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Pedepar. ChopMynupoBaHbl OCHOBHBIC HANPABJIECHHS IOBBILECHUS d(PEKTHBHOCTH IPOU3BOI-
CTBa, Mepefaynd M paclpeieNieHUs] JEKTPUUECKO sHepruu. YCTaHOBIEHA CBs3b MEXIy 3Hade-
HHUEM TIOTePh JJIEKTPOSHEPTHH IPH €€ Ieperade IO SNEKTPHUECKUM CeTSIM Pa3INYHBIX CTpaH
C YPOBHEM 3KOHOMUKH 3THX FOCYIapCTB, XapaKTEePU3YIOIascsa 3HaU€HHEM BHYTPEHHETO BaJIOBOTO
NPOJYKTa IO MapUTETy MOKYMaTeJbHOW CIOCOOHOCTH Ha AYyLIy HacelieHWs. B cTpaHax c Bayo-
BEIM BHYTPEHHHM IIPOAYKTOM II0 HMAPHUTETY MOKYNATENbHOI CIIOCOOHOCTH Ha JyNIy HAaCEJICHUS
menee 20 Teic. noa. CIIIA noTepu 31€KTpO3HEPIHU IPU €€ TPAHCIOPTE B AEKTPUUECKHX CETAX
B 1,5-2,5 pasa Oousblle, 4eM B JJIEKTPHUYCCKHX CETAX MPOMBIIUICHHO Pa3BUTHIX T'OCYIapCTB,
I/Ie YKa3aHHBIA MapuUTeT IMOKYMATeIbHOW CIIocOOHOCTH JIeKuT B mpenenax 30,4-54,5 Teic. moi.
B ctpanax c Oosee pa3BUTONH 3KOHOMHKOH BBIIIE TEXHUUECKas! KyJIbTypa IPOM3BOJICTBA, IEpeaadn
U pacrpeneNeHus 3JIEeKTPO’HEPTHH, HCIOIb3YIOTCSI COBPEMEHHBIE CHCTEMbl YIPABIEHUS PEXHU-
MaMH# pabOTHI 2IEKTPUUECKUX CETeH, KOHTPOJNIS M ydeTa SJICKTPO’HEPTUH, KUBYT U paboTaroT
IJIATEKECIIOCOOHbIE W JUCHUIUIMHUPOBAHHBIE NOTPEOMTENH, ACHCTBYIOT YeTKas HOPMaTHUBHO-
npaBoBast 6a3a u cucremMa TapupHoro perynuposanus. OQHaKO Ipolece Mepefadd U pacmlpese-
JICHHUS DJEKTPOIHEPTHU S(PPEKTHBEH, €CIIU BBIMONHACTCS HE TOJIBKO MHHUMYM OTHOCHUTENBHBIX
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OIpE/IeNICHUS] ONTUMAJIBHOTO 3HAYCHHsI PE3ePBHON MOIHOCTH Ha AJIEKTPOCTAHIHAX, o0ecreyrnBa-
1olast TpeOyeMBblil yPOBEHb Ha/IE)KHOCTH SHEPTrOCHCTEMBI.
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The Main Directions of Improving the Efficiency of Production,
Transmission and Distribution of Electrical Energy

I. V. Zhezhelenko"

DPryazovskyi State Technical University (Mariupol, Ukraine)

Abstract. The main directions of increase of efficiency of production, transmission and distribu-
tion of electric energy have been formulated. The relation between the values of electricity losses
during transmission via power grids of different countries and the level of the economies of these
countries characterized by the value of gross domestic product at purchasing power parity per
capita has been established. In the countries with a gross domestic product at purchasing power
parity per capita less than 20 thousand US dollars electricity losses during its transmission via
power grids are 1.5-2.5 times more than the ones transmitted via power grids of the industrialized
countries where the specified purchasing power parity is in the range of 30.4-54.5 thousand US
dollars. In the countries with more developed economies the technical culture of production,
transmission and distribution of electricity is higher; the modern control systems of operation
modes of electrical networks are used as well as of monitoring and accounting of electricity; also
there are solvent and disciplined consumers in such countries as well as clear regulatory frame-
work and tariff regulation system. However, the process of transmission and distribution of elec-
tricity is effective if not only low relative losses take place, but the normal (contractual) require-
ments for carrying capacity, quality and reliability of electricity supply are provided. The possibi-
lity of analytical determination of the optimum value of reserve capacity of power plants providing
the required level of reliability of the power system has been considered.

Keywords: efficiency, production, transmission and distribution of electric power, relative power
losses, reliability index of power systems

For citation: Zhezhelenko 1. V. (2018) The Main Directions of Improving the Efficiency of Pro-
duction, Transmission and Distribution of Electrical Energy. Energetika. Proc. CIS Higher Educ.
Inst. and Power Eng. Assoc. 61 (1), 28-35. DOIL: 10.21122/1029-7448-2018-61-1-28-35 (in Rus-
sian)

BBeaenue

[NoBbimenve 3QPEKTUBHOCTH MPOU3BOJCTBA, TEPEaud M PacHpeaeTIcHUs
AJIEKTPOIHEPTHH OBLJIO U OCTAETCS ONHOW M3 BaXKHEWIIMX MPOOJIEM COBpPEMEH-
HOM DHEPreTHKH. B Kpyr BOMpPOCOB 3TON KOMIUIEKCHOW MPOOIEMbI BXOST TaKUE
COCTAaBIISIIONINE, KAK CHIDKCHUE TEXHOJIOTHYECKUX IMOTEPh AJICKTPOIHEPTHH, I10-
BBHIILICHHE KAuecTBa M HaJle)KHOCTH (DYHKIIMOHWPOBAHMS 3JCKTPHUUECKUX CETEH
W CHCTEM, aHAJIH3 U KOPPEKIHSI ISHCTBYIONINX B HACTOSIIEE BPeMsI HOPMATHBOB.

[Iponiecc mepenaun W pacnpeaeieHus: 3IeKTpodHepruu 3¢dexTruBeH, ecnu
BBITOJIHSIETCSL HE TOJIbKO MUHUMYM OTHOCHTEJBHBIX TIOTEPh, HO U 00ecrevrBa-
I0TCS HOPMaJbHBIE (ZOTOBOpPHBIE) TpeOOBaHMS IO MPOITYCKHOW CIIOCOOHOCTH,
Ka4yecTBY W HaJCKHOCTH AIIEKTPOCHAOKEHHSI.

B nacrosiiee Bpems 6onee 70 % 31€KTpOIHEPTUM MOCTYIIAET B CETh B IIpe-
o0Opa3zoBaHHOM BuAe (B Metautypruu — Oonee 90 %), mostomy HaOIrOHAIOTCS
BO3pacTaHUE YPOBHEH DIEKTPOMATHUTHBIX MOTEPh, UX OTPULATEIBHOE BIHSIHUC
Ha CHUCTEMBbI YNPABICHHS, KOHTPOJS M CUTHAIM3AIMH U YXYIIICHUE JJIEKTPO-
MarHMTHOM 00CTaHOBKHU Ha 00BEKTaX IEKTPOIHEPreTHKH [ 1—6].

JInist HOpMaTH3aIuK KauecTBa SJEKTPOIHEPTHU TAKKe HEOOX0AMMa MIUHUMH-
3aIusl KOHJYKTHBHBIX MMOMEX, B TIEPBYIO O4Yepe/ib BBICIINX TaPMOHHUK, HECHM-
METpHUH U KoJieOaHMIi HaNpsHKEHHS.
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OTHocuTeIbHbIE MOTEPH JICKTPOIHEPIrUHA B JICKTPUICCKUX CETHAX

3HaueHHUs] OTHOCUTENBHBIX MOTEPh AIEKTPOIHEPTHH B DIEKTPHUECKUX CETIX
MIPOMBITIUICHHO Pa3BHUTHIX CTPaH IO YCPEIHEHHBIM maHHBIM 3a 2013-2015 rr.
HaxozsTcd B npenenax 4—7 %. Tak, B 'epmanunu — 4 %; Bo @panuuu — 7; B AB-
ctpun, bensrun, Yexuu — 5; CILIA — 6; Utanuu, Hseiinapuu u Anonuu — 7 %.
OT1H rocynapcTBa 001aal0T BEICOKMM 3HAYCHHEM BHYTPEHHETO BaJIOBOTO IPO-
nykta (BBII) mo maputety nokymnatenbHoi ciocooHoctH (IIT1C) Ha nymy Hace-
nenus, npessimatomuM 20 teic. non. CIIA: CIIA — 54,5 Teic. mon., ABcTpus
u ['epmanus — 46,5, Utamus — 35,4, @pannus — 40,7 Teic. gon. OneHka (GakTopos,
BIMSIONINX Ha 3HEProd(p(OEeKTUBHOCTH CHCTEM DJIICKTPOCHAOKEHUS MPU BAJIOBOM
BHYTpEHHEM MpoAyKTe Oonee u MeHee 20 ThIC. J0I., IpUBeaeHa B Ta0. 1, 2.

Tabauya 1
Ounenka (paKTOpOB, BIUAIOIUX HA 3HEProdQ(PeKTUBHOCTH CHCTEM JJ1EKTPOCHAOKEHUS
npu BBII 6ouiee 20 Thic. n0J1.

Evaluation of factors influencing the energy efficiency of power supply systems
of the countries with a GDP of more than 20 thousand US dollars

BBII [Torepu 3nexkTposHeprun Tlotpebnenne
Crpana > IIpH Tepenayde 3JIEKTPO3HEPTHY Ha AYLTY
TRIC. AOIL U pacrpeneneHuu, % HacesneHus, Teic. KBT-u
ABcTpus 46,5 5 8,5
Benbrus 43,1 5 8,0
I'epmanus 46,3 4 7,0
Hunepnannst 48,3 4 6,8
Coemunennsie 1ITaTer 54,5 6 13,0
Yexwus 30,4 5 6,3
Snonust 37,5 5 7,8
Uranus 35,4 7 52
Opanuus 40,7 7 7,4
Poccuiickas ®enepanns 26,7 10 6,5

B To xe Bpems B crpanax ¢ BBII no IIIIC menee 20 tric. mon. (Mommoge,
benapycu, Pymbinuu, MoHronmu) oTHOCUTEIBHBIE NTOTEPH B CETAX MPEBOCXO-
14T 10 %. dakTryeckne NoTepy B IEKTpUUYECKUX ceTax bemapycu n YkpauHsl
B 1,5-2,5 paza Oomnble, yeM B 3JEKTPUUECKUX CETSAX NPOMBIIUICHHO pa3Bu-

ThIX CTpaH.
Tabauya 2
Ouenka (paKTOpPOB, BIUSIOIINX HA 3HeProd¢GpeKTHBHOCTb CHCTEM 3JIEKTPOCHAOKEHUS
npu BBII menee 20 Thbic. 101.

Evaluation of factors influencing the energy efficiency of power supply systems
of the countries with a GDP of less than 20 thousand US dollars

BBII [Torepu 3nexkTposHeprun Tlotpebnenne
Crpana ’ IIpH repeayue JJIEKTPOIHEPTHU HA YTy
TBIC. JIOJI. o
U pacrpeneneHuu, % HaCEeJICHUS, ThIC. KBT-4
Apmenus 8,2 12 1,90
Moanosa 5,0 25 1,35
Mounronus 11,9 15 1,90
Benapycn 18,3 11 3,60
YxpanHa 8,7 11 3,60
Pymbinus 19,8 12 2,50
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W3 mpuBeneHHbIX mudp creayeT, 4TO MIMEET MECTO CBSI3b 3HAYEHUN TOTEPH
JNEKTPOIHEPTUHN B IJCKTPUUECKUX CETAX PA3IUYHBIX CTPAaH C YPOBHEM DKOHO-
MHKH 3THUX TOCYIapcTB. B cTpanax ¢ Ooiee pa3BUTOH YKOHOMHKOM, KaK IpaBU-
JI0, BBIIIE TEXHUYECKas KyJIbTypa MPOU3BOJACTBA, Mepeladyd U paclpeiesieHUs
AJNIEKTPOIHEPTUH, UCTIONB3YIOTCS COBPEMEHHBIC CUCTEMBI YIPABJICHUS PEKUMA-
MU pabOTHI INEKTPUUCCKUX CETCH, KOHTPOJIS U ydeTa AIIEKTPOIHEPTHH, KUBYT
M paboTaroT TIATEXKECIIOCOOHBIC W AMCIUIUIMHUPOBAHHBIC TOTPeOUTENH, NeH-
CTBYIOT YeTKasi HOPMaTHUBHO-TIpaBoBas 0a3a u cuctemMa Tapu(HOTO peryIrpoBa-
Hus. CinemxyeT OTMETHTD, YTO MPOCTOE CPaBHEHHE OTHOCHTENHHBIX MOTEPh dJIEK-
TPOSHEPTHH B ANEKTPUIECKHUX CETsIX 0€3 aHaun3a 3THX MOTEPh B COMOCTABUMBIX
YCIIOBUSIX TIO TIPOTSDKEHHOCTH CETeH, UX CTPYKTYpE, UX 3arpy3ke, pekuMam pa-
OOTHI U T. II. HE BCerya KOppekTHO. K coxalieHuto, Takol aHallu3 B HACTOSIIEE
BpeMsl HUKEM HE MPOBOJUTCS, XOTS ObUT OB BeChbMa IOJIC3HBIM I M3YUYCHHS
Y IPUMEHEHMUSI TIEPEIOBOTO OITBITA.

Bricokuii ypoBeHs TOTEPh B AIIEKTPHUECKUX CETSAX CBS3aH C HU3KUM YpPOB-
HEM KOMIICHCAIIUU PEAKTUBHOW MOIIHOCTH, (PU3MYECKHM W MOpPaJbHBIM H3HO-
COM CEeTH, HEIOCTAaTOYHBIM HCIIOJIb30BAHHUEM CPEICTB ONTHMHU3ALNU PEKHUMOB
paboOTBI ¥ PEryTUPOBAHUS HANPSHKEHUS W HEPEIICHHOCTH MPOOJIeM KadecTBa
ANIEKTPUIECKON IHEPTUU.

Hwuzkuit ypoBeHb KauecTBa AIIEKTPUICCKON S3HEPTUU MTPUBOIUT K 3HAYUTEIh-
HOMY CHIDKCHHUIO SHEpPreTHdeckoi A(h(EKTUBHOCTH AIEKTPUYCCKHX CETeH 3a
CYET YBEJIMYEHUSI MOTEPbh aKTUBHOW M PEAKTUBHOM MOIIHOCTEN, TEXHOJOTHYE-
CKOTO pacxo/ia 3JIEKTPOIHEPTHH Ha €€ TPAHCIOPT, K CHIYKEHUIO CPOKA CITYKOBI
3NEKTPOOOOPYAOBaHNS, YBETUIECHUIO KAMUTAIBHBIX BIOXKEHHUH B 3JIEKTPUIECKHE
CEeTH, HAPYIICHHUIO YCIOBHH HOPMAIBHOTO (DYHKITMOHUPOBAHUS SHEPIETHUCCKOM
cuctemsl [ 7-9].

B HacTosmee BpeMsi HeT HEOOXOAUMOCTH J0Ka3bIBaTh 3HAYUMOCTh MPOOJIe-
MBI KadecTBa 31eKTpo3Hepruu. OHa OTHOCHUTCS K YHCITY BaXXHEUIIUX MpoOiIeM
COBpEMEHHOMN 3JIEKTPOIHEPTeTUKN M SBISIETCA YaCThIO MPOOJIEMBI MMOBBIIICHUS
9HEPTrodhHEKTUBHOCTH IIEKTPUICCKUX CETEH.

HenpepbiBHBINA pOCT YCTAHOBIEHHON MOITHOCTH HEJIMHEUHBIX, HECUMMETPHUY-
HBIX ¥ PE3KOMECPEMEHHBIX HArpy30K HE BCETJa COMPOBOXKIAIICS CBOSCBPEMCHHBIM
BHE/IPCHUEM PEIIICHUIA, HATPABJICHHBIX HA KOPPEKIIHIO KAYeCTBA JICKTPOIHEPT U,
JlaKe B MPOMBIIIUICHHO Pa3BUTHIX CTpaHax 3amanHoii EBponsl. Tak, B pacmpene-
JUTENBHBIX ceTsix HanpsbkeHneMm 230/400 B B [Beiinapuu 3a necATHICTHHHN Tie-
pron conepikanue Beicimx rapmoHuk (BI) Bo3pociio Ha 0,7 %. ITosTomy Tpebo-
BaHUs CTAHIAPTOB Ha KaYeCTBO DJIEKTPOIHEPTHUH B MPOMBIIIICHHBIX JIeKTpHUe-
CKHX CETsIX, 10 HAIlIMM JaHHBIM, coOmoaaroTcs B 3040 % ciydaes.

[Ipu npeBEIIIEHN HOPMUPYEMBIX YPOBHEW BO3MOXHO HE TOJBKO HapyIle-
HUE TIOMEX0YCTOMYNBOCTH TEXHUYECKUX CPEIICTB B YHEPTOCUCTEME, Ha IIEKTPO-
CTaHIIUAX U MOJICTAHIIUSIX, HO U TEXHOJIOTHUYECKUX TPOIIECCOB B CUCTEMAX AJICK-
TPOCHAOXKEHUSI.

Ceromus 6omee 60 % 3meKTpUUECKON 3HEPTUN B TIPOMBIITIEHHOCTH MUCTIONb-
3yeTcsl B Mpeo0pa3oBaHHOM BHAE (B METAJUTYpTHH HAa HEKOTOPBIX MPOU3BOI-
ctBax 70 100 %). DKcniepTHBIE OLIEHKH, BHIIOJHEHHBIE HAMH, MO3BOJISIOT OIle-
HUTh BJIMSHHE 3JCKTPOMArHUTHBIX TIOMEX CleayrommM obpazom. [lpumenu-
tenapbHO K CHIT B ero HelHEmTHUX reorpadUyecKux mnpeaenax yimepo, CBs3aHHBIN



U. B. XKexcenenxo
32 OCHOBHEBIC HaIlPaBJICHUS MOBBIIICHAS 3()(PEKTUBHOCTH POU3BOJICTBA, TIEPEIAYH. . .

¢ BiuusHHEM momeXx, gocturaet 10-12 % ot Bcero ymep6a. Koppekuus stux
nmoMex TpeOyeT pa3paboTKU IIMPOKOTO Kiacca CHEIUATbHBIX 3JIEKTPOMAarHUT-
HBIX YCTPOWMCTB. DJIEKTPOMArHUTHBIC TIOMEXH OOYCIOBIUBAIOT HATPEB TOKOBE-
JIYIUX 4acTei 3JIEKTPOOOOPYIOBAHHUS, BBI3BIBAIOT COOM M HapyIIeHUs B pabo-
T€ Menel ympaBleHHs, YXyAIMIAIOT paboTy YCTPOICTB aBTOMAaTHKH M CBS3H.
OTO MPUBOIUT TAKXKE K YXYAUICHHIO COCTOSHHUS HU30JLIIUHU IEKTPooOOpynoBa-
HUS U B PSAZE CIy4aeB — K MPEXKAEBPEMEHHOMY BBIXOJIy €T0 U3 CTPOS, yXyIIle-
HUIO DKOHOMUYECKUX TI0Ka3aTelieil U B [IEJIOM dHEpreTndeckoil 3 PeKTUBHOCTH
JNEKTPUYECKUX CEeTe. JTOMY CIIOCOOCTBYET B 3HAUYHMTEIHHOW Mepe BHeEApe-
HUE YACTOTHBIX NpeoOpa3oBareleil B CUCTeMax 3JeKTponpuBoaa. Kak cruen-
CTBUE, HE TOJBKO CYILECTBEHHO BO3pacTacT ypoBeHb kaHOHHMYeckux BI', HO u
MTOSIBJISICTCST TITUPOKHMIA CIEKTP TaK Has3biBaeMbIX mHTeprapMmoHuk (M) — mex-
rapMOHHK. B mocnenHue rosl 3aMEeTHO YBEIHYHIICS BBIXOJ U3 CTPOS DIEKTPO-
JBUTATEJIe BCIeACTBHE MOBpexaeHus m3osamuu (no 20-25 %), u3-3a 3HA4YH-
TETHHOTO MOBBIIICHHUS] YPOBHS HECHHYCOUJAIBHOCTH. TaK, SKBUBAJIEHTHOE JIEH-
cTByromee 3HadeHne W HemoCpeACTBEHHBIX MpeoOpa3oBaTeNicii YacTOTHI
MOJKET B 3aBHCHMOCTH OT peXHMa pabOThl B HECKOJIEKO pa3 MPEBOCXOAHUTH UX
HOMWHAJIbHBIC 3HaYCHHs (HA OCHOBHOW 4YacToTe); mpeoOpa3oBareibh CO 3BEHOM
NocTosiHHOTrO ToKa renepupyeT BI' u UI" B MeHbI1I€# cTENEHU.

[IpakTiKa CBUAETETHCTBYET O TOM, YTO B 3TOM CIIy4ae CTOMMOCTh MEPOTPH-
STHHA TI0 KOMIIeHcanuu ypoBHed BIT MokeT OBITH COM3MEpPHUMON WM OOJIbITIe
crouMmocTH yimep6a ot BosmerictBust BI' u WI. Bwicokme ypoBam BI' m UI'
YCIIOXKHSIOT PelIeHUe psiia BOIMPOCcoB KoHIenuu Smart Grid.

OneHka HHAEKCA HATEeKHOCTH JHEProcucTemM

Kak u3BecTHO, OHMM M3 Ba)KHEHIIINX MMOKA3aTejICH SHEPreTHIeCKoM ¢ dek-
TUBHOCTH SIBJISIETCA WHAEKC HAJEKHOCTH AIIEKTPOCHAOKEHUSI.

B sueproodrenunenusx CHI' 3HadueHme WMHACKCA HAIEKHOCTH HAXOIUTCS
B nuamazone 0,996. 3apyOekHble HOPMATHBBI HAIECKHOCTH, OTBEUAIOIIHE CO-
BPEMEHHOMY COCTOSIHHIO 3HEPIeTUKH, 0ocTaTouyHO BeIcoku: B CIIIA — 0,9997,
Bo ®panuuu —0,9997, B Hupepnangax —0,9995, B HWpnanguum — 0,9991,
B CkannumHaBckux crtpaHax — 0,999. Ilepexon Ha Oonee BBICOKHHA YPOBEHb
HaJKHOCTH TOTpedyeT 3aTpat K., B pazmepe

K —K|l 22| (1)
lgp)[(e_n

rae Kyep, — KamuTamoBIOXKEHUS IS TOCTIKEHHS JKeJTaeMOr0 YPOBHS WHAEKCA
HAJEKHOCTH Pye,;; K — KamnMTanbHBIE 3aTPAThl, IPU KOTOPBIX O0CECIICUMBACTCS
WH/IEKC HAJIS)KHOCTH p; oL > | — IMOKa3aTeNnb CTETICHH.

Ipu p = 0,996 U pyer = 0,9998 Kier = K(1,9)%, T. €. TpeOyeTcst yBeaHueHUE
3aTpaT He MeHee 4eM B 1,9 paza.

OneHo4yHbIE pacyeThl MOKa3aldH, 4TO IJIsl oOecriedeHHs] 0ojee BBICOKOTO
YPOBHS HaJEKHOCTH HEoOXOAMMbI 3aTpathl B pasmepe 0,1-0,2 Thic. moi./rox
Ha 1 MBT Harpy3ku.

PaccMoTpuM BO3MOXKHOCTH aHAIMTUYECKOTO OMPEACICHUS ONTUMAIIEHOTO
3HAYEHUS PE3EPBHON MOIIHOCTH Ha AJIEKTPOCTAHIUAX, 00CCIICUNBAIOIICH Tpe-



1. V. Zhezhelenko
The Main Directions of Improving the Efficiency of Production, Transmission... 33

OyeMbIil ypOBeHb HAJICKHOCTH pabOTHI dHEProcUCTeMBbL. [Ipu yBenWyeHUU pe-
3epPBHOM MOITHOCTH TIOBBIIIAIOTCS 3aTPaThl HA COOPYKEHHE 3JICKTPOCTAHIUMA
W CHIDKAIOTCS pacxofibl (YIep0) OT BEpOSTHOTO HEAOOTITYCKa DIIEKTPOIHEPTHH
MOTPEOUTENSIM, T. €. IPUBEACHHEIC 3aTPAThl MOXKHO MPECTaBUTH B BUE [ 10]

3 =FK+ a(pa +pm +pK)K + y = K(E + a(pa +pT.0 +p1<)) + y> (2)

rae £ — xo3pdunuent 3¢ peKTHBHOCTH KanuTalbHBIX BioxkeHuil K; a — To xe,
YUUTBIBAIOIIUI JOJII0 pacxoa TOIIMBA HA pabOTy pPe3epBHON MOIIHOCTH, MO-
JKEeT OBITh MPUHAT paBHBIM 1,0-3,0; p., Pro, Px — JOITA OTIMCICHUAN OT KaIUTAhb-
HBIX 3aTpaT Ha aMOPTH3AIMIO, TEKYIIHH PEMOHT M OOCIy)XHBaHUE, KalNTalb-
HBIH peMOHT; ¥Y — yiiep0 OT HEZJ0OTIIyCKa 3JICKTPOIHEPTUU TIOTPEOUTEISIM.

Tak kak ¢ pocToM pe3epBHON MomHOcTH P, 3HadeHne K Bo3spacraer,
a Y CHIXaeTcsi, TO MOKHO 3aIuCaTh:

K=k, P, 3)
A%

Vez+—oy 4

5 4)

pe3

rne ky, — ylenbHasi CTOUMOCTh 1 KBT ycTaHOBIEHHOHN pe3epBHON MOIIHOCTH Ha
ANEKTPOCTAHLUAX, B HacTosIee BpeMs ky, ~ 3000 non./kBT Ha aTOMHBIX 211ek-
TPOCTAHIIVSIX; Z — COCTABIISAIONIAs, YUYUTHIBAIOIAs JOJIO yIIepba OT HeJOOTITyC-
Ka DJIEKTPOIHEPTUH MOTPEOUTEISIM, HE 3aBUCALIAS. OT 3HAYCHUS Py, PYO.; V —
COCTaBJIAIOIIAs yIepOa, 3aBUCSILAS OT U3MEHEHHUS Ppe;, pyO.-KBT.
[Toacrasus 3nauenus (3) u (4) B (2), moxydnm
v
3=ky, P (E+a(p, + p,o +tP))+2+ > &)

pe3

W3 (5) Haiinem ontumanibHOEe 3HaueHHE Ppe,. s 3TOro Bo3bMeM INEPBYIO
NpOU3BOHYIO d3/dP,., N IPUPABHAEM €€ K HyJIIO

d3 \Y%
——=k, (E+a(p,+p,, + -—=0.
dee3 yf[( (pa pT40 pk) Pjeg

Otkyna

A%

P, = . (6)
ky (E+a(p, + P, + i)

Paccmotpum myTn ompenencHus 3HadeHus v. Pasgenum jeBble W TpaBbIe
JacTH BRIpaXeHUS (4) Ha Y U IOTy9IuM

=X, +a,x,, @)
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34 OCHOBHEBIC HaIlPaBJICHUS MOBBIIICHAS 3()(PEKTUBHOCTH POU3BOJICTBA, TIEPEIAYH. . .

Ecmmx;=1,0,toa;=0,a1x, =0 u z=VY = Py, Tq1e4Ya T1€ T — pacueTHbI
TIEPUO WM TEPHO HaOIIOIeH!s], TPUHUMAETCSI paBHBIM YHCIy YacOB B TOMY,
T. €. 8760 4 @ — BEPOSTHOCTH AEPUIMTA MOIIHOCTH 3HAYCHHEM Ppes;
Va — YACTBHBIA CUCTEMHBIH yIIepO OT HEMOOTIYCKa AJIEKTPOIHEPTUU NOTPEOu-
TeJSIM TIPU OTCYTCTBUHM aBapWUIHOTO pe3epBa MOIIHOCTH, B HACTOSIIEE BPEMs
nexkuT B npeaenax 3—50 gom./(xBt-u).

1 v
Ecmmx; =0,10 g =—u —=YV.
x2 P pe3
Torma
v=P_YV. (8)

pe3

Ecmn 0<x;<1,1700,>0m1 PL:(I—xl)Y i v = (1 —x))YPpes.

pe3

[ToxcraBuM 3HaueHus v B Gopmyity (6) U HOIYIHM

(1 —X )P§e3TqﬂedJya
kg (E+a(p, + Pro + D))

pe3

OTCIOI[EI BCPOATHOCTDH )_Ie(l)PII_[I/ITa MOIITHOCTH

= kg, (E+a(p, + p.o + Py))
et (1-x)Ty, '

Hnsa obeciedeHUs ey = 0,001 mmm Py, = 0,999 nHeoOxomumo npu E +
+ a(p, + pro + p) = 0,4; x, = 0,1; y, = 50 mon./(xBt-u); T= 8760 u umeTh 3Haue-
Hue ky, He 6ombme 1000 mon./kBT.

[IpuMmeHeHre BBICOKHMX KalMTAaJIOBIOKEHUH TOMKHO OOECTeYNTh MOBBIIIIE-
HUE HAJISOKHOCTH BCEX KOMIIOHEHTOB AJICKTPOIHEPTrETHUECKUX CHCTEM, UCIOIb-
3YIOIIUX MOIIHOCTh MAaruCTPajdbHBIX W PACHPECITUTENBHBIX JIIEKTPUUSCKUX
ceTelf, MHBECTUITNH B obOeclieueHne yCTPOMCTB MPOTUBOABAPHITHON aBTOMATH-
KH U JIp.

BBIBOJ]

J1st MOBBIIIIEHHS SHEPTETUIECKOM AP PEKTUBHOCTH TPEOyeTCsI:

— o0ecrieueHHe HOPMHPOBAaHHBIX YPOBHEW TMOKa3aTeNsl KadecTBa JJIEKTPO-
SHEPTHHU B y37aX JICKTPUUECKUX CETEH;

— YMCHBIIICHUE YpPOBHEH TEXHOJOTMUECKUX TOTEPh SICKTPUUECKOU HHEp-
TUM, B YaCTHOCTH KOPPEKTHOE peUIeHHe Npo0IeM pPEeaKTUBHOM MOITHOCTH
B IIEPBYIO Oouepesb ImyTeM 00ecTeYeHUs SKOHOMHIECKH OOOCHOBAHHBIX 3HAUe-
Hull K03 pHIHeHTa MOIITHOCTH U BHEAPEHUS PErYIIHPYEMbIX KOMICHCUPYOIIUX
YCTPOICTB;

— pelIeHre BOIPOCOB OIPENEICHUS ONTHUMAJIBFHOTO YPOBHS HAAEKHOCTU
SJEKTPUUECKUX CETCH U CUCTEM.
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