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BBEJAEHHUE

Lens xypca "Dnexrposnepreruka. Yacts 2" - popMupoBaHrEe OCHOB HayYHBIX
3HaHUU B 00JIACTH PACUETOB PEKUMOB SJICKTPUUYECKON CETH, MPOCKTUPOBAHUS U IKC-
IUTyaTally 3JIEKTPUUECKUX CUCTEM U ceTeil. OCHOBHOE BHUMaHUE yaemnseTcs: 0a3o-
BBIM BOITPOCaM, CBSI3aHHBIM C MTOATOTOBKOU CIIEIIMATMCTOB K BBITIOJIHEHUIO PACUYETOB
YCTAaHOBUBLIUXCS PEKUMOB 3JIEKTPUUYECKUX CETEd M CHCTEM C UCIOJIb30BAaHUEM CO-
BPEMEHHBIX MPOTPAMMHBIX KOMIUIEKCOB, (DYHKITMOHHPOBAHUIO AJIEKTPOCETEBBIX Op-
raHu3alui B YCIOBUAX PhIHKA 3JIEKTPUUECKON SHEPTUHA U MOIIHOCTH.

3amavua u3ydeHus JUCIUTUINHBI - TPHOOPETECHUE CTYICHTAMU HaBBIKOB pacuera
Y aHaJIM3a MapaMeTPOB BJIEMEHTOB 3JIEKTPOIHEPIreTUYECKUX CHCTEM, U3YUEHUE Me-
TOJOB pacyeTa PEXKUMOB OTIEIbHBIX YYAaCTKOB M MPOCTEUIIMX 3HEprocucreM. B
IpOLIECCEe UHANBUIYAIBHOM M CaMOCTOSITENIBHON pabOThl y CTYyIEHTOB (hOPMHUPYETCS
CUCTEMHBIN MOAXOJ K aHAJIM3y €JUHOT0 MPOLECcca TeHepaluy, nepeiadu, pacipeie-
JICHUS. ¥ IOTPEOJICHUSI DIIEKTPOIHEPTUH.

JlucuuIinHa OTKPBIBAET OJI0K YUEOHBIX JUCIUILIMH, MOCBSIIIEHHBIX U3YYEHUIO
MOACUCTEMBI NIEPEaYu U PaCIpPEACIICHUS AIEKTPOIHEPTETHUECKUX cucTteM. M3ydae-
MbI€ B KypC€ BOIMPOCHI CIIyXaT HEMOCPEACTBEHHOW OCHOBOM 711 U3yueHUs y4eOHbIX
JUCHHIUIMH: " DJIEKTPOIHEPTETUUECKUE CUCTEMBI U CeTh', "DIEKTPONUTAIOIINE CH-
cTeMbl U anekTpudeckue cetn'”, "[Ipumenenue 9BM B anekTposnepretuke”, "lanb-
Hue snekTponepenaun CBH".

N3noxeH Matepuan sl CaMOCTOSITENIbHON MOATOTOBKH CTYJEHTOB 3a0YHOTO U
JTMCTAHIITMOHHOTO OOYYEHHUs BBICIIUX YUEOHBIX 3aBEACHUM IO Kypcy "DJIEKTpOdHEp-
retuka. Yactp 2".

VYuebHoe nmocobue cooTBETCTBYET TpeboBaHUsIM ['ocymapcTBeHHOro 00pa3oBa-
TEJLHOTO CTaHJapTa BBICIIETO MPO(ECCHOHATHEHOTO 00pa30BaHUs MO HAMPABICHUIO
140200 "DnekTposHepreTuka " W MpeIHA3HAYEHO ISl CTYIEHTOB CHEHUATBHOCTEH
140205 "Onextposnepreruueckue cucteMol U cetu" u 140211 "DnexkrpocHabxeHue"
3a0YHOM U JTUCTAHIIMOHHOU PopM 0OyUeHHUSI.



1. PABOYAS ITPOI'PAMMA 11O JUCIHHUIIJIMHE
"IJIEKTPOOHEPTETUKA. Yacts 2"

1.1. Onucanue coaep:kaHus Kypca

BBenenue. Kparkas xapakrepuctuka kypca. OOimiue 3aayu 3J€KTpOIHEpre-
TUKH U €€ OCOOEHHOCTH KaK OTpaciu HapoAHOro xo3saicTa. Kpatkuili 0030p pa3Bu-
TSI MUPOBOW U oTeduecTBeHHOU sHepreTuku. [lman ['ODJIPO. IlepcnekTuBbl U Oc-
HOBHBIC MPOOJIEMBI Pa3BUTHUS dJIEKTpodHepreTuku PD. DHepreTuueckas M 3JIEKTPU-
yecKasi CUCTeMbl. TeXHUKO-3KOHOMHYECKUE MPEUMYIIECTBA CO3JaHUs SHEPTrOCUCTEM
1 00beIMHEHU.

OO0mme cBemeHusi 00 DJIEKTPOIHEPreTUUECKUX CHUCTEMAaX; JIMHUU DJICKTPOIIe-
perayn MEePEMEHHOr0 W MOCTOSHHOTO TOKA; MOHMKAIOIIUE U MpeoOpa3oBaTeIbHbIC
MOJICTAHIINM;, XapaKTEPUCTUKU OOOpPYAOBAHUS JUMHUN M MOJICTAHIIMM;, TUIBI KOH(U-
Typanui JIEKTPUIECKUX CETEU:

KoHcTpyKTHBHBIE 3J1eMEHTBI BO3IYIIHBIX M KAOCIbHBIX JIMHUN DIIEKTpPOIIEe-
penaym.

JJleKTpUYeCKHe HArpy3KHM Y3JIOB JJeKTpuueckux cereil. IlpencraBiieHue
CUHXPOHHBIX reHepaTopoB npu pacuerax Y P. [Ipaktuueckoe npencrasienue CI' npu
pacuerax YP. [IpencraBnenue Harpy3ok npu pacuerax YP.

Cxembl 3amenieHMsi JMHUNA, TpaHCHOPMATOPOB U aBTOTpaHC(HOPMATOPOB.
OOmue cBefeHus 0 cxeMax 3aMmelneHus. JInnelHele U HeNMMHEWHbIe ypaBHeHUsT YP.
Cxewmpbl 3amemienust BJI u KJI. IIpencrasnenue JIDII mpu pacuerax YP. Pacuer ma-
pametpoB cxeMsl 3aMeteHust BJL. Ro; Xo senm.; Xosuyrp.s Do Qc. Koppexktupytomrue xo-
s punments pymmHHBIX BJI. Cxemsl 3amenienus KJI. Tumbl cxem 3aMmenieHusi, ycio-
BUs BbIOOpa. [IpeacraBnenue tpanchopmatopoB mpu pacuere YP. J[ByxoOMOTOUHBIE
TpaHchopmatopsl. TpexoOMoTouHBbIE TpaHchopMmaTophl. ABTOTpaHC(HOPMATOPHI.
Tpanchopmaropsl u AT ¢ pacrierieHHON 0OMOTKOM HU3IIEro HanpspkeHus. TpaHc-
dbopmatopsl 1 AT ¢ pacuieruieHueM oOMOTOK Oojiee yem Ha aBe. OleHKa aKTUBHBIX
conpoTuBieHuil TpanchopmatopoB u AT ¢ yuciom oOMOTOK Oojiee ABYX MpHU He-
NMoJIHOM uH(pOpMaALUU O MOTEPSAX KOPOTKOro 3ambikaHus. Knaccudukanus peakrto-
poB. OMHapHBIE TOKOOTPAaHUYHUBAIOIIHE peakTOpbl. OrpaHUYEHHE MYCKOBBIX TOKOB
nsurareseil. CIIBOGHHbIE TOKOOTpaHUUYUBaromne peaktopsl. LllyHTupyromue peakro-
pBI. 3a3eMIISIOLINE PEAKTOPHI.

Pacuer pekxMMoOB JIMHUI JJIeKTPoOIEepeladYd M IJIEKTPHUUYECKHX ceTell B
HOPMAJIBHBIX M TOCJICABAPUMHBIX pexnMmax. Pacyer pexMMOB NMPOCTEHIINX CETEH.
OcHoBHble gonyuieHus npu ananuze YP D3C. Pacuer pexkuma JIOII u BekTopHas
JyarpaMMma IpH 3aJIlaHHOM TOKE Harpy3ku. PacueT ceTu u3 ABYX MOCIEI0BATEIbHBIX
JMHUW TIPU 33IaHHOM TOKE HAarpy3Ku W HampsbkeHuu B KoHie. [lagenue m moteps
HaIpsDKeHUS B JIMHUM. J[omylieHus: mpu pacueTre pa3oMKHYTBIX pacipeaeIUTeIbHBIX
cerelt 10 35 kB. Pacuernbie Harpy3ku [1IC B ceTeBbix 3agauax. Pacnpenenenue noro-
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KOB MOIIHOCTU M HAaIlpsDKEHUH B IIPOCTBIX 3aMKHYTBIX ceTsx. Pacuer mpocroil 3a-
MKHYTOW CETH MPH Pa3HBIX HAMPSHKCHHUAX B TOYKAX MUTAHUS TOJOBHBIX yYacCTKOB.
Meton pacuenienus cet. I[IoHsATHE OINHOPOAHOCTH CETH. YNPOIIEHHBIE METO/bI
pacuera OJJHOPOIHOM U MOYTH OJTHOPOJHOM CETH.

IMotrepu 3jexkTpuyeckoii IHepruu U MomHocTH. OOmIas XapakTepUCTUKA
CYLIECTBYIOIIUX METOJOB pacuera norepb. Meton ompenenenus AW mno rpaduky
Harpy3ku (Merona rpaduyeckoro umHTEerpupoBanus). Onpenenenue AW mo metony
BpPEMEHU HanOonbmmx noreps t. Momudukamus 1: tp 1o Moguduxanusa 2: 2t. Cxe-
Ma TOJKIIOYEHHUS HHAYKIMOHHOTO cyeTynka. OOpaboTka MOKa3aHWd, pacueTHBIN
MHOXuTeNb. Onpeaenenue AW 1mo MeTony cpeHUX Harpy3ok. Moaudukanuu MeTo-
na. MeTo xapaKkTepHBIX peXMMOB pacdeTHOro nepuoja. [lotepu 3nexkTposHEpruu B
cersix 0,4 xB. BeposTHOCTHO-CTaTUCTHUECKHE METOJNbI pacyeTa IMOTEPh AJIEKTPO-
sHeprun. OCOOEHHOCTH pacyeTa MoTeph AMEKTposHepruu B ceTsix DIC. HopmaTusel
MOTEPb.

1.2. PacnipeejieHHe 4acoB JIEKIMOHHBIX 3aHATHI 10 TeMaM (pa3ejiam)

18 yacos
HaumeHnoBaHue TeMbI
(3aouHasi popma 00yueHH)

1 Beenenue 1
2 | KOHCTpYKTHBHBIC DJIEMEHTHI BO3IYIIHBIX U KaOCIbHBIX

JIUHUI 3JIEKTponepeaun 2
3 | Kimaccudukanus JIeKTpUIECKIX CETeH 1
4 | MoaenupoBaHHe JIEKTPUUECKUX HATPY30K y3JI0B

AIEKTPUYECKUX CeTell 2
5 | Cxembl 3aMelIeHHs JIEMEHTOB AJIEKTPOIHEPTETUYECKUX CHU-

cTeM 4
6 | Pacuer pexuMOB TUHUMN dIEKTPOIIEPEIaYt U MPOCTHIX

ANEKTPUUYECKUX CeTell B HOPMAJIBHBIX M TIOCICaBAPUHHBIX

peXHUMaX. 5
7 | Ilorepu 27eKTpUUECKOI SHEPTUU U MOUTHOCTH 3

1.3. HaumeHoBaHue TeM J1a00PATOPHBIX 3aHATHI

JIabopaTopHbie pabOThI BBIMTOJHSIIOTCA CTYJEHTAaMU MO WHAUBUIYAIbHBIM 3a-
JaHUsM. 3a4eT 1o J1adopaToOpHbIM padoTaM MPOCTABIISETCS IPU MPEIOCTABICHUU OT-
YeTa.

IIpoao/KUTEJIBHOCTH

Tema (HanMeHOBaHMe) PA0OTHI
( )P paboThl (4ac)

1 Pacuer napaMeTpoOB CXECM 3aMCHICHUA

JIMHAHN JIEKTporepenaq 3
2 | PacueT mapaMeTpoB CXeM 3aMEeLIeHUs U MOTePh
MOIIHOCTH B CHJIOBBIX (aBTO)TpaHchopmaTopax 3

3 | Pacuer mapameTpoB peXUMOB dJIEKTponepeaay
Y IPOCTHIX CETEU 4




2. ONOPHBIN KOHCHEKT JEKIIUN
2.1. O0mas yacrthb

OOBEKTOM HM3yYeHHsI B JIaHHOM Kypce SIBISIETCS DJIEKTPOIHEpreTUdecKas Cu-
creMa (puc.2.1.), paccMaTpuBacMas BO B3aUMOCBSI3H TPEX OCHOBHBIX MOIACHCTEM:

3HCKTp03HepF€TI/I‘{eCKa}I cucrema

= T ~
- 1 ~So
- | ~

4 A “~a
[Toxcucrema > Iloacucrema > Ilomcucrema
reHepanun nepeaavu u noTpeOaeHus
act JICHUS
x ¢\ / pacrtipenerne A /, ',
\
\\ \\ // \ // /
\ N /s \ s /
\ ~__-- AN -~__~ /
AN /
~ _ 7/

---> - CTPYKTYpHasi IPUHAAJIC)KHOCTh;
—> - HaIpaBJIEHUE SHEPTONIOTOKA;
——> - (QyHKIIMOHAJIBLHOE BIUSHHE

Puc.2.1. CtpykrypHas cxema 3JeKTPOIHEPTreTUYECKON CUCTEMBI

W3 Bcero MHOKECTBA BOIPOCOB, CBSI3aHHBIX ¢ (pyHKIHOHUpOBaHuEeM DIC, Oy-
JIEM paccMaTpuBaTh TOJIBKO T€, YTO CBA3aHBI C YCTAHOBUBIIUMHUCS peXUMaMH pado-
Tl CUCTEMBI.

OCHOBHBIMU LIEJIIMUA U3YYECHUSI TUCLUIUIMHBI Oy/1IeM CUUTATh:
J (opMupOBaHUE y CTYIEHTOB CUCTEMHOI'O MOJIXOJa K peau3aluy yCTaHOBHUB-
merocs pexxnma I9C;
o MpUOOPETEHUE YCTOMYMBBIX 3HAHUM OCHOBHBIX (DU3UYECKUX 3aKOHOMEPHO-
CTEH, COMPOBOKIAIOLIUX MPOLECCHI MEPEAaUH SIEKTPOIHEPTUH B padOUHX PEKUMAX;
o U3yYEHUE CYLIECTBYIOIIUX MOJENEH JIEMEHTOB CUCTEMBI 3JIEKTPOCHAOKEHHUS,
npuoOpeTeHne MPAKTUUYECKUX HaBBIKOB pacdeTa YMCJICHHBIX 3HAYEHHM IapameTpoB
AJIEMEHTOB 3THUX CXEM M [1ApaMETPOB MX PEXKUMOB;
o U3Y4YEHUE CXEMO-TEXHUYECKUX PEUICHUH, NPUHUMAEMBIX B XOJI€ IPOEKTUPO-
BaHMSI U DKCILTyaTalliy CUCTEM NE€peIayvu IEKTPOIHEPTUU.

2.2. OcHOBHBIC JONYLLICHUS

Kpome crnenuanbHO OrOBOPEHHBIX CIy4aeB B HallleM yd4eOHOM Kypce Oyaem
BCEIJla pacCMaTpUBATh JIEKTPUUECKUE CETU Harpsikenrem Boiie 1000B:
o - IEPEMEHHOTO TOKA;
o - TpexQazHebie;
o - IPU CUMMETPUYHBIX U CUHYCOUJIAJIbHBIX TOKAX W HAIIPSKEHUSX.
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Tpexdaznas cxema 3aMelleHUs] ydacTKa Mepefaadyn U NoTpeOIeHHs IeKTpuye-
CKOM MOIITHOCTH MOKa3aHa Ha puc.2.2.

Puc.2.2. Tpexdaznas cxema 3aMeIIeHHs y4acTKa dJIeKTporepeaya - Harpy3ka

3nech Z, - KOMIUIEKCHOE COMPOTUBJICHUE OJTHOM (ha3bl HATPY3KHU;
Z, - KOMIUIEKCHOE COMPOTHUBJICHUE OJJHOM (pa3bl JIMHUH;
1, 1 - xOMIIIEKCHI BEKTOPOB JINHEWHOTO U (Pa3HOTO TOKA, COOTBETCTBEHHO.
JIJist coeTuHEeHus1 Harpy3KH 3BE3710 UMEET MECTO PABEHCTBO KOMILIEKCOB:
L= 1d;
JUTSI COSTMHCHUS HarPy3KH TPEYTOJbHUKOM UMEET MECTO PaBEHCTBO MOIYJICH:
la =3 Id.
U, Ud - koMIIeKChI BEKTOPOB JTUHEHHOTO U (pa3HOTO HAIPSKEHUSI COOTBETCTBEHHO.
JInst coenMHEHNsI Harpy3Ku 3BE310M UMEET MECTO PABEHCTBO MOJYJIECH:
Un =3 Ud;
JUTSI COSTMHCHMS Harpy3KH TPEYTOJILHUKOM MMEET MECTO PABEHCTBO KOMITICK-

coB: Ua = Ud.

HomuHanbHbie HaNpsKEHUs JIEKTPUUECKUX CETEU - 3TO JIMHEHHBIC HAIpsKe-
HUSL.

C y4eToM MPUHATHIX JTONYIIEHUH MOKHO pacCMaTpUBaTh CXEMY 3aMEIICHUS U
napaMeTpbl PeKUMa TOJIbKO OAHOM (a3bl (puc.2.3).

Z, Z,
|1

—> —

I U, L

Puc.2.3. OngHonuHelHas cxeMa 3aMEelICHHs y4acTKa dJIEKTpoIiepeiada - Harpys3ka
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OCHOBHBIMM AHAJTUTUYECKUMHU BBIPAKEHUSIMHU, CBS3bIBAIOIIMMU TapaMETPhI
pexnMa, SIBJISIOTCS:
JluHerHOEe HaNPsKEHUE y3a:

Q = U a + J U p 1
roe U a— AKTUBHAasA COCTABJIAIOIIAA HAIIPSIKCHUA,
U P PCAKTHBHAA COCTABJIAIOIIAA HAIIPAKCHUA.

Toxk auHNN:
l = I a + J I p 1
IZie | 5 - AKTUBHAs COCTABJIAIOLIAs TOKA;
| p - PeaKTHBHAsI COCTABIISIOLIAs TOKA.
[TonHas MOLIHOCTH OAHOM (ha3bi:
Sp=Uy!.

TZIe | - CONPSDKEHHBIN KOMIUIEKC TOKA.

HamoMHuM, 9TO MO ONpeNeNeHuIo Uil KOMIUIEKCHOTO uncina C=a+jb comps-
JKEHHBIM siBjsieTcs uucino C =a-jb.

Heo0xoauMocTh NCTIOIB30BAHUS COTIPSHKEHHOTO KOMIUIEKCA TOKa OTpeesieT-
Csl TEM, YTO MOITHOCTh TMPOTIOPITMOHATBHA Pa3HOCTH (Da30BBIX YIJIOB HANPSIKCHUS U
TOKAa:

¢=ay—oaj-

[TosHast MOIIHOCTD ANEKTPOIIPHEMHHUKA B TpeX(a3zHOU CHCTeMe DIIEKTPOCHA0-
YKEHUS OTIPEIEIIAETCS CyMMOM MOITHOCTEH OTACNIBbHBIX (a3.

C yyeTom gomyieHHI

— L_J_
$=38y=yl =371 = =J3Ul=P+jQ,

rae P u Q - akTUBHBIC ¥ peaKTUBHBIE MOITHOCTH TpeX (pa3 (AeHCTBUTENbHBIC YUCIIA).
OTcroz1a MOTYT OBITh TOJIy4€HbI COOTHOIIEHUS:

P=,/3U I Cosg,
Q=~/3U I Sing,

TA€ ¢ - YIOJ MEXK1y KOMIUIEKCAMHU TOKA U HAINIPSKEHUS.
ToK B y351€ Onpenensercs:

| S _P-jQ
- \/§ L_J \/§(U a J U p)
I/IB IIOCJIICAHETO BBIpa)KeHI/IH KBaI[paT MOI[y.]IH TOKA MOXHO BBIpaSI/ITBZ
12= s° .
3U°

12



[ToTepu MoHOM MOIIIHOCTU B CONMPOTUBIICHUH JIMHUU Z,; PABHbI

2 52
A§:3| ZH:?;H'

W3BecTHO, YTO peakTHWBHAs HArpy3ka MOKET MMETh WHIYKTUBHBIM WIA €M-
KOCTHOM Xapaktep (puc.2.4).

! KYY\L ! I 1 ¢
§—’ ? 11
a) 6)
j ~ i i
s iQ © IaJ P .
P| u=U u=u
Ial * S iQ
1 il 2)
ilp 5

Puc.2.4. Cxembl 3amMetiieHus (a, 6) ¥ BEKTOPHBIC THArpaMMel (6, 2) peaKTUBHON HAarpy3Ku

XapakTep sHepreTrueckoro mnpouecca Ha L - C anemenTax onpenensercs us-
MEHEHHEM NaJCHUS HANPSDKEHUS HAa HUX U U3MEHEHUEM TOKA, POTEKAIOIIEr0 Yepes
HuX. [Ipyu 3TOM B HauanbHBII MOMEHT MEPEXOAHOIO MPOIECCa BOZMOXKHO CKAYKO00-
pa3HOE€ U3MEHEHHE JIMIIb OJTHOTO U3 HUX:

U - Ha ”HAYKTHUBHOCTH;

| - Ha eMKoOCTH.

N3BecTHO MPOCTOE MHEMOHMYECKO€e MPAaBWJIO IS 3a[IOMUHAHUS (DOPMBI BEK-
TOopHBIX Auarpamm L - C sneMeHToB:

NHayKTHUBHOCTL TIPENATCTBYET T000- | EMKOCTL (KOHIEHCATOp) He MOKeT
My H3MEHEHHI0 TOKA B IIeNH, TOK OT- | ObITh pPa3psizKeH MTHOBEHHO, OTCIO/IA -
CTaeT OT HAIPSIKEHUS HaIpsHKEHUE OTCTAeT OT TOKA, WIIM TOK
ONEPEKAET HANIPSIKEHHUE.

[Ipu 3TOM ciienyeT MOMHUTh, UTO OOBIYHO HAIpaBJIEHHUE OTCUETA YTJIOB MPO-
TUBOIIOJIOKHO JIBMKEHUIO YaCOBOM CTPEJIKHU.
[TonHbIN TOK, ONPEAEITAEMBIN JJIEMEHTOM,

lzla_jlp l=|a+j|p
ITonHass MOIIHOCTH HA DJIEMEHTE:
S=P+jQ S=P-jQ
ConpoTUBIICHUE JIEMEHTA CETH:
Z=R+jX | Z=R-jX

IIpoBOIMMOCTB 3JIEMEHTA CETH:

Y=g-jb | Y=g+ijb
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2.3. Kinaccudukanus 31eKTPUYECKUX ceTell

Knaccudukanuys 371eKTpUIecKuX CeTei MOXKET OCYIIECTBISAThCS:
10 POAY TOKa;

110 HOMUHAJILHOMY HAIPSKEHUIO;

IO BBITTOJTHSAEMBIM (QYHKIIHSM;

M0 XapakTepy MoTpeouTerns;

10 KOH(UTYpaIUU CXEMbI CETH;

10 pPEeXUMY pabOThl HEUTPAIIH U T.J.

IIo poay Toka pa3nuyaroT ceTu nepeMeHHoro (dactoroi 50 I'r) U MOCTOSTHHOTO
TOKa.

IIo HanpsisKeHMIO:
® CBEPXBBICOKOTO HampspkeHus U, > 330 kB;
e BpIcOKOTO HampsukeHUsT U, = 3, ... ,220 xB;
e Hu3koro HanpspkeHus Uy, < 1 kB.
B kadecTBe HOMHUHAJIBHOTO (PacyeTHOrO) HAINPSIKEHUS paccMaTpUBAIOTCA JIU-
HelHble (MeXy(pa3Hble) HANPsLKEHHS TpeX(pa3HOro MePEMEHHOI0 TOKA.
CrannapTHbie 3HaU€HHs HanpsbkeHui (kB) npuBeneHsl B TaOHIIE.

ITo BbIMOTHSIEMBIM (PYHKIMAM OYyJeM pa3indarh:
e cucTeMooOpa3yollue CeTH,
® TUTAIOIINE CETH,
® pacnpeleauTeNbHbIE CETH.

Cucmemooobpasyrowue cemu HanpsokenueM 330 — 1150 kB ocymiecTBiasioT
¢ysxunuu popmMupoBaHus 00BEAMHEHHBIX SHEPrOCUCTEM, OOBEIUHSS MOIIHBIE JJIEK-
TpocTaHuu, obecreunBasi UX (YyHKIIMOHUPOBAHHE KaK €AUHOTO OOBEKTa YIpaBiie-
HUS, U OJTHOBPEMEHHO OOECIEYMBAIOT Mepeady AIEKTPOIHEPTHH OT MOIIHBIX DJICK-
TpOCTaHIIUNA. PeXrMOM cHUCTEMOOOPA3yIONINX CETe yMpaBlgeT AUCIeTdep 00beau-
HEHHOTO nucneTdepckoro ynpasiaenus (OJY).

Ilumarowue cemu npeIHaA3HAYEHBI IS TIEPENAYN AIEKTPOIHEPTUHM OT MOJICTAH-
Ui cucreMoobpasytomiel cetu u yacTudHo oT mwmH 110 — 220 kB snexTpocTanmmii k
uentpam nuranus (LI1) pacnpenenutenbHbIX ceTeil — palloHHBIM noAcTaHuusIM. [1u-
TalIIMe CeTH OOBIYHO 3aMKHyThle. Kak mipaBWiio, HampspKeHUE JTHX CeTel
110 — 220 xB. B nocnegnee BpeMsi Mo Mepe pocTa IJIOTHOCTH Harpy30K, MOIIIHOCTH
AJIEKTPOCTAHIIMN M TIPOTSHKEHHOCTH AJIEKTPUUYECKUX CETEH B POJIM MUTAIOIINX HAYU-
HAIOT Ucnonb3oBarhes cetu 330 — 500 kB.

Cetu 110 — 220 kB 00bIyHO aAMUHHUCTPATUBHO MOTUUHSAIOTC AO-3Hepro. Pe-
*KUM Bel€t nucneruep AO—s3Hepro.

Pacnpedenumenvubie cemu npelHa3HAYEHbI MJI MEpeayd AJIEKTPOIHEPTUU Ha
HEOOJIbIIINE PACCTOSHUS OT ITWH HU3IIETO HaNpsDKeHHs paloHHBIX moactanimi (LII1
pacnpenenuTeNbHBIX CETEe) K IPOMBIIIICHHBIM, TOPOJACKAM U CEITLCKUM MOTpeOuTe-
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nsM. Paznuuaror pacnpenenurtenbibie cetd Bhicokoro (Beime 1000 B) u Huzkoro (10
1000 B) nampsoxenus. PactipenenutenbHble ce€TH OOBIYHO Pa3OMKHYThIE WK pabdo-
TalOT B PA30MKHYTOM PEXKHUME.

Tabnuma 2.1 - HomuHansHbIe MK yha3Hble HAPsHKEHUS, KB, 171 HanpsoKeHU
Boimie 1 kB no 'OCT 721 — 77 (CT COB 779 — 77)

Tp u AT 6e3 PITH Tpu AT ¢ PITH HaunGosnbmee
Ceru u npuém- | ['enepa- pabouee
HUKH 271eKTpO- | Topsl U | [lepBuunsie | Bropuunsie | [lepBuunbie | Bropuunbie | HanpsiKeHHE
SHEPruu cr 00MOTKH 00MOTKH 00MOTKH 00MOTKH AJEKTPO-
000pyI0OBaHUS
®)
6 6,3 6/6,3 6,31 6,6 6/6,3 6,3 u 6,6 7,2
10 10,5 10/10,5 10,5/11 10/10,5 10,5/11 12
(20)
35 - 35 38,5 351 36,75 38,5 40,5
110 - - 121 110m 115 | 115u 121 126
(150)
220 - - 242 220w 230 | 230 mu 242 252
330
500 - 500 525 500 - 525
750 - 750 787 750 - 787
1150 - - - 1150 - 1200
IIpumeyanus:
1. HomuHaneHble HampsbKEHUs, yKa3aHHbIE B CKOOKaX, /Uil BHOBb IPOEKTUPYEMBIX CeTel HEe MpH-
MEHSFOTCHS.

2. B 3nHameHaree MMPUBCACHLI HAIIPSIKCHUA I Tp n AT, MNPpUCOCAUHACMBIX HCIIOCPCACTBCHHO K
IMAHaM I'€HCPATOPHOT'O HAIIPAKCHHA UJIW BBIBOAAM I'€HEpaTopa.

PacnpenenurenbHble CETH paHee BBHINOJHIIUCH HA HanpsbkeHue 35 kB u Huxke, a
ceronns — ot 110 kB u gaxe 220 kB.

Hanpsixkenue 20 kB ncnosib30Banoch UCKIIIOUUTENBHO B JIaTBHM.

Oo6nactpio MpuMeHeHus HanpsbKeHus 35 kKB ocTaroTcss B OCHOBHOM CEITbCKHUE Ce-
TH.

B HacTodiee BpeMs ISl AJIEKTPOCHAOKEHUS OOJBIIMX TOPOJOB M KPYMHBIX
MPEANPUATAA UCIONIBb3yeTCsl TIyOOKUi BBOJ BbhICOKOro HampspkeHus 110 — 500 kB
HETOCPEJICTBEHHO Ha TEPPUTOPHUIO0 00BEKTa, MAKCUMAJIBHO OJIM3KO K LIEHTPY Harpy-
30K.

ITo xapakTepy nmoTpeduTe/Is1 pacpeesINTENBHBIE CETU OIPA3AEIIAIOTCS Ha:
®  [POMBIIJICHHBIE;
®  TOPOJCKHE;
®  CEJIbCKOXO3AMCTBEHHOTO HA3HAYEHMUS.

ITo konurypauum pasauyarT CETU
®  3aMKHYTbIE (KOJIbLIEBBIC) U
®  Pa3OMKHYTHIE.
IlocnenHue MOTYT pas3feiaTbcsl Ha  MarucTpajbHbIE M paJvalibHBIE.
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Ilo pe:xumy padoThl HEHTPAJIN PA3JINYAIOT CETH:
C TUIyX03a3€MJIEHHOW HENUTPaJIbIO - 10 1000 B
C U30JIMPOBAHHOMN HefiTpavJIB}o 3 35kB
C KOMIICHCUPOBAHHOM HEUTPAJIbIO -
¢ addexTuBHO—3a3eMiIeHHON HelTpanpto - 110 kB u BhIIIE

2.4. Tunbl KOHGUTYPALUM IEKTPHUYECKHUX ceTell U 00/1aCTH UX MPUMeHeHHs

OobwenpunsTas Kiaccu(UKalusg SIEKTPUUECKUX CeTell Mo MX KOHQUTypamuu
orcyTcTBYeT. OJIHaAKO, HECMOTpPSI HA MHOI000pa3ue MpUMEHSIEMBIX KOH(Urypanuii u
cXeM, JI0OYI0 CeTh MOKHO PacuJieHUTh Ha OTJIEJbHBIE YYACTKH, OMMpAIOIIUecs Ha
neHTpsbl nutanus (L{I1), u oTHeCTH K OAHOMY U3 PACCMOTPEHHBIX HHKE THUIIOB.

Oounapnas paouanvras cems (puc.2.5) (nanee mis coxkparienus tum P1) sBis-
eTcsl HauboJiee IEeMEeBOM, 0THAKO 00eCeYnBaeT HAUMEHBIIYIO HaJAEKHOCTb; IOJIy4H-
Ja IUPOKOE paclpoCTpaHEHNE KaK MEPBbIM 3Tal pa3BUTHS CETU — IIPU HEOOJIBLINX
Harpy3kax IpUCOEIUHEHHBIX NIOJACTAaHIUNA U BO3SMOXXHOCTH UX PE3EPBUPOBAHUA 110
cetu CH u HH. IIpn 3TOM 1151 TpaBUIIBHOTO MPOEKTUPOBAHUS CETH YXKE Ha IIEPBOM
ATalle CIEAYET PEUINTh - B KAKOM HAIIPABJICHUHM HAMEYAETCs NaJbHEWIIEEe pa3BUTHE
CETH: ITyTEM MPEBPAILICHUS B OJIMH U3 HUXKE paccmarpuBaeMbix Tunos: P2, 31, /1.

i /. IC1
- Hgl H:ZZ H(.B I P
a) ncs 0

Puc.2.5. Onunapnast paauanbpHasi ceTb Tumna Pl
a — 3JIEKTpOCceTeBast OpraHu3alus; 6 — MIPOMBILIUIEHHOE NPEANPUATHE

Heotinas paouanvuas cems (puc.2.6) (manee miis cokpamienus tum P2) 3a cuer
DyOnupoBaHus JUHUM (Ha OOIIMX WM OTIEIBHBIX OMOpax) 00ecleunBaeT pe3epBu-
pOBaHUE MUTAHUA MOTPEOUTENIeH. DTa CXeMa XapaKTepu3yeTcs paBHOMEPHOU 3arpy3-
kol 06enx BJI, 4To COOTBETCTBYET MUHUMYMY MOTEPh, HE BBHI3HIBAECT YBEIUUCHUS TO-
k0B K3 B CMEXHBIX ydacTKaX CETH, TO3BOJISIET OCYIIECTBISATh YETKOE BEICHUE PEKU-
MOB paboOTHl CETH, OOECHEYMBAET BO3MOXKHOCTh TMPHUCOCAMHECHHS TMOACTAHIUN 10
MNPOCTEUIIINM CXEMAM.

ICl1 [c2
® ® u Pucynoxk 2.6. /IBoiiHast paguanbHas ceTh Tuna P2
[1C3

16



[Ipu snexTpocHabxkeHun paiiona ot ognoro L1 Haxoast npumenenue 3a-
MKHymble cemu Kovyegol kongueypayuu (puc.2.7): oounapHwle u 080liHble 3a-
MKHYymble.

c2 TIC1
11 I1C2

13 a) TC3 0)

Puc.2.7. 3aMKHYTBIE CETH KOJIBLIEBOW KOH(PHUTypaIHH:
a — onuHapHbie (Tuma 31); 6 — nBoiineie (Trmna 32)

JIOCTOMHCTBAMU 3THX CXEM, KaK U paIMabHBIX, SBJISIOTCA HE3aBUCUMOCTD I10-
TOKOPACIIPEAETICHHS OT TOTOKOB B ceT BH, oTCyTCTBHE BIMSHNUS HA YPOBEHb TOKOB
K3 B mpumeraromux cetsix, BO3MOKHOCTh MPUMEHEHUS MPOCTBIX CXEM MPUCOEAUHE-
HUS IOJICTAHIIUM.

[[Inpokoe mpuUMEHEHUE HAXOIUT 3AMKHYMAsL OOUHAPHASL Cemb, ONUPAIOUASCS
na osa L[I1 (puc.2.8, a).

111 112 111 112
I1C1 1C2 I1C3 I1C1 11C2 I1C3
L @ L [ ] [ ] [ ]
Q) 0)
Puc.2.8. 3aMKHYTBIE CETH, OIHUPAIOIINECS HA [BA ICHTPA TUTAHHUS:
a — onuHapHas (tuma J[1); 6 — nBoiiHas (tuna J12)

Ota koH(urypamus oOpasyercs B pe3ysbTaTe IMOATAIHOTO Pa3BUTHS CETH
mexay neymst L{I1. [IpeumymectBamu Takoil KOHGUTYpAIIUU SBIISFOTCS BO3MOXKHOCTb
OXBaTa 3HAYNUTEIILHOW TEPPUTOPHUH CETSAMU, co3nanne "mmH" mexay asyms LT s
MPUCOEAUHEHUSI, IO Mepe HEOOXOJAUMOCTH, HOBBIX MOJCTAHIINI, YMEHBIICHUE CyM-
MapHOW mnHBI BJI 10 CpaBHEHHIO ¢ MPUCOCAVMHEHHUSIMHU KaXKJIOW MOJACTAHIIMU 'TIO
KpaT4aleMy MyTH', 4TO NPUBOJUT, OJHAKO, K CO3/IaHUIO CJIOKHO3AMKHYTOU CETH,
BO3MOKHOCTh TPUCOCTUHEHNSI TOJACTAHILINMI IO YIPOIIECHHBIM CXEMaM.

Henocrarkamu koH¢purypauuu {1 sBistoTcs 00iblIast BEpOSATHOCTh HEIKOHO-
MUYHOT'O TTOTOKOPACTIPEICIICHUsI TIPU MapajijIeibHOM paboTe ceTel pa3sHbIX HampsiKe-
HUUW ¥ MOBBIIIEHUE YpoBHEH TokoB K3, yacTo BbI3bIBaIOIIEe HEOOXOAUMOCTh CEKITU-
OHUPOBAHMS CETU B HOPMAJIBHBIX PEXKUMAX.

Momudukanueit kondurypanuu J[1 sBAsieTcss 0gounas 3amMKHymas cems, Onu-
parowascs na osa L1 (puc.2.8, 6). Ilpumensercs mpu 6ojiee BHICOKHX IUIOTHOCTSIX
Harpy30K, 00JIaJJaeT MPaKTUIECKU TEMH K€ MPEUMYIIEeCTBAMU M HEIOCTATKaAMH, YTO
u koH(purypanus /1.
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V3noeasa cemw (puc.2.9) umeet 0osiee BHICOKYIO HAJEKHOCTh, yeM J[1 u /12, 3a

I1C1 I1C2 I1C3
I A d ® L1112
| T1C5
I3 H
I1C4

Puc.2.9. Y3nosag cets Tumna Y

cuer npucoenuHenus K Tpém LI, oqHako oHa IUI0XO ympasisiemMa B PEKUMHOM OT-
HOILEHUU U TpeOyeT coOopyk eHHs cinokHoU y3noBoM moactanuuu I1C2. Co3nanue
TaKOM CETH, KaK MpaBWJIO, ObIBAET BBIHYXJACHHBIM — IPU BO3ZHUKHOBEHUU TEXHHYE-
CKHUX OTpaHUYECHMM JIJIs JAJIbHEHUILIEro UCTIONb30BaHMs KOHpuUrypanuu (1.

Mmnoeoxoumypnasa cems (puc.2.10) sBasieTcs, Kak NpaBUIO, PE3YIbTATOM He-
YIOPABIISIEMOTO0 Pa3BUTHS CETU B YCIOBUSX OMPAHMYEHHOIO KOJIMYECTBA M HEPABHO-
MepHoro pasmenienus LII. Xapakrepuszyercss CIOXKHBIMA CXEMaMH IOJKIIOYECHUS
MOJICTAHLIMMA, TPYJHOCTSIMU OOECIEYEHUs! ONTUMAIBHOIO PEKHUMA, MOBBIIIEHHBIMU
ypOBHsIMH TOKOB K3.

11 112

113

Puc.2.10. MHOrOKOHTYpHAas ceTh TUNa M

OCHOBOI pPalMOHAIIBHOTO TOCTPOECHMS CETU SIBISETCS MOCTPOCHHE MPOCTBIX
TUNIOB KOHQUTYpalMid M HCIOIb30BAHHE B KAayeCTBE KOMMYTALMOHHBIX ITYHKTOB
(rmaBHBIM 00pa30M IMOJACTAHIMN) caeayrolei (00bIeit) CTYIIeHH HAMPSHKEHUS, SB-
JSAIOIIMXCS UEHTPAMHU MUTAHUA JUIsl IPOEKTUPYEMOM CETH.

Jliis pacrpeieIuTeNbHOM CeTH TaKUMHU KOH(PUTYparusiMu SBIISIOTCS B MIEPBYIO
ouepelp ABOMHAsA paauanbHas ceTb P2 M oauHapHas 3aMKHYyTas, OMUPAIOIIAsICA Ha
nsa LI, J[1. TexHMKO-35KOHOMUYECKHE UCCIIEIOBAHUS U aHAJIU3 O0JACTH MpUMEHEe-
HUS 3TUX KOH(Urypamuil mokas3blBalOT, YTO NMPUMEHEHHE KOHUrypauuu tumna P2
(kKaK paBWIIO, HA IBYXIEMHBIX Onopax) 3¢ PpexkTuBHEEe MPU HEOOJIBIINX PACCTOSHUIX
ot notpeduteneit no LI u npu BeICOKUX YypOBHAX HArpy3ok. COOTBETCTBEHHO 3TOT
TUIl CETH HAXOAUT MPUMEHEHHUE ISl AJIEKTPOCHAOKEHUS MPOMIPEINPUATHN U OT-
JIeJIbHBIX PailOHOB TOPOJI0B Ha HanpsbkeHuu 10 110 xB.
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Kongurypamnus JI1 maxonut mmpokoe npumeHenue B cetsax 110 kB mist snek-
TpU(UKAIMKU CEILCKOM MECTHOCTH, a TaKKe€ B pacmlpeneuTeNbHbIx ceTsax 220 kB,
obOecrieurBasi C HAMMEHBIITMMH 3aTpaTaMd MAaKCHMAaJIbHBIM OXBaT TeppUTOpUH. Tex-
HUYECKUMHU OTpaHMYCHUSAMHU I KoHburyparuu Jl1 spistorcs: 1) mpormyckHas crio-
COOHOCTh T'OJIOBHBIX YYaCTKOB, KOTOpas JOJDKHA 0OECIeYuBaTh 3JIEKTPOCHAOKEHHUE
BCEX MPUCOEAUHEHHBIX MOJCTAHIIMI B MOCICaBAPUMHOM PEKUME BBIXOJIA OJTHOTO U3
HUX, a TAaKXKe 2) IPeaIeIbHOE KOJIMUYECTBO MPUCOCIMHEHHBIX ITOICTAHITUH.

[Ipr BOZHMKHOBEHMM TEXHUYECKHX OTPAHUYCHUMN ISl JAJbHEHIIErO MCIOJb-
30BaHms cetr Tuma J[1 oHa MokeT OBITh MpeoOpa3oBaHa OJHUM M3 PACCMOTPEHHBIX
Jlajiee Croco0oB:

1113 1113

i P B I

111 1 1 7 2 111 1[ 11 1 [

Wm3|— LL 1r 11114 W3— 1 T le;l
U 6) N -

Puc.2.11. BapuanTs! pa3Butus ydactka cetu tuna J1:

a —3axo1 Ha HoBbIM LII;

6 — coopyxenne BJI ot nooro LI1;

6 — COOpYXEHHE CBSI3U MEXAY ByMs KoHpurypanusmu /11;

2 — pacceuka ogHoi koH¢purypauuu /{1 u ee 3axozn Ha I1C npyroro ydactka ceTu.

Puc.2.11, a - 3ax00 na noswvui [[I1 - cxema sIBASICTCS IPEAMOYTUTENBHON, T.K. OHA
HE YCJIOXHSET KOH(QUIYypalHi CETH, OJHAKO BO3MOXKHOCTh €€ NpUMEHEHHus 00y-
CJIOBJIEHA OJIaronpusITHBIM pa3MeleHueM HoBoro L{I1 oTHocuTenbHO paccmaTpuBae-
MOU CETH.

[Tpumenenne cxemubIx pemenuii (Puc.2.11, 6, 6, 2) IPUBOIUT K CO3TAHUIO Y3-
70BBIX (Y) 1 MHOTOKOHTYpHBIX (M) KOH(UTypauuii U yCIOKHEHUIO CXEM OTIEIbHBIX
NOJICTaHIU; pu 3ToM cxeMbl (Puc.2.11, 6, 2) IPUMEHSIOTCS, KOTZIa COOPYKCHHE
HoBoro LIIT oka3biBaeTcs HelenecooOpa3HbIM.

Kondurypauus tuna /2 obmagaer Oosblield MpOMYyCKHON CIOCOOHOCTBIO U
MOKET HMCIOJIb30BaThCS NJUTENbHOE Bpemsi 0e3 npeoOpa3oBaHUsl B JAPYTHE THUIIBI,
npumensiercs B cetsix 110 kB cuctem anekTpocHaOX)eHUs TOPOJIOB, a TAKXKE B CETAX
110 — 220 kB nnst snexTpocHaO)KeHUS MPOTSIKEHHBIX MOTPEOUTENEH - dIIeKTpUDUIIH-
POBAHHBIX KEJIE3HBIX JOPOT U TPYOOIPOBOIOB.

3amkHyTBIe KOH(pUrypanuu, onupatomuecs Ha ogud LI (31 u 32), ucnonssy-
I0TCS, KaK ITPaBUiIO, HA IEPBOM 3Tarle Pa3BUTHSI CETH:

nepBble — B CEIBCKOW MECTHOCTH C IMOCIEAYIOIMM MpeoOpa3oBaHUEM B JIBa
ydactka tuna J[1;
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BTOpbIE — B TOPOJaX € MOCIEAYIOLIUM peoOpa3oBaHUEM B JIBa y4acTKa THIIA
J2.

[IpuMeHeHne CI0XKHO3aMKHYTBIX KOH(UIypauui pacrpeneauTesbHON ceTu
U3-3a IPUCYIIUMX UM HEIOCTaTKOB HEKENATENbHO, OJHAKO B YCIOBHUSAX Pa3BUBAIO-
mieiics cetn uzbexarb ux He yaaercs. [lo mepe BosHuKHOBeHUs HOBBIX LIII cnenyer
CTPEMUTHCS K YNPOILIEHUI0O MHOTOKOHTYPHOI ceTu, npu 3ToM HoBble LI nenecoo6-
Pa3HO pa3MeIaTh B €€ y3JIOBBIX TOUKaX.

llumarowue cemu XapakTepHU3ylOTCsI MEHBIIIMM MHOTO00pa3ueM TUIIOB KOH(HU-
rypauuu. 31ech, Kak NpaBWIO, NPUMEHAIOTCS KoHpurypauuu 1 u ¥V, npu 3Tom B
KA4eCTBE Y3JIOBBIX TOYEK MCIOJIB3YIOTCS PaCIpeieaInuTENbHbIE YCTPOUCTBA JIIEKTPO-
CTaHIMI M YacTH MOJACTAHLMK ceTH. KoHpurypanus nNuTaromei ceTh yCloXKHIETCs
TeM OOJblle, YeM JOJIbLIE OHA Pa3BUBACTCA B KayeCTBE CETH BBICHIETO Kiacca
HANPSHKEHHUS; TI0CIIE "HAJIO0KEHUS' CETU CIEAYIOMIETO KiIacca HaNPsHKEHUS HAYMHACT-
Csl IPOIIECC YIPOILIEHUS KOH(UTYpAIIMK CETH HU3LIETO HAMPSKEHHUSL.

2.5. O0mme cBeIeHNA 0 CXEeMAaX 3aMelleHu s

Anekmpuyeckas cucmema - 3TO DIEKTPUYECKas 1€Mb, NIpeAHA3HAYCHHAS IS
MIPOU3BOJICTBA, PACIIPEICIICHUS U MMOTPEOJICHUS FIEKTPOIHEPTUH.

AHanu3 ycioBHi paboThl ANIEKTPUUECKON CUCTEMBI TPeX(Pa3HOTO MEPEMEHHOTO
TOKa TpeOyeT pacyeTa €€ YCTAaHOBUBIIMXCS PEXUMOB (CaMO MOHATHE '"yCTaHOBHB-
HIMICS peXKUM" pACKPOEM TO3KE).

[lenvio pacuema yCTAaHOBHMBIIETOCA PEKHMa SBJISETCS YCTAHOBJIECHUE TaKHX
MapaMETPOB PEKUMA, KAK HANPSKEHUS B Y3JIOBBIX TOYKAX, TOKM U MOLIHOCTH, MPO-
TEKAIOIIKE MO €€ OTACIbHBIM 3JIEMEHTAM.

JIns1 BBITIOJTHEHUSI TAaKUX PACUETOB peanbHOU cucmeme CTAaBUTCA B COOTBET-
CTBHE TaK Ha3blBaeMasi cxema 3ameujerus, MPEACTaBIsAIomas co00i COBOKYIMHOCTh
CXEM 3aMEIEHUs €€ OTIEIbHBIX 3JIEMEHTOB, COCIMHEHHBIX MEXIy COOOW B TOM K€
IIOCJIEIOBATEIBHOCTH, UTO U B PEATILHOU CXEME.

Cxemoul 3amewyeHus (WA TIPOCTO CXEMOM) AIEKTPUUECKOW IIENMU HA3BIBAIOT
rpaduueckoe M300paKeHHE DJIEKTPUUYECKON IIEMH, MOKA3bIBAIOIIEE MOCIIEI0BATEb-
HOCTh COEJIMHEHUS €€ YYaCTKOB U 0TOOpaXkaroliee CBONCTBA pacCMaTPUBAEMOM dJIeK-
TPUYECKOU LIETIH.

DIIEKTpUYECKAs 1EMb U, COOTBETCTBEHHO, €€ CXEMa, COJIEPKAT BETBH, Y3JIbl U,
B 00IIIEM CiTy4yae, KOHTYPHI.

Bemebio - Ha3pIBAOT y4aCTOK BJIEKTPUYECKOMN LIENH, COCTOSAIIMNA U3 TOCIEN0-
BaTEJIbHO COCIMHEHHBIX JIEMEHTOB (C OJHUM U TEM K€ TOKOM).

Y3710Mm - HA3BIBAIOT MECTO COCAMHEHUs ABYX M OoJbIIero uucia BerBeil. Oi-
HOM U3 HUX MOXET ObITh HCTOYHUK TOKA.

Konmyp - 310 110060 3aMKHYTBIN MyTh, KOTOPBIA MPOXOJUT MO HECKOJIHKUM
BETBSIM.

Ecnu cxema 371eKTprUYeCcKO LeNU HE CONEPKUT KOHTYPOB, TO OHA HA3bIBAECTCS
DPA30OMKHYMOU.
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B teopuu neneit pa3nuyarot ycmpanumovle U HeyCmpaHumble Y3JIbl 1 KOHTYPBI.
Yempanumwiti y3en - 310 Takon ysen, B KOTOPOM COEAMHSIIOTCS TOJIBKO JBE
BETBH.
Yempanumwiti konmyp - 06pazyercsi TOJIbKO ABYMS apaJljIeIbHBIMUA BETBSIMHU.

B nanpHelinem 0yaeM roBOpUTh TOJKO 0 HEYCTpaHMMBIX y371aX U KOHTYpaXx.

B pa3zomkHyTBIX ceTsax (puc.2.12, a) numanue kaxcoou Hazpy3Ku MOXHO OCY-
MIECTBIISITh MOJLKO ¢ 00OHOU CTOPOHBI. KaXIbIil y3en moidydaeT MUTaHUE HE OoJiee
4eM 10 00HOU eemeu. B ciiydae oTKiIOueHuUs JTI000N BETBU MpEKpaIiaeTcs MuTaHue
BCEX HArpy30K, MOIIHOCTb KOTOPBIX T€YET MO 3TOI BETBH.

Cxema, comepkamias XOTsS Obl 0OuH Kouwmyp, Ha3bIBACTCA 3AMKHYMOU
(puc.2.12, 6). B 3aMKHYTOW CETH €CTh X0msi Obl 00Uk y3ei, TOMYYAIONINA numarnue
no 08ym unu 6onee eemeam. OTKIIOYEHUE KaKOW-TMO0 BETBU KOHTYpa HE IPUBOJUT K
IEPEPBIBY JIEKTPOCHAOKEHHUSL.

S 2\

> ) — >
R L —
—
a) 0)
Puc.2.12. CtpyKTypHbIE CXEMbI OCHOBHBIX BUJIOB CETEH:
@ — pa30MKHYTasl CETb; 6 — 3aMKHYTas CeTb

PaccMoTpuM OnHONMMHEHHYIO TPUHIHUIUAIBHYIO CXEMY OTHOCHTEIBHO IpO-
CTOM 3JIEKTpUYECKOM cucteMsl (puc.2.13), coaeprkaiieil 1Be dIEKTPUIECKUE CTaHIIUH
U TPH TOJCTaHIIUH, CBA3aHHBIE MEXIY COOOW MIECTHIO JHMHHUSIMH DIJICKTPOTIEpeaadn
OJTHOTO HOMHHAJILHOTO HampsbkeHns. CyMMapHyI0 Harpy3kKy moTpeOuTenel, muTaro-
IIMXCS OT LIMH HU3KOTO HANpSHKEHUS KaKJ0M MOJACTaHIMM, OyAeM yCI0BHO 0003Ha-
YaTh CTPEJIKaMHU.

9C1

J3
D

9C2

J14
J16

B

Puc.2.13. OgHonuHelHast cxemMa y4eOHOTro 3JIEKTPOCETEBOT0 pailoHa
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DNEeMEHTHI CXEMBI 3aMEIIEHUS JEIATCS Ha IBE OONBIIIHIE TPYIIIIHL:

- aKmMu@Hvle YIIEMEHTHI;

- naccusHvle dIEMEHTHI.

Axmuenble dJIEMEHTBI cXeM 3aMelleHus: - ucmoynuxku I.J[.C. u moxa. OHuM
OTIPENICIIAIOT HAMPSHKEHUS UM TOKU B TOUKaX MPUCOCAMHEHUS 3TUX JIEMEHTOB K CO-
OTBETCTBYIOIIICH 11N HE3aBHCUMO OT OCTAIHHBIX €€ IMapaMeTpPOB.

Ilaccuenvle 2IEMEHTHI CXEM 3aMEIIECHUSI - CONPOMUBLEeHUS. U NPOBOOUMOCHIU -
CO3JIAI0T nymu ISl TPOXOKIACHUS IIEKTPUUECKUX TOKOB.

IlaccusHvie 3IeMEHTHI (BETBHU) JIEKTPUICCKUX CHUCTEM OOBIYHO Pa3/IeisiOT Ha
nPoOOJIbHblE U NONEPEYHbIE.

llonepeunvie NacCUBHBIE JIEMEHTHI - 3TO BETBU, BKIIOUCHHBIC MeHCOY V3IaAMU
cxembvl U Heumpanwio, T.€. y3JI0M, UMEIOIINM HaIpPSKEHUE PaBHOE HYJIO.

IIpooonbHbie - 3TO BETBU, COSAUHAIONINE 8Ce Y3IIbl, KpOME V3IAd C HANPSAHCEHU-
eM, pA8HbLIM HYI0, T.€. IPOJIOJIbHBIE BETBU HE COCIMHEHBI C HEUTPAJIBIO.

[IponosibHBIE BETBU BKIIFOYAIOT AKTUBHOE U MHAYKTUBHOE CONPOTHUBIICHUS JHU-
HUH dJIEKTponepeiadu, 0OMOTOK TpaHCHOPMATOPOB, TOKOOTPAHUYUBAIOIIUX PEAKTO-
POB, EMKOCTHBIE CONPOTHUBJIEHUSI YCTPOWCTB MPOAOJbHOW KOMIEHCALUH, IIYHTUPY-
IOIIHUX PEAKTOPOB U T.J..

[ToriepeuHble MaCCUBHBIE AJIEMEHTHI COOTBETCTBYIOT MPOBOJAMMOCTSM JIMHUI
AIEKTpONEpEAadYH Ha 3EMIII0, PEAKTOPAM U KOHJIEHCATOPaM, BKIIOUYEHHBIM Ha 3EMIIIO.
B HekoTOphIX ciydasx MOTEpPU B CTAIM TpaHC(HOPMATOPOB MPEACTABISAIOTCS B CXEME
3aMeNIeHUs KaK MOMepeUHbIe TPOBOAUMOCTH.

C y4eTroM CKa3aHHOTO, MPUHIUIIHAIBHON CXEME 3JIEKTPUYECKUX COCIVHECHUHN
MOTYT COOTBETCTBOBAThH Pa3JIMYHBIC CXEMBI 3amelieHus (puc.2.14):
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Puc.2.14. Cxembl 3amenieHHs] yUeOHOTO JEKTPOCETEBOr0 paifoHa:
a — aKTUBHBIE 3JIeMEHTHI npeacTaBieHsl D./[.C. 1 BHyTpeHHUMHU CONPOTHUBIICHUSMU;
0 - aKTUBHBIE JIEMEHTHI NPE/ICTaBIEHBl HCTOYHUKAMHU TOKA
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Br16op BapmaHTa cxeMbl 3aMEMICHUS OMPEAEIICTCS IENsIMU pacyeTa U UCXO/I-
HBIMH JAHHBIMU.

Onpenenenue

Yemanosuswumces pedsxcumom dIEKTPUYECKON IEMU MPH MOCTOSHHBIX MCTOY-
HUKaX TOKa M HANpsDKEHUS Ha3bIBAIOT TAKOE COCTOSIHHE, MPU KOTOPOM TOK B JIFOOOM
BETBU W HAIpPSOKCHUE B JIOOOM y3JIe OCTalOTCS HEU3MCHHBIMH B TEUEHHE CKOJIb
YTOJIHO JUTUTEIHHOTO BPEMEHH.

2.6. J/Iuneiinble U HEJIMHEHHbIC YPABHEHHS YCTAHOBUBILIETOCH PeKMMA

OCHOBHBIMM TapamMeTpaMu PACCMOTPEHHBIX MACCHUBHBIX 3JIEMEHTOB JJICKTPU-
YECKHUX IIeNeH SBJISIOTCS aKTUBHBIE COMPOTHUBIIEHUA I, MHAYKTUBHOCTh L U €MKOCTb
C.

Il npocmomul uzyuerus: He 6yoem yuumsl8ams 3auUMHYI0 UHOYKIMUBHOCD.

[TapameTphl LENA MOYTH BCErAa B TOW WJIM MHOW CTENIEHH 3aBUCAT OT TOKA U
HanpspkeHusi. CONpoTUBIIEHUE I MEHSIETCS NMPU U3MEHEHMM TOKA, MOCKOJIbKY IIpH
3TOM U3MEHSETCA TEMIIEPATypa IPOBOIHUKA.

EMKOCTh KOHAEHCATOpa MOXKET 3aBUCETh OT HANPSDIKEHUS, & UHIYKTUBHOCTH
KaTyIIKHA OT TOKA.

OnmHako BO MHOTHX CIydasX 3Ta 3aBUCHMOCTb HACTOJIbKO ciiabasi, 4To ero
MOXHO TIpeHEOpeYh U CUUTATh MapaMeTPhl MACCUBHBIX AJIEMEHTOB IIEMU HE 3aBUCS-
IIMMHU OT TOKa W HANpsDKEHUA. B 3THX cilyyasx XapaKTEPUCTHUKU 3JIEMEHTOB JJIEK-
TPUYECKOU LIETIH, T.€. 3ABUCUMOCTHU:

- HAIPsDKEHUS OT TOKa B CONPOTUBJIEHUH [

- 3apsA/1a OT HAPSKEHUS Ha KOHJIEHCATOPE ¢ eMKOCThIO

- MOTOKOCIICTUICHUS! OT TOKA KAaTYIIKH C UHAYKTUBHOCTHIO L,

MO>KHO MPEACTABUTD MPAMBIMU JTUHUSMH.

Takue 371eMEHThI HAa3bIBAIOTCS JIMHESHHBIMU.

B sunetinvix snementax conpoTtuBieHue I, eMkocTs C U HHAYKTUBHOCTH L mo-
CTOSIHHBI, T.€. HE 3aBUCST OT TOKA U HANPSHKEHUS 3TUX SJIEMEHTOB.

Y CTaHOBUBIIHUECA PEXKUMBI LIETIEH, COACPKAIMX TOJIBKO JTUHEHHBIE JIEMEHTHI
1 TOCTOSIHHBIC TI0 MOIYJII0 M (Da3e MCTOYHUKH TOKA, ONMMCBHIBAIOTCS JIUHEUHbIMU AJl-
reOpandecKUMH YpasHeHUsMY YCTAHOBUBIIETOCS PEKUMA.

WNuornma 3tu ypaBHEHUS HA3bI8AIOM YPABHEHUAMU COCMOAHUSA TUHEUHON JICK-
TPUYECKOW IENMH W TMOHUMAKOT TOJ HHUMH XOpOIIO HU3BECTHhIE 3aKOoHbI Oma u
Kupxroda, a camu 11enu Ha3bpIBAIOTCS JIUHEUHBIMU JICKTPUUECKUMU HETISIMHU.

DTOT ciy4all COOTBETCTBYET PACUETy YCTAHOBUBIIMXCS PEXKUMOB 3JIEKTpPUYE-
CKMX CHUCTEM MPHU 3aJaHUU MOCTOSHHBIX MO MOAYJO U (pa3e TOKOB HArpy3Ku MOTpe-
OouTesnei U TeHEPaTOPOB BO BCEX y3JIaX AIEKTPUUECKON CUCTEMBI.

Ecnu mapameTrpbl macCUBHBIX 3JIEMEHTOB JJICKTPUYECKOW LIENU CYIIECTBEHHO
3aBUCAT OT TOKA WJIW HAIPSIKCHUSA, T.€. XapAKTEPUCTUKHU ITUX BJIEMEHTOB HEJIWHEU-
HbI, TO U CAMM TaKW€ [N HA3bIBAIOTCS HEJIMHEUHBIMH. B TE€OpEeTHUYECKON 3JIEKTPO-
TEXHHUKE dJISKTPpHUECKas IIeIb, cooepicawids Xoms Obl 00UH HEeTUHEUHbI INeMeHM,
HA3bl8Aemcs HeUHEUHOU.
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B pacueTrax ycTaHOBUBIIUXCSI PEKUMOB JIEKTPUUECKUX CUCTEM HETUHEUHOCb
NACCUBHLIX DJICMEHTOB, KaK MIPaBUJIO, He yuumoléaemcsi. B 3TOM CMBICIIE npo0obHas
yacmo cxembul 3ameujenus 8ce20d TUHelHA.

Axmuenble DIIEMEHTBI CXEM 3aMECIICHHS YJICKTPUYECKUX CETEeH U CHCTEM - 2e-
Hepamopwvl U Hapy3Ku - IPEJICTABIISIOTCS B BHJIC JUHEUHbIX U HETUHEUHbIX UCTOYHU-
KoB. B 3aBucHMOCTH OT crioco0a 3ajaHusl TeHEpaTOPOB M HArPY30K ypasHeHus: yCTa-
HOBHUBIIIETOCS PEXKUMA JUHeliHbl uiu HeaureliHbl. CIIocoObl MPeICTaBICHUS HarPy30K
Y TEHEPATOPOB TP pacueTax PEeKUMOB 3aBHUCAT OT BHJIA CETHU U IICJICH pacyeTa.

[TpununuaabHas BaXKHOCTH OMNPECIICHUS MaTEMaTHYECKOTro Kiacca 3a/ladu
pacuera YP cOCTOUT B TOM, UTO HeauHeliHas 3ajada MOXKET UMETh UCKIIOUUMETbHO
umepayuoHHoe peuleHue ¢ KOHeUHoU MOYHOCMbIO.

B 3axmrodueHne oTMeTHM, YTO 3a7ada pacyeTa MmapaMeTpPOB YCTAaHOBHUBIIIETOCS
peXUMa MOXKET CUMTATHCS PEIICHHOW B MOJTHOM 00BEMe TP YCIOBHH, YTO MTOMHUMO
OTIpENICTICHUS MMapaMETPOB PEKHUMa, OJHOBPEMEHHO pEIleHa M 3ajaya CTaTHYCeCKOM
YCTOMYMBOCTH CUCTEMBI (YU4eOHBIH Kypc "DIEKTPOMEXaHUUECKUE MEePEeXOAHBIC TIPO-
mecchr").

2.7. CxeMbl 3aMelIeHNS MPH PacyeTaX YCTAHOBUBIINXCS pe:kuMOB IIC

2.7.1. IlpeacraBiieHre CHHXPOHHBIX FT€eHEPATOPOB MPH pacyeTax
YCTAHOBUBIIMXCH PEKNMOB

Harpy3ka CMHXpOHHBIX T€HEPATOPOB U3MEHSIETCSI B COOTBETCTBUH C TpaUKOM
Harpy3ku cTaHuuu. [Ipy 3TOM peakTUBHYIO MOIIHOCTh F€HEPATOPA U3MEHSIOT IIyTEM
M3MEHEHUS TOKa BO30YKICHMsI, BO3JEHCTBYS HA U3MEPUTENbHBINA OpraH aBTOMaTHuye-
CKOT'O PEryJsiTopa BO30YyKJE€HHU, a aKTUBHYIO MOIIIHOCTh — U3MEHEHUEM KOJINYECTBA
SHEPrOHOCHUTENS (Tapa WM BObI), IPOIYCKAEMOro yepe3 TypOuHY, BO3IEHUCTBYS Ha
JIBUTATEh U3MEHEHUs1 000POTOB B cUCTEME yrpaBieHUs! TypOuHbl. CKOPOCTh yBEIU-
YeHUsI Harpy3ku TypOoreHepatopa orpaHudeHa. OHa ompeaenseTcss BpeMEeHEM, He-
O00XOJMMBIM JIJIsl IOCTEIIEHHOro0 HarpeBa TypOUHBI. OOBIYHO 3TO BpEMsI COCTaBIISIET
HECKOJIbKO 4acoB. J[0 HeaBHEro BpEMEHH CUMUTAIOCh, YTO FUApPABINYECKas TypOuHa
HE OrPaHUYMBAET CKOPOCTh MOABEMA HArpy3Ku, O3TOMY HAOOp HArpy3KH ruapore-
HepaTopa NPOU3BOAUTCS B TECUCHUE HECKOJIBKUX MUHYT.

HomuHanbHBIN pexuM paboThl TEHEPATOPa XapaKTEpU3yeTcs HOMUHAIbHBIMU
napaMeTpamu: aKTUBHOW HArpy3kod Py, HANPSXKEHUEM U oy, KO3 dULIEHTOM

MOIIIHOCTH COS @, , yacToTou f W Temmeparypoil OXJaKIaromero ra3a Ha BXo-

M
ne 9o [toTa]. Pabota ¢ HOMUHAJIBHBIMU MMapaMETPaMU MOYKET MPOAOJDKATHCSA CKOJIb

YyroAHO uuTenbHO. [lpu 3ToM TemmepaTypbsl 0OMOTOK cTaTopa M poTopa, TeMIiepa-
Typa CTajJM CTaTOpa HE BBIXOJAT 3a AOIYCTUMBIE MPEIEIBIL.

[Ipocreiimas cxema 3aMEIIEHNs CHHXPOHHOIO HESIBHOIOJIKCHOTO F€HEPATOPA
(CT'), m3BecTHast M3 Kypca JJICKTPUYECKHX MAIlMH, MMEET BHUJ, TMOKa3aHHBIA Ha
puc.2.15:
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Puc.2.15. Cxema 3amelieHrsi CHHXpOHHOTO TeHepaTopa

Pexxum paboThl reHepaTopa XapakTepU3yeTcs BEKTOPaMH HAIPsDKCHUS Ha 3aXU-
Max reseparopa U ., TOkOM craTopa reHeparopa |, u (hasoBbIM YIJIOM @ MEXIy HH-
MHU.

B3aumocBs3p Mex1y HUMH MOKaXXEeM Ha BEKTOPHOW AMarpaMMe, COOTBETCTBYIO-

el pekuMy repeBo30yxkacHus (puc.2.16, a).
A .

+ Ur
0 > >
+
© 1
Ir
a)
A+
(momepeyHas) Eq

Ig

(mpononpHas)

Puc.2.16. BekTopHble AuarpaMMbl CHHXPOHHOTO T€HEpaTopa:
a — TIepBBI 3Tall MOCTPOEHUS; O — BTOPON ATAIl HOCTPOCHHUS;
6 — TPETUH JTall IOCTPOCHMS; 2 — YETBEPTHIN 3TaIl IOCTPOCHUS

Ha ocHOBaHMU cX€Mbl 3aMEIICHHUS MOXKHO JOCTPOUTH BEKTOPHYIO AUarpammy,
HaHecs Bektopa DJIC v najeHus HanpsbKeHus B reHepaTope (puc.2.16, 6).
U3 nuarpammel oueBuaHO, 4T0 DJIC reneparopa E, ypaBHOBEIIMBACTCS HHIYK-

THUBHBIM MAJICHUEM HANPsHKCHUS B TEHEPATOPE \/§I_r JXy ¥ HampspKeHWEeM Ha IIMHAX
reneparopa U . DTo MOXKeT OBITh 3aIIMCaHO:
Eq :Qr +\/§lr Xq- (2.1)

BpINOSHUM JOMOJHUTENBHOE MOCTPOEHUE HA BEKTOPHOM AuarpamMMe: OIyCTHM
MePICHANKYIISAPBI U3 KOHIA BeKTOpa |, Ha HampasieHne E, i mepreHanKyIspHoe K

HeMy Hampasienue (puc.2.16, g).
B pesynbTate MoMy4MM MONEPEUHYIO COCTABISIONIYIO TOKa |q M IPOIONBHYIO

COCTaBJIAIOIYIO ld . [Tpy 3TOM 0OYEBUIHBI BHITEKAIOIINE U3 AUATPAMMBI BBIPAKECHUS:
Iq=1.cos¥;
lyg=1sInY¥.
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N3 kypca aieKTpUYecKuX MaIliH U3BECTHO, YTO CHHXPOHHAs MalinHa paboTaer
Kak reHepaTop (10 aKTHBHOM MOIIHOCTH), KOTJa MOTMEpPEeYHasl COCTABJISAIONMIAs TOKa
I_OI COBITaJiaeT 1o Harpasiienuto ¢ DJ1C Eq , 1 KaK JBUTraTejb, KOIJa COCTABIISIONIAS

| ¢ mpoTuBOMONOKHAE .

B reneparope E, omepexaer U . 1 reHepHpyeTCs aKTHBHAS! MOIIHOCT!

Pr=+3U,1:C08¢>0.

B nBurarene Eq orctaeT ot U ., M MOTpeOIsieTCs aKTUBHAS MOITHOCTH:

7B >
P;[B=\/§UﬂBI;;[BCOS(P<0-
W3 ypaBHeHus (2.1) onpenennM 3HaYSHUE TOKA TeHepaTopa:
E,-U
— =T
| =—9 =r (2.2)
—r . : .
\/é de
OTMeTHM, 9TO KOMIUIEKCHOMY BBIpaXEHHUIO (2.2) MOXKHO IOCTABUTHh B COOTBET-
CTBHUE CONPSIKEHHBIA KOMILIEKC TOKa FeHepaTopa, OMpPEAe/IIeMbIil ¢ yUeTOM 3Haue-
HUM BXOAAINMX KOMIUIEKCHBIX BenuuuH (puc.2.16, 6): U =y .=U , IOCKOIbKY

BEKTOP HAIIPSDKEHHS HA 32)KMMAaX FEHEpaTopa ONMCHIBAETCS YUCTO AEHCTBUTEIBHOU
COCTaBJISFOLICH:
Eq =Eq(Cosd+ jsind) - u3 nuarpammsl puc.2.16, 6.

COOTBETCTBEHHO COMPSIKEHHBIM KOMIUIEKC TOKA F€HEPATOpa

T _ Eq _Qr
E—-
-3 )Xy

BolpaxkeHue ais MOJHOM MOIIHOCTH, BbIpaOaThIBAEMON T'€HEPATOPOM, MOXKET

OBITh MPEOOPA30BAHO CIAEAYIOIIUM 00pa3oM:

_ . Eq-U, U, (E4-U,)
S=P+jQ=+3U,71,=+8U, ————=-—""3 —7°

SNENLE — X4
C yuetom TOrO, 4TO i = ], MOXKHO 3aIIMCaTh:
L 5
S JL_Jr Eq B Jur .
- Xy Xd

Hcnonb3ys pa3BepHyThIE 3HAYEHUS Eq u U, nmeem:

JU Eq(cosd — jsing) U2 ~

§: J =]
Xd X4
(2.3)
U Eq . U, Eq u?
= sind + j(———-co0sd6——1).
X4 X4 Xd
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N3 Beipaxenust (2.3) JIETKO MOJyYUTh U3BECTHBIC BBHIPAKEHUS JJIsl aKTUBHOW U
PEaKTUBHOM MOILIHOCTEW CHHXPOHHOI'O F€HEpaTopa:

U E
P=—""9sins,
X4
U.E 2
Q=— 9 cosd — Or (2.4)
Xd X4

PaccMoTpuM pexuMbl reHepaluu U MoTpeOJeHNsT CHHXPOHHOIO T€HepaTopa Io
PEaKTUBHOU MOIIIHOCTH.
Ha BexropHOW AuarpamMme OIMyCTHM NEPICHIMKYIAP U3 KOHLA BeKTopa E, Ha

OCh BEIICCTBCHHBIX yncel (B Touky 4) (puc.2.16, 2).
OueBuaHo, oTpe3ok OA = EqCOS o, mpu 3ToM U < EqCOS 0.

B coOTBETCTBUU C 3TUM B pPeXHME MEPEBO30YKICHHUSI T€HEPATOP BBIIAET B CETh
PEAKTUBHYIO MOIIHOCTb, T.K. IO BhIpaxeHuto (2.4) B stoM ciyyae Q. > 0.

2.7.2. llpaktuyeckoe npeacrasjenue CI' npu pacuerax YP

Comnporusinienne reseparopa u ero J/{C ydnTBIBAIOTCS NPU pacyeTax NEPEXO.I-
HBIX MIPOLIECCOB.

B pacuerax yCTaHOBUBIIMXCSI PEXKHMOB JJIEKTPUYECKUX CETEH M CUCTEM, Kak
PaBUIIO, HE YUUTBIBAIOTCA Xy U E, a reHepaTop npeAcTaBaseTCss HICTOYHUKOM TO-

Ka, NOAKIIFOYEHHBIM K IIMHAM F€HEPATOPHOrO HAIPSKEHUS.
HcTouHnKH, COOTBETCTBYIOIIME I'EHEPATOPAM AJICKTPOCTAHLIUH, IIPU pacyeTax Ha
OBM ycTaHOBUBIIUXCS PEKUMOB MOTYT 3a/1aBaThCS OJTHUM U3 TPEX CIIOCOOOB:

Ilocmosnnvie akmuenas u peakmueHas MOWHOCMU.
P.=const, Q. =const.

3amaHre MOCTOSTHHONW aKTHUBHOW MOIITHOCTH COOTBETCTBYET PEAIbHBIM YCIOBUSIM
paboThl TeHepaTOpOB B AIEKTpUUecKkoi cuctemMe. OHA MOXKET MOANEPKUBATHCS 3a
CUET PEeryJIMpPOBAHMS YaCTOThI Ha TeHEpaTOpax.

3amaHue TOCTOSIHHOW PEaKTUBHOW MOIIHOCTA HE COOTBETCTBYET pPEabHOMY
YIPABJICHUIO PEKMMOM B AJIEKTPUUECKOW CHCTEME, TaK KaK Ha TeHepaTropax HeT pe-
T'YJISATOPOB PEAKTUBHON MolHOCTH. 3aganue Q. =CONst yacTo ObIBaeT HEOOXOAUMO
IIPU pacyeTax yCTAHOBHBIIHMXCS PaOOYMX MM ONTUMAIBHBIX PEKUMOB, HAIIPUMED B
TeX ciydasx, korga Q. HeoOXOIMMO MPUHATH PaBHOM €€ MpeesIbHO A0MyCTUMOMY
3HAYCHHUIO.

OOBIUHO [UI TEHEPUPYIOLIUX Y3JI0B NPH (pUKCUpOBaHHBIX P. u Q. HEen3BeCTHBI

MoayJib U (aza HanpspkeHus y3na U, u O, (100 aKTUBHBIE U pEaKTUBHBIE COCTaB-
nsome Hanpsokennst U, u U ).
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Ilocmosinnvle akmusHas MOWHOCMb U Moay]lb HANPANCEHUA .
P. =const, U, =const.
B sTom ClIydac IICPCMCHHBIMH SABJISAIOTCA, KaK IIPABUJIO, pCAKTHBHAA MOIITHOCTDb U

¢aza HanpsHKEHUS.
V3116l cO CBOOOAHON peakTUBHONW MOIIHOCTBIO IIpU P. =0 cooTBETCTBYIOT CHH-

XPOHHBIM KoMIeHcaTopam 1100 rpu P. #0 - reHeparopam.

Takue Y3Jibl Ha3bIBAIOT 6anchupy;0u4wwu no peakmueHoﬁ MOWHOCMU. BaI[aHI/Ie
IMOCTOAHHOI'O MOAYJISA HAIIPSKCHUS 1IPU Qr =Val COOTBCTCTBYCT pCaJIbHbIM YCJIOBH-

SAM pa6OTI>I ICHCPATOPOB NI CHHXPOHHBIX KOMIICHCATOPOB C PCryrATopaMu HaIIp:i-
KCHHUA, ITIOIACPKUBAOIITUMU UF = const.

Ilocmosinnvie MoOyIb U paza HANPAHCEHUsL:
U, =const, o, =const.
B takux y3/1aX IIEPEMEHHBIC — 3TO AKTUBHBIC U PCaKTUBHBIC MOIHOCTH, T.C..
P.=var, Q. =var.

DTOT cnocod 3aaHus UCXOAHBIX JAHHBIX COOTBETCTBYET Y3JIaM, OAIaHCUpYIO-
wum no AKMUBHOU upeakmueuoﬁ MOWHOCMAM U OA3UCHBIM NO HANPASNCEHUIO. Takue
y3Jbl Oy/ieM Ha3bIBaTh Oanancupyrouwumu. B pacuerax yCTaHOBUBIIUXCSI PEKHUMOB, a
TAKKC IIpU UX OIITHUMH3AIIUHN BO3MOIKHO 3aJdaHHC HCCKOJBbKHX 6aJIaHCI/Ipy10HII/IX Y3-
JIOB. KaX(IIBIﬁ N3 HUX COOTBCTCTBYCT CTAHIIUHU, yqaCTBonmeﬁ B pCryJIMpOBAHUU Ya-
CTOTHI, HpI/IHI/IMaIOHleﬁ Ha ce0s1 HeOalaHChl aKTHUBHOM MOIIMHOCTH U ITOOACPKHUBAIO-
1116171 IIpHu 5TOM ITOCTOAHHYIO YaCTOTY B CUCTCMC. BBCI[eHI/Ie OJHOI'O MJIN HCCKOJIbBKHX
6aﬂaHCpr}ome Y3J10B COOTBCTCTBYCT IIPCAIIOJIOKCHHUIO O TOM, YTO YaCTOTA B 3JICK-
TpH‘leCKOﬁ CHUCTCMC IIOCTOSHHA.

2.7.3. [IpeacrasBjieHre HATPY30K MPHU pacueTax yCTAHOBUBIIMXCS PEKMMOB

B pacuerax ycTaHOBHBIIMXCS PEKHMOB HArpy3KH MOTYT OBITh MPEIACTaBICHBI
OJIHUM M3 5 c1ocO0O0B.

Haczpyska 3a0aemcs nocmosnnsim no Mooymnio u ghaze mokom:
=14+ le.p =const. (2.5)
DToMy cnioco0y 3a/1aHusi COOTBETCTBYET cxema 3amenieHus (puc.2.17).

Puc.2.17. 3ananue Harpy3ku NOCTOSTHHBIM 11O

g MOAYIIO U (ha3e TOKOM
la=]n.a+jla.p=const

Takast popma npencraBieHus Harpy3Ku IPUHUMAETCS MPH BCEX pacyeTax pac-
npenenuTenbHbIX ceTeil Hu3koro HanpsikeHust U <1kB. Kak npasuino, Tak ke 3aaa-
€TCSl Harpy3ka B TOPOJICKMX, CEJIbCKMX M MPOMBIIUIEHHBIX CETSAX C HalpsiKEHUEM

U <35kB.
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B pacnpenenuTenbHbIX CETSX UCTOYHUKAMU MUTAHUS SBISIIOTCS IIMHBI HU3KOIO
HaNpsHKEHUs! palloHHBIX NojcTaHui. Kak npaBuiio, npeanosaraercs, 4To HampspKe-
HUE UCTOYHMKA MUTAHUS U3BECTHO.

[Tpu 3amaHum Harpy3ku B BHUJE MOCTOSHHOTO TOKa (2.5) yCTaHOBUBLIMICS pe-
UM OIMCHIBAETCSI CUCTEMOW JIMHEHHBIX alreOpandyeckux ypaBHEHUI, MOJIPOOHO
paccmarpuBaeMblx B Kypce TOD. OcoOEHHOCTh 3TUX ypaBHEHHUIl B TOM, 4TO, Kak
npaBuio, oTcyTcTBYIOT DJIC B BETBSX, @ B HArPY304HBIX y3J1aX 3aJaHbl HCTOYHHUKHU
TOKA.

3amanue Harpy3Kku B Buje (2.5) MpH pacueTax MUTAOLIUX CETEeH MPUBOJIUT K He-
JOITYCTUMO OOJIBIIMM MOTPEIIHOCTSIM.

Haepy31<a 3a0aemcsi NOCMOSHHOU NO BellUYUNe MOUWHOCMDbIO!
P, =const, Q, =const, nu

S, =P, +]Q, =const.
OToMy criocoOy 3aJlaHus Harpy3KU COOTBETCTBYET cxema 3amerenus (puc.2.18).

(2.6)

> Puc.2.18. 3aganue Harpy3ku MOCTOSIHHOM IO
Su=Pr+jQu=const BEJIMYMHE MOIITHOCTHIO

Cnioco6 ucnoap3yeTcs MpU pacdyeTax yCTAaHOBUBIIUXCS PEKUMOB IMUTAIOMINX H,
WHOTA, PACIIPEICIIUTENBHBIX CETEW BBICOKOTO HAMPSKECHUS.
B nmuraromux cersax S, =CONSt 3anaeTcs Npu HEN3BECTHOM HANPSKECHHUH B y3JI€.

DTO 3HAYUT, 4TO B Y3JI€ 3a/1aH HEJIMHEWHBIM NCTOYHUK TOKA, CHUJIa TOKa KOTOPOTO 3a-
BUCHUT OT HaNpsDKEHUs y3Ja:
| =S R JQu (2.7)
" J3u J3U |
[Tpu ucnons3oBanuu (2.6) u (2.7) ypaBHEHUsI YCTAaHOBHBIIMECS PEXHUMBI MUTA-
OILIEN CETH HEJIMHEWHBI.
3amaHue MOCTOSIHHOW MOIIHOCTH HAarpy3kd COOTBETCTBYET MHOTOJIETHEHW Mpak-
TUKE SKCIUTyaTalluu 3JIEKTpUYeckux cered m cucteM. OnHAa W3 NPUYMH 33JaHU
S, =const B TOM, YTO SKOHOMUYECKHE PACUEThl OCYIIECTBISIOTCS 32 MOJYYEHHYIO

anekTposHepruio. COOTBETCTBEHHO pacueThl TEKYIIETO ([ JaAHHOTO MOMEHTa Bpe-
MEHH) peKHUMa MPOBOJSATCS B MOIIIHOCTSIX, & HE B TOKaX.

DTOT cMoco0 3a/laHusl Harpy3KH SIBJIAETCS JOCTATOYHO TOYHBIM JJIS DJICKTpHUUe-
CKHX CHUCTEM, MOJHOCTHhIO O00ECIEUCHHBIX YCTPOMCTBAMU PETyJIUPOBAHMS HaIPsIKe-
HUg. B 2THX cucTteMax Ha JIEKTPONPUEMHMKAX TMOJIACPKUBACTCS IOCTOSHHOE
HaIpsDKEHHUE 3a cYeT Mupokoro ucnoias3oBanus PITH Ha tpancdopmaropax u aBTO-
TpaHchopMaTopax, WM MCIOIb30BAHUS CICIUAIBHBIX JTHHEHHBIX WU BOJBTOH00a-
BOYHBIX PETYIMPOBOYHBIX TPaHC(HOPMATOPOB HA HEPETYIMPYEMBIX CHIIOBBIX TPaHC-
dbopmaropax CymecTBYIOIMUX MOJACTaHIMNA. Kpome TOro, MHUPOKO HCIONB3YIOTCS
CpeACTBa MECTHOrO peryinupoBanus HanpspkeHus (ynpasisiemble BCK, C/l u 1.1.). B
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ATHX YCJIIOBHSX IPH MU3MECHECHUSX PEKMMA HANPsOHKEHHE Ha HArpy3Ke MPaKTHYCCKH HE
MEHSICTCS ¥ TTOJIHASI MOIIIHOCTh HATPY3KH OCTAETCs MIOCTOSIHHOM.

B neficTBUTEIBHOCTH Y TOTpeOUTENEH HEe 00eCIeunBaeTCsl O IepKaHue TIOCTO-
SSHHOTO TI0 MOJAYJIIO HamnpspKeHUs. B 3ToM ciydae 3ajaHue MOCTOSHHON MOIIHOCTH
HArpy3KH MMOTpeOuTeNell MPUBOAUT K OIIMOKAM MPHU pacdyeTax YCTaHOBHUBIIUXCS pe-
’KMMOB ITUTAIOLIUX ceTel B cpaBHEHUM ¢ yuetoM 3aBucumocteilt P, (U) u Q,(U).

Ota ommobKka TeM Oosbliie, YeM OOJblle OTIMYAIOTCSA HAMPSHKCHHUS Ha 3aKUMax
AIIEKTPONPUEMHHUKOB OTPEOUTENCH OT HOMUHAIBHOTO HANIPSKEHUSI.

[Tpu pacuerax pacrpeneNUuTeNbHBIX CETEH HU3KOTO HANpsDKEHHs B Cllydae 3a/1a-
HUsL S, = CONSt mpearnosaraoT Takke, YTO HAIPSKEHHs BO BCEX y3/1aX PaBHBI HOMU-

HaJIbHOMY. 10 CymiecTBy 3TO JOMyHIEHHE 03HAYAET, UTO B y3JI€ 3aJ1aH JUHEUHBIN HC-
TOYHHUK TOKA, HC 3aBI/IC$[HII/Iﬁ oT HaHpH)KeHI/Iﬂ y3ﬂa:
| = SH _ PH B JQH
~H —
V3U  BUon

[Tpu BeIMONTHEHUY ycaoBHi (2.6) u (2.8) ypaBHEHHS YCTaHOBHUBIIIETOCS PEXUMa B
pachpeeMTENbHBIX CeTAX JTUHEHHBI. PacueT MOTOKOB MOIIIHOCTEN B TMHUSX BEAETCS
M0 MOIIHOCTSIM Harpy3oK, HO YpaBHEHHS OCTAOTCs JHHEWHbIMH. DaKTUYECKH 3aja-
HUE MOCTOSHHOW MOIITHOCTU HArpy3KH B MPEANOJIOKEHUH, YTO HANPSHKCHHUE B y3JI€
pPaBHO HOMHUHAIILHOMY HAIPSKEHHIO, SKBUBAJICHTHO (2.5).

= const. (2.8)

Haepyska 3a0aemcsa nocmoannot npo8ooumocmvio (Ui COnpoOmueieHuem).

Y,=0,—Jb,=const wmu Z,=r,+ jX, =const. (2.9)

On

U |

|:|pr U Iy ;H> Xy
Hi e ou _“. H ] NY\_“|
LYY 5o
b, a) Pu+jQH 6)
Y, =90, — Jb, =const Z, =r,+ JX, =const

Puc.2.19. 3ananue Harpy3Kku MacCUBHBIMH JIEMEHTAMU:
@ — TIOCTOSIHHOM IIPOBOJIMMOCTBIO; 6 — IMOCTOSIHHBIM COTNPOTHBIIEHUEM

Taxoit cnoco® >KBUBAJIEHTEH 3a/IaHUIO0 CTATUYECKUX XapaKTEPUCTHK HAarpy3KH B
BUJIE€ KBaIPATUYHBIX 3aBUCUMOCTEN OT HANPSKEHUS:
_112
Py =U "0y,
112
QH =U bH :
VYpaBHEHUs yCTaHOBUBLIETOCA pexkuma npu ycioBusx (2.9) wnu (2.10) nenuuen-

HBI. 3az:aHHe MMOCTOSIHHOM IMPOBOAUMOCTH HAI'PY3KH UCIIOJIB3YCTCs IIPU paACUHCTEC 3JICK-
TPOMCXaHNYCCKUX IICPCXOJHBIX ITPOLCCCOB.

(2.10)
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Cmamuueckue xapakmepucmuxu Hazpy30K no Hanpsyiceruto (puc.2.20):

> Puc.2.20. 3aganue Harpy3ku cTaTU4E€CKUMHU
S(U)=Pr(U)+jQu(U) XapaKTEePUCTHKAMHU I10 HANPSKEHUIO

Takue xapakrepucTuku 0oJiee MOJHO OTPAKAIOT CBOMCTBA Harpy3kH, 4YeM B CIy-
qae 3aJIJaHus IOCTOSIHHOTO TOKA, MOLTHOCTU WJIM IPOBOJUMOCTH, HO MX HMCIIOJIb30Ba-
HUE IPUBOAUT K YCIOKHEHHUIO pacdueToB. Bo MHOrux ciydasix 3TH XapaKTE€pPUCTUKU
HE U3BECTHBI U BO3MOKHO PUMEHEHHE JIUILIb TUIIOBBIX.

Y4Y€T cTaTHYecKnX XapaKTEPUCTHUK IO HAIPSIKECHUIO OKAa3bIBAECT CYILECTBEHHOE
BJIIMSIHME Ha Pe3yibTaThl pacuéra MocjaeaBapUMHbBIX YCTAaHOBMBILHXCS PEKUMOB, KO-
I'/1a HaPsDKEHNE CUIIBHO OTIMYAETCSl OT HOMUHAIbHOTO. [IpuBenem npumep craruye-
CKHX XapaKTEPUCTHK 0 HAMPSKEHUIO ISl Pa3IMYHBIX CIIOCOOOB JUCKPETHOTO 3ajia-
HUA Harpy3ku (puc.2.21):

Pu4

*

*QH 1, Su=const ]/

N 4

Puc.2.21. Cratnueckue XapakTepUCTUKU HArpy3KH M0 HANpPsHKEHUIO
1 — npsimast, mapasuienbHasi OCH HanpsbkeHuii, S ; = CONSt;

2 — kBaaparnyHas napabona Y ;, = CONSt;

3 — TUIIOBas CTaTHYECKas XapaKTCPUCTHUKA PH (U ) ;
*

4 — TunoBas cTaTHYeCcKas XapaKTCPUCTHKA QH (U )
*

Cratudeckue XapakTepUCTUKUA HArpy3KH IO YacTOTE JIOJLKHBI YUUTHIBATHCS MPU
pacuerax MocjeaBapuUHBIX YCTAHOBUBIIUXCS PEKUMOB, B KOTOPBIX UMEET MECTO J€-
(UIAT aKTHBHOW MOIIHOCTH M YacTOTa B CETH OTJIMYACTCS OT HOMUHAILHOH. Takue
pacyeThl YCTAHOBUBIIUXCS PEKMMOB YUUTHIBAIOT U3MEHEHUE YaCTOThI U IPUMEHSFOT-
Cs JUIsl AaHAJIN3a ACUCTBUSA YCTPOMCTB PETYJIMPOBAHUSA YACTOTHI U MPOTUBOABAPUMHOMN
ABTOMATHKHU.
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Haepyska npedcmasnsemces cuyuatinvim moxom (puc.2.22):

|
In(q)

Puc.2.22. 3aganue Harpy3ku ciiy4yaiiHbIM TOKOM

JlanHbIi crioco0 npeacTaBiIeHUsl HArpy3Ky, B KOTOPOM BEJTMYMHA TOKA HArpy3Ku
1, (q), UCIIOJIB3YETCSl MPU pacyE€Tax ANMEKTPUUECKUX CUCTEM C OOJIBIION OJIeH AJeK-

TPOTATOBOM HATrPy3KH.

OnexkTpuGUIMPOBAHHBIN TPAHCIIOPT — ATO CIEUUATBHBIN BUJ HArPY3KH, Y KOTO-
poil Bo BpeMeHH (10 Mepe JIBMKEHHUS SJEKTPOBO3a) MEHSIOTCA BEJIMYMHA U MECTO
NOAKIIOUCHHS. Pacu€rhl, yYUTHIBAIONIUE CIYyYalHBIN XapakTep Harpy3Ku, MpUMEHS-
IOTCSI JIJIS CTICIIMAJIBHOTO aHAIW3a PEKUMOB JIEKTPUUYECKUX CUCTEM U B OCOOEHHOCTH
JUISL CUCTEM 3JIEKTPOCHAOKEHHUS >KEJIE3HBIX JOpOr. B 3THX pacuérax MOXKET yYHUThI-
BaThCsl HECUMMETPUYHBIN WM HECUHYCOUAATBHBIN XapaKkTep Harpy3KHu.

2.7.4. KOHCTPYKTHBHBbIE 3JIeMEHTbI BO3YILIHBIX JJUHHUI dJIeKTponepenay

Haubonwiiee pacnpoctpaneHue B 3JeKTpodHepreTuke PO moaydywnu oaHO- U
JBYXIIEIIHbIE BO3AYIIHbIE TUHUU 3eKkTporniepenad (BJI) (puc.2.23).

Tpoc JInnelinble o o
IPOBOJA
= v v v
¥ | ¥
0)
a)
o o
v v F|+
v v v v
F |- F |-

Puc.2.23. TunoBsie cxeMbl MOJIBECKU TPOBOJIOB HA OJTHOIEMHBIX (@, 6) 1
JBYXIIEMHBIX (8, 2) OMOpax BO3YIIHBIX JIMHUMA JIEKTponepeiay:

a — pacmoJioKeHUE TPOBOJIOB 'TPEYTrOHLHUKOM ',

0 — TOPU30HTATBHOE PACIIONIOKEHHE TPOBOIOB;

6 — PacroIOKeHUE TIPOBOJIOB '00paTHas €nka';

2 - pacrosoXeHue npoBooB "6ouka”
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OCHOBHBIMU KOHCTPYKTHUBHBIMM 371eMeHTaMu BJI sBIstroTCS:
IIPOBOJA;
TPOCHI;
OTIOPBI;
U30JIATOPBI,
JMHENHAsA apMarypa.

IIposooa ciyxat st epeaadn IEKTPOIHEPTHUH.

Tpocwl epo3ozawyumnble MOHTUPYIOT B BEpPXHEW YaCTH ONOP HaJ MPOBOJAMM IS
3ammThl BJI oT npsAMBIX yaapOB MOJIHHM.

Ha BO3AyIIHBIX JIMHUSX 10 MOCJIEIHET0 BPEMEHU NPUMEHSUIH HEU30JIMPOBAHHbIE
MIPOBO/JIA, T.€. 0€3 N30JALUOHHBIX TOKPOBOB.

Haunbounee pacnpocTpaHeHsl IPoBoOIa:

® AIIOMHUHHUEBBIE A;
® CTaJlcaTlOMUHHUEBBIE AC;
® U3 CIUIABOB AJIFOMUHMUS:
AH — HerepmooOpaboTaHHbIE,
AXK — TepmooOpaboTaHHBIE.

B nocnennee necsatunerre B OTEYECTBEHHOW dHEpreTuke npu MoHTtaxe BJI 0,4 —
35 kB Bce yaile mpuMEHSIIOTCS U30JIMpOBaHHbIE camoHecyiue nposoja (CUITe1). B
ATOM Cllydae MpOBOJ KaKAOW (a3pl U HyJIeBOW NpoBoAHUK Ais nuHuil 0,4 kB nmm
4acTh U3 HUX UMEIOT BHYTPEHHUI CTaJIbHOW MHOTOXWJIBHBIA TPOC, BOKPYI KOTOPOIO
HaBUT TOKONPOBOJALIMI MaTepual — CIulaB alroMuHus. Bce mpoBoga mmeror coO-
CTBEHHYIO T€PMOCTOMKYIO M3OJSILUIO, YTO CHUXKAET BEPOSITHOCTh OJHO(]A3HBIX K.3.
[TonxiroueHue noTpeduTeneil K TAKUM JIMHUSM OCYILECTBIISIETCS C TOMOUIBIO CIIEIH-
anpHOM apMarypsl, Bxoadmed B komruiekT CUIL. 3To npakTUYecKn UCKIIIOYAET He-
CaHKLIMOHUPOBAHHBIE MOJKIIOYEHHUS K CETH.

Jns npumeHeHuss MeaHbIX npoBoAoB Ha JIOII HeoO6XoauMoO TEXHHKO-
SKOHOMHMYECKOE OOOCHOBaHME (Kak MPaBWJIO, OCOOBIE YCIOBUSI CPEIbl — MOPCKOM
KJIMMAT, HEKOTOPbIE BUJIbI POMBIIIJIEHHBIX 3arpsi3HEHUI aTMOC(ephl U T.1.).

KOHCTpYKTHUBHO pa3nuyaroT MpoOBOJA:

® OJIHOIIPOBOJIOYHBIE,

e MHOTIOIIPOBOJIOYHBIE U3 OJHOTO METAJLIA,

® MHOTI'OIIPOBOJIOYHBIE U3 JIBYX METAJJIOB (CTAJICATIOMUHHEBBIE),
e ToJbie (TIaBHBIM oOpa3oM auia noAcTtanuii 330 kB u Bbiwe).

['po303aiuTHBIE TPOCHI BHIOJIHSIOT U3 CTald. B mocieaHue roapl OHU UCHOJIb-
30BAJIMCH JJII OPTraHU3AlMKM BBICOKOYACTOTHBIX KaHAJIOB CBSI3H. B 3TOM ciy4ae wuc-
MOJIb3YIOTCS CTajJealFOMMHUEBBIE TPOCKHL. B HacTosIee BpemMsi IpOeKTHO MpopadaThI-
Baercs npumeHenne Ha BJI 500 kB rpo303amuTHbIX TPOCOB € BILUIETEHHBIM ONTOBO-
JIOKHOM JJIsi TTIOMEXO3alUIIEHHON Mepenaur OrpOMHBIX 00bEMOB HMH(OpMAINH, B
TOM YHCJIE HE DJIEKTPOIHEPTrETUYECKOM.

B s1ekTpoycTaHOBKax BEICOKOTO HAMPSIKEHUS UMEET MECTO SIBIICHUE ''KOPOHBI .

Koponnoui paspsio — paspsan, pacnpoCTpaHSIOMMNACA HAa 4YacTh M30JSLUOHHOTO
IPOMEXKYTKA.
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Kopona — sABnenue moHM3alMy MOJIEKYJ BO3yXa B YCIOBHAX HEPAaBHOMEPHOU
HAMPsHKEHHOCTH 3JIEKTpUuYecKoro nojist. ConpoBokaaeTcsi HEOOPATUMBIMU MOTEPSIMU
AIEKTPUUYECKON SHEPIUU B CETSIX BBICOKOTO U CBEPXBBICOKOIO HAaIpsKEHUs. BHelIHe
nposBIsieTcsl B (hopMe CBEUEHHUs BO3/yXa Ha TpaHUIAX MPOBOJHUKOB U JUAJICKTPU-
KOB M XapaKTEPHOTO NOTPECKUBAHUSI.

BennunHa notepp Ha KOPOHY OIPEAEHSETCS CTENEHbIO HEPABHOMEPHOCTH
HAMPSHKEHHOCTH DJIEKTPUUYECKOTO MOJis (KJIace HANpsHKEHUsS AJIEKTPOYCTaHOBKH, pa-
IUYC KPUBU3HBI MOBEPXHOCTU MPOBOJHUKA U €r0 'TJIAJKOCTh'') U AUIEKTPUYECKON
MIPOYHOCTBIO BO3/1yXa (CHUYKAETCS MIPU YBEJIIMYEHUU BIAKHOCTH).

B ceTsax 1o 35 kB BKIIFOUMTENBHO NPAKTUYECKU HE TPOSIBISACTCS.

B cersx 110 u 220 kB npuHATE HOPMUPOBAHHBIE MUHUMAJIBHBIE CEYEHUS TIPO-
BOJITHUKOB TI0 YCJIOBHUSAM KOPOHBI, KOTOPbIE BO MHOTHX CIy4YasX PacHpeieanuTeIbHbIX
ceTel onpeAeIsiioT OKOHYATENIbHBIA BRIOOP CEUCHUS:

110 xB — e menee 70 MMZ,
220 kB — He MeHee 240 M.

[Tpu Hanpsxkennu BJI 330 kB u Bblllie 17151 CHUKEHUS TOTEPh SHEPTUH HA KOPOHY
kaxxnas dasza BJI pacmersercs.

[Tpu 3TOM NPUMEHSIOTCS pa3InYHbIE CXEMBbI pacuiemieHus ¢as (puc.2.24).

D D D D D D
LN ] LN LI LN LN LN a .0 LN ] LN ]
a . . . f o0 o0 a oo I/IHO]"I[a
—H— TIPUMEHACTCA
pacuCijIiCHUE Ha
5 nmpoBoOJI0OB
o
a) ) 9
D D D
e 2
a a
2
2) 0)

Puc.2.24. [IpumensieMble cXeMbl pacilerieHust a3 B 3aBUCUMOCTH OT Kiacca HanpskeHust BJI:
a — xnacc HanpspkeHus BJI 330 kB;

6 — xnacc HanpsokeHust BJI 500 kB;

6 — knacc HanpsbkeHus BJI 750 kB;

2 — knacc HanpspkeHus BJI 1150 xB;

0 — nepeaaya nocrostHHoro Toka 1500 kB (£750 kB)

Onopbl IOAACPKUBAIOT TPOBOJIA U TPOCHI HA OMPEICIICHHOW BBICOTE HAJl YPOB-
HEM 3€MJIU U BOJIBI.

Omnopsl BJI (puc.2.25) nenstes Ha:
®  aHKEpHBIE,
®  IIPOMEXKYTOYHBHIE.
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[TonnepxuBaroniue
AHKEpHBIE Harsxubie FACP B

OHODH\ rnpnﬂH,u/H / l;meHlII<
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: .. [IIpomexyTOo4yHBIE
[reiip OIIOPBI
Kin

[T 7T 777777 7777777777777
<Hp0JIeT><HpOHeT A{nponeT >l<11p0J1eT’l<rvp0J1eT >
repeceye-
HUE C XK/]
< Pt >
Puc.2.25. Cxema ankepHoro mnposiera BJI u mposnera nepeceuenus ¢ xeae3Hon JOporou

AHKEpHBIN MTPOJIET

AHKEpHBIE OIIOPHI NPEJHA3HAYEHBI ISl KECTKOTO 3aKPEIVIEHUS IIPOBOJIOB B OCO-
00 0TBETCTBEHHBIX TOukax BJI:

o Ha NEepeceYeHMsIX 0co00 BaKHBIX MH)KEHEPHBIX COOPYKEHUU (Hampumep, ke-
ne3nbIx popor, BJI 330 — 500 kB, aBTOMOOMIIBHBIX TOPOT HIMPUHOM MPOE3KEN YacTu
oomnee 15 Mmu T.1.),

o Ha KoHIax BJI 1 Ha KOHIAxX MPSAMBIX €€ yJ4aCTKOB.

AHKEpHBIE OIIOPBI PACCUNUTHIBAIOTCS HA 3HAYUTEIbHBIE MEXaHUYECKUE HATPY3KH,
0COOEHHO OOJIBIIME /711 KOHUEBBIX onop. [103TOMy OHM 3HAYUTENBHO CIIOXKHEE U J10-
pOKe, M KX YKCII0 Ha Kaxka0i BJI 10bKHO OBITH MUHUMAIIBHBIM.

[IpoMeXyTOUHBIE TIPSMBIE OMOPHI YCTAHABIMBAKOTCA Ha MPAMBIX ydacTkax BJI
JUIS TIOJIIEPKAHUS IIPOBO/IA B AHKEPHOM IIPOJIETE.

IIpomexyTouHas ornopa ACUIeBIe U IPOIIE B U3TOTOBJICHUH, YeM AHKEpHasl, TaK
Kak Ojarogaps OJMHAKOBOMY TSKEHHUIO IPOBOJOB MO 00E€UM CTOpPOHAM, T.€. B HOD-
MaJIBHOM PEXMME, HE UCIBITHIBAECT YCWINW BIOJIb JUHUH. 1IpOMEKYyTOUHBIE OMOPHI
cocrasisitoT He MeHee 80 — 90 % obwero uncna onop BJL

VYTr0BbIE ONOPHI YCTAHABIMBAIOTCS B TOYKAX MOBOPOTA JIMHUU (puC.2.26).

TpaBepca — ycTtaHaBiu-
BaeTCs MO OHCCEKTpHUCe
BHYTPEHHEro yria f3

a - YT'OJI ITIOBOPOTA JIMHUHA

Puc.2.26. Cxema noBopora BJI ¢ ucnospzoBaHreM yriioBoil Oropsl

B IpaKTHKe OTEYECTBEHHBIX SHEPIEeTHKOB PHHSATHI YIiIbI HoBopoTa 10 10 — 20°,
TaK Kak MpH OOJBIINX yriaX MPOUCXOIUT PE3KOE YBEIMUEHUE BEeCa YTIIOBOU OMOPHI.
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Ha BJI npumeHSI0T crienuaibHbIe ONIOPHI CAEAYOLIUX THUIIOB:
® OTBETBUTEIBHBIC — JUISl BBIIIOJIHEHUS OTBETBICHUI OT OCHOBHOM JINHUH,
® [IEPEXOJHBIEC — IS [IEPECEUCHUS PEK, YIICIUH U T 1.,
® TPaHCHO3UMLMOHHBIE — JUIsI U3MEHEHHS NOPAJIKA PACIIONOKEHUS MPOBOAOB
Ha OIIOpax.

Tpancnosuyuio TPUMEHSIOT Ha JUHUAX HamnpsbkeHueM 110 kB u Bblie mpots-
&KeHHOCThI0 Oosiee 100 kM 11 TOTO, YTOOBI CAENAaTh EMKOCTh U HHIYKTUBHOCTD BCEX
Tpéx ¢a3 uenu BJI ogunakoBsiMu. Ilpu 3TOM mocieaoBaTeabHO MEHSIOT Ha ONOpax
B3aMMHO€ PACIIOJIOKEHNUE MPOBOAOB IO OTHOUIECHUIO IPYT K APYTY Ha Pa3HbIX y4acT-

kax JuHuM (puc.2.27). [IpoBoa kax10#l ¢azbl IPOXOIUT OJHY TPETh JJIUHBI IUHUU Ha
OJIHOM, BTOPYIO — Ha BTOPOM M TPETHIO — HA TPETHEM MECTE.

L [uki Tpancno3unuu »‘

Puc.2.27. Cxema Tpancno3uimonHoro mukiaa BJI pnmunoi 6onee 100 kM

[lo Marepuany — NPUMEHSIOT ACPEBSIHHBIC, KEIE300€TOHHBIE U METAJUIMYECKUE
OTIOPBI PA3JIMYHON KOHCTPYKILIHH.

H3zonamopul M30UpYyIOT MPoBoAa OT omophl. [1o KOHCTPYKIIMU U30ISTOPHI IS
BJI pazaenstor Ha mThipeBbie U MoABecHbIC (puc.2.28 a, 0).

Puc.2.28. Koncrpykuus uzonstopos BJI:
@ — WITBIPEBBIE, KPEMATCS HAa KPIOKE WM LITHIPE;
0 — TIOABECHBIC, OOBETUHSIOTCS B "THPISHIBI".

[To maTepuainy pa3in4yaroT:
o dapdopossie,
o CTEKJISIHHBIE,
. Ha OCHOBE MOJMMEPHBIX MaTEPUAJIOB.
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Jlannabie Ta0auIp! 2.2 TOBOPSAT O TOM, YTO K KOJIMYECTBY M3OJSTOPOB B THPIISH-

Jax JIsl KperjieH!s TMOKON OIIMHOBKY TOJICTAHIIUN MPEIbIBISIOTCS 00Jee KEeCTKUE

TpeOOBaHUs, YeM K JIMHEHHOM u3ossiuu BJIL.

Ta6ymma 2.2. Ynciio u3015TOPOB B TUPJISHIAX TOJIBECHBIX U30JISITOPOB

Yucno u30a5TOPOB B TUPISHIE IPU paboyeM Hampsi-

Tun »kenuu, kB, na JIDIV/IIC
H30TATOpA 35 110 220 330 500
TI®6 - B /5 718 14/15 20121 | 27/30
TIC6 - B /4 8/9 14/16 21/22 | 29/32

Jlunetinas apmamypa 3aKperisieT MpoBoJia Ha U30JIATOpax, a U30JIATOPHI HA OIO-

pax. B HEKOTOPBIX ciydasx U30JATOPBI MOTYT KPEIUTHCS K KPOHIITEHAM HHYKEHEP-
HBIX COOPYKECHUM.

JIuueliHas apmaTypa BKJIKOYAET PA3JIUYHBIE 3JIEMEHTBI ISl KPEIUIEHUS IIPOBOIOB

K U30JIATOpPpaM U HU30JIATOPOB K OIIOPaM M BKIIIOYACT CICAYIOIIME OCHOBHBLIC 3JICMCH-

ThI:

3aHHbIC Ha puc.2.29.

—=9

YyT'yHHbIE
Ipy3bl

6)

V@

2)

Puc.2.29 — Dnementsl koHCTpYKIMK BJI:

a — TacuTeNH BUOpaINH;
6 — neMnuUpyromnIre NeTIu;

6 — PacropKH paclleryieHHOH (a3bl mapHbIE;

2 — pacTopKH pacuieIuIeHHON (pa3bl MHOTOJIY4EBBIC;,

0 - PaCIOPKH paclIeTyieHHON (ha3bl paMHBIE

3)KMMBbI TIPUMEHSIIOTCS JJIsl 3aKPEIJICHUs MPOBOJIOB B THPJISHAAX MOJABECHBIX
U30JISITOPOB,;
CLIETTHYIO apMaTypy [Jid MOJABECKH THUPJSHI HAa OMOpaxX U COCIUHEHUS] MHOTO-
HEMHBIX TUPJISTHI MEX Ty co00¥ ( MapaienbHo);
COEMHUTENM JJIsl COCIMHEHNS TPOBOJAOB U TPOCOB B ITPOJIETE.
Kpome TOro, Mo>XHO BBIAEIUTH OTAECIBHBIC AJIEMEHTHI KOHCTpYKIMU BJI, moka-
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2.7.5. llpeacrasiieHHe JJUHUM 3JIeKTpoIiepeay NpHu pacyerax
YCTAHOBMBIIMXCS PEKHUMOB

Konkpetnbiit Bua cxembl 3amenienus JIDI u nmopsaiok pacuera ee mapaMmeTpoB
OTIPEIEISIOTCS:

° LEJIAMU Pacyera;

° HOMMHAJIbHBIM HaIPSKEHUEM JIMHUY,
. JUIMHOW JTUHUU;

o

KOHCTPYKTHUBHBIM UCIIOJTHEHUEM.
Haunbonee o6mmii xapakrep umeer [1-o0paznas cxema 3amernienus JIOII, moka-
3aHHas Ha puc.2.30.

I X1
o | — 7YY °
g 7 L ba Qi ] ba
2 2 2 2

0

Puc.2.30. [Tonnas I1-o6pa3nas cxema 3amemnienust JIDI1

PaccmoTprum koHCTpyKTHBHBIE 0ocoOeHHOCTH BJI, Biusronme Ha cxeMmy ee 3a-
MEIICHUSI.

1. ITpu U0y <220 kB ¢aza BJI cocTout U3 0JHOTO JIMHEHHOTO MPOBOIA.

2. Ilpu U,y = 330 kB wucnons3yercs pacuieruieHue (asbl, Kak OCHOBHOE
CPEIICTBO CHUKEHUS TTOTEPh Ha KOPOHY.

3. Ha BJI ¢ U,;,,> 110 kB gnmmHOM 60mee 100 kM 111 BBIpaBHUBAHUS €MKOCTEH
¥ WHIYKTUBHOCTEH Bcex (pa3 JIMHUM MCTONB3YeTCs TPAHCIIO3UITUS MpoBoaoB. Ha 6o-
Jiee KOPOTKHX JIUHUAX MEPEKOCOoM 1o (pa3zaM mpeHeOperaror.

B OGonbmmHCTBE Cily4aeB MPAKTHYECKUX PACUETOB MPHEMIIEMYIO TOYHOCTH
yAaeTCsl TIOJIYYUTh TIPH MCIOJIb30BaHUU HAaW0OJIee MPOCTBIX CXEM 3aMEIICHHS C CO-
CpPeIOTOYCHHBIMU TIapaMeTpaMu. [Ipu pacderax peKMMOB JUIMHHBIX JTUHUNA BO3MOXK-
HO HMCIIOJIb30BaHKE JINOO MOJIENICH ¢ COCPEIOTOYCHHBIMU MTapaMeTpaMHu U KOPPEKTH-
pyronmMu ko3 uiieHTaMu, 1100 BOJHOBBIX MOJISTICH.

Pacuem napamempog cxemot 3ameuiernun BJI
Axmuenoe conpomuénenue onpezaensercs no Gopmysne
ra=rol,

rae I, - yaensHoe conporusierre, OM/kM, mpu Temneparype osayxa +20°C. Ompe-
JeJSIeTCsl IO CIPAaBOYHBIM TabJIMIIaM B 3aBUCUMOCTH OT Marepuaia nmpoBoja (LBET-
HbI€ METAJIJIBI U CTAJICATIOMUHEBBIE - 0€3 yueTa MOBEPXHOCTHOTO 3(h(eKTa; cTaabHbIe
- C yUETOM) U ceyeHus MpoBoja. B cTapoil TEXHUYECKON TUTEpATYype ITa XapaKTepH-
CTHKa YaCTO HA3bIBAIACH "TTOTOHHOE COMPOTHUBIICHUE" .
| - qIMHA TUHAN, KM.
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s BJI ¢ pacmerieHHbIME (pa3zaMul yEIbHOE aKTUBHOE COMTPOTUBIICHHE (Pa3bl

JIMHUU:
lomp
ro=—,
Ng

TIC I pp - YACIBHOE aKTHBHOE COIPOTUBICHUE IPOBOJA JAHHOTO CEUCHHUS, OLpesie-
JIEHHOE 10 CIIPaBOYHBIM Ta0JIHIIAM;
Ng - 9HCIIO IIPOBOJIOB B OZHOM (hase.

Peaxmusnoe conpomuenenue JI3II - T0 UHAYKTUBHOE COMPOTUBJICHUE, 00Y-
CJIOBJICHHOE€ MarHMTHBIM MOJIEM, BOZHUKAIOIINM BOKPYT U BHYTPH MPOBOJA IIPH MPO-
TEKaHUHU 110 HEMY TIEPEMEHHOTO TOKa.

PeaktuBHoe comportusienue [Om] JIDII mmumuoii | [kMm] ompenensieTcst BbIpa-
KEHHUEM:

Xy = Xol
7€ X, - YACIBbHOE PEaKTUBHOE COMpPOTUBIeHUE , OM/KM.

N3 xypca (u3MKM U3BECTHO, YTO €CJIM MarHUTHas MPOHUIIAEMOCTb MPOBOJIOB
U3 [BETHBIX METAJUIOB U=1, TO ISl CTAIBHBIX UW>>1 M 3aBUCUT OT MPOTEKAIOIIETO 10
IIPOBOJY TOKA, a TAKXKE OT PU3MUECKUX U XUMUYECKUX CBOMCTB CTAJIU.

VY nensHOE peakTuBHOE cornporusieHue JIDII MOKHO paccMaTpuBaTh Kak cym-
MY 08YX CONPOMUBTIEHULL

- BHEIITHETO X prem.
- BHYTPEHHETO X guyr, T.€.
Xo = Xosrem T Xopryr *
Buemnee HHAYKTHUBHOC COIIPOTHUBJICHHUC 06YCHOB.HeHO MAarHuTHBIM ITOTOKOM,
3aMBIKAIOIIMMCS BOKPYT IIPOBOJIA, ¥ 3aBUCUT OT F€OMETPUUECKHX pasmepos JIDII:

D
XosHem — 01445'9 P )

9
rae D, - cpennereomerpuueckoe paccTosHue Mexay (azamu [cM] (BIMSHHEM BTO-
pBIX 1iernei nByxienusix BJI mpeneOperaeM, Tak Kak y4eT 3TOrO BIMSHUS JAeT yTOY-
HeHue He 6osee 1 - 3 % npu CyIecTBEHHOM YCII0KHEHUH PacueToB).
B o0mem ciydae

Dep = 3/Das Dc Dea -

Ha npaktrke 0OBIYHO MCTIOJB3YIOTCA JIBE YACTHBIE peaiu3alluu 3TOU opMy-
JIBI:

- IPYA 20PU30HMAILHOM PACTIOJIOKEHUN TPOBOIOB

Dy =1,26D ;

- IIPY PACTIOJIOKEHUH MIPOBOJIOB 1O 8EPUIUHAM PABHOCTNOPOHHE20 MPEY20abHU-

Ka co ctopoHoit D
D, =D.

R, - 5KBUBaJICHTHBIN PaInyC PACIICTITICHHON (a3bl:

_ N/ ! —1;
Ra_ (bRr[pCl rI])d) .
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7€ Ryp - Paamyc NpoBOJA, CM;

Qcp - CPETHET€OMETPHYECKOE PACCTOSAHUE MEKy IPOBOIAMH OJHOU (asbl, CM.
st nepacwennennvix a3z
R, = Ryp.

C yderoM peanbHOTO COOTHOIIECHUS MEeXAYy(]pa3HbIX PACCTOSHUM W CeUeHUU
npoBojioB BJI nanpspkenuem Bbilie 1000B 6rewinee MHAYKTUBHOE CONPOTHBIICHUE
MaJjio U3MEHSETCSI C U3MEHEHUEM KaK pacCTOSHUS MEX]y MPOBOJIAMU, TaK U CEYECHHUS
nposoaa. Jis JIDII ¢ HepacenieHHBIMU TPOBOAAMHU X, grer = 0,35...0,42 OM/KM.

Buympennee WHIYKTUBHOE CONMPOTHBJICHUE OOYCIOBICHO MAarHUTHBIM MOTO-
KOM BHYTpPH MPOBOJIA U 3aBUCUT OT OTHOCUTEIIbHON MAarHUTHOW MTPOHUIIAEMOCTH LL:

— 001572 .
Ng

X0 BHYT

Hnst JIDII co cmanvhvimu mpoBOgaMu
Xo BHYT >> Xo rem-
3HAYEHHE X, puyr ONPEACIIAIOT [0 CHENMAIBHBIM Ta0NINIaM, COCTABICHHBIM IS
MIPOBOJIOB PA3JIMYHBIX CEUYECHUI B 3aBUCUMOCTH OT BEJIMYMHBI IPOTEKAOIIETO TOKA.
st Hepacwenniennbix nPo60008 U3 Y8EeMHbIX METANIOB MAarHUTHAs MPOHUIIA-
€MOCTb |L PaBHA 1, MO3TOMY X, guyr = 0,0157 OM/kM. Tlo3TOMY ITpH BBEINOJIHEHHH OlLie-
HOYHBIX PACYETOB 3HAYCHHUEM X, pyyr OOBIYHO NPEHEOPETAIOT, M MHIYKTUBHOE COIIPO-

tuBnenue JIDII x, npunumarot pasabiM 0,35 ... 0,4 OM/KkM.
B namem kypce B OOJBIIMHCTBE cilydyaeB OyZeM HCIIOJIb30BaTh 0OIEe BbIpa-
YKEHHUE:

Dep , 00157

R, Ng

AxmusHnas npo8oouUMocms JIUHUU (J, MOJICIUPYET JIBa BUJIa MOTEPb aKTUBHOM
MOITHOCTH:

1. Ot ToKa yTeuku uepe3 U30IATOPHI.

2. Ha xopony.

B cBsi3u ¢ HEOOIIBIION BETMUUHON TOKOB YTEUKH YePE3 U30IATOPHI MU MOKHO
npeHeOpeyb BO BCEX CIydasx pacdera MOTOKOPACIIPEACIICHHUS.

Henenue "koponwl" nposBiseT cedsa B dnekTpuueckux ceTsax 110 kB u Beime.
Hns cereit 110 kB ycTaHOBIEHO HaMMEHbLIEE IOMTYCTUMOE CEUEHHUE 10 YCIOBUIO KO-
ponsl 70mm2, a miis cererd 220 kB - 240 mm2. [Ipu pacdeTe yCTaHOBUBIIMXCS PEKHU-
MOB B 3THX CIy4asiX aKTHBHasi MPOBOJAMMOCTH B CXE€MaX 3aMEIICHUS MPAKTUYECKU
HUKOTJIa HE YYUTHIBAETCS, & CAMU MOTEPH Ha "KOPOHY'" OLICHUBAIOTCS JIJIsi BCETO Ce-
TEBOI'0 PaiOHa B LEJIOM MO CIEIUAIBHOU METOIUKE.

B cetsax cBepxBbicokoro HanpsikeHus 330 kB u Bbllie 1pu onpeacneHuu mo-
TE€pb MOIIHOCTHU, MPU pPacueTe ONTUMAIBHBIX PEKHUMOB HEOOXOIUMO YYHUTHIBATH B
pacueTHON MOJIEIN TIOTEPU Ha KOPOHY.

xo = 0]1445lg
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Emkocmuas npogooumocms b, 00ycrnoBieHa eMKOCTSIMH MEXKIy MPOBOJIAMHU
pasHbIX (a3 U EMKOCTBIO MPOBOJI-3€MJISl H OIIPEASISACTCS 0 (hopMyJie
b n-— bo L )
riae b, - yaenpHas eMKocTHas poBOIMMOCTh, CM/KM, KOTOpas MOXKET OBITh Ompe/ie-
JICHA 110 CIIPpaBOYHbBIM Ta6HI/IHaM HJIA 110 BBIPAKCHHUIO

798 ¢
bo=——10".
Ig
R

Jlns 6onbiimHCTBaA pacuetoB B ceTsix 110, 220 kB emecmo emxocmmuoii nposo-
oumocmu ya0OHEe YYHUTBIBATh PEAKTUBHYI0 MOILIHOCTb, T€HEPUPYEMYIO E€MKOCTBIO
JIMHUM, TaK Ha3bIBAEMYIO 3aPsAO0HYI0 MOUWHOCTb.

llonosuna eMKOCTHON MOUTHOCTH JINHUU, MBap, paBHa:

1 1
— — 2 _ 2
QC—3|CU¢—3U®Ebo|—EU by

riae Uy 1 U - dpasnoe u nuHEiHOE HanpsKkenue, KB;
Ic - eMKOCTHOI TOK Ha 3eMIIIO:

I U(bbj‘[
c— .

2

O‘-IGBI/II[HO, qTO QC, IreHepupycmasit HHHHeﬁ, CHUJIBHO 3aBHCHUT OT BCIINMYHUHBbI
HaIIPpAKCHUA.

Jnst BJI Uy < 35 kB €MKOCTHYIO MOIITHOCTh MOYKHO HE YUUTHIBATh.

Jist BJI 330 kB u Bbie npu piuHe 6osiee 250 - 300 kM (1o ApyruM TaHHBIM
6osiee 300 - 400 km) mipu onpeneneHuy napamerpoB [1-oOpa3Hoi cxeMbl 3aMeIeHUs
HEOOXO/JMM Y4YEeT PaBHOMEPHOTO PACTIPECICHHS COMPOTUBICHUN U MPOBOJUMOCTEH
BJIOJIb JIMHUH. B MH)KEHEPHBIX pacyeTax 3TO OOCTOSITENIbCTBO YUYUTHIBAETCS BBEJCHU-
€M TIOTPABOYHBIX KOA(D(DHUITMEHTOB.

Ipu onunax aunui | = 300,...,1000 km:

ra=rolKr Xi=XolKx by=bolKe,

rac
2 2 2 2
L L r 3+K L
Kr 3 X()b() K)( 6 X()b() X(Z) KC 2(1+ Kr) 12 X()b()

Kabenvuvie nunuu snexTpornepenayn MOACIUPYIOTCS Takoil ke [I-obpasHotl
CXEMOI1 3aMelleHus, yieIbHbIe MapaMeTpbl KOTOPOIl OMPENEISIOTCS 10 CHPABOUHbIM
mabauyam. Y AeNbHBIC TTAPAMETPhI CXEMbI 3aMEIeHUST Ka0es Iy, Xo, Qco, TPUBEICH-
HBIC B CIIPABOYHBIX TaOIUIIAX, OPUEHTUPOBOYHHBI. boyiee TOYHO 3HaueHUs MmapameT-
POB MOKHO OTIPEENIUTH MO 3aBOJCKUM XapakTepucTukaM kadens. KoHkpeTHbie oco-
O6enHocTH mpuMeHeHus cxem 3amerienns KJI, B 3aBucuMocTu oT pabouero Hampsbke-
HUs, OyyT paCCMOTPEHBI Jajee.

[ToMrMO TOTHOM CXeMBbI 3aMeIlleHHs], paccMOTpeHHoU paHee (puc.2.30), BO3-
MOKHO TPUMEHEHUE YHPOUEHHbIX cXeM 3aMEIIEeHUs BO3AYIIHBIX M KaOeIbHBIX JTH-
HUU dJIEKTpoIiepeay, NOKa3aHHbIX Ha puc.2.31.
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Puc.2.31. Yopouiennsie cxemsl 3amerienust JIDI1

o
N
~—~

X

PexomeHmanmu 1mo MPUMEHEHUIO PA3IMYHBIX MOAU(PHUKAINN CXEMbI 3aMeIlle-
nus JIDII npeacrasum B hopme 1ad1.2.3.

Tabnuma 2.3. Pekomenaamnuu no npuMeHeHuto cxeM 3amenterus JIDI

Homep pekomenyemMoit CXeMbl 3aMeeHUs
Usow, KB IIPH pacueTe yCTAaHOBUBIIMXCS PEKUMOB
BJI KJI
330u Puc.2.30 Puc.2.30
220 Puc.2.31, 6, a Puc.2.30
110 Puc.2.31, 6, a Puc.2.30
35 Puc.2.31, 6 Puc.2.31,6
10ud Puc.2.31,6 (Puc.2.31, 2)"
Ilpumeyanus:

1 - pexomeHyeTcsl y4eOHOM TUTEPaTypOil Ha OCHOBE PacYeTOB KAaOEIbHBIX JIMHHUIA C MEIHBIMH JKH-
JaMH.

2 - cxema 3amereHus puc.2.31, 0 uCnonb3yeTcst PH pacyeTax dIEKTPOMAarHUTHBIX M JIEKTPOMe-
XaHUYECKHX MEePEXOIHBIX MPOLIECCOB.

3aoaua

JIist mpoBepKH 0OOCHOBAHHOCTU NMPUMEHEHHUs! JUIsl KaOENbHbIX JIMHUM Hamps-
xenueMm 10 10 kB BxounTensHo cxeMbl 3amennenus (puc.2.31, 2 - 4ucTo aKTHBHOES
MPOJIOJLHOE COMPOTHUBJICHUE) BBHIMIOJHUTL pacdyeT Bcex mnapameTrpoB II-oOpazHoi
CXEMbl 3aMEIICHUs [JIs Ciydas: JJIMHAa KaOenbHOW JWHUU 4 KM; HOMHHAJIBHOE
HanpsDKeHne 6 KB; MaTepua K kabels - Mexb, cedeHreM 10 MM,

Cnpasounvle oannvie. i=2,1 OM/kM; Xg=0,1 om/KkMm;
EMKOCTHAsI IPOBOAMMOCTH Dg=60-10° Cm/km.

Pewenue:

Jlma cxemsl 3amennenus Bcer KJI nmeem:
r=rol=21-4=84 Owm;

X=Xl =01-4=0,4 Owm;
b=b, | =60107%-4=240.10"% Cm.
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[TpoBepka HEOOXOAMMOCTH y4€Ta MPOJAOILHOTO PEAKTUBHOTO COMPOTHBICHUS
MO>KET OBbITh BBIMOJIHEHA IO OTHOILIEHHUIO

X_04%00-476%.
r 84

CJIGI[OB&TCJ'IBHO, HCYUYCT PCAKTHUBHOI'O IIPOAOJIBHOT'O COIIPOTUBJICHUA HE Impu-
BOJUT K 3HAYUTEIILHON IMOTPCIIHOCTHU PC3YyJIbTaTa.

I[J'ISI OLCHKH H@J’IGCOO6p33HOCTI/I yucTa €MKOCTHOM IMPOBOAMMOCTH B CXCMC 3a-
MCHICHUWA, OIIPCACIINM BCIIMIUHY MOJIHOM 3ap$mH01“4 MOIIIHOCTH:

Q. =U?b=6224010"°=8650-10"° Meap = 8,65 kBap .

I[J'ISI MEOHOTI'O Ka6eJ'ISI AaHHOI'O CCUCHUA II0 YCIIOBHAM HArpcBa Hp@I[GJIBHI:Iﬁ
JUINTENIBHBIA TOK cOCTaBisIeT: |y o = 80 A, 4TO COOTBETCTBYET NpeneabHON nepea-
Ba€MOH MOIIIHOCTHU:

Smax =+3U | zon =/36-80=830 kBA.
Nusivn CJIOBaMHu, 3apsaaHasa MOIIHOCTD K&6CJII>HOI>1 JIMHUHU COCTAaBJISCT.

R = %100 =1,04%.
830

S max

CJIGI[OB&TGJIBHO, HpHHHTBIﬁ THUII CXCMBbI 3aMCILICHHU KaOeJIbHOH JIMHUHU (C MCO-

HBIMH )KI/IJ'IaMI/I) oOecrneynBaeT MPUCMICMYIO TOYHOCTDb PAaCdYCTOB M ITIO3BOJIACT CYIIIC-
CTBCHHO COKPATUTb KOJIHUYICCTBO OIIPCACIIACMBIX IIApaMCTPOB pacquHoﬁ CXCMBI.

2.7.6. IlpeacrapiieHue TpancgopMaTopoB npu pacyerax YP

Heyxobmomounvle mpancghopmamopwi
VYcnoBHOe 0003HAYEHUE MPOCTEUIIETO JABYXOOMOTOYHOrO TpaHchopmaTopa

MOKa3aHo Ha puc.2.32.
U1 3{ U2 Puc.2.32. O6o3HaueHne TByXOOMOTOYHOTO TpaHcpopMaropa
11 2 Ha O,Z[HOJ'II/IHGI\;IHBIX HCITIOJIHHUTCIIBHBIX CXCMax
JIByXOOMOTOYHBIN TpaHCHOPMATOP MOKET OBITH MpECTaBlieH B Buae /- 00-
PAa3Hou CXeMbl 3aMElIeHNUs, IOKa3aHHOU Ha puc.2.33, a.
B pacueTtax ycTaHOBUBIIMXCS PEKHMOB DJIEKTPUUECKUX CETeH JABYXOOMOTOY-

Hble TpaHchopmaTtopsl TpU Ug. oy 10 220 kB BKIIOUKMTENBHO MPEACTABISIIOT YIIPO-

IICHHOH cxeMoit (puc.2.33, 6).
B aT0#t cxeme, BMECTO BETBM HaMarHWYMBaHUs, IMOTEPH MOIIHOCTH B CTaJIH

TpaHchopmaTopa (WM MOTEPH XOJIOCTOro xoma AP, + JAQ, ) yUHUTBHIBAIOTCSA B BUIC

JOTIOJIHUTEIIbHOW HATPy3KH.
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U1 It Xt U2
Bce mapameTphl cxembl — Y'Y __,

Or br 3aMEIIEHUS TPUBEICHBI 1 APx+HAQx 12 6)
k U1

a)

Puc.2.33. I'-o06pa3Hbie cXeMbI 3aMEIICHUS JBYXOOMOTOYHBIX TPaHCHOPMATOPOB

a — II0JIHasg CX€Ma 3aMCIICHU A,

0 — yIpoLIeHHas cXeMa 3aMelleHUs

Jns kaxaoro tpanchopMaTopa M3BECTHBI nacnopmusle (Kamanodichvle) NaH-
HBIC:
Som — HOMUHAJIBHAS MOITHOCTH, MB-A (B cripaBouHmKaX - KB-A);
Us.siom, Uniow — HOMHHAJIBHBIE HANPSKEHUSI OOMOTOK BBICHIETO M HU3LIETO HAIpPsIKe-
HUS;
AP, — akTUBHBIE MTOTEPH X.X., KBT;
I, %0 - TOK X.X., % OT lyom ;
AP, — oTepu K.3., kKBT;
Uy %0 - HanpspkeHue K.3., %0 Uyon.

YeThipe MocaeaHUX mapamerpa IKCIEPUMEHTATBLHO OMPENCNSIOTCS IS KaX-
JIOTO CHUJIOBOTO TpaHchopMaTopa Ha 3aBOJIaX - U3TOTOBUTENSIX U KOHTPOJIHUPYIOTCS B
OKCIUTyaTallM TP MPOBEJACHUN KAIMMTAIBHBIX PEMOHTOB TpaHchopmatopoB. CyTh
"OmBITa XOJIOCTOTO X0Ja" COCTOUT B TOM, UTO IIPH Pa30MKHYTOW BTOPUYHONU 0OMOTKE
¥ HOMUHAJFHOM HAIPSKEHUU MMUTAHUS HA TIEPBUYHON 0OMOTKE TIPOU3BOISTCS 3aMe-
pBI TOKA M AJIEKTPOINOTPEOIEHUs MEpBUUHON 00MOTKH Tpancpopmaropa. CyTh "OmbI-
Ta KOPOTKOTO 3aMbIKaHUA" COCTOMT B TOM, YTO Ha MEPBUYHYIO OOMOTKY ITOJAIOT
HaIpsHKEHUE, TIOBBIMIAIONISECS JI0 TEX MOp, MOKa M0 BTOPUIHOW 0OMOTKE, 3aMKHYTOU
gyepe3 aMIepMeTp, He Ha9HET MPOTEKaTh TOK, paBHBIM HOMHUHAJILHOMY TOKY. B aTOT
MOMEHT TPOM3BOAATCS 3aMEpbl HAIPSKEHUS, MMOJAHHOTO Ha MEPBUYHYIO OOMOTKY
TpaHchopMaTopa, ¥ MOITHOCTH JEKTPONOTpeOieHus TpanchopmaTopa.

Hcnonaurenbabie cxemspl onbIToB K.3. 1 X.X. COCTAaBJIATh CAMOCTOSTEIBHO.
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OcTanbHble MapaMeTPbl U SHEPTETUYECKUE XaPAKTEPUCTUKH ONPEAENSIOTCA 110
BBIPAKEHUSM:

COIMPOTHUBJICHUSA CXCMBbI 3aMCIICHUA:

2
L= APK[Z/IBT]U HOM [KB]’ [OM]
S Hom [MB'A]
2
XT — UK%[%]U HOM , [OM] i
100S yom

OTtmeTuM, 9TO TOCHIEIHEE BBIPAKEHUE CIPABEJIMBO ISl TPaHCPOPMATOPOB,
HOMUHAJIBHBIC HAIPSDKEHHS 86cex 0OMOTOK KoToporo guiuse 1 000 B. Jlms tpancdop-
MaTOPOB 3TOTO KJacca COOTHOIIEHHE I/X TOCTATOYHO Majo JJIsl TOTO, YTOOBI TpeHe-
Opeub BIIMSHUEM aKTUBHOW COCTABJISIFOIICH HAIPSDKEHUS KOPOTKOTO 3aMBIKAHUS
Ux.a%0. Ecniu ke HanpsbkeHnue xotst 061 ogHOM u3 00MoTok .mernee 1 000 B (380 B), To
[0 aHAJIOTUYHOMY BBIPAKEHHUIO OMPEJIEISETCS MOJTHOE CONPOTURICHUE TpaHChopmMa-
Topa:

_ u%U 12{0M
100S yom

a COOCTBEHHO PCAKTHUBHOC COIIPOTUBJICHUC OIIPCACIIACTCA BRIPAKCHHUCM

Xr=+z5-r%.

[IpoBOAMMOCTH ONIPENEIISIIOTCS BBIPAKEHUSIMU:
_ APy
Y

U HOM

p=px, [ov]

HOM

Zt

, el

9,

[loTepn peakTHBHON MOIIIHOCTH B CTaJIM:

%
AQX:lLﬁ%EM. (2.11)

Jlst Tpancdopmaropa, yepe3 KOTOPhIH MPOXOASIT TOK HArpy3ku |, 1 MOITHOCTH
S,, MOTEpH MOITHOCTH OMPEACIISIFOTCS:

AP S3

2
HOM

AP=APy+AP.=APy+
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% %S5
AQ=AQ, +AQ, = 1xXSuou | URS2

100 1008 sow
Eciiu Ha MOJACTAaHIMKM ¢ CyMMapHOM Harpyskol S, paboraror napannenvro K

OAHOTHUITHBIX TpaHC(bOpMaTOpOB, TO IMIOTCPHU MOITHOCTHU B HUX OIIPCACIIAIOTCA:

2
AP:kAPXJr%%KSZ.

HOM
— kIX%SHOM +E UK%S%
100 K 100S 1om

AQ

Tpexobmomounvle mpancgopmamopuvl U a8MOmMpancghopmamopwvl

[Tpn HEOOXOUMOCTH UMETH Ha MOJCTAHIIUU TpU PabOUYMX HAIPSIKEHUS Iere-
CO00pa3HO UCIIOJIb30BAHUE TPEXOOMOTOUHBIX TPAHC(HOPMATOPOB UIIH, €CIIH BO3MOXK-
HO, 00JIe€ S5KOHOMHYHBIX aBTOTPaHC(HOPMATOPOB.

VYcnoBHble 0003HAUEHUS TPEXOOMOTOYHBIX TpaHCcPopMaTropa M aBTOTPAHC-

dbopmaropa nokaszansl Ha puc.2.34, a, 6.

I Us |
Cl) §B'|| |§H 6)

Puc.2.34. O603HaueHne Ha OTHONMHEWHBIX UCTIOJTHUTENBHBIX CXEMaX TPEXOOMOTOUYHBIX

TpaHchopMaTopoB (a) u aBroTpanchopmaTopos (6)

CxeMbl coeMHEHUSI OOMOTOK 3THX amlmmapaTtoB B OJHO(GA3HOM HCIOJHCHUU
BBITJIAIAT B COOTBETCTBUU C puc.2.35, a, 6.

ITpu U, Oomee 220 kB HeoOxommmo ucoab30BaHue MOJHOW I'-00pa3Hoii
CXEMBl 3aMEIICHUS TPEXOOMOTOYHBIX TPaHCPOPMATOPOB U ABTOTPAHCPOPMATOPOB
(puc.2.36, a).

[Tpu U0 10 220 kB BKIIOUUTENBHO JJIs1 TPEXOOMOTOUHBIX TpaHCPOPMATOPOB

¥ aBTOTPAHC(OPMATOPOB HCIIOIB3YETCs cXeMa 3amerneHus (puc.2.36, 0).
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Puc.2.35. Cxembl coenHeHUsI 0OMOTOK B 0JJHO()a3HOM HMCIIOJTHEHUU:
a — TpexoOMOTOYHOTO TpaHchopmaropa;

6 — TPEeXOOMOTOYHOTO aBTOTpaHchopMaropa

I'rc Xre Ue
QB XtB I'te Se I'rc Xre gc
_S> I'ru XrH UH_ Us XTB I'ts S
9B ~NYN_ - Y S
Sy Se I'ru XtH QH
Or br N - A
o APX+JAQX Su
oo & o 6)

Puc.2.36. I'-00pa3Hble cXeMbl 3aMELCHHUs TPEXOOMOTOYHBIX
TpaHC(OPMATOPOB U aBTOTPAHCHOPMATOPOB:
a — TIOJIHAsi CXeMa 3aMelleHus;

o - YIIpOICHHAA CXEMa 3aMCIICHUA

OcHOBHBIE OCOOCHHOCTU TIPEICTABJIICHUS] B CIPABOYHUKAX MACIOPTHHIX JIaH-
HBIX TPEXOOMOTOYHBIX TpaHC(POPMATOPOB M ABTOTPAHCPOPMATOPOB BHITEKAIOT W3
O0COOCHHOCTEH IKCILTyaTal[MOHHBIX PEKMMOB (HEpaBHOMEpHas 3arpy3ka oOMOTOK) U
YCIIOBUM 3KCIIEPUMEHTAIBHOTO OMPEEICHUSI XapaKTEPUCTUK TUX allllapaToB B ce-
pusax u3 Tpex onbiToB K.3., KOraa nmoouepeIHO OKa3bIBAETCA OTKIIOYEHHON OJHA U3
oOMOTOK. B cuity 3TOro Takue BakHbIE MOKazaTesH, Kak U, % U AP, TPUBOIATCS C
WHJIeKcaMu, oTBeuarmumu napam oomotok (B-C; C-H; B-H ).

[Tpu 3TOM 3HaAUeHus U, % map oOMOTOK NMPHUBEACHBI K HANPSXKEHUIO OOMOTKHU

BH u otHeceHbI K Sy, -
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Jlst aBToTpanchopmMaTopoB, y KOTOPHIX MOIIHOCTH OOMOTKH HU3KOTO HArmpsi-
JKEHUsI B MPUHIIMIIE HE MOXKET OBbITh paBHA HOMUHAJIHHOW MOIIHOCTH amrapara, yKa-
3BIBACTCS €€ MOIIMHOCTh (B MB-A wim 101X HOMUHAIBHOW MOITHOCTH), ONpeesie-

Masi KO3 PUIIMEHTOM BBITOTHOCTH aBTOTpaHcpopMmaTopa:

Oy — = .
Stom U . nom

3HaueHUs AP(s—c) OTHECCHBI K HOMMHAJIbHOH MOLIHOCTH aBTOTpaHchopma-
TOpa Syoy , @ 3HAUCHUS APE(B_H)I/I AP;‘(C_H)— K HOMHHAJIbHON MOIIHOCTA OOMOTKH

HHU3KOI'O HAIIPAKCHUA, T.C. K (aHHSHOM)' HpI/IBGI[GHI/Ie K CI[PIHOﬁ HOMMHAJIbHOM MOII-

HOCTH pCAIU3YCTCA 110 (I)OpMYJIaMI

AP I;(B —H) ,
APx(—n) = s
i (2.12)
AP E(c _H)
AP k(c—H) — :
aHH

AKTHUBHBIC COIIPOTHUBIICHUS CXEMBI 3aMCHICHHA OIIPCACIIAIOTCA BbIPAKCHUAMMU

u? :
g = HOM (APK(B H)+API((B c) APK(C—H))’
25 Zom
U2 :
Mre= HOM (APK(B c) +APK(C H) APK(B—H))’
28HOM
Uz
Mg = HOM (APK(B H) +APK(C H) AIDK(B C))
28HOM

Hnst mpexoomomounvix mpauncgopmamopos C PaBHBIMH HOMHUHAJIbHBIMH

MOIDHOCTAMHN 0OMOTOK BCE axmueHbie conpomuegjiieHusl B CXEMC 3aMCIICHH PaBHBI.
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AHaJIOTUYHO JUISl peaKmueHbiX CONNPOTUBIICHHN:

2
Xg = Yaou (UK(B—H)% + U(p—c) %0 — UK(C—H)%);
200S yom
2
__Utom 0 0 .
Xe = Uxk(s—c) Y0 + Uk(c—1n) Y0 — Uk(z—1)P0);
c ZOOSHOM( K(B—C) K(C—H) K(B—H) )
U 2
Xu = 2001;0111\4 (UK(B—H)% + uK(C—H)% - uK(B—C)%)'

[Totepu APy, u AQy ompeaeisitoTcsl Tak K€, KaK W JJIs1 JBYXOOMOTOYHBIX
TpaHchOpPMATOPOB:
notepu APy — U3BeCTHas KaTajlo)KHasl BEJIMUMHA,

notepu AQy — onpeneNsiroTcs 4epe3 TOK XO0JIOCTOro xo/a | % Mo BhIpaXeHUIO

(2.11).
OcoOCHHOCTH pacueTa mapaMeTpoB TpaHCHOpMaTopa ¢ PaCIICIUICHHBIMU 00-

MOTKaMH paCCMOTPHM I103JHCC HA KOHKPCTHOM IIPUMCEPC.

Tpancghopmamopwel u asmompancghopmamopsvl ¢ pacujenieHHol 0OMOMKOL

HU3We20 HANP’CeHUs

Ha snextpudeckux CTaHIUSAX W TOJCTAHIUSX HAIUIM MPUMEHEHHE CHIIOBBHIE
TpaHchOpMaTOpbl M aBTOTPaHCPOPMATOPHI C PACHICTUICHHOW OOMOTKOW HU3IIETO
HaMpsHDKEHUsI. DTO CYIIECTBEHHO TOBBIIAET YKOHOMHYHOCTH CXEMBI, O0Jierdaer
OIIMHOBKY W ammaparbl BCJIEACTBHE YMEHBIICHHUS JUIMTEIBHBIX TOKOB pabOuyuX U
(bopcUpOBaHHBIX PEKUMOB H TOKOB KOPOTKOTO 3aMbIKaHHUSI.

VYxe npu HOMUHAJIBLHOW MOIIHOCTH TpaHchopmaTopa 25 MB-A ¢ yuerom 40%
MEepErpy3Ku CYMMapHBIA TOK Ha CTOPOHE 6 KB MOKHO OLICHUT:

1,4S :
| = now _ 1,425 = 3,208 KA.

J3u,,, +3:63

[ToBbimatonue TpaHchopMaTopsl U aBTOTpaHC(HOPMATOPHI C PaCIICTUICHHON
OOMOTKOM HU3IIETO HAMPSHKEHUSI UCTIONB3YIOTCS i (POPMUPOBAHUS YKPYITHEHHBIX
0JI0KOB dyeKTpocTannuii, ocooenno Ha ['DC, a moHmwkaromue TpaHchopMaTopsl U
aBTOTpaHC(HOPMATOPHI MPUMEHSIFOTCS Ha TOJICTAHIUSAX SHEPTOCHCTEM U MPOMBIIII-
JICHHBIX TIPEINPUATUN; TTOHKAIOITNE TPpaHCHOPMATOPHI UCTIONB3YIOTCS TAK)KE B CH-
CTeMe COOCTBEHHBIX HYX ] MOIITHBIX TEIJIOBBIX M ATOMHBIX YJICKTPOCTAHITUH.

XapakTepHbIe CXEMbl COCIMHEHUN CHJIOBBIX TPaHC(POPMATOPOB M aBTOTPAHC-
dbopMaToOpoB ¢ pacHICTUICHHBIMU Ha JIBE WX TPU YaCTH OOMOTKAaMU HH3IIETO HArpsi-
JKEHMSI U COOTBETCTBYIOIIME UM CXEMBbI 3aMEICHHS TPUBEACHBI Ha puc.2.37.
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Hl / H2 H1 A\ H3

Xul XH2 ; Xul ; Xn2 } Xu3
a)

H1 H2 Hi1 A_H?,
H2
X8 Xec XB Xc
X’H X’H

I

iXHl Xu2 _éXHl iXH2 iXH3
8) 2)

Puc.2.37. O603HaueHNs ¥ CXeMBbI 3aMelIeHUs TPaHCHOPMATOPOB U

aBTOTPaHC(HOPMATOPOB C PACHICTITICHUEM OJHON M3 OOMOTOK Ha JIBE

WIN TPHU YaCTH:

a — TpanchopmarTop, pacuieruieHue 0OMOTKH Ha JIBE YacTH;

6 - TpanchopmMarop, pacuieryieHne OOMOTKH Ha TP YacTH;

6 — aBTOTpaHchopmaTop, pacuiernieHue OOMOTKH Ha JIBE YaCTH;

2 - aBToTpaHcopmaTop, paciierieHrne 0OMOTKH Ha TPU 4acTH

Tpanchopmaropsl ¢ pacuHIeINIEHHONH BTOPUYHON OOMOTKOW IHIMPOKO HCIIONb-
3YIOTCSI B CUCTEMaX JJIEKTPOCHAOKEHHS! KPYIHBIX MPOMBIILIIEHHBIX 00BEKTOB (Uep-
Hasg W I[BETHAs] METAJUTyprusi, XUMHUs) NpH HAJIUYUU TaM PE3KONEPEMEHHBIX HEJH-
HEWHBIX HArpy30K, HAIIPUMEP MOITHBIX BEHTHJIBHBIX MPeoOpa3oBaTesieii MPOKATHBIX
cranoB (puc.2.38).

[Tpu ycranoBke Takux tpanchopmaropoB Ha ['TIIT — T1 mosiBasieTcss BO3MOXK-
HOCTb 8bl0eumsb PUEMHUKN C OTHOCUTENILHO CHOKOUHOU HATPY3KOU HA OMOenbHyIo
0OMOMKY W TEM CaMbIM YMEHBIIIUTh CTETICHb BO3/ICHCTBUS HA HUX PE3KONEPEMEHHBIX
Y HEJIMHENHBIX HArPy30K.
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TparchopMatopsl IIsl numarus MOIIHBIX HeIUHEUHbIX HA2PY30K, HaIPUMEp
BEHTHJIbHBIX TpeoOpa3oBareieii, T2 mIsd yMEHBIICHUS WX BO3JICHCTBHUS HA IMUTAO-
Y0 CEeTh W YJIYYIICHUS TEXHHKO-3KOHOMHUYECKHMX IOKa3aTejei >KeaaTelIbHO BHI-
MIOJTHSATD C 803MOICHO OONbUUM YUCTOM (haA3.

110-220xB

T1

6-10xB / \
Y/A - MocTOBBIE @

Y/A- HysneBbie cXeMbl

6-10xB

0,4xB
il

Puc.2.38. OgnonuHeiiHas cxema y4acTKa 3aBOJICKOM CETH, 3alIUTAHHOU OT
TpaHc(hopMaTOpa ¢ paciIeIIEHHOW 0OMOTKOM HU3KOTO HAIIPSKEHUS

B 3TOM cilydae ycTaHOBKa OJHOIO TpaHc(opMaTopa C pacllelIeHHbIMH BTO-
PUYHBIMU OOMOTKAMH MPEANOYTUTEIbHEE, YEM YCTAaHOBKA JBYX JIBYXOOMOTOYHBIX
TpaHc(hOpPMaTOPOB.

[Ipu >TOM BTOpHYHBIE OOMOTKH JIOJDKHBI OBITH BBITIOJHEHBI C Pa3HBIMU TPYIIaMU
coenuHeHuii. [Tokaxem Ba KpaliHUX crioco0a pa3MeIleHus BTOPUYHBIX OOMOTOK Ha
cTepkHe Tpanchopmaropa (puc.2.39).

I\A al ai al
) ]

PP

X xl x2 a)

6)

Puc.2.39. [puniunuansHbie CXeMbI (@, 6) ¥ CXEMbI 3aMeIIeHUs (8, 2)
TpaHc(hOpPMaATOPOB C paclIeINICHHBIMH 0OMOTKaMH
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Ecnu BeTBU 6mopuunbix OOMOTOK 6MOmanbl ONHA B APYTYI0 U MEXIYy HUMHU
CYILIECTBYET TECHas MarHuTHas cBs3b (puc.2.39, a), T0 ux conpomueéieHus Ha
TPEXJIYICBOM CXEME 3aMEIIEHUS PAGHbL HYJI0, 8Cce COnpomusieHue TpaachopmaTopa
OKa3bIBaCTCS COCPEOTOUCHHBIM 8 8emauU, COOTBETCTBYIOIIEH nepsuurol 0OMOTKE.

DTO 3HAYUT, UYTO MPU MU3MEHEHHH, HAIPUMEP, TOKa |, M3MEHSIETCS HE TOJBKO
HanpspKeHue 3Tor 00MoTku U, , HO U HanpspkeHue Us , Tak Kak TOK |, BBI3BIBaeT ma-
JICHUE HAIPsDKCHUS Ha Z; , KOTOPOE TPUBOANT K U3MEHEHUIO HaNpsiKkeHus Us .

Ecnu semeu BTOPUYHBIX 0OMOMOK pazmewyernbl 00HA NOO Opy2ol Ha CTEPIKHE
Tpanchopmaropa (puc.2.39, 6) © MarHUTHAs CBS3b MEXKIY HUMH MPAKTHYECKH OT-
CYTCTBYET, TO MHIYKTUBHOE COMPOTHUBIICHUE HA CXEME 3aMEIICHHs] MOXHO CUHTATh
COCPEIOTOYCHHBIM B BETBSIX 0OMOTOK HU3KOTO HampsbkeHus (puc.2.39, 2).

OueBunHo, uto ans Tpanchopmaropa T1 na I'TII, k BTopuYHBIM OOMOTKaM
KOTOPOTO TIPUCOEAUHACTCS pa3HOPOHAS HArpy3Ka, CXeMa 3aMeIleHuUs T0JDKHA OBITh
aHasioruyHou (puc.2.39, 2), Tak Kak ImpH ITOM Hazpy3KU 0OMOMOK NPAKMUYECKU He
0KA3b18aOM GIUAHUA IPYT HA JPYTa U YPOBHU HANPAdCEeHUs HA KaXI0h 0OMOTKE 3a-
BUCAM UL OM COOCMBEHHOU HACPY3KU.

Jl1st BeHTHIIBHOTO MpeoOpasoBaresis, HA00OPOT, C TOUKU 3PEHUST 02PAHUYEHUs
MOK08 KOPOMKO20 3AMbIKAHUs U CKOPOCTH Hapactanus Toka di/dt mpu kommyTarmu

BEHTUJICH dfcenamenvro, ymobsl conpomueienue Tpanchopmaropa ObLIO COCPEIOTO-
YeHO B BETBHU, COOTBETCTBYIOIICU oOMoOmKe @vicuieco Hanpsidcenus. Ha mepBblit
B3TJISA]] MOKET TIOKA3aThCsl, YTO ATO MPHUBEIACT K YBEIWYEHUIO B 2 pa3a MaJCHHS
HanpsDKeHUs Ha obreM conpotusieHnd Z1 ot TokoB I, u 13 (puc.2.39, 6) B HOpMab-
HOM pexxkume pabotel. Ho mpu pabore mpeoOpaszoBarelisi B HOPMaJIbHBIX PeXKUMAaX
ATOTO HE MPOU3O0MAET, TaK KaK BTOPUYHBIE OOMOTKH MMEIOT pa3Hble TPYIIIBI COETU-
HEHUU

(mst MOCTOBBIX ¢xeM — Y/A | a Ui HyJIEBBIX — JIB€ OOpaTHBIEC 3BE3/IbI Y/ A ) ¥ mo-
MeHmMbl KOMMYymayuil TOKOB B HUX He CO8Nadaiom.

Jlmst paccMaTpuBaeMbIX TPaHCHOPMATOPOB U aBTOTpaHC(HOPMATOPOB CHEIH-
bUYeCKUMH ITapaMeTpaMu SBIISIOTCS:

conpomusenenue pacujenneHuss Xppem , PABHOE COINPOTHUBICHUIO MEXIY BBIBO-
JlaMU JIBYX MPOU3BOJIBHBIX YaCTel paciieryieHHOH 00MOTKH. OOBIYHO YacTu paciier-
JICHHO# OOMOTKH IMOJIHOCTBIO UACHTUYHBI U TI03TOMY (puc.2,37)

Xpaciy — Xul-#2 = Xul-n3 = Xu2-u3 ,

CKBO3HOE CONPOMUBIEHUE Xy , PABHOE COMPOTHBIICHHUIO MeHCOY 0OMOMKAMU
svicueco Hanpscenuss ( M 00bETUMHEHHBIMYM BBIBOIAMH OOMOTOK BBICIIIETO U CPE/I-
HEro HaNpsKEHUS MPU UCHBITAHUSAX aBTOTPAHCPOPMATOPOB) U 0OBEOUHEHHBIMU Bbl-
godamu uacmeti pacujenieHHot 0OMOMKU HU3ULE20 HANPSHCEHU,

koappuyuenm pacwennenus Kpaem , PABHBI OTHOIIEHUIO CONPOTUBIICHUS
pacHICTUICHHUS] K CKBO3HOMY COIPOTHBJICHUIO :

kpacm = Xpacm/ XckB
IIpu pacuierieHu OOMOTKH Ha ABE YaCTH Kyper < 4 ;
ITo nanHBIM UCHIBITAHUI k]Dacm =3,5;
Jnst cxemsbt puc.2.39, @, 6 Kpaery = 0 ;
Jst cxembl puc.2.39 0, e Kypery = 4 .
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IIpu pacuienyieHu OOMOTKH Ha TPH YaCTH Kpaer < 6 .

OTMeTuM, YTO BXOJSIIME B HEPABCHCTBA 3HAKU ''paBHO" XapakTEPHBI JJIS CH-
JIOBBIX TPaHC(HOPMATOPOB M aBTOTPAHC(HOPMATOPOB, COCTABICHHBIX M3 TPYIIT OIHO-
(pa3HBIX anmapaTosB.

C y4eToM CKa3aHHOTO, ITApaMETPhI JIEMEHTOB CXEM 3aMEIICHHS — PEaKTUBHBIX
COIPOTHBIICHUH, TTOKA3aHHBIX Ha puc.2.37, OYIyT ONPEACIAThCS CICAYIONUMH BbI-
pPaKCHUSIMH.

s cxemsbl 3amemenust (puc.2.37, a) B 3aBUCUMOCTH 0m 00beMa UCXOOHOU
ungopmayuu (puc.2.40) B MHKEHEPHOW NMPAKTUKE HCIOJIB3YIOTCS PacUYeTHBIC BBIpa-
KCHUS.

|. Jlnst ciyyasi, KOrja W3BECTHO €IMHCTBEHHOE 3HAYCHHUE Uy(p_pp)%0, C YUCTOM

ycpeonennozo 3Ha4eHus Kpaem =3,5 (puc.2.40, a):

15 Yhon g
B 100S o K(B—H)
U fou

— =175 Yhon
X Xu2 )
Hl = A 100S yion

UK(B—H)%'

B Uk(B-H)%
B .\gK(B-H)% \
]
]
( W Gll Hzﬁ
HI H2 a) — 0)
Uk(al-82)%
Puc.2.40. O0beM wucxXxomHON WHPOpPMAIMKM s pacdyeTa PEaKTUBHBIX COMPOTHBICHHN
TpaHCPOpPMATOPOB € PACLIEIUIEHHON OOMOTKOM:
a - Bapuanr 1. UI3BeCTHO U y(g_i1)%0;

6 - Bapuant 2. V3BecTHBI uK(B_H)% u UK(HI—Hz)%

Il. st ciyyasi, KOraa M3BECTHBI 3HAYCHUS Uy(p—p) 0 U Ugul—n2)%0 (puc.2.40, 0),

3Ha4eHUEe Uiym2)%0 MOXKET 3a1aBaTbCsd OTHECEHHBIM K MOIIHOCTH PACILEIUICHHBIX
00OMOTOK HU3KOTO HAMPSIKEHUS Syinon = Sm2non- B ITOM CIIydae HCIOIB3YIOTCS BBIpa-
JKCHUS:

_ Uk [, gy Ustui-u)®
B K(B—H) J
100S gom
U2 (2.13)
Xul = Xu2 — o Uxk(ul HZ)A)
100S om

B HeKoTOpBIX CIIpaBOYHUKAX BMECTO 3HAYEHUS Uiy %0 MOXKET OBITH 3a1aHO
3HAYEHUE ATOrO0 K€ IMapaMeTpa, HO paHee MPUBEACHHOE K HOMUHAJIBHOW MOIIIHOCTH
TpaHc(opMaropa ¢ UCIOIb30BAaHUEM BBIPAXKECHUS

SHOM

Us(ul-n2) = Ux(ul-u2) 70 :
SHOM.paCLu.06M

54



B sTom ciydae ucronb3yercst Mmoaudukamnus Beipakenui (2.13):

_ Ufou o Uxi-m)% |
XB — UK(B—H) 0 ’
100S wom
_ U }210M Uk( Hl—HZ)%
Xyl — Xg2 — .

100S yom 2

Jns cxemsl 3amernienus (puc. 2.37, 0):

Xpacuy |

2 1)

Xul = X2 = Xu3 —

Xpacuy _

6

Kpac Kpac
_xCKB[l_ 6 Hl] - X(B—H)(l_ 6 HIJ'

Jiis cxembl 3amenieHus (puc.2.37, 6):
Xul = Xg2 = Xpacm/ 2;
X = (XB—H T Xg—c XC—H)/ 2;
Xc = (XB—C T Xe-n— XB—H)/ 2;
Xu = (XB—H + Xe-n— XB—C)/ 2;

XB = XckB —

Xpacm Xpacm

Xexn(mo-n)  |(Xs\\Xc)+ Xur
Jiist cxembl 3amerienus (puc. 2.37, 2):
Xul = Xu2 = Xu3 = Xpacm/ 2;
Xp = (XB—H T Xg—c — XC—H)/ 2;
Xc = (XB—C T Xe-n— XB—H)/ 2;
Xu = (XB—H + Xe—u— XB—C)/ 2;

kpacm =

Xpacing Xpacin

XckB(Bc—H) [(XB\\XC)+XH]
OTMeTI/IM, 4dToO 1ICpea HOI[CTaHOBKOﬁ B YKA3aHHBIC BbBIPpAXCHUs, BCC COIIPOTUB-

neHus: (HampsDKeHHS K.3.) JOJKHBI OBITh MPUBEACHBI K HOMHUHAJIHLHOW MOIIHOCTH
TpaHchopMaTopa uir aBToTpaHchopmaropa.

k paci —
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Oyenka axmuenvlx CONpOMuUBIeHUli MmpaHcghopmamopos u

asmompancpopmamopos npu uucie 0OMomox bosee 08yx

[lenpro HAMIUX PACCYKICHUHU SIBISIETCS ONMpEAeSieHUE JTOCTOBEPHBIX UHCIICH-
HBIX 3HAYCHUU aKTHUBHBIX COMPOTHBICHUN, MOACIUPYIONUX HEOOpaTHUMBIE MpeBpa-
IICHHUS AJICKTPOMArHUTHOW DHEPTHH B TETUIOBYI0 B OOMOTKax TpaHCPOPMATOPOB H
aBTOTpPaHCPOPMATOPOB C YHCIOM OOMOTOK Ooniee AByX. [Ipw 3TOM ompenensronmm
SIBISICTCS. HAIIMYMEe MHGOPMALMU TONBKO 00 OXHOM M3 TPeX 3HAYCHHH APy(i—j),

OTIPEJIEIISIEMBIX B OMBITAX K.3.

HomuHnanbsHasi MOITHOCTH peabHOTo TpaHchopMaropa (Hin aBToTpaHchopma-
TOpa), COOTHOIIEHHE HOMUHAJIbHBIX MOITHOCTEH €ro 0OMOTOK, CX€Ma UX COCIUHEHHUS
U KJIaCC HOMMHAJIBHBIX HANpPsDKEHUE OOMOTOK B IIEJIOM OIPEAEIISIIOT HOMUHAJIbHBIC
TOKA OOMOTOK, CJIEJOBATEIbHO, ONPENEISIOT PAa3JIMYHbIE CEYEHHUS] MPOBOJHUKOB U
aKTUBHBIE COMPOTUBIIEHUSI 0OMOTOK peaIbHOr0 TpaHchopmaTopa.

HNudopmanuio o YMCIEHHBIX 3HAYEHUAX AKTUBHBIX CONPOTUBIICHUN MOJYyYarOT
nocyie 00pabOTKH pe3yJbTaTOB OMBITOB K.3., B KOTOPBIX BCETAA OMPEAEISAIOTCS OJJHO-
BPEMEHHO MapaMeTphl IBYX OOMOTOK — MUTAIOIIEH U MPUEMHOM (3aKOPOUYEHHOI).

Oco0OEHHOCTH OMBITOB K.3. JI TPAHC(HOPMATOPOB C PACLIEIIEHHBIMH OOMOT-
KaMH{ U aBTOTPaHC(POPMATOPOB PACCMOTPHUM I103KeE.

[Io pe3ynpTaTamM OTIEIBHOTO ONBITA OMPEICISAIOT TaK Ha3bIBAEMOE CKBO3HOE
COIIPOTHUBIIEHUE TpaHCHOPMATOpa Iy, , OTpaXkaroliee PU3NIECKUe CBOMCTBA 0OMOTOK
Pa3IMYHBIX CEYCHUH, YHACTBYIOIINX B OIBITE.

JIns pacuera mapaMeTpoOB YCTAaHOBHUBUIETOCS PEKMMA CETEH, pacuera MoTeph
ANEKTPUYECKON MOITHOCTH U SHEPTUU U PEUIECHUS psiia APYTUX 33a/1a4 UCIOJIb3YIOTCS
CXEMBbI 3aMEILEHUs JIEMEHTOB pealibHbix DDC, B TOM uuciie U TpaHCHOPMATOPOB.
[Ipu 3TOM yacTo Kaxzaas oOMOTKa TpaHchopmaTopa JOJKHA MOJAEIUPOBATHCSA OT-
JIEIbHBIM COIPOTHUBIICHUEM B CXEME 3aMEIIeHUs, KPOME TOr0, BCE MapaMeTphbl CXEMBbI
3aMEILEeHUs] OTIEIBHOr0 TpaHCc(PopMaToOpa MPHUBOAATCS K BBICIIEMY HAIMPSKEHUIO
O0OMOTOK.

HenonnoTa ucxoanoit nuadopmaiuy, UMEIOINICICS B CIPAaBOYHOU JUTEpaType
M0 pe3yJibTaTaM OMBITOB K.3. JJIsl TpaHC(HOPMATOPOB C YUCIOM OOMOTOK 0OoJiee JIBYX,
HE TO3BOJISIET UCIOJIb30BaTh PAHEE MPUBEACHHBIE BBIPAKEHUS IJIA MPSMOTrO OIMpese-
JIEHUS MHTEPECYIOIHUX NapaMeTpOB CXEMbl 3aMmelleHus. Bocmnoabp3yeMcs ciemyro-
IIMM JIOTHYECKUM TTOCTPOCHUEM JIJIS PEIICHUS TTOCTABICHHOMN 3a/1auu.

[TocTaBuM B COOTBETCTBHE CXEME 3aMEILEHUsI CHIIOBOTO TpaHcpopmaTopa Kak
HEKOTOPOMY OOBEKTY JIPYTYyI0 (PU3HUECKYIO MOJIENb — TpaHCPOpMATOp C TEM XKe CO-
OTHOIIICHUEM HOMHUHAJIBHBIX MOIITHOCTEH OOMOTOK, HO C €AWHBIM HOMHHAJIBHBIM
HaIpsHKEHUEM BCEX OOMOTOK, YTO COOTBETCTBYET NMPHUBEAECHHOMY XapakTepy mapa-
METPOB MOJEIUPYEMON CXeMbl 3aMellleHud. [Ipyu Takux NONyIIEHUSIX CEeYeHHUs Mpo-
BOJIOB, KOTOPHIMHU BBITIOJIHEHBI OOMOTKH "TpaHchopmaropa — mMojenu", OyayT o1u-
HAKOBBIMHU, €CJIM UX MOIIHOCTH PaBHbI M MEHBIIEH MO MOIIIHOCTH 0OMOTKE OYIET Co-
OTBETCTBOBAThH MPSIMO MPOMOPLIMOHATIFHOE CHI)KEHHE cedeHus npoBoza. Ilpu ycno-
BUU OJMHAKOBOTO MaTepHalia 0OOMOTOK CYIIECTBYET OYE€BUAHAS OOpPATHO MPOIOPIIHU-
OHAJIbHAS CBA3b MEXKJYy HOMUHAJIbHOW MOIHOCTHI0O OOMOTOK U MX aKTUBHBIM COIPO-
TUBJICHHEM (MEHbILEH BJIBOE MOIIHOCTH COOTBETCTBYET BJABOE OOJIbIIIEE COMPOTHUB-
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nenue). TakuM o0pazoM, mpensioxeHHas (u3nyeckas MOJENb MO3BOJMIA ONpe/e-
JIUTh 3aKOHOMEPHOCTH, UMEIOIINE MECTO B UCCIEAYEMOM OOBEKTE, CXEME 3aMEIICHUS
TpaHchopMaTopa C MPUBEICHHBIMU TapaAMETPAMH.

PaccMOTpUM HECKOJIBKO XapaKTEPHBIX CUTYAIIH.

Pacuem axmusnvix conpomuenenuii cxemvl 3amewjeHus mpexooMOmo4HO20
mpancgopmamopa ¢ pasHviMu HOMUHATLHLIMU MOUWHOCTAMU 0OMOMOK.

Jli1st cuoBoro TpaHCPOPMATOPA C Spow = SChom = SHuon SAUHCTBEHHOE M3BECT-
HOE 3HaueHue APy 3.c) OBIIO TIOTY4EHO B ONBITE, IPUBEICHHOM Ha cXxeMe puc 2.41.

. Puc.2.41. Cxema onpITa KOPOTKOTO 3aMbIKaHUS
TPEX0OMOTOYHOTO TpaHCchopmaTopa

Un

3Ha4YC€HUE CKBO3HOI'O COMPOTHUBIICHUA I, B JaHHOM ormbiTe K.3. onpenensercs
napaMeTpamMu OOMOTOK BBICOKOTO U CPEHETO HAMPSHKCHUS:

2
APK(B—C)U HOM
5 .
S Hom
OdeBugHA DKBUBAJICHTHOCTh MpPeoOpa3OBaHMsI CXEM, TMPUBEICHHBIX Ha
puc.2.42.

W3 ycnoBusi paBeHCTBAa MOIIHOCTEH OOMOTOK ClE€IyeT PaBEHCTBO IPHUBEIECH-
HBIX CONPOTUBIICHUN:

lNcxks =

I'cks
rg=rc=ru= 5
lcks
c :
Puc.2.42. DxBuBaneHTHas CBSI3b MEXIY aKTUBHBIM
I's U Ic CKBO3HBIM  CONPOTUBJIEHUEM TPEXOOMOTOYHOTO
o [ 1 I 1 o TpaHcpopmaTopa U aKTUBHBIMU COTIPOTUBIIEHUSIMU
1 J 1 J
CXeM 3aMelleHHsI 0OMOTOK
IckB I'cks
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Pacuem axmuenvix COnpOmu@ﬂeHUUv cxXemvl 3amMeuleHuUs mpexa/l/lom()qﬂblx
MPAHCHOPMAMOpPos U ABMOMPAHCHOPMAMOPOE € HEOOUHAKOBLIMU MOUHOCHAMU
0OMOMOK.

I[Hﬂ OOJIBIIIMHCTBA OTEYECTBEHHBIX aBTOTpaHC(bOpMaTOpOB XapaKTCPHBI COOT-
HOIIICHUA MOHIHOCTeﬁ 00OMOTOK:

Sp.Hom = Sc.rom = 2Sw.nom
Inpu CAMHCTBCHHOM U3BCCTHOM 3HAUCHHUU APK(B—H) .

OdeBugHAa HKBUBAJICHTHOCTh MpPEoOpa3OBaHMUsI CXEM, IMPUBEJICHHBIX Ha
puc.2.43.

Icks
o] | 1 0

L Puc.2.43. DxBuBaJIeHTHasl CBA3b MEXY aKTUBHBIM CKBO3HBIM

COMPOTHBIICHUEM  aBTOTpaHCc(hOpMaropa ©  AKTUBHBIMHU

Is U re=2rs COTNIPOTUBIICHUSIMH CXEM 3aMEIICHUS 0OMOTOK
O‘-IeBI/II[HBI CJ'ICI[yIOH_[I/IC paC‘-ICTHBIe BBIpa)KCHI/IHI
2 1
APxE-mU — e . _ _
Foxp = k(8 2H) HOM; rB_rc_érCKB’ rH_ZrB_ngKB'
S HOM

Nuorna Becrpedarorcsi AT ¢ COOTHOIIEHHEM HOMUHAIBHBIX MOIIHOCTEH 0OMO-
tok 100/100/33 %. B aToM ciyuae k03 GUIUEHTHI PACYETHBIX BBIPAKEHUIN JOJKHBI
OBITH MTPOMOPIIMOHATIEHO U3MEHEHBI.

Pacuem axmusnvix conpomuenenuii mpancghopmamopoé ¢ pacujenieHHviMu
obMomKamu.

Oco0eHHOCTh OMbITa K.3. JUIsl TpaHCPOPMATOPOB C pacUICIZIECHHBIMU 0OMOTKA-
MU (Sy; = Syp = 0,5Sg) cocTtouT B TOM, 4TO OJIaromapsi COOTHOIICHUIO MOITHOCTEH
0OMOTOK, BBITIOJTHEHHBIX HA OJIMHAKOBBIE Uy, , TP OJTHOBPEMEHHOM 3aKOpaYUBaHUU
obenx oomorok H1 u H2, odmorka BH 3arpyxkaercss 10 HOMHUHAIbHON MOLIHOCTH
SHOM .

DKBUBAJIEHTHOCTh CXEM 3aMEIICHHSI OMbITa KOPOTKOTO 3aMBIKAHUS JIET4e HJI-
JIOCTPUPOBATH CIEAYIOIIMM 00pa3oMm:

(D)

Us Puc.2.44. Cxema ombiTa KOPOTKOIO 3aMBIKAHMS
TpaHc(hopMaTopa ¢ paciieINIEHHBIMUH OOMOTKaMH
e
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rul=2rs
ra2=2Is
Puc.2.45. DxBuUBaneHTHAas CBSA3b MEXYy aKTUBHBIM
r U CKBO3HBIM CONPOTUBIEHUEM TpaHchopMaTopa C
B
s pacUIeTJICHHBIME ~ OOMOTKaMH ¥ aKTUBHBIMHU
| ! ) |
° l f 1 | ° COIIPOTHUBJIEHUSIMH CXEM 3aMEIIEHUsI OOMOTOK
I
lcks
| |
o 1 I O

O‘ICBI/II[HBI CICAYOIHNC pAaCYCTHBIC BBIPAKCHUA!

2
AP«U howm . :
rCKB=2rB=%, rse=05r s> Mul = a2 = Neke:

HOM
HpI/I 3TOM 3HAUCHUC [y PACCUHUTBIBACTCA IO CAMHCTBCHHOMY 3HAYCHHIO

APy OTPE/ICJICHUE KOTOPOTO OCYIIECTBISETCS MPU OJHOBPEMEHHOM YYacTHUU B
OTIBITE K.3. BCEX 0OMOTOK TpaHchopMaTopa ¢ paclierIeHHBIMA OOMOTKAMH.

Mooens TpanchopMmaropa ¢ pacuenieHHviMu 0OMOTKaMHU €IUHCTBEHHAs Cpen
BCEX THIOB MoOjeiel TpaHcPopMaTOpOB M aBTOTPAHCPOPMATOPOB, MOXKET uU3Me-
HAMbCA 8 3A8UCUMOCIU OM pedcuma pabomul Tpanchopmaropa:

[Ipu paenomepnou 3arpyzke oomorok HH1 m HH2 (onTtumanbHbId pexum)
TpaHc(hOopMaTOP MOXKET MOACTUPOBATHCA OOHUM CONPOMUBLEHUEM 7 oy, YTO COOT-

BETCTBYET NapaJljieIbHOM paboTe 0OMOTOK HU3KOTO HAIPSIKCHUSI.
[Tpu HepasHnomepnoti 3arpy3Ke OOMOTOK CIEIYET UCIIOJIb30BATh pPA38EPHYMYIO
CXEMY 3aMEIICHHUS.

B 3akitoueHue mNoBTOPUM, YTO MOJTYyUYCHHBIE COOTHOIIICHHS YHUCICHHBIX 3Haye-
HUW aKTUBHBIX CONMPOTUBJICHUN UMEIOT MECTO MOJIbKO NPU NPUBEOeHUU NaAPpAMEempos
cxemvl K 00HOMY Hanpscenuto. IIpyu peanbHBIX HANPSHKEHUSX aKTUBHOE COMPOTHB-
nenue, Hanpumep, ooMotkun BH Tpancdopmaropa ¢ pacriernieHHbIMA OOMOTKaMu
MHOT0 OOJIbIIIE, YEM COMPOTUBIICHUE 0JHON U3 0OMoTok HH, X0Ts 1 umeronieit BaBoe
MEHBIIIYIO MOIIIHOCTb.
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2.7.7. llpeacraBiieHHe peakToOpoB Npu pacuyerax YP

[To pyHKIIMOHATBPHOMY HA3HAYCHUIO PA3JIMYAIOT PEAKTOPHI TPEX TUIIOB:
®  TOKOOI'PAaHWYHUBAIOIINE;
®  I[IYHTUPYIOIIHUE;
®  3a3eMJIIOIINE MWW JYroracsiiue.

HomeHnkiatypa BBIITYCKa€MbIX PEAKTOPOB XapaKTEPHU3YeTCs CIEeAYyIONIei

CTPYKTYpPOM:

OnunapHbie
/BeTOHHLIe <: U,=10 xB
CnaBoeHHEIE
ToxoorpannunBaronme
\ 35 kB — tpexda3zHbie
Macnsaasile — OaunapHbie U=

110,220 kB — onHO (ha3HbIC

U -6 100 kB onHO- 1
[IyaTupyomue ---- MacJIssHbIC ! NERNE 8
TpexQazHbie
3a3zeMiIsIoniue, U 213_5 B
- MAacCJIsIHbIC H \/§ \/§ Kb.

OouHapHvle MOKOOSPAHUYUBAIOUIUE PEaKMOPbl
Ecnu B nMHUIO MOCIeI0BaTENbHO BKIIOUYUTH PEAKTOP, TO MPOU30MIET YBEIHU-

YEHUE PEAKTUBHOTO COMPOTUBIIEHUS JTUHUU (puc.2.46).

LR W Xp 7.
o
0 1=
Qe QS
a) 6) 2 2

Puc.2.46. OgnonuneiiHas cxema (@) U cxeMa 3aMelieHus nepeaayu (0) ¢ UCIoIb30BaHUEM
OJIMHOYHOT'O peaKTopa

Takue peakTopbl HA3bIBAIOT TOKOOTPAHWYMBAIOIIMMH W BBHITIOJHSIOT B BHJIEC
WHJYKTUBHBIX KaTYyIIEK C MajblM aKTUBHBIM CONPOTHUBJIEHUEM. BHUTKU peakTopa
M30JIMPOBAHbl OJIMH OT JAPYIrOro, a BCSA KaTyIIKa M30JMPOBaHA OT 3a3€MJICHHBIX Ya-
CTEH U 3aKperyieHa Ha KapKace U3 U30JUPYIOIIEero MaTepuaa.

B HacTosmee BpeMs TOKOOTPAaHUYHBAOIINE PEAKTOPHI OCOOECHHO ITHMPOKO HC-
noJb3yroTcs B ceTsix 6-10 kB kak B OIMHOYHOM, TaK U B CABOCHHOM HCIIOJIHEHHUH.
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Pacuer mapaMeTpoB CXCMbI 3aMCHICHUA OJHMHAPHBIX TOKOOTIPAHWYUBAIOIINX
PCaKTOPOB OCYIICCTBIIACTCS 110 BBIPAXKCHUAM.

Xp, OM Rp, OM
Xp = Xuom
Pacuer Xp S 5 ~3% ot Xp
T.K.3. Xip = Xom — s PB-10/400
LR U Cp.HOM
Xp Xp — CMIPaBOYHUK HIIH R - APHOM.p
U p=", WM
Pacuer p HOM.p I HOM.p
VP R Xp = ———=—— Ju1d Macid- )
P 100\/§| HOM. Rp =0- s
HBIX MAacCIISIHBIX
U, - HOMUHAJBbHOE HANPS)KEHUE peakTopa, kKB;

HOM

IH

APHOM.p

Sg - 0azucHas MomHOCTE, MB-A;
Xp, Rp- PEAKTHBHOC W aKTUBHOE COIPOTUBIICHHUS peakropa, Om;

X, %0 - OTHOCHTEIBHOE PEAKTHBHOE CONMPOTHBICHHE, Yo

Xx, = OTHOCUTCJIIBHOC PCAKTUBHOEC COIIPOTHUBIICHUE, O.€.

p

oy -~ HOMUHAJIBHBINA TOK PEAKTOPA, KA;
- HOMUHAaJIbHBIE IOTEPH Ha a3y peakTopa, MBT;

CogoenHvle mOKOOSpaHUUUBaOUjUe PeaKmopbl
KOHCTpYKTUBHO CIIBOCHHBIE PEAKTOPHI MOJOOHBI OJJMHOYHBIM, HO OT CPEIHEH
TOYKU OOMOTKH HMMEETCSl JTOMOJHUTEIBHBIN BBIBOJI, PACCUMTAHHBIA Ha YIABOCHHBIN
HOMUHAJIBHBIA TOK BeTBH (Hampumep, 2x630 A). BriBoabl OT KpallHUX TOYEK 0OMO-
TOK pacCUMTaHbl HA HOMUHAJIBHBIN TOK BETBH.
Hanpumep, npu cTyneHuaToi cxeme yCTaHOBKHU CIIBOCHHOTO PEaKTOpa BHYTPHU
nomertienuit (puc.2.47, a) BoIBoAbI OT cpenneit (1) u kpaitHux (2, 3) Touek 0OMOTOK
MOTYT OBITh TTOKa3aHbl, TAK KaK 3TO BBIIIOJIHEHO Ha puc.2.47, a, 6.
B cmpaBouHHKax MO CIBOCHHBIM pEaKTOpaM MPHUBOMISTCS JaHHbIE 00 MHIYK-
TUBHOM CONPOTUBJICHUU, OM:

X

om - HOMUHAJIIBHOC HHAYKTUBHOC COIIPOTUBIICHUEC,

(X5 + X3) - CONPOTHUBIICHNE ABYX LETICH NpH
M0CJIEIOBATEIbHOM MX COCIUHCHHH;

X4 - COIPOTUBIICHUE OJHOW BETBU IIPU BCTPEUHBIX TOKAX.
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®\ —= 2
= O] ,/® OIOPHBIE 1
/\ /\ /momTopH fWV\—TJVWl
2 3
(] - (] - 0)
(] (.

&M@

Puc.2.47. Cxema ycTaHOBKHM CABOEHHOI'O TOKOOTPAHUYMBAIOIIETO PEAKTOpa:
a —"cryneHyaTas" yCTaHOBKA;

6 - IpUHUUITHAIbHASA CXeMa OJHOM (a3bl CIIBOCHHOTO peakTopa

Pacuer mapaMeTpoB cXe€Mbl 3aMEIIEHUS CIBOCHHBIX TOKOOTPAHWYMBAIOIINX
PEAKTOPOB OCYIIECTBIISIETCS IO BHIPAYKECHUSIM:

X, OMm R, Om
@ X = _kCB Xgom
S6
/ Xy = _kCB Xgom 2
X1 U Ccp.HOM
Pacuer _
TK3 X2:X3:(1+kCB )XHOM Rp_o
K.3. X X
X*2 = X*3 =
S6
= (1+ kCB )XHOM 2
Cp.HOM
X X R4 = R5 =
Pacuer
VP X4 = X5 = Xyom (1_ kCB) _ APHOM
Rq Rs |}210M
Llynmupyrowue peaxmopul

[Ipy BBINOJIHEHUU IJUHHBIX JIMHUM CBEPXBBICOKOTO HampsbkeHus 330 kB u
BBIIIE B KAYECTBE MEPONPHUITUI 1O OTPAHUUYEHUIO YPE3MEPHBIX YPOBHEU HaIpsiKe-
HUW B JIMHUU, BBI3BAHHBIX OOJBIIMMH 3HAYCHUSIMH €MKOCTHBIX MPOBOJMMOCTEN Ha
3eMITI0 (a3 JTMHUU, UCTIOJB3YETCs BKIIOYCHUE IITYHTUPYIOMUX PeakTopoB (puc.2.48).

W

| | Puc.2.48. OpHonuHeiHas  cxema Tmepeiadyd C
H? H? ITYHTHPYIOITUMHU PEAaKTOpPaMH B HavaJie ¥ KOHIIE JTUHUHT

PeakTopsl Takoro Tuna OTHOCAT K YCTPOMCTBAM IMONIEPEYHOM KOMIICHCALIUH.

B ominune OoT TOKOOrpaHMYMBAKOIIMX PEAKTOPOB, LIYHTHUPYIOLIUE PEAKTOPHI
BBITIOJIHSIOT CO CTAJIBHBIM CEPACYHMKOM M BO3AYIIHBIM 3a30POM, U II0 BHEIIHEMY
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BUJly OHM HallOMUHAIOT TpaHchopmartops! (ripu Hampsbkenuu 110 kB u Bbime — uc-
KJIFOUUTENBHO OJTHO(A3HBIE).

Ha nuHMAX cBEpX- M yNBTPABBICOKUX HANMPSHKECHUN HIYHTUPYIOLIUME PEAKTOPBI
MOTYT YCTaHABIIMBAaThCSA HE TONBKO MO KoHUaM JIDII, HO M Ha crienHabHO COOpYyKa-
€MbIX B MPOMEKYTOUYHBIX TOUKAX JIMHUM CEKIIMOHHBIX ITyHKTaX BMECTE C COOTBET-
CTBYIOIIIEH KOMMYTAI[MOHHOM anmnaparypou.

YCTpoNCTBO U MPUHIMN ACHCTBHS IMIYHTHPYIOIINX PEAKTOPOB, MPUMEHSIEMBIX
JUISI KOMIIEHCAIIMU 3apsiIHOM MOIIHOCTU JIMHHUM, UMEET MHOTO 00Iero ¢ Tpancdop-
matopamu. [losTomMy omnpeneneHue NoTepb MOUTHOCTH B PEAKTOpPax AAHHOTO THIIA B
MPUHIIAIIE MOXET OBITh BBHIMOJIHEHO MO (opMyJiaM, 3alTUCAHHBIM JIJISl IByXOOMOTOY-
HOro TpaHchopmaropa. OgHAKO HA MPAKTUKE MCIIONB3YIOT METOJ] YAECTbHBIX MOKa3a-
TEJIEU TIOTEPB.

[ToTepn MOUTHOCTH B IIYHTUPYIOLLEM PEAKTOPE MPU ITOM:

APP-HI = AI:)yll.p.m QHOM.p.HI ,

rae APy, - YACIbHBIE OTEPH MOLIHOCTU B PEAKTOPE, OTHECCHHbIC K €ro HOMH-
HaJIBHON MOIWHOCTA Qo » 1 » KBT/KB-A.

3HaueHUe 3TOro MOKa3aTels Uil OTeYECTBEHHBIX HEPEeTyIUPYEMbIX LIyHTUPY-
IOIUX PEAKTOPOB IPHUHUMACTCA:
0,005 —npu U ,,, 35-110 xB;

0,006 — mpu U 220-750 xB.

HOM

[ToMHMO TOKOOTPaHWYMBAIOLIMX U IIYHTUPYIOIIMX PEAKTOPOB, Ha MOJCTAHIIM-
AX MOTYT yCTaHaBIMBATLCSA 3a3€MJIAIOIIME PEAKTOPLI, NPEAHA3HAYEHHBIE JUIS KOM-
NIEHCALMU €MKOCTHBLIX TOKOB 3aMBIKaHHMA Ha 3€MIII0 B CETAX C KOMIIEHCHPOBAHHOM
HeWrpaneo npu U, 6, 10, 35 xB. B cxemax 3amemenusa npu pacderax YP otu

PEKTOPBI HE YUUTBIBAKOTCS.

2.8. Pacuer pexxuma JIMHHMY JJIEKTpoNepeaavyu MPU 3aJaHHOM TOKe HATPy3KHU

Hzeecmupi.
1 5 - TOK Harpysku;

U , =const — HarnpsHKEHNE B KOHIIE JIMHUH;
Z15 =N+ JX{o- CONMPOTHUBJICHNE JINHNY;
] by5 - mpoBOTMIMOCTD NTMHUH.

Tpebyemcs onpedenumsn.
U ; - HanpsbKkeHKe B Hayalle TMHUM;

11, - TOK B IPOJOIBHOI YaCTH JIMHUY;
AS,- IOTEpH MOIIHOCTH B JTMHUH;
11 - TOK B HayaJe JIMHKA.

AJNTOPUTM pacyeTa COCTOUT B MOCJIEI0BATEIHLHOM OMpPEIEICHUN HEU3BECTHBIX
TOKOB M HANpsDKEHUI OT KOHLIA JIMHUM K Hadally ¢ UCIOJIb30BaHUEM IIEPBOTO 3aKOHA
Kupxroda u 3axona Oma.
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Pacuet npoBeneM oTHOCUTENHEHO (ha3HBIX BEIMYUH HAMPSKEHUN U TOKOB.
Cxema 3aMelleHus JIMHUY UMEET BUJ, TOKa3aHHBIN Ha puc.2.49.

il
1
2

I ro X12 i .
1 N 1h,, llch
lo1 Iz |CK12 2 I

112 LI

Puc.2.49. Cxema 3amemenuns JIDII ¢ pabounm HanpspbkeHueM Boimie 35 kB

Ha BekTopHoii auarpamme (puc.2.50) HaHeceM HM3BECTHBIE HAM BEJIMYUHBI
qu), 15, cumras, 4ro:

1) da3HOE HampsHKEHUE HAMIPABIICHO 110 ICHCTBUTEIHLHON OCH;
2) Harpy3ka UMeeT WHIYKTHUBHBIN XapakTep.
EMKOCTHBII TOK B KOHIIE JINHUH I10 3aKOHY OMma:

Lea2 = §0,5U 5¢by.
Bekrop sroro toka L (mepneHaukysspeH) Bektopy U ,q ., oIepexaer ero Ha

0
90" u cTpoutcs U3 KOHLA BeKTOpa |,, MOCKOJIbKY, HA OCHOBAHUM IIEPBOIO 3aKOHA
Kupxroga, 310 mo3BoJII€T ONpEeAEIUTh KOMIUIEKC TOKa B MPOJOJIbHON YaCTU CXEMBI
3aMEIIEHUS JINHUU:

K
Lip=17+105.

Puc.2.50. Bextopnas nuarpamma pexxuma JISII mo qaHHBIM KOHIIA

ITo 3akony Oma Tenepb BO3MOMKHO ONPENEIUThL HANPSHKEHUE B HAYAIIE JIMHUM:
Upp =Uog + 112212,

YTO COOTBETCTBYET ITOCTPOEHUIO:
1) BEKTOpOB MaJCHUS HANPSHKCHHS HA aKTHUBHOM M PEAKTUBHOM CONPOTHBIICHUSX

JIMHUH,
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2) 10 UX CyMMC — BCKTOpPA INOJHOI'O MMaACHUS HAIIPSIKCHNUA 1, HAKOHCII,
3) HCKOMOTI'O HAIIPsPKCHUSA B HAYAJIC JIMHUU.

3Has HAIIPSOKCHUC B HaA4aJIC JIMHHUHA, JICTKO OIIPCACINTD €MKOCTHBI TOK B
Ha4daJIC JIMHHUU:

H -
L2 =05 3415
C y4eToM 4€ero TOK B Hayaje JIMHKUU 10 IepBoMYy 3akony Kupxroda:

H
I1=115+ 100,
MOXHO 3aBepHJI/ITb HOCTpOCHI/Ie BeKTOpHOﬁ I[I/IarpaMMLI.
TTomepu mownocmu B Tpex ($azax IUHUHU ONPENEISIIOTCS COOTHOLIEHHEM:

2
ASyp =3l12217-

[To aHATOTHYHOMY aJTOPUTMY BBITIOJTHUM ITOCTPOCHUE BEKTOPHON THarpaMMBI
JIMHUH 71 9aCTHOTO ciaydast xosoctoro xoaa (1, =0) (puc.2.51).

5 ch12112
@ ch12jX12

Puc.2.51. BexTopHas nuarpamma pexxuma xosioctoro xozaa JISII mo naHHbIM KOHIIA

CpaBHeHI/Ie IMOJIYUYCHHBIX BCKTOPHBIX IHArpaMM IIO3BOJIACT CACIIATH BAXKHBIC
BBIBOJBI.

1) B IMHUU C UHOYKMUGHOU HATPY3KOH HAIPSDKEHUE B KOHIIE TIO MOIYITEO
MCHBIIIC, YeM B HaJaJje: qu) < L_qu) ;

2) B JIMHUU HA X00CMOM X00) HANpPsHKCHUE B KOHIIE JIMHUU OOJIBIIC, YeM B
Hayae.
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2.9. lagenne u NoTepPsi HANPSIZKEHUsI B TUHUM

PaccMoTpuM BEKTOpHYIO AUArpaMMmy JUIsl JiuHeliHblX HANPSKEHUN B Hayaie U B
KoHIle JIuHUK U, u U, (puc.2.52), aHaAJIOTUYHYIO PACCMOTPEHHOMN paHee AuarpaMmme

da3HpIX HanpspKeHu (puc.2.52).

A7)
B J8UL"
Uy \\
311,Z1, \
0 / C| R
U, A AU D +1

Puc.2.52. BekTopHas nuarpamma JUHEWHBIX Hanpspkenuit JIDI mo nanHbIM KOHIIA

OnpenensoT cIeayoImye BEJIUYNHBL:
llaoenue nanpsowcenus — reomeTpudeckas (BEKTOpHasi) pa3HOCTb MEXIY KOM-
IUIEKCAMHU HAIPSDKEHUI Havalla ¥ KOHLA JIMHHH.
B nanHOM ciiyyae — 310 BEKTOp AB, T.€.
A4B=U,-U, = \/§112Z12-
IIpooonvroii cocmasnsoweti nadenusi Hanpsaxcenusi AU, Ha3bIBalOT IPOEKLHUIO
NAJICHUS HAIIPSDKEHUS Ha IEWCTBUTENIBHYIO OCh WM HA HaNpsbKkeHue U ,,T.e.
AUY = AC .
Nupekce "k" 03HayaeT, 4To peub UIET O MPOEKLUHUH Ha HANPSYKEHUE KOHLA JIMHUU.
OObIYHO AUJ; BIpaXkaeTcs depe3 JaHHbIE B KOHIIE TUHUM: U,, P5, Q).
Ilonepeunoii cocmasnaroweu nadenus nanpsdiceHus 3U;, Ha3bIBAIOT MPOEKIIUIO
NaJieHUs] HAPsHDKEHUs] HA MHUMYIO OCb:
SUL =CB.
C ydyeTom nocieaHuX OnpeaeaeHuin
U,-U,= \/§|_12Z12 =AUp; + joUy,.
YacTto ucnosb3yercsl MOHATHE nomeps HAnpsAdCeHus, ol KOTOPOH NMOHHMArOT

anredpanvecKyro pasHOCTh MEXKy MOTYJIIMH HAMPSHKEHUN Havyalla v KOHIIA JIMHUU:
U, -U,=4D.

Ecnu nonepeunas cocrapnstomas dU;, Mana (Hampumep, B ceTsix U, <110 kB),

TO MOKHO TPHOJMKEHHO CYUTATh, YTO TIOTEPs HAIPSIKEHUSI paBHA MPOJOJILHON CO-
CTaBJISIONICH TTAJICHUS HATIPSDKCHMUS.

Pacuer pexMMOB 3JIEKTPUUYCCKUX CETEH OOBIYHO BEIETCS B MOITHOCTSX, MO3TO-
MY BBIPa3uM I1aJICHUE HAMPSOKCHUS M €T0 COCTaBIIIONINE Yepe3 MOTOKH MOIIHOCTH B
JIMHUU, UCTIONB3YS cXeMy 3amernieHus (puc.2.53).
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Puc.2.53. Cxema 3ameenus JIDII ¢ HaHeceHHBIMM ITapaMeTpaMH peXxuMa B BUE MOIIHOCTEN

PaccmoTpum sBa citydas.

H36ecmubl MOWHOCMb U HANPAJICEHUE 6 KOHYEe TUHUU
(pacuem nanpsdiceHus 6 Hauae JUHUYU N0 OAHHbIM KOHYA)
Bripakenue i1t TOKa B IMHUU |,, 4€pe3 MOLTHOCTh B KOHIIE IPOJOJIBHON 4aCTH
JIMHUM S, ¥ HanpspkeHue U, UMeET BUJL
lip= S_i(_z :
J3u,

Torma

U U _\/§| 7 _PlKZ_ijZ ; _
Uy —Up =8liaZip =77 (rp + JX12) =
2
K K K K
_ Ponp +QXxp . PoXo —Qiafp

U, . U,

Orcroa, 0Y4EBUIHO, UMEIOT MECTO COOTHOIIICHUS:

K K
AUK, — Pioho +QroXgo |
12 = T ,
2

K K
UL, = P2x12 — Q1M
Us
Toraa peleHneM 3a1auu SBJISCTCS BHIPAKEHHE:
ul =L_J2 +AU{<2 + JSU]I_cz, rae
U, - usectHo; a AU, u 8Uq, onpenensewm.
COOTBETCTBEHHO MO/TYJIb HANPSDKCHHUS B HaYajle IMHUH
K \2 K\2 .
Uy =(Us +AUf)? + (8US5)? ;

¢daza HanpsHKEHUs B Hayasle JIMHUU

K
tg & __ Y
U2 +AU]]_<2
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H3z6ecmuvl mownocms u HanpsdiceHue 8 Havane TUHUU
(pacuem HanpsdCeHUs 8 KOHYe JUHUU NO OAHHBIM HAYAA)

Jins peleHus 3TOW 3aJayd HapaBUM M0 JEHCTBUTENBHON ocu He BeKTop U,
kak panee, a U, 1.e. npumem U, =U; (mOCTpoMM IPEKHIO AHarpaMMy M IOBEP-
HEM OCH TaK, 4TOOBI JEHCTBUTENBHAS OCh coBnana ¢ U, Ipx 5TOM MHUMas OCh 3aii-
MET HOBOE TOJIOXKEHHE, pUC.2.54).

4*]

| +1

. I B ]
* : J8UL"
|
: ‘/3112212
0 e —-»>
U, A AU D +1

Puc.2.54. BekropHas nuarpamma Hanpsibkenuit JIDII nmo qanHbIM Havaia

ITocne moBopoTa OCEl KOOPAMHAT:
NPOOOIbHASL COCMABNAIOWAS TTAJCHUS HATIPSKCHUS

AU{5 =C' B - npoekuys najeHus HanpsHKeHUs Ha IEHCTBUTEIBHYIO OCh;
nonepeunas cocmaeaauas NaacHNus HalpsHDKeHNs

8U{, = AC' - mpoekuus nafeHus HANPSKEHHUST HA MHUMYIO OCb.

BaxHo nmeTp B BHIy, UTO OJMH M TOT K€ BEKTOP MAaJCHUs HaNpspkeHus AB
IIPOEKTUPYIOTCS HA PA3HbIE HE ITapaJUICIIbHBIE OCH, II0ATOMY
AU # AU BC = AC
SUfz # SU]I_<2 AC'#CB
Hcnonb3yst TOT € allrOpUTM BBIBOJA BBIPAKEHUI, YTO U B NMPEABIAYIIEH 3a1a4e,
JIETKO MOJIYYUTh aHAJIOTUYHBIE BBIPAKEHUS U1 pacdeTa o Havaly:

H H
AUE = Piono +Qr2Xg2
12 = T
1

H H
SULL = PioXi2 —Qiafa
Us
HaHmeeHI/Ie B KOHIIC JIMHUU
U, =U; —AUg; - joUL3,
rae U, - usBectHo; a AU u U1, ompenensrores.
MO,Z[yHB HaMpsKCHUS B KOHIC JIMHHUHA:
2 2
Uy =+(Uy ~AUS)? + (8UL5)2 .

®daza HaIIPAKCHUA B KOHLIC JIMHHUU

38U,

tgd=——12
U, - AU
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2.10. Pac4éT ceTH M3 ABYX MOCJI€A0BATEIbHBIX JUHUN NIPH 32IAHHBIX
MOIIHOCTSIX HATPY3KH M HANPSI>KEHUH B KOHIIE

OnHonMHEHAs CXeMa CEeTH MOYKET UMETh BU/I, TIOKa3aHHbBINA Ha puc.2.55.

IC1 | 11C3

T1C2 l
S3

[

Puc.2.55. Cxema cetu u3 nByx nocieaoBareinbHbix JIDI

H3BecTHEL:
S,, 53 - MOILIHOCTH HArpy30K;
Uj - HaIpsDKEHUE B KOHIIE BTOPOU JINHUM;
Zip =Ty + JX19

. - COTMPOTHBIICHUE TUHUN 1-2 1 2-3;
£33 =Tz + [Xz3

b2, by3 - IPOBOAUMOCTH JHHUH 1-2 u 2-3.
OnpenenuTs:
U,, U, - HEM3BECTHBIC HANIPSHKEHUS B y37ax 1 u 2;

K H K H - IIOTOKH MOIITHOCTHU B JIUHUAX:
S23:5723:912:912 m ’

AS 53,AS 5 - IOTEPH MOIITHOCTH B JINHUSX;

S, - MOIIIHOCTh UCTOYHHKA MUTAHUSI, TEKYIIYIO
- ot y3na 1 B muHuto 1-2.
Pacuer cBoMTCS K IBYM MOCIEA0BATEIbHBIM PACUETaM OJJUHOYHBIX JTUHUM.
Ha nepBom paccuutbiBaeTcs pexkxum auHuu 2-3. Eif cooTBEeTCTBYET cxeMa 3ame-
IIEHMS, TTIOKa3aHHas Ha puc.2.56.

s ——
» | |
2 >
So3
-jQc2s" -JQc23

Puc.2.56. Cxema 3amemenus JIDII, coequusronieii [1C-2 u I1C-3

[Io JaHHBIM KOHLIA HPOM3BOAMM  pacueT JIMHMM 2-3,  Ompejesss:
S15, ASy3, S53, S5 =853 — jQ¢23 - MOITHOCTE, TEKYIITYIO OT y371a 2 B JIMHHIO 2-3, a
TaKoke Hanpsokenue U 5.
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2.Jlanee mpou3BOAUTCS pacy€T TUHUHU 1-2 MO JaHHBIM KOHIIA: MO HAMPSHKEHUIO
U, u momuocTa Sy +S5.
B pesynbrare onpenensor:
SX,,Si, - MOTOKM MOIIHOCTH;

ASq5 - IOTEPH MOLIHOCTH;
U, - HAIIPSDKECHUE;
Sy - MOIITHOCTh, TEKYIYO OT y37a 1 B muHuto 1-2.

BekTopHas nuarpaMMa CTpOMTCS TIOCTEA0BATENbHO: CHAvaa i TUHUH 2-3, 3a-
TeM it tuanu 1-2 (puc.2.57).
*
tj

g >
0 Qa AU23K +1

Puc.2.57. Bekropasie quarpamMmel Hanpsokerwnid BJIoz u BJl;,

2.11. PacuéTHble HArPY3KHU NMOACTAHIMI B ceTeBbIX 3a/1a4ax

B maHHOM KOHTEKCTE MO pacuemuvimu Hazpyskamu OyaeM MOHUMATh BCTIOMO-
raTelIbHbIe BETUYMHBI, MTO3BOJISIONINE YIPOCTUTh PACUYeThl YCTAHOBHUBIIIETOCS PEXKU-
Ma, BBITMOJHSEMbIE BPYYHYIO, IIEHON BHECEHUSI HEKOTOPOM MOTPEIIHOCTH BBIYUCIIE-
Hul. [TopsioK BBIYUCIICHHS pacueTHBIX Harpy30K B CETEBBIX 33/1a4ax OTIWYEH OT Me-
TOJMKH OTPEICIICHUS OJTHOMMEHHBIX BEITUYNH, IPUMEHSEMBIX TTPU BHIOOpPE DIIEKTPO-
obopynoBanus PVY.

PaccmoTpum cxemy ceTH, COCTOSIIIYIO M3 TPEX JJICKTporepenad U TPeX ABYX-
TpaHc(hOPMATOPHBIX MOACTaHIMM (pHUC.2.58).

i 211 [Uxs 3] | Uss 4] | U

Uon Usn Usn

§2H §3H ¢§4H
Puc.2.58. PacueTHas cxema ydacTKa CETH

[TonHas cxema 3aMeIIeHUs DJICKTPUIECKON CETH JJI pacuéTa yCTaHOBHUBIIETOCS
pexuMa 0 KHA UMETh BUJ, TOKa3aHHBIN Ha puc 2.59.
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---- IyHKTUPOM II0Ka3aHa 00J1acTh CXEMBbI 3aMEIIEeHUs, KOTOpast
MOXET OBITh 3aMEHEHA PACUETHON HATPY3KOH S p2 -

Puc.2.59. IlonHas cxema 3aMelIeHus ydacTKa CeTu

[Ipou3BOAUTE pacyéT HANPSKEHUN Jaxke Ui TAKOM IPOCTOM CXEMbI BECbMa
CJIOXHO, C POCTOM CJIOKHOCTH CXEMBI 3JIEKTPOCHA0KEHUS TPYAHOCTH pacuy€ra pacTyT
OINEPEXKAIOIIMMH TEMITAMH.

Cymb nooxooa COCTOUT B NPEABAPUTEIHHOM ONPEIEICHUHU 3apsiIHBIX MOUIHO-
CTEH JIMHUM U TIOTEPh B TpaHC(POpMaATOpax HE MPH PEANbHBIX YCIOBUSX, a IPU HOMHU-
HaJIbHBIX HANpPsDKEHUSAX (MCTOYHHUK MOTPEUIHOCTH pacdyéTa) U UX CYMMHUPOBAHUU IO
COOTBETCTBYIOIIHUM y3JIaM Harpy30K (IIMHAM MOJACTAHIIMM).

B 3TOM ciyuae ynpouieHHas cxema 3aMeIleHNs ¢ paCYETHBIMUA Harpy3KaMHu MO 1-
CTaHLU UMEET BU/I, TIOKa3aHHbIN HA puc.2.60.

234

]
L

Usp

§p4
Puc.2.60. Cxema 3amellieHns y4acTKa CEeTH NP MCTIOIb30BaHUM PACUETHBIX HAIPY30K Y3JI0B

Hanpumep, 1151 HOACTAHINY 2 PACUETHAS HATPY3KA OMPENEIUTCS BBIPAKECHHUEM:
i K : ~\H
§p2 =S, +AS» +AS;2 — JQr12 — JQc23-

2.12. lonymeHus npu pacyére peskuMa pa3oMKHYTBIX
pacnpeaeJuTebHBIX ceTell HanpsikeHueM 10 35 kB

PaccmarpuBaem pacnpenennrensubie cetu ¢ BJI u KJI. BJI cerelr atoro tuma
uMmeroT, kak npaBwio, U <35 kB (B mocnemgnee Bpemsi mosiBunmuck 110 u gaxke
220 xB). KJI wame nmerot U oy <10 kB n, kak nckiarouenue, 35 xB.

PacnipenenurenbHble CETH NOAPA3ALISIOTCS Ha:
®  TOpPOJCKHUE,
®  CCIIbCKOXO3SIMCTBEHHEIE,
®  TIPOMBIIJICHHEIE.

PacnipenenurenbHble ceTH, KaK MPaBUIIO, PA3OMKHYTHIE WJIM pabOTalOT B pa3o-
MKHYTOM pPEKUME.
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Cetu conmepkaT O4eHb OOJIBIIIOE YUCIIO HArpy3o0kK, oOIIast UX MPOTSKEHHOCTh U
NOTEPH JIEKTPOIHEPTUU B HUX BeNMKHU. Ha X coopyxkeHue pacxoayercs 3HaUuTeb-

HOE KOJIM4YecTBO Meraiia. [IpumMep cxeMbl pachpeAeuTeNbHOM CeTH IMOKa3aH Ha
puc.2.61.
220xB )

v

Pmty il TITI TH2

P12 4KB

I 0,4xB

Puc.2.61. IIpumep cxemsl pacnpeaenHTeanoﬁ ceTu

<35 kB cocrto-

JlonymieHus npu pacyére pacupenesTeNbHbIX ceter npu U, <

AT B CJICIYIOIIEM:

1. 3apsigHas MOITHOCTh JTUHUN HE YUYUTHIBACTCS.

2. He yuyuThIBaeTCsi peakTUBHOE CONPOTHUBIICHHE Kalens (X) AJid MEOHBIX Kade-
Jen.

3. [Tpu pacueTe MOTOKOB MOIIHOCTU B JTUHUSIX HE YUUTHIBAIOTCA TIOTEPH B CTAIIU

Tpa"copmaTtopos ¢ Ugy <35 kB. [loTepn MOITHOCTH B CTaIM YyYUTHIBAIOTCS
JUIIb MPU TOJCYETE TMOTePh aKTHUBHOW MOMHOCTH AP wu sHeprum AA (umum
AW ) Bo Bcel CeTH.

4, [Ipn pacuére MOTOKOB MOIIHOCTH HE YUMTBIBAIOTCS NMOTEpH MOUIHOCTH. [Ipn
JTOM:

K _cH _

§12 - §12 - §12'
5. [IpeneOperatoT nmomnepevyHoi cocTapiswoniel nmajaeHuss Hanpspkenus oU . Ilpu
pacdere YYUTHIBAIOT JIMIIG MPOJOIBHYIO COCTABISIONIYIO MaJeHUS HaIpshKe-

HUS AU , KOTOpasi MPUHUMACTCS PaBHOM MOTEpe HANPSKCHUS:
Uy -U, =AU =U; ~Uy.

6. Pacuér notepu Hampsbxenus Benércs mo U, ., a He 10 JEHCTBUTEIBLHOMY

HaANPSDKEHUIO CETH:

Piolo + QX

Uy U, = AUy, = 12 16 Qu2X12

HOM
rac P12 - AKTHUBHAasA MOIIIHOCTH B JIMHHH,

Q> - peakTuBHas MOIIHOCTb B JINHUY;
12 - aKTUBHOE COIIPOTUBIICHUE JINHUY;
X12 - PEAKTHMBHOE COIIPOTUBIICHUE JIUHUHU.
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2.13. PacnipenejieHre NOTOKOB MOIIHOCTH M HANIPSIKEHUH B MPOCTHIX
3aMKHYTBIX CeTHAX

2.13.1. O0mue moJI0KEeHUs pacyeTa pesKMMOB MPOCThIX
3aMKHYTBIX CeTel
Cetu, KOTOpBIE MBI PACCMATPUBAJIM 0 CUX IMOP, OTHOCSTCS K KJIacCcy pa3oMKHY-
THIX.
PaznuyatoT Hepa3BETBICHHBIE M Pa3BETBICHHbIC PA30MKHYThIe ceTu (puc.2.62). B
PA30MKHYTBIX CETSIX BCE Y3JIbl MOTYYAOT MUTAHUE TOJIBKO MO OJHOM BETBH.

—>ﬂ1 , . : _,le 3 4 5

! I

Puc.2.62. OcHOBHBIE TUIIBI Pa30MKHYTBIX CETEH:
@ — HEpa3BETBICHHbIC, O — Pa3BETBJICHHBIE.

B npocmuix 3amxHymuix cemsix eCTb y3Ibl, MUTAIOIMIKUECS MO JBYM BETBSIM, HO
HET Yy3JI0B, MOJYYaIOIIUX MUTaHUE 00JIee YeM MO JBYM BETBSIM, U OTCYTCTBYIOT y3JIbI,
C KOTOPBIMH COEJIMHEHBI TPU U O0JIee BETBEH.

B kagecTBe xapakTepHBIX MPUMEPOB TAKUX CETEH MOXKHO BBIJICIUTH KOIblYEBble
cemu (puc.2.63, a). ['0l0OBHBIC YYaCTKH 3TOW CETH BKJIFOYCHBI HA ITUHBI TUTATEIBHO-
ro MyHKTa A, KOTOPHIM MOXET CIY>KUTb JIMOO OJTHA U3 y3JIOBBIX MOJCTAHIIUN CUCTe-
MBI, TUOO AIEKTPUIECKAsE CTAHIIHUA.

Ecnu cxeMy Takoil ceTu NpeCTaBUTh pa3pe3anHou no NUMameibHOM) NYHKMY U
paszsepuymot (puc.2.63, 6), To oHa OyJeT UMEThb BHJI, MO3BOJISIOIINNA KJIacCU(UIIH-
pPOBaTh KOJIBIICBBIC CETH KaK JMHHUH C JIBYCTOPOHHUM IMUTAaHUEM, Y KOTOPBIX Hampsi-
JKEHUsI TI0O KOHIIaM paBHBI 10 BeauunHe U ¢aze. Kak Oyner mokaszaHo gajiee, aHalo-
TMYHO MOKHO PacCMaTpUBaTh PEKUMBI PAOOTHI OTACIBHBIX JUHUN CETH MPOU3BOJIb-
HOUW KOH(UTYpariy, OMUpAIOIIKecs Ha ABa IICHTpa MUTaHUS (JTUHUU C ABYCTOPOH-
HUM MMUTaHUEM).

B cioxHoii 3aMKHYTOI ceTn (prc.2.63, 8) ecTh XOTsI ObI OJMH y3€I1, C KOTOPHIM
COEIMHEHBI TpH WK OoJee BeTBeil. CokHas 3aMKHYTas CETh COJICPKUT JBa U OoJee
KOHTYPOB.

K nocromHcTBaM 3aMKHYTBIX CETEU CIEAYET OTHECTH:

o MOBBIINICHHYIO HAJIEKHOCTH JIEKTPOCHAOKEHUS TOTPEOUTENEH;
o MEHBIITHE TTOTEPHU MOIITHOCTH.
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a)

Puc.2.63. [Ipumepsl 3aMKHYTBIX CETEH:

a — 1pocTasi 3aMKHYyTast (KOJIbLIEBasi) CETh;

0 — KOJbLIEBas CETh, pa3pe3aHHas Mo EHTPY MUTAHUS;
6 — CIIOXKHAsl 3AMKHYTasl CeTb.

K BenmocTaTkam:

L CJIOXKHOCTbB 3KCILIyaTalluH,
L YAOPOKAHUC 34 CUCT JOIMOJIHUTCIIbHBIX HHHHﬁ;
L PEKNMHBIC paCUCThl 3aMKHYTBIX ceTeit CJIOKHEC, YCM PAa30OMKHYTLIX.

PaccmoTpum cxemy 3aMeleHus KOJIbLEBOW CETH, TOKAa3aHHYIO Ha puc.2.64.

SI Si > Sln> &
Zn o Zu ZIV SB S,
i T k)
< , — 4 ’I
i< Zz . >=< ;Z2 »i
« £ Me—Ep
i< Za J

Puc.2.64. Cxema 3aMEIIEHUS KOJIBIEBON CETU C HCIOJIb30BaHUEM PaCYCTHBIX HAI'PY30K

S1, Sy, S3 - pacyeTHble Harpy3KM NOJCTaHIMM, BKIIIOYAIONIME, B OOIIEM cCllydae,

YJacTh 3apsITHOM MOIIHOCTH JIMHUM M MIOTEPH MOITHOCTH B TpaHc(opmaTopax.
Hampasnenne MOTOKOB MOIIHOCTH S|, Sy, Sy,S v Ha OTAENIBHBIX Y4acTKax
ATOW CXEMBbI MPUHATO YCIOBHO. JIEWCTBUTEIBHOE UX HAIPABJICHUE OINPEACIUTCSA B
pesyapTare pacyera.
[TpunarMaem OMHAKOBEIE HANpPsKEHKUs 10 KoHuam quann U 4 =U 5.
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[IpuHUMaeM cieayromue JOmyIeHUs:
e  npeHeOperaeM NOTEPSAMU MOIIHOCTH AS; IpH ONpENeIeHUH MOTOKOB S;, TIE
=1, ... 1V,
L] HpeI[HOJ'IaFaCM, YTO TOK y‘—IaCTKa OHpeI[CJDIeTCH 10 HOMI/IHaJ'IBHOMy HaHpﬂ)Ke—
HHUIO.
| = Si
21 — .
\/§UHOM
HpI/I paBeHCTBC HaHp)DKCHI/Iﬁ HNCTOYHUKOB IIMUTAHUA HA OCHOBAHUU BTOpOFO 3a-
koHa Kupxroda MoXHO 3amucarh:
S| 7 4 S S 7 Siv 7., =0
U, U Jau, o Jau, Y
HOM HOM HOM HOM
ECJ'II/I 3aMCHUTH B 3TOM BBIpa)KCHI/II/I BC€ KOMIIJICKCHBIC BBIpa)KeHI/ISI Ha COHpH-

JKEHHBbIE ¥ OTOPOCUTH 3aBEIOMO OTJIMYHBIC OT HYJSl 3HAMEHATENH, TO PaBEHCTBO HE
HAPYIIUTCS:

Z+

Sizi+SuzZu+SmzZm—SivzZv=0
Tak kak moTepyu MOIIHOCTH HE YYMUTHIBAIOTCS, TO MepBbIid 3akoH Kupxroda nns
HArpy304HbIX y3JI0B MOXHO 3alIUCaTh:
Sy=3S,-3S1;
S =Sn-3S2=38,-31-5y;
Siv =S3—Sm =S3+S2+51 -5

BpInonHMM MOACTAaHOBKY NOJYYEHHBIX BBIPAKECHUM MOIIHOCTEW B ypaBHEHHUE
BTOpOro 3akoHa Kupxroda:

S1Z)+S 1 -S1)zy+ (€1 —-S1-S2)Z )y —(S3+S2+51-5))Zv=0.

Orcrona 3HaYeHNE NOTOKA MOIIHOCTH S| !
S1Zu+Zm+Zn) +S2(Zm+Z\)+S3Zwv _S1Z1+5275+5373

S| = —— ———— — =
ZitZntZmtZiv ZAB
B o6miem citydae npu N Harpy3Kkax Ha KOJIbIIEBOU JIMHUU
n n
Skz SkZ
= B PR s (2.14)
YA — - vy OB~ — ,
Z nB Z AB

rne ZkA U ZkB - CONPSDKCHHBIC CONMPOTUBIICHUS JIMHUU OT TOYKH K, B KOTOpOWi
BKJIFOUEHA HEKOTOpasi pacdyeTHas Harpyska S, 0 TOYKM NUTaHuA A U B cOoOTBET-

CTBCHHO.

PaccMoTpuM pexum pasoMKHYTOW CETH ¢ 08YCMOPOHHUM NUmMAaHuem TpH yCIlo-
BUU, YTO HANPAIICEHUS NO KOHYam cemu paznuunsl, Hanpumep, U o >Upg.

M3BeCTHBI MOHIHOCTH HArpy3ok Si, S, S3, CONPOTUBIEHHUS y4acTKOB JIMHUU
VARV ATRWATRVAVE
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Haiitu moToKu MOIHOCTH S, Sy, Sy 9 v -

B cootBercTBUUM ¢ n3BeCTHBIM M3 TOD NPUHLMIIOM CYIEPIIO3UIIMU CXEMY 3aMe-
nieHus JUHUM (puc.2.65, a) MOKHO 3aMEHUTH JBYMS cXeMaMu 3aMeleHus (puc.2.65,

0, 8).
AT 5 Z 3 Ziv

Ua>Ug

Puc.2.65. Cxema 3amemienus JIDII ¢ 1BycTOpOHHUM NUTaHUEM:

a — TIOJIHAs CXeMa 3aMEICHHS TIPU HEPABHBIX HAMPSKCHUSIX IIEHTPOB MUTAHUS;
6 — cxema 3amenienus JIDII npu oMHAKOBBIX HAMPSHKEHUSX IEHTPOB MUTAHUS;
6 — cxema 3ametenust JIDII s pacyera ypaBHUTEIbHON MOIIHOCTH

IIoTOKM MOIIHOCTH B MOJEIHPYEMOW JMHUM MOXKHO IOJYYUTh B pE3yJIbTaTe
HaJIOKEHNs (CyMMHUPOBAHUsI) IOTOKOB B 3TUX JIMHUSX. [I0OTOKM MOIIIHOCTH B JIMHUHM C
PaBHBIMH HANPSHKEHUSIME OTIPENICISIFOTCS IO MU3BECTHBIM (hopmynam (2.14).

Bo BTOpOI1 cXeMe 3aMelIeHNs], YUUTHIBAIOIIECH Pa3HUILy HAIPSKEHUH, B HAIPAB-
JIEHUU OT MUCTOYHHUKA MUTAaHUA C OOJBIIUM HAMPSKEHUEM K MCTOYHUKY C MEHBIIUM
HaIpPsDKCHUEM IPOTCKACT CKBO3HOW YPaBHUTEIBHBIN TOK |, U MepefacTcs ypaBHU-

TeJIbHAs MOIITHOCTh S -

. _Ua-Ug

T B2 (2.15)
S > =W o Ty = Unon 2B |
2yp HOM|yp HOM ZAB

COOTBETCTBEHHO B PE3YJIbTAaT€ HAJIOKEHUS MOTOKOB, OMPEAECICHHBIX MO BbIpa-
xeHusMm (2.14) u (2.15), onpenenstoTcsi TOTOKA MOITHOCTH B IMHUU C JIBYCTOPOHHUM
nuranueM mpu U o >U .

Sk Zks

SE

+S

(2]
>
I

1
Z AB
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Sk Zka
U= I
Z AB

N
o)
[l
~
i M=

Ol'[peI[eJICHI/IC IMOTCPb MOITHOCTHU A§ OCYHICCTBICTCA 110 BBIPAKCHHUTIO!

n-1 n-1 5
2 ASK k1= 2 3lkks1li k1=
k=1 k=1

2
1Sy k1

k=1 UIEOM

Zyk+1-

B nanHoMm BeIpaxkenuu uHaeke "1" coorBeTcTBYET Y3y "A", unaekc "n" — y3iy
"B" COOTBETCTBEHHO.

2.13.2. MeTto/ pacuienJieHusi cxem

CyIiecTBeHHOE YIPOIICHUE BBIMOIHAEMBIX BPYYHYIO PAcu€TOB CETH OJHOTO
HOMHMHAJIFHOTO HAIPSDKCHUS WM CXEMBI, MPHUBEACHHON K OJHOMY Oa3ucHOMY
HaIPSHKEHUIO0, MOXKET OBITh JIOCTUTHYTO HPH BBEIECHHUH MOHATHS ' 0O0HOpoOHocmu'
CeTH.

Onpenenenue.

B omHOpoAHO!N ceTH OTHOIIEHHE aKTUBHOTO M PEAKTUBHOIO CONPOTHBICHUN
BCEX BETBEU CXEMbI 3aMEILEHUS CETU OJIMHAKOBO:

Xkk+1 _ X
Fkk+1 T
rjae o — K03 OUIMEHT OTHOPOAHOCTH CETH.
Cnenyer oOpaTUTh BHUMAaHKHE Ha TO, YTO PABEHCTBO CEYEHHUI POBOJHUKOB Ha
y4acTKax CeTH He MO3BOJISET CUYUTATh CETh OJHOPOAHOM.
Bosnymnas cets, o BCel IMHE KOTOPOW MOABELIEHBI MPOBOAA OJHON MApKHU
(OIMHAKOBBIE [()), HO C Pa3HbIMH CPEIHEr€OMETPUUYECKUMU PACCTOSHUSIMU MEXKIY

=q =Cconst,

MPOBOJHUKAMU (Da3 HA Pa3HBIX YYaCTKaX CETH, SIBISIETCS HEOIHOPOIHOM, TTOCKOJIBbKY
x(0 JIMHUN Ha pa3HBIX YYacTKax CETH HE OAMHAKOBBI. CeTh, OIMH Yy4acCTOK KOTOPOM

BBINIOJIHEH KaleneMm, a Apyrod - BO3AYILUIHOM JIMHUEH, Jlake MPU PaBHBIX CEYECHMSIX
MIPOBOJIOB U JKUJT Kabesiel M BBINOJHEHUN UX U3 OJHOIO M TOTO € MeTajlla HUKOTJa
He Oy/eT OJTHOPOIHOM.

B o0oux ciydasix npu paBeHCTBE yJI€TbHBIX AKTUBHBIX CONPOTUBICHUNA y4acT-
KOB JIMHUH yJIeJIbHbIE PEAKTUBHBIEC COTIPOTUBIICHUS HE OyIyT paBHBI.

HckyccTBEHHBIMA MEpaMU CETh ¢ HEOJAMHAKOBBIMU CEUEHUSIMH U IOJIBECKOU
IIPOBOJIOB Ha OMOpax Ha pa3HbIX ydacTKax MOXHO clenarb ogHopoaHou. [JocturaeT-
Csl ATO MOCJIEOBATEIbHBIM BKJIIOYEHHEM KOHJEHCATOPOB HAa HEKOTOPBIX y4acTKax
cetu. COMpPOTUBIICHUS KOHJACHCATOPHBIX Oarapedl BIOMpAIOTCS TaKUMH, YTOOBI OT-
HOILIEHUS] PEAKTUBHOI'O U AKTUBHOT'O COMPOTUBIICHUM OTAENbHBIX YUaCTKOB CETH CTa-
71 Obl OJIMHAKOBBIMU. B pe3ynbTaTe MOKHO B HEKOTOPBIX CIIy4asiX CHU3UTh MOTEPH
MOIIHOCTH U AJIEKTPOIHEPTUU B CETH U YIYUIINTh PEKHUM HAIMPSHKCHUS Yy TOTpeOu-
TeJen.
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3anuieM BbIpaKEHUE ISl ONpEETCHUsS IMOTOKA MOIIHOCTA Ha TOJOBHOM
y4acTKe CXeMbl, 0003HAaUMB KOHIIbI pa3pe3aeMoi Mo UCTOYHUKY NuTaHus "A4" cXembl

Kak BepmuHbl "A"u "B" MuHUM C IBYCTOPOHHUM NMUTAHUEM, PAaBHBIMHU HaIpSIKECHUSI-
MU Ha KOHIIAX W YMCJIOM Y3JIOB TIOJIKJIIOUEHHS HArpy3KH N:

n —

k21§kaB

§A:=——
Z AB

C YUCTOM CBOMCTB OI[HOpO,Z[HOﬁ CCTHU BBLIPpAKCHHUC I IIOTOKA MOIIMHOCTH Ha
I'OJIOBHOM YYA4aCTKC MOZKCT OBITH MCPCIIMCAHO:

n . . X
> (Pk+ 1Q ) 1- i |re

k=1 rks
S =
=A . X AB
1- 17 |rpas
I AB
n n
k2_1(Pk + ij)(l— jo)re kZ_l(Pk + ij)rkB
(1— ja)rAB - I' AB

OKOHYATEIHLHO MOYKHO 3aITHMCaTh;

n n
> Pkrke 2 Qk ks
S j— + 1 _ k:]. + H k:l
SA=Pa+ Q= J
I AB I AB
BriBeieHHBIE BBIpaXEHHS MOKA3BIBAIOT, YTO B OJIHOPOJHBIX CETAX pacmpese-
JICHUSI TIOTOKOB aKTUBHBIX U PEAKTUBHBIX MOIIHOCTEH (CJIeI0BATEIbHO, aKTUBHBIX U
PEaKTUBHBIX COCTABJISIIOIIUX TOKOB YYaCTKOB) HE 3aBUCSAT ApPYyr oT Apyra. Haxoxme-

Hue pacrpenencHus P u Q B TakuX ceTAX yrpoiaeTcs. PaccunThiBaroTCs Kak ObI 1BE
HE3aBUCHMBIE CETH:

- 0JTHA, HATPY)KEHHAS TOJBKO aKTUBHBIMHU Harpy3kamu (puc.2.66, a);
- ¥ BTOpasi, HArPY>KCHHAs TOJIBKO PEaKTUBHBIMU Harpy3kamu (puc.2.66, 6).

A I Ma1 1 o 2 n Ign B

—= 1 :'7 """""""""""""""" 1—| |—I -
P P P

Al Pl 12 P2 Pn Bn a)

A I M1 1 o 2 n Ien B
MLEE=sm=sa r:|—|<—

QAl QlZ QB

Ql QZ Qn " 6)

Puc.2.66. Cxema 3aMerieHus Juisi YUCTO OJHOPOJHOM CETH:
a — 715 pacyeTa pacrupeziesieHns aKTUBHBIX MOIIIHOCTEH;
6 — U1 pacyeTa pacupezeneHusl aKTUBHBIX MOIIIHOCTEH
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Jns KaxxJIoh M3 CXEM OINpenessieTcsl pacrpenesieHue MoinHocter. [lomHbie
MOIIHOCTHM Ha Y4acCTKaX CETH HAXOAATCS CYMMHPOBAHUEM MPOXOASIINX MO Y4acTKaM
AKTHUBHBIX M PEAKTHBHBIX MOIMHOCTEW. Takoill pacueTHbIA MPUEM HA3BIBAETCS pac-
wenienuem cemu W MO3BOJSIET YMEHBIIUTh TPYJOEMKOCTh PEXKUMHBIX pPAcCUETOB Ce-
TH, BBINIOJIHsIEMBIX 0€3 npuMenenus [I9BM.

Cxembl 3aMEIICHUS MHUTAKOMIUX BJIEKTPUYECKUX CETEd C HOMUHAIbHBIMHU
HanpspkeHusMua 10 220 kB, kak mpaBWiIo, MOJIyYarOTCsl HE BIIOJHE OAHOPOIHBIMU,
TaK Kak JUIs pa3HbIX JTUHUN MPUMEHSIOTCS pa3iInyHble CEUYECHUS IPOBOIOB U CITOCOOBI
ux noasecku. OQHAKO HA MPAKTUKE YACTO TAKHE CETU MOYKHO CUUTATh HOYMU OOHO-
POOHbBIMU, TIOCKOJIBKY IPUMEHSIEMbIE CEUEHHSI POBOJAOB MU3MEHSIOTCS B JOCTATOYHO
y3KUX Mpefenax, a ONpPeAeSSIIONMMU TOTOKOPACIIPEAEIICHUE SBIISIIOTCA UHAYKTHB-
HbIE COMPOTUBJICHUS BETBEH.

PeanbHble ydyacTKku (BETBH) CETH MPOU3BOJIBHON KOH(DUTYpallK HAPsHKEHUEM
10 220 kB obnanaroT clieyommuMu 0COOCHHOCTIMU:

I BCT.aKT > I BCT.pCAKT !

Xger = I'ser -

AHanu3, OCHOBaHHbIM HAa UCHOJIb30BAHUM MATPUUYHBIX YPAaBHEHUN BTOPOIO 3a-
koHa Kupxroda ¢ KOMIUIEKCHBIMH IIEPEMEHHBIMU U y4eTe OCOOCHHOCTEH CXeM JaH-
HOT'0 KJacca HampsiKeHWH, MO3BOJISIET BBIBECTH IMPABUIIO, CYIIECTBEHHO IMOBBIIIAO-
1iee TOYHOCTh PACUETOB MOTOKOPACIIPEICTICHUS.

B noutu ogHOPOJHBIX CETSIX, B MEPBOM MPUOIMKEHUU, AKMUBHASL MOUHOCHIb
Harpy3KH pacrpejieisieTcsl B COOTBETCTBUM C peaKmu8HbIMU CONPOMUBTEHUSAMU BET-
Beit (puc.2.67, a), a peakmusnasi MOWHOCMb - B COOTBETCTBUU C AKMUBHBIMU CONPO-
muenenusmu (puc.2.67, 0).

A Xa1 1 X12 o n Xen B
— I YN * ”V‘V'\—; ............................... rﬂw_l -
I:;.Al P12 I:)B
1 P2 I:)n " a)
Y I a1 ) ro 9 0 I'sn B
—_— L ‘ :’_; ............................... -
QAl Q12 QB
Ql QZ Qn " 6)

Puc.2.67 - Cxema 3amelieHus AJis IOYTH OJHOPOJIHOM CeTu:
a — 71 pacyeTa pacnpe/esieHns aKTUBHBIX MOIIHOCTEH;
6 — JUId pacyeTa pacupeeNeHUs aKTUBHBIX MOIIHOCTEH

OTHM cXeMaM 3aMCIICHUA COOTBCTCTBYIOT PACUCTHBIC BbIPAKCHUA !
n

n
kzlpk XkB klek rkB
PA:_—; QA:_—

XAB IAB
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IIpn pacuere pacnpeneneHuss akTHBHOM MOIIHOCTHM MOKHO BBECTH JIOIIOJIHU-
TEJIbHOE YIIPOLIEHUE, CBA3aHHOE C TEM, YTO [IOTOHHOE MHAYKTUBHOE COIIPOTUBJICHUE
BO3YIIHBIX JUHUN Xo CPABHUTEIIBHO MaJIO 3aBUCUT OT CEYEHHUs IIPOBOAOB, U, CIEIO-
BaTEJIbHO, NPUOIU3UTEIBHO UHAYKTUBHBIE CONPOTUBIICHUS JIMHUN MPONOPLHUOHAIb-
HBI UX JJIMHaM. Toraa MOKHO 3aIUcaTh:

n
> Pklks
Pa= k=t
| AB

Takoii npuem pacuera OCOOEHHO IIEJIECOO0pa3eH B MPOLIECCE 3CKHU3HOTO
(HA4aJBHOr0) MPOEKTUPOBAHUS DJIEKTPUUYECKMX CETEHM, KOrJa TOYHBIE IIapaMETphI
JMHUM HEM3BECTHHL. IIpM 3TOM OOBIYHO paCHpele/ieHHe PEaKTHBHOM MOIIHOCTH
HAXOMIAT TaKKE 10 CXeMe, TAE MapaMeTpaMu JTUHHH SABJISIOTCS UX IIHHBL JTO HE
BIIOJIHE BEPHO, HO /IS IPHOJIMKEHHOTO IPEACTABIEHUs JOIMyCTUMO, TaK KakK peak-
THUBHBIE HArPY3KH CPABHHUTEIHHO HEBEIUKU U HE MOTYT CYIIECTBEHHO MCKAa3UTh pe-
3y.TIBTaTBI pacqua YCTaHOBI/IBIHeFOCH pC)KI/IMa.

3ATAYA:
Haiitn morokopacnpenenenue B konpueBou cetn 110 kB meTonom pacmienie-
Husl. PacueTHas cxeMa mpescTaBieHa Ha puc.2.68.

A |U:=125kB

AC-120
50xkm 40xMm

AC-70
25km

2x25MB-A

2x16MB-A

$;=30+ jI5MB-A  §5,=20+ j5MB-A

Puc.2.68. PacueTHas cxema yyacTka CeTH

[TapameTpsl cXeMbI 3aMENICHHS U PACUETHBIC HATPY3KH Y3JIOB TPEICTABIICHBI
Ha puc.2.69.
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-j0,8

ZAl:13|5+ ZA2=814+

j21,2 j16,7
112:_
1 11,25+j11 2
S;p=302+ j166 S,p=201+ j56

Puc.2.69. ITonHas cxema 3aMelIeHus yuacTKa CeTu

PEIIIEHUE:

Ha ocHOBe MCXOMHBIX JAaHHBIX COCTABIISIEM JBE CXEMEI 3aMEIIIECHUS:

1. CxeMy ¢ HHIYKTHBHBIMH COINPOTHBICHUSMH M aKTHBHBIMH HArpy3KaMH
(puc.2.70, a);

2. CxeMy ¢ aKTUBHBIMH CONPOTUBJICHHUSIMH W PEAKTHBHBIMH HAarpy3KaMu

(puc.2.70, 0).

XA1:21,2 XA2::I-677 rA1:13,5
1 2
30,2MBr 0) 20,1MBr f |

j16,6MBap 6) J5,6MBap

Puc.2.70. CxeMsbl 3aMelieHus sl HOYTH OJHOPOJIHOTO y4acTKa CeTH:
a — JUIs pacyeTa pacrpeeieHUs] aKTUBHBIX MOIIIHOCTEH;
6 — 1S pacyeTa pacrupeieNieHrs aKTUBHBIX MOIIHOCTEH

Pacnpenenenrie akTuBHOM MOIIHOCTH (0€3 yueTa moTepbh MOIIHOCTH IIPH TIepe-

Jlaye) OMpeIeNTUM IO BBIPAKEHUSIM:
2
S kXKB 305011 416.7)+ 201167
X AB 212+11+16,7

Po1=Pp1— P 1=302-24=6,2 MBr.

=24 MBr.

Pa=

Pp2=P21+ Pp2=Pp1+ Pp2— PA1=30,2+ 201-24 =263 MBr.
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HpI/I pacdcTe BCIMYMHBI ITOTOKA aKTHUBHOU MOHOIHOCTHU HA T'OJIOBHOM YYAaCTKC
BO3MOXHO HUCIIOJIb30BAHHEC BBIpa}KeHI/II\/'I:

2
S Z K1k 309(25+ 40)+ 20140 _ N
A s 50+ 25+ 40
niim
2
o o KB 300(1105+84)+20184 oo
A B 135+11,25+ 84 ! '

OTHOCHUTEIIBHO BBICOKAs TOTPEIIHOCTh IMOCJIEIHET0 pacyeTa MO BHIPAKEHUIO
s OAHOpOAHBIX ceteil  (4,2%) OOBSCHSIETCS HEMOCTOSHCTBOM OTHOIICHUI
(X«/ rk) OTIETBHBIX YIACTKOB KOJIBIIEBOM CETH, PABHBIX COOTBETCTBEHHO:

1,570; 0,977; 1,988.

Pacnipenenenne peakTUBHOI MOIIHOCTH (0€3 ydeTa moTepb MOIIHOCTH IIPH T1e-
penade) onpeaensieTcs BhIPaKCHUSIMU:

2
=, QuRie 16,6(11,25+84)+5,6-8.4

=113 Mgap.
R 45 135+11,25+84

Q,1=0Qp;—Q=166-113=53 Msap.

CoBMeriasi MOJIy4YEeHHbIE PACTIPEACTICHNUS] AaKTUBHOM U pEaKTUBHOW MOITHOCTEM,
HaxOJUM OKOHYATEJIbHOE PACIIPENEIICHUE MTOJTHON MOITHOCTH B CETH, TOKA3aHHOE Ha
puc.2.71.

A

[j0,8

24+j11,3/

-j0,7

\26,3+j10,9

302 + /16,6 20,1+ /5.6

Puc.2.71. UToroBoe noTokopacrnpeneaceHue Ha y4acTKe CETH

B 3akimroueHne oTMeTHM, 4TO B OOIIEM ciayyae TOUKH IOTOKOpasfjelsa 1o ak-
TUBHOU U PEAKTUBHOW MOIIIHOCTH MOTYT HE COBIIaJaTh.
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2.14. IOTEPH DJEKTPUYECKOMN SHEPTUH U MOIITHOCTH

2.14.1. O0mme noJioxkeHus MPo0JieMbl pacyera MoTepb JJ1eKTPHUUYECKOI
JHEPIruu U MOIIHOCTH MPH €€ TPAHCIOPTE

[Ipu nepenave 31EKTPOIHEPTUH OT TEHEPATOPOB AIEKTPOCTAHLIUNA A0 IIMH IO-
TpeOuTenel 4acTh JIEKTPOIHEPTUU HEUZ0EHKHO pACXOIyeTCs Ha:
® HarpeB MPOBOJIHHUKOB:
® CO3JaHUE IEKTPOMArHUTHBIX OTEPH;

e KOpOHY U Apyrue 3 EKTHI.

OT1OT pacxoj OyneM Ha3biBaTh "MOTEPH AJIEKTPOIHEPTUU", TOHUMAS MO/] TOTe-
PSMU UMEHHO TE€XHOJOTUYECKUM pacXOo/l AJIEKTPOIHEPTUU HA €€ TPAHCIOPT, a He Mo-
TepH OT Opaka WM HapyIIEHU! TEXHOJIOTHYECKOTO Mpolecca.

B Hacrosmee Bpems neuctByer "MHCTpyKnus Mo opraHu3anuu B Mu-
HUCTEpCTBE sHepreTuku Poccuiickoil ®Penepauuu pabdOThl MO pacyeTry u
00OCHOBAaHHIO HOPMATUBOB TEXHOJOTUYECKUX MOTEPh JIEKTPOIHEPTUU NPU
ee TImepegaye IO DBJIEKTPUUYECKUM CETSAM', YTBEpXKIEHHass MPHUKA30M
Munsuepro Poccun ot 30 mexabps 2008 r. Ne 326, 3apeructpupoBana B MUHIOCTE
Poccum 12 deBpans 2009 r. Ne 13314 [17].

HopmaTuBBEl TEXHOJOTHYECKUX MOTEPh JJIEKTPOIHEPrUU IpPU €€ me-
penaye MO DIEKTPUYECKUM CETSM Ha peryiupyemslil mepuon (mepuon
IPUMEHEHUS yCTaHaBIMBAEMbIX TapU@OB) I BIEKTPOCETEBOM OpraHu-
3anuu (OCO) yuuTbiBaroTCca npu GopMuUpoBaHUU TapudoOB HaA TPAHCIOPT
IIEKTpodHEpTruu Kak B meiaoM no DCO, Tak u ¢ pa3OUBKON Mo auamaso-
HaM HaMmpsHKEHUS:

Ha BbICOKOM HamnpsikeHuu - 110 kB u Beime (BH);

Ha cpenHeM mepBoM HampskeHun - 35-60 kB (CHI);

Ha cpeqHeM BTopoM Hamnpsikenuu - 1-20 kB (CHII);

Ha HU3KOM HanpsiokeHuu - 0,4 kB u vuxe (HH).

[{enb: CHUKEHUE MOTEPb BIEKTPOIHEPTUHU B DIJIECKTPUUECKUX CETAX H
00OCHOBaHME Tapu(POB 3a yCIYrd MO Hepelaye dJIEKTPOIHEPruH MO DJIEK-
TPUYECKHUM CETSAM.

OcHosHble noHAmMuUs U onpedeleHus, UCNONb3yeMble 6 NpAKMmuKe
9/1eKMpPOIHEeP2eMUKU.

Daxmuueckue (OTUETHBIE) nomepu 31eKMpoIHep2uu ONPENEITITCS
KaK pa3HOCTb MEXAYy 3JIEKTPOIHEPTUEN, OTNYIEHHON B CE€Th C IIMH 3JIEK-
TPUYECKUX CTAHIHUN U OT CMEXKHBIX JJIEKTPOCETEBBIX OpraHusanuii Woc, U

CYMMO} 3JIEKTPOIHEPIUH, OIJIaUEHHOW noTpedutensimu Wy U U3pacxoo-
BAHHOM Ha NIPOMU3BOJACTBEHHBIE HYXbl JHEPTrocucTeMbl Wy

AW =W oc— (W 10 +W ).

N3BecTHO Apyroe onpeaeiaeHue 3TOM BEJIUUYUHBI.
Daxmuueckue (OTUETHBIE) nomepu 31eKmpod3Hep2uu - pa3HOCTbh MEXK-
Ny TOoCTynjieHueM (IIOCTAaBKOM) 3NEKTPUUYECKON SHEPTUU B BIEKTPUUYECKYIO

83



CETh U OTIMYCKOM DJEKTPUUYECKON IHEPTHU U3 CETH, a TAKKE 00HEMOM DJIIEK-
TPUYECKON dHEPruu, NOTPEeOJEHHON PHEPrONPUHUMAIOIUMHU YCTPOUCTBAMU
U cyOBEKTaMHU.

Jns toro, 4ToObl pa3zodpaThcs O 4YeM HUJAET pedb, PaCCMOTPUM BO3-
MOXHO€ MpejcTaBieHue OallaHca BMEKTPUUYECKON IHEPTUHU DIEKTPOCETEBOMU
opranusanuu (3CO) (puc.2.72).

B Oanance anektpudeckoit snepruu DCO HCHOJIB30BaHBI CIEAYIONIHUE
BEJIIMYUHBI U UX OTNPEICICHUS .

Texnonocuueckue nomepu (pacxon) 2J1eKmpodsHepeuu NpU €€ Nnepeja-
4ye 1o 3JIeKTpuueckum ceTsam (nanee - TIID) - morepu B TuHUAX U 000pPyAO-
BAHUU DJEKTPUUYECKHUX CeTel, 00yCIIOBICHHBIE (PU3NICCKHUMHU MPOIECCaMH,
NPOUCXOASIIUMHA MPU Mepeaaue FJICKTPOIHEPTHUHU, paCCUUTAHHBIE B COOT-
BETCTBHUHU C TEXHHUYCCKUMHU XapaKTCPUCTUKAMH U peKUMaMHu pabOTHl TUHUHN
1 000pYyJOBAHUS C YUETOM pacxoja dJEKTPOIHEPTUHN HA COOCTBEHHBIE HY K-
bl TOJCTAHIIMA M TOTEPb, BBI3BAHHBIX MMOTPEHIHOCTHIO CHUCTEMBI yueTa
BIIEKTPOIHEPTHUMU.

Onpeodenawomcsa UCKIIOYUMETLbHO PACUEeMHbIM NymeM.

TexHOMOTHYECKUE MOTEPU DIEKTPOIHEPTUU MpPHU €€ mepegade Mo

AIIEKTPUUYECKUM CETSIM AWty PAaCCUUTHIBAIOTCS PAa3aEIbHO IO COCTABIIA-
IONUM: YCJIOBHO-MOCTOSIHHBIE, HArpy304YHblEe U TMOTEepU, OOYCIOBICHHBIC
JOMYCTUMBIMHU NOTPEMIHOCTSAMHU CUCTEMBI YUETA.

Texnuueckue nomepu 9SJ1eKmMpoIHepeUu  COCTOAT U3  YCIOBHO-
MOCTOSSHHBIX W Harpy304YHBIX MOTEPh U ONPEAECISIIOTCA B COOTBETCTBUM C
[17].

Ycnoseno-nocmosnnvie nomepu - 4aCTb TEXHUUYECKUX NOTEPH B DIIEK-
TPUYECKUX CETAX, HE 3aBUCSAIIASA OT MepeaaBacMOil MOIIHOCTH.

Hazepysounvie (nepemMeHHblE) nomepu - NOTEPU B JIMHUAX, CUIOBBIX
TpaHcpopMaTopax U TOKOOTPAHUYMBAIOIIUX peaKTOpax, 3aBUCAIINE OT TMe-
penaBaeMol Harpy3KH.

llomepu, o0b6ycnognenHbvle noepewHocmyvio cucmemsl yuema, Onpene-
JSIOTCS B 3aBUCHUMOCTH OT morpemHocTtedt TpanchopmaropoB Toka (TT),
TpanchopmatopoB HanpsxkeHus (TH), cdeTUMKOB U COEIUHUTEIbHBIX TP O-
BOJIOB.
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[Toctynnenue anekTposHepruu B ceTb Wiger

Otnyck anekrposHepruu B cetb Woc

3auTeHHbIl 00beM oTmycka W @

AW TexHoJIornyecKue

T
I AWTexHnueckue

L)

AWnepeMeHHbIe
-— N
N (Harpy304HbIe)
T ‘IV/
AWnomnycTumeie
HOTPEIIHOCTU
U3MEpEHUs

W coOcTBEHHBIE

W tpan3ur

W x03. Hy)xas1 9CO

R )

nyxas1 [1C
AWTrexun-
AW ycnoBHO- > qecKie AW
IIOCTOSIHHBIE TCXHOJIO-

> THYECKHUC

J

- O6beM noTpelieHus IEKTPOIHEPTUN IPUCOEANHEHHBIMU K
anekrpocerssM DCO sHepronpuHuMaromuMu yerporcrsamu KI1,

noaTeepxkaeHHbn 9CO

@ - CornacoBaHHBI 00bEM OTITyCKa 3JIEKTPOIHEPruu HIxectosmum ICO

@ - 30Ha IEUCTBUS MEPONPUATHI MO CHUKEHUIO MOTEPD ('KOMMEpUecKue

notepu’)

Puc.2.72. bananc 3J1eKTpUUECKON IHEPTUH IIEKTPOCETEBOM OpraHu3aluu
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HemocpenctBenno B mpouecce TapudooOpa3oBaHHs Ha YCIYrH
TpaHCIOPTA ANEKTPOIHEPTUH UCIOJB3YIOTCS CIAEAYIOMIUE MTOHIATHS.

Hopmamuewi mexuonocuueckux nomeps (pacxoja) 3JIEKTPOIHEPTHUU
npH ee mepeaade Mo dJeKTpuueckuM cetsam (nanee - HTIID) - pacueTHsbie
3HAYEHUS TEXHOJOTUUYECKUX TMOTEeph, OMpeaesisieMble B COOTBETCTBUHU C
HacTosmuM [lopsiAkoM B NpoLEHTaX OT BEJIUYUHBI OTIYCKa 3JIEKTPOIHEP-
ruu B cetb JCO.

Hopmamuewr nomepv (nanee - HIID) - pacueTHbIe 3HAYCHUS TOTEPb,
ompeneiaseMble B COOTBETCTBUM ¢ HacTosmum [lopsakoMm kak cymMMa HOp-
MaTHUBHBIX T€XHOJOTHUYECKUX MOTEPh JJIEKTPOIHEPTUU U HOPMATHUBOB CHH-
KEHHS MOTEPb IEKTPOIHEPTUU HA PETYIUPYEMBINA MEPHUOS.

2.14.2. Knaccuyeckue MeTO/Ibl pacyeTa HAarpy304HbIX MOTEPh
JIEKTPUYECKOU IHEPruuU

Ecnu nunus anexktponepenadn paboTaeT ¢ MOCTOSIHHON HAarpy3Koi U Mpu 3TOM
UMEIOT MECTO MOTEPU aKTUBHOM MOIITHOCTH AP, TO MOTEPH JIEKTPOIHEPTUH 32 BpEMsI
T cocrasAr:

AW = APT .

Boo0Omie ke BemnumHa TOTEPh AJICKTPOIHEPTHH CYIIIECTBEHHO 3aBHCHUT OT Xa-
pakTepa M3MEHECHHsI HArpy3KH B TEUECHUE PacCMaTPUBAEMOTO TEpHUOIa BPEMEHH.

Cy1iecTByeT OrpOMHOE YHCIIO METOJIOB pacyeTa MoTeph, eiie 0oJblliee YUCIOo
X MOAU(UKAIMKN U MPOTPAMMHBIX pealin3aluii, HO BCE OHU MOTYT OBITh pa3/leJICHBI
Ha JIBE OCHOBHBIC IPYIIBI METOI0B (prc.2.73):

o JIETEPMUHUPOBAHHBIE;
o BEPOSTHOCTHO-CTATUCTHIECKUE.

O0603HaYMM YaCTh CYIIECTBYIONINX METOI0B, C KOTOPHIMHA TTO3HAKOMHUMCS TIPU
M3yYE€HUHU 3TOU TEMBI Kypca.

Memoo onepamusHnpix pacuemoe Hazpy304HbIX HOMeEPb
(pacuem no zpaghuky nHazpy3Ku, uiu memoo pagpuuecKko2o uHmezpuposanus)

CyTb MeTOJla COCTOUT B ONpPENEICHUH MOTEPh Ha KaXJ0H CTymneHu rpaduka
Harpy3K 1 MOCIEAYOIIEM HX CYMMHUPOBAHHH.

OcHoBa peaM3aluy MeTo1a — rpauKu Harpy3KHu.

Cytounble rpa@uKu OTpa)kalOT W3MEHEHHE MOUIHOCTH Harpy3Kd B TE€UYCHHE
CYTOK (MHOT/Ia OTIAMYaIOT Tpaduku cyOO00ThI, BOCKPECEHbS, TOHEAEIbHIKA, paboyero
JTHST; Pa3Iu4aroT CE30HHbIE KOJIeOaHus).
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METOJbI PACYHETA IIOTEPbH SJIEKTPOOHEPI'MH

,ZIeTepMI/IHI/IpOBaHHLIe BepO}ITHOCTHO-CTaTI/ICTI/I‘leCKI/Ie
= ,L
\ Meron
Meton onpeneneHus
Merton onpeneneHus perpeccuOHHBIX
[OTeph MO rpaduKy .
MOTEPH M0 BPEMEHU 3aBUCUMOCTEHN
Harpy3ku
HanOOJBIINX TTOTEPh
(meTon rpaduyeckoro
WHTETPUPOBAHMUS ) T

Meton onpenenecHus
MOTCPhb IO BpECMCHU

HanOOJBIINX MTOTEPh OT

Merton onpeneneHus
MOTEPh MO CPEIHUM

Harpy3kam y3JI0B Meton
/ nepesavyn akTUBHBIX Tp OnpeeNIeHUs
U PEaKTUBHBIX TQ oTePH 27T

Metoa onpeneneHus
MOTEPH MO XapaKTEPHBIM
pexXuMaM pacueTHOTO
repuoa

MOILIHOCTEHN

Puc.2.73. OcHOBHBIE METO/BI pacueTa Harpy304YHbBIX MOTEPh B IIEKTPOCETAX

['omoBo#i rpaduK CTPOMTCS Ha OCHOBE XapaKTEPHBIX CYTOUYHBIX I'paUKOB 3a
BECCHHE—JICTHUI W OCEHHE-3MMHHUH mepuojsl. Kak mpaBuio, roaoBbie rpaduku
o(hOpMIISIFOTCSI B YIOPSAA0YCHHOM (hopMe, MPH KOTOPOH BCE HArPy3KH PacIiOIOKEHBI
B TIopsiike yObiBanus (puc.2.74):

4p

t, yac

>
8760

Puc.2.74. [Ipumep roJoBOro ynopsiioueHHOro rpaduka Harpy3Ku

Takas dopma mpeacraBiaeHus rpadukKa HAIJISIAHO MOKA3bIBACT JIUTEILHOCTD
paboThl B TEYEHHUE TOJIa C KAXKJIbIM U3 BBIACICHHBIX 3HaAUCHUN Harpy3ku. HavanbHas
OpJIMHATA YIIOPSAJOUYCHHOTO Tpaprika COOTBETCTBYET MAaKCUMAJILHOW Harpys3Ke.

[To romoBoMy rpadvKy Harpy30K ONpeessstoT MOTEPH JICKTPOIHEPTUH 32 TOJI.
Jluist aTOoTO:!

1.Onpenensdor noTepu MOIUTHOCTH U SHEPTHUM JJIs1 KAKAOTO PexKUMa.

2.CyMMHpYIOT HallJIEHHBIE 3HAYEHUS TOTEPH YHEPTUMU.

OT Bcex Apyrux METOJIOB pacy€Ta pPACCMOTPEHHBIM METOA OTIMYACTCS
HauOOIbIIEH TOYHOCTHIO.
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[IpakT4eCKOE UCIIOIB30BaHNE METOIA 3aTPYAHEHO:

1.01cyTcTBUEM MOTHOM MHGOPMALIMK O rpaduKax Harpy3Ku JUIsl BCEX AJIEMEH-
TOB CETH.

2.BBICOKOH TPyAOEMKOCTBHIO U PA3MEPHOCTHIO 3a]aUH.

Onpeoenenue nomeps 31eKMPOIHEPZUU NO MEMOOY
XAPaAKmepPHvIX PeHCUMO8 PACUEMHO20 NePUooa

MeTon mpeHa3sHaYeH JUIA YTOYHEHHOTO pacdéra MOoTeph B IMHUTAIOIIUX CETAX
YHEPTOCHCTEM.

CyTbh MeTO/Ia — 3aMeHa PeaJbHOro MPOoIecca N3MEHEHHS HAarpy30K DIIEMEHTOB
CCTH 3a PacCUETHBIN MTEPHO]] HECKOJILKUMH XapaKTEPHBIMU PEKAMAMHU.

B kadecTBe XapaKTEpHBIX PEIKHUMOB IpeiaraeTcs MpUHUMATh MAKCUMYMBI 1
MUHUMYMBI CE€30HHBIX HArpy30K IMpU HOPMaJbHOW CXeMe pabOThl CETH, ONpeeIse-
MbIC B JHH KOHTPOJBHBIX 3aMEPOB, KOTJa B SHEPrOCHCTEMaX PErHCTPUPYETCS MaK-
CUMaJIbHOE KOJIMYECTBO MH(POPMAITUH O TTapaMeTpax pekuMa.

MeTo/ MoJ0XKeH B OCHOBY OTPaciieBOH METOAWKH pacdyéra MoTephb SJIEKTPO-
SHEPIUM IS MUTAIOIINX ceTeld. B Hel mpesyraraeTcsl JeMUTh TOA HA TPU PACUYETHBIX
neproaa. B kadecTBe XapakTEpHBIX PEKUMOB B KaXJIOM PacUETHOM IEPHOAC MPH-
HUMAIOTCS 3UMHUN W JICTHHA MaKCHMyMBbI TEKYIIETO rojila ¥ 3UMHHH MaKCUMyM
IPEIBIIYIIETO To/Ia.

Peanuzanust Mmetona TpedyeT ucnoiab3oBanust IBM.

Wudopmans 0 METOIMKEe KOPPEKTUPOBKH rpa)uKOB KOHTPOJILHBIX 3aMEPOB B
YCIIOBUSIX IKCILTyaTalluu umeetcs B padote [18].

Onpeoenenue nomeps I1eKMPOIHEPZUN O MEMOOY CPEOHUX HAZPY3OK

MeTon MOKET HCIOIb30BATHCS B CETSIX C OTHOCUTEIBHO CIIOKOMHBIMH Harpys3-
KaMHU.

Cpennsisst Harpy3ka KaXJ0ro ysJja ONpeAeNsieTcs MO MOKa3aHWAM CYETYHKOB
KaK OTHOUIEHHE YHEPIHH, NOTPeOasieMOl y3JI0M, K JUIUTEIbHOCTH PAaCU€THOTO Mepu-
oja. Bo3moxHas cxema MOAKIIOUEHHUS 3JIEKTPOMATHUTHOIO CUETYMKA MOKa3aHa Ha
puc.3.4.

ITycts: t;, N; - BpeMs Hauana pacuyeTHOIO MEPUO/Ia U COOTBETCTBYIOLIUE EMY
MOKAa3aHUs CYETYMKA aKTUBHOM 3JIEKTPOIHEPTUH;

to, N2 - BpeMs KOHIIa pacuyeTHOTO MepUo/ia U COOTBETCTBYIOIIME €My IOKa3a-
HUS CYETUYHMKA aKTUBHOM AJIEKTPOIHEPTHH;

M - pacYeTHBI MHOXXUTEIh CUCTUMKA, YIUTHIBAIOIIUN CXEMBbl COSAMHECHUS U
ko3 uienTsl Tpanc@opmanuu TpaHcopMaTtopoB Toka TA u HampsikeHus TV, K
BTOPUYHBIM HEMSAM KOTOPBIX MOJKIIIOUEH CTaHIAPTHBIN Tpex(a3HbIil CUETYHK C HO-
MUHAJLHBIMH TlapaMeTpaMu 00MoTok SA, 100B.
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Puc.2.75. Cxema moaKITIOYECHUs ABYXIEMEHTHOTO HHIYKIIMOHHOTO CYETYNKA
AKTUBHOM 3JIEKTPO3HEPTUU

Z0 To

n

[TorpebieHne SNEKTPOIHEPTHH HA pAcUYeTHOM HHTepBajie BpemeHu (i - ty),

kBT 4, onpenenuMm Kak:
W =(N2-Ng)m,
Y TOTJia CPEHSS aKTUBHAs MOLIHOCTh Ha MHTEPBAJIE pacuera
P = W

Pttt

[Ipocrelimmii BapuaHT pacdyeTa MOTEPH MO TAHHOMY METOAY PEaIu3yercs IO
BBIPAKEHUIO:

AW = AP, T,

rae APep MOTEPU MOITHOCTH B CETH IPH 33JJaHUU B y3JaX CPEJHUX HArPY30K;
T=to —1t] - paCUETHBIN IIEPUOJ, YaC.

JlaHHBI METOJ pacueTa COXpaHsIET CBOIO aKTYalIbHOCTh IIPEX]IE BCEro B chepe
OpraHu3allid PacyeTOB PEXHMMOB 3aBOJICKMX ceTeil. Ilpu 3TOM B 3aBUCUMOCTH OT
o0beMa UCTIOIb3YEMOU JOMOTHUTEIBHON HH(POPMALIMK BO3MOKHBI Pa3IuYHbIE METO-
JTUKH YTOUYHEHUS PE3yIbTaTOB.

1. Ecnu u3BectHa uHpopmalys 0 NoTpeOJIeHMN aKTUBHOM SHEPTUU HA UHTEP-
BaJie pacyeTa, CONPOTHUBICHHE CETH U €€ HAIpPSIKEHUE, TO PACUETHOE BbIpAKEHHE
npruoOpeTaeT BUJ

AW =\ 5——.
TU 2
2. Eciy IOIOJHUTENIBLHO U3BECTHO 3HAYEHHE MAKCHUMAJILHOW aKTUBHOW MOIII-
HOCTH PMax, a clieIoBaTebHO W BPEMSI MCIIOJIb30BAHUS MAKCHUMAJIbHOM aKTUBHOU
MOIITHOCTH - TM, TO BO3MOXXEH MPHUOIMKEHHBIH ydeT HEPaBHOMEPHOCTH PEKUMa
AIEKTPONOTPEOICHUS:
R

AW =\ 2 5
TU

2
k(bl

rae Ky -xoaddunuent popmsl rpaduka.
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Benuuuna kdz) OUY€Hb YaCTO MPUMEHSETCA MPHU pacyeTax MOTEpb IEKTPOIHEP-

run. McxomHoe ompeneneHre 3TOW BEIMYMHBI A CYTOYHOTO TpaduKa YacOBBIX
MOILHOCTEW UMEET BUJL
24
2
m[N 2] _ 51'3I
m’[N] PG,

KBanpar koa¢pduurenta Gopmbl paBeH OTHOLIEHUI0 MATEMAaTUYECKOTO OXKH-
JAHUSI MOIIIHOCTHU K KBaJpaTy MaTEMaTUYECKOTO 0KUIaHHUSI MOLITHOCTH.

JlaHHOE BBIpa)KEHUE HE MOXKET OBITh OOBSICHEHO Ha OCHOBE aHAIM3a COOTHO-
IICHUH XapaKTEpHBIX BEJIMYMUH TpaduKOB HArpy3KH, HO MUMEET BIOJHE OMpECIICH-
HBIA (PU3UYECKUN CMBICI: TIOCKOJBKY COTMPOTHUBIICHUS MPOJOJBHON YacCTH CXEM 3a-
MEUIEHUSI IPU pacyeTax YCTAaHOBUBILIMXCS PEKMMOB CUUTAEM HEU3MEHHBIMHU, TO Be-
JUYMHA KBajpaTa Ko3(p¢uuueHta (GpopMsel, MO CYIIECTBY, MOKA3bIBAET: BO CKOJIBKO
pa3 MoTepu BJIEKTPOIHEPIHH IMpPH €€ Mepefadye Mo pealbHOMYy (HEpaBHOMEPHOMY)
rpaduky OyayT Oosblile OTEph MpHU MEpeaade Tex ke 00beMOB, HO MO HAEAJIBHO
poBHOMY rpaduky (mpu cpeaHeil MOIIHOCTH). BO3MOXXeH yyeT cyTOYHOW, Heleib-
HOM, MECSIYHON HEPABHOMEPHOCTHU PEKHUMOB.

[TockonbKy BO MHOTHX CIIy4asiX OTCYTCTBYET HCXOJHasi HMHpopmauus s

2
k(b:

2
OIpCACICHNA BCINMYNHBI k‘b I10 OIIPCACIICHUIO, NOITYCKACTCs €0 BBIYMCIICHHUC 110 OM-

IMAPUICCKUM BBIPAKCHUAM:

Kp = @+0,876 = %+0,876 ,
Tu K
k ; - K03(ppuLneHT 3anonHeHus rpaduka:
P W
k3 — ﬁ — h U TM =
PM T PM

Ecnu nomoaHUTENbHO HW3BECTHO 3HAueHHE tQJ@, BO3MOMXEH MNPUOIMKEHHBIN
y4eT Mepefadu 1o CETH PEaKTUBHON MOIIHOCTH:

AW :WZ%ké(l+ tgch).

Onpeoenenue nomeps 31eKMPOILEPZUU NO 8PEMEHU HAUDOILULUX NOMEPD T

Cpenun MHTErpalibHBIX XapaKTePUCTUK TOAOBBIX IPaQUKOB HATPY3KH UMEETCS
BenuunHa T win T, , 4ac — BpeMsl HauOOoJIbIIEH HArpy3KH, 32 KOTOPOE, IIpH padoTe

C HaumOOJbIICH HArpy3Koil, MOTpeOUTE s MOMY4YHSl Obl TaKOE€ K€ KOJIUYECTBO DJIEK-
TPOIHEPTHH, YTO U MPHU padOTE MO peabHOMY TpaduKy.

Ilo ananoeuu BBEICHO TOHATHE T, YaC — 8peMs HAUOOILUIUX NOMePb, 38 KOTO-
poe, Tipu padoTe ¢ HanOOobINEeH HATPY3KOH, MOTEPH DIIEKTPOIHEPTUN ObLITN OBI TE KeE,
YTO U NP padOTe MO ACHCTBUTEILHOMY TpauKy HArpy3KH.
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HpI/I 9TOM IMOTCPHU JJICKTPOSHEPIUHU 3a I'0J OIIPCACIAEM 110 BBIPAKCHUIO
AW = APH6T )
rae APHG - HauOOJIbIINE INOTCpU MOIIHOCTH B CE€THU, COOTBCTCTBYIOIIUEC PCKHUMY

HanOOJIBIITUX HATPY30K.

M3BecTHO, 4TO KaXKAas rpymna noTpeOuTeneil uMeeT XapaKTepHbIH Ui Heé
rpaduK Harpy3ku U COOTBETCTBYIOIEE 3HAUEHHUE BPEMEHH HauOOJbIIEH Harpy3ku
T’ - Hammpumep:

1.OcBeTuTEHHO-OBITOBAS 1350 - 3400
2.01HOCMEHHBIE IPEATIPUSATHUS 2 000 - 3 000
3.JIByXCMEHHBIE TTPEITPHUITHS 3000 - 4 500
4.TpéxcMeHHBIE TPETPUITHS 4 500 - 8 000

Jl1st rpauKOB HArpy3KH C BBIPAKEHHBIMU MUKAMU OBLJIO HAWJEHO SMITUpUYE-
CKO€ BBIPAKCHHE, YCTaHABIIMBAIOILEE CBA3b MeXNy 1,5 U T ((hopMyna 3amecckoro

A.A. u Keszesuua B.B. — 1940r):

T
t=| 0124+ 10| .8760.
10 000
[Mpumenenne GopmMyITbl BO3MOXKHO TOJIBKO JJISi TOJJOBOTO MHTEPBajia BPEMEHHU.
[Tpu Menpmmx pacuétHeix nepuogax (7' <8760 wac.) menecoobpa3HO HCTOIH30BA-
HUE (HOPMYJIBI:

T-Tw [, P

_ 1 HM

@_ZPHM Pys

P HO
Jlnst psana xapakTepHbIX rpauKOB pacYETHBIM MyTEM OBUIM MOCTPOEHBI 3aBU-
cumocTH T = f (TH6 , COS(p), KOTOPBIE MOKHO HAWTH B CIIPAaBOYHOM JINTEPATYPE.

T= 2TH6 -T+
1+

o mupoxoro npumeHeHuss IBM meton pacuéra mo BpeMEHU HAMOOJBIITUX
noTepb ObUT OJHUM U3 CaMbIX PacCHpOCTPaHEHHBIX METO/IOB OIpeIeICHHs Harpy304-
HBIX [TOTEPb.

K coxanenuto, meto 00naaaer OOJBIIUMH MOTPEIIHOCTSIMU MOJTy4aeMbIX pe-
3yJbTaTOB, YTO OOYCIOBJIEHO CIAEAYIOIUMH OOCTOSITEIbCTBAMMU:

1.Ilpeanonaraercsi, YTO MaKCHUMaJIbHbIE TMOTEPU SHEPTUU B OTACIBHOM 3Jie-
MEHTE CeTH HaOJII0IAI0TCS B YaChl MAKCUMYMa SHEPTOCUCTEMBI.

2.Ilpennonaraercsi NOJHOE MOA00OME rpad)MKOB aKTUBHOM M pEaKTUBHON MOIII-
HOCTH MOTpeOuTenei.

3.HepaBHOMepHOCTh rpadka Harpy3Kd yUWUTHIBAE€TCA MPUOJIMKEHHON IMITU-
puyeckoit hopmyIion.
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Moougukayusn 1. Onpedenenue nomepv 31eKmpoILEPUU RO MEMOOY 8PEMEHU
HAUOONLUWIUX ROMEPL OM nepedauu AKMUGHOU Tp U PEAKMUBHOU To MOWHOCHU

AnTOpUTM MOIU(MUKAIIUN MPEAOJIaraeT BO3MOKHOCTh OCYITIECTBICHUS JIBYX
[1aTrOB:
1. Paznenennie norepb akTUBHOW MOIIHOCTH AP, 5 Ha COCTABIAIOLIME:

APp - oT mepegauu 1o ceTu akTUBHOM MOIIHOCTY;
APq - OT mepenaun 1o CeTn peaKTHBHOM MOIIHOCTH.

2. Pa3neneHne BpeMEHM MaKCUMAJIBHBIX MIOTEPh T HA COCTABJIAIOIINE:
Tp - BpEMsSI MAKCUMAJIBHBIX ITOTEPH OT NIEpEJaud aKTUBHON MOIIIHOCTH;

’CQ - BpCM:A MAaKCUMAJIbHBIX IIOTEPH OT IICpCAauIn peaKTHBHOﬁ MOIIHOCTH.

DTO MO3BOJSIET YTOYHUTh UCKOMYIO BEIMYHMHY MOTEPb SHEPTUHU, HO TpeOyeT
JOTIOJIHUTEIFHOW MHGOpMaluK O rpaduKax peakKTUBHON MOIITHOCTH, KOTOpPHIC JTHOO
HEU3BECTHBI BOBCE, JIMOO M3BECTHBI, HO ropa3l0 MEHEe TOYHO, YeM I'pauKH aKTUB-
HOM MOIIIHOCTH.

PacuétHoe BbIpaxkeHue I pacyéra moTepb UMEET BU/I:

AW ZAPP‘EP +APQ’CQ .

Moouguxayusn 2. Onpedenenue nomeps I1eKmMpoIHEPUU RO MeMOOy 2T
MeTton OpUEeHTHPOBAH Ha CHUKEHUE MOTPEIIHOCTA pacyéTa OT HEYy4€Ta BHYT-
PUCYTOYHOM HEPAaBHOMEPHOCTH rpaduKoB Harpy3Kku. Peanusyercs mpu n0nmymeHnn:

cosg=const = PizESiz_

OcHOBa — yHOPSAIOYCHHBIA CYTOYHBIN (32 pacyETHBIC CYTKH) rpaduk U3MEHe-
HUSI aKTUBHOU MOITHOCTH.

CyTb — 3amMeHa peanbHOTo TpaduKa M3MEHEHUsI aKTUBHOW MOIIHOCTH YKBHBa-
JICHTHBIM PACUYETHBIM ABYXCTYNCHYATHIM T'PapUKOM, CTYNEHH KOTOPOTO COOTBET-
CTBYIOT PEKMMaM HarOOIBIINX U HAUMEHBIITUX HarPy30K.

AJroputMm pacuéra:

1. OnpenensieM cyTouHOE AeKTponoTpedacHue (puc.2.76).

A P
PH6

24
chr = Z Rt ,

=1
rjie | — COOTBETCTBYIOIIUH Yac CYTOK;
Pl - MOILIHOCThH Ha YaCOBOM MHTEpBaJie BpPEMEHU P

0 > tu

12 24

Puc.2.76. VicxoaHbIi yITOPSIOYCHHBIH CYTOYHBIN TpaduK Harpy3KH
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2. JlenaeM IONyLIEHHE O BO3MOKHOCTHU IIPEICTABICHHS IIEPEIaBACMOI JHEP-
T'UU B BUJC:
chr = Pyolus + Punlam
rne ts t,, - BpPEMEHa MaKCUMAIBHOW M MHHUMAJIBHOW Harpy3kd, MpHYEM
tH6 + tHM =24.
3. 3HaueHus BPpEMCHHU MAaKCUMyMa 1 MUHHUMYMa HAI'PY3KHU OIIPCACIIACM I10 BbI-
PAKCHUAM:

W, —24P,,,
tyg = —0 ; toy = 24—t
H PH6 —PHM HM H

4. Pacuét BpeMeHHM HauOOJIBIINX U HAUMEHBIIINX ITOTEPh peaanu3yeM 10 BhIpa-
x)eHusm (puc.2.77).

A
PH6 P
a)
2 6
TH6 = z _P tl y tn6
1 HO
PHM
0 12 25 > b
A P _ @
2 o »
tHM PI Tum
Tam = % P— f; Pu
HM 5!
0 12 2 > b

Puc.2.77. BciomoraTenbHble TpaQuKK K pacaeTy Tys , Ty
5. Ilotepu 3eKTpOdHEPTHH 3a OA30BBIC PACUETHBIE CYTKHU:
AWCyr =APu5Tue + APy Tay -

6. Omnpezenenre MOTeph IACKTPOIHEPTUH 32 PACUETHBIN nepuoa (Heaens, Me-
Csill, KBapTan):

2
ch.cyr
AW =AWy | —=——| AT,
Weyr
rae Wep, oy - CPEAHMI 32 ICPUOJ CYTOYHBIN OTITYCK SHEPTHH;
WCyT - CYTOUYHBIN OTIIYCK 32 PACUETHBIE CYTKH;

AT - nIUTENBHOCTH PACYETHOIO MHTEPBANA, CYT.
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Ilomepu 3nexmposnepeuu ¢ a1unusax 0,38 kB

[Totepu anexktposnepruu B nunHuu 0,38 kB (B % oTmycka 3ieKTpodHEpruu B
CEeTh) OMPEACIISIOT 10 hopMyJIe

T
AW 4 =0,7K yep AU1 , (2.16)

MakcC
rae AUj - IOTepy HaNpsDKEHHs] B MAKCUMYM Harpy3ku cetu ot mmH TII o HaubGo-
Jiee yIAJICHHOTO 3JIEKTPONPUEMHUKA, %0;
Kuep - K09(HUIUICHT, YINTHIBAOINN HEPABHOMEPHOCTb PACMIPEACICHUS HAIPY30K

o ¢azam.
KoapduuueHt Ko, Onpenessior no gopmyie

2 2 2
+15+
VA*1B*IC |1 1gRu | j5Ru

2
(|A+|B+|c) Ro Ro
rae | a,l gl c - U3BMEpPEHHBIE TOKOBBIE HArpy3Ku (as;

R‘Hep:3

Ry / R¢ - OTHOLICHHE COTPOTHUBJICHUH HYJIEBOTO U (ha3HOTO MPoBOI0B [19].
[Ipu OTCYTCTBHHU JIaHHBIX O TOKOBBIX HAarpy3kax clelyeT IPUHUMATD:
e IS JINHUY C RH/Rq) =1 Kuep=113;
e JUIS JIMHUH C RH/R<1) =05 Kyep=12.

OtHomeHue ’L'/ TMaKC IMPUHUMAIOT B COOTBCTCTBHUU CO CIICAYIOIUMHA JAHHBIMU:

T vaxc +9 2 000 3000 4 000 5000 6 000

T/TMaKC 0,46 0,52 0,60 0,72 0,77

OTHOCHTENBHBIE TIOTEPU ATeKTpodHepruu, % B K muaumsx 0,38 kB onpenenstor
o ¢opmyie:

k .
2 AWl
AW%ZZ%,
2
i=1

rae AWg, - OTHOCHTENIbHBIC NOTEPH 3IEKTPOSHEPIUHU B i-i JMHUHM, ONpEIeIeHHbIC
1o ¢popmyie (2.16);
li — MakcuMasbHas HAarpy3Ka roJIOBHOTO Y4acTKa I-i JIMHUY.

Bepwlmuocmuo-cmamucmuuecxue Memoowl pacuéma nomepo 31eKmpoInepzcuu

B Hacrosiiiee Bpemsi pabOThl B ’TOM HANpaBlIEHWW CUUTAIOTCS HamOoJiee mep-
CIIEKTUBHBIMHU MPU aHAIIU3E PEKUMOB PACIIPEICIIUTEIBHBIX CETEN IHEPTOCUCTEM.

OngHYM U3 KOHKPETHBIX HAIPABIICHUI SBISIETCA YCTAHOBJIEHUE PErPECCUOH-
HBIX 3aBUCHUMOCTEH, TMO3BOJISIIONINX YCTAHOBUTH CBSI3b (M OIICHUTH €€ UYHCIEHHO)
MEXJY HM3MEHCHHUSIMM OCHOBHBIX MapaMETPOB PEXKUMA M IOTEPSAMU MOIIHOCTH U
DHEPIUU B KOHKPETHOU IEKTPUUECKOU CETH.
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B camom o0mieM Bujie MHTEpECYIOINIasi HAC PErPECCHOHHAs 3aBHCHUMOCTh MO-
’)KET OBITH 0003HAUYEHA B BUJIE

AW = f(dy,dy.....dg ),

rae AW - 3aBucHMas IepeMeHHasi YpaBHCHHS perpeccuu (B HalIeM cliydae TOTepH
3JIEKTPOIHEPTUN);
d; - He3aBUCUMas NTEpEMEHHAs YpaBHEHUs perpeccuu — (pakTopsl, BIUSAIOIINE Ha Xa-

pakTep U3MEHEHHsI IOTEPh JIEKTPOIHEPTUU;
¢ — 9MCII0 YUUTHIBAEMBIX (PaKTOPOB.

KOHKpeTHbIE perpeccCuOHHbIE 3aBUCUMOCTH KaK IIPAaBUIJIO UMEIOT XapakTep Mo-
JMHOMOB - HOPMAaTUBHBIX XapaKTEPUCTUK MoTeph ekTposHeprun (HXIID), B gan-
HOM TPWIOKEHUU — CO CJIara€MbIMHU HYJIEBOM, IIEPBOM M BTOPOM CTENEHEU OT Iepe-
JABAEMOM aKTUBHOM JJIEKTPOIHEPTUH.

2.14.3. PacyeT 1 HOpMUPOBaHHUE NMOTEPH IJIEKTPUUYECKOH IHEPTrUHU
NpHU ee mepegaye Mo 3JEeKTPHUYECKHM CeTAM

Ilepeuenv cocmagnaouux ycioeHo-nOCMOAHHBIX HOMEPD
INEeKMPUUECcKoil IHepzuU npu ee nepeoaue

Ilomepu na xonocmoti x00 mpancgopmamopos (AT):
2
m U;
i=1 HOM
rae AP, - oTepu MOILIHOCTHU XOJIOCTOIO X0/1a;
U; - HanpshkeHHe Ha 000PYJIOBAaHUH B i-M PEXUME;

Tpi - 4KCI0 YacoB paboTbl 060PYIOBAHHUS B i-M PEKUME.

I'pynna "KIITHMATHYECKHUE" cocmasaaiowue nomepo.

OnpenensaroTcs MO yAEIbHBIM HOPMAaTHBaM MOTEPh B 3aBUCUMOCTH OT (DaKTHU-
YECKOM JJIMTEIbHOCTH XapaKTEPHBIX THIOB MO0kl Ha 0a30BOM MHTEpPBAJIC pacyeTa
WJIU OT JUTUTEIIbHOCTEN, CPEHUX JJISI PETUOHA.

[loTepu BKIIOYAIOT CIEAYIOLINE COCTaBIAIOIIME:

1 ITorepu Ha kopony BJI-110 kB u BrI11IE.

2 IToTepu OT TOKOB yTeukH o uzossitopam BJL.

3 Pacxop 37€KTpO’HEPIUU Ha IUIaBKY Tojojiea (OCYLIECTBISETCS MO MoKa3a-
HUSIM NIPUOOPOB yyeTa, YCTAaHOBJICHHBIX HAa YCTPOWCTBAX IJIABKM TOJOJela WM Ha
OCHOBAHUM Ta0JMIIBI YJEIbHBIX [TOKa3aTesei).

Ilomepu 6 KomMnencupyroOwux ycmpoucmeax:

1 CUHXpOHHBIX KOMIIEHCATOPAX.

2 barapesix CTaTUYECKUX KOHJIEHCATOPOB M CTATHYECKUX TUPHUCTOPHBIX KOM-
MEHCATOPAX.

3 llyHTHpYOIUX peaKkTopax.

95



Ilomepu 6 cucmeme yuema 1eKmpoIHeP2ULU.

[Totepu >meKTpOIHEPTHH, CBSI3aHHBIE ¢ (PU3MUECKUMHU MPOIECCaMU B U3MEPH-
TENBHBIX MPeoOpa3oBaTesIX U MprOOpax ydera, pacCCUUTHIBAIOTCS MO YACIbHBIM IO-
Ka3aTelsiM pacxo/ia sl CICTYIOIINUX BUI0B 000PYIOBaHHUS:

1. TpancdopmaToOpoB TOKa, BKIIOYAsl COSAMHUTEIHHBIC TIPOBO/IA U CUCTUUKH.

2. TpanchopMaTopoB HaIIPSIKECHHUS.

3. CueTyuKoB MPSIMOTO BKIIFOUEHHS.

Hnvle cocmasnsaowue ycio6HO-NOCMOSHHbIX NOMEPD.

1. Ilorepu B mzonsuuu KJI

2. Tlotepu B coemunutenbHbix mpoBogax nojactannuit (CII TIC) Ha ocHoBe
HopmaTuBoB 1 PY 6 — 750 kB.

3. Tlorepu B BeHTUIBHBIX paspsaaukax, OITH, ycrpoiictBax BU-cBs3m.

Pacxo0 na cobcmesennwie nyowcowt 11C:
[To mokazanusam mpubOpoB yuera, ycraHoBieHHbIX Ha TCH wim mo naHHbIM
HHEPreTUYECKOT0 00CIIEIOBaHMUSL.

Memoowt pacuema HAzpy304HBIX HOMEPDL IJIEKMPOIHEPLUN

Harpy3ounsie motepu 3JI€KTPOIHEPTUU B AIEKTPUUYECKON CETH B LeaoM 3a T
vacoB (/] aueit) B coorBeTcTBUU C [17] MOTYT OBITH pacCUMTAHBI OJTHUM M3 TISTH Clie-
JTYIOIIMX METOJIOB B 3aBUCHUMOCTH OT 00beMa uMmeromelics nHhopMaIuu 0 cxemax u
Harpy3Kkax ceTeil (MeTO/Ibl PACIOJIOAKEHBI B TOPSIAKE CHUKEHUSI TOYHOCTH PacyeTa):

o OIIEPaTUBHBIX PACUYETOB;

paCUETHBIX CYTOK;

CpPEIHUX HATPY30K;

YKCJIa YaCOB HAaMOOJBIINX MOTEPHh MOIITHOCTH;

OIICHKH TOTEPh M0 000011IeHHO NHPOPMAIIMK O CXeMaX U Harpy3kax CeTH.
[Torepn MOITHOCTH B CETH MPHU UCIOJb30BAHUU JJIs1 pacueTa MOTEPh JIEKTPO-
SHEPTrUU METOAOB |— 4 pacCUMTHIBAIOTCSA HA OCHOBE 3aJJaHHOW CXEMbI CETH U Harpy-
30K €€ 3JIEMEHTOB, OMPEAECIECHHBIX C MOMOIIBI U3MEPEHUN WIIM C MOMOIIBIO pacyera
Harpy30K 3JIEMEHTOB JICKTPUYECKOW CETH B COOTBETCTBUU C 3aKOHAMU 3JIEKTPOTEX-
HUKH.

[Torepu 351eKTpOdHEPrUU MO METOIaM 2—4 MOTYT PacCUMTHIBATHCS 32 KaXKIbIH
MECSI PACYETHOTO MEPUOAA C YUETOM CXEMbI CETH, COOTBETCTBYIOIIEN TAHHOMY Me€-
cany. Jlomyckaercss pacCUnThIBaTh OTEPU 3@ PACUETHBIE UHTEPBAJIbI, BKIIFOYAKOIIME
B Ce0s1 HECKOJIbKO MECSIIEB, CXEMBbI CETEH B KOTOPHIX MOTYT paccMaTpUBATBhCS Kak
Hen3MeHHbIe. [loTepu anekTposHeprun 3a 6a30BbIN MEPUO ONPEACTSIOT KaK CyMMY
MOTEPb, PACCUUTAHHBIX ISl BXOSAIINX B 0a30BbIN MEpUO MECSIIEB (pacYeTHBIX MH-
TEpPBAJIOB).
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Harpy3ounsie notepu anexktpo3Hepruu B cetu 0,4 kB pexomenayercs paccuu-
TBHIBaTh C UCIOJIb30BAHUEM CIIETYIOIINX METOJIOB!

L pacucTa MOTCPhb SJICKTPOSHCPIUU B JIMHHUAX 0,4 KB B 3aBUCMMOCTH OT BEJIMYU-
HBI IIAJACHU HAIIPAKCHUHN
L IMO3JICMCHTHOI'O pacdCTa IOTCPb MOIMHOCTH U 3JICKTPOSHCPIHH € HCIIOJIB30BaA-

HUEM CXEMBI 3JIEKTPUUECKOM CETH U €€ PEXKMMHBIX TapaMeTPOB.

MeTton OLIeHKH MOTEph 1Mo 0000IeHHON WHGOPMAIIMU O CXeMaX U Harpy3kax
CETH MOJKET MPUMEHSETCA ISl pacyeTa MOTEeph 3JIEKTPOIHEPIHH B JJIEKTPUUYECKUX
cetsix HanpspkeHueM 0,4 kB, 00beM 00cmyKuBaeMoro 000pyI0BaHMsI KOTOPHIX Tpe-
BBIIIIACT YCTaHOBIICHHBIC [17] mpenemns.

HOTepI/I B CHCTEMAX YUE€TA IJTCKTPOIHEPIUN

PaccmarpuBast nanHyro TeMy, CIEAYET BBIICINUTDH 1BA OCHOBHBIX ACTIEKTA:

Ilepswui. JIrobas cucrema yuyera akTUBHOW 3JIEKTPOIHEPTUH B HACTOSILEE Bpe-
Ms1 Oa3MpyeTcs Ha MCIOJIb30BAHWU CUETYMKOB dJiekTpuueckoir sueprun (Wh), moa-
KJIIOYEHHE KOTOPBIX, B OOJBIIMHCTBE CIIydaeB, TPeOyeT HCIIOJIb30BAHUS MPOMEXKY-
TOUYHBIX MpeoOpa3oBarTesIeil B BUJE U3MEPUTEIbHBIX TpaHchopmaTopoB Toka (74) u
Hanpspxenus (TV).

B cootBercTBUU C PU3MUECKMMH 3aKOHAMM IMpPHU MPOTEKAHUU IO 3JIEMEHTaM
npuOOpOB TOKA, IPU HAXOXKJIEHUM UX MArHUTHBIX CUCTEM B MEPEMEHHOM 3JIEKTPO-
MarHUTHOM II0JIE€ B KaXKJIOM U3 3TUX IPUOOPOB UMEIOT MECTO OIpEAeIeHHbIE TOTEPU
IEKTPUYECKOW SHEpruv. BenuunHa 3THX IOTEPh MOMKET PAaCCMaTPUBATHCA Kak
YCIIOBHO-TIOCTOSIHHAS BEJTMUHMHA, ONpeessieMasl TUTIOM NPUOOpPOB, YAECIbHBIM Pacxo-
JIOM 3HEPIrHM Ha TOJJOBOM MHTEpBAJIC pacyeTa, KOJIMYECTBOM UCIOJIb3yEeMbIX MpUOO-
POB IO KJIacCaM HaNPSIKEHUS.

VYuuthiBas cOOOpaKeHHs] CHUKEHUS! TPYJOEMKOCTH PacuyeToB, B JEHCTBYIOLIEH
Nuctpykuun pacuera HTIID ycraHoBieHbl HOpMaTuBbl Ha 74, B COCTaBe KOTOPBIX
yutenbl 1 niotepu B Wh, Bintouaemblie uepe3 Hux. Takum 00pa3oM, HOPMATHUBBI 110~
TEPh SJIEKTPOIHEPTUU HA DJIEKTPUUYECKUE CUETUMKH OTHOCSTCS HMCKIHOYUTENBHO K
npubopam MpsSIMOTO BKIIFOUEHHUS, T.€. K cueTuynkam Ha Hanpspkenue 380/220 B, wuc-
NOJIb3YEMBIM B LEMSAX C HEOOJBUIMMH 3HAUCHHUSIMH MOTPEOIsIEMbIX TOKOB (10 He-
CKOJIBKHMX JIeCATKOB ammep). bosee monipoOHO Ha 3TOM acnekTe OCTaHaBIMBATbCS HE
OoyneM.

Bmopoii. JI1o60ii pubop WM M3MEPUTENBHBIN MPeodpa3oBaTesib OCYyIIeCTB-
JSIOT CBOM (DYHKI[MHU, BHOCSI B M3MEpsiEMble BEJIUYMHbBI CIy4alHbIE WM CUCTEMAaTH-
YeCKHE NOrpemHOCTU. [Ipym opraHmzanum ydera neperaBacMOr SJIEKTPOIHEPIHUHU
CyMMapHasi OIIMOKa W3MEPEHUs] OMPENEISeTCs MOTPEIIHOCTIMU KaXJAOro TaKoro
DJIEMEHTA U BEJIMYMHOM IIepeiaBaeMon dHepruu. B Hacrosiee Bpemsi B TEXHUYECKOU
JUTEPATYPE HCIONB3YETCS] HECKOJBKO TEPMHUHOB ISl 0003HAUYEHHUS COBOKYIHOCTH
000pyZOBaHUSI U COEIMHUTEIBHBIX MPOBOJIOB, 0OECIEUNBAIOMIMX yUET OTAEIbHOTO
HHEProNOTOKA Yepe3 HEKOTOPOE NMPUCOETNHEHUE:

. W3MEPUTEIBHBIA KaHAI,
. W3MEPUTEBHBINA TPAKT;
o TUIIOBOW U3MEPUTEIbHBIA KOMIUIEKC YUeTa 3JIEKTPOIHEPTUN.
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B cootBercTBuuM ¢ MHCcTpykuueint pacuera HTIID nocnenoBarensHOCTh pacye-
Ta a0COJIFOTHBIX NOTEPh IJIEKTPOIHEPTHH, OOYCIOBICHHBIX AOMYCTHMOM MOIPEIIHO-
CTBIO CHCTEMBI YUYETa JJICKTPOIHEPTUH, BKIIFOYAET CIAEAYIOIINE TalIbL:

1. [lorpenHoOCTh U3MEPUTENBHOTO KaHalla AKTUBHOW 3JIEKTPOIHEPTUU OIpeIe-
asieTcst o popMmyiie

&= £11y/62 + 8217 + 62 + 82 ,

rac SCLI’ 0 TT, STH - OCHOBHBIC OOIIYCTUMBIC IIOTPCIIHOCTU CYUCTUHMKOB, TpaHC-

dbopMaTopoB TOKa, TPaHCPOPMATOPOB HAMPSIKEHUS MNPU HOPMAIBHBIX YCIOBUSIX
(MpUHUMAIOTCS TIO 3HAYEHUIO KJIACCOB TOUYHOCTH), %0;

0 a - Mpcacia AOIMYCTUMBIX IMOTCPb HAIIPSIKCHUA B JIMHUAX IIPUCOCAHMHCHUA CUCTUYH-

koB k TH, %.

B pacuerax uUcnoiab3yr0TCs JaHHBIE O KJIacCaX TOYHOCTH YCTAHOBIIEHHOTO 000-
pynoBanus win gasssle [1YD, onpenesnsroniie MUHUMAJIBHBIE TOITYCTUMBIE KJIACCHI
TOYHOCTH B 3aBUCUMOCTH OT YPOBHS HAIIPSKEHUS U OTBETCTBEHHOCTH KOHTPOJIUPY-
€MOro KaHaja Iepefjau SHEeprun. PacyeT BBINOIHAETCS I THIOBBIX U3MEPUTEIb-
HBIX KaHaJOB C Pa3JIMYHBIMU COOTHOILIECHUSMH KJIACCOB TOYHOCTH, KOTOpPBIX Ha ca-
MoM Jeie coBcem He mHoro: 0,2; 0,5; 1,0; 2,0; 2,5.

2. AGComOTHBIE TIOTEPH AIEKTPOIHEprun (ThIC.KBT 1), 00ycIOBICHHBIE AOMTY-
CTUMOM TOTPEIIHOCTBI0 CUCTEMBI YUYeTa 3JIEKTPOIHEPTUH, ONPEAEIISIOTCS KaK Mpe-
JeIbHOE 3HAYEHUE BEJIMYMHBI JOITYCTUMOIO HeballaHCa 3JIEKTPOIHEPTUHU B LIETIOM 10
AIIEKTPUYECKOM CETH C yUYEeTOM JAaHHBIX 32 0a30BbIN NEepro 1o popmyiie

N o2 Moo 85005 8F.
AWHOFp.B = 0,01 Z 8| WI + Z SJW] + k_W 3+ k_W 1
i=1 j=1 3 1
rae o; (8 j) - MOTPEIIHOCTD I1-TO U3MEPHUTEILHOrO KaHala MOCTYIUBIICH WIN |-TO OT-
MYIIEHHON aKTUBHOM 351eKTpo3Hepruu 1no ICO;

KaHaJlaMU aKTUBHOM 3JIEKTPOIHEPTHH IO dJIEKTPUUECKOM CETH, ThIC.KBT4;

N - KOJIMYECTBO TOUYEK yUeTa, PUKCUPYIOMINX TPUEM DIIEKTPOIHEPTUH;

M - KOJIMYECTBO TOYEK y4eTa, (PUKCUPYIOMIMX OTIauyy AJIEKTPOIHEPTUH, B TOM YHCIIE
KPYIHBIM MOTPEOUTETSAM;

k3 - KOJIMYECTBO TOUEK yueTa Tpex(a3HbIX MOTpeOUTENeH;

- mpueM (0Taya) JIEKTPOIHEPTUH, 3aPUKCUPOBAHHBIN U3MEPUTEITHHBIMU

k1 - KOJMYECTBO TOUEK yueTa 0JHO(a3HbIX OTpEOUTENEH;

k3 - KOJIMYECTBO TOUEK yueTa Tpex(aszHbIX NOTpeOUTENEN (38 MUHYCOM, YUTCHHBIX B
"m"), wr.;

ki - KOJIMYECTBO TOUYEK yueTa 0JHO(DA3HBIX MOTpeduTeNeH (3a MUHYCOM, YUYTCHHBIX B
"m"), mr.;

W3 - moTpebiieHue 3JIEKTPOIHEPTruu Tpex(da3HbIMHU MOTPEOUTENIMU (32 MHHYCOM,
yYTeHHBIX B "'M"), ThIC.KBT4;
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W1 - moTpebiieHue 3JeKTPOIHEPTHH OAHO(DA3HBIMU MOTPEOUTEISIMH (32 MHUHYCOM,

yuTeHHBIX B "M"), ThiC.KBT U;
3. AOCOJIIOTHBIE TIOTEPHU BIEKTPOIHEPTUH, OOYCIOBJIEHHBIE JOMYCTHUMOM IO-
TPEIIHOCTHIO0 CUCTEMBI yUeTa JJICKTPOIHEPTUH B 0A30BOM TMIEPHOJIC, PABHBI

d W,

__ Ymorp.b""mocr. b
A\Nnorp.B - 100 J

rae Wyoer p - MOCTYIUICHHE DJIEKTPOOHEPTUH B ceTh B 1enoM 1no DCO 3a 6a30BbINA
IIEPUO.

[ToTrepu »neKTpo’HEPrUn, OOYCIOBICHHBIC JOMYCTUMON MOTPEIIHOCTHIO CH-
CTEMBbI y4€Ta JIEKTPOIHEPTUH, O KilaccaM HaIpsKEHUs PACIPENCISIOTCS TPOnop-
LOHAJIbHO MOCTYIUICHUIO 3JIEKTPOSHEPTUHU B CETh 3THUX KJIACCOB HANPSIKEHUS KakK B
0a30BOM, TaK U B PETYJIUPYEMOM TEepUOaX.

[ToTepu »aeKTPOIHEPTHH, OOYCIOBICHHBIE JOMYCTUMOM IMOTPEIIHOCTHIO CHU-
CTEMBI yUeTa AJEKTPOIHEPTUH ABJISIOTCS BaxHOU coctaBistomeit HTIID. [Ipumenu-
TEJIbHO K CETAM IPOMBILUICHHBIX MPEANPUATHN JOJISI 3TOM COCTABISIOLIEH MOXKET
npesbimath 20% ot HTIID. B cBsi3u ¢ 3TUM NpeICTaBIAIOT CEPhE3HBIN UHTEPEC MEP-
CIIEKTUBBI COBEPIIICHCTBOBAHUSI METOJIUYECKOT0 00ECTICUeHUs B 3TON YaCTH.

3. KOHTPOJIb 3HAHUI
3.1. KoutposabHbie padoThI

3agaua 3.1.

CocraButh rpaduueckoe M300paKEHHE CXEMbl 3aMEIICHUSI JJIEKTPOCETEBOTO
paiiona (puc.3.1). [Ipu BeIOOpe THMA MOAEIN YUYECTh, YTO HEUETHHIC BAPUAHTHI 3a/1a-
HUW TPENoJiaraloT BBIMOJIHEHUE PACUYETOB C WCIIOJIH30BAHUEM CHEIMATU3UPOBAH-
HBIX MporpaMM (HOMUHaJIbHOE HanpspkeHue cetu 220 kB), a ueTHbie BapuaHTHhI 3a71a-

HUM TOTOBST CXEMY 3aMEUICHUs I Py4YHOrO pacuera (HOMHHAJIBHOE HaIpsHKEHHUE
cetu 110 kB).

3agaua 3.2.

Paccunrtats mapamerpel cxeM 3amenieHuss BJI, TexHuueckue XxapaKTepUCTUKA
KOTOPBIX MpuBeAeHbI B Ta01.3.1. OLIeHUTh BIUSHUE CIIOCO0a MOJBECKU MPOBOJIOB Ha
OIOpax Ha YMCJICHHBbIE XAPAKTEPUCTUKU CXEM 3aMEIICHUS IJISl TPEX XapPAKTEPHBIX
CJIy4aes.
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3amaua 3.3.

Paccuntath mapaMeTpbl CXeMbl 3aMEICHHS DJICKTpOINepeaaun, TeXHUUYECKHE
XapaKTePUCTHKH KOTOPOW mpuBeacHbl B Ta0i.3.2. [TapamMeTpsl monepeyHbIXx BETBEH
CXEMBbI 3aMEIIICHUS PACCUUTATh IS IBYX CIy4acB MpPEACTaBICHU,.

3agaua 3.4.

BrIOpath cXeMy 3aMeIICHUS W ONPEICIUTh ¢ IMmapaMeTphl JIJIS pacuera ycTa-
HOBUBIIIETOCS PEKUMA 1IEXOBOT0 TpaHcopmaTopa. OnpeaeuTh MOIHOCTh TOTEPH C
WCITOJIb30BAHUEM TTAPaMETPOB CXEMBI 3aMEIICHUS.

3amaua 3.5.

BriOpath cxemy 3amMelieHus U ONPENETUTh €€ mapaMeTphl JUisl pacyeTa ycTa-
HOBHUBIIIETOCS PEXXUMa CHJIOBOTO JBYXOOMOTOYHOTO TpaHchopmaTopa, YCTAHOBJICH-
Horo Ha ['TIII. Onpenenuts MOIIHOCTb MOTEPH:

C MCIIOJIb30BaHUEM IIaPaMETPOB CXEMBbI 3aMEILICHUS;

C MCIOJIb30BaHUEM KaTaJO0KHBIX JJaHHBIX TpaHchopMaTopa.

3agaua 3.6.

BbiOpaTh onTUManIbHyl0 CXeMy 3aMEIlEHUsI U ONPEAENIUTh €€ mapaMeTpbl AJis
pacuera yCTaHOBMBILETOCS peXUMa CUIOBOTO JBYXOOMOTOYHOTO TpaHchopmaropa ¢
pacuiernieHHbIMU 0OMOTKaMH, yctaHoBiaeHHoro Ha ['TIIT.

3anaua 3.7.

BriOpaTh onTUManbHyr0 CXeMy 3aMEIIeHUs] U OMPEACIIUTh €€ MapaMeTphl I
pacueTa yCTaHOBUBIIETOCS PEXMMa CHJIOBOIO TPEXOOMOTOUHOIo TpaHcdopmaTopa,
ycta"HoBieHHoro Ha ['TIIT.

3agaua 3.8

BriOpaTh onTuManpHyrO CXeMy 3aMeIIeHHUs] U ONPEACIINTh €€ MapaMeTphl IS
pacyeTa yCTaHOBHBIIIETOCS PEKHUMa CHIIOBOTO TPEXOOMOTOYHOTO aBTOTpaHchopMa-
TOopa, ycraHoBiaeHHoro Ha ['TIII.
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Tabmuua 3.1. McxonHsle 1aHHbBIE K 3a1a4e 3.2

Mapka

PacueTHElit

Bapuant Jnunaa, KM U goum- KB mpoBoa THAMeTD, MM Ro> OM/km ITonBecka 1 ITonBecka 2 ITonsecka 3

1 10 6 AC-35/6,2 8,4 0,790 15;1,5; 3,0 15;15;15 15;1,5;2,0

2 10 10 AC-50/8,0 9,6 0,603 2,0;2,0; 3,0 2,0;2,0;4,0 2,0;2,0; 2,0

3 10 6 AC-70/11 114 0,429 1,7;1,7; 1,7 1,7;1,7,3,4 1,7;15;1,6

4 10 10 AC-70/72 15,4 0,428 2,2,2,2;,2,2 2,2,24,2,6 2,2,2,2;4,4

5 10 6 AC-95/16 13,5 0,306 1,6; 1,6; 3,2 1,6;1,6;1,6 1,6;1,6;2,0

6 10 10 AC-35/6,2 8,4 0,790 2,0;2,0;4,0 2,0;2,0; 3,0 2,0;2,0; 2,0

7 10 6 AC-50/8,0 9,6 0,603 15;15;15 1,5;1,5;3,0 15;15;2,0

8 10 10 AC-70/11 11,4 0,429 2,2;2/4;2,6 2,2,2,2;2,2 2,2;2,2;:4,4

9 10 6 AC-70/72 15,4 0,428 1,717, 34 1,7;1,7; 1,7 1,7;15;1,6

10 10 10 AC-95/16 13,5 0,306 1,9;1,9; 19 1,9;1,9; 3.8 1,9;1,9; 2,6

Ta6nuna 3.2. UcxoaHble JaHHbBIE K 3aga4e 3.3
Yucino Paccrosinue [TapameTpsl ogHOM LenH
Bapuanr | U gom»> KB | nenei, Jlamia, MEXIY Mapka PacueTHbIit R... OM/KM Hucno npoBoIOB Paccrosinue mexny

IIT. KM dazamu, m MpOBOJIa | IUAMETP, MM 0’ B (haze, mr. npoBoAamH B (aze, cM
1 220 2 130 8,14,8 AC-300/39 24 0,098 1
2 110 2 60 57,5 AC-70/32 15,4 0,428 1
3 220 2 180 8,8,8 AC-300/39 24 0,098 1

4 500 1 300 14, 14,28 | AC-300/39 24 0,098 3 45
5 110 2 120 58,5 AC-95/32 19,8 0,321 1
6 220 2 130 8,16, 8 AC-300/39 24 0,098 1
7 110 2 100 55,5 AC-120/32 15,4 0,253 1
8 220 2 130 8,14,8 AC-400/39 27,5 0,075 1
9 110 2 50 5,10,5 AC-240/32 21,6 0,121 1
10 500 1 400 14, 14,28 | AC-300/39 24 0,098 3 50
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Taobmuua 3.3. McxonHrle naHHble K 3amaye 3.4

En.

1 2 3 4 5 6 7 8 9 10
U3M-HHS
1 | Tun tpanchopmaTopa ™ ™ T™M3 T™M3 ™ TMC T™M3 T™M3 ™ T™M3
2 | HomuHansHass MOIIHOCTE, SHOM kB'A 400 630 1000 1600 2500 1000 400 630 1000 1600
3 | HomuHanbHbIC HATIPSHKCHUS
UsH kB 6 10 6 10 6 10 10 6 10 6
Unn kB 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4
4 | AxktuBHBIE OTEPH X.X., APX kBT 1,05 1,56 2,45 3,30 4,60 2,75 1,08 1,68 2,45 3,30
5 | AkTuBHBIE TIOTEPH K.3., APK kBT 5,50 7,60 11,0 16,5 26,0 12,2 5,50 7,60 12,2 16,5
6 | Hanpspkenwue k.3., UK% % 45 55 55 55 55 8,0 55 6,5 55 55
7 | Tox x.x., Ix% % 2,1 2,0 14 1,3 1,0 15 45 3,2 14 1,3
8 | Harpy3ka Tpanchopmaropa:
P kBT 200 300 450 800 1100 400 180 320 500 700
Q2 KBap 80 120 170 350 500 150 60 110 210 300
Ta6muna 3.4. UcxonHble faHHbIe K 3agaue 3.5
Exn. 1 2 3 4 5 6 7 8 9 10
H3M-HUS
1 | Tun TparcdopmaTopa TIH TIH TIH TIH TMH | THHC | TAHC | TMH | TAHC | TAHC
2 | HomuHansHass MOIIHOCTE, SHOM kB-A 10000 | 16 000 | 10000 | 16 000 6 300 10 000 | 16 000 6 300 10000 | 16 000
3 | HomuHAbHBIC HATIPSHKCHUS
UsH kB 115 115 115 115 35 35 36,75 35 35 36,75
Unn kB 6,6 6,6 11,0 11,0 6,3 6,3 6,3 10,5 10,5 10,5
4 | AKTUBHBIE oTepH X.X., APX kBT 14 21 14 21 9,25 12,5 18,0 9,25 12,5 18,0
5 | AKTuBHBIE TOTEPH K.3., APK kBt 60 86 60 86 46,5 60,0 85,0 46,5 60,0 85,0
6 | Hanpspkenue k.3., UK% % 10,5 10,5 10,5 10,5 75 8,0 10,0 75 8,0 10,0
7 | Tok x.X., 1x% % 0,9 0,85 0,9 0,9 0,9 0,8 0,6 0,9 0,8 0,6
8 | Harpy3ka Tpanchopmaropa:
P kBt 5000 9 000 6 000 8 000 3500 5500 7 000 3700 5 600 6 800
Q2 KBap 2 000 3600 2 400 3200 1400 2 000 2 800 1400 2100 2700
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Tabmuua 3.5. McxonHsle naHHble K 3anaye 3.6

) Hanpspxenne oOMOTKH, Totepy, KBt U % . o . S
= - KB m M M m
s Tun s < | S >
= S m X = =
§ | Tpancpopmaropa | & S o o = 7 o o % = 2 = 2
M B H ) g =1 ¢ | B- B-H -H
o o5 o o5 oy o A o
1 | TPAHC-25000/35 | 25 | 36,75 - 6,3-6,3 | 25,0 - 125 - - 105 ] 30 |065] 70 | 28 | 80 | 3,2
2 | TPAHC-40000/35 | 40 | 36,75 - 10,5- | 36,0 - 170 - - 12,7 | 40 | 050|120 | 48 | 120 | 48
10,5
3 | TPAHC-63000/35 | 63 | 36,75 - 6,3-6,3 | 50,0 - 250 - - 12,7 | 40 1045|190 | 76 | 16,0 | 6,4
4 | TPAH-25 000/110 25 115 - 10,5- 25 - 120 - - 105 | 30 |065| 70 | 35 | 70 | 35
10,5
5 | TPAH-40 000/110 40 115 - 6,3-6,3 | 34 - 170 - - 105 ] 30 | 055|110 | 55 | 120 | 6,0
6 | TPIH-63 000/110 63 115 - 10,5- 50 - 245 - - 105 | 30 | 050|180 | 9,0 | 140 | 7,0
10,5
7 | TPJH-80 000/110 80 115 - 10,5- 58 - 310 - - 105 | 30 | 045|220 | 11,0 | 22,0 | 11,0
10,5
8 | TPLIH- 125 115 - 10,5- | 105 - 400 - - 110 | 30 | 055 | 30,0 | 150 | 25,0 | 125
-125 000/110 10,5
9 | TPAHC- 40 230 - 6,3-6,3 | 50 - 170 - - 115| 28 | 060 | 100 | 6,0 | 10,0 | 6,0
-40 000/220
10 | TPZIH-63 000/220 63 230 - 11-11 70 - 265 - - 115] 28 | 050|140 | 84 | 180 | 108

Ilpumeuanue. ictounnk uapopmManuu - [16]. /lnsg TpanchopmMaTtopoB ¢ pacIENIeHHOH OOMOTKON B IPAPE Uy AAHBI U2 » HATIPSIKEHUS

KOPOTKOTO 3aMbIKaHHs 5THX TPAHCPOPMATOPOB Uy M Ugui-n2y OTHECEHBI K HOMUHAJILHOM MOLIHOCTH TpaHc(opmMaropa.
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Tabmuua 3.6. McxonHsle naHHble K 3amaye 3.7

_ Hanpsoxenne oOMOTKH, Totepu, kBT U % ) o ) o
2 : < <B s | §| 8| 2

g | Tumrpancpopma- | 2Z & I % S S S S

& TOpa A S . = = N 5 = g =
M B C H S I B ¢ | B-C | B-H | C-H o o o o

o A A

1 | TATH-10 000/35 10 | 36,75 | 10,5 6,3 190 | - 75 - 8 |165| 7 |100| 3,0 1,2 3,0 1,2
2 | TATH-16 000/35 16 | 36,75 | 10,5 6,3 28 - | 115 - 8 165 7 09| 7,0 2,8 3,0 1,2
3 | TATH-10 000/110 10 115 | 38,5 11 17 - 76 - 105|175 | 65 | 1,00 | 4,0 2,0 2,0 1,0
4 | TATH-16 000/110 16 115 | 38,5 11 21 - | 100 - 105|175| 65 [ 080 | 7,0 3,5 2,0 1,0
5 | TATH-25 000/110 25 115 | 38,5 6,6 285 | - | 140 - 105|175 | 65 | 0,70 | 10,0 5,0 2,0 5,0
6 | TATH-40 000/110 40 115 | 38,5 11 39 - | 200 - 105|175 | 65 | 0,60 | 12,0 6,0 12,0 6,0
7 | TATH-63 000/110 63 115 | 38,5 6,6 53 - | 290 - 10,5 | 18 7 1055 | 13,0 6,5 23,0 11,5
8 | TJATH-80 000/110 80 115 | 38,5 11 64 - | 365 - 11 | 185 | 7 | 050 | 240 | 120 | 250 12,5
9 | TATH-25 000/220 25 230 | 38,5 6,6 45 - | 130 - 15 | 20 | 65 | 0,9 5,0 3,0 8,0 4,8
10 | TATH-40 000/220 40 230 | 38,5 11 54 - | 220 - 11 | 22 | 95 | 055 | 9,0 54 14,0 8,4

IIpumeuanue. ctounuk napopmarmu - [16]. [Totepn u HanmpspKeHUs KOPOTKOTO 3aMBIKAHHS JUIs TPEXOOMOTOUYHBIX TPAaHCPOPMATOPOB yKa3a-
HbI HA OCHOBHOM OTBETBJICHUU JIJIs1 OCHOBHOM napel 00MoTok B — C.

105



Tao6muua 3.7 - cxonHble naHHbIE K 3amaye 3.8

Hanpsoxenune 00- <

. -~ N?OTKH, B [Totepu, kBT Uy, % g CE § 5 §

a Tun Tpancopmaropa § o) !;‘ = Eﬂ Eﬂ Eh En

s = % o = ° | T S 5 = T

a B | c | H| | £ £| ¢&|BCc|BH|CH 2| ¥ |o| & | o

SO Y &

1 | ATALUTH- 63 230 | 121 | 6,6 37 - 200 - 11 35 22 045 32 | 25,0 [ 150 7,0 | 4,2
-63 000/220/110

2 | ATJLTH- 125 | 230 | 121 | 10,5 | 65 - 315 - 11 31 19 04 | 63 | 50,0 [ 30,0 140 | 84
-125 000/220/110

3 | ATALTH- 200 | 230 | 121 | 38,5 | 105 - 430 - 11 32 20 | 0,45 | 100 | 60,0 | 36,0 40,0 | 24,0
-200 000/220/110

4 | ATAUTH- 63 230 | 121 11 37 - 200 - 11 35 22 | 045| 32 | 20,0 [120 | 120 | 7,2
-63 000/220/110

5 | ATALUTH- 125 | 230 | 121 | 6,3 65 - 315 - 11 31 19 04 | 63 | 40,0 | 240 | 240 | 14,4
-125 000/220/110

6 | ATALTH- 200 | 230 | 121 11 105 - 430 - 11 32 20 | 0,45 | 100 | 50,0 |30,0| 50,0 | 30,0
-200 000/220/110

7 | ATOALTH- 63 230 | 121 | 385 | 37 - 200 - 11 35 22 | 045| 32 | 250 |[150| 7,0 | 4,2
-63 000/220/110

8 | ATALTH- 125 | 230 | 121 | 38,5 | 65 - 315 - 11 31 19 04 | 63 | 50,0 | 30,0 150 | 9,0
-125 000/220/110

9 | ATALTH- 200 | 230 | 121 | 6,3 | 105 - 430 - 11 32 20 | 0,45 | 100 | 80,0 |48,0 | 20,0 | 12,0
-200 000/220/110

10 | ATAOLTH- 250 | 230 | 121 | 385 | 120 - 500 - 115|334 |208| 04 | 125 | 100,0 | 60,0 | 25,0 | 15,0
-250 000/220/110
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3.2. KoHTpoOJIbHBIE BONIPOCHI

1. O6mras xapakrepucTuka sueprocucteM. Knaccudukanus 31eKTpUYECKUX ceTei.

2. OCHOBHBIE KOHCTPYKTUBHBIE AeMeHThI BJI anexrponepenay.

3. O6uIme cBeeHUs O CXeMax 3aMelIeHusl.

4. Pacuer u BekTopHas quarpamma JIOII npu 3a1aHHOM TOKe (MOIIIHOCTH) Harpy3KHU.
5. PacuerHble Harpy3Ku IOACTaHIMM IIpU pacuerax Y P.

6. Onpenenenrie notepu U nagaeHus HanpspkeHus B JIDII mo n3BECTHRIM MOIIHOCTH U
HaIPSHKEHUIO B KOHILIE JIMHUU.

7. Pacder u BEeKTOpHas Auarpamma CeTH U3 AByX nocieaoBarenbHbix JIOII mpu 3a-
JAHHBIX MOIIHOCTSAX Harpy3Ku 1 HANPSy)KEHUH B KOHIIE.

8. PacnipenesieHrie MOTOKOB MOIIIHOCTHU U HAIIPSIKEHUN B MPOCTBHIX 3aMKHYTBIX CETSX.
9. MeTton pacIeIUICHUsI CXEM.

10. ITpencraBnenue BJI u KJI B cxeMax 3amertieHus rnpu pacyerax YP.

11. TlpencraBieHue reHepaTopoB mpu pacyeTax YP.

12. BekTopHas 1uarpaMMa CHHXPOHHOTO T€HepaTopa B pexKUMe epeBO30YKICHUSI.
13. IlpencraBnenue Harpy3okK mpu pacuerax YP.

14. IIpencraBieHue AByXOOMOTOYHBIX TPAaHCPOPMATOPOB B CXEMaX 3aMEIICHUs IpU
pacuerax YP.

15. IlpencraBnenue TpaHchOpPMaTOPOB C PACIIEIUIEHHBIME OOMOTKAMU B CXEMax 3a-
MEILEHHS IPU pacuerax Y P.

16. [IpencraBneHne TpexOOMOTOUHBIX TPaHC(HOPMATOPOB B CXEMax 3aMEIICHUS MPH
pacuerax YP.

17. IlpencraBneHue aBTOTpaHC(HOPMATOPOB B CXeMax 3aMelIeHus pHu pacyeTax YP.
18. TlpencraBneHue peakTOpoOB B CXeMax 3aMelIeHUs Ipu pacueTax Y P.

19. Ouenka akTUBHBIX COMPOTHBICHUN TpaHC(HOPMATOPOB M aBTOTPaHCHOPMATOPOB
MIpH Yrcie 0OMOTOK OoJiee IBYX.

20. Biaustnue pacnpeneneHus: Harpy3o0k 1o 0OMoTkaM MHOTOOOMOTOYHBIX TpaHChOop-
MaTopoB U AT Ha BBIOOP CXEMBbI 3aMeIlleHUs NP pacuerax YP.

21.CtpyKTypa HOPMATHUBOB MOTEPh AMEKTPUUECKOM SHEPTUH.

22. CTpyKTypa yCIOBHO-IIOCTOSTHHBIX MOTEPDH INEKTPUUECKON SHEPTUU.

23. O0miast xapaKTepUCTHKA METOAOB pacueTa Harpy304HbIX MOTEPh DIEKTPUUECKON
DHEPI'UH.

24. BnusHue 3Ha4YeHUA K03 duimeHTa MOIHOCTH U KodddurmenTa GopMbl Ha Be-
JMYUHY Harpy304YHbIX NOTEPb AJIEKTPUUECKON IHEPTHH.

25. PacyeThsl Harpy304HbIX MOTEPh AIEKTPUUECKOW SHEPIHH MO METOJaM CPEeIHMX
HArpy30K U METOAY YMCJla 4aCOB HauOOJbIINX MOTEPh MOIIHOCTH.

26. banaHc 3JIEKTPOAHEPTUHU ANEKTPOCETEBON OpraHU3ALIMH.

27. TexHuueckue MoTepy IEKTPOIHEPTUU TIPU €€ Mepeade U UX COCTABISIOIINE.

28. TexHONOTHYECKUE MOTEPU DIEKTPOIHEPTUH MPU €€ Mepesaye U UX COCTaBISIO-
ue.

29. O0630p KJIACCUYECKUX METOOB pacyeTa Harpy304HbBIX MOTEPh.

30. Meroa omepaTWBHBIX Pacuye€TOB HArpy304YHBIX MOTEph (pacdyer mo rpaduky
Harpy3Ku, METOJ] TpauuecKoro HHTETrPUPOBAHU).
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31. Onpenenenne noTeps MO0 METOAY HAaUOOIBIIUX TOTEPh . DopMyIIBI U1 TOI0BO-
ro 1 6ojee KOPOTKUX UHTEPBAJIOB pacyeTa.

32. MomuduKauy MeTo1a HanGOBIINX HOTeph: MeTox F ' Q.

33. Moanbukamig MeToa HanGOMBIINX TOTEPh: MeTo 2T,

34. OnpeneneHue NOTepb MO METOLY CPETHUX HATPY30K.

35. XapakTepucTUKa COCTABISIONIMX YCIOBHO-TIOCTOSIHHBIX TTOTEPh AJIEKTPOIHEPTUU
IIpU €€ Iepeayve.

36. Ilotepu xonocroro xoja TpaHc(opMaTOpOB U MIYHTUPYIOMIMX PEAKTOPOB. 3aBU-
CUMOCTB OT TapaMeTpoB pexuMa ceTh. [IepCeKTUBbI YTOUHEHHUS.

37. YCII0BHO-TIOCTOSIHHBIE MTOTEPH AJEKTPOIHEPTHUM MpHU ee nepenade. ['pynna "kiu-
MaTh4ecKue' moTepH.

38. YCI0BHO-TIOCTOSIHHBIE MTOTEPH 3JEKTPOIHEPTHH TIpH ee nepenaye. ['pynmna "kom-
IIEHCUPYIOILIIHE YCTPOMCTBA".

39. Ilotepu B cucTeMax ydeTa dJIeKTpudecKkon sHeprurd. OCHOBHBIC aCTICKTHI.

40. ITorpenrHOCTh U3MEPUTENHHOTO TPaKTa (KaHaja) yueTa dJIEKTPUUECKON IHEPTUH.
41. OtHOCUTENbHAA M a0COMIOTHASI TTOTPEIIHOCTA U3MEPEHUS BJIEKTPUUECKON IHEp-
run st DCO.

42. CxeMa MOAKIIOYECHUS CUETUMKA dJeKTposHeprun. O0paboTka moka3aHU UHAYK-
LAOHHBIX U 3JICKTPOHHBIX CYETUYMKOB.

43. Crioco6sl onpenenenus kodddunuenta Gopmel rpaduka daeKTpornepeadm.
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