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C HECKOJIbKMMU UCTOYHUKAMU MUTAaHUS onucad [1, 2].
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Jns mraTHOM pabOTHl KOMIUIEKCA MPOrpaMM HEOOXOIUMO TOATOTOBUTH
nanHele 1o neHTpam nutanug (LI1), mpoBonam (kabensam) u Tpanchopmaropam,
y4acTKaM CeTH, MOHWKAIOUIMM MoTpeOuTenbckuM noactanumsaM 10(6)/0,38 kB
1 KOHJEHCATOPHBIM OaTapesiM [2].

o xaxnomy LT oOcunThIBaeMOIi CXEMBI 3a1aI0TCSL KOOPAMHATHI HCTOYHUKA
MUTAHUS, HOMHHAJIBHOE HANpsHDKEHHE CeTH M CpedHee OKCIUTyaTallHOHHOE
HanpsbKeHUe Ha IIMHAX Hu3lero Hanpsokenus (HH).

[lo xa>xgOMy y4acTKy CETH AOMKHBI OBITh 3a/1aHBI HA4Yaj0 M KOHEI yJacTKa,
ero TuN (LEHTP MUTaHHUA WM OOBIYHBIA y4acTOK), CXeMa ydacTKa (mapajieib-
HBIH, COCTAaBHOM WJIM TOCJIENOBaTEelbHBIN), MapKa MpoBoja (kKabemns) W AJIMHA
y4yacTka, HaJlu4uue, THI (BBIKIIOYaTeNb, pa3beINHHUTEINb, PEKIIOY3€ep) U TOJIoKe-
HUe (BKJIIOYEH, OTKIIOYEH) KOMMYTAIIHOHHOTO armnapaTa.

[lo moHMXAarOmMM MOTPEOUTENBCKUM MOJACTAHIIUSAM 3aAI0TCSI KOOPAUHATHI
u tan tpaHcpopmatoproir nmoacraHuuu (TII), mapka Tpanchopmaropa, THII
U TOJOKEHHE KOMMYTAIIMOHHOTO almapaTa cO CTOPOHBI OOMOTKM BBICLIErO
Hanpsbkenus (BH) tpanchopmaropa, pe3ynabTaTel 3aMepOB pEKUMHOM HHGOp-
Maruu co croponbsl oomotok BH min HH tpancdopmaropa.

[ KoHZeHCaTOpHBIX OaTapel yKa3bIBAIOTCS MX KOOPAMHATHI U TOK.

B Hacrosmiee BpeMsi B 3JIEKTPHUECKHX CETSIX HKCIUTYaTUPYIOTCS pa3inyHbIe
cucrembl ynpasieHus 0asamu nmaHHBIX (CYBJl) — Oracle, FoxPro, Paradox,
Access U Ap. DTO O3HAYaeT, YTO MPEANPHUATHS MOTYT HCIONIb30BaTh pa3HbIC
CXeMbl (CTPYKTYpbI) XpaHeHUs1 HHPOPMALMK O TTapaMeTpax CXeMbl JJIeKTpude-
CKUX CeTell M pexuMHyIo uHpopMaluio. Beibop napopmanmu 3 6a3bl JaHHBIX
(BI) ocymectBisiercst ¢ momorbko 3anpocos si3bika SQL. B ciydasx, korna Ha
NPEANPUITUH ceTeil 6a3a JaHHBIX elle He chOopMHUpPOBaHa, KOMILJIEKC Ipeiara-
eT K ucnosb3oBaHuio coocrseHHyo CYB/I. IlapameTpbl cxeMbl ceTH ONHUCHIBA-
torcst B B/l cnegyromuyMu mokasatensiMi: Hadauao M KOHEL y4acTKa CeTH; MapKa
mpoBona (kabens); ATMHA y4acTKa; THI TMOTPEOUTEIThCKOTO TpaHc(opMaTopa;
TUn TpaHcdopmaTopa CBsA3M (MPU €ro HAIMYMM); TPaHCPOPMATOp TOKa H
HaNpsDKEHUS]; TUI U TOJIOKEHNE KOMMYTAIIMOHHOTO anmapara; Ipu3HaKk OasaH-
COBOI TMPWHANISKHOCTH ydacTka M T. A. Jus mpoBomoB (kaOemeit), morpedu-
TENBCKUX TpaHc(HOopMaTopoB, TpaHCHOPMATOPOB CBSI3U, KATYIIEK WHIYKTHBHO-
CTH
U TUINOBBIX Ipa)MKOB HATPY3KH MPEIYCMOTPEHBI COOTBETCTBYIOLINE KaTaJIOTH
C BO3MOYKHOCTSMHU MX YTOYHEHMSI U KOPPEKTHPOBKH. Pexxumuass uHopManms
NpeICTaBIeHa MUPOKUM CIIEKTPOM MapaMerpoB (B YaCTHOCTH, KOJIMYECTBO JIEK-
TPOPHEPTUH, AKTUBHASI U PEAKTUBHAS MOIHOCTH, TOKH, HAIIPSHKECHUS U T. 11.).

Jns ymobcrBa BOCTIpUATHS MCXOTHONH WH(GOPMAIUH MpeniararoTcs Tabimd-
Hasg W Tpaduueckas (HopMbI ee TpencTaBieHusA. | padudeckoe oToOpakeHwHe
cxembl (POpMHPYeTCsl IPOrPAaMMHBIM IIyTEM Ha OCHOBE TOIIOJIOTHH CETH.

s pabotsl ¢ rpadukoil mpemocTaBiseTcs psAl CEPBUCHBIX BOZMOXKHOCTEH:

e TIPOCMOTpP CXEMBI CETH C WCIIONB30BAHWEM TMPOKPYTKH W MacIITaOMpOBaHHS
N300paKeHNS;

e M3MEHEHHNE KOHPUTYpAIMU CETH C LEbIo NPUOMMKEHNS K peallbHbIM yCIIo-
BUSIM, KOPPEKTHUPOBKa IMapamMeTpoB M aoOaBieHue (yIalieHue) 3JIEeMEHTOB
cXeMbl (CEeKUMH MWH, pa3beJUHHUTENCH, BBIKIIOUaTeNnel, BO3AYLIHBIX U Ka-
OCTBHBIX JIMHUH, TPaHCHOPMATOPOB U T. 1.);
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e ONEpaTHUBHBIN NOUCK HH(OPMALIUK HA CXEME;

e JJIEMEHTHI ACHOPTU3ALNH dJIEKTPUUECKHUX CETEH, MO3BOJIAIOIINE ONepa-
THBHO IPOCMAaTPUBATh U U3MEHSTH MAacCIOPTHHIC TaHHBIE;

e IpeIBAPUTENbHBIA aHAIHU3 CXEMBI CETH Tepe MeUYaThIo.

VYcnoBus 3KCIUTyaTalliy 3JIEKTPUYECKUX CeTe NMOCTOsIHHO MeHstoTcs. Cern
HACBIIIAIOTCS HOBBIMU BHUIAMHU 3JIEKTPOCUIIOBOTO, U3MEPUTEIBHOIO U TEIEKOM-
MYHUKAIIHOHHOTO 00OpyJOOBaHUs, pas3BUBaeTcs HWHGPOpPMALUOHHAsE HaOIIO-
JTAEMOCTh CETeH, yBeIMYUBAIOTCA 00bEeMbl M1 TOYHOCTh PEKUMHOM U TOMOJIOTHU-
yeckoil nHpopmanmu. B Benopycckom HanmoHaIbHOM TEXHUYECKUM YHUBEPCH-
Tere 0000Iaercsl HaKarIMBaeMbli OMBIT IITATHOTO U CUTYaTHBHOT'O MCIIOJIB30-
BaHUSl MPOrpaMM KOMIUIEKCAa M TMPOBOIATCA pabOThl IO Pa3BUTHIO METOJH-
YEeCKMX KOHIIEMIMi 0a30BBIX M CHELUAIM3UPOBAHHBIX pPeIIaeMbIX 3a7ad, BBIYMC-
JIMTENBHBIX aJITOPUTMOB Y BHYTPEHHEH apXUTEKTYPhI POrPaMMHOT0 KOMILJIEKCa.

B cratbe m3nararoTcs OCHOBHBIE HAIpaBJIEHUS Pa3BUTHA METOAWYECKUX
MPUHILIMIIOB PEIIEHUS] PACCMOTPEHHBIX HUKE TEXHOJMOTMYECKUX 3a7ad IKCIUTya-
TalUU TOPOJCKUX IIEKTPUUECKUX CETEH IHEPTOCUCTEM.

Pacyerpl M aHANN3 pe:KUMOB JJleKkTpuuyeckux cereii 10(6) kB. Pazpabo-
TaHHbIE HOBbIE METOJMYECKHE MOIXOABI K pacueTaM M aHaIM3y JIEKTPUUECKUX
pexumoB cereid 10(6) kKB mo3BONSIOT y4MTHIBATH HECHMMETPHIO HArpy30K MO
(azam.

Pacuersl pe)xMMOB ¢ CUMMETPUYHON Harpy3Koil BBINOJHSIOTCS, KaK MpaBH-
710, TIPY 3aJaHHBIX HANPSHKEHUH UCTOYHUKOB MMUTAHMS, IIOCTOSHHBIX HArpy3oK /;
U K03 PHULUEHTOB MOLIHOCTH COSQ; Ha CTOpoHe Hu3LIero Hanpsbkenus TII [3].
Tako#it cnoco0 3agaHus PESKUMHOM HH(OPMAIMK OTBEYAET CYLIECTBYIOLIMM
YCIIOBHUSM JKCIUTyaTallul U XapaKTepeH Uil PacCMaTPUBAEMBIX SJIEKTPUUYECKUX
cereil.

PexxuM pa3oMKHYTOH 3IIEKTPUUECKON CETH MPH 3aJaHUH YKa3aHHBIX PEXKUM-
HBIX IIapaMeTPOB paccuuTbiBaercss B 1aBa dTama [3]. Ha mepBom stame (cHu-
3y BBEPX ) ONPEAEISIOTCS TTOTOKK M TIOTEPH MOLIHOCTHU B JIMHUSX S; U TpaHchop-
Maropax S; OT Harpy3ok IO HCTOYHHMKOB nuTaHus. [Ipu 3ToM Ha KaxigoMm
Y4acTKE CETH MMEEM JBE MOIIHOCTU. [I0TOK MOIIHOCTH B Hadaje JMHEHHOIrO
y4JacTka

S =St +AS,, (1)

rae ii( — IIOTOK MOIITHOCTH B KOHIIC Y4aCTKa, A§1 — IOJIHBIC IMTOTCPHU MOUITHOCTHU

Ha yJacTKe.
IToTok B Havase TpaHC(HOPMATOPHOTO YHaCTKa

S"=5"+AS, +AS,, @)

K . _
rae S, — IOTOK MOLIHOCTH B KOHLE TPAaHC(OPMATOPHOro ydactka; AS;
Harpy304HbIe IOTEPH MOLIHOCTHU B TpaHchopmarope; AS . — NOTepPH MOLIHOCTH

XO0JIOCTOTO X07a TpaHchopmaropa (B MPOLIECCe PacyeToB KaTalloXKHbBIE JaHHbIE
KOPPEKTUPYIOTCA C Y4eTOM (PaKTHUECKOTrO HAMPSDKEHUS Y3J10B CETH).

B ucxonHoit naopmanmu nperycMaTpuBaeTcsi BOSMOXXHOCTh 33/1aHUS 3Ha-
YeHUil (paKTHYECKHX 3aMepOB TOKOB Ha BCEX MOTPEOMTENbCKUX MOACTAHIIMSIX.
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[Tpu sTom MomHOCcTH Harpy3ok TII mepecyuTHIBarOTCS TaKMM 00pa3oM, 4TOOBI
TOK Ha TOJIOBHOM YYAacTKE JJMHUHU BCErja ObUT paBeH CyMME TOKOBBIX HArpy30K
TpaHc(OpPMaTOPHBIX OACTAHINH [4].

Ha BTOpOM 3Tamne (cBepxy BHU3) BHIYMCIAIOTCS HAPSHKEHUS B Y3/1aX CETH OT
WCTOYHUKA MMUTAHUS A0 HarPy30K.

Kpome wusnoxenHoro, paspaboraHa MeTOAMKa y4yera Tpex(asHbIX TpaHC-
¢dhopmaTopos 10(6)/0,38 kB ¢ 1ienpr0 yTOYHEHHOT0 MOGa3HOTo pacueTra peKMMOB
B YCJIOBHSIX HECUMMETPUYHON HATPY3KHU (as.

Oco0EeHHOCTBI0O METOIUKH SIBJISIETCSI BO3MOXKHOCTD y4eTa TPYIIbI U CXEMBI
COeIMHEHUsI 0OMOTOK TPaHC(OPMATOPOB B YCIOBUSIX PEKUMHON HECUMMETPHH.

CyTb npeanaraeMoil METOJUKH COCTOHT B cienytouieM. TpexdasHbie IByXo-
OoMorounsie TpaHchopmaTopsl 10(6)/0,38 kB (puc. 2) umeroT, Kak IpaBuIIo, Oj-
HYy W3 CIEAYIOIIMX CXeM W Tpynm coemuHeHus obmotok: Y/Y, (Y/Z,)-12,
Yy, (YIZ,)-6, N'Y, (A/Z,)-11, A/Y,, (A/Z,)-S.

10B 0,38 kB

Lo Iy Ic=? ‘ L#1#1, 1,

Puc. 2. Tpexdazusrii nByxoOMoTOouHEIH Tpancdopmarop 10(6)/0,38 kB

K cropoHe HH3KOr0 HAMPSKEHUS MOIKIIOYCHA HECMMMETPUYHAS TOKOBAs
Harpyska, cymMMa (asHbIX TOKOB [,, I, [. KOTOpO# paBHA TOKY B HYJIEBOM IpPO-
Boxe I, cetu 0,38 kB (puc. 3):

+£b+£c:ln' (3)

SRS

Puc. 3. HecummerpuaHas Tpex¢azHast TOKoBasi Harpyska Tpancgopmaropa 10(6)/0,38 kB

Hecummerpuynyto cucreMy (a3HbIX TOKOB Ha HM3KOH CTOpOHE TpaHc(hop-
MaTopa MOXHO DPa3JIOKUTh HA CUMMETPUYHBIE COCTABISAIOLIME TOKOB IPAMOM
1, ,obparHoii [, ¥ HyneBOH [ ,, MOCIEN0BATEILHOCTEN:

la =£a1 +£a2 +£00;
Ly=ly+ 1y +1g=a Ly +al,+1; )
L= +1,+[,=al, +22£a2 +1,0,

2n 2n A4

]T 2 —JT
rac a=e ,a =e

J
=e 3 - MMOBOPOTHBIC MHOXUTCIIH.



CI/IMMC’I‘pI/I‘{HLIG COCTaBJIAIOIINEC (1)33HOI‘O TOKa la BBIYUCIAKOTCA IO BbIpa-

KCHUAM:

L, =§(la val,+d’L);

Lo=5(L+a'l, val,); s)

Lo =§(za Y1, +1).

Koa¢dduuuent tpancdopmanuu tpanchopmatopos 10(6)/0,38 kB ompene-
nsiercs 1o gopmyie

k=2m e e, ©)

HH

rae Uyy, Uy — HOMUHATBHBIC HATIPSHKCHUSI OOMOTOK BBICIIIEH M HU3IIECH CTOPOH
TpanchopMaTopa; ¢ — yroi, 3aBUCAIIMN OT TPYMIIBI U CXEMbI COeIMHEHUsI 0OMO-
TOK TpaHcopmarTopa.

PazomknyThIe 3nexTpuueckue cetu 10(6) KB KOHCTPYKTUBHO BBIIOIHSIOTCS
TPEXMPOBOIHBIMU U PabOTAIOT C M30JIMPOBAHHBIMU HEHTpaJIIMHU, TIOITOMY 00-
MOTKHM BBICIIEro HampsbkeHus TpaHcdopmaTtopos 10(6)/0,38 kB coeauusioTcs
B «TPEYrOJbHHUK» WU «3Be3ay» 0e3 Hyins. CoCcTaBIsIoIIMe TOKOB HYJIEBOW MO-
CIIEAOBATEIBHOCTH HE MOTYT TpaHC(HOPMUPOBATHCA C HHU3LICH CTOPOHBI TPaHC-
¢dopmaropa Ha BbicuIyto. B aTom cryuyae ¢asHbie Toku Iy, Iz, Ic 0OMOTOK BBIC-
nrero HampspkeHus: Tpancgopmartopa 10(6)/0,38 kB OyayT ompenensiTbes cyM-
MOH COCTaBJISIIOIIMX TOKOB MpPSMOW M OOpaTHOM IOCIENOBAaTEIbHOCTEMH,
KOTOpBIEC TPAaHCPOPMUPYIOTCS C HU3LIEH CTOPOHBI TpaHCHopMaTOpa, IOITOMY:

L,=1,+1,;
Ip=1p +1p = Qzlm +al ; (7

Ie=1ci+1c,=aly, +22£A2-

VYcnoBus TpaHchopMaIK TOKOB MPSIMOI M 00paTHOM MOCTen0BaTeNbHOCTEH
ONpENeNSIOTCs CASAYIOIIM 00pa3oM:

Ly=1,k;
Ly =1,k;
Loy =1,k;
I 102;; (®)
Iy, =1,k;
I, = ché’

rae k — KOMIUIEKCHBIH KO3(QQHUIHUEHT TpaHCPOpMaIHK, BBIYUCIEHHOH 1o (6);
* — 3HAK COMPSHKEHUSL.



Buytpennee compoTuBieHne TpanchopmaTopa 0OBIYHO MPUBOIUTCH K CTO-
poHEe 0OMOTKH BhICIIIEr0 HanpspkeHus (puc. 4). B cBs3u ¢ TeM, 4TO COMPOTHBIIC-
HUS OOMOTOK TpaHC(HOPMATOPOB B HECHMMETPHYHOM DPEKHME OYAYT 3aBUCETh
OT TOKOB (ha3, pacuer MoTepb MOIIHOCTH W MaJCHUS HANpPsKEHHs B TpaHCc)op-
MaTope CIEAYET BBIMOIHATh B CUCTEME CUMMETPUUYHBIX COCTaBISIOIIUX TOKOB.
IMocne mepexona yepe3 TpaHCHOPMATOP MOXKHO OT CHUCTEMBI CUMMETPUYHBIX
coctaBastoux 141, L4, Ip1, Ip, Ic1, Ico BEpHYTHCS K cUcTeMe (pa3HBIX KOOPIU-
Hat Iy, I, I (7). danee pacuersl BBIMOIHSIOTCS TPAAUIIMOHHBIM CIIOCOOOM, B
JIBA 3Tara, HO JUIS KaXxK 10 (ha3bl OTAEIBHO.

Puc. 4. Cxema 3amemieHns Tpex($azHOro IByXx0OMOTOYHOTO TpaHCchOpMaTopa
pu oa3HBIX pacdyeTax MoTephb EKTPOIHEPTUU

Onpenesienue oNTUMAJIBHBIX MeCT pa3MbIKaHus ceTH. Pa3MbIkaHue KOH-
TYpPOB AJIEKTPUYECKON CETU SIBJISIETCS OMHUM W3 (P(EKTUBHBIX CIOCOOOB JIHK-
BHUJIALUM KOHTYPHBIX YpaBHUTEIbHBIX TOKOB Ha MyTH UX nporekanus [3]. Jan-
Has 3a/la4a OTHOCHTCS K 4YHCIy 0a30BBIX 3a/1ad pa3pabaThiBAEMOro KOMILIEKCA
[2, 3]. JanbHeilmee pa3BuTHe 3aa4a ONTUMU3AIME MECT pa3MbIKaHUS pacipe-
nenutenbHoi cetn 10(6) kB momyuwniia B HampaBiIeHWH COBMECTHOTO y4eTa H3-
MEHEHHUH MMOTOKOB MOIITHOCTH B nuTaronieit cetu 110 kB u Boime [5].

B kauectBe 1eneBoii pynkuuu L] npuHIT MUHUMYM TIPUBEICHHBIX 3aTPaT Ha
AKCIUTyaTalMI0 CETH U AJIEKTPOCHAOXKEHUE MMOTpeOUuTENnei

0= ((AP,B, +APB, )i, )+ Y.+ F, +F,, )
k

rae AP, — mOTepy aKTUBHOM MOLIHOCTH B PAaCHpPEACIMTENbHON CeTH Ha k-if
crynenu rpapuka Harpysku; 3, — croumocts moreps B cetu 10(6) kB; AP, —

MOTepH aKTUBHOM MOIIHOCTM B THTAIOMIEH CeTH Ha k- CTymeHW Trpaduka
Harpysky; 3, — crouMocTb | kBT-u moreps B nuTaromeil ceru; Y« — ymepOsl;
Fy, F. — dyskuun mwtpada (F, XapakTepusyeT TOKOBYIO Meperpy3Ky JuHuH, F.
YUUTBIBACTCS IPU OTPAaHUYCHUHN EMKOCTHBIX TOKOB 3aMBIKAHHSI HA 3EMITIO).

[Ipu onpeneneHUH BEIMYMHBI MOTEPHh B MUTAOLIEW CETH MCIONB3YIOTCS aB-
TOpPCKHE alNropuTM U mnporpamMma [6]. KpoMe Toro, B aaroputm 3a1adu BBEIEHBI
JOTIOTHUTENbHBIE OTPaHUYCHHS, HAIPUMEP YYHUTBIBaeTCs yuiepd OT HelOOTIyc-
Ka anexTposHeprun norpedurtensm 11 u 11l kareropuit npu KOPOTKMX 3aMbIKaHU-
X TIpU OAHOBPEMEHHOM olecredeHnH OecriepeOoHHOro MUTaHus OTpeduTemne
I kareropun. BeeneHs! 3anpeTsl Ha OCYLIECTBIEHHE EPEKITIOUEHNH, CBSI3aHHBIX
C 3aIUTKOW CHCTEMHBIX TpaHC(OpMaTOpOB OT CyLIeCTBYIOLIeH aOOHEHTCKOM
ceru. IlpenycMoTpeH 3amper Ha BKIIOYEHHE CEKIIMOHHBIX annapaTtoB B TII, or-
KJIFOYEHHBIX 10 HOPMAJIBbHOH cXeMe.
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YKpyIHEHHBIN CTPYKTYPHBIH alrOPUTM PEIIEHUS 3a]Ja4l CIETYIOLIHI:

1. PaccunthiBaercs pexxum pactpenenurenshoit ceta (PC) 10(6) kB st He-
ONTUMHU3HPOBAHHOTO COCTOSHHS CXEMBI.

2. B PC cnyyaiinpiM 00pa3oM BeIOMpaeTcsl pa3pe3 M TaKKe CIlydailHbIM 00-
pa3zoM IMepeMeIIaeTcss Ha OJUH U3 CMEKHBIX YYacTKOB CETH C YYETOM TEXHHYe-
CKHX OTpaHUYEHHH 3aJa4H.

3. ns HoBoro coctostHust cetd 10(6) kB BEIUMCISAIOTCS CKOPPEKTUPOBAHHBIE
Harpy3kd Ha CEKLUHMAX IIMH MHUTAIOIMX MOACTAHIMI OCHOBHOM CETH, MOTEpU
MOIIHOCTH B PaclpeAeIuTelIbHON U NMHUTAOUIeH CeTsIX W, IpU HEOOXOAUMOCTH,
wrpadubie pynkuun Fy u F..

4. Boruncnsgercs odepeqHoe 3HaueHHe LeneBod QyHkuuu LI, u ecnu oHo
YMEHBILIWIOCH, TO BHIOpaHHBIN pa3pe3 (puKcUpyercss U MyHKTH 2—4 anroputMa
MTOBTOPSIFOTCSL.

[Iponece cmyyaitHOro AMCKPETHOrO MOMCKa MIPOAOIIKAETCS 10 TEX MOop, MOKa
B CETH HE OCTaHETCA HU OJHOTO MEpEMEIEeHUs pa3pe3a, NPUBOAAIIETO K YIyd-
LICHUIO 1Ie1eBOH (DYHKIMU.

IIpu pacuere pexuma ceTH B NMPOLIECCE ONTUMHU3ALMHN MOTEPU MOIIHOCTH
B paclpeienuTeIbHON CeTH OMPENENAIOTCA ¢ yYeTOM MOTEeph MOIIHOCTH XOJIO-
CTOr0 Xoza MoTpeOHuTenbckux TpaHcdopmaTopoB. Mommuoctn Harpysok TIT
PacCUMTHIBAIOTCSl TAKUM 00pa3oM, 4TOObI TOK HA TOJIOBHOM y4acTKe pacrpene-
JUTENbHOW JIMHUM Beeraa ObUT paBeH CyMMe TOKOBBIX Harpy3ok TII.

[Norepu momHocTr B PC nepecunThIBatOTCS TONBKO B T€X KOHTYpax, B KOTO-
PBIX UMEET MECTO NepeMEIEHIE Pa3pe3oB.

Kpome u3noxkeHHoro, pazpaboTaH M peaqr30BaH alrOpUTM TOITAIHOHM OIl-
TUMH3AIUNA MECT Pa3MBIKAHUH CETH, MO3BOJISIOMIMN BBIMOIHATH ONTHMHU3ALUIO
MOJIO’KEHUH YKa3aHHOIO OrPAaHUYEHHOT0 KOIMYECTBA pa3pe30B, HO MPUBOIAIINN
MPaKTUYECKU K TAKOMY K€ CHHYKEHMIO MOTeph, KaK U MPU OAHOBPEMEHHOU OII-
THMU3ALIUN TIOJIOKEHUS BCEX Pa3pe30B B CETH.

[locne momyueHus pemieHus 3ajjadyd B IporpaMMme MMEETCs BO3MOXKHOCTb
W3MEHHTH TOJIOKEHUE 10001 M3 HaWJEHHBIX TOUEK Pa3MBIKAHHUS CETH C LIENBIO
MOJTBEPKIAEHUS TOT'O, YTO JOCTUTHYTOE COCTOSIHME CETH ONTUMalbHO. [Ipu n3-
MEHEHUH MOJOKEHHUs JI000ro paspe3a CyMMapHbIe MOTEPU MOIIHOCTH B CETH
OyayT yBeTHUUBATHCA.

PacuyeT eMKOCTHBIX U 3apsAIHBIX TOKOB. PacueT eMKOCTHBIX TOKOB /, U TO-
KOB 3aMbIKaHUs /; Ha 3EMJIIO BBINOIHSETCS MO aHATUTUYECKUM COOTHOLIEHHSM
(10), (11) [7, c. 196—-199], rae B ka4ecTBE UCXOIHOM MH(POPMALIUU UCTIONB3YIOT-
Csl TOMOJIOTHYECKHE MMapaMeTphl CETH M KaTaJloXKHbIE (M3MEpPEHHBIE) JaHHbIEC 110
yIAETbHBIM EMKOCTHBIM IIPOBOAUMOCTSIM by IPOBOOB | Kabemnei

[c :ilci :Unomi(bmli)’ (10)
i=1 i=1

rae IC[ — @MKOCTHBIA TOK i-TO y4dacCTKa paCHpeZ[eJ'II/ITeJ'IBHOf/’I JIMHHUH; Il- — JJIMHa
I-TO y4dacCTKa pacnpez[enHTenLHoﬁ JIMHUH,; N — 06Luee YHCJIO YUIaCTKOB,

[3:i[3i:Unomi(b03ili)’ (11)
i=1 i=1
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rae 13[ — TOK 3aMbIKaHUS Ha 3EMIIIO i-T'O y4dacCTKa pacnpe):[enHTenLHoﬁ JIMHUH,
Il- — JJIMHa i-TO y4dacCTKa paCHpeZ{eJ’II/ITeHBHOf/’I JIMHUU, n — 06]]_[66 YuCJIO0 y4acCT-
KOB.
OTKiII0ueHne Pa3bCAUHUTCIAMU 3aPAAHBIX U HArpy304YHBIX TOKOB, a4 TAKKC
TOKOB ozxﬂocbamoro 3aMbIKaHHW Ha 3EMJII0 OCYIICCTBIIACTCA B CliydasaX, KOrjga
I<l I,<l,; I,<I,. (12)

Wnnexc «m» OTHOCHTCA K JOMYCTHMBIM 3HAYEHUSAM TOKOB, COOTBETCTBEHHO
Loy, Ly, I, IS pa3snuvHbIX OOBEKTOB ANEKTpUUecKux cered. Hampumep, mis
OTKPBITBIX AJIEKTPOYCTAHOBOK: Iy =2 A; I =12 A; I,; =6 A.

Pacuer TokOB ABYX- H Tpex(a3HbIX KOPOTKHUX 3aMbIKaHUii. Pacuer TokoB
IByX- M Tpexda3Hbix KopoTkux 3ambikaHui (K3) (/g, Ii:3) BBIIONHSAETCSA MO
¢dopmynam (13)—(15) [7, c. 188—194], rae B KauecTBE UCXOJHOM MH(POPMALHH
HCIONB3YIOTCS YKa3aHHBIE BBILIE MapaMeTphl CXEMBI CETH, KBUBAJIECHTHBIC Ma-
paMeTpsl, 3alaHHbIe B BUJE aKTUBHOIO R. W PEaKTUBHOTO X, CONMPOTUBICHUM
cuctembl Toky K3, HomunanbHoe HanpsbkeHue Ha muHax UIT Uy, uiu Hamps-
xenue Ha mmHax LI npu K3 Uy, 3adukcupoBaHHOE pEerucTpupyOMMMH TpH-
Oopamu:

[K32 :711(33; (13)

— HOM (14
BYR, + R +(X, + X, ) )

K33

nin

:L (15)

IKB 2
© BRI+ X2

rae R,, X, — akTUBHOE M PEaKTUBHOE COMPOTUBJICHUS meriau oT mumH LTI o
Toukn K3;

R" :Z(r()ili); Xn :Z(xmli)’ (16)
i=l i=1

TJIE ¥o; ¥ Xo; — COOTBETCTBEHHO Y/ICIbHbBIC aKTHBHOE U PEAKTHBHOE COMPOTUBIIC-
HUS yJ4acTKa, /; — JUIMHA y4acTKa; m — 00IIee YUCI0 YIacTKOB ceTH OT tmuH LII1
1o Touku K3.

Pacuer m ananu3 xk03(pPpUIMEHTOB YyBCTBUTEIbHOCTH MaKCMMAJIBHBIX
TOKOBBIX 3amHUT. Pacyer KO3(PPUIIMEHTOB YyBCTBUTEIBHOCTH ky MaKCHMAIlb-
HBIX TOKOBBIX 3alUT ITPOU3BOAUTCS 10 BhIpaxkeHUsM (17) u (18) [7, c. 300-309]
C IENBI0 aHaju3a paboThl 3alUThl B KAYECTBE OCHOBHOW (MHACKC «O») M pe-
3epBHOM (MHACKC «p»). VCXOAHBIMU JaHHBIMH CIYXAaT Pe3yJIbTaThl PaCueTOB
TOKOB JBYX- U Tpex(dasubix K3. TokoBas 3amura CUMTACTCS YyBCTBUTEIBHOM,
€CHU kuo > kuon, kup > kupr. IHAEKC «1» OTHOCHUTCS K JOMYCTHMBIM 3HAUCHUSIM
KO (GHULUEHTOB COOTBETCTBEHHO Kuoq U Kup;. 3HAUEHMS THX KOIPPULIUEHTOB
kaon = 1,7; kapy = 1,2. Benmuuunsl kq, kap onpenenstorcs no GopMmyaam:

1

k — K3.min0; 17
o = (17)

C3
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1K3.minp
ko, = — (18)

c3

I2€ Lia.min o> Lxsmin p — COOTBETCTBEHHO MUHUMAIIBHBIE TOKH KOPOTKOI'O 3aMbIKa-
HUS B 3aIUIIaEMbIX OCHOBHOH U PE3EpPBHOM 30HAX; /., — MEPBUYHEIA TOK cpaba-
TBHIBaHHSA 3aIUTEL

Pacyer 3KBMTOKOBBIX KpHMBBIX. Pacdyer 3KBUTOKOBBIX KpPUBBIX MPOU3BO-
JIUTCS ¢ 1enblo onpenencHus pacctostHus Ly ot muH LT no mecta K3. Ucxon-
HBIMH JTAHHBIMHU CITY)KaT PE3yJIbTaThl PACUETOB TOKOB NIBYX- M Tpex(a3ubix K3
Ha mmHax LI /,,; mpu MonenupoBaHUM KOPOTKUX 3aMBIKAHUM B KOHIIE KaXKJI0TO
i-TO ydacTKa CeTH, a Takke BennurnHa Toka K3 Ha «romoBHOM» yuactke PJI [y,,,
3a()MKCUPOBAHHASI PErUCTPUPYIONIMM TpUOOpoM. 3HaueHUs [y, BBIYUCISIOTCS
no BeipaxkeHusM (13)—(15). PaBHoynmaneHHBIE TOYKH 3KBHUTOKOBOW KpWUBOU
OTIPEACIAIOTCS U3 YCIOBUA Iy, = [y, @ paccTostHue oT mmH LI 1o Touku K3

m
Ly = Zli, (19)
i=1
Trac m — KOJIMYECCTBO y‘IaCTKOB oT ]_IH 0 TOYKHN KOpOTKOFO 3aMbIKaAHHU .
B bI B O ]I bl

1. Bompocs! pacdyera U ONTUMH3ALUN PEXUMOB pacCHpeAeTUTENbHBIX 3JEK-
Tpuueckux cered 10(6) kB ABISAIOTCA aKTyaJlbHBIMH M TPEOYIOT IOCTOSHHOTO
pPa3BUTHSA U COBEPLICHCTBOBAHUS.

2. IlpencraBiensl pa3paboTaHHBIE METOAMYECKHUE MTOIXO/IBI TS aHalI|3a pe-
XKHMOB Pa30MKHYTBIX dJIeKTpuueckux ceredl 10(6) kB kak ¢ cuMMeTpHYHOI, Tak
U C HECUMMETPUYHOHN Harpy3koi ¢as.

3. B 3HauMTensHOM cTemeHW MOAM(HUUIMPOBAHBI MaTeMaTH4YecKas MOJENb
U aJTOPUTM ONTHMH3ALMH TOUEK pa3pe3a B pacIpeaeTIUTEIbHON dIEeKTPUIECKON
ceru 10(6) kB — 3agaua pemaercs ¢ yuerom nutaromeid cetu 110 kB u Bblme
U psiia AOTOTHUTENBHBIX OrpaHUYEHUM.

4. Pa3paboTaHHBIE aITOPUTMBI MIOJIOKEHBI B OCHOBY Pa3BUTHS BOCTPEOOBaH-
HOr0 KOMIUIEKCA MPOMBIIUIEHHBIX MPOrpamMM JUlsl PEHICHHs] TEXHOJIOTMYECKHX
3a[a4 dKCIUTyaTallu TOPOICKUX AleKTpruueckux cereit 10(6) xB.
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