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ConpervreHnoe cocroqH[e lr [epc[eKTI{BbI pa3Brrrrlfl
SJreKTpocran qufi rI 3JreI(Tpo3H eprerrlrrecKl{x crlcreM

ConpevreHHoe cocrotHne v [epcrIeKTuBbI

nepeAaqu Ha paccTotHl4e, pac[IpeAeJleHut u
rroJryrreHut, npeo6pas oBaHr4fl,

norpe6nenux sneKTpo3HePr?II{.

CorpeiraeHHoe cocrorHtre gneKTpooHeprerllxu PocctEu. 3HeprerurlecKa{ crparerl,It
Poccuu Ha nepuol, rc 2020 r.

3;rercrpnqecKafl rracrb 3JIercTpocranqufi
Oco6eunocrn TexHonorurlecKofo rpoqecca QynrquoHtlpoBaHLIt

3neKTpnrrecKr{x crauqufi pa3flrltrHoro r[rra. Oco6essocrl4 crpyKTypbl TJIaBHIIX

cxeM r4 cxeM co6crnennbrx Hyx{A gneKTpocranqxfi pa3nllrlHoro runa. MeroArr u
cpeAcrBa orpaHlrqeHr{r roKoB KoporKoro 3aMbIKaHI4s. Koop4uuu\r4s. ypoeHeft

ToKoB KoporKoro 3aMbrKaHHr. SrculyararllroHHble xapaKTeprlcrl{Kll alrraparoB,

MeroALrKa rax nu6opa. 3rcunyararllroHHbre xapaKTepr4crr4Kvr I4 KoHcrpyKTI4BHbIe

oco6egHocrlr roKoBeAyrrlr4x sJreMeHToB H KoHTaKTHrIX coeAuHeHufi, naeroAl4Ka I4x

eu6opa.

Ilpo6leubr peKoHcrpyKrlrr rr MoAepHr{3arlrn o6rexroB sJreKTposHeprerrlKll
llpuvreneHue BaKyyMHbrx r4 gJrera3oBbrx BblKJlro.{arerefi [pLI MoAepHZ3aI{lII4

paclpeAeJrr{TeJrbHbrx ycrpoficrn 3neKTpHtIecKI4x craur{nfi v noAcranqufi.
PerconcrpyKrlrar cxeM BbrAaqu MorrlHocrl4 3JleKTpocranqufi c npI,IMeHeHHeM

KoMrrJreKTHbrx pacilpeAeJrr{TeJrrHbrx ycrpoficre c slera:onofi zsorslluefi.
O uruN,ruls arlwg, p a3BrTvrfl , cxeM g JI e KTp o c n a6 x enux.

Pexuurr pa6oru ocHoBHoro 3JreKTpoo6opyaoBaH[fl
3JreKTpocraHqufi u rloAcrauIluft

Pexuusr pa6oru ckrHxpoHHbrx reHeparopoB, cLrHXpoHHbIX KoMrleHcaropoB 14

rlx cr4creM noa6yx,qenur. MeroAura anaJrvga pe)KHMoB pa6orrr cuHXpoHHbIX

MaruuH. Pexuurr pa6oru acr4HxpoHHbrx kr cI{HXpoHHbIX sneKTpoAslararerefr

co6crnenHbrx HyxA gneKTpocranqufi B HopM€uIbHbIX I4 aHoMaIIbHbIX ycnoBusx.

Pexuurr pa6oru cr4JroBbrx rpaucQopMaropoB vr aBTorpaHcQoprvraropoe Ha

3neKTpocraHrlr{f,x rr rIoAcraHIII4tx.

ilpoercru poBaH rre 3JreKTpocranqn fi rr oJreKTprrqecKrrx cerefi
Ocnonrr [poeKTlrpoBaHlr.f, sneKTpocranqufi. Cocras vr ocHoBHbIe

XapaKTepvIcTI4KpI clIcTeM aBToMaTLl3LIpoBaHHoro [poeKTI4poBa]cII4r' (CAIIP)
DneKTpuqecKux ycraHoBor. IlpoexrrzpoBaHLre masHofi gneKTpkltrecrcofi cxeMbl.

llpoexrupoBaHr{e 3JreKrpoycraHoBoK co6crneunrrx HyxcA. flpoerrrapoBaHlle
cr4creMbr yrpaBneHus. KoncrpyKrllrfl paclpeAeJrl,IreJlbHblx ycrpoficrs. OcHoBHbIe

xapaKTeplrcrLrKn KoMrrJreKrHbrx pacnpeAeJII4reJIbHbIX ycrpoficrn (KPy).
KounosoBKa 3neKTpr4qecKprx cranqufi u rroAcraHqzfi. MeroAbI oIIeHKu rexHLIKo-

3KoHoMr4rrecKrax [oKa3are teit u HaAexnocrr{ cxeM greKTpLIrIecKI4x coeAlanesuft

sn eKTpoycraHoBoK. B rr6op orrruMulrrbHoro BapvraHT a 3neKTpoycraHoBoK.



S.nercrpo3 HeprerrrKa Ha 6ase noso6nonrqeM blx llcrorrulr KoB 3Heprrl rI

Heo6xon[Mocrb nor{cKa HoBbrx r{croqHllKoB gHeprI4I4. llpo6nevru
[epcneKTuBbr rrcrroJrb3oBa:n:as. eoso6nosJlteMblx pIcrorIH]IKoB SHeprnLI

t4

[n,
sHeprocHa6xenyts, o6reAuneHHbrx Lr aBToHoMHbIX norpe6urenefi. ZcuomsoBaHl{e

3Heprr4g BoAbr. feoreplaalbHbre gneKTpocraHIILII4. Coffre'{Hble 3neKTpocraHlluu.

Berponrte sJIeKTpocraHIII4LT. Bnoeneprerl4Ka.

Herpagn qI{oHH ble cuoco6u IIoJIyqeH1lq sIeKTpuvecrofi 3HeprII H

Teprr,ror4epHar gHeprerlrKa. Maruurorr4ApoAuHaMl{qecKoe upeo6pa":oBaHne
gHeprr4r4. PaAnousororlHble 

'IcroqHI4KI4
gHeprLII4. TepvroenaxccrloHHble

rcHeparopbl. 3lerrpoxuMllrrecKnenpeo6pa:oBarenla. TepuoeneKTpLIqecKLIe

reHeparoprr. Bo4opoAHat oHeprerlaKa.

S.nercrpo3HepreruqecKrle c[creMbl rI cerlr
Oco6ennocrrr pa3BrTkrfl, sHepreruKl4 B ycloBl4sx prrHounoft sKoHoMLtKI4.

3Hepretura KaK 6olruras cprcreMa. MoAerut orITLIMuLIIbHoro p€l3BHTut

3HeprocucreM. CucreuHufi noAxb4. O6rqufi rprarepufi onruu€ulbHoro pa3BurLrs'.

VlepapxurrecKoe rrocrpoeHr{e 3ueprocr4creM. OcnosHHe rI{rIbI 3aAatr pa3Bvrrvrs,

oHeproc[creM. MeroArr [porHo3r4poBaHllt r4x pa3Bvrrurr.. Oco6eHHocru

orrTHMr43arILrE gTpyKTypbr sHepfocvcTeMbl IIpI{ ee npoeKTLIpoBaHHI{ V pa3BIITr4r4

(crpyruypa u pa3MerrleHr{e oJreKrpocrauqrafi, crpyKTypa oneKTpLTqecKI{x cerefi).

OcHoeHrre cBeAeHHr o [poeKTrrpoBaHrlr{ KoHcrpyKTIasuofi qacrvr Bo3AyIxHbIX

turtuit. 3leuenrbr reopnr{ [epeAarrlr 3HeprHI{ rlo lr:a:nkrflM 3neKTpuqecroft cerl4.

Pac.{errr ycraHoBr.rBrrrl{xc{ pexHMoB gneKTpLIqecKZX cetefi, rpe6oeanux K

pe)rsMaM. PerynnpoBaHue pex{uMoB gJreKTpl4qecKllx cerefi. Ocnosrr rexHHKo-

3KoHoMurrecKux pacqeroB greKTplrqecKl{x cerefi. Ka.Iecrno sneKTpuqecrofi

sHeprnr{. PerynnpoBaHr4e Harlpf,x(eHr4-f, B gneKTpogHeprerllr{ecKux czcreMax,

pafionHux sneKTpr4qecKnx cerrx r{ cracreMax gneKTpocna6xenux. IlpoeKTupoBaHus

oneKTpr4rrecKplx cerefi, nu6op ux ocHoBnbrx [apaMerpoB npu npoeKTLtpoBaHI{H.

SrierrplrvecKrde napaMerpbr rrporffKeHHblx rru:auit gneKTpo[epeAaql4. Pac'{er

pelruMoB .qanrnefi oneKTpo[epeAaqlr. llyru, MeroAbI vr cpeAcrBa yBerurreHl4x

[ponycKHofi cnoco6nocru r{ gKoHoMr{qHocrl{ pa6oru A€LJIrHI{x sneKTpolepeAaq.

3.nercrpocna6xenue
O6uras xapaKrepLrcruKa cncreM 3JreKTpocna6xenra.s. O6qee 14 p€t-:nl/turrfl B

crpyKTypax clrcreM sneKTpocHa6xenm ropoAoB I4 IrpoMbIIuJIeHHbIX [peArlpusrufi'.
TeoperuvecKue ocHoBbr Soprvruporlanr4r. pacuerHofi Halpy3KI4 3JIeMeHToB
'ropoAcKofi ceru u cerr4 npoMbrrxneHHoro rrpeAnpuf,rus. Kol,tIreHcaIILIt peaKTLIBHbIX

Harpy3oK. PemeHue npo6neMbr KoMrreHcaquu peaKTIiBHbIX Harpy3oK B ropoAax I{
Ha npoMbrrxneHHbrx rrpeArrplrf,Tuflx. TeopetNuecKl4e ocHoBbI [prIHIII4rIa

pa3MeuleHnr KoMrreHcupFoUnx ycrpoficre B pacrpeAeJILITeJIbHbIX cer.fix

rrpoMbrruneHHbrx npe4upr,r-arNfi. Tpe6onanux K oneKTprMecKI{M cxeMaM

pac[peAeJruTenbubrx cerefi. O6ocnosa*rte Heo6xoAllMocrl{ rny6ornx BBoAoB B



ropolax pr Ha [poMbIIuneHHbIX rrpeAnpa{Turx. Kounnerc rpe6oaauufi
coopyxeHllrc uoAcrauqzi ruy6oxoro BBoAa. Oco6esHocrlr KoHcrpyKTprBHoro
HcIronHeHI'Itr uoAcran]!.uit. llorepu sneKTpogHeprul4 B pacnpeAengTenbHbrx cerf,x,
crpyKTypa [orepb.. flpzlaenenue pa3nl4qHbrx MeroAoB pacrrera norepb B
3aBl4cr{Mocrl4 or LIcxoAHbIX AaHHrIX. Mero4rr 14 cpeAcrBa cnkrrgleHLrfl rrorepb
3iIeKTpo3HeprI4I4. Kaqecrso sneKTposHeprLII4 B cr4creMax gneKTpocna6xenns.
llpzunnu ucraxeHufi ToKoB u nanpxxeuufi B pacupeAeJrureJrbHhrx cer{x kr
BJiI4qHI4e 3rLIX ncraxenufi Ha pa6ory gneKTpolpueMHHKoB. Mero4u pacqera
HopMLIpyeMbIX fOCTou norasarerefi KaqecrBa 3neKTpo3Heprur4. Mero4rr LI
cpe.{crBa BBeAeHE I rloKa3arerefi ra.recrBa eJreKTpogHeprvru B AorrycrrlMrre |OCT
rrpeAenbr.

rrepexo4Hble [poqeccbl B 3JreKTpooHeprerurrecKgx crrcreMax
llpu'ruuu, BbI3hIBaIoqI4e rlepexo.{Hbre npoqeccbr B gneKTpogHeprerr{qecKr4x

cncreMax (33C). @usu'recrcaflnpvpoAa rrepexoAHbrx rpoqeccos s 33C. OcHosHrre
xapaKTepr4crkrKvr 3neMeHTos 33C H krx MareMarnqecKr{e MoAeJrH, krclonb3yeMbre
npK vrc c rreAoBaHI4 LI IIep exoAHbIX [poqec coB. flpaxruvecKr,re MeroAbr pacqera roKoB
K3. oco6eHnocrl{ pactlera roKoB K3 B oneKTpoycraHoBKax repeMeHHoro 14

rlocro.flHHoro roKa Halp.axeHrreM Ao 1000 B. llepexoAnhre rpoqeccbr npu K3 e
ceTtx' coAep)Kalqux AJII4HHbIe JrvIHvIvI, ycTaHoBKLI upo4onruofi KoMrreHcarlur4,
lrauefiHue, Lr selraHefinrre perynupyroulr4e sneMeHTbr. ConpervreHHarr reopr4t
ycrofruuaocrll. llonsrue o repBoM u BropoM (npxuou) MeroAax Jkuynona.
llpamrauecKae KpLITepIltI cratnqecrofi ycrofivnnocrz. Vupoulertrue Kprrrepr4g
AI'IHaMI4rIecrofi kr pe3ynbrl4p)norqefi ycrofiuueocrn B upocrefilrefi O3C.
flporexaurae npoqecca Bo BpeMeHI{ rtpu 6omnrnx u M€lJrbrx Bo3Myrrle Hvrflx.
Xapaxrepvrcrr4Ktr MHoroMaruuHsofi 33C. Ycrofi.ruBocrb HopMarbHhrx pe)KuMoB
cJIo)KHbIX cl4creM. I4sN{eHeHLIe qacrorbr kr MorrlHocrlr B 33C. lunanauvecKatycrofivunocrb 33C. llepexo4Hrre rpoqecchr 14 ycrofiuanocg cprcreM,
o6leAuueHHbIX cla6rruu cBt3tMr{. AcznxpoHHbre pexr.rMhr, pecuHxpoHu3a1rafl 14

pe3ynbrrlpyroqas ycrofivueocrb.

Penefi nafl 3a rrr rrra rr aBToMarr{qecKoe y[pa BJreHrre
3Jrer$po3HepreT[rrecKlrx c[cTeM

lloepex4enLrfl LI HeHopM€uIbHbIe pexrrMbr pa6oru 3neKTpoeHeprerr.rqecKrrx
cHcreM. 3agauu Lr aJIropI4TMhI yrrpaBneHr{r gHeprerlr.recKofi cucreuofi v ee
sJreMeHTaMH. llporpairaMno-TexHlaqecKl4e KoMlJreKcbr aBToMarr{qecKax H
aBToMarI{3IltpoBaHHbIX clIcTeM yrIpaBneHLIt. IrlepapxHrrecK[e cTpyKTyphr cr4cTeM
ynpaBneHux. TeprvrLIH€trIbI penefiHofi 3arrlrrrbr r{ nporlrBoanapufinofi asro\4 arkrKpr.
Eruxsee rr A€uIbHee pe3epBllpoBaHlre. Pa6ora rpu pa3Hhrx Br{Aax noBpe)KA esuir.
Jloranrnrre v paclpeAeJleHHhle cucreMhr rrporrrBoanapufiHofi aBToMarr4Kr4.
Kounlercrr c6opa, [epeAarll{ v oro6paxenux oneparzenofi u a13apufiwoit
nnQoplr'raqzz. llepnuvHue v BToplrrHbre r{3MepuTeJrbHbre upeo6pa^:o"ut.rrt
sneKTpHt{ecKl{x BeIH.IHH. I{euH nropnuuofi KoMMyrarl{r{ sHepreryrrecKr4x
o6texroe. Penefinas 3aIrIIlTa cl4HxpoHHbrx reHeparopoB, tpu"a6opMaropoB,



ABI4rareJIefi, urI4H, Bo3AyruHbrx kr Ka6enbHbrx rrvrnnir gneKTpolepeAarftr c
purnuqHblMn croco6aMu 3uBeMJreur4r HefiTpanu. flpznqunu rocrpoeHprr H

B3anMoAeficrsue KoMrIJreKToB 3arur{Tbl. AsroNraruqecKlle [epeKJra.l'envrs. B
3neKTpogHeprerxqecKLrx cr4creMax (nno4 pe3epBa, [oBTopHoe BKJrrotreHHe,
qacrorHat pa3lpy3Ka, 6ataucupynque orruro.reHua). AsroNraruqecKoe
perynnpoBaHl4e Harlpt)KeHr{f, vr paclpeAeJreHue pearrunnofi MorIHocrtr.
Perynnopu ros6yx4ennx vr roe$suqxenr rpancsopvraqtau. AeroNaarurrecKoe
perynr4p oBaHLre qacrorbr r{ pacnpeAeneHlre arrnnHoft MorrlHocrLr.

HaAexcnocrb rI AuarnocrrlKa sJrercTpo3Heprer[rrecKoro o6opyAoBau uq
Ha4exHocrr SneKTpogHepferl/tqecKLrx crrcreM. Teopur Ar.rarHocrlrKr{

onpeAeneHkrr.
6uocSepa.

3 n ep ro pecypcoc6epelr(eH r{e
flpo6nerrarr eHepros$Sernanuocru B c0epe uorpe6renux Ha rrpuMepe

Poccuficrofi srcoHoMLIKI,I. Oco6ennocrr4 Lr 3aKoHoMepHocrLr eHeproc6epe)KeHr4f,.
- HOBbTU sHepfeTr{qecKr4lr pecypc.

3auacrr 3HepferrrqecKLrx pecypcoB.
3HeprorlorpednenH{ LI [po]r3BoAcrBa greKTpnqecrcofi rr rerrnoBofi eneprnu.
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