT TOKOB KOPOTKOro 3ambikaHus B 1K RastrWin3

O Twn0  Homep HazsaHue U_Hom Va Da vb Db Ve Dec
1 1 LenTp 220 230 0,00 -150,93 56,13 -150,34  -56,22
2 ¥ 2 3anagHanA MP3C 230 65,60 -2,82 -133,92 65,31 -138,04 £5,45
3 zak 3 -1 16 6,82 -0,87 -8,95 67,51 -8,03 -67,92
e zak 4 -2 16 6,82 -0,87 -8,95 67,51 -9,03 -07,92
5 38K 5 -3 16 6,82 -0,87 -8,95 67,51 -9,03 -67,92
[+ ¥ & Tyqa 230 127,15 -1,10 -139,08 60,95 -139,82 -61,06
7 ¥ 7 Lentp AT1 cp.T. 230 69,34 2,33 -142,92 59,17 -142,81 -59,48
a ¥ ] Lextp 110 115 36,48 1,93 -75,18 59,18 -75,11 -59,47

Puc. 2.23. Bxiranka «Y3nei~HecuM—P®» ¢ pacueTHEIMM 3HaYCHUSIMHU ITapaMeTPOB

MN_Hau MN_KoH HaseaHwe I1H dIl H 12 H dIZ_H I0_H dID_H
1 1 2 UeHTp 220 - 3ananHanA MP... -2,373 -34,619 -2,210 -34,501  -2,285 -33,426
2 2 3 3anagHas P3C -Tr-1 0,484 -87,584  -0,391 -88,175 -0,711 -84,066
3 2 4 3anaaHas MP3C -Tr-2 0,484 -87,584¢ 0,391 -88,175 0,711 -84,066
4 2 5 3anagHas MP3C -Tr-3 -0,484 -87,084 0,391 -83,175 0,711 -84,066
5 2 [+ SanagHas MP3C - Tyqa -0,541 -M, 771 0,633 -80,534  -0,112 -73,603
& 1 7 UeHTp 220 -UeHTp ATic... 0,307  -87,051 0,351  -§7,001 0,571  -87,222
7 1 10 UeHTp 220 -UenTp. ATZ2... -0,307  -87,051 -0,351  -87,001 -0,571  -87,222
8 7 8 UenTtp AT1cp.7. -Uentp ... 0,307 -37,051 -0,351 -§7,001 -0,355 -85,055
g 10 8 UeHTp, ATZ cp.T. -LlewT... 0,307 87,051 -0,351  -87,001 -0,355  -85,055

Puc. 2.24. Bxiagka «BetBu—~Hecum—~PC» ¢ pacyeTHBIMM 3HaYECHUSIMU TTApaMETPOB

Bo Bxianke «BerBu—~Hecum—~P®» oroOpaxaloTcs pacyeTHbIe MOIYJIN
1 yIJIbl TOKOB (ba3 B HayaJjie M B KOHLIE BeTBU (puc. 2.25).

N_Ha4 M_roH HaseaHwe la_H dla_H Ib_H dib_H Ic_H dIc_H
1 1 2 UeHTp 220 - 3anaaHanA MP... -5,868 -34,184 0,096 -1,572 -0,186 6,542
7 2 3 3anagHas MP3C -Tr-1 -1,585 -40,152 0,278 85,176 0,297 -62,435
3 2 4 3anagHas MP3C -Tr-2 -1,585 -86,152 0,278 85,175 -0,297 -62,435
L 2 5 JanaaHan MP3C -Tr-3 -1,585 -86,152 0,278 85,176 -0,297 62,435
5 2 6 3anaaHan MP3C -Tyya -1,287 -30,045 -0,475 89,767 0,433 -71,123
& 1 7 Llentp 220 -LeHTp AT1c... -1,228 -47,116 0,245 -78,484 0,246 83,547
7 1 10 UeHTp 220 -LlenTp. AT2 ... -1,228  -87,116 -0,245  -78,484 0,246 83,547
B 7 g UeHTp AT1cp.T. -Uentp ... -1,012 -86,333  -0,057  -24,462 0,037 48,8652
g 10 8 UeHTp, AT2 cp.T. -LenT... -1,012  -86,333 -0,057  -24,462 0,037 48,652

Puc. 2.25. Bxiragka «BetBu—~Hecum—~P®» ¢ pacueTHEIMU 3HAUCHUSIMU TTapaMeTPOB
CYMMapHOC SHAYCHUEC MOAYJIA U yIJIa TOKa K3 Bcex I1oCJI€10BAaTCJIbHO-

CTeil CUMMETPUYHBIX COCTaBJISIIOIINX TIpeACTaBIeHbl BO BKIagKe «OTKpbI
tb~Hecummerpus—CocraB~Hecum» (puc. 2.26).
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[naBa 2. Pac4eT TOKOB KOPOTKOr0 3amMblKaHNS

5 Ne N2 cocT Tun ni I1 d 1 L2 dI2
1 1 1 1th 1 3,9313 84,58  3,9313 84,58
Puc. 2.26. Bknagka «Otkpbitb~Hecummetpusi~CoctaB~Hecum» ¢ pacueTHBIMU

3HAYCHUAMU CYMMAPHbIX BEJIMYUH MOAYJIA U yIjla TOKOB BCEX TOCJIeTIOBATEIbHOCTEN
CUMMCTPHUYHBIX COCTABJIAIOIINX

JIJ1st BBITTOJTHEHUS ITaKeTHOTro pacdeTa ToKoB K3 pa3zpadboTunkamu 1K
RastrWin3 6bu1a pa3paboraHa ondimoreka MakpocoB « TK3». CtaHmapTHbIe
Makpochl [1K RastrWin3 naxoasTcst mocjie yCTaHOBKM IMPOrpaMMBbI B MaIKe
«Mowu nokymeHTbI Rastrwin 3-macro». YToObl NICIOIB30BATh LIS pacyeTa
KaKOM-TM00 MaKpoC, Hy>KHO NEPENTH 1o BKIIanke «Pacuetei~Makpo». lanee
MOSIBUTCSI OKHO, B KOTOPOM HYXKHO MepeiTh BO BKIAAKY «Daitni~OTKpPbITH»
1 BbIOpaTh U3 nanku « I’ K3» onyH n3 HyXXHbIXx MakpocoB. HazHaueHue kax-
JIOTO MaKpoca MPUBEIEHO B TAOJIUYHONU (hopMe:

HasBanue Hasznauenue

Co3znaHue NpuMEPHOI CXeMbl 0OpaTHOI HYyJIEBOM MO~

MakeNonSymm.rbs .
CJIeI0BATEJIbHOCTH 110 JaHHBIM MPSIMOM

Pacuer B oTmMeueHHbIX y371ax | [TocnemoBaTenbHbIi pacyeT myHTa, TK3 3 ¢, TK3 1 ¢

3¢d 1 dK3.rbs BO BCEX OTMEUYEHHBIX y3J1ax

IIpuMepHBIii pexxum [TombITKa MOMOMHUTD NaHHBIC AJis pacyeTa TK3 naHHBI-
n3 TK3.rbs MM JIJTS pacyeTa YCTAaHOBUBILIETOCS peXXruMa Ha HUX
HacrtpownTs rpaduky nist Hacrpoiika Texyuieit rpadguku Ha padoty ¢ TK3, BHocUT
TK3.rbs n3meHeHus B ['paduka-TecT ¥ rpagreHThbI 110 TUHUSM

PacueT B oTMe4YeHHBbIX y3/1aX | PaccuMThiBaeT TOKM MPOTEKAIOLIKE Yepe3 BHIKIIIOYATEIN
3¢ 1 b K3 uepes Boiki.rbs | manHoro y3na mpu 3 ¢ u 1 ¢ K3 3a Humn

Tk3 yTspkeneHue.rbs Bpaiiaer yriibl 3a1aHHBIX TeHEPATOPOB
PaccunraTs D1C

1 YTOJI TeHEepaTOpOB PaccuutbiBaet D C 1 yrjibl U3 yCTAHOBUBIIETOCS
13 yCTaHOBMBILIETOCS pexuma

pexknma.rbs

B pacueTHOM npumepe OyaeT UCIOJb30BaThCsl MAaKpOC ISl pacyeTa To-
KOB Tpexda3HbiX 1 ogHoda3HbIX K3 Bo Bcex oTMeueHHBIX y3max — «Pac-
yeT B oTMeueHHBIX y371ax 3¢ 1¢d K3.rbs». OTMeTUTh Y3€1 MOKHO BO BKJIaIKe
«OTKpBITE~Y311bI» B cTON0O1E «O» MO0 IMpu padoTe ¢ rpadruuecKuM 130-
OpaxkeHMEeM pacyeTHOM MOAEIU, €CJIU BLIOpaTh MHCTPYMEHT «IIpocmoTp»
Ha paboueii maHeaM, 3aTeM IIEJKHYTh IIPAaBOM KHOMKOM MbIIIW Ha y3JIe
«N», HaBeCTH KypCcop MBIIIIM Ha BKAAAKY «Y3ea N» 1 HaxXaTb «OTMETUTD».
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2.2. PacyeT TOKOB KOPOTKOro 3ambikaHus B 1K RastrWin3

Oxonuanue maba. 2.15
CTpyKTypa NpeaocTaBlIeHHbIX Pe3yabTaTOB U300paxkeHa Ha puc. 2.28.
Kak 1 B omuHOYHOM pacueTe, ObL1 BoinoaHeH pacuyeT TK3 s y3ma No 1
[Tocne BbIMOMIHEHNSI OTMETOK Ha HY>XKHBIX y3J1aX, BbIOOpa Makpoca «Pac-
yeT B OTMeUYeHHBIX y371ax 3 @ 1 ¢ K3.rbs» 13 Oubnmorekn u HaxkaTust KHOII-
k1 «ITyck» BeIBOASITCS pe3ysbTaThl pacueTra TK3 B mpoTokon Makpoaua-
nora (puc. 2.27).

o x

Daiin

1 Ty %

2 CONSI‘ g_ALIGN_STR_LEN Myck

3 CONST g_PathToOutPutFile -

4 /1 / // QuncTuts

2 3aKkpbiTh

5 -

B e T e e e e T

|- — — —

m

|-———- < HWyHT > ————-
U = 247,734/_-0,103
Z1= 1,11+311,093 Z2= 1,156+3j11,472 Z0= 1,36+314,487

————— < 3p > —————-

I1=12,83/_-84,391 I2=0/_0 3xI 0 =0/_0
[1:2: 0] [ UHenrp 220 - Sanmamuasa I'P2C ] Ia=-7,633/
[1:7 :0] [ Uenrp 220 - LesTp ATl cp.T. ] I_a=-1,119/
[1: 1310 : 0] [ Oenrp 220 - HenTp. AT2 cp.T. 1 I_a = 1211997
[1:38 :0] [ Lenrp 220 - Kpyr 1 Ia=-2,964/
————— < 1p > ======

T 1 =2 842/ _na
< n

PesyapTaThl pacuera

Puc. 2.27. BeiBon pe3yabTaTOB pacyeTa Mocjie MakeTHOTo pacyeTra

Makpoc npu Bbl1a4ye pe3yabTaTOB PACIIOJIAraeT y3JIbl 10 BO3PACTAHUIO.
Kak BugHo 13 puc. 2.28, BLIBOAUTCSI CHavajla Ha3BaHUe y3Jia, a TOTOM —
MOJHOE KOMITJIEKCHOe cornpoTuBiieHue K3 nmpsiMoii, o00paTHOI 1 Hy/1eBOI
nocaenoBaTeabHOCTeN. [lasiee BBIBOAUTCS MOJHbBIN TOK TpexdazHoro K3
MnpsIMOIi, 0OpaTHOI 1 HyJIEBOI TocaeaoBaTenabHocTel. M3 puc. 2.28 Mmox-
HO 3aMETUTh, YTO ToJHbie ToKM K3 obpaTHO# 1 HyJeBOIi mociienoBa-
TeJbHOCTe# mist TpexdaszHoro K3 paBHbl Hym0. Huxxe pacnosnararorcs
npoTekaroiime (pa3Hble TOKM B BETBSIX, OTXOMSIIMX OT y3jia, B KOTOPOM
monenupyetcs K3. Jlanee cripaBa npuBOAsTCS 3HAYEHWSI TOKOB MPSIMOIA,
oOpaTHOI M HYJIEBOM TocjieqoBaTelbHOCTe. [IpeacraBieHue pesyib-
TatoB 1151 ogHodazHoro K3 obyianaeT Takoi Xe CTpyKTYpOid, Kak U ISl

67



[naBa 2. Pac4eT TOKOB KOPOTKOr0 3amMblKaHNS

TpexdasHoro K3, u pacnonaraercs cpa3y mocjie pe3yabTaToB pacdyeTa TO-
KoB TpexdazHoro K3.

‘[ 110 ueHTp 220 1

U= 247 734/ U 103

z1=1, ll+_]ll 093 z2=1,156+j11,472 Z0= 1,36+]14,487
I1=12,83/ -84,301 I o/_ 0

[1:2:07] [ Uewtp 220 - 3anagwan rP3C ] I 11 =-7,633/_ -84,425 1_2 =0/_0 3IxI_0 =
[1:7:01 [ ueHTp 220 - UeHTp ATL Cp.T. ] I I1l-= —]. 119/ -86,869 I.2 =10/_0 3IXI_0 =
[1:10 : 0] [ UeHTp 220 - UeHTp. AT2 Cp.T. ] I 1 =-1,119/_ -86,869 1.2 = 0/_ 0 IXT_0 =
[1:38 :017] [ uentp 220 - Kpyr ] I_a 11=-2,964/_ -82,433 1.2 =0/_0 IXI_0 =
77777 <1 > ——-—-

* I.1 =3,842/_ -84,513 TI_2 = 3,842/_ -B4,513  3xI. 11,526/_ -84,5:
[1 2 : 0] [ uedTp 220 - 3anagHas Me3C ] I ,868/_ —84 184 1.1 37 84,619 I2=-2,21/ -84,501
[1:7:07 [ Uedtp 220 - UeHTp ATL cp.T. ] I ,zzg/_ -87,116 1_1 307/ 87,051 I_2 = -0,3517_ -87,001
[1:10: 0] [ uewtp 220 - ueHTp AT2 Cp.T. ] I_a-= ,228/_ -87,116 I_1 ,307/_ -87,051 I_2 = -0,351/_ -87,001
‘[ 1:38:017 [ Uewtp 220 - ] Ia-= 72 1205/ 82,639 1|_1 1B57/_ -82,405 I_2 = -0,931/_ -82.660

Puc. 2.28. BeiBon pe3ybTaTOB pacyera Mmocje MakeTHOro pacyera

2.3. MpoBepka KOMMYTaLMOHHOI0 060pyA0BaHMS
Mo pacyeTHbIM TOKaM KOPOTKOr0 3aMblKaHus

J11st mpoBepKM KOMMYTallMOHHOTO o0opynoBaHus BeiOpaHa [1C 110 kB
Enb. ®parmeHT KapThl TOKOB K3 ¢ n300paxkeHrueM BbIOpaHHOM MOACTaH-
LIMM U300paxxeH Ha puc. 2.29.

oT oT
Bocrounas  IIC 220 xB
I'POC Anpenb

15,4/14,6

=

2,7
2,5

(98]
~J |—

1 CII

M

o)

]

L
DF

=

13.1 2 CIHI
0.0
0.0

oT oT
ICc220xB IIC 110 kB
LlenTp dabpuxka

Puc. 2.29. ®parment Kaptel K3 ¢ m3o6paxkenuem [1C 110 kB Enb
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2.3. [poBepka KOMMYTaLXOHHOr0 060PYA0BAHNA MO PACYETHBIM TOKaM KOPOTKOIO 3aMbIKaHUs

lpoBepka cunoBbIX BbIKNHOYaTENen

B pacnpenenurensHom yerpoiictse I1C 110 kB Enb pacnonoxXeHbl 1IECTh
cuI0BbBIX BhIKJIIouarteneit Mapku BOb-110 I — 40/2500. Texuuueckue xa-
PaKTEePUCTUKY BBIKJIFOUATEIS IUISI TPOBEPKU CIICIYIOIINE:

Tep

i IOTKJ'I. HOM= 4070 KA;
* Buow=40,0%;

o i,.= 102KA;

e [ =40KA.

Mapka: BOb-110 I — 40/2500 YXJI1;

CpaBHeHMe pacueTHBIX ITapaMeTPOB U TEXHUUYECKUX XapaKTePUCTUK BbI-
KJIIo4aTesieit mpuBeaeHo B Taos. 2.15.

Tabauya 2.15

CpaBHeHHe PaCYETHBIX NAPAMETPOB M TEXHHYECKHUX XapaKTEPUCTHK
cuioBbix BeiKiouareeii IIC 110 kB Eib

. TTonHblit
) Tox ok K3 PacuetHble Benn- | Tun u mapaMeTpbl CUITOBBIX
E [pu- | moxmur- HA U~ YUHBI BBIKJIIOYaTesei 3a-
£ | 2 | coenu- | xu K3, Me-
2 @ rm Hax, . ;
S Henne | [5/1°7, I9/10, | ke | B | B Lyvens | Fnes | Breps | H
E KA 5 ax: yo > TI/IH OTKJT UH TCZP
KA KA | KA | kAZc KA | KA [kAZc
foca'l B9B-110
Tr;gcﬂ 3,0/3,1 | 15,4/14,6 n— 40 | 1024800 | Her
| 40/2500
Tff}f;ﬂ BOB-110
a tpoe | BO/3.1 | 15,4/14,6 n— 40 | 1024800 | Her
& 5 40/2500
R
N 15,4 [40,7|711,5 | B9B-110
= | = | Anpens | 2,7/2,5 | 15,4/14,6 I — 40 | 1024800 | Her
g 40,/2500
BDB-110
Lenrp | 6,7/6,0 | 15,4/14,6 In— 40 | 1024800 | Her
40/2500
Do BDB-110
o | 0-0/0,0 | 15.4/14,6 I — 40 |102 4800 | Her
PHK; 40/2500

Kaxk BuaHO 13 JaHHOIT TaOJIMIIBI, 3aMEHBI CUJIOBBIX BBIKJTIOUATEJICH M0~
cJie TIPOBEPKU He TpedyeTcsl.
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[naBa 2. Pac4eT TOKOB KOPOTKOr0 3amMblKaHNS

MpoBepka pa3bepunuTeNEH

B pacnipenenurensHom yctpoiictse I1C 110 kB Enb pacnionoxeHsl pazb-
equHuTenu Mmapku PIT1-YOTM-110. Texunyeckue XxapaKTepuCTUKU pa3b-
eIUHUTEJIS 111 IPOBEPKM MPUBEACHbBI HIKE

e wmapka: BOb PII[1-YOTM-110;

o i,..= 102KA;

o [.,=40KA.

CpaBHeHHE pacueTHBIX MMapaMeTPOB U TEXHUUYECKUX XapaKTEPUCTUK
pa3beAMHUTENIe MpuBeaeHo B Ta0bm. 2.16. Kak BUIHO U3 TaHHOM TabIm-
11bl, B CBSI3M C T€M, YTO 3HAUECHUS] TEXHUYECKUX XapaKTePUCTUK pa3beau-
HUTEJIEN BBIIIE, YEM PACUETHBIX 3HAYEHUI M0 KaXIOMY KPUTEPUIO, 3aMe-
Hbl pa3beAMHUTEIICH MTOCTIe IPOBEPKU HE TpeOyeTcsl.

Tabauya 2.16
IIpoBepka pa3beauHuTeNNEH
. TexHuueckue
Kpurepnit PacueTHble JaHHbIE
XapaKTepUCTUKU
DneKTpoarMHaMUYecKasi CTOMKOCTb i, =40,7 kKA i = 102,0 KA
Tepmuueckast CTOIKOCTb B,=711,5kA’c 12 -1, =4800,0 KA’ c

MpoBepka BbICOKOYACTOTHbIX 3arpaauTenei

B pacnpenenurenbHom yctporicte I[1C 110 kB Enb Ha BJI 110 kB Boc-
touHast [POC — Enp 1 CII B pazax A u C pacnosioxXeHbl BHICOKOYaCTOT-
Hole 3arpagures B36300.5 J1 YXJI1. ITpoepka BY 3arpanureneit mpe-

cTaByieHa B Ta0. 2.17.
Tabauya 2.17

IIpoBepKa BbICOKOYACTOTHBIX 3arpaauTeieii

. TexHuueckue
Kputepuii PacueTtHble faHHbIE
XapaKTepPUCTUKU
DJeKTpoIMHAMUYeCKasi CTORKOCTb iy, =40,7 KA iy = S1,0 KA
TepMmuueckasi CTOMKOCTb B,=711,5kA%c 1T2CD 1., = 4800,0 KAZc

Ha puc. 2.30 uzo6paxeHa kapta TokoB K3.
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2.3. [poBepka KOMMYTaLXOHHOr0 060PYA0BAHNA MO PACYETHBIM TOKaM KOPOTKOIO 3aMbIKaHUs
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[naBa 2. Pac4eT TOKOB KOPOTKOr0 3amMblKaHNS

72

KoHTponbHble BONPOCHbI KO BTOPOM rnase

(98]

. Kakune pacuyeTHbIe mapaMeTphl JUIsl TeHEPaTOPOB, TPaHC(HOPMATOPOB

n JIDII Heobxonumo 3anath B I1K RastrWin3 nns pacyetoB TokoB K3?

. Ilepeuucaure cnocoObl MoaeaMpoBaHUs B3auMouHAyKLuu JIDII

B 1K RastrWin3.

. Ilepeuncnure cnocoosl pacueta TokoB K3 B 1K RastrWin3.
. Kakue ocHOBHBIE pacueTHBIE TTapaMeTpbl HEOOXOIMMO Pa3MeCTUTh

Ha rpaduyecKoM U300paxKeHUM MOAEIU 1JIs1 pacyeToB ToKoB K3?

. HazoBure nocienoBarebHOCTb AIEACTBUI IPY MAKETHOM pacyeTe TO-

koB K3. HazoBute nmociaenoBaTelbHOCTb ASHCTBUN ITPU OOMHOYHOM
pacueTte TokoB K3.

. HazoBuTe nociienoBareibHOCTb ASUCTBUM IMPU CO3IaHUM MOJIEIU pac-

yeta TokoB K3 13 Moaenu pacyera ycTaHOBUBILETOCS pexXuma.



ITIABA 3. PacueT TepMuyeckoro Bo3ieMcTBUA TOKa
KOPOTKOro 3aMblKaHUs Ha rPpo30TpoC

3.1. 06wme nonoxeHus

PU TPOEKTUPOBAHUHU JIMHUU 3JIEKTPONEpeIad OMHUM U3 Pa3aesioB
SIBJISIETCS pacyeT TEPMUYECKOM CTOMKOCTU IPO303alIUTHBIX TPO-
coB BJI 110—750 kB tokam K3. [l mpoBeaeHUsI TAKUX pacue-
TOB TPAAULIMOHHO KUCITOJb30BAIMCh METOAUYECKME YKAa3aHU, pa3paboTaH-
Hble B CCCP B 1976 1. Cutyanus usmenminach, Koraga B 2014 r. [TAO «®CK
ESDC» BBIITyCTHI0 HOBYIO peIaKIIMIO METOIUYECKUX YKa3aHW. JlaHHbIE Me-
TOAWYECKUE YKA3aHMSI CYLLIECTBEHHO OTJIMYAIOTCS OT paHee AeCTBOBABIINX,
KOTOPBIE C YYETOM M3MEHMBILIMXCS YCTOBUIA TIPOEKTUPOBAHUS HE B TTOJTHOMN
MEpe COOTBETCTBYIOT HAaEKHOM 1 O6e3omacHoi akcrutyatauuu BJI u ee ane-
MEHTOB, OCOOEHHO TIPUMEHUTEIBHO K ONTUYECKUM KaOeJIsIM, BCTPOEHHBIM
B rpo3o3amuTHbIN Tpoc (OKI'T), o caenyromym npuurHam [12]:
® OpPHUEHTUPOBAHHOCTH HA MPOBEACHUE PACUETOB C MOMOIIIBIO JIorapug-
MUWYECKOM JTMHEMKM, B CBSI3U C YeM METOIMYECKME YKa3aHUS COIep-
>KaT psill YIPOILIEHUIA B paCYETHBIX BBIPAXKEHUSIX, CHUKAIOIIUX TOY-
HOCTb pacueTa;
e HE YYTeH psi (paKTOpOB, BIMSIONIMX HA UTOTOBBINA pe3yJIbTaT: BO3MOX-
HOCTb BO3HUKHOBeHUs Ha BJI He ToibKO 0mHO(a3HbIX, HO U IBYX(pa3-
Hbix K3 Ha 3emiio0; BiusiHue conmkeHHbIX BJI yepe3 B3auMOMHAYK-
1o ¢ aHaiau3upyemoit BJI u T.1.;
® pacyeT BpeMEHHU IPOTEKAHUS TOKA B TPO30TPOCE MPOBOIUTCS UCXO-
ISl U3 I€UCTBUS TOJIbKO OCHOBHBIX OBICTPOIEHCTBYIOMIMX a1t BJI;
MPaKTUYECKU BHE aHAJIM3a OCTAJICSI BOIMPOC 00 OLIEHKE BPEMEHU OT-
kmoueHus K3 ¢ yueTom AeiicTBUS yCTPOMCTB peieiHOM 3a1UThI U aB-
toMaTtuku (P3A), 0COGEHHO € y4eTOM BO3MOXXHBIX OTKA30B BBIKJIIO-
yaTesel U OTOEIbHBIX YCTPOUCTB P3A;
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[naea 3. Pac4eT TepMIM4ECKOro BO3MEACTBUS TOKA KOPOTKOrO 3aMbIKaHWS Ha rpo30TPOC

® pacueTr TepMUYECKOro aeicTBust TokoB K3 nmpoBoautcs 6e3 yuera are-
PUOANYECKOI COCTABIISIOIIEH.

B rnaBe 3 (11. 3.2) npeacTaplieH NpuMep pacyeTa TepMUYECKOTO BO3Iei -
cTBUs TOKOB K3, BBINTOJHEHHBIN 0€3 MpUMEHEHUsI CIeMaI3UPOBAaHHOIO
MMPOTpaMMHOI0 obecrnieyeHus 1Mo MetoanueckuM ykazaHusam [TAO «PCK
EDC» 2014 r. mist UCNIob30BaHMSI MHXKEHEPaMU-9HEPreTUKAMU ITPU BbITION -
HEHUU UMM pacueToB MO TEPMUUECKOMY BO3/1eCTBHIO TOKOB K3 Ha rpo3o-
3amutHbie Tpockl (I'T) u (mnn) ontuyeckue kabenu, BctpoeHHbie B OKI'T,
u tepmuyeckoit ycroitunBoctu I'T u OKI'T k Bo3neiicTBuio TokoB K3.

B cetsx ¢ rimyxo3azeMiieHHOM HeliTpasibio Toku K3 Ha 3eM110, BO3HUKa0-
mue Ha BJI anektponiepenauu, COpoOBOXIAIOTCS IMTPOXOXKAEHUEM TOKa B 3a-
3eMsIeHHOM Ha ontopax I'T, BciiencTBre 4ero oH noaBepraeTcs TEpMUIECKOMY
BO3IEMCTBUIO. Pe3ybTaToM BO3IEMCTBUSI TOKOB MOXET SIBUThCSI Hapylle-
HUE TePMUYECKOM CTOMKOCTU Tpoca. J1J1st onTuyeckoro Kabesst, BCTpPOEHHO-
ro B I'T, tepMuyeckoe Bo3aeiictBrue Toka K3 MOXeT MpUBOAUTH HE TOJIBLKO
K HapyLLIEHWIO HECYILIEH CTOCOOHOCTU apMUPYIOLIUX 3JIEMEHTOB, HO BO3MOX-
Ha KaK KpaTKOBpeMEHHasl, TaK 1 JUIMTEIbHasI TTOTepsI CBSI3M 3a CYET Harpe-
Ba ONTUYECKOTO BOJIOKHA 1 OILJIABJIEHUS €r0 aKpUJIATHOTO MOKPbITUS [12].

CreneHb TepMuyeckoro posaeiictsust B, ... Toka K3 na I'T Tak e,
Kak 1 Ha apyrue npoBoaHuku, no 'OCT P 50254—92 onpenensiercs: ABy-
Msl aHaJIM3UpPYEeMbIMU HUXE (hakTopaMu: ypoBHeM TokoB B I'T i, 1 BpeMe-
HEM UX MTPOXOXIEHUS [, ,, 3aBUCSIIIUM OT (PYHKIIMOHUPOBAHUSI YCTAaHOB-
JneHHbIx Ha BJI ycTpoiicTts P3A.

AHanM3y NoABEPrarTCs TOKU MPU MPpoO0oe U30JISILIMU Ha OIOpY C yue-
TOM, YTO IPY HETTOCPEACTBEHHOM MEPEKPHITUM «(Da3HbIi IPOBOI — TPOC»
(HarpuMmep, Mpu IUISICKE IMPOBOAOB) 3HAUEHUSI TOKOB HECYILIECTBEHHO OT-
JINYAIOTCS OT paCCMaTPUBAEMOTO CITyvas.

B paccmaTtpuBaemMoM ciiydae pu NepeKpbITUU U30ISIIMA (pa3HBIX TTPO-
BOJIOB Ha ONOPY M BOBHMKHOBEHUHU OJHOMa3HbIX 1 ABYyX(a3Hbix K3 Ha 3eM-
JI10 yacTh Toka K3 3aMbIKaeTcst Ha 3eMJTIO 110 KOHTYpPY, BKJItovawiiemy I'T
1 3a3eMJIEHUs cMexXHbIX onop (puc. 3.1). Tok [, aBisieTcst yTpOeHHBIM TO-
KOM HYJIEBOM IOC/Ie10BaTeIbHOCTU B TouKe K3.

IMpoxoasuuii B I'T (OKI'T) Tok /, onpenensieTcst Mo COOTHOIIEHUIO:

I=1,+1 (3.1)

non(R,,) + IHOH(Ra) + [ZLOH(R[,) +1 +1

WHII. 3 HUHI. d. CMEX 2

rie /,, — cocTaBisiolias TOKA U1l «yPaBHOBEILEHHO» PACYETHOM CXEMBI,
MOJIy4eHHOM ITPY YCIIOBUY paBEHCTBA HYJIIO COIIPOTUBIICHUS OTTIOPHI, HA KO-
Topoii paccMmaTtpuBaeTcst K3, KA, u conpoTuBieHuid 3a3emieHus PY nox-
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3.1. 06wwme nonoxeHus

craHMii ciesa (A) u cripasa (B); 1, &,,)— JLOTIOJTHUTENIbHAST COCTABJISIIO-
111as1 TOKA, YYUTHIBAIOLIAS BIMSIHAE HEHYJIEBOTO 3HAYEHUS COMTPOTUBIICHUS
onopsl ¢ Toukoit K3, xkA; 1, R)» 1o &, — HOTIOJIHUTEIbHBIE COCTABJISIO-
1€ TOKA, YYUTHIBAIOLINE BIUSIHME HEHYJIEBBIX 3HAYEHUIA COMTPOTUBIICHUS
3a3emiieHust PY moncranumii ciesa (A) u cripasa (B), KA; /1, , — KOM-
TUIEKCHOE 3HAYCHUE WHIYKTUBHOM COCTaBJISIONIEN TOKA, 00YCIOBIEHHOE
MHIYKTUBHOM CBsI3b10 MexXIy TOKOM 3eMU U I'T, KA 5 1, ¢ cvex. — KOM-
TUIEKCHOE 3HAY€HUE CYMMApPHOU MHAYKTUBHOM COCTAaBJISIIONIEN TOKA, 00-
YCJIOBJIIEHHOE MHAYKTUBHOM CB3b10 [T ¢ (pa3HbIMU TTpOBOAAMY CMEXHBIX
BJI, Haxopsimuxcst B OMHOM KOPUIOPE B3AUMOMHIYKIIMU C PAaCCUMThIBAC-
moit BJI, KA, nanee He ydUThIBaeTCsI.

®da3zHbli TPoBOJ cMexHOM BJI

J
Z(bT M
Ita I Tpoc
\
Z(I)T ¢ Ix
3 / Av / 3 @da3Hblii IPOBOJ
Z3T
i[ol’[

@Ron @Ron

Puc. 3.1. CocraBisronire ToKa B TpO30TpoCe

B 3aBucumoctu ot cxemsbl 3a3eMiieHus I'T 1 oT yncia TpocoB Ha omope
Ha pa3InyHbIX ydyacTkax BJI oHa MOXeT ObITh MpeacTaBieHa y4acTKaMU,
OTINYAIOIIAMHUCS YucIoM 1 (i) Turom I'T.

Ecmu BJI conepxut 6osiee mITH y4acTKOB (HampuMep, pa3IMUHbIE TPO-
Cbl Ha ocHOBHOM Yyactu BJI), B pacueTHOI cxeme oHa qoKHA ObITh pa3ouTa
Ha ABE WM OoJsiee TMHUU, TOCIEI0BATEBHO COCTUHSIOIINECS MEXIY CO-
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0011, 111 KOTOPBIX pacyeT BeAeTCS He3aBUCUMO. B MuHMMansHOM BapuaH-
te, ecau I'T He oTinyaroTcs o Beewt mvHe BJI, oHa nipeacrasisieTcst oa-
HUM Y4aCTKOM, COAEPKAIIMM TOJIbBKO OCHOBHYIO YaCTh.

Anr

OPUTM pacueTa BBITJISIUT CIESIYIOLIMM 00pa3oM.

1. CO0op MCXOOHBIX JAHHBIX:

nuamMeTp (M) U COMpOTUBIEHUE Tpo3oTpoca (OM/KM);
COTIPOTHUBIIEHHE 3a3eMJIEHUS o1top, R (Om);
conpoTuBieHne 3a3emieHns Kourypa I[1C, R,y (Om);
rayonHa odopaTHOro ToKa, D, (M);

JJIMHA OJHOrO IpoJjeTa (M);

paccrossHue mexay BJI nis pacuera nByx cmexxHbIx BJI (m);
3Ha4YeHUs TOKOB B Toukax K3 Ha BJI (kA);

nmapameTpbl cpadbaTteiBaHus P3A;

BpeMsl cpabaTbIBaHUS (CEK.);

COIMPOTUBJIEHHWE pacTeKaHUIO ToKa B 3emJjie (OM/KM);
paccTossHre MeXAy KaXXabIM 13 (da3HbIX TpoBoaoB U I'T (M).

2. PacueT mapamMeTpoB mJis1 onpeaeaeHus cocTaBisiiommx Toka ['T:

sKBUBaNeHTHBIN guameTp I'T (m);

CpeIHEreoMeTpUUECKOE pacCTOSTHUE MeXAy (Pa3HbIMU TPOBOIA-
mu BJIuI'T (m);

peakTUBHAsI COCTaBJISIONIAs YIeIbHOIO CONPOTUB/IeHUS Tpoca (OM);
COMPOTUBJICHUE TIeTIN Tpoc-3eMiist (OM);

cornpoTubieHre B3auMonHayKuuu mexay I'T Ha BJI u ¢pazHbiMmu
npoBogamu BJI (Om);

0e3pa3MepHblii KOAOUILIMEHT, YYUTHIBAIOLIMIA B3AMMOMHIYKIIMIO
mexnay I'T u (pazHbIMU TIpOBOIAMU;

HEHYJIeBOE 3HaYeHME COMTPOTUBIICHUS OTTOphI ¢ Toukoil K3 (Om);
nericrByromme B cxemax D C (kB).

3. Pacuet cocrapnstiomux Toka I'T HaxonsTcst mist Tpex ciydaes:

BJI Bxki1toyeHa ¢ 0001X KOHIIOB;
BJI Bk110U€eHa ToIbKO cO cTOpOHHI T1C,;
BJI Bk110ueHa Tos1bKO co cTopoHbl [1C,.

Cocrasngromue Toka ['T:

e C

ocrasisomas toka I'T ciesa /. () ¥ CTIpaBa 1 (e OT ToukM K3 114

«YpaBHOBEIIEHHOI» PaCYeTHOI CXEMBI,
e JIONOJHUTENbHAA cocTapisomas Toka I'T ciesa 1, o ) 1 cripaBa

1,00 B(x, 0T Toukn K3, yunthbiBaiomias BIMsSHUE HEHYJIEBOIO 3Haye-

pit

HUSI COITPOTUBJIEHUSI ONOPHI ¢ TOuKoi K3;
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3.2. Mpumep pacyeTa TEPMNYECKOro Bo3aencTBus TokoB K3

e CyMMapHasi MUHAYKTUBHAsI COCTABISIONWAS /4 cyex» OOYCTIOBIEHHAS
nHAyKTUBHOM cBsI3blo I'T mam OKI'T ¢ ha3HbIMU MPOBOJAMU CMEX-
Hbix BJI;

® IOMOJHUTENIbHbIE COCTABNAIOMIMNE TOKA £ 5 1, L jon(x,)» YIUTHIBAIOLINE
BJIMSTHUE HEHYJIEBBIX 3HAYEHWI COMPOTUBIIEHMS 3a3emieHus PY noa-
crtaHuuii cinesa (A) u ciipasa (B);

e KOMIUIEKCHOE 3HaYeHHe WHAYKTUBHOM cocTaBisoneit Toka, 1, .,
00YCJIOBJIEHHOE UHAYKTHUBHOM CBSI3bI0 MEXIY TOKOM 3emMyii u I'T
(MOXHO HE YYUTHIBATD).

3.2. lpumep pacyeTa TepMUYECKOro BO3encTBUA TOKOB K3

Pacuet Tepmuueckoro Bo3aeiictBust TokoB K3 niposoauiics mist OKI'T
auameTpoM 15,5 mm, conpotusiaenueM 0,40 Om/xkm [13].

ITo pe3ynbraTaM pacueToB 3HauyeHUe Tepmuueckoit croiikoctu OKI'T
auameTrpoM 15,5 mm u conpotuiieHueM 0,40 OM/KM TOKHO ObITh HE Me-
Hee 140 kA*c.

OKI'T 3azeminen Ha miuHe BJI. ConpoTuBiaeHre KOHTYpa 3a3eMJIEHUS
ornop — 10 Om.

Ha puc. 3.2 npeacrabiieHa cxeMa UCCJIeAyeMOi CeTH.

IIC 1 — [HC 2

Puc. 3.2. Cxema uccienyemoii cetu

ITapameTpsbl IMHMI TIpencTaBieHbl B Ta0I. 3.1.

Ha puc. 3.3 npeacrabieHa koHdurypaius onopsl st W, u W,.

ITpu npoBeaeHUM pacyeTOB CAeAYET YYUTHIBATD, UTO IMPU ABYXCTOPOH-
HeM rutaHuy BJI mociie oTKII0ueHUS BBIKJIFOYATENSI C OJHOTO M3 KOHIIOB
BJI orxiirouenue K3 ¢ npyroro koHua BJI 6yneT npon3BoaAUTHCS CTYTIEHBIO
C MEHbIIEH BbIAEPKKOU BpeMeHU (MOBbIILIEHUE YYBCTBUTEIbHOCTH P3 B pe-
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JKMMeE KacKaIHOTO OTKJIt0UeHHUs ). B tTaHHOM npuMepe pacuera MpyuHUMAET-
cs, yto B Toukax K3,, K3, orkioueHue co cropoHsl [1C, Bo Bcex cirydasx
MPOBOIUTCS TPEThEU CTYIIEHBIO TOKOBOM 3alllMTHI HYJIEBOM IMOCIEIOBA-
tenbHOCTH (T3HIT).
Tabauya 3.1
ITapameTps JTuHMIA

W, (onHouenHas), W, (omHOLIeTTHAST)

Hanpstxkenue, kB 110
JnmHa, KM 20
KonnuecTBo 11poBo0B B (hase 1 Paccrosinme mexny —
npoBoagaMu B pase
JnunHa nponera ot PY no nepBoit onopsl, M 50
OcHoBHas yacth BJI
Twumn onopsl IMb-110—1
KonuuecTBo TpocoB 1
Tpoc D=15,5mMm, R=0,4 OM/KM
Mapxka azHoro nposojaa AC-120/19
CpenHsd IJIMHA MPOJieTa, M 200
ComnpoTtusieHue 3a3emyieHus onop, R ,, OM 10
Conporusnenue 3azemenus kourypa I1C, R, Om 0,4
I'my6una obpatHoro Toka, D, M 1000
Paccrosinue mexny BJI W, u BJ1 W,, m 50
®
2.0 2,0
A 1,3
3,0
2,0
3,5
[ @

Puc. 3.3. Kondurypanus oropsl [16110—1
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3.2. lpumep pacyeTa TEPMNYECKOro Bo3aencTBus TokoB K3

Toxu paccuntansl 115 mapametpoB BJI, mpuBeneHHbIX B Ta0:1. 3.2. 3Ha-
yeHust TOKOB B Toukax K3 Ha BJI W, u 10K /| ..., B cMexHo# BJI W, ripu-
BeleHbI B Ta01. 3.3.

Tabauya 3.2
ITapamerpsi cpadaTbiBanus P3A
Tun AIIB C CUHXpOHU3MOM
Kpatnocts AIIB OnHoKpaTHOE
Bpewms cpabateiBanust YPOB 0,4c
ITonHoe BpeMs OTKIIIOYEHHUSI BBIKJIIOUATEIEH ¢ yUeTOM 0.08 ¢
BpEMEHMU TrallleHusI IyTu. ’
CobcTBeHHOE BpeMs cpabaTbiBaHus P3 0,06 ¢
Bpewms orkmouennst K3 or YPOB 0,09 ¢
Bpewms yckopenus cryrienn T3HIT mocne ATIB 0,1c
Tabauya 3.3
3navenus TokoB K3
BJI W,
OTKTIO- Cymmap- Tox BJI Tox BJI
HBI TOK cripaBa Tox B BJI W,
Touka K3 YeHHasl cJieBa OT
e BTOUKE | s | OTTOuKH 1, o (W) KA
K3, I KA ’ K3,
Iy, KA P I, KA

00¢e BKJTIO-
K3,:250 m o |sem 14 12 2 L1
oTmoprana Ut Fe "oy 2.8 0 2,8 3.4
(BTOpAst omopa)

I1C, oTk1. 11,7 11,7 0 2,7
K3;:2250m - |obeskmion) ;5 9,8 25 0,9
ot nopraja [1C, |91CHBI
(mBeHamaTast I1C, otk 3 0 3 3,4
oropa) I1C, oTk1. 9,5 9,5 0 2,8

Xapakrtepuctuku cpadatbiBanus T3HII mpu oTkiroueHun onHoMa3HO-
ro K3 Ha 3emito Ha BJI W, npuBeneHsl Ha puc. 3.4.

B paznene 3.3 npencrasieH aHaIUTUYECKUI pacueT TepMUUECKOTO BO3-
neiictBusl Toka K3 Ha rpo3oTpoc, B pasneie 3.4 npeacTaBieH pacueT, Bbl-
noJIHEHHBIN ¢ ToMolbio [1K RastrWin3.

79



[naea 3. Pac4eT TepMIM4ECKOro BO3MEACTBUS TOKA KOPOTKOrO 3aMbIKaHWS Ha rpo30TPOC

3 _ 25¢
(Il c1) CMelieHne XapaKkTepUCTHKU
—————— —| cpabareiBanus P3 Ha I1C 2 mocie
[ otkimouenns BJI co croponst I1C 1
I
2 — |
I
| Bo3moxnoe n3menenne
| , XapakTepucTuku cpabarsiBanus P3
Ha [1C 2 nocne otxmouenus BJI
1 4 o09¢ ! co croponsl IIC 1
ey | /7 L
0,1c V —I 0,1¢c
0,8¢c
Icr > (Icr)
@en) (II'ct) Lo
[IC 1 i ¢ TIC 2
K31 K32

Puc. 3.4. Xapaktepuctuku cpadarsiBanust T3HIT ¢ o6oux koH1oB BJI
OT MecTa pacrnojioXkeHUs1 Touku onHodazHoro K3 Ha 3eMito

3.3. AHaNUTUYECKUA pacyeT TePpMUYECKOro BO3AEHCTBUSA
TOKa KOPOTKOro 3aMbIKaHWS Ha rpo30TpoC

PacyeT napameTpos Ans onpeaeneHna coctasnaowmx Toka I'm

Tak KaK B pacueTHOM MpUMEpe UCIIOJIb3YyeTCs cTajealtoMuHeBbIid [T,
TO 3(pdexkTuBHLIN guameTp I'T paccuuThIBaeTCs 10 BhIPpAXKEHUIO:

d, ., =0,95d, (3.2)

rne d, — nuamerp I'T, Mm;
d, ., =0,95-0,0155=0,0147 m.

Jlanee onpenensiercs skBuBaaeHTHbINA nuametp I'T d, ... [TockonbKy

TPOC OJWH, TO 3KBUBaJIEHTHbIN auameTp oguHouHoro I'T (OKI'T) paBen
ero 3(¢pGHeKTUBHOMY IMAMETPY:

d ,.=d

T. 9KB T. 3¢}

=0,0147 m.
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PeakTuBHas cocraBistomas YACJIBbHOI'O COIIPOTUBIICHUSA TpOCa:

X, =0,145|1g 2D, , (3.3)

T. 3KB

rae D, — ryGrHa 06paTHOIO TOKA 3€MJIM, OTIPEAEIISETCS TUTIOM TPYHTA, M.
XapaxkrepHble 3Ha4eHUs D, 1151 pa3HBIX TUIIOB IPYHTA:

a) cyxas semist D, = 3000 m;

0) Bnaxsas 3emist D, = 900 wm;

B) Mopckas Boga D, = 100 m.

Ipu oTcyTCTBMM JaHHBIX LiegaecoobpasHo npuHaTh D, = 1000 m.

2D, 21000)]_ 2, OM
0,0147

KM
CornpoTuBIeHNE TIETIN TPOC — 3eMJIST Z, Ha TIPOJIETE MEXILY OIIOpaMU,

X =0,145| Ig - 0,145 lg(

T. 9KB

OIpeaesIsIeTCs YMCIOM 1 TTapaMeTpaMu TPOCOB B IpoJieTe, JJIMHOM MpoJie-
Ta, a TAKXKe COMPOTUBIIeHNEM R, pacTeKaHUIO TOKa B 3emJie. 11 4aCTOThI

50 T R, = 0,05 Om/xm. KomruiekcHoe 3HadyeHue cornpotusieHus I'T
u (unmmn) OKI'T Ha mposere MeXay oropaMu:

Z =(R +R +jX,)L,, (3.4)
rac RT — dKTHUBHaAd COoCTaBJidromad yacJIbHOIro COIIpOTHUBJIICHUA TpOCa,
Om/kMm; X, — peakTUBHAsI COCTABJISIONIAs YISIBHOTO COITPOTUBIEHHS TPO-
ca, OM/kwm; L — mivHa Tpoca Ha IpoJieTe MeXIy Oopamu, KM '

ConpoTuBJIeHHE MTETIIN TPOC — 3emitst Z, Ha nipojiete 200 m:
Z = (0,05 +0,4 +j0,744) :0,2=0,09+ 0,148 Om.

CpenHereoMeTpruueCcKoe paccTosiHue Mexay a3zHbIMU ITpoBoaaMu BJI
W,n I'T na BJI W, nns BJI c oqrum I'T:

qur = %/DA—T + DB—T + Dch 5

rae D, 1, Dy v, Do ;1 — paccTosiHUE MeXIY KaXIbIM U3 (ha3HBIX IIPOBO-
noBu I'T, [Mm].

! lmHa Tpoca Ha TpoJeTe MeXIy OIIOpaMy MOXKET OBITh TIPUHATA paBHOM IUTMHE TIPO-
JeTa 6e3 yJaera CTpesIbl IIpoBeca, TIOCKOIBKY YBeJIMUeHUE UIMHBI TPOca 3a CUYeT IpoBeca
HE OKa3bIBaeT MPAKTUIECKOTO BIUSHUSA Ha IMOJTydaeMbIe Pe3yIbTaThI.
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Dy =33,86+7,21+6,6 =5,68 m.

CpenHereoMeTpu4eCcKoe pacCTossHUE MexXay (a3HbIMU MPOBOJAMU
BJI W,u I'T na BJI Wi:
Dy = 3/48,11+46,92+52,38 =49,08 M.

COHpOTI/IBJ'ICHI/Ie B3aMMOMNHAYKIINHN (basa-Tpoc OIIpeCaCIACTCA 11O BbIpa-

KEHUIO:
/‘ = O 145 1 2 (3 5)
T s g D ] . .

Conpotusienue BzauMonHaykuuu mexay I'T Ha BJI W, u ¢dasHbimu
npoBogamu BJI W :

Xy = 0,145{@(15023}} ~0.33 %’

Conporunenue B3auMonHaykuuu mexny I'T Ha BJI W, u daznbiMu
nposonamu BJI W:

1000 Om
X, —0.1451 ~0,19 M
orw2 =5 {449,08)} 19

bespasmepHbiit KoadduumeHT P, yuuTsiBalommnii B3auMOMHIYKIINIO
Mexay I'T u paznbiMu ipoBogamu BJ1 W:

R +jXy,
pP=1-—>2" 3.6
7 (3.6)
Z_ =0,09+ 0,148 OM — 510 onun nposiet BJI, ciienoBaTebHO, YIeabHOE
conpoTuBiieHne retim Tpoc-3emist: Z, = 0,45+ 70,744 %
X .
pzl_&zl_M:0,65_joj15.

Z 0,45+ 0,744

T

Paccmorpum ogHodaznoe K3 Ha 3emiio B Touke K3,, Haxonsiencs
Ha pacctossHuu 250 M ot noptana [1C,. Bta Touka COOTBETCTBYET BTOPOIA
onope BJI.
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K31

| 100 omop |

Puc. 3.5. Pacuetnas cxema st K& B rouke K3,

BXOI[HbIe COIIPOTUBJICHUA:
Z,Z. +Z!th(mG)
" T Z v Z,th(mG)
rae th — runep6oMyecKnii TaHTEHC; M — YUCJIO IPOJIETOB OJHOPOIHOIO

yuactka BJI (mo moprana PY wnu no yuactka BJI ¢ npyrumu mapameTpamu

Tpoca); R, — cpenHee 3HaueHUE CONPOTHBIeHHUs  oropsl, OM; Z, = [ Z R —

(3.7)

Cp€AHEEC 3HAYCHUE COIIPOTUBJIICHUA IIETIN TPOC-3EMJIA HA IIPOJIETE, OM;

_ | Zep
G= R_ Zm — COIIPpOTUBJICHUE, HA KOTOPOC 3aMKHYTa OJHOPOAHAadA LC-

oIl

nouka (HanpyMep, CONpoTuBiIeHue 3azemnenus: PY Z, umm conporusie-
HME Y4acTKa ¢ IpYruMU 3HaueHussMu Z, u R)), Om.
[pu GostbIuKx 3HaYeHuAx m, Koraa th(mG) =1 nezasucumo ot Z,, Bxos-

HO€ COINMPOTUBJICHUE paBHO:

Zaw =Z.. (3.8)

3HaueHus1 m, IIpHU KOTOPbIX 3TO YCJIOBUEC BBIITOJHACTCA, OIIPEACTIAIOT-
C4d COOTHOIICHUEM

R
>3 20, .
m 7 (3.9)

C
Hna K3 Ha BTopoii onope (touka K3,) mpu pacuyeTe BXOJHOIO COMpoO-
TuBNeHMs cieBa — m = 1, Z, = Ry, ipu pacueTe BXOIHOTO COMPOTUBIIE-

Hust cripaBa —m =98, Z, = Z_.
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BxonHoe conpoTuBieHue Tpoca cieBa oT Touku K3, :

0,4(1,149 + j0,648) + (1,149 + j0,648)" th(1(0,115 + j0,065))
A (1,149 + 0,648) +0,4th (1(0,115+ j0,065))
= 0,472+ j0,143.
BxonHoe conpotuBieHune Tpoca cripaBa oT Touku K3, paccunThiBaeTcs
C YUCTOM 3HAYEHU m, a UMEHHO:

o [Ipu GonbIIMX 3HAYEHUSIX M, KOTIA th(m G) =1 nesaBucumo ot Z,,

BXOIHOE€ COIIPOTUBJICHUE PaBHO:
A BXA(B) — A c*

e 3HaueHUs m, IIPU KOTOPLIX 3TO YCIOBUE BbLITTOJHACTCA, OIIPEACIIACT -
Cd COOTHOLIECHUEM:

mZSR"“

C

5

m=982(&5£]:2;7a
Z

C

_ 10,45+ 0,744)-0,2-97+(0,45+ j0,744)-0,05

= 5% .
=1,149 + j0,648 Om

(cM. BeIpaxeHue 11t Z, B paciundposke 3.7).

10 =

ZBXA(B) = Zc

ZO OIIpEACIIECTCA U3 COOTHOLLICHU A

1111
—= + +—,
Z, Z.. Z., R

BxB on

(3.10)

rae R, — conpoTuBieHUe 3a3eMJICHUs OMOPHI ¢ Toukoit K3, Om.
OmnpenensieMm Z,;:

S R B | 1 1 1
— = + +—= + +—
Z, Z.. Z. R_. 0,472+,0,143 1,149+ ,0,648 10

BxB on
=0,329+ 0,117 Om.
Cocrasnsiomasi Toka I'T cnesa [, , v cripaBa [, p oT Touku K3 st «ypas-
HOBELIEHHON» PaCUETHOM CXEMBI:

I,,=(1-P)I,, (3.11)
I,,=(1-P)I, (3.12)
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Pacuet cocTaBnsawowux Toka l'm

OnpenensieM cocTapsonyo Toka ['T.
1. BJI Bki1royeHa ¢ 000X KOHIIOB:
a) Tok B I'T BiieBo ot Touku K3;:

Iyn=(1-P)I, =(1-(0,65-,0,15))-12=4,2+ 1,8 KA;
0) Tok B I'T BpaBo oT Touku K3,:
I,5=(1-P) I, =(1-(0,65-0,15))-2=0,7+ j0,3 KA.

2. BJI BkitoueHa To1bKo co ctopoHsl T1C,:
a) Tok B I'T BiieBo ot Touku K3;:

I A =(1-P)I, =0 KA,
6) Tok B I'T BripaBo oT Touku K3,:
y [ =(1-P)I, =(1—(0,65—j0,15))-2,8=0,98+j0,42 KA.

3. BJI BkiroueHa ToJibkKo co ctopoHsl I1C,:
a) Tok B I'T BiieBo ot Touku K3;:

VN :(I—P)IA :(1—(0,65—j0,15))-11,7:4,09+j1,75 KA;
6) Tok B I'T BripaBo oT Touku K3,:

I,,=(1-P)I;=0 KA.

Onpepenexne AONONHUTENbLHOM cocTaBnAlowWen Toka I'T

HomnonnurtensHast cocrapistiomast Toka I'T ciea /[, 4 r,) Y CTIpaBa

1 som. B(R,,) OT TOYKHA K3, yuyuTbiBaroniasd BIUAHNUEC HEHYJIEBOIO 3HAa4YCHU A CO-

MPOTUBJIEHUS OITOPHI C Toukoi K3:

Z

[uon.A(Ron):PlkZO 3 (313)
BXA
Z

[non.B(Ron):P]kZO ’ (314)

BxB
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rane I, — tok B Touke K3, paBHBII yTpOEHHOMY 3HAYEHHIO TOKA HYJIEBOM
rmocJieioBaTeIbHOCTH B Touke K3,, KA; Z ..\, Z,,z— BXOIHBIE COITPOTUBIIC-

HUSI Tpoca cjieBa U cripaBa oT Touku K3, Owm.

1. BJI BxitroueHa ¢ 000MX KOHIIOB:
a) Tok B I'T BiieBo ot Touku K3:
ZO

Ion, =PI =
A(Ry;) k ZBXA
— (0,65 j0,15).14- 232 JOMT ¢ 50 1179 ¢a;
0,472+ /0,143

T

6) Tok B I'T BripaBo ot Touku K3,:
ZO

[Hon.B(Ron) = P[k 7

—(0,65- j0,15).14. 2329+ /0117
1,149 + ;0,648

BxB

=2,278— j0,96 KA.

2. BJI BkitoueHa Tosibko co ctopoHsbl [1C,:
a) Tok B I'T BiieBo ot Touku K3:
Z —

1 =Pl — =
nor. A(Ry,) k 7
BXA

0,329+ 0,117

=(0,65-j0,15)-2,8- 1,320,236 KA;
0,472+ j0,143

6) Tok B I'T BripaBo oT Touku K3,:
Z

1 =PI
nor. B(Ry,,) k 7
BXxB

= (0,65 j0,15).2,8. 2329 /0.117
13149+_]0,648

0 =

= 0,456 j0,192 KA.

3. BJI BxiroueHa ToJibKo co cTopoHbl [1C,:
a) Tok B I'T BineBo ot Touku K3;:
Z

0 =

Iuon.A(Ron) = P[k 7
BXA

0,329+ 0,117 _

—(0,65— j0,15)-11,7- —5.43— /0,986 KA:
( J0.15) 0.472+ j0.143 J
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0) Tok B I'T BipaBo oT Touku K3,:

P, 2o —
Z

BxB

1

nom. B(R,,) —

0,329+ 0,117
1,149 + ;0,648

=(0,65-,0,15)-11,7- =1,9-,0,802 KA.

Onpepenexve MHAYKTUBHOW COCTaBNAIOLYEH MHAYLMPOBAHHOIO TOKA
OT CMEXHbIX JIUHUN

i=1 Z
Im—m.(b.cmex( :(ZIOCMC}K.iJ Z(l) s (315)

T

re /... ;, — YTPOEHHBII TOK HyJI€BOM mocienoBareabHOCTH BJI, KA; Z,, —
yIEIbHOE COMPOTUBJIEHUE B3AUMOUHAYKIIUU MeXTy (Da3HbIMU MTPOBOAA-
mu i-it BJ1 u mpoektupyemeim I'T, Om/xkm; Zy, = R + jX 5 Z — ynenbHoe
conpotusiaeHue I'T OM/km.
1. BJI BkiroyeHa ¢ 000X KOHIIOB:
< Z 0,05+ ;0,1

MHIl(bCMC)KZZIOCMCXi d)T:l’l' . J . 9
s p " Z 0,45+ ;0,744

T

I = 0,238+ 0,07 KA.

2. BJI BkimtoueHa Tosibko co ctopoHsl [1C,:

— 4 .
[MHﬂ_d)_CMe)K :ZIO or =3.4. 0905+j0,19

=0,737+ j0,217 KA.

stz 70,45+ 50,744
3. BJI BkitoueHa ToJibKo co ctopoHsl I1C,:
i=1 Z .
IVIHI[(I)CME)K:ZIOCMe)Ki o :2’7' 0’05+‘]O’19 20,585+j0,172 KA.
o p A 0,45+ 0,744

HenocpenctBeHHblit pacueT /. za)> L jon(zp) IO CXeMaM (puc. 3.5) MoxeT

oTpedoBaTh 3HAYMTEIbHBIX Tpyao3aTpaT. [1pu yclIoBUsSIX OMHOPOIHOCTH
cxeMbl Ha yyacTke oT PY noacranumm 1o onopsl ¢ Toukoit K3 (ot moacraH-
uuu A no omopel K Ha puc. 3.6, ¢ u or nmoacranuuu B 10 omopsl
K Ha puc. 3.6, 6) u Hanmuus Ha yyacTke oT Touku K3 no PY nporusormno-
JIOXKHOM noacTtaHuu (10 noactaHimu B Ha puc. 3.6, a v 1o noactaHunm A
Ha puc. 3.6, 6) 6onee 10 onop, MpakTUUYECKU 0€3 IMOTrpeIHOCTH pe3yIbTaT
MOKET OBITb MTOJYYEH IO MPUOIMKEHHBIM BhIPAXKECHUSIM:
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K-1
E E R
IﬂOn.A(R )y~ A . AD : o ) (316)
A RA+Z1 ZA3+ZBX.B R0”+ZBX'B
K
I B(R,) — _EA . EA9 . . ; (317)
nom. B(R,) RA+Z1 ZA3+ZBX.B R0n+st.B ,
K
I __E B [ R, ; (3.18)
zon. A(Ry) RB +Z1 ZBB +ZBX.A Ror[ + BX. A , .
K-1
I/ By By U ; (.19)
non. B(Ry) RB + Z] ZB9 +ZBX,A Ron +ZBX.A , .
yARYA
Zl _ BX. BT/AD : (320)
ZBX.B +ZA3
£ _PlR. (3.21)

ITockonbky Touka K3, pacnionoxena Boau3u noptaia [1C,, To nocrato-
YeH Y4ET TONBKO /. o (&, ) B COOTBETCTBUM C (3.16), (3.17).

3HaK MUHYC B (hOpMYJIE€ YIYMTHIBAET MPUHATHIE HA pUC. 3.1 yCIOBHBIE MO-
JIOXUTEJIbHbIE HanpaBaeHus Toka u D/1C.

Puc. 3.6 mpuBeneH mist OTHOPOIHOM CXEMBI, XapaKTepU3YIOLIEICS Clie-
TYIOIIMMU YCIOBUSIMU:

1) conmpoTuBIieHUs 3a3eMJIEHUS BCEX OTTOP COBITAIAIOT;

2) CONMPOTUBIIEHUS TPOCOB HA BCEX YYaCTKAX MEXIY OITOpaMy COBITaaa-

10T B ipeaenax BJI ot PY no onopsl ¢ Toukoit K3.
BJ1C u Z, onipenensitorcs Cleayoimm o0pa3oMm:

~ (1,149+ /0,648)°
' 2:(1,149+ 0,648)

E, =(0,65-,0,15)-12-0,4=3,12- ;0,72 kB.

=0,574+ j0,3240mMm,

Z[OHOJ'IHI/ITCJ'[BHB.H COoCTaBJIAI0IIaA TOKa B TPOCE CJIE€Ba OT TOYKU K311

Jom A(Ry) —
L (312-j072)  (1,149+,0,648) 10 w
" (0,4+0,574+ j0,324) 2-(1,149+ j0,648) | 10+1,149+ j0,648 )

Lo i = 1,148 /0,795 KA,
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Iﬂon.B(RA):
O —(312-50,72)  (1,149+,0,648) 10 ’
" (0,4+0,574+ j0,324) 2-(1,149+ j0,648) |\ 10+1,149+ j0,648

Lo niay = 0,985 70,771 KA.

a
PYIICA Zi 2 Douny K s
I_| 1 | —— | —
L L
ZBXB
Ron Ron Ron
0
k 1
nonA(RB) Tron . .
o Kbeg 2 2 Z | PYNICH
L LT
ZBXA RB
OH Ron Ron EB

Puc. 3.6. PacueTHbIe cXeMBI JUISI OIIpeIeIeHYsI JOIOIHUTEIbHBIX COCTABIISIIOIINX TOKOB

B I'T, yunTHIBaOIIMX BAMSHUE HEHYJIEBBIX 3HAUCHUI COTPOTUBJICHUS 3a3eMyieHUs PY
TMOACTaHIIU cieBa (a) u cripaBa (0):

E,, Ey — neiictByronue B cxemax D/1C; R, — cONMpOTUBIEHUE 3a3eMJICHUS ONOpbI; Ry, Ry

JR— CO_
npoTuBlieHUe 3a3emiaeHus PY Ha nmoacraHuusx A u B; Z

+ — COIIPOTUBJICHUE IETIN TPOC-3EMIIA
Ha MpoJIETE MEXKIY OITOpaMu; st.Aa ZBX.B — BXOJHO€ COIMPOTUBJICHUE TPpOCa CJI€Ba U CIIpaBa OT TOYKU

K3; k — Homep onopsi ¢ Toukoit K3, cuuras ot PY noacranuuu A (a) u ot PY noncranuuu B (6);
Liona ra, #B)> LionB (ra, zB) — JOTIOJIHUTENBHAS COCTABIISAIONIAs TOKA B TPOCE CJIEBA U CIIPaBa OT TOYKU
K3, yunTsiBaronias BAMssHME HEHYJIEBOTO 3HAUEHUSI CONTPOTUBNIEHUS Ry, Ry; Zyo Zpn — SKBUBAJICHT-
HOE BXOJTHOE COTNPOTUBIIEHHE TPOCOB CMEXHbBIX BJI, oTXoasiux oT o61imx ¢ paccunthiaemoit BJI

IIWH Ha noactaHuusix A u B [12]

Tok B I'T, Teky1uii BjaeBo u BIipaBo oT Touku K3,, onpenensercs cie-
IOYIOIIAM 00pa3oM:

I [ + Iz[on(R0 ) + Inon(RA) + Inon(RB) + II/IHLL. s T [l/IHLL. . cmexH (322)
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1. BJI BxiroueHa ¢ 000X KOHIIOB:

ITA

[TB

a) Tok B I'T BieBo ot Touku K3:

] _1 +I +Iz[or| +Im—m.(b.cme)KHa (323)

Hon R

=(4,2+j1,8)+(6,506 - j1,179)+(1,148 - 0,795)+(0,238+ 0,07),
I, =12,092- ;0,104 KA;
6) Tok B I'T BripaBo oT Touku K3:

Ly=1,+1 ny (3.24)

non(Ry) Imm. ®. cMexH?

zor(Ryy )

—(0,7+0,3)+(2,278 - j0,96) +(0,985— j0,771)— (0,238 + j0,07),

I, =3,725—j1,501 KA.

2. BJI BkitoueHa Tosibko co ctopoHsbl [1C,:

a) Tok B I'T BiieBo ot Touku K3:

Iy=1, +Iﬂon(R0n) +1

MHI. d. CMEXH 2

(3.25)

I =0+(1,301- j0,236) +(0,737 + j0,217) = 2,038 j0,019 KA ;

0) Tok B I'T BripaBo oT Touku K3:

]TB = [yp + Inon(Ron) + Iﬂon(RB) - II/IHL[. . cMexH? (326)
15 =(0,98+0,42) +(0,456 - j0,192) - (0,737 + j0,217) =
=0,699+ 0,011 KA.

3. BJI BxitoueHa ToJibKo co cTopoHbl [1C,:

90

a) Tok B I'T BiieBo ot Touku K3:

Lia =1y + L guiry T Lion(ry) + Livin o cvenns (3.27)
I, =(4,095+ j1,755)+(5,437 - j0,986) +
+(1,148 + j0,795) + (0,585 + 0,172),
I, =11,265+ j0,146 KA;
6) Tok B I'T BripaBo oT Touku K3:
Loy =Ly + L onir,)  Lron(ry) ™ Livan 0. cvenns (3.28)



3.3. AHanUTUYecKMii pacyeT TePMMYECKOr0 BO3/IEICTBIS TOKA KOPOTKOrO 3aMblKaHIsl Ha FpO30TPOC

L =0+(1,904 - j0,802)+(0,985 - 0,771) — (0,585 + j0,172),
Iy =2,304— /1,745 KA.

Toxk B I'T B cTopoHYy JieBOro rnopTaja 3HauYUTeIbHO OOJIbIIIe TOKA TeKY-
11IeT0 BIPaBO, MO3TOMY pacCUMThIBaeM TEpMUUECKOe Bo3aeicTBre Toka K3
Ha I'T nnst cnyvaes pa6otsl YPOB Ha I1C, u HeycnieniHoro AIIB Ha ycToii-
ynBoe K3 co croponsl I1C, ns Toka ciieBa. B 06oux BapuaHTax CUMTAET-
cs, yto oTkaoueHue K3 nposogurcsa T3HIT [14].

ITocTrostHHas1 BpeMeHu aneproanyeckoi coctapistonieit Toka 7,=0,01 c.

1. Otkas3 BeikiItoyaTessi co cropoHsl [1C, u neiicteue YPOB.

CornacHo puc. 3.4 otkinoueHue B Touke K3, co croponsl I1C, mpous-
BoauTcs I crynennto, co ctoponsl I1C, — 111 ctyneHsblo.

Bpewmst otknouenust K3 co croponsl [1C, ¢ yuerom aeiicteust YPOB:

tOTKJ'l = tyCT + tBLIKJ'[ + tc. 39 (329)

rae f,., — BpeMsl GOPMUPOBAHKA CUTHAJIA HA OTKJIIOYEHUE BBIKIIIOYATENI,

3aJlaHHOE B BUJE YCTAaBOK IO BpeMeHM cpabaTbiBaHUs yCTpoiicTB P3, c;
!,... — BpeMs oTkimodeHnst K3 BeIKITIOUaresem, c; f, , — cOOCTBEHHOE Bpe-

BBIKJT 2 7C.3

Ml cpabaTbiBaHus P3, c.
=0,1+0,06+0,4+0,09=0,65 c,
=2,5+0,06+0,08=2,64 c.

tOTKJ'l 1

tOTKJ'lZ

HMurerpan JIxoyns mist Toka B I'T Tekyiiero BiaeBo oT Touku K3 onpe-
JeJIsieTCs CJIeaYIOIMM 00pa3oM:

B =17-[t,

TepM. pacy

+T,]. (3.30)

TKJT
Tepmuueckoe Bo3aeiictBue Ha I'T B ciyuae neiictBust YPOB Ha I1C

12,09*-[0,65+0,01]
otkimoueHue nociue YPOB co ctoponsl T1C,
2,04%[2,64-0,65]
OTKJII04eHME o cTOpoHbI [1C,
(12,09-2,04)*-[0,01] .
yuer T, nocye otkimodenus I[1C,°
B =105,763 xA*-c.

TepM. pacy

TepM. pacy

J’_
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2. Orkmouenue K3 ¢ 06oux koH110B BJI ¢ mocienytomnmm HeyCTrie ITHbIM
AIIB co croponsi T1C,.

Bpewms otkmouenust K3 co cropons [1C;:

=1, +1

OTKJL. BBIKJI] 9
t,=0,1+0,06+0,08=0,24 c.
Bpewms otkmouenust K3 co ctopons I1C,:

t,=2,5+0,06+0,08=2,64 c.

Bpewms otkmouenus K3 co ctoponsl I1C, mocne HeycnemHoro AIIB

t,=0,1+0,06+0,08=0,24 c.

. . 12,09-[0,24+0,01] .
TepM. pacd OTKJIIOYEHUE CO CTOPOHBI HCI
. 2,047 .[2,64-0,24]

oTKJIIo4YeHuE ¢o ctopoHsl I1C, !
(12,09 -2,04) -[0,01] .
yuet T, nmociue orkmouenud I1C,
11,272'[0,24+O,01] .
oTkmoueHue co ctoponsl [1C, nocine HeycnenHoro AIB’

+

BTepM. pacu 79,293 KA’ -C.

Paccmorpum ogHodasHoe K3 Ha 3emiio B Touke K3,, Haxonsencs
Ha paccrosgHuu 2250 m ot noprana I1C,. 9ta Touka COOTBETCTBYET JBE-
Haauaroi onope BJI.

K32
IC 1 Ic 2
.__Ij . E . .
ZT ZT ZT ZT
RPY Rl Rll RIZ R13 RlOO RPY
| 100 omop

Puc. 3.7. Pacuetnag cxema misg KV B Touke K3,



3.3. AHanUTUYecKMii pacyeT TePMMYECKOr0 BO3/IEICTBIS TOKA KOPOTKOrO 3aMblKaHIsl Ha FpO30TPOC

Hna K3 Ha nBeHaaiaToit onope (trouka K3,) mpu pacuere BXOIHOIO CO-
npotusnenusi cnesa —m=10, Z, = R, ipu pacueTe BXOTHOTO COMPOTUB-

neHus cripaBa — m=2389, Z =7 _[14].
BxonHoe conpoTuBieHue Tpoca ciieBa oT Touku K3,:
©0,4-(1,149+ 0,648)+(1,149+ j0,648)" - th (10 (0,115 + 0,065))
A (1,149 + j0,648) +0,4 - th(10-(0,115+ j0,065))
=1,011+ 0,71 Om.

Bxo/HOe conpoTuBieHne Tpoca cripasa or Touku K3, paccuntsiBaetcst
C Y4ETOM /1, & UMEHHO:
e Tlpu Gonbinux 3HaueHUsIX m, koraa th(m-G)=1, nezasucumo or Z,,

BXOJITHOE COIIPOTUBJICHUE:!
Z

BX. A

(B) = Ze-
e 3HaUYeHUA m, IIpHU KOTOPLIX 3TO YCJIIOBUEC BBIITOJIHACTCA, OIIPCACIIAIOT-
Cda COOTHOLLICHUEM:.
R
m>3—2L;

C

m:89z(3&]=2z,74;
Z

C

7. o =7, =1,149+ j0,648 Om.

Z, onpenensiercst u3 cootHorreHus (3.10).
Omnpenensiem Z,:
U S 1 oL
Z, 1,011+,0,71 1,149+ 0,648 10’
Z,=0,522+ j0,3070Mm.

Cocrapnstomast Toka I'T cnesa [, , u cripaBa [, ; or Touku K3 mst

«ypaBHOBEILIEHHOI» PacUeTHOI CXEMBbI OTIpeaeisieTCs MO BhIpaXkKeHUSIM
(3.11), (3.12).
Cocrapisioniast Toka I'T onpenensieTcs ciienyooumm oopazoM [15]:
1. BJI Bk1toueHa ¢ 000MX KOHILIOB:
a) Tok B I'T BiieBo ot Touku K3,:

I, 5 =(1-(0,65-,0,15))-9,8 =3,43+ j1,47KA;

yp- A
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6) Tox B I'T BpaBo oT Touku K3,:

I, 5 =(1-(0,65-0,15))-2,5=0,875+ 0,375 KA.

yp. B
2. BJI Bki1toueHa ToibKo co cTopoHsl T1C,:
a) Tok B I'T BiieBo ot Touku K3,:
I .=0KA;
6) Tox B I'T BipaBo oT Touku K3,:

I, 5 =(1-(0,65-0,15))-2,97=1,04+ 0,446 KA.

yp. B
3. BJI BkitoueHa ToJibKo co ctopoHbl [1C;:
a) Tok B I'T BiieBo ot Touku K3,:

I, »=(1-(0,65-0,15))-9,45=3,307 + j1,417KA;

yp- A

6) Tok B I'T BripaBo oT Touku K3,:
I, 5=0KA.

JomnonHuTtenbHas coctapistomas Toka I'T onpenensieTcs ciaeayommum
oOpa3oM:
1. BJI BkitoyeHa ¢ 060MX KOHILIOB:
a) Tok B I'T BiieBo ot Touku K3,:
0,329+ ;0,117
0,472+ j0,143

6) Tok B I'T BipaBo oT Touku K3,:
0,329+ 0,117
1,149+ ;0,648

2. BJI Bki1toueHa ToibKo co ctopoHsl T1C,:
a) Tok B I'T BiieBo ot Touku K3,:

0,329+ j0,117
0,472+ 0,143
6) Tok B I'T BripaBo oT Touku K3,:

0,329+ j0,117
1,149 + ;0,648

1

JIOT. A

1 =(0,65-0,15)12,3- =5,716— j1,036 KA

1

it 8 B

(O 65-0,15)-12,3- =2,002- 0,843 KA.

1

nor. A(R,,

1 =(0,65-j0,15)-2,97- 1,38 j0,25KA;

I 1 =(0,65-j0,15)-2,97-

JIOIT. B

=0,483- /0,204 xA.
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3. BJI BkitoueHa TobKo co ctopoHsl I1C:
a) Tok B I'T BieBo ot Touku K3,:

0,329+ ;0,117
0,472+ j0,143
6) Tok B I'T BripaBo oT Touku K3,:

0,329+ ;0,117
1,149 + ;0,648

I 0,65—0,15)-9,45. ~4,392— j0,796 KA

non. A(Ryy) (

1

son b(r,,) = (0,65-0,15)-9,45- =1,538— 0,648 KA.

WHnyKTUBHASI COCTABISIOIAS /¢ cyexcn OTIPEAETIACTCS CICIYIOIINM 00-

pazoM:
1. BJI Bki1toueHa ¢ 060MX KOHIIOB:
0,05+ 0,19 .
1 =0,9- ————=—=0,195+ j0,057KA.
- evexn =70 45 170,744 s
2. BJI BkitoueHa To1bKo co ctopoHsl T1C,:
Lo 6 oves = 3,4. 204 /019 737, 10 217kA.
e 0,45+ 70,744
3. BJI Bki1toueHa TobKo co ctopoHsl T1C:
Lo oo = 2822 T0DD 607 0,179 kA
" 0,45+ 0,744

ITockonbky ot Touku K3, 1o mopranos odeux I1C 6osee 10 onop, To pac-
YeT IOMOTHUTEIbHBIX COCTABISIOIUX 7, 24 HE TPEOYETCS B COOTBETCTBUM C:

K-1
/ _ EA . ZAS . Ron .
om AU (Ra+Z) (Zao+Zys) R+ Zy,)
1 __~k, Zno : Ry '
nor. B(Ry) — (RA + Zl) (ZA3 + BX.B) ROI'[ + BX. B .

[Tonneiii Tok B I'T, TeKymmii BieBO 1 BripaBo oT Touku K3,, onpenensi-
€TCS CJEIYIOIIMM 00pa3oM:

IT - IYP + Iuon(Ron) + [ﬂon(RA) + Inon(RB) + ]m-m. st ]m-m. b. cMexH (33 1)
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1. BJI BxiroueHa ¢ 000X KOHIIOB:
a) Tok B I'T BiieBo ot Touku K3,:

ITA = Iyp +1ﬂ0H(R0n) + IVIHJI. }. cmexH » (3.32)
I, =(3,43+j1,47)+(5,716 - j1,036) +(0,195+ j0,057),
I, =9,341+ 70,491 KA;

6) Tox B I'T BipaBo oT Touku K3,:

[TB = [yp +[HOH(ROH) _]MHL[.cthme)KI-n (333)

I =(0,875+ j0,375) + (2,002 — j0,843) - (0,195 + 0,057 ),
I =2,682— /0,525 KA.,

2. BJI BkitoueHa Tosibko co ctopoHsbl [1C,:
a) Tok B I'T BiieBo ot Touku K3,:

[TA = [yp + IHOH(ROH) + Imm. . cmexH (334)

TN =O+(1,38—j0,25)+(0,737+j0,217),
I, =2,117+ 0,033 KA;
6) Tok B I'T BripaBo oT Touku K3,:

ITB = ]yp +Iuon(R ) _II/[HLL(I).CMG)KHi (335)

on

Ly = (1,04 + j0,446) + (0,483 - j0,204) (0,737 + j0,217),
I, =0,786— 0,867 KA.

3. BJI BkiroueHa ToJibKo co ctopoHbl [1C;:
a) Tok B I'T BiieBo ot Touku K3,:

N P SRR S (3.36)
I, =(3,307+j1,417)+ (4,392~ j0,796) + (0,607 + j0,179),
1., =8,306— ;2,034 KA,
6) Tox B I'T BpaBo oT Touku K3,:

[TB = [yp + [Hon(Ron) o IMHL[. . cMexH> (337)
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Ly =0+(1,538— j0,648) - (0,607 + j0,179),
Iy =0,931- 0,827 KA.

Toxk B I'T, Tekyiuii B CTOPOHY JIEBOTO MOpTajia, 3HAUYUTEIbHO OOJIbIIIe
TOKa TEKYIIIEr0 BIPaBO, I03TOMY PaCCUMThIBAEM TEPMUUECKOE BO3/IEICTBIE
toka K3 Ha I'T nns cinyvyaeB padotsl YPOB Ha I1C, u HeycnieniHoro AIIB
Ha ycroituuBoe K3 co ctoponsl I1C, ns Toka cinesa. B o06oux BapraHTax
cuuTaercs, uto otkirodeHue K3 nposonurcs T3HII.

ITocTostHHas1 BpeMeHM anepruoanyeckoii coctapistoieii toka 7,= 0,01 c.

PaccmotpuMm BapuaHThI OTKII0UeHUs onHoda3Horo K3 Ha 3emitio:

1. Otkas3 BeikitoyaTesst co cropoHsl [1C, u neiicteue YPOB.

OtkmoueHue B Touke K3, co ctoponsl [1C, npousBoautcs I1 cryneHslo,
co ctoponbl [1C, — I1I crynensbio.

Bpewms otknouenus K3 co croponsl [1C, ¢ yuetom aeiictust YPOB:

=0,9+0,06+0,4+0,09=1,45 c.

tOTKJ'[l

Bpewms otknouenus K3 co croponsr [1C;:

=2,5+0,06+0,08=2,64 c.

tOTKJ'lz
Tepmuueckoe Bozneiicteue Ha I'T B ciyuae neiicteust YPOB nHa I1C;:
9.357 -[1,45 + 0,01]
otktoyenue nocse YPOB co croponsr [1C,
2,127 ~[2,64 - 1,45]
OTKJII04eHME co cTopoHsl [1C,
(9,35-2,12) -[0,01]
yuer T, mociie orkmoueHust [1C,
B =133,508 kA’ -c.

TEpM. pacy

B =

TEepM. pacy

—+

2. Orknwouenue K3 ¢ nByx BJI ¢ mocnenywoimum HeycnemHbiM AITB
co ctoponbl I1C,.
Bpewms otkinouenus K3 co croponsi 11C;:

+1

OTKJL. BBIKJI

t =t

p3l

t,=0,9+0,06+0,08=1,04 c.
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Bpewms otkmouenust K3 co cropons I1C,:
t,=2,5+0,06+0,08=2,64 c.
Bpewms otkmouenust K3 co croponsl I1C; nocne HeycnentHoro AITB:
t,=0,1+0,06+0,08=0,24 c.
9,35 ~[1,04 + 0,01]
OTKJITOYeHME €O CTOpOoHbI [1C,
2,127 ~[2,64—1,04] . (9,35-2,12) -[0,01]
otkimoyeHue co ctoponsl [1C,  yuer T, nmocae orkmouenus [1C,
8,55 -[0,24 + 0,01]
oTkmoueHue co ctoponbl I1C | mocie HeycnerHoro AIIB’

B =117,8 kA’ -c.

TEepM. pacy

B —

TEpM. pacy

+

+

B ta6n. 3.4—3.5 npeacraBieHbl pe3yabTaThl paCYeTOB.
Tabauya 3.4

ITomnsri Tok B I'T, TeKymmii B1eBo U BIpaBo oT TOYKH K3

BJI BximtoueHa ¢ 060- | BJI BkirroueHa Topko | BJI BKiTroueHa TOJIBKO

X KOHIIOB co cropons! I1C, co ctoponsl [1C,
Bosmymenue TMonusiit Tok B I'T ot Touku K3, KA
BJICBO BIIPaBO BJICBO BIIPaBO BJICBO BIIPaBO
OnmHoazHoe

K3 Ha 3emutio 12 —40,1 3,7 —/1,5| 2—,0,02 |0,7+,0,01|11,2+,0,1|2,3 — /1,7
B Touke K3,

OnHodazHoe
K3 nHa 3emutio 9,3+,0,5|2,7—,0,5(2,1 +,0,03/ 0,8 —0,9| 83—,2 {0,9—,0,8
B Touke K3,

Tabauya 3.5
PacuyeTHoe 3HaYeHHE TEPMUYECKOIl CTOMKOCTH rPO30TpoCca

OnHodaznoe K3 OnHodazHoe K3
Ha 3eMJII0 B TOUKe Ha 3eMJIIO B TOY-
Orxuouenue K3 nposoautcs T3HII K3, ke K3,
TEPM. pacy ? KAZ -C
OTKa3 BBIKJTIOUATEIISI CO CTOPOHBI
I1C, u neiictBue YPOB 105,38 133,5
Otxkmouenne K3 ¢ 2-x BJI ¢ nocienyro- 79.3 117.8
M HeycnelrHbiM ATTB co croponsl [1C, ’ ’
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3.4. Pacyet Toka B rpo3oTpoce B MK RastrWin3

M3 nByx mpocunTaHHBIX BApUAHTOB yaaJieHUs TOUKu ogHoda3Horo K3
Ha 3eMJTIO OT MOpTajia MOACTAHLIMM MaKCUMaIbHOE TEPMUUECKOE BO3IEHi-
cTBUE OKasbiBaeTcs B Touke K3, v paBHsercs 133,5 KA ¢, 4TO MEHBILIE 3Ha-
yenus 140,0 KA*c, yKa3aHHOTO 3aBOIOM U3TOTOBUTEJIEM.

3.4. Pacyer Toka B rpo3otpoce B [K RastrWin3

Jl1s1 mpoBeaeHUsl pacueTa HEOOXOAMMO 3arpy3uTh 11Aa0JIOH «IMHAMUKA.
rst». OH Hy>KeH ISl OpraHu3aluy repeaadyu MCXOAHbBIX TaHHBIX pacuyeTHO-
MY MOJYJIIO Y TTOJy4eHUs Pe3yabTaTOB pacyera.

JI1a pacyeTa UCIOJb3yeTCs clleayollee MpeacTaBlIeHe JaHHOTIO MPo-
mecca, o kaxmnoii onope JIDII, puc. 3.8.

I b

MCl é lorll é e

Puc. 3.8. Pactekanmue ToKa 1o rpo3otpocy 1 onopam npu K3 Ha mmHIM

> ‘

Lhedl  did

—

MoOXHO TNpeAcTaBUTb 3TO B BUIE CIAEAYIOIIE CXEMbl 3aMellleHus,
puc. 3.9.

HCI[TDD D”—fzﬂﬁ ] u[% %]

Puc. 3.9. Cxema 3ameleHust aist pacyeTa COCTAaBJIAIOIINX ITOJTHOT'O TOKA B I'PO30TPOCE

Pacuet 3anyckaeTcs Mo HaxaTuio Ha UKOHKY ¢ JIDTI.
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-ra APM
Y Fd = T K-

Puc. 3.10. MkoHKa BbI3oBa (pOpMBbI pacyeTa ToKa B IpO30TpOCe
IMosBnsiercs popma, npuBeaeHHas Ha puc. 3.10, 1151 BO3BMOXHOCTH 3a-

JaHUS TTapaMeTpoB U MOJyYEHUSsT pe3yabTaToB pacueTa. Pacuer BeaeTcs
110 METOINYECKUM YKa3aHusIM 1976 T.

20 L, kM mpoTsxeHHocTs N30
100 M, WT. Y4Cno onop
1 ~ | num_tr,WT, KonH4ecTso TPoCos

PaccTosnue daza Tpo

3,36 LAT, M
7,21 LET,m
6,6 LCT,m
0,0155 d_t,M AMENETD Tpoca I 2 +
Iy, I, N I, 0 I,
0,4 r_t,OmfkM yAENEHOE BKTUEHOE CONPOTUBNEHWE TPOCE — '\\l -l W \\l _—..\_f\l s
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— -—
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0,4+0 z_ps_1,0M NonHOE CONPOTHBNEHWE 3a3eMNMTENA Ha MC 0,4+0 z_ps_2,0M NONHOE CONPOTHBNEHWE 333EMNMTENA Ha MC
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Puc. 3.11. ®opma pacuera TOKa B TPO30TPOCE

Cyl1ecTBYIOT TpY BapuaHTa OTOOpakeHMsI paCCUMTAHHBIX 3HAYEHUIA:
1) B Buze rpacuka 3aBUCMMOCTH TOKOB B TPOCE OT HOMEpPA OMOPHI;

2) B BMJIE TaOJIMIIBI C BO3MOXHOCTBIO 3KCHOpTa B 0Oydep oomeHa u Excel;
3) B BuJE Jora nmpoiiecca pacyera.
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KOHTPONbHbIE BONPOCHI K TPETLEN rMase

KoHTponbHble BOnNpochl K TPeTben rnase

BocnipousBenute aaroputm pacuera Toka B rpo3otpoce npu K3.
. Kakue ncxonHble JaHHbIE HEOOXOAMMBI U151 pacyeTa TEPMUUYECKOTO
Bo3nelicTBUsI TOKOB K3 Ha rpo3oTpoc?

3. Kakas BelMuMHa XapaKTepu3yeT CTeIeHb TEPMUUECKOTO BO3AEUCTBUS
toka K3 Ha rpo3oTpoc?

4. M3 Kakux cOCTaBJISIOLIMX CKJIaIbIBaeTCsI TOK B rpo3oTpoce?

5. VI3 KakuX COCTaBJISIIOLIMX CKJIaAbIBA€TCS MOJHOE BpeMSI OTKJII0UYe-
Husg K3?

6. Ha3zoBute mociienoBaTeJIbHOCTD IEMCTBUI TIpU pacyeTe TOKa B IPO-

3oTpoce ¢ noMoubio I[1K RastrWin3.

N -
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