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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYQJIbHOCTh TeMbl. Y  OOJIBIIMHCTBA HAcEJICHUS 3€MJIM  HOHATHUS
«3HEprocoOepexeHne» M <«dHeprodPPEeKTUBHOCTE», KaK MPaBUIIO, ACCOLUUPYIOTCS C
3G ()EKTUBHOCTHIO HCIIONB30BAaHUS JHEPrUU B c(epe KOHEYHOro mnoTpeOsieHus — B
KUIUITHO-KOMMYHAJIBHOM  XO34MCTBe, B OBITY, B 00pa0aThIBAIONIUX OTPACIISIX
MIPOMBIIIIEHHOCTH U T.I. DJIEKTPOIHEPreTHKA U ChIpbeBble ceKTOpbl TOK oka3bIBatoTCs
BHE 30HbI BHUMaHHUsl. M TONBKO crienuanucTaM U3BECTHO, YTO SHEPrOEMKOCTh TOBAPOB U
yCIYT ¥ UHTETPAJIbHBIN MOKa3aTeNlb — yAeJIbHAsI SJHEPTOEMKOCTh BaJIOBOI'0 BHYTPEHHETO
nponykra (BBII) B 3HauuTenpHONH  Mepe  ONPEACNSIOTCS  DHEPreTHYEeCKOU
3G (PEKTUBHOCTBIO BCEX 3BEHHEB TEXHOJOTUYECKOM IEMOYKH, NPEIIIECTBYIONIUX
NOTPEOJICHUIO DJIEKTPUYECKOM M TEIJIOBOM SHEpPruu: MOMUCK, pa3Belka W J00blya
HHEPreTUYECKOT0 ChIPhs — MPE0Opa30BaHUE €TI0 B AJIEKTPUUECKYIO U TEIUIOBYIO SHEPTHUIO
— JIOCTaBKa ee MoTpeOUTesM.

Jlns Poccum ¢ ee OrpOMHOM TEpPUTOpPUEH U, COOTBETCTBEHHO, OOJBITUMHU
JUIMHAMM JIMHUW 3JeKTpornepenad (1Mo JaHHbIM MUHAHEPro Ha CerojHs MX CymMMapHas
NPOTSKEHHOCTh cocTaBiisieT 2 647,8 Thic. KM) TOBBILIEHUE HHEProdPEGEeKTUBHOCTH
neperayd M pacrpesesieHus SJEKTPUYECKONM DHEpruu Bcerja ObUIO 4Ype3BBIYANHO
aKkTyaslibHOU TipoOsiemoni. OHa ycyryOsieTcsi elie U BBICOKHMMH YICIbHBIMUA MOTEPSIMHU
AIIEKTPOIHEPTUH TIPU €€ TPaHCTOPTUPOBKE — okoJio 12% B Poccuu B cpaBHeHuu ¢ 6-7%
B pa3BUTHIX cTpaHaX. (3a 90-e roapl oHM yBenuuwiauch Ha 3-3,5% B TO BpeMs Kak
CPEIHEMHPOBOM YPOBEHb IMOTEPHh MPOAOJDKA CHIKATHCS). PyKOBOACTBO CTpaHbl U
OTpaciii CTaBUT 3aJadyy — CHU3UTh IMOTEPHU DJIEKTPOIHEPIHUU B AIEKTPUUYECKUX CETAX
Poccuiickoit @enepanuu 10 8% k 2030 T.

B mocnennue pecstuierus Bce B OOJbIIEH Mepe HAa MOTEPU SHEPTUM BIHUSAET
MIOCTOSIHHBI ~ POCT HEIMHEHHBIX HArpy30K, OOYCJIOBJICHHBIH, TIPEXKae BCEro,
YBEJIUYCHUEM JIOJIHU DJICKTPOTIOTpeOIeHUs OBITOBBIM 000pyI0BaHUEM U MMPUOOpAMHU. DTO
BBI3BIBAET POCT JIOJM BBICIIMX TAPMOHHMYECKHUX COCTABJISIONIMX TOKAa M HANPSHKEHUS B
ANEKTPUUYECKUX ceTsX. Kpome HeTMHEeWHbIX Harpy30K, MICTOYHUKAMU BBICHIMX TapMOHUK
ABJIAFOTCSL HEJIMHEWHOCTU 3JIEMEHTOB CETU M BO3MOXKHBIE PE30HAHCHBIE PEXHMBI UX
paboTel. Bpicmivie TapMOHUKH TOKa, MOMHMO CHIDKEHUSI KauecTBa JIIEKTPOIHEPTHUH,
BBI3BIBAIOT J00AaBOYHBIC IOTEPU HIIEKTPO3HEpruu. J{0O6aBOUYHBIE MOTEPU BO3ZHUKAIOT
TaK)K€ BCJIEACTBUE HECUMMETPHUM IapaMETPOB 3JIEMEHTOB CETH W HECUMMETPHUU
pexxuMoB. B Hacrosimiee BpeMsi 3TH COCTaBISIOIIME NOTEPh HE YUYUTHIBAIOTCA IPHU
pacdere MOTeph DJIEKTPOIHEPIrUU B POCCHUMCKUX CETAX U, COOTBETCTBEHHO, IPHU
GopmupoBaHuu Tapu(doB Ha AIEKTPOIHEPTHIO, UYTO YCIOXKHIET COCTaBICHHE OalaHca
MepeTaHHoONl U MOTPeOIIeHHON AnekTposHeprun. s pa3paboTku METoJ0B OOpPBOBI C
HUMH HEOOXOAUMBI II€JICHANIPABIICHHbIE UCCIIEA0BAHUS UX MPUPOABI U KOJIMUYECTBEHHBIX
xapaktepuctuk. U aTa mpoOieMa akTyanbHa HE TOJIBKO JJIsl OTEYECTBEHHOU YHEPTeTUKHU
— YOBITKM OT HU3KOTO Ka4e€CTBAa JIEKTPOIHEPIUU UCUUCIISIOTCS MIUJITMApAaMu JI0JUIapOB
U B JIPYTUX Pa3BUTHIX CTPaHaX.



Pemenuto 0003HaYeHHOM MpPoOJIEMBl W €€ Pa3IMYHBIX ACIEKTOB MOCBSILIEHO
MHOXECTBO pa0OT OTEUECTBEHHBIX M 3apyOexHBIX YyueHbIX: Bopornunkuii B.O.,
Kyuymos JI.A., Kenesko 10.C., Kexenenko 1.B., lnmnosckuit A.K., bopucos b.I1.,
Arrillaga J., Bradley D., Bodger P, Williams S. M., Brownfield G. T., Duffus J.W.
OpnHako, HECMOTPS Ha ATO, JaHHAS IPOOJIeMa COXPAHSIET aKTYalbHOCTb.

HNnes padorbl 3aKirovaeTcss B MCCIEAOBAaHUH, PACUYETE M OLEHKE MOTEPh
ANEKTPOIHEPTUH B BO3AYIIHBIX JUHUAX DJIEKTPOIEpENad M AJIEKTPUYECKOM CETH OT
HECUHYCOUJAJTbHOCTH M HECUMMETPUHM PEXHMMOB C NPUMEHEHHEM MeToAa (a3HbIX
KOOPJIMHAT U TEOPUH LIETIEN C pacpeieICHHBIMHA IAPAMETPAMM.

Heas paumcceprammm — pa3zpaboTka METOJOB HCCIEAOBAHUS U pacuera
n00aBOYHBIX MOTEPh B BJI M METOAMKHM OLEHKM UX YpOBHEH B pacnpeleluTeNbHBIX
ANEKTPUUYECKHUX CETSX.

JIist TOCTH>KEeHMsI TIOCTABIIEHHOM 11eJ1h ObUTM PEIIeHbI CIEeAYIONE 3a0a

1. AHanu3 COBPEMEHHOTO COCTOSIHUSL pekuMoB BJI, mpuBoAsSmMX K MOSBICHUIO
N00aBOYHBIX TMOTEPb  DJEKTPOIHEpruu (1Mo  pe3yjbTaTaM  HHCTPYMEHTAIbHBIX
UCCJIEIOBaHUM, BBIMONHEHHBIX cuiamu PLP*) u cymecTByromux MeTomoB pacuera
NOTePh (IO JTUTEPATYPHBIM JIAHHBIM ).

2. Beibop matemaTtuueckoil mojenu pexxkumoB BJI nnsi pacuera OCHOBHBIX U
N00aBOYHBIX TIOTEPh JJIEKTPOIHEPTUU OT TMPOTEKAHUS BBICIIMX TapMOHHUYECKUX
COCTaBJISIOIINX TOKOB 1 HECUMMETPHUH TOKOB OCHOBHOM 4acCTOTBHI.

3. AnroputMuzanus 3agadd pacuera JoOaBOYHBIX IMOTEPh M €€ IMporpamMMHas
peanuzanus.

4. Vcionp30BaHuE CO3JaHHOM MPOrpamMMBbl ISl pa3paOOTKH METOJUKH OIEHKH
7100aBOYHBIX TIOTEPH B AIEKTPUUECKUX CETAX.

5. Onenka ypoBHeW m00aBoYHBIX mMmoTepb B BJI psma smekTpudeckux cereit
110 kB.

O6bekT uccaenoBanms. dinekrpuueckue cetu 110 kB OAO «MPCK Cubupn» u
OAO «MPCK KOra» (nanee, coorBerctBeHHO, MPCK Cubupu u MPCK IOra).

IIpeameTom Mcciaen0BaHus SBISIOTCS peKUMHbBIC TapameTpbl BJI u mo6aBouHbIe
IIOTEPU JIEKTPOIHEPIUU B HUX.

Metoabl uccaenoBanmil. [[nsa pemieHust 3aaay, MOCTABICHHBIX B HACTOSAIICH
paboTe, HCIOIB30BAIUCH: TEOPHS MATPUYHOTO WCYMCICHUS, METOJbI M TPUEMBbI
MaTEeMaTUYeCKOTO MOJICTUPOBAHMSI, METOABl (U3MUECKHMX ¥  BBIYUCIUTEIbHBIX
AKCHEPUMEHTOB, COIOCTABICHUE PE3YJIbTATOB MHCTPYMEHTAJIbHBIX OOCIEIOBAHUIN C
pe3yJibTaTaMH PaCUYETOB.

JlOCTOBEpHOCTH  pe3yabTAaTOB M  BBIBOAOB O0ccreuYMBaJiach CTaTUCTUYECKOH
00pabOTKON JaHHBIX C HCIOJb30BaHWEM cTaHmapTHoro makera MS Office Excel u
CIIeIMaJIbHO HANMCaHHOM Ha sA3blke Fortran mporpammsl. IIporpammuas peanuzanus
MaTeMaTH4YeCKUX Mojesiel Takxe ocyuiectBieHa B cpeae FortranPowerStation 4.0.

*PLIP — PerunonanbHbIil LeHTp pecypcocOepexeHuss TOMCKOTO MOJMTEXHUYECKOTO YHHBEPCHUTETA, B
KOTOPOM JIUCCEPTAHT BBIMNOJIHSI UCCIIEIOBAHUS



Pe3ynbTaThl MOACIMPOBAHUS OBUTH COMOCTABIICHBI C PE3yJIbTATAMU UHCTPYMEHTATBHBIX
WCCJIEIOBAHUI; TPU ATOM TOJYYEHO XOPOIIIEE COBIACHUE.

Hay4ynasi HOBU3HAa ¥ OCHOBHbBIE Pe3yJIbTAThl, BLIHOCHUMbIE HA 3aIIUTY.

1. Pa3pabGoTtanbl MeTOAMKAa M MpPOrpaMMa pacyeTa OCHOBHBIX M JOOABOYHBIX
noreps B BJI, no3Bonsronue uccueaoBaTe UX NPpUPOAY € YUYETOM:

*  MHOronpoBOJHOCTH BJI, Hamuuus Tpo303alIUTHOrO TPOCA U €rO
3a3€MJICHUS;

* HECHUMMETPUM PACIOJOXKEHUS TMPOBOJOB U TPOCOB, a TakK K€
pexumos BJI;

* pacnpeaereHHOCTH apaMeTpOB BlIOJb Tpacchl BJI;

* MPOSIBIICHUS TOBEPXHOCTHOTO 3¢ (PeKTa B MpOBOaX U TPOCaAX.

2. YCTaHOBIICHBl CIEAYIONIME 3aKOHOMEPHOCTH (POPMHUPOBAHUS J100ABOYHBIX
noreps B BJI:

* ¢ MaJeHUEM Harpy3k J0js J00aBOYHBIX MOTEPh B CYMMAapHBIX
YBEJIMUUBACTCS;

* Bosuukaromue B BJI pe3oHaHCHBIE 4acTOThI 00YCIOBIMBAIOT POCT
TOKOB 3THUX YaCTOT M, COOTBETCTBEHHO, J0JU JOOABOYHBIX TTOTEPH;

* BEIMYMHA TOTEPh OT HECHUHYCOMAAIBHOCTH B TPO303AIUTHBIX
Tpocax, HE CMOTpS Ha HMX 4YacToe 3a3eMJIEHHE, MOXXET OBITh
COIMOCTaBMMa C TAKOBBIMU B (pazax U Jaxe MpeBbIIATh UX;

* 3HAYEHUA TOKOB YACTOT BBICHIETO TMOpSAJKA MOLYT MEHATHCS
COBEPIIEHHO HEMpPEACKa3yeMo BI0JIb Tpacchl BJI, yTo moaTBEp ) AaeT
HEOOXOJIMMOCTh HMX Yy4YeTa IMpHU pacyeTe JA00aBOYHBIX MOTEPH C
NpUMEHEHHEM pa3pabOTaHHON NPOrpaMMbl Ha BCEX JOCTYITHBIX
U3MEPEHUSIM YaCTOTaX.

3. [IpensioxkeHa MeTOAMKA OLEHKH [00OABOYHBIX TOTEPh JIIEKTPOIHEPTUU TIO
orpaHnueHHOMY oO0beMy oOcnenoBaHHbIX BJI, mo3Bossiomas ¢ JIOCTATOYHOM IS
NPAKTUYECKUX I[eJie TOYHOCTBIO OmpeAenarh ux BenuuuHy. OO0beM BBIOOPKH,
JOCTATOYHBIN JISl OIICHKH JI00ABOYHBIX IMMOTEPh, MOXKET cOCTaBIATh 10 - 30% oT obmiero
kosnuectBa BJI. 1 KOHKpPETHOM »HEProCUCTEMBbl JaHHAs BEJIWYMHA JOJDKHA
YCTaHaBJIMBATHCS Ha OCHOBE SHEPTETHUUECKOTO 00CTIEOBAHMS.

4. TlokazaHo, 4TO B MPOIIECCE IKCIUTyaTaIllUU AIEKTPUUECKUX CeTel HEeoOXOoIUM
MIOCTOSIHHBIM ~ ydeT J00aBOYHBIX NOTEPh C LEJIbI0 YTOYHEHHUS UX TEXHHKO-
ASKOHOMUYECKUX MOKa3aTesel U MPU COCTaBICHUU 0alaHCOB MOIIIHOCTEN U SHEPIHUHU.

IIpakTHyeckass 3HAUMMOCTb PAOOTHI:

1. llpennoxxeHHass ~ METOJAWKA  OIECHKH  J00ABOYHBIX  TMOTEPh  MOXKET
WCITOJIB30BAThCS /I WX BKJIIOYCHUS B TEXHOJIOTHYECKHE TIOTEPU Mpu (HOPMHUPOBAHHH
TapuQoB.

2. Co3ganHoe mnporpammHoe obOecrneueHue uctonbdyercs B MPCK IOra mus
pacueta A00aBOUYHBIX MOTEeph B 3nekTpuueckux cersix OAO «PocrtoBsnepro» u OAO
«Boarorpagsaepro». OHO MOXKET UCIOJB30BATHCA JJISI 3TUX ILEJI€H B APYrux
AKCIUTYaTUPYEMBIX U MPOECKTUPYEMBIX AIEKTPUUECKUX CETSIX.
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3. [I[pumeHeHne METOOUMKH OLEHKM J00aBOYHBIX MOTEPh B  YCIOBHIX
OTrpaHUYEHHOI0 KOJMYecTBa 00ciienoBaHHbIX BJI Mo)eT cokpaTuTh 3aTpaTbl Ha 3Ty
IIpOLENYpY.

4. IlpennaraeMple METOJIMKA U CPEACTBA OLEHKU A(PGHEKTUBHOCTU TpaHCHOpPTa
AIEKTPOIHEPTUU TIO3BOJISIIOT BBISIBUTH MOTEHIIMAN SHEPrOCOEPEKEHUS B DIEKTPUUECKUX
CeTsIX.

Anpobauusa  padorbl. Pesynmbratel  paboThl 1O TeMe  AMCCEpTaLUU
JOKJIAbIBAIUCh W OOCYXKIalIMCh Ha HAyYHO-TIPAKTUYECKUX U MEXKIYHAPOIAHBIX
koHpepeniusax:  XVIII  Mexnynapoanas  Hay4yHO-TIpakTU4YecKass  KOH(epeHLHs
CTYJIEHTOB, aCIUPAHTOB U MOJIOJIbIX YUeHBIX «COBpEMEHHbIE TEXHUKA M TEXHOJIOTHUNY,
Tomck, 2012; The 8th International Conference on Technical and Physical Problems of
Power Engineering (ICTPE-2012), Fredrikstad, Norway, 2012; MexayHapoaHas
MOJIOAEXKHAST KOH(epeHlHs «DHepreTuyeckoe oO0cie0BaHMe KaK NepBbI 3Tamn
peanuzanuu KOHLENIUH 3Heprocoepexkenus». Tomck, 2012; | MexayHapoausiil popym
«MuTennextyanbHbie 3HeprocuctemMbl», Tomck, 2013; The 9th International Forum on
Strategic Technology (IFOST), Cox’s Bazar, Bangladesh, 2014.

Myoaukanmuu. Ilo Teme nuccepranuu onyonukoBaHo 10 HaydHBIX paboT, B TOM
yuciie 3 craTbd B u3naHuax w3 nepeuHs BAK u monorpadus (B coaBTOpCTBE),
MOJIYYE€HO CBUETENHCTBO O TOCYAAPCTBEHHON PerucTpanuu nporpaMmmsl 1t OBM.

JInunblii BkJIaa couckaresi. JlekoMmosunus eI Ha KOMIUIEKC 3ajay Io
UCCJIEIOBAHUIO, PACUETY U OLIEHKE JI0OABOYHBIX MOTEPh AIEKTPOIHEPTUH B BO3IYIIHBIX
JUHUSX DJIEKTpOIepeayd U dJeKTpudeckux cetsax. PazpadoTka 3pheKTUBHBIX MOAXOA0B
K pelIeHuo cHOopMyTHUpPOBaHHBIX BhINIEe 3anad. JIMYHBIA BKIag B Kaxkaou pabore,
OIMyOJIMKOBAaHHOM B COABTOPCTBE, cocTaBisieT 6onee 50%.

Ctpykrypa M o0bem auccepraumu. JluccepraimonHas paboTa COCTOUT H3
BBEJCHUSI, YEThIPEX TJIaB, CIHUCKA JHUTEpaTypbl U3 74 HaMMEHOBAHUM, MPUIIOKCHUMU.
OO6muit 06bem auccepranuu 168 crpanuil, B ToM yucie 70 uimoctpanuii v 18 tabmi.

KPATKOE COAEPKAHUE PABOTBI

Bo BBeaeHmu jguccepranuu 0OOCHOBaH BBIOOp TEMBI, JaHa OOIIas
XapaKTepUCTHUKa BBHITIOJIHEHHONW paboThl. ChopMynHpOBaHbI LENb W 3aa4yd, HAaydHAs
HOBH3HA U MPaKTHYECKasi 3HAYUMOCTb.

B nepBoii riiaBe paccCMOTPEHBI OCHOBHBIE IPUUUHBI, 00YCIOBIHUBAIOIINE TOTEPH
ANEKTPOIHEPTUHM TPU €€ TPAHCIOPTUPOBKE M PACIPENEICHUU, WX MNPUPOAA, TaKKe
OMMCaHbl TPUYMHBI CBEPXHOPMATHBHBIX MOTEPh M HMX B3aMMOCBS3b C KayeCTBOM
AIEKTPOIHEPTUH.

[Totepu anekTposHEprum B nekTpudeckux ceTsix Munsnepro CCCP Haxoauiachk
Ha ypoBHe OokoJo 9%. Celuac ke, 3TOT nokaszatenb paBHsiercss 12%. Ilpu atom 35%
MOTEPh TMPUXOJIUTCS Ha TMOJCTAHIIMOHHOE oOOopymoBaHue, a 65% — Ha JUHUH
AJIEKTponepeaay.

OnHolt 13 TJIaBHBIX MPUYUH YBEJIIMYECHUS MTOTEPh SHEPTUU B DJIEKTPUUYECKUX CETIX
apisiercss pacnag CCCP u mpeoOpa3oBaHus B HKOHOMHUKE CTpaHbl, MU3MEHUBIIHE
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CTPYKTYPY IEKTPUUECKUX HATPY30K U caMy JIEKTPOIHEPTETUUECKYIO OTpacib. B urtore
SKOHOMHYHOCTh PEKUMOB pabOThl 3JEKTPUUYECKUX ceTei cHu3uiaack. CBOM BKIaA
BHOCHUT U CBSI3aHHOE C TEXHUYECKOW MOAEPHU3ALMEN NMPOMBIIUIEHHOCTH U PAa3BUTHEM
OBITOBOM M OGUCHOW TEXHUKHU yBEIWUYCHUE JOJIU HEJIMHEHMHON Harpy3ku (Hampumep,
BBIIPSIMUTENM, CUCTEMbl YAaCTOTHOTO YIpaBiI€HUS M T.I.), @ TaKXKe BO3MOXHBIE
HEJIMHEHMHOCTH B 3JI€MEHTaX JJIEKTPUYECKUX ceTed, 00yCIIOBIMBAIOIIME T00ABOYHBIE
MIOTEPH.

3ajada pacdera U OLEHKHU MOTEPh B DJIEKTPUUYECKUX CETIX HA CETOAHAIIHUN JEHD
pemraercss Ha OCHOBE yTBepkaeHHOW MunsHepro P® «MHcrpykuuu....». Ilpu atom
UCITOJIB3YIOTCSI M3BECTHBIE NPOrpaMMbl pacyeTa YCTAHOBUBIIMXCS PEXKUMOB, TaKHE,
Hanpumep, kak «PTII 3.1», mo3Bossionine yCTaHOBUTh CTPYKTYpY MHOTEpPh B 0OIIEM
BUJIE: MO KJIaCCaM HaIpsKEHUs, TUIIaM 3J1eMeHTOB. ba3zoBoil ¢hopmMyroii pacueTa norepb
AIEKTPOIHEPTUH B DIIEMEHTAX DJIEKTPUUECKHUX CETEU ABIISIETCA:

AW, =3R- 3 (174t ) 10° €
j=1

rae R - akruBHOe compotuBieHue siaemeHTa, Owm; Ij - TOkoBas Harpyska >JI€MEHTa,
[pYHUMAaeMasi Ha MHTEpBalle BpeMEHHU Atj HEM3MEHHOM, A; Atj - ©UHTepBal BPEMEHHU, B
TEYEHUE KOTOPOr0 Harpy3ka »JJIEMEHTa CETM C COINPOTUBIECHHMEM R mpuHHMaeTcs
HEU3MEHHOMI; M - KoJIn4ecTBO MHTEPBAIOB BpeMeHHU Atj B 0a30BOM IEpUOJIE.

W3BecTHblit  MeTonm ~ pacuera  J00AaBOYHBIX  MOTEPh  MOIIHOCTH  OT
HECHHYCOUJATbHOCTH TOKOB OPHEHTHUPOBAH HA pacyeT MOTEPh B DJIEMEHTaX CHUCTEM
AIEKTPOCHAOKEHHUS:

AP, = 3; 17 R Ky, )

rie V. — HOMEp TapMOHMKH; N — YHUCIO YYUTHIBAEMBIX TrapMoHHK; |, — TOK V-oil
rapMOHUKH; R; — aKTUBHOE CONPOTHUBIICHMS HA OCHOBHOM 4acToTe; Ky, — KO PHUIIMEHT,
YUHUTHIBAIONTUHA BIMSHUE TOBEPXHOCTHOTO (P dekTa.

B nepBoM cnyyae He YUYMTBHIBAIOTCS HU HECHUHYCOUJAIBHOCTh TOKOB, HH HX
HecUMMETpHsi. Bo BTOpOM — HE yUMUTHIBAETCS HECHUMMETPHS BBICIIMX FaPMOHUYECKHX
COCTaBIAIOIMNX TOKOB. Kpome Toro, o6a meTona He MAarOT OOBEKTUBHOTO pe3yibTaTa
pacyeTa MoTepb B JUHUAX DJIEKTPOIEepeayd 3JIEKTPUUECKUX CETEW, T.K. HE YUYUTHIBAIOT
HECUMMETPHIO U PACIPEEICHHOCTh TapaMEeTPOB BJIOJIb TPACCHI JIMHHU.

CyuiecTBylone MEpPONPUSITUS 1O CHHXXEHHUIO TMOTEePb J3JEKTPOIHEPIUU B
ANEKTPUUYECKUX CETSAX HE IMO3BOJSIIOT B TMOJHOM Mepe peaau3oBaTh IMOTEHIMAT
sHeprocOepexenus. WX  CcOBEpIICEHCTBOBAaHHME SBISIETCS  aKTyaJbHOM  3aJlayeil.
O} dexTuBHBIX Mep CHIKEHHsI J0OABOYHBIX TOTEPh OT HECMHYCOWIAITBHOCTA TOKOB B
ANEKTPUUECKUX CETAX OTCYTCTBYIOT B CHIIy ClIab0OW M3YYEHHOCTH JAHHOTO MpEaMeTa.
[logaBneHue BBICHIMX TapPMOHUK TOKa MHOTJA OCYIIECTBISETCA JIMIb B CUCTEMax
AJIEKTPOCHAOXKEHUSI C LEIbI0 HOpMalM3alMu MNuTarouiero HampsbkeHus. Ho, tem He
MEHEe, OIpeJeieHHas 4YacTh TOKOB 4YaCTOT BBICHIETO TMOpsiAKAa MPOHUKAET B
ANEKTPUUYECKUE CETH U3-32 HETOYHOCTEH B HACTPOMKaX (PUIBTPOKOMIIEHCUPYIOIIUX
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YCTpOMUCTB. Jl0OaBOUHbBIE MOTEPU OT HECUMMETPUH TOKOB B 3JEKTPUUYECKUX CETAX TaK
’Ke Hen30exHbl M3-3a HECUMMETpPUM Harpy3ok u mapamerpoB BJI. MoxhHo caenaTh
BBIBOJ], YTO YKa3aHHBIE COCTABIISIIOIINE IOTEPh AOJDKHBI YUUTHIBATHCSA IIPU pacuere U
OLICHKE TEXHOJIOTHUYECKOT0 PaCcX0/1a 3JIEKTPOIHEPTUH B MIEKTPUUECKHUX CETAX.

Bo Bropou rjiaBe IIOATBEPXKICHBI JEKIApUPOBAHHBIE B IIEPBOM TIJIaBe
YTBEpXKJIEHUA 00 HUCKAKEHUAX B JJeKTpuuyeckux cersax. llo pesynbratam
MHCTPYMEHTAJIBHBIX CYTOYHBIX WU3MEPEHMH, IOJYYEHHBIX CHJIaMU COTpyAHUKOB PILIP
TITY, npoananusupoBanbl (aktuueckue pexkumbl BJI snextpuueckux ceredt 110 kB
MPCK Cubupu u MPCK IOra no nokasarensiMm HECUHYCOUJIAILHOCTH U HECUMMETPUU
TOKOB, a TaK)K€ MX B3aUMOCBA3b C APYTMMH PEKUMHBIMHU NapameTrpamu. Ha pucyHkax
1-4 npuBeneHsl XxapakTepHble s OosblimHCTBAa oOcnenoBanHbix BJI 110 kB
OCIWJIJIOTPaMMBI,  CHEKTpanbHble cocTaBbl TOKOB (Kypn), cyrounsle rpaduku
KO3 GHUIMCHTOB HUCKa)XXeHUS CcHHycouganbHOCTH TokoB (K|) u ko3duimeHToB
HECUMMETPUH TOKOB 110 00paTHOM mocienoBatensHoCTH (Kyy).

A

: : AN

E 1 Loy X Yy i N [

Paza A Paza B @aza C
Puc. 1. XapaKTepHBIG OCIUJIIIOrpaMMBI TOKOB

I @aza A mm Dasza B mm PDasza C
15+
=
0210-:
o F
N
U:ILIJ. L LIL L N i i L .I.lJ. LiLLLILLLLLLJ.J.LLLLLLJ_LLLLIl
234567 8 910111213141516 1718192021 2223 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 4950
Puc. 2. XapakTepHblii CIEKTpaIbHBIN COCTaB TOKOB
—=daza A mmmDaza B mmm (Paza C
504
404
° 30-j
M: 20-:
104
0 i I I H | | I i | I i | I I | I I | 1 I H

15:00 18:00 21:00 Thu 2 3:00 6:00 9:00 12:00

Puc. 3. Xapakrepnsiii rpaduk k03QPUIIMEHTOB NUCKAKEHUS CUHYCOUIATbHOCTH TOKOB
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Puc. 4. XapakrepHslil rpaduk k03(pPUIIMEeHTOB HECUMMETPUH TOKOB 110 00paTHOM
NOCJIEIOBATEIbHOCTH

AHaJIN3 CyTOYHBIX U3MEPEHUH MTOKa3all, YTo:

- B TeueHue cyrtok K; gocturaer u paxe mnpebimaer 3HaueHus 20% B 1/4
npucoenunennit MPCK Cubupu u 1/2 npucoenunennit MPCK IOra;

- cpenHecyTouHble 3HaueHUs Kpiy TokoB Bbiie 10% B 1/3 mpucoennHeHuit
MPCK [Ora u MPCK Cubupu.

Kpome Ttoro, nabmroneHUSIMH
YCTAHOBJIEHO, YTO C MaJcHUEM
3arpy3Ku JIMHUW 10 TOKY OCHOBHOM
YaCTOThl YBEJIWYMUBAIOTCSA 3HAYCHUS
BBICILINX FapMOHHMYECKHUX
COCTaBJIIOIIMX TOKOB. Ha pucynke
S MOKa3aH MpPUMEpP, ONMUCHIBAIOIIUN
B3aUMOCBSI3b VM3MEpPEHHBIX B

, A
[N
»

Ka.

\

€ TO!

TCYCHHE CYTOK TOKa OCHOBHOM
JacTOThl M TOKA IMATOH T'apMOHUKH
hassl A B OJTHOM u3

[ =N
O N DM OO OO N BN
X )

JelicTByIouiee 3HAYEHU

1

T
—
(92]

T
—
©

121 1
151 1
181 -
211 1
241 1
271 1
301 1
3311
361 1
391 -

T
—
(ep]

Homep nabaroaenus

421 1

451 1
481 1

511 1

541 1

571~

nccienosanubix BJI 110 xB.
Tak, ananmm3 ko3P hureHTOB

= CHOEHEA Y3CTOTE 5 rapmMmoHuHa

Puc. 5. Cyrounsie rpadku TOKOB OCHOBHOM
YaCTOTHI U MSATOU TApMOHUKH (a3bl A B OTHOHN U3
WCCJIEIOBAHHBIX JIUHUI

3arpys3Ku JIMHUMN o
SKOHOMHUYECKON IUIOTHOCTH TOKa
MOKa3aja, 4YTO MEHbIIE, 4YeM Ha
nosioBunHy 3arpykensl 50% muauii MPCK Cubupu u 30% nuaniit MPCK Ora. Manas
3arpy3ka JUHUNA, C OJJHOM CTOpPOHBI, TO3BOJISIET B MEPCIEKTUBE YBEIUYHBATH €€, a C
JpyTroi — Kak MoKa3aiu HAOJIOICHHsI, OHA CIIOCOOCTBYET POCTY TOKOB YACTOT BBICIIETO
MOpSAJIKA M, KaK CIEACTBUE, YBETUICHHUIO T0OOABOYHBIX TOTEPb.

B Tperneii riaaBe amccepranuu cHOPMYITHPOBAHBI TPEOOBAHHS K MOJEIH
pacuera no6aBoYHbBIX TIoTeph B BJI 1 onmucana oTBevaromias 3TuM TpeOOBAaHUSM MOJIENb
pacdyeTra CHCTEMHBIX H pEXUMHBIX mapameTpoB. OCHOBHBIE TpPeOOBAHHS MOKHO
chopMyIHUpOBATH B CIAEAYIOIIEM BUJIE:

1. Hecummetpus PEKHUMOB 00yciaBIUBaeT HEO0O0XOIUMOCTb y4era
MHOT'OMPOBOJTHOCTH, HECUMMETPHUIO PaciojokeHus: npoBogoB BJI oTHocuTenbHO apyr
Ipyra M OTHOCHUTENbHO 3eMiiu. Kpome Toro, HeoOXOIMMO YYUTHIBATH HAJUYUE
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IPO303alIUTHBIX TPOCOB W WX 3azemsieHue. [lpu 3TOoM cienyeT He 3a0bIBaTh, YTO B
coBpeMeHHbIX BJI BcTpewaroTcsi ABE JMHUU HA OJHOW omope, rae olIiiee KOJU4eCTBO
MPOBOJIOB M TPOCOB MOXKET JIOCTUTAaTh BOCHMU.

2. Ha wd4actorax BbICIIETO TIOpsiAKA BO3pACTa€T AKTUBHOE COMPOTHUBIICHUE
MIPOBOJIOB, MOATOMY HEOOXOJUMO YYHMTHIBATH MPOSBIEHHE MOBEPXHOCTHO 3(P¢eKTa B
IIPOBOJIAX U TPOCAX.

3. Ins aHanmu3a peXMMOB Ha OCHOBHOM YacTOTE€ JOCTaTOYHO HCIOJIb30BATh
AJEMEHTBI €  COCPEJOTOYEHHBIMM  MapaMeTpamMu, B  YCJIOBHUSX  LIUPOKOTO
pacrpoCTpaHeHUsT B JJIEKTPUUECKUX CETSAX HECHHYCOUJAIBLHOCTH HEO0OXO0AMMO
YUYUTBHIBATH PACIPENCICHHOCTD MTapaMeTPOB BAOJIb Tpacchl BJL.

[Tepeuuncnennbie (akTOpbl YUUTHIBAIOTCS IIPU pacyeTe:

— CHCTEMHBIX TapaMeTpoB B (Pa3HBIX KOOpIMHATAX,

— PEXXUMHBIX [TAPAMETPOB C MPUMEHEHUEM TesierpadHbIX YpaBHEHUHN.

Hanmuune B Bo3aymnbix JIDII mo BochMH MpoBOJIOB (B T.4. TPOCOB), a TaK¥Ke
HEOOXOIMMOCTh MTPOrPAMMHON peanan3aluy pacyeTa NoTeph JAeIaeT BO3MOKHBIM pacyeT
UX PEXKHUMOB TOJBKO YHCIEHHBIMH METOJAaMH, YTO, KpoMe TOro, obecredynBaeT
YHUBEPCAIBHOCTh 3TUX MOJEIEH.

Martpuiibl MOTOHHBIX aKTHUBHBIX compotuBieHui BJI, mpeacraBnsromnme coboi
JNEUCTBUTEINIBHBIE YaCTU MATPULL IOJHBIX COINPOTUBIICHUN, HA 4YaCTOTE N-OM FapMOHUKHU
PacCUMTHIBAETCA 110 YCIOBUSM, MPUBEJECHHBIM B Tabnuue 1, u popmye (3).

Ta6nuna 1.
dopMyJIbl ONIpeieIeHUSI aKTUBHOTO CONPOTUBJICHUS MPOBOJIa B 3aBUCUMOCTH
OT Jn

- xn<1 xn>1 xn>30
Min= ) '(1+Zn4/3) - (x, +0,25+3/64y) | - (x,+0,265) =1, - x,

31ech BeIMYHHA ), ONpeaenseTcs mo Gpopmyie:

R
An :E\fa)n/uylz ) (3)

rae R — paguyc npoBojlia, w, — Kpyropas 4actota Ha N-oil TapMOHUKE, U, ) —
MarHuTHas NPOHULAEMOCTh MaTepHuaga U €ro NpOBOAUMOCTb, ONPEAECIIEMbIE
U3 CHOPABOYHBIX MAaTEpHUanoB, g — YyAEIbHOE AaKTUBHOE COINPOTHUBIIECHHUE
MIpoOBOJAa HAa OCHOBHOM 4acCTOTE.

[IprHATO CcuMTaTh, YTO AKTHBHAS NPOBOAMMOCTH BJI mpakTuueckuii Ha Bcex
4acTOTax paBHA HYJIIO B CUJIy MaJIOM YTEUYKH I10 U30JISITOPAM.

Pacuer w™marpuii TOTOHHBIX COOCTBEHHBIX U B3aWUMHBIX WHJYKTUBHOCTEH,
MPEACTABISAIONINE COOOM MHUMBIE YAaCTHU MATPHUIl MOJHBIX CONPOTHUBICHUMN, HA YaCTOTE
N-0if TApMOHUKH OCYIIECTBIISIETCS IO (popmMyam:

X, =, 0,145Ig%, (4)
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Xyn = Xijn = @, Lij = @, '0’145|g%1 (5)

1

rae D;= 938 m = 1000 M — rinyOuHa TPOXOKACHUS SKBUBAJICHTHOTO TOKA 3€MJIM MPU
YCJIOBUH 3aMEHBbI €€ OOPAaTHBIM MPOBOJOM TOIO K€ HKBUBAJIEHTHOTO pajauyca, M; p —
JUIs HEpacIleIUIeHHON (a3bl paBHAETCS paguycy Iposoja, Djj — paccrosHue Mexay
npoBogamu (a3 (B T.4. TPOCOM).

Martpuia mOroHHBIX €eMKOCTHBIX MPOBOJUMOCTEN, MPEACTABISIONINX COOOM
MHHUMBIE YaCTU MATPULl IIOJHBIX POBOAUMOCTEN, MHOTOBOAHOU BJI Ha yacTtoTe n-
O TAapMOHUKHM OIPEENIeTCS KaK:

be, = a)nCij , (6)
H -1
rae Cij — mpu i=] ompegensercs mno ¢opmyne C, :(c-lg—“j , TpHu I1#]
H -1
ompenensercss no Gopmyie Cij=[c-IgD—”J ; ¢ — TMOCTOSIHHBIKN K03 (dUIIMEHT,
]
paBHBIA c=41,4-10°, km/d; py U Pt — BHEUIHUHN paJluyc MONEPEUYHOTO CEUECHUU
MpoBOJla U TPOCAa COOTBETCTBEHHO; Hjj — paccTosHHMe MeXay HPOBOJIOM | U
3epKallbHO OTPa)XCHHBIM MpoBOAOM I, Hji — paccTosiHMe MexIy NPOBOJOM H

€TI0 3CPKAJIbHBIM OTPAXKCHUCM OTHOCUTCIBbHO IMOBCPXHOCTHU 3CMIIH.

Takum 06p330M, MaTpUILbI COOCTBEHHBIX 141 B3aMMHBIX ITOI'OHHBIX
COHpOTI/IBHGHI/Iﬁ )41 l'IpOBOI[HMOCTCﬁ IMPpOBOJOB W TPOCOB HA 4YaCTOTC n-i rapMOHHKH
Pa3MEpPHOCTHIO M XM UMEIOT BU:

le(a)n) le(a)n) Zlm(wn) Yll(a)n) Y12(a)n) Ylm(a)n)
Z(a)n):ZZl(wn) Zy(@,) . ZZm(a)n); Y(a)n)=Y21(w”) Yy (@,) . Y2m(a)n).
Zml(a)n) Zmz(a)n) me(a)n) le(a)n) YmZ(wn) Ymm(a)n)

N3meHeHne Hanps)KEHUUW U TOKOB BAOJb TPACChl JUHUMU HA Pa3IUYHBIX
4acTOTaX pPacCYUTHIBAETCS C TMPHMEHEHUEM TenerpaHBIX ypaBHEHUMH.
Tenerpadubie ypaBHEHHS HECUMMETPUYHOW MHOTONPOBOJAHOW JHUHHUHU
3IEeKTpoNepeadyn U3 M MpoBOJIOB (B TOM YHCJE, TPO303aU[UTHBIX TPOCOB) Ha
N-i TrapMOHHMKE HUMEIT BHJ CHUCTeMB JIUPPEepEeHIMATbHBIX YpPaBHEHUM,
pa3MepHOCThIO 2M:

Ux(a)n):e—iu(%)XA _|_eiu(wn)XBn;
|'X(wn):e—ﬂi(%)XCn_I_eﬂi(wn)XDn ’

e Uy(®w) u 1 (®) — BekTOpBI-CTONOUEI KOMIUIEKCHBIX TapMOHHYECKHX

(7)

COCTABIIAIONIMX HAMPSHKEHUH M TOKOB N- TAPMOHHKH Ha PACCTOSHUM X OT Hadaja
NMHEE  pasMepHOCThIO MX1; Au(wp), Ai(wn), e@n) el g=hlon)  ghilon)

KOMILICKCHBIC KBaJpPATHBIC MATPUIBI Pa3MEPHOCTHIO M XM, MPEACTABIAIONIHE COOO
COOTBETCTBYIOIIHE (PYHKIIMK OT MaTPHUI[ TAPaMETPOB JIMHUHU Ha YacTOTe N-ii TapMOHUKH
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Pa3sMEpPHOCTBIO TaKKe MXM: A (@) =«/Z(a)n)Y(a)n) y A(@,) =,,/Y(a)n)Z(a)n) ; A,B,,C

— MOCTOSIHHBIE BEKTOPBI-CTOJIOLBI HE3aBUCSIIUE OT PACCTOSIHUS X Pa3MEpHOCTbIO M X1,
BBIYUCIISIEMBIC U3 TPAHUYHBIX YCIOBHA, 4T0 X=0 1 X=I.

®yuxupn ot Matpun tHna A,(@,)=yZ(@,)Y(@,), A(@,)=yY(®,)Z(®,) el

ehulen) g=4i(@n) ohilen) gryyensiores ¢ ncnons3oBanreM teopeMbl Kanu-I'amunbrona:
— 1 3 n—k
f(A) _K;An_kA : (8)

rae A — onpenenurens Bannepmonaa det[ K 1]

1 A4 A A
1 4, A A
WA, d)=l1 A4 A2 .. A,

1 2 22 .. A

n n n
r1e A coOCTBEHHBIE 3HAYEHUS MaTpUIbl 4, a Aj — ONIpeAeIUTeNb, T0JTy4aeMblii, eclu B A
BMecTo A',AJ,..4) nmoacraButk 3Hauenus pynkuuit f (A4), f(4,),...F(1).

Ha ocHOBe TIpeACTaBICHHBIX BBIIIE YpPAaBHEHWH pa3pabOTaH ajIropuT™M H
nporpaMMa pacyeTa OCHOBHBIX U J0OOABOYHBIX MOTEPh MOIIHOCTH U JIEKTPOIHEPTUU B
ollHO- U AByxuenHeiXx BJI (onmucanue npuMeHEeHUs KOTOPOTO MPUBOJIUTCSA B YETBEPTOM
riiaBe), BKJIIOHarom@as B ce0s: a) OJOK pacyera AaKTUBHBIX CONPOTUBICHUN B
3aBUCUMOCTH OT HOMEpa TapMOHHMKHU (Ipumep pe3ynbTratoB Ha Puc. 6); Omok pacuera
S0P HANPSDKEHUH U TOKOB BI0Jb Tpacchl BJI (mpumep pe3ynbTaToB Ha Puc. 7); B) 6510k
MCCJIeIOBaHUS YACTOTHBIX XapakTepucTuk BJI u onpenenenne pe30HaHCHBIX YacTOT.

0.8 1
Zo07 <
206 — <08 \%
400 z /
g 05 1 506
= 2 0.4 1 §
£ 203 - 204 A
< = =
g g 0.2 1 g( 0.2
2o 202 17 S —
$ & 0 +rrrreEETTTETTTTTETTTTTTTTTTTTTTTTYTT™NY = -
mE “T-3333YRRAEIBITES PR S S
E Howmep rapmonniu Paccrosinue ot Havanaa BJI, km
© 70 KB.MM =05 KB MM === 20 KB.MM A3 A9 AlS A21
e | 50 KB.MM *== ] &5 KB.MM “=====24() KB.MM = A27 = A33 A39 A45
Puc. 6. AKTUBHOE COTIPOTHBIICHUE Puc. 7. Dn1opsl TOKOB pa3Iu4HBIX YaCTOT B
MPOBOJIOB PA3IIMYHOIO CEYEHUS BJI 110 kB, 77 km
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ITon 4actoTHbIMM Xapakrepuctukamu BJI moppasymeBaercs 3aBUCUMOCTH
BXOJIHBIX MPOBOJMMOCTEN (a3 JHMHUM OT YacTOThl MNPUIIOKEHHOIO HAIpPsHKEHUS.
BenuuuHa 3TUX MPOBOJMMOCTEN YHMCIEHHO paBHA (Da3HOMY TOKY, BO3HUKAIOUIEMY B
(azax OUHUM TOJ JEHUCTBUEM Tpex(pa3HOM CUMMETPUYHOM CHUCTEMbl HANpPSIKEHUN
€AVHUYHOW BEJIMYHHBI, IPWIOKEHHOMN K 3aKUMaM JIMHUU:

U,=1.0+j0.0;
U, =-0,866- j0,5;
U, =0,866+ jO,5.

Huxe npuBeneHbl pe3yiabTaThl COMOCTABJICHHS  PACUETHBIX  YaCTOTHBIX
xapakTepucTuk (Puc. 8) n n3mepennoro rapmonudeckoro cocrana Toka (Kypn) (Puc. 9) B
onnoi u3 panguanbHbix BJI 110 kB (dunuana MPCK Cubupu — OAO «YHurasueproy)
nMHHOM 70 KM, BBITONHEHHOM npoBoaamu Mapku AC-120 Ha onmopax tuna I1110-5B.
NHcTpyMeHTaNnbHblE ~ M3MEpPEHUsT  MOKa3aliu, 4YTOo  KO3(p(GUIHUEHT  3arpy3ku
paccMaTpUBaeMOM JIMHUHU 10 IKOHOMHYECKOH TIIOTHOCTH TOKA B MEPHO]] MAaKCUMAJIbHOU

nepeaadnd MoiHocTu paseH 0,14,
0.08
=
)=U“ dazalA
S £0.06
= S ®azaB
g = /\ fal
= £0.04 a “PasaC
3 /
£ g /
= 4 \
S o
£0.00 === M e — R S S
= N < © 00 O N T © 00 O N I © 0 O N ¥~ © 00 O N < © 0o O
I A 4 AN N N N N OO OO OO o0 OO <~ <& F < < o
Homep rapmMoHuKu
Puc. 8. Paccunrannsie yacToTHbIe XapakTepucTuku BJI
e12
o\10
VI o
g 7= l B daza A
o £EX 8
FY X 6 Edaza B
Ee
=R O daza C
s Zc 41
s &=
o X
& BT 21
=8z
Q O_ IIII--: T 1 T T T T T T T T T 1 T LI
g N < ©W 0 O N < © 0 O N I ©W 0 O N I~ ©W 0 O N < © 0 O
I N N N N N OO OO <@ F -0
Homep rapmMoHr4YecKOi COCTABJIAIOLIECH

Puc. 9. V3amepeHHbBIN TapMOHUYECKHH COCTaB TOKOB B BJI

N3 pucyHKOB BHJHO, YTO 4YacTOTHbIE Xapaktepuctuku BJI nelicTBUTENBHO
OKa3bIBAIOT BIIUSIHUE HA CIEKTPAJbHBIM COCTaB TOKA, YBEIMYMBAS TOKH YaCTOT,
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COOTBETCTBYIOLLIMX PE30HAHCHBIM. J[aHHOE 0OCTOATENBCTBO, BO-MEPBBIX, NOJTBEPKAAET
aJIeKBaTHOCTh CO3/IaHHOM MPOTrpaMMBbl, BO-BTOPBIX, YKa3bIBA€T HA TO, YTO PE3OHAHCHBIE
gactoTbl BJI  crmocoOCTBYIOT — yBEIMYEHUIO JOAM  J0OABOYHBIX MOTEPh  OT
HECUHYCOUJATbHOCTH.

B uyerBepToOii riaBe omnucaHbl MOPSJOK pacyeTa W OMNPEACTCHUS CTPYKTYpPhI
noteps B BJI, a Takxke 3Tambl ONEHKH YPOBHS JT0OABOYHBIX MOTEPH B JIEKTPUUECKHUX
CEeTSIX Ha OCHOBE CO3/IaHHOM B XO/JI€ BBIITOJIHEHHS pabOThl TPOrPAMMBI.

Ha nepBom sTane omnpeneneHus BeIWYUHBI 100aBOYHBIX MOTEPh MOITHOCTU B BJI
paccuuThiBatOTCsl cymmapHbie norepu (APs, Bt) mo dopmyne (9), morepu Ha OCHOBHOM
gactote 1o gopmyse (10), morepu oT mpoOTEKaHUS TOKOB MPSIMOM MOCTIE0BATEIBHOCTU
OCHOBHO¥ 4acToThI 110 opmyite (11).

m K |
APz = 2 - kzllri(k)‘[ Iiz,(k)(x)dX’ 9)
i=1 k= 0
m |
ARy = leri(l).[ If(l)(x)dx, (10)
i= 0
m |
AR, = leri(l)j Iiz,l,(l)(x)dx' (11)
i= 0

re M — KOJIMYECTBO MPOBOJOB B JIMHUH; K — KOJMYECTBO TAPMOHUK, YIMTHIBAEMBIX B
pacuere; ik — MOTOHHOE AKTHBHOE CONPOTHBICHHE I-TO MPOBOJA Ha YacToTe K-Tol
rapMoHUKH (cM. Tabxn. 1 u puc. 6); li ) (X) — neficTByromee 3Ha4eHHe TOKa i-ro IPOBOJIA
Ha 4acToTe K-TOW TrapMOHUKH Ha PACCTOSHUHU X OT Hadana auHud (cM. Gopmyny (7) u
puc. 7), lia(X) — To e, HO AT TOKa OCHOBHOM YacToThl, lj1(1)(X) — TO ke, HO AT TOKa
IPSIMOK TI0CJIEI0BATEIBHOCTH OCHOBHOM YacToThl; | — mmmaa BJL.

JIo6aBOYHbIC MOTEPH MOIIHOCTH OT HECHMMETPUH TOKOB:

AP =AP —AP

L. HECHMM. (1) 1"

(12)
I[O6aBO‘-IHBI€ IMOTCPHU MOITHOCTHU OT HCCUHYCOUIAJIbHOCTH TOKOB!

AP, =AP,—AP,. (13)

JI.BT.

[Torepu momHOcTH B BJI Ha 9actoTe K-Toi rapMOHUKH:
m |
ARy = 2| Vi (¥ (14)

[Io pesynapTaTaM CYTOYHBIX HM3MEPEHUN PEKHUMOB JIMHUM PACCUUTHIBAIOTCS
ocHoBHbIE (15) W 700aBOYHBIE MOTEPH DHEPTUU OT HECUMMETPUU TOKOB OCHOBHOM
gactotel (16) w HecuHycommambHOCTH TOKOB (17), a Takke Kod(pduimeHT,
MIPEICTABISIOIINN cO00# OlleHKY 100aBOYHBIX OTeph dHepruu B BJI (18).

N AR, - (At, /60)
AW.... = ®1j 2
ot %; 1000 (15)
N AP -(At, /60)
AW — JI.LHECUMM. ] C] ’
J.HCCUMM. ; 1000 (16)
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N AP __.-(At, /60
AW, :Z AEr) (4t )
) 1000
rie N — xonumdecTBO u3MepeHuid; Aty — IPOJOJIKUTENBHOCTh HKCTPANIOIMPOBAHHOTO
UHTEpBAJIa BPEMEHH MEXAYy M3MepeHusMu (MuH.): At;=1440/N; 1440 — xoau4ecTBO
MUHYT B CyTKH.

, (17)

_ AWZ[.BF + AW/:[.HechM +1
BT AW . (18)

1(1)
B kauectBe mpumepa, Ha pucyHkax 10 u 11 npuBeneHsl CyTOuHbIE rpapuKu U

CTPYKTYpa OCHOBHBIX M 00aBOYHBIX noteph B BJI, mpeacraBnenne o0 MCKaXeHUSX B
KOTOpOM AaroT pucyHku 1-4.

k

14000 1500
& 12000 /’\\ =
m} 10000 1000
= 8000 T —fw& z
< 6000 (Hi g
O 4000 g 500 —
< 2000 =
0 o o-—n—n—n—n—n—n—n—n—n—o—o—o—M
NOWLOWLLOULOLLOLLOLLOLOLWOLW < NOWLOWLOWLOLOLOLOWLOLWOLW
OBORNBRANNBOINRSINRS HEONMBERNBROINBII BRSO
MO~ ITANMOANMSTSON~NOOOON Mt OM~NOOIHNMOANMSSWON~NOOOON
A A A AN NN — A A A A AN NN —
Bpems Bpems
a) 6)
6000 140
= 5000 120
m4000 II 0\0100
asooo I | -, 80
2000 o 90
o < 40
< 1000 20 ¥
0 0
Bpems

6)
Puc. 10. Cyrounsie rpaduKu: @) OCHOBHBIX MOTEPH; 6) TOTEPh OT HECUMMETPUU TOKOB
OCHOBHOU 4acCTOTHI; 8) TOTEPh OT HECUHYCOUAAIBHOCTH TOKOB; 2) OTHOCUTEIbHBIX
100aBOYHBIX TIOTEPb.

PesynpTaThl pacdera moOTEeph SHEPrHHM CBEACHBHI B Tabmuiy 2. BugHo, d9TO
nob6aBouHbie moTepu (45,77 kB1*u) yBennuuBatot ocHoBHBIE (161,8 kB1*4) B 1,28 pas.

Tabauna 2.
AW 1), KBT.4 AW,, kB1.4 KonBJ1 AW_, kBr.u
161,8 45,77 1,28 207,6
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AW,

0006 .Hecum.

=2,92% e =19.2%

AWy, =22,9%
AW, =0,1% (basa A)

=

\
WHTHBLH
TpOC

0)

daza A

u daza B

T H daza C
] r ® Tpoc

ANNMITNDOMNVODOTANMNMITONONOANMI LN ON~00DO
Al A A A A A A A AN NNNANNNNNNOM

O P, N W b~ O

IMoTepn
Heprum, KBr*u.

Homep rapmonuxu

6)
Puc. 11. Ctpykrypa notepb suepruu B BJI 3a cyTku: a) ykpyInHeHHas; 6) 10 MPOBOJAM;
) TIO BBICIIIMM TapMOHHKaM.

[TogoOnbie pacuersl ObLTM caenaHbl s 6onee 240 muanit MPCK Cubupu u
MPCK [Ora. Ha pucynke 12 mnpuBeieH BapuallMOHHBIM psia u3 36 JUHUN 110
nokazarento AW ¢ st pusinana MPCK Cubupu — OAO «bypsiTaHeproy.

70
60
50
40
30
20
10

0

AW, o,

T

T
~ 00 O O 4 N M < 0 O
o A A d 4N NN N N N N NN OMOMmM MmO OMOMmOMmom

Homep o6cnenoBannoii BJI
Puc. 12. YpoBuau no6aBounsie motepu B iuHUIX 110 kB OAO «bypsTaHeproy»

[Ipr Takux ypOBHSAX MNOTEPH 3ajJaya HMX Yy4deTa BO BCEH CETHU CTAHOBUTCSA
akryanpHOH. Tak, B gaHHON paboTe mpeiiaraercss METOJHMKA OICHKH JTOOaBOYHBIX
MOTEPH B DJECKTPUIECKON CETH MO OTPAHUICHHOMY KOIHYECTBY 00cienoBanHbIX BJI mpu
YCJIOBUSIX, YTO HUMEIOTCS: a) Pe3yJbTaThbl pacueTa OCHOBHBIX MOTEPhb C MPUMEHEHUEM
M3BECTHBIX TNPOTPAMM pacyeTa yCTaHOBUBIIHUXCS PEKHUMOB, 0) CYyTOUHBIC HU3MEPECHUS
PEKUMHBIX TTAPAMETPOB, KOTOPHIE IPUHUMAIOTCS XapaKTEPHBIMU 111 0a30BOT0 IMEpUOaa
OLICHKH.

OueHky 100aBOYHBIX MOTEPH MpeJjIaraeTcsl IPOU3BOUTH B 5 3TAMNOB:
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Jran 1. [lonHoe uHcTpymeHTanbHOe oOcienoBanue BJI snexkTpuueckoil cetu,
kotopoe coracHo D3 Ne261 «O06 sHeprocOepeKEHUU. . .» MOJICKUT BHITOJIHEHUIO pa3

B 5 siet, u pacyer dakruueckoro K ;..

n
ZAWHH.BHi

— _i=1

mBJIAC ~ n

; AWl(l)BJli

— 100aBOYHBIC U OCHOBHBIC ITOTEPH AJIEKTpoIHeprun B i-oit BJI

Kk +1, (19)

FIIC AWZ[.H.B.Hi a AW1(1)13J1i
9C COOTBETCTBEHHO, N — KOJIMYECTBO 00cien0BaHHbIX BJI.

Jran 2. VccrnenoBaHue MOJy4e€HHOTO kmBJIGC B 3aBHCHUMOCTH OT KOJIMYECTBA
obcnenoBanubix BJI ¢ menbio onpenenenus gocrarouyHoro Habopa BJI mist monydyenus
OOBEKTUBHOM OLICHKU knn‘BHBC' Ha pucynke 13 npuBeaeH npumep ucciie10BaHus kmBJIQC
B 3aBUCHUMOCTH OT KonudecTBa ooOcienoBanubix BJI. W3 rpaduka BumgHO, UTO
cXoauMoOCTh gocturaercsd Ha 20-i1 BJIL.

n
1.18 :“!“!?_’.if.m
[ N L TR I
£ E 15 :’:,:f;f - <o
w2 AR - ©
S g A MS/ 588 5555555555588%
~ 5] ™ o T P s s = fh B
S 2 109
SE53 o R4 3000000000000
L EEEEEE
S S 10345533
=z
1-

™ rrTrTrTrrT T T ™ TT
AN M IO OMN~N0OOOO A NMSTLW OO0 O dNMILW OMN~NO0ODDO dNN M S I ©
A A A A A A A A N NN NN NN NANNOOOOOOM

KosmuecTBo o0caenoBanunix BJI

~

Puc. 13. Cxomumocts BJI 110 kB OAO «bypsTaHeproy» mo kﬂnmg,C

Kpome Toro, mccnegoBanusi moka3aid, 4TO OOUTHOCTh PEKHUMOB B KOHKPETHBIX
ANEKTPUUECKUX CeTAX (0OYCIOBIEHHBIE, HAMpPHUMEDP, IJIOTHOCTHIO HACEJICHHs PEeTHOHA,
CTETICHBIO PA3BUTOCTH MPOMBIIIIEHHOCTH, JEKTPUGUIIMPOBAHHOTO TPAHCIIOPTa U T.1.)

3a/1a10T 3aKOHOMEPHOCTH B pacnpeaeneHnu BJI mo nokazarento AW, o, pucyHok 14.
20

B OMnump.3aKoH pacnp.
——Teop.3aKoH pacnp.

15

10

BeposiTHOCTD
ol

0
o

AW, %
Puc. 14. 3axon pacnpenenenus BJI mo nokazarento AW ,;,%

7.1
14.2
21.3
284
42.6
49.7
56.8
63.9

31€eCh BEPOSITHOCTh COOTBETCTBHS PACHPENECICHUS] SKCIIOHECHIIMAIBbHOMY 33aKOHY
paBusiercss  40%, dTO ABASETC HE MAJBIM  COOTBETCTBHEM, MPHU  OLIEHKE
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MaTEeMaTHYECKOTO  OXHJIAHWUSA OTHOCHTENIbHBIX JI00aBOYHBIX TMoTeph 1t =12,452,
cTerneHeit cBo0obl S=7 1 ypoBHe 3HaunMocTu a=0,05.

Pe3ynpTaThl, WUIIOCTPUPOBAaHHbIE Ha puUCyHKax 12-14, mnoaTBepkaaroT
MPAaBOMOYHOCTh MPEJIaraeMoro MmojaxoAa K COKpalleHHuI0 00beMa MHCTPYMEHTATbHBIX

HU3MCPCHUU IIPH OIIPCACICHNUU OLCHKHU k}:[n.Bﬂ.3C'

Jrtan 3. [lo pesyapTataMm onpeaesieHUs ONTUMAILHOIO MOPsAKa 00CIeI0BaHUS U

J0CTaTOYHOI0 KojaudecTBa oocnenyeMbix BJI k OLICHUBAETCS C MEPUOJAUYHOCTHIO,

.BJ1.OC
HEe0O0X0MMOM Jy1sl 3auThl TapuoB B denepaabHol cinykoe 1mo tapudam.
11y 1.083 1.078
o) 1.08
2 106 1.043
E; 104 1.021
X 10 1.013 1.005 1.009
14 i [ s B P E— i - i .
Bypsiranepro AunTaiisHepro YurasHepro Kyzb6acanepro OMcKk3Hepro PocroBanepro  Bonrorpamsuepro

~

Puc. 15. K 5y, A0 HekoTophIxX ceteit 110 kB MPCK Cubupn u MPCK 1Ora

Jrtan 4. Pacdyer peasbHOTO 3HAYCHUS MOTEPh DIIEKTPOIHEPTUU B JIMHUSAX BCEH
BHCKTquCCKOﬁ CCTU.:
kan.BJ’[.SC : AVVl(l)Bnec’ (20)
— HOTCPHU B JIMHUAX CCTH, PACCUUTAHHBIC C IIPUMCHCHHCM HN3BCCTHLIX

AW

BI.OC —

rae AW,

1(1)BJ1.OC
IporpaMM pacyeTa yCTaHOBUBIIUXCS PEKUMOB.

Jrtan 5. Beijenenne 106aBOYHBIX TOTEPHh U3 CYMMAPHBIX

AW;[H.BJ‘I.SC = AWBJZ.SC - AWl(l)B)‘IQC' (2 1)

[To mamemy mHuenuto, @exepanpHas ciyx0a 1Mo Tapudam 0JDKHA MPUHUMATH

JaHHBIE O JT00ABOYHBIX MOTEPSX, MOJIYUSHHBIE IO TIPEAIaraeMo METOTUKE.

3akirouenue

1. ns oO6bekTUBHOM OIEHKHA 3(P(HEKTUBHOCTH TPaHCIOPTa DIIEKTPOIHEPTUH, a
TaK)K€ YPOBHEH HECHMHYCOMNAIbHOCTH WM HECUMMETPUHM HAIpPSKEHUH U TOKOB B
AIEKTPUYECKON CETH HEOOXOAMMO MPOBOAUTH €€ HHCTPYMEHTAIbHbIE 00CIIEI0BaHMS, HE
CMOTpSI Ha UX OTHOCUTEIIBHO BBICOKYIO CTOMMOCTb.

2. Db(}eKTHBHOCT, WHCTPYMEHTAIBHBIX OOCJIEIOBAHHMIA TIOBBIIIACTCS TMPH UX
KOMITJIEKCHOM HCIIOJTHEHUM — OJHOBPEMEHHOW OIIEHKE Ka4yecTBa DJIEKTPOIHEPTUU
(manmpumep, mpu e€ ceprudukanmuum Ha coorBerctBue ['OCT), sHeprermueckoM
o0OcnenoBaHuM (FIHEPTOAYIUTE), OIICHKE YPOBHS JOOABOYHBIX MOTEPE.

3. Co3nmanHas mporpamma pacdeTa 100aBOYHBIX MOTEPh B BJI MOXKET MOCITYKUTh
OCHOBOH I pa3pabOTKH MPOTPaMMBI MCCIICIOBAHUS U pacueTa J00aBOYHBIX MOTEPh
AIIEKTPOIHEPTUHU B CIIOKHBIX DJICKTPUICCKUX CETSX.
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4. IlpennoskeHHas METOJUKAa OLIEHKH J00aBOYHBIX MOTEPh 3JEKTPOIHEPTUU B
ANEKTPUUYECKUX CETAX MO3BOJSAET PEIINTh HE TOJIBKO OCHOBHYIO 3aJ1ayy, HO U YTOYHHTH
OaJlaHChl MOILHOCTEH U SHEPIHH.

5. B cuenctBue Heyuyera J00aBOYHBIX IMOTEPb AJIEKTPOIHEPTUU HpPHU pacuére
HOpPMAaTUBAa TEXHOJIOTMYECKUX IIOTEPh OHM AaBTOMATHYECKM IMONMANAIOT B pa3psn
KOMMEpYECKUX, T.€. HE BKIIOYAIOTCS B Tapud. DHeprocHadx aroluue KOMIAHUU MpPH
ATOM HECYT YOBITKH, a TOCYAapCTBO HEAOIMOIYYAET HAJIOTU OT NOTEPSHHBIX KOMIIaHUEH
JOXO0B.

ABTOp BbIpaXkaeT TIIyOOKYyI0 OJIaroapHOCTh HAYYHOMY DPYKOBOJUTENIO MpPOd.
YmakoBy B.4. u copykoBoautento gou. XapnoBy H.H. 3a ux nocrosHHoe BHUMaHuE K
pabore u nmomouls, a Takke corpyanukam PP DHUWH BonkoBy M.B. u bopoBukoBy
B.C. 3a npenmocraBieHHE pe3yJNbTaTOB  HMHCTPYMEHTAJIBHBIX  JHEPreTUUYECKHUX
oOcnenoBanuii psiga pacnpeaenurenbubix cereit 110 kB, bornanosoit E.B. 3a momoip B
pELIEHNN OPraHU3alMOHHBIX BOIIPOCOB.
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