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BBenenune

DNEKTPOIHEPTETUUECKUE CUCTEMBI SBJISIFOTCS Ba)KHEHINEH COCTaBIISIONIEH
MIPOMBIIICHHONH HH(PACTPYKTYypHl, MOCKOJIBKY OOECIICUHMBAIOT 3IEKTPUUECKON
sHepruelt (33) momasisroniee OONBIIMHCTBO NoTpedbuTeneit. [Ipu 3Tom obecmede-
HHE HOPMAaJIFHOTO ()yHKIIMOHMPOBAHMS 3JIEKTPOIHEPTETHUECKUX CHCTEM U HX OT-
JICTBHBIX 3JEMEHTOB TPEOyeT OT COBPEMEHHOTO HWH)KEHEepa 4YETKOTrO MOHMMAaHHSA
NPUHIUIOB X (YHKIMOHUPOBAHUS U YIIPABIICHUS.
VYuebHoe nocobue npeaHa3HaueHo JUIsl U3yYEeHUs! CTYACHTAMH CIICIIHAIBHO-
creii 140205.65 «OnexrpocHadxkenne» u 140211.65 «3nexkrposHepreTHyeckue
CHCTEMBI M CETH» JIEKIIHOHHOTO MaTepuasa no aucuuruinHe «llepenaya u pacmpe-
JIETICHUE JIEKTPOIHEPTUIY.
Ienbto co3ganus JaHHOTO Y4eOHOTrO MOcoOus ABJsIETCs 0000MCHNE Teope-
THYECKON W MpaKkTHIeckoil mH(popMarmy, HEOOXOAMMOHN IS MOATOTOBKH OYyIy-
IIAX WH)XEHEPOB UIEKTPUKOB K OCBOCHHIO psifia Mpo(ecCHOHANBHBIX TUCLUIIINH
CHELHUANN3ALUN, TaKUX KakKk «DJEKTPOCHAOKECHNE»; «DJIEKTPUUECKHE CETH»;
«/lanpbHUE AIIEKTPOIIEPEIauy CBEPXBBICOKOTO HANIPSKCHUS ¥ MHOTHX JPYTHX.
PesynpraTom M3ydeHns CTyJeHTaMU MaTepHaia yueOHOTro mocoOus aBiseT-
cs1 popMHpOBaHKE CIEAYIOMUX MPOPECCHOHATBHBIX KOMITCTCHIIHH]!
TOTOBHOCTh Y4acTBOBAaTh B UCCJIEJOBAaHUU OOBEKTOB U CHCTEM 3JIEKTPOIHEpIe-
THUKU U DJICKTPOTCXHUKHU,

2. TOTOBHOCTb M3y4aTh Hay4HO-TEXHHYECKYI0 MH(POPMAIHIO, OTEUECTBEHHBIH U
3apyOeHBIN OTBIT IO TEMATHKE UCCIIET0BAHUS;

3. TOTOBHOCTDH INIAHUPOBATH OKCIICPUMCHTAJILHBIC UCCIICIOBAHU.

CunTaro CBOMM TNPHATHBIM JIOJITOM OTMETHTh BKJIAA K.T.H., Tpodeccopa
BantokoBa A.Il. u kx.T.H., podeccopa UrnateeBa U.B., nexkimonHble HapaOOTKU
KOTOPBIX CIIOCOOCTBOBAJIH MOBBIIIEHUIO KAYE€CTBA HACTOAIIET0 YUeOHOTO mocoousl.

Bparck 2012



1. O6mue cBerenns 00 3IEKTPOIHEPreTHIECKUX CHCTEMAX

B HacTosimiee BpeMs 3JIEKTPOIHEPTETHUIECKHUE CHCTEMBI OOECIIEUHMBAIOT
ANEKTPUUYECKON SHEPTHEH MMoIaBiIsronee OOIBITNHCTBO TOTPEOUTENEH 1 ABISIOTCS
Ba)XHEHIIIeH COCTABIIAIOICH IPOMBIIITICHHOW HHPPACTPYKTYPHL.

OnexrposHeprerudeckas cucrema (puc.l.1) 3To0 COBOKYITHOCTD AIIEMEHTOB,
IIpeAHa3HAYCHHBIX IS BBIPAOOTKH, MPeoOpa3oBaHusl, epeiadn, pacipeaeineHs n
NOTPEOICHUs dNeKTpUYeckor sHepruu [1].

B cBoro ouepenp 3neKTpUdecKas CEThb SIBIACTCS YacThIO AJIEKTPOIHEPreTH-
YECKOW CHCTEMBI, KOTOpas CIY)XUT JUIsS HaJIe)KHOTO U SKOHOMHYHOTO CHAOXKEHMS
MOTpeOuTeNIel IIEKTPOIHEPTHeH BBICOKOro KadecTBa. OHA COCTOUT M3 MOACTaH-
LU, pacHpeNeNUTENbHBIX YCTPOHCTB, TOKOIIPOBOJOB U KaOEIbHBIX JIMHUN AJIEK-
Tpornepeaayn, paboTaroIUX Ha ONPE/ICIICHHOH TEPPUTOPHH.

ONEeKTpUYECKHE CETH BXOIAT TAKXKE B COCTaB SHEPIETUUECKUX CHCTEM, KO-
TOpBIE COJEPHKAT, CHCTEMBI BBIPAOOTKH M MOTPEOICHHUS TETIIIOBOH SHEPTUH.

-(H U =
Torpedurenu u

SHCKTpI/I‘IeCKaﬂ CETh TIPUEMHUKA
DJIEKTPOSHEPIUU

SHBKTpOSHepI‘eTH‘ICCKaﬂ CucTeMa

Puc.1.1. OOmas cTpyKTypa 3JeKTPOIHEPTeTUIECKON CUCTEMBI.

[ToTpebuTens 31€KTPOIHEPTUN 3TO INNEKTPONPHEMHUK WIN TPYMIA JIEK-
TPONPHEMHHKOB, 00BEMHEHHBIX TEXHOJIOTHIECKHM MPOLECCOM M Pa3MeIaroNiX-
s Ha OompeJielieHHOM Tepputopuu [1].

[TpneMHUKOM 3JIEKTPOIHEPTHH HA3BIBACTCS ANIapaT, arperaT | T. A., Ipea-
Ha3HA4YeHHBIH 11 TpeoOpa3oBaHus IIEKTPUUECKOI SHEPTHUH B APYTOM BUI 3HEP-
run [2].

K snekTpryecKkuM ceTsM NpebsBISIIOTCS CIEAYIOIe TpeOOBaHMS:

4. HanexxHOCTh ()yHKIMOHHPOBAHMSI, KOTOPasi pEriiaMeHTUPYETCs TPeMsl KaTero-

pUsSIMU.

DKOHOMHUYHOCTb, ONpeieNsieMas 0 KPUTEPHIO IPUBEACHHBIX 3aTpar.

6. Bricokoe kadecTBo amektposnepruu (K3). B odmem Bume KD xapakrepusyet-
Csl YPOBHEM HaIPSIKEHHS B CETH, YPOBHEM YaCTOThI B SHEPIOCUCTEME, CHMMET-
pHell cucTeMBbl HaNpsDKEHUH, CHHYCOMJIAIBHOCTBIO MHTAFONIETO HAIPSKEHUSL.
CornacHo Tpe6oBanusiM [2] pernamentupyrores 11 nokaszareneit KD.

7. besomacHOCTb 1 y100CTBO SKCILTYaTAIHH.

[To ¢yHKIMOHANBPHOMY HAa3HAUEHHIO HJICKTPUUECKHE CETH KIacCUPUIHPY-
I0TCSI CJISTYIOLTNM 00pa3oM:

— Cuctemoo0pa3symomiye, K KOTOPbIM OTHOCSTCS BBICOKOBOJIbTHBIC JTMHUH JJICK-
tponepenaun (JIDII) 330+500kB, coemuHsronMe KPYyMHbIE CTAaHIUH W Y3JIbI
MOTpeOICHNSI.

— Iluraromue, COSIUHSIONINE TOACTAHIIMHA CHCTEMOOOPA3yIOIIEH CeTH U pacipe-
nenurenbHble noacraniun 220500 xB.

— Pacnpenenurensubie — npoune cetu 6, 10, 35, 110 B.

o



B nacrosiee Bpemst B Poccun u Hekotopsix ctpanax CHI' o0bennHEHHBIE
sreprocucrembl (ODC) mpexacraBisaor coboil exunyio sueprocuctemy (EDC),
KOTOpast MO3BOJISIET PEAIN30BATh CIEAYIONINE IMPEUMYIIECTBA COBMECTHON pabdo-
oI (puc.1.2.) [3,4]:

— [TloBbImeHue HaIG)KHOCTH CHCTEMBI B IIEJIOM.

— bonee Hu3KKME pe3epBHBIE MOIHOCTH B KAXKJIOU U3 SHEPTOCUCTEM.
— DBonee monHOE HCTIONB30BaHNE MAaHEBPEHHBIX Bo3MoskHOCcTeH ['OC.
— bBoubinast eanHIYHAS MOIITHOCTB arperaTos.

Kazaxcran

3akaBKasbe

Puc.1.2. Cxema EDC Poccun u crpan CHI'.

Enunas sneprocuctema Poccun u crpan CHI' Taxxe cBsizana ¢ EBponeit-
ckum sHeprooowseuneHremM «Nordel Systemy, dyepe3 BCTaBKY MOCTOSIHHOI'O TOKa
(BIIT), pacnonoxennyto B r.Beibopre (O9C Ceepo-3anana). [Ipumenenune BIIT
IIpU TPAH3UTE DJIEKTPOIHEPruu B EBpOIy NO3BOJIAET CHU3UThH 3aBUCUMOCTh CETEH
«Nordel System» ot KD B cersix Poccin u obecrieunBaeT HECHHXPOHHYIO paboTy
3TUX CETEH.

CrnenyeT Taxke OTMETHTD, 4TO B Hactosiee Bpemss OOC JlanbHero BocToka
He uMeeT CIIbHBIX cBszeit ¢ EDC Poccuu u paboTaet 060co0eHo.

1.1. CrpykTypHas cxeMa NPOM3BOACTBA, Nepeladyd M pacnpenesieHHus dJIeK-
TPHYECKOH JHePTUH

Bonee neranpHO anekTposHepreTuueckas ceTb (puc.l.1) MoxeT ObITh TIpea-
CTaBJIeHa ciexyroummM obpasom (puc.1.3):

OrexTpuyuecKasl YHEPTHs BBIPa0aThIBACTCS TEHEPATOPAMHU 3JIEKTPOCTAHIINH,
Ha HaOPSDKCHUSAX, HEJOCTAaTOUYHBIX JJIST TPAHCHOPTHPOBKH O3 Ha JaJIbHUE PAacCTO-
SHUS, TIOCKOJIBKY TTOTE€PH MOLTHOCTH M HampsbkeHus B JIDII oOpatHO mpomopitio-
HaJbHBI KBaJpaTy HanpspkeHus. [loaromy, mis nepenaun mo JISIT Gompnmmx mMor-



HOCTEH Ha JajdbHUE PACCTOSHUS, YPOBEHD HANPSHKEHHS MOBBIIIAETCS TpaHcdhopma-
TOpaMu 10 HE0OXOIUMOTO BeICOKOTO [5,6].

T IIpuemuuku u
oTpeduTenu

35xB
110xB

1
1
1
1
1
i
1
.

DIEKTPOCTAHIKS 22068 ; OPY n 3PV
Iy H
TToxcranmus
Puc.1.3. Tunosas CTpyKTypHasi CXeMa IPOU3BOJICTBA MIEPEIaUH U PACTIPEIEICHHUS
AJICKTPOSHEPTUU

Hanee 20 nmocTynaer Ha MOHWKAKOIIKE MOACTAaHLUH, 3a1a4€il KOTOPBIX SB-
JISeTCSA CHIDKCHHE YPOBHS HANPSDKEHUS IO 3HAYCHUH, HEOOXOMUMBIX JUIA pacipe-
neneHust DD K MOJCTAHIUAM MOTpeOuTeNneil. DTH MOACTAHIINH MPOU3BOIAT OKOH-
YaTeIbHYI0 TPaHC(HOPMAIHIO HANPSHKEHUS O YPOBHEH, HEOOXOAUMBIX KOHKpPET-
HBIM TIOTPEOHUTEISIM U IPUEMHAKAM. B momaBistonieM OONBIIMHCTBE CIy4aeB, Ha
ITH OT TeHepaTopa K NpUEMHHUKY DD NPOXOAMT 3+6 CTyleHel TpaHchopMaruu.

1.2. YcioBHOe 0003HAYE€HHE OCHOBHDLIX 3JIEMEHTOB CETH

JUis mpeAcTaBiIeHUs CXeM 3JIEKTPUYECKUX CeTe MCHOJB3YIOTCA CIeIylo-
e yCIOBHBIE 0003HAYCHHUST OCHOBHBIX 3JICMEHTOB:

$51E s

a) 0 B roon e) xK)

o057 ] |y

) M) H) 0) )

Puc.1.4. YcnoBHbIe 0003HAYCHUST OCHOBHBIX 3JIEMEHTOB JICKTPHUYCCKIX CETEH.

Ha pucynke 1.4 npencraBiieHbI CIIEAYIONINE JIEMEHTHI:
a) pa3beIMHUTEND (YIPOIIeHHOEe 0003HAUCHHE);
0) pa3beaMHHUTEINH (CTaHAAPTHOE 0003HAYCHHE);
B) BBIKJIIOYATEIb;
T') IByXOOMOTOYHBIN TpaHchopmarop;
1) aBTOTpaHchopmarop;
€) TpEXOOMOTOUHEIH TpaHCHOPMATOP;
) TpaHcGopMaTop ¢ pacIIeIDIEHHONH 0OMOTKONW HU3KOTO HATIPSDKEHUS;
3) CHHXPOHHBIN KOMIIEHCATOP;



1) CHHXPOHHBIH T'eHepaTop;

K) KOHJICHCATOpHBIE OaTapeun i1 KommeHcarmu PM;
1) KabenbHas JIMHUS DJICKTPOTIepeIadn;

M) BO3/YyIIHAS JIMHUS JIEKTPONEPEaadn;

H) peaxTop;

0) CABOCHHBINA PEaKkTop;

IT) AJIeKTPIYECKas Harpy3Ka.

1.3. Ha3znauenmne, kiaccu(pukanus i HOMHHAJIbHbIE HATIPSIKEHUS dJIeKTPHYe-
CKHX ceTei

B obuiem ciydae, HOMHHAIIBHOE HAMPSDKEHHE IEKTPHICCKUX CETeH ompe-
JeTISeTCs HOMHHAIBHBIM HANpsDKCHHEM MOTPEOUTENeH, KOTOphle OT 3THUX CeTei
HHUTAKOTCSL.

HoMuHaNbHBIM HANpsDKEHHEM HA3bIBAIOT TaKOE HAMPSDKCHHE, HAa KOTOPOE
HOTpeOHUTEIb pAcCYMTaH M IPU KOTOPOM OH HMEET HAWIYYIIHE TEXHUKO-
9KOHOMHYECKUE XaPaKTEPUCTHKHL.

Jltst obecrieueHnst KOMIICHCAMH [T0TEPh HAMPSUKCHHS B TUTAIOIINX JTHHASIX
U TpaHc(hOpMaTOpax HOMUHAIIBHBIC HANPSDKCHHS HCTOYHHKOB BBILIC, Y€M CeTd. B
YaCTHOCTH, BTOPHUYHOC HAMpsOKEHHE TPaHCHOPMATOPOB BBINIE HOMHHAIBHOTO
HanpsbKkeHus ceTd Ha 5%, a y reHepatopoB Ha 10%.

B Hacrosiee Bpemsi B Poccuu nipuHsiTa crienyroinas mkaia MexmayhasHbIx
(MHEHHBIX) HOMUHAIBHBIX HANPSDKEHHH [7]:

Tabmmma 1.1. - Mexayda3Hple HOMIUHAJIBHBIC HATIPSKCHUS

I'pynna Hanpsixe- IlepemenHbI TOK ITocTosHHBII
HHUH ITpuemHuKH Hcrounnkn +10% TOK
(TpancdopmaTops
+5%)
1 2 3 4
Huskue HoMUHAIB- 220 230 110
HBIC HATIPSKEHUS 380 400 220
(o 1 xB), B 660 690 400
500 TpamBait
750 metpo
800 snexTposns
CpenHue HOMH- 3) 3,3 15
HAJIbHBIC HATIPsDKE- 6 6,6 3
Hus, KB 10 11; (10,5)
20 22
25 27,5
35 38,5
Beicokue HOMU- 110 121; (115) 200 (£100)
HAJIbHbIEe HAIPSKE- (150) 165; (158)
Hust, KB 220 242; (230)
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[ponomkenne Tadmuies 1.1.

1 2 3 4
CaepxBbIcokue, KB 330 347 800 (+400)
500 525
750 787
VY IIbTpaBBICOKHE, 1150 1210 1500 (+750)
kB

CrnemyeT OTMETHUTD, YTO HE BCE MPOU3BOAUTEIH 3IEKTPOTEXHUIECKOTO 000-
PYAOBaHUS NPHUICPKUBAIOTCS MEXKIYHAPOAHBIX CTAHAAPTHBIX KA HOMHHAIBHBIX
HanpspkeHnH. Mcxons W3 >KOHOMHYECKHX COOOpaXXCHHH, HEKOTOpBIE KPYITHBIC
KOMIIAHHNH pa3paboTain cOOCTBEHHBIC KAl HOMUHANBHBIX HanpspkeHni [3,8].
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2. JInHUY IeKTponepeaayn NepeMeHHOr0 H MOCTOSTHHOTO TOKa

B HacTosiee BpeMs MpOM3BOJCTBO, Iepefada U pacupenesieHus dJIeKTpo-
SHEPTUH BO BCEX CTPaHAX MHpPa OCYLIECTBIACTCS NPEHMYLIECTBEHHO HA MEpEeMEH-
HOM Toke "acToTor 50 mmm 60 'm. DTo 06ycIoBIEeHO TEM, YTO OCHOBHBIMHU IIOTp -
OUTEIIIMH 3JIEKTPOPHEPTUH SIBILIFOTCS IPOCTBIE W HaASKHBIE TpEX(a3Hble acHH-
XPOHHBIE ABUTATEIH.

B o0wiem ciyyae mpou3BOACTBO 3JIEKTPOIHEPTUU BO3MOXHO KaK Ha Iepe-
MEHHOM, TaK M Ha TOCTOSIHHOM TOKE, OJHAKO JJIsi 00eCHeueHns] SIKOHOMHUYHOCTH
nepesiauu 3JeKTPOIHEPIUU HEOOXOJMMO HCIIOJIb30BAHUE BBICOKMX HAIpSHKEHHH,
3HAUUTEJIBHO MPEBBIIAIONINX HOMUHAJIBHBIC HANpPSDKEHUs TeHepaTtopoB. I1ockonb-
Ky npsiMasi TpaHcopMmanusi MOCTOSIHHOTO TOKa HEBO3MOXKHA, TO JJISI ITOBBIIICHUS
HAaINpsDKEHUS] UCTIOJIB3YIOTCSI MTOBBIIIAIONINE TPAHC()OPMATOPHI IIEPEMEHHOTO TOKA,
UCIIONB3YIOIUE SBJICHUE HJICKTPOMAarHUTHOW MHAYyKUMH. C Ipyroi CTOPOHBI, IMO-
TpeOIeHHe IEKTPOIHEPTHH LETIeCO00Pa3HO OCYIIECTBIATE HA OTHOCUTENBEHO HU3-
KUX HalpsHKSHHSAX, IOATOMY Ha MPHUEMHOM KOHIE AIICKTPOIepeadr TAKXe He00-
XOIMMO HCIIONIb30BaTh TPAHC(HOPMATOPHL. DTH NMPUYUHBI CO3MAIOT MPEANOCHUIKH
IUTSl TOBCEMECTHOTO MIPUMEHEHHS IIepEeMEeHHOr0 Toka [3,6].

2.1. OcobOeHHOCTH JIMHUH JJIEKTponepeaadIn MNEPEMEHHOT0 U MOCTOAHHOTO
TOKa

OcobeHHOCTH JIMHUH 3JeKTpolnepeadd 1 JIEKTPUUECKUX ceTel mepeMeH-
HOTO TOKa PacCMaTPUBAIOTCA B CIICAYIOIIMX I1aBax.

Jnst iepeiadn 31eKTPOIHEPTUH MOCTOSHHBIM TOKOM COOPY’KaloTcsl peod-
pasoBaresnpHble noactaniuu [1,3] — Bempsamurenshas (BIIC) Ha nuTaromeM KoH-
1Ie AJIeKTponepesady, npeodpasyromnas MepeMeHHbII TOK B TOCTOSHHBIA M MHBEP-
topHast (MIIC) Ha npuéMHOM KOHIIE ¢ 00paTHBIM MpPeoOpa30BaHUEM ITOCTOSHHOTO
TOKa B IIepeMeHHEbIH (puc.2.1).

Hns obecneuenns pabotel UIIC HeoOxomnMma 3HAYHTENNBHAS peaKTHBHAS
MOIIIHOCTb, MpuMepHO 50% OT mepenaBaeMoi akTUBHOM. DTa MOIIHOCTh TOKPhIBa-
€TCsl TeHepaTOpaMy CHUCTEMBI, HCTOYHUKaMH peakTHBHOI MomHoctH (MPM) miu
KOMITEHCUPYIOLIIMMH yCTPOWCTBaMH OOJIBIIOH MOIIHOCTH, YCTaHaBJIMBAaeMbIMU
BOsm3u UIIC.

D "D
39C1 BIIC |t Pl pp 7t

O+ & ¥

nrc 2RC2

NPM

Puc.2.1. IlpuHnnnmnansHas CXxeMa YHUIIOISAPHOH Iepeaadn MOCTOSHHBIM TOKOM

Jis crmaknBaHUS MyJIbCAi BRIIPSIMICHHOTO TOKA M OTPAaHHYCHHS CKO-
POCTH €ro BO3pacTaHUs IPH MOBPEKICHHUSAX B JTHHUIO BKIIIOYAIOT PEaKkTOpHI P.
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Jlo HacTosIIero BpeMEHM HE CO3JaHbl BBIKJIIOYATEIM IOCTOSHHOIO TOKa
BBICOKOTO HAIPSDKCHUS YIOBICTBOPUTEIBHON KOHCTPYKIwmH [9,11], i oTkimroueHue
muaui noctostaaoro Toka (JIIIT) mpousBomutes 3akpeitieM BenTwiei BIIC. Tlo-
3TOMY 3JIEKTpoIIepeiada MOCTOSHHOTO TOKa MMeeT OnokoByto cxemy BIIC — JIIIT
— UIIC 6e3 mpucoenunenus apyrux WIIC B mpoMeKyTOYHBIX IYHKTaX JHHHU.
TexHUYIeCKHE CIOXKHOCTH CO3MaHHSA PAa3BETBIEHHBIX JIMHUH JIIEKTpOIEpenadn
00yCTIOBIICHBI TaK)kKe OCOOCHHOCTSMH MX PEXKHMHOTO pEerylupoBaHHA, obecmede-
HUSI yCTOWYMBOCTH, HEOOXOJMMOCTH JIOKAJIU3aIMHU aBapuil U T. 1.

ITpn nepenaye sueprum no JIIIT peakTuBHBIE 3IEMEHTHI ce0s HUKAK HE
MPOSIBIISIIOT, a CONPOTUBJICHUE JTUHUH OTpaHUYMBACTCA TOJIBKO oMH4eckuM. Ilo-
5TOMY HauOOJbIIAs MOILIHOCTh, NepenasaemMas 1o JIIIT, orpannyeHa npomycKHOH
CHOCOOHOCTBIO TIPE0Opa30BaTENbHBIX MMOJCTAHIIMN U AOIMYCTUMBIM HarpeBOM Ipo-
BOJIOB, Kabenel u Ipyrux sneMeHToB [3].

Cxema nepenauu, IpeACTaBICHHAs HAa PUCYHKE 2.1 MMeeT HU3KYI0 Haméx-
HOCTb, MOCKONBKY mpu moBpexxaenun JIIIT cucrema okaspiBaeTcsi HepaboToCHO-
cobnoii. [loaToMy warie nmpuMeHseTcs OUIONIIpHAas cXeMa 3JIEKTPONepesadn Io-
crostaHOTO ToKa (DIIIIT) (prc.2.2).

I I
+ U V+

BIIC UIIC 3902

33CI AN ¥ -~
5L F:

D o= °
- - UPM

Puc.2.2. llpuHnunmuansHas cxemMa OUITOIISIPHOM TIepeIadr TOCTOSTHHBIM TOKOM

B HOpMasBHOM pexuMe pabOThl OUIOISIPHON CXEMBI MOCTOSHHBINH TOK de-
pe3 3a3eMIIEHHE HE NIPOTEKAET, B PE3YJIBTATE YETO YMEHBINAETCS YPOBEHb BO3JEH-
CTBUSI KOPpPO3WM HAa TMOA3EMHBIC HHXEHEpPHble KoMMyHuKamuu [3,12].
ITpu nospexaennn oot u3 JIIIT nponyckuas crnocodbnocts DIIIT cHuxkaercs B
IIBa pa3a, U eperada npoIoibkaeT QyHKIIMOHUPOBATh KaK yHUIIOJSIpHASI.

2.2. CpaBHeHHe CIIOCOOOB NepeJayd IEKTPOIHEPIrud HA MOCTOSIHHOM H Iie-
peMEeHHOM TOKe

HauGounee BaxubiM kauectBoM DIIIIT siBiasieTcss BO3MOKHOCTE COEIUHEHUS
99C, paboTamux ¢ pa3HOW YaCTOTOW, T. €. BO3MOXKHO BBITIOJIHUTH HECUHXPOH-
HYIO CBSI3b Pa3IMYHBIX CUCTEM M, B YACTHOCTH, Niepenady momrHoctd oT ['DC mpu
MIOHVDKEHHBIX HANOpEe M 4YacToTe, O0BheIUHEHHE MAIIOMOIIHOW CHUCTEMBI ¢ Oomee

MOIHOH 6€3 3aMeHbl 000PYIOBAHUS 110 APAMETPAM PEKUMA KOPOTKOIO 3aMbIKa-
nus [3].
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Hannume nByx moxacranimii (BBIIPSIMUATEIBHOM U HHBEPTOPHOI) — JOPOTUX
7 CIOXHBIX B JKCIUTyaTalluM — cAepkKuBaeT mmpokoe npumenenme DIIIIT. Hc-
MOJIb30BAHUE TIOCTOSTHHOTO TOKA JUTS MEPEfadn SIICKTPOIHEPTHH MOXKET OBITh allb-
TEepPHATUBOHU MEPEMEHHOMY TOKY U cBepXHanbHUX JuHUHN (0T 1500 kM 1 BEIIIE U
nepenade mommHocTH cBbiie 2000 MBT). OIIIT MeHbIIe# TpOTSHKEHHOCTH TPH-
MCHSIOTCSI NPU PEIICHWH TEXHHYECKHX 3amad (popmMupoBaHMSA OOBEIMHEHHBIX
9HEProCUCTEM, HE PEIIAacMBIX C MOMOIIBIO 3JIEKTPONepeaad MEPEMEHHOTO TOKa
(obecrieueHre YCTOMYMBOCTH MapajuieIbHONW paboThl, HECHHXpOHHAs CBsizb DOC
00MBLION MOIIHOCTH, KabenbHbIe TUHUU 00bLIO mpoTshkeHHocTH) [3,13], a Tak-
e B TeX CIIydasx, KOTJa COOpyXeHHe BO3IyLIHBIX M KabenbHbIX JIDII mepemen-
HOT'O TOKa YKOHOMHYECKH Helenecoo0pa3Ho, HalpuUMep ISl IepeceyeHus] MOPCKO-
r'O IPOCTPAHCTBA.
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3. Ilonm:karomue U npeodpa3oBaTeabHbIe NOACTAHIHHA

CornacHo [1] raBHas cxema dJIEKTPUIECKUX COSTUHEHHUH TIOJICTAHIINH 3TO
COBOKYITHOCTb OCHOBHOTO 3JIEKTPO0OOpYyIOBaHUS (T€HEpaTopoB, TpaHchopMaTo-
POB, THMHMUIA), COOPHBIX IIUH, KOMMYTAITHOHHON W IPYroy MEepBHYHON anmapaTypsl
CO BCEMU BBINTOJHEHHBIMH MEXly HUIMHU B HAType COEANHECHUSIMH.

3.1. Knaccudpukauus v Ha3HAYEHH e MOJCTAHIUIA

B o0mem cimydae moacTaHIMK MOTYT INpEAHA3HA4yaThCs ISl MUTAHUS OT-
JETbHBIX MOTPEeOHUTeNIe MM KPYIHOTO paiioHa, JUIsl 4acTeld SHEProCHCTEMBI WIIN
pa3IMYHBIX 3HeprocucteM. HasHaueHMe MOACTaHIMM oOIpenenseT e€ cxemy, Io-
JIOKEHHE B SHEPTOCUCTEME, CXEMBI U HaNPSKEHUS MPUIIETAIONINX CeTel.

IIuHBI BRICIIETO HATPSHKEHUS JIEKTPOCTAHININ U MOJACTAHIINI MOTYT OBITh
Y3JIOBBIMH TOYKAMHU SHEPTOCHUCTEMBI, OCYIICCTBIIIA OOBEIUHCHHE Ha TMapajlielib-
HYI0 pabOTy HECKONBKUX 3JeKTpocTaHmui. IIpu 3TOM, depes3 MHWHBI MPOUCXOTUT
MIEPETOK MOIIHOCTH M3 OJTHOW YaCTH SHEPTOCHUCTEMEI B IPYTYIO — TPAH3UT MOIIIHO-
CTH, a TIO/ICTaHIMs Ha3bIBaeTcs y3mosoii [10,14] .

Takxe MOACTaHIIMN MOTYT OBITh TYMHKOBBIMHU, MPOXOIHBIMH U OTHACYHBI-
MH, IPUYEM UX CXEMBI MOTYT OBITh PAa3IMYHBIMU JlaXKe IPU OAHOM U TOM - K€
YKCIe TPAHCPOPMATOPOB OTUHAKOBOM MorHOCTH [14].

OrexTpuuecKas cxeMa MOACTAHIIMM TakXKe 3aBUCHUT OT KaTeropuu MoTpedu-
Tenel Mo CTEeNeHH Han&KHOCTU 3JeKTpocHabxeHHd. Bce 37eKTpONpUEMHHUKH C
TOYKH 3pEHUsI HAJEKHOCTH Pa3aeistOT Ha TpH Kateropuu [1]:

DJEeKTPOIIPUEMHUKH TIEPBON KAaTErOpWH, TEpPEephIB B JIEKTPOCHAOKESHUU
KOTOPBIX MOJKET ITOBJICYh 32 COOOH OMACHOCTP LIS KU3HU JIIOJCH, yrpo3y i 0e3-
OMACHOCTH TOCYJapCTBa, MOBPEKICHUE NOPOTOCTOSIIET0 OCHOBHOTO 00OpYIOBa-
HUSI, 3HAYUTEIBHBIA MaTepHANBHBIA yIiepO, paccTpOHCTBO CIOKHOTO TEXHOIOTH-
YeCKOro Iporiecca, HapynieHns: paboThl 0c000 Ba)KHBIX JIEMEHTOB KOMMYHAIBHO-
r'0 XO34HCTBA U T.J. DIEKTPOIIPUEMHIKH TIEPBON KaTETOPUH B HOPMAIILHOM PEKH-
Me JOJDKHBI 00€CTIeYMBAThHCS BJIEKTPOIHEpTHed OT ABYX HE3aBHCHUMBIX B3aMMHO
PEICPBUPYIOIINX UCTOUYHUKOB IMATAHUA U NIEPEPHIB B IUTAHUU MOXKET OBITH J01my-
IIE€H Ha BpEMA aBTOMATHYCCKOT'O BOCCTAHOBJICHUS IMTUTAHUA.

B mepBoif xaTeropuu BbLAENSAETCA 0cobas rpymma 3JIEKTPOIPHEMHUKOB,
Oe3aBapuitHas paboTa KOTOPHIX HEOOXoqUMa st Oe3aBapUIHOTO OCTAHOBA MPOM3-
BOJICTBA C IIETBIO MPEIOTBPAIICHUS YTPO3bl KU3HHU JIOJIEH, B3PHIBOB, MOKApOB U
MIOBPEXJICHUS 10OpOTOCTOosIIIero obopynoBanus. Takue MpuéMHUKN TpeOYIOT Tpe-
TUW HE3aBUCHUMBII UCTOUHUK.

DJEeKTPONPUEMHHUKN BTOPOH KaTeTOpPHH, TEPEPhIB B 3JIEKTPOCHAOKEHUH
KOTOPBIX NPUBOJUT K MaCCOBOMY HEIOOTIYCKY HMPOAYKIMH, MaCCOBOMY MPOCTOIO
pabouyeli cuibl, TpaHcropTa U JAp. s 3JIEKTPONPHEMHUKOB BTOPOI KaTeropuu
IIUTAaHHUEC OOJIKHO o0ecIeunBaThLCST OT JABYX HE3aBHCHUMBIX, B3aUMHO PE3CPBUPYC-
MBIX ICTOYHHKOB NMUTAaHUA. J[OmycKkaeTcss mepephiB B 3JIEKTPOCHAOKECHUH Ha Bpe-
M, HCO6X0)II/IMOG JJIA BKIIFOUCHHA PE3CPBHOTO IHUTAHUA }IeﬁCTBHeM JCKYPHOTO
MIepCOHAA WX BBIE3THON ONEPaTUBHOMN OpHUTraIbl.

ONEeKTPONIPUEMHHUKH TPEThel KaTeTOPHH, 3TO BCE OCTAIBHBIC HIIEKTPOIPH-
E€MHUKH, HE TOIXOJAIINE TOJI ONpEACIICHUs] MEepBOH U BTOpou Kareropuid. [ns
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JNEKTPONPUEMHHUKOB TPEThEH KATETOPHU 3JCKTPOCHAOKCHHE MOXKET OCYIICCTB-
JIATHCS OT OJHOTO MCTOYHHMKA MUTAHUS MPH YCIOBUH, YTO BPEMS PEMOHTA HIIH 3a-
MEHBI TIOBPEKIEHHOT0 3JIEMEHTa HE TPEBBICUT | CYTOK.

3.2. [lTounikaroiuye U MOBLIIIAIONINE MOACTAHIMH

B 3aBHCHMOCTH OT MECTOIIOJIOKSHUSI U Ha3HAUYCHHMS MOJCTAHIMU pa3ieis-
I0TCS Ha TOBBIMIAIOIIME W TOHMXKarolue. [loBhIMIaroNIie MOACTAHIMUA OOBIYHO
pacrojaraloTcsi Ha O3JIEKTPOCTAHIMAX, /i€ NMPOM3BOAMTCS MOBBIINICHHE YPOBHS
HarpspKeHUs U1 lepeladyd MOLIHOCTH Ha paccTosiHue. B cBoo ouepenp moHM*Ka-
IOIIMe MOACTaHIUH, MPEAHA3HAYCHHBIC ISl OHIDKEHUS! YPOBHS HAINpPsDKEHUS 10
NPUTOJHOTO JUISl TOTPEOJICHHs YPOBHS, PpacIojiararoTcsi OKOJIO IOTpeOHTens
[6,10].

B obmiem cityyae moACTaHIUS COCTOMT U3 IBYX M Oojiee pacupeeinTelb-
HBIX ycTporcTB (PY) 1 ca3pBatommx ux TpanchopmaTopos (puc.3.1).

PacnipenenurenpHOE YCTPOMCTBO 3TO AJICKTPOYCTAHOBKA, NPEAHA3HAYCHHAS
TS IpUEMa M pacTIpe/ieNIiCHUs] DIICKTPUYSCKOH SHEPriH, CoAepIKalas dJIeKTprye-
CKHe alapaTbl, IIHHBI U BCIIOMOTraTelibHbIe ycTpoiicTBa [1].

! T 1 1 f

PY BH PY BH PY CH | | PY BH | | PY CH2 |
() ()
WA
PY HH PY HH
a) 6)

Puc.3.1. CTpyKTypHBIE CXeMBI TIOJICTAHITHA.

Ha moacranumu ¢ aByxoOMOTOUHBIMH TpaHchopmaTopamu (puc.3.1.a)
3MEKTPOIHEPTHUS MOCTYIAeT OT cucTeMbl B PY Bricokoro Hampsbkerus (BH), 3atem
TpaHCHOPMHUPYETCST U paCIpPeneNIeTCs] MEXIy mnoTpedutenssmu B PY Hu3KOro
nanpspxerns (HH). Ha y3moBBIX HOACTaHIIMSX OCYIIECTBISIETCS CBSI3b MEXKIY OT-
JIeNbHBIMI YacTsIMM SHEPTOCHUCTEMBI W NMUTaHue rnorpedureneit (puc.3.1.6). Bos-
MOJKHO TaKXe COOPYKECHHUE TMOACTaHIwmii ¢ AByMs PY cpennero Hanpsbkenus (CH),
PY BH n PY HH. Ha takux nojcraHiusx ycTaHaBIMBAIOT JBa aBTOTpaHc(hopMa-
TOpa | JiBa AByXOOMOTOUHBIX TpaHchopmaropa (puc.3.1.8) [14].

3.3. IIpeoOpa3oBaTeibHbIE MOACTAHIMHT

[Ipeobpa3oBarenpHbIe MOICTAHIIMH MTPETHASHAYCHBI IS CBSI3U CETEH mepe-
MEHHOTO M MOCTOSIHHOTO TOKa. Kpome co3maHms 3iexTporepenad W BCTaBOK IT0-
CTOSIHHOTO TOKa TaKWe MOJCTAHIMM MOTYT HCIIONB30BAThCS HA HPEATIPHSITHIX
[BETHOIN METAJUTYPTHH IS JIEKTPOCHAOKEHHS SIEKTPOIU3HOTO IPON3BOJICTRA.
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K ocHOBHOMY 000pyIOBaHHIO MPEOOpPA30BATENbHBIX MOACTAHIMN [3]
(puc.3.2.) otHOcATCs TIpeoOpazoBarenbHble Tpancopmaropsl (T), mpeobpasoBa-
TenbHbIe MOCTHI (IIM), GuIIbTPBI TOKOB BBICIITNX TapMOHHK (D), muHelHbIe (crita-
KuBaromue) peaktops! (P), CHHXpOHHBIE KOMIIEHCATOPBI, CTATHIECKHAE THPHCTOP-
HbIE KOMIIEHCATOPBI U KOHACHCATOPHBIC OaTapeu.

m JInHUS TOCTOSTHHOTO TOKA
Cetp TIEPEMEHHOTO TOKa I./

KY
Puc.3.2. CtpykTypHas cxema mpeoOpa3oBaTebHON MOACTAHIIHH.

[TpeoOpa3zoBaTenbHble TpaHC(HOPMATOPHl NPEAHA3HAYCHBI UIS TEpeadu
MOIITHOCTH B CE€Th OT IPeoOpa3oBaTeNbHBIX MOCTOB M Haoboport. IIpu 3Tom ocy-
IIECTBISIETCS. COTIACOBAaHME HOMMHAJIBHOTO HANpPSKCHUS M TajbBaHHYEcKas pas-
BsI3Ka CETEH NEePEeMEHHOr0 U MOCTOSHHOrO TOKa. OTIMYHMTENBHON 0COOEHHOCTHIO
peoOpa3oBaTeNIbHBIX TPAHCHOPMATOPOB SIBIIACTCS YCHJICHHAS H30JISAIHS, OO0JIb-
IIMHA pacxoj] aKTUBHBIX MaTepHajoB M Kak CIEACTBHE Ooiee BBICOKash CTOMMOCTb
(npumepHO B 1,5 pa3a) mo cpaBHEHHUIO C OOBIYHBIMH TPaHC(HOPMATOPaMH YKBHBA-
JICHTHOM MOIIHOCTH. MaKkcuMalbHasi MOIIHOCTh IIpeoOpa3oBaTeNbHBIX TpaHChop-
MaTOpPOB, JOCTUTHYTas B HACTOsIMIeE Bpemsi, coctaBisieT okoro 500 MBA Ha ¢azy
[3].

OnmHMM W3 OCHOBHBIX YCTPOWCTB NpeoOpa3oBaTeIbHON MOACTaHIUH SIBIIS-
ercst mpeoOpaszoBarenbHbIil MocT [3,15] 1 ero riaBHBIA AIEMEHT — BBICOKOBOJIBT-
HBII ynpaBisieMblii BEHTHIIb. B HacTosiIiee BpeMst BCe AIICKTPOIIepeladll U BCTaBKU
IIOCTOSTHHOTO TOKa COOPY’KAIOTCSl Ha OCHOBE KPEMHHEBBIX YIPABISIEMBIX BEHTH-
JeH-TUPUCTOPOB. Bce coBpeMeHHBIE BBHICOKOBOJBTHBIE THPUCTOPHBIE BEHTHIIH,
BXOJISIIIIHE B COCTAB IPeoOpa30BaTeILHOIO MOCTa UMEIOT ONITHYECKOE YIIpaBJICHHUE,
YTO MO3BOJSET 3HAYUTEIHHO MOBBICHTH HAAEKHOCTH SKOHOMHYHOCTH U Oe3omac-
HOCTB TaKMX aIlllapaToB.

BaxxHbIM crienupuIecKuM SIBJICHUEM, CBSI3aHHBIM C paboTol mpeobpa3oBa-
TENbHBIX MOCTOB SIBJISIETCS] T€HEpAIMsl UIMU B CMEXHYIO CETh TOKOB BBICIIHX Trap-
MOHHK, KOTOpbIE OKa3bIBalOT HETAaTUBHOE BIIMSHUE HA YCIOBHUs pabOTHI AIIEKTPO-
obOopynoBanust. CHIKEHHE ypOBHEH BBICIIMX TapMOHHMK B CETSX IEPEMEHHOTO
TOKa OCYIIECTBISIETCSI (DMILTPAMU TOKOB BBICIIMX T'aPMOHHK, KOTOPHIE yCTaHaB-
JIMBAIOTCSI HETIOCPE/ICTBEHHO Ha MPeoOpa30BaTEIbHBIX MOACTAHIIUIX.

JInnelinble (CTNAXHBAIONINE) PEAKTOPHI BKITIOYAIOTCS B KAXKIBIH MOJIIOC JIH-
HUHU U SBIIIIOTCS MHOTO(YHKIHMOHAJIBHBIMH 3JIEMEHTaMH 3JeKTporepenadn. OHU
HE TOJIBKO CIVIQ)KHWBAIOT ITyNbCAIH TOKA IOJIOCA, HO M 00ECHeYNBAIOT 3aJaHHYIO
CKOPOCTh M3MEHEHHS TOKA JIMHUH IPU KOPOTKHX 3aMBIKAHMSAX B HEW M HapyIICHH-
sIX pabOTHI MHBEPTOPA.
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Pabora npeoOpazoBaTeabHOI MOACTAHIIMK COMPOBOXKIACTCS MOTPEOICHUEM
okouio 0,5kBap/kKBT peakTHUBHON MOITHOCTH, YTO YacTO TpeOyeT yCTaHOBKM Ha Ta-
KHUX TOACTAaHIMAX JOTOTHUTENBHBIX KoMIleHcupyronmx ycrpoiicts (KY) u coot-
BETCTBEHHO JIONOJHUTENBHBIX 3aTpaT. B kauectBe KY Moryr ucnoss3oBathcs cTa-
THYECKHE THPUCTOPHBIE KOMIIEHCATOPHI, CHHXPOHHBIC KOMIIEHCATOPHI X KOHIEHCA-
TopHsie 6atapen [10,16].

3.4. Cnoco0bI mpucoeIMHEHHs] MOACTAHIUIA K CeTH
B 3aBHCHMOCTH OT PACIOJIOKCHHS MOJCTAHIUU B CETH MOXKHO Kiaccugu-

[MPOBATh CIMOCOOLI MPHUCOSTUHEHUS TOICTAHIMN K CETH CIEAYIONMM 00pasom
(puc.3.3) [5,6]:

I LT
a) - 6)

1 2 111 2
B) r)

1011 LI 1111 112 |
n)

L1 12 1113

e)

)

Puc.3.3. CniocoObl mprucoenuHEHUs OJCTAHIIMH K CETH

— Tynukossie (puc.3.3.a,0). Ilutatorcs mo ogHOM wiaM AByM paauanbHeiM BJIL
SIBNAIOTCS MEPBBIM ATAllOM PA3BUTHS C MOCIEAYIOUINM IpeoOpa3oBaHHEM B
cxemsl (puc.3.3.0,1)

— OrtBerButensHble (puc.3.3.8,r). [Ipucoenunsemsle k ogHO# (puc.3.3.B) wmim
IaByM (puc.3.3.T) MOAXOAAIINM BO3AYIIHBIM JMHUAM. Cxema (puc.3.3.B) ABIs-
eTcsi TEpBBIM JTAallOM pa3BUTHSL C MOCIEAYIONMM MpeoOpa3oBaHHEM B
(puc.3.3.1) mm (puc.3.3.1)

— Tlpoxonnsie (puc.3.3.n). [IprcoenMHSIOTCS K CETH IMyTEM 3aX0Ja OIHOM JIMHIH
C IBYXCTOPOHHHUM IMUTAHUEM.

— VY3noBeie (puc.3.3.e,x). [IpucoenunseMble Kk ceTn 0ojiee 4eM 1Mo TPEM MUTAIO-
LIAM JIMHUSIM.

OTBeTBUTENBHBIE U POXOIHBIE TIOJCTAHIINH HA3BIBAIOTCSA TAKXKe MMPOMEXY-

TOYHBIMH MOJCTAHIISIMH, TO €CTh Pa3MEIIaeMbIMU MEXIy IByMs IEHTPaMH IHTa-

HHUSI CETH.
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HpOXOZ[HLIC 1 Y3JIOBBIC MOACTAHIUH, YC€PE3 HIMHBI KOTOPBIX OCYLICCTBJIA-
IOTCA TICPETOKH MOIIHOCTEH MCXKAY OTIACIBbHBIMU YYaCTKaMH CCTH Ha3BIBAIOTCA
TPaH3UTHBIMHU TOACTAHIUAMU.

3.5. CxeMbl 2J1eKTPHYECKHX COeAMHEHUIT MOACTAHIINI

[Tpu BEIOOpE CXeM pacIpeneNIUTENbHBIX YCTPOHCTB MOACTAHINH HEO00XO-
JMMO YYUTBHIBATh YUCIIO MPUCOEANHEHUH JIUHUHA U TpaHC(HOPMATOPOB, TPeOOBAHMUS
Ha/IEXHOCTH ANIEKTPOCHA0KEHHs oTpeduTeNei u odecredeHns TpaH3uTa MOLIHO-
CTH 4epe3 MOJICTAHIMIO B HOPMAJIbHOM, PEMOHTHOM M IIOCJICaBAPUITHOM peXHUMaXx,
a TaKke BO3MOXHOCTb UX NOATAITHOTO PAa3BUTHSI.

K cxemam mnojcTaHUMP NPEABABISIOTCS TaKKe TPEOOBAHUS MPOCTOTHI,
HArJISHOCTH ¥ 5 KOHOMHYHOCTH, YTO JJOCTHIaeTCs 32 CYUET YHUPHUKALMH KOHCTPYK-
THBHBIX PEIICHUH NOACTAHIUH MyTEM MPUMEHEHHS THIOBBIX CXEM JIEKTPHYCSCKIX
COCAMHEHUIT pacpenenuTenbHbix ycrpoiicts [10,14].

Haunbosee npocTEIME CXeMaMU SIBISIFOTCS OJIOYHBIC CXEMBI JIMHHS — TPaHC-
¢dopmarop ¢ pazsenuauTeneM (puc.3.4, a) u BeikitogareneM (puc.3.4, 0)

35+330xkB  35+220xB 35+220xB
I

(o

1

Puc.3.4. BiaouHble cXeMBbI OACTAHLIHA.

a) 6)

Cxema (puc.3.4, a) mpuMeHsETCS IS MMOJCTAHIUMN, MPUCOCAUHACMBIX K
JUHUSM 0e3 OTBETBIIeHHH, a cxema (puc.3.4, 0) MCHONB3YeTCs AJIsl BBIOJIHEHHS
OTBETBJICHUH OT MTUHUHA. 711 IByXTpaHC(POPMATOPHBIX MOACTAHIINN, TUTAIOLIIXCS
OT JIBYXLEIHBIX JIMHUHA PEKOMEHAYETCS CXeMa C JIByMsI OJIOKaMH C BBIKITIOYATEIsI-
MH B II€ITH TpaHC(HOPMATOPOB U NEPEMBIYKOH, coJlepiKalllel 1Ba MOCIIeI0BATEILHO
BKJIFOUEHHBIX pazbenuHuTens (puc.3.4, B).

CxemMa MOCTHKA C BBIKIIOYATEISIMH B LEISIX JIMHUH M PEMOHTHOH Iepe-
MBIYKOH CO CTOPOHBI JITHHH ITOKa3aHa Ha pUCyHKe 3.5, a.

MOCTHKOBBIE CXEMbl HPUMEHSIOTCS B PaJAMANIbHBIX JHHUSAX M JIMHHUAX C
JIBYXCTOPOHHHUM ITUTAHHEM C 3aX0JIOM HUX Ha MOJCTAHIHIO.

Ha noacraHuusix ¢ AByMsl JIMHUSMH U ABYMs TpaHc(hOpPMaTOpaMH MOXKET
OBITH TAKXK€E UCITOJB30BaHa CXeMa YeThIPEXYrobHuKa (puc.3.5, 6).
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220+750xB
35+220xB ' !

]

foA

0)

Puc.3.5. Cxema MocTuKa (a) 1 ueTbIpéxyroynsHuka (0).

K Hemoctatkam cxemsl (puc.3.5, 6) OTHOCUTCS HEBO3MOXKHOCTh YBEIUUCHUS
KOJIMYECTBA TPUCOCANHIEMBIX JIMHHH.

[pu uncne nuHUI Tpu U OoJiee PEKOMEHAYETCS s TUIOBEIX cxeM PY co
cOopHBIMM cnucTeMaMmu mMH. Hambomee mpocrast cxema BBIIOJHSAETCS C OJHON
CEKIIMOHUPOBAHHOM cuctemoil mmH (puc.3.6).

| | 35+110xB |
CB I:g

| cexmus D Il cexmms

IIHUH IIHH

Puc.3.6. CxeMa moacTaHIMU C OJHOW CEKIIMOHMPOBAHHOW CUCTEMOM IIHH.

B sT0ii cxeMe kaxkaas JIMHUS ¥ KaXIbIH TpaHc(hOopMaTOp IMOAKIIOYECHBI K OJHOM 13

CEKITUH IIMH, MKy KOTOPBIMHU YCTaHOBJICH CEKIIMOHHBIN BBIKITIOYaTens (CB).
bonee crnoxHas cxema COAEPKHUT JOMOTHUTEIBHYIO OOXOIHYIO CHCTEMY

[IMH ¥ UMeeT 00X01HO# BhIKIIouarens (OB) (puc.3.7).

Takas cxema mo3BOIAET MCHOib30BaTh OB I 3aMeHBI BBIKIIIOUYATENS JHOOOTO

MIPUCOEIUHEHHSI IPH HEOOXOJMMOCTH BBIBOJIA €70 B PEMOHT.
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B cootrserctBun ¢ [14] cxema (puc.3.7) npuMeHseTCsl IPH KOJIUYECTBE pa-
IMaJIbHBIX JINHKH He OoJiee OXHOM Ha ceKuuro. I1pyu HEBBIIIOJIHEHUHU STOTO YCJIOBHUS
C YHUCIIOM JIMHUI 0 13 NPUMEHSIOT CXeMy ¢ ABYMS HECEKLMOHUPOBAHHBIMH CH-
cTeMaMH ¥ 00XonxHOW cuctemoit mmH (puc.3.8), B kotopoii I u Il paboune cucre-
MBI IIMH COGAMHEHBI MEXAY cO00il ¢ IOMOLIBIO IMMHOCOSIUHUTEILHOTO BBIKIIIO-

qgatens (IIICB).
|| 110-220xB | | O6x0aHAS
N s YW
CHCTEMA LIUH
OB I:é
_1_ _1_
| cexunﬂ \-D_/ I CEKIUSI

k

CB

%

Puc.3.7. CxeMa MOACTaHIIUHU C OJHOW CEKIIMOHMPOBAHHOM CUCTEMOM U 00X0THOM
CUCTEMOH LIMH.

110 +220xB

Oo6xomHas

|
| cucrema é\

CUCTEMA IIIUH

Il cucrema

HINH

!
7
¢

G
]
¢

Puc.3.8. Cxema moacTaHmuu ¢ JByMsl HECEKIIMOHUPOBAHHBIMU CHCTEMaMH H 00-
XOJIHOHM CHCTEMOI IITHH.

IMpu uncne muaui Goee 13 mo cxeme (puc.3.8) MPUMEHSIOT CeKIIMOHUpOBaHue | 1
Il paGoueii cucTemMbl IUH U AOMOJHUTENBHO MPETyCMATPUBAIOT BTOPOM 00XOTHOM

BBIKJTKOYATCIIb.

B HacTosmee BpeMs HamMeTWIach TEHICHIMS MPUMEHEHHS DIIETa30BBIX U
BaKyyMHBIX BBIKJIIOUaTeNe, He TPEeOYIONMX PEMOHTAa INPAKTHYECKH B TEUCHUE
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BCEr0 CPOKa CITY>KObI, BMECTO MACISHBIX M BO3AYIIHBIX. OUEBUIHO, 3TO TO3BOJIMUT
HCIIONIB30BaTh YIPOIICHHBIE CXEMBI PaCIpeeuTeNbHBIX YCTPOWCTB € IBYMSI
HECEKIIMOHMPOBAHHBIMHI CHCTEMAaMU IIMH Ge3 00xoaHoM (puc.3.9).

| | 1Ic | |
G4 g
| cucrema
ILIUH i A i A Il A i A

T

1

Il cucrema

1
IMH ; ;z

Puc.3.9. Cxema NOACTAHIIUH C ABYMSI HCCCKIIMOHUPOBAHHBIMU CUCTCMAMU IINH.

Jyii OTBETCTBEHHBIX CHCTEMOOOPA3YIOIIUX TIOJCTAHINN HANPsSHKEHUEM
330+750xB mpumensercs cxema, mperycMaTpuBaroias MoJKII0UeHHE TPUCOeTU-
HeHu#l K muHaM JIByMs BbikitodatersiMu (puc.3.10). [Ipu atom Tpancdopmaropst
MOIKJTFOYAOTCS HEITOCPEICTBEHHO K IHHAM. TakuM 00pa3oM, OTKITFOUCHHE 000
JIUHUU TIPOU3BOJUTCS ABYMS BBIKIIOUYATEISIMHU, a JII000ro TpaHchopMaTopa — Yuc-
JIOM JIMHEHHBIX BBIKJIIOYATENEH, MOJIKIIOUEHHBIX K COOTBETCTBYIOIICH CUCTEME

| | | |
-1, 01, T 1
Ié Ié Ié Ié Ié I€3301750KB
| cucrema
Il L i A Il L

IWH
Il cucrema 1
IWH

Puc.3.10. Cxema ¢ IBYMsI BEIKITFOUATEIISIMH HA JIHHHIO.

B nonyropHoil cxeme Ha KaxkJ0€ NPUCOEAUHEHHE NMPUXOAUTCA 1,5 BBIKIIO-
garenss (puc.3.11). EE mnpumeHsioT B pacnpeieNuTeSbHBIX  YCTPOHCTBaX
330+750xB npu uucne nuHUi 6 u 6onee. OTKIIOUEHUE TIOO0H JIMHUM U JTFOOOTO
TpaHchopMaTopa MPOU3BOAUTCS IBYMs BBIKIIOUATEISIME. [Ipy 5TOM CBS3h MEXIy
I u Il cucremamu IMH COXpaHsETCS.
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330+750xB

|AENENEN
AENTNVEIN RS

| I CHCTEMA

Puc.3.11. Cxema ¢ nostyTopa BBIKJIIOUATEIIMHU Ha IPUCOETNHEHUE.

Hambonee xapakTepHBIE CXeMBI pacHpeAeTHTENbHEIX ycTpoiicTB 10(6)kB,
MIPUCOEIMHAEMBIX K PAacIpeyCTPOHCTBAM BBICIIETO M CPEIHEr0 HAIPSHKEHHUH 10 -
cranuuit 35+750kB, nokasansl Ha pucyHke 3.12.

PY BH PY BH

Puc.3.12. Cxemsr PY 10(6)xB.

B Hacrosiiiee BpeMsi HIMPOKOE PAaCHpOCTPaHEHHE MOJYy4aloT Tpanchopma-
TOPBI C PACIICIUIEHHBIMA OOMOTKAMH HHM3KOTO HAINPSDKEHUS, KAXKI0E [UIeU0 KOTO-
PBIX TIOJKITIOYAETCS Ha OTACNBbHYIO cCcTeMy ImuH (puc.3.13).
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Puc.3.13. Cxemsl PY 10(6)xB npu rcmons30BaHAN TpaHC(HOPMATOPOB € pacIien-
JIEHHON 0OMOTKOH.

Takas cxema MOAKIIIOYEHUS 00eCcTIeYnBaeT CHUKEHNE TOKOB KOPOTKHUX 3aMBIKaHHUI
Ha muHax 10(6)xB.
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4. XapakTepucTUKH 000pYyA0BaHUS JIUHHMI M MOACTAHIUI

B obmem cimydae mo0ast 3eKTpUYecKas CeTh COCTOMT M3 MOACTAHLUH H
CBS3BIBAIOIIUX X JIMHUH 3JIEKTPONepeaayn.

JIMHUM 3IEKTpoIlepeiadud BBIMOJIHSAIOTCS NMPEUMYIIECTBEHHO BO3IYIIHBIMH
u kabembHbiME [1,6,10,11]. Bosayiunbie nuHun anekTponepeaaun (BJI) mpenna-
3HAUEHBI JUIS Nepeaddl U paclpeesieHns 3JeKTPOIHEPTUH 110 MTPOBOAAM, PacIo-
JIO)KEHHBIM Ha OTKPBITOM BO3/yXE U IOJAEPKUBAEMBIM C TIOMOILBIO OIOp M HU30-
JISITOPOB.

B cBolo ouepenp, Kak OTMEUAIOCh paHee, Ha OOJIBIIMHCTBE IOJCTAHIINI
OCYIIECTBIISIETCS. PeoOpa3oBaHUe DICKTPOIHEPIHH W3 OJHOTO Kiacca HarpsiKe-
HUS B IPYroif, IpH4€M KIIOYEBBIMH DJIEMEHTAMH TAaKOHW IOJICTAHIMH SIBISIOTCS
TpaHCcHOPMATOPEL

4.1. Tunsl onmop BO3IYIIHBIX JHHMI 3JIeKTpolepeaayd, NMPOBOJa M TPOCHI,
JIMHeliHas apmarypa

OCHOBHBIMHU KOHCTPYKTHBHBIMH 3jieMeHTaMu BJI SBJISIOTCS OMOPBI, MPOBO-
Ja, TPO303alUTHBIE TPOCHI, H30JSATOPHI U JIMHEWHAs: apMaTypa.

ITo KOHCTPYKTHBHOMY HMCIIOJIHEHHIO OMOP HanboJiee pacpOCTPaHEHBI OHO
u asyxuenseie BJI. Oana 1iers BEICOKOBOIBTHOM JTMHUHM 00BEIUHACT TPU MPOBOIA
Tpéx(hasHoW JIMHNK, B HU3KOBOJBTHOM OT YETHIPEX 10 TATH MPOBOIOB. B memom
KOHCTPYKTHBHAS 4acTh BJI xXapakTepusyeTcs THIIOM OIOp, IJIMHAMH IPOJIETOB,
ra0apuTHBIMHA pa3MepaMH, KOHCTPYKIMeld (a3 H KOJMYECTBOM H30JSATOPOB
[1,6,10] (puc.4.1.).

Puc.4.1. KoHCTpyKIIMOHHAs CXeMa OJHOLIETTHON BO3AYLIHOW JIMHUU
Jumaael nponéros BJI BRIOMparoTCs MO 3KOHOMHYECKAM COOOPaKCHUSM,

MMOCKOJIBKY C YBEJIMYCHUEM JUTHHHBI Tpoiéra / BO3pACTaeT MPOBUC IPOBOIOB.
[Ipu >TOM HEOOXOAMMO YBEIHYUTH BBHICOTY Oomop H, 4ToOBI HE HAPYIINUTH OMY-
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cTuMblid rabaput auHud h (puc.4.2). 1o npuBeAET K YMEHBLICHHIO KOJIHYECTBA
OTIOp W M30JIATOPOB Ha JIMHUM.

INabaput nMHNM — HAUMEHBIIIEE PACCTOSHUE OT HIDKHEH TOYKH IPOBOJA IO
3eMJIH, BOJBI MJIM TMOJIOTHA JOporu. Bemmdnua rabapuTa BeIOMpaeTcs Takoif, 4To-
051 0becreunTh 0€301MaCHOCTh IBMYKEHUS JIFOJICH U TPAHCIIOPTA O] IMHHEH.

Puc.4.2. OcHOBHBIE XapaKTepUCTHKH rabapuTHOTO mpoiéta BJIL.

PaccTostHre MEXITY COCETHUMH (ha3aMu JIMHUH 3aBUCHT TJIABHBIM 00pazoM
0T e HOMHHAIILHOTO HanpspkeHus [1].

Konctpykuust ¢assl onpenessieTcsi KOIHIeCTBOM TPOBOAOB B (aze. Ecim
(aza BBIMOJIHEHA HECKOJIBKUMHU TIPOBOIAMH, TO OHA HA3BIBAETCS PACIIETIEHHOM.

Omopst BJI npeanasHavaroTest is MOAACPKAHKUS TPOBOJOB HA ONpeneIEH-
HO#t BbIcoTe. KpoMme TOro Ha ormopax MOTYT MOIBEUIMBATHCS CTalbHBIE TPOCHI,
npenHa3sHaYeHHbIC IS 3alIUTHI JIHHAM OT YIapOB MOJHHU U CBS3aHHBIX C 3TUM
nepeHanpspkeHnit. B 3aBHCMMOCTH OT Ha3HAYEHHsS OMOPBI MOAPA3CIAIOTCA Ha
aHKepHbIe U mpomexyrounsie[1,10,18].

ITpoMeXyTOUYHBIE OTIOPHI HAMOOJIee TPOCTHI M CIYKAT JUIS TIOIEPKAHUSL
MPOBOJIOB Ha TIPSAMBIX ydacTkax juaud [10,18]. Ha Takux omopax MCHONB3yeETCS
TOIIEPKUBAOIIAE THPIISH/IBI H30ISATOPOB.

B cBOIO Ouepens aHKEpHBIE OTMOPHI YCTAHABIMBAIOTCA B MECTaX JKECTKOTO
KPEIUIEHHUsI TIPOBOJIOB ¥ TIOJIPA3JIENAOTCS Ha KOHIEBBIE, YTIIOBBIE, MMPOMEKYTOU-
uele u cneruansabie [10,18]. Takue omopbl pacCUUTHIBAIOTCS HA TPOMOIBHBIE H
MOTIEPEYHBIC COCTABISIFONINE TSHKSHHUS IPOBOJIOB, KOTOPBIC KPEISITCSI C MOMOIIBIO
HATSDKHBIX THPJISHJT H30JSITOPOB.

B Hacrosiee Bpemsi pa3pabOTaHO MHOMXECTBO KOHCTPYKIMH OIOp JMHHI
anekTponepenaun (puc.4.3) [6,10]

3 é ¢ 'Y
T { S T3
i T3
e e 7/ e 77_77;
a 0 B r hit

Puc.4.3. PacrionoxeHne IpoBOJIOB ¥ TPOCOB Ha OIOPax: a, 6 — TPEyroibHOE; B —
TOPU30HTAIBHOE; T — 00paTHOMU ENKOI; 11 — IMeCTUyroibHOe (00UKOH).

B 3aBucMMOCTH OT MaTepuana OIOpbI
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(puc.4.4.2), xxene3006eToHHBIMU (pHc.4.4.0) n MeTaTnaeckumu (puc.4.4.B).



Bonee monpobuas nadopmaius 00 0COOCHHOCTSX pa3HbIX THIOB orop BJI
paccMmarpuBaeTcss B Kypce AMCHUIUTUHBI «MOHTaX M JKCIUTyaTalusl 3JeKTpHude-
ckux cerei» [10,11].

Puc.4.4. IlpumeneHne AepeBsHHBIX () jkene300eTOHHBIX (0) M MEeTAIUTMYECKHX (B)
omnop Ha BJI

[IpoBona BO3AYIIHBIX JIMHUI 3JIEKTpoNepeaady MpeIHasHaueHbl IS mepe-
JIa9¥ AIIEKTPOIHEPTHH. B momaBisiiomeM OOJIBITHHCTBE CIydacB B KAYECTBE MaTe-
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pHaia IMpoOBOJOB HCIOJIB3YIOTCS. Hanbouee enéBble alllOMUHUM, CTalb WIM CIUIa-
Bbl amomuHusA. Ha BJI yame Bcero npuMeHstoTCss HEM30JIMPOBAHHBIE MHOTOIPO-
BOJIOYHBIE TIPOBOJIA U3 OJHOTO MeTajula — afoMUHHEBBIE (puc.4.5.2) uiaum KoMOu-
HUPOBAHHBEIE — CTallcaFOMUHIEBEIE (prc.4.5.0), MpHUEM CTallb HCIIONB3YETCS IS
MTOBBIIIICHUS] MEXaHMYECKOW TMPOYHOCTH a aTIOMHHUN I 00ecredeHus BBICOKOM
JJIEKTPOIPOBOIHOCTH.

I'pozo3zamurHeie Tpockl npuMeHstoTcs Ha BJI aiis 3a1iuThl OT NpsAMBIX pas-
pstnoB MonHuU B nipoBoaa BJI [1,19,20]. KOHCTPYKTHBHO TPOCHI BBITIOTHSAIOTCS U3
CTaNbHBIX MPOBOJIOK (puc.4.5.8).

L)
a QL
RE

A 50 AC 70/72 C35

© amoMmuHMH

@ cram

Puc.4.5. Ceuenue npoBoAOB U IT'PO303AIIUTHBIX TPOCOB

W3onsTopsl npeHa3HAueHb! T M30JIALUHN U KPEIUICHUs TPOBOAOB. B ka-
YECTBE M30JIMPYIONIEro Marepuaia MpUMEHSIOTCs Gapdop, 3aKkaléHHOE CTEKIO U
nosumepsl (puc.4.6). ITo KOHCTPYKIMHU U cIOCO0Y 3aKpeIyIeHUs] Ha OTopax U30JIsi-
TOPBI OIPA3CIAIOTCS HA MTHIPeBbIe 1 moaBecHsie [10,11].

v
I
i
T

mTeipeBoii 6+10xB mTeipeBoii 35kB

CTEpPKHEBOM MOIMMEPHBIH
Puc.4.6. 30asTOpHI BO3AYIIHBIX JTNHUN

[ToapoOHO M30JIATOPEL, NX KOHCTPYKLMS, 3alUTa JIMHAH OT IepeHarnpsKeHui pac-
cMmaTpuBaroTca B Kypcax «M3omanus u nepeHanpsikeHus» U «Te€XHUKA BBICOKHX
HaMpsLKEHUN».

JIunelinast apmarypa mpeaHa3HaueHa JJIs 3aKPEIUICHUs IPOBOAOB K U30JIsI-
TOpaM ¥ TPOCOB K OMOPaM U COACPIKHUT CIIEAYIOIINe OCHOBHbIE dnemeHTs! [10,11]:
3aKUMBI (prc.4.6), COETUHNATENH, TUCTAaHIIMOHHbBIE PACIIOPKH, CHETHYIO apMaTypy
(ceppru, ymkn, cKoObI, KOPOMBICIIA), TACHTENIN BUOPALIUH | Jp.
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Puc.4.6. BoaToBwie 3aKUMBI

[ToMuMO BO3AYNIHBIX JIMHUH 3JIEKTpONEpenaddl CTaHAAPTHONW KOH(HTYpa-
MM pa3paboTaHbl pa3IW4HbIe BapuaHThl KoMmakTHEIX JIOI, xapakTepusytomuecs
MEHBIIMMH paccTOSHUAME Mexay dazamu [3,6]. KoHcTpykTHBHBIE 0COOCHHOCTH
TaKUX JMHUH W UX MPEUMYIIECTBa PacCMaTpUBAIOTCA B Kypee «JladbHue 3IeKTpo-
Tiepeiadi CBEPXBBICOKOTO HANPSKECHIS.

4.2. JIByxo6MO0TOYHBbIE, TPEXOOMOTOUYHBbIE TPpaHCc(HOPMATOPBI, aBTOTPaHCchop-
MaTopbl

W3BecTHO, 4TO TpaHCc(hOPMATOPhI NpEeIHA3HAYEHBI I CBS3U CETEU mepe-
MEHHOTO TOKa PasHOTo Kiacca Hanpsbkenus [1]. B HacTosiee BpeMs B aJeKTpHde-
CKHX CETSAX HCIOJNB3YIOTCS IBYXOOMOTOYHBIE, TPEXOOMOTOUYHEIE U aBTOTPAHC(OP-
maropsl [1,6,21].

OnHonuHeWHas cxeMa JIBYXOOMOTOYHOTO TpaHc(popMaTopa MpeacTaBieHa
Ha pucyHke 4.7. OGMOTKH BBICOKOTO M HH3KOTO HAIPSKEHHUS 3TOTO TpaHc(opMa-
TOpa TalbBAHMIECKH H30JIUPOBAHBI IPYT OT JIpyTa

H ¢ — % B
_— B
IB
IH
. U
U, 5

Puc.4.7. OnHonuHelHas cxemMa AByX0OMOTOYHOTO TpaHc(opmMaTopa.
B cmpaBouHO# nHTEpaType MPHBOIATCS CIEAYIOIINE OCHOBHBIE MAcCIOPT-

HBIC JTaHHBIC IBYXOOMOTOYHOTO TpaHchopmaTopa:
Sy — HOMHHAJBHAS MOIIHOCTD TpaHchopmaropa, [KBA];
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Uy — HOMHHaIbHOE Mexay(daszHoe (TMHEHHOE) HANPSHKSHHE MEePBHYHOW 0OMOTKH
tpancdopmaropa, [kB];

Pk — TIOTepH aKTHBHOM MOIHOCTH KOPOTKOTO 3aMbIKanust, [KBT];

Uk — OTHOCHTENBHOE 3HAYCHUE HATIPSKCHHUSI KOPOTKOTO 3aMBIKanust, [%];

Ix — OTHOCHTENBHOE 3HAYEHHE TOKA X0JI0CTOro Xoa, [%];

Px — TIOTepH aKTUBHOM MOIITHOCTH XOJIOCTOTO X014, [KBT];

JIByX0OMOTOUHBIE TpaHCHOPMATOPHI TO3BOJIAIOT TIEPEAaBaTh MOIIHOCTE
MEXIy CeTSIMHU C JIBYyMs KilaccaMy HanpspKeHus. J{Jst CBsi3H ceTeid ¢ Tpemsl Kiacca-
MU HaOpsDKCHHUSI MOTYT UCTIONB30BATHCS CXEMBI, TIPE/ICTABICHHBIC HA pHCYHKe 4.8.

Crnenyet OTMETUTD, YTO BapuaHTHI 0) U B), Ha puUcyHKe 4.8 sBistoTCs OoJiee
9KOHOMHYHBIMHU 1O CPAaBHCHUIO C BApHAHTOM a). B momapisitorieM OOJBIIMHCTBE
Clly4aeB PUMEHEHHE BYX JBYXOOMOTOYHBIX TPAHC(HOPMATOPOB VIS CBSI3U CETei
C TpeMsi KJIacCaMH HATIPSDKEHHS SBIACTCS BBIHYKICHHOI MEpOi NP HEKOHTPOJIH-
PYEMOM pa3BUTHH DIICKTPUUECKOM CETH.

a) 0) B)
35xB 5kB 10xB
20xB 220xB 220xB
10xB 10xB
10xB

JIBa 1ByXOOMOTOYHBIX TpexoO6MOTOUHBIH TpaHC- ABtoTpancdopmarop
TpaHchopmaTopa (dopmatop

Puc.4.8. CriocoOblI cBsI3M ceTel ¢ TpeMs KilaccaM¥ HaNpsDKeHUSI.

TpéxoOMoTOUHBIE TpaHC(HOPMATOPEI UMEIOT OOMOTKH, 3JIEKTPUUECKH H30-
JMPOBAHHBIE APYT OT ApYra, YTO MO3BOJIAET OOBEIUHATH CETH C PA3HBIMU PEXHU-
MaMH paboTsl HeWTpanu. OnHoNMMHEWHast cxeMa TpEXoOMOTOYHOTO TpaHchopma-
Topa npezcTaBieHa Ha pucyHke 4.9. Kak u y 1ByxoOMOTOYHOTO, Bceé 0OMOTKH 3TO
TpaHcdopmaropa rajJpBaHHYECKH U30JIMPOBAHBI APYT OT Jpyra

H¢_.’ .(_=B
. Ly s
Uy

Puc.4.9. OnHonuHEHAs cXeMa ABYXOOMOTOYHOTO TpaHC(hopMaTopa.

OpHaKko B MPakTHKE MPOEKTHPOBAHUS AIEKTPHUECKUX CETEH CYIIEeCTBYIOT
cydau, Korja BMECTO TpexoOMOoToyHOro TpaHchopmaropa IenecooOpa3HO Hc-
0JIb30BaTh aBTOTpaHCHOPMATOP.
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ABTOTpaHc(hOpMaTOp — TO Takoil TpaHcHOpMaTop, y KOTOPOro OOMOTKH
CPENHEr0 HANPSKEHUS SBJIAIOTCS YacThbi) OOMOTOK BBICOKOTO HAIpPSIKEHUs
(puc.4.10).

H ¢—
- .
i U,
U,
|

Puc.4.10. OgHonuHeHHAsS cXeMa COSTUHEHUST 0OMOTOK aBTOTpaHchopMaropa.

B cxeme (puc.4.10) MOXHO BBIIEIHUTH TpH OOMOTKH: - H — 0OMOTKa HH3KOrO
HanpspkeHus;; BC — nossimatomas oomorka u CO — oOmiasi 00MOTKa, KOTOpast siB-
JsieTCsl OOMOTKOW CPEIHETO HAINpsDKEHUS M OJTHOBPEMEHHO YacTbiO OOMOTKH BBI-
COKOTO HaIpsHKEHUsL.

B cootBerctBum ¢ mepBbIM 3akoHOM Kupxroga mms odmorok BC u CO
MOXHO 3aITHCaTh:

los =1c 15 (4.1)

st aBroTpaHchOopMaTOPOB pa3iivualoT HOMHUHAIBHYIO U THUIIOBYIO MOIIHOCTb Sy
n ST-

HomuHaneHass MOITHOCTh 3TO MAaKCHMaJIbHAs MOIIHOCTb, KOTOPYIO aBTO-
TpaHc(opMaTop MOXKET MePeAaTh U3 CETH BHICOKOTO HANPSDKEHHS B CETh CPETHETO
HaIpspKeHUs. 1 Ha000pOT:

S, =v3-Ug-l5=+3-U. I, (4.2)
B npaBoii yactu Beipaxenus (4.1) BeiHeceM 3a CKOOKY BennuuHy ¢!

Lo =1 1-1e 4.3)

e
YMHOXMB 00e yactu (4.3) Ha BEIMUHMHY ﬁ -U,. momyuuM 3HadeHHE TUIIOBOH

MOIIHOCTH aBTOTpaHCc(opMmaropa, KOTOpash XapaKTepu3yeT MaKCHMalbHYI MOII-
HOCTB, TIepeaBaeMyIo 1o o01eil 0OMoTKe:

[
V3:-Ug s =4/3-Ug -1, 1—|—B (4.4)

C
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Beipasus u3 (4.2) Toku lg, Ic 1 moacTaBus ux B ckoOku (4.4) mONy4uM BeIpaXKeHHE
THUIOBOM MOIIIHOCTH:

U U

S;=+43-Ug-l[1-—5 |=S, - |1-—% 4.5
r=v3-Uclo 1o g8 |=Su | 1-55 | (45)
UC
Baens ko3¢ ¢unmeHT BEIr0OJHOCTH aBTOTpaHchopmaropa o =|1——= | momy4nm:
B
S;=5,-a (4.6)

Pa3mepsl, Macca U raGaputsl aBTOTpaHc(OpPMATOpa ONPENEIIOTCA BElu-
YUHOM TUIOBOI MOIHOCTH, IIPU 3TOM S; <S,, .

ABToTpaHc(pOpMaTOp BHIFOAHO NpuMeHATh, ecmu Uy, <Ug,, T.e. ueM

MEHbIIIE O, TeM Oolee IlenecooOpasHO IpuMeHeHue aBToTpaHchopmaropa. Ilo
CPaBHEHHUIO C aBTOTPaHC(HOPMATOPOM, TPEXOOMOTOUHBIH TpaHCHOPMATOpP TOH ke
MOIITHOCTH UMEeT OoubIne rabapuThl U Maccy.

K Hemocratkam aBTOTpaHC(OPMATOPOB OTHOCHTCS, HPEKAE BCETO, HIICK-
TpHUecKast CBA3b MEXy 0OMOTKaMHU BBICOKOT'O M CpeIHEero HampskeHui. T.e. eciun
CeTh BBICOKOTO HANpsDKEHUS UMeEeT ITyX03a3eMJICHHYIO HeHTpalb, TO CeThb cpei-
HETO HaIpsDKEHUS TakoKe JOJDKHA UMETh ITyX03a3eMJICHHYIO HeHTpab.

HomuHanbHast MOIIHOCTh OOMOTKH HU3KOTO HAIPSKEHHMS:

Stom i = Oy Sy (4.7)
TIe O - Ko3QOHUIHEeHT 0OMOTKM HU3KOTO HANpSDKCHHS, KOTOPBIH MOXKET OBITh
pasen 0,2; 0,4; 0,5.

4.3. Tunsl TpanchopMaTOpOB, HA3HAYEHHE, KJIACCH(UKATMSA

B Hacrosimiee BpeMsi POMBIIIIEHHOCTBIO BBIITYCKAeTCsl OOJBIIOE YHCIIO
TUIIOPa3MEPOB CHIJIOBBIX TPEX(PA3HBIX U 0HO(A3HBIX TpaHc(HOPMAaTOPOB, pa3inya-
€MBIX 110 MOIIHOCTH, HOMHHAIBHOMY HAIPSHKEHHUIO, YHCIy OOMOTOK M CHOCO0Y
oxnaxaenus. Tun tpancdhopmaropa UMeeT yCIoBHOE 0003HAUEHHE, IO KOTOPOMY
MOXKHO ONPEAEIUTh KOJIMYEeCTBO (ha3, CHCTEMY OXJIaXICHHS, YHCIO OOMOTOK,
HaJIMYMe PEryJIMPOBOYHOrO YCTPOICTBA, IPO30YIOPHOCTh U30JISILIMHU TpaHchopMa-
TOpa, HOMHHAJBHYIO MOIIHOCTh M KJIacC HampspkeHust oomotku BH [6,21].

BykBennbie o6o3HaueHus tpanchopmaropos: TM, TC, TC3, TH, THL,
TMH, TAH, TH, TAT, TAUL, O, OAT, O4UI', ATAUTHI, AOTALH u T. a.
[epBas OykBa obo3nauaet uncno ¢as (T — Tpéxdasnbiii, O — ogHOoda3HbIN); nanee
cienyer 00O3HaYEHHE CUCTEMBI OXJAXICHHMsA: M — ecTecTBeHHas LUPKYJISIUs
Mmacna; C — CyXoi ¢ eCTeCTBEHHON IMPKYJISIHEH BO3yXa OTKPBITOIO HCIOJIHEHNS;
C3 — TO-Ke, HO 3aKpBITOTO MCIOMHEHUs; J| — ecTecTBEHHAs! MUPKYJIAIMS Maciia U
NPUHYANTEIbHAS TUPKYJSINUs BO3AyXa, T.e. ¢ 00myBaHHeM Oaka IpH HMOMOIIN
BeHTWIATOPa; L] — mpuHyauTENbHAsS HUPKYJSIMS Macia Yepe3 BOJSHOM OXJajau-
tenb; JIL — npuHynuTenbHas HMPKYJSIKs Macia u Bo3ayxa. byksa P nocine uncna
(a3 B 0003HaUCHNH YKa3bIBAET, YTO OOMOTKA HU3IIETO HAMPSDKEHUS IPE/ICTaBIeHA
IByMa (TpeMs) ooMmoTkamu (pacmieryieHa). Hammane Bropoit O6ykBel T o3Hauaer,
9710 TpaHchopmaTop TPEXOOMOTOUHBIH, TBYXOOMOTOYHBIA CIIeUATBHOTO 0003Ha-
yeHust He nMmeeT. Cienyromue OyKBBI yKa3bIBaroT: H — perynupoBaHue Hampspke-
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nust ox Harpyskoil (PITH), orcyTrcTBue-Hanmnuue mnepexirodeHus: 6e3 Bo30yxie-
mus (IIBB); I' — rpo3oymopHsIif; A — aBToTpanchopmarop (B Hadale YCIOBHOTO
0003HaYECHMS).

3a OyKBeHHBIMH 0003HAUYECHUSIMH CIEAyeT HOMHHAIbHAS MOIIHOCTH TPAHC-
¢dopmaropa (kBA) u gepes mpobp — Kilacc HOMHHAJIBHOTO HANPSDKEHUS OOMOTKH
BH (xB). B aBroTpanchopmMaTopax Takxke J0OaBISIOT Kiacc HANPSDKEHHST 0OMOT-
xu CH.

CoBpeMeHHas IIKala HOMHHAJIBHBIX MOIIHOCTEH BBICOKOBOJIBTHBIX TpaHC-
(hopMaTOpOB MOCTPOEHA TaK, YTOOBI CYIECTBOBAIM 3HAYEHHSI MOIIHOCTH, KpPaTHBIE
necaru: 20, 25, 40, 63, 100, 160, 250, 400, 630, 1000, 1600 kBA u 1. 1. HexoTo-
poe uckioYeHue cocrapisitor Momuoctu 32000, 80000, 125000, 200000, 500000
KBA. CymecTByloT Takxke TpaHc(opMaropsl, BeIIyIIEHHbIE 10 1967 r., uMeromnue
JIpYTyI0 HIKaly HOMUHAIBHBIX MoIuHocTei: 5, 10, 20, 30, 50, 100, 180, 320, 560,
750, 1000, 1800, 5600, ..., 31500, 40500 kBA n . 1.

B03MOXXHOCTh PErylMpOBaHUS M W3MEHEHHS HAIPSHKEHUS ONpPEIemseTCs
napametrpamu PITH u I1BB. Ux xapakTepucTuku 3a1al0Tcs B BUE MAKCUMAJIbHOTO
YHCNIA TOJIOKUTENBHBIX U OTPUIATEIBHBIX 110 OTHOLICHUIO K OCHOBHOMY BBIBOIY
oomotku BH mmu CH perynmpoBOYHEIX OTBETBJICHUH C yKa3aHHEM Iiara ko3¢ u-
muenTa TpaHchopmanun AK; B Buxe +nxAK. . Hampumep, nms PITH: +6x1,5%,

+8x1,5%,+10%x1,5% ,+9x1,78% , +12x1% ; mus IIBB: +2x 2,5% .
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5. Tunsl KOHMUTypalNH 3IeKTPHYECKHUX ceTell

KoHupurypamus sneKkTprdecKkoil ceTu onpenersieT €€ OCHOBHBIE BO3MOXHO-

CTH, CBSI3aHHBIE CO CTETIEHBIO HAAEKHOCTH IEKTPOCHAOKEHHSI, SKOHOMIUYHOCTEIO,
BO3MOXKHOCTBIO TAIbHEHIIIEr0 PacIINPEHHs U IIpoUee.

5.1. MarucrpajibHble U pagualibHble ceTH. Pa30MKHYTbIe H 3aMKHYTbI€e CeTH

B 3aBHCHMOCTH OT CXEMbI pasianvaroT CICAYIOUIUC THUIIbI KOH(i)I/IpraHI/II/I

anekTpuueckux ceteit (puc.5.1.) [5,6]:

34

an @ @ L J _HH_. [ ] ®
a) 0)
B) r)
1111 ° ° ° LII12 111 112
x) e)
1111 ° ° LII12 111 ° ° 1112
1113
K) 3)

Puc.5.1.0cHOBHBIE TUIIBI KOH(PUTYpALIMH INEKTPUUECKUX CETEH.

OpunapHas panuaibHas ceTh (puc.5.1.a). SIBnsercs HamOomnee ACMEBON, H
HauMmeHee HaAExkHOM. IIpoekTupyeTcs, Kak MpaBUIIO, IIPU MaJbIX MOILIHOCTSAX
Harpy30K ¥ NPH HAJIUIHNH BO3MOXKHOCTH PE3EPBUPOBAHMA IO CETH CPETHErO
WA HU3KOTO HAIPSIKCHUH.

JBoitHas pangmanbHas ceTh(puc.5.1.0). [[Be nuHHMM, TOCTPOEHHBIE HA OJHHUX
WJIN Pa3HBIX ONOpPax MO3BOJIIOT 00ECIIEUYUTh PE3ePBUPOBAHNE TUTAHUS MTOTpPE-
6uteneil. PaBHOMepHas 3arpys3ka o0eux JMHHUH TaKOH CEeTH CIIOCOOCTBYET MH-
HUMHU3AIMU 0Tepb. [Ipu 3TOM, 3a CUET pas3nenbHON paboTh! JIMHUM He HaOJIrO-
JlaeTCsl yBEIMYEHHS TOKOB KOPOTKUX 3aMbIKAaHUI Ha CMEXXHBIX Y4acTKaX CETH.
OpvHapHas W ABOHHAsI 3aMKHYTbHIe KousiblieBble ceTd (puc.S.1.B,r). Ilpumens-
IOTCS TIPHU DJIEKTPOCHAOKEHUW palioHa OT OJHOTO IEeHTpa MuTaHus. B Takumx
cxeMax He HaOIII0aeTcsi pocTa TOKOB KOPOTKUX 3aMBIKAHHH B MPUMBIKAIOITIX
ceTsix. Takke obecrieunBaeTCsl BOZMOXKHOCTh HCIIOJIB30BAHHS IIPOCTHIX CXEM
IIPUCOEIUHEHUS MTOACTaHINNA.



3amkHyTas onuHapHas cetb (puc.5.1.n). CoeauHsieT N1Ba LIEHTpa MUTAHUS U
SIBISIETCST PE3yIbTATOM IOATAIIHOTO Pa3BUTHUSI CETH MEXAy HUMHU. OCHOBHBIM
JOCTOMHCTBOM TaKOM KOH(UIYpalUH SIBISCTCS BO3MOXKHOCTH OXBaTa CETSIMH
OOJNBIION TEPPUTOPUH TIPH MAJIOW CyMMapHOW aiuHe JTuHUH. OIHAKO B TaKUX
ceTsIx HabOmromaeTcst Hed((EKTUBHOE MOTOKOPACIIPEIeIeHHEe TIPH COSANHEHIH
LIEHTPOB NMUTAHUS Pa3HBIX HaNpsDKeHUH. BbICOKMe 3HaUeHHs TOKOB KOPOTKHX
3aMBIKaHUH TPEOYIOT CEKIIMOHNPOBAHUS TAKOH CETH B HOPMAJBHBIX PEXUMaX.
3amkHyTas nBoitHas cerh (puc.5.1.e). [IpumeHsieTcs npu BHICOKOW INIOTHOCTH
Harpy3ox.

V3noBas cerb. MMeeT 06o0iblIyl0 cTemeHb HAAEKHOCTU IO CPAaBHEHHIO C
(puc.5.1.1,e) 3a cuér npucoenunenus kK Tpém LII1. OnHako moxo ynpasisercs
U TpeOyeT CIIOKHOM y3/10BOM NOACTaHIMH. TaKast CeTh SBISETCS BHIHYKICHHOM
Mepoil MpU BOZHUKHOBEHUU TEXHUYECKUX OTpaHUYEHUH AJs JanpHeHiero uc-
mosp30Banus (puc.5.1.m).

MHOTOKOHTYpHas CETbh. SIBIAETCS CIEACTBHEM HEYIPABIIIEMOTO Pa3BUTHS CETH
B YCIIOBHUSIX OTPAaHWYEHHOTO KOJIMYECTBA M HEPABHOMEPHOTO Pa3MEIICHNUS IeH-
TpoB nuTaHus. K HemocTaTkaM TakuMX ceTeil OTHOCSTCS, NMPEXIE BCETO, CIOXK-
HOCTH 00€CTIeueHHs ONTHMAIBHOTO PE)XXNMA U TIOBBIIICHHBIE YPOBHH TOKOB KO-
POTKHUX 3aMBIKaHUI.

5.2. PexxuMbl padoThl HEHTPAJIHN YIeKTPUYECKHX ceTel

[Mox pexxuMoM paboOTh HEHTPaITH JIEKTPUUECKON CETH MMOHUMAETCS CII0CO0

3a3eMIICHHs] HEHTPaJbHOW TOYKU TpaHc(opMmaropa, OT KOTOPOTO JaHHAs CEeTh ITH-
Taercs. VI3BeCTHBI ClieqyIoNHe pexuMbl paboThl Heitrpanu [1]:

I'myxo3a3eMiuéHHas HEWTpab B ceTax 10 1 kB, mpumensercs ms obecriedeHus
0e30macHOCTH YeoBeka. HelTpanbHas To4ka TpaHC(POPMATOPOB COCTUHSICTCS
¢ cUCTeMOi 3a3emiieHus (puc.S5.2), IPH TOM COeTUHEHHUE (a3bl U 3a3eMIIEHHO-
r'0 KOpITyca 3IEKTPOOOOPYAOBAHMS MPUBOIUT K BOSHUKHOBCHHIO OOJBIINX TO-
KOB, KOTOpPBIE CITOCOOCTBYIOT HEMEUIEHHOMY cpabaThIBAHUIO YCTPOMCTB 3alllu-
Thl U OTKJIFOYEHUIO MOBPEXKIEHHOM 3JIEKTPOYCTAHOBKH.

A

Puc.5.2. Cxema cetu ¢ riryxo3a3eMIIEHHON HEWTpallblo HanpspkeHHeM 10 1kB.
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Cetn HanpsbxeHueM 10 | kB BBINONHAIOTCA YETBHIPEX M MSATH NPOBOAHBIMU. B
MOCIEIHEM CIIydae IATBIA TPOBOJ, HA3BIBAEMBIN 3aIUTHBIM IPOBOJHHUKOM,
HCIOJIB3YETCSI BMECTE C yCTPOWCTBOM 3aLIMTHOTO OTKIIoueHus [1,22].
W3onupoBaHHas HEWTpaib B ceTax 6 + 35 kB mpuMmeHsieTcs B eIIX HOBBIIIE-
HUS HAAEKHOCTH Pa0OTHI ITHX ceTeld. Tak Kak MPOTSHKCHHOCTh TaKHX CETeH
OYeHb BEJHKA, U TOCKOJBKY 3adacTyio cetd 6 + 10 kB nmeror kabempHOE HC-
MIOJTHEHHE, TO BEPOSATHOCTH 3aMbIKaHUs (a3bl ¢ 3eMiEl Benuka. st obecmetde-
HUsE paboTocriocoOHoCTH ceTelt 6 + 35 KB B TakuX ycloBHsAX HEOOXOAUMO YTO-
061 3aMbIKaHKe (a3bl U 3eMJIM HE MPUBOJIUIIO K OTKIIIOUSHHIO CETH 3al[UTHBIMH
YCTPOWCTBaMH, OATOMY HEHTpasibHas TOYKa TpaHchopMaTopa H30JIUPYETCs OT
3emuu (puc.5.3).

A

Puc.5.3. Cxema ceTu ¢ M30JIMpOBaHHOI HEHTpanbio HanpshkeHueM 6 +~ 35 kB.

Cne/:[yeT OTMETHUTH, YTO HNPU O,HHO(I)EBHOM 3aMbIKAHHUHU HAIIPSPKECHUE OTHOCH-

TEJIFHO 3€MJIM B IBYX JIPYTHX HETOBPEXIEHHBIX (pazax yBeIMYHMBACTCS B V3
pa3. [Toatomy da3Hast m3omsanms cereit 6 + 35 kB paccunThIBaeTCS M MPOCKTH-
pyeTcsl Ha NUHEHOe HampspkeHue. KpoMe Toro, Juis Takux cerei XapaKTepHO
MIPOTEKaHNWE B TOYKE 3aMBIKaHUs (ha3bl Ha 3€MJII0 HEOOJIBIIOTO TOKA, KOTOPBIN
00yCIIOBIIEH HATMYUEM DIIEKTPUUYECKOH EMKOCTH Mexay (azamu u 3emnéil. Be-
JIMYMHA 9TOT'0 TOKA 3aBUCHUT, PEXE BCErO, OT IJIMHBI JIMHUU U €€ THIIA.
I'myxo3azemnénHas He#Tpans B cetsax 110 kB u BeIe, mpuMeHseTcs Mo KO-
HOMHYECKHM cooOpaxkeHusiM. [Ipy OTCYTCTBHU 3a3eMIleHHs] HEHTpain B TAKUX
ceTsX 3ambIkaHue (a3bl Ha 3eMIIIO IPUBOJIUIIO ObI K POCTY HAINPSHKEHUS] OTHO-
CHUTEJIFHO 3E€MITH JI0 JIMHEHHOr0 B HENmoBpexIEHHBIX (azax. OHAKO M3rOTOB-
neHue (a3HOM M3O0JISIIMU, PACCYMTAHHOW Ha JIMHEHHOE HaIpsHKEHHE, B TaKHX
ceTsAX 3KOHOMHMYECKHU He ompaaaHo. [1o 3Toi npuunHe B CeTsAX HaNpsHKEHUEM
110 kB un BBIIIE HEAOMYCTUMBI TEPEHANPSIKEHUS, AHAJIOTHYHBIE CETSM C TIy-
X03a3eMJIEHHON HeifTpanpo. [ 3amuThl OT MOAOOHBIX PEXHUMOB HEWTpasb
TpanchopMaTopoB 3azemisiercs (puc.5.4), u 3aMmbikanue (asel ¢ 3eMIEl npu-
BOJIUT K BO3HHKHOBEHHIO OOJIBLIMX TOKOB, KOTOpBIE OTKIIOYAIOTCS YCTpPOii-
CTBaMH 3aLHTHI.

Cetn 110 kB u BbIIIe BRITOTHAIOTCA TPEX MPOBOIHBIMH, IPUUEM B ITOIABIIAIO-
1ieM OOJIBIIMHCTBE CIIy4YaeB JIMHUM 3JIEKTPOIEepPeauy BbIMOIHIIOTCS BO3IYII-
HBIMH, TI03TOMY UX HaJEKHOCTb JOCTATOYHO BEJIHKA.



Puc.5.4. Cxema ceTu ¢ TilyX03a3eMJIEHHOI HelfTpanbio HanpskeHueM 110kB u
BBILLIC.

— KomnencupoBanHas HeilTpaib B ceTsix 6 + 35 kB nmpumensierca B ciiydasx,
€CIIM BEIMYMHA EMKOCTHOTO TOKa OJHO(A3HOTO 3aMBIKaHMS Ha 3EMIIIO JOCTa-
TOYHO BEJIMKA, YTO MOXET IPUBOIUTH K BOSHUKHOBEHHIO JYTH, CIIOCOOHOM BBI-
3BaTh MOBPEXJCHUE 000pyIOBaHHS WM Mokap. [ KOMIEHCAlM €eMKOCTHO-
ro TOKa B HelTpanb TpaHcdopMmaTopa BKIIOYACTCS CIELHATIbHBIA peryaupye-
MbIit peakrop (puc.5.5).

A

Puc.5.5 Cxema ceTu ¢ KOMIIEHCHPOBAHHOM HEHTpalbio HaNpspkeHHeM 6 + 35 kB.

KomneHcarmst HeWTpany mpUMeHseTcs IPH HAIMYWY UTMHHBIX JIMHUN ¢ 00Jb-
MU TOKAMH 3aMbIKaHHS Ha 3€MIIIO, a TaK)K€ B MOKApOOIACHBIX U B3PBIBO-
OMACHBIX NEKTPOYCTaHOBKaX [1].

5.3. Bp100p KOH(pUTYpALNHU CETH € Y1eTOM HATe:KHOCTH

B oOmem cmydae, nmpu BbIOOpe KOHOUTYpaIH >IEKTPUYIECKON ceTH Ha
JTarne MPOSKTUPOBAHHUS HEOOXOAMMO 00ECHEeUUTh TPEOYEMYIO KATErOPHUI0 Ha/IekK-
HOCTH 3IIeKTpOocHaO)eHust moTpeburereit [1,6,10].

HUssectro [1,23], uT0 HAaAEKHOCTH 3TO CBOWCTBO CETH CHAa0XaTh MOTpEOH-
TeJel AIIeKTPUIeCKON dHEpTHel IPH 3aJaHHBIX MTOKa3aTelaX KadecTBa, 00bEMax u
YCIIOBHSAX €€ MOTPEOICHNSI.
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Ecnu cymecTByeT HECKOJIBKO BapHaHTOB JJIEKTPHYECKOH CETH, COOTBET-
CTBYIOIIMX TpeOyeMON KaTeTopuH HaAEKHOCTH JJICKTPOCHAOKEHUs MOTpeduTe-
Jiel, 1 HeoOXOUMO BBIOPATh OJMH BapHaHT, 00ECTICUNBAIOIINN HAMIIYUIITYIO CTe-
MeHb HaJEKHOCTH, TO MOYHO BOCIIOJNB30BATHCS METOMOM ymiepOoB [6,24] wim
HOPMATHBHBIM METOOM.

Mertox ymiepOoB 3aKiIr0OdacTCs B OMpENesICHIH TOI0BOTO yIiepda oT HeJo-
OTITyCKa AJIEKTPOIHEPTUH Y, KOTOPBIH HCIOIB3YETCS MPH pacuérax CTaTHYECKOTrO
KpUTEpHsi BEIOOpA ONTHMATBHBIX BAPUAHTOB!

3=E, -K;+HU; +¥Y—>min (5.1)
rae 3 — npuBeAEHHBIE 3aTpaThl; Ey — HOpMaTHBHEIA KO3 HuIreHT 3hHeKTHBHO-
CTH KamuTaJoBIOXeHNH; Ky — cCyMMapHBIe KaluTaIOBIIOKEHHS B BAPHAHT CXEMEI;
Uy — exxeromgHble SKCILUTyaTaIlHOHHBIE H3IEPKKH.

CocraBmstromast Y 3aBUCHT OT KOJHUYECTBA PE3EPBHBIX JIEMEHTOB B 3JICK-
TPUYECKON CETH, IIO3TOMY MOYKHO OTIPEICIHUTEH ONTUMAIIFHOE COOTHOIIICHHE MEKIY
MIPUBEIEHHBIMU 3aTpaTaMH Ha PE3epBHBIC AJIEMEHTHI CEeTH 3pg3 U BEIUYMHON Y

(puc.5.6).
3
3ppz + Y

3PES)

v

NonT Npg3

Puc.5.6. Onpenenenne onTUMalIbHON BEJIMYHHBI Pe3epBa.

Hanpumep, npu nutaHnu moTpeOHTENs MO JBYM JIMHUSM COCTaBIISIONIAS
¥Y=0 npu otkiaroueHun ogHOW nuHUU. C Opyrod CTOPOHBI, BApUAHT MUTAHUS IO
OJIHO IMHNY MMEET MEHbIINE KalUTaJOBIOKEHHS, OJJHAKO YIIEpO OT HEJOOTITyC-
Ka aekTposnepruu Y=0.

Kak ormeuanocs panee, 3IEKTPONPUEMHUKHU JENATCS HA TPU KaTETOPUU IO
HaJ&XHOCTH, U METOJ YIIEepOOB NMpHUMEHSETCS TOJIBKO sl moTpeduteneit 2 u 3
KaTeropui, MOCKOJIBKY HUCXOMAA M3 CHenu(UKH MOTpeduTeneil mepBoil KaTeropuu
BenmuuHa ymiep6a Y=0 n3-3a 00513aTeI-HOTO HAJIMYHUS pe3epBa.

CymHOCTh HOPMATUBHOTO METOJ[a OCHOBAHA HA OIPEAEICHUH ISl KaXKIOTO
13 pacCMaTPHUBAEMBIX BapHAHTOB OT/AENBHBIX MTOKa3aTeed Haa&KHOCTH U CpaBHE-
HWH WX C HOPMATHBHBIMU 3HadeHusmu [23]. TIpu 5TOM BapHaHThI, HE YIOBICTBO-
pAIOIMKE HOPMATHBHBIM IOKa3aTesIM HAAEKHOCTH, MCKIodaroTcs. OcraBmmecs
BapUaHThl B JalbHEHIIEM MOTYT CPABHUBAThCS [0 KPUTEPHIO NMPHUBEAEHHBIX 3a-

Tpar.
K HOpMaTUBHBIM NOKa3aTeNsIM HaAEKHOCTU OTHOCATCS:
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— BEpOSITHOCTH 0€30TKa3HOW paboThI;
— TapaMeTp IMOTOKa O0TKa30B (yIeIbHas TOBPEKIaEMOCTD);
— cpengHee BpeMsl BOCCTAHOBIICHHUS JIEMEHTA CEeTH (CpeJHee BpeMs aBapUHHOIO
MIPOCTOST).
[Tapamerp MoTOKa OTKA30B XapaKTepU3yeT CpeaHee KOJIHIECTBO OTKA30B 32
TOJl M OIIPEIEIACTCS 110 BRIPAXKCHHIO:

_ m OTKa3

-
n-T | rox
rIe M — 4KCIIo OTKA30B N HAOII0ZAEMBIX OQHOTHIIHBIX 3JIEMEHTOB 3a T JIeT.

(5.2)

ner
CpenHee BpeMsi BOCCTAaHOBIICHUS DJIEMEHTA CETH TB,{—} XapakTepH-
OTKa3

3yeT CpeJHee BpeMs IIPOCTOs CETH 110 IPUYUHE OTKAa3a 3JIEMEHTA CETH.
KoadunueHT BoIHYKISHHOTO aBapUITHOTO TPOCTOS PACCUNTHIBAETCS KakK:

Ky =w-Ty,0e. (5.3)
Ko3ddunuenT miaHoBoro NpocTost OnpeaesseTCs M0 BRIPAKEHHUIO:
K,=un Ty, oe. (5.4)

re W — NepUOANYHOCTD IUNIAHOBBIX PEMOHTOB.

Koa¢p¢punnent orpanmueHnss Harpy3ku IMOTpeOHTENeH ompenensercss Kak
OTHOIIIEHHNE aBapUIHO OTKIII0YAEMOI MOITHOCTH HAarpy3ku Porgx K MOIIHOCTH HOp-
MaJIHOTO pexuma Pyax:

p OTK
E=—"" (5.5)
PMAX
VYiep6 oT mepepeiBa B 3JICKTPOCHAOXKECHHM — OMpEAENseTcs Kak CyMMma
yiep6a oT aBapuitHOTo Y 4 M IJIAHOBOTO Yy IPOCTOEB 000PYJOBaHMS:

V=V,+V¥V, (5.6)

Va =Yoa 'WH;[,A (5.7)

Vi =Yon 'WH,u,n (5.8)

Wina = Puax EpTy-wW (5.9)
WHJI,I'[ = PMAX "tvn Ky (5.10)

TIE Yo, Yo — YACIbHBIA YIIEpO NpU aBapUUHBIX U IUIAHOBBIX HPOCTOSIX; Wigya,
Wiy — KoJIMuecTBa HEJOOTIIYLIEHHON 3JIeKTPOIHEPI Uy IIPU aBapUUHbIX U IIJIaHO-
BBIX [IPOCTOSIX.

Jna pacuéra mokasaTenedl HaJE€KHOCTU CIIOXKHBIX 3JIEKTPUUYECKUX CETel
COCTaBIIsIETCS UX OJI0K-cxema (puc.5.7.0), B KOTOPOH 3JIEMEHTHI CETH COEAMHSIFOTCS
MOCJIEI0BATENILHO U MapajuiesibHO. [Ipr 3TOM 0TKa3 MoCiIeA0BaTeIbHOTO dJIeMEHTa
MPUBOJMT K HAPYIICHHUIO 3JIEKTPOCHAOKEHHUS IOTPEOUTENS, a 0TKA3 MapauiebHO-
ro He HapymaeT paboToCIIOCOOHOCTH CETH.
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Puc.5.7. CocraBnenue cxembl Juisl pacyéra HaI&)KHOCTH DIIEKTPHUYECKOH CeTH.

HJ'IH CCTU B IICJIOM PACCUUTBLIBAIOTCA 3HAUCHHSA CYMMAPHBIX KOS(l)(bI/IHI/IeH-
TOB BBIHY>XJACHHOTO 1 INTAHOBOTO IIPOCTOSA IO BBIPAKECHUSIM:

KB,Z = Zwi 'TB,i (5.11)
i=1
KB,Z :Kl'l,i,MAX (5.12)

rIe W; - mapaMeTp IOTOKa OTKa30B dneMeHTa i; Ty, - cpesHee BpeMs BOCCTaHOB-
seHnst aneMenTa i; K, yax - MaKCHMaJbHOE 3HaUeHHE KOd(PUIMEHTA IIAHOBOTO

IIpoOCTOA CpeAn MHOKECTBA KOB(l)CI)I/ILII/IeHTOB TJIAHOBOI'O MPOCTOS BCEX 3JIEMEHTOB
CCTH.
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6. DyiekTpHUUYecKHe HATPY3KH Y3JI0B JJIEKTPHYECKHUX ceTei

IIpu pacu€rax pekKMMOB DICKTPUUECKUX CETEH MOJKHBI OBITH YUTCHBI Xa-
PAKTEpUCTHKH SJIEKTPHUECKUX HATPY30K MOTpeOnTENei, OCHOBHBIMHU M3 KOTOPBIX
SIBIISTFOTCS BETIMYMHBI aKTUBHOH P 1 peakTHBHOM MomHOCTH Q.

B mopmapnsromieM OONBOIMHCTBE CIIy4aeB MOITHOCTH HAarpy30K JJIEKTpUYe-
CKOIl ceTH M3MEHSIOTCS BO BpeMeHH. KpoMme 3Toro BelnyiHa Harpy30K OIpenels-
eTCsl mapaMeTpaMH DIIEKTPHUECKOTo pexnma — HanpspkeHreM U u gactotoii f cetn.

IIpu mpoekTUpOBaHUU PA3BUTHUA DIEKTPOIHEPTETUUECKUX CHUCTEM H3MEHE-
HUE DJICKTPUYECKUX HArPy30K YUHUTHIBAETCS TOJBKO BO BpeMeHHU. [Ipu anamuze
HOPMAITbHBIX YCTAHOBHBIIUXCS KCILTyaTaIl[MOHHBIX PEKUMOB, COATaHCHPOBAHHBIX
[0 AaKTUBHOM MOIIHOCTH, OCYILECTBISETCS YYET 3aBUCUMOCTH HArpy3oK IO
HaMpsHKEHUIO.

AHAIUTAYECKOE OMNMCAaHUE 3aBUCHUMOCTEH JIEKTPHYECKHX HATPy30K OT
BPEMEHH MOXET OBITh MPEJCTABICHO B BHJC JBYXMEPHBIX Ipa)UKOB IICKTpUIC-
CKHX Harpy3oK.

6.1. F'padukm 3J1eKTPUIECKUX HATPY30K

V3MeHeHHe 371eKTponoTpeOIeHUsT BO BPEMEHH SIBISETCS OJHON M3 OCHOB-
HBIX €CTECTBEHHBIX XapaKTEPHUCTUK dEKTpHUecKuX Harpy3ok [6,10]. OHo ompene-
JISIETCSl TEXHOJIOTHYECKUMHU ITPOLIECCAMU MPOU3BOACTBA U OBITOBBIM PHUTMOM JKH3-
HHU HaceleHHs. V3MeHEeHue HJIEKTPUUECKHX Harpy30K BO BPEMEHH MOXKET Mpel-
CTaBJATHCS TpaUUECKH, aHATTUTUUECKH WM B BUJE Tabnui. ['paduku nm3MeHeHus
Harpy30K MOTYT IIPEACTABIATE cO00i miaBHble (pHc.6.1.a), TIOMaHbIe WM CTYNEH-
yaTble KpuBble (puc.6.1.0), MOCTPOCHHBIE B MPSIMOYTOJbHONW CHCTEME KOOpPHMHAT.
I'padukn Harpy30K MOTYT OTPakaTh H3MEHEHHE BO BPEMEHH TOKa WIJIM aKTUBHOWM,
PCaKTHBHONH M IOJHOW MOLIHOCTH. B 3aBHCHMOCTH OT MOCTaBJICHHOH LMW OHU
MOTYT OBITH TIOCTPOCHBI JJIS Yaca, CyTOK, MeCsLa WU rojia.

100 P, %

o k [
60k AUA U oH )

] =
40_W FA Pus
T P Pc  |Pcxg
20 | P
:::r:::::::::::::::::: L
0 4 8 12 16 20 24

Puc.6.1. Cyrounsrii rpadhuk akTUBHON MOIITHOCTH
OCHOBHOH XapaKTEpUCTHKOHN IpaduKa IEKTPUISCKUX HATPY30K SBIACTCS

«TPEIOIIN» MaKCUMyM Pyg, KOTOPBIH ONpenenseT HarpeB dSJIEMEHTa CHCTEMBI
AMEeKTpOCHA0KEeHNS — IMHIH, TpaHchopmaTopa U T. 1. B HacTosiee BpeMs: BeH-
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YHMHA «TPEIOIIEro» MaKCUMyMa, ¢ Y4ETOM MOCTOSHHOM BPEMEHHU Harpesa, MpHHU-
MaeTcs KaK CpejiHee 3HaueHHue Harpys3ku 3a Bpems 30 munyT [1,6].

Hcrnonb3ys rpaduk dIeKTpHYECKON HArpy3KH, 3aJaHHBIN B aHATUTHIECKOM
P(t) mmi uncnenHoM P; BHae MOKHO ONMpENeNUTh MOTPEOIEHHYIO 3JIEKTPOIHEP-
THIO:

W, = }P(t)dt (6.1)
W, =3Pt (6.2)

rae N — KOJIMYeCTBO HHTEPBAJIOB OCPEAHEHUS Ha CTYIIEHIaTOM IpaduKe Harpy3oK.
UYem Oomrpirre HHTEPBAIOB N Ha ocpeTHEHHOM rpaduke, TeM Ommke 3HadeHne (6.2)
K TOUHOMY 3HaueHuIo (6.1).

6.2. OcHOBHBIE MOKAa3aTeU IPaQUKOB VIEKTPHIECKHX HATPY30K

HepaBHOMEpHOCTh 3JEKTPONOTPeONICHHsT XapaKTepu3yercst Kod(QuireH-
TOM HEPaBHOMEPHOCTH, PaBHbIM OTHOLICHUIO HAUMEHbUICH Harpysku Py K
HauboubIei Py [9]:

P
k, =-—HM 6.3
= (6.3)

BaxHOH XapaKTEpPUCTHKOM 3JEKTPOMOTPEOJICHHUS SBISIETCS  CPEIHSSA

Harpys3ka 3a MHTCpBaJI BpEMCHU T. 3HaueHNsI aKTUBHOU U peaKTHBHOﬁ MOIITHOCTHU
B aHAJIMTUYECCKOM U YHCIICHHOM BI/II[G COOTBETCTBECHHO MOXKHO OIIPEACINTDH KaK:

==. th)dt_ -iPﬁ[F% (6.4)

17 1
C=?£ t)dt=?~§Qi-ti (6.5)

Amnanornyao (6.4-6.7) MOXHO OIpPEICITUTh CPETHIO TOJTHYI MOIIHOCTD Scp U
cpemHuii TOK lcp.

JJis OLIeHKH BENMYUHBI IOTEPh YHEPTHHU B 3JIEMEHTaX AIICKTPHUCCKUX ceTeH
HCTIONB3YeTCs BEJMYUHA CPEAHEKBAIPATHIHON HATPY3KH 32 HHTEPBAJ BpeMeHH T:

T n
PCZKB :%.jPz(t)dt:%.ZPiz.ti (6.6)
0

i=1
u COOTBCTCTBy}OHII/Iﬁ Cpe}.‘lHeKBaﬂpaTI/I‘lHHﬁ TOK:

CKB__ II t)dt_ 'anliz'ti (6.7)

Jlnst OLIeHKM PaBHOMEPHOCTH W IUIOTHOCTH 3JIEKTPONOTPEOJICHNS! UCIIOJb-
3YIOTCS TAKXKe KOA(QHUIMEHT 3aIl0IHEHHS TpadKa Harpy30K:

k,=—C <1 (6.8)

n ko3 dureHT hopmbr:
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K, = DoKB 5 q (6.9)

Awnanuz BelpakeHnit (6.8) u (6.9) nmokaspiBaeTt, 4To YeM paBHOMEpHEE IIEK-
TpomoTpedieHue, TeM Onrke K03 PUITNEHTH 3aroTHeHHS U POPMEI K SIHHUIIE.

6.3. BpeMs HCNOJIb30BaHUSI MAKCUMAJIbHBIX HATPY30K

Ecmm mepecTpouTh peanpHBI TONOBOH TpaduK HArpy3Kd B IOPSIKE
YMEHBIICHUS OPIUHAT, B HE3aBUCUMOCTH OT BPEMEHH MX MOSBICHHS, TO MOTyYCH-
HBII Tpaduk OyaeT COOTBETCTBOBATH FOJ0BOMY IpadMKy IO MPOJODKHTEILHOCTH
[6,10] (puc.6.2.).

PHB

\

t,a

0 Tus 8760

Puc.6.2. T'omoBoii rpaduk Mo mpoa0HKUTEIBHOCTH

Wcxonst n3 pucyska 6.2, miomianb KpUBOJIHHEHHOM (UTYpbl, OrpaHMYEHHOMN
TOMOBBIM TPaUKOM MO MPOJODKUTEIFHOCTH paBHA MOTPEOIEHHOI 3a TOX SHEp-
TMH, U paBHA TUIOIIA/IN 3alITPHUXOBAaHHON GUTryphl. Torna MoXHO 3anucaTh:

P - Tis = }P(t)-dt (6.10)

OTKyHa:

Ty = (6.11)

PHB
rne: Typ — BpeMsi HCHOIB30BaHUS HAUOOJBIINX HarPy30K — 3TO YCIOBHOE BpeMsl, B
Te4eHHEe KOTOPOro 3JIEMEHT CeTH, paboTas ¢ MAaKCUMAaIbHOW HArpy3KoM, mepenaet
TaKoe k€ KOJIMIECTBO TEKTPOIHEPTHH, UTO U IpH padoTe 1Mo peassHOMY rpaduky
HaTpy3KH.

Bripaxenue (1.67) MOXHO mepenucarh il TOKOB, C HCTIONb30BaHUEM YHCIICHHOTO
HHTETPHUPOBAHUS:

Tp=l— (6.12)

rac: IHB — HauOoJIbIIIEE 3HAUEHHE TOKA Harpysku.
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B umxeHepHBIX pacuérax BenumdyuHa Typ MCHONB3YETCs U1 BBIOOpA TLIO-
IIa/Id CEYCHUS TIPOBOIOB BMECTE C SKOHOMHUECKOMN MIOTHOCTHIO ToKa [10].

6.4. BpeMsi MaKCHMAJILHBIX OTEPb

Hapsiny ¢ BpeMeHeM MakCUMAJIBHBIX HArpy30K Ty B IPaKTUKE MPOSKTHPO-
BaHMA JJICKTPUUECKHX CETEH HCIIONB3YeTCsS BPEMsSI MAaKCHMAIbHBIX MOTEPh T —
YCJIIOBHOE BpeMs, B TEUCHHE KOTOPOTO 3JIEMEHT UICKTPUYECKOH ceTu, paboTas ¢
MaKCUMAJILHOW Harpy3Koif, OyZeT HMeTh TaKue jKe IHOTEePU YHEPTUH 3a TOJ, YTO U
pu paboTe 1Mo pearbHOMY TpaduKy Harpy3KH.

B unciaennom BUIC BPEMS MaKCUMAJIBHBIX ITOTEPh:
n

Z Ii2 1
T= 'lez— (6.13)
Hb
B ciyqae xpHBONMHEHHOTO TpaduKa BHIIONHACTCS YCIOBHE T < [, OTHAKO ecin
rpauk Harpy3Ku OCTOSHEH BO BPEMEHH, TOIa T= Iy .
s onpeneseHus BEIUYUHBI BPEMEHM MaKCHMAIIBHBIX HOTEPh YacTO HC-
MOJIB3YETCs SMITUPHIECKOE BhIpaxkeHue [6]:

t=(0124+7T,; 10} -8760 (6.14)

unu [6]:
T=2T,,.x —8760+ 8760~ Twax [ Pu (6.15)
1+TM_2PMA Pyax
8760 Py«

Bripaxenue (6.14) npuMeHsieTcs A pacueTOB JIMHUH PAOHHBIX YJIEKTPUICCKAX
ceteit 35+220xB.

6.5. Pacuer moTeppr MomHOCTH 1 YHepruu B JIDII

B o0uiem ciiy4ae, noTepy aKTUBHON MOIIHOCTH B JIMHUH JJIEKTPOIIEpEIaun
MOYHO OTIPEJEIUTh COTJIACHO BhIpakeHuto [6,25]:

AP=3-1°-R (6.16)
rae R — aktuBHOE conporusienue JIOII.
Ecnu nana noiHas MomHocTs, TO (6.16) MOXKHO 3amucaTh Kak:

SZ

C pyroii CTOPOHBI MOJIHAsE MOIIHOCTh PaBHA:

S=4P?+Q? (6.18)

Torna Beipaxkenue (6.17) ¢ yuerom (6.18) mpumer Bux:
P?+Q?
U
ITorepu peakTHBHON MOITHOCTH PaBHBI:
AQ=3-1*-X (6.20)
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Amnanoruyso (6.19) nomyunm:
2 2 2
o S x PP
u’? u?

[Ipu pacuerax moHas MOIIHOCTH MOJCTaBIsAeTCA B [MBA], HanpspkeHne - B
[xB], comporuBnenne B [OM], Torma moTepu IMOTHOW, aKTHBHOH M PEaKTUBHOU
MOIIHOCTH OynyT m3mepsaThes B [MBA]; [MBT] u [MBap]| cCOOTBETCTBEHHO.

B cootsercteum ¢ (6.19), (6.21) MOXHO ONpeneTuTh CIIOCOOBI CHHKEHHUS
MOTEPh AKTUBHON M PCAKTUBHOW MOIITHOCTH:

— TIOBBIIICHUE HOMHHAJIBHOTO HANIPSKCHUS JINHUM,

— YMCHBIICHHE AKTHBHOTO CONPOTHBICHHS JIMHUU R, MyTeM HCIOJIL30BaHUS
poBoia 0oJIee TOJICTOTO CEUCHUS;

— pasrpy3Ka JUHHU OT IMOTOKOB PEAKTUBHOW MOIIHOCTH, IyTEM YCTAHOBKH KOM-
MIEHCUPYIOLIUX YCTPOUCTB.

O6mnactp npumenenus (6.19), (6.21) — cumMMeTpuyHas ceTh, C OJUHAKOBOI
Harpy3koi 1mo ¢azaM U paBHBIME CONPOTHBICHIAMHA (a3. [Ipu 3ToM HE yInTHIBa-
€TCS BOJIHOBOHM XapakTep Iepenadd dHepruu. JJaHHbIC BBIpaXKCHUS MPUMEHSIOTCS
Ui ceteil HanpsbkeHueM A0 220 kB BKIIOYMTENBHO MpU BCEX UIMHAX JIUHUH, U
quis ceteit HanpspkeHueM 330+500 kB npu minaax nuauit 10 400 kM.

s pacyera MOTOKOB MOIIHOCTH B JIMHUH C YYE€TOM IOTEPh PACCMOTPHUM
cXeMy, IpeACTaBICHHYIO HA pUCYHKE 6.3.

S, S,
—_— —_—
* @ * SHZPH+jQH

AS, v

Puc.6.3. [IoTOKM MOIITHOCTH B JIMHUH C YYETOM ITOTEPb.

(6.21)

Cornacho puc.6.3, MOIIHOCTB, HOTpebisieMas Harpy3Koi S,; paBHA MOTOKY

MOIITHOCTHU SZ B KOHIIC JIMHHH. Torz[a JUIA IIOTOKa B Ha4YaJIC JIMHUHU MOXXHO 3aIlu-
CaThb:

S, =P +jQ, =S, +AS, =(P, +AP, )+ j(Q, +AQ,) (6.22)

Ecmm nuHMSA COCTOMT M3 N YYacTKOB C PAa3HBIMH XapaKTEPHCTUKAMHU
(puc.6.4), To cyMMapHbIE IOTEPH aKTHBHOH M PEaKTHBHOW MOIIHOCTH B JIMHUH
OIIpe/IeIII0TCS CIIETYIOIIM 00pa3oM:

AP, =P (6.23)

AQ, =Y.Q, (6.24)
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SZ + ASWZ +S1 + ASW]_ SZ + ASWZ + Sl Sz + ASWZ

1L /£ |
I TN

AS, AS,,,

Puc.6.4. PacueT moTOKOB MOMIHOCTHU B JIMHUU C IBYMA YUaCTKaMH.

ITorepu momuoctu B JIDII cBA3aHbI ¢ HArpEeBOM MPOBOAHUKOB U PACXOIOM
SHEpPI'UU Ha MOHU3AIMIO BO3yXa Ipu KopoHe. [loTepu nensTcs Ha Harpy30uHbIE U
MOTEPU XOJIOCTOro xona. Harpyzoussle motepu — MoTepu B CONMPOTHBICHUSX, Be-
JMYMHA KOTOPBIX 3aBHCHUT OT NPOTEKAIOIIEro Toka. IloTepu xomocroro xoxa — mo-
TepH B MPOBOAMMOCTSX. VX BennunHa 3aBHCUT OT KBaJpaTa HANPSDKEHUS, [TPUIIO-
KEHHOTO K 3THM IPOBOANMOCTSIM. B menom cymma Harpy3o04HBIX OTEPh U MOTEPh
XOJIOCTOTO XOJa MpPEJACTaBIsAeT co00i TexHMYeckue morepu [6,25]. CymiecTByroT
TaKKe KOMMepYeckre notepH [6,25], B KOTOpbIe BXOIAT MOTEPU HPH BOPOBCTBE
JIEKTPOIHEPTHH, a TAKXKE MOTEPH, 00YCIOBICHHBIE TIOTPELIHOCTHIO CPEICTB ydeTa
(cueTyuKoB).

B obmem Buze, npu noctosHHON Harpyske JIOII, moTepu akTUBHOMN 3Hep-
THH OTIPEIENIAIOTCS COTJIACHO BBIPAXKEHHUIO:

AW = AP -t (6.25)
rae AP =const — morepn akTHBHOW MOIIHOCTH NpH HEW3MEHHON Harpyske; { —
Bpemst paboter JIDII.

OnHaKo B MOAABIIAIONIEM OOJBIIMHCTBE CIy4aeB JIMHUHM PabOTalOT ¢ repe-
MEHHBIM BO BPEMEHH I'pa()iKOM Harpy3ku, HO3TOMY HCIOJIB30BAHUE BBIPAKEHHS
(6.25) HEBO3MOKHO ¥ HEOOXOMMO MPUMEHSTH OJIUH U3 CICAYIOIINX METOIOB pac-
yera [6,10]:

— MeToA Ipa)uuecKoro HHTErPUPOBAHMS;
— METOJI CpeIHEKBaPAaTHYHOIO TOKA;
— METOoJl BpeMEHH MaKCUMAaJIbHBIX OTEPb.

6.6. MeTtoabl rpa(]mqecm)ro HHTErPpUPOBAHUSA, CPCAHEKBA/IPATUIHOI0 TOKA H
BPEMEHU MAKCHUMAJIBHBIX NNOTEPD

Ecimm NnpeACcTaBUTh B l"pa(l)I/ILIeCKOM BUAC 3aBUCUMOCTDb KBaJipaTa TOKa 3JIc-
MCHTa BHCKTqueCKOﬁ CETHU OT BPEMCHHU, TO IUIOLIAIb OFpaHquHHOﬁ l"pa(l)I/IKOM

Iz(t) (Gburypsl MPOMOpIMOHAFHA BEJTMYNHE TIOTEPh YHEPTUH B JJAHHOM DJIEMEHTE

(puc.6.5) [6,10].

CornacHo MeTOAy rpaduuecKoro HHTErpUPOBAHKs, IIOTEPU SHEPTHM 3a IIe-
puon BpeMeHH, naMenstroruiicst ot 0 1o T, 1uist 06IIero cirydast, OnpeIeNsfoTCs Mo
BeIpakenuto [6,10,25]:

AW = 3. R}IZ(t)dt (6.26)

rae I(t) — Tok B MOMEHT BpeMeHH t.
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B CJ1y4a€ HEBO3MOXKHOCTH aHAJIUTUYCCKOTO ONMCAaHUs (byHKIlI/II/I I(t), HCIOJIB3YCT-
CA YUCJICHHOC MHTCTPUPOBAHUC!

AW =3-RY 12 -, (6.27)
i=1
Iz

Hb e *

2
I

71_ % CKB

./ T

0 ,Lt} T T t

Puc.6.5 AHanuTHueckoe ¥ YUCICHHOE IpeCTaBIeHHe 3aBUCUMOCTHU KBaipaTa To-
xa JIDII ot BpemeHu.

Ecnu u3BecTHa 3aBUCHMOCTD IOJTHOM MOIIHOCTH OT BPEMEHHM, TOTJa BBIPAKEHHE
(6.27) npumer Bun:
AW =R - Si
= 2—2 t, (6.28)
i=l i
rae S;, U — moaHast MOITHOCTh U HAMPSHKEHHE B MOMEHT BPEMEHH |.
[pu ncnonp3oBanum (6.28) xenaTenbHO HCIIONB30BaTh HanpspKeHne U; U3 TOH ke
TOYKH CXEMBI, IJIe CHUMAJIOCh 3HaYeHHe MOIHOCTH S;. OxHako BMecTo Uj MOXeT
OBITh MCIIONB30BAHO 3HAYCHHE HOMHUHAIBHOro HamnpspkeHus Uy. Ilpu stom TOY-
HOCTb onpeaeneHnss AW MOoXeT He3HAYUTEIbHO CHHKATHCS.
Cpeau npovYMx METOJOB OIpEJCICHUs MOTeph SHEPIUH, MeTo] rpaduye-
CKOTO MHTErPUPOBAHMS SIBJIAETCS CaMbIM TOUYHBIM, OJIHAKO OH TaKKe SIBIISETCS W
caMbIM TpyaoemkoM [25]. Hanbosee 4acTo 3TOT METOJ MPUMEHSETCS IIPU pacyde-
tax Ha OBM. Meton rpaduueckoro MHTErpUPOBAHUS UCIIOJIB3YETCSI KaK 3TalloH-
HBII METOJ, ISl IPOBEPKU TOYHOCTHU JIPYTUX METOMOB.

Cpe/IHeKBa/IpaTHIHBIH TOK |2 — YCIOBHBIH TOK, HEM3MEHHBIH TI0 BeIH-

YHHE, KOTOPBIH, MpOTeKas MO JMHUM, B TEUEHHE BpeMEHH T, CO3MaeT Takue xKe
MIOTEPH, YTO W PEAJbHBIH TOK, COOTBETCTBYIOIINH TpaduKy HArpy30K. AHAIUTH-
YECKHU 3TO MOYKHO BBIPA3UTh KaK:

.
3-R-[I%(t)-dt=3-R-1% - T
0

OTcroza MOXHO BBIPa3HUTh CPEIHEKBAAPATHIHBIN TOK:
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[12(t)-ct

lexs = OT (6.29)
Torna morepu HEPruM MO METOAY CPEAHEKBAAPATUIHOTO TOKA PABHBI:
AW=3-R-12,-T (6.30)

Ecnu u3BecTHa cpeHEKBaApaTHIHAS MOIIHOCTh Scip, TO (6.30) MoXxHO me-

penucaTtb B BUJC!:
2

AW = e R T (6.31)
UZ

Jnst obnerdeHus: pacu€ToB MOTEPh IHEPTUHU lckp MOMKHO ONpEAENATH 110
SMIHUPUYECKUM 3aBUCHMOCTSAM, B YAaCTHOCTH Ui ceTel HampspkeHHeM 6+35 kB
TOPUMEHSETCS Clielytolee Beipaxenue [6]:

los = by -(012+ Ty 107) (6.32)

Ouzndeckuil cMbica Ickp 3aKIOYaETCss B TOM, YTO 3TO TAaKOH YCIOBHBIN
TOK, KOTOPBIH JJaeT MOTEPH PHEPTHH, YTO U PEUTHHBIN H3MEHSIOMINICS BO BpEMEHH
Tok. Takum oOpaszom, miomans GUrypsl, OrpaHHICHHON Irpa)uKOM KBaJpaTa TOKa

o 9] 2
M3MCHSIOIICHCS HAarpy3KH PaBHA IUIONIAAN TIPSIMOYTONBHUKA, OTPaHUICHHON |y
u T (puc.6.5).

B coorBercTBHU C OIMpPCACIICHUEM BPEMCHN MAKCUMAJIbHBIX MIOTEPHL MOXKHO

3almcaThb CJICAYIOIEC PaBCHCTBO!:
T

3-R-[I%(t)-dt=3-R-13; -1 (6.33)
0
OTKy)Ia, B AaHAJIUTUYECKOM BUJIE.

=2 (6.34)

Taxum 06pa3om, NOTEpH FIHEPTHN B JIMHUH PABHBI:

AW=3-R-1% -1 (6.35)
[Ipu 3a1aHHOM MOJTHON MOLIHOCTH:
SZ
AW=U—H§~R~1 (6.36)

MeTox BpeMEHH MaKCHMAJbHBIX IOTEPh C HCIIOJB30BAaHHEM BBIPAKCHUIH
(6.35) u (6.36) sBIIsIETCS CAMBIM PacpPOCTPAHEHHBIM, OJHAKO €r0 TOYHOCTH OIpe-
JIEJIIeTCSI TIOTPEITHOCTRIO pacdéra T, P ITOM HCIIOJIb30BaHME BhIpaxeHus (6.13)
SKBUBAJICHTHO NPHUMEHEHHIO METO/Ia rpauecKoro MHTETPUPOBAHKS U UMEET MH-
HUMAaJBHYIO MOTPEUTHOCTh NMPH BBICOKOH Tpymo€MKocTH. C Ipyroil CTOPOHBI BHI-
paxenus (6.14) u (6.15) UMeIOT yBETHYSHHYIO OTPEITHOCTh IIPH MEHBIINX TPY-
Jo3arparax.
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6.7. [loTepu MOLITHOCTH HA KOPOHY

WsBectHO [6,26], 4TO MOTEPH SHEPTHH XOJIOCTOTO XOJa BO3ILYLIHOM JINHUU
NIEKTPOIIEPEIadN MPEUMYIIECTBEHHO COCTOST M3 IOTEPh HAa KOPOHY, a TAKXKE MO-
TEPb OT TOKOB YTE€UKH II0 H30JIITOPaM.

B ob6mem ciryqae KOpoHa 3TO OJWH U3 BHIOB CAMOCTOSITENBHOTO 3JIEKTPH-
YEeCKOTr0o pa3psiia B ra3ax B PE3KO HEOTHOPOIHOM JIeKTprueckoM moie. [Ipu atom
Ha TIOBEPXHOCTH IPOBOAOB BO3JIYILIHBIX JIMHUH BBICOKOTO M CBEPXBBICOKOT'O
HAIMpPSDKCHUS] BO3HHKACT BBICOKAs HAMPSKEHHOCTb OSJIEKTPHYECKOro moist [26],
BEJIMYMHA KOTOPOH MOXET MPEBBILIATh 3HAYCHHE JIEKTPUUYECKON MTPOYHOCTH BO3-
JyXa ¥ Kak cJeJCTBUE BOJIM3U NMPOBOJOB 3a)KUTAIOTCSI MHOT'OYMCIICHHBIE YaCTHY-
HbIe pa3psiasl [26]. DTa HOHM3MPOBAaHHAS 30HA, HACBIIICHHAS JJIEKTPOHAMH, Ha3bi-
BaeMasi 4YeXJIOM KOPOHBI, BHEIIIHE MPOSBISIETCS B BUAE CBEUCHHUS BJIOJIb BCETO IPO-
BOZIa, XOPOIIO 3aMETHOTO B CyMepKax MM B TeMHOE BpeMs cyTok [26]. Eciu ko-
POHHPOBaHME OXBATHIBACT IIPOBOJ IO BCEH €ro AJIHMHE, 3TO SBJICHUE HA3bIBACTCS
o6reit kopoHotii [3,26].

B dexiie KOpOHBI 32 CHET MIPOLECCOB yIapHOI MOHH3ALUH IPOUCXOINUT He-
IIPEepBIBHOE 00pa30BaHME W TIEPEMEIICHUE 3apsOKEHHBIX YacTHII O0OMX 3HAKOB.
3T0T Tporecc 00ycIaBIMBACT TOK KOPOHBI, KOTOPBIH Ha HECKOJBKO ITOPSAKOB
MPEBBIIIACT TOK YTEUKU 10 M30JIATOpaM JHHUH. [locKkoNbKy mepemenieHue 3apsia
B DJIEKTPHUYECKOM I0JIe TpeOyeT 3aTpar dHEprHH, TO KOPOHHPOBAHUE MPOBOLOB
COIIPOBOXKJAETCS TIOTEPSIMHU JHEPTHH, KOTOPBIC ONPEICISIOTCS 3HAUYE€HHEM TOKa
KOPOHBI. DTH NOTEPH B ONpPEENEHHBIX YCIOBUSX (IPU IUIOXOM MOTojAe) MOTyT
JOCTUTaTh OOJIBIINX 3HAUYEHUH U OBITh COM3MEPHUMBIMH C TOTEPSIMU JHEPrHH HA
Harpes npoBoJoB [3,26].

TakuM 00pa3oM, KOPOHHPOBAHUE MPOBOAOB JIMHUHU IPUBOIUT K JOMOJIHH-
TEJILHBIM ITOTEPSIM aKTUBHOM MOIIHOCTH W 3Hepruu, 4ro cHwkaer KIIJ[ simann u
BBI3BIBACT 3HAUUTEIILHBIC PAJHONIOMEXH B 30HE, IIpHJIEraromen K JuHuu [3].

JAnst CHYO)KEHMSI TOKa KOPOHBI HEOOXOANMO YBEIHYHUTh TIOBEPXHOCTH NTPOBO-
na [3,26]. DTo MoxeT ObITh AOCTHTHYTO KakK 3a CYEeT YBEIWYCHHUs pajuyca OJH-
HOYHOTO IPOBOJIA, TaK M IyTeM pachpeiesneHus 3apsaa (ha3zbl HO HECKOJIbKUM HpO-
BOJIaM, T.€. IPUMEHEHHEM TaK Ha3bIBAEMbIX PACIIEIUIEHHBIX MPoBoAoB. Ha mpak-
THKE UCTIONB3YIOTCS 00a myTH, Ayt muanid 110—220 kB, xak #3BECTHO, OTpaHUYH-
BaeTCsi MUHUMAIILHO JIOIYCTUMOE ceueHre (pajnyc MpoBOAa) MO YCIOBUSIM KOPO-
HBI, JJIs TMHUK O0Jiee BHICOKOTO HAIPSKEHUsI IPUMEHSIIOTCS PacIIeIUIEHHBIE IIPO-
Boja [3,6,26].

BennunHa moreph MOIIHOCTH Ha KOPOHY 3aBHUCHT OT IUIOIIAJU CEYEHUS
poBo/ia, paboyero HampspKeHUs,, KOHCTPYKIMU (a3bl ¥ BHJA MOTOAbI (Xopomias,
BJI@XHAs,, CyXOH CHeT, M3MOpo3b). DaKkTHueckue 3HAUYCHUs YAEIbHBIX IOTEph Ha

kBT " ..
KOPOHY APK0 E HaxOJAT KCMEPUMEHTATIHHBIM MyTEM C YYETOM MPOJIOIIKH-

TENBHOCTU Pa3IMYHBIX BUIOB MOTOJbl B COOTBETCTBYIOLINX PETMOHAX U MPUBOMAAT
B cripaBounukax [27]. [lonHoe 3HaYeHME MOTEPh MOIIHOCTH Ha KOpoHy BJI mmiH-
HOW { ompenenseTcs Mo BRIPaKeHHIO:

APyop = APKU L (6.37)
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JetanpsHo€e pacCMOTpPEHHE MPOLIECCOB KOPOHUPOBAHUSI OCYIIECTBISETCS B
Kypcax aucnuiuiiH «TexHIKa BBICOKUX HANPSDKEHUNY, «V30Jsmms U mepeHamnpsi-
KEHU» U «JlapHIe 3IIeKTponiepe1aun CBEPXBBICOKOTO HAMIPSKEHUS.

6.8. [IoTepu MOLIHOCTH IIPH PABHOMEPHO paclpeleeHHOI Harpy3Ke

B mporecce mpoeKTHPOBAaHUS IMEKTPUISCKUX CETEH CHCTEM 3JIEKTPOCHa0-
JKCHUS BO3HUKAIOT 3a/1a4y, CBA3AHHBIC C pacyETOM IOTEPh MOILMHOCTH IIPU PAaBHO-
MepHO pacnpeneiéHaol Harpyske [5,6]. Takas 3amada 0COOCHHO aKkTyalbHa MPH
OIIGHKE TEXHUKO-I)KOHOMHMUYECKHX MOKa3aTened cucreM ocBemeHus. Cxema cetu
JUTHHHOM L, nMmeromeil paBHOMEPHO pacrpenenéunyto ¢ marom df Harpysky Al
MIpeJCTaBJIcHa Ha PUCYHKE 6.6.

L

Ai Al
l de¢

dAP
Puc.6.6. JIuaus ¢ paBHOMEPHO pacrpeieieHHON TI0 ITIHE Harpy3Koii.

Toxk B muaNN Il Ha paCcCTOAHNN ¢ OT HayaJia JIMHUHU PaBCH!
I, =Ai-(L—7) (6.38)
CYMMapHLIC NOTEPpU MOIIHOCTHU B JIMHUU PABHBI:

AP = S_Td(AP) (6.39)

rae dAP — moTepu akTHBHOW MOIIHOCTH Ha y4acTke JTuHUA df .
IIpu sTom:

d(AP) = 12 -1, -d/ (6.40)
rae ro — YACJIBbHOC aKTUBHOE COITPOTUBJICHUEC JIMHUU.

Torna (6.39) ¢ yaetom (6.38) u (6.40) MoxHO TIepenucaTh Kak:

L
AP =3-Ai* -1, [(L—¢)*de (6.41)
0
IMpounrerpuporas (6.41) no d¢ momyqwm:
3 0
AP =3-Ai? -roM =Ai? 1, -L®—Ai%-r, 0=
3 I (6.42)

. 12
:A|2~r0~L3=F~r0'L3=I2-RH

C npyroii CTOpPOHBI IPH COCPENOTOUEHHON HAarpy3Ke:
AP=3-1>.R, (6.43)
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Takum 00pa3oMm, MOTEPH MOIIHOCTH MPU PABHOMEPHO paclpeleICHHON
Harpy3ke B 3 paza MEHbIIIE YeM IOTEepH IIPH TOH ke Harpy3Ke, COCPEIOTOYCHHOM B
KOHIIE JIMHUH.

6.9. Pacyer moTepb MOIIHOCTH U HEPIrud B IBYX00MOTOYHBIX, TPEX0OMOTOY-
HBIX M aBTOTpPaHcpopMaTopax

Kak ormeuanoch paHee, moTepd B JABYXOOMOTOYHOM TpaHChOpMATOpe
ONPENEISIFOTCS  HArPY30YHOM COCTaBJISIONIEH M TMOTEPSIMH  XOJOCTOTO  XOja
(puc.6.7).

Sl" Rt Xr S, =P, +]Q,
# L
U, ﬂ Uz

o e AS, = AP + jAQ,

AS, = AP, +jAQ,

Puc.6.7. K Bonpocy onpezeneHus NOTepb MOLIHOCTH U 9HEPTUH B IByXOOMOTOY-
HOM TpaHc(opmarope.

Ha puc.6.7. moka3aHsl cieayromuye BeaIuduHbl: U; — mepBUYHOE Hampshke-

HHUe TpaHcopmaropa; L.J2 — BTOPUYHOE HANpsHKEHUE, MPUBEIEHHOE K TIEPBUYHON
obmotke; AP, — akTHBHbIE IIOTE€pH KOPOTKOI'O 3aMbIKaHUs Ha HarpeB 0OMOTOK
(morepu B Menu); APy — akTHBHBIE IIOTEPH XOJIOCTOTO XOJa Ha MepeMarHUYUBa-
HHE CTalld U CO3JaHHE BUXPEBBIX TOKOB (IIOTepH B cTanu); AQ, — peakTUBHbIE

HOTEpH, ONpPEACIIONINECs HaMarHWYHBaIoONIeil MOIHOCTBIO TpaHchopMmaropa;
AQ, — peakTHBHBIC OTEPH KOPOTKOTO 3aMBIKAHHS Ha CO3JaHHE MOTOKOB pacces-
HHSL.
TOF}Ia COCTaBJIAAIOMINE AKTHUBHBIX W PCAKTUBHBIX MNOTEPHL MOIIHOCTU B
Tparchopmarope pasHusl [5,6]:
APy, = AP, + AP, (6.44)

AQ+p =AQ +AQy (6.45)
IToTepn MOIHOW MOUTHOCTH B TpaHcHOpMaATOPE OMPEACITAIOTCS KaK CyMMa
(6.44) u (6.45):

AS;, = AP, + jAQ+, (6.46)
Torna MomHOCTH, HOTpeOIsIeMast TpaHC(HOPMATOPOM U3 CETH pPaBHA:
S, =S, +AS,, (6.47)

B 06IIICM cl1ydyae pacqéT MOTEPb MOKET OCYHICCTBJIATHCA KaK IO IMapaMeT-
paM CXEMbI 3aMCUICHUS, TaK U 110 MAaCIOPTHBIM JaHHBIM TpaHC(l)opMaTopa:
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— IO MapaMmeTpaM CXEMbl 3aMeIleHUSI:
ITorepu akTUBHOM M PEAKTUBHOIN MOIIHOCTH COOTBETCTBEHHO:

P2 2
APTP=E'L2QZ'RT+WU12'9T (6.48)
n U
1 P2+ 2
AQTP:H~2U—2QZ~XT+n-Uf-bT (6.49)
1

IJIC: N — YKCJIO MapaUIeIbHO COSTMHCHHBIX TPAHC(HOPMATOPOB Ha MOICTAHIIUN
— 110 NacCHOPTHBIM JAHHBIM:
IToTrepu akTHBHOM MOLIHOCTH:

1 S5
APTP = APK.HOM 2_2 +n- APX.HOM (6-50)
n HOM

rae APypom s APy yov — MACHOpPTHBIE 3HAYEHUS! aKTUBHBIX NOTEPb KOPOTKOTO

3aMBIKaHUA U XOJIOCTOI'O Xo/Ja.

Y4uurteiBas, 4TO BEJIUYHHA MpeJCTaBsieT co00i KOIDGUIMEHT 3arpy3Ku

HOM
Tpanchopmaropa K, BeipaxeHue (6.50) MOXKHO NepenucaTh B BUJE:
1
APy :F'APK.HOM ~K§ +N- APy om (6.51)

Amnanorudso (6.51) nmorepu peakTUBHON MOIIIHOCTH:

1 2
AQTP = F AQK.HOM Ks+n- AQX.HOM (6.52)
[IpuMeHHUTENPHO K MACTIOPTHBIM JaHHBIM JIBYXOOMOTOYHOTO TpaHC(hopMarTopa:
_ l Uy, 2 . I o,

AQTP n 100 ’SHOM ’Ka +n 0 'SHOM (6-53)

B ominure 0T JByX0OMOTOYHOIO TpaHC(OpPMATOpa BEIMYKHA TIOTEPh B TPEXOOMO-
TOYHOM CKJIAJIBIBACTCS M3 HATPY30YHBIX MMOTEPh B TPEX OOMOTKAX M MOTEPh XOJIO-
croro xona (puc.6.8).

be3 yuera noreps BbIpakeHne OanaHca MOIIHOCTEH sl 0OMOTOK UMEET BHUI:

S, =S, +S,
AXTHBHBIE TTOTEpHU B TpaHc(opMmaTope 1o napaMmeTpam CXeMbl 3aMEIeHNUS:
1 (P?+Q: P? +Q3 P;+Q3
APpp =—- : 2 l'RTl+ : 2 2'RTz‘F%'RTs +n'UZBH'gT (6-54)
n Uk Ugw U

rae Upy — HOMHHANIBEHOE HanpsbkeHue ooMoTku BH.
Bripasus (6.54) uepe3 nacriopTHbIE JTaHHBIE TTOJTYYHM:

1

APy == (AP - K2 + AP - K2, + AP, K2 )+ AP, (6.55)

n

rae K K;, Ky, — koadduimenTs 3arpy3kun 0OMOTOK BBICOKOTO, CPEIHETO U
HH3KOTO HAIPSHKEHUH.
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Eciu B macmopTHBIX JaHHBIX TpaHC(OpMaTopa yKa3aHO TOJBKO OJHO 3Ha-
yeHue APy, ., To B (6.55) moTepu KOPOTKOIo 3aMbIKaHUsI 0OMOTOK MPUHUMAIOTCS

PaBHBIMHU MEXIY cOOOH:
APy = AP, = AP, =05AP, , ., (6.56)

SJl BH Rn /\}(% Ry _ x_:[z CH S,

L L
fas, ﬂ ﬂ
. R .
ASy, b AS;,

dr b )
T AS <

S
Puc.6.8. K Bonpocy omnpezneneHust HOTEph MOITHOCTH U 3HEPTHU B TPEXOOMOTOU-
HOM TpaHcdopmarope.

PeakTnBHBIE MOTEpH B TpaHC(HOPMATOPE, BBHIPAKCHHBIC YEpe3 ITapaMeTphI
CXEMBI 3aMeIICHNUS:

1 (P2+Q? P +Q3 P? + Q2
AQTPZH( 1UzQl Ky + 2 QZ'XT2+ 3U2Q_3'>(T3 +n-Ug, -b; (6.57)
BH BH

AHaJIOTHYHO JJIsL HaCIIOPTHBIX BEJIMYUH!

1 (U U 0) I
AQrp :H( 1(;8 'K§1 + 158 'ng + 1(I)<8 'K§3J'SH0M +n '%'SHOM (6.58)
Jnst pacyeToB MOTEph MOIIHOCTH B aBTOTpaHC(opMaTrope HCIOJIB3YIOTCS
BhIpaXKeHus, aHajoruunbie (6.54) — (6.58).
[Torepn sHeprum B TpaHcopMaTopax MOXKHO IPEACTaBHTh KaK CyMMY
JBYX CJIaraeMbIX:

AW, = AW+ AW” (6.59)
roe AW’ — motepwu, 3aBuCSIIHE OT 3arpy3Ku TpaHcdopmaTopa (IIOTEpH B MeIn);
AW" — morepu, He 3aBUCAIINE OT 3arpy3KH TpaHchopMaTopa (IOTEPH B CTAIIH).
Torma BeIpakeHHE A pacdeTa aKTUBHBIX IOTEPh DHEPTHH B N HapayjieIbHO
BKITIOYCHHBIX JIByXOOMOTOYHBIX TpaHCGOpMaTopax OyZeT UMETh BUJ:

2
AW, :%APK.HOM ~Sz—-r+ N-APy yom - Tp (6.60)
HOM

rae S — MOLIHOCTb, epenaBaeMast yepe3 oauH tpancdopmarop; Tp — Bpems pado-
TBI TpaHCHOpPMaTOpA.
Ecnu Tpancdopmarop padboTaeT 6e3 nepepsIBOB B Te4eHHH roja, To Tp = 8760 u.

Takum ob6pasom, ncxons n3 (6.60), mpu yBeJMUEHUN KOJIMYECTBA TpPaHC-
(hopMaTOPOB MOTEPH B CTATH YBEINIUBAIOTCS, a IOTEPH B MEIN YMEHBIIAIOTCS.
Pacu€r moTeph aKTUBHOW dHEPTHU B TPEXOOMOTOUYHBIX M aBTOTpaHC(HOpMAaTopax
MOYXHO OCYIIIECTBUTH IO BRIPAKEHUIO, TTOTyIeHHOMY 13 (6.55):
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AW,, =%-(APKB K2 T+ AP K%, T, + AP K2 1, )+ 0 AP, - T, (6.61)

Tae Ty,7T,, T3 — BpEMs MaKCUMaJIbHBIX ITOTCPh AJIA 00MOTOK BBICOKOI'O, CPECAHETO U
HHU3KOTI'O HaHpH)I(eHI/IfI.

6.10. 3ananne HArpy30K M reHepaTOpPOB NMPH pacyeTe YCTAHOBUBILIUXCH pe-
JKHMOB

W3BecTHO, 9TO MpH pacuéTe SIEKTPUIECKUX PEKUMOB, OJHON U3 OCHOBHBIX
XapaKTePUCTHK SJIEKTPUICCKON HArpy3KH SBIIETCS €€ CTaTHYecKas XapaKTepH-
cruka 1o Hanpsokenuro (CXH) (pue.6.9; puc.6.10. kpussie 1,2) [6,13]. Vuér sroit
XapaKTepUCTHKH HEOOXOAMM B CITydasX, KOTAa HaONIOMA0TCS 3HAYUTEIHHBIC OT-
KJIOHEHHSI HANPSDKEHUSI OT HOMMHAJIBHOTO 3HAYeHUsI, U HCIOJIb30BaHKUE YIPOILEH-
HBIX CIIOCOOOB 3aJaHHs HATPY3KU MOXET JaTh 3HAUUTENbHYIO MOTPEUTHOCTh MPHU
pacuérax pexxuMoB. K Takum pekrMaM OTHOCSTCS TsDKENbIE, MOcleaBapHiHbIE
(peMOHTHBIE) PEeXHUMBI B ceTsx ¢ Tpanchopmatopamu 0e3 PITH u mHBIX cpeacTB
perymupoBanus HanpsokeHust [13].

OnHako B OOJBIIMHCTBE IKCIUTYaTAllMOHHBIX M MPOCKTHBIX PacuéTOB HOP-
MAJBHBIX PEKUMOB TOCTAaTOYHAS CTEIEHb TOYHOCTH MOXET OBITh IOCTHTHYTa
YIPOIIEHHBIMHU cITOCO0aMu 3a/iaHusl HArpy30k [6]:

— HewnsMeHHBIM 0 MOAYITIO U a3e TOKOM;
— HeusMeHHOI aKTUBHON U peaKTUBHON MOIIHOCTHIO;
— HewnsMeHHBIMEU IPOBOIUMOCTBIO M COTIPOTHUBIICHUEM HATPY3KH.

P.Q ,Q(f7)
)

Pnc.6.9. Cratnueckue XapakTepUCTHKH Harpy3KH MO HANPSDKEHHIO TIPH pasiiind-
HBIX 3HAYEHUSIX YaCTOTHI.

IMpu 3aaHn¥ HATPY3KH HEM3MEHHBIM 110 MOAY.IIO U (aze Tokom (| = const )
MOIIHOCTh Harpy3ku onpenensiercs kak (puc.6.10. kpusas 3):
S=+3-U-1 (6.62)

¢

rae | =const — conpskEHHBIN KOMIUIEKC TOKA, 3aJaBaeMblii HEW3MEHHOU BETHYH-

HoH; U — pacuérHoe 3HaUCHME HAPSDKEHHS B y3IIE.
Takas ¢opma 3a1aHusi Harpy3Kd PEKOMEHAYETCS! NMpH pacuére pesKMMOB HHU3KO-
BOJIBTHBIX CETel ¢ HOMHHAJBHBIM HanpsokenueM a0 35 kB [6]. B cersix 110 kB u
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BBIIIIE, 9TOT CIOCOO MPHBOJAUT K CYIIECTBEHHBIM MOTPEIIHOCTSIM NP BBIYHUCICHUN
PEKHIMOB.

B cayuae 3aganust Harpy3ku HEM3MEHHOW aKTUBHOW M PEAKTHUBHOM MOIIIHO-
cThio (puc.6.10. kpuBast 4) HCToNB3yeTcs BhpakeHue[6]:

S=P+ jQ=const (6.63)

Taxo# BapuaHT He YUYNUTHIBAET U3MEHEHUS HArpy3KH MPU M3MEHEHNUH HAPSDKEHHS,
MO3TOMY OH HPUMEHSETCS TOJIBKO NMPH pacu€Tax peKUMOB CeTeil, UMEIOLIUX He-
3HAYUTEJbHBIC OTKJIOHEHHS HANpPsDKEHUS OT HOMUHAJBHBIX 3HAYCHUWH, NPU HaIH-
YUU CPEICTB CTAOMIM3AINH HANPSDKCHUS Ha IIMHAX Harpy3ku. IIpu 3HAUMTETbHBIX
OTKJIOHCHUSIX HANPSDKEHHS B CETU IAHHBIN CIIOCO0 ydéTa Harpy30K HE PEKOMEH/I0-
BaH BCJICCTBHC BO3HUKHOBEHHUS 3HAUYUTEIbHBIX [IOTPEIHOCTEH[6].

IMocnennuit croco® 3amaHuMs HAarpy3KH IIPEAroyiaracT €€ MOAEIHPOBAHHUE
MTOCTOSTHHBIMH CONPOTHBIICHUAMHU MM TIpoBoanMocTsMH (puc.6.10. xpuBas 5) B
COOTBETCTBHUH C BBEIPAKCHUSIMHU:

UZ
P=—=G,-U? (6.64)
R H
H
UZ
Q:X—=BH-U2 (6.65)

H
rae (Ry; Xu; Gu; By)=CONst — akTHBHBIE U PEAKTHBHBIC COMPOTUBICHHS U MTPOBO-
JMMOCTH, 3a/[aBaeMbIe MOCTOSHHBIMU BedndrHamMu; U — HalpspKeHHE Ha HATPY3Ke.
Hcnonb3oBaHKe MOCTOSHHBIX COMPOTHBICHUI M MPOBOAUMOCTE 1aT Oonee TOY-
HBIE PE3YJIbTATHI, YeM y4ET HATPY3KH B BHJE HEM3MEHHBIX MOIIHOCTEH [6].

P.Q
P, Q const P, Q (I=const)
4
QU
P(U)
1
3 . P, Q (G;B =const) U

Prc.6.10. Bugs! cTaTHUECKUX XapaKTEPUCTHUK HATPY3O0K 110 HAMIPSDKEHHIO.

Takum o00pa3oM, BBIOOp CTATHYECKOW XapaKTCPHCTUKU HATPy3KH IO
HATPSKCHUIO ONPEACIICTCS BHIOM PACUYETHOTO PEKUMA U TPEOYeMOI TOYHOCTBIO
BbIunciieHU. ClieyeT OTMETHTh, YTO TOJAaBIIIONIee OOIBIINHCTBO COBPEMEHHBIX
[IPOrPaMMHO-BBIYUCIIUTENBHBIX KOMIUIEKCOB JUIsl pacy€ra 3JEKTPUUECKUX DPEXKHU-
MoB Ha OBM mno3Bouisi0T Hcnosb3oBath peanibHbie CXH, 3a1aBaeMble Ipu MOMO-
X ITOJIMHOMOB.
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I'eneparopsl mpu pacuére yCTAaHOBHBIIMXCS PEKUMOB MOTYT 3aJ1aBaThCs
JIBYMSI Pa3IMIHBIMH CIIOCOOAMH:
— Hewusmennoii renepanueii (-P=const; -Q=const);
— Bamancupyronmu o momrHocT (P=var; Q=var) u 6a3ucHBIMH IO HampsiKe-

uuro (U=const).

ITpu pacyérax yCTaHOBHBIIHMXCS PEKHUMOB OJIMH U3 TCHEPUPYIOIIMX Y3JIOB BCEr/a
MpEe/CTAaBISIeTCSl KaKk 0a3uCHBIN MO HANPSDKEHUIO, a OCTAllbHBIE TEHEPUPYIOIHE
Y3JIBI JIOJDKHBL OBITH OMpEJCNICHBI KaK y3Jbl ¢ HCM3MCHHOW reHeparueit. Eciu B
XOJIC UTEPAIMOHHOIO pacuéTa B 0a3MCHOM y3Jie HAOIIOAAeTCs yBEIHUUCHUE TeHe-
paImu/moTpeOICHUs] aKTUBHOW WM PEAKTUBHON MOIIHOCTH CBBIIIE TOIMYCTUMBIX
JUTS TAHHOT'O y3J1a TPECIIOB, TO BO3HUKACT HEOOXOUMOCTh CMEHBI Oa3HCHOTO MO
HATPSKCHUIO y3I1a, OCIIC Yero pacy€T mpoaoJKaeTcs.

6.11. CtaTnyecKkue XapaKTepUCTUKH HATPY30K MO HANPSIKEHUIO H YaCTOTe.

Kax oTmevanock paHee, 3aBUCHMOCTH aKTUBHOW M PEaKTHBHON MOIIHOCTH
Harpy3K# OoT HampspkeHus HasbBaroTcss CXH mo mampspkenuto (puc.6.11). Taroke
CYIIECTBYIOT 3aBHCUMOCTH MOIIHOCTH OT YacTOTHI, KOTopble HaspBaroT CXH 1o
HanpskeHuto (puc.6.12).

P, o.e.
P hom; Q » 0-€.

Q*HOM 1,00

0,95

0,90 ] /

0,85

0,80

0,75

U, o.e.

0,70 t 1 f l 1
0,70 0,75 0,80 0,85 0,90 0,95 1,00

*
U HOM

Puc.6.11. Crarnueckue xapaktepucTuky Harpy3ku 110+220 kB 1o HanpspkeHHro

CornacHo puc.6.11. pu HeOONIBIIOM CHMXEHHM HANPSDKEHHS y MOTpeOu-
Tens B [MANA30He OT HOMHHAMbHOrO Hampsvkerus U oy 10 kpurugeckoro Ugp
BO3HHMKAET YMEHbIICHHE MOTPEGICHHs HATPY3KOH akTHBHOM P~ i peaxTuBHOM Q
MomHocTH. Ilpn 3TOM moTepu HampsKEHUS MEXKAYy HUCTOYHUKOM M Harpys3Koin
TaKXXe CHIDKAIOTCS, YTO NMPHBOJHUT K OCTAHOBKE JATbHEHIIEr0 CHIDKSHHUS Hamps-
XKEeHHA. ITOT 3P PEKT Ha3BIBACTCS PEryIUPYIOMHN 3G GEeKT HArpy3KH 10 HaIpshKe-
HUIO.

OpHako ecny HampsDKEHHE Ha IIMHAX HarPy3KH CHIDKAETCS HUKE KpUTHUe-
ckoro 3uauerns U gp, TO MOTpeOIeHHe HAPY3KOH PEaKTHBHON MOLIHOCTH PE3KO
BO3pACTacT, YTO MPUBOAUT TAKXKE K YBEIWICHHUIO MOTEPh HANPSDKEHHS HA ITYyTH OT
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HUCTOYHHKA OO0 HArpy3Ku. 9T0 CHOCO6CTByeT L[aJ'H;HeﬁIHeMy CHUIKCHHUIO HAIPSKC-
HUS Ha MIUHAX HArPY3KH M POCTY MOTPEOICHUS Q*. Takoe sBI€eHHE HA3BIBACTCS
«JTaBUHOM HaIMPSKCHUSA» W COMMPOBOXKIAACTCA PE3KMM CHHMKCHUEM HAIPSXKCHUA B
CHCTEME, POCTY TOKOB, CpabaThIBaHWEM IPOTHBOABAPUIHHON aBTOMATHKHA H OT-
KIIIOUYCHUEM Harpy3oK OT HCTOYHHKOB. B IO JAaBJIAOIIEM OOJIBIIIMHCTBE CJIy4acB
BCIIMYHNHA KPUTUYECKOT'O HaIpsHKECHUA HaXOOUTCA B JUarnasoHe
(0,65+0,75)- U, 00 -

P, o.e.

Q" o.e.

1,10 "\

1,05 * —T
P*HOM; 1 \ Q / L
Q*HOM ! ]
/P*
0,95
0,90

f, T

T T T T f f
46 47 48 49 50 51 52 53

fHOM

Puc.6.12. Cratnueckue xapakTepuctuku Harpysku 110+220 kB mo gactote

s obecriedeHHsT TOYHOTO yd4eTa Harpy3oK B JJEKTPHUECKUX CETSIX MpHU
pacuéTax 3JEKTPHUECKUX PEeKUMOB npumenstorcs mogenu CXH, xotopeie B 06-
IIeM BUJE MPEACTaBISIOT co00M MOIMHOMEI. B OOJBIIMHCTBE MPAaKTHUECKUX pac-
4€TOB JIOCTATOYHYIO TOYHOCTh MojaenupoBaHus CXH obecrneunBarOT MOITMHOMBI
BTOPOM CTENIEHU BUJA:

P"=a,+a,-U" +a, (U"f (6.66)
Q" =by+b,-U" +b,-(U"f (6.67)

rJe g, a1, A, bo, by 1 by — KOdbHILHEHTHI TOMMHOMOB BTOpOit cTenenm; U™ — ot-
HOCHTEJIHHOE 3HAYEHUE HATIPSKEHHS.

Koaddunuertsr monmuHomoB (6.66) u (6.67) ompenensoTcss cOCTaBOM IT0-
Tpebureneii 1 npuBoASTCs B uteparype [5,6] (1ab1.6.1).

Tabmuma 6.1. - Ko>p@uIMEHTH CTaTHYeCKMX XapaKTepPUCTHUK HArpy3oK IO
HaMpPsKEHUIO.
Unowm, kB do a a bo by b,
6-10 kB 4,9 -10,1 6,2
110-220 xB 083 0.80 047 37 -7,0 4,3

OTHOCHUTEILHEIC CAVHHNIBI CBA3aHbI C PCAJIbHBIMU BbIPAKCHUSIMMU:
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rae U — Texymiee 3HaueHue HanpsokeHnsT; P u Q — akTHBHASA U peaKTUBHAS MOIITHO-
CTH, TOTpeOIIsieMble Harpy3KOH IPpH TEKyIeM 3Ha4YeHUH HanpspKeHUst; Py o 1 Qo —
aKTHBHAs M PEaKTUBHAsI MOIIHOCTH, NOTpeOsieMble Harpy3Koi Ipy HOMUHAJIBHOM
HaIpsDKEHUH.

B mopasinstomem OOJBIIMHCTBE CIy4aeB MPU MIPOSKTUPOBAHUH JJIEKTpUYE-
CKUX CeTell paccMaTpUBarOTCsl COAIAHCHPOBAHHBIE 10 aKTHBHOW MOIIHOCTH pe-
JKUMBI, JJId KOTOPBIX XapaKTCPHbI HOMUHAJIBHBIC 3HAYCHHUA YaCTOTBI, IO3TOMY IIpU
aHanm3e Takux pexnmoB CXH mo vactote He yuutsiBaetcsa. OfHAKO, B Cliydae

P o (6.68)
._ Q
- 6.69
Q QHAO ( )
. U
U U (6.70)

pacuéra TSHKENBIX epexo HbIX pexuMoB yuaér CXH o gacToTe He0OXO0IIM.

58



7. CxeMbl 3aMeLlleHUs JIMHUIL, TPaHCGOPMATOPOB U aBTOTPaHCcGOPMATOpPOB

B mpakTHKe HH)XEHEPHBIX pacyéTOB IEMEHTHI IIEKTPUICCKUX CETEH Mpe-
CTaBIISIFOTCS] B BHJIE COOTBETCTBYIOLIMX CXEM 3aMEILCHHUS, BHJ KOTOPBIX OIPEAEIs-
€Tcsl KaK THIIOM 3JIEMEHTa, TaK M TpeOyeMoil cTeneHpto TouHocTH pacuéra. K oc-
HOBHBIM 3JIEMEHTaM 3JICKTPUYECKUX CeTel OTHOCAT JIMHUU IEKTpOoIepenadu U
TpaHcdopmaTopsl.

7.1. PacueT mapaMeTpOB 3JIeMEHTOB CXeMbI 3aMelleHusl JJUHUH JJIeKTpoInepe-
Javu.

Jnst pacuera pexuMoB paOOTHI OOJBIIMHCTBA INMEKTPUUECKHX CETEH HC-
monb3yercst «[I»-o0pazHas cxema 3amemenus JIOII (puc.7.1), koTopast He YIHUTHI-
BAacT BOJHOBOI'O XapaKTepa paclpeAesieHUs JeKTposHepruu [3,6].

Ry Xy

:_N\/\
p p

ey B2 Gnl2 B2

-

®

Puc.7.1. «I1» - oOpa3Has cxema 3amemneHus JIOII.

CxeMa 3aMeIIeHUs] COCTOUT M3 BETBU aKTHBHOTO M MHIYKTHBHOTO COIPO-
TuBjeHui Ry u Xy, a Takke aKTUBHOM M eMKOCTHOM mpoBoauMocTeil Ha 3eminto Gy
u Bj. s MOBBIIIEHNS TOYHOCTH Pacy€TOB MPOBOAMMOCTD JIMHHH Ha 3€MJIIO pas3-
JiefieHa Ha JIBe YaCcTH — B HaJaje U B KOHIE JIUHUU. Takas cxema (puc.7.1) Ha3pIBa-
€TCa CXEMOM C COCPEeIOTOYCHHBIMH MapaMeTpaMH U JaéT MPUEeMIIEMYI0 TOYHOCTb
pacuéroB npu AnuHax auHuH 10 400 kM [6].

AxtuBHOe comnpotusienne JIOII oOycinaBiuBaeT NOTEpH SHEPrHHM Ha
HarpeB MPOBOJHUKOB. Pa3nnyaroT OMHUYECKOE CONMPOTHUBICHHE OCTOSHHOMY TOKY
Rom M mepemeHHOMY TOKYy R, BENMYMHBI KOTOPBIX HEOIMHAKOBHI. [Ipm sTOM B
GonbinuHCTBE citydaeB R>Royy. U1 IBETHBIX METAIOB pa3HUIA CONPOTUBICHUH
He mpeBblmaer 2%, MOSTOMY B HMHXCHEPHBIX pacdyeTax IPHHUMAETCs, UYTO
Ri=Rom-

14
Row=p-==0-! (7.1)
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rae: ¢ - pmuHa JIOII [km]; p - yHOenbHOE CONPOTUBJIICHHE MPOBOIHHUKA
OMm - Mm? >

———|; F — miomaap momnepevHoro ceueHus MpoBOAHUKA [MM“]; Iy — yaeib-

KM

Om
Hoe (ITOTOHHOE) COMPOTUBJIEHUE IIPOBOTHHUKA {— .
KM

Bemununna YAEIBHOTO COIIPOTUBJIEHUA 3aBUCUT OT MaT€puajia NIpOBOJAHUKA,

Om-Mm°
B YaCTHOCTH OO MeAU  pPg, =188——, a g amroMuHHA
KM
Om - Mm?
py =315——.
KM

C yBenuueHuEeM TeMIepaTypbl aKTUBHOE CONPOTHBICHHE TAKXKe YBEIHUYU-
BAeTCs B COOTBETCTBUH C 3aBUCHMOCTBIO BUA!
R, =Rypc -(L+0a-At) (7.2)
rae: o - TemneparypHblii koaddunuent conporusienus (TKC), koropslii 3aBu-
CHT OT MaTepHasia mpoBoAHuKa [rpax’]; R,pc - aKTUBHOE COIPOTHUBIIEHUE IIPO-

BogHMKa npu Temneparype 20°C [Om]; R, - akTUBHOE CONPOTHUBIECHHUE IIPOBOJ-

HUKa 1pu temneparype t [Om]; At - pazHocTs Temnepatyp [°CJ.

Bennuuna TKC amroMuHHSA M MeIU HE3HAUHUTENIbHA, TIOATOMY B OONBIINH-
CTBE IPAKTUYECKUX PACUETOB ITUMH U3MEHEHHUSMH [TPEHEOPEratoT.

B 3aBHCHMOCTH OT CeueHHs NPOBOJHHKA €ro aKTHBHOE COIPOTHBIICHHE
MOJKET U3MEHAThCA B IIHUPOKUX Mpezenax (puc.7.2):

R]‘[, Om

2
F, Mmm

Puc.7.2. 3aBUCHMOCTD aKTHBHOT'O COTIPOTHBJICHUSI IPOBOIHUKA OT CEYCHUSI

WNHAyKTUBHOE COMPOTUBIIEHUE JIMHUU 00ycioBieHo nmpoTtuBo-2/1C, BO3HU-
KalolIeH MpH MPOTEKaHWU 0 JIMHUHU IIEPEMEHHOTO TOKA. BenmunHa WHAYKTUBHOTO
COTIPOTHUBIICHUS IUHUU X1 OIPEACIISIETCS COTJIACHO BBIPAXKCHUSM:

X=X, (7.3)

Om
rie: Xo — yAenbHoe (MOTOHHOE) HHIYKTUBHOE COMPOTUBIICHHUE JINHUN {— .
KM

Jis 6onpummaCTBA Bo3AyHBIX JIDIT ¢ ¢ HepacmemnéHapMu (ha3aMu BeIH-
YHHA Xo MOXKET OBITh Ope/esieHa Mo BeIpakeHuo[6]:

DrCP +125-p (7.4)

X, = 0,1445. (g
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rae ¢ - nnuHa nuHud [kM]; Dep — cpenHereoMmeTpuueckoe pacctosiaue Mexay da-
3aMu [M]; I — paJuyc MPOBOJHUKA [M]; | - MATHUTHAS IPOHUIIAEMOCTH TIPOBOIHH-
ka [['a/M].

o I'n
Jlnst uBetHBIX MeTamioB p=1,25-10"°-—, mostomy (7.4) MOKHO Hepenucarh B
M

sune [3]:
DCP
r
Jlorapudm B Beipakenusx (7.4) u (7.5) menaet BeIHYHHY X TPAKTHICCKH
HE 3aBHCHMOM OT CEeUeHHMs POBoIHMKA (prc.7.3.)

Xo, Om

X, =0,1445. /g

+0,0157 (7.5)

0,4

2
F, Mmm

Puc.7.3. 3aBUCHMOCTD yIEIBHOTO CONPOTUBIICHUS JIMHUHM OT CEYCHUSL.

[pu pas3spIX crmocobax moaBecku (ha3HBIX MPOBOJOB (puc.7.4) cpemHereo-
METPUYECKOE PACCTOSHHEC MEXKIY HUMH MOXKET OBITH ONPEACIICHO COIJIACHO BEHIPa-

KCHUIO:

Der =3 D,-D,-D, (7.6)
A B C
® ? ®
I

D, D,

D;

Puc.7.4. K Bonpocy omnpezneneHust CpeAHEreOMETPHIECKOTO PACCTOSHHS MEXKITY
(hazupMu poBogamu JIOII.

B Ta6J'II/III€ 7.1. MNPUBCJACHDbI TUIIMYHBIC 3HAYCHUS CPECAHCTCOMCETPUYCCKUX
paCCTOS[HI/Iﬁ JUIA pa3iIMYHbIX KIIACCOB HAITPSAKCHUS.

Tabmmna 7.1. — Cpennereomerpudeckue paccrosaust JIOTT

Usom, KB 110 150 220 500 750

Dcp, M 5 6,5 8 15,1 19,5

EmKocTHast MpOBOAMMOCTS JIMHAN OOYCIIOBIEHA HATWIHEM 3JIEKTPHYECKON
E€MKOCTH MEXIy MPOBOJAHMKAMH JIMHUH W 3eMJel (puc.7.5.) m ompenensercs co-
[JIACHO BBIPAKEHHIO:
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B,=Db,-¢ (7.7)
roe: by — ymemsHas (MOTOHHAS) €MKOCTHAs MPOBOAWMOCTH IJIMHHHM Ha 3€M-

Cw™ ||
mo| — |; £ - IJIMHA JTUHUH [KM];
KM

LSSy

Puc.7.5. EMKOCTH MEXIy IPOBOAAMH JIMHIH U 3€MIICH.

IIpy nonkIIOYEHUY JIMHUK K UCTOUYHUKY [IEPEMEHHOIO HAIIPSDKEHUS 110 €M-
KOCTSIM HauMHAeT NMPOTeKaTh eMKOCTHOM TOK NUHUH |p, KOTOPBIHM Takxke Ha3bIBaeT-
Csl 3apsAMHBIM TOKOM JIMHHH. BenuuuHa yIenbHOH eMKOCTHOW MPOBOIMMOCTH b
qutst JIDII ¢ Hepaciieri€HHbIMU (pa3HBIMH ITPOBOAAMH MOKET OBITH OIpe/iesieHa 1o
BBIPAKEHUIO!

b, :ﬂ.lofﬁ (7.8)

D
gg Cp
r
Y,Z[GJ'ILHaﬂ €MKOCTHasI MPOBOANMOCTH bo, KaK 1 YACIbHOC MHAYKTUBHOC CO-
IIPOTHUBJICHUE X, ci1a00 3aBUCHT OT CEYEHHUS IMPOBOJHUKA U COCTAaBJIIET OKOJIO

26.10° ™M
KM

B oOmiem Buze, cyMMapHBIH 3apsAIHbIN TOK JHMHUU SBISETCS QyHKIMEH OT
Hanpspkernst u muasl uann | =T(U;0) . s «I1» - o6pa3Hoii cxeMbl 3amerie-
HHUSI, BEIMYHMHBI 3apSIHBIX TOKOB B Hayale U KOHIIE JIMHUU HE PAaBHBI Meay COOOM
lg, # lg, (puc.7.1). Or1o cienyer u3 Beipaxenuit (7.9) u (7.10), mockosibky B

OOJIBIINHCTBE CJIy4dacB (baSHLIe HaIpsOKCHUA U(Dl B Ha4daJic U U(DZ B KOHIIC pa3Jin-

YaroTcs.
B
lg = U®1'7ﬂ (7.9)
B
IBzzumz‘TH (7.10)

B mpaxtuke pacuéra pexHMMOB JJIEKTPUUECKUX CETEH BMECTO 3apsiIHOTO
TOKa JUHHM OOBIYHO HCIOJIB3YETCA BEJIMYMHA I'CHECpAlU €MKOCTHOM peaKTI/IBHOI\/'I
MorHocTH Qg KoTopast 00ycioBiIeHa HaauaueM By

2
Qs =U?'B, (7.11)
rae U — BCJIMUHWHA HI/IHCﬁHOFO HaHpﬂ)KGHI/ISI.

62



AKTHUBHBIE MOTEpU AJeKTpuueckoil sHepruu JIDII, BhI3BaHHBIE HECOBEP-
MIEHCTBOM H30JIAIMN U TIOTEPSIMH Ha KOPOHY OOYCIIaBIIMBAIOT aKTUBHYIO MPOBO-
nuMocTh tuHud Gt

Gp=0,¢ (7.12)
riae Jo — yAenbHas (IIOroHHAs) aKTUBHAS IPOBOJUMOCTD JIMHUK Ha 3€MITIO.

Ha npaktuke BenmuumHa Gy ompenenseTcss MO 3HAYCHUIO CPEIHErOJOBBIX
MOTEPh MOIIIHOCTU Ha KOPOHY:

AI:)KOP
UZ
Kax ormeuanoch paHee, BenuunHa APy, 3aBHCUT OT MHOKeCTBa (akTo-

G, = (7.13)

poB, HanboJlee 3HAYUMBIMU U3 KOTOPBIX SABJIAIOTCA CCHYCHUE MMPOBOJA, HAIPSIKCHUC
u aTMOC(l)epHI)Ie YyCJ10BUs, MMOITOMY aHAJUTUYSCKUI pacyeT BCJIUYMHBI NOTEPL Ha
KOPOHY HEBO3MOXKCH, B CBA3U C YCM APKOP OMpPCACIAIOT SKCICPUMCHTAJILHO Ha

XOJIOCTOM XOJY JIMHUH.
B oOmem ciyyae yMmeHbleHHE ceueHHsi npoBona F, nmnbo yBenmueHue
HanpspkeHus: U npusoaut k pocty APy, .

BenmunHa moTeps Ha KOPOHY CTAaHOBUTCS BeCbMa 3aMeTHA MpPU HaIpsKe-
Hun 330kB u BeIIIE, MO3TOMY B OOJBINIWHCTBE MPOCKTHBIX PAacYETOB DIICKTpUYIC-
CKHUX ceTeil HanpsbkeHueM A0 220 kB BKIIOYMTENBHO aKTUBHOM MPOBOJAUMOCTBIO
JIOII nHa 3emiro mpeneOperatot. [Ipu sTom cxema 3amemenus JIOII ¢ cocpemoro-
YeHHBIMU TIapaMeTPaMy IPUHAMAET CIIC YOI BHI:

R X1
] 1 Y Y ;
7 Ld
) ——By/2

Puc.7.6. Yopomennas cxema 3amerenus JIOI1.

s obecriedeHusT HU3KUX YpOBHEH motepph Ha kopoHy JIDII B mpakTuke
MIPOEKTHPOBAHUS MPHUHATH MUHIUMAJIBHO JOIMYCTHMBIE CEYCHHUS MO YCIOBHSIM KO-
powsr (Tabm.7.2) [1].

Tabnuua 7.2. — MunumManbHo gonycrtumblie ceuerus JIII ¢ Hepacuiem€HHbIMU
IIPOBOJIaMHU ISl PAa3JIMUHBIX KJIACCOB HANPSHKEHUSL.

U,oms KB 110 150 220

F, M 70 120 240
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7.2. Pacmensienue (a3HbIX MPOBO/IOB

B cnydae npoektupoBanusi JIDII BBICOKHX M CBEPXBBICOKMX HAIPSDKCHUH,
1.¢. 330kB u BBIIIE, yBemuueHue cedeHus a3 s CHIKCHHUS MOTEePh HA KOPOHY
CTAQHOBHUTCS YKOHOMHYECKH Herenecoobpas3ubiM [3], mostomy mmst sKOHOMHUH TIPO-
BOJHHKOBOTO MaTepuaa, UCIIoIb3yeTcsl paciieruieHne (asHeix nposonos. OngnHa
(a3a TakoW JTMHUM MOXKET COCTOATH M3 ABYX M 00Jice OAWHOYHBIX NPOBOJHHUKOB

(Tabn.7.3), yaepKuBaeMbIX Ha 33JaHHOM PACCTOSHUH IPYT OT APYyra JUCTaHIIHOH-
HBIMHU PaclOpKaMH.

Tabnuna 7.3. — KoncTpykimu ¢assl 1j1sl 0CBOCHHBIX B PoccHu KJIacCoB Hampsike-
HUH

Hanpspkenue, kB 330 500 750
KonnuectBo mpo-
BOJIHHKOB B pac- 2 3 4-5
MICTUIEHHON (ha3e

VYnensable oronHble mapameTpsl JIDII ¢ ¢dazamu, pacmerniéHHIMA Ha N
OJIMHOYHBIX TPOBOHUKOB, OMPEICISIFOTCS COTNIAaCHO BhipaxkeHusm [3,6,10,27]:

I
ry =—% (7.14)
n
X, :0,1445-£gﬁ+w (7.15)
r, n
b, __ 198 g (7.16)
r3
AP
o= (7.17)
U

e lon, — YAEIBHOE aKTUBHOE CONMPOTUBIIEHHE OJMHOYHOIO NPOBOJIA; 5 — SKBHBA-
JICHTHBIA paJiyC pacIeIiEHHOTo npoBoaa (puc.7.7).

r
o | |0

Puc.7.7. Teomerpuieckue XapakTepUCTHKH paciiernénHon ¢azsr JIDIT
B cBoro ouepens, BeTHMINHA I MOKET OBITH OIpEIeIcHa Kak:
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r,=4n-ry -Rp* (7.18)

rae Imp — paanyCc OJAMHOYHOI'O IPOBOJA, Rp — paanyc pacllCICHUA.
CBs3b MEXKAY paanyCoOM PACHICIUICHUA U IIaroM pacCliCruiCeHuss o OIPCACIIACTCA
BBIPAXKECHUEM!

(00

Takum o0pasom, cormacHo (7.15) u (7.18), yBenmueHHe KOJIMYECTBA TPO-
BOJHHKOB B pacIHICIUICHHOW (pa3se NPHBOOUT K YMEHBUICHHIO BEIMYUHBEI Xo.
Hanpumep, ecnu BMeCTO OAHOTO MPOBOAHUKA UCIONB30BaTh 1Ba, TO X YMEHb-
uraetcst Ha 19%, mpu KCHONB30BaHUH TPEX MTPOBOJOB Xo yMeHbInaercs Ha 28% [5].
OnHako B mpakTHKe cTpouTeiberBa JIDIT ocHOBHOM Lienblo paciuenieHus GpasHbIx
IIPOBOJIOB SABJSETCA YMEHBIIICHUE TOTEPh YHEPTUU HAa KOPOHY.

R, = (7.19)

7.3. TpaHCcHO3UINSA MPOBOIOB

Kak otmeuarnocs panee, JIDII renepupyeT peakTHBHYIO MOIIIHOCTh, KOTOpast
B 001eM city4ae omnpeaensercs cornacHo (7.11). OpHako Ha IpakTUKE CyMMapHBIE
€MKOCTHBIE MPOBOAMMOCTH OTAENbHBIX (a3 JIDII pasnuyarorcs Mexay COOOi.
Takoe siBieHHE, HAa3bIBAEMOE HECHMMETPHEH, HAOMIOAACTCS MPH JIIOOOM PaCIoo-
xenun a3 oTHocuTepHO 3emiu (puc.7.8) [10,28].

ey L

rOpI/ISOHTaHBHOC pacroIoKeHue Pacnonoxenue TIPOBOJZIOB IO BEP-
TIpOBO/Z1IOB ITMHaM TPEyroJIbHUKaA

Puc.7.8. CxeMbl pacroyioskeHus: IPOBOJIOB OTHOCUTEIHLHO 3EMIIH.

B cootBercTBUM C pUCYHKOM 7.8 HpU TOPU30HTAIBHOM PACHOJOXKEHHU
IIPOBO/IOB EMKOCTH MEX1y (hazaMM pa3IM4aloTcs, a B Cilydae pacroyioxkeHus a3
110 BEPLIMHAM TPEYroJbHUKA pa3sHbIMU OKa3bIBAIOTCS EMKOCTH Mexay ¢asamu u
3eminiéil. Takum oOpa3om Bce n3BecTHBIE criocoOb! pacronoxenus a3z BJI orHocu-
TEJIFHO 3€MJIM HE MOTYT 00€CIeYUTh OJJHOBPEMEHHOT'O PAaBEHCTBA EMKOCTH MEXIY
(ha3HBIMU IPOBOIAMH, U MEXKIY IIPOBOJIOM H 3eMIIEH.

B pesyipraTte reHepanuy peakTUBHON MOIIHOCTH OTICNBHBIX (Da3 OKa3bl-
BAIOTCSl HEPABHBIMU MEXAy COOOMH, 4TO MPUBOJAWT K BO3HHUKHOBEHHIO HECHMMET-
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pun HanpspkeHu# uHuK. C yBeJIMYEHUEM Kilacca HarpshKeHUs IpobiieMa ycyryo-
JISIETCS, TIOCKOJIbKY TeHeparus (7.11) 3aBUCUT OT KBajpaTa HAMPSKSHIS.

OnanM u3 3PPEKTUBHBIX CIIOCOOOB O0ECTICUEHUST CUMMETPUNA CYMMApPHBIX
eMKocTel (a3 siBsieTcst Tpancno3uiys mposoaos [10]. Ilpu 5ToM Ha MPOTKESHUH
JIMHUHM YCTaHABJIMBAIOT CIEUUAIbHBIC TPAHCHIO3UI[MOHHBIE OMOPBI, Ha KOTOPBIX
MeHseTcs uepenoBanue ¢pas (puc.7.9).

1 3
1

2

3 2

Puc.7.9. Cxema tpaHcno3uuu nposoios BJL.

B IMPAaKTHUKC CTPOUTCIILCTBA BJI xonmmaecTBo TpaHCHO3I/II_lI/H>lI Ha MPOTAKCHUU
TPACChI YBCINUIUBAKOT C POCTOM KJIaCCa HAIIPSIXKCHUS JIMHUHN.

Taxum 06p330M, Ipyu IMpPaBHUJIBHOM BBIIIOJTHCHUU TPAaHCIIO3WIUHA, HECHUM-
MCTpHs HaHpﬂ)I(eHHﬁ, BbI3BaHHAs HCPABCHCTBOM €MKOCTCH MUHHMAaJIbHA.

7.4. IlapameTpsl ABYX00MOTOYHOTO TpaHcdopmaTopa

Jnst pacdeToB IJIEKTPUYECKHX PEXHMOB HpUMEHSIOT «T» - o0pa3Hyro
(puc.7.10) u «I'» - obOpasnyro (puc.7.11l) cxembl 3aMelieHHs] ABYXOOMOTOYHOTO
Tparchopmaropa [6].

IToTepy KOPOTKOTO 3aMBIKAHHIS
(moTepu B Mezn)
ITotepu xomnocroro xona
(motepu B cTanm)

Puc.7.10. «T» - oOpasHas cxema 3aMelieHus Tpanchopmaropa.

KoaddunueHT TpaHChOpMaIUU MOKHO OIPEACIHUTE COTIIACHO BhIpaxeHwuto (7.20):
Ul Wl
T = U_ = W (7.20)
2 2
rae U;, U, — HOMUHAIIbHBIE HAMIPSHKEHUSI TIEPBUYHOM U BTOPHUYHOH 06MoTOK [KB];
W, W; — KONI4YecTBO BUTKOB TIEPBUYHOM U BTOPUIHOI OOMOTOK.
Hcnonp3ys koadduimeHT tpaHcHopManuyd MOKHO OIPEACIUTh BEITMIHMHE
«T» - oOpa3HOW CXeMbl 3aMeIleHUs, NMPUBEJCHHBIE K HAIMPSDKECHUIO HMEPBUYHON
0OMOTKH:

Rzl :Rz‘Kip (7.21)
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X, =X, 'Kip (7.22)

[ToTepn KOPOTKOTO 3aMBbIKa-
Hus (IIOTEpU B MEIH)

IoTtepu xonocroro
xo7ia (IIOTEepHU B CTAJN)

Puc.7.11. «I'» - oOpa3Has cxema 3aMmenieHus TpanchopmaTopa.

rae: Ry, X, — akTHBHOE M MHIYKTHBHOE COIPOTHBIICHUS] BTOPHYHOI OOMOTKH.

B GonblIMHCTBE MH)XKEHEPHBIX pacy€roB ucmonbdyercst «I» - oOpas3Has
cxema 3aMelleHHs, Kak OoJjiee MpOCTas, Npu 3TOM HapaMerpsbl cxeM (puc.7.10 u

7.11) cBA3aHBI MEXIY COOOH CIEAYIOIINM 00pa3oM:
R:=R,+R, (7.23)
X =X, +X, (7.24)

AXTHBHOE W WHAYKTHBHOE CONpPOTHBICHUS TpaHcdopmaropa Rt m Xr

OTIPEETISIFOTCS U3 OIBITa KOPOTKOTO 3aMbIKAHUSL:
2
P =315 -R; (7.25)
Ipu 3TOM HOMUHAJIBHAS MOIITHOCTh TPaHC(OpMATOpa ONPEASTUTCS KaK:
S, =+3-U, -1, (7.26)
Mepenuem (7.25), ucnons3zys (7.26):
SZ
—H
2
U H
Otcro/ia BeIpa3uM aKTHBHOE CONPOTHBIICHUE TpaHc(hopmaropa:
_ PK i UZH

S

P ‘R

R, (7.27)

C prl"Oﬁ CTOPOHBI HAIIPAKEHHUE KOPOTKOI'O 3aMbIKaAHHUS OMPEACINTCA ClIC-

JYIOIIUM 00pa3oM:

J3-1,-X

U, = L.100 (7.28)
H
Bripasum u3 (7.28) ToK, 1, noacrasus ero B (7.26) moxydnm:
— U K” Uﬂ
"X, 4100
Ortcroza BbIpa3uM WHIYKTUBHOE CONPOTHBIIEHHE TPaHChOpMaTopa:
2
LU 29
S, -100
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HertpyaHo moka3arh, 4TO aKTUBHASI M MHIYKTUBHAS IPOBOJUMOCTH (1 U by
00yCIIOBJICHHBIE TOTEPSIMHU XOJIOCTOTO X012 OTIPEIEIAIOTCS CICAYIOMNM 00pazoM:

PX
=% 7.30
I -Sy
— X OH 7.31
T 100-U? (7:3)

Takum o6paszom, Beipaxkenust (7.27), (7.29), (7.30) u (7.31) mosBossioT
onpeenuts napaMeTpsl «I'» - 00pa3HOil cXeMbl 3aMEIIeHH S 110 MACTIOPTHBIM TaH-
HBIM JIBYXOOMOTOYHOTO TpaHC(hopMaTopa.

7.5. lapameTpbl TPEX0OMOTOYHOr0 TPaHcopmaTopa

Jnst MozenupoBaHusl TpeXOOMOTOYHBIX M aBTOTPaHC()OPMATOPOB HCIIOJNb-
3yeTcsl cxeMa, IpeJICTaBIeHHas Ha pucyHke 7.12.

B Hacrosiiee Bpems BBIMYCKAIOT TPEXOOMOTOUYHBIC TpaHCHOPMATOPHI C
OJIMHAKOBOH MOIIHOCTBI0 OOMOTOK, TO €CTh Spy=Sch=Spgc, IPU 3TOM aKTHBHBIC
COIPOTHUBIIEHHsI 00MOTOK paBHBI (prc.7.12): Ri=R,=R3=R7.

Hns omnpemeneans Rr HE0OXOIWMO TMPOBECTH OMBIT KOPOTKOTO 3aMBIKAHMUS
(puc.7.13) u onpenenuTs TPU BETUIHHBI PKBH , PKBC u PIEH . B cnpaBouHbIX naH-

HBIX 3aBOJIa M3TOTOBUTENS JAeTCsl HAMOObIIAs BEINYNHA, KOTOPast COOTBETCTBYET
HaWXyALIEMY CITyJalo.

! BH Ry X
- —

L L |

,/" s \
Or br 1

IMoTepn KOPOTKOTO 3aMbIKAHUS
(motepu B MeJH)

X3

IMorepu xomocroro xona HH
(moTepw B cTanm) \

Puc.7.12. Cxema 3aMeIieHust TPEX0OMOTOYHOTO TpaHc(hopMaTopa Uild aBTOTPaHC-

dbopmaropa.

CornacHo pHCYHKY 7.14 BO3MOXHO JBa MPEACIbHBIX BAPHAHTA TPOBEICHI

OIIbITa KOPOTKOTO 3aMbIKaHMs. [IepBbIii crIOCO0 TO/pa3yMeBaeT IOJHYIO 3arpy3Ky
JIBYX 0OMOTOK, IIPH 3TOM TPEThst 00MOTKa paboTaeT Ha X0JI0CTOM Xoy. Torna Juis
nepBoro Bapuanta (puc.7.14.a) MOIIHOCTD, pacCEMBAIOIIAsCS B 0OMOTKAX paBHa:
_ 2 2 _ 5.2
P=I;-R,+1;-R,=2-1},-R; (7.32)

AHanoru4Ho It BTOporo BapuaHTta (puc.7.14.0) npu paBHOMEpHOI 3arpy3Ke AByX
00MOTOK:
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P=12-R,+0,25-17-R, +0,25-1% -R, =15-1% -R;  (7.33)
HH

BH CH
R —— , —_—
I Iy
U

Puc.7.13 Cxema MPOBEACHUS OIbITa KOPOTKOI'O 3aMbIKaHUA IJIsL ONIPEACIICHUA PKBH

Takum ob6pa3om, A NaNbHEHIINX PACUETOB HCIIONB3YETCS MEPBHIA BapHAHT
_ 2
=2-15-Ry.
Amnanorn4Ho BeIpaxeHHIO (7.27) MOIydnM 3aBUCHMOCTD, IJISI OTIPEACICHUS
aKTHBHOTO CONPOTHBIIEHUS TPEXOOMOTOYHOTO TpaHChOpMaTopa.
2
_ P U
T 2
2-Sy,
st onpenienieHnst MHAYKTUBHBIX COTPOTHBICHUH TPeX0OMOTOYHOTO TpaHc(hopMa-
TOpa HEOOXOMMO HCIOJIb30BATh HANIPSKCHUSI KOPOTKOTO 3aMBIKaHUS IS KayKIOH
U3 BETBEH cXeMbl 3aMelneHust TpaHcdopmaTopa «3Bezna» (puc.7.12). B crnpaBou-
HBIX JITAaHHBIX COBPEMEHHBIX TpaHC(OpMATOPOB MPUBOJSTCS BEIUUMHBI HAIPsIKeE-
HUH KopoTKoro 3aMmblkanus U, go, Uy gy U Uy o, A4 CXEMBI 3aMELIEHUS «TpE-

(puc.7.14.a), kak camblIii HauXyAUIMiA ciydai, T.e. P

max.K

(7.34)

yroeHUK» (puc.7.15):

Puc.7.14. BapI/IaHTLI MPOBEACHUSA OIbITa KOPOTKOI'O 3aMbIKaHUS.
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Cornacto cxeme (puc.7.15) MOXKHO 3anucarh CUCTEMY YpaBHEHHUI:
Ugse = Uke + Uke

Uwen = Uk + Ugh (7.35)
Uen =Uke + Uk

Pemmus (7.35) otHOCHTENMBHO Tpex Hem3BeCTHRIX Uk g, Uk c 1 Uk y omyamm:

1

Uks :E'(U kec T Uken — UK,CH) (7.36)
1

Uke =§' (U kec T Uken — UK,BH) (7.37)
1

UKAH :E'(UK.CH + UK.BH - UK.BC) (7-38)

Torma mo ananoruu ¢ BeIpakeHHeM (7.29) WHAYKTHBHBIC CONMPOTHBIICHUS CXEMBI
3aMeIIeHHUs TPEeXO0OMOTOYHOTO TpaHcdopmaTopa (puc.7.12) onpenensoTes Kak:

2
"= USK'B 1cL)J0H (739)
"
2
-
2
K= USK'H 1(?0H (74D
"

B OonbIIMHCTBE BBIMYCKAEMBIX CEPHHHO CHIIOBBIX TpaHC(OpMaTopoB HMH-
JyKTUBHOE COIIPOTHBIICHNE 3HAYUTEIIHHO MPEBBIIIACT aKTUBHOE, T.e. X >> R.

UKACH

Puc.7.15. K Bompocy o nmpeo0Opa3oBaHNN CXEMbI 3aMEIIEHUS «TPEYTOIBHUK) B
CXEMY 3aMEILEHUs «3BE3/1a.

AXTHBHaS 1 WHJIYKTHUBHAs IIPOBOJAMMOCTH (1 U bT 06YCJ'IOBJICHHI)IC noTepsi-

MH XOJIOCTOTO XOZa OIPEICISIOTCS TaKKe KaK M ULl ABYXOOMOTOYHOTO TPaHC-
dopmaropa, coriacuo Beipaxennsm (7.30) u (7.31).
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7.6. ABTOTpaHc(oOpMaTOP B IJTeKTPHIECKUX CETIX

Kak oTMeuanoch paHee cXeMbl 3aMelIeHHs aBTOTpaHc(opmaTopa H
TpéxoOMoTOUHOTO TpaHchopmaTopa oauHakoBbl (puc.7.12) [6]. OxHako B OTiIH-
4qpue OT TPEXOOMOTOYHOTO, aKTHBHBIE CONPOTHBIICHHS CXEMBI 3aMEIICHHUS aBTO-
TpaHchopMaTopa He PaBHBI MEXKTy COOOT.

Jns ompenesieHNsl aKTHBHBIX COINPOTHUBIICHUH CXEMbI 3aMELICHHs aBTO-
TpaHcdopmaropa UCIOIB3YIOTCS NPUBOAMMBIC B MACIIOPTHBIX AaHHBIX MOIIHOCTH

KOpOTKOTO 3aMbikarms Pgr; PEC; PS", M3MepeHHBIE TIO CXeMe «TpeyTOTbHUKY.
PacueT MOIIHOCTE} KOPOTKOTO 3aMBIKAHHS OCYIIECTBIISETCA MO BEIPAKCHHAM:

pe =%~(PE° +PeH _pct) (7.42)
Pﬁ :% (PBC PCH PIEH) (7.43)
pr :%'(PEH poH PBC) (7.44)

I/IHOFZ[a BCJIINYNHBI PKBH u PEH JaroTCda B CIPpaBOYHUKAX MPUBCIACHHBIC K

THTIOBOH MomHOCTH, T. €0 P u P, mostomy mpu pacueTax ux Heo6XoaMMo
MPUBECTH K HOMHUHAILHON MOIIIHOCTH aBTOTpaHchopMaTopa:
PIBH
BH _ Tk
Py =—; (7.45)
HH
PrCH
CH _ 'K
P =—; (7.45)
HH

Torma akTUBHBIE CONPOTHUBIICHUSI CXEMbI 3aMEIICHHUS ONPENEIISIOTCS CIIETYIOIINM
oOpazomM:

B 2
rRe =Pk SZU (7.46)
C 2
RS =% (7.47)
H
H 2
RY =P'<S# (7.48)
H

rae Uy — HoMHHATBHOE HalpsbKeHHe Ha BbICOKOi cropone (Upp).

BenuuuHe! UﬁH u UiH TaKK€ MOTI'yT IPUBOJUTCA B HCKOTOPLIX CIIpa-

BOYHMKAX K TUIIOBOM MOIIHOCTH, T. €. U;(BH u U’KCH , I0O3TOMY IIpU pacyeTax ux
HEoOX0AMMO TPUBECTH K HOMHHAIILHOI MOIITHOCTH aBTOTpaHchopMaTopa:

rBH
Ut = U (7.49)

Oy

1CH
usH Y (7.50)

Oy
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HanpskeHust KOPOTKOTO 3aMBIKaHUsA JUIA CXEMBI 3BE371a ONPEIEISIOTCS 110
BeipaxkeHusM (7.36) - (7.38), a unaykruBHble conpotusieHus 1o (7.39) - (7.41).
AKTHBHAsl U UHAYKTUBHAS NPOBOAMMOCTH G M b1 00YCIIOBJIEHHbIE OTEPAMH XO-
JIOCTOTO XOJIa ONPEENAOTCA TAKKE KaK U JUIA ABYXOOMOTOYHOIrO TpaHcdhopMaro-
pa, cormacHo Beipaxkerusm (7.30) u (7.31).

7.7. BekTopHas [uarpaMMa HanpsikeHui u ToxoB JIITI
J171st OSICHEHUsI B3aUMOCBSI3€H MEX Ty HalpsHKSHUSIMU M TOKaMH B Havaje U

KOHIIC JIMHUU JJICKTpoHnepeaavyu, paCCMOTPUM YIPOUICHHYIO CXEMY e€ 3aMelleHUs
C paCHpe[[eJ'IéHHBIMI/I napamMeTpamu.

Il—) R X —)IZ
s 1 Y Y,
¢ L T >
U, i u,
() I B/2 (e I B/2 iBl # isz

Puc.7.16. K Bonpocy mocTpoeHus BEKTOPHON AHarpaMMbl JIUHUH.

B kauecTBe m3BecTHBIX HomaraeM sennuuusl U,, I|,, R, X, u B, ¢ nomo-

IbI0 KOTOpPBIX onpenesnuM U; u |, . Bee Toku 1 HanpspkeHus nojaraeM (a3HbIMH.
BekropHas muarpamMma MOXeT OBITh IIOCTPOEHA ABYMS CIIOCOOaMH, IPHUUEM

nepBbiii criocod (puc.7.17) mpenmonaraer ompezeieHdue Toka |, KOTOpbIid 00y-

CITaBNIMBAET MaJICHUE HANPSHKEHHUS B BETBAX comnpoTuBneHuit R u X.

Tox eMKOCTHOH ITPOBOIMMOCTH Ha 3€MJIIO B KOHIIE JIMHUH OIEpexaeT HalpsDKeHHe

Ha 90° u paBeH:

. .. B
IBZZJ'UZ'E (7.51)

Torz[a B COOTBCETCTBHUM C IEPBLIM 3dKOHOM KI/IpXFO(I)a TOK JIMHUU OIPCACITIUTCA:
=1, +1g, (7.52)

JIist BeTMIMH HaMpsHKEHUST MOYKHO 3aIUCaTh:
U =U,+i-Z=U, +i-R+jX)=U, +i-R+j-i-X (7.53)
Tok eMKOCTHOM MPOBOAMMOCTH Ha 3€MJIIO B Hayajle JMHUU PABEH:
. .. B
|31:J'U1'E (7.54)

Tok B Hauase JUHUYU PaBEH:
=1+l (7.55)
IIpu BTOpOM crocoOe MOCTPOCHUS TAJCHUE HAMPSKESHHUS HA COTPOTHBIIE-

HUW OTIpeIeNsieTCs uepe3 cocrapistonue Toka | (puc.7.18).
HanpsikeHue B Havaje JTUHAU PABHO:
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U1=U2+(i2+i82)-(R+j-X)

+]

Puc.7.17. BexkropHast quarpaMmma JIMHHUHU, IOCTPOEHHASI IEPBBIM CIIOCOOOM.

WJIN PacKpbIB CKOOKH:
U =U, +lg -R+jlg,-X+1,-R+j-1,-X  (7.56)

Toxk B HavayIe JIMHUH:
=1, +1g, +ig (7.57)

+]

Puc.7.18. BektopHast quarpaMma JHHHH, TIOCTPOCHHASI BTOPHIM CIIOCOOOM.

73



74

PaCCMOTpI/IM BCKTOPHYIO JUarpamMmy JIMHHUU HAa XOJOCTOM XOIy. HpI/I 3TOM

|2 =0 , 4 TOK JIMHUN 6yﬂ€T OGYCJ'IaB.HI/IBaTI)CSI TOJIBKO HAJUYUEM €MKOCTHOMH apo-
BOOIMMOCTH Ha 3€MJIIO.

Puc.7.19. BekTopHast tuarpamma JIMHUU Ha XOJIOCTOM XOAY

Takum oOpa3om, corsiacHO puCYHKY /.19, Hanpspkenue B koHne auanmn U, ,
paboTarolell Ha XOJIOCTOM XOXy, Ooiblle HampskeHHs B Havaine aunud U,. B

pe3yabTare, mpu OOJBIIMX KIACCaX HAMPSIKCHUH M OOJBINON MPOTSHIKCHHOCTH JIH-
HUU Ha XOJIOCTOM XOJYy YPOBEHb HANPSIKEHUS B KOHIIE JIMHUU MOXET MPEBBICUTH
Mpe/IENbHOE M0 AIIEKTPHUUYECKO# MpoYHOCTH 3HaueHue [3].

7.8. Ianenne u moTepsi HAMPSKEHUS

B o6miem cryuae BeKTOpa HaNpsKEHMs B Ha4ajle U B KOHIIE JIMHUU CIBUHY-

ThI MEXAY cO00H Ha HEKOTOpHIH yros. Kpome Toro, oHu pasnudyarorcs mo abco-
nroTHOM BenmmunHe (puc.7.20) [5,6].

+]

YA
U, \
Vsiz/ M
L1
Uz C AU B :D +1
Puc. 7.20. Bektopa HampspkeHUH B Hadasie U B KOHIIE JIMHUU.



Bexrop AC = \/§ - Z= U1 - L.J2 - MIPEACTaBIsAET COOOW TaJeHWe Hamps-
KEHUS, T.e. TEOMETPUYECKYIO0 Pa3HOCTb MEXIY KOMIJIEKCAMU HAalpsDKEHUs B
HavaJle ¥ B KOHIIE JIMHAU. JTO MaJCHUC HANPSDKCHHUS MOXKET OBITH IPEICTABICHO
TEOMETPUYECKON CyMMOM MEXKIY BEKTOpaMU IIPOJOJIbHOU CB=AU n romnepey-
HOW COCTABIISIOIICH NaIeHIS HATPSDKCHUS AB=05U:

AC=AU+38U

U3 pucynka 7.20. BumHO, uro BemmunHa OD paBHa Momymro BekTopa Ul,
1.. OD=U,. Torna noreps HampsbkeHus, paBHas Beauuune CD - ompenenutcs
Kak anredpandeckasi pa3HOCTh MEXAY MOIYJISIMU HANPSOHKCHUS B HaUase ¥ B KOHIE
mmann CD=U, -U,.

B oOmem Buje, BelMUMHA NaJCHUS HAIPSHKEHUs] MOXKET OBITH 3amicaHa

Kak:
AC-+3.i.z=2.

Zzw.(RJrj.x): (P-R+Q-X—-j-Q-R+j-P-X)=

1
U

C

P-R+Q-X+J_P-X—Q-R
U U
[Ipu >TOM AelcTBUTENBbHAS YacTh BBIpaKeHHA (7.58) mpexacraBiseT coOoil mpo-
JOJIBHYIO COCTABIISIIOIIYIO MaJCHUS HANPSDKEHHSA, a MHUMasi 4acTh COOTBETCTBYET
MOTIEPEYHOM COCTABIIOIIEH, T.€.:

(7.58)

AU = P-R+Q-X (7.59)
U
5U = j% (7.60)
CornacHo pucyHKy 7.20 BelM4MHA BEKTOPa HANpPsDKEHUS B Hadajle JUHUU paBHA:
U, =4(U, + AU, F +8U°2 (7.61)

Jus muawit knacca Hanpspkerns 110 kB prmountensao U MOKHO HE YYHTBHIBATH
[6], Torma:

U =U,+AU,
WITH:

P-R+Q-X
U
Bennunna (7.62) ucnionb3yercst Uil OLIEHKH OTKJIOHEHHS HANPSDKEHHS B 3JICKTPH-

YECKOM CEeTH Ha 3Tale NPOeKTUPOBAHUS.

U,-U,~AU= (7.62)

7.9. BeKTOpHafl anarpamMma JIMHMHM ¢ HECKOJIbKHMH HarpyskamMmu

JIunust snexTpornepeaun ¢ HECKOJIbKMMHU Harpy3kaMu MOMKET ObITh paszie-
JICHA Ha YYacTKH, JJISl KAXKAOTO M3 KOTOPBIX MOXHO OIPENENUTh PEXKUMHBIE Mapa-
Mmetpsl (puc.7.21).

JUis mocTpoeHus: BEKTOPHOU nuarpaMMsl (puc.7.22) monaraeM U3BECTHBIMU
cnenyronre BenuauHbl: Uy — HanpsbKeHne UCTOYHKUKA mutanus;, Ry, Xi, Ry, X, —
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aKTHUBHBIC W WHAYKTUBHBIE COMPOTHBICHHS YJ9acTKOB JWHUH 1 1 2; 11, COS@y, Iy,
COSP, - TOKH H Ko3(duimenTsr MomHOCTH Harpy3ok 1 u 2. Hampsokenus Ha

Harpy3kax U; u U, uToku yyactkoB | u |, cuuraem HEM3BECTHBIMU.

B cootBercTBHM C TNEPBBIM 3aKOHOM Knpxrotba JJI1 TOKOB B JIMHHUHU MOXXHO
3a1McaTh:

=1, +1, (7.63)
AXTHBHEIC COCTaBJIAIOIINEC TOKOB:
l,, =1,-coso, (7.64)
I, =1,-coso, (7.65)
=1+l (7.66)
PeakTuBHBIE COCTaBJIIOIIHEC TOKOB!
I, =1, -sing, (7.67)
I, =1, -sing, (7.68)
=1, +1, (7.69)
an | Ry, X, AUH.HZ Rz, X, AUrlﬂl
Ui | U, l’ i2 Uzl

Puc.7.21. JIDII ¢ nByMst Harpy3Kamu.

MOI[yJ'H) IIOJTHOI'O TOKAa OT UCTOYHHKA ITUTAHUA:

|:1/|§+|§ (7.70)

VYron Mexay TOKOM U HaNpsDKEHUEM Ha HA4alIbHOM Y4acTKe:
|
¢ =arctg = (7.71)
I r
ConpoTusiienus TMHUA 00yCIaBIUBAIOT MajieHus Hanpsokenus AU, u AUp;, .

CyMMapHa;{ BCIIMYMHA HpOI[OHBHOﬁ COCTaBJ’IHIOH.[eﬁ NaJgCHU HANIPAIKCHUSA paBHA:

AU =AU, + AU, (7.72)
CymMapHasl BeTMYMHA NONEPEYHON COCTABIISIIONIEH NaJeHNs HAMIPSHKEHHS] paBHA:
oU =08U, +8U, (7.73)
Torpma ans HanpsDKEHUS B KOHIE IMHUXA MOXHO 3amucaTh (puc.7.22):
U,=U,, —AU-jsU (7.74)
Moy BeKTOpa HANPSDKEHHS B KOHIIE JINHUH:
U, =(Uyy - AUY +8U°2 (7.75)

CornacHO BeKTOpHOI ntuarpamme (puc.7.22) Uit CyMMapHOW NMPOJIOIBHON COCTaB-
JSFOIIEH MTaZieHUsI HANIPSKEHNST MOYKHO 3aITUCaTh:
AU=1,-R,-cosp, +1,-X,-sing, +1-R,-cosep+1-X, -sinp (7.76)
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: AU
. U : A2
U, ! AUHIIl 38U,
I-R,
j X 6Ul
®2 /o, U, k i, X, +1
I, R,
.‘\'\2 ¢ AU, AU,
b\ N

Puc.7.22. Bexropnas muarpamma JIOII ¢ qBymst Harpy3kamu.

AHAJIOTHYHO I CYMMapHO! IIONEPEYHON COCTaBIIAIONICH:

dU=1,-X,-cos¢, —1,-R,-sing, +1-X,-cosp—I-R, :sing

(7.77)

Taxum 06p330M, MaJACHUC HAIIPSHKCHUA JIMHUN C HCCKOJIbKMMHU HArpy3kaMu onpe-
ACTACTCA UX PCIKUMOM pa6OTLI " COIIPOTUBJICHUSAMU JINMHUU.
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8. Pacuer pe:kMMOB JIMHMIA JJIEKTPONepeAayYd H JIEKTPUYECKHX ceTell B HOP-
MaJIbHBIX M NMOCJIeaBAPHITHBIX pesKUMax

Ba)xHBIM 3TanoM HpH NPOSKTUPOBAHUH M aHATH3E PAOOTHI IIEKTPHUCSCKUX
ceTell ABJIAETCS Pacu€Thl DICKTPUUECKUX PEXUMOB. K OCHOBHBIM LiessiM pacuéra
pexumoB otHocsTes [13].

1. OueHka ypoBHEH HalpsDKEHHUS B y3JlaX JIEKTPHYECKOI CETH Ha COOTBETCTBHE
HOMHHAJIbHBIM 3HAYCHHSM;

2. OmpeneneHue 3arpy3KH 3JIEMEHTOB CETH JUIs TNPOBEPKH HMX MO YCIOBUSAM
HarpeBa U OLICHKU Pe3epBOB 110 MOIIHOCTH;

3. AHanu3 BO3MOXHOCTH (PYHKIIMOHUPOBAHUSI JICKTPUUECKUX CETEH B yCIOBHAX
HOPMAJbHbBIX, YTSOKENEHHBIX, PEMOHTHBIX U MOCICABAPHIHBIX PEKUMAX.

st pacuéra pexxMMHBIX [TapaMETPOB MPOCTOH INEKTPUUECKON CETH MOTYT OBITh

HCIIONTB30BaHbl COOTHOIIICHHSI, H3BECTHBIE U3 Kypca «TOD» [29], ogHako mpu aHa-

JIM3€ CIIOKHBIX 3JIEKTPUYECKUX CeTel 11eIecoo00pasHO MCIOJIB30BaTh ClieaIbHbIC

aNropuT™MbI pacuéTa, peanuzyembie Ha OBM [30,31].

8.1. PacueT Hanpsi’KeHHi B THHUM N0 TOKY H MOLIHOCTH HATPY3KH

B 3aBHCHMOCTH OT MOCTaHOBKHM 33/1a4M, pacuéT PeXUMOB MOXKHO MPOHU3BO-
JUTh KaK B BEIMYMHAX TOKOB, TaK U MOIIHOCTEH. BapuaHT ompeneneHus pexumMa
JIMHUH 110 JaHHBIM TOKA HArpy3KH B COOTBETCTBUM C BhIpaxkeHusMu (7.51) — (7.57)
paccMoTper panee. CiexyeT OTMETHTh, YTO PEXHMHBIE MapaMeTpsl B (dopme
MotHocTel P+jQ umMeror Gojiee HarAHOE MPEACTABICHUE, TIO3TOMY PacdéT pe-
KFIMa B BEJIMYMHAX MOITHOCTEU IPUMEHSETCS Jalle.

PaccmoTrpuM cxemy 3aMelIeHus, ¢ HAHECCHHBIMA Ha He€ HaNpsUKSHUSAMH U
MornHOocTsMH (puc.8.1). V3BecTHRIME BEeIMYMHAMHU CUYUTAEM HAIPsDKEHHE U MOTII-

HocTh B KoHIe quHun U, u S,, a Takxke mapamerpsl muanu R, X u B. Bee Benn-
YUHBI HANPSKEHUH ronaraeM JMHEHHBIMH. JIBUTasCh OT HAarpy3KH K MCTOYHHKY

IMTaHUs, ONpeaeInM napaMerpsl pexxuma S; u U, B Havane JIDIL

2 ;= R A =
r: 14
U, U,
j% ——E jQBZ e E
2 |71 2 2 -1 2

Puc.8.1. ITapameTpsl cXxeMbl 3aMeIIEHHs IJIs pacieTa pexnuma.

B cootBerctBum ¢ | 3akoHoM Kupxroda moTox MOIIHOCTH HIEpe y3JIOM 2 paBeH:
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S”=$2 _jQBZ (81)

2
IIpu sToMm:
H QBZ =112 B
B2 _j.y:.= 8.2
== (8.2)
Torga NOTOK MOLITHOCTH MOCIE y37a 1 MOYKHO ONPENENIUTh KaK:
§=8"+AS (8.3)
[MoTepu MOLTHOCTH B JIMHUK MEXIy y3inaMu 1 u 2 onpexaenstorcs yepe3 R u X:
AS==—(R+jX) (8.4)

2
HaHpﬂ)KeHI/Ie B Ha4YaJi€ JIMHUU PaBHO:

U, =0, +43-1-(R+j-X)=U, +
U.

"

(R+j-X) (85)

* *
rae s’ , U2 - COIMPSKCHHBIC BEKTOPbI MOIITHOCTHU U HAIIPSPKCHUA B KOHIIC JIMHUU.
+]

U 2

+1

5

U,

Puc.8.2. ConpsikeHHBIH KOMIUIEKC HaNPSHKEHUS

3apﬂ)1Ha$[ MOIIHOCTH B HA4YAJIC INHUM

Qg . -2 B
—j.yz.=2 8.6
== (8.6)
Toraa MOUTHOCTH B Ha4aJle TMHUHU pPaBHA!
S, =5- j—QZBl (8.7)

OHHaKO B MPAKTHUKEC pacyeTa pCKUMOB OBIBAIOT Cllydau, Korja MOIIHOCTHU
HAarpy30K M3BECTHBI, a HANIPAKCHUA B KOHIIC JIMHUU HET. Torna HeO6XO,HI/IMO 0Jb-

30BaTbCA UTCPAIUOHHBIM METOIOM B /IBA dTala [6]

8.2. Pacuer B ABa dTrana

B mopaBnsironieM OONBITMHCTBE CIydaeB, MPH pacdére PeKMMOB H3BECT-

HBIMU SIBILIIOTCA cienyromue Bemuuuubl: U;, S,, R, X u B. CoorBercTBeHHO
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H€06XO,HI/IMO ONpCAC/IUTL BEJIMYMHBI MOIIHOCTH B Ha4aJIC JIMHUN Sl " HalIpsKe-

HUS B KOHIIS U] , . B 3TOM ciydae pacdeT Mpou3BOAUTCA METOJIOM “‘B 1Ba dTama’.
Ha nepBoMm »Tare HampspkeHHE B KOHIE JTUHUW MIPUHAMAETCS PaBHBIM HO-

MHHAJIEHOMY, T.€. U2 = UH . [Ipu 3TOM HEOOXOTUMO OTIPEICITUTD g (puc.8.1).
3apsiiHasi MOLTHOCTh B KOHIIE JIMHUU PaBHA:

-QBZ = 12 B
B2 _ .U = 8.8
==V (8.8)
[ToToK MOITHOCTH Hepea y3I0M 2:
§-8, - % (8.9)
HOTOK MOIIIHOCTH IIOCJIC y3na l:
e e g2 .
§=8"+AS=8 +U—2-(R+1~X) (8.10)

H

Ha BTOPOM I3TaIIC 11O 3aKOHY Owma OIMPCALCIIACTCA HOBOC 3HAUCHUC HAIPSIKCHUA UZ

gepes BenmunHy S
U,=U,—43-i-2=0,- > .(R+j-X) (8.11)
U:
[Nomy4yeHHYIO BETUIUHY L.J2 HE0OX0AMMO TOICTaBUTh B BhipaxkeHue (8.8) u (8.10)

BMecTo Uy . IIpu 3ToM noxactaHoBka u pacuer U, mpoussoauTcs 40 TeX HOp, MO-
Ka ero BeJIMYMHA HE TIEPEeCTaHeT U3MEHTHCS B MPEeNax 3aaHHOM MOrPeNTHOCTH.
Bennunna MomHOCTH S, B Hadalle JIMHUM OIPENEIIIeTCS COITIACHO BBIpa-

xennsM (8.6) u (8.7).

Takum 00pa3oM, OCHOBHBIM HEOCTATKOM MeToJa pacuéra “‘B JBa 3Tama’ B
(dhopMe MOIIHOCTEH SIBJIACTCS TO, YTO PE3YJIbTaThl UTEPAIIMOHHOTO pacuéra ompe-
JIEJSIIOTCSL ¢ HEKOTOPOU MOTPEIIHOCThI0. DTO OO0YCIOBJICHO TEM, YTO Ha MEPBOM
JTarne B Ka4eCTBE MCXOJHOTO MPHUOIMKEHUs HCIONb3yeTCS HOMHUHAIBHOE HAIps-
JKEHHE BMECTO peasibHoro [6].

8.3. PacueTHble HArpy3Ku NOACTAHIUIA

Jast oberyeHnst pacuéra pe>KUMOB CIIOXKHBIX JIEKTPUUECKHX CETeH MOYKHO
YIIPOCTUTH CXEMY 3aMeIeHHUs IyTEM IIpeoOpa3oBaHus IPOBOAUMOCTEIH Ha 3eMIIIO
B COOTBETCTBYIOIINE MM Harpy3kd, 1 0OObEAMHEHHUS MX C Harpyskamu TpaHcdop-
MaTOPOB.

PaccMOTpHM JIMHUIO JIEKTPOIIEpeiauu ¢ TPeMs ITOACTaHIMAME (puc.8.3):
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* 1 2 3
SHAF.I SHAI".Z SHAr.s

Puc.8.3. Cxema y4acTka 3JIeKTpUUECKOIl CeTH.

[omHast cxema 3amemieHus g puc.8.3 WMeeT Kak BETBH CONMPOTHBICHHUH, TaK U
BETBU MPOBOAUMOCTEH, KOTOpBIe 0003HaUEHBI KaK Harpy3ku (puc.8.4).

Zyn 1 Z, 2 Zy4 3
1 1
| I | | I |
- - ”-—
ASy AS, ASy,
QB.I/]H—l QB.I/]H—l QB.I—Z QB.l—Z QB.2—3 QB.2—3
2 2 2 2 2 2
ASTP.l ASTP.Z ASTP.3
SHAF,L[ SHA]".Z SHAI".3

Puc.8.4. [lonHas cxema 3aMeIIEHHs y4acTKa JIEKTPUUECKOM CeTH.

OO0BenrHUB Harpy3KH B KKIOM y3JI€ B PacYETHBIE HATPY3KH MOXKHO TOITYy-
YHUTh YIPOIIEHHYIO CXEMY 3aMeIIeHHUs dJIeKTpHUecKoi ceTu (puc.8.5).

QB.l/Il'I—l

2

1

1
L 1

2

SPACLl.l

S

SPAC‘{.Z

SPACLl 3

Puc.8.5. YnpomieHHas cxeMa 3aMeLeHHs] yJacTKa MIEKTPUIECKON CEeTH.

Pacuernas Harpy3ka mojacTaHIWN OyZeT ompeaensThcs Kak CyMMa Harpy-

30K B COOTBETCTBYIOIINX y31ax. Hanpumep, muist y3ma 2 MOXKHO 3alHCaTh:

SPAC‘LZ = SHAr.z + ASTP.Z + ASx,z -] (

Qg
2

[Ipu 5TOM BeNMYMHA HATPY30YHBIX IOTEPH B TPaHC(HOpMATOpE paBHA:

QBA2—3
+ Tj (8.12)
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: S; .
ASip, = lHJAr;zHZ ) (R T2 1 Xq, ) (8.13)

Pesynbrar pacuera (8.12) Oyner MMeTh HEKOTOPYIO MOTPEIIHOCTh, TaK Kak IPH
omnpenenenun (8.13) Bo Bcex y3max pacueTHOH CXEMbI HCTIOJIb3YETCSI HOMHUHAIBHOE
HarpspKeHUEe BMECTO PEaIbHOTO.

Takum 00pa3oM, U YHPOIIEHHOW CXEMBI MOXKHO HCIOJIb30BaTh METOBI
pacd€roB, HE YUNUTHIBAOLINE Y3JIOBbIC MPOBOJUMOCTH HA 3EMIIIO, HATIPUMED METO-
61 KOHTYPHBIX TOKOB WJIH Y3JIOBBIX Hampsukeruit [5,6,29].

8.4. OnpeneJieHue HaNpPsIZKeHHs] HA CTOPOHE HU3KOI'0 HANPSI’KeHUs MOACTAH-

107071

IIpu pacuére pe’xUMOB MOIABIAIONIETO OOJIBIIMHCTBA MIEKTPUUECKHX Ce-
Teil BO3HMKAET 3a/1aya pacyéra HANpsDKCHUN Ha HU3KOW CTOpOHE mojcTtaHiuil [6].
Takas 3amaga OOBIYHO BO3HHKAET IOCHIE pacyéra MOTOKOB MOIIHOCTH B CETH C
y4éroM morepb. PaccMoTpuM TpaHc(hOpMAaTOPHYIO MOJCTaHIUIO, KOTOpasi MOCO-
eIMHEeHa K TUHUM (puc.8.6) U COOTBETCTBYIONIYIO eii cxeMy 3amernienus (puc.8.7)

Puc.8.6. Cxema yyacTka 3J1€KTPUYECKON CETH.

Bennunua U}, Ha pucyHke 8.7. mpeicTaBisiet co00i HalpshKeHHE Ha HU3-

KO# cropoHe TpaHchopMaTopa, MPUBEICHHOE K BBICOKOMY HAMPSIKEHHUIO.
3amava pacuéra CBOAMTCS K ONPEACICHUIO HAMPSOKCHHS HAa HU3KOH cTopoHe Uy,
[IPY W3BECTHOM HAMpPSIKCHUHM Ha BBICOKOHM cTopoHe Up M pacdeTHON MOIIHOCTU
y3na Spacu.s -

Bennunna momuoctn S), (puc.8.7) ompemensiercst 4epe3 pacueTHYo

MOMIIHOCTD CJICAYIOIIUM 06pa30M:

-, . i Q - Q g .
T2 =Spacus Ti| 2t +=EE2 | -AS,, (8.14)
2 2
Hal'[pSI)KCHI/Ie Ha HU3KOH CTOPOHC, NPUBCACHHOC K HAIIPAKCHNUIO Ha BBEICOKOIA:
P,-R; +Q)-X
Uy, =UB—2T—Q2T:UB—AUTP (8.15)
U B
TOF,Z[a HNCKOMOC HAIIPSAKEHUC Ha HHU3KOH CTOPOHE paBHO:
U U U
U,=—t=U} =M =(U,-AU,)-—H  (8.16)
KTP u BH U BH
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m Res
X,
Uk
U
K = U =
HH
SHAr.z Uy

Puc.8.7. Cxema 3aMeIICHUS y4acTKa dIICKTPUICCKOM CETH.

[paBunpHOCTH pacuéra (8.14 — 8.16) MOXKHO OIEHUTH 1O cooTBeTCTBHIO Uy Bemm-
YMHE HOMHUHAJIBHOTO HANPSDKEHHUS Ha HU3KOH CTOpPOHE TpaHc(hopMaTopa.

8.5. Pacuer ceTH ¢ pa3HBIMH HOMHHAJIbHBIMH HANIPSIKEHUAMHI

[onmaBnsromniee GONBUIMHCTBO EKTPUIECKHUX CeTel UMEIOT HECKOJIBKO HO-
MUHAJIBHBIX HAMpPsDKEHUH, 4TO TpeOyeT yuéra K0dPPUIMEHTOB TpaHCHOpMaInH.
JIjis OsSICHeHMsI TIPUHIIMIIA TAKOTO pacuéra pacCMOTPUM CXeMy (parMeHTa 3JeK-
TPUUYECKON CETH C ABYMS JIMHUSIMH DJICKTPOIEepeIaud U TPEXOOMOTOYHBIM TPAHC-
(dopmaropom (purc.8.8) U COOTBETCTBYIOIIYIO CXeMy 3amerieHus (puc.8.9).

Uioma *1 *3 Urom2 4
Shar 2

5

UHOM.S
SHAF.l

Puc.8.8. dparMeHT >eKTPUIECKOi CeTH ¢ TPeMsI HOMUHAIbHBIMH HaNPSKEHUSIMH.
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Puc.8.9. Cxema 3aMenieHus: pparMeHTa IEKTPUICCKON CETH.

Pacuér pexmnma ceTH ¢ HECKOIBKAMH HOMHHAJIBHBIMH HATPSKCHUIMHU
OCYULIECTBJIIEM METOJIOM “B JIBa 3Tana’ B BBIPAXKEHUAX AJIsl MOIHOCTEN. [1pu 3TOM
Ha TIEPBOM 3Tale, ABHUTasCh OT HArpy30K K MCTOYHHKY NMUTAHUSA, TPOU3BOIHUTCS
OTIpe/IeIIeHHE TTOTOKOB MOITHOCTH B AJIEMEHTAX CETH C YUETOM IOTEPh B COOTBET-
CTBHH C TIEPBBIM 3aK0HOM Kupxroda. B xadecTBe HampspDKCHHN B y37ax IS Iep-
BOTO MPHOJIMKECHUS UCTIONB3YIOTCSI HOMUHAIBHBIC 3HAUCHUS:

Sy =Sz —J'—QB;’“ (8.17)
rac:
. 4. B,
P = U (819)
o1 1 ng
S, =8 +——23, (8.19)
HOM .2
8 =8, - e . (8.20)
e 3'3'2
S3 :SS +U2—'ZC (821)
HOM.1

IMpu onpeneneHny MOTEPh MOIIHOCTH B 0OMOTKax TpaHchopmaropa (8.21)
HE0OX0/IMMO HMCIIOIb30BaTh HAIPSDKEHHE, NPUBEAEHHOE K HANPSIKEHUIO BBHICOKOH
CTOPOHBI, ITOCKOJIbKY COIPOTHBIICHHSI OOMOTOK TpaHC(hOpPMATOpa NPHBEAEHBI K
3TOMY HamlpsDKEHHIO. B 1aHHOM ciydae, Ha MEepBOil MTepaluy MOKHO HCIIOJIB30-
BaTh Uyoy ;-

2
8 =8y + L7, (8.22)
UHOM.l
Sy =S, +S, (8.23)
o on Szz
S, =S, +—*+—Z, (8.24)
HOM.1
S, =S, +AS, (8.25)
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5=, - j Qe (8.26)

2
rae:
. . B
i QB.I/H'[—l =j- UZHOM,;L . v (827)
2 2
. . Su2
S5 =S5 +U+';I/]H—l (8.28)
HOM.1

IloTok MOIIIHOCTH, BBITEKAIOLIMI U3 UCTOYHHUKA TUTAHUS:

Syn =S5 - j—QB;‘H*l (8.29)

Ha BTOpoM 3Tame pacuéra, ABUTasiCh OT NCTOYHHKA IIMTAHUS MOXHO OIIpe-
JIeTUTh YPOBHH HampspkeHHs B y3nax. IIpu 3Tom HanpspkeHue MUTaHMS UCTOYHHKA

U, cuMTaeTcs U3BECTHBIM.
HanpsikeHue Ha BBICOKOW CTOPOHE TPEXOOMOTOYHOTO TpaHChopMaTopa

5

. . g
U=Up - Zu (8.30)
Uun
B cpenneii Touke TpEXOOMOTOUHOTO TpaHc(hopMaTOpa:
. .S,
U,=U,—=-2, (8.31)
Us
HampspkeHue Ha cpefiHell CTOpoHe, IPUBEAEHHOE K BBICOKOM:
e S,
Us=U, ——Z¢ (8.32)
U,
[IpuBoanM HampsxeHHe U’3 K peaJlbHOMY 3HaYEHUIO:
. U’
U,=—23 (8.33)
Kpc

rae Ky . — BeIMYMHAa KOMIUIGKCHOTO Kod(duuuenta TpaHchopManuum MexIy

00MOTKaMH BBICOKOTO M CPEIHEr0 HAPSIKSHHH.

B GonbmMHCTBE MHKEHEPHBIX pacdéToB KOA(QQHUIUEHTH TpaHchopMaluu
TI0JIaraloTCsl BEIIECTBEHHBIMH, B PE3YJbTATE YEro He YUUTBIBACTCS TPYIIA COEIH-
HeHUit 00MOTOK TpaHC(HOPMATOPOB.

. . g
U4 = U3 _*_2'Z374 (8.34)
Us
AHaJOTHYHBIM 00pa30M OMpENENIeTCs HAMPSKEHUE U5 Ha HHM3KOH CTO-
poHe TpEX0OMOTOYHOTO TpaHCPopMaTopa:
o\ oS,
Ug=U, -2, (8.35)
U:
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Us
Kg u
Jlanee HEOOXOAMMO MOBTOPUTH MEPBBIN ITall, MOJCTABIISS HONYyYCHHBIC Ha
BTOPOM 3Tane HampsbkeHus B BoIpaxeHus (8.18), (8.19), (8.21), (8.22), (8.24),
(8.27) u (8.28). PacuéTr mpoBOAMTCS MOKa U3MCHCHHUS HANPSIKCHUSA B y3JaX, JJIS
Ka)KJOW HOBOW UTEpALMH, IPEBBIIAIOT MPEAEIBI 33JaHHOM MMOTPEIIHOCTH pacuéra.
[Ipu pacuerax pacmpenelNTENbHBIX CceTel HampspkeHueMm a0 35 kB Bxiro-
YUTENBHO MPUHSITO MCIIOIB30BaTh CICAYIOIINE OMyIieHus [6]:
— HE yYUTHIBAeTCS 3apsaHas MOITHOCTH JHHUH, T.e. Qg = 0;
— B CXeMax 3aMenienus KadeabHbIX JuHUI Xk = 0, Tak kak Xk<<R;
— IIpU pacdeTe MOTOKOPACHpPEAETICHHS HE YYHTHIBAIOTCS IOTEPH MOIIHOCTH B
COIIPOTHUBIICHHSX;
— HE YYUTHIBAIOTCS MOTEPH MOIIHOCTH B CTAJIN TPaHC(HOPMATOPOB, T.€:
AS, = AP, +j-AQ, =0 (8.37)
— Ilpu pacuere morepp HANpPSHKEHUSI WUCIIOJIB3YyeTCS HOMHHAIBHOE HANPSIKEHHE
BMECTO PEAILHOTO:

0, = (8.36)

_P-R+Q-X
Uy
— Ilpu pacdere moTepb HANPSIKEHUS HE YUUTHIBAIOT IMOIEPEYHYIO COCTABIISIO-

uryro majgeHus Hanpspkenus, T.e. OU =0. Torma mageHue HanpsKCHUS PaBHO:
AUy, =U,-U,~U,-U,

AU (8.38)

8.6. Pacuer KoJIbIEBOI ceTH

IIpu pacuére pexMMOB NMPOCTHIX KOJBLEBBIX CETEH BO3HMKAET mpolbiema
OTIpe/ieIeHNs IIOTOKOB MOIIIHOCTH B BETBAX CETH, BXOININX B KOJbII0 (puc.8.10).

Jlnst pacuéra ToKopacipeaesieHust B Takoi cetu [5,6] HeoOxomaumo paspe-
3aTh €€ MO UCTOYHUKY MUTAHUSA M Pa3BEepHYTh, IIPEoOpa3oBaB B CETh C ABYMS HC-
TouHNKamu mutaHus (puc.8.11). IIpu 3TOM JOIKHO BBIONHATECS yCIOBUE PaBEH-
CTBA HAIPSDKEHUH HCTOYHUKOB, T.e. U, = U/,

Hctounnk
MATAHUS

A @ | . i

Puc.8.10 Cxema KOIBLIEBOH cEeTH
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B cootBeTcTBUM co BTOphIM 3akoHOM Kupxroda mims cxems! (puc.8.11) MoxHO

3amnmcaThb.
L -Zi+1,-Z,+15-2,-1,-2,=0 (8.39)

A I B C D I,A A’

i1 ls iz le i3 lo I

Z Z, Zs Z,

Zs Zs

Zc Zc
Zo Zp
Zy

Puc. 8.11. Cxema KoJIbLIEBOW CETH, pa3pe3aHHOM N0 HCTOUYHUKY ITHTaHUSI.

O003HaYUM TOKHU B JTUHHUIX YCpe3 TOK T'OJIOBHOT'O y4JacCTKa |1 1 MOIITHOCTH HArpy-

30K lg, I uly:

I=1,—lg (8.40)
=1, -1yl (8.41)
l,=—l, +lg+ic+Ig (8.42)

IMoxcrasum (8.40)-(8.42) B (8.39):
|1 'Zl +(I1_ IB)‘ZZ +(|1 _IB _Ic)'23 +(|1 - IB _Ic _ID)‘Z4 =0,
MeperpyniupoBaB MOIyUnM:
i1 'Lzl +2,+Z, +Z4)_iB \Z,+Z, +z4)_ic '(Zs +Z4)_iD -Z,=0.
B cootBerctBuu ¢ puc.8.11 MOXHO 3anucaTh:
I Zs—lg-Zg—1c-Zc—1p-Z, =0
OTKya TOK Ha TOJIOBHOM y4acTKE PaBEH:
iB'ZB+iC'ZC+iD'ZD

I, = 8.43
' Z, (8439
Wnu B oOmieM Bue Isl M HArpy30K:
m .
21z
T — (8.44)

AHaJOru4HO JJI1 IEPETOKAa MOIMHOCTHU HAa MPOTUBOIIOJIOKHOM I'OJIOBHOM YYaCTKE!:

1 ' 1 ' 1 ’
lg-Zg+lc-Zc+15-Zp
Zs

(8.45)

I, =

87



B o01miem Buze:

I = 8.46
T (8.46)
BennmauHbI TOKOB MOTyT OBITH TIpEACTABJICHBI KaK:
I =2 (8.47)
Uo

YmuoxkuB 00e uactu (8.44) u (8.46) na Bemuuuny 3-Uo , moacraBus B HUX (8.47),

Y4uThIBasd, 4TO 3'S¢2,i = SH,i U BBINOJIHMB ONCPALMIO CONPSKCHUS, ITOJIyUYHM:

— i=1

S, =11 — (8.48)
Zs
Zéi -Zi
S, =t — (8.49)
Zs

[MosyueHHbIC BHIPAKECHHUS HE YUYUTHIBAIOT MOTEPh MOIHOCTU B KOJIbIIE, IOCKOJIBKY
OHH TIOJTYYIEHBI C Y4ETOM TOT'0, YTO HAMPSDKSHHUS BO BCEX y3J1aX KOJbIA OTUHAKOBBI
upasHel U .

Jlnst mpoBepKHu mpaBuiibHOCTH ompeaenenus (8.48) u (8.49) meobxommumo
BBITIOJTHEHHE YCIOBHS:

S, +S, =S5 +S. +S, (8.50)
Wnu B 001meM Buze
Sa+Sh=>'S, (8.51)
i=1

B psge caydaeB npumeHeHne BeipakeHuit (8.48) u (8.49) He npencTaBnseT-
Cs1 BO3MOXKHBIM, TTOCKOJIbKY Ha HA4aJILHOM 3Tale pacdera HEeM3BECTHBI BEIMYHHBI
COTIPOTHUBIICHUH JTMHUH, T.€. BEIOOp CeueHHs JHMHUN He Mpou3BeAeH. B stom ciy-
yae HEOOXOIUMO TNPHHSITH KOJIBIIEBYIO CETh OJHOPOJHOM, CUMTasi CEYeHUE BCeX
YYaCTKOB OJIMHAKOBBIM. [IpH 3TOM MOJHOE YIEJIbHOE CONMPOTHBICHUE JTUHUHI TakK-
e onnHakoBo. Torma (8.45) npumer Bu:

isi-io-zi isi.ei
g —id _ =l
A gz

- (8.52)
Zo- Ly
Ecnu pasznenuth BeipakeHue (8.52) Ha BEIIECTBEHHYIO U MHUMYIO COCTaBJISIOIINE,
TO J1J151 aKTUBHOM MOIIHOCTH MOYHO 3aIMCaTh:

3P -4,
_ =l

P
A gz

(8.53)

AHaJ0ru4HO JIIsL peaKTHBHOﬁ MOIIHOCTH:
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iQ. ‘
Q= — (8.54)

[Ipn ananmuze pexXHUMOB KOJBLEBBIX CETEH BaKHBIM IOHSATHEM SIBISETCS
TOYKa MTOTOKOpa3fena — TOYKa, B KOTOPYIO MOTOKH MOIHOCTH BTEKAalOT C IBYX
CTOPOH U MOJHOCTBIO TOTpeOIsitoTes. Touka MOTOKOpasena Mo akTHBHONW MOIIIHO-
cTH 0003HavyaeTcst Ha cxeMax cuMBosioM Y, a 10 PeaKTHBHOM: V.

B o0mem cimygae, TOYKHM MOTOKOpa3geia Ui aKTHBHOM M PEaKTHBHOU
MOIITHOCTH MOTYT He coBmanats (puc.8.12):

Pl PZ P3
° —_— —_— —~~— °
—_— —~~— ———
Q 1 Q 2 Q 3

Puc.8.12. IIpumep HecoBIaeHHUs TOUEK MOTOKOpPA3/esia sl aKTUBHOW U peakTHB-
HOM MOIIIHOCTH.

Pacuer moTokopacmpeneneHus B KOJBIEBOW CETH C YIETOM MOTEPh MOIIHO-
CTH MOXeT OBITH BEITIOJTHEH METOZOM “B nBa dTama’. [IpenBapuTensHO HEOOXOAH-
MO HaTH pacuETHBIC HATPY3KHU B y3JaX KOJbBIIA.

O cxemsr (Puc.8.13.) onpeneniiM nepeTokyd MOITHOCTH C YIETOM TIOTEPh.
Ha mepBom stame, mo BeipaxkeHusM (8.45) u (8.47) ¢ UCIOmB30BaHAEM IIEPBOTO
3akoHa Kupxroga HE0OX0IUMO OMPEIeTUTh MOTOKH MOIIHOCTU Oe3 yuéra moTephb

C JIBYX CTOPOH OT TO4YKH IOTOKOpazaeiaa, T.c. 83 u SA' HpI/I 9TOM BBIIIOJHACTCA

yCJIOBHE: S3 +S, =S,

Hcrounuk
MUTAHUS

Puc.8.13. CxemMa KoJIbIIEBOM CETH.

Janee HeoOX0AMMO pa3pe3aTh KOJIBLO IO TOYKE MOTOKOpaselia Mo aKTHUB-
HOH MOIIHOCTH, PeoOpa3oBaB €ro B CXEMY C JIBYMs paJHaJbHBIMH y4acTKaMH U
o0mum uctoyHuKoM nutanus (puc.8.14). Jlanee cxema pacCYUTBHIBAECTCS C YIETOM
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MOTEPb KaK ABC paaraJIbHbIC CXCMBbI. P€3yJ'H>TaTOM pacqéTa MEPBOro srara ABJIA-
IOTCA INOTOKH MOIIHOCTH, BBITCKAIOIUEC U3 HCTOYHHKA ITUTaHUA S; u S:l .

Pacuér HanpsxkeHni B y371aX KOJIBIIEBOM CXEMbI HA BTOPOM 3Talle HUYeM He
OTIIYAETCs OT pacuéra paauaibHOW CXEMBL.

Hcrounuk
MUATAHHS

Puc.8.14. Cxema pa3oMKHYTOH KOJIBIIEBOM CETH

[lo okoHyaHMHM BTOpOro 3Tama pacyéra HEOOXOAMMO CHOBA BBHINOJHUTH
MEPBBIM 3Tam, UCIONIB3Yys MonydeHHbIe Ha || aTame ypoBHM HampspkeHus. HMrepa-
LHOHHBIA PacuéT HEOOXOANMO MPOJIOKATh TIOKa M3MEHEHUS HANPSDKEHUS B y3J1ax
JUIA Ka)KJOW HOBOM MTEpAlMM MPEBBINIAIOT MPEIENbl 3aJaHHON MOrPEIIHOCTH pac-
yéra.

8.7. Pacuer ceTH ¢ ABYXCTOPOHHHM NMUTAHHEM NPH Pa3HOM HANPSKEHUU MH-
TAIOIUX NYHKTOB

I'maBHO# OTIMYHUTEIBHON OCOOEHHOCTHIO CETH C ABYXCTOPOHHUM NHUTaHUEM
IIPU Pa3HOM HANPSHKCHUH MHUTAIOMIMX ITYHKTOB SIBJIAIOTCS ypPaBHHUTENbHBIE TOKH,
MPOTEKAIOIIIe MeXAy ncTodHnkaMu [6]. [loatoMy moTepu MOMHOCTH OYIyT BbI-
11e, HeXKeJI B CXeMe ¢ OJMHAKOBBIMHU HANPSHKCHUSAMH IMUTAIOIINX YYACTKOB.

i B i C i
U, g ——= s T 2 JUp U 20y
i

’
U, >U,
s c
Puc.8.15. Cxema ¢ iByMsi HCTOYHUKAMH TTUTAHUSI.
Pacuer pexxumMa AJisl TaHHOW CXEMbI MOXKHO OCYLIECTBHUTH METOJIOM HAallO-

JKEHUSI, B COOTBETCTBUU C KOTOPHIM HEOOXOJUMO OTJENBHO PACCUUTATh JBA PEIKH-
Ma, ¥ IPOCYMMHPOBAaTh UX. B mepBoM pexxume onpeaemnsieTcs: TOKOpacupeaeIcHne
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IPU OJMHAKOBBIX HAMPSHKCHUSAX KMCTOYHUKOB TMHTAaHUS C YYETOM HAarpy30kK
(puc.8.16):

Iy =2 (8.55)

Zs
Zii‘zl
=1t 8.56
=T (8.56)
I, =1 -1, (8.57)
il B C i
U, 06— — ———— e U, U,=U,
Iy I

Puc.8.16. OnpeneneHne TOKOB B CETU IIPH PaBEHCTBE HAINPSKEHUH HCTOYHHKOB
[UTAHHS.

Bo BTOpoM pexxnme HEOOXOAMMO HAHTH ypaBHUTEIBHBIH TOK IPH PAa3HBIX
HaNpspKeHUSIX HCTOYHNKOB MUTaHMsA 0e3 ydera Harpys3ok (puc.8.17):

IYP
—_—

U, @ oU, U > U,

Puc.8.17. OnpeneneHre ypaBHUTEIBLHOTO TOKA B CXEME C IBYMsI HCTOYHUKAMHU
MUTAHUS.

Benmnmunna YPaBHUTEIBHOTO TOKA MOXKET OBITH MOJIy4€Ha M0 BBIPAXKCHUIO !
. -
i = UA — UA
w=—r—"
V3 'Zz

WK A7 3HaYCHUH (ha3HBIX HANPSHKSHUH]!

iy, = Joa—Yor (8.58)
Zs
Takum 06pa3oM, COTIIACHO METO.Y HAIOXKEHHMSI, TOKH B JIMHUSIX cxembl (Puc.8.15):
=1+, (8.59)
=1, +1y, (8.60)
=1, -1y (8.61)

[Ipu HeoOxomumocTH MOXHO mnepecuurtats (8.59) — (8.61) k 3HaueHMsIM
TIOJIHOM MOIITHOCTH MCIIOJB3Ysl BeIpakenue (8.47).
YpaBHUTENbHBIN TOTOK MOIIIHOCTHU:
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. .o . Za—27'
Syp=3-Ug-Iw =U,, - 224 (8.62)
Zs
rae UCP = % . (U At U’A) — cpeaHee 3HaYE€HNE HaNPSHKEHU HICTOYHUKOB IIUTAHMS.

IToTOKM MOITHOCTH B TMHHAX Oe3 yuéra morepsb (Puc.8.15):

=1

§ == _— 45, (8.63)
Zs
Zsi -Zi
S, == — S, +S,; (8.64)
Zs
ZSi -Zi
S,=L—-8S,, (8.65)
Zs

Beipakenust (8.63) — (8.65) He y4HUTHIBAIOT MOTEPU MOIIHOCTH B JHHUSIX,
MTOCKOJIBKY TIPH Tepexoie K BEIMYMHAM MOIIHOCTEH, HANPsDKEHHS B y371axX MpH-
HUMAIUCh OJUHAKOBEIMHA. JlanpHEHIHiT pacyér pexrMa TaKoH CEeTH OCYIIECTBIIS-
€TCsI METOJIOM «B J[Ba 3Tama» IMyTEM pa3/elICHUs CXEMBI B TOUKE IMOTOKOpa3eia,
T.€. aHAJIOTMYHO 3aMKHYTOM KOJbLIeBOH ceTu. IIpu 3TOM Ha BTOpOM 3Tarne UMET-
sl IBa UCTOYHHKA ITUTAHMUSI.

8.8. PacueT 3aMKHYTBIX ceTeil METO0M KOHTYPHBIX MOLIHOCT€ii

B npakTuke MTpPOEKTHPOBAHUSA 3JIEKTPHUECKUX CETel 9acTo BO3HHKAET
HEOOXOANMOCTh pacdéTa MOTOKOpAcIpeeIeHUs] B 3aMKHYTBIX CETSX, MMEIOIINX
HECKOJIKO KOHTYpOB. [yl pemieHus: Takoil 3ajaud MO>KHO HCIHOJIB30BaTh METOJ
KOHTYPHBIX MoIHOCTEe#H [29].

Jnst mpuMepa paccCMOTPHM METOAMKY pacdera HOTOKOPacIpeAeIeHUs Me-
TOZAOM KOHTYPHBIX MOIIHOCTEH B CXeMe, IpeacTaBieHHoN Ha pucyHke 8.18. Ilpu
9TOM 3aJaHHBIMH Oy/IeM CUMTATh BEIMYMHBI HATPY30K B Y371aX SB , SC , SD , SF u
COIpOTUBIIEHHS BeTBeH Z, +Z, .

st pacyéra nmoTokopacnpeeneHnsi He00X0MMO BBIIIOJIHUTE CIIETYIOIINe
STambl:

— Omnpenensgercss YUCIO HE3aBUCUMBIX KOHTYPOB, KaK Pa3HOCTb MEXIY YUCIOM
BeTBel B 1 uncnom y3nos Y:
K=B-Y=7-4=3
— BriOupaercs HanpasneHue 00xo/1a KOHTYpa.
— IIpon3BONBEHO BRIOMPAIOTCS HEM3BECTHBIE ITOTOKH MOITHOCTH, MPHYEM HX KO-
JIMYECTBO JOJDKHO OBITH PAaBHO KOJIWYECTBY HE3aBHCHMBIX KOHTYPOB, HAIpHU-

mep S,, S, u S,
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Sl EB Sz i Sa
—_— —_— —_—
i @ 1 7 3

7

6

——

Sg+S. +S.+S, -S,

Puc.8.18 Cxema st pacdeTa METOJJOM KOHTYPHBIX MOIITHOCTEH.

F

—
SZ_SC _SD SD

— MoOIIHOCTH B OCTaJbHBIX BETBSIX CETH BBIPAXKAIOTCS Yepe3 HEM3BECTHBIE, B CO-
OTBETCTBHH C NEPBBIM 3aK0HOM Kupxroda:

— CocraBisoTcs KOHTYPHBIC YPABHCHHS JI BCEX HEC3aBUCUMBIX KOHTYPOB!
8, 21+ (5,-85 =8, ) Zo+ (85 + 5. + 85+, +8,)- Z7 =0
)zs=0 (8.66)

8, Z2+(5, -8, -8,
S, ~Zs—(52 -

8, 25,5, -8,
S5 =S1_SB _Sz
8, -8,-8,-8,

S, =Sg +S. +S. +S;, - S,

JZer(§, -8 -80) Ze- (6,5 -

$c-8,)- 24 =0

— Tlomyuennast cuctema ypaBHeHHi (8.66) pemraeTcss OTHOCHUTEIHHO HEH3BECT-

mpix S;, S,m 33.

- OHpeI[eHHIOTCH MOIIHOCTH B OCTAJIbHBIX BCTBAX.
— BrinonHsercs nposepka.
Jlanee B cxeme ONpPENessIFOTCSl TOUYKU MOTOKOpa3Jiena, Mo KOTOPhIM cXxema
MOCIIEIOBATENIHHO PA3/ICISIETCSI Ha pauaibHble yaacTku (puc.8.19.a).
Crnenyer OTMETHTB, YTO B Touke D mpucyTcTByeT BTOpHYHAs TOYKa MOTO-
Kopaszena (puc.8.19.6), At KOTOPOit HEOOXOIMMO ONPENIENINTh BTEKAIONIUE TTOTO-

ki MomHOocTH S; U S (puc.8.19.B) ¢ y4€TOM BEIHYHHBI [IOTEPh MOIIHOCTH B JIH-

HHUH 6.
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S, S, S; 1500 QY 1 S, Ss
nu
)=
\4 v ' \4
S, . s v S7¢ ’ ¢Se 0)
7 6 X
Se Sp — Sp
!
[ ey Scy
. S S! U )
S, 5[ S { 3 B)
Se—Ss Sp +S¢ +ASq

Puc.8.19. [IpeobpazoBaHue 3aMKHYTOH CXEMBI B PA30MKHYTYIO.

Jlanee HEOOXOQMMO BBINOJHUTH PAacu€T MOTEPh MOIIHOCTH B CETH, YTO4-
HUTH NTOTOKOpAcIpelelIeHue U pacCUuTaTh YpPOBHM HampskeHUH B y3max. C 3Toi
LIEJIBI0 MOKHO BBIIIOJIHUTH PAacd€T Mo MeTony “‘B JBa dTama’. IIpumeHneHune Merona
KOHTYPHBIX MOILIHOCTEH NJis pacu€ra 3aMKHYTHIX CETEl MO3BOJISET OCYIIECTBUTH
Pacy€T peKUMOB C TOCTATOUHOM JUUIsl MHKEHEPHBIX PACUETOB TOYHOCTBIO.

8.9. MeToa y3/10BbIX HaNPsi:KeH Uit

OnHKUM K3 U3BECTHBIX METOJIOB PACYETa MOTOKOPACIIPENEIEHUS B CIOKHO-
3aMKHYTBIX ceTsix [29] siBisieTcst METOI Y3JIOBBIX HATPSIKEHUI, PUHIUI KOTOPOTO
3aKJIFOYAETCS B ONMPEIEIEHHH MOIIHOCTH B KaX/IOM JIMHUM KaK B CETH C JBYXCTO-
pouuuM nutanuem (puc.8.20)

. IS )
S, SV Zs ) Se
z, e
Sis
Z1 [ Sypoa Sin{|Z, Se- Zg
z, Un I £ Uy, 1l
UI1 e — e —
Sy S
SIII—C ZB
Scfu
Z, S,

Puc.8.20. Cxema 1y1s1 pacyera METOOM Y3JIOBBIX HAMPSKCHHUIA.
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st npumepa noapo6uo paccmotpuM Jimauio 1-B-111 (puc 8.21):

U z, z, Un
® L
— —
SIfB SB—|||
SB

Puc.8.21. Cxema yyacTka ceTu.

[Moroku momrHocTH Ha yuactke | - 111:

*

. . Zs .
SIfB :SB T * +Syp ;
Zs+Zs
. . Zs .
Sg=Sg v +Sp;
Zs+Zs
BenuuuHa ypaBHUTEIBHOIO TOKA!
: . U -u
Syp :3'U¢ . |YP :3'U¢, H
Zs+Zs

rae U, — dha3Hoe HanpspKeHNE CeTH.
Kpowme Toro, mexny y3namu |l u |l 6yner nporexaTs ypaBHUTEIBHbIH TOK:

S _ U||| — Un
m-n = =
Z7
AHaJOTMYHO OIpPENETSIOTCS OCTABHBIE TOTOKH MOIIHOCTH BO BCEX BETBSIX MEXKIY

y3mamu |, 11 u 1.
3anuireM y3iI0BBIE ypaBHEHHS It cxeMbl (puc.8.20) mo mepBoMy 3aKOHY
Kupxroda:
Saa =S =S5 =0
SI—II +SIII—II _SII—A +SC—II = 0

SB—III _SIII—II _SIII—C =0
HOJ’Iy‘ICHHyIO CHUCTEMY pe€lIacM OTHOCUTEIIBHO HEU3BECTHBIX Hal'[pSI)KeHI/Iﬁ B
yamax U, U,, U,,.

Z[aﬂee ONpeALICTCA MOIIHOCTD Ka)KHOﬁ JIMHUW 110 U3BECTHBIM HAIIPSKE-
HUSM B y3JIaX U BBIITOJIHACTCA IIPOBEPKA.

8.10. MeTtoa npeodpazoBaHusi ceTH
B HEKOTOPLBIX ClIydasX UCIOJIb30BAHUE METOJ0B KOHTYPHBIX MOHIHOCTeﬁ )4
Y3JI0BBIX HAIIPSDKEHUH MOXKET OKa3aThes Oosiee TpPyI0EMKHUM, YeM METOo Ia TIPSIMOTO

npeoOpa3oBaHus ceTH. B cooTBeTcTBHHU € 3THM MeToaoM [5,6], myTem mocienosa-
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TEJNBHBIX MPEOOpPa30BaHUN CIOXKHO-3aMKHYTasl CETh MpeoOpa3yeTcs B JIMHUIO C
JIBYyXCTOPOHHHUM ITHTaHHEM, B KOTOPOIl ONPENeNaroTcsl IIOTOKA MOIIHOCTH. 3aTeM,
IyTeM OOpaTHBIX MpeoOpa3oBaHUI ONMPEAEIAIOTCSA MMOTOKH B MCXOIHOUW cxeme. B
MOIABIIAIONIEM OOJBIIMHCTBE CIyYaeB NMPHMEHEHHE METoa IPsSMoro mpeobpaso-
BaHUS CETH ONPAaBIaHO Ha JTalle MPEIBAPUTEIHHOTO pacuéTa IMOTOKOpacIpeee-

HHUSI CETH.
Paccmorpum ms mpumepa cxemy (puc.8.22.), UMEIOIIYI0 3aMKHYTHIE KOH-

Typa, ¥ HECKOJIBKO Y3JIOB.

OnHUM U3 OCHOBHBIX MOAXOJIOB B METO/E NMpeoOpa3oBaHUsl CETH SBIAETCA
nepeHoc Harpy3ok (puc.8.22), mis 4ero Harpy3Ky OTBETBHUTENIBHOTO y3Jla MOXHO
pacnpenenaTs MeXAy Harpy3kamMH CMeXHbIX y37oB (puc.8.23). Ha pucynke 8.3.
MoKa3aH MepeHoC Harpy3ok 5 u 2 B y3insl 1, 6 u 3.

- = =<

5 k>~
15181 Y
:
1
]
1
]
1
)
14
6.
SG
Puc.8.22. Ucxoauas cxema
S, +S,, +S,,
1
Il

S, +S, S, +Sq
Puc.8.23. Cxema, c nepeHeCeHHBIMH Harpy3Kamu 2 u 5

Takke MOXHO HCIIONB30BaTh MpeoOpa3oBaHus TPEYTrOJIbHUKOB B 3BE31y M HA000-
pot. B wactHOcTH cxema (puc.8.23) mMoxeT OBITh NMpeoOpa3oBaHa B KOJBICBYIO
cxemy (puc.8.24), KoTopas MOXKET OBITh pacCUMTaHa KaK cXeMa C IByMsl HCTOYHH-

KaMU ITUTaHUA.
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S, +S, +S,, S, +S,,

td 3
vl @ OI 4I ® urr
S6 +Ses S,
Puc.8.24. Cxema, ¢ IByMsI HCTOYHUKAMH ITATAHUS

B cxemax ¢ JABYXCTOPOHHUM IMUTAHUEM TaKKEC MOXKHO MNEPCHOCUTH HArpys3Ku

(puc.8.25):
Toraa noTOKM MOITHOCTH HA TOJIOBHBIX Y4aCTKaX:
. S,z
S, = Do LB
Zi2+ 223
. 5. .7
523 = §2H—*12 ;
Zio+ 22
2 3
Uil @ I I @ UuIr
AR SO . 7 .

S N=So---7" Say

Puc.8.25. K Bompocy o mepeHoce Harpy3ox.

3Has IMOTOKHU MOIIHOCTHU HaA I'OJIOBHBIX YYaCTKaX MOXHO HyTéM 06paTHBIX

peo0pa3oBaHUid OTPEACIUTh TOTOKH MOIITHOCTH B UCXOJHON CXeMe.

s mpeoOpa3oBaHUs TPEYTONbHUKA B 3BE3y HCIOJIB3YIOTCS M3BECTHBIC

u3 kypca TOD [29] cootHomenwus (puc.8.26).

S23
Puc.8.26. K Bompocy npeoOpa3oBaHus TpEyroJbHUKA B 3BE31Y.

BenuuuHel COl'[pOTI/IBJ'IeHI/Iﬁ CXEMBI «3BE€3J1a»:
le i le

£ =
Ly +Ziy+Zy

(8.67)

97



le 'Zzs

Z,=——2=2_ 8.68
= Zp+Ziz+Zy (869)
Zs — le 'Zzs (8.69)
Zp+Ziz+Zy
TTOTOKM MOLIHOCTH JUISl CXEMBI «TPEYTOJBHUK:
§, =2 L5 2 (8.70)
Z1
§, =2 L5 L (8.71)
Zx
8, = S, 21:83 -Zs 8.72)

Zi3

[omy4yeHHBIE METOAOM MPSIMOTO MPEOOPa30BaHMs CETH MOTOKH MOIIHOCTH
MOTYT OBITh KCIOJB30BAaHBI HA 3TAle MPEABAPUTEIBHOIO pacuéra IUis aHaIn3a
MMOTOKOPACTIPEICIICHUS] B CETH, a TAKXKe JJIs OICHKH MPaBUJIBHOCTH BhIOOpa cede-
Huii JIDTII.

s Gosee TOYHOTO pacuéra PEKUMOB PabOTHI CIIOKHO3aMKHYTBHIX DIICK-
TPUYECKUX CETeH HEOOXOIUMO HCIOJIh30BaTh METOIbI pacuéra Ha DBM, koTopbie
B HACTOAIIEE BpeMs pPEaIM30BaHBl B  MHOTOYHCICHHBIX IPOTPaMMHO-
BBIYMCIIUTEIbHBIX KoMILIeKcax [31,32,33].
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9. bananchl aKTHBHOI ¥ PeaKTHMBHOH MOIIHOCTH B JHEProcHCTeMe, Ka4ecTBO
371eKTPOIHEPIUH

B obmiem ciyyae motpebieHne MOIIHOCTH HAarpy3KoH 3aBHCHT OT Hamps-
XKEHUSI ¥ 9aCTOTHI M OIPENENACTCS COOTBETCTBYIOIIMMH CTATHIECKUMH XapakTe-
pucTHKaMu Harpy3ok [5,6]. IIpu 9TOM B a5eKTpHIeCcKOi ceTH HabIomaeTcst 6ananc
TeHEepUPYeMOU U TOTpebsieMOoll akTUBHON M peakTHBHOI MomntHocTed. [Ipu Hapy-
LIEHNH Takoro OanaHca MPOUCXOANUT MU3MEHEHHE HampshKeHUst Wid 4acToThl. Ciie-
JyeT YYWTBIBaTh, YTO YacTOTa SBISETCS OOIIECHCTEMHBIM NapaMeTpoM, OIpejie-
JISIFOIIMM BCE OCTaJbHBIC PEKUMHBIC MapaMeTphl, MO3TOMY BakKHeWIIeH 3amadeit
9KCILTyaTallid SHEPTOCHCTEMBI SIBISICTCS IOAJECP)KAaHHE YacTOTHI B JOITYCTUMBIX
npexaenax [34].

B cBolo ouepenp HampsOKEHHUS B y3JlaxX CETH TaKKe ONPEIeISIFOT MHOTHE
PEeXUMHBIE TTapaMeTphl, 9TO 00yCIaBINBACT HEOOXOAMMOCTD MOAACPKAHMS TPeOy-
eMbIX ypoBHEH HampspkeHus. OJHUM U3 JEHCTBEHHBIX CIIOCOOOB PETYIHPOBAHUS
HalNpsDKeHUS B y3Jax sIBIsIETCS oOecrieueHne OanaHca peakTHBHON MOIITHOCTH.

9.1. BanaHc peakTHBHOI MOILIHOCTH U €ro CBSI3b ¢ HANIPSIZKEHHEM

B o6mem Bune BelpakeHue OanlaHca peakTHBHOW MoinHocTH (PM) B anek-
TPUYECKOW CETU UMEET BUJ:

ZQBHP = ZQI‘IOTP (9-1)

rae Qppp ¥ Qporp — BhIpabaThiBacMasi U MOTpeOIsieMast B DJICKTPUUYECCKON CceTH
MOIIHOCTb.
BripaboTka peakTHBHOW MOIHOCTH OIpPEAENSIETCS TeHepaleld Ha JIeK-

TPOCTAHIUSIX ZQF , BBIPAOOTKOH yCTpOWCTBaMHU KoMIeHcauuu PM ZQKY u

reHepauHeI‘fI peaKTHBHOﬁ MOMIIHOCTH JIMHUAMU DJICKTPOIICpEAadn ZQB .

ZQBbIP = ZQr +ZQKY +ZQB (9-2)
Totpe6nenne PM onpeaensercs: MOIHOCTBIO HAPY30K D Qy , IOTEpsMHU

B JIMHUAX OJJeKTponepenadn PM ZAQH U ToTepsMH B TpaHchopMaTopax

> AQ; :
ZQHOTP ZZQH +ZAQH +ZAQT 9.3)

B cpennem oxoso 50% notpebnenust PM B sHeprocucreme mpuxonuTcst Ha
moTpeOUTENeH, P ITOM Ha MOTEPH B JIMHUSIX npuxoautcs a0 15%. OcTambHble
35% pacxomyroTcst Ha MOTepu B TpaHCHOPMATOPAX.

Bananc peakTHBHOW MOITHOCTH B y3JIaX AJIEKTPHUYECKOH CETH OKa3bIBAET
3HAYWTEIBHOE BIMSHUE Ha YPOBHM Hampspkenus [6]. B wactHocTH yBenmueHme
BbIpaboTKH PM B y311€ IPUBOHUT K POCTY HANPSDKEHUS, B TO BpeMsl Kak AeQUITUT
PEaKTUBHOM MOITHOCTH MIPUBOANT K CHIIKCHHUIO HAIIPSDKEHUS B y3II€.

Takum o6pazom, omHHM U3 3(PGEKTHBHBIX CIOCOOOB pPEryIHPOBAaHUSL
HaIpsDKeHUS B y3Jax sIBISIETCS peryiupoBaHue 6ananca PM.
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9.2. Baj1anc aKTHBHO# MOLIHOCTH H €ro CBSI3b ¢ 4YaCTOTOM

YacToTa B 9HEPTOCUCTEME SBIISAETCA OOIIECUCTEMHBIM [IAPAMETPOM H OIIpE-
JEJAETCS YaCTOTOM BpALIEHHS CHHXPOHHBIX T'€HEPATOPOB, MHUTAIOIIMX JAHHYIO
cucremy [6,34].

B 0611eM Bue BhIpaKeHUe OaaHca aKTHBHOM MOLIHOCTH MMEET BHI:

Z P- :z Py (9.4)
rae ZPr — cyMMapHas BEIpaOb0OTKa aKTHBHOM MOIIHOCTH T€HEPaTOpPaMH 3JIEKTPO-
CTaHLMIi; ZPH - MoTpebJIeHHe aKTHBHON MOIIHOCTH B SHEPTOCHCTEME, KOTOPOE
OonpeenseTcs Kak CyMMa aKTUBHBIX Harpy3ok MmoTpeOuTenei ZPH 1 aKTUBHBIX
IIOTEPh B YHEPIOCUCTEME ZAP .

D Py =Py +Y AP (9.5)

B o6miem BHie CBsA3b OalaHCca aKTUBHOM MOIIHOCTH C YaCTOTON B 3HEPro-
CHUCTEME OTPEENIACTCS CTATUYCCKUMH XapaKTePUCTUKAMH HArPy3KH U T'eHepaTopa
1o yactore (puc.5.15).

fA

PHZ PH.HOM PHI

XapaKkTepUCTUKH
/ Harpy3Ku
f, \
foom — XapaKkTepucTuKa
Hom 1 / reHeparopa
f]_ — pI‘

2
/
P> Puom P:
Puc.9.1. Cratnueckue xapakTepUCTHKH Harpy3KH U F'eHepaTopa 1o 4acToTe.

» P

CornacHo pucyHky 9.1 npu yBeJIWYEeHUM NOTPEOJICHHUS! HAarpy3kol aKkTHB-
HOW MOIIIHOCTH CTaTHYECKasi XapaKTePUCTUKA HATPY3KH IO 4aCTOTE NEPEMECTUTCS
BIIpaBo 10 Py;. IIpu aToM Ganmanc akTHBHOI MOITHOCTH B 9HEPrOCHCTEME yCTaHO-
BUTCS B TOYKE |, IPW HOBOM IOHHM)KEHHOM 3HaueHHMH 4actothl f;. M HaoGopor,
CHUXECHHME aKTHBHOM HAarpy3kH B 3HEProcHCTEME IPUBEAET K NEPEMEILEHUIO CTa-
TUYECKOH XapaKTepUCTUKH HaTPY3KH 0 YacTOTE BIEBO 10 Py, a GamaHc akTUBHON
MOMIIHOCTH YCTAHOBUTCS IPH MMOBBIIIEHHOM 3HAYCHUHN YaCTOThI fz.

Takum 00pa3zoM, poCT 4acTOTHI B HEProcUcTeMe HabomaeTcs npu aedu-
LIUTE aKTHMBHOW MOIIHOCTH, B TO BpeMs Kak €€ M30BITOK MPUBOIMT K CHHXKCHHUIO
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yactoThl. IIpu 3TOM BhIpaxkeHue OanaHca (9.4) Bcerna BBINOIHSACTCS, HO IIPH pa3-
JIMYHBIX 3HAYCHUSIX YaCTOTHI.
K nprunnaam HapymieHus 6anaHca akTHBHOW MOIITHOCTH OTHOCSTCSL:
— PEMOHTHOE WIIM aBapHITHOE OTKIIIOYECHUE T€HEPATOPOB;
— HE3alIaHUPOBAHHBIA POCT HATPY3KH;
— OTKIIFOYCHHE MEKCHUCTEMHBIX JTHHHUH 3JIEKTpOIEepeaadn.
B nocnenHeM cirygae U3MEHEHHE YacTOTHI MOXKET HAOIMIOJAThCs B 00EHX SHEPTro-
CHCTEMaXx, CBSA3aHHBIX OTKITFOYaeMOil MeXKCUCTEMHO#T nHuei (puc.9.2).

OTkIimrouyaeMas JIMHAS
2C1 DC2

Pri>Pm Pr,<Ppp

Puc.9.2. K Bonpocy 00 OTKIIFOU€HHN MEXKCHUCTEMHON JIMHUMN 3JIEKTPOIEPEaadH.

Jo oTKIIFOYCHUS TMHUA W30BITOK aKTUBHON MOITHOCTH TeperekaeT u3 JC1
B OC2, u OamaHc B 00eHWX IHEPTOCHCTEMAax COONI0JacTCs MPHU OJHOM o0miel Ja-
crore: Pr; + Py, = Py + Pppp. OnHako mocKoNbKy 0ajnaHc BHYTPH CUCTEM HE CO-
OJroIaeTcsl, TO OTKIIOYEHUE JIMHUM NpUBENET K pocty yacToThl B DC1 U e€ cHu-
kenuto B OC2.

B nacrosimee Bpems, 3aiaya peryaupoBaHUsl 4acTOTHl B HHEProcHUCTEMAX
pemaercs TUAPOIEKTPOCTAHLIUSAMY, KOTOPhIE SBISIOTCS Hanboliee MaHEeBPEHHBI-
MH T10 CPaBHEHHUIO C TEIJIOBHIMU U aTOMHBIMH CTAHIIUSAMH, U UMEIOT HAUMEHBIIIYIO
cebecTONMOCTh BEIPAOOTKH 3JIEKTPOIHEPTHH. B momaBistonieM OOIBIINHCTBE CITY-
4aeB (YHKIHIO TOYHOTO PETYJIHPOBAaHHUS YACTOTHI OCYIIECTBIISICT OIHA MOIIHAS
CTaHIHUS HSHEPTOCHCTEMBI, padoTaromas ¢ MEPEMEHHBIM CYTOYHBIM TpaduKoM
Harpy3ku. OcCTanbHBIC CTAaHIHWU Pa0OTAIOT C MOCTOSHHBIM WIH 0a30BBIM Tpadu-
koM. KoopauHarus pexxuMoB pabOTBI BCEX CTAHIIMKA YHEPTOCHCTEMBI OCYIIIECTBIIS-
€TCs U3 €IMHOTO AUCIETYSPCKOTO IIEHTPA.

3a/aun OMepaTUBHOTO YIPAaBJICHHUS BBIPAOOTKOW aKTUBHON MOIIHOCTH U
PEeTYIMPOBaHUS YaCTOTHl Ha OTAEIBHBIX JJIEKTPOCTAHIIUAX IHEPTOCHUCTEMBI OCY-
LIECTBJISIOTCS TPYNIOBBIMU PETYNATOPAMH AKTUBHON U pPEaKTUBHON MOIIHOCTH
('PAPM). Takue perynasTopsl MO3BOJISIOT ONEPATHBHO PearupoBaTh HA M3MEHeE-
HUE Harpy3kd B DHEPrOCHCTEME W PETYIHPOBATH BBHIPAOOTKY MOIIHOCTH BCEM
craHnueil B 1enoM. boiee moapoOHO BOIPOC PEeryaHUpOBaHUS YaCTOTHI B SHEPIO-
CHUCTEME PACCMOTPEH JIajee.

OCHOBHBIMHU MEPOTPUATHAMH 0 OOPHOE C MOBBIICHHEM YaCTOTHI SIBIISIOT-
Csl CHIDKEHHE MOIIHOCTH F€HEPaTOPOB WIHM UX OTKIOUeHHe. B ciiydyae moHmxeHus
YacTOTH HEOOXOJMMO YBEIMYHBATH BHIPAOOTKY MOIIHOCTH T'CHEPATOPaMH HIIH
BKITIOYATh PE3EPBHEIC arperaThl.

I'enepupytomue pe3epBbl MOXKHO Pa3AeIUTh Ha:

— Harpy3o04HbIe, IpeTHA3HAYCHHBIE JIJISl IOKPHITHS CITy4YaltHOW HATPy3KH;

— PEMOHTHBIE, IJIsl O0ECTICUCHH ST TEKYIIUX M KaUTaIbHBIX PEMOHTOB;

— aBapwuifHble, HEOOXOAMMBIE IS 3aMEHBI aBapUHHO BBIMIEAINX M3 PabOTHI ar-
peraros.
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[Ipu OTCYTCTBHM NOCTYIHBIX PE3CPBOB MPUMCHSCTCS aBTOMATHYCCKas da-
croTHas pasrpyska (AUP), kotopas cpabaThIBaeT MPU CHUKEHUH YaCTOTHI B YHEP-
TOCHCTEME HIXKE MPEAEIbHO JOMYCTUMOIO YPOBHS M OTKJIIOYAET YacTh HArPY30K
CHUCTEMBI.

9.3. OcHOBHbIE MOKA3aTeJIH Ka4yecTBa 3JIEKTPOIHEPTUU

OcHOBHBIE TIOKa3aTeNny KauecTBa sjekrpuueckoid sueprun (I1KD), mpexne
BCEro, OMNpeAeSIIoTCA MapaMeTpaMy PEeXUMa 3JIEKTPUIECKON CEeTH: HaIpsKEHHEM
U 4aCTOTOH.

B oTeuecTBEHHBIX NEKTPUUECKHUX CETSIX IT0KA3aTeNId KauyecTBa PerylaMeHTHPYIOTCS
tpeboBanusamu [2]. K Hum oTHOCATCS:
— OTKJIOHEHHE 9acTOThl Af :
Af =f—F,_, (9.6)
rae T, f,, — dakTHyeckoe U HOMUHAIBHOE 3HAYCHUE YaCTOTHI;
— YCTaHOBMBILEECS OTKIOHEHHE HAapshKeHus: U

dU, =w100 9.7)
Hom
rae U, - ycTaHOBHBIIeecs 3HAaUCHHUE HamnpshkeHus; U, - HOMHHAIBHOE 3Ha-
YCHUE HAMPSDKCHHS.
— pa3Max U3MeHeHHs HanpspxeHus oU,
38U, :M-mo (9.8)
HOM
rae U, .. Unin - MaKCUMalIbHOE U MUHUMAJIbHOE 3HAYECHUSI HAMPSDKEHUS.
— no3a ¢umkepaP, - jumiTenbHas M KpaTKOBPEMEHHas, XapaKTepU3YIOIas CTe-
MeHb BO3JCHCTBHI KOJIeOaHU CBETOBOTO MTOTOKA HA 3PEHHE YEIOBEKa;
— KO3 (UIMEHT UCKAKEHUS] CHHYCOUIAIbHOCTH KPUBOH MexaydasHoro ((asHo-
ro) HanpspkeHust K

o
2. Ui
n=2
K, =—"——100 (9.9)
1
rae U, - melicTByrolee 3HaUCHUE HAIPSHDKEHUS OCHOBHOM yacToThl; U, - neid-
CTBYIOIIIEE 3HAUCHUE HAMPSKEHUS N-HOW TApMOHUKHY;
— KO3 (HUHMEHT N-0if rApMOHHYECKON COCTABIIAOLIECH HANPsDKeHuST Ky

Un
Kug =100 (9.10)

HOM
- KOS(i)(l)I/IHI/ICHT HECUMMETpHUHU HaprDKeHI/Iﬁ 1o 06paTH0171 IOCJICA0BATCIIbHOCTHU
Kyt

U
Koy = 2

1100 (9.11)

HOM
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rae U, - melicTByrollee 3HAYEHNUE HANpsKEHUs] 0OpaTHOM MOCIEN0BaTENbHO-
cTH;

— KO02(h(QUIMEHT  HECUMMETPHH HAMPSIKEHUH 10 HyJEeBOH MOCIEI0BaTENbHO-
ctu Ky,

U
Kou = :

100 (9.12)

HOM
rae U, - zmeiicTByrolee 3HaYeHUE HANpPsDKEHUs HYJIEBOH IOCIEN0BaTENbHO-
CTH;
— JUIUTENBHOCTH MPOBaja HapsKEHU At

— HUMITYJBCHOC HAMPAKCHUC U

umI !

— k03¢ UIIEeHT BpeMeHHOTO repeHanpsyxenns K

_ Uamax (913)

K =
o \/EU HOM

- MAKCUMAJIbHOC aMINVIMTYAHOC 3HAYCHUC HAIIPSKCHUA.

mep U *

rne Uamax

Bce IIKD uMeroT HOpMalIbHO-AONYCTUMBIE U IpPEAEIbHO-I0IyCTHUMBIEC Be-
n4uHbL (Tabm.4.1). DnekTpuyeckas CeTh CUMTAETCsI COOTBETCTBYIOLIEH TpeOoBa-
HHUSM 10 KaueCTBY JJICKTPOIHEpruu [2], ecnu mpeaensHO MOMYCTHMBIC YPOBHH
HaOIIOIal0TCA HE yalnie 4eM B 5% U3MepeHHid, MpUiEéM B OCTaIbHBIX 95% m3mepe-
Huit [IKD He nomkHBI NpeBBILIATH HOPMAIbHO-AOMYCTUMBIX 3HaueHWW. Ecnu B
oxHOM wiH Gonee ciryqaeB I1KD mpeBblmaeT mpeaeiabHO-I0MYCTUMBIE 3HAUCHUS,
TO JIEKTPUYECKAs CETh CUMTACTCS HECOOTBETCTBYIOIIEH TPeOOBAaHMAM IO Kade-

CTBY 2JIEKTpO3HEpru [2].

Tabmuma 9.1. — HopMansHO f01ycTHMBIE M TPEAETBHO JOIyCTUMBIE YPOBHHU HEKO-
TOPBIX MOKa3aTenei KauecTBa JIEKTPOIHEPIHU

TIKD dUy, Ky, Kau, [Kou, | Af, Kun),%
% % % | % | I'm | Heuernas (getHas) rapmo-
HUKa
o1 |6+20 | 35kB | no | 620 | 35xB | 110xB nol | 620 |35xB|110xB
kB | kB u 1 kB kB kB
Bhie | kKB
Hopwm. | £5 - - 5 4 3 2 2 | 2 [#02] - - - -
Tpen. | £10 | £10 | £10 | 10 8 6 4 4 4 | £0,4 | 6(3) | 5(2,5) | 4(2) | 2(1)

B HacTosiiee BpeMs B 3JEKTPHUUECKUX CETSIX CIOKHIACh MIPAKTHKA, KOTJa
MTOCTaBIIMKH 3JEKTPOIHEPTHH CEPTUHUIMPYIOTCS TOJIBKO MO JIBYM ITOKA3aTelsM,
H3MEpSIeMbIM B LIEHTpPaxX NMUTAHHS, — OTKIOHEHHIO YacTOTHl M YCTaHOBHBIIEMYCS
OTKJIOHEHHUIO HAIPSDKEHHS. DTO CBS3aHO, NMPEXKIE BCETO, C OTCYTCTBHEM JIEHCTBY-
IolIell HOPMATHBHOW 0a3bl, perylaMeHTHPYIOIeH Han0aBku M mTpadbl 3a MOHU-
’KEHHOE Ka4eCTBO dJIeKTpodHepruu [28].
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9.4. Bausinne MOHMKEHHOTO KAaYeCTBAa JIEKTPOIHEPrUH HA PabdoTy IJIEKTPO-
NMPUEMHUKOB

B obmiem ciyuae, Bce MOKa3zaTeIn KauyecTBAa MOXKHO Pa3feiINuTh HA TPYTIIIHL,
B COOTBETCTBHH C UX BIUSIHUEM Ha PabOTY 3IEKTPONPUEMHHKOB.

BbIcokne 3Ha4YEeHUS! yCTAaHOBHMBILIETOCS OTKIOHECHHS HANpPsDKCHUS NPH I10-
BBIIIICHHBIX YPOBHSX HAMpPSHKEHHUS MOTYT 00yciaBiuBath [6,28,35]:

— CHIDKCHHE CpPOKa CITyXOBI 3JIEKTPONPHEMHUKOB, B YACTHOCTH OCBETHTEIIBHBIX
JIaMIT ¥ HarpeBaTeJIbHBIX 3JIEMEHTOB;

— HacbIIeHWE TPaHC(POPMATOPOB HANPSDKEHHS, YTO IPHBOAUT K HMCKAKEHHIO
CHUHYCOMJAJIbHOCTH HANPSIKEHHS CETH.

C npyroii CTOPOHBI TOHM)XEHHBIC YPOBHU HAMPSKEHUS CETH MPUBOAAT K [28,35]:

— CHIDKCHUIO TEXHMKO-DKOHOMHYECKHX IOKazaTeJed MmoTrpedurelnei, Hanpumep,
3a Cu€T yMEHBIIECHHUS IPON3BOIUTEIFHOCTH YCTAHOBOK;

— YBEIHMYCHHUIO KOJIMYeCTBA OpPaKOBaHHOM MPOIYKINH.

Konebanns HampspKeHHsI, periJaMeHTHpyeMble 1030i (mkepa, pa3Maxom
W3MEHEHHS HANPSDKEHHS, IIPOBAJIAMU HANPSDKCHUS W NEPEHANPSDKCHUSAMHE, TIPHBO-
JIIT K HapYIICHUAM paboThl MHOKECTBA ITOTPEONUTENEH U BEI3BIBAIOT:

— MWraHMe JIaMIl OCBEIICHHUS, KOTOpOe OKa3hbIBaeT HETaTUBHOE BIMSHHUE HA 3pe-
HHE YeJI0BEKa;

— OTHajJaHue KOHTAaKTOB MArHUTHBIX ITycKareneil Npu OOJbIIMX KOJIeOaHUsIX
HarpsDKeHUS;

— CHIDKEHHE KauecTBa MeTaJlla IpH JIEKTPOJIN3E aJTFOMHHHUS;

— yXyAlLeHHEe KauecTBa CBApHOTO IIBA MPH 3JIEKTPOAYTOBOH U KOHTAKTHOMN CBap-
Ke;

— BHOpanuio JBUTaTeNei;

— cbou B pabore nndpoBoil TEXHUKN CHCTEM YIPABICHUS U KOHTPOJIS.

OnmHMM M3 pacTpOCTPaHEHHBIX SBICHUH B JIEKTPUUYECKUX CETSIX HU3KOTO
HaIpsDKeHUS SIBISIETCS] HECUMMETPHS HaNPsDKEHUH, TPU KOTOPOH, KaKk N3BECTHO U3
kypca TOD, nuraromiee HanpsHKEHUE COJEPIKUT COCTABILAIONIME 0OPaTHOU U HYJIe-
BOW I0C/IEZI0BATENbHOCTH, KOTOPBIE B CBOIO OYEpElb, OKa3blBAIOT HEraTHBHOE
BIIMSTHHE Ha PabOTy JIEKTPOOOOPYIOBAaHMS U BBI3BIBAIOT:

— yBEJIMYEHHUE MOTEPh MOLIHOCTH U SHEPTUH;

— CHIDKCHHUE MPOITYCKHON CIIOCOOHOCTH JIMHUI AJIEKTPOIIepeIayu;

— yMEHBIICHHE CPOKa CIIY>KObI 1 SKOHOMUYHOCTH 000Dy IOBaHHSI.

— HEepaBHOMEpPHYIO BBIPAOOTKY KOHAEHCATOPHBIMHU OaTapesMu PeakTHBHOW MOII-
HOCTH, B PE3YJIbTAaTE YETO CHM)KAETCS MX MIPOEKTHAsI MOIIHOCTb.

Kpome TOTO, MpH HMCIOJIB30BAHMM MOIIHBIX HECHMMETPHYHBIX Harpy3ok 4epes

CHCTEMY 3a3eMJICHHS MOTYT IIPOTEKaTb OOJIBIINE TOKH, KOTOPbIE MOTYT BBICYIIH-

BaTh TPYHT, YBEINYNBAsi CONPOTUBIICHNAE 3a3eMIIMTEINS. JTO SBJIEHHE MOXKET Hera-

THUBHO CKa3bIBAThCA HA PabOTe peneiHON 3aIInTHI.

W3BecTHO Takke, YTO B aCHHXPOHHBIX JBHIATEIsIX, IPU HAJMYMH HECUMMETPUH,

HanpspKeHUe OOpaTHON MOCNIENO0BATENILHOCTH CO3JAET MOJE YABOSHHOH 4acTOTHI,

IIPOTUBOIIOJIOKHOE MO0 cTaTopa. IIpyu 3TOM MOsBIsAETCS AONOJHUTENBHBIN TOP-

MO3HOH MOMEHT, YTO O0YCIIaBJIMBAET JOIOTHUTEIBHBIN HarPeB U CHIKCHHE CPOKa
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CITy’KOBI M30JIAIMU. B 9acTHOCTH CpPOK Ciy»ObI JIBHTaTeNel CHUXKaeTcs B 2 pasa

[35], mpu K,, =4%.

Iocnenuss rpynna IIKD cBsi3anHas ¢ HECUHYCOUIATbHOCTBIO HAIPSHKEHUM
BKITIOYAET B ce0st KOA(GUIIMESHT UCKAKEHUSI CHHYCOUIATbHOCTH KPUBOW HATIPsIKE-
HUS ¥ KO3 QPUIMEHT n-0if TapMOHHYECKOW cocTaBJisitoliei. B obmieM ciyuae He-
CHHYCOUJATbHOCTh HANIPSKCHUH CIIOCOOCTBYET:

—  JIONIOJIHUTENBHBIM MOTEPSIM MOUTHOCTH M SHEPTUU B DJIEKTPUUECKUX CETSIX;

— OrpaHHYCHHIO 00JaCTH MPUMEHEHHS KOHICHCATOPHBIX OaTapeii;

— YCKOPEHHUIO CTapeHUs M30JIALMH, 33 CUET HAarpeBa BBICOKOYACTOTHBIMM 3JIEK-
TPOMAarHUTHBIMU NOJISIMU;

— BO3HUKHOBEHHIO PE30HAHCOB HANpPSKEHUI HA YaCTOTaX HEKOTOPBIX T'APMOHMK
B OINPENEIEHHBIX TOYKAaX CETH, YTO INPHUBOJUT K BBIXOJY M3 CTPOsI KOHAEHCA-
TOPHBIX OaTapeii;

— HENPaBWIbHBIM JIEUCTBUAM PEJICHHOMN 3allIUThl 1 aBTOMATUKH;

—  YBEJIIMYCHHUIO MOTPEIIHOCTH MPUOOPOB YUETA AIEKTPOIHEPTHH;

— HaApYUICHUIO pabOThI TEIEMEXaHUKU.

Takum 00pa3oM, YXyALICHUE OJHOTO WM HECKOJBKHX MOKa3aTeleil kade-
CTBa DJIEKTPOIHEPTUU MPUBOAUT K YXYAIIEHUIO TEXHUKO-IKOHOMUYECKUX MOKa3a-
TeJeH dIEKTPUUECKUX CETEU B LIEJIOM.

9.5. HecumMeTpHs B JIeKTPUYECKHUX CeTAX U CIOCOOBI ee CHUKEHUS

Hecnmmerpust — pexxuM, MpH KOTOPOM YCJIOBHS pabOTHI OAHOW MM He-
CKOJIBKHX (pa3 HEOANHAKOBHI (pa3HbIe HANPSDKCHUS, HArpy3Ka, COMPOTUBICHHS (a3
up.).

B obmiem ciryuae HecUMMeETpHs OBIBaeT:

— KPaTKOBPEMEHHOH, KOTOpas BO3HMKAET B IOCIICABApUIHOM pEXHME, IpU KO-
POTKHX 3aMbIKaHUsIX, 00pbIBax (a3bl, cpadaTshiBanus ogHodazHoro AIIB.
— JUINTEJIBHOM, BO3HUKAIOUIEH B Cllydasx:
—  HECHMMETPHUH IapaMeTPOB CETH, KOTOpas OO0YCIOBI€HA HECHMMETPHU-
HBIM pacIojoxeHneM 1poBojoB JIOII oTHOCHTENbHO 3eMIM WM JpyT-
Jpyra, HalpuMep, IpH OTCYTCTBUHU TPAHCIIO3UIIUH MIPOBOJIOB.
—  HEOJMHAKOBOH 3arpy3kH (a3, Npy HAINYUH OJTHO(A3HBIX TOTpeOUTENeH.

Kak otmeuarnoch paHee, TPaHCIIO3UIHUS IIPOBOJIOB SIBISETCS 3((HEKTHBHBIM
crocoboM 00ecredeHusi CHMMETPHUHU IapaMeTpOB CETH, MTOITOMY OCHOBHBIM HC-
TOYHHKOM HECHMMETPHH HAIpsDKEHUH ¥ TOKOB B OOJIBIIMHCTBE CIIY4aeB SIBISETCS
HECHMMETpPUYHAs Harpy3Ka, Ipu KOTOPOH (a3HbIE TOKU HEPaBHEL:

(RN P S (9.14)

U3 xypca TOD usBectro [29], uTO npu HepaBeHCTBE (a3HBIX TOKOB BO3HH-
KalOT TOKM OOpaTHOW W HYJIEBOW IOCIIENOBATEIbHOCTH, KOTOpBIE, NPOTEKas MO
9JIEMEHTaM CETH, CO3/Ial0T MaJICHUs HANPsDKEHMS HyJIeBOH M 00paTHOI mocienoBa-
TEJILHOCTU. DTH NaJIeHNs, CYMMHUPYSICh C HAaIIPSHKCHUSIMU MIPSIMOH T10CIIe/10BATENb-
HOCTH, 00yCIIaBINBAIOT HECUMMETPHIO HANPSIKSHHUH.

K HecHMMETpHYHBIM Harpy3kam MOKHO oTHecTH (puc.9.3.):
— onxHoda3HbIe IeYN CONPOTUBICHUS (a);
— onxHoda3Hble HHAYKITMOHHBIE TTedH (0);
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— JIyTrOBBIC CTAJICIUIABUIIBHBIC TICYUH (B);
— onHo(a3HbIe CBAPOUHBIE arperaTsl;
— IKEJIe3HOOPOKHBIN TPAHCIIOPT U T.JI.

YL —C:—
a) 6) B)

Puc.9.3. Buusl 371€KTpOTEPMUYECKIX YCTAaHOBOK.

B cootBercTBUM € TpeOoBaHUAME [2] B ceTAX 00LIero Ha3HaYeHHs HOPMU-
PYIOTCS ABa TTOKa3aTelis, XapaKTepPU3yIOIie HECUMMETPHIO:

1. KoadduimeHT HeCUMMETpHH TI0 HANIPSHKEHHIO 00paTHOH 1MOCIe0BaTeIbHOCTH
(9.112).

2. Kos¢p¢uumeHT HECUMMETPHH 0 HANPSDKEHUIO HYJIEBOW MOCIEA0BATEIFHOCTH
(9.12).

Z[J'IH CHMXXCHUA ypOBHeﬁ HCCUMMETPHUHU UCHIOJIB3YIOTCA pa3JIMYHbIE MCTO/bI,
HaopuMEp CXCMHBIC PCIICHUSA, OCHOBHBIM M3 KOTOPBIX ABJIACTCA IMOAKIIOYCHUC
MOIIHBIX 0AHO(DA3HBIX MOTPEOUTENEH K y3/1aM ¢ OOJIBIIOI MOIHOCTHIO KOPOTKOTO
3aMbIKaHuA S, . B 3TOM cirydyae TOMKHO BBIIOIHATHCS YCIOBHE!

S, >50-S

— MOIIIHOCTH OJIHO(A3HOTO TOTPEOUTEINS.

(9.15)

onHO(.OTP

rae S

oznHOGd.IOTP
Brmomnrenwue (9.15) npuBoaut k cHmkenuo K, mo 2% u menee [5,35].
B cBo10 ouepeb MOITHOCTh KOPOTKOTO 3aMBIKaHUA S, OyIeT 3aBUCETb OT Hamps-

xenust U u YAQJICHHOCTHU OT UCTOYHHUKA MUTAHWA, HAIPUMEP CTaHIIUU:
U 2
Sy =— (9.16)
X

C
rae X, - CONPOTHBIECHHE JO UCTOYHUKA MUTAHUSL.
Paccmorpum cxemy (puc.9.4.), Ha KOTOpOH MpenCTaBICH HEKOPPEKTHBIN

BapHaHT IOJKIIOYEHUS MOIIHOW OJHO(MA3HOW HArpy3KH K IIMHAM, MUTAIONIIM
CHMMETPHYHYIO Harpy3Ky Ha HanpspkeHuH 35kB:

220xB 35xB
I CummeTpudHas
Harpyska
Hecummerpuunas
Harpyska
T PII

Puc.9.4. Cxema HeNIpaBUIILHOTO TTOJIKITIOYEHUSI MOLITHOW OHO(a3HON HATPY3KH.
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B 3aBucumoctu ot anuuel auauu ot TTIIT no PIT u conporuBnenus: tpaHc-
(dhopmaropoB B JgaHHOW cxeme Ha mwmHaX PIT MoryT HabmomaThCs 3HAYUTEILHBIC
YPOBHH HECUMMETPUH HANIPSIKCHUH.

Juis CHIKEeHHS BIMSHAS HECHMMETPHUH MO>KHO TTPAMEHHUTH J1BA BOSMOXKHBIX
BapHaHTa MMOJKIIOYCHHUs Harpy3ku (puc.9.5 a, 6)

220xB 35xB
| CummerpuaHas
| Harpyska
j Hecummerpuynas
1 Harpyska
I'TIt a) PIT
220xB 35xB
| | CummerpuaHas
| | Harpyska
1 § Hecnmmerpuunas
| | Harpyska
I'TII 0) PIT
Puc.9.5. Cxembl pa3ensHOTro MUTaHUs CUMMETPUYHBIX U HECUMMETPHYHBIX T10-

TpeOuTenen.

B ciryyae moAKIIIOUSHUS] K CETH MHOXKECTBA MEJKUX OJHO(A3HBIX MOTpe-
Outeneil OCHOBHBIM NMyTEM YMEHBIICHHS HECHMMETPHH SIBISIETCS UX PAaBHOMEPHOE
pacmpezenenue no dasam [28,35].

B HEKOTOpBIX Clly4asX [UIsl CHIDKCHHS HECHMMETPHH HCIOJIb3YIOTCS
TpaHcdopmaTopsl co cxemoit coequnenus Y/Zy Bmecto Y/Yp, Tak Kak cxema ‘“3ur-
3ar” UMeeT HU3KOEe 3HAUCHHE CONPOTHBJICHHS TOKaM HYJIEBOW IIOCIEIOBATEIbHO-
cru [28].

Kpome mepeurciieHHBIX METOOB CIIEAyeT OTMETHTh MPUMEHEHHE CIICIIH-
AIBHBIX WHAYKTHBHO-€MKOCTHBIX CHMMETPHPYIONIIMX YCTPOHCTB, s KOMIICHCA-
[IMM TOKOB 00paTHOM TocienoBaTeapHoctH [6,28,35].

HawuGonbiree pacnpocrpanenue mnonyuuna cxema lllrteiinmena (puc.9.6)
[6].

Jnsa obecrieueHns CUMMETPUH B CETH HEOOXOJMMO MOA00PaTh TaKME MapaMeTphl
Xc ¥ X, 4TOOBI BBITONHANOCH PABEHCTBO (a3HbIX TOKOB |, =15 =1..

JI1st KOppeKTHOM paboThl CXeMbl HEOOXOAUMO TOI00paTh COMPOTHUBIICHUE
KOMITCHCHPYIOIIIETO YCTpoiicTBa Xy, TakMM 00pa3oM, 4TOOBI IMOTHOCTBIO CKOM-

MIEHCUPOBATh PEaKTHBHYIO MOILIHOCTh Harpy3ku. Torjna B COOTBETCTBHH C MEPBBIM
3akoHOM Kupxroga asnsle Tokn paBHsl (puc.9.7):

Iy =lci =1y (9.17)
iB:iL_i01 (9.18)
Ie=l, -1, (9.19)
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ﬁ
I
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L Xy
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i X
1 g
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.ﬁ

|
c
Puc.9.6. CxeMa moAKITIOYCHUS K CETH OTHO(MA3HON HATPY3KHU C IIOMOIIBIO CXEMBI
IIrefinmena.

UAB

UBC

Puc.9.7. Bextopnas auarpamma cxemsl Ll teitHmerra.

Kpome Gartapeil KOHZEHCATOPOB M MHIYKTHBHOCTEH B CHMMETPUPYIOIIUX
YCTPOHCTBAX MOTYT MPHUMEHSATHCS CHEHHATbHbIE TPaHCHOPMATOPHI ¢ MO(a3HBIM
perymupoBaHueM HampsokeHus [35].

CremyeT OTMETUTB, 4YTO KJIFOYEBBIM HEJOCTATKOM CHMMETPUPYIOIIUX
YCTPOMNCTB SBJIACTCS BOSHUKHOBEHHE JOMOJHUTEIbHBIX MOTEPh B JIEMEHTAX.

9.6. HecHYyCOMIAIBHOCTD B YJIEKTPUYECKHUX CETSIX

HCCI/IHyCOI/UIaJ'IBHOCTB HapsOKCHUA TOABJIICTCA B CETH HIPU  HAJIMYHHU
Harpy30K ¢ HEJIMHEHHOW BOJbT-aMIlepHO Xapakrepuctukoi (BAX). Hecunycoun-
JATbHBIC HANPSDKEHUSI W TOKH TIPEICTABIIOT COOOI CIOXHBIE TapMOHHUYECKHE
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KoJIeOaHusl, ISl aHAIM3a KOTOPBIX MOXET OBITh HCIOJB30BAHO MPEOOpa30BaHUE
®ypbe, B COOTBETCTBHM C KOTOPHIM Jf00as rmeproandeckas KOHeUHast (pyHKIHS
(puc.9.8.), mpezcTaBisieTcs B BHIAEC CYMMBI TApMOHHYECKUX KOJICOaHHIA:

flo-t)=Ay + 3 [a, -c0s(v-o-t)+ b, -sin(v-o-t)] (9.20)

o

Pnc.9.8. HecunyconganbHoe HanpsoKeHUE

Bce mepuonmueckue COCTaBISIONIME, C HOMEPOM Vv >1 Ha3pIBarOTCS BBICIIMMH
rapMOHHYECKUMH cocTaBistromumu (BI).

Kaxnast ¥3 rapMOHHK MMEET CBOIO aMIUIUTYAY U (a3y, KOTOpPBIE ONpENeITIOTCs
CIIEAYIOIIIM 00pa3oM:

A, =, a’+b’ (9.21)

¢, =arctg b—V (9.22)
aV
BennunHa HECHHYCOMIAIBLHOCTH COTJIACHO [2] HOPMHPYETCS ¢ TOMOIIBIO
KO3 QHUIMEHTa HCKAKESHUsI CHHYCOMAANBPHOCTH KpuBoi HanpspkeHus (9.9) u ko-
a¢¢unmenHTa n-oif rapMOHHYECKO cocraBisroneit Hanpsoxerus (9.10).
[pyyrHa MCKaKSHUS CHHYCOMAAIBHOCTH KPHBOH HANpPSHKEHHS COCTOHUT B
TOM, YTO TOKHM BBICIIMX T'apMOHHK, NOTpeOJsieMble Harpy3kamu C HeIHHEHHON
BAX mpoTekas 1o >JIEMEHTaM CETH, BBI3BIBAIOT Ha HUX NAJCHUS HANPsOHKECHHS,
KOTOpBbIE, HAKJIaJbIBAsICh HA OCHOBHYIO FAPMOHHKY HAIIPSHKEHHUS, HCKAXKAIOT 6.
OCHOBHBIMH MCTOYHHUKAMHU BBICIIIUX TaPMOHHK SIBISIOTCS BEHTHJIbHBIC Mpe-
oOpazoBaresy, BHIIIOJIHEHHbIE HAPUMED, Ha AMOJaX WM THPHCTOPAX.
IMopsiiok rapMOHHK, T'€HEPUPYEMbIX BEHTHIIBHBIMU HpeoOpa3oBaTessIMHU,
OTIPEeISIeTCSI KaK:
v=p-kxl (9.23)

rae p — uucno ¢a3 BermpsiviteHns; K =1,2,3...0
B wactHOCTH, M camoli pacmpocTpaH&HHOW mecthdasHol cxembl JlapnoHoBa
(pnc.9.9) v=5,7,11,13,17,19,23,25......

B 1enom, moMuMo BEHTHIBHBIX IpeoOpasoBareneil, ncrounukom BI' mo-
XeT OBITh JII00ast Harpy3ka ¢ HenuHeliHoH BAX, HanpuMep ayrosas nedb, Ayrosas
CBapKa, KOHTAaKTHas CBapka M T.JA., TaK KaK BOJbT-aMIEpHas XapaKTEePHUCTHKA
JIEKTPUUECKOI Ayru MMeeT HeNMHEHHbIH Xapaktep (puc.9.10), a xpome Toro, B
OOJIBIIMHCTBE MOJOOHBIX YCTAHOBOK HCIIOJIB3YIOTCS THPHCTOPHBIE NpeoOpa3zoBa-
TENH.
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Puc.9.9. lllectudasnas cxema Jlapronosa.

Pnc.9.10. BospT-amniepHast XapaKTepUCTHKA IEKTPUIECKON TyTH

Kak oTmeuanoch paHee, ICTOYHHKAMH BBICIIMX TAPMOHHUK MOTYT SIBISTHCS
TpaHcdopmaTopsl, paboTaromue ¢ NepeHachIleHneM B 30He HenmHelHocTn BAX.
B stoMm ciydae TpanchopmaTopsl MOTPEOISIOT U3 CETH HECHHYCOUAANBHBIE TOKH,
KOTOpBIE 00YCIIaBIMBAIOT MCKa)KEHHE CHHYCOMJIANBbHOCTH IHTAIOIIEro HampshKe-
HUSL.

CrnemyeT OTMETHTH, 4TO MpoOieMa MUCKaKEHHUsI CUHYCOHIAIbHOCTH Hamps-
KEHHS B DJEKTPUUECKUX CETSIX COXpaHseT aKTyaJIbHOCTb, ITOCKOIBKY BI' croco6-
HBI PACHPOCTPAHATHCS 10 3JIEMEHTaM CeTH Ha OOJbIINE PACCTOSHUS, U BBI3BIBATH
PE30HAHCH TOKOB M HANIPSDKEHHM HAa YacTOTaX OTJENBHBIX rapMoHUK. [Ipn aToM B
MOJIABISIIONIEM OOJIBIIMHCTBE CIIy4aeB OJHO3HAYHOE BBIABIEHHE HMCTOYHHKa BI
OKa3bIBAETCsI KpaliHe 3aTpyAHUTENIbHBIM.

9.7. CpencTrBa KOMIEHCAIMH BHICHIAX TAPMOHHUK

OnauM n3 3(peKTUBHBIX cpelncTB CHIDKEHHS BI' B aIeKTpHYecKnx ceTsx
ABJIACTCA YBCIIMYCHUC YHCJIA (1)33 BBITIPAMIICHUA YCTAHOBOK C BEHTHUJIBHBIMU IIPEC-
obpazoBarenssmu. Hanpumep, npu nepexone ¢ 6-tu ¢a3Hoi Ha 12-Tv ¢asHyo cH-
CTeMY BBIIPSMIICHUS  KOX(OUIHMEHT HCKaKEHUS CHHYCOHWIAIbHOCTH KPHBOI
HANpsOKEHUS YMEHbIIAeTCs NpUOaM3uTeNIbHO B 1,5 pasa [28,35].
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CaMbIM pacipocTpaHEHHBIM CIIOCOOOM YBEIMYCHUS yuciia (a3 BBIIPIMIICHUS SIB-
JIseTcs MPUMEHeHHEe MHOT0(a3HOTO SKBUBAIEHTHOTO PEXHMMa, KOTIa HCIOIb3YIOT-
¢ aBa 6-TH (a3HBIX BBIMPSMUTENS, MOIKIIOYAEMBIX K TpaHCPopMaTopy, OJHA
00MOTKa KOTOpOro coenuHeHa B A, a apyras B Y. Ilpu stom oOpasyercs casur
MEX]y HANPSHKCHUSMHU OJTHOMMEHHBIX (ha3 Ha 30°, TeM caMbIM IOJIYYaeTCs CXeMa,
SKBHBaJeHTHas 12 (a3HOl cxeme BHIIPAMIICHUSA, HO Oojee memeBas (puc.9.11).
Taxkas cxema siBisiercst icrogankoM BI' ¢ Homepamu v =11,13,23,25...

_H_
_H_

()
Z)

- +

Puc.9.11. Cxema sxBUBaieHTHOTO 12 pa3HOTO pekuMa BEIIPSMIICHUS.

B Hacrosiiiee BpeMsi Takke IUPOKO MPUMEHSIETCs] IKBUBAJICHTHBIN 24 (a3-
HBII peXUM BhITpsmiteHust [28].

Crnenyer OTMETUTbh, YTO pPEIICHHWE 00 HCIOJIb30BAHUM MHOTO(A3HbIX CXeM
BBINIPSMIICHHS TIPUHUMAETCSl Ha JTale MPOEKTUPOBAaHUS MOTPeOUTEs, MOcie Co-
OTBETCTBYIOILIETO TEXHUKO-IKOHOMHUYECKOT0 00OCHOBAHUS.

B mpakTHke 3KCITyaTallud 3JIEKTPUUYECKUX CETed BO3HUKAIOT CIIyyau, KO-
ra HeoOXOAMMO CKoMIleHcHpoBaTh BI', reHepupyeMble CyIIECTBYIOLIIMM IIOTpE-
outenem [28]. [l 3TOro MCHONB3YIOTCS (UIBTPHI BHICIINX TapMOHHUK, KOTOPHIC
MIPEACTABISIIOT COOOM IMOCIIeN0BaTEIFHO COSIMHEHHBIE PEaKTOp M KOHJIEHCATOP-
HyI0 Oarapero (puc.9.12).

Conpotusienne GUIbTpa A TAPMOHUKH V ONPEIENISIETCS KaK:

Xow :XL~V—& (9.24)
\%
rae X. U X - CONPOTHUBJIEHHs TOKY IMPOMBIIUICHHON 4acTOTHI; V - HOMEp rap-
MOHHUKH.
INpu onpenenéuHoit yactote conpoTtuBienue X, paBHO 0 U GUIBTP IIYH-

TUPYET TApMOHUKY }IaHHOf/'I YaCTOTHI. HO3TOMy B pCAJIbHbIX CUCTEMAX BEJIMYMHBI
Xc u X noaduparoTcs MO ONpeAeIEHHY0 TapMOHHUKY.

' DunbTpo-
XL |
' KOMIIEHCHUpYIOLlIee
¥ Xc! YCTPOHCTBO
HecunycounnanbHas
Harpy3ska Y L. i

Pnc.9.12. Cxema noaxmodenust GUIbTPO-KOMICHCUPYIOIIET0 YCTpoicTBa
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@dunpTpyomye ycTpolcTBa TaKkKe MOTYT BBINOJIHATH (PYHKINIO KOMIICHCH-
PYIOIIMX YCTPOMCTB Ha MPOMBIIIJICHHON YacToTe. B 3TOM ciiyyae OHM Ha3bIBAIOTCA
(bUIBTPO-KOMITEHCHpYIOMUMU yeTporicTBamu (DKY).

OpmHUM W3 pamuKanbHBIX TyTeil cHmkenns BIT sBisercs mcmonp3oBaHme
CXEMHBIX PpEIICHHH, MOApa3yMEBAOMINX IOJKIIOYCHHE HECHHYCOUAANbHON
HaTPY3KH 110 BEIIENEHHBIM JIMHISIM (puc.9.13, 9.14)

220xB 35xB
CunycouaabHast
Harpy3ka
~ | Hecunyconnansuas
il Harpyska
I'TIIT PII

Pnc.9.13. Cxema HenpaBUIBHOTO OAKIIOYCHNS HECHHYCONIAIbHON HarPYy3KH.

220xB 35xB
CunycouanbHas
_GD PII1 Harpyska
_GD ~ | HecunycomnanpHas
PII2 " HarpysKa
T'TITT

Puc.9.14. Cxembl pa3enbHOro NUTaHHUS CHHYCOUAAIBHBIX U HECHHYCOUAAIBHBIX
MOTpeOUTEICH.

HOZ[O6HBI€ CXEMHbIC PEUICHUSA, KaK IPaBHJIO, paSpa6aTLIBaIOTC}I Ha JTalic
MIPOCKTUPOBAHUA DJICKTPHUUICCKUX cereit no pe3yabTaTaM TEXHHUKO-
9KOHOMHYCCKOT'O CPABHEHHNS BAPUAHTOB CHUKCHUA TAPMOHHUK.

9.8. Kosebanust HanpsizkeHUs1 U MePONIPUATHUS MO UX CHHKEHHIO

B cootBercTBHM ¢ [2], KOEOaHUAMK HANIPSDKEHUS HA3BIBAIOTCS OJUHOYHBIE
M3MEHEHUsI aMIUTUTY/Ibl HAMPsDKEHHs ¢ 4acTOTOW Oosiee NBYyX pa3 B MUHYTY. Cte-
MeHb KOJeOaHWH HANpsHKEHHUS XapaKTepU3yeTcs NBYMS TMOKa3aTelsIMH KadecTBa
3JIEKTPOIHEPTUN:

— pa3MaxoM M3MeHeHus HanpsbkeHus dU, ;

— nmo3oii dpmuxepa P, ;

[MpuumHO# KONMEOaHMI HANPSDKEHHS Yallle BCETO SBISAETCS Pe3KOIepeMeH-
Hasg Harpyska, HalpuMep DJIEKTPOAYroBas CBapKa, AYTOBBIE CTaJICIUIABHIILHBIC
IICYH, MOIIHBIC OBUTATCIIN, pa60Ta101u1/Ie B IMOBTOPHO-KPATKOBPEMEHHOM PEKUME.
Takme morpebuTenn OO0YCIAaBIMBAIOT 3HAYMTENBHBIE KOJEOAHHWS TOKA, KOTOPBIHA
C03/1a€T COOTBETCTBYIOIINE MaJeHUs HANpPsDKEHUS HA JIEMEHTax CeTU. DT Maje-
HUSI B CBOIO OYepe/b HAKJIa(bIBAIOTCS Ha MHTAIOIIEee HANpsDKEHUE W 00yCllaBIInBa-
10T KOJICOaHHS er0 aMIUTUTYAbI.
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OnmHMM M3 OCHOBHBIX ITyTeH CHIDKEHHUS! KOJIeOaHWI HAaNpSOKEHHS SBILSIETCS
pa3nenbHOe MUTaHUE CITIOKOWHOM M pe3KONepEMEHHON HAarpy30K ¢ MTOMOIIBIO:
— CABOGHHOTO peaktopa (puc.9.15);
— TparchopMaTOpa ¢ pacIIeIUIEHHOH 0OMOTKON HI3KOTO HATIPSHKEHUSL.

X Xeg

Iy I2

Puc.9.15. YnporeHHas cxema 3aMeIIeHUS CABOCHHOTO PEaKkTopa.

Ha pucynke 9.15 nmokaszaHpl HHIYKTUBHBIE COTIPOTHBICHUS BETBEH peakTo-
pa Xg ¥ CONPOTUBIEHUE B3AUMOMHIYKIIUU Xy
IIpu omuHakoBOHM 3arpy3ke Iuled peakTtopa, korma |,=l,, BennmumHa mnageHus
HampsKEHUS B BETBU PeaKkTopa paBHa:

AU=1,-Xg—1,-X,, =1, 1—>)<<—M Xg=1-1-Kg)-Xg  (9.25)

B
riae Keg — koaddurmenr cesizu 06MoToK, paBHsiii (0,4+0,5) [10].
TakuM 00pazoM, HATMYME MArHUTHOM CBSI3M MEXIy OOMOTKaMH IPHBOJIUT K CHU-
KEHUIO MTaJICHNs] HalpsDKEHUS Ha CIBOEHHOM peakTope Ha (40+50)%.
[Tpu BKIIIOYEHUH B IUIEYO CIIBOCHHOT'O PEAKTOPa PE3KONEPEMEHHOM Harpy3-
ku (puc.9.16) BozHUKaeT 3PPEeKT KOMIECHCAINU KOJIeOaHUH HANPSKEHHS.

Cetpb

Peskonepemen-
Has Harpy3Ka

CrokoiiHas

Harpyska

Puc.9.16. Cxema nmoximo4eHust CHOKOWHOM 1 pe3KOTIepeMEHHON Harpy30K K CETH
C MIOMOMUIBIO CIBOEHHOTO peaKTopa.
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Peskre OpockH TOKa B jIeBOi BeTBH peakTopa (prc.9.16) co3maror B nmpaBoit
BETBU IIOTEPH HANPSDKEHHS, IPOTHBOIOJIOKHBIE II0 HANPABICHHUIO IOTEPSAM
HaTpsDKCHUS B TpaHChopMarope TIaBHOW moHm3uTenbHOW moxnctanmwm (I'TIIT).
710 sBIICHUE OOYCIOBICHO HAIUYUEM B PEaKTOPE CONPOTHBIICHHS B3aUMOHMHIYK-
i Xy

AUy, = AU g, —AUpg, (9.26)
|

AUy, =—|“”‘< Xy - Keg (9.27)
H.P.

rne lyp, — TOK HOpMaIBHOTO pexuMa padoTsl; |y — MUKOBBINA TOK pe3KoIepeMeH-
HOU Harpy3kH.

Takum oOpa3om, OPOCKH TOKa Pe3KOIIePEeMEHHON Harpy3KH CIIOCOOHBI KOMIICHCH-
poBaTh NaJcHUE HANPSIKEHUS B LIEMU OT CETU 0 CIIOKOMHOW Harpys3ku. AHajo-
THYHBIA 3G (EKT BO3HUKACT MPH HCIIOJIB30BAHUH TPAHC(HOPMATOPOB € pacIIeIIEH-
HOW 0OMOTKOM HU3KOTO HATPSDKCHHUS.

IToMuMO WCHONB30BaHMS CIIBOCHHBIX PEAKTOPOB M TPaHC(HOPMATOPOB C
pacuIeruIEHHBIMU OOMOTKaMH B JJIEKTPUUECKHX CETSIX MPUMEHSIOTCS BCIIOMOTa-
TeJIbHBIE CIIOCOOBI CHIKEHUsI KOJIeOaHUH HANPsDKEHHsI, K KOTOPBIM OTHOCST:

— Ilpumenenue ycraHoBok mnpomonbHoi kommeHcanuu (YIIK) mHAykTHBHOTO
conporusieHus (puc.9.17).
B sToM ciydae BenuuuHa naaeHus HanpsbkeHus B muHuM ¢ YIIK cocraBinser:
AU=R -1, -cos@+(X,; =Xy )1, -sing  (9.28)
Takum oOpazom, cormacHo (9.28) B MMHUAX, pabOTAOMIUX C OONBIIMMH 3HA-
YeHHsAMH SiN (@, BeIWYMHA MaJCHHUsS HampspkeHus Oynaer cmabo 3aBHCETh OT

OPOCKOB TOKa Harpy3KH.

Rn XJ‘[

Puc.9.17. Cxema 3aMeIeHus] THHUN JICKTPONEPEaun C YCTAHOBKON MPOI0IbHOMN
KOMIIEHCAITAH.

- HpI/IMeHGHI/IC CUHXPOHHBIX )IBHFaTeJIeﬁ U CHHXPOHHBIX KOMIICHCATOPOB

(puc.9.18).
Pesxonepemennas
|
[T ‘.’ Harpyska
Cetb

.

Puc.9.18. Cxema mogximO4YeHusi CHHXPOHHOTO KOMIIEHCATOPA K IIHAM C Pe3KoTie-
PEMEHHOMN Harpy3Koil.
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CHHXpOHHBIE MAITUHBI O0JIAAIOT ITOJIOKHUTEIHLHBIM PEryIUPYIONTUM 3 deK-
TOM [0 HAIPSDKEHHIO, TO €CTh, CIIOCOOHBI YBEIMYHMBATh BHIPAOOTKY PEaKTHB-
HOW MOIIHOCTH TIPU CHMXKEHHM HampsDKeHHs. J(OTMONHHUTEeNbHAS peakTUBHAS
MOIIHOCTh TIPUBOJUT K POCTY HAMPSDKEHHS B Y3JIE DIICKTPHUUECKOM CeTH, TeM
caMbIM OpPOCKH TOKa PE3KONEPEMEHHON HArPY3KH OKAa3bIBAIOT MEHbIIIECE BIIHS-
HHE Ha KoJieOaHUsT HATPSHKCHHUSI.

Hcnonp3oBaHue OBICTPOACHCTBYIONIMX CTATHYCCKUX THPUCTOPHBIX KOMIICHCA-
topoB (CTK) (puc.9.19).

Qs
Qc Qe u
1 YerpoiicTBo
__Xc X ynpaBJICHUS

Puc.9.19. Crpykrypnas cxema CTK.

CTK mpeactaBisioT co00i mapaiebHO COCTUHEHHBIC KOHICHCATOPHYIO Oa-
Tapero U ynpasisgeMblil Tupuctopamu peakrop. Ilpu stom CTK coBmemaror B
ce0e TOCTOMHCTBA CHHXPOHHBIX KOMIIEHCATOPOB M KOHIEHCATOPHBIX Oarapeii:
—  IUIaBHOE PEryJIMPOBaHNE MOIIHOCTH;

—  BO3MOJXKHOCTb BBIPa0aTHIBaTh M MOTPEOISITH PEAKTUBHYIO MOIITHOCTB;

—  Maible [TOTepH aKTUBHOM MOIIIHOCTH.

B obmewm ciyuae, BeipaboTka CTK peakTrBHO# MOITHOCTH ompexaessercs 0a-
JIAHCOM MEXAy BbIpaOOTKO# KOHjAeHcaTopHOW Oartapeeit Q¢ M morpebieHnemM
peaxkropom Qp.

[TonkaroueHHEe MOIIHBIX PE3KONEPEMEHHBIX HArpy30K K y3/1aM ¢ OOJbIION
MOIITHOCTBIO KOPOTKOTO 3aMBIKAHHUS.

Bennuuna pasmaxa U3MEHEHMs HANPsDKEHUS Ul CETEH NpEAIpUsTUN MeTall-
JyprUu MOXXeT OBbITh omnpenesyieHa Kak [28]:

. 2
S5,
1
U, =100 (9.29)
S
K
rae SK - MOIIHOCTb KOPOTKOI'O 3aMbIKaHUS CETH; STPi - MOIIIHOCTH i — ro meu-
HOTO TpaHC(i)OpMaTOpa; N — KOJIUYECTBO MEYHBIX TpaHCq)OpMaTOpOB.
C yqéTOM TOT'0, YTO MOIMHOCTHb KOPOTKOT'O 3aMBIKaHUA CETU OMIPEACIIACTCA KaK
UZ
s, =Y (9.30),
X
c
MOX>XHO HAMETUTH IBA OCHOBHBIX croco0a MMOBBIIEHUS SK .
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—  YBCJIIMYCHHE HOMHHAIBHOTO HampsikeHus cetu U;
—  CHHIKEHHE CONPOTHBIICHHUS cUCTEMbI Xc.
Bri6op KOHKpeTHOro croco0a CHIDKEHHWS KOJCOaHWH HAMpSHKEHHS OCY-
LIECTBISIETCS] HA OCHOBE TEXHUKO-9KOHOMHUYECKOTO CPABHEHHUS BAPUAHTOB.
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10. PerynupoBaHue HANpPsKEHHS] H YACTOTHI B JEKTPOIHEPreTHYecKoi CH-
cTeme

Kak oTrmeuanocs panee moaaep)kaHie HeOOXOAUMBIX YPOBHEH HAIIPSKEHUS
B y3JIaX JJIEKTPUICCKON CETH SBISETCS BAKHOHM HKCILUTyaTaIlMOHHOHN 3amadeil. Ox-
HUM W3 OCHOBHBIX CIIOCOOOB PETYIIHPOBAaHUS HAIIPSKEHHS SBISETCS MCIIOIH30Ba-
Hue tpancopmaropos ¢ cucremamu PITH umu [1BB, obecrieunBatommmMu BeTped-
HOE peryJIrpoBaHUe HAMPSDKCHUS.

10.1. BerpeuHoe peryinpoBanue HaMpsizKeHUsI

[IpuHIUI BCTPEYHOTO PETyIUPOBAHMS HAMPSDKCHUS 3aKIHOYACTCS B TOM,
YTO MPU YBEIMYCHUHM HANPSHKCHUS HA IMWHAX MOTPEOUTENs HEOOXOIUMO MpHMeE-
HSTH Pa3IMYHbBIC CPEACTBA JUIS €r0 CHIKCHUS ¥, HA000POT, C POCTOM HATPSHKEHHS
Ha IIWHAX TOTpeOUTENnss HeOOXOJUMO HCIOJIB30BaTh CPEJCTBA CHIIKCHUS HAIps-
KEHUSL.

OmHuMu ©3 HamboJiee 4YacTO HCIOJIb3YeMBIX CPEJACTB PEryJIUpOBAHUS
HAIPSDKEHUS SIBISIFOTCS. TPAHC(POPMATOPBI.

PaccmoTtpum rpaduk pacrpeseseHust HANPSDKEHUST OT UCTOYHUKA MUTAHUS
Jo e notpedbutens (puc.10.1.).

K
Ul UZB 2H " UZH U3 B
 H
AU12,1-1M

AUT,HM

1,05 —

U ~ | =~ J AUnyu,
12,6 1 ~ ,

AUT,1-|6 B,um

\ Us.o
1 (UHOM) U

~/

0,95 S

b,H6

Puc.10.1. I'padmku pactipeaeneHust ypoBHsI HAIPSKEHHUS OT UCTOYHHUKA TTUTAHUS
JI0 IIMH TOTpeOuTeNIeH B pe)KMaxX HAMMEHBIINX U HANOOJIBIINX HATPY30K.
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Cnenyer orMeTuTh, uto otpe3ok 1 (puc.10.1.) napamieneHn oTpesky 2, a oT-
pe3ok 3 mapamieneH oTpe3ky 4, mockonbky motepu B JIOII ciabo 3aBHCAT OT
YPOBHS HalpPsKEHHUS Ha MOACTaHIIUH.

Ha pucynke 10.1. mpuBeneHs! cieayroniie 0003HAYCHHS:

U; — HanpsDKeHHE B LCHTPE MUTAHUS;

U,p — HalIpsDKEHHE Ha BHICOKOI CTOpOHE pailoHHOH IOACTaHIINN;

U,y — HampsiKeHHe Ha HU3KOW CTOPOHE PaOHHOM IMOJICTAHITUH;

Ktp — k03¢ puumenT tpancdopmannu tpanchopmaropa;

U),, — HampsDKEHUE Ha HU3KOU CTOPOHE, IIPUBEACHHOE K BEICOKOH CTOpOHE;

Uf i+ U — HAaMPSKEHHS Ha IAHAX YAATEHHOTO MOTPEOUTENIS TP OTCYTCTBHH
pEeTyIHpOBaHUS HANPSDKCHHS Ha TIOACTAHIMM B pPEXHMax HAUMCEHBIICH W
HauOOJbIIIeH HAarpy30K;

U UB,u6 — HAIIpsKCHHUA Ha NIMHAX YAaJICHHOTO HOTpeGI/ITeJ'IH Ipyu BCTPCYHOM

peryjIMpoBaHWM HANpsDKEHHWs Ha TNOACTAHLUUH B pPEXHMMax HaWMEHbIIEH U
HanOOINbIIeH Harpy30K COOTBETCTBEHHO.

Ucxons u3 pucynka 10.1. cnenyer, 4To B pexXMMe HaMMEHbBLIUX HAarpy30K
0e3 perymupoBaHHA Kod(pdHuIHeHTa TpaHCchHOpMalMd ypOBEHb HampshkeHus Uj
npessimaeT Uypy, @ B pe)kuMe HaHOONBIINX HArpy3ok Us 3HaUMTENbHO MEHBIIE
Unowm, TIPH 3TOM HapyIIaeTcs IoKa3aTelb KadecTBa eKTposHeprun dUy.

st obecrniedeHusl HOpMaJIbHOTO YPOBHS HAIIPSHKEHUSI HA IIWHAX IPHEMHOM
MOJICTAHITUN HEOOXOJUMO U3MEHHUTh KOA(PPHUIIMEHT TpaHchopmanuu TpaHchopma-
Topa Krp. B pexximMax HanOounbleil Harpy3Ku, Kora HanpspkKeHHe y noTpeduTesnen
CHIDKEHO 3a CYeT IOTeph He0OXOJMMO YMEHbIIaTh BennuuHy Krp, Tak, 4T0OBI BbI-
noJHsnock paBeHCTBO Uyy=1.05Uyom ceti [13]. B pexumax HanMmeHblieil Harpys-
KA HeoOXoaMMo yBenu4yuBaTh Krp M TOAJECPKUBATH YPOBEHb HANPSDKEHHS
Upp=(1+1.02) [13].

Ha npaktuke m3menenne Krp BO3MOXKHO IyTeM HM3MEHEHMS YHCIIa BUTKOB
obmoTok Tpanchopmaropa. i1 3Toro B OOJIBIIMHCTBE COBPEMEHHBIX TpaHCHOp-
MaropoB ucnonb3yercs cucrembl PIIH wnm I1BB, mo3Bossomue nepexioyaTb
PETYIHPOBOYHBIEC OTBETBIICHHS.

B cootBercTBuu ¢ [5,10], peryaIupoBOYHBIMU OTBETBICHUSIMU HA3bIBAIOTCS
OTBETBJICHUS OOMOTKH, C KOTOPBIX MOKHO CHUMATh HaNpsDKEHHUE, OTIMYaroIeecs
OT HOMUHAJIFHOTO.

B,um !

10.2. PerysiMpoBaHue HANPsIKEHUs] HA MOJACTAHIMIAX C MOMOINBIO TpaHcop-
MaTopoB

KOHCTpYKTHBHO peryIMpOBOYHBIC OTBETBICHHS PACIONAraloTcs Ha 00MOT-

K€ BBICOKOTO HANpsDKEHUs TpaHchopMaTopa Mo CICAYIONIUM IPUIHHAM:

— TOKH B OOMOTKE BBICOKOTO HAIPsDKECHUS 3HAYUTEIHHO MEHbIIE, YeM B OOMOT-
KaX HHU3KOIo, YTO MO3BOJIAECT YNPOCTUTh KOHCTPYKLUIO NEpeKtoyaTess OT-
BCTBIICHUI.

— 00MOTKa BBICOKOTO HAMPSIKEHUSI COACPKHUT OOJIbIIee KOJTUISCTBO BUTKOB, YEM
oOMoTka HHU3KOro. Takum 00pa3oM, JOCTUTaeTcsi IUIABHOE PEryIHMpOBaHUE
HaIpsDKESHUS.
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Paccmorpum cxemy snekrponepenaun (puc.10.2) kortopas WILTIOCTPUPYET
Croco0 peryaupoBaHHs HANPsHKEHHS Ha NOJACTAHIUH C IIOMOIIBIO H3MEHEHHS KO-
s punmenta Tpanchopmaluu Tpanchopmaropa.

Unn U, U U,

l |
| I

Puc.10.2. Cxema anekTpornepenadn
Hanpsbkenne Ha BEICOKOH CTOpOHE TpaHC(HOpPMaTOpa ONpeIeNnseTcs Kak:
U, =Uyn =AUcery (10.1)
Hanpspxenne Ha HU3KOM CTOpOHE TpaHC(HOpPMATOpa, IPUBEAEHHOE K BBICOKOH CTO-
poHe:

,=U —AU,, (10.2)
[pusenem (10.2) k HaNPSHKCHUIO HU3KOW CTOPOHBI:
U/
u,=—2 (10.3)
KTP
B cBoto ouepep TouHas BenuurnHa ko3¢ unnenta TpaHcopmanui paBHa:
K = Yors (10.4),
UHH

rae Ugrp — HanpshKeHHE COOTBETCTBYIOMIETO PEryTHPOBOYHOIO OTBETBICHUSI.

Honcrasus (10.2) u (10.4) B (10.3) momyynM BeNWYWHY HANPSKCHHUS Ha
HU3KOH cTOpoHE TpaHchopmaropa B 3aBUCHMOCTH OT HAMPSHKCHUS BBIOPAHHOTO
PETyJIUPOBOYHOIO OTBETBIICHHUS

u, :ﬁ.um (10.5).

UOTB
Takum 00pa3oM, U3MEHsISI HANPsDKEHNE OTBETBIICHUSI MOYKHO OCYIIIECTBISTh
peryJIupOoBaHKE HAMPSDKEHIS HA HU3KOW CTOPOHE TpaHCc(popmaropa.

10.3. Tpancpopmatopsl ¢ IIBB u ¢ PITH

Paccmotpum ofHONMHEHHYO cxemy Tpanchopmatopa ¢ [1BB (puc.10.3), na
KOTOPOM HMEIOTCS 5 perylupoBOUYHBIX OTBeTBIEeHUH. [Ipu moaxitodeHun TpaHc-
(dopmaTopa uepe3 OCHOBHOE OTBeTBIEHHE KoddduimeHT TpaHcopmannu cooTt-
BETCTBYET HOMHHAJILHOMY.

Jis yBenWdeHHUs HanpsDKEHUS HAa HU3KOH CTOpOHE HEOOXOOMMO MepenTH
Ha OTBETBJIIEHHE C MEHBIINM KOJIMYECTBOM BHTKOB, IPH 3TOM KO3(PPHUIHEHT
TpaHchopmarmu OyIeT YMEHBIICH, a HaNpsDKeHHEe Ha HU3KOH CTOPOHE YBEIINYHT-
csl.

Juamna3oH peryianpoBaHus HampspkeHus Tpanchopmaropos ¢ [IBB cocras-
nset £2%2.5% (+5). B HacTosmee BpeMsi OOMBIIMHCTBO CHIIOBBIX TpaHC(hOpMaTO-
poB ¢ HanpsbkeHUAMHU 6+10kB Ha BBICOKON CTOPOHE BBITYCKAIOTCS C YCTPOHCTBOM
I1BB.
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Punc.10.3. [IpuanunuansHas 37eKTpuieckas cxema Tpancopmaropa ¢ [16B.

OpHako B OONBIIMHCTBE CHCTEMOOOPA3YIOMUX M PacHpeAcIUTEIbHBIX ce-
Tell BBHICOKOTO HANPSDKCHHS HCIONb30BaHue TpaHcdopmaTopoB ¢ [IBB He mpen-
CTaBIISIETCS BO3MOXKHBIM, MOCKOJIBKY OJHUM W3 BaKHEHIINX TpeOOBaHWH, Tpeab-
SIBISIEMBIX K 3THUM CeTsIM, sBisgeTcs OecriepeboifHOCTB, a mepekimodarenu [16B
TpeOYIOT 00513aTEIFHOTO OTKIIIOUYEHHS HArPy3KH NPH MEPEKITIOYCHUH OTBETBICHUI.
Jlns pelieHus JaHHOM Mpo0OieMbl U ObLT pa3padotan nepekitrouatens PITH. Cyire-
CTBYET MHOr0 BapuaHTOB cxeM PITH, HO /i mosiCHEHHs MPUHIKIA PabOTHI pac-
CMOTpPHUM YTIPOLICHHYIO cxeMy mepekirodarenst (puc.10.4).

%
&

UHH \

-

&

UBH

~

~

-

&
I

Puc.10.4. YnpouieHHas IpUHIUITHATIbHAS 3JIEKTpUYEcKas cxeMa Tpanchopmaropa
¢ PITH.

O6MoTKa BBICOKOTO HampspkeHus Tpancdopmartopa ¢ PIIH comepxut ase

YaCcTH: PETYIUpyeMylo U Heperynupyemyto. Ha perymupyeMoi vactu uMeeTcs psij
OTBETBJICHUN K HEmoIBIKHBIM KoHTakTam 0 — 4. Ilepexmouatens PITH nmeer
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TaKKe MOJIBM)KHBIE KOHTAKTHl S; M S;, koHTakTophl K; 1 K,, a Takke cIHBOCHHBIH

peaxtop LR.

Hns mepexoma Ha apyroe otBerBiieHue nepekiouarens PITH ocymecTsis-
€T CIEAYIOLUE NEUCTBUS:

— OTKIIoYaeTcs KOHTakTop Ky;

— TOJBIDKHBIM KOHTAKT Sy MEPEBOANTCS HA COCETHEE OTBETBIICHHE;

— 3ambIkaeTca koHTakTop K, mpu sTom wepe3 peakrop LR mportekator ypaBHH-
TeJIbHBIE TOKH, BEJIMUMHA KOTOPBIX HE3HAYMTENIbHA, IIOCKOJIBKY peakTop obua-
JaeT OOJBIION UHIYKTHBHOCTBIO;

— oTKIroyaercst KoHTakTop Kj;

— TOJBIKHBIH KOHTaKT S, MEPEBOJUTCS HAa OTBETBJICHHE, KyJa ObUI NepeBeAEH
Sy;

— 3aMbIKaeTcs KOoHTakTop K.

B HOpManbHOM pexxume paboTbl TOKM B Iuiedax peakropa LR cozmator
OJMHAKOBBIC 10 BEIMYHMHE, W MPOTHUBOIIOJIOXKHBIC II0 HANPABICHHIO MarHUTHBIC
T0JIs1, KOTOPbIE KOMIICHCUPYIOT APYT APYra, B Pe3yJbTaTe Yero MHAYKTUBHOE CO-
MIPOTUBJICHHE PEaKTOpa OKa3bIBACTCSI BEChMa HE3HAUUTEIBHBIM.

VYnpasnenue npoueccoMm padotsl nepekmodaresnem PITH ocymectBisiercs
CHUCTEMO aBTOMAaTHYECKOrO pPEeryIMpoBaHus Kod(pduuueHTa TpaHchopMauu
(APKT).

Jlnana3oH peryaupOBaHUs HAMPSKCHUS OOJBIIMHCTBA JIBYXOOMOTOYHBIX
tpanchopmatopoB ¢ PITH cocrarmser £9x1.78% (£16%) win +8x1.5% (£12%) B
3aBHCHUMOCTH OT KJIacca HalpsDKEHUSL.

Crnenyer orMeTruth, uto npumeHeHue PIIH skoHOMuYecku omnpaBaaHO
TOJIBKO Ha MOIIHBIX TPaHC(POPMATOpaX, MOCKOJIbKY Ha MaJOMOIIHBIX CTOMMOCTB
MIepEeKIII0YATENIS] OKa3bIBAETCS COMOCTABHMA CO CTOMMOCTBIO CaMoro TpaHcdopma-
TOpA.

10.4. BpIOOp peryiupoBOYHBIX OTBETBJIEHHI TBYX00MOTOYHOr0 TpaHchopma-
TOpa

CymecTByeT HECKOJIBKO METOIO0B BHIOOpA PEryIMPOBOYHBIX OTBETBICHUIA,
HauOosee MPOCTHIM M3 KOTOPBIX SIBISETCS METOJl, OCHOBAaHHBI Ha HENocpe-
CTBEHHOM OIIPEAEICHNN HAIIPSDKEHHUS PETYIHNPOBOYHOTO OTBETBIICHHS.

Jlis peanu3aiiuy JaHHOTO METO/a HCTIONb3YyeTCs 3 JTama:

— Ormnpezenenne HaNpPsDKEHNUs Ha HU3KOM cropone U, npuBeNEHHOrO K Hampsi-

’KEHUIO BBICOKOH cTOpoHBI TpaHchopmaropa U, (puc.10.2.).
,=U,—AU,, (10.6)
rae AU, - morepu HanpspkeHus B TpaHcopMaTope.

BenmunHa nmoteps HANPSHKEHUS MOXKET OBITH OIpe/iesieHa IByMS CIIOCO0aMM:
a) uepe3 mapaMeTpsl cXeMel 3amemieHnss R, u X; @

P'.R, +Q"-X
AU, :* (10.7)
1
P'=P, +AP,, (10.8)
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Q= QH +AQTP (10.9)
rae Py, Qp - Harpy3ka Ha HU3KOM cTopoHe TpaHchopmaropa; APy, 1 AQq, -
Harpy3o4HbI€ IOTEPU aKTUBHOW M PEaKTHBHON MOIIHOCTH B TpaHc(hopMmaTope
(moTepu B Menn).
0) "epe3 macnopTHBIE JaHHBIE TpaHchopMaTopa:
U .
AU, :ﬁ'(um 2008 @y, + Upy, -Siney, )- K, (10.10)

rae AU,, u AU,, - akTUBHas U PEAKTUBHAs COCTABIAIOIIUE HAIPSDKCHUS

KopoTkoro 3aMbikaHus; K, - koaddunueHt 3arpys3ku TpaHchopmaropa.

AU, =—5—.100% (10.11)
SHOM

AU by, = Uy, (10.12)

PZ 2
K, ——on VP +Qu (10.13)

n 'SHOM n 'SHOM

¢, = arctg Qu (10.14)
PH
rae Py, Qu ¥ S, - aKkTHBHas, peaKTHUBHAs M MOJHAs MOIIHOCTH HArpy3Ku
TpaHchopmaTopa; N — KONHYECTBO MapaieIbHO paboTarOUX TpaHCHOpPMaTo-
pOB.
Ornpezienenue xe1aeMoro HapsHKEHUs Ha BBICOKOH CTOpOHE:
U
_ H.HOM
Upy = (U, —AUTP)-U— (10.15)
2.K.
rae: U, pom - HOMHMHAJIBHOE HaNpshKeHHE TpaHcpopmaTopa Ha HHU3KOW CTO-
pone; U, - KemaeMoe HalpsKEHUE Ha HU3KOH CTOpoHe.
B 3aBHUCUMOCTH OT peKUMa PabOThI AJIEKTPUUECKON CETH PEKOMEHYETCs MPHU-
merath Uy =1,05-Upoyrcprn 1 Uz :(1+L02)' Ubom.cern 1 MaKcH-
MaJIbHOTO U MHHHMMAJIbHOTO PEXHMOB COOTBETCTBEHHO.
BpIOOp HOMHHAJIBEHOTO HANpPSKEHHS PEryJMPOBOYHOIO OTBETBIEHUs, OJH-
xaimero k Uy, .

HanpskeHne cTyneHn peryanpoBaHus:
AUCT%
100
rae: AUcqq, - HanpsyKeHHe CTYNEHH PEryJMpoBaHMs B IPOLEHTaX OT HOMH-

AUCT = 'UB.HOM (10.16)

HaJILHOTO (B 3aBUCHUMOCTH OT THNa TpaHchopmaropa 1,5% umm 1,78%).
Howmep oTBeTBIEHMUS, COOTBETCTBYIOIIETO XKETAEMOMY HAIIPSIKEHHIO:

n= Ysi ~Ysnow (10.17)
AU,



[Monyuennoe 3HaueHHe N HEOOXOIUMO OKPYIJIMTH JI0 OJIM)KAMIIEro Leoro, ¢
y4€TOM NpeaeabHOrO 3HAYEHUs N, OMPEACIAEMOro KOHCTPYKIEH MepeKIItoda-
tens PITH (+8 wim £9).
HanpspkeHne perynmpoBOYHOTO OTBETBICHUS:

Ugr =Ugow £N-AU; (10.18)
[paBunbHOCTH BEIOOpa 3Haka B (10.18) mpoBepsieTcss BHITOJHEHHEM YCIOBHS
Uor =Upx

— OnpenencHue IEHCTBUTEIHFHOTO HANPSDKEHMS HA BBIXOJE TpaHc(hopMaTopa:

Uy = (U - AU, )- St (10.19)
oT
B mopasstrommemM OONBIIMHCTBE CITydaeB BEIOOP OTBETBJICHUI TpaHC(opma-
TopoB ¢ PITH HeoOX0omMMO BBIMONHATE AJI1 MAaKCUMAaIbHBIX U MHHUMAJBHBIX pe-
XKHMOB pabOTHI CETH.

10.5. Ocodennoctu BbIOOpa oTBeTBIeHMIT TpaHchopmaTopos ¢ IIBB

Tpanchopmaropsl ¢ nepexmouatensivu [16B He mo3Bossitor yacto ocy-
IIECTBISATH MEPEKIIOYCHUS, TIOATOMY PACCUUTHIBACTCS OJHO PETYIUPOBOYHOE OT-
BETBJICHHE, COOTBETCTBYIOIIEE MAKCHMAIEHOMY I MUHUMAJILHOMY PEXKUMY pado-
THI AEKTPHYECKON CETH.

Hnsa storo, cormacHo (10.15) ompenenstorcs aBa 3HAYCHHS JKEIASMOTO

\, MAX
HaPsDKCHUA Ha BBICOKOM CTOPOHE, COOTBECTCTBYIOIINE MAKCUMAJIbHOMY UB.)K. u

MIN
MHUHUMAJIBbHOMY UB.)K. peXKUMaM pa6OTBI, 10 BEJIMYMHAM KOTOPBIX paCCUUTHIBACT-

sl cpejiHee 3HAYCHHE HKENAeMOro HAPSDKEHHS Ha BBICOKOW CTOpOHE TpaHchopma-
TOpa:
MAX MIN
uc - UB)K. +UB.)K.
BX T
2
CcpP

Hanee mo (10.17) u (10.18) onpenensercs HanpsbkeHue oTBeTBiaeHus U g,

(10.20)

[0 KOTOPOMY HaxoAiTCS AEHCTBUTEIbHBIE HANpsKEHUsT Ha HHU3KOH CTOpOHE
TpanchopMaTopa B pexKUMax MAaKCUMaIbHONH U MUHUMATbHON HArPY3KH.

U
DI (VI —AU¥§X)~$ (10.21)
oT
U = (U - AU ) S (1022
oT

Ecnu momyuennsie mo (10.21) wu (10.22) ypoBHH HampsiKEHUH BBIXOIISIT 32
IpaHuIpbl TPEIENbHO JOMYCTHMBIX 3HAYEHHUH, TO HEOOXOJMMO IMPEIyCMOTPETh
CE30HHOE peryjupoBaHue HanpsikeHui ¢ nomoisto [16B.
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10.6. Bb160op pery1npoBOYHBIX OTBETBJIeHHIT TPEXOOMOTOUYHBIX TPaHchopma-
TOPOB

B GompmmHCTBE citydaeB TpEXOOMOTOUYHBIE TPAHCPOPMATOPHI CHAOKAIOTCS
ycrpotictBamu [16B n PIIH, mpruém mepexirrogarens PITH, pacmonoskeH Ha 00-
MOTKE BBICOKOTO HalpspKeHus, a nepexmoyarens [IBB - Ha oOMoTKe cpegHero.

CootBetcTBeHHO mepekitouarens PITH mo3BomseT perynmmpoBaTh Hampsoke-
HHUE Ha CTOPOHE HU3KOTO U CPEIHET0 HaIpsDKeHUs, a nepekiouaTtens I[IBB — Tonb-
KO Ha CTOPOHE CPEHETO HAIPSKEHMUS.

Takue KOHCTPYKTHBHBIE OCOOEHHOCTH TPEXOOMOTOYHOTO TpaHcdopmaropa
ONpENENAIOT NOCIEJ0BATEIEHOCTE BEIOOPa PETYIMPOBOYHBIX OTBETBICHUMN:

1) Bribuparorcst orBerBienust PITH co cTOpoHBI BBICOKOTO HAmNpsDKEHMsS IUISL pe-
KMMOB MaKCUMaJIbHbIX 1 MUHHMAJBHBIX HAarpy3okK, Mpuuém TpaHcdopmarop pac-
CMAaTpUBAETCS KaK ABYXOOMOTOUHBIH.

U
Uy =(U; =AU 4 ).UH-—HOM (10.23)
H.K.

rae U, , - keITaeMoe HaIpspKeHHE Ha HU3KOH CTOpOHE TPEXOOMOTOYHOTO TPaHC-
dopmaTopa, koTopoe mpuHEMaeTcst paBHBIM Uy 5 =105-Uyoy cpry ANA MakcH-
MaspHOTO pexknma u U, 5 =(1+1,02)‘ Usom.cern A1 MUHUMabHOro; AUqp o 4

CyMMa IOTEph HApsKEHUs] B 0OMOTKaX BbICOKOTO AU, M HU3KOTO Hampske-

HuA AUpp
AUrpp g =AUppp + AUy (10.24)
B cBot0 ouepeb MOTEpH B 0OMOTKAX MOXKHO orpeaeuth kak (puc.10.5.):
AU, _Ps Ry +Qp Xy , (10.25)
. U,
U,=U—-AUpp (10.26)
AUqpy, = PRy QX , (10.27)
. u,

2) Cornacuo (10.16 — 10.18), mo smawenmam UNy. u UNS  ompenensiorcs
HATIPSOKEHUS OTBETBJIEHMIT /I MAKCMMATBHOTO H MHHHMAITBHOTO PeKIMOB UM

u U cootsetcTBenHo.

3) Ompenensrorcsi AEHCTBUTEIBbHBIC YPOBHHM HANPSDKEHHS Ha HHM3KOH CTOpOHE
TpEXOOMOTOYHOTO TpaHcopMmaropa B peKMMaX MAKCUMaIbHOH M MHUHUMAaIbHOU
Harpys3oK:
Uy =(U, -AU ).UH-ﬂ (10.28)
Ha —\M1 TP.B-H U '
oT
4) BI:I6I/IpaeTC$I OJHO JKCJIa€MOC€ HAIPAKEHHUE OTBCTBJICHUA CO CTOPOHBI CPECAHETO
Hal'lpﬂ)KCHI/IﬂI
MAX MIN

U (UM 4 M)

’ ’
Ucmax +Yemn

Ucx = (10.29)
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rae Uc — jxenaeMoe HanpshKeHHe Ha MIMHAX CPEJIHErO HANpsDKEHMs, BHIOMpaeMoe
_ . ' ' v

kak U, =1025 Ui e Ucwax ¥ Ugyn — HanpsbKeHHe Ha cpeiHeil cTopoHe

TpaHchopmaTopa, NPHUBEAEHHOE K HANpPSKEHHIO BBICOKOH CTOPOHBI B PEXHUMAax

MUHUMAaJIbHOM U MaKCUMaIbHOM Harpysok, KOTopo¢€ B 06HIeM BUAC OIPCACIIACTCA
Kak:

Uc=U, _(AUTP.B +AUTP.C) (10.30)
AUp e _Pe-Re+Qc-Xe (10.31)
UA
- Ss R X Sy S X St
Ui=Us _£I:IB A~ —i — Re ~SA= Ve
PITH " l s,
Orp brp Ru
IIEB

— Xu
Uy Si

Puc.10.5. Cxema 3amMernieHus U BEIOOpa peryTUPOBOYHBIX OTBETBIICHHUH TPEXO00-
MOTOYHOTO TpaHchopmaTopa.

5) Mo Benmuunne U, BBIOMpaeTCs CTaHIAPTHOE OTBETBIEHUE HA CTOPOHE CPEJI-

Hero HanpskeHus Uq g

n= UC.)K. — UC.HOM (10-32)
AUy
UC.OT = UC.HOM n 'AUCT (10-33)

Cnenyet ormeruts, uto BenuuuHa AU, B (10.33) ompenernsgercs 1o BeIpaKeHUIO
(10.16), ucxoms u3 ycnoBwus, 4to Ayt nepekimodaresns IIBB AU .., =2,5% .

6) OHpeZ[CJ'IHIOTCH ﬂeﬁCTBHTCHLHLIe HAIPpsDKCHUA Ha HIMHAX CPEAHETO HaIlpsiKe-
HUA B peKUMax HauOOIBIINX U HANMEHBIIINX Harpysok:

U _ Yemx Ucor (10.34)

MAX
U oT

r
UMlN _ UCMIN U
ca UMIN c.ot
oT

(10.35)

Ecnu nony4ennsie no (10.34) u (10.35) ypoBHM HampshKEHHI BHIXOAAT 32 TPAaHH-
LBl IIPEAEITBHO JIOMYCTUMBIX 3HAYCHUH, TO HEOOXOAMMO MPEAYCMOTPETh CE30HHOE
peryiupoBaHue HanpsbkeHui ¢ nomoibio [16B.
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10.7. Bp16op peryJMpoBOYHBIX OTBETBJIeHHIT aBTOTpaHchOpPMaTOpPOB

ABTOTpaHCHOPMATOPEI CHA0XKAIOTCS MOCIEIOBATENbHBIM PETryTHPOBOYHBIM
TpaHcopmMaTopoMm, BKIFOUCHHBIM B HEHTpanb OOMOTKH BBICOKOTO M CPEIHETO
HanpspKeHUH ¢ auana3oHoM perynupoBanus +10%1%. Kpome Toro, Ha BeIBomax
0OMOTKH CpeIHEro HalpsDKeHHs ycTaHaBnmBaeTcst ycrpoiictBo PITH ¢ mmamaso-
HOM £6%2% (puc.10.6). [ToaTomy B 00ImemM BHIE aarOpUTM BEIOOPA PETYINPOBO-
HBIX OTBETBJICHUH aBTOTpaHC(HOPMAaTOpa 3aKII0YACTCS B CIEAYIOIEM:

— BBIOOp OTBETBJICHHMI MOCJIENOBATEIEHOIO PETryIMPOBOYHOrO TpaHchopmaropa,
o0ecreunBaroNIero BCTPEYHOE PEryIMpOBaHNE HANPSDKEHHS Ha IIMHAX HHU3KO-
T'O HalpsDKEHUs,;

— BBIOOp PEryJMPOBOYHBIX OTBETBJICHUI OOMOTKHM CPEAHEro HalpsDKeHUs, Mpu
KOTOpBIX O00ECIIEYMBACTCSl JKEJIAeMOE HAINPSDKEHWE Ha CTOPOHE CpEeIHEro
HanpspKeHUs aBTOTpaHchopMaTopa.

F-2

>
¥

BH \

Usin “

&

\

PIIH 1

\ﬂh \

N |

\ 1

\ !

\ [

\ 'UBH

| [

| |

| |

Uoii

CH1 ]

! [

| !

! [

! [
. A3 ! '
IMocnenoBaTenbHbIN \‘ 1 ]
PeryanpoBOYHBIH 1 AE ” "

TpaHchopMaTop /

I yor

Puc.10.6. Cxema 3amMelieHust Uisi BBIOOpa peryIMPOBOYHBIX OTBETBIICHUI aBTO-
TpaHcdopmaropa.

Takum o6pa3om, 3a1a4a BHIOOpA COCTOUT U3 CIEAYIOIINX 3TAIOB!
1) Onpenensitorcst HanpsbKeHnst Ha muHAX cpepnero U, u Huskoro U}, Hamps-

JKEHUM, TPUBEJIEHHBIE K BHICOKOMY HaNPsHKEHUIO:

Uy =U AUy, (10.36)
U.=U, —AUpc (10.37)
Uy =U, =AUy (10.38)

2) Ompenensiercss no6aBounass DJIC  MOCIENOBATENLHOIO PEryJIUPOBOYHOIO
TpaHcopmaTopa:
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u,-u —Upx-U
_ H H.HOM HOK. B.HOM
AE = 0 (10.39)
H.OK.
raie Uy, - JKelJaeMoe HampsbKeHHME Ha HU3KOH CTOpOHE aBTOTpaHC(opmaropa,
kotopoe npuHumaercst paBHBIM Uy =105 -Uoy cprp U1 MAKCUMAJIBHOIO pe-
sama 1 U o =(1+1,02)- Uyyoy cpry U1 MEHEMATBHOTO.

AE, -100

AE (10.40)

% =
U B.HOM

ITo Benmumne AE ., mombupaercs Ommkalinee CTAHIAPTHOE 3HAYCHHE N00ABOY-

nout DJIC.
3) OmnpenensieTcs JeHCTBUTENbHOE 3HAUCHUE HANPSKEHUS] HA HU3KOM CTOpOHE:
’
U H' UH.HOM

UH.II. = U

(10.41)
BHOM T AE;{
4) BriOuparoTcs OTBETBJICHUS Ha BBIBOJIE OOMOTKH CPEIHET0 HAINPSDKEHUS:
Uggr = Den *Den BT B0 o)
c

rae U,y - XKelaemoe HampspKEHHE Ha CpefHeil cTopoHe aBTOTpaHc(opMaropa,

kotopoe npuHumaercss paBHBIM Uy =105 Uy cpry 11 MAaKCUMaJIBHOIO pe-
aama 1 Uy =(1+1,02)- U oy cpry I MEHEMATBHOTO.

5) Ompenensiercst cranmaptHoe otBerBieHne PITH Ha cpemHeidt cTopoHe aBTO-
tpancdopmaropa ¢ yuaérom (10.16) (10.17):

CTAHA _
UC.OT = UC.HOM +n 'AUCT (10-43)
6) PaccunthiBaeTcs IeHiCTBUTENEHOE 3HAYCHUE HATIPSDKCHHS Ha CPETHEH CTOpPOHE:
' CTAHJ
UL (US4 AR, )
u BHOM T AEu

IlomyyenHoe HampsiKeHHE Ha CpefHel CcTOpoHe aBTOTpaHC(OpMAaTOpa
JIOJKHO OBITh OJIM3KUM K jkenaeMoit Benmuunae Uy .

Uep = (10.44)

10.8. PerynnpOBalme HANPSAKEHUSA HA JJICKTPOCTAHIUAX

OpmHUM H3 BO3MOXKHBIX CIIOCOOOB PETYIMPOBAHUS HANPSIKCHUS B DJICKTPH-
YEeCKOH CeTH SABISIETCS MCIIONB30BaHNE BO3ZMOXKHOCTEH T€HEPAaTOPOB AIEKTPOCTAH-
Ui, YCTPOHCTBO KOTOPBIX IO3BOJIIET PEryIHpOBaTh YPOBEHb HANPSIKEHHS Ha
LIMHAX IIyTeM U3MEHEHHUs TOKa Bo30YyxkeHus. Takoe peryinpoBaHue HalpsDKEeHUS
HAa3bIBAIOT LICHTPAIN30BaHHbBIM [5].

KOHCTpYKTMBHO JOITYCTHMBIMH NpEAEIaMH PEryJUPOBAHUS  SIBISIOTCS
(0,95+1,05)Ugomr. IIpu 3TOM HOMHHANBHOE HAIpSUKCHHE TeHepaTopoB OOJbIie
HOMMHAJIBHOTO HampsbkeHus: cetedd Ha 5% [6,10]. Hampumep, B cetsax 6 u 10 kB
HOMMHAJIBHOE HalpsbKeHUe reHepatopos cocrasisaeT 6,3 u 10,5kB cooTBeTcTBEH-
Ho. Toraa nuana3oH peryJupOBaHUs HANPSHKCHUS Ui TAKUX T€HEPaTOPOB COCTAB-
Js1eT 66,6 n 10+11kB cooTBeTCTBEHHO.
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HerpyaHo moka3arb, 4To 3TOro Juana3zoHa HEJAOCTATOYHO ISl KaUeCTBEH-
HOTO PETYIMPOBAHNS HATIPSDKCHHS.

Tak mpuOmmkeHHas BEIWYHHA IOTEPh HANPSDKEHUS B TpaHcopmarope
MOJKET OBITh OTpeieTIeHa UCXOIS U3 BRIPAKCHHUS:

AU+, =0,1-S;, -100 (10.45);
rae S;, — MOIIHOCTb HArpy3Ku TpaHchopMaTopa, MpUBEACHHAS K HOMUHAIBHOM:
Sp. = St (10.46);
SHOM

rae S; — MOLIHOCTb Harpy3ku TpaHcopmaTopa; Sy,, — HOMHHaJIbHas MOLI-
HOCTh TpaHchopMaTopa.

ITockoJIBKY B peanbHbIX AIEKTPUUECKHUX CETAX OT TeHepaTopa J0 IMoTpedu-
Tens mMeeTcsi He MeHee 3+4 cTymeHed TpaHc(OpMaIii, TO B COOTBETCTBHHU C
(10.45) cymmapHbIe OTEPH HATIPSHKSHUS COCTABIISIOT:

> AUy, ~(0,3+0,4) S, -100 (10.47).

Eciu npuHATE BO BHUMAaHHE, YTO NPHBEACHHAs MOLIHOCTH TpaHcdopmaTo-
POB B HauOOJIbLIEM pexHuMe cocTaBisieT S, =1, a B HaumensmeMm S;, =0.4, To
MOXKHO OIPEACIUTh CyMMapHBIE 3HAYCHHs IMOTEPh HANPSDKCHUS JUIL peXHUMa
HAOONBIINX M HAMMEHBIINX HAPY30K COOTBETCTBEHHO: » AUy, o =(30+40)%

u Y AUy, o =(12+16)%.

PesynpTaThl IpakTHYECKUX 3aMepoB [35] yCTaHOBHBILETOCS OTKIOHCHHS
HANPSKEHNs B PEAIbHBIX DJIEKTPUUECKUX CETSAX MoKasamy, uto 6U, = (18+24)%.

B 1ienom, MOXHO BBIJIENIUTH JIBE TIPUYMHBI HEBO3MOXKHOCTH HIMPOKOTO HC-
MIOJIF30BAHMSL TE€HEPAaTOPOB B KAa4yeCTBE OCHOBHOTO CpEICTBA PETYIHPOBAHUSL
HAaIpsDKSHUS:

— JMamna3oH PeryJMpOBaHUs HANPsDKEHUS T€HEpaTOpOB HEJOCTaTOUYEH Ul odec-
NIEYCHHS COOTBETCTBHS Ka4eCTBA IICKTPUICCKOH SHeprun TpedoBanusM [2];

— CYLIECTBYET TPYXHOCTH COTJIACOBAHMS YPOBHEH HANpsDKCHHS y OJIM3KUX MU
JalbHUX TOTpeOuTEIeH.

Takum 00pa3oM, HEHTPATU30BAHHOE PETYINPOBAHHME C IOMOIIBIO I'eHepa-
TOPOB MPUMEHSETCS TOJBKO KaK BCIIOMOTAaTENbHOE CPEICTBO PEryJIHMPOBAHMS
HAaIpPsDKEHUSI.

10.9. KomnieHcanusi peakKTHBHOI MOIITHOCTH

[onx koMIeHCcae# peakKTUBHOW MOIIIHOCTH IMOHUMAETCs BEIPAaOOTKa U TO-
TpeOJICHHE PEaKTHBHON MOINMHOCTH, TaK HAa3bIBAEMBIMH KOMIICHCHPYIOIIHMU
ycrporictBamu (KVY), K KOTOpBIM OTHOCSATCS KOHJICHCATOPHBIC OaTapew, CHHXPOH-
HBIE KOMIICHCATOPBI, PEAKTOPHI U CTATHYCCKUE UCTOYHUKA PEAKTUBHON MOIIIHOCTH.

OCHOBHBIMH LEISIMA YCTAHOBKHA KOMITCHCHUPYIOIUX YCTPONCTB SBISIOTCS:
— OOecrieyeHre Oananca peaKTHBHON MOITHOCTH

Qreom) T Q20w + Quc(a00) = Quiar +AQ; +AQ+ (10.48)
B cpennem renepatopaMu BeIpabaTeiBaeTcs okono 60% moTpebisieMoil peak-
tuBHO#M MomrHOCTH [5]. Hemocraromie 40% 00yCIOBIICHB! KaK 3apsITHOM MOIII-
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HocThio JmHUH Qg (20%) Tak M BBHIPAOOTKON KOMIICHCUPYIOUIMMH YCTpPOWH-
ctBamu (20%).

— CHWXCHHE TTOTEPh 3IEKTPO3HEPTHN.

— PerynupoBaHue HanpsKEHUS.

CHIDKEHHE TIOTEPh 3JIEKTPOIHEPTHH MOXKET OBITH MONTYyYeHO IMyTEM ycTa-
HoBKM KV B HemocpencTBeHHOM Omm30cTH OT motpedutens. [Ipu 3ToM BeIpabaThI-
BaeMasi KOMIIEHCHPYIOIUMH YCTPOHCTBaMH PEaKTHBHAsE MOIIHOCTH HOTpeOseTcs
Harpy3Koi, a OTOK PEaKTUBHOM MOILIHOCTH I10 JIMHUH OT F'€HepaTopa yMEHBIIAET-
cs (puc.10.7).

Ul R.TI XH U2 I
| 1YY ! S,=P.+j-Q
I H H H
IH
| ¢:: Qg
K

Puc.10.7. [MapannensHast KOMIIEHCAIMS PEAKTUBHON MOLITHOCTH

ITOTOK MOIIHOCTH MO JTHHIK 6€3 KOMIICHCUPYIOIINX YCTPOUCTB PaBeH:

S, =P, +]-Qy (10.49),
IMocie yCTaHOBKM KOMIEHCHPYIOLIMX YCTPOUCTB BEJIMYMHA MMOTOKA YMEHBIIHUTCS
Ha BENHUHHY |- Q, :

S, =P, +j-(Q,-Qy) (10.50),
Takum 00pazom, 1mocie yCcTaHOBKH KOMIEHCHPYIOIINX YCTPOMCTB, 3a CUET YMEHb-
IICHUS BEJIMYMHBI PEaKTUBHON MOIIHOCTH MOXXET OBITh YBEIWYCHA IeperaBacMast
aKTUBHASI MOIITHOCTb.
[ToTrepu akTUBHOM MOIIHOCTH 10 ycTaHOBKH KY paBHBI:
2 2
_Pu+Qy
UZ

ITocne ycranoBku KY BenudnHa noTeps MOIIHOCTH paBHA:

AP R, (10.51).

2 _ 2
AP, =PH+(QU+QK)- R, (10.52).

B cooterctBun ¢ Beipaxkennem (10.52), nocne ycranosku KY BenmumnHa moreps
AKTUBHOM MOIIHOCTYU B IMHUU CHUXKAETCS.

AHaJIOTHYHBIM CIIOCOOOM MOKHO TT0Ka3aTh CHI)KEHHE TIOTEPh HANPSDKEHNUS.
Jlo xoMIIeHCAalluu MOKHO 3aIUCaTh:

AU =PuRa LQH RS (10.53)
ITocne ycranoBku KV BenuunHa notepb HaNpsHKEHUs paBHA!
AU, = Pu R +(Qu=Qu)-X, (10.54).

u
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Anamuz (10.53) u (10.54) noxasbiBaer, 4yro KY mNO3BOJSIOT MOBBICUTH YPOBEHB
HaNpsUKeHUs] B KOHIIE JIMHWU 33 CYET YMEHBIICHHS MOTEPh HANpPSDKCHUSA. DTO SIB-
JICHUE Ha3bIBACTCS PETYIHPYIOMUM 3(P(PEKTOM KOMIIEHCHPYIOIIUX YCTPOMCTB MO
HaNpsDKEHUIO.

OIEHUTH CTENEHb TAKOTO PETyIHMPOBAHHS MOXKHO COTIACHO BBIPAKEHHIO:

AU = AU - AU, :QLUX” (10.55)

OTKyZ[a MOXHO BBIPpa3UTh BCJIUYMHY MOIIHOCTH KOMIICHCHPYIOMIUX YCTPOﬁCTB,
HeO6XO,HI/IMyIO U CHUOKCHUA IOTEPh HANIPSIP)KCHUS HAa BEJIMYNHY AUPEF .

0. AU U
K

10.56
X, (10.56)

Py

Q|| o Sy !

Puc.10.8. [IlnarpamMmma MOIIHOCTH TIPH YaCTHYHOM KOMIIEHCAIIMU PEAKTUBHOM
MOILHOCTH.

U3 pucynka 10.8 cnenyet, uro Benmunaa Qi MOKET OBITH OIpe/eNicHa KaK:
Qi =Py -(tgoy —tg¢') (10.57)
rae tge’ - JkenaeMblil TaHIeHC yriaa @ .

s mocTpoeHns: BEKTOPHOU JuarpaMMbl 1iist cxeMsl (prucl0.7), Bocmons3y-
eMCs BBIpaKEHHUSIMU:
HanpspkeHne B Havase JTMHUM TIOCIIE KOMITCHCALMN:

Ul =Uz +1y '(Rﬂ +j'xn)'
IJie TOK B CONpoTuBIIeHnX paed |, =1, +1,
Torja:
U, =U, +1, R +jl, - X, +1 Ry +j 1 - X, (10.58)
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AU

AU PET"

Puc.10.9 BekropHas nuarpamMMa JITHAH IIPY TTapaIeIbHON KOMIICHCAIINN

W3 pucynxka 10.9 Bunno, uto AU, 3aBucut ot |, u X, . Bennuuna xenaemoro

tge' min IMHME SNEKTPONEpENayr pasHOro Kiacca HAINpPSKEHUS pPasinyHa:
tg@ést =024, tg(p;.lOKB =029 u tg(P,ZZOKB =04 [5].

10.10. YcrpoiicTBa pery/inpoBaHusi PeaKTHBHOI MOIIHOCTH

Jnst KOMIIeHCalluy PEaKTUBHOW MOIIHOCTH B 3JIEKTPUYECKHX CETAX B 00-
IIEM CIy4ae HCIOJb3YIOTCS yCTPOWCTBA, CIIOCOOHBIC Kak BBIPAaOATHIBATh, TaK W
motpebiats PM, B 9acTHOCTH:
— Cunxponsnsie reaeparops (CI).
CI" mo3BOJIAIOT BEIpabaThIBaTh PEAKTUBHYIO MOITHOCTh 33 CUET CHIDKCHHUS BBI-
pabOTKU aKTHBHOM, YTO HE BCerJa SKOHOMHYECKH OIpaBiaHo. Bo3MoxkHOCTH
CT mo BeIpaboTke PM onpezensitores ero P-Q muarpammoii (prc.10.10).

P, MBT
A

9, Mazap
-Qmax +Qumax

Puc.10.10. P-Q nuarpamMma CHHXPOHHOTO T'€HEpaTopa.
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B pexume makcumanbpHOW BeIpaOoTKH +Pyax CI' HE MOTYT BbIpabaThIBaTh MIIH
MOTPEOIATh AOTMOJHUTENBHYIO PEAKTHBHYIO MOIIHOCTb, TOTA KaK Ha XOJO-
CTOM XOJy IMana3oH KoMreHcaud PM MOXHO M3MEHATH OT -Quax 10 +Qyax.
OCHOBHBIM HEZOCTATKOM HcIoNb30BaHua CI' B kaduecTBe McTOUYHNKA PM sBIIs-
eTcsi HeoOXOIUMOCTh €€ Tepeladl Yepe3 BCIO CETh, YTO COMPOBOXKAACTCS J10-
MOJTHUTETBHBIMH MTOTEPSMH MOIIHOCTH.

Konnencaropusie 6atapen (KB).

B o6mem ciiyyae Kb MOXXHO MOJCOEIMHATD K CETH MO CXEMaM “‘TpeyrojbHUK”
n “3Be3na” (puc.10.11.a,0), mpu sToM BeIpaboTKa PM mmst cxemsl “Tpeyroiib-
HUK” COCTaBIISICT:

Uz 3.U2
Q=3 =5 " (10.59)
Kb Kb
Jns cxemsl “3Be3na”:
UZ
Qs =" (10.60)
Kb

B coOTBeTCTBUH CO CXEMOH “TpeyroyibHUK”, OaTaper BKIIIOYAIOTCS HA JIMHEH-

HOE HampshKeHHe, KoTopoe Gonblne (azHOro B 3 pa3, IO3TOMY BBIpabOTKA
PM yBenuuuBaetcs B 3 pasa.

2l L

Puc.10.11. Crioco0sl coeMHEHMsI KOHICHCATOPHBIX OaTapeil 11 BRIpabOTKU pe-
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aKTHBHOM MOIIIHOCTH.

Cpenu Bcex U3BECTHBIX UCTOUYHHKOB PM KOHJIeHCATOpHBIE OaTapen UMEIOT ca-
MYI0 HU3KYIO CTOMMOCTh M MaJlble 3HaU€HHs MOTeph MEeKTpodHepruu. OxHaKo
HEBO3MOXXHOCTD IIJJABHOTO PEryJIMPOBAaHMS MOIIHOCTH, OTCYTCTBHE BO3MOXKHO-
cti notpediiernss PM 1 oTpumatenbHeI perynmupyomuid 3Qdekt mo Hamps-
KEHUIO SBIISIOTCS HEIOCTATKaMH, OTPAaHWYMBAIOIIMMH O0JAaCTh NMPUMEHEHHS
Kb.

Cunxponnsle komneHcaropsl (CK).

CUHXpOHHBIM KOMIIEHCATOPOM HA3bIBACTCS CHHXPOHHBIH JBUTATENb 0Oe€3
Harpy3Kkd Ha Bajly, KOTOPBIH CrIocOOCH KakK BBIPaOaThIBaTh, TaK M MOTPEOISATH
pEaKTUBHYIO MOIIHOCTh. PerynupoBanue PM ocyiecTBiseTcst ¢ moMOIIbIO TO-
Ka Bo30yxaeHus. B HacTosmee Bpems B anekTpudeckux cersax CK He HaxomasaT
IIMPOKOTO MMPHUMEHEHHSI B CBSA3H C BBICOKOI CTOMMOCTHIO BeIpaboTku 1kBap PM
1 HaJIMYUeM OOJBIINX HOTeph aKTHBHON MOIIIHOCTH.

[yatupyromue peaktops! (LIP).

P npumensitores anst notpedienus u3deitkos PM B JIDIT 500kB u BbIme
(puc.10.12). B nopasnstomieM OONBIIMHCTBE CIIy4aeB PEaKTHBHAS MOIIHOCTh
Qp, reHepupyeMasl TaKUMHU JIMHUSAMH, HE MOXKET OBITh HOTpeOiIeHa Harpy3Kon



U ¢€ M30BITOK MPHUBOAMT K 3HAYUTCIHHBIM IEPCHANPSIKCHHUSIM, CIIOCOOHBIM
NpUBeCTH K TOBpexAeHui0 u3ossinuu JIOII, KOMMYyTalMOHHBIX aIllaparos,
TpaHcHOpPMaTOPOB H.T.1.

w

LR, HS LR,

Gw/2 | Bwl2

Gw/2 | Bu/2

Puc.10.12 Cxema noaxItodeHus ITyHTHPYIOINX PEaKTOPOB K JIMHUU M CXeMa 3a-
MEILCHHS.

BenuunHa MOIIHOCTH, MOTPEOISIEMOM MIYHTHUPYIONUM PEAKTOPOM, OIMpPEIes-
eTcs Kak:
Q, =U?-B4 (10.61)

riae B r — peaktuBHast npoBoanmocts LIIP Ha 3emiro.
B mnopasinsitommemM 6osbIIMHCTBE CilydaeB M30BITOK peakTHBHON MomHocTH BJI
HaOIoaeTcs B peKUMax X0JIOCTOTrO XoJia ¥ OJIM3KUX K HUM, [TOTOMY B Hada-
Jie ¥ B KOHIIE JIMHUH B TaKHUX pPeXXHMax Heo0XoauMo nokmodars LIP.

— Crarnueckue TupuctopHble KomrieHcaTopsl (CTK).
CTK mpencraBnsioT coboil BKIOYEHHBIE HapamwienbHo KB w ympamisieMsrid
tupuctopamu HIP (puc.10.13). Takxe cymectByer Bapuant CTK ¢ ynpasmse-
mbivu KB [3,36].

ay
g ) VSN

Puc.10.13 Cxema cwiiossix neneit CTK.

PerymupoBanme norpebiieHust peakropamu PM oCyIIecTBISeTCS ¢ IIOMOIIBIO
TUPUCTOPOB, BKIIFOUEHHBIX T10 BCTPEUHO-NIAPAJIIIEIIBHON CXEME.

Crnenyet ormetuTh, uTo CTK B omiimume ot CK uMeroT MeHbIIMe 3HaYEHUS T0-
Tepb aKTHBHOW MOIIHOCTH M HEBBICOKYIO CTOMMOCTb BbIpaboTku PM, noatomy
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B HacTosee BpeMs ucnonb3oBanne CTK sBISIOTCS OMHUM U3 MEPCIEKTHBHBIX
HalnpaBJICHUH TIPH CO3JaHMHM ‘THOKUX JJIEKTporepenad MEPEeMEHHOTO TOKa
[36]. Takue smexTporepenaun CrOCOOHBI M3MEHATH CBOHM MapaMeTpbl B COOT-
BETCTBHUH C PSIKHUMOM PabOThI ANEKTPHUIECKOM CETH.

10.11. IpononpHasi KOMIEHCAIUS CONPOTUBJICHHU JTHHUU

OnuuM 13 3)PEKTUBHBIX CIOCOOOB TOBBIILIEHHS IPOITYCKHOMN CIIOCOOHOCTH
3IIEKTPOIIepe/iad EPEMEHHOTO TOKA SBISIETCS TPOJOJIbHAS KOMIICHCAIMS MHIYK-
THBHOTO COMPOTHBIICHHS JIUHUM. [[JIsI 3TOTO B €Tl JIMHUHM yCTAHABIMBAETCS yCTa-
HOBKa npogonbHoil komnencanun (YIIK) (puc.10.14) [5,6].

VIIK
Ul RJ'[ XJ'[ EXYI'IKE U2
| — 1y ] |
| e R H

Puc.10.14 Cxema noaximouenus YIIK B muaMIO.

HanpsikeHue B Havaje JTHHUU PABHO:
Uy =U, +1, Ry +je by - X, =y - Xy (10.62)
Takum 00pa3oM, BeTHUMHA HAMPSHKCHUS B KOHIC JMHUMU MOCIIC YCTAHOBKU
VIIK 6ynet yBenudena (puc.10.15).

—j'iH‘Xym

AU AU

AU’

Puc.10.15. BekropHast iuarpamMMa JITHHH JIEKTPOTIEPEAayH IPH MPOJI0IBHON
KOMITCHCAIIHH.

Crenenp KOMIICHCAIIMHU B JAHHOM CJIYy49a€ MOKHO ONPCACIINTD KaK:

o = Do (10.63)

B o6mem ciydae, YIIK MOXHO WCIONB30BaTh KakK I PETYIUPOBAHUS
HaTPSDKCHUS, TaK W JUIA TOBBIMICHHUS IPOITYCKHON CHOCOOHOCTH HaNbHUX JHHUN
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anexTponiepenaun. [lo MpOMyCKHOM CHOCOOHOCTHIO JIMHUM — IOHUMAETCS
HanOObIIAasT MOIIHOCTH, KOTOPYIO JIMHHS MOKET MEePENaTh MPH BCEX TEXHUIECKUX
OTPAHUYEHUSX.

B ciyuae, orpaHn4eHHs MPOIYCKHOW CIIOCOOHOCTH 3IIEKTPOIEPENadH II0
VCIIOBHIO CTATHYECKO# ycroiunBoctH [3] ncmonb3zoBanue YIIK mo3Bosnser 3HaYH-
TENBHO YBEJINYHTH MpPEACTbHOE 3HAYEHHE TAKOTO OrPAaHUYECHHS:
~ u,-u,

Xn _Xynx

CHIDKECHNE BEJIMYUHBI MOTEPh HANPSKEHUS] MOXKHO ONPENEINTh U3 BBIpa-

KEHUS:

(10.64)

TP

— PH 'Rn +QH '(Xn _XYI'IK)
u
Kak crenyer u3 pucynka 10.15 npumenenne YIIK Hanbomnee menecoobpas-
HO TIPH MaJIbIX 3HAUCHUAX COS .

AU

(10.65)

10.12. CpaBHeHHe c1IOCO0OB peryJUpOBaHUs] HANPSKEHUS

Hcxonst W3 BBILIEU3JIOKEHHOTO, OCHOBHBIM CIOCOOOM pPEryJMpOBaHUs
HAIpPSDKEHUS] B 9JIEKTPUYECKUX CETSAX SBISETCS NMPUMEHEHHE TPaHCPOPMaTOpOB C
ycrporictBamu PITH.

K BcromMoratesbHBIM CIIOC00aM TaKkKe MOYKHO OTHECTH:

— Tlpumenenue Tpancpopmaropos ¢ ycrpoiicrsamu [16B;

— Hcnons3oBaHue reHEPATOPOB AIEKTPOCTAHINHN (IIEHTPATU30BAHHOE PETYIIHPO-
BaHHE);

— lI3MeHeHHE MOTOKOB PEAKTHBHOM MOIIHOCTH C MOMOILBIO MPOJOJIBLHONH KOM-
NeHCalluy;

— CHmKeHHe peakTUBHOTO CONPOTHUBIICHHS JHHUH 3JIEKTPOIIEepPe1adur C IIOMOIIIBIO
MPOAOJIBHON KOMIIEHCAIINH.

10.13. Cnocodsbl peryJMpoBaHusl 4YacTOTHI B JHEProcucTeMe

B o6mem cityyae, moJ IpOIECCOM PETyIMPOBAHUS YacTOTHl B SHEPTOCH-
cTeMe TIOHUMAETCsl OIepKaHUe YacTOThI B JOIYCTHUMBIX npezenax [34].

CymecTByeT TpH B3aUMOCBSI3aHHBIX BHJA PEryJIMPOBaHMs YacTOTHI: Mep-
BUYHOE, BTOPUYHOE U TPETUYHOE.

[epBuuHOe peryiupoBaHue 4acToThl [34] ocyliecTBiseTcsi aBTOMaTuye-
CKUMH peryisropaMu 4acToTsl Bpamenus (APUB) typoun. [Ipn n3menenun ya-
CTOTHI BpAIIEHUS TypOWHBI Takue PEryJSITOPHI OCYIIECTBISIOT BO3ICHCTBHE Ha
peTyIUpYIOINe OpraHbl TypOMHBI, U3MEHSS [Moavy dHeproHocutes. [Ipu moBsI-
IIEHWH YaCTOTHI BPAIIEHUS PETryNIATOP YMEHBIIAET BIYCK YHEPTOHOCHUTENS B Typ-
OWHy, a TP CHIDKEHUH YaCTOTHI — YBEINIHBACT.

Haznauenue NMEpBUYHOTO PETYIMPOBAHMS 3aKIIOYAETCS B yAEpKaHUH dYa-
CTOTHI B JIOIYCTHMBIX IIpeJesiaX NMpH HapylmIeHWH OajlaHca aKTHBHOW MOIIHOCTH.
ITpu TOM yacToTa O HOMHUHAJIBHOTO 3HAYEHUS! HE BOCCTaHABJIMBAETCS, YTO 00Y-
CJIOBJIEHO CTaTU3MOM PETYJISATOPOB.
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Bropuunoe peryaupoBaHue YaCTOThI — MIPOLECC BOCCTAHOBJIEHUS TIAHOBO-
ro OajaHca MOIIHOCTH ITyTEM HCIOJL30BaHUS BTOPUYHON PETYIHPYIOMECH MOTII-
HOCTH JUTSI KOMIICHCAIIMM BO3HUKIIET0 HebalaHca, TNKBUAANHN Meperpy3Ka TpaH-
3UTHBIX CBS3€H, BOCCTAHOBJICHHS YAacTOTHI M HWCIOJB30BAHHBIX IPU MEPBHYHOM
pPEerylMpOBaHUM PE3EpBOB IEPBUYHON pPETYIHMPYIOIIEH MOIIHOCTH. BTOpHuHOE
PETYIUPOBAHUE MOXKET OCYIIECTBISTHCSA aBTOMATHYECKH HIIM IO KOMaHIaM IHC-
neT4gepa.

BropuuHoe perynupoBaHHe HadyMHAETCs IOCHE ACHCTBHS MEPBUYHOTO U
MPeTHa3HAYCHO /IS BOCCTAHOBJICHUS] HOMUHAJILHON YaCTOTHI M TUIAHOBBIX MIEPETO-
KOB MOIIIHOCTH MEXAY YHEPrOCUCTEMAaMH.

TpeTnuHOE pErylIupoBaHHUE HCIOJIB3YETCS AJII BOCCTAHOBIEHUS PE3€pPBOB
MIEPBUYHOTO U BTOPUYHOTO PETyJIUPOBAHUS U Ui OKa3aHUs B3aMMOIOMOIIIH dHEP-
roCUCTEMaM IPU HECITOCOOHOCTHU OTICIBHBIX dHeprocucteM B coctaBe OIC camo-
CTOATENFHO 00ECTIEYNTh BTOPUYHOE PErYIIHPOBAHUE.

CremyeTr Taxke OTMETHTB, YTO YYacTHE B IMEPBHYHOM PETYIMPOBAHUU da-
CTOTHI SIBJISIETCS] 00SI3aTEIBHBIM U BCEX DJICKTPOCTAHINM, TOT[a KaK IPYTHE BH-
Il PETYIUPOBAHUS YACTOTHI OCYMIECTBISIOTCS OTACIBHBIMH 3JCKTPOCTAHIIMSAMU
00BeTMHEHHBIX YHEPTOCUCTEM.

10.14. PeryiimpoBaHue 4acTOThI BpalleHUs] TYPOHHBI

YacroTa B 3HEprocucreMe oOmpeesseTcs TOYKOH IepecedeHus craTude-
CKOW XapaKTepHCTHKH I€HEepaTOpOB M Harpy3ku 1o 4yactote (puc.10.16, touka 0).
B cBolo ouepenp, 4aCTOTa BpAILEHUS I'€HEPATOPOB ONPEAENACTCS YacTOTOH Bpa-
meHus TypOouH. Kaxxnas TypOuHa cHaOKeHa HalpaBJIIOIINM anlapaToM, KOTOPBIi
pEryJIHpyeT CKOPOCTh SHEPrOHOCHUTEIN, MPOITyCKaeMoro yepe3 TypOouny. B cBoio
ouepeab HallpaBJIAIOIIKN anmnapar ynpasisiercsa ¢ nomouibio PAPM crannum.

B ciryyae moHMKEHHS YacTOTHI B YHEPTOCHCTEME CTaTHYECKasl XapaKTepH-
CTHKa HArpy3Kd IO 4acToTe repemMeraercs BupaBo (puc.10.16) u GamaHc akTHB-
HOIf MOIITHOCTH B CUCTEME yCTaHaBIHMBaeTcs B Touke 1 mpu gactore f.

f A
PH,HOM le
fiom 2
7
f T~
» P
Puom P1 P2

Puc.10.16. PerynupoBanue 4acTOTHI B SHEPTOCHCTEME.
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Jlist BOCCTaHOBJICHHST 3HAUCHUST 4acTOThl Ha ypoBHE fyoy 'PAPM oTKpBI-
BaeT HAIPABIIAIOMINN anmapar, yBeJIMIHBas MPOIYCK SHEPTOHOCHUTENS depe3 Typ-
ouny. [Ipu 5TOM cTaTndeckas XapakKTepUCTHKA TeHEpaTopa 1Mo 4acToTe mepeMera-
eTcs BBEepX, U OajJaHC aKTUBHOW MOITHOCTH YCTaHABIHMBASTCS B TOUKE 2, a 9aCTOTA
BOCCTaHaBIMBaETCA 10 fom.

Takum 00pa3om, Ui YBEIMYEHUS YaCTOTHl B CHCTEME HEOOXOIMMa JIOTI0J-
HUTEJbHAS aKTUBHASI MOIITHOCTD.

AHAJIOTUYHBIM 00pa3oM pEryiasaTop TYypOHWHBI CHIDKACT 4YacTOTy TMPH
YMEHBILIEHUU HArpy3KH dHEPrOCUCTEMBI MyTEM 3aKpBITHS HANpaBISIOIIErO arma-
para.
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11. O6mue Bompochl NPOCKTHPOBAHUS CHCTEM IepefAadd M pacnpeleacHUs
3J1eKTPO3HePrun

B mpomnecce mpoeKTHPOBaHMS IEKTPUUECKHUX CeTel HEOOXOAMMO Oompese-
JSTh ONTHUMAJbHBIE PEIICHUS W BBHIOMpATh HAWIYYINHE MapaMeTphl TAKUX pelle-
HUH. [IJ1 3TOr0 MPOEKTHPOBIINKOM PEIIA0TCs CIECAYIOMINE XapaKTepHbIe 3a1a4n
[13]:

— BBIOOp KOH(QUTYpalMu 3JEKTPUYECKON CETH M €€ KOHCTPYKTHBHOTO HCIIOJHE-
HUSE;

— BbIOOp uncna neneit JIDII n konnvecTBa TpaHCHOPMATOPOB Ha MOJCTAHLIUAX;

— BBIOOp HOMHHANBHOTO Hanpspkenus JIOIT;

— BBIOOp MaTepuasa U IUIOIaan cedeHus npoBoaHukoB JIOIT;

— BBIOOp CXEM HOICTAHIIHIA;

— 000CHOBaHME TEXHHYECKHX CpEACTB obecreueHMsi TpeOyemoil HanéKHOCTH
ANEKTPOCHA0KEHNUS TOTpeOnTEINeH;

— BBIOOP TEXHUYECKUX CPENICTB 0OECHEUCHNUS Ka4eCTBA IICKTPOIHEPTHH;

— 000CHOBaHHE CPEJICTB MOBHIMICHNS SKOHOMIYHOCTH (YHKIIMOHUPOBAHHUS 3JIEK-
TPUIECKON CETH;

— BBIOOp CPEACTB MOBBILICHUS MTPOITYCKHOW CIIOCOOHOCTH CETH.

B GonpmiMHCTBE cIy4aeB, Ha IMpEeABAPUTEIBHOM dTalne pacuéra CUCTEM Iie-
pelnauu M pacrpenesieHus] DIIEKTPOIHEPIMH HAaME4aloTCsi HECKOJBbKO BapHaHTOB,
JJIA KOTOPBIX OMPCACIAIOTCA OCHOBHBIC TCXHUYCCKUE PCUICHUS. I[anee, B 3aBUCH-
MOCTH OT yCHOBI/Iﬁ MMPOU3BOAUTCA TCXHUKO-3KOHOMUYECKOC CPABHCHUE BApHUAHTOB,
Pe3yNIBTaTOM KOTOPOTO SIBISIETCSI BEIOOP onTHManbHOTo. [lomydeHHsIil TakuM 00-
Pa3oM BapHaAHT MCHOIB3YETCs JUIsl AAIbHEHUIIEro moJpooHOro pacyéra.

11.1. Bb16op koH(UTypaluM ¥ HOMMHAJIbHOI'0 HANIPSIZKEHUSI CeTH

B o0mem ciyyae BBIOOp KOH(MUTYpanuy JIEKTPUUECKON CETH MOXET OCy-
IIECTBIIATHCS 110 KPUTEPUIO MUHUMYMa IPUBEAEHHBIX 3aTPaT ¢ y4ETOM KaTeropuit
HaAE&KHOCTH MOTpeduTeneil. B kauecTBE OCHOBHBIX METOJIOB BHIOOpa MOMXHO HC-
MIOJIK30BaTh MeTO/ HaumMeHbInel [Hbl JIDII ninm MeTox «9KBUBAJEHTHBIX KHJIO-
MeTpoB» [6], mo3BomsitoIuit yuecTh GaKTOp IKOIOTHUECKOTO BO3MCHUCTBHUSI JIIEK-
TPUYECKOU CETH.

B obmem Buzae s BEIOOpa HOMHHAJIBHOTO HANpPSDKEHUS BO3IYLTHOH JIH-
HUM BJIEKTpOIepeiaun HeoOXOAMMBI BEIIMUMHA MepenaBacMoi MomHocTd P n
muHa £.

Bb160p HOMUHAIBHBIX HAIPSHKEHUH JTIMHUHA MOYKHO OCYIIECTBIISTD.

— 10 KpUBBIM PABHOOPKOHOMHYHOCTH NPUMEHEHUS pa3HbIX HaNpsDKEHUN
(puc.5.5.)
Js BpIOOpa HOMHHAJIBHOTO HANPSDIKCHHS IO TaKMM KPUBBIM HEOOXOANMO
OTIPENIEINTE TOUKY NepecedeHus 3aJaHHON BeTMINHBI MOITHOCTH P 1 mwHE {.
30Ha PAcMONOKEHUS TaKOH TOYKH OIpeIeNsieT HeoOXOIMMOe HOMHHAIBHOE
HaTpsDKCHHUE.
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P, MBt

220 xB

110 xB

T °

»
»

Ly £, km

Puc.11.1. KpuBble paBHORKOHOMHYHOCTH NIPUMEHEHHS HAITPSDKCHUH.

— II0 Ta6J'II/ILIaM, B KOTOPBIX UL KAXKAOIO KJIacCa HAIPSAKCHUSA MPUBOAATCA AUa-
Ta30HbI AJIMH U IEPEaAaBaCMbIX MOH.[HOCTGfI.

Tabmuna 11.1. — PexomeHnyemble nuana3oHbl MepeaaBaeMbIX MOIIHOCTEH U JJTUH
JIMHUY NPU Pa3IUIHBIX YPOBHAX HOMUHAIBHBIX HAMIPSDKEHUH.

Hanpspkenue, kB Haubomnsimas nepenapaemast Haunbonpmmas anuna, kKM
MOIIHOCTb Ha OJIHY Lienb, MBT
110 25-50 50-150
220 100-200 150-250
330 300-400 200-300
500 700-900 800-1200

— 10 IMIIUPUYECKUM (OPMYJIaM, KOTOPbIE Jal0T pacyéTHOE 3HAaYE€HHE HarpsiKe-
HUSL.
Hawubonee dacro npumensitorces: popmyisl Wimtapuonosa (11.1), Criua (11.2)
u 3anecckoro (11.3) [6].

_ 1000 (11.1)

U, =
[500 2500
7_{_7

¢ P

U, =4,34-/(+16-P (11.2)
U, =/P-[100+15.47) (11.3)

Beipaxenne (11.2) npumensiercst st JIDI mmaHO#K 10 250 KM 1Ipu mepenade
MorHocTH He 6omee 60 MBrt. [lnanazon amuasbl JIDII npu ncnonb3oBaHUH
Beipakenus (11.3) e mpesbrmaer 1000xkM. IIpu 3TOM camble TOYHBIE pe3yIib-
TaThl MOTYT OBITH IOJIy4eHBI C IOMOIIbI0 BeIpaskeHus (11.1), ocoOeHHO st
MomtHocrei 6onee 1000MBT.

IMonyuernoe mo (11.1) — (11.3) pacuérHoe 3HaueHue HampspkeHus U, HeoO-

XO0OAUMO OKPYTJIUTH 10 CTAHAAPTHOTO HOMUHAJIbHOT'O HAIIPSAKCHUA.
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Ipu BEIOOpPE HOMHMHAJBHBIX HAMPSIKCHUH B DJIEKTPUYECKOM CeTH HEO0OXO-
JIMMO TAKXE YUHTHIBATH LKAy HOMHHAJIBHBIX HampsbkeHwit [3], pexoMenmyemyto
IUIS paccMaTpuBaeMoii aHeprocucteMbl. Clieyer TakKe u30erath NPUMEHEHHS Ha
OJIHOM TIOZCTAHIMHU GoJiee TPEX KIIACCOB HAMPSHKEHHUH, TIOCKOIIBKY 3TO MOKET 00Y-
CITaBIIMBATh CYIIECTBEHHOE YIOpOKaHHe TpoekTa [5,6].

11.2. B16op 4nciaa 4 MOIHOCTH TPAHC(HOPMATOPOB HA MOACTAHIHAX

Cornacuo [14] Ha TJIaBHBIX MOHH3UTENLHBIX MMOACTAHIMAX, MUTAIOIINX M0~
Tpebuteneit 1 U 2 kareropuii peKOMEHAYeTCsl TPUMEHSTh HEe OoJiee IBYX TpaHC-
¢dopmatopos. [Ipy nUTaHUU OT MOACTAHIMU TOJILKO MOTpeOUTENeH 3 Kareropuu, u
€CIIM MX CyMMapHasi MOIIHOCTh He TpeBbimaet 6,3 MBT, To MOKHO HCIIOJIB30BAThH
omun TpaHchopmarop. Hcrnons3oBanue TpéX U Gojee TpaHCHOPMATOPOB HA TOI-
CTaHIUK TIPUBOINUT K CYIIECTBEHHOMY YCIIOXXHEHHIO CXEMBI MTOACTAHIINN W CHCTEM
aBToMaTHKH [14].

VernoBre BHIOOpa MOILIHOCTH JUIA OJHOTO JBYXOOMOTOYHOTO TpaHchopma-
TOpa Ha MMOCTAHIINK UMEET BHIL:

S 2S5, (11.4)
Jlns AByX TpaHC(OPMATOPOB:
S
Stp 2 F“/‘A (11.5)

rae S;p - pacyéTHas MOIIHOCTb TpaHc(hOpMaTopa; S, - MOIIHOCTh HATPY3KH HOA-

cranmim; K5'* - kosddumment 3arpyskn Tpancdopmartopa B TocieaBapHitHOM
pexume, mpuHUMaeMbIil pasubim 1,4 [1,5,6,10].

B ciyuae mpuMeHeHHs Ha MOACTAHIUSX ABYX TPEXOOMOTOYHBIX HJIH aBTO-
TpaHc(hOPMATOPOB YCIOBHE BBIOOpa HOMUHAILHOM MOIITHOCTH MMEET BHI:

S, +S
Spp>—H_—C
Kg”A

(11.6)

rae S - MOIIHOCTb, IepeiaBaeMasi B CETh CPEIHEro HAIPSHKCHUSL.

B ormmume oT TpEXOOMOTOYHEIX, Y aBTOTpPaHC(HOPMATOPOB HEOOXOIMMO
MIPOBEPATh 3arpy3Ky OOMOTKH HH3KOrO HANpPsDKEHUS, HOMHHAJIBbHAS MOIIHOCTb
KOTOpO# MEHbIIIE HOMUHAIBHON MotHOCTH AT:

Sk

Spp > (11.7)

Apy

TIE Oy - KO3 UIHEeHT 0OMOTKH HU3KOTO HAMPSHKEHMUS.

11.3. DxoHOMHUYeCKHE PeKUMBI PadOThI TPAaHCPOPMATOPOB

DKOHOMHUYECKHE PEKUMBI pabOThl MHOTOTPaHC()OPMATOPHBIX IOJCTAaHIINH
OTIPENENAIOTCS ONTUMAIBHBIM KOJIMYECTBOM BKIIIOYEHHBIX TPaHC(POPMATOPOB B
peXrnMe HauMEHBITNX Harpy30K.

B o01miem Bue 3aBUCUMOCTh CYMMAapHBIX NTOTEPh aKTHBHON MOIIHOCTH APy
OT Harpy3ku S B N TpaHchopMaTopax Ha IIOJCTAHI[MN UMEET BUI:
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AP, =Loap [ S

n HOM
[lepBoe cnaraemoe B BeipaxkeHnu (11.8) mpexcrarmser coboii cymMMapHEBIE Harpy-
304HBIe TTOTEpH N TpaHchopmaTopoB APys, a BTopoe — CyMMapHbIE IOTEPU XOJIO-
ctoro xonaa APys.

Criemyer OTMETHUTB, YTO 3aBUCUMOCTH APys u APys 0T 3arpy3ku Tpancop-
MaTopa MMEIOT Pa3In4yHyIo (GopMy, IPUIEM B PEKNMAX MHUHUMAIBHBIX HAarpy30K
NOTEPU XOJIOCTOIO XOJa MOTYT 3HAQUMTEIbHO NPEBBILIATH HArpy304HBIE
(puc.11.2.).

+n-AP, (11.8)

A APy
AP, MBT
APgs

APxs

[

S, MBA
Puc.11.2. 3aBucuMocTs IOTEPE B TpaHC(hOpMATOpE OT HATPY3KH.

IToxcTaBnss pa3Hble 3HAUEHHS KOJMYECTBA TpaHC(HOPMATOPOB N B BBIpaXKe-
Hue (11.8) MOXXHO MOCTPOUTH MHOYKECTBO 3aBUCUMOCTEH CyMMapHbBIX HOTEPh aK-
TUBHOW MOIIHOCTH B TpaHc(opMaTopax OT Harpy3KH IMOACTaHIINN.

APy (n=1)
APz,}‘\/IBT APZ (n=2) APZ (n=3)

3ona | 3omna ll 3omna Il

»
»
Saki Soka S, MBA
Puc.11.3. 3aBucumocTs noTeps B TpaHc(HOpMATOPE OT HATPY3KHU ITPH PA3HOM KO-
JMYECTBE TPAaHC(HOPMATOPOB.
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3ownsl I, Il u I onpenensitor ananazoHsl Harpy3Ku TpaHcoOpMaTopHOil MmojcTaH-
LIUH, IPX KOTOPOH HAOMIOAI0TCSI MUHUMAIbHBIE IOTEPH B OJHOM, ABYX WM TPEX
BKIFOUCHHBIX TpaHC(HOPMATOPAX.

B o01miem BHue 3aBUCHMOCTh CYMMapHBIX ITOTEPh aKTUBHON MOIMHOCTH APy
oT Harpy3ku S B N+1 TpaHcdopmaTopax Ha MOACTAHIIMN UMEET BHL:

2
1 S
- AP, - +(n+1)-AP 11.9
L, iR, 19

APy
S

HOM
Jlis ompeneneHnsl MOIIHOCTH HAarpy3KH Spy, IIPH KOTOPOHW HAOMIONAcTCsl paBeH-

CTBO MOTEPh Ha mozacTaHmu ¢ N u N+1 Tpanchopmaropamu, npupasasem (11.8) u
(11.9):

2 2

1~APK- Sac +N-AP, = 1 AP, - Sax +(n+1)- AP,
n Stom n+1 Stom
OTKy1a MOJTy4uM:
(11.10)

Ecin Harpy3ska moactaHIMu S He MPEBBINIACT Sy, TO IKOHOMHYECKH Lielie-
coobpa3zHa pabota n TparchopmaTopos. 1 HaobopoT, ecu S>Syy, TO HEOOXOIUMO
UCTOB30BaTh N+1 TpanchopmMaTopos.

Takum 00pa3oM, Ha MHOTOTPaHC(HOPMATOPHBIX MOICTAHLMUAX B PEKUMAX
MUHUMAJIbHBIX HAarpy30K IOSBIISETCS BO3MOXKHOCTb IKOHOMHH 3JIEKTPOIHEPTHU
nyTéM OTKJIIOYEeHHUs! TpaHchopmaropoB. OHAKO CileAyeT yYUThIBaTh, YTO MOT00-
HblE OTKJIIOYEHHs HE BCEerJa BO3MOXHBI B CBS3M C YCIOBHSIMU JKCIUTyaTallMu
Tpanchopmaropos. Hanpumep, oTkitoueHre TpaHCHOPMATOpa B YCIOBUSIX HU3KHX
TEMIIEPATYp MOXKET MPUBECTH K OXJIAXKACHUIO TpaHC(HOPMATOPHOTO Macjia U CHU-
KEHHIO ero TeKy4eCTH ¢ MOCIESIYIOIIMM OTKa30M CHCTEMBI IPUHYMTEIBHON 1UP-
KyJISILUK Macia.

11.4. Bb10op ceyeHHMs1 IPOBOAHUKOB 110 IKOHOMMYECKOMH MVIOTHOCTH TOKA

[MpoGnema BbIOOpa ONTHMANBHOTO ceueHusi npoBozoB JIDII oOyciosneHa
OKOHOMHYCCKHMHU aCIICKTaMH U ABJIACTCA aKTyaJ'ILHOﬁ Ipu MIMPOCKTUPOBAHUU U
PEKOHCTPYKIINH JINHUI dIIeKTponepenayn [6].

B o0riem ciydae BenMYMHA CTaTHYECKUX MPUBENEHHBIX 3aTpaT Ha CTPOH-
tenbeTBO JIDII ompenensercs Kak cymMMa 3aTpaT Ha MaTepHanbl 3; M 3aTpaT Ha
KOMITCHCAIIMIO CTOMMOCTH HOTEPh AIEKTPOIHEPTHH 35!

3=3,+3, (11.11)
C 1pyroii CTOpOHBI, CTaTHYECKHE MPUBEAEHHBIC 3aTpathl [6,24] ompexensiorcs
Kak:
3=E-K+U; (11.12)
rne E — koaddunment 3¢ppeKTHBHOCTH KanMTaIOBIOXEHUH, PaBHBINA CTaBKe pe-
¢uHaHcupoBaHus; K — cymMMapHble eIMHOBpEMEHHbIE KaIllMTAIOBIOXEHUS Ha
ctpoutenbeTso JIOIT; Uy - cyMmapHbIe exerofHble SKCIUTyaTallMOHHBIE H3/IEPIKKH.
BennunHa enuHOBpeMeHHBIX KanutanoBinoxenuit K 3aBucut ot ceuenus F

U JUInHBI { TMHUH, 1 MOXKET OBITh IPEICTABICHA TOJMHOMOM TIEPBO CTEIICHN.
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K=K, /=(a+h-F)-¢ (11.13)
rae Ko — yaensHble KamuTamoBIOKeHHs Ha CTpouTenseTBO 1kM JIOIT; a, b — k03d-
(MLMEHTHI TOJIMHOMA IIEPBOM CTETICHH.
DKCIuTyaTallMOHHBIE U3AEPIKKH ONPECISIOTCS KaK:
U, =U,, +C; =0, -K+C, (11.14)
rae U o, - ©KeromHsle dKCIUTyaTallMOHHbBIE M3CPKKH Ha aMOPTH3ALHMIO U 00CITy-
xuBanue JIDII; Cy — exerogHasi CTOMMOCTB MOTEPh AIIEKTPOIHEPTHH; Oy — KOI(P-
(UIIEHT OTYNCIICHUH Ha aMOpTH3anuio 1 obcimyxuBanne JIOIL.
CTOMMOCTB IOTEPB AICKTPOIHEPTHH OIPENIEeIISIeTCS KaK:
’
_ 2
Cy =3Iy ‘R-7-C, (11.15)
rae Iyax — MakcuManbHOE 3HaYeHWE TOKA JIMHHUHU; R — akTHBHOE CONpPOTHBICHHE
’
JMHHY; T - BpeMs MakCUMalbHBIX HoTeph; C, - croumocTh 1kBTdu morepsb 3iex-

TPOIHEPIUH.
[eperumenm (11.15) B 3aBUCIMOCTH OT CEUCHHS U UTUHBI:

f !
(:9=3-|§AAX.p.E-r-C3 (11.16)

TJe P - YASIbHOE aKTHBHOE COMPOTHBIICHHE [poBoaoB JIDIT; { - minHa THHAUN.
IMoacrasum (11.13), (11.14) u (11.16) B (11.12) u neperpynmupoOBaB MOIYIHUM:

3=(E+a,) (@a+b-F)-£+3-13, -p-ili-‘bCa, (11.17)

Awnanus Beipaxkennii (11.17) u (11.11) nokassiBaet, uto nepsoe ciaraemoe (11.17)
npezacTaBisieT codoii 3; a BTopoe — 35!
3,=(E+a,)(@+b-F)-7 (11.18)

32=3-|§W-p-é-r-ca (11.19)
3aBrCHMOCTh IPHUBEACHHBIX 3aTpat oT cedenus (11.17) mpencraBneHa Ha puUCYHKE

11.4.
3 4

Fs
Puc.11.4 3aBHCHMOCTH CTATHYECKHUX IMPUBCACHHBIX 3aTPpaT OT CCUCHMUS.

Just  onpeneneHus ONTHMalbHOTO cedenus: Fn npoauddepenuupyem
(11.17) mo F u npupaBHseM POU3BOIAHYIO K HYJIIO:
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B (Eray)br-3 1 ptEC g (11.20)
dF F
[Mocne mpeoOpa3zoBaHUS MOIYINM:
F, = (11.21)

Ucnonp3oBanue (11.21) He Bcerma ymoOHO, MOTOMY B MPAaKTHYECKHAX pacyérax
UCIIONB3YeTCsl SKOHOMHYECKast INIOTHOCTD TOKa:

j, =D (11.22)
F3

Ioncrasus (11.21) B (11.22) momyanm:

js = —(Em")'? (11.23)
3-p-1-Cy
Mepenumem (11.23) ¢ yu€rom (6.14):
j3 _ (E+(1A)b _ (11.24)

3-p-(0124+ Ty -10f -8760-1-C,

B Boipaxkennn (11.24) npucyTtcTByeT TOJBKO ofHa repeMeHHast Tyax, KOCBEHHO
3aBHCAIIAs OT pexxuma padboTsl JIDII, mosToMy 3HaUCHHS SKOHOMHYECKOW MIIOTHO-
CTH TOKa j3, B 3aBUCUMOCTU OT Tyax MOTYT OBITh PAcCUMTaHBI U MPUBOISTCS B
CIpaBOYHHKAX.

Takum 00pazoM, BBIOOp CEUYEHHS MO METOTY SKOHOMHUYECKOW IUIOTHOCTH
TOKA OCYIIIECTBIISIETCS 110 BBIPAXKEHUIO:

F, :IM_—AX (11.25)
)
B mopasnstomeM OonbpIIMHCTBE ciiydaeB moiydeHHoe B (11.25) 3HaueHme
OTJIMYAETCS OT CTAHJAPTHBIX, BBIIYCKAEMBIX MPOMBINIICHHOCTBIO CEYEHHH, MO-
3TOMY HEOOXOIMMO OKPYTIIUTh 3HaYeHue Fr 10 CTaHIapTHOTO.

11.5. Boi6op ceyenus JIIII no 3Kk0HOMUYECKUM TOKOBBIM MHTEPBAJIaM

OIHMMH U3 CYLIECTBEHHBIX HEIOCTATKOB METOJ]a SKOHOMHYECKOM TJIOTHO-

CTH TOKa stBIsttoTCs [6]:

— JonyuieHue MPONOPHUOHAIBLHON 3aBUCHMOCTH MEX]Y CEYeHHEM IPOBOLOB
JISII n xanmuTanoBiIOXKeHUAMHU. [Ipy 3TOM HE YYIHUTBIBaeTCS TOT (aKT, YTO IS
HECKOJIbKMX CEYCHHU MPOBO/Ia UCIOIB3YIOTCSl OAMHAKOBBIE YHH(DUIIMPOBAHHBIE
OTIOPHI.

— IIpousBoxanas (11.20) Gepércst oT HENpepbIBHOW (QYHKIMH, OJTHAKO CTaHIApT-
HBIE CEUYEHMS] M3MEHSIOTCS CTYIIEHYATO.

Jnst MUHUMH3AIUK BIMSHUSL 3TUX JOMYIIEHHH Iiesiecoo0pa3sHo HCIIOb30-

BaTh 3aBHCUMOCTHU NPHUBEICHHBIX 3aTpaT OT HaHOOJIBLIEr0 TOKA JUIsl Habopa CTaH-

JapTHBIX cedeHuil nposonos JIOIL.

IMoxacrasus (11.14) u (11.15) 8 (11.12)
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3=(E+0, ) K+3 1% R-7-C, (11.26)
I'paduuecku (11.26) MOXKHO MPeACTaBUTH B BHAC Habopa KpuBbIX (puc.11.5).

34
Fl F2 F3 F5 F4

Puc.11.5. 3aBucumoctr HpI/IBe,Z[éHHLIX 3aTpaT OT MAKCUMAJIbHOI'O TOKA JIMHUU.

CnenyeT OTMETUTh, YTO MOTYT CYLIECTBOBATh CEUEHUS NMPOBOJA, sl KOTO-
pBIX 3aTpaThl HE NMPUHUMAIOT MUHUMAJIBLHOTO 3HAYEHHsI BO BCEM JHMAaNa3oHE TOKa
UK, Hanpumep Fs (puc.11.5) [6].

Takum o6pazoM, 3Has BEIUUUHY |pyax MOXKHO OTpEAENIUTh SKOHOMHYECKU
1esiecoobpasHoe cedeHre M0 MUHUMAIBHOMY 3Ha4eHHIO IPUBEAEHHBIX 3aTpar.

MeTox PKOHOMHYECKHX TOKOBBIX MHTEPBAJOB AaéT 0ojee TOUHBIC 3Hade-
Hus ceuenus JIDII no cpaBHEHMIO ¢ METOIOM 3KOHOMHUUYECKON TUIOTHOCTH TOKA.
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3akaoyenue

Martepuai JaHHOTO TTOCOOHS HE SBIISICTCS MCUCPIIBIBAIONIMM TIPH M3yUCHUH
mucrunabl «Ilepemada u pacrpeaeiecHue SIEKTPOIHEPTHIY, TI03TOMY Ut Goliee
MOJIHOM W TIyOOKOM MOATOTOBKM CTYINEHTHI JNOJKHBI HMCIOJB30BATh B YUeOHOM
TIPOIIECCE JOTIONHUTEIBHYIO TUTEPATypY.

Asrop Oymer GraromapeH 3a BCe 3aMEYaHHMs, KOTOPBIC MO3BOJAT B Jalb-
HEWIeM YIy4IIUTh KaueCTBO HACTOsIero mocobus. [Ipockba HampaBisaTh 3ame-
yaHus 1o ajpecy: 665709, r.bparck, Makapenko 40, ®I'BOY BIIO BpI'V, kaden-
pa DiekTposHepreTuky u snekTporexauku. E-mail: volandis@mail.ru.
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