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1. BHEPTETUYECKAS CUCTEMA U EE
COCTABHBIE YACTH

1.1. CocraB 3HepreTu4eckoii cucremMbl

OneKkTpuyecKas HEprusi — OCHOBHOM BUJ SHEPIHH, HUCIIOJIb3Yye-
MOl UeIOBEKOM B XO3SIMICTBEHHOW NEATENBHOCTH. DHEPreTHKa SIBISIeTCs
KITIOYEBOH OTpacibio X03sCTBa 000 CTpaHbl, TOATOMY KpaifHe BayKHBI
3HaHMSI NIPOLIECCOB NPOU3BOJICTBA, NIEpEAadH, PACIPENeNeHuUs U Ipeoldpa-
30BaHUSA 2JIEKTPOIHEPTHH B APYTHE BUABI JHEPTUU.

COBOKYITHOCTh YCTPOWCTB Ui IPOU3BOJCTBA, MEpenadu, pac-
IpeneNeHns U IpeoOpa30BaHus IEKTPOIHEPIUN Ha3bIBACTCS IIEKTPUIC-
ckoif cuctemoit. CocTaB SHEPTreTHIECKON CHCTEMBI TToKa3aH Ha puc.1.1.

DJekTpuyecKas CHUCTeMa BKJIIOYaeT B ce0sl 3JeKTPOCTaHLUH,
MOJICTAaHIH, PAaCIpPEACIUTENbHbBIE YCTPOMCTBA, JIMHUK JJIEKTPOIEpENadH,
MOTPEeOUTENH DIIEKTPOIHEPTUH.

OJEeKTPOCTAHLIUHN — 3TO 3JIEKTPOYCTAHOBKH, NpeIHa3HAYCHHBIC
JUTS TPOU3BOACTBA MIEKTPOIHEPTUH U3 IPYTHX BUIOB SHEPTHU.

IToncrannmeil Ha3bIBAKOTCS JIEKTPOYCTAHOBKH, NPEIHA3HAYCH-
HBIE Ui IIpHeMa, MPeo0pa3oBaHUsl U paclpeneIeHHs FIEKTPOIHEPTHH.
Onu cocroAT w3 TpaHC(HOPMATOPOB WIHM JPYrUX mpeoOpazoBarenei,
yCTpOUCTB ympaBieHus (YY) U yCTPOMCTB 3alIUTHl 3JIEKTPOCETEBOM
aBromatuku (P3A), pacnpenenutenbHbIX yCTPONCTB, HCTOYHUKOB OT€-
pPaTHUBHOTO TOKa.

PacmipenenurenpabiM yeTpoiictBoM (PY) HaspiBaeTcs aieKTpo-
yCTaHOBKA, MpeJHa3HaueHHas Ui MpHeMa U paclpeleseHusl 3JIEeKTpo-
sHepruu. PY cocTonT M3 KOMMYTaIllMOHHON anmapaTypsl, COOPHBIX IIHH,
YY u P3A, UCTOYHHKOB OIIEPaTHBHOTO TOKa. PacmpenenmrensHoe
ycTpoiicTBo pasnensitoT Ha PY Beicokoro Hampspkenus (PYBH) u PY
Hu3koro HanpspkeHus (PYHH).

Jlunmeint anexkrponepenaun (JISII) Ha3piBaeTCs cucTema MpoOBO-
JIOB, CIIyXalllUX JJIA MepeAadu dJIEKTPOIHEPTHH OT TE€HEPaTOPOB JJIEK-
TPOCTAaHIMH (IJIEKTPOIOJICTAHIMNA) K 3JIEKTPOYCTAaHOBKAaM (JIEKTPO-
MIpUEMHHUKaM ).

ONEKTPONPUEMHUKOM Ha3bIBAETCSl MHIAUBUAYAJIbHAs JIIEKTPO-
YCTaHOBKa, IIpeoOpa3yromas 3JeKTPOIHEPTHIO B IPYTHe BUABI SJHEPTUH.
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Puc.1.1. CocraB 3HEpreTHUECKON CHCTEMBI



['pymnma npueMHUKOB 3JEKTPOIHEPTHH, 00BEITUHEHHBIX MO TEX-
HOJIOTHYECKOMY WJIM HHOMY NpPU3HAKY, Ha3bIBA€TCS MOTPEOUTENEM AIIEK-
TPOIHEPTHH.

[loxcTany W IMHUM 3JIEKTpOIepeaadu 00pazyroT dJIeKTpUde-
CKHE CETH.

DNEeKTPOCTAHIINHN, BbIPAOATHIBAIOIINE TEIUIOBYI0 W JJIEKTpUYE-
CKYI0 DHEPTHIO, Ha3bIBatoTcs TerutodnekTpoueHTpainsmu (TIL]). Cucre-
MBI TPyOOIIPOBOJOB, CIYXaIlMX UIA Mepeladyd TEIUIOBOW HEPTHH OT
TOL x moTpeduTensaM, 00pa3yIoT TETIIOBBIE CETH.

DnekTpuyeckas cUCTeMa W TEIUIOBBIE CETH, CBSI3aHHBIC OOMI-
HOCTBHIO PEXHUMa M HETPEPHIBHOCTHIO MMPOU3BOJICTBA U PACIPEAEICHUS
3JEKTPUUYECKON W TEIJIOBOW dHEPruu, 00pa3yloT YHEPreTUUECKYIO CHU-
CTEMY.

YacTp SIEKTpUYECKON CHUCTEMBI, OCYLIECTBIAIONIAS Iepenady
3JIEKTPUUECKON SHEPTUU OT PAaOHHOM AJIEKTPOTOACTAHIIUN WU OTIEb-
HOTO IeHepaTopa K AJIEKTPOyCTaHOBKAM MPOMBIIIIIEHHOTO NMPEANPUTHS,
oOpasyer cucremy aekrpocHaOkeHus: (COC) MPOMBINIICHHOTO MPE-
npusitusa. COC BktoyaeT B ceOs CHCTEMYy BHEIIHETO U CHCTEMY BHYT-
peHHero siekTpocHaOxkeHns. CHucTeMa BHEIIHETO 3JIEKTPOCHAOKEHUS
oOecrieunBaeT mepeaady 3JSKTPOIHEPIHMH OT PAWOHHOW MOJCTAaHIIMU K
raBHOM monusutenbHo mozactanuuu (I'TIIT) mpeampusitus. Cucrema
BHYTPEHHETO 3JIEKTPOCHAOKEHUS OCYIIECTBISIET Mepeiady AIEeKTPOIHEP-
run oT ['TII1 k oTAEIBHBIM MOTPEOUTEIAM U FJICKTPOYCTAaHOBKAM.

[Ipu mpowusBoacTBe, pacnpenescHUH U TOTPEOJICHUH AIIEKTPO-
SHEPTHH CIIeNyeT yIUTHIBATH CIIECAYIONIIEe HOMUHAIFHBIC HAPSKCHHUS:

® [IpU TIPOU3BOJCTBE IEKTPOIHEPTUU — YPOBHHU HAIPSHKEHUS
0,23; 0,4; 0,69; (3,15); 6,3; 10,5; 21 B;

e Ipu mepepaye AnekTpodnepruu — 37; 115; 230; 347; 525; 787,
1160; 1600 xB;

® HOMUHAJIBHBIE HAIPsDKEHUS 3JeKTponprueMHuKoB — 127; 220;
380; 660; 1140; (3000); 6000; 10000 B.

HomuHanbsHbIe HaNPsHKEHUS] TEHEPATOPOB U CETeH TOIKHBI OBITh
HE MeHee 4eM Ha 5 % BbIllle HOMUHAIBHOTO HANPSKEHUS DIIEKTPOIIPH-
EMHHUKOB. DTO HEOOXOIUMO Jjisi 00eCIeUYCHUs HOPMajbHOH pPabOThI
3JIEKTPOYCTAHOBOK C Y4E€TOM IIOTEPH B CETAX.



ONeKTpOCHA0KEHHE TOPHBIX TMPEANPHUITHIA OCYIIECTBIISICTCS
HamnpspxenueM 35; 110; 150; 220 kB.

1.2. Tunsbl 3JeKTPOCTAHINN, YYACTBYIOLIHUX
B BBIPa00TKe 3JIEKTPOIHEPIruu

B Hacrosiee BpeMs B BBIPAOOTKE 3JIEKTPOIHEPTUHU yYacCTBYIOT
CIIleAyIoIIMe BUABI 3JeKTpocTanimii: Temosble (TOC), ruapaBnueckue
(I'9C), runpoakkymynupytotue (I'ADC), atomusie (ADC), nu3enbHbIC,
COJIHEYHBIE, T€0TEPMANIbHBIC, IPUIMBHBIE U BETPOIEKTPOCTAHIINH.

YcraHoBNeHHAs MOIIHOCTh TEIUIOBBIX 3JIEKTPOCTAaHIMH COCTaB-
nsiet 70 % oT oOmieit MOIIHOCTH BCeX 3JIEKTPOCTAHILUM, YUaCTBYIOIINX B
BbIpabOTKe 3J1eKTposHepruu B Poccuu, ruapaBiIndecKux 3JEKTPOCTaH-
U COOTBETCTBEHHO 15 % M aToMHBIX 3nekTpocTtaniuii — 10 %.

TemnoBbIe MEKTPOCTAHIMH TTOAPA3ACIAIOTCS HAa KOHJCHCAIOH-
HbIC U TertodjekTporieHTpanu (TOL).

KonneHcanmoHnHble 3ME€KTPOCTAHIMK BBIPAOATHIBAIOT TOJBKO
ANIEKTpUIECKyto dHepruto. OTpabOTaHHBIH Map B ATHX AJIEKTPOCTAHIIMIX
HarpaBJIACTCA B KOHACHCATOPLI, I'/IC CKPbITasd TCIUIOTA TEPACTCA B OXJla-
xparomei Boge. KoHneHcalmoHHbIe JIEKTPOCTAHIMU 110 BO3MOXHOCTHU
CTpOSITCST BOM3W MECTOPOXKIACHHUN ITOJIE3HBIX HCKomaeMbix. Koaddumm-
CHT TOJIE3HOTO JHCTBUS TaKUX deKTpocTaHnuii cocrasiseT 30-40 %.

TOILI B mpomecce KOMOMHUPOBAHHOTO SHEPTOMPOHU3BOJICTBA BHI-
pabaThIBAIOT AIIEKTPUYECKYIO U TEIUIOBYIO dHepruro u umeror KI1JI, pas-
He1it 60-70 %. TOLI cTposiTcs Kak MOXHO OJIFKe K MOTPEOUTEITIO TEILIO-
BOM U DJIEKTPUYECKOMN SHEPIUH.

I'ADC mnpeobpa3yloT »JIEKTPOIHEPTHI0 B Yachl MHUHHUMYyMa
Harpy3KH DHEProCHCTEMbl B MOTEHIMAIBHYIO SHEpPTUI0 BoAbl. [Ipu 00-
patHOM mpeoOpa3oBaHMM, B Yachl MaKCHMyMa Harpy3Kd, HaKOIUICHHAs
SHEPTusl OTAACTCS B DHEPrOCUCTEMY ISl TMOKPHITHA IHKOB HArpys3KH.
I'mnporexanyeckune coopykeHuss I'ADC cocTosT U3 OBYX pacloiIOKeH-
HBIX Ha Pa3HBIX YPOBHSX 0ACCEHHOB U COCIMHSIOUIMX UX TPYOOIPOBO-
TIOB.

K cucremam snextpocHaOXeHHsI TOPHBIX NPEIIPUSITUI MPEAbsB-
JSIOTCS CIEAYIONIe TpeOOBaHUS:



e o0ecrieueHre HAIEKHOTO M OecrepeOOWHOro DIIEKTPOCHAO0-
KEHUS,

® o0ccrieueHNe KauecTBa JJIEKTPOIHEPTUU B COOTBETCTBHH C
I'OCT 13109-97,

e obecrieueHne 3IeKTPOOEe30MaCHOCTH M IKOHOMUYHOCTH PEKU-
MOB 3JICKTPONIOTPEOICHHUSI.

BrimonHeHre 3THX TpeOOBaHHN OCYIIECTBISETCS ITyTEM IMPHHS-
TUS ONTUMANBHBIX DPEUICHUN HAa CTaWH MPOSKTUPOBAHUS M BBICOKHM
YPOBHEM 3KCILTyaTaI[|H.

1.3. KaTeropuu 3/1eKTPONPUEMHHKOB M0 HAEKHOCTH
H OecriepeGoiHOCTH YJIEKTPOCHADKEHU S

Bce anexTponpueMHUKHY 1O HaJAEKHOCTU B OecriepeOoiHOCTH
3JEKTPONMUTAHUS JENATCS Ha TPU KaTeTOpUU: TEPBYIO, BTOPYIO H
TPETHIO.

K nepsoii kamezopuu OTHOCATCS 3JEKTPONPUEMHUKH, TEpEPHIB
AIIEKTPOCHAOKEHHS KOTOPBIX MOXKET TOBJIEYb 32 COOOH OMacHOCTh st
XKHU3HH JIIOJIEH, yrpo3y Al 6e30MacHOCTH TOCYAapCTBa, 3HAUUTENIbHBIN
MaTepuadbHBI yIIepd, pacCTPONCTBO CIOKHOTO TEXHOJIOTHYECKOTO
nporecca, HapyleHHe (QYHKIHOHHPOBAaHUS 0CO0O0 BaXKHBIX 3JIEMEHTOB
KOMMYHAJIBHOT'O XO3SICTBa, OOBEKTOB CBA3U U TEIECBUACHUSL.

B mepBoii kaTeropum BelenseTcs ocolasi Ipymia 3IeKTPONpu-
EMHHKOB, Oecriepe0oifHas paboTa KOTOPBIX HEOOXOoAMMa JIjIsl Oe3aBapHii-
HOM OCTaHOBKH IPOU3BOJICTBA C LIEBIO MPETOTBPAIIEHUS YTPO3bI KUZHU
JIIOJIEH, B3PHIBOB U MOXKAPOB.

B ropHO#l MpOMBINIJIEHHOCTH K MOTPEOUTENSIM MEPBOil Karero-
pUr OTHOCATCA SJICKTPOIPUEMHUKHN KIICTBEBBIX IMOABEMHBIX YCTAHOBOK,
BEHTHJISITOPHI TJIABHOTO NPOBETPHUBAHMSI, HACOCHBIE YCTAaHOBKH IPOTHUBO-
MOKapHBIX arperaToB, LIEHTPaIbHBIC TO3EMHbIC TOACTAHIUH U JIP.

Ko emopoti kamezopuu OTHOCATCS NEKTPONPUEMHHKH, TIEPEPHIB
3NEKTPOCHAOKEHUS KOTOPBIX MPUBOJIUT K MacCOBBIM HEJOOTITYCKY IpO-
IyKIUH, TPOCTOSAM pabouyMX, MEXaHU3MOB U MPOMBIIUIEHHOTO TPAHCIIOPTA,
HapymeHUIO HOpMaJ]BHOﬁ KNUBHEACATCIbHOCTU TOPOACKUX HUIIN CEJIBCKUX
KUTENEH.



B ropHoii mpOMBIIIUIEHHOCTH K TOTPEOUTEINISIM BTOPOH KaTETOPHH
OTHOCSITCSI DJICKTPONPUEMHUKU CKHITOBBIX TIOABEMOB, OOJIBITUHCTBO
JNEKTPOYCTAHOBOK 00OTaTUTENHHBIX (HaOpWK, MOA3EMHBIN PEebCOBBINA U
KOHBEHEPHBIN TPaHCIIOPT, 3JEKTPOYCTAHOBKH TPY30BBIX KAHATHBIX JIOPOT
MPU OTCYTCTBUU CKIIAJOB U JIP.

K mpempveil xameeopuu OTHOCATCS 3IEKTPOYCTAHOBKH, HE BO-
IIeANIME B TMEPBYIO U BTOPYI KaTErOPUHU, B TOM YHUCIE DJIECKTPOYCTa-
HOBKH JOOBIYHBIX M MPOXOMYECKUX YYAaCTKOB, IMPEeoOpa3oBaTeIbHBIC
YCTaHOBKH 3JICKTPOBO3HOW OTKATKH, aIMHHHCTPATUBHO-OBITOBBIX KOM-
OMHATOB U Ap.

OneKTpocHaOKEeHHE MOTPEOUTENCH TEepBOH KaTEropuu JOJHKHO
OCYIIECTBISITECS OT JIBYX HE3aBHCHUMBIX, B3aUMHO PE3EPBHPYEMBIX HC-
TOYHHKOB MUTaHUs. [lepephiB AJIEKTPOCHAOKEHHSI MOXKET OBITh JOMYIICH
TOJBKO Ha BPEMs aBTOMAaTHYECKOTo BKItoueHus pesepBa (ABP). ABP —
ABTOMATUYECKOE IMOJKIIOYCHHUE MMOTPEOUTENICH K PE3ePBHOMY HCTOUHUKY
MUTaHMSI IPU O0TKA3¢ OCHOBHOTO 33 BPeMsi, HE NPEBHIIIAIONIee 3 C.

HezaBUCHMBIMH WCTOYHUKAMH ITHTAHHS SBISIOTCS pa3IHYHbBIC
TCHEPATOPbl OJHOM 3JEKTPOCTAHIUK, PA3IUYHBIC 3JCKTPOCTAHIUH, a
TaK)Ke Pa3jMyHbIE CEKLMH LIWH AJIEKTPOCTAHLUMM U MOACTAHUUN MPU OJI-
HOBPEMEHHOM BBITIOTHEHUH CIICYIONINX YCIOBUI:

® KakJas U3 CEKLUMI IIMH MOJIy4aeT MUTAaHUE OT HE3aBUCHMOIO
WCTOYHUKA;

® CCKI[MM IIMH, HE CBSI3aHHBIE MEXAY COOOW MM HMEOIINE
CBSI3b, aBTOMATHYECCKH OTKITIOUYAIOIIYIOCS TMPH HAPYNICHUH HOPMAJBbHOM
pabOThI OJTHOM W3 CEKITUH.

Jlyis HopManbHOU pabOThl YCTPOMCTB AJICKTPOCETEBOM aBTOMATH-
KU B TICPHOJ] aBAPUHHBIX PEKHMOB HAMPSHKCHUE HA 32)KMMaX HE3aBUCH-
MBIX HCTOYHUKOB JOJDKHO OBITH He MeHee 60 % 0T HOMHHAILHOTO.

Hnst snexTpocHaOX)eHus: 0co00i TPYIBI AIIEKTPOIPHEMHUKOB
MEPBOI KATErOPUH JOJDKHO MPETyCMaTPUBATHCS JOMOJHUTEIBHOE MUTA-
HUE OT TPETHEr0 HE3aBHCHMOTO B3aMMHO PE3EPBHPYEMOT0 MCTOYHHUKA
IINTAaHUA.

DJeKTpOCHA0KEHNE YCTAHOBOK BTOPOU KaTErOpUH B HOPMAaJIbHBIX
PEKUMaX JTOJDKHO OCYHIECTBISITHCS OT JIBYX B3aHMHO PE3CpPBUPYEMBIX HC-
TOYHHUKOB NUTaHus. [Ipu HapylieHHH 3JIEKTPOCHAOXKEHHS OT OJHOTO U3
HUCTOYHHUKOB OO0IYCKACTCA ICPECPLIB NHUTAHUA Ha BPEM, HeO6XOI[I/IMOC
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JUTSL BKJIFOUCHUST PE3CPBHOTO MUTAHUS ACKYPHBIM TTEPCOHATIOM WM BHI-
€3ITHOH OoIlepaTUBHOMN OpUTaIOi.

DIIeKTpOCHAOKEHNE IJICKTPOIPUEMHHUKOB TPEThEH KaTeTOPHUHU
MOXET OCYIICCTBISATHCS OT OJHOTO HCTOYHHMKA TMPHU YCIOBHH, YTO
BpeMsl PEMOHTAa MJIM 3aMEHBI TIOBPEXKJICHHOTO 000PYIOBaHUS HE TIpe-
BBIIIAET CYyTKH.

2. CXEMbI IJNEKTPOCHABXXEHUA
NPOMBIINIVIEHHBIX ITPEAITPUSATUUN

2.1. IlpuHUUNBI TPOEKTHPOBAHMS
1 BHIOOPA cXeM 3J1eKTPOCHADKeHUSs

[IpoekTrpoBaHme W BBIOOP CXEM DJIEKTPOCHAOKCHHS IPOMBIIII-
JICHHBIX TPEANPHUATHIA BBHIMOJIHSIETCS HAa OCHOBE PE3yJbTaTOB TEXHUKO-
SKOHOMHMYECKHX PAaCcYeTOB B COOTBETCTBUU C PEKOMEHAALMSIMHM, H3JI0-
xeHHbpIMU B «[IpaBmiax ycrporicTBa aiexTpoyctanoBok» (I1YD) [3], uc-
XOZSI U3 CIIEAYIOIIUX TPUHIUTIOB:

® MaKCHMaJibHOE TNPHUOIMKCHHE BBICIIETO0 HampsDKeHHs 395,
110, 220 kB k moTpeOuTeNnsIM 3JICKTPOIHEPTHUU IMYTEM YCTPOMCTBA
riryookoro BBoAa. B 3ToM ciyyae riaBHas MOHU3WTEIbHAs MOACTAaH-
nus (I'TIIT) coopyxaercs B meHTpe anekTpudeckux Harpysok (LIOH)
npeanpusTus uinu Boau3u Hero. [lox IOH nonuMaroT Touky Ha TeHe-
paibHOM IUTaHe npeanpustusa npu pasmemienuu ['TII, B koTopoil Bo3-
MOXX€H MUHUMYM NPUBEICHHBIX 3aTpaT HAa IPHUEM U paclpeiesieHue
AIEKTPOIHEPTUH;

® BBINIOJIHEHHE CXEM DJICKTPOCHAOKEHHS C IPUMEHEHHEM B TEX-
HUYECKU U IKOHOMHUYECKH 00OCHOBAaHHBIX CIy4asx HanOosee MpOCThIX U
JELIEBBIX MEKTPUUYECKUX alMapaToB (BBIKIOYATENCH HAarpy3KH, Mpeno-
XpaHUTENEH, OTAeNUTEICeH, KOPOTKO3aMbIKaTelNeH, pa3beJMHNUTENeH);

e o0ecrieueHre HEOOXOIMMON HaJIeKHOCTH U Oecriepe0orHOCTH
3JIEKTPOCHAOKEHHS 3a CUET HPUMEHEHHUs] aBTOMAaTHYECKOI'0 MOBTOPHOTO
BiioueHus: (AIIB) muraronmx nMUHUH M aBTOMAaTHYECKOrO BBOJAA pe-
3epBHOrO HcTouyHuKa nutanus (ABP).
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2.2. Cxembl nepeaavyu U pacipeejeHust 3JIeKTPOIHEPTUU
Ha NPOMBIILIEHHBIX MPeANPUATHAX

Hcrounnkamu muranws (MII) mpoMBINUICHHBIX PEAPUSTAN
MOTYT SIBJIATBHCSI CEKLMU COOPHBIX LIMH MOJACTAHIMH PAlOHHBIX 3HEPro-
cucreM (POC), mpomeKyTOYHBIX TOACTAHUMNA W (MJIM) TEHEPaTOPOB.
CxeMmsl nepenadyd U paclpeneieHHs dJIEKTPUYeCKON SHEpruM pasfend-
IOTCS Ha paAHalbHble, MAaruCTpaJbHbIE M CMEIIAHHbBIE (paAnuabHO-
MarucTpalibHbIE).

Paouanvuvimu Ha3BIBaIOT CXEMBI, B KOTOPBIX OTCYTCTBYIOT OT-
BETBIICHHUS BIIOJIb MTUTAOMUX JUHUN. CXeMbl Takoro tuma (puc.2.1) mu-
POKO IPHUMEHSIOTCS Ul BHELIHETO 3JIEKTPOCHA0KEHHUs] T'OPHBIX Ipen-
npusitiid. JIBe u 6onee I'TIII coopykatoTcss mpu 3HAUYUTETBLHON MPHCO-
€IMHEHHOM MOIIHOCTH U TE€PPUTOPHAIBHON PacCPeIOTOUYEHHOCTH JHEp-
rooOBEKTOB MPEIIPUITHS.

MazucmpanbHbimy Ha3BIBAIOTCS CXEMBI, B KOTOPBIX OT OJHOMN
JIMHUYW MTUTAIOTCSl HECKOJIBKO PACIIONIOKEHHBIX BJOJb HEe MOTPeOUTECH.
MaructpanbHble CXEMbI C TUTAaHUEM 110 OAHOH (OAMHOYHAS MAarucTpab)
U IBYM (JIBOIHAsE MarucTpaib) pacHpeeTUTeIbHbIM JINHUSAM MOKa3aHbI
Ha puc.2.2 u 2.3 coorBercTBeHHO. [Ipuemunie mynkts! (I1I1) mpencras-
JSII0T co00M pacHpeAenuTeNIbHbIe YCTPOUCTBA WK TpaHc(OopMaTOpHBIE
MOJICTaHIIH.

POC

1TTIIT 2T'TIIT

Puc.2.1. PaguanpHast cxema ¢ IuTaHUEM IO ABYM NapayieabHbIM JuHusM TTITT

S ! !

1TIIT 21111 31111

Puc.2.2. MaructpanbHbIe CXeMBI ¢ TIMTAHUEM TI0 OJJHOH pacipeAeTuTeIbHON JTMHUI
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1IIIT 21111 31111

Puc.2.3. MarI/ICTpaJ'[I;HI;Ie CXEMbI C IMTAHUEM 110 ABYM paCHpCACIINTCIIbHBIM JIMHUIM

MaructpaibHble W paJralbHO-MarHCTPATLHBIC CXEMBl IIHPOKO
MPUMEHSIIOTCS [Tl BHYTPEHHETO AIIEKTPOCHA0KEHHSI DIICKTPOYCTAHOBOK HA
TEpPUTOPUU TOPHBIX mpeanpuaTHid. KommuecTBo pacnpenenuTeabHbIX
MYHKTOB OTPEEISCTCS YUCIOM M MOITHOCTHIO TEPPUTOPHAIBLHO Paccpeio-
TOYEHHBIX BJICKTPOYCTAHOBOK Ha MpoMILToNiaake npeanpustus. C Todku
3peHHs MMoKa3aTesel HaAeKHOCTH U OecriepeOOHHOCTH 3IeKTpocHadke-
HUS TPENNOYTHTENLHBIMU SIBIISIIOTCSI paguaibHble cxeMmbl. OgHaKo A
UX COOpYXKEHHS TpeOyroTcs OoJyiee BBICOKHE KaNUTAIBHBIC BIOXCHUS.
YacTHBIM cllydaeM OJMHOYHON MarucTpaiiy SIBISETCS] KONbIeBas cXxeMa
(puc.2.4). Jlannasi cxema IIUPOKO MPUMEHSETCS VISl SIEKTPOCHAOKEHHS
kapbepoB. [Ipu Hanpspxenusx U < 10 kB gst orpaHnyeHust TOKOB KOPOT-
koro 3ambikanus (K3) koibIlo Beerma pa3oMKHYTO, T.e. cxeMa paboTaer
KaK JIBE OJMHOYHBIC MArucTpalid. DTO JOCTHTaeTCs ¢ MOMOIIBIO yCTa-
HOBKM KOMMYTAIIMOHHBIX amlapaToB, OOECTEYHBAIOMINX OTKIIOYCHUE
M000T0 y4acTKa JMHUM TPU €T0 MOBPEKICHUHU M MOJady SJIEKTPOIHEP-
run Ko BceM notpedutensM (I1) mo HemoBpeK IeHHBIM JTUHUSIM.

NIl

II

Puc.2.4. KonbueBas cxema 3J1€KTpOCHA0KEHUS TOPHBIX IPeANIpUATHH
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2.3. Peaqm3anus cxeM JIEKTPOCHAOKEHUS IJIEKTPOYCTAHOBOK
NMPOMBINLIEHHBIX NPeANPUsS THIA

Cxema snexmpocuaboicenuss nompeoumenetl Il u 111 kamezopuu
€ 0OUHOYHOU HEeCEeKYUOHUPOBAHHOU CUCEMOU cOOpHbIX wiuH. J{ns naH-
HOM cxeMmsl (puc.2.5) xapaktepHo Hannuue ogHoi JIDII. B nayane JIDII
yctaHoBieH Beikmodarens 1QF. Brixmrodarens 1QF oraemen ot wmc-
ToYHMKA NUTaHus G W MUTaroLEed JWHUK paszbenuHuTedsMu 1QS u
2QS, co3maomMM{A BUAMMBIE Pa3pbIBBI MpH €r0 oOciayxuBaHHU. B
JaJbHEHIIEM C LENbI0 YNPOUICHHUA Ipa(UuecKoro HpecTaBiICHUs] Ha

G
i 1QS

brnok-BeIKiIOYaTENH +
1Q|: + 1Ba pa3beAUHUTEIA

2QS

—r1

JIoI

)
"

C6opuslie muHbI (1)

T

Puc.2.5. Cxema 31eKTpOCHAOKEHUS
norpedureneii Il u 11l xareropun
C HECEKIIMOHUPOBAHHOMN CHCTEMOMN
cOOpHBIX IUH

—_

3QS

4QS

12

CXeMax JJIEKTPOCHAOKECHHS Ta-
KHe pa3beAMHUTENN HE YKa3bl-
Barorcsa. OHH IOJDKHBEI OBITH
IPEeIyCMOTPEHBl BO BCEX peallb-
HBIX CXeMax 3JIeKTPOCHaOKEeHHUs
HanpsokeHueM cBbime | kB B
COOTBETCTBHHU C NPABHJIAMHU TEX-
HUKH O€30IacHOCTH TpU 3KC-
IulyaTaliud  3JEKTPOYCTaHOBOK
notpebuteneit (I1THDI).

[Ipu HEOOXOMUMOCTH OT-
KIIIOUCHUS TUTAIOWIEH JTUHUU CO
CTOPOHBI COOPHBIX HIMH B CXEMeE
MOCPEICTBOM KOPOTKO3aMBIKaTe-
11 QK co3nmaercst HCKyCCTBEHHOE
KOpOTKOE 3aMblKaHue (aByxdas-
HO€ mpu HampspkeHuu 6, 10 u
35xB wm ogHOodazHoe mpH
HanpsokeHUsx > 110 kB). 3arem
JIDII oTkirovaeTcss BBIKJIIOYATE-
nem 1QF u B OecTokoBytO may3y
Pa3MBIKAIOTCSI KOHTAKThI OTIIEJIH-
tensa 3QS. Takum oGpazom co-
3[aeTCsl YCIIOBHE JIJIsl Oe30TacHo-
ro 0OCTyXUBaHUS 3IEKTPO00O-
PYAOBaHHUA.



Cxema snexmpocuaboice-
HUsA C 08YMA NUMAOWUMU TIUHUS-
MU U BbIKTIOYAMENAMU 8 HAYANe U
konye kaxcoou JIDII. Cxema
(pmc.2.6) mpenHa3HaueHa IS
rmutagus morpeoureneit I, 1l u 11
KaTeropuii MO HAJEKHOCTH U
Oecrepe0OHOCTH  3JIEKTPOCHA0-
keHus. Jlemenne cucteMsl cOop-
HBIX MHUH Ha aBe cexknuu 111 u
2111 nmenaer ee Oonee THUOKOW U
MO3BOJISIET ocymecTBUTE ABP
MTOCPEJICTBOM CEKIMOHHOTO BBI-
kimouarens 8QF. B HopManbHBIX
pexXuMax C IENBI0 OrpaHUYCHUS
TOKOB KOpPOTKOTO  3aMBIKaHUS
KOHTAaKThl BBIKIIOUaTens 8QF
pa3oMkHyThI. [Ipu oTka3e omHOM
MUATAIOIEHN JIMHUN WM CHIIOBOTO
TpaHchOpMaTopa OTKIFOYAFOTCS
BeikmovaTenn 4QF, 6QF wmum
5QF, 7QF. B pe3ynbTaTe aBapus
JOKAJTN3yeTcs, a CEeKIMOHHBIN
BeIKIIOYaTedbp SQF moakirodaer
00€CTOYCHHYIO CEKIIHIO K
OCTaBIIeMyCs B paboTe HMCTOU-
HUKY IIUTaHUA.

Henocrarkom cxemsbl sB-

1G 2G
R e
L
1QF Q] |4‘:|2QF
| |
1IDIT | | 2JI9I1
4QF 5QF
1T 2T
6QF 7QF

T - T
8QF

Puc.2.6. Cxema 31eKTpOCHAOKEHHS
¢ JBYMS ITUTAIOIMMH JIMHUAMA
U BBIKJIIOYATEIAMH B HavaJie
Y KOHIIE KQKTOH U3 HUX

JIeTCA Hajauuue qoporocrosimux Beikarodateneid 4QF u SQF.

Cxema anexmpocnabicenus ¢ 08yMs NUMAOWUMU JTUHUAMU U
mpexoomomounsiMu mpancgpopmamopamu. Cxema NpUMEHSETCS HpH
HAJIMYUH HA TPEANPUSITHN TEPPUTOPHAIBEHO PacCpeOTOYCHHBIX MOTpe-
OuTenell >JIEKTPOIHEPTUY, HAIIpUMeEp, IIaxTa U Kapbep, I1axra u odora-
TUTeNnbHas Gabpuka (puc.2.7). BeikirouaTenu ocymecTBISIOT IPU HEOO-
XOJAMMOCTH aBTOMAaTHYECKUIl BBOJ pe3epBa. Kak BapuaHT, Ha cxeme OT-
paXeHO HaJIM4YKe Ha MPEINPHATHA COOCTBEHHOH JIEKTPOCTAHIINH.
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1QF |—I:I—| 2QF

: 371911 : 4JI01I1
10QF 11QF

8L CoOcTBEeHHAS HIIEKTPOCTAHLINS

7I0 _
1G @ I—Dj é 2G
12QF

Puc.2.7. Cxema a1eKTpOoCcHAOKEeHNUS ¢ IBYMS IIUTAIOIINMH JIHHUSIMU
U TPEXOOMOTOYHBIMH TPAHCPOPMATOPAMH

Cxema 31eKmpocHabIceHss ¢ 08YMsL RUMAIOWUMU TUHUSAMU, OM-
denumensimu U KOpOMKO3AMbIKAMENIMU 8 KOHYe KaxcOol aunuu. B nan-
HO# cxeme (puc.2.8) B koHne nuratonux 1JIDI u 2JIDII BrirodeHb!
otaenurenu 1QS u 2QS u xoporkozameikarenu 1QK u 2QK, neiictBue
KOTOPBIX aHaJOTrM4YHO cxeme Ha puc.2.5. [lonwkaromue TpaHnchopma-
topsl 3T u 4T nmogkmrouens! k cexkuusam 31 u 4111 cOopHBIX MIMH Yepes
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npenoxpanurenu 1FU u 2FU. B cxeme taxke npenycmorpen ABP Ha
cropore 0,38 kB mocpencTBoM aBTOMATHYECKOTO BBIKIFOUATENS C JIH-
CTaHIIMOHHBIM yrpasieHneM 3SF.

111 2111 110 xB

2QF

it
St

2J1o11

|_____/

Y s 3SF 6Hl\l 0,38 kB

R R

Puc.2.8. Cxema 371eKTpOCHAOKEHHUS C IBYMSI MUTAIOIIMMH JTMHUAAMHE, OTACTUTEIIMH
M KOPOTKO3aMbIKaTeSIMU B KOHIIE nuTaromux JIDTT
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3. 9JIEKTPUYECKHE CETH

3.1. Buanl cereit

[lo KOHCTPYKTUBHOMY HCIIOJIHEHHIO CETH JENIATCS HA CIIEAYIO-
IIMe BUMBL:

e Bo3aymiHbie TuHud (BJI) — HenzonupoBaHHbIE WM MOKPBITHIE
M30JSIIUEN TTPOBOAA HAa OTKPBITOM BO3/yXe, NPUKPEIUICHHbIE TIPH TTOMO-
LM U30JIATOPOB M apMaTypbl K OMOpaM MM KPOHIITEHHaMH K CTOHKaM
Ha MHXCHEPHBIX COOPYKEHHSIX;

o kabenbuble MuHUN (KJI) — kabenu ¢ coeqMHUTENBHBIME, CTOTIOP-
HBIMHU WM KOHIIEBBIMH My(TaMH 1 KPETIEKHBIMH JICTAIISIMU;

® TOKOTIPOBOJIbI — HEM30JIMPOBAHHBIE WM MOKPBITHIC H30JIALUCH
MPOBOTHHUKH PAa3IMYHOTO MPOQHIS B TOHHEIX, Talepesix, Ha dcTakanax,
OTIOPHBIX KOHCTPYKIUSX CO BCEMU OTHOCSIIUMHUCS K HUM KPETUICHUSIMU;

® JJIEKTPONIPOBOAKHA — HM30JIMPOBAHHBIC WM HEW30JHPOBAHHBIC
POBOJIA ¥ HEGPOHUPOBAHHBIC KAOCIH CedeHHEeM 10 16 MM, TIPONOKEH-
HBIC BHYTPH 3[JaHUH U COOPYKEHHI, Ha TEPPUTOPUH JABOPOB MPU HATIPSI-
xenun 10 1000 B.

DJeKTpUUYeCcKHe CETH NOJDKHBI YAOBIECTBOPITH TPEOOBAHUSAM I10-
XKapo0e30MacCHOCTH, IKOHOMUIHOCTH, MEXaHUYECKOH mpouHocTu. [loTe-
psl HaNPSDKEHHS B JIEKTPUYECKUX CETAX HE JOJDKHA MPEBBINATH JIOITY-
CTHUMBIX 3HAYECHHI.

3.1.1. Bo3nyuHble JUHUH

Boznymasie nmuanu (BJI) pasnmensroT Ha JBa BHIIA: OJHOLICITHBIC
(puc.3.1) u aByxuemnusie (puc.3.2). s cBepXKaTCrOPUIHBIX IIAXT, pac-
MOJIOXKEHHBIX B pallOHaX, OMACHBIX 110 TOJIOJELY, 00s3aTeIbHbI OJHOLETI-
uveie BJI. B ciydasx, korma He TpeOyeTcs BBHICOKasi HAIEKHOCTh, IPUMe-
HAIOT OoJiee neneBrie — AByxienHsie BJL

I'eomerpuueckue mapamerpsl BJI (puc.3.3): nns mamoHace-
neHHo# wmectHocTH h =5+7 M, A TyCTOHAceleHHOW MECTHOCTH
h =6+8 m.
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TpOCI:I JUISL TPO303alIUThI
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7777

Puc.3.1. OgHOUENIHBIE BO3YIIHBIE JIUHUH C PACIIOI0KEHHEM IIPOBOIOB
B BepuinHax Tpeyrojibhuka 10 20-30 kB (a); ¢ ropH30HTaIBHBIM

pacmosioxkeHueM mpoBoos 35-110 kB (6)

TpOCBI JUI TPO303alllUThI

(o}

o

7

Puc.3.2. [Isyxuennas BJI — oOpaTHas enxa
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Puc.3.3. Jluaus Ha omopax ¢ MOBECHBIMH U30IATOPAMH




a b
C a

Puc.3.4. Tpancnozuuus BJI

Pacctossune D obOecneunBaeT TpeOyemblli HM30JAIMOHHBIN
npomexyTok: D =1 M nipu 6-10 kB (/1 HEM30JIMPOBAHHBIX MPOBO-
noB) ; D=4 mnpu 110 kB; D = 7 m nipu 220 xB.

KonunuectBo n3omnsropoB npu HampspkeHuu 110 kB cocrasmisier
6-7 mryk, mpu 220 kB — 12-14. Takum o0pa3oM, Ha KaxJbli U30JIATOP
npuxoautcs nmpumepro 15-20 kB.

Onopbl U3roTOBISIIOT U3 JIEPEBa, JKene300eToHa Wi cranu. Be-
nUYuHAa  mposieta  Mexnay Humu: npu 110kB L =150+200 m,
H =13+14 m; npu 220 kB L = 400+450 m, H = 25+30 m.

OcHOBHasl 4acTh OMOpP — OOJIETYeHHBIC MPOMEXyTOoUHbIe. Yepes
Kaxzple 3-5 KM ycTaHaBIMBAIOT 00Jiee MPOYHBIC AHKEPHBIC OIIOPHI.

B muaumsax 330-500 kB mist yMeHbIIEHNST HHAYKTHBHOTO COTIPO-
TUBJICHUS U MOTEPh Ha KOPOHY MPUMEHSIOT paclieiUIeHHe TPOBOJIOB, T.C.
MOJIBECKY NIBYX M 0oJjiee NPOBOJOB MapauielbHO B omHOHM (aze. Ilpu
U < 220 kB rpo3o3amuTHeIe TPOCH! MOJBEIIMBAIOTCS TOJIHKO Ha TMOIXO-
Jax K HOHH3UTEIBHBIM ITOCTAHIIUSM.

HecumMmeTpudHoe pacrnoiokeHHue MPOBOJOB NPHUBOAMT K pas-
JMYHBIM MHAYKTHBHBIM CONPOTHUBICHUSAM (a3. s BeIpaBHUBAaHHA Ta-
pametpoB npu anuHe BJI 6omee 100 kM MPUMEHSFOT TPAHCTIO3UIIUIO TTPO-
BOJIOB (puic.3.4).

Bozaymneie nuHum gemieBne kabenbHbIX. OmHako oHW Oonee
TOZBEP)KEHBI aTMOC(EPHBIM BO3MCHCTBHAM, M IS UX COOPYKEHUS
HEo0X0IMMa M0JI0Cca OTUYK/ICHHS.

Haunbonpiee pacnpocTpaHeHHE MONYYHIIM TBEPAOTEKYyUHE ajlto-
MHHHUEBBIE U CTaJICaTIOMIHUEBBIE TIPOBO/IA BO3IYIIIHBIC JTMHUM.

ITo xoHCcTpyKIMHU mpoBosa BJI pazaensrorcs Ha 0JTHO- M MHOTO-
npoBoJo4Hble. OTHOMIPOBOJIOYHBIE TPOBOJIA U3TOTOBIISIFOTCS CEUeHHEM 4,
6 1 10 MM°, MHOTONPOBOJIOYHBIE TIPOBOAA — ceueHneM Oonee 10 M.
MuHUMaNBHBIN JHaMeTp TPOBOJOB YCTAHABIMBACTCS B 3aBUCUMOCTH OT
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nepeaaBaeMoi MOIIHOCTH, MEXaHUYECKOHW MPOYHOCTH, MOTEPb HA KOPO-
Hy. OT/C/IbHBIC IPOBOIOKH HMEIOT IHAMETp 2-3 MM’

B cootBerctBum ¢ [3] Ha BO3aymHbIX JmHUAX ¢ U, > 1000 B
IPUMEHSIOTCS ATIOMUHHEBbIE TIPOBOJIA ceueHneM S > 35 Mm°, craseao-
MHHHEBBIE S > 25 MM?, HA TEPECEUCHHSX BO3AYIIHBIX JIMHHHA PasHOTO
HOMHUHAIBHOTO Hanpspkerns S > 70 MvP.

Hcnonb3ytoT cienyroniue 0003Ha4eHUsI TPOBOOB:

® MeJHbBIC — M

® AJIIOMUHHUEBLIE — A

® craibHbIe MHOTOTPOBONIOYHBIE — [1C;

® CTaTbHBIC MHOTOIIPOBOJIOYHBIC oMeaHeHHbBIe — [IMC;

e crajeanoMuHueBsie — AC;

® IPOBO/JIA U3 aIFOMUHUEBBIX ciiaBoB — AH n AX;

® CTalibHBIC TPOCHI Jis 3amuThl BJI oT nepenanpsoxenunii — C.

B o6o3HavueHur Mapku MpoBoja IMociie OYKBBHI CIEAyeT TpyIa
udp, yKaszplBarolias e¢ CeYeHUe B KBaJPATHBIX MUJUTUMETPAX.

3.1.2. KaGeabHubie THHUH

KaGenpapie muann (KJI) mpuMeHSIOTCS U1 BHYTPEHHETO DJIEK-
TpocHaOxeHust mpu HebonbmoM paccrostanyd Mexay [T wmu LI u
MOHU3UTEIBHBIMU TIOACTAHLUSIMA SHEPrOCHCTEMbI, NMPH IUIOTHOH 3a-
CTpOIiKE TEeppUTOpPHM, a TaKXKe Ha TEeppUTOpUH MpomIuiomanku. [Ipo-
KJ1a/IKa KaOeNIbHBIX JTMHUN MOKET MPOM3BOAUTHCS B 3€MJIC, B TPAHILESX,
TOHHEJIAX WX OJOKaX, B KaHajlaX cO ChEMHBIMHU KPBIIKAMU MJIM IUIATA-
MH, a TaKXKe Ha 3CTaKa/ax, rajepesx U Mo cTeHaM 3/1aHui.

3.2. [TapaMeTpsl U cXeMbl 3aMeleHUs] BO3TYIIHBIX
U Kale/JIbHBIX JUHUII 3J1eKTponepenay

Bosnymnbie u xabenpHble uHUN 3nekTponepenay (JISII) obna-
JIat0T PaBHOMEPHO pacIipeIeieHHBIMHU TI0 JITIMHE TTapaMeTpaMu: aKTHBHBIM
Ro ¥ MHIYKTUBHBIM X CONPOTHBIICHUSIMU Ha | KM JUIMHBI, aKTUBHOH (o U
eMKocTHOU Dy mpoBogumocTsimu. Benmmunust Ry, Xo, go ¥ by HasbiBaroTCst
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COOTBCTCTBCHHO IIOI'OHHBIMH COIPOTHUBJICHUAMHU U MNPOBOAUMOCTSAMHU.

Hpu amune BJT £ < 150+200 kv u KJI £/ < 30+50 kM B mpaKkTHUeCKHX
pacderax BEJNMYMHBI MOTYT OBITh IMPEACTABICHBI COCPEIOTOYCHHBIMU
conpoTuBieHusMHu R u X n npoBoaumoctsimu G, B.

JUnst QMHHBIX JIUHAH OTAENBHBIC YYacTKH IPEICTABIIOTCS B
Bujie [1-00pa3HbIX cxeM, cxeMa 3aMelleHHs: KOTopbix uMeeT [1-o00pasHblit
Buz (puc.3.5).

R X
o Y Y o

-

Puc.3.5. [I-o6pa3Has cxema 3amernenns ydactka JIOIT

AKTHBHOE CONPOTHBIICHHE TPOBOJOB W Kabelel MpH dYacToTe
50 't paBHO OMHYECKOMY COIPOTHUBJICHHIO. SIBICHHE TOBEPXHOCTHOI'O
s dekTa He yUUThIBaeTCS. AKTHBHOE CONPOTHBIICHUE | KM JIMHUHU TIpU
t = 20 °C onpeaensercs no Gopmye:

R, = 1000/(yS), (3.1)

IJIe Y — yAeIbHAs IPOBOAMMOCTh, M/(OM-MM’), S — ITOMmA/s HONEPEHO-
ro CEYEHUs, MM".

Jlnst meu y = 53 M/(Om-MmM?), st amoMusus y = 32 M/(OM-MMP).
Torma mns mMemHpIX TpoBOMOB Ry = 18,7 OM/kM, ISl alFOMHHHEBBIX H
CTalICATFOMIHHUEBEIX IPOBOMIOB Ry = 32,25 OM/KM.

WNHaykTUBHOE COMPOTHBICHHE | KM BO3AYIIHBIX U KaOEIbHBIX
JIBII cooTBETCTBEHHO:

2D,
Xo=0144Ig~"+0,0157; (3.2)

I

20,
X, =0,145I9Tp+0,016, (3.3)
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rae d, — anamerp mpoBoja, MPUBEICHHBIN K MOBEPXHOCTHOMY pacIpee-
JeHuto Toka, d,; = ad; o — koadduirent, paBHblii 0,75 11 METHBIX TPO-
Boz10B 1 0,95 JUIs JIOMMHUEBBIX NPOBOJOB; [, — CPEIHEE PaCCTOSIHHE

MEXTy IICHTPaMH KHIT KaOells.
Jia mvHAR ¢ pacIeTIeHHBIME MTPOBOIaMHU IIPH ABYX IMPOBOJAX B

daze d_ = ,ldefmp ; Tpex mposojax B ¢ase d, =,/2d¢, -, rHe £, —

paccTosiHUEe MEXKIY POBOJIaMU B (ase.

Juia BoznymabIx muHEA Xo m3mensercs ot 0,33 go 0,43 Om/kMm.
IMpu nByx mpoBoaax B ¢aze Xy cHkaercs Ha 15-20 %, Tpex mpoBoaax B
¢aze — Ha 25-30 %. MlHOAYKTUBHOE CONMPOTHUBIICHUE TPEX>KUIBHBIX Kale-
neit 3HauntenbHo MeHbine u npu U, = 35 kB coctaBnser 0,12 Om/kMm;
mpu 3-10 kB — 0,07-0,08 Om/kMm; 10 1 kB — 0,06-0,07 Om/kMm.

AxTuBHas mpoBoauMOCTh BJI ompesensercs MmoTepsIMH aKTHB-
HOW MOIIIHOCTH Ha KOPOHY U B JIMAJICKTPUKAX:

A
9o = Up; L G=go!. (3.4)

3Ha4yeHus1 Ap, MOTYT BapbUpPOBATHCS OT HECKOJBKUX €IUHHMI 10
HECKOJIBKUX NECATKOB KMJIOBATT HAa KUJIOMETDP. C POCTOM HAIIPSP)KCHHUA Ha
5 % 1Mo OTHOIIEHHNIO K HOMUHAJILHOMY MOTEPU Ha KOPOHY YBEIMYHBAIOT-
cst Ha 35 %, a npu noHWwKeHnu Ha 5 % ymenbpmarotes Ha 20-25 %.

Jst xabenpHbIX JIDII moTepn Ha KOPOHY OTCYTCTBYIOT, a IOTE-
pu aKTUBHOU MOIIMHOCTH B AUIJICKTPHUKAX HE YUUTBIBAIOTCA. HOC—)TOMy
IU1s HUX o = 0.

Emkoctras mpoBomumocts BJI 00ycrioBneHa mpoBOIMMOCTBIO
MCXKAY IMpOBOJAaMHU U 3eMJIel u OMpeACIACTCA B3aMMHBIM PAaCIIOJIOKCHH-
eM (pa3HBIX MPOBOJIOB, BHICOTOW MOJBECca HaJ 3eMJICH, HATMYUEM 3a3EM-
JIIOIIKUX TPOCOB U BTOPOU MapaieIbHOW BO3IYIIHOMN JINHUU:

0,024

Co= 1078, (3.5)

g Zo
974
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7,58

bO =O)CO =2—|3c'10_6; (36)
lg—=
B=ho!. (3.7)
3apsIITHBIH TOK
|0 = U@bof = U@B (38)
3apsiHast MOILTHOCTh
Qo = 3loUs = U’B. (3.9)

4. MOJAEJIMPOBAHUE U PACUET PEXKUMOB
IJEKTPOCHABXEHUWA TPOMBIIIJIEHHBIX
HOPEANIPUATUN

4.1. Pe:kuMBI YJIEKTPOCHAOKeHH S MPOMBIIIJIEHHBIX MPeanpUusiTHI

B cucremax snexrpocuadxenns (COC) npakTUIECKH OTCYTCTBY-
€T peaJIbHBIi OTPE30K BpEMEHH, B TEUEHHE KOTOPOTO HE MPOHCXOUIIO0
OBl KakuX-T100 M3MEHEHUH yCIOBUH ee paboThl: BKIIOYCHUH, OTKITIOYE-
HUM MM TEXHOJOIMYECKHX HM3MEHEHHH 3JIEKTPUYECKUX HArpy3oK OT-
JICJIbHBIX TIOTPEOUTENIeH, BKIIFOUSHUH W OTKIFOYCHUN oTaenbHbIX JIOTT,
pEeryIupoBaHus pekKMMa HalpsDKEHUS, IyCKOB U CaMO3aIlyCKOB 3JIEKTPO-
JBUTATENIECH, U3MEHEHU YCTaBOK YCTPONCTB yNpPAaBICHUS, OJHO- U MHO-
rodaznaex K3, AIIB u ABP u ap.

CoBOKyIHOCTH TpolieccoB, nporekaromux B COC u onpenens-
IOLINX €€ COCTOSIHUE B 3aJaHHbII MOMEHT BPEMEHH MM HAa HEKOTOPOM
HWHTEpBalle BpeMeHH, Ha3bpiBaeTcsa pexxumoM COC. Pexxum COC xapak-
Tepu3yeTcs mapaMeTrpamu (Iokas3aTensiMu) pexxuma. [lapameTps pexu-
Ma CHCTEM 3JIEKTPOCHAOKEHUS KOJMUECTBEHHO OMPEACISIOTCS YCIOBH-
smu paboter COC. Tlapamerpamu pexknma COC ABIAIOTCS MOUTHOCTH H
HANpPsDKEHHSI B Y3JIOBBIX TOUKAaX M Ha 3aKMMaXxX OTAEIbHBIX 3JIEKTPONpPHU-
€MHHKOB, YTJIbI C/IBUTA BEKTOPOB HANpPSHKEHUH M TOKOB, KOA(QPUIHESHT
noje3noro aedcteus, tge u Ap. [loxazarenu pexuma COC cBs3aHBI
MCKIY CO6OI\/'I COOTHOLICHUAMM, B KOTOPBIC BXOJAT MapaMETpPbl OTAC/Ib-
HBIX 3JIEMEHTOB CHCTEMBI C YUETOM CXEM MX COCIUHEHUS, TapaMeTphl HC-
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TOYHUKOB MUTAHHUA M XapaKTEPUCTHKH Harpy3ok. [lapamerpsl pexxuma
COC moryT OBITH OMpENeNeHbl PACUYCTHBIM FUIM JKCIIEPUMECHTAITBHBIM
METOJaMH.

Pasznuuarot cnenyromue Buabl pexumoB COC:

® HOpMaJIbHBIE YCTAaHOBHBILHECS PEKUMBI, IPUMEHHUTEIBHO K KO-
TOpbIM cripoekTupoBaHa COC u onpeeNcHbl €€ OCHOBHEIC TOKA3aTENH;

® HOpMaJIbHBIE MTEPEXOAHBIC PEXKUMBI, BO BpeMsl KOTOPBIX CHCTe-
Ma MEPEXOAUT U3 OAHOrO Pabovero COCTOSHUS B APYTOE;

® aBapHiiHbIC NIEPEXOTHBIC PEKUMBI, ISl KOTOPBIX OMPEIeNstoT-
Csl yCTaBKU CpabaThIBaHUS YCTPOMCTB 3aILUTHI, U BBIABISIETCS BO3MOXK-
HOCTH BOCCTaHOBJICHHUS YCTAaHOBHBIIETOCS pesknmMa Beeit mimn yactu COC;

® [10C/IeaBapUiHbIE YCTaHOBUBIINECS PEXXUMBI, TSI KOTOPBIX BbI-
SBIISIETCS. BO3MOKHOCTH AajibHelmied paborel COC ¢ yXyAlICHHBIMU
TEXHUKO-9KOHOMUYECKHMHU TOKa3aTelsIMH TPHU HCIOJIb30BAHUH 3aJI0-
KEHHOTO B CHCTEME pe3epBa.

B HOpManbHBIX ycTaHOBUBHIMXCA pexkuMax COC mapameTpsl
peXrUMa HEMPEPHIBHO W3MEHSIOTCS, HO STH W3MEHEHHUS OTHOCHTEIBHO
HEKOTOPOT'0 CPEeIHEero 3HAUYCHHs HACTOJIBKO Majibl, YTO UMH MOXKHO Ipe-
HeOpeub. M3meHenust mapametpoB pexkuma COC B 3TOM citydae o0y-
CIIOBIIMBACTCS HM3MEHEHHUEM OJIIEKTPUYECKUX Harpy30K, HAIPSHKCHUS B
MUTAIONIEH HHEPrOCHCTEME U peakuueld Ha HHUX PEeTYIUPYIOIIUX
ycrporicts COC.

HopmanbHble mepexofHble PeKUMBI COMPOBOXKIAIOT TEKYILYIO
skcmuryatanuio COC U BO3HUKAIOT MPU BKIIOUCHHUAX M OTKIIOUYCHUSIX
OTAETbHBIX HATPY30K U JIMHUN 3JIEKTpOIIepeaayn.

ABapuiiHble IEpEeXOHbIC PEKUMBI BOSHUKAIOT IIPU OAHO- U MHO-
rodaszneix kopoTkux 3ambikanusx B COC, AIIB u ABP. B COC ropabix
NPEeONpUsITHH NPUMEHSETCS paslesibHas padoTa ceKuuii cOOpPHBIX IINH
pacnpenenuTenbHBIX yeTpoicTB 6-10 kB ¢ ABP Ha ceknmoHHOM BBIKITIO-
garene. [Ipu K3, npuBonsmux k pabore ycrpoiictBa ABP, MoxeT mpo-
HUCXOUTHh HapyIIEHUE YCTOHUUBOCTH paboThl cuHXpoHHBIX (C/]) u acun-
xpoHHbIX (A/l) nBurareneil. BoccraHoBiI€HHE YCTaHOBHUBLIETOCS PEXUMA
W COXpaHECHHE TEXHOJIOTUYECKUX MPOIECCOB HEMPEPHIBHBIX MPOU3BOJICTB
mpu Takux K3 MoxeT ObITh 00ecrieueHo mpu ycrenHom camosamycke CJ1
u AJl. TenaeHuus: pocTa €MUHUYHOM MOLIHOCTH 3JEKTPOABUraTeNied U ux
nonu B obmel Harpyske COC NpUBOAUT K MOCTOSHHOMY YBEJINYEHHIO

23



TOKa MOAMUTKHU OT 3nekTpoasurarencii Touku K3. Ha oTnensHbIX mon-
CTaHIMIX JTOJIS TOKOB MOAIMUTKH TOYku K3 OT snexTpoaBurareneit mpo-
cturaet 50-60 % ot obmiero Toka K3. [ToaTroMy mpu KOPOTKHX 3aMbIKa-
HUSX JUIsl aBAPUHHBIX TEPEXOJHBIX PEKHUMOB BBISBIISIOTCSA JOCTOBEP-
Hble 3HaueHHs TOKOB K3 m pa3pabaThIBAalOTCA MEPONPHUATHS IO HX
OTPaHUYCHHIO.

[lpu OTKIIFOUCHUM DIICKTPOJBUTATENCH OILICHUBACTCS XapakTep
M3MEHCHUS HANPSHKEHUS Ha CTATOPHBIX OOMOTKAaX BO BPEMEHHU, 00YCIIOB-
JIEHHBIN TPOTEKaHWEM TOKOB B OOMOTKAax poTopa. 3HaHHE 3aBHCHMOCTH
M3MEHEHUS HAIPSHKEHUS HA CTaTOPE OT BPEMEHH HEOOXOIMMO TIPH OTIpe-
JICIICHUU BO3JICHCTBHS TOKAa HA YEIOBEKA, OKA3aBILETOCS IO/ HANpsKe-
HUEM, a TaKXe IJIs onpeeseHns yctaBok ABP.

J1s mocneaBapuifHBIX YCTaHOBUBIIMXCSI PEKUMOB OTPEACTISIFOTCS
BO3MOXXHOCTh (yHKIMOHMpoBaHuss COC mnpu mnoHmwxkeHHOM Ha S %
HaIpsDKEHUW B Y3JIOBBIX TOYKAaX, JOMYCTUMOCTH TEPETPY3KH CHIIOBBIX
TpaHCcOPMATOPOB, 3aaCHl YCTOHIHBOCTH CHCTEMBI.

4.2. MatemaTtuueckue moaeau daemenToB CIC npu pacuere
YCTAHOBHBIIMXCS U MEPEX0IHBIX Pe;KHMOB

B coctaB COC BXOIUT COBOKYITHOCTh Pa3HOPOJHBIX AJIEMEHTOB,
KaKIBIH U3 KOTOPBIX MPECTABIIEH CBOEH crcTeMoi Mud dhepeHIrnanbHbIX
U anreOpandyeckux ypaBHEHWH. 3HAYUTEIBHOE YNPOIICHHE TPH COCTAaB-
JICHUU CHUCTEM ypaBHCHI/II‘/'I, XapaKTCpU3yrouux IMnepexoaHbIlC U yCTaHO-
BuBIIHECS pexumMbl COC, TOCTUraeTcsl, €CIM UCIOJIb30BATh CXEMBI 3a-
MCIICHUA OTACIBHBIX 3JICMCHTOB.

[Ipu pacuerax peKUMOB HMCHOJIB3YIOTCS MPEUMYIIIECTBEHHO Clie-
Oyomue (QU3MYecKHe eIUHMLBL MOIIHOCTh B MEraBOJIbT-aMIepax,
HaNpsDKEHUS] B KMJIOBAaTTaX, TOK B Kuioammepax. CxeMbl 3aMELICHUs OT-
nenpHbIX dneMeHToB COC (uctounukoB mnuranus, JIDII, peakTopos,
IBYX- U TPeXOOMOTOYHBIX TpaHC(HOPMATOPOB) MpHBEAEHB HA puc.4.l.
[Ipn ompexneneHun mokasaTeneil OTAEIBHBIX PEXUMOB (HampuMep, pe-
KHMa OJHO(A3HOTO KOPOTKOTO 3aMBIKaHUS B CHCTEMax C HM30JIMPOBaH-
HOM HENTpasbio) HCIOJB3YIOTCS YTOYHEHHbBIE CXEMBl 3aMeEIleHHs, He-
CKOJIBKO OTJIMYAOLIUecs OT NPUBEIEeHHbIX Ha puc.4.1.
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[Ipn MozenupoBaHUM PHEPrOCUCTEMA IPEACTABISETCS B BHJIE
WCTOYHMKA NMHUTaHUS OECKOHEYHOH MOITHOCTH M IIOCIEIOBATEIFHO CO-
€IMHEHHBIM C HUM MHIYKTUBHBIM CONPOTHBIIEHHEM, KOTOPOE ONpeneis-
ercst u3 BeipakeHus (puc.4.1, a)

U U2
Xe = J_C(s) YR (4.1)
310 s
rae U, — nanpssxenne cuctemsr; | — neficteyrontee 3nauenne Toka

TpexdazHoro kopoTkoro 3ambikanus; S — mormHocTs Tpexdasnoro K3
Ha 32)KMMax 3HEPrOCHCTEMBI.

X3

AS, = AP +JAQ  R)

Puc.4.1. Cxemsl 3aMemenus 3aeMeHToB COC
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Bozaymnsie u kabensabie JISII (puc.4.1, 6) npenctaBusioTcs B
BHUJIC TIOCJIEJOBATEIFHO COCIMHEHHBIX aKTHBHOTO M HMHIYKTHBHOTO CO-
MPOTUBIICHUM:

R, =Ry/; 4.2)
X, =X,l, (4.3)

rae Ry u Xy — akTUBHOE W MHIYKTUBHOE CONPOTHUBJICHHUE | KM JIUHUH,
OwM; / — nnuHA JTUHUW, KM.

Hns BJI ¢ HeuzoJIMpOBaHHBIMM TMPOBOJIAMH  HaMNpsHKEHUEM
U>1kB Xy~0,400m/xm; mna  BJI  wanpsokenumem U <1 kB
Xo =~ 0,25 OM/KkMm.

Hns BJI ¢ NOKpBITBIMH M30JISIIMEH MPOBOJAMH HamNpsKEHHUEM
U>1kB Xg~0,26+0,28 Om/km, st BJI ¢ n3onupoBaHHBIME IIPOBO/IA-
mu HanpspkeraneM U <1xkB X, = 0,08+0,12 Om/km. Benmuunny Ry BbI-
gucisoT o hopmyne (3.1).

PeakTopsl Ha cxeMe 3aMeEICHUs TPEACTABIAIOTCS WHIYKTUBHBIM
conpoTtuBieHneM X, (puc.4.1, ¢), yka3aHHBIM B KaTaJIOKHBIX JJAHHBIX.

Cxema 3amerieHust Tpex(pa3zHOTO IBYXOOMOTOYHOTO TpaHChHOp-
Matopa (puc.4.1, &) coiepKuUT pabouy0 BETBb C CONPOTUBICHUIMHU X, H
R; 1 BeTBb HAMarHW4MBaHUs C CONPOTUBIcHUsIMH Xy U R,. ConpoTuBiie-
HUS OIIPENEISIOTCS ¢ TOMOIIBI0 (hopmy

APU? . APU? ,3
— kTt 107 = KT TH ()

R =—X_TH —_ K"TH
TS 317,07,

X, =+Z2-R?, (4.5)

UK%UT.H U _ UK%UTz.H

— T.H

" 100-431,, U,, 1008,

; 4.4

(4.6)

rine AP, — TOTepr aKTUBHOW MOIITHOCTH B TpaHc(opmarope B pexxume
K3, kBt; U,,, S;; — HOMHHaJIbHBIC HANPSIKCHHUSI M TOJIHAS MOIIHOCThH
TpaHcopmaropa, OMm.

ConpoTHBIeHUS BBIYUCISIOTCS IO (hopMyiamMm
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_APX—Uf},‘lo_3 _APX—UEH

R = = 1073, 4.7

s, 317,07, 0
AQU? . AQU?Z . .

X, =—=xZrn 1038 = x93 48

s, 312,07, 2

Benmnunna akTuBHON MOIIHOCTH AP,, TOTpeOIIeMOil B peKuMe
XOJIOCTOTO XO0J1a, MPUBOAMTCS B KATAIOKHBIX JaHHBIX. PeakTHBHAs MOTII-
HOCTb XOJIOCTOTO XOfa

I
AQ, =25, (4.9)
rae lyy — TOK X0JIOCTOTO XoAa TpaHchopMaTopa B MPOIEHTaX OT HOMH-
HaJIbHOTO.

Cxema 3amernieHus Tpex(}asHOro TpexoOMOTOYHOTO TpaHCHOp-
Maropa npuBeneHa Ha puc.4.1, 0, rme Ry, Ry, Rz m X3, X5, X3 — akTuBHBIC 1
WHAYKTUBHBIE COMPOTHBIEHUS OOMOTOK BBICIIETO, CPETHETO M HH3IIETO
HaIpsKEHU.

B cmpaBouHOI nuTEpaType YKa3bIBAIOTCSI CBEIEHUS O MOIIHO-
CTSAX U HANPSDKCHUSIX B OMbBITaX KOPOTKOTO 3aMbIKAHUA: APy pycry APy pirosinns
A})1(4Cl'l-l'll'l u HaHpH)KCHI/ISIX UK4BH'CH1 UK4BH-HH1 UK4CH-HH7 Fﬂe APK.BH'CH u UK.BH'HH -
MOTePH aKTHBHOUM MOITHOCTH W HAIPSDKECHUS MPH Pa30MKHYTOH OOMOTKE
HU3MIETO HANPSHKEHUS; AP,y ¥ Uy gy — TOTEPH aKTUBHOM MOIIHOCTH
YU HampsHKeHWS TpPH PA30OMKHYTOW OOMOTKE CpEIHEro HAaIpsHKeHUS,
APy ey M Uy gy — TIOTEPH aKTUBHOW MOIIHOCTY W HAIPSDKEHUS TPU
Pa30MKHYTOI 0OMOTKE BBICIIIETO HATIPSKEHUSI.

Hns ompeneneHuss NOTEph aKTHBHOW MOIIHOCTH B Ka)Io# 00-
MOTKE B onbITax K3 cocTaBuM cucTeMy ypaBHCHUM:

APKBH—CH = APK.BH + APKCH;
APK.BH—HH = API(.BH + APKHH; (4' 10)
APK,CH—HH = APK.CH + A[)K.HH "
Pemas cucremy ypasuenwii (4.10), moryanm
AP +AP - AP,
APK'BH — K.BH —CH K.;H—HH K.CH—HH ; (4.11)
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AP +AP_ _ _AP

AP — K.BH —CH K.CH—HH K.BH —HH , 4. 12
con 5 (4.12)
APKHH — APK.BH—HH + APIQCH—HH — AF)K.BH—I'[H . (4.13)
2
AHAJIOTHYHO TI0 JaHHBIM onbITOB K3 momyaum

UKBH — UK.BH—CH +U1QBH—HH _UK.CH—HH ; (4.14)

2
UKCH — UKABH*CH +UK.CH*HH _UK.BH*HH , (4.15)

’ 2
UK'H]-l — UK.BH—HH +UK.C£I—HH _UK.BH—HH . (4.16)

Haiinennbie mo dopmynam (4.11)-(4.16) 3HaueHus moreps ak-
THBHOW MOIITHOCTH M HampspkeHns K3 mrst kaxmoi m3 0OMOTOK Tpexo00-
MOTOYHOTO TpaHc(hopMaTopa MO3BOJISIOT ONPECIUTh akTUBHBIC Ry, R, 1
Rs, m mHAYKTHBHBIE X3, X; U X3 CONPOTHBIEHUS KXKIOHM (a3bl 10 TEM Ke
(hopMynam, 9TO U IS IBYXOOMOTOUYHBIX TPAaHC(HOPMATOPOB.

Harpyska ¢ akTuBHbIM R/, , ¥ MHIYKTHBHBIM X| , CONpPOTHUBIE-

HUSIMH, BKJTIOYEHHBIMH IOCIE0BaTeNbHO, R’ U X|' , BKIIOUEHHBIMU

HI.

T.

napajuienbHo, MpeacTapieHa Ha puc.4.2.

a o
Ug

£1r.0 (bHF)
l SHF.O

n
ur.0

R}’IF.O (ng‘)

Puc.4.2. IIpencraBieHne Harpy3ku aKTUBHBIM M HHAYKTHBHBIM COIPOTHBICHUAMI
P BKJIFOYEHHUH MX MOCIEI0BATENBHO (a) U mapauienbHo (6)

28



IIpu pacuere mnokaszareneid pexumoB B COC KOMIUIEKCHas
Harpyska IpecTaBisieTcsl ImociaenoBarenbHo (puc.4.2, a) wid mapani-
nenasHo (prc.4.2, 0) COeAMHCHHBIMHA COTIPOTHBIICHUSIME R, 1 X,.. Eciu ¢
W3MEHEHHWEM HampsbKeHHs (JIMHEHHas HarpysKa) CONPOTHBICHHS OCTa-
FOTCSI IOCTOSIHHBIMU, TO IIPU TOCJIEA0BATEIBHOM COSANHECHUN

2

R'HFO ZU_OCOS(PHFO ! (417)
. SHr.O l
2
X'HF.O = U_OSin Puro s (418)

ur.0

rae S, , — MoJHas MOIIHOCTG npu HanpsbxeHuu Ug B y3ne COC, B koToO-

POM MOAKIIOYEHA HArpy3ka, Su.o = Py + jQuro. Korma narpyska mpea-
CTaBJSICTCS TIPOBOAUMOCTIMHU

P r.0

— a0 4.19

Oor 02 (4.19)
Quro

h = -<ur0 4.20

T, (4.20)

[Ipy mapamienbHOM COEOWHEHWH CONMPOTHBICHUH R, w X
OTIPEIETISIOTCS 110 PopMyIIaM
2 2
v _ Yo X" = U_O
ur.0 T P ’ ur.0 T .
ur.0 QHr.O
Ecnu HeoOXOauMO y4YecThb 3aBUCHUMOCTH COIPOTHUBIICHUN OT
HaHpﬂ)KCHI/ISI " 4aCTOThI, TO CJ'ICILyCT HUCIIOJIb30BATh CTATUYCCKHUEC U JUHA-
MHUYECKHE XaPAKTEPUCTHKU HArpy3kH. [[1s1 KOMIUIEKCHOM HAarpy3Ku cTa-
THYECKUE XapaKTEePUCTUKU MOTYT OBITh IPEACTABICHBI B BUJC

(4.21)

PHI" = Hl‘.O(aO + alu + aZU 2 + prf ) , (422)
QHr = QHr.O (bO + b1U + bZU 2 + fQAf ) , (423)
aptaita, =1, bgtbi+b, =1, (4.24)
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rne Puo 1 Quo — moTpebasieMple HArpy3KOW aKTHBHAS W PEaKTUBHAS
MOITHOCTH Tipu Hampspkennu Ug u gactore fo.
N3MeHeHne 4acTOTEI

Af = f=To (4.25)
fo
Perynupyromuii 5¢¢eKT aKTHBHON MOIIHOCTH 110 HAIPSHKEHUIO
— aPHI‘
VR
Perynupytomuii 3 ekt peak THBHON MOIITHOCTH IO HAMIPSHKEHHUIO
ko = Qul
U |y,

Perynupyromuii 5¢(exT akTHBHON MOIIHOCTH 10 YacTOTE

K - OP,,
= o U0
Perymupyrommii 3 ekt peakTHBHOW MOIIHOCTH TIO YacTOTE
k i aQHF
U=Up

B 3aBucuMoOCTH OT cOCTaBa KOMIUIEKCHOM Harpy3ku HpU HOMH-
HAJIbHBIX HAIIPSKCHUAX U 4aCTOTC

k,=0+3,7; Ko=158; k,=1+3; kg =—(1+5).  (4.26)

B tex cmyuasx, Korja OTKJIOHEHMSMH 4YacTOTHI MOYKHO TIpeHe-
Opeub, cTaTUYECKHUE XapaKTePUCTUKU Harpy3KH MPEJCTABISIOT B BUAE

P, = Pyo(L+k,AU), (4.27)

HI'

QHF = QHF.O (l+ kQAU) . (428)

Benmuunnst Py o 11 Qo OTIpenensroTcs Ha OCHOBE JaHHBIX O pac-
YETHBIX HArpy3KaxX MOTPEOUTENCH IIEKTPUUSCKOM SHEPTHHU.
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4.3. AnroputM pacyera noka3aresei pexxkumos CIC

[Tpu monemupoBannmu pexxumoB COC ¢ ypoBHS CXeM 3aMeIIeHuUs
OTACTBHBIX AIIEMEHTOB COCTABIISIETCSl pacyeTHAs CXeMa C MOMOIIBIO 00b-
€MHEHUS CXEM 3aMEIIeHHS B COOTBETCTBHUH C UX DJIEKTPUIECKON CBA3BIO
B peaibHOH cxeme. Bum cxemsbl ompenensercs: KiiaccoM 3aaad, Ui KOTO-
PBIX OHA MpeaHa3HauyeHa. [Ipu pemeHny MMUPOKOro Kpyra 3aaad pacueT-
Has cxeMma 3amemieHust COC npeacraiseT co0o0il TEKTPUUECKYIO 1IETIb,
B KOTOPYIO KPOME aKTUBHBIX W PEAKTHUBHBIX COMPOTHBICHUI BXOIAT UIe-
aNbHBIE TpaHC(OPMATOPHI, CBSA3BIBAIOIINE MEXITy COO0M 4acTH CHCTEMBI
pPa3IMYHBIX HOMHHAIBHBIX HampsbkeHudt (puc.4.3). Tlog wumeanbHBIM
TpaHCcQOPMATOPOM TOHUMAIOT TpaHcPopMaTop, aKkTUBHOE R; M HHIYK-
TUBHOE X; COIPOTUBIIEHHE KOTOPOTO PaBHO HYIIIO.

Cxema 3aMelleHus] ¢ WACATBHBIMUA TpaHCchOpMaTOpamMy IIUPOKO
WCIIOJIb3YeTCs MPHU pacueTax ycTaHOBUBLINXCA pexxuMoB COC, pexu-
moB K3 u T.m1. PesynpraTtamu pacuera SIBISIOTCS TOKA BETBEH W HaIpsDKe-
HUSL Y3JI0B KaXKIOW CTYIEHH, YTO BECbMa YAOOHO ISl OEHKU JAOIYCTUMO-
CTH peXuMa, BEIOOpa KOMMYTAIIMOHHOH ammaparypbl, CpeACTB KOMIICH-
callii PEaKTUBHOW MOITHOCTH. AITOPUTM peIIeHHs 3a7ad C YpPOBHS

I JIDIT - |
| @+
o S.H,l" = PH.r + jQH.F
110xB 6 kB

'
X ur.0

R}’IrAO
Puc.4.3. Dnexrpuueckas cxema COC (a) u ee pacuerHast cxema (6)
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cxeMsl 3amenieHnss COC CyIecTBEHHO YNPOLIAeTCs, €CIH UCKIIOYUTh U3
CXeMBI HeabHble TpaHC(HOPMATOPEI, T.€. 3aMEHHUTH JIEKTPOMArHUTHYIO
CBA3b YacTeW CHUCTEMBI T'aJbBAaHMYECKOH. DTO MOXHO CJeNaTh IyTeM
IIPUBEACHUSI [AapaMETPOB BCEX 3JIEMEHTOB CHUCTEMBI K OJHOH CTYIEHHU
HaIpsHKEHUS.

Jlig npuBeneHus K OAHOM CTYIIEHH HANPSDKEHUS! CONTPOTUBICHUN
UCTIONB3YIOTCS CEAyIoImye GopMyIIbL:

Z=2(k K,k )% (4.29)

Y =Y Ik K,k ) (4.30)

rae K K. ,...K,, — koaddunuentsr Tpancopmaluu uaeanbHbIX TpaHC-

(hopMaTOpOB HA IMYyTH MEXAY pacCMaTPHBAEMBIM JIEMEHTOM U 0a30BOit
CTYIEHBIO HANPSDKEHUS, T.€. CTYNEHBIO, K KOTOPOIl NPHUBOAATCS mHapa-
MeTphl Beex anemenToB COC. B kauecTBe 0a30BOM CTYIIEHH MOXKET pac-
CMaTpHBAaThCS CTYIEHb J100oro HanpspkeHus COC.

B mpoekTHBIX pacderax TOYHBIE 3HAYCHHUSA KO3(PPULMEHTOB
TpaHchopMauuu Hen3BecTHbI. [l03TOMY MNPOM3BOIAAT NPHOIMKEHHOE
MPUBEACHUE CONPOTUBICHHH W TPOBOAMMOCTEH K 0a30BOM cCTymeHH
TpaHc(hOpMaLUK N0 CPEeTHEIKCIUTYaTAIHOHHBIM 3HAYECHHUSIM HAIPSHKEHHS
OTIENBHBIX CTYIEHEeH, KoTophie cocTaBistor 157; 115; 37; 21; 10,5;
6,3 kB. B aToM cityuae npuBeieHHE CONMPOTUBICHUN U TIPOBOJAUMOCTEH K
0a30BOIi CTYIIEHU HAMPSYKEHHUS IPOU3BOAUTCS O (hopMyiiaMm

T.N

2

° L Ucp.5 .

Zi=2, : (4.31)
Ucrl-J'
U 2

y cp.d

Yi=Yi|g pd | (4.32)

cp.j

rae Ug,s — cpenHee 3HaueHue OasMCHOM cTyneHM HampsbkeHus; U j —
cpeqHee 3HAYCHHE TOW CTYIIEHU HAIPSKEHUs, Ha KOTOPOH BKITOUYEH 3Ile-
ment COC.
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IIpu pacuerax pexumoB COC, xorga jkenmaTelbHa HarysaHas
OIIEHKa PEe3yNbTaTOB M HET HEOOXOAMMOCTH 3HATh (DaKTUUECKHE 3Hade-
HUS TIOKa3aTeNel, 1enecoo0pa3Ho MOIb30BaThCs Oe3pa3MEpHBIMHU BEITH-
YMHAMH B CUCTEME OTHOCHUTENBHBIX enuHuI (o.e.). [ns mepeBona mapa-
MeTpoB cxembl 3amenienuss COC u mokaszaTeneil pekuma B 0.€. YCTaHaB-
JIUBAIOTCS 0a30BbIC 3HAYCHHS MOIIMHOCTH Sg, HanpsukeHus U, Toka lg u
conpoTuBieHui Zs. M3 ueTbipex 0a30BbIX BETUUWH JIBE SIBIISIOTCS HE3a-
BUCUMBIMH (MOT'YT BBIOMPATHCS! IPOU3BOJIBHO), IBE APYTHE ONPEACIISIOT-
Cs1 I3 M3BECTHBIX COOTHOIICHHN:

S5 = VU5, (4.33)
SPNVE

7 - Ys _Us 4.34

s (4.34)

[lepeBog mapameTpoB B 0.€. MPOU3BOAMUTCA B COOTBETCTBUH C
YpaBHEHUSIMU

7.7 9 /26:28—2, (4.35)
Ucp Ucp
S. = i; (4.36)
S
S
Z.=—9% 4.37
5 (4.37)

OOBIYHO IEepeBOAY MapaMeTpOB CXEMbI 3aMELICHUS B 0.€. Ipel-
LIECTBYET MPHUBEICHNE UX K 0a30BOI CTYIIEHH HANPSDKEHUSL.

Anroput™ MozenupoBanus pexxumoB COC B o0mieM Buae Moka-
3aH Ha puc.4.4. Ilpu coctaBneHuu cxemsl 3amenieHuss COC HCKITIOYarOTCs
TpaHcopMaTOpHbIE CBSA3M PACUETHOM cXeMbl. [Ipy SKBHUBaJICHTHBIX Hpe-
00pa3oBaHUAX TOCIIEAOBATENBHO U MAPAUIENBbHO COEANHEHHBIE 3JIEMEHTHI
R, L, C u ucrounuku nuranuss COC. Pacuer mokaszareneil pexKMMOB MPo-
W3BOJMTCS] METOAAaMH, 0a3UPYIOMIMMHUCS Ha U3BECTHBIX MojoxeHusx TOD
¢ npuMeHeHneM DBM.
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Amnanu3 snekrpuueckoii cxembl COC u cocTaBlIeHHE ee PaCUeTHON CXEMBbI

|

Onpez[eneHI/Ie (1)H3I/I‘{CCKI/IX napaMeTpoB paC‘IeTHOﬁ CXCMBbI

{

IIpuBeneHue napaMeTpoB pacCUCTHOU CXEMBI
K 0a30BOM CTYIICHH HaIpsHKECHHS

|

| CocraBiieHHEe CXEMBI 3aMCIICHUSA |

|

| OKBUBaJEHTHBIE IpeoOpazoBaHms cxeMbl 3amenieHnss COC |

|

Pacuer noxazateneit pexxruma COC B UMEHOBAHHBIX HJIM OTHOCUTENBHBIX
€IMHULAX B 33JJaHHOM JHaNa30He BapbUPOBAHUS

Puc.4.4. Anroputm MoaenupoBanus pexxuma COC

5. METOJbI OIIPEJEJEHUSA PACYHETHBIX
SJIEKTPUYECKUX HAT'PY30K

5.1. Buasl 3J1eKTpHYeCcKHUX HATPY30K

OpnHoli U3 OCHOBHBIX 33J]a4, BO3HUKAIOIIUX MPHU MPOEKTHPOBA-
Huu U 3Kkcmtyatanuu COC, sSBISETCS MPaBUIbHOE ONPEAEICHUE 0XKUA-
eMBIX 3JIEKTPUUYECKUX HAarpy30k. Ha ocHOBaHMM IaHHBIX 00 3JIEKTpHUYe-
CKMX Harpy3kax Ha CTaJuHM MPOEKTUPOBAHUS TMPOU3BOAUTCS BHIOOP
qKcia, MECTa PACIHOJIOXKEHHS M MOIIHOCTH TPaHC(HOPMATOPHBIX MHOJI-
crauaiuii (TII) u pacnpenenurensueix myakToB (PII), konpurypannu u
HaIpsHKEHUs AIEKTPUYECKUX CeTed, CeYeHUM MPOBOJOB BO3IYIIHBIX U
KaOeNMbHBIX JUHHUH, YCTABOK YCTPOMCTB 3al[UTHI, CETEBOIl aBTOMATUKHU U
apaMeTpOB KOMIIEHCUPYIOIUX yCTpoHcTB. Ha cragum skcruryaTanuu
naHHbIe 00 3JIEKTPUUECKUX HArpy3Kax HCIOJb3YIOTCS MPH 3aKJIIOYEHUN
JIOTOBOPOB C MHUTAIOMIMMH JHEPrOCHCTEMaMH M ONPENENSIOT B HUTOTre
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SHEPTreTUYECCKYI0 COCTABISIONIYIO 3aTpaT Ha OOCECICUYCHHE MPOU3BOI-
CTBEHHOTO TIpoIiecca.

DHepreTUYecKre HArpy3Kd XapaKTepHU3YIOTCS MOTPeOIsieMbIMU
AIEKTPOYCTAHOBKAMU TOKOM, aKTUBHOM U PEAKTHUBHOW MOITHOCTSIMH U
sHeprueil. B Teopun smekTpocHaOKEeHUS pacCMaTPUBaOT HOMHUHAIIBHBIE,
CpeIHeKBaJpaTHIHbIe, MAKCUMAIIbHBIE U PacYeTHbIE HATPY3KH.

5.2. HoMuHAJbHBIE MOIHOCTH U TOKH

HomuHansHOW yCTaHOBJICHHOW MOIIHOCTBIO AJICKTPOIPHEMHUKA
(BI1), mpeara3zHAYEHHOTO JIs1 paOOTH B JJIWTEIHLHOM pPEKHUME, Ha3bIBa-
€TCsI MOIITHOCTh, YKa3aHHAs B 3aBOJCKOW TaOJMYKE WM MAcIoOpTe dJIEeK-
TPOJIBUTATEJIS, CHJIOBOTO HJIU CIIEIHAILHOTO TpaHchopMaTopa, Ha KOJIoe
WJIM [IOKOJIC HICTOYHUKA CBETA.

HomuHabHbIe aKTUBHAS P, ¥ PEAKTUBHAS (,, MOIIIHOCTH U TOK Iy
YKa3bIBAIOTCS TIPU HOMHHAJIHHOM HampspkeHuu U,. s CHHXpOHHBIX
)IBHI“aTeJ'IefI BCJIMYMHA py YKA3bIBACTCA [JIA pCKUMa paGOTBI C HOMHHAJIb-
HBIMU HampsDKeHUsIMH U cosp, = 0,9 (onepexatommid). Eciam nmpueMHuK
MOTPeOIAET PEaKTHBHYIO MOIIHOCTh U3 CETH, TO (J; UMEeT 3HaK «+». Ec-
mu Ol reHeprpyeT B CeTh PEaKTUBHYIO MOIIIHOCTb, TO (; HMEET 3HAK «—.
IIpu m3Bectubix mis JII p,, KII, 1., COSQ, HOMHUHAJBHBIE MOJHAS, pe-
AKTHUBHAS MOITHOCTH W TOK BBIYHCIISIOTCS 110 opMyIIam

_ Py .
" (n,cosg,)’ 61
Oy =S5 — P (5.2)
. S,
TR (5.3)

Jdnst  SJeKTpONpPHEMHHUKOB,  paboTalomux B HOBTOPHO-
kopoTtkoBpemenHoM (I1K) pexxume,

pu = pnacn V HBnacn ' (54)
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Pracns KBt

pnacn

Puc.5.1.MoutHocTh, moTpebiisiemMas 3IeKTPOIPUEMHUKOM
B IIOBTOPHO-KOPOTKOBPEMEHHOM PEXHME

TAE€ Puacn U [IBpey — MacmopTHas MOLIHOCTh M IPOJOJIKUTENBHOCTh
BKJTFOUCHHUS.
t
Cornacho puc.5.1, IB=2=—2_ 't t, t, cooTBeTCTBEHHO
t, t o+t
P 0

BO BpeMs paboTEhI, May3bl U IUKJIA.

PeaktuBHas MoHOCTH ¥ TOK, oTpedsiembie 1 B 1K pexume,

qH = qnacrl VHBnacn ! (55)

S 11B
i =i B,  =—"1—"% 5.6
H macn macn \/§ . ( )

Jns rpynmsl U3 N 3JIEKTPONPUEMHUKOB HOMUHAJIBHBIE yCTa-
HOBJICHHBIC aKTHBHAsl M PEAaKTHBHAsI MOLIHOCTH U TOK ONPEIEISIOTCS
13 BBIPAXKEHUHN

PHZZ:];pHU Qﬂzgqﬂ.i; IHZEiH-i' (57)
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5.3. CpeaHue aKkTHBHASI U PEAKTHBHASI MOIIHOCTH

B ycnoBusx oskcruryaranuu moTpebnsembie  oTAenbHBIME Ol
MOIITHOCTA H TOKM HEMPEPHIBHO H3MEHSIOTCS HU3-3a HEMOCTOSHCTBA
Harpy3Kd ¥ HampspKeHus B ceTH. [losToMy B KadecTBe OCHOBHOM Xapak-
TEPUCTHKH HArpy3KH PacCMaTPHUBAIOT MOTpeOIsieMble 32 HEKOTOPBIN OT-
Pe30K BpeMeHH t, cpeHIe aKTUBHYIO U PEaKTUBHYIO MOLTHOCTH:

t

1% _
P.= E! P(t)dt; (5.8)
Q =iTQ(t>dt (59)
c tc ’ '

0

rae P(t) u Q(t) — TekyIue 3HauYCHNS AKTUBHOM U PEaKTHBHOW MOIIHOCTH,
rotpebasemoit DI1.

Bpems ocpeanenusa t. B 3aBUCMMOCTH OT LI€JIEN OINpeeTeHUs
CPEIHHX 3HAYCHUU MOXKET IPUHUMATh 3HaueHus 3 MuH, 15 muH, 30 MuH,
CYTKH, MECHII, TOJl VI JIpyTrue 3HaueHus. HampumMep, mpu onepaTuBHOM
YIpaBIeHUH NIEeKTporoTpednenuem {, < 3 MuH.

5.4. CpeanexBaapaTuyHble HATPY3KH

CpenHekBaipaTHUHBIE HATPY3KH BBIYUCISIOT 1O (hopMynam

_
1 |
Po= T ! P2(t)dt : (5.10)
Q, = (5.11)
:
1 .
I, = ?l 12(t)dt ; (5.12)
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P2(t 2(t
VP +Q (); (5.13)
JaU(t)
rae 7 — BepXHUHM Mpeliesl UHTETPUPOBAHUS IIPU ONPEACIICHUN CpeHe-

KBaJPaTHYHBIX aKTUBHOM M peaKTHBHOM MomTHocTel U Toka; U(t) u I(t) —
TEKYIIUE JEUCTBYOMIME 3HAYEHHUsI HAMTPSKEHHUsI U TOKa.

1(t) =

5.5. MakcumaJibHbIE HATPY3KHU

B 3aBucuMocTH 0T NPOJOKUTEIBHOCTH OCPETHEHHS Pa3IudatoT
CJIEYIOIME BUIbI MAKCUMAJIbHBIX HAIPy30K:

® MaKCHUMaJIbHbIE CPEAHUE HAarpy3ku ¢ epruooM ocpeanenus 10, 30,
60 mMun. 1 T.71. [lo BenmmumHe 3THX HArpy30K IPOU3BOUTCS BEIOOP IIEMEHTOB
CHCTEMBI IEKTPOCHAOKEHHS 110 YCIIOBUAM HarpeBa. MakcuMasbHas CpeHas
Harpyska ¢ nepuofoM ocpenseHus 30 MUH UCIONb3YeTCs MPU 3aKII0UCHUH
JIOrOBOPOB Ha IEKTPOCHA0KEHHUE C IUTAOILEN SHEPrOCUCTEMOI;

® MaKCUMaJIbHbIE KPAaTKOBPEMEHHBIE (ITMKOBBIE) HArpy3KH IJIH-
TenbHOCTRIO 1-10 ¢, BO3HMKaromue Mmpu IMycKax M CaMO3aIlyCKax 3JeK-
tpoasurareneii, AIIB u ABP u npuBoasiyue Kk 3HaUUTEIbHBIM MOTEPSIM
HaIlpsOKCHUA B HI/ITaIOHleI\/'I ceTd. BennunHel MakCHUMaIbHBIX KpaTKOBpC-
MEHHBIX Harpy30K HCHOIB3YIOTCS IIPH BBIOOPE YCTABOK pEJICHHON 3amiu-
THI U CETEBON aBTOMATHKH.

5.6. PacueTHbl€e dJIeKTPpUYECKHE HATPY3KH

B kadecTBe pacyeTHOM 3JCKTPUYESCKONW HArpy3KH OOBIYHO pac-
CMaTPUBAIOT MAaKCHMAJbHYIO U3 CPEIHHMX HArpy3oK C MEpHOJIOM OCpEn-
HeHus 30 MUH 32 BeCh KaJeHAApPHBIN CPOK IKCILTyaTAIH 3JIEKTPOOOOpY-
nosaHus. Beibop mepuona ocpenHenusi, paBHoro 30 MUH, 0OBACHSETCS
TEM, YTO YCTaHOBMBLIMICSI HarpeB IPOBOAOB, KabeJel U 3IeKTponpueM-
HUKOB HacTymaeT cmycTs 30 MUH mocie Hadana MpOTEKaHMs 4Yepe3 HUX
ToKa. JleicTBUTENIbHO, N3MEHEHNE HarpeBa yKa3aHHBIX AJIEMEHTOB IpH-
OJMKEHHO OMMCHIBACTCS SKCIIOHEHIINAIBHONW 3aBUCIMOCTBIO

t

Q=Q,,1-e ™), (5.14)
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rae Q u Qye, — TeKylee ¥ yCTaHOBUBIIEECS 3HAYEHHE TEMIIEPATYPhL; Ty —
MIOCTOsIHHAs BpeMeHH Harpesa 3jeMeHToB COC, 00b14HO T, < 10 MuH.

[Ipu onpeaencHUM pacyeTHOMN HArpy3KU TPAaHCPOPMATOPOB YUH-
THIBAIOT, YTO OHU HMECIOT 3HAYUTEIHHO OOJBIIYIO, YeM MPOBOIHHUKH H
amnmapaThl, TOCTOSIHHYIO BpEMEHH HarpeBa, n3MepsieMylo B yacax. biaro-
Japs 3ToMy TpaHC(HOPMAaTOPHI TOMYCKAIOT 3HAYUTENBHBIE MEPETPy3KH B
AKCTPEMAILHBIX PEKUMaX PabOThl IHEPTOCUCTEMBI,

Takum oOpa3zom, pacdeTHas Harpy3Ka SBISETCS OIpenesIonen
IIpU BBIOOPE CEUCHU MPOBOJIOB, KaOeNeH, anmapaToB U TpaHCHOpMaTo-
POB TIO YCJIOBHUIO Harpesa. [[yist onpeneieHus pacueTHOW HArpy3Ku HEOO-
XOJJUMO HMMETh MH(POPMAIHI0 O TpaduKax HATPy3KH OTACIBHBIX JJICK-
TPOIIPHEMHHUKOB U TIOTPEOUTENEH B IIETIOM.

5.7. I'paduku 3j1eKTpUYECKUX HATPY30K

I'padmyeckue 3aBUCUMOCTH aKTUBHOM W PEaKTUBHOM MOIIHOCTHU
W TOKa OT BPEMEHH Ha3bIBalOTCS TpaduKaMu aKTHBHOW W PEaKTUBHON
MOIIHOCTA W TOKa (Tpadmkamu Harpysku). ['padmku Harpysku peru-
CTPUPYIOTCS C MTOMOIIBIO 3aHCHIBAIONINX TPUOOPOB (prc.5.2) wiu cTpo-
SITCA IO MTOKA3aHUSAM CUETYHKOB.

P, xBt

s

AN
Voo

] =

24 [

Puc.5.2. I'paduk Harpy3ku MPOMBIIIICHHOTO PEANPUATHS,
MOCTPOCHHBIH 110 NOKA3aHUSIM H3MEPHUTEIILHBIX TPHOOPOB
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P, kBt

Pmax

24 t,u

Puc.5.3. Cyrounslii rpaduk Harpy3Kd NPOMBIIIJICHHOTO IPEIIPUSATHS

[Ipu peructpanuu JaHHBIX 00 SIEKTPONOTPEOICHUH MO MMOKa3a-
HUSM DJICKTPOCUYETYMKOB TpapUK HArpy3Kd MOJIYYaeTCsl CTYIMEHYATBIM.
Hampumep, cyrounsnii rpaduk (puc.5.3) ¢ MHTEpBAJIOM CHSTHS IOKa3a-
Hult (ocpeanenus) 30 MUH MOXeT conepkaTh 1o 48 cryneneir. OpauHa-
THI TpadyiKa OTpeestoTes Mo hopmyie
_ W —Wi,y

P=—"—= 5.15
= (5.15)

P, kBt

24 [

Puc.5.4. I'paduk Harpy3Ku MPOMBIIUICHHOTO MPEANPHITHS
O MPOIOKUTEIBHOCTH
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rae Wi u Wi ; — moka3aHusi C4eTYHMKOB B i-ii U i—1-if HHTEpBaJIbI BpEMCHU;
At; — mHTEpBaN BpeMeHN MeX Ty cHATHeM nokazanuid Wi u Wi ;.

IMpu Atj= 0,54 BelpakeHHe Ui ONpEICICHUs I-d OpAWHATHI
rpaduka mpruodpeTaeT BUIT

R=2 (Wi _Wi—l)‘ (5.16)

Ha puc.5.2 u 5.3 npuBenens! rpaduky Harpy3ku AJsl aKTHBHOM
MomHOCTH. OHAKO OHM TaKXeE IOMYyCTUMBI JJIsl TPAQUKOB PEaKTUBHON
MOIITHOCTH U TOKa.

Ucnonb3ys rpaduku Harpy3ku Ha puc.5.2 u 5.3, cTposT rpaduku
Harpy3kH IO MPOJOJKUTENBHOCTH (pHc.5.4), KOTOpbIe MOTY4aloTCs U3
CYTOYHBIX TPa(UKOB CYMMHPOBAaHHEM IPOJIODKUTEIBHOCTEN CYILECTBO-
BaHMsI KXol w3 MOIIHOCTeH (TokoB). OpauHare rpaduka mo mpoaoi-
KUTEIBHOCTU COOTBETCTBYET CYMMapHOE€ BpeMs, B TE€UEHHE KOTOPOIo
Harpyska OyZeT He HIDKEe HHTEePECYIOIel HaC BEJIMYUHBI.

5.8. [loka3aTtenau, XapakTepu3yomme rpadpuku
IEKTPHYECKUX HATPY30K

[Tnomanp, orpaHnYeHHas rpaKOM HArpy3KH IO HPOJOIDKH-
TEBHOCTH U OCSMHU KOOPJHMHAT, paBHa B IPUHITOM MacliTadbe K motpeo-
JICHUIO aKTHBHOM SHeprud (KWJIOBATT-4ac) M PEaKTHBHOUN dHeprum (Ku-
JIOBap-4ac) 3a COOTBETCTBYIOIIee BpeMs. OTHOIICHNE pacXo/a SHEPTUU K
nepuoy 7, 38 KOTOpBIA CHAT Tpaduk HArpy3ku (0ObIYHO 24 ),

P, :V%, (5.17)
w
Q. =?"- (5.18)

st XapaKTepHCTHKH rpadUKOB HATPy3KH MPUMEHSIOT CIIEAyIO-
IIKe MOKa3aTeNHu:

® K07 UIMEHTHI 3aMOJIHEHHsT TPAQUKOB aKTHBHOM W PEaKTUB-
HOH Harpysku
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P
K,o=—%, 5.19
P (5.19)

Qc .
K,,= b (5.20)
® K03 PUIMEHTH MAKCUMyMa
P 1 Q 1
K =2=—_ K =M=—"; 5.21
max a Pc Kg.a max p QC K3'p ( )

® YHCJIO 4YaCOB HCIIOJIB30BaHHA MaKCUMyMa aKTUBHON M pc€ak-
TUBHOM Harpys3ku, paBHOC€ OTHOIICHHIO pacxoJa SHEPruv 3a COOTBCT-
CTBYIOHICC BPEMS K BEJIMYUHE MAaKCUMYyMa HarpyskKu,

T” a = % = PcT = T = |‘<3 aT, (522)
' PM KmaXaPc Kmaxa '
T,,=K,,T; (5.23)

o K03 punreHTs HopMbI rpadUKOB

P Q
Ky, =—, K, ==%; 5.24
d.a PC b.p Qc ( )
® CPCAHCKBAAPATUIHBIC HArpy3KHU AJid I'PYIIIbI U3 n OI1
P, = ke (5.25)

r7ie N — 9MCII0 OTPE3KOB BPEMEHHU, Ha KOTOPBIE pa3/ielieH rpaduk Harpys-
KM TI0 TIPOIODKHTEILHOCTH, N = T/At.

Jnst ropro#t mpombmmuiernoctd Ty, = 3000+5000 w/r u B 3Ha-
YUTENBHON Mepe 3aBUCUT OT OpraHU3aluu padoT Ha npennpusaTuu. Ko-
s dunuerT Gopmbl rpaduka aKTUBHOW HArpy3KH MPEIIpPUSATHI TOPHO-
MTPOMBIIINIEHHOTO KoMIuTeKkca ctabuied: ot 1,02 mo 1,15.

J1J1s ToITHOM XapaKTepUCTUKY TpaduKa HArpy3KH BBOJISATCS TIOKa-
3aTelNd, OMPEICIISIIONINE €T0 CBSI3b C YHUCIIOM U HOMUHAIBHBIMUA MOIITHO-
ctsamu DI1. TakuMu moka3aTesiMHu SBIISTFOTCS
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® K0A(GUIHEHTHI 3arPy3KH DIIEKTPONPHEMHUKOB 110 aKTUBHOW U
PEaKTUBHOM MOIIHOCTHU

pc . qC
Ksr.a - K3r.p - (526)
Py Qs
rae p. ¥ (. — CpeHUE aKTHBHAs M PEaKTHBHAS MOIIHOCTH, MOTpeOIIse-
MBIE€ OTACIIBHBIMU 3JICKTPOIIPUCMHUKAMU ;

® K09 GUIMEHTH HCHONB30BaHHUS AaKTHBHOM W PEaKTHBHOW
MOIITHOCTH TTOTPEOUTENCH

K P k=% (5.27)

— c .
na - m ! H. m
Z pH.K ZqH.K
k=1

k=1
TI€ Pux U Oy — HOMHHAIIbHAS aKTHBHAS M PEAKTUBHAS MOIIHOCTH K-T0
AIIEKTPONPUEMHHUKA; M — YUCIIO 3JIEKTPONPHUEMHHKOB B COCTaBE MOTpE-
oures;
® K03 UIMEHTHI CIIPOca aKTUBHOM U peaKTUBHON MOLTHOCTH

K Rk = (5.28)

— — M
ca” m ! cp T m
Z pH.K qu.K
k=1 k=1

[IpeoOpazys Beipaskenus (5.28), momydnm

Kc.a :%: Kmax aKu.a7 (529)
P> Pus
k=1
QMQc
Koy =— 2% KK, (5.30)

QD 0.,
k=1

TakuM 00pa3zoM, KOIPUIMEHT crpoca SIBJISETCS 0000IIEHHBIM
TMMOKa3aTejIeM, YUUTBIBAIOIIUM CTCIICHDb 3arpy3KuU 3JICKTPOIIPUCMHHKOB U
MX y4acTHe B MAKCUMyMe Harpy3Ku MoTpeOuTels (peInpHusIThs, 1exa).
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5.9. Onpenesenne pacueTHbIX HATPY3O0K MO YCTAHOBJIEHHOI
MOLIHOCTH M KO3 (PUIHEHTY MAKCUMyMa
(MeTol yOpSIA0YeHHBIX IMATPAMM)

JlaHHBIA METOJ ABJSETCS OCHOBHBIM IPU pa3pabOTKe TeXHUYe-
CKMX M pabo4ux MmpoekToB. [lo 3ToMy MeTOAy 31EeKTPONpPUEMHUKH TIO-
TpeOuTesst 0ObEANHSIOTCS B TPYMIIBI ¢ OMHOPOAHBIM PEKUMOM (C OAMHA-
KOBbIMU K, , 1 tgp). Jlnsa kaxmoit N-i rpymmnsl cpeJHUEe aKTUBHAS U Peak-
THBHAs MOIIHOCTH

m

Pc.n = KH.HZ pH.K 1 (531)
k=1

Q.,=P. tgp. (5.32)

3aTeM ONpeACISAIOTCS CPEIHUE aKTHBHAS M PCaKTHBHAS MOIIIHO-
CTH TIOTPEOUTEIIS:

f f
P.=D Pni Q=D Qe (5.33)
n=1

n=1

e f— aucno rpymm 311 ¢ 0HOPOIHBIMU PEKUMAMH B COCTaBE TIOTPEOUTEIIS.
Jlasniee BBIYHMCIAIOT KO3(G(GUIMEHT WCIOIb30BAHUS aKTUBHOU
MOIIIHOCTH TTOTPEOUTEINS

(5.34)

u 3pdexruBHOE grcio D11

n=-~"4=2t 2 (5.35)



rae Py i — HOMHHANbHAS akTUBHAS MOIIHOCTH i-ro D11 B f-it rpymnme D11 ¢
OTHOPOIHBIM PEKUMOM.
Eciut Py max/Pumin > 3 1 K, 2 > 0,2, TO

f m
222 Pt

n =i (5.36)

3
pH.mﬁX

CpetHeB3BEIEHHBIN tZ(P,p, s TOTPEOUTENS

tg (Pcp.Bs = % ' (537)

C

3areM Cc MOMOIIBIO 3aBUCHUMOCTEH (puc.5.5 wiu Tabn.5.1) Haxo-
1T ko3¢ punneHtsl Makcumyma K.y .. PacueTHble akTUBHAS U peaKkTHB-
Hasl Harpy3KH BBIYHCISIIOT 110 (OopMyIiam

Pp:KmaxaPc, Qp:Pptg(pCp.Bz. (5.38)
Kmaxa
N | 05 0.4
10,15 Kimax //Ku 09,08 07 06 0/,3 0/,2 0,/15 01
o 1,4
a0 - BRI AT DT T
£0,2 1,0 ==
-\ 50 100 150 200 250 n,
2,5
:03 K,=0,1
JoF <
Vo4 [
| N
- \ N Ny
0,5 N~
ssFosaaN N |
NS SSSEa S
10 L0983 ===—
0 5 10 15 20 25 30 35 40 45 n,

Puc.5.5. 3aBucumoctu ko3 duiinenta MakcuMyma Koy o
0T 3 (PEeKTUBHOTO YHCIA HIEKTPOIIPUEMHUKOB N,

45



Tabauya 5.1

3aBucumoctb Koy 2 0T 1, 1 K,

DddexTuBHOE YUCITO Koapdumuent makcumyma Koy , pu K,
SIIEKTPONIPUEMHHKOB, N, | 0,1 | 0,15| 0,2 | 0,3 | 04 | 05| 06 | 0,7 | 0,8 | 0,9

4 343|311 (264|214 | 187 | 165|146 |1,29| 1,14 | 105

5 3231287 (242|200 176|157 | 141 |1,26|1,12 | 104

6 304 |264|224(188| 166 | 151 | 1,37 (1,23 |1,10| 104

7 288|248 |210(1,80| 158 | 145|133 (1,21| 109 | 14

8 27212311199 (1,72| 152 | 1,40 | 1,30 | 1,20 | 1,08 | 1,04

9 256| 2,2 (190|165| 147 | 137|128 1,18 | 1,08 | 103
10 242121 (184|160 143 | 134|126 |1,16| 1,07 | 103
12 224119 [1,75|152| 136 | 128 | 123 |1,15| 1,07 {1,03"
16 199 11,77 |161|141)|128| 123|118 |1,12| 1,07 | 103
20 184 1165|150 | 134|124 |120|115|1,11| 1,06 | 103
25 171 (155|140 128| 120 | 117 114 |1,10| 106 | 1,03
30 162 1146 (1,34 | 124|119 116 | 113 |1,10| 1,05 | 103
40 150(137|1,27|11,19| 115|113 | 1,12 |1,09| 105 | 102
50 1,40(130|1,23|1,16 | 1,14 | 111 | 1,10 | 1,08 | 1,04 | 1,02
60 132(1,25|1,19(1,14| 112 | 111 | 1,09 | 1,07 | 103 | 1,02
80 1,25|11,20|1,15|1,11| 110|1,10| 1,08 | 1,06 | 1,03 | 1,02
140 1,1711,15)1,11 /1,08 | 1,06 | 1,06 | 1,06 | 1,05| 1,02 | 102
200 115(1,12(1,09|1,07| 105|1,05| 1,05 | ,04 | 101 | 101
300 1121110 | 107 | 1,06 | 1,04 | 1,04 | 1,04 | 1,03 | 101 | 1,01

5.10. OnpeneJieHne pac4yeTHOH MOITHOCTH
1o ko3¢ puumeHTty cnpoca

[To aToMy MeTOoxy st N-if rpynmel 13 M D11 ¢ 0AHOPOAHBIM pe-
KUMOM pacueTHbIE aKTHUBHAs M PEAKTHBHAs MOILMHOCTH ONPEHEISIOTCS
o popmynam

Pp.n = Kc.nsz.k; (539)
k=1
Qp.n = Pp.ntg(pnv (540)

rae Ken 1 tge, — koadduuument cupoca u tge N-it rpynmsr I11 ¢ oxHO-
POJIHBIM PEKHMOM; Py x — HOMHHATIbHASE MOIIHOCTD K-ro DI1 N-ii rpymmsL.
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PacuerHpic akTHUBHAA u PCaKkTuBHAsA MOIIIHOCTHU HOTp€6I/ITeJ15[
BBIYHUCIAIOTCA U3 BI)Ipa)KeHI/Iﬁ

P, =Ky moxa 2, Pai (5.41)

f
Q, = Kpmap 2, Prited; (5.42)
i=1

rae Kpmax a B Kpmax p — KOOQQHUINEHTH pa3HOBPEMEHHOCTH MaKCHMY-
MOB aKTUBHOH M peakTHBHOW MomHoCcTH Tpynn D11 ¢ oqHOpOIHEIM pe-
xumom; f — umcio rpynm D11 ¢ OMHOPOAHBIMU PEXKHMAMH B COCTAaBE
noTpeduTeNs.

JlaHHBIA MeToJ| SBISICTCS HauOoJiee MPOCTHIM MO CPaBHEHHUIO C
paccMOTPEHHBIMU, HO MEHEee TOYHBIM. MeToJ| MUPOKO MPUMEHSETCS B
MPHOIMKEHHBIX pacdeTaxX. BearmunHbr Ko UIIMEHTOB cripoca U tg@ i
pasnuunbix OIl, momydeHHBIE HA OCHOBAaHMHM CTATUYCCKUX MCCIEIOBaA-
HUI, MPUBOJATCS B CIIPABOYHOM JIUTEPATYPE.

PacueTHple Harpy3ku MOTYT OBITh TAKXKe OMPEICICHBI CTATUCTHU-
YECKHM METOJIOM, [0 BEJWYHMHE YICITBHOTO Pacxoja 3JIeKTPOIHEPTUU Ha
CANHULY NPOAYKIUH U JPYTUM HUHTCTPAJIbHBIM IMOKa3aTCJICM TCXHOJIOIU-
YeCKuX IporeccoB. OIHAKO paCCMOTPESHHBIC BBIIIE METOIbI IIPUMEHSIFOT-
Cs yaile, TaKk Kak 00ECeYMBAaIOT JOCTATOYHYIO JUIS TPEABAPHTEIBHBIX
pacy€ToB TOYHOCTH MIPU MUHUMYMEC NJAaHHBIX 06 SJICKTPOIIPUECMHHUKAX.

5.11. OnpenesieHue pacyeTHOii HATPY3KHU, CO3/1aBaEMOii
oaHogazubiMu JII

Opnodazupie OlIl, BrimroueHHbIe Ha (a3HBIE WIA JIMHEIHBIE
HaTpsDKEHUS U paclipe/ielieHHbIe 1o (azaM ¢ HepaBHOMEPHOCTHIO He 00-
nee 15 %, yuutbIBaroTCs Kak Tpex(dasHble C pacueTHOW MOIIHOCTHIO,
paBHOI CyMMe MOIITHOCTEH, MOAKIIOYeHHBIX K Kaxmoi ¢asze. HepaBHo-
MEPHOCTh Harpy3KH onpeessercs no popmyie
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B I

C .

Puc.5.6. Cxema BiItoYeHUS OAHO(A3HBIX HATPY30K HA JTMHEHHOE HAPSHKEHHE

P...—P
AP, =M ¢mnja00, (5.43)

H.p
b.min
rae Pymax 1 Py min — 01HO}a3Has Harpyska Haunbosiee 1 HaUMEHee 3arpy-
JKEHHBIX (ha3.
Ecmm HepaBHOMepHOCTh OMHO(DA3HBIX HATPY30K IPEBBIIIACT
15 %, To pacueTHas Harpy3ka, co3naBaemMas ogHodazHbMu O,

P, = 3Py max- (5.44)

[pu BrmroueHnn onHO(a3HBIX HATPY30K HA JIMHEHHOE Hampsike-
Hue (puc.5.6) Harpy3ka Kaxkaod ¢asbl ompeaessieTcsl Kak IMoIycyMma
Harpy3oK, HEIOCPEACTBEHHO MOAKIIOUYEHHBIX K HEM,

Pag + Psc . P. =

Pas + P
AB CA : PB —
2 2

Pea + Pac .

Py = (5.45)

6. KOPOTKHME 3AMBIKAHUSA B C3C

6.1. Buabl KOPOTKMX 3aMbIKAHUN U UX OTHOCHTE/IbHAS BEPOSITHOCTH

Kopotkue 3ampikanust (K3) sBistorcs Hanbosiee omacHbIM BUOM
nepexoHbIX mpoueccoB B COC, Tak Kak COMPOBOXKIAIOTCS PE3KUM yBe-
JMYEHHEM TOKa. 3HaHue BeIM4yMHbI Toka K3 HeoOxommumo amsi npaBuiib-
HOTO BBIOOpA 3ekTpoobopynoBanust COC u ycTaBOK peNeHOM 3aIlNTHI.
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Paznuuaror cnepyromniie Bu-
JIbl KOPOTKUX 3aMEYaHMI:

1. TpexdazHoe cuMMETpHU-
Hoe K3, Bo3HHKaroliee mpu OJHO-
BPEMEHHOM 3aMBIKAHHHM BCEX TpeX
¢as (puc.6.1).

OTtHOCHUTENbHAS BEPOSAT-
HOCcTh dToro Buma K3 or oOmiero
gucna 1-7 %. JlelicTBytomee 3Haue-
HHE MEPUOJIMYECKON COCTaBIISIIOLIEH
TpexdazHoro cummerpuyHoro K3

| =;’—, (6.1)

1

raie U — nanpspkenue (as3pl ucTOU-
HUKA MUTaHUS; Z; — COIPOTUBJICHHE
MpsIMOM  MOCJIEIOBATEeIBHOCTH KO-
potko3zamkHyTOM e COC.

2. lleyxdazHoe (HECHMMET-

Y YN\
Y Y
LY Y

/
7
z

Puc.6.1. Cxema TpexdaszHoro
cumMeTpuyaHoro K3

I
A
£

Puc.6.2. Cxema nByxdasHoro
(mecummeTpuuaHoro) K3

puunoe) K3, Bo3HuKaromee npu 3aMbIKaHuH IBYX (a3 (puc.6.2).
HelicTByroliee 3HaUEHUE MEPUOINYECKON COCTaBIISIOIENH ABYX-

¢aznoro K3

I(z) _ \/_3U

Z,+2,’

(6.2)

rae Z, — CONpOTHBIEHHE 0OPAaTHON MOCIEeA0BATEIbHOCTH KOPOTKO3aMKHY-
toif ier COC. OTHOCHTENBHASI BEPOSATHOCTH NaHHOTO BHa K3 2-13 %.

3. KopoTtkoe 3amMbikanue

Ha 3eMIII0 B CHCTEME C TJIyX03a- — Y Y vl
3eMIICHHOU HeHTpasbto (prc.6.3). LYY 4
[elicTBytoniee 3HaYCHUE L A~ é
Toka K3 B cucreme c rimyxosa- / ”
3€MIICHHOW HEUTPAJIbIO L £
w_o_ Y 63
Z,+72,+Z7Z, Puc.6.3. Cxema ogrodaszuoro K3 Ha 3emitio
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rac Zo — COIIPOTHUBJICHUEC HYIJIC-

Y'Y .

BOIl TMOC/IENOBATENEHOCTH KO-
Y Y poTtkoszamknyToii memu CDOC.
L~ OTHOCUTENIbHAS ~ BEPOATHOCTh

d
/4
/ ” nmanHoro Buga K3 60-92 %.
— 4. Isyxdaznoe K3 nHa
3eMJIIO B CHCTEMAX C TITyX03a3eM-
Puc.6.4. Cxema aByxdaznoro K3 Ha 3emitro JICHHOM  HEWTpaJbio (pHC-6-4)-
OTHOCUTENbHAS  BEPOSITHOCTH
manHoro Buga K3 5-20 %.
[TockonbKy COMPOTHUB-
JIEHUS TIPSAMO M 00paTHOH mocnenoBaTenbHocTH B COC IpUMepHO O1IH-
HAKOBBI, TO C JIOCTATOYHOH /IS MPAKTHKH TOYHOCTHIO MOYKHO CUUTATh

o Yo U
27, 27,+ 2,

® @ o

(6.4)

U3 comocraBnenus Benuyux | BBITEKAET, YTO NPH O-
HOU M ToM >xe BenuuuHe U HamOoJsblliee 3HaUCHHE MEPUOIUUICCKON CO-
crapmstomeii Toka K3 BozMoxHO mipu Tpexdaznom cummerpuaHoM K3.
[TosTomy BenmumHA yaapHOTO TOKa TpexdazHoro cummerpudHoro K3 u
€ro TePMHUYECKOT0 ICHCTBHUS UCIIONIb3YETCsI IPU BeIOOpE ycTpoticte COC.

6.2. Mcrounnku nuranus mecra K3

OCHOBHBIMM UCTOYHHMKaMM NUTaHUs Mecta K3 sBistroTcs Typ6o-
U TUJPOTE€HEPaTOphl JIEKTpOCTaHIui. B kauecTBe OMONMHUTENBHBIX Te-
HEPHUPYIOIINX UCTOYHUKOB PACCMATPHUBAIOT CHHXPOHHBIE KOMIIEHCATOPHI
U 3NeKTpoaBUratenu HanpsbkeHueM cabiiie 1000 B, ecnu onn Henocpen-
CTBEHHO CBsi3aHbI ¢ MecTOM K3 kaOelbHBIMY JTUHHUSIMHU, TOKOIIPOBOIAMHU
WM 4epe3 JMHeWHble peakTophl. [lomnmuTeIBarolee NeiicTBHE AIEKTPO-
JBUTATEJIeH YUUTHIBAETCS TOJBKO B HauanbHbId MOMEHT K3.

B 3aBucumocTH OT XapakTepa H3MEHEHHUS HAMPSHKEHUS UCTOYHH-
Ka THUTaHUsl W3MEHsEeTCs mporecc npoTtekanns K3. PaznmmyaroT ciiemyro-
[I1e TpY XapakTepHbIX cimydas K3:
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® [IpY IUTAHUH OT SHEPTOCUCTEMBI;

® [IpM TIMTAaHUM OT TeHepaTropa 0e3 aBTOMAaTHYECKOTO PEryJIupo-
BaHUs ToKa Bo30yxaenus (APB);

® IIpY IUTAaHUU OT reHeparopa ¢ APB.

6.3. Tpexdaznoe cummerpuunoe K3
NPU MUTAHUH OT IHEPrOCHCTEMBI

Ilon TepMMHOM 3HEpProcucTeMa WJINM 3HEPreTHdecKas cucreMa
MOHUMAIOT MOIIHBIA MCTOYHUK IUTAHUS, HANPSDKEHWE HA LIMHAX KOTO-
pOr0 TOCTOSIHHO TpH JIIOOBIX HM3MEHEHHAX pEeXHMa CeTH: cOpocax-
Habpocax Harpy3kwu, neperpyske wim K3 8 COC.

BHyTpeHHee CONpPOTHBIEHHE 3HEPrOCHCTEMBl MHOIO MEHBIIE
conportusienus nenu K3 B npenenax COC. Kak npaBuio, nporeccsl npu
K3 B COC npoMBIIUIEHHBIX NPEeAIpUATHI MOTYT paccMaTpUBAThCA MpPH
YCIIOBHH, YTO HCTOYHUKOM JIEKTPOCHA0KEHUSI SIBJISIETCS] SHEPIOCUCTEMA.

PaccmoTpum mporiecc npotekanust Tpex(pa3HOro CUMMETPUIHOTO
K3 B nienm (puc.6.5).

Kax u3BectHo u3 kypca TOD, MrHOBEHHOE 3HAUYEHUE TOKA TPEX-
¢aznoro cummerpuaHoro K3 ompenensercs u3 BeIpaXeHUs

t

i<3>=if,3)+i§3>:i—m sin(ot+a—o¢,)—sin(@—g)e |, (6.5
1

UB Xl Rl
UC Xl Rl /

Puc.6.5. Pacuernas cxema tpexdassoro cummerpuasoro K3
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TIe if ) u if ) — MIEPUOIUYECKAs U allepUOANIeCcKast COCTABIISIONINE TOKA

TpexdazHoro cummerpuanoro K3; Uy, — ammummryna ¢asHoro Hampsbke-
HUSl UCTOYHHUKA; ® — YIJIOBas 4acTtoTa; ! — TeKyliee BpeMsi; (; — yroi
casura (a3 Meay HampsHKeHHEM M TOKoM, ¢, =arctgX,/R;; Ry, X; —
aKTHUBHOE M PEAaKTUBHOE COMPOTUBIICHUE MPIMOI MOCIEI0BATEILHOCTH
e COC (B manmpHEHIIEM YIOMWHAHHS O MOCIEIOBATENIEHOCTH OITyC-
Katorcsl); T, — OCTOSHHAsI BpEMEHH 3aTyXaHUs! allepHOANIECKOI coCcTaB-
nsromeit Toka K3, T, = X, /oR, .

[Tpu K3 yron ¢, npubnmxkaerca k 90°. MakcuManbHas BeIU4rHa
toka 1@ oyner umeth Mmecto mpu t=0,0lcm a=km, tne k=0, 1, 2, ...,
ecnu K3 Bo3HHMKaeT B MOMEHT, KOTJja HalpsDKEHUE IIEPEXOIUT Yepe3 Hy-
neBoe 3HadeHue (prc.6.6).

MakcuManbHasl BeIM4ruHa MOOYJIA TOKa |(3)

Ha3bIBACTCA YIapHbBIM

ToxkoMm K3:
0,01
i, =210 14e ™ =210k, (6.6)
Ul
. |(3)
U
|
: t
5 0,02 ¢

Puc.6.6. Xapakrep mepexogHOTO Tporiecca mpH TpexdazHom
cumMeTpuuHOM K3 U IUTaHUH OT SHEPTrOCHCTEMBI
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rae 1® - JEWCTBYIOILEE 3HAaUECHHUE TIEPHOINUECKOM cocTaBistromen Toka K3;
Ky, — yoapHbIii K03Q(GHIMEHT, B 3IEKTPOyCTaHOBKAX HAIPSHKCHUEM BBIIIC
1000 B k, = 1,8+1,3, mo 1000 B k, = 1,0+1,3.

Ji1st rapaHTHPOBAHHOTO OIIPENENICHUS MaKCHMaIbHON BEITMYUHBI
Iy 3Hauenue 7T, npuHuMaroT paBHbM 0,05 c. [Ipu TakoM JomyIieHun

0,01

k, =1+e %% =18, i, =18J21% =255, (6.7)

HelicTByroniee 3HaUCHUE YAAPHOIO TOKA

L, =J(®F+12, (6.8)

e |a:iy_\/i|(3)=ﬁ|(3)ky_\/§|(3)=\/§|(3)(ky _1)_

MaxkcumanbHas BeIHIrHa YAapHOro Toka

! z\/(, OF 1219k, —1F =191+ 2(1,8-1F =151, (6.9)

6.4. OcodenHocTH MpoTeKaHusl mpouecca Tpexgasznoro K3
NpPU MUTAHUM OT reHepaTopa

Tpexgpasnoe K3 npu numanuu om cenepamopa b6e3 APB. Xapak-
Tep mporecca nporekanus Tpexdasznoro K3 npu nuranum ot reHeparopa
0e3 APB moka3an Ha prc.6.7.

PesynbTupyrommii MarHUTHBIA MOTOK CUHXPOHHOI'O T'€HEpPaTopa
10 IPOAOJBHOM ocu B pexxume K3

Dy = D, — Dy, + D, (6.10)

rae d, — cocraBisfrolasg MarHUTHOI'O IIOTOKA, co3JaBaeMas OOMOTKOM
B030yxkaeHus; D, Dy, — NpUHYKAEHHAs U CBOOO/IHAs COCTaBIISAIOLINE
MAarHUTHOTO TIOTOKA, CO31aBaeMOT0 OOMOTKOM SIKOPS.

C pocrom t ymenpmarwTcs coctabisitoniue D, Oy u, cienosa-
tenbHO, D/IC reneparopa. IlosToMy yMeHbIIaeTca nepexoaHas COCTaB-
nsirorast Toka K3 1. CBo6omubIe Tokm 3atyxatot yepe3 t = 0,4+0,5 c.
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Ul ©

|

\C
-
]

10,02 ¢
1 t=0,2-03c¢c

Puc.6.7. Xapakrep nepexomHoro mpouecca npu tpexdasaom K3
U MUTaHHH OT TeHepaTopa 6e3 APB

Tpexgpasnoe K3 npu numanuu om ecenepamopa ¢ APB. Cospe-
MEHHBIE TeHepaTopbl cHaOeHbl ycrpoiictBamu APB. Iloatomy B pe-
synbrare aevictBusi APB mpu K3 yBennumBaeTcst TOK BO30YKACHUS U
OAC (puc.6.8). [etictBue APB ckaspiBactcs uepes 0,2-0,3 ¢ mocie
Havana K3. [lomHas muTeIpHOCTH MEpexX0aHOTO mporecca 3-5 c.

U,l |(3)

Puc.6.8. XapakTep nepexoaHoro mpoiecca npu tpexdasnom K3
Y IUTaHUU OT TeHeparopa ¢ APB
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6.5. Pacuer ToxoB Tpex¢asznoro K3 B ceTsix
HanpsxeHueM Boime 1000 B

Aneopumm u oonywenus, npunumaemvle npu pacieme moxka K3.
Pacuer Toka K3 BbInONHAETCS IPHU CIASAYIOMUX AOMYILEHHSIX:

® HE YYWUTHIBAIOTCS TOK HArpys3ku, TOK xojocroro xona (XX)
TpaHchopMaTopa, EMKOCTHBIE MPOBOJMMOCTH BO3AYLIHBIX JIMHHH,
HACBIIIEHNE MAarHUTHBIX CHCTEM TI'€HEepaTopoB, TPaHCPOPMATOPOB U
3JIEKTpOJIBUTATENEH;

® BIUSIHUE aKTUBHOTO cornpoTuBiaeHus COC Ha MEPUOIUIECKYIO
coctapysomyo Toka K3 yunTeiBaeTcss Toraa, Korja OHO IPEBBILIAET
30-35 % cymmapHOTro HHAYKTHBHOTO conpotusnerns COC;

e akTHBHOE compoTusieHue nenu K3 yduTsIBaroT mpu ompene-
JICHUU TIOCTOSIHHOM BPEMEHM 3aTyXaHUsl allepUOJUYECKON COCTaBIISIO-
med Toka K3;

® CUHXPOHHBIC KOMIIEHCATOPHI U JIEKTPOABUIATENIN HANPSDKEHU-
eMm cBeie 1000 B paccmarpuBaroTcs Kak JOMOJHUTEIBHBIE HUCTOUYHUKH
MUTaHUs, €CIIM OHU CBsi3aHbl ¢ MecToM K3 HermocpencTBeHHO BO3AYIIHBI-
MU WM KaOEeNbHBIMH JIMHUSIMH, TOKOIPOBOAAMH WJIM depe3 JUHEHHbIC
peakropsl. [loanuteiBatoiiee AEMCTBUE ANEKTPOABUTATENEH YUUTHIBACT-
cs Tonbko B HavanbHbeli MoMeHT K3. B mocnenyromme momentst K3
3JIEKTPOABUTATENIN YIUTHIBAIOTCS B BUAE ACCUBHBIX JIEMEHTOB.

Pacuer Toka K3 mpou3BoAHTCS B COOTBETCTBUU C AJITOPUTMOM,
MIpUBEIEHHOM Ha puc.4.4.

Pacuernas cxema (puc.6.9) cocraBiseTcs Ha OCHOBE aHaIH3a
CXEMBI AIEKTPOCHAOXKEHNSI POMBILUIEHHOTO MPEINpPUSITHS B 3aBUCHMO-
CTH OT HeNiel pacueTa W MpeAcTaBiIsieT co00i OIHOIMHEHHYIO AIIEKTPH-
4yeckylo cxeMy. Ha pacueTHOl cxeme yKas3bIBalOT BCE MCTOYHHUKU IMUTA-
Hus Toukn K3, nuHun snekrponepenadu, TpaHchOpMaToOpsl, PeaKkTopbl,
YCTaHOBKHU MPOJOJIBHON M MOMEpPEeuHON KOMIEHCAllUH, a TaKkKe OCHOB-
HbIE MapaMeTphl MEepeyUCIeHHBIX 3JeMeHTOB. KoMMyTalloHHbIE amma-
paThbl Ha pacUETHOM cXeMe He PUBOASTCS.

CHHXpOHHBIE T€HEPATOPbI, KOMIIEHCATOPH! U 3JIEKTPOJBUraTEeNN
HanpspkeHueM cBeie 1000 B npu K3 paccmarpuBaroTcs Kak HCTOUHUKU
NHUTAHUS C HaNpsHKEHHEeM, paBHbIM cBepxmepexoanoit DJIC E”, u BHyT-
PEHHUM CONPOTUBIICHHUEM, PABHBIM CBEPXIIEPEXOJHOMY HWHAYKTHBHOMY
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£, 1y, Xg I/ £, 1y, Xg
K2 '

U Ks U

£, Ty, Xg £, Ty, Xg

Puc.6.9. IIpumep pacuerHoii cxembl COC npu BerurciaeHun Tokos K3

CONPOTHBIICHUIO 110 NMPoAoabHON ocu X . [l HUX Ha pacdyeTHOH cxeme

ykaspiBaroTest Evy, Uep, X{s,) B OTHOCHTENBHBIX eMHMIAX. Benuunnbl

) B X TPHHUMAIOT MO Ta0s.6.1 MIIM BHIMUCIISIOT B KaXIOM KOH-

KpETHOM ciy4ae. B OTHOCUTEIbHBIX HOMHUHAJIBHBIX €IMHHUIAX CBEPXIIE-
pPEXOAHOE HWHAYKTHBHOE CONPOTHBICHHE OJIIEKTPOJABUTATENEH MOXKET
OBITH MPUHSTO PABHBIM

1

il

rae K, — KpaTHOCTb ITyCKOBOT'O TOKA.
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Tabauya 6.1

Cpennue 3HaYeHHs] CBEPXIIEPEX0IHBIX
. " n
CONPOTHBJICHHUH Xd*(ﬂ) u IJC E*(H) B OTHOCHTEJIbHBIX eJHHHIAX

Tum MamuHbL X é/*(H) ’XI(EH)

TypOGorenepaTops! MOIIHOCTHIO0, MBT:

1o 100 0,125 1,08

6omee 100 0,2+0,29 1,13+1,18
T'upporenepaTops:

¢ neMndepHbIMH 0OMOTKaMU 0,2 1,13

6e3 nemiepHBIX 0OMOTOK 0,27 1,18
CHHXPOHHBIN KOMIIEHCATOP 0,2 1,2
CHUHXpOHHBIHN JIBUTATEIh 0,2 1,1
ACHHXPOHHBI IBUraTellh 0,2 0,9

[lepexox OT OTHOCHTENBHBIX €OUHHUL K (PU3NUECKUM TPH JIOIY-
LICHUH, YTO CpEeAHee HalpspKeHHE CTYNEHH pPaBHO HOMHHAJIbHOMY
HaNpsDKEHUIO 3JIEMEHTa, IPOU3BOIUTCA IO (hopMyiaMm

" " Ucp UCZ]J
E"= *(H)Ucp; ZH:\/§| = s ' (6.12)
2
Xro X 7 =X Ow (6.13)
d d*(u)“u d*(u) S ’

H

rae S, — HOMHMHAIbHOE 3HaueHue MomHocTu; U, — cpeHee 3HaueHHe
HampspKeHus dneMenTa nenu K3.

Cxema 3amemenus (puc.6.10) mpu pacuere Toka K3 B pusuue-
CKHMX €IMHHIIAX COCTABISAETCS MO pacueTHOM cxeme. IIpu sTom Hckito-
4arTcs TPAaHC(HOPMATOPHBIE CBA3M MEXKIY HJIEMEHTAaMH PacyeTHOH CXe-
MBI PSiTOM ¢ KaXXIIbIM 3J1€MEHTOM CXEMBI B YHCIHUTENIE YKA3bIBAETCS €ro
MOPSAJKOBBIA HOMEpP, a B 3HaMEHaTelle — BEIMYMHA COMPOTUBJICHUS B
oMax, MpHBeJeHHAs K 0a30BOM cTyneHu. B xadecTBe 06a30BOH CTyINEeHH
MIPUHHUMAIOT CTYNEHb, HA KOTOpOH paccumThiBacTcsl Tok K3. IlpuBenen-
Hble K 0a30BOH cTymeHH TpaHCHOpPMAlUK MapaMeTpbl 3JIEKTPHUECKON
CXEMBbI 3aMeIIEeHHUs] BBIYUCISAIOTCS B COOTBETCTBUU C JAaHHBIMH, MpPHBE-
JCHHBIMU B pasjene 4.
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Puc.6.10. PacyeTHas cxeMa 3aMeIlCHUS

Puc.6.11. TIpeoOpa3oBanHas pacueTHast
cxema nern K3

[locne ompenenenust mpuBe-
neaaex DJIC, HampspDkeHMA W Co-
MPOTHBICHUH CXeMa 3aMeNICHUs
YIPOIIAETCS] U CBOPAYUBAETCS] OTHO-
cutenbHO Touku K3. Ilpu sTom mc-
MOJIL3YIOTCSl CBOWCTBA Tapajuieiib-
HOTO ¥ TOCJEIOBATEILHOTO COCIH-
HEHUS DJIEMEHTOB, METOJ Y3JIOBBIX
MOTEHIIMATIOB, METOJ| HAIIOKCHHUS,
npeoOpa3oBaHus 3BE3Ibl B  Tpe-
YTOJBHHUK U HA000POT.

Pacuem moxa K3 6 guzuue-
ckux eournuyax. Tlocme stama mpeoO-
pa3oBaHMs LETb 3aMEeIICHHST COOTBET-
ctByeT cxeme Ha puc.6.11. Compo-
THBJICHHS OTIPEICIISIOT 110 (OpMyJIiam

o n o o n o
Ry=D R, Xy=> X, (614)
i=1 i=1

rae N — 4YUCJIO II0CJIEIOBATEIBHO
COEIMHEHHBIX JJIEMEHTOB OT HCTOY-
HHUKa MUTaHus 10 Toukn K3.
RZ
Ecmn —=2>0,3, To nepuo-
XZ
Iu4ueckas cocrasiistromnas Toka K3

|E3) Us Us

Bz Ry x2

°

Ecnu & <0,3, 10
XZ
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Y napubIif KodhHUITHEHT

0,0lmEZz
Ky =1+e S (6.15)
YAAPHBII TOK
ly =2190K, . (6.16)

IIpu pacuete Toka K3 B OTHOCHTENBHBIX €IWHUIAX YYUTHIBA-
FOT THUIIOBBIE XaPaKTEPUCTHKH MUCTOYHIUKOB U 000pynoBaHus. 3a 0a3o-
BYI0O MOIIHOCTH Sz mpuHuUMator 100 MB-A, 1000 MB-A win HOMU-
HaJbHYI0O MOIIHOCTHh KaKOT0-IHOO 3JIEMEHTAa CHCTEMBI, €CIU OHa II0-
BTOpSIETCSI B pacueTax HECKOJIBbKO pa3, WIW CyMMapHyl pabodyio
MOIIHOCTh JHEPTrOCHUCTEMBI, OT KOTOPOW OCYIIECTBISETCS 3JEKTPO-
CHa0XXeHUe PeAIPHATHUS.

3a 6aszucHoe HampspkeHNe Ug MPpUHUMAIOT CpeiHee HalpsKeHHe
CTYIIEHH, Ha KOTOPO# omnpenensaoT Tok K3.

Pacuer Toxka K3 B OTHOCHUTENBHBIX €AMHHUIAX MPOU3BOAUTCS B
COOTBETCTBHM C aIrOPUTMOM, NPUBEICHHBIM Ha puc.4.4. B pesynbrare
SKBUBAJICHTHBIX MNpPEOOPa30BAHUN CXEMbl 3aMEIICHHS ONPEACISIOTCS
CyMMapHbI€ aKTHBHOE Ry, HHAYKTUBHOE Xy W MOJHOE Zss COMPOTHBIIC-
Hus nenu K3.

Toxk K3 B OTHOCUTENBHBIX €IMHUALIAX, €CIU Reg/Xss > 0,3,

@Y U .
" \/§Z*2 \/ 3(R*22 + X. *22)

Ecan Rss/Xes < 0,3, TO

(6.17)
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1o = Y- (6.18)

3) )
|£3)Z|_.\/§u6 _S7 .. (6.19)
6 \/§U6 86

T.€. B CHCTEME OTHOCHUTEIBHBIX €IMHUI] TOK U MOITHOCTh K3 paBHBI.
VY napusiit koaddument

K,=1l+e "= (6.20)
YAAPHBII TOK
1, =v210K,. (6.21)

IlepeBon Toka K3 W3 OTHOCHUTEIBHBIX CIUHHII B (hHU3UUCCKHUE
MPOU3BOAMTCS 10 PopMyJie

Py (6.22)

cp

Onpenenenue Toka K3 no pacyetnsiM kpusbIM. 1lpy nutanuu ot
TeHepaToOpoOB MepHoauYecKas cocTaBisiromas Toka K3 HenpepblBHO Me-
HsieTcst m3-3a m3menenus DJIC remeparopa. Pacuer Bemmumnsl Toka |1 B
9TOM ClIydya€ MOXET OBITh IMPOU3BCACH C IIOMOIIBIO PACUCTHBIX KPUBBIX,
MOCTPOCHHBIX 110 THUIIOBBIM XapaKTEPUCTUKAM Ul TypOO- U THApPOreHe-
patopoB. Pacuernsie kpuble (prc.6.12) IpUBOASTCS B CIPABOYHON ITH-
TepaType U IPEACTABIAIOT cOO0H 3aBUCUMOCTh KPAaTHOCTH K; iepuotiye-
cKkoil cocrapisomelt Toka K3 ot conpoTuBnenus X+ 1 BpeMeHH, OTCUH-
THIBAEMOTO OT Hayasa Bo3HHKHOBeHHs1 K3. 3a 6a30Byr0 MOIIHOCTH IMpU
IIOCTPOCHUU pACUETHBIX KPUBBIX MPHUHATA CyMMapHas HOMHHAJbHAs
MOIIHOCTh T€HEPATOPOB MCTOYHMKA NUTaHMA. [loaTOMy mpH ucCHoib30-
BaHUH PACUCTHBIX KPUBBIX BEIMUMHY 0a30BOW MOIIHOCTH Sg HEOOXOIH-
MO MPUHUMATH PaBHOHN Sy, — CyMMapHOW MOIIHOCTH T€HEPaTOpOB AJIEK-
TPUUECKOH cTaHIMH, TUTaroIei Touky K3.
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ke N 1,0 1,5 2,0 2,5 Xs

7,0 D 1,1
4.0 1.0
6,0 i :
mu 0,9
50 P o 0,8
NS4 0,17 o
./0 £
20,5
== 10
2,0 0,6
4.0
3,0 PN 03
o A\ o0 3
SR =t 0,4
< 4 = = 0.
= / —]
0,1 7
2,0 r'/ 0,2 2 E | 03
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1,0
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Puc.6.12. KpatHocTh meproinueckoi cocTapisomeil Toka tpexgasnoro K3
IIpY TUTaHKH OT TypOoreHeparopa c APB

6.6. Pacuer Toka K3 B ceTsix Hanpsizkenuem 10 1000 B

IIpu pacuere Toka K3 B cersax Hanpspkenuem 10 1000 B ve yuu-
THIBAIOT BiussHKE ero Ha DJ[C reHepatopoB 3IEKTPOCTAHIIUN.
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[Tpu ompenenennn Toka K3 ydWTHIBAIOT CONMPOTHBIICHUE TTOHMKA-
FOIIET0 TpaHcopMaTopa W COMPOTHBIICHUE CeTH a0 Touku K3, BKIrouas
COTIPOTHBJICHHE IIIMH, CONPOTHBIIEHUE IIOCIEAOBATENBHO COETMHEHBIX
KaTyIlIeK ¥ KOHTAKTOB aIlllapaToOB U MEPBUYHBIX 0OMOTOK TpaHchopma-
TOPOB TOKA.

[TapaMeTpbl MOHMKAOIMHUX ABYXOOMOTOYHBIX TpaHC(opMaTo-
POB B OTHOCUTEIHHBIX HOMHWHAJLHBIX €UHUIIAX ONPENEISAIOT U3 BHI-
pakeHui

U, % U,%
) =g X = 1ag
100 100

(6.23)

rae U, % n U, % — cOOTBETCTBEHHO aKTHMBHAs M PEaKTHBHAs COCTABIIA-
totast HanpsbkeHust K3 tpancgopmaropa;

ua%zﬁ-mozi-loo, (6.24)
UH SI-l.T
U,%=U7%-U2%. (6.25)

B cucreme (I)I/I?;I/ILICCKI/IX CANHUL] AKTUBHOC W MHAYKTHBHOE CO-
MIPOTUBJICHNAE ABYXOOMOTOUYHBIX TPAHCPOPMATOPOB

2 2
RT — RT*gI)U H.T 1 XT — XT’;H)UH.T . (626)
H.T H.T

NunyktuBHoe  compotuBieHue 1 km  Bozaymsbix — JIOII
Xo = 0,25 OM/kM, KaOeIbHBIX JIMHUA W MPOBOJOB B CTAJIBHBIX TPyOax
Xo=0,07 Om/xM.

ConpoTHBIeHUS KaTyIIeK, KOHTAKTOPOB U JIp. IPUHUMAIOTCS I10
KaTaJOXHbIM JTaHHBIM. [Ipy OTCYTCTBHM KAaTaJIOXKHBIX JAHHBIX COIPO-
THUBJICHHE KOHTAKTOB CJICIyeT IPUHUMATh PABHBIM:

¢ 0,0015 Om mj1s1 pacipeieTUTENbHBIX IIUTOB Ha MOJCTAHIIUY;

¢ 0,002 Om aiist pactipenenuTenbHBIX UTOB 380 B;

¢ 0,0025 Om st MECTHBIX HIMTOB M OTACIBHBIX aIlapaTroB, PH-
COEIMHEHHBIX K TaBHOMY muTy 380 B.
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6.7. HarpeBaHue TOKOBeIyIIMX YacTel
(Tepmuyeckoe aeiicreue Toka K3)

Hmnynec keadpamuunoco moxa. TemmepaTypa meperpeBa mpo-
BOJIHUKA TOKOM B YCTaHOBHUBILIEMCS PEKUME IO OTHOIICHUIO K TeMIepa-
Type OKPYKaloIIeH Cpelbl OnpeAesseTcs] U3 ypaBHEHHs TEIUIOBOTO Oa-
JaHCa, T.€. PABEHCTBAa KOJMYECTBA BBLIEISEMOTO M PAaCcCESHHOTO Terlia.
N3-3a kpaTtkoBpeMeHHOCTH Tiporiecca K3 oTBoj Teruia He yuuThIBaeTCH,
TaK Kak MPOLECC CUnuTaeTCs anuadarHeiM. CyMMapHBIA HMITYJIbC KBaIpa-
THuHOTO ToKa K3 (Tperomero Toka)

B =B, +B_,, (6.27)

rne By, — UMIYJIbC KBAJPATUYHOTO TOKA OT MEPUOJHUYECKON COCTABIIS-
tomelt Toka K3; By, — UMITyIbC KBaJPaTUYHOTO TOKA OT allePHOMYECKOM
cocrasisroniei Toka K3.

B obmiem cinyuae

=torkn

m
B.= | (©fdt=>(®Fat, (6.28)
t=0 n=1
rae M — 9UCIO OTPE3KOB JUCKPETHOIO BPEMEHHOTO HMHTEpBAa IPH 3a-

OTKII

MEHE MHTEerpajga KOHEYHONH CyMMOM, M = 8(?) +1; &— cumBOI LENOH

4acTH 4acTHoro t/At; At — nTUCKpeTHbIM BpeMEHHOH MHTEpBal pas-

ouenns sasucumoct i = f(t); i — cpennee 3nauenne Toka K3 Ha

N-M AUCKPETHOM BPEMEHHOM HHTEPBAJIE.
[Ipu nmuTaHUK OT SHEPTrOCUCTEMBI C YYETOM MOANUTKH ToUuku K3
OT JJIEKTPOJIBUTATEIS

_ 2o

2 .
B, =(19Ft, o +209107)1-¢ T |4

K.11

63



_ 2torin

+05(10F Ty 1-e T | (6.29)

_ 2torin

B =(10F +(0F) rfa-e ™ | 63y

rae | — COOTBETCTBEHHO JEHCTBYIOIINE 3HAYCHHUSI TOKA KOPOTKO-

3 | 3
c ' '
r'o 3aMbIKaHHA OT CUCTEMBI U TOKA IMOAIUTKHU OT SJICKTPOABUIATEIIA, Td’ -
IepexoaHas moCTOsTHHAA BPEMCHHU IBUTATCIIA.

O060011IeHHAs TTOCTOSTHHAS BPEMCHHU 3aTyXaHUA aHCpI/IOILI/I‘{CCKOﬁ

coctasisronie Toka K3 ot cucteMsl 1 IBUTATEIS

(3) 3)
T _Ta.clc +Ta.;l|11
acx (3) 3 '
17 +1;
rne T,., T,, — NCPEXOMHBIC MOCTOSHHBIC BPEMCHHU 3aTyXaHHUs arnepuo-

JUYECKHX COCTABJIAIOMNX TOKa KOPOTKOI'O 3aMBIKaHMsI, COOTBETCTBEHHO
OT CUCTEMBI Y TOKa MOANHUTKA OT MJIEKTPOJABUTATEIS.

IIpusedennoe epemsa K3. Ilpu mpoBepke 3IEKTpOANIapaToB IO
TEPMHUYECKON CTOMKOCTH MOJB3YIOTCS NMpUBEACHHBIM BpemeHeM K3 i,
Ilon mpuBeneHHBIM BpEMEHEM INOHMMAIOT BpeMs, B TEUYEHUE KOTOPOTO
MEPUOANYECKAs COCTABIAIONIAS YCTAHOBHMBILEIOCS TOKA KOPOTKOIO 3a-
MBIKaHUS BBIZIETHIIA Obl TaKOE K€ KOJMYECTBO TEIUIA, YTO U TOK B JCH-
CTBUTEIBHOM pexume K3:

BK
L =0y (6.31)

[Ipu nuranmu Touku K3 oT TypOoreHepaTtopoB mpHBEIESHHOES

Bpems t,,, 0e3 ydera elCTBHsI aniepuoIMIecKol cocTasJstoniel Toka K3
|®

onpestensiercst o kpusbiM: t, = f(B",t,,., ), Tie B = IET:)O; 18,18, -

t=00

JEHCTBYIOLIEE 3HAUCHHE NEPUOANUECKOi cocTapisitonei Toka K3, coot-
BETCTBEHHO B HadaJbHBIH MOMeHT BpeMeHH (t = 0) u B ycTaHOBHUBIIIEMCS
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pexume (t=o0). Ilpu to,, < lc
TaKXKe YYHUTBIBAaeTCA JeiicTBUE
anepruoANYECKOl  COCTaBIISIO-
meﬁ B stoM cnywae Bpems

L =t™ 1+0,058")°,
BEIMYMHA TIPUBEJCHHOIO Bpe-
mean K3, ompenenennas wu3
rpaduxka (puc.6.13).

Bwibop ceuenus npo-
B600HUKOB NO  MePMUYEcKou
cmotikocmu. be3 ydera anepu-
OJIMYECKOW COCTaBISIOMICH TO-
ka K3 ypaBHeHHWe TemIIOBOTO
Oamanca mis anementoB COC
UMeeT BUJ

et -

0®f%§h+aw—2mht=
=c[L1+B(v—20)]grsdv, (6.32)

rag€ ¢ — YyA€jlbHasd TEIJIOEM-

rp
tmn

AV NN

<
)

INVBAIA

i\

t 1
2’5 va

0

SN T NN

0,5 0 15 20

Puc.6.13. KpuBsle npuBeeHHOTO BpEMEHI
IUTS TIEPHOINYECKON cocTaBisronield Toka K3
IpY ITUTaHUM OT TypOoreHeparopa ¢ APB

kocte mpu 20 °C, JIx/(r-rpam); p — yHOeIbHOE COINPOTHBICHUE TIPHU
20 °C, OM-MM*/M; P — TeMIepaTypHbIii KOd(QQHIHEHT H3MEHEHHUS Tell-

JIOEMKOCTH, 1/rpaj; § — IUIOTHOCTh MaTepHaa, I/cMm’;

% o — Temmepatyp-

HBIN KO3 UIIMEHT COMPOTHUBIICHUS, 1/Tpajn; V — TeMIiepaTypa Harpesa

mipu K3, °C.

PaznenuB nepeMeHHbIE, TOITYYUM

L (10 at=

2
S 0

iorjxj](,(s) dt = 09I1+l3 dv;

cg 1+B(v-20) .
p 1+a(v—2o)dv’ (6.33)

6.34
1+ (x ( )
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t,

otgen
| 19Fdt=B=(9f1,,. (6.35)
0
Torna
09Tt -, (6.36)
I Co — MIOCTOSIHHAS BEJTMYUHA JJIs1 33JAHHOTO TOKA TIPOBOHUKOB M IIIVH.
Homyctumas Temriepatypa HarpeBa npu K3 cocrapmuser:
® JIJIsl MEJTHBIX IIIMH ¥ TOJIBIX MpoBozioB — 250 °C;
® JIJISl MEJTHBIX TOKOBEAYIIIMX JKHJT —
Kabenei ¢ OyMa)kKHOH TPOMTUTAHHOW M3OJSIINEH HApsKEHHEM
1o 10 kB u mpoBOIOB C TEITIOCTONKOM PE3MHOBOM H30JISIIHCH,
IIPOBOJIOB C MOJIMXJIOPBUHIIOBOH H3oswsimeii — 200 °C,
kabenell U TPOBOJIOB ¢ OOBIYHONM PE3WHOBOW WU3OJIALUCH C
OyMa)XHON TPONMUTAHHON H30JsAIMel HanpsbkeHueM 20 u
35 kB - 125 °C;
® 715 AJTFOMUHUEBBIX IIIMH U TONBIX MPOBOJIOB, & TAKKE IS aTFOMH-
HHEBBIX TOKOBEYIIHX JKIIT KaOeNei 1 IpoBOIOB BO Beex cimydasx — 150 °C;
® JIJISl CTaNIbHBIX ITUH U TOJBIX POBOAOB MPH HEMOCPEICTBEHHOM
coequHernu ¢ amnmaparamud — 250 °C, mpu OTCYTCTBHU HEMIOCPEACTBEH-
Horo coeaunenns — 350 °C.
VYpasaernne (6.36) MO3BOJISIET ONMPENEIUT, MUHUMAIBHOE cede-
HUE IIIMH MPOBOJHUKOB, YJOBIICTBOPSIONICE YCIOBUIO TEPMHYCCKON

CTOMKOCTH:
19t
=2 Y oI (6.37)

min —
S

S

BenuunHa ¢p Mo maHHBIM MPOU3BOAUTENEH KaOembHOMN MPOIyK-
UM 3aBUCHUT OT XapaKTEPUCTHKH KaOesl CICTYIOUIMM 00pa3oM:

C MeIHBIMH XKUJIAMH U OYMa)KHOU MPONMUTAHHOW HM30JISIIUECH HANPSDKCHUEM

no 10 kB 145
C pe3nHOBOI MK TMONMXJIOPBUHUIIOBON M30JISIIHACH 122
C NONMMATHIIEHOBOH H30ISIHEH 104
Mapox CB, CK, CIIB, CKB, LICH 138
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IIpoBepke 1o TepMUYECKON CTOMKOCTH HE MOJIJIEXKAT:

e anmapaThl M TOKOBEAYIIME YAacTH, 3aIIWIICHHBIC IUIABKUMH
MPEIOXPAHUTENSIMU;

® HEH30JIMPOBAHHBIE W HE3aNIUIICHHBIE MPOBOJA BO3AYIIHBIX
JTUHAI;

® 3JIEMEHTHl KOHCTPYKIMH ceTel HampshkeameMm po 1000 B,
BKJTI04asi (pa3HbIC U HYJIEBYIO TOKOIPOBOISIIUE KHJIbI;

® IPOBOJHUKH, BeAyIIHEe K WHANBUIYAITbHBIM DJIEKTPOIPHEM-
HUKaM, B TOM YHUCJE€ K LEXOBBIM TpaHc(opMaTopamM MOIIHOCTBHIO 0
1000 kB-A wu BeicmiuM HanpsbkeHueMm 10 20 kB. Ecniu otkmrouenue
AIEKTPONPUEMHHKA HE BBI3BIBACT PACCTPOHCTBA TEXHOJOTHYECKOTO
mpoI1iecca, B3pbIBa, 3aMEHa MMPOBOJIHIKA BO3MOXKHA 0€3 3HaUYNTEIbHBIX
3aTpyAHEHHU.

dnexkmpoounamuueckoe Odeticmeue moxka K3. 13 kypca TOD uz-
BECTHO, YTO CHJIa B3aHMOJICHCTBHS MEXAY ABYMS MapaIIeTbHBIMH IPOBO/I-
HUKaMH, OTHECEHHasI K | M JIJIFHBI IIPOBOTHUKA,

1

F'=2kyii; ~107, (6.38)

rae ky — koadpoument opmsl, Ky # 1 1714 IPAMOYTONBHBIX IPOBOJHHU-
KOB; @ — PAaCCTOsIHHE MEXIY OCSIMU IIPOBOJHUKOB.

3HadeHue Ky, B 3aBUCUMOCTH OT Pa3MepOB MONEPEUHBIX CCUCHMUIT
MPOBOJHUKOB U PACCTOSHUSA MEXKIYy HUMH MOXKET OBITH OTpEICICHO IO
KpUBBIM puc.6.14.

Hnst Tpex(das3HbIX YCTaHOBOK B Hauboliee TSDKETBIX YCIOBHUSX
HaXOJIUTCS CPEeIHHUI MPOBOTHHUK. Hanbonpime ycunus B cpelHeM Mpo-
BOJHHKE BO3HUKAOT TipH Tpexdaznom K3.

Cuna, neiicTBytolas Ha CpeHiow ¢asy,

..o 1 .01
F'=2K.ii,—-107" = 2K, i.i.—-10" =
olals olsle 2

= 2k,ig (i — ic)é 107 =3k, (i0f sin[Za —i;jé 107, (6.39)
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Puc.6.14. KpuBble 3aBUCIMOCTH TTONPABOYHOTO KO3 PHUIIEHTA
OT Pa3MepOB MONEPEYHOr0 CEYESHHS IPOBOAHUKOB M PACCTOSHUS MEXKIY UX OCIMH

. 4
Haubonpiee 3HaueHre CHIIBI BO3MOKHO TIPU SIn[Za -y =+1.

B srom ciiydae

Fr=V3k,i2 1107 (6.40)
a
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F =3k,i2 £ 107, (6.41)
a

Harpy3ka oT 31eKTpOIuHAMUYECKUX CHUJI paclpeiesieHa pPaBHO-
MepHO Mo JyinHe muH. [lo3ToMy MexXxaHWYeCKUd pacyeT HIUH MPOU3BO-
IISIT, paccMaTpuBas X KaK MHOTOIPOJIETHYIO Oanky. M3rubaromruii Mo-
MEHT BBIYHCIISIOT TI0 (hopMyJie

F¢
=—. 6.42
Hu3r 10 ( )
Mexanunueckoe HaIIpsKEHUE B METAJLIIC
oM _ Fi6 643
W  10hb

rae W — MOMEHT COTIPOTHBIICHHS, M, W =hb?/6.

MexaHn4YecKoe HalpshKEHHE B METAJUIC HE JTOJIKHO MPEBHIIIATH
JOMYCTHUMOTO 3HAYCHUSI, T.€. G < G-

JlonycTHMbIe MEXaHUYECKUE HANPSDKCHUSI B METAIUIE Gyop JUIS
Menu paBHBl 13 KH/CMZ, g almoMuHusg — 6,5 KH/CMZ, UIS CTald —
16 xkH/cM?

HamnpspkeHue B MIMHAX MOXXHO YMEHBIIUTH MyTEM COKPAIICHHSI
PACCTOSHUSL MEXKy OIOPHBIMH H30JISITOPaMHM, YBEIHYUBAs PACCTOSHUE
MeX 1y (pazaMH U pacrioiarasi IUHbI APYT MO IPYTOM HIIH TUTAIIMSL.

Bce anektpoannaparsl TOMKHBI YAOBICTBOPATH YCIOBHIO JIICK-
TPOAMHAMHYECKOU CTOMKOCTH. IIpoBepka 31I€KTpOIMHAMUYECKON CTOM-
KOCTH aInapaToB BO3MOXHA, €CITH | ny 2 iy, rae iy, — JOIyCTUMBII ynap-

HBIH TOK anmapara Mo KaTaloXKHbIM JJaHHBIM.

Oepanuuenue moka K3. Bennmunnaa Toxa K3 momkHa OBITE orpa-
HHUYEHA 3HAYCHUEM, MO3BOJISIOMUM NpuUMeHATs B COC cepuilHbie dJeK-
Tpoarmnaparsl ¥ KOMIUIEKTHBIE pacrpeaenuTensHsie ycrpoiictBa (KPVY).
B snekTpuyeckux cersx MoJ3eMHBIX MOPHBIX BBIPAOOTOK COTJIACHO Tpe-
O0OBaHMAM, NPEABSBISIEMBIM K B3pBIBOOE30MACHOMY 000pYJOBaHMIO,
MoiHocTh K3 He momkHa npesbimate 50 MB-A. Ilpu HanpsbkeHun nu-
TaHus 6 kB nelicTByrolee 3HaUeHHE IEPUOAMYECKON COCTaBISIONICH
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toka K3 He nomkHo nmpeBsiath 4,8 KA. YMeHbllIeHHE TOKa U MOUTHOCTH
K3 MokeT OBITh OCYIIECTBIEHO C TIOMOIIBIO BKIFOUEHHS PEAKTOPOB, J10-
0aBOYHBIX AKTHBHBIX COMPOTHBICHHM (pE3UCTOPOB), OTKa3a OT Iapal-
nensHOH paboTbl TpaHcopmaropoB. Hambonee s¢d¢exkTHBHBIM cpen-
CTBOM orpaHudeHusi Toka K3 B 3IEKTpUYECKHX CeTsIX HaIpsLKeHHEM
cBeime 1 KB ABISAIOTCS TOKOOTpaHWYWBAIONINE peakTophl. OMHAKO BCe
3TH MEPONPUSATHUS IPUBOJAT K MOBBINICHHBIM OTKIOHCHHSIM M KOJICOaHU-
SIM HAIIPSDKEHUS Ha AJIEKTPOYCTAHOBKAX.
[NoTeps HanpsDKEHUS B TOKOOTPAHIUYHUBAOIIEM PEAKTOPE

AU, =X, sing; (6.44)
AU 3Ix |
B 1T, sing;
UH HIH.p
(6.45)
IX_ %
AUpz % 0sm(p,
IH.p
V3l
rie xp%zﬂ-loo.

H.p
OcTtaTo4yHoe HANpPsHKEHWE HA LIMHAX MOHW3UTENBHOW MOACTaH-
uuu npu K3 3a peaktopom

Uoer = V3l,x, . (6.46)
pu U,,, = U,
U
um%z%%lLAE. (6.47)
H.D UH

PeakTtop ciemyer BEIOMpATh TaK, YTOOBI OCTATOYHOE HAMPSKCHHUE
Ha IIWHAX MTOJICTAHIINH yIOBIETBOPsIO0 ycinoBuro U, % > 70-60 %.

B cersix ¢ U, < 1000 B peakTopsl HE MPUMEHSIOT, TaK Kak B IEMH
npotekanus Toka K3 mpeoOiagaroT akTHBHBIE COITPOTHBIICHUSI.
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7. TEXHUKO-9KOHOMMNYECKHUE PACYETbI
B SJIEKTPOCHABXEHUUN

7.1. YpoBeHb NIpUBeAeHHBIX 3aTPaT —
KPHTepHii BbIOOpa onTHMAIbHOT0 BapuanTta CIC

[Ipu co3manum cucTeM 3JEKTpOCHAOKEHUS! BCErla paccMaTpu-
BalOT HECKOJIBKO TEXHUYECKH PEATN3yEeMbIX aIbTEPHATUBHBIX BapUaHTOB,
YIOBJIETBOPSIIOIIMX 33aHHBIM TPeOOBaHUSIM, BKIIFOUas 3JIEKTpoOe3omac-
HOCTb. BbIOOp OonTHMaNbHOrO BapuaHTa MPOU3BOIUTCA Ha OCHOBE COIO-
CTaBJICHUS PE3yNbTAaTOB TEXHHKO-3KOHOMMUYECKUX pacueToB I pac-
CMaTpHUBAaEMBbIX BapUaHTOB. TE€XHUKO-5KOHOMHUYECKHUE PacyeThl IPOU3BO-
IISITCST TIPH BBIOODE:

® YPOBHS HANpSOKCHHUS BHEIIHEI0 M BHYTPEHHETO 3JIEKTPO-
CHAOKEHHS,;

® TOIOJIOI'MHU CXEM JIEKTPOCHAOKECHHUS;

e ceveHui mpoBooB Bo3aymHBIX JIDII u xxnn kabeneit;

® MECT pa3MeLIeHHs NOACTAHIMN U pacTipeeIUTeIbHbIX TyHKTOB;

® YyClia U MOUIHOCTH TpaHC(POpPMATOPOB MOHU3UTEIBHBIX MOJ-
CTaHIINH;

® CpeACTB KOMIICHCAIIMH PEAKTUBHOIN MOLITHOCTH;

® CPEJICTB PEryJIMPOBAHUS PEKUMA HAIPSKEHUS;

® CPEJICTB 3JIEKTPOCETEBOM aBTOMATUKH U TEIEMEXaHUKH.

IIpu mpoBeneHNH TEXHUKO-3KOHOMUYECKHX PACUETOB IS KaXKI0-
IO U3 CPaBHUBAE€MBIX BAPUAHTOB ONpPENEISIOTCS IpUBEACHHbIE 3aTpaThl. K
MIPAKTUYECKOM peann3alyy MPUHUMAETCsl BApHAHT, JUIsI KOTOPOro MpHUBe-
JICHHbIE 3aTpaThl MUHUMAaJbHBL. TakuMm 00pa3oM, ypOBEHb NPHUBEICHHBIX
3aTpar SBJSIETCS OCHOBHBIM KPUTEPHEM IPU BBIOOpE ONTHMAIBLHOTO BapH-
aHTa CUCTEMBI DIIEKTPOCHAOKEHHS MPOMBILITICHHOTO MIPEATIPUSTHSI.

7.2. PacyeT npuBeeHHBIX 3aTPAT NPH BbIOOpPE ONITHMAJIBLHOIO
BAPHAHTA CHCTEMbI 3JIEKTPOCHAOKeHUS

[IpuBeneHHbIe 3aTpaThl MPEACTABISIOT cOOOW CyMMYy OTHECEH-
HBIX K OJJHOMY T'O/ly SKCILUTyaTaluy KaluTalbHBIX BIOKCHUH 1 €KEeTOIHbBIX
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OKCIUTyaTallMOHHBIX PACXOOO0B. IIJ'ISI CHUCTEM 3J'ICKTpOCHa6)KeHI/I$I IMpuBC-
JOCHHBIC 3aTPaThl

3=E . K+C,+V, (7.1)

rae E, — HOpMaTuBHEBIH KodhduIHeHT >()PEKTUBHOCTH KaITUTATHHBIX
BioxeHui, 1/ron; K — xanmuTansHbie BiIoxeHHs, ThIC.py0; C, — 3KCILTya-
TaIlMOHHBIE PacXOJbl, THIC.py0/Tom; Y — yiiepO OT HepephIBOB JIEKTPO-
cHaOXeHWsI, THIC.py0./TOI.

[IpunsToii BenuuumHe E, COOTBETCTBYET HOPMAaTUBHBIA CpOK
OKYyINaeMOCTH KanmuTaubHbiXx Biokenud T,=1/E,. Ilpu E,=0,12
T, =8,33 roma, npu E; = 0,15 T, = 6,67 rona. Eciu ymiepOsI OT mepepsi-
BOB JJIEKTPOCHAOXEHUS IS CPaBHUBAEMBIX BapHAaHTOB OJWHAKOBBI, TO
MPH BEIOOPE ONTHMAIBHOTO BapUaHTa OHU MOTYT HE YYUTHIBATHCS.

OKCIUTyaTaIMOHHBIE PACXOBI BKIFOYAIOT B c€0Sl OTUYHCICHHUS Ha
TEKYIINA PEMOHT B OOCITYy>)KHBaHHE, HA aMOPTHU3AIIUIO0 U CTOUMOCTH €XKe-
TOJIHBIX TOTEPh AIEKTPOIHEPTHH. YKPYIMHEHHO 3KCIUTyaTalldOHHBIC pac-
XOJIbI BEIUUCIISIOTCS 10 (hopmyiie

C,=E K+EK+C,, (7.2)

rae E,, u E, — HopmaTuBHBIE KO3()(DHULUEHTHl OTUHCIEHUH Ha TeKyIuii
PEMOHT U 00CITyKUBaHHE, HA aMOPTH3aLMI0, COOTBETCTBEHHO; C,, — CTO-
HUMOCTb €KETOJHBIX OTEPh INEKTPOIHEPTUH, THIC.PYO.

IIpu onpeneneHMU CTOUMOCTH €XKETOJHBIX MOTEPH AIEKTPOIHED-
TUH YYUTBIBAIOTCA IMOTEPH DIEKTPOIHEPTUH B JIMHUAX DJIEKTPOIEPEaAYH,
CHIIOBBIX TpaHc(opMaropax u peakropax. HopmaruBHbIe K03QuIMeH-
Thl (HOPMBI) OTYHCIICHUH Ha TEKYIIMH PEMOHT M OOCIYXHBaHHE M Ha
aMOpPTH3aIMI0 YCTaHaBIMBatoTCs cooTBeTcTBYIOmKUM ['OCTom u mpuso-
ISITCSL B CIIPABOYHOM JIUTEpaType.

[IpeoOpa3zys Beipaxenue (7.1) m yuuteiBas ypaBHeHue (7.2),
IIOJIy4YUM

3=(EH +ET_p+Ea)K+CH +V. (7.3)
J11 00BEKTOB AMEKTPOCHAOKEHHUS
E,+E,,+E, =016+0,35.
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8. KOMIIEHCAIIUSI PEAKTUBHOI MOIIIHOCTHU

8.1. [ToTepu HANPSZKEHUs] U MOITHOCTH B YYaCTKe CETH

Jlnst yuacTka ceT ¢ akTHMBHBIM R M MHIyKTUBHBIM X COMPOTHUBIIC-
HUSIMU CXEMa 3aMEIICHHS YIaCTKa CETH U COOTBETCTBYIOIIAs € BEKTOpHAS
IrarpaMMa TOKa M HamlpspKeHuH npencTtapiena Ha puc.8.1 u 8.2, rme U u Uy
— HampsDKCHUS B HAYaJIe U B KOHIIE y4acTka ceTd; Py, Q- 1 | — akTHBHAs 1
peaKTUBHAS MOIIIHOCTH U TOK HArpy3KH; O — YTOJI HArPY3KH y4acTKa.

u U
R X
=

Puc.8.1. Cxema 3aMelnieHus y4acTKa CETH

s /i
\\\\Zf\\ U //\\\\jm

AUg | AUy

l PHF + jQHF

Puc.8.2. BekropHas auarpaMma ydacTka CeTH

JInsl y4acTKOB DIEKTPHUYECKUX CETeH BHYTPEHHETO JJIEKTPO-
CHaOXEHUS TOPHBIX MPEANPHUITHI yroy Harpy3ku & < (2 — 3)°. ITosromy
IOTEPS HAIIPSDKEHUS B YUAaCTKE CETH

AU =U —U, ~ (IRcose+ IX sin q))ﬂ _PuR+Q, X _

8.1
0, U, (8.1)

[TockosibKy HaNpsDKEHWE B KOHIIE YydyacTKa OTJIMYAeTCS OT
HampspkeHusT B Havanie ydactka Ha 5-10 %, To MOXHO cuUuTarh, 4TO
U~ U;. Torma

73



PHFR + QHFX
U

AU = =AUg + AUy, (8.2)
rie AUr u AUy — aKkTHBHasE M pPEaKTHUBHAs COCTaBISIOLINE IOTEPH
HaNpsDKCHHS B ydacTke cet, AUy = %; AU, = QEX .

[loTepu akTHBHOI MOIIHOCTH Ha TEpeady M0 Y9acTKy CETH aK-
TUBHOM U PEAKTUBHON MOITHOCTEN COOTBETCTBEHHO PaBHbI

2 2 2
AP =317RY =&35§£)R=A&+AP; (8.3)

F

P2
AR = 5 R; 8.4)

Q?
APy ==X (8.5)
U
[Tpu Hanmauy B ceTn yctaHoBOK mpogonbsHo# (YIIK) u moneped-
Hoii (YIIEK) komneHcanyu u cuHXpoHHBIX nBurateneit (CL1) BeipaxkeHne
JUIS OTIpeZIeNICHUs TIOTepH HAIIPsDKEHUS B yYacTKe CeTH UMEET BUJ
AU = P.R "'( e — QurEk _ch[)(x - XynK) (8.6)
U 7
rae Qynex — peaktuBHasg MomHOCcTh YIIEK; Qcy — renepupyemas CJI
IUI. KOMIICHCALUU PEaKTUBHOW MOIITHOCTH; Xynx — PEAKTUBHOE COIPO-
tusneHue YIIK.

8.2. [loTpeduTEeN PEaKTUBHON MOIIHOCTH

[ToTpeOuTens MU PEAKTUBHONW MOIIHOCTH SIBJISIFOTCSI TpaHCc(op-
MaTopbl, acCHHXpOoHHbIe aurarenu (AJl), mpeobpazoBarenu, CBapOUHBIE
TpaHCPOPMATOPBI, PEAKTOPHI, IICKTPUYCCKUE CETH M JIPYTHE DJICKTPO-
yctaHoBkH. [loTpebnsiemast MK peaKTUBHAS MOILTHOCTh HEOOXOAMMA IS
CO3JIaHHsI COOTBETCTBYIONIMX 3JIEKTPOMArHUTHBIX TOJEeH, 00eCIeunBaro-
NIMX UX HOPMAIBbHYIO padoTy.
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[lepenavya peakTHBHON MOIIIHOCTH:

® CHM)KAeT MPOIYCKHYIO CIIOCOOHOCTh CHCTEMBI AIIEKTPOCHAOXKe-
HUS TI0 aKTHBHOM MOITHOCTH, TaK KaK MpomyckHas crocoorocts COC mo
MIOJTHOM MOIIHOCTH OIPEAEISIeTCs €€ HOMHHAIBHBIM TOKOM M OCTAaeTCsi
noctosHHOH. M3mMeHneHue npomnyckHoi cocoonoctn COC npu Bapuanuu
Kod(pHILIMEeHTa MOIIHOCTH HArpy3Ku

Pn P Pn ) Cosq@,,, —COSQ,,
L N . = (8.7)

Pnp.l Cos(pnp.l

rae Py, — npomycknas cnocooHocTs COC 1pu COSQyyp 15 Prp2 — IpoITyck-
Has c1ocoOHOCTh COC MpH COSQpy;

® BBI3BIBACT JIONONHHUTENbHBIE MOTepH HampsbkeHust AUg U ak-
TUBHOM MoiHocTu APq B yuactkax COC (JIOII, tpanchopmaTopax, pe-
aKTopax u T.1I.).

8.3. UcTOYHHMKHU PeaKTHBHOI MOITHOCTH

]_ICHTpaJ]I/I?,OBaHHLIMI/I HCTOYHUKaMU peaKTI/IBHOﬁ MOIITHOCTH SB-
JIAIOTCA TEHEPATOPHI NeKTpocTaHUu. [lepegadya peakTMBHOM MOIIHOCTH
MIPOMBINIUICHHBIM TTOTPEOUTENSIM OT TeHEPaTOPOB AIIEKTPOCTAHIIMA OTpa-
HUYCHA YPOBHCM

Q3 =PM tg(P()’ (8'8)

rne P, — aKkTHBHAas MOIIHOCTh, TOTpebiseMas B Yachl MaKCHMyMa
Harpy3KH 3HEProCHUCTEMBI NPOMBIIUICHHBIM MPEANPHATHEM; tg(y — OII-
TUMAJIBHBIN 110 IPUBEICHHBIM 3aTpaTam tgo.

[pu HanpsbkeHVM Ha BBOZE MPOMBIIILICHHOro npenpusitist 220-35 kB
B 3aBHCHMOCTHU OT perHoHa cTpaHsl tg@ = 0,2+0,47. MeHbIne 3HaUeHHS
OTHOCATCS K HanpspkeHuro 35 kB.

MecCTHBIMU HCTOYHHKAMHU PEAKTUBHOW MOIIHOCTH B DIICKTpHYE-
CKHX CETSX ¥ Ha HPOMBIIUICHHBIX IPEIIPUITHSIX SBISIOTCS CTATHYECKUE
KOHJIEHCATOPBI, CHHXPOHHBIE TBUTATEIN U KOMIICHCATOPHI.
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I[J'I}I HUCKIIOYCHUA Ha;[6a}301< K OIUIAaTC 3a JJICKTPOSHCPIUIO IO~
KIIIOYCHHasA MOIIHOCTHh MCCTHBIX MCTOYHHKOB peaKTHBHOﬁ MOIIHOCTH Ha
IIPOMBIIIJICHHBIX MPEANPUATHUAX OOJDKHA YAOBJIIETBOPATH YPABHCHHIO!

QM.I/I = Qq) _Q3 = PM (tgq)(p _tg(Po)i (89)

rae Qp — dakTHyecKas MOIIHOCTh MECTHBIX MCTOYHHKOB PEaKTHBHOM
MOILIHOCTH; tg(¢ — PAKTHYECKHIA tg.

Cmamuueckue KoHOeHcamopbl B YCIOBHUAX IPOMBIIUIEHHBIX
NPENNPUATHN [MUPOKO UCHOIB3YIOTCS I TeHEPAalu PEaKTUBHOW MOII-
HOCTH M YCTaHaBJIMBAIOTCS Ha MOHU3WUTENBHBIX MOJCTAHLUAX U HEMO-
CPEACTBEHHO Y OTHENIbHBIX 3JEKTPONPUEMHHUKOB. OTAEIbHbIE KOHICHCA-
TOPBI COEIOMHSAIOTCS TOCIENOBATENBHO WIM NapaJljIebHO M 00pasyroT
YCTaHOBKHU IONEPEUHON MM MPOJOJbHOW KOMIIEHCAIlUU 3a/laHHOM peak-
TUBHON MOITHOCTH. JIOCTOMHCTBOM YCTaHOBOK IONIEPEYHOIN KOMITEHCAIIUU
ABJIICTCS HEBBICOKAs YZENIbHasA CTOMMOCTb K. M MOTepH aKTUBHOW MOII-
HOCTH Ha TeHepauuio peakTuBHOM. C yBEIMYEHHEM HOMMHAIBHOIO
HamnpspKEHUS KOHAEHCATOPOB  yJeNbHasg CTOMMOCTh YMEHBIIAETCH.
VYienbHble MOTEPU AKTHBHOW MOIIHOCTH HAa TEHEpALUI0 PEAKTUBHOMN
APy = 0,0025-0,005 xBT/kBap.

HenocraTkamu cTaTndecKuX KOHIEHCATOPOB SIBISIIOTCS HU3KHE
JIOTTYCTUMBIE MEPETPY3KH MO HAIPSLKEHUIO U TOKY, HU3Kasl HaJeKHOCTbD,
M0’KapOONacHOCTh, HATMYME OCTATOYHOTO 3apsi/ia MOC/e OTKIIOYEHHS OT
CeTH M CIIO)KHOCTh CO3JlaHMsA Ha MX 0a3e yCTaHOBOK IOIEPEYHON KOM-
MIEHCAIVH C TUIABHBIM PETYJINPOBAHUEM PEAKTUBHOW MOITHOCTH.

Cunxponnwvie osucamenu (CJl) Tak e, Kak U CTaTHYECKUE KOH-
JEHCATOPBl ABIAIOTCSI MECTHBIMH HMCTOYHMKAMH PEAKTUBHOW MOIIHO-
ctu. JloctonnctBo CJ/] — cmocoOHOCTH BEIAaBaTh B CETh PEAKTUBHYIO
MOLIHOCTB JJayKe IPH IIOJIHOW Harpy3ke Ha Baily. B yCIOBUSX IPOMBIII-
neHHbIX npeanpustuii C/] — mpakTH4YecKu eIMHCTBEHHBIN MJIaBHOPETY-
JIUPYEMBIII UCTOYHUK PEAKTUBHOW MOLIHOCTU. BennunHa peakTUBHOU
MOIIIHOCTH, KOTOPYI0 MOXeT BbiaBath CJl B ceTh, Ha3bIBae€TCs pacmo-
nmaraeMod peakTuBHOH MomrHocThio C/l. Brimyckaemble mpoMBIIUIEH-
HocThio CJ] paccuurtanbl Ha paboTy ¢ cos@, = 0,9 (omepexaromniuii).
[Ipu tgo, = 0,4843 HoMuHanbHas peakTuBHass MomHOcTs CJl mpu HO-
MUHaJIbHOUM Harpy3Kke Ha Baiy
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Quy = Py 30, (8.10)

rne P,, — HOMUHaJIbHAs MoulHOCTh Ha Banmy CJI; M, — HOMHHANbHBIN
KIIJI nBurares.

C y4eToM peaybHbIX 3HaUYeHUH 1y, Q.. ~0,5P,,. B pexume xono-
croro xoaa CJI MOXeT HCIOJIb30BaThCsl KaK CHHXPOHHBIA KOMIIEHCATOP U
BBIZIABATh B CETh PEAKTUBHYIO MOIIHOCTb, PaBHYIO €TO MOJHOW HOMHHAIb-
Hoii momHocTH. [loaToMy pacronaraemast peaktuBHas MoHocts CJl 3aBu-
CUT OT Harpy3KH Ha €ro Bajty U u3MeHsercs B npeenax Q,p = Quu+Syy.

Cunxponnvie KoMneHcamopul MPEACTABISIOT COOOH CUHXPOHHYIO
MAaIllMHY OOJIETYCHHOW KOHCTPYKIMH, TMPEIHA3HAUYCHHYIO TOJBKO JUIS
KOMIICHCAIIUN PEAKTUBHON MOIIHOCTH. Y IENbHBIE IOTEPH B HUX aKTHUB-
HOW MOIIHOCTH Ha TeHEPalWI0 PEaKTUBHOW MOLIHOCTH COCTaBIISIOT
0,003-0,005 xBt/kBap. 1o 5KOHOMHUYECKUM COOOpPAKEHUSIM CHHXPOHHBIC
KOMIIEHCATOPBI IPUMEHSIOT Ha PAHOHHBIX AJIEKTPOTIOICTAHIIUSX.

B otaenpHBIX ciydasix B KauecTBE HMCTOYHHKOB PEaKTHBHOM
MOITHOCTH BO3MOXKHO MPUMEHEHUE HEUCIIONb3YeMbIX [0 MPIMOMY
HA3HAYCHWIO CHHXPOHHBIX TCHEPATOPOB M CHHXPOHU3UPOBAHHBIX ACHH-
XPOHHBIX JBUTATEIICH.

8.4. BoiOop u pa3MeleHHe KOMIEHCHPYIOIINX YCTPOCTB

Br16op Trma u pa3menieHre KOMIIEHCHPYIOIUX YCTPOMCTB TIPOH3-
BOJUTCSI HA OCHOBE PE3YJIbTATOB TEXHUKO-IKOHOMHUUYECKHX pacyeToB. Pac-
CMOTPUM METOJMKY MPOBEIECHHUS TEXHUKO-3KOHOMHUUECKUX PacueToB MpH-
MEHHTENBHO K ycTaHOBKaM nonepeyHoit komnencarmu (YIIEK) u C/1.

Kanumanvnvie sampamer na VIIEK. YcTaHOBKH NONEPEYHOMI
KOMIICHCAIIUK BKJIIOYAIOT B ceOsi BBOJHBIC YCTPOWCTBA (BBIKJIIOYATEINH,
Pa3beIUHUTEINN, OLIMHOBKY), CEKIIMU MapajuieIbHO U (IPH HEOOXOAMMO-
CTH) MOCJIENOBATENbHO COCIMHEHHBIX OJHOTUIHBIX KOHAEHCATOPOB H
YCTPOMCTBA aBTOMAaTHYECKOTO PEryJMPOBaHUS PEaKTUBHOW MOIIHOCTU U
3amuThl. Kanuransueie 3atpatel Ha YIIEK

KK = K&y + Kp.y + Ky.CQKl (811)
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rae K,y — CTOMMOCTBH BBOJHOrO ycTpoicTBa, py0.; K,, — crommocTs
YCTpOMCTBa aBTOMAaTHYECKOTO PETYIHPOBAHUS PEAKTHBHOW MOIIHOCTH H
3amuThl, pyo.; Ky — yaenpHas cTouMOCTh | KBap. peakTUBHON MOILHO-
ctH, pyo; Qi — cymMMapHash HOMUHAJIbHAs PEaKTHBHAs MOIIHOCTh KOH-
nencaropoB YIIEK, kBap.

CTOMMOCTH TIOTEPh IIEKTPOIHEPTHH B KoHAeHCcaTopax YIIEK:

C3.3 = WyTnAPq.kQK = myAPq_kQK, (812)

rae Wy — ctoumocts 1 kBT-4 snexrposnepruu, py0.; 7, — 4uCIO 4acoB
HOTEpPh MEKTPOIHEPTHU B TOI; My — cTouMocTh 1 KBT moTteps amekTpo-
3HEPru B rof, pyo., my = W, T,

Ucnonb3ys Beipaxenus (8.11) u (8.12), nomyunm dopmyiy mis
omnpeaesieHus mpuBeeHHbIX 3aTtpat s YIIEK

3, =(E,+E, + ET.p)(KB.y + Kp'y) +[(E,+E, + ET.p)Ky.c +

+ myAPq-k ]QK = 3K0 + 3K1QK' (813)

Ilpugeoennvie sampamor 0as C/{. JloNOTHUTENHHBIC KaTUTAIb-
Hble 3aTpaThl MPU HCIOIB30BAHUU B KayeCTBE MCTOYHHMKA PEaKTHUBHOM
MOIIIHOCTH CHHXPOHHBIX JABUTATENeH He TpeOyIOTCs, TaK KaK OCHOBHBIM
HazHayenneM CJ| sBisieTcsl mpuBeqeHHE BO BpalleHHWE paboumx mexa-
Hu3MoB. Bcee cepuiinpie CJl cHaOXEeHBI aBTOMAaTUYECKUM PETYISATOPOM
ToKa Bo30yxaeHus: (APB), ocymiecTBISIONIM yIpaBlieHne UX padodu-
MU PEKHMAaMH.

CroumocTh moTeph MeKTpodnepruu B CJ| mpu UCHoabp30BaHUN
B KadeCTBE HCTOYHWKOB PEAKTHBHOW MOIIHOCTH OMpEIeseTCs H3
YpaBHEHUS:

2

% ip,| 2| |=m (Dot De?)  (814)

A.H A.H

3,=m D

rae Dy, D, — noctrosinubie, KBT; oo — koadduiment 3arpy3ku CJl o pe-
aKTUBHOMN MOIIIHOCTH.

s oredectBeHHsIx CJI moctostHEBle Dy 11 D, M3MeHSIOTCS OT
3,9 no 23 kBr. Yem Beimie yacrora BpameHus CJ] u Oonbiie ux MoIIl-
HOCTB, TEM MeHbIIe mocTosuubsie Dy u D,. Beenem 00o3HaueHus:
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D D
— ! 3212 = my _22 '
QH-H QI[.H

Torma BeIpakKeHHWE I ONpPEHCICHHS TPHBEIACHHBIX 3aTpaT
WMEET BUJ

3, =My

3,=3,Q,+3,Q%. (8.15)

8.5. OnTnManbHOe pacnpeaeIeHue MOMIeKAIEeH KOMIEHCAITHH
peakTuBHOI MomHocTH Mexkay YIIEK u CJI

Iycth Q,.; — momrexamnias komnencauu CJ1 u YITEK peaktus-
HOM MoIIHOCTH. Torma peakTUBHAas MOIIHOCTh, reHepupyeMas YIIEK
(puc.8.3),

QK = QM.H - Qz(, (816)

rae Q, — peakTHBHAS MOITHOCTH, reHepupyemas CJI, kBap.
CymMmapHble PUBEACHHBIE 3aTpaThl Ha T€HEPAIMI0 PEaKTHBHOM
morrHoctu YIIEK u CJ] cornacHo ypasHeHwuio (8.9):

3, =3, +3, Q.. —Q,)+3,Q, +3,,Q%. (8.17)

Jns ompeneneHnss MUHUMyMa MPUBEICHHBIX 3aTpaT HAXOAUM
IEPBYI0 IPOU3BOJHYI IPUBEICH-

HBIX 3aTpaT 1o Q, W mpupaBHHUBaEM Q,
ee HyJIo:
a3, _ 3, +3, +23 =0.(8.18
d0 =-3,+3, + leQH_ .(8.18)
9i g QK Q;( QH.I‘

W3 ypaBuenus (8.14) cneny-

€T, 4TO VIEK o
_Tx Om
Qu - 23 : Puc.8.3. [lotpeburenu u reHepaTopsl
12 PEAKTHBHOM MOIIHOCTH
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8.6. OnTuManbHOe pa3MelnieHne YCTAHOBOK NMONepeYHoi
KOMIIEHCAIIMH B PATHAIBHBIX 3J1eKTPHYECKHX CeTAX

B kaudectBe kpuTepusi onTUMaIbHOCTU Npu pasmenieHun YIIEK
B paIMaJIbHBIX SJEKTPUUECKUX CETSIX MPOMBINUICHHBIX TPEANPUATHI TpH
3aJlaHHON BenuurHe Q, MPUHUMAETCS MUHUMYM TIOTEPh 3JICKTPOIHEPTUU
Ha nepeaavy peakTUBHOW MOIIHOCTH.

HeobOxomumast cymmapHas peaktuBHas momHocts YIIEK B pa-
nuanbHo# cetr (puc.8.4)

Q=2 Qui-Q,. (8.19)
i=1

ITorepu akTMBHOM MOILHOCTHA BO BCEH CETH HA MEpenavyy peak-
TUBHOM MOIITHOCTH

n Q'2
AP, =Y =IR, (8.20)
q U 21
i=1 ~1

rae U; — Hanpspkenue B y3ie 1; R — akTUBHOE cOnpOTUBIEHUE IMHUU OT
y3na 1 1o i-ro npuemnunka; Q; — peakTUBHAsi MOIIHOCTh, HEepeaaBaeMas
10 i-# JTMHUH.

[IpencraBuM peakTHBHYIO MOIIHOCTb, IIEPEJABAEMYIO 110 MEPBOH
JnuHuY nociie ycranoBku YIIEK,

Q,
1

1

R, | Vs R;
|

Q: | Qi
|
|
|

Ql(l

i
T

Puc.8.4. PazmenieHre ycTaHOBOK IONEPEYHOM KOMIIEHCAI[UN
B paJHaIbHbIX JIEKTPHYECKUX CeTAX

80



Q=Q->.Q. (8.21)
i=2

Torga moTepu aKTHBHON MOIIHOCTH B PaJWaNbHBIX JHHUAAX Ha
nepeaady peakTUBHOM MomHocTy nociie yeranoBku YIIEK onpenensem
U3 YpaBHCHUS:

n 2 n
AR, :U_112 [Qa_ZZ:QiJ Rl"‘ZZ:QiZRi . (8.22)

s onpeneneHnss MUHUMyMa IIOTeph AJIEKTPOIHEPIuy Ha Iepe-
Jady peakTUBHOM MOIIHOCTH HaiieM HepByo Mpou3BoaHyo APqg o Q; u
IIPUPABHAEM €€ HYIIO:

dap, 1 ~ N 3
in _F{ 2(Q3 ;Qi]RﬁzqRi_o. (8.23)

U3 Beipaxenus (8.20) ciemyer

QiR1 = QiR;. (8.24)
O003HauUNM
Cop = Q:R: = QiR;. (8.25)
Torna
C2p
=P 8.26
Q 5 (8.26)

Jnsa onpenenenus kodddunuenta Cop, BOCIOIb3YEMCsS COOTHO-
[IEHHEM

Q, :ZQi ZCZpZRi' (8.27)
i=1 i=1
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PeaktuBHas Momuocth YIIEK, mogkimrodyeHHOW B KOHLE I-U
JIMHUU,

Qxi = Quri — Qi (8.28)

Ecnu Qg — oTpuIiaTenbHas BeauuuHa, To ycranoBka YIIEK B i-i
JITHUW HerlellecooOpa3Ha M BeCh pacdeT JOJKEH OBITh BHITIOJIHCH BHOBb.
Ipwu 3TOM i-s1 IMHHUS TOKHA OBITH UCKITFOYEHA M3 PACCMOTPEHHS.
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