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1. OBIIHUE BOITPOCHI YITPABJIEHUA PEXKUMAMM 39C
1.1. Crpykrypa 93C u 3a5a4 IVIAHUPOBAHUS PEKMMOB

Buvipadomxa snexmposnepzuu oCylmieCTBISETCI B OCHOBHOM Ha TEIIOBBIX,
ATOMHBIX M TUJIPABIMYECKUX 3JeKTpocTaHiusax (puc. 1.1). TeroBbie anekTpuue-
ckue ctaniuu (TOC) pacnonararoTcs, Kak MpaBUiio, BOJIM3U MECT JIOOBIYM Opra-
HUYECKUX TOIUIMBHBIX PECYPCOB, THApPABINYECKUE dekTpuyeckue cranuuu (I'9C)
— Ha KpynHbIX pekax. Atomubie snekTpoctaniuu (ADC) u TOC HyxmaroTcs B
3HAYUTEIBHBIX O0OBEMAX OXJIAXKAAIOUWIEH BOJBI ISl MOAJEPKAHUS TEXHOJIOTHYe-
CKOT'O IIMKJIa BBIPAOOTKH 3JEKTPOIHEPTHH U TATOTEIOT K MPUPOJHBIM HCTOYHUKAM

BOJBI.

SHeproiiokn ADC; 113 %

T3¢ 30,3% /

'3C; 20,5%

B

ITY,IITY; 103% TIIL; 27,6%

Puc. 1.1. CtpykTypa renepupyrouieil MoIHOCTH 1ekTpocTanuuid Poccun [1].

LleHTpsl nOmpebdaeHusn IneKmpoInepzuu MOTYT HAXOIUTHCS HA 3HAYH-
TEJILHOM yHaJleHU! OT dJeKTpocTaHmuil (teruiosnekrpouentpamu (TOLI) coopy-
JKAIOTCSI B COCTaBE KPYMHBIX MPOMBINUICHHBIX TPEANPUATAA U B TOpPOJax B
MIEPBYIO OYepeb sl TeTuIocHa0keHus ). [lepenaya aIeKTpOIHEPTHH OT IJIEKTPO-
CTaHIUI K TOTPEOUTENSIM OCYIIECTBISIETCS IO AJEKTPUUECKUM CETSIM Pa3TMIHbBIX
HOMUHAJIBHBIX HAIPSDKCHHM.

Hcropudecku mepBbie 3JICKTPOCTAHIIUN COOPYKATUCh Ha TEPPUTOPHUAX 3a-

BOJIOB, (haOpuK WM JJIs1 HYXKI TOPOJCKOTO XO3SiCTBa U 00ECTIEUUBAIM SIEKTPO-
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DHEpruer OTrpaHUYEHHOE YHUCJIO MOTpeOuTened, MCHOb3ys OTACNIbHbIC JHHUU
anektponepenaaun (JIDI) webonbioi npotsxénnoctu. Hanpumep, nepsasi mpo-
MBIIIUIEHHAs AJEKTpocTaHlusl B PocToBe-Ha-J/loHy, B OCHOBHOM ISl OCBEIIEHUS,
onL1a coopyxeHa B 1896 r. E€ momHocTh cocTaBisiia 675 kBT.

Pa3BuTHE 37E€KTPOCTAHIIMI U AIEKTPUUYECKUX CETEeW MO MYyTH MOBBIIICHUS
UX MOIIHOCTEW MpU BO3pACTAIONIEM HOMHHAJIBHOM HaNpsKEHUH MPUBEIIO BO BCEX
BBICOKOPA3BUTHIX CTpaHaxX K CO3IaHUIO djieKkmpoinepzemuueckux cucmem (I33C).
IlepBbie sneprocuctemsl B CCCP Obutn co3aansl Ha ocHoBe JIDIT 110 kB. K 1935
r. B CCCP pabotano 6 sHEprocucteM ¢ rojoBOod BbIPaOOTKOM cBbIie 1 MIp/I.
kBT1-u kaxnas (B Tom uucie MockoBckas, Jlenunrpasackas, Jounenkas, JHenpo-
NETPOBCKas).

Co cnenyromuM 3TanoM pa3Butusi IIC — COEIUHEHUEM 3JIEKTPOCETEH
cMeKHBIX DDC, TOSBIICHUEM TEPBBIX IHepzemuueckux ooveounenui (03C) —
cBszaHo ocBoenue JIDIT 220 kB. ITepsas JIDII 220xkB 8 CCCP 6b11a moctpoeHa B
1933 r. ans nepenaun 100 MBT ot Huxxkne-Csupckoit I'9C B Jlenunrpan Ha pac-
crosinue 240 kM. B 1942 1. Obul0 OpraHM30BaHO MEPBOE OOBEAMHEHHOE AUCIIET-
yepckoe ympasienre. OHO ObLJIO co3AaHO Ha Ypane s KOOpAWHAUU PadOThI
Tpé€x DOC: CrepmioBiHepro, [lepmdnepro, UensOsHepro. ITH SHEProCUCTEMBI
pabotanu napayensHo o JIDI 220 kB. B nmocneBoeHHbIN Tepros ¢ UCIOJIb30-
Banuem JIDII 220 kB dopmupyercs O3C Llentpa u FOra.

3aBepIiieHHeM TEepPBOro dTama Mo CO3JaHUI0 €AMHON PHEPreTUYecKou CH-
crembl (EDC CCCP) moxkuo cuntath 1956 ... 1959 rr. B a1tu roasr BBeaens: JIDIT
400 kB (mo3gnee 500 kB). OHu obecnieuryin BbIIa4y MOITHOCTH JBYX BOJIKCKHUX
I'DC u napamtensuyto padoty 99C Llentpa, Cpenneit u Hwxnelt Bonru, Ypana.
K 1970 . 510 00BeaAMHEHNE OXBATHIBATIO OOJBIIIYIO YACTh TEPpUTOPHH EBpormeii-
ckoi yactu crpanbl U HazbiBaoch EEDC CCCP. B 1970 r. k EEDC 6bu1a npuco-
eauneHa OOC 3akaBkasbd, B 1972 — OOC KazaxcraHa v oTJenbHbIE palloHbl 3a-
nagnoit Cubupu. B 1977 rony BBeaena JIDII 500 kB Ypan-Kazaxcran-Cubups u
npucoeauneHa OOC Cubupu. C 1978 rona nocne BBoga JIDII-750 kB Bunnuna
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(Yxpanna) — AnpOepruma (BeHrpus) ocyiiecTBisiach mnapaieibHas padora
93C Bocrounoii EBpomnsl u ESC CCCP.

B nacrosiiee Bpems B coctaB EDC Poccun Bxoasar 7 O9C, KoTopsle Teppu-
TOPUAJILHO B OCHOBHOM COOTBETCTBYIOT (pefiepalibHbIM OKpYyraM Halleil CTpaHbl
(puc. 1.2), npencrapistoiieid co00il BEICOKOPa3BUTYIO CUCTEMY C MHOTOYPOBHEBOM
uepapxudeckoit cTpykrypoil. Bce O3C coenMHEHBl MeHcCUCEMHBIMU 8bICOKO-
60/1bMHBIMU TUHUAMU IeKkmponepedauu HanpsykeHueM 220...500 kB u Beite u
paboTaroT B CHHXPOHHOM pexuMe (MapajuiesibHO).

E3C POCCUM
BbIPABOTKA: 1024 943,4 MAnH. KBT-y
BT.M.T3C: 677 335,9 maH. KBT'u
rAC: 167 078,6 mnH. KBT-u
A3C: 180 528,2 mnH. KBT-4
T MOTPEBJIEHUE: 1 013 858,2 MAnH. KBT-u

HOPBEIA

OUHNAHANA

9KCNOPT: 11 085,2 mAH. KBT-4
3CTOHMA
NATBUA
JIUTBA ¢ —
BE/IAPYCCUA =
& 1 03C CEBEPO-
A 03C 3ANALA TEXHONOTMYECKU
MONJOBA LEHTPA W30/INPOBAHHDIE
= N t 3HEPTOCUCTEMDbI
YKPAVHA o8
l CPEAHEWN 03C YPANA
& Bonrn =%
03C l0TA
ABXA3UA : W
HOKHAS OCETUS =) i B CEREEEN 03C BOCTOKA
reysus - == =
APMEHMA SN
| ASEPBAMOMAH = l
KA3AXCTAH L

Y3BEKUCTAH

MOHronua
1 TYPKMEHUCTAH

KbIPTbI3CTAH
TAOXKUKUCTAH
WPAH KUTAN

==) [lepeToKMn 3NeKTPo3Heprumn

Puc. 1.2. Teppuropuansnas crpykrypa ESC PO

Onextpuyeckue cetu OOC FOra mokazanwsr Ha puc. 1.3. B coctae O3C
FOra paboTaroT sHEprooOBLEKTHI, pacloyioKEHHbIE Ha Tepputopun KpacHomapcko-
ro, CraBpomnonbckoii kpa€s, Bonrorpanckoii, Actpaxanckoii, PoctoBckoii o6a-
creit, Yeuenckoit, Unarymickoi, Jlarectanckoit, Kabapauno-bankapckoi, Kammbrk-

ckoit, CeBepo-Ocerunckort u KapadaeBo-Uepkecckoit pecriyosnnk. O2C obecrie-
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yuBaeT napamiensuyto padory EQC Poccuu ¢ sneprocuctemamu Ykpaunsl, Azep-

Oaiimpkana u ['py3um.

IOxHaz

Mobena™

' Bo/KCKasn rac

KOkHan
AMEPOCHEBKA

\ '-iepmm fp

B.Uapbin-2

Acrpaxaub P

A30BCKOE o = /A DmmcTa ces. i

Gl

mmﬁmar YeTe-
Nabuuex

oecK-500

\‘ npnxymcx ) Kacnuiickoe
Mope

Kuznap

Macawana

03C

Nepserm
3akaBkasbg

Puc. 1.3. Kapra-cxema O3C lOra

OtnuuutensubiMu ocobeHHocTs MU ODC FOra sBisitoTcst:

e HCTOPHYECKH CJIOKUBIIASCS CXeMa dJIeKTpuueckoil cetu Ha 6aze BJI 330—
500 kB, mpoTsHYBIIMXCS C CEBEpO-3amaja Ha KOT0-BOCTOK BJo0Jib KaBkas-
CKOro xpe0Ta 1Mo pailoHaM C WHTEHCHBHBIM T0JIONET000pa30BaHUEM, OCO-
OCHHO B MPEATOPHIX;

« HepaBHOMepHOCTh cToka pek CeBepHoro Kakaza (/lon, KybGaub, Tepek,
Cynak), KoTopasi OKa3bIBaeT CYIICCTBEHHOE BJIMSHUE Ha OajaHC AJIEKTPO-
DHEPTUHU, TPUBOJA K MEDUIUTY DJIEKTPOIHEPTUU 3UMOMN, C COOTBETCTBYIO-
HIEH 3arpy3Koil 3JIEKTPUYECKOM CETH B HAIIPABIICHMM 3aI1a/1-BOCTOK, U MPO-

(GuIUTY B IETHUN IEPUOJ, C 3arPy3KOH B 0OpaTHOM HAINpaBJICHUH;
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o camas Ooxbmias (mo cpaBHeHuto c¢ Apyrumu OOC) noas KOMMYyHalbHO-
OBITOBOM HAarpy3ku B CTPYKTYpE€ 3JEKTPONOTPeOSIeHUs], YTO MPUBOJIUT K
PE3KUM CKauKaM MOTPeOJICHUs STIEKTPOIHEPTUU NPU TEMIEPATYPHBIX U3Me-
HEHHUSIX.

B snekrposneprernueckuii komiuieke EQC Poceun Bxogut okosio 700 siiek-
TPOCTaHIIMM cymMapHOi MomHOCThIO 232 451,81 MBT (Ha 1.01.2015 ). CeteBoe
xo3siictB0 EQC Poccun nacuutsiBaer 6osee 10700 JIDII HoMHHAIBHBIM Hampsi-
xkeaueM 110 — 1150 xB. B nenom no Poccuiickont @eneparmy npoTs:KEHHOCTD
JIMHUM SJIEKTpONepeIau BCEX KJIAaCCOB HANpshKEHUI cocTaBisieT Oosee 2648 Thic.
KM.

[TapamnensHo ¢ EQC Poccum paboTtaroT 3HEprocuctemsl AsepOaiikaHa,
benopyccun, I'pysun, Kazaxcrana, JlarBuu, JIutBbl, MosgaBuu, MoHroauu,
Ykpaunsl 1 OctoHuun. Yepes sHeprocucreMy Kazaxcrana mapamnensHo ¢ EDC
Poccuu paboratot sneprocuctemsl LlenTpansuoit Azun — Kupruszuu u Y30ekucra-
Ha. Yepes sHeprocucremMy YKpawHbl — 3HeprocucreMa Momgasun. I[lo JmHUSIM
ANIEKTpOIepeaaud NEPEMEHHOTO TOKA OCYIIECTBIIIICA OOMEH 3JIEKTPO3HEpPTUeH ¢
sHEprocucTeMoit A6Xa3uu u nepeaayda dIEKTPOIHEPruu B sHeprocuctemy HOsxxHoM
Ocerun.

CosmectHo ¢ EDC Poccun uepes npeoOpazoBaTeabHbIE YCTPOUCTBA MOCTO-
SHHOTO TOKa pabotanmu sHeprocucteMbl Ounnsunuu u Kuras. Kpome storo ¢
sHeprocuctemorr Ounnsuaun (Bxoasmed B OOC Ckangunasun NORDEL) na-
pautensHO pabotanu otaenbHbie TeHepaTopbl TOL u 'DC Jlenunrpanckoii sHep-
TrOCUCTEMBI, ¢ 3Heprocucremon Hopserum — otnenbHble rereparopel ['DC Koub-
CKOM DSHEProCUCTEMBI, 1O JIMHUSM DJJEKTpOIepeadyd MEePEMEHHOr0 TOKa OCy-
IIECTBIISIACH Mepe/Iada ICKTPUUSCKON SHEPTUU B OTAeIbHbIC paiionsl Kurtas [1].

Onexrposneprerrnka CCCP u geBsiHocThix roaoB 20 Beka Poccuiickoit De-
Jiepalvy SBJsJIach €CTeCTBEHHON MoHomnonuel (puc. 1.4). B nauane 2000-x rogos
HAYaJIoCh phIHOYHOE pedopmupoBanue nekTpodnepreTkd u EDC, 3amagamu ko-
TOPOro OBUIO CO3/JaHKME ONTOBOTO PbIHKA 3JEKTPOIHEPruu U MoiHoctd (OPOM),

paszieneHne npeanpusaTuil mo Buaam ousHeca (puc. 1.4). B pesynbrare pedopm co-
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3/IaHBl ONMOGBLIL U POZHUYHBLIL PLIHKU JJIEKMPOIHEPUU N MOIIHOCTU — cdepa
oOpalieHnss 0cCoObIX BHJIOB TOBAPOB — 3JEKTPOIHEPTMHU U MOIIHOCTH B paMKax
ED3C Poccun. Hanéxunoe obecrieueHre moTpeOUTENel 3IEKTPOIHEPTHel HOpMa-
TUBHOT'O Ka4yecTBa B HAIICH CTpaHe OCYIIECTBIISCTCS TCHEPUPYIOIIUMH, CETEBBIMU
(®CK u MPCK) u cobiToBbIMU 3HEprokommnanusmu. st ynpasienuss OPOM co-

3nanbl agmuHuctparop ToproBoi cetu (ATC), neHTp (QUHAHCOBBIX pPACUETOB

(L1®dP), Coset pbIHKa.

| Otpacns 10 pedopmsi | | Otpacnb nocsie pepopmbl |
DJIeKTpoCTaH- DJIeKTPOCTaH- I'enepupyromas I'enepupylomas TeHepupyomas
uMH uu;:l 3Pé\O Kkommanus Ne 1 Komnanus Ne 2 Komnanusi Ne 3
F AN
yr <~ 1
A 4
OnToBbIii pHIHOK
3J1eKTPUYECKOH IHEPIrun
Pacnpeneim- ATC, II®P, CoseTt pbiHKa
TeJIbHbIE
Marucrtpans-
HbIE CeTH MarucTpajib-
HbIe CeTH
— —1 l =t —
] ] ]
= T4 ok | 2
CobIT apanTupyio- :
Pacnpenenn- e KO“"Y[;'(I:JI):O
‘ mue
AO-3Hepro TeJIbHbIE NOCTABINUKH

* CceTHn
L/
[REM :

i B i)
G| (i e
[BEE Wi Ll
TMoTtpeduTenn BHE [EBmE|
[BBE (AR
4= TloToK 3JeKTPO3HEPTUU MoTpeburenn Morpeburen
) Hndopmannonneie, ¢ ) 3asiBKH, JOr0BOPbHI HA MOCTABKY J1€KTPOIHEPTHH,
(unancoBbIe CBA3N (unancoBbIe pacUETHI

Puc. 1.4. PepopMupoBaHre OpraHu3alluOHHON CTPYKTYPbI 3JI€KTPOIHEPTETUKU

s ynpasnenus Eounoit nayuonanvnoi 3nekmpuueckoit cemoto (EHIC)
B 2002 r. Opu1a cozmana denepanbhHas cereBas kommanus (OAO «DCK EDCy).
KoHLeHTpaust ynpaBieHUS MaACUCHPATbHOIMU ITIEKMPUYECKUMU CEMAMU B
®CK umMeeT mpUHLUINKAIBLHOE 3HAYEHUE IJIS MPOBEIACHUS €IUHON Tapu(HOM mo-

JUTUKHU Ha BceM npoctpanctBe EHOC, ns oGecnieueHuss eTMHOM MOJMTHKUA B 00-
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JACTU IKCIUTyaTalllH, Pa3BUTHSI, TEXHUYECKOTO MEPEBOOPYKEHUSI U PEKOHCTPYK-
MU CeTel. DTO MO3BOJIMIIO CO3/aTh (PYHKIIMOHUPYIOUIYIO MO €IUHBIM IpaBUiaM
TEXHOJIOTHUECKYI0O MH(PPACTPYKTYpPy PBHIHKA DJICKTPOIHEPTUU M OOCCIICUYHUTHh HE-
JVUCKPUMUHALIMOHHBINA TOCTYM K CETSIM BCEX YUACTHUKOB PHIHKA.

B pesynbrare peopranmzanmu AO-3HEpro B 3JeKTpo3HepreTuke Poccun
OBLJIO CO3/1aHO OOJIBIIIOE YUCIIO HOBBIX IHEPTETUYECKUX KOMITAHUM — 3TO, KaK Mpa-
BUJIO, YIIPABJISIONIAs KOMIIaHUS, perMoHaibHas reHepupytomias kommnanus (PI'K),
pacnipenenutenbHas cereBas komnanusi (PCK), cObiTOBasi KoMnaHus, a Takke O1-
Ha WM HECKOJIbKO PEMOHTHBIX U CEPBUCHBIX KOMIaHui [2].

Crnenyromum 3TanomM pedopMUpPOBaHUS PETHOHAIBHBIX SHEPrOCUCTEM SIBU-
JIOCh TIPOBEECHUE TOPU30HTATBHON MEXPETHOHAIBHOM MHTErpaluu (KOHCOJIH1a-
nuu OI'K, TT'K, MPCK) mononpodunsubix komnanuii. [IpenycmarpuBaeTcsi KoH-
COJIMJIAIINST AKTUBOB PACIPEICTUTEIbHBIX CETEBhIX KOMITAHUN B paMKax MEXpETH-
OHAJIBHBIX pacIpeaenuTeabHbIX ceTeBbix komnanuii (MPCK).

OpHoll M3 BaXHEHIIMX COCTaBISIONIMX Mpoliecca pedopMUPOBAHUS POCCUI-
CKOM AJIEKTPOIHEPTEeTUKH SIBISIETCSA CO3[JaHUE KOHKYPEHTHOI'O CEKTOpa r'eHepupy-
IOIIMX MOIIHOCTEW MyTEM IPyHIUPOBKH CYIIECTBYIOIINX 3JIEKTPOCTAHIIMI B HE3a-
BrcuMbIe reHepupyromnme kommnanuu (I'K). B npornecce pectpykrypusainuu ceKTo-
pa reHepupytomux MomHocted B pamkax XosauHara OAO PAO «EDC Poccumn»
OBLITM CO3/IaHBbI:

o O reHepupyHOIIUX KOMIIAHUN OMNTOBOTO pPBIHKA JJICKTPUUYECKON DHEPruu
(OI'K) na 6a3e kpynHbIx TermioBbix dnnekTpoctanimii OAO PAO «EDC Poc-
cun» u AO-3Hepro;

o 1 runporenepupytromas OI'K (OAO «I'uapoOI'K») na 6aze kpynubix '9C
OAO PAO «EDC Poccum» u cpennux u Manbeix ['DC (BKiIoYas KackKajbl)
AO-3Hepro;

o 14 Teppurtopuansubix reHepupytonux kommnanui (TI'K) Ha 6a3e snextpo-
cTaHUIUM cMeXHbIX AO-3Hepro (3a UCKIIOUYEHUEM CTAHIMH, BOLIEAIIUX B

OI'K u paboTaroiux B cocTaBe u30aupoBaHHbIX AO-3HEpro).
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[Tomumo OI'K u TKT, chopmupoBannbsix Ha 0aze aktuBoB PAO «EDC Poc-
CUW», HA ONTOBOM PBIHKE JECHCTBYIOT KOHIIEPH «PocsHeproatom» u psia Ipyrux
IIPOU3BOIMUTEIIEN AIEKTPOIHEPTUH.

Kpynnueitmras snexktpocrannus PoctoBckoit oGiactu — HoBodepkacckas
I'POC Bxomut B coctaB OI'K-6, umnsuckas ' OC — B TT'K-8.

B 2001 r. 6611 co3aH onepamop povlHKA 31eKmpoIHepeunu — HEKOMMEpUe-
CKO€ MapTHEPCTBO «AIMUHHCTPATOP TOPrOBOM CUCTEMBI ONTOBOTO PBIHKA JJIECK-
TposHeprun Enunoit snepretuueckoit cucrems» (HIT «ATC» unu ATC). B ATC
OBLTM COCPENOTOUEHBI (DYHKIIMU omeparopa Kak peryJdpyeMoro, Tak U KOHKY-
PEHTHOT'O CEKTOPOB ONTOBOIO PHIHKA AJIEKTPOIHEPTUU (MOIIHOCTH).

VYrpaBiaeHue TakuM OOJIBIIUM CHHXPOHHO paldOTAarOUIMM OObEIUHEHHUEM,
kakuM siBisietcss EDC Poccum, nipeacraBiseT coO0M CIOKHEHIITYI0 MHXCHEPHYIO
3a/lauy, HE UMEIOIYI0 aHaoroB B Mupe. s e€ pemennst B Poccun co3nana MHo-
rOYpOBHEBasl HEPAPXUUECKAS] CUCTEMA ONEPATUBHO-AUCIIETUEPCKOrO yIPaBICHUS,
BKtovaromias: CucreMHsli oneparop — LleHTpanibHOE nucneT4epcKoe ynpaBieHue
(CO-IIAY EDC); cemb TeppUTOpUATBHBIX 00bEIMHEHHBIX TUCTIETYEPCKUX YIIPaB-
nenuit (OAY)— B xaxaoi n3 cemu ODC; pernoHaabHbIE TUCTIETYCPCKUE YIIpaBIIC-
Hus (56 PIIY wu 12 IlpencraBUTENnbCTB); MyHKTHI YIPABICHUS dJICKTPOCTAHIIUN U
NPEANPUATANA FIEKTPUUECKUX CETEH; ONepaTUBHO-BbIE3HbIE OpUTaIbl.

OcnoBubIMH 331a4amu «CO-LIJIY EDQCy» aBastoTes :

o oOecrieueHHE CUCTEMHOM HaJEKHOCTU B YCIOBUAX PAa3BUBAIOIINXCS KOHKY-
PEHTHBIX OTHOILLIEHUI B 3JIEKTPOIHEPTETHUKE;

o oOecrnieueHre COOJIIOJICHUSI YCTAHOBJICHHBIX TEXHOJOTMYECKHX MapameTpoB
(GYHKIMOHUPOBAHUS DJIEKTPOIHEPTreTUKH U CTAHJAPTHBIX MOKa3aTeseil Ka-
YECTBA ANEKTPUUECKON SHEPTHH.
3agaun ynpasieHus pexumaMu DIC AeNnsITCsA Ha YEThIPE BPEMEHHBIX YPOB-

HS1 JIUTSL K&KJI0M CTYTIICHH TEPPUTOPUAIbHOM nepapxuu [3]:
1. JloarocpoyHoe miaHUPOBAHHE PEKUMOB (HA MeCsL, roxa). 3agayd 3TOro

YPOBHS:



12

MPOTHO3UPOBAHUE TMOTPEOJICHUS HHEPrUM M  XapaKTEepHBIX TrpaduKoB
Harpy3KHu;

pa3paboTka 0ajJaHCOB MOIIHOCTH U DJIEKTPOIHEPTUU (TOOBBIX, KBAapTalb-
HBIX, MECSYHBIX);

ONTUMU3ALIMSA TIJIAHOB MCIOJIb30BaHUS SHEPTrOPECYPCOB U MPOBEICHUS TIa-
HOBBIX PEMOHTOB;

pa3paboTKa CXeM M PEXUMOB JUIsl XapaKTEepHBIX MEPHOJIOB roja (OCeHHe-
3UMHUNA MaKCUMYM, TIEPUO]I TTABOJKA U Jp.), @ TAKXKE B CBA3HM C BBOJIOM HO-
BbIX 00BEKTOB M pacIIMPEHUEM COCTaBa napamienabHo padoraromux I3C;
pelIeHre BCer0 KOMIUIEKCa BOMPOCOB MOBBIMICHHUS HAAEKHOCTH DIIEKTPO-
cHaOKEHUS U KauecTBa AJIEKTPOIHEPTHH, BHEIPEHHS I COBEPIIICHCTBOBAHUS
CPEICTB IUCIETYEPCKOTO YIPABJICHUS M CUCTEM aBTOMATUYECKOTO YIpaB-
JICHUSI HOPMAJIbHBIMU ¥ aBAPUHHBIMY PEKUMAMU;

pa3paboTKa AUCTIETYEPCKUX UHCTPYKIHUIL.

2. KpaTtkocpo4Hoe MIaHupOBAHHUE PEKUMOB (HAa CYTKH, HEJIENIO):
KOPPEKTUPOBKA pEUIeHH 1-TO YpOBHS MO Mepe W3MEHEHHUS W yTOYHEHUS
ycioBuit pabotel EDC (ypoBeHb moTpelieHus, 00eCIIe4YeHHOCTh THAPOpPE-
cypcamH, TOIUIMBHAsI KOHBIOHKTYpA U T. I1.); PSA peuieHui 1-ro ypoBHs BbI-
CTymaeT 37eCh B BHUJE OTpaHWYCHMI (HeIeIbHbIC WM CYTOYHBIE PACXOMIbI
T'HJIPOPECYPCOB, MOIHOCTH arperaToB, BEIBEICHHBIX B PEMOHT, U T. I1.).

3. OneparuBHOE yNpPABIECHUE TEKYIIUMHU PEKUMAMH:

olepaTUBHOE BEJCHHUE TEKYIIETO PeXUMa M0 CyTOYHBIM IIJIaHaM-TpapuKam;
KOPPEKTUPOBKA (IOONMTUMH3AIMS) peXUMa MPU OTKIOHCHWU TapaMeTpoB
peXrMa OT TJIAHOBBIX 3HAUYCHUH.

4. ABTOMaTH4YECKOE YIIPABJICHHE HOPMATHHBIMUA U aBAPUHHBIMU PEKUMAMH:
aBTOMATUYECKOE YITPaBJICHUE, MPOBOAMMOE IIEHTPATN30BAHHBIMH M MECT-
HBIMU CHCTEMaMH M YCTPOWCTBaMU aBTOMATHYECKOTO PETYJIUPOBAHUS pe-
)KHMa, YCTPOMCTBAMHU PENEHHOW 3alIUThl U MPOTUBOABAPUMHONW aBTOMATH-

KH.
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CymiecTBEHHOM 4acThiO 3a]1a4 yIpaBiIeHUH pexnumamu I9C SBIAIOTCA pac-
Yémol YCMAaHOBUBUIUXCA U NEPEeX0OHbIX pedxcumos IIC 1 IEKTPUIECKUX CETEMH,
ONTUMM3ALUSA PEKUMOB. DOPMHUPOBAHUE MamemMamuieckux mooenei 000pyao-
BAaHMS, MOJICTICH YCTAHOBUBILIUXCSA PEXUMOB JJIsl yripaBieHus: 99C, skoHomuye-
CKaA ONMUMUZAUUA PEHCUMOE SBISIIOTCA PEIMETOM U3ydeHus B Kypce «ILnanu-

POBAHHC PCIKHUMOB DHCPIrOCUCTCM).

1.2. OOecnedyeHne Ka4ecTBa FJIEKTPUUECKOH IHEPTUHN

Bce anementsr 99C, BKItOUas SIEKTPONPUEMHUKU, MOTYT 3 (PEKTUBHO pa-
00TaTh JUIIbL TIPU MTapaMeTpax dJIECKTPOIHEPTUHU OIM3KUX K HOMUHAIBHBIM. B unc-
JIO 3TUX MapaMEeTPOB BXOJAT: YaCTOTa MEPEMEHHOTO TOKa, HAMpsHKEHUE, CUHYCOU-
JATBHOCTh (hOPMBI HAPSDKEHUSI 1 CUMMETPHsT TpEX(Pa3HON CUCTEMbl HANPSIKEHUN
U TOKOB. Bce 3Tu mapaMeTpsl SIBIISIIOTCS KAYeCMmE8EeHHbIMU NOKA3ameaamu 3JieK-
mposnepzuu u pexxuma padboThl CUCTEMBI.

B ycnoBusix skcIuTyaTallud HEMPEPHIBHO M3MEHSIOTCS 3HAYEHUSI HArpy30K,
CXeMa CHCTEMbI M COCTaB paboTaroiiero ooopynoBanus. [Ipu 3ToM MeHsIOTCS Ka-
YECTBEHHBIEC TTOKA3ATEIM JICKTPOIHEPTUU. BO3HUKAIOT omK10HeHus u Kolebanus
YaCTOThI, HAIIPSIKEHUS U APYTUX MOKA3aTeJIel KauyecTBa JIEKTPOIHEPTIHH, YTO BhI-
3bIBACT YXY/AIICHUE pabOThI BCEX DJIEMEHTOB CUCTEMbI, @ B HEKOTOPBIX CIIydasx —
CYIIIECTBEHHOE paccTporcTBO paboTel IDC. BaxkHeiimen 3amaueii miaHupOBaHUS
pexuma DIC sBasieTcs cTabMIM3alnsl KaueCTBEHHBIX MOKa3aTeNleil AIeKTPOIHEP-
MU Ha HOPMATUBHO JIOITyCTUMOM YpPOBHE.

KauecTBo wacToThl B 99C OIIEHUBAIOT 110 OMKAOHEHUI0 YACHIOMbL OT HO-

MUHAQJIBHOM MpH €€ MEIJICHHOM TUIaBHOM u3MeHeHun (MeHee 1 %/c)

5t =f —fon.
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HeiictBytonum ¢ 2013 r. crangaprom (TOCT P 54149-2010) nomyckaercs

o fHOpM B HOPMAJIBHBIX peXuMax B npeaenax B npeaenax +0,2 I'u B teuenue 95 %

BpEMEHU HMHTEpBajia B OJHYy Henento. Bpemenno padora 93C pomyckaercs ¢ OT-

KJIOHEHHEM 4acTOTBI O fﬂon =10,4T'u B Teuenue 100 % BpeMeHU MHTEpBaia B O11-

HY HEIeIIO.
OTKIIOHEHHE YaCTOThI OT HOPMAJIBHOTO 3HAYCHHS MPOUCXOMUT MPHU HaApy-
IeHuy OajaHca TeHepupyeMor U ToTpeOssieMo aKTUBHOM MolHocTH (puc. 1.5),

YTO MOXKET OBITH O6YCJIOBH6HO, HarIpuMcEp, OTKJIIOHCHUEM HArpy3KH OT IIJIAHOBOI'O

rpaduka.
P A o A
PFOZPHO QFOZQHO

Cv

Puc. 1.5. OTK/I0HEHHE YaCTOTHI U HANPSKEHUS IPU U3MEHEHUU Harpy3Ku

CyTouHas ¥ HeJeIbHass HEPAaBHOMEPHOCTH MOTPEOICHUS JIEKTPOIHEPTUHU B
otaenbHbIXx OOC pa3iuyHa — B OCHOBHOM M3-3a PA3JIMYUN B CTPYKTYpPE BJIEKTPO-
noTpebneHusi. CyTouHass HEPaBHOMEPHOCTh JJIEKTPOMOTPEOICHUS B 3UMHUUN Tie-
puon 6oJblie, 4eM B JIpyrue nepuojsl roga. CoOTBETCTBEHHO U JMAIa30H pery-
JMPOBAHMS MOIIIHOCTH AJIEKTPOCTAHIIUNA B ATOT MEPUOJ UMEET HanOoJIbIee 3Haue-
Hue (puc. 1.6). B psne O93C co 3nauntenbHoi aoneit ['9C naubompiue TpyaHO-
CTH B PEryJMpOBaHUU MOIIHOCTH BO3HUKAIOT B MEpUOJ MOJ0BOJbs, Koraa ['DC
NepexoAsaT Ha paboTy B 0a3WCHOM YecTH Tpaduka Harpy3Ku M BCE PETyIUPOBAHUE

MOIIIHOCTH Bo3jiaraercs Ha TOC.
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Puc.1.6. IlokpeiTue 3uMHero rpaduka Harpy3ku O29C

[TopnepkaHue 4acTOThl B HOPMATUBHBIX Mpejenax 00ecreynBaeTcCs
COOTBETCTBYIOIIMM HM3MEHEHUEM TIE€HEpalUH Ha 3JIEKTPOCTAHLMSIX. 3ajaya pery-
aupoBaHusi MoutHocTd TOC crana ogHOW M3 HamboJiee TPYAHBIX 3a]ayd BEJCHUS
pexuma. B yrpenHue dachl U nepej; BeUepHUM MaKCUMyMOM Harpy3ku HeoOXoau-
MO HMMETh MOBBIIIECHHBIA BpaIAIONIMIACS PE3EPB MOIIHOCTH, OOECTIeYUBAIOLIMIA
MOKPBITHE OBICTPO HapacTarolel Harpy3ku. [Ipu HoUHOM crniajzie Harpy3ku oopasy-

€TCs1 N30BITOYHBIN BPAIAIONIUNACS PE3EPB.
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[Ipn AOATOCPOYHOM IUTAHHUPOBAHUU MPOTHOZUPYIOTCS MAKCUMYM
Harpy3ku O9C U OTAENbHBIX YacTel, TUIOBbIE Tpaduku Harpy3ku. [IporHosupo-
BaHHE TEHEPUPYIOIIMX MOIIHOCTEN OCYIIECTBISIETCA C YYETOM BBOJAA HOBOTO 000-
pyZIOBaHUsI, IJIAHOB PEMOHTOB U BBIBO/IA B XOJIOJHBIN PE3EPB.

BHemaHOBbIE OTKJIIOHEHHUS HAarpy3Ku TpeOyIOT OMEPaTUBHOTO HU3MeE-
HEHUS MOIIHOCTH 3JIEKTPOCTAHIIUN TUCIIETYEPCKUM MEPCOHATIOM U JIEUCTBUEM CH-
CTeMbl aBTOMATHYECKOTO PETyJUPOBaHMs YacTOTHI M aKTHBHON MoImHocTH [4].
Hapymienue 6ananca akTUBHOM MOIIHOCTH MOET OBITh TaK)K€ BBI3BAHO aBapHii-
HBIM OTKJIFOUEHHEM SHEPro0JI0KOB WM aBapUi B AJIEKTPUUECKOU CETH.

Ecnu pabota 93C ¢ wactotoit 50 I'l1 He MOXKeT ObITh OOEcCTIeUeHa U3-
32 OTCYTCTBHS JOCTATOUHBIX PE3€PBOB AKTUBHOW MOIIHOCTH, JTOJKHBI OBITH MPHU-
HATBI MEPHI IO CHUKEHUIO HAaTPY3KHU.

Kauecmeo nanpsascenus B 39C XapakTepU3yeTcsl MEIJICHHBIMA U3MEHECHU-

MU, KOJICOAHUSIMU, HECUMMETPUEH U HECUHYCOUaNbHOCThIO. [1o1 Medrennvimu
U3MEHEHUAMU HANPANCEHUA TTIOHUMAECTCS Pa3HOCTh MEXAY (haKTUYECKUM U HO-
MUHQJIBHBIM 3HAUYCHUSIMU HanpspkeHus. Hopmupyercss oTHOCUTENbHAsS BEIUYMHA

(%) MOBBIIICHUS 5U( +) W THOHIKCHUS é'U(_) HanpspKEHUs B TOUKAaxX IMOCTaBKHU

ANIEKTPOIHEPTUH NOTpeduTensiM B pazmepe =10 % B Teuenue 100 % BpeMeHU UH-
TepBaJla B OAHY Henemo. B apyrux toukax (y3max) 3JeKTpUUYECKUX ceTeil ycra-
HABJIMBAIOTCS MPEAENbHbIE 3HAUEHUS NMPEBBIIIIEHUS HANPSYKEHUN MO YCIOBUSAM pa-
00ThI M3oaaun: B ceTax 6...20 kB na 20 %; B cersax 35...220 kB — Ha 15 %; B
JIDIT 330 kB — Ha 10 %; npu GoJiee BEICOKOM HampsbKeHUH — Ha S %0,

Konebanua mnanpasxcenus, BO3HUKAOIIME TMpU OBICTPBIX H3MEHEHHUSX
HaANPSDKEHUs, OOBIYHO MPOSIBISIIOTCS] TOJIBKO B PACHpPEICIUTEIbHBIX CETAX Hampsi-
xenueM 6(10) kB u Huxe. Hanbosee yacToii mpuyrHON KoJieOaHUM HANpsHDKEHUS B
CETH SIBJISIIOTCA MyCKH 3JieKTpoaBurareneid. Konebanus HanpskeHUs HauOoJIblee
BJIMSTHUE OKa3bIBAIOT HAa pabOTYy OCBETUTEIbHBIX MPUOOPOB. BO3HUKAET «MUTaHHEY
Jami, BIMSIOIIEE Ha 3pUTeNIbHOE Bocmpusitue moaecil. Konebanus HampspkeHus

HOPMUPYIOTCS BEIMUNHON 10361 hiukepa Py (ne 6omnee 1,38).
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Hecummempusn nanpsaycenuil xapakrepuszyercss K03GdUIMeHTaMH HECUM-

metpuil no obpatHoit Ky 1 Hynesoit Kg; mocienoBaTenbHOCTSIM.

Koy = Y2 q00<20

Uson (npenensHO 4 %);
Kou = Yo 100<2%

Usion (npenensHO 4 %).

HecummeTpus BBI3BIBA€T JOMOJHUTEIBHBIE OTKJIOHEHHUS HAIMPSHKEHUS TI0
¢dazaM, pocT MOTEpb aKTUBHOU MOIIIHOCTH.
Hecunycouoanbhocms HanpsayceHusa O3HAYACT HAJIMUYWE HAPSIy C

rapMOHMKOI OCHOBHOM yacToThl U; apyrux rapmoHuk U, BBICIINX YacTOT (710

COpOKOBOTr0 Topsiika). Hopmupyrorcs k03pOUITUEHTH TApPMOHUYECKUX COCTaBJISI-

roumx Ky )% (momst ot HanmpspKeHHsT OCHOBHOW rapmoHunku). IIpunHoit Hecu-

HYCOUJQIHHOCTH HAIPSHKEHUN U TOKOB B CETSIX SIBISICTCS] HEJTMHEWHOCTH OT/EIb-
HBIX 2JIEMEHTOB ceTu. HamOosbIliee BIUSHUE OKa3bIBAIOT BHINIPSMUTEIIBHBIE YCTa-
HOBKU ITPOMBIIIJIEHHBIX NPEANPUITUI U TPAHCTIOPTA.

Hanpspkenue B 2JIEKTPUYECKON CETH PEeryIupyeTcsl ONepaTUBHBIM MEPCOHA-
JIOM B COOTBETCTBHUU C 3aJIaHHBIMU TpadUKaMu HAMPSDKEHUS] B KOHTPOJIbHBIX TOY-
KaxX CeTH. 3aJal0Tcsl ONTUMAaJbHbIE MOYACOBbIE rpadUKu U MPEAeIbHO JOMYCTH-
MbI€ OTKJIOHCHUSI HAIPSHKEHHUs OT HOMHUHAJIBHOTO. YPOBHH HaIPSHKEHUS JOJKHBI
COOTBETCTBOBATh BO3MOKHOCTSIM DIC Mo pacmnoyiaraeMoi peakTUBHON MOITHOCTH
U cpencrBaMm €€ perynupoBaHus. OnepaTuBHBIM MNEPCOHANT KaXAOM CTYNEHH
yIOpaBJICHHUS OOCCIEUMBACT TIOJJICP’)KAHUE HAIPSKEHUS B KOHTPOJBHBIX TOUYKAX
CETH, HAXOISIIIENCS B €r0 YIPaBJICHUU.

HeoOGxonumocTh BBOAA B AKCIUTyaTallMI0 KOMIIGHCUPYIOIIUX YCTPONCTB U
CPEIICTB PETYJIUPOBAHUS PEKUMA MO0 HANIPSHKCHHUIO U PEAKTUBHOM MOIIIHOCTH 00Y-
CJIOBJIEHO KakK TpeOOBaHUSMHU YJYUILEHHUS KadecTBa 3JIeKTpodHepruu (puc.l.S),

TaK 1 CHUKCHUEM IMOTCPh DJICKTPOSHEPTHUH B JICKTPHUYCCKUX CCTAX.
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1.3. OO6ecneuenue HAAEKHOCTH

HanéxHocTh €CTh CBOWCTBO CHCTEMBI BBINOIHAThH 3a/laHHbIE (DYHKIIUH, CO-
XpaHsig dKCIUTyaTallUOHHbIE MOKa3aTelu B 3aJlaHHBIX mpenesax. CTeneHb BbINOJ-
HEHUs QYHKIUN XapaKTepU3yeTCsl 3HAUCHUSIMU HEKOTOPBIX (DYHKIIMOHAJIOB, HA3bI-
BaeMbIX MokazaTeiasMu HaacxkHocTu. B DOC B kadecTBe €€ PyHKIUH 11€7€C000-
pa3HO paccMaTpuBaTh OOECIEUEHUE COXPAHHOCTU IHEPTETHUYECKOro 000py/I0Ba-
HUs, OecriepeOoitHOe CHaOXKEHHE MOoTpeOuTeNel AJIEKTpOoIHEprueit TpedyeMoro
KaueCcTBa, COXpaHEHHUE napauiesbHonl padoTsel DIC.

Hanéxuocts pynkimonupoBanus 93C onpeaensieTcss HaASKHOCTBIO U TeX-
HUYECKUMHU TOKa3aTeasiMu obopynoBanus: (reHeparopsl, JIOI u 1 .1. ) , cxemoit
AIEKTPUUYECKON CEeTH, 00ECIIEYEHHOCTHIO SJIEKTPOCTAHIIMN YHEPropecypcamu, pe-
KUMaMu paOoThI (3armacaMu CTaTUYECKON M TMHAMUYECKOW YCTOMYMBOCTH), Kade-
CTBOM OOCITY>KMBaHMS, BEJIMUUHON Pe3epPBOB. BONBIIMHCTBO (DAaKTOPOB, BIUSIONIIUX
Ha HaJEXHOCTh CUCTEMbI, MOXKHO II€JICHANIPaBJIEHHO U3MEHATh KakK 3a CcUET Oosee
pPaIMOHAIBHOTO HCIOJIb30BaHUs 3aTpar (IpU MPOCKTUPOBAHHUH, W3TOTOBIICHUH,
MOHTa)K€ U IKCIUTyaTalluu 000pYyI0OBaHUS U CUCTEMBI B 1I€JIOM), TaK U 3a CUET yBe-
audyeHus dtux 3arpar. lloatomy HagéxHocTh OOC ecTh €€ TEeXHUKO-
SKOHOMUYECKHUI MMOKA3aTEIb.

B HacTosimiee BpeMst ucnosib3dyercs noustue "xxupydecte IIC". Tlox "xu-
BY4ECThIO" OOBIYHO TOHHMMAIOT CIIOCOOHOCTH CHCTEMBI BBIICPKUBATH BO3MYIIIE-
HUsI, 00YCJIOBJICHHBIE KPYITHBIMHU aBapusiMU. HanéKXHOCTh 2JIEKTPOCHAOKEHUS TEM
BBIIIIE, 4YeM OoJblIel >XUBY4YecTbio oOsamaer cucrema. OgHAKO BO3MYIICHUS,
ONPEICTAIOIINE KUBYUECTh CUCTEMBI, B OTJIMYHE OT BO3MYIIECHU, OMTPEAEIISIONINX
e yCTOMUYUBOCTD, SIBJISIOTCS PEAKUMU COOBITHSIMU U TIPU pacuére HaAEKHOCTU He
paccmatpuBatorcs. C pemenneM 3aaad oobecrneuenus xxupydectu O9C u EQC cBs-
3aHBl MEPOTPHUATHS, TAPAHTHPYIONIUNE HAASKHYIO0 MapauienbHylo padoty 29C,
MpPEAOTBPAICHUE PA3BUTHS aBaApU B CUCTEMHBIE, HEAOIYLLIEHUE TIOJIHOTO pa3BaJia

99C niu €€ 3HAUNTEILHON YaCTH
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Hanéxuocts DOC o0ecneunBaeTcs:

a) pe3epBUPOBAHUEM, T.€. CO3AAHMEM H30OBITOYHOCTH 31eMeHTOB DJC my-
TEM TyOJIMPOBAHUS WIH BHIOOpA MapaMeTPOB 000OPYIOBaHUS C 3aIIaCOM;

0) co3maHueM IIeJIEHAPABICHHOrO YIIPaBJIECHUs], LI€Jb KOTOPOro odecrneue-
HUE MOJHOIO HCIOJb30BaHUA pe3epBoB B DOC WM MHUHMMH3aUUsA NOTEPh U
yiiepOoB.

CrpemiieHue 00ecrednuTb YJKOHOMUYHOCTh PabOThl SHEPTOCUCTEM O0yCiaB-
nuBaeT BeneHue pexuMoB OOC ¢ MUMHUMAIBHO NOIMYCTUMBIMM 3allaCaMH yCTOM-
YUBOCTH U PE3EPBOB MOINHOCTH. [Ipn 53TOM JMKBHIALMs aBaApUWHBIX CHTyalUil
YCIIOKHSETCA HEOOXOJUMOCTBIO CpalaThIBaHUS LIEJIOT0 KOMILUIEKCA YCTPOMCTB
P3A. Heob6xoauMocTs cpabaTbiBaHMs OOJIBIIOTO Yuciaa yCTpoicTB P3A 1 BBIKIIO-
qaTeJIel MOBBIIIAET BEPOATHOCTh OTKAa3a OJHOTIO MJIM HECKOJIBKUX U3 HUX.

JU1st TOBBIIIEHUS] HAIEKHOCTH M CMATYEHUS TIOCIIECTBUM, BO3HUKAIOLIUX B
O9C aBapuiHBIX CUTYyallMil, MPEIyCMaTPUBAIOTCA CHELUAIbHBIE MEPONPUITHS,
CYILIECTBEHHON YaCThIO0 KOTOPBIX SIBJISETCS PE3EPBUPOBAHME.

Pesepe cenepupyroweti mowyrocmu R — pa3HOCTP MEXIy pacroiaraeMoi

MOIIHOCTBIO cucTembl N, U e€ Harpyskou N. DToT pe3epB mpeaHa3zHAYEH IJis

oOecrieyeHus: CHaOXeHUsl MOTpebUTEeNeil JIEKTPUUECKOW 3Heprue Tpedyemoro
KAa4eCTBa IPY NOBBIILIEHUN MOIIHOCTU HAarpy3KH 0 CPABHEHUIO C OXKUIAEMOM, ITPU
IJIaHOBO-TIPEAYIIPEAUTEIBHOM PEMOHTE, aBAPUNHBIX PEMOHTAX.

XapakTep 3a7aud BbIOOpa M HCIOJIb30BAHUS PE3€PBOB MOIIHOCTH M3MEHSI-
€TCSl B 3aBUCUMOCTH OT BPEMEHHOT'O YPOBHSI pacu€ra U TEPPUTOPHAIBHOTIO pa3Me-
pa 23C. Ha sranax npoektupoBanusi IDIC TJIaBHBIM SBJISETCS OINPEACICHUE U
YTOYHEHHE OOIeH BEIMYUHBI pe3epBa reHEpUPYIOIIel MOIIIHOCTH. HA YPOBHSX XO-
3SIICTBEHHO-/IUCIIETYEPCKOTO YIPABIEHUSI OCHOBHOE 3HAY€HUE MPUOOPETAIOT BO-
POCHl HanbOoJIee pallMOHATBHOTO UCIOIB30BAHMS pe3epBa.

Texanueckuii pezepB R mpegHazHauvaeTcss ajisi oOecriedeHUs: HOPMaTbHOU

pabotel DOC, ero HEOOXOUMOCTh 00YCIOBIMBAETCS TEXHOJIOTMUECKUMU (DaKTO-
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pamu, npucymuMu OIC. TexHUYECKHIl pe3epB MOAPA3AECIACTCA: MO LIEIEBOMY
HA3HAYCHUIO HA aBApUMHBIN, HATPY30UYHBIN U PEMOHTHBIM.

Asapuiinviil pezeps R, MCHOIB3yeTCs NI KOMIIEHCALIMA CHUKEHUH pacIo-

JlaraeMOM MOIIHOCTHU, BbI3BAaHHBIX aBAPUUHBIMU MPOCTOSIMU T€HEPUPYIOIIETO 000-
PYyAOBaHUS.

Haepyszounviu pezepe R, CILyXKUT IS TIOKPBITUSA CIIy4alHBIX HEPETY-

JSIPHBIX KOJI€OaHUN HArpy3KH (4aCTOTHBIN pe3epB).

Pemonmnvii peseps R;, — juis NpoBeCHHS IIIAHOBOIO PEMOHTA 00o-

PYJOBaHUS.

ABapuiiHyI0O 1 Harpy304HYyIO COCTAaBIISIONINE OOBEAUHSIOT B OMEPATHUBHBIM
pesepB R, .

HeoOxonumble KO3 PUIIMEHTHI 3amaca CTaTUYECKOM yCTOHYMBOCTH B IO-
ClieaBapUUHBIX PEKUMAX U YCIOBUSI IPUMEHEHUS TPOTUBOABAPUMHON aBTOMATUKHU
JUIs 00ecTieueHus yCIEeITHOCTU MIEPEXOIHBIX MPOLIECCOB JOKHBI COOTBETCTBOBATD
TpeOOBAHMM MO YCTOMUNBOCTH SHEPTOCUCTEM.

B HOpmanbpHON cxeMe M NpU HOPMAJIBHOM IEPETOKE YCTOWYHUBOCTH B CETH
500 kB u Hmke gomkHa obecrnieunBaThesi 0e3 mpuMmeHeHus [IA mpu Bo3MyIieHUsIX
rpyninsl |. K 3Tol rpymnie 0OTHOCUTCS OTKIIFOUEHHE CETEBOr0 AJIEMEHTa OCHOBHBIMU
3amurtamu nipu ogHodaznom K.3. ¢ ycnemnbim AIIB (miis cereii 330 kB u Boitie —
OAIIB, 110-220 kB - TAIIB), a Takxe ¢ HeycnemHbiM AIIB.

[Tpu otkntouenuu snemenTta cetu 750 kB u Bblllie, B TOM YUCIIE B pE3yIbTaTe
Heycremnoro OAIIB nocne onnogaznoro K.3., ycroitunBocTs MOkeT oOecrevu-
BaThCs ¢ MpuMeHeHueM I1A, Ho 6e3 Bo3aeiicTBus Ha pa3rpy3ky ADC u nipu o0bE-
Me Harpysku, oTkiatouaemoit CAOH, ne 6omee 30 % mepemaBaeMoil IO CEUCHUIO
MOIITHOCTHU U He Oonee 5-7 % Harpy3ku mpuéMHON SHEPrOCUCTEMBI (OObITIee YrC-

JIO OTHOCUTCS K SHEPTOCUCTEME, MEHBIIIEE — K IHEPTOOOBEAMHEHUIO).

B npaBuiax ycTpoicTBa 3JEKTPOYCTAaHOBOK [5] MpUEMHMKH 3JIEKTpOIHEp-

'y pasaciAl0TCAa Ha TpU KaTCropuu. B 3aBucumoctu ot KaTCTrOpHUHU BJICKTPOIIPH-
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€MHHUKOB HOPMHDPYIOTCA IMOKA3aTCIIN HaI[é)KHOCTI/I 3JI€KTpOCHa6)K€HI/IH. I/ICHOJII)?)y-

I0T CIICAYIOIINUC ITOKA3aTCIIN Haﬂé}KHOCTH:

Kasoe

A. Hoxasameﬂb, CBA3AHHbIU C 4ACMOMOU OMKA308. napamemp nonoka om-

® - MATEMATUYCCKOC O KNAAHUC YUCJIa OTKA30B B CAMHUIY BPCMCHU.

b. HOKCZSClmeJZM, C6A3AHHblE C I/IPOOOJZOfCMme]ZbHOCWlbiO Oe30mKaszHoll

pa60m bl U OMKA308.

CpenHsst TpoA0IKUTEILHOCTh 0€30TKa3HOM paboThl (HapaOOTKa HA OTKa3) -
To.
OYHKIUSA: paclpeAciCHUs] BEPOSITHOCTEH MPOJODKUTEIIBHOCTH 0e30TKa3-

HOI1 paboTtsl F (Ti) :

CDYHKIIHH pacipCaciCHuA BepOHTHOCTCﬁ MPOAOJIKUTCIIbBHOCTH OTKa3a

F ().

CpenHsst npoI0KUTENBHOCTh 0TKa3a (CpeaHee BpeMsi BOCCTAHOBIICHHS) - T

wi T,.

MareMatndeckoe OXUIJAHUE CIYYauHOW CYMMAapHOW IPOAOJDKUTEIBHOCTH
0e30TKa3HOM padOThI 32 PACUETHBIN MEPUO, OTHECEHHOE K MPOJIOJKUTEIb-
HOCTH 3TOTO TIeprojia (BEPOATHOCTh pabOTOCTIOCOOHOCTH) - P.
MareMatndeckoe OXUIJAHUE CIYYauHOW CYMMAapHOW IPOAOJDKUTEIBHOCTH
OTKa30B 32 PACUETHBIM TMEPUOM, OTHECEHHOE K MPOJOJIKUTEIIBHOCTH 3TOTO
nepuoza (BEpOSITHOCTh HAXOKJICHHS] CUCTEMBI B COCTOSIHMM OTKa3a) - (.

B. HOK(JS’(ZI’I’ZQJZM, UHMeZPAJIbHO ydumabslearowue 4acnonty, I’lpOéOJZOfCI/l-

meJjlbHoCcmb U 2]1y61/lHy omkKas3oe6.

e DOyYHKIMUS pacnpeaesieHUs] BEPOSITHOCTEN HEOOTIYCKA AJIEKTPOIHEPTUH T10-

TpeOUTeNsIM B Te€UEHUE pacuETHOTO Tieprosa - F (AW&).

L Cpez[Hee 3HAYCHUC MATCMATUYCCKOI'O OXHWIAAHUA HCIOOTIIYCKa J3JICKTPO-

SHEPTUU MOTPeOUTENSIM B TeUeHHUE pacuéTHoro nepuoaa - AW .



22

e OTHOCHUTENIBHOE YJIOBJIETBOPEHUE MOTPEOUTENEH 3JIEKTPOIHEPTrUeil B Teue-

" AW
HUE PacyETHOTO Nepuoaa nzl—W( W — HeobOXxoaumoe KOJIUYECTBO

SHEPrUn).

1.4. OO6ecneyeHue YKOHOMHUYHOCTH

B HOpManbHOM pexxrMe JOJIKHO OCYIIECTBISTHCS 0OecreueHrne norpedure-
JIell AIEKTPOIHEPTHe B MOJTHOM OO0BEME, HOPMATHBHOTO KauecTBa MpPU MaKCH-
MaJbHOW SKOHOMHUYHOCTH TIPOU3BOJICTBA, TIEPEIauil U PACTIPEIACIICHIS SHEPTUHA BO

BCEM DHEProoobeAnHeHuu. Perenue 3Toit 3aaun o0ecreunBaeTcs:

° YIAYYIICHUEM 53KOHOMHUYECKUX XapPaKTEPUCTHUK arperatoB >JIEKTPO-
CTaHIIUH;

° ONTUMU3AIMEN COCTaBa arperaToB, BKIIOUEHHBIX B paboTy;

° ONTUMU3AIMEN PACIIPEICTIEHNSI aKTUBHBIX MOIIIHOCTEN MEXKIY MapaJi-

nenbHO pabortatomumu ODC, AMEKTPOCTAHIIUAMH, U BKIIOYEHHBIMH arperara-
MU,
o ONTUMH3AIMEN UCTIOJIb30BAaHUSI IHEPTOPECYPCOB U BHIPAOOTKU HIICK-
TPORHEPTUH 32 JUIUTEIbHBIN MEPUO]T BPEMEHHU;
o ONTUMU3AIMENH CXEMbl U PEKHUMa DJIEKTPUUECKON CETH IO Hampsike-
HUIO ¥ PEaKTUBHOM MOIIIHOCTH.

VYaydilleHHe 3KOHOMHYECKHX XapaKTEPUCTUK KaXJOTO arperara sBisieTCs
MECTHOM 3a7jauei, peraeMon Ha JIEKTPOCTAHIUSAX.

OCHOBHOM ONTHMM3AIMOHHOW 3aJa4eil 00.120CPOUHO20 NIAAHUPOBAHUA,
pemaemoii o0braHO B LIJIY m OJ1Y, sBnsercs 3amaya ONTUMH3AIUHA HCIIOJIH30Ba-
HUSI THAPOIHEPTETUUYECKUX PeCypcoB KackaaoB ['IC ¢ BOAOXpaHWIMIIIAMHA CE30H-
HOTO, TOAVMYHOTO W MHOTOJIETHETO PETyIupoBaHMs. Takas omTUMHU3alus MPUOITH-

’KEHHO MOJKET OBITH BBINOJIHEHA IO KPUTCPHUIO MaKCUMaJIbHOM BBIpa6OTKI/I 9JICK-

tposueprun ['DC. Ha 3ToM BpemeHHOM 3Tane GopMUpYIOT rpaduKu KanmuTaabHO-
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ro pEMOHTa OCHOBHOT'O SHEPTreTUYECKOro 00OPYIOBAHUS, PACTIPEACIISIIOT TOIUIMB-
HBIE PECYPCHI B TOJIOBOM M KBAPTAJIILHOM pa3pe3ax.

[Ipu Kpamxocpounom naanupoeanuu pemiaeTcs 3ajada BpIOOpa cocTaBa
BKIIIOUEHHOTO 000pyaoBanus. OnTumMuzanus cyTouHoro pexxuma 339C ocyliecTB-
JIETCS IO METOy OTHOCHUTENIBHBIX IPUPOCTOB C YYETOM NOTEPH MOIIHOCTH B Ce-
Tax. [Ipu 3TOM y4yuThIBalOTCS OrpaHuyeHust mo cyrouHor Beipabotke ['DC. Ilna-
HUPOBAaHUE CYTOYHBIX PEKUMOB MPOBOAUTCS MO aKTUBHON MOIIHOCTH C JIOONTH-
MU3aIMEN peKuMa B TEYEHUE CYTOK.

[Toxynarenu M MOCTAaBIIUKU 3JEKTPUUYECKON PHEPruM (MOIIHOCTH) ydacT-
BYIOT B OTHOIICHMSIX KYIUIU-TIPOJAXKH DJIEKTPUYECKOM HPHEPrUM U MOIIHOCTH Ha
ONTOBOM PBIHKE B KPAaTKOCPOYHOM MepcreKThBe. [ yyacTusi Ha ONTOBOM PBIHKE
AJIEKTPO3HEPTUM MHUHUMAaJbHas TpeOyeMas BeJIWYMHA MPUCOEIUHEHHON MOIIHO-
CTH SHEPrOMpUHUMAIOLIEr0 000pYJOBaHUS B IPYIINE TOYEK MOCTAaBKU MOTpede-
Hus coctasisieT 750 kB-A.

MexaHu3M 1eH000pa30BaHUs, TOCPEICTBOM KOTOPOTrO (POPMUPYIOTCS LIEHbI
MOKYNKU / TPOJAXH 3JEKTPOIHEPTUU HAa OCHOBAHUU 3asIBOK YYACTHUKOB, HOCUT
Ha3BaHue «PbIHOK Ha cymKu enepéoy [6, 7]. Ha peiHKe HA CyTKH BIEpE TOPTOBIIS
JIEKTPOIHEPTUEN NPOUCXOJUT IO ILIEHE, YCTAHABJIMBAIOLIEHCS IOJ BIUSHUEM
CIIpoca M IpeIIOKEHNUS.

OCHOBOI1 pbIHKa Ha CYTKHM BIEDPEN SBIISETCS NMPOBOJAUMBIA KOMMEPYECKUM
onepaTopoM onToBOTO phIHKA B Jinle OAO «AIMUHUCTPATOP TOPrOBOM CUCTEMBI»
KOHKYPEHMHbLI ayKyuOH IIEHOBBIX 3a5BOK MOCTABUIMKOB U NMOKyNATEIEN 3a CyTKU
JI0 JaThl peajlbHOM MOCTABKU 3JIEKTPO3HEpruu. Ha peiHKE HAa CyTKHM BIEpEn TOp-
TOBJISL DJIEKTPOIHEPIUEN MPOUCXOAUT MO LEHE, YCTAHABIMBAKOLIEHCS MO BIMSHHU-
€M crhpoca M mNpeaiokeHrus. KOHKYpEeHTHBIM ayKIMOH IPOBOJUTCS MEXAY HO-
CMaswuKamu 31eKmpuiecKoil IHep2uu, B Ka4eCTBE KOTOPBIX BBICTYIAIOT JJIEK-
TPOCTAaHLUH WIH TE€HEPUPYIOIINE KOMIIAHUU ONTOBOIO PBIHKA, U HOKYyRAmMeIAMU
IIEKMPUYUECKOll IHEP2UU, B KAUECTBE KOTOPHIX BBICTYIIAIOT YYaCTHUKHU — IOTpE-

OuTeNn 3IEKTpUYECcKoil sHepruu. Pe3ynbraraMu KOHKYPEHTHOTO ayKI[MOHA SIBIISI-
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IOTCSl I0YACOBBIE 3HAYEHUS LIEH U 00BEMOB Ha KaXKJIbIi 4ac CIEAYIOIUX CyTOK. B
E3C Poccun nporso3upoBaHue (IUIaHHPOBAHUE) DJIEKTPOIHEPTETUUECKUX PEXKU-
MOB OCYILECTBIIIETCS] HA MHTEPBaJIbl BPEMEHU B OJIMH 4Yac, IOATOMY BCE ONepaluu
[0 MOKYNKE M MPOJAXe 3JICKTPOIHEPTUM HA ONTOBOM DPBIHKE AJIEKTPOIHEPIUU
TaK)K€ OCYILECTBIISIIOTCS C TUCKPETHOCTHIO B OJIMH Yac.

B 11eHOBBIX 3asBKaxX y4aCTHHUKOB OITOBOIO PhIHKA cojepkarcs 24 mapsl Io-
YAaCOBBIX 3HAYEHUH «LI€HA-KOJIMYECTBO» JUISl ONPEICIEHHBIX CYTOK IOCTaBKU
AIEKTPOIHEPTUH. 3HAUYCHHUE «II€HA» KaXKJI0M MOYacOBOM IMapbl COAECPKUT XKejae-
MYIO IIEHY CIIpoca / MpenIoKeHus], OTPaKarolyt0 TOTOBHOCTh YYaCTHUKA KYIUTB /
POJaTh B IPYIIE TOUEK IMOCTABKH 3JEKTPOIHEPIHIO 10 IEHE HE BBILIE / HE HUXKE
yKa3aHHOW B 3asdBKe. 3HAYEHHE «KOJUYECTBO», YKa3aHHOE B 3asiBKaX, OTPAXKaeT
BEJIMYMHY >KEJIAEMOI'0 CIPOCa WM MPEJIOKEHNST YYaCTHUKOB ONTOBOI'O PBIHKA Ha
MOCTAaBKY AJIEKTPOSHEPTHH C ONTOBOIO PhIHKA. BEIMUYMHBI «KOJIUYECTBO», YKa3bl-
BacéMbl€ B 3as8BKaX, YYACTHUKHU OINTOBOrO pbIHKAa (POPMHUPYIOT Ha OCHOBAHHUU pe-
3yJIbTaTOB IOYACOBOIO MJIAHUPOBAHUS M MPOTHO3UPOBAHUS OYyIIUX MOKa3aTeneil
COOCTBEHHOI'O CIIpOca Ha 3JIEKTPONOTPEOICHHUE.

Pe3ynbTaTtoM KOHKYPEHTHOTO OTOOpa SIBJISIFOTCSI ITOYAcCOBbIE OOBEMBI U 11€-
HBI, TIOJTy4aeMbIe B Pe3ysIbTaTe MEpeceueHus MOJMyYeHHbBIX KpuBbIX (puc. 1.7). Bee
00BEMBI, YKa3aHHbBIE B 3asBKaX Ha MOKYNKY / MPOJAXy 3JIEKTPOIHEPTUH, OKA3aB-
HIMecs cjeBa OT TOYKU NEePecedeHMs KPUBBIX, SBISIOTCS BOCTPEOOBAHHBIMHU PhIH-
KOM M OTOOpaHHBIMU Ha CYTKHM Brepén. Te 3asiBKH, 00bEMBI KOTOPHIX OKa3aJIUCh
npaBee MepeceueHus], sIBIAI0TCS HEBOCTPEOOBAaHHBIMU phIHKOM. [lokynaTenu, ybu
3asiBKM OKa3aJMCh HEBOCTPEOOBAHHBIMHU PBIHKOM, MOTYT JIMOO OTPaHUYUTH CBOE
notpebieHue, TM00 NOTPeOISATh MIEKTPOIHEPTUIO, HO YXKe MO 00Jiee BHICOKHUM IIe-

HaM.
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Lfeng

Pg’ﬁ/MBﬂ? *y l OGbembl U LeHbI, OObeMbl U 1IEHBI,
BOCTpeOOBaHHbIE PEIHKOM He BOCTpeOOBaHHbIE PBIHKOM

PaBHoBecHad uena "Prinka
Ha CYTKH Bnepen”

3asiBKK noTpeduTenei

\ (kpuBas crnipoca) _rr

:_|_

PaBHoBecHBIH

:\ 00BeM

3asgBKH TeHepaTopoB
(KpuBas NPEeaIoKCHI)

T

Jover, MBm*y
Puc. 1.7. ®opmupoBanue 1ieHs! «PbIHKA Ha CyTKH BIIEpea»

['eomeTpuyeckass WUIIOCTpalMs MPaBUI LIEHOOOpPa30BaHUS Ha pHIHKAX,
IIPEANOJIAraloIMX YYET 3aBUCUMOCTH LIEHBI OT MECTa PACIOJIOKEHU y3J1a IIPUCO-
€AMHEHUS JIEKTPOYCTAHOBKHM YYaCTHHKA PhIHKA K 3JIEKTPUUYECKON ceTH, rpaduye-
CKM HAYEM HE OTJIMYAETCS OT NPUBEAEHHOM Ha puc. 1.7. OTIn4ms COCTOAT B TOM,
4TO:

a) rpaduKu crpoca U NPeIOKEHUS TOKHBI ObITh MPEACTABICHBI IS KaX-
JIOTO y3J1a PaCYETHON MOJEIIM SHEPTOCUCTEMBI;

0) 3HaueHHE PABHOBECHOM IIEHBI B KAXKJOM Yy3Jie pacu€THON Mozaenu (y3J10-

BOM 1I€HBI) OMPEIESETCS C YYETOM MOTEPh MOIIHOCTU B AJIEKTPUUECKOW CETH
IIpU TIepeaye JIEKTPOIHEPTUU B PACCMATPUBAEMBIN Y3€ll U3 y37a, B KOTOPOM
HAXOJUTCS YIOMSHYTBIA T€HEPATOP, TOCTYMHBINA MO MPOMYCKHOM CIOCOOHOCTH

CCTH.

MaremMaTudecKu y3J10Basd IICHA pPbIHKA CMJ OIpCACIIACTCA KaK 4YacCTHas

IPON3BOJHAST CTOMMOCTH 3JeKTpodHeprun C, B y3ie K, KOTOopslil pacnomnaraer

HauOoJiee JCIIEBBIM JOCTYIHBIM TEHEPATOPOM C TOYKH 3pEHUs y3ia |, OT

narpysku W j B JAaHHOM Y37I€ |
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C, =0C oW,

Bce BHemmaHoBbIe OTKIOHECHHS (DAaKTHUECKUX BEIUYHH JJICKTPOIMOTpeOIie-
HUS OT paHee MOJAHHBIX MPOTHO30B JOKYIAIOTCS U MPOJAIOTCS MO IPYTUM IIeHaM
B CEKTOpPE ONTOBOTO PBIHKA, HA3bIBAEMOM «Oa1aHcupyrouwjuil pelHok». banancu-
PYIOIIMI PBIHOK MPEACTABISET COOOWM PHIHOK OTKJIOHEHHUH (PaKTHUECKOro 1Mo4aco-
BOTO MPOU3BOJACTBA M MOTPEOJICHUS DJIEKTPOIHEPTHH OT IUIAHOBOTO TOPTOBOTO
rpaguka U NpeaHa3HadyeH sl oOecnedyeHus OaliaHca MPOU3BOJICTBA U MOTpedIie-
HUS B peasibHOM BpeMeHu. «Hebamanc» B sneprocucreMe perynupyercs Cucrem-
HBIM OTIEPATOPOM MOCPEACTBOM PETYIUPYIONTUX BO3CHCTBUN HA IJIEKTPOCTAHIIUU
B YaCTH YBCIIMYCHUS WU CHIDKECHUS IIPOU3BOICTBA JICKTPOIHEprud [8].

[leHb!1 6aaHCHUPYIOMIETO PHIHKA HEBBITOIHBI JJIS YYaCTHUKOB, JOIMYCTUBIIUX
OIMOKKA B MPOTHO3E, TEM CaMbIM, MpaBUjIa PHIHKA CTUMYIHPYIOT YYaCTHHKOB K
MOBBIIICHUIO TOYHOCTU MPOTHO3UpoBaHusA. Kak ObUIO CKa3aHO paHee, MPEBBIIIe-
HUE (PAKTUUYECKOTO JIICKTPOMOTPEOICHUS HaJa IUIAHOBBIM OOS3BIBACT yYaCTHHUKA
JOKYTIUTH AIEKTPOIHEPTHIO HA OaIaHCHUPYIOIEM PBIHKE, CHIKEHHE (PaKTUIECKOTO
NOTPEOICHUST OTHOCUTEIBHO TJIAHOBOTO OOSI3bIBAET YYACTHHKA MPOU3BECTU CIEI-
Ky MPOAaXH U3JUIIHEr0 o0hEéMa Ha OAJIaHCUPYIOIIEM PBIHKE IO IleHaM OajlaHCH-
pytomiero peiaka (puc. 1.8).

Eciu  Qaktuyeckoe >31eKTpONOTpedIeHHe SHEProCUCTEMO MPEBBICUIIO
IUTaH, TO CUCTEMHBIN OmepaTop MooYepEIHO 3arpyKaeT IEKTPOCTAHIINN, HAUMHAS
C CaMOM «JICIIEBOW.

Ilena OamaHcHpYIOIIETO PHIHKA B JIAaHHOM cCly4ae OyAeT ompenesieHa IIo
IIEHE 3asiBKM T€HEPaTopa, Ubsl CTYNEHb OKa3ajach Ha MepeceueHnu 00bEéMa moTpe-

oureneii (puc. 1.9).
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TTman

OTKIOHEHUA BBEPX.
[Tokynka ma
L’)HJIHHCIIPHILL{GM PBIHKC

——— dakr

Jober, l
MBm

OTKIOHEHHS BHE3.

[Ipojaxka na .
OanaHCHPIOLLEM PBIHKE

T

0 6 % 18 24
Bpems yac

Puc. 1.8. OTkI0oHEeHUS (baKTI/I‘IeCKI/IX I1049aCOBbIX BCIINYHNH 3JI€KTpOHOTpC6JICHI/IH OT IIPOTrHO3HBIX

leng
Pyﬁ/ME/ﬁ *y Tpesbimenne BeMHYHHbL (PAKTHIECKOTO

‘ 3EKTPONOTPedIeH s Hal MJIaHOM
3asku norpeduteneii (cnpoc) } |
\ I
Llena Oanancupyromero \ |
\ |
|

PbIHKA
\F ______________________ L
[Tpu npeBbieHn#H HaKTHUECKOTO
| |

LleHa pacteT =
SNEKTPOMOTPEOJICHHA Hal MITAHOM

77777777777777777777 MPOHU3BOANTC 3arpyska omnee
JIOpOTHX reHepaTopoB

/ PaBroBecHbIH

0OBeM

PaBHoBecHas ueHa
"PbiHKa HA CYyTKH Brepen

3asBKH reHepaTopoB (ﬂpeﬂﬂO)KCHHC) /
4 I—

Jover, MBm™y

Puc. 1.9. ®opmupoBanue 11eHbI OATaHCHPYIOMIETO PHIHKA IPH TMPEBHIIICHHH (aKTHIECKOTO I10-
TpeOJICHUS] SHEPrOCUCTEMOM HaJl TTaHoM [ 8]

OOparnast curyanus: ecinu (aKTHUEeCKOe DJIEKTPONOTpedieHne YHEProcu-
CTEMOM O0Ka3aJOCh HWXKE IUIAHA, TO CUCTEMHBIM ONEPATOP MOOUYEPENHO CHUMKAET
Harpy3Ky 2JIEKTPOCTAHIIMM, HAYMHAs ¢ caMoi «jaoporoity. [leHna Gamancupyroriero
pBIHKA B JAaHHOM cily4yae OyJeT ONpejesieHa Mo 1eHe 3asBKU FeHepaTopa, Ubs CTy-

IICHb OKa3ajach Ha IepecedeHnn 00béMa norpedureneit (puc. 1.10).
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Uerg
Pyﬁ/MSm h—r’l CHUmEHHE BETHIHHBL (JaKTHIECKOTO

I I 'r.'[L‘h'J|11‘[Il‘]']106.'ICI!HH OT INTAHOBOTO

3agekn norpedureneit (crpoc) | |
| il
| |

PapHoBecHad eHa | | —
"PHIHEA HAa CVTKH BHepen”

N S

S

[ena GamancHpywmero
PHIHEQ LleHa cHuxaeTca

IIpH pakTHUYECKOM CHHKEHHH
SMeKTponoTpedneHHd 0THOCHTeIBHO MIaHa,
~_ TPOHIBOHTEA PAiTpy3Ka TEHEPATOPOB,

T~ HAUHHAA ¢ CAMEIX JOPOTHX

3a4BKH reHepaTopoB
(npesozxeHne)

PaHOBeCHBIH
o0BeM

A

e

E——

ver MBm *y
Puc. 1.10. I'paduueckoe popmMupoBaHre IIEHBI OAIAaHCHPYIOLIETO PHIHKA IPU CHIKEHUU (aKTH-
YEeCKOro MOTpeOIeHHs SHEPrOCUCTEMOM OT IIaHa

Takum 00pa3oM mHpu IUIAHUPOBAHUU Ha CYTKHU BHEPE] (CHOTOBBIM PBHIHOK)
pelaroTces 3a1a4u KOHKYPEHTHOro 0T0opa:
e IIOCTABIIMKOB MOIIHOCTH;
¢ COCTaBa BKJIIOYEHHOI'O T€HEPUPYIOIIETO 000PYI0BaHMUS;
¢ TOCTaBIIHUKOB 3JIEKTPOIHEPTUU NPH MJIAHUPOBAHUM TUCIIETYEPCKUX rpadu-
KOB Ha CYTKU BIIEPEN;
¢ TIOCTABIIMKOB 3JIEKTPOIHEPTHH Ha OATAaHCUPYIOLIEM PhIHKE.
Peenue Bcex 3a7a4 KOHKYPEHTHOTO 0TOOpa MPOU3BOJUTCA MO CIAEAYIOIIEH
YHUBEPCAIBHOU CXEME:
® AJMUHUCTPATOP TOPTOBOM CUCTEMBI COOMPAET 3asiBKM YUACTHUKOB;
® 3asBKM HAKJIAJIbIBAIOTCS HAa PacUETHYIO MOJENb, POPMUPYEMYIO U aKTyaslu-
3upyeMyr0 CHCTEMHBIM OIIEPATOPOM B COOTBETCTBUHM C IJIAHUPYEMBIMU CH-
CTEMHBIMHU YCIIOBUSAMY;
® IIPOU3BOJUTCS ONTUMHU3ALMOHHBIN PACUET C yYETOM CUCTEMHBIX OrpaHUYE-
HUM — LIEHOBOWM ayKIIMOH, B pe3yJIbTaT€ KOTOPOI0 y YYAaCTHHUKOB pBIHKA

dopmupyrorcs 00s3aTenbeTBa (rpadMKy MOCTABKU/TIOKYTIKY U IIEH); Ha OC-
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HOBAHHHU IIOJIYUCHHOI'O PCIICHHA OIIPCACIIAIOTCA PCKUMHBIC I1apaMCTPhI

EDC n O3C, no3Boastomue peain3oBaTh Pe3yIbTaThl ayKIIHOHA.

1.5. Hudopmanus Aas ynpaBjieHHs pe:KMMaMI

OneHka I0MyCTUMOCTA U SKOHOMHUYHOCTH PEXUMOB DIC U 3JEKTPUUECKOMN
CETH, IPUHATHE PEIICHUN MO YNPABICHUIO UX PEXUMaMU OCHOBAaHO Ha cOope, 00-
paboTKe U aHaJIN3€ 3HAYUTENbHBIX 00BEMOB TEXHUYECKOM U AKOHOMHUYECKON WH-
dbopmanuu. Yacts 310 nHDOpMaLIUK IPEACTaBIsAET COOON MOTOKU TaHHBIX C 00b-
€KTOB YNPABJICHUS 00 UX COCTOSIHUM M pexuMax padoTsl. O0paboTKa MOCTyIaro-
el uapopmainuu BeAETCS B PEKUME PEATbHOTO BPEMEHH, MOATOMY KayeCTBO
MPUHUMAEMBIX JTUCTIETYEPOM PEUICHUM U YCIOBUS pabOThl aBTOMATUUYECKUX CH-
CTEM 3aBHCST OT HAJAEKHOCTU U TIPOU3BOAUTEILHOCTH HHPOPMAIIMOHHBIX CUCTEM.

Hpyras yacte uHbOpMAINK MPEACTABISIET COOOM MOTOK JAAHHBIX IIJIST OCY-
HIECTBJICHUS JIOJITOCPOYHOTO U KPATKOCPOUHOTO TUIAHUPOBAHUSL PEKHUMOB, KOOP-
JUHALIMY PEMOHTHOM JI€SITEIbHOCTH.

Haunbosee TOYHBIM M ONEpPAaTUBHBIM HCTOYHUKOM JAHHBIX O IMapaMeTpax
pexuma IOOC daBIsETCS meneungopmayus, NOCTynamm@as B AUCIETYCPCKHUI
MYHKT M0 KaHajlaM CBA3U TesjeMexaHuku. CpelcTBa TeIeMEXaHUKHU HCIIOIb3YIOTCS
JUTSL ONIEPATUBHO-TUCIIETYEPCKOTO KOHTPOJISL peKuMa pabOoThl 3JEKTPUUYECKUX Ce-
e u I9C (Tenen3Mepenusi, TeeCUrHanu3aius) U TeaeynpasieHus (epexitoue-
HUsA, OJIOKUPOBKH, U3MEHEHUE YCTABOK PETYJIATOPOB).

Cucmema menemexanuku COCTOUT U3 JIUCIIETYEPCKOTO MyHKTa TelleMexa-
Huku (IT) u MHOX)ecTBa KOHTpOsIbHBIX MYHKTOB (KII), cBa3annbix ¢ I nunusmu
CBSI3M, KaK MPaBUIIO, 0 paauanbHoil cxeme (puc. 1.11). JAI1 tenemexaHuku oObIu-
HO pa3MeIlaeTcs Ha AUCHETYEPCKOM IyHKTE 3JIEKTPOIHEPIETUYECKOIO MIPEANpUsI-
tus, a KII TenemexaHuky — Ha MOJCTAHUMAX U DJIEKTPOCTAaHUUIX. B kauecTBe nu-
HUM CBSI3U MOTYT MCIOJIb30BaThCsl OObIYHBbIE KaOenu CBA3M, ONTOBOJIOKOHHBIE Ka-

Oenu, TMHUU 3JIeKTponepenauu, cpeacrsa paauocsssu. Cpencreamu JI1 u KII Te-
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JCMCXAaHHKH IIO0 OHHOﬁ JIMHUU CBA3U Ha PA3HBIX Y4CTOTAaX MOTI'YT CO34aBaTbCA HC-

CKOJIBKO KaHAJIOB CB3H.
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Puc. 1.11. CtpykTypHas cxema TeJIeMEeXaHUKH

K xaxxnomy kanany ceasu Ha KII noakmrouaercs onvH JaT4uK meneusme-
penusa (TUN), uzmepsronuii Kakon-mu00 OJIMH apaMeTp pekuMa 00beKTa, UM He-
CKOJIBKO 1aTuynKoB menecuznanos (TC). Tenecurnanibl HeCyT HHPOPMAIUIO O TO-
JI0’)KEHUU (BKJIIOUYEHO, OTKJIFOYEHO) BBIKJIIOYATENEH, pa3beIUHUTENCH, OTAeIUTE-

nen. Ouepennbie TU, TC noctynarot B Il TenemexaHWKU KakAble 5 CEKYHI,
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OTOOpa)KarOTCs Ha MIUTE YIPABICHUS U COXPAHAIOTCS B apXUBaX C pa3jIM4YHOMN IITy-
OMHON PETPOCIEKTUBBHI.

Cucrema TC oxBaThIBaeT MpakTUYECKH Bce 3neMeHThl DDC sl HanpshKe-
Hu# BhilEe 35 KB 1 MO3BOJISIET KOHTPOJIUPOBATH JHOOBIE U3MEHEHHS COCTaBa dJIEK-
TpU4ecKoil cetn u re”eparopoB. Cucrema THU, npeaHazHaueHHass AJI1 KOHTPOJIA
pexuma padoTel 9C, BechbMa OrpaHUYEHA U MO3BOJSET KOHTPOIUPOBATH TOJIBKO
HanOosee Baxkuble dyieMeHThl. B coctaB TU Bxomst motoku morHoctu JIDIT 220
kB u Bbitie, aBroTpanchopmaropo [1C, MOITHOCTH ANEKTPOCTAHLIUNA U HANpPSKE-
HUS B KOHTPOJIbHBIX TOUKax cetu. JIuauu 110 kB ocHamarorcesa yctanoskamu TU B
OTpaHUYEHHOM 00BEME.

[IpuMeHsieMble B HAcTOsIIEE BPEMsl B SHEPIETHKE CHCTEMbl TEJIEMEXaHUKH
MOTYT HacuMThIBaTh HECKOJIBKO Thicsid TU m TC. C moMounipro OJHON CUCTEMBI
JUCIIETYEPCKON TEIEMEXaHUKHU HAOII0AAeTCsl TEPPUTOPHS IPUMEPHO OJTHOM 00J1a-
ctu wi kpas (puc. 1.12).

Jluauu, TpancopmaTopbl U COOpHBIEC HIMHBI, CHA0KEHHBIC YCTPOHCTBAMHU
TU, o0Opa3yloT 3JeKTpUYECKU CBSI3aHHBIA PailOH CETH, Ha3bIBa€MbId Hadi00ae-
MOIl 4aCmMpo SIEKTPUIECKON CETH.

OcranbHble 2JIEMEHThI 00Pa3yIOT HeHabawoaemyro uacms. I'paHuna Mexmay
OTUMH YaCTAMHM NPOXOJMT, KaK MPaBwio, no muHam noxacranuui 110 m 35 kB.
OtcyrctBue TU B HeHaOmogaemMoil, BecbMa OOJBIION YaCTH CETH, CYIIECTBEHHO
3aTpydHsSIeT pacdy€Thl peKUMOB. Pacu€THasi cxema ceTh MOXKET ObITh OoJiblle
Ha0JII0JaeMOI YaCTU CETH MPH UCMHOIb30BAaHUM JOIMOJIHUTEIBHON HH(OpPMALIUY U3
JIPYTUX UCTOYHUKOB.

OnnoBpemenHo ¢ TU nu TC B aucneTyepcKuil IMyHKT 3JIEKTPOIHEPreTHYe-
CKOTO MPEINpUATHS MOCTYMAeT peKuMHas UHPOpMALUS A6MOMamu4ecKou Cu-
cmemuvl Kommepueckozo yuéma rnekmpornepeuu (ACKYD). C nomompio AC-
KVY3 ocymecTBisiercs B EpBYO O4epeb KOHTPOJIb U GuKkcamusi 00bEMOB 3JIEK-
TPO3HEPIHH, NEPEJAHHON U MPUHITON B TPAaHUYHBIX TOYKAX 3JIEKTPOIHEPreTHYE-

CKOI'o nmpCarpusTus.
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OnHoBpeMeHHO ¢ yuéroM anekTposHepruu B ACKYD ocymecrBusiercs pe-
TUCTpalys, Mepejaya U XpaHeHUue rpa@uKoB HAarpy3Kd B TPAHUYHBIX TOYKaX, B
tom unciie B muHusAX 10(6) kB, otxomsmux ot moacrannuii 110/10(6) xB.

JIOTIOJIHUTENBHO MCIIOJIB3YIOTCSI CE30HHBIE CYmOUYHblEe KOHMPOJIbHbIE 3aMe-
Pbl MOIIIHOCTEN Harpy30K M HampsbKeHHWH y3i10B cetd. [Ipu mpoBeneHuun 3TuX 3a-
MEpOB B TEUCHHUE XapAKTEPHBIX CYTOK 3aMHMCHIBAIOTCS MOKa3aHUS BCEX MPUOOPOB,
YCTAaHOBJICHHBIX HA MOJACTAHUUAX U ANEKTPOCTAHUIUSIX.

Bes undopmanus, nocrynaromas Ha JUCHETYePCKUil MyHKT (IaHHbIE Tene-
mexanuku, ACKYD, KOHTpOJIbHBIX 3aMepOB), COAEPKUT OomuOKU. OHU 00yCIIOB-
JIEHbl B OCHOBHOM OIPaHMYEHHON TOYHOCTBIO NMPUOOPOB M3MEPEHMI, pa3HOBpeE-
MEHHOCTBIO M3MEpEeHHUH, a B cucteMax TeineMmexaHuku u ACKYD u gnuHou uH-
(OpMaIMOHHOTO CJI0BA, B KOTOPOE 3alMChIBaeTCsl 0OHO n3Mepenue. HopmartusHast
OTHOCHTEJIbHAs MOrpemHocTs u3Mepenus P, Q cocrasnser 1,2...2,0 %, Hanpsoke-
Husg — 0,5...1,0 %. ['pyObie omubKku 00yClIOBIEHB TOMEXaMH U OTKa3aMU B CH-
CTeMax TEeJIEMEXaHHUKH, yejoBeueckuM (akropoM. Hannume ommbOK B MCXOIHOM
uH(popManuu o0yCIIaBIUBAET BRIPAOOTKY MEp MO MOBBILIEHUIO €€ JOCTOBEPHOCTH.

CylI11eCTBEHHOTO MOBBIIIEHUSI KauecTBAa HCXOJHOW HH(POpPMAIMM MOKHO
o0ecreyuTh, IPEXK/Ie BCero, MyTéM NMpUMEHEeHHsI 00Jiee COBEPIIEHHBIX (M JOPOTHX )
TEXHUYECKUX CPeACTB. BTOpOW MyTh MOBBILIEHUS KaYeCTBAa MCXOJHOM MHpOpMa-
UM — 3T0 00pabOTKa JAHHBIX C MMOMOILIBIO CHEHHAIBHBIX alropuTMoB Ha DBM
(bumpTpanms nanabx) [9].

Pa3Butne nHpopmanmonspix cucreM CUCTEMHOIO OIlepaTropa paccMaTpHBa-
€TCsl KaK BakKHasi OpraHU3allMOHHO-TEXHUYECKas U SKOHOMUYecKas 3a1ava. K nep-
BOOUYEPEIHBIM HAMPABICHUSAM Pa3BUTHS MHPOPMALIMOHHBIX CUCTEM OTHOCSTCS:

® COBEpLICHCTBOBAHUE CPEJICTB U CUCTEM aBTOMAaTH3allUU MPOLIECCOB TEX-
HOJIOTMYECKOTO YIIPaBJICHUS;

® yIy4lIEHUE TEXHOJOTUH nepeaaun, o0padOTKH U 3alUThl HH(OPMAIUK;

® pa3paboOTKa KOPIOPATUBHBIX NHHOPMAIIMOHHO-CETEBBIX CUCTEM.
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[lepcieKTUBHBIMU HAIIPaBICHUAMH PA3BUTHUS HHQPOPMAIMOHHBIX CHCTEM
CJIEyeT CUUTATh:

e BHE/IpeHHE LU(POBBIX CUCTEM TEJIEMETPUU OOBEKTOB M PECYPCOB AJIEK-
TPO3HEPIETHKHU U CO3/IaHUE OTPACIIEBBIX 3aIUIIEHHBIX CUCTEM;

® Pa3BUTHE TEXHOJOTUU YIPABJICHHS HA OCHOBE CHUCTEM ONEPATUBHOIO MO-
HUTOPUHTa OOBEKTOB U PECYPCOB;

® WHTErpaIys CUCTEM TUCTIETUYEPCKOTO YNpaBICHUS, BU3yAIU3allMd U OTOO-
pakeHHs MH(OpPMAIMKU U Pa3BUTHE TEXHOJOTHUI YIpaBiI€HUsS HA OCHOBE MOHHUTO-

PHHI'a U IIPOTHO3UPOBAHUA COCTOAHUA 00BEKTOB U PECYPCOB.

2. OCHOBbBI MATEMATHYECKOI'O MOAEJIMPOBAHUSA
PEXUMOB 23C

2.1. MoaeaupoBanue 00beKTOB ynpajenusi B 99C

UToObl KOJWYECTBEHHO XapaKTePU30BaTh CBOWCTBA DJEMEHTOB CETH
(puc.2.1), cCOCTaBIAIOT €€ Mamemamuueckyro U KOMRbIOMEPHYI0 MOOeau TyTEM
oOveauHeHus: Monenel otaenbHbix 3neMmentoB (JIDII, tpancdopmaTopoB, KOM-

NEHCUPYIOIIHUX YCTPOUCTB U Ap.).

[Tpuémnas
lOgOBI\C/:IB B1 cucreMa
' 13,8/500 kB g 1 200 KB Tywmg 2 B3 500/13.8 KB'SOOO MBT
~. e
950 MBt 944 MBTt (TaTkoM Harpyska
SVC 5000 MBr
200 MBap

Puc.2.1. [IpunnunuaneHas cxema aekrpornepenaaun ['9C — cucrema
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[Tox MaremaTruecKoi MOJAEINIbIO MOHUMAIOT MPUOMKEHHOE ONMKUCAaHUE 00b-
€KTa MOJICJIMPOBAHMUS, BEIPAXKEHHOE C MOMOIIBI0 MaTeMaTHYECKON CUMBOJIMKHU O€3
KOHKPETHU3AIlMU YMCIOBBIX 3HAUCHUH €€ mapaMeTpoB. Peann3zoBaHHas Ha KOMIIbIO-
Tepe MaTeMaThyeckas MOJeNIb Ha3bIBA€TCS KOMIIBIOTEPHON MaTeMaTHU4eCKOW MO-
JIeNbI0, @ IPOBEICHHE LIEJICHANIPABICHHBIX PACUYETOB C IMOMOIIBIO KOMITBIOTEPHOM
MOJICNIA HA3bIBAIOT @bIYUCAUMENbHBIM IKCnepumenmom. I1lupokoe pacnpoctpa-

HEHUE TMOJYYWIM KOMIIBIOTEpHbIE Mojenu (puc. 2.2), paspabaTbiBaeMble s

MatLab — Simulink.

Monenb Monaenb
TeHEparTopa TpchqaopMaTopa MOZ[GJ'II: JINMHUU
e B Bz -
A et oA a|e—s
1 = B‘?E‘h —
s =|* w|e—s ] =
fd1 1000 bW 1000 hve L1 250 km L2 350 km l
12.8 KWIS00 kY Tmo
Load
oo MOI[eJ'IL % 5000 b
Fault Breaker \ sy Harpy3ku
[(Phazar Type) L
M A =t oA a|le—
(001(SA105% B3t
Turbine & I[ Lutn (puds > C"%%c
Regulators b1 CTaTKOM P .... N YT s
Monens v 13,8 K00 K
SVC

TypOMHBI

0.z09094

Pref2

Puc. 2.2. KOMHLI-OTepHaH MOZCIIb IJIA aHAJIN3a YCTAaHOBUBIICTOCA U IEPEXOAHBIX PEKUMOB

BIIEKTpOIIepeIaun

Mojenu cetr cOCTaBISAOT ISl BBIIIOJHEHUS pacu€ToB €€ pEKUMOB Ha OCHO-
BE€ NPUHUUINHAIBHBIX CXEM COCOUHEHHM WM CXEM KOMMYTAlMHU. TpagullOHHO
npu u3ydyeHnn DIC MaTeMaTHYeCKUe MOJENH €€ AJIEeMEHTOB, ceTh U DIC Ha3bI-
BAIOT cxemamu 3ameujenusn. Monenu (CXxembl 3aMEIICHUs) OTAETbHBIX 3JIEMEHTOB
COCTOSIT, KaK MPABUJIO, U3 HECKOJBKUX KOMIIOHEHT, OTPaXKaIIIMUX ONPEIEIEHHOE
AIEKTPOMAarHuTHoe sBieHue. [lpm pacuérax CHUMMETPUYHBIX YCTaHOBHUBIIUXCS
PEXKUMOB MOJIENH AJIEMEHTOB COOTBETCTBYIOT OAHOU (haze TpéxdazHoil IneKTpu-
yeckoil menu. OOmmIEl YacThi0 BCEX TAaKMX MOJENEH 3JEMEHTOB, 00pa3yIOIINX

CETh, ABJIACTCA HCﬁTpaHB Oemu, I/I306pa}Ka€MaSI B BUJC 3a3€CMJICHH .
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BaxHelmuM sIBJIEHUEM, OTPAXKAaE€MbIM B MOJEJH KaXKJIOTO dJIEMEHTA, SIBIIS-
€TCSl €ro IHepzemuyeckasa xapakmepucmuka. [1oTepn aKTUBHON MOIIHOCTH OT-
PaXKaOTCSI AKTUBHBIMU COIPOTUBIICHUAMU WJIM MPOBOAUMOCTAMU. [loTepsam peak-
TUBHOW MOIIIHOCTU COOTBETCTBYIOT PEaKTUBHbIC (MHAYKTHUBHBIE) COMPOTUBIICHUSA
WJIA IPOBOAUMOCTH. | '€Hepanns peakTUBHOM MOIIIHOCTH OTPa’KaeTCs EMKOCTHBIMHA
CONPOTHUBJICHUSIMHA WA POBOAUMOCTSIMH.

B monenu snemenTa, rpaduyeckum U300pakKeHUEM KOTOPOH SIBISIETCS CXe-
Ma 3aMEIICHUs, UMEIOTCA HPOOOIbHble U nonepeunvlie gemeu. 110 MpoaoIbHON
BETBU IPOXOAUT TOK HArpy3ku. [IoTepu MOIIHOCTM B 3TOW BETBU OIPEIEIISIETCS
Harpy304HbIM TOKOM. [lomepednsie BETBM BKJIIOYECHBI HA MOJHOE HAIPSIKECHUE U
COEIMHEHBI C HEUTPAIbIO CXeMBbI. [loTeprn MOIIHOCTH B TakUX BETBSIX OMpEICIs-
I0TCS BeJIMUMHOM Hampspkenus. Ha cxeme 3amemienust TpancdopmaTopa U aBTO-
TpaHchopmaTropa AOMOIHUTEIBHO OTPAXKAETCs SBJICHHE TpaHcpopMaluu, T.€. U3-
MEHEHHUS [TapaMETPOB PEKUMa — HANIPSHKEHUI U TOKOB. 3HAUYEHHUS TTOJTHOW MOIIIHO-
CTH IIPU 3TOM HE U3MEHSETCS.

B Monenu cetu MOMKHBI OBITH OTOOPAXKEHBI JIEMEHTHI, COOTBETCTBYIOIINE
pabore moTpedbuTeneld 1 UCTOYHUKOB MUTaHUS. Tak Kak ATH dJIEMEHThI COOTBET-
CTBYIOT MOTPEOJICHUIO MOIIIHOCTH U T€HEPALINH, TO UX MPEACTABIISIOT HAZPY3KAMU.
['eneparuss MOITHOCTH MPEICTABISAETCS KaK MOTPEOJICHNE MOIIHOCTUA ¢ OOpaTHBIM
3HAKOM.

MopaenupoBanue pexumMoB EDC u O3C sBnsiercss OAHUM U3 BaXKHEHIINAX
HANpPaBJICHUN JEATEIBHOCTH II0 OCYLIECTBJIECHHUIO OINEPATUBHO-AUCIIETYEPCKOTO
yIpaBJieHUs, 00ECIIEYMBAIOIIUM PEIICHUE 3a7ad MPOBEPKHU JTOMYCTUMOCTH, 3aria-
COB YCTOMYMBOCTH M HAJIEKHOCTHU CYILECTBYIOIIUX WJIIY IUIAHUPYEMBIX PEKHUMOB, a
TAKK€ COOTBETCTBUS PEKUMOB KPUTEPUSAM ONTUMAIBHOCTH.

[Iponecc MaTeEMaTHYECKOTO MOAEIIMPOBAHUS COIEPHKUT HECKOIBKO 3TAIOB:

® BhISICHEHHE U (DOPMYJIMPOBAHUE MATEMAaTUYECKUX 3aKOHOB, CBSI3BIBAIOIITUX
OCHOBHBIE KOJIMYECTBEHHBIE BEIMYMHBI, XapaAKTEPUIYIOIINE OOBEKT WUIIH SIBJICHUE;

® PCHICHUEC MATCMATUUYCCKUX 3a4a4 JIsd UCCIICAOBAHHA MaTE€MaTHYE€CKOM MO-
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Jenu;

® COIOCTABJICHUE PE3yJIbTATOB AHATUTHUECKOTO UCCIIEIOBAHNUS MaTeMaTHye-
CKOM MOJeNH ¢ pe3yJibTaTaMHu OIbITa JJIsi TPOBEPKU COOTBETCTBUSA MaTeMaThye-
CKOM MoJenu 00BEKTY MCCIICIOBAHUS U JIJIS MOATBEPKICHUS MPUTOTHOCTH MO-
JIeJIU.

J1Jist onMcaHusi YCTaHOBUBIIKXCS PEKUMOB MPUMEHSIIOTCA 0o0Jiee MoApOOHbIE
MOJIETIH 3JIEMEHTOB, KOTOPbIE UTPAIOT CYHIECTBEHHYIO POJb B ONMPEACIICHUH MOTO-
KOpacnpe/ieJIeHUsI U YPOBHEH HaIpsiKEHUSI.

[TonpoOHOE TpencTaBICHHE ITHX IJIEMEHTOB ISl MOJACTUPOBAHUS DIIEKTPO-
MEXaHUYECKUX TIEPEXOAHBIX MPOIIECCOB, KaK MPaBWiIo, HE TpeOyeTcs. Mojens cH-
CTeMBbI Oa3upyercsa Ha cucteMe nuddepeHInaIbHbBIX YPaBHEHUH, 3aIMCAHHBIX IS
BCEX 2JIEMEHTOB CHUCTEMBI.

Mopend ONTUMHU3ALUOHHBIX PAacdy€TOB YIPOUIEHHO YYHUTHIBAIOT CETEBBIC
OTpPaHUYCHWSI, HCTIOB3YS TMHEHHOE MAaTEMAaTHIECKOE OMMMCAHNE YHEPTOCUCTEMBI.

B enunoit pacuétnoit mogenu EQC (OOC) npeacrasieHa Bcs cUCTEMOOOpa-
3yromias cetb oT 220 kB u BbIlIe, a TakKe JIEKTPOCTAHIINU, UMEIOIIUE YCTAHOB-
JIEHHYIO MOIITHOCTh Oosiee 5 MBT, u kpynHbie y3ibl noTpedaeHus. Bece HeoOxoau-
MbI€ YaCTHBIE MOJEIH, MOJYyYarOT MyTEM MpUMEHEHUs: (POpMaTbHBIX MPeoOpa3o-

BaHUI.

2.2. Mopeab yCTAaHOBHBIIETOCS PeKUMA IJIEKTPHUYECKO ceTH

Monens pexxuma cetu GpopMHUpyeTcsl Kak CUCTeMa HEJIMHEHHBIX aireopau-
YECKHUX YpaBHEHUM, OMUCHIBAIOIIMX YycTaHOBUBLIMMCA pexkuM (YP). Haubonee
7 (HEKTUBHBIMU B yIOOHBIME JUTsl peanu3anuyd Ha DBM sBnstoTCs ypasnenus y3-
noevix nanpsycenun (YYH). YYH cnenytor u3 nepBoro 3akona Kupxroda mpu
npeacTaBiIeHUH 1o 3aKoHy OMa TOKOB B BETBSX Ue€pe3 Y3JIOBbIC HANPSDKEHUS U

IIPOBOAMMOCTH BETBEM.
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[Ipu pacuére pexxrma 3IEKTPUIECKON CEeTH, cXeMa 3aMeleHus KOTOpOoi co-
nepxkut N+1 y3en, 3aJaHHBIMU BEJIMYMHAMU SIBIISIOTCS 2N+1 Hezasucumwlx napa-
Mempog pexnma. OcTajabHBIC TAapaMETPhl PEKUMa SBISIOTCS 3AGUCUMBIMU W
ONPEAEIAIOTCA Yepe3 HE3aBUCHUMBIE IIyTEM perieHus Y Y H.

B kasicoom y3ne i, kpome oonozo (i=1, 2,...n), 10JDKHO OBITH 3a7aHO HO 08a
He3asuUCUMbIX napamempa v ouib B ocieadeM (N+1)-m — oxun. Y3sen (n+1) sB-
asieTcs OanaHcupyromuM. B éanancupyrouiem y3ne 3aanbl Mo0yab HANPANCEHUA
U1 =Ug u ¢aszogwuit yeon 0,1, 0ObIYHO NPHHUMAEMbIH paBHBIM HyI0. B
octayibHBIX y3nax (i=1, 2,...n) B mpocreiiiemM ciydae 3aJaHbl aKTUBHBIC U Peak-
THUBHBIC MOIIHOCTU Harpy3Kd WU TeHepauuu. B xauecTBe OamaHCHPYIOMIETO BbI-
Oupaercs y3el, K KOTOPOMY TOJKIIFOUCHA JICKTPOCTAHIINS, UMEIOIIasl TOCTaTOY-
HYIO MOIITHOCTB ISl TIOKPBITHSA OXHuAaeMbIX P11 Qpq.

Mooenv ycmanosusuezoca pexcuma (YYH) ¢ ¢popme oananca mowino-

cmeil IMEET BUJT

n
UmiUi +Ui2ﬁkuk ZSi _Lji!iEUB’ i:]., 2,...,n. (21)

3necy U; — BekTOp HanpspKEHHs B I-M y3Jie CETH 110 OTHOILIECHHUIO K HYJIEBO-
My TipoBoay (3emiie), kB;
Uy — BekTOp HampsbkeHus B K-M y371€ ceTr 0 OTHOIICHHIO K 3eMIie, KB;

Ug — Bektop Hanpspxenus B BY 1o otTHomenuio k 3emie, kB;

S; — cCONPsDKEHHBIN KOMIUIEKC Y3JI0BOM MOITHOCTH | -TO y31a MB-A;

— YMUCJIO HC3aBUCUMBIX Y3JIOB B CXCMC;

n
Yji — coOcTBeHHast MPOBOAMMOCTS y37a I, Cwm;
Yjk — B3aMMHasi IPOBOJUMOCTH y310B | 1 K, Cwm;
Y;

p — B3aMMHas IPOBOANMOCTH y31a | 1 6anancupyromero, Cm.
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Jlns Beiaenenus u3 (2.1) GanaHca aKkTUBHOM U pPEaKTUBHOW MOIITHOCTEN HC-

noJib3y1oT 3anuch YYH B nomnsipHoii cucreMe koopauHar (puc. 2.3).

. n+l R .
Re YiiUi2 +Uiej5i ZYikUke_Jé‘k - Pi =0;
k=1
K#i
i=12,..n. (2.2)
) . n+l ) .
Im YiiUiz +Uie15i ZYikUke_J5k _Qi =0.
k=1
k=i
A - A
j {(Z-a) i L
N _v. 2 j(+a'k)
Vi =Yiie Vi =Yiee \ 2 :
| |
|
| | _
Qjj | : i Bik
| |
| |
| |
| |
G | |
0 : +1 IL 0 —>
—Vii | !
| |
[ I
| |
| |
Bi Qjj : : o
| ik
|
| |
' (5] | i 2
1Y = Vi@ . —J| 5 +aik
L___ i i | Yik :Yike 2
a 6

Puc. 2.3. CoOGcTBeHHBIE U B3aMMHBIC IPOBOIMMOCTH y3710B B Y YH

N3 (2.1) c yuérom puc. 2.3 ciaeayer, 4yTo
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n+1

UiZYAii+UiZYﬂikUkej(é‘i_5k)=§i, i=1, 2,...,.N. (23)
k=1
k=i
T . T
(Za) w1 Lesem)
S =Ue 24U Y ae b 2 (2.4)
k=1
k#i
Gii Gik
rae o :arcth—, Qi = arcth— , paguaH;

i ik

0j, Oy — Gba3bl HaNIPsDKEHUH Y3708 i, K, panuaH.

Boiaensist 1elCTBUTENbHYI0O U MHUMYIO COCTaBISIOIIKE B (2.4), OJIy4YUM 10

ABa YPAaBHCHUA OJIA KaKI0Ir0 y3Jjia B TpHI‘OHOMCTpPI‘iGCKOﬁ (1)OpM€I

) p n+1 p
PI :Ui Yii COS(——aii)-l-Ui zYikUk COS(——-l—é}k —aik];
2 o1 2
k=i

(r n+1 _ T
< Qi :UiZYii Sln(g—cxii)+Ui YikUk Sln(—a-i-é‘ik —aikj,
#i

i=12,..n,

rae Oy = o0 — Oy, paAuaH.

C yu€rom puc. 2.4 YVYH npuHuMaroT cieayrouui BUa:
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n+1
o0 : .
R =U{Ysingg +U; D YUy sin(Siy — aig );
k=1
ki
) n+1
Q; =U{Yji cosagi —U; > YUy cos( Sy —aik ); (2.5)
k=1
k i
i=12,..n.
A
Q
UiUy Yi sin (i — aik )
0 ﬁl P
|
» |
? |
aikw.;f :
|
R |
Y: ] |
& ik ! j(—z+5ik_aik)
IUiUkYike

—UiUyYig cos (i — aik )

Puc. 2.4. K tpuronomerpuueckoit ¢popme 3anucu YYH

Mopenu ycTaHOBUBIIIETOCS pexuMa Bua (2.2) uiu (2.5) MoryT ObITh perie-

HbI TOJIBKO ¥mepauuonibimu Memodamu, HarpuMceEp, METOAOM Herotona.

. 1100
Ecnu B (2.2) moncraBuTh NMPOU3BOJIBHBIE 3HAYCHUS HANPSXKEHUN Ui( ), TO

BO3HUKHYT HeOaIaHChI MOHOIHOCTU B Y3JIaX CXCMBbI. I[J'I?I BBIYUCJIICHHUA IIOIIPAaBOK

HaINpsDKEHUH OJJHOBPEMEHHO BCEX Y3JIOB, IPUBOISAIIMX K YMEHBIICHHIO HeOanaH-
COB MOILIHOCTU P (U), Qusi (U) ucronb3yercst memoo Hvromona (Hviomona-

Pagcona) [10].



42

..o+l .
PH6i (U)I Re YAiiUiz +U; ej5i ZYikUke_J5k -B =0;
k=1
ki

(2.6)

n+1

QH6'( ) Im YuU +U; e/ o ZYkU e 1% -Q; =
k=1
k=i

B sToM MeTone CHOXKHYIO 3aJady MOHMCKAa KOPHEH CHCTEMbI HEJIMHEMHBIX
ypaBHEHUH (2.6) 3aMEHSIIOT MOCIIE0BATEIHLHOCTHIO BCIOMOTaTeIbHBIX 0oJiee Mmpo-
CTBIX CHUCTEM JIMHEeWHBIX anredpandeckux ypaBHenuit (CJIAY). Kaxnas Bcriomo-

ratenbHast CJIAY npuOamkEHHO ONMUCHIBAET PEKUM CETH.

[TonpaBku Moaysel HaNpsHKEHUN AUi(I)(KB) 151 Aé‘i(l) (pamman) (1=1,2,...,Nn
) Ha |-if uTepanuu ONMpPEAENSAIOTCS MOCIe JIMHEAPU3AUU HETHMHEHHBIX (YHKIUI
MHOI'MX MEPEMEHHBIX Pgi ( ) Qusi ( ' ) (2.6) npu ux pasnoxkeHuu B psn Teitno-
pa B TOUKE (51(|),...,5,9),U1(|),...,U,(1I)). JIs KaskI0To y3I1a | 3alrChIBAIOTCS 110 JIBa

BCIIOMOT'aTEJIbHBIX TUHEHHBIX ypaBHeHUs Buaa (2.7).

Pisi (51 oo O, U1 ""’Un) ~ SFpi (51 yee On Uy ,.,.,Un):
()

o) S o)
k k=1

2.7)
Quoi (81 - 0Uy U ) = P (3 180,U) Uy ) =

| I
Q00 U0,

2 (50} 3. T -0 0) o

k=1 k=1 k
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B  (2.7) yactHele  TpPOU3BOAHBIE  ONPEACNSAIOTCS B TOUKE
(60,...60.00,...u ).
O0603HaunB
AS, = -5, AU, =U, —UD,

| I I | |
PO =Pusi (8,60, u0 ... u{),

HOI

QW = Qi (60,50 U, ...uD),

CHCTEMY JIMHEHHBIX YpaBHEHUH (2.7) pazmMepa 2NX2N 3amuiieM B CICIYIOMIEM BH/IE:

OPysi N OPssi OPysi N OPssi
HO i Aéi(l) +Z HO A5|EI) L TG AUi(I)+Z HO AUI£|) PH(I6)|’
00; 1 9% oU; 1 OUx
ki ki

Qu6i | L aQH6| ) Qi | 0, Qupi | | (2.:8)
—A5i()+z () AUI()+Z AU() Q}(16)i;

00; ] 55k oU; 1 OUy
L k=i k=i

1=12,..,n

YacTtHble  TIPOM3BOIHBIE B (2.8), BBIUHCIICHHBIE B TOYKE

(51(|),...,5r(]|),U1(|),...,U,g)), 00pa3yroT MaTpHUILy w® pasmepoM 2Nx2N, Ha3bIBae-

MyT0 Mampuyetl Axoou.
)

Pemas Bcrmomoratensnyto CJIAY (2.8), ompenensior nompaBku Ao,

AUi(I) I1=12,...,n. Pemeaue (2.8) BO3MOXKHO, €CIH ONMPEAECTUTEIIb MATPHUIBI SIKO-

Ou He paBeH HYITIO ‘W(I)‘ #0.
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P61 Pus1 | Pusi P61

66, 1 85, | aup T au,
I

aPH6I’I . aPH6I’I ’: 8PH6n . 8PH6I’] 6PH6 8PH6

who |20 1 v | s ou

Qys1 Qus1 | Qus1 Qy1 9Qys Qs

o5, " a8s, ' aup T au, 6  0U
| n

. yreny | 1y

8QH6 n aQH6 n : aQH6 n aQH6 n

o6, a5, v oup T au,

< - > < - >

yﬂy‘-IHIGHHI)Ie S3HAYCHUA NCKOMBIX IICPCMCHHBIX PABHBI

Ui(|+1) :Ui(l) +AUi(|); 5i(|+1) :(5}(” +A5i(|) (2_9)

B navane pacuéra (I=0) Momynu HanpsoKeHUS Ui(o) MIPUHUAMAIOTCA, KaK Ipa-

. o0
BUJIO, PaBHBIMU HOMHUHAJIBHBIM, a (Da3bl HAIIPSHKEHUIM é'i( )=0. Ureparuu 1o (2.8)

U (2.9) cnegyer NpoIOJKUATH IO T€X NOp, TOKa HE OyAET BBIMOJIHEHO YCIOBHE

a0 <

Acsi(')‘qg, i=1,2,.,n (2.10)

N o

MJIM HEOAIAHCHI MOIHOCTH B y3nmax P i, QLJ. He NOCTUIHYT 3aJaHHOM JOMyCTH-

MOU BEJIUYUHEI.
B 3akitodueHMH OTMETHMM, YTO UTEPAIMOHHBIA MPOILIECC BBIUUCICHUSA
HaNpsHKEHUM y3710B MeTOA0M HBIOTOHA OCYIIECTBIISIETCA MO aJIrOPUTMY, MpPUBE-

NEHHOMY Ha puc. 2.5.



Crnenyromnast urepanus
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— Broa
HCXOIHBIX
JTAHHBIX

BrrunciieHue HeOaaHCOB

MorHocTei Pyg, Q6 B
y3iax (2.6)

[ ®opMHpOBaHHE MATPHIIbI

| Sxobum (2.11) — (2.14)

Pemenue cucTeMbl
JUHEWHBIX ypaBHEHUi (2.8)

AsD)

Ax (D =

Aud

YTouHeHnE NCKOMBIX

MoJyJiel U (a3 HanpsHKEHUH

A s
| I (I
=+ o
v
w
v
(1)
W(I) ,AX(I) HO
Qi
v
U(|+1) - U(I) +AU(I)
50D 50 4 A5
HET

§ik! A§| I.ik

(2.9)

KoHnTposes TouHOoCTH
pemenust (2.10)

PacuéT moToko-,

TOKOpACIpeIeIeHus, TOTePh

\ 4

‘ Konen ’

MOIIHOCTH

Puc. 2.5. Ctpykrypa anropurma pemenust YYH meronom Hetorona

Yactasie mpousBoanbie B CJIAY (2.8) u marpunie SIko6u BBIYUCISIOTCS TIO

dbopmynam:
a§H6i _ aPH6i N J aQH6i
00; 00; 00;
8§H6i _ aPH6i n ] aQH6i
00y 00y 00y
i=12,..n k=12,..n Kk=i;

= j(§yi —\fiiUiz), MB-A/pan, i=12,..,n;

(2.11)

=—jY’\ikUiej5iUke_j5k =—jYAikUiL,jk, MB'A/paz[, (212)
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0S.ci OP.=; 0Q. i R
oI _ HOI N J QH6I :(§Yi +YiiUi2)/Ui , MB-A/kB, (213)
oU,  au; | au;

i=12,..n;

a§H6i _ al:)H6i N J aQH6i
oUy oUy oUy
i=12,..n k=12,.,n Kk=i.

:Y,\IkUIU\k/Uk ,MBA/KB, (214)

2.3. Moaejb ONTUMHU3AIUN YCTAHOBUBIIMXCS peskuMoB 9IC

N3BeCcTHO, YTO peXUMBI CUCTEMOOOPA3yIOIIEeH CETH B 3HAUUTEIbHOU CTere-
HU (HOPMUPYIOTCS peKUMaMH paboThl AnekTpocTanuuii 99C, a peKUMBI pacrpe-
JIENATEIBHBIX CeTe — rpadukamMu Harpy3ku norpeduteneii [11, 12]. Ontumans-
HBIE PEKUMBI CUCTEMOOOPA3yIOIIel CETU MOTYT ObITh ONPEENICHbI IPU BBINOIHE-
HUU KOMNJAeKcHOU onmumuzayuu pedxcumos II3C. KoMIekcHas ONTUMU3ALUS
PEXUMOB MOJpa3yMeEBAET OJHOBPEMEHHOE ONPEECICHUE aKTUBHOM M PEAKTUBHOMN
reHepalud MOIIHOCTH 3JIEKTpOCTaHIMsAMHU, 3arpy3ku HMPM, kosddunuenTon
TpaHnchopmanu TpanchopmaTtopoB moacTaHiuii [13]. MckoMble onTUManbHBIC
napaMeTpbl JOJDKHBI 00€CIeYUTh MUHUMYM 3aTpaT Ha IPOU3BOACTBO JJIEKTPO-
HHEPrUU B KaXJAOM Hace IJIAHUPYEMOIo MEepUOoa WK 3a BECh IJIAHUPYEMbIH Iie-
puon (Hampumep, cyTku). [Ipu 3ToM TOKHBI OBITh YUTEHBI OalaHChl AKTUBHOU U
PEaKTUBHOW MOIIHOCTH, IIOTEPH B CETHU, OTPAHUYEHUS HA YPOBHU HAIIPSIKEHUU B
y3Jax CeTH U Ha nepeToku moiHocTH no JIDII u Tpanchopmaropam, nuamna3zoHbl
MU3MEHEHUS] UCKOMBIX [TapaMEeTPOB U UX B3aUMOCBS3b.

UpesBbIuaifHO OOJIBIIOE YMCIO YpaBHEHUN, HEPABEHCTB, IEPEMEHHBIX B 3a-
Jaye KOMIUIEKCHOW ONTUMHU3AIMU PEKUMa, CIOXKHOCTH B HHGOPMAIMOHHOM
o0ecrieueHnn e€ MPaKTUYECKOro MPUMEHEHHUs MPUBENIO K pa3JeICHUI0 dTOM 3aj1a-
Y¥ Ha HECKOJIbKO 3TanoB. Ha nepBoM 3Tarne npou3BOAMUTCS ONTUMHU3ALNS PEXUMA
TOJIBKO 1O aKTUBHON MOIIHOCTH C MCIOJIb30BAHUEM MAaTE€MATHYECKHX MOJEINIEH,

PacCMOTPEHHBIX B IpenbaylieM naparpade. Herounoctu perienus nepBoro ramna
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METOAMYECKU CBS3aHBbl C 3aBUCHMOCTBIO MOTEPh AKTUBHOM MOIIHOCTU OT Mapa-
METPOB PEXKHUMA DIIEKTPUYECKON CeTH (HAIpsKEHUs, pEaKTHUBHBIE MOIIHOCTHU, KO-
s unmenTs! Tpanchopmanuu TpanchopmMaTopos).

3ajayeil BTOPOro H3Tama sBISETCS YTOUYHEHHUE pEIIEHUs, HalJICHHOTO Ha
NIEPBOM 3Tamne MyTéM ONTHUMH3ALUU peXruMa dekTpudyeckoit cetu. [Ipu ontumu-
3allUM PeXMMa IJIEKTPUUECKON CeTH TeHepalusi aKTUBHOW MOIIHOCTH BCEX CTaH-

HI/Iﬁ Pri JOJIDKHaA OBITH 3a/laHa WJIN OIIPCACIICHA PCIICHUCM 3ala4H IICPBOTO 3Talla.

KpumepueM onmumajlibHocmu pesxcuma 3JleKmpulleCK0l7 cemu aejinaemcs

MUHUMPYM CYMMAPHBIX ROMEPH AKmMueHou mouinocmu

”:%Re[yik(ui —Uk/Kik)(Ui _Uk/ﬁik)}zmin’ (2.15)
=

rae | — Homep BeTBU Mexay y3aamu | — K.

Munumywm (2.15) onpenensercs mpu coOIIOEHIN YCIOBUI OallaHCOB MOTII-

Hocteii B y3nax (YYH) B Buze (2.16), a takxke TeXHUUECKHX OrpannueHuii Ha Q| ,

Ui, ki (2.17), (2.18).

. n+1A .
Re YiiUi2 +Ui615i ZYikUke_J5k +P.;
k=1
k=i

o N+l .
Im| YU +Uied% Y Viue 1% |4+Q,(U;)-Qf =0
k=1
k=i

rae P, (Uj), Qui(Uj) — cratmueckne XapakTepHCTHKH HATPY3KH IO HAIpsDKe-

HHIO;

N — 4KCIIO0 Y37I0B MOJIENU CeTH 0e3 OalaHCHUPYIOIIETO.
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OrpannueHus Ha 06nacTp m3MeHeHust mapametpoB Qi , U u K jy :

umn <y, <Um™: i=1,2,..,n; (2.17)

rmin r rmax. : )
i <Q =TT i=12,.,m;

min max (2.18)
kik  <kik <k,

rie M — YUCI0 TeHEePaTOpPOB (PJIEKTPOCTAHIIMM) U JOMOIHUTEIBHBIX PEeryaupye-
MbIx KVY.
OCOOCHHOCTBIO MOJICIIH ONITHMHU3AIIUN PEKUMA JIeKTpudeckor cetn (2.15)

— (2.18) sBnsiercs To, uTo 1eneBas GyHKIMA (2.15) 3aBUCUT HE TOJIBKO OT peryJIu-
PyEMBIX [IapaMEeTPOB pexnMa (He3aBUCUMBIX TepeMeHnbix) Qi , Ui, Kiy, HO u ot
OO0JIBILIOTO YKCIIA 3aBUCUMBIX IIEPEMEHHBIX (MOAYJIN HANPSKEHUH B y3/1aX Harpys-
ku Uj, a3l HanpshkeHuil ;). B3anMocBs3b HE3aBUCHMBIX M 3aBUCHMBIX Iepe-
MEHHBIX OomnHcaHa ypaBHeHUsMU (2.16). [Ipn n3meHeHnn 1r000# HE3aBUCHUMOU Tie-
pemennoir Q; , Uj., Ky TPOHCXOMUT HE TONBKO YBENMUYECHHE I YMEHBIICHHE
neneBor GpyHKuM (2.15), HO 1 aBTOMATUYECKOE M3MEHEHNE 3aBUCUMBIX TIEPEMEH-
Heix Uj, 0 B coorBercTBHH C (2.16), 9TO B CBOIO OYepenb BIMSACT HA BEIUYHHY

neneBor pyHkiuu. CrenoBaTellbHO, MpU pemeHur moaenu (2.15) — (2.18) Heoo-
XOJUMO HE€ TOJBbKO KOHTPOJUPOBATH M3MEHEHHUE 1IeNIeBOM (DYHKUMU U IHanazoH
HE3aBUCHMBIX NepeMeHHbIX (2.17), (2.18), HO oTchnexuBaTh JOMYCTUMOCTh H3Me-
HEHU 3aBUCUMBIX TIEPEMEHHBIX U YUUTHIBATh UX BIMSHHUE HA IEJIEBYIO (DYHKITHUIO.

Orpannuenus Buga (2.17) nnsg 3aBUCHUMBIX MEPEMEHHBIX YUYUTBHIBAIOTCS

wmpagnoimu Qynkyuamu Ll (puc. 2.6), nob6aBiIsieMbIMU K 11€JI€BON (PYHKIUU

(2.15). Llenerast pyHKIMSA MPUOOpPETACT BUSI;

n
F=r+) 1 + Ulp. = min, (2.19)
i=1
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rae [ P mTpadHas GyHKIHS 0 aKTHBHOW MOIIHOCTH OajaHCHUPYIOLIETo Y3JIa;

2
. U__u_max
% —IUmaIX , IIpH Ui>UimaX;
i
H[iz O, Ipu UiminSUiSUimaX;
N2
(U, —ymn .
> o o e Ui<ul™
i
A
lHiA dLL;
du;

=t > i 1 max >
Uimln Uimax U, /Gimln U U,

Puc. 2.6. llItpaduas pyukuus 1I; u e€ npousBogHast

Orpannuenus Ha u3MeHenust Qi Buia (2.18) yuursiBatorcs 1o puc 2.7. [Ipu

BbIxozme Qj 3a momycTuMbie rpanuibl MoHOCTh PM dukcupyercst Ha Hapymia-
€MOH TpaHMIle U B JaibHelmeMm He MeHsercs. Orpanndenune Ha U sToro ysna

YYUTBIBACTCS MPU TTOMOIIHU MITpadhHON QYHKIIHH.
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A [Touck muHUMyMa (2.19) BbI-
2 TIOJTHSICTCSL  2PAOUEHMHBIM  MemO-
Qrmax (
1 O0om. Bce He3aBHUCHMBIE IEPEMEHHBIE
- (U, Q', k,)  o6o3Hauum
3
Qrmin - X = ||X1, X9 yeery X |5 3aBUCUMBIE

/ >
[ min Ume (ocTanmpHBlE  TNEPEMEHHBIE)  Kak

r

Y =|y1, Y2, Yp||- Uucno mesasu-

CUMBIX IICPCMCHHBIX M MEHbUIC
Puc. 2.7. O6nacts perynupoBanus IPM
TP OTITUMU3AIIH:
1 — nomyctumas obmacts; U HE3aBUCHUMBIE NepeMeHHble X
2, 3 — pukcanus Q" , orpanuyenus mo U
YUUTHIBAOTCS mITpagHON HyHKIHEH

Yyucjaa 3aBUCUMBIX N. 3aBucUMBIE Y

CBSI3aHBI MEXIy COOOM ypaBHEHUS-
mu (2.16).
3amava nmovcka Muaumyma (2.19) npu ycnopusx (2.17) — (2.18) MmoxkeT ObITH

3arnurcada B 0000IIEHHOM BUJIE:

F(X,Y)=min; (2.20)
@ (X, Y)=0, i=12,..,n; (2.21)
XM < % < xmax (2.22)

r7e N — 9uciao 6amaHCcOB aKTUBHOM M PEaKTHBHOW MOITHOCTEH B y3JIaX CETH.
[Tpumenenue rpagueHTHOrO Metona i pemenus (2.20) — (2.22) cBs3aHo ¢

BBIYHCIICHUSIMU YACTHBIX MPOU3BOAHBIX QyHKIMU F (X,Y) 110 HE3aBUCUMBIM IT€-
pemennbiv X (i=1,2,...,m). YactHbie mpousBonubie OF/0X; paccMarpuBaroTcst
KaK KOMIIOHEHTHI @ekmopa zpaduenma QyHkuuu F, KoTophlii o0o3Havaercs

VF =0F/0X (puc. 2.8). I'paguent VF HampabiieH B CTOPOHY OBICTPEHILErO BO3-

pacranus QYHKIUH, a ekmop anmuzpaouenma S=—-VF — B ctopoHy e€ ObICT-
peiimiero yosiBanus. [lepemernenue u3 Touku A B Touky b (puc. 2.8, a, 6) npuso-

JIUT K CHIDKEHUIO BEJTMYUHBI 11e51eBOM GyHKIMuU F.



o1

A XZ A
F I
pemofroee
A Y
. X
B ﬁ|7 201T
min F |
Bl |k
| I
0 : 3 I
U1 %o |
2
X I I
2omy/ NI 0 I X1omT X1
X2 >

a 0
Puc.2.8. @yHKuuMs ABYX HE3aBUCHMbIX IepeMeHHbIX F (Xq,Xy) (a) v anHuu eé yposHeii ()

Ecan 3a1aTbCA UCXOAHBIM 3HAUCHHUEM HC3aBUCHUMBIX IIEPCMCHHBIX X(k) , TO

HOBOE 3HAYEHUE BEKTOpa X pPaBHO

K+1 k k k
XD = x®) _ 5 vE=X® 4 ax*) (2.23)
rac /,IVOHT — AJIMHA 1Iara 110 HallpaBJICHUIO aHTUT'PpaqHCHTA.

C y4€ToM B3aMMOCBSI3M HE3aBHCUMBIX X W 3aBUCHUMBIX Y IEPEMEHHBIX B

BUJIC HEsBHBIX QyHKIUH (2.21) npusedénnstit cpaduenm VF B oTiuudue ot rpa-

JMEHTA TOJIBKO 110 HE3aBUCHMBIM ITEPEMEHHBIM OIpeessercs mo ¢popmyie [14]

T -1
oX |ox;| lay;| oY
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rac 3HaK «T» o3Hauaer TPAHCIIOHUPOBAHNUC MATPHUIBI, 4 3HAK «1» — O6paHI€HI/IC
MaTpHIbI.

OTtnenpHbIE cocTaBisitoIIUE (2.24) UMEIOT CIACAYIONINI BHT

o . O, [
aX:]_ aXm T 8X1 8X1
oAl _| - on) _|| -
OXj ’ OX ; ’
Wlogn . ooy oo oo
aX]_ aXm aXm aXm
o, . op oF
oy oy oy
99| _ :1 : :n . oF _ ;1
! S | S|
il logy oo oF
oyq Yn oYn
Do i 91 99 :
pMy.TIBI OHpCI[eJIeHI/ISI 3HAUYCHUU KOMIIOHCHT ax- , ay , HpI/IBeﬂeHHBIX
J J

BBIIIIE MATPHUII, PACCMOTPEHBI B § 2.2 7151 BBIYUCIICHUS SJIEMEHTOB MaTpHIlsl SIkoOu

IIPY PELICHUU MOJIENIA YCTAHOBUBLIETOCS pekuma MeTtooM HeroToHa.

k+1
[Ipn BBIUMCIICHMH HOBOI'O 3HAYECHUSI HE3aBUCUMBIX MEPEMEHHBIX X( ) 1o

(2.23) orpannuenus Buna (2.22) yuuThiBalOTCsl (UKCAIME KOMIIOHEHT BEKTOpa

X&) ep EMSIIUXCS BBIMTH 34 IOMYCTHMBIC TPAHUIIbI, HA TIPEJICIbHBIX 3HAYCHU-
2 5
X 3TUX KOMIOHEHT. COOTBETCTBYIOIIAasi KOMIIOHEHTA BEKTOpa rpaauenta VF 1mo-

JIaraeTcsi PaBHOU HYJIIO.

2.4. Mopeiab OLIEHKH M ONTHMH3AIMHA HaAEKHOCTH DIC

Texunueckuii pezepB R mpennasHauaeTcst 1 oOecredeHUs HOPMAaJIbHOM

paboter D9C, ero HEOOXOTUMOCTh OOYCIOBIMBACTCS TEXHOJIOTHMUYECKUMH (DaKTO-
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pamu, npucymumu I9C. DTOT pe3epB NOJPa3AeIIAeTCs MO LEJIEBOMY Ha3HAYEHUIO
HA aBapUWHBIN, HATPY30YHBIA U PEMOHTHBIM.

Asapuiinvii pezeps R, MCHOIB3YyeTCs NI KOMIIEHCALIMA CHMKEHHMM pacIio-

JlaraeMOM MOIIHOCTHU, BbI3BAaHHBIX aBAPUUHBIMU MPOCTOSIMU T€HEPUPYIOIIETO 000-
PYyAOBaHUS.

Haepyszounwviu pezepe Ry, CIy)KUT [J1s1 TOKPBITHSL CIIy4alHBIX HEPETYIISPHBIX

KoJie0aHUI Harpy3KH (YaCTOTHBINA PE3EPB).

Pemonmnbiii peseps R, — Iiist IpOBEACHIS [IIAHOBOIO PEMOHTa 000py0Ba-

HH:.

ABapuiiHy1o U Harpy304Hyto R o0beIMHAIOT B ONIEpaTUBHBIN pe3eps R, .

OHpCI[CJIeHI/IG ONTUMAJIbHOM BEJIMYKUHBI OIICPATUBHOI'O PC3¢pBa MOHIIHOCTH

OIIT )
R, U1 MOMEHTa MaKCUMaJlbHOU Harpy3kd N, .. BKJIIOYAET 4 3ramna:

- OompeJeleHNe BEPOSITHOCTEM CHUXeHUs paboueit momuoctu DOC u3-3a
aBapUMHBIX MPOCTOEB I€HEPUPYIOIIETO 000PYI0BaHUS ISl pacCMAaTPUBAEMBIX HH-
TEpBaJIOB BPEMEHH;

- BBIUMCIICHHE BEPOSTHOCTEHN pa3IMYHbIX 3HaUYCHUI Harpy3ku DOC s Tex
K€ UHTEPBAJIOB BPEMEHH;

- HaXOXIEHUE BEPOSTHOCTEN pasznuuHbIX Ae(UUUTOB MOIIHOCTH B DOC u
oIpesieNieHue NnoKa3areseil HaI&KHOCTH 3JIEKTPOCHA0KEHNUS,

- CpaBHEHHME BBIYMCIICHHBIX MOKa3aTejaed HaJA&KHOCTH C HOPMATUBHBIMH, a
IIPU KCIIOJIB30BAaHNU MOKa3aTess Y ONpelelIeHue CyMMBI 3aTpar U yiiepba. 3aTem
IPUHUMAIOT PELIEHUE O LEIECO06pa3HOCTH U3MEHEHMs pe3epBa. PesepB MomHo-

cTi R, ciexyer yBelInYUTh HA HEKOTOPYIO BBIOpaHHYIO BeIMYMHY AR, €CIIU BbI-

YUCJICHHBIE TTOKA3aTENIN HAJEKHOCTU XYK€ HOPMATUBHBIX WJIM 3aTPAThl C YUYETOM
yiepOa CHUXKAIOTCS. 3aTeM TMOBTOPSIIOT BBIYMCICHHUS MO YETHIPEM IMEPEUUCIICH-

HbIM 3TanaMm npu Rj =R, + AR,.
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HocmpoeHue pﬂ()a 6€D0}ZI’I1HOCm€Z/7 CHUJNCEHUA DCZ60’-!€L7 MOUWHOCMU.

ILTDI rpynnsl N OJHOTUIHBIX arperatoB BEPOSTHOCTHU aBapHﬁHOFO COCTOA-

HHS JIF000T0 YHCia arperaToB OIIPCACIIAIOTCSA BIPAKCHUCM

(p+a)' =1

BeposiTHOCTB aBapuitHOro BbIX0Ja M arperatoB u3 N pasHa (puc. 2.9):

n!

a_ _~mmg . \n—-M _

q"(1-q)"™, m=0,1,2..r<n,

rjae (| — BEPOSATHOCTh aBAPUMHOTO OTKIIOYECHHUSI OJHOTO arperara MOIIHOCTHIO O
MBT.

03

K
n

L 4

0 2 4 6 g 70 md"

Puc. 2.9. Psn BeposiTHOCTE#H aBapuitHOTO OoTKIt0oueHus arperaros ( ( =0,08, N =10)

Pabouast MOLTHOCTH cUCTEMBI CHIDKaeTcst Ipu 3ToM Ha AN, = MmN,

rae N, —pabOoudas MOIIHOCTB arperata (6J10Ka).
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HYCTB nmeercs K I'pymil U3 OJHOTUIIHBIX arperaroB, a YHMCJIO arperaroB B
K&)KI[OI\/'I I'PVYIIIIC PaBHO: nl, nz,..., nk .. BOTOM CJIydac BCPOATHOCTHU PA3JINYHBIX aBa-

pHﬁHBIX: CHIDKCHUM MOIODHOCTH ITOJYYArOT M3 PA3JIOKCHUA CIICAYIOIICTO BbIPAXKC-

HUA:

(p1+Q1)n1(p2 +q2)n2 -+ ( Py +qk)n" =1

I[JUI YIIPOLIICHUA paC‘léTOB PAa3HOTHUIIHBIC arpCraTrbl 3aMCHAIOT SKBHBAJICHT-
HBIMHU. Y CIIOBUSI SKBHUBAJICHTHOCTU — PaBCHCTBO FCHCpHpYIOHIGfI MOIOHOCTH, pa-
BCHCTBO BCPOATHOCTHU pa6oqero COCTOAHMSA, paBECHCTBO MAaTCMAaTUUYCCKOI'O OKHUAa-

HHA MOIIIHOCTH, H&XOﬂHHIGfICH B aBapHﬁHOM IIPOCTOC:

k
n3N3 :ZNini
)

L-q)" =111 )"

k
a4, N, :ZqiNini
i=1

OTKyl1a NOJTy4uM:

K
D giNn,
_i=l

ini lg(1-q;)
_ Zk:Nini _

k
ZNini
’ na_l N _i=1

lg(1-gq,) 27 n,

4

rae  (j — BEepOSITHOCTh aBAPHIHOTO OTKITFOUCHUSI reHeparopa (6710Ka) | -ro Tuma;
N; — MomHOCTB reneparopa (610ka) | -ro Tuma;
N; — 9KCII0 TeHepaTopoB (OJIO0KOB) | -T0 THIIA;

kK — xonM4ecTBO TUIIOB reHEPaToOpOB (OJIOKOB).
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B kadectBe pvaéTHOﬁ CTYIICHHA ) IMPUHUMAIOT MOIIHOCTb 5KBUBAJICHTHOT'O

arperara N,.

Boiuucnenue seposmuocment paziuunvix 3HayeHuu nazpysku 39C.

OmnpeneneHre TUCKPETHOTO psijia BEPOATHOCTEN CHUYKEHUS HArpy3KH Mo OT-

HOIICHUIO K MAKCUMYMY OCHOBAHO Ha HUCIIOJIb30BaAHUU I'OJOBOI'O r‘pa(bHKa Harpys-

KM 10 MPOAO0JKUTENbHOCTH (puc.2.10).

s
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~ [—2 [y (=) (—] =1 f—n P 3 —0

Puc. 2.10. IToctpoenue rpadyka Harpy3KH IO MPOIOJI-
KHUTEITHHOCTH

3aMEHUM IUJIaBHYIO KpH-
BYIO CTYIICHYAaTOW JIMHUEU C
WIMPUHON BEPTUKAJIBHOU CTy-
neau O. Ilpu aToM HeoOXxoau-
MO COXpaHUTh IUIOIIAJb Ipa-
dbuka  Harpyskd, T. e.
ObecnieunTh paBHOE MOTpeOIIE-
HHE 3Hepruu. Yucuao 4yacos pa-
OOTHI c MaKCHUMAJIbHOM:
Harpy3kon N,... - Tg 4ac, ¢
Harpy3koi Ha 0 MeHbLIE - Tq,

Ha 20: MeHble - Ty u T .a. To-

rja OTHOCUTENbHASl JJIUTEIb-
HOCThb (BEpPOSITHOCTH) MAaKCH-

MaJIbHOM Harpys3ku

To

H_
P0 = 5760

BEPOSITHOCTh CHIDKCHHUS HA 0O



UT.I.

JIiist yuéra morpeHoCTH MPOTHO3UPOBAHUS HArpy3KH (OTKJIOHEHHUS OT Iuia-
HOBOT'O 3HaYEHUS1) MOKHO UCIOJIb30BaTh HOPMAJIbHOE pacIpeiesiCHuUE.

Omubku mporxHo3a B npoiieHTax (puc. 2.11) npuHUMAIOT OHUMH U TEMH K€
JUTs1 JTFOOBIX a0CONIOTHBIX 3HAYEHUN TPOTHO3UPYEMOW HArPY3KHU.

:BepOHTHOCTB TOFO,‘IN)(HHH6K& IMIPOTrHO3UPOBAHUA JICKUT B IIPCACIIaAX OT

) 10 +§ IIpU YCIOBHH, YTO €€ MAaTeMaTUYECKOE OKUJAHUE PABHO HYJIO, CO-

CTaBJIAACT.

t
2 2

pOH:\/E

€

dt = @(3],
20

rie G — CpelHeKBagpaThuuHoe oTkioHeHne (MBT) oT mporno3upyeMoin Harpy3ku

(puc. 2.11);

oh—ng‘m

@(x) — MHTETpajl BEPOATHOCTEH, ONPEEIISIEMbIii 110 TabIUIIaM.

BeposTHOCTh TOrO, 4TO OMIMOKA MPOTHO3MPOBAHUS JIEKHUT B Ipenesax oT.

+§ 710 +§ aBHA:
2 p bapHa
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<o

. TN “\\\N_\ <2 7' ]
RN AN

SEpe : 10660 N

Puc. 2.11. CpennexkBaipaTUIHOE OTKIOHEHHUE HATPY3KU

50 30
B IIpejiesax or. +? hi (4] +?

_—— 5) 1 35
——p| 2 |— | =2 |.
P25 =5 (20) 2 (20
B o01iem BHzE:

1 md+0,50) 1 mo — 0,56
s ~Lo[ 1059 1 m5-05

, m=0,12,...,
2 2 ]

(e} (6}

Tak xak HOpMajbHOE pacHpe/Ie/iCHHE SIBJIICTCS CUMMETPUYHBIM (puc. 2.12),

TO
o __ I O _ NI
Ps = P—s, P25 =P—2s HT. A.
Onpeoenenue eepoasmuocment 0euuumos MOWHOCHIU.
Tax kak cymMma BepOsSITHOCTEH BCEX BO3MOXKHBIX COOBITHI paBHA €IMHUIIE,
TO

(8 -+ P§ + P35 +..)(PB + P + P25 +.) (- + P25 + P"5 + B + P8 + PBs +...) =1
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0%

03

X

8
-3 -28 -8 0 ¢ 28 3§

Puc. 2.12. Py BeposTHOCTEH OMIMOOK MPOrHO3MPOBAHMS HATPY30K IIPU O = G

[TpousBeneHne MOOBIX TPEX IEMEHTOB 3TOTO BBIPAKEHUS ONPEIEIIET Be-
POSITHOCTh HAJIOKEHHUsI HE3ABUCUMBIX COObITHI. Hampumep: P35 - Plg - Pps O3Ha-

YaeT OJHOBPEMEHHOE aBapuiHOE CHIDKEHHE paboueld moiHoctu Ha 36 MBT,
CHIW)KCHHE HArpy3Ku IO CpPaBHEHHMIO C MakcuMymoM Ha O MBT, moBbllieHue

Harpy3Ku M3-3a OIIMOKY IpOrHO3UpoBaHus: Ha 20 MBT.

OnpenenuM BenuuuMHy JedUIUTa B OTOM Clydae IPU YCJIOBHH, YTO

Npas = Nyaxc- JleuuT MOIIHOCTH MOXHO OTPEIEIUTh CYMMHUPOBAHHEM BCEX

HIDKHEX MHJICKCOB mpousBeneHns Tpeéx BepostHocTel. IIpu Npu6 = Ny Bepo-

ATHOCTB JeduiuTa B pazmMepe K& MBT onpenenum o gpopmyiie:

s = P8 (P8 Pis + P& Plknys + )+ P15 P§ Pllcenys + PEPRs +- )+

k=1 2,...

Ecmu Ny, npeocxogut N, Ha BenmuuuHy pesepsa R=rd MBrT, 1o ne-

(UIKMT MOIIHOCTH BO3MOKEH TOJIBKO MpHu K > I. BepostHOCTh AeduinTa B pazme-

pe KO mpu Hanmuuu pesepsa ro paBHa
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Pks = PO ( PO P(r-+k)s + P5 P(r+k-1)5 + ) +pZs ( PO P(r-k+1)s *+ P8 P(r+k)s + ) +...
nimn

Pks = Plis| 2 PlsPlrksiojys | k=12
i=0 j=0

MartemaTH4ecKoe OXKHMIaHUE HCIOOOTITYCKA JJICKTPOSHCPTHUH 3a I'0Jl COCTa-

BUT:

AW =8760 k-5- pgs -
k=1

MatemaTtnueckoe oxunanue ymepoa 3a rog Y=ypAW .

3. HPOTHO3UPOBAHMUE DJIEKTPOIIOTPEBJIEHUA U HAT'PY3O0K
I3C

3.1. Jloarocpo4yHblie NPOrHO3bI J1EKTPONOTPedIeHUs

MeTopl TPOrHO3UPOBAHUS MOXKHO Pa3feuTh Ha 3 OOJIbIIUE TPYIIBL: KC-
TPaIOISIUUOHHBIE, KOPPEJSIMMOHHBIE U cCMelanHble. KpoMe Toro, ux MoHO pas-
JIEUTh Ha IETEPMUHUPOBAHHbBIE, BEPOSITHOCTHBIE (CTOXAaCTUYECKUE).

OKCTpAoAAIusi. IKCTPANOJISIIIMOHHBIE METOBI CBS3aHBI C MOJAOOPOM af-

MIPOKCUMUPYIOIMX 3aBUCUMOCTEH ISl PETPOCHEKTUBHBIX JAHHBIX, OTPAKAIOLINX
TEHJCHIINIO U3MEHEHUsI Harpy3kH (3nekTponoTpednenus). Mes 3Ty 3aBUCUMOCTh
MOYHO AKCTPAINOJUPOBATh €€ Ha KeJIaeMblii MHTEpPBaJl BpeMeHU B OynymieM. Ta-
KON MeToA OyJieM Ha3bIBaTh JAETEPMUHUPOBAHHOM IKCTPANOSALIUEN, TOCKOIBKY HE
YUUTBHIBAIOTCS CIy4yaiiHble OIIMOKH B MCXOAHBIX JaHHBIX M MOTPEIIHOCTH MOJEIH.
JUig annmpokcHMaluy TpPeHAAa MOIMHOCTH U 3JIEKTPONOTPEOIEHHsT HCHOJIB3YIOT

cienytonue GyHKIUA (MOACIN):
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[Tpsimas y=a+bx;

[Tapaboma y=a+bx+ cx?

S-o0pasHas y=a+bx+ ox? +dx3;

OKCIIOHEHTA Y = ce®™.
HauGonee wacro anmpokcuMmarys, T.e. moadop ko3ddumnmenros a, b, c,d

KpHBOﬁ 3aJIaHHOTI'O BH/Ja, ITPOU3BOANTCA MCTOJJOM HAMMCHBIINX KBAJAPAaTOB.

KODDGHHHHH. KOppGHHHHOHHBIC MCTOABI IIPOTHO34a CBA3BIBAIOT HAI'PY3KY H

AIEKTPONOTPEOIEHUE C pa3IuyHbIMU JAeMorpapuueckumu akropamu. Ilpenmy-
IIECTBA ATOTO MOJX0Aa B TOM, YTO MH)XCHEP HauMHAeT YETKO MPECTaBISITh B3au-
MOCBSI3b MEXJy POCTOM HAarpy3KH U 3JIEKTPONOTPEOICHUS U IPYrUMHU HU3MeEpsie-
MBIMH BenuunHaMu. Hanbosiee oueBUIHBIM HETOCTATKOM METOJIA SIBJSIETCS] HE0O-
XOAUMOCTb MpENCKa3blBaTh 3KOHOMHUYECKHE M jAeMorpaduyeckue (hakTopbl, 4To
MOJKET OKa3aThCsl TPYyJIHEE, YeM MPOTHO3UPOBATH HATPY3KY U AIIEKTPOMOTpeOIie-
HUE.

Jist mombopa KodPUITMEHTOB MOIeNIel UCTIONB3YIOT PErPEeCCUOHHBIN aHa-

3. ITycte nMmeroTcst HabmoAeHus IPOrHo3upyemoro nokasarens Yq,Yo,...,Y,, 3a-
JaHHbIE 3HAYEHUSIMH Y1, Yo,..., Yy, CBSI3aHHBIE YCIOBUEM:

n
M[Yi]=a0+ 3 xjaj, o°[Yi]=0",
j=1

rae MJY;], o2 [Yi] — MmatemaTnueckoe oxunanue u aucIepcHs ClryqaiHON BemH-
4YUHBI Yj;
Xjj — M3BECTHBIC 3HAUEHHS N1APAMETPOB;
aj — HCU3BECTHBIC KOD(DGULUCHTEL.
Jlns ciydas NpOrHO3MPOBAHMsl BPEMEHHBIX 3aBUCUMOCTEH Y; — Haboje-

HHUA TPOTrHO3UPYCMOI'O II0KAa3aTejid, COOTBCTCTBYHOIIMC MOMCHTAM BPCMCHH

t bt
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PerpeccroHHbIf aHANINM3 MO3BOJISIET HAUITYUYIIUM 00pa3oM mojo0paTh Kodd-

(ULMEeHTHI 8g,dy,...,8;, Ha OCHOBE UMEIOUIEHCS BEIOOPKU Y1, Yo,..., Y -
Y=XA+E,

rae Y — BeKTop HaOmoaeHuH Yq,Yo,..., Yms
A — BEeKTOp UCKOMBIX KO3((DUIIUEHTOB 8g,8y,...,a ;
E — BekTOp OTKJIOHEHMI HAOMIOIEHUH OT CBOMX MAaTeMaTHUECKUX OXH[a-
muit g = y; — M[Y;];
X — IIaH-MaTpHLA, COCTOSIIAS U3 Xij -
OHa COZIEPXUT M CTPOK M0 umciy HaGmoaeHuii u (N+1) cronGew 1o duc-

1y GakTopoB.

OnTrManbHBIM 3HAYEHUAM 8,8y, ..., 8 COOTBETCTBYET MUHUMYM ()yHKIIMH

@:igf =(Y-XA) (Y -XA).

DTO BBIpAXKEHHME HA3bIBAIOT KPUTEpUEM HAMMEHbIIMX KBanpatoB. udde-

peHIupys o A u npupaBHUBAs K HYJI0 V@, MOTydYuM
(xx)a=x"y,

OTKyna Hanaém A.
JIuHenHbIE ypaBHEHUS, MO3BOJSIOIIME HAWTH MCKOMBIE 3HAYEHUS] KOMIIO-
HEHT BeKTopa A, Ha3BIBAIOTCS CUCTEMa HOPMAJIbHBIX YpaBHCHUH.

B npocreiiiem citydae Y =ag +at.



Cucrema HOpMaJIbHBIX YPABHEHUM UMEET CIEAYIOIMIUIA BU

1 1
h ©

Y1
)

L Ym_

1 1

h ©

Breimonnus YMHOXCHUS MaTpHll, ITIOJIYIUM

Li=1

iti

-
ZYi
=t
- .
D LY
Li=1 _

Y1
)

Ym |

Onpenenurens CUCTEMBI JBYX JIMHENHBIX YPAaBHEHUHN PABEH

Hckomble k0r(hPUIIEHTHI paBHBI

m
A= mZtiZ —(
i=1

iti

i=1

J.




64

m m m m
D Ztuz —| Dty || Dt
ag =iz M=l i—1 2 i )
m m
m> 2 | Yt
i=1 i=1
m m m
mi D tii -] DoV [Zti
i—1 i—1 i—1

d =

m 5 m 2

mZti - Zti
i=1 i=1

HHH OOCHKHN TOYHOCTH BBIYHCIIAIOT KAXYHIYIOCA IMOI'PCITHOCTHL MOICIINPO-

BaHUA 82

2

9 m n
S =Z yi—ao—ijaj
i=1 j=1

Baxneiimme tpeboBanus K TutaH-Matpuie X — JIMHEHHash HE3aBUCUMOCTH

e€ cToNOII0B 1 XOpoIiasi 00yCIOBICHHOCTh MaTpUllbl M = XtX.

IIpoBepka CTaTUCTUYCCKON COCTOSTEILHOCTU NOCTPOCHHOM PErpeCcCUMOHHOMN

MOACIIN.

Haunbonee npocroit kputepuit — «HyseBas runore3ay. OHa onpoBepraer ru-
MOTE3Y, MOJIOKEHHYIO B OCHOBY MOJIEIMPOBAHUSA, T.€. MPEANOIAraeT, 4YTo MOCTPO-
€HHasi MOJIeJIb HE YJIaBJIMBACT 3aKOHOMEPHOCTH U3MEHEHHUS CITy4alHbBIX BEJIUYHH.

JIns1 MpOBEPKH BBIYUCIISIOT

™=

.M
|
~
H
3
3
N
[l =]
<
Il
3|
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Haitnennoe yuciao mpeacTaBiseT coOOW 3HAYCHHE CIyYallHOM BEIMYMHBI,
KOTOpasi MpH CIPaBEIIMBOCTH «HYJEBOM THIOTE3bI» paclpe/eeHbl o 3aKoHy F -
pacapeaeneHus ¢ (m—l) CTEIIEHBIO CBOOOIBI YHCIIUTENS U (m—n) CTCIICHSIMU
CB0O0OIBI 3HAMeHaTeNs. 3agaBasich BeposATHOCThIO [3=0,95 (B :0,99), MOJKHO IIO
Ta0IMLAM HalTU BEpXHIOK rpanunly F,s,. Ecmn F, > F,5,, TO «HyneBas rumo-

TC3a» HC BCPHA U MOJCJIb BBI6paHa IIpaBUJIBHO.

CornacoBaHue MOJEJICH TPOTHO3UPOBAHMSI. HpI/IBe,Z[éHHI)IG MOICIIN IIPOTrHO-

3UPOBAHUS HE YUYNUTHIBAKOT B3aUMOCBA3U MEXKy KpylHbIMA y3namu OOC u O9C B
ueiaoM. PaccMoTpuM mpocTeinii MeTo 1 TPOrHO3UPOBAHUS BPEMEHHBIX 3aBHCH-

MOCTEW, YYUTHIBAOIIUN 3TH CBSI3H.

[Tycts umeeTcsst M HaOMOIEHUN Y (t) st y3moB 1, Bxogsamux B ODC (

1=12,...,n) u HaOroIeHUE Y (t) toro >xe nokazareirst 111 OOC B nenom. Coria-

COBaThb IIPOrHO3LI TAK, YTOOBI:

§i = ag; +agit + agt?,

90 =dgo t+ alot + azotz.

Uto0bl 00€CTIEYUTH COTJIACOBAaHHOCTH MPOTHO30B Yy3710B 1 ODC HE0O0X0IUMO

00aBUTH CIICTYIONIYIO CUCTEMY OTPaHUYCHUN:

n
aoj :Zaij, j=0,1,2.
i=1

C y4€ToM 3TOr0 OrpaHUYCHHUS

Y, - XA, =E;
Yy - XAg =Eq,
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14 ]
1 t, t5
X = ,
1ty )

rae Aj,Ag — BEKTOPBI HCKOMBIX KOO (HUIUCHTOB jj, 8 j -

I/ICHOHBBY}I MCTOA HAMMCHBIINX KBAaAPAaTOB, IIOJIYUYHUM

@ = minzn:ieizs =Zn:(vi — XA ) (Y; — XA )+(YO —xzn:Ai]t (YO —xzn:Ai].

i=0s=1 i=1 i=1 i=1

Juddepentupys, morydum
n
(xtx)£Ai +ZAi]: XYY +Yy), i=12...n.
i=1

Otkyzna MOXHO HauTu A;.

3.2. KpaTKoCpO4YHbIi IPOrHO3 HATPY30K M JIEKTPONOTPedIeHUs

[Iporno3upoBaHue IEKTPONOTPEOICHNS BBITIOIHSACTCS I TEPPUTOPUI 00-
ciykuaembix PJIY, OJY u LIJIY EDC Poccun B enom [15].

CranpaptHbie (TUIIOBBIC) YCIOBHS 33a/1ad KPAaTKOCPOUYHOIO IUIAHHUPOBAHUS
MPENoIaraloT HaAJIMYKUE MPOTHO3HBIX 3HAYEHUN AJIEKTPONOTPEOCHUS Ha WHTEP-

Bajlax ynpexaeHus ot 2 1o 11 cyrok Brepén.
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[Ipouecc 31exkTponoTpedaeHUs ABISAETCSA CIOKHBIM CIIy4allHBIM HECTalUo-
HapHBIM MPOIECCOM, KOTOPBI MOYKET OBITh IPEICTaBICH HECKOIBKUMU PETYJIISp-
HBIMHU U HEPETYJIAPHOU (CIy4alHOI) COCTABISIIOUIMMU. MeToA0M MOJEINPOBaHUS
AJIEKTPONOTPEOIEHMS, KaK CIIy4allHOTO HECTAIl[MOHAPHOIO Mpoliecca, SIBISIETCA Jie-
KOMITO3HIIMSI UCXOJHOTO IMPOLIECCa Ha PEryJISIpHYIO (TPEHA) U HEPETYISPHYIO CO-
cTaBistomue. Tpenod ONrchIBaeT yCTOMYMBBIE TEHACHIMN U3MEHEHUS Ipoliecca Ha
MHTEpBaje BpeMeHU. HeperyisipHas COCTaBISIIOIIAs XapaKTepU3yeT CIy4aiHYIo
HEIIPOTHO3UPYEMYIO YacCTh MOTPEOJIECHUS U BEPOSATHBIE OTKIOHEHUS (PaKTUYECKUX
3HAYEHUH 3JEKTPONnoTPeOIeHUS OT TPEHA, BBIACIEHHOTO U3 UCXOIHOTO Mpoliecca.

Onpenenenue BUIa U apaMeTPOB IMPOTHOZUPYIOWMIEW MOJEIN BBIIOJIHIETCS
NyTEM aNMpOKCUMALIMM W3BECTHBIX 3HAYEHUUN SJEKTPONOTPEOJICHHS Ha PETpo-
CIIEKTUBHOM HMHTEPBAJIE BPEMEHU U HA UHTEPBAJIC YIPEKICHUS.

B o0miem ciyyae mporHo3upyromias MaTeMaTH4YecKas MOJEIb AJIEKTPOIIOo-
TpeOJIEHHUS] MOXKET BKJIIOYATh B c€0s AJIEMEHTapHbIEe (PYHKIMH OT JIFOOBIX HE3aBU-
CUMBIX NIEPEMEHHBIX, IPUHUMAEMbIX B KadecTBe ()aKTOPOB, BIUSIOLUIMX Ha BEJIU-
YUHY MOTPEOJIEHUS, 10 KOTOPHIM UMEIOTCS TOCTOBEPHbIE (PaKTHUECKHUE JTAaHHBIE, a
TaK)K€ MPOTHO3bI, MOJy4YaeMble U3 OQPHUIIMAIBHBIX HMCTOYHUKOB. Bo3MokHO wucC-
MOJIb30BAHUE CJIEYIOIIUX HE3aBUCUMBIX IEPEMEHHBIX WIIH BIUAIOMIMX (DAKTOPOB:

® BpEMS;

® CYTOYHBIE IrpapKu METEOPOJOTHUECKUX apAMETPOB:
e TemIeparypa;

® OCBCILICHHOCTS;

® BIIAXKHOCT;

® 0CaJKu;

® CKOpPOCTb U HalPaBJIEHUE BETPA.

B kauecTBe mporHo3upyroueil Moaeau 3JEKTPONOTPeOIeHUs MOTYT OBITh
MCIIOJIb30BaHbl MATEMAaTUYECKN BBIPAKEHHBIE:

® PErpecCHOHHBIE 3aBUCHMMOCTH, MMEIOIIME B KadyeCTBE apryMEHTOB

BIUSIONTNE (PAKTOPHI;
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® MOJIENU, TPEACTABIICHHBIE IEPUOANYECKUM psiioM Dypre;
® UIMTUBHBIE (COCTaBHBIC) (DYHKIIMU, BKIFOYAIOIIKE HAOOPHI AJIEMEH-
TapHbIX QYHKIIH.

B kauectBe mpOrHO3UpYIONIEH MOJIENN 3NEKTPONOTPEOICHUSI MOXKET OBITh
UCITI0JIb30BaHa TakKe 0Oy4ueHHasi HEHpOHHAas CETh.

B kadecTBe OCHOBHOM NMPOTHOCTUYECKOM MOJEIN PEKOMEHIYETCS UCIIOJb-
30BaTh QJJIMTUBHYIO MOJIENb, BKIIOYAIONIYIO B c€0s U PErpecCUOHHYIO0 MOJEIb U
MOJENb, IPEACTABICHHYIO psaioM Dypbe.

OrnpeneneHue nmapameTpoB MPOTHO3UPYIOMIUX MOJEJCH BBITIOTHSACTCS MPHU
BhIJIeIeHnH Tperaa R(t) u3 mociaenoBaTeIbHOCTH M3MEPEHHBIX 3HAUCHHUH DIIEKTPO-
norpebienust P(t) (Meron ammpokcuManuu), MpeICcTaBIeHHOW Ha PEeTPOCTICKTHB-
HOM HWHTEpBaJie. ANMPOKCUMAIINS 3HAUYCHUI BBIMOJHICTCS MyTEM MUHUMU3AIUN
1[EJIeBOM (PYHKIIMU — CYMMBI KBaIpaTOB OTKJIOHEHHUH.

B xoxe anmpokcumanuu (QyHKIHH, TOMHUMO BBIJCICHUS TPEHIA, TaKXKe
oOecrieuynBaeTcs pacu€T HEPETYISIPHON COCTABJISIONICH JIEKTPONOTPEOICHUS ), -
Pacnpenenenne HeperymspHON COCTaBJISIONMICH (CpeIHEKBAaIPAaTUYHBIX OTKIIOHE-
HUW U3MEPEHHBIX 3HAYCHUHN 2JIEKTPOMOTPEOIeHUs OT TPEHa) JTOKHO HOCUTh Xa-
pakTep OJM3KUN K HOPMAJIBHOMY 3aKOHY pacrpe/ecHusI.

OnHuM U3 yCIOBUM OOecIeueHUs] Ka4yeCTBEHHOW pabOThl HCIOIB3yeMOTro
pacdy€THOTO METOJIa SIBJISICTCS HAJIMYME B OOydYaroIIel BHIOOPKE HapsIy C peTpo-
CIIEKTUBHBIMU JAHHBIMHU TOYEK MPUTSHKCHHS. YUET TAKUX TOYEK MOXKET OBITh BBI-
MOJIHEH MPHU Pa3JeNbHOM MPOTHO3MPOBAHUHU BJIEKTPONOTPEOIECHUS MO XapaKTep-
HBIM JHSIM HEJIEJIH.

[IporHo3 ayekTponoTpeOIeHUs BBITOTHACTCS OTASIBHO JIJISI KaKIIbIX CYTOK,
MOMNaJA0IINX B UHTEPBAN yIpexaeHus. Takoe pa3oreHue mo3BoJseT y4ecTh pas-
Jn4¥si B KOHQUTYpanusx TpaduKoB AIEKTPONMOTpeOIeHUS o THAM Henenu. Pe-
TPOCHEKTUBHBIE JJAaHHBIC, BKJIIOYaeMbIe B 00yUYarOIIyI0 BBIOOPKY, B IAHHOM CiIy4ae
bopMHpYIOTCS U3 3amUCed, OTHOCAIINXCS K OJHOMMEHHBIM TTHSM TPEIIIECTBYIO-

IIETO Tepuo/Ia.
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N3BecTtHbl M peanuzanuii HecTallMOHAPHOTO CIy4YailHOro mpoliecca CyToy-

HBIX rpa@mcms 3JI€KTpOHOTpC6JICHI/IH B BH/JC I1I0YaCOBBIX HOCHGHOB&TCHBHOCTCﬁI

P=[R], t=0L1..23 i=12.,M.

JIJIst OMHOTUITHBIX AHEW KaKIbIi cTonberr MaTpuibl P mpenctaBisieT co0oi

6HI/I3KYIO K CTaHHOHapHOﬁ IMOCJIICAOBATCIBHOCTD 3HAYCHUM Plt JUIs 3a1aHHOTO 1.

33,[[3‘-13 IMPOTrHO3UPOBAHUA COCTOUT B OIIPCACICHUN CTaTUCTUYECKOMN OLICHKH

3HAaYEeHUN P(M +1)t 1O M3BECTHBIM 3HAYCHUIM P . Mcnonb3yeTcs MeTo1 TMHEHHON

MHO’KECTBEHHOU perpeccuu, onucaHHbiii B § 3.1. [loBbllIeHHE TOYHOCTH MPOTHO3a
JocTuraercs 3a c4€T TeX CYTOK npeaucropur M<<M, KOTOpbl€ COOTBETCTBYIOT
MUHUMAaJIbHOMY PUCKY JUIsl U3BECTHOM YacTW CyTOYHOTO rpaduka Harpy3ku. Mc-
NOJIb3yeTcsl HHPOPMALIMS O CYTOUHBIX Tparkax Harpy3Ku 3a 53 Heaelnu.
HeszaBucumoe npornosupoBanrie D1 Ajisi OQHUX U TEX K€ TEPPUTOPHUIA, BbI-
nonHseMoe CucrteMHbIM oneparopoM Ha ypoBHsAX OY u /1Y, nmpuBoaut Kk He-
OJIMHAaKOBBIM pe3ysibTaraM. Kak NpaBWiio, pa3audue IMPOTHO30B OIPEAEIISIETCS
pPa3TUYHBIM KOJIMYECTBOM TOUEK 00YYaroIIuX BHIOOPOK, Pa3TUYHBIM BEIOOPOM BH-
Jla TIPOTHO3UpPYIOIIENH MoAenu. He3aBUCHMOCTh BBINIOJIHEHUS ITPOTHO30B Ha pas-
JUYHBIX YPOBHSX OOECHeunBaeT JOIMOJIHUTENIbHBIN KOHTPOJb HaJ pe3ylbTaTaMu
nporHo3a. B OOJbIIMHCTBE CllydaeB, pe3yibTaThl MOJYYEHHBIX MPOTHO30B OTIH-
YarOTCsl HE3HAYUTEIBbHO, U JAHHBIEC Pa3IM4Ms HAXOIATCA B pamkax *3 o, T.c. B

npeaciaax JOBCPUTCIbHOI'O HHTCPBAJIa IIPOTHO3UPOBAHUA.
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4. ONITUMAJBHBIE PEXKWUMBI 93C U DJIEKTPOCTAHIIUIA

4.1. DHepreruvyecKkue XapaKTepUCTHKH 000py10BaHMS 3JI€KTPOCTAHIMIA

[Ipu aHanu3e peKUMOB JIEKTPOCTAHIINI UCIIOJIB3YIOTCS CIEAYIOIINE XapaK-

TCPUCTHUKU:

Pacxonguble (3HEpreTndeckue) XapaKTEPUCTHKH. 3aBUCHMMOCTb pacxoja
3HEPropecypca OT 4aCOBOM Harpy3KH 3JICKTPOCTAHIIUY (arperara).
PerynmpoBouHBI qUAana3oH 3JEKTPOCTAHIUHM (MUHUMAJbHAs, MAaKCHMaJlb-
Hast MOIHOCTH) Olpep = —bacn__min 1 5004,

pacn
I'padyxn M3MEHEHUS PHEPrOOTAAYU DIIEKTPOCTAHIUU B TOJOBOM paspese.
I'padyxkn M3MEHEHHS CpEIHEMECAYHBIX M PACIOIAracMbIX MOIIHOCTEN
DJIEKTPOCTAHLIMMU B 3aBUCUMOCTH OT OTPAHUYEHUI Ha SHEPrOPECYPCHI.
CkopocTs HaOOpa M CHWKEHMs HArpy3KH Ha JJIEKTPOCTAaHLUU B HOPMaJlb-
HBIX U aBapPUIHBIX PEKUMAX.

I'SC ucnonb3yroTCs TOJNBKO JJIsi BBIPAOOTKH AJICKTPOIHEPTUN UITU B COCTABE

BOJIOXO3SIMCTBEHHOTO KOMILIeKca. CTOK peK HEpaBHOMEPEH B TOJOBOM M MHOTO-

neTHeM paspesax. ['ne Bo3moxno npu ['DC coopykaroT BOJOXpaHUIIUILA CE30HHO-

r0 M MHOTOJIETHErO pPEryJIupoBaHus. BoJHO-IHEpreTMUeCKHe XapaKTEPUCTUKU

['DC omnpenensitoT mMyTéM BOJIOXO3IMCTBEHHBIX PAacuéTOB Ha OCHOBE CTAaTHUCTUYE-

CKHUX JaHHBIX MHOI'OJICTHHX Ha6J'IIOI[eHI/II\/JI 3a CTOKOM PCK.

Pacxonnas xapakrepuctuka ['DC npuBenena Ha puc. 4.1. Haknon pacxon-

HOW XapaKTePUCTHKH CYIIECTBEHHO 3aBUCHUT OT Hamopa H .



Puc.4.1. Pacxonnas xapakrepuctuka cpeanenanoptoii '9C

ManeBpenHnbie cBoiicTBa 050uHbIX KOC CyIIeCTBEHHO 3aBUCST OT BO3MOXK-
HOCTEIl 0cTaHOBa OJIOKOB B TE€YEHHE CYTOK WM Heaenu. OCTaHOB CBsSI3aH CO 3Ha-
YUTEJIBHBIM HU3MEHEHHEM TEMIIEPAaTypHOI'O pPEKHMMa, BO3HHKHOBEHHEM TeMIlepa-
TYpHBIX NepeHanpspkeHuil. CyliecTBYIOT OrpaHUYEHUs HAa OCTaHOBBI OJIOKOB B 3a-
BHCHMOCTHU OT IapAMETPOB I1apa U JUIMTEIBHOCTH IIEpHoia dKCIuTyaTaunn. Execy-
TOUHBIM OCTaHOB Aomyckaercsa y yactu 0s0koB 13 MIla. Ilpu 24 MIla octanoB —
TOJIbKO TIO TPEeOOBAHUSIM HEJEIBHOTO peryiupoBaHus. OrpaHUYMBAETCS YHCIIO
OJTHOBPEMEHHO OCTAHOBJIEHHBIX OJIOKOB Ha 3yiekTpocTaHuuu. CoOIrofeHne TeM-
nepaTypHOro pexuma 00yclaBIMBAET JUIMTEIbHOCTh MYCKOB OJIOKOB U OTpaHUYH-

BaeT CKOPOCTh Habopa Harpy3ku (puc. 4.2).



s
| ’ F00-240 |
20 | N B RS Rseae
ESREERY

0 20 40 60 80 100 7120 T40MUH

-~
)

Puc. 4.2. I'paduxm Habopa HArpy3Ku:
1 — octanoB Ha 6 — 10 yacos;
2 — octranoB Ha 30 — 35 yacos.

VY nebnounbix KOC Oonee mupokre BO3MOXKHOCTH OTKIIFOUEHUSI KOTJIOB U

paboTHI TypOOTeHEepaToOpoB C MOHIKEHHON HArpy3koi (8 — 10 % ot Py, )-

Pacxon TorumBa onpenensieTcs Mo SHEPreTUYecKuM (PacxoJHbIM) XapaKTe-
puctukam. Henmuuelinble xapaktepuctuku (puc. 4.3,a) anmpoOKCUMHUPYIOT JBYX-
30HHBIMU (OJIHO30HHBIMH) KYCOUHO-JIMHEWHBIMU 3aBUCUMOCTsMU (puc. 4.3, 0).

YacoBoii pacxo/ TOIJIMBA PAaBEH

B =BxxPuon +BP, mpuP <P’
B:BXXPHOM+B;<P'+B;Q(P—P’), npu P> P’

XapaktepucTuk HeKOTophix arperatoB KOC npuBeneHs! B Tadm. 4.1.
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Puc. 4.3. Dueprerudeckue xapakrepuctuku 6oka KOC

Tabnuua 4.1. — Duepreruueckue xapakrepuctuku KOC

Tun arperarta Tonnuso MouHoCTS, Koadduunents! snepreruye-
MBT CKOH XapakTepuctuku, T/MBT
PHOM P, BXX B, B”
K-1200-240 Mazyt 1200 1200 0,0225 0,283 0,283
K-800-240 Maszyt 800 800 0,0240 0,284 0,284
K-500-240 VYrons 500 410 0,0296 0,282 0,298
K-300-240 VYrons 300 300 0,0250 0,293 0,293
I'TY-100-750 I'a3 100 100 0,11 0,350 | 0,350

[Tpu mycke OI0KOB BO3HUKAIOT JOTMOJHHUTEIBHBIE PACXOJbI TOIIMBA (Ta0l.

4.2).

TypOunsl TOIII TunoB T u IIT npu HenmomHOM 3arpy3ke oTOOPOB MOTYT pa-

00TaTh 1O IEKTPUUECKOMY TpaduKy, pa3BuBasi B Ciiydae HEOOXOIUMOCTH HOMU-

HaJIBHYIO 3JIEKTPUUYECKYI0 MOLTHOCTH (puc. 4.4). MomHocTs TypOun Tuna P onpe-

JIEJISIETCS UX TEIJIOBOM HArpy3KOM.
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Ta6muma 4.2. — ITyckoBbie pacxo bl ToruBa KOC

Tum arperara IIyckoBble noTepH, T
[Ipu ocranoBe Ha 8 — 10 4 [Ipu mycke u3 X0I0AHOTO
COCTOSIHUS
K-100-90 8 30
K-150-130 25 50
K-200-130 30 60
K-300-240 80 150

VYyacte I'DC B MOKPBHITUN HATPY3KH 3UMHUX PAO0OYHX CYTOK OMPENCTSIOT

) g et e e B | 1

L Iy | | MBT7

200

760

R VL L L,
ou

720

qori

0 80 760 z40/wanld
6)

Puc. 4.4. 3aBucuMocTs anekTpudeckoit Harpy3ku TOL oT TennoBoii:

PTF - MOIIIHOCTH Ha TCIIJIOBOM HOTpe6J'IeHI/II/I;

PI( - MOITHOCTb KOHJCHCAIITMOHHAsA.

4.2. TIlnanupoBanue pexumon I'IC

UCXOJIsl U3 33IaHHOM rapaHTUPOBAHHOW cpeaHeMecsiuHor MouHocTr ['OC

CyTo4HOTO pecypca sHepruu. Yuactue ['DOC qomkHO 00ecreuyuTh MakCUMaabHOE

cHmkeHnne notpedHoit momuoctu TOC. Yuactue ['DC B MOKpHITHM HArpy3ku BO

BCE Yachl HE JIOJKHO OBITh MEHBIIE 3a1aHHON Ps.y (30Ha 8 Ha puc. 4.5).
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Puc. 4.5. BouceBauue '9C u TADC ¢ ucnons3zosanmnem MKH

B npyrue cytku yuactue I'29C onpenensercs riaBHbIM 00pa3oM yCIOBUSIMU
MIOJIHOTO HCIIOJIb30BAaHUs CYTOYHOIO PECYpCa DHEPTUM U MAKCHUMAaJIbHOIO BBIPAB-

HuBaHMs Harpy3ku TOC.

Iac IaC
Jst BnuceiBanust ['OC onpenensitor Poype 1 Wi -

I3C _ pIac I3C  pIdC
PHI/IK - Ppacn - I:>6a3 - RBp J

Kk — \ MHen ' rap 0a3

Wre _(krac proc _ rac)24’
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rae Kyey — koabdurment uenensHoro peryauposanns (Kye,=1,0 — 1,2). On yun-

THIBAET HEPABHOMEPHOCTH HEJNIEIBHOTO PEKHUMa JJICKTPONOTPEOJICHUS U PEryJiu-

POBOYHBIC BO3MOKXHOCTHU BOAOXPAHUIINIIIA.

Piae 1 We HCIONB3YIOT 171 onpenenenus 30Hb1 pabotel I DC B rpaduxke

Harpy3ku. s npuOiImkE€HHOro pacu€ra onpeesieHre 30Hbl OCHOBAHO Ha IOCTPO-

€HUM MHTerpabHON KpuBoil Harpysku (MKH) P, = f(3) (puc. 4.5). CyTouHblii
rpaduk pa3OMUBaIOT HA 30HBI C NOCTOSTHHBIM I1aroM AP, HauuHas ot P, rpadu-
ka Harpy3ku. IlogcumThiBaroT miomiaap ydacTka rpapuka 3y, 3aKIO4EHHOIO

MCIXKAY YPOBHCM Pmax N TCKYIIHUM 3HAYCHUCM MOIIIHOCTH

P =Py —KAP, k=0,12...

Ha rpaduke MKH oTknanpiBaroT ouepeqHyo TOUKY ¢ KOOpAUHATaMU Dy U

Ucnonesyst Py 1 W, ic, CTPOST IIPAMOYTOJBHBIA TPEYTONBHUK, KATETAME

KOTOPOTO SIBJISIIOTCA YKa3aHHbIE BeIMYMHBL. Heo0X0IMMO pacnoioxKUTh TPEYTroJib-
HUK TaK, YTOOBI KaTeThl ObLIN NapajlIebHbl OCSM U BEPUIMHBI TPEYTOJIbHUKA OMH-
panmucsk Ha UKH. 30Ha cyTouHoro rpaduka, B KOTOpoi Harpy3ky nokpeiBaet ['9C
(3oHa 7 Ha puc. 4.5), onpenensitoT MPOEKTUPOBAHUEM KOOPJWHAT BEPIIUH Tpe-
YroJIbHUKA Ha CyTOYHBIN rpauK Harpy3Ku.

B HekoTopbIX ciydasx He yAa€Tcsi KOPPEKTHO PACMOJIOKUTH TPEYrOJbHUK

['DC na UKH. Takue cutyauuu BCTpEYAIOTCS MPU 3HAYUTEIBHOW MUKOBOW MOIII-

Hocty P° U 10cTaTouHO paBHOMepHOM rpaduke Harpysku (MKH umeer manyro

KPYTH3HY) WM IpU MajioM sHepropecypce W w. B 5ToM cilyuae 4acTh MOIIHOCTH
I'DC He ucnonb3yercs. HeoOX0AMMO IIONHOCTBIO HCIIONB30BATh BO3MOKHOCTH

['SC no BeIpabOTKE MEKTPOIHEPTrUU, HO MOMIHOCTH ['DC OyneT ymeHblleHa 10

I9C
BEJIMNYUHBI qu .
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Eciu B 93C umeercs Heckonpko ['DC, To ux BNHMCHIBAIOT B rpaduk B IO-

PAAKE BO3pACTaHUA 9YHUCJIa 9aCOB UCIIOJIb30BAHUA pacnonaraeMoﬁ MOITHOCTH I'2C

BruceiBanue 'ADC B cyTouHBIN rpaduk Harpy3ku mnpu padbote B TypOuH-
HOM pexuMe aHanornyHo BouchkiBaHuio ['DC. CyrouHast BbIpaOOTKa SHEPrUU

['ADC onpenensiercs ¢ yuétom notpedieHus ['ADC B HACOCHOM peKUME.

rasc _ \psrasc
TypO _WHac ‘N,

rane M —kaa FADC (n=0,7).

[Totpebnenue 'ADC B HACOCHOM pEKUME PaBHO

Praac rasc
rasc _ _pacn 1ypd

Hac !

n

re Pyacn — MPOEKTHas pacrionaraemas Monmocts IADC;

rasc
ryp6 — YUCIIO 9aCOB PabOThI B TypOMHHOM pekume (4 — 6 4ac).
CyTouHbIl TpaduK Harpy3Kd KOPPEKTUPYIOT B YAChl HOYHOTO MPOBaa, yBe-

JUYMBasi Harpy3Ky TakuMm oOpa3oM, yTOObI JOMOJHHUTENbHAs IUIOaAb rpaduka

rasc
obuta paBHa Wy, .

BnucsiBanne ['ADC ocnoxHsieTCs TeM, YTO BhIPA0OTKA 3JEKTPOIHEPTUH B
D9C pacxonyeTcssi B HACOCHOM pexxkume. JDkoHoMuto 3arpaT Ha TOC mpu pabdote
['ADC B TypOMHHOM peXUME HYKHO COTIOCTABJISATH C JIOMOJHUTEIHLHBIMHU 3aTpa-

tamu Ha TOC npu padbotre 'TADC B HacocHOM pexkume. B psje ciaydaeB 1enecooo-



/8

Pa3HO HCOOUCIIOJIb30BAHHUC MOIIHOCTH I'ADC u cHmXeHue BLIpa6OTKI/I QJICKTPO-

sneprumn 'ADC.

4.3. Bbi0op cocTaBa BKJIIOYEHHOT0 000py10BaHUS

[Ipu npoxoxkAeHUN MaKCUMyMa HAarpy3ku CymMMapHasi MOUTHOCTh BKIIOYEH-
HOTO 000pYJOBaHUS AIEKTPOCTAHLIMKN JTOJKHA MPEBBINIATE MAKCUMYM Harpy3KHu.
Ecnu pabouas mourHocTh Bcex TOC cyliecTBEHHO MPEBHINIACT YKa3aHHYIO BEJIH-
YUHY, TO ONPENEAIOT ONTUMANIbHBIA COCTaB 000PYyIOBaHUs, BKIIOUEHHOTO B Yac
MaKCHUMAaJIbHOM Harpy3ku. [[jst 3TOro comnocTaBiisitOT CYyTOYHBIE 3aTPaThl HA TOILIH-
BO IIpHU pabOTe BCEX HUCIPABHBIX arperatoB U MPHU BHIBOJIEC YACTH UX B XOJIOJHBIM
pe3epB.

Ecnu ncnonb30BaTh OJHO30HHBIE SHEPIrETUYECKUE XApPAKTEPUCTUKH, TO 1I€-
necoobpasHocTh BbiBoja | -ro arperata KOC wimm I'TC B X0JIOHBIH pe3epB MpOBe-

PSIETCS TI0 BBIPAKEHHUIO:
3Ti(BXXiPHOMi +B6F1|)>3TjB’jF)I’

rae  3;j — CTOUMOCTb TOIUIMBA, PACXOIYEMOTO | -M arperatom;

ByxirBi — K0dDOUIMEHTBI IHEPreTUUECKON XapaKTEPUCTUKU | -TO
arperara;
P, — Harpy3ka | -ro arperara 10 OTKITFOUCHUS;
3;j — CTOMMOCTb TOIUIMBA, PACXOLyeMOIO J -M arperatrom, KOTOPBI BOC-

IPUHUMAET Harpy3ky P ;

B’j — KO3 PHUIIUEHT SHEPIreTUICCKOM XapaKTEPUCTHKK | -TO arperara.

JleBast 4acTh BbIPAKCHUSA — 3KOHOMHUA 3aTpar, ImpaBas — AOINOJHHUTCIIbHBIC

3aTpaThbl.
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[Ipu cHWXEHUM HArpy3KHd ONTUMAJBHBIN cOCcTaB paboTaoIIero 00opyaoBa-
HUS ONPENENISIIOT MYyTEM COMOCTABIIEHUS 3aTpaT HA TOIUIMBO IpHU paboTe MakCH-
MaJbHOIO KOJMYECTBA ArperaroB CO CHUKEHHOW HArpy3Koll WM yMEHBUIEHHOTO
KOJIMYECTBA arperaTtoB C YBEJIWYECHHOW HArpy3KOMl IUIIOC JOMOJIHUTEIbHBIE 3aTpa-
Thl Ha €XECYTOUHBIM MyCK M OCTaHOB arperata. [IpuOmmkEHHO PKOHOMUYHOCTH
S

OCTaHOBa arperara MOKCT OBITH OIIPCACIICHA IO BCJIIMYMHC S — OTO

oct 1+ “ocr i

Pa3HOCTb CHHIKCHUA 3aTPaT Ha TOIUIMBO IIPpHU OCTAHOBC arperara, pa60Ta}0mer0 Ha

TCXHHUYCCKOM MHWHHMYMC, Ha T 4aCoB M IICpCpacxoaa 3aTrpaT Ha TOILIMBO IIPH

p
yCKe.
!/
(B XX | PHOM i + Bi PMI/II—I i )Tnp - BnyCK-OCT i
Socr i =3ri ,
Poumi T
MUH | “TIp
rae P,y i — MUHEMaJbHas Harpy3ka | -ro arperara;
Biyck-ocr i — PACXOJ TOIUTMBA Ha IyCK M OCTAHOB.

OcTaHaBIUBaIOT arperar, ajisi KOToporo S — MaKCHUMAaJIbHOC.

ocT |

[Ipu BbIOOpPE OCTAHABIMBAEMOrO arperara cleyeT UMETh BBUIY CIEyIO-
aiee.

ADC pa3zMemaror B 6a3MCHON YacTH rpadguka 0e3 pasrpy3kd B HOUHbIE Ya-
CBI.

TOILI Takxke pa3meniaroT B 0a3uCHOW dacTu. B 3uMHee Bpemsi OHU TOJHO-
CTBIO 3arpy>KeHbl 1O TEITy U B JIHEBHOE BpeMs pabOTalOT C MOJHOW pacroliarae-
MOM MOILHOCTBIO 3@ BBIYETOM PEMOHTHOI'O M ONEPATHBHOrO pe3epBoB. Pasrpyska
TOII B HOUHBIEC YaChl 3aBUCUT OT XapakKTepa TEIIoBON Harpy3ku (Tad:. 4.3).

Ocraguyrocst Harpy3ky pacnpenenstoT mexay KOC, I'TC, III'Y u konaeH-
canoHHOM MomHOCTh0 TOLI. J[11g 3TOro MCHosb3yrOTCsl XapaKTepUCTUKUA OTHO-

CUTCIIBHBIX IIPUPOCTOB pacxoJa TOILIMBA C y‘{éTOM CTOMMOCTH TOILJINBA.
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Ta6nuna 4.3. — Bo3sMoxxHOCTH CHIKeHUS Harpy3ku TOL]

Tun arperara 3UMHMI IepuoJ HeoronurenbHbiii
Pabouune Brixonnable nHA CE30H
IHW,  HOYHBIC | JIHEBHBIC Yachl Hounsle yacsl
Yacsl
1,0 1,0 1,0 0,90
T 0,86 0,86 0,70-0,75 0,15
IT 0,66 -0,70 0,66 -0,70 0,66 -0,70 0,43 -0,52

4.4. PacnpeaejieHue Harpy3KH Me:K1y 3JEeKTPOCTAHIMAMM

OntumaneHbil pexum O9C npHu 33aJaHHOM COCTaBE BKIIOYEHHBIX OJIOKOB
COOTBETCTBYET MUHHUMYMY 3aTpaT Ha TOILIMBO 3jekTpoctanimii [13, 16, 17] mpu
YCIOBUM COOMIOJeHUsT OanaHca AaKTUBHOW MOLIHOCTM MOIIHOCTH U y4éTe
OTpaHWYEHUI Ha JUaa30H W3MEHEHUS MOIIHOCTH dJeKTpocTaHuid. s Beroopa
ONTUMAJILHOTO pekruMa GOPMHUPYETCS U peliaeTcs MaremaTudeckas mojaens (MM)

onTuMu3anuu pexuma 9I3C CleayoIero Buaa

n
3, = > I1;B; (P, ) = min; (4.1)
i=1
n
ZPFi_PHZ_ﬂ-(PrilQri):O; (4.2)
i=1
Pl"rinin S PFl S Pl"rpax’ izl’ 27"’3”1 (43)

rae Llj — croumocTs TomMBa Ha i-# AMEKTPOCTAHIINY;
B; (Pri ) - DJHEpreTHYEeCKask XapaKTePUCTHKA I-i 3JIEKTPOCTAHIIUH;

P.j — akTUBHasI MOIIIHOCTh, TeHEpUpPYeMast I-i SJEKTPOCTAHINEIH;
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72'( P Qri )— CYMMapHBbIE ITOTEPU aKTHBHOW MOIIHOCTH B ceTH DIC;

N — 4yucno snekTpoctanunii B 99C;

P, — cyMMapHas akTUBHas Harpy3ka noTpeOuTene;

PN P _ npenenbl u3sMeHeHUs MOIIHOCTH i-# 2EKTPOCTAHIMH.

MunuMaiabHas MOIODHOCTD 3JICKTPOCTAHIIUU Prrpm OIIPCACIIACTCA YCTOfIQHBO-

max
Pa

CTBbIO pa6OTBI TEILUIOBOM 4yacTu. MakcuManbHas MOIIHOCTDL I COOTBCTCTBYCT

pa60qeﬁ MOITHOCTH JJICKTPOCTAHLIUH, OHpGIIGJISIGMOfI KaK pasHOCTb MCKAY yCTa-

HOBJICHHOW (HOMUHAJIbHOW) ¥ MOITHOCTBIO HAXOIAIICHCS B PEMOHTE U PE3EPBE.
n
B MM (4.1) — (4.3) ¢pysxuus 3, = ZL[iBi (Pri) SABJISIETCA 11€JIeBOM (DyHK-
=

Yel ONTUMU3ALMK PEKUMA, a €€ MUHUMAIbHOE 3HAYEHUE — 3TO Kpumepuil on-
mumanvrocmu pexcuma I33C.
Munaumym (4.1) mpu  ycnoBuu (4.2) MoxeT OBITh ONpPEaSIIEH

memooom muoxcumenei Jlazpansica [31, 53]. @ynkuus Jlarpanxa umeet BU/I

Lp=iHiBi(Pri)+ﬂ ipri_PHZ_”(PriaQri) , (44)
i1

=1

rae A — HEOnpeAeIEHHbIM MHOXKUTEIb JIarpanixa.

n
B Touke munumyma (4.4) ZPFi —Pys —7Z'(Pri , Qri ) =0 u 3HaueHus QyHk-
i=1

uuii (4.1) u (4.4) coBnanaror.

HeobxoaumeiM ycnoBrem MuHnMyMma ¢yHkimu Jlarpamka Ly sBisercs pa-

8Lp aLp
BCHCTBO Hy.HIO JaCTHBIX HpOH?;BOI[HBIX —, a .
Ti



oL
LRV R § P R T
OP.j OP,j OP,j
(4.5)

oL n
—p:ZPrl RG> _ﬁ(PrliQri)zo'

0 i=1
8Bi 872'

O603Ha“H/IB —_— = 8i n aT = O-pl , IIOJIYUUM ycjioseue onmumaibHocmu
Ti ri

pexcuma IIC npu yuéme nomepsb MOUWHOCHIU 8 CEMU

e — Ipe, Wi 0 My

-0y 1-0y,  1-op  1-0py '
Op1 Op2 pi pn

i (4.6)
Pri_PHZ_”(Pri’Qri):O’

Li=1

T & — OMHOCUMENbHBII RPUPOCH PACX00a MONAUEA |- dIEKTPOCTAHIIUEH

(XapakTepucTUKa OTHOCUTEIIHOTO IPUPOCTA PACX0/1a TOIUIMBA);
/i — OTHOCHUTEJILHBIN MPUPOCT 3aTPaT O CUCTEME B HeJIoM (i =—A1).
JlocTatouHoe yciaoBre MUHEUMYMa (4.4) UMEET CIICAYIOIHIA BU/I

2p !
ﬁ>0 1507051 ﬁ20.

8Pr2i - P

[Tpn Hapymenun ycioBuii Buma (4.3) cooTBeTcTByromas nepeMeHHas P

(buKkcupyeTcss Ha CBOEM I'PaHUYHOM 3HAYEHHUH U B JTaJIbHEHIIIEM HE U3MEHSETCS.

Ikonomuueckuit cmuica (4.6) COCTOUT B TOM, UTO OTHOIIICHUE TTPUPOCTA 3a-

TpaT Ha TOIMBO A3, K MPUPOCTY aKTHUBHOW Harpy3ku AP, momken ObITh onuHa-

KOBBIM Y BCCX BJICKTpOCTaHHI/Iﬁ.
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OnTtumuzanus pexxumoB 99C B coorBeTcTBUM C (4.1) — (4.3) ¢ yu€Tom 3a-

BUCHMOCTH TOTE€Pbh MOILIHOCTU 7 OT MCKOMBIX MomrHocTed P.j, Q.; cBs3aHa c
/4

BBIYUCIICHUEM MPOU3BOJHBIX — .
ri

3aBUCUMOCTH 77 OT Y3JIOBBIX MOIIHOCTEHl MOTYT OBITh MOJYYEHBI IPU HC-
MO0JIb30BAHUU YHPOUWEHHOU Modeau cemu. B Takoit mojaenu (puc. 4.6) nmomneped-
HbI€ TIPOBOJUMOCTH 3aMEHSIOTCA 3apsaHOM MoiHOCcThi0 (anst JIOII), morepsmu
X0JIOCTOrO XoJ1a (11 TpaHc(hopMaTopoB), MOCTOSIHHON TeHEpaIuel Heperyaupye-
MbIx KV (koHIieHCaTOpHBIE OaTapeu, ITYHTUPYIOIIUE PEAKTOPHI).

Ha puc. 4.6 B cxeme ceTH BbIACICHBI TPU Y3JIa: (n +1) -1l y3eJ1, SABJIAIOLIUNCS
OajmaHcHpyIOIMM, W ABa JApyrux y3na — | u K. B OamancupyromeM y3ie 3aaaHo
nanpsxenne Ug = const. PaGoune Hanpsvkenus B y3nax i u K passl U; u Uy .
OTH HanpsHKEHHS] OTCUUTBIBAIOTCS OT HYJEBOIO MpoBoja (3emiin). B To ke Bpems

HaIpsKCHU S Ui n Uk MOHO OIIPCACIINTDL, UCIIOJIL3Ys HAIIPSKCHHUC U6 Hu maac-

HYe HaTpskeHns Mexay i-M (K-m) y3nom u 6amancupyromum U 5 (U ay ).
UI = U6 +UAi .

CooTBeTcTBYyIOIIAas BEKTOPHAS AUarpaMMa npuBeaeHa Ha puc. 4.6.
Tak Kak B ynpoImEHHON MOJEIH Y3JIbl HE UMEIOT CBA3U C 3€MJIEN, TO HAIPS-

’KeHHe 0aJaHCHPYIOIIETO y3/1a MOKHO mpupaBHATE K Hymo Ug =0 (puc. 4.7). To-
r1a B ypaBHEHHUSX Y3JI0BbIX Hampspkenuil (YYH), 3anucanHbix B Buje 0ajaHCOB

ToxoB, Hanpskenns U; (U} ) 3amensiorcs Ha magenns vanpsokerus U 5 (U )



A U.
+j : ‘
OnexTpuueckas Ui
n n+1 ceTh
Jg=->_Ji . i
i=1 U +1

Puc. 4.6. Monens cetu 6e3 MONepevHbIX MPOBOAMMOCTEH | MaJCHUs HANPSHKEHUS MEXKIY Y3IaMu
YVH nns ynpoiméHHOM MO CETH 3alUIITyTCs CASAYIOIUM 00pa3oM:
. n . .
YilUnai + 2 YiUak = Ji, 1=12,..,n. (4.7)

k=1
ki

Us =0 DneKTprUecKast

I n+1 CETh

_jk

Puc. 4.7. Cxema 11 pacuéra y310BBIX HAIPSDKEHUN M BEKTOPHAs AMarpaMMa Harpsi-
KEHUU

B matpuunoit popme (4.7) umeeT BUA:

YU, =J, (4.8)

NN



Y1 Yoo Yin| [Uaz| |31
Y21 Y22 Yon| Uaz| _ |92
an !nZ !nn UAn Jn

Pemrast (4.8) orHocutensHo U A > TOITY9UM

Up=2J, (4.9)

rae Z= X_l — MaTpHUIIA Y3106bIX CONPOMUGIEHUI PA3MEPOM NXN.,

Z1y Zyp o Ly
z- Z:21 Zgz Z?n |
an ZnZ Znn

B anre6panueckoii (hopme HampsikeHUe (0 OTHOLIEHUIO K 3eMJIe) B JT0OOM

y3JI€ CETH PaBHO

n
Uj =Ug +U,p; =Ug + D Zi Ik,
k=1

rae Zjx =Rk + ]Xjx — y31oBoe comporusieHue Mexay yznamu i u K (mpu k=i —

COOCTBEHHOE COIPOTHUBIICHUE Y3 ).

JIJ'ISI ONpeCACICHNA HArpy304YHBIX IMOTCPh MOIIHOCTH CYMMHPYEM BCC MOIII-

HOCTH y37I0B (TeHepanuu u Harpy304Hbix) Si =U;J;, BKiItoyass MouiHoCcTh OanaH-

cupyromero y3ma Sg =UgJs.
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n
Tok 6anancupyromiero ysina (cMm. puc. 4.6) paBeH J6 = —ZJ i
i=1

n n n n
A§:§6 +Z§i :_U6Z‘ji +Z[U6 + Zzik‘jk]ji =

- - @ (4.10)
n n . . n n SI §k
:Z JiZik Ik :ZZU_-—ZikU )
i=1k=1 i=1k=1""i k
rae §i:|:}+jQi; ék:H(_ij; Ui=Uiej5i; Uk=Uke_j5k,

Pazpnensas (4.10) Ha 1EeWCTBUTENbHYIO U MHUMYIO YacTH, ONPEIEIUM 3Haye-

HUS aKTUBHBIX (77 ) M pEaKTHBHBIX ( () Harpy304HbIX otepsb [17].

n n n n
=, > (RR+QiQx ) B —ZZZ(P.Qk)@ik;
) i=1k=1 i=1k=1 (411)
n n n n
g=2.> (RR+QiQ«)Di —2>_ > (RQ«)Tik.
i—1k=1 i—1k=1
rae By, Dy, Dik, Tik — xkoaddummenTsr noteps.
Ryi €0s(Jj — ) Rii sin (& — )
ik = : Dy = :
UiUy UiUy
o in COS(é‘i—é‘k)_ - in Sin(é‘i—é‘k)
e UiUy ’ e UiUy '

[Tpyn HeOoNmpIIMX Yriax CABHra BEKTOPOB HAmpspKeHUs Oy =0j —Oy (cM.
puc. 4.7) sindj, =0 u cosd;, =1. Torga yacTHble NPOU3BOIHBIC MOTEPh MOIIHO-

CTH PaBHBI
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on n or L
—ap zZZPkBIk’ rzzszBlk’
Tl k=1 an k=1
) n (4.12)
aq aq
A 23 RDy; ~23 Q. Dy.
aPri kZ:;. | anr Ié. |

Jlnst BeIuMCIeHUs Koahguyuenmos nomeps By, Dy, Dy, Ty HeoOxonu-
MBI BEJIMYMHBI Y3JIOBBIX compotusieHuil Zjy = Ry + jXjc. D1n comporusieHns

MOTYT OBITh HalJIeHbI 10 (4.9) METO/IOM €IMHUYHBIX TOKOB.
VY4éT noteppr MOUTHOCTH NpU onTUMU3aKK pexxnuma IIC 1o ycnoButo (4.6)

IIPUBOAUT K IICPCMCIICHHUIO XOIT i-i CTaHIIMK BBCPX HWJIM BHHU3 B 3dBUCHUMOCTH OT

. or
3HAaKa NPOU3BOJHON O pj = ——. Ecnu Opi < 0, To XOII omyckaeTcs U reHeparus
Ti

|-l CTaHIIUM YBEIIMYMBACTCSI K HAOOOPOT.

5. ONTUMMU3ALIUSA PEXKUMOB SJIEKTPUUECKOM CETH
5.1. Kpurepuii onTHMAJBLHOCTH pe:XkUMa ceTU. TexHn4ecKkHne OrpaHn4eHus

OnTuManpHbIe PEKUMBI CUCTEMOOOPA3YIOIIEH CETH MOTYT OBITh Omlpeee-
HbI TIPU BBINOJIHEHUH KOMNJIEKCHOU onmumusayuu pexcumos I3I3C. Kommnekc-
Has ONTUMHU3ALUS PEKUMOB MOAPA3YMEBAET OJJHOBPEMEHHOE ONIPE/IEIICHNUE AKTUB-
HOU U PEAKTUBHOM I'€HEepalMy MOILIHOCTH 3JIEKTPOCTAaHLUAMH, 3arpy3ku UIPM, ko-
s¢umeHToB TpaHchopmaiuu TpanchopmaropoB nojactanimii [13]. Mckombie
ONTUMAaJbHbIE MapaMeTpPhbl JTOJKHBI 00€CIeYUTh MUHUMYM 3aTpaT Ha MPOU3BOJI-
CTBO DJIEKTPOAHEPTUHU B KAXJAOM Yace MIaHUPYEMOro Mepruo/ia Ui 3a BECh IMJIaHU-
pyeMmblil nepuoa (Hampumep, cyTku). [Ipu 3TOM 1OKHBI OBITH yYTEHBI OamaHChI

AKTUBHOM H peaKTHBHOﬁ MOIIHOCTHU, IIOTEPU B CCTH, OIrpaHUYCHHA Ha YPOBHHU
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HaAIpsDKEHUH B y3JIaX CETHU W Ha nepeToku MoiHoctd no JIDII u tpancdopmato-
pam, Arana3oHbl K3MEHEHHUSI HICKOMBIX TapaMeTPOB U X B3aUMOCBSI3b.

UpesBblyaitHO 00JIbIIOE YMCIO ypAaBHEHUH, HEPABEHCTB, IIEPEMEHHBIX B 3a-
Jauye KOMIUIEKCHOM ONTHMHU3ALMU PEXHUMA, CIOKHOCTH B HH(POPMAIMOHHOM
obecrieyeHnn e€ MPaKTUYECKOro IMPUMEHEHUs TIPUBENO K pa3zesieHUIo 3TOH 3aja-
Y1 Ha HECKOJIbKO 3TarnoB. Ha mepBoM 3Tare npou3BOIUTCS ONTHUMH3AIMS PEXKIMA
TOJIBKO 110 aKTHBHON MOIIHOCTH C HCIIOJIb30BAaHHMEM MaTEeMaTUYEeCKHX MOJelieH,
pPaccMOTPEHHBIX B MpeabayiieM naparpade. HerounocTu perenus nepBoro sramna
METOJMYECKH CBS3aHbI C 3aBUCHUMOCTBIO MOTEPh AKTUBHOM MOILHOCTH OT Hapa-
METpPOB PEKMMa ANEKTPUUECKON CeTH (HAMPSKEHHsI, pEaKTUBHBIE MOIIIHOCTH, KO-
¢ uLeHTs TpaHCPOpMaLUK TPAHC(HOPMATOPOB).

3ajmayeil BTOPOro H3Tama sBJISETCS YTOYHEHHE PELICHUs, HalJIeHHOro Ha
MIEPBOM 3Tarne MyTéM ONTHUMH3AIMU pPeKrUMa dIekTpudeckoit cetu. [Ipu omrumu-
3allid PeXHUMa 3JIEKTPUUECKON CETH TeHepalysi akTUBHOM MOLIHOCTU BCEX CTaH-

il P moimkHa OBITH 33/1aHa WK OTIpesielieHa penienueM 3anaau (4.1) — (4.3).

Pexum 2neKTpuYecKOrd CETHM MOYKHO PEryJIMpOBAaTh U3MEHEHUEM PEaKTHB-

HOW MOIIHOCTH T'€HEPATOPOB JICKTPOCTAHIIUN U JOIIOIHUTEIBHBIX PETYIUPYEMBIX

KY Qi , ympasneruem ¢ momomsio APB Hanpsbkernem rerepatopos Uj ., m3me-
HeHreM K03 (HIHEHTOB TpaHC(HOpPMAIIUK PETyIHPYeMbIX TpaHchopMaTopoB K iy

, Bo3zeiicTBueM Ha peryistopbl KY. 3agada ontumu3anuy 3aKIi04aeTcsi B BEIOOpE
TAaKUX 3HAYCHUN PETyJIUPYEMBIX MAPAMETPOB, MPU KOTOPHIX IMOTEPU AKTUBHOU
MOIIIHOCTH (CyMMBI Harpy304HbBIX M yCIOBHO-TIOCTOSIHHBIX TIOTE€Ph) B CETH OyayT
MHHUMAJIbHBIMU.

[Ipu pemenun 3TOM 3a1ayud HEOOXOJMMO HMCIOJB30BaTh MOJENb CETH, CO-
JIEpKAIIE U NPOJOJbHBIE U IONEPEUYHBIE BETBU OTAEIBHBIX 3JIEMEHTOB ceTU. B
o0IIeM ClTydae MOTEPHU aKTUBHOM MOIIHOCTH B JIFO0OH BeTBH |, BKIIIOUEHHOM MEK-

my y3namu | — K, mpoBoauMocTh KOTOpoit paBHa Yj, =1/Z;, , MOTyT OBITH BBIUKC-

JIEHBI IO opMyJie
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7| =Re[§’ik(ui —Uk/Kik)(Ui —Uk/ﬁik)}

rae Uj, Uy — HanpspkeHMsl B Hayalle ¥ KOHIIE BETBU;

Kix — xoadurment tpanchopmaruu B BeTBH | — K.

Ecnmu mpomonbHas BETBb HE COACPKUT KOIPIUIIMEHT TpaHchopmaiuu, TO
K« =1. s nonepeunoi setsu Uy =0.

Ilenesan ¢hynkyua onTUMH3ALMKU PEXKUMA IIEKTPUUECKOM CETH, COAepKa-
mieii M BeTBeld, npeacTapiseT co00M CyMMYy MOTEPh AKTUBHOW MOLTHOCTH BO BCEX
BETBAX PACUETHOU cXxeMmbl. Kpumepuem onmumanvHocmu pexcuma nekmpuye-

CKOIlL cemu AAemcsa MUHUMPM CYMMAPHBLX ROMEPDH AKMuUueHou MouiHocmu

”:%Re[yik(ui_Uk/Kik)(Ui_Uk/lzik)J:min’ (5.1)
I=1

rae | — Homep BeTBU Mexay y3aamu | — K.

Munumym (5.1) onpenensiercs npu COONIOACHUN yCIIOBUKA OamaHCOB MOLI-

Hocteit B y3nax (YVH) B Bume (5.2), a Takke TeXHMIECKUX OrpaHnucHui Ha Q) ,

Ui, ki (5.3), (5.4).

N+l .
Re Y,\iiUiz +Uie15i ZYikUke_Jé‘k + PHi(Ui)_ Pri =0;
k=1
ki

. n+1A .
Im| YU +Uied% Y ViU 1% |4+Q, (U;)-Qf =0
k=1
k=i
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rae B, (U;j), Qui(Uj) — craTHueckne XapakTepPUCTHKH HArpy3KH 110 HaIpsiKe-

HHIO;

N — 9MCJI0 y3J10B MOJICIIN CETH oe3 6aJ1aHCpr}01uero.

OrpannucHus Ha 06nacTh u3MeHeHust mapametpoB Qi , U; u Ky :

Uimin <U, SUimaX; i=12,..n (5.3)

rmin r rmax. : _
i SQi SQi 1] |—1,2,...,m,

min max (5.4)
kik <k <k,

ri€ M — 4YUCI0 TeHepaTopoB (DJIEKTPOCTAHIIMI) U JOMOIHUTENBHBIX PEryaupye-
MbIx KVY.
OCco00EHHOCTBIO MO/IENIM ONITUMH3ALUU peXUMa dJeKTpudeckoil cetu (5.1) —

(5.4) aBnsgercs To, uto 1eneBas GyHKMs (5.1) 3aBUCUT HE TOJBKO OT pPEryiaupye-
MBIX TapaMeTpoB pexnma (He3aBHCHMBIX mepemeHHbix) Qi , Uj., Ki, HO 1 oT
OOJIBIIIOTO YKCJIa 3aBUCUMBIX MMEPEMEHHBIX (MOIYJIN HAMPSHKEHUHN B y3JIax HArpys3-
ku Uj, ¢a3el HanpshkeHuil ;). B3anMocBs3b HE3aBUCHMBIX M 3aBUCHMBIX IEpe-
MEHHBIX omucaHa ypaBHeHHsMU (5.2). [Ipu u3meHeHun 000 HE3aBUCHMOM Tie-
pemennoit Qi , Uj., Ky TpPOHCXOMUT HE TOJNBKO YBEIMUYEHHE MIIM YMEHBIICHHE
neneBor Gpynkuuu (5.1), HO U aBTOMaTHYECKOE M3MEHEHHE 3aBUCUMBIX TIEPEMEH-
HeIX Uj, 0j B cooTBeTcTBUH € (5.2), 4TO B CBOIO OYEpEb BIUSACT HA BEJINUYMHY Lie-

neBoit ¢pyuknuu. CienoBarenbho, mpu pemernn moaenu (5.1) — (5.4) Heobxoaumo
HE TOJIbKO KOHTPOJUPOBATh U3MEHEHHUE 11eJeBOM (DYHKIIMU U JUara30H HE3aBUCH-
MbIX TiepeMeHHbIX (5.3), (5.4), HO OTCIEXUBATH JOMYCTUMOCTh U3MEHEHUI 3aBH-
CUMBIX MIEPEMEHHBIX M YUYUTHIBATh UX BJIMSHUE HA 1EJICBYIO (DYHKIIHIO.
Orpanuyenus Bujga (5.3) sl 3aBUCHUMBIX MEPEMEHHBIX YUHUTHIBAIOTCS

wmpagnuvimu yukyuamu [l; (puc. 5.1), nobaBnseMbIMu K Lie1€BOM (QyHKIMU

(5.1). Llenesas GhyHKIMA TprOOpPETACT BH/I:
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n
i=1

rae L] P — mrpadHas GyHKINS 110 aKTUBHONW MOIITHOCTH OAJIAHCUPYIOIIETO y3I1a;

1l dLi/;
du;

— \M - \JmaX >
Uimln Uimax UI /J/imln UI UI

Puc. 5.1. llItpadnas ¢pyuknus L; u e€ npousBogHas

2
ﬂ UI_UImaX

, mpu  U; >U™;
2 UimaX

ll[i = O, IIpu Uimin SUi SUimaX;

N
ﬂ UI _Uimln

min
> Uimin , IIpH Ui<Ui .

[Ipu Beixoge Q; 3a momycTHMBIC rpaHuilbl MoHOCTE UPM dukcupyercs
Ha HapyllaeMOM IpaHULC U B JalbHeWIeM He MeHsaercs. Orpanundyenue Ha U,

ATOTO y3Jla YUUTHIBAETCA MPU MOMOLIM IITpadHON QYHKINU.
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5.2. CpeacrTBa peryJMpoBaHUsl HANIPSIZKEHUS] M PEAKTUBHO MOITHOCTH

OCHOBHBIMU ucmoyHuxkamu peakmugnoi mouHoctu (MPM) sBuswoTcs
CUHXPOHHBIE T€HEPATOPBbI ANEKTPOCTAHUUN. I COKpamieHus: pacCTOSHUN Tepe-
Jla4yul PEaKTUBHOW MOIIHOCTH U CHMXKEHUS MOTEPb aKTMBHON MOIIHOCTH HCIOJIb-
3ytotcs u apyrue MPM: cuHXpOHHBIE KOMIIEHCATOPbI, OaTapen CTaTUYECKUX KOH-
JIEHCATOPOB, CTATUYECKUE TUPUCTOPHBIE KOMIIEHCATOPBI, KOMIIEHCATOPHI PEAKTUB-
HOW MOIIIHOCTH.

Cunxponnutit komnencamop (CK) npencrapisieT co0oli CHHXPOHHBIN JIBHU-
raTeiab 00JIETYEHHON KOHCTPYKIIMH, paOOTaIOIIMI Ha XOJIOCTOM XOJY.

CK uMeroT aBTOMaTHYECKOE PETYIUPOBAHUE C MAJION MOCTOSIHHOM BPEMEHH, I03-
BOJISIIOT HE TOJILKO T€HEPUPOBATh, HO U MOTPEOJIATh PEAKTUBHYIO MOIIHOCTH (pHC.

5.2, a). B pexume nepesosoyxaenms (Ey >U) CK morpebisier EMKOCTHBIN TOK,

npu HeRoBo3OyxaeHuu (Eq <U ) — HoTpeOIIsSeT MHIYKTUBHBIHN TOK (pHc. 5.2, B, T).

. E.A
INEIP
U Miv3ix,
A U
A
Eq
E | p=-90°
(0:900 = \ >
Bozbyautens / :
|
<
|
a 0 B r

Puc. 5.2. Pabota cCHHXpOHHOTO KOMIIEHCATOPA:
a — ycjloBHOe o0O3HaueHHE Ha cxemax; 0 — cxema OOMOTOK; B — BEKTOpHas JAuMarpamma B
peKrMa TIEPEBO30YKIEHUS; T — TO K€ B PeKHUME HEJIOBO30YKICHUS

Momnocets CK Qcg :C;(—U U3MEHSET CBOM 3HAK B 3aBUCHUMOCTH OT
d

BEJIMUUHBI TOKa BO30yxaeHus i,. Homunansaas mommuocts CK ykaspiBaeTcs ms

pexxuMa nepeBo3OyxkaeHus, B kKoTopoMm CK Bbimaér B ceTb peakTHUBHYIO MOII-
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HOCTb. [Ipu pabore CK norpebiisieT u3 cetu akTUBHYIO MOITHOCTh B pa3zmepe 2...4
% ero HomMuHaNBbHONW MOIIHOCTU. Brimyckaror CK ¢ HOMUHAIBbHONW MOLIHOCTBIO
50...320 MBap na Hanpspkenus 11...20 kB. B pexxume nenoo30yxaenus CK mo-
TpeOJIIeT peaKTUBHYI0 MOIIHOCTh U3 ceTu. [IpeaenbHass MOIHOCTh MOTPEOICHUS

npu cHAToM BO30yxaeHuu (Ey =0) paBHa

U2
Qck (Hem) Make — _X_d =0,5Qu0m-  (Xdx =2,0).

Cnocobnocts CK moasiepkuBaTh HapsDKEHUE B y3JIaX CETH MPHU TITyOOKHX

nocajKax HampspKCHUS 3aBUCHUT OT peryaupyroinero 3dgdexra [18]

_dQcx _ Eq-2V
du Xq

%Q

ITpu GonbiioM TOKE BO3OYKACHUS |, MOXKHO 0OECHEUUTDH MOJI0KUTEIbHbIHN

3HAK O.g U BblAAa4y JOCTaTOYHO Oonpio MOIHOCTH Qry AN CTaOMIU3aLMU

HaIPsHKCHUS.

BCK koMIIIeKTyI0TCS U3 CpaBHUTEIBHO HEOOIBIINX KOHACHCATOPOB HU3KO-
ro HanpspkeHus (0,22...10 kB) myTéM ux mocienoBaTebHOr0 U MapajjieibHOTO
coeauHenus (puc. 5.3). . Momnocts BCK cyniecTBeHHO 3aBUCUT OT HANPSKEHUS B

y37e €€ MOKIIOUCHUS U SKBUBAJIEHTHOW EMKOCTH OaTapewu.

QECK = —(DCUZ.
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Puc. 5.3. PaGota 6atapen cTaTHU4ECKUX KOHIEHCATOPOB:
a - ycIoBHOe 00O3HaueHHE a cxemax; 0 — TpéxdasHas Oarapes ¢ KOHICHCATOPAMH,
COCAUHEHHBIMU B TPEYIOJIbHUK; B — BEKTOpHAs AMarpaMma

BCK mnpocThl B 3KCIUTyaTalluy, UMEIOT Majible MOTEPU aKTUBHOM MOIITHOCTH
(0,3...0,4 % HoMuHaNBEHOU MOIIHOCTH). HO OHM MMEIOT CyIIECTBEHHBIE HEIOCTAT-
KH: BECbMa YyBCTBHUTENIBHBI K BBICIIIMM rapMOHUKAM HaIpsiKeHHUs, 00J1a1afoT 3Ha-

YHUTEJIBHBIM OTPHUIIATENILHBIM PETYIUPYIOMHM 3P dekToM (opcx =—20CU ), BBI-

3bIBAIOT PE3KOE YBEJIMYEHUE YJIAPHOrO TOKa K.3. PerymupoBats Momuocts BCK
MO>KHO TOJIBKO pa3AesiuB €€ Ha CEKLHH, CHAOJMB MX COOTBETCTBYIOIIMM KOJIUYe-
CTBOM BBIKJIFOUATEIIEH.

Cmamuueckue mupucmopnwie komnencamopwt (CTK) npeacraBisitoT co-
0ol mpaktuuecku Oe3umHepimoHHble PM ¢ miaBHBIM perynupoBaHueM (Bpems
perynupoBanus 0,02 c¢). CTK coctoutr u3 ynpaBisieMOro BEHTUIISIMH PEaKTopa
(TupuctopHo#i peakropHoi rpymmbel — TPIY) u nmapamiensro noakirouéaHorn bCK
(xonnencaropHoil rpynmsl — KI').

[InaBHoe ympaBiaenue wmoiHocThi0 CTK ocymecTBisercss ¢ MOMOIIBIO
BCTPEUHO-TIAPAJUICNIBHO BKJIIOYEHHBIX YIPABISAEMBbIX BEHTHIIEM — TUPHUCTOPOB,
CHAOXKEHHBIX yCTpOWcTBOM yrnpasieHus YV (puc. 5.4, a). C nomompo YV pery-
JUPYETCSI MOMEHT OTKPBITHS U 3aKPBITUS TUPUCTOPOB (perynupyercs yroi 0).

Takoe perynupoBaHU€ MO3BOJISIET U3MEHSTh BPEMsI BKIIOUEHHUS PEAKTOPOB
LR B Teuenue kaxjaoro mosyrnepuoaa (puc. 5.5). BeneactBue 3Toro u3aMeHsieTcs

I[CﬁCTBYI—OHICC 3HAUYCHUEC HAITPSIKCHHA U na 3axumax pE€aKTOopa.
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Puc. 5.4. Cxema craTuyeckoro KomreHcaTopa:
a, 0 — cxema u xapakrepuctuka CTK:
1-2-3 — pabGouas xapakTepuCTHKa

I F
F '
’ r
£
f’ G ')
L...\,_-J 11 ‘
\ !
0 ) 4]

Puc. 5.5. Bpemennas nuarpamma padotst TP

Pa3BuBaeMas MOIITHOCTh peaKkTOpa paBHa

rae X, — HHIYKTHBHOE CONPOTHBICHUE PeakTopos LR.
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Ha HCHTPAJIBHBIX IMOACTAHIUAX U B CCTAX 3JI€KTpOCH36)K€HHH HpCI[HpI/ISITI/Iﬁ

or CTK Ttpebyercs Bblmaya peakTUBHOM MOIIHOCTH Q.. =Qy —Qp. s sToro

CIIY)KUT KOHACHCATOPHAs I'pyllia, CCKHMOHUPOBAHHAA BBIKJIIOYATCIIIMU UJIW THPHU-

CTOpHbIMU KitouamMu. MomgHocts TPT Qp MOXKET ObITh HEOOJIBIIION, YTOOKI Mepe-

KPBITh JHMANa3oH AUCKpEeTHOro m3mMeHeHuss MomHocTH KI'. B pabounx pexnmax
CTK renepupyeT 3HaUMTEIbHbIE TAPMOHUKH, U [T0O3TOMY, HEOOXOUMBI (PUIIBTPHI.

A P.MBs JIist cucTeMo0o0pa3yomuX ceTei U Jaib-

1,5 7 Hux snekrponepenad 500...1150 kB pe-
aKTOpP JOJDKEH OBITH BBHIODAH Ha IOIHYIO

1,0 / MOIIHOCTD KOMITIEHCAIINHN 3apsiAHON

KEvTPE morrHoctu JIDII.

e Jnga  noaCTaHOME — Pa3IMYHOTO

HanpspKeHus 1ianupyercs Bolmyck CTK

EMK UL motHocTeo 100...400 MBap Ha Hanps-

60 8 o0 8o 160 M
Puc. 5.6. ITorepu momuocT B CTK

xenue ot 10 mo 110 kB. ITorepu moniHo-
ctu B CTK cocrasmstor 0,2...1,0 % (puc.
5.6).

Komnencamopwor peakmuenoii mouipocmu (Ctatkom), CO3JaHHbIE HA OC-
HOBe TipeoOpazoBarens HamnpsokeHus ([TH), sBnsroTcs omHUM U3 37I€MEHTOB THO-
Kol oanekTporiepenaun. OJHOMOCTOBas cxeMa TpeoOpa3oBaTeNsl HAMPSIKCHUS
npuBezeHa Ha puc. 5.7, a. [IpeoOpa3zoBarenb COCTOMT U3 MIECTH IICY, BKIIOUYAO-
X B ce0si BCTPEYHO- MapasuIiesibHbIE 3amupaemMbie THPUCTOPhl VS U oOpaTHBIC
nuoael OD, u ucTouHMKa nmocTtosiHHOro HampsbkeHus Uy, CucteMa yripaBlieHHS
o0ecreuynBaeT JIUTEILHOCTh MPOBOJSIINETO COCTOSIHUSI Ka)XJIOTro Ijieda, PaBHYIO
180° (ocu 1, 2, 3 puc. 5.8, a).

NMITynibChl yIpaBiieHHUs TIOCTYIIAIOT Ha 3amupacMbie TUPHCTOPBI VS depes
60° ¢ ouepéanoctrio 1-2-3-4-5-6. [Ipu TakoMm ympasienun Ha 3axumax A, B u C
ITH dhopMupyroTCS HAMPSKEHHS B BUAE MPAMOYTOIBHUKOB U,g, Upc M U, (OCH 4, 5, 6),

NepBbIE TAPMOHUKH (DA3HBIX HAMPSKEHUIM KOTOPHIX PABHbI
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Up =Ug =Ug =Up = 2Uy,
7T

rae U — HampsbkeHue nmpeodpasoBaters.

AU Ly Iy
— | » aga g —
a-e o VS @®]VD, 1® ‘IZ® A
h —e e Y A —N A . X .
T, C L. (g lld Uy Un
2
[ .A.

. . Py I'Az‘

Ty — cormacyrommid TpanchopMaTop IS MapauieIbHOTO
noakirrouenusa [TH

T, — cormacyromuii TpaHchopMmaTop JUIsl IOCIEIOBATEIHHOTO
noakirouenusa [TH

VS - sanuparomuii Tuprctop (3T)
VD — obpartusrit quox (OJ1)

a B
Puc. 5.7. [IpeobpazoBaresb HaPsKECHUS .
a — IPUHIMITAATBHAS cXeMa; 0 — cXeMa 3aMeleHHs TPpH napauiebHoM noakiroueHnn [TH;
B — cXeMa Me(a3HOro 0OMeHa MOIHOCTBIO

[Tpu napannensaoM noakatoueHuu [1H gepes tpanchopmartop T; k mmHAM
MOACTAHIIMA XapaKTEPUCTUKKU TpeoOpa3oBaTessi MOXHO OMNPEACIUTh MO IKBHUBA-

JeHTHOM cxeme (puc. 5.7, 0).

W3meHsist yroil ynpaBieHUs 3allMpaeMbIX THPUCTOPOB B U TeM cambIM (pa3o-
BOE T0JI0%keHHe BekTopa Uy 10 oTHOIIEHHIO K BekTopy ceTn U, a Takxke MOyJb
Up 3a cu€t perynupoBanust Uy, moyyaem BbIIPSIMUTENBHBIN (puc, 5.8, 6), nHBEp-
TOpHBIN (puC. 5.8, B) B KOMIIEHCATOPHBIH (puc. 5.8, T) pexxuMbl pabOTHI Mpeodpa-

30BaTCJIA.
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Puc. 5.8. I'paduku (a) u BekTopHBIC qUarpamMmsl (0, B, T) padotsl [TH
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ITH MOKHO IIpeCcTaBUTh B BUJE CTATHYECKOIO aHAJIOra CHUHXPOHHOM Mallu-
HBI, B KOTOpPOW peryinupyemoe HampspkeHue Uy MCTOYHMKA MOCTOSSHHOTO TOKa —
HKBUBAJIEHT HAIpPsDHKEHUS (TOKa) poTOpa, MOJIYIPOBOJIHUKOBBIA KOMMYTAaTOp — 3K-
BUBAJICHT CTATOpa, a YroJl yNpaBieHUs [3 — PEryjsTop BIIyCKa SHEPrOHOCUTEIS
(Boma, map, ra3) TypOUHBI.

IIpu 3TOM craTMyeckas CHHXPOHHAs MalllMHA OXBAaTbIBAE€T BCE YETBIPE
KBaJI[paHTa PEXUMOB PaOOTHI: T€HEpaTOp, ABUTATENb C FeHepauueld u norpede-
HueM Q, Y4TO COOTBETCTBYET peXuUMaM IpeoOpazoBaTeNsi: MHBEPTOP, BBHIMPSMHU-
TeJb ¢ TeHepanuei u norpedaeHuem Q.

Kpome TOro, mosryrmpoBOJTHUKOBBIMI KOMMYTATOpP OCYIIECTBIISIET MEPEKIIIO-
yeHue (asupix JJIC mectb pa3 B TE€UEHHE NEPHOJAa MPOMBIIIJIEHHON YacTOTHI,
OCTaBJISISI HEM3MEHHOM 3a POMexyTok ot =60°, cxemy 3amentenus (puc. 5.7, B).
OO0benuHeHne AByX (a3 no3BossieT, B omnune ot CTK, ocymecTBiasaTe Mexdazo-
Bblil oOMeH Q, YTO CHMXAaeT YCTAaHOBJIEHHYIO MOIIHOCTh PEAKTOPHOro (10
15...20%) u koHaeHcaTopHoro oobopynoBanus (10 10% oT MOIITHOCTH YCTAaHOBKH).

OHeprernueckue xapakrepuctuku [1H nmeror crenyrommii Bua:

P, :_U)l(UH sin;
¢
~ Ug(Ug-Upcosp).
\ QHH - X !
b
lg :—Eﬁsinﬁ,
T X(b

rae Xg — (hazHoe conporusnenue ITH.
CratkoM — 2TO NMOAKIFOYEHHBIN K muHaM nojacradimu [IH. Padora Crat-
KOMa B peXUMeE BbIIauM WU notpedneHuss Q onpenensercs: yriioM ynpasieHus 3

=0 (puc. 5.8, r). [Ipu >tom P, = 0,
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Uy (U -Up)
Quu = :
ITH X(b

T.€. 3HAUEHHWE M 3HAK PEAKTUBHOW MOIIHOCTH 3aBUCAT OT PA3HOCTH HaIPSIKEHUUN
CeTH U IpeoOpazoBaTelis, KoTopas peryinupyercs HanpsokeHuem Ugy. B otimume ot
CTK CraTkoM SBISI€TCSI CTAaTMUECKUM AHAJIOTOM OOBIYHOTO CHHXPOHHOTO KOM-
MEHCATOopA.

Tpanchopmaropsl U aBTOTpaHCHOPMATOPHI CHAOKAIOT CHEUUATLHBIMU Pe-
2yauposounvimu omeemenenuamu PO, U3MeHss1 KOTOPbIE MOXXHO M3MEHSTh UX
kodpdunreHT Tpanchopmanuu. B 3aBUCUMOCTH OT crioco0a MepeKIOUEHUs Pery-
JUPOBOYHBIX OTBETBIICHUH Pa3/IMYarOT CIEAYIOLIUE TUIBI TPaHC(HOPMATOPOB: a) HE
UMEIOIINE YCTPOMCTB ISl IEPEKITIOUEHUS OTBETBJIECHU 1o Harpy3koil — [1bB; 0)
CHA0XEHHBIE BCTPOCHHBIMU YCHPOUCMEAMU 015 PE2YUPOBAHUS NOO HAZPY3KOUL
— PIIH.

Xapakrepuctuku PIIH u [1bB 3amaror B Buae MakCMMaIbHOTO YHCIIA TOJIO-
JKHUTEJBHBIX U OTPHUIATEIIBHBIX (£N) MO0 OTHOIICHHIO K OCHOBHOMY BBIBOJIY OOMOT-
k1 BH nnu CH perynmpoBOYHBIX OTBETBIICHUM C YKa3aHUEM IlIara peryJnpoBaAHUS

HamnpspkeHuss A, B Bune =nNx A . lIlar A, 3a7ar0T B IpoLEeHTaX OT HOMUHAIBLHOTO

HaINpsHKEHUs OCHOBHOT'O BbIBOJIa CTOpOHBI pazmenienust PIIH wim I1bB. Hanpu-
Mmep, 1 PITH: £6x1,5 %, £9x1,78 %, £12x%1,0 %; nnsa I[IbB —+2%2,5 %.

Cxembl oniHOM ha3sl 0OOMOTOK TpaHC(HOpPMATOPOB U aBTOTpaHC(HOPMATOPOB
JUTst otipeiesieHnst Kod(ppuimeHToB TpanchopMaluy MpuBeeHbI Ha puUC. 5.9.

Ha puc. 5.9 Ugy (Ucpg) — 9TO HampsbkeHne OCHOBHOTO BBIBOZA TpaHC(OP-

Matopa, €y, (€;6,) — A00aBKa HANPSDKEHMUS, CO3/jaBaeMas PEryIMPOBOYHON 00-

motkoi, Uq,U,,U; — HanpsbkeHue oOMOTOK TpaHC(OpMaTopa ¢ Y4ETOM peryiiu-

POBaHMUSI.
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g U2:UHH U2=UHH
I

® - BKIIFOYCHO

U].: UBH:t epnﬁ

@ - BKIIFOYCHO
® - OTKJIXOYCHO

¢I

Puc. 5.9. Cxembl 00MOTOK TpaHC(HOPMATOPOB U aBTOTPAHC(HOPMATOPOB C OTBETBICHUSIMH IS
I16B u PITH:
a — tpancgopmarop 110 kB ¢ IIBB +2x2.5 %; 6 — tpanchopmatop 110 kB ¢ PITH co
CTOPOHBI HelTpany; B — aBToTpancopmarop ¢ PIIH na BeiBonie CH; r — aBTOTpanchop-
Mmarop ¢ PITH B HeitTpamu; 1 — nocienoBarensHOCTh nepexntodenuil PITH ¢ orBersiienus
k Ha orBetBiieHue (K+1)

[Tpu nepexntrouenun PITH ¢ ogHOrOo OTBETBIIEHUS HA Apyroe (cM. puc. 5.9, 1

nonoxenue V) Bo3Hukaer Tok Kommyrauuu |, . Beanunna Toka komMmmyTanuu

I OpsSMO  NPONOPLMOHAIIBHA  HANPSDKEHUIO  CTYNEHU  PETYIMPOBAHUSA

KOM
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U,=AU BHlO_2 (mpu ycranoBke PIIH na cropone BH). [Ing orpannuenus |,

UCIONB3YIOT peakTop LR, obnanaromuii BBICOKMM WHIYKTUBHBIM COMPOTUBIICHHU-
eM. CymectByroT PITH ¢ TOkOOrpaHHYMBarOIIMMH PE3UCTOPAMMU.

B o0mem ciydae koaduiineHT TpancpopMariuiy — 3To KOMIIEKCHOE YHCIIO

—jm30° —jm30°

U H HOMe

— UH HOMe —
Ug hom (1£NA L)

L8 T

OTB

rane U, — HampsbkeHue ooOMoTku Ha ctopoHe BH ¢ yu€rom perynupoBanus ¢ no-

OTB

motbto PITH umu I1BB (cMm. puc. 5.9, a, 6);

Uy yon — HOMHHAJIBHOE HaIpskeHHe 0OMOTKH Ha ctopone HH;
A4 — 1lIar peryaupoBaHus HANPSDKCHHUS, O.€.;

M — HOMEp IpyNIbl COEAMHEHUI 0OMOTOK TpaHc(opmaTopa, Onpeaesouil
CIBUT HaIPsDKEHHUH X.X. 10 (ase.

Hanpumep, s TpanchopmMartopa ¢ coeiMHeHHEM 00MOTOK Y ,/A-11

: 0 inn0
~ 330 30
k. =ke 1=V =k el

5.3. EcrecTBeHHOE M 3JKOHOMHUYHOE paclnpeejeHle MTOTOKOB MOIIHOCTH

B 3amxnymoix neoonopoonvix konmypax cetu (puc. 5.10) tpebyercs npu-
HYJUTEIBHOE Tepepacipeie]ieHne TTOTOKOB MOIIHOCTH B KOHTypax. HeomHopo-
HOCTh KOHTYPOB OOYyCIIOBJICHA PA3IUYHBIMA COOTHOIICHUSIMU MEXKy PEaKTUBHBIM
U aKTHBHBIM COIPOTHBIICHHEM BETBEH, 00pa3yronux KOHTYp. B HeomHOpomHOM
KOHTYpPE BO3pacTaeT Harpy3ka ydacTKOB CETH C 00Jie€ HU3KMM HOMUHAJIbHBIM

HaIpsHKCHUCM, YXYAIAOTCA 9KOHOMHUYCCKHUC ITI0KA3aTCIIN PCIKUMA.
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HC-1  Pwi+jQwi W, AC-400, 90 kM
C1 —_— 1 T1C-2

Upy=220 kB X/R=5,6

AT, AT,
I(ATl k
. AT2
| X/R=50,7
yp
E
BAT 1 P
Uq=110kB X/R=17+34
H;
W, W; W,
70+j35, MB-A
-1 T-1 -2 T-2
10 kB
10 kB
H, H, K
30+j20, MB-A 25+j18, MB-A
W, nge nenu AC-240 50 km AT;, AT,- ATJILITH-200000/220/110
W; nBe nenu AC-150 60 km T-1, T-2 - TPITH-40000/110

W, nBe et AC-120 40 km

Puc. 5.10. PexxuM B HEOAHOPOTHOM KOHTYPE 3IEKTPUUECKON CETH

[TpuOnM>kEHHO MOITHOCTH, TPOTEKAIOIINE IO BETBSIM KOHTYpa, MOXKHO

5.11) u mpeACTaBICHUN KOHTYPA B BUJIC JUHHUU C IBYCTOPOHHUM MUTAHUEM OT y3-

noB 8 u 8'. B 4acTHOCTH MOIIHOCTH TOJIOBHOTO y4acTka (BeTBb 8 — 6) Sp. mpu

CCTCCTBCHHOM ITOTOKOPACIIPCACICHHUN OIIPCACILACTCA B 3aBUCHMMOCTH OT IIOJHBIX

COINPOTUBIICHUI BETBEU KOHTYypa

rac

m A
_ Li=1 SiZig!

ZS—S’

)

S; — MOIIIHOCTH B i-M y3I€;
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Z;g' — COMPOTHBJICHHE BETBEH OT I-r0 y3ia 10 ucTouHUKa 8’ (conpsukEHHAs

BEJINYMHA);
Zg_g' — COIPOTUBIICHHE KOHTYpa (CONPsIKEHHAS BEJINYNHA);

M — YUCJIO HArPy30YHBIX Y3J0B B KOHTYpE.

an

1
L

S

Yn/2  Yp/2

Yn/2  Ynol2 Yas/2  Yps/2

YT3

YcnoBHble 0603HaYeHUs: Zrs

4___

- Homepa y3108B pacy&THOWM cxembl
MonoxutenoHoe
« ——-
HanpaBneHWe BETBU

Puc. 5.11. Cxema 3ameltieHus cetu

[ToTepu aKTUBHOW MOIITHOCTH B KOHTYPE MPUOIMKEHHO MOKHO OIPEIACIIUTD

KaK CyMMY IIOTCPb B BETBAX KOHTYpaA.

1 2
TEZUTZS| R| ] (56)

HOM
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rae S| — MOJTyJTb TIOJTHOM MOIIIHOCTH B BETBH |, IMeromelt cConmpoTHUBIICHHE R.

MotHOCTh B J1I000M BETBH KOHTYPa MOYKHO OIPENEIUTh Yepe3 MOIIHOCTh

TOJIOBHOM BETBU Spp = Ppg + JQpe U 3a7aHHBIE Y3J10BBIE MOIIHOCTH, UCIOJb3YS

ypaBHEHUs OaiaHca MOITHOCTH B KaXJI0M y3J1€ KOHTYpa.

MuHUMYM TIOTEPb MOITHOCTH B KOHTYpE (5.6) COOTBETCTBYET YCIOBHIO

on on

oQpy

—= 0.
OPp,

W3 3T0r0 yCioBHs CIEQyeT, YTO 3KOHOMUYHOE PACTIPEIECICHHE MOLUIHOCTEH
OTPEICIISIETCSl aKTUBHBIMU COMTPOTUBJICHUSMH BETBEH KOHTYpa

i S'Ris’

AL
Sy, = —
= 38—8’

HpI/I O9KOHOMHWYHOM pPaCIIpCACICHUU MOIHHOCTeﬁ CHMKAIOTCA AaKTHUBHBIC
Harpy3o4HbIC IIOTCPpHU MOIITHOCTH B KOHTYPC. CHmxeHue IMOTCPbL MOLIHOCTHU IIpH
NNepexoI€ K 9KOHOMUYIHOMY PCKHUMY JOCTHUTACTCA U3MCHCHUCM IMTOTOKOB MOIITHO-
CTH IO BECTBAM KOHTYpaA. 3HaUYCHUS dTUX MOIJ_IHOCTefI IJIL IIpUMEpa IIOKa3aHbl Ha

puc. 5.12.

90,00
80,00 -
70,00 -
60,00 -
50,00 -
40,00 -
30,00 -
20,00 -
10,00 -
0,00 -

B P ecTecTB pexum

M P 5KOHOM peXum
Q ecTecTB pexum
B Q 3KOHOM peXnm

MouwHocTtb, MBT (MBap)

MNepeTok mowHocTm no /19N W1

Puc. 5.12
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Hepepacnpez:eﬂeHHe IIOTOKOB MOITHOCTH MOXKCT OBITH JOCTUTHYTO IIPpH

BBEJCHUHU B KXl KOHTYp HapsAay ¢ oObiuHBIM ycTpoiictBoM PITH BonsTOM00a-

Bo4yHOro TpaHcpopmaropa (BAT) nns coznanus ypaenumenwvnoii 3/1C Eyp U CO-

OTBETCTBYIOLIETO YPABHUTEIHLHOIO TOKA I'yp ;
. _ i N el
Evp _‘/élypZZ =EByp + JByp,

rne Zy — IOJHOE CONPOTUBIIEHUE KOHTYPA.

YpaBHUTENbHBIA TOK [, Ompesensercss M0 S5KOHOMHYHOMY Sa, H

yp

€CTECTBEHHOMY S pp PACIPEAETICHUIO MOIIHOCTH B CETH.

|' — §A3 — §Ae .
P gy

IlIpooonsuyro 3/1C Eg,p, ONPEEISAIONIYI0 B OCHOBHOM paclipe/ieJiCHUE B

KOHTYpP€ pEaKTUBHON MOIIHOCTH, MOXHO TOJYYUTh MYTEM N0/100pa ko3P duLueH-

TOB TpaHchopmaru aBrorpanchopmaropoB ¢ PITH, ycranoBnenusix Ha I1C-1 u

I1C-2 (cMm. puc. 5.10).

, K
Eyp _ UBH _ kATl
AT2

N3menenune nonepeunoit 3/[C Egﬁp B OCHOBHOM BJIMSIET HA U3MEHEHUE I10-

TOKa akTMBHOM MomHocTu. [lonepeunoe perynupoBanne JD/IC nmocturaercs wuc-
noJsib3oBanreM B/IT.

N3menenue npononbHoi DJ[C gocTuraercss U3MEHEHUEM MTPOJIOJIBHOTO KO-
ap¢punuenta tpanchpopmanuu AT, nsmenenue nonepeunoi I/C — nmonepeynoro

koa¢¢umenta Tpanchopmanuu. Pesynbrarel pacuéra cepuu peKUMOB IpU MPO-
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JOJTLHOM U TIOTIEPEYHOM PEryIMpOBaHUN KOA((UIIMEHTOB TpaHchopMmammu mpu-
BEJICHBI Ha puc. 5.13.

[TpunnunuansHas cxema BkmtoueHus BJIT B omny ¢asy aBTorpanchopma-
TOpa ¥ BEKTOpHAs AMarpaMMa HampspKeHUH ToKa3aHbl Ha puc. 5.14.

Kom6ununposannoe npumenenue PITH u BJ/IT no3sonser usmensats Ucy u

0 MOJYJIO0 U MO (a3e W BO3IEHCTBOBATH HA MEPETOKU AKTHUBHOW M PEAKTUBHOMN
MOIIIHOCTEN. DTO MO3BOJISECT CHU3HUTH ITOTEPU MOIIHOCTU B CETH U IOBBICUTH KO-

HOMHUYEeCcKHe nmokasarenu DOC.

90,00
80,00 N igggg o e ,J
" —=q, Msa
270,00 5 110,00 P | L
S — | £ 000 ~
= ,
560,00 = S 7000 T
: 20
50,00 / P' a — 50,00
— 30,00 + ;
40,00 Q Msap O 0O 0O 0o 9O 99 9O 9o
© T A O  F © 0 O N
S 060 &6 S OO A«
30,00 SSSSSsdsos
N~ O (o] Lo Lo H o
o N - = S OTepEeYHBIH KO HUITHEHT
=} =} =} =} =} tpanchopmarmu AT,
[TpononbHbII KO3PPULIHEHT
Tpancpopmanyu AT,
a 6

Puc. 5.13. PerynupoBaHue MOIITHOCTH B HEOJTHOPOJAHBIX KOHTYpax:
a — notoku MoiHocTH 1o JISIT W nipu npoionibHOM perynupoBaHuu HanpsokeHust ATy,
6 — notoku mouHocTH 1o JIDIT W1 npu nonepednom perynupoBanuu HanpsokeHus ATy
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” 0
Eyp430
: ~UcH ¢
Eyp4120
0 0
U Alnom£120 U Alrom <0
(0] ’ (0]
240 m g Eypéo +
: c—>
" o
U Eypé -90
CHA
UcHB

Er /150° g 0
yp E{p£240

N

(o
~— U A1gom<£240

6

Puc. 5.14. Cxema Bximrouenust BJIT nis nonepedHoro peryianupoBaHus (a) ¥ BEKTOpHas

nuarpamma (0) HanpsDKeHU I

6. HOPMUPOBAHME NOTEPH JJIEKTPOOHEPI'UHN

B QJIEKTPHUYECKHUX CETAX

CTpykKTypa norepn 3J€KTPOIHEPTUHA

OO0BEM mepenaHHOM >IeKTpodHEpruu mnorpedurenaM W,, MeHbIIe, 4eM

9HCPIrusd, OTIIYOICHHAA B CCTh WOC Ha BCIIMYHUHY TCXHOJIOTMYCCKOT'O pacxXxoia dHCP-

T'MH Ha nepcaaly, KOTOpHﬁ HAa3bIBAIOT MEXHOI02UUHECKUMU ROMEPAMU ITIEKMPOo-

anepeuu (TIID) AW, [19].

IToTepu 37EKTPOIHEPTUU ONPEAEISIIOT B MPOLIECCE COCTABICHUS 0aA1aHCO8

JJ1eKmpoj3Hepzuu 110 CETEBOM KOMIAHMUU B 1ICJIOM U CETIM OTACIBbHBIX ypOBHeﬁ

HOMHHAJIbHOTO Hanpspkenus (puc. 6.1) [20, 21].
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Wn‘i;H| I Wora

BH _\A/BH _\p/BH
Woc _Wnp Wom

W B]ll v
o AW BE
+— TID
0T
W eH BH—>CH
p WTpch
CH BH
WO c \ 4 WH3 CH
>
CH
Woc pacu
4
W CH A
m CH
«—H AWTHB
-
\W HH CH— HH
1np WTpch
HH CH
Woc Y Wna HH
—
HH
Woc pacu
HH \
WH3 HH
+— A\NTHB

Puc. 6.1. CtpykrypHO-6anaHcoBas cxema
anekTpuyeckux cereit Beicuiero (BH), cpennero (CH)
u Husuero (HH) nanpsoxenuit

0oJiee BHICOKOTO HOMHMHAJILHOIO HaIIPSIKCHUA

BH—CH CH—HH
JIMYUHBI WTpaHC , WTpch

Ha puc. 6.1 mokazan Oa-
JIAHCBI 3JIEKTPOIHEPTHUU MO Ce-
TAM TPEX HOMUHAIBHBIX HAMps-
)KCHUM  CETEBOM  KOMIIAHUH.
Hanpsoxenne BH — 110 kB, CH
— 10 kB, HH — 0,38 kB. 3n1ech
JIOJDKHBI OBITH OMpEJICNICHBI T10-
TOKH  DJIEKTPOIHEPTUU  MEXKITY
CETSIMU Pa3JIMYHBIX HOMHHAIb-

HBIX HAIPSHKECHUN.
BH
Otnmyck B cete BH W

BBIYHCIAIOT KaK Pa3HOCTh MCKIY

MPUEMOM BJIEKTPOIHEPTUH B CETh
BH

WHp OT JPYI¥X JSHEProKOMIIa-

HUI W €€ oTaayeld B COCEIHUE

BH
cereBble Komnanun W, . Ilpu

OTpENICJICHUH OTIyCKa B CETHU
CH u HH Heobxomumo momoJi-
HUTEJIBHO  y4e€CTh  JHEPIHIo,
TpaHcOpMHUpPYEMYIO U3  CETH

0ojiece BBICOKOI'O HaIIPAKCHUA

W BH—CH (W CH—>HH

TpaHC TpaHC )’ n Hepe,[[a‘-ly

DHEPTUM TMOTPEOUTENSIM HETOo-

CPEIICTBEHHO C IIWH TOJICTAHIUN

Woen (W) Kak npasmito, Be-

II9 HH

onpeaesnsoT pacu€TsM myTéM. [loatomy dhopmupo-

BaHue OanmaHcoB ynoO0HO HaunHaTh ¢ cet HH, nBurasice «cHU3y BBEpX».
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daktuueckuit (0OTUETHBIN) OallaHC JIEKTPOIHEPTUU B CETU MOKHO MpEJICTa-

BUTH B BUJC

W, =W, + AW, + AW

TIID — KOM. '

(6.1)

rac AW — KOMMCPUYCCKHUEC ITOTCPH DJICKTPOIHCPIUH.
KOM.

Kommepueckue nomepu nosinsitorcst B 6amance (6.1) xak cocrapisiomas

IIOTCPb B CBA3H C TCM, UTO OTIIYIHICHHAA B CCTh 3JICKTPOSHCPIUA WOC OIIPCACIIACT-

Cs M0 CYETUYHKAM QJICKTPOIHCPIUHU CCTCBBIX U I'CHCPHUPYIOIIUX KOMHaHHﬁ, a I1epe-

nanHas norpeourersim W, (I0Je3HBIH OTIYCK) BBIYMCIAETCS KaK CyMMa IOKa3a-

Huil cuéT4uKoB moTpebuTeNneil 3a TOT ke mepuon BpeMeHu. IIpu HeogHOBpeMeH-
HOCTH CHSTHS ITOKA3aHUH CYETYNKOB, UX MOTPEIIHOCTHU, XUIIEHUAX ICKTPOIHEP-
ruM Bo3HuKaeT Hebananc £AW, ., [19].

PaBHI/II_[a MCXKAY OTIIYCKOM DHCPIrHU B CCTb AAHHOI'O HOMHWHAJIBHOI'O HAIIps-

KeHus1, eé mepenadell morpeburensm sroi cern (W', W', W) u tparcdop-

Malyen B ceTh 00Jiee HU3KOrO HaIPSKEHUsI Ha3bIBaeTCs pakmuueckumu (OTYET-
HbIMH) nomepsamu (puc. 6.2). B coctaB ¢pakTHUeCKHX MOTEPb BXOAIT TEXHOJOTH-
YeCKHe U KOMMEPUYECKHUE MOTEPH deKTpo3Heprun [19].

TIID —

AWy = AW, £ AW, - (6.2)

B rexnonornueckue norepu AW, BXonar mexnuueckue nomepu AW, u

9
YCIIOBHO OTHOCHUMBIC Ha MOTCPH IJICKTPOSIHCPIUN ROCPEUIROCMU CUCHEMDB ylté'ma

anexmposnepzuu AW [19]. Ctpyxrypa Texuundeckux noreps AW, nokasax Ha

puc. 6.3.
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|
KTHYECKHE T0Te

®a

AW, =AW, +AW,

Y
BLYhA OI9LIOHIIA.I0 HOWHLIALIOY

JIHHAI'A0IrdAQ0 ‘udarory

Texumyeckue norepu

HOpMaTl/[B TEXHOJOIMYCCKMX

1oTepb
AW, =AW +AW,_

.
| ot

CBepxHOpMATHBHbBIE
noTepu

AW,
AW,

Hopmarus noreps
AW,

Puc. 6.2. CocTtaB noteps 31€KTPOIHEPTHH
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TexHnueckne
noTepu
AW,
Harpy3oussie Y CIIOBHO-TIOCTOSIHHBIE
AW, AW,
X010CTOM X0/ K B
BJI u KJI CHIIOBBIX opona BJI
-
AWH BiI(K1) Tpchgi)/I\)/MaTOPOB AWK
OOMOTKH CHIIOBBIX Barapeu CHHXpOHHBIE
TpaHchopMaTopoB KOH/IEHCAaTOPOB KOMIIEHCATOPHI
] W,
AWH T AV\/BCK A CK
TokoorpaHn4HBaroNIye IIyHTHpyomHe T, TH, cueramn
_— peaxKTopsI peaKTopEI
AW, , AW, AW AN, AW,
Wzomsuus BJT Nsonsuus KJI
AW, AW,
OrpaHuuuTenn BentuneHeie
NepeHanpsHKEHUs paspAHUKH
AWorm AWPB
VYerpotictea BU cBszu CII noxcranmmit
AWyl'l BY AWC]'I 1c
CoOcTBEHHbIE HYX/IbI [1naBka rononéna
AW, AW

Puc. 6.3. CTpykTypa Harpy304HbIX M YCJIOBHO-TIOCTOSTHHBIX TOTEPh AIEKTPOIHEPTUN

6.2. Mertoabl pacuéTa noTepb AJIEKTPOIHEPTUHN

TexHosOrnYecKue NOTEPH IEKTPOIHEPTUU IIPU €€ Mepeaade Mo dIEKTpruIe-
CKUM CETSIM pacCUMTHIBAIOTCA KAaK B ILI€JIOM, TaK U C PAa30OMBKON IO YPOBHSM

HaIpSKECHUA:
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e Ha BeIcOKOM HanpsbkeHnu — 110 kB u Beiie (BH);

® Ha cpeaHeM IepBoM Hampsbkenuu — 27,5-60 kB (CHI);
e Ha cpeaHeM BTopoM HanpspkeHun — 1-20 kB (CHII);

e Ha HU3KOM HanpsbkeHun — 0,4 kB u mke (HH).

CocTaBisOIIKE YCIOBHO-NIOCTOSHHBIX IMOTEPh BBIYUCISIOT MO MACIIOPTHBIM
noKasatesisiM 00OpYJOBaHUSI WM YACJIbHBIM HOPMaM MOTEPh C YYETOM OTKJIIOHE-
HUll pabovero HanmpspKeHUs OT HOMHUHAIBHOTO /711 HEKOTOPBIX BUIOB 000pyaA0Ba-
HUSL.

OcHoBHbIE NPOOJIEMBI pacuéTa TEXHUYECKUX MOTEPh — 3TO pacd€Thl HArpYy-
304YHBIX MOTEPh. METOANYECKHUE, AITOPUTMUYECKUE U UH(OPMAIIMOHHBIE CIIOKHO-
CTH TaKUX pacdy€ToB OOYCIOBJIEHBI HEOOXOAMMOCTBIO yu€Ta M3MEHSIOIIUXCS BO
BPEMEHU Harpy3oK OOOpYyJOBaHMS CETU MPU OTPAHUUYECHHOM YHCIE H3MEPEHUM.
CootBeTcTBUE HamOOJIee HW3BECTHBIX METOJOB pacdy€ra HArpy304YHbIX IOTEPb
YPOBHIO HOMUHAJIBHOT'O HANPSKEHUSI U CTENEHU MH(OPMALIMOHHON 00ecreueHHO-
CTH MOKa3aHo Ha puc. 6.4.

[Totepu, 00yciOBIEHHBIE AOMYCTUMBIMHU MOTPEHIHOCTSIMU CUCTEMBI YU€Ta,
OTIPEJIEIISIIOTCA TI0 HOPMATHUBHBIM XapaKTEPUCTHUKAM MPUOOPOB y4ETa (IJIEKTPO-
CUE€TUMKOB, TPAaHC(HOPMATOPOB TOKA U HATIPSIKEHUS).

Harpy3ounsie noTepu 371€KTPO3HEPTUH B DJICKTPUUECKOM CETU B LIEJIOM 3a T
yacoB (/] aHeil) MOTyT ObITh pacCUMTaHbl OJJHUM M3 ISATU CIEAYIOLIUX METOJO0B B
3aBHCHUMOCTH OT 00BbEMa UMeroleicss nHOpMaluu O CXeMax M Harpyskax cerei
(METObI pacIIOJIOKEHBI B MOPSAAKE CHUKEHUS TOUHOCTH PacyéTa):

1) onepaTuBHBIX PaCUETOB;

2) pacu€THbIX (CpEIHUX) CYTOK;

3) cpeAHUX HArpy30K;

4) yucna 4acoB HauOOJBUIUX NMOTEPH MOILIHOCTH;

5) oreHkH OTEph MO 0000MEHHOM MH(POpPMAITUK O CXeMaxX U Harpy3Kax ce-

TH.
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Ucrounuku
DJIEKTPHUUECKUE CETH PEXKUMHOMN Merons! pacuera
nHpopmauu
500 kB
W, P, Q
W, P, Q TH, TC, OmnepaTuBHBIX Pacu€TOB
ACKVYD
! 2
W, P, Q U —‘LU i W, P,Q | reHepaibHbIe AW = 3ZR Zl At
@7_4 220kB  |——> samepn
B i
W, P (Q é
W,P,Ql U X+u YTu I'enepanbHbIe .
rh W, P (Q) Pacuét (cpeanux) cyTok
| A% | 3amepsl,
(=~ — 10xB H e W kA
: -k A
T TU(qacTryHO), H 1 213“ b
W, P, | ACKVYD
P, 1
Yy REY Pacuért (cpeaHux) cyTok
T'enepanbHbie
W, P, I 35 kB 3aMepsl, AW AW HSKB bm
—uv U ACKY?
lW, P, I CpenHux Harpy3ok
_ 2
W AW, =k AP, Tk’
WIP, I
Xy, vy CpeaHuX Harpy3ok ,
10(6) kB I'eHepanbHBIE AW, = kKAPCkatb
I I 3aMephl, Yucna yacoB HaUOOIBITNX
W ACKYD MOTEPh
>
AW, =k AP_ Tz,
Wi, | ITo moTepsm HanpsmceHI/m
Y —
T CrenuanbHble Wy, = 0, 7AU%kH cp
max
0,4 xB MSMCPCHIA | T]o 06061menHoi nHdopMaliu
T W2@+k2)L,, . ,
lW AW, = k0,38 FI[(p k

Puc. 6.4. Metonsl pacuéra Harpy304HBIX MTOTEPH ANEKTPOIHEPTUU
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IloTepn MOIIHOCTH B CETH IPHU MCIOJIB30BAHUM U1 pacuéra MOTEPh JJICK-
TPOHEPIUM METONOB 1— 4 pacCUMTHIBAIOTCS HA OCHOBE 3aJaHHON CXEMBI CETH U
HAarpy3oK €€ 2JIEMEHTOB, ONPEAEIIEHHBIX C IIOMOIIBI0 U3MEPEHUN WIH C OMOIIBIO
pacdyé€ra HArpy30K 3JIEMEHTOB JJIEKTPUYECKOW CETH B COOTBETCTBUM C 3aKOHAMU
DIEKTPOTEXHUKH.

IloTepu 3JIEKTPO’HEPrUU MO METOAAM 2—4 MOTYT PacCUMTBIBATHCS 33 KaX-
JBI MECSLl pacCYETHOrO MEpHUoa C y4ETOM CXEMBbI CETH, COOTBETCTBYIOIIEH J1aH-
HOMYy Mecsny. Jlomyckaercs pacCuMThIBaTh IOTEPU 32 PACUETHBIE HWHTEPBAJIBL,
BKJIFOYAIOLIUE B Ce0sl HECKOJBKO MECALIEB, CXEMbI CETE€H B KOTOPBIX MOTYT pac-
CMaTpHUBaThCs Kak Heu3MeHHble. [lotepu siexkTposHepruu 3a 0a3oBbIA MEPUOJ
ONPENENSIOT KaK CyMMY IOTE€pPb, PACCUUTAHHBIX JIJISl BXOJIAIIMX B 0a30BBIA IEpHU-

0J1 MecA1EeB (PaCYETHBIX HHTEPBAJIOB).

6.2.1. MeToa onepaTUBHbIX PACYETOB B CETSAX € TeJlen3MepeHUAMH

[Tepetoku momuoctu mo JIDII cucremooOpasyromeit cetu 220...750 kB
ONPEIENSIOTCA XapaKTepoM padOThl ANEKTPOCTAHLIUN, YYACTBYIOIIUX B MOKPHITUU
COBMECTHBIX OanaHcoB MoiHOCcTH ODC u pe3epBUPOBAHUU arperatoB 3JIEKTPO-
CTaHLMI. DTH NEPETOKH OTINYAKOTCS HEPABHOMEPHOCTBIO U OTCYTCTBUEM CTALIMO-
HapHOCTH, YTO MPUBOAUT K HeoOxoanumocTu pacuétoB TIID B atux JIDII oTnensHO
OT MIOTEPh B PACIpPENEIUTENbHBIX CETSIX. DJIEMEHThl CUCTEMOOOpa3yollel CeTH B
MOJIHOM Mepe oxBaueHbl cuctemon tenensmepennid (TH), renecurnanuzanmii (TC)

u ACKVYD. Pexumnas undopmanus cuctembl TU (U, P, Q) 0 KaXXJIOM DJIEMEHTE

ATON CETH MO3BOJIAET OPraHU30BaTh PAcCUEThl MOTEPHh AJIEKTPOIHEPTHU C MUHHU-
MaJIbHbIM OTCTAaBAHHEM OT PEAJIbHOTO BPEMEHHU B LIUKIIE OREPAMUBHO20 YnpasJie-
Hua pexumamu IIC.

B MmeTtone omepaTUBHBIX pacu€TOB HArpy304HbIE MOTEPU DIIEKTPOIHEPTUU

OTPEEISIOTCA MO (opMyJie:
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i=1 j—l

———— |At, 1hIC. kBT,

rae N — 4ucio 3JIEMEHTOB CETH,

At — WHTepBAN BpEMEHHW, B TeueHHe KOToporo Harpysku By, Q; (MBT,
MBap) 1 HamnpspKeHHE Uij (xkB) i-ro snemenra cetu ¢ comportuBieHueM R; (Om)

IIPUHUMAIOT HGHSMGHHOﬁ;
M — 91 CJI0 UHTEPBAJIOB BPEMCHU.
Y CII0BHO-TTIOCTOSIHHBIC IMOTCPU BJICKTPOSHCPIUH OIIPCACIIAIOTCA aHAJIOI'MYHO

C MCIOJIb30BaHUEM IIONIEPEYHOM MPOBOAUMOCTH eMeHTa Gj (Cm)

n m -
D.Gi D> Ui |At.
i=1  j=1

[ToTepu 27IEKTPOIHEPTUN HA KOPOHY OMPEIEISAIOTCS Ha OCHOBE JaHHBIX 00
YAEIBHBIX MOTEPSIX MOIIHOCTH, MPUBEAEHHBIX B CIPABOYHHUKAX, U O MPOJOIIKH-
TEIBHOCTSIX BUAOB MOTOABI B TEUCHHE PAacuETHOTO repuonaa. [Ipu 3ToM Kk mepuo-
JaM XOpOIIed moroabl (s meyield pacuéra moTepb Ha KOPOHY) OTHOCST MOTOTY C
BIIAXXHOCThIO MeHee 100 % u rosionén; K mepuojiaM BIIaKHOM MOToAbl — J0XKb,
MOKDBII1 CHET, TYMaH.

Brusare pabodero HanpsKeHUs JIMHAW HA TTIOTEPU HA KOPOHY YUHUTHIBACTCS
YMHOYKEHHEM TaOJUYHBIX JaHHBIX, MPUBEAEHHBIX B [22], HA KO3 UIMEHT, ompe-
JensieMbli 1o hopmyiie:

Ky xop= 6,88 U+ — 5,88 U-.,

rie Ux — oTHomeHue pabovero HampsHKeHUS JTUHUM K €70 HOMUHAIBHO-

My 3HAYEHHUIO.
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[ToTepu 37EKTPOIHEPTUH B CTATUUECKUX KOMIIEHCUPYIOIINX YCTPOHUCTBAX —
Oarapesx CTaTUYECKUX KOHJeHcaTopoB (nanee - bK) u ctaTuueckux TUPUCTOPHBIX

komrieHcaropax (CTK) — onpenenstores mo dopmyre:

AW, =APy S T,, KBr,

rie  APgy — YyIEJIbHbIE TOTEPU MOIIHOCTA B COOTBETCTBHH C MACIIOPTHBIMHU
nanabiMu KY, kBT1/kBap;
Sky  — wommuocTh KY (mms CTK npuHEMaeTcs 1o eMKOCTHOM COCTaB-
JSIOIIIEH ), KBap.
[Ipu oTCYTCTBMM NMAacHOPTHBIX JaHHBIX 000pyJoBaHuUs 3HaueHHe APyy NpUHHMa-

etrcs paBHbIM: 1711 BK — 0,003 kB1/kBap, nins CTK — 0,006 kBt/kBap.

TOKOBBIE HArpy3KHU 3JIEMEHTOB CETU U HAIIPSIKEHUS Y3JI0B ONPEACISIOTCS Ha
OCHOBE JAHHBIX JHUCIETUYEPCKUX BEIOMOCTEM, ONEPATUBHBIX U3MEPUTEIBHBIX KOM-
wiekcoB (OUK) u aBTOMaTH3MpOBaHHBIX CUCTEM y4€Ta SJICKTPUUECKON IHEPTUU
(ACKYD).

HenocpencTBeHHOE HCNONB30BAHUE 3TUX HM3MEPEHUM I OMNpPECIICHUS
Harpy304YHbIX ITOTE€Ph MOIIHOCTH M 3HEPIrMU MOXKET NPUBECTU K CYIIECTBEHHBIM
omuOkaM. [IpruanHamMu 3TOro SBISIOTCS:

® OTCYTCTBHE OaJaHCOB MOIIHOCTH B Y3JIaX CETH M3-3a MOTPEITHOCTEN U3-

MEpPEHUS,

e cOOM CHCTEMBI TEJIEU3MEPEHUH.

JInsi MOBBIMIEHUS TOYHOCTH M JOCTOBEPHOCTH BBIYMCICHUS HArPY30YHBIX
MOTEPh DJIEKTPOIHEPTUU B CUCTEMOOOPA3YIOIICH CETH MCIIOIB3YETCs] aIrOPUTM U
MporpaMMa CTaTUYECKOTO OLICHUBAHUSI COCTOSIHUA AJIEKTpUYECKOoi cetu. CtaTtuue-
CKO€ OLICHMBAHUE MO3BOJISIET BEIYMCINUTH MOTOKU MOIIHOCTH M HANIPSKEHUS Y3JIOB
MaKCUMAaJIbHO MPUOIMKEHHBIMA K U3MEPEHHBIM 3HAUYCHUSIM TIPHU TIOJTHOM COOJIIO-

JCHHUHU OajaHCOB MOIIHOCTH B y3JI1aX CCTH.
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6.2.2. MeTtoa cpeanux cyTok aJs cereii 110 u 35 kB

Pacuétel noteps snekTposHepruu B cetax 110 kB ¢ HesHaunTenbHbIMU pe-
BEPCUBHBIMU TepeToKaMu U ceTax 35 kB MoryT ObITh BBITIOJIHEHBI HE3aBUCUMO OT
pacuétoB B cetsix 220-500 kB. Paznenenue cxem ceteit 220 u 110 kB BbinosHsieT-
cs o coopueiM 1mmHaM 110 kB moactannumii cBsazu 220/110 xB. Ilpu stom pac-
yétHas cxeMa cetu 110 kB PCK pasnensercs Ha psiji HECBI3aHHBIX MEXYy COOOM
yuacTtkoB. Pexum pabotsl JIDII cereir 110, 35 kB onpenensierca rpaduxamu
Harpy3ku norpeduteneit. Takue rpaduku MOTydarOT B CYTKU T€HEPabHBIX (KOH-
TPOJIbHBIX ) 3aMEPOB.

Meroa cpelHUX CYyTOK OCHOBaH Ha JOMYLIEHWH, YTO CYTOUYHbBIE IpapuKu
Harpy30K Ka)KJ0ro y3J1a CETH B PacdyETHBIC MEPHUOABI BPEMEHH COXPAHSIOT IOJ0-
oue cBomx KoH(puryparuit [19, 22]. D10 Mo3BOJIAET, BHINOIHUB 24 pacuéTa peKu-
Ma CeTH, MOJYYUTh CYTOUHbIE HOTEPH JIEKTPOIHEPIUU. 3aTeM HEOOXOIUMO pac-
IIPOCTPAHUTh CYTOYHBIE MOTEPH DHEPTUM HA BECh PACUETHBIM NEPUOJ BPEMEHU
(xak mpaBwiIO — Mecs). [Ipu 3ToM HE0OX0AUMO y4eCTh U3MEHEHHE CYTOYHOTIO MO-
TpeOJIeHHs SHEPTUHU B TEUEHUE PaCUETHOTO IEPUOA.

Meron cpenHux (pacy€THBIX) CYTOK COCTOUT B pacyére MOTepb SJIEKTPO-

SHEPIruu 1o Gopmyre:
2
AW, ;= K, kq).M AWeyr Hogs j + kBT,

rne AW, — TIOTEpH DIEKTPOJHEPTMM 3a CYTKH PAcYETHOrO Mecsla co
CPEIHECYTOYHBIM OTITyCKOM BJIEKTPOIHEPTHU B ceThb W oy U
KoH(purypanuet rpa@ukoB Harpy3Ku B y3jaX, COOTBETCTBYIO-
1IeW KOHTPOJIbHBIM 3aMepaM, KBT-u;
Ky —  KOd(pPUITMEHT, YUNUTHIBAIOIINN BIMSHHUE TMOTEPh B apMaType
BJI u npunumaemsbiii paBHbIM 1,02 119 TUHUN HaNpsOKEHUEM

110 xB u Bbime u paBHbiM 1,0 ans jauHM Oojiee HUBKHUX
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HAPSKCHUM;

Kpw — KBazgpaT kodddurmenta ¢popmsl rpaduka CyTOUHBIX OTILYCKOB
AJIEKTPOIHEPTUH B CeTh (TpaduK ¢ YUCIOM 3HAYEHUH, paBHBIM
YUCIIy HEH B MecsIe KOHTPOJIbHBIX 3aMEPOB);

Hosj — OKBUBAJIGHTHOE YHCIO IHEH B J-M pacdéTHOM HHTEpBale,

omnpezensiemoe 1no hopmyIe:

N.
J
2 2
I[I)KBj :Z Wi Ay /WM.p9
=

re Wyi —  OTIIYCK 3JICKTPOIHEPIHH B CETh B I-M MECSIIC C YUCIOM JTHEH
Hyi , KBT-4;
Wy, — TOXe, B 6a30BOM Mecsiie, KBT4;
Nj — dumcio MecsieB B j-M pac4éTHOM MHTEpBAJIC.

[Tpu pacu€re norepsb MEKTPOIHEPTUH 38 MECAL, o j = i -
[Torepu »nexTposHepruu 3a pacué€tHelie cyTku AWy, ompenensiorcs
KaKk CyMMa IMOTE€Pbh MOIIHOCTH, PACCUMTAHHAS IS KaXIOTO 4aCOBOI0 MHTEPBAJIA
PaCUETHBIX CYTOK.
[Torepu >nEKTPOIHEPTUM ONMPEACIAOTCS KaK CymMMa IOTEPbh BO BCEX pac-
YETHBIX UHTEPBAJIAX IOJA.

Koaddumment kz(b_M ompenensiercs no Gopmyie:
Ay
2 2 2
k(b.M = Z Wi~/ (chp.cyT Ho)s
i=1

rre W, —  OTmyck 3JeKTpO3HEPIuu B CETh 3a I-i JeHb Mecsia, KB1-u;

I, — 4KCIIO JHEH B MECSIE.
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HpI/I OTCYTCTBUHU OAHHBIX 00 OTITYCKC JJICKTPOOHCPIUHU B CCTHh 3a KaXKIBIC

CYTKH Mecsia KodhpuimeHT kz(b,M omnpenensiercs no Gopmyie:

2
k(% _ (Hp + kW J——[Hp)HM
M 2 ’
(8p + Kl p)
rae [, M., — uncno pabounx u Hepabounx aueit B mecse ([, =1, + 1 ,,);
ke — OTHOIIEHHE 3HAYEHUM DHEPIUU, TOTPEOIAEMOM B CPENHUI He-

pabouwnii u cpeguuil padounit 1uu Ky, = Wy, / W,,.

6.2.3 MeToa cpeiHUX HATPY30K IS ceTei 6...35 kB

Pexxumbl paboTel pacnpepenurensHbix cereit 10(6) kB  onpenensitorces
Harpy3kamu notpeouteneil. CxemMa ceTd — pa3OMKHYTas, YTO MO3BOJISIET BBIMOJI-
HSATh pacu€Thl IS Kaxaou pacnpenenurenbHou uaun 10(6) kB (pumepa) B oT-
nenpHOCTH (pHc. 6.5).

O0beM pexxuMHON MHGOpMaIUK JIJIs pacuéra TEXHUYECKUX MOTEPh B CETAX
10(6) kB 3HaunTenbHO MeHble, 4eM B ceTsx 110-35 kB. Kak npaBuiio u3BecTHbI
pe3yabTaThl TeHEPaIbHBIX 3aMEepPOB 3UMbI U JieTa 1o npucoeauuerusM CII 10(6)
kB IIII, T.e. Ha «romoBax» (UAEPOB HM3BECTHBHI HEMOJHBIE TPaQUKA TOKOB U
HaIpSKEHUM, €XKEMECSYHBbIM OTHYCK aKTUBHOM sHepruu no nanHsiM ACKYO.
[Ipon3BOIATCS €XeMECAYHbIE 3aMepbl OTIyCKa »Hepruu 1o Hekoropsim TII. B
ATUX YCIOBUSIX PAcCU€Thl MOTEPh AJIEKTPOIHEPTHUH MOTYT OBITH BBINOJIHEHBI METO-
oM cpeaHux Harpy3ok. Cpennue Harpy3ku Ha TII ompenenstorcss mo JaHHBIM
€KEMECSIYHBIX 3aMEpPOB OTITyCKa AeKTpodHepruu 1o TII wim nyTtém pasneneHus
3aMepa dHEPruM Ha rojioBe (ujiepa MponopHIHOHATIEHO MOIIHOCTH TpaHchopmaTo-

pos TII.
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Puc.6.5. Cxema pacnpeanenurensHoit tunun 10 kB

Pacu€r noTeph PIEKTPOIHEPTUN B JIEKTPUUECKON CETH OCYIECTBIA-
€TCS METOJIOM CPEIHUX HArpy30K.

Metoa cpeHUX HArpy30K COCTOMUT B pacué€re MOTEphb JIEKTPOIHEPTUU 10

dbopmye:
2
AW, j =K, K¢ AR, T K4, kB,
rie AP, — 1o0Tepu MOIIHOCTU B CETH IIPU CPEAHUX 3@ PAaCYETHBII HHTEP-
BaJI Harpy3Kax y3JIoB, KBT;
kz(b — kBagparT kod3pduuuenta ¢GopMbl rpapuka CyMMapHOU
Harpy3Kd CeTH 3a pacyETHBIN UHTEPBA;
K — KO3(QUIHMEHT, YUYUTHIBAIOIIMN pa3indyue KOHQUTYypaIuii

rpa@uKoOB aKTUBHOM M PEAKTUBHOM HArpy3ku pa3iudHbIX



122

BETBCH CETH;

T; — MPOJODKUTEIILHOCTD J-T0 Pacy€THOTO MHTEpBaJa, 4.

Koaddumment Gpopmsl rpaduka cyMMapHOW Harpy3kH CETH 3a pacyETHBIN

WHTEpBaJ Opeaesaercs no Gopmyse:

m
2 2 2
ki =D RAL T (PLT), (6.3)
i=1
rae Pi — 3HaueHHWE Harpy3kud Ha I-H cTyneHm rpaduka MpoAOoILKHU-

TEIBHOCTHIO Atj, KBT;
m — YHUCJO CTyNeHel rpaduka Ha pacCuéTHOM UHTEPBAJIE;

Pep — CpenHsid Harpy3Ka CeTH 3a pacu€THbIM MHTEpBaJ, KBT.

Koaddunment K, npuaumaercs pasasiM 0,99. s cereit 6-20 kB u pagu-
anpHbIX JIUHUK 35 KB BMecTo 3Hauenuit P; u P, B popmyne (6.3) MoryT ucnos-
30BATHCS 3HAYCHUSA TOKA roJ0BHOTO ydactka lju |, B oaToM ciydae xkodddunment
K¢ mpuHEMaroT paBHbIM 1,02.

Homyckaetcst onpenensath kKodhduiumeHT ¢opmbl rpaduka 3a pacuETHBIM

UHTEpBaJ 1o popmyie:

> 2 12 .2
K =Ki.c K KN

rae kzq,lc — kBaapar kod(p¢uuuenta ¢GopMbl CYTOYHOrO TIpaduka aHS
KOHTPOJIBHBIX 3aMEPOB, pacCuruTaHHbIN 110 popmysie (6.3);

kz(b_N — kBajapat kodddunmenta ¢opmbl rpadrka MECSIYHBIX OTITYC-

KOB JJICKTPOSHEPTHH B CeTh (TpaduK C YUCIOM 3HAYCHMHI,

pPaBHBIM YHCITY MECALIEB B paCU€THOM MHTEpBaJIE), paCCUUTHI-

BaeMbIi 110 opMyIIe:



123

2 Nj 2 2
k(bN :Z Wi /(Nj 'ch.Mec)’
i=1

rae Wy — OTITYCK 3JICKTPOIHEPTUH B CETh 3a I-ii MeCsI] pacuéTHOTO HH-
TepBaina, KBr-u;
Wepvee — CPEIHEMECSYHBIN OTITYCK 3JIEKTPOSHEPTUM B CETh 3a MECSIIBI
pacyETHOrO MHTEpBasia, KBt .
IIpu pacuére nmorepp 3a Mecsll kz(b,N =1.
[Ipu oTcyrcTBUM TpaduKka Harpy3Ku 3HAUCHHE kz(b ornpenensiercs mo Gopmy-

J¢:

2 :|.+2k3
7 3k,

KoaddunuenT 3amonnenus rpaduka cyMMapHOW Harpy3ku cetu K, ompene-

asietcst o opmyie:

rae W, —  OTITyCK DJIEKTPOIHEPIUU B CETh 3a BpeMs 1, kBT-u;

Tinax — YHCIIO YaCOB MCIOJIH30BAHUS HAUOOJIBINCH HATPY3KU CETH.

Cpennsist Harpy3Ka I-ro y3jia onpeaensercs no hopmyJie:

W
PCp i = ?I ) KBT,
rje Wi — sHeprusd, notpedaéHHas (reHepupoBaHHasi) B I-M y3J1e 3a Bpe-

msa T, kBT-u.
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6.2.4. PacuéTrnl moTepsh j1eKkTpo3Heprum B ceTsx 0,38 kB

Onexrpuueckue cetu 0,38 kB mpeactaBisioT co0oi YETHIPEXTPOBOIHYIO CETh C
HYJIEBBIM IIPOBOJIOM, UMEIOIIUM TMOBTOpHBIE 3a3emiieHus. Kondurypanus ydact-
KOB TaKHX CETe — pamuanbHas ¢ ogHuM uctodHnkom nutarus TIT 10(6)/0,38 kB
(puc. 6.6).

JIns peanusanuu MeToAa pacyéra MmoTeppb IEKTpod3Heprun B nHUAX 0,4 kB
B 3aBUCUMOCTH OT BEJIMYMHBI MAJCHUS HANPSHKEHUS MPOU3BOJIATCS H3MEPECHUS
ypoBHEM ¢a3HbIX HanpspkeHui Ha muHax TII u B anexkTpudecku yaa€HHON TOUKe
MAarucTpajlbHOM JIMHUMU B PEKUME MAaKCUMaJbHOW Harpy3ku. [1o manHbIM n3mepe-
HUW ompezensieTcs a0COoMOTHAS U OTHOCUTEINIbHAS BEJIMUMHA MOTEPh HANPSKEHUS
(AU) B mpomeHTax IO OTHOUICHHIO K CpeaHeMy (Ga3HOMY HAINPSIKCHHIO Ha

muHax 0,4 xB TII 6-20/0,4 xB.

[ToTepu anexktposHepruu B JuHuu Hanpspkenwem 0,4 kB (ot % otmycka

AIIEKTPOIHEPTUH B CETh) OMPEACIISIOTCA 1Mo (hopMyIie:

T
AWy, = 0,7 Kuep AU ——, (6.4)
MaKc
e AU —  TOTeps HaNpsHKEHHS B MAKCHMYM HArpy3KH CETH OT IIMH

TII no HamboJiee PIEKTPUUECKU YHAIEHHOTO JJICKTPONpPH-
émuuka, %;
Kiep —  Kod(PUIMEHT, YIUTHIBAIOIINK HEPAaBHOMEPHOCTh pacmpe-

JIeJICHUs Harpy30kK 1o (azam.

Ecnu u3mepennsie ypoBHU (a3HBIX HampspKeHud Ha muHax TI1 pasnuyHbl,
To nipu onpenenennu AU HanpspkeHue Ha muHax TII npuHuMaercst Kak cpenHee

apumeTrnyeckoe U3 TPEX N3MEPEHHBIX 3HAUCHUH.
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Puc. 6.6. [Toomopuast cxema-nacnopt BJI 0,38 kB ¢ Toukamu 3amepoB
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Eciu B anexkTpuyecku yaal€HHOW TOYKE MAaruCTpajbHOM JMHUU B PEKUME
MaKCUMaJIbHOW Harpy3ku (pasHOe HAIpsHDKEHHE U3MEPSUIOCh Ha TpEx(a3sHOM BBOJIE
U TIOJTyYeHBI Bce ()a3HbIC HANPSDKCHUS, B KAUECTBE PacYETHOTO MPUHUMACTCS MHU-
HUMAJIBHOE U3 TPEX U3MEPECHHBIX 3HAUCHUI.

Kosbpunuent K., onpenensercs no Gpopmyie:

2 2 2
la“ +IB“ + Ic R R
Kuep=3 5 -(1+1,5+H)-15-*H,
(la+ 1B+ 1Ic) R R
rie la, ls, IC —  wW3MepeHHBIC TOKOBBIC HArpy3Kku (ha3s;
R./Ry —  OTHOIIEHUE COMPOTUBICHUI HYIEBOTO U (ha3HOTO IMPOBOIOB.

[Tpu OTCYTCTBUU TaHHBIX O TOKOBBIX Harpy3kax ¢a3s ciieayeT MPUHUMATE:
aust muani ¢ R, /R =1 Kiep=1,13;
anst muaui ¢ R, /R 4 =2 Kiep=1,2.

Otnorrenue T/ Ty MPUHAMAIOT B COOTBETCTBHH CO CICAYIOIIMMHU JAaHHBI-

MMH:

Tyaxe 4 2000 3000 4000 5000 6000
T Tyaxe 0,46 0,52 0,6 0,72 0,77

OtHOcHUTENBHBIE IOTEPH ANIEKTPO3HEprun, %, B K nunusax 0,4 kB onpene-

JSI0TCS 110 hopMyTIe:

K .
> - AW, - |;
i
2.0
i—1
rme AW, —  OTHOCHTENbHBIE MOTEPH DIEKTPOPHEPTHH B i-ii JITHHHUH,

onpeaenéunbie mo Gopmye (6.4);
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Ii - MaKCHMaJIbHAaA HArpy3Ka I'roJJOBHOI'O y4aCTKa I-i JTMHAMN.

[Ipy HEOOXOAUMOCTH TOYHOI'O pacuéra MOTEPh IAEKTPOIHEPTHH B AJIEKTPU-
yeckux ceTsix 0,4 kB U npu HAIMYUKM TOCTAaTOYHOTO KOJMYECTBA MCXOJIHOW WH-
dbopmanuu, a Takke Npu pacuére MOTeph ANEKTPOIHEPTUHU B OTACIBbHBIX JTMHUSIX
0,4 kB pekoMeHIyeTCsl HCIOJIb30BaTh METOJIbI MOAJIEMEHTHOIO pacyéra MoTeph
MOITHOCTH M 3JEKTPOIHEPTUH C MCIIOJIB30BAHUEM CXEMBI AJIEKTPUUYECKOU CETH U
€€ PeXKUMHBIX [IapaMETPOB.

Pacuérsl motepsp snekTposneprun B muHUAX 0,4 kB B 3aBUCHMOCTH OT BEJH-
YUHBI NIaJCHUs HAIIPSDKEHUH U TIO3JIEMEHTHBIE PACYETHI IOTEPh MOLTHOCTH U JJIEK-
TPOIHEPTHH C UCIIOJIB30BAHUEM CXEMBI JIEKTPUUECKON CETH U €€ PEKUMHBIX I1a-
paMeTpoB JOIMYCKaeTCsl MPOBOJAUTH MO CIy4ailHON BBIOOpKE paclpenesnTeNbHbIX
muHuii 0,4 kB, nutatomuxca ot He MeHee yeM 20 % cymmapHoro konuyectsa TII

6-20/0,4 xB, eciu 310 KoM4ecTBO npeBbimraet 100 mT.

6.3. MeponpusTHs N0 CHHKEHHUIO MOTEPH YJIEKTPOIHEPT U

[Ipy muIaHMpPOBaHWM PEXKHMMOB HA CIEAYIOIIMH TOJ paccMaTpUBAIOT MEPO-
OPUATUS 10 CHUXKEHUI0 notepb 3nekTposHepruu (MCII) Ha ocHOBE MPOTrHO30B
AIEKTPONOTPEOIEHUSI U BO3ZMOXHBIX PEKOHCTPYKIMI ceTu. Ilpu popmupoBanuu
w1anoB MCII BeIIEISAIOT MEpONpUATHSI, TPEOYIOLINEe 3HAYUTENbHBIX WHBECTULIUI
(Tak Ha3bIBa€MbI€ TEXHUYECKHUE MEPOIPUATHS) U MaJlo3aTpaTHbIe (OpraHU3aluoH-
HBIC) MEPOIIPUSATHS 110 CHIKSHHIO MOTEPh deKTposHeprun [23].

K Texunueckum MCII B pacnipeenuTenbHbIX CETAX MOMXKHO OTHECTH yCTa-
HOBKY MIPM (mampumep, Oatapell KOHIEHCATOPORB), 3aMEHY IPOBOJOB IEperpy-
KEHHBIX JIMHUH, 3aMEHY NEPErpyKeHHbIX WM HEJOTPYKEHHBIX TpaHChOpMaTo-
pPOB, BHEJIPEHUE YCTPOMCTB aBTOMATHUYECKOTO PETyIHpOBaHUA KO3 UIIMEHTOB

tpancopmarmu TpanchopmartopoB ¢ PITH u momuoctn UPM. DddekTuBHOCTD
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TEXHUYECKUX MEPONPUSATUN OIPENENISIETCI CPOKOM OKYNaeMOCTH WHBECTHUIIHM
(KarmuTaIOBIIOKEHUH ).

K opranuzammmonnsim MCII B cetsax 6...35 kB oTHocarcs ontumuzarus
MECT pa3MbIKaHUS JIMHUM C JBYCTOPOHHUM IMHMTaHUEM, ONTUMH3AIMSA Pabouux
HaNpsDKEHUU B EHTPAX MUTAHUS PAIHAIBHBIX CETEH U PSAJ APYTUX MEPONPHUITUI
[24].

[Tnanupyemoe u HpakTHYECKOE CHUKEHHE TTOTEPh JIEKTPOIHEPTUH MPU TIPO-
BEJICHUM OPraHU3allMOHHBIX MEPONPHUSATUM PACCUMTHIBACTCS CIEIyIOIUM oOpa-
30M:

Meponpuamue [.1. Ontumuzanuss MecT pa3MblkaHus JuHUM 6...35 kB ¢

JIBYCTOPOHHUM MUTAHHUEM.

OT10 o1HO U3 HamboJee YPHEKTUBHBIX OPraHU3AIMOHHBIX MEPOIPUITHH 110
CHIKEHUIO MOTEPh AJICKTPOIHEPTUHU B PACTIPEICTUTEIBHBIX AICKTPUUECKUX CETHX,
0COOCHHO B ropoJickux ceTsax 6...10 kB.

OnTtuMuzaiusi MECT pa3MbIkaHus JUHUK 6...35 KB momkHA MPOBOAUTHCA C
y4ETOM U3MEHEHUS MOTEPh AIEKTPOIHEPTUHN B ONTUMU3UPYEMOI CETH U B MUTAIO-
e ee 3aMKHYTOM OoCHOBHOHM cetu 110 kB um Bblilie sHeprocucteMbl. OHaKO B
CBSI3U C YPE3MEPHBIM YBEJIMYEHUEM 00BEMA CETH M3-3a OJHOBPEMEHHOIO Y4&Ta
ceTel BCeX KJIACCOB HAIPSHKEHUM JTOMYCKAETCS MHOT/IA BBIMOJHEHUE PAcuETOB IO
ONTHUMM3AIMHA MECT pa3MbIKaHUsI TUHUM 6...35 kB OTIeIbHO OT OCHOBHBIX CETEH
CHCTEMBI.

JIJist onTUMU3AIM MOTYT OBITh HCTIONIb30BaHa mporpamma GorSet.

D@ dexT oT onTUMH3ALUU MECT Pa3MbIKaHHS pacIlpeieTUTEIbHBIX CeTel
paCcCUUTHIBACTCS B CIEAYIOLIEH MOCIEI0BATEIbHOCTHU

1. Onpenensercss CHWKEHUE TOTEPh JJIEKTPOIHEPTHHU B Pa3MbIKaeMOM

cetn (OW,. ) Kak pa3HuIa OTEPb MOIIHOCTHU JI0 U NOCJIE Pa3MBIKaHUS U NEPECUU-

TaHHas B IOTCPHU SJICKTPOSIHCPIruu

MWpe =K (AWPCl _AWPCZ) TBIC. KBT 4, (6.5)
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rae K, — ko3(p(UIUEHT, yYUTHIBAIOINUNA TOYHOCTh METO/Ia pacuéra moTepb

AIIEKTPOIHEPTUHU, OTIPEEISIEMBIN 110 hopmyIIe:

rac A— CpCOHCKBaApaTUIHAaA IIOTIPCITHOCTD, %, HCITIOJIB3YEMOI'O MCTOAa pacqéTa;

AW, , AW,., — TIOTEPH DIEKTPOIHEPTUU B PA3MBIKAEMOU pacIpeleIUTeb-

HOU CETH COOTBETCTBEHHO JI0 U MOCJIE pa3MbIKaHUs, THIC.KBT 4.
2. YTOUHSIOTCA HArpy3kKyd NOACTaHIIMA OCHOBHOW CETH 3HEPTrOCHUCTEMBI B
COOTBETCTBHUU C U3MEHUBIICKUCS CXEMOU pacpeaeIuTEIIbHON CETH.

3. PaccunThIBaroTCS TMOTEPH 3JIEKTPOIHEPTHH B OCHOBHOU cetn (OW,.)

9HCProCUCTCMBI IIPHU yTO‘-IHéHHBIX Harpys3kax HOI[CTaHL[I/Iﬁ H OIpCAcCIACTCA NU3MC-

HEHHE MOTEPb IECKTPOIHEPIUU B HEl 1o popMmyiie:
éVVoc - Kn (A\Noa - A\Nocz ) ThIC. KBT'4,

4, OHpeHeHHeTCH CYMMAapHO€ U3MCHCHHUEC IIOTCPb DJICKTPOOHCPIrun B OCHOB-

HBIX W paClpCACIUTCIbHBIX CCTAX IIPU ONTHUMaJIbHOM Pa3MbIKaHHWHW ITOCICOAHHUX I10
dbopmyie:

Ml.l = é\/Vpc + é\IVOC ,TBIC. KBT'II, (66)

n_n

3Hak B (hopmyne (6.6) cTaBUTCS MpU MOBBIMICHUN MTOTEPH IEKTPOIHEP-
I'MU B OCHOBHOW CETH CHUCTEMBI ITOCIIC ONTHMHU3AINKA MECT Pa3MbIKaHHUS pacrpesie-
JIATENBHBIX CETEM.

[Tnanupyemsbrit u daktrudeckuii 3pGHEeKTsl OT BHEAPESHHUS] MEPOIIPUATHS pac-
CUMTBIBAIOTCS MO OJIMHAKOBOW METOJMKE C TOW JIMIIb Pa3HULIEH, YTO (PaKTUUECKHI

s dexT onpenensercs mo GaKTHUESCKUM CXeMaM M PeKUMaM W U3MEHEHHBIM Me-
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CTaM pa3MbIKaHUS paclpeleuTeIbHbIX CeTel, a IIaHupyeMblil 3¢ et — no mia-
HUPYEMBIM CXEMaM U PEKUMAaM.

[Ipu pacu€re CHMKEHUS MOTEPh OT Pa3MbBIKAHMS PACHpPEEIUTENIbHOU CETH
0e3 yuéra r¢pdexra B OCHOBHON ceTH (haKTHUECKOE CHIKEHHE MPUHUMAETCS PaB-

HbIM 70% mosryaerHoro mo ¢opmyre (6.5), T.e.

oW, , =0,76W,. TbIC. KBT"4,

Meponpuamue 1.2. Ontumu3anusi yCTaHOBUBIIUXCS PEKHUMOB JJIEKTpUYE-
CKHX CETEH MO PEaKTUBHOW MOIIHOCTH.

OnTuMH3aIs OCYIIECTBISETCS ¢ MOMOIIbI0 porpamMMm b-2, RastrWin. Ile-
JIbIO0 PACUYETOB SIBIISIETCS BHIOOP OMM3KHUX K ONTUMAJIBHBIM 3aKOHOB PETYJIMPOBAHUS
MMEIOIINXCS B SHEPTOCUCTEME HCTOYHUKOB PEAKTUBHOM MOIIHOCTH U 3aKOHOB pe-
ryJaupoBaHusl Ko3(hPUIMEeHTOB TpaHchopmanuu TpaHCHOPMATOPOB CBSA3M (TpaHC-
dbopMaTopoB, pabOTAIOIINX B 3aMKHYTHIX KOHTYpax).

D¢} PexTUBHOCTh ONTUMHU3ALUU PEKUMOB 3aBUCUT OT YaCTOTHI IIPOBEICHHUS
pac4€ToB, UX MHPOPMALMOHHON 00ECIEYEHHOCTH U CTENEHU MPAaKTHYECKOW pea-
JU3alUU Pe3ysIbTaTOB pacu€ToB. [IpakTryecku HEOOXOAUMBIM SBIISIETCS MPOBEE-
HUE He MeHee 16 pacu€roB B roj: JUisl KaKIO0r0 U3 YETHIPEX XapaKTEPHBIX MEPUO-
JI0B (3UMa, BECHA, JIETO U OCEHb) PACCUMTHIBAIOTCS ONTUMAJIbHBIE PEKUMBI JIJIsI Ya-
COB MaKCHMAJIbHBIX CYTOYHBIX HArpy30K (4achl M.C.H.) U HOUYHBIX IPOBAJIOB HArpy-
30K (Yachl H.I.H.) JIJIsl ABYX TUIIOB CYTOK - pab0YMX U HEpaObOUuX.

[Tpu otcyrctBuu undopmanuu o Harpyskax noactannuii (I1C) ayis vHekoro-
PBIX U3 YKa3aHHBIX 16 peXUMOB (HalpuMep, BECEHHETO WJIM OCEHHETO MEePUOJIOB)
pacy€Thl I HUX 11eJ1IeCO00pa3HO MPOU3BOAUTH MO MPUOIMKEHHO BBIYMCICHHBIM
HarpysKam.

Heussectubie Harpy3ku P (Py., Qpc) B IPOMEKYTOUHBIX peKHMax (xa-

PAKTCPHBIX BECCHHUX WU OCCHHHUX ,Z[Heﬁ) IIpu OTCYTCTBUU 0oJiee TOYHBIX MCECTOOUK

ONPENENAIOTCA KOPPEKTUPOBKON HM3BECTHBIX MAaKCUMANBHBIX Py (Pire, Qjnc)
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Harpy3oK B 44aCbl M.C.H. © MUHUMAJIbHBIX - B 9aCbl H.II.H. (38, TC KC XapPaKTCPHLIC

IHM) IIPONOPLIMOHAIBHO U3MEHEHUIO OOIECUCTEMHON HArpy3Ku P,.r U Quyer TO

bopmynam:

P .
= Pl T Qe = Qe ST MBr 67)

e e P jCUCT QjCI/ICT

I/l UHAEKCOM | 00O3HA4YCH PEXHM, JUIsI KOTOPOIO H3BECTHHI HArPy3KH Ha IOJ-
CTAHIIUAX; MHIACKCOM | — PEKUM, JIJII KOTOPOTO HArpy3KH MOJCTAHIIMNA ONpeaeis-
FOTCH.

CreneHb MPAKTUYECKOW pealu3alliyd pe3yiabTaToOB pacuéTa OIpeaesseTcs
CTEIIEHBIO COOTBETCTBUS JIECTBUTEIbHBIX U3MEHEHUN PEAKTUBHOM MOIIHOCTH €€
HMCTOYHUKOB U KOA(PPHUIIMEHTOB TpaHchopMaruu TpaHcHOPMaTOPOB CBI3H H3MeE-
HEHUSIM, ONIPEACIEHHBIM TIpHU pacuére. B mepBoM npuOIMKEHUH 3TO COOTBETCTBUE
MOXET OBITh OLICHEHO YHCIJIOM MEePEKITIOYEHUN TpaHC(POPMATOPOB CBSI3H.

DAKTUYECKOE CHUKEHUE MOTEPD AIICKTPOIHEPTUU MPU ONTUMHU3BALUN PEKHU-

Ma CETH M0 PEaKTUBHOW MOUTHOCTH ONpEEseTcs o popMyIie:

m

oW, , = Z[é‘PALKCt]g/[AKC + 5PA/j[HH (24 _tIS/IAKC ):|dj Klj sz ,

=1

rae OPgue 1 0P, — cHikeHne moteps MouHocTH (MBT) (CO cBOMMH 3HaKaMH)

Py ONTHMHU3ALKN PEKUMOB IS YacOB M.C.H. M H.ILH. XapaKTEPHBIX CYTOK J-TO
nepuosa. [Ipu HEmOMyCTUMO 3aBBIIEHHBIX HAMPSHKEHUSIX B MCXOIHOM PEKUME
CHI)KEHHE TTOTEPh MOIIHOCTH (0COOEHHO B MUHUMYM Harpy3Ku) MOKET OKa3aThCs
OTPULATENIBHBIM. DTO SIBIACTCS JOMOJIHUTEIBHBIM JI0KA3aTEIbCTBOM HEIIOMYCTH-
MOCTH ONTUMM3ALINY JIULIB OJHOI'O PEXKUMA;

dj — MPOJIOJDKUTEBHOCTD B TO/TY J-TO IMEPUOJIA, JIH.;

M — Y1 CJI0O XapaKTCPHBIX NIEPHUOIOB;
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t) .«c — DKBHUBAJCHTHOE BpEeMsS peXMMa HAMOOJBIIMX HArpy30K 3a CYTKH,
paccuuTheiBaeMoe 1o hopmyie:
i K,-K
— 3 MUWH
t) o =24—=—ML

MAKC
1- KMI/IH

rne Ky, — OTHOIICHHE MUHUMAJIBLHON CYTOYHOW Harpy3Ku SHEProCUCTEMBI
K MaKCHUMAaJIbLHOM;

K, — ko3¢ dunuent 3anonaenus rpaduka (K, =Ty covr | 24);

K} — xodhdumuent nHOPMAIMOHHOH 06ecTedeHHOCTH, TPUHUMAEMBII

PaBHBIM €IUHUIIE JUIs IIEPUOJOB C Harpy3KaMu, ONpPEAEIEHHBIMU IIyTEM U3MeEpe-
Huil; paBueiM 0,7 — 1715 IEpHOJOB C HArpy3KamH, PacCYUTaHHBIMU MO (QopMmyJie
(6.7);

sz — KO9(DPUIUEHT, YUUTHIBAIOIINA TOYHOCTh COBIIAJICHUS 3aKOHA PETYJIU-

poBaHusi, obecnieunBaemoro ycrpoiicteamu PIIH Tpancgopmaropos cBsizu, U omn-
TUMaJIbHOTO 3aKOHA PEryJMpOBaHUs, pacCuuTaHHOTro 1o nporpamme. Koadduim-

SHT OIpEACNIIeTCS ISl KaXK0ro nepruoja mo Gopmyse:

_ nl
KJ = 1c , 6.8
? 15(1- Ky ) (68)

rae N). — cpeaHee YMCio MepeKIIOUCHUI OTBETBICHUH TPaHC(OPMATOPOB CBS3H C

PITH 3a xapakTepHbIe CyTKH |-I'0 IEPHOa, OnpeaeiseMoe 1o hopMmyiie:

N1y

2N

i 2
N = N
T
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rae N — 4ucio mepekmoueHuit OTBeTBIEHHI i-ro Tpanchopmartopa ¢ PITH 3a xa-
paKTepHBIC CYTKH J-TO MEPUOJIA;

N,, — cyMMapHoe konnuecTBo TpaHchopmaropos ¢ PITH u IIBB.

Ecnu onpesenéunoe mo dopmyine (6.8) snauenne K. Gonbine exuHuIb:, T0

OHO IIPUHUMACTCA paBHBIM CIWHHUIIC.

Meponpusmue 1.3. TlepeBoji TEHEPATOPOB IEKTPOCTAHIIUNA B PEKUM CHH-

xpoHHOro komriieHcaTopa (CK).

LlenecooOpa3HOCTh TAKOTO TIEPEBOA OIIEHUBAETCS C TTOMOIIBIO MTPOTPAMMEI
ONTUMM3AIMN PEKUMa OCHOBHOM AJIEKTPOCETH DHEPTOCHUCTEMBI IO PEaKTHBHOM
MOIIIHOCTH M PacCMaTPUBAETCS TOJBKO JJISi TEX F€HEepaTOpOB, KOTOPBIE B OMpeie-
JEHHBINA MTEPUOT BPEMEHU HE HUCITOJIB3YIOTCHA.

Meponpusmue 1.4. YMeHbIIEHWE OTPAaHUYCHUS MOIIHOCTH TI'E€HEPATOPOB

AJIEKTPOCTAHLIH M.

Meponpustue HanbOonee 3p(HEeKTUBHO B TeDUIMTHBIX IO AKTUBHOW MOIIHO-
CTH DHEProcUcTeMax, B KOTOPBIX MPU YMEHBIIEHUU BBIPAOOTKHU 3JIEKTPOIHEPTHU
COOCTBEHHBIMU CTAaHIMSMHU YBEJIMYMUBAETCS MOKYIHAs AeKTposHeprus. [Ipu satom
COOTBETCTBEHHO BO3PACTAET MEKCUCTEMHBIE NIEPETOKH, JOIOIHUTENBHO 3arpyxa-
eTCsl CHCTEMOOOpa3yrolas JIeKTpUIecKasi CETh U T.11.

VYBenuuenne pabodeld aKTUBHOW MOIIHOCTH 3JIEKTPOCTAHIMI MpPU TOM K€
COCTaBE I€HEPUPYIOIIEr0 O0OpPYIOBAaHUS OCYIIECTBIISIETCS 32 CUET BBITOJIHEHUS
OpraHU3alMOHHO-TEXHUYECKUX MEPOIIPUATUN HA DIIEKTPOCTAHIIUSAX.

Meponpusmue 1.5. Ontumuzanus pacupeAciaeHusl Harpy3Ku MEXIy MHoA-

CTaHIIUSIMHU OCHOBHOM 2yiekTpuueckoi cetu 110 kB u Bblllle nepekIrOueHUsIMU B €€
cxXeMe.

Meponpusitue NpOBOAUTCS MPU CE30HHBIX U3MEHEHUSIX HArpy3Ku HE MEHEe
JIBYX pa3 B rOJI.

Meponpuamue 1.6. OntuMu3anusi MECT pa3MbIKaHUsI KOHTYPOB 3JIEKTpUYe-

CKHMX CETeH C pa3siiIndHbIMA HOMHWHAJIbHBIMU HAIIPSKCHUAMM.
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MeponpusiTie NpOBOJUTCS ISl CHUKEHUS BIUSHUSI HEOJHOPOIHOCTH DJICK-
Tpuyeckoil cetu HarpspbkeHreMm 110 kB u Briie Ha pexxum e€ pabotsl. PazMbika-
HUE KOHTYPOB B ONTUMAJbHBIX MECTaX JOJKHO MPUBOJUTH K pa3rpy3ke cerer 00-
Jiee HU3KOT0 HANpPsHKEHUS U CHYDKCHHUIO OOIIUX MOTEPh JICKTPOIHEPTUHU B 1IEJIOM
IIPU COXPAHEHUU TPEOYEeMOro YpPOBHS HaIEKHOCTH IJICKTPOCHAOXKEHUS MOTPeOu-
TEJICH.

Meponpuamue 1.7. Ontumuzanus paboyux HaIpsSHKEHUN B IIEHTpax MUTa-

HUS paJAAIIbHBIX JJIEKTPUYECKUX CETEM.

B paguanbHOM pexuMe 3KCIUTyaTUPYIOTCS, KaK MpaBuio, cetu 6... 35 kB u
yacth cereil 110 xB. entpamu nutanusa (LII1) stux ceteil sABIAIOTCA COOTBET-
ctBenHo noactaniuu 500...35/6-20 kB, 500...110/35 kB u 500...220/110 xB.

3akonsl perynupoBanusa HampspkeHuss B LI (ecnium B LIl ycranoBiensl
tpanchopmaropsl ¢ PITH) nnu ycraHoBieHHble paboure OTBETBIEHUS TpaHCHOp-
maTopoB (eciu nocnennue ¢ [16B) nomkubl o6ecieunBaTh MUHUMAJIBHO BO3MOX-
HBIE MOTEPU JIEKTPOIHEPTUU B CETH MPU JOMYCTUMBIX OTKIOHEHUSX HAMPSHKEHUS
y notpebuteneit. B coorBercTBuM ¢ TpeboBaHusimu [1YD miis obecnieuenus aomy-
CTUMBIX OTKJIOHeHMM HampsbkeHus B cetsx 380 B u 6...20 kB HeoOxomumo Ha
muHax 6...20 xB LIl noxnepxuBaTh OTKIIOHEHHS HAIpsSKEHHUS HE MeHee +5% B

peXKUME HAauOOJIBIIINX HArPy30K (VT > 5%) U He 00Jiee HOMUHAIBLHOTO HANPsSHKEHUS
B PEXKMME HAHMEHBIINX HArPy30K (V; <0%).

Meponpuamusa 1.8 u 1.9. OtkntoyeHre TpaHchOpMaTOpPOB B peXUMax Ma-

JIBIX HArpy30K Ha MOJICTAHIUAX C ABYMS U Oosiee TpaHchopmaTopamu. OTKIIOUE-
HUE TPAaHC(POPMATOPOB HA MOACTAHIIMAX C CE30HHON HArpy3KOH.

[Ipu pabGoTe moACTaHIIMU MO 3aJaHHOMY I'padUKy MUHUMYM IPUBEIEHHBIX
3aTpaT Ha TpaHCPOPMAIIUIO IIEKTPOIHEPTUH COOTBETCTBYET MHHHUMYMY IMOTEPh
MOIITHOCTH B TpaHchopmaropax. [losTomy rpaHudHOE 3HAUYCHUE HATPy3KH, MPHU
KOTOPOM 11€71eCO00pa3HO OTKJIOYEHUE OJHOr0 M3 MapajuiebHO pPadoTaroImUX
TpaHC(HOPMATOPOB, OMPEACISIETCS] M3 PaBEHCTBA MOTEPh MOIIHOCTA B N m N-1

TpaHchopmaTopax.
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2 2

n S n n-1 S n-1
D APy +| =———| D AP =) AP +| - | D AP,.
1=1 1=1 1=1

ZSHTI ZSHTI -

I1=1 =1

Meponpuamue 1.10. BelpaBHUBaHHE HArpy30K (a3 B AJIEKTPHUUECKUX CETAX

0,38 xB.

[InanoBoe M (haKTUYECKOE CHMIKEHUE NOTEPh HIIEKTPOIHEPTUU 3a CUET
YCTPAHEHHSI CHUCTEMAaTHYE€CKOM HECUMMETPUU (HEPAaBHOMEPHOIO pacHpeneseHus

TOKOBBIX Harpy3ok 1o (azam) onpenenserca no Gopmyie:
W, ;o =AW (K, —K,,,) ThiC. kBT,

rie AW — norepu snektposnepruu B cetu 0,38 kB npu paBHOMEpHOU 3arpy3ke

das;

Ky Ky, — KOOQQUIUEHTBI CHCTEMATUYECKON HE CHMMETPHH IO U IIOCIE

CUMMETPHUPOBAHMUSI, OIIpeiesiieMble TIo popmyie:

htletle (1 15R0 ) 15Re

K, =3 :
(la+1g+1¢) Ry Ry,

Meponpusamue 1.11. CokpaiiieHne poJoKUTEIPHOCTH TEXHUYECKOTO 00-

CITy’)KHUBAaHHsSI I PEMOHTa OCHOBHOTO 000PYOBaHUS IEKTPOCTAHIIUN U CETEH.
Buenpenue storo mepornpusitus HaumOosiee 3PGEeKTUBHO ISl TPAaH3UTHBIX
JUHUHN dJIeKTponepenayn OONbIION MPOMYyCKHON CMOCOOHOCTH aBTOTpaHCc(opMa-
TOPOB CBSI3U U T.I., OTKIFOUYEHUE KOTOPBIX BBI3BIBACT 3HAYMTEIHLHOE TOBBIIIICHHE
NOTEPh B CETU. Y MEHBIICHUE MPOJOJKUTEIBHOCTH TaKUX OTKIIOUEHUH JOCTUTa-

CTCA YJIYy4YHICHHUCM OpraHu3alunnu pa60T, COBMCIICHUCM PCMOHTOB ITOCJICAOBATCIIb-
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HO BKJIIOUEHHBIX 3JIEMEHTOB CCTHU, IMPOBCACHUCM HUX II0 OIITUMAJIBHOMY rpa@mcy,
BBIITOJIHCHUCM HO(1)8,3HBIX PEMOHTOB, PCMOHTOB I1OJ HAIIPSKCHUCM U T..

Meponpusamue 1.12. CHIKEHHE pacxojia dJICKTPOIHEPTHU HAa COOCTBEHHBIC

HY>KJIbI TTOJICTAHIIHH.

CHmkeHue pacxojia Ha COOCTBEHHBIE HYK/Ibl TIOJICTAHIIUN ONPEEsAeTCs 10
OTHOIIICHHIO K HOPMaTHUBaM pacxoja JUIsl BCeX MOJCTaHIUM, Ha KOTOPBIX UMEIOTCS
MOTPEOUTENH M CUETUUKH IJIICKTPOIHEPTUHM COOCTBEHHBIX HYXK]I.

Meponpusamue 1.14. BBoa B pabOTy HEMCIIOJIb3YyEMBIX CPEJICTB aBTOMaTH4E-

CKOTO peryaupoBanus Hanpspkenus (APH).

MeponpusiTue BBINOJHAECTCS Ha TMOACTAHUUSX, TJ€ YCTAaHOBJICHHBIE Ha
tpancopmaropax PITH yctpoiicTBa aBTOMAaTHYECKOTO PETYJIMPOBAHUST HAMpPSHKe-
HUS 110 KaKUM-JIMOO MPUYMHAM TIEPEBEACHBI B PEKUM JUCTAHIIMOHHOTO yIpaBJie-
HUSL.

OcHoBHOI 3((hEKT OT BHEIPEHUS MEPONPUITHS JOCTUTACTCS 3a CUET IO-
BBILIECHUS] BO3MOYKHOCTEN PEryJIMPOBAHUS HATIPSIAKEHUS.

Meponpusamue 1.15. BeinonHeHre padbOT MO HATPSIKEHUEM.

Meponpusitue 1aé€T 3HaUUTEIbHBINA 3PPEKT M0 CHUKEHUIO MOTEPD DIIEKTPO-
HHEPrUU MPH BHIOJIHEHUH padOT MOJ HAMPSKEHUEM B 3aMKHYTBIX 3JIEKTPUUYECKUX
ceTsax aHeprocucteMm HanpspkeHueM 220 kB u Boime. CHHXKEHUE TOTEPH IIEKTPO-
DHEPIUU JOCTUTAETCS 3a CUET COKPALIECHUS MPOJOJDKUTEIBHOCTH HEONTUMAIBHBIX
PEMOHTHBIX PEKUMOB ANEKTPUUECKUX CETEH.

[Ipu BbIOOpEe U olleHKe A((HEKTUBHOCTH OTACIBHBIX TEXHHYECKHX Mepo-
NPUATHH HEOOXOJMMO YUYUTHIBATh CIEIYIOUIUE UX OCOOCHHOCTH.

CHMIXEHHE TOJIOBBIX MOTEPh 3JEKTPOIHEPTUU B CETH MPU MOATOTOBKE OT-
YETHBIX JAHHBIX O BHEAPEHHHM TEXHUYECKUX MEpPONpUsiTUi ¢ uHaekcamu 2.1, 2.3,

2.11, 2.12, 2.14, onpeaensiercs 1o hopmyiie:

W, = KoK, (AW,, =AW, ) TbIC. KBT"4, (6.9)
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rie K, — Ko3pQUuIMeHT, NIpUHUMaeMblii paBHBIM 1, €ciii 3HaueHMs] pacuETHBIX

NOTEePb ONPEAEISITUCH TIPU ONTUMAIBHBIX PEXXUMaX pabOThl CETH, PACCUYUTAHHBIX B
COOTBETCTBUM ¢ Meponpustusimu 1.2 u 1.4, u paBabiM 0,9, eciu 3Ha4YeHUS TTOTEPh
PaCCUUTHIBAIIMCH 0€3 MPEeABAPUTEIHLHON ONTUMHU3AIUN PEKUMOB;

K; — KO3Q(QUIMEHT, y4UTHIBAIOUIMA TOYHOCTh METONOB pacué€ra MOTEPh
AIIEKTPOIHEPTUH;

AW,;, AW,, — 3Ha4eHUs pacUETHBIX MOTEPh DIEKTPOIHEPIUH B CETH, OIpE-
JeIsieMble JI0 U TI0CIIe IPOBEICHUSI MEPOTIPUSITHSL.

Meponpusmue 2.1. YcTaHOBKAa W BBOJI B PabOTy YCTPOHCTB KOMITCHCAITUH

PEAaKTUBHOM MOIIHOCTH B 3JIEKTPUYECKUX CETSAX SHEPTOCHUCTEM.

DakTUYECKOE CHU)KEHHE MOTEPh JIEKTPOIHEPTUH, OolpeaeisseMoe o Gop-
myse (6.9), TOMKHO OBITh YMEHBIIEHO HAa NMOTEPU B KOMIIEHCUPYIOUIUX YCTPOii-
CTBax.

JUisi OpUEHTHPOBOYHOM OLIEHKM CHMKEHUSI TOTEPb AJIEKTPOIHEPTUU OT
YCTaHOBKHU M BBOJIa B pabOTy yCTPONCTBA KOMIIEHCAIIMU B Pa30MKHYTON JIEKTPH-

YECKOM CETH MOKHO BOCIOJIb30BaThCS (POPMYIIONA:

W = ZQKyQH — Qéy

2
U HOM

R, 7K, — AW,

rae Q, — peakTHBHAs MOIIHOCTb CyMMapHOM HArpy3KH DJIEKTPUYECKOH ce-
TH;
U, ,on — HOMHUHAIIBHOE HANPSKEHUE CETH;

RBK — 3KBUBAJICHTHOC I10 ITIOTCPAM MOIIHOCTH COIIPOTUBJICHUC CCTHU,

T — BpeMsl HauOOJIbILINX MOTEPH, Y.

IIpr OTCYTCTBHMM NIPOEKTHBIX PACyYETOB IUIAHUPYEMOE CHMKEHHE IOTEPh
AIIEKTPOIHEPTUH NIPU YCTAHOBKE OaTapel cTaTUYeCKUX KOHAEHCATOPOB OIpeaeis-
eTCsl OPUEHTUPOBOYHO 10 HOpMaM, IpuBenEHHBIM B Tab11.6.1. Hopmsl, mpuBeaéH-
HBIE€ B MEPBBIX JBYX CTPOKAX TaOJUIIbI, paCIPOCTPAHSAIOTCA JIUIIH HA TOPOJICKHE U

CCJIILCKHUEC DJICKTPUYCCKHE CCTH, HAXOAAIIMUCCA Ha OaaHce OHCProCUucCTEM.
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Hasuauenue cetu

Homunanenoe Hamps-
YKEHUE TMOACTAHINH, Ha
KOTOpO#l ycTaHOBJIEHA

Cpennsis ynenbHas 3(QQEeKTUBHOCTb YCTa-
HoBku BK (thIc.KBT'u/MBap) mpu HOMH-
HaJIbHOM HalpsDKEHUU MOACTaHIMuU, KB

BK, xB 35/6-10 110/6-10 220/6-10
I'oponckas 0,38 330 310 230
Cenbckast 0,38 480 450 375
JIroboro HasHayenwus, B|6-20 190 160 60
TOM YHCJE CETh MOTpeOu-
Tems

Meponpuamue 2.3. 3ameHa TPOBOJIOB Ha MEPETPYKEHHBIX JIMHUSIX.

[lenecooOpa3HOCTh 3aMEHBI MPOBOJIOB MEPErPYKEHHBIX JIMHUN JOJKHA
OLICHMBAThHCS IO MUHUMYMY IPHUBEACHHBIX 3aTpaT Ha 3ameHy. [Ipu 3ToM HEeoOXo0-
MO YUUTBIBaTh (PAKTUUECKYIO HArpy3Ky JMHHM, IPeIojiaraeMoe €€ YBEJIUUEeHNE
Ha OJIKalIIyI0 NePCIeKTUBY U CTOUMOCTh 3aMEHbI TPOBOIOB.

Haunbosnee mmpoko MeponpusaTue NpUMEHsIETCs B JIEKTpUuYecKkux cetsx 380
B u 6-10 xB.

3amMeHa MPOBOJOB CYIIECTBYIOIIUX CEUYEHUM MPOBOJAMU OOIBIINX CEYECHUU
B cersax 6...10 kB, kak mpaBuio, shdekTuBHA, €ClIM MaKCUMaJbHbIE TOKOBBIE

Harpy3KH 3THX ITPOBOJOB OOJIbIIE 3HAYEHUH, YKa3aHHBIX HUXKE:

CymiecTBYIOIMEe CedeHns npoBoos, MM~ 19,6 25 16 25 35 50 70
(cranmbHBIE) (aIOMUHUBBIE U CTaJCATIOMUHU-
BEIC)
TokoBbIe HArpy3KH MPOBOJIOB, A 13 30 50 70 100 135 210

[Ipu npuOIMKEeHHON OLIEHKE LEIecO00pa3sHOCTH 3aMeHbl MpoBOAOB Ha BJI
380 B MOXkHO pPyKOBOACTBOBATHCSI SKOHOMUYECKHUMHU MHTEPBAIAMU Harpy3o0kK, pac-

CUMTAHHBIMU UHCTUTYTOM "Celb3HEepronpoeKT’ U NPUBEIEHHBIMU HUXKE:

Mapka u ceueHue npoBo- A-16+A-16 2xA-16+A- 3xA-16+A- 3xA-25+A- 3xA-50+A-
na, Mv? 16 16 25 50
DxoHomuueckne uHTepBa- 0...4,6 46...8,8 8,8...20,5 20,5...38,6 Csobie 38,6

ael Harpy3ok s BJI 380
B cenbckox0381CTBEHHOTO
Ha3HauYeHHsI, A
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Kak npaBuiio, ceueHre mpoBoia Ha MEPETPYKESHHON JTUHHUH CIEAYeT H3Me-
HATH Ha JPYroe, MpeBbIIIalolee CylecTByoIiee Ha aBe cTyneHu (A-16 - va A-35,
A-35-Ha A-70 u T.11.).

DaKTHYECKOE CHIKEHUE TTOTEPh AIEKTPOIHEPTHH OIPEAeIsieTCs o hopMy-
ne (6.9) mist ceTeit BcexX KJIacCOB HAIPSHKEHUH.

Meponpusmue 2.4. 3amena orBetBiaeHui ot BJI 0,38 kB k 3manusam.

DaKTUUECKOE CHUKCHUE IMOTCPb JJICKTPOIHCPIUU IIPpU IMPOBCACHUU MCPO-
MNPpHUATHA OIIPCACIIACTCS CyMMOﬁ CHIDKSHUM IMOTCPb B 3aMCHACMBIX OTBCTBJICHHSX,

PaCCYUTBIBACMBIX I10 (I)OpMYJIGI

oW, , =0,006n,,,, ThIC. KBT4,

rac nOTB - INTAHUPYCMOC KOJIMYCCTBO 3aMCHACMBIX OTBETBJICHUM.

Meponpuamue 2.5. 3aMeHa neperpyKeHHbIX, yCTAHOBKA U BBOJ B JKCILIya-

TalUIO JOMOJHUTENbHBIX CUJIOBBIX TPaHC(HOPMATOPOB HA ACHCTBYIOIIMX MOJICTaH-
USX.

3aMeHa neperpy>KeHHbIX WM BBOJA B paOOTy JOMOJHUTEIBHBIX Pa3rpy304-
HBIX TpaHC(OpMATOPOB HA MOJACTAHLIMHM MPOU3BOAUTCA, €Ciid K0P UIMEHT 3a-
Ipy3Kd TpaHc(hopMaTopoB OOJbIlIE BEPXHETO Mpezesia SKOHOMUYECKH LIEJIeco00-

Pa3HOMU 3arpy3Ku

Meponpusamue 2.6. 3ameHa HETOTPYKEHHBIX CUIIOBBIX TPaHC(POPMATOPOB.

3amMeHa Hemorpy:XKeHHOro TpaHcpopmaTopa TpaHCPOPMATOPOM MEHbILIEH
MOIIHOCTH MPOU3BOAUTCS, €CIM MPOTHO3UPYEMbI Ha 4-5 neT K03 ULUEHT ero
3arpy3Kd B peXHMe HauOOJBIINX HArpy30K MEHbIIE HM)KHEro mpesena SKOHOMMU-
YEeCKH 11eJ1IeCO00pa3HbIX 3arpy30K, a yCTaHOBKa TpaHC(OopMaTopa MEHbIIEH MOLI-
HOCTH HE MPHUBOJIUT K €ro Mmeperpy3ke B HOpPMaJbHOM (a AJisi AByXTpaHchopma-

TOPHBIX MOJCTAaHIUMI U O0Jiee - U B aBapUHOM) peKUME.
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HGpBOG YCJIOBHC 3aIlIUCBIBACTCA B BUAC

K, <K

301

d BTOpOC

I<HT K3C < KCHC—I '

6.4. HopmaTHBHBbIE IOTEPHU IJTEKTPOIHEPTUH

Texnonoruyeckue mnotepu siekrposHeprun (TIID) mpu e€ mepenmaye 1o
AIEKTPUYECKUM CETSAM PACCUMTHIBAIOTCS 3a 0a30BBIN (OTYETHBIN TOH, MpEIe-
CTBYIOIIUI TOly pacué€Ta) U Ha PETryJIMPYEMBIN IEPHOBI (TOI) MO (GAKTUUECKUM U
IIPOTHO3HBIM MOKa3aTelIsIM OajiaHca 3JIeKTposHepruu [22].

TexHomornyeckue MOTEPU SIEKTPOIHEPTHH TIPHU €€ mepeaade Mo ISKTPU-
YECKHUM CETSIM Ha PETyJIHPYEMBbI TIEPHOJ] OMPENETAIOTCS B 3aBUCUMOCTH OT pac-
yétHoro 3HaueHus TIID 3a 0a30BbIN mepuoj U TOKazaTesaed OallaHca AIEKTPO-
HHEPrUu 3a 0a30BbIN U HA PETYIUPYEMbIN IEPUOIBI.

TexHonornyeckre noTepy EKTPOIHEPTUH NPHU €€ mepeaade Mo deKTpuye-
CKUM CETSM pPAaCCUMUTBHIBAIOTCS Pa3lleIbHO [0 COCTaBISIOIIUM: YCJIOBHO-
MOCTOSIHHBIC, HATPY30YHbIE U TTOTEPU, O0YCIIOBIECHHBIE TOMYCTUMBIMU TTOTPEITHO-
CTSIMU CUCTEMBI YUETA.

VY CI0BHO-TIOCTOSIHHBIC TOTEPH JJIEKTPOIHEPTUU HA PETryIUPYEeMbIi Tepu-
OJ1 MPUHUMAIOTCS TI0 PEe3yJIbTaTaM WX pacuy€ToB 3a 0a30BBIN MEPUO U KOPPEKTHU-
PYIOTCSI B COOTBETCTBUH C H3MEHEHHEM COCTaBa 000PYI0BAHUS HA PETYIUPYESMbIN

NIEPHUO/I.
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Harpy3ouHnblie moTepu 3ieKTpOIHEPTUH Mpu €€ nepesade mo dIEKTPUIECKUM
CEeTSM TepPHUTOpUATBbHBIX ceTeBbIX opranu3zanuii (TCO) Ha peryaupyeMbli epro

OTIPEEIISIFOTCS TI0 (hopMYyIIE:

AWH,p = AWH B WOC'P ) (610)
OC.b
rae AW; 5, AW,p — Harpy3ouHble NOTEPU 3JIEKTPOIHEPIUM 3a 0a30BbIN

Y Ha PEryJIMpyeMbIi IEPUOJIbI COOTBETCTBEHHO;
Wyeps Woep,  — OTIYCK DJIEKTPOSHEPIHHU B CETh B 0A30BOM M pery-

JTUPYEMOM IIEPHOAAX COOTBETCTBEHHO.

Harpy3ounsie moTepu 3JIEKTPOIHEPTUU NIPU €€ TIepeade Mo JEKTPUIECKUM

cetsim O@CK Ha perynupyemblii TeproJT ONpeaestoTes 1o hopmyie:

AW, p = AW, 5| —2=& |,

otn.b

rae W, » — OTIYCK DJIGKTPOIHEPrHH U3 CETH B 0a30BOM U pery-
OTII. OTII.
JUPYEMOM NIEPUOJAX COOTBETCTBEHHO.
[ToTepu 3neKTpoOIHEPTUH, OOYCIOBIEHHBIE JTOMYCTUMBIMUA MOTPEIIHOCTAMHU

CUCTEMBI y4€Ta 3JIEKTPOIHEPruu, Ha peryaupyemslil nepuon mist TCO onpenens-

FOTCA:
AW ., W
AWnorp,P — norp.b, % OC.P ’ (611)
100
rac AWnorp.B, % — HOTCPpHU IJICKTPOIHCPIHH, O6YCJ'IOBJ'IGHHBIG A0ITyCTH-

MLBIMH IIOTPCHIHOCTAMHU CHUCTCMBI yqéTa QJICKTPOIHEP-

T'mu, 3a 0a30BbIN PO B OTHOCUTCIIbHBIX CAMHNIIAX.
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[ToTepu 3neKTpoOdIHEPTUU, OOYCIOBIECHHBIE JOMYCTUMBIMU MOTPEIIHOCTIMU
CUCTEMBI y4€Ta AJIEKTPOIHEpPTHH, Ha perynupyembiit nepuos st GCK onpenens-

FOTCA:

AW

niorp.b, % “Wornp

100

Aanorp.P =

TexHonaornyeckre noTepu EKTPOIHEPTUH NPHU €€ mepeaade Mo deKTpuye-
ckum cetsim TCO, ®CK no abcomtotHoit BennunHe (AWrpsp) Ha peryaupyemMblit

IICPUO]T PaBHBI:
AWt p =AWy i p+ AW, p FAW o5

rac A\Ny_n,p — YCJIOBHO-IIOCTOAHHBIC ITIOTCPHU JJICKTPOOHCPIHMHU Ha pPC-

TyJINPYEMBIN IEPUO.

HopMaTuB TEXHOJIOrMYECKHUX IOTEPh DIEKTPOIHEPIUU IIpU €€ mepenade 1o
anekTpuueckuM cetsaMm (panee — HTIID) onpenensieTcss B mMporeHTax Mo 3JIEKTPU-

YECKOM CETH B II€JIOM M pacCUMTBIBACTCS 10 (popMyIie:

AW =MW 550

HTID.P —
OC.P

rae Wocp — otiiyck anektposnepruu B cetb TCO B peryiupyeMoM nepuo/ie
(nnst @CK — oTIycK 3JIEKTPOIHEPTUU U3 CETH CBOEU KOMITAHUH).

OnpeneneHre TEXHOJOTHYECKUX MOTEPh 3JIEKTPOIHEPTHH B IIIEKTPUUYECKHUX
cersix TCO B menom M 1o ypOBHSIM HAIPSIKEHUSI OCYLIECTBISETCS B CIEAYIOIIEM

MOPSIKE:
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B 6azoeom nepuooe:

ONpENEIACTCS Ha KAXKJIOM YPOBHE HAIPSKEHUSI CETH OTILYCK JJIEKTPO-
DHEPrUU B CETh (C YUETOM MpUEMA SIEKTPOIHEPIUU U3 CETH CMEKHOIO
HAIpsHKCHUS B COOTBETCTBUU C pHC. 6.1);

ONPENEIAIOTCA YCIOBHO-TIOCTOSIHHBIE IMOTEPU AJIEKTPOIHEPTUU B LIEJIOM
Y 110 YPOBHSIM HaNPsLKCHMUS;

ONPENEIAITCA HArpy304YHbIE MOTEPHU DIJIEKTPOSHEPIMU B LIEJIOM U IO
YPOBHSIM HANPSKEHUS;

ONPEAESIIOTCS MOTEPU FIEKTPOIHEPTHH, 00YCIOBICHHBIE JOITYCTUMBIMU
MOTPEIIHOCTSAMH CUCTEMBI YUETa 3JIEKTPOIHEPTUH, B LIEIOM U IO YPOB-

HAM HAIIPSKCHUA.

B peaynupyemom nepuooe:

OTpeeIsIeTCS Ha KaKIOM YPOBHE HANPSDKCHHS CETH TTPOTHO3HOE 3HAYE-
HUE OTITyCKa DJIEKTPOIHEPTUU B CETh (C yu€ToM mpuéma 3JIEKTPOIHEP-
THUU U3 CETH CMEXHOTO HAMPSHKCHUS);

Harpy309HbIC MOTEPH AJIEKTPOIHEPTHH TIO0 YPOBHSIM HAIPSHKEHUS OIpe-
JICTIAIOTCSL B COOTBETCTBHHU ¢ popmyroit (6.10);

HArpy304HbI€ TMOTEPH HJIEKTPOSHEPTUH B IEJIOM OINPEACISIIOTCS Kak
CyMMa Harpy304YHBIX ITOTEPh JIEKTPOIHEPTHH TI0 YPOBHIM HANPSKCHHUS,
YCJIOBHO-TIOCTOSIHHBIE TIOTEPH DJECKTPOIHEPTUU MPUHUMAIOTCS PABHBIMHU
MOTEepSIM B 0A30BOM MEPUOE MU KOPPEKTUPYIOTCS MPU M3MEHEHHUH CO-
cTaBa 000PYIOBaHUS B IIEJIOM H 110 YPOBHSM HAIPSIKEHUS,

MOTEPU DJIEKTPOIHEPTHH, OOYCIOBJICHHBIC TOMYCTUMBIMU MOTPEITHO-
CTSIMU CHCTEMBI yu&Ta JIEKTPOIHEPTUH, OMPEACIIIOTCS B COOTBETCTBUU
¢ dopmyioii (6.11). I[ToTepu 3yIeKTPOIHEPTHUH, OOYCIOBICHHBIC JIOMY-
CTUMBIMH TOTPEIIHOCTSIMUA CHUCTEMBI YUYETa DJIEKTPOIHEPTUH, 1O yYPOB-
HSIM HampsDKEHUS PaCIpPEeAeIITFOTCSl MPOMOPIUOHATIBHO OTIYCKY B CETh
110 YPOBHSIM HAIpPSHKCHHUS Kak B 0a30BOM, TaK M B PEryJIUPYEeMOM TEpH-

o/1ax;
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® TCXHOJOTHYCCKHC IIOTCPH IBJICKTPOSHCPIHUHU OIPCACIIAOTCA B COOTBCT-

cTBUU ¢ (GOopMyJI0oii (5) B 1IEJIOM U TIO YPOBHSIM HAPSIKEHHUSL.
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