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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,
MOJICTAaHLMH, PAaCIpEACIUTENbHbBIE YCTPOICTBA, IMHUM JJIEKTPOIEpENadH,
MOTPEOUTENH DIIEKTPOIHEPTUH.

ONEKTPOCTAHLIIMN — 3TO AJIEKTPOYCTAHOBKH, IpEAHA3HAYCHHBIE
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.

PacmipenenurenpabM yerpoiictBoM (PY) Ha3pIBaeTcs anmekTpoyc-
TaHOBKA, MpeIHa3HAYCHHAs IS IpHeMa U pacIipeleIeHus 3JIeKTPOodHep-
run. PY cocTouT m3 KOMMYTallMOHHON ammaparypsl, COOpPHBIX IuH, Y'Y
n P3A, NCTOYHNKOB ONEPaTUBHOTO TOKa. PacnpenenuTensHoe yCTPONCT-
BO pazzaenstoT Ha PY Beicokoro Hanpsokenus (PYBH) u PY nuskoro na-
npspkenus (PYHH).

Jlunueii snexrponepenaun (JISII) HaspiBaeTcs cuctema MmpoBo-
JIOB, CIIyXalllUX JJIA MepeAadu dJIEKTPOIHEPTHH OT TE€HEPaTOPOB JJIEK-
TPOCTAaHIMH (IJIEKTPOIOJICTAHIMNA) K 3JIEKTPOYCTAaHOBKAaM (JIEKTPO-
MIpUEMHHUKaM ).

ONEKTPONPUEMHUKOM Ha3bIBAETCS MHAUBUAYAJIbHAs JJIEKTPOYC-
TaHOBKa, peoOpa3yromias MEKTPOIHEPTHIO B IPYTHE BUIIBI SHEPTHH.
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Puc.1.1. CocTaB 3HEpreTHIECKON CHCTEMBI



I'pynma mpreMHHKOB 3JIeKTPOIHEPIUH, OOBETUHEHHBIX MO TeX-
HOJIOTHYECKOMY WMJIM MHOMY NPU3HAKY, Ha3bIBA€TCS MOTPEOUTENEM AIIeK-
TPOIHEPTHH.

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

DNEeKTPOCTAHIINHM, BhIPAOATHIBAIOIINE 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
JJEKTPUYECKOW W TEIUIOBOW JHEPrud, OOpa3yrT 3JHEPreTHUYECKYIO
CUCTEMY.

YacTh BIEKTpUYECKON CHCTEMBI, OCYILIECTBIAIONIAS Iepenady
3NEKTPUYECKON PHEPTUU OT PaliOHHOM ANEKTPONOACTAHLIUY UIH OTAEIb-
HOTO reHepaTopa K 3JIEKTPOyCTaHOBKAM MPOMBIIIJIEHHOTO NMPEeANpUITHS,
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 epenaye AnekTpodnepruu — 37; 115; 230; 347; 525; 787,
1160; 1600 xB;

® HOMWHAJIBHBIE HAIPsDKEHUS 3JeKTponpueMHuKoB — 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.



DneKTpocHa0KEHHE TOPHBIX MPEAPUATHI OCYIIECTBISICTCS Ha-
npsbxerueM 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-
LU COOTBETCTBEHHO 15 % 1 aToMHBIX 31ekTpocTanuuil — 10 %.

TermnoBbIe MEKTPOCTAHIMH TTOIPA3AEIAIOTCS HAa KOHJCHCAI[OH-
HbIC U TertodjekTporieHTpanu (TOL).

KonneHcanmoHnHble 3ME€KTPOCTAHIMK BBIPAOATHIBAIOT TOJBKO
ANIEKTpUIECKyto dHepruto. OTpabOTaHHBIH Map B ATHX AJIEKTPOCTAHIIMIX
HaTpaBIIsSETCs] B KOHJICHCATOPEI, TJIe CKPBITasl TEIUIOTa TEPSIETCS B OXJIa-
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 npeoOpa3yroT >JIeKTPOIHEPIHI0 B 4Yachl MUHMMyMa Ha-
TPY3KH 3HEPrOCHUCTEMBI B MOTEHIMAILHYIO dHEpruto Boubl. [Ipu obpat-
HOM Ipeo0pa3oBaHMH, B YACHl MAKCUMYMa Harpy3KH, HAKOTUICHHAS SHEP-
I'Usl OTOAETCS] B DHEPrOCUCTEMY AJISl TIOKPBITHS IMKOB HArpy3ku. I mapo-
TexHuueckue coopyxeHusa 'ADC cocToAT U3 ABYX pacHOJOXKEHHBIX Ha
Pa3HBIX YPOBHAX 0acCETHOB U COEAMHSIONINX UX TPYOOIIPOBOIOB.

K cucremam snextpocHaOXeHHsI TOPHBIX NPEIIPUSITUI MPEAbsB-
JSIIOTCA CIIEAYIOIINE TPeOOBaAHUS:



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 anmekTponpueMHUKH IO HAJIC)KHOCTH U Oecriepe0oiHOCTH
DJIEKTPONUTAHUS HEJIATCI Ha TPHU KATETOpHHU: IIEPBYIO, 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, pacCTPOCTBO 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 MEepBOi Karero-
pUr OTHOCATCA JJICKTPOIPUEMHUKHN KIICTBEBBIX IMOJABEMHBIX YCTAHOBOK,
BEHTHJISITOPHI TJIaBHOTO NPOBETPHUBAHMSI, HACOCHBIE YCTAaHOBKH IPOTHUBO-
MOKapHBIX arperaToB, LIEHTPAIbHBIC T013EMHbIE TOJCTAHIUH 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
JKUTEIICH.



B ropHoii mpOMBIIIUIEHHOCTH K TOTPEOUTEINISIM BTOPOH KaTETOPHH
OTHOCSITCSI DJICKTPONPUEMHUKU CKHITOBBIX TIOABEMOB, OOJIBIITUHCTBO
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 MOJKIIOYCHHE MOTPEOUTENICH K PE3ePBHOMY HCTOUHUKY
MUTaHMS TIPH 0TKA3¢ OCHOBHOIO 33 BpeMsi, HE IPEBHIIIAIONICe 3 C.

He3aBUCHMBIMH HCTOYHUKAMH THTAHHS SIBISIOTCS Pa3iIHYHbBIC
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.

Hinst anexTpocHaOxeHus: 0co00i TPYIBI AIIEKTPOIPHEMHUKOB
MEPBOM KATErOPUM JOJDKHO MPETyCMaTPUBATHCS JOMOJHUTEIBHOE MUTA-
HUE OT TPETHEro HE3aBHCHMOIO B3aMMHO PE3EPBUPYEMOI0 HCTOYHHKA
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 oIlepaTUBHOM OpUTamoii.

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

[IpoexTrpoBanue U BBIOOP CXEM 3JIEKTPOCHAOKEHUS MPOMBIIL-
JICHHBIX TPEANPHSATHIA BBHIMOJHSAETCS HA OCHOBE PE3yJIbTaTOB 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
AJIEKTPOIHEPTUH;

® BBINIOJIHEHUE CXEM JJICKTPOCHAOXKEHHS C TIPUMEHEHHEM B TEX-
HUYECKU U IKOHOMUYECKH 00OCHOBAaHHBIX CIy4asx HanOosee MpOCThIX U
JEIIEBBIX MEKTPUUYECKUX aNmapaToB (BBIKIOYATENCH HArpy3KH, 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 MPOMBIILIEHHBIX 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-
npusituid. JIe n 6onee I'TIIT coopykatoTcsi pu 3HAYUTEIBHOMN MpHCOe-
JUHEHHON MOIIHOCTH U TEPPUTOPHUATBHON paccpeOTOYEHHOCTH 3HEPro-
00BEKTOB MPEIIPHUSITHS.

MazucmpanbHvimu HA3BIBAIOTCS CXEMBI, B KOTOPBIX OT OJHOMN
JMHUAYW MTUTAIOTCSl HECKOJIBKO PACIIONIOKEHHBIX BJOJb HEe MOTPeOUTENCH.
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. PagnanpHas cxema ¢ MUTaHUEM IO IByM HapajulenbHbIM JuHuAM [TITT

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 M paguaibHO-MAaruCTPAIbHBIE CXEMBl ILIMPOKO
NPUMEHSIOTCS UL BHYTPEHHETO JIEKTPOCHAOKEHUSI HJIEKTPOYCTaHOBOK HA
TEpPUTOPUU TOPHBIX mpeanpuaTHid. KommuecTBo pacnpenenuTeabHbIX
IYHKTOB OMNPEAENIACTCS] YUCIOM M MOIIHOCTBIO TEPPUTOPHAIBHO Paccpeno-
TOYEHHBIX 3JICKTPOYCTAaHOBOK Ha Mpomiutonaake npeanpusitus. C Touku
3peHHs MMoKa3aTesel HaAeKHOCTH U OecriepeOOHHOCTH 3IeKTpocHadke-
HUS TPENNOYTHTENLHBIMU SIBIISIIOTCSI paguaibHble cxeMmbl. OgHaKo A
UX COOpyKeHMs TpeOyroTcs Oosiee BBICOKHE KalWTaJIbHBIE BIIOXKCHUS.
YacTHBIM CilyyaeM OAMHOYHON MarucTpaiy SIBISETCS KOJbIIEBas CXeMa
(puc.2.4). Jlannasi cxema IIUPOKO MPUMEHSCTCS VISl IEKTPOCHAOKEHHS
kapbepoB. [Ipu Hanpspxenusx U < 10 kB gst orpaHnyeHust TOKOB KOPOT-
koro 3ambikanus (K3) koibIlo Beerma pa3oMKHYTO, T.e. cxeMa paboTaer
KaK B OAMHOYHBIC MAarucTpajlu. DTO JOCTHTaeTCsl C 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 NPeANPUsSI THIA

Cxema snexmpocuaboicenuss nompeoumenetl Il u 111 kamezopuu
C OOUHOYHOU HeCeKYUOHUPOBAHHOU cucmemou cOopHvix wun. Jns
HOM cxeMmsl (puc.2.5) xapaktepHo Hannuue ogHoi JIDII. B nayane JIDII
yctaHoBieH Beikmiodatens |QF. Brixmougarens 1QF otmenen ot
ToyHuKa nuTaHusd G U OuTaromed JUHUK pasbenuHutensmMu 1QS u
2QS, co3maomMM{ BHIWMBIC pa3pblBEI NpHU ero oOciayxuBaHuH. B
JTaTbHEHNIEM C IeNbI0 YIPOIIeHHS TpadUIecKoro MPEeACcTaBICHHS Ha

G
1QS

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

2QS

—r1

JIoI

)
"

C6opusie 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
IPEeIyCMOTPEHBI BO BCEX peallb-
HBIX CXEeMax 3JIeKTPOCHa0KEeHUs
HanpsokeHneM cBeime 1 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
35 kB wmu ogHOoazHoe mpu Ha-
npsoxerusix > 110 kB).  3atem
JIDII oTkirowaeTcst BBIKIIOYATE-
sgeMm 1QF u B OecTokoBytO may3y
Pa3MBIKAIOTCSI KOHTAKThI OTIIEJIH-
tensa 3QS. Takum obpazoMm co3-
JaeTcsl yCIOBHUE JUTsS 0€30MacHOTO
oOCIyXUBaHUS  DIEKTPOOOOpPY-
JIOBaHUSL.



Cxema
HUs ¢ 08YMA  NUMAOWUMU
MU U BbIKTIOYAMENAMU 8 HaYane U
konye kaxcoou JIDII. Cxema
(pmc.2.6) mpenHa3HaueHa IS
rmutagus morpedureneit I, 1l u 111
KaTeropuii MO HAJEKHOCTH U
Oecriepe0oHOCTH
keHus. Jlemenne cucteMsl cOop-
HBIX MHUH Ha aBe cexknuu 111 u
2111 nmenaer ee Oonee THUOKOW U
MO3BOJISIET ocymecTBUTE ABP
ITOCPEACTBOM CEKITHOHHOTO
kimouarens 8QF. B HopManbHBIX
pexXuMax C eI OrpaHUYCHUS
TOKOB KOPOTKOTO  3aMBIKaHUS
KOHTAaKThl BBIKIIOUaTens 8QF
pa3oMkHyThI. [Ipu oTka3e omHOM
MMUTAIOIICH JIMHUU WM CHIIOBOTO
TpaHchOpMaTopa OTKIFOYAFOTCS
BeikmovaTenn 4QF, 6QF wmum
5QF, 7QF. B pe3ynbTaTe aBapus
JOKAJTN3yeTcs, a CEeKIMOHHBIN
BeIKIIOYaTedbp SQF moakirodaer
00€CTOYCHHYIO CEKI[UI0O K OC-
TaBIIeMycsi B pab0Te UCTOYHUKY
MMUTaHUS.

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 31€KTpOCHAOKEHHS
¢ JBYMS ITUTAIOIMMH JIMHUAMA
U BBIKJIIOYATEIAMH B HavaJie
Y KOHIIE KQKTOH U3 HUX

JIieTCsA Hajauuue qoporocrosimux Beikarovyateneit 4QF u SQF.

Cxema anexmpocHabiceHust ¢ 08YMs RUMAIOWUMU JTUHUSMU U
mpexoomomounviMu mpancgpopmamopamu. Cxema TpHUMEHSETCS HPH
HAJIMYMK HA TPEANPUSTHN TEPPUTOPHAIBHO 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 31€KTpOCHA0KEHUS C IBYMS TITAIOIIMMU JTMHUSIMHU
U TPEXOOMOTOYHBIMH TPAHCPOPMATOPAMHU

Cxema 31eKmpocHabIcenss ¢ 08YMsL RUMAIOWUMU TUHUSMU, 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 mocpeZCTBOM aBTOMAaTHYECKOTO BBIKIIOYATENS C IHC-
TaHIIMOHHBIM yripaBienneM 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-
LIME BUIBL:

e Bo3aymiHbie TuHud (BJI) — HenzonupoBaHHbIE WM MOKPBITHIE
M30JSIMEN MPOBOJA HA OTKPHITOM BO3IyX€, IPUKPEIUIEHHBIE IIPU IIOMO-
LM U30JIATOPOB M apMaTypbl K OMOpaM MM KPOHIITEHHaMH K CTOHKaM
Ha MHXCHEPHBIX COOPYKEHHSIX;

o kabenbuble MuHUN (KJI) — kabenu ¢ coeqMHUTENBHBIME, CTOTIOP-
HBIMH WY KOHLIEBBIMH My(TaMH U KPETISKHBIMH AETaTISIMU;

® TOKOTIPOBOJIbI — HEM30JIMPOBAHHBIE MIIM TIOKPBITHIE U30JIIHEH
MPOBOJHMKH PA3IUIHOTO NPO(UIs B TOHHETSIX, Talepesx, Ha dCTaKagax,
OTIOPHBIX KOHCTPYKLMSIX CO BCEMHU OTHOCSIIIMMUCS K HUM KpEIUICHUSIMU;

® 3JICKTPOIIPOBOJKH — HM30JMPOBAHHbBIE WIM HEU30JIMPOBAHHBIC
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 HaIPSDKEHUS B 3JICKTPUUECKUX CETAX HE JOJDKHA MPEBBIIATH JOIYyC-
THMBIX 3HAYECHUH.

3.1.1. Bo3nyuHble JUHUH

Boznymasie nuauu (BJI) paznensroT Ha aBa BUAA: OJHOIICITHBIC
(puc.3.1) u aByxuemnubie (puc.3.2). s cBepXKAaTErOPUIHBIX IIAXT, pac-
MOJIOKEHHBIX B pallOHaX, OMACHBIX 110 TOJIOJELY, 00sS3aTeIbHBI OJHOLETI-
ueie BJI. B cinyuasx, korga He TpeOyeTcsl BHICOKAsi HaZCKHOCTb, IIPUME-
HAIOT OoJiee neneBrie — AByxienHsie BJL

I'eomerpuueckue mapamerpsl BJI (puc.3.3): mns mamoHace-
neHHo# wMectHocTH h =5+7 M, A TyCTOHAceIEHHOW 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 JUIA TPO303allInuThI

(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 H30JAIMOHHBIN
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 KaxJIbli U30JIATOP
npuxoautcs npumepro 15-20 kB.

Onopbl U3rOTOBISIIOT M3 JIEPEBa, JKene300eToHa Wik cTaiu. Be-
nuarHa Tiposnera  Mexay Humm: npu 110 kB L =150+200 m,
H = 13+14 m; ipu 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).

Bozaymnele nuHuE gemiene kabenbHbIX. OpHako oHW Oonee
TIOZIBEP’KEHBI aTMOC(EPHBIM BO3JEHCTBHSAM, M ISl MX COOPY)KEHHS He-
00Xo/IMMa MoJI0ca OTUYHKIACHHSL.

Haubonpiee pacnpocTpaHeHHE MONYYUIIM TBEPAOTEKYyUHE alto-
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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repeIaBacMol MOIIHOCTH, MEXaHUYECKOH MPOYHOCTH, MOTEPh Ha KOPO-
Hy. OTJenbHbIE TPOBOJIOKH UMEIOT Auametp 2-3 MM,

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

Hcnonb3ytoT cienyroniue 0003Ha4eHUsI TPOBOOB:

® MeJHbBIC — M

® AJIIOMUHHUEBLIE — A

® cTaibHBIE MHOTOIIPOBONIOUHBIE — [1C;

® CTaTbHBIC MHOTOIIPOBOJIOUHBIC oMeaHeHHbBIEe — [IMC;

e crajeanoMuHueBsie — AC;

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

e cTaNbHBIC TPOCHI 171 3aruThl BJI ot nmepenanpspkenunit — C.

B o0o3HavueHnn Mapkd MpoBOJa mMocie OYKBEHI CIemyeT TpyIa
rgp, yKa3pIBaroIIas ee cedeHNe B KBaIPATHBIX MUJUTIMETPax.

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 ACTaKa/ax, Tajiepesx U Mo CTeHaM 3/1aHuH.

3.2. [TapaMeTpsbI U cXeMbl 3aMeleHUs] BO3TYIHBIX
U KaleJbHBIX JUHHUI 3J1eKTponepeaay

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 BJI £ < 150+200 kv u KJI / < 30+50 kM B mpaKTHYECKUX
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
o L o Lo
2 2 2 2
O O

Puc.3.5. TI-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 ¥ = 32 M/(OM-MMP).
Torma mns MenHeIX TpoBOJOB Ry = 18,7 OM/KkM, IS allFOMHHUEBHIX U
CTalICATFOMIHHAEBEIX IPOBOJIOB Ry = 32,25 OM/KM.

WNuaykTrBHOE COMPOTHBICHHE | KM BO3IYIIHBIX U KaOEIbHBIX
JIBII cOOTBETCTBEHHO:

2D
X, =01441g = +0,0157; (3.2)

20
X, =01451g TC" +0,016 , (3.3
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rae d, — anamerp mpoBoja, MPUBEICHHBIN K MOBEPXHOCTHOMY pacIpee-
JeHuto Toka, d,; = ad; oo — koadduirent, paBublid 0,75 115 MEIHBIX TIPO-
Bo0B ¥ 0,95 JuIs aOMUHUEBBIX MPOBOJOB; , — CPEIHEE PACCTOSIHUE

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

daze d, = ,lZdEfmp ; Tpex mposojax B ¢asze d, =,/2d¢, =, toe £, o —

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/km; 10 1 kB — 0,06-0,07 Om/kMm.

AxTHBHas MpoBOAUMOCTE BJI ompesensercs MmoTepsMH aKTHB-
HOM MOIIIHOCTH Ha KOPOHY U B JIMAJICKTPUKAX:

Oo=—=, G=0ol. (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.

EmxoctHass mpoBoxumocTts BJI 00ycnoBieHa mpoBOIUMOCTBIO
MCXKIYy MMpOBOJaMU U 3eMJIel U OIpeACIACTCA B3aMMHBIM PAaCIOJIOKCHHA-
eM (pa3HBIX MPOBOJIOB, BHICOTOW MOJIBECa HAJ| 3eMJICH, HATMYUEM 3a3EM-
JISIIOIIMX TPOCOB M BTOPOH NMapajuiesIbHOW BO3LYLTHOHN JTMHUU:

0,024
2D

I *
J d

C,= 10°°; (3.5)
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by = ©C, = U (3.6)
I 2D,,
d
3apsIITHBIH TOK
|0 = U@boé = U@B (38)
3apsiHast MOILTHOCTh
Qo = 3loUs = U’B. (3.9)

4. MOJAEJIMPOBAHUE U PACUET PEXKUMOB
IJEKTPOCHABXEHUWA TPOMBIIIJIEHHBIX
HOPEANIPUATUN

4.1. PesxuMbI 3J1eKTPOCHAOKEHHS MPOMBIIIJIEHHBIX MPeANPUATHIH

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.

CoBokynHOCTh IpoleccoB, npotekaromux B COC u omnpene-
JSIOIIMX €€ COCTOSIHUE B 3aJlaHHBI MOMEHT BPEMEHHU WIIM Ha HEKOTO-
poM HHTepBaie BpeMeHH, HasbiBaeTcs pexumoMm COC. Pexunm COC
XapakTepusyercs napameTpaMu (MokaszarensiMu) pexkuma. [lapamerpsl
pEKHMMa CHCTEM OJJIEKTPOCHAOKEHHSI KOJMYECTBEHHO OIPENEISIFOTCS
ycioBusimu padotel COC. [lapamerpamu pexxuma COC SBASIOTCS MOLI-
HOCTH M HANpPsDKEHUS B Y3JIOBBIX TOYKAaX M Ha 3aKUMax OTAEIbHBIX
JNEKTPOIPUEMHHUKOB, YTIJbl CABHWTa BEKTOPOB HANPSIKEHUH U TOKOB,
KO3 GUIMEHT TOJe3HOro JaelcTBus, tgp u ap. [lokazarenm pexxuma
COC cBsA3aHbl MEXKAY COOOM COOTHOIICHUSMHU, B KOTOPHIC BXOMAT Ia-
paMeTpsl OTAENBHBIX JIEMEHTOB CUCTEMBI C YUETOM CXEM UX COCAMHEHHUS,

22



napaMeTpbl UCTOYHHKOB MUTAHUS U XapaKTEpUCTHUKU Harpysok. [lapa-
MeTpsl pesknma COC MOTyT OBITH ONpeAeNeHbl PACYETHBIM WIIA JKCIIe-
PUMEHTAIbHBIM METOAMHU.

Pasznuuarot cnenyromue Buabl pexumoB COC:

® HOPMAJIbHBIE YCTAHOBUBILUECS PEKUMBI, IPUMEHUTEIBHO K KO-
TOpbIM cripoekTupoBaHa COC u onpeeNcHbl €€ OCHOBHEIC TOKA3aTENH;

® HOpMaJIbHBIE TIEPEXOAHBIE PEKUMBI, BO BPEMsI KOTOPBIX CHCTE-
Ma MEPEXOAUT U3 OAHOrO Pabovero COCTOSHUS B APYTOE;

® aBapuiiHbIE MEPEXOJHBIE PEKUMBI, I KOTOPBIX ONPEIEIsIoT-
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-D)KOHOMHUYECKMMHU TO0Ka3aTeIsIMH TpPHU HCIONb30BAHUN 3aJI0-
KEHHOTO B CHCTEME pe3epBa.

B HopMmanbHbIX ycTaHOBHBHIHXCA pexxkumax COC mapameTpsl
peXMMa HENpPEephIBHO W3MEHSAIOTCA, HO ATH W3MEHEHHUS OTHOCUTENIBHO
HEKOTOPOT'0 CPEeIHEero 3HAUYCHHs HACTOJIBKO Majibl, YTO UMH MOXKHO Ipe-
HeOpeub. M3meHenust mapametpoB pexkuma COC B 3TOM citydae o0y-
CIIOBJIMBAETCS M3MEHEHHMEM DJIEKTPUUYECKUX Harpy3oK, HampspKeHHs B
MUTAIOIIeH JHEProcUCTeME W peakIed Ha HUX PeryJHpyIoLUX YCT-
poiict COC.

HopwmanbHble mnepexofHble peXUMBbl COMPOBOXKAAIOT TEKYIILYIO
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
NPEaNpUsITHH NPUMEHsETCs pasliesibHasi paboTa ceKuuii cOOPHBIX IIWH
pacnpenenuTenbHbIX yeTpoicTB 6-10 kB ¢ ABP Ha ceknmoHHOM BBIKITIO-
garene. [Ipu K3, npuBonsamux k pabote yctpoiictea ABP, moxeTt mpo-
HCXOJIUTh HApyIIEHUE YCTOHUUBOCTH paboThl ciHXpoHHBIX (C/]) u acun-
xpoHHbIX (A/l) nBurareneil. BoccraHoBiI€HHE YCTaHOBHUBLIETOCS PEXUMA
Y COXpaHEeHHE TEXHOJIIOTHYECKUX MPOLIECCOB HEMPEPHIBHBIX MPON3BOJICTB
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-
CTaHIUAX JOJS TOKOB MOAMUTKHU Touku K3 OT anexTpoaBurareneit moc-
turaet 50-60 % ot obmiero Toka K3. [ToaTroMy npu KOPOTKHX 3aMbIKa-
HUSAX JUIsI aBapUMHBIX MEPEXOJHBIX PEXUMOB BBISABISIOTCS JOCTOBEP-
Hble 3HadeHus1 TokoB K3 u pa3pabaTbIBaloTCS MEPOMPHUATHS 10 UX OT-
paHUYECHHIO.

[Ipy oTKJIIOUEHNM BNIEKTPOJBUTATENEH OLIEHUBAETCS XapakTep
W3MEHEHUS HAMpPsDKEHUs Ha CTaTOPHBIX 0OMOTKax BO BpeMEHH, 00yCIIOB-
JICHHBIA TIPOTEKaHHEM TOKOB B OOMOTKAaxX POTOpa. 3HAHHWE 3aBUCHMOCTH
W3MEHEHUS HaNpsHKEHH Ha CTaTope OT BpEMEHH HEOOXOIMMO TIPH OTIpe-
JICIEHUU BO3JIEMCTBHS TOKAa Ha YEIOBEKA, OKa3aBILErocs IO HampsiKe-
HUEM, a TaKXe IJIs onpeeseHns yctaBok ABP.

J1s mocneaBapuifHBIX YCTaHOBUBIIMXCSI PEKUMOB OTPEACTISIFOTCS
BO3MOXHOCTH (yHKIHOHUpoBaHus COC mpu moHMWXKeHHOM Ha 5 % Ha-
MPSDKEHUU B Y3JIOBBIX TOYKAaX, JOMYCTHMMOCTHh IEpEerpy3Kd CHIOBBIX
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 ypaBHeHHﬁ, XapaKTCpU3yrouux IMnepexoaHbIlC U yCTaHO-
BuBIIHECS pexumMbl COC, TOCTUraeTcsl, €CIM UCIOJIb30BATh CXEMBI 3a-
MCIICHUA OTACIBHBIX 3JICMCHTOB.

[Ipu pacuerax peKUMOB HMCIOIB3YIOTCS MPEUMYIIIECTBEHHO Clle-
ayromue (U3NUecKUe €AMHULIBI: MOIIHOCTh B MEraBOJIbT-aMIepax, Ha-
MpsDKEHUS B KWIOBaTTaX, TOK B Kuijoammepax. CXeMbl 3aMEleHHs OT-
nenbHbIX aneMeHToB COC (uctounukoB nutanus, JIOII, peaxTopos,
IBYX- U TPEXOOMOTOYHBIX TpaHC()OPMATOPOB) NpHUBEACHBI 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
WCTOYHUKA MUTAHUS OECKOHEYHOH MOIIHOCTH M IOCJIEIOBATEIbHO CO-
€IMHEHHBIM C HUM MHIYKTUBHBIM CONPOTHUBIIEHHEM, KOTOPOE ONpenes-
ercst u3 BeipakeHus (puc.4.1, a)

2
U U

— C

X, /310 5@

I 3)

K

(4.1)
rae U, — HampshKeHUE CHCTEMBL; — JEWUCTBYIOLIEE 3HAUCHUE TOKa

TpexdasHoro KopoTkoro 3ameikanus; S — mommocTs 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) npencTaBisioTcs B
BHUJIC TIOCITIEJOBATEIFHO COCTMHEHHBIX aKTHBHOTO M MHIYKTHBHOTO CO-
MPOTUBIICHUM:

R, =R/; (4.2)
X, =Xy, (4.3)

rae Ry u Xy — akTUBHOE W MHIYKTUBHOE CONPOTHUBJICHHUE | KM JIUHUH,
Owm; { — pIuHa JIMHUH, 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, s BJI ¢ n3onupoBaHHBIME IIPOBOIA-
mu HanpspkeHrnem U <1kB  Xg = 0,08+0,12 Om/xm. Benmnunnay R, BbI-
qucIsoT 1o hopmyne (3.1).

Peaktopsl Ha cxeme 3aMelleHus] TPENICTABISIIOTCS HUHAYKTUBHBIM
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; ¥ BETBb HAMarHW4YKMBaHUsI C compoTHBIeHUAMHU Xy 1 R,. CompoTuBie-
HUS OIIPENEISIOTCS ¢ TOMOIIBI0 (hopmy

APUZ . APU? ,3
— Sl o S [f g g K~ T.H

R =25 i 1038 = 2 1073, 4.4
=T 32,07, @4

X, =42%-R?, (4.5)

UK%UT.H U _ UK%UTZ.H

j— T.H

"100-431,, U,, 100S,, °

(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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2 2
— APXUT.H _10—3 _ APXUT.H .10—3

R, = = , 4.7

= s, 312,07, @1
AQ.U? 5 AQU? 3

X, = =m0 = S g8 48

=T 312,07, “9)

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

— Ix%
AQX 100 ST
rae lyy — TOK X0JIOCTOTO XoAa TpaHchopMaTopa B MPOIEHTaX OT HOMH-
HaJIBHOTO.

Cxema 3amernieHus Tpex(}asHOro TpexoOMOTOYHOTO TpaHCHOp-
MaTopa npuBezieHa Ha puc.4.1, 0, e Ry, Ry, Ry u X, X5, X3 — akTHBHEIE H
WHAYKTUBHBIE COMPOTHBIEHUS OOMOTOK BBICIIETO, CPETHETO M HH3IIETO
HanpsHKEHUH.

B cnpaBouHOW nuTEpaType YKa3bIBalOTCS CBEAEHUS O MOUIHO-
CTSAX U HANPSDKCHUSIX B OMbBITaX KOPOTKOTO 3aMbIKAHUA: APy pycry APy pirosinns
A})1(4Cl'l-l'll'l u HaHpﬂ)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 ¥ Uy gy — TIOTEPU aKTUBHOM MOIITHOCTH M HANPSOKCHUS TIPU Pa-
30MKHYTOH OOMOTKE BBICIIIETO HAMPSHKESHUS.

Hns ompeneneHus: NOTEph aKTHBHOW MOIIHOCTH B KayIoH 00-
MOTKE B onbITax K3 coctaBuM cucTeMy ypaBHCHUN:

(4.9)

\H!

APK.BH—CH = AP](.BH + APK.CH;
APl(.BH*HH = AP}CBH + API(HH; (4'10)
APK.CH—HH = APK.CH + APK.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 — K.BH—CH K.CH—HH - K.BH—HH , 4.12
5 (4.12)
APK - — APK.BH*HH + APK.CH*H.H B APK.BH*H.H . (4. 13)
’ 2
AHAJIOTHYHO TI0 JaHHBIM onbITOB K3 momyaum
UK o — UK.BH*CH +UK.BH*HH _UK.CH*HH , (4.14)
’ 2
U . — U K.BH—CH + U K.CH—HH B U K.BH—HH ; (4. 15)
’ 2
UK'H}I — UK.BH—HH +UK(;[—HH _UK.BH—HH . (4.16)

Haiinennbie mo dopmynam (4.11)-(4.16) 3HaueHus moreps ak-
TUBHOW MOIMHOCTH W HanpspkeHns K3 s kaxkmoir u3 0OMOTOK Tpexo0-
MOTOYHOT'O TpaHc(hopMaTopa MO3BOJISIOT ONPEACIUTh akTUBHBIC Ry, R, 1
Rs, m mHAYKTHBHBIE X3, X; U X3 CONPOTHBIEHUS KaXKIOHW (a3bl M0 TEM Ke
(hopMynam, 9TO U IS IBYXOOMOTOUYHBIX TPAaHC(HOPMATOPOB.

Harpyska ¢ akTuBHBIM R’ , ¥ MHIYKTUBHBIM X , CONPOTHBIIE-

HUSIMH, BKJTIOYEHHBIMH IOCIe0BaTeNnbHo, R o U X|' , BKIIOUEHHBIMU
napajuienbHo, MpeacTapieHa Ha puc.4.2.

a 0
Us
;11"0 (bHI‘)
l SHrO PHT'O
, 0.0 0

Puc.4.2. IIpencraBieHne Harpy3ku aKTUBHBIM M HHAYKTHBHBIM COIPOTHBICHUAMI
P BKJIFOYEHHUH MX MOCIEI0BATENBHO (a) U mapauienbHo (6)
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IIpu pacuere mokaszatenei pexumoB B COC koMIiekcHas Ha-
rpy3Ka IpeAcTaBiIseTcs NoCienoBaTeabHO (prc.4.2, a) Uiu napanieasHo
(pmc.4.2, 6) coeaMHEHHBIMA CONPOTUBICHUAMHU R, u X,,. Ecin ¢ usme-
HEHHEM HampspKeHHus (IMHeWHas HarpysKa) COMpPOTHBIICHHUS OCTAIOTCS
MOCTOSIHHBIMH, TO IIPH IIOCJIEI0BATENbHOM COEANHECHUN

2

Ro= Y COS®P,. o (4.17)
T :
2
x =20 ging (4.18)
I SHI.O .

rae S, , — MojaHas MOMHOCTG Npu HanpsikeHun Ug B y3zne COC, B koTo-

POM MOAKIIOYEHA HArpy3ka, Su.o = Py + jQuro. Korma narpyska mpea-
CTaBJISICTCA HpOBOZ[I/IMOCTSIMI/I

P.o
=0 4.19
gHF UO ( )
Q 0
b == 4.20
HI' Ug ( )

[Ipu mapamrenpbHOM COEMWHEHHH COMPOTUBICHUU R 1 X om-
pexnensitoTcs o popmMyaam

2 2
no=Do xn Yo (4.21)
PHT.O Hr.0

Ecnu Heob6xoauMo y4ecTh 3aBHCHUMOCTH COIPOTHBIIEHUH OT Ha-
HOPSKEHUS. U 4acTOTHI, TO CIEAYET MCIOJb30BATh CTaTUYECKUE U JUHA-
MUYECKHE XapaKTepUCTUKH Harpys3ku. J[is KOMIIJIEKCHOW Harpy3ku cra-
TUYECKHE XapaKTePUCTUKU MOTYT OBITh MPEACTABICHBI B BUIE

P, =Puo(a+al +aU?+ f Af); (4.22)
Qu = Quo(by +bU +b,U% + foAf); (4.23)
aoptraita, = 1, bo+b1+b2 = 1, (424)
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rne Puo 1 Quo — moTpebasieMple HArpy3KOW aKTHBHAS W PEaKTUBHAS
MoIHOCTH Tpu Hanpspkennu Ug u gactore fo.
N3MeHeHne 4acTOTEI

Af = f=fo (4.25)
f0
Perynupyromuii 5¢¢eKT aKTHBHON MOIIHOCTH 110 HAIPSHKEHUIO
— aPHI‘
7oy
Perynupytomuii 3 ekt peak THBHON MOIITHOCTH IO HAMIPSHKEHHUIO
kg = Q|
oU |y,

Perynupyromuii 3¢ (eKT aKTHBHON MOIIHOCTH I10 YacTOTE

K. — OP,_ ‘
T 5 U
Perymupyrommii 3 ekt peakTHBHOW MOIIHOCTH TIO YacTOTE
g = S
of

U=Ug

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

kp = 0—3,7, kQ = 1,5—8, kfp = 1—3, ka =— (1—5) (426)

B Tex CiydasdaX, Korjga OTKJIOHCHHAMH 4aCTOTBI MOYKHO npeHe6-
pe€4b, CTATUYCCKUC XAPAKTCPUCTUKHN HATI'PY3KH MPEACTABIIAIOT B BUAC

Pu =Py o(l+k,AU), (4.27)

HI'

Qi =Qyr o+ koAU). (4.28)

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

[Tpu monemupoBannmu pexxumoB COC ¢ ypoBHS CXeM 3aMeIIeHuUs
OTACTBHBIX AIIEMEHTOB COCTABIISIETCSl pacyeTHAs CXeMa C MOMOIIBIO 00b-
CIMHEHHUS CXEM 3aMELICHUS B COOTBETCTBUU C MX HJICKTPUUECKOU CBA3BIO
B peanpHOH cxeMme. Buna cxeMbl onpezensiercs: KjIaccoM 3aaad, sl KOTOo-
PBIX OHA MpeaHa3HauyeHa. [Ipu pemeHny MMUPOKOro Kpyra 3aaad pacueT-
Has cxeMma 3amemieHust COC npeacraiseT co0o0il TEKTPUUECKYIO 1IETIb,
B KOTOPYIO KPOME aKTUBHBIX Y PEAKTUBHBIX COIPOTUBJICHUH BXOISAT UAE-
aJIbHBIE TPaHC(HOPMATOPHI, CBA3BIBAIOILNE MEXIY COOOI 4acT CHCTEMBbI
pPa3NUYHBIX HOMHUHAIBHBIX HampsbkeHuid (puc.4.3). Ilox wuaeanbHBIM
TpaHCcQOPMATOPOM TOHUMAIOT TpaHcPopMaTop, aKkTUBHOE R; M HHIYK-
TUBHOE X, COIIPOTHUBJICHUE KOTOPOT'0 PaBHO HYJIO.

Cxema 3aMelleHus] ¢ WACATBHBIMUA TpaHCchOpMaTOpamMy IIUPOKO
HCTIOIB3YEeTCs MPU pacueTax yCcTaHOBHUBIIMXCS pexxuMoB COC, pexu-
MoB K3 u T.n. Pe3ynpraTamu pacueTa sSIBISIIOTCS TOKM BETBEH U HaIpsDKE-
HUS Y3JI0B KXKIO0H CTYIEHH, YTO BeChMa YI00HO IS OIICHKU JIOITYCTUMO-
CTH peXuMa, BEIOOpa KOMMYTAIIMOHHOH ammaparypbl, CpeACTB KOMIICH-
callil PEaKTUBHOM MOIIHOCTH. AJTOPUTM peEIIEHHUs 3a1a4 C YPOBHS

I JIDI - I
| @+
6 SH,F = PH.F + jQH.r
110 xB 6 kB

’
ur.0

4
RmiO
Puc.4.3. Dnexrpuueckas cxema COC (a) u ee pacuerHast cxema (6)
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cxeMsl 3amenieHnss COC CyIecTBEHHO YNPOLIAeTCs, €CIH UCKIIOYUTh U3
CXeMBbl HealbHble 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:

2 = Z(kT.lkT.2 kT.n)z; (429)

Y =Y Ik, K,k ) (4.30)

rae kK ,...K., — kospdumuents! TpanchopmManuy uaeanbHbIX TPAHC-

(opMaTopoB Ha IMyTH MEXIY paccCMaTpUBAEMbIM 3JIEMEHTOM U 0a30BOM
CTYIECHBIO HANPSDKCHUS, T.€. CTYNEHBIO, K KOTOPOIl NMPHUBOAATCSA mHapa-
MeTpbl Beex aemenToB COC. B kauecTBe 0a30BOM CTYIIEHU 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

S Ugps | .

Zy=z,-22|; (4.31)
UCP-]
U 2

Y=Y =22 (4.32)
Ucr’-j

rae U, s — cpenHee 3HaueHHe 0a3suCHON cTyneHM HampspkeHus; U, —
CpejlHee 3HAUCHHE TOW CTYNEHH HAMPSHKEHUsS, HA KOTOPOM BKIFOUEH dJie-
ment COC.
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IIpu pacuerax pexumoB COC, xorga jkenmaTelbHa HarysaHas
OIIEHKA PEe3yNbTAaTOB M HET HEOOXOAMMOCTH 3HATh (haKTUIECKHE 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:

S, =/3U,l,, (4.33)

Z_U6 _%
VB, S

(4.34)

[lepeBog mapameTpoB B 0.€. NMPOU3BOAUTCA B COOTBETCTBUH C

YpaBHEHHUSAMHU
2

z.=7|Js | yjz,=7 3, (4.35)
U Us
S (4.36)
SG
s
7.3 437
5 (4.37)

OOBIYHO TIEpEeBOJIy ITAPAMETPOB CXEMBI 3aMEIICHHS B 0.€. MPeJi-
IIECTBYET NMPHUBEICHNE NX K 0a30BOI CTYIIEHN HAPSIKCHHS.

AnroputM MoaenupoBaHus pexkumoB COC B o0mieM Buje MoKa-
3aH Ha puc.4.4. Ilpu coctaBnenuu cxemsl 3amenieHus: COC HCKITIOYaroTCs
TpaHC(hOPMATOPHBIE CBSA3M pacyeTHOW cXeMbl. [Ipy 3KBUBaJIEHTHBIX TIpe-
00pa30BaHUAX MOCIIEAOBATENBHO U MAPALICIBHO COSTUHEHHBIE YJIEMEHTHI
R, L, C u ucrounuku nuranuss COC. Pacuer mokaszareneil pexKMMOB MPo-
W3BOJIUTCSI METOJIAMH, 0a3UPYIOIIMMUCS Ha M3BECTHBIX MOJokeHusx TOD
¢ npuMeHeHneM DBM.

33



Amnanu3 snekrpudeckoit cxembl COC U cOCTaBlIEeHHE e PACUSTHON 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
€IMHUIAX B 33JJaHHOM JHAana30He 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-
HuM U 3kcmryatauud COC, ABISETCS NPAaBUIBHOE ONPEACICHUE OXKU-
JaeMbIX 3JIEKTPUYECKUX Harpy3ok. Ha ocHOBaHMM NaHHBIX 00 BJIEKTPHU-
YeCKMX Harpy3kax Ha CTaJid NPOEKTHUPOBAHHS MPOU3BOIUTCS BHIOOD
qKcia, MECTa PACIHOJIOXKEHHS M MOIIHOCTH TPaHC(HOPMATOPHBIX MHOJ-
cranuii (TII) u pacnpenenurensubix nyHkToB (PI), koHpurypanum 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 COCTABIISAIONIYIO 3aTPAT HA 00SCICYCHHUE TPOU3BOJICT-
BEHHOTO TpoIiecca.

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
WM TIOKOJIC HCTOYHHKA CBETA.

HomuHabHbIe aKTUBHAS P, H PEAKTUBHAS (,, MOIIIHOCTH U TOK I,
YKa3bIBAlOTCA MNpPHU HOMHWHAJIBHOM HAIIPSAKCHUU UH. I[HSI CUHXPOHHBIX
)IBHI“aTeJ'IefI BCJIMYMHA py YKA3bIBACTCA [JIA pCKUMa paGOTBI C HOMHHAJIb-
HBIMU HampsDKeHUsIMH U cosp, = 0,9 (onepexatommid). Eciam nmpueMHuK
MOTPeOIAET PEaKTUBHYIO MOIIHOCTh U3 CETH, TO (J; UMEeT 3HaK «+». Ec-
mu Ol reHeprpyeT B CeTh PEaKTUBHYIO MOIITHOCTb, TO (; UMEET 3HAK «—.
IIpu m3Bectubix mis JII p,, KII, 1, COSQ, HOMHUHAJBHBIE MOJHAS, pe-
AKTHUBHAS MOITHOCTH W TOK BBIYHCIISIOTCS 110 opMyIIam

P .
__ P . 5.1
Y (m,cose,) G0
G, =+/S: — 3 (5.2)
. S

—_ 5w 53
LNCTR &3

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

pH = pl'IaCl'l V HBI'IaCl'[ 1 (5'4)
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Pracns KBT

pnacn

Puc.5.1.MouHoCTh, MOTpebIsieMast SIeKTPOIIPUEMHUKOM
B IIOBTOPHO-KOPOTKOBPEMEHHOM PEXHUME

TAE€ Puacn U [IBpey — MacmopTHas MOLIHOCTh M IPOJOJIKUTENBHOCTh
BKJTIOUCHHUS.
t t
Cornacho puc.5.1, IB=-2=—P2_ 't t  t, cooTBeTCTBEHHO
t, t+t,
BO BpeMs paboTEhI, May3bl U IUKJIA.

PeaktuBHas MoHOCTH ¥ TOK, oTpedsiembie 1 B 1K pexume,
qH = qnacn V HBnacn ! (55)

i _ i HB _ Sl'laCl'[ HBnacn (5 6)
H TacI nacI \/§U . : .

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

P, =§ Puis Q, =§qﬂ,i; 1, =;iﬂj. 5.7)
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5.3. CpeaHue aKkTHBHASI U PEAKTHBHASI MOIIHOCTH

B ycnoBusx oskcruryaranuu moTpebnsembie  oTAenbHBIME Ol
MOIIIHOCTA ¥ TOKU HEMPEPHIBHO M3MCHSIOTCS M3-32 HEMOCTOSIHCTBA Ha-
TPY3KH U HaNpsDKeHHs B ceTd. 1103TOMy B KauecTBe OCHOBHOM XapakTe-
PUCTHKHN HArpy3KH pacCMaTPHUBAIOT IMOTPEOIIIeMbIe 32 HEKOTOPBIA OTpe-
30K BpeMeHH . Cpe/THUE aKTUBHYIO ¥ PEAKTUBHYIO MOIIHOCTH:

15 _
by ! P(t)dt ; (5.8)
Q =1TQ<t>dt (5.9)

c tc ) !

rae P(t) u Q(t) — TekyIue 3HauCHUS aKTUBHOM U PEaKTHBHOW MOIIHOCTH,
notpebsiemoit D1

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

1o v
P, = ;!PﬂML (5.10)
Loz -
Qw-TiQGNh (5.11)

L[ 2.
;!lﬂmt, (5.12)
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JP2(t) +Q3(t)
:—. .1
© Jau (.13)

rae T — BEPXHUI TIpeeN WHTETPUPOBAHMS TPH ONPEIETICHUN CpPEIHe-
KBaJPaTHYHBIX aKTUBHOM M peaKTHBHOM MomTHocTel U Toka; U(t) u I(t) —
TEKYIIUE JEUCTBYOMIME 3HAYEHHUsI HAMTPSKEHHUsI U TOKa.

5.5. MakcumaJibHbIE HATPY3KHU

B 3aBuCMMOCTH OT IPOJOKUTETILHOCTH OCPETHEHUS PA3TUYAIOT
CIIEAYIOIINE BUIbl MAKCUMAIIBHBIX HArPy30K:

® MaKCHUMaJIbHbIE CPEAHUE HAarpy3ku ¢ epruooM ocpeanenus 10, 30,
60 mMun. 1 T.71. [lo BenmmumHe 3THX HArpy30K IPOU3BOUTCS BEIOOP IIEMEHTOB
CHCTEMBI IEKTPOCHAOKEHHS TI0 YCIIOBHAM HarpeBa. MakcuMasbHas CpeHsst
Harpy3ka ¢ mepuooM ocpenHeHust 30 MHH UCTHONB3YeTCs MPH 3aKIFOUCHUN
JIOTOBOPOB Ha AJIEKTPOCHAOKEHHE C TIMTAIOIIEH SHEPTrOCUCTEMOIT;

® 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 MaKCUMAJIbHYIO U3 CPEIHUX HArpy30K C HNEPUOIOM OCpE[-
HeHus 30 MUH 32 BeCh KaJeHAapHBIN CPOK IKCILTyaTaIllH 3JIEKTPOoOOpY-
noBanus. BeiObop nepuoma ocpenHenus, paBHoro 30 MuH, 0OBsCHSICTCS
TEM, YTO YCTAHOBUBIIHICS HATrpeB MPOBOJIOB, KaOelei 1 AIeKTpOonprueM-
HUKOB HacTymnaer cmycTs 30 MUH IOClie Hayaja MPOTEKaHUSl Yepe3 HUX
ToKa. JlelicTBUTENHFHO, M3MEHEHNE HArpeBa yKa3aHHBIX JJIEMEHTOB TIPH-
OJIMKEHHO ONMMCHIBAETCS DKCIOHEHIINATLHON 3aBUCHMOCTRIO

t

Q=Q, (-e ™), (5.14)
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rae Q u Qy., — TeKylee ¥ yCTaHOBUBIIEECS 3HAUYEHHE TEMIIEPATYPh; 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. 'paduku 3j1eKTpUYECKUX HATPY30K

I'padmyeckue 3aBUCUMOCTH aKTUBHOM W PEaKTUBHOM MOIIHOCTHU
W TOKa OT BPEMEHH Ha3bIBalOTCS TpaduKaMu aKTHBHOW W PEaKTUBHON
MOIIIHOCTH M ToKa (Tpadukamu Harpys3ku). ['padmkn Harpy3km perucT-
PHUPYIOTCS C TIOMOIIBIO 3aMUCHIBAIOLIMX MPUOOPOB (pHcC.5.2) WK CTPOST-
Csl 10 TIOKa3aHMsIM CYETYHKOB.

P, xBt

s

WA
VA

] =

24 [

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

Pmax

24 t,u

Puc.5.3. Cyrounslii rpaduk Harpy3Kd NPOMBIIIJICHHOTO IPEIIPUSATHS

[Ipu peructpanuu JaHHBIX 00 AIEKTPONOTPEOICHUH MO MOKa3a-
HUSM DJICKTPOCUYETYMKOB TpapUK HArpy3Kd MOJIYYaeTCsl CTYIEHYATBIM.
Hampumep, cyrounsrnii rpadux (puc.5.3) ¢ MHTEpBAIOM CHSTHS TOKa3a-
Hult (ocpeanenus) 30 MUH MOXeT conepkaTh 1o 48 cryneneir. OpauHa-
ThI TpaduKa ONpeAesaoTcs 1o Gopmye

Pi — Wi _Wifl
At

, (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;
Atj — nHTEpBaN BpeMeHu MexAy cHsaTreM nokazanuit Wi u Wi ;.

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

R =2 -W.). (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-
KUTEITBPHOCTH COOTBETCTBYET CyMMapHOE€ BpeMs, B TE€UEHHE KOTOPOro
Harpyska OyZeT He HIKe HHTEPECYIOILeil HaC BETMYUHBI.

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-
e MOKa3aTelu:

® K07 UIMEHTHI 3aMOJIHEHHsT TPAQUKOB aKTHBHOM W PEaKTUB-
HOH Harpysku
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PC
X (5.19)
Q..
K. 5 (5.20)

® K03 PUIMEHTH MAKCUMyMa

Po_ 1 Q. __1 .
Kass == K"‘ax":Q_c:K_w’ (5.21)

® YHCJIO 4YaCOB HCIIOJIB30BaHHA MaKCUMyMa aKTUBHON M pc€ak-
TUBHOM Harpys3ku, paBHOC OTHOLICHHUIO pacxXoJa SHCPrur 3a COOTBCTCT-
BYIOIICC BPEMA K BEJIMYMHE MAaKCUMYMa Harpy3KHu,

T" a = % = PcT = T = K3 aT, (522)
' PM Kmaxa PC Kmaxa '
T, =K,,T: (5.23)
o K03 punreHTs HopMbI rpadUKOB
(5.24)
(5.25)

rze N — 4ucio OTPE3KOB BPEMEHH, Ha KOTOpBIE pasielieH rpaduk Harpys-
KU 10 TIPOJIOJDKUTENBHOCTH, N = T/At.

Jnst ropro#t mpombimuiernocty Ty, = 3000+5000 w/r u B 3Ha-
YUTEIHHON MEpe 3aBUCUT OT OpraHu3aluu padboT Ha npenupustuu. Ko-
s dunuerT Gopmbl rpaduka aKTUBHOW HArpy3KH MPEIIpPUSATHI TOPHO-
MTPOMBIIINIEHHOTO KoMIuTeKkca ctabuied: ot 1,02 mo 1,15.

JUJ1st TOJTHOM XapaKTEepUCTHKH rpaduKa Harpy3KH BBOASATCS IOKa-
3aTeln, ONPEIEISIONINE er0 CBA3b C YUCIOM U HOMHHAIBHBIMU MOIITHO-
ctsmu D11, TakuMu nmokazarensiMu ABISIOTCS:
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® K0A(GUIHEHTHI 3arPy3KH DIIEKTPONPHEMHUKOB 110 aKTUBHOW U
PEaKTUBHOM MOIIHOCTHU

K, =P g G (5.26)

3r.a 3r.p
Py U
TJe p. ¥ Q; — CpEJHUE aKTHBHAS W PEAKTUBHAsI MOIIHOCTH, MOTpeOIsie-
MbI€ OTACIBHBIMU 3JICKTPOITPUEMHHKAMHU;
® K09 GUIMEHTH HCHONB30BaHHUS AaKTHBHOM W PEaKTHBHOW
MOIITHOCTH TTOTPEOUTENCH

P Q.

H.E H. m
K=

D Pus D G
k=1

1
TIE Pux U Oy — HOMHHAQJIbHAS aKTHBHAS M PEAKTUBHAS MOIIHOCTH K-TO
AIIEKTPONPUEMHHUKA; M — YKCIIO JJIEKTPONPUEMHHKOB B COCTaBE MOTpe-
oures;

® K03 UIMEHTHI CIIPOca aKTUBHOM U peaKTUBHON MOLTHOCTH

K Rk = (5.28)

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

[IpeoOpazys Beipaskenus (5.28), momydnm

Kca = Fr:']WPC = Kmaxa KI/La ’ (529)
P.Y Do
k=1
Qch
Kep=—e =Ko K, (5.30)

Q.Y O
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
MOIIIHOCTH ¥ KO3(PPUIHEHTY 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 = Ku.az pH.K ' (531)
k=1

Q., =P..tgop. (5.32)

3areM OmnpeAensoTCs CpeAHNUE aKTHBHAS M PEaKTUBHAsI MOIIHO-
CTH TIOTPEOUTEIS:

f f
P.=D Pt Q= Qs (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

K o—— F (5.34)

wa f m

ZZ Pui.f

i=1 =l

u 3¢ exruBHOE uncio 1

Puif

IR

, (5.35)

Ma £M3

2
Pui.f

LM~

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

f m
ZZZ Pt 5.36)
— =l =l ) 5.

pH.l'naX

n

3

CpetHeB3BEIEHHBIN tZ(P,p, s TOTPEOUTENS

m%m=%n (5.37)

C

3areM Cc MOMOIIBIO 3aBUCHUMOCTEH (puc.5.5 wiu Tabn.5.1) Haxo-
18T KodpdunmeHTs MakcumMyma K. ,. PacdeTHble akTHBHAS U PEaKTHB-
Hast Harpy3KH BBIYHCIIIOT IO opMyiTaMm

Pp = Kmaxapc’ Qp = Pptg(Pcp.m' (538)
Kmaxa
- | 05 0,4
10,15 Kimax //Ku 09,08 07 06 0/,3 0/,2 0,/15 0.1
o 1,4
a0 - BRI AT DT T
£0,2 1,0 ==
-\ 50 100 150 200 250 n,
2,5
103 K,=0,1
JoF N
V04 g
| N
- \ N Ny
0,5 N~
15[06] N \:\\:\\::\ =
HANSSSSnaESnaSEEsaES
10 - 0,9 T~
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,
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Tabauya 5.1

3aBucumoctb Koy 2 0T 1, 1 K,

DddexTuBHOE YUCITO Koapdumuent makcumyma Koy , mpu K,
SIIEKTpONPUEMHHKOB, N, | 0,1 | 0,15| 0,2 | 0,3 | 04 | 05| 0,6 | 0,7 | 0,8 | 0,9

4 3431311 (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 | 106 | 1,03
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|11,19(1,14| 112 | 111 | 1,09 | 1,07 | 103 | 1,02
80 1,25|1,20|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 MeToxy Amst N-if rpynmel u3 M D11 ¢ 0AHOPOAHBIM pe-
KUMOM pacueTHbIE aKTUBHAs M PEAKTHBHAsS MOILMHOCTH OMNPENEISIOTCS
o popmynam

Pp.n = KC.ﬂZPH.k; (539)
k=1
Qpn = Pontg®n, (5.40)

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

f
P, =Ko maa 2P+ (5.41)
i=1

f
Qp = Komacp 0, Pt (5.42)
i=1

rae Kpmax a B Kpmax p — KOOQQHUINEHTH pa3HOBPEMEHHOCTH MaKCHMY-
MOB aKTHBHOH M peakTHBHOI MomHocTH rpynn JI1 ¢ ogHOpoaHBIM pe-
xumomM; f — uucno rpynn DI1 ¢ OXHOPOTHBIMU PEXUMaMH B COCTAaBE
noTpeduTeNs.

JlaHHBI MeTOx SBISETCS HauOoJee MPOCTBHIM MO CPAaBHEHUIO C
pPacCMOTPEHHBIMH, HO MEHEe TOYHBIM. MeToJ] MIMPOKO MPHMEHSETCS B
MPHUOIMKEHHBIX pacdeTaxX. BeanunHbr Ko UITMEHTOB cripoca U tgg i
pasnuunbix OIl, momydeHHBIE HA OCHOBAaHMHM CTATUYCCKUX MCCIEIOBaA-
HUI, MPUBOJATCS B CIIPABOYHOM JIUTEPATYPE.

PacueTHble Harpy3Ku MOTYT OBITH TaK)Ke OIPEIEICHBI CTaTHCTH-
YEeCKUM METOJIOM, 110 BEJIMYMHE YIEIBFHOTO Pacxo/a dIEKTPOIHEPIUU Ha
CANHULY NPOAYKIUH U JPYTUM HUHTCTPAJIbHBIM IMOKa3aTCJICM TCXHOJIOIU-
Yyeckux npoueccoB. OJJHAKO PaCCMOTPEHHBIC BBIIIE METOJIBI TPUMEHSIOT-
Csl Yalle, TaKk Kak 0OeCIe4rBaroT JOCTAaTOYHYIO ISl MPEABapUTEIBHBIX
pacy€ToB TOYHOCTH MIPU MUHUMYMEC NJAaHHBIX 06 SJICKTPOIIPUECMHHUKAX.

5.11. Onpenesienne pacyeTHOH HATPY3KH, CO3aBaeMOil
oanopazusiMu 11

Onnodaznbie D1l, BritoyeHHbIe Ha (a3HbIE WIM JMHEHHBIC Ha-
MPSOKEHUST U pacripe/ielieHHbIe 1o (a3aM ¢ HepaBHOMEPHOCTBIO He Ooliee
15 %, yuuTbIBaroTcs Kak TpexdasHble ¢ pacueTHON MOIIHOCTBIO, paBHOU
CyMMe MOIIHOCTEH, MOAKIIOUYEHHBIX K Kaxaou ¢asze. HepaBHOMEepHOCTD
Harpy3KH orpenensieTcs no Ggopmyiie
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B I

C .

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

P...—P
AP =M MmN jag o, (5.43)

H.p
b.min
1€ Pgymax 1 Py min — 0qHO}A3HAs Harpyska Hanbosiee 1 HaUMEHee 3arpy-
KEHHBIX (a3.
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 Kaxaoi ¢assl onpeenseTcs Kak NoixycyMma Ha-
I'PY30K, HEIIOCPEACTBEHHO MOAKIIOYEHHBIX K HEll,

PA :—PAB _; PCA ; PB =

Pag + Pac . P - Pea + Pac (5.45)
2 2 '

6. KOPOTKHME 3AMBIKAHUS B C3C
6.1. Buabl KOPOTKHMX 3aMbIKAHUN U UX OTHOCHTE/ILHAS 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-
JIbI KOPOTKUX 3aMEUaHMI:

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

o_Y

| )
Zl

(6.1)

rane U — Hanpspkenue (as3pl UCTOY-
HUKa TUTaHUs, Z; — COMPOTUBIICHHUE
MpsIMOM  MOCJIEIOBATEeIBHOCTH KO-
potko3zamkHyTOM e COC.

2. llsyxdazHoe

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)

rnae Z, — CONpOTHBIICHHE 00PaTHON MOCIEI0BATEILHOCTH KOPOTKO3aMKHY-
toii ier COC. OTHOCHTENBHASI BEPOSTHOCTH NaHHOTO BHa K3 2-13 %.

3. KopoTtkoe 3ambIkaHue

Ha 3eMIII0 B CHCTEME C TJIyX03a- — Y Y vl
3eMIICHHOU HeHTpasbto (prc.6.3). YY) >
HelicTBytoniee 3HaUYCHUE L A~ é
Toka K3 B cucreme c rimyxosa- / ”
3€MIICHHOW HEUTPAJIbIO L £
| = L , (6.3
Z,+Z2,+27, Puc.6.3. Cxema ogro¢asnoro K3 Ha 3emitio
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rac Zo — COIIPOTHUBJICHUEC HYIJIC-

Y'Y .

BOIl MOC/IEN0BaTENEHOCTH 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

1@ =—*/§U Y __ (6.4)
2z, 2Z,+Z,

W3 comocraBiieHnsT BEIUYNH I(3), |(2)1 | BBITEKAET, YTO MPH OJI-

HOM M Tol >xe BenuuuHe U HamOoJblliee 3HaUCHHE MEPUOIUICCKON 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-
Y TUJPOTEHEPATOpPhl 3JEKTPOCTaHIMi. B kauecTBe OMONMHUTENBHBIX T'e-
HEPHUPYIOIINX UCTOYHUKOB PACCMATPHUBAIOT CHHXPOHHBIE KOMITIEHCATOPHI
U 3reKkTpoaBurateny HanpsbkerneM cpbie 1000 B, ecnu onn Henocpen-
CTBEHHO CBsi3aHbI ¢ MecTOM K3 kaOe/bHbIMY JTUHHUSIMHU, TOKOIIPOBOIAMU
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 uenu K3 B npenenax COC. Kak npaBuio, nporecchl npu
K3 B COC npoMbIUIEHHBIX HNPEeANpUATHIl MOTYT paccMaTpUBaThCSA MpU
YCIIOBHH, YTO HCTOYHUKOM 3JIEKTPOCHA0KEHHSI SIBJISIETCS] SHEPIOCHCTEMA.

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>=iﬁ3)+i£3):i—m sin(ot +a—@)—sin(a—g)e * |, (6.5)
1

Us Xy R,
UC Xl Rl /

Puc.6.5. Pacuernas cxema tpexdassoro cummerpuasoro K3
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TIe ir(f ) u i,f ) — MIePUOINIECKas U arlepHOANIecKast COCTABIISIONINE TOKA

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

[Tpu K3 yron ¢, npubnmxkaerca k 90°. MakcuManbHas BeIU4rHa
toxa |® Gyner mmers mMecto mpu t= 0,01 c mw a=kn, rie k=0, 1, 2, ...,
ecnu K3 Bo3HHMKaeT B MOMEHT, KOTJja HalpsDKEHUE IIEPEXOIUT Yepe3 Hy-
neBoe 3HadeHue (prc.6.6).

MaxkcuManbHasi BeTHInHa MOJYJIsl TOKa
TokoMm K3:

|(3) Ha3bIBACTCA YIapHbBIM

0,01

i, =v210 140 © |=V210, (6.6)

Ul

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, — yaapHbIi K03QGHUIMEHT, B 2IEKTPOYCTaHOBKAX HAIPSHKCHUEM BBIIIE
1000 B k, = 1,8+1,3, mo 1000 B k, = 1,0+1,3.

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

0,01

k, =1+e °® =18, i, =18/21¥ =2,5517. (6.7)

HelicTByroniee 3HaUCHUE YAAPHOIO TOKA

L, =(®F 12, (6.8)

rie 1, =i, 219 =219k 219 = 219(k, -1).

MaxkcumanbHas BeIHIrHa YaapHOro Toka

l z\/(| OF 1219 f(k, ~1F =191+ 2(1,8- 17 =1511¢). (6.9)

6.4. OcodenHocTH MpoTeKaHusl mpouecca Tpexdasznoro 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 MPOJOIBHOM ocH B pexnme K3

DOy = D, — Dy, + Do, (6.10)

rae @, — cocTaBisArOIIas MAarHUTHOIO IOTOKA, co3gaBacMas OOMOTKOI
B030yxkeHus; D, D, — NpUHYKAEHHAsT U CBOOO/HAs COCTaBIISAIOLINE
MAarHUTHOTO TIOTOKA, CO31aBaeMOT0 OOMOTKOM SIKOPS.

C pocrom t ymenpmawTcs 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 ¢
n t=0,2-03c¢c

Puc.6.7. Xapakrep nepexomHoro mpouecca npu tpexdasaom K3
U MUTaHHU 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
QC (puc.6.8). Heticteue APB cka3wiBaetcs yepes 0,2-0,3 ¢ mocne Ha-
gana K3. [lomHas nmuTensHOCTh TEPEX0IHOTO mporiecca 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
Hanpsi;kenneM 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, €MKOCTHBIE NPOBOJUMOCTH BO3LYLIHBIX JIMHUM, Ha-
CBIIIEHUE MAarHUTHBIX CHCTEM I'€HEpaTOpOB, TPAHCPOPMATOPOB M SICK-
TpOJBUTATENEH;

® 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-
men Toka K3;

® CHHXPOHHBIC KOMIIEHCATOPHI U 3JIEKTPOABUIATENIN HANPSHKEHU-
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 NpeAcTaBiIsieT co00i OMHOIMHEHHYIO DIIEKTPH-
4yeckylo cxeMmy. Ha pacueTHOi cxeme yKas3bIBalOT BCE MCTOYHHUKU IMUTA-
Hus Toukn K3, nuHMu snekrponepenayn, TpaHcGOpMaTOpbl, PEaKTOpbI,
YCTaHOBKM TPOOJIHHON M IMOMNEPEYHON KOMIIEHCAIUH, a TaKKe OCHOB-
HbIE MapaMeTphl MepPEeYUCIeHHBIX 3JeMeHTOB. KoMMyTalnoHHbIE 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, paBHbBIM cBepxmepexoanoit DJIC E”, u BHyT-
PEHHUM CONPOTUBIICHHUEM, PABHBIM CBEPXIIEPEXOJHOMY HWHAYKTHBHOMY
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2,1y, Xo { 0, 1y, Xo
K2 ——

U Ks U

0, Tys Xg 0, Tyy Xg

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

COINPOTHUBIIEHHIO MO MPOAONBHOM ocu X . JIs HUX Ha pacyeTHOM cxeme

ykaspiBatotest Eif, Ugy, X{y,) B OTHOCHTENBHBIX €IMHHUIAX. Bemuunnpl

fw U X, TPUHAMAIOT 10 Ta0s1.6.1 WM BHMHUCIIAIOT B KAXIOM KOH-

KpETHOM ciy4ae. B OTHOCUTEIbHBIX HOMHUHAJIBHBIX €AMHHUIIAX CBEpXIIE-
pPEXOAHOE HWHAYKTHBHOE CONPOTHUBICHHE OJIIEKTPOJBUTATENEH MOKET
OBITh MIPUHSTO PABHBIM

1
Xy =7

= (6.11)

l

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

Cpennue 3HaYeHHs] CBEPXIIEPEX0IHBIX
. " "
conpotusennii X d*u) M 1AC E*(H) B OTHOCHTEJIbHBIX eJHHHIAX

Tum MamuHbL X é’*(H) ;('H)

TypOorenepaTopsl MoITHOCTHIO0, 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 J1BUTATEIh 0,2 1,1
ACHHXPOHHBIH ABUTATENH 0,2 0,9

[lepexox OT OTHOCHTENBHBIX €OUHHUI K (PU3NUECKUM TPHU JIOIY-
IIEHUH, YTO CpeJHEE HAINpPsIKEHUE CTYNEHH paBHO HOMHMHAIBbHOMY Ha-
MPSDKEHUIO DIIEMEHTA, IPOU3BOAMTCS 10 popMyam

E"=E/ U.,; Z = Yo _Ufp (6.12)
*(H) = cp H \/§|H - SH ] .
U2
"o__ " _ " cp
xd - Xd*(H)ZH - Xd*(H) S_, (613)

H

rae S, — HOMHMHAIbHOE 3HaueHue MomHoctu; U, — cpeHee 3HaueHHE
HampspKeHus dneMenTa nenu K3.

Cxema 3amemenus (puc.6.10) npu pacuere Toka K3 B duznde-
CKHX €IVHMLAX COCTaBJAETCA IO pacdeTHOM cxeme. IIpu 3TOM HCKITIO-
4arTcs TpaHC(HOPMATOPHBIE CBA3M MEXIY DJIEMEHTAaMH PacyeTHOW CXe-
MBI PsiTOM ¢ KaXXIIbIM 3JIEMEHTOM CXEMBbI B YHCIIHMTENIE YKA3bIBAETCS €ro
MOPSAJKOBBIA HOMEpP, a B 3HAMEHaTelle — BEIWYMHA COMPOTUBJIICHUS 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

[locne ompenenenust mpuBe-
neHaeix 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 OTPEACIISIOT 1O (HopMyJiam

Re=Y R, X=X, (6.14)
i=1 i=1

rae N — 4YUCJIO II0CJIEIOBATEIBHO
COEIMHEHHBIX JJIEMEHTOB OT HCTOY-
HHUKa MUTaHus 10 Toukn K3.
RZ
Ecmn —= 20,3, To nepuo-
XZ
Iu4ueckas cocrasiistromnas Toka K3

Puc.6.11. TIpeoOpa3oBanHas pacueTHast
cxema nern K3
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1= Ys
V3 X,

Y napubIif KodhHUITHEHT

0,0103!;2
Ky=1+e Xz (6.15)
YAAPHBII TOK
ly=v219K, . (6.16)

[Ipu pacuere Toxka K3 B OTHOCUTENBHBIX €IWHUIIAX YUYUTHIBA-
10T TUIIOBBIE XapaKTEPUCTUKH HCTOUYHUKOB U 00opynoBaHus. 3a 6a3o-
BYIO MOIIHOCTh S; mpuHumaror 100 MB-A, 1000 MB-A win HOMU-
HaJIbHYI0O MOILHOCTbH KaKOTO-1H0O 3JeMEHTa CUCTEMBI, €CIM OHAa IO-
BTOpSIETCSI B pacueTax HECKOJIBbKO pa3, WIW CyMMapHyl pabodyio
MOIITHOCTh 3HEPrOCHCTEMBI, OT KOTOPOW OCYIIECTBISETCS 3JIEKTPO-
CHa0XXeHUe PeAIPHATHUS.

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

Pacuer Toka K3 B OTHOCUTENBHBIX €IWHHIAX NMPOU3BOAUTCS B
COOTBETCTBHM C aIrOPUTMOM, NPUBEICHHBIM Ha puc.4.4. B pesynbrare
SKBUBAJICHTHBIX MNpPEOOPa30BAHUN CXEMbl 3aMEIICHHS ONPEACISIOTCS
CyMMapHbI€ aKTUBHOE Ry, HHIYKTUBHOE Xxz M MOJHOE Zsy CONPOTHUBIIE-
Hus nemnu K3.

Tox K3 B OTHOCHUTENBHBIX €AMHMIAX, €CIIH Res/ Xy > 0,3,

@9 U .
©oNBzy fBRL+x2)

Ecan Rss/Xes < 0,3, TO

(6.17)
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S= (6.18)

() (3)
o 1 V3U; _S7 s, (6.19)
6 ‘/§U6 86

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

—0.010Rxy
K,=l+e ** | (6.20)
YAAPHBII TOK
I =219K, . (6.21)

IlepeBon Toxka K3 u3 OTHOCHTEIBHBIX €IUHMII B (PU3HUECKUC
MPOU3BOAMTCS 10 PopMyJie

| =11, — . (6.22)

Onpenenenue Toka K3 no pacyetnsiM kpusbIM. 1lpy nutanuu ot
TeHEepaTopOB MEepHOANYEcKasl cocTaBiisionias Toka K3 HempepslBHO Me-
HsieTcst m3-3a m3menenus DJIC remeparopa. Pacuer Bemmumnsl Toka |1 B
3TOM CJIy4ae MOXKET OBITh MPOU3BENEH C TIOMOIIBIO PACUETHBIX KPHBBHIX,
MOCTPOCHHBIX 110 THUIIOBBIM XapaKTEPUCTUKAM Ul TypOO- U THApPOreHe-
patopoB. Pacuernsie kpuble (prc.6.12) nIpUBOASTCS B CIPABOYHON ITH-
TepaType U NPeACTaBIAIoT CO00i 3aBUCHMOCTh KPAaTHOCTH K, TTeproiye-
cKkoil cocrapisromel Toka K3 ot conpoTuBnenus X+ 1 BpeMeHH, OTCUH-
THIBAEMOTO OT Hayasa Bo3HMKHOBeHHs1 K3. 3a 6a30Byr0 MOIIHOCTH IpU
MOCTPOCHWN PACUYETHBIX KPHUBBIX IPHHATA CyMMapHas HOMHHaJIbHas
MOIIHOCTh T'€HEPAaTOPOB MCTOYHMKA MHUTaHMA. [103TOMy Ipu HMCHOIB30-
BaHUH PACUCTHBIX KPUBBIX BEIMUMHY 0a30BOW MOIIHOCTH Sg HEOOXOIH-
MO MPUHUMATH PaBHON Sy, — CyMMapHOW MOIIHOCTH T€HEPaTOpOB AJIEK-
TPUUECKOH cTaHIMH, TUTaroIei Touky K3.
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A
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Puc.6.12. KpatHocTh meproinueckoi cocTapisomeil Toka tpexgasnoro K3
IIpY MMUTaHKH OT TypOoreHeparopa c APB

6.6. Pacuer Toka K3 B ceTsix HanpsizkenueMm 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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[Mpu ompenenennn Toka K3 y4WTHIBAIOT CONMPOTHUBICHHE ITOHU-
JKaroImero TpancgopMaTopa ¥ CONPOTHUBIICHHE ceTr 10 Touku K3, BKogas
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, %
) =y Ky ==L
100 100

, (6.23)

rae U, % u U, % — COOTBETCTBEHHO aKTHBHAas M PEaKTUBHAs COCTaB-
nsirotnast Hanpspkenus K3 tpancdopmaropa;

Ua%:@-loO:ilOO, (6.24)
UH SH.T
U,%=U;%-U2%. (6.25)

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

_ RT*(H)U j.T _ X T*(H)U iT
R, s, , X, s, . (6.26)

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

ConpoTHBIEeHUS KaTyIIeK, KOHTAKTOPOB U JIp. IPUHUMAIOTCS I10
KaTaJOXHbIM JIaHHBIM. [Ipy OTCYTCTBMM KAaTaJIOXKHBIX JIAHHBIX COIPO-
THUBJICHHE KOHTAKTOB CJIEIyeT IPUHUMATh PABHBIM:

¢ 0,0015 Om nj1s1 pacpeieTUTENbHBIX IIUTOB Ha MOCTAHIUY;

¢ 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 aeiicrBue 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-
JIaHCa, T.. PAaBEHCTBA KOJIMYECTBA BBIACISEMOrO0 M PACCEIHHOTO TETrIa.
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)

riae By, — AMITyIbC KBaJpPaTHYHOTO TOKa OT TMEPHOJMYECKON COCTaB-
nsromen Toka K3; By, — UMITyJIbC KBaJpaTHUYHOTO TOKA OT alepHOIuYe-
CKOM cocTapirsronie Toka K3.

B obmiem ciyuae

t=to rien

B, = Pt i [ At, (6.28)
J (@Fa=3

t=0 n=1

rae M — Yuciio OTPE3KOB AMCKPETHOTO BPEMEHHOIO MHTEpBaja IpHU 3a-

OTKJI

MEHE MHTerpanga KOHEYHOH CyMMOH, M = ¢ +1; &— cuMBOJI LENoON

yacTu yacTtHoro t . /At; At — TMCKpeTHBI BpeMEHHOH MHTEpBall pas-

ouenus sasucumoctr i = f(t); i) — cpennee 3nauenme Toka K3 Ha
N-M JIMCKPETHOM BPEMEHHOM HHTEPBAJIE.

IIpy nUTaHWK OT YHEPTOCHCTEMBI C YUETOM TOAMUTKH ToYkH K3
OT DIIEKTPOBHIaTEIS

_ 2torin

B, =(19}t,. +22107[1-¢ T |+

K.1T C OTKJI
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_ 2torin

+05(19Fryf1-e ¥ | (6.29)

_ 2torin

B =(10F+(0F) rfi-e ™ | 63y

rae | — COOTBETCTBEHHO JEHCTBYIOIINE 3HAYCHHUSI TOKA KOPOTKO-

G
c ! pig
T'0 3aMbIKaHUsS OT CUCTEMBI U TOKA MOAIMUTKHA OT 3JICKTPOABUTATCIIA; Td’ -

IepeXxoIHas TOCTOSTHHAS BpEMEHH! ABUTATEIIS.
O0001IeHHas TOCTOSIHHAS BPEMEHH 3aTyXaHUs ariepruoIu4eCKON
coctasisronie Toka K3 ot cucteMsl U ABUTATENS

(3) 3)
T TN+ T,
acx (3) 3 '
I +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 BBIJENUIIA OBl TAKOE K€ KOJIMYECTBO TEIlIa, YTO U TOK B JICHCT-
BUTENBHOM pexume K3:

B

tH.H = (|(3))2 :

(6.31)

[Ipu nuranmum Touku K3 oT TypOOreHepaTtopoB MpHBEIEHHOES
Bpems 1, 6e3 ydera neicTBUs anepruoAndeckon cocTasistonieil Toka K3

1
=0 . 106 |®
I (3) 1 t=0 t=00

t=0

JEHCTBYIOLIEE 3HAUCHHE NEPUOANUECKOi cocTapisitonei Toka K3, coot-
BETCTBEHHO B HadaJbHBIH MOMeHT BpeMeHH (t = 0) u B ycTaHOBHUBIIIEMCS

onpesiensierest o kpusbim: t, = f(B",t,,,), rne B’ =
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pexume (t=o0). Ilpu ty,, < lc
TaKXKe YUHUTBHIBAaeTCs JeiicTBUE
anepruoANYECKOl  COCTaBIISIO-
meid. B aToM ciyuyae Bpems
t =t® +0,05(")?,
BEIMYMHA TIPUBEJCHHOIO Bpe-
mean K3, ompenenennas wu3
rpaduxka (puc.6.13).

Bwibop ceuenus npo-
B600HUKOB NO  MePMUYEcKou
cmotixocmu. be3 yuera arme-
PUOAMYECKON  COCTaBIISIOLIEH
toka K3 ypaBHeHHE TEIIoBOTO
Oamanca mis snemerToB COC
HMEET BU]I,

roe tP —

(1of %[1+a(v—20)]dt -
=c[L+pB(v—20)]grSdv, (6.32)

rag€ ¢ — YyA€jlbHasd TEIJIOEM-

P

.1

INVBAIA

0

NITANNRANEANEAN

05 10 15 20 25 p”

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 COIPOTHBICHUE 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.

PaBILeJ'II/IB NEPEMCHHBIC, TTOJTYYUM

82

i forkn (3) 2
2
0

i(l@)zdtzg 1+[3(v—20)d

p 1+a(v—20) v (6.33)
) J’ iif’ dv; (6.34)
(X
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tOT](}'I
| 19Fdt=,=(2f1,,. (6.35)
0
Torna
3_12 (19Ft,, =, (6.36)
TJIe Co — TIOCTOSIHHASL BEJIMYHMHA IS 33JaHHOTO TOKA MMPOBOAHUKOB U IIWH.
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,
Kabeneil 1 MpoBOAOB ¢ OOBIYHON PE3UHOBOW HM3OJAIMEH C
OyMa)KHON TPONMUTAHHON H30JAIMel HanpspkeHueM 20 u
35 kB — 125 °C;
® JIJIsl ATFOMUHUEBBIX IIIMH U TOJIBIX MPOBOJIOB, a TAKKE ISl AMOMH-
HHEBBIX TOKOBEYIIX JKIIT KaOeNel 1 IpoBOoIOB BO Beex cydasx — 150 °C;
® JJIsI CTANTBHBIX IIIWH M TOJIBIX MPOBOJIOB MPH HEMOCPEICTBCHHOM
coequHernu ¢ amnmaparamud — 250 °C, mpu OTCYTCTBHU HEMIOCPEACTBEH-
Horo coeaunenns — 350 °C.
VYpasaernne (6.36) MO3BOJISIET ONMPENEIUT, MUHUMAIBHOE cede-
HUE IIMH MPOBOJHHUKOB, YAOBJIETBOPSIONIEE YCIOBUIO TEPMHUECKON

CTOMKOCTH:
|9t
Smin = —. (6.37)
Co

BennunHa ¢ 10 JIaHHBIM MPOM3BOJMTENCH KaOeIbHON MPOIYK-
IIUM 3aBUCHUT OT XapaKTEPUCTHKH KaOes CIeYIOIIHM 00pa3oM:

C MeIHBIMH JXKUJIAMH U OYMa)XHOU MPONUTAHHOW M30JISIIUEH HANpPsDKCHUEM

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 MOJIJICHKAT:

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.

Dnekmpoounamuueckoe deicmeue moxka K3. 13 kypca TOD uz-
BECTHO, YTO CHJIa B3aHMOJICHCTBHS MEXKAY ABYMS MapaIIeTbHBIMH TIPOBO/I-
HUKaMH, OTHECEHHasI K | M JIJIFHBI IIPOBOTHUKA,

F' = 2K, i, g 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.

st Tpexdas3HbIX YCTAHOBOK B HAMOOJIEE TSIKENBIX yCIOBUSIX Ha-
XOJUTCS CpeqHUM mpoBoaHUK. Hanbombiye ycunusa B cpeHeM MPOBOJ-
HHUKE BO3HHUKAIOT Ipu Tpexdaznom K3.

Cuua, neiicTByromas Ha cpeiHIo (asy,

..o 1 .1
F'=2K,ii,—-107" = 2K, i.i.—-10"" =
dlals olsle 3

= 2K, iy — ic)é 107 =3k, (il sin (2(1 —%‘E 107, (6.39)
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Puc.6.14. KpuBble 3aBUCIMOCTH TTONPABOYHOTO KO3 PHUIIEHTA
OT pa3MepOB MONEPEYHOr0 CEYESHHs! TPOBOAHUKOB M PACCTOSHHUS MEXKTY X OCIMH

. 4n
Haunbonbiee 3Ha4eHne CHUITBI BOBMOXHO TIPH SiN (20( 3 =11.

B srom ciiydae

F' =3k, i2 =107 ; (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
ni3r 10 ( )
Mexanunueckoe HaIIpsKEHUE B METAJLIIC
M _ Fi6 643
W 10hb

rae W — MOMEHT COTPOTHBIICHHMS, M3,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 iﬂ'y > iy , Te i,y — JOIyCTHMBI y1ap-

HBIH TOK ammapara Mo KaTalo)XKHbIM JJaHHBIM.

Oczpanuuenue moxa K3. Bennuuna Toxka K3 nomxna ObITh orpa-
HUYEHA 3HAYEHHUEM, MO3BOJISIOIUM NpuMeHATs B COC cepuiiHbie 3JeK-
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 moxet ObITh OCYIIECTBICHO C TOMOIIBIO BKIFOUSHHUS PEaKTOPOB, J10-
0aBOYHBIX AKTHBHBIX COMPOTHBICHHM (pE3UCTOPOB), OTKa3a OT Iapal-
nensHOU paboTel TpanchopmaropoB. Hambomnee sdpdexTuBHBIM Ccpenct-
BOM orpaHuveHuns Toka K3 B afekTpruecknx ceTsx HaNpsHKEHUEM CBBIIIIS
1 kB sBnsIOTCS TOKOOTpaHUYMBAIONINE peakTopbl. OJHAKO BCE ITH Me-
POTIPUSATHSI MPUBOJIAT K MOBBIIICHHBIM OTKJIOHCHUSM M KOJIeOaHUSIM Ha-
MPSDKEHUS Ha AICKTPOYCTAaHOBKAX.
[NoTeps HanpsDKEHUS B TOKOOTPAHIUYHUBAOIIEM PEAKTOPE

AU, =Ix,sin ¢; (6.44)
AU, V3Ixl,, y
UH - UHIH.p 1
(6.45)
pr% .
b= sin @,
Hp
NE
re x,% = — "2 100 .
H.p

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

Uoer = V314, (6.46)
Ipn U,,, = U,
U
um%zxp%'—kﬂ. (6.47)
H.p UH

PeakTtop ciemyer BEIOMpATh TaK, YTOOBI OCTATOYHOE HAMPSKCHHUE
HAa 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 QJIEKTPOCHABXEHUH

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. BbI160p onTHManbHOTO BapuaHTa IPOU3BOANUTCS HA OCHOBE COIIOC-
TaBJIEHUS Pe3yIbTATOB TEXHUKO-?PKOHOMHUYECKHUX PACUETOB JUIsl paccMart-
pHUBAaEMBIX BapUAHTOB. TEXHUKO-3KOHOMHUYECKHE PAaCcCUeThl IPOU3BOISITCA
IIpH BBIOODE:

® YPOBHS HANpSOKCHHUS BHEIIHEI0 M BHYTPEHHETO 3JIEKTPO-
CHa0KEHHS,;

® TOIOJIOT'HU 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 MUHUMAaJIbHBL. TakuMm 00pa3oM, ypOBEHb NPHUBEICHHBIX
3aTpar ABJSIETCS OCHOBHBIM KPUTEPHEM IPU BHIOOPE ONTHMAIBLHOTO BapH-
aHTa CUCTEMBI DIIEKTPOCHAOKEHUS IPOMBILITICHHOTO MTPEATIPUSTHSI.

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
OKYyIaeMOCTH 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.

OKCIUTyaTalMOHHBIE PACXOJbl BKIFOYAIOT B ce0sl OTYHCICHHUS Ha
TEKYIINA PEMOHT B OOCITy)KHBaHHE, HA aMOPTHU3AIIUIO0 U CTOUMOCTH €XKe-
TOJIHBIX MOTEPh AJICKTPOIHEPTHH. YKPYITHEHHO 3KCIUTyaTalldOHHBIE pac-
XOJIbI BEIUUCIISIOTCS 10 (hopmyiie

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

rae E,, u E, — HopmaTuBHBIE KO3()(DHULUEHTHl OTUHCIEHUH Ha TeKyIuii
PEeMOHT U O0OCIy)XMBaHHE, Ha aMOPTU3ALMIO, COOTBETCTBEHHO; C, —
CTOMMOCTb €KEr'OAHBIX IOTEPb AIEKTPOIHEPTHH, ThIC.pyO.

[Ipu onpeneneHny CTOUMOCTH €XKETOIHBIX MOTEPh IEKTPOIHEP-
UM YYUTHIBAIOTCS MOTEPHU IEKTPOIHEPTUH B JIMHUAX AJIEKTpOIEepeiadH,
CHIIOBBIX TpaHc(opMaropax u peakropax. HopmaruBHbIe K03QuIMeH-
Thl (HOPMBI) OTYHCIICHUH Ha TEKYIIMH PEMOHT M OOCIYXHBaHHE M Ha
aMOpTH3AIMI0 YCTaHaBIMBatoTCs cooTBeTcTByOmKUM ['OCTom u mpuBo-
ISITCSL B CIIPABOYHOM JIUTEpaType.

[IpeoOpazys Beipaxenue (7.1) m yuutsiBas ypaBHeHue (7.2),
MOJTYYHM

3=(E, +E,, +E,JK+C, +V. (7.3)
J11 00BEKTOB AMEKTPOCHAOKEHHUS
E,+E,,+E, =016+035.

72



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 HAYaJle 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 3amMelnieHus y4acTKa CETH

s /i
\\\\Zf\\ ! //\\\\ﬂx

AUg | AUy

l PHF + jQHF

Puc.8.2. BekropHas auarpaMma ydacTka CeTH

JInst y4acTKOB DIEKTPHUYECKUX CETeH BHYTPEHHETO JJIEKTPO-
CHa0XXEHHUS TOPHBIX MpeInpuaThil yron Harpys3ku o < (2 — 3)°. TToatomy
MOTeps HAMPSDKEHHS B Y4acTKE CETH
U, _ B R+Q; X

AU =U U, ~(IRcos ¢ + IX sin @)1

8.1
U, U, (8.1)

[Mockonbky HampspkeHHE B KOHIIE yYacTKa OTJIMYaeTcsl OT Ha-
npsoKeHus: B Havase yuacTtka Ha 5-10 %, To MokHO cuntats, 4ro U =~ U,;.
Torna
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_P.R+Q,X
U

AU =AUg +AU,, (8.2)

rne AUgr u AUy — akTuUBHas W PEaKTHBHAs COCTABJISIFOINME TOTEPU Ha-

NpsDKEHHUA B ydacTke cetd, AUp = % ; AUy = QL;X :

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

2 2 2
AP:3I2R%=£PHFJ#)R=APP+AP : (8.3)
2
AP, :S—HER; (8.4)
2
AP :%x. (8.5)

[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
_ PeR+ (Qm = Qymex — Qc;:[)(x - XYHK)

AU U : (8.6)

rae Qynex — peaktuBHas MomHOCTh YIIEK; Qcnq — renepupyemas CJI
JUTSI KOMIICHCAIIMA PEAaKTUBHON MOIIHOCTH; Xypx — PEAKTUBHOE COIPO-
tuBnenune YIIK.

8.2. [loTpeduTEeN PEaKTUBHON MOIHOCTH

[MoTpeOuTensiMu PEaKTUBHONW MOIIHOCTH SIBJISIFOTCSI TpaHcdop-
MaTOpHBI, aCHHXpOHHbIe ABuratenu (A]l), mpeoOpa3oBarenn, cBapOYHBIC
TpaHCPOPMATOPBI, PEAKTOPHI, JIEKTPUUSCKUE CETH U JPYTHE IEKTPOYyC-
TaHoBkH. [loTpebnsemMas uMu peakTUBHASI MOITHOCTh HEOOXOAMMA IS
CO3/IaHUSI COOTBETCTBYIOIINX AIEKTPOMATHUTHEIX IOJIEH, 00eCTIeunBato-
IIMX UX HOPMATBHYIO 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

P.,—P CoS®, , —COS®
_ mp.2 mp.1 np.2 mp.1
APCSC - - '

Pnp.l CoS Q4

(8.7)

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

® BBI3BIBACT JIONONHHUTENbHBIE MOTepH HampsbkeHust AUg U ak-
TUBHOM MoIHocTH APq B yuactkax COC (JIDII, 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 (PO’ (88)

rne P, — akTHBHas MOIIHOCTH, NOTpeOisieMas B 4achbl MAaKCHMyMa Ha-
TPY3KH SHEPTOCHCTEMBI MPOMBIIIJICHHBIM TPENNPUATHEM; tg(Po — ONTH-
MaJIbHBIN 110 IPUBEJCHHBIM 3aTpaTaM tgo.

[pu HanpsbkeHVM Ha BBOZIE TPOMBIIILICHHOTo Npempusitist 220-35 kB
B 3aBHCHMOCTH OT perHoHa cTpaHsl tgpg = 0,2+0,47. MeHbIne 3HaUEHHS
OTHOCATCS K HanpspkeHuro 35 kB.

MecTHBIMH UCTOYHMKAMU PEAKTUBHON MOIIHOCTH B 3JIEKTpHUYe-
CKUX CEeTSX U Ha MPOMBILIJICHHBIX NPEANIPUATHSX SBISIOTCS CTATUUECKUE
KOHJIEHCATOPBI, CHHXPOHHBIE TBUTATEIN U KOMIICHCATOPHI.

75



I[J'I}I HUCKIIOYCHUA Ha;[6a}301< K OIUIAaTC 3a JJICKTPOSHCPIUIO IO~
KIIIOYCHHasA MOIIHOCTHh MCCTHBIX HCTOYHHKOB peaKTHBHOﬁ MOIIHOCTH Ha
IIPOMBIIIJICHHBIX MPEANPUATHUAX OOJDKHA YAOBJIIETBOPATH YPABHCHHIO!

QM.I/I = Qcp _Q3 = PM (tg(p(b _tg(p0)7 (89)

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

Cmamuueckue KoHOeHcamopbl B YCIOBHUAX IPOMBIIUIEHHBIX
HNPENNPUATAN [MUPOKO UCHOIB3YIOTCS U TeHEPAlu 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-
TUBHOM MOIIHOCTH. JIOCTOMHCTBOM YCTaHOBOK ITOIIEPEYHON KOMIICHCALIUU
ABJIIETCSI HEBBICOKAs YAENIbHAsA CTOMMOCTh K. M MOTepH aKTUBHOW MOLI-
HOCTH Ha TeHepaiuio peakTnBHOW. C yBeTMYEHHEM HOMHHAJIBHOTO Ha-
MPSDKEHUS. KOHJIEHCATOPOB yJeNIbHAs CTOMMOCTh yMEHbIIaeTcs. Y Ielb-
Hble TIOTEPH AaKTUBHOW MOIIHOCTH Ha TEHEpalUI0 pEaKTUBHOU
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 PEAKTUBHONW MOITHOCTH.

Cunxponnwvie osucamenu (CJl) Tak e, Kak U CTaTHYECKUE KOH-
JEHCATOPBl ABIAIOTCSI MECTHBIMH HMCTOYHMKAMH PEAKTUBHOW MOIIHO-
ctu. HoctounctBo CJ/l — crnocoOHOCTh BbIAaBAaTh B CETh PEAKTHUBHYIO
MOULIHOCTh JlayKe IPH IIOJIHOW Harpy3ke Ha Baily. B yCIOBUSX IPOMBIII-
neHHbIX npeanpustuii C/] — mpakTH4YecKu eIMHCTBEHHBIHN 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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Q= Py 200 (8.10)

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

C y4eToM peaibHbIX 3HaUeHUH 1y, Q.. ~0,5P,,. B pexume xono-
croro xoaa CJl MOXeT MCHOJIb30BaThCsl KaK CHHXPOHHBIM KOMIIEHCATOpP 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
MAalllUHy OOJIErYeHHOW KOHCTPYKLMH, NPEIHA3HAUYCHHYIO TOJBKO IS
KOMIICHCAIIUN PEAKTUBHON MOIIHOCTH. Y IENbHBIE IOTEPH B HUX aKTHUB-
HOW MOIIHOCTH Ha TeHEPalWI0 PEaKTUBHOW MOLIHOCTH COCTaBIISIOT
0,003-0,005 xBt/kBap. Ilo skoHOMHUYECKUM COOOpAKEHUSIM CHHXPOHHBIE
KOMIIEHCATOPbl IPUMEHSAIOT Ha PAOHHBIX AJIEKTPOIOACTAHLIUSX.

B otrnenpHBIX ciiydasx B KauecTBE HMCTOYHHKOB PEaKTHBHOM
MOIITHOCTH BO3MOXXHO NPHMEHEHHE HEHUCHOJIb3YEMBIX MO MPSAMOMY Ha-
3HAYEHUIO CHHXPOHHBIX T€HEPAaTOPOB U 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 3ampamer na YIIEK. YCTaHOBKM TONEpPEYHON
KOMIIEHCAIIUM BKJIIOYAIOT B ce0s BBOJHBIE yCTPOWCTBA (BBIKIIIOYATENH,
Pa3beIMHUTEIN, OLTMHOBKY), CEKIIMU MapajuieNIbHO U (IPH HEOOXOAMMO-
CTH) MOCJIENOBAaTENbHO COCOMHEHHBIX OJHOTUIIHBIX KOHAEHCATOPOB H
YCTPOMCTBA aBTOMAaTHYECKOTO PEryJMPOBaHUS PEaKTUBHOW MOIIHOCTU U
3amuThl. Kanuransueie 3atpatel Ha YIIEK

KK = K&y + Kp.y + Ky.CQKl (811)

77



rae K,y — CTOMMOCTh BBOJHOTO YCTPOWCTBa, pyo.; K,y — cToumMocTs ycT-
poiicTBa aBTOMATHYECKOTO PETYJIMPOBAaHUS PEAKTUBHOW MOIMHOCTH 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-
3HEPruu 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)(KKy + Kp'y) +[(E, +E, + ET'p)Ky'C +

+ myAPq.k ]Q]( = 31(.0 + 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

U ip,| 2| |om (Do D?)  (814)

J.H J.H

3,=m| D

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

s oredectBeHHsIx CJI moctostHEBle Dy 11 D, M3MeHSIOTCSA 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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_ 1 _ 2
3 =m, 3 =m, ——.
-H

)
" Q;l. H & Q ;

Torma BeIpakKeHHWE I ONpPEHCICHHS TPHBEIACHHBIX 3aTpaT
WMEET BUJ

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 MoIHOCTH. Torna 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, (Qu, —Qu)+3,Q, +3,Q%. (8.17)

Jns ompeneneHnss MUHUMyMa MPUBEICHHBIX 3aTpaT HAXOAUM
IEPBYI0 IPOU3BOJHYI IPUBEICH-

HBIX 3aTpaT 1o Q, W mpupaBHHUBaEM Q,
€C HYJIIO!:
By _ 3 43 423 Q, =0.(8.18)
dQ - K1 i Ip e T Y\
g QK Q):( Qu.r

N3 ypaBuenus (8.14) cneny-

€T, 4TO VIIEK o
_ & Pm
Qn - 23 . Puc.8.3. [lotpeburenu u reHepaTopsl
2 PEaKTHBHOM MOIIHOCTH
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8.6. OnTuManbHOe pa3MelnieHne YCTAHOBOK NMONepeYHoi
KOMIIEHCAIIMH B PAIHATIBHBIX 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)

QK = ZQHF.i - Qa' (819)
i=1

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

n Q'2
AP, =) LR, (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;
|

Q1 | Qi
|
|
|

Ql(l

i
T

Puc.8.4. PazmenieHre ycTaHOBOK IONEPEYHOM KOMIIEHCAI[UN
B paJHaIbHbIX JIEKTPHYECKUX CeTAX
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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 :Uilz (Qa_;QiJ R1+;Qi2Ri : (8.22)

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

dAR, 1 3 N
iQ —Flz—z(Qa_iZZ:QiJRl"'ZQiRi}—O' (8.23)

U3 Beipaxenus (8.20) ciemyer

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

Hnsa onpenenenus xkodddunuenta Co, BOCIOIb3YEMCS COOTHO-
[IIEHHEM

Q, = ZQi = Csz:Ri : (8.27)
i=1 i=1
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PeaktuBHas Momuocth YIIEK, mogkimrodyeHHOW B KOHLE I-U
JIMHUH,

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.

PEKOMEHJATEJIbHBIA BUBJIAOI PAOUYECKHA CIIUCOK

1. I'naounun JI.B. OCHOBBI AJIEKTPOCHAOKECHUS TOPHBIX MPEANPUATHNA: YUeOHUK
st By30B. M.: Henpa, 1980. 327 c.

2. Kusisesckuii 5.A.  DnexTpocHaOXeHHE IPOMBIIUICHHBIX —IPEANPUITHA /
b.A.Kuszerckuii, b.b.JIunkun. M.: Beicm. mik., 1986. 400 c.

3. IlpaBuina ycTpoiicTBa 3neKTpoycTaHoBok. M.: I'maBrocanepronansop Poccuu,
1998. 608 c.



COJIEP’KAHHE

1. DHepreTHUecKasi CHCTEMA U €€ COCTABHBIC TACTH.......vvvvrrerrereeeseeseaeenresresneneens
1.1. CocTaB 3HEPTETUIECKOM CHCTEMBI ....c.veveneeeeereaeenienresneseeneeenensesnesnesnesneeas
1.2. TunbI HIEKTPOCTAHINH, YIaCTBYIOIIUX IIPH BEIPAOOTKE JIEKTPOIHEPTHH .
1.3. Kateropun 5>JeKTpOIPUEMHHKOB II0 HAJEeXHOCTH U OecriepeGoiHOCTH
AMEKTPOCHAOIKEHHUS ...ttt

2. CXeMBl 3JIeKTPOCHA0KEHUS TIPOMBIIUICHHBIX MPEAIPHATHI .......
2.1. [IpuHOUITEI TPOEKTUPOBAHMUS U BEIOOPA CXEM AIIEKTPOCHA0KEHHS
2.2. CxeMBl Ilepeiauyl ¥ pacIpe/iesICHUsI SIEKTPOIHEPT U Ha IIPOMBIIIIIEHHBIX
TIPEITIPHSITIISIX . envavesesesesesenesesessessasesessesenseseseasesesbeseasesesnesenean e s nr e an st nnerennanis
2.3. Peanmuzanust cxeM 3JIeKTPOCHA0KEHHS POMBIIIICHHBIX HPEANPUATHHA. ...

3. DITCKTPHUICCKIE COTH ...veveavreenrenteneesteseaueatestessessesseseeseasessestesseseeenseseaneseesnesneneas
3.1 BUIIBI CETEM ..ol
3.1.1. BOBIYIITHBIC JIMHIIH ......veeuveeeenrenseessesseensenseesseassessessesssesnsessessssssesnseses

3.1.2. KAOEIIEHBIE JIHHIM. ... .veeecvveeeeurieeeatreeesiteeeeessesssaseeesasseeessssesssnsesesasneess

3.2. [TapaMeTpsl U CXEMBI 3aMEIICHUS BO3IYNIHBIX M KAaOCIBbHBIX JTHHUH 3JICK-
TPOTIEPEIAY +.vvevteveveseeseeseeseasessessessessesseseaseasessessessasseseassasessessessensessaseesessessessensens

4. MonenupoBaHie W pacyeT PEeXHMMOB JIIEKTPOCHA0KEHUS HPOMBIIUICHHBIX
VT TSR 010) £ § % 1 PP P PP PPRTN
4.1. PexxuMbl 3JI€KTPOCHAOKEHUS TIPOMBIIIICHHBIX MPEATIPHATHH ...
4.2. Maremarnaeckue mMozenu nemMenToB COC npu pacuere ycTaHOBUBIIHXCS
U TIEPEXOTHBIX TIPOIIECCOB .....veveviiirie st e it ssae b e sae e e s sne s
4.3. Anroput™m pacuera nokaszarenaeil peHMOB COC .......cooceviieiineiinenens

5. Metonp! onpeaeneHns pacueTHBIX JTEKTPHUECKUX HATPY3O0K. . .cuverveerrrerrerrernenens
5.1. BUABI AMEKTPHUCCKIX HATPYBOK. ....veeureriasreressressenesssesssessessesssesssessesessneas
5.2. HoMuHaJIbHbIE MOIIHOCTH M TOKU
5.3. Cpeanue akTUBHAS U PEaKTHBHASI MOIIHOCTH .
5.4. CpenHekBagpaTUIHbIC HATPY3KH
5.5. MaKCUMAITBHBIC HATPY3KH ... ...vvvverererensesreseanensessesnessesseseesessessensessesnensenns
5.6. PacueTHBIC STEKTPHUUCCKUE HATPYSKH ...vovvvrereeeienrennensereseenessessensensenneneens
5.7. I'pahuKH DMEKTPUIECKUAX HATPYBOK ...vevverrnrereeenrenrennensereeenessessensensenneneens
5.8. ITokazareny, xapakTepu3yrommue rpadhuKy JIEKTPUUECKUX HATPY3OK ........
5.9. OnpenencHrue pacyeTHBIX HATPY30K MO YCTAaHOBJICHHONW MOIIHOCTH H
ko3 PuIreHTy MakcumMymMa (METOo.l YIOPSJOYCHHBIX UArpaMM)
5.10. Onpexenenne pacueTHON MOIIHOCTH 110 K03 duimenTy cmpoca.......
5.11. OnpexeneHre pacueTHON HArpy3KH, co3naBaeMoit ogaodasaeMu 1.

6. Koporkue 3ambikanus B COC
6.1. Buabl KOPOTKHX 3aMBIKQHUIT U MX OTHOCHUTENBHASI BEPOSITHOCTb .
6.2. Ucrounnku nuranus mecta K3
6.3. Tpexdasznoe cummeTpuaHoe K3 npu MUTaHUH OT YJHEPTOCUCTEMEL. ...........
6.4. OcobeHHOCTH TIpOoTEeKaHHs Tporecca Tpexdasnoro K3 mpu muraHuu ot
TEHEPATOPA ...ttt et b b bbb bbb et
6.5. Pacuer TokoB Tpexdasnoro K3 B ceTsix Hanpspkenuem Boitie 1000 B........

w w

10
12

16
16
16
19

19

22
22

24
31

34
34
35
37
37
38
38
39
41

44
46
47
48
48
50
51

53
55



6.6. Pacuer Toka K3 B cersix HanpspKeHHEM 110

1000 B oo

6.7. HarpeBanue TOKOBeIyIIUX YacTel (TepMuueckoe aeiicteue Toka K3) ......

7. TeXHUKO-?KOHOMHUYECKHE PACUETHI B AMEKTPOCHAOKECHUM ......vverviiieriiererreniennns

7.1. YpoBeHb IpHBEICHHBIX 3aTpaT — KPUTEpHUil BEIOOpa ONTHMAIBEHOTO
BapHUAHTA COC.....cviiiiiiiiieeeece e
7.2. PacueT NpUBEACHHBIX 3aTParT IIPU BEIOOPE ONITHMAIIBHOTO BAPUAHTA CHCTEMBI
ANMEKTPOCHAOKEHHS ...

8. KommeHcanusi peakTHBHOH MOIIHOCTH...............

8.1. [ToTepst HANIPSKEHUS H MOITHOCTH B YUACTKE CETH ...v.vvvvereerievenrenrenneenns

8.2. [Torpebureny peaKTUBHOW MOIITHOCTH ......
8.3. ICTOYHMKH PEaKTUBHOM MOIHOCTH. ........

8.4. BpiOop ¥ pa3MelieHre KOMICHCHPYIOIHX YCTPOUCTB ....vvvveeveeireenrervenenns

8.5. OnTuManbHOE pacnpeeeHue NOIekKaIed KOMICHCAUH PEakTHBHON
moutHocTd MexIy YIIEK u CL .....ccveviiiinne
8.6. OnTuManpHOE pa3MeNIeHNe YCTAaHOBOK ITONIEPEYHOH KOMIIEHCAIlNH B
pazuaTbHBIX SJIEKTPHUECKUX CETAX ..ovvvvnrennnne.

PexomennaTenbHbli OubIHOrpaduIeckuii Ciucok

84

61
63

71

71

71

73
73
74
75
77

79

80
82



