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1. ConepxxaHune 0OCHOBHBIX TeM MPOTrPaAMMBbI

1.1.06mmue cBeeHust 0 HeCHMMETPHH TOKOB U HANIPSKeHHI
OO6mume cBefeHUST 0 HECUMMETPUU TOKOB U HANpsDKEHHWH. BnusiHue HeCMMMETpUM HAaNpspKEHUW Ha
KaueCTBO IEKTPUUECKOM S3HEpruu. BiausiHre HeCHMMETPU TOKOB Ha TOTEPHU JIEKTPUUECKON SHEPTUH.

1.2. MoayJbHbIii MeTO/ pacyeTa nokas3aresjieii HeCCHMMETPHH TOKOB H HANIPSIKeHU I
Onpenenenne noka3aTeneil HECCUMMETPUH TOKOB U JIONOJHUTEIbHBIX TOTEPh MOIIHOCTH.
Ornpenenenne mnokazarejaeii HECUMMETPUUHAINIPSHKEHNM U IOKa3aTeaell KauyecTBa 3JIEKTPUUYECKOU
SHEPTrUH.

1.3.Brusinie HeCHMMETPHHM HANPSLKEHHWH HAa TMOTepH W MajeHHe HaNpsiKeHUss B
pacnpeneuTeIbHON ceTH
OnpeneneHne  CUMMETPUYHBIX  COCTaBISIOUIMX — MOTepb  HampsbkeHus.  OnpeneneHue
CUMMETPUYHBIX COCTABJISIIOLIUX MA/ICHUS HAPSIKEHHUS.

1.4.Bausinue CMMMETPHYHBIX COCTABJISIONIMX 3J1€MEHTOB JJIEKTPUYECKOii ceTH HA U3MEHeHHue
NnoKa3areJieil KauecTBa JIEKTPOIHEPIruu
Bnusiaue compoTtuBieHHs 0OpaTHOW ¥ HYJIEBOM IOCIIENOBATENBLHOCTH TpaHchopMaropa Ha
CUMMETPUYHBIE COCTABISAIOIIME TOKOB M HANpsHKEHUI B paclpeienuTesbHON ceTH. 3meHeHue
CONPOTUBIICHUN HYJIEBOM IMOCIENOBATEIBHOCTU JIMHUU BJEKTPONepeNadyd IpU H3MEHSIOUIEMCS
KaueCTBE 3JIEKTPOIHEPTUU.

1.5. BiausiHMe HeCHMMETPHYHBIX Pe;KHMOB HA PaboTy JIEKTPO0OOPY10BAHUS
Opnodaszusle notpebutenu. Jlunum osnektponepenaun u TpaHchopmaropel. KoHaeHcaTOpHBIE
YCTaHOBKH.

1.6.Cnocodbl 1 TeXHMYeCKHEe CPeACTBA CHHKEHHs] HeCHMMETPUH TOKOB M HANPSI:KeHUI B
pacnpeneaeTHIbHBIX 3JIEKTPHYECKHX CeTAX
[lepepacnpenenenue onHO(a3HBIX HATPY30K B JIEKTPUUECKON CETH. ABTOMATHYECKOE MOIKIIOYCHUE
01HO(Da3HOM HAarpy3KH K HaMMEHee Harpy>XKeHHoM (aze anekTpuueckoi cet. [I[puMeHenne 3aMKHYThIX
U MOJIY3aMKHYTBIX cXeM. Vcrnonap30BaHue CelUalbHbIX IIYHTO-CUMMETPUPYIOIIUX YCTPOICTB.

1.7.ABTOMaTH3anus YyNpPaBJieHUs CUMMETPUPYIOUIUMHU YCTpolicTBaMu YTIpaBJieHUE B
GyHKIIMM BpeMeHU. YTpaBjieHue B (pyHKIUY TOKa HYJIEBOM MOCIEI0BATEIbHOCTH.

2.8.0npenesneHue napaMmeTpoB CHMMETPHPYIOLIUX YCTPOHCTB
Omnpenenenre mnapaMeTpoB KOHJEHCATOPHOIO CHMMETPUPYIOIIEro ycTpoiicTBa. OmpeneneHue
[apaMeTpoOB JIEKTPOMArHUTHOTO IIIYHTOCUMMETPUPYIOIIETO YCTPOUCTBA.

2.9.0mnpenesienue nokasaresieil HeCHMMeTPUM TOKOB M HANIPSIKeHUIl B
pacnpeneuTeIbHONH 3JEKTPUYECKON ceTH ceTH M pPa3jJMYHbIMM BHJAAMH HeCMMMETPHU4YHOM
HATPy3KH U CHMMETPHPYIOLINM YCTPOICTBOM.

2.10. IIpuxknagabie KoMnblOTepHbIe porpamMmmbl «Hecummerpus 1» n «Hecummerpust 2»
JJIA pacyera nokasareJieil HeCHMMETPHHU TOKOB U HANIPSIZKEHUH B JIEKTPHUYECKOM ceTH
¢ pacnpenesieHHol Harpyskou u CY.
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2. Bomnpocsl 1J151 caMONpoOBepKH

Uto Takoe HeCUMMETPHUS TOKa?
UYTto Takoe cTaTUCTUYECKAass HECUMMETPHUS TOKOB?
Uto Takoe BEpOATHOCTHASI HECUMMETPHUS TOKOB?
UT0 Takoe TeXHOJIOrM4ecKasi HECUMMETPUSI TOKOB?
Uro Takoe HECUMMETPHUS HAIPSHKEHNIN?
Kakwue mokazarenu kauectBa O3 ONpenesitoT HECUMMETPHIO TpeX(ha3HOM CUCTEMBI HANTPSKEHUN ?
Kakum 006pazom onpeaensiroTcs JOMOTHUTEIbHBIC ITOTEPH MOIITHOCTH TIPYU HECUMMETPHH (Da3HBIX TOKOB?
B uem cocTouT npuHIMI MOYJIBHOTO METO/a pacueTa CAMMETPUYHBIX COCTABJISIFOLIUX TOKOB U
HaIpsHKEHUN?
Kakue mapameTpsl 2JIEKTPUIECKON YHEPTUU HEOOXOIUMO 3HATH JUIsl pacueTa HECUMMETPUYHOTO PeKrMa
MOJAYJIbHBIM METOJIOM?

HazoBute ocHOBHBIE CITOCOOBI CHIDKEHUSI HECUMMETPUU TOKOB U HANIPSKEHUN ?

Uro npencraBiser u3 ceds IyHTO-CUMMETPHUpYIOLIee YCTPOilcTBO?

Ha xaxom npuHIMne ocHoBana padora anexkrpomarautaoro LHHICY?

Ha kaxom npuHItune ocHoBana pabora konjaencaroptoro HICY?

Kaxkoe 3nauenue umeer Be10op mecta ycranoBku LIICY B anekTpudeckoit cetu?

J1i1st KakoW LeTu OCYIIECTBIsIeTCsl aBToMaTu3alus ynpasienuem LLICY?

[Ipenmnoceuiku (OPMUPOBAHUS MTOX0/IA K KAYECTBY AJICKTPOCHAOKCHHS.

Cucremarnueckasi HECHUMMETPHUS TOKOB.

BeposTtHocTHast HECHUMMETpPHS TOKOB.
DneMeHTHAast HeCUMMETPHUS TOKOB.
Omnpenenenue nokasarenei KauecTBa, XapaKTepU3YIOLUX HECUMMETPHIO TPEX(Pa3HOM cUCTEMBI
HaNpsHKEHUM.
Omnpenenenre AOMOJIHUTENBHBIX TOTEPh MOIIHOCTH, 00YCIOBIEHHBIX HECUMMETPHUEH
(ha3HBIX TOKOB.
Omnpenenenus: cucTeMa 3J1eKTPOCHA0KEHU S, I10JIb30BaTENb 3JIEKTPUUECKOM CETH.
Omnpenenenus: cereBas OpraHu3alusl, KOHIYKTUBHAS 3JIEKTPOMarHUTHas oMexa.
KonzaeHncaropHble IyHTO-CUMMETPUPYIOLIUE YCTPONCTBA.
DNEeKTPOMAarHUTHbIE IIYHTO-CUMMETPUPYIOLIUE YCTPOHCTBA.
Pacuer cuMMeTpupyrOIKX YCTPONCTB.
Omnpenenenue Mecta yctaHoBku CVY B anekTpuueckoit pactpeaenurenbnoit cetu 0,38 kB.
Omnpenenenus: ypoBeHb 3JIEKTPOMArHUTHONH COBMECTUMOCTH B CUCTEMAX 3JIEKTPOCHAOKEHUS.
Omnpenenenus: HaIPsHKEHUE SJIEKTPONUTAHUS, YaCTOTa HAIPSHKEHUS JIEKTPOIUTAHUS.
Onpenenenus: cOrIacOBaHHOE HANPSIKEHUE dJIEKTPONIUTAHMSI, OTIOPHOE HAPSKEHUE.
Onpenenenns: HU3KOE, CPETHEE U BHICOKOE HANIPSDKEHUE; IPEPBIBAHUE HAIIPSHKEHHUS.
[TpyurHBI BOSHUKHOBEHHSI HECUMMETPUHU TPEX(HA3HON CHCTEMBI HAMIPSKEHU B ANIEKTPUIECKUX CETSX.
[Tpennocbuiku GopMUPOBaHUS MOIX0/1A K KAYECTBY 3JIEKTPOCHAOKEHHUS.
[TyHKTBI KOHTpPOJISI KauecTBa D9 10 HECUMMETPHUH HaIPSHKEHUH.
Omnpenenenue nokasareiae HeCHUMMETpUH TOKOB U HarpsbkeHui ¢ CY u 6e3 CVY.
Onpenenenne napamMerpos CY B 3aBUCMMOCTH OT YPOBHSI HECHMMETPUH TOKOB U HAIPSIKEHU B
anextpudeckoit cetu 0,38 kB.



3. HrToroBwlii TECT U 321241

1. Yo sBnsieTCS NPUYMHON BO3ZHUKHOBEHUSI HECUMMETPHUH TPEX(Pa3HOM CUCTEMBI
Hanpsp>KeHUun?

a) OTKJIOHEHUE HaNpsDKEHUs; 0) moTepsl HanpsHKEHUS; B) HECUMMETPHSI TOKOB.
OtBeT: B).

2. TlpuymHOV BO3HUKHOBEHUS CTATHCTUYCCKOM HECUMMETPUHU TOKOB SIBIISICTCS: Q)
pe3KonepeMeHHas Harpy3ka; 0) HepaBHOMEpHasi Harpy3ka 1o ¢a3am; B)
3JIEKTPOMArHUTHBIE NTepexoaHble momexu. OTBeT: 0).

3. Uro sBnsieTcs MPUYUHON BOSHUKHOBEHHS CITy4aifHOW HECUMMETPUHU TOKOB?
a) HepaBHOMEpHAas Harpyska; 0) yJapHble Harpy3Ku; B) BEpOSITHOCTHBIM
xapakrep kommyTanuii ogHodasusix I11. OTBer: B).

4. DrneMeHTHasHeCUMMETpPHUs (Pa3HBIX TOKOB BHI3bIBACTCS: a) OOPHIBOM (ha3bl B
TpéxdazHoii cucteme; 0) BBIXOJAOM M3 CTPOSI OJJHOTO M3 3JICMEHTOB TpEXha3zHoU
CUMMETPUYHON HArPY3KH; B) OTKJIOHCHUEM HAIPSDKCHHS B HanOoJiee yIaleHHOM
TOYKE dJIeKTpruecKoit cetn. OTBeT: a) u 0).



10.

11.

[IlyHTO-cCHMMETpHpYIOIIEe YCTPOUCTBO 00Ia1aeT: a) MUHUMAJIbHBIM
COIPOTHBIIEHUEM TOKAM HYJIEBOI MMOCIeI0BaTeNIbHOCTH; 0) MUHUMAaJIbHBIM
COINPOTHUBIIEHUEM TOKaM 00OpaTHOM MOCIIEI0BATEIbHOCTH; B) MUHUMAIbHBIM
coOCTBEHHBIM dJIeKTponioTpedieHrneM. OTBET: a).

3nauenue ko3 duienra odparoi nocnenoBarenbHOcTH B 100% BpemeHun
MHTEpBaJla U3MEPEHUI He JI0JDKHO MpeBbImaTh: a) 2%:; 6) 3%:; B) 4%. OTBeT: B).
3nauenue ko3 duimenta oo6paTHoil mocienoBareabHOCTU B 95% BpeMeHu HHTepBaja
M3MEpeHul He OJKHO NpeBbIath: a) 2%; 6) 3%; B) 4%. OTBeT: a).

3nauenue koddduirenta HyneBoi nocaenoBarenbHocTH B 100% BpeMeHnu nHTepBasia
M3MEpeHul He OJHKHO IpeBbIath: a) 5%; 6) 10%; B) 4%. OTBeT: B).

3HaueHue k03P PUIMEHTA HYJIEBOW MMOCICOBATEILHOCTH B 95% BpeMeHU HHTEpBaIa
M3MEpEeHUl He TOJHKHO MPeBhIIaTh: a) 2%; 6) 5%; B) 7%. OTBeT: a).

Koaddutiment noreps MOIIHOCTH B TpeX(a3HOU TPEXMPOBOTHONW CETH 3aBUCHUT OT:
a) TOKa 00OpaTHOM MOCIENOBATEIILHOCTH; 0) TOKA HYJIEBOH MOCIEA0BATEIHLHOCTH; B)
TOKa 00paTHOM U HyJEBO nocneaoBaTeabHOCTH. OTBET: a).

KoadduumenT moreps MOITHOCTH B TpeX(Ha3HOU YETHIPEXIIPOBOAHON CETH 3aBUCUT
OT: a) TOKa 00paTHOM MocIeA0BaTeNbHOCTH; 0) TOKA HYJIEBOM MOCIEI0BATEIHOCTH;
B) TOKa 00paTHOI U HYJIEBOM mocienoBareabHOCTU. OTBET: B).

3amaun
TpeOyercs onpenenuts OTKIOHEHHE HanpspkeHus B cetu 0,38 kB y morpeburens ¢
Tp€XxdazHpIM BBOJIOM, eciii u3BecTHO: U,,=372 B; U,.=364 B; Uca= 360 B. Jlatb
3aKIIFOYCHHE O BO3MOKHOCTH PabOTHI MOTPEOUTEIIS.

Pemenne:

gJd_ " "uom. 100%’

rac U- JEHCTBUTEIIFHOE 3HAUCHHUE HAIIpsPKCHUE, 3a KOTOPOC NPUHUMACTCS
)IGfICTB}H-OHIGC S3HAYCHHEC HAIIPSIHKCHUSA OCHOBHOI YaCTOTEL:

1
U= '(UAB+UBC+UCA)-

ITocne 3TOro CpaBHMBAIOT MOJIYYEHHOE 3HAYCHUE OTKIOHEHUS HAIPSKEHUS C
ycranoBieHHbIM ['OCTom 32144-2013 3nHauenuem (+ 10%) u genaercs BBIBOJ O
BO3MO>XKHOCTH 3KCIUTyaTanuu AaHHou cetu 0,38 kB:

M _ _g'AB +"Bc + YcA) = --(3V23+ 364 + 360) = 365,B

05
=4

5U = H_“HGMT . Jgo%: e

*%.100% = -3,9% . CpaBHuBas ¢
380

HOpPMaJIbHO-AOMYCTUMBIM 3HaueHHeM (-10%), MOKHO cienaTh BBIBOJ O TOM, UTO
JIaHHAs CETh YJIOBJIETBOPSIET YCIOBUAM 3KCIITyaTanuu B coorBeTcTBUM ¢ [OCT
32144-2013.

Ornpenenutb CTOUMOCTD JIOMOJIHUTENbHBIX TOTEPh JIeKTpuueckon s3uepruu B JIDII
0,38 kB mpu HecummeTpun Qa3zHBIX TOKOB, €CIIM U3BECTHHI CIECAYIOLIUE UCXOTHBIC
JNaHHEIE:



Toxu psiMoii, 0OpaTHOM W HYJIEBOU MOCIIEIOBATEILHOCTH PaBHBI, COOTBETCTBEHHO: 50,
14 1 21 A. CTouMOCTb TTOTEPh NMPU CUMMETPUIHOM pexume coctasisieT 24000 pyo.

Kp=1 + K',, ‘HKozin A =K,
Wy
3. 3amaua. B pe3ynbrare HECUMMETPUYHOIO paclpeieNieHus] Harpy3Ku 1o ¢azam ceTu
0,38 kB B HacenénHoM myHKTE (Da3HbIC U MEKTyha3HbIC HANIPSHKEHUS Ha
OTXOJSIIEH JTIMHUU U3MEHWINCH CIICTYIOIUM 00pa3oMm:

Uu=2420 U,=2185, Uy=232B- U,=3%B- Uy, =366B- U,, = WB-
OnpeeuTh MOKa3aTe M KauecTBa 3JICKTPUICCKON SHEPTHH, COOTBETCTBYIOIIHE
HECUMMETPUIHOMY PEXKHUMY pabOThI, CpaBHUTH UX ¢ ycTaHoBIeHHBIME [[OCTom
321442013 3Ha4eHUSAMH U CHAEJIATH BBIBOJL.
Pemrenue: onpenensiem Koy=U,/Ub Kou=Uo/Ui. I'nen2=0,62(vyp-upgm);
10=0,62(uHb®.-uaMd.);u1=1/3(uny+uy uNen).

4. B HaceJJéHHOM NMYHKTe HEOOXO0AUMO OCyIlecTBUTH MOHTaX JimHuu 0,38 kB. ITo
HCXOJHBIM JaHHBIM (Ta0.1.1) pac4éTHBIX HAIPY30K HA KAKAOM U3 OTXOASAIIUX
aununii 0,38 kB (puc. 1) Tpedyercss NpoU3BeCTH CJAEAYIOUIHE PACYETHI:

- BBIOpaTh MapKy U CEUEHHUE MPOBO/A HA KaXJIOM yUaCTKe
orxoasmux ot TII BJI;

- mpoBepuTh BeIOpaHHBIE TIPoBoia BJI Mo motepsam HanpsKeHS;

- JIaHHBIE pacuéTa CBECTH B TaOIUIlY

2
X
Puc. 1. Ilnan HacenéHHOTO MyHKTA
Hcxoonwvle oannvie
JInnusa Homep yyacTtka [MakcuMaabHast Macmra6, M pumeyanue
MOIIHOCTH, KBA Ocpb X Ocb Y
1 1-2 22,5 800 700 0e3 yJI. OCB.
1-0 41 _M_ _M_ _M_
2 1-2 27 _M_ _M_ _Wn_
1_3 8 _M_ _M_ _M_
10 32 T T T




5. B pesynbpTaTe HECUMMETPUYHOTO pacipeesieHus Harpy3ku 1o ¢azam cetu 0,38 kB
B Hacen€HHOM nyHKTe (puc. 1) pa3ubie u MexTydasHbie HAIPSHKEHUS Ha
OTXOJAIIUX JTUHUIX U3MEHWINCH CIEAYIOIINM 00pa3oM:

1 nuuus:

U,- =242 B-C/,,=218%# Uw=232B- (/,.,.=394 4; (/,.,,. =366 4; (/,,.,. = 376 4;
uv ww "wu'

2 JINHUS:

Urr=230B\ U,- =218 5; Uy=2Y 2B\ UTTJ'7TF3908\ (/,,,VWS78 A; (/,,.,. = 359 A

3 JuHULA;
U,=2\1B- U,=221B, U,=232B, U, =312B, U,,=3SSB, U,, = 396B,

4  nuHUA:
u,=220B- Uu,=2\8B;, Uy,=230B, U, =3Z2B; U,,=377B; U,, = 389 B.

A a SKkm b
15xm Sa=6.4+j4.8 MBA Sb=1.1+j1.01 MBA
C
TpebyeTcst OnpeaeTuTh MOKa3aTeIH KadyecTBa ” SjueiOTpijiefcMiBIA

SHEPTUH, COOTBETCTBYIOIINE HECUMMETPUYHOMY PEXKUMY pabOThl, CPABHUTH UX C
yctaHoBieHHbIMU ['OCTowMm 32144-2013 3HaueHussMH U clienaTh BIBOJ O IPUTOAHOCTH K
AKCIUTyaTaIuu JIEKTpruueckoi cetu. COCTaBUTH Al PEKOMEHIAIUHN ISl CAMMETPUPOBAHUS
pexumMa paboThl dTEKTPUUECKON CETH.

6. OnpenenuTh HAMOOJBIIYIO IOTEPIO HATIPSHKEHUS B CETH, MPEICTABICHHON Ha pHC.2

Cetp 35 kB BbInosHeHa cTaneallOMUHUEBBIMU MTPOBOIaMU. JIJTMHBI Y4aCTKOB CETH, Harpy3KH
npuBeieHbl Ha cxeme. ConpotuBieHus 1 KM JMHMM Ha ydacTke Aa coctasistor: R0=0.314
Om/kM, X0=0.42 OM/kM, JUTsl OCTATBHBIX ydacTKoB R0=0.773 Om/km, X0=0.4450M/KkM.

7. CpenaTh 3aKJIIOYEHHME O BO3MOXXHOCTH O BO3MOXHOCTU (DYHKIMOHUPOBAHUS
TpE€x(azHOTO aCHHXPOHHOTO JIBUTATENS MPH CIEIYIONMX Mapamerpax TpéxQasHoi
ceti: Uas=342 B; Usc=350 B: Uca=336 B.

8. OnpenenuTb CTOUMOCTD JOTIOJHUTEIBHBIX TOTEPh IEKTpUdeckoit sHepruu B JIOIT
0,38 kB npu HecummeTpun (ha3HBIX TOKOB, €CIIM M3BECTHBI CIEIYIOIINE UCXOIHBIE
JTaHHBIE:
Toxu psiMoii, 00paTHOM U HYJIEBOU MOCIIEI0OBATEILHOCTH PaBHBI, COOTBETCTBEHHO: 50, 14 1 21
A. CronmocTh OTEph MPU CUMMETPUYHOM pexume cocTasisieT 24000 pyo.
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Ha pucynkax a) u 6) n300pakeHbl COOTBETCTBEHHO: CXeMa YIIPaBIIAEMOT0 JICKTPOMATHUTHOTO
IIYHTO-CUMMETPHPYIOIIEr0 YCTPOUCTBA (a) U OECKOHTAKTHAsI CXeMa YIPABJICHHUS] MOIHOCTHIO
3TOrO yCcTpoiicTa (0).

[TosicHUTH pabOTy CHMMETPUPYIOIIETO YCTPOMCTBA.

4. IlpumepHasi TeMaTHKA pedepaToB
HCCI/IMMeTpI/ISI TOKOB U HaHpH)KCHI/Iﬁ N IPUYUHBI UX BO3SHUKHOBCHUS.
BnusiHue HECUMMETPUYHBIX PEXKUMOB Pa0OTHI pacCpeeIUTENbHbIX AIEKTPHUYECKUX
ceTell Ha paboTy OTAENbHBIX ANEKTPONPUEMHHUKOB.
Croco0bl 1 TEXHUYECKHE CpeacTBa CHUKCHUSA HCCUMMCTPHUU TOKOB U HaprDKeHI/Iﬁ B
pacupeneanTeNbHbIX CETIX.
Omnpenenenue napaMeTpoB CUMMETPUPYIOMIUX YCTPOUCTB I CHUKEHUSI YPOBHS
HECUMMCTPUHU TOKOB U HaprI)KeHPIfI.
CriocoOsbl YIipaBJICHUA HCCUMMCTPUYHBIMU PCIKUMAMHU PACIIPCACITUTCIIbHBIX
QJICKTPHUYICCKUX ceTeit.

g~ W e

6. JlutepaTtypa no aucuunInHe

OcHOBHAas IUTEPATYpa

1. Haymon U.B., Jlemunckas T.b., bonnapenko C.U. [IpoexTupoBanue cuctem
anekTpocHabxenus. YueoHoe nmocoodue. ['pud YMO Ne07-8a/41 ot 17.01.2011,
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2. Jlemmuuckas T.b., Haymos U.B. DnexkTpocHabkeHHne CETLCKOTo X035 cTBa.
VYueOuuk 113t By30B, MockBa, KomocC, 2008- 655 C.
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[Munmunenxo. - OpenOypr : OI'Y, 2014. - 124 c.- Pexxum nocryna:
http://rucont.ru/efd/293638.

6. HaymoB MU.B. HecummeTpuuHbie pesKUMBI pabOThI pacpeaeTuTeIbHbIX
anektpuueckux cereit [ Texct]: Monorpadus (teopernueckue o6oo6menus)/ 1.B.
Haymog / Upkyrckas 'CXA, 2014. - 152 C.
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1. Haymos, Urops BiaagumupoBuy. OnTuMu3anmsi HECCHMMETPHUYHBIX PEKUMOB
CHCTEMBI CEIIbCKOTO JICKTPOCHa0KeHus (TeopeTndeckue 06oomenus) [Tekct] / . B.
Haymos ; Upkyrt.roc. c.-x. akan. - Upkyrck : UpI'CXA, 2001. - 217 ¢. XP(5)

2. Kocoyxos, ®enop AmurpueBud. Hecummerpust HanpsikeHU U TOKOB B CEbCKUX
pacnpenenurenbHbix cetsix [Teker] / @. /1. Kocoyxos, U. B. Haymos ; UpkyT.roc. c.- X.
akan. - Upkyrck : UpI'CXA, 2003. - 258 c. Y(45), XP(2).

3. HUBanoB, I'esimii MuxaiijioBny. HecummeTpuaHbie pexXxuMBbl pabOTHl THPUCTOPHBIX
npeoOpaszoBareNeil B AIEKTponpruBoaax nepemMennoro toka [Tekct] / I'. M. MBanos, B.
®. Eropkus. - M. :Dueproaromuznat, 1990. - 200 c.1 3k3.

4. Kocrtwouenko, Jluaus [lerpoBHa. iMuTanimonHoe MOJEIMPOBAHUE CUCTEM CEITBCKOTO
anexkTpocHabxkenus B nporpamme MATLAB [Tekcr] : yue6.mocodue A CTyIEHTOB,
oOyJaronuxcs 1Mo HanpaBJIeHHIo NoAroT. 6akanaBpos 110800.62 u maructpos
110800.68 "Arpounxenepus" u no creu. 110302.65 "Dnexrpudukanus u
aBToMaru3alus cei. xo3-Ba" : pek. Cub. pernos. yue6.-meroa. ueatpom / JI. I1.
Koctrouenko. - Kpacnosipck : U3a-Bo Kpacl'AY, 2012. - 216 ¢. XP(1)

Cnucoxk nporpaMMHOro odecnedeHus, MCMOJIb3yeMOro AJsl 0CBOCHHSA
AUCHUTIUHBI
KOMITAC-3DV12 (cucrema aBTOMaTH3UPOBAHHOTO ITPOCKTUPOBAHMS).
AIIM (cucrema aBTOMAaTU3UPOBAHHOTO TPOEKTUPOBAHMUS).
KoHncynpTaHT moc.
I'APAHT IInardopmer F1 DKCIIEPT.
Maxima - MaTeMaTHYeCKUIMAKeT MPOrPaMM.
Latex - cucteMakoMIbIOTEPHON BEPCTKH.
Kpowme 3T0oro, ncnosb3yroTces IporpaMMHbIE KOMIUIEKCHI, UMEIOLINE FOCYAAPCTBEHHYIO
perucTpanmio, pa3padboTaHHble Ha Kadeape IIEKTPOCHAOKEHHS U DIIEKTPOTEXHUKH:
1. «IIporuo3s - 2-+».
2. «IIporuos - 3».
A Takxke IporpaMMHbIE KOMIUIEKCHI, €Ill€ HE MpOILIEANINe TOCyJapCTBEHHYIO
perucTparuio:

Sk whE

1. «Hecummerpus - 1».
2. «Hecummerous - 2».

7. CioBapb TepMUHOB

JI1st mosty4eHus ClIpaBOYHBIX CBEIECHHUN MO TEOPUU JTUCLUILIMHBI BO BPEMS
71a00paTOPHBIX U MPAKTUUYECKUX 3aHATUHN, a TaKKe BO BPEMs CaMOCTOSTEIbHON
paboThI CIIYKUT HUXKE MPUBEJICHHBINA TEPMUHOJIOTUYECKUN CIIOBAPb:
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1. CraTucTrnyeckasi HeCHMMETPHS TOKOB - HECUMMETpUs (ha3HBIX TOKOB,
OOyCJIOBJIEHHAss HEPAaBHOMEPHBIM XapaKTepOM TMOJAKIIOYEHHS OJHO(pA3HBIX
AIIEKTPOIIPUEMHHUKOB K (hazam TpExhasHON AIEKTPUIESCKOU CETH.

2. BeposiTHOCTHAsI HECUMMETPHUSI TOKOB - HECUMMETPHS (Pa3HBIX TOKOB,
OOyCNOBJICHHAsT ~ CIAy4YailHBIM  XapakTepoM  KOMMYyTauuid  0JHO(A3HBIX
AIIEKTPOIPUEMHHUKOB B TPEX(PA3HOU CUCTEME.

3. TexHoJsiormyeckasi HeCHUMMETPUSITOKOB - HECUMMETpHUS (Ha3HBIX
TOKOB, OOYCIIOBJICHHAsl BBIXOJAOM U3 CTposi TpEX(}a3HOro CUMMETPUIHOTO
TEXHOJIOTUYECKOT0 IEKTPOOOOPYI0BAHHSI.

4, Ko>gpuuuent HECUMMETPHUH TOKOB no o0OpaTHOM
MOCJIe0BaTeJILHOCTH - OTHOIIIEHHE TOKA 0OpaTHOM MOCIEI0BATETLHOCTH K TOKY
IPsIMOM MOCTIEA0BATENLHOCTH TpeX(a3HOM CUCTEMBI.

5. Ko>gppuuuent HeCMMMETPHUH TOKOB 1o HYJIeBOM
MOCJIe0BATeJILHOCTH - OTHOIICHUE TOKA HYJIEBOU MOCIEI0BATEIIBHOCTU K TOKY
IPsIMOI MOCTIEA0BATENLHOCTH.

6.
Koy puuuent HecumMMeTpuu HANIPAKESHUH 110 oOpaTtHoit
MOCJIeA0BATEILHOCTH - OTHOIIICHUE HaIpsKEHUS oOpaTHo

MOCJIEIOBATENBHOCTH K HOMUHAJIBHOMY MEKy(pa3HOMY HAIpPsHKEHHUIO.

7. KodppuumeHT HecHMMeETpPHMH  HANPSKEHMHA 1O  HYJEeBOH
I0CJIEI0BATEILHOCTH - OTHOLICHUE HAIIPSHKEHUs HYJIEBOM I10CJIEI0BATEIIbHOCTH
K HOMHUHAJIbHOMY (ha3HOMY HaIPsHKEHHUIO.

8. JlomosHMTE/JbHBIE TOTEPHM MOIIHOCTHM - TIOTEPH MOIIHOCTH,
00yCIIOBJIEHHBIE, KBaAPATUYHON 3aBUCUMOCTBbIO CUMMETPUYHBIX COCTABIISIFOIINX
psIMOii, 0OpaTHOM U HYJIEBOM MOCIIEIOBATEIHLHOCTEH TOKOB.

9. IlyHTo-cMMMeTpUpYIOIllee YCTPOMCTBO - TEXHHUYECKOE CPEJCTBO,
oOnanaroniee MHUHUMAaJIbHBIM CONPOTHUBIICHUEM TOKam HYJIEBON
MOCJIEA0BATEIBHOCTH.

MuHHCTEPCTBO CebCKOro xo3sucTBa Poccurickoii @exepaunu
®I'BOY BIIO UpkyTrckasi rocy1apcTBeHHAs CeJIbCKOX0351iICTBEHHAS
aKajaeMus

HAYMOB HU.B.
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JIEKTPUYECKHUX ceTeil: MOHOrpadus (TeopeTnyecKkue 0000 eHust).-
Hpkyrck: usn-so UpI'CXA, 2014 - 151 C.
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PEXKHUMOB, a TaK:Ke CPeACTB cuMMeTpupoBaHusi. M3/10keH HOPMATHUBHBIH
MaTepuaJl o N3MePeHuI0 NMoKa3arejieid HECUMMETPHH, A TAKKe TPeOOBaHUA
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Bce a1mekTpoycTaHOBKH, COCTABISIONINE CUCTEMY AJIEKTPOCHAOKEHHSI, B TOM
YHCIIe 3JIEKTPUUECKUE JIMHUU U TPaHC(HOPMATOPBI, XapaKTEPU3YIOTCSI aKTUBHBIMU
conpotuBieHussMU. [losToMy nipu nepeaaye, pacrpeneacHiuu 1 npeodpazoBaHUH
ANEKTPUYECKOM SHEPTHH MMPOUCXOIAT MOTEPH.

[TomaBnsiromasi 4yacTh MOTEPHh YHEPTUU B CETIX MPEANPHUATHI BCEX YPOBHEU
MPUXOJUTCS Ha DIEKTPUUECKHE JHHHUM U TpaHchopMmaTtopbl, U OOBIYHO B
MPAKTUYECKUX pacyeTax yYWTHIBAIOT MOTEPU TOJBKO B 3THUX 3JIEMEHTaxX CeTeH.
[Totepu »sHeprum B TpoBOJAX, Kabemsx W o0OMOTKax TpaHChOpMaTOpoB
MPONOPIMOHAIBHBI KBaJpaTy NPOTEKAKOIIET0 10 HUM TOKa Harpy3KH, U [0 3TOMY
MX Ha3blBAlOT HArpy30YHbIMU TOTEpAMH. TOK Harpy3kd, Kak IIpaBHIIO,
U3MEHSETCS BO BPEMEHM, UM Harpy304Hble TIOTEpPM YacCTO HA3BIBAIOT
MEPEMEHHBIMHU.

[TIo Mepe pocTa Harpy30Kk U MPUCOEAMHEHHS K DJEKTPUUYECKON CETH HOBBIX
noTpeduTeneil B HEW BO3pacTalOT MNOTEpPU dJIeKTpudeckoil sHepruu. Ilo
OMyOJIMKOBAaHHBIM JITAHHBIM TMOTEPH SJEKTPUUYECKON SHEPIHMH B ACHCTBYIOLIUX
cetax HampsbkeHnem 0,38 kB cocraBmsror 31..33%, a ¢ ydetom mnorepb
anekTposHepruu B TpaHchopmaropax 10/0,4 kB moTpeOUTENbCKUX MOICTAHIINI
(TIT) onn mocturaroT 50..55% oT 0OIIMX MOTEPE.

Pa3BuTHE BJEKTPOTEXHOJOTMM M aBTOMAaTH3allUd  MPOU3BOJCTBEHHBIX
MPOILIECCOB, a TaK¥Ke MOBBIIICHHE CTENIEHU UCIIOJIb30BaHUE
ANEKTPOOOOPYI0BAHUS, B YACTHOCTU OJAHO(DA3ZHBIX 3JIEKTPONPUEMHUKOB BIEKYT
3a c000i1 MOCTOSIHHBIN POCT MOTEPH INEKTPUUECKON IHEPTUU U MOUTHOCTH, KakK B
pacupenenuTeNbHOM CeTH, TaK M B CaMHUX JJeKTpornpueMHukax. OgHuM u3
HMCTOYHHUKOB MOTEPD, ABIAECTCA HECUMMETPHS HANPSKEHUH U TOKOB B CUCTEME U
Ha 32)KMMaX JIEKTPOIPUEMHHUKOB.

OCHOBHOM MPUYMHON BO3HUKHOBEHUS JUIMTENIbHBIX HECUMMETPHUYHBIX
PEKUMOB DJIEKTPUUYECKUX CUCTEM SIBISIETCS HECMMMETPUYHOE pacrpejiesieHue
NOTpeOUTENEH IEKTPUUECKON dHEPTUH 10 TeppuTOopuu npeanpusatud. K takum
NOTPEOUTENSIM B MEPBYIO OYEpelb CIEAYET OTHECTU AJIEKTPOTEXHOJOTHUUYECKHE

YCTaHOBKH, Hpe06na)1a}0mee OOIBIIMHCTBO KOTOPLIX, BCJIICACTBUC
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HECUMMETPUYHOTO HCIOJHEHUS M OCOOEHHOCTEH CamMoro TEXHOJIOTHYECKOIo
nporecca, 00yclIaBIuBaeT HECUMMETPHIO PeXUMa U MHUTAIOIIEH 3JIEKTPUIECKON
CeTH, YTO OTPHUILATEIbHO BIHUSAET Ha pPadOTy MapayjieIbHO BKIIOUYEHHBIX
NOTpeOUTENel U BENET K YXYAIICHUIO TMOKa3aTeled KauecTBa SJIEKTPUUECKOUN
sHepruu. [logkiroueHne Takux NoTpeOUTeENen K SIEKTPUYECKON CETH BBI3BIBAET B
NOCJIEAHE HECHMMMETPUIO TOKOB W HAIPSOHKEHUH, KOTOpas OTPULIATEIIBHO
CKa3bIBaeTCsi Ha paboTe BCEX 3BEHBEB CHUCTEMBI: TE€HEPATOPOB, JIMHUN
aNIeKTporepeaad u TpaHchopMaTOpOB, MPUEMHHUKOB dIIEKTPOIHEPTUH.
HecummMmerpust HanpsoKEHUHA YMEHBIIAET MOLTHOCTD BBINIPSAMUTENECH, CHAXKAET
3 ()EKTUBHOCTh  HCHOJB30BAHMS  PETYIUPYEMBIX W KOMIEHCHUPYIOLIUX
ycTpoiicTB. OCOOCHHO HEOJIArOMPUsTHO HECUMMETPHS CKa3bIBACTCS HA paboTe U
JOJITOBEYHOCTH  ACMHXPOHHBIX  3iekTpojasurareneil. Ilpu  Hecummerpuu
HalpsOKeHUM paBHOM 5 %, MOIMHOCTE ACHHXPOHHOTO JJIEKTPOABUTATENS
ymeHnbmaercs Ha S - 20 %, B 3aBUCMMOCTH OT UCITOJIHEHUS ABUraress. M3BecTHo,
TaKk)Ke, 4yTo HecuMmMmeTpuss B 4 % COKpallaeT CpoK CiIy>KObl aCHHXPOHHOTO
ANEKTPOABUTATENSA B 2 pa3a. YCTAHOBJIEHO, YTO KaXKIOMY IIPOLIEHTY BEJINYWHBI
K03 pUIIEeHTa HECUMMETPHUH HANIPSKEHUN COOTBETCTBYET 1,73 %
JOTIOJTHUTENBHOTO OTKIIOHEHUS! HAIIPSDKEHMUS.
OTKJIOHEHUE HAIpsSHKEHUST B CBOKO OYepelb NPUBOAUT K JIOMOJHUTEIbHBIM
NOTEPSM MOILIHOCTH U COKPALIEHUIO CPOKa CIIyKObl AJIEKTPOOOOPYIOBaHUA.
Hanpumep, npu otkiionennn HanpspkeHus - 10%, akTMBHBIE TOTEPU ABUTATENS
yBeIMUMBAIOTCA Ha 2%, YBEJIWYMBAETCA TOK JBUTATENs, YTO MPUBOIUT K
MPEXIEBPEMEHHOMY CTapPEHHUIO U30JISILIUM OOMOTOK M B KOHEYHOM UTOT€ BBIXOY
ero u3 crTpos. Ha KaIplii NpOLEHT YBEIUYEHHUs HANpPsDKEHUS MOTpeOseHue
DIEKTPOIHEPTUM  CONPOBOXKIAETCS  yYBEIWYEHWEM PEAKTUBHOM MOIIHOCTH
neuratenst Ha 3%. [loBbllieHHe HaAMpsKEHUs] CBepX HOMUHaIbHOTO Ha 1% 1ist
JaMI HaKaJIUBaHUsS IPUBOJIUT K YBEITMUEHUIO TOTpedIsieMoi MomHocTy Ha 1,5%,
CBETOBOro motoka Ha 3,7%, Cpok City»0bl cokpariaeTcs Ha 15 %. YBenuueHnue
HanpspbkeHus Ha 3% cokpaiaet cpok ciryxk0bl Ha 30%. [loHmkeHue HaNpsHKeHUs

Ha 5% yMeHbIIIaeT CBETOBOM NOTOK Ha 18%, a Ha 20%
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J€JTaeT HEBO3MOXKHBIM  3aIllyCK JIIOMMHECLUEHTHBIX JaMIl. Hecummerpus
HaIIpSDKEHUM M TOKOB OTPHULIATENBHO CKAa3bIBACTCS HA PENEHHOM 3allUTE M
YCTPOWCTBAax AaBTOMATUKHU. [Ipy HECHMMETPUYHOM pEXHMME TOKH HYJIEBOU
ITOCJIEA0BATEIBHOCTH ITOCTOSHHO MPOXOIAT YEPE3 3a3€MIIMTENHN U OTPULATEIBHO
CKa3bIBAlOTCA HAa MX padoTe, BbI3bIBAs BHICYIIMBAHUE TPYHTa U YBEIMYCHUE
CONPOTHBIIEHUSI HMX pacTtekanuto. I[Ilpu pabGore MHOro(a3HON CHCTEMBI B
HECUMMETPUYHOM PEXKUME CHIKACTCS MPOIYCKHAsh CHOCOOHOCTH 3JIEMEHTOB
CETH, IPOUCXOIUT JONOJIHWUTENbHBIM HArpeB  JJIEKTPUYECKHX  MAIlVH,
YBEIMYMBAIOTCS TMOTEPU AKTUBHOW MOIIHOCTH M JHEPIHUM B CHUCTEMAaxX
NEeKTpOoCcHaOkeHus1.  HecuMMeTpus  TOKOB  BBI3BIBAET  HECUMMETPHIO
HaIpsHDKEHUH, 4YTO, B CBOIO OYEpelb, MPUBOAMUT K OTKIOHEHUSM (Aa3HBIX U
JVUHEWHBIX HANpsKeHUM ceTH. HecuMMeTpuss HanpsyKeHMM — OKas3bIBaeT
3HAQUUTENBHOE BIWSHUE HA HHU3KOYACTOTHBIE KaHaJIbl NPOBOJHOW CBS3H,
CUTHAJIM3AIMU U aBTOOJIOKUPOBKHU.

[lepeunciieHHbIE BbIIE (PAKTOPbl YXYAILIAIOT TEXHUKO-DKOHOMHYECKHE
MOKa3aTelid  MPOLECCOB  Mepelayd, MpeoOpa3oBaHUsl W MOTPeOIeHUS
DNEKTPOIHEPTHM M OYEHb YACTO IMPUBOMAT K aBApUsIM B  CHCTEMAx
anekTpocHaOxkenus. [lostomy, B cootBerctBun ¢ ['OCT 13109-97,
YCTAaHABIMBAIOIIMM HOPMBI KAayeCTBA JJIEKTPUUYECKOW OHEPruu, HOPMAJIbHO
JOMYCTUMAasi HECUMMETpHUsSl HANpsLKEHHH y TPUEMHUKOB 3IIEKTPOIHEPTHUH,
MPUCOECIMHEHHBIX K JJIEKTPUYECKUM CEeTSM OOIEero HazHayeHUus, He JOJDKHA
npesbliaTh 2%. MakcumanbHas BENWMYMHA HECHMMETPUM HAIPSHKEHUM HE
JIOJKHA BBIXOJUTH 32 npeaeisl 4%.

B cBs3u ¢ pocTOM MOIIHOCTH OJHO(A3HBIX HArpy30K, C OJHOW CTOPOHBI, U
MOBBIIIIEHUS TPEOOBaHUN K KAYECTBY AJIEKTPOIHEPIUU C APYroil, pazpaboTka u
UCCJIEIOBAHUE BBICOKOA((PEKTUBHBIX METOJOB U TEXHUYECKUX CPEICTB
CUMMETPUPOBAHMUS ~ UMEIOT  Ooiblioe  3HaueHue it 3(P(HEKTUBHOTO

(GYHKUMOHUPOBAHUS MPEINPUSATHUS JTH0O0T0 HA3HAYSHHUSI.
HecMMMeTpUUHbIM peXXnMoMm pa6OTbI MHOFOCba3HOl7l 3J'IEKTpVI‘-IECKOl‘/JI CUCTEMbI CYMTAETCS TaKom

pexuMm, Npu KOTOpPOM ycnoBusi paboTbl a3 CUCTEMbl HeEOAMHaKOBbI. CTeneHb HECMMMETpUK
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Tpexda3HOoM YeTbIpexnpoBOAHON CUCTEMbI XapaKTepusyoTcsa KoadduumeHTaMm HanpsixeHns obpaTHom
W  HyneBoM nocnegoBaTenbHOCTen, a Takxe kKoadpduumeHTamMm obpaTHOM U HyneBOM
nocnenoBaTesibHOCTEN TOKOB. [1pn 3TOM NOoTepm MOLWHOCTHN, 06YC/IOB/IEHHbIE HECUMMETPUENn TOKOB, MOryT
XapaKTepu3oBaTbCsl KOIPDOULUMEHTOM MNOTEPb MOLHOCTWU, TO €CTb, OTHOLUEHWEM MNOoTepb MOLHOCTU B
HECMMMETPUYHOM peXuMe, K COOTBETCTBYIOLMM MOTEpPSIM MOLLHOCTU, 06YC/OB/IEHHBIMU MPOTEKAHWEM
TO/IbKO TOKOB MNpsIMOM nocnefoBaTenbHOCTU. KoadpduumeHTbl HECMMMETPUM HanpsXkeHUn U noTepu
MOLLHOCTUX B 06LeM cnyyae MOryT NpuHMMaTh tobble YMCNEeHHble 3HauYeHus, 06yCnoBNEeHHbIEe CTeNeHbo
HECUMMETPUM Hanps>XeHnh. Yem oHu 6onblie, TEM CUNbHEE OTpuUaTebHOEe BO3AENCTBUE HECMMMETPUN

CeTu Ha paboTy 3/1eKTPOYCTaHOBOK.

MpuynHaMmM BO3HUKHOBEHUSI HECUMMETPUUHBLIX PEXUMOB paboTbl 3NEKTPUYECKONW CUCTEMbI BO BCEX
cny4dasx sBASIOTCS HEPaBHOMEPHOCTb pacnpefeneHus Harpysok no @asaM, CHWXEHWE Harpysok
TpéxdasHbix noTpebutenert (anekTpoaBuratenen, MOLWHbIX TpexdasHblX HarpesaTenen) u

BEPOSATHOCTHbI XapakTep KOMMyTaunuii ogHO(MasHbIX Harpy3ok.

YACTD 1. XAPAKTEPUCTUKA HECUMMETPUYHBIX PEXKUMOB
PABOTbI
1.1. OOuue cBeieHUs] 0 KaYeCTBe YJIEeKTPUYECKOH IHEPIrUuu
B crarbe 7 3akona “O 3amure mpaB notpedurtesneit” yctanopieHo: “Ilorpedburens
HMMeEET MPaBo Ha TO, YTOOBI TOBap (padoTa, yciiyra) Ipu OOBIYHBIX YPOBHSIX €T0O
WCIIOJIb30BaHMs, XPAHEHUS, TPAHCTIOPTUPOBKH U YTHIIM3AINH OB O€30TaceH AJist
KU3HU, 3[I0POBbS OTPEOUTEINS, OKPY>KAIOIIEH CPEIbl, a TAK)KE HE PUIHHSLIT BPET
MMYIIECTBY MOTpEOUTEIIS.
Tomap (pabota, yciiyra), Ha KOTOpbIe 3aKOHAMU WJIM CTaHJAPTaMU yCTAHOBJICHBI
TpeboBaHus, oOecrneynBarone Oe30MacHOCTh JKU3HU, 3A0pPOBbS, OXpaHy
OKpY)KaroIllel cpeapl M TMpenoTBpallleHue MPUYMHEHUS Bpelda HMYIIECTBY
MOTPeOUTENs, a TakXKe CpeACcTBa, oOecreuyuBarole O0e30MacHOCTh JKWU3HH,
3I0pOBbsl  MOTpPEOUTENsA, MOMJEKAT  00s3aTenbHOM  cepTU(UKAIMK B
YCTaHOBJIEHHOM MOPSAKE”.

DnexTpuueckas DHEprus, nocTaBysiemast HHEPrOCHA0KAIOIIUMU
OpraHMU3aIHsIMU TOTPEOUTEISIM IO IOTOBOPAaM SHEPTOCHAOKEHUS, BEICTYIIAET KaK
TOBap 0COOOTO BU/IA, XapaKTEPU3YIOIIUICS COBIIAJICHIEM BO BpEMEHH MPOIIECCOB

IIPOU3BO/ICTBA, TPAHCTIOPTUPOBAHMS U TIOTPEOJICHUS U
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HEBO3MOKHOCTBIO €r0 XpaHeHMsI U BO3BpaTa. Bmecte ¢ TeMm, K 3JE€KTpUUECKON
SHEpPruM, Kak K TOBapy JIOOOro BHAA, MPUMEHMMO MOHITHE ‘‘KayecTBO”, T.K.
JJIEKTpUYECKass  DHEPrHsl  XapaKTepU3yeTCs  COBOKYITHOCTBIO  CBOWMCTB,
Oo0yCNnaBiIMBAIONIMX €€ MPUTOAHOCTh JUJIsi  OOecleueHUs] HOPMAaJIbHOTO
(GYHKIIMOHUPOBAHUS TEXHUYECKUX CPEACTB (DJIEKTPUUYECKUX, IIIEKTPOHHBIX,
pPanMOdNIEKTPOHHBIX M JIPYTUX) TMOTpeOUTeNel AIEKTPUYECKON IHEPIHH.
DJIEKTPOIHEPIrUsKaK ToBap oOjamaer psaoMm crnernuduyuecknx coictB. OHa
HEMOCPEACTBEHHO HCIIONB3YeTCs MPU CO3AAHUU APYTUX BUAOB NPOAYKIHHU U
OKa3pIBa€T  CYIIECTBEHHOE BIMAHHE HAa JKOHOMUYECKHE  TOKa3aTelln
NPOM3BOJCTBA M KauecTBa BBIMyCKaeMbIX wu3nenuit. [loHsTHe KkauecTBa
AIIEKTPUYECKONW HHEPTUM OTIMYACTCS OT TOHATHS KayecTBa JIPYTHMX TOBApOB.
KauectBo anekrtposneprun (KD) mnposiBasieTcss dyepe3 KadecTBO padOThI

notpeobuteneit anekrposnepruu (I19).

KauecTBO 3JIeKTpPOHeprumMHa MecCT€ MPOU3BOACTBA HE TapaHTHPYET €€
KaueCcTBO Ha MecTe NoTpedsieHHus. XapakTep C€aMOro IPOHU3BOACTBEHHOIO
npoliecca CyIIECTBEHHO BIMSAET HA MapaMeTphl KauecTBa 3eKkTpo3nepruu. KO no
U TOCJ€ BKIIIOUEHHS] MOTPEOUTENS] B TOUKE €ro MPUCOECIUHEHUS MOXKET ObITh
paznuyHo. Ilo cymectBy KO MOkHO ObLIO OBl XapakTepu30BaTh TEPMUHOM
"OnexkrpomarautHas coBMmecTUMOCTE" (OMC). Tlom OMC noHumaercs
CIIOCOOHOCTH ~ O0OPYIOBaHUS  HOPMajdbHO  (DYHKIIMOHMpPOBAaTH B  €rO
AIIEKTPOMArHUTHOM cpene, He co3[aBasg HEAOMYCTUMBIX SJIEKTPOMArHUTHBIX

oMeX ISl APYroro o0opyaoBaHus, ((yHKIIMOHUPYIOIIETO B 3TOU Cpee.

CooburonenuesneprocHabxkaonmMu — opranuzanusimMu v [1D  mokazateneit
Ka4yeCTBa MO3BOJISIET HE TOJIBKO SKOHOMUTH TOIIJIMBHO-IHEPTETUUECKUE PECYPCHI,
HO W JIPYTY€ BUbI MAaTEPUAIIBHBIX PECYPCOB, YACTh KOTOPBIX MPU HU3KOM YPOBHE
KauecTBa DJICKTPOIHEPTUU TpPaTUTCA Ha OpakyemMyl | YTHIU3UPYEMYIO
npoaykiuto. B 2013 r. 6611 BBeIeH B ACHCTBUE MEXTOCYIaPCTBEHHBIN CTaHIAPT
['OCT P 54149 -2010 (Onexrpuueckas sHeprusi. COBMECTUMOCTh TEXHUUECKUX

CpEICTB dJIEKTpOoMarHuTHasi. Hopmal
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KayecTBa JJICKTPUYECKOW DSHEPTMH B CHUCTEMaX »3JIEKTPOCHAOKEHUs 00I1Iero
Ha3HaueHus). CTaHZapT yCTAaHABIMBAET IIOKa3aTeJId M HOPMBI KadyecTBa
AIEKTPUYECKOW SHEPIHHM B JJIEKTPUYECKHX CETAX CHUCTEM JJIEKTPOCHAOXKECHMS
0O0IIIero Ha3HAYCHHs IEPEMEHHOT0 Tpex(a3zHoro U 0AHO(HA3HOTO TOKA YaCTOTOU
50 T'm B TOuYKax, K KOTOPBIM IIPUCOCIUHSIOTCS JJIEKTPUYECKUE CETH,
HaxoJsIuecss B COOCTBEHHOCTH PpAa3IMYHBIX MOTPEOUTENEH SIEKTPUUYECKON
DHEPrUM WM TNPUEMHHKU  DJIEKTPUYECKOW HHEpruu (TOYKH  OOIIero
PUCOETUHEHNUSA).

DnexTpuyecKas SHEPrUsSUCIONB3YeTCS BO BCeX cdepax >KU3HEACITEIbHOCTU
YEJIOBEKa, obnanaer COBOKYMHOCTbIOCTIEU(PUYECKHUX CBOMCTB U
HEIMOCPEICTBEHHO y4aCTBYET B CO3JJaHUU APYTHX BUJIOBIPOIYKIIMH, BIUSSL HA UX
kauecTtBo. Kaxnplii snextponpueMHuk (DII) mpennHasHaueH isipabOThI MpuU
ONMpENENCHHBIX  IMapaMeTpax  JJIEKTPHUYECKOW  HDHEPruu:  HOMHUHAIbHBIX
YaCTOTE,HANPSHKEHUU U T. I., TO3TOMY JJII HOPMAJIbHOW €ro padoThl TOJKHO
OBITh OOecreueHoTpeOyemoe KadecTBO 3JekTpuueckod ’Heprun (K3). Takum
oOpasomM, Kauiecmeo 91eKMpPOIHEP2UU ONIPENEIISIETCACOBOKYITHOCTBIO
XapaKTEPUCTUK JJIEKTPUYECKOW DHEPTUM, NMpU KOTOPbIX DIl MOryrHOpMasibHO
paboTaTh ¥  BBINOJHATH 3&J0XKEHHbIE B HUX (QyHKIMM. BaxHOCTB
npoOnemepinoBbiieHUs: KO Hapactama BMmecTe € pa3BUTHEM U UIMPOKUM
BHEJIPEHUEM Ha MPOM3BOJICTBEBEHTUJIBHBIX MpeoOpa3oBaTeiel U pazIuUYHBIX
BBICOKOO(()EKTUBHBIX  TE€XHOJOTHUYECKHMXYCTAHOBOK, TAaKUX KakK JyroBbI€
CTaJICTUIABWIIbHBIE T1€YH, CBAPOYHBIE YCTAHOBKU UAP.B OBITY B MOCHeAHHE TOJbI
HIMPOKOE PACHpOCTPaHEHUE TMOJYUYUIIM TEIeBU30PBLKOMIBIOTEPHl U JIPYrue
YCTPOMCTBA, palOTarolIMe Ha TMOCTOSHHOM TOKE Ye€pe3 BTOPUUYHBIMMCTOYHHUK
nutanus U yxyamawpomue KO B nuraromeit cetn. B uTtore BO3HUK CBOETO
poJanapagokc: NPUMEHEHUE HOBBIX TEXHOJOTUH, KOTOpPhIE SKOHOMUYHBI U
TEXHOJOTUYECKUI(PPEKTUBHBI,  KOTOPbIE  YIYYIIAIOT  KU3Hb  JIIOJEH,

OTPHULIATENBHO CKa3bIBaeTCa Ha KO BAIEKTPUUECKUX CETSX.
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Cnenyer  oTMeTuTh, 4YTO  paccMarpuBaemble — cra”paptom  [IKD
YCTaHABIMBAIOTCS ISl CIAEAYIOMMX TPEX PEKUMOB PaOOTHI AICKTPUICCKUX
CETEHN.

HopmanvHuiil pesicum - yCTAaHOBUBIIHICS PEKUM PaOOTHI SJIEKTPUIECKON CETH,
MpU KOTOPOM pabOTaIOT BCE AJIEMEHTHI AJIEKTPUUECKON CETH, TPEAYCMOTPEHHbIE
Npy IUIAHUPOBAHUM pPEXUMAa M O0OECIEYMBACTCS DJIEKTPOCHAOKEHHE BCEX
notpeduTeneilt 32, NOJKIIOYEHHBIX K AJIEKTPUUECKOUN CETH.

Aeaputinviu pedcum - yCTAaHOBUBIIMKCS PEXKUM, BO3HUKAIOIIWNA PU aBAPUITHOM
HapyIICHUU AIEKTPOCHAOKEHUS.

llocneasapuiinobiti  pesxcum YCTAHOBUBILIUNCS PEKUM, BO3HHMKAOIIAN IOCTE
aBapUHOTO OTKJIIOYEHHUS TOBPEKJIEHHOTO 3JIEMEHTA AJICKTPUUYECKOM CEeTH U
MIPOJOJDKAIOIIMICA 110 BOCCTaHOBJICHUS CXEMBI JIEKTPOCHAOKEHUS,

MPEAYCMOTPEHHOM N1 HOPMAJILHOTO peKUMa pabOThI.

1.2. XapaxkrepucTHKa HECHMMETPUYHBIX PEesKMMOB

HecumMeTpusi HanpsKeHMii: COCTOSHUE CHCTEMBl  DHEPrOCHAOXKEHUS
Tpex(a3zHOro MEPEeMEHHOT0 TOKa, B KOTOPOW CpEIHEKBAIPATUUECKUE 3HAUYCHUS
OCHOBHBIX COCTaBIIIONIMX MEXKIy(pa3HbIX HAMPSHKEHUNW WU yribl caBura (a3
MEXIy OCHOBHBIMH COCTAaBIISIIOMIUMU MEXAYy(}a3HbIX HANPSHKEHUHA HE pPaBHBI

MEXKTy COOOM.
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HecummerpuuHnbiin

CBpaTtHaA TOK, TIPOTEKAsI 10
~ Unz
MNMpawmasA AJIEMEHTaAM
ez N o
LD AJIEKTPUYECKOM CETH,
Utz
CO3/Ia€T HA KAXKIOM U3
= Hyneesas ATUX 3JIEMEHTOB
Ity el Uaa
Aliio £ HECUMMETPUYHBIE
Utao e Ty
"o | MaaCHU HAITPSDKCHHUS.

B pesynbrare Bea cucTeéMa HaNpsKEHUM B JAHHOM AJIEKTPUYECKOUW CETH
CTaHOBUTCS HecuMMeTpuuHOU. M3 kypca TOD n3BecTHO (METOJ CUMMETPUYHBIX
COCTABJIAIOIIUX ), YTO JIFOOYI0 HECUMMETPUYHYIO CUCTEMY (B JAHHOM ClIydae,
CUCTEMY HANPSKEHUI ) MOXKHO MPEACTABUTH B BUJE CUMMETPUYHBIX

COCTABJIAIONIUX MPSIMO, 0OpaTHOM U HYJIEBOM MOCIIEI0BATEIIbHOCTEH:
3a nocnegHue roabl NPOM30LLIO 3HAaYUTENbHOE YBEIMYEeHME YCTAHOB/IEHHON MOLHOCTH

aneKkTpoobopyn0BaAHUS CENbCKOXO3AMCTBEHHbBIX NMPEANPUATUIA, @ Takxe B BbITy cenbckux xurtenen. No
YMCNIEHHOCTU U COCTaBY 3/1EKTPOYCTAHOBOK, TPeH6OBaHMAM K HAaAEXHOCTU UX S1EKTPOCHAbXEeHUS 1
KauyeCTBY 3JIEKTPO3HEPTUU OHU NPUBIN3NANCE K MPOMbILIEHHbIM NoTpebutensam. OCHOBHOWM
OT/INYNTENBHON YepTON COBPEMEHHOIO CEJ/IbCKOro 3/1eKTPOCHabXeHns ABASETCA TO, YTO
CeNbCKOX03AMCTBEHHbIE NOTPebUTENN COCPefOTOUNIN Ha cBoeM HanaHce 3Ha4YUTeNbHOE KOJIMYECTBO
NNMHWUIA aneKkTponepeaay, TpaHChOpMaTOPHbIX NOACTaHUWNI, aneKkTpoaBMraTenein n opyrmx

NPOU3BOACTBEHHbIX U BbITOBbIX 21€KTPOYCTaHOBOK.

HecMMMETpUUYHbBIM PEXNMOM paboTbl MHOFO(a3HOM 3NEKTPUUYECKON CETU CUUTAETCS TaKOM PEXUM,
npu KOTOpOM ycnoeBus paboTbl ¢a3 HeoauHakoBbl. CTeneHb HecMMMeTpum  TpexdasHoi
YETbIPEXNPOBOAHON CUCTEMbI XapaKTepu3yTcst KO3 duuMeHTaMM HanpsixeHns obpaTHOW M Hy/1eBOM
nocnegoBaTenbHOCTEN, a TakxKe KoadduumeHTaMn obpaTtHOM U HYNEBOM NMocnenoBaTeNbHOCTEN TOKOB.
Mpn >TOM NOTEPU MOLIHOCTWU, OOYC/NOB/IEHHbIE HECMMMETPUMEN TOKOB MOryT XapaKTepu3oBaTbCs
KO3 HULUMEHTOM NOTEPb MOLLUHOCTM, PaBHbIM OTHOLUEHMIO MOTEPb MOLLHOCTM B HECMMMETPUYHOM
pexuMme, K COOTBETCTBYKOLIMM MNOTEPSM MOLLHOCTM, O6YC/OBMEHHBIM MNpPOTEKAHMEM TOKOB MpsIMOM
nocnegoBatenbHOCTU. KoaddUUMEHTbI HECUMMETPUM HANPSIXXKEHNIA N NOTEPU MOLLHOCTK B 06LLeM criyyae
MOTYT NPUHUMATL N06bIe YNCEHHbIE 3HauYeHns, 06yCNOBNEHHbIE CTENEHBIO HECUMMETPUM HaMNPSXKEHUN.
YeM oHM 6Gonblle, TeM CwuibHee oOTpuuaTe/lbHOE BO34ENCTBME HECMMMETpPUM CeTM Ha paboTy

3/1eKTPOYCTAaHOBOK.
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MpuunHaMM BO3HUKHOBEHUS HECUMMMETPUYHbLIX PEXMMOB paboTbl 3/1IEKTPUYECKON CUCTEMBI,
NMpaKTUYEeCKN BO BCEX Clyyasix, SABASIETCS: HepaBHOMEPHOCTb pacnpeaeneHus Harpysok no ¢asam u
CHMXEHMe Harpy3ok TpéxdasHbix noTpebutenenn (anektpoaBuratenen, MOLWHbIX TpexdasHbIX
HarpeBaTtenei). Ecnn 8-10 net Hasag TpéxdasHasa Harpy3ska cocTtasnsina 6onee 2/3 obuwei Harpysku
cetn 0,38 kB, To B HacToslwee BpeMs €€ gons meHee 1/3 [10]. B 3Ha4YMTENbHOM CTENEHM 3TO CBSA3AHO C
TEM, YTO B NOC/IeAHUNE roabl B CENIbCKOXO3SMCTBEHHOM CEKTOPE MHTEHCUBHEE UCMOb3YTCS OA4HOda3HbIe

31eKTponpneMHuUKun 3HAYNTENBHON MOLHOCTM.

CornacHo 'OCT P 54149- 2010 noka3satensiMm K3, OTHOCALWMMUCS K HECUMMETPUM HAMpPSHXKEHUN B

TpexdasHbIX CUCTEMaX, SABNSIOTCA:

- KO3(PPUUNEHT HECUMMETPUM HaMpsXKEHUI No 06paTHOKN NocnefoBaTebHOCTU Ao KO3hDDULMEHT

HECMMMETPUM HaNpsXKEHMN NO HY/IEBON NOCNenoBaTeIbHOCTH KgU.

[nsa ykasaHHbIX nokasaTtenei K3 ycTaHoBMEHb! crefyowmne HopMbl:

Kosgpduyuenm HecumMmempuu HANPAANCEHUL no obpammotu
nocnedogamenvuocmu  (kodpuimeHT  0OpaTHOW  TMOCIETOBATEIHLHOCTU
HaIpsHKEHUs ):

K, = 1008 %

u})

rIe Upy - AeiicTByrollee 3HaUY€HHE HANPsKEHU 00paTHOM

MOCJIEIOBATEILHOCTH OCHOBHOM 4acTOThI TPEX(Ha3HON CUCTEMBI HANPsDKEHU, B;
Unhom - HOMUHANIBHOE 3HAaUeHUE MEKTy(ha3HOTO HaNpsKkeHus, B.

= A
0,62 ® |/)K(1) — Uy
TJI€ Myl )3 Uwm - COOTBETCTBEHHO, HAMOOJBIIEE ¥ HAaMMEHbIIEE JEHCTBYIOIINE 3HAYCHUS M3
TpEX Mexayha3HbIX HAMPSDKEHUH OCHOBHOM 4acTOTHI, B.

Kosgpduyuenm necummempuu nanpsajcenuti no Hynegou nociedo8amenbHoCcmu
(k03¢ GULIUEeHT HYJIEBOU MOCIEN0BATEILHOCTH HAPSIKCHUS ):

Uy =100 -V3. Yo"
u

K..- 100-

HoMcp.

T

rae U - neiicTByrollee 3HAUYCHHE HANPSHKEHUS HYJEBOM MOCIEA0BATEIbHOCTU
OCHOBHOM 4acToThl, B; U - HoMuHanbHOE ha3Hoe HampsikeHue, B.

uy-0,62. - Uum
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TIE Ugiga(1), Urmal) -~ COOTBETCTBEHHO: HAaMOOJBIIEE M HANMEHBIIEE IEHCTBYONIHE
3HaueHUs U3 TPEX (a3HBIX HAMPSKEHU OCHOBHOM 4acTOTHI, B.

3HadueHuss KOI(PPUIMEHTOB HECUMMETPUM HAIpSHKEHUHW 1Mo 0OpaTHOU
nocienoBateabHocT Ky, HECUMMETpPUM  HalpsSOKEHUHW 1O HYJIEBOU
nocienoBareiabHocTn  Kjp,6 TOYKE TMepedauyd JJIEKTPUYECKOW  SHEpruw,
yCpellHeHHbIE B MHTepBaje BpemeHu 10 MHUH, HE MOJDKHBI HpeBblaTh 2 % B

TeueHue 95 % BpeMeHu uHTepBaia B OJJHY HEJEIIIO.

IIpuuunvl 8vixo0a nokazameneu 3a npeoeivl HOPMCOCMOAM BUCIOJIb30BAHUU

Ppa3IMYHbIX HCCUMMCTPUYIHBIX WA OI[HO(I)&SHBIX BH, TaKHX, KaK:

¢ JOYTOBLIC CTAJICIIABUJILHBIC IICUH,

¢ TATOBBIC HAI'PY3KHU KCJIC3HBIX JOPOI' HA IICPCMCHHOM TOKC;
¢ OJJICKTPOCBAPOYHLIC arpCrartbl;

¢ OCBCTUTCIIBHBIC YCTAHOBKH;

° OI[HO(i)a?;Ha}I KOMMYHaJ'II)HO-6I>ITOBaH Harpys3ka.

HecummeTpus TpexdaszHOW CHUCTEMbl HANpsOKEHUNM OOYCIIOBJIEHA , KaK YKe
OBLJIO CKa3aHO, HeCUMMETpuer (a3HBIX TOKOB, KoTOpas 0OyciaBIMBaeT

CJIEAYIONINE TPU BUJA HECUMMETPUU:

1) crarucTUYeckas HECUMMETPHS;
2) BEpOSITHOCTHAss HCCUMMETPHS;

* 3) sjeMeHTHasi HECUMMETpPUS

Craructuyeckass HECUMETPUSI TOKOB BBI3BAHA HEPABHOMEPHBIM XapaKTEPOM
pacnpenenieHdss OAHO(A3HBIX HArpy30K DJJIEKTPONPHUEMHUKOB 10  (¢azam
Tpexda3zHoi 3JeKTpudYecKor ceTh. BeposiTHOCTHas HeCUMMETpHUsI 00YCIOBIEHA
CIly4ailHBIM XapakTepoM KOMMYyTalMi OJHO(MA3HBIX 3JIEKTPONPUEMHHUKOB B

TpexdazHoil cucTeme, a 3JIEMEHTHAsE HECU METPHS XapaKTepU3yeTcs BbIXOJIOM
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U3 CTPOs TpeX(Pa3zHbIX CHMMETPUYHBIX JJIEKTPOIIPUEMHUKOB, KOTOPBIE MPU CBOEH

paboTe HAYMHAIOT CO3/1aBaTh HEMOJHO(A3HbIE PEKUMBI PAOOTHI.
1.3. Bwuabl HeCMMMETPHYHBIX PEKUMOB

B  cucremax = 3EeKTpOCHAOXKEHUS  pa3IMyaloT  KPaTKOBPEMEHHBIE
(aBapuiiHbIe) W JJIMTENbHBIE (IKCILTyaTallMOHHBIE) HECUMMETPHUYHBIE PEKUMBI.
KpaTtkoBpeMeHHbIE HECUMMETPHUYHBIE PEXXUMBI OOBIYHO CBSI3aHBI C PAa3JIMYHBIMU
aBapuUHBIMM TMPOLECCAMU, KaK HalpuMep HECUMMETPUYHBIE KOPOTKHE
3aMbIKaHUs, OOPBIBBI OJIHOTO WM JBYX MPOBOJOB B BO3AYIIHOW JHHHUH C
3aMbIKaHUEM Ha 3eMIIIO U T.JA. JTMTEeNbHbIE HECHUMMETPUYHBIE PEXKUMBI OOBIYHO
00yCJIOBJIEHBI HECUMMETPHUEN 3JIEMEHTOB IEKTPUUECKOMN CETH HEMOTHO(Pa3HBIMU
OTBETBJIECHUSMHU (OJHO-, JIBYX(a3HbIE OTBETBJICHMS) WU TOJKIIOUYEHHEM K
CUCTEME BJIEKTPOCHAOKEHUS HECUMMETPUYHBIX (OJTHO-, ABYX- WU TpeX(Pa3HbIX)

Harpy3oK.

Hecummerputo HampsikeHUH M TOKOB, OOYCIOBJICHHYIO HECUMMETpUEn
AJIEMEHTOB CETH, Ha3bIBAIOT MPOAO0JIbHON. [IpruMepoM Mpoa0IbHON HECUMMETPUHI
SBJISIFOTCS. HEMOJHO(a3HbIE PEKUMBI BO3AYIIHBIX JUHUHA W HECUMMETpUS
napameTpoB (a3 OTJEIbHBIX HIEMEHTOB CETH.

HecumMmeTpuio HanpsKeHU U TOKOB, BBI3BAHHYIO MOJKIIOUEHUEM K CETH
MHOTO(a3HBIX H  OJAHO(DA3ZHBIX HECUMMETPUYHBIX HArpy30K, Ha3bIBAIOT
nonepeuHoil. [lonepeunass HeCUMMETPHUS BO3HUKAET TAKKE MPU HEPABEHCTBE
AKTUBHBIX W PEAKTUBHBIX COMPOTUBJICHUN OTAEIbHBIX (a3 HEKOTOPHIX
MPUEMHHKOB 3JIEKTPOIHEPTUH.

B nmedictByromux cersix 0,38 kB pacnpenenenne  omgHO(dazHbIX
ANIEKTPONPUEMHHUKOB 1O (ha3zaM TPOU3BOJUTCA KpailHE HEPABHOMEPHO, B CHITY
Yero co3/IaeTcs neperpys3ka oJIHUX, U HeAorpy3Ka Ipyrux (a3. B pesynbrare yero
MoJTyJaeTcs, TaKk Ha3bIBaeMbIi "mepekoc (a3", uim HecilydaliHas HECUMMETPHS
TOKOB.

Ha cragum mnpoekTupoBaHUS KaKOro-IMOO  CEIbCKOXO035HCTBEHHOTO

00BEKTa, a TAK’Ke KOMMYHAJIbHO-OBITOBOTO CEKTOpA MPH PACCMOTPEHHUH
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CIIOCOOOB PACIIOIOKEHUS CXEMBI pactpenenutenbHoi cetr 0,38 kB HE0OXx01mMO
YUYUTBHIBATh XapakTep HArpy3kM M YCTAHOBJIEHHYIO MOIIHOCTb OTIEJIbHBIX
NOTpeOUTENEH MEKTPOIHEPTUH AJI TOTO, YTOOBI OCYIIECTBUTH UX PABHOMEPHOE
pacnpenenenue mo ¢azam cetu. Kpome 3Toro, B mporiecce 3KCIUTyaTaluu
HHA3KOBOJITHOW  JMHUM  d3nekrpornepenaun 0,38 kB ¢ pasButuem
CEJIbCKOXO3SUCTBEHHBIX OOBEKTOB U KOMMYHAJIbHO-OBITOBOTO CEKTOpa K JIMHUU
JOTIOJIHUTEIIBHO ITOJKITFOYAETCS OobIIOE KOJIMYECTBO HOBBIX
ANEKTPOIIPUEMHUKOB, KOTOpPHIE, B CBOIO O4YEpElb, TaKXKE HEOOXOIUMO
MOJIKJII0YATh C YI€TOM PaBHOMEPHOI 3arpy3Ku ¢as.

MHuoroneTHre HaOMI0IEHNS B CEJIbCKUX pacnpenenuTenbHbix cetsax 0,38 kB
MOKa3aJk, YTO MpPaBWIa CHUMMETPUYHOIO MOAKIIOYEHUS  OJIHO(a3HBIX
norpeduTeneit, HapymarTcs B 90 % ciyuaeB. Takoe OTHOIIEHHE
SHEPreTUYECKHUX CIY>KO MPUBOJMUT K TOMY, YTO XO34MCTBA TEPIAT 3HAUUTEIIbHbBIE
YOBITKM OT HHU3KOTO KadyecTBa M JOINOJHUTENBHBIX MOTEPh 3JIEKTPOIHEPIHUH,
00yCJIOBJIEHHBIX HECUMMETPUEU TOKOB.

Bmecre ¢ TeM cnegyer OTMETHTb, YTO NEPEPACHPENEIICHHE HArpy30K
MPOU3BOAUTH HEOOXOJUMO, TaK KaK IPOBEJIECHHBIMU  HCCIEIOBAHUAMHU
YCTAaHOBJIEHO, YTO TMOTEPH  DJIEKTPUUYECKOM HHEpPruu, OOYCIOBJICHHbBIC
HECIy4yallHO HECHMMMETpUEW TOKOB, MOTYT ObIThb cHUXeHbl Ha 15...20 %
Ilepepacnpenenenrue Harpy30K 3HAYWTENBHO YJIY4YIIA€T OCHOBHBIE MOKA3aTENH
KadyecTBa (OTKJIOHEHHUE HAMNpsHKEHUs, KO3(PQPUUMEHT HECUMMMETPUH OOpaTHOMN
MOCJIEIOBATEILHOCTH HAIpPSOKEHUS M KOI(PPUUMEHT HECUMMETPUU HYJIEBON
MOCJIEIOBATEILHOCTH HAIIPSKEHU).

KpoMe ToOro, HepaBHOMEpPHOMY XapakTepy pacrpeeiacHus oaHO]a3HbIX
ANIEKTPONPUEMHHUKOB IO (Pa3zaM IEKTPUUECKOU CETH, KaK MPABUIIO, COMYTCTBYIOT
CllyyaliHble BKJIFOUEHHUSI U OTKIIIOUCHHS JaHHBIX MOTPEeOUTENIeH IIEKTPUUECKOM
SHEPruu. DTU NPEANOCHUIKH ONPEAEIAIOT BOSHUKHOBEHUE KPOME HECIy4ailHON
HECUMMETPUU  TOKOB, HECHMMETPUHM  CTAaTUYECKOM  (ClydaiHOW) WM

BCpOHTHOCTHOfI, KOTOpasd JOCTUT'ACT 3HAYNUTCIIbHBIX BCIIMYNH.
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Takum 00pazom, HECUMMETPUYHBIN PEKUM paOOTHI JIEKTPUUECKON CETH
0,38 kB sBnseTcs OOBEKTHBHO CYIIECTBYIOUIMM, TaK KakK Jake MpU modazHo
PABHOMEPHOM MOJKIIOYEHNH HATPY30K BO3ZHUKAET BEPOATHOCTHAS HECUMMETPUS
TOKOB.

[Tpu BepOoATHOCTHOI HECUMMETPUHN Harpy3ka Kaxaou (a3pl H3MEHSIETCS BO
BPEMEHH HE3aBHCHMO OT U3MEHEHHSI Harpy30K IpYyrux ¢az, modToMy TpexdazHoe
PEryJINpOBAHUE HANPSLKEHUS, IPUMEHIEMOE B CENBCKUX AIEKTPUUYECKUX CETSX
0,38 kB, HEe B cocTOsSTHUM 00eCIeYnTh HOPMUPOBAHHOE HATIPSKEHUE HA 3aKUMax
TOKOIIPUEMHUKOB 0€3 NPUMEHEHUS IONOJIHUTEIBHBIX MEP [0 CHMMETPUPOBAHUIO
(a3HBIX TOKOB B 3JEKTPUUYECKUX CETAX, TaK KaK OHO MpeArnojaraer paBHOE
BO3JICHICTBHE HA BCE TPU (ha3bl.

OpHoda3zHble >JIEKTPONPUEMHUKA MOXHO pPa3JeIUuTh IO MOUIHOCTH U
XapakTepy paboThl Ha pA]l TPyHN C MOJAOOHBIMH PEXKUMHBIMHU IOKa3aTEIIMU
rpauKOB HArpy30K ¥ COBIAIAIOIINM NOPAIKOM MOIIHOCTH 3JIEKTPOIIPUEMHUKOB
B Kaxaouh rpymme. JIBymMs OCHOBHBIMM M3 O3TUX TIpynn  SIBIsETCA
MIPOU3BOICTBEHHAS! OCBETUTENIbHASI U KOMMYHAJIBHO-OBITOBAsI HATPY3KH, KOTOPbIE
MPEACTABISIIOT COOOM TIaBHBIM MCTOYHHK HECMMMETPUYHBIX PEXKUMOB pabOTHI
CENIbCKUX pacnpeaenuTenbbix cereit 0,38 kB.

HecumMmeTpusi TOKOB BBI3BIBAET IOSIBIICHHE TOKA B HYJIEBOM IIPOBOAE, a
BMECTE C TEM M HaNpPSHKEHHE CMEIECHUsS] HEMTPaJIbHOM TOYKH CHCTEMbI (Da3HBIX
HampsbkeHud. B pesynbrate 3TOro  HampsbkeHue (a3 Ha  3aKHMMax

QJICKTPOIIPUCMHHUKOB CTAHOBATCSA HCOAMHAKOBBIMMU.

1.4. BausiHue HeCMMMeETPUM TOKOB HA PadoTy nmorpeduTeei
IJIEKTPUYECKOiIi JHEPTUH U TOTIOJTHUTEJIbHbIE MOTEPU MOITHOCTH

Acunxpounvie snexkmpoosucamenu. Haunbomblliee pacnpocTpaHeHHE B
KayeCTBE IIPUBOJA B  CEIbCKOM  XO3SIMCTBE IIOJYYWJIM ACUHXPOHHBIC
anekTpoasuratennu. B UpkyTrckoit obmactu Ha GanaHCe CENbCKOXO3SIMCTBEHHBIX

NPEANPUATAN HACUUTHIBAETCSA OKOJIO 180 ThICSY LIT. AIEKTPOABUTATENEH.
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HecumMmeTpuyHble TOKM, BbI3BAHHBIE HECUMMETPUYHOM  HArpy3KoW,
BCJIE/ICTBUE KOHEYHOCTH COIPOTUBIICHUW JIMHHUM DJIEKTPOIIEPENayy, BBI3BIBAIOT
HECUMMETPHIO HAIPSDKEHNN. B aCHHXPOHHBIX 3JIEKTPOJABUTATEISIX HECUMMETPUS
TOKOB U HaIpsOKEHUH 00YCIIaBIMBAET MOSIBICHHUE JTONOJHUTEILHOTO HarpeBa H,
KakK CJIEJCTBHE, JOMOJHUTEIBHBIX TOTEPH MOIIHOCTHA. KpoMe TOTO, 3TO MPUBOIUAT
K TMOSBJICHUIO NPOTHUBOJICHUCTBYIOLIECIO BpPAIIAIOIIEr0 MOMEHTA, KOTOPBIU
YMEHBIIIAET MOJIE3HBIH MOMEHT. YMEHBIICHHE IOJIE3HOTO MOMEHTa 3a CYeT
MIPOTUBOAECUCTBYIOIIETO IO OTHOWIEHUIO K MOMEHTY IIpU CHUMMETPUYHOU

HAarpys3ke, MOXKCT OBITH OIIPCACIICHO 110 CIACAYIOIICMY BLIPAKCHHIO!

7? S Z% 2
m= > “u (1.1)
2-s Zi-Ui 2-s Z -

rae " - CKoJbxkeHue; Z; 1 Z, - CONPOTUBIIECHUS IPSIMOM U 00OpaTHOMN
MOCJIEIOBATEIBHOCTEH; K, - KOO (PULIMEHT HECUMMETPUU HAIIPSKEHUH.
JIJist MHAYKIIMOHHOTO JIBUTATENsl B HOMHHAILHOM peskuMe Z, « 0,167Z), a

MaKCUMAJIbHOE CKOJIbKEHUE MPU NOJIHOW Harpy3ke paBHO 0,05. [ToaTomy

R N Kiom (1.2)
1.950.16 U?

Takum oOpa3oM, yMEHBIIIEHHE BPAIIAIOIIET0 MOMEHTA PaBHSACTCS KBaJApaTy
kod(durmenta HecumMeTpun HanpsbkeHwit. Kpome Toro, Tak kak s
3aTOpMOKeHHOTO aBurarens S =1, a Z;=2Z,, o Beipaxkenue (1.2) crpaBeainBo u
JUTSI ITyCKOBOTO PEXUMa.

[TocKOJIbKY COMPOTUBIIEHHE OOpPaTHOM MOCJIEA0BATEILHOCTH aCHHXPOHHBIX

ANEKTpOABUTATENEN B 5-7 pa3 MEHbIIIE COMTPOTUBIIECHUS MPAMOI
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MOCIIEAOBATEIBLHOCTH, TO TMPU HAIMYUU Jake HEOOJbIION IO BEIMYHHE
COCTABJISIIONIECH HANpPsDKEHWH OOpaTHOW IMOCJIEN0BATeILHOCTH, BO3HUKAECT TOK
3HAYUTEIBHON BEIUYHMHBI. DTOT TOK OOYCIABIMBAET JOMNOJHUTENIbHBIA HArpeB
poTopa M cTatopa, B pPE3yJIbTaT€ Yero MPOUCXOAUT CTAPEHHUE H3O0JSILHUUA U
YMEHBIIAETCSl pacroiaraéMas MOUIHOCTb JBUTATENs. Y CTAHOBJIEHO, YTO CPOK
CIy>)kObl ~ TOJHOCTBIO ~ HArpy>KEHHOTO  ACHHXPOHHOTO  3JIEKTPOJIBUTATEIs,
paboTaromiero mpyu HECUMMETPUU HanpsDKeHHH B 4%, cokparaeTcs B ABa pasa.

CymMmapHble  100aBOYHBIE  IOTEPH  MOLIHOCTH B  ACHHXPOHHBIX
AIEKTPOJBUTATENSAX M3-32 HECUMMETPHUH HANPSKEHUA B ceTH paBHBI 37,3%, OT
CyMMapHbIX MOTEPh B 3THX MAallWHAX, €CIu Obl THocieqHue padoTanu MpU
CpelHEeW Harpy3Ke 1 HOMUHAJIbHOM HaIpSKEHUU.

[IpoBeneHHbIE HCCAEAOBAHMS MOKA3aJd, YTO YMEHBUIEHUE BPAIIAIOIIET0 U
ITyCKOBOI'O MOMEHTOB ACUHXPOHHOTO JIBUTaTeNsl IPU HECUMMETPUN HAIIPSKEHUI
paBHO KBaapary Ko3(dduuueHta HecumMmeTpun HanpsbkeHuid. [lpu atom, Gosee
20% acHHXPOHHBIX ABUTATENIed BBIXOAAT U3 CTPOSI B pe3yJsibTare UX pabOThl B
HECUMMETPUYHBIX AJIEKTPUUECKUX CHCTEMA. YCTAHOBJIEHO, YTO JOMYCTUMOM
HECUMMETpUEH HANpSHKEHUW NI ACHHXPOHHBIX 3JEKTPOJBHUraTeieil cieayer
cunTtath HecummeTpuio B 2 %. Kak BugHo u3 BbpaxkeHus (1.2), cHuxeHuUe
BpalaloOlIEro MOMEHTa MpU JTOM OyAeT TakKe He3HauuTeNIbHbIM. Jl7s
COXpaHEHUs CPOKa CIY>KObl MAIIMHBI PU HECUMMETpUU Ooublie 2 % TpedyeTcs
MO0 CHIKEHHWE MOIIHOCTH Ha Bally JABUTaTeNsd, JU0O YBEIUYEHHE €ro
HOMUHaNBHOM MoOIIHOCTH. [lpu Ko3DPuIMeHTe HECUMMETpUU HANPSHKEHUS
paBHOM 10% pacnonaraemast MOIIHOCTh aCHHXPOHHOT'O JIBUTATEIsl YMEHbBIIAETCS
Ha 20-50 %.

[Ipy HecuMMETpUM HANPSHKEHUH CETU B CUHXPOHHLIX MAWUHAX HAPSIAY
CBO3HUKHOBEHUEM JIOMOJIHUTEIBHBIX MOTEPh AKTUBHOM MOIIHOCTH UM HArPeBOM
CTaTopa UpPOTOpPa MOTYT BO3HUKHYTh ONACHblEe 6UOpayuy B Pe3yJIbTaTe MOSIBICHUS
3HAKOTIEPEMEHHBIXBPAIIAIOIIMX ~ MOMEHTOB M  TAHTCHUUAJIBHBIX  CHJI,

IIyJILCUPYIOLIUX C ABOMHON 4YaCTOTOU CETH.

33



Oonoghasnvie nompebumenu. 1lpu COBpeMEHHOM ypOBHE 3JeKTpUDUKAIIH
ObITa, KAueCTBO OJJIGKTPOPHEPTMH Ha BBOJE Y MOTPEOUTENS 3HAYUTEIHHO
ONpeneNnsieT  KauyecTBO M JKCIUIyaTallHOHHBIE  NapaMmeTpbl  OBITOBBIX
AIIEKTPONPUOOPOB, UX HANEKHOCTh M JOJITOBEUHOCTh. VccnenoBanus nokas3and,
YTO YHCIO OBITOBBIX MOTPEOUTENICH, TMOJYYAIOIUX HEKAaY€CTBEHHYIO
AIIEKTPOIHEPTUI0, COCTABIIAET B CEIBCKOW MECTHOCTU 0OO0Jjiee IMOJOBUHBI BCEX
a0OHEHTOB. B COBpEeMEHHOM CEIhCKOM XO3SMCTBE, KaKk B OBITYy, TaK ¥ B
MPOU3BOJACTBE, HMEETCS JOBOJBHO MHOTO OfHO(A3HBIX MOTpeOuTeneit
AIIEKTPOIHEPTUH, PEKUM PAOOTHI KOTOPHIX CHIIBHO 3aBHCUT OT CTaOWMIBHOCTH
BEJIMYMHBI HAIPSKEHUS.

[ToTpebuTenu 3JIEKTPUUECKON SHEPrUH, MOJAKIIOUECHHbIC HA pa3Hble (Pa3bl
HECUMMETPUYHOM CHCTEMBI, MOTYT OKa3aTbCsl, TMOO IOJ MOBBILIEHHBIM, JIHOO
MO/ TOHM)XEHHBIM HAIpsDKEHUEM, IpUYeM o00a YCIOBHS HEKEIATEIbHBbI.
OCOOEHHO 3TO OTHOCHUTCA K DJJEMEHTaM C HEJIMHEWHONW BOJbTaMIIEPHOU
XapaKTEpPUCTUKON. BbI3BaHHBIE HECUMMETPHUEH TOKOB OTKJIOHEHHS (ha3HBIX
HaIpsHKEHUH OT HOMHUHAIBbHBIX 3HAYEHUM, OTPULATENBHO BIUSIOT Ha PaboOTy
TaKuX MOTpeOuTene.

Jlamnpl HakanuMBaHUA TaKXKe 3HAUYUTEIbHO pPEarupyroT Ha H3MEHEHUE
HanpspkeHus. Ecnu da3Hble HanpspKeHHs] HEOAMHAKOBBI, TO T€ JaMIIbl, KOTOPbIE
MOAKIIOYEHBI K (paze ¢ 0oJjiee BHICOKMM HAIpPSKEHUEM, UMEIOT MEHBIIHA CPOK
CIy>KObI, HO OoJiee BBICOKMH CBETOBOM TOTOK, B OTJIMYHME OT JIamil,
MOAKIIOYEHHBIX K (paze C MEHBIIMM HalpshKeHUEeM. Pe3ynbTarbl OIBITOB
MOKa3aJik, YTO MPH YBEJIWYEHUU HampspDKeHUs Ha 5% CBETOBOM MOTOK Jamm
yBennunBaeTcs Ha 20%, a cpok ciy>kK0bl yMeHbIaetcs B 2 pas3a. [Ipu cHuxenun
HanpspkeHus: Ha 5% CBETOBOM MOTOK yMeHbIaeTcss Ha 18%, a Cpok cCiy>KObl
yBenuuuBaeTcs B 2,4 pasa. [Ipu noeimennn HanpsbkeHust Ha 10% cpok ciryKObl
JIFOMUHECLEHTHBIX JJamn cokpaiaetcs Ha 20-30%, a mpy CHUKEHUHN HANIPSKEHUS
(nopsinka 25-30%) 3akuranve ra3opaspsIHbIX JIaMIl BOOOIIE HEBO3MOXKHO.

Crnenyet Tak:ke OTMETHUTbh, UTO IIPU HEPABHOMEPHOM
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pacnpezeneHuy jamin 1o (¢aszaM CeTd, CaMH JIaMIIbl MOTYT ObITh HPHUYMHOU
NOSIBJICHUS] HECUMMETPHUU TOKOB M HAIIPSKEHU.

Hecummetpuss B Tpexda3HOW UETBIPEXNPOBOJHOW CHUCTEME  TaKXKe
OTPHULATENILHO BIMSIET HAa pabOTy peleHHON 3alllUThl, CHUKAET YCTONYHUBOCTH
AJIEKTPUYECKUX CHCTEM, CHCTEM aBTOMATHKH, BEIET K OHIMOKaM IpU YydeTe
AIIEKTPOIHEPTHUH U T. 1.

Jlunuu snekmponepedauu u mpancgopmamopel. HecuMMeTpusi TOKOB B
JUHUAX DJIEKTPOIIEPENau, paclpeAesIUTENbHbIX CETSIX U TpaHcpopmaTopax
YMEHBIIAET MPOMYCKHYIO0 CIIOCOOHOCTh TpexdazHoil cuctemsl. HecummeTpruyHo
pacnojoXKeHHasi Harpys3ka MpUBOJIUT K TOMY, 4TO ofHa u3 (a3 pabortaer ¢
neperpy3koi, Torma Kak Jpyrue Qasel Hegorpyxensl. [lpum mnepenaue
ANEKTPOIHEPTHH II0 CETSAM HU3KOI'O HAIPSKEHUS MOTEPS MOLIHOCTH, B CIIydae
HECUMMETPUYHOTO pacipeiesIeHUs: TOKOB MO (pazaM, MOKET ObITh B TPU-UETHIPE
paza OoJiplie, YeM MpPU CHMMETPUYHOM pexume. JlelCTBUTENbHO, B
CHMMETPUYHOM PEKHME MOTEPH SHEPrHH COCTaBIsoT 31°T, Te I - aKTHBHOE
conpoTtuBieHue (aspl JUHUKA. Ecnu e B 0JHON U3 (a3 TOK yBEJIMYUThH, a B

JpYroil yMEHbIIUTh Ha BeanuuHy Al, To motepu yBenuyarcs:

1r + (1 + AT + (I-ADr = 3147 = 2Al4r. (1.3)

SBneHue HecUMMETpUM B TpaHchopmaTopax  BBI3BIBAIOTCSA,  Kak
HECUMMETpPUEN NOABEAECHHBIX HANPSKEHUH, TAK 1 HECUMMETpUEN Harpy3ok. [Ipu
HECUMMETPUU HamNpsDKEHUs moJ '"MoJjie3HOM" MOIIHOCThIO TpaHchopMaTopa
ITOHUMAETCS MOIIHOCTb, COOTBETCTBYIOIIAs TOKY MPSAMOU MOCIEA0BATEIBHOCTH.
MOUIHOCTh, COOTBETCTBYIOLIAA TOKY HPSIMOM MOCJIEIOBATEIBHOCTH IIPU
Harpy3ke, Korja B OJHON M3 OOMOTOK TOJIHBIM TOK JIOCTUTaeT HOMUHAJIBHOTO
3HAYEHHUS, IPUHATO HA3BIBATh PACMOIaraéMoil MOITHOCThIO TpaHCc(popMaTopa.

[Ipn HecumMeTpuu TOKOB B TpaHchopmaTopax, o0dafarommx OO0JIbLIINM

CONPOTHUBJIEHUEM HYJIEBOM MOCIEAOBATEILHOCTH (HAIIPUMED, B CITy4dae
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COEMHEHUs] OOMOTOK IO CXEMe 3B€3/a - 3B€3/1a - HyJIb), 100aBOYHBIE IOTEPU OT
MarHUTHBIX MMOTOKOB HYJIEBOM MOCIEAOBATEIBHOCTH MOTYT JOCTHraTh 25-35 %
MOTEPh XOJOCTOTO XO0/a, MOTEPU HANPSHKEHUS MpH 3TOM cocTaBisiioT 15-20 %,
BMeCTO 4 % NpHU CUMMETPUYHOM PEKUME.

CoznaBaeMble TOKaMU HYJIEBOHM TMOCIIEAOBATEILHOCTH MarHUTHBIE TTOTOKH,
3aMBIKaIOTCAd 4epe3 0ak, THO, KPBIMKY M JApyrue (eppoMarHUTHbIE YacTH
TpaHchopMaTOpa U pa3orpeBaroT ux. Paszorpes yxy/maeT oxaaxxaeHUe aKTUBHOM
gacTu TpaHc(hOpMaTopa, YTO BHI3BIBACT HATPEB U30JSIIUN OOMOTOK CBEPX HOPMBI,
U TpaHcpopMmaTtop TMpu 3arpy3Ke HIDKE HOMHHAJIBHOM MOXET OKa3aThCs
NeperpyKeHHBIM, MPUYEM YacTO J0 BbIXOAA U3 cTpos. [laHHOE 00CTOSTENHCTBO
BBIHY)KJA€T  MOBBIIATh  YCTAHOBJICHHYIO  HOMHHAIBHYI0  MOIIHOCTD
TpancopmaropoB Ha 1..2 cryneHu Oousblie HEOOXOAUMOH. OITO JaerT
HE3HAYUTENbHBIN 3((EKT, HO CYIIECTBEHHO CHWXACT IMOTEPU HAMPSIKCHHS U
aNeKTpodHeprun B ceTH. CyIIeCTBEHHBIM TPU3HAKOM TPU HECHUMMETPHUU
HArpy3KH SBISETCS TOBBIIICHHBIHN IIyM Y TpaHC(HOPMAaTOPOB.

JIoTIOTHUTENbHBIE ~ TIOTEPH  MOIIHOCTHM B CETH, OOYCJIOBIICHHBIC
HECUMMETpPHUEH TOKOB, XapaKTEePU3YIOTCs KOA(PPHUIIMEHTOM YBEIHUCHUS MOTEPh

MOIIIHOCTH Kop.

K,=AP.,/JAP.=1 + K’y 4 301 *or1 (1.4)

rac. ﬂPH - IOTCPpHU MOIIHOCTHU B CETHU TP HECUMMCECTPHUIHOM PCIKHUME.

AP - noTepu MOILIHOCTH B CETH, 00YCIIOBJIECHHBIE MPOTEKAHUEM TOKOB
IPSIMOM TIOCIIENOBATEIBHOCTH.
Ka - K03 (PUIIMEHT HECUMMETPUU TOKOB 00paTHOM

II0CJIEA0BATEIbHOCTH.
Koi - K03(ppumeHT HeCuMMETpUU TOKOB HYJIEBOM MOCIEA0BATEIbHOCTH.
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o, I' - CONPOTHUBIICHUS, COOTBETCTBCHHO, HYJIeBOﬁ 141 HpHMOﬁ

MOCJIEIOBATEILHOCTEH.
B vactHoM cityuae, 11 Tpexda3Hoi YeThIPEXIPOBOAHON TUHUH :

K , 1" Ko + Ko 4+3 I'n /Zab (15)

rac: I'N, 2¢ -~ AKTUBHBIC COIIPOTHUBJICHU HYJICBOTO U (1)33HOFO IIpOBOAOB

JIMHUH.

Takum 00pa3oM, YMEHBIIIUTH TOTEPH DJIEKTPOIHEPTUHN (MOITHOCTH) B JIMHUU
ANEKTPOINEpENaY MOKHO, YMEHBIIAsI BEIMYMHY MPOTEKAIOIIETO MO HUM TOKa,
00 yMEHBIIIasi COMPOTUBIICHUS ITUX JTMHUH.

Urto KacaeTcs HECHMMETPUU HalpsHKEHHW, TO OHAa HE OKAa3bIBaeT
CYIIECTBEHHOIO0  BIUSHUA Ha  paboTy  TpaHCcOpMATOpPOB U  JIMHUHN
ANEKTPONEPEAAYUH.

Konoencamopnuie ycmanosxu. IlogkitoueHie CHMMETPUYHOM 10 €MKOCTH
Tpex(da3zHoil  KOHAEHCATOPHOM  OaTaper K  DJIEKTPUYECKOM CETH  C
HECUMMETPUYHBIM HAIPSKEHUEM MOKET BBI3BATH €I1le OOJIBIITYI0 HECUMMETPHIO.
Kpome »Toro, mpum HECMMMETPUM HANPSKEHUM KOHAEHCATOPHBIE YCTAHOBKHU
HEPABHOMEPHO 3arpyXaroTcs PEaKTUBHOM MOIIHOCTHIO TO (pazam, ux oOImas
pPEaKTUBHAsI MOUIIHOCTh H3MEHSETCA. MOIIHOCTh MOTEPh IPU 3TOM TAKKE
pacrpenenseTcss HEpaBHOMEPHO.

[IpoBeneHHBIN aHATU3 PEKUMOB pabOThl KOHACHCATOPHBIX YCTAHOBOK MpHU
HECUMMETPUU HANpSHDKEHUM MOKa3aJl, 4YTO HOpPMaJibHAas »JKCIUTyaTalus HX
BO3MOYHA TIPH yCIOBUH, €CJIU MOIIHOCTD MOTEPh B KXKI0M (Da3e He MpeBbIIIacT

HOMHMHAJIBHOW BeNn4MHbL. PacnonaraeMas MOIIHOCTh YCTaHOBKH Qpacn

YMCHbLIIACTCS 11O CPABHCHUIO C HOMMHAJIbHOM MOIODHOCTBIO Qn " OIIPCACIIACTCA I10

dbopmye:
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Q pacn = Q”/+Ké L (16)

Um ax

rne  Upay - HanpshkeHne Hanbolee 3arpy>KeHHOM (ha3bl yCTaHOBKY;
K, - K0opPuImeHT HecuMMeTpUN HaANPSKEHNUS;

U - pabGouee HanpsiKeHHE KOHICHCATOPHOU OaTapeu;

Pacnonaraemasi MOITHOCTh 3TO BEPXHUH Mpeen pPeakTUBHOW MOIIHOCTH
Tpex(a3zHoil KOHAEHCATOPHOW YCTAHOBKH, KOTOpas MOXET OBITh IOJIE3HO
UCIIOJIb30BaHA NMPU HECUMMETPUYHOM HATNPSHKEHUN 0€3 CHIKEHUS CPOKa CITY>KOBI
KOHJICHCATOPOB HamOoJiee 3arpyKeHHOM ¢azbl.

MHnoeogpasnvie evinpsamumenu. HecuMMeTpusi HanpsOKEHUNM OKa3bIBaeT
OTpHULIATEILHOE BIMSIHUE HA PEKUM pab0Thl MHOTO(Da3HBIX BhIpsiMuTenei. Eciu
Opy CUMMETPUYHOM HANpPsDKEHUH TOKH (HampuMep, B MOCTOBOM CXeMe)
OJIMHAKOBBI BO BCEX BBIMPAMUTEIAX U UMEIOT OJIMHAKOBYIO MPOJIOJKUTEIEHOCTh
NPOTEKaHMs, TO MPU HECUMMETPUYHOM HAMPSHKEHUM OHU MOTYT 3HAYUTEIHHO
oTnnyaThes. B pe3ynbrare omycTUMas MOITHOCTh BBITIPSIMUTENS] CHUYKAETCS, TaK
KaK 4acTh BBIIPSMUTEIIEH OKa3bIBAE€TCA HEJOTPY>KEHHOM.

Hecummertpust HanpspkeHUN CHUDKAET Takke 3(PGEeKTUBHOCTH paboThI 3, 6,
12-da3HpIXx U Opyrux cUCTeM BbIIpsMIeHUs. [Ipu HecUMMeTpun HanpsKEHUN
MOSIBJISIIOTCS TaPMOHMKHU (TIyJIbCAllUM) JBOWHOM YacTOTHI BBIMIPSIMIICHHOTO C
MOMOIIBI0 TAaKMX CXEM TOKa, aMIUIMTyJa KOTOPBIX MPOMOPIHOHATBHA
KOA(DUIIMEHTY HECUMMETPUU HAMPSHKEHUH. DTHU TAPMOHUKU, PE30HUPYIOT B HE
PACCUMTAHHBIX HA WX TOSBJICHHE CIIQXUBAOIMMUX (DUIbTpax, Meperpyxaror
KOHJICHCATOPHI U BBIBOJAT UX U3 CTPos. Hanuuue »TuX mynbcanuii B HapsHKSHUH
TSATOBOM CETH JIaXe MPHU padOTe CTIIAKUBAIOIMNX (PUIHTPOB OTPUIATEIHHO BIHSIET
Ha paboTy CBSI3M.

Crnenyet OTMETUTh, YTO 3HAYUTEIHHBIC TOKU HYJICBOU MOCIIEI0BATEILHOCTH,

IIPOTCKAarOMue QGPGBHYHGBOIZ IMPOBOJHUK HCAOCTATOYHOT'O CCUCHUA, MOT'YT
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BBI3BATb €20 CUNbHbIL Hacpes.3aguxkcuposan pPs CIy4aeB BO3HHUKHOBEHHS
M0’KApOB B 3JaHUSAX M3-3a MEeperpeBa HyJIEBBIXIPOBOAHUKOB, CEYEHUE KOTOPBIX
coctaBysuio 25 wmm 50 % dazHoro nmposoa.

[IpunoCTOHHOM MPOTEKaHWU TOKOB HYJIEBOM IOCIEHOBATEIIBHOCTH 4YEpPE3
3azemaumenunocieonue BbICYIINBAIOTCSA, & UX CONPOTUBIIEHUE YBEINYUBAETCS.
DTO OTpUILIATEIHLHOBO3JICUCTBYET Ha pabOTy cucmem peneuHou 3awumol U
JHCENE3HOOOPOHCHOU ONOKUPOBKU, YTOMOMKET NPHUBECTH K OYEHb TSKEIbIM
MTOCJIE/ICTBHSIM.

Takum 00pa3oM, NpPOBENEHHBIM aHalu3 BIUSHUA HECUMMETPUU TOKOB
Harpy3ku Ha paOoTy pa3jIMYHBIX AJIEKTPOIPUEMHHUKOB MMOKa3a]d HEOOXOIUMOCTh
MIPOBEICHMSI MEPONPUATHIA IO CUMMETPUPOBAHUIO PEXUMOB padoTtsl cetu 0,38
kB. PazpaboTka 3THX MepomnpusTui, 0€3yCIOBHO, NOJKHA 0a3upoBaTHCS Ha
MPEABAPUTEILHOM aHAJIU3€ CTENEHH HECUMMETPUYHOCTH pexXHrMa pabOThl 3TOH

CCTH.

1.5. Pe:xxumbl padoThI 3JIEKTPUYECKHUX ceTeil

OnbIT NPOBEAEHUSI SHEPrETUYECKMX 06Ce0BaHNI B SNEKTPOIHEPreTUYECKUX CUCTEMAX U CUCTEMAX
3NEeKTPOCHabXeHNA NOKa3bIBAET, YTO CYMMapHbIe NOTEPU 3N1EKTPO3IHEPIMN B HUX cOCTaBnsatoT Ao 20 % un

6onee. MNpnuem ocHoBHble noTepun (80-90 %) cocpenoToueHbl B pacnpeaenuTenbHbix cetax 6-10/0,4 kB.

Kak npaBuno, Hanbonblwyto YacTtb NnoTepb (50-70 %) COCTaBASAOT TaK Ha3blBaeMble KOMMepyeckne

noTtepu.

CocTaBngowas TeEXHONOMMYECKMX NoTePb 3/IEKTPO3HEPIUM HA ee TPaHCMopT, T.e. TeEXHUYecKkue
NoTEPU INTEKTPO3HEPTINUN B JIMHUAX U CUJTOBbIX Tpch¢)opMaTopax, 06bIYHO MEHbLUE BENUYNHbI

KOMMEpYeCKNX NoTepb, HO BCE paBHO BeECbMa CYLWECTBEHHA.

Ba)kHOI cocTaBnsoLLEN TEXHONOMMYECKMX NOTEPb S/IEKTPOIHEPTMM B CETU SABMSIIOTCS NOTEpMU
CBsI3aHHbIE C HEeYZ0BNETBOPUTE/IbHLIM KAaYeCTBOM 3/1IEKTPO3HEPrun. Ee BennumMHa MOXET focTuratb
HECKOJIbKUX MpoLEeHTOB. Hanbosnbluee BMSIHUE Ha BENNYMHY MOTEPb OKa3biBAOT ceayowme
nokasaTesIn KauyecTBa 3/IEKTPOSHEPTUN - OTKJIOHEHUS HAMNPSIXXEHUSI, HECUMMETPUS HaMNPsXXEHUS,

HECUHYCOMAA/TbHOCTb HanpsxXeHusa.
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Cenbckue AIEKTPUUECKUE CeTH XapaKTEPU3YIOTCS OobII0M
MPOTSKEHHOCTHIO M HEBBICOKOM IIOTHOCTBIO HArpy30K, CTPOSITCSI B OCHOBHOM B
BHJIE PAIUATIBHBIX C MUHUMAJIbHBIM KOJIMYECTBOM KOJIBLYIOIUX MEPEMBIYEK, UTO
HE J1a€T BO3MOYKHOCTH CO3/1aTh ONTUMAIBHOE MOTOKOPACIIPEAEIIEHUE U BbI3bIBAET
JOTIOJTHUTENbHBIE TOTEPU HAIPSIKEHUS U MOILIHOCTH.

HcTrouHMKaMy  3IEKTPOCHA0KEHUSI  CEJIbCKOTO  XO3SIICTBA  SIBISIOTCS
onopubie noactanuuu 220/35/10 u 110/35/10 B.

[IpoBeIeHHBIMU HCCIIEIOBAHUSIMA YCTAHOBIICHO, YTO TOJIbKO 20,5 % cereit
HamnpspkenueM 0,38 kB HaxonsaTcss B yJIOBIETBOPUTEIBLHOM cocTOosiHUM, 18,73 %
CEeTe HYXKIAIOTCS B NPOBEICHUE KAaNUTAIBHOTO peMoHTa, 44,84 9% ceren
MO/JIEXKAT PEKOHCTPYKIIHH.

Jist snekTpuyeckux cered MpKyTckoil 00MacTH MOBBIIEHUE KadecTBa
ANEKTPUYECKOM SHEPIMM M CHIKEHHE IOTEPh MOLIHOCTH, OOYCIOBICHHBIX
HECUMMETpHUEN TOKOB, OCTAE€TCA OJHOW U3 CaMbIX HE pEIAEMBIX TPOOIIEM.

[IpoBeeHHBIA CTATUCTUYECKUNA aHamu3 Ko3(P(PUUUMEHTOB oOpaTHOM U
HYJIEBOW MOCJEI0BATEILHOCTEN U KO3(P(PUIMEHTa TOTEph MOIIHOCTU MOKa3all,
YTO CpEJHEE 3HAUYEHHE MAaTeMaTHYEeCKOro OXXHUJIaHug s Kod(duuueHra
00paTHOM MOCIEA0BATEILHOCTH HANPSIKEHUS cocTaBisieT 4,48 %, ns
ko3 dulreHTa HyJIeBOW MOCIeI0BATEILHOCTH HapsbkeHul - 7,22 % . [lpu atom
cpeaHee KBaJpaTUuecKoe OTKIIOHEHHE 3THX KodddunneHnToB cocrasisieT 2,018 %
n 3,06 %. OxcrnepuMEHTaIbHBIE JAHHBIE TOKA3bIBAIOT, YTO BEPOSATHOCTH
nonajganusi koddduiiieHTa oO0paTHON MOCIEIOBATEILHOCTH HAMPSIKCHUS B
HOPMHPYEMBI UHTEPBaJ COCTABIISIET 26 %, a s
ko3 duimenTa HyJE€BOW MOCIEAOBATEIIbBHOCTH OHAa OJIu3Ka K HYJEBOMY
3HAYEHHUIO. DTO OOYCJIOBIIEHO, BO-TIEPBBIX, HEPABHOMEPHBIM paclpe/ieICHUEM
onHoda3zHoW HAarpy3ku Mo (azaMm NUTAIIIEH CeTU W, BO-BTOPBIX, CIy4ailHBIM
XapaKTEpOM BKJIFOYEHHUI M OTKIIIOUEHUN OHO(]A3ZHBIX TOTPEOUTENEH.

IIpu stom B cpeanem B 80 % BpemeHU cyTOK KO3 UIMEHT 0OpaTHOM
NOCJIEIOBATEIbHOCTA HAIPSKEHUSI BBIXOAUT 32 YCTAHOBJIEHHBIE MpEIenbl, a

KOd(PUITMEHT HYJIEBOH MOCIEOBATENBHOCTH - B 87 % BpEeMEHH CYTOK.
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Bmecte ¢ 3TuM, 3HaYeHHE MAaTEMaTUYECKOTO OXXHUIAHUS KOdPPUIMEHTA
YBEJIMYEHUS TOTEPh MOILIHOCTH cOCTaBisieT 1,56, a ero cperHEeKBagpaTHIECKOe
OTKJIOHEHUE TipeBbliaeT 40 %. TakuM 00pa3oM, CpeiHEE 3HAUCHUE
Kodp¢uimeHTa MOTepb  MOIIHOCTH  JOCTUTaeT B paccMaTPUBAEMBIX

ANEKTpUUYECKuX ceTsax noutu 1,8 (B otnenbHbix ceTsax 0,38 kB oH npeBbIliaeT

3).

YMEHBIIUTh HECUMMETPHIO HAMIPSDKEHUH U TOKOB MOKHO pacIipe/ie]ICHHEM
onHO(a3HBIX HArpy3ok Ha Bce (a3pl muTaromie cetn. OJHAKO dalie BCETO
TpeOyeMoe CUMMETPHPOBAHUE MOXET OBITh OCYIIECTBICHO TOJBKO C MOMOIIBIO
CHCHUATBHBIX ~ CUMMETPHPYIOIIUX  YCTPOWCTB, M3 KOTOPHIX  Hamboliee
3¢ (HEeKTUBHBIMU  SIBJISIOTCS CTATHYECKHE YCTPOMCTBA C  HCIIOIH30BAHHEM
apocceneid W Oatapeil KOHACHCATOpOB. [IpuMeHeHWE CHMMETPHUPYIOIIIX
YCTPOMCTB UMEET JIBa aCleKTa: TEXHUYECKUH M SKOHOMHYCCKHIA.

Texuudeckuii - HEOOXOJAMMOCTh CHMMETPHUPOBAHUS HECUMMETPUYHOU
paboThI ceTH ISl TOCTIKEHUS 3HAUCHUH MOKa3aTeleil KauecTBa AIEKTPUIECKOM
SHEPTUM YCTAaHOBICHHBIM HOPMaM.

DKOHOMHYECKHIA - 11€Jeco00pa3HOCTh MPUMEHEHHSI CHMMETPHUPYIOITIX
ycTpoiicTB. OHa MOXET OBITh BBISIBJICHA IPU CPABHEHUH CTOMMOCTH 3aTpat JJIs
IBYX BapUaHTOB pabOThl JJIEKTPUYECKOH CETH: C CHMMETPHPYIOIIUM
YCTPONCTBOM U 6€3 HETO.

HeoOxomuMo OTMETHTH, YTO CHIDKATh HECUMMETPUIO HAINPSIKCHHS
1eJIecO000pa3Ho Jake TOTaa, KOTIa OHa HaXOIUTCS B JIOMyCTUMBIX IpeIesiax, TaK
Kak B 3TOM cllydyae 3HAYHUTEIbHO  YIYYIIAeTCS  PEXUM  pabOTHI

pacnpeaenutenbhbix cereit 0,38 kB u anexrpoasurarenei.

YACTHh 1L ClIOCOBbI M TEXHMHWYECKHUE CPEICTBA
MUHUMHU3IALIUN HECHUMMETPUYHBIX PEXHMMOB PABOTDBI
PACIIPEJEJUTEJBHBIX DJIEKTPUUECKHNX CETEN

Meponpusatus MO CHMXXKEHHIO HECUMMMETPUHM HANpSKEHUH CBOASATCS B
OCHOBHOM K TOMY, 4TOOBI KO3 (ULIMEHTHI HECUMMETPUU IO 0OPATHOM U HYJIEBOH

IMOCJaACAOBATCIBbHOCTAM HC IIPEBLIIIAIN AOITYCTUMBIX IIPEACIIOB.
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B nacrosiiee Bpemsi CyIecTByeT H0BOJIBHO MHOTO Pa3IMYHBIX CIIOCOOOB U
TEXHUYECKUX CPEJCTB, CHIKAIONMX HECUMMETPUIO TOKOB B Tpex(ha3HbIX
YETHIPEXMPOBOAHBIX CETSIX.

Heo0xonumo OTMETUTh, YTO HE BCSKOE CHUKEHHUE MOTEPh, 00YCIOBICHHBIX
HECUMMETPUEH TOKOB, IMOBBIIIAET SKOHOMUYHOCTh PAaOOThI HEPrOCUCTEMBI B
nenoM. M3BecTHO, YTO CHU3UTh TMOTEPU MOXKHO U DKOHOMHUYECKH
HelleliecooOpa3HbpIMU  cioco0amMu. BmecTe ¢ TeMm, HE KakJo€ MOBBIIICHUE
AKOHOMHYHOCTHU pabOThI SHEPTOCUCTEM COMPOBOXKIACTCS CHUKEHUEM MOTEPh B
CeTsX.

PaccmoTpum ciocoObl U TEXHUYECKHE CPEJICTBA CHUXKEHUST HECUMMETPUU
TOKOB, MO3BOJISIIOIINE MUHUMU3UPOBATH JOMOJIHUTEIbHBIE MOTEPU MOUTHOCTH U
ITOBBICUTH KaYECTBO AEKTprUuecKou 3Hepruu B cet 0,38 kB.

B cootBercTBUM C BbIpaxeHueMm (1.5) Bce cmocoObl M TEXHUYECKHUE
CpEeACTBa, TMpeIHAa3HAYEHHbIE [IJIi YMEHbIIEHUs Kod(dduimeHta norepb
MOITHOCTU Kp MOTYT OBITh pa3/ieJIeHbl HA TPYIIIbL:

I rpymma: TC, npenHazHadye€HHbBIE JJI1 YMEHBIICHUS CONPOTHUBIICHUA
HYJIEBOH MOCJIEA0BATEIBLHOCTHU Ro;

2- s: TC, ymenpmaromue KOI(PGUIMEHT HYJIEBOH TMOCIEAOBATCIBHOCTH

TOKOB Ky

3- a: TC, camwxkarmme KodQPUIMEeHT 0O0paTHON MOCIENO0BATEIBHOCTH
TOKOB

K A
2l
4- s. KomOunupoBanasie TC, mnpemaHa3HAuCHHBIC [JI1 CHIDKCHHS

kodppunmerTor Ko u Kj).

2.1. Cnoco0bl cCHMKeHMS] HECMMMETPHHN TOKOB M HANPSIZKeH Uil

IIpumenenue 3amknymoix u noayzamxHymolx cxem cemu 0,38
kB. CHmwXeHHWEe HECHMMMETPUM TOKOB 3a CUeT JONOJHUTENbHOro 3ddekta
BbIPABHUBAHUS HArpy30k a3 MOKeT ObITh MoJyueH npu nepesojie cetu 0,38 kB B
PEKHM TTOTYy3aMKHYTOM WM 3aMKHYTOM CeTU. B 1iepBoM ciiydae 3amMbIKaeTcs
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CETh, MUTAIOMIASICS OT OJJHOTO PACIPEACIUTENILHOTO TpaHChopMaTopa, BO BTOPOM
- OT HECKOJBbKHX pachpelneNuTelbHbIX TpaHchopmaTopoB. Hambomee
ONaronpusITHHIM B OTHOIICHUHM BBIPABHUBAHHUS HArpy3ok 1o ¢azam sBIsSETCS
3aMBIKAaHWE JIMHUW, TPHUCOCIHMHIEMBIX K OJHOMY pacCHpeNeiIUTEIbHOMY
Tpancpopmatopy. Hampsbkenune Ha kiaemmax TpaHcdopMaTopa TpHU  STOM
OJIMHAaKOBO N0 BeIWMYMHE W 1Mo (a3e nnd Bcex JuHMA. Ilpu 3TOM TOUKH
TOKOpa3Jieja yCTaHAaBIMBAIOTCA MEXKIY TOUYKAMH MUTAHUS JUIS Kakaou u3 ¢as
JUHUHA. DTH HArpy3ku OyayT TeM OoJiee BBIPAaBHHBATHCS, ueM Ooiiblne Oyaer
YHUCJIO 3aMBIKAEMBIX JIMHUM CETH HU3LIETO HAIPSIKECHMUS.

BrelpaBHuBaHMe Harpy3ku (a3 B 3aMbIKaeMbIX JIMHHMSX  CHIDKAET
HECUMMETPHUIO HAIpPsOKEHUW BOONb JUHUAW. [lockonbky B KakAbIX W3
3aMBIKAEMBbIX JJUHUH BETMYMHBI U (pa3bl CHMMETPUYHBIX COCTABIISIIOLIUX TOKOB U
HAalpsDKEHUM  ABJISIOTCS  CIYYaMHBIMM  BEJIMYMHAMH, TO MaTEMAaTHYECKOE
OKHJIaHWE HaNpsKeHUs oOpaTHOM (HyJE€BOM) MOCIEI0BATEILHOCTH COCTABIISIET
33 % OT MaKCHUMaJbHOTO B 3aMKHYTBIX JIUHUSAX.

3aMbIKaHUE CETH OJIarONpUsATHO CKa3bIBAETCS HA BhIPABHHUBAHUU HArpy30K
¢da3 u mepepacnpeneneHud CUMMETPUYHBIX HAarpy30K MEXKIY y4acTKaMHU CETH.
Takum 00pa3om, NpH 3aMbIKAHUN CETH YMEHBIIAIOTCS MOTEPH 3a CUET Pa3rpy3Ku
HYJIEBOTO U (pa3HBIX MPOBOOB, MOBBIIIAETCS KauyecTBO HampspkeHus. OaHako B
ATOM clyyae HEO0OXOJIMMO YUYUTHIBaTh, YTO B 3aMKHYTOM CETH, COJEpKallel B
ce0e HECKOJBbKO pachpeaesuTeIbHbIX TpaHC(hOpMaTOpOB, HEU30€KHO OynyT
MIPOTEKATH YPABHUTEIIbHBIE TOKH, CO3AIOIINE B CBOK OYEPED, TOITOTHUTEIBHBIE
IIOTEPH MOUIIHOCTH M DJIEKTPUUYECKOM »HHepruu. lloaTomMy sKoHOMHMYECKAs
3¢ (PEeKTUBHOCT, JAHHOTO CHoco0a YMEHBIIAETCS C YBEJIMYEHHEM YHcia

3aMbIKAEMBIX MaruCTpajieu.

Veenuuenue ceuenus ghaznoco u Hyneeoeo npoeooos aunuu 0,38

KB.I/ICCHGI[OBaHI/IﬂMI/I YCTAaHOBJICHO, YTO YMCHBIIICHUC Ro CCTHU IIPUBOAUT K

YBEJIMYEHUIO B HEl TOKOB HYJIEBOW M OOpaTHOM MOCIIe0BaTENbHOCTEN, TO €CTh

MIPUBOJMT K yBennueHuto kodpdurmentoB Ko u Ky I[loatomy yBennuenue
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CedeHus HyJeBoro nposoja doinee 0,75 ceuenus ¢pazHoro mpoBoaa He IPUBOIUT K
3aMETHOMY CHHKEHUIO JONOJHUTENIBHBIX IOTEPh MOIIHOCTH B CEJIbCKUX
pacmpeeNuTeNbHbIX ceTax. KpoMe Toro, W3BECTHO, 4TO ceueHue (a3HbIX U
HYJIEBOTO MPOBOAOB BBIOMPAIOTCS MO SKOHOMUYECKMM HArpy3kaM, KOTOpPbIE
COOTBETCTBYIOT MHUHUMYMY IpHUBEIEHHBbIX 3aTpar. [lepexon Ha cienyromui
HOMMHAJI CEYEHHUs IMPOBOAAa TpeOyeT AOIMOJHUTENbHBIX KaNUTAIbHBIX 3aTpar,
KOTOpble cOoCTaBIAOT 6 % oT croumoctu cetu 0,38 kB. Dt0 mpuBoauT K
HEOIIpaBJIaHHOMY yaopoxanuto cetu 0,38 kB.

JInsi yMEHbIIEHUs CONPOTUBIIEHUS HYJEBOW IMOCIEIOBATEIbHOCTH JUHUU
MpeaiaraloT UCIO0JIb30BaTh (POHAPHBIN MPOBOJ, KaK CIOCOO YBEJIMYEHUSI CEUEHUS
HysneBoro mnposozaa. IIpeamaraemeie yCTpOWCTBA TMO3BOJSIOT MOAKIIOYAThH
(oHapHBIN MPOBOJ B THEBHOE BPEMS MAapaUICIbHO HYJIEBOMY, U OTKJIIOYATh €ro
MIpU HACTYIJIEHUU TeMHOTHI (puc.14 I1. 1).

OpHako JaHHBIM CHIOCOO NIl CHMOKEHHS MOTEPh 3JIEKTPUYECKOM YHEPTUU B
cetn 0,38 kB He MpUMEHUM IO TEM KE€ NPUYMHAM, YTO U HEIOCPEACTBEHHOE
YBEJIMYECHHUE CEYEHUs HyJIeBOro mpoBoja. Kpome Toro, noaxkiatoueHue GoHaApHOTO
MIPOBOJIa Ha MapajlIeIbHYI0 pabOTy C HYJEBBIM MPOBOAOM BO3MOXKHO TOJIBKO B
JTHEBHOE BpEMsl CYTOK, TOTJa Kak, MOKa3bIBalOT MCCIEIOBaHUsA, MPOBOAUMBIE B
ANEKTPUUECKUX CETSAX, 3HAYUTEIbHAs HECUMMETPHUS HArpy30K HpOSIBISIETCS B

HanOoJIbIIEH Mepe B BEYEPHUE YACHI.

Uszmenenue cxemul coeOuHenusi 06MOmMoK mpauncgopmamopa.dmom
crocod MOXXET OBITh peaJin30BaH 3aMeHOM B celbckux cerax 0,38 kB
TpaHc(hopMaTopoB cO CXeMOH coeauHEeHUs] OOMOTOK '"3Be3/1a-3Be3/1a ¢ HyJieM'" Ha
TpaHchOpMaTOpP CO CXEMOM COeAMHEHUS "3Be3/1a-3Ur3ar ¢ Hyjiem'".

Haubomnee pacnpocTpaHeHHBIMH B HACTOSIIEE  BpPEMsl  SIBJISIFOTCS
TpaHchOpMaTOPHI C COeTUHEHHEM OOMOTOK MO cXeme "3Be3na-3Be3/ia ¢ Hysnem'.
D10 OO0YyCIIOBIEHO TEM, YTO OHHM HMEIOT 00Jiee MPOCTOE KOHCTPYKTHBHOE
WCIIOJTHEHUE U MEHBIIINE Pa3Mephl, a CJIECI0BATEIbHO U MEHBIIIYIO CTOMMOCTb, 110

CPaBHEHHIO ¢ TpaHC(HOPMATOPAMH C JPYTOi CXEMOU COCTMHEHHST OOMOTOK.
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Opmnako 3Ty TpaHChHOPMATOPBI UMEIOT OOJIBIIIOE COMPOTUBIICHNE TOKAM HYJIEBON
MOCJIETIOBATEILHOCTH. AKTUBHOE CONPOTHBIICHHE MACIISHBIX TpaHC(HOPMATOPOB
YBEJIMYECHO TI0 CPABHEHUIO C CONPOTUBIICHHEM 0OMOTOK TTOCTOSIHHOMY TOKY M3-3a
MOTEPh B MArHUTONMPOBOJAE, Oake W Pa3IUYHBIX KOHCTPYKTHUBHBIX JETAJISIX

BBIEMHOM YaCTH.

3HAUNUTEBPHOE YBEIMYEHHE COMNPOTUBIEHUS HYJIEBOM IOCIEI0BATEIbHOCTH
CBA3aHO C TEM, YTO MAarHUTHOE TMOJE, CO3JaBaeMO€ TOKaMH HYJIEBOH
MOCJIE0BATEIHLHOCTH UMEET BeChbMa CIIOKHYI0 KoHburypamuo. OHO 3aMbIKaeTCs
HE TOJILKO B Mpe/esiax MarHUTOIMPOBOJA, HO M uepe3 Oak TpaHcopmaropa. B
pane ciaydaeB 3Ta HecumMmerpus cocrtabisier 50 % HecMMMETpUM B KOHIIE
MarucTpaJibHbIX JIMHHIA. PacyeTamu yCTaHOBIJIEHO, YTO MOTEPS HANPSKEHUSA B
Takux TpaHchopmaropax MpU HECUMMETPUUYHOM DPEXKHME MOXKET JOXOJIUTH IO
25...20 % BMecto 4 % B CHMMETPHYHOM DPEXKHME, a KaXIOMY 3HAUCHHIO (B
MPOLIEHTaX)  HECMMMETPUM  HampsDkeHuu  cootBerctByeT 1,73 %
JIOTIOJIHUTEIBHOTO OTKJIOHEHUS! HampskeHus. [1oaToMy 4acTo MOIIHOCTh TaKMX
TpaHC(OPMATOPOB ONpENeNsieTcs HE MOIIHOCTBIO MUTAaeMOW Harpy3ku, a
MUHUMaJIBHO HEOOXOJUMBIM TOKOM KOPOTKOI'O 3aMblKaHHS U TpaHC(HOpMaTop

BI>I6I/IpaeTC$I C 3aBBINICHHBIM 3HAYCHHUECM MOIIIHOCTH Ha 2.3 CTYIICHH.

TeopeTnuecknue M SKCIEPUMEHTANIbHBIE HCCIEAOBAaHUS IMOKa3alih, 4TO B
cenbckux cetrsax 0,38 kB ¢ umerommmcss ypoBHEM HECUMMETPUU HArpy30K
HEBO3MOXHO 00ecCIeYnTh CHUYKEHHE OTEPh AIEKTPOIHEPTUH
3aMeHoUTpaHc(HOpMaTOpPOB CO CXeMoil "3Be37a-3Be37a ¢ HyJeM'" WIH JPYyTruMu
TpanchopMaTopaMu ¢ MajbiM COMPOTUBICHUEM HYJIEBOW MOCIEI0BATEIBHOCTH

Zy IO CIEAYIOIIUM MPUYMHAM:
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- npuMeHeHnue B ceTsax 0,38 kB TpancopmMaTopoB ¢ MajIbiM COMPOTUBIIEHUEM
HYJIEBOM  MOCJEAOBATEIbHOCTH  MPUBOAMT, 1O  CPaBHEHUIO  C
TpaHchopMaTopaMu co cXxeMol "3Be3lla-3Be3/la C HyJeM'", K YBEJIIMUEHUIO B
JUHUU W TpaHcpopMarope  TOKOB  HyJlIeBOM W oOpaTHOU
MOCJIEIOBATEIBLHOCTEH, YTO MPUBOAUT K YBEJIIMUEHUIO KodPdunmenta Kp,
TaK ke, Kak 1 KOMIIEHCAI[MOHHOM CII0C00¢;

- DKBUBAJICHTHOE COIPOTUBIICHUE HYJIEBOM TMOCIEIOBATEIBHOCTH CETU C
TpaHchopMaTopamMu, UMEIOMUMU Majoe Zy, ONpPENeNsiioTcs B OCHOBHOM
CONPOTHUBJIEHUEM JINHUH, KOTOPOE Ha MOPSAOK BBILIE COMPOTUBICHUS TAKUX
TpaHc(hopMaTopos;

- B CBSI3M C YBEJIIMYEHHUEM TOKOB OOpAaTHOW IOCJIEN0BATEILHOCTH B CETU C
TpaHchopMaTopaMu, UMEIOIIUMH Maioe Zj, B y3JIax Harpy3Kd BO3pacTaeT
HaIpspKeHue oOpaTHOM MOCIEA0BATEIbHOCTH, OTPULATEIBHO BIMSIOLNIUE HA
paboty Tpex(a3HbIX ACHHXPOHHBIX AnekTpoasurateneil. I[lostomy
IPUMEHEHUE TaKUX TPaHC(HOPMATOPOB B CETIX CO CMEIIAaHHOW HArpy3Koi He
PEKOMEHTy€eTCSl.

Opnako  TpaHchopMaTopbl C  MajbiM  COINPOTUBJICHHEM  HYJIEBOU
MOCJIEI0BATEILHOCTH CO CXEMOM "3Be37a-3Ur3ar ¢ HyJIeM'" U HEKOTOPBIE JIPYTHE
NO3BOJISIIOT CYHIECTBEHHO CHH3UTh B y3JaX Harpy3Kd HalpsSOKEHUE HYJIEBOU
MOCJIEIOBAaTENbHOCTH. B CBA3M C 3TUM, UX NpPUMEHEHHE IeIecCO00pa3Ho B
cenbekux ceTsix 0,38 kB ¢ KoMMyHanbHO-OBITOBOM HArpy3Kou il OBBIILICHUS

Ka4yeCTBa JJIEKTPUYECKON YJHEPTHH.
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Ilepepacnpedenenue Hacpy3ox no @aszam 00CIYIHCUBAIOWUM  NEPCOHATIOM.
Tekymuii KOHTPOJIb 00CTYKMBAIOIIUM IMEPCOHAJIOM 3a padoToil Beex
3JIEMEHTOB CHCTEMbl JJIEKTPOCHAOKeHHMS I03BOJIsIET CBOCBPEMEHHO
BO3[€fiCTBOBATh HAa YCJA0BUA U (akTbhl padoOTbl CHCTEMBI B LEJAX
NMOBBIIECHUA TEXHUKO-IKOHOMHYECKUX noKasareJen.
Ilepepacnpenejienue Harpy3oxk Heo0X0AMMO NPOM3BOAUTH, IO
pe3yJbTaTaM KOHTPOJIbHBIX 3aMeEpPOB paclpene/ileHUss Harpy3ku B
Juauu. IIpoBefeHHBIMU HMCC/IEOBAHUAMHU YCTAHOBJIEHO, YTO IOTEPH
JIEKTPUYECKOM JHEpPIruu, 00yCJIOBJICHHBIE HeCJIy4ailHOH
HeCUMMeETpHE# TOKOB, MOIYT ObITb CHHKeHbl Ha 15..20 %
IlepepacupenejieHne HArpy3oK 3HAYUTENbHO YJIy4lIaeT OCHOBHbIE
MOKA3aTeJM KayecTBa (OTKJIOHEHHE HANpPSKEHUsl, KOIPPUIUEHT
HECHMMETPHH MO0 OOPATHOM MOCJICA0BATEILHOCTH HANPSKCHUS H
K0P PUUHMEHT HECUMMETPUU MO0 HYJEBOH IOC/IeI0BATEIbHOCTH

HANPSKEHUS).

2.2. TexHnuyeckue cpecTBa CHU:KEHHS HECUMMETPUM TOKOB U
Hanpsikenui B cetu 0,38 kB

Aemomamuueckoe noOKnOUeHUe O0O0HOQDA3HOU HAPY3KU K HauMeHee
3azpyoceHHou gase.

Peanuzaumst 3toro cnocoba OCYHIECTBISIETCS MyTEM NPUMEHEHUs
CIIEHIHAIBHBIX CUMMETPUPYIOIINX YCTPOMCTB, BKItoUaeMblx B cetu 0,38 kB. C
MOMOILBIO  3THUX  CHUMMETPUPYIOIIMX  YCTPOMCTB  AoOMBaroTCs  Ooiiee
paBHOMEpHOTro pacmpeneneHus no (azam onHo(a3HbIX HArpy3okK CeTH. ITO, B
CBOIO OYepe]lb, MPUBOAUT K YMEHBIIEHUIO TOKA HYJIEBOW MOCIEI0BATENILHOCTH U
JOTIOJIHUTENIBHBIX MOTEPh B ceTH 0,38 kB. OnHako nmpuMeHeHue 3Toro cnocoda B
CEIbCKUX CETSIX OCIOXKHSETCS TEM, 4YTO JOBOJBHO TPYIHO M0a00paTh
0HO(a3HYI0 aBTOMATHYECKH TMEPEKII0YaeMyl0 Harpy3Ky COOTBETCTBYIOLIEH
MoOIIHOCTH. [ToATOMY HE BO3MOKHO CYIIECTBEHHO YMEHBIIUTh HECUMMETPUIO

Harpy3o0K M, KpoMe€ TOro, mpu HcnoJib3oBaHMU CY 3TOro TUMa MPOUCXOIAUT
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HArpy3Ku; U3MEpPUTETbHBI M KOMMYTAIIMOHHBIA KOMIUIEKC ATHX YCTPOWCTB

npeaACTaBIACTCA JOBOJIBbHO CIIOKHBIM.

Ilpumenenue CY, ecmpoennoco 6 6Oax mpancgopmamopa co cxemoll
coeounenus oomomox YIY,.

YcerpolicTBoO TipeicTapiisieT co00M KOMIEHCUPYIOIINE BUTKH, YJIOKEHHBIE B
BHJIe OaH1aXka MoBepx pabounx oOMoTok Tpanchopmatopa (puc. 18, I1. 1).

OTH BUTKHU COCIUHCHEI C HeﬁTpaJ'II)I-O OOMOTOK HHM3IICTO HaIIPsKCHUA
t

TaKUM 00pa3oM, YTOOBI MarHUTHBIE TOTOKU @), CO3aBaEMble UMU B MAarHUTHOU
1enu TpaHcopMaTropa TOKOM HYJIEBOIO IIPOBOJA, ObUIM HAIPaBJIEHO BCTPEYHO
IIOTOKaM HYJIEBOH MOCJIEI0BATEIILHOCTH Dy,

CO37aBa€MbIM TOKaMu padouux oOMOTOK. IIpu paBeHCTBE MarHMTOABMKYLIUX

CHII HYHGBOﬁ IIOCJICOAOBAaTCIBbHOCTH pa6qux OOMOTOK 1 KOMIICHCHPYIOIITUX
t

BUTKOB CyMMapHbIH MmoToKk 2h<P, = @y + @y = 0. CnemoBarenbHO, NpH
YKa3aHHBIX YCIIOBUSIX, CONMPOTUBIIEHUE HYJIEBOM MOCIEI0BATENBHOCTU Zj TAKKE
MOXXHO IpUHATH paBHbIM Hyt0. Torma Uy = 1yZy ~ O, T.e. HCKaKeHHE CUCTEMBI
(da3HbIX HaNpsXKEHW Ha BBIBOJAX TpaHcopmaTopa C HEPABHOMEPHOM
Harpy3koi 1mo ¢a3zam MpakTUYECKU JTUKBUIUPYETCS.

VY CTaHOBJIEHO, YTO IPH UCIIOIB30BaHUH JaHHBIX CY KOMIIEHCUPYIOTCS TOKH
HYJIEBOM TMOCIEA0BATEIbHOCTH, MPH ATOM CHIKAKOTCS MOTEPU HAMPSIKEHUS U
DPHEPTrUM B DJIEKTPUUECKOM CETH, a TakKe 3HAYMTENIbHO yiydiiaercs dopma
KpPUBOW HAIIPSDKEHUS NIPU HAJIMYMU B CETH HEJIIMHEWHBIX HArpy30K, YTO KpanHe
Ba)KHO MPU MATAHUUA MHOTHX YYBCTBUTEIBHBIX K 3TOMY MTPUOOPOB.

BwmecTte ¢ aTuM ncnons30BaHue 3TOTO criocoba Hanbosee 3hPEeKTUBHO aiist
MOBBIIIEHUS KayecTBa JJICKTPUYECKOW SHEPruM, TaK KaK MPOUCXOAUT
MUHAMM3AIUSA KOA(DPUIIMEHTOB HYJIEBOM M OOpaTHOW MOCIEI0BaTEILHOCTEN
HanpsokeHusl.  JInsi  yMEHbIIeHWsT  MOTeph  JJEKTPUYECKONM  DHEpruw,

00yCJIOBJIEHHBIX HECUMMETPHEH TOKOB, 3TOT CIIOCOO HE TIPUEMJIEM, TaK KaK

48



UCIOJIb30BaHUE Takoro Tpancgopmaropa ¢ CY NpuBOIUT K YBEIUUECHUIO

kod(punuenta Kp.

Hcnonvzosanue neiimpanepa.

HeifiTpanep npeacrasisier coboit Tpex(das3Hblil IEKTPOMarHUTHBIN anmnapar, 0OMOTKa
KOTOPOTO BBINOJIHEHA 10 CXEME BCTPEYHOIO 3Ur3ara U NpUMEHSIETCS ISl CO3/1aHUs

VCKYCCTBEHHOMW HYJICBOU TOUKH.

CHkeHHe HECUMMETpUM (a3HbIX HANPSHKEHUM  DIEKTPONPUEMHUKOB
MOXKET OBITh JOCTUTHYTO HE TOJIbKO YBEJIUUYEHUEM CEUYECHHS HYJIEBOTO MPOBOJA,
HO ¥ YMEHBIIEHUEM €T0 JUIMHBI. DTO IOCTUTAETCS MyTEM MIepeMEIICHUS] HEUTpaIu
HEMOCPEJCTBEHHO K  ojnHOo(a3HbIM  siekrponpuéMHukaMm.  Heitrpanep
YCTaHABJIMBAETCS HEMOCPEJCTBEHHO Y OJHO(MA3HBIX JIEKTPONPUEMHUKOB. [Ipu
TOM DJJIGKTpUYECKas CETh BBIMOJHICTCS TPEXMPOBOJHON C JTUHEHHBIM
HAmpsDKEHUEM  PaBHBIM ~ HOMHHAJIBHOMY  HAMpsOKEHUIO  TPEX(Qa3HbIX
anekTpornpuéMHUKoB. OT HelTpasiepa 10 0JHO(GA3HOTO IEKTPONPUEMHUKA CETh
BBITIOJIHACTCS YK€ 4eThIpEXxnpoBoHoM. [Ipu mogobnoM BeimosnHenuu cetu 0,38
kB HamnpsbkeHue CMenieHusT HEeUTpalu MPaKTHUYEeCKH OTCYTCTBYET, TaK Kak
NPOTSHKEHHOCTh  HYJIEBOTO MPOBOAAa HeBenuka. [loiHOe conmpoTHBIICHHE
HEWTpajiepa MPAKTUYECKU PABHO €ro AaKTUBHOMY CONPOTUBIIEHUIO (ha3HOU
OOMOTKH.

Mecrto BKJIIOYEHHUS HEUTpajiepa BBIOMpAEeTCS TaKUM 00pa3oM, dYTOOBI
COTPOTUBJICHUE HYJEBOW IOCJIENIOBATEILHOCTH HE TMPEBOCXOIUIIO 3apaHee
3aJIaHHOTO 3HAYCHUSI.

B pesynbrare ucmosib30BaHUS HEWUTpaiepa CHIKACTCS HEPaAaBHOMEPHOCTH
pacnpeneneHus TOKOB 1o (a3am, 4TO BeAET, B CBOIO Oouepeilb, K OCIabJICHUIO
HECMMMETPUM HAMNpSOKEHUS W YMEHBIIEHUIO €ro IMoTeph B Hambosee
3arpy’>keHHON (haze, TOBBIIMICHUIO MPOMYCKHOW CMOCOOHOCTH JuHUU. [lpm
YCTAaHOBKE HEWTpajepa TakkKe YBEIMYMBAIOTCS TOKH OJHO(DA3HOTO KOPOTKOTO

3aMbIKaHUs, ITIOBbIIIAA TEM CaMbIM Hajlé)KHOCTB 341U ThI HHU3KOBOJIBTHOU CETH.
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Bmecte ¢ 3TuM, ycTaHOBKa HeWTpaliepa, SBISIETCS  YCTapeBIIUM
TEXHUYECKUM penieHueM. Ero mnpuMeHeHuwe miig 1elied CUMMETPUpPOBAHUSA

OTrpaHUYMBAETCS TpaHcPopMaTopaMmu MOITHOCTHIO 10 40 KBA.

IIpumenenue snekmpomawiunnbix npeobpazosameneil.

K nanHomy croco0y 0THOCSITCS 3JI€KTpOMAIIIMHHBIE TPpeoOpa3oBaTeu yucia
¢a3, nepenaya u npeoOpa3o0BaHKUE SHEPTUH B KOTOPBIX OCYIIECTBIISIETCS IO CXEME
TpexdazHas ceThb - Tpexda3Hblid dIEKTPOABUTATEND - OAHO(]A3HBIN TeHeparTop -
onHodaszHas Harpy3ka. B aTom cnydae ogHodazHas Harpy3Ka 3JEKTPUUYECKU He
CBs3aHa C Tpexda3sHOM mnHTarOUel CeThblo, U SBJICHHUSA, CBSI3aHHBIE C
HECUMMETPUYHBIM PACTIPEICIICHUEM HArpy3Kd W OIPAHUYEHHBIE CHCTEMOM
oJiHO(ha3HBIN TEHEPATOP - HArPYy3Ka, HE OKA3BIBAIOT BIUSHUS HA MMUTAIONIYIO CETh.
Takoe pemieHue MpoOJIEMbl PABHOMEPHOTO paclpeiesieHus OoaHo(a3zHON
Harpy3ku no azamM HE HaIUIO0 MPaKTUYECKOro MPUMEHEHUs BCIEACTBUE
3HAYUTENLHON YCTAHOBIIEHHON MOIIHOCTU U CTOUMOCTH O0OpYJIOBaHUS, & TAKKe

oonpux (10 20 %) moTepb SHEPTUH.

Hcnonvzosanue cummempupyrowux ycmpoucme 0isi KOMHEHCAYUUu MmMoKO8
0Opamuoll noc1e008amebHOCHU

Jauupiii  cmoco®d  CUMMETpUpPOBaHUS  OOYCJIOBJIEH  NMPUMEHEHHEM
CUMMETPHUPYIOIIUX YCTPOWUCTB, BO3ACHCTBYIOMIMX TOJBKO HAa TOKH OOpaTHOM
MOCJIEA0BATEILHOCTH, TO €CTh CHIKaOIUX Kodhduiment Ky B Beipaxkenuu 1.5.
PaccMOTpUM HEKOTOPBIE CXEMBI ATUX CUMMETPUPYIOIIMX yCTpoicTB (Tadm. I1. 1).

[TpuHimn paboOThl TaKMX YCTPONUCTB OCHOBAH Ha TOM, YTO MYJILCUPYIOIIUE
MOIIIHOCTH, CO3/1aBa€Mbl€ HHAYKTUBHO-€MKOCTHBIMH 3JIEMEHTaMH, COBIAIAIOT T10
¢daze 1 KOMIIEHCUPYIOT MyJIbCUPYIOLTYI0 MOIIHOCTh OJAHO()Aa3HOM HATrPY3KHU.

CummMmetpupyroniee yctporictBo Ne 1 (tabu. I1. 1) copepXutT MHIyKTUBHBIN
ieMeHT | ¢ AByMs MarHUTOCBSI3AHHBIMU OOMOTKaMu 2 U 3, BBIBOJBI KOTOPBIX

MOJICOSAUHSIOTCS K IBYM (pazam. OO11ast Touka 0OMOTOK Yepe3 KOHAeHcaTop 6
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HoJcoeuHsAeTCS K TpeTheil (pase. MHAYKTHBHBIA D3JIEMEHT AOINOJHUTEIBHO
cHaOxeH JByMss oOMoTkamMu 4 u 5, Kaxzaas M3 KOTOpPBIX BKIIIOYEHA
IOCJIEI0BATENbHO C YKa3aHHBIMU MarHUTOCBSI3aHHBIMU OOMOTKaMHu 2 U 3.

VYcnoBreM CUMMETPUPOBAHHUS SBIIETCS CIEIYIOIIEE BBIPAXKEHHE:

s/AZQMQc,
rae Qc - MOIIHOCTH KOHJEHCATOpHOW Oarapen; XOr - cymMMmapHash MOIIHOCTbH
AJIEMEHTOB YCTPONCTBA; Sy - MOIIHOCTh HAIPY3KH.

Hcnonp30BaHue 1aHHOTO YCTPOICTBA TO3BOJIAET OJIYYUTh BBICOKUI COS (>
Ha BXOJI€ CHMMETPUPOBAHHOM ceTH. HemocTaTtkom TaHHOTO yCTPOMCTBA SABIIAETCS
HeocTaToYHas 3P(HEKTUBHOCTh (PUIBTPALIUH.

JlaHHBIN HETOCTATOK yCTpaHseTcs B ycTponcTBe No 2 (tabn. I1. 1),
Oylaroapsi HKCIOJb30BAHUIO JIOMOJHHUTEIBHOIO KOHJIEHCATOPa, CO3/al0TCs
JOMOJHUTENbHbIE  (DUIBTPOBBIE  3BEHbS,  yBenuuuBas  3(PEKTUBHOCTH
(UIBTpALIMK BBICIIUX TAPMOHUYECKUX COCTABIIIOIIMX B TpEX(Pa3HbIX JIMHEUHBIX
HaIPSOKEHUSX CETH.

Hcrnonb30BaHuE CHMMETPUPYIOIIMX YCTPOWCTB JAaHHOM TIpynnbl Ui
YJIYUIICHHs] Ka4eCTBA 3JIEKTPUYECKON PHEPTUU U CHMXKEHMS MOTEPh B CEINBCKUX
ceTsIX Mallod((PEKTUBHO, TaK KaK MAaKCUMaJbHO BO3MOXXKHOE YMEHbILECHUE
noTepb, 00YCIOBICHHOE CHIKeHHEeM Koddduimenta Ky, KoTopoe MOXKET ObITh
JOCTUTHYTO B  pe3yjbTaTe IIOJHOM KOMIEHCAllMh TOKOB  OOpaTHOMU

ITOCJIEIOBATEILHOCTH, cocTaBsieT He 6omee 10.. .15 %.

Ipumenenue kKomMoOUHUPOBAHHBIX cuMMempupyrowux ycmpoticms. K
JAQHHBIM YCTPOMCTBAM OTHOCSATCS YCTPOMCTBA IIO3BOJIAIOIIAE KOMIIEHCUPOBATH
TOKA OOpaTHOW ® HyJEBOW mocieaoBarenbHOCTe. CHUMMETPHUPYIONTHE
yCTpOMCTBA STOr0 THUMA MOTYT CHIKaTh TOKM OOpaTHOW U  HYJEBOU
MOCJIEOBATEIBLHOCTEN CETH, OTJIMYAsACh JIPYr OT Jpyra, JMOO YCTaHOBJIEHHOW
MOIIHOCTbIO, JINOO (PyHKLIHOHAIBHBIMU BO3MOXKHOCTSAMU. PaccMoTpuM oiHO U3

Takux ycTpoucTB Ne 20 (tadm. IT. 1).
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C uenpr0 CHMXKEHMSI YCTaHOBJIEHHON MOIIHOCTH M PACIIMPEHUS JUana3oHa
CUMMETPUPOBAaHUSA BBEJIEH TpaHCPOpMaTop, MEpBUUYHAST OOMOTKA KOTOPOTO
MOJAKIIOYEHA K ABYM (ha3aM CETH, CPEJHUN BBIBOJ BTOPUYHOW PEryIMpPyeMOU
OOMOTKH TMOJAKIIOUEH K TpeThel (aze. BriBoabl koHaeHcatopa 1 u apoccens 2
MOJIKJIIOUEHBl K Ppa3HbIM BBIBOJAM BTOPHUYHON OOMOTKHM TpaHcopmaTopa, a
BTOPbIE UX 3aXHMbl COEIMHEHBI JPYT C APYTOM U MOJCOEAUHEHBI K HYJIEBOMY
IIPOBOLY.

KomneHncarnusi TOKOB HyJI€BOM MOCJIEIOBATEIBHOCTH OOECIEUYUBACTCSA TPHU
KOMIICHCALIMM TOKa Harpy3ku TOKOM CHUMMETPHUPYIOLIEr0 yCTPOMCTBA, KOTOPBIM

PaBEH BEKTOPHON CyMME TOKOB PEaKTUBHBIX 3JIEMEHTOB. [Ipu nmpakTudecku
BO3MOKHOM JIMana3oHe U3MeHeHus (pa3oBOro yria Harpy3ku ~“<(p, <"

JAuaria3oHibl HN3MCHCHMHA (1)33 HaIIPpSOKCHUA Ha KOHACHCATOPE M APOCCLIIC

cnenyromue: 0<y/,<90°; 270° <y/, <360°. CnenoBaTelbHO, JaHHOE

YCTPOMCTBO 00eCIeYnBaeT CUMMETPUPOBAHUE B JOBOJIBHO IIMPOKOM JIHANa30HE
(ba30BBIX YIJIOB HArPY3KH.

HenocraTkamMy TaHHBIX CHMMETPUPYIOUINX YCTPOUCTB SBISETCS TO, YTO UX
11eJ1ec000pa3HO MCHOIb30BATh TOJBKO TOTAA, KOTJAa Harpy3ka MOCTOSHHAs MU

MCHACTCA B ITUPOKOM AUAITA30HC.

IIpumenenue cummempupyrowux ycmpoucms uibmpoeo2o mund.

K naHHoMy BHIy CXeM MOXHO OTHECTH TaK Ha3blBa€Mble, UIYHTO-
cUMMeTpupytomue ycrtpoucta (puc. 1, 2, 3, 6, 8, 9, 10, II. 1), xapakrepHoi
0COOEHHOCTBIO KOTOPBIX SABJISIETCS TO, YTO OHU UMEIOT MUHUMAJIBHO BO3MOXHOE
CONPOTHUBJICHUE TOKY HYJIEBOM MoOciieoBaTeIbHOCTU. biiarogaps 3ToMy Oosibiias
4acTh TOKOB HYJIEBOU nocienoBaresnbHocTH ceTth (.38 kB 3aMbIkaeTcs Ha yyacTke,
rae LHICY noaxirodaeTcss K CETM M CAMUM YCTPOMCTBOM. [[pyrumu cioBamu,
JTAaHHBIE YCTPOMCTBA Kak Obl 3aMBIKAIOT Ha ce0si (IIYHTHUPYIOT) TOKU HYJIEBOU
MOCTIEIOBATEILHOCTH M TIOUYTH HE MPOIYCKAIOT UX Ha ApYyrue ydyactku juHuu 0,38

kB. Kpome Toro, mryHTOCUMMETPUPYIOLINAE YCTPOUCTBA MO3BOJISIOT
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OCYIIECTBIISITh IIMPOKOMOJOCHYIO (UIBTPALIMIO TOKOB BBICHIMX TapMOHHUK
npsIMOi, OOpPAaTHOM U HYJIEBOM MOCIIEI0BATEIbHOCTEH.

Ha puc. 3 (ta6un. II. 1) n3o0OpaxeHo NIyHTOCUMMETPUPYIOLIEE YCTPOIMCTBO
AIIEKTPOMArHUTHOTO THUMA.. JlaHHOE YCTPOMCTBO COACPKUT Tpex(a3HbIii
ANIEKTPOMATHUTHBIN anmapar, OOMOTKH KOTOPOTO COEIMHEHBI 110 CXEMe
BCTPEUHBIM 3HUr3ar, UMEIIUNA Tpu (a3HBIX BHIBOJA U OJMH HEUTPAJbHBIH,
npuueM Kaxabli (pa3HbIM BBHIBOJ IMpeIHA3HA4YCH IS MOAKIIOYEHUS K (Pa3HBIM
MIPOBOJIaM CETH, & HEUTPAJIbHBIA K HYJIEBOMY MPOBOJY, a TAKXKE OHO CHA0XKEHO
TpeMsi KOHJEHCATOPHBIMU OaTapesMHU, ISl TOBBIIICHUS KAYECTBA JIEKTPUYECKON
DHEPIUHu.

B ycrpoiictse CUMMETPUPOBAHKE (PA3HBIX HANIPSIKEHUI CeTH
o0ecreynBaeTcs 3a CYeT HaJu4Ms TpeX(pazHOTO 3IEKTPOMATHUTHOTO arapara,
0OMOTKH KOTOPOT'O COE€IMHEHBI IO CXEME BCTPEUHBIN 3Ur3ar. ITO CBS3aHO C TEM,
YTO ATOT anmnapar 00JaJaeT UCKIOYUTENBHO MajbIM COMPOTUBICHUEM HYJIEBON

MOCJIEA0BATEIBHOCTH, T.€. ZLoycy < Zocglll, U BCE TOKU HYJIEBOI

MTOCIEAOBATEIBHOCTH, CO3JAaHHBIE HECHUMMETPUYHON HATPY3KOM1 CeTH,
3aMBIKAIOTCA ~ 4Yepe3  JaHHOe  yCTpoucTBO. CONpOTHBIIEHHE  HYJIEBOU
nocnenoBareabHoctd dToro CY < 0,03 Owm, a mnpsamoii u oOpaTHOU

OCIEA0BATENBHOCTEH Zj ey = Zocy = 600 Om.

[lo pmanHbIM, mpu 7000 CTENEHW HECHUMMETPUU HArpy3o0K (BIUIOTH 10
00pbIBa 0J1HOM W3 (ha3bl) CMEIIeHHEe HeWTpanu B MecTe noakaoueHuss OCY He
npessimaet 1,5 % dhasHoro HanpsHKEHUS CETH.

PaccMoTprM IIYHTOCUMMETPUPYIOIIUME YCTPOWCTBA BBIMOJHEHHBIX Ha
OCHOBE MHIYKTHUBHO - €MKOCTHBIX 3JeMeHTOB (puc. 6, I1. 1). K nocrtonncrBam
naHHbix ICY MOXHO OTHECTHM TO, YTO OHM HE TOJIBKO YIY4YIIAOT KayeCTBO
ANEKTPOIHEPTHH, HO U MO3BOJISIIOT KOMIIEHCUPOBATh PEAKTHUBHYIO MOIIHOCThH B
AJICKTPUYECKOM CETH.

VYcnoBuem (GuiabTpalii TOKa HYJIEBOWM TOCTEAOBATEIILHOCTH SIBIISCTCS
MOJKIIOYEHUE DJIEMEHTOB C TO(a3HO-OJIMHAKOBBIMH TapaMeTpaMU IO CXEME

YEeTBIPEXITYIEeBOM 3Be3/1bl. TOKM MpsAMOi 1 00paTHOM MOCIEA0BATEILHOCTEN
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OMnpcACATCA 3HAYCHHUCM  IIPOBOJAUMMOCTHU Yy, npn HaJIWu4unu PC30HAHCA

HaIIPpAKCHUA HYHGBOﬁ IIoCJICA0BATCIILbHOCTH !
Yoy=3Yy,> (1-10)

rae Yoy; Yy - COOTBETCTBEHHO IIPOBOAMMOCTH HYJIEBOTO M ()a3HOTO IIPOBOJIOB.

[Tonkntouenue k y3ny Harpy3ku CY ¢ maibiM CONPOTUBICHUEM HYJIEBOU
ITOCJIEA0BATEIBHOCTH MTO3BOJISIET YMEHBIINTH TOK HYJIEBOW NOCIIEN0BATENBHOCTH
B cetn 0,38 kB, 4TO NpUBOAUT B pE3yJIbTATE K YMEHBIIEHUIO IOTEPh MOIITHOCTH U
AIIEKTPUYECKON IHEPTHH, O0YCIOBICHHBIX HECUMMETPHUEH TOKOB B JaHHOW CETU
Ha 30-50 %.

Henmocratkom ~ gaHHOTO ~ yCTpPOMCTBAa  SIBISETCS  HEBO3MOKHOCTBIO
pEeryJMpoOBaHMsl MOIIHOCTHA, YTO B CBOK OY€pedb CHUXKAET KayeCTBO
CUMMETPUPOBAHHUS.

JIaHHBII ~ HENOCTATOK  YCTPAHSAETCA  YCTPOMCTBOM,  IO3BOJIIFOLIUM
aBTOMATUYECKU PEryJIMpPOBATh MOIIHOCTh CUMMETPUPYIOIIHMX YCTPOWCTB (pHC.
21,11. 1)

VYka3zaHHas 3a1a4a TOCTUTAETCS TEM, YTO HANPSKEHUE, CHUMAEMOE C IIIYHTA
5, BKIIFOYEHHOTO B Pa3pbIB HYJIEBOI'O MPOBOJIA, POIOPIUOHAIBHO TOKY HYJIEBON
IOCEN0BATENBHOCTH. CHUMAEMOE Yepe3 YyCUIUTENDL O HAIIPSIKEHHUE PETYIIUPYET
MOIIHOCTh CHUMMETPHUPYIOLIETO YCTpOoWCTBAa 4 TMOCPEACTBOM THPHUCTOPHOTO
perysaropa MOIIHOCTH 3, B 3aBUCHUMOCTH OT BEJIMYHMHBI TOKa HYJIEBOU
MOCJIEA0BATEIBHOCTH.

JlaHHO€ YCTpOMCTBO OOECIEYMBAET BBICOKYIO CTEIEHb CUMMETPUPOBAHMS
HaIpsHKEHUI Ha €ro BbIXOAE U MOXKET YCHEIIHO UCTI0JIb30BaThCs JIJIs IOBBILICHUS
KAuecTBa M CHUKEHUS MOTEPh DJEKTPUUYECKON SHEPTUU B TpeX(azHbIX CETAX C
HYJIEBBIM ITPOBOJIOM.

Takum 00pa3oM, MPOBENECHHBIN aHAIW3 MMO3BOJSET YCTAaHOBUThH, YTO HJIS
HanOosnee >(P(HEKTUBHOTO CHUIKEHUS JIOMOJTHUTEIBHBIX IMOTEPh MOITHOCTH M
MOBBIIICHUS KaYeCTBa JEKTPUUYECKON IHEPTUU, 00YCIOBICHHBIX HECUMMETpUEH

TokoB B ceTu 0,38 kB, Haubosee 1enecoodpa3HbIM MOKHO
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CYMTATh MCHOJIb30BAHUE IIYHTOCUMMETPUPYIOIIUX YCTPOMCTB C MaJbIM
CONPOTHUBJIICHUEM TOKaM HYJEBOW MOCIEIOBATEIIBHOCTH, B KOMIUIEKCE C
YCTPOMCTBOM aBTOMATUYECKOIO PErYJINPOBAHUS MOITHOCTH.

Hcnonb3oBaHne MOAOOHBIX CUMMETPUPYIOIIMX YCTPOWCTB JJISi CHUKEHUS
JOTIOJIHUTENIBHBIX ITOTEPH MOIIHOCTH OCHOBAHO HA 3HAHWU TOYHBIX METOJOB UX
pacuera U OnpeleeHHH HanOoJiee paloOHaIbHOIO MECTA X BKJIIOUYEHHUS B CETh
0,38 xkB.

Bwmecte ¢ atum 11t 0oee Ka4eCTBEHHOIO CHMMETPUPOBAHUS HArpy304HbIX
TOKOB HEOOXOIUMO MPOBECTH JOMOJHUTEIBHBIC UCCIECIOBAHMS, HAMPABICHHBIE
Ha oIpeJieieHne Haubouiee 1esecoo0pa3sHoro MecTa BkiIrodeHus 3toro CVY B cetu
0,38 kB, rae cHMmXeHHe AOMOIHUTENbHBIX MOTEPh MOIIHOCTH, 00YCIOBIIEHHBIX

HGCHMMGTpHGfI, TOKOB 6y,[[€T MaKCHUMAaJIbHBIM.

YACTD III. METO/JAbI PACHETA HECUMMETPUYHbLIX PEXKUMOB

3.1. Pacuer CHMMETPUYHBIX COCTABJISIIOIIMX HANPSKEHUSIIMIUPUIECKHUM
MeTOA0M

['ocynapctBennsiM ctangaptoM ['OCT R 54149-2010 pexkomenmyeTcs
OTIPEIENSITh CAMMETPUYHBIE COCTABIISIONINE 0o0paTHO 1 HyJIEBOM
IIOCJIEIOBATENBPHOCTE MO  CIEAYIOIIEM METOIMKE, MCIOJIb3yEMOW IIpU
WU3MEPEHUSIX B YCIOBUSX AKCILTyaTallMy U MPU TPOCSKTUPOBAHUM.

Pacuem xosgpguyuenma necummempuu Hanpsdicenuli. no oo6pamuou
nocne008amenbHOCmu.

Jlns Kaxaoro I-ro HaOMIOJCHHMsI 3a WHTEpBajl BPEMEHH, paBHbIH 10
MUHYTaM B OJIHY HEJEI0, U3MEPSIOT OJHOBPEMEHHO ACHCTBYIOIINE 3HAYCHUS
Mexaydasabix Hanpspkenuidl mo ocHoBHOM yactoTe UAB(1), Upc(1)i, Uca(r)i m
KonnuectBo Takux nHTEpBaiioB coctapisieT 1008.

BpaucasroT AeUCTBYIOLIEE 3HAUEHNE HaIpsDKCHUST  OOpaTHOM

I0CJICA0BATEILHOCTH OCHOBHOM YaCTOTHI U5(1) 710 BBIPAKEHUIO:
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Ui

( et

U 2
1 J3u s BC )i e Cayi Bc(L)i~ YCA(1)i (3.1)
12 AB ()i U AB (1)i +| - U

AB(1)i AB (1)i

U,(i)i MOXHO oTIpeNieNuTh ¥ 1Mo MpUOImKEHHON GopmyIe:

U2(1)i = 0,62 (UM1)i - UHM(1)) (3.2)
rae UhE(i)u Upm(i)i- HanbombIiee M HaMMEHbIIEE JCHCTBYIONIUE 3HAYCHUS W3
TpeX MeXTypa3HbIX HANPSHKEHUH OCHOBHOW YacTOTHI B 1-OM HAOJIFOICHUH.

Jlamee omnpenensioT Kod(h(UIMEHT HECHMMETPHH HANpsOKCHUN 110
oOpatHol nocnegoBaTeabHOCTH Koyi:

Kuw ="2*-100% (3.3)
1 u1<1

e Uy(1)i-  nelicTByroliee 3HaYCHUE HAMPSHKCHHUS 00paTHOM
MOCJIEIOBATEIbHOCTH OCHOBHOM 4YacTOTHI TPEX(a3HOM CUCTEMbI HAINPSKEHUU B
I-oM HaOJIFOICHNH;
Ui(1)- neiicTByromee 3HAYCHHWE HANPSHKCHHUS TMPSIMOW TMOCIEIOBATEILHOCTH
OCHOBHOH YacCTOTHI B I1-OM HaOJIFOICHUH.

Pacuem «koagpgpuyuenma mnecummempuu Hanpadgjcenuii. no  HY1€601U
noC1e008ameabHOCHIU.

Jnst kaxporo i-ro HaONIOJEHUS 3a baKOH K€ HMHTEpBal BPEMEHW,
U3MEPSIIOT OJJHOBPEMEHHO JNEHCTBYIOLIME 3HAYEHUS TPEeX MEXAy(a3HbIX U JIBYX

(pazHbIX HampspreHuit ocHOBHOM 9acToTel UAB(2)i, UBCO, UCA(1)i, Uaa)y UBg)»
U -
C()i-

OnpenensitoT ~ JEUCTBYIOIIEE  3HAYEHHWE  HAINPSDKEHHS  HYJIEBOU

MOCJICA0BATEILHOCTH OCHOBHOM 4acTOThI Uo(1)l 110 BBIpaKEHUIO:

2 2 Sy i 2 2 R A2
1 Y BC(1)i ”'8}1( 1)i _U B(Ly VA1) s . Yac i Y clﬁ( 1)i
Yoo -2 + [ 4U “gC 1), Y 4B@)i
6 YU usi)i Y 4B, U @i
UB(1)i ~ Uaq Jj 7
- 2-
S3A4U 2y VAR (3.4)

U.s@yi

56



Uy ()i MOXHO ompeaenuTs o IpHOIFKeHHOW hopmyie:

Y0(1)i =°62 “uBp(1)i “HMp(1)o, (3.9)
rae uys @!), Uyw (. Hanbosbliee 1 HaMMEHBIIEE IEUCTBYIONINE 3HAUCHUS U3
TpexX (pa3HBIX HAMPSKEHUH OCHOBHOM YacCTOTHI B 1-OM HAOJIIOICHUH.

Hainee onpeaenstoT KodGGHUITMEHT HECUMMETPHUH HAIPSHKEHUN IO

HYJIEBOU mocieaoBaTebHOCTH Koy

V3, ¢
K ]
oo 29 g/ (3.6)
Use v
i i
rac Mol)' ,Z[eﬁCTBYIOHICC SHAYCHUC HAIIPSKCHHUA HYHGBOﬁ IOCJICA0BATCIbHOCTHU
OCHOBHOH 4acTOTHI TpeX(a3zHOil cucTeMbl HanpsHKeHUi B i-oM HabmoaeHuu; Uy

- IEUCTBYIOIIEE 3HAUCHUE MEKTYy(Pa3HOTO HAIIPSKEHUS TIPSIMOI

MOCJICOBATEILHOCTH OCHOBHOM YaCTOTHI.

3.2. MoayJbHbIi MeTOJI pacyera
3.2.1. Pacuem noxazameineii Hecummempuu moxKos

JIns pacyeTa CHMMETPUYHBIX COCTABIISIOMIMX U TTOKA3aTEIEH HECUMMETPUU
TOKOB U HAaIlpSOKEHUH B YETHIPEXMPOBOJAHOW CETM HAaMU OBUT HCIIOJIb30BaH
MOAYJBHBIN MeTo, npepioxeHHbi npodeccopom Kocoyxosim @.J[. CaHTKT-
[lerepOyprckuit I'AY). IlpakTuueckoe u3MepeHHEe HayaldbHBIX (a3 TOKOB M
HalpsDKEHUM B CETSAX  3aTPyAHUTENBHO W MPUBOJWAT K 3HAYUTEIBHBIM
ITOIPEIIHOCTM B OTIPENIEIICHUH CUMMETPHUYHBIX COCTABJISFOIINX
HECUMMETPUYHOM CHCTEMBI TOKOB M HamnpspkeHud. lloatomy B ycnoBusix
DKCIUTyaTallul  JJIEKTPUUYECKUX CETEN ONPENCIICHUE  CHUMMETPUYHBIX
COCTaB/MIIOIIMX M TIOKa3aTeJed HECUMMETPUHM TOKOB M HaIpsKEHUH
11es1eco00pa3HO MPOU3BOJIUTH IO pe3yibTaTaM H3MEPEHH MOayJed TOKOB U
HanpspKeHu.  Takod MeToJ pacueTa KOMIUIEKCHBIX CUMMETPUYHBIX
COCTaBJIIOLIMX U MOKA3aTENE HECUMMETPUHN TOKOB Ha3bIBAECTCS MOYJIbHBIM.

JIaHHBI METOJA  3aKII0YaeTcsi B CICAYIOLIEM. YeTbIpexXyroJibHUK,

oOpa3oBaHHbIN TOKamu la, I, Ic, Iy MpencraBiseTcs kak COBOKYITHOCTBIO JBYX

TPEYTOJILHUKOB TOKOB (puc. 3.1).
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g4

I, -
7
/A—W,x \ B A
a I 5 Wi
I, P
y g

Puc 3.1. BekTopHas nuarpamMa HECUMMETPUYHOW CUCTEMBbI TOKOB
YETBIPEXIIPOBOJHOMN CETU

KpOMe TpECX JIMHEHHBIX TOKOB U TOKA B HYJCBOM IIPOBOJAC AOIIOJIHHUTCIBHO

U3MEPSIEM MOJYJIb CYMMapHOr0 KOMIUIEKCHOTO ToKa (puc. 3.2):

e]¥sc

.
D 7

leéc =16"Ic - lsc

T, 1,

”1 H‘)

H, W, ¢ “|

VZ QO Q& Q>

Puc. 3.2. Cxema uzmepeHus cymMMapHoro Toka 1z

B 3TOM citydae 4eThIpexyroiabHUK TOKOB la, I, Ic, Iy pa3znenstorcs na qBa

TPEYTOJBLHUKA TOKOB la, Igc, In ¥ I, Ic, e, IS Kaskmoro u3
Cs
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KOTOPBIX yIJIbI OAHO3HAYHO BBIPAXKAIOTCA 4YCPE3 CTOPOHLI

CJIEAYIOIINX BBIPAKCHUIM:

1 ,m° IN b
! _Dy
COS PJ 710 *e
2¢IA'I6c IA
2 1z
COS P2 = 'o+1InpsLg b,
2-In -IT u
1 2 "lec” IN d
cosy
2 «1a"IN |y
rae:
T+T2_ P2
f_a*'BCc N
2'l 6c ,
.2..2 -
|
W — 1B+1BC1(2 J 2'J|BE J
J2 — )2 +J0% 4.

¢ IIOMOHIBIO

(3.8)

YuwureiBas, uro u/, = 0, Y/ix = y,- Vis =180° - P, P = P,+ P,, nocne
peoOpa30BaHus, BRIPAKCHHS ISl CAMMETPHUUHBIX COCTABIISIONINX TOKOB

BBITJISIAST CIEAYIOIIMM 00pa3oMm:

L mf/j-V t+fi-ej-243-g + jm \3-1A-1,-i[3-d-ey2fi-hj

h
6-p
- L A1 taniT3-e-(T-2j~3-g -j-\s -la-1a-{[3 -d + e~V 213wz g
6'1, >
1
|0:3 nJ"
FI[C:
/12 2 2 2 2

n_upug _bpeg

PO ~StA-Y] 02
C e -

—~ n»

Jprogo

Wcnonb3ys Beipaxenus (3.9), HAX0 UM KOMIUIEKCHBIC KO3(DPHUIIMESHTHI

HECUMMETPHUU TIPSIMOM U 00paTHOM MOCIEA0BATEIIbHOCTEN TOKOB:
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K 2,=7; Koi = 'f. (3.10)
h

[TomyueHHbie  BBIpRKEHHSI  TO3BOJIIOT  ONPENETUTh  KOA(P(UIIUEHT
YBEJIMYEHHS NOTEPh MOIIHOCTH Kp Mo BbIipaxkeHurto (1.5).

AHAOTUYHBIM IyTEM OMNPEAEISIIOTCS CHUMMETPHYHBIE COCTaBISIOIINE
HaIpsHKEHU 00paTHOM M HYJIEBOM IMOCJEI0BATEIbHOCTEN, KOTOPHIE MO3BOJISIOT
OCYIIECTBUTh pacuér KO3 UITUEHTOB oOpaTHOI U HYJIEBOU

MOCJIE0BATEILHOCTEN HANPSKEHUS IO BhIpakeHUsIM (1.7).

3.2.2. Pacuer noka3artejeil HeCUMMETPUH HANPSIZKEHUI

Kak n3BecTHO, HECHUMMETPUYHAS CHCTEMA (pa3HBIX HAIPSHKCHHM
Ua=Uj-e IWA  Ug=Ugz-eJWs Uc=U,pe JVe MOJKET OBIThH

pa3jioKeHa Ha CHUMMETPUYHBIC cocTaBistonme npsmoit Uj, oOpathoit U, wu

HysneBoit U, mocienoBaTeaIbHOCTEH:

J1

1/,
Uj :3—"-/1 O K\J-I; P eXf=6: 3

14 2
V-2 :3' \-4"4 'U-B*®'U-C > > (3'11)
1
Ug=--A +U, + U,
0 A+ + J
Ha ocnoBanuu (puc. 3.3):
U‘a+U“B-U“AB
CoS q 2-Up-Ugp y
B
UA *Ur - U? (3.12)
COS a, = ¢ CA 9
2'1/[,4'1/1 ‘B l/l,C
uéﬂ_*—uée @ 9y = U‘A+Uéc'U£CA
rae p > <5
2«U?2 2'Ut
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Usc
+1

Pucynok 3.3 - BekropHas auarpamma Tpex(a3zHoil HECCUMMETPUYHON CUCTEMBI

HaIpsHKCHUN

[Tocne mpeobpazoBanus BeipakeHus 3.11 ¢ yuerom 3aBucumocTu 3.12,

HOJTy4aeM:

Hi =4t\-u, +H3-i+ryf> + grj- *-2VH3-¢-g"
(0]

Hy JI. "UuMN-SA+ryip+grj- Mo VH3-¢-gn 413)
(0)

Ho=y X4 + 4?2 + gyj-4-r"

rae s = -JIfR- 2~ ;=22 Pc~g ~.

OmnpenemuB Ui ,U, ,U,, MOXKHO HalTH KO3 PHUIIUCHTHI 0OpAaTHOM U
HYJIEBOW MOCJIEA0BATEIIBHOCTEN HANIPSKECHUM:

k =HI_x - H-° (3.14)

-0U A
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3.3. MeToabl pacyeTa CHMMETPUYHBIX COCTABJIAIONIUX TOKOB H
HANPSAKEHUUB JJIEKTPUYECKOM CeTH C CAMMETPUPYHIUMM YCTPOHCTBOM

Mpwn pa3paboTke MeponpuUsaTUIA NO MOBbLIWEHMIO KayeCTBa M CHUXEHWUKD MOTEPb 3/IEKTPUYECKON
3Heprum B cetax 0,38 kB, obycnoBneHHbIX HeCMMMeTpuen TOKoB, 60fblUOe 3HaYeHWe MMeeT To4dHas
OUEeHKa BeNMYUHbI MoKasaTener HeCMMMETPUM TOKOB W HamnpsixXeHUN, a TakXe BeMYMHbl NoTepb

3NEeKTPUYECKON SHEPruun.

B HacTosilee BpeMs pa3paboTaHbl pa3fiMyHble MeToAbl ONpeaeneHns nokasaTesnen HeCMMMeTpumn
M NOTEPb 3/IEKTPUYECKONM SHEPIUM B SN1IEMEHTAX CETU, OCHOBAHHbIE HA AETEPMUHMPOBAHHbIX 3HAYEHUSAX
¢daKkTopoB 3MeMeHTa CeTW, a TaKXe MeToAbl, B OCHOBY KOTOPbIX MOJIOXEHbI pe3ynbTaThbl
BEPOSAITHO-CTATUCTMYECKON 06paboTKM AaHHbIX 3aMepoB B ceTsAX. Hanbonee TouHble MeToabl pacyeTta

OCHOBaHbl Ha MeToae CMMMETPUYHbIX COCTaBAAOLWNX.

MeToa CMMMETPUYHBLIX KOOpAWMHAT - 3TO CTPOMHAsi MaTeMatuyeckasl Teopust TpexdasHbiX
3/1eKTPUYECKUX Lierneit, NpeanoxeHHas B Havyane 3Toro Beka PopTeckblo, Koraa peasbHas TpexdasHas
ceTb C NapaMeTpaMm B koopanHaTax ABC HanpsixXeHUn NpUMEHSIOTCS OAHM U Te Xe Npeobpa3oBaHns, Kak
M B XOPOLO W3BECTHbIX MaTpuuax npeobpasoBaHMsl 3aMellaeTcs Apyron TpexdasHoWh UKTUBHOWM
3/1EeKTPUYECKOW CeTblo C MapaMeTpaMuM B KoopauHatax 012. lMpukiagHoe 3HauyeHwe 3ToN Teopuwu
3aK/1loYaeTcs B TOM, YTO 4O LUIMPOKOro BHeapeHuss DBM pacyeT B CUMMMETPUYHbIX KOOpAMHATax 6bin

npakKTn4veckn eaAnHCTBEHHbIM UHXXEHEPHbIM METOAO0M.

I[J'ISI TOKOB U CUMMCTPHUYHBIX KOOPAWHAT, ITPCAJIOKCHHBIX CDOpTeCKBIO, qTo,
663YCJ'IOBHO, ABJICTCA JOCTOMHCTBOM MCTO/A.

J171s1 TOKOB:

LA -N1+12 "Lo>
2
LB —— L L-Lo>
1uU_L2 y" (3.15)

2
Lc™—LiQ.L2Lo >

Perrast cucremy ypaBuenwuii (3.15) otHocurensto h, 1,, 1o momyunm:
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Li —iA+ Q-LB+ @ Lc>

7 . N

|2 —3— Ci " Q.2LB +"Zc» (3.16)
7

La ~Cn+ZB+Zc

roe L™ Lp, Lc - Toku coorBerctBeHHO a3 A, B u C; Li, L, L, - Tokm

COOTBCTCTBCHHO HpHMOﬁ, 06paTHOI?I 141 HYHGBOﬁ IHoCJacaA0BaTCIIbHOCTH, a4 -

orneparop moBopota wim (pazHelii MHOKUTENB(M =€ '*" ° = ¢ /*" 7 T~~j 7 7 ~)-

AHQJIOTUYHBIE COOTHOIIEHUSI MOXXHO TIOJYYUTh [JII CHUMMETPUUYHBIX
COCTAaBIISIIONIMX TPSMOM, OOpaTHOM W  HYJEBOM MOCJIeA0BaTEILHOCTEN

HaIpsHKECHUN:

_ m\
Ua=UIiI+U,+Uy;
2
3.17
U_6’— Q_ U_] + — o»' Y ( )
lHlo~ml 111 211-0> 37

Pemast cuctemy ypapHenuii (3.17) orHocutensHo Uy, Uy, U, momyuum:

7/ 2 >
—ji~2 *~1" £ _He¢
U,="i.A+CUs+qU.2 , (3.18)

uo=-c§.A+u@+u62
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Ananu3 BeipaxkeHuit 3.15 u 3.16 noka3bIBaeT, YT0 CUMMETPUYHON CUCTEME
TOKOB IIPAMOro uepenoBanns (a3 B pasHbIX KoopauHaTax Korna /s =a I, Lc ~
0J4 m> coOTBETCTBYET OJJHO(A3HBIN TOK /. B CHMMETPUYHBIX KoopauHartax. [Ipu
srom 12=1070¢ BepHo u 0OpaTHOE, TOKY /. B CUMMETPHUYHBIX KOOPIMHATAX
COOTBETCTBYeT TpexdasHas CHMMETpUYHAsT CHCTeMa TOKOB  MPSMOM
nocJIeIoBaTeIbHOCTH B (pa3HbIX koopauHaTax l14, 1i1g, lic.

AHaIOTHYHO, CHMMETPUYHOU CUCTEME TOKOB 00paTHOTO uepenoBanus (a3 B
da3HBIX KOOpAMHATAX COOTBETCTBYET OAHO(A3HBIH TOK |, B CHMMETPUYHBIX
KoopauHatax. Toky |, B CHMMETpUYHBIX KOOPAMHATAX, B (ha3HBIX KOOPJAMHATAX
Tpex(a3HOro TOKa, COOTBETCTBYET CHUMMETPHUYHAs CHCTEMa TOKOB OOpaTHOM
rocaenoBaTeabHOCTH 124, log, 12c.

Cucreme TOKOB HYJIEBOH IOCIEAOBATEILHOCTH B (Da3HBIX KOOpAMHATAX
COOTBETCTBYET 0HO(Da3HbIN TOK | ¢ B cuMMeTpuuHbIX KoopauHaTtax. Toky |y B
CUMMETPUYHBIX KOOpPJIWHATAX COOTBETCTBYeT TpexdaszHas CUMMETPUIHAS
CHUCTEeMa TOKOB HYJIEBOU mocyienoBateabHOCTH lga, log, loc-

Takum o0pa3oM, HECUMMETPHUYHAS cucTeMa (pa3HbIX TOKOB | a, | g, | ¢, MOXKeT
ObITh pa3iokeHa Ha TpU Tpex(daszHble CUMMETPUYHBIE CUCTEMBI - TPSIMOM,
oOpaTHOM 1 HYJIEBOH MOCIEAOBATEILHOCTH.

B yactHOM cityuae, ToKy B oiHOHM (paze B (pa3HBIX KOOpJIMHATAX, HATIPUMEDP
TOKY B (ha3e A, COOTBETCTBYET cucTeMa TpeX TOKOB 11, |, | o B CHMMETpUUYHBIX

KoopauHaTax (tabnuua 3.1)
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Tabauua 3.1. IIpeacraBiieHne TOKOB B CHMMETPHYHBIX M (Pa3HBIX
KOOPAMHATAX
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[peacrasnenne B | [Ipeacrasnenue T10- | [Ipeacrasnenue cummeTpuy:
(bﬁBHle KOOpAHHATax KOB B CHMMETPUY- | HbIX COCTOBJIAIOILIKX TOKOB 1
HBIX KOOpAMHATAX ¢asHBIC KOOPAHHATHI
F,\ x L, L
Ie o~ T aln Le 7 a 1
=1, l,=1,=0
lg=a’l,, lc=al, S e Ly =1L =2%], Lic =al,
ILA II I L
Ie & alp I & T Ing

Ly =1,,1p =al;,l5 =32]2

I I I I, Loa Top Loc
A I I A ] A A
[A_IB—!C 11=13=0, lo—lA 10A=1()R=10C =0
I Lis Ilm
A | P Le Ao Liplap 7 Inc
=A A A & e A
Ioa Ilog loc
} I I 1A =Il
2
Iy =1 = o1 =t g =a’ly
L=L=L=:1 Lo S5
Loy =151 =al,, I =a’l,
!()A = lou =loc o~ lo

3.3.1. Memoo pacuema noxazameneti HecUMMempuu MmMOKO8 U

Hanpsacenuu 0 cemu 0,38 kB ¢ cocpedomouennoti Haepy3kou
U CUMMEMPUPYIOUWUM VCMPOUCMBOM
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PaccmoTtpum Hanbosee oOmuil ciydai, Korja y3ei CeIbCKOX03sHCTBEHHON
Harpy3kd COCTOMT M3 TPEX(PaA3HbIX CUMMETPUYHBIX DSJIEKTPONPUEMHHUKOB,
BKJIIOUEHHBIX Ha MEXIy(a3zHoe HampsbkeHHe, KOTopble 00pa3yroT TpéxdasHyro
CUMMETPUYHYIO Harpy3Ky U 0JTHO(A3HBIX AJIEKTPONPUEMHUKOB, BKIIOYCHHBIX Ha
(da3zHoe HampspKeHHE W 00pasyloT Tpex(asHylo HECHMMETPUYHYIO HarpysKy.
[Ipeanonoxum, 4T0 CHMMETPHUPYIOLIEE YCTPONCTBO BKIFOUEHO HETTOCPEACTBEHHO
B y3J1€ Harpy3ku. Cxema 3JeKTpOCHA0KEHHS TaKOro y3Jia IPEACTABICHA HA PUC.
3.4.

Paznuuaromyecss mapameTpbl CX€Mbl 3aMEIIEHUS M PEeXUMa OTICIbHBIX
CUMMETPUYHBIX COCTABIIIONIMX OyJ€M OTMEUYaTh CIACAYIOMIMMHU UHIACKCAMHU: JJIs
MPSAMOI MOCIEA0BATENILHOCTH - «1»; JUIsl OOpPAaTHOM MOCIIEIOBATEIBHOCTH - «2%;
JUTSL HYJIEBOM MOCIEA0BATENIBHOCTH - « )»,; Tpex(a3Hasi CHMMETpUYHAsl Harpy3Ka -

«S»; Tpex(da3Hass HeCHMMETpUYHAs Harpyska - «HY;
CUMMETPUPYIOILEE YCTPOHUCTBO - «CYM.

[Ipn BBIBOAE aHATMTHUYECKUX BBIPAKEHHUW ISl MTOKA3aTeNed HECUMMETPHUH
TOKOB M HamnpspkeHuM siekrpudeckorn cetu 0,38 kB mpumem cienyromme
JOITYIEHUS:

1) cucrema HanpsokeHwit Ha wmmHaXx 10 kB Tpancdopmaropa Tl
CUMMETpPUYHA U HE 3aBUCUT OT HArpy3KH CETH;

2) Bce 2JIEMEHTHI CETH, BKITIOYAsi TPAaHC(HOPMATOP U CUMMETPHPYIOIIEE

YCTPOMCTBO, UMEIOT JINHEMHBIE TAPAMETPBI.
T1 10 xB T2 0,4 kB

Puc. 3.4. Cxema yyacTka 3J€KTPUUYECKON CETH C HArPY3KaMH U
CUMMETPUPYIOLIUM YCTPOUCTBOM:
1- S - mosmHas MOMIHOCTH TpeX(a3HON CUMMETPUYHON HATPY3KH;
2 - S¢y - MOJIHAsE MOITHOCTh CUMMETPUPYIOIETO YCTPONCTBA,;
3 - Sy - MmoJsHask MOILHOCTH Tpex(ha3HOM HECUMMETPUYHON HATrPY3KHU.
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CxeMma 3amenieHusi JByXO0OMOTOYHOrO TpaHchopMaTopa MpeacTaBlieHa Ha

puc. 3.5.
1 2 3 -4
—>{ ] (% —>

Puc. 3.5.. Cxema 3amernienus AByxoOMoTodHOTo Tpanchopmaropa:l - S

2mZLTI " Z T2>—mo52-u;4-S,.

Ha sToii cxeme: SMI13> Sn - KOMITJIEKCHBIE MOLITHOCTH HCTOYHUKA MUTAHUS U
ANEKTPONPUEMHUKA; Z11 = Z1p, Zo - NOJIHbIE KOMIUIEKCHBIE CONPOTUBIICHHUS
npsIMOM, OOpaTHOM W HYJIEBOHM TMoOcieaoBaTebHOCTEN TpaHchopmaropa; N -
KOMILJIEKCHBIM KO3 duument tpaHnchopmanuu. [loTepsimu Xxomoctoro xonaa B
Tpancopmarope npeHedperaem;

3) Tpéx¢dazHass HeCHMMETpPHUYHAas Harpy3ka W  CHMMETPHpPYIOIIEe
YCTPOMCTBO UMEIOT CTATUYECKUH XapaKTED.

C yuyéToM NpPUHATHIX NOMYIIEHUH H300pa3uM CXEMy 3aMEIleHHs IS
JnaHHOU TpéxdasHoii cetu (puc. 3.6).

Ha  ocHoBaHMM  TpUHIMOA  KOMIEHCAallMM  3aMeHUM  TpéxdazHyro
HECUMMETPUYHYIO HArpy3Ky HECMMMETPUYHBIM HCTOYHHMKOM HampsbkeHui. B
pe3yibTaTe 3TOM 3aMEeHbI paccMaTpyuBaeMasi elb CTAHOBUTCS CUMMETPUYHOM, U

MMO9TOMY CUMMCETPHUYHBIC COCTABJIAIOIIUEC TOKOB U HaprDKeHI/Iﬁ B HEHl HE 3aBUCAT

JpyT OT JIpyra.
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1 2 3 4 I, I,
=T =T =24 =
1 2 3 4 1, I
B — —_—
._| '—i l—‘ E )—-I } L 4 \ 4
o1 E 3 4 I, Ly
C — —
{1 o
l (_\'(ll l q«l ! AJ'('L l u_uLl N_uLl HYC

& 7 | |
I @ 11 ]l
e _
N [ |' ,' @

Puc. 3.6. Cxema 3amenieHns y4acTka 3JIEKTPUUYECKON CETH C Harpy3KaMu 1

CUMMETPUPYIOIIUM YCTPOUCTBOM: 1 - Z7;; 2 - 211 = 21y, Z10', 3 - n;

4 =7 _ ! - 5 ZSI’ZSZ’ZSO-A; 6 7__r'17)] 4—7—4—r'17.7
7 - Zh7 Zh21 Zh7) y 8 - ZAy

[TpunsiB a3y A 3a OCHOBHYIO U 3aMEHHUB TPEX(Pa3HyI0 HECUMMETPUYHYIO
Harpy3Ky TpeMs HCTOYHUKAMH Heu3BecTHbIX Hampspkennit U,, ,U,, u U,
Pa3NOKUM OTH HANPSHKEHUS HA CUMMETPHYHBIE COCTaBIIAIONIME HAIPSKECHUN
npsimoii U1, obpatnoit U, , u myneBoi U, mocinenoBarensHocTel. B pe3ynbrare
MOJIyYMM CUMMETPUYHYIO TpEx(}a3Hyro ceTh, cxemMa KOTOpOW H300pakeHa Ha

puc. 3.7. DIeMeHThI Ha 3TOM CXeME UMEIOT CIICIYIOIINE
o0o3Hauenusa: Ua,Ug,Uc - cucrema (ha3Hbpix HanmpsiKeHUH BTOPUYHOM

oOmoTku TpaHchopmatopa T1, mpuBenénHas k 0a3MCHOMY HaNpPsDKEHUIO, T.€.

HaIpsHKEHUIO0 BTOPUYHOM 00MOTKH TpaHchopmaTopa T2, Hanpumep
= /1 s %)
UlA™A"H’ Zy, = Z,,;; - KOMIUIEKCHOE COIIPOTHUBIICHUE MPSMOiA

(oOpatHoit) mocnenoBarenbHoCcTH MHUK 10 KB, mpuBenéHHOEe K HAIPSHKCHUIO

cetu 0,38 kB, T.¢.
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Z' Zzmln (3.19)

rne Zlt1 =2 T2 L TO - KOMILIEKCHBIE CONPOTUBIEHHS TpaHchopmaTopa T2

COOTBETCTBEHHO TpsiMOil (0OpaTHOM) W HYJEBOW MOCIEI0BATECIbHOCTEH,
NpUBEAEHHBIC K HAPSHKEHUIO BTOPUYHON OOMOTKHU.
2
U
—_ —_ FAN
Ly=L1,=1y,~—", (3.20)

~HOM

rae Z;* - KOMILIEKCHOE COMPOTHBIIEHHE TpaHcPopMmMaTopa B OTHOCUTEIBHBIX
enununax; U,,, - HOMUHAJIbHOE HAMPsHKEHUE BTOPUUHON OOMOTKU

TpaHnchopmaropa; S,,,,,. - HOMHHAJIbHAS MOIITHOCTh TpaHchopmaTopa.

N3BecTHO, UTO B CUMMETpHUYHOHN Lenu (puc.3.7) cUMMETpUYHas CHUCTEMa
HaIPSHDKEHUH  KaKOW-IM00 TOCIIEOBAaTENbHOCTH BBI3BIBAET CUMMETPUUYHYIO
CUCTEMY TOKOB TOH K€ mociieoBaTelbHOCTH. Ha OCHOBaHMM 3TOr0 COCTaBUM TPH
HE3aBUCUMBIE CXEMBI MPSIMOW, 0OPAaTHON M HYJIEBOM MOCIEAOBATENbHOCTEN IS
ocHOBHON (a3bl (puc. 3.8). B ciyuae ecnm CONpOTUBICHHE HYJIEBOM
HoCNe0BaTeNbHOCTH  TpaHcopmaropa Zyp = 00, CXEMy HYJIEBOH

IOCJIACA0BATCIIbHOCTH COCTABJISATh HCT H€O6XOI[I/IMOCTI/I.

A 2 3 L. | A L. 4
o H H 1+

B' ! 2 4
o~ H H 1

€' 2 4

Puc. 3.7. Cxema 3aMmemieHns y9acTKa JIEKTPHUECKON CeTH ¢ Tpex(ha3zHbIM
HECHUMMETPUIHBIM HCTOYHHKOM HANPsDKCHUSI M IPUBEICHHBIMU TTapaMeTpaMH K
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cetu Hanpsbkenuro 0,38 kB: 1 - Zxeé: Z \e2', -Zj7-zr12, 2170, 3.

—anl ~—an2’ —an0’"“Z, Zr25 2 z cy 0; e\
L—\ - 7 ,\\II Y ') i
Zl-l Z'II Z'mi ! ) l\l Zlu)
1 = 1
| J Z' l(_ju’ | W )
< gl 3
lg : lg” l = oyl l lnl
@
a)
B 2h By L L Z,
e S o B HES —= —
Z[_ l (_jn.‘
lg, l!“ 11M
0)
Z 10 Z anl) !Jlf’l
—

L 50

lﬂm
l ! o ll nlt

B)
Puc. 3.8. Cxembr mpsmoit (a), oOparHoii (0) u  HyJeBOH
MOCJIEIOBATEIBHOCTEN 111 OCHOBHOM (ha3bl Tpex(pa3zHOW CUMMETPUYHOMN LENu ¢
CUMMETPHUPYIOLIUM YCTPOHCTBOM

[TpousBeném nanpHemume mpeoOpa3oBaHus CXeM, IPEJICTABICHHBIX HA PUC. 3.8
B cxeme nipsimoit mocnegoBatenbHOCTH (puc. 3.8 a) 3aMEHUM aKTHUBHYIO U JIBE
MaCCUBHBIE NTapaJlIeNIbHbIE BETBU OJHOW 3KBHBAJIEHTHON BETBBIO C HCTOUHHKOM

HanpsbkeHust U ,; mpoBogumMocThio Y )’
Y o if
u,, =L ; |3|:Y1+Yp|. (321)
—1 " —pi

B Beipaxkenusx (3.21):

Y’=I 7_7 ,i,? 7
Z, 7+1 - ++. 1 N _T1 A (322)

rae Yo =Y ¢y +Yg - cyMMapHas KOMIUIEKCHAs! TPOBOIMMOCTh MIPSIMOM

MOCJIEIOBATEILHOCTY ~ CUMMETPUPYIOIIETO  yCTpoHcTBa U Tpé€xdazHoii

CUMMETPUYHOU HArPy3KHU.
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B cxeme oOpatHOil mocnenoBarenbHOCTH (puc. 3.8 0) 3aMeHUM TpH
MACCUBHBIC  TapajuIeIIbHbBIE BETBH OJTHOM OSKBUBAJICHTHOM BETBBIO C
MIPOBOIUMOCTHIO

1,,=15+1,.. (3.23)

B Beipaxkenuu (3.23):

b=i, . (3.24)
rneZ, = Z'Mg + ZIT2 + Zm2; Yp2 = Yevz + Y2 - CyMMapHas KOMIIJIEKCHAS
MIPOBOJIMMOCTEH OOPATHOMIIOCTIEAOBATEIILBHOCTH CUMMETPHUPYIOIIETO
yCTpoiicTBa U TpEx(a3HON CUMMETPUYHON HATrPy3KH.
B cxeme HyneBod mocienoBaTenbHOCTH (puc. 3.8 B) 3aMEHHM JIBE

IIaCCUBHBIC mapaujiCJIbHBIC BCTBU OI[HOﬁ SKBHUBAJICHTHOM BCTBBIO C

IMPOBOANMOCTBIO

Y90:ch0+Yo. (325)

B Beipaxkennu (3.25):

Yo =4 ”):[a Z0 =t10 +Zm0. (326)
0

[Tocne mnpoBena€HHbIX mnpeoOpazoBaHuit cxeM (puc. 3.8), mMOdy4YUM
OJIHOKOHTYpPHBIE PAacUE€THBIE CXEMbI 3aMEILeHUs MPSIMOd, OOpAaTHON U HYJIEBOMN
nocjeA0BaTeIbHOCTEN, n300paxEHHbIE Ha puc. 3.9.

Jlns cxeM mpsiMoii, 0OpaTHOM M HyJEBOM mocieaoBarenbHocTel (puc. 3.9)

COCTaBUM 110 BTOpoMy 3akoHYy Kupxroda criemnyromniye ypaBHEHUS

—+U — + I -0- — +1II-0
DR L IV 50 (3.27)
731

Y | Y. Y |

. =3l cul, .32 In2| I_WQI L u0
A \

lg')l l—Jnl l ‘D ullZl(D l—J-n()l C)
®
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Puc. 3.9. DxBuBaneHTHBIE CXEMBI TIPSIMOiA (a), 00paTHO¥ (0) 1 HyJIeBOH (B)
MOCIIEIOBATEIBHOCTEN

OTH ypaBHEHHS cojiepkar IIIECTh HEU3BECTHBIX:
Ihi>15,1 0,Unl1,Up2,Uye. TlosTOMy cocTaBuM €€ TpH JIONOJHUTEIIBHBIX
YpaBHCHUS, CBSA3BIBAIOIINC JJAHHBIC IIECTh BEJIUYHH, C YYETOM HCXOJTHOU CXEMBI

(puc. 3.8) 1 manameTpoB Tnexha3zHON e

_ L L
Ha U,e= H;c?i
la Ze .

(3.28)
rnel,=y,-e _J<PzeEYe'e ISP Y =ye-e-n
HanpsixeHus ¥ TOKU B ypaBHeHHAX (3.28) BBIpa3suM yepes3 CHMMETPUYHBIE

COCTaBJIATOIIUC:

1 I
U, +U, 2 "Hn0 =y -(]¢1+1H2+1Ho)’
a

a’UYH1 *°UH2 *UHO =y/"(-2-$/ + +1HOA'(3-29
8

aUni*a WztMuo =— *(atn1*a Ctti+Lno)-
C

N3 ypasuenutii (3.27) onpenenum 3nauenus U, ;,Uy,U,» 1 moxcraBum ux
B cucrteMy ypaBHenuii (3.29) Ilocne npeobpa3oBaHuil OJIYIUM CIICTYIOIIYIO

CUCTEMY YPABHECHUU:
1

+y 7+7 7+7

y
r/—a~—31\, 7/—a~—>32\, 7/—a~—30 1T

, « V(L o , -
a4 —>»] Il ' ="+ w2 (~1/ 7419 \ — T/ ml
+ T vhY ~v WF+Y, = \AH |,
A —nul —ZLQ(_ﬂ) + alnz'( Vi)l:k |nU'( ~Ze-"-zsg ) 3
Ze-13) e 32
N
| VAV 17+7™, 1 3,+Y
a " HI ( = ( AL+ L L ) + LhoO ,(A|y>|) = bUS/.
[C' 751 VAVAY: [C' 7503

(2N

Pemast cucremy ypaBHenudd 3.30, moJIyduM CIEIYIOIIME 3HAYCHUS IS

CUMMCTPHUYHBIX COCTABJIAIOIINX TOKOB U HaHpH)KeHHﬁI
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U,,-Z3-Il, UsT'15I152-V2 U,rZ,rZs-ll
1

-H - 2 0

Y Y Y
(3.31)
U I1,1%,,  LLr(l-Z1,) UrZ’N
Unl ~EE,1 by v ,9
—'q / —M -
Un2 s _ZIS_/ZEQI_ U n0 Haeﬂ-T;é
(3.32)

B 3Tux BBIpaKeHUSX:

v, =K+ L,rIe i k=311, -lc+1bom (1,2 + Y,0)+1E0-1,2-_1E0732730’

L'F = ZY,2-Y Llo+Yeo-(L, 2+La):

LloL -I, +L-L+L -Y¢; g = a-¥, mY.+a? -Y,-¥, + ¥.-Y
Yjp2=a2-Y 1-r+a-r o1 1+r Y o Y3EY Y Y 4

Y R=Y_30-Y_g1-Y_"p2; leo=L+L+L;
ZE|:|a+Q'h+4’ZC,' ZEZZZa+<f-Ze+a'ZC-
(3.33)

Jlns ompeneneHus CUMMETPUYHBIX COCTABJISIIOIIUX TOKOB B JIMHUH,
00YCIIOBJIEHHBIX CUMMETPUYHON HArpy3KoM, OMpPEaeIMM COCTaBJISIIOIINE TOKOB
npsimoii ls; 1 oOpatHOM g, mocnenoBarenbHOCTEN TpEX(PazHON CUMMETPUUHOM
HarpysKH, a TaK K€ CAMMETPUYHBIEC COCTABIIAIOIIUE TOKOB IpsAMON | ., 1

obpartnoii I, u HyneBoit Iy mociaenoBaTeTpHOCTEH

CUMMETPUPYIOILIETO YCTPOMCTBA:

Lsl U-H1 ' Zsi > | Hu2-7s2;:

s2 (3.34)
—cyl —H!'Z——cyl * —cy2 —H2 'Zcy2> —cyO ZLHO 'ZcyO-
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YuutsiBas Beipaxkenus (2.3), (2.36) u (2.37), nmocne npeodbpa3oBaHmii

onpeacisieM CUMMETPUYIHBIC COCTABJIAIOIIME TOKOB B JIMHUU!

e
EYNY 3

_at-1m1.Lsl. u.ll

R -2
| -1 +/ 41 -Illehowx
—12 - —H2*—S2 + Ley2 - ,3 (3.35)
, , LLsi-Y, -Yp-Y?,
LJ1O LHO " LeyO, 3 *

M

Crnenyetr OTMETHUTB, YTO COCTABJISIFOIIAS TOKA HYJIEBOU MOCIIEI0BATEILHOCTH
o = 0, Tak kak Y = 0.

Ha ocHoBanuu nonydeHHbIx Beipaxkenuit (3.31), (3.32) u (3.34) onpenensem
KOMIIJIEKCHBIE TIOKA3aTeNId HECUMMETPUHU TOKOB M HAPS>KCHUIN:

- KO9(PPUIUEHTH HECUMMETPUU TOKOB IO OOPAaTHOM U HYJIEBOM

MOCJIEIOBATEIbHOCTH HECUMMETPUYHOMN HATPY3KHU:

1“112 r12-r|' K L,,O l30ﬂ
—2iu 2 > —Omij 3 (336)
lul Inl lul Inl

- KO3 PUIMEHTH HECUMMETPUH HAIIPSKEHUN IO 0OpAaTHOM U HYJIEBOM
IIOCJIE0BATEIBHOCTH HA 3a)KUMax HArpy3Ku:

. Rty . plt0 . . ¥ .y . pJiele
ISZ-uH_mm:Z/!é _LK_QJ’-VS_ 13 - >ﬂHO—_Ou|:tt3Jﬁ1ﬁ_ 3
uyl YN —HO YN
(3.37)
- KO3(pPUIIMEHTH HECUMMETPUU TOKOB IO OOPATHOM U HYJIEBON
[IOCJIEOBATENBHOCTH B JIMHUU:
—_2n /,12 12'F1('131 —Ow I 20 lo-11-151 (338)
l Y ¢ | Yy 4
nl Q nl Q
B dopmynax (3.34), (3.36), (3.37), (3.38):
YQ:Y,rLd,,+lYN-YD|, y2 — V2 V2
—N — —u Lul-
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B cinydae oTCyTCTBUSI OTBETBICHUM Ha BCEM YYACTKE JIMHUM MEXKIY
MCTOYHUKOM MHUTAHMS M Y3JIOM Harpy3ok, koddgduuuentsl K,, u K,, Ha 3TOM
ydacTKe HEM3MEHHbI, a Koddduumentol K,,, u Kj,, YMEHbBIIAIOTCI MO Mepe

yAQJICHUS OT y3J1a HarPy3KHU.
OnpenenuM 3T KO3(PGULMEHTHI 7151 TI000H TOUKH «X» MO IJIUHE JTUHUH.

O603Ha4YMM uepes Ya, Y, Yoo KOMIIJIEKCHBIE POBOJIMMOCTH

COOTBETCTBEHHO MPSIMOW, OOpPaTHON W HYJIEBOW TOCIEIOBATEIBHOCTEH ydacTka
JUHHUH OT y3JIa Harpy30K ¢ CHMMETPUPYIOIIUM YCTPOMCTBOM JIO TOUKU «X)» ITOH
JUHUM W COCTAaBUM YpPaBHGHHS [IJIsi CXEM TMpPSMOW, OOpaTHOM H HYJIEBOU
nocjeaoBaTenbHoCTeH (puc. 3.8):

H.  ==2- + U — . —ﬂ2 .
! Y2X1 Y sz ]l2 HH2> Uxo 1 XO HHO' (339)

T2
[ToacraBuB B BeipakeHus (3.39) 3nauenus BenuuuH (3.35) u ()3.37, nocne

peoOpa3oBaHU, MOTYUUM:

y3 T U YIY Y e U YY Y
Moy Y2 -y

(3.40) ’ i

rae rr=ro+Yy . ZT=Yy Yo YJJ=Y_o mZxo-

OnpenenuM KOMIUTIEKCHbIE KOA(DPUIIMEHThI HECUMMETPUN HAIIPSKEHUH 110

obpatHoii K, 1 HyneBoi Kgyy TOCIEIOBATEIBHOCTM JIJIST TOUKH «X)»:

_ U, _Yi-Y.yYyyYr. LU, _vd-13rnn
_2UX~U - I—v Y4 1 “y y4 T41-1
—XI Lx2 « LR —Y40'YR

[Ipu otcyTcTBUU B y37€ Tpex(ha3zHOM CUMMETPUIHON HATPY3KU

KOMIUIEKCHBIE TPOBOAUMOCTH Ys1=Ys,=0. BcrneacTsue 3toro BeipaxkeHus
71 Y o mpuMyT caenyromui BUn: Yo =7¢,1.Tp2 =T¢y2- Torna

KOMILUICKCHBIC 3KBHBAJICHTHBLIC IIPOBOAMMOCTH AJIA CXEM HpHMOﬁ n O6paTHOI>'I

nocieaoBaTenbHoCcTel (puc. 3.9 a u 0) OyayT onpeaensaThes 1o hopmyiam:
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Z'»/=Z+Z.,,,.'2'32=2Z,+Z,,,. (3.42)

KommiekcHas SKBUBaJICHTHas MMpOBOAUMOCTL JId  CXCMBbI Hy.]'IGBOfI

noclienoBaTenbHoCcTU (prc.3.9 B) ocTaeTcst 6€3 u3MeHeHuil. B HUX Hy>XHO

TOJBKO 3aMeHuTh Y, uY ,, HAY 21 u Y 22.

JIns pacdeTa nokasaTenel HeCHMMETPUU TOKOB U HanpsukeHul cetu 0,38 kB
c CVY, tpexdazHoit cumMeTpudHOl u JByXhazHou (omaHO(Da3HOW) HArpy3KaMu
HEO0OXOMMO IPUHSATH B BEIpaKeHHsIX (3.33) mpoBoAMMOCTh OJTHOM U3 (a3 (uiu, B
ciydae onHO(Ma3HOW HArpy3Kd, MPOBOJMMOCTh JABYX (a3) TpexdaszHoit
HECUMMETPUYHON Harpy3Kd paBHOM HYJIO W Jajiee HUCIOJIb30BaTh MOJTYYCHHBIE
BoIpaxkeHus (3.36).. .(3.38) u (3.41).

JIns onpeneneHus nokasareaed HECUMMETPUN TOKOB U HAIIPSKEHUM B TOM
YaCTHOM CJIy4ae HEOOXOJUMO COCTABUTh CXEMbI MPSAMOI, OOpaTHOW U HYJIEBOM
nocjeaoBaTeaLHOCTEN uccnenyeMon nenu (puc. 3.10).

[IpeoOpazyem cxembl puc.3.10 ciemgyronum obOpazom. B cxeme mpsimoit

nocaegoBaTeabHOCTH (puc. 3.10a) 3aMeHUM ABe MapasieibHbie BETBU

(U i;Zr6;Z 'Ti) mn Z.,; OIHOW DKBHMBAJICHTHOM BETBBIO C HMCTOYHUKOM

.
nanpsokenns U’ o1 1 mpoBoguMocThio Y

UI,,: ;Y_,i :tl + ch| (3 43)
Ti+Yy
r,=" Ymi = 2)3i = —jr; ZLl = Z'™*ei + 7)TI
e (y\ - -n(1:1y| ) > o (3.44)
Zey 1 y

31

B cxeme obpatHoit mocnenoBatenbHOCTH (prc.3.106) 1Be mapayienbHbIe BETBU

162, Z}Tl u Z_cy2 3AMEHUM OJITHOM DKBHBAJICHTHOHN BETBBIO C

IPOBOIUMOCTEIO Y " 5 2!

192 =4 +V, (3.45)
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1 1 . 1 o 7092 = dne2+ T2,
FI[C Y_Z - Z|21| o2 y T32 - yn y
32
(3.46)
Zlml —Z- I'Il -I- 1l Z wi .[.nl Z s/
1 1| = =
| S| | S
an l g”’
| |¥n
l lﬂl l !HI
®
a)
Z w2 Z 2 [ a2 Z w2 l 82 Z 82
¢ i | — o =
| S| | S|
Z“ l L—/u.’
lgl'.’ :
l th-’ l )
Zy L i
Iy = ST
SRR —
Z

l ! ot

B)

o Dl

Puc. 3.10. Cxemwr mpsmoii (a), oOpatHoi (0) wm HyneBoi (B)
MOCJIEIOBATEIBLHOCTEN JIsl OCHOBHOM (ha3bl Tpex(a3zHOW CHMMETPUYHOM LEMH C
CUMMETPHUPYIOIIUM YCTPONCTBOM, BKJIIOYEHHBIM Ha IIMHAX TpaHchopmaropa

MOTPEOUTENHCKON MOACTAHIIUN

B cxeme nyneBoii nocnenoBarenbHOCTH (puc. 3.10 B) ABe mapayieibHbIe BETBU

ZTo u Zcyo 3aMEHUM OJTHOM SKBMBAJICHTHON BETBBIO C TPOBOJUMOCTBIO

Y 0.
V%= tro+hyo (3.47)
, 1 1
rIe cy o I,y = (3.48)
—o0 TG
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B pesynbrare noiaydeHHbIX MpeoOpa3oBaHUil MOIYYUM CIIEAYIOIIUE CXEMBI:
npsiMOi, OOpaTHOM M HyJeBoW mocieaoBaTenbHocTel (puc. 3.11). Ilposens
nanbHeiee nmpeodpa3zoBanus cxeM (puc. 3.11), moaydyuM SKBUBaJICHTHBIE CXEMbI
npsiIMOi, 0OpaTHOM U HYJIEBOW MOCIEA0BATEILHOCTH aHAJIOTUYHBIE cXeMaM (puc.

3.9), UMEIOLINM CJIETyIOITUE TTapaMeTPhI:

TT-—viu-31.y y,y 1
7 12 > Lsl  —LvlY3,=Y 0+ Y;Yao = (3.49)
+1 a o le + M Y'VO
716 Y-vln > — v2 n '—vl — 71 —ml’ —v2 Y2+ b ,0>—Vv0 — + Y_nuO'
—vl Y2

(3.50)
BripaxkeHus i onpeneneHus noka3areyiei HECUMMETPUH TOKOB M HAIIPSKEHUM
B 3TOM ciiydae OyAyT aHaJIOru4yHbI BeIpakeHusiM (3.32)...(3.34) u

(3.40).

Jlnst  ompeneneHrss CHUMMETPUYHBIX COCTaBIIOIIMX TOKOB B JIMHHH,
OOYyCIIOBJIEHHBIX CUMMETPUYHON Harpy3Koil, OmpeiesiuM COCTaBJISIOLINE TOKOB
npsmoit gy 1 oOparHOH Is» mocnenoBarenbHOCTEN TPEX(DazHOI
CUMMETPUYHON HArpy3k, a TaK >X€ CHMMETPUYHBIE COCTaBIIAIOIIME TOKOB

PpAMOi |, 1, oOpatHo I, n HyneBoii Iy mocienoBarenbHOCTEN

CUMMETPUPYIOIIETO YCTPOMCTBA:

Lsl I[[-ul ' —si > I1s2 ~—u2Yy,

(3.51)

—cyl —ul '—cyl> Ley2 —n2 '—cy2> LeyO —u0O '—cyO-

VYyuuteiBas Beipaxkenus (3.30), (3.32) u (3.33), mocine npeoOpazoBaHmii

onpeacisiecM CUMMETPUYIHBIC COCTABJIAIOIIUE TOKOB B JIMHUU:!
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—al —nl —si —cyl

3
Y
— M
|:T+H)+ :~3—J:;~9J.|~Z|~K. 352
B~ s R aliar Sy o v 3 . ( ' )
M
) : usriselo-11
—10 —HO ' —cyO o v
M
Cnenyer OTMETUTB, YTO COCTAaBJIAIONIAs TOKa HYJIECBOU
nociaenoBareiabHocT g = 0, Tak Kak Y__r@,y=

Ha ocHoBanuu nony4yeHHsix Boipakenuii (3.30), (3.32) u (3.34) onpenensiem
KOMITLJIEKCHBIE TTOKA3aTeNId HECUMMETPUU TOKOB U HAPSIKCHUIA:
- K03 PUIMEHTH HECUMMETPUU TOKOB IO OOPaTHON U HYJIEBOU

MOCJIEI0OBATEIbHOCTH HECUMMETPUYHOMN HArPY3KHU:

1,2 1252'1°K . «_L,0 LMZL

K2H . > (3.53)
Ini Y ~ Ini ¥
Y |

11

- KO3(QPUIMEHTH HECUMMETPUU HAIIPSKEHUHN IO 0OpAaTHOW U HYJIEBOU

MMOCJICA0OBATCIIbHOCTH Ha 3a)KUMaX HAI'PY3KHU:

mmy 2y . %0 T3 y2.y . pjttle
om /S_LHZ_%K_LQJ_E > Olm . /'S_LHO_ZLLQJ_E .
—cM 17 — TT
HHI v ‘N [/»oY® N
(3.54)
- K09(QPUITMEHTH HECUMMETPUU TOKOB TT0 OOPATHON U HYJIEBOU
MIOCJICI0BATEIBHOCTH B JIMHUU:
—21a Va2 BlicDbl —Ow 10 lo-ll:Isl (355
Inl M 1nl Jy
0 0
B dopmynax (3.32), (3.34), (3.36), (3.37):
L* =Y, Y2, 1Y y-Y y3 _y3y3
QT Tar’ I+ T NTTph LN ~Ly ~ Lyl-

B clIydac OTCYTCTBUA OTBETBJICHUI Ha BCEM YYAaCTKC JIMHUH MCKAY UCTOUYHUKOM

MUTaHMS ¥ y3JI0M Harpy3ok, koaddumuentsl K,, u Ky, Ha
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ATOM y4acTKe Hen3MeHHbI, a KodhpumuenTs! K5, 1 K, yMEHBIIAIOTCS TIO MEPE

yAAJIEHUS OT y3J1a Harpy3KHu.
OmnpenenuM 3TH KO3PGHUITMESHTHI AJI TI000M TOUKH «X» 0 JJIMHE JTMHUH.
O603HauuM uepes Yo, Yo, Yo KOMILIEKCHBIE TTIPOBOJAUMOCTH
COOTBETCTBEHHO MPSIMON, OOpPaTHOM M HYJIEBOW IMOCIIEAOBATEIHLHOCTEH yyacTKa
JIMHUHU OT y3J1a Harpy30K ¢ CUMMETPHUPYIOIINM YCTPOMCTBOM JI0 TOUKHU «X» 3TOU
JUHUM M COCTaBUM YpPaBHEHMs I CXEM MpsAMOH, OOpaTHOM M HyJIEBOU

nocieaoBaTeabHocTel (puc. 3.8):

A . o a2
UXI—A _|.- U,,I, HxZ_y + Uy2, on = + UHO' (3'56)
YXI —x2 Zx()

[ToncraBuB B BeipaxkeHus (3.56) 3HaueHus BenmuuH (3.32) u (3.34), nocrne

npeoOpa3zoBaHUi, OTYIUM:

” V-5 1-LR _ . . i
Xyd gy Uy Hell-ToeTm o . L, 'Y L 'Y3 -
i [1-1*2 Y u
(3.57)
3
rz[eYl—Yi —Yxl N> V=YY Zy=Yo-Yxo.

OmnpenenuM KOMIUTEKCHbIE KOADPHUITMEHTHI HECUMMETPUN HATIPSKEHUH TI0

obpatHoit K, x 1 HyJeBoit Ko,y OCIEI0BATENBHOCTSM JIJISI TOUKU «X»:

ux U*2 _ Zl mZsrZ,rZ+_. - lixgu; I m Y -Yy- Y, (3.58)
u*, Ya-ZR u* Z*0-2ZR
[Ipu orcyTcTBUU B y3i€ Tpex(da3HOW CUMMETPUYHON HArpy3Ku
KOMIUTEKCHBIE TIpoBOAUMOCTH Ys1=Ys,=0. BcrneacTsue aToro BeIpaskeHus
a7 Y, npuMyT cnepyromuit BUL: Yi=Y¢yi.Yp2=Y,. Torna

KOMIIJICKCHBIC SKBHUBAJICHTHBIC IIPOBOAWMMOCTH AJISA CXEM HpHMOﬁ u O6paTHOI>'I

nocieaoBaTeabHocTel (puc. 3.9 a u 6) OyayT onpeaensaThes no GopMynam:
(3.59)
2'31=Z,+Z,,,;132=Y, + Y, 5.
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KomriekcHass SKBHUBaJICHTHAs INPpOBOAUMOCTL JJII  CXEMBI HyHCBOﬁ

MOCJIeI0BaTEIbHOCTH (pUc.2.6 B) ocTaeTcst 6€3 U3MEeHEeHUI. B HUX HYXHO
TOJIBKO 3aMeHUTh Y,; u Y ,o HaY 511 Y 22.

Jlist pacueTa nokasaresieid HeCHMMETPUU TOKOB U HanpsbkeHuit cetu 0,38 kB
c CVY, tpexdazHoil cuMMeTpu4HON U AByX(a3Hoil (oaHO(pa3HON) HArpy3KaMu
HE0OXO0MMO IPHUHSTH B BhIpakeHmsIX (3.31) mpoBoauMocTh oiHOM U3 (a3 (1w, B
cinydae onHO(pa3HOW HArpy3Kd, IMPOBOIMMOCTh JABYX (a3) Tpexdaznoi
HECUMMETPUYHOM HAarpy3kd paBHOW HYJIO U JaJIe€ MCIOJb30BATh MOTYYEHHBIE
BoIpaxeHus (3.35).. .(3.37) u (3.40).

JIns onpeneneHus nokasareaed HECUMMETPUM TOKOB U HAIIPSDHKEHUU B 9TOM
YaCTHOM CJIy4ae HEOOXOJUMO COCTABUThH CXEMbI MPSAMOM, OOpaTHOW U HYJIEBOM
nocjeaoBaTeIbHOCTEN uccienyeMon nenu (puc. 3.11).

[IpeoOpazyem cxembl puc. 3.11 crmenyromum obpazoM. B cxeme mpsimoit

nocaeaoBaTeabHOCTH (puc. 3.11 a) 3aMeHuM JiBe napajiesibHble BETBU

(U i;Zr6;Z 'Ti) mn Zcy1 OIOHOM DKBMBAJICHTHOW BETBBIO C HCTOYHHKOM
i

nanpsokenus U’ o1 1 mpoBoauMocTsio Y 'm

U' 1= 2" 0¥ i =ti + Yoy
i+, v (3.60)

rae ti=Z-;lLcyi=Z—
z/ Zeyl

.1 — a
T L B EI)

31
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&
a)
Z . Z, y & i Z,
—{ H | —>¢ [T — ]
| SRS | | S|
21 l(—Ju.’

Z 'IU l o 6) Z ml
| | —
Ly | S— |

1g s l Lo
l L

Puc. 3.11. Cxemsl mpsimoii (a), oOpatHoit (6) u HylneBoi (B)
MOCJIEIOBATEIBLHOCTEN UIsl OCHOBHOM (ha3bl Tpex(a3zHOW CHMMETPUYHOM LEMH C
CUMMETPHUPYIOIUM YCTPOMCTBOM, BKJIIOYEHHBIM Ha MIMHAX TpaHcopmaTopa
MOTPEOUTENHCKON MOACTAHIIUU

B cxeme obpatHoit mocnenoBatenbHoCcTH (puc.3.116) nBe mapauienbHbie BETBU

Ae2,m)mi1 1 Z ? 3aMEHUM OJTHOM SKBUBAJICHTHOM BETBBIO C

. .
MPOBOAUMOCTEIO Y ' 9 2!

=2+, (3.62)

cy 2

1 Zs2 1

rae ['2= ;leyz _ w3 ZL32=7}062 +T)m2.
ri —cy 2 U

(3.63)

B cxeme HyneBoii nocnenoBareabHOCTH (puc. 3.11 B) ABe mapaisienbHble BETBU

ZTo n Z;,0 3aMEHUM OJHOU SKBUBAJICHTHON BETBBIO C IPOBOIUMOCTBIO
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15,=L'T0 + Ly, 3.64)
rae lgy0 = yN—:1Z' *>=-Af (3.65)
—cy0o Yop
B pesynbrare noiayyeHHbIX MPpeoOpa30BaHU MOTYYUM CIEIYIONIUE CXEMbI
npsMoi, oOpaTHOW W HyJIeBoM mocienoBarenbHocTel (puc. 3.12). Ilpoens
nanbHeiee npeodpazoBanus cxeM (puc. 3.12), moayyuM 3KBUBAJICHTHBIE CXEMBI
psIMO, 0OpaTHOM U HYJIEBOU MOCIEA0BATEILHOCTH aHAJIOTHYHbIE CXeMaM (pHC.

3.9), uMeronuM ciaeayronme napaMmeTpsl:

— °_
ey 7. 22 P 7 417/192 = Zy# Yep: Yap = (3.60)
+-vl £-sl — VO
a6 yvin > — w2 n —vl — 21 — aul > —v2 —>M~—_jgu2°—y0 "0+ MIKO’
Z W Z v2

(3.67)

BBIpa)KGHI/ISI AJIA OIIPpCACIICHUA rokKazaTeJieu HCCUMMCTpPHUU TOKOB U HaHp}I)KGHI/Iﬁ

B ATOM cllydae OynyT aHaJIOru4Hbl BhipakeHusM (3.32)...(3.34) u

(3.40).
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B)

Puc. 3.12. Cxemnl mpsimoii (a), oOpartHoii (6) u HyleBoh (B)
MOCJIEIOBATENbHOCTEH  JII1  OCHOBHOM  (pa3pl  Tpexda3zHOil ceTu ¢
CUMMETPHUPYIOIIUM YCTPOUCTBOM

B cnyuae, ecniu B y31me oTcyTrcTByeT TpexdasHas CHMMETpUYHAs Harpyska,
BBIPKEHMUS 1T OTIPE/ICNICHUs ToKa3aTeaeii HeCHMMETPUHU TOKOB U HAMPS>KEHUN
ocTaHyTcs 0e3 u3MeHeHu u Oyayt onpeaensatees 1o (3.32)...(3.34 ) u (3.40), B

HHUX TOJBKO HE0OX0auMo BMecTO V,; u V,, moctaButh Y u Y.

3.3.2. Memoo pacuema noxkazameneil HeCUMMemMpPuu MmMOKOE U
Hanpsocenuti oas cemu 0,38 kB ¢ pacnpedenennoil Ha2py3kou u
CUMMEMPUPYIOUWUM VCMPOUCMEOM

Cenbckue osnextpuueckue ceru 0,38 kB ¢  komMmyHanbHO-OBITOBOM
Harpy3KoM, Kak MpaBWJIO, XapaKTEPU3YIOTCS paclpeeICHHOW Harpy3kou (puc.
3.13).

Hcnionb3ys BeIpaxeHus 1S TOKa3aTeJIe HECUMMETPUM HATIPSKEHUM B CETH

0,38 kB ¢ cocpenoroueHHON HArpy3Kou B 1 y3ie, onpeieaInM nokKa3aTen
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HCCHUMMCTPHHM TOKOB Ha y4YaCTKE 1-2 JIMHAM M II0Ka3aTC¢JIu HECHMMCETPUHU

HarpsbKeHui B y3ie 2 (puc. 3.13).

S\*l S 2 S ie> S\-(,,-/, S\'(n}

52 <y .

A (n-l) n- 1 an n
1441 LLL L
7777 1157

Sul S:.‘.‘ Snlu— 1) S“’"‘

Puc. 3.13. Cxema yudactka snexkrpuueckoii cetu 0,38 kB ¢ pacnpeneneHHoit
Harpy3Kou

CucreMa HanpsKeHUH B y37ie | HeCHMMETpUYHA U 33/1aHa B KOMILTEKCHOM
dopme: U ,,,U ., ,U .. Pa3znoxum 3Ty cucteMy Hanps>KeHUM Ha
cumMeTpuuHbie coctasisitonme U ,,; U ,, U ,,. 3anumem KOMIUJIEKCHbBIE
KO3 GULIMEHTH HECUMMETPUH IO 0OPATHON M HYJIEBOM MOCIJIEIOBATEIIBHOCTH B

y37e 1:

Kzan, = == komy = '=F-. (3.68)

nl Vol

Cxema 3aMelieHus yyacTka cetu 1-2 OyaeT aHajmorudHa cxeme puc. 2.4,
€CIIM Harpy3Ky, PaclpeielICHHYIO Ha YYaCTKE JIMHUHM 2... N IPUBECTH K y31y 2. B
HEeW UCKITI0YAIOTCS CONPOTUBNEHUst 2181, Z 182, LTI, ZT2, Z7y ¥ B TOUKaX Al, Bl,
Cl, N’ OyJleT cucTeMa CHMMETPHUYHBIX cOCTaBiisitoux HanpspkeHu U ,1,U 2 ,U
,, 6 y3ma 1, a B toukax A", B, C'*, N" - cucrema cumMmerpruuHbIx
cocrapnsrommx Hanpsoxenuit U' nl, U' #2, U' ne y3na 2. Takum o6pasom,
MOJIydeHHasT IeMb OyJIeT CHMMETPUYHOM C JBYMS HECHMMETPHYHBIMHU
WCTOYHMKAMU HaNpsOKCHWH, B KOTOPOH pPa3HOMMCHHBIC CHUMMETPUYHBIC

COCTABJIIOIIME TOKOB U HANPSKEHUIN HE 3aBUCAT JIPYT OT Apyra. 3TO MO3BOJISET
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COCTaBUThH JJIi OCHOBHOW (ha3pl Tpex(a3zHOW IeNu TPH HE3aBHUCHMBIE CXEMBI
npsiMOi, 0OpaTHOM U HYJIEBOH TocieaoBaTenbHoCTeH (puc. 3.14).

[TpeoOpazyem 3TH cxeMbl, HE 3aTparuBasi MCTOYHUKOB C HAMPSHDKCHUSMHU
Uni ,UH2 ,U no, 3aMeHHB napaijielibHbIC BETBH B cxemax (puc.3.14)
1 1
SKBHMBAJICHTHBEIMU UCTOYHUKAMY NMTaHuUs ¢ Hanmpsokeausvu U ', U~ ., U~

Y KOMIUIEKCHBIMHA MPOBOIUMOCTIMH Y, 7, Y5, Y, 4!

o
51 -y Lo

2= b2y oy 24Y )
bt+e,
(3.69)
Y -
Uy = Dt » Y30=Y0+Yp0,J

rac YI ,YZ,YO -KOMIIJICKCHBIC ITPOBOJAUMOCTH COOTBECTCTBCHHO HpHMOﬁ,

oOpaTHOH ¥ HyJIeBOM nocienoBarenbHocTeit muauu 0,38 xB; Ypi, Yp2 -

OTIPENENAIOTCS KaK CyMMapHBIE KOMIUICKCHBIE TPOBOIUMOCTH Tpexda3Hoi
CUMMETPUYHON HArPy3KH M CUMMETPHUPYIOIETO YCTPOHCTBA.

B pesymprare 3TOoro mpeoOpa3oBaHHS IMOIYYUM PACUETHBIC CXEMBI MPSMOM,
oOpaTHOM U HYJIEBOU mocieaoBaTeabHocTel (puc.3.15).

st cxeM (puc. 3.15) cocTaBUM TPy OCHOBHBIX YPaBHEHUS:

]}H] T m TT]}HZTm TT 1}H0Tm TT
+ _ - _

Y, U_wnul Z@s}, \~U_H2 I% 32»’ b U_
(3.70)
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Puc. 3.14. Cxemnl mnpsamoii (a), oOparHoit (6) u HylneBod (B)
MOCJIEIOBATEIBHOCTEH i1 OCHOBHOM (hazbl «A» Tpexda3HOW CUMMETPUYHON
ETH

X:l l'm‘ > Z?? Z 12y -}—, a0 = u0
—{ | —] } % {1}
1L_];I Q;llCD lg')z anlCD l Q;O Qnﬂl CD
® ® &
a) 6) B)
Puc. 3.15. DkBUBaneHTHbIE CXEMBI MIPSAMOIL (a), 0OpaTHO (0) U HyJIeBOM (B)
IIOCJIEN0BATEIBHOCTEN

Homonautenbable ypaBHeHUs (3.25) ocranyTcs 0€3 M3MEHEHHs, TaK Kak
cXeMma BKJIIOYECHHS Tpex(]a3zHoil HECHMMETPUYHOM HArpy3Kd ocTajiach 0e3

n3meHenus (puc. 3.7).
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B ypaBnenusx (3.70) Beipazum U, ; ,U,,,U guepe3 U, ; ucronnsys

BbIpakeHus (3.62) u (3.63):

I'HI
+wu?ul =01} "1],;;
Y 5] UsH F
2y 111ms =m,-Us: (3.71)
Y 52
IH0+ utn0 =msz -Uyy;
Y30
rae m; .YI ., M2 522qu , m3 Klund -
Yi+Yp] Yokl _a Y-0
(3.72)

B Bepaxkenusax (3.72) koapdbummenTsl Ky, Koy, ONPEACISIOTCS 10

BbIpakeHUsIM (3.54).

Onpenemus u3 ypasaenuii (3.71) U' u/ ,Un2,Uno u moicraBuB ux B

ypaBHeHus: (3.), moclie TMpeoOpa3oBaHU TMOJYYUM HMCXOJHYIO CHUCTEMY

YpaBHEHHUI:
7.t£Y \la-U) (Y+vJ_ =
I'nl ymy *1# +1 HO a'—0 = IHrb|+m2+m3\
V —a —»1 V_a'
2 iy, DAY LELO" . r(“mi+am,+m; J7.73)
aTul Le Lgi (L,-L,2 Kle-Is
V.V J O)
‘L+Zy f .
aini vov o zeery gy hx1r Ushow (LEI "Q.“E2 "Ey
vV —c —31) T w2 {b-U/ VL_b;

Pemras cuctemy ypaBHenuii (3.71), moydyuM BbIpaXKeHUsl 115

CUMMCTPHUYHBIX COCTABJIAIOIINX TOKOB HGCHMMCTpH‘-IHOﬁ Harpy3Ku B y3JIC 2.
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ulnimZpmZzi,_u/,, mY,mYgp_un mYjmY_y
Ini = , Ly»2 — 5 ., LnO — 5 , {->=m
YM 1 AN Y Y\'5

Y3=mrY3y, +ma-Yar-Y% + ma-Yag-Ya?

12, =H2-1%m,+ 21,12 ™ - YY) it

— 2.
=13 m 13,,3+er,rII+m2-Y32-Y ’

e 7/-Y_aom Yeo Yar ; V- 72%m Yoy (3.75) 7 5,

Y3” 2:3'Ya'Ye'Yc + t,o + Z,iAtOO + Z,il Yvm YEO,

Zto=3mz, mY, mY.+1, +Z,, zzzm+z,, mz,m ZEO;

Xr2 _ v y2 .1r2 yy -y-2
Lr-LaiLE2 Lm> Lr - Lai LEI LD2-

[Moncrapiss Beipaskenus (3.74) B (3.75), monyduM CUMMETPUYHBIC

COCTABJIAIOIINE CUCTCMBI (I)aSHBIX HaprDKeHI/Iﬁ Ha 3a’KHMMaX HAarpy3kKu B Y3JIC 2.
1 u H1
U n I =" A (3 76)

JIns  onpeneneHuss CUMMETPUYHBIX COCTaBJISIIOIIMX TOKOB B JIMHHM,
OTIpEICIMM CHUMMETPUYHBIE COCTABIISIFOIINE TOKOB MpsimMoit lg; 1 oOpaTHOi |g;
nocyieIoBaTeIbHOCTEH Tpexda3HOW CHUMMETPUYHOM Harpy3kw, a TaKxke

CHMMETPUYHBIE COCTABIIAIONIME TOKOB NPAMOH I ¢y, 0OpaTHoii I, > 1 HyneBoH

| .0 OCIIENOBATEIBHOCTEN CHUMMETPHUPYIOIIETO YCTPOUCTBA.

[Toacrasmnss Beipaxkenus (3.76) B (3.33) mocie npeoObpa3oBaHuil, MOTYyUUM:
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Uyrb-~, +ii,zi-i’0%ig, +i

121 LHI + Lsl Loyl 3 eyl
YoM
T Uk, -ip-Y, + iLri-Y2i, + r
—a2 LH2 ~r |_s2 * —cy2 (3.77)
Y 3
M
Unrlv-Zio + kiLI-Yvlz
528 T+ Ley0 »
I V|

Ha ocHoBanuu nonmydeHHbIX Beipaxenuit (3.74), (3.76) u (3.77) onpeaenum
KOMIUJIEKCHBIE TIOKA3aTelIi HECUMMETPUU TOKOB M HAMPS>KEHU.

Koaddurmentsr HecummeTpun TOKOB 1o 00patHoit Ky 1 HysieBoi Kow

MOCJIEI0BATEIbHOCTH HECUMMETPUYHOMN HArpy3KH:

3
U2 woiyy [0 Tu/'T20
LHI I'p-Y ] Y, I7/,-1,,
(3.78)

Koadduimentsl HecummeTpun TOKOB 1o 00patHoi K, 1 HyneBoil Kow

IMOCJICAOBAaTCIbHOCTH B IMHHUM.

Y p-Ya2 + ito-Yu-Yp Mo + ¥,

1L
liﬂ[[f;l Viiyn 4 VYA
P3Y g —u —P

Y£3Y A oyt oyt .3 L-cy
— o110 yiug |n—;dh ng?/t =
121 I'p-loal ih-1 33— =-y/ I>—¢yO

-1 €€ 1Z.n . =7 _ 1

(3.79)
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Koadduimentsl HecuMMeTpUr HaNpsKEHUH IO 00paTHOM U HYJIEBOM

MMOCJICA0BATCIIbHOCTH HA 3a’)KUMaX HAIrPy3KH B Y3JI€ 2:

UI»2 HIZ_X"M-XJp 'H_u}u() VS VS
K 2un = HI3-Tm-Ty
U'yl _ . 3T7-3

o (,,Y.OUH — m V...V

(3.80)

AHAJIOTHYHO MOXKHO OIPEICIUTh II0Ka3aTeId HECHUMMETPUU TOKOB M
HaIpPsHDKCHUH B IMOCTSAYIONTNX y3j1aX HArPYy3KU U Y4acTKaX JIMHUH, TTOJACTaBIIsAS B
Beipaxkenus (3.72), (3.75) u (3.78 - 3.80) Bmecto K,,, u Ky,, 3HaAUCHUsA
KO3(POUIIMEHTOB HECUMMETPUU HAIpsHKEHUH 110 O00paTHOM U HYJICBOM
MOCJICOBATEILHOCTH Ha 3aXUMax MPEIbIAYyIIero y3ja Harpy3kh. Takum
o0pa3oMm, MOT'YT OBITH OMPEJEIICHBI MOKA3aTeIM HECUMMETPUN HANPsHKECHUN BO
BCEX y3/1aX Harpy3KH M IMOKa3aTesId HECHMMETPHH TOKOB Ha BCEX yJacTKaX JIMHUU
0,38 xB.

CrnemyeT OTMETHTh, YTO IIPH pacyeTe IMoKa3aTesie HECHMMETPUH TOKOB U
HaIpPsDKCHUH B y3JI€ «I» Harpy3KH, JOKHA YIYUTHIBAThCS CyMMapHas Harpyska,
pacrpesiesieHHast BIOJIb y4acTKa JIMHUH OT €€ KOHIIA 10 N-TO y3/1a BKIOYHUTEIBHO.
[Ipu ompeaeneHUH MPOBOAUMOCTEH HEOOXOJMMO YUYHUTHIBATH ITPOBOJIMMOCTH

YJ,Y,,Yo ydacTka JuHUU MeXAy 1 U (11-1) y31aMu Harpy3Ku.

3.4. Metoabl pacueTa CMMMETPHUPYIOIIHUX YCTPOHCTB

Bce mMeTonapl cHMMETpUpYIONINX YCTPOWCTB OCHOBAHBI HA MCHOJIB30BAHUU
TOYHBIX HMCXOJHBIX MaHHBIX, T.e. s pacueta CY HeoOXOauMO 3HATh, Kak
U3MEHSIOTCS TTapaMeTphl Harpy3KH, CO3JAIONIHE JOMOJHUTEIbHBIC YBEIMUYCHUE
TOKa HYJIEBOW MOCIIEI0BATEIbHOCTH.

Paccmorpum  metonsl  pacuera  Hanbonee  addextuBHbiXx  CVY:

KOHACHCATOPHOI'O U 3JICKTPOMArHuTHOIO.
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3.4.1. Pacuem KOHOEHCAmMOpPHbBIX
WYHMO=-CUMMEMPUPYIOUWUXY CIMPOUCTNEA

B pacnpenemurensabix cersix 0,38 kB, Hambonee 1menecoobpa3Ho
UCIT0JIb30BAHUE IIYHTO-CUMMETPUPYIOIIMX YCTPOMCTB HA MHIYKTUBHOEMKOCTHBIX
aneMeHTax. OHO COCTOUT U3 TPEX KOHJEHCATOPHBIX OaTtapeil paBHOW MOUTHOCTH C
CONPOTHUBJIEHUEM X, KOTOPBIE COEIMHSIIOTCA MEXIY COOOIl MO CXEeMe YeThIpex
JTy4deBoil 3Be31bl (puc. 6 a, I1. 1)

MomHOCTh  KOHAEHCATOPHBIX  OaTapeld  BbIOMpaeTcs U3  YCIOBHS
KOMITEHCALIUM PEAKTUBHOM MOITHOCTH TOKOB MPSIMOI MOCIEA0BATEIbHOCTH.

MomHocTh eMKOCTHBIX 3aeMeHTOB aaHHoro KIICY omnpenenurcs w3

CIICAYIOIIETO BBIPAKCHHUS:
Qc="<p(*'"P, ~sin<Py), (3.81)
rae  Sin(ppu Sin(py - 3HaYCHHME CHHYCA YIJIOB ¢BUTA (Pa3, COOTBETCTBYIOIICE

Ha4aJIbHOMY N KOHCUHOMY 3HAYCHUSAM KOB(i)(l)I/IHI/ICHTa MOIIIHOCTHU B CCTH.

Qe,=" ,«BAp. (3.82)
MOIHHOCTB HWHAYKTUBHOI'O 3JICMCHTA!
O.=U_mlg=3X_m1%, xBAp (3.83)

rne U, - HampshkeHue Ha HHAYKTUBHOM dJieMeHTe, B;

|y - TOK HyJIEBOM MOCIEI0BATENLHOCTH, A.
ConpoTUBIIEHUE EMKOCTH U UHAYKTUBHOCTH ONPEAEISAETCS U3 CICAYIOIINUX

BBIPAKCHUN:

2
/\C: u.(ﬁ. XL _ X’C (384)

Qci 3
Mexny ko3 puirmeHTOM HyIeBOM MOCIEA0BATEILHOCTH TOKOB U TOKOM
HYJIEBOH I1OCJIEN0BATENLHOCTH CYIIECTBYET CBA3D:
m_KQ!

‘oo 3.85
: (385)
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T'AC 10* - OTHOCUTCIbHAA BCJIIMYKMHA TOKA HyneBoﬁ IIoCacaoBaTCIIbHOCTHU B CCTH.

CremoBaTelbHO, TPH MaKCUMaIbHOM 3HaueHnH Ky = 0,6 , IMeromuM MecTo

B ceTsx 0,38 kB ¢ koMMyHaIpHO-OBITOBOM HArpy3KOii:

[ k0i ' Tnom K(l’l '$qb y

° T~ 3.86
23U, (3.86)
rae l,,, =84 311, - Homunanensli Tok KILICY.
CyMmMapHasi yCTaHOBJICHHASI MOIITHOCTh PEaKTUBHBIX AJICMEHTOB:
Sy = 3Qc1 + Qrmax, kB4 (387)

rac QL max -~ MOIODHOCTb MHAYKTUBHOTO 3JICMCHTA IIPH MAKCHUMAJIbHOM 3HAYCHHUH

TOKa, KBAp.
AKTHBHOE CONPOTUBIICHUE KATYIIIKU HHTYKTUBHOCTH:

F
R, = —if}g, Om (388)

Ln
KomrekcHoe conpoTtuBieHne HysieBou nocienoparenbHoctu KIICY

— — _J90o :
Eé%izr&?’-ﬁﬁ me + 3Cz + X,

. . . _ ' (3.89)
=-jX, + 3R, + jJ3X. = -]J3 X, + 3R, +j3X_ = 3R,

KomriekcHoe conpoTuBiieHre mpsiMoit (00paTHO) MOCIeA0BaTeIbHOCTH

MOXHO OIIPCACINTD U3 BbIPAKCHUA:

Z.CY:1~ZLcYz “X.-e %% Om (3.90)
Kommekcubie npoBoguMocTu nipsiMoit Yy; , oOpaTHOM Y cy, U HyJEBOU

Ycvo mocnenoBarenbHOoCTEN M1 manHoro tuna KIICVY:
1

1 CY1l~ ZcY2 —CYlCMM'

cvo
Z cvo , Cum.

(3.91)
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Takum oOpazom, npu yciaosun X. — 3Y, ana cxemsl puc. 6a, II. 1.
CONMPOTHUBJICHUE HYJIEBOW TOCIEAOBATENIbHOCTH Zyy O3TUX YCTPOUCTB Oyjer
MUHUMAJIbHBIM, W OIPEACHATbCS MNPAKTUYECKA AKTUBHBIM CONPOTHUBICHUEM
KAaTyIIKA MHJIYKTUBHOCTU. Tak Kak 3TH YCTpoilcTBa padOTalOT B pPEKUME
pe30HaHCa HaIpPsDKEHUSI HYJIEBOM MOCIIEIOBATEIIBHOCTH, TO OYEBUIHO, UYTO IPHU
OOJBIIMX TOKAX H9TOM e MOCIeNOBATEIbHOCTU HAMNPSIKEHUS Ha OTIEIbHBIX
AJIEMEHTAaX MOTYT JOCTHYb 3HAYUTEIBHOW BEIMYMHBI. YUHUTHIBAsA IPOCTOTY
KOHCTPYKIIMH 3TUX YCTPOUCTB U KX OTHOCHUTEIBHO HU3KYIO CTOUMOCTb, OHA MOTYT
HAWUTU MIMPOKOE NPUMEHEHWE, KaK JJIsl MOBBIIMICHUS KAayeCTBa 3JIEKTPUUYECKOUN
DHEPIYH, TaK U I CHUKEHUS JIOMOJHUTENIBHBIX MOTEPh MOIIHOCTH B CEIILCKUX

anexkTpudeckux cersax 0,38 kB.

3.4.2.Pacuem 21eKmpoMASHUMHO20 WYHMO-CUMMEMPUPYIOU 20
ycmpoucmea
JlaHHOE  YCTpPOWMCTBO 3JEKTPOMArHUTHOTO THWIA, BBINOJHAECTCS  Ha
TPEXCTEP>KHEBOM MArHUTOIMPOBOJIE CO CXEMOM COeTMHEHNSI OOMOTOK "BCTPEUHBIM
surzar” (puc. 3, I1.1.).
N3BecTHO, 4TO KOAPHUIIMEHT MAarHUTHON CBSI3M KaTYIIEK, PACIIOI0KEHHBIX

Ha OJIHOM OOIIEM Cep/ICUHUKE, PABEH 1, a Ha pa3HbIX - 1, MOATOMY B3auMHas

UHIYKTUBHOCTH Katymek: M,, = M, =M.. =L, M,, =M,. =M., =-L.

Torna cucremMa ypaBHEHHI, COCTAaBJIEHHAs HA OCHOBaHUM 3aKOHOB Kupxroda
JUTSl yKa3aHHBIX Ha CXEME HalPaBJICHUI TOKOB U BCTPEUHOT'O BKIIOYEHHUSI OOMOTOK,

OyJeT UMETh BUJ:
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" %r +' Wl £Lg— jwl ~Le— jwL =
.JA, J J J

2 _wL T 4 V4 :
-LA~J + Ly 2r + -iWL -4 ¢ —JjwL = Ug;
5 \ ) S)
2 2 f 4 \
lA~J"L~IB~J"L + lc 2r_+ — jwL = Uc.
3 3 v et g c
(3.92)
Pemast 3Ty cucreMy ypaBHEHUN OTHOCHUTEIBHO TOKOB, OJYYHM:

>/
La=iLaz?,+Ugz? + u.z%,': LB
= (LAZ?p+UgZ%a+llcZpJk
Lc=i-AZ*fi+HBZfi+Hcl*a%:
(3.93)

Lza: 22+ idrwL -w2L2 122n’= - irwL- wlL2 1
rae
2%, = 2n~-w2+2rwl?

3amnuiieM cucremy ypaBHeHwuit (3.93) B MaTpudHO# opme:

Z ‘ z UA
LA —da Z . 7 r >/
e 1 y2 E‘a 7 2 Us y 3
e [P ley2 o2 Uc
ey2
(3.94)
WJIU B COKpAIIICHHOM (opme:
T 1 2 (3.95)
[lepeitnem ot (ha3HBIX KOOPAUHAT K CHMMETPUYHBIM:
L 111 1s (3.96)
[TpousBens nepeMHOKEHHE MATPULL, TIOCIIE COOTBETCTBYIOLIHX

npeoOpa3oBaHUM MOTYUUM:
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LI > E‘é 0 a 0
2 3@ Z{’:/?)‘L 0 ' U2 (397)
La a a Z Ua

2y2 ey2 ey2 .z2y2 ey2 ., o~2

rne —Z, 2N i-—— X ,1-2Z p

CrnenoBaTeslbHO, CHMMETPUYHBIE COCTABJISIOLIME TOKOB YCTPOMCTBA!

>/
1312142% 3
»
122 =225k ’%[’\> (3.98)

130=1)n, '8~

—_~ -

N3 paBeHcTs (3.98) HaxoAMM BXOJIHBIE COITPOTUBIICHUS IPSIMOiL, 00paTHOM U

HyneBor nocnenoatenbHocTi JIICY. ConpoTuBieHue npsMod U oOpaTHOM

HOCHGﬂOBaTeHLHOCTeﬁ:
ZL31~Z3p - ZLAN-Y J - 2N+ JwL A
(3.99)
COHpOTI/IBJIeHI/Ie HyJIeBOﬁ IIOCJICIOBATCIBHOCTH.
230 -ZAN-, >
£ -or (3.100)

Takum 006pa3om, BXOJHOE COMPOTUBIICHUE HYJIEBOM MOCIIEI0BATEILHOCTH
OUICY poBHO TOJIBKO aKTUBHOMY COIPOTUBIIEHUIO.

Moynb CONPOTUBIEHUS TPSIMOW MOCJIEA0BATEIBHOCTH
Za1 = 211" +WPL? . (3.101)
Beipa3us WLuepes 100poTHOCTD KaTyiiku § = WL/, momyuum:

Z3,=2rjl +¢°. (3.102)

Paznenus (3.102) Ha (3.100), nonyuum
Z3i/Z3,=-1l+¢. (3.103)
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Tak kak OOBIYHO IS KATYIIEK CO CTABHBIM CEpAeYHUKOM §° » 1, TO

ZlZ3p=9, (3.104)

T.e. DIICY, npencraBnennoe Ha puc. 3, I1.1, umeer conpoTuBieHHE TPSIMOM
HOCJIeIOBATEIBHOCTH B § pa3 O0JIbIe COMPOTUBIICHUS HYJIEBOH.
OnpenenuM MOIIHOCTb JAHHOTO YCTpoiicTBa. B cucreme koopanHar
CUMMETPUYHBIX COCTABJISIFOIINX OHA OMPEAEISIETCS 0 BHIPAKEHUIO
83=3<h|_3i+U2|_32+U0| -0170 (3105)

[Ipenebperas U,, u yuutsiBas, uto Uy=Kk, Uy, / .
21 =ILilZ;

150 - \LQZ3Q , mocjie COOTBETCTBYIOIIUX MTPEOOPAa30BAHUI TOTYUHM:

23=3="I 1K g -1 (3.106)

7€ K, - KOO(QUIUEHT HECUMMETPUU HATIPSHDKCHUM.
OTtcroa akTUBHAsI PEAKTUBHAS U TIOJIHASI MOIIIHOCTH COOTBETCTBEHHO

PaBHBL:

3 u
S3 - L\~takitg=2< + 2K
(3.107)

rie R = 2r - aktuBHoe conpotuienne DIICY. BenuuuHoit ¢ * U K°- MOXKHO

npeHedpeyb, Toraa:

SSZA' 'AI + 2kd (3 108)
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3aBucUMOCTh OTHOCUTENIbHOM MoliHOCTH DIIICY S3 0T ero conpoTuBIeHUS

HYHCBOﬁ MMoCjacaA0BaTCIbHOCTHU Zg, HaXOOHUTCS 110 BBIPAKCHUIO!

S3=R-’g-“4l + 2kl. (3.109)

N3 pacueroB BuaHO, yTo BbIOOp OUICY N0 MHHMMaJIbHO BO3MOXXHOU
BEJIMYMHE COINPOTHUBIICHHMS HYJIEBOM IOCIENIOBATEIBHOCTH IPUBOJUT K
3aBBIIICHUIO €ro MoIHOcTU. ClieIoBaTeNbHO, PACYET CHMMETPHUPYIOLIETO
YCTPOMCTBA, ISl KaXKI0M KOHKPETHOM pacnpeaenuTenbno cetn 0,38 kB, nomken
o0ecrieynBaTh  TaKOE  €ro  MHHMMAJIbHOE  CONPOTHUBICHHE  HYJIEBOUI
MOCIIEAOBATEIBLHOCTH, MPU KOTOPOM OYAET BBIAEPKAHO TpeOyeMoe KadecTBO
ANEKTPUYECKOU SJHEPTUH NPY MUHUMAJIbLHOM MOITHOCTH yCTPOMCTBA.

Tak kaxk OUIICY nomKHO HWMETh Majoe€ CONPOTUBJIECHUE HYJIEBOU
MOCJIEIOBATEIbHOCTH, @ JTOOPOTHOCTh KAaTYIIEK TAaKUX YCTPOMCTB OOBIYHO HE
npeBbIaet 6...8, To, kak BUAHO U3 (3.109), peakTHBHAs MOIIHOCTH YCTPOMCTBA
MOXET JOCTUraTh 3HAYMTENbHOW BEIMYMHBI, YTO OTPULIATEIBHO CKAXKETCA Ha
pexuMe pabOThI CETH.

N3  Beipaxkenuss (3.109) BuaHO, YTO JOOPOTHOCTH KaTymieK ( B
3HAYUTENBHON CTEIEHU ONPEACISIET U AKTUBHYI0 MOIIHOCTH YCTpOMCTBA Po, a,
CJIEI0BATEIBHO, ¥ IOTEPU SHEPTUH B HEM. Tak Kak BKIIOYEHHUE B CETh YCTPOMCTBA

JOJDKHO 00€CTICUUTh ONpeIeICHHBI AKOHOMHYECKU A (PEeKT, TO, O4EBUIHO, UTO

BBIOOP § HEOOXOAMMO MPOU3BOAUTH HA OCHOBAHUU SKOHOMUYECKUX KPUTEPUEB.

YACTB IV. YITIPABJIEHUE HECUMMETPUYHBIMU PEXXUMAMU
4.1. ABTOMaTH3AINSA ylnpaBJIeHUs LHIYHTO-CUMMETPHUPYOLIUMHU
yCTPOMCTBAMHM

KadecTBO anekTpuueckoil sHEPruu y moTpeOuteneit sBIsSeTcs OJHON W3
BAXKHBIX XapPaKTEPUCTHUK DIEKTPUUECKUX cucTeM. OHO OKa3bIBAaET CYLIECTBEHHOE

BIIUSIHUE KaK Ha A((HEKTUBHOCTH paOOTHI AIEKTPOIPHUEMHHUKOB,
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TaK M Ha TEXHUKO-d)KOHOMHYECKHE XapaKTEPUCTHUKU DBJIEMEHTOB CETU
(MHOTOKpaTHO YBEJIMYEHHBbIE MOTEPU DIEKTPUUYECKON SHEPIUM, YXYIIICHUE
KauecTBa HAIPSKEHUS, MOBBIIICHHBIM HArpeB 3JEMEHTOB CETH, YBEIMYECHHbIC
OTEpU MOIIHOCTU CETU U JpP.), YTO MPUBOJIUT K CHUKEHUE HKCILTyaTallMOHHON
HAJEKHOCTH M COKpAILIEHHIO  CpPOKa  CIYXKOBI  DIJIEKTPOJBUTATEINICH,
BO3HUKHOBEHUIO Psiia OTPULIATEIBHBIX JIEKTPOMArHUTHBIX SBJICHUM B CETSIX U
T.II.

Kak Ob110 okazano B ri1aBe | 17151 OBBIIEHUS KaueCcTBA AIEKTPUUECKOM
SHEPTrUU MPUMEHSIIOTCS, TaK Ha3bIBaeMble CUMMETpUpYyIoIiue ycrpoiictea (CY) -
TEXHUYECKUE CPEJCTBA CIOCOOHBIE MHUHUMHU3ZHPOBATH COCTABIISIONIME TOKOB
oOpaTHOM W  HYJNEBOM  TOCIENOBATEIbHOCTEW,  BO3HUKAIOMUX  IPHU
HECUMMETPUYHBIX PEKUMAX paOOTHI AIEKTPUUECKUX CETEH.

JIist ceNbCKUX pacrpeeIuTeNbHbIX CeTel, KOTOpPhIE OTHOCATCS K, Tak
HA3bIBAEMBIM, CETSIM HHU3KOM HaOmogaeMocTd (B CHIy HEJOCTaTOYHOCTHU
OCHAIIIEHHOCTH 3THUX CETEeM CpeACTBaMHU YIPaBIEHHUS) OJHUMU U3 HamOoJiee
aKTyaJbHBIX SABJISIIOTCS  IOKa3aTelIM KayecTBa DJIEKTPUUYECKON DSHEPTHH,
XapaKTEpU3YyIOIINEe HECUMMETPHIO TpeX(Pa3HOM CUCTEMBbI HAIIPSKEHUH.

Tak Kak HECUMMETPUS TOKOB U HAIIPSKEHUA HOCUT CIIyYaHBIM XapaKTep U
U3MEHSETCS BO BPEMEHHM B 3HAYUTENBHBIX TMpeaesax, TO CUMMETPUPOBAHUE
PEXKUMOB PabOTHI paclpeeIUTENbHBIX CEeTEeH ¢ MOCTOSHHON MOIHOCThIO CVY
OyneT He 10CTaTOYHO (P HEKTUBHBIM.

JIisi TIOBBIMIIEHUST KayecTBA CHMMETPUPOBAHUSA TOKOB M HAIPSIKEHUN B
ANEKTPUUECKUX CETAXHEOOXonMMO wucnoias3oBath CY ¢ perynupyeMbiMu
napameTpaMu.

DYHKIIMOHAIIBHO aBTOMATUYECKOE YIIpaBieHHue MOIHOCTHI0 CY MoXxeT
OBITH BBITIOJIHEHO KaK C IIOMOIIBIO PEICHHO-KOHTAKTHOM arnmapaTyphl, Tak U C
MpUMEHEHNEM OCCKOHTAKTHBIX SJIEMEHTOBB Pa3TUYHBIX (QYHKITHSX.
Asmomamuueckoe ynpasnenue CY 6 ¢pynkyuu epemenu cymox.

HaubGonee mnpocTeiM cmocoboMm aBTomMaTudeckoro ympasienus CVY

SIBJISIETCS yIIpaBlieHHe B (YHKIIUU BPEMEHH CYTOK. ITOT CIIOCOO yIpaBJIeHUs
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BBITIOJHSETCS 110 CIENUATbHOMY TpaduKy, 3aBUCSIIEMY OT KOHKPETHOM
ANEKTPUUECKOM ceTH B KOTOpo ycTaHaBinuBaerca CY. B kauecTBe JaTYMKOB

IIPU TAKOM PETYJIMPOBAHUU UCIOJIB3YETCA CYTOUHBIE PEIe BPEMEHHU.

Henocratkom nanHoro cnoco0a ynpasiienus CY sBasercs
. - , HEBO3MOMKHOCTb PEarupoBaHMs Ha
o BEPOSITHOCTHYIO COCTAaBJISIIOLIYIO
581 KT1 km | KM
\T:L_\ J_ HECUMMETPUHU TOKOB U HANPSDKEHUM B
! v K2
‘_@ ] AIEKTPUYECKOU CETH.
y Asmomamuuecxoe ynpasnenue CY @
K kv
] @DYHKYUU HANPAHCEHUSL.
ki T Ha pucynke 4.1 nuzo0paxena cxema
| ABTOMAaTUYECKOTO YIPaBJICHUS
Kv2
CUMMETPUPYIOIIUM YCTPOUCTBOM B (DYHKIIUU
K12
kvz ] HanpspkeHusl. Cxema paboTaeT CiaeayoIuM
Prcymok 4.1 - Cxema obOpazom. Eciiu HanpsikeHue B Hanbomee

dBTOMATUHCCKOTO YHPABICHUA  sarpyskeHHON (Da3e MOHMKACTCS, TO
CY B (hyHKIIMU HAPSOKEHUS
cpabaTbhIBaeT pesie MUHUMAIbHOTO

Hanpspkenus: KY2, koropoe kontakramu KY2Bkimouaet pese Bpemenu KT2.
3ambIKaronMe KOHTAKThI 3TOro pesie KT2c¢ BpiaepKKoi BpEMEHHU MMOJAI0T
HaIpsHKEHUs! Ha KaTyIIKy MarHUTHOTO myckaresnss KM, cuinoBble KOHTaKThI
KOTOpOro B 1enu ynpasiieHus: CY MOJIKII0YalOT €ro K ceTu.B vacel
MHUHUMAJIbHBIX HATPY30K U COOTBETCTBYIOIIETO BO3PACTAHUS HAIIPSKEHUS B
ceTu cpabaThiBaeT pese MmakcuManbHoro HanpsbkeHuss KV1. KontakTsl aToro
pene KV1 Bxitoyarot nuenp katymku pene BpeMeHuKT1, KOHTaKThl KOTOpOro
KT1c Bbraepkkoii BpeMeHu (AJ1s1 OTCTPOMKH OT KPAaTKOBPEMEHHOT'O U3MEHEHUS
HaIpsHKEHUs) OTKJIIOYAI0T MarHUTHBIN IyckaTeabs KM, 4To mpuBOAMT K
otknroyeHuro CY ot ceru.

JlaHHas cxema He O3BOJIIET NPOU3BOAUTD PETYIUPOBAHUE MOIIIHOCTHIO

CY.

Asmomamuueckoe ynpasnenue CY 6 ¢pynkyuu moxa.
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Ha pucynke 4.2 npencrasiieHa pesneiiHO

] [ [ | | | | } KOHTAKTHAas CXeMa aBTOMAaTHYECKOI'O

N ] *m ynpaBieHusICY, UMEIOIIUM JIBE CTYTICHU

MOIIHOCTH B (DYHKIIMU TOKA HYJIEBOTO

npoBozaa.CxeMa BKIIIOUAET B ce0s1 4eThIpe
KA2 KA1 KT2

Diﬂ TokoBbIX pene KA1 - KA4 u uetspe pene

BpeMenu KT1 - KT4. Cxema noctpoeHa Tax,

KT2
jﬁ KT M1 YTO MPU BO3PACTAHUU TOKA B HYJIEBOM

@ L IIPOBO/JIE BO BTOPUYHOU LIETU

, Tpancopmatopa Toka TA 1o cpabatbiBaHUs

KA4 KA3 KT4
] pene KA2 Bkirodaercst nepBast CTyIIEHb
o motHocty CY, a 1o cpabarsiBanus pene KA4
KT4
j} era e BTOpas cTyneHb MomHoctu CVY.
/]:l L] BcnoMorarenbHble KOHTaKThl MAarHUTHBIX
KT3
Q ] nyckareneidr KM1 u KM2 6iokupyroT
Proyso 2 - Peneiirio- COOTBETCTBEHHO KOHTAKTHI pene KA2 u KA4.
KOHTAKTHA cxema Ecnu TOK B HyJI€BOM POBOJIE CHU3UTCSA
ABTOMATUYCCKOT'O YIIPABJICHUA
CV B yHKLHK TOKA 10 Toka cpabateiBanus pene KA3 u ke, TO

karymka pene KA3 Tepser nuranue, B pe3ysbrare pese Bpemenu KT3 cBoum
pa3mbikaroM KOHTakToM KT3 oTkirouuT nens MarauTHOro myckaresst KM 2
M COOTBETCTBEHHO BTOPYIO CTyneHb MoutHocTH CY. [Ipu ymeHbIlieHnn TOKa B
HYJICBOM IIPOBOJIE /10 TOKa cpabaTthiBanus peiie KA1 obectounBaeTcst KaTyiika
pene KA1. B pesynbrare pene Bpemenu KT1 ¢ BelIep:KKOM BpEMEHH OTKIFOUUT
LeNb KaTylKu MarHuTHOro nyckaress KM1 u nepBas cexunst CY OTKIIFOUUTCS
OT CETH.

Henmocratkom cxembl SABISETCA TO, YTO OHA BBIIIOJHEHA C IOMOIIBIO
pEJIEHO-KOHTAKTHOM amnlaparypsl.

Ha pucynke 4.3 npeacTtaBiieHa cxemMa aBTOMAaTUYECKOTO ynpaBieHusiCY B

(GyHKUIHMH TOKA C TPUMEHEHUEM OECKOHTAKTHBIX 3JIEMEHTOB.
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Cxema cOCTOUT U3 ABYX OJJMHAKOBBIX YYACTKOB CXEMbI, IEPBBI - JJIs1
YIpaBJICHUS TIEPBO CTyneHbIo MomTHocTH CVY; BTOpOit (B onMcaHuu pabOThI

. CXEMBI JIEMEHTHI 0003HAYCHBI B

VD1-VD4

L
L Lo @‘ CKOOKax) - [Isl yIIPaBICHUS BTOPOT

—l_ = crynenbio Mommuocta CV.,
[Ipn npoxokaeHnn ToKa B
R7 R8 v
v 2 VTS HyJieBoM MpoBozie N B kaTymke L
R9
H—— HaBoqutcs JJIC. Tlepemennoe
N e VD5-VD8
ALy 4" HaIpPsHKEHHE, BRIMPSIMICHHOE MOCTOM,
COCTOALIMM U3 yeThlpex auoaos VD1
™
_ - VD4 nonaercs Ha kouaencarop Cl,
KL1 KL2
RM Raa i | kw2 CIy>Kallui GUIBLTPOM, U KOHJEHCATOP
R12 1o C2, KOTOPBIN 3apsHKACTCS Yepes
W4 KM1 ‘
Km2 V)
KLW noteHuoMeTp R1, ocymecTBistomuit
\ PEryJIupOBKY BPEMEHHM 3apsija.

R

HaHpH)KeHI/IC C 9TOI'0 KOHACHCATOpAa

~ 220

C2 nonaeTcsd Ha IEJIUTEID

Pucynok 4.3 - Cxema aBTOMaTUYECKOIO Hanpsokenns R2-R3-R4 (R10-R11-
ynpasieHust CY B QyHKIIHH TOKA C

MPUMEHEHHEM OECKOHTAKTHBIX R12). Jlenurenb HaNPsSYKSHUS] COCTOUT
2JIEMEHTOB
u3 1ByX pesuctopoB R2 (R10) u R4
(R12) u omnoro moteHpomerpa R3 (R11), koTopbIM peryaupyercs
HanpsbKeHUe, mojaBaeMoe Ha 0a3y Tpansucropa VT1 (VT3).

Ecmu Tok B HyneBom mpoBoje N HEBElnWK, TO HaNpsHKCHHE Ha
koHJeHcaTope C2 Toxxe OyJeT He3HauuTenbHO. B 3TOM citydae Tpansuctop VT1
(VT3) Oyzaet 3akphIT, Tak Kak HanpspbkeHue Ha cradummutpone VD9 (VD10) Oyner
MPHIIOKEHO K 0a3aM 3THX TpaH3ucTOpoB Yepes pesuctop RS (R13) u nemutens R3
(R11) u R4 (R12). ITpu stom tpansuctop VT2 (VT4) Oyaer OTKPHIT U KaTyIlIKa
pene Hanpspkeaus KV1 (KV2) Oyner nonyuats nutanue. [Ipu Bo3pacTanuu Toka

B HyineBoMm mnpoBoje N HampsbkeHue Ha KonueHcatope C2 Ttakxe Oyner

BO3PacTaTh C BBIIECPKKOU 110 BPEMEHU, OIIPEIEIIEMON
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nocrosiHHoi Bpemenu uenoukun R1C2. Korja HampspbkeHne Ha KOHJEHCATOpe
JOCTUTHET OIPEAEIIEHHOTO 3HAYEHMs, HAIpsDKEHHE, M0J1aBaeMOE€ C JEJIHUTENs
R2-R3-R4 (R10-R11-R12) na 06a3y Ttpansuctopa YT1 (YT3), cranoButcs
JOCTAaTOYHBIM JUJII €r0 OTKPBITHS, YTO COOTBETCTBEHHO BBI3BIBAET 3aKPHITHE
tpanzuctopa YT2 (VT4) ¢ mnocnenyromuM OTKIIOYEHUEM KaTyIIKH pesie
Hanpspkenns KV1 (KV2).

Hanpsoxkenue cpaBHEHUs, B TaHHOM CXEME MOKHO IIJIJABHO PETYJIHPOBATH
norenuuomerpamu aenuteneit R3 u R11. Pene manpsokenus KV1 u KV2
pasMbikarormMu KoHTaktamu KV1 u KV2 cooTBeTCTBEHHO BKITIOYAIOT KATYIIIKH
npomexyTounbix pene KL1 m KL2 xontaktst KL1 m KL2 koTopbix moparoT
HaIpsKEHUE HA KATYIIKU MarHUTHBIX ImyckaTtenen cekuui CY - KM1 u KM2.

Ha CVY, ynpaBnsemoe NaHHOW CXEMOW IOJy4EH NATEHT HA IOJE3HYIO
MOJEJIb.

Cxema mo3BOJIIET perynupoBatb MoOHIHOCTE CVY, OHa BBIOJIHEHA C
MPUMEHEHUEM OECKOHTAaKTHBIX JJIEMEHTOB, YTO SBJSETCA JIOCTOMHCTBOM.
MOMEHT BKIIIOUEHMSI CTYIIEHH MOLIHOCTH MOKHO IUIaBHO peryiaupoBath. [lo
CPaBHEHUIO C PACCMOTPEHHBIMU BbIlIE cxemMaMu ynpasieHus CY, naHHas cxema
s¢dexTuBHa U HanexHa B padore. OHa COCTOUT U3 CEPUUHBIX BJIEMEHTOB U

MpOCTa B 00CITYKUBaHUU.

Pezynuposanue mownocmu ILHICY

CymectBytomue CY He mpeaycMaTpUBalOT PErYJIUPOBAHUE MOUIHOCTH.
Hecummerpust TOKOB M HANpsDKEHUA HOCUT CIIYYaWHBIM XapaKTep U U3MEHSIETCS
BO BPEMEHHU B 3HAYUTEJIBHBIX MpeAeiax, I03TOMY CHMMETPUPOBAHUE PEKUMOB
paboThl pacmpenenuTeNbHBIX CETe C MOCTOSHHON MoIHOCThIO CVY sBisieTcs
Hed () (PEeKTUBHBIM.

JIs1 TOBBIIIEHUSI KaueCcTBA CUMMETPHUPOBAHUSI TOKOB U HAMPSHKEHUN B
CeNIbCKUX pacmpeneauTeabHbix cersx 0.38 kB mnpemnaraercs uCnoiab30BaTh

perymupyemoeCY st Tpex(da3HbIX CeTel C HyJIEBBIM IIPOBOOM.

104



CY (puc. 4.4) nns tpexdasHbIX ceTel ¢ HYJIEBBIM MPOBOJAOM COCTOUT W3
TpexTpex(a3HbIX AMEKTPOMATHUTHBIX allapaToB, OOMOTKH KOTOPBIX COETUHEHbI
M0 CXeME BCTPEYHBIH 3WUr3ar, HMMEIMUX TpU (a3HbIX BHIBOJA W OJUH
HEUTpanbHBIA, TMpHUYEM KaXIbli ¢a3Hbli BBIBOJ IpeIHA3HAYeH Jis
MOJIKJIIOUEHUS K (Da3HBIM MPOBOJIAM CETH, @ HEUTPAIbHBIN - K HyJIEBOMY MPOBOTY.
Kaxnprii TpexdasHplii 3JeKTPOMArHUTHBIA anmapatr oOpa3yeT OJHY CTYyNeHb
MOIIIHOCTH CHUMMETPUPYIOLIETO yCTpoucTBa. Ha mepBoil CTyleHHM MOIIHOCTH
MOJIKIIIOYAETCsl TepBbId  Tpexdas3Hblil 3IEKTPOMarHUTHBIN anmapat. llpu
BO3PACTAaHUM HECHMMETPUM TOKOB M HAIPSHKCHUM MOIIHOCTH YCTPOWCTBA
YBEIUYHMBAETCSA. DTO TOCTUTAECTCS IMTyTEM MOAKIIOYEHUS TOMOJIHUTENbHBIX OJTHOTO
WM JIBYX TpeX(a3HbIX 3IEKTPOMATHUTHBIX aNlapaToB K AJEKTPUYECKOU CETH.
[Ipenyiaraemoe yCTpOMCTBO MOJHOCTHIO OTKIIFOYAETCS OT CETU MPU JOCTUKECHUU
TOKa B HYJEBOM IIPOBOJE MHHHMAJIbHOM BEJIMYMHBI, COOTBETCTBYIOLIEH
JNOIyCTUMOMY 3HAYEHUI0O HECUMMETPHUH TOKOB M HANPSKEHUM, YCTAHOBJIECHHBIX
I'OCT R 54149 - 2010.

Jns  ympaBnenus  momHocThio  CY  ucnosb3yercss — cxema
ABTOMATUYECKOTO YIPABJIEHUs, KOTOpask OCYIIECTBIISIET yIpaBiIeHUE B (PYHKIUHU
TOKa HyJIEBOT0 MpoBoJa (puc. 4.5).

Cxema Bkitouaet B cedst Tpancopmatop Toka TA, mIecTh TOKOBBIX pesie
KAT - KA6, tpu pene Bpemenu KT1 - KT3 u tpu marautsbix myckarens KMI -
KM3. DOnementel KA1, KA2, KT1 u KM1 npeanazHauensl sl yIpaBiICHHS
nepBoil crynenbto momHoctu CY; KA3, KA4, KT2 u KM2 - g ynpasneHus
BTOpO# cryneHbto momHocth CY; KAS, KA6, KT3 u KM3 - nna ynpasnenus
TpeTheil cTyneHbto MomHOoCTH CVY.IlpuHiun paboTshl yCTpOHCTBa MOSICHUM Ha
MpUMEPE CIEAYIONIMX 3HAYCHUM yCTaBOK TOKOBBIX peine KAl - 1A, KA2 - 2A,
KA3 -3A, KA4 - 4A, KAS - 5A, KA6 - 6A.

IIpn BO3pacTaHMH TOKa B HYJIEBOM IMPOBOAE M BO BTOPUYHOM LEMH
Tpancopmaropa Toka TA 10 1A 3ambIKaeTcs 3aMbIKarOIIMN KOHTAKT pesie KA1,
Opy JajdbHEHIIeM Bo3pacTaHuM Toka a0 2A - cpaboraer (3aMKHETCA)

3aMbIKalOIIMI KOHTAKT pese KA2, monyyuT NUTaHUE KaTylka pejie BpEMEH!
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KTI1, ¢ BbLAEpKKOW BPEMEHU 3aMbIKAETCA 3aMblKatomui KOHTAakT pene KT1 u

IMMOJYYacT IIMTAaHHUEC KAaTyIIKa MAaroHuTHOI'O ITyCKaTCJIA KMI.
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lMepBasa cTyneHb MOLLHOCTH
CMMMETPUPYIOLLLEr0 YCTPOICTBA

KM 1
( \‘( \‘(
\ \ \ KM 2 KM 3

N B I N R ] T\ A\ ]

BTopasa cTyneHb MOLWHOCTU
CYMMETPUPYIOLLEro YCTPONCTBA

TpeTbsl CTYNeHb MOLLHOCTHU
CUMMETPUPYIOLLErO YCTPOICTBA

PucyHok4.4 - Cxema CYans TpexdasHbiX CETEN C HYNEBbIM MPOBOAOM
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KA1 KA2 KA3 KA4 KA5 KAB

N - TA
A N
KA2 KA1 KT1
/ /
KM1
0—/
KT1
jﬁ KM1
KA4 KA3 KT2
/

/>‘LE KM2

KAG KAS KT3
/ /

KM3
A

KT3

?‘LE KM3

Pucynok 4.5 - Cxema aBTOMaTH4eCcKOro ynpaniaeHusICyY




[locne 3TOrO0 MarHWTHBIMA ITyCKAaTEIb 3AMBIKAET CBOM CHJIOBBIE KOHTAKTHI
KM1 (puc.4.4) m B pabory BKIIOUaeTCs TmiepBas CTymeHb MomHoctH CV.
OTKJIIOYEHUE OT CETH MEPBOU cTyneHu MOIHOCTH CY NMPOU30UIET MOCIIe CHUKEHUS
ToKa 710 3HaueHus 1 A. ITpu 3ToM 3ambikaromuii KOHTakT KA1 mpuxoauT B UCXOTHOE
NoJIOKEHUE (pa3MbIKaeTcs) U Katyiuka pesie BpeMenu KT 1 Tepsier nutaHue, KOHTakT
KT1 pa3mbikaercs ¢ BBIIEPKKOW BPEMEHH, KAaTylIKa MAarHUTHOro myckarenss KM1
TepsieT MUTAaHUE U CUJIOBbIE KOHTAKThI myckarens KM1 pa3smbikatorcsa (puc. 4.4).
[Tpu sTOM poucxoaut oTkiIroueHue nepo crynenu CY ot ceru. [lpu cHxeHHH
TOKa 70 2A OTKIIOUEHHE HE MPOU30MIET, T.K. 3aMbIKAIOUIMl KOHTAKT pene KA2
OJIOKHpYETCs] BCHOMOTaTENbHBIM KOHTAKTOM MAarHUTHOTO Imyckatens KM1.

Pabora (moakiroueHre U OTKIIIOUEHUE K CETH) BTOPOM M TPEeTbel CTyIeHen
MomHoctd CY  NOpOMCXOIWUT aHAJIOTMYHO: MOJKIIOYEHHE BTOPOW CTYNEHH
MOIIIHOCTU MPOUCXOIUT MPHU JOCTHKEHHH TOKa cpabaTsiBaHus pene KA4, paBHOro
4A, a OTKJIIOYEHHE - IPU CHWKEHUHM TOKA 10 3A, T.e. IPU CHIKCHUM TOKA HUXKE
YCTaBKHM TOKOBOTO pene KA3.

Tperpsa ctynenp CVY mnoakmroyaeTcs NpPU BO3pACTAaHUM TOKa 10 6A, a
OTKJIIOUYEHHE OT CETH MPOUCXOJNT IPU CHUKEHUU TOKA HUKE 3HAUEHUA SA.

Brinepxkka BpeMEHN IPU NOAKIFOYEHNN U OTKIIOUYEHUH CTYIIEHEW MOIHOCTH
CY ocymecrtBisierca ¢ nomompbio Tpex pene Bpemenn KT1, KT2 u KT3 ma
NpEeIOTBpaIleHUs] cpabdaThIBaHUSl CTYIIEHEW YCTpOICTBAa MpPU KPATKOBPEMEHHBIX
KOJICOAHUSIX HArpy3KHU.

Tpanchopmarop Toka TA  ycTaHaBiIMBaeTcss B HYJIEBOH MPOBOJ
anektpuyeckon cetn 0,38 kB u mpenHasHayeH M MOAKIIOUYEHUS TOKOBBIX PENE
KAT - KA6.

Takum oOpazoMm, MomHOCTE CVY camoperymupyeTcss B (GyHKIHU TOKa
HYJIEBOTO MPOBOJIa U €r0 MapaMeTpbl OTCTPAUBAIOTCS OT YPOBHS HECUMMETPHUU B
cetu 0.38 kB, uMeroniero Mecto B JJaHHbIK MOMEHT BpeMeHH.lloaToMy KauecTBO
CUMMETPUPOBAHUS TOKOB M HANpsHKEHUM B pacnpenenurenbHoi cetu 0.38 kB npu
ucrnosib3oBanuu nanHoro CY OyzaeT BbIllle, YeM MPU UCTIOJIb30BaHUU YCTPOIMCTBA C
MOCTOSTHHOM MOIIHOCTHIO. [IprMeHeHne cxemblaBTOMaTH4YeCcKoro ympasieHus CY
MO3BOJIIET HE TOJIBKO MHUHHUMHU3HPOBATH CHUMMETPUYHBIE COCTABIISIIOIINE TOKOB
oOpaTHOM W HYJIEBOU IMOCIEI0BATEILHOCTEH, HO M 3HAYUTEIHLHO CHU3UTH MOTEPH
MOIIHOCTH B CaMOM YCTPOMCTBE OT TOKOB MPSIMOM MOCJEAOBATEIBLHOCTH 32 CYET

ABTOMATHUYECKOI0 YIPABJICHHS ITApaMETPAMH YCTPOWCTBA.
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4.2. KOHTPOJIb U AHAJIU3 HECHMMETPUYHBIX PEKUMOB
4.2.1. OcnosHole onpedenenus
- anamm3 K3I - BbIsIBICHHE TIPUYMH HECOOTBETCTBUA TNokazareneit KO

YCTaHOBJICHHBIM Tpe60BaHI/IHM;
- BXOAHOM KOHTpOsib KD (ans sHeprocHabxatolleir opraHmM3auumn) -KOHTPosb nokasatenen K3 B Touke

MOCTaBKM 3/IEKTPUYECKON 3HEPTrnKn (33) OT BbILIECTOSILWEN SHEPrOoCHabXXatoWwel opraHmM3aunm;

- IlOl'[yCTHMbIﬁ BRJIAaJl - 3HAYCHUA MoKazaTeiieu KS, YCTAHOBJICHHBIC B JOI'OBOPC
3HCpFOCHa6)K€HI/IH WK B TCXHHUYCCKHX VYCIOBUAX Ha IIPUCOCIHUHCHUC, H
OIIpCACIAIOINNC  OOIIYCTHUMOC  BJAMAHHUC  HCKAXKAKIOUX  SJICKTPOIIPUCMHUKOB
HOTpe6I/ITCJ'IH Ha KO B Touke 06HICFO IMPUCOCANHCHHUA NI B TOYKC KOMMCPYCCKOI'O
KOHTPOJIA;

- I/ICKa)KalOII[I/Iﬁ AJICKTPONIPUEMHHUK - IIPHECMHHUK BHCKTqueCKOfI OQHCPIUun ¢
HEJIMHEHHOU BHGKTpHLIGCKOﬁ XapaKTCpHCTHKOﬁ HJIK C HCCHUMMCTPHUYHBIM HIIH
KoJieOaTeNbHBIM PCKUMOM pa60TbI, IMOAKIFOYCHUC KOTOPOI'O K CCTH IIPUBOAUT HJIN
MOXCT IIPUBCCTH K HCCHHYCOUIAJIIBHOCTH, KOJICOAHHSIM HAIIPSOKCHUA ~ WJIW

HECCUMMCTPHU TpGX(bEBHOfI CUCTCMBI HaHp}I}KeHHﬁ B BJIGKTpI/I‘leCKOﬁ CCTHU,
= KOHTpoJsb K3 - npoBepka cooTBeTCTBMSA NokasaTenei K3 ycTaHOBNEHHbIM TpeboBaHUAM;

- KOPPEKTUPYIOLlee MEpPONpPUATHE - MEPONPUATHE, NPEANPUHATOE I
YCTPAHECHUS MNPUYHUH CYIIECTBYIOIIETO HECOOTBETCTBUS W MPEAOTBPAIICHUA HX
IMOBTOPHOI'O BO3HUKHOBEHUSI;

- HECOOTBETCTBHE - OTJHMYHE OJHOI'0 MJIM HECKOJIbKMX mnokazarene KD ot

YCTaHOBJICHHBIX B HOPMATHUBHBIX JIOKYMEHTaxX TpeOOBaHUM;
- NepuoaMYecKkuin KOHTPosb K3 - KOHTposib, ocywecTBAsieMbli B Lensx ynpasneHus K3, npu KoTopoM
noctynsieHve vHbOPMaLMUM O KOHTPOMMPYEMbIX MOKA3aATENSAX U UX OLEHKa MPOUCXOAWUT Mepuoanyecku C
WHTEepBanaMun, onpesensieMbiMi opraHu3aLumnet, ocyLecTBASOWEN KOHTPOb KD, HO

B npeaenax, ycraHosaeHHblXx FOCT R 54149-2010;

- MNOTCHIHAJIBHOEC HECOOTBETCTBHUEC - HCCOOTBECTCTBUC nokaszareneir KO
YCTaHOBJICHHBIM Tpe6OBaHI/I$IM, BO3HHUKHOBCHHUC KOTOPOI'O BO3MOJXHO YCpPCEC3

HeKOTOpBIfI IMPOMCIKYTOK BPEMCHH HUJIU ITPH OIPCACICHHBIX YCIIOBUAX,
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- npeaynpexnamoliee MepoNpUsTHE - MEPONpUATHE, MPEANPUHATOE IS
YCTPAHEHHUs]  BO3MOXHBIX  MPUYMH  TOTEHIUAJBHOTO  HECOOTBETCTBUS U
MPEIOTBPAIICHUS €r0 BOSHUKHOBEHUS;

- NYHKT KOHTPoJsi KD - NyHKT 3JeKTpUYECKOM CEeTH, B KOTOPOM MPOBOJST

n3Mepenue nokazarenei KO npu koHTpone kauectBa 33;
B KayecCcTBE NYHKTa KOHTPOJiA K2 MoxeT 6bITb MCNonb30oBaHa To4yka obuiero npuncoegnHeHnsa, rpaHula
pasgena 6anaHCcoOBON NMPUHAANEXHOCTU, BbiBOAbl MPUEMHUKOB 3/1EKTPUYECKON SHEPrUKM, a TaKXe Apyrue
TOYKU 3J'IeKTpVI‘-IeCKOI7I CceTn, B TOM 4yucne Bbl6paHHbIe no cornacoBaHUo Mexay 3Hepr0CHa6)KalOLU,eVI

opraHusauuei n notpeduTenem;
- pa3pelleHHass MOIIHOCTH (MOTpPeOUTesIs1) - HAWOOJIbIIASA TOJHAS MOUIHOCTD
AJIEKTPOYCTAHOBOK TOTPEOUTEINsI, pa3pelieHHasi Jis MPUCOCIUHEHUS K CETH
HHEProcHaOKAIOIIeH OpraHu3aIny;

pa3pellleHHas MOIIHOCTh YCTAHABIMBAETCSI B TEXHUYECKUX YCIOBUSX Ha

IMPUCOCANHCHUC, BEIAABACMBIX HOTpe6I/ITCJ'IIO;

-pacnpeaeJuTeJbHAs  JJEKTPUYECKasi CceTb -  JJIEKTPUYECKas  CETh,
NPUCOECIMHEHHAs K LEHTPY MHUTAaHMs, OOECHeUYUBaIONlas paclpeiesieHue MEXIY
NOTPEOUTENSIMU WM Tiepefady OO OpraHu3alusaM, 3akKIoYyarolluM JOroBopa
HHEProCHA0XKEHHUS C TIOTPEOUTENSIMH;

- TEXHONOMMYECKNIN KOHTPOsb K3 - kKoHTponb K3 ¢ ANUTENBHOCTbIO U (MAK) MOrPELIHOCTbI0 U3MEPEHUNA,

KOTOpble MOryT oTnm4yaTbca oT TpeboBaHunii FTOCT R 54149-2010;

- TOYkKa O0wmero npHCcOeIMHEHUs1 - DJCKTpUYECKH Onmkaimas K
paccMatpuBaeMoMy — ToTpeoutenro OO  Touka  DJIEKTPUYECKOM  CEeTH
HHEProcHA0XKAIOIIEH OpraHu3alMK, K KOTOPOM MPUCOEIMHEHbl WM MOTYT OBITh
MPUCOEIMHEHBI Ipyrue noTpedutenu J39;

- TOYKa KOMMepYeckoro koHtpoass KJ - Touka oOumiero mnpucoeiuHeHws,
rpaHuia 0alaHCOBOM MPUHAJIEKHOCTH, WA APYras TOYKA JIEKTPUUYECKOU CETH,
NPUHATAs TI0 COTJIACOBAHMIO MEXKIY JHEpProcHabKarolled opraHu3anue u
NOTpeOUTENEM B KQU€CTBE TOUKH CETH, B KOTOPOM MPHU HAIMYUHU PETEH3UN KaKoi-
au00 U3 CTOPOH JOroBopa OyAeT NPOU3BOJIUTHLCS MPOBEPKA COOJIOICHUS

JIOTOBOPHBIX ycnoBuid mo KO u pacueTsl 3a UX HapyIlIEHHE;
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-yCTaHOBJIEHHble TpeboBaHusk KD - TpeboBaHus k K3, ycTaHOBMEeHHble B 3akoHax, PernameHtax,
HOPMAaTMBHbIX AOKYMEHTaX, AOroBOpPax 3HEpProcHabXeHus, TEXHUUECKUX YCMOBUAX Ha npucoeavHeHue, a

TaKXXe B UHbIX AOKYMEHTaxX;

- (axkTHYeckMil BKJIAA- U3MEPEHHBIE B TOYKE OOIIETO MPUCOEAMHEHUS WU B
TOYKE KOMMEPYECKOTr0 KOHTpPOJsS 3HaueHus nokaszatenei KO, xapakrepusyromme
(baKTHUECKOE BIMSHUE HCKAKAOUIMX JJIEKTPOIPUEMHUKOB pPacCMaTPUBAEMOIO
notpedutens Ha KO B 3T0i1 TOUKE;

-HEeHTP NMUTAHUSA - PACIPEACIIUTEILHOE YCTPONCTBO T€HEPATOPHOIO HANPSKEHUS
ANEKTPOCTAHIIUM WM BTOPUYHOTO HampspkeHuss (6 kB u Bblle) MOACTAHIIUU
HHEProcHa0XKAIOIIEeH OpraHu3ali, K KOTOPOMY IPHCOEAMHEHBI AJIEKTPUUYECKUE
CEeTHM JAHHOTO paioHa (pernoHa) MO MECTOPACIOJIOKEHUIO PaccMaTPUBAEMBIX

noTpeouTeNeH;

OCHTp IIHMTAaHUA MW IIPHCOCAWMHCHHBIC K HCMY OJJIICKTPHYCCKHC CCTH MOI'YT

MPUHAJJICKATh PA3HBIM SHEPTOCHAOKAIOIIUM OpPTraHU3AIUSIM.
4.2.2. Obwue nonodiceHus anaiu3a Kavecmaeda 2J1eKmpodaHepuu

AHaJIN3 Ka4eCcTBa ANEKTPUYECKON SJHEPTUH ITPOBOAAT IPU HATUYHUH IPETEH3UMN WIIH
3aMEYaHUi OT MOTPEOUTEINIEH, a TAKKE B CIIy4Yae BBISBJICHUS CYIIECTBYIOIIUX WIH

MOTEHIUAJIBHBIX HECOOTBETCTBUI MO pe3yJibTaTaM:
- BXOAHOro KoHTpoas KO;
- nepuoanydeckoro Koutposs KO;

- TEXHOJIOTHYeCKOro KOHTpouist KD, mpoBoIMMOro sHeprocHabxaroiei

opranuzanuei (3CO) B TUTAIONUX U PACTIPEICTUTEIBHBIX JIEKTPUUECKHUX CETSX;
- UCIHBITAaHUK DD OpraHamu rocyaapCTBEHHOTO HaA30Pa;

- cepTHUKAITMOHHBIX UCTIBITAHUN D3 M UCIIBITAHUN MPU WHCTICKIIMOHHOM

HaJ30pe 3a CepTUPUIIUPOBAHHON D).

I[J'ISI aHalIM3a INPpUYrH IMOTCHIUAIIbHBIX HECOOTBETCTBUM JOINOJIHHUTCIIBHO MOT'YT

OBITH MCTIOJIb30BAaHBI HCTOYHUKH HH(MOPMAITUH:
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- IPOCKTHaA JOKYMCHTalUsA U TEXHUYCCKHUC YCIIOBUA HAa IPOCKTUPOBAHNEC HOBLIX

HCTOYHUKOB DD U Ha PA3BUTHEC JJICKTPHUYCCKHUX CGTCI\/'I;
- JAHHBIC O IIPCAIIOJIaraCMbIX HOTpe6I/ITCJIHX DD HOBBIX CETEBBIX 06’I>CKTOB;
- BBIJJAHHBIC TCXHUYCCKUC YCJIOBUA U 3aKJIIFOYCHHBIC 1OIOBOpPaA 3HepFOCHa6)KCHI/I$I;

- pacyeTsl peKUMOB padOTHI ANEKTPUUECKUX CETEH, B TOM YHCIIE C HATrpy3KaMu
UCKaXaIOUINX NOoTpeOuTeNeH Jisi HOpMaIbHBIX U PEMOHTHBIX CXEM

3JIEKTPOCHA0KEHMUS,
- pe3ysbTaThl 00CIEAOBAHNUN BBITIOJHEHHSI MPABUII TEXHUUECKOHN SKCILTyaTalluu;
- JIpyryue UCTOYHHMKHU MH(pOpMaIUH.

AHanu3 KauecTBa 3JIEKTPUYECKON SHEPTUU IPU HapylIeHUH TpedboBanuil k KO
BKJIFOYAET CIEAYIOIINE ONEepaLuu:

- YCTaHOBJIEHUE IIPUYUH HECOOTBETCTBUM;

- BBISIBJIEHUE OOBEKTOB, PEKUMBI paOOTHI ANEKTPOOOOPYI0BAaHUSI KOTOPBIX
oOycnoBuiu nosiBinenue HecootBeTcTBUs B TOIL

1o pe3ynpTaTaM aHanM3a IPUHUMAIOT PEIICHHS O KOPPEKTUPYIOIIUX U (HJIIN)
IPEeAyNPEXIAIOIMINX MEPOTIPUATHUSAX.

[Tocne npoBeaeHNs COOTBETCTBYIOIIMX MEPONPUITUN JOKHA OBITH OLIEHEHA MX

PEe3yIbTaTUBHOCTD.

OreHKy BBITIOJHAIOT HA OCHOBE TPOTOKOJIOB KOHTPOJI KD, KOTOpBIi TOKEH OBITH
IPOBEJICH HEMOCPEICTBEHHO MOCIIE BBIIIOJHECHUS YKA3aHHBIX MEPONIPUATUM, a

TaKXe, P HEOOXOIMMOCTH, MPOTOKOJIOB U3MEPEHUN ¢ 1eblo aHanu3a KO.

I[J'ISI OLCHKHN PE3YJIbTATUBHOCTH IIPHUHATHIX MEP B TCUCHUEC OIPCACICHHOI'O IICPHUOaa
BPCMCHH, HAIIPUMEP, B TCUCHUC 1'04a, CIACAYCT NCIIOJIB30BATh PC3YJIbTAThI
IJIaHOBOI'O IEPHUOJUYCCKOTO KOHTPOJIA K3 nmn JaHHBIC, ITIOJTYYaCMbIC OT

aBTOMATU3UPOBAHHOW CUCTEMBI ucneTyepckoro ynpasienus (ACIAY).

4.2.3. Ananuz HeCUMMEMPUUHBIX PENCUMOB
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Bo3HUKHOBEHHE HECOOTBETCTBUH IO A,,BbI3bIBACTCS MPUUMHAMHU, ONHCAHHBIMU B
riase | (3a UCKIIIOUEHHEM CITy4aeB PE30HAHCA).

OCHOBHBIMYM IPUYMHAMU TOSIBJICHUS] HECOOTBETCTBUM N0 A ,MOTYT SIBIIATHCS:

- HECUMMETpHsS Harpy3ok mno ¢azam B anekTpudeckux cetsx 0,22/0,38 kB;

- 3HAYUTEJIbHBIE COMPOTUBIICHUS AJIEMEHTOB CXEMbI 3aMELICHHUSI, B TOM YHCIIE
- CONPOTHUBIICHUE HYJIEBON MOCIEAOBATEIBHOCTH JIMHUM M PaCHpeAcIUTENbHBIX
Tpancdopmaropon 6-10/0,4 kB.

[IpyurHOW  MOTEHIHMATBHBIX  HECOOTBETCTBUHM 1O Ao MOXET  OBIThH
IPOCKTUPOBaHKE pacnpenenuTenbubix ceteit 0,22/0,38 kB 6e3 yduera HecuMMeTpun
(a3HBIX HArpy30K.

K ucTtounrkam HECUMMETPUH HANPSHKEHUN U TOKOB OTHOCSAT CIIEAYIOLIUE:

- HETPAaHCHOHUPOBAHHBIE JIMHUU DJJIEKTPONEPENAYd U HEPABHOMEPHO
IPUCOETMHEHHBIE OJJHO(a3HbIE OBITOBBIE HATPY3KH, CO3/IAIONIUE CUCTEMATUYECKYIO
HECUMMETPUIO HANPSHKECHUM;

- JIyTOBBI€ CTaJICTUIaBWIIbHBIC TI€YH, OJHO(A3HBIE €YU IEKTPOILIAKOBOTO
neperuiaBa, dJIEKTPOIIOBUKHOM COCTaB MEPEMEHHOTO TOKa, OJJHO(ha3HbIE
CBapOYHBIE arperarbl, pa3HOBPEMEHHO BKJIIOYAIONTUECS MO azaM OBITOBBIE
Harpy3Ku U JIp., CO3/A0LINE CIIYyYaliHYI0 HECUMMETPHUIO HANIPSIKEHUM.
HecummMmerpus nanpspkenuit B TOIT moxkeT co3gaBatbest kKak nckaxaromumu 11
notpeduTenei, HernocpencTBeHHo npucoenuueHubx k TOII, Tak u o6opygoBaHueM
3CO, paboTaronmm B peKUMax, CIOCOOCTBYIOITUX MOSBICHUIO HECUMMETPHUH
Hanpsbkennit B TOIL
Kpome Toro, uepes anektpuueckyro cetb DCO Ha HECUMMETPHUIO HANpPSKEHUN B
paccmatpuBaemori  TOII  mMoryr oka3piBaTh BIUgHME HcKaxawommue OlI
NOTpeOUTENEH, MPUCOSAUHEHHBIX K JIPYTUM TOYKAM ASTOM DJIEKTPUUYECKON CETH
3CO.

J1J1s1 BBISIBIIEHUS IPUYMH CYIIIECTBYIOMIET0 HECOOTBETCTBUS 10 Ky, 00HApYKEHHOTO
B TOII nanpspxkenuem 6 kB u Boilie, onpenenstor GakTUUECKUil BKJIal B 3HAUCHHUSI
Kou, OKa3bIBa€MbIi HECUMMETPUUHBIMU D11

(3mekTpo0OOPYI0OBAHUEM ) KAXKIOTO O0BEKTA, TPUCOCTUHEHHOTO K
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paccmatpuBaemord TOII, a Takxke (QakTUYECKUM YPOBEHb HECUMMETPUHU
HanpsbkeHuil, renepupyembiid B TOIT u3 Beiepacnonoxenubix cereit 9CO.

I[J'IH 9TOro CJICAYCT BBIMMOJHUTH CICAYIOIMIUEC OIICpaIru.

N3mMepuTh OJHOBPEMEHHO CIEAYIOIINE BETNYUHBI:

- KO3 PUIHUEeHTH 00pPaTHOW IMOCIEAOBATEIFHOCTH TOKa K>].8 KaxIou K-otl
nuHuy, npucoeauHenHoi k TOIT (B mpoueHTax);

- Toku |j(j)x mpsAMO¥i mMOCIeIOBATEIEHOCTH OCHOBHOW YaCTOTHI B KaXIOH K-OM
auHuy, npucoeauHenHoi k TOIT (B amnepax);

- ko3 durmeHT oOpaTHOM MOCIEIOBATEILHOCTH CYMMapHOTO Toka Ky BCQX x
muaui B npucoeauHeHuu TOII k  BeimepacnosoxeHHsiM cetsiM OCO (B
MPOLIEHTAX);

- cymmapubiid Tok 1j(i)z mpsMoli mocemoBaTEIBHOCTH OCHOBHOW YacCTOTHI
Bcex k JmHui B npucoeguHeHun TOII k BeimepacnonoxeHHbiM cetsim DCO (B
amriepax);

- ko3¢ dureHT odOpaTHoi nociuenoBatenbHoCcTH K27 Hanpsikenus B TOII (B
MPOIICHTAX);

- HampsHDKCHUE TMPSMOU TIOCIIEIOBATEIIPHOCTH OCHOBHOM YacTOTBI i(1jron B
TOII (B BosbTax);

- (azoBble  yrael  cAaBuUra  ¢r/2/.mexmy — HampsbKeHUEM — oOpaTHOM
nocienoBateabHOCTH B TOIIl 1 TokoM 00paTHOW MOCIENOBATEIHLHOCTH B KaXIOU
K-oit nmuauN;

- (da3oBbIil yron cABUTra (puws. MEXKAY HanpsHKEHHEM
oOpaTHoOM
[1OCJIEA0BATEIHOCTH B TOIl n CYMMAapHBIM TOKOM oOpaTHoO
nocienoBarenbHocTd B npucoeauHeHnu  TOII Kk BeIIEpacosioKEHHBIM
anektpuyeckuM cetam ICO.

Onpenenenve Toka M HampsHKEHUsT  OOpaTHOM  MOCJEIOBATEIbHOCTH

MIPOU3BOAUTCS TIEPECUETOM 10 (HopMyTIam:

Al P VAN ] 1A~~~ 74 aN

116



WJIN/2X — /0/1* ~1(1 jv/ 1 00, (4.2)

"2ron = “T2rom *"1(1)ron " (43)

[Ipn HEBO3MOXHOCTH TPOBEJICHUS OJHOBPEMEHHBIX HM3MEpEeHHM K03 UIIMEHTOB
oOpaTHOM TMOCJIEAOBATENLHOCTH Toka Ky B KaXKIOM x-oii JUHUM, MHUTAIONICH
norpebuTteneii, cienyer npoectu udmepeHus Ky u 11(i)¢ TOIBKO B TeX JUHHSIX, K
KOTOPBIM IIPUCOETUHEHBI 00BEKTHI ¢ MCKaKatroMMK D11, 0Kka3bIBAIOIIMMU BIHUSIHUE
Ha HecumMeTputo HanpsokeHuid B TOILL

[Tony4yeHHbIE JaHHBIE CIEAYET ONMPENETUTh Ha KaXKIOM UHTEpBAJIe YCPEIHEHUS,
paBHOM 3 c, IIpU 3TOM:

1) B cnyudae, koraa ¢a3oBsiii yroi casura Or/2/,Mex 1y HanpsKeHUEM
oOpaTHOM  MOCIENOBATEIBHOCTH Uy, B TOII 1 TokOoM oOpaTHOM
nocieaoBaTeabHOCTH 1, B A-0if muHuun Oonbiie 90° unu mensiie MuHyc 90°, To
OOBEKT, MPUCOCIUHEHHBIM K K-OM JIMHUU, HA paccMaTPUBAEMOM HWHTEpBaJe
YCPEAHEHUS COAEPKUT UCTOYHUK 00paTHOM MOCIeI0BaTeNbHOCTH |k TOKA.

2) Ecmu ¢azoBbiit yron casura Or/2/,Mex 1y HapsKeHHEM 00paTHOU
nocieaoBateabHocTU™ B TOII 11 TOKOM 00paTHOM MociienoBaTeNbHOCTU ok B A-0it

JIUHUU MEHBIIIE 90° W OoJibliIe
MuHyC 90°, TO 00BEKT, NPUCOECAUHEHHBIN K A-OW JMHUU, HA pacCMaTpPUBAEMOM
WHTEpBAJIC  yCpPEAHEHUS  He  COAEP:KUT  HUCTOYHUK  TOKa  oOpaTHOM
MOCJIEA0BATEIbHOCTU U SKBUBAJICHTEH MACCUBHOMY 3JIEMEHTY C CONPOTUBICHUEM
Z2k.

3) AHajoruyHo, eciiv (a3oBbIi yroi caBura Guns MEXKIY HaNPsKEHUEM
oOpaTHOM  TMOCIIEIOBATEIIBHOCTH Moy, B TOII, 1 TokOM 0OGpaTHO#
MOCJIEIOBATEIHHOCTH /9, B mpucoeauHeHun TOII k BBIIEpacoNnoKEeHHBIM CETIM
DCO6onpme 90° wm menbiie Muayc 90°, TO Ha paccMaTpuBaeMOM HHTEpBAJIC

ycpeanenus DCO coaepKUT UCTOYHUK TOKa 0OpaTHOM MOCEI0BATEILHOCTH.
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4) Ecmu ¢a3oBblii yrom ciasura cpdpX MexAy HampsbkeHHEeM oOpaTHOMN
nocnenoBareapbHocTUf/AX0N B TOIIl 1 TOkOM 00OpaTHOM IMOCIICOBATEILHOCTH /o B
npucoeaunennn TOIl k BermepacnonoxkeHHbIM cetaM OCO mensiie 90° wm
oonpie MuHYC 90°, TO Ha paccMaTprUBaEMOM
uHTepBaie ycpenHenus OCO He COOEP:KUT MCTOYHUK TOKA OOpaTHOM
MOCJIEIOBATEILHOCTH, M MOXET OBITh MPEACTaBICHA IMACCUBHBIM JJIEMEHTOM C
CONpPOTUBIICHUEM Z,".

PacnonoxkeHne HMCTOYHUKOB TOKa OOpaTHOM MOCIIENOBATEILHOCTH MOXKET
ObITh OMNpEIECICHO TaKXe IO 3HAaKy AaKTUBHOW MOIIHOCTH 10 OOpaTHOU
MOCJEA0BATENBHOCTU

1) Ecnmu akTWBHas MOIIHOCTh II0 OOpaTHOW IOCIIEAOBATEILHOCTH Py,
u3Mepsiemass B K-oW JIMHMM, HMMEET OTPHUIATCIBHBI 3HAaK, TO IOTPCOUTEIb,
NPUCOCTUHCHHBI K K-OM JIMHHMH, HAa paccMaTpUBAEMOM HMHTEPBAJC YCPEIHCHHS
COJeP:KUT UCTOYHUK TOKa 00paTHOM MOCIeA0BaTEILHOCTH.

2) Ecnmu akTMBHas MOIIHOCTh IO OOpaTHOW TOCIEIOBATEIBHOCTH Poyy,
usMepsieMasi B K-oii JIMHUHM, UMEET MOJIOKUTEIbHBIN 3HAK, TO Ha pacCMaTPUBACMOM
WHTEpBaJ€C YCPEIHEHUsI JaHHBIM MOTPEOUTETh He COMAEPHKUT HCTOYHHK TOKa
oOpaTHOM MOCIeA0BATEIHHOCTH.

3)  Amnamorudso, €CJIM aKTHBHAas MOITHOCTb 11O oOpaTHoO
[1OCJIEA0BATEIHOCTH P;E,  u3MmepsaemasB npucoenunennu TOII k
BBILIEPACIIOJIOKEHHBIM 3JIEKTpUUecKUM ceTsiM DCO, UMeeT OTpULIATENbHBIN 3HAK,
TO Ha paccMaTpuBaeMoM HHTepBaje ycpeaHeHuss JCO coAep:KUT UCTOYHUK TOKa
oOpaTHOM MOCIeA0BATEIFHOCTH.

4) Ecau akTHBHAs MOIIHOCTB 0 0OpaTHOM MOCIEI0BATEIBHOCTH P))
mMepsemMasB npucoeauHeHnn TOII k BBIIEPACTIONOKEHHBIM JAIEKTPUYECKUM
cetaM OCO, MMeeT MOJOXKUTENBHBIM 3HaK, To ODCO Ha paccMaTpuBaeMOM
WHTEpBAJIC YCPETHEHUS He COJEpP:KUT  HCTOYHMK TOKa  OoOpaTHOM

IIOoCJIACA0BATCIIbHOCTH.
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Omnpenenenre (pakTUYECKOTO BKJIa/la, BHOCUMOIO HCTOYHHMKAMU TOKOB OOpaTHOM
MOCJIEIOBATENBHOCTH KaXKJI0ro 00bEKTa Ha MHTEpBAJIE YCPEIHEHHUs, paBHOM 3 c,
IIPOBOJUTCS B COOTBETCTBUU C MPUIIOKEHHUEM 2.

Jlist onpenenenusi GakTUUECKOTO BKJIaJa, BHOCUMOTO HCTOYHUKOM TOKa 0OpaTHOM
MOCJIEIOBATEIHHOCTU B HCKaXKeHHe cuMMeTpuu HarpsikeHui B TOII Ha pacueTHoM
UHTEpBaJie BPEMEHU, PaBHOM 24 4, clielyeT IPOBECTU CTATUCTUYECKYIO 00pabOTKyY
pe3yNbTaTOB oOmpeaeseHns (PAKTUYECKUX BKJIAJOB, MOJTYYEHHBIX HAa WHTEpBaiax
yCpeaHeHus 3 c.

HauOonbiiee 3HaueHue (akTUUECKOro BKJIAJla M 3HAYeHHE (DAKTUUECKOTO
BKJIaJla, COOTBETCTBYIOIIEE BEPOATHOCTH 95 %, moiydeHHbIE B pe3yJibTaTe
CTaTUCTUYECKON 00pabOTKM JaHHBIX 3a KaXIble CYTKH, CIEAyeT CpPaBHUTh C
COOTBETCTBYIOIIIUMH TPENEIBbHO JOMYCTUMBIM M HOPMAaJbHO JOIYCTUMBIM
3HAYCHUSMH JOIMYCTUMOIO BKJIaJa, YCTAHOBJICHHOIO sl McKaxaroumx Ol K-eo
0o0BeKTa.

Eciu ¢daxkTuueckuil BKIa[ MPEBBINIAET JOMYCTUMBIM, TO CYHIECTBYIOIIEE
HecooTBeTcTBUE N0 Kjy MONHOCTBIO WM YacCTUYHO OOYCIOBJICHO HAIUYUEM
uckaxaromux 11 y nanHoro oobexTa.

JIns1 onpeiesieHus MpUYKUH HECOOTBETCTBUM 110 Ko, crenyer:

- TIPOBECTH OJHOBpPEMEHHBIC M3MepeHus koddduimenta Hecummerpun Koy
110 HYJICBOM Tociea0BaTenbHOCTH, (Da3HbIX HanpspkeHu Uy, Ug, Uc, 1 TOKOB/4, 1B,
Ic, a Takxke Toka lg B HyJICBOM IIPOBO/IE;

- TPOM3BECTH CTATUCTUYECKYIO O0O0pabOTKy pe3ysbTaTOB U3MEPEHUN C
MOMOIIBIO MPOTPAMMHOT0 00ECTICUeHHUs, IPUIIAraeMoro K Cpe/ICTBY U3MEpPEHUM, 1
MOJYYUTh MaTEeMaTHYECKHUE OXKHJIAHUS TOKOB Harpy3ok mo daszam (I, Iy, 1) u B
HyaeBoM mposoje (1o);

Eciu BBITOJIHIETCS COOTHOIIEHME:

/o> (0,05 - 0,07>(/4+ 1.+ /), (4.4)
TO HpPI‘IIzIHOfI HCECOOTBCTCTBUA MOXKCET 6BITB HCPABHOMCPHOCTb IPUCOCINHCHUA

Harpy3ok 1o asam.
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Eciu cootHomienue (4.4)He BBINOJHSAETCA, TO NPUYUHONM HECOOTBETCTBUS
MOXXET OBITh 3HAUUTEIBLHOE COMPOTUBICHUE ZoUEThIPEXIPOBOJHON CETH IO
HYJIEBOM IMOCJIEI0BATEILHOCTH.

ComnpoTuBIIEHHE CETH MO HYJIEBOW MOCIEAOBATEIILHOCTU ONPEACIAIOT U3
COOTHOIICHHUS:

Z0 = (V3 K®/New™ */0))10 (4.5)

[Ipu Oonbmmx 3HaYeHHSIX Zp MPUHUMAIOT pPEHICHUS O BO3MOXKHBIX
MEPOIPUATUAX MO €ro YMEHbIIECHHIO (YBEJIMUEHUIO CEYEHUs HYJIEBOTO MPOBOAA
BO3MYIIHBIX  JIMHUM  JJIGKTpOIepesaud, 3amMeHe KaOelnbHbIX  JIMHUM |

TpaHC(HOPMATOPOB, YCTAHOBKE IIYHTO-CUMMETPUPYIOIINX YCTPOMCTB).

YACTBH V. QKOHOMHNYECKAA OPEKTUBHOCTb INPUMEHEHUA
CY B PACIIPEAEJIUTEJIBHBIX CETAX 0,38 KB

5.1. Pacuer 3xoHOMHUYECKOT0 3¢ eKTa 0T CHU:KEHHUS MOTEPh
3JiekTpo3Hepruu B cetsx 0,38 kB

N3BecTHO, UTO dIEKTpocHAOXKeHWEe Oasupyercss Ha TpeX TECHO
B3aUMOCBSI3aHHBIX ~[IOKA3aTeNsX - HAJAEKHOCTH TMepeAadyd HHEPreTUYECKUxX
MOIIHOCTEMN, KAYEeCTBE MepeAaBaeMoi SHEPTUH U Han00JIee SIKOHOMHUYHOMY CIIOCO0Y
€€ TPAHCTIOPTUPOBKH MO JTUHUSAM 3JIEKTPOINepeaaun K NOTPEOUTEIIO.

Hu3koe KadecTBO 3JIEKTPUYECKOW 3HEpPruM, OE3yCIOBHO, OTpa)kaeTcs Ha
ONpeIeIeHHBIX MOKA3aTeNIX HAJEKHOCTHU dJEKTPOCHAOKEHHUS, TAKUX KaK 4acToTa
OTKa30B U CpeJHEe BpeMs BOCCTAHOBJICHHS. ODTO OOYCIOBIEHO LEIBIM PSAIOM
OOBEKTUBHBIX W CYOBEKTUBHBIX MpHUMH. HHU3KOEe Ka4yecTBO OTAEIHHOTO
BBIITYCKAEMOTO  AJIEKTPOIHEPTeTUYECKOr0 000pYyI0BaHUsA (HAmpUMEp, JaMIlbl
HAKaJMBaHUS W Tp.) NPUBOAUT K TOMY, YTO JaXXK€ HE3HAYUTENBbHBIN BBIXOJ
nokasareyied HECUMMETPUM HAINPSHKEHUN 32 YCTAHOBJICHHBIE MPEJEINbl, BbI3bIBAET
BBIXOJ] 000pYAOBaHUS U3 CTPOSL.

AOCONIOTHBIA ~ TOJOBOM  SKOHOMHUYECKMUA 3P(PEeKT OT  BHEApPEHUs
0e33aTpaTHBIX MEPONPUATHI onpeaessieTcs no popmye:

Dz =37 +SW, (5.1)
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rne SW - cHIKeHHe oTeph dIEKTPOIHEPTHH, TOJTYICHHOE B Pe3yJIbTaTe
BHEJIPEHUs O€33aTPaTHBIX MEPOIIPHUATHIA, 35 - yIeIbHBIC 3aTPaThl HA TOTEPU
DIIEKTPOIHEPTHH.

ITo bopmymne (5.1) onpenensercs 3KOHOMUIECKHUHN A3PHEKT OT CHUKEHUS
MOTEPh IEKTPOIHEPTUH B celbCkux ceTax 0,38 kB ¢ koMMyHalIbHO-OBITOBOM
HaArpy3KO# 3a cUeT YaCTUYHOTO YCTPAHCHHsI CHCTEMAaTHIECKOW HECUMMETPHUH
TOKOB B pe3yJIbTaTe BHIPAaBHUBAHUS HATPY30K MO (ha3aM dIEKTPUUIECKON ceTh

VY nenbHbBIE 3aTpaThl HA MOTEPH SIECKTPOIHEPTUU B CETSAX OMPEACIISIOTCS 110

3aMBIKAIOIIUM 3aTpaTaM Ha JJIEKTPUUYECKYIO SHEPTuio [22]:

1 C V2 \
iy A+ B- , py6./(kBmu), (5.2)
100
V
rie A, B - koo pUIIUEeHTBI, 3aBUCSIINE OT BH/IA JICKTPHUUYECKON CEeTH; UX 3HAYCHUS
1 cetedt 0,38 KB cenbCckoX034MCTBEHHOTO Ha3HAYEHUSI ITPUBEACHEI B; K, -
KO3(pbUIIMEHT, paBHBIM OTHOIIEHUIO HATPY3KH dJI€MEHTa (paiioHa) CeTH B MEPUO]
MaKCHMAaJIbHOM Harpy3Ku CUCTEMbI K HAauOOJIbIIIeH Harpy3Ke 3JieMeHTa (paiioHa)
CETH; M - BpEMSI MAaKCUMAJIbHBIX MMOTEPb.

AOCOIIOTHBIN I'OI0BOM SKOHOMUYECKHUH 3PHEKT OT BHEAPCHUS
KoMmIeHcalinoHHoro CY Ju1si CHYDKEHUS TOTEPh AJeKTpoaHepruu B ceTsax 0,38 kB

3d CYCT YMCHBIICHUA HCCUMMCTPHUHU TOKOB 1 KOMIICHCAITNH peaKTHBHOﬁ

MOIIHOCTH MOKHO OIIPCACIINTD I10 BBIPAKCHHUIO!

K
= 4~0,12-Tox , moic. pyo., (5.3)
0K

rae K - 3atpatel Ha BHeapeHnue CY (Twic. pyO0.), BKIIOYAIONNE CTOMMOCTh CaMOTO
YCTPOMCTBA U 3aTpaThl HA HAYYHBIC UCCIIEAOBAHMS U OMBITHO KOHCTPYKTOPCKHE

pa3paboTku; Tox - CPOK OKYMAEMOCTH:

T ok , J1em, (5.4)

rae SW = SWys + SWy, - AW, - cHIkeHre NoTeph 3IEKTPOIHEPTUH, 00YCIOBIEHHOE

YMCHBIICHUCM HCCUMMCTPHUHN TOKOB 1 KOMIICHCAITUN peaKTHBHOﬁ
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motHocty; AWCY - motepu snekTposHepruu B CY; P, - OTHOCUTENbHBIE U3IEPKKU

Ha aMOPTHU3AIMIO U 00CITyKuBaHue B %.

5.1.1. Dppexmusnocme cHudceHUss nomepv NEKMPUUECKOU IHepeulU 8
cemsax 0,38 kB 3a cuem cHudcenus necummempuu moxKos

JIOCTOBEpHO OLIEHUTH BEIMYUHY ylIepOa OT HECUMMETPHUH TOKOB B
MUTAIOIEH CETH YPE3BBIUYAHO TPYAHO, T.K. yU4ECTh BCE MHOT000Opa3ue GakTopoB, Ha
KOTOPBIE OKa3bIBAET BIMSIHUE YXYJIUIEHUE KAYECTBA 3JIEKTPOIHEPTUU, MPAKTUUYECKU
HEBO3MOKHO. [103TOMY CyIIeCTBYIOIIME SKOHOMUYECKHUE METO/IbI OLIEHKH yIiep0a oT
HECUMMETPHUU TOKOB HOCAT, KaK IPABUIIO, TPUOIMKEHHBIA XapaKTep.

JUist  pacyeta  dKOHOMHUYECKOro 3(p(deKTa OT CHWXKEHUS TMOTeph
AIIEKTPOSHEPTUH TPEXKAE BCEro HEOOXOAMMO ONpPENENUTh IUIAHOBOE WIIU
(dakTHueckoe CHUkeHue norepb. B MHCTpYKIMS 0 CHUYKEHUIO TEXHOJIOTMYECKOrO
pacxoja OJJEKTPUYECKOM HSHEpPruM Ha IMepeAadyy IO JJIEKTPUYECKHM  CEeTSIM
HPHEPrOCUCTEM a SHEProOObEIMHEHUN PEKOMEHIYETCS ONpPENesaTh CHUKEHUE
noTepb dnekTpodrepruu 8W B cetsax 0,38 kB 3a cueT ycrpaneHus cucreMaTndecKon
HECUMMETpPUHU 10 hopmyIie:

8W =AW « (KHI -KH2), (5.5)
rae AW - notepu snextpodHepruu B cetu 0,38 kB mpu paBHOMepHOI 3arpy3ke ¢as;
Ky, Ky - x03h@UIIMEeHThl CHCTEeMaTUYECKOW HECUMMETPUM TOKOB J0 M TIOCIE

CUMMCTPUPOBAHUA, OIIPCACIIACMBIC 110 BBIPAKCHHIO

Ku=! ML 11 4+ 115. s 0
(5.6)

(1a*181c) Vez> Vez> Rn R,

riae ly, g, |c - cpennue 3HaueHus TOKoB ¢a3 3a mepuon ¢ 17 1o 23 4 (He MeHee
Tpex u3mepenuii); RO/R$>- oTHolICHHE COTPOTURIIEHUH HYIEBOTO U (ha3HOTO
npoBoAOB. st nByxmnpoBoaHou nuHuu Ky = 1.

®dopmymna (5.2) ans pacuera kodpduimeHTa HECUMMETPUU TOKOB B JINHUH

0,38 kB sBisieTcst npuOIMKEHHON, TO3TOMY MOTPEIIHOCTh pacueTa JOBOJIBHO

BBICOKA, 0COOEHHO )11 HEMOJIHO(a3HBIX OTBETBICHUM OT Tpexha3zHOM JIMHUY.

CrnenmoBaTesibHO, pacyeT CHUXKEHHUSI TIOTEPh IEKTpOoIHEepruu mo ¢popmyse (5.5)
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OyJeT BBIMOJIHEH C O0IBIION MOTPEITHOCTHIO.
J1J1st TOYHOTO pacyeTa CHUXKEHUSI TOTeph dIeKTpodHepruu B ceTsix 0,38 kB, 3a

CUCT YMCHBIICHUA HCCUMMCTPHUH TOKOB, CJIICAYCT UCIIOJIb30BATH BBIPAKCHUC
y y

1151 KoapunmerTa norepb MomHOCTU Kp: Kp = 1 + K 5 + 4K ;.

Ucxons u3 onpenenenus kod¢gpUireHTa moTepb MOIIHOCTH
(3JIEKTPOIHEPTHUH ), 3aMMUIIEM BbIpaXKEHUS JIs HadaabHOTO Kpy (mo
CUMMETPUPOBAHHUsS) U KOHEUHOro Kpy (MOCIe CHM)KEHHS HECHMMETPHH) 3HAYCHHI

KO3d)d)I/IHH€HTa IIOTECPH UCPE3 ITOTCPHU DJICKTPOIHCPINA.
o AW, .
K DH -
A

\Ir;

AK,

K, (5.7)

rae AXKy, Ay - motepu 3IEKTPOSHEPTHMU B CETH NPU HAYAIBHOM M KOHEYHOM
HecUMMETpuu TOKOB; AWs - MOTEpH DJJIEKTPOIHEPTUU B TOM KE CETH IIpH
CUMMETPUYHOM PEKUME.

CHIKEHHE TTOTEPh AIEKTPOIHEPTHH B CETU 32 CUET CHIDKEHUSI Kod(puimenTa

notepb oT Kpy 10 Kpk:

SWis=AW,,;AWT. (5.8)
U3 (5.7) onpeaenum MOTEPH 3JICKTPOIHEPTUU B CETH MTOCIIE CHIKECHUS
HECUMMETPHUHU TOKOB
AW,
AWK =K PK' AWS =K PK H
K py
1 [IOJICTAaBUM B BeIpakeHue (5.8):
SWis = AW, -uAWr = AWy m 7 - Ko ) (5.9)
K py K PH

Onpenenus no dopmyne Kp = I + K 5 + 4K o 3HaueHust kodpPuineHToB
MOTE€Ph MOIIHOCTU OO0 cUMMeTpupoBanusi KPH u mocie CHUKEHUS HECUMMETPUU
TOKOB Kpx U, 3Has MOTEPU BJEKTPOIHEPIUHU B ceTU 10 cuMMeTrpupoBanus AWy, Ha
OCHOBaHUU BbIpakeHUS (5.9), ompenensieM CHUXKEHUE MOTEPb JIIEKTPUUECKON
SHEPrur, 0OYCIOBIEHHOE YMEHbBIIICHHEM KO3 DUITMEHTOB 00paTHOM Ky~ n
HyneBor K, mocnenoBatenbHocTel TokoB B nuHuu 0,38 kB u Tpancdopmartope

nmornedouTenhexoir TTT
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5.1.2. Dppghexmusnocmo crudicenuss nomepsv 3nekmposnepeuu 8 cemsax 0,38
KB 3a cuem xomnencayuu peakmusHou MOWHOCMU
JIJ1st OpUEHTUPOBOYHOM OIEHKH CHIKEHUS MTOTEPH JIEKTPOIHEPTUHU OT

YCTaHOBKU M BBOJA B PabOTy yCTPOMCTBA KOMIICHCAIIMHM PEAKTUBHON MOIIHOCTH B

Pa30MKHYTOM AJIEKTPUUECKON CETH PEKOMEHAYETCS cleAyromasi popMya:

m="-QKY-On-QKY ,,
U gokr

rac QKy - PCaKTUBHAA MOIMHOCTb KOMIICHCAIITUOHHOI'O YCTPOﬁCTBa; Qn - pCaKTUBHAaA

oK M Ki- AW, (5.10)

MOIIIHOCTh CyMMapHOW Harpy3ku siektpuyeckon cetu; Uygy - HOMHHAJIbHOE
HaIpsKEHUE CeTH; i - SKBUBAJIECHTHOE IO MOTEPSIM MOIIHOCTH COIMPOTUBIICHHE
CeTU; M - BpPEMs MaKCUMAIbHBIX NOTEPb; Ay - MOTEPU DIIEKTPOIHEPTHUU B
KOMITEHCAIIMOHHOM YyCTpOoicTBe; K - K0OdPUIIUEHT, YUYUTHIBAIOIIUNA MOTPEUTHOCTD

HCIIOJIB3YCMOI'O MCTOZAd paCcuCTa IIOTCPb SJICKTPOSHCPIUH:

K * 750 (5.11)
rjae A - cpelHeKBaipaTUyHas MorperrHocTsh (%).

PaccMoTpeHHBIN MeTO1 BeChbMa rPOMO3/I0K U MTOJTYYeHHOE 3HAUCHUE ITOTEPh
AIEKTPUUYSCKON SHEPTrUU OyJAeT UMETh MPUOIMKEHHOE 3HAYeHUE. B CBSA3M ¢ 3THM,
B JIaHHOU paboTe MpeIJIOKEH IPOCTOM U 00JIee TOUHBI METO/I OTIPEICIICHHS
CHIDKEHHMSI TIOTEPh JIEKTPOIHEPTHH 32 CUCT KOMIIEHCAIIMY PEaKTHBHOM MOIIHOCTH,
CYIITHOCTh KOTOPOTO 3aKJIF0YAETCS B CIICTYIOIIEM.

KoaddummeHT noTeps MOIIHOCTH CETH, O0YCIIOBJICHHBIN TIepeaadeii
PEaKTUBHOW MOITHOCTH, OTIPEICIIICTCS OTHOIICHUEM TTOTEPh B CETH MPHU COSP <

1,0 x moTepsiM B TO¥H sxe ceTu Tipu COS ¢ = 1, 0 [11, 34]

Kp (cosqgxl) , (5.12)
A (cos (p= COS" (p
r=1)

B cooTBercTBUU ¢ BhIpakeHueM (5.12) 3anumiem ko3¢ GUIIMEHTHI TOTEph
MOIIHOCTH JI0 KOMIICHCAIIHH PEAKTHBHOM MOIIHOCTH B ceti K% py 1 oCIe
KOMIICHCAIUU K? PK-
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B sl (5.13)
cos <p, COS (p«
rjie COSYy, COSPX - 3HaueHue Kod(d@uimeHTa MOIMHOCTH 10 KOMIICHCAIIMN U TIOCTIe
Hee.
Beipazum ko3burmentst noteps K?py i K? o uepes cootseTcTByIONIIE
HOTEPHU AIIEKTPOIHEPTUU:

<p AW, < AW-,

ThH - AW B PR - B (5.14)

fcos<p=I) ¥i (cos (p=1)
rae AWy, AWk - moTepu 5JEKTPOSHEPTrUUM B CETH O U TMOCIE KOMIEHCAIMU
peaKTUBHOM MOITHOCTH MPH COS ¢ < 1,0; AW(cosg=1J - TOTEPH DIICKTPOIHEPTUHN B TOU
K€ CETU MPU MOJTHON KOMIICHCAIUH.

CHmXEeHUE TTOTEPh AMEKTPOIHEPTUH, 00YCIIOBIIEHHOE YaCTUYHON

KOMIIEHCALIUEW pEaKTUBHOW MOIIIHOCTH
A9 = AWy -AW. (5.15)

Onpenenus u3 (5.14) notepu 3AEKTPOIHEPTUHU TTOCIIE KOMITEHCAIIUU

W
AW, = K% » AW, (00 =) PK
<

Y TIOJICTABUB TOJIy4YE€HHOE BhIpakeHue B (5.15), umeem:

K K
W= AWH-KWT-KAWH: AW, ; KF;K (5.16)
Kou Kpu ..

Breipaxxenue (5.16) 1 CHIDKEHMsI TOTEPh DJCKTPOIHEPTHU B  CETH,
OOYCJIOBJIEHHBIX KOMIIEHCAIIUEH PEaKTUBHOW MOIIHOCTU, aHAJIOTUYHO BBIPAXKEHUIO
(5.9) nansa ompeneneHWs CHIWKEHUS TOTEPb DJIGKTPUUECKOW JHEPTrUU IMyTeM
YMEHBIIIEHUSI HECUMMETPUU TOKOB B CETH.

Jlist Gojiee TOYHOTO OIPEACIICHUS] CHIDKEHUS TIOTEPb AJIEKTPOIHEPTUU
HeoOxomumo u3 3HaueHnit SWys mwmm SWy, moiaydeHHbIX 1Mo BeIpaxkeHusM (5.9) u
(5.16), BbpUECTH TOTEPU  HJIEKTPOIHEPTUM B  CUMMETPUPYIOIIUX WU

KOMIICHCAIIlMOHHBIX YCTPOﬁCTBaX.
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5.2. Pacyer 3KOHOMHYECKOT0 yliepda oT CHH:KeHHUsI KauecTBa 3JIeKTPUYecKo
IHEPTrUH

DKOHOMHUYECKHH yiepO OT HEKaueCTBEHHOM 3JIEKTPOIHEPTUH CKIIaIbIBACTCS
U3 JIOMOJIHUTENIbHBIX TOTEPh AKTUBHOM MOITHOCTH M COKPAIICHHS CPOKa CIY>KOBI
AIEKTPOOOOPYIOBAHUS. Cocrasnstomas yiepoa, oOyCJOBIIEHHAs
JOTIOJTHUTEIBHBIMU TIOTEPSIMUA AKTUBHOM MOITHOCTHU, B OOIIEM BHJIE, ONPEACIIICTCS

o ¢hopmyiie
11
5. = 13,JIP. 7",., (5.17)

i=1
rae 35 - CTOMMOCTh OJHOTO KBT.4 MOTEph 3JIEKTPOIHEPTHU I 1-OM TPYIIIBI
AJIIEMEHTOB AJIEKTPo0oOOpynoBanus; AP; - IOMOJHUTENbHBIE TMOTEPH AKTHUBHOM
MOIITHOCTH B -0 I'PYIINe 3JIEMEHTOB; Tj - YUCJIO YaCOB PabOThI B FOY I-Oi IPYIIITbI
OJTHOPOJHBIX 3JIEMEHTOB.

Tak Kak B 2JIEKTPUUECKHUX CETAX OOBIYHO 3aJaHHBIMH SIBJISIOTCS HE MOTEPHU
aKTUBHOW MOIIHOCTH, a MOTEPH dHEpPruu, To ¢opmyiy (5.17) ynobHee 3anucath B

CICAYIOImCM BUAC:

n
Y, = Y33aAW; , (5.18)

i=1
rae AW,, - motepu akTUBHOM SHEPTUU B 1-OH TPYIIIE AJIEMEHTOB CETH.
Croummocts | kBT.u mnortepp wunaM ynaenbHbIE 3aTpaTbl Ha MOTEpPHU
AIIEKTPOIHEPTUH ONIPEEISIOTCS MO 3aMbIKAIOIIUM 3aTpaTtaM (5.14).
Cocrapnsitomiast  ymepoa, 0OYCIOBIEHHAs CHHXKEHHEM CpOKa CITy>KObI

HTEKTDOOOODVIIOBAHUS
Yi~I

V2=1 34
EH-YI

), (5.19)

rae 3i - MpUBEICHHBIC 3aTpaThl HA I-yIO TPYIIY OJHOPOIHBIX 3JIEMEHTOB; Vi -
KPaTHOCTb CIIYXOBI JJ1s1 1-O¥ TPYIIIBI OHOPOIHBIX JIEMEHTOB; £y - HOpMaTHBHBIN
kod(hpurreHT 3P HEeKTUBHOCTH KaMUTATBHBIX BJIOKCHUM.
[IpuBeneHHbIC 3aTpaThl 3; ONMPENCIAIOTCS MO hopmyie
i=EHm K+ /1, (5.20)

126



rne K - croumocTh (KamuTallbHbIE 3aTpaThl) OJHOPOAHBIX 3jieMeHToB; U -
€XXEroHbIE HKCILTyaTallMOHHbBIE U3JIEPIKKH.

JI71s1 DIeKTPOIHEPTUM HOPMATUBHBIN KOA(PPHUIIUEHT 3P HEKTUBHOCTH
KalUTAIOBJIOKEeHUN npuHuMaetca 0,15.

CocraBnsitoias, 5KOHOMUYECKOTO yiepoa OT OTKIOHEHHUS YPOBHS

HaIIPAKCHUA Ha 3aKUMax OCBETUTECIILHOU Harpy3Ku OIIPpCACIIACTCA I10 Q)opMyJIe:

3 2
V3~ X XPocBij 'TocBij '(j ‘dU? + 5'J1 (5-21)

i=ij=i
rae PocBlj - HOMHHaIbHAs aKTHBHAS MOIIHOCTh OCBETHUTEIIBHOH HArpy3KH j-oi
TPYIIbI, TOIKIIOYeHHOW K I-0U dasze; Tpocuy - 4YUCIO 4YacoB pPabOTHI B TOAY
OCBETUTEIFHON HAarpy3Kd [-Oi TPYIIbI, MOAKIIOUEHHOH K i-oif ¢asze; SU; -
OTHOCHUTEIILHOE 3HAYCHHE OTKIIOHCHUSI HANpsDKCHUs B 1-0i (paze anmekTpudeckoit

CCTH.

5.3. Pacuer npuBeaeHHbIX 3aTpaT HA CY
[IpuBeneHHBIC 3aTPaThl Ha JIFOOOE AIEKTPOTEXHUUECKOE YCTPOUCTBO,

corjacHo [63], MOTyT OBITh OIpeeNieHb TI0 popMmylie

3y=Hn+ U, + EKy, (5.22)
rae Ml - wu3aepKKM Ha T[OTEPU AKTUBHOM MOIIHOCTH B  3JEMEHTax
CHUMMETPUPYIOIIEro ycTpoicTBa, MA - W3AEpXKKUM HA aMOPTU3ALMI0 U

oOcy>KMBaHHE YCTpoicTBa; Ky - KaluTaabHbIE 3aTPaThl HA YCTPOMCTBO.

W3nepKKy Ha IOTEPU AKTUBHOW MOITHOCTH B DJIEMEHTAX CUMMETPUPYIOLIETO
YCTPOMCTBA, BBIITOJIHEHHOI'O HA PEAKTUBHBIX JJIEMEHTAX,

Hn=33—TM-T,p/-Q//'7, (5.23)
i=1

rae 35 - CTOUMOCTh | KBT-4 moTepp 3MEKTPOIHEPTUM B YCTPOUCTBE; 1), - YHUCIIO
4acOB HCIIOJIb30BaHMS MAKCHMAJIBHOW HArpy3Kd YCTPOMCTBa; Py - KOG (dHUIHEHT
YIENBHBIX MMOTEPh JUIS I-TO DJIEMEHTa CHMMETPHUPYIOLIETo ycTpoicTBa, Qi -
peakTUBHAS MOIIHOCTD I-T'O AJIEMEHTA.

y)leJIBHBIe IMoTCpu aKTUBHOM MOIIHOCTHU B €EMKOCTHBIX JJICMCHTAax
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OTIPENICNIAIOTCA TUIIOM KOHJEHCATOpa U MOTYT ObITh NPUHATBIMU 0,004 kBm/kBAp
T.. pc =0,004 xBm/xBAp. YnenbHble TOTEPU B WHIYKTUBHBIX CBSI3aHBI C HX
aKTUBHOW M PEaKTUBHON MOIIHOCTHIO cOOTHoIeHueM: P = p. m Q,.

Takkak P, =1,’m R, u Q.= I.>m X, TO pL=P/QL=Ru/X_ umm p_. =1/q., rae
gL = XJ/R, - 100pOTHOCTh KAaTYIIKH MHIYKTUBHOCTH. TakuM 0Opa3oM, BHIHO, YTO
yAeNbHbIE TOTEPU B MHIYKTUBHOM OJJIEMEHTE OOpPATHOMPOMOPIIMOHAIBHBI €ro
JIOOPOTHOCTH.

Esxerognpie W3NEpKKM Ha aMOPTH3alMI0 U OOCITy)KMBaHUE YCTPOMCTBa
OTIPEEIISIIOTCA KaK JA0Jsl KalUTAIbHBIX 3aTpar:

HUn=Pa m Ky, (5.24)
TJi€ p, - OTHOCUTEIbHBIC U3/ICPIKKU Ha aMOPTHU3AIIUI0 U 00CITyKUBaHUE.
KanuraneHble 3atpatel Ha CY
Ky =Ki + Kz, (5.25)
rae K; - CTOMMOCTh YCTaHOBIIGHHOW MOIIHOCTH PEaKTHUBHBIX JJIEMEHTOB; K -
CTOMMOCTb ITYCKOBOMW, 3al[UTHOM | PETYJUPYIONIEH ammapaTypbl, a Takxke
MOHTQ)XHBIX M HAJIAJIOUYHBIX PadoT.
KanuranbHpie 3aTpaThl Ha YCTPOMCTBO MOXKHO MHPUOJIMKEHHO OIEHUBATH

4yepe3 CYMMAPHYIO YCTAHOBJICHHYIO MOIIIHOCTD 3JIEMEHTOB
17
K, = "y0,-0,> (5.26)

i= 1
riae Kyl - yneiabHasi CTOUMOCTD 1-T0 peaKTHBHOT'O 3JICMEHTA.

Takum 00pa3zom, AJig onpeereHus NpuBeIeHHbIX 3aTpat Ha CY He00X0auMo
3HATh YCTAHOBJIEHHYIO MOIIHOCTh €r0 PEAKTUBHBIX 3JIEMEHTOB U YAEJIbHBIE MOTEPU

B HHUX.

YACTb VI. HCCJIEJOBAHUE HECUMMETPUYHbBIX PEXKUMOB B
JAEUCTBYIOIIUX CEJIBCKUX PACITIPEJAEJIMTEJIBHBIX CETAX

6.1. IlporpamMma pacyeTa HeCMMMETPUYHBIX PEKUMOB
Ha ocHoBanuu MoyibHOTO MeTOa (CM. 9acTh 2) pacuéra, Ha Kadenpe

DnektpocHabxkenus c.x. MUpkyrckoit I'CX Obuta pazpaboTana KOMIbIOTEpHAsS
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nporpamma  «HecumMMeTpus», TIO3BOJISIONIAS  OIIEHWTH YPOBEHb HMCKKEHHS KadecTBa
SIICKTPUYECKONW  DHEPTHM M JIOTOJHHUTEIBHBIX ~ MOTEPh  MOIMHOCTH,  OOYCJIOBJICHHBIX
HECHMMETPHUYHBIM H3MEHEHHEM TOKOBOM HAarPy3KH B DJICKTPUYECKOM pacrpe e uTeIbHON CETH.

JlaHHast TMporpamMMa TIO3BOJIET paccyuTarh KOA(PQUIMEHTsI O0paTHOM W HYJEBOM
HIOCJICIOBATEILHOCTEH HANpPsDKEHHsI, a Takke KOd(DOHUIMEHT IMOTeph MOIIHOCTH 3a 000
uHTEpBaa BpeMmeHH. OHOBPEMEHHO OCYNIECTBISIETCS IMOCTPOCHHE BPEMEHHBIX IHArpaMM
M3MEHEHUS 3TUX K03 puiuenToB. CiieayeT OTMETUTD, YTO TIPH CHHXPOHU3AIIUH H3MEPUTEILHOTO
KOMIUICKCA C BBIYMCIHMTEIHLHBIM OJOKOM BO3MOKHA BH3YaJIHM3allis W3MEHEHHUs HCCIIEIyeMbIX
k03 dunmrenton «onliney.

[Iporpamma Hamucana Ha si3bIKe porpaMmupoBanus Delphi -7.

PaGota ¢ mporpaMmoil OCYIIECTBIISETCA B CIEIYIOIIEH I10Caen0BaTebHOCTH. Jliis
WCIIOJIb30BaHMs MPOTrpaMMbl  co3faerTcs ¢aiin B mporpamme EXcel, B koropblii 3aHOCSTCS

HCXOJIHBIC TaHHBIC B BHUJIe TaOHIIbI (prc. 6.1).

N= 9 K= 22 St= 1
Ua Ub Uc Uab Ubc Uca la b Ic In Ibc

226,781 227,868 223,942 394,998 390,943 389,421 64,380 47,558 19,964 66,955 34,117
226,665 227,998 224,110 394,917 391,354 389,405 64,446 47,613 19,952 67,047 34,201
226,697 227,836 224,337 394,607 391,457 389,779 66,464 47,609 19,968 68,445 34,156
226,461 227,765 224,355 394,235 391,543 389,565 66,855 47,618 19,951 68,744 34,183
226,404 227,998 224,207 394,534 391,653 389,207 65,932 47,641 19,945 68,141 34,231

226,225 228,323 224,234 394,706 392,132 388,856 64,567 47,705 19,921 67,265 34,368
226,168 228,285 224,349 394,531 392,250 388,946 64,589 47,784 19,918 67,295 34,441

WT.4....
Puc. 2.3. Tabnuna ucXOQHBIX JaHHBIX

rae N - HauaiabHOE BpeMsi CHATHUS 3aMepoB (B mpumepe ¢ 9 yacos); K -
BpeMsI OKOHYAHUS CHATHS 3aMepoB (B mpumMepe B 22 gaca);; St -
UHTEPBAJI BPEMEHHN MEXTy U3MEPECHUSIMHU;
Ua - nanpsbxenue ¢asel A, (BonsT);
Ub - manpsbkenue ¢asel A, (Bonbr);

Uc - nanpsbxerue ¢assl A, (Bonbr);
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Uab - nanpsokenune mexay ¢azamu A u B, (Bonbr);
Uab - nanpsokenune mexay ¢azamu A u B, (Bonbr);
Uab - manpsokenune mexay dhazamu A u B, (Bonbr);
la - Tox B paze A, (Ammep);

Ib - Tok B daze B, (Amrep);

Ic - Tox B paze C, (Amriep);

In - Tox B HyneBoM nposoae N, (Amrep);

Ibc - Tok B hazax BC, (Ammep).

[Tocne BBOAAa WCXOAHBIX JAaHHBIX, (DAl COXpaHSETCS C NPUCBOCHUEM €My HMEHH,

HampuMep «u3MepeHus 1».

BBon maHHBIX MOMKHO TaKK€ COBEPILIUTh B CaMOW MporpamMme, HCIONIb3ysd OKHO
«UCXOIHBIC TaHHBIEY (pHC. 2.4):

Jnist Toro uToOBl HauaTh paboTy ¢ MPOTPaMMOil, HEOOXOAUMO 3alTH B KaTajor, TJe oHa
yCTaHOBJICHA M 3amycTUTh aitnm nesimetria. Tlocie mosBiseTcss OCHOBHOE OKHO MPOrPaMMBbl,
npeacTaBiIeHHoe Ha puc.6.2.B Menro «daiin» BeIOMpaeTcss KOMaHIa «3arpy3uTh» M yKa3bIBACTCA,
CO3/1aHHBIN paHee ¢aii(B JaHHOM NpuMmepe «u3MmepeHus 1»). Ecau e BBOJ UCXOIHBIX JTaHHBIX
IIPOU3BOJIEH, HEMIOCPEICTBEHHO B OTKPBIBILIEMCSI OKHE IIPOrPaMMBbl, TO UX HEOOXOIMMO COXPAHUTh
(MeHI0 «¢ailny, KOMaH/la «COXPAaHUTh UCXOAHBIE TaHHBIEY).

Janee, nocne Ha)aTHsl KJIIABUIIN MEHIO «CEPBHCY» (KOMaHa «PEIINTh)), Ui KHONKUBY Ha

KJIaBUAType, IporpaMma IpOU3BOJIUT BBIYMCICHUS.

130



Puc. 6.2. OcHOBHOE OKHO MPOTrpaMMBbl

Jiis mpocMoTpa pe3ysibTaTOB pacueTa B OCHOBHOM OKHE BBIOMPACTCS BKIAIKY POTPAMMBI
«pe3ynbTar pacderay. s coxpaHEHHs pe3ylbTaToB pacdyera B MeHIO «(paim» BeiOMpaeTcs
KOMaHJla «COXPAaHUTh PE3ybTaT PEIICHUS.

[To pe3ynbraram penieHUs U UCXOJHBIM JAHHBIM IpOrpamMMa CTPOUT rpapuKu, KOTOpbIe
MO>KHO IPOCMOTPETh, BHIOPAB BKIAJAKY «rpaduxuy». [ljig coxpaHeHUs] TpapuKOB HYKHO HaXaTh

MIpaByIO KHOIKY MBIIIIY Ha COOTBETCTBYIOIIEM Ipaduke.

6.2. XapakrepucTuka 00beKTOB HCCIe0BAHUS

B kauecTBe 00bEKTa  HCCIIENOBAHUS BBIOPAHBI CENIBCKUE
pacnpenenurenbHblie cetr 0,38 kB.

Hccnenosanus ocymectsisuics B Q00 «MakcMMOBCKO€)» (110 cOrnacoBaHuIO ¢
oTea0M MexaHuzanuu M diaeKTpuduKkanuy MUHUCTEPCTBA CENBCKOTO X03sicTBa MpPKyTCKOM

o0ractu), a Takke, B LIGHTPAJIILHOM aiimake (paiioH r. Yian-barop, Monronus).
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6.2.1. Uccneoosarnue necummempuunvix pesxicumos ¢ OO0 Maxcumosckoe

XO035UCTBO PACIOJIOKEHO B 2-X KAJIOMETpax Ha roro-3amnaj ot r. Upkyrcka. Hanpasnenue
XO35IIICTBEHHOM JI€ATEIbHOCTH - OBOIIEBOACTBO U )KUBOTHOBO/JICTBO.

HccnenoBanusi OCymeCTBISUINCh Ha 2-X TpaHCPopMaTopHbIX moacTaHiusax: TIT 68
(nByxTtpanchopmaropHas - TII68A wu TII68b), TII69. [laHHbie MOACTAHIIMK TUTAIOT TOJIBKO
IPOM3BOJICTBEHHYIO HArPy3Ky: OT mpancgopmamopa 68A nuranne noaaeTcs Ha TENATHUK 10
otxonsueit iuHuu 0,38 kB, BeinmosiHeHHO# TpoBoAoM Mapku AS0. JliuHa nuHuM cocrapisieT 696
METPOB (IIJTMHA MAruCTpaiu - 575 METPOB).

Xapaxmepucmuka nazpyzku TII68A:

- 000rpeB MOMENICHHsI, KOTOPOE OCYIIECTBIIACTCS ABYMs Kajopudepamu, MOIIHOCTHIO,
cootBercTBeHHO 18 1 12 kBT (uToro 30 kBr);

- TOJOTPEB BOJBI JUISI OSHUS TEIAT - ocyuiecTBisieTcs 3-ms1 TOHamu, MouiHocThIO 110 5
kBT (B cymme 15 kB7);

- ocBelleHue, BeimosiHeHHoe Jamnamu JIPJI-400 (7 mT.), mamrel
HakanuBanus (6 wt. o 500 Bt). O6mas Harpyska Ha ocBemieHue - 5,8 kBT.

Ha mpancgopmamope 685 wnccnenosanacy JIDII, BHINOJIHEHHAS MPOBOJIOM MAPKH
AS50, o koropoinekrposneprusinonaercs Ha pepmy KPC. [lnuna nunaun cocrapmusier 360 MeTpoB
(Maructpanb 325 MeTpoB).

Xapaxmepucmuxa nazcpysku TII68b:

oborpes nomerenus - 30 kBt (2 xanopudepa no 18 u 12 kBT, cooTBeTCTBEHHO);

BaKyyMHbIE JTOMJIbHBIE ammapaThl, 00IIei MOIHOCThIO 22,5 KBT;

HaB030yOOpouHbIe TpaHcnopTepsl - 12,4 kBT (ropusoHTtanbhele - 8 kBT, HakIoHHbIE -
4,4 xBr);

- ocsenienue - 6 kBt (8 namn Hakanusanwus no 500 Bt, 20 namn - mo 100BT).
Ha 77169 wccnenosanvich pexkuMbl paboThl IBYX OTXOASAMIMX JUHUI dIeKTponepenaun: ouoep 2
u @uoep 4. Or punepa 2 orxomut nunus 0,38 kB, BemonHenHas npoogoM AS0 mmmHOM 153

MeTpa (Maructpais - 135 MeTpoB) no
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KOTOPOM 3JIEKTPO3HEPIHsl MEPENAeTCs Ha MacmepcKkue, umeiowue Ccreoyiouyio
HA2py3Ky:
- oborpes nmomenieHus: 81,5 kBt (kanmopudep 44 kBt, TOHsI 1o 2,5 kBT - 15m1T.);
- CBAapOYHbIM anmapar - 15 kBT;
- MoJoT - 4 xBT;
- Haxpgak - 1,5 kBrT;
- tenbdep - 3 kBT;
- ByJKaHu3arop - 3 kBr;
- ocsemienue - 11,4 kBt (6 nammn JIPJI-400, 18 mamn HakanuBanus mo 500 Br).

Ot dunepa 4 orxoaut nunus 0,38 kB, BeinoaHeHHas mpoBogoM AS0, 1auHOM
586 MetpoB (Maructpaib 560 MeETpOB), MUTAIOWIAS AUIOPAM) CO Cledyroujel
HA2PY3KOU.

- o6orpeB nomeienus - 10 kBt (4 TOHa o 2,5 kBT);

- (pe3epHblil CTaHOK - 2,2 KBT;

- JTOJIOEXHEIN CTAaHOK - 4 kKBT;

- CTpOTaJbHBIA CTAaHOK - 5,5 kBT;

- Tassl IOJ peukKy - 2,2 kBT;

- CTaHOK - 2,2 kBT;

- CTaHOK - 4 kBT;

- PYYHOU JJIEKTPOUHCTPYMEHT - 9 kBT (4 munel mo 2 kBt, 2 apenu 1o
500BT);

- ocsemienue 2,8 kBt (2 mammsr JIPJ1-400, 10 mamn nHakamuBanwus mo 200
BT).

Kpome TOro, wuccinepoBaHusi NPOBOAWINCH Ha TpaHCHOPMATOPHOM
noacranunun 1111734, NUTAIOLIEH KOMMYHAJIbHO-OBITOBYIO Harpy3Ky
HETIOCPEJICTBEHHO B CEIBCKOM MoOceneHuu «MaMoHb». [[iMHa OTXOAsen JTUHUU

coctasisaeT 0,9 KM, XapakTep Harpy3kH - OJHOKBAPTUPHBIE KUJIbIE JOMA.
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Pe3yiibTaThl H3MepeHHil TOKOB M HaNIpsKeHUil B AeiicTByromux cersx 0,38 kB

W3mepenuss mnpoBoauinch cepTuduuUpoBaHHBIM mpubopom  «Pecypc- UF2My,
OCYIIECTBISIONMM (PUKCUPOBAHUE M3MEHSIOIIMXCS BEJIIMYMH B COOTBETCTBUU C TPEOOBAHHUSIMH
I'OCT R 54149-2010. JlaHHBIf W3MEPHUTENh IO3BOJSET TPOU3BOAWTH OOCIIECIOBAHUE
JIEKTPUUECKUX CETeH MO 0ObeMaM MOTOKOB MOIIHOCTH, HANPSDHKEHUsS, TOKA M Ip. MapaMeTpOB
3JIEKTPUYECKOM 3HEPTHM B UCCIEAYEMOM paclpelesuTeNIbHOM ceTh. MccmenoBanue KayecTsa u
JOTIOTHUTEIBHBIX TOTEPh MOUTHOCTH Ha JIDII, muTaromumx npon3BoACTBEHHYIO HArpy3Ky/

Ha puc. 63, 64 wu 6.5 mnpeacraBieHbl BpeMEHHbIE JAHAarpaMMbl H3MEHEHMS,
COOTBETCTBEHHO TOKOB, (ha3HBIX U MeXAy(ha3HbIX HanpsokeHuid B tuHun 0,38 kB, orxonsmei ot

TII68A u nuTaromen TEIITHUK.
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Puc. 6.3. Bpemennas nuarpamma u3mMeHeHus TOKoB B JinHuu 0,38 kB
(TTI6 8 A-TenATHUK)
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0, 38 kB (TTI68A-TensaTHUK)



AHanu3 MONTYYeHHBIX JUarpaMM IO3BOJSET CAENATh BBIBOJ O TOM, YTO pacHpeeieHHe
Harpy3ku 1o (azam muTaromei ceTu OCYIIECTBICHO HepaBHOMEpHO. [Ipu 3TOM, MpakTUYeCKH
HEM3MEHHOE 3HaYeHHE TOKOB B (pa3ax Ha MPOTSHKEHUH BCErO IMepuoja HAOMIOJICHUN, TOBOPHUT O
TOM, YTO BEPOSTHOCTHAS COCTAaBISIONIas HECHMMETPUU TOKOB TMPAKTUYCCKH PaBHA HYIIO, a
YPOBEHBb CTATUCTUIECCKON HECHMMETPUH TOKOB BEChMa 3HAUUTENCH: 1, = 584, 1, = 174, 1. = 544. To
ecTb, HaMMeHee 3arpykeHa ¢asa «B», a Haubonee
- (haza «A». YpoBeHb Toka B (aze «C» HEHAMHOro OTJIMYaeTcs OT TOKa B (aze «A». Takum
o0pa3om, 1 MUHUMHU3AIUKA YPOBHS CTaTUCTUYECON HecumMmeTpuu B nanHoi JIDIT HeoOxoaumo
OCYILIECTBHUTD NepepacipeiesieHie Harpy30K 1o (azaM B TEISATHUKE.

Ha ocHOBaHWMM TOJTy4E€HHBIX JaHHBIX M3MEPEHUH B pe3yibTaTe pacuéra Mo MporpaMme
«HecumMeTpus» TOyYIEeHBI BPEMEHHBIC TUarpaMMbl U3MEHEHUS KOA((UIIMEHTOB OOpaTHOW U
HYJIEBOU MOCIIEI0BATEIFHOCTEH HANIPSDKEHUS (pUC. 6.6) 1 KO3 PUITUEHTA TIOTEPh MOIITHOCTH (PHC.
6.7).

AHaIu3 NOJyYEHHBIX IHarpaMM MO3BOJIMI YCTAHOBUTD CIIETYIOILEE.

Cornacao 'OCT R 54149-2010 3nauenue ko3 dunmeHToB 00paTtHOM (Koy) M HYJIEBOM
(Kw) mOCTeTOBaTEIBHOCTEH HE TOJKHBI B 95% BpeMEeHH MHTEpBajia B OJHY HEICIIO MPEBHIIIATH

HOpMaJIbHbIE 3HAYeHUS (T.€. 2%), U TONBKO 5% BpPEMEHU ATOTO >KEMHTEpBaja WX 3HAUCHUS HE

JIOJIKHBI IPEBHIIATE 4%.
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Puc. 6.6. Bpemennsle quarpaMMbl H3MEHEHHSI KOOQPHUIIMEHTOB 00paTHON 1
HyJeBo# nocnenoBatenbHocTy Hanpsbkenuit B muHuu 0,38 kB (TII68 A-TensiTHUK)
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Puc. 6.7. Bpemennasi nuarpamma u3sMeHeHus1 Ko uipeHTa morepb MOITHOCTH B
nuanu 0,38 kB (TTI68 A-TensTHHK)
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B nannom citydae, k03¢ HuIueHTs 00paTHOM HYJIEBOU
NOCJIEA0BATENBHOCTEN HAINIPSHKEHUSI UMEIOT HE3HAUUTEIbHbIE 3HAYEHMSI IPAKTUYECKHU B TEUEHUE
Bcero mepuoga m3mepeHui (24 daca) u coorBercTBYIOT TpeboBanusm ['OCT 13109-97 nmns
HOpMalibHOTO pexuma pabotel. [Ipu 3TOM KO3(pPuuIMEeHT 00paTHOH MOCIEAOBATEIHLHOCTH
HANpsDKCHUsT TPEBBINACT 3HAueHHe Kod(p(UIMEeHTa HYIEBOH IOCIeJ0BATEIbHOCTH, YTO
00yCJIOBJICHO HE3HAYUTEIHHBIM KOJMYECTBOM OJHO(A3HBIX HJIEKTPOIPUEMHHUKOB (TI0 CPAaBHEHHIO
¢ TpéxdazapiMu. KoadduimeHT noreps MOIHOCTH (PUC. 6.7) TOCTHTAET 3HAYUTEILHON BETHUNHBI
Ha NPOTSHKEHUHU BCero nepuoja usmepenuil. Ero cpennee 3nauenue cocrasuio 7,1.

IIpu onpenenennu NOTEph IEKTPUUECKON S3HEPTUU Ha JaHHOM ydacTke JIDIT npunaTeiMu
MeToJaMH, €€ cpelHee 3HaueHue 3a roj coctaBUT 24997 kBT.4, 4TOo OyIEeT COOTBETCTBOBATH
CTOMMOCTH TOTEpb, paBHOW 6474 pyoOns. B neiicTBuTensHOCTH, OOBEKTHBHBIN YpPOBEHB
HECUMMETpUH (Pa3HbIX TOKOB 00ycinaBnuBaet 177479 kBT.4 moTepp 3JeKTPUIECKON SHEPTHH, YTO
COOTBETCTBYET 45967 pybueli (mpu ctouMocTH, paBHoit 0,259 py6ust 3a 1 kBt.4).

OTO O03HAYaET, YTO JEHCTBUTENIbHbIE MOTEPU MOIIHOCTH M, COOTBETCTBEHHO, IMOTEPU
anieKTpudeckoil 3Hepruu B gaHHou JIDII Oosee uem B 7 pa3 HpeBHIMIAIOT T€ MOTEPU, KOTOPHIE
OOBIYHO PACCUMTHIBAIOTCA JIE€TEPMUHMPOBAHHBIMU MeTonaMu. To ecTb, JUIsi TOro, 4YTOOBI
MOJKJIFOYEHHBIC K TAaHHOH JIMHUH JIEKTPOTIEPEeIaun SIEKTPOIIPHEMHUKHN BBITIOIHSIN TPEOyeMBbIid
00beM paboThl, HEOOXOAMMO 3aTPATHTh JJIEKTPUUECKOW HSHEpPruu Oojee 4yemM B 7 pa3, IO
CPaBHEHUIO C CMMETPUYHBIM PEKUMOM PabOTHI.

Ha puc. 6.8, 6.9 u 6.10 npeacraBieHbl BpEMEHHBIE TUarpaMMbl U3MEHEHHS TOKOB, (ha3HBIX

U MeXayQa3HbIX HanpsbKeHU cooTBeTcTBeHHO B TuHMK 0,38 kB nmutaromeit pepmy ot TI168b.
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kB (TT168b-depma)

Puc. 6.9. Bpemennsie quarpaMMbl u3MeHeHUs (ha3HBIX HanpsokeHu# B muHIN 0,38
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Puc. 6.10. BpemeHHbIe trarpaMMbl H3MEHEHUST MEXKAY(a3HBIX HAMIPSDKESHHUH B
nunnu 0,38 kB (TTI68b-depma)

AHaM3 TONXYYEeHHBIX IMarpamMM mokasan cuenymoomee. Toku B ¢dazax A, B u C
CYIIECTBEHHO OTJIMYaloTCs Mo BenmuumHe. Hampumep, Tok B (aze «b» mpakTudecku BABOE
npeBbImaet Tok B (haze «C», a Tok B (paze «A» OoJiee yeM B JiBa pa3a MPEBBIIIAET TOK B (aze «by.
Taxum 00pa3oM, co3qaeTcsi 3HAUUTENLHBIA YPOBEHb HECUMMETPHUH (Da3HBIX TOKOB.

[TomyueHHbIe pacuéTHBIC BpEMEHHBIE JHarpaMMbl H3MEHEHHST KO PHUIIMEHTOB 00paTHOM
U HYJEBOM mocienoBaTebHOCTEW HampspkeHus (puc. 6.11) B 3TOH JMHHMM MOKa3ail, YTO
Ko2(PUIEeHTH 00paTHON U HYJIEBOW IMOCIIEIOBATEILHOCTEN HANIPSHKCHUS, M3MEHSISICh B TEUCHHE
BCETO TEpHoJa HM3MEPEHHIA, TaKkke KaK M B PACCMOTPEHHOM BBIIIE CIy4dae, COOTBETCTBYIOT
JIOTTYCTUMBIM 3HAUEHHSIM, YCTAaHOBJIEHHBIM | ocymapcTBeHHBIM craHaapToM. ClenoBareibHO,
pacrosiokeHue oHO(pa3HBIX ITEKTPOIIPHEMHHUKOB IO (a3aM CEeTH U UX MOPSI0K KOMMYTalui He
6HOCUM CYWECMBEHHbLX UCKAJICeHULL 8 Kayecmeo JJIEKMPOIHeEpcUU NO IMUM

nokasaméeiliiim.
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Puc. 6.11. BpemeHHble 1uarpaMMbl U3MEHEHUS KO3 (UIIMEHTOB 0OpaTHOM 1

HYJIEBOH mocenoBatensHOoCTel Hanpspkerus B muHun 0,38 kB (TT168b-depma)
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Puc. 6.12. Bpemennas nuarpamma u3MeHEeHHs KO3 (OUIHEHTa TOTePh MOIIIHOCTH B
nuunu 0,38 kB (TTI68b-depma)
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Puc. 6.13. Bpemennsie ruarpaMmbl u3MeHEHUs Gpa3HbIX TOKoB B tuHUH 0,38 kB
(TTI69-macTepckue)

N3menenue ko3dduunenta norepb MOmHOCTH (puc. 6.12) ocymiecTBiaseTcs B NIMPOKUX
npenenax B TedeHue cyTok. CpenqHee ero 3HadyeHue 3a nepuoj usmepenuit cocrasuio 3,08. Ilpn
3TOM, MAaKCUMaJIbHOE 3HAaY€HUE JaHHOTO Koadduimenta (4,41) npuxoaurcs Ha Be4epHUNA IEpUOJ]
BpPEMEHH, KOrja paboTaroT OCBETUTENbHBbIE YCTAaHOBKH, HEPAaBHOMEPHO pacIpelesEHHbIE 10
¢azam nuTaromen ceTu M COo3aroliue JOMOJIHUTENbHbIE TTOTOKH HYJIEBON MOCIEI0BATENbHOCTH
TOKOB. OLIEHNBasl JOMOJIHUTEIbHBIE 3aTPATHI HA TOTEPU MOILIHOCTHU U 2JIEKTPUUECKON SJHEPTUH T10
JAaHHOW JIMHUM 3JIEKTPONEpeaul, MOKHO CKa3aTh cienymouee. [Ipu cymecTByromem n3MeHEHUN
TOKOB B JINHUU OLIEHKA IOTEPD JIEKTPUUECKON dHEPruu, MIPOU3BENEHHAS PUHATBIMA METOAAMHU
pacuéra MoKa3bIBaeT, YTO €KEr0JHO OHU COCTABILIIOT 8269 kBt.u. IIpu 3TOM cTOoMMOCTE OTEPH
JJIEKTPUUECKON 3HEPTHH I0JIKHA COCTaBUTh 0K0JI0 2142 pyOiist. Bmecte ¢ 3TuM, peanbHble TOTepH
ANIEKTPUUYECKONW SHEPrHM TNPU AHAIOTUYHOM pPEXHME paboThl AJEKTPOOOOpYyNOBaHUS 32 TOA
cocTtaBsT 0koJo 33076 kBT.4 ¥ UX cTOMMOCTb cOoCTaBUT 8567 pyOieii (pu cpeaHeld CTOMMOCTH

MOTCPb BHCKTquCCKOﬁ OHCPTHUH, YCTaHOBHCHHOﬁ JIJIS CeNIbCKOM MECTHOCTH,
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paBuoit 0,259 pyOns 3a 1 kBt.u). Takum oOpazoMm, s paOGOThI BCEX SIEKTPOINPHUEMHHKOB,
MOJKJIIOYEHHBIX K HCCIEAYeMON JIMHUM 3JIEKTpOoIepeadr, He0OX0IMMO B CPEIHEM 3aTpaTHTh
MIOYTH B YETHIPE pa3a O0JIbIIe HIEKTPHUECKON IHEPTUH, YeM IUTAHUPYETCS Ui HopMalibHOrO (0e3
ydeTa HEeCUMMETPUHU (ha3HBIX TOKOB) PEKHMA.

Ha puc. 6.13, 6.14 u 6.15 npencraBieHsl BpeMEHHBIE JAUAarpaMMbl U3MEHEHHs (ha3HBIX
TOKOB, (ha3HBIX ¥ MeXTypa3HbIx Hanpspkenuid B iuann 0,38 kB, orxoasmieit ot moacranmuu TI169

U nuTaroiel mactepckue (duaep 2).
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Puc. 6.14. Bpemennble n1uarpaMMbl U3MEHEHHS (pa3HBIX HANPSHKEHUH B IMHUU
0,38 kB (TI169-mactepckue)
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Bpems CYToK

Puc. 6.15. BpemenHble tuarpaMMbl ©3MEHEHUST MEXKAY(a3HbIX HAMIPSHKESHUH B
nunnu 0,38 kB (TT169- macTepckue)

AHanu3 MOJY4YEHHBIX AMarpamMM IOKasaj, 4TO, KaK M B MNPEAbIAYIIUX ABYX CIy4asx,
HECUMMETpUS TOKOB B JAHHOM JIMHUU AJIEKTPOIEpeauu BeCbMa CyLeCTBEHHA. MaTreMaTuieckoe
OKHJaHNE U3MEHEHUSI TOKOB B (a3zax «A», «B» u «C» nuHUM cocTaBisieT COOTBETCTBEHHO 71, 55
u 71 amnep. CneayeT OTMETUTh, UTO COBIIAJIEHUE CPEIHUX 3HaueHUil TOKoB B (azax A u C He
XapaKTepU3yeTcs UX IeHCTBUTEIbHBIM COOTBETCTBUEM B TEUEHUE BCETO Nepuoia usmepenui. [pu
TOM MaKCUMaJlbHO€ YBEIMYEHHE TOKOB HAarpy3Kd NPUXOJUTCS Ha BEUEpPHHUIl NepHoJ, Korjaa
BKJIIOUAETCS] HCKYCCTBEHHOE OCBEILEHUE, 00YCIIaBIIMBAIOIEE TOTIOJHUTENbHBIE TOTOKA HYJIEBOU
MOCJIEI0BATEIbHOCTH.

Ha ocHoBaHuM NaHHBIX pe3yJbTaTOB U3MEPEHUI (Pa3HBIX U MexAy(a3HbIX HaNpPsHKEHUN
(puc. 6.14 u 6.15) mOCTpPOEHBI BpEeMEHHBIEC TUAarpaMMbl U3MEHEHUST KOA(PHUIIMEHTOB 00paTHOM 1
HYJICBOW TIOCJIEIOBATEILHOCTEH HAIpPSDKEHUS B HCCIAEAYyEeMOW JMHUHU JJIeKTporiepenaadn (puc.
6.16).

Kak u B npeapIAyux ABYX Cllydasx, I3MEHEHUE HCCIIeTyeMbIX ToKa3aTeslel He BBIXOIUT

3a MMPEACIIbL Tpe6yeMBIX CTaHdapTOM 3HaquHfI,
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CJI€I0BAaTCIbHO, KAa4C€CTBO BHCKTqueCKOﬁ OHCPIruu IO JaHHBIM IIOKa3aTCJIsIM COOTBCTCTBYCT

TpeGOBaHI/IHM, OpCaABABIACMbBIM r OCYHdapCTBCHHBIM CTAHAAPTOM.

TMN-69 macTtepckue
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Puc. 6.16. BpemenHbie auarpaMmbl H3MeHEeHNs KO OUIMEHTOB 00paTHOM 1
HYJIEBOH TocienoBarenbHocTelt HanpsokeHus B naU 0,38 kB (TI169-macTepckue)

TM-69 macTepckue
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BPEMS CYTOK

Puc. 6.17. Bpemennas quarpamMmma u3MeHeHHs KO3 (OUITMEHTA TOTEPh MOIIIHOCTH B
nunuu 0,38 kB (TI169-macTepckue)
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Cpennee 3a epuo]; U3MEpEHUs 3HaUeHUE KO PHUIIMEHTa MOTEPh MOITHOCTH COCTaBHIIO
(puc. 6.17) cocrapnser 1,78, T.e. IOMOIHUTEIbHBIE TOTEPU MOITHOCTH U DJICKTPUIECKON SHEPTUH
B TaKO€ YMCJIO pa3 MPEBBHINAIOT MOTEPU MOIIHOCTH, OO0YCIOBJIEHHBIE TOJIBKO TOKAMH MPSIMOM
nocienoBarenbHOCTU. COraacHO MPOU3BENEHHBIM pacy€Tam, C y4eTOM JONOJHUTEIbHBIX MOTEPh
OT HECUMMETPHUM TOKOB, Ha JIaHHOM ydacTke anekrpuueckoi cetu 0,38 kB exxeronHo tepsercs
48338 xBrt.4 anexTpuueckoii sHepruu, odmeil croumocteio 12520 pybneit (cpaBHUTE, 6e3 yueTa
HECUMMETPHUHU TOKOB, COOTBETCTBEHHO 27156 kxBt.u 1 7033 py06.). CiienoBarensHo, meperiara 3a
JIOTIOJTHUTEIIbHBIE TIOTEPU IJIEKTPUUECKOW 3HEPruu, OOYCIOBIECHHBIE HECHMMETPUEH TOKOB,
cocraisieT 5487 pyouneil.

Ha puc. 6.18-6.20 npencraBiieHsl BpeMEHHBIE TUArpaMMbl U3MEHEHHs TOKOB, (pa3HBIX U

Mexnyda3HbIX HanpspkeHuid B ymaun 0,38 kB, nuratomieit mamopamy ot TI169 (dbunep 4).

TM-69 nunopama
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BpeMmsi CyToK

Puc. 6.18. Bpemennsie nuarpammbl u3smeHenust TokoB B auauu 0,38 kB (TT169-
MAJI0OpaMa)
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TN-69 nunopama
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Puc. 6.19. BpemenHble 1uarpaMmbl U3MEHEHUS (a3HbIX HAIPSKEHUN B JIMHUU
0,38 kB (TI169-nmiopama)
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Puc. 6.20. BpemeHHble 1uarpaMMbl U3MEHEHUS MEeXAy(Pa3HbIX HAPSHKECHUN B
nunun 0,38 kB (TI168-mmopama)

AHanu3 NOJyYeHHBIX IHarpaMM MOKa3bIBaeT, YTO HECUMMETpHs TOKOB Ha ganHo# JIDII takke

BechMa 3HaunTeNbHa. CpelHre 3HAYCHHS TOKOB B (azax «A»,
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«B» u «C» cocraBistoT coorBeTcTBeHHO, 90, 81 1 44 amnepa. [Ipu 3ToM, cneayer OTMETUTh, YTO

Hapsoy € CHCTEMaTHMYecKOoW  HecMMMeTpuell,  oOyCIOBIEHHOH  HECHMMETPUYHBIM
pacnpeneseHueM 0J1HO(ha3HBIX HEKTPOIPUEMHUKOB
(mpeuMyIEeCcTBEHHO, OCBETHUTENBHBIX YCTaHOBOK), B JJAaHHOM JINHUH

QJICKTpOINCpCAaun BbICOKA HOJIAA U BGpOHTHOCTHOfI HCCUMMCTPUHU TOKOB, KOTOpPAsa 06YCJIOBJICH3.

CIIy4aHBIM XapaKTepOM KOMMYTALUK IMOIKIFOYEHHBIX JJIEKTPOIPUEMHHUKOB.

TN-69 nunopama

Kou. Kzu — K2u — KOu
1,00

0,90 |

0,80 I ]

070 1 B I

060 % ‘v
0,50

0,40

|

—

—

—

e
——1:

0,30

0,20

= . W

!

s 4 s
t +

g8 8 8 8 8 8
= = S N W e

-

s |

8 8 & 8
& & § &

s |
+ {

8

7:30
8:00
8:30 +
9:00
9:30

3
=)

10:30 +
14:00 -

16:30 4

18:30

BPeMs CYTOK
Puc. 6.21. BpemeHHbIe 1uarpaMMbl U3MEHEHUS K03 (HUIIMEHTOB 0OpaTHOM 1
HyJeBo# nocnenoBatenbHocTel HanpspkeHus B auHuu 0,38 kB (TI169-nunopama)
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TM-69 nunopama
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Puc. 6.22. BpemenHas quarpamMMa u3MeHeHuUs1 K03 uimeHTa norepb MOITHOCTH B
muaun 0,38 kB (TI169-nmnopama)

Ha ocHOBaHMU MOJyYEHHBIX JAaHHBIX U3MEPEHUI, B pe3yibTaTe pacué€ra Mo mporpaMmme
«HecummeTpusi», MOTydeHbl BpEMEHHBIE AMAarpaMMbl U3MEHEHHsI KOd(h(UIIMEHTOB 00paTHOW U
HYJIEBOI MOCIIeIOBATEIbHOCTE HANpPSXKEHUN B HCCIENyeMOW JIMHUU JJIEKTporepenayu (puc.
6.21).

Kak BUIHO U3 mMpeACTaBIEHHBIX auarpamMm, Kod(hdUIMEeHThl OOpaTHON U HYJIEeBOH
MOCJIEIOBATEIbHOCTEN  HANpsDKEHUs, Kak W B  OPEAbLAYIIMX  HCCIEAYEMBIX  JIMHHUSIX
3JIEKTpOoNepeau, HaXOATCA B Ipe/iesaX, YCTAHOBIEHHBIX TOCYJapCTBEHHBIM CTaHAAPTOM [
JIaHHBIX IoKa3aTeleu KayecTBa. CrnengoBaTenbHO, Harpyska MIPOU3BOJICTBEHHBIX
3JIEKTPONPUEMHHUKOB, TMOAKIIOUEHHbIX K gaHHoW JIOII He co3gmaer uckakeHMil KadecTBa
ANEKTPUUYECKON 2Hepruu Mo koddduimeHtam oOpaTHOW M HYJIEBOW MOCIEIOBATEIBHOCTIM
HaIpsKEHUSL.

Bmecte ¢ 53TMM, aHanM3 TPENCTAaBICHHOM BPEMEHHON JAuarpaMMbl HM3MEHEHHS
KodduimeHTa morepp MOIHOCTH (puc. 6.22) mokaszan, 4ro pacu€THash CTOMMOCThH IMOTeph
AIIEKTPUYECKOM YJHEPTHH Ha UCCIIEyEeMOM y4acTKe dNekTpudeckoit cetu (85378 kBt.4) cocraBuna

22113 py6neii. I1pu aTom
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CTOMMOCTb IOTEPh OT HECUMMETPHH TOKOB JOMOJIHUTENBHO cocTaBisieT 8950 pyOuei.

Taxum 06pa3om, MpoBeAEHHBIE UCCIIEAOBAaHMS Ha 3-X TpaHCHOPMATOPHBIX MOJICTAHIIUAX,
OCYIIECTBIISIONINX MHTAHUE MPOU3BOJICTBEHHON HArpy3Kd 1Mo 4-M JUHHSAM SJIEKTpOIepeaadn
MIOKA3aJM CIEAYIOLIEE:

- HCKaXCHHUS KauyecTBa OHJIEKTPHUUYECKOW OSHEPruM MO HANpSHKCHUSM OOpaTHOM u
HYJIEBOH MOCIIEOBATEILHOCTH B IAHHBIX CETSIX OTCYTCTBYIOT;

- 3HAYEHUsI  MCCIEAYyeMBIX  KOX(QQHUIMEHTOB  OOpaTHOM W HYJIEBOM
MI0CJIEIOBATEIbHOCTH HANIPSDKEHHSI HaxoasTcs B penenax, ycranoBieHHbIx [ OCT R 54149-2010;

- BO BCEX HCCIEAYEMBIX JIMHUSAX DJIEKTPOINEpeNaud YCTAaHOBJICHA 3HAYUTENbHAs
HeCcUMMeTpusi  (Pa3HBIX TOKOB, OOYCIOBJICHHAsh Kak HEPAaBHOMEPHBIM pacIpeesieHueM
0HO(A3HBIX AIIEKTPONPUEMHHUKOB, TaK M BEPOSTHOCTHBIM XapaKTEpPOM HUX KOMMYTaLUH
(ocoOeHHO B BeuepHEE BpeMsi CYyTOK);

- UL TOTO, YTOOBI AJIEKTPOIIPUEMHUKH, TOAKIIOYEHHbIE K wuccaenyembim JIOII,
(YHKIMOHMPOBAIM B 33JlaHHOM pPEXUME, HEOOXOAWMO JIOTIOJIHUTEIFHOE KOJIUYECTBO
AIIEKTPUUYECKON YHEPTUH B CIECAYIONMIEM 00BEME:

a) s iuann snekrponepenayu (TTI68A - tenarauk) - 152482 kBT.4, croumoctsio 39493
pyoLsL;

0) nns muaMM (TT168 - pepma KPC) - 24807 kBT.4, croumocTsio 6425 pyois;

B) qist iuHuM (TT169 - mactepckue ) - 21182 kBT.4, croumocthio 5487 pyOis;

r) qust nuaud (TI169 - nunopama) - 34558 kBT.4, croumocTtsio 8950 pydneii;

- obmee (cyMMapHOE) TOJIOBOE KOJHUYECTBO JOTOJHUTEIHHON 3JIEKTPUUYECKOM
DHEpPTUH, HEOOXOMUMOe JUIi HOPMAIbHOTO (YHKIIMOHHUPOBAHHUS OJIEKTPOYCTAaHOBOK B
UCCIIEIYEMBIX JJICKTPUYECKUX CETSX B YCIOBUSX OOBEKTHBHON HECHMMETPUHU (Da3HBIX TOKOB

coctaBuiio - 233029 kBr.yac., o0Ouieit croumocthio 60355 pybaeit.
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Hccnedosanue kawecmsa u 0onosHumenvHulx nomepo mowHocmu Ha JI2II, numaroweii
KOMMYHANIbHO-0bIMOBYI0 HASPY3KY
Ha puc. 6.23-6.25 npencraBieHbl BpEMEHHBIE IHarpaMMbl U3MEHEHUSI

TOKOB, (ha3HBIX U Mexay(]a3HbIX Hanpspkenuid B muauu 0,38 kB, nutaromeit

TOJIbKO KOMMYHaJIbHO-0bITOBYIO Harpy3Kky (TII734-nmocénox).

KOMyHaanO-GbITOBaH Harpyska
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Puc. 6.23. BpemeHnHble 1uarpaMMbl U3MEHEHMS TOKOB B inHuAN 0,38 kB
(TII1734-mocénoxk)

AHanu3 u3MeHeHHus TOKoB (puc. 6.23) mokasaj, YTO ypOBEHb HECUMMETPUHU TOKOB B
JAHHOW JIMHUY AJIEKTPONepeaaun JOCTaTOUHO BbICOK. Cpe/lHue 3Hau€HUs TOKOB B azax «A», «B»
u «C» 3a ucciemayeMblil IepruoI BPEMEHH COCTABJISIOT COOTBETCTBEHHO, 127, 104 u 60,3 ammnepa.
[Ipu 3TOM, Kak cieayeT u3 NMpeACcTaBIEHHOTO0 PUCYHKAa, HECUMMETPHS TOKOB O0YCJIOBIIE€HA, KaK
SIBHO BBIPQXKEHHOM CTaTUCTUYECKOW HECUMMETPUEH TOKOB, TaK U 3HAUUTEILHBIM BEPOSATHOCTHBIM
XapakTepoM KOMMYyTaluii  OJAHO(MA3HBIX  KOMMYHAJIbHO-OBITOBBIX  DJIEKTPONPHUEMHUKOB.
JlocTaTouyHO BBICOKMH YpPOBEHb TOKOB B (a3zax oOOBICHAETCS OONBIIMM KOJUYECTBOM

COBPEMECHHBIX KOMMyHaJ'II)HO-6I)ITOBI)IX
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3JEKTPONPUEMHUKOB, MOIIIHOCTh KOTOPBIX 32 MOCJIEIHUE I'0JIbl BO3pPOCIIa TOYTH B TPU pasa.
HecumMmeTpuuyHble TOKH, MpOTEKass IO DIIEMEHTAM CHCTEMBI 3JEKTPOCHAOKEHUS,
BBI3BIBAET COOTBETCTBYIOLIME HECHMMETPUYHBIC TaJICHUS HANPSDKEHUS, YTO MPUBOJUT K

CYIIECTBEHHON HECUMMETPHUH HaNpspKeHHi B azax (puc.6.24, 6.25).

KOMyHaanO-GbITOBaSI Harpyska
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Bpems CYToK

Puc. 6.24. BpemeHHbIe TrarpaMMbl H3MEHEHUS (Pa3HBIX HANPSHKCHUN B JIMHUH
0,38 kB (TII11734-nocénox)
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KOMYHanbHO-6bITOBasi Harpyska
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Bpems CyToK

Puc. 6.25. BpemeHHbIe 1uarpaMMbl H3MEHEHUST MEXKAY(a3HbIX HAMIPSHKESHUHA B
muaun 0,38 kB (TH1734-nocénok)

Ha ocHoBanumn MOJIYYCHHBIX PE3YyJIbTATOB H3MepeHHﬁ, 10 mIporpamMmme ((HGCI/IMMCTpI/IH»

OCYH_IGCTBJ'IéH pacqéT rokasarejieli KadecTBa BHGKTqueCKOﬁ OHCPI'uu, 06YCJIOBJ'I6HHBIX

HecuMMeTpuel (a3HbIX TOKOB (puc.6.26).

AHanu3 TpeacTaBICHHBIX KpUBBIX (puc. 6.26) mnokazan cruenyromee. CoriacHo
tpeboBanusiM 'OCT R 54149-2010 B HOpMaIbHOM peXUMe pabOThl 3HAYCHHE MOKa3aTeneil K, u
K, HE JIOJDKHBI BBIXOAHTH 332 YCTAHOBJICHHBIE MTPEIEIIbI HOPMAaIbHBIX 3HaUeHHI (T.€. 2%) B TeUeHHE
He MeHee ueM 95% BpeMeHH HMHTEepBaJla U3MEPEHMsI B OAHY Hezemo. B uccriemyemoit cetu
KO3 ¢umeHT oOpaTHON NOCIEeI0BaTENIbHOCTH HANpPSIKEHUS HE BBIXOJUT 3a YCTaHOBJICHHbBIE

I'OCTowm npenensl Tonbko B 20% ucciaeayemMoro npomexkyrka BpeMeHu. Beé ocranbHOe Bpems

KOB(I)(I)I/II_[I/ICHT K, IPEBBHIINACT YCTAHOBJICHHOC 3HAYCHUC.
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KOMyHanbHO-6bITOBasi Harpyska
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Puc. 6.26. BpemenHbie trarpaMMbl H3MEHEHHS KO3 (OUIIMEHTOB 00paTHON 1

HyJIeBOI1 nocnenoBarenbHocTel Hanpspkenus B cetu 0,38 kB (T1I734-nocénok)

Crnenyer OTMETHTb, YTO 3TO MPEBBILICHWE HE3HAUUTEIbHOE, IOCKOJBKY IpeAeIbHO
yCTaHOBJICHHOE 3HaueHue (4%) Hapyllaercsl TOIbKO B TedeHHe 25 MUHYT (B BeuepHee Bpems),
KOrja AaHHbIA ko3¢ dunment nocruraer 3HayeHus 5%. CpenHee ke 3HaueHUEe KOdpPHUIMEHTa
00paTHOM MoCe10BaTeIbHOCTH HANIPSKEHUS 32 UCCIIEyeMbIi TPOMEKYTOK BPEMEHU COCTaBUIIO
2,37%.

Kosdduurent HyneBoii nmociae10BaTelbHOCTH HANPSKEHUS K,, U3MEHSeTCs
B OoJiee 3HAUMUTENBHBIX Ipenenax. TpeOyemble cranaapToM 2%, AaHHBIA KO3(P(GUIMEHT HMeeT
TOJIbKO B HECKOJIBKMX BpeMeHHbIX IpoMmexxyTkax: 10:10, 10:20, 12:40, 12:45, 13:10, 13:20, 14:05
16:10, obmieil mpomoMKUTENbHOCTBIO OKOJO 12 MuHYT. Bc€ ocrtambHOe BpeMs NpOBENCHMS
uzMepenuii (14 gacoB - ¢ 8:00 mo 22:00) 3HaueHHe HaHHOTO KO3((UIIMEHTAa 3HAYUTEIHBHO
npesbimaer ycraHoBieHHble ['OCTom 3HaueHus, focturas MakcuMaibHo 10 7% (T.e. B 3,5 pasa
IPEBBINIAs YCTAaHOBJICHHBIE HOPMAJIbHBIE U MTOYTH B 2 pasa - MpeieiIbHO JOMYCTHUMbIE 3HAUCHHS).

MaremaTHueckoe 0’KuAaHue TaHHOTo K03 duimenTa 3a nepuo] u3sMepeHuit coctasmuio 3,56.
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Takum 00pa3oM, Ka4ecTBO JIEKTPUUECKON IHEPTUHU, 00YCIOBIEHHOE HECUMMETPUYHBIM
TOKOpacmpenenenueM B wuccienyemoit ceru 0,38 kB, He cooTBeTcTBYeT TpeOOBaHUAM
rOCy/IapCTBEHHOI'O CTaHJapTa, a CaMH I[I0Ka3aTeld B JOCTATOYHOW CTENEHM IPEBBIIAIOT
YCTAHOBJICHHBIC 3HAYCHUS.

Ha puc. 6.27 npeacraBieHa BpeMEeHHasi TuarpaMMa M3MEHEHUs Kod(duuueHTa norepb
MomIHOCTA B uccinenyemon ymauu 0,38 kB, mocTpoeHHass Ha OCHOBAaHHUM pacu€Ta JAHHOTO

koadunmenTa no nporpamme «Hecummerpusy.

KOMyHanbHO-6bITOBasi Harpyska
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BpeMmsi CyToK

Puc. 6.27. Bpemennast tuarpamMmma u3MeHeHUs! KO3 PUIMEHTa TOTEph MOIIHOCTH B
cetu 0,38 kB (TI11734-nocénok)

AHanu3 auarpammsl (puc.6.27) mokaszai, 4yTo cpefHee 3HaueHue KO3 PHUIMEeHTa MOTePhb
MOIITHOCTH 3a CJIEYEMbI MPOMEKYTOK BpEeMEHH cocTaBmwio 1,17 (MakcuMaabHOE MPEBBIICHUE
koad¢umenta gocturaet 40%). ITo MO3BOJIUIO pacCUUTaTh MOTEPHU IIEKTPUUECKOM IHEPTUH B
JTAaHHOW HCCIIElyeEMOM JIMHUU DJIEKTPONEPEaauH, KOTOPhIE B CPEOHEM COCTaBIAKOT 166960
kBT.uac. mpu wux croumoctH, paBHON 43243 pyOas. Bmecre ¢ 3TMM, NOpU  YCIOBUHU

CUMMETPUPOBAHUS PEXXUMA PAOOTHI JIMHUU, IOTEPH IEKTPOIHEPTHUH MOTIIU ObI
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coctaBuTh He Oonee 142700 xBr.uac. mpu ux crommoctu 36959 pyGnei. Takum oOpaszom,
JIOTIOJTHUTEIIBHBIE TTOTEPH MOIIHOCTH, O0YCIIOBICHHBIE HECUMMETPUEH TOKOB, cocTaBmin 24260
kBT.4ac., roJjoBasi CTOMMOCTbh KOTOPBIX COCTaBIseT 6283 pyOis.

[TogBoast uTor uccieqoBaHUIO PabOTHl JAHHOW JIMHUM 3JIEKTPOIEpeaayuu, 1Mo KOTOPOM

OCYILIECTBIISIETCS TUTAHNE KOMMYHaJIbHO-OBITOBOI1 Harpy3KH,
HEO00XOIMMO OTMETUTD CIIEYIOLIEE:

- YpOBEHb HECHUMMETPUM TOKOB B JIMHUM JOCTaTOYHO BBICOK, YTO OIpEAEIsieT U
3HAUUTEJIbHYI0O CTOMMOCTBH JOTMOJHUTEIBHBIX IMOTEPh SJIEKTPUUECKOW SHEPIruH, paBHYI0 6283
pyos;

- B OTJIMYME OT POU3BOICTBEHHON HAarpy3KH, HE BHOCAILEH 3HAUUTEIbHBIX U3MEHEHHH B
Ka4eCTBO JJICKTPUYECKON DHEPTrUH MPH OINPEICIICHHOM ypOBHE HECHMMETPUHU (Da3HBIX TOKOB, B
JaHHOM cliiydae Kod(pHIHMEeHTH 0OpaTHOW M HYJICBOW TOCICIOBATEIBHOCTEH HANPSKEHUS
BBIXOJSIT 3a IPE/EIIbl, yCTAaHOBJIEHHbIE TOCYAapPCTBEHHBIM CTaHIApTOM;

- HanOOJIBIIYIO OIACHOCTb JU1sl pabOThl KOMMYHAJILHOTO
IIEKTPOOOOpYIOBaHUS, TOIKI0UEHHOr0 K wmccaemyemon JIOII, mpeacraenser kodddummeHt
HYJIEBOI IOCIIE0BATENbHOCTH HAIIPSHKEHUS, CPEIHEE 3HAUEHHUE KOTOPOro 3a NEPUO U3MEPEHUS
coctaBuiIo ouTH 4%. /laHHOE 0OCTOATENBCTBO M @HAJIU3 CXEMBI 3JIEKTPOCHAOKEHNS TOCENKA (CM.
[TpunokeHne) Mo3BOJSIOT CHENaTh BBIBOJ O HEOOXOAMMOCTH, BO-TIEPBBIX, IepepacnpeaesieHus
0/1HO(a3HbIX TOTpedUTENEH (KHUIIBIX JOMOB YACTHOTO CEKTOpA) MO (a3aM 3JIEKTPUIECKON CETH U,

BO-BTOPLIX, O UBMCHCHUU CaMOM CXEMBbI 3JICKTpOCH8.6)KeHI/I$I.

6.2.2. Uccrneoosanue HeCUMMEMPUUHBIX PENCUMOB 8 IJeKMPUYECKUX —Cemsx
Mowneonuu

B cooTBeTCTBME C 3aK/HOYEHHbIM AOrOBOPOM O TBOPYECKOM COTpyAHMYecTBe Mexay UpkyTckon FCXA m
MoHronbcknm FAY HamMm 6bINM OCYLLECTBEHbBI UCC/IEA0BAHUS PEXNUMOB PaboTbl 4ENCTBYHOLWMUX
aneKTpuyeckmx ceten HanpskeHmem 0,38 kB B LleHTpanbHOM AliMake MOHIonuu, HaxoasWeMcs Ha

paccTtosHuu 43 KM OT r. YnaH-baatp.

156



Xapaktepuctmka ob6bekTa ucciieoBaHum
NccnepoBaHmns NpoBOAUNCE HA 9-TK oTXoAsAWMX NnMHuax 0,38 kB 3-x TpaHcdopMaTopHbIX NOACTaHUWI
(TM), pa3HOM MOLLHOCTWN, NUTAIOLWMX pa3Hble BUAbl HArpy3oK, NOAK/IHOYEHHbIX 3/1EKTPONPUEMHUKOB.

TrTNe7. MowHocTb - 250 KBA. Tpu oTXoasawmnx nuHuMK: J11 - gnuHoii 1120 m, J12 - 1,2 kM, J13 - 485 m. TTIN%2,
MouwHocTb TpaHchopMaTopa- 400 kBA, nuHuu: 11 anvHon 800 M, /12 - 650 M, J13- 1,4 kM. 7/INe3. MowHOCTb

TpaHcdhopMaTopa - 400 KBA, NpoOTSXXEeHHOCTb NnHui: J11 - 1,1 kM, 12 - 520 M, J1 3 - 700M.

Bce nccnepyemble NMHUM 3N1eKTpoONepeaaym UMET pa3Hble MapKu U CEYEHUS U OCYLLECTBASIOT NUTaHKE, B
OCHOBHOM, KOMMYHaJ/lbHO-6bITOBYH Harpysky notpeéutenei. MNnNpoaoXnTenbHOCTb UCCnenoBaHns

coctaBmna 1 cyTkwu.

CpeI[CTBa N HHCTPYMEHT I/ICCJIeI[OBaHI/Iﬁ

W3mepenus mpoBOAMIMCH CEPTHPHUIMPOBAHHBIM MprOopoM «Pecypc-UF2M»y, ocymiecTBiIsirommum
(UKCHPOBAHHUE U3MCHSIOIINUXCS BEIMYUH B cooTBeTcTBHH ¢ TpeboBarmsimu 'OCT R 54149-2010.
JlaHHbBIN U3MEpPUTEIIb MT03BOJISIET POU3BOAUTH 00CIIE0BAHNE AIEKTPUUECKUX CETEN 110 0ObeMaM
IIOTOKOB MOIIHOCTH, HAaNpsDKEHUs, TOKa U Mp. MapaMEeTpoOB DJJIEKTPUUYECKOW HHEPruHM B
UCCIIENYEMON pacCIpeAeIIUTENIbHON CeTH. B KadecTBE MHCTpyMEHTa pacyeTa HCIIOIb30BAHA
KOMIIbIOTEpHast mnporpamma «HecummeTpusi», MO3BOJSIIONIAS OLEHUTh YPOBEHb HCKaXKEHMS
KayecTBa 3JIEKTPUYECKON SHEPruu M JOIMOJIHUTENbHBIX IMOTEPh MOLIHOCTH, OOYCIIOBIEHHBIX
HECUMMETPUYHBIM H3MEHEHHEM TOKOBOM HArpy3Ku B JJIEKTPUYECKOM pacnpelenuTeaIbHOM
ceru.JlanHas mporpamma, co3naHHas Ha kadenpe OnektpocHadxkenuss Mpl'CXA, mo3Bomisier
paccunTaTh KO3PGUIMEHTH 00paTHON M HYJIEBOW MOCIIE0BATEIbHOCTEN HANPSXKEHUs, a TaKKe
KO3(PUIMEHT MOTEeph MOIIHOCTH 32 JIF000M HHTEpBaI BpeMeHH. OTHOBPEMEHHO OCYIIIECTBIISIETCS
MIOCTPOECHHE BPEMEHHBIX JUarpaMMm HU3MEHEHHUs 3TuX Kodp¢uiueHtoB. Cieayer OTMETUTh, YTO
IpU CUHXPOHMU3AIMHM H3MEPUTEIBHOTO KOMILJIEKCA C BBIUMCIUTEIBHBIM OJIOKOM BO3MOXHA
BU3YalIM3alUsl U3MEHEHUs UCCIeNyeMbIX KO3(QHUIMEHTOB B «peaibHOM BpeMeHu».[Iporpamma

HaryMcaHa Ha si3bIke TporpammupoBanus Delphi -7.

157



Ananu3 mpoBoawica Mo (a3sHBIM M MeXIy(]a3sHbIM TOKaM, HAIMpPsDKEHHUSM, IMOKa3aTelsiM
HECUMMETPUHU TOKOB M HaNpsDKEHHH, KO3()QUIMEHTY MOTeph MOIIHOCTH, a TaKKe CTOMMOCTH
JIOTIOJIHUTEIIBHBIX ITOTEPH JJIEKTPUYECKON IHEPTUU.

B xagecTBe npumepa paccMOTPUM, KaK H3MEHSIOTCS UCCIIElyEMBIE II0KA3aTeIu B

muauu 1 TII1. Jluaus Bemonnena nposogom mapku CUII2A 3*50+1*70, Tuna

K/
L X4

«Aspopa» (TY 16.K 71-268-98), coorBerctByer HD 626 S1 . VYnienbHble aKTHUBHBIC
conpotuBnenus: gasneie - 0,641 Om/kM, HyIEBOH - 0,493 OM/KM.
Ha puc. 1, 2 u 3 npencraBieHbl BpeMEHHbBIE TUArpaMMbl U3MEHEHUS,

COOTBETCTBEHHO TOKOB, (pa3HbIX U MeXay(]a3HbIX HanpspkeHui B muauu 0,38kB.
*

CamMou30JIUPYIOIIMHATTPOBO/] C KPYTJIOW MPOBOJIOYHOM aTFOMHUHUEBOM JKHIION M CTAIbHON
HpOBOJIOKOfI B Ka4€CTBC CCPACUHHUKA. HBOJI?IIII/I?[ - TepMOHJIaCTI/I‘{HI)IfI COITOJIMMEP MOJIUITUJICHA C

BHUHUIAICTATOM.

9:009:30 10010 11:00 11:50 1240 1330 1420 1510 1600 1650 17:40 18:30 1920 2010 21:00 21:50 2240 2330
Bpemsa

[y IC: ==—=in ==(c

Puc.6.28. Bpemennas nuarpamMma u3meHeHus TokoB B imaHuHu 0,38 kB
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Puc. 6.30. Bpemennas quarpamma u3MeHeHHUs! MeX1y(pa3HbIX HanpsokeHui B tuHuu 0,38

kB

AHanu3 nosy4yeHHbIX 3aBUcUMocTe (puc. 6.28-6.30) mokasai, 4To MaTeMaTu4ecKoe
oxugaHue ToKoB B ¢azax A, B C cocraBnstoT, coorBeTcTBeHHO 14, 18 22 A. To ecth, Hanboee
3arpyxeHHou sBisetcs gasza «C». [Ipu aToM, cpeaue 3HaueHUs (Ha3HBIX HAMPSHKEHUN

COCTAaBIISIOT, COOTBETCTBEHHO 214, 230 1 225 B, a Mexkayha3HbIe (Uxs,Ugc, Uca) - 389, 392 1 380 B.
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Ha ocHOBaHMM NOIy4YEHHBIX JAHHBIX U3MEPEHHM B pPE3yJbTaTe pacyéra IO IIporpamme
«HecummeTpus» mosyueHbsl BpeMEHHBIE TUarpaMMbl MU3MEHEHHUs Ko3(p(UIMEHTOB 00paTHOW U
HYJIEBOI 1OCJIEI0BATENILHOCTEN HANPSKEHUH (puUC.

4) wu ko3¢ duIrenTa moTepb MOIHOCTH (puc. 6.31).

0,19
0,18
017
0,16
015
0,14
0,13
012
0,11

; 01
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0,081
0,05-
0,04
003
0,02 /
om

9:009:30 10:10 11:00 11:50 1240 1330 1420 1510 16:00 1650 17:40 1830 1920 20:10 21:00 21:50 2240 2330
Bpemn

——k2u ——kOu

Puc. 6.31. Bpemennasi nuarpamMmma u3MeHeHUs: KOA(P(GUIIMEHTOB OOpaTHOW U HYIEBOM
nociezoBarenbHocTel HanpsokeHuit B tuaun 0,38 kB

0
900930 1010 11:00 11:40 1230 13:20 1400 14:50 1540 1620 1710 16:00 1840 19:30 20:20 21:00 21:50 22,40 2320
Bpeus

—p

Puc.6.32. BpemenHas auarpaMma u3MeHeHus ko3 duiienta norepb MomHocTH B inHuu 0,38 kB

Ananu3 usmeHeHus rpapukoB (puc. 6.31-6.32) mokazan, YTO MaTeMaTHYECKOE OXKHJIaHUE
KO3 PHUIHUEHTOB K, u K,, 32 TIEPHOJ U3MEPEHUSI COCTaBHIU cooTBeTCTBeHHO 3,1 1 5,1  %. Ilpu

3TOM, KO3 HUIIMEHT 00paTHON
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IIOCJIEI0BATEIbHOCTH HANPSKEHUS! BBIXOAMUT 3a HOpMallbHble 3HaueHus (2%) B 26% BpemeHu
U3MEepeHuil, a K03 PUIMEeHT HylIeBO# mocieaoBaTeabHOCTH - B 78%. Kpome Toro, ycraHoBIeHO,
YTO TMpPENeNbHO JIONMyCTUMBbIE 3HAYEHUS O3TUX KodpduuueHtoB (4%) Hapymaiorcs,
cooTrBeTcTBeHHO B 12 u 50 % BpeMeHH u3MepeHU (IODKHO OBITH He Oosiee 5% BpeMeHH
u3Mepenuit). Takum 0Opa3oM, ypoBEeHb HECUMMETPHH HANPSKEHHH CYHIECTBEHHO INPEBBIMIACT

YCTAHOBJICHHBIC CTAHAAPTOM 3HAYCHU.

Mpu aHanu3e nameHeHns KoadduumeHTa NoTepb MOLWHOCTU BUAHO, YTO €ro MaTeMaTnYecKoe OXxXnaaHuve 3a
nepvoa wu3MepeHun coctaBuno 1,94. CnepoBaTtenibHO, [AOMOMAHUTENbHbIE MNOTEPU MOLHOCTM W,
COOTBETCTBEHHO, 3/IEKTPUYECKON 3HEPrMn, 06yCroBNEHHbIE HECMMMETPMEN (a3HbIX TOKOB, B CpeAHEM Ha
94% npeBbIWAOT COOTBETCTBYHOLWME MOTEPU B <«YC/IOBHO-CUMMETPUYHOM pexume» (T.e., noTepw,
06ycnoBneHHble MpOTEKAHMEM TOJIbKO TOKOB MpPSMON nocnenoBaTenbHOCTM). TakuMm obpas3om, ecnm He
YUUTbIBaTb MOTEPU 3MEKTPUYECKOWN SHEPrunm OT HECUMMETPUW TOKOB, TO MOTEPU B UCCNEAYEMOWN SIMHUM,
paccynTaHHble AeTEPMUHUPOBaHHbLIMM MeToAaMu coctaBaT 6314,14 kBT*4 B roa, a cpeaHsis CTOMMOCTb
notepb B rog - 662984,7 tyrp. (npn ctommoctn 1 kKBT*4 anekTpoaHeprun, pasHon 105 Tyrp.). Ha camom
Aene, C y4eToM peasnbHbIX NOTepb 3/1EKTPO3IHEPrMN OT HECMMMETPUU TOKOB, NOTEPU B SIMHUM COCTaBUIU
12249,43 kBT*4, npu ux crommoctn 1286190,32 Tyrp. Takmm o6pa3oMm, peasnbHas CTOMMOCTb MOTepb
3NEeKTPUYECKON 3HEprum B UCCNeayemMon NIMHUM 3neKTponepefayn npesblllaeT noTepu, NOACHUTAHHbIE

06bI4HbIMM MeTOAaMU, Ha 623205,62 Tyrp. (13260 py6.).

AHanornyHoiM 06pas3oM MpoaHanM3npoBaHbl UCCeAyeMble MoKasaTenu Ans BCeX OCTaslbHbIX 8 NUHWUN
anekTponepenaum. O6uwas cyMMa AOMOSIHUTENbHbLIX MOTEPb 3/1EKTPUYECKOW SHEeprumM oT HeCUMMMETPUU
ha3HbIX TOKOB Ha Tpex ucnegyemoix Tl cocTtaBmna okono 6MAH. KBT*4, yto cooTBeTcTBYeT 630 MAH. Tyrp.

ctoumocTu notepb (13404 Toic. py6.).

Heobxoammo OTME€TUTb, YTO HaMN HE paCCYNTbIBAINUCb AOMNOJIHUTE/IbHbIE MOTEPU 3J'IeKTpVI‘-ieCKOl7I SHeprum ot
HECUMMETPUN TOKOB B CMJTOBOM Tpchd)opMaTope. A OHW, CcOrnacHo NpoBeAEeHHbIM UccnegoBaHUAM, MOryT

[OMNOJIHUTENbHO COCTaBUTb He MeHee 50% OCHOBHbIX NOTepPb B TpaHChopMaTope.

[nsa Toro, 4To6bl CUMMETPUPOBATb PEXUMbl paboTbl UCCNEAYyEMbIX CETEN U CHU3UTb AOMOJTHUTENbHbIE NOTEPYU
3/1IEKTPUYECKON 3HEPruM, MOXHO OCYLLECTBUTb MepepacnpefeneHne Harpysok no ¢asam, 4To Mo3BOMMUT
CHM3UTb noTepu A0 13%, (okono 8,2 MnH. Tyrp.). Ans 6onee cywecTBEHHOr0 CUMMETPUPOBAHUS PEXMMOB
paboTbl Ha KaXXAOW OTXOoAsIEN JIMHUM BO3MOXHA YCTaHOBKA CneumasbHbIX LWYHTO-CUMMETPUPYHOLNX
YCTPOMCTB. B 3TOM cnyyae BO3MOXHa MonHas MMHuMm3auumsa (8o 100%) noTepb 3/1€KTPUYECKON SHEPTruu,

06YCJ'IOBJ'IeH HbIX COCTaBAAKWNMN TOKOB
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obpaTtHon ¥ HyneBon nocnepoBaTenbHoCcTen. Ecnm yuyecTb CTOMMOCTb YCTPOWCTB CUMMETPUPOBaHUS,
CTOMMOCTb MOTEPb 3HEPrMM B HUX, UX IKCMJyaTauuio B peasibHbIX YCIOBUSAX, TO peasibHO BO3MOXHO
CHUWXEHMe NnoTepb a51eKTpuyeckon aHeprim o 85-90%, 1o ectb Ha 535,5- 567 mnH. Tyrp. (11,4 - 12,06 MAH.
py6.).

KpoMme TOro, cneayer OTMETUTb, 4YTO YCTaHOBKa LWYHTO-CUMMETPUPYIOLWNX YCTPONCTB MO3BONAUT B
3HAYUTENbHON CTEeMeHU YNy4lnTb KayecTBEHHbIA COCTaB HamnpsikeHus no koadduumeHTam obpaTHoON u
HYNeBOW MocnefoBaTebHOCTEN HAMpsXKEHWUS. ITO MO3BOSIUT 3HAUUTENLHO MOBLICUTH CPOK 3KCMyaTaumu

MNOAKNHOYEHHbIX 31EKTPONPUEMHUKOB, YUTO TaKXXe OTpa3nTCAa Ha 3KOHOMUKN AEeHEXHbIX CpeacTB.

CnepoBaTesnibHO, NpeACcTaBNeHHbIN aHaaus No3BonseT pa3pa60TaTb KOHKPETHbIE MEPOMPUATUA MO CHUXEHUIO
noTepb M yAy4dLIEeHUI0O KayecTBa 3/1eKTPUYECKON IHEpPrnum, 4To OGYCJ'IaBJ'IVIBaET 3HA4YNTENIbHOE NOBbIWLEHNE
3 HEKTUBHOCTN TPaAHCMOPTa 3/IEKTPOIHEPIMM N0 UCCNesyemMbiM pacnpeaenmrenbHbiM CeTaMm

HU3KOIro Hanps>XXeHu4d.
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NPUWIOXKEHHUE 1. CHOCOBBI W TEXHUYECKHUE CPEJICTBA
CUMMETPUPOBAHUS PEXHUMOB PABOTHI DJIEKTPUYECKHUX
CETEA
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