[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

E(':'& i“c“f;p;:z?;"o”a” HAKOTaESH [T pCTepOTBO CebCKOTo X03siicTBa Poccuiickoii denepammu

[lata noanucamms: 2 5.08.26@?@3@9@915}106 rocyaapCTB€HHOC Or0KETHOC 06pa30BaTeJIBHoe YUYPECKIACHUEC

YHMKANbHbI NPOrPaMMHBIA KNHOY: BBICIIIETO 06pa30]3aH1/1;1

7e6227515edcdbbAd PR eR I TOcy mapeTBeHHbIT arpapHblil yHHBepenteT uM. A.A. EskeBckoro

DOHepreTudeckuil paxyabTeT
Kadenpa snexrpocHaOx eHus U AIEKTPOTEXHUKU

MCTOI[H‘ICCKPIC YKRazaHuda OJas CaMOCTOSITEILHOM paﬁoTbl aCIIMpaHTOB
o ITMCIUMIIJIMHE «HeCHMMeTpH‘IHLIe PEKUMBI paﬁoTLI

pPacnpeacauTCJIbHbIX JJICKTPHICCKHUX cerein

noc. Momonéxubiii 2017



CocraBneno Ha ocHoBe MoHorpadguu: W.B. HaymoB. Hecummerpuunbie
peXUMBI pabOThl pacHpepeUTEIbHBIX JJIEKTPUUYECKUX ceTei»: MoHorpadus
(Teopetnueckue o0o06menus).- Hpkyrck: M3p-eo HpI'CXA, 2014- 152
c.3nana mno peureHnto HaygyHO-TeXHHUUEeCKOro copeta @I'bOY BO «Hpkyrckas
roCyJapCTBEHHAsI CEIbCKOXO3sICTBEHHAs akajaemus» (mpotokos Ne 005/14 ot

09.04.2014 1.).

Penienszentsl: nA.T.H., mpodeccop Kadeapsl >3IEKTPOMOIBUKHOTO COCTaBa
(MpkyTckuii rocyjapcTBEHHBIM YHUBEPCHUTET MyTel coodmenus) A.B. Kprokos;
I.T.H., mpodeccop Beaymuid HaydHblii cotpyaauk MCOM CO P® PAH W.U.
['omy0; K.T.H., IOIEHT, 3aB.Kapeapoil 3JIEKTPOCHAOKEHHS W IICKTPOTCXHUKH
NpI' CXA C.B. Ilogpsuux.

B MOHOFpa(i)I/II/I PaCCMOTPCHBI BOIIPOCHI, CBJ3aHHBIC C IMpUIrMHaMH
BO3HUKHOBCHUA HCCUMMCTPUYHLIX PCKUMOB, X BUAAMHU, BIIMSIHHUCM Ha pa60Ty
QJICKTPOIIPUCMHHUKOB, a4 TAKKC CPCACTB CUMMCTPHUPOBAHUA.

ISBN 978-5-91777-134-2

© Haymos U.B., 2014.
© HpxkyTckas rocygapcTBEHHAs
CenbCKOX0341ICTBEHHAS aKajemusi,

2014.



Coaepxxanue

1. enu u 3a1a4u AUCHUIUIUHBI, €€ MECTO B YUECOHOM MPOIIECCE ....vvvenrrrernrreesareeessreeesireesssneennens 4
2. ConepaHNE OCHOBHBIX TEM IIPOTPAMMBI ......vveiureetersnreesseessreesseeaseessreaseessnesssesssnssssessnsanseess 6
3. BOIIPOCHI ITIST CAMOITPOBEDPKH ...vvveesrrisastreesstrtessseeessseeessssesssseessssesssssesssssesssssesssssessssseesssessnnees 7
4., VITOTOBBIHM TECT H BAMAUM .....ceeeevrvrunssseessessssssasssssssesssssasssssesssssssssssassssssssssssssnsssesssessssrsassseeess 8
5.  TIpuUMEpPHAS TEMATHKA PEDEPATOB ...vvveirvrreiiriesieeesteeessseeesseeesseesssseesssseesssseessssesssssesssseesnsns 12
] 07T 1Yy T PP PPRT PR 12
(81 10): 321 o) Vo)1 1 (0] : T PSPPSR PR TR 13
MOHOI PADUS. ... e 14



1. lesnu 1 3aga4M AUCHUIIMHBI, €€ MECTO B y4eGHOM MpoIiecce

HeabauciuInael  COCTOUT B (OPMHUPOBAHMHM Y CTYACHTOB KOMIUIEKCA 3HAHUK TIO
HECUMMETPUYIHBIM PEKUMaM padOThI paCIpeISIUTEIBHBIX JIEKTPHUECKUX CeTeH
3agayaMu M3y4eHUs1 TaHHOW y4eOHOM TUCIUIUIMHBI SBIISIOTCS:

. M3y4YeHUE MPUYMH BO3ZHUKHOBEHHUS HECUMMETPUM TOKOB M HANPSDKCHUN U UX BIUSHUE
Ha TapaMeTpbl JIEKTPUUECKON SHEPTHH;
o W3y4eHUE BIUSHUS HECUMMETPUM TOKOB M HANpPsHXKEHWW Ha KauecTBO U

JIOTIOJIHUTEJIbHBIE TIOTEPH IJIEKTPUUECKON SHEPTUN;

®  U3YYEHHUE M OCBOCHUE COBPEMEHHBIX TEOPETUUYECKUX M NMPAKTUUECKUX METOJOB pacueTa
HECUMMETPUYHBIX PEKUMOB PaObOThI PACHPEICTUTENbHBIX ITEKTPHUECKUX CETEH;

®  U3yuyeHUE CIOCOOOB CHMKEHUS HECUMMETPUU TOKOB U HANpsIKEHUH, a Takxke
OIIpe/ieJICHUs] IapaMETPOB TEXHUUECKUX CPE/ICTB, IPUMEHSAEMBIX Il CHUKEHUS IOTEPh
Y TIOBBILLICHUS Ka4eCTBa 3JIEKTPUYECKON SHEPruH;

®  [IOJy4YyeHHE  IMPAKTHUYECKUX  HCCIIEJOBATEIbCKUX  HAaBBIKOB INpu  paboTe C
KOMITIBIOTEPHBIMU porpamMmmamy, 103BOJIAIOILIUMU OLIEHUBATH BIIUSTHUE
HECUMMETPUYHBIX PEKUMOB Ha KAYECTBO U MTOTEPH ANEKTPHUUECKON IHEPIHH.

MecTo IMCUMILUIMHBI B CTPYKTYpe
OCHOBHOI 00pa30BaTe/ILHOM MPOrPaAMMBbI ACIIMPAHTYPbI

HMucuunnunaab1.B.JIB.3.1 «HecummerpudHble peskuMbl pabOThI paclpeieauTeNbHbIX
AIIEKTPUUYECKUX CeTel» OTHOCUTCA K TUCHUIUIMHAM IO BBIOOPY OCHOBHON 00pa3oBaTeNbHON
IIPOrpaMMbI MOATOTOBKH B aCIUPAHTYpe

IIpn n3yuenun aucumimHel «HecuMMeETpUYHbBIE PEKUMBL..» UCIIONb3YIOTCS 3HAHUS,
MOJIyYEHHBbIE MpU M3YYEHUM AUCUMIIMH «CUCTeMbl 3JeKTpocHaOxkeHus», «KauecTBo
IIEKTPUUIECKON IHEPTU.

Pesynbrarel u3yueHus AUCUMIUIMHBL «HecMMMeTpuYHbIE peXHUMBI...» OyAyT
IIPUCYTCTBOBATH B N3y4a€MOM MaTepUaje TUCHUIUIMH « DIEKTPOMAarHuTHasi COBMECTUMOCTD B
AIIEKTPOIHEPTreTHKEY, «[[poeKTHpOBaHUE CUCTEM DIIEKTPOCHAOKEHUS».

Kommnerenuuu cryaenra,
(popmMupyembie B pe3y/ibTaTe 0CBOCHUS TUCHHUILINHBI

B pPE3yiabTaTe OCBOCHUA JUCHUIIIIMHBI 06yqa101um710;1 JOJDKCH OBJIAJICTDH
S3HaHUAMHU, YMCHUSIMU U HABBIKaMU B LECJIAX HpI/IO6peTeHI/I$I CICOYIOIIUX KOMHeTeHl_Il/If/'Ii

HaumeHnoBanue KoMneTeHIHH,
Tpynosoe He00XoAUMOM 115l BBINO.IHEHU IInanupyemsblie pe3yJbTaThl 00y4eHUsI 110
eficTBHe TPY/0BOTO JieiicTBUS TUCHUILINHE, XapAKTEPU3YIOLINeE ITAMNbI
(m1aHupyemble pe3yabTaThl ¢opMupoBaHUs KOMTIETEHIINH
o0yuenusi no OII)
YHuBepcajibHble KOMIIETCHIIUU
YK-5 — cnocobHOCTH B o6s1acT 3HaHNS ¥ NOHUMAaHu (A)
CJI€A0BaTh 3TUYECKUM HOpMaM | 3HaTh: OCHOBHBIE MTPEACTABICHUS O
B IpodecCHoHaTBHOM COLMAILHON U ITHYECKOI




JACATCIIBHOCTH OTBCTCTBCHHOCTH 3a IIPUHATLIC
pEUICHUs, ITOCICA0BATCIIBHOCTD
JICHUCTBUI B CTAaHAAPTHBIX CUTYyalUIX

B 006s1acTH HHTEIEKTYaIbHBIX HABBIKOB (B)

Vmers: BBIACIIATD u CUCTCMATHU3UPOBATH

OCHOBHEIC MpEJCTaBICHUS o
COIMAJIbHOM u STUYECCKOM
OTBETCTBEHHOCTH 3a MIPUHSTHIE
pelIeHHs;  KPUTUYECKHM  OLICHHMBATH
MIPUHSTHIC peLICHHUS; n30erath
aBTOMATHYSCKOTO MIPUMEHEHUS

CTaHAapTHBIX (OpPM M NPUEMOB MpU
peIIeHUU HEeCTaHAAPTHBIX 3a/1a4

B o6sacTn npakTuyecknx ymenni (C)

Bmaner HaBBIKAMH CaMOCTOSITCIILHOM,

b: TBOPYECKOH pabOTHI, yMEHUEM
OpraHu30BaTh CBOM TPYZ;
CIOCOOHOCTBIO K CaMOaHAIM3Y U
CaMOKOHTPOJIIO, CaMO0OPa30BaHUIO H
CaMOCOBEPIIEHCTBOBAHUIO, K TIOUCKY U
peam3anuy HOBBIX, 3P PEeKTHBHBIX
(hopM opraHuzanuu cBoeH
JIEATEIBHOCTH

IIpodeccnonanbHbie KOMIIETEHIIUT

O0600mennas Tpyaosas ¢pyukuus [IpenogaBanue mo nporpamMmmam O6akanaBpuara, CeluaInTeTa, MaruCTpaTyphl
u JI1I1, opueHTHPOBaHHBIM HA COOTBETCTBYIOIINI YPOBEHb KBAIU(UKALIUH

Tpynosas ¢pynxuust Kox 1/04.8 (ypoBens (moaypoBenb) kBajupukanuu 8.1) Pazpabotka HaydHO-
METOAMYCCKOTO 00CCIICUCHUS pealTu3aliK KYPUPYEMbIX YUSOHBIX KYPCOB, TUCIUIUIMH (MOIYJICH) IporpaMm
OakanaBpuaTa, ClelHaNInTeTa, MarucTparypsl u (wim) JI1T1

[TK-1 - CnocoGHOCTBIO B o0s1acTu 3HaHusI U NIOHUMAHMA (A)
(bOpMyITHPOBATh TEXHUYECKHE =
3a/1aHKA, pa3pabaTHBATD U 3HaTh: METO/Ibl OIICHKH KayeCTBa AIEKTPUUECKOM
HCIIONB30BATH PA3INUHbIE BHBI SHEeprun, 060CHOBaHUS 3 (HEKTUBHOCTH
1€KTPOOGOPYIOBAHHUS B CPEICTB CUMMETPHUPOBAHHUSI
EKTPOTEXHOJIOTHUECKHX PaCIpe (eNNTEIbHBIX SIIEKTPHHIECKHX
YCTAHOBKAX ceTel,
CENLCKOXO3ANCTBEHHOTO B 06,1aCTH MHTEJIEKTYAIbHBIX HABBIKOB (B)
MIPOU3BOJICTBA
YMmers: OnennBath 3()(hEeKTUBHOCTH
MIPUMEHSEMBIX CPEIICTB
CUMMETPHUPOBAHUS U IPUHIIHITBI
YIpaBJICHUS CHMMETPHUPYIOIIUMHI
yCcTpoiicTBaMu
B o6sactu npakTuyecknx ymenui (C)
Bnaner OIcHKaMU Ka4eCTBa BBITIOTHIEMBIX
b: ANEKTPOTEXHUYECKUX PadOT IpH
pa3paboTKe ¥ YCTaHOBKE CPEIICTB
CUMMETPHUPOBaHUS PEIKUMOB PaOOTHI
JIIEKTPUUECKUX CeTei
[K-2 — CiocoOHOCTEIPHHUMATD B o0sa1actu 3HaHusI M NOHUMAaHKS (A)




pelieHus B 00J1aCTH 0OecrieueHus 3HaTh: TexHonoruo MoHTaXa
TpeOyeMOoro ypoBHS HaJCKHOCTH CHMMETPHPYIOLIUX YCTPOHCTB U METOIBI
ANEKTPOCHAOKEHUS HX pacyera

B 001acTH HHTE/UIEKTYAJIbHBIX HABBIKOB (B)

VYMerh: IIpousBoauTh pacyer napameTpoB
CHMMETPHPYIOIINX YCTPOHCTB

B o6sactu npakTuyecknx ymenni (C)

Bnager Meronamu pacyera nokasaresieu
b: HECUMMETPUU TOKOB U HANIPSKEHUH ¢
CUMMETPUPYIOLIUM YCTPOHCTBOM

[IK-3 — I'oToBHOCTH B o0sa1acTu 3HaHus U mOoHUMAaHus (A)

KHCTIOJIb30BAHUS =

MHTEIUIEKTYalbHbIX CPECTB 3HaTh: OCHOBHBIE, TOTIOJIHUTEIbHBIHN U

yIpaBieHus BCIIOMOTaTeJIbHBIE CPEJICTBA YIPABICHHS

3JIEKTPOTEXHOJOTHIECKUMHU B SJIEKTPUIECKNX CETX,

YCTAaHOBKAMH MHTEJUIEKTyaIbHBIC CPEACTBA

CEJIbCKOXO3SHCTBEHHOTO YHPaBJICHA.

IIPOU3BOJICTBA., B 00s1acTH HHTEJIEKTyaTIbHBIX HABBIKOB (B)
YMerh: [MpunuMmartsk pemeHus o crocobax u

METO/IaX CHMMETPHUPOBAHHSI PEXHUMOB
paboTHI pacTipeenuTeNbHBIX
IIEKTPUUECKUX CeTeH

B o6sactu npakTuyeckux ymenni (C)

Braner MetoamMu AUATHOCTHKY CPEACTB YIPaBICHUS, UX
BOCCTAHOBHTEIBHBIM PEMOHTOM M METOIAMH
MPOEKTHPOBAHHS M COBEPIICHCTBOBAHMUS
HOBEHIINX CPEACTB yIPaBICHHUS ISl Ka4ecTBa
3JIEKTPUYECKOI SHEPTUN

b

Obmast TpynoeMkocth coctaBisier 108 wuacoB. ®opma NpoOMEKYTOUHOU
aTTecTalu — 3a4det (5 cemectp).

2. CoaepkaHHe OCHOBHBIX T€M MPOrpaMMblI

2.1.00mue cBeeHHs1 0 HECCUMMETPUH TOKOB M HANIPSIZKeHM It
OO61ue cBeieHNs 0 HECUMMETPHUH TOKOB U HanpshkeHU. BiusHue HecumMMeTpuu
HaNpPsDKEHUI Ha Ka4eCTBO 2JIEKTPUUECKOHN 3HEpTruu. BiusHue HecuMMeTpH TOKOB Ha
MOTEPU DJIEKTPUUYECKON SHEPTHUH.

2.2.MonyabHblIii MeTOJ pacyeTa noka3arteJieii HeCCHMMeTPHH TOKOB U HANIPSIsKeH Ui
Ornpenenenne noka3areiaeii HECCUMMETPUU TOKOB U JIOITOJIHUTENBHBIX IOTEPh
MOII[HOCTH.
Omnpenenenue nokasareneil HECUMMETPUHUHAIIPSHKEHI U TIOKa3aTellel KayecTBa
IIEKTPUYECKON IHEPTUH.

2.3.BausiHue HeCUMMETPHH HATIPSKEHHl HA MOTEPH U NMa/ieHHe HANPSKeHUs B
pacnpeneuTeIbHON ceTH
Omnpenenenre CMUMMETPUYHBIX COCTABIISIONIMX OTEPh HanpshkeHus. OnpeneneHue
CUMMETPUYHBIX COCTABIISIFOIIMX NaJCHNS HAIPSDKEHUS.

2.4.BausiHue CHMMETPHYHBIX COCTABJISIIONIUX JJ1€MEHTOB JJIEKTPHYECKOH ceTH Ha
H3MEHeHHUe NoKa3aTeseil KauyecTBa JJIeKTPOIHEePIruu




Bnusiaue conpoTuBieHust 00OpaTHOM U HYJIEBOH MOCIIEI0BATEILHOCTH
TpaHchopMaTopa Ha CHMMETPUYHBIE COCTABIISAIOLINE TOKOB U HANPSKEHUH B
pacupenenuTenbHon ceTh. MI3MeHeHne CONTPOTUBIICHUN HYJIEBOU ITOCIEA0BATEIIBHOCTH
JIMHHUHM DJIEKTPONEPEIady ITPU U3MEHSIIOLIEMCS Ka4eCTBE 3JIEKTPOIHEPIHH.

2.5.BinsiHde HeCHMMETPUYHBIX PEKUMOB HA PadoTy 3JIEKTPOOOOPY10BAHUSA
Opnnodaszubie notTpedurenu. JIMHUM 3IeKTpoIiepeaduu U TpaHCc(hOpMaTOpBI.
KonzgencaropHble yCTaHOBKH.

2.6.Crioco0bl 1 TEXHHYECKHE CPeICTBA CHUKEHUS] HeCHMMETPHH TOKOB 1
HAINPSKeHUH B pacnpeneeTHIbHBIX 3JIEKTPHYECKHX CeTIX
[Tepepacnpenenenue o1HO(A3HBIX HATPY30K B JIEKTPUUECKOH CeTU. ABTOMATHYECKOE
MOJKJIIOUYEeHUE 0HO(a3HON HArpy3KH K HAaMMEHee HarpyKEeHHOH (a3e 3JIeKTPUIECKOi
cetu. [IppuMeHEeHNEe 3aMKHYTBIX U IIOJIY3aMKHYTBHIX cxeM. Mcnonb3oBanue
CHEIHAJIbHBIX IIYHTO-CUMMETPUPYIOIIUX YCTPOICTB.

2.7.ABTOMATH3aLMA YIPABJIEHUs CHMMeTPHPYIOIIUMH YCTPOlicTBAMHU
VYnpasienue B QyHKIUU BpEMEHU. YTIpaBieHUE B (PYHKIIMH TOKa HYJIEBOU
II0CJIE0BATEIBHOCTH.

2.8.0mnpeneienne NapaMeTpoB CHMMETPHPYIOLIUX YCTPOICTB
Onpenenenue napaMeTpoB KOHJEHCATOPHOIO CUMMETPUPYIOLLETO YCTPONCTBA.
Omnpenenenye napamMeTpoB 3JIEKTPOMAarHUTHOIO IIIYHTOCUMMETPUPYIOIIETO
YCTPOMCTBA.

2.9.0npenesienne nokasareseii HeCHMMETPUM TOKOB M HANPSKeHUH B
pacnpeaeTuTeIbHOM JJIEKTPHYECKOM CeTH CeTH M PAa3JIMYHbIMH BUAAMU
HeCMMMETPHYHON HATPY3KH U CUMMETPHPYIOIIUM YCTPOCTBOM.

2.10. IIpukjiagHbie KoMNbIOTEPHBIE MporpamMmmbl «Hecummerpus 1» u
«HecumMmeTtpus 2» 1Jis1 pacyeTa noKasaresieil HeCCMMMETPHU TOKOB U
HANPSKEeHUH B JJICKTPHYECKOM ceTH ¢ pacnpeneaeHHoi Harpy3koii u CY.

3. Bompochsl AJjisi cCaMONIpOBEPKH

Uto Takoe HECUMMETpHUSI TOKA?

Yo Takoe CTaTUCTUYECKAss HECUMMETPHS TOKOB?

Uro Takoe BepOATHOCTHASI HECUMMETPHS TOKOB?

Yro Takoe TeXHOJIOTHYeCKass HECUMMETPUS TOKOB?

Uro Takoe HeCUMMETpPHUSI HalPSHKEHUN ?

Kakue nokaszarenu kayectBa 33 ONpenesitoT HECUMMETPUIO Tpexda3zHON CHCTEMBbI

HaNpsHKEHU?

7. Kakum o0O0Opa3oM oIpenenstorcss JONOJHHUTENbHbIE MOTEPH MOIIHOCTH IPH
HECHMMETPUH (Pa3HBIX TOKOB?

8. B uyeM COCTOMT MpPUHIMI MOJIYJABHOIO METOJa pacueTa CHUMMETPHUYHBIX
COCTABJISIFOIUX TOKOB M HANPS)KEHUN?

9. Kakue mapameTpbl SJIEKTPHUUYECKOW SHEPrMM HEOOXOJUMO 3HATh Ul pacueTa
HECHMMETPUIHOTO PEKUMA MOIYIIEHBIM METOIOM?

10. Ha3oBuTe OCHOBHBIE CLIOCOOBI CHIXKEHUSI HECUMMETPHH TOKOB U HAIIPSKEHUI?

11. Yro npencraBisieT U3 ce0s NTyHTO-CUMMETPUPYIOIIEE YCTPOUCTBO?

12. Ha xakoM IpuHIMIIE OCHOBaHAa paboTa 3iekTpomMarautHoro LIICY?

13. Ha xakoM npHHIIAIIE OCHOBaHa padoTta KoHaeHcaropHoro [HICY?

14. Kakoe 3HaueHne umeet BbIOOp MecTa yctaHoBkH LLICY B anekTpuueckoii cetn?

15. JInst kaKoit 1ienm oCymecTBIseTcsl aTomMaru3anus ynpasieauem [HICY?

16. Ipeanocsuiku GopMUPOBAHUS MTOAX0A K KAYECTBY 3JIEKTPOCHAOKEHHS.

17. Cucremarnueckasi HECCHMMETPHS TOKOB.

ook wdE
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21.

22.

23.
24.
25.
26.
217.

28.
29.
30.
31.
32.
33.
34.

35.
36.

. BepodTHOCTHAs1 HECUMMETpPHSI TOKOB.
19.
20.

DneMeHTHast HeCUMMETPHUSI TOKOB.

Omnpenenenue nokasarenei KauecTBa, XapaKTepU3yOIUX HECUMMETPHIO
TpEXha3HON CUCTEMBbI HAMPSHKCHUM.

Ornpezenenne TONOJHUTEIbHBIX TOTEPh MOIIHOCTH, O0YCIOBICHHBIX
HeCUMMeTpuel (a3HbIX TOKOB.

Omnpenenenus: cucTeMa 3J1eKTPOCHA0KEHUS, TOJIb30BaTEINb ANEKTPUUECKOM CETH.

Omnpenenenus: cereBas OpraHu3ausl, KOHIYKTUBHAS 3JIEKTPOMAarHUTHas oMexa.
KonzaeHncaropHble IyHTO-CUMMETPUPYIOLIUE YCTPONCTBA.

DNEeKTPOMarHUTHHIE IIYHTO-CUMMETPUPYIOIINE YCTPOIICTBA.

Pacuer cuMMeTpupyOIKUX YCTPOUCTB.

Onpenenenne mecta yctaHOBKU CY B 3JIEKTPUYECKON paclpeIeTUTEeIbHON CETH
0,38 kB.

Omnpenenenus: ypoBeHb JJIEKTPOMArHUTHOW COBMECTUMOCTH B CHCTEMax
AJIEKTPOCHAOKEHUSI.

Ornpenenenus: HaNPsHKEHUE 3JIEKTPONUTAHUS, YACTOTa HAIIPSKEHUS
AIIEKTPOIUTAHHUS.

OrnpeneneHust: CornacoBaHHOE HANPSKEHUE EKTPOIUTAHMS, OITIOPHOE
HalpsDKEHUE.

OrnpeneneHus: HU3K0e, CPEHEE U BBICOKOE HAIPSKEHUE; IPEPbIBAHNE
HaIPsKEHUSI.

[TprunHBI BOSHUKHOBEHUS HECUMMETPUU TpEX(ha3HOI cUCTEMBbI HAMIPSHKEHUN B
AIIEKTPUYECKUX CETSX.

[Tpennocbuiku GopMUPOBaHUS MOIX0/A K KAYECTBY DJIEKTPOCHAOKESHHUS.
[TyHKTBI KOHTpOJIS KauecTBa D3 M0 HECUMMETPHUU HAIIPSHKCHUI.

Omnpenenenue nokasareneil HeCUMMETPUU TOKOB U HampsbkeHuit ¢ CY u 6e3 CVY.
Onpenenenne napamMerpos CY B 3aBUCMMOCTH OT YPOBHSI HECHMMETPUH TOKOB U
HanpspKeHUH B anekTpuueckoit cetu 0,38 kB.

4. HUTOroBbIM TECT M 3aJa4n

1. Yro siBsieTcss MPUUMHON BOSHUKHOBEHUS HECUMMETPUH TPEX(a3HON CUCTEMBI

HaNpsKEHUN?

a) OTKJIOHEHHE HaNpsKeHUs; 0) moTepsl HaNpsHKEHUs; B) HECUMMETPHSI TOKOB.

OTBeT: B).

2. [IpyurHO# BO3HUKHOBEHHSI CTATUCTUYECKONH HECUMMETPHUH TOKOB SIBIISICTCS: a)
pe3KonepeMeHHas Harpy3ka; 0) HepaBHOMEpHasi Harpy3ka 1o (aszam; B)
AIIEKTPOMArHUTHBIC TIepexoaHbIe momexu. OTBeT: 0).

3. Yto ABiIs€TCA NPUUMHON BOZHUKHOBEHUS CIIy4allHONM HECUMMETPHH TOKOB?

a) HepaBHOMEpHas Harpy3ka; 0) yJaapHbIe HarPY3KH; B) BEPOSITHOCTHBIN

xapakTtep kommytanuuit ogHogasueix J11. OTBeT: B).

4.

DeMeHTHastHECUMMETPHsI (Da3HBIX TOKOB BBI3BIBAETCA: ) 0OPHIBOM (pa3bl B
TpéxdaszHoit cucreme; 6) BHIXOJJOM U3 CTPOS OJHOTO U3 3JIEMEHTOB TpEX(Da3zHOU
CUMMETPUYHOHN HAarpy3KH; B) OTKJIOHEHHWEM HaIpsDKEHHsI B Hanbouiee yaaaeHHOM
TOYKE AJIEKTpHIeckoit cetu. OTBET: a) U 0).



10.

11.

HIyHTO-cCUMMETpHpYIOlee YCTPOHCTBO 00IaJaeT: a) MUHUMAIbHBIM
COTPOTUBIIEHUEM TOKAM HYJIEBOI MOCIEI0BAaTENbHOCTH; 0) MUHUMAaJIbHBIM
COIIPOTHUBIIEHUEM TOKaM 0OpaTHOM MOCIEeI0BATEIBHOCTH; B) MUHUMAJIbHBIM
coOCTBEHHBIM dJIeKTponioTpedeHremM. OTBET: a).

3unauenue ko3 duirienta ooparHoit nocienoBatenbHocTH B 100% Bpemenu
MHTEpBaAJIa U3MEPEHHI HE TOJHKHO MpeBbIIATh: a) 2%; 6) 3%; B) 4%. OTBeT: B).
3nauenue kod3pduirienta oOpaTHoOI Mociae10BaTeIbHOCTH B 95% BpeMeHu
MHTEpBaJIa U3MEPEHHI HE TOJDKHO MPeBBIIATh: a) 2%; 60) 3%; B) 4%. OTtBeT: a).
3nauenue ko3 duirienta HyaeBoii nmocnegopareabHoct B 100% Bpemenu
MHTEpBaJIa U3MEPEHHI HE TOJDKHO MpeBBIIATh: a) 5%; 6) 10%; B) 4%. OTBeT: B).
3naueHue ko3(puirienTa HyJaeBoM Mocieo0BaTeaIbHOCTH B 95% BpeMeHun
MHTEpBaJIa U3MEPEHHI HE TOJDKHO MPeBBIIATh: a) 2%; 6) 5%; B) 7%. OTBeT: a).
Koaddunment norepb MOIHOCTH B TpeX(azHOoM TPEXIMPOBOAHON CETH 3aBUCHUT OT:
a) TOKa OOpaTHOM MOCIEeI0BATEILHOCTH; 0) TOKA HYJIEBOM IOCIIEI0BATEILHOCTH; B)
TOKa OOpaTHOI U HyNeBO# nocienoBaTenbHOCTH. OTBET: a).

KoadduumenT noreps MOIHOCTH B Tpex(a3HOW YETHIPEXITPOBOTHON CETH 3aBUCHT
OT: a) TOKa 00paTHOM MOCTIET0BATENBHOCTH; 0) TOKA HYJIEBOH MOCIEI0BATEILHOCTH;
B) TOKa OOpaTHOM M HYJIEBOH MoOcienoBaTeibHOCTH. OTBET: B).

3agaun
TpebyeTcst onpeneauTh OTKIOHeHHE HanpsykeHus B cetu 0,38 kB y moTpebuTess ¢
TpéxdazapiM BBogOM, eciii u3BecTHO: Upg=372 B; Upc=364 B; Uca= 360 B. ats
3aKJIFOYCHHE O BO3MOYKHOCTH PabOThI MOTPEOUTEIIS.

Pemenue:

oU =W-100%,

HOM.
rac U- JIECTBUTEIIPHOE 3HAUCHHUE HAIIPSIPKCHUE, 34 KOTOPOC MPUHUMACTCA
HeﬁCTBYIOHICe SHAYCHUC HAIIPSAKCHUSA OCHOBHOM YaCTOTEHI:

1
U =§(UAB +Upc +Uca).

[Tocre 3TOro CpaBHUBAIOT MOJTYICHHOE 3HAYCHUE OTKIIOHEHUS HATPSHKEHUS C
ycranoBiaeHHbIM ' OCTom 32144-2013 3nauenueM (£ 10%) u nenaercst BBIBOJ O
BO3MOKHOCTH JKCIUTyaTauu ganaou cetu 0,38 kB:

oU = m -100% = M -100% = —3,9% . CpasuuBas ¢
HOM. 380

HOpPMAaJIbHO-A0MYCTUMBIM 3HaueHueM (-10%), MOKHO clieiaTh BBIBOJ O TOM, UTO
JTaHHAsl CeTh YJOBIIETBOPSIET YCIOBUAM dKCIUTyaTaliuu B coorBeTcTBUM ¢ 'OCT

32144-2013.

OnpenenuTb CTOUMOCTh JTOTOJIHUTEIBHBIX MOTEPh AIeKTpudeckoil sHeprun B JIDI
0,38 kB npu HecummeTpuun (a3HBIX TOKOB, €CIT M3BECTHBI CIEIYIOIINE UCXOIHBIC
JaHHBIE:



Toku npsimoii, 0OpaTHOM M HYJIEBON MOCIIEAOBATEILHOCTH PABHbI, COOTBETCTBEHHO: 50,
14 1 21 A. CTouMOCTb TTOTEPh NMPU CUMMETPUIHOM pexume coctasisieT 24000 pyo.
AW
K, =1+ K% +4K(; H-K,
AW,
3. 3anmauva. B pe3ynbraTe HECUMMETPUYHOI'O paclpeesIeHUs Harpy3KH 1o (aszam cetu
0,38 kB B HacenéHHOM MyHKTE (ha3HbIC U MEXTy(pa3Hble HAPSDKEHHS Ha
OTXOJAIIEH IMHUM U3MEHWIUCH CIIETYIOIIM 00pa3oM:

U,=228B, U,=28B; U,=232B, U, =3%4B; U, =366B; U,,=3768;
OnpenenuTh MoKa3aTeM KauyecTBa JICKTPUIESCKON SHEPTHH, COOTBETCTBYIOIINE
HECUMMETPUYHOMY pEXUMY pabOThl, CPaBHUTH UX ¢ ycTaHOBJIeHHBIMU ['OCTom 32144-
2013 3HaYEHUAMMU U CHENIATEH BBIBOJI.
Pemenue: onpenensem Koy=U,/U;1; Kou=Uo/U1. TneU,=0,62(Uyp-Upwn);
U0=0,62(Unsae.-Unme.); U1=1/3(Uuyv+Uvw+Uwy).

4, B Hace1éHHOM MyHKTE HEOOXOAUMO OCYIIECTBUTH MOHTaK JinHuu 0,38 kB.
ITo ucxogHbIM JaHHBIM (Ta0.1.1) pacYéTHBIX HATPY30K HA KAXKI0H U3
orxoasimux Junui 0,38 kB (puc. 1) Tpedyercst mpou3BecTH ciaeayUue
pacuyérnl:

- BBIOpaTh MapKy U CE€UYEHHUE MPOBO/IA HA KAXKIOM y4acTKe
orxoxgamux ot TII BJI;

- MpoBepuTh BbIOpaHHbIE poBoa BJI mo morepsm HanpsxeHus;

- JlaHHBIE pacuéTa CBECTH B TaOJIULly

YA

5
GO 2
LD
Puc. 1. [Inan Hacen€HHOTO MyHKTa
Hcxoonvie oanHvle
JIunust Homep yuacTtka | MakcumaJjbHasi Macumrad, m Mpumeyanue
MOIIIHOCTh, KBA Ocrk X Ocp Y
1 1-2 22,5 800 700 0e3 yJ1. OCB.
1_0 41 _ll_ _ll_ _ll_
2 1_2 27 -ll_ _ll_ _ll_
1-3 8 - - -
1_0 32 _ll_ _ll_ _ll_
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5. B pesynbrare HECHMMETPUYHOTO paciipeieeHus Harpy3ku mo ¢azam cetu 0,38 kB
B Hacen€HHOM nyHKTe (puc. 1) da3nbie u Mexayda3Hbie HaPsHKEHUS Ha
OTXOJSAIIUX JTUHUSIX U3MEHWIHNCH CICAYIOIINM 00pa3oM:

1 muHus:
U,=242B;, U,=218B; U, =2328B;, U,,=3948B;, U,,=366B;, U,, =376B,
2 TUHUS:
U,=2308B;, U,=218B;, U, =212B;, U,,=3908B;, U,,=378B;, U,,=359 B;
3 IMHUSA:

U,=217B; U,=278, U, =232B; U,,=312B;, U,, =388, U,,=3% B;

4 nuHusd:
Uu,=220B, U,=218B; U, =230B8;, U,,=3828;, U,,=371B;, U,,=389B.

A a SKM b
| |
I | l C
Tpebyercs onpeaeuTh MOKA3aTeH Ka4ecTBa SeeiPid et MORA

JHEPIruM, COOTBETCTBYIOIINE HECUMMETPUYHOMY PeKMMY PadoThl, CPABHUTH HX €
ycranoBjaeHHbIMH 'OCTom 32144-2013 3HaueHUsIMH U ¢/1€J1aTh BHIBO/I O IPUTOHOCTH
K IKCILUIYyaTalluM 3J1eKTpuYecKoil ceTu. CoCTaBUTH Ps/A peKOMeHAAMi 1J1sl
CHMMETPHUPOBAHUS Pe:KUMA PAadOTHI YJIEKTPHUYECKOI CeTH.

6. OmnpenenuTs HaUOOJNBIIYIO OTEPIO HANIPSHKEHUS B CETH, NPE/ICTaBIEHHON Ha pHC.2

Certb 35 kB BhINoNHEHA CTalCATIOMUHUEBBIMU MTPOBOAAMHU. JIIMHBI Y4aCTKOB CETH, Harpy3KH
npuBeneHbl Ha cxeme. ConpoTuBieHnus | kKM JTWHUM Ha ydacTke Aa cocrtaBistor: R0=0.314
Om/km, X0=0.42 OM/kM, 11t ocTalbHBIX ydacTkoB R0=0.773 Om/kM, X0=0.4450M/KkM.

7. C,Z[CJ'IaTB 3aKJIFOYCHHUE O BO3MOXHOCTHU O BO3MOXHOCTHU (byHKI.[HOHHpOBaHI/IH
TpEX(Ha3HOTO0 ACHHXPOHHOTO JBUTATENS MPHU CIASAYIOMNX MapameTpax TpExdasHon
cetu: Upg=342 B; UBC:350 B: UCA:336 B.

8. OmnpenenuTh CTOMMOCTH JIOTIOJIHUTENBHBIX MOTEPh ANIEeKTprueckor sHeprun B JIDII
0,38 kB npu HecumMMeTpuu (Pa3HBIX TOKOB, €CIM U3BECTHBI CIEAYIOIIUE UCXOJHBIE
JTaHHBIE:
Toku npsiMoii, 0OpaTHOM M HYJIEBOH MMOCIEI0BATEILHOCTH PaBHbI, COOTBETCTBEHHO: 50, 14 1
21 A. CTouMoCTh MOTEPH MIPU CUMMETPUUHOM pexume coctaisieT 24000 pyoO.
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KM 2 KM 3

W
| T

MepBas CTyneHb MOLWHOCTH BTopas CTyneHs MOWHOCT TpeTkA CTyNeHL MOWHOCTH
CUMMETPUPYIOLLErD YCTPOHCTBa CUMMETPUPYIOWLEro YCTPOHCTBa CUMMETPUPYIOLLETrD YCTPOACTBa

~ 220

a)
0)

Ha pucynkax a) wum ©0) wu300pakeHbl COOTBETCTBEHHO: CXEMa  yIPaBIISIEMOTO
AJIEKTPOMArHUTHOTO IIYHTO-CUMMETPHPYIOIIETO YCTpOicTBa (a) M OCCKOHTAKTHas cXema
YIPaBJICHUS MOIIIHOCTBIO 3TOTO YCTporcTBa (0).

[TosicHuTh paboTy CUMMETPUPYIOIIETO YCTPOUCTRA.

5. [IpumepHas TemaTuKa pedpepaTtoB

1. HecummeTpus TOKOB M HallpsHDKEHUN U IPUYMHBI MX BOSHUKHOBEHUS.

2. Brnusuune HECUMMCTPUYIHBIX PEIKUMOB pa6OTLI PacIpCACIMTCIBHBIX SJICKTPUYCCKUX
ceTeil Ha paboTy OTAENIbHBIX IEKTPOIPUEMHHUKOB.

3. CnocoOnl ¥ TEXHHYECKHUE cpeacTBa CHUKCHUSA HCCUMMCETPHUU TOKOB U HaprDKCHI/II\/'I B
pacupenennuTeNnbHbIX CETIX.

4, OHpC,I[CJ'ICHI/IC napamMeTpoB CUMMETPHUPYIOLIUX yCTpOﬁCTB IJIsL CHUKCHHUS YPOBHHA
HECHMMETPUHN TOKOB U HAIIPSKEHUH.

5. Cnoco0sl YyIipaBJICHUA HCCUMMCETPUYIHBIMU PEKUMAMHA PACIIPEACIINTCIbHBIX
SIIEKTPUYECKHUX CETEH.

6. JluTteparypa no fucUMILUIUHE

OcHoBHas JIHTEpaTypa

1. Haymos U.B., Jlenmmuckas T.Bb., bonnapenko C.H. IIpoekTupoBaHue cucreMm
anexTpocHabxkenus. YueoHoe mocoowue. ['pud YMO Ne07-8a/41 ot 17.01.2011,
Nznanue UpI'CXA, Upkytck, 2011- 326 C.

2. Jlemmuuckas T.b., HaymoB U.B. DnexTpocHabkeHne CEIbCKOTO X031 CTBA.
YueOHuk 115 By30B, MockBa, KomocC, 2008- 655 C.
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3. T'OCT 32144-2013 r. HopMbI kauecTBa 3JIEKTPUUECKON IHEPTUU B
AJICKTPUYECKUX CETSAX 00mero HazHaueHnus. M3aarenbcTBo ctangaptos.- 2013 .

4. IlepexoaHble MpoLecchl B 3JIEKTPOIHEPreTUUECKUX cucTeMax [Teker] : yuel. s
By30B / U. I1. Kproukos [u np.] ; mox pen. pen. U. I1. Kproukosa. - 2-e uzn., crep. -
M. : U3parensckuit nom MOU, 2009. - 414 ¢. XP(2), Y(10).

5. Iuaunenko, B. T. DnekrpoMarHuTHBIC IEPEXOIHBIC MTPOIIECCHI B
AJIEKTpOdHEpreTndecKux cuctemax [Tekct] : yueb.-merona. mocodue / B. T.
[Tumunenko. - OpenOypr : OI'Y, 2014. - 124 c.- Pexxum gocryna:
http://rucont.ru/efd/293638.

6. HaymoB U.B. HecummeTpuuHbie pesKUMBI pabOThI pacipeaeIuTeIbHbIX
anekTpuueckux cereit [Texct]: Monorpadus (teopernueckue o606menus)/ 1.B.
Haywmog / Upkyrckas [CXA, 2014. — 152 C.

JlonoJiHUTe/IbHAA JIUTEpPAaTYypa:

1. Haymos, Urops BaagumupoBuu. Ontumusanyisi HECUMMETPUUHBIX PEKUMOB
CHUCTEMBI CEIIbCKOTO JICKTpOoCcHa0keHus (TeopeTndeckue 06o6mmenus) [Tekct] / . B.
Haymos ; Upkyrt.roc. c.-x. akaa. - Upkyrck : UpI'CXA, 2001. - 217 c. XP(5)

2. Kocoyxos, ®enop AmurpueBud. HecummeTpus HarpspkeHUN U TOKOB B CEJIBCKUX
pacnpenenurenbHbIX ceTsax [Texer] / @. /1. Kocoyxos, U. B. Haymos ; Upkyr.roc. c.-
x. akal. - Upkyrck : UpI'CXA, 2003. - 258 c. V(45), XP(2).

3. HBanos, I'esnii MuxaiijsoBuny. Hecummerpuanbie pexxuMbl paboThl THPUCTOPHBIX
npeoOpasoBaresneii B AJIeKTponpruBoIax nepeMennoro Toka [Tekct] / I'. M. NBanos, B.
®. EropkuH. - M. :Oneproaromuzaat, 1990. - 200 c.1 k3.

4. Kocrtwuenko, Jluaus IlerpoBHa. IMutanmonHoe MOJEIMPOBAHUE CUCTEM CEITLCKOTO
anekTpocHabxeHus B mporpamme MATLAB [Tekcr] : yue6.mocoOue st CTYJACHTOB,
oOyuaroluxcs 1o HanpaBjieHuio noAroT. 6akanaspos 110800.62 u maructpos
110800.68 "Arpounxenepusa" u no creu. 110302.65 "Dnexkrpudukanus u
aBTOMaTH3anus ceil. xo3-Ba" : pek. Cuo. pernos. yue0.-meron. uentpom / JI. I1.
KocTtrouenxo. - Kpacnosipck : M3a-Bo Kpacl'AY, 2012. - 216 ¢. XP(1)

Choucok IpOorpaMMHoOro 06ecneqe}mﬂ, HUCII0JIB3YEMOT0 1JI1 OCBOCHUSA
AUCIHUIIIMHBI
KOMIIAC-3DV12 (cuctema aBTOMaTHU3UPOBAHHOTO IPOSKTHPOBAHUS).
AIIM (cucrema aBTOMAaTH3UPOBAHHOTO MIPOSKTUPOBAHHUS).
Koncynprant mmoc.
I'’APAHT Ilnatdopmsr F1 OKCIIEPT.
Maxima — MaTeMaTH4YeCKUIMaKeT MporpaMm.
Latex — cucreMakoOMIbIOTEPHON BEPCTKH.
Kpome »3TOro, wucmosp3yloTcsi MporpaMMHBIE KOMIUIEKCHI, HMEIOIINE TOCYJapCTBEHHYIO
perucTpanuio, pazpaboTaHHble Ha Kadeape DIeKTPOCHA0KEHUS U IIEKTPOTEXHUKH:
1. «IIporuos —2+».
2. «lIporHos — 3».
A Takxe MporpaMMHbIE KOMIUIEKCHI, €I11€ HE MPOLIEAIINE TOCYIapCTBEHHYIO PETUCTPAIIHIO:
1. «Hecummerpus — 1».
2. «Hecummerpus — 2».

ok~ wpnhE

/. CnoBapb TepMHHOB

J{nst mosydeHust CpaBOYHBIX CBEJCHUM MO TEOPUHU JTUCIIUIUIMHBI BO BpeMs
Ja00pATOPHBIX U MPAKTUYECKUX 3aHATHUM, a TAKXKE BO BPEMsI CaMOCTOSITEILHOMN
paboThI CIIYKUT HUXKE MPUBEJICHHBINA TEPMUHOJIOTUYECKUN CIIOBAPb:
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http://rucont.ru/efd/293638

1. CraTucTHYecKasi HeCUMMeTpPUSl TOKOB — HecUMMeETpus (a3HbIX
TOKOB,  OOYyCIIOBJIEHHAass  HEPAaBHOMEPHBIM  XapaKTepOM  IOJKIIIOUEHUS
OJHO(a3HBIX JIEKTPONIPUEMHHUKOB K (azaM TpEx(Pa3HOM dIEKTPUUECKON CETH.

2. BepoAITHOCTHAs HECUMMETPHUS TOKOB — HECUMMETpPHSI (Da3HBIX TOKOB,
OOyCNIOBJIEHHAas ~ CIlyyallHBIM  XapakTepoM  KOMMYyTaluud  OoAHO(Da3HbIX
AIIEKTPONPUEMHUKOB B TpEX(Pa3HOI cucTeMe.

3. Texnonornyeckass HeCHMMETPHUSITOKOB — HECUMMETpUs (a3HbIX
TOKOB, OOYCJIOBIIEHHAsi BBIXOJOM M3 CTpOs TPEX(PA3HOTO CHUMMETPUYHOTO
TEXHOJIOTHYECKOT0 3IEKTPOOOOPYIOBAHHS.

4. Koy¢ppunuent HeCUMMeETPHH TOKOB 1o oOpaTtHoit
MOCJIeA0BATEJILHOCTH — OTHOIIEHHE TOKAa OOpaTHOM MOCIEAOBATEIBHOCTH K
TOKY MPSIMOM MOCIIEIOBATENFHOCTH TPeX(ha3HOH CHCTEMBI.

5. Koa¢pduumenr HeCUMMeTPHHU TOKOB no HYJIEBOH
M0CJIEIOBATEILHOCTH — OTHOLICHHWE TOKAa HYJIEBOM IIOCIIEAOBATEIBHOCTH K
TOKY IIPSIMOU ITOCJIEA0BATEIBbHOCTH.

6. Kodxpdumuenr HecMMMeTPHUM HANPSKEHUWHA 1O  00paTHOM
10CJIeI0BATEIbHOCTH - OTHOILLIEHUE HaIIPSOKECHUS oOpaTHOM
NOCJIEI0BATEIBHOCTU K HOMUHAJIBHOMY MEXTy(PazHOMY HaIpsSKEHUIO.

7. Ko3pdunmeHT HeCHMMETPHMH HANpPSKEHUH 1O  HYJIEBOM

NMOCJIEA0BATEILHOCTH - OTHOIIIEHUE HanpsHKEHUS HYJIEBOU
MOCJIEA0BATEILHOCTH K HOMUHAIBHOMY (pa3HOMY HAMPSHKEHUIO.
8. /lomosiHUTe/JIbHbIE TMOTEPH MOIIHOCTH — TOTEPU MOIIHOCTH,

00yCJIOBJICHHBIE, KBAAPATUYHOU 3aBUCUMOCTHIO CUMMETPUYHBIX COCTABIISIOIINX
npsSIMO, 0OpaTHON U HYJIEBOM MOCJIEA0BATEILHOCTEN TOKOB.

9. IIyHTO-CHMMeETpPHpYIOIlee YCTPOMCTBO — TEXHUYECKOE CPEICTBO,
oOnanaroniee MHUHHUMAaJIbHBIM COMPOTUBJICHUEM TOKaM HYJICBOI
MOCJIEA0BATEILHOCTH.

MuHHCTEPCTBO ceJIbCKOro xo3siicTBa Poccuiickoit @exepaunu
®I'BOY BIIO UpkyTrckasi rocyiapcTBeHHAs CeJIbCKOX035IiICTBEHHAS
aKkajaemMust
Kadeapa JnekTpocHa0KeHUS U IJIEKTPOTEXHUKH

HAYMOB H.B.
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HECUMMETPHUYHLIE PEXXUMbI PABOTbI

PACIHTPEJEJIUTEJ/IBHBIX DJIEKTPUYECKHUX

CETEA

(Monorpadmus)

HNpxyrck 2014 1.

YK 631.371:621
BBK

PeuenzenTnl: 1.1.H., mpodeccop, Beaymuil HayuHblil coTpyauuk MCOM CO
PAH P® U.U.T'ony6; n.1.1., npodeccop kKapeapbl IIEKTPOIOIBUKHOTO

coctaBa (MpkyTckuii rocy1apCTBEHHBIN YHUBEPCUTET MyTeil coooOtenusi) A. B.

Kprxkoes;

K.T.H, JIOIIEHT, 3aB. Kapeapoi DNEKTPOCHAOKEHUS U dJISKTPOTEXHUKHU
(MpkyTckas rocyaapCTBEHHAS CEIbCKOXO03sicTBeHHAs akanemus) C.B.
Ioovauux.

Haymoe U.B.
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HecumMeTpuuHbie pe:xumMbl pad0ThHI pacnpeaeIuTeJbHbIX

3JIEKTPUYECKHX ceTell: MoHOrpadus (TeopeTuueckue 006001menus).- UpkyTck:
m3a-so UpI'CXA, 2014 — 151 C.

B ™MoHorpaduu paccMOTpeHBl BOMPOCHI, CBS3aHHbIE C MPUYUHAMHU
BO3HHKHOBEHUSI HECUMMETPUYHBIX PEXUMOB, UX BUAAMH, BIMSIHUEM Ha padOTy
AIEKTPOIIPUEMHHUKOB, a TAKXE MPOAHATU3UPOBAHBI CHOCOOBI M TEXHUYECKHE
CpEICTBA CHUMMETPUPOBAHUS  PEXKUMOB pPabOTHl AIIEKTPUUYECKHX CETEH.
[IpencraBieHbl METOIBI pacyeTa HECUMMETPUYHBIX PEXKUMOB, a TaKKE CPEJICTB
CUMMETpUpOBaHHs. W3/I0%kEeH HOPMAaTUBHBIA MaTepuall IO H3MEPEHUIO
NoKaszaTelied HECUMMETPHH, a TakKe TpeOOBaHUS MO CepTUPUKALMU ITUX
IIOKa3aTeseu.

JlanHble TeopeTH4ecKre OOOOIIEHHS] MOTYT OBITh IOJIE3HBI JUIsI HAYYHBIX
pabOTHUKOB, paboTaOIUM B 00JaCTH UCCIIEIOBAaHUS KayecTBa JIEKTPUUECKON
PHEPrUM U HHEProcOEpekeHusi, a TakKe CTYIEHTOB (CHELMATUCTOB MU
OakajgaBpOB) BBHICHIUX YYEOHBIX 3aBEJICHUN U MAaruCTPAHTOB, 00YYAIOUIUXCS TIO
cnenrasnibHocTH 140400 «JJieKTpOIHEpPreTHKa M JJIEKTPOTEXHHUKA» B
KayecTBE y4EOHO-METOJUYECKOI0 MOCOOUS I CaMOCTOATEIbHON pabOThl MpH
U3YYEHUU JTUCLUIUTMH «DJIEKTPOCHAOKeHue», «KauecTBo 3JjieKTpo3Heprum»,
«HecuMMeTpHYHBIE Pe:KUMBI pacnpee/JuTeJbHbIX ceTeiD).

ISBN©Haymos 1.B., 2014.
© HpkyTckas rocyaapCTBEHHAs!
CeNIbCKOXO3siicTBeHHas akagemus, 2014,

COAEPKXAHUE
Beenenue S
Yacts 1. XapakTepucTrka HECUMMETPUIHBIX PEKUMOB PAOOTHI 8
1.1. OGuue cBeieHUS O KaueCTBE DJICKTPUUECKOM SHEPTUHU 8
1.2. XapakTepucTuka HECUMMETPUYHBIX PEKUMOB paOOTHI 11
1.3. Buabl HECUMMETPUYHBIX PEKHUMOB 15

1.4. Bnusinue HECUMMETPUU TOKOB Ha paboTy moTpeduTeneil u
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JIOTIOJIHUTENIbHBIE TOTEPU MOILITHOCTH
1.5. PesxxuMbl pabOThI SIEKTPUUYECKUX CeTel
Yacts II. CiocoObl U TEXHUYECKHE CPEACTBA MUHUMU3AIUU
HECUMMETPUYHBIX PEKUMOB Pa0OTHI paclpeaeIuTEIbHbIX
anekTpudeckux cereit 0,38 kB
2.1. CriocoObl CHM>KEHUSI HECCUMMETPHUH TOKOB U HaIIPSKEHU N
2.2. Texnuyeckue CpecTBA CHUKEHUSI HECUMMETPUU TOKOB U
HanpsbkeHuit B cetu 0,38 kB
Yacrs III. Metoas! pacueTa HECUMMETPUYHBIX PEKAMOB
3.1. Pacuer cMMMETPUYHBIX COCTABIIIOIINX HAIIPSKEHUS
AMIIUPUYECKUM METOJIOM
3.2. MonaynbHbBIN METOJ pacyera
3.2.1. Pacuer noka3zaTeneii HECUMMETPUU TOKOB
3.2.2. Pacuet noka3zaTeseil HeCUMMETPUU HAIIPSKEHUIM
3.3. MeToasl pacueTa CHAMMETPUYHBIX COCTABIISIONIAX TOKOB U
HANPSHKEHUM B SJICKTPUYECKON CETH C CUMMETPUPYIOIIUM
YCTPONCTBOM
3.3.1. Meton pacuera nokazareyieii HECHMMETPUU TOKOB U
Hanpspkennil 1iig cet 0,38 kB ¢ cocpetoToueHHOM Harpy3Koi u
CUMMETPUPYIOIIUM YCTPOHCTBOM

3.3.2. Meton pacuera nokazareyieid HECHMMETPUU TOKOB U

Hanpspxennit 11 cetu 0,38 kB ¢ pacnpenenennon Harpyskou u CY

3.4. Meroapl pacueTra CHMMETPUPYIOIIUX YCTPONCTB
3.4.1. Pacuet xonaencaropuoro LHICY
3.4.2. Pacuert anexrpomarautHoro [HICY
Yacrse IV. Ynpasienue HECUMMETPUYHBIMU PEKUMaMHU
4.1. Asromatuzanus ynpasienus LICY
4.2. KoHTpOJb HECUMMETPUYHBIX PEKNMOB
4.2.1. OcHOBHBIE OIpEEICHUS

4.2.2. O0uye MmoJ0XKEeHUS aHaJIu3a KauyecTBa dJICKTPOIHEPTUU
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39
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68
75
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79
82
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4.2.3. AHaJIU3 HECUMMETPHUYHBIX PEXUMOB 95

Yactb V. DxoHOMu4eckas 3pheKTuBHOCT npumeHeHust CY 100
5.1. Pacuet skoHOMUYECKOH 3(P(HEKTUBHOCTH OT CHUKECHUS 100
OTepPh

5.1.1. D dexTuBHOCTH CHIKEHHS oTeps I3 B ceTH 0,38 kB 3a
CYET CHM)KEHHUSI HECUMMETPUM TOKOB 102
5.1.2. DddexTuBHOCTL CHIKEHHS oTeph B ceTu 0,38 kB 3a
CYET KOMIICHCAIlUN PEAKTUBHOW MOIITHOCTH 104
5.2. PacdeT S5KOHOMHUYECKOTO yIiepOa OT CHHKEHUS kKadecTBa D3 106
5.3. Pacuer npuBeaEHHBIX 3aTpaT HA CAMMETPHUPYIOIIIEE
YCTPOMCTBO 108

Yacrpb VI. MccnenoBanus HECUMMETPUYHBIX PEKUMOB B

JEHCTBYIOIIUX CEIBCKUX PACIpPEICIUTEIbHBIX CETIX 109
6.1. IIporpamMma pacuera HECUMMETPUYHBIX PEKUMOB 109
6.2. XapakTepucTuka 0ObEKTOB UCCIEAOBAHUS 111

6.2.1. MccnegoBanrne HeCUMMETPUYHBIX pexkuMoB B OO0
«MakcuMOBCKOE» 112

6.2.2. MccnegoBaHue HECUMMETPUYHBIX PEKUMOB B

ANEKTPUUYECKUX CeTsAIX MoHTOIMN 136

bubauorpadus 143

Ipuaoxenne. CrnocoObl U TEXHUUECKUE CPECTBA

CUMMETPHUPOBAHUS PEKUMOB PAOOTHI AJIEKTPUUECKUX CETEH 145
BBEJAEHUE

MuHuMu3amuss ~ SKOHOMHYECKHMX  3aTparT  MpU  DJIEKTPOCHAOKEHUU
MPEANPUATAN BCEX YpOBHEW — Oosblmas KoMruiekcHas 3amada. C HEl TecHO
CBSI3aHBl 3a7a4¥ TMOBBIIICHUS KAdyeCTBA JJICKTPOPHEPTHUM U HAACKHOCTH
aeKTpocHaOkeHus. [lpu 3TOM BakHOE€ MECTO 3aHUMAKOT MEPONPHUATHS TIO

CHMI)KCHUIO IIOTCPb JJICKTPOIHCPIruu U e paduOHAJIbHOMY HCIIOJIB30BAHUIO.
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Bce anekTpoyCcTaHOBKH, COCTaBISIONINE CUCTEMY 3JIEKTPOCHAOKEHHUS, B TOM
YHuCclie JJNEKTPUYECKHUE JIMHUA W TpaHCPOpMATOPhl, XapaKTePU3YIOTCS
aKTUBHBIMU CONPOTHUBJIEHUAMH. [loaTOMy mnpu mnepepade, pacrnpeneiceHUd u
peoOpa30BaHNU IEKTPUUECKON IHEPTHH MTPOUCXOSAT OTEPH.

[TopaBisAronasl 4acTb NOTEPh YHEPTUH B CETSIX NPEANPUITUN BCEX YPOBHEU
OPUXOAUTCS Ha DJICKTPUYECKUE JMHUM W TpaHCPOpMaToOpbl, U OOBIYHO B
PAKTUYECKUX PACUETAX YUYHUTHIBAIOT MOTEPU TOJBKO B 3THX 3JEMEHTAX CETEM.
[lotepu »sHeprum B TPOBOJAX, Kabensix U O0OMOTKax TpaHCHOPMATOPOB
IPOMOPIMOHANIBHBI KBaJApaTy NPOTEKAIOUIEro MO0 HUM TOKAa Harpy3k, W IO
TOMY MX Ha3bIBAIOT HArpy30YHBIMU MOTEPsSMU. TOK HArpy3Ku, Kak MpPaBHIIO,
U3MEHAETCST BO BpPEMEHHW, W HArpy304YHbIE TMOTEPU YacTO Ha3bIBAIOT
MEPEMEHHBIMHU.

[Io Mepe pocTa Harpy30K W IIPUCOEIMHEHHS K DIIEKTPUUECKONW CETH HOBBIX
noTpeduTenel B HeW BO3pacTaloT MOTEpPH deKTpuueckoi sHepruu. Ilo
OMyOJUKOBAaHHBIM JIaHHBIM TOTEPU AJIEKTPUUYECKOU IHEPTUM B JICHUCTBYIOIIHUX
cersx HampspkeHuem 0,38 kB cocraBmsitor 31...33%, a ¢ yderoM moTephb
anexkTpodHepruu B Tpanchopmaropax 10/0,4 kB morpeOUTENLCKUX MOACTAHIIAM
(TTI) onm mocturarot 50..55% OT OOIIUX MOTEPD.

Pa3BuTHe HIEKTPOTEXHOJOTMM W aBTOMAaTU3allMU IPOU3BOJICTBEHHBIX
ITPOLIECCOB, a TaKXe MOBBIIIEHUE CTENIEHU UCIOJIb30BaHUE
3JIEKTPOOOOPYI0BaHMS, B YACTHOCTU OJHO(A3HBIX 3JIEKTPONPUEMHUKOB BIEKYT
3a cOOOM MOCTOSIHHBINA POCT MOTEPH SJIEKTPUUECKON SIHEPTUU U MOILHOCTH, KaK B
pacrpenenuTeNbHOM CETH, TAK M B CaMHUX JJIEKTponpueMHUKax. OIHUM W3
HMCTOYHUKOB MOTEPb, ABISETCA HECUMMETPUS HAIPSIKEHUN U TOKOB B CUCTEME U
Ha 32)KMMax 3JIEKTPOIPUEMHHUKOB.

OCHOBHOWM MOPUYMHOW BO3HUKHOBEHUS JUIMTEIBHBIX HECUMMETPUUYHBIX
PEXKUMOB 3JIEKTPUUYECKUX CUCTEM SIBIISIETCSI HECHUMMETPUYHOE PACHPEECICHUE
NOTpeOuTENeH ANEKTPUUECKOW IHEPTUH 110 TepPUTOpUU npeanpustus. K takum
NOTPEOUTENSIM B MEPBYIO OUYEpedb CIEAYET OTHECTH JIEKTPOTEXHOJOTUUYECKHE

YCTAaHOBKHM, npeo6J1aILa}01uee OOIBIIMHCTBO KOTOPBIX, BCJICACTBHC
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HECUMMETPUYHOTO HCIIOJIHEHHSI U OCOOCHHOCTEH CamMoro TEXHOJOTHYECKOTO
npolecca, 00yclaBIMBAET HECUMMETPHUIO PEXUMA U MUTAIOLIEH AIEKTPUIECKOM
CeTH, YTO OTPUIATEIBHO BIUSIET HAa paboOTy NapaJJIeIbHO BKIIOYEHHBIX
NOTpeOUTENe U BENEeT K YXYJIICHHUIO MOKa3aTelie KauyecTBa AJIEKTPUUYECKOU
sHepruu. [logkitoueHne Takux NOTpeOUTeNel K SJIEKTPUIECKOM CETH BbI3bIBACT
B IOCJIEAHEH HECUMMETPHUIO TOKOB M HANPSIKEHUW, KOTOpas OTPULIATEIIBHO
CKa3bIBaeTCsi Ha paboTe BCEX 3BEHbEB CHUCTEMbBI: T'E€HEPATOPOB, JUHUM
AJIEKTpoIiepeaayd U TpaHC(HOPMATOPOB, IPUEMHUKOB JIEKTPOIHEPTUU.
HecumMmerpuss HanpsskeHMM — YMEHBIIAET  MOIIMHOCTh  BBIIPSIMUTENEH,
cHUXKaeT 3(PGEeKTUBHOCTh MCIOJIB30BAHUS PETYIUPYEMBIX U KOMIIEHCUPYIOIIUX
ycTpoicTB. OCOOEHHO HEOIAroNpUsITHO HECUMMETPHS CKa3bIBAETCsl HA paboTe U
JIOJITOBEUHOCTA  AaCHHXPOHHBIX  dJIeKTpojBurareneil. Ilpu Hecummerpun
HalpsoKeHU paBHOW S5 %, MOIIHOCTh ACHHXPOHHOTO 3JIEKTPOJIBUTATEIS
ymenbliaercss Ha 5 — 20 %, B 3aBUCUMOCTH OT HCIOJHEHUS JABUTATENS.
W3BecTHO, Takxke, 4ro HecuMMmeTpus B 4 % COKpallaeT CpoK CIyKObI
ACMHXPOHHOTO JJIEKTPOABUTATENSE B 2 pa3a. YCTAaHOBJIEHO, UYTO KaXJAOMY
MNPOIEHTY  BEJMYMHBI  KOA(DPUIMEHTA  HECUMMETPUU  HaANpPsKEHUM
coorBeTrcTBYeT 1,73 %  JONOJHUTEIBHOTO  OTKJIOHEHUS  HANpsHKEHUS.
OTKIIOHEHHE HAIpSKEHHUS B CBOK OYEPEAb NPUBOAUT K JOMOJHUTEIBbHBIM
NOTEPSM MOIIHOCTH M COKPAIICHUIO CpPOKa CIIYyKObl 3JEKTPOOOOpYAOBaHMUS.
Hanpumep, npu otkinoHeHuu HanpsbkeHus: - 10%, akTUBHBIE OTEPU IBUTATEIIS
yBenuuuBaroTcsi Ha 2%, yBEIMYMBACTCS TOK JIBUTATENsl, YTO TMPUBOJUT K
MPEXKICBPEMEHHOMY CTapeHUI0 M30JSIMU OOMOTOK M B KOHEYHOM UTOTE
BBIXOAY €ro u3 cTposd. Ha KaxIpli TPOUEHT YBEIWYEHUS HaNpPSKEHUS
NMOTPeOJICHHE DJIEKTPOIHEPTUU COMPOBOXKIACTCS YBEJIUUYCHUEM PEaKTHBHOM
MoOITHOCTH JBuraressa Ha 3%. [loBbllieHNE HANPSIKEHUSI CBEPX HOMHUHAJIBHOTO
Ha 1% [ jmaMn HakalWBaHWS TPUBOAUT K YBEIUYCHHUIO TMOTPEOIsieMoin
MorrHocTH Ha 1,5%, cBeToBOrO Motoka Ha 3,7%, CpoK CIIyKObl COKpaIaeTcs Ha
15 %. YBenuuenue HampspkeHuss Ha 3% cokpaimmaer cpok ciaykO0bl Ha 30%.

[ToHmkeHne HanpskeHUs Ha 5% yMeHbIIaeT CBETOBOM MOTOK Ha 18%, a Ha 20%
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JIeaeT HEBO3MOXKHBIM  3aIlyCK JIFOMUHECUEHTHbIX Jamn. Hecummerpus
HAaIpsOKEHUM M TOKOB OTPHILATENBHO CKAa3bIBACTCA HA PEIECHHOM 3aIUTE U
YCTPOMCTBAX aBTOMAaTUKH. [IpM HECHMMETPUYHOM pEKHUME TOKH HYJIEBOU
IIOCJIEAOBATEIBHOCTH  TIOCTOSIHHO  MPOXONAT — 4Yepe3  3a3€MIIMTENM W
OTPHUILATENIFHO CKa3bIBAIOTCS HAa MX paboTe, BBI3bIBAS BBICYIIMBAHHUE TPYHTA U
YBEJIIMYEHUE CONPOTHUBICHUS MX pacTekaHuto. llpu pabore MHorogasHoi
CUCTEMBl B HECHMMETPUYHOM PEKUME CHUKAETCS MPOIYCKHAsl CIOCOOHOCTH
JIIEMEHTOB  CETH, IPOUCXOAUT JOMOJHUTEIBHBIA HArpeB AJIEKTPUYECKUX
MalluH, YBEJIUYMBAIOTCS MOTEPU AKTUBHOW MOIIHOCTH M SHEPIUHM B CUCTEMAax
anekTpocHaOxkeHus.  HecummeTpust  TOKOB ~ BBI3BIBAET  HECHUMMETPUIO
HaOpsDKEHUHM, 4TO, B CBOIO OYepeldb, NPUBOAUT K OTKIOHEHUAM (a3HbIX U
JUHEWHBIX HANpsOKEHWW ceTh. Hecummerpus HanpsykKeHUMM — OKas3bIBAET
3HAQUYUTEJIBHOE BIIMSIHUE HAa HU3KOYACTOTHBIE KaHAJIbl INPOBOJHOW CBA3M,
CUTHAJIM3A[MU U aBTOOJIOKUPOBKH.

[lepeunciieHHble BbIIE (PAKTOPHl YXYAIIAOT TEXHUKO-3KOHOMUYECKUE
NoKa3aTelqu MpOIECCOB  IepeAayd, npeoOpa3oBaHus M MHOTPEOJICHUS
ANEKTPOSHEPTUM W OYEHb 4YacTO MPUBOAAT K aBapusiM B CHCTEMax
aneKkTpocHaOkeHus. IloaTomy, B cootrBerctBun ¢ I'OCT 13109-97,
YCTaHABIMBAIOIIUM HOPMBI KadecTBa >SJIEKTPUYECKOM HHEPIrUH, HOPMAIBHO
JOMYCTUMAasi HECUMMETpPHSI HaNpsLDKEHUM Yy TPUEMHUKOB 3JIEKTPOIHEPTHUH,
IPUCOEAUHEHHBIX K 3JIEKTPUYECKUM CEeTSIM O0Iero Ha3HaueHWs, HEe JOJKHA
npesbliaTh 2%. MakcumanpHas BeJIMYMHA HECUMMETPUH HAIPSHKEHWM HE
JIOJKHA BBIXOJUTH 32 npeaeisl 4%.

B cBsi3u ¢ pocToM MOUTHOCTH 0JHO(A3HBIX HAarpy30K, C OJHOM CTOPOHBI, U
MOBBIIICHUS TPEOOBAaHUI K KauyeCTBY 3JIEKTPOIHEPIUH C IPYrou, pa3padoTka u
UCCIIEIOBAaHUE BBICOKOO((HEKTUBHBIX METOJAOB M TEXHHYECKHUX CpEACTB
CUMMETPUPOBAHMUSI ~ MMEIOT  OojbIioe  3HaueHue it d(PPEeKTUBHOTO

(GYHKUMOHUPOBAHUS MPEINPUSTUS TH0O0T0 HA3HAYSHHUSI.

HecummMeTpUUYHbIM peXnmom pa6OTbI MHOFOCba3HOVI 3/16KTpMH€CKOV1 CUCTEMbI CYMTAETCA TaKOM

peXunm, Npu KOTOPOM ycnoBusa paboTbl a3 cucTeMbl HeoAMHaKoBbl. CTeneHb HeCMMMETPUU
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TpexdasHON 4YeTbIpexnpoBOAHOM CUCTEMbI XapPaKTepU3yoTCA KoaddUUMEHTAMU HanpaXKeHus
ob6paTHOM U HyNeBOW NOCNefoBaTeNbHOCTEN, A TaKXKe KoadpduunmeHTaMn ob6paTHOM U HyneBsow
nocneaoBaTeNbHOCTEN TOKOB. [pM 3TOM MOTEpM MOLLHOCTM, OOYCNOBAEHHbIE HECUMMETPUEN
TOKOB, MOFYT XapaKTepu30BaTbCA KO3PPULMEHTOM MOTEPL MOLLHOCTU, TO €CTb, OTHOLUEHMEM
noTepb MOLLHOCTM B HECMMMETPUYHOM pPEXKMME, K COOTBETCTBYIOLMM MNOTEPAM MOLLHOCTH,
06yCcnoB/AIEHHBIMU MPOTEKAaHMEM TO/IbKO TOKOB MpsiMoM nocnepoBaTenbHocTU. KoadpouumneHTbl
HECUMMETPUMN HAMNPAXKEHUN M NOTEPM MOLLHOCTM B OOLWEM cayvyae MOryT MpUHUMaTbL Ntobble
YUCNEHHble 3HaYeHUA, 0BYCNOBNEHHbIE CTENEHBID HECUMMETPUM HaNPAXKEHUIH. Yem OHUM BonbLue,

TEM CU/IbHEE OTPpULaTE/IbHOE BO3,£I,€I\;1CTBME HECUMMMETPUN CETU Ha pa60Ty 3/1EKTPOYCTAaHOBOK.

MpMYMHAMM BO3HUKHOBEHUA HECMMMETPUYHbIX PEXMMOB PaboTbl 3NEKTPUYECKOW CUCTEMbI BO
BCEX CAy4YasX ABAAKOTCA HEpPaBHOMEPHOCTb pacnpefeneHus Harpysok no ¢asam, CHUMXKeHue
Harpysok TpéxdasHbix noTpebuteneit (anekTpogsuraTeneit, MoWHbIX TpexdasHbiXx HarpesaTesnen)

M BEPOATHOCTHBbIN XapaKTep KOMMyTaLUui ogHOPA3HbIX Harpys3oK.

YACTbDb 1. XAPAKTEPUCTUKA HECUMMETPUYHbBIX PEXKUMOB
PABOTbI

1.1. OOmmue cBeleHUS 0 KAaYeCTBe YJIEKTPHUYECKOIi IHEPTruu

B cratbe 7 3akona “O 3amure mpaB NOTpeOUTENeil” yCTaHOBJICHO:
“IToTpeOuTens MMeeT MNpaBo Ha TO, 4TOoObI ToBap (pabora, ychyra) mpH
OOBIYHBIX YPOBHSIX €r0 HWCIOJb30BAHMS, XPAaHCHHS, TPAHCIIOPTUPOBKU M
YTUIM3aUU ObL1 Oe30MmaceH JJisl )KU3HH, 3JI0POBbS MTOTPEOUTENS, OKPYKAIOIICH
CpeIlbl, a TaK)Ke HE MIPUYHMHSIT BpEJl UMYIIECTBY MTOTPEOUTEIIS.

Tosap (pabota, ycayra), Ha KOTOpbIE€ 3aKOHAMU WJIU CTaHJIapTaMH yYCTAHOBJICHBI
TpeboBaHMs, oOecneynBaromuye Oe30MacCHOCTh JKU3HU, 3/I0POBbs, OXpaHy
OKpYXalomel cpeapl M TPEIOoTBpaIIeHUE MPUYMHCHUS Bpela HMYIICCTBY
MOTPEOHUTENs, a TaKXKe CpelCcTBa, obecrneunBarompe O0e30MacHOCTh KHU3HH,
3I0POBbsl  TOTPEOUTENs, TOMJEKAT  00s3aTeNbHOW  cepTU(UKAU B
YCTAHOBJIEHHOM MOPSIAKE” .

DnekTpruyeckast DHEPTHA, nocTaBJysieMas HEPTrOCHAOKAIOIITMHU
OpraHu3alusIMH MTOTPEOUTEAM TI0 JOTOBOpPaM JHEPTrOCHAOKEHHUS, BHICTYITACT
KaK TOBap 0OCOOOT0 BHA, XapaKTEPU3YIONMIUKCS COBIAICHHEM BO BpPEMEHH
MPOIIECCOB  TPOW3BOJICTBA,  TPAHCIOPTHPOBAHUS W  TMOTPEOJECHUS W
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HEBO3MOXKHOCTBIO €T0 XpaHEHHUs W BO3Bpara. BmecTe ¢ TeM, K 3IeKTPUIECKOM
SHEPIruM, KaK K TOBapy JIIOOOTO BHUAA, TPUMEHHUMO MOHSITUE “KA4eCTBO”, T.K.
ANIEKTpPUYECKasi  DHEPrUsl  XapaKTePU3YyeTCs  COBOKYMHOCTHIO  CBOWMCTB,
OOyCNaBiIMBAIONINX €€ TMPUTOAHOCTh JUIsi OOECHEeYeHHs HOPMAaJIbHOTO
(GYHKUMOHUPOBAHUST TEXHUYECKUX CPEICTB (IEKTPUUYECKHUX, AJICKTPOHHBIX,
PAANO3TIEKTPOHHBIX U IPYTUX) MOTPEOUTENEH IIEKTPUUECKONU SHEPTUH.

DJIEKTPOIHEPIrUsKaK ToBap oOJamgaeT psAaoM crenupuieckux cBoicTB. OHa
HEIMOCPEJICTBEHHO MCMOJB3YETCS MPU CO3AaHUM JIPYTUX BUJIOB MPOAYKIIMH U
OKa3bIBaeT CYIIECTBEHHOC BIUSHAEC HAa OJKOHOMHYCCKHE  ITOKa3aTeIH
MPOM3BOJCTBA M KadyecTBa BBITyCKaeMbIX wu3aenuid. I[loHaTme KkadecTBa
AIIEKTPUUECKOM SHEPTUU OTIMYACTCS OT TOHSTHS KadyecTBa JIPYTUX TOBApOB.
KauectBo »snektposnepruu (KD) mposiBisieTcss uepe3 KadyecTBO PpabOThI

noTpeduTeneit anekrposnepruu (119).

KadecTBO 3J/IeKTpPO3HEpPrMMHAa MECTE IPOM3BOJACTBA HE TapaHTUPYET ee
KauecTBO Ha MecCTe NOTpeOsieHHs. XapakTep CaMoro MpOW3BOJICTBEHHOTO
npoliecca CYLECTBEHHO BIIMAET Ha MapaMeTpbl KauecTBa AnekTposHepruu. KO
710 ¥ TIOCTIE BKJIFOUEHUS TOTPEOUTENISI B TOUKE €r0 MPUCOEANHEHUS MOXKET ObITh
paznuuHo. [lo cymectBy KD MoxHO ObuUIO OBl XapakTepu30BaThb TEPMUHOM
"OnektpomarauTtHas coBmectumocTs" (OMC). Ilogx OMC mnonumaercs
CIIOCOOHOCTh ~ OOOpYJOBaHUS  HOPMAJIbHO  (YHKIIMOHUPOBaTH B €ro
DJIGKTPOMArHUTHOU Cpefie, HE cOo37aBas HEIOMYCTUMBIX JJIEKTPOMArHUTHBIX

oMeX JJIsl APYroro o0opynoBanus, (GyHKIMOHUPYIOIIETO B 3TOU Cpejie.

Co0J1101eHMerHEpProcHAOKAIMME ~ opraHm3anusiMu - U [0 mokazartenei
KauecTBa IMO3BOJSIET HE TOJBKO SKOHOMUTH TOIUIMBHO-IHEPreTHUECKUE
pecypchl, HO U JIpyrHe BHIbl MaTE€pUAIbHBIX PECYpPCOB, YaCTh KOTOPBIX IpPH
HU3KOM YPOBHE KauecTBa JJEKTPOIHEPTHUU TpaTUTCA Ha OpakyeMmyl H
yTuin3upyemyto npoaykuutio. B 2013 r. Obul BBeAeH B JIEWCTBHE
MexrocynapcrBeHnbiii  crangapt ['OCT P 54149 -2010 (Onextpuyeckas

9HEPIrus. CoBMECTUMOCTh TEXHHYECKHUX CpCACTB JJICKTPOMArHuTHAasl. HOpMBI
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KayecTBa DJIEKTPHUYECKONW HHEPrHH B CHCTEMax 3JIEKTPOCHAOXKEHHS O0OIIero
Ha3HaueHus). CraHoapT yCTaHaBIMBAaeT IIOKA3aTeid M HOPMBI KadecTBa
ANEKTPUUECKOM HHEPTUU B DIIEKTPUUYECKUX CETSIX CUCTEM DJIEKTPOCHAOKECHHUS
o0IIero Ha3HAYCHHS TIEPEMEHHOTO Tpex(a3zHoro n ogHO(Pa3HOTO TOKA YaCTOTOU
50 I'm B TOuYKax, K KOTOPHIM MPHUCOCIUHSAIOTCS DJIEKTPUUECKHE CETH,
HaxoJsIluecss B COOCTBEHHOCTH PAa3MUYHBIX TMOTPEOUTENCH AIEKTPUUECKOM
DHEPrUM WIA NPUEMHUKHA DJIEKTPUYECKOM SHEPruM  (TOYKH  OOIIEro
MPUCOETUHEHNUS ).

DNEeKTpUYECKasl SHEPTHUSMCIONb3YETCd BO BCEX cdepax >KU3HEAEATEIbHOCTH
YEJ0BEeKa, oOnagaer COBOKYIHOCThIOCTIEU(PUYECKHUX CBOMCTB u
HEIOCPEICTBEHHO YYacCTBYET B CO3JAaHUU JPYTUX BUAOBIPOAYKIMH, BIIMSAS Ha
ux kadyecTBO. Kaxnpiii anektponpueMuuk (O11) npegHazHaueH ayigapaboThl IpH
ONpENEICHHBIX  IapaMeTpax  JIEKTPUYECKOW  HSHEPIHH:  HOMHHAJIBHBIX
YaCTOTE,HANPSHKEHUH U T. M., OTOMY JUIsl HOPMaJbHOW €ro paboThl JOIKHO
ObITh OOecrieueHOTpeOyeMoe KadecTBO aJiekTpuueckod sHepruu (KD). Takum
o0pa3oM,  Kauecmeo  31eKMPOIHEPeUU  OIPEAECIAETCICOBOKYITHOCTHIO
XapaKTEPUCTUK DJIEKTPUYECKOM SHEPruu, NMpu KOTOpeiX JII MoryrHopmanbHO
paboTaTh M  BBINOJHATH 3aJIO)KEHHbIE B HHUX (QyHKOUU. BaxHOCTh
npobsiembinioBbiieHnss KD Hapactama BMmecTe € pa3BUTHEM U IIHPOKHUM
BHEJIPEHUEM Ha NPOM3BOJICTBEBEHTHJIBHBIX IMpeoOpazoBarenel U pa3iMYHbIX
BbICOKOA((DEKTUBHBIX ~ TEXHOJOTHUYECKUXYCTAHOBOK, TaKUX KakK JIyTOBbIE
CTaJICTUIABWIIbHBIE [1€YH, CBAPOYHBIE YCTAHOBKH UAp.B ObITY B MOCIEAHKUE TO/BI
HIMPOKOE PACIPOCTPAHEHUE TMOJYUYMIIM TEJIEBU30PbI,KOMIIBIOTEPbl U ApPYyIHe
yCTpoiicTBa, paboTarolive Ha IMOCTOSHHOM TOKE 4epe3 BTOPHUUHBIMHCTOYHHK
nutanud 1 yxyamawomue KO B nutaromed cetu. B uUTtore BO3HUK CBOEro
polanapaZoKc: INPUMEHEHHE HOBBIX TEXHOJIOTMM, KOTOpPBIE SKOHOMUYHBI U
TEeXHOJIOTHUECKUAI(D(PEKTUBHBI,  KOTOphIE  YIYyYILAIOT  JKW3Hb  JIIOJIEH,

OTPULIATENIBHO CKa3bIiBaeTCs Ha KD BIIEKTPUYECKUX CETSX.
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Cnenyer  OoTMETHTBh, 4YTO  paccmarpuBaeMble  ctanaaprom  [IKD
YCTAHABJIMBAIOTCS ISl CIEAYIONIUX TPEX PEKUMOB PaOOTHl AIECKTPUUECKUX
ceTeu.

Hopmanouslit pexicum — YCTAaHOBUBIIHICS PEXKUM pPaOOTHI JIIEKTPUUECKON
CeTH, TMpU KOTOPOM pPaAOOTAIOT BCE DJIEMEHThl OJJEKTPUUYECKON CeTH,
NpPEeAyCMOTPEHHbIE TPU  IJJAHUPOBAHMHM  pEeXUMa M obOecreunBaeTcs
JIEKTPOCHAOKEHUE BCEX MOTpeduTeneld D3, MOMKIIOYCHHBIX K JIEKTPUICCKOM
CETH.

Asapuiinvlit  peycum — YCTAHOBUBIIMKCS PEXUM, BO3HHUKAIOIIUAN TpPH
aBapUHOM HApPYIIEHUU JIEKTPOCHAOKEHHUS.

Ilocneagapuitnvlii pexcum YCTAHOBUBIIUMCA PEKUM, BO3HHKAIOIIMUA IOCIE
aBapUUHOTO OTKJIFOUCHUS TMOBPEKIEHHOTO AJIEMEHTa JJICKTPUYECKOW CETH U
MPOJOJDKAIOIIUNCS 0  BOCCTAHOBIIGHHUSI ~ CXEMbI  DJIEKTPOCHAOXKEHMS,

HpCIIYCMOTpGHHOﬁ IS HOPpMAJIBHOT'O PCIKHMaA pa6OTI>I.

1.2. XapaxkTepucTHKAa HECHMMETPHUYHBIX PEKMMOB

HecumMeTpusi HaNpsiZKeHM: COCTOSIHUE CHCTEMBI  DHEPrOCHAOKCHHUS
Tpex(a3zHOTO MEPEMEHHOTO TOKAa, B KOTOPOU CpeTHEKBAAPATUYECKUE 3HAYCHUS
OCHOBHBIX COCTABJISIOIINX MEXTy(ha3HbIX HAMPSHKEHUW WIM yribl caBura ¢as
MEXy OCHOBHBIMH COCTAaBJISIOIIUMH MEXKTy(pa3HbIX HAMPsHKEHUH HE pPaBHBI

MEXKTy COOOM.
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Hecummerprunbiin

QBpaTHanA TOK,  MpoTeKas  I0
1laz

MNMpAaman AJIEMCHTaM

ez .
e SJIEKTPUYECKOH  CETH,

Utz
CO3/71aCT Ha KaXIOM U3
ITUX 3JICMEHTOB
Ity eq o
Uga HECUMMETPHYHBIC
1ca

MaJCHUSl HAMPSHKCHHUS.

B pesynbrate Bcs CcUCTEMa HANpPsDKEHUWA B JAHHOM JJIEKTPUYECKOW CETH
CTaHOBUTCS HecuMMeTpuuHOU. M3 kypca TOD u3BecTHO (METOJ CUMMETPHUYHBIX
COCTaBJISIFOLINX), YTO JIIOOYI0O HECUMMETPUUHYIO CUCTEMY (B JaHHOM clyyae,
CUCTEMY HaNpsDKEHWI) MOXKHO TMpPEACTaBUTh B BHJI€ CHMMETPHYHBIX

COCTABJISIFOIIUX MPSMOM, 0OpaTHON U HYJIEBOW MOCJIEI0BATEILHOCTEH:
3a nocnegHune rogbl NPOU30LW/I0 3HAYNTENIbHOE yBE/TUYEHUNE yCTaHOBJ'IeHHOﬁ MOLHOCTHN

3/IEKTPOODOOPYAO0BAHUA CENbCKOXO3ANCTBEHHbIX NMPEANPUATUIN, a TAKKE B ObITY CE/IbCKUX
)utenei. Mo YNCNEHHOCTM U COCTaBY 3/IEKTPOYCTAaHOBOK, TPEOOBAHUAM K HAAEKHOCTU UX
3/1IeKTPOCHABKEeHMA U KauyecTBY 3/1EKTPOIHEPTUM OHU NPUBANIUANCH K MPOMBbILLAEHHbLIM
notpebutenam. OCHOBHOM OT/IMYUTENBbHON YEPTON COBPEMEHHOIO CE/bCKOIO 3/1EKTPOCHABKeHMA
ABNAETCA TO, YTO CeNbCKOX03ANCTBEHHbIE I'IOTpe6VITefIVI coCpeaoTo4vYn/IN Ha CBOEM 6anaHce
3HaUYNTE/IbHOE KOJINYECTBO /IMHUIN SNeKTponepeaay, TpaHcPopPMaTOPHbIX MOACTaHLUNNA,

3HEKTpOABMFaTeﬂeVI n Apyrnx npomnsBoaCTBEHHbIX U 6bITOBbIX 91EKTPOYCTAaHOBOK.

HecMMMETpUYHBIM PEKMMOM PaboTbl MHOTOPA3HON 3NEKTPUYECKON CETU CUUTAETCS TAKOW
PeXUM, NPU KOTOPOM ycnoBus paboTbl a3 HeognHaKoBbl. CTeneHb HECMMMETPUU TpexdasHo
YeTbIPEXNPOBOAHOM CUCTEMbI XapaKTepusytoTca KoadduumeHTamm HanpaxKeHua obpaTHon wu
Hy/ieBOM nocsfefoBaTeNbHOCTEM, a TaKXKe KoadpdpuumMeHTamum o0b6paTHOM U Hy/neBoM
nocnenoBaTesibHOCTelM TOKOB. Mpy 3TOM MOTEPU MOLLHOCTM, ODOYC/IOB/IEHHbIE HECUMMMETPUEN
TOKOB MOIYT XapaKTepu3oBaTbCcA KOIPPUUMEHTOM NOTEPb MOLLHOCTM, PaBHbIM OTHOLLEHWIO
noTepb MOLLHOCTM B HECUMMETPUYHOM pPEXMME, K COOTBETCTBYIOLMM MNOTEPAM MOLLHOCTH,
06yCNOBNEHHbIM  NpOTEKaHMEM TOKOB MpAMOK  nocneposatenbHocTU.  KoadpduumeHTol
HECUMMETPUM HaNpPAXKEHUA U NOTEPU MOLLHOCTM B ObLiem ciydae MOryT NpUHMMATbL Ntobble
YnUCNEeHHble 3HaYeHus, 0ByCcNOBNEHHbIE CTENEHBID HECUMMETPUM HaNPAXKEeHUH. Yem oHKM 6onbLue,

TEM CU/IbHEE OTPpULaTE/IbHOE BO3LI,€I7‘ICTBME HECUMMMETPUN CETU Ha paGOTy INNEKTPOYCTAHOBOK.

26



MpUYMHaAMM BO3HUKHOBEHMA HECUMMETPUUHbIX PEXXNUMOB PaboTbl IN1EKTPUYECKON CUCTEMBI,
NPaKTUYECKN BO BCEX C/IyYasX, ABNASETCA: HEPAaBHOMEPHOCTb pacnpeaesieHns Harpy3oKk no ¢asam
N CHUXEHMe Harpysok TpéxdasHbix notpebutenein (anekTpoasuraTeneit, MolLHbIX TpexdasHbIX
HarpesaTtenen). Ecam 8-10 net Hasap TpéxdasHaa Harpyska cocrtasniana 6onee 2/3 obuuei
Harpy3ku cetn 0,38 KB, To B HacTosllee Bpems eé gona meHee 1/3 [10]. B 3HaunTeIbHOM cTeneHn
3TO CBA3aHO C TeM, 4YTO B nocnegHuWe rodbl B CE/NbCKOXO3ANCTBEHHOM CEKTOpe WHTEeHCUBHee

NCNosb3yoTCA 0AHOGbA3HbIE 3/IEKTPONPUEMHUKM 3HAYUTEIbHON MOLLIHOCTU.

CornacHo TOCT P 54149- 2010 nokasatenamu K3, OTHOCAWMMUCA K HECUMMMETPUM

Haﬂpﬂ)KEHMﬁ B Tpex¢a3HbIX CUcrtemax, ABNAKTCA:

- KO3OODMUMEHT HECMMMETPUM HanpsXKeHuit no obpaTHoW nocnegosaTenbHocTU Kyym

K03pPULMEHT HECUMMETPUN HANPAXKEHWUI NO HYNEBOM NocaeaoBaTenbHOCTU Koy.
[lna yKasaHHbIX NoKasatesei K3 ycTaHOB/EHbI Cneaytouime HOpMbl:
Kosdpdpuuuenm Hecummempuu HANDANCCHULL no 0bpamHou

nocnedogamenviocmu  (kodpduimeHT  oOpaTHOM  MOCIEAOBATEIBHOCTH
HaTPsHKEHUS )

rae Uy, - HEUCTIBYyIOIIEE 3HAYCHHE  HANPSDKCHUSA  O0OpaTHOM

NOCJIEIOBATEILHOCTH OCHOBHOM 4acTOThl TPEX(Pa3HON CHUCTEMbI HaNpsHKEHUH,
B; U, , - HOMHUHaJIbHOE 3HaUE€HUE MEXIy(pa3zHoro HanpsHKeHus, B.

HOM

U2(l) =0,62- l]HE(I) _UHM(I) K

tie U pys Upyy - COOTBETCTBEHHO, HAMOOJIbIEEe W HANMEHBIIEE EHCTBYIOINE 3HAYCHUS

u3 TpEX Mex1y(ha3HbIX HAMPSKEHUH OCHOBHOM YacTOTHI, B.

Kosgpuyuenm necummempuu nanpssicenuti no Hynegou nociedosameibHocmu
(k02 GUIIMEHT HYJIEBOM MOCIEI0BATEILHOCTH HAMPSIKEHNUS):

U U
K,y =100 —2— =100-~/3 . 22

HOMGD. Ul(l)

rae Uy, - AEHCTBYIOLIEE 3HAUYCHUE HANPSIKEHUS HYJIEBOM MOCIEI0BATEILHOCTH

OCHOBHOM 4acToThl, B; U, , - HOMUHaJIbHOE (Da3HOE HampsiKeHue, B.

HOM..¢h.

an) =0,62- l]HE.cp(l) - UHM.(D.(I) o
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i€ UupomsUmioqy~  COOTBETCTBEHHO:  HAWOOJIbIIEE W HAMMEHBIIEE
JEeUCTBYIOIIME 3HAUCHUS 13 TPEX (Da3HBIX HANPSHKEHUN OCHOBHOMW 4acTOTHI, B.
3HadueHuss KOA(DPUIIMEHTOB HECUMMETPUM HANpsDKEHWM 1o  oOpaTHOM
NOCJIENOBAaTENbHOCTH Koyl  HECUMMETPHM — HAlpsDKEHUH [0 HYJIEBOM
nocienoBatenbHocT  KouB  TOUKe TMepefauyd  dAJIEKTPUUYECKON  DHEpruw,
YCpEHEHHbIE B MHTepBasie BpeMeHu 10 MUH, HE IOJKHBI NpeBbIIaTh 2 % B

TeueHue 95 % BpeMeHU MHTepBaja B OJHY HEJIEIIO.

Ilpuuunsl 6vixo0a nokazameneti 3a npeoeibl HOPMCOCTOST BHUCIOIb30BAHUU

Pa3INYHbIX HCCUMMCTPHUYHBIX WUJIH O,Z[HO(l)a?)HI:IX 31_[, TaKHX, KaK:

e JIYI'OBBIC CTAJICTUIABUJIBHBIC IICYH,

e TAT'OBBIC HAI'PY3KHU JKCJIC3HBIX JOPOI HA ICPECMEHHOM TOKC;
e JJICKTPOCBAPOYHBIC aI'PCTaTHhI;

e OCBCTHUTCJIbHBIC YCTAHOBKH,

o oaHo(a3zHasg KOMMYHaJbHO-OBITOBAs Harpy3Ka.

HecummeTpust Tpexda3Hoi CUCTEMBbI HaNpspDKEHUN OOYCIIOBIICHA , KaK YkKe
OBLJIO CKa3aHO, HECUMMETpHEW (a3HbIX TOKOB, KOTOpas OO0yCIaBIMBAET

CJIEAYIOIINE TPU BUJA HECUMMETPUU:
1) cratucTuveckas HECUMMETPHS;
2) BEpOATHOCTHASI HECUMMETPUSI;

o 3)pleMEHTHAs HECUMMETPHUS

Cratuctuyeckass HECUMETPUS TOKOB BbI3BaHA HEPABHOMEPHBIM XapaKTEPOM
pacnipeneneHuss OAHOGA3HBIX HArpy30K JJEKTPONPUEMHHUKOB MO (azam
TpexdazHoi AneKTpruuecKkoil ceTh. BepoaTHOCTHAs HECUMMETpHUs 00yclOBIeHa
CIIyJailHBIM XapaKTEpOM KOMMYTAIMii OAHO(A3HBIX AJIEKTPOIPUEMHUKOB B

Tpexda3zHoil cucTeme, a 3JIEMEHTHAas HECU METPUS XapaKTepU3yeTcs BBIXOJIOM
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U3 CTpos Tpex(a3HbIX CUMMETPUYHBIX JIIEKTPONPUEMHHUKOB, KOTOPBIE MPH

CBOCH paboTe HAYMHAIOT CO3/1aBaTh HEMOTHO(DA3HBIC PEKUMBI PAOOTHI.
1.3. Bwujabl HECHMMETPUYHBIX PEKUMOB

B  cucremax  2leKTpOoCHAOXEHUSI  pa3IMYalOT  KPaTKOBPEMEHHBIE
(aBapuiiHble) U JAJIUTENbHBIE (IKCIUTYyaTAllMOHHBIC) HECUMMETPUUHBIE PEKUMBI.
KpatkoBpeMeHHbIE HECHMMETPUIHBIC PEKUMBI OOBIYHO CBS3aHBI C PA3TAYHBIMH
aBapUHBIMHM TpOILIECCAMHM, KaK HalpuMep HECUMMETPUUYHBIE KOPOTKHUE
3aMbIKaHUs, OOPBIBBI OJIHOTO WJIM JIBYX IPOBOJOB B BO3JYIIHOW JIUHUM C
3aMbIKAaHMEM Ha 3€MJIIO U T.1. J[JIUuTeNbHbIe HECUMMETPUUHBIEC PEKUMBI OOBIYHO
00YCJIOBJICHBI HECUMMETpUEN AIIEMEHTOB AIEKTPUYECKOU ceTu
HenoJHO(GAa3HBIMU OTBETBICHUSIMU (OJIHO-, JIBYX(a3HbIe OTBETBIICHUS) WU
MOJKTIOYEHUEM K CHCTEME JICKTPOCHAOKEHUSI HECUMMETPUYHBIX (OHO-, IBYX-

wiK Tpexdas3HbIX) HArpy3o0K.

HecummeTpuio HanmpspKeHU M TOKOB, OOYCJIOBJICHHYIO HECUMMETpHUE
JJIEMEHTOB  CETH, HAa3bIBAIOT  MNpPOJNOJbHOWU. [IpuMepom  mpomosbHOU
HECUMMETPUU SIBJISIOTCA HEMOJHO(A3HbIE PEXHMBbl BO3IYIIHBIX JUHUK H
HECUMMETpPHUS TapaMeTPoB (pa3 OTIETbHBIX AIEMEHTOB CETH.

HecumMeTtpuio Hanps>KEHUM M TOKOB, BBI3BAHHYIO MOJKIIFOUEHUEM K CETU
MHOTO(a3HBIX U OAHO(A3HBIX HECUMMETPUYHBIX HArpy30K, Ha3bIBAIOT
nonepeyHoil. IlonepedyHas HeCUMMETpUsI BO3HUKAET TAaK)KE€ IIPU HEPABEHCTBE
aKTUBHBIX M PEAKTUBHBIX COIMNPOTHUBICHUM OTAENbHBIX (a3 HEKOTOPBIX
MPUEMHUKOB 3JIEKTPOIHEPIUH.

B nedictBytomux cerax 0,38 kB pacmpenenenue  omHOGa3HBIX
AIEKTPONPUEMHHUKOB 1O (pazaM MpPOU3BOIUTCA KpallHE HEPABHOMEPHO, B CHILY
Yero co3JaeTcs Meperpys3ka OJHUX, U Heaorpyska apyrux ¢as. B pesynbraTe
Yero TOJIydaeTcsi, TaK Has3blBaeMmblii 'mepekoc (a3", wiam HeciydaitHas
HECUMMETPHUS TOKOB.

Ha craguum mnpoexkTUpoBaHUS KaKOro-TMOO  CEIbCKOXO3IHCTBEHHOTO
00BEKTa, a TaKkkKe KOMMYHaJIbHO-OBITOBOIO CEKTOpa IMpU PACCMOTPEHUH
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coco00OB  pacmojiokeHusi cxeMbl pacnpenenurensHot cetu 0,38 kB
HEOOXOJMMO YYMTHIBATh XapaKTep HArpy3Kd M YCTAHOBJICHHYIO MOIIHOCTh
OTJICJBHBIX MOTPEOUTENEH IEKTPOIHEPTUU ISl TOTO, YTOOBI OCYIIECTBUTh MX
paBHOMEpHOE pacmpeneieHne no ¢aszam cetu. Kpome storo, B mporuecce
AKCIUTyaTalliM HU3KOBOJBTHOW JIMHUM 3iekTporniepenaun 0,38 kB ¢ pa3Butuem
CEJIbCKOXO3SIICTBEHHBIX OOBEKTOB M1 KOMMYHAJIbHO-OBITOBOTO CEKTOpa K JIMHUU
JOTOJHUTENBHO MOJKIIYAETCS 0obIIOE KOJIMYECTBO HOBBIX
AJIEKTPOIIPUEMHUKOB, KOTOpBhIE, B CBOIO Ouepedb, TakKe HEOOXOIUMO
NOJKJII0YaTh C YYETOM PAaBHOMEPHOM 3arpy3ku Qas.

MHorosneTHie HaOMIOACHUS B CEJIbCKUX pacnpenenuTenbHbix cerax 0,38
kB  mnokazanmu, 4TO mHpaBWJa CHUMMETPUYHOTO MMOJAKIIOUEHUS OAHO(DA3HBIX
notpebuteneit, HapymawTcs B 90 % caydaeB. Takoe OTHOIIECHHE
HPHEPreTUYECKUX CIykKO NPUBOJUT K TOMY, 4YTO XO3SMCTBA TEPHAT
3HAYUTENIbHbIE YOBITKM OT HHU3KOIO KadecTBa U JIONOJHUTENbHBIX MOTEPh
AIIEKTPOIHEPTUH, 00YCIOBIEHHBIX HECUMMETPUEN TOKOB.

Bmecte ¢ Tem cieayeT OTMETHTh, 4YTO II€pepacHpelielieHUE Harpy30kK
IPOU3BOJAUTH HEOOXOAMMO, TAaK Kak IPOBEICHHBIMU HCCIIEOBAHUSMU
YCTaHOBJIEHO, YTO TMOTEPU DJIEKTPUUECKOW OSHEpruu, O0OYCIIOBICHHbIE
HECITy4yallHON HECUMMETpPHEH TOKOB, MOTYT OBITh CHIKEeHbI Ha 15...20 %
[lepepacnpenenenre Harpy30K 3HAUMTENIbHO YJIYYIIaeT OCHOBHBIE MOKA3aTENH
KauecTBa (OTKJIOHEHHE HampshKeHHs, KOA(h(UIIMEHT HEeCUMMETpUH OOpaTHOM
MOCJIEIOBATEIbHOCTH HANPSHKEHUSI UM KOA(DPUIIMEHT HECMMMETPUU HYJIEBOU
MOCJIEIOBATEILHOCTH HAIIPSIKEHUS ).

Kpome Toro, HepaBHOMEpHOMY XapakTepy pacHpeleieHus OAHO(pa3HbBIX
AJIIEKTPONIPUEMHUKOB 1O  (a3amM DIEKTPUYECKOM CEeTH, Kak MpaBuIo,
COIYTCTBYIOT CIJIy4aiiHble BKJIIOUEHHS M OTKJIIOYEHUS JAHHBIX NOTpeduTesneit
IEKTPUYECKOW HHEPruu. OTH MPEANOCBUIKUA OINPEIENSIIOT BO3HUKHOBEHHE
KpOME HECIy4YalHOM HECHUMMETPUM TOKOB, HECHUMMETPUM CTAaTUYECKOU

(cityyaliHOM) MM BEPOSITHOCTHOM, KOTOpasi JOCTUTaeT 3HAYUTEIbHBIX BEIUYHH.
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Takum o0Opa3oM, HECUMMETPUYHBIA PEXKUM PabOTHI IIEKTPUUYECKON CeTu
0,38 kB siBisieTcst 0OBEKTHBHO CYNIECTBYIOIIMM, TaK Kak Jake MpH Mo¢aszHo
PAaBHOMEPHOM  MOJKIIOUYEHHWHM  HAarpy30K  BO3HUKAECT  BEPOSATHOCTHAs
HECHUMMETPUS TOKOB.

[Ipu BEpOATHOCTHON HECUMMETPUM HArpy3Ka KaKIou (a3l U3MEHSETCS BO
BPEMEHM HE3aBUCUMO OT M3MEHEHMs] Harpy3ok JApyrux ¢as, I[03TOMY
Tpex(da3Hoe peryJupoBaHHE HANpPSIKCHHs, TPUMEHSIEMOE B  CEIIbCKHUX
anekrpuueckux cerax 0,38 kB, HE B cOCTOSHMM O0€CeuyuTh HOPMUPOBAHHOE
HaIpsHKEHUE HA 3aKMMAaxX TOKOIPUEMHHUKOB 0€3 MPUMEHEHUs JOMOJTHUTEIbHbIX
Mep 0 CUMMETPHUPOBAHUIO (Pa3HBIX TOKOB B SJIEKTPUUYECKUX CETAX, TaK KaK OHO
IpeJIoiaraeT paBHOE BO3/€IICTBIE Ha BCe TpU (asbl.

OpnHoda3zHble 3JIEKTPONPUEMHUKH MOYXHO pPa3[eiIuTh MO MOIIHOCTU H
XapakTepy pabOThl Ha psJl TPyHd € MOJAOOHBIMU PEKUMHBIMH MOKAa3aTEISIMU
rpaukoB Harpy3okK u COBIIAIAIOIIUM IIOPSAKOM MOIITHOCTH
ANEKTPONPUEMHHAKOB B KaXXJIOM Ipymie. /[BymMs OCHOBHBIMM M3 3THX TPy
SBIIIETCS.  TPOU3BOJICTBEHHAs OCBETUTENbHAs M  KOMMYHaJIbHO-OBITOBas
HarpysKu, KOTOpbIE  TPEACTaBIAOT  CcOOOM  TJNABHBIH  MCTOYHHUK
HECUMMETPUYHBIX PEKUMOB PabOThI CETBLCKUX pacmpeenuTenbubix ceren 0,38
kB.

HecummMmeTtpuss TOKOB BBI3BIBAET MOSBICHUE TOKA B HYJIEBOM MPOBOJE, a
BMECTE C TEM M HaNpsDKEHUE CMEILEHUsI HEUTpanbHOM TOUKU CHCTEMBI (Pa3HBIX
HampsbkeHuil. B pesynpTaTe A3TOro  HampsbkeHue (a3 Ha  3akKuMax

QJICKTPOIMPHUECMHHUKOB CTAHOBATCA HCOANHAKOBBIMU.

1.4, Bausinue HeCMMMETPHUM TOKOB HA padoTy norpedureJiei
JIEKTPUYECKOI IHEPTUH U IONOJTHUTEIbHbIE TOTEPU MOIIHOCTH

Acunxpounvie snekmpoosucamenu. Haubomplee  pacnpocTpaHeHUE B
Ka4eCTBE TMPHUBOAA B CEIBCKOM XO3SMCTBE MOJYYMIA ACUHXPOHHBIC
anekTpoasuratenu. B UpkyTckoit o6macTi Ha GanmaHce CeTbCKOXO035HCTBEHHBIX

NPEANPUATANA HACUUTHIBAETCS 0K0JIO 180 ThICAY IIT. 3JEKTPOABUTATENEH.
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HecumMmerpuuHble TOKM, BBI3BAHHBIE HECHMMETPUYHOM HArpy3Kow,
BCJICJICTBUE KOHEYHOCTH CONPOTHUBIICHUM JIMHUM JJEKTPONEPENAYH, BBI3BIBAIOT
HECUMMETPUIO  HalpsDKEHUWH. B aCHHXPOHHBIX  3JIEKTPOJBHIaTENSAX
HECUMMETpPUSL  TOKOB M HANpPsXKEHUA  OOYyCNAaBIMBA€T  IOSIBICHHE
JOTIOJIHUTENBHOTO HAarpeBa MW, Kak CJIEACTBUE, JONOJHUTENBHBIX IIOTEPH
MoIHOCTU. KpoMe Toro, 310 NpUBOAMT K IOSBICHHUIO ITPOTUBOACHCTBYIOLIETO
BpAILIAIOIIETO MOMEHTA, KOTOPBIA YMEHBIIAET MOJE3HbIA MOMEHT. Y MCHBIIICHUE
IIOJIE3HOTO MOMEHTAa 3a CYET MPOTUBOACHCTBYIOLIETO II0 OTHOLIEHUIO K
MOMEHTY TMpU CHUMMETPUYHOM Harpy3ke, MOXET ObITb OINpPENeNeHO IO

CJIEIYIOLIEMY BBIPAXKEHUIO:

s ZfU5 s .zf.kz (L.1)
- 2 112 2 U '
2-5S Z5-U; 2-5S Z5

m

rzie S - CKoJbXeHue; Z; 1 Z,- CONPOTUBJICHUS TMpsMOM U  0OpaTHOM

TIOCJIEI0BATENILHOCTEH; K| - K03 PUINEHT HeCUMMETPUH HAIIPSDKEHHUIA.
JInst MTHAYKIMOHHOTO ABHUraTels B HOMMHAJIBHOM pexume Z, ~0167Z,, a

MaKCHMAaJIbHOE CKOJIbKEHUE MPpU MoJIHOW Harpy3ke paBHo 0,05. [ToaTomy

2
005 1 .Uzzkﬁ. 12)
1.95 0.16 U2

Takum 06pa3om, yMEHBIIICHHE BPAIIAIOIIET0 MOMEHTA PABHSIETCS KBaIpaTy
kod(ddurmeHTa HecMMMETpUM HampspDkeHuil. Kpome Toro, Tak Kak Juis
3aTOpMOXeHHoro apuratens S=1, a Z;=Z,, 10 Bblpaxenue (1.2)
CTIpaBEeIMBO U /ISl ITyCKOBOTO PEKUMa.

[TockonbpKy COMPOTHUBIICHHE OOPaTHOM TMOCIEI0BATEIIBHOCTH ACHHXPOHHBIX

NeKTpoABUraTenedn B 5-7  pa3  MEHbUIE  CONPOTHUBIICHUS  IPAMOU
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NOCJIEOBATENBHOCTH, TO NPH HAIWYUU JaXe HEOONBIIOW IO BEIMYMHE
COCTABJISIFOIICH HANpsHKEHWH OOpaTHOM TMOCIIEeNOBATEILHOCTH, BO3HHUKAET TOK
3HAYUTEJIBHON BEJMYMHBI. DTOT TOK OOYCIABIMBAECT JOIOJHUTEIbHBIA HArpeB
poTopa M cTaTopa, B Ppe3yJbTaTe€ 4YEro MPOUCXOAUT CTAPEHUE H3OJSIIUU U
YMEHBUIAETCS pacrojlaracMasi MOLIHOCTh JBHUIATENsA. Y CTaHOBIIEHO, YTO CPOK
CIIy’)kObl ~ TIOJHOCTBIO ~ Harpy’)k€HHOI'O  aCHUHXPOHHOI'O  3JIEKTPOABUIATENs,
paboTarolero nNpu HECUMMETPUU HanpskeHu B 4%, cokpaiiiaercs B Ba pasa.

CymmapHble  100aBOYHBIE  TIOTEPH  MOILIHOCTM B  ACHMHXPOHHBIX
AIEKTPOABUTATENSAX U3-3a HECUMMETPUM HANPSOKEHUWA B ceTH paBHBI 37,3%, oT
CYMMapHbIX MOTEPh B 3THUX MAalIMHAX, €ClIM Obl MOCIEIHUE padoTanu Mpu
CpeIHEH Harpy3Ke 1 HOMMHAJIIBHOM HaIlpsOKEHUU.

[IpoBeneHHbIE UCCAEAOBAHMS MOKA3add, YTO YMEHBIIEHUE BPalIalOUIEro u
IIyCKOBOTO ~ MOMEHTOB  aCHHXPOHHOI'O  JBUraTelld IpPU  HECUMMETPHH
HaNpsDKEHUN paBHO KBajpaTy Ko3(@uiMeHnTa HecuMMeTpUH HanpsbkeHui. [Ipu
TOM, Oosiee 20% aCUMHXPOHHBIX JBUTATENEH BBIXOAST U3 CTPOS B pE3YyJIbTaTEe UX
paboThl B HECUMMETPUYHBIX JJIEKTPUUYECKHX CHCTEMa. YCTAaHOBJEHO, 4YTO
JOIyCTUMOM HECHUMMETpUEN HaIpsKCHU N TS ACHUHXPOHHBIX
JIEKTPOJBUTATENEHN CIIEyeT cuuTarh HecummeTpuro B 2 %. Kak BuaHO w3
BbIpakeHus (1.2), CHIDKEHHE Bpallarollero MOMEHTa MPHU TOM OyleT TaKxke
HE3HAUUTEIbHBIM. J[JI1 COXpaHEeHHs CpOKa CIy>KObl MAIIMHBI IPU HECUMMETPHUHU
oombire 2 % tpedyercs MO0 CHM)KEHHE MOIIMHOCTH Ha Bally JBUTATENs, JTUOO
YBEJIMYEHHE €r0 HOMUHAIBHOU MomHOCTH. [Ipu ko3 dunmrente HecummeTpun
HanpsbkeHus: paBHOM 10% pacrnionaraemasi MOIIHOCTh ACHHXPOHHOTO JIBUTATEIIS
ymensbInaetcst Ha 20-50 %.

[Ipy HecuMMETpUM HANPSHKEHUH CETH B CUHXPOHHLIX MAUWUHAX HAPATY
CBO3HUKHOBEHHUEM JONOJHUTENBHBIX NOTEPh AKTUBHOM MOIIHOCTH U HAarpeBOM
cTatopa HMpOTOpa MOTYT BO3HUKHYTb OHACHble 6ubpayuu B pe3yJbTaTe
NOSIBJICHUSI 3HAKOTIEPEMEHHBIXBPAIIAIOIIMX MOMEHTOB U TaHTE€HIUATbHBIX CHII,

IyJIbCUPYIOLIUX C IBOMHOU YaCTOTOMU CETH.
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Oonoghasnvie nompebumenu. Ilpu COBpeMEHHOM ypOBHE 3JIEKTpUPUKALUN
ObITa, KAa4eCTBO DSJEKTPOIHEPTHM HA BBOJE y TMOTPEOUTENS] 3HAYUTEIHHO
OMpeNeNsieT  KadyecTBO M OKCIUIyaTallMOHHBbIE  IapaMeTpbl  OBITOBBIX
AIEKTPONPUOOPOB, HMX HAJAEKHOCTb U JOJTOBEYHOCTb. HccnenoBanus
MOKa3aJld, YTO YUCJIO OBITOBBIX MOTPEOUTENEH, MOTYyYaIOIUX HEKaYeCTBEHHYIO
AJIEKTPOIHEPTUIO, COCTABJISET B CEIBCKOW MECTHOCTH 00Jiee TMOJIOBUHBI BCEX
a00HEeHTOB. B COBpeMEHHOM CEJIbCKOM XO3SIUCTBE, Kak B ObITY, TaK U B
MPOU3BOJICTBE, HMMEETCS JOBOJBHO MHOTO OJHO(A3HbIX MOTpeOUTeNnen
AIEKTPOIHEPTUH, PEXHUM PabOThl KOTOPHIX CHIIBHO 3aBUCUT OT CTaOMIBHOCTHU
BEJIMYUHBI HAITPSKEHUS.

[ToTpebutenu 37A€KTPUUYECKON SHEPruu, MOAKIIOUEHHBIE Ha pa3Hble (a3bl
HECUMMETPUYHOU CHUCTEMBI, MOTYT OKa3aTbCsl, TMOO MOJ MOBBILIEHHBIM, JTUOO
0]l TOHWKEHHBIM HAINpsSDKEHHEM, IpUYeM 00a YCIOBUS HEXKEJIaTeIbHBbI.
Oco0EHHO ATO OTHOCHUTCS K JJeMEHTaM C HEJIMHEHHOW BOJbTaMIIEPHOM
XapaKTEPUCTUKON. BbI3BaHHbIE HECMMMETPHUEl TOKOB OTKIOHEHHS (ha3HBIX
HaNpsOKEHUH OT HOMMHAJBHBIX 3HAUEHUH, OTPULATENIbHO BIUSIOT Ha paboTy
TaKUX MOTpeOuTENEH.

Jlamnpl HakaauMBaHWA TAKXKE 3HAYNUTEIBHO PEArMPYIOT HA HW3MEHEHUE
HanpspkeHus. Ecnu a3Hpie HanpsyKeHUs: HEOIMHAKOBBI, TO T€ JIAMITbI, KOTOPbIE
NOJAKJIIOYEHBI K (pa3e ¢ 0ojiee BHICOKMM HANpPsHKEHHEM, UMEIOT MEHBIIMA CPOK
CIy)KObI, HO 0OoJiee BBICOKHM CBETOBOM IIOTOK, B OTJIMYHE OT JIaMII,
NOJKIIOYEHHBIX K (haze C MEHbBIIMM HamnpsbKeHHeM. Pe3ynbTaTbhl OIBITOB
MOKa3aJld, 4YTO MPU YBEJIMYECHUM HamnpsikeHUust Ha 5% CBETOBOM MOTOK Jamm
yBenmauBaeTcst Ha 20%, a cpok Ci1y»Obl yMeHbIaeTcs B 2 pasa. [Ipu cHmkeHnn
HanpspkeHus: Ha 5% CBETOBOM MOTOK yMmeHbinaercs Ha 18%, a cpok ciy>KObl
yBenumauBaeTcs B 2,4 pasza. [Ipu moseimennn Hanpsokenust Ha 10% cpok cirysk0b1
JIOMUHECLHEHTHBIX JlaMm cokpamaercss Ha 20-30%, a T1pu  CHHXKEHUH
HanpspkeHust (mopsiaka 25-30%) 3axuranuve ra3opaspsAHbIX JaMIl BOOOIIE

HEBO3MOXkHO. (Cremyer Takke OTMETUTb, 4YTO TIPU HEPABHOMEPHOM
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pacnpeneneHuu Jiamn 1o ¢a3zam CeTH, CaMH JIaMITbl MOTYT OBITh MPUYUHOM
MOSIBJIEHUS] HECHMMETPUU TOKOB U HANPSIKEHUM.

Hecummerpus B Tpexda3HOM YETHIPEXIPOBOJHOM CHCTEME  TaKkKe
OTPHUIIATEIBHO BJIMSIET Ha pabOTy PEJICHHOW 3allWThI, CHIKAET YCTOWYHMBOCTH
ANEKTPUUECKUX CHCTEM, CHCTEM aBTOMAaTHKH, BEIET K OIIMOKaM MpU ydeTe
AIEKTPOIHEPTHUH U T.I.

Jlunuu snexmponepedauu u mpaucgopmamopwvl. HecummeTpusi TOKOB B
JUHUSAX DJIEKTPOIepeaun, paclpeleNuTeNbHbIX CETAX W TpaHchopmaTopax
YMEHBIIIAET MPOMYCKHYIO CIIOCOOHOCTh Tpex(da3Hoi cucteMbl. HecummeTpuyHo
pacrnoyioKeHHasi Harpy3ka NOPHBOJUT K TOMY, 4TO OoAHa H3 (a3 paboTaeT c
neperpy3kou, Ttoraa Kak japyrue Gasel  Hemorpyxkenol. [lpu mepenaue
AJIEKTPOIHEPTHUU IO CETAM HHM3KOTO HAIPSKEHUS MOTEPS MOUIHOCTH, B CIIydae
HECUMMETPUYHOTO PACTIPEICIICHHS TOKOB 10 (ha3am, MOKET ObITh B TPU-YETHIPE

pa3a 6OJII)I]IC, 4cM IIpH CHMMCTPHYHOM PCKHMC. HeﬁCTBHTGHBHO, B

CUMMETPUYHOM PEKHUME MOTEPU SHEPTHH COCTaBISIOT 3l 2F, e I - akTUBHOE
corpotuBiieHue (a3pl TuHUM. Eciau xe B onHON U3 (a3 TOK yBEIUYHUTh, a B

JPYro yMEHbIUTH Ha BenuuuHy Al , To moTepu yBenuvarcs:

12 +(1+A41)2r+(1 = A1)?r =31%r =241 %r. (1.3)

SIBnenue HecuMMmeTpud B TpaHchopmaTopax — BBI3BIBAIOTCS,  Kak
HECUMMETPHUEN TOJABEACHHBIX HANPSIKECHUM, TaK U HECUMMETPUENW HArpy30K.
[Ipy HECHUMMETPUH HANPSHKEHUS MO ""TIOJIC3HOM" MOIITHOCTRIO TpaHCchopMaTopa
ITOHUMAETCSI MOIIHOCTh, COOTBETCTBYIOIIAS TOKY IPSMOM MOCIIEI0BATEIBHOCTH.
MOIIHOCTh, COOTBETCTBYIOIIAS TOKY IIPSIMOU IIOCJIENOBATEIBHOCTH IIPHU
Harpys3ke, Korja B OJHOW M3 OOMOTOK IMOJHBIA TOK JOCTHUTaeT HOMHHAIBHOTO
3HAYCHUS, IPUHATO HA3BIBATh PACIIOIaraéMoi MOIIHOCThIO TpaHchopMaTopa.

IIpu HecumMmeTpuu TOKOB B TpaHchopMaropax, 00JaJarolmux OOJbIINM

CONPOTHUBJICHUEM HYJIEBOM IMOCIEAOBATEIbHOCTA (HampuMmep, B ciyyae
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COeIMHEHUs] OOMOTOK IO CXeM€ 3Be3/la — 3Be3/1a — HyJIb), 100aBOYHbIE MOTEPU
OT MarHWTHBIX MMOTOKOB HYJIEBOM MOCIIEA0BATEILHOCTH MOTYT JHOCTHraTh 25-35
% TMOTeph XOJOCTOTO XOAa, MOTEPU HAIPSLKEHUS MPU 3TOM cocTaBisaoT 15-20
%, BMecTO 4 % Npy CUMMETPUYHOM PEXKHUME.

Co3naBaeMble TOKaMH HYJIEBOM IMOCIIEA0BATEILHOCTH MAarHUTHBIE MOTOKH,
3aMBIKAIOTCsl 4yepe3 0ak, HO, KPBIIIKY W JApyrue (eppoMarHUTHBIE YacTu
TpaHcopMaTopa U paszorpeBaroT HX. Pa3orpeB yxyamaer oxJaxIeHHE
aKTUBHOM 4YacTH TpaHc(OpMaToOpa, YTO BBI3BIBACT HArpeB HM3OJSIMU OOMOTOK
CBEpPX HOPMBI, U TpaHCPOpMATOp MPHU 3arpy3ke HUKE HOMHUHAIBHOW MOXKET
OKa3aThCsl TEPErPYKCHHBIM, MPUYEM YACTO 10 BBIXoAa H3 cTpos. JlaHHOoe
OOCTOATENBCTBO  BBIHYKJAET IOBBIIIATh YCTAHOBJIEHHYIO HOMHUHAIbHYIO
MOIIIHOCTh TpaHcpopMaTopoB Ha 1...2 cTyneHu OoJiblie HEOOXOAUMOH. DTO
JaeT HE3HAYUTEIbHBINA 3(PPEKT, HO CYIIECTBEHHO CHUKAET MOTEPHU HANPSKEHUS
U DJEKTposHepruu B ceTu. CylecTBEHHbIM IPU3HAKOM IPU HECHUMMETPHUH
Harpy3KH SBISIETCS MOBBIIMICHHBIN IITyM y TpaHC(HOPMATOPOB.

JlononHuTENbHBIE  MOTEPU  MOIIHOCTH B  CETH, OOYCJIOBJICHHBIE
HECUMMETpHUEH TOKOB, XapaKTepPU3yITCs KOd(PPHUIIMEHTOM yBEIHMYEHHUS OTEPh

MOIITHOCTH K .

Kp=dPy /AP =1+ K23 +KZ &/, (1.4)

rae: APy - moTepu MOIIHOCTH B CETH IPYU HECUMMETPUYHOM pEXUME.
AP; - TOTepH MOIIHOCTU B CETH, OOYCIIOBJIEHHBIE NPOTEKAHUEM TOKOB

HpﬂbﬂﬁiHOCHCﬂOBaTeHBHOCTH.

Ky, = KOO PUIIMEHT  HECUMMETPUU TOKOB  OOpaTHOM

IIOCJICEA0BAaTCIIBbHOCTH.

Ko - KO3hOUIMEHT HECUMMETPUN TOKOB HYJIEBOW IOCIIEI0BATEIbHOCTH.
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lp, L — COIPOTUBIECHMS, COOTBETCTBECHHO, HYJIEBOM M IPIAMOU

HOCJIENOBATEJILHOCTEN.

B wactHOM citydae, 11 Tpexda3Hoi YeThIPEXIPOBOAHON TUHUY :

Kp=1+KZ + K¢ €+3ry /1y (1.5)

rac: rN, r(p — AKTHBHBIC COIIPOTHUBJICHUSA HYJICBOI'O H (1)33HOF0 ITPOBOJOB

JIMHUH.

Takum o00pa3oM, YMEHBIIUTh MNOTEPU BJIEKTPOIHEPIHUU (MOIIHOCTH) B
JIMHUM JJIEKTPOIIEPEIaud MOKHO, YMEHbBIIAs BEJIUYMHY ITPOTEKAIOIIETO 110 HUM
TOKa, 100 YMEHbIIIasi COMPOTUBIICHUS 3TUX JIMHUM.

Uro KacaeTcs HECMMMETPUU HANPSIKEHWM, TO OHA HE OKa3bIBacT
CYUICCTBEHHOTO  BIUSHUSI Ha  paboTy  TpaHchOpMAaTOpoB UM JIMHHIMA
ANEKTPONEpEaAYN.

Konoencamopnwvie ycmanogxu. TlonkintoueHue CUMMETPUYHOM MO €MKOCTH
Tpexda3zHoil  KOHJIGHCATOpHOW  Oarapen K  DIEKTPUYECKONM CeTU C
HECUMMETPUYHBIM  HAIpsDKEHHMEM  MOXET  BbI3BaTh  €lI€  OOJIBIIYIO
HeCUMMeETpHUI0. KpoMe 3Toro, rpyu HECUMMETPUHU HAIIPSKEHUN KOHIAECHCATOPHBIE
YCTAHOBKM HEPABHOMEPHO 3arpykaroTcsi PEaKTUBHOW MOIIHOCTHIO MO (hazawm,
UX 00Ias peakTHUBHAsE MOIIHOCTh M3MEHSAETCS. MOITHOCTh MOTEPh MPU ITOM
TAKXKE€ pacupeacisieTcsi HEpaBHOMEPHO.

[IpoBeneHHbIN aHAINU3 PEKUMOB PabOTHI KOHJEHCATOPHBIX YCTAHOBOK MPH
HECUMMETPUU HAINpSHKEHUN T0Ka3ald, 4YTO HOpMajbHas »JSKCIUTyaTalus HX
BO3MOYKHA TP YCJIOBUH, €CJIA MOITHOCTh MOTEPh B KAKIOM (haze HE MPEBHINIACT

HOMHUHAJIBbHON BeJMYMHBLI. Pacrnonaraemas MOIIHOCTb YCTAaHOBKH Qpacn

YMCHbBIIACTCA IO CPABHCHUIO C HOMMHAJIbHOM MOIIDHOCTBIO QH " OIIpCaACACTCA

o gopmyiie:

37



. 2
Qpaen =Q, €+ K UU— , (L.6)

max

rne U, - HanpsbkeHue HauboJiee 3arpy>KeHHON (pa3bl yCTaHOBKUY;
Ky - K03)ULUEHT HECUMMETPUH HANPSKEHNUS;

U - pabouee HanpsHKEHUE KOHACHCATOPHOM OaTapeu;

Pacnoslaraemast MOIIHOCTH ATO BEPXHHUM IPEAEN PEAKTUBHOM MOIIHOCTH
Tpex@a3HOl KOHJIEHCAaTOPHOW YCTAHOBKH, KOTOpas MOXKET OBITh I0JE3HO
UCIOJIb30BaHA IPU HECUMMETPUYHOM HAIpsDKEHHH O€3 CHUXKEHHMsSI CpoKa
CIIy>KOBbI KOHJIEHCATOPOB HanboJiee 3arpyKeHHOMN (hasbl.

Mmnoeogazuvie gvinpsamumenu. HecummeTpus Hanpss>KeHUW OKa3bIBaeT
OTPHUIIATENILHOE BIUSHUE HAa PEKUM pPAaOOTHI MHOTIO(A3HBIX BBIIPSIMHUTENCH.
Ecnu npy cHMMETpUYHOM HANpPSKEHUU TOKU (HallpuMep, B MOCTOBOW CXEME)
OJIMHAKOBBl ~ BO  BCEX  BBIIPSIMUTEISIX M MMEIOT  OJIMHAKOBYIO
POJOJKATEILHOCTh IPOTEKAHUS, TO MPU HECUMMETPUYHOM HANPsHKEHUH OHU
MOTYT 3HAaYUTEIbHO OTJIMYAThCA. B  pe3ynbrare [QomycTHMas MOIIHOCTb
BBITIPSIMUTENSI CHIDKAETCA, TaK KaK 4YacTh BBIIPSIMHUTENCH OKa3bIBACTCS
HEJIOTPYKEHHOM.

HecummeTpus HanpspbkeHUN cHUXaeT Takxke 3¢ (PeKTUBHOCTH paboThI 3, 6,
12-azHpIx U Opyrux cucreMm BoIMpsMieHus. [Ipu HecuMMeTpuu HampsHKeHUN
NOSIBJISIFOTCSI TAPMOHUKHU (ITyJIbCAllMM) JBOMHOM YacTOTHl BBINPSAMIIEHHOTO C
NOMOIIBI0 TaKUX CXE€M TOKa, AaMIUIMTyJa KOTOPBIX MPONOPLUOHAIBHA
KO3 PUIIMEHTY HECUMMETPUM HANPSLDKEHUM. DT TapMOHUKHU, PE3OHUPYIOT B HE
PACCUMTAHHBIX HAa WX TOSBJICHHE CIVIAKUBAIONIMX (QUIbTpax, MEpPEerpyKaroT
KOHJIEHCATOpbl M BBIBOAAT MX M3 cTpos. Hamumume »THX mynbscanui B
HaIpsHKEHUW TATOBOM CETU Jaxe NpH pabdoTe CriaXxuBarolux (UIBTPOB
OTPHIIATEIFHO BIUSAET Ha pabOTy CBA3H.

Cnenyer OTMETHTh, YTO 3HAYUTENbHbIE TOKH HYJIEBOM MOCIIEN0BATEIBHOCTH,

MPOTEKAIOIIUE YEPE3HYJIEBOM MPOBOJHUK HEJOCTATOYHOTO CEYEHUs, MOTYT
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BBI3BATh €20 CUlbHbIL Hazpes.3aUKCUPOBAH Ps CIydyaeB BO3HUKHOBEHUS
MOKapoB B 3JJaHUSIX M3-3a MEPErpeBa HYJEBBIXIIPOBOJHUKOB, CEUCHUE KOTOPHIX
coctaBisuio 25 win 50 % dazHoro nposoja.

[IpUnocTOSSHHOM MPOTEKAHUM TOKOB HYJIEBOM TOCIIEIOBATEIBHOCTH Yepe3
3a3eMaumenunioceIHIE BHICYIIMBAIOTCS, @ UX COMPOTUBICHUE YBEIUUMBACTCA.
DTO OTPUIIATENILHOBO3JIEUCTBYET Ha pabOTy cucmem penetiHolt 3aujumol U
HCENe3HOO0PONCHOU  OJIOKUPOBKU, UYTOMOXKET TPUBECTH K OUEHB TKEIBIM
MOCJIE/ICTBUSIM.

Takum oOpa3oM, TPOBEACHHBIN aHANIW3 BIUSHUS HECUMMETPUU TOKOB
Harpy3ku Ha paboTy pa3IMYHBIX JICKTPONPUEMHHUKOB IMOKa3aJl HEOOXOIUMOCTh
MIPOBEICHUS] MEPOIIPUSTUI M0 CUMMETPUPOBAHUIO PEKUMOB paboThl cetu 0,38
kB. Pa3paboTka 3TMX MeponpusTHii, 0e3yCI0BHO, NOJKHA 0a3MpoBaThbCA Ha
[IpEeIBAPUTEILHOM aHAIN3E CTENIEHM HECUMMETPUYHOCTH pexuMa paboThl ATOM

CCTH.

1.5. Pe:xxumbl padoThl JIEKTPHYECKHUX ceTel

OnbIT NpoBeAeHUA SHepreTudeckmx obcnesoBaHNA B SNEKTPOIHEPreTUHECKUX CUCTEMAX U
CUCTEMAX INEKTPOCHAOKEHNA NOKA3bIBAET, YTO CYMMapPHble NOTEPU 3NEKTPOSHEPTUN B HUX
coctasnaoT go 20 % n 6onee. Mpuyem ocHoBHble NoTepu (80-90 %) cocpefoToUEHbI B

pacnpeaenntenbHbix cetax 6-10/0,4 KB.

Kak npaBusio, HanbobLuyto YacTb noTtepb (50-70 %) cocTaBAAOT Tak Ha3biBaeMble

KomMmmepyeckmne notepu.

CocraBndAwoLwaa TeXHONOrNMYEeCKMX NnoTePb 3NIEKTPO3HEPTINUN Ha €e TPaHCNOoPT, T.€e.
TEXHUYECKNE NOTEPU INEKTPOIHEPTUN B TIMHUAX U CUNTOBbIX Tpchd)opmaTopax, 06bIYHO MeHblLIe

Be/INYNHbI KOMMEPYECKNX NOTEPDL, HO BCE PAaBHO BeCbMa CyLEeCTBEHHA.

BakHoMl COCTaBﬂﬂIOLIJ,EVI TEXHO/NIOTUYECKUX MOTEPDL I/IEKTPOIHEPTUN B CETU ABNAKOTCA NOTEPU
CBA3aHHble C HeYA0BETBOPUTE/IbHbIM KauyeCTBOM INEeKTPO3aHepruun. Ee BennynHa moxet
AOCTUTaTb HECKOJIbKMUX MPOLLEHTOB. Hanbonbluee BAnsHME Ha Be/INYNHY NOTEPDL OKa3blBAKOT
cneayrouime noKkasaTte M Ka4yecTtBa 3/IEKTPOIHEPTUN — OTK/IOHEHNA HaANPAXKEHUA, HECUMMETPUA

HanpAaxeHunAa, HeCMHYCOMAa/Z1IbHOCTb HanpAXeHuA.
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Cenbckue IEKTPUUECKUE CETM  XapaKTEepHU3yHTCS 00JbIION
IPOTSKEHHOCTHIO M HEBBICOKOM TUIOTHOCTBIO HAarpy30K, CTPOSTCS B OCHOBHOM B
BUJIC paTUaIbHBIX C MUHUMAJIBHBIM KOJUYECTBOM KOJBIYIOUIUX MEPEMBbIUEK,
YTO HE J1aeT BO3MOXXHOCTHU CO3/JaTh ONTHUMAJIbHOE MOTOKOPACHpPENENICHUE U
BBI3BIBAET JOMOJIHUTENIbHBIC TOTEPU HAMIPSHKEHUS] M MOIIIHOCTH.

HcTtoyHrKaMu  3JEKTPOCHAOXKEHMSI  CEIbCKOTO  XO3SiCTBA  SIBJISIOTCS
onopuele nmoactanuuu 220/35/10 u 110/35/10 kB.

[IpoBeieHHBIMU UCCIIEIOBAHUSMH YCTAHOBIIEHO, YTO ToJibKO 20,5 % ceteit
HanpspkeHneM 0,38 kB HaxondTcs B y1OBIETBOPUTEIBLHOM COCTOSIHUM, 18,73 %
CEeTeM HYXIAITCA B MPOBEICHUE KalHWTaIbHOrO pemoHTa, 44,84 % cerei
IOJIJIEXKAT PEKOHCTPYKLIUH.

Hns snextpuueckux ceteil MpkyTckoil 00jacTy MOBBIIEHUE KadyecTBa
AIIEKTPUYECKOW DHEPIMH M CHU)KEHHE IOTEPb MOIIHOCTH, OOYCIOBICHHBIX
HECUMMETpHUEN TOKOB, OCTAETCsl OJJHOM U3 CaMBIX HE PEIIaeMbIX ITPOOIIEM.

[IpoBeneHHBIA CTAaTUCTUYECKUN aHaIu3 Ko3((PUIMEHTOB OOpaTHOM U
HYJIEBOM TmociefoBareabHoCcTel U KO3 dulimeHTa noTepb MOIIHOCTH MOKa3all,
YTO CpeAHee 3HAUYeHHE MAaTeMaTHYeCKOro OXuAaHus a1 KoddduimeHTa
oOpaTHOM TMOCIEAOBATEILHOCTH HampsbkeHus cocrabmsier 4,48 %, s
ko3 duimeHTa HyJIeBOUW IOCIIENOBATEIBPHOCTH HanpsokeHuit — 7,22 % . Ilpwm
TOM CpPEIHEE KBaJIpaTUUYECKOE OTKJIOHEHHE ATHX KOA(P(UIIMEHTOB COCTABIISET
2,018 % wu 3,06 %. DOxcnepuMeHTalbHBIE JIaHHBIE TOKA3bIBAIOT, YTO
BEpPOSITHOCTh MOMaJaHus Kod3(pduureHTa oOpaTHOM MOCIEN0BATEIbHOCTH
HalpspKeHUsT B HOPMHUPYEMBIM MHTEpBaI cocraBisieT 26 %, a mid
KO3 uIMeHTa HyJEBOH IOCIEI0BAaTeIbHOCTY OHAa OJIM3Ka K HYJIEBOMY
3HAYEHHI0. JTO 0O0YCJIOBIIEHO, BO-TIEPBBIX, HEPABHOMEPHBIM paCIpeAeICHUEM
onHo(a3HOW HArpy3ku 1o (azaM MUTAIONIEH CETH M, BO-BTOPBIX, CIyYailHBIM
XapaKTEPOM BKJIIOYCHUH M OTKIIFOUCHHUI OHO(A3HBIX MOTpeOUTENEH.

IIpu stom B cpennem B 80 % BpeMeHHM CYTOK KOA(DPHUIIMEHT 0OpaTHOMN
NIOCJIEOBATENBHOCTH HANPSDKEHHSI BBIXOJUT 3a YCTAaHOBJICHHBIE IPEIENbI, a

K03 PUIIMEHT HyIeBOI MocaeA0BaTeIbHOCTH — B 87 % BpEeMEHU CYTOK.
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Bmecte ¢ 3TuM, 3HaYeHHE MAaTEMaTHYECKOTO OXHUIAHUS KOdPPUIMEHTA
YBEJIMYEHHS MIOTEPh MOIIHOCTH COCTaBIsIeT 1,56, a ero cpeaHeKBaIpaTHIECKOE
oTkiioHeHue mnpesbimaer 40 %. Takum o0pa3oMm, cpenHee 3HAUEHUE
kodpdumeHTa MOTeph  MOIIHOCTH  JOCTUTAaeT B  PAacCMaTPUBAEMBIX
ANeKTpuuYeckux cerax moutu 1,8 (B otaenbHbIX ceTsax 0,38 kB on mpesimiaer
3).

YMEHBIINTh HECHUMMETPHUIO HANPSYKEHU U TOKOB MOYKHO pacIlpeaesIeHHEM
oaHO(a3HBIX HAarpy3ok Ha Bce (ha3pl nuraromeid cetd. OJHAKo dYalle BCEro
TpeOdyeMoe CUMMETPUPOBAHUE MOKET OBITh OCYIIECTBICHO TOJIBKO C MOMOIIBIO
CHEIUANIbHBIX CUMMETPUPYIOIIUX YCTPOMCTB, M3 KOTOpPbIX HauOoiiee
3(p(EKTUBHBIMU  SBISAIOTCS CTaTMUECKHUE YCTPOMCTBA C MCHOJIb30BAaHUEM
apoccenedl U Oartapeid KOoHAEHcaTOpoB. IIpuMeHeHHEe CUMMETPHUPYIOLIUX
YCTPOMCTB UMEET J1BA ACIIEKTA: TEXHUYECKUN U SKOHOMUYECKUN.

TexHnyeckuii — HEOOXOAUMOCTh CHMMETPUPOBAHUS HECUMMETPUYHOU
paboThI CETH JJIA TOCTHXKEHUS 3HAUECHUI MOKa3aTelel KauecTBa IIEKTPUIECKOM
DHEPIUU YCTAHOBJICHHBIM HOPMAaM.

DKOHOMUYECKHM — 11€1€c000pa3HOCTh MPUMEHEHUS CUMMETPUPYIOLIUX
ycTpoiicTB. OHa MOKET OBbITh BBISIBJICHA IPU CPAaBHEHUU CTOMMOCTH 3aTpaT JIsl
JBYX BapHaHTOB pabOThl 3JEKTPUUECKOM CETH: € CHUMMETPUPYIOLIUM
YCTPOMCTBOM U O€3 HEro.

HeoOxoaumMO OTMETUTh, UYTO CHHM)KAaThb HECUMMETPHUIO HaIpsLKEHUS
LeJIecCO00pa3HO JlaXke TOr[a, KOrjJa OHa HAXOAMUTCS B JOMYCTUMBIX Ipejaesnax,
TaK Kak B O3TOM cCJlydae 3HAYUTEIBHO YIYYIIAETCS PEXUM pPabOThI

pacnpeaenuTeabHbix ceteit 0,38 kB u anexkTpoaBuraTesiei.

YACThD 1II. CIIOCOBbBI W TEXHMYECKHE CPEIACTBA
MUHUMMU3AIIUA HECUMMETPUYHBIX PEXHWUMOB PABOTbI
PACITPEAEJUTEJBHBIX JIEKTPUYECKUX CETEAU

Meponpusatus M0 CHIKCHHI0O HECUMMETPHH HANpsHKCHUH CBOASTCS B
OCHOBHOM K TOMY, 4TOObI KOA()(PHUIMEHTHI HECUMMETPUH 10 OOpaTHON u

HYJICBOI>'I MMOCICA0BATCIbHOCTAM HC IIPEBLIIIAIN AOITYCTUMBIX IIPEACIIOB.
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B nacrosimiee BpeMst CyliecTByeT JOBOJIBHO MHOTO Pa3IMYHBIX CIIOCOOOB U
TEXHUYECKUX CPEJICTB, CHWKAIOIMIMX HECHMMMETPHUIO TOKOB B Tpex(asHbIX
YEeTHIPEXTMPOBOAHBIX CETSX.

Heo0xoa1umMo OTMETHTD, YTO HE BCAKOE CHUKEHHE MOTEPb, 00YCIOBICHHBIX
HECUMMETpPHUEH TOKOB, TOBBIIIAET 3KOHOMHUYHOCTh Pa0OThI SHEPrOCHUCTEMBI B
neiaoMm. V3BeCTHO, YTO CHM3UTh MOTEPH MOXHO H  IKOHOMHYECKH
HEIeJIeCO00pa3HbIMU  criocobamu. BmecTte ¢ TeMm, He KaXIoe IOBBIIIICHUE
HYKOHOMHUYHOCTH PAOOThI SHEPTOCUCTEM COMPOBOXKIAECTCA CHUKEHUEM MOTEPh B
CeTsIX.

PaccMoTpuM crmocoObl M TEXHUYECKUE CPEICTBA CHIDKEHUS HECHMMETPUU
TOKOB, TIO3BOJISIOIIME MUHUMHU3UPOBATh JAOMOJHUTENIbHbBIE TOTEPU MOIIHOCTH U
ITOBBICUTH Ka4ECTBO AIEKTpuyecKon sHepruu B cetu 0,38 kB.

B cootBerctBun c BblpaxkeHueM (1.5) Bce cmocoObl M TEXHUYECKHE
CpEICTBa, IIpeIHAa3HAYEHHbIE [UJII YMEHBIICHUA KOIPPUIMEHTa TOTEPh
MOITHOCTH K p MOTYT OBbITh pa3AeieHbl Ha TPYTIIb:

1 rpymma: TC, mnpeaHa3Hau€HHblE Ui YMEHBLIEHUS CONPOTHBICHUS
HYJIEBOM MoCIe0BaTENbHOCTH Ry ;

2-s1: TC, ymenpmaromue Kod(pPHUIMEHT HyJIEBOH MOCIIEeI0BATEIbHOCTH
TOKOB Ky ;

3-s: TC, camxkaroniue ko3P huiimeHT oOpaTHOM MOCIET0BATEILHOCTH TOKOB
Ky

4-1: KomOunupoBanusie TC, mnpenHa3HayeHHbIE s CHIDKEHUS

k03 punuenToB Ky u Ky, .

2.1. Cnioco0bl CHUKEHHSI HECHMMETPUHU TOKOB M HATIPSKEHU I

Ilpumenenue 3amkuymevix u noaysamkuymoix cxem cemu 0,38
kB.CHWKeHNEe HEeCUMMETPUU TOKOB 3a CUeT JONOJHUTENIbHOro Hddekra
BBIPAaBHUBAHUS HArpy30K (ha3 MOXKeT ObITh MostydeH mpu nepeBoe cetu 0,38 kB

B PEXHUM IMOJY3aMKHYTOM HJIM 3aMKHYTOM ceTu. B mepBoM ciyuae 3aMbIKaeTcs
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CeThb, MUTAIOLIASICS OT OJHOTO PACHpPENEIUTEIBLHOr0 TpaHcpopMaropa, BO
BTOPOM - OT HECKOJBKHX paclpeAeNuTeNbHbIX TpaHchopmaropoB. Hambomnee
OJarONpHUSTHBIM B OTHOILIEHUM BBIPABHUBAHMS HArpy3ok o ¢aszam sBISETCS
3aMbIKaHUE JIMHUW, MPUCOEAUHSAEMBIX K OJHOMY paclpeAeIUTEIbHOMY
TpaHcopmaropy. Hampsokenne Ha kinemMmax TpaHchopMaropa IHpH ITOM
OJMHAaKOBO IO BEIMYMHE U MO ¢ase g Bcex auHMM. [Ipm 3TOM TOUKHM
TOKOpa3Jiela yCTaHABIMBAIOTCS MEXAY TOUYKAMHU MUTAHMS IS Kaxaou u3 das
JUHUM. DTU Harpy3ku OyayT TeM Oojiee BbIpaBHUBAThCS, YeM OoOJjblle OyaeT
YHUCJIO 3aMBIKAEMbIX JIMHUI CETH HU3IIETO HANPSKEHHUS.

BolpaBHuBaHWe Harpy3ku (a3 B 3aMbIKA€MbIX JIMHUSAX  CHUXKAET
HECUMMETPHUIO HaNpssKeHUH BAoib JUMHUNA. [lOCKOJIBKY B KaXObIX U3
3aMBIKAEMBbIX JIMHUN BETUYMHBI U (Pa3bl CAMMETPUYHBIX COCTABIIAIOIINX TOKOB
U HanpsOKCHWH SIBIAIOTCS CIOy4yallHBIMU BEJIMYMHAMHU, TO MaTeMaTHUYeCKOe
OKUJaHUE HaNpsDKEHUs oOpaTHOW (HyJeBO) MOCIEA0BAaTEIbHOCTH COCTABISAET
33 % OT MaKCHMaJILHOTO B 3aMKHYTBIX JIMHUSX.

3aMbIKaHuE CeTH OJIaroNpHUsATHO CKa3bIBAETCS Ha BbIPABHUBAHUM Harpy30K
da3 u nepepacnpeeeHu CUMMETPUYHBIX HAarpy30K MEXIy y4acTKaMHu CETH.
Takum oOpa3oMm, HpH 3aMbIKAHMM CETH YMEHBUIAIOTCS TMOTEPH 3a CYeT
pasrpy3KH HyJEBOro U (a3HbIX MPOBOJOB, MOBBIIIAETCS KAUECTBO HAIPSHKEHUS.
OpHako B 3TOM cllydae HEOOXOJUMO YYHUTHIBaTh, YTO B 3aMKHYTOH CETH,
coaepkamie B cebe HECKOJIbKO paclpeleIuTeNbHbIX TpaHC(POpMaTOpOB,
HEen30eKHO OyIyT MNpOTEKaThb YPAaBHUTEIbHBIE TOKH, CO3JAIOIIME B CBOIO
ouepesib, AOMOJHUTENIbHBIE TMOTEPU MOIIHOCTU M 3JIEKTPUYECKON SHEPruu.
[ToaTomy skoHOMMUecKass 3(PPEKTUBHOCTh JAHHOTO CIIOCOOA YMEHBIIAETCS C

YBCIIMYCHUEM YHCJId 3aMBIKACMbIX MaFI/ICTpaﬂeﬁ.

Yeenuuenue ceuenusn ¢aznoco wu mnyneeoco npoeoooeé naunuu 0,38

KkB.VccnenoBaHusiMi yCTaHOBJIEHO, YTO YMEHbIIEHHE R, ceTu mpuUBOAUT K
YBEJIIMYEHHUIO B HEH TOKOB HYJIEBOM M OOpAaTHOM MOCJIEN0BATENbHOCTEN, TO €CTh

NpUBOJIUT K yBenuueHuto kodpouuuenros Ky u Ky, . Ilostomy ysennuenue
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CeueHus HyJIeBOro nposoja 6osee 0,75 ceuenus (pa3HOro NpoBOIa HE PUBOIUT
K 3aMETHOMY CHIKEHUIO JIONOJHUTEIBHBIX MOTEPh MOIIHOCTH B CEJIbCKUX
pacnpenenuTeabHbix ceTsax. KpoMe Toro, u3BecTHO, UTO ceueHue (a3HbIX U
HYJIEBOTO IPOBOJIOB BHIOMPAIOTCS MO 3KOHOMHUYECKHM Harpy3kam, KOTOpPbIE
COOTBETCTBYIOT MHHUMYMY MNpHBEAEHHBIX 3aTpaT. [lepexon Ha ciexyromui
HOMHUHAJI CEYEHUs NMpPOBOJa TpeOyeT IOMOTHUTENbHBIX KalmUTalIbHBIX 3aTpart,
KoTopble cocTaBisoT 6 % ot croumoctu cetn 0,38 kB. Dto mpuBoauT K
HEOIpaBJaHHOMY yaopoxanuto cetu 0,38 kB.

JUisi yMEHbIIEHUs] CONPOTUBIIEHUS HYJEBOM IMOCIEI0BATEIbHOCTH JTUHUU
IpeaaraloT HKCIOoJb30BaTh (POHAPHBIM MPOBOJ, KaK CHOCOO YBEIHMYEHHUS
CeYeHMs HyleBoro mnposoaa. IIpemymaraemple  yCTpOWCTBAa  ITO3BOJISIOT
NOJKJII0YaTh (POHAPHBIN MPOBOJ B THEBHOE BpEMs NapaJljIENbHO HYJIEBOMY, H
OTKJIIOYATh €0 IIPH HACTYIUICHUU TeMHOTHI (puc.14 I1. 1).

OpHako AaHHBIN €cIOCOO Ui CHIDKEHUS TOTEPh AJIEKTPUUYECKON IHEPTUU B
cetn 0,38 kB He mpuMeHUM IO TEM K€ NMPUYMHAM, YTO U HEMOCPEACTBEHHOE
YBEIMYEHHE CEYEHHMsS HyJIeBOro mnpoBoja. Kpome Toro, mNOAKIIOYEHUE
(¢boHapHOrO TMpOBOJAa HA MapajUIeNIbHYI0 pabOTy C HYJIEBBIM MPOBOJAOM
BO3MOXKHO TOJIBKO B JIHEBHOE BpEMS CYTOK, TOIZJAa KakK, IOKa3bIBaIOT
UCCJIEIOBAHMS, IPOBOJAMMBIE B  DJIEKTPUYECKUX  CETAX, 3HAYUTENIbHAS

HECUMMETpPHUS HArPY30K MPOSIBISETCS B HAUOOJIbIIIEH MEpE B BEUEPHHE YACHI.

H3menenue cxemovlt coeduneHus o00MOmoK mpanchopmamopa.ITOT
croco®d MOXeT OBbITh pealn3oBaH 3aMeHOM B cenbckux cersx 0,38 kB
TpaHC(HOPMATOPOB CO CXEMOW COEIMHEHUS OOMOTOK '"3Be3da-3Be3fa ¢ HysieMm"
Ha TpaHcPopMaTop CO CXeMON COeTMHEHUS "'3Be3/1a-3Ur3ar ¢ HyJjiem'".

Haubonee pacmnpocTpaHeHHBIMH B HACTOSIIEE  BPEMS  SIBIISIOTCS
TpaHCchOPMATOPHI C COETMHEHHEM 0OMOTOK MO cXeMe "3Be3/1a-3Be3/1a ¢ HyseM'.
DT0 O00YyCNOBJIEHO TEeM, YTO OHM HUMEIOT 00Jee MPOCTOEe KOHCTPYKTUBHOE
WCITOJITHEHHE U MEHBIIINE Pa3MephI, a CIEA0BATEIIbHO U MEHBITYI0 CTOUMOCTbD, TIO

CpPaBHEHHUIO C TpaHchopMaTropamMu C JAPYrodl cxXxeMoil COeAUHEHHS OOMOTOK.
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Opnako 5T TpaHcHOpPMATOPHI  HWMEIOT OOJIBIIOE  COMPOTHBICHHE TOKaM
HYJICBOW  TOCJIENIOBATEILHOCTH. AKTHBHOE  CONPOTHBICHHWE  MACISHBIX
TpaHC(POPMATOPOB YBEIMUYEHO IO CPAaBHEHHUIO C COMPOTHBICHHEM OOMOTOK
MOCTOSTHHOMY TOKY H3-3a TOTE€Ph B MAarHUTOMPOBOJAE, Oake W Pa3THMIHBIX
KOHCTPYKTHUBHBIX JCTASX BHIEMHOW YaCTH.

3HAYUTEIBHOE YBEIWYEHUE COIMPOTUBIICHUS HYJIEBOW MOCIEI0BATEIIBHOCTH
CBA3aHO C TEM, YTO MArHUTHOE TI0Jie, CO3JaBaeMOE€ TOKaMU HYJIEeBOU
[OCJIEIOBATEIbHOCTH HMMEET BechbMa CIOXHYIO  KoH(urypamuto. OHO
3aMBIKa€TCsl HE TOJIbKO B TIpeAesiax MarHuTONpOBOAAa, HO U 4epe3 Oak
Tpancdopmaropa. B pspe ciayuaeB sta Hecummerpusi cocrtaBisier 50 %
HECMMMETPUHU B KOHIE MarucTpajbHBIX JIMHHUHI. PacueramMu ycTaHOBIIEHO, YTO
NOTeps HAMPSHKEHUS B TaKUX TpaHchopMaTopax Npu HECUMMETPUYHOM PEKUME
MoxeT noxoautb 1o 25..20 % Bmecto 4 % B CUMMETPHUYHOM pEXHUME, a
KKJIOMY 3HAYCHHIO (B TIPOLIEHTAaX) HECUMMETPHUH HAMPSHKEHUHU COOTBETCTBYET
1,73 % nOnOJHUTENBHOTO OTKIOHEHU HanpsihkeHus. [[03ToMy 4acToO MOIIHOCTD
TaKUX TPAHC(POPMATOPOB OMPENENAETCS HE MOIIHOCTHIO MUTAEMOI HArpy3KH, a
MUHHUMAJIbHO HEOOXOJMMBIM TOKOM KOPOTKOI'O 3aMbIKaHUS U TpaHCHOpMATOP

BBIOMPAETCS C 3aBBIIICHHBIM 3HAYE€HUEM MOIIHOCTHU Ha 2...3 CTYIIEHHU.

TeopeTndueckne M HKCIEPUMEHTAIBHBIE HCCIECIOBAHMS ITOKA3ajdd, 4YTO B
cenbckux cersax 0,38 kB ¢ mMeromuMcss YpOBHEM HECUMMETPHUHM HArpy30K
HEBO3MOXHO o0ecneunThb CHIKEHHE IIOTEPH AIIEKTPOIHEPTUH
3amMeHouTpaHc()OpPMaTOpPOB CO cxeMol "3Be3na-3Be3za ¢ HyjleM'" WU IPYyTruMHU
TpaHchopMaTopaMu ¢ MajbiM CONPOTHBICHHUEM HYJEBOM IMOCIEI0BATEILHOCTH

ZO 1o CJICAYOIIUM IPpUINHAM:
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- mnpumenenne B cersax 0,38 kB TtpanchopmaTtopoB ¢ MajbiM
CONPOTUBJIEHUEM HYJIEBOU MOCIEAOBATEIILHOCTH MTPUBOJINT, [0 CPABHEHHUIO
¢ TpaHc(opmaTopamMu co cXeMoil "3Be3/1a-3Be3/1a C HyJieM", K YBEIMUEHUIO
B JUHUM HW  TpaHchopMarope TOKOB HYJIEBOW U  0OpaTHOM

MI0CJIE0BATENBHOCTEN, UTO IPUBOAUT K yBEIMUEHHUIO Kod(ppunuenra Kp,

TaK KC, KaK 1 KOMIICHCAallTMOHHOM CHOCO6€;
- OKBHBAJICHTHOC COIPOTHUBIICHUC Hy.HGBOﬁ MIOCJICAOBAaTCIBbHOCTH CCTHU C

TpaHC(I)OpMaTOpaMI/I, HMCIOIIMMH MaJIOC ZO) OIIpPCACIIAIOTCA B OCHOBHOM

CONPOTUBJIICHUEM JIMHUW, KOTOPOE€ HA MOPSIOK BBIIE COINPOTHUBIICHHUS
TaKUX TpaHC(HOPMATOPOB;
- B CBSI3U C YBEJIMYEHHEM TOKOB OOpPAaTHOM IMOCIIEOBATEIBLHOCTU B CETHU C

TpaHc(OpMaTOpaMu, UMEIOIIUMU Majoe Zj, B y3J1ax Harpy3Ku BO3pacTaeT

HalIpspKeHUe OOpaTHOM IOCIIENOBATEIbHOCTH, OTPULATENBHO BIMSIOIINE

Ha paboTy Tpexda3HbIX AaCHUHXPOHHBIX 3JeKkTpoasBurarencil. Iloaromy

MIPUMEHEHUE TaKUX TPaHC(HOPMATOPOB B CETSIX CO CMEIIAHHOW Harpy3Koi

HE PEKOMEHIYETCSl.

Opnako TpaHchOpPMATOPBl C  MaJbIM CONPOTUBIICHUEM HYJIEBOU
MIOCJIEN0BATENBHOCTH CO CXEMOM  '3Be3ma-3ursar ¢ HyJeM' U HEKOTOpPBIE
JIPYrUe€ TO3BOJISIIOT CYIIECTBEHHO CHHU3UTh B Y3JIaX HArpy3Kd HanpsDKEHUE
HYJIEBOW  IOCJENOBATEIBHOCTH. B cBi3Mm C 3TUM, HUX NPHUMEHEHHE
1enecoodpasHo B cenbekux cersx 0,38 kB ¢ KoMMyHaJIbHO-OBITOBOM HAarpy3Koi

JJIS ITIOBBIMICHU S Ka4CCTBaA BJICKTpI/I‘{GCKOfI OHCPIUH.
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IlepepacnpedesneHue Hazpy3ok no ¢azam o06CaAyHCUBAIOWUM NEPCOHAAOM.
TeKylluili KOHTPOJIb OOGCHY:KMBAKWIIUMM IEpCOHAJIOM 3a paboTod Bcex
3JIEMEHTOB CHUCTe€Mbl 3JIEKTPOCHAGXKEeHUsI MO03BOJIsIeT CBOEeBpPEeMEHHO
BO3/J€elCTBOBaTh Ha YCI0BHMSA U (GaKTbl paGéoThl CUCTEMbI B LeJfAX
NMOBbILIEHUS TEXHUKO-IKOHOMUYECKHX NMoKa3aTeseil. [lepepacnpeaesnienue
Harpy3oK Heo0X0AMMO IPOU3BOAMTb, IO pe3yjJbTaTaM KOHTPOJIbHBIX
3aMepoB  pacmpejesieHMsd Harpysku B JIMHUMM. [IpoBeaeHHBIMU
HUCC/IeJOBAaHUAMHU YCTAHOBJIEHO, YTO MNOTEPH 3JEKTPUYECKON ISHEpPruu,
O0yCJ/IOBJICHHbIEe HeC/Jy4allHOM HeCUMMeTpued TOKOB, MOIYT ObITb
cHWKeHbl Ha 15..20 % . IlepepacnpepejieHHe Harpy3okK 3HA4YMTEJbHO
yJyyllaeT OCHOBHble IOKa3aTeJM KayecTBa (OTK/IOHEHUEe HaNpsHKeHUs,
Ko3¢PUuMeHT HeCMMMETPUM MO0 OOpaTHOM MNOC/JAeA0BATEJTbHOCTH
HaMPsDKeHUs U K03 PpuueHT HeCUMMEeTPHUH no HyJIEBOM

NOoC/IeA0BaTe/IbHOCTU HaNpsKeHMs1).

2.2. Texnuyeckne cpecTBa CHUKEHHUS] HECUMMETPUHN TOKOB M HANIPSAKEHU
B ceTu 0,38 xB

Aemomamuueckoe noOKIOUeHUe 00HOPDA3HOU HAZPY3KU K HaumeHee
3azpyscennou ghase.
Peanuzammss sToro cmocob6a  OCYIIECTBISETCS IMyTEM MPUMEHEHHS

CIIELIMAIBHBIX CUMMETPUPYIOLIUX YCTPOMCTB, BKItOUaemMbix B cetu 0,38 kB. C
NOMOILBI0  3TUX  CHUMMETPUPYIOIIMX  YCTPOMCTB  AoOuBaroTcs  Oosee
paBHOMEpHOTO pacmpesneneHus mo (gaszam ogHoda3HBIX HArPY30K CETH. DTO, B
CBOIO O4Yepe/ib, IPUBOAUT K YMEHBIICHUIO TOKAa HYJIEBOMW MOCIEI0BATEIBHOCTH
M JONOJHUTENbHBIX moTeph B cetu 0,38 kB. OmHako mpuMeHEHHE 3TOro
croco0a B CEJIbCKUX CETSIX OCIOXKHSIETCS TEM, YTO JIOBOJIBHO TPYIHO MOA00PATH
0JHO(A3HYI0 aBTOMATHYECKH TEPEKII0UYaeMyl0 Harpy3kKy COOTBETCTBYIOIIEH
MOITHOCTH. [I0ATOMY HE BO3MOXXHO CYIIIECTBEHHO YMEHBIIUTh HECUMMETPHIO
Harpy3oK M, KpoMe€ TOro, Mnpu Hucnojb3oBaHun CY 3TOro Tuma MpOUCXOJUT

CHUKEHUE HAJECKHOCTU DIIEKTPOCHAOXKEHHSI OJHO(pA3HOM MEPEeKIYaeMOi
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Harpy3k; W3MEpPUTEIIbHBIA M KOMMYTAllMOHHBIM KOMIUIEKC JTHUX YCTPOWCTB

NpCACTaBICTCA JOBOJBbHO CJIIOKHBIM.

Ilpumenenue CY, ecmpoennozo ¢ 6ax mpaumcgopmamopa co cxemoii
coeounenus oomomox Y/Y .
YerpoiicTBO npencTaBisieT co00i KOMIIEHCUPYIOIIUE BUTKH, YI0KCHHBIC B

BH/Ie OaHaxa MoBEpX pabounx 0OMOTOK TpaHchopmaTopa (puc. 18, I1. 1).

OTU BUTKH COCIUHCHBI C HeﬁTpaJILIO OOMOTOK HU3IIEro HAIIPAKCHUA
TaKHM O6p8,30M, YyTOOBl MATrHUTHBIC ITOTOKH CDO, cO3JaBacMbIC HMH B

MarHuTHOM 1enu TpaHcdopMaropa TOKOM HYJIEBOIO MpPOBOAa, ObUIH

HAIpaBICHO BCTPEYHO IIOTOKaM  HYJIEBOM  IOCIEIOBATENBHOCTH @D,

co3aaBaCMbIM TOKaMH pa60‘-II/IX 0OMOTOK. HpI/I PaBCHCTBC MAIHUTOABHIKYIINX

CHJI HYJEBOH IOCIENOBAaTEIbHOCTH PAabOYMX OOMOTOK M KOMIIEHCHPYIOIIHX
BUTKOB CYMMapHBIl TOTOK Y @y = @ +CD(') =0. CnenoBarenbHo, IIpH
YKa3aHHBIX YCJIOBUSIX, CONPOTHUBICHUE HYJEBOW IOCIEIOBATEILHOCTH Zj
TaK)K€ MOYKHO NMpPUHATH paBHBIM Hymo. Torma Uy =132, =0, T.e. uckaxkenue

cucTeMbl (ha3HbIX HAPSDKEHUH Ha BRIBOJAX TpaHcpopMmaTopa ¢ HepaBHOMEPHOU
Harpy3Koi mo ¢azaM MpaKTUIECKH JTUKBHIUPYETCS.

Y CTaHOBIIEHO, YTO MPU HCNOJIB30BaHMUA JaHHBIX CY KOMIEHCHUPYIOTCS
TOKM HYJEBOM TIOCIEI0BAaTEIbHOCTH, MpPH OSTOM CHHXKAIOTCS IOTEpU
HANpSDKEHUST M DHEPTUM B DJIEKTPUYECKOW CETH, a TaKkKe 3HAYUTEIBHO
yiydiiaercss GopmMa KpUBOW HAMPSOKEHUS NPU HAIMYUUA B CETU HEJIMHEWHBIX
HArpy30K, 4TO KpaifHe Ba)KHO MPU MUTAHUH MHOTHX YYBCTBHUTEIBHBIX K ATOMY
npuOOpoB.

BwmecTte ¢ aTiM ucnonb3oBaHue 3TOro crnocoda Hanbonee d3hHEKTUBHO 115
MOBBIIIICHUSI KAayecTBa JJICKTPUYECKOW DJHEPIHHM, TaK KaK MPOUCXOTUT
MUHAMM3AIUS KOA(P(OUIIUEHTOB HYJIEBOW M OOpaTHOW MOCIEI0BATEILHOCTEH
HanpsokeHus.  JIng  yMeHbIIeHHMsT  TOTEpb  DJIEKTPUYECKOW  DHEpruw,

0OYCJIOBJIEHHBIX HECMMMETPUEH TOKOB, 3TOT CIOCOO HE MpHUEeMIIEM, TaK Kak
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UCIIONIb30BaHuEe Takoro TpaHchopmaropa ¢ CY NpUBOAUT K YBETUUYCHHIO

ko3 dunuenta Kp.

Hcnonvzoeanue neiimpainepa.

Heiitpanep npencrapisieT co0oit Tpexda3HbIi AIEKTPOMarHUTHBIN ammapar, 00MOTKa
KOTOPOTO BBINOJIHEHA 10 CXEME BCTPEYHOI'O 3Ur3ara U NpUMEHSETCs sl CO3/IaHus
VCKYCCTBEHHOM HYJIEBOU TOUYKH.

CHmwkeHrne HecUMMETpUH (a3HBIX HaIPSHKCHUN  3JIEKTPONPUEMHUKOB
MOXET OBITh IOCTUTHYTO HE TOJBKO YBEJIMYEHUEM CEUEHHUS HYJIEBOTO MPOBOJIA,
HO W YMEHBUIEHHWEM €ro IWHbL. JTO JOCTUTAETCS MyTEM MEpPEMEIICHHUS
HEUTpaJId HETOCPEACTBEHHO K OAHO(a3HBIM 3ekTporpuémMuukam. Helrtpanep
YCTaHABJIMBAETCSI HEMOCPEACTBEHHO Y OJIHO(A3HBIX JIEKTPONPUEMHUKOB. [Ipu
OTOM DJJIEKTPUYECKass CETh BBIMNOJHACTCS TPEXIPOBOAHOM C JIMHEUHBIM
HalpsoKEHUWEM  PaBHBIM — HOMUHAJIBHOMY — HANpsDKEHHUIO  TPEX(Da3HBIX
ANEKTpOnpUEMHUKOB. OT HelTpanepa A0 0JHO(DA3ZHOTO SJIECKTPONPUEMHHUKA
CETh BBITIOJIHACTCS YK€ YEThIpEXTPOBOAHOM. [Ipr MOg00HOM BHITIOJIHEHUU CETU
0,38 kB nanpsokeHne cMeleHnss HEUTpaiau NPAKTUYECKH OTCYTCTBYET, TaK KaK
MPOTSHKEHHOCTh  HYJIEBOIO MpoBoAa HeBenuka. [losHOe compoTuBiieHue
HeWTpanepa MNPAKTUYECKHM PAaBHO €ro aKTUBHOMY COIPOTUBJICHUIO (ha3HOM
O0OMOTKH.

Mecro BKIIOUYEHMS] HEHTpasiepa BbIOMpaeTcs TakuM O0O0pa3oM, YTOObI
CONIPOTUBIICHUE HYJIEBOM TOCIEAOBATEIBHOCTA HE MIPEBOCXOIUIIO 3apaHee
3alaHHOTO 3HAYECHUS.

B pesynbrare MCnosb30BaHUS HEUTpAJIEpA CHUKAETCS HEPABHOMEPHOCTH
pacrpeseneHuss TOKOB 1o (azamM, 4To BEJET, B CBOIO OYepe/b, K OCIA0JICHUIO
HECUMMETPUU HANpPsDKCHUS ¥ YMEHBIIEHWIO €ro TMoTeph B Haumbosee
3arpy>k€HHON (ha3e, MOBBILIEHUIO MPOMYCKHOW crnocoOHocTH nuHuU. I[lpu
YCTAaHOBKE HEWTpasepa TaKkKe YBEIMUYMBAIOTCS TOKHM OJHO(PA3HOTO0 KOPOTKOTO

3aMbIKaHUs, IIOBbIIIASA TCEM CaMbIM HaI[é)KHOCTB 341U ThI HM3KOBOJILTHOM CETH.
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Bmecre ¢ 3TuM, yCTaHOBKa HEWTpanepa, SBISIETCA yCTapEBIINM
TEXHUYECKUM pelleHueM. Ero nmpuMeHeHue i Lened CUMMETPUPOBAHMS

OrpaHUYMBAETCS TpaHCcPopMaTopaMmu MOITHOCTHIO 10 40 KBA.

Ilpumenenue 3nekmpomaiuHHbIX NPeodpazosameneil.

K manHomMy cmocoOy OTHOCSTCSA SJEKTpOMAIIMHHBIE MpeoOpa3oBaTeiu
yucna ¢as, nepegavya u Mpeodpa3oBaHUE YHEPTUH B KOTOPBIX OCYIIECTBISICTCS
o cxeme TpexdaszHas ceTb — TpeXda3HbIi JIEKTPOJBHUTATENIb — OAHO(A3HBIM
reHepatop — ojHodasHas Harpy3ka. B sTom ciyuae omHodazHas Harpyska
ANIEKTPUYECKH HE CBsi3aHAa ¢ Tpex(da3zHOW mNUTaroUed CEeThlO, U SIBICHUS,
CBSI3aHHBIE C HECHUMMETPUUYHBIM PACIpPEACICHUEM HArPY3KM U OTPAaHUYCHHBIC
cucTeMor oJHO(a3HbIM TeHepaTop — Harpy3ka, HE OKa3bIBAIOT BIUSHHS Ha
MATAIOIIYI0 CeTh. Takoe pelieHue MmpoOJeMbl PaBHOMEPHOTO paclpe/ieieHUs
onHo(da3zHoOW Harpy3ku mo (azamM HE HAIUIO MPAKTHYECKOTO IPUMEHCHUS
BCJICJCTBUE  3HAYWUTEIIBHOM  YCTAHOBJICHHOM MOIIMHOCTH H©  CTOMMOCTH

o0opynoBaHus, a Takxke 6onbimx (10 20 %) moTepb SHEPTUH.

Hcnonvzoeanue cummempupyrowjux ycmpoucme 071 KOMHEHCAuuu
mMOK06 00pamHtoil nocnedosamenbHoCmu

JlauHblii  crmoco0  CUMMETPHpPOBAaHUS  OOYCJIOBJIIGH  IPUMEHEHUEM
CUMMETPUPYIOIIUX YCTPOMCTB, BO3JACHCTBYIOIIMX TOJIBKO HAa TOKM OOpaTHOM

NOCJIEI0BATEIbHOCTH, TO €CTh CHWXkKAOIUX Ko3(duuueHT K,, B BbIpakeHUU

1.5. PaccMoTpuM HEKOTOPBIE CXEMBI TUX CUMMETPUPYIOIIHNX YCTPOUCTB (TalII.
I1. 1).

[Tpunatun paboThl TaKMX YCTPONUCTB OCHOBAH HA TOM, YTO MYyJbCHUPYIOIINE
MOITHOCTH, CO3/1aBa€Mbleé MHAYKTUBHO-€MKOCTHBIMHU 3JIEMEHTAMH, COBIIJIalOT
1o (aze ¥ KOMIIEHCUPYIOT MYJbCUPYIOIIYIO MOIIHOCTh OJTHO(A3HON HArpy3KH.

CummeTtpupyroriee ycrpoictBo Ne 1 (tabm. I1. 1) comepKuT WHIYKTUBHBIN
ayeMeHT 1 ¢ JByMSI MarHUTOCBSI3AHHBIMU OOMOTKaMu 2 U 3, BBIBOJBI KOTOPBIX

MOACOCANHSIOTCS K 1ByM (hazaMm. OOmias Touka 0OMOTOK 4epe3 KOHJeHcaTop 6
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noJicoeIMHsIeTCs K TpeThed (ase. MHIyKTUBHBIM 3JIE€MEHT JOMOJHUTEIBHO
cHaOxkeH naByMs oOMoTkamMu 4 W 5, Kaxkaas H3 KOTOPBIX BKIIOYEHA
NIOCJIEI0BATENBHO C YKa3aHHBIMU MarHUTOCBSI3aHHBIMU 0OMOTKaMHu 2 U 3.

VYcnoBueM CUMMETPUPOBAHHUS SIBIIIETCS CIEAYIONIEE BhIPAXKEHUE:
S, =>.Q +Qc,
rae Qg - MOIIHOCTh KOHAGHCATOPHOI Gatapen; » Q, - cymMMapHas MOIIHOCTB
3JIEMEHTOB YCTPOMCTBA; S, - MOIIHOCTb HArPy3KU.
Hcnonp30BaHre JAaHHOTO YCTPOKCTBA MO3BOJISIET MOJYYUTh BBICOKUU COS (@

Ha BXOJE CHMMETPUPOBAaHHOW ceTu. HemoctaTkoM JaHHOTO yCTpOKCTBa
ABJIIETCS] HEIOCTaTOUHAs 3(PPEKTUBHOCTD (PUIBTPALIUY.

JlanHbIil HemOCTaTOK ycTpaHsieTcss B ycTpoctBe Ne 2 (tabm. II. 1),
Onmarogapsi MCIOJb30BAaHUIO JOMOJHUTEIBHOIO KOHJIEHCATOpa, CO3AAI0TCs
JOTOJHUTENbHBIE ~ (PUIBTPOBBIE  3BEHbsA, yBeIW4YuBasg  3P(HEKTUBHOCTh
(GuibTpaMy  BBICIIMX TapMOHMYECKHX COCTaBJSIIOIIMX B Tpex(da3HbIX
JIMHENHBIX HAMPSKEHUSAX CETH.

Hcnonb3oBaHne CUMMETPUPYIOIIUX YCTPOMCTB JAHHOW TpPyHIbl s
YIIYYIIEHHS] Ka4eCcTBa JEKTPUUECKON SHEPTUH U CHHIKEHHUS ITOTEPh B CEJIBCKUX
ceTsix Manod(PEeKTUBHO, TaK KaK MaKCMMaJbHO BO3MOXHOE YMEHBILIECHUE

norepb, OOyCIIOBICHHOE CHHKeHHEeM Kodpduunuenta K, , KoTopoe MoOXkeT

ObITh JOCTUTHYTO B pe3yJbTaTe IOJHONW KOMIIEHCAIIMM TOKOB OOpaTHOU

MTOCJIEIOBATEIBHOCTH, cocTaBisgeT He Oojee 10...15 %.

Ilpumenenue KoMOUHUPOBAHHBIX cumMMempupyruwux ycmpoucme. K
JQHHBIM YCTPOWCTBAaM OTHOCSITCS YCTPOWMCTBA IMO3BOJISIONIME KOMIIEHCUPOBATH
TOKM OOpaTHOM W HyJeBOW mocienoBarenbHocTel. CuMMeETpupyromue
yCTpOMCTBa ATOrO THUMA MOTYT CHIKAaTh TOKH OOpaTHOM U  HyJEeBOM
NOCJIEA0BATEIBHOCTEN CETH, OTIMYAACh APYT OT Jpyra, JUOO YCTaHOBIJIEHHOM
MOIIIHOCTBIO, MO0 (HYHKIHOHATBHBIMU BO3MOXKHOCTAMU. PaccMOTpUM OfHO U3

Takux yctpoucTB Ne 20 (tabm. I1. 1).
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C 1enplo CHIXKEHUSI YCTAHOBIIEHHOM MOIIHOCTH M PACIIMPEHUs JAHana3oHa
CUMMETpPUPOBaHUs BBEJCH TpaHchopmarop, mepBUYHAsT OOMOTKAa KOTOPOTO
NOJKJII0YEHA K JABYM (a3zaM CeTH, CPEAHUN BBIBOJ BTOPUYHON pEryiupyemMoid
OOMOTKH MOJKJIIOYEH K TpeThell ¢aze. BoiBonabl koHneHncatopa 1 u apoccens 2
HOJKJIIOYEHBl K pa3HbIM BBIBOJAM BTOpPHUYHOW OOMOTKM TpaHchopmaTopa, a
BTOpBIC UX 3aKUMBI COCTUHEHBI JIPYT C IPYTOM M IMOACOEIUHEHBI K HYJIECBOMY
IPOBOY.

KommneHcarusi TOKOB HYJIE€BOHM IMOCIEA0BATEIILHOCTH 00ECIEUNBACTCs MPU
KOMIICHCAIIMH TOKAa HAarpy3KH TOKOM CHMMETPHUPYIOIIETO YCTPOHCTBA, KOTOPHIA
paBeH BEKTOPHON CyMMe€ TOKOB PEaKTHBHBIX 3JeMEHTOB. I[lpu mpaktuyecku

T

T
BO3MOXHOM JHAIIa30HC HN3MCHCHHA (1)330BOI’0 yIrjla Harpy3kKu _ES¢H < 2

JMana3oHbl M3MeHeHus (a3 HamNpsHKCHHS Ha KOHJICHCATOPE W ApOCCene
cienytomme: 0 <y, <90°%; 270° <Wop <360°. CuenoBarensHo, AaHHOE

yCTPOMCTBO 00€CIeYrBaeT CHMMETPUPOBAHUE B JOBOJIBHO HIMPOKOM JIHAIa30HE
(a30BbIX YIJIOB Harpy3KHu.

HenocraTkamMu JaHHBIX CUMMETPHUPYIOLINX YCTPOMCTB SIBJISIETCS TO, YTO UX
1eJ1eCO00Pa3HO UCIIOJIb30BATh TOJBKO TOrJa, KOTJa Harpys3ka MOCTOSIHHAs WM

MCHJCTCA B HIMPOKOM AHAIIA30HC.

Ilpumenenue cummempupyouiux ycmpoiucme uibmpoeozo muna.

K nmanHOMy BHIy CX€M MOXHO OTHECTH TaK Ha3blBa€MbI€, MIYHTO-
CUMMeTpupytomue yctpoictea (puc. 1, 2, 3, 6, 8, 9, 10, I1. 1), xapakrepHoi
0COOEHHOCTHIO KOTOPBIX SIBJISIETCS TO, YTO OHU UMEIOT MUHUMAILHO BO3MOYKHOE
CONPOTHUBJICHUE TOKY HYJEBOW TOCJEIOBATEIILHOCTH. braromaps »Tomy
OoJibllIasi YaCTh TOKOB HYJIEBOH mociienoBarenbHocT cetu 0.38 kB 3aMbikaeTcst
Ha yuactke, riae HICY noakmrouaercst K CETH U caMUM YCTPOHCTBOM. pyrumu
CJIOBAMM, JIaHHBIE YCTPOMCTBA Kak Obl 3aMbIKalOT Ha ce0s (IIYHTUPYIOT) TOKHU
HYJICBOM MOCJIEIOBATEIbHOCTH U MOYTH HE MPOMYCKAIOT UX HA JPYTrUe y4acTKU
munuu 0,38 kB. KpoMe Toro, mryHTOCUMMETPUPYIOIIHE YCTPOMCTBA MO3BOJSIOT
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OCYILECTBISTh IIUPOKOMOJOCHYIO (UIBTPALIMI0 TOKOB BBICHIMX TapMOHHK
psIMOi1, 0OpaTHOM U HYJIEBOM MOCIIEJOBATEIBHOCTEN.

Ha puc. 3 (ta6xa. I1. 1) uzo0pakeHO NTyHTOCUMMETPUPYIOIIEE YCTPOUCTBO
AJIEKTPOMArHUTHOrO THMa.. JlaHHOE YCTPOMCTBO COAEPXKUT TpexdasHbIii
AJIIEKTPOMArHUTHBIN ammapar, OOMOTKM KOTOPOrO COEAMHEHBI [0 CXEMe
BCTPEUHBIM 3Ur3ar, UMEIIUi TpH (a3HBIX BBIBOJAA W OJWMH HEHUTpaTbHBIM,
npuyYeM KaxkJblii (a3HbI BBIBOJ MpeJHA3HAUYEH IS MOAKIIOUEHHS K (ha3HbIM
MPOBOJIaM CETH, a HEUTPAJIbHBIN K HYJIEBOMY MPOBOAY, a TAKXKE OHO CHA0XKEHO
TpeMsi  KOHJEHCAaTOPHbIMU  OaTapesMH, [JIsl  TOBBIIIEHUS  KadecTBa
ANEKTPUYECKON SJHEPTUH.

B  ycrpoiictBe  cummeTpupoBaHue — (Pa3sHBIX  HampsHKEHUM — ceTu
oOecrieuynBaeTcs 3a CcUeT HaIU4YUs TpeX(Pa3HOro 3JIEKTPOMArHUTHOIO ammnapara,
OOMOTKHM KOTOPOTO COEAMHEHBI IO CXEME BCTPEUHBIM 3ur3ar. JTO CBS3aHO C
TE€M, YTO 3TOT ammapaTr O0JIaJaeT HCKIIOUUTEIbHO MajbIM CONPOTHUBIIEHUEM

HYJIEBOM IMOCIENOBATENBHOCTH, T.€. Loy < Zocpry» U BCE TOKH HYJIEBOH

MIOCJENOBATEIBHOCTH,  CO3JaHHbIE  HECUMMETPUYHOM  HArpy3Kou  CeTH,
3aMBIKAlOTCS.  4Y€pe3  JaHHO€  YCTpoWcCTBO. CONMPOTUBICHUE  HYJIEBOU
nocienoBarenbHoctTn 3toro CY < 0,03 Om, a mpsmoit u oOpaTHOI

nocaenoBaTeabHOCTed Z 1 0y = Zo ey = 600 Om.

[lo nanHbBIM, TIpH OO0 CTENEHM HECUMMETPUHM HArpy3oK (BIUIOTH A0
oOpbIBa 0HOM U3 (ha3bl) CMEIICHUE HeWTpanmu B MecTe nojkiaoueHuss OCY He
npeBbimaet 1,5 % (a3znoro HanpsHKEHUS CETH.

PaccMOTpuM  IYHTOCUMMETPUPYIOIIME YCTPOMCTBA BBINOJHEHHBIX Ha
OCHOBE MHAYKTHBHO - €MKOCTHBIX 3JemMeHToB (puc. 6, I1. 1). K gocrouncrsam
naHHbeIX [ICY MOXHO OTHECTHM TO, YTO OHHM HE TOJIBKO YJIY4YINAOT KAa4ECTBO
AIEKTPOIHEPTUH, HO U TMO3BOJISIIOT KOMIIEHCUPOBAaTh PEAKTUBHYIO MOIIHOCTH B
AJIEKTPUYECKOMN CETH.

VYcnoBueM GuibTpali TOKa HYJIEBOW MOCIEAOBATEIBHOCTU SIBISIETCS
HOJIKJIFOUEHUE DJIEMEHTOB C MO(a3HO-OJMHAKOBBIMHU IapaMeTpaMH IO CXeMe
YeThIPEXTYUeBOM 3Be3/bl. TOKM TpsIMOM M OOpaTHOM MOCiIeAoBaTEIbHOCTEH
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ONnpcACIATCA 3HAYCHHUCM IIPOBOAUMOCTH Yy, I[P HAJIWMYIUKU PC30HAHCA

HaIIPpAKCHUA Hy.]'IeBOﬁ IIoCJICA0BATCIIbHOCTH:

Yo, =3Y,, (1.10)
rac YOy , Yy — COOTBCTCTBCHHO ITPOBOANMOCTH HYJICBOI'O U (I)&SHOFO ITPpOBOIOOB.

[Tonkntouenue k y3my Harpy3ku CY ¢ MajbIM CONPOTHUBIICHUEM HYJIECBOM
MOCJIEIOBATEILHOCTH MO3BOJISIET YMEHBIIUTh TOK HYJIEBOM
nocnenosBarenbHoctd B cetn 0,38 kB, 4ro mnpuBOOMT B pe3yabTare K
YMEHBIICHUIO TOTEPh MOUTHOCTH U AJIEKTPUUECKON SHEPIHH, 0OYCIOBICHHBIX
HEeCHMMeTpuel TokoB B gaHHoM cety Ha 30-50 %.

HenocratkomM  JaHHOTO ~ yCTpOMCTBA  SIBISIETCA  HEBO3MOXHOCTBIO
pEryJIMpOBaHUSl MOIIHOCTH, YTO B CBOK OYEpEllb CHWXXAET KadeCTBO
CUMMETPUPOBAHUSL.

JIaHHBII ~ HENOCTAaTOK  YCTPAaHSAETCS  YCTPOMCTBOM,  IO3BOJISIIOIINAM
aBTOMATHUYECKH PETyJIMPOBATh MOIIHOCTh CUMMETPUPYIONINX YCTPOUCTB (puc.
21,11 1)

VYkazaHHasi 3ajJaya JOCTUraeTcsi TE€M, YTO HaIpsSHKEHUE, CHUMAeMOE C
IIyHTa S5, BKJIIOUYEHHOTO B Pa3pblB HYJEBOrO MPOBOJIA, MPONOPLHOHAIBHO TOKY
HYJIEBOW TociieoBaTebHOCTU. CHUMaeMoe 4uepe3 yCWINTENb 6 HamnpsKeHue
peryaupyer MOIIHOCTh CHUMMETPHUPYIOLIEro YyCTpoicTBa 4 MIOCPEICTBOM
TUPUCTOPHOTO PETYJISITOPAa MOIIHOCTU 3, B 3aBUCMMOCTH OT BEJIMYMHBI TOKa
HYJIEBOM MOCJIEI0BATEIHLHOCTH.

JlanHO€ YyCTpOWCTBO 00€CIEeUMBAET BBHICOKYIO CTEMEHb CHMMETPUPOBAHHUS
HalpsHDKEHU Ha €ero BBIXOAE W MOXKET YCIEIIHO HCIONb30BaThCS IS
MOBBIIIEHUS KAayeCTBA M CHUXEHUS TMOTEPh DJIIEKTPUUYECKOW HSHEPrUu B
Tpex(azHbIX CETAX C HYJEBbIM TPOBOJIOM.

Takum oOpa3zoM, MPOBEACHHBIM aHAIM3 IMO3BOJISET YCTAHOBUTH, UTO IS
HanOosiee d(PPEKTUBHOTO CHUKEHUS JOTOJHUTEIBHBIX IMOTEPh MOIIHOCTU H
MTOBBIIIICHUS KauecTBa  DJICKTPUUYECKOU HHEPTUH, 00yCIIOBJIEHHBIX

HecummeTpueir TokoB B cetn 0,38 kB, nanbonee wnerecooOpa3HbIM MOKHO
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CYMTATh HCIOJb30BAHWE I[IYHTOCUMMETPHUPYIOIIMX YCTPOMCTB C MaJbIM
CONPOTHUBJIICHUEM TOKAM HYJIEBOW IIOCIEAOBATEIBHOCTA, B KOMIUIEKCE C
YCTPONCTBOM aBTOMAaTUYECKOTO PETYIMPOBAHUS MOLHOCTH.

Hcnonb3oBaHne MOJOOHBIX CUMMETPUPYIOLIUX YCTPOMCTB JUJISI CHYODKEHUS
JOTIOJIHUTENBHBIX ITOTEPh MOLTHOCTA OCHOBAHO HA 3HAHMM TOYHBIX METOJOB UX
pacuera U omnpeesIeHny HauboJsee palMoHaIbHOTO MECTA UX BKIIIOUEHUS B CETh
0,38 xB.

Bwmecre ¢ aTum 1151 0oJiee Ka4eCTBEHHOIO CUMMETPUPOBAHMSI HArpy304HbIX
TOKOB HEOOXOAMMO MPOBECTU JOIMOJTHUTENbHBIE UCCIIEI0BAHNS, HAPABICHHBIE
Ha omnpeneneHue HauOolsee 1enecooOpa3Horo mecra BkIro4YeHUs 3toro CY B
cetu 0,38 kB, rae CHWXKEHHE JONOJIHUTENIBHBIX IIOTEPh MOIIHOCTH,

00yCJIOBJIEHHBIX HECUMMETPUEH, TOKOB OYJIET MaKCUMAJIbHBIM.

YACTbD II1I. METObI PACYHETA HECUMMETPUYHBIX PEXKUMOB

3.1. Pacyer cMMMeTPHMYHBIX COCTABJISIOIIMX HANMPSKEHUSIIMIMPUYECKUM
MeTOA0M

l'ocynapctBennsiM crangaptoM ['OCT R 54149-2010 pexomenmyetcs
ONpENeNsATh  CUMMETPUYHBIE  COCTaBJSIONIME  OOpaTHOW W HYJIEBOM
IOCJIEIOBATEIBHOCTEN 110  CIEAYIOIIEH METOAMKE, MCIOJIb3yEMOU MpH
U3MEPEHHUSX B YCIOBUSX AKCILTyaTallMd U MPU MPOECKTUPOBAHUHU.

Pacuem xosgpgpuyuenma necummempuu HanpsaxceHui no 0OPAMHOU
nocn1e008amenbHOCHU.

JUist Kaxxaoro 1-ro HaOMIOACHWS 3a MHTEpBall BpeMeHH, paBHbId 10
MUHYTaM B OJHY HEJAEII0, U3MEPSIOT OJHOBPEMEHHO JCHCTBYIOIIME 3HAYCHHUS
MeKAy(QasHbIX HanpsokeHHd 1o ocHOBHOM 4actore U,pa), Uscwin Ucaw)i
KonuuectBo Takux nntepanoB cocrasiser 1008.

Beruucnsitor  meiicTByromiee — 3HAUCHHWE — HANpPsDKCHHST  O0OpaTHOM

TII0CJIE0BATEIBHOCTH OCHOBHOM 4acTOTHI Uy(1)il10 BEIPaKEHUIO:
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2 2 2)? 2 2 2
Usccni —Y cacnyi +U sy N Uscyi ~Yceami | (3.1)
|
U 41)i

1
12

Uy = V3U g1y —4/4U sy —(

U 4z1)i

U(1)i MOJKHO OIIpEAEINTD U O NPUOIMKEHHON (hopMyIie:

U2(1)i = 0,62 (UHB(l)i - UHM(l)i); (3.2)
rae Upgyin Upm)- Hanbonbllee U HauMEHbIIEE JEHCTBYIOIUE 3HAYECHUS U3
TpeX MEKTy(pa3HbIX HAMPSHKEHUH OCHOBHOM YaCTOTHI B 1-OM HAOJIIOICHHH.

Hanee omnpenensoT Kod(PGUIMEHT HECUMMETPUM HANPSHKEHUH 10

oOpatHol nocieaoBaTeabHOCTH Koy

U,
Ky =—24.1009, (3.3)
rIe Uz)i— NEHCTBYIOIIEE 3HAUECHUE HaIpPsHOKCHUS obpaTHoOM

MOCJIEIOBATEILHOCTH OCHOBHOM 4acTOThI TpeX(a3HON CUCTEMBI HANPSKEHUN B
I-oM HaOJIIOICHNH;
Uj)i— HAEHCTByOIlee 3HAYEHHWE HANPSDKEHUS MPSAMOM IOCIENOBAaTEIbHOCTU
OCHOBHOI 4aCTOTHI B 1-OM HAOJIIOACHUM.

Pacuem xosgpguyuenma mnecummempuu Hanpsdicenuii. noO  HY1e6Ol
noc1e008amenbHOCmU.

Jist xkaxxgoro 1-ro HaONMIONEHUS 3a baKOW K€ HHTEpPBal BPEMEHH,
U3MEPSIOT OJHOBPEMEHHO JICUCTBYIONINE 3HAYCHUS TPeX MEXIy(pa3HbIX U JBYX
(baBHBIX HaHpH)KeHI/Iﬁ OCHOBHOM YacCTOTBI UAB(l)h UBC(l)i’ UCA(l)i; UA(l)i; UB(l)i;
Ucq)-

OnpenenstoT  ACHCTBYIOIIEE  3HAUYCHUE  HANPSDKCHUST  HYJIEBOU

IIOCJIEA0BATEIBHOCTH OCHOBHOM 4acTOThI Ug(1)i TI0 BBIPAKEHUIO:

2

2 2 2 2 2
Uo(n)i L YsewimYawi_gYsai ~Yiaawi | I} . [4U Sequy —| U sy +U’§C(1)i Ui
| | I
6 U 4p(1)i U 45(1)i U 4p(1)i
2
U2y —U2 .,
2 B(1)i —Y 4(1)i
=34 sy = Upay + U 7. (3.4)
AB(L)i
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Uo(1)i MOJKHO OIIPEAEINUTD 110 NPUOINKEHHON (opMyIIe:

Uowi = 0,62 (Unsgpa)i — Unmgp)i), (3.5)
rae Ups p)is Unn gy~ HanboIblee 1 HaUMEHbILEe IeHCTBYIOIUE 3HAYCHUS U3
Tpex (a3HbIX HAPSHKEHUH OCHOBHOM YacCTOTHI B 1-OM HAOIIOACHUU.

Hanee ompenenstorT KOd(PQPHUIMEHT HECUMMETPUU HANpsHKeHUH o

HYJICBOM TOCIIeI0BaTEILHOCTH Koy

NEUIPR
0oL 0
Koui, = U -1009%;, (3.6)
1471
rie Ugq)i— AeHCTBYyIOIIEe 3HaYE€HUE HANPSKEHUS HyJICBOM IIOCIIEA0BATEIHOCTH
OCHOBHOM 4acTOThI TpeX(a3HOW CUCTEMbI HAPSHKEHHUH B 1-OM HaOJIIOICHUY;

Ui — ZJelcTByroliee 3HAYeHHE MEXKAY(Ha3HOrO HANpsDKEHUS HPAMOU

MOCJIEAOBATEILHOCTH OCHOBHOM YaCTOTHI.

3.2. MoayJibHBII MeTO/ pacyeTa
3.2.1. Pacuem nokazameneil HeCUMMEMPUU MOKOB

JIns pacyeTa CHMMETPUYHBIX COCTABIISIIOIIMX U MMOKAa3aTeJIed HECUMMETPHUH
TOKOB W HANpsSKEHUN B YETHIPEXIPOBOJHON CeTH HaMu ObUI HCIOJIb30BaH
MOAYJBHBIN MeTOJ, npeaioxeHHbid npodeccopom KocoyxoBbim @.J[. CaHTKT-
[TerepOyprckuit I'AY). Ilpaktuueckoe u3MepeHHE HadalbHbIX (a3 TOKOB H
HallpsDKEHUM B CETAX 3aTPyAHUTEIBHO M NPUBOAUT K 3HAYUTEIIBHBIM
MIOTPELIHOCTSAM B ONPEIEIICHUN CUMMETPHUYHBIX COCTaBIIIFOLIUX
HECUMMETPUYHOM CHUCTEMBl TOKOB W HampspkeHuil. [loatomy B ycnoBusx
DKCIUTyaTallUM  JJIEKTPUYECKUX  CETeM  ONpPENENICHWE  CUMMETPUYHBIX
COCTaBJIIOIIMX M IOKA3areJed HECUMMETPUM TOKOB M HaIPsLKECHUU
1eJIeco000pa3HO MPOU3BOAUTH MO pe3yJbTaTaM H3MEPEHUM MoOAyJeld TOKOB U
HanpspkeHuil.  Takom  MeTox  pacyera  KOMIUIEKCHBIX — CUMMETPUYHBIX
COCTABIIIOLIMX U IOKA3aTeJIe HECUMMETPUH TOKOB Ha3bIBAETCSA MOLYJIbHBIM.

JIaHHBIM ~METOJX 3aKJIOYaeTCs B  CIEAYIOLIEM. YeTbIpexyroyibHUK,

oOpasoBanHblil Tokamu | 5, |5, |-, 1 mpencrasisercs kak COBOKYIHOCTBIO

JIBYX TPEYTOJIBHUKOB TOKOB (pHc. 3.1).

57



+ j

Puc 3.1. BekropHas nauarpamMMa HECHMMETPUYHON CHUCTEMBI TOKOB
YETHIPEXITPOBOAHON CETU

KpOMG TpECX JIMHEHMHBIX TOKOB M TOKAa B HYJCBOM IIPOBOJAC AOIIOJIHHUTCIIBHO

U3MEpPsieM MOJYJIb CYMMapHOTO KOMIUIEKCHOTO TOKa (puc. 3.2):

lge=lg+1c=1p -e¥e, (3.7)

RZ RO RT Q>
_":1
_‘.'SZ
NSI
N’:I

Puc. 3.2. Cxema u3MepeHus: CyMMapHOro Toka | g~

B sToMm ciydae yeTbIpexyronbHuk TOkoB | o, 15, 1o, Iy pasmenstorcs Ha

nBa TpeyroibHUKa TOKOB |, lze, Iy © lg, 1o, 1o, mnst xaxmoro wus

58



KOTOPBLIX yIUJIbI OAHO3HAYHO BbIPAKAKOTCA UYCPC3 CTOPOHBI C IMOMOIIBIO

CHENYIOIINX BBIPAKEHUM:

\
2 2 2

Cosﬂ:|A+IBC_IN:b_1.
13+15.-12 b

cos B, =2 -Bc € _~1. > (3.8)
2'IB°IBC IB
2 2 2

COSQ/ZIA_IBC"’_IN:i
2-1,-1y Iy )

rie:
2 2
b, = Ia+1gc— 1IN .
2'IBC
2 2
b, = lg +1gc —lc .
2'|BC

2 2 2
dZIA_IBC"'IN
2'IA

VuntsiBas, uto iy =0, wi =/, —wig =180° — 8, B=, + f5,, nocne
peoOpa3oBaHusl, BBIPAKEHUS Ul CUMMETPUYHBIX COCTaBJIAIOIIUX TOKOB

BBITJISIAST CIEAYIOIIMM 00pa3oMm:

. I-lf\—lA-(nﬁ-e}zﬁ-g}j-I@-lﬁ—lA-%-d-e:—zﬁ-h}

ei ||A-|A (3e-d 2[9-1 312-1,-(3.-d+e ~243. h_J>(3-9)
1, .
lozg'ﬂ—J'e:,

g=by-c +by-ci; h=b-by—ci-Cy; ¢ =y15-b7: cy=yl5-b7; e= 13 -d°.

Ucnions3ys BeipaxkeHus (3.9), HaxoauMm KOMIUIEKCHBIE KOI(PHUIIMESHTHI

HECUMMETPHUU NPSIMOI U 00paTHOM MOCIeA0BATEIbHOCTEN TOKOB:
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_Lo (3.10)

I
Ky =225 Ko 1.
K]

[lomyueHHble  BBIp@XEHHUS  TO3BOJSIOT  OMPENEIuTh  KOA((UIIUEHT

yBEIU4EHUs notepb MoHocTH Kp 1o BeipakeHuto (1.5).

AHaJIOTUYHBIM IIyTEM ONPEHEISAIOTCI CUMMETPUYHBIE COCTABIISIOLINE
HaIpsHKEHU 00paTHOM M HYJIEBOM MOCIIEI0BATEIbHOCTEN, KOTOPBIE MTO3BOJISIOT
OCYILECTBUTH pacyér KO3 PUIIUEHTOB oOpaTHOM U HYJIEBON

MOCJIE0BATEILHOCTEN HANPSKEHUS IO BhIpakeHUsIM (1.7).

3.2.2. Pacyer noka3zareJieii HeCHMMeTPHUHU HANPSIKEH U

Kak wu3BecTHO, HecuMMeTpu4Has cucTeMa (a3HBIX HaIMPSDKEHUM
Up=U,-el¥s, Ug=Ug-e!¥e, Uc =Uc -el?e MOJET OBITh
pa3iokeHa Ha CHUMMETpHUYHBbIE cocTaBisiromue npamoit Ui, oOparnoit U, u

HyneBor Uy mocnenoBaTeIbHOCTEH:
\

\
u1=§ (.+aUg+a®Uc ;
\
U, =§ (,+2°Ug+aUc ) (3.10)
1
:_ (J—A+UB+UC) J

Ha ocHoBanuu (puc. 3.3):

cosqy = = ;
2.U,-U U
J2 ui 52 B (3.12)
cosa, = AtYc =Yea_ 9
2-U,-Ug U
U2+U2-U U2+UZ-U
rﬂep_AZB AB’ AZEJ CA
A A

60



1

+1

Pucynok 3.3 — BektopHast auarpamMma Tpex$a3Hoi HECUMMETPUIHON CHCTEMBI

HaNpsHKCHUN

[Tocne mpeoOpazoBanus Bbipaxkenus 3.11 ¢ yderom 3aBucumoctu 3.12,

MOJIy4yaeM:

1=%. {.UA+\/§.(+I’:—()+g:3Lj.k_r}\/g_ﬁ_g:ﬁ \
? é’ fu.-v3€r>@roti k-r>V3e-93ff (313
o:%'[JAJF()Jrg:—j-(—r:] )

rie s=,Uj-p?; r=uUé-g2.

Omnpenenus U, ,U, ,U,, MoxHO HaliTh K03(hHULHEHTb OOpaTHOU U

|C

|C

|

HYJIEBOM IIOCJIEIOBATENILHOCTEN HAIIPSYKEHUM:

KZU :_—, KOU = . (314)
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3.3. MeToabl pacueTa CUMMECTPUYIHBIX COCTABJ/IAIOIIIHNX TOKOB H

HAMPSIKEHUUB JICKTPUYECKOMN CeTH ¢ CHMMETPHUPYIOLIUM YCTPOMCTBOM
MNpn paspaboTke MeponpuUATMIA NO MOBLIWEHUIO KayecTBa M CHUMEHUIO MoTepb

aneKkTpuyeckon sHeprum B ceTax 0,38 KB, obycnoBneHHbIX HeCMMMETpUel TOKoB, 6onbluoe
3HayeHune MMeeT TOYHaA OLEHKa BeJIMUMHbI NoKasaTeneln HECUMMETPUM TOKOB U HaMpsXKeHUH, a

TaKXe Be/IM4YNHbI NoTepb 9}'IeKTpVI‘-IeCKOl7I Heprun.

B HacToAwee BpemA pa3paboTaHbl pPasAMyHble MeToAbl OMpefeneHUA MNoKasaTenemn
HECUMMETPUM U MOTEPb 3INEKTPUYECKOM ISHEpPrMnM B 3/1eMeHTaxX CeTW, OCHOBaHHble Ha
AeTEPMUHMPOBAHHbIX 3HAYEHMAX PAaKTOPOB 3/1IeMEHTA CETU, a TaKKe MeToAbl, B OCHOBY KOTOPbIX
NMONOXKEeHbl Pe3y/abTaTbl BEPOATHO-CTaTUCTUYECKON 06paboTKM AaHHbIX 3amMepoB B CeTAX.

Haunbonee ToUHble MeTOAbl pacyeTa OCHOBaHbI Ha METOAE CUMMETPUYHbIX COCTaBAAOLLNX.

|V|eTO,£]| CUMMMETPUYHbIX KOOPAUHAT — 3TO CTpOVIHaﬂ mMmaTeMmaTtnyeckaa TeopuA Tpex¢a3HbIX
INNEKTPNYHECKUX LI,EI'Iel\/'I, npeanoxeHHaa B Ha4dasle 3TOro BeEKa cDOF)TECKbIO, Korga peanbHaA
TpexdasHasa ceTb C NapameTpamm B KoopanHatax ABC HanpaxXeHUN NPUMEHSAIOTCA OOHU U Te XKe
I'Ip606pa3OBaHVIFI, KaK U B XOpOWO M3BECTHbIX MaTpunuax npeo6pasoBaHMﬂ 3amellaeTca p,pyroﬁ
TpexdasHON PUKTUBHOM 3/IEKTPUYECKON CETLIO C MapameTpamm B KoopauHaTax 012. MpuKknagHoe
3HayeHue 3Ton TEOPUN 3aK/IHOHaAETCA B TOM, 4YTO A0 WUPOKOro BHedpeHuA 3BM pacyeT B
CMMMETPUYHbIX KOOpPpANHATaxX 6bin npakTn4yeckn egUHCTBEHHbIM UHXKEHEPHBIM METOAO0M.
I[JISI TOKOB H CI/IMMeTpI/I‘IHBIX KOOpI[I/IHaT, HpCI[J'IO)KCHHBIX CDOpTGCKB}O,
qTo, 663}’CHOBHO, ABJIACTCA JOCTOMHCTBOM MECTOAA.
JI14 TOKOB:
La=11+15+1y;
o =a’l,+al,+1,;
Ip=a L17alpT1p; : (3.15)

2
lc=al;+a" 1, +1,

Pemas cucremy ypaBHenwuii (3.15) otHocurensso 14, 1,5, |y momyunm:
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1 2
ll=§!A+§lB+a lc/y
1 2 N
=5 +a’1gralc } (3.16)
1 ~
3 R J
rne  la, 15, 1~ - Toxu coorBercTBeHHO a3z A, Bu C; 1, 1,, 1, - Toku

COOTBCTCTBCHHO HpHMOﬁ, O6paTHOﬁ )51 HYHGBOﬁ IIOCJIACAOBATCIBHOCTH, d —

i27/3 :e—j47z'/3 __ \/_

y 1 .43
orepaTop MOBOPOTa U (pa3HbBI MHOXKHUTEIH( A =@ > + ] 7).

AHajornyHbple COOTHOIICHUS MOYKHO MNOJYYUThb A CHMMCTPHUYHBIX

COCTAaBIIIONIMX MpsIMOM, oOpaTHOH W HYJIEBOH IOCIEAOBaTEILHOCTEH

HaIpsKECHUM:

Up=U;+U,+Ug;
Ug = Q—ZL_Jl +aU, +Uy; \ (3.17)

Uc=aU, +a°U, +U,,

Pemas cuctemy ypasuenutii (3.17) ornocutensuo U 1, U,, U, nomyunm:

1 P )
U, =— +aUg +a"Us ;
Y1 3QA alpgta UYc y
~
L_JZZ%QA +§2L_JB +§L_ch ,> (3.18)
1 ~
Q0:§QA+L_JB+L_JC/, )
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Ananu3 BelpaxkeHuid 3.15 u 3.16 noka3bIBaeT, 4TO CUMMETPUYHON CUCTEME
TOKOB IpsIMOro 4epenoBaHusi a3 B (a3HbIX KOOpAMHATaX Korjga lg zgzl A
lc =al 5, cooTBeTcTBYET OAHO(A3HBIN TOK | B CHMMETPUYHBIX KOOpAUHATAX.
Ilpu stom 1, =1,=0. Bepno u obOpatHoe, TOKy |; B CHMMETPUYHBIX
KOOpAMHATaX COOTBETCTBYET Tpex(asHas CHUMMETpUYHAs CHCTEeMa TOKOB
IpAMOI1 TOCIEN0BAaTENBHOCTH B (pa3HbIX kKoopauHatax lqa, 14g, I1c-

AHanoruyHoO, CHMMETPUYHON CUCTEME TOKOB 00paTHOTO uepenoBanus (a3
B (pa3HBIX KOOpAMHATAX COOTBETCTBYET OAHO(A3HBIM TOK |, B CUMMETPUYHBIX
koopauHaTax. Toky |, B cHUMMeTpUYHBIX KOOpAuHAaTax, B (ha3HbBIX
KOOpAMHATaX TpeX(a3HOro TOKa, COOTBETCTBYET CHMMETPHYHAsI CUCTEMA TOKOB
o0paTHOM nocnenoBaTeabHOCTU 154, 1og, 1oc.

Cucreme TOKOB HYJIEBOW MOCIEAOBATENIBHOCTH B (Pa3HBIX KOOpPJIMHATAX
COOTBETCTBYET 0JHO(Da3HbIN TOK |, B cUMMeTpu4HbIX KoopauHaTax. Toky |, B
CUMMETPUYHBIX KOOpDAMHATAX COOTBETCTBYET TpexdazHas CHMMETPUYHAS
CUCTEMa TOKOB HYJIEBOM MOCIEN0BATENBHOCTH lga, 1o, loc-

Taxkum oOpa3oM, HecuMMeTpUuHas cucteMa (asHbIXx TOKOB |, lg, ¢,

MOKET OBITh pa3jioKeHa Ha TpU Tpex(da3Hble CUMMETPUYHBIE CUCTEMbI —
psIMOii, 0OpaTHOM U HYJIEBOM MOCIIEOBATEIBHOCTH.
B gactHOM cityuae, Toky B 01HOH (haze B (ha3HbIX KOOpPAMHATAX, HATIPUMED

TOKy B (aze A, cooTrBercTByeT cucrtemMa Tpex TokoB I, 1|,, |, B
1o 12, 1o

CUMMETPHUYHBIX KoOopAnHaTax (Tadiuua 3.1)
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Tadoanuma 3.1. IlpencraBiieHHe TOKOB B CHMMETPHYHBIX W (ha3HbIX
KOOpPAMHATAX
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[Ipeacrasnexune
(dha3HbIX KOOPAMHATAX

Ilpeacrasnenue TO-
KOB B CHMMETPHY-
HEIX KOOpAMHATaX

[TpeacraBnenue CHMMETpPUY
HbIX COCTOBNAKOHIHX TOKOB |
¢hasHBIC KOOPHHATEI

I

| s
[ws]
|
fo
b
s
=
| bt
Lo ]

1l
=y
—

=

111

Lo
oy

Il
I
-

| pon
3

Il
Lol
=

Il
o

Lia

Iy I I I Loa Ton Loc
A I A ] A A
[h=Ig=I L =1,=0, I,=1, Toa =lop =Ipc =0
Lia Lya
A I I, I Lic _‘_lmlz ~ ._N_lzc
=A A A A Ve “a
Loa Los Loc
La =1
2
In=I.=0 L =1 =1 =I_] lpg=a’]
HTR T L =al
L =15,Ip =al;, I =32!2
Loa =lop =Ioc =1y
3.3.1. Memoo pacuema nokazameneit HecUMMEmMpUU MOKOE U

nanpsaxcenuut ona cemu 0,38 kB ¢ cocpedomouennoiu nazpy3kou u
CUMMEMPUPYIOWUM YCIPOTICIEOM
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PaccmoTpuM Hambosee oOmmii cydail, Koraa y3el CelTbCKOXO03sHCTBEHHOU
Harpy3kd COCTOMT U3 TpEX(Pa3HbIX CHMMETPUYHBIX 3IIEKTPONPUEMHHUKOB,
BKJIFOUEHHBIX Ha MEXIy(pazHOoe HampsyKEeHUE, KOTOpble 00pa3yloT TpéxdazHyro
CUMMETPHYHYIO Harpy3Ky U OJHO(A3HBIX AIEKTPOIPUEMHUKOB, BKIIOUEHHBIX Ha
dazHoe HampsbkeHHMe U 00pasyroT Tpex(azHyl0 HECUMMETPUYHYIO Harpysky.
[Ipeanonoxum, 4TO0 CUMMETPUPYIOLLEE YCTPOUCTBO BKIFOYEHO HEMIOCPEACTBEHHO
B y3Jie Harpy3ku. Cxema 3JIeKTpOCHAOXKEHHUS TaKOro y3Jia IpeCTaBIeHa Ha pUC.
3.4.

Paznuuaromuecss mapamMeTpbl CXEMbl 3aMEIIeHUs U PEKHUMa OTIEIbHBIX
CUMMETPUYHBIX COCTABJISIOIIMX OylIeM OTMeuYaTh CIEIYIOUIMMU HHICKCAMU:
JUIS IPSIMOM TIOCIIEI0BATENBbHOCTH — «1»; 111 00paTHOW MOCIIE0BATENIbHOCTH —
«2»; nus HyneBoil mocnemoBaTenbHOCTH — «0»; TpexdaszHas cummeTpudHas
Harpy3ka — «S»; TpexdaszHas HECUMMETpUYHAs Harpy3ka — «H»;
CUMMETPHUPYIOLLEE YCTPOHUCTBO — «CY».

[Ipy BBIBOJIE aHAIMTUYECKUX BBIPAKEHUM JJISI IOKA3aTENE HECUMMETPHUH
TOKOB M HampsbkeHuil snektpudeckord cetn 0,38 kB mpumem crenyroiue
JOMYLIEHUS:

1) cucrema HampsbkeHuit Ha mmHax 10 kB Tpancdopmartopa Tl
CUMMETPUYHA U HE 3aBUCUT OT Harpy3KH CETH;

2) BCE JJIEMEHTBI CETH, BKIOYas TpaHCHOpPMATOp M CUMMETPHUPYIOIICEe

YCTPOMCTBO, UMEIOT JIMHENHBIE MTAPAMETPHI.
Tl 10 kB T2 0,4 xB

Puc. 3.4. Cxema y4acTKka »3JIEKTPUYECKOW CETH C Harpy3kaMu H
CUMMETPHUPYIOIIUM YCTPOHCTBOM:
1 — S — monHAas MOITHOCTH Tpex(da3HOM CHMMETPUYHON HATPY3KU;
2 — S, - MoIHas MOUIHOCTb CHMMETPHPYIOLIETO YCTPOUCTBA;
3 — S, - momHas MOIIHOCTH Tpex(}a3zHOW HECUMMETPUYHON HArpy3KH.
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Cxema 3aMeIIeHns TByX0OMOTOYHOTO TpaHchopMaTopa MpeACTaBlIeHA Ha

puc. 3.5.

1 2 3 4

—>{ ] @—»

Puc. 3.5.. Cxema 3amMenieHus AByXxoOMOTo4YHOro Tpancdopmaropa:l - S ;7

2-Zr1=271y,270;3-n;4-5,.

Ha »toit cxeme: S,;;, S;; - KOMIUIGKCHBIE MOILIHOCTH HCTOYHMKA
NUTAaHUA W DIeKTponpuéMHuKka;, Ztq=~2Z1,, Z; - TOJIHbIE KOMILICKCHBIE

CONPOTHUBJICHUSI TMpPsAMOM, OOpaTHOM U HYJEBOH MOCIEI0BATEIHLHOCTEH
TpaHchopmaropa; N - KOMIUIEKCHbI KOd(uIueHt TtpaHchopMaIu.
[ToTepsiMmu x0s10CcTOrO X042 B TpaHchopMaTtope npeHeoperaem;

3) Tpéxda3Has HeCMMMETpHUYHass Harpy3ka W  CHMMETPUPYIOIIEe
YCTPOMCTBO UMEIOT CTATUYECKUN XapaKTeEp.

C y4€ToM TPUHATHIX JOMYIICHUN H300pa3suM CXEeMy 3aMElIeHUs s
naHHoU TpéxdaszHoit ceTu (puc. 3.6).
Ha  ocHoBaHMM  mpuUHIUIIA  KOMIIGHCAIlMM  3aMEHUM  TpéxdasHyro
HECHUMMETPUYHYIO HArpy3Ky HECHUMMETPHUYHBIM HCTOYHHUKOM HampspkeHuid. B
pe3yibTaTe 3TOM 3aMEHBI paccMaTpuBaeMasi 1elb CTAHOBUTCS CUMMETPUYHOM,
U TI09TOMY CHMMETPUYHBIC COCTABJISIONIME TOKOB M HAINpPSHKEHUH B HEH HE

3aBUCAT IpYT OT Apyra.
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1 2 3 4 I, I,
A ..|: — (N —m — ° T"
NS
1 2 3 4 I, I,
B — P P
1 2 3 4 I, I,
= ﬂ'ﬂl - {_'m'l ic_rc lmi‘i H}tL— HWC

=
|

Puc. 3.6. Cxema 3aMellieHHs y4acTKa IEKTPUYECKON CETH C Harpy3KaMu U
CUMMETPHUPYIOLIUM yCTpoHcTBOM: 1 - Z 2 - Zy1=219,Z7p; 3 - N;

£ 16l
4 - ZJZHIZZJZHZ’Z]ZHO; 5 - Zsl’ZSZ’ZSOZOO; 6 - Z 1=;cy27;cy0;

¢y
7 - ZH]:ZH2’ZH0;8- ZN

[TpunsiB a3y A 3a OCHOBHYIO U 3aMEHUB TPEX(PazHyI0 HECUMMETPUUHYIO

lJHB u L—JHC’

Harpy3Ky TpeMsl UCTOYHHMKAaMU HEW3BECTHBIX HampsbkeHud U,

Pa3JI0KUM OTH HAIIPSAKCHUA HA CHUMMCTPHUYHBLIC COCTABJIAIOIIUC HaHpﬂ)KeHI/Iﬁ

npsmoit U, ;, obparHoii U,, u Hynesoii U,, mocinenoBaTenbHocTed. B

pe3yibTaTe TMOJYyYUM CHUMMETPUYHYIO TPEX(Pa3HyI0 CeTh, CXeMa KOTOPOH

n3o0paxkeHa Ha puc. 3.7. DIEMEHThl Ha OTOM CXeME HUMEIOT CIIETYIOIINe
0003HAYCHHUS: L_JlA,L_JlB ,L_ch - cuctemMa (pa3HBIX HaAMpPsHDKCHUHA BTOPUYHOMN

oOMoTku Tpanchopmaropa T1, mpuBenéHHas Kk 6a3UCHOMY HAIPSKEHUIO, T.C.

HAMpsSHKEHUIO  BTOPUYHOW  0OMOTKM — TpaHchopmaropa T2, Hampumep

QlA =U,/n;, Z lﬂgl = _lﬂgz - KOMIUIEKCHOE COTNPOTHUBIICHUE TPSIMOM

(oOpatHoit) mocieaoBaTeabHOCTH JuHUKM 10 KB, mpuBenéHHOE K HANPSIKEHUIO

cetu 0,38 kB, T.c.
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Zlflel :Zﬂel / DZ | (319)

| _ 7l I
rne Zy,=2%,, Zy, - KOMIUIEKCHBIE CONPOTHMBIEHUS TpaHchopmartopa T2

COOTBETCTBEHHO TIpsMOM (0OpaTHO) W HYJIEBOM TOCIEIOBATEIBHOCTEH,

NpUBEAEHHBIC K HANPSHKEHUIO BTOPUYHON OOMOTKHU.

U 2HO]l/l
Lyy =Ly =Ly S (3.20)

HOM

rne Zq, - KOMIUIEKCHOE CONpPOTHBIIEHHE TpaHC(hOpMaTopa B OTHOCUTEIBHBIX

CAMHULax; U - HOMHWHAJIbBHOC HaIIpsKCHUEC BTOPUYHOM 0OMOTKH
4 HOM.

TpaHCPOpMaTopa, S - HOMHWHAJIbHAasA MOIITHOCTBb TpaHC(MPOopMaropa.
HOM.

W3BecTHO, YTO B CUMMETpUYHOW Lenu (puc.3.7) cUMMETpU4YHas cucTeMa
HANpSOKEHUH  KaKoW-THOO TOCIeIOBATEIbHOCTH BBI3BIBAET CHMMETPUYHYIO
CUCTEMY TOKOB TOH € IocieqoBaTeabHOCTH. Ha OCHOBaHMU 3TOr0 COCTaBUM
TPHU HE3aBUCUMBIE CXEMBbI MPSAMOM, OOpaTHOW M HYJIEBOM MOCIIEI0BATEIbLHOCTEN
st ocHOBHOM (asbl (puc. 3.8). B ciywae eciu CONpOTUBIICHHE HYJIEBOM

MOCJIEIOBATENBHOCTH  TpaHchopmaTopa Zig =%, CXeMy  HyJEBOU

IIOCJICA0BATCIIbHOCTH COCTABJIATh HET HCO6X0)II/IMOCTI/I.

A g 2 3 L. A" L. , 4
o H H 1o ®

B' ! 2 ! { 4

c' 2 4

Puc. 3.7. Cxema 3aMellieHusl ydyacTKa 3JIEKTPUYECKON CeTH ¢ Tpex(a3HbIM
HECUMMETPUYHBIM HCTOYHUKOM HaIPSKEHUS U TPUBEAECHHBIMU apaMeTpaMu K
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cetn Hampspkenuro 0,38 kB: 1 - 2\ i =2\ 2 - ;\Tl :Z\TZ,Z\To; 3.
Z]ZH] :ZﬂH27;]lH0; 4 - ZSllZSZ; S- chl :ZCyZ; 6-Z T - ZN

_cyO y
E Im-.f Z II'J‘ Z I,T.uI !.:m’ i sf z l,q.l
* [ 1 —> >
I_I | Z| l Q”, 1
Ly <
lL‘r ! lL‘r 1! l I[T: l i»;
®
a)

g Ids’i‘ g l.f Z I,ﬂr" i,]wf i 52 gls
—H —>

z' l U,

6)
Zle 2. L
:I I: D
2z
p -
l o e
B)

Puc. 3.8. Cxembl mnpsmoir (a), oOpatHod (0) U  HyJIeBOU
MOCJIEIOBATEIBHOCTEN JII1 OCHOBHOM (pa3bl Tpex(a3HOW CUMMETPUYHOM 1IETH C
CUMMETPUPYIOLUM YCTPOHCTBOM

[TpousBeném nanpHemme npeoOpa3oBaHus CXeM, IPEACTABICHHBIX Ha puc. 3.8
B cxeme npsimoii mocnenoBarensHOCTH (pUC. 3.8 a) 3aMEHUM aKTHUBHYIO U
JIBE TIACCUBHBIE MAPAJUICIIBHBIE BETBH OJHOM SKBUBAJICHTHOM BETBBIO C

UCTOYHHMKOM HanpsbkeHust U ; mpoBOAMMOCTBIO Y 4 !

\
Yi-Uy

=———; Y, 1=Y1+Y ;. 3.21
~ 51 Y +Y Toan=r1+0p (3.21)
B Beipaxkenusix (3.21):

Yi== 2y,=Z) +Z%,+2Z,,, (3.22)

IN|
-

rme Y =Y,1+Yg - CyMMapHas KOMIUICKCHAsi MPOBOJUMOCTb MPSIMON

MOCJIEIOBATEILHOCTH ~ CUMMETPHUPYIONIEro  yCcTpoiicTBa U TpéxdazHoit

CUMMETPUYHON HArpy3KH.
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B cxeme oOparHoii mocnemoBaTenbHOCTH (puc. 3.8 0) 3aMeHUM TpHU

BETBU OJHOM DKBUBAJIEHTHOW BETBBIO C

IMAaCCUBHBIC  MApPAJJICIIBHBIC

TIPOBOUMOCTHIO
Yo=Y +Y . (3.23)

B Beipaxkenuu (3.23):
(3.24)

rne £, = Zlﬂgz + Zsz +Z o Yo=Y, +Y, CyMMapHasi KOMIUJIEKCHAas
MIPOBOJIUMOCTh oOpaTHoi MOCJIEIOBATEIbHOCTH CUMMETPHUPYIOIIETO

YCTpOMCTBA U TPEX(PA3HOI CUMMETPUYHON HArpy3KH.

B cxeme HyneBoil mnocnenoBarenbHOCTH (puc. 3.8 B) 3aMEHHM [IBE
BETBU OJHOM DKBUBAJIEHTHOW BETBBIO C

IMAaCCUBHBIC  IMApaJJICIIbHBIC

IMPOBOAUMOCTBIO
!30 :cho + !O . (325)

B Beipaxenuu (3.25):
ctne Zo=Zro+Z - (3.26)

0

Xo:

IN | =

ITocne mnpoBea¢HHBIX TmpeoOpa3oBaHuii cxeMm (puc. 3.8), MOIyYUM

OJIHOKOHTYPHBIE PACUETHBIE CXEMbI 3aMEIEHUs MPSMOMN, OOpaTHOW U HYJIEBOU

nocjea0BaTeIbHOCTEN, N300pakEHHbIE Ha puc. 3.9.
Jlist cxeM npsMoi, oOpaTHOW U HYJEBOM mocieaoBarenbHocTel (puc. 3.9)

COCTaBUM 110 BTOpoMy 3akoHy Kupxroda crneayronire ypaBHEHUS:

| | |
~nl . Zn2 . 210
Y—+QH1 =U,; —+U,=0;, =—+U,=0. (3.27)
LY 292 —30
Y )| Y I Y I
. =51  =ml 22 w2 30 1 g0
1
lﬂn inl anlC\ Quol CD
.
B)




[0CJIEA0BATEIBHOCTEN
OTH

Puc. 3.9. DxBuBasieHTHBIE cXeMbI TpsiMoil (a), oOpaTHOU (0) m HyneBoi (B)
ypaBHEHUS

coacpiKar IMCCThb HCHU3BCCTHBIX.
lHl ’lHZ ’lHO 'uul ’L—JHZ ’U

[ToaToMy cocTaBuM emé TpU ITOMOJHUTEIHHBIX
ypaBHEHUS, CBS3BIBAIONINE JAHHBIC IMIECTh BETUYHH, C YIETOM HUCXOIHOU CXEMBI
(puc. 3.8) u mapameTpoB Tpexda3Hoi 1enu

U — —Ha

—Ha

; Q,m:l”g; U, =1

, 3.28
6 v, (3.28)

YC — yc ,e_J(o:.

<<

a

<
|
S

e Yo =ya-e % Y, =y, e

Hanpsixenust 1 Toku B ypaBHeHUsIX (3.28) BbIpa3uM uepe3 CUMMETPUYHBIE
COCTAaBJIAIOIINE:

Uu,,+U,,+U Yl (La+1,+1,0)
1 2 s .
a®uU ,+aU ,+U Y_ a“l,,+al,{+1,0);(3.29
1 2
aUH1+a UH2+U ? (anl+g I_H%"_ly )

W13 ypaBuenuii (3.27) onpenenum 3Hauenus U, ,,U,, .U, o unoacrabum ux

B cucteMy ypaBHeHuil (3.29) Ilocne mpeoOGpa3zoBaHuil MOTYYHUM CIIEIYIONIYIO
CUCTEMY YPABHECHUU:

Y +Y
lHl.(——

\
51 —a+Y32 Y +Y90 .
a'xal ) _HZ (XG.XSZ ) _HO (Y Y ) T
2 ! +Y31 I +Y 2 Y +Y 0 zz
a (="—=21Y+ g4 —6 ' — 92 —6 " —950 U
La(§y ) vabe: (_6.!92) Lo (g ) =0y
Y +Y +Y Y +Y
al (=T oly, 2 —0—92 —c T30 y_l,U ..
al, (10.131) Lo (Y Y, )+ 10 (!c°Y30 ) )“_31

(3.30)

Pemass cucremy ypaBHenuii 3.30, MOIXy4yuM CIEIyIOUIME 3HAYECHUS IS
CUMMETPUYHBIX COCTABIISIOMIMX TOKOB M HAMPSXKEHUN
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Y, Y3 v?
(3.31)
3 3 3 3

U 1:U l_USl.XQJ..XHl :L—J3l.(XM_XH1):Q31-!N .
o - !31'!?{4 Xi XM

2 2
U :_L—J31.!K'!31. U :_L_Jal'!L Yal
~ n2 Y3 ) Y0 Y3
(3.32)

B 3THX BBIpaKEHHUSIX:

Y =YY YR Y =3 Y Y Y g (Y +Y o)+ Y Y Yo
YE=3Y 0¥ 0+ Yoo +Y o (Yo +Y 0 );

Yoo =Y Yo #Y Y +Y, Yo Yhi=aY, Y, +al Y Y+, Y
Y2, =2l Y Y Ay Y Y Y YEeY Y,y

Ya=Yoo Ve Yoo  Ypo=Y, +Y,+Y,;

Yp=Y+aY,+a Y, Yp =Y, +at Y, +ay..

(3.33)

Jns  onpeneneHruss CUMMETPUYHBIX COCTaBJISIONIMX TOKOB B JIMHUH,
OOYCJIOBJIEHHBIX CHMMETPUYHON HArpy3KOM, ONPeeTuM COCTABJISIONINE TOKOB

IpAMOii Iy u oOpartHoit 1, mocnenoBatenbHOCTEN TpéxdaszHo

CHMMGTpPI‘—IHOfI HAarpy3kv, a TaK K€ CUMMCTPHUYHBLIC COCTABJIAIOOIMC TOKOB

npsmoii 1,9, obpatnoit 1., u HymeBoii 1., moOCIENOBATENEHOCTEN

CUMMETPUPYIOIIETO YCTPONCTBA:

lg=U,1-Yq; I =U, 5 Yes

) - ) (3.34)
lcyl =U,1 'ch17 lcyZ =U,» .chz J leO =U,0 'chO'
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YuuteiBas Beipaxenus (2.3), (2.36) u (2.37), mocne mpeoOpa3zoBaHU

onpecaAcisicM CUMMETPUIHBIC COCTABJIAOIIUC TOKOB B JIMHUU:

U, -Ye )
=51 Q.
L

Llal 'Xal '!2 !i .

Lo=1l+lg+l,,= 3 ;) (3.35)

Yo

Y [ Yo-Y?

I = +1 _ =02l —ol -0 1L

a0 — 20 T o0 Y3
CﬂeﬂyeT OTMCTUTD, qToO COCTaBJIAROIIIAs TOKa HYHCBOﬁ

nocienosarenbHocTu oo =0, Tak kak Y, =0.

Ha ocHoBanuu momydeHHsix Boelpaxkenudd (3.31), (3.32) u (3.34)
oIpeessieM KOMIUIEKCHBIE MOKa3aTeNId HECUMMETPUH TOKOB U HATIPSKEHUI:
- KO3(p(PUIMEHTHI HECUMMETPUM TOKOB MO OOpaTHOM U HYJEBOU

IIOCJIACA0BAaTCIbHOCTH HGCHMMGTpH‘-IHOﬁ Harpy3Ku:

2 2
K. _le _XQZ.XK . K - _lHO _XQO.XL (3 36)
2 2in — I - 3 ’ N oin — I - 3 .
1ul YHl ~nl YH_']_

- KO3(Q(PUIMEHTH HECUMMETPUHM HAMNPSHKEHUW MO OOpaTHOM M HyJEBOM

IMOCJICAOBATCIIBHOCTHU HA 3aKUMaAX HAI'PY3KH:

2 j180° 2 j180°
Li ZZXK.XB:L.e . QHO XL'!sl'e

H — —

) K H -
qu XSN o QHO YS

KZUH =

(3.37)
- Ko3(hPUIMEHTHI HECUMMETPUH TOKOB MO OOpaTHOM U HYJIEBOU

IIOCJICA0BAaTCIIbHOCTH B JIMHHUU:

1, Y, Y2.Y, 1o Yo-YZ-Y,
Koy, = =12 = £2 Tx Lol . Koy, = =20 = 20 LL Zol

(3.38)
ljzl Xé l]ll !A(rg

B dopmynax (3.34), (3.36), (3.37), (3.38):

YO =Y Yo+ YR Y o YR=Y3 Y3
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B cnydae orcyTcTBHsI OTBETBIEHMII Ha BCEM Yy4YacTKe JIMHUU MEXITY
UCTOYHUKOM IMTaHUS M Y3JIOM Harpys3ok, kodpoumuentsl K, u Ky, Ha
3TOM y4acCTKEe HEM3MEHHBI, a Ko3dduuuentsr K,, u K, yMeHbIIaOTCA 110
Mepe ylaleHus OT y3Jla Harpy3KH.

Omnpenenum 3TH KOG OUITHESHTHI )T TI000H TOUKU «X)» 0 JJIUHE TUHUH.

O6o3naunm  uepe3  Y,q,Y,»,Y,o  KOMIUICKCHbIE  NPOBOAUMOCTH
COOTBETCTBEHHO IPSIMOM, 0OpaTHON U HYJIEBOU MOCIIEI0BATEILHOCTENH ydacTKa
JMHUM OT y3/1a Harpy3oK C CUMMETPHPYIOLUIMM YCTPOHCTBOM JO TOYKH «X»

ATOM JIMHUU U COCTaBUM YpPaBHCHUA AJIA CXCM prIMOfI, O6paTHOﬁ )51 HYHGBOﬁ

nocieaoBaTeabHocTel (puc. 3.8):

! I |
L_J == +QH1; L_Jx2 = =12 +L_JH2; U X0 ~ _Yﬂ2 +L—JH0' (339)

x1 — el
Xxl !XZ = x0

[ToncraBuB B Beipakenus (3.39) 3nauenust BenuuuH (3.35) u ()3.37, nocine

npeoOpa3zoBaHUi, OTYYUM:

VA Y2y Y
lezuf;?l =R ; LJXZZL_Jal = _T; Ux0:_
szf!xl

51 °XU

(3.40)

rie Yg :Yé Y0 YR Yo=Y, Yy Yy=Yo-Yy.

OnpenenuM KOMIUIEKCHbIE KOA(D(PUIIMEHTHl HECUMMETPHUH HANIPSHKEHUH 110

obpatHoit K, 1 HyneBoit K, MOCIEI0BATEIBHOCTAM I TOUKH «X»:

N Uy Yo YR - Uy Yo Yh

2 2
_UXZ XK.!BJ..YX]..!T . UXO :!L'Xal'ixl'iu

(3.41)

[Ipu orcyrctBum B y31me Tpexda3sHOM CHMMETPUYHOM HArpy3Ku

KOMIUIEKCHBIE NMPOBOIUMOCTH Y g1 =Y g» =0. Benencrsue 3toro BbIpaxkeHUs
wiY yu Y o mpuMmyT  crienyommid Bum: Y g =YY ;o =Y 5. Torzxa

KOMIIJICKCHBIC OKBHUBAJICHTHBLIC ITPOBOAUMOCTH AJISA CXEM HpHMOﬁ 151 O6p8,THOfI

nocyenoBaTeabHOCTEH (pHc. 3.9 a 1 6) OyayT onpenensIThes o GopMynam:
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Yhi=Yi+Y Yo =Y, +Y ). (3.42)

cyl;_ Al

KommekcHass SKBHBaJICHTHas IMPOBOAUMOCTb JII  CXCMbI HYHCBOﬁ

nocienoBatenpbHocTH (pric.3.9 B) ocrtaercss 0e3 u3MeHEHHWi. B HUX HyXHO

TOJIBKO 3aMEHUTH Y ;1 U !aZHaYly n Yl

JIns pacdera nokasaTeneil HECHMMETPUU TOKOB U HanpspbkeHun cetu 0,38 kB
c CV, tpexdaszHoii cuMMeTpudHOi U AByX(pa3Hoil (oaHO(]a3HOI) Harpy3KaMu
HE0OXOIMMO MPUHATH B BhIpakeHUsX (3.33) mpoBOIUMOCTH OJIHOM U3 (a3 (Ui,
B ciydae oOJHO(a3HOW Harpy3Kd, HPOBOJAMMOCTH JBYX (ha3) TpexdazHoit
HECUMMETPUYHOM Harpy3Kd PaBHOM HYJIO W JaJiee UCIOIb30BATh MOJTYYCHHbBIC
BoIpaxeHus (3.36)...(3.38) u (3.41).

Jns onpenenenus nokasaTenei HECUMMETPUH TOKOB M HANPSIKEHUN B 3TOM
YaCTHOM CJyyae HE0OXOJIMMO COCTaBUTh CXEMbI MPSIMOM, 0OpaTHOUN U HYJIEBOU
nocjeaoBaTeabHOCTEN uccneayemoit nenu (puc. 3.10).

[IpeoOpasyem cxembr puc.3.10 ciuenyrommm obpazoM. B cxeme mpsmoit

nocieaoBarenbHocTd  (puc. 3.10a) 3ameHMM [Be TapajuielibHbIE BETBU

(Qll;zlﬂg;glrl) M Z, OJHOW DKBHUBAJCHTHOW BETBBIO C MCTOYHHKOM

HaINpSKECHUS Qlal Y IPOBOJIUMOCTBIO Xﬁ:

L .yl
Ulalz#;iﬁz\ﬂw@l (3.43)
Xl +YCy1
rie Yh= i| Yo = L: ARES in; zh =7 +2'n (3.44)
Zh chl !31

B cxeme oOpatHOil mocnenoBatenbHOCTH (puc.3.100) nBe mapasienbHbIC

BETBU tlﬂez,z |T1 u 2 3aMEHUM OJIHOM DJKBUBAJICHTHOM BETBBIO C

cy2
MIPOBOIUMOCTBIO \Lnaz:
152 = !IZ +ch2 ) (345)
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1 1 1
rre Yh= |—;\£cyz S TyAY =— 2o =22 + 272
VAV Z,2 Yoo
(3.46)
Zl.ml Z IT'} = al Z wil = &f Z.\F
— ] ] ]
| E— | I
ztl” l {—jm’
ll_j ! l(—”r Tl
l ‘rn! l IJH
L
a)
Z 1l Z 2 I . Z i i sl Z-r.?
== —
| I

Z l.fﬂ i_m GJ z anf?
[ 1 Lot | 1
L1 | I |
Z

l = Ml

B)

- ROIE

Puc. 3.10. Cxembr mnpsmoii (a), oOpatHoii (0) u HyneBoil (B)
MOCJIEIOBATEIHLHOCTEH /I OCHOBHOM (ha3bl Tpexha3HOW CUMMETPUYHOM IIETH C
CUMMETPHUPYIOIIMM YCTPOWCTBOM, BKJIFOYEHHBIM Ha IMWHAX TpaHchopmaTopa

MOTPEOUTENHCKON MOJCTAHIIUU

B cxeme HyneBo# nocnenoBatenbHOCTH (puc. 3.10 B) aBe mapasienbHbIe

A Z o 3aMEHUM OJIHO 9KBHUBAJICHTHOW BETBBIO C IPOBOIMMOCTBHIO

Y&
(3.47)

L (3.48)
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B pe3ynbrare mosyueHHBIX TPeoOpa30BaHU MOTYUYUM CIEAYIOIINE CXEMBI:
npsMoil, oOpaTHOM M HyseBoW mnocienoBatenbHocTed (puc. 3.11). Ilposens
nanpHelniee npeoOpazoBaHus cxeM (puc. 3.11), mosiyduM 5KBHUBaJICHTHbBIE
CXEMBbl NpPsIMOI, OOpaTHOM W HYJEBOM IOCIEAOBATEIbHOCTA aHAJOTUYHbBIC

cxemam (puc. 3.9), UMEIOIINM CIIETYIOIINE MapaMeTphI:

Y, Ul 1
:—V——;Y3 =Y . +Y ;19 :X —|—X ,X =— (3.49
U, Yo Yo You=Y, 1 +Yqi Yo=Y o+Y Y o Z. (3.49)
e Yo1 = oYy = 2oy = 2 4 21y = 22 4 2o Zeo =20 4 Z e,

=yl =v2
(3.50)
BrelpakeHUsT 11 OmpeneNieHds TOKa3aTeied HECHMMETPUH TOKOB U
HaIpsHKEHU B 3TOM cliydae OyAyT aHAJIOTHYHBI BeIpakeHusM (3.32)...(3.34) u
(3.40).
Jlist  ompeneneHusT CUMMETPHUYHBIX COCTABISIFONIUX TOKOB B JIMHUH,
OOYCJIOBJIEHHBIX CHMMETPUYHON HArpy3KOM, ONPeIeTuM COCTABJISIONINE TOKOB

pAMOii Iy u oOpartHoit 1y, mocnenoBatenbHOCTEN TpéxdaszHo

CHMMGT’pI/IqHOﬁ Harpys3kM, a TaK € CHUMMCTPHUYHLIC COCTABJIAIOIIME TOKOB

PSIMOU I_Cyl, obpaTHoOM I_cy2 U HYJEBOU I—cyO MOCJIEA0BATEIILHOCTEHN

CUMMETPHUPYIOILIETO YCTPOMCTBA:

Ly =U ;Yo l,=U, Yo,
+s1 nl sl . 182 — =n2 5-2 3.51)
lcyl = L_Jyl '!cyl ’ lcyZ = QHZ '!cyZ ’ lcyO = L—JHO '!cyO'

VYuuteiBas Beipaxkenus (3.30), (3.32) u (3.33), mocne mpeoOpazoBaHUit

onpeaciIsicM CUMMCETPUYHBIC COCTABJIAIOIIME TOKOB B JIMHUU:
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| — | | . Qal XQ .
a1l — Znl + -s1 + Loyl — Y3 ’
Lu
Qal '!31 '!2 !?{ .
Lp=lpo+lg+l,,= 3 ;) (3.52)
Y
2
I = + =L—J31 !31'YO YL
220 — w0 T 20 Y3
—_M j
CﬂeﬂyeT OTMCTUTH, qToO COCTaBJIAOIasA TOKa Hy.TIeBOI\/’I

nocienosarenbHocTu oo =0, Tak kak Y, =0.

Ha ocHoBanuu monydeHHbsix Boipaxkenudt (3.30), (3.32) u (3.34)
oTpeesieM KOMIUICKCHBIE TIOKa3aTeId HECUMMETPHH TOKOB M HAIIPSHKECHU:
- Ko3(h(PUIMEHTHI HECUMMETPUH TOKOB MO OOpaTHOM U HYJIEBOU

IIOCJIACA0BATCIbHOCTH HGCHMMGTpH‘-IHOﬁ Harpy3Ku:

2 2
K. _lHZ _!92'!1( . K A _lHO _XQO.XL (3 53)
2 2in — I - 3 ’ N oin — I - 3 .
1ul YHl ~nl YH_']_

- KO3 PUIIMEHTH HECUMMETPUM HAMNPSOKEHUM M0 OoOpaTHOM M HYJIEBOU

IMOCJICAOBATCIIBHOCTHU HA 3a’KUMaAX HATI'PY3KH:

H — —

’ KO H -
qu Y3N ’ QHO X?\]

2 j180° 2 j180°
QZZXK.XBI.e . QHO YL'!al'e

KZUH =

(3.54)
- Ko3(hPUIMEHTHI HECUMMETPUH TOKOB MO OOpaTHOM U HYJIEBOU

IIOCJICA0BAaTCIIbHOCTH B JIMHHUU:

2
IJZZ :XZ .XK °Xal .

Ko, == ) Koix =— — (3.55)
| l]ll Xé I lﬂl !g
B ¢hopmynax (3.32), (3.34), (3.36), (3.37):
Yo=Y YO +YR Y oo YR=Y3 -yl

B cnydae OTCyTCTBHsS OTBETBJIEHMM HAa BCEM YYacCTKE JIMHUHM MEXKIY

MCTOYHUKOM IMTaHUS M y3JIOM Harpy3ok, koadouunuentel Ko, nu Ky, Ha
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3TOM Y4acTKE€ HEM3MEHHBI, a Kodpunuentsl Ko, u K, yMeHbIIaOTCA 1O
Mepe yJaleHus OT y3Ja Harpys3KH.
Omnpenenum 5ti Ko3QGUIUEHTBI A7 1000 TOUKH «X» M0 JUIMHE JTUHUH.

O6osnaunm  wepe3  Y,;,Y,5,Y,g  KOMIUICKCHBIE  MPOBOAMMOCTH

COOTBETCTBEHHO MPSAMOI, 0OpaTHON M HYJEBOM MOCIEeI0BATEILHOCTEH y4acTKa
JUHAUA OT y3Ja Harpy30K C CHUMMETPHUPYIOIIUM YCTPOMCTBOM O TOYKH «X»
ATOW JIMHUHM W COCTAaBHM YpPaBHEHUS IJISI CXEM NPSIMOM, OOpaTHOW W HYJIEBOM

nocieaoBaTeabHocTel (puc. 3.8):

| | |
U.,.=—"2+U.: U, ="24U.: U,=""2 4+U... (356
~ x1 Y " ~ul ~ x2 !XZ ~ u2 ~ x0 X 0 ~ u0 ( )

[ToncraBuB B BeipaxkeHus (3.56) 3nauenus BenuuuH (3.32) u (3.34), nocie

npeoOpa3zoBaHuid, OIYIUM:

OnpenenuM KOMIUIEKCHbIE KOA(DDHUITMEHTH HECUMMETPHUH HATIPSHKCHHH 110

obpatHoit K, 1 HyneBoil K, MOCIEI0BATEIBHOCTAM I TOUKH «X»:

Ueo Y2.Y Y'Y Uo YZ-Y Y'Y
=Xx2 _ —x -2l —41 T : KOUX _=x0 _ L 0ol —x1 ~U (358)
~x1 XXZ'XR Lixl !

KZux =

c

[Ipu orcyrctBum B y31me Tpexda3sHOM CHMMETPUYHOM HArpy3Ku
KOMIUIEKCHBIE NMPOBOIUMOCTH Y g1 =Y go =0. Benencrsue 3toro BbIpakeHUs
Y pu Y o mpuMyT  crienytonmid BUAT Y g =YY 5o =Y o, Torzma
KOMILJIEKCHBIE 3KBUBAJIEHTHBIE NMPOBOAMMOCTH IJII CXEM NpsAMOW U 0OpaTHOM

nocieaoBaTeabHocTel (puc. 3.9 a u 6) OyayT onpeaessiThes no Gopmyiam:

Yo=Y, +Y i Yho =Y, +Y . (3.59)
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KommnekcHas SKBUBaJICHTHas MMpOBOAUMOCTL JJIA  CXCMbI HYHGBOﬁ

nocienoBaTenbHOCTH (pHCc.2.6 B) ocTaeTcss 0e3 W3MEHEeHHWil. B HUX HyXHO
TOJBKO 3aMEHUTH Y ,; U [32HaY|91 n Yl

JIns pacdera nokasaTenei HECHMMETPUHM TOKOB U HanpspbkeHun cetu 0,38 kB
c CV, tpexdaszHoii cuMMeTpudyHOi U AByX(pa3Hoil (oaHO(]a3HOI) Harpy3KaMu
HEO0OXOIMMO MPUHSATH B BhIpakeHUsX (3.31) mpoBoauMocTh oHOM U3 (a3 (wim,
B ciydae oJHO(a3HOW Harpy3Kd, HPOBOJUMOCTH JBYX ¢a3z) TpexdazHoit
HECUMMETPUYHOM Harpy3Kd paBHOM HYJIO U Jajiee UCIOIb30BATh MOJTYYCHHbBIC
BoIpaxkeHus (3.35)...(3.37) u (3.40).

Jlist onpenienieHus mokazaTesieil HeCHMMETPUU TOKOB M HAIIPSKEHUN B ATOM
YaCTHOM cllydyae HeOOXOJMMO COCTaBUTh CXEMbI IIPSIMOM, 0OpaTHON U HYJIEBOU
nocJjeaoBaTeaIbHOCTEN uccneayemoi nenu (puc. 3.11).

[IpeoOpasyem cxemsl puc. 3.11 cneayrommum obpasom. B cxeme mpsimoit

nocieaoBarenbHocTd  (puc. 3.11 a) 3amMeHuUM JBe mNapajyieidbHbIE BETBU

(Qll;zlﬂg;zln) M Z, OJHOW ODKBHUBAJICHTHOW BETBBIO C HCTOYHHKOM

1.
HaIpsKCHUS ngl U IIPOBOJUMOCTBIO Y 7 !

L.y
Uly=ttUs Yh=Yh+y,, (3.60)
X|1+ch1
L1 1 1 S |
rie Yi=—7:Y =——;2Zv1=—F7;2"=2"w1+2Z'11 (361)
le o chl !Z_
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Zlm.’ ZIH !:.’ Z wl Itf Zu’
— ] e ] —
L1 | I

gq! l QM

lg, lgn
l "—rc_‘l'.r l Sl
L
a)

Z nal g 3 ‘!1’13 z w2 i:- gn*
— ] —>e —
L1 LI

gn'&' l L—I“

- '
o e
7 .Y  z.,
 — e
| I | | S|
Z 4
lg]ﬁ‘] ) l l_rm!]
l iq\'}

Puc. 3.11. Cxembl mnpsmoii (a), oOpatHoii (0) u HyneBoil (B)
MOCJIEIOBATEIBLHOCTEH /I OCHOBHOM (ha3bl Tpexha3HOW CUMMETPUYHOM IETH C
CUMMETPHUPYIOIIUM YCTPOWCTBOM, BKJIIOYEHHBIM Ha IMWHAX TpaHchopmaTopa
MOTPEOUTENHCKON MOCTAHIIUU

B cxeme oOpatHOil mocnenoBaTenbHOCTH (puc.3.110) nBe mapasienbHbIC

BETBU tlﬂgz,; |T1, u 2 cy2 3aMCHHMM OJHOW OKBHMBAJICHTHOM BETBBIO C

m_.
POBOAMMOCTEIO Y 52

Y =Yh+y,,, (3.62)
1 1 1

riae \le=|—;!Cy2=—;Z|32=—H;Z|92=Z|ﬂ32 +Zlro.
Zn Loy2 Y,

(3.63)

B cxeme HyneBo# mocnenoBatenbHOCTH (puc. 3.11 B) nBe mapasienbHbIC

etBn Zlro u Z cy0 3aMEHUM OJJHOH SKBHBAJICHTHOH BETBBIO C IPOBOANMOCTBIO

17 .
Yo:
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Y30 =Yoo +Y 0 (3.64)

1
e Y, o=——:;Zo=—. (3.65)
20 Z .0 vy

B pe3ynbrare mony4eHHbIX NpeoOpa3oBaHUM MOJYYUM CIEIYIOLIUE CXEMBbI
npsiMOM, oOpaTHOW M HYJIEBOW mocienoBarenbHocTe (puc. 3.12). I[IpoBens
nanbHeiee mpeoOpa3zoBaHus cxem (puc. 3.12), mosyduM SKBUBAJICHTHbIE
CXEMBbl NpPSIMOI, OOpaTHOM W HYJEBOM IOCIEAOBATEIBHOCTH aHAJOTUYHbBIC

cxemam (puc. 3.9), UMEIOIINM CIIETYIOIINE MapaMeTphI:

Y, -Ubs 1
== =Y =Y 1 +Y;Y o =Y o +Y oY g =—— (3.66
~ 5l !vl“'xsl 151 2yl T1lsls L2 1y2 T 1ls2 0 ;VO ( )
1 1
e Yy ==Y, =2, = 242,152, =22+ 2,0: 2,0 =20+ Z 10
=yl Zy2

(3.67)

BBIpa)KeHI/ISI A1 OIPCACICHUSA rokasaresei HCCUMMCTPHUHU TOKOB H

HaIpsHKEHUN B 9TOM cliydae OyayT aHaJIOTH4YHbI BeIpaxkeHusM (3.32)...(3.34) u

(3.40).
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Z l'JJ' i (] -Z el !l Z sl
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&

Zm? I r? a) z w? l.\'_’ Z 52
1 — "
L1 L | LI

l t—}rn_‘f
l L,
Z | i} I af} 6) Z wnil?
= 3 = .
| I | | I
l in‘}
B)

Puc. 3.12. Cxembr mnpsmoii (a), oOpatHoii (0) wu HyneBoil (B)
MOCJICAOBAaTEILHOCTE  JII1  OCHOBHOM  (pa3pl  Tpexda3zHol  ceTh ¢
CUMMETPHUPYIOIIUM YCTPOHCTBOM

B ciydae, eciiu B y3i1e OTCYTCTBYeT Tpex(da3Has CHUMMETPUYHAsT HArpys3ka,
BBIPYKCHUS JIJIs ONIPEICIICHHUS IMOKa3aTelieii HECHMMETPHH TOKOB M HANPSKCHUI
ocTaHyTcsi 0e3 u3MeHeHuit u Oyayt onpeaensarbes 1o (3.32)...(3.34 ) u (3.40), B

HHX TOJBKO HE0OX0I1MO BMecTO Y 3 M Y , moctaButh Y U Y 5.

3.3.2. Memoo pacuema nokazameneii HeCUMMEmMpPUU MOKO8 U
Hanpaxcenun oan cemu 0,38 kKB ¢ pacnpedenennoiu Hazpy3Kou u

CUMMEMPUPYIOUUM YCHIPOTICI80M
Cenbckue osnektpuuyeckue ceru 0,38 kB ¢ kxommyHanbHO-OBITOBOM

Harpy3Kou, Kak ImpaBUJIO0, XapaKTEPU3YIOTCSl paclpeeIEHHON Harpy3kou (puc.
3.13).

Hcenonb3yst BbIpaKeHUs A MOKa3aTeled HECHMMETPUM HANPsKEHUM B
cetu 0,38 kB ¢ cocpenoroueHHoi Harpy3koi B 1 y3iie, onpenenanum noka3areiu
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HCCUMMCTPHUM TOKOB Ha YY4CTKC 1-2 nuHUM W TIOKa3aTeln HCCUMMCTPHUU

HanpspkeHui B y3ie 2 (puc. 3.13).

SSJ Ssz Sr_—v Ss-(n-f) Ss(n)

0.4 xB
ar d 1 a2 2 T (ﬂ—f) n- 1 e F1 n

LS N LSS P
L R ey IFEr

Su I 'S

SH(,,,;) SH(H)

Puc. 3.13. Cxema yuactka snekrpuueckoit cetu 0,38 kB ¢ pacnpeneneHHoi
Harpy3Kou

Cucrema HaHpH)KGHI/Iﬁ B y3JIC 1 HCCUMMCTpHUYHA U 3d/laHa B KOMILICKCHOM

dopme: U, U, U, . Pazgoxum 3Ty cucreMy HampshKEeHUH — Ha

cuMmMmeTpuunble  coctaBmsromume U, U .U ,.  3anumeM KOMILIEKCHBIE

KO3 GUIIMEHTHI HECUMMETPHUH TI0 OOPAaTHOM M HYJICBOM IMOCIEI0BATCILHOCTH B
y3ie 1:

UH2. U

Koua = L_J o Kowa = L_JHO : (3.68)

~ ul ~ nl

CxeMa 3amelieHusi y9acTka ceTd 1-2 Oyner aHajloru4yHa cxeme puc. 2.4,

€CJIM HArpy3Ky, PaclpeIelICHHYIO Ha yYaCTKE JIMHUM 2. ..N IPUBECTH K y3i1y 2. B
HEW UCKJIIOYAIOTCS COMPOTHUBIICHUS Z|ﬂ81, ;lﬂgg : Zln, Zsz, Z_| 70 U B TOYKax Al
B, ¢! N OyneT cucreMa CUMMETPUYHBIX COCTABJISIONIMX HAIMPSKECHUN
QlHJ,Qng,QlHo y3na 1, a B Toukax A”, B”, C”, N - cucrema CUMMETPUYHBIX
COCTaBIISIIOIIMX  HANPSHKECHUAM QIHI,QIHZ,QIH() y3na 2. Takum o00pazom,

MOJIy4eHHasT 1lenb OyJeT CHUMMETPUYHOW C JBYMS HECHUMMETPUYHBIMHU
WCTOYHMKAMHU HAIpPSOKECHUHA, B KOTOPOM pPAa3HOMMEHHBIE CHUMMETPUYHBIC

COCTABJISIFOLIME TOKOB M HAMPSKEHUN HE 3aBUCAT APYT OT Apyra. ITO MO3BOJIAET
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COCTaBUTH IS OCHOBHOHM (pa3bl TpexdazHOoil Ilenmu TpU HE3aBUCHUMBIE CXEMBI
psIMOii, 0OpaTHOM U HYJIEBOM mociieqoBaTeNnbHOCTEN (pUC. 3.14).

Hpeo6pa3yeM 9T CXCMbI, HC 3aTparuBasd HMCTOYHHUKOB C HAIIPSAKCHUAMU

Ql 1,L_J|H2,L_J|H0, 3aMEHUB TapajulesibHble BETBU B cxeMax (puc.3.14)

SKBHUBAJICHTHBIMU HCTOYHUKAMH MUTAHUS C HANPSHKEHUSIMU Qlaz,ulaz,glao u

KOMILUIEKCHBIMU MPOBOAUMOCTIMHU Y ,;,Y 5, Y 5!

\
_91=%; Yor=Y1+Y,5;
Yi+Y,
Yo-U
=" Y ,=Y+Y ,; 7,
=52 !2_'_!}72 —022 T 22T 1p2 >
(3.69)
!O'L_JHO ; 130:!04_!}70’]

~50 =
rie  Yq,Y,,Y,-KOMIJIEKCHbIE IPOBOJAUMOCTH  COOTBETCTBEHHO IPSAMOI,

oOparHOil W HyneBod mocienoBarenbHocreit guHuu 0,38 kB; Y ,..Y ),

ONPENENAIOTCA KaK CyMMapHble KOMIUIEKCHBIE IPOBOAUMOCTU Tpex(azHoil
CUMMETPUYHOU HArpy3KH U CUMMETPUPYIOIIETO YCTPOUCTBA.

B pesymbrare sTOro mpeoOpazoBaHUs TMOJYYUM PACUETHBIE CXEMBI TPSIMOH,
oOpaTHOM U HYJIEBOU MocienoBarensHocTeit (puc.3.15).

Jlnst cxeM (puc. 3.15) coctaBUM TpU OCHOBHBIX YPaBHEHHUS:

I lHl I|H2 lHO

__+U|H1:U » T +U|H2:U3 ,
Xal o ot !32 o =2 a0

(3.70)

+Q|H0 = QSO .

87



Z ! l_:f._ [_f... Z !
° — 1
— z., Ju.
U
| L | 2o | L
L
Z_} i.* a) I.-.-: g 2
1 - E—— —
L
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i Voo ) L
L
z, 1, 1, °
. }——
Zqﬁ
Yo Lo #5
L
B)

Puc. 3.14. Cxembl mnpsimoii (a), oOpatHoii (0) u HyneBod (B)
NOCJIEIOBATEIBHOCTEH 111 OCHOBHOM (ha3bl «A» Tpex@azHOH CHUMMETPUYHOM
Henu

Iaf ‘fmf’ IQ-? Ir:.?‘ I:iﬂ fuﬂ >
o— | —{ 1} b [ 1
l{_fﬂ Uﬂl@ lQJZ anlCD ll_}iga Qual
° . °
a) 6) B)
Puc. 3.15. DxBuBaneHTHBIE CXeMbI TIpsiMOil (a), oOpaTHO#t (0) W HyJeBO (B)
oclieqoBaTeJILHOCTEN

JlonoynHutenbHbie ypaBHeHUs (3.25) octaHyTcsi 0e3 M3MEHEHHMs, TaK Kak
cxema BKIIOUEHUsS Tpexda3sHoW HECUMMETPUYHOM Harpy3kw ocrajach 0e3

u3meHenus (puc. 3.7).
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B ypaBuenusax (3.70) Berpazsum U, ,U_,,U ,uepes U,; wucnomassys

BbIpaxkeHus (3.62) u (3.63):

I |Hl

v +L_J'H1=m1-L_JH1; N

~al
lle | .

+U%2 =m,-U ; > (3.71)

LY

llHO +U| 0=ms-U .-

190 =H 3"l J

rac m]_:!—l; mZ :M’ m3 — KZUHO .!0 .
(3.72)

B Beipaxenusx (3.72) xoapounuentsr K, 1, Ky, o omnpenenstorcs no
BbIpaKeHUsIM (3.54).
OnpenenuB u3 ypapHeHui (3.71) anz,glfu,L_JlHo U TIOJICTABUB HX B

ypaBHeHus (3.), moclie MNpeoOpa3oBaHUl MOJY4YHMM HMCXOJHYIO CHCTEMY

YPaBHEHUN:

Xa'xal Y '192 - Y 'XQO

a a

Y, +Y Y, +Y Y, +Y >
azllnl'(Mjﬂl'lrﬂ'(MjHlHO'[MJ=UH1-§2m1+am2+m3;(1;.73)

\
Y, +Y Y, +Y Y, +Y N
IlHl‘(a-l_31J+I|H2'(a+32j+llii0‘[a+So]zuul'm1+m2+m3j

Y 'Xal YooY X(f'XaO
Y

6 6 52
Y +Y Y Y +Y
Qllnl‘ Letly +Q2UH2 JEe P + IlHO | e T g0
Xc 'Xal Xc .X32 Xc 'Xao

9 N
=Q31“m1 ta my+m; .,

J

Pemas cucremy ypaBHeHuit (3.71), mOdMy4yuM  BBIp@XEHHS  JJIA

CUMMETPUYHBIX COCTABJISIONIMX TOKOB HECUMMETPUYHON HATPY3KH B y3JI€ 2:
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1ha = o e = x_f’:. 1o = é’:'!”, (3.74)
!3ﬁ=m1 Yo +my Y, Y +mg-Yo, - YE )
Xi:mz'ﬁz MY YR mg Yo, Y
Yy =Mg Yo +m Y, YT 4m, oY, oY

e Y7 =Y, Yer —YoiYi=Y,, Ye —YEy: >
(3.75)
Y2 =3-Y, Y, Y + o +Y 1 SYBo+Y 1Y oY o
Yo0=3-Y, Yo Y € +Y 5 Y B +Y 1Y 5 Y g
132131'19 YDl’X =Y, YEl_YDZ )

[loacraBnsist Belpaxkenus (3.74) B (3.75), moiy4uM CUMMETPUYHBIE

COCTABJISIFOIINE CUCTEMBI (DA3HBIX HAMIPSHKEHUI Ha 3aKUMaX Harpy3Ku B y3Je 2:

U|Hl UHl ﬁl n Yﬂ)U| UHl h23
Y} Y

-M —W

p UI UH1 (13 l/u (3_76)

I[JI?I onpcaAciICHud CHUMMCTPHUYHBLIX COCTABJIAIOIIMX TOKOB B JIMHHUH,

OIIPEJEIMM CUMMETPUYHBIE COCTABIIAIOLINE TOKOB NpsAMOi | ¢, 1 obpatHoi |4

nocyieI0BaTeIbHOCTEH Tpex(azHON CHUMMETPUYHOM HArpy3kd, a TaKxke

CUMMETPUYHBIE COCTABIISIONINE TOKOB NpsMOi | .., 0OparHoii |, ¥ HylneBoi
I .y TOCIIEIOBATEIBHOCTE CUMMETPHUPYIOIIETO YCTPOHCTBA.

[Toacrasmnss Beipaxkenus (3.76) B (3.33) mocie npeoOpa3oBaHuil, MOTYyUUM:
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R

3

1 | | __Hz’iﬁ 31+61Y Yﬂ/ 51+ch1/
Vi=btut+lg+ly = v )

N ~

U, -12Y,+€QY3-v3 €.,+Y
Lo=tho+lg+l,,==" R 62‘;4 IPLE ~o24h (377)
Yo
3 3 3

Ha ocHoBanuu nosyueHHbIX Bbipakenuii (3.74), (3.76) u (3.77) onpenenum

KOMILIEKCHBIE TI0Ka3aTeIM HECUMMETPHUU TOKOB ¥ HAIIPSKCHUM.
Koa¢ddunments! HecumMmeTpun TOKOB o oOpaTtHol Ko, u HyneBoi Ky,

IIOCJIACA0BATCIbHOCTH HGCHMMGTpH‘-IHOﬁ Harpy3Ku:

e Y5 Y, 1o Yo Yoo
KZiH | = 3 ) KOiH = | = 3 .
P Yp-Yy Pur Yg-Yu
(3.78)

Koa¢dpunuents: Hecummerpun TokoB 1o oopatHoit Ko, u Hynesoit Ky,

IIOCJIACA0BAaTCIIbHOCTH B JIMHUU:

~

3 _y3 N
K. L, Y Y92+“2 Y )(32 +ch2
2|]l_| Y3 ﬁ Y ( Y
~al 1p- 3ﬂ1+ 1° LB st T L

3 3 3 )
Y3.Y 0+ ﬁs-zM—x,,, Yo

= -3 3 3 )
1, X/;-Lﬂ1+ﬁl'ijw—l/;)(sl+icy1

\1

=,
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Koadduimentsl HecUMMETpUHM HamnpspKEHUM MO0 OOpaTHOM W HYJEBOU

IIOCJIEZI0BATEIBbHOCTH HA 3aKUMax Harpy3KH B y3ie 2:

3 3
U|H2 m XM T Lp |

K|2UH:_ = ;K|OUH:_ = .
Uba myY3-v5 Uba mv3-v5

AHAJOTUYHO MOKHO OIIpCACINTL IIOKA3aTCIIM HCCUMMCTPHUHM TOKOB H
HaHpH}KGHHﬁ B IIOCJIICAYIOINUX Yy3JIaX HAI'PY3KH U Y4AaCTKAX JIMHHUH, ITIOACTABJIAA

B BoIpaxkeHus (3.72), (3.75) u (3.78 — 3.80) Bmecro K,,, u K, 3HaueHHS

KOO (PUIIMEHTOB HECUMMETPUM HANpsHKEHUW 10 OoOpaTHOM U HYJIEBOM
MOCJIEIOBATEIPHOCTH Ha 3aXHMaxX TMPEeAbIIyIIero y3Jia Harpy3kd. Takum
0o0pa3omM, MOTYT OBITh OMPEIEIICHBI MTOKA3aTeIM HECUMMETPUU HAMNPSHKEHUN BO
BCEX Y3JIax HArpy3kd W TOKa3aTelld HECUMMETPHHM TOKOB Ha BCEX ydacTKax
nuaum 0,38 kB.

Crnemyer OTMETUTh, YTO TIPU pacueTe MOKa3aTele HECUMMETPHH TOKOB H
HaIpPsHKEHUH B y3Jie «Ny» HAarpy3Kd, JOJDKHA YUUTHIBATHCS CyMMapHasi Harpys3ka,
pacmpeiieieHHass BIOJIb ydacTKa JHWHUM OT €¢ KOHIa A0 N-ro  y37a
BKIIIOUMTENBbHO. [Ipu omnpeneneHnn npoBOAUMOCTEH HEOOXOAMMO YYHUTHIBATH

npoBoauMocTH Y 1,Y ,, Yy ydacTka TuHUM MKy N u (N-1) y31amMu Harpy3KH.

3.4. MeToabl pacyera CMMMETPHUPYIOLIUX YCTPOHCTB

Bce mMeToapl cHMMETpHUPYIOIIUX yCTPOMCTB OCHOBAHBI HA HCIOJIb30BAHUU
TOYHBIX HCXOJIHBIX NaHHBIX, T.e. s pacueta CY HeoOX0AMMO 3HATh, Kak
U3MEHSIOTCS TapaMeTphl Harpy3KH, CO3AA0IINE JOTOJHUTEIbHBIC YBEINYCHHUE
TOKa HYJIEBOW MOCIIEA0BATEIHHOCTH.

Paccmotpum  Meroabl  pacuera  HauOonee  >pdektuBHbix  CVY:

KOHACHCATOPHOI'O M 3JICKTPOMArHuTHOTIO.
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3.4.1. Pacuem KOHOEHCAMOPHBIX WLYHMO-CUMMEMPUPYIOUWUX YCIPOTICINGa

B pacnpenenurensupix cersx 0,38 kB, Hambonee uenecooOpa3HO
UCTIONIb30BaHUE  IIYHTO-CHMMETPHUPYIOIIUX  YCTPOWCTB Ha  WHIAYKTHBHO-
E€MKOCTHBIX 3jeMeHTaXx. OHO COCTOUT W3 TpeX KOHJCHCATOPHBIX OaTapei
paBHOW MOIIHOCTH C CONPOTUBIECHUEM Xc, KOTOPBIE COETUHSIOTCS MEXIY
co0oli 1Mo cxeMe YeThIpeX JyueBoi 3Be3/bl (puc. 6 a, I1. 1)

MoIiHOCTh  KOHAEHCATOPHBIX  OaTapei  BBIOMpAaeTCs W3 YCIOBUSA
KOMIIEHCAIIM1 PEAKTUBHOM MOIIHOCTH TOKOB IPSIMOM MOCJIEI0BATEIBHOCTH.

MoutHocTh eMKOCTHBIX 3jeMeHTOB JaHHoro KIICY omnpenenutcs u3

CIICTYFOIIETO BhIPAKCHHUS:
Qc = S,(sing, —sing, ), (3.81)
rae  Sing,u Sing, - 3HaUYeHHe CHHYyCa yIJIOB cABUTA (a3, COOTBETCTBYIOIIEE

Ha4YaJIbHOMY H KOHCYHOMY 3HAYCHHAM KOB(b(bI/II_[HCHTa MOIIDHOCTHU B CCTH.

MorntHoCTbh 01HOM OaTapen KOHJACHCATOPOB:

Qc

QCl = , KBAp (382)

MO]_HHOCTB HHAYKTHUBHOI'O 3JICMCHTA:
2
QL:UL'IO:3XL.IO y KBAp (3.83)
rie U, — HampsbkeHHe Ha MHIYKTUBHOM 3JeMeHTe, B;
|, — TOK HyJIeBO# MOCIEIOBATENBHOCTH, A.

COHpOTI/IBJ'IeHI/Ie CMKOCTHU U MHAYKTHBHOCTHU OIIPCACIIACTCA U3 CICAYIOIINX

BBIPAKCHUN:

UZ

_Ys . _

o Xo="F. (3.84)
Cil

Mexnay kodhUIHEeHTOM HYJIEBOW TMOCIEIOBATEIHPHOCTU TOKOB M TOKOM

Xc

Hy.]'ICBOfI MMOCICAOBATCIbHOCTH CYIICCTBYCT CBA3b!:

g, = 0L (3.85)
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rae |y, — OoTHOCHTENbHAs BEIMYUHA TOKA HYJIEBOU IIOCIEN0BATEIbHOCTU B CETH.
CrietoBaTennbHO, TpH MakcHMalibHOM 3HaueHnu K, = 0,6 , uMmeromm

MecTo B ceTsax 0,38 kB ¢ koMMyHaIbHO-OBITOBOM HArpy3Koii:

Ke: - | Koi + S
IO — 01 "nom _ 0i “~¢ ’ (386)
2 2-3U,
rae l,,,, =S¢/ 3U 4, — HOMuHATBHSBI Tok KILICY.
CyMMapHasl yCTaHOBJICHHAs MOLIHOCTh PEAKTUBHBIX 3JI€MEHTOB!
Sy = 3QC1 + QLmax ) kBA (387)
rae QU max — MOIIHOCTh MHIYKTHBHOIO 3JIEMEHTa IIPU MAaKCHMAaJIbHOM

3HA4YEHUU TOKa, KBAp.

AXTHUBHOE COIMPOTHUBJICHUC KAaTYIIKH MHIYKTUBHOCTH!

R, =-L, Om (3.88)

KommiekcHoe conpotuBnenue HyaeBou nociuegoBarenbaoctu KIICY:

Zeyo=ZLc +3Z = Xc g 1% +3Q + jX.

. _ _ _ Onm. (3.89)
:_JXC +3RL + J3XL :_J3XL +3RL + JBXL :3RL

KommiekcHoe conpoTuBieHne npsiMoit (00paTHO) MOCIEA0BATENbHOCTH
MOJKHO OIIPENIEIUTh U3 BBIPAKEHMUSL:
Zoyi =Zeys =X e 1% On (3.90)
&CY1 — &£CY2 C ) .
KomriekcHble poBOAMMOCTH HPAMON Yy, 00paTHON Yoy, M HyJIEeBOM

Y cvo mocaenoBaTenbHoCcTer M1t manHoro tuna KIICY:

Yevi=Yey2 = , Cum.

£cv1
1

Zcvo |, Cum

Yevo =
(3.91)
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Takum oOpasoMm, mpu ycimoBun X =3X| ansd cxemsl puc. 6a, II. 1.
COIIPOTUBJIEHUE HYJIEBOM IOCIIENOBATENbHOCTU Zy, 3THUX YCTPOMCTB Oyner

MUHUMAJIbHBIM, W OMpPEACNAThCS MPAKTUYECKU AKTUBHBIM COIMPOTHUBICHUEM
KaTyIIKd WHAYKTUBHOCTH. Tak Kak 3TH YyCTpOMCTBa pabOTAalOT B PEXKHUME
pE30HaHCa HAMPSKEHUSI HYJIEBOM MOCIIEI0BATEIBHOCTH, TO OYEBUJIHO, YTO MPHU
OONBIIMX TOKAaX 3TOM K€ IMOCJIEAOBATEIbHOCTH HAIPSKEHUS HAa OTACIbHBIX
AJIEMEHTAaX MOTYT JOCTUYh 3HAYUTEIHLHON BEJIMYMHBI. YUHUTHIBasE MPOCTOTY
KOHCTPYKIIUU 3THUX YCTPOMCTB M MX OTHOCUTEIBHO HHU3KYI0 CTOMMOCTBH, OHU
MOTYT HaWTH WIMPOKOE TMPUMEHEHWEe, KaK JJig TIOBBIIICHUS KauecTBa
ANEKTPUYECKON DHEPrUM, TaK W JJI1 CHW)KEHHUS JIOMOJHUTEIBHBIX MOTEPh

MOIIHOCTH B CEJIbCKUX dJIeKTpuueckux cetsax 0,38 kB.

3.4.2. Pacuem 31eKmpoOMaACHUMHOZ0 UWLYHIO-CUMMEMPUPYIOULE20
ycmpoucmea
JlaHHO€  yCTpPOMCTBO 3JIEKTPOMAarHUTHOTO THIA, BBINOJHSIETCS Ha
TPEXCTEPKHEBOM  MArHUTONPOBOJE CO CXEMOM COEAMHEHUS OOMOTOK
"BeTpeunbiit 3ur3ar” (puc. 3, I1.1.).
N3BecTHO, uTO KOA(hGUIIMEHT MATHUTHOM CBSA3U KATYIIEK, PACTION0KEHHBIX

1
Ha OJJTHOM OOILEM CepleYHMKE, paBeH 1, a Ha pa3HBIX - 3 O3TOMY B3auMHast

UHAYKTUBHOCTb Katymek: M, =M =M =L, M, =M =M, :;L,

Torma cucremMa ypaBHEHHMH,  COCTaBJICHHAs Ha OCHOBAaHWM 3aKOHOB
Kupxroda s yka3zaHHBIX Ha CXEM€ HaNpaBiCHUA TOKOB M BCTPEUYHOIO

BKJIFOUEHUSI OOMOTOK, Oy/I€T UMETh BU/I:
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4 . 2 2 .
lal2r+—JwL |—lg=JjwL—-1- = jwL =U ,;
_A( 31 ) BBJ _CSJ YA

—|AEJWL+|B(2I’+gJWLj—|CEjWL Ug;

2 . 2. 4 .
lo—jwL—-lg—=WL+I1~|2r+—wL [=U.
_A3J _53] _c( 31 ) Yc

(3.92)

Perrast 3Ty cucteMy ypaBHEHHIH OTHOCHTEIBHO TOKOB, TIOIYUYHM:
3\

1= 022 +Ua2% +U, zﬂ}lﬁ/,

IB—QAZﬂ'l‘U Z +U Zﬂ}ﬁ/1 >

1e=Qaz3 +Ugz2+ucz2 K5
(3.93)

Z2 =r? +l(4er—w2L2 ;;2 =1‘I‘WL—W2L2 ;
rac 3 -
zA_Zr(2 12 +2rwl

3anuiiem cucteMmy ypaBHenuit (3.93) B maTpuuHoit popme:

L (22 z5 z3) |u,

1,2 2 2 3 X
s\ =325 2b Zj||us €50
Ic 2% 2% 7% |Ye

(3.94)

WJIM B COKpaIlleHHOU (popme:

1=} v (3.95)

[lepeiiaem oT (ha3HBIX KOOPJIAMHAT K CHMMETPUYHBIM:

NS A &l Xl (3.96)

[IpousBenss  MEepeMHOKEHHE  MATpHUIl, IOCJAE  COOTBETCTBYIOIIMX

npeoOpa3oBaHUM MOTYUUM:
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L |zr 0 0|y,

Lj=[0 z& ou, (3.97)
2

0 0 z% |y,

rie Zi =Zi—Z2; sz :;i+2;23 :

CJ'IGI[OB&TCJ'II)HO, CUMMCTPHUYHBIC COCTABJIAIOINIUC TOKOB YCTpOﬁCTBa:

2 3 )
I = ;/L_Jl iA) )
~
| 52 —Zit_lz ii,, > (3.98)
2 3
JOOZZfQOiA)

N3 paBencts (3.98) HaxXoAMM BXOAHBIE CONPOTHUBIICHUS MPSAMOM, 00paTHOMI
u HyjneBoil nocienoBarensHocTH DIICY. ConporuBienue npsmMoit U oOpaTHOU

HOCJIENOBATEILHOCTEH

N -
2y =Zop=23 §) =2€+ jwL (3.99)

ConpoTuBiieHUE HYJIEBOU MOCJIEA0BATEIbHOCTH:

~
Zy=23€% J =2r. (3.100)

Takum 00pa3oM, BXOJHOE COMPOTHBIICHHE HYJIEBOM IMOCIEI0BATEIHLHOCTH
OUICY poBHO TONBKO aKTUBHOMY COIPOTHUBIIEHUIO.

Monyib CONTPOTUBIICHUS PSMOM TTOCIIEN0BATEILHOCTH
Zo =24 +wWAL2 . (3.101)

Beipasue WL gepe3 100poTHOCTD KaTyiiku § =WL / 1, momydmm:

Zy =2r1+92. (3.102)

Paznenus (3.102) na (3.100), nonyuum
Z5y /2y =+1+9°. (3.103)
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Tak kak 0OBIYHO JUTSI KATYIIEK CO CTAIbHBIM CEPACYHUKOM ( 2y 1,10
ZnllZxn=9, (3.104)
T.e. DIICY, npencraBinennoe Ha puc. 3, 1.1, umeeT conpoTuBIeHUE MPAMO
MOCJIEIOBATEIHFHOCTH B § Pa3 OOJIbIIIE COMMPOTHRIICHHS HYJIECBOM.
OnpenenuM MOIMHOCTh J@HHOTO YCTpoWcTBa. B cucteme koopawHAT
CUMMETPHUYHBIX COCTABIISIOIIMX OHA OMPEACIIICTCS 110 BEIPAKCHUIO
S5, =3U115 +U,l5 +L_Jolao: (3.105)
[penebperas U,, u yuwureBasg, uro U, =kyU,, 15, =U,;/Z5 mu

1 59 =UyZ 5y, IOCIIE COOTBETCTBYIOLIMX IPEOOPA30OBAHUN IIOTYIUM:
Us ¢2 .12 it
S5=3"1 €% +kS - g™ (3.106)

rae K - koadduieHT HecuMMETPUH HaIIPSHKCHUH.

OTCI-OI[a dKTHBHAA pPCAKTHUBHAA M IIOJIHAA MOIODHOCTH COOTBCTCTBCHHO

PaBHBI:

U2 - \
P3=3——R1 6>+

uz _
Q=350 ' ’

2 d
89=3%1 b‘4+k€, +g‘2(+jZksz_

(3.107)
rne R=2r - aktuBHoe conporuBnenne DIIICY. Bennunnao g"4 U kj MOYKHO
npeHeOpeyb, Toraa:

2
S, :%g_l 1+2k3 . (3.108)
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o *
3aBUCUMOCTh ~ OTHOCUTENBbHOM  MomHoctu JHICY S, or ero

o *
COIIPOTUBJICHUSA HYJICBOH IMOCJIICA0OBATCIbHOCTH Z ey HaXoauTcCAa 1o

BBIPpAKCHHIO:

S, =Rg1/1+2k3 . (3.109)

N3 pacueroB BuaHO, uto BbIOOp DUICY mo MHUHMMAambHO BO3MOXKHOU
BEJIMYMHE COMPOTUBJIICHUS HYJIEBOM IIOCIIEIOBATEIbHOCTA MPUBOIUT K
3aBBIIIEHUIO €ro MoOIIHOCTH. CneaoBaTenbHO, pacyeT CUMMETPUPYIOLIETO
YCTPOMCTBA, ISl KaXJIOW KOHKpETHOW pacnpenenutenbHort cetu 0,38 kB,
JOJDKEH oOecreunBaTh TAaKOE€ €ro MUHUMAJIbHOE CONPOTUBICHHE HYJIEBON
MOCJIEIOBATEIBHOCTH, TP KOTOPOM OyAET BBIAEPKAHO TpeOyemMoe KadyecTBO
IIEKTPUYECKON SHEPTUH ITPU MUHUMAJIBHON MOIIHOCTH YCTPOMCTBA.

Tak xak OIICY nomKHO HMETh Majo€ CONPOTUBIICHHE HYJIECBOU
MOCJIEIOBATEIBHOCTH, a AOOPOTHOCTh KAaTyLIEK TaKUX YCTPOWCTB OOBIYHO HE
npeBsImaet 6...8, To, kak BUIHO U3 (3.109), peakTuBHAsi MOIIIHOCTh YCTPONUCTBA
MOKET JOCTUTaTh 3HAYUTEIbHOW BEJIMYMHBI, YTO OTPULIATEIILHO CKaXKETCs Ha
pexXrumMe pabOThI CETH.

N3 Beipaxenuss (3.109) BugHO, uTO MOOPOTHOCTH KaTymiek ( B
3HAYUTENIBHOM CTENEHU ONpeAeseT U aKTUBHYIO MOLIHOCTb yCTpoicTBa P,, a,
CJIEIOBAaTEIbHO, W TIOTEpH DHEPTUM B HEM. Tak Kak BKIIOUYCHHE B CETh

YCTPOMCTBA JOHKHO OOECIIEUUTh ONPEICTICHHBIA YKOHOMUYECKHH 3 dekT, To,

O4YCBHIHO, 4YTO BI>I60p g HGO6XOI[I/IMO IIPpOU3BOAUTE Ha OCHOBAHHUH

SKOHOMHUYECKUX KPUTEPHUEB.

YACTbH IV. YHHPABJIEHUE HECUMMETPUYHBIMHU PEKUMAMMU
4.1. ABTOMaTH3ALUSA yIpaBJIeHUA HIYHTO-CUMMETPHUPYOLIUMU
YCTpPOCTBAMH

KadecTBo anekTpuueckoi 3HEPTUU y MOTPEOUTENCH SBISICTCS OJHOW W3
BAKHBIX  XApPAaKTEPUCTUK  JJEKTpUYecKuX  cucteM. OHO  OKa3bIBaeT

CYIIECTBEHHOE BIIMSHUE KaK Ha 3()P(PEKTUBHOCTH pabOTHI 3JIEKTPOIPUEMHHUKOB,
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TaK M HAa TEXHUKO-DKOHOMHYECKHE XapaKTEPUCTUKH BJIEMEHTOB CETH
(MHOTOKpaTHO YBEIMYEHHBIE MOTEPU IIIEKTPUUECKOW SHEPruu, yXyALICHHUE
KAueCTBa HANpPSKEHUsS, MOBBIIICHHBIM HAarpeB 3JIEMEHTOB CETH, YBEJIMYECHHBIC
NOTEPU MOILHOCTH CETH U JIp.), YTO MPUBOJUT K CHUKEHHUE SKCIUTYyaTallHOHHOM
HAJeKHOCTU W COKpAIllEHUIO  CpOKa  CIY>KOBl  3JIEKTpOJIBUTaTeleH,
BO3HUKHOBEHUIO Psifia OTPULATEIbHBIX 3JIEKTPOMArHUTHBIX SIBICHUW B CETSIX U
T.I1.

Kax 6p110 mokazano B riaBse | Juisi MOBBIIIEHUS] KAYeCTBA JIEKTPUUECKON
SHEPIUM MPUMEHSIIOTCS, TaK Ha3bIBaeMble cCUMMeETpHUpytolue ycrpoiicta (CVY)
— TEXHMYECKHE CPEJCTBA CIOCOOHBIE MUHUMHU3HPOBATH COCTABJISIOLINE TOKOB
oOpaTHO M  HyJNEBOM  MOCJEAOBATENbHOCTEH,  BO3HHUKAIOUIUX  IPH
HECUMMETPUYHBIX PEKUMAX PAOOTHI SIEKTPUUECKUX CETEH.

JUISL CeNbCKUX PaclpeleUTENbHbIX CETEH, KOTOPBIE OTHOCATCH K, Tak
Ha3bIBa€MbIM, CETSIM HM3KOM HaOI0JaeMOCTH (B CHIIy HEIOCTaTOYHOCTH
OCHAILIEHHOCTH 3TUX CETEHl CpeAcTBaMU YIPABJICHMS) OJHMMH U3 Haubosee
aKTyaJIbHBIX SIBJSIOTCS II0OKA3aTENIM KadecTBa DJJEKTPUUYECKON SHEpIuH,
XapaKTEPHU3YIOIINE HECUMMETPUIO TpeX(Pa3HOIl CUCTEMBbI HAIIPSKEHUH.

Tak Kak HECUMMETPUS TOKOB M HANPSHYKEHUM HOCUT CIIyYaWHBIM XapakTep
U U3MEHSETCS BO BPEMEHHM B 3HAUMTEIBHBIX IPENENaX, TO CUMMETPUPOBAHUE
peXUMOB pabOThl pacHpeneNuTENbHbBIX CETEH C MOCTOSHHON MOIIHOCThIO CY
OyzneT He 10CcTaTOYHO dPGHEKTUBHBIM.

JUisi IOBBIIIEHHS] KauecTBa CMMMETPUPOBAHUS TOKOB M HAINPSIKEHUU B
NEKTPUUECKUX CETIXHEeoOXoaumMo wucnoias3oBarth CY ¢ peryiupyemMbIiMH
napaMeTpamMH.

QOYHKIIMOHAIIBHO aBTOMATUYECKOE YIpaBieHHE MOIIHOCThI0O CY MOXkeT
OBITh BBIMOJIHEHO KaK C MOMOUIbIO PelIeHHO-KOHTAKTHOM ammapaTyphl, Tak U C
NPUMEHEHHEM OECKOHTAKTHBIX AJIEMEHTOBB PA3IUYHBIX (PYHKITHIX.
Aemomamuueckoe ynpagnenue CY ¢ pynKkuyuu epemenu cymok.

Haubonee mnpocteiM cmocoboMm aBToMatmueckoro ympaBieHus CVY

SBJIIETCS] YIIpaBieHUE B (DYHKIIMM BPEMEHU CYTOK. DTOT CIOCOO YMpaBIICHUS
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BBIMIOJHSETCSI MO CHEIHATbHOMY TpauKy, 3aBUCAIIEMY OT KOHKPETHOM

AIEKTPUUYECKON ceTu B KOTOopol yctaHaBiuBaercss CY. B kadecTBe NaTYMKOB

IIPU TAKOM PETYJIUPOBAHUU UCIOIB3YETCSl CYTOUHBIE peJie BPEMEHHU.
Henocratkom  nmamHoro  cmocoba  ympasnenuss CY  sBisercs

A N HCBO3MOKHOCTb pearupoBaHusA Ha

’_J]j @ BepOHTHOCTHYIO COCT&BJIHIOHIYIO
SB KT1
T ] o

ﬂ L] HCCUMMCTPHUHU TOKOB W  HAIIPSKCHHUHW B
BJIeKTpH‘IGCKOfI CCTH.

- kv Aemomamuueckoe ynpaenenue CY ¢
H (dynkyuu nanpsaxicenus.

k1 KT1 Ha pucynke 4.1 wuzoOpaxkeHa cxema
Y. ABTOMATHYECKOTO yIpaBJICHUS

CUMMETPUPYIOIIUM YCTPOUCTBOM B (YHKIIUU

Kv2 —

HanpspbkeHus. Cxema paboTaeT CleayroluM

Pucynok 4.1 — Cxema obpaszom. Ecnau HanpsokeHue B HauOosiee
ABTOMATHICCKOTO YPABNCHUA — sqrhyvoxennol  (ase HOHMKAETCH,  TO

CY B QpyHKIIUN HAMIPSKEHUS
cpabaThIBaeT pene MHHHUMAaJIbHOTO

HanpsokeHus: KV2, koropoe kontaktamu KVZ2Bxirowaer pene Bpemenu KT2.
3aMbIKaronMe KOHTAaKThl 3Toro pene KT2c BBIACPKKOH BpPEeMEHH IOJAIOT
HaMpsDKeHUST Ha KaTyIIKy MarHuTHoro myckatenss KM, cuiioBble KOHTAKThI
KoToporo B 1enu ynpasieHuss CVY moakiIoyaloT ero K cetu.B  dgackl
MUHHUMAJIbHBIX Harpy30K M COOTBETCTBYIOIIETO BO3pAacTaHUs HAIpPSHKEHUS B
ceTu cpabatbiBaeT pesie MakcuManbHOTO HampspkeHus KV1. KoHTakTel 3TOTO
pene KV1BkmtouarT nenbs kKarymku pene BpeMeHUKT1, KOHTaKThl KOTOPOTO
KT1c Beiaepxkoil BpeMeHu (I1J1s1 OTCTPOMKH OT KPaTKOBPEMEHHOT'O U3MEHEHUS
HaIpsDKeHUS) OTKJIIOYAlOT MarHuTHbIM myckareab KM, 4To NpUBOIUT K
otkiroueHnto CY ot ceTu.

JlaHHasi cxeMa He TO03BOJISIET MPOU3BOJUTh PETYJIUPOBAHUE MOITHOCTHIO

CVv.

Aemomamuueckoe ynpaenenue CY ¢ pynkyuu moka.
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Ha pucynke 4.2 npeacraBieHa peneitHo-

KA1 KA2 KA3 KA4
e KOHTaKTHas cxema aBTOMAaTHYECKOTO
\ [T [ 1 ]
N 1A ynpaBiaeHusICY, HMEIUM JBE CTYNEHU
. ., MOIIHOCTH B  (QYHKUMM TOKAa HYJEBOTO
o ar ‘2 npoBoja.CxeMa BKJIIOYaeT B ceOs YeThIpe
D TokoBbIX pene KAl — KA4 u dertsipe peine
KM1
BpemMenn KT1 — KT4. Cxema noctpoeHa Tak,
KT2
:D: KT K1 YTO TMpPHU BO3pPaCTaHUM TOKA B HYJIEBOM
QIL - IIPOBOJIE BO BTOPUYHOMN Lenu
KA1 ]
H TpaHchopmaropa Toka TA 10 cpabaTbiBaHUs
KA4 KA3 KT4
] pene KA2 BkirouaeTcss mepBasi CTYIEHb
e morroctd CY, a 1o cpabateiBanus pene KA4
KT4
:B: kT3 2 — BTOpasg  cryneHb  MomHoctn  CVY.
QIL || BcnomorarenbHble  KOHTaKTbl ~ MarHUTHBIX
KT3
KA3 — o
~J nyckarener KMI1 wu KM2 Onokupyror
Pucynoxk 2 — Peneiiro- COOTBETCTBEHHO KOHTAKThI pene KA2 u KA4.

KOFTAKTHAT CxeMa Eciii TOK B HYJIEBOM IIPOBOJIE CHU3UTCS

ABTOMATHUYCCKOI'O YIIPABJIICHUA
CY B (yHKIMH TOKA 10 ToKa cpabaTteiBanus pene KA3 u Huxe, TO
karymka peine KA3 tepser nutanue, B pesyibrare pene Bpemenu KT3 cBoum
pa3mbikaronM KoHTakToM KT3 otkmtount nens MarHutHOro myckarenss KM 2
U COOTBETCTBEHHO BTOPYIO CTyneHb MomHocTH CVY. [Ipu yMeHbIIEHUH TOKa B
HYJICBOM TIPOBOJIE /10 TOoKa cpabaTthiBaHus pene KAl obecTounBaeTcst KaTyIKa
pene KAL. B pesynbrare pene BpeMenu KT1 ¢ Beinep:kkoli BpeMEHU OTKITIOUUT
1enb KaTymku MarautHoro nyckarenst KM1 u nepBas cexuust CY OTKIIOUUTCS
OT CETH.
Henocratkom cxembl SIBIISIETCS TO, YTO OHA BBIIOJIHEHA C IOMOIIBIO
PEIEUHO-KOHTAKTHOW anmnaparypsl.

Ha pucysnke 4.3 npejicraBieHa cxema aBToMaTruueckoro ynpasieHuaCV B

GyHKIIUM TOKA ¢ TPUMEHEHNEM OECKOHTAKTHBIX 2JIEMEHTOB.
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Cxema cocTouT u3 JABYX OJHHAKOBBIX YYaCTKOB CXCMBbI, HepBBIﬁ — JJIA

yIpaBieHusl epBoil cTyneHbio MoutHocTu CVY; BTOpoil (B onmucaHuu pabOThI

N CXEMBl 3JIEMEHThl 0003HAUYEHBl B
VD1-VD4
le Lo @‘ CKOOKax) — Juisl YIpaBJEHUS BTOPOU
R1
T ) cTyneHbto MomHocTu CVY.

[Ipu mpoxoxneHun TOKa B

R7 R8 vt
H] vi2 @ vTS HysnesoM mnpoBoae N B karymke L

1 HaBOJIMUTCS SJIC. [Tepemennoe

__ VD5-VD8
Z VD9

Ll el
NN

HaIps’KCHUEC, BBIIIPAMIICHHOC MOCTOM,

coctosAUM U3 4eTbipex anoaoB VD1

— VD4 nonaercs na kouaencarop Cl,

KL1

CILyXaluil (GUIbTPOM, U KOHIEHCATOP

C2, xoTopblii 3apspKaeTcs  4epes
KM1

KLt noTteHrometp R1, ocymiecTBustomuii

KL2

_
L

PETYJIUPOBKY BpEMEHU 3apsja.

~ 220 HanmeeHHe C JTOro KOHACHCATOpa

C2 MOJIa€TCS Ha JIEJINTEND

Pucynok 4.3 — Cxema aBTOMaTH4ECKOTO
yipassieris CY B (hyHKIHH ToKa © nanpsokenuss  R2-R3-R4  (R10-R11-
NpUMEHEHHEM OE€CKOHTAKTHBIX

QJICMCHTOB

R12). lenuTenb HApsiKEHUSI COCTOUT
u3 nByx pesucropoB R2 (R10) u R4
(R12) wu ognoro mnorennuomerpa R3 (R11), KoTOpeIM peryimpyercs
HaIpspKeHHe, nojiaBaeMoe Ha 6a3y tpansuctopa VT1 (VT3).

Eciu Tox B HyneBom mpoBome N HeBenmWk, TO HampsbKeHHE Ha
koHaeHcarope C2 Toxe OyneT He3HAYMTENbHO. B 3TOM ciyyae TpaH3UCTOD
VT1 (VT3) Oynet 3akpbIT, Tak Kak HanpspbkeHue Ha cradumurpone VD9 (VD10)
OymeT MPHUIOXKEHO K 0a3aM 3THX TpaH3UCTOpoB uepe3 pesuctop R5 (R13) u
nemutens R3 (R11) u R4 (R12). Ilpu stom tpansucrop VT2 (VT4) Oymer
OTKpBIT U KaTymika pene HanpsokeHuss KV1 (KV2) Oyaer monydats nutaHue.
[Tpu Bo3pacTtanuu Toka B HysleBOM mpoBoje N HampspkeHHe Ha KOHJIEHCATOpe

C2 Takxke Oynmer BO3pacTaTb C BBIIEPKKOM 1O BpPEMEHH, OIpeAesseMOon
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noctossHHON BpemeHu 1enouku R1C2. Korga nampspkeHHMe Ha KOHACHCATOPE
JOCTUTHET ONPEEICHHOrO 3HAYEHUS, HANpPSLKEHHE, MOAABAEMOE C JIETUTEI
R2-R3-R4 (R10-R11-R12) na 0a3y tpamsucropa VT1 (VT3), craHoButcs
JIOCTATOYHBIM JIJII €r0 OTKPBITUS, YTO COOTBETCTBEHHO BBI3BIBACT 3aKPHITHE
tpanzuctopa VT2 (VT4) c¢ mnocineayronuM OTKIOYEHHEM KaTYIIKH pelie
nanpspkenus KV1 (KV2).

Hanpsbkenue cpaBHeHUS, B JaHHOW CXE€M€ MOKHO IIJIABHO PEryJMpOBaTh
noteHiuoMerpamu nenurened R3 u RI11. Penme mampsokenns KV1 u KV2
pa3mbikatonuMu - koHTakTaMu KV1 u KV2  COOTBETCTBEHHO BKIIIOYAIOT
karymku npoMexytounsix pene KL1 u KL2 kontaktel KL1 u KL2 kotopsix
MOAAIOT HANPSHKEHUE HA KaTYIIKM MarHUTHBIX Iyckarenen cekunii CY — KM1 n
KM2.

Ha CV, ynpaBnseMoe HaHHON CXEMOW IMOJYyYEH MATEHT Ha MOJIE3HYIO
MOJIEJIb.

Cxema mno3BOJSET peEryaupoBaTb MOIMHOCTH CVY, OHa BBINOJHEHA C
MpUMEHEHUEM OECKOHTAKTHBIX JJIEMEHTOB, YTO SBJISETCS JIOCTOMHCTBOM.
MoOMEHT BKJIIOUEHHMSI CTYNEHM MOIIHOCTU MOXHO IUIABHO peryiupoBath. [lo
CPaBHEHHMIO C pACCMOTPEHHBIMH BbIIIE cxemaMu yrpasiienus CY, naHHas cxema
sbdexTuBHAa U HajexkHa B pabore. OHA COCTOMT U3 CEPUMHBIX DJIEMEHTOB U

pocTa B 00CITYKUBAaHUU.

Pezynuposanue mownocmu IHICY

CymectByronue CY He mpeaycMaTpUBAIOT PETYJIUPOBAHUE MOIIHOCTH.
HecuMmeTpust TOKOB 1 HAIIPSKEHUNA HOCUT CIIyYaWHBIN XapaKTEP U U3MEHSETCA
BO BPEMEHM B 3HAUMUTEJBHBIX IpEaeax, MO3TOMY CUMMETPUPOBAHUE PEKUMOB
paboThI pacmpeeTUTENbHBIX CETe ¢ MOCTOSHHON MOIHOCThI0O CVY sBisercs
HeR () (PEKTUBHBIM.

JIsl TIOBBINICHUSI KauyecTBa CUMMETPUPOBAHUSI TOKOB U HAIPSHKCHHUM B
CeNbCKUX pacnpenenuTeNbHbiXx ceTax 0.38 kB mnpennaraercs HCnoiab30BaTh

perynupyemoeCV miis TpexdazHbIX ceTel ¢ HyJIE€BbIM MTPOBOJIOM.
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CY (puc. 4.4) nns Tpexda3HbIX CETel C HYJIEBBIM MPOBOJOM COCTOUT U3
TpexTpex(a3HbIX  ANEKTPOMATHUTHBIX  amnmapaToB, OOMOTKH  KOTOPBIX
COEMHEHBI 10 CXEME BCTPEYHBIM 3UI3ar, UMEIOIIMUX TpU (a3HBIX BHIBOJA U
OJMH HEWUTpaJIbHBIM, MpHUeM Kaxablii (a3Hbli BBIBOJA NpeIHA3HAYCH IS
HNOJKIIIOUEHUS] K (pa3HbIM IMPOBOJIAM CETH, & HEUTpalbHbIH — K HYJIEBOMY
npoBoay. Kaxnpili TpexdasHblii 3J€KTPOMAarHUTHBIN anmapatr oOpasyeT OJIHY
CTYyI€Hb MOIIHOCTM CHMMETPUPYIOIIETO ycTpoucTBa. Ha mepBol cryneHu
MOIIHOCTH MOJKJIIOYAETCs] MEPBbI Tpex(a3HbIl AJIEKTPOMArHUTHBIN amnmapar.
[Ipn Bo3pacTaHNM HECMMMETPHM TOKOB M HAIPSIKEHUM MOIIHOCTH YCTPOMCTBA
YBEIIMYUBAECTCA.OTO JIOCTUTAETCA MYTEM NOAKIIOYEHHS JONOJHUTEIBHBIX
OJTHOTO WJIU JIBYX TpeX(a3HbIX 3JIEKTPOMATHUTHBIX AIMapaToB K AIEKTPUUECKOM
cetu. Ilpenmaraemoe yCTpPOWCTBO MOJIHOCTBIO OTKJIIOYAETCA OT CETH NpPHU
JOCTVOKEHHM TOKa B  HYJEBOM IIPOBOJAE MHUHUMAJIBHOW  BEJIWYUHBI,
COOTBETCTBYIOIIEM  JOIYCTUMOMY  3HAUYEHHID HECUMMETPUM TOKOB U
Hanpspkenut, yctanoBineHHBIX ['OCT R 54149 - 2010.

Hnsa  ynpaBnenuss ~ momHocThto  CY  ucnons3dyercs — cxema
aBTOMATHUYECKOT0 YIPABJICHUS, KOTOpas OCYIIECTBIISIET YIPaBICHUE B (DYHKIIMU
TOKa HyJIEBOT'0 MpoBojia (puc. 4.5).

Cxema Bkrodaer B ce0st TpancopmaTop Toka TA, 1m1ecTh TOKOBBIX peie
KA1 — KA6, tpu pene Bpemenn KT1 — KT3 u tpu marautHbeix myckarenst KM1
— KM3. Dnementsl KA1, KA2, KT1 u KM1 npenna3zHaueHsl sl ypaBieHUs
nepBoil crynenbto momHoctu CY; KA3, KA4, KT2 u KM2 — nna ynpasneHus
BTOpO#l cTyneHpro MomHocth CY; KAS, KA6, KT3 u KM3 — nnsa ynpasienus
TpeThelt crynenbto MomHocti CY .Ilpuniun paboThl yCTpOWCTBa MOSICHUM Ha
IpUMepe CIEAYIOIMNX 3HaUeHUN ycTaBOK TOKOBBIX penie KAL — 1A, KA2 — 2A,
KA3 -3A, KA4 - 4A, KAS - 5A, KA6 - 6A.

IIpn BO3pacTaHMyM TOKa B HYJIEBOM NPOBOJE U BO BTOPUYHOM LIEIH
TpaHchopmaropa Toka TA 10 1A 3ambIKaeTcsi 3aMbIKAIOUIMI KOHTAKT pelie
KA1, npu panpHeiIeM Bo3pacTaHUHM TOoKa g0 2A — cpaboraer (3aMKHETCH)

3aMbIKaomMi KOHTakT pesie KA2, monydyuT nutaHue KaTylika pesie BpPEeMEHH
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KTI1, ¢ BelnepKKOH BpeMEHM 3aMblKaeTcs 3amblKaromuii KOHTakT pene KT1 u

MOJIy4aeT MUTAHUE KaTylIKa MAarHUTHOTO Imyckatens KM1.
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PucyHok4.4 — Cxema CYana TpexdasHbix ceTei ¢ HyneBbiM NPOBOAOM
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Ilocne 3TOro MarHWTHBIA ITyCKaTElIb 3aMbBIKA€T CBOM CHJIOBBIE KOHTAKTBI
KMI1 (puc.4.4) u B pabory BKIIOYAaeTCs TmiepBas cTyneHb MouHocTu CVY.
OtkimroueHre OT ceTtu InepBod cryneHu MomHocth CVY  mpousoiaer mnocie
CHIWKEHHsT Toka 10 3HadeHus 1A. Ilpu stom 3ambikarommii KOHTakT KAl
IPUXOJUT B UCXOJHOE MOJIOKEHUE (pa3MbIKaeTcs) U KaTyuika peie Bpemenu KT1
Tepsaer nuranue, KOHTakT KT1 pa3MmbIkaeTcs ¢ BBIIEPKKOW BPEMEHM, KaTyIIKa
MarHuTHOro myckarenss KM1 Ttepser nmutaHue M CHIOBbIE KOHTAKThI ITyCKaTEss
KMI1 pa3meikatores (puc. 4.4). Ilpy 3TOM OPOUCXOAUT OTKIIOUECHHUE MEPBOMU
crynneHn CVY ot ceru. lIpu cHMXKEHUH TOKa 10 2A OTKIIIOYEHUE HE ITPOU3OUJIET,
T.K. 3aMBIKaIOIIMI KOHTAKT pene KA2 GiokupyeTcsi BCIOMOraTeabHbIM KOHTAaKTOM
MarHuTHoro myckarenss KMI1.

PaboTa (moaxiatoueHue M OTKIIIOUEHHUE K CETH) BTOPOM M TPEThEH CTYIEHEU
MomHOocTH CVY  IPOUCXOAWUT AHAIOTMYHO: IOAKIOYEHUE BTOPOM CTYIEHHU
MOIIIHOCTHY MTPOUCXOAMT MPHU TOCTHXKEHUH TOKa cpabatbiBaHus pene KA4, paBHOro
4A, a OTKIIIOYEHHE — IIPU CHWKEHUH TOKa 10 3A, T.€. P CHI)KCHUM TOKA HHKE
YCTaBKHM TOKOBOTO peine KA3.

Tperbst ctynenp CVY mnoaxmaroyaeTcss IpU BO3pacTaHUM ToKa 10 6A, a
OTKJIFOYEHHUE OT CETH MPOUCXOIUT IIPH CHIKEHUH TOKA HUYKE 3HAUEHUS SA.

Belgepkka BpeMEHUM IpU  NOAKIKOYEHMM UM OTKIKOYEHUM CTYIIEHEU
MoutHocTH CVY ocymectBisieTcs ¢ noMmoipko tpex pene Bpemenu KT1, KT2 u KT3
JUIs  TpeloTBpalleHus: — cpabaTbiBaHUS ~ CTyNEHEM  ycTpoilcTBa  mpu
KpPaTKOBPEMEHHBIX KOJIEOAHUSAX HATPy3KH.

Tpancpopmarop Toka TA ycTaHaBiauMBaeTcs B HYJIEBOW TMPOBOJ
anektpuyeckor cetn 0,38 kB u mpegHazHaveH Ui MOAKIIIOYEHUS TOKOBBIX pelie
KA1 - KA6.

Takum o0pazom, MomrHOCTE CVY camoperymupyercs B (YHKIMM TOKa

HYJIEBOTO MPOBOJIA U €r0 MmapaMeTpbl OTCTPAUBAKOTCS OT YPOBHS HECUMMETPUU B
cetu 0.38 kB, umeromero Mecto B 1aHHbIH MOMEHT BpeMeHu.[loaToMy kauecTBo
CUMMETPUPOBAHUS TOKOB U HaNpsKEHUU B pacnpenenuresbHon cetu 0.38 kB npu
UCIob30BaHuu JanHoro CY Oyner BhIIIE, YeM MPU UCTIOJb30BAHUM YCTPONCTBA C
MOCTOSTHHOM MOIIHOCTBIO. [IprMeHeHne cxeMblaBTOMaTH4ecKoro yrpanienus CY
MO3BOJISIET HE TOJIBKO MWHHUMHU3UPOBATh CHUMMETPHUYHBIE COCTABIISIONIME TOKOB
oOpaTHOM W HYJIEBOW MOCJIEI0BATEILHOCTEH, HO U 3HAYUTEIHO CHU3UTh MOTEPU
MOIIHOCTH B CAMOM YCTPOWCTBE OT TOKOB MPSIMOW IOCJIEIOBATEIBHOCTH 34 CUET

aBTOMATHUYECKOT0 yNpaBlIEHUs MMapaMeTpamMu yCTPOICTBRa.
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4.2. KoHTPOJIb U aHAJIM3 HECHMMETPHYHBIX PEeKMMOB
4.2.1. Ocnognwie onpedenenusn
— aHaim3 KD — BbIsIBICHHE TIPUYMH HECOOTBETCTBUA ToKazartenend KD

YCTaHOBJICHHBIM TpC6OBaHI/IHM;

— BXOAHOI KoHTponb K3 (ans sHeprocHabxkatowle opraHusaummn) —KOHTpONb Mnokasateneit K3 B

TOYKe NOCTaBKM 3/IEKTPUYECKOM 3Heprum (93) oT BbILIECTOALLEN SHEProcHabKatoLen opraHn3aunu;
— IlOl'[yCTHMbIﬁ BRKJIAA — 3HAUCHUSI IoKa3aTejeu Kg, YCTAHOBJICHHBIC B TOT'OBOPC
3HepFOCHa6)KeHI/I$I WM B TCXHHUYCCKUX YCIOBHAX Ha IMPHCOCANHCHUC, U
ONpCACIAIOIMIUC  AOITYCTUMOC BJIMSIHUC  HMCKaXAKOIMUX  3JICKTPOIIPUCMHHKOB
HOTpe6I/ITeJIH Ha KD B Touke O6H_[€FO INPpUCOCAUHCHNA HWJIIM B TOYKC
KOMMEPUYECKOIO0 KOHTPOJIS;
— I/ICKa)KalOI]_[I/Ii/i AJICKTPONIPUEMHHK — IIPUCMHHK BHGKTpI/I‘IeCKOﬁ OQHCPIUHU C
HEJIUHEHMHOU BHGKTpI/I‘{eCKOﬁ XapaKTepHCTHKOﬁ WM € HCCHUMMCTPHUYHBIM HIIHN
KOJ'IC63TCJ'IBHBIM PECIKNMOM pa6OTBI, IMMOAKIIFOYCHUEC KOTOPOI'O K CCTHU ITPUBOAUT WA
MOKXCT IIPUBCCTH K HCCHHYCOHNAAJIBHOCTH, KOJIEOaHUSIM HAIIPSOKCHUA ~ HJIH

HECUMMETPUU TpeX(Pa3HOU CUCTEMbI HAIIPSIKEHUN B DJIEKTPUUECKON CETH,

— KOHTponb K3 — npoBepKa coOTBETCTBUA NOKa3zaTenel K3 ycTaHoBAEHHbIM TpeboBaHUAM;

— KOpPpPEKTHpYHIlee MeEpPonpusTHe — MEPONPUATHE, TMPECANPUHATOE I
YCTPAaHCHUS TMPUYUH CYIIECTBYIOIIETO HECOOTBETCTBHUS M NPEIOTBPALLICHUS HX
ITOBTOPHOTO BO3HUKHOBEHUS,

— HECOOTBETCTBHE — OTJMYME OJHOTO MM HECKOJBbKHX IToKazareneir KD or

YCTaHOBJICHHBIX B HOPMATHUBHBIX TOKYMEHTaxX TpeOOBaHUI;
— nepuoaunyveckunii KoHTponb K3 — KOHTpO/b, ocylecTBasemblin B Lenax ynpasneHua K3, npu
KOTOPOM MOCTyn/ieHne MHGOPMALMM O KOHTPOJMPYEMbIX MOKA3aTeNsAX W UX OLEHKA MPoOMCXoanuT
nepuogmMyeckn ¢ MHTEpPBasammu, onpesenaemMmbiMN OpraHu3aLmein, ocyLecTBaAoWen KOHTPoab K3,
HO
B Npeaenax, yctaHosneHHbiXx FOCT R 54149-2010;

— IOTCHHHUAJBHOC HECOOTBETCTBUEC — HCECOOTBCTCTBUEC nokasarenen KD

YCTaHOBJICHHBIM Tp€6OBaHI/I$IM, BO3HUKHOBCHHEC KOTOPOTO BO3MOXKHO YCPEC3

HEKOTOPBIM IPOMEKYTOK BPEMEHHU WJIU IIPU ONIPEACIIEHHBIX YCIOBUSX;
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— mpeaynpekaapniee MepONpUSTHE — MEPONPUITHE, NPEANPUHATOE IS
YCTPAaHEHHS]  BO3MOXXHBIX IPUYMH  MOTEHIUAIBHOTO  HECOOTBETCTBUA U
IpEeIOTBPALEHHS €TO BOSHUKHOBEHUS;

— NYHKT KOHTpPoJas KJ — MNyHKT 3JEKTPUYECKON CETH, B KOTOPOM MPOBOJAT

n3Mepenue nokazareneid KO npu koHTpose kadectBa I3;
B Ka4yecCTBE NYHKTa KOHTPO/A K3 moxkeT bbITb MCMOJIb30BaHa TOYKa 06u.|,ero npuncoeanHeHuA, rpaHnLa
pasaena 6anaHcoBom NpUHagNexXHOoCTn, BbiBOAbl NPUEMHUKOB 3HEKTpM‘-IeCKOﬁ SHEPInn, a TaKXKe
ApYyrne TOYKM INEeKTPUYECKOM CceTu, B TOM u4uc/e BblGpaHHble MO COrNacoBaHUIO MexKay
3HeprocHabKawlLen opraHnsaumen u notTpebutenem;
— pa3pelieHHAasi MOIIHOCTH (MOTpPedUTeNs]) — HauOOJbIIasl MOJHAS MOIIHOCTD
AJIEKTPOYCTAHOBOK TMOTpEeOUTENs, pas3pelieHHass sl MPUCOCAMHEHHS K CEeTH
HHEProcHaOKAIOIIeH OpraHu3alIny;
pa3pellieHHas: MOIIHOCTh YCTaHABJIMBACTCA B TEXHUYECKUX YCIOBUSX Ha

IMPUCOCANHCHHNC, BbIIABACMBIX HOTpe6HTCJHO;

—pacnpefeJUTebHAA  JJIEKTPUYECKass CceTb —  DJIEKTPUYECKas  CETh,
MPUCOEIMHEHHAs K IEHTPY MUTaHUsA, O00ECIEeYMBAIOINIAs paclpeesieHue MEXIy
NOTPEeOUTEISIMU WM Tiepeady OO oOpraHu3alusM, 3akKII0YarolliM JOroBopa
HHEProCHA0KEHHUSI C MOTPEOUTEIIMU;
— TeXHONOrM4yeckuMi KoHTponb K9 — KoHTposnb K3 ¢ AnvMTenbHOCTbIO M (MAKM) NOrpelHocTblo
M3MEPEHUI, KOTOPbIE MOTYT OT/IMYaTbCA OT TpebosaHuii FTOCT R 54149-2010;
— TOYKa O0OlIero mnpucOeIMHEHUs] — DIEKTPUYECKH Omrpkaimas K
paccMaTpuBaeMoMy  moTpeburento OO  TOYKA  DJIEKTPUYECKOM  CeTH
HHEProCHAOXKAIOIIEH OpraHu3aliy, K KOTOPOW MPHUCOCTUHEHBI WJIM MOTYT OBITh
MIPUCOEIMHEHBI IpyTHe MoTpeduTenu 39,
— TOYKa KoMMepueckoro kourpojass K — Touka oOmiero npucoeauHeHus,
rpaHuiia 0araHCOBOM MPUHAIJIC)KHOCTH, WM APyTasi TOUKA DJICKTPUUECKOU CETH,
MPUHATAs 10 COTJIACOBAHHUIO MEXJy JHEpProcHaOKaromel opraHu3anue u
MOTPeOUTEIEM B KaUe€CTBE TOUKHU CETH, B KOTOPOU MPU HATUYNH MPETEH3UN KaKOM-
anb0 W3 CTOPOH JOTOBOpa OydeT NPOU3BOAMUTHCS TPOBEPKA COOIIOICHUS

JIOTOBOPHBIX yciaoBuil mo KO u pacuersl 3a ux HapyllIeHUE;
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—yCTaHOB/eHHble TpeboBaHUAK K — TpeboBaHua K KO, ycTaHoB/eHHble B 3aKoHax, PernameHrax,
HOPMaTUBHbIX AOKYMEHTaXx, Aorosopax 3HepFOCHa6)KeHVIﬂ, TEXHUNYECKUX ycnosmax Ha
npucoeauHeHMe, a TaKKe B UHbIX JOKYMEHTAX;
— (hakTHYeCKHUIl BKJAI— M3MEpPEHHbIE B TOYKE OOIIETO MPUCOCTUHEHHS WM B
TOYKE KOMMEPUYECKOI0 KOHTpPOJI 3HaueHus mnokasarened KO, xapakrepusyromue
(aKkTUYECKOE BIMSHUE HCKAKAIOUIMX HJIEKTPOINPUEMHUKOB pPaccMaTpuBaeMoOro
notpedutens Ha KO B 3T0i1 TOUKE;
—LEeHTP NUTAHUS — PACIIPEACITUTEIIBHOE YCTPONCTBO T€HEPATOPHOIO HAIIPSKEHUS
ANEKTPOCTAHLIMKA WM BTOPUYHOrO HampsokeHus (6 kB u Bbllie) moiacTtaHuu
HHEProCHA0XKAIOIIEH OpPraHU3aliU, K KOTOPOMY IPHCOEAMHEHBI 3JIEKTPUUYECKUE
CeTH JAHHOro pailoHa (PEeruoHa) MO MECTOPACIHOJIOKEHHUIO PacCMaTPUBAEMBIX

noTpeouTeNeH;

OCHTPp IIMTaHWA W IIPHUCOCIHMHCHHBIC K HCMY OJJICKTPUYCCKUC CCTH MOI'YT

IIPUHAJIC)KATH Pa3HBIM SHEPTOCHAOKAIOIIUM OPTaHHU3ALIHSIM.
4.2.2. Obwue nonoxceHus aHaiu3a Ka4ecmeda 31eKmpoIHepeun

AHanu3 KayecTBa 3JIEKTPUYECKON SHEPTUU IPOBOJAT IPU HATUYUU NIPETEH3NUN
WM 3aMEYaHui OT MOTpeOUTENEH, a TAK)KE B CITydae BbISBICHUS CYIIECTBYIOIINX

WUIM MIOTEHUMAJIBHBIX HECOOTBETCTBUH IO PE3yJIbTaTaM:
— BX0JIHOTO KOHTpOoJisi KO3;
— repuoan4ecKoro KoHTposs K9;

— TEXHOJIOTHYECKOTO0 KOHTpoJisi K3, mpoBoanmoro sHeprocHad aromei

opranuzanueit (9CO) B MUTAIOIMIKMX U PaCTIPEETUTEIbHBIX JIEKTPUUECKUX CETAX;
— UCIBITAHUN D3 OopraHaMu rocyJ1apCTBEHHOTO HaJ130pPa;

— cepTU(HUKAIIMOHHBIX UCIIBITAHUA 90 M UCTIBITAHUHN ITPH MHCIICKITHOHHOM

HaJ30pe 3a CepTUPUIIUPOBAHHON D).

I[J'If{ dHaJIn3a IPUYUH ITOTCHIHAJIbHBIX HECOOTBETCTBUU JAOIIOJIHUTCIIBHO MOTYT

OBITH UCTIOJIb30BAHbl UCTOYHUKHU UH(GOPMAIUH:
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— IPOCKTHAA JOKYMCHTALUA U TCXHUYCCKUC YCIIOBUA HA IIPOCKTUPOBAHNEC HOBBIX

MCTOYHHUKOB DD U Ha Pa3BUTHE JEKTPUUECKUX CETEM;
— JIaHHBIE O MPEANOIaraéMbIX NOTPeOUTENSIX DD HOBBIX CETEBBIX OOBEKTOB;
— BBIJJaHHBIE TEXHUYECKUE YCIOBHSI U 3aKJIIOUEHHBIE JOTOBOPA SHEPTOCHAOKEHUS;

— PaCUCThI PCKNMOB pa6OTLI QJICKTPUICCKUX CCT€I>’I, B TOM 49HUCJIC C HAIr'py3KaMH1
HCKaXXaromux I'IO’I‘pe6I/ITeJ]Cﬁ HJI1 HOpMAJIBHBIX U PCMOHTHBIX CXCM

AIIEKTPOCHAOKEHUS;
— pe3yJIbTaThl 00CIEI0BAHMI BHIMOIHEHUS IPABUII TEXHUYECKOM IKCILTyaTalluH;
— ApyTHE UCTOYHUKN WH(OpMAITUH.

AHanu3 KauecTBa 3JIEKTPUYECKON SHEPTUU IPU HapylIeHUH TpedboBanuil k KO

BKJIFOYAET CIICAYIOLIUE OICPaLUu:
— YCTaHOBJIEHHE IPUYMH HECOOTBETCTBUI;

— BBISIBJICHUE OOBEKTOB, PEXKUMBI PAOOTHI AJIEKTPOOOOPYAOBAHMS KOTOPBIX

o0ycnoBuiy nosiBiicHue HecooTBeTcTBHSA B TOII.

ITo pe3ynpTaTaM aHaan3a MIPUHUMAIOT PELIEHUS O KOPPEKTUPYIOIIMX U (WIIH)

MPEIYIPEKIAIOIINUX MEPOTIPUATHSX.

[Tocne nmpoBeAeHUs! COOTBETCTBYIOIIUX MEPOIPUATUI JOJKHA OBITH OLICHEHA UX

PE3yIbTaTUBHOCT.

OLEeHKyY BBITIOJIHSIOT HA OCHOBE MPOTOKOJIOB KOHTPOoJIst KO, KOTOpbIN JOJKEH
OBITH MPOBEJICH HEMOCPEICTBEHHO MOCJIE BBITIOJHEHUS YKAa3aHHBIX MEPOTIPUSITHH,

a TaKxe, Mpyu HeOOXOAMMOCTH, TPOTOKOJIOB U3MEPEHUH C 11ebio aHam3a K.

JIns ouleHKH pe3yIbTaTUBHOCTH MPUHSITHIX MEP B TEUCHUE OIMPEICICHHOTO
MepUoJia BPEMEHH, HAIIPUMEP, B TCUCHUE T0/1a, CIIEAYET UCIOIb30BATh PE3YIbTATHI
MJIAHOBOT'O MEPUOJUYECKOT0 KOHTpoJist KO vin 1aHHbIe, OTy4yaeMble OT

aBTOMATU3WPOBAHHOW CUCTEMBI IucneTdepckoro ynpasiaenus (ACHAY).

4.2.3. Ananuz HeCUMMEMPUUHBIX PEHCUMOB
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Bo3HUKHOBEHHE HECOOTBETCTBUM 1O Ky BBI3bIBAECTCS MPUUYUHAMU, OMIMCAHHBIMU B
rnaBe 1 (3a UCKIIIOYEHUEM CITy4aeB PE30HAHCA).

OCHOBHBIMH MPUYHUHAMU MOSIBJICHUSI HECOOTBETCTBUI M0 KoyMOTyT SIBISITHCS:

— HECUMMETPHS Harpy30K 1o ¢azam B anekTpudeckux cetTsax 0,22/0,38 kB;

— 3HAYUTEJIbHBIE CONPOTUBJICHUS SJIEMEHTOB CXEMBI 3aMELIEHUS, B TOM YHCIIE
— COIIPOTHUBIICHUE HYJIEBOM MOCIIEIOBATEIIBHOCTH JUHUWA U PaCIpPEACIUTEIbHbIX
Tpancdopmaropos 6—10/0,4 kB.

[IpyuriHOM  TNOTEHIMAIBHBIX  HECOOTBETCTBUU 10  KoyMokeT  ObIThH
IPOEKTUPOBAHUE pachpenenuTenbHbix  ceret  0,22/0,38 kB 0e3  yuera
HECUMMETPUU (ha3HbIX HATPY30K.

K rcTouHMKaM HECUMMETPUH HAMPSHKEHUN U TOKOB OTHOCSAT CIIEYIOIINE:

— HETPAHCIOHUPOBAHHBIE JIMHUM OJJIEKTPONEPENAYA M HEPABHOMEPHO
IIPUCOEIMHEHHBIE oHO(a3HbIC OBITOBBIE HarpysKu, co3Jaronme
CUCTEMAaTUYECKYH0 HECUMMETPHUIO HaIIPSKEHUN;

— JYTOBBIE CTAJICIUIABUIIbHBIE M€Y, OJHO(A3HBIE MEYH 3IIEKTPOULIAKOBOIO
neperuiaBa, dJICKTPONOJBMKHON COCTaB IMEPEMEHHOTO TOKa, OJHO(a3HbIE
CBAapOYHbIE arperarbl, Pa3HOBPEMEHHO BKJIOHarolmuecs 1o (a3zaM OBITOBbIE
Harpy3Ku U JIp., CO3JAI0LINE CIYyYaHYI0 HECUMMETPUIO HAPSIKECHUM.
Hecummerpusa Hanpsbkenuit B TOIT MokeT co3paBathes Kak HMCKaxkarommmu 11
noTpeduTeNnel, HemocpeAcTBeHHO mpucoeauHeHHbix Kk  TOII, Tak wm
obopynoBanueM DCO, paboTarONIM B PEKUMAX, CIIOCOOCTBYIOIIUX MOSIBJICHUIO
HecummeTpuu HanpsbkeHui B TOIL.

Kpome Toro, uepe3 snekrpuyeckyro cetb 9CO Ha HECUMMETPHUIO HANPSIKECHUN B
paccmarpuBaeMor  TOII moryT oka3piBaTh BiMsiHME uUckaxawomme Ol
noTpeduTeNnei, MPUCOCIUHEHHBIX K JIPYTUM TOYKaM 3TOM JJIEKTPUYECKOW CETH
3CO.

Jns  BbIABIEHUS TNPUYMH  CYIIECTBYIOHIETO  HECOOTBETCTBUS 1o Ky,
obHapyxenHoro B TOII nHanpsikenuem 6 kB u BbIme, onpenensoT GakTUuecKui
BKJIaJg B 3HaueHuss  Kjy,  oOKa3piBaemblii ~ HecuMMmeTrpuuHbiMu Il

(371eKTPOOOOPYIOBAHHUEM ) KaXXJI0TO 00BbeKTa, MPUCOETUHEHHOTO K
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paccmatpuBaemoii TOII, a Taxxe (dakTUYeCKuil YpPOBEHb HECHMMETPUU
HanpspkeHui, reaepupyeMsblil B TOIT u3 Beimepacnonoxkennsix cereid 9CO.

I[J'ISI 9TOI0 CJICAYCT BBIIIOJIHUTH CIICAYIOIMUC OIICPallvu.

N3MepuTh OJHOBPEMEHHO CIEAYIOUINE BEJIUYUHBL:

- K03 GUIUEHTBI 00paTHOM MocaeaoBaTebHOCTH Toka KB kakmon K-oit
nuHuu, npucoeauaerHHon k TOII (B mporieHTax);

- TOKH |11k IPAMOI TOCTIEIOBATEIBHOCTH OCHOBHOM 4acTOTHI B Kaxkaoi K-oii
auHuu, npucoeaunenHon k TOII (B amnepax);

- k03 duineHT 00paTHOM MOCIeI0BATEILHOCTH cyMMapHOTo Toka Ky sBeex K
muauid B mpucoeauHeHnn TOII k BbelmepacnonoxkeHHbiM cetam OCO (B
IPOLIEHTAX);

- CyMMapHbIi TOK ly1)s TpsAMON IOCNENOBAaTEIBHOCTH OCHOBHOM YacTOTEHI
Bcex K muumit B npucoenunennn TOII k BermepacnonoxeHHbM cetsim DCO (B
amrepax);

- ko3 dunreHT odpaTHOIl mocnenoBareabHOCTH Koy o Hanpsikenuss B TOIT
(B mporieHTax);

- HalpsHKEHUE NPAMON IMOCIEN0BATENILHOCTH OCHOBHOM 4acTOThl Uiyron B
TOII (B BosbTax);

- (ha3oBbIE  YIUVIBI  CIBUTA  QukMEXIY  HampsbDKeHueM  oOpaTHOM
nocienoaTeabHOCTH B TOIl 1 TokoM oOpaTHO# MOCIEAOBATEILHOCTH B KaXKIOM
K-oi1 nmuauu;

- (a30BBIi  YTOJd  CHBUTA Quppz MEXKIYy HampsoKeHHEM — 0OpaTHOM
IIOCJIEAOBATEIBHOCTH B TOIl wn CyMMapHbIM  TOKOM  0OpaTHOM
nocieaoBaTeabHOCTH B npucoenuHennu TOII Kk BhIIepacnosioKEHHBIM
anektpuueckuM cetsm ICO.

OmnpeneneHue ToOKa W HanpsDKEHUsS  OOpaTHOM  MOCTE0BATEIbHOCTH

MIPOU3BOIUTCS TIEPECUETOM 110 (HOpMyTIaM:

ok = Ko ™ |1(1)k/100 (4.1)
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I/IJ'II/Ilzz = K2|z* |1(1)z/100, (42)

Usron = Kuzron *Ul(l)Ton /100, (4.3)

[Ip HEBO3MOKHOCTH MPOBEACHHUS OJHOBPEMEHHBIX M3MEPEHUM KO3(PUIIMECHTOB
oOpaTHO# TMocCiIeI0BaTeIbHOCTH TOKa Ky B KakmoW K-oif jwHWME, mHTaromei
noTpeduTenei, cnenyer npopect nuzmepeHus Ky u iy TONBKO B TEX NIMHUAX, K
KOTOPBIM TPUCOCAMHEHBI OO0BEKTHI ¢ HCcKaxarommumu Oll, oka3pBaronmmMu
BIIMSIHUE HA HeCUMMeETpuIo HanpspkeHur B TOILL

[TonydeHHbIe aHHBIC CIIEAYET ONMPEACTUTh Ha KaKJIOM MHTEpPBaJIC YCPEIHCHHUS,
pPaBHOM 3 ¢, IIPH ITOM:

1) B cioywae, xorma (a3oBbIi Yrojl CIOBUTA @QukMEXKITy HaIpsHKCHUEM
oOpatHoit  mocnenoBarenbHOCTUU, ., B TOII  uw  TokOoM  oOpaTHOM
nociie1oBaTeIbHOCTH o B K-0¥ jmHMM Goibiie 90° wim MeHbie MuHyc 90°, To
O0BCKT, MPUCOCIUHCHHBIH K K-OH JIMHHMHM, Ha pacCMaTpHMBA€MOM HHTEpBaJC
YCPEIHCHUS COAEPKUT NCTOYHUK OOpaTHOM MOCIeI0BaTeILHOCTH |9 TOKA.

2) Ecnu da3oBeiif yronm caBuUra @QupkMEXKIy HamnpsoKeHHEeM oOpaTHOU
nocieaoBaTeabHOCTUU, o, B TOII 1 TokoM 00paTHOU mociegoBaTeabHOCTH |y B
K-oit JIAHUHA MEHBIIIE 90° WU OoJbIIIe
muHyc 90°, TO 00BEKT, MPUCOCIUHCHHBIH K K-0if JMHMH, Ha paccMaTpHUBaEMOM
WHTEpBAJC  YCPEOHCHUS  He  COMEPKUT  HCTOYHHK TOKa  OOpaTHOU
MOCJIEIOBATEIFHOCTH U DKBUBAJIEHTEH MACCUBHOMY DJIEMEHTY C CONMPOTHBICHUEM
Zok.

3) AHamoruyHo, eciv (Da3oBBIM YTOJl CABUTA Qs MEXKAY HaIPSIKECHUEM
oOpatHoi  mocnenoBarenbHOCTUU,,;, B TOII, w  Tokom  oOpaTHOMU
nocienoBaTeabHOCTH |y B mpucoenuaernn TOIT K BBIIEPACTIONOKEHHBIM CETAM
OCO6onpme 90° wimm menbie MuHyc 90°, TO Ha paccMaTpHUBAEMOM HUHTEpBaJie

ycpeanenus DCO coaepKUT UCTOYHUK TOKa 0OpaTHOM MOCIEI0BATEILHOCTH.
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4) Ecnu a3oBbIil yroa ciaBura Qupps MEXIy HaIpsDKEHHEM OOpaTHOMN
nocieaoBateabHOCTUU, ;B TOII 1 TokoM 00paTHOI nocnenoBaTenbHocTH los B
npucoenqunennn TOII k BeimepacnonoxeHHbiM cetsiM DCO menbiie 90° wim

OoJbIIIe MUHYC 90°, TO Ha paccMaTpuBaeMoOM
untepBasie ycpeaHeHus OCO He COHEpP:KUT MCTOYHUK TOKa OOpaTHOMU
MOCJIEIOBATEILHOCTH, U MOXET OBITh MPEJCTaBJICHA MACCUBHBIM 3JIEMEHTOM C
CONpOTUBJICHUEM Zyy,

PacrionoxeHrne MCTOYHMKOB TOKa OOpPATHOM IMOCIENOBATENILHOCTH  MOKET
OBITh OMNPEACIICHO TakKe IO 3HAKy AaKTUBHOM MOIIHOCTH 1O oOOpaTHOM
MOCJIEIOBATEILHOCTUP 5 !

1) Ecniu akTMBHasE MOIIHOCTh MO OOpaTHOWM TOCIEIOBATEIbHOCTH Py,
u3Mepsiemass B K-of JMHMHM, WMEET OTPHIATCIbHBIA 3HAK, TO IOTPECOUTEIb,
NPUCOCTUHCHHBIH K K-OW JMHMH, Ha pacCMaTpHMBacMOM HMHTEPBAJIC YCPEIHCHHUS
COJIEPKUT UCTOYHUK TOKA OOpAaTHOU MOCIE0BATEILHOCTH.

2) Ecnu axkTuBHAs MOIIHOCTH MO OOpPaTHOM TMOCJIENOBATEIBHOCTH Py,
usMepsieMasi B K-oi TMHUM, ©MEET TOJI0XKHUTEIbHBIN 3HAK, TO HA PACCMaTPHUBAEMOM
WHTEpBAJIC YCPECIHCHUS [aHHBIM MOTPEOUTEh HE COAEPKHUT HCTOYHUK TOKa
oOpaTHOM MOCIeA0BATEIBHOCTH.

3)  AHaNOrMYHO, €CJIM  aKTHUBHas  MOUIHOCTbL MO  OOpaTHOM
[1OCJIEA0BATEIBHOCTH P,  u3mepsiemasB  mpucoeauHenuun  TOIl  k
BBIIIEPACTIONIOKEHHBIM AEKTpUYecKuM ceTsiM DCO, uMeeT OTpULATEIbHBIN 3HAK,
TO Ha paccMaTpuBaemMoM uHTepBaje ycpeanenuss 3CO cogep:KUT UCTOYHUK TOKA
oOpaTHOM OCIeA0BATEILHOCTH.

4) Ecnm akTWBHaAsT MOIMHOCTH IO OOpPAaTHOW MOCIEAOBATEILHOCTH  Pos
n3mepsieMasiB npucoenuHeHun TOII Kk BbIIEpacoNOKEHHBIM 3JIEKTPUUESCKUM
cetaMm OCO, uMeeT MNONOXUTENbHBIM 3HaK, To OCO Ha paccMaTpuBacMOM
WHTEpBAJC  yCPEOHEHUS  He  COMEeP:KUT  HCTOYHHK TOKa  OOpaTHOU

IIOCJICA0BATCIIbHOCTH.
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Omnpenenenne (pakTUUECKOTO BKJIaJa, BHOCUMOTO MCTOYHUKAMHU TOKOB OOpaTHOM
MOCIIEZIOBATEIBHOCTH KaXKJIOT0 00BEKTa HAa MHTEpBAJlE yCPEIHEHHs, paBHOM 3 C,
MPOBOJUTCS B COOTBETCTBUU C MPUIIOKEHUEM 2.

Jlst onpenenenus (akKTUIECKOTO BKIJIa/la, BHOCUMOTO HCTOYHUKOM TOKa OOpaTHOU
MOCJIEIOBATEILHOCTY B HCKaxeHUue cumMmerpuu Hanpspkenuit B TOII nHa
pacyeTHOM MHTEpBaJie BpEMEHU, paBHOM 24 4, ciielyeT IPOBECTU CTATUCTUUYECKYIO
00paboTKy pe3ynbTaToB ompeencHus (aKTHUYSCKUX BKJIAJOB, TMOJYyYCHHBIX Ha
WHTEpBajax ycpeaHenus 3 c.

Hanbonbiee 3HaueHue (hakTUYECKOTO BKJIaJa U 3HAUYCHHE (DAKTUUECKOTO
BKJaJa, COOTBETCTBYIOLIEE BEpOATHOCTH 95 %, mONMydeHHBIE B pE3yIbTaTE
CTATUCTUYECKOW OO0paOOTKMU JAaHHBIX 3a KaXJble CYTKH, CJIEIYeT CpPaBHUThH C
COOTBETCTBYIOIIIMMHU TPEACIbHO JOMYCTUMBIM M HOPMAJIbHO JOMYCTUMBIM
3HAYCHUSAMH JOMYCTUMOTO BKJIaJa, YCTAHOBJICHHOTO Ui UcKakaromux OI1 K-ro
oOBEKTA.

Ecnu daktuueckuil BKJIAJ MNPEBBIIAECT JIOMYCTUMBIA, TO CYIIECTBYIOIIEE
HECOOTBETCTBUE MO Ky, TOJHOCTBIO WM YaCTUYHO OOYCJIOBIICHO HAJIUYUEM
uckaxaromux 11 y nanHoro o0nekTa.

Jl1st onipeiesienus MPUYMH HECOOTBETCTBHM 10 Koycnenyer:

— TIPOBECTU OJHOBpPEMEHHbIE M3MepeHus: korhdummenta necummetpun Koy
10 HyJIEBOM mocienoBarenbHoCcTH, Ga3sHbix HanpsikeHuid Uy, Ug, Uc, u TokoBl 4,
Ig, Ic, a Takke ToKa lgB HyneBOM IPOBOJE;

— TMPOU3BECTH CTATUCTUYECKYID O0OpabOTKYy pe3yJbTaTOB HU3MEPEHUU C
MTOMOII[LI0 TTPOTPAMMHOTO O0ECIIeUeHHUS, MPUIAraeMoro K CpeiCTBY U3MEPEHU, U
MOJIYYUTh MaTEMaTUUYECKUE OXHUAAHUS TOKOB Harpy3ok mo ¢azam (l4, lg, Ic) u B
Hyaesom mpooje (lo);

Eciu BeINOJHSAETCS COOTHOIIIEHUE:

lo> (0,05 — 0,07)-(Le+ I+ 1), (4.4)
TO HpH‘-IHHOfI HCCOOTBCTCTBUA MOXKCT 6BITB HCPAaBHOMCPHOCTb IIPUCOCANHCHUA

Harpy3ok 1o ¢asam.
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Ecnu cootHomenue (4.4)He BBIMOJHSETCS, TO NPUYUHOW HECOOTBETCTBUS
MOXET OBITh 3HAYUTEIBLHOE CONPOTHUBJICHUE ZgUETBIPEXIIPOBOJAHON CETH MO
HYJIEBOM MOCJIEA0BATEIBHOCTH.

ComnpoTuBiieHHE CETU M0 HYJIEBOW MOCIEI0BATEIBHOCTH OINPEICIAIOT W3
COOTHOIIIEHUS:

ZO = (\/§ KOU/(Ul(l)TOH*IO))lo (45)

[Ipn Oonpmux 3HAYEHUSAX Zy TMPUHUMAIOT PEHIeHUS O BO3MOXKHBIX
MEpONPUSTUAX MO €r0 YMEHBIICHUIO (YBEJIMUYECHHUIO CEUCHHSI HYJIEBOTO MPOBOJA
BO3AYIIHBIX JIMHUM  JJIEKTpoNepenauu, 3aMEeHe KaOeNbHbIX JIMHUH U

TpaHC(HOPMATOPOB, YCTAHOBKE IIYHTO-CUMMETPUPYIOIIUX YCTPOIMCTB).

YACTDH V. SJKOHOMUMNYECKASA 3PPEKTUBHOCTDb ITPUMEHEHUA
CY B PACIIPEJAEJIMTEJIBHBIX CETAX 0,38 KB

5.1. Pacyer »JKOHOMHYECKOro J(pdexra 0T CHHKEHUS IOTEPb
3JjiekTpo3Hepruu B cetsax 0,38 kB

W3BecTHO, UTO DdJEKTpocHaOkeHue Oa3upyeTcss Ha TpeX TECHO
B3aMMOCBSI3aHHBIX [IOKA3aTeIsX — HAJEKHOCTH TMepeayd SHEPreTUYECKHUX
MOIITHOCTEHN, KauecTBe IepeaBaeMoOM HSHEPrud U Haubojee SKOHOMUYHOMY
croco0y ee TPaHCIOPTUPOBKHU MO JIMHUAM 3JIEKTPOIEepeiadn K MOTPEOUTENIO.

Hu3koe kadecTBO 3JIEKTPUYECKOM 3HEPruM, O€3yCIIOBHO, OTpa)KaeTcs Ha
OTIpE/IeNICHHBIX MMOKA3aTeNsIX HAJAECKHOCTH AJIEKTPOCHAOKEHHSI, TAKUX KAaK 4acToTa
OTKa30B U CpeIHEee BpeMs BOCCTAHOBJICHHS. IJTO OOYCJIOBIEHO ILEJBIM PSAIOM
OOBEKTHBHBIX M CYOBEKTUBHBIX MNpUYMH. HH3KOoe KauyecTBO OTIEIBHOrO
BBIITYCKAEMOI'0  AJIEKTPOIHEPI€TUYECKOTr0 O00OpYyIOBaHUS (HApUMeEp, JIaMIIbl
HAaKaJIMBaHWS W Mp.) NPUBOAUT K TOMY, UYTO Ja)K€ HE3HAUYUTEJbHBIA BBIXOJl
nokasareyield HECUMMETPHUH HaNpsKEHUN 33 YCTAaHOBJICHHBIE MPEAEIIbl, BHI3BIBAET
BBIX0/1 000PYAOBaHUSA U3 CTPOSL.

AOCONIOTHBIA ~ TOAOBOW  DSKOHOMHMYECKMH  3(dexT OoT  BHEApEHUs
0e33aTpaTHBIX MEPOMNPHUITHIA OnpeenseTcs no Gopmyse:

I1 =35 0W, (5.1)
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rie OW — CHIDKEHHE TIOTEPh DJICKTPOIHEPTHH, IMOJYyYEHHOE B pE3yJbTare
BHEJIpeHUs1 0e33aTpaTHBIX MEpPOINPHUSATHH; 35 — yIeIbHBIC 3aTpaThl HAa TOTEpPHU
DIIEKTPOIHEPTHH.

ITo dopmyne (5.1) ompenensiercss SKOHOMHUYECKHN 3(PGHEKT OT CHIKCHHUS
NOTEePh JJIEKTPOIHEPruu B celbckux cersax 0,38 kB ¢ koMMyHaTbHO-OBITOBOMA
HArpy3Koil 3a CYeT YaCTUYHOTO YCTPaHEHHUS CHUCTEMATHUYECKONH HECUMMETpPUHU
TOKOB B PE3yJIbTaTE BHIPABHUBAHUS HATPY30K IO (ha3aM dJIEKTPUIECKON CETH

VY nenbHbIE 3aTpaThl HA MOTEPU DIEKTPOIHEPTUU B CETIX OMPEAEISIOTCS 10

3aMBIKAIOIINM 3aTpaTaM Ha JIEKTPUIECKYIO dHepTuto [22]:

2

34 = 100 , pyo./(kBm-u), (5.2)

rae A, B — koapduureHTsl, 3aBUCSIINE OT BUAA MIEKTPUIECKON CETH; UX 3HAUCHUS
nis cereid 0,38 kB celbCKOXO35MCTBEHHOTO HA3HAYEHMSI NMPUBEICHBI B; K); —
KO9(PhUILIMEHT, paBHBIM OTHOIIEHUIO HATPy3KHU dJIeMEeHTa (pailoHa) CeTH B MEPHOT
MaKCHMAaJIbHOM Harpy3ku CHUCTEMbl K HaWOOJbIIEH Harpy3ke 3JeMeHTa (pakioHa)
CETH; T — BpEMsI MAaKCUMaJIbHbIX TTOTEPb.

AOCONIOTHBIA ~ TOAOBOW  SKOHOMHYECKMH  3(@exT OoT BHEApEHUs
koMmneHcauruoHHoro CY s CHIKEHHUSI TOTEPh AeKTpodHeprun B ceTsax 0,38 kB
32 CYET YMEHBIICHUS HECUMMETPUM TOKOB U KOMIICHCAIIMM PEaKTUBHOU

MOIIIHOCTH MO>KHO OTPEJETUTh 10 BHIPAXKEHUIO:
K -
O= T €-012-Tyx , moic. pyb., (5.3)
OK
rne K — 3arpatel Ha BHeapenue CY (ThIC. py0.), BKIIOYAIONINE CTOMMOCTh CaMOTO
YCTPOMCTBA U 3aTpaThl HA HAYYHbBIC HCCIICIOBAHHUS U OMBITHO KOHCTPYKTOPCKHE

pa3pabotku; Tpx — CPOK OKYIAEMOCTH:

K
TOK = P ,Jem, (54)
39.5\/\/_72.
100
rne oW = JoWns + oW, — AWcy — CHHXKECHHE NOTEPh DIIEKTPOSHEPIHH,

O6YCJ'IOBJ'ICHHOC YMCHBIICHUECM HCCUMMCTPUN TOKOB M KOMIICHCAIIUH peaKTHBHOﬁ
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MomHoct; AWcy — mnorepu anektposHeprun B CVY; Py — OTHOCUTENbHBIE

U3JIEPKKM HA aMOPTU3ALUIO U 00CITy:)KUBaHUE B %%.

5.1.1. dppekmusnocmov crusceHus nomepv INEKMPUYUECKOU IHEPUU 6
cemsax 0,38 kB 3a cuem cHUd CeHUA HECUMMEMPUU M OKOE
JIOCTOBEpHO OIICHUTHh BEIUYMHY YylIepOda OT HECUMMETPUM TOKOB B

MUTAIOMIEH CETH YPE3BBIYAWHO TPYIHO, T.K. YIECTh BCE MHOTOOOpasue (GpakTopoB.,
Ha KOTOpBIE OKa3blBA€T BIIMSHUE VYXYIUIEHHE KayecTBa DSJIEKTPOIHEPTUU,
MPAKTUYECKA HEBO3MOXKHO. [l03TOMy CyIIECTBYIOIIME SKOHOMHYECKHUE METOJbI
OLICHKH yliep0a OT HECUMMETPUU TOKOB HOCST, KaK MPaBWIO, MPUOIMKEHHBINA
Xapaxkrep.

JUiss  pacdera  3KOHOMHYECKOro 3(¢deKTa OT CHUXKEHUS IOTEPh
ANEKTPOIHEPTUM TPEXKAE BCEro HEOOXOAMMO ONpPENeNuTh IUTAHOBOE WIIU
(dbaxkTuyeckoe CHIKeHue noTepb. B MHCTpYKIMS MO CHIXKEHUIO TEXHOJIOTUYECKOTO
pacxo/a DJIEKTPUYECKOM OHHEPrMM Ha TNepefadyy Mo DJIEKTPUUECKUM CETSAM
HPHEPrOCUCTEM a HHEProoOBEAMHEHUN PEKOMEHAYETCS OIpPEAeNiATh CHIKECHUE
noteps anekTpodHeprun oW B cerax 0,38 kB 3a cuer ycTpaHeHus
CUCTEMATUYECKON HECUMMETPHH 110 (HopMyJIe:

5W = AW : (KH] —KHZ), (55)
raie AW - morepu snektposnepruu B cetu 0,38 kB mpu paBHOMEpHO 3arpyske
ba3; Ky;, Ky, — kodpdULIHEHTB CUCTEMAaTHUYECKONM HECHMMMETPHH TOKOB JI0 U

oCJIC CUMMETPUPOBAHUA, OIIPCACIIACMBIC 110 BBIPAKCHUIO

2 2 2
KH:3.(|A +15 +|C2 )-(1+1’5,&)_1,5.&, (5.6)
(I +1p+lc) Ro Ro

rae ly, 1, lc - cpennue 3HaueHus: TokoB (a3 3a nepuoa ¢ 17 g0 23 4 (He MeHee
Tpex wusMepeHui); Ro/Rep- OTHOIIEHHE CONMPOTUBJICHHUH HYJEBOro ¥ (ha3HOTro
npoBo0B. st nByxXnpoBoaHou auaun Ky = 1.

®opmymna (5.2) ana pacuera kodpduimeHTa HECUMMETPUA TOKOB B JIMHUH
0,38 kB sBisieTcss npuOIMKEHHOM, MOATOMY MOrPEIIHOCTh pacyeTa JOBOJIBHO
BBICOKA, OCOOEHHO JUIsl HEMOJHO(A3HBIX OTBETBJICHUWA OT Tpex(da3HOW JIMHUU.

CrnenoBaTenbHO, pacyeT CHIKEHHS TOTEPh JJIEKTpodHepruu 1o (opmyne (5.5)
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OyZeT BBIOJIHEH C OOJIBIION MOTPEUTHOCTHIO.
JI1st TOYHOTO pacyera CHUKEHUS NOTEPh JIEKTpOodHepruu B cersax 0,38 kB,
32 CYET YMEHBIICHHUS HECUMMETPUHU TOKOB, CJIEAYET HCIIOJIb30BaTh BBIPAKEHUE
U1t K03 dunrenta motepb MmomtHocTH Kp: Kp = 1 + K + 4K
Ucxons w3  omnpeneneHuss  KodpduiueHta  MOTepb  MOIIHOCTH
(3NEeKTpOd’HEpPruM), 3aluilleM BbIpaXeHus A HadainbHOoro  Kpy (70
CUMMETPUPOBAHUS) U KOHEUHOTO Kpg (1TOCIE CHYXKEHUSI HECUMMETPUH ) 3HAUCHUMN
koa(duieHTa moTeps Yepes MoTepH dIECKTPOIHEPTUU:
_ AW, Ko AW
AW, PR Awg

PH (5.7)

rne AWy, AWy - motepu 3J€KTpOdIHEPTHH B CETH MPU HAYAIBLHONM M KOHEUHOM
HecumMMmeTpuu TOKOB; AWs - mOTepu DJIEKTPOIHEPTUM B TOW K€ CETU MpH
CUMMETPUYHOM PEKUME.

CHmKeHue TOTEPh DIEKTPOSHEPIrMM B CETU 32 CYET CHIDKCHUS
kodpdunmrenta norepb ot Kpy 10 Kpx:

MWys = AW — AW . (5.8)

N3 (5.7) ompenenum TOTEpH SJISKTPOIHEPTHH B CETH IIOCIIE CHIDKCHUS

HECUMMETPUU TOKOB
AWy

AWK:KPK.AWS:KPK. '
Kpy

Y TIOICTaBUM B BbIpaxeHue (5.8):

MWy = AW, — EPK AW =AW, | 1- Kek (5.9)

PH Kph
Ompenenus o hopmyite Kp = 1 + K% + 4K’ 3HaueHHS KOY(DDHUIINEHTOB
NOTEPb MOIIHOCTU 10 CUMMETpHUpOBaHUs Kpy W MOCIE CHHXKEHHSI HECUMMETpPUU
TOKOB Kpg U, 3Has MOTEPH AIEKTPOIHEPTUH B ceTU 10 cummeTpupoBaHusi AWy, Ha
OCHOBaHUU BbIpakeHUst (5.9), ompenensieM CHUXEHUE MOTEPh DIEKTPUUECKON
9HEprur, OOYCIOBJIEHHOE YMEHbIIEHHEM Kod(PuuueHToB oOpaTHo Ky, u
HyneBor Kj mocienoBatenbHocTel TokoB B ymHNKM 0,38 kB u Tpanchopmatope

notpedutenbckon TII.
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5.1.2. ¢hpekmuenocmo cruxscenus nomepv INEKMPOIHEPZUU 8 CEMAX
0,38 kB 3a cuem Komnencauuu peakmueHoO MOUWHOCHU
JInsi OpUEHTHPOBOYHON OLIEHKA CHUKEHHSI MOTEPb AJIEKTPOIHEPTUH OT

YCTAaHOBKH U BBOJId B pa60Ty YCTPOfICTBa KOMIICHCAaIIuH peaKTI/IBHOﬁ MOITHOCTH B

PA30MKHYTOM AJIEKTPUUECKON CETH PEKOMEHAYETCA cleAytomas popMyna:

2
Z'QKY 'QH _QKY
UHOM
rac QKy — PCAKTHBHAA MOIIHOCTb KOMIICHCAIIMOHHOI'O YCTpOﬁCTBa; QH -

peakTHBHAas MOIIHOCTh CYMMApHON Harpy3ku »3jekTpuueckoil cet; Upoy —
HOMMHAJIbHOE HANpPsDKEHUE CeTH; Ryx — SKBHUBAJIEHTHOE MO MOTEPSM MOIIHOCTU
CONPOTUBJIEHUE CETH; T — BPEMS MaKCHUMaJIbHBIX HOTEph; AWyy — mnorepu
ANEKTPOSHEPTUH B KOMIIEHCAIMOHHOM ycTpoiictBe; Ky — koadduLMeHT,
YUHUTBIBAIOIIMIM ~ NOTPEIIHOCTh  MCIOJB3YyEMOIO  METOJa pacyera IOTEpPb
AIEKTPOIHEPTUH:

A
K, =1-4 5.11
n=1-g (511)

rae A — cpeqHeKBagpaTUuYHas MOrpemHocTsb (%).

PaccmoTpeHHBI METOT BECbMa IPOMO3/I0K U MOJYYEHHOE 3HAYEHUE MOTEPh
AIIEKTPUUYECKON dHEpPrun OyJeT UMeTh NPUOIMAKEHHOE 3HaYeHUE. B CBs3U C 3THM,
B JJAHHOU paboTe MpeIokKEeH MPOCTON 1 00Jiee TOYHBIA METO/I OTIPeIeTICHUS
CHIDKEHHUSI TIOTEPH AJIEKTPOIHEPTUH 32 CUET KOMIICHCAIIUU PEAKTUBHON MOIIHOCTH,
CYIIHOCTh KOTOPOTO 3aKJIFOYAETCS B CJICYIOIIEM.

Kosddummment mnoreppr MomHOCTH CeTH, OOYCIOBICHHBIN Mepenavei
PEaKTUBHOM MOIITHOCTH, OIpEEseTCs OTHOIICHUEM MOTEPh B CETU MpHU COSp <

1,0 k moTepsM B TO e ceTr ipu COS ¢ = 1,0 [11, 34]

_ AP(cos p<1) _ 1

K? = —.
APcos p=1) COS”

1SS

(5.12)

B cootBerctBuM ¢ BhipaxkeHueM (5.12) zanumieM Ko3(p(UIHUEHTHI MOTEPD
MOIIHOCTA 10 KOMIICHCAIIMM PEaKTUBHOM MOMmHOCTH B ceth K'py W mocie

xomreHcarmu K’ py:
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1
KgH :M; KgK ZW, (5.13)
TOC CoOSQp, COSQx — 3HAYCHUC KOSq)q)HHHeHTa MOIIHOCTHU A0 KOMIICHCAIIMH U ITOCJIC
HEC.
Bripasum ko3 dunuentsr moreps K'py u K’px depe3 COOTBETCTBYIOLIHE

NOTEPU ANEKTPOIHEPTUHU:

p AW, p AW

Kpy =———— Kpg =————, (5.14)
AW(cos p=1) AW(cos p=1)

rae AWy, AWy — motepu 3JIEKTPOIHEPTMU B CETU O M TOCJIE KOMIICHCAIUU
PEAKTUBHOM MOIIHOCTU IIpH COS ¢ < 1,0; AW psp=1) — IOTEPH DIEKTPOIHEPTUH B
TOW 7K€ CETH MPU MOJTHOU KOMIICHCAIIHNH.

CHmwXKeHUE  TOTeph  DJIGKTPOIHEPTrUU,  OOYCIOBIEHHOE  YacCTUYHOU
KOMIICHCAIIUEN PEAKTUBHON MOIIIHOCTH

Omnpenenus u3 (5.14) notrepu 3NIEKTPOIHEPTUU TTOCIIE KOMITICHCAITUH

K(/J
AWK = K}%)K ’ AW(COS(pZI) :% : AWH '
Ky

Y TI0JICTaBHB MOJyY€HHOE BbIpakeHue B (5.15), umeem:

K2 K2

W =AW, — —2K AW, =AW, -| 1-—FK (5.16)
@ H p H H p
K Kpn

Boipaxkenue (5.16) nnsi CHIWKEHHS TIOTEPh DJEKTPOIHEPTHU B  CETH,
00yCITOBJICHHBIX KOMIIEHCAIMEH PEaKTUBHON MOIIHOCTH, aHAJIOTUYHO BBIPAKCHHIO
(5.9) nna ompeneneHuss CHUKEHUS TOTEPh DIJIEKTPUUYECKOM HHEPIUU MYTEM
YMEHBIIICHNSI HECUMMETPUHU TOKOB B CETH.

Jlns Goslee TOYHOTO OMpENETCHHUs] CHIDKEHUS MOTEPh AJIEKTPOIHEPTHU
HEOOX0AUMO W3 3HaueHUN oWys unu oW, MoIydeHHBIX 10 BbIpakeHuAM (5.9) u
(5.16), BblUECTH MOTEPH  DIEKTPOIHEPTMU B  CUMMETPUPYIOIIUX  WIH

KOMIICHCAalIlMOHHBIX YCTPOﬁCTBaX.

125



5.2. PacyeT 3KOHOMHMYECKOr0 yiep0da 0T CHUKEHHSI Ka4eCTBa 3JIeKTPHYeCKOoi
IHEPIrUHn

DKOHOMHYECKHI  ymIiepO OT  HEKAYEeCTBEHHOM  DJIEKTPOIHEPTHUH
CKJIQJIBIBAETCSI U3 JIOMOJIHUTEIBHBIX MOTEPh AKTUBHON MOLIHOCTH U COKPAILICHUS
Cpoka ciyk0bl 3nekTpoodopyaoBanusi. Coctasistomas yiepoa, 00yciaoBiIeHHAs
JIOTIOTHUTEIHHBIMU TIOTEPSIMU aKTUBHOM MOIIIHOCTH, B 0011IeM BUJIE, OMPEIEsIeTCS
o dhopmyiie

n
Y1=Z33i-APi-Ti : (5.17)
i=1
rae 35 — CTOMMOCTHh OJHOTO KBT.4 MOTEph 3JEKTPOIHEPTUU Ui  1-OH TPYIIIBI
3JIEMEHTOB 3JIEKTpo0oOOpyAOBaHUsA; AP; — IONOJHUTENbHBIE MOTEPU AKTHUBHOU
MOIITHOCTH B I-OH TpymIe JIeMEHTOB; 7j — YHCIO 4YacoB PabOThI B TOAY Ii-Oif
TPyl OJHOPOJHBIX 3JIEMEHTOB.

Tak Kak B 3JEKTPUUYECKUX CETSIX OOBIYHO 3aJaHHBIMU SABIISIIOTCS HE MOTEpU
aKTUBHOM MOILHOCTH, a IOTEPH HEPTuu, To popmyiy (5.17) yanobHee 3anucath B
CIIEAYIOIIEM BHJIE:

n
Vi=>3y-4W,; , (5.18)
i=1
riae AW, — notepu akTUBHOW SHEPTUU B I-0# TPYIIIE SJIEMEHTOB CETH.

Croumocts 1 kBT.u morepp winm yaenbHblE 3aTpaTbl Ha IOTEPH
AIEKTPOIHEPTHUH ONPEIEISIOTCS MO 3aMbIKAIOIINUM 3aTpaTaM (5.14).

CocraBmsiromas  ymep0a, 0OyCIOBIEHHAas CHHKEHHEM CpOKa CIyXObl
AIEKTPOOOOPYyAOBaHUS

\$! :Z3i'(17i—_1)’ (5.19)
+Ep -7
rae 3 — NPUBEICHHBIC 3aTpaThl Ha I-yIO TPYIIY OJHOPOIHBIX 3JICMEHTOB; Jj —
KPaTHOCTb CITY>KOBI JIs1 1-OH TPYIIIBI OTHOPOIHBIX 3JIEMEHTOB; £y — HOPMATHBHBIH
ko3P punireHT 3pHEKTUBHOCTH KAMUTATHHBIX BIIOKEHUH.

[IpuBeneHHbIe 3aTpaThl 3; ONPEAEIIOTCs Mo Gopmye

3i=Ey- K+ U, (5.20)
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rae Ki — croumocTh (KamuTalbHbIE 3aTPaThl) OJHOPOJHBIX JIIEMEHTOB; M —
€KETOJIHBIC IKCILTyaTallMOHHbBIC U3ACPKKH.
JIns  JEKTpO’HEPruu HOPMATUBHBIM KO3 duimeHT SddekTUuBHOCTU
KaUTAIOBJIOKEeHNH npuHuMaetcs 0,15.
Cocrapmsitonias, 3KOHOMHUYECKOro ymiepOda OT OTKJIOHEHHS ypOBHSA
HaIpsHKEHUS Ha 32)KUMax OCBETUTENIbHOM Harpy3Ku omnpezensercs no Gopmyie:
3 2
V=22 Pocsj Tocs; (a; U7 +c;-aU;), (5.21)
i=1j=1
rae Pocpij — HOMHUHAIbHAS aKTHBHAs MOIIHOCTh OCBETHUTEIBHOI HArpys3ku j-oi
TPYHNIBbI, MOAKIIOYEHHOM K 1-0M (ase; Tpcpij — YMCIO 4acoB pabOTBI B romy
OCBETUTEIFHON HArpy3KH [-O Tpymnmbl, TOJKIIOYEHHOW K i-0i daze; oU; —

OTHOCHUTCIIbBHOC 3HAYCHHNC OTKJIIOHCHHUS HAIIPSAKCHHUA B I-oit (1)2136 BHGKTPHHGCKOP'I

CCTHU.

5.3. Pacuer npuBeneHHbIx 3aTpar Ha CY
[IpuBeneHHble 3arpaThl Ha JII0OOE BIEKTPOTEXHUYECKOE YCTPOMCTBO,

coriacHo [63], MOTyT OBITh ONpeeNieHbl TIo popMmylie

33/:”174' HA+EN‘Ky, (522)
rac U 7 — HU3ACPIKKKM Ha TIIOTCpHU aKTHUBHOM MOIIHOCTH B JJCMCHTAax
CUMMCTPUPYIOLICTO YCTpOﬁCTBa; u 4 — H3ICPKKHM Ha aMOPTHU3AOUIO0 H

oOcy’KMBaHUE yCTpoicTBa; Ky — KauTalbHbIE 3aTPaThl HA YCTPOUCTBO.
WN3nepkkn  Ha  mOTEpUM  AKTMBHOM  MOIIHOCTH B JJIEMEHTax
CUMMETPUPYIOILIET0 YCTPOMCTBA, BBIIIOJJHEHHOTO HA PEAKTUBHBIX DJIEMEHTAX,
n
HH:S’Q-TM-ZPi-Qi, (5.23)
i=1
rae 35 — cTouMocTh | KBT'4 moTephb 371€KTpOIHEPrUu B yCTPOUCTBE; 1), — YUCIO
4acoB MCIOJIb30BaHUS MAaKCUMaJIbHOW Harpy3ku yCTpoHcTBa; P; — K03 (dUlMeHT
YIOCNBHBIX MOTEPh IS I-r0 AJIEMEHTAa CHMMETPHPYIOIIEro ycTpoiicTtBa, Qi —
pEeaKTUBHASI MOIIHOCTD I-T0 AJIEMEHTA.

yI[CJILHBIC INOTECpH aKTUBHOM MOIMHOCTH B CMKOCTHBIX OJICMCHTAax
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OTIPEAETSAIOTCA TUIIOM KOHJIEHCATOpa U MOTYT ObITh npuHsAThiMU 0,004 kBm/kBAp
T.e. pc =0,004 kBm/kBAp. YnenbHble MOTEPU B HHIYKTUBHBIX CBS3aHBI C HUX
aAKTUBHOW U PEaKTUBHOM MOIIHOCTBHIO COOTHOIIEHUEM: P = p| - QL.

Tak xak P|_ = ||_2 : R|_ n QL = ||_2 : XL) TO pL = PL/QL - RL/XL WUINn p| = 1/q|_,
riae . = X /R. — 100pOTHOCTh KaTYIIKA HHAYKTUBHOCTH. Takum o0pa3om, BUIHO,
YTO yJEJbHbIE TOTEPU B MHIAYKTUBHOM DJIEMEHTE OOPAaTHOMPOIMOPIIMOHAIBHEI €T0
JTOOPOTHOCTH.

Exxeromnpie u3IEpKKM HA aMOPTU3AIMI0 U OOCIy>KMBaHUE YCTPOWCTBA
ONPENENSAIOTCA KaK J0JIsl KaUTAJIBHBIX 3aTpart:

H,=p, - Ky, (5.24)
IZle p, — OTHOCUTEJbHBIC U3JIEPKKH Ha aMOPTU3ALIMIO U OOCITyKHUBaHHE.
Kanuransueie 3aTpatel Ha CY
Ky: Kl + Kz, (525)
rae K; — CcTOMMOCTh YCTAaHOBJICHHOM MOIIHOCTH PEAKTUBHBIX 3JIEMEHTOB; K) —
CTOMMOCTh ITyCKOBOM, 3alllUTHOM W pEryJHPYIOWIEH anmaparypsl, a TaKxKe
MOHTa)KHBIX M HaJIaJOYHBIX padoT.
KanutanbHble 3aTpaThl Ha YCTPOMCTBO MOXHO NPHUOJIMKEHHO OLIEHUBATh
4yepe3 CYMMApHYIO YCTaHOBJIEHHYO MOLIHOCTb 3JIEMEHTOB
n
Ky =2 Kygi - Qi (5.26)
i=1
rae Ky — yienbHas CTOUMOCTD i-TO PEaKTHBHOTO 3JIEMEHTA.

Takum oOpa3om, miig onpeaelieHUs TNpuUBENCHHBIX 3arpaT Ha CVY

HEOOXOJMMO 3HATh YCTAHOBJIEHHYIO MOIIHOCTh €r0 PEAKTHBHBIX 3JEMEHTOB U

YACJIBbHBIC ITOTCPHU B HUX.

YACTDH VI. HCCIIEJOBAHUE HECUMMETPUYHbBIX PEXHUMOB B
JAEUCTBYIOIIUX CEJIBCKUX PACITPEAEJUTEJBHBIX CETAX

6.1. IIporpamma pacyeTa HeCUMMETPUYHBIX PEKUMOB
Ha ocHoBanmm MomynpHOTO MeTona (CM. 4acTh 2) pacuéra, Ha Kadempe

OnektpocHabxkeHus: c.x. HMpkyrckoir I'CX Obuta paspaboTaHa KOMITbIOTEpHAas
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nporpamMmma «HecummeTpus», IO3BOJISIONIAS OICHUTH YPOBEHb HCKAKEHUS
Ka4ecTBa JJIGKTPUYECKOW OSHEPTHM W JIOMOJHUTEIBHBIX IMOTEPh MOITHOCTH,
OOYCJIOBJICHHBIX ~ HECMMMETPHUYHBIM  HW3MCHCHHEM TOKOBOH  HAarpy3ku B
AIEKTPUUYECKOMN PACIIPEICIUTEILHON CETH.

JlaHHas mporpamMma IO3BOJIIET PacCUMTaTh KO3(PPHUIMEHTH OOpaTHOW H
HYJICBOM IMOCJICIOBATCIbHOCTCH HAIPSDKEHUS, a TaKKe KOA(PQPHUIMEHT TOTeph
MOIITHOCTH 3a JI00OW WHTepBasl BpeMeHH. OIHOBPEMEHHO OCYIIECTBISCTCS
MOCTPOCHHE BPEMCHHBIX JUarpaMM HM3MEHEHHs J3Tux Koddduuumenron. Ciemyer
OTMETHTh, YTO TIPU CHHXPOHM3AIUU  HM3MEPUTEIBHOTO  KOMIUIEKCA C
BBIYUCIIUTEIIEHBIM OJIOKOM BO3MOYKHA BU3yallM3alldsi W3MEHEHUS HUCCIIEAYyEMbIX
koG duimeHToB «onliney.

[Iporpamma HanmcaHa Ha si3bIKe porpammupoBanust Delphi -7.

PaGora c IporpamMmoi OCYIIECTBIISICTCS B CIIEAYIOMIEH
MOCJIeIOBaTeIbHOCTH. JIJII  WCTOIB30BaHUS MPOrpaMMBbI  co3faetcs ¢ain B

nporpamme EXcel, B KOTopbIit 3aHOCATCS UCXOAHBIC JaHHBIC B BUC TaOIHIBI (pHC.

6.1).
N= 9 K= 22 St= 1
Ua Ub Uc Uab Ubc Uca la Ib 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
226,461 227,765 224,355 394,235 391,643 389,565 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

nT.A....

Puc. 2.3. Tabmuma ucxoqHbIX JaHHBIX

rae N — HavanbHOE BpeMs CHATHS 3aMepoB (B mpuMepe ¢ 9 yacos);
K — Bpemst okoHUaHMsI CHATHS 3aMepoB (B IpuMepe B 22 yaca);;
St — uHTEpBaNl BpeMEHH MEX]ly U3MEPEHUSIMU;
Ua — nanpsikenue ¢assl A, (Bonbr);
Ub — nanpsokenue ¢assl A, (BorbT);

Uc — nanpsoxenue ¢assl A, (BonbT);
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Uab — nanpspkenne mexxay dazamu A u B, (Bosbr);
Uab — nanpspkenne mexny ¢dasamu A u B, (Boibr);
Uab — nanpspkenne mexny ¢dasamu A u B, (Boibr);
la — Tox B haze A, (Ammep);

Ib — Tok B (aze B, (Ammep);

Ic — Tok B paze C, (Amrmep);

In — Tok B HyneBoM nipoBojzie N, (Amrmep);

Ibc — Tok B azax BC, (Ammep).

[locne BBOIA MCXOIHBIX AAHHBIX, (palii COXpPAHSETCS C MPUCBOCHUEM E€MY

HMCHH, HAIIPUMCDP «KU3MCPCHHA I».

BBoa naHHBIX MOXHO TakKe€ COBEPIIMTH B CaMOW MporpaMMe, UCIOJIb3Ys
OKHO «UCXOJIHbIC JaHHBIe» (pHcC. 2.4):

st Toro 4TtoObl HauaTh pabOTy C MpPOTpaMMOM, HEOOXOJUMO 3aiiTH B
KaTaJior, TJIe OHa yCTaHOBJIEHA U 3amyCcTUTh (hailn nesimetria. [locne mosiBasieTcs
OCHOBHO€ OKHO TIPOTpaMMbl, TpelcTaBlieHHOe Ha puc.6.2.B menro «daitm»
BBIOMpAETCS KOMaHJa «3arpy3uTh» W YKa3bIBaeTCs, CO3JaHHBIA paHee (daiin(B
JaHHOM TIpUMepe «u3MepeHus 1»). Eciu ske BBOJ UCXOAHBIX TAHHBIX MPOU3BOCH,
HETMOCPEJICTBEHHO B OTKPBIBIIEMCS OKHE TMPOrpaMMbl, TO HX HEOOXOIUMO
COXPaHUTh (MEeHIO «(Daii», KOMaHIa «COXPAHUTh UCXOIHBIC TAHHBICY ).

Jlanee, mocne HaKaTHs KIABUIIA MEHIO «CEPBUC» (KOMaH/a «PEIIUTHY),

i KHONKKUFY Ha KiaBUatype, mporpaMmMa Mpou3BOAUT BHIUYUCICHUS.
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Puc. 6.2. OcHOBHOE OKHO MPOTPAMMBI

Jis mpocMoTpa pe3yJbTaTOB pacueTa B OCHOBHOM OKHE BBIOMpaeTCs
BKJIQJIKYy [TIPOrpaMMBbl «pe3yJIbTaT pacdyeTa». i COXpaHeHHsI pe3yIbTaTOB pacyera
B MEHIO «(aili» BBIOMPAETCss KOMaH/1a «COXPAHUTh PE3YJIbTAT PEILICHUS.

[Io pe3ynpraram pelmeHus M HMCXOAHBIM JAHHBIM IPOrpaMMa CTPOMUT
rpaukyd, KOTOpPbIE MOXHO MIPOCMOTPEThb, BbIOpaB BKIAAKY «rpaduxu». s
coxpaHeHusi rpauMKOB HYKHO HaKaTb NPaByK KHOMKY MBIIIK  Ha

COOTBETCTBYIOIIIEM I'paduKe.

6.2. XapakrTepucTuka 00beKTOB UCCJIeI0BAHUSA

B KaueCcTBe o0BeKTa UCCIIETOBaHMS BBIOpAHBI CEIbCKUE
pacnpeaenutenababie cetu 0,38 kB.

UccnenoBanus  ocymectBisuiick B 000  «MakcumoBckoe» (110
COTJIaCOBAaHUIO C OTAENIOM MexaHu3anuu U diekTpudukanuu MuHUCTEpCTBA
CEeJNIbCKOTO X03siicTBa MpKyTcKOoi 00nacT), a Takxke, B IEHTPAJILHOM aiMake

(paiioH r. Ynan-barop, Monromnus).
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6.2.1. Hccneooeanue necummempuunvix pexcumos ¢ 000 Makcumoeckoe

XO034CTBO PACIIONOKEHO B 2-X KMJIOMETpPAX Ha roro-3amaja ot r. Upkyrcka.
HamnpaBnenue X03s1iCTBEHHOM 1€ATeNbHOCTH — OBOIIEBOJICTBO U YKMBOTHOBO/ICTBO.

HccnenoBanus OCyNIECTBISUIACH HA 2-X TPAaHC(HOPMATOPHBIX TMOICTAHIINSAX:
TII 68 (nByxTpanchopmaropuas — TII68A u TII68b), TI169. [lanHble moACTaHIIUNA
MUTAIOT TOJIKO TMPOU3BOJICTBEHHYIO HAarpy3Ky: OT mpancgopmamopa 68A
MMUTAHUE TI0JIaeTCI HAa TEIATHUK Mo oTxodsamier auuauu 0,38 kB, BBIIOJIHEHHOM
npoBoaoM Mapku AS50. JIimHa TUHUN cocTaBisieT 696 MeTpoB (TMHA MarucTpaiu
— 575 MeTpoB).

Xapaxmepucmuka nazpysku TII68A:

- 000TrpeB MOMENIEHUsI, KOTOPOE OCYIIECTBISIETCS ABYMs Kanopudepamu,
MOIITHOCTBI0, COOTBETCTBEHHO 18 1 12 kBT (utoro 30 kBT);

- TOJOTPEB BOABI I MOCHUS TENAT — ocymecTtBiserca 3-mMsa TOHawmu,
MOIIHOCTBIO 10 5 KBT (B cymme 15 kBT);

- ocBelleHue, BbiMosHeHHOe Jjammnamu JIPJI-400 (7 1mT.), namibl
HakanuBanwus (6 mr. mo 500 BT). OGmias Harpy3ka Ha ocBemienue — 5,8 kBT.

Ha mpancgpopmamope 685 nuccnenoranacey JIDII, BbINOTHEHHAS] TIPOBOIOM
mapku AS0, mo koTopoinekTposHeprusanoaaetcs Ha dhepmy KPC. Jlnuna auHum
cocTasisieT 360 MeTpoB (MarucTpaib 325 METPOB).

Xapaxmepucmuxa naepysku TII68b:

- oborpeB mnomenieHuss — 30 kBt (2 xamopudepa mo 18 m 12 kB,
COOTBETCTBEHHO);

- BaKyyMHBI€ JJOWJIBHBIC almapaThl, 00Iel MOITHOCThIO 22,5 kBT;

- HaBO30yOOpouHbIe TpaHcTopTepsl — 12,4 kBT (ropuzonrtansueie — 8 kBT,
HakJIoHHbIE — 4,4 KBT);

- ocBelleHue — 6 kBt (8 mamn HakanmuBanus o 500 Brt, 20 namn — mo
100BT).

Ha TII69 wuccienoBaiiuch peXuMbl pabOThl ABYX OTXOMSIIMX JIUHUN
anexTponepenaun: guoep 2 n ¢uoep 4. Ot dunepa 2 orxoaut nuaus 0,38 kB,

BBITIOTHEHHAs poBojiIoM AS50 nnmuHoi 153 merpa (Maructpans — 135 meTpoB) mo
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KOTOPOM 3JIEKTPO3HEPIrusl MEpeaeTcs Ha Macmepckue, umerowue Cciedyiouyio
HA2PY3KY:

- oborpeB nometenus: 81,5 kBt (kanopudep 44 kBt, TOHwI no 2,5 kBt — 151m1t.);
- CBapO4HbIX anmapar — 15 kBT;

- MoJI0T — 4 KBT;

- Haxknak — 1,5 xBT;

- renbdep — 3 kBT;
- ByJIKaHu3aTop — 3 kBr;

- oceenenue — 11,4 kBt (6 mamn JIPJI-400, 18 namn nakanuBanus o 500 Br).

Ot dunepa 4 orxomut nuHus 0,38 kB, BeimomHeHHas npoBojgoM AS0,
nuHo 586 MetpoB (Maructpanb 560 MeETpoB), NHTAIOWIAS HULOPAMY CO
caeoyroweti Hazpy3KolL:

- oborpeB nomenieHust — 10 kBt (4 TOHa no 2,5 kBT);

- (pesepublit cTaHOK — 2,2 KBT;

- TONOEXKHBIM CTaHOK — 4 KBT;

- CTPOTAJIbHBIN CTAaHOK — 5,5 KBT;

- ma3bl NoJ perky — 2,2 kBT;

- cTaHOK — 2,2 KBT;

- cTaHok — 4 kBrT;

- PY4YHOU 35IeKTpOUHCTpYMEHT — 9 kBT (4 mmier mo 2 kBT, 2 apenu mo
500BT);

- ocgemienue 2,8 kBt (2 mammner [IPJI-400, 10 namn nakanuBanusi mo 200
Br).

Kpome Toro, wccienoBaHusi TPOBOAWINCHL Ha TpaHCHOPMATOPHOM
noncranuuu  T111734,  nutatonmier  KOMMYHajJbHO-OBITOBYIO  Harpys3Kky
HETIOCPEJICTBEHHO B CEJIbCKOM MOCEIeHUU «MaMOHbI». JIJIMHA OTXOAAIIEN JTMHUA

coctasisieT 0,9 kM, xapakTep Harpy3ku — OJJHOKBapTUPHBIE KUJIbIE I0MA.
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Pe3yabTaThl H3MepeHUIl TOKOB U HANIPSKeHUH B AecTByomux cersx 0,38 kB

W3mepenusi MpoOBOAWINCH CEPTUPUIMPOBAHHBIM MPUOOPOM

«Pecypc-
UF2M»,

OCYHICCTBJIAOIITUM (I)I/IKCHpOBaHHe U3MCHAIOIMUXCA  BCINYHMH B

coorBercTBUM ¢ TpeboBanusamu ['OCT R 54149-2010. JlanHblid W3MeEpUTETH
HO3BOJIAET TPOU3BOAMTH OOCIEIOBAaHUE DJIEKTPUUECKUX CeTed 1o oObeMam
INOTOKOB MOIIIHOCTH, HAIpSDKEHHs, TOKA U Ip. IapaMeTpoB 3JIEKTPUUECKOMN
DHEPIUM B MCCIEAYEMOW paclpenenuTenbHon cetu. MccienoBanue kayectBa U
JOTIOJIHUTENBHBIX MOTEPh MOIIHOCTH Ha JIOII, muTaromux npou3BOACTBEHHYIO
Harpysky/

Ha puc. 6.3, 6.4 u 6.5 npeacTaBieHsl BpEeMEHHBIE JUArPaMMbl U3MEHEHUS,

COOTBETCTBEHHO TOKOB, (pa3HBIX U Mexayda3HbIX HanpskeHui B uHNN 0,38 kB,
orxoadamen ot TII68A u nurTaromen TeATHHK.

TMN-68A TenATHUK
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BpeMsi CyToK

Puc. 6.3. BpeMeHnHas auarpamma usmeHeHust TokoB B 1uHuu 0,38 kB
(TTI68 A-TenATHUK)
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Puc. 6.5. BpeMenHas auarpamMma u3MeHeHUsI MexXAyPa3HbIX HANPSXKEHUN B TUHUU
0,38 kB (TT168 A-TensTHUK)



AHanu3 TMOJIyYeHHBIX JIUarpaMM IT03BOJISIET CHejaTh BBIBOJ O TOM, YTO
pacripenienieHue  Harpy3kd 1o  (asaM THTAOmEed CeTH  OCYMIECTBIICHO
HepaBHOMEpHO. [Ipu 3TOM, MpakTHYEeCKH HEM3MEHHOE 3HAYCHHE TOKOB B (ha3ax Ha
NPOTSHKCHHH BCETO TepHoAa HaOJIOACHHIA, TOBOPUT O TOM, YTO BEPOSTHOCTHAS
COCTaBIISIONIAs HECHMMETPUU TOKOB TPAKTUYECKH paBHA HYIIO, a YPOBCHb
CTaTUCTUYECCKOU HECUMMETPUHU TOKOB BEChMa 3HAYUTEJICH:

I, =58A I, =17A |.=54A To ecTh, HauMeHee 3arpykeHa ¢aza «B», a Haubomnee

- (aza «A». YpoBeHb Toka B ¢aze «C» HEHaMHOTO OTJIMYAETCS OT TOKa B (haze
«A». Takum 06pazom, AJiT MUHUMU3AIUU YPOBHS CTAaTUCTUYECON HECUMMETPHUU B
nannoi JIDIT HeoOXoauMo OCyIIECTBUTH Mepepacipe/iesieHne Harpy30kK mo (¢azam
B TEJISITHUKE.

Ha ocHOBaHUUM MOTYyYEHHBIX JAHHBIX U3MEPEHUN B pe3yJIbTaTe pacyéra Io
nporpamme «HecumMmeTpus» TMOTydYeHBbl BpPEMEHHBIE AUArpaMMbl H3MEHEHUS
K03 PUIIEHTOB 00paTHON M HYJIEBOW MOCJIENOBATEILHOCTEH HaIpsKEHUs (puc.
6.6) u koa(pdurmenTa norepb MOMHOCTH (puc. 6.7).

AHaJIN3 TTOJTYYEHHBIX JUarpaMm MO3BOJIUI YCTAHOBUTD CIIEIYIOIIEE.

Cornacao I'OCT R 54149-2010 3nauenue ko3dduirieHToB 0opatHoi (K, )
u HyneBoil (K, ) mocienoBaTensHOCTEN HE NOJDKHBI B 95% BpeMeHu MHTepBasia B

OJIHY HENIETI0 TPEBBINIATh HOpMajbHbie 3HaueHus (T.e. 2%), U TOIbKO 5%

BPCMCHM 3TOI'0 ) KECHMHTCPBaAJIa UX 3HAUYCHHUA HC JOJIKHBI IIPCBBIIIATD 4%.
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Puc. 6.7. BpemenHas quarpaMma u3MeHeHus: Kodh@uiimenTa norepb MOIIHOCTH B
munuu 0,38 kB (TII68 A-TensaTHHK)



B  gamHom  ciydae,  K03pQuUIMEHTHI ~ 0OpaTHOM HYJIEBOU
NOCJIEIOBATEIbHOCTE  HANPSIKEHHWS  MMEIOT  HE3HAUWTEIbHBIE  3HAYEHUS
MPaKTUYECKU B TEUEHHE BCEro mepuojia M3MepeHui (24 daca) U COOTBETCTBYIOT
tpeboBanusiMm ['OCT 13109-97 nnst HopmanbHOTO pekuma padoTel.  [lpu sToM
ko3 puieHT 00paTHOM MOCIEA0BATEIILHOCTH HAIIPSKEHUS MPEBHIIIACT 3HAUYCHUE
koahuienTa HYJIEBOU MOCJIEIOBATEIbHOCTH, YTO 00yCIJIOBIIEHO
HE3HAYUTENBHBIM  KOJMYECTBOM  OAHO(A3HBIX  DJIEKTPOINPHUEMHHUKOB  (T10
CpaBHEHHIO C TpEX(a3zHbIMHU. Koaddumuent morepp momuocTH (puc. 6.7)
JIOCTUIaeT 3HAYUTEbHON BETUYMHBI HA MPOTSHKEHUU BCETO MEPHUOAA U3MEPEHUN.
Ero cpennee 3nauenue cocrasuio 7,1.

[Tpu ompeneneHur MOTEPh AJIEKTPUUECKOW SHEPrUM HA JAHHOM Y4YacTKe
JIDII npuHATEIME METOIaMH, €€ CpeIHEE 3HAYEHHUE 3a rof cocTaBuT 24997 kBT.y,
4yTo OyJIeT COOTBETCTBOBAaTh CTOMMOCTH IOTE€ph, paBHOW 6474 pyo6ns. B
NEHCTBUTENILHOCTH, OOBEKTUBHBIA YPOBEHb HECUMMETpUU (a3HbIX TOKOB
oOycmaBmuBaer 177479 kBT.u mnorepp  3NEKTPUYECKOM  DHEPrUU, YTO
cooTBeTcTBYeT 45967 pyoOneit (mpu ctoumoctH, paBHoi 0,259 pyois 3a 1 kBT.4).

DTO 03HAYAET, YTO JACUCTBUTENbHBIEC IOTEPH MOIIHOCTU U, COOTBETCTBEHHO,
MOTEPH AIEKTPUUICSCKOM dHepruu B nanHou JIDII Gostee ueM B 7 pa3 mpeBBIIIAIOT T
OTEPH, KOTOPbIE OOBIYHO PACCUUTHIBAIOTCS I€TEPMUHUPOBAHHBIMU MeToaMu. To
€CTh, ISl TOrO, 4TOOBI TMOAKIIOYEHHBbIE K JAHHOW JHWHUM BJIEKTpONepeaadyu
AJIEKTPOIIPUEMHUKH  BBITIONHSIN  TpeOyemblii 00BbeM paboThl, HEOOXOIUMO
3aTpaTUTh AJIEKTPUYECKOW BSHepruu Oonee 4yeM B 7 pa3, MO CPAaBHEHHUIO C
CMMETPUYIHBIM PEKUMOM PaOOTHI.

Ha puc. 6.8, 6.9 u 6.10 npeacTaBieHbl BpEMEHHbIE THArPaMMbl U3MEHEHUS
TOKOB, (ha3HBIX U MeXAYy(Pa3HbIX HANPSHKEHUN cooTBeTcTBeHHO B JinHuM 0,38 kB

nutatomeit hpepmy ot TI168b.
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Puc. 6.9. Bpemennsie quarpammbl U3MeHEHUs1 (a3HbIX HanpsokeHui B muHuu 0,38

kB (TI168b-dpepma)
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BpeMsi CyTOK

Puc. 6.10. Bpemennsbie quarpamMmbl U3MEHEHUST MEk Ty (Ha3HBIX HAMIPSKEHUN B
munuu 0,38 kB (TI168b-depma)

AHanu3 NoJy4YeHHBIX AUarpamMM rokasan cienytomiee. Toku B pazax A, B u
C cymecTBeHHO OTIMYalOTCs 1Mo BenuwumHe. Hampumep, Tok B (dase «b»
MPAKTUYECKU BIIBOE TMpEBBIMaeT TOK B (aze «C», a Tok B (paze «A» Oosee yem B
JIBa pasa mpeBbliaeT ToK B ¢daze «b». Takum oOpa3zoM, co3aercsi 3HaUUTEIbHBIN
YPOBEHb HECUMMETPUH (Pa3HBIX TOKOB.

[Tomyyennsie  pacy€THbIE  BpPEMEHHBIE  JUArpaMMbl  W3MEHEHUS
K02 duLIeHTOB 0OpaTHON M HYJIEBOW MOCJIEAOBATEILHOCTEN HANpPSHKEHUS (pUC.
6.11) B »TOM JMHWUM TMOKa3amu, 4YTO KOI(PQUIEHTH O0OpaTHON | HYJEBOU
MOCJICIOBATEIPHOCTEH HANPsDKCHHS, W3MEHSSICh B TEUEHHWE BCEro Iepuoja
U3MEPCHUM, Tak)Ke€ KaK M B PACCMOTPEHHOM BBINIC CIIy4ac, COOTBETCTBYIOT
JIOTTYCTUMBIM 3HAY€HUSIM, YCTAHOBJIEHHbIM [ 'OCyJapCTBEHHBIM CTaHIAPTOM.
CrnenoBaTeNnbHO, pacofioKeHUe 0JHO(A3ZHBIX dJIEKTPOIIPHUEMHHUKOB 110 ha3aM CETH
U UX TOPSIIOK KOMMYTAIIUH He 8HOCUM CYUJeCTNBEHHbIX UCKANCEHUUl 8 KaueCcmeo

JJIEKNIPOIHEPCUU NO IMUM NOKA3AMEIIAM.
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Puc. 6.11. Bpemennsie quarpamMmbl U3MEHEHUS! KO (OUIIMEHTOB 0OpaTHON U

(V)

HYJICBOHM ITOCJICAOBATCIIbHOCTCH HAIIPSIKCHHA B JIMHUU

(V)

0,38 kB (TII68B-¢pepma)
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BpeMs CyToK

Puc. 6.12. Bpemennas auarpamma usMeHeHus! KO3 (GUIUEHTA TOTEPh MOITHOCTH B
muauu 0,38 kB (TI168b-depma)
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BpeMsi CyToK

Puc. 6.13. Bpemennsie quarpaMmbl n3MeHEHUs (a3HbIX TOKOB B JinHuu 0,38 kB
(TT169-macTepckue)

N3menenne ko3¢ duiienta notepb MOUTHOCTH (puc. 6.12) ocyiiecTBiaseTcs
B LIMPOKHUX IMpenenax B TedeHHe cyTok. CpeaHee ero 3HayeHHE 3a IMEepPUOJ
n3mepenurd coctaswio 3,08. Ilpm »TOM, MakcHMManbHOE 3HAYEHHWE JAHHOTO
kodpdumnmenta (4,41) npuxomuTcs Ha BEUEPHHM TEPHOJ BPEMEHM, KOTJa
paboTarOT OCBETUTEIbHBIE YCTAHOBKU, HEPABHOMEPHO pacupenenéHHble o (pazam
NUTAIOMEd CeTH W CO3JalolIMe  JONOJHUTENbHbIE TOTOKM  HYJIEBOU
NOCJIe0BATENbHOCTH TOKOB. OIlleHMBas JOMOJIHUTEIbHBIE 3aTpaTbhl Ha MOTEpU
MOIIIHOCTH M JJIEKTPUYCCKOM JHEPrHHM MO JAHHOW JMHHUH DIICKTpOTepeaayy,
MOJKHO CKa3zaTh cienytomiee. [lpu cymiectByromeM H3MEHEHHH TOKOB B JIMHUHU
OIICHKAa MOTEPh DJIEKTPUUYECKON DHEPTUH, MPOU3BEAEHHAS TMPUHITHIMA METOJIAMHU
pacu€Ta MOKa3bIBAET, UYTO €XKEroJHO OHU cOCTaBisItOT 8269 kBt.u. Ilpu s3TOM
CTOMMOCTh TOTEPhb SJEKTPUUECKON HSHEPrUM JOJDKHA COCTaBUTh OKOJo 2142
pyOmsi. BmecTte ¢ 93TUM, peanbHbIE TMOTEPU DJICKTPUUYECKOW DHEPTHH TpU
aHAJIOTUYHOM pEeXUMEe paboThl 3JIEKTPOOOOPYAOBAHMUS 3a TOJ COCTaBAT OKOJIO
33076 kBT.u u ux crouMocTh cocTaBuT 8567 pyOneil (mpu cpeaHeil CTOMMOCTH

IOTEPb BJIeKTpPIIIeCKOﬁ OHCPIuu, YCTaHOBHCHHOﬁ JUISL  CEIBbCKOM MCCTHOCTH,
142



paBHoii 0,259 py6ns 3a 1 kBr.u). Takum oOpa3zom, misa paboThl Bcex
AIIEKTPOTNPUEMHUKOB, MOAKIIOYEHHBIX K HCCIEIyeMOW JUHHUH 3JIEKTpONepenaun,
HE0O0X0IMMO B CpEIHEM 3aTPaTUTh MOYTH B YEThIpe pa3a OOJIbIIE AJIEKTPHUECKON

DHEPTUH, YeM IUIAHUPYETCS I HOpMajabHOTO (0€3 ydera HeCUMMETpHUH (ha3HBIX
TOKOB) peKHMa.

Ha puc. 6.13, 6.14 u 6.15 mnpencraBieHbl BpPEMEHHbIC JdUArpaMMBbI

u3MeHeHus1 (pa3HbIX TOKOB, (Da3HBIX M MeXAy(a3HbIX HanpsokeHuid B auHuH 0,38

kB, oTxoasmeii ot noactaniuu TI169 u nuTaromieit macrepckue (puaep 2).
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17:00 +
17:20 -

Puc. 6.14. Bpemennsie quarpaMMbl U3BMEHEHUS (Pa3HbIX HANPSHKEHUN B IMHUU
0,38 kB (TI169-macTepckue)
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BpeMs CyToK

Puc. 6.15. BpemeHnnsble quarpaMMbl U3BMEHEHUS MEXTY(Da3HbIX HAIPSKEHUH B
munuu 0,38 kB (TI169- mactepckue)

AHanu3 NOJy4YEHHBIX JHarpamMm IOKas3all, 4YTO, KaK U B MPEIbIAYLINX JBYX
Clly4yasX, HECUMMETpUs TOKOB B JaHHOW JIMHUM OJJIEKTpONEpenaYu BecbMa
CYILIECTBEHHA. MaTeMaTuyecKkoe OKUJaHUE U3MEHEHHSI TOKOB B (pazax «A», «B»
n «C» JNUHUU COCTaBIISIET COOTBETCTBEHHO 71, 55 u 71 amnep. Ciaegyer oTMETUTb,
YTO COBMNAJCHHUE CPEIHUX 3HAUCHHI TOKOB B (azax A u C He XapaKTepu3yeTcsl UxX
JEWCTBUTEIBHBIM COOTBETCTBUEM B TEUEHHUE BCETO NEeproaa u3Mepenuil. [lpu stom

MAaKCHMAJIbBHOC YBCIIMYCHHC TOKOB HAI'PY3KH IIPHUXOAUTCA Ha BG‘-IGpHHI?I IICPHUO,

Koraa BKJIFOHACTCA HCKYCCTBCHHOC OCBCIIICHUC, O6yCJ'IaBJII/IBaIOH.ICC

JIOTIOJIHUTENIbHBIE MOTOKU HYJIEBOUM MOCIIEI0BATEIBHOCTH.

Ha ocHOBaHWM MaHHBIX pe3yJIbTAaTOB M3MEpPEHUN (a3HBIX U MEXTy(da3HbIX
HanpsbkeHuil (puc. 6.14 u 6.15) nmocTpoeHbl BpEMEHHbIE JUarpaMMbl U3MEHEHHUS
K02 PUIMeHTOB 00paTHOM M HYJIEBOW TOCIEIOBATEIHHOCTEH HANPSDKCHHS B
HCCIIeyeMOM JIMHUY dJIeKTponepeaaun (puc. 6.16).

Kak w B mnOpemplaymux JABYX ClydasiX, HW3MEHEHHE HCCIIEIYEMbIX

nmokasaTeneld He BBIXOAUT 3a MpeAelbl TpeOyemblX CTaHAapTOM 3HAueHUH,
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CJICO0OBATCIbHO, Ka4YCCTBO BHCKTqueCKOﬁ OHCPIrun II0 AAHHBIM IIOKAa3aTCIIAM

COOTBCTCTBYCT Tpe60BaHI/I$IM, MNpCaAbABISICMbIM r OCyaapCTBCHHBIM CTaAHIAaPTOM.
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Puc. 6.16. BpemenHnsbie quarpamMmbl U3MEHEHUS KO3 (OUIIMEHTOB 0OpaTHON U

BpeMs CyTOK

HYJIEBOU MocienoBarenbHocTeil HanpsbkeHus B inau 0,38 kB (TI169-macTtepckue)
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17:20

Puc. 6.17. Bpemennas auarpamma usMeHeHus KO3 GUIIMEHTA TOTEPh MOITHOCTH B
aunanu 0,38 kB (TT169-mactepckue)
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CpenHee 3a mepuoJ M3MEpPEeHMs] 3HAYeHHE KOIPPHUIMEHTa TMOTepPb
MOITHOCTH cocTaBuiio (puc. 6.17) cocrasnsier 1,78, T.e. TONOJIHUTENBHBIE IOTEPU
MOIIIHOCTA ¥ DJIEKTPUYECKOW HHEPrUM B TAKOE YHUCIIO pa3 MPEBBIIMIAIOT MOTEPU
MOIIHOCTH, OOYCJIOBIIEHHBIE TOJBKO TOKaMU TPSAMOM IOCIIEIOBATEIbHOCTH.
CorniacHO TpOU3BEAEHHBIM pacu€raMm, C Y4YETOM JIONMOJHUTEIBHBIX MOTEPh OT
HECMMMETPHUU TOKOB, Ha JAHHOM Yy4acTke 3iekTpuueckoi cetu 0,38 kB exeronHo
tepsercs 48338 kBrT.u anexkrpuyeckodl sHeprum, oOmeld croumoctero 12520
pyOnelt (cpaBHUTH, O€3 yueTa HECUMMETPUH TOKOB, COOTBETCTBEHHO 27156 kBT.u
u 7033 py0.). CnemoBarenbHO, IeperyiatTa 3a JOMNOJHUTENBbHBIE TOTEPU
AIEKTPUUYECKON IHEPTUM, OOYCIOBICHHBIE HECUMMETPHUEH TOKOB, coCcTaBisieT 5487
pyouIei.

Ha punc. 6.18-6.20 mnpencraBieHbl BPEMEHHBIE IUarpaMMbl W3MEHEHHS
TOKOB, (ha3HbIX M Mexayda3HbX HamnpspkeHuil B jnuHuu 0,38 kB, nuraromei

nunopamy ot TI169 (bunep 4).
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BpeMmsi CyTok

Puc. 6.18. Bpemennsie quarpammbl uzmenenus Tokos B uauu 0,38 kB (TI169-
nujIopama)
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Puc. 6.19. Bpemennsie quarpaMMbl U3BMEHEHUS (pa3HBIX HANPSIKEHUN B IMHUU
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BpeMs CyTOK
Puc. 6.20. BpemeHHble [uarpamMmbl U3MEHEHUS MeXAy(a3HbIX HAIPSHKEHUH B
munuu 0,38 kB (TI168-ntunopama)
AHanu3 MoNy4eHHBIX AMarpaMM NOKa3bIBa€T, YTO HECUMMETPHS TOKOB Ha
nanHoi JIDIT Takxke Becbma 3HaunTenbHa. CpeJHUE 3HAUEHUsI TOKOB B (hazax «Ay,



«B» 1 «C» cocrtaBisitoT cooTBeTCTBEHHO, 90, 81 1 44 amnepa. [Ipu 3tom, cienyer
OTMETUTh, UYTO HApSALy C CHUCTEMaTHYECKOH HECUMMETpueH, 0O0YyCIOBIECHHOM
HECUMMETPUYHBIM  paclpesiefiecHueM  OAHO(a3HbIX  3JIEKTPONPUEMHHUKOB
(MperMylIECTBEHHO,  OCBETUTENBHBIX  YCTAHOBOK), B  JAHHOM  JIMHUH
AJIEKTpOIIepeaun BbICOKA JI0JII U BEPOSTHOCTHOM HECMMMETPUHU TOKOB, KOTOpas
oOycliOBJieHa  CIy4yalHbIM  XapakTepoM  KOMMYyTaluid  MOJKIIOYEHHBIX

SJICKTPOIIPHUCMHHUKOB.
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BpemMs CyTOK

Puc. 6.21. BpemenHsble quarpamMmbl U3MEHEHUS! KO3 (OUIIMEHTOB 0OpaTHON U
HYJIEBOM TocienoBareabHocTel Hanpspkenus B munauu 0,38 kB (TI169-minopama)
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BpemMs CyTOK

Puc. 6.22. BpemenHnas auarpamMmma u3MeHeHHUs! KO3 (ULIMEeHTa TOTEPh MOLUTHOCTH B
munuu 0,38 kB (TI169-tunopama)
Ha ocHOBaHMM NONMYYEHHBIX TAHHBIX U3MEPEHUM, B PE3YJIbTATE PACUETA IO

o

nporpamMmme «HecummeTpusi», MOIMYYEHBl BPEMEHHBIE JHArpaMMbl H3MEHEHUS
Kod3(pduLIMeHTOB 00paTHON M HyJIEBOW MOCJIEAOBATEIBLHOCTEH HANpPSKEHUNU B
HCCIIeyeMOM JIMHUY AJieKTponepeaaun (puc. 6.21).

Kak BuHO W3 mpejcTaBiICHHBIX aAuarpamMm, KO3(QGUIUEHTHI OOpaTHOW U
HYJICBOU MOCIEA0BATEILHOCTEN HANPSHKEHUS, KaK U B TIPEABIIYIINX UCCIEAYEMbIX
JUHUSX ~ DJIEKTpOIepeadyd, HaxXoAsATCs B Mpelenax,  YCTaHOBJIEHHBIX
rOCyJapCTBEHHbIM  CTaHAAPTOM  JUIsl  JAaHHBIX  [OKa3aTejied  KadecTBa.
CrnenoBatelnbHO, Harpyska MIPOU3BOICTBEHHBIX AIIEKTPOITPUEMHUKOB,
MOJKIIOUEHHBIX K AaHHOU JIOII He co3maeT MCKaKEHUN KayecTBa AJIEKTPUYECKOM
SHEpPruM Mo Kod(pduuueHtam oOpaTHOW H HYJIEBOH MOCIEAOBATEILHOCTIM
HaIpsHKCHMUS.

BMmecre ¢ a3ThMm, aHanu3 NOpEACTABICHHOM BPEMEHHOW JUarpaMbl
u3MeHeHus KoadduirienTa norepb MOIHOCTH (puc. 6.22) mokasall, YTo pacyéTHas
CTOMMOCTh TOTEPh DJIEKTPUYECKOW HHEPrUM Ha HUCCIEAYEMOM  YYacTKe

anexkTpuueckot cetn (85378 kBt.4) cocraBmma 22113 py6neit. Ilpu stom
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CTOMMOCTh TOTEPh OT HECMMMETPUU TOKOB JOMOJHUTENBHO cocTaBisieT 8950
pyOJei.

Takum 00pa3omM, POBENEHHBIEC HCCIIEOBAaHUS Ha 3-X TpaHC(HOPMATOPHBIX
MOJICTAHIIUSIX, OCYIIECTBISIONIUX MUTAaHUE MPOU3BOJICTBEHHON HArpy3ku mo 4-m
JIMHUSIM 3JIEKTpOIepeaadn MoKa3aiu Cleayolee:

- HCKaXEHHWS KadecTBa OJJIEKTPUUYECKOM OHHEPruuM MO HaNpsHKEHUSIM
0OpaTHOH U HYJIEBOM MOCIEN0BATEIBHOCTH B JAHHBIX CETSIX OTCYTCTBYIOT;

- 3HAYEHUS MCCIEeNyeMBbIX KOd(pPUIMEHTOB OOpaTHOW U  HYJIEBOM
MIOCIICZIOBATEIPHOCTH HAMPSDKEHHUs]  HAaXOJATCS B Tpeneiax, YCTaHOBJICHHBIX
['OCT R 54149-2010;

- BO BCEX HCCIEIYyEeMbIX JIMHUAX DJEKTPOINEepelayd yCTaHOBJIEHA
3HaYUTeNbHAsI HECUMMETpPHSI (pa3HbIX TOKOB, 00YCIIOBJIEHHAsI KaK HEPABHOMEPHBIM
pacnpeneneHneM OAHO(A3HBIX 3JIEKTPONPUEMHUKOB, TaK U BEPOSTHOCTHBIM
XapaKTepOM UX KOMMYTaIuii (0COOEHHO B BeUepHEE BPEMSI CYyTOK);

- I TOTO, YTOOBI DJEKTPONPUEMHHKH, MOJKIIOUYEHHBIE K HCCIETYEeMBIM
JIDI, ¢yHKIMOHMpOBAIM B 33JaHHOM pPEXUME, HEOOXOAUMO TOMOIHHUTEIHHOE
KOJIMYECTBO AJICKTPUUYECKOMN SHEPTUH B ClIeAyomeM o0bEMe:

a) s nuaun anekrponepenayn (TII68A — tensarauk) — 152482 kBT.u4,
cTOUMOCTBIO0 39493 pyOis;

0) nns munuu (TI168 — pepma KPC) — 24807 kBT.4, crouMocTtbio 6425 py6is;

B) mns quauu (TI169 — mactepckue ) — 21182 kBt.u, croumoctbhio 5487
pyos;

r) s iuann (TI169 — munopama) — 34558 kBT.4, croumocTsio 8950 pyobiieit;

- obmee (cymMMapHOE€) TOJOBO€  KOJHMYECTBO  JIOMOJHHUTEIHLHOMN
DIIEKTPUYECKONW SHEPTrUHU, HEOOXOAMMOE i HOPMajdbHOTO (PYHKIMOHUPOBAHUS
AJIEKTPOYCTAHOBOK B HCCIIEYEMBIX JJIGKTPUYECKHUX CETSIX B  YCJIOBHSX
00BEKTUBHOW HECUMMETPHUU (Pa3HbIX TOKOB cocTaBuiio — 233029 kBr.uac., obmei

CTOMMOCTBIO 60355 pyOrei.
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HccnedosaHue kauecmea u 0onosHUMEAbHbIX Nomepb MowHocmu Ha JI31],
numaroweli KOMMYHA/AbHO-6bIMOBYH HA2PY3KY

Ha puc. 6.23-6.25 mnpencraBieHbl BPEMEHHBIE IUAarpaMMbl HW3MEHEHHS
TOKOB, (ha3HbIX M MexaydaszHbix HamnpsbkeHuidt B nuHuu 0,38 kB, mutaromieit

TOJIBKO KOMMYHaJIbHO-0bITOBYIO Harpy3ky (TII1734-nocénok).
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BpeMsi CyTOK

Puc. 6.23. BpemeHHble quarpaMmbl U3MeHEHU TOKOB B tuHuM 0,38 kB

(TTI1734-nocénok)

AHaJIN3 U3MEHEHUs TOKOB (puc. 6.23) moka3aj, 4TO ypOBEHb HECUMMETPUHU
TOKOB B JJAaHHOW JIMHUU DJICKTPOTIEPEeaaun JIOCTAaTOYHO BhICOK. CpeHue 3HAYCHUS

TOKOB B (pazax «A», «B» u «C» 3a uccienyemblii IEPUOJ BPEMEHH COCTABIISIIOT

coorBeTrcTBeHHO, 127, 104 u 60,3 amnepa. Ilpm s3TOoM, Kak cleayer wu3

MPEJCTaBJICHHOTO PHUCYHKA,

HCCUMMCTPHUA TOKOB O6YC.HOBJIGH8,, KaK sBHO

BBIPAKCHHOM CTAaTUCTHUYECKOW HECHUMMETPUENM TOKOB, TAaK W 3HAYUTEIbHBIM

BCPOATHOCTHBIM XapPAaKTCPOM KOMMYTaHI/IfI OI[HOCI)EBHLIX KOMMYHaJ'II)HO-6LITOBI)IX

ANEKTPONPUEMHHUKOB. J[0CTaATOUHO BBICOKHI YpPOBEHb TOKOB B (pazax 0ObSCHIETCS

OOIBIINM KOJIMYCCTBOM COBPCMCHHBIX KOMMYHaJ'IBHO-6BITOBI)IX
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AIIEKTPONPUEMHUKOB, MOIITHOCTh KOTOPBIX 3a IMOCJICIHUE TOABI BO3POCIa MOYTH B
TpH pa3a.

HecummeTpuyHble  TOKM,  TpPOTEKas IO  JJIEMEHTaM  CHCTEMBI
DJICKTPOCHAOKCHHMS, BBI3BIBAET COOTBETCTBYIOIIHEC HECHMMETPHUYHBIC TIaJICHUS

HaIIPAKCHUA, YTO IIPUBOIUT K CYHICCTBGHHOﬁ HCCUMMCTPHUU HaHpﬂ}KCHI/Iﬁ B q)a:aax

(puc.6.24, 6.25).

KOMVHanbHO-6bITOBasi Harpyv3ka

U, B Ua —Ub Uc

228 I

227 !

226 l

225 l

222 / WA

1 _ i\ |\ -

220 4 ” \‘/ ‘ \/\ JA I\ /]
219 ANWA Il \ Mmrv s
218 A | \ |

ar WV \ I [ ] \
216 ‘l \\ //\\!i\ Il v l\\ I/\\// \V [\

> \\ Il \LK]L \ 1\171 -

i~ V Uy

Bpemsi CyTOK

Puc. 6.24. BpemenHble quarpaMMbl U3BMEHEHUS (Pa3HbIX HANPSXKEHUN B IMHUU
0,38 kB (TII1734-nocénok)
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KOMyHanbHO-ObITOBasi Harpy3ka
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Bpemsi CyToK

5

Puc. 6.25. BpemenHbie quarpamMmbl U3MEHEHUST MEXK Ty (Ha3HBIX HAMIPSIKEHUN B
nunuu 0,38 kB (TI11734-nocénox)

Ha ocHOBaHWM MNOJYYEHHBIX pE3yJbTaTOB HM3MEPEHHUH, IO Iporpamme
«HecummeTpus» OCyIIECTBIEH pAacd€T IOKA3aTesied KadecTBa DIIEKTPUYECKOU
SHEPrur, 0OyCIOBIEHHBIX HECUMMETpUEN (pa3HbIX TOKOB (puc.6.26).

AHanu3 npejcTaBiIeHHBIX KPUBBIX (pHc. 6.26) mokazan cienyromniee.
Cornacao tpeboBanusm ['OCT R 54149-2010 B HOpManmbHOM pexume pabOThI

3Ha4YeHue nokaszarenen K,, u K,, He JOJDKHBI BBIXOAUTH 34 YCTAHOBJICHHBIC

npeesibl HOpMaJibHBIX 3HaUYeHUH (T.€. 2%) B TeueHue He MeHee 4yeM 95% BpemeHu
WHTEpBalla M3MEPEHUs B OAHY Henmenmto. B wucciemyemoit cetn koddduimeHt
oOpaTHOM TOCIEAOBATEILHOCTH HAIPSKCHUS HE BBIXOJUT 3a YCTAHOBJICHHBIC
'OCTom mpenenst Tosbko B 20% wuccieayemMoro npoMekyTka BpeMmeHu. Bcé

ocTajibHOE BpeMs KoahduireHT K,, MpeBbIIaeT yCTAaHOBICHHOE 3HAUCHHE.
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KOMyHaﬂbHO-GbITOBaﬂ Harpyska
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BpemMsi CyTOK

Puc. 6.26. Bpemennble nuarpaMMbl U3MEHEHHs KO3 PUIIMEHTOB 0OpaTHOH U
HYJIeBOH TocienoBaTenbHocTel Hanpsbkenus B cetu 0,38 kB (TI11734-nocénok)
Cnengyer OTMETUTBH, YTO 3TO IPEBBIIICHUE HE3HAYUTENIBHOE, ITOCKOJIBKY
MpeNebHO YCTaHOBIEHHOE 3HaueHue (4%) Hapymiaercs TOJIBKO B TEYEHHE 25
MUHYT (B BEYepHEE BpeMsi), KOTJa JIaHHbIA KO3(DPPUIMEHT NOCTUraeT 3HAYeHUs
5%. Cpennee xe 3HaueHwe KoddduimeHTa oOpaTHONW IOCIEIOBATESILHOCTH
HaIpsKEHUS 33 UCCIIEYEMBIN ITPOMEXYTOK BPEMEHH COCTaBUIO 2,37%.

KoadduimenT HyneBoil nmocnenoBareabHOCTH HanpsikeHus: K, u3MeHsercs

B OoJsiee 3HauuTENbHBIX mpenenax. TpeOyembie crangaproM 2%, TaHHBIA
KOO (PHUIIMEHT MMEET TOJBKO B HECKOJIBKUX BpeMEHHBIX mpomexyTtkax: 10:10,
10:20, 12:40, 12:45, 13:10, 13:20, 14:05 16:10, oOmielt MPOAOIKUTETLHOCTHIO
okosio 12 munyTt. Bec€ octanbHOe Bpemsi mpoBeneHust uaMepenuit (14 dacos — ¢
8:00 mo 22:00) 3HayeHWe AHHOTO KOA(DQPUIMEHTA 3HAYUTEITHHO IMPEBBINIACT
yctanoBlieHHble ['OCTom 3HadeHus, JOCTUTas MakcumanbHO a0 7% (T.e. B 3,5
pasa MpeBbllllasi YCTAHOBIICHHbIE HOPMAJbHBIE M MOYTH B 2 paza — MPEAEIbHO
JIOMyCTUMBIE 3HaUYeHMs). MaTeMaThuueckoe OXKHIaHue AaHHOTO KoddduimeHTa 3a

Nepuoa U3MEPEeHH cocTaBuio 3,56.
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Takum o00pa3oMm, Ka4eCcTBO DJIEKTPUUYECKOW HHEPTruu, OOYCIOBICHHOE

HECUMMETPUYHBIM TOKOpaclpenaeneHnem B uccinenyemon cern 0,38 kB, He
COOTBETCTBYET TPEOOBAHUSAM I'OCYIaPCTBEHHOI'O CTaHJApTa, a CaMU I0Ka3aTelu B

I[OCT&TO‘-IHOﬁ CTCIICHM IPCBLIIIAKOT YCTAHOBJICHHBIC 3HAUYCHMN .

Ha puc. 6.27 npencraBieHa BpeMEHHas JaMarpaMmMa HM3MEHEHUS

koa(dduienTa norepp MoUTHOCTH B uccieayeMoit aunuu 0,38 kB, mocrpoennas

Ha OCHOBAHHUHM pacuéra JaHHOTO Koddduimenta mo nporpamme «Hecummerpus.

KOMyHanbHO-ObITOBasi Harpy3ka
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6.27. BpeMeHHas 1uarpaMma u3MeHeHUs Ko3(ppuuueHTa norepb MOIMIHOCTH B
cetu 0,38 kB (TII1734-nocénok)
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Puc.

AHann3 auarpammbl  (puc.6.27) mokaszai, 4YTO CpeaHee 3HaYeHUe
ko3 uIMeHTa MOTeph MOIIHOCTH 3a CJEAYeMbId NPOMEXYTOK BpPEMEHHU
coctaBuiio 1,17 (mMakcumanbHOe mpeBbiieHUe Kodhduimenta gocturaer 40%).
OTO TO3BOJIMJIO PACCYUTATh TOTEPH DJIEKTPUUYECKOM HHEPruu B JaHHOU
UCCIIEAYEMON JIMHUM 3JIEKTPOIIEpEIaun, KOTOPhIE B CPEIHEM COCTaBISIIOT 166960

kBT.4ac. mpu ux croumoctu, paBHou 43243 pyonsa. Bmecte ¢ atum, npu yciaoBuu

CUMMETPUPOBAHHUS PEXUMa PabOThl JUHUH, MOTEPU DICKTPOIHEPTHH MOTIH OBl
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coctaBuTh He Oonee 142700 kBt.uac. mpu ux croumoctu 36959 pyOneit. Takum
o0pa3oM, JTOMOJHUTENbHBIC MOTEPH MOIIHOCTH, OOYCIOBJICHHBIC HECHMMETPHEH
TOKOB, cocTaBmwiM 24260 kBt.4ac., rojioBasi CTOUMOCTh KOTOPBIX COCTaBsieT 6283
pyOJIs.

[ToaBo1s UTOT UCCIEIOBAHUIO pa0OTHI TAHHOM JIMHHUH JIEKTpOINEpeauu, Mo
KOTOpPOM  OCYHIECTBJISIETCS ~ MUTAaHWE  KOMMYHAJbHO-OBITOBOM  HArpysku,
HEO0OXOMMO OTMETHUTH CIICTyIOIIee:

- YpOBEHb HECUMMETPUM TOKOB B JIMHUM JOCTATOYHO BBICOK, UYTO
ompenesieT W 3HAYATEIBHYIO  CTOMMOCTh  JIOTIOJHUTENBHBIX  IOTEPH
AIIEKTPUUECKOU SHEPTUH, paBHYyI0 6283 pyOus;

- B OTJIMYKE OT MPOU3BOJCTBEHHON HArpy3KH, HE BHOCSIIEH 3HAYMTEIbHBIX
W3MCHCHUH B KA4eCTBO DJIECKTPUUYCCKON HDHEPTUU TPHU OMPEACICHHOM YPOBHE
HECUMMETPUHU (Pa3HbIX TOKOB, B JIAHHOM ciiy4ae KOd()PUIMEHTh OOpaTHOU u
HYJIEBOM  TOCJIEIOBATEILHOCTEM  HANpSOKEHUS  BBIXOJAT 32 MPEJEIbl,
YCTaHOBJICHHBIC TOCYIAPCTBEHHBIM CTAHIAPTOM;

- HanOOJIBIITYIO OMaCHOCTh TSt paboTHhI KOMMYHaJIbHOTO
AIEKTPOOOOPYIOBaHUS, MOJAKIIOYEHHOTO K ucciaexyemoin JIOII, mpencrammisier
KOd(DPUIIMEHT HYJIEBON MOCIEAOBATEIILHOCTH HANPSDKCHHS, CpeHEee 3HAaYCHUE
KOTOPOTO 32 MEePUOJI U3MEpeHus cocTaBmio mouTu 4%. [lanHoe 006CTOATENHCTBO U
aHaJu3 CXeMbl JJEKTpocHaOkeHust mocenka (cM. IlpunokeHue) MO3BOJAIOT
c/IeNiaTh BBIBOJ] O HEOOXOJIMMOCTH, BO-TIEPBBIX, MepepactpeeieHus: 0HOha3HBIX
noTpeduTenel (KuIbIX T0MOB YaCTHOTO CEKTOpa) Mo ¢azam 3JIEKTPUUYECKON CETH

U, BO-BTOPBIX, O UBMEHEHUU CaMOU CXEMBbI AJIEKTPOCHAOKEHUS.

6.2.2.Hccneoosanue HecUMMEMPUUHBIX DPEHCUMOE 6 IIEKMPUUECKUX CEemAX

Momnzonuu
B cooTBeTCTBME C 3aKNHOYEHHBIM 4OTOBOPOM O TBOPYECKOM COTpyAHMYecTBe mexay UpKyTckon TCXA

1 MoHronbckum F'AY Hamu 6bln OCyLLECTBAEHBI UCCNEA0BAHMA PEXUMOB PAabOTbl AEACTBYHOLLMX
3NeKTPUYEcKmx ceten HanpskeHmem 0,38 KB B LleHTpanbHOM Alimake MOHIonnm, Haxoaalemcs Ha

pacctoAHum 43 Km oT r. YnaH-baaTtp.
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XapakTepucTuka 06beKTa uccneposaHui

UccnepoBaHma npoBoANANCL Ha 9-T oTxoaawmx AmHuax 0,38 KB 3-x TpaHchopMaToOpHbIX
noactaHumi (TM), pa3Ho MOLLHOCTU, NUTAIOLLMX Pa3Hble BUAbl HAarpy3oK, NOAKMOUYEHHbIX

INNEKTPONPUEMHUKOB.

TI1 Nel. MouwHocTb — 250 KBA. Tpu otxogawmx avHum: J11 — gamdoit 1120 m, 12 — 1,2 kKm, J13 — 485
M. TIIN22.MouwHocTb TpaHchopmaTopa- 400 KBA, amHum: 11 panHoii 800 m, J12 — 650 m, /13- 1,4 Km.
T Ne3. MowHocTb TpaHcpopmaTopa — 400 KBA, npoTarKeHHOCTb AnHUI: /11 — 1,1 km, 12 =520 m, N1
3 —700m.

Bce ncenegyemble TMHUKU aneKTponepenavym MMeKT pa3Hble MapKU U CeYEHUA U OCYLLECTBNAIOT

NMnTaHne, B OCHOBHOM, KOMMyHaJ'IbHO-6bITOBYI-O Harpysky HOTpGﬁMTEﬂeVI. nﬂpOAOﬂ)KMTeﬂbHOCTb

nccnengoBaHMA coctasuna 1 CYTKW.
CpeacreBa U1 HHCTPYMEHT HCCJIeI0BAHUI
W3mepenuss MpoOBOAMINCH cepTHPHUIMPOBAaHHBIM mpudopoM «Pecypc-UF2ZMy,
OCYILECTBISIOUUM (PUKCUPOBAHUE H3MEHSIOLIMXCS BEJIMYMH B COOTBETCTBUU C
tpeboBanusimu  ['OCT R 54149-2010. JlanHbIi W3MEpUTENh MO3BOJISET
IPOU3BOAUTH OOCIEIOBAaHUE JJIEKTPUUYECKUX CeTed 1Mo o0bemMaM IOTOKOB
MOIIIHOCTH, HANPsDKEHHs, TOKAa M Mp. MapaMeTpOB 3JIEKTPUYECKOM 3HEPruu B
UCCIIEAYEMON PpACHPENEIUTENIbHON CeTH. B KayecTBe HMHCTpyYMEHTAa pacyera
UCIIOJIb30BaHA KOMIbIOTEpHass mnporpamMma «Hecummerpus», MO3BOJISIOIIASA
OLICHUTh  YPOBEHb  MCKaXEHUs  KAayeCTBAa  JJEKTPUYECKOM  DHEPIUH W
JOTIOJTHUTENBHBIX ~ MOTEPh  MOIIHOCTH, OOYCJIOBJIEHHBIX HECUMMETPUYHBIM
W3MEHEHUEM TOKOBOM HArpy3KHh B  DJIEKTPUUYECKOM  pacnpeacauTeIbHOU
cetu.JlaHHast mporpamma, co3zfanHas Ha kadenpe DnexkrpocHadxenus Upl'CXA,
MO3BOJISIET paccuuTaTh KOd(PULIHMEHTHI oOpaTtHoOM " HYJIEBOU
NOCJIEI0BATEIBHOCTEN HAIPSHKEHU, a Takke KOd()(PUIMEHT MOTeph MOIIHOCTHU 32
a000i1  mHTepBan BpeMeHU. OJHOBPEMEHHO OCYIIECTBISIETCS IOCTPOCHHUE
BPEMEHHBIX JAMAarpaMM U3MEHEHUs 3TuxX KodpduiueHtoB. Cieayer OTMETUTb, YTO
IpU CUHXPOHM3AIMH HU3MEPUTEIHHOIO KOMIUIEKCA C BBIYHUCIUTEIBHBIM OJIOKOM
BO3MOYKHA BU3yaJlU3alisl U3MEHEHUS UCCIeAYEeMbIX KO (DUIIMEHTOB B «PEalbHOM

BpeMenn».[Iporpamma HamucaHa Ha si3bike TiporpamMupoBanus Delphi -7.
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Ananu3 mpoBomwica 1o (asHeIM M MexAy(}a3sHbIM TOKaM, HaNpsKEHUSM,
MOKa3aTelsiM HECHMMETPUU TOKOB M HAmNpsKEHUH, KOIPPHUIMEHTY MOTEeph
MOIIHOCTH, a TAaKX€ CTOMMOCTH JOMNOJIHUTEIBHBIX MOTEPHh JIIEKTPUUECKOU
DHEPIHUU.

B xauectBe npuMepa pacCMOTPUM, KaK U3MEHSIOTCS UCCIIEyEMbIE MOKA3aTENH B
auauu 1 TII1. Jluaus BeimosHeHa mpoBojoM mapku CUII2A 3*50+1*70, tuna
«Aspopa» (TY 16K 71-268-98), coorserctByer HD 626 S1°. VienbHsie
aKTUBHBIEC conpoTuBieHus: pazunie — 0,641 Om/km, HyneBo — 0,493 Om/kMm.

Ha puc. 1, 2 m 3 mnpencraBieHsl BpPEMEHHBIE IHArPaMMbl W3MEHEHUS,
COOTBETCTBEHHO TOKOB, (pa3HBIX M MEKIy(pa3HbIX HanpsokeHui B uHuu 0,38kB.

*
CaMou30IUPYIOMUUATIPOBO/ ¢ KPYTJIOW MPOBOJIOYHON aTFOMUHUEBOM KUJIOH U CTaIbHOU

HpOBOJ’IOKOﬁ B KaUC€CTBC CCPACYHHKA. Mzonsums — TCpMOHJ’IaCTI/I‘lHHﬁ COIIOJIMMCD ITOJINOTUIICHA

C BUHHMJIALICTAaTOM.

a0

2009:30 1010 11:00 11:50 1240 1330 1420 1510 1600 1650 1740 1830 1920 2040 21:00 21:50 2240 2330
Bpewma

—la =—Ih Iz =—In =—Ibc

Puc.6.28. BpeMennas nuarpamma u3MeHeHus TOkoB B tuauu 0,38 kB
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Puc. 6.30. Bpemennas auarpamMmma u3MeHeHHUs! MexKIy(ha3HbIX HATPSHKEHUHN B

nuaun 0,38 kB

AHaJIN3 MOJYYEHHBIX 3aBUCUMOCTEN (puc. 6.28-6.30) nokasain, 4yTo
MaTeMaTH4YeCKoe Oxkuaanne TokoB B ¢azax A, B C cocTaBisior, COOTBETCTBEHHO
14,18 22 A. To ects, Hanbomee 3arpyxeHHo sBisieTcs dasza «Cy». [Ipu atom,
cpeaHue 3HaueHUs (ha3HBIX HAMPSHDKEHUN COCTaBIISIOT, COOTBETCTBEHHO 214, 230 u

225 B, a mexaydasznbie (U,;,Uqc, Uc) - 389, 392 u 380 B.
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Ha ocHoBaHMM TONYy4YEHHBIX AAHHBIX W3MEPEHUN B pe3ylbTaTe pacuéra 1o
nporpamme «Hecummerpusi» mONydYeHBI BPEMEHHBIE JUArpaMMbl W3MEHEHUS
K03 PuIeHTOB 00paTHON M HYJIEBOM IMOCIEA0BATENLHOCTEN HaNpsKeHUN (puc.

4) u ko3 dunueHTa noTepb MomHoOCcTH (puc. 6.31).

0,19
0,18
0,17
0,16
0,15
0,14
0,13
0,12
011
0,1
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0,07
D,DB:i
0,05 4
0,04 §
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00z
0,01
9:009:30 1010 11:00 11:50 1240 1330 1420 1510 1600 1650 1740 1830 1920 20010 21:00 21:50 2240 2330
Bpena

Ues

——k2u ——kOu

Puc. 6.31. Bpemennas auarpamma uaMeHeHus KO3 GUIIUEHTOB 00paTHOM U
HYJIEBOU MOCJIeI0BAaTENbHOCTEN HamnpshkeHui B tnHuM 0,38 kB

]
9:00 930 1010 11:00 11:40 1230 1320 1400 14:50 1540 1620 1710 1500 1540 1930 20020 21:00 21:50 2240 2320
Bpena

—Hp

Puc.6.32. Bpemennas quarpamMma usmMeHeHus: KoddpuimeHTa norepb MOIIHOCTH B
muann 0,38 kB

Ananu3 w3MeHeHus rpadukoB (puc. 6.31-6.32) mokasas, 4TO MaTeMaTHYeCKOe

oxkujanue kodpduumeHtoB K, u K,,3a Tepuo HU3MEpPEeHUs  COCTaBUIIU

coorBerctBeHHo 3,1 u 5,1 %. Ilpu »otoM, Ko3dpduuueHT oOpaTHOM
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MOCJIEOBATEIbHOCTH HAIPSKEHUST BBIXOJUT 33 HOpMaslbHble 3HaueHHs (2%) B
26% BpeMeHH W3MepeHUi, a KOd(PPUIMEHT HYJIEBOH IMOCIEAOBATEILHOCTH — B
78%. Kpome TOro, yCTaHOBJIEHO, YTO NPEIEIbHO OMYCTUMbIC 3HAYEHUS ITHUX
kodpdumeHToB (4%) Hapymaiorcsi, coorBercTBeHHO B 12 m 50 % Bpemenu
U3MepeHuil (I0JKHO ObITh He Ooiee 5% BpemeHu usMmepenuid). Takum oOpazom,
YpOBEHb HECHMMETPHH HANPsHKEHUH CYIIECTBEHHO TPEBBINIACT YCTAaHOBICHHBIC

CTaHAapTOM 3HAYCHM.

Mpn aHanusze uaMeHeHuA KoapPMumeHTa NoTePb MOLLHOCTM BMAHO, YTO €ro MaTemaTuyecKkoe
oXKMpaHue 3a nepuon M3mepeHuit coctasuno 1,94. CnepoBaTtenbHO, AOMNOJIHUTE/NIbHbIE MNOTEPU
MOLLHOCTU M, COOTBETCTBEHHO, 3/IEKTPUUYECKON 3HEepruun, obycnoBieHHble HeCcUMMeTpUeEN ¢asHbIX
TOKOB, B cpegHem Ha 94% npeBblWalOT COOTBETCTBYHOWLME MOTEPU B «YCAOBHO-CUMMETPUYHOM
perxume» (T.e., NoTepun, obycnoBAeHHbIE NPOTEKAHMEM TO/IbKO TOKOB NPAMON NOCAeA0BaTE/NbHOCTH).
Takum obpasom, eciv He y4uTbiBaTb MNOTEPU INEKTPUYECKOM IHEPTUM OT HECMMMETPUM TOKOB, TO
noTepun B UCC/eAyeMOM TNHUN, PACCYUTAHHbIE AETEPMUHUPOBAHHbIMU MeTogaMu cocTasaT 6314,14
KBT*4 B roa, a cpeaHsAa CTOMMOCTb noTepb B rof, — 662984,7 tyrp. (npu ctommoctn 1 KBT*y
3N1eKTPOo3Hepruun, pasHoit 105 Tyrp.). Ha camom aene, ¢ y4eTom peanbHbIX NOTEPb SNEKTPOIHEPrUn
OT HECUMMETPUU TOKOB, NOTEPU B INHUKU cocTaBuan 12249,43 KBT*u, npu ux ctoumoctn 1286190,32
Tyrp. Takum obpasom, peasbHas CTOMMOCTb NOTEPb 3/IEKTPUUYECKON SHEPTMM B UCCIeAYEMOMN TNHUK
3/1IeKTponepeaayn npesblillaeT NoTepu, NOACUMTaHHblE 0O6bIYHBIMKM MeToaamu, Ha 623205,62 Tyrp.

(13260 py6.).

AHanorMyHbim 06pasom NpPOaHaNM3NPOBaHbl UCCNedyeMble MOKasaTenn ANA BCEX OCTaslbHbIX 8
NIMHUI anekTponepedaun. O6LWana cymma AOMNONHUTENbHbLIX MOTEPb 3/IEKTPUYECKON 3HEeprum ot
HecMMMeTpuM asHbIX TOKOB Ha Tpex ucaegyembix TI cocTaBuna OKoMO 6MAH. KBT*4, uTo

cooTBeTcTBYeT 630 M/IH. Tyrp. cToMmocTu notepb (13404 Thic. py6.).

HEO6XOAMMO OTMETUTb, YTO HaMMN He pPaCCYUTbIBAZINCb AOMOJIHUTE/IbHbIE NOTEPU 9ﬂeKTpM‘-leCKOl71
HEPrMn OT HECMMMETPUN TOKOB B CU/I0BOM TpchcbopmaTope. A OHM, cornacHo nposeaeHHbIM
ncenegoBaHMAM, MOryt  AONOJIHUTE/IbHO  COCTaBUTb HE  MeHee 50% OCHOBHbIX noTepb B

TpaHcdopmaTope.

Ona  Toro, u4Tobbl CMMMETPMPOBATb PEXMMbI PaboTbl UcCAedyeMbIX CeTeld W CHU3UTb
OONONHUTENbHbIE  NOTEPU 3SNEKTPUUECKON 3SHEPruM, MOXKHO OCYLLeCTBUTb NepepacnpeneneHue
Harpy3ok no ¢asam, YTO MO3BOJUT CHU3UTb NoTepu Ao 13%, (okono 8,2 mAH. Tyrp.). Ana 6onee
CYLLECTBEHHOIO CMMMETPUPOBAHUA PEXMMOB PaboTbl HA KaXKAOW OTXOAALLEeN JIMHUM BO3MOXKHA
YCTQHOBKA CNeumManbHbIX WYHTO-CUMMETPUPYIOLWLMX YCTPOMCTB. B aTOM cayvyae BO3MOXKHA NOAHaA

MUHMMM3aumA (8o 100%) noTepb 3N1EKTPUYECKOI 3HEPrMM, 0BYCNOBAEHHbIX COCTABAAIOLMMM TOKOB
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obpaTHOI 1 Hy/NIeBOI NocieaoBaTeNbHOCTEN. ECAM yyecTb CTOMMOCTb YCTPOMCTB CUMMETPUPOBAHUA,
CTOMMOCTb MOTEPb IHEPTUMN B HUX, UX IKCMAyaTaLMIO B PeaNbHbIX YC/IOBUAX, TO peanbHO BO3SMOMKHO
CHUXEHMe MoTepb 3NEKTPUUYECKON 3Heprun Ao 85-90%, To ectb Ha 535,5- 567 mnaH. Tyrp. (11,4 —

12,06 mnH. py6.).

Kpome TOro, cnegyetr oTMETWUTb, YTO YCTAHOBKA LWYHTO-CUMMETPUPYIOWMX YCTPOMCTB MO3BOAUT B
3HAYUTENIbHOM CTENEHM YYYLINTb KaYeCTBEHHbIN COCTaB HanpAXKeHmA No KoadpoduumneHTam obpaTHom
W HYNeBOW MOCAeAOBATENbHOCTEN HaNpPsA)KeHMA. ITO MO3BOAMUT 3HAYMTENIbHO MNOBbLICUTL CPOK
3KcnayaTauum NOAKAOYEHHDBIX 3/1EKTPONPUEMHMKOB, UTO TaKKe OTPA3UTCA HA IKOHOMUMU AEHENKHbIX

cpeAacTs.

CnepoBaTentcHo, ﬂpe,D,CTaBHEHHbIVI aHan3 No3BONAET pa3pa60TaTb KOHKpPETHblE MepOonpuATUA Nno
CHUXXEeHUIKD NnoTepb W yayyvylweHUO KayecCTBa 3!'IEKTpMHECKOI7I HEpPrnn, 4yTo O6YC}'IaB}'IMBaeT
3Ha4YNUTENIbHOE NOBbIWEHNE 3¢¢EKTMBHOCTM TPAHCNOPTa 3/1EKTPO3HEpPrMn no uccaeayembim

pacnpeaennTesibHbiM cetTam HU3KOTIo HanpAaxeHuA.
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NPUWIOXEHHUE 1. CHOCOBBI W TEXHUYECKHE CPEJICTBA
CUMMETPUPOBAHUS PEXHUMOB PABOTHI DJJEKTPHUYECKHUX
CETEA
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