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Tomonorua ropoackux pacupeneimTe sHBIX HHTEJUIEKTYAJIbHBIX
SJIEKTpHYecKux cereii 20 kB

CocHuHa E. H., kaHa. TexH. Hayk, Jlockytos A. B., DOKTOp TexH. Hayk,
JlockyTtoB A. A., MHX.

Hwxeropoackuii rocymapcTeeHHbIi TeXHUYECKWii YHuBepcuTeT um. P. E. Anekceea

PaccmotpeHEl  Bompockl mepexona TOPOICKHX DAaCTIPEJCNUTENbHBIX CeTell Ha HampsoKeHMe
20kB ¥ CO31aHMS HMHTEIUIEKTYaTbHEIX SIEKTpUYECKUX cereid. IlpemmoxeH HOBBIA momxon x
TIOCTPOCHUIO pACTIpEJeNMTeNbHBIX ceTeit. IIpuBenena cxema PAacTIpeNeTuTeNbHOIO  YCTPOHCTRA
(PY) yana narpysxkm 20 kB PaBHOMEPHO PACTIPEAENICHHON CETH ¢ MHTErPUPOBAHHLIM MOIyJIeM
ynpapnerus (MMY). ITokasaHsl pesyisTaTel MOJICTPOBAHUA M MCCIENOBAHUSA DEXUMOB pabo-
Thl y3Nla HATPYSKM HMHTE/UIEKTYaNbHON DaBHOMEDHO pACIpeIeNeHHOI SIEKTPUYECKOH CETH.

Kmouesbie cioBa: pacrnpenenennas SJNEKTPHUECKAA CETh, YHMBEPCATBHBIA Y3e1 HAIDY3KH, CO-
TOBasA KOHQUIYPALMS, PEXMMBI PabOTHI, MHTETPHPOBAHHELM MOLY/Ib YNIPABIEHHS, KOMIBIOTED-

Had MOMOEJb.

s coBpemennoit Poccun XapaKTEPHO TIOSB-
JIEHAE METAIIONMCOB — TOPONOB, Pa3BUBAIOIIMXCS
OBICTPEIME TEMIIAMH 33 CYET KaK MUTpaLUY, Tak
H TIPUCOEOUHEHMSA ONM3NERKAUMX HACEIEHHBIX
IYHKTOB. ONHOBPEMEHHO pAacTyT wu IpoBiIeMsl
JNEKTPOCHAOKEHMS B JAHHBIX T'OPOJAX, CBH3aH-
HBIE C TIOCTOSIHHBIM VBETHYEHHEM Harpy3oK.
CymecrByiomas sieKTpHyecKas ceTs MepecTaeT
CIPABIATECA C BBICOKUMM HArpy3KaMu TIpH IIe-
pellaye ¥ pACTpeNeNieHHHM 3NEeKTPOIHEPTHH, B
TOM HHCIIE BCIENCTBHE TNOHIDKEHHOM YIIpapise-
MOCTH, OOYCJIOBIMBAIOIEH IIEPETPY3KY YACTH
JMHUHA M TIOBBINIEHHBIE IIOTEPM M3-33 TPAH3WT-
HBIX TIEPETOKOB MOIIHOCTH. Bce 3To BMecTe c
MOPaNbHBIM M GU3MYECKHM H3IHOCOM 3IIEKTPO-
000pYIOBAHMS SIEKTPHYECKON CeTH MIPHUBOIHT K
TEXHUYECKOMY IIPENENy MCIIOIb30BAHMS CUCTEM
IMTaHHA (KaK CJIEICTBHE, K CHIDKEHWIO HAIEX-
HOCTH 3IEKTPOCHAOXeHMs MoTpebureneii W apa-
pHAM) M TpeGyeT BBOJA HOBBIX TEHEPHUPVIOLIX
MOLIHOCTEJA.

YKkazaHHBlE mpO6IEMBI 9JIEKTPOCHAGKEHU T
MOXHO DEIINTh, IEPEHIOA K HHTEJUIEKTYaIbHOM
SHCPrOCHCTEME, YTIPABISEMBIM 3JIEKTPHUECKHM
ceTsiM, O06ECTIeYUBAIOIIMM HAIEXHOCTh M ag-
(GEXTMBHOCTP CBA3M reHepalMy | IorpeduTe-
7. COBpEMEHHbIE TEXHUYECKHE CpencTsa Kop-
PCKTHPOBKM I1apaMETPOB 3JEKTPHUECKUX CeTeit
BMECTE C HOBBIMM CHCTeMaMH cOopa, Iepena-
W B 06paboTku HHbOpManuy, OnBICTpOIEiiCT-
BYIOIMMMH TNPOrpaMMaMHU OLIEHKHM COCTOSHHS U
IIPOTHOSMPOBAHMSA OYIyIIMX Y3KHX MECT SHep-
TOCHCTEMbI, a TakKXe TMOKO#H cHcTeMoil yrpas-
neHUs (CoYeTaHWe IEeHTPASIM30BAHHOIO M JIO-
KaJIbHOTO YIIPABIEHWS) BCEMM €€ IIeMEeHTAMH
CNOCOGHB! BBIBECTH SJIEKTPOIHEPTETHKY Ha Ka-
YECTBEHHO HOBBIA YpPOBEHBE.

B Hacrosiee Bpems pasBuTHe MHTEIIEKTY -
aTbHBIX SIIEKTPHYECKUX cereil Poccuu 3akiio-

9aeTcd B 3aMEHE CTapOr0 3HEPIeTUIECKOIo 060-
PYIOBaHMA COBPEMEHHBIM C YCTAHOBKOM MHOTO-
YHCICHHBIX AaTIMKoB. ONHAKO BMeEcTe ¢ 3THM
HEODXONMMO M3MEHEHHEe M CaMoif CTDYKTYDHI
PacIpelieIUTeNIbHBIX JJIEKTPHYECKHX ceTell. Kakx
NPAaBHIO, KOH(QHIYPAUMIO ceTed GOoabIIMHCTRA
TOPOICKMX CETEBBIX DPaiiOHOB OIPENENAT pac-
npenenutenbHele cetd 6 — 10 kB. Ho oHM xa-
DAKTEPUSYIOTCA 3HAYMTENbHBIM MOPATBHBIM U
(pu3MYeCKUM H3HOCOM SNIEKTpoobOpyaOBaHus (10
55 %), mOTepsAMH MOIIHOCTH H 9JIEKTPOSHEPTUU
(m0 15—20%) u (aKTHUYeCKH WCYePIIBIBAIOT
CBOM pecypc NpOIYCKHOM criocobuoct. I1o3To-
MY aKTyalbHBIM SABISETCA MEPEXON K pacrpenenm-
TembHbIM ceTsiv 20 kB.  Mcronssopanve ykasan-
HOTO HanpspkeHwsl BMecto 6 — 10 kB 1o3Bonser
YBCIMYUTE  TIPOMYCKHYIO  CHOCOGHOCTL  ceTw,
YMCHBIIUTL [IOTEPH 3NEKTPO3HEPIHH B JIMHMUSIX,
CHH3MUTH TokH K3,

Hanpscxkenue 20 kB akTHBHO HCIIONB3YETCH B
crpaHax Espocotosa u CIIA. B namiei CTpaHe
OHO OBUIO BBENEHO B CTAaHAApPT pemeHuem Ko-
MHUTETA CTaHIAPTOB emle B Havanze 60-X TomoB
TPOIUIOro BEKAa, OFHAKO IIMPOKOIO IIpUMEHe-
HMA HE IONYYATO U3-32 OTCYICTBHS SJIEKTDPO-
obopynoBanus Ha 20 xB. Bonpoc mepexoma wua
JMHUK  HampskeHueM 20 kB mpu sHeprocua6-
KCHHM KPYITHBIX TOPOLOB OOCYXIaIcad Ha Ipo-
XonuBmieM B okTabpe 2011r. B Mockse XII
BeemupHOM 3amekTposHepreTyeckom KOHIpecce.
B cBoem noxmame “Hpobmemsl M 0COBEHHOCTH
TIOCTPOCHMS PACIIPELENUTENBHEIX CeTelf KpYITHBIX
I'OPONOB M METAIIONKCOB” TIPE3HIEHT AcCoIMa-
MK 3NIEKTPOCHAOXKEHMs TopoaoB Poccuu “Ilpo-
Tpecc-3yekTpo” A. MacioB ormerwnr: “Cerofs
BECE MHD BBIIYCKaeT o0opymoBaHue Ha 20 KB,
1 oHO Xe uumeT B Poccuio. Benh B Poccuu co6-
CTBCHHAA OJIEKTPOTEXHHWYECKASA OTpPAcib HAaXO-
AWATCA B 3arOHe, II03TOMY pacCYMTHIBATE Ha
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Jvnaws 1 (HITT)

JNunnn 2 (H112)

01—-Q07— BBIKJIIOYATEH;

ABP — yeTpoitetso aBToMaTHyecKorO
BBO/a pe3epsa;

() — mpancdopmarop Harpsokerus (TH);

/r 5{: — TpaHchopMaTop Toka (TT);

Cllli, CII2 — cucrema LIKH,

1

i
£

1T

IMoTpeburenu

CB — cexiMoHHbIIT BBIKJIIOYATEIE

IToTpeburenu

Puc. 1. Tunosas cxema PACTIPENEIHTENBHOTO NMyHKTA (y3da Harpysku) 6 — 10 kB B pacnpeneNHTeNbHONH CeTH

CBOM CMJIBI, K COXANEHUIO, He IIPUXONUTCS”.
OH Takxe IOmMYEpKHYI, yTo “B Halei crpade
OTCYTCTBYCT  elMHAs  IOJHUTHKA  IIOCTPOEHMS
SJIEKTPOCETEH, HET DPeryJHpyIOIIero opra”a, or-
BCHAIOUICTO 32 IEPCIEKTHBBI PasBUTHS SJIEKTPO-
CHaOXeHMsI ropomoB. TeM CaMbIM CETOMHS MEI
SaKNafbIBa€M  CepbEe3HBIE IIPOGIIEME, KOTOpEIE
“ayKHYTCSI” B HemaleKoM Oymymem”,
Pacnipeneymrenpanie SNEKTPHYECKHE  CeTH
6 — 20 kB aBsioTCH CceTsiMu OIHOTO KJjacca ¢
TOYKM 3DEHHUSI CXEM pAaCIIPEIeTUTEIbHEIX yCT-
poiicts. Tak, craHmaprom [1] pexomeHzmoBamEI
AJIA MCTIONB30BAHMS MOCHTHYHEBIE cxeMbl PY: Ha
HarnpspkeHue 6 — 10 kB — cxema No 10(6)-1, Ha

Hampskerne 20 KB — cxema Ne20-9 (omma
CCKLIMOHMPOBAHHAS  BBIKTIOYATENIEM  CHCTEMA
LIHH).

OmpIT 3KcruryaTaumu PacIpeNeUTeNLHEIX Ce-
Teit 6 — 10 kB, a Tarcke IIOCJIENCTBUS HM3BECTHBIX
aBapui [IOKa3bIBAIOT, YTO CYUIECTBYIOIIAY WX
urypamys He moxer YAOBIETBOPATE PACTYIIMM
TPeOOBAHMAM K HAIEXHOCTH TOPOICKHX M IIpO-
MBIIUICHHBIX ceTed. TuroBas cxema NpHCOeaH-
HCHUA  TIOTpeOHTENelt K 3MeKTpUYecKodl ceru
6 —10kB (omma paboyas  CeKUMOHMpoBRaHHas
BLIKTIOYATE/IEM CHCTEMAa INMH) IPUBENEHA Ha
puc. 1. Hapsimy ¢ ee mocromHcTBamm (mpocrora,
HalLAHOCTD, SKOHOMHYHOCTB) €CTh DS HELOC-
TaTKOB: IIPH DEMOHTE ONHOM CEKIMH OTBETCT-
BCHHBIE TNOTPEOMTENM, MHTAIOIMECS OT IBYX
CeKUMH, ocraiorcst Ge3 pesepsa, a IoTpebuTeny,
HEDC3CPBUPOBAHHBIE 110 CETH, OTKIIOYAIOTCS Ha
BCE BpEMsS DEMOHTA; NDU aBAPMH Ha CEKIHOH-
HOM  BBIKITIOYATENIC MJIM IIDH €r0 OTKA3€ B MO-

MeHT K3 Ha omHOM wu3 cexrmii ITPOUCXOIUT
OTKIIOYCHME OODOHX HCTOYHMKOB IHTAHM,

CospeMeHHEIE  Topomckue PacIIpeIeTuTe -
HBIC BJICKTPMYECKHME CETH MOJDKHBI paboTaTs Ha
HanpsokeHud 20 kB, 6wrTs YHUQHUHPOBaHHEIME,
4NANTUBHBIMM, HANEXHBIMM M CTPOMTBCS IIo
CIMHBIM TDaBUIaM M 3akoHaM. B Mockse u
Mockosckoit o6nactu yxe ects OIBIT HCIIONE-
30BAHMS 3TOTO HAIpPSDKEHM, HanpuMep, s
STICKTPOCHAOXKEHH KOMIIIEKCHOM BEICOTHOM 3a-
CTPOMKM XOHBIHCKOTO IO C obuIelt Harpyskoi
Bonee 80000 kB - A (puc. 2) [2]). BDrexTpocHa6-
KEHUC BBINOJHEHO IO TPagULHOHHOMN IBYXTy-
4CBOM  CXeMe mWTaHus TPaHC(HOPMATOPHEIX
noncranui (TII). Omsako BMmecTo pacrpeje-
JIATEIBPHEIX IIYHKTOB IIPHMEHEHBI COETIHHTE b-
Hele IyHKTHI (CII) Ha BRIKTHOYATEISIX HArpysKu.
Or xaxmoit wms msyx IIC 110/20 kB ka6emsvu
IIDOKJIANBIBAIOTCA 10 4 MArMCTPATBHBIE JIHHUMY,
Yepes CII maructpamu 20 kB 00pa3yioT Koiblo
IO TIepuepun 3acTpOHK; mexny CIT sxmouya-
forest menmoyku TII  pacnpenenutensrolt CETH,
BEIOTHECHHOW — ONHOXWIBHBIME — Kabeasamu. B
KaXIod Nenoyke — 10 BockMu TII C TpaHC-
dopmaropamu 2 x 1000 kB - A,

C pocroM TpeGosanumit x HaIeXHOCTH SJeK-
TPOCHAOXEHHA LIMpE CTamH NIPUMEHSTBCA KOJIb-
HEBRIC CXEMBI M CXEMBI, COIEpXKAIIHe TPeTHif
HC3aBUCHMBIM MCTOYHMK nwTaHms. Ilo Halremy
MHEHMIO, C TOYKM 3pEHMS OGecreyeHms Hagex-
HOCTH ¥ DaBHOMEDHOCTH pacIIpeneiieHuUs Harpy-
30K HanboJsee DAlMOHATLHBIMA SBITIOTCS paB-
HOMEDHO  pacnpefiefeHHBIE ceTH. ORHHM U3
BAPMAHTOB TaKMX CETEH MOXeT OBITh “coToBasg”
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(TH);

VIUT

b~

cra

1ci cz2
110/20 kB 110/20 kB
cir
VcioBHEIE 0603HAYEHMS;

———— — Marucrpans 20 kB; HIJ — MPHUCOEUHEHNIS — Y4acTOK ceTH
. C 2JIETa30BEIMH ’

______ — péacipencers 20 xB; BBIK/TIOYATE/ISIMH HAIPY3KH; % % gzlff ;gg;; 0:“0;[;{6:

@_ — rpaHcdopMaTopHas AR 1 8 or1a08TII
nozcTanuys 2 x 1000 kB-A; ¢ BEIKIIOYaTeIIMH ¢ MT3;

Puc. 2. Cxema cern nns anexrpocHabmenns 20 KB 3acrpoitkn XoZbmcKoro mous

TpansuTHag

w +0s
PeseppHag

ITorpe6uTenn JI3

a) 6)

i Puc. 3. Ilpunupn dopvuposaHus pacnpeseMTeNLHON CETH M Y3I0B HArPy3KH

ceth (puc. 3). HoBoMy ITOZXOLY K IIOCTPOGHUIO PacmpeneneHnas snekTpuyeckas CceTh Ipes-
{  PACTIDENEJIATENBHBIX CEeTed IIOCBSIIEH pPST Ha-  CTaeisdeT coboif COBOKYITHOCTE PaBHOMEPHO pac-
| mmX craTedf, Harpumep [3]. NPENEICHHBIX Y3JI0B TIIOTPEONIEHUS 2JeKTpUde-
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Jvnaus 1 Juaus 2

Juang 3

Q1 — Q9 — BHIKJIIOUATEIIH;
— TpancgopMarop

Q1.1 @ QL2 Q2.1 Q2.2 l;j lil Q3.2
71 /Ii 1~ N N
owp D EEL ﬂlﬁi EE I £ S o &
; Paboyasg CIII

J | . @ Hanpsokenng (TH);

o

ELS

20
) KBé
0,4xB

20 20
m 0,4KB
0,4 xB 0,4 kB 6 xB

Puc. 4. TunoBas cxemMa YHMBEPCAJIBHOXO Y33

CKOA 9HEPIruM, COSOWHEHHBRIX MeXIny Ccoboi
PaBHOMEPHO 3arpyKeHHBIMH JTHHMIMU OIMHAKO-
Boro ceueHus. Bca oOcioyxuBaemasi TeppUTOpPUS
IIOKPBEIBAETCH PABHOMEDHO pAacCIpeleeHHOH ce-
TBIO, HMMEIOIIEH KOHOHUIYPAITHI0  CBA3aHHBIX
LIECTUYTOJIbHUKOB, B BEPIIMHAX KOTOPHIX pac-
TONaralTcA y3/Ibl HArpy3ku. Kaxaeli w3 Hux
WMEET CTPOrO OIIPEACJICHHYI0O 30HY 00CTy:KuBa-
HHA, a B LEHTPE KONBLA HAXOOWUTCA 30HA CO-
BMECTHOIO oOciyxuBanus (puc. 3, a). Taxkum
0obpa3oM, OSIEKTPUYECKAss CETh CTPOMTCH IO
OpHHLIMIY “coToBoM” cetH. Kak mokasaHo Ha
puc. 3, 6, y3en MMEET TpPH JIyda, OOUH M3 KOTO-
DBIX — IWTAOIWH (IIHTaeT Harpysky), BTOPOI
— PpE3epBHEIN (HAXOOMTCSI B TOpSYEM pe3epBe),
TPETHII — TPAH3UTHELIA (OCYIUECTBIIET TPAH3UT
MOIITHOCTH).

HaHHas ceThb MHBapUaHTHA — B CIy4ae He-
OOXOIMMOCTH MHWTAIOIIMH JIy4 MOXKET CTaTh
TPAH3UTHBIM WU PpE3CPBHBIM, TPAH3HMTHBIA —
ITUTAIOIINM, PE3EPBHBIA — TPaH3WTHBIM H T, IL.,
T. €. BO3MOXHBI IEPEKOHOUTYpalMgd y31a U H3-
MEHEHME II0TOKOB MOIIHOCTH B CETH B 3aBHCH-
MOCTH OT TOW MJIH HHOW CHTyaIWu.

JaHHYI0 pAaCHpeAeTUTENbHYI0O CETh MOXHO
KOH(UIYypUpOBaTh B 3aBHCHUMOCTH OT TEPPHUTO-
PHH H HeOOXONMMOCTH B y3JIaX HArpy3KH, T. €.
TaM, IIe HeT HaArpy3KH, CeTb OTCYTCTBYET.

_ E_ a': — TpaHCchopmarop Toka (TT),

G — reHepaTop;

— TpaHchopMaTop
20/0,4 (20/6) xB

@é@

HATPY3KH B pacnpefemuTensholt cern 20 xB

B xauecTBe IIpuMepa YHHMBEPCAJLHOIO Y3Ia
Harpyskd B paclpenenurenbcHoi cetH 20 xB
IpUBeleHa cxema Ha puc.4. B Hell wmMmerorcs
JIBE CHCTEMBI IIMH (paboyasi M pe3epBHAsA); pa-
004yMe M pe3epBHBIC BRIKIIIOYATENH, CIIyXKALI[Ue
IUIA WHBAPWAHTHBIX IIEPEKIIOYEHUN COCTOSHHUA
y3Jla, a TakxkKe JUIA BEINOJHEHUS IpOodHIaKTHYE-
CKHMX M pEeMOHTHHIX pabor. Kpome Toro, Bo3-
MOXHO IIOIKIIOYeHWe Ha Hampsokenme 20 xB
TEHEpaTOpPOB MAaJIOM M CpemHell MOIIHOCTH, B
TOM YHCIE€ Ha BO300OHOBJISSEMBIX MCTOYHMKAY
sHepruu. CxeMa MMEET OTpaHWYEHHOE KOJIMde-
CTBO BApUaHTOB COCTOSHMS, IIODTOMY JIETKO al-
TOPUTMH3UPYETCH.

YHuBepcanpHBIA y3ed TIPENCTaBIsIET Ccobol
MHTETpalyio 3JIeMEHTOB SHEpProceTeil B BHIE Te-
HEpaTopOB, CPEACTB M ceTel WX IOMKITIOYEHMH,
MaruCTpaJbHOM CETH HOCTAaBKW, pacIIpeleiy-
TEJIBHBIX CeTel, moTpeOuTeneil BMeCTe ¢ KOMIIb-
IOTEPHOM CETHIO, IIOKPHIBAIONICH BCIO SHEPIo-
ceTb, Takas ceTh HODKHA OBITH aHAJOTOM CETH
WHTEpHET, OCHOBEIBATHCS Ha EIMHOM IIPOCTpaH-
CTBE MMEH M YHU(UUIHUPOBAaHHON CHCTEME IIpo-
TOKONOB. C MOMOIIBIO NAaHHONH KOMIIBIOTEPHOMH
HHGOPMAIMOHHON CETH OCYLIECTBIISIETCH YIIPaB-
JIEHHE YCTPOMCTBAMM SHEPIOCETH.

Y3JI0BEIM 3JIEMEHTOM TAKUX CETeH SBIIAeTCS
HMHTETPUPOBAHHBIA MONY/Ib YIpaBlieHUs (puc. 5),

Ynpasn
MOIyJlb

II03BO
JIEHUS,
MAITH]
Ero «
Harpy
pexXu
COCTO
4eH).
TIpeme
HBIH
Kax
BKJIO
JISION
OMC

Pexa
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JIunusa 2

JIanusa 1

epeHasa CIIT

JIvnus 3

Pa6oyast CIII

at} EI: Q1 — Q6 — BHIKITIOYATENH;
) () — paucdopmarop
Hanpsckenus (TH);

07

IToTpeburemm

51: — TpaHcgopMarop Toka (TT);

KRR

i

ITorpeGurenu

G — reHepaTop

O

Puc. 5. CxemMa anToMaTH3aupM ysna HArpysku ¢ noMompio UMY

TO3BOJISIOMIMA PEAJM30BBIBATE (DYHKIIMM YIIpaB-
NEHWS, 3allUTHI, XpaHEHWS W Iepenavyu MHpop-
MalWM, a TaKkKe OIUIaThl 3a 3JIEeKTPOIHEPTHIO.
Ero ocHoBHas QyHKIMS — yIpaBieHHe y3I0M
Harpyskd B aBTOMaTMYeCKOM pexwume. CmeHa
peXyMa y3ja BBIIOJHACTCA IIYTEM MN3MEHEHUS
COCTOAHMA BBIKJIIOYATENEH (BKIIOYEH — OTKIIIO-
yeH). MMY caM OLIEHHMBaeT CHTyallMI0 B pac-
TIPENeTUTENHHON CeTH M BBEIOMpAeT ONTHMAIb-
HBUA M3 BO3MOXHBIX peXuMOB. IIpu 3roM Ha
KOKIBIM ~ BBIKJIIOYATENb IIONAETCH CUTHAJX HA
BKIIOYCHNE MM OTKIIOYeHHe. Pabory ympas-
JAIONIET0 MOXYJIS MOXHO aJITOPHTMH3MPOBATH C
NIOMOIIBIO JIOTHMYECKUX YPaBHEHHM IS KaXIOTO

BBIKJIIOYATE)ISI TIPH 3aJaHHOM pexXuMe paboThl
yana. Jlna mpumepa B Tabiauie IPUBEIEHE! JIO-
TMY9eCKHe YpaBHEHMA A BBIKIIOYATENEH B On-
HOM M3 pPEXWMOB, COCTABIEHHEBIE C IIOMOIIBIO
npocTedmeid onepauuu OyneBoit anrebphl U 3a-
Jarliue BUI BIEKTPUUECKON CXEMEL.

C uenplo peamu3auuy M IIPOBEPKHM IPABHIIB-
HOCTM pabOThl aITOPUIMOB II0 IIEPECTPOCHHMIO
WHTEJUIEKTYaIbHOM PaBHOMEDHO paCIIpeesicH-
HOM CeTH IIpM aBapUMHBIX DEXWMAX, a TaKKe
I HAIJIIOHOTO OTOOpaXKeHWT TOIIOJNIOIUMM CEeTH
C YMCICHHBIMH 3HAYEHMAMM NAPAMETPOB V3IO0B
Harpy3Kd H COEIHMHAIOIIMX MX JTHUHUE paspabo-
TaHa KOMIIBIOTEPHASI MOIENb HHTETPHPOBAHHOMN

Pexcum Jlorudeckoe ypasHEHHe

Cursan

Yo" =Xo11Xo12X 021X 022X 031X 032X 04 =Yois

Ha xaryuixy otkmouenus srixmodatens Q1. 7

Yo12 =X 11X 012X 021X 020X 031X 032X g4 =Y 15"

Ha xarymxy BxmoueHus Brikiroyareis Q1.2

Yoo =X 11X 012X 021X 022X 031 X 032X 04 =TT

Ha karyuxy otkmouenust Berkmodarens Q2. 1

1 (Y553 =X011 X 012X 021X 020X 031 X g3 2 X g4 =V 5™

Ha karymxy BxmoueHus Beikiioyarens Q2.2

YT =Xon1X012X 021X 022X 031X 032X 04 =Y31"

Ha xatymky sxitouenus Beikmoyarens Q3.1

Y35 = X011 X012X021X022X 031 X 32X 04 =V 25

Ha xaTymky otkmoueHus Beiioyarens Q3.2

Yo =X 011X 012X 021X 022X 03,1 X 3.2 X 04 = Y54

Ha xarymiky otkmoyeHus Boiknoyarens QJ. 7
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Puc. 6. Kondurypanus siaexrpuyeckoii

CHCTEMBI YIIDABICHHS DSNEKTPUYECKMMU CETSMU
B makere Matlab. KommeioTepHas Momenp ceTtd
YYUTHIBAET TPH BO3MOXHBIX peXMMa paboTHl y3-
JoB Harpysku 20 kB: HoOpManbHEIM, Ipenasa-
PUMHLIA M aBapMiHBIH.

HopMmanmeHbOt pexum paGoThl y3ma — 3TO
PEeXMM, KOIZIa IIOTPeOWTENM IIOMYyYaloT ITUTAHHE
B IIOJIHOM 0O0BEME, a uepe3 y3eld IIPOXOLUT
TPaH3UT MOIIMHOCTH K COCENHUM y3laM. B sTom
CIyyae TiepBas JIMHUA SBSIETCS IIHTAIOLIEH,
BTOpass HaXxOIWUTCA B IOPAYEM PE3EpBE, 4 TPEThI
BBIIIOIHSAET (DYHKIIUIO TpPaH3MTA.

[IpenaBapuiHEIA pEXMM y3la — IIOTEpd pe-
3epBHOM JHMHMU. B s3TOM cCiayyae nmraHue mo-
TpeOHTENEH M TPaHSHT MOIIHOCTH BBITIONHSIOTCS
B TONHOM 0O0BEME, HO OTCYTCTBYET pe3epB. B
TaKOM DPEXMME Y3ell MOXET HaXONUTHCHI OIpele-
JIEHHBIM JIMMHTHUPOBAHHEIA TIPOMEXYTOK BpeEMe-
HU 00 JMKBMIALMM aBapUM Ha pe3epBHON JIH-
HUH.

ABapuifHBIA pexiM paGoThl XapakTepH3yeT-
CA TIOTepel pe3epBHOM M TPAaH3UTHON JIMHWIH,
B sToM ciyyae moTpebuTeNd IOTYYalOT MHUTA-
HHE, HO OHO MOXET OCYIIECTBIATHCA HE B IOJ-
HOM oObeme. [laHHBIM DEXMM BO3MOXKEH Kpaii-
He penko. '

Ilpn samycke daitna, comepxaiiero KoHGbM-
TypallMI0 CETH, BLIIONHSAETCA HEKOTOPOE KOJIU-
49eCTBO BHYTPCHHHX WTepalHi, ¥ Ha 3KpaHe

CerH B HOPMAJILHOM pexume padoTsi

oTOOpaXxkaeTcst [1epBOHAYAIBHOE COCTOSHHE CETH
B HOpDMalbHOM pexume paborel (puc. 6). Ve-
JIOBHEIE 0003HauYeHUs rpada CeTH:

JMHWK CO CTpeNKaMy O0003Ha4YaloT ITUTAl-
II¥e WIA TPAH3UTHBIE JHHUM, 0e3 CTpeloK —
JWHWY Ppe3epBa;

mubphl HAa JIMHASX YKa3bIBAIOT —HAIpPY3Ky
JAaHHOHW JTUHMH.

O6o3HayeHHA B y3ax;

HOMEp y37a,

yraneHHOCTh y3na ot IIC 110(220)/20 xB;

B CKOOKax — 3HayeHWe pacueTHOM HAarpysKu

y3i1a, 3HaK “—” yKa3eIBAaeT Ha TO, 4YTO HAHHEIH
y3el IIMTaeTCd OT BBICOKOBOJIBTHOM  JIMHMK
110 (220) xB.

[Tpu pa3spelBe JHHUM, HAIPHMED, COEIHHIIO-
med yanel Ne 1 u Ne 3, IpOMCXOIMT IepekoH-
durypauusa cxeMsl C IeIbI0 0DECHeYeHUsT He-
NIPEPBIBHOIO IHTAHMA Harpysku B y3ne Ne 3.
JlaHHBIE NEeHCTBUST BHITONHSAIOTCS B COOTBETCT-
BUU C 3AJIOXEHHBIMHM ITOPHTMAMH YIIPABJICHHUS.
B wurore ysen Ne 3, Korophli muTancs mo -
HUU OT y3ma Ne 2, mocie ee pasphiBa Oymer mo-
JIy9aTh IIMTaHME OT Haubonee GIM3KOro MCTOY-
HHUKa — y3na Ne8 (puc.7). Takum o6pasom,
OTKa3 OOHOTO 3JIEMEHTa B CXeMe He IIPHBOIUT
K IIOTepe IIWTaHMS IoTpebuTenei.

PazpaGoTaHHass KOMIBIOTEPHAS MOIENbH IIO-
3BOJISIET HAITIANHO OTOOpasHTh IIOBENEHHME paB-
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AHaMM3 OPUMEHeHHS W DA3BHTHA BETPOYCTAHOBOK

HuBeHkoB A. ., KkaHA. TexH. Hayk, JlockyToB A. B., AOKTOp TEXH. Hayk,
MuxainnuyeHko E. A., nHX.

Hwxeropoackuii rocynapcTBeHHbI TexHUYecKuid yHuBepcuter uMM. P. E. AnekceeBa

PaccMOTpeHB! KOHCTDYKTHMBHEIE OCOGEHHOCTH U TIapaMETPHl CYIUECTBYIOIMX B MHDE BETPOYC-
TaHOBOK. IIpoaHAIM3MPOBAHEl BETPOYCTAHOBKM C DA3IMUHBIMH THIIAMH IEHEPATOPOB W pa3HEI-
MU [Hana30HaAMH HOMMHANBHOM MOIIHOCTH. IIOKasaHBl WX TPEMMYINECTBA M HEJOCTATKH.

Kmouessie cnoBa: ansTepHATHBHEIE MCTOYHMKH, BETPOSHEPIETHKA, BETPSAHBIE (hepMBI, BETpOTe-
HEPATODRI, MOIIHOCTh BeTpoycraHoBku, KIIJI BeTpoycTaHOBKHM, KO3(DMHIMEHT MCIOIb30BAHMS

YCTAHOBICHHOH MOIIHOCTH.

OrpaHM4eHHOCTh 3aIacoB HMCKOIAEMBIX pecyp-
COB B MMpE IpHBEIA K HIee IIMPOKOIO IpHMe-
HEHMsA MCTOYHHMKOB, IIPeoOpasyloLIUX 3HEPIUIO
COJIHIIA, TEOTEPMAJBHYIO, BETPa, TOIUTMBHBIX
DJICMEHTOB, OHOTOIUIMBA M IPYTMX B 3JIEKTpUYE-
ckyl0. OmHAKO 3TO COIPSDKEHO C HEKOTOPHIMU
TpynHocTAMH [1, 2].

B nacrosiiiee BpeMa cpend BO306HOBIISIEMBIX
HUCTOYHHMKOB Pa3BUBAIOIICHCT OTPACIbl0 SBJISET-
Cd BETPO3HEpreTHKa ¢ oDIIeH yCTaHOBICHHOM
MOIIIHOCTBIO BCEX CYIIECTBYIOIIMX BETPOYCTAHO-
BOK 157 I'Br, paGoTaionmx Ipd CKOPOCTSX BET-
pa ot 3 no 25 m/c. Berpoanextpocranimu (BDC)
HMEIOT PsI JOCTOMHCTB M HENOCTATKOB. K He-
IOCTATKAM MOXHO OTHECTH HEIOCTOSHCTBO CKO-
POCTH BETPa, MaIblii BBIXOZ 3NEKTPOSHEPIMU II0
CPaBHEHHMIO C IM3eJbHBIMU TIeHepaTopaMH, Ha-
JMYMe IIYMOBBIX aKYCTHYECKHMX CIIEKTPOB, CO3-
aHHWe TIOMeX B paboTe CHUCTEM CBS3M, oOIac-
HOCTb JUIS 3XWBBIX OpPraHHU3MOB. JlOCTOMHCTBA:
3KONOTHYeCKass 9ucToTa paboThl, BO30OHOBIAE-
MOCTP M HEHUCYEPIIAEMOCTh SHEPIHM, KOMIIAKT-
HOCTb M COYeTaHHEe C JIOOBIM JaHmmadgToM,
BCECE30HHOCTh, OTCYTCTBUE IOTPEOHOCTH B HC-
TIOJIb30BAHMM KaKOro-nubo BHOA TOIUIMBA IS
BETPOTEHEPATOPA.

[TepcrieKTHBHOCTE DPAa3sBUTHSA BETPOSHEPTETH-
KM TOATBEPXKIEeHA HATMIUEM 3HAYMTEIBHOIO KO-
mryectBa BBC Bo MmHOrmx crpanax (Tabum. 1)

Tabnuya 1

Kpymmeitinue & Mape
netcrBytomme BHC

San Gorgonio Pass

MecTopacmonoxenue

CIIA, KanudopHus

XaiBuHI Hopserus
Whitelee HTornanmus
Moamn Pumk CIIIA, Heio-Hopk
Xopuc Pes Hauusg
Lynn and Inner Dowsing AHTIHIA

Tehachapi Pass CIIIA, Kamudopuus

[2]. 3a nocnemuue 10 ner B Jdamwm, CIIIA, T ep-
MaHuH, lomnanmmi, BenmukoOpUTAHMM CO3MAHBI
CaAMOCTOSITENIBHBIE  OTPAacIM  BETPOIHEPreTHKH.
OTO IIO3BOJNIMT CHUBUTH SMHCCHIO YIJIEKUCIOLO
raza Kk 2020r. va 10 MapnT ¥ obecrieunts 12 %
moTpebIsieMOl B MUpe SHEepruu.

KpynHelmue MHBECTUIIMOHHBIE KOMIIAHUK
aKTHBHO BKJIAIbIBAIOT CPENCTBA B TIPOEKTHI pa3-
BUTHSL BETPOSHEpreTMku B Asum u Espome. K
MHPOBBIM JIMIEPAM OTHOCHTCS MCIIAHCKAS KOM-
manus “Iberdrola Renovables”, Bkian KOTOpOIt
B BETPOSHEPIeTUKY COCTaBWI 2,2 MIDI €BpO,
IPH 3TOM OXHMIOAETCH CYIIECTBEHHBIH POCT IIpU-
OBUIM OT KaIMTATOBIOXEHWH B ee pa3BUTHE
(puc. 1).

K coxanenmio, BOC B Poccum 1o yposHio
YCTAHOBNEHHBIX MOIIHOCTEH YCTYmaloT BeTpo-
SHEPTETUYECKUM KOMIUIEKCAM 3apyOexHBIX KOM-
nmapui. OmHAKO C YYeTOM ee TeppHTOPUATBHBIX
W KIMMAaTHYECKMX OCODEHHOCTEH COBOKYIIHAS
MOIITHOCTE IpenmoiaraeMerx BOC Moxer co-
crapnarh Gomee 6200 mipx kBT -4 [2]. Ceronus
Yy Hac HOEWCTBYET pSN KDPYNHBIX M Meakux BAC
(puc. 2, a), CymIECTBYIOT IIDOEKTHl HA DA3HBIX
CTanmusix mpopabGotku (puc. 2, 6) [2].

" BypHoe pasBuTHE BeTPOSHEPreTHKM CIIYKUT
IIPEAITOCBUTKOM Ul pa3paboTKM ¥ IPOM3BOACTBA

Puc. 1. JTuarpamma oxmpaaemoro pocra mpuObLIM OT KAMUTANOBILO-
JKEHMH B passuTHe SHeprerwku Komnamum “Iberdrola Renovables”
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Puc. 2. ¥Ycranosiennas momHocTbh neficTeylomux (a) u crposmuxca (6) BBC Poccun

BETPOYCTAHOBOK pasim4Hoi momrHoctu. Cpeny
KPYITHEHUIIIUX TPOM3BOOUTENIEN BETPOreHepaTo-
POB MOXHO Ha3BaTh HEMELKYIH KOMIIAHHIO
“Enercon”, aMepukaHckylo “Magenn Power Inc.”,
kopeiickylo “Hyundai Heavy Industries”, anr-
Jmiickyro “Clipper” w nmarckyro “Vestas”. Cpemu
OTEYECTBEHHBIX TIPOM3BOJIUTENEH ClIeayeT 0cobo
OTMETUTL KoMIaHuio “CamncaH-sHeprust” (Ber-
porerepatop “Camcan-5000”) [3] u HayyHO-
[IPOM3BOIACTBEHHOE oOO0benuHeHWe “BPTA” [4]
(I'B-10/200-380-21T"), BEIMyCKaloIINe BETPOreHE-
paTophl HeOOJNBLION MOIIHOCTH [5 — §].

Llenecoobpa3HOCTy TMPUMEHEHUS BETPOYCTa-
HOBKHM OIIPEIENISeTCs €€ HOMHHAIBLHOM MOIIHO-
CThbIO, TabapUTHBIMH pa3MepaMH M BETPOBBIM
pexuMoM MecTHOCTH. [na BOC MuUHHMAaTbHAS
CKOpPOCTh BETpPa B CPEIHEM COCTaBIsieT 4 — 5 M/c
(mpu  MomHocTH Gomee 200 xBr); 2 —3 M/c
(mpu momHocTn MeHee 100 xBrT).

Betporoit pexuM B Poccum o0yciIoBiIEH Imu-
POKMM MHOIrooOpasveM KIMMAaTHYECKHX W pPEllb-
edHBIX YCIOBMM KaK B OTHEIBHBIX DPETHOHAX,
TaK M B OOHOW M TOW Xe TeppUTOPHAILHOMH
soHe (puc. 3) [9]. Ilosromy, ucxoma U3 penbed-
HEIX W BETPOBBIX YCIOBWH OaHHOW MECTHOCTH,
BEIOMpAIOTCS MOIIHOCTb, THUII M KOHCTPYKLIUH
BeTpoycTaHoBkM (BDY). Berpsanrle anexrpo-
CTaHLMM 1eJIecO00pasHO pasMEIIaTh B MecTax
COCPENOTOYEHUA KPYIIHBIX SHEPrOEMKHMX IIPOH3-
BOACTB (pHC.4) IpU TPYIHOCTAX DJIEKTPOCHAD-
KEHHA OT €OMHOHN IPOMBIIUICHHOM CeTH, Yro Io-
3BOJMT OOECIEYUTh NOTpeOuTeNns OecrepeCoiHbIM
U KAYeCTBEHHBIM 3JIEKTPOIIMTAHWEM, CHU3HTH Pac-

XOObl HAa TPAHCIIOPTUPOBKY 3JIEKTPOSHEPTUH WU
VMEHBIOINTL ee CebecTOMMOCTD.

B Hactosimee BpeMs paspaboTaHbl MHOIOYMC-
JIEHHBIE BETPOI€HEPATOPhl PAa3MTWYHBIX KOHCTPYK-
WA W OpHEHTAUMH OCH BpallleHHS II0 OTHOIIE-
HMIO X HalpaBJIEHUIO BETPa C TeHepaTopaMu
pasHoro tuma (puc.S5). s cpaBHEHHS peHTa-
OeIbHOCTU BETPOIEHEPATOPOB OBUIM  BBEIOPAHE
clenyiolye IapaMeTphl: KO3(MMOUIIUEHT HCIIONb-
30BaHUS SHEPrHM BeTpa, K02((HUIHEHT I0Ie3-
Horo geiicteuga (KIIJ), MomHOCTb, CKOpPOCTB
BeTpa, TUII reHeparopa (puc. 6). Koadduimenr
HCIIONIb30BaHUA 3HEPIMM BeTpa OOBIYHO OIpene-
Jserca 1o opMmyie

&= 2Bn, (1

rne B= P/(pF Vz) — KO2(QHUUMEHT HAIPY3KM Ha
OMETAEMYIO JIONACTSAMM IUTOIIanb; m = 0,593 —
KIIJI wneansHOro Berpoporopa; P — cwia co-
NpPOTMBIEHUS BeTpy, H; p — IUIoTHOCTH BO3IyII-
HOro IIOTOKAa, Kr/M°; F — Iulommame, oMeraemas
JonacTaMu, M°; ¥V — CKOpOCTb BO3OYIIHOLO IIO-
TOKa, M/C.

Teoperuueckuit koadbduuueHT & uneansHo-
ro BETPOKOJECAa TOPU3OHTAJBHBEIX IIPOIIENIEp-
HBIX M BEPTHKAaJIbHO-OCEBBIX YCTAHOBOK paBEH
0,593, dyro cBA3aHO C HCIOJB3OBAHHEM 3(]-
(exTa IIONBEMHOH CHIBI BETPOBOTO ITOTOKA.
Ha npaktuke Ko3(®UIIMEHTE HCIONB30BaAHUS
OHEpPrMM BETPa TOPU3OHTAIBHO-OCEBHIX IIPO-
MEJJIEPHBIX M BEPTUKAIBHO-OCEBBIX B3AY pas-
JugHbl (Tabn. 2) [10, 11].

BE]
paj
301

HO:
pac
MO

Bel
KO:
MO:
pas
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CpenHeronosas cKopocTh BeTpa:
s MeHee 3 M/c

EENS o1 3 no SM/c

. onee 5 M/c

Puc. 3. Arnac serpa Poccuiickoit (Denepamuu

BN 7 paitoros
B 4 paiiona
] menee 4 paiioHoB

Puc. 4. Teppuropnanshoe pasmemenHe NpOMBLIITEHHBIX paiionos Poccmitckoii Depepaiyn

KIII BerpoycTaHOBKM ONpedensiercs IpOu3-
BenenueM KIIJI Bcex y3nmoB (BeTpopoTopa, reHe-
paTtopa, WHBEPTOpa), YYACTBYIOIIMX B Hpeobpa-
30BAHHH 3HEPIrMM BETPA B 3JIEKTPHYECKYIO:

0= Wi (2)

MakcumanpHoe 3Havenume KIIJI Berpoycra-
HOBKHM JOCTHIaeTcs B CIyyae ee paboThl IIpu
pacyeTHOl CKOpPOCTM BeTpa MW HOMMHAJIBHOMN
momHocTH [12].

I oneHkd 3()GHEKTUBHOCTH MCIIOMb30BAHUS
BETPOIHEPTETUYECKUX YCTAHOBOK IIPUMEHSETCS
K05 OUIMEHT HCIONb30BAHNA YCTAHOBISHHOM
MOIIHOCTH kp (puc. 7), omnpenensgeMelii U3 BEI-
paxXeHHs

W,
kp =t 3)

HOM

roe W, — BepaboTKa aeKTposHepruu BBOY 3a
pacyeTHEIM nepuon 7.

KonuyecTtBo BEIpabaTeIBaeMoit BJIEKTPO3HED-
THY DACCYUTHIBAETCA IO (opMyJie

T Vmax
W, = I N(V)dt= j NO(V)dV, 4)
0 men
rae N (V) — MmomHocTs, BelpabGaTeiBacMmast BDY B
3aBUCHMOCTH OT CKOpPOCTH BeTpa; f(V) — -
TETBHOCTh IEPHOda CO CKOPOCThIO Berpa V.



60

[IPOMBIIIJIEHHAS OHEPI'ETHKA Ne 5,

2012

MoiuHOCTb BeTpOyCTaAHOBKH, KBT

BeTpoycTaHOBKH
C aCHMHXpPOHHBEIMH C CHHXPOHHEIMH C reneparopamu
reHepaTopaMHu reHepaToOpaMu MIOCTOAHHOIO TOKA
lopusoHTaNBEHO- BeprukaneHo-
OCEBEIE OCEBEIE
¥ v
DUKCHPOBAHHEE IToBOpPOTHEE C yauieoOpasHEIMH C S-06pasHeIMH
JIonacTIMu JIONIACTAMH
r\'
OxnHononacTHeie MHorononacTHEIe

Puc. 5. KOHCTpPYKUHOHHBIE DA3HOBHANOCTH BETPOTEHEPATOPOB

CxopocTs BeTpa, M/C

CxopocTb BeTpa, M/c
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Puc. 6. 3aBucuMOCT: MOMIHOCTH BETPOYCTAHOBKH OT CKODOCTH BeTpa:
a W 6 — TIpH TEHEPaTOPE CHHXPOHHOIO M ACHHXPOHHOTO THIIOB

= Siemens E 5001, 3600 kW

Tabauya 2
Wl Tum BeTpoycTaHOBXH
HCTIONb30BAHMS TopusoHTansHO-0CEBad BeptukansHo-ocepas
DU MHoro- Por Poro Ten i
BOY Jsyxnonacraas | TpexnonactHas ; S o e
JIOTIACTHAS Hapee Cagonuyca porop
E 0,35 0,4 0,25 0,35 0,25 0,4

OpreHTHPOBOYHO TEeXHMYECKas IeIecoobpas-
HOCTh NPUMEHEHHS BETPOYCTAHOBOK MOKET paC-

CMAaTpUBATLCA IPH 3HAYEHMSIX &, >0,2. Ilpu
S5TOM BaXHO OLIEHUTH BO3MOXHOCThL oOfecIede-
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Puc. 7. Otnocurenshsie Monmoctn BBY (a) 1 Koa(@muuent HCHOMBIOBAHMS YCTAHOBJEHHOH MOMHOCTH (6) Ana BeTPOYCTAHOBOK C re-
HepaTopamMu cuuxponHoro (CI') w acwmxpomsoro (AI') Tunoe

Tabnuya 3

Hawumvenosanne

Mapxka

HasHauenue

IIxad cuHXpOHU3AITH

AT'PY .423860.100

ABTOMAaTHYECKOE M PYUYHOE
BKJIIOUEHWE [CHEPATOPOB

AHAaorossie CHHXPOHH3aTOPBI

CA-1u YTC-3

Tounas aBToMaTHYeCKas
CHHXPOHHM3aITuAa

YerpoiicTBO CMHXPOHU3AIIMK

DATAKOM DKG-707

Touxas aBTOMaTHYECKAS
CHHXPOHU3AIIHS

LudpoBoe ycTpoHACTBO «CIIPUHT?” Hudporas TouHas aBTOMaTUYECKAS
CHHXPOHU3AIUH CHHXpOHU3aLUA
TVEG MHorodyHKIMOHANEHOE YCTPOMCTBO

YerpoiicTBoO BIIIIOYEHHST

BEKJIIOYCHHSA

HUSA WX I1apa/UulesIbHOM paboThl C CeTBIO M ApYT
¢ apyroMm (taba. 3). [na sxkmouenuss CI' B ma-
pLIEIBHYI0 paboTy ¢ BHENIHEH CETBIO CYIIECT-
BYIOT IBa crocoba: ToOYHasl CHHXPOHH3AUMI M
camMocuHxpoHusauusd. [Ipu mepBoM crnocobe TOK
B MOMEHT BKIIOYCHWS HMMeeT MHHHMAJIBHOE 3Ha-
YeHHe, IIPH BTOPOM — HeoOXOIMMO COBIIANEHUE
IopsinKa dYepenoBaHMs (a3 ceTH M TeHepaTopa.

O0mue mpeuMyInecTBa IIpH  IapaUIeJBHOH
pabore c cereio Al OTCYTCTBHE NOTpPeOHOCTH B
3allMTe OT KOPOTKWMX 3aMBIKaHWH, Iy4dlIde IIo-
Ka3aTeNqu KayecTBa BBHIXOOHOTO HAIPSDKEHMS, OT-
CYTCTBHE HEOOXOIMMOCTH B CHCTEMaxX CaMOBO3-
OyXIEHUsT W DPEryJHMpOBaHMA  HaIPSOKEHMUS.
BrioyeHue B mHapajUIeTbHYIO paboTy € CeThIO
AT’ BO3MOXHO IIpH JIIOOBIX BETPOBBIX YCIJIOBHMSIX,
a Bxmouenue CI' NpH NOPEIBUCTOM Berpe
OYEHL 3aTPYAHMTENBHO. [IpHMHIMI  IeiicTBUA
VKa3aHHBIX TeHEpaTOpPOB ONWHAKOB M 3aK/II0Ya-
eTCSd B BBIPABHUBAHUK HANPSKEHMNA MW YacToT
napajuielekHO paboTarolMX WCTOYHMKOB, 4 Tak-
Xe B OIpedeNeHHH MOMEHTa BpPEMEHM, IPH KO-

TOPOM Yroi pasHOCTH (a3 MeXIy BeKTOPAMHU
BAC reHepatopa M HAIPSKEHHS CETH IIOMANET
B JOIYCTHMBIA nuana3oH. JJaHHBIA IPUHIAI He
BCETHA IO3BOJIIET OOECIIEYMTHh OBICTPOE BKIIIOYE-
HHME TEHEpPaTOpOB Ha MapaUIeIbHYI0 paboTy.
Kpome Toro, cregyer mnpusHaTh 31€MEHTHYIO
0a3y M ITOPUTMUYECKHE CXEMBI STHUX CHCTEM
MOPAaJbHO VyCTapeBIIHMH.

Hnsa obecrieyeHusT 5G@PeKTUBHOTO MCIIONb-
30BaHUS 3HEPIMH BO30OHOBISIEMEIX MCTOYHU-
KOB ITMTAaHMS IIEPEMEHHOIO HANDSIXEHHUI, Ia-
pajieIbHO paboTarolIMX Ha OOIUYI0 HArpysKy C
MIPOMBINUIEHHON CEThIO, BCE 4Yallle IPHUMEHSIOT
YCTAHOBKM C [BOMHBEIM IIpeoOpa3oBaHUEM, CO-
JepXallye CIeAYIOIIMEe CTPYKTYPHBIE 3BEHBSI:
BBIIIPAMUTEINb, LEIh NOCTOSHHOTO TOKA, WHBEP-
TOp, BENOMBIM CETBhIO. BTa CTPYKTYpa ITO3BOJSIET
O0ECIIEYNTh CHHXPOHM3AIMIO ITapajUlelbHO pa-
BOTalOIIMX TIeHEpPaTOpPOB, DErYJIMPOBAHME Iapa-
METPOB KAayeCTBA 32JIEKTPOIHEPIMH IIHTAIONIEH
CeTH, 4 TAKXKE YCTAHABJIMBATL B LEIIHM ITOCTOSIH-
HOr0 TOK4 HAKOIMTENM M aKKyMYJSTOPBl 3JeK-
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MHAYKIIHOHHEIHA TeHEPATOP
IBOMHOTO MUTaHUA

Betpo- {
TypOHHA \:ﬁ Cetb
Lens =1 o
AC/DC DC-Link DC/AC
a)
MHOTOTIOMIOCHBIH TeHEepaTop
C ITOCTOAHHBIMH MATHUTAMK
Betpo-
TypOHHA = 33& Cetp

6)

Puc. 8. IlepcneKTHBHEIE CHCTEMbI 3JIEKTPOCHAOKEHHA

TPOSHEPTHM, YTO HMMEET HEMAJIOBAXHOE 3Haue-
HHE B pexumax cOpoca M Habpoca Harpysku, a
TAKKe XOJOCTOTO XOJA HMCITOJHUTENBHBIX arpera-
TOB M YCTAHOBOK II0TpeOUTENeH.

B ycnoBMSX WHTEHCHBHOIO pasBHUTHA 3Jie-
MEHTHOH ©0a3bl CHJIOBBIX ITOJYIIPOBOZHMKOBEIX
NMpUOOPOR TIEPCIEKTUBHBI CXEMBI COIPSDKEHMS
BETPO3JIEKTPOICHEPATOPOB € THOKMMM  aKTHB-
HO-aJaNTUBHBIMH YCTPOMCTBAMHM IlepenayH, Ipe-
00pasoBaHMUS M PEryJIMpoBaHHMSA IIOTOKOB MOIII-
HOCTHM, IipeacTaBlieHHBle Ha puc.8 [13]. Ha
puc. 8, @ TIpUBEAEHA CXeMa C IIPUMEHEHHEM
IBOMHOrO mpeo0Opa3oBaHMs B LIENK POTOpa IBH-
raTejs M CHCTEMBI CAMOCHUHXPOHM3ALMW HHIYK-
LHOHHOIO TEHepaTopa HEIOCPEICTBEHHO OT
cerm (obmoTkM craropa). Ha puc. 8, 6 npen-
CTaBJICH BapWMaHT COIPSDKEHWS I1apaMeTpOB BBI-
XOMHOTO HAIpPsDKEHHS CUHXPOHHOTO reHeparopa
C HaIpsDKCHHUEM IUTAIOLIEH CeTH.

IIpuMeHeHHEe B LENH IIPOMEXYTOYHOrO IIpe-
00pa3oBaHKS IIOCTOSHHOTO TOKA B KayecTBe
37IEMEHTOB E€MKOCTHOI'O HAKOIMUTENd CYIepKOH-
JEHCATOPOB (TIPaKTUYECKM HMACATbHEIR MCTOUYHMK
HAIpPsDKEHWs) MOXKET OOECIIeYMTh aKKyMYIUpOo-
BAHUE BJIEKTPOIHEPTUHU TIPH MAIOH 3arpy:KeHHO-

CTH TPOMBIIUIEHHOM CETH IUTAHUS M I[IpH
OONBIIMX CKOPOCTAX BETPOBOTO IIOTOKA, a4 B
cllyyae YBEJIMUEGHMS MOIIHOCTH TIIOTpelIeHHs
WIN CHIMDKEHHA CKOPOCTH BETpa — KOMIIEHCH-
poBath HEeGHUIMT 3JIEKTPOSHEPTMM 3a CYeT OOJb-
IIOM €MKOCTH HAaKOITHTEJIS.

Hanuyue IIHUPOKOro CIIEKTpa TEXHOJIOTHYE-
CKHMX BO3MOXHOCTEH MCITONB30BAHMS BETPOreHE-
paTOPOB CO3HAeT IIPEOIIOCBUIKK Ui OYpHOro
Pa3sBUTHSL BETPOIHEPIETHKM KaK CaMOCTOSTENb-
HOM OTpacyju, TaK M B COCTABE €OHHOIO DHEpre-
TWYECKOTO KOMIUIEKCA CTpaHbI, YTO B CBOIO
ouepenb IPHBENET K VIEIMIEBIEHHIO 3JIEKTPO-
oHepruy B HenoM. IlpuMmepHas croumMocTh 1 XBr
YCTAHOBJIEHHOM MOII[HOCTH HEKOTOPHIX H3BECT-
HBEIX MapOK BETPOT€HEPAaTOPOB IIPHBEACHA B
Tabn. 4 (crommocTu ykaszaHel 1o Kypcy LB PO
Ha ceHTsa0ps 2011 r.).

Ceromusi B PoccMM BETpPOSHEpPIreTHKA pa3BH-
BaeTC HE TONBKO HAa YPOBHE KOMMEPYECKUX
NPEUIOKECHUM, HO M B paMKaxX roCyaapCTBEHHBIX
nporpamMMm. B 2007 r. mpm paspaboTke IUIaHa
PAO “EDC Poccum” moMuMO TpamguIlHOHHBIX
HMCTOYHMKOB OBUI IIpOBefleH aHAIM3 aJlbTepHa-
THBHBIX 3allacOB OSHEPreTHYECKOro KOMIUIEKCA
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Tabnuya 4
Te BBY MM nirix HuameTp BeTpoBOre | BEICOTA OCH BETPOBOTO | YIEIBHAS CTOMMOCTD,
: KoJjeca, M Komneca, M py6/xBt
Nordex N-80 2500 80 60 30536
E-66 Enercon 1800 70 64 36 760
ECOTECNIA 1250 1250 62 60 34 851
LW30 250 30 40 35681
Fuhrlander FL. 1000 100 21 35 52278
VERGNET GEV 60 15 30 54 642

Puc. 9. JlnarpaMma aHANM32 NOTEHIHANA BETDPO3HEPTETHYECKHX
pecypcos Poccun

crpaHbl  (puc. 9) [2]. B cepenuHe ceHTIOps
2008 r. Ha BailikanbCKOM 3KOHOMHYECKOM (opy-
M€ DHEpPreTHMKM paccMoTpenu 1poekT BOC Ha
0. OmbxoH (03. bajixam). B passuTie BeTposHep-
TeTHMKHM BHOCAT BKJIAI HEKOTOPHIE OTEYECTBEH-
Hele KoMnaHuu. B xomue mapra 2009 r. 8 Mo-
CKBE OBUI IIPEACTaBI€H IIPOEKT pPOCCHUICKOro
BeHuypHoro ¢ounpa 12BF Venture Capital mno
dunaHcupoBanyio kommanuu “Nordic Wind
Power”, xoropas gBngercss ONHHMM M3 BeIYIIUX
TIPOM3BOOUTENIEH IBYXJIONACTHBIX BETPAHBIX TYP-
OMH MHIYCTPUATBHOTO MacinTada.

B cooTBeTcTBMHM ¢ mporpaMMoif 1o CTHMYITH-
POBAaHMIO OTPACIM albTEPHATUBHOM SHEPTETUKH,
npuHsaToi IlpasurensctBoM P®, unBecTHIME B
BO300OHOBIIIEMBIE MCTOYHHUKU 3Hepruu B 2010 T.
cocraBuiad 37 muipz py6., a x 2020 r. yBenuuaTca
o 220 muprk pyo.

TaxuM 06pa3oM, MOXHO CHENaTh HEKOTOpHIE
BBIBOJIBL

coBpeMeHHBle BOY uMeror MolmHoOcTe o 8
MBT u ycroifumBo paboTaloT maXe IpPHU HU3KUX
ckopocTax Berpa (3 —4 M/c), HO B IIPOMBIII-
JICHHBIX padoHax Ha TeppuTopuu Poccuu mpak-
TUYECKM HET 006JacTell ¢ YCTOHYMBEIM BETPOBBIM
IIOTOKOM, I03ToMy B3Y g npomeimuieHHOM

Harpy3skM OTHOCATCH K HCTOYHMKAM C HecCTa-
OMJILHEIMH TTapaMeTpaMu;

COBpPEMEHHBIE THOKME aAKTMBHO-aJaIllTUBHEIE
YCTpOWCTBa IEpenayu, NpeodpasoBaHus M pery-
JMPOBAHMSA IMOTOKOB MOIIHOCTH IO3BOJIAIOT yBe-
JMYUTh  9(@EKTHBHOCT IIpHUMeEHEHHMs BDY,
obecrieunBas MX IApPaUIENBHYIO paboTy C Tpex-
(hasHOM TPOMBILUIEHHOH CeThi0 Ha OGLIyIO Ha-
IPY3KY;

BYY c¢ coBpemeHHBIMH YCTpOWCTBAMHU CO-
IPSDKEHUST MCTOYHHMKOB C Pa3HOPOMHBIMH Iapa-
METpaMH HAaIlPSLKEHMM B COCTaBE paclipelesieH-
HOW CeTH MaJloif DHEePreTHKM MOIYT OBecreudTh
OecriepeGOHHOCTE  3T€KTPOCHAGKEHMS TIOTPEe6H-
Telei, CHHU3HUTh JeOUIMT BIEKTPOIHEPIUHM B
IpobJIeMHEBIX 06IacTaX.

Cnucok aMTeparTypsl

1. http://www.proatom.ru// B uem cia aToMHOM MOIIM.
IO. B. ®enocosa.

2. hitp://www.cef-ees.ru// TIyGnuKALMY, TIPECC-PETU3LL

3. http://www.windvint.ru// Ilpozyxuus, serporeHeparo-
peI, BeTporeHeparop “Camncan-50007.

4. http://erga.ru// TIpomyKiisi, MAarHWTHBIE CHCTEMEBI M
YCTPOHCTBA, BETPOrEHEPATODEL.

5. http://www.sgs-company.de// BeTporeHepaTopsl, Kara-
JIOT.

6. http://www.umnydom-nn.ru// Berporenepatop Euro
Wind 10 000 Br.

7. http://eps-tech.ru// TIpooykius, NPOM3BOLCTBO 5KO-
JIOTUYECKM YMCTOM 3HEPTUM, BeTPAHBIE TEHEPATODHI.

8. http://www.rawi.ru// B momoms 6u3Hecy, KOMIIAHMH
— TPOM3BOIUTENH OCOPYNOBAHMSA M KOMIUIEKTYIOIIHX
wis BBC.

9. http://www.manbw.ru// CKOpOCTh BETpa B BETPOBBIX

- pernoHax Poccum.

10. http://vetrogenerator.dp.ua/ Tursi BeTpOreHepaTopos,
3aBHCUMOCTh 3(PGEKTHBHOCTH BETPOICHEPATOpa OT
HanpaBieHUsI BETpPA.

11. http://www.rosinmn.ru/ BeTpa, BeTpsHas MeTbHMIA
tuna HEX, wpeanvHenit xo3ddHuMeHT Mcnons30Ba-
HHA SHEPrHd BeTpa.

12. http://www.src-vertical.com/ Information, beginners.

13. http://www.dtu.dk/upload/centre/cet/projekter/ Vladislav
Akhmatov. Analysis of dynamic behaviour of electric
power systems with large amount of wind power.
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TEXHUYECKOE NEPEBOOPYXEHMUE

AlIbTepHATHBHBIA MOIXON K NpofJjeMe 3HEProcHaOKeHHs
MAJIbIX MOCEJIeHHI

Hekpacos C. A., kaHA,. TexH. Hayk, 3euvrapHuk 0. A., OOKTOP TexH. Hayk,
LLleB4yeHko WM. C., UHX.

O6beguHeHHbIli MHCTUTYT BbiCOKMX Temnepatyp PAH, Mockea

O6ocHoBaHa 1IeMeco0Bpa3HOCTb COBMECTHOIO pAasBUTHSI MpOrpaMM rasigpukalid W UEKTpO-
cHabxeHus. [TokasaHo, 4TO B psAe ClydyaeB MeHee 3aTpaTHBIM M OoJsiee HANEXHBIM SIBIISIETCH
[IOCTPOCHKHE CHCTEM 3HEPrOCHAOXEHMS HACENeHHBIX NYHKTOB Ha OCHOBE rasuduxalMH ¢ Co3-

JaHHMEM JIOKAJNIBbHBIX SHEProMCTOYHUKOB.

Kimrouesble €I0BA: CHCTEMHBIH NOAXOA K CO3NAHMIO CHCTEM 3HeprocHabxeHus, rporpamMma ra-
3U(HKALMHK, HAIEXKHOCTE SHEProobecTeueHus, SHepro3@heKTUBHOCTD.

B Poccum paspaboTaHel M TIPOBOJATCS B
KU3HE (belepaibHBIE IIPOTPAMMEL I10 Pa3sBUTHIO
snekTpudukauy W rasupurammu. C  1LEnslo
VBSISKM 3THX IIPOTPaMM pacCMOTPHM HEKOTOPEIE
uX acrekTel. na sHeprocHaOGXeHWs MAalabIX Ha-
CeJIEHHBIX ITYHKTOB CleAyeT OTKa3aTbCid OT IIPO-
TSDKEHHBIX (mmHOM mo 70 kM) MajoHarpy»KeHHBIX
(cpenHsisi MOLIHOCTL ITorpeGmenmss — no 10 kBr)
JMHMEA snexrponepenadn (JISII) cpemuero Ha-
npsskenust (6 — 10 kB) ¥ co3maBaTh ITOCENKOBEIE
SHEProMCTOYHMKM Ha 0ase IPHUBO3ZHOIO CXKU-
KEHHOTO WM KOMITPUMMPOBAHHOTO IMIPUPOTHOTO
rasa, IIOCTABKA KOTOPOro IIPEAyCMOTpeHa IIpo-
rpaMMoi TasudUKaLIH.

B nocnemnue 5 neT B cTpaHE OCYIISCTBIAET-
cd TporpamMma rasu(UKalMyd PEruoHOB, OCHO-
BOM KOTOPOU ABISETCS IIEHTPATM30BAaHHOE Ta3o-
cHabxeHWe C [JOCTABKOW CETeBOro Trasa IIo
Tpybe. YpopeHb rasubuxaimmu k Havany 2005 r.
B cpemHeM cocTaBinsi 54 %, mpuyeM B ropogax
M TIOCENIKAaX TOpPOACKOro THIa oH mocTturan 61 %,
a B CelbCKOM MECTHOCTM He TIpeBBICHI 36 %.

B coorerctBum ¢ Konuenumeit yyactuss OAO
“I'azmpoM™ B ITporpamme rasudukaiiy pPerdioHOB
P® B 3aBMCMMOCTM OT YPOBHS M [IE€PCIIEKTUB
Pa3BUTHA CHCTEM TIa30CHAOXKEHHS DPEeruoHbl ITOM-
paseNIsIioTCd Ha CIIEMyIOUIME TPU TPYIIIBL:

1. PermoHEBI, HMEHIIHME DPA3BUTYID CUCTEMY
rasonpoBOJOB ¥ MONKIIOUEHHBIE K EnuHON cuc-
teMe rasocHadxenusa (ECI). Mx razudukaimsa
OYIET OCYIIECTBIATHCH MPEUMYIICCTBEHHO CeTe-
BBIM TNPHUPOJHBIM Ta30M.

2. Cyorextel P®, B KOTOpBIX CYIIECTBYET
MeCTHasl CcHCcTeMa TraszocHabOxeHust, obocobiieH-
Hag or ECI, mmu ecte razoBble (Fa30KOHOEH-

caTHBIE) MecTopoXaeHus. lasudurauug 3TUX
PErMOHOB OYJET IPOBOIMTBLCS 33 CYET CO3IMAHUA
WM PasBUTHA yKe MMEIOUIMXCS COOCTBEHHBIX
CHCTeM TazocHabxeHust NMOO NOJKIIOYEHUS K
CHCTEMAM COCEOHMX KpaeB M O00JacTeid.

3. Pervonsl, He nopximodenHele K ECIT n He
MMEIOIME HM PETMOHAILHBIX CHCTEM Ia30CHA0-
KeHUsI, HWM Ta30BbIX (Ta30KOHIEHCATHBIX) MECTO-
POXIEeHUH. 3mech Oymer IMpUMEHATBCS TONBLKO
ABTOHOMHAA rasuduKanus ¢ MCIOJIL30BAaHHEM
cxrpkeHHoro rpuporHoro raza (CIID), xompu-
MHpoBaHHoro mpupomHoro rasza (KIII) mwnw cxu-
KEeHHBIX yrimesomoporHbK razos (CYI). B Cubupu
u Ha J[lameHeM BOCTOKE CYUIECTBYIOT OIPOMHBIE
Maro3ace/ieHHbIe IMPOCTPAHCTBA, YNAJIEHHBIE OT ra-
307100BIBAIONIMX PETMOHOB, [IE Ia3a HET W BBIIOJ-
HEHME IUIAHOB Ta3su(pHMKALIMM TIPOGIeMATHYHO.

HeneHve Ha IPyNIBl — BecbMa YCIOBHOE, HO
OTpaXkaeT OCHOBHBLIE OCOOCHHOCTM OpTraHU3allMKu
Ta30CHAOXKEHMS.

3a 2005—2008rr. B cpemHeM Mo Poccuu
YypOBEHb rasubukarmy Bo3poc 10 62 % B OCHOB-
HOM B pesyibTare rasv(QUKaAIWH OTHOCUTENEHO
KpynHbIX 1oTtpedureneil. Hanpwmmep, B 2007 1.
rasudumuposaHo 545 HaceleHHBIX IIYHKTOB,
1,9 MIH KBapTHp M IOMOBJAIEHWH, Ha TIPHPOI-
HBIH ra3 nepeseneHo 10,5 ThIC. KOMMYHAJb-
HO-OBITOBBIX TIPEANPHUATHH, 2 ThIC. CEMBCKUX H
ITOCENKOBBIX KOTeNbHBIX, 240 CelbCcKOX03sSACT-
BEHHBIX TIPEANIDUSITUH, TIa3 ToJydyuind Oosee
6 mnH uen. [l]. Drto cBUmerenbCTBYeT 00 ye-
IemHo pabore mo rasuukKauuu crpaHsl. On-
HAKO rasuuIMpyoTcss B OCHOBHOM TONBKO pe-
FMOHEI TEPBON TIPYIINBI, & B MEJKUX ITOCEIeHUIX
CHUTYALMs IIPAKTHYECKW HE M3MEHWIIACK.
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5 Rl 2 R R N [0 TIEpefaye 9JIEKTPHUUYECKOM 3HEPIMM Ha BECH
§ 0 10 30 50 70 OOBEM OTIIYIIEHHOM 3JEKTPUYECKOH DHEPIUM.
O  JlaMHA BO3MYIUIHOH TMHUU SNEKTPONEPEAaYH, KM PaccmoTpyM Ha TWUIIOBOM ITpuMepe Anrati-

PaccMOTpHMM pasBUTHE HECETEBBIX TEXHOJIO-
rufi  rasuduxkanuy. Kak oOGOCHOBEIBaeTCA B
NpeAIIpOEKTHEIX paboTax MO IPHUMEHECHUIO TeX-
gomorumii CIITT wm KIIT, semonHeHHRIXx OAO
“TasmpoM mnpomras” mnpu pas3paboTKe reHepaib-
HBIX CXeM Ta3ocHabxeHMsl ¥ ras’sudukanuu
cyorexkToB P®, B cymmapHOM o00BEME I1OTPEO-
Hoct B raze 71 permona B Bupe CIIIT motpe-
oyercst mo 21 %, B Buge CYI' — mo 16 %, T.e.
norpe6HocTh B rase mnourd Ha 40 % nmomxHa
OBITH ITOKPBITA 33 CUET HECETEBHIX CIOCOOOB ra-
sudukanmuu [2].

AHany3 BBITOTHEHMSA MpPOTpaMMBI rasuduka-
LMK 34 IOCIETHWE 5 JIeT MOKa3bIBaeT HeJ0CTaToY-
Heiii pocr norpednedus CIIT. OnwiT peanu3ainyu
mwtoTHeIx  npoekroB CIIIT umeercd TOMBKC B
MockoBckoi, JleHuHrpaackoii u (CBepAIOBCKOH
obnactax [2]. CIII, momyyaemelii B MOCKOB-
CKOI 061acTH, MCIIONB3VETCA Ha EIWHCTBEHHOM
SHEpreTMyeckoM o00BrexkTe — MMHH-TOI u3
JIBYX Ta30TOpIIHEBBIX TEeHEpPATOPOB EIMHUYHOMN
momHocthio 400 kBr. pyrux 1moTpebuTenci
CIIT g ueneil 9HepProcHAOXEHWS HET B CBA3M
C OTCYTCTBHMEM WHOPACTPYKTYpPHl MOOCTaBKU M
ucnonp3oBanus CIIIT Ha obObexrax sHeproobec-
neyenusa. CIIT sBisieTcs yHMBEpPCATBHBIM SHEpP-
TOHOCUTENIEM M MOXET OBITh MCIIOIb30BAH IS
mepeBofa ABTOTPAHCIIOPTA HAa Ia30MOTOPHOE TO-
mnuBo. 3meck OCHOBHOM mnotpeburens CIIT —
11-# aBroOycHBIH TapkK . MOCKBEI, HO MOIIHO-
CTM YCTAHOBKHM IIPOM3BOIUTEIBHOCTBIO 1 T/4 B
2010 r. 6b1m 3arpyxeHsl Ha 30 %. OtcyrcTBHE
ra3oBoil HH(MPACTPYKTYpHl — OCHOBHOM JMMM-
tupyrommii Qakrop pazsutusg pbiaka CIIT.

DNEeKTPUYEeCKMEe CETH CTpaHbl, SBISIONIUECS
KpyIIHeyeld ceTeBoil WHQPACTPYKTYpOH, KOTopas
MOKPBIBAET BCK) €€ 3acCeNIeHHYI0 YacTh, IIpenHa-
3HayeHbl sl obecriedeHMs ITONHOM 3ieKTpudu-
KalMy He3aBUCHMO OT OOGBEMOB IIOTpelIeHUs
anekTposHepruu. Ilpu 3ToM ©GoJsiee BHICOKHE
yIEJIbHBIE M3IEPXKKU IO CHAOXKEHHUIO MEeNIKUX II0-
TpebuTeell pacmpemesIoTCS COIIacHO  “KOTIOo-

CKOTO Kpas (pakTUyeckoe pacupeneeHue Me-
KMX TI0TpebuTeNed 110 IPOTHKEHHOCTH JIMHUU
snexTponepenayd B 2009 r. Kak BMAHO M3 pH-
CYHKa, 9JIEKTPOCHAOXEHHUE 3HAYUTENIBHOTO MX
KOJIU4ecTBa OOECIleYyMBaeTCad IO CETAM JJIMHOU
g0 70 xm. K mpaMmpeIM 3aTpaTaM IO TIpOXKJIagKe
JOOABJIAOTCS IIOJHOpa3MepHble PacXOXbl, CBSI-
3aHHBle C¢ akcrulyarauumeit [3]. ITorepu B cToib
MPOTSDKEHHBIX, HO MAJIOMOIIHBIX JIMHUAX TIpe-
BBHIIIAIOT OOBEMBI MOTPEONAEMON 3IHEPIUM, a
TpaHCcHOPMATOPHBIE MOIIHOCTH 3a4acTyiO 3arpy-
xeHsl B npenenax 10 %.

B cranmapre PAO EBC 2008 r. [4] onpene-
neHa Haubonsllas ponycruMas JimdHa JISII
(cM. Tabn. 1). Pacrymias sHeproBoOpyXeHHOCTh
BCAKOM 3SKOHOMMYECKOW [ESATEJbHOCTH M IIpO-
CTOTO JOMOXO3SIMCTBA OOBEKTMBHO BEJET K POC-
Ty anekrponorpedbnedus. OZHOW U3  IJIABHBIX
TIPUYMH, OOYCIOBIMBAIOIIMX B HACTOSILEE BpEMS
COKpalEHME CEJLCKOro HaceleHus, IeroryJs-
UMIO MAalbIX HACENEHHBIX IYHKTOB, SBISETCH
HM3KOE KauyecTBO KW3HM, B YacTHOCTH, WH3-3a
TUTOXOTO CHAOXEHMS 3JIeKTPOIHeprued (WM ee
TOJHOro orcyrcreus) [7].

Kax riokaspiBaeT MHUpOBas MNpakTHKa, BO3MYILI-
Hele JIOIT Ge3 pesepBHOrO (aBTOHOMHOTO) 3JEK-
TpocHaOXeHUs] He IO3BOJSIIOT OPraHW30BaTh HOP-
MaJlbHOE TOBapHOe TMpPOU3BOACTBO. OTCYTCTBUE
pPe3epBUPOBAHMA 2ICKTPOCHAOKEHMST MalbIX ITOTpe-
OuTENIEl YBEMMYMBAET PHMCKH IPOM3BOICTBA, IIEpE-
PHIBBI B SHEProCHaOXEHWM BEOyT K YOBITKaM, IIO-
Tepe MPONYKLMK U TOBPEXACHUIO 000pYIOBaHMS.

Beumy OonbIIOM MPOTSIKEHHOCTH  CYILIECT-
pyfommx JIBDII 6 — 10 u 0,4 kB, ux H3HOIIEH-
HOCTH M TIOBBIIICHHOW OONMKM IOTeph Ha (oHE
pACTYHIEr0 3AEKTPOIIOTPEONeHMA HEOOXOOUM II0-
WCK aJbTePHATHUBHEBIX MYTEH 371eKTpOCHAOXKEHUS
MaJIbIX HAaCEICHHBIX ITYHKTOB.

CoxpaHeHue CIOXUBLIEHCS CTPYKTYpBl JIO-
KATbHBIX OJJEKTPUYECKHUX CETeM M TOCTpOeHHE
AHAJIOTUYHOM CEeTH Ta30IpPOBOJOB — TYITMKOBBIM
IyThb  DAa3BUTHSL  SHEPTOCHAOXKEHWS  CTpPaHBHI.
VnenbHas MPOTSKEHHOCTh PACTIPENETIMTENbHbIX
raszonpoBonos, npuxoasmuxcs Ha 1000 kBaptup,
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3a 20Jer BhIpocna B 2pasa — c ll,4xM B
1987 r. mo 22,1 kM B 2007 . Ecnu B 1984 . Ha
CENBCKYIO MECTHOCTh TPHXOIMIOCH TONBKO 25 %
rasonpoBogos, To B 2007r. — 62 %. Taxum
obpasomM, ceromgHs rasu¢ukanus B Poccum ume-
€T CeJBCKYI HAIpaBlIeHHOCTh, MPUYEM B MaJo-
HACEJIEHHON MEeCTHOCTM WM TIpPH 3HAYMTEIbHOH
YIAJIEHHOCTH OT MaruCTpaJbHBIX Ia30IIPOBOLOB.
[TosToMy HEOOXODMMO PACIIMPATH KOMILIEKCHYIO
¥ aBTOHOMHYIO Tasu(HKallWi ¢ KCIIOIh30BaHU-
em CIIT. Hanpumep, Ha rasudpuxanuio Komma-
[eBckoro pafiona ToMmCKo#H o6lacTu ¢ IIOMO-
IILI0  rasonpoBoma 3arpatwnu 1,2 mupx pyo.,
TOrma Kak rasuduKalusa 3ITOr0 XKe paioHa c
npuMeHeHueM CIIIT 1o @IpoOeKTHHIM pacyeraM
cromna 6er okomo 0,5 mupn py6. [5].

Cucrema TerurocHabxenusi B Poccuu B OT-
JIMYKE OT CTPYKTYPH 2JIEKTPOCHAOXEHWS COCTO-
WUT U3 MHOXECTBA JIOKAJIBHBIX CUCTeM. B cocTaB
MCTOYHMKOB TeIUIOCHAOXEHWS BXOAAT OKOJO
48 TLIC. KOTEJIBHBEIX MOIIHOCTEI0O MeHee 3 I'kan/4
(73 % ot 061Iero XKomaudecTBa), 12 MIH MHIWUBU-
IYaJIBHBIX TETUIOBLIX YCTaHOBOK.

DNIeKTpOo- M Tra3ocHabxXeHWe YOANCHHBIX Ma-
JIBIX noTpebureneil Ha 0ase pa3sBeTBIEHHLIX pac-
IIpeleTUTEIBHBIX CeTelf 3JIEKTPOIHEPTUMM M rasa
OIWHAKOBO HEBBRINOJHO O0OMM IIOCTABLIWKAM.
OAO “TasnpoM” yXe TIPHHAIO KOHLEIMIIHIO
ATBTEPHATUBHON TasM(UKalMi MalbIX I0TpeOu-
Tened (TpeThbel TpymNnel), IPeLyCMaTpPUBAIOIIYIO
OTKA3 OT IIPOKJIaNKM ¥ OKCIUIyaTallud IIPOTH-
JKEHHBIX MAarvMcCTpajIbHBIX MallO3arpyXE€HHBIX TIa-
30IIPOBOJOB. KamuTanpHBIE 3aTpaThl Ha OpraHH-
3a0MI0  AJIBTEPHATHBHOTO  ra30CHaOXeHUs C
ucnionbzosanneM CIIT ¢ yBeauyeHMEM paccTosi-
HUSL JI0 TIOTPeOUTENS U3MEHSIOTCS HE3HAUUTEIb-
HO, & HAa CTPOMTEIbCTBO TIa30BOM MATrHCTpaIH
BO3PacTalOT B HECKONbKO pa3. IlostomMy mpu
BoNBIIOM YHANTeHUM TOTpebuTeneil neixecoobpas-
Hee moctaBka CIIT.

HanmexHocTs TpyOOIPOBOAHOIO Tra3ocHabxke-
HUA TIpY COXPAHEHMM CYIIECTBYIOIIEH CHCTEMBI
SJEKTPOCHAaOXeHUs1 BO MHOroM Oymer olpene-
JNAThCA ee HaANeXHOCTBIO (B YaCTHOCTH, 3JEK-
TPOIIPHUBOIOB KOMITPECCOPOB, ABTOMAaTHKH
yripasienus). KonuuectBo aBapuit Ha 1000 kM B
roi B CHCTeMe Ta30CHAaOXEeHHUS 3HAYMTEIbHO
MeHple, yeM Ha JIBII: Ha rasompomBomax —
0,5—1,5; BO BHYTPHUTOPOICKHX Ta30BBIX CETSIX
— 9,5; Ha KabeJIbHBIX BHYTPUTOPOICKUX JIMHMSAX
anektponepenayn (6 — 10 kB) — 61; Ha BO3-
oymdex JIBIT — 0,8 —15; B TeIloceTsIXx —
260 — 820 [6]. CormacHo wucciemoBanusM M3OU
HAJEXHOCTh 3JEKTPOCHAOXKEeHHS MENKMX (B oc-
HOBHOM CeJIbCKOXO3SMCTBEHHEBIX) TIOTpebuTenei
KpaliHe HH3K4 — YMCJIO IEPEPBIBOB B 3JIEKTPO-

cHabxenuu cocraaser 70 — 100 y/rox (B pas-
BUTHIX crpaHax — 7 — 10 u/rom) [7].

Mgpl npemiaraeM o0beIHHMTbL [BA B HACTOS-
mee BPeMSA HE3ABHCHMBIX HANpPaBJIEHUsI OSHEPro-
cnaOxennsa: rasupUEANHI0 W 3JIEKTPOCHAOKeHHe.
Tlpu BRITIONMHEHWMU IIPOTPaMMBl TrasuUKAAN
CO3JaHHE Y HOBOTO, B IIEPBYIO OUepeNbs — Ma-
JIoro moTpeGHTeNA Trasa, WHIWBHIYAJIbHOTO WC-
TOYHMKA JJII IIPOM3BOJCTBA JIEKTPOSHEpPruu (Ha
TTOSIBUBIIEMCS TA30BOM TOIUIMBE) TO3BOJMUT DE3-
KO IIOBBICUTE HAJIEXHOCTh SHEProcHabXEHHI U
HUCKJIIOUMTh 34TpPaThl, CBA3aHHBIE C SKCIUTyaTa-
mueH “MarucTpalbHBIX” 3JJEKTpOceTed Halpsake-
Huem 6 — 10 xB.

Bompoc o moctaBKe W BBOJE B SKCIUIyaTa-
1[I0 aBTOHOMHBIX, IIOJHOCTBK aBTOMAaTHU3HUPO-
BAHHBIX 3JIEKTPOTE€HEPHPYIOIIMX YCTAHOBOK B
cTpaHe IIpakKTHYeCKH pemnieH. B mepuwox ¢
2001 mo 2007 r. OpUIO TpHUOBPETEHO TIeHEepH-
pyioniee oOopynoBaHHE o0O0mIEH MOIIHOCTLIO
oonee 4600 MBT Ha ocHoOBe IBHraTesjeil BHYT-
penero cropanusa ([JABC) c¢ ycraHOBIEHHOM
motHocTeio MeHee 300 kBt (Tadm. 2) [8]. Cpenu
HHX cBbie 77 % TPUXOAMTCS HA arperarhl
MOILIHOCTEIO 10 60 KBT, KOTOpBIE MCIIOJIB3YIOTCS
U1 ABTOHOMHOIO 3JHEpProcHaOXeHHs, Kak Ilpa-
BWIO, ©e3 cBA3M ¢ cerThio. ClemyeT OTMETHUTD,
YTO Takoe COOTHOIIeHHEe HabIIoaaIoch, KOIna
ToruiBo Juig Manerx JABC (6eH3WH M OU3TOILIH-
BO) OBUIO Ha IOPSIOK JIOPOXe rasa B IMepecyeTe
HAa TeIUIOTBOPHYIO CIIOCOOHOCTL. CHIDKEHHE TO-
TUTMBHOM cocTapnasiomed aisg maneix IIBC B pe-
3y/NbTATE 3aMEHbl OEH3MHA M JU3EJILHOrO TOIUIH-
Ba Ha INPHPOIHBIHA ra3 (Kak OCHOBHOE TOIUIMBO)
IIPH IIPOYMX PAaBHBIX YCIOBUSX NOJDKHO 3HA4YH-
TEJBHO PACIIMPUTL PACIIPOCTPAHEHHME paccMar-
pUBAEMBIX yCTAaHOBOK. TakuM o0OpazoM, B CTpaHe
€CTh pealibHasi BO3MOXHOCTb M3MEHMTb CTPYKTY-
Py 9HEpProcHaOXEeHWS MaJbIX IIOTpeOUTENEH.

JIng HyXXKI MalblX MOTpebuTeneldl B HaceneH-
HBIX ITYHKTAX HeOoOXOOMMO CO3MAaTh XpaHMIMIIA
CIIT, obbeM XpaHEeHHUS KOTOPBIX MOOIKEH OBITh
PACCYMTAH C Y4ETOM TIOTPEOHOCTH HE TOJBKO
TEIUIOCHAOXEHHS, HO U IIPOM3BOACTBA 3JIEKTPO-
sHepru. 3anacsl CIII' OyayT IONIOMHATBCS 3a
CYET HA3eMHOTO MJIM PpEeYHOro TpaHcIiopTa. B
HACeJIEHHOM ITYHKTe ClelyeT YCTAHOBWUTL IOJI-
HOCTBIO aBTOMATHM3HPOBAHHOE 3JIEKTPOTEHEpHU-
pylomiee 0DOpyIOBaHUE C PE3EPBHPOBAHMEM, ITO-
KphIBalomee ITOTPeOHOCTH MAHHOTO TIOCENEeHHS.
OHO JOIXHO OOCIYXHBATHECA LEHTPANU30BAHHON
SKCIUTYaTALlMOHHOM opraHusauumei. Pacnpenene-
HHE OSJIEKTPOSHEPTHHM MOXHO OCYIIECTBIISITH IIO
CYILUECTBYIOIIMM BHYTPUIIOCETKOBLIM CETSIM.

BrecereBas BrIpabOTKA DJEKTPOIHEPTHH IJIsI
YIAIEHHBIX TI0TpeOuTeNIel OoKazana CBOIO 3KO-
HOMMWYECKYI0 3(P@dEeKTUBHOCTS B pa3sBUTBIX U
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Tabauya 2
Enunnynas MotHocTs nproGpeTeHHEIX YeTaHOBOK, MBT/Tox
MOIIHOCTE
YCTAHOBKH, | 2001 r. 2002 1. 2003 . 2004 T. 2005 T. 2006 T. 2007 . Hroro,
kBT MBt
o 60 134 151 206 265 470 919 1442 3587
60 — 300 30 45 63 137 279 415 1050

Pa3BUBAIOLIMXCS CTpaHAX, IOCKOJBKY IIPHU B5TOM
UCKJIIOYAlOTCST OoJiblIME 3aTpaThl, CBSI3aHHBIE C
MPOKJIANKON JIMHUH SJIEKTpONepenayu. YJUTHI-
Basg MacmuTtabHOCTb TeppuTopuM Poccum, g
TAaKHX TOTpeOMTENEH paclpeneleHHass TeHepa-
uMs OYyIeT KOHKYPEHTOCIIOCODHOM TII0 CpaBHe-
HUIO C TPaIULUMOHHBIMU TEeXHOJOTHSIMU.

IlepcriekTrBHOM cdepoit WIS IIpUMeHEHUs
BHECETEBLIX CHCTEM SHEPIeTHKH SBISIOTCA pOC-
cHMiiCKMe JauHble ydacTKd. IIpuMepHo 16 MuH
cemeil m 10 MUTH (uU3MYECKUX JHI MMEIOT He-
OomplIMEe YYACTKM, a 22 MJIH ceMel — cobcer-
BeHHBIE 3arOpoJHBIE AOMa C YYACTKAMH 3CMIIH;
70 — 80 % poccuiickoro HaceleHHS BOBIEYEHO B
MHIMBHIYAILHOE CaXOBOACTBO M (PEpMEepCTRO.
ITo HEKOTOPBIM OlEHKaM, HECKONBKO MIMJUIMO-
HOB VHIMBMIYAILHBEIX (EPMEPCKHMX M OBOIIEBOI-
YeCKUX XO3AMCTB HE IOOKIIOUEHHI K 3JEKTpH-
YECKOM Cerd, T.€e. SBISIOTCS IOTEHIIUMAIBHBIM
PBIHKOM COBITA YCTAHOBOK JIISI JIEeLeHTPaIu30-
BAHHOI'O IIPOM3BONCTBA 3JeKTposHepruu (9 — 11].

[IpoBemeM SKOHOMHYECKOE CpaBHEHHE OBYX
BAPMAHTOB  DNEKTpOoCcHAOXKEHHs  mHoTpebuTens
moriHocTeo 100 kBT, yImameHHOro Ha paccTos-
Hue 10 XM OT MMeEIoUIeHCS JTMHMM JeKTpoIepe-
naun. CorynacHo craHmapty OAO “@PCK EBC”
[12] cTOMMOCTB CTPOMTENLCTBA OHHOLenHON BJI
IIEpEMEHHOTO TOKa HampsokenueM 6 — 10 kB co-
crasnger 700 ThIC. py0O/KM. DaKTHIeCKH C Y4ETOM
TEPPUTOPHANBHEIX KO3(M(MUIIMEHTOB PETHOHOB, IlIE
pealbHO BO3MOXHO CO3MaHME IpeiiaraeMoil pac-
MpenesieHHON BSHEpPreTMKM, croumocts BJI mmu-
Ho#i 10 kM mpeBbICUT 7 MIH py0. 6€3 CTOMMOCTH
noncoenuHeHuss K JISII u OpyruxX DOMONIHUTEh-
HBIX 3aTparT (Ha TIPOEKTHO-U3BICKATEIBHEIC pa-
OOTHL M T. I.).

VienpHass pHIHOYHAS 1eHA 3JEKTPOCTAHLIMM
Ha ra3oBeix JIBC, cnabo 3aBucsmas oT equHHY-
HOM MOIIHOCTM B OuamazoHe ot 1,6 1o
1500 xBt, cocraenser 8 — 12 Toic. py6/kBr [13].
IIpoeKTHBIE, CTPOWTENbHBIE, IYCKOHATAI0YHBIE
paboTel (0€3 CTOMMOCTH BBIIIOJIHEHUS TEeXHHYE-
CKMX YCAOBHMM IS TapaUuleIbHOM paboTH ¢ ce-
TBIO) C YUETOM pE3epPBHPOBAHUS YVBEJNHMYAT €€ IO
30 — 45 teic. py06/kBr. TakuMm o6pasoMm, Kammui-
TaJIbHBIE 3aTpaThl Ha cTpouTenbcTBo 10 kM BJI
10 kB mpaxkTHyecKM 3KBMBAJEHTHBHI 3aTpaTaM Ha

CO3MaHME MAaJOH 2JIEKTPOCTAHIIUM YCTAHOBJIEH-
HOW MomiHocThIo 160 — 200 xBr. [laxe npu
KoadhuLreHTe 3arpysku, pasHoMm 0,1, Takas
BIEeKTPOCTAHIIMA ITOKPBIBAET IOTPeOHOCTH IIpaK-
THYECKW IS BCEX MpPEACTABIEHHBIX Ha PHCYHKE
norpebureneit. MakTHyeck npu cpenHeil yia-
JIEHHOCTM MajbiX norpeduteneit Goaee 4yeMm Ha
10 km, 50 %-HoM pe3epBHpPOBaHUM (YCTaHOBKE
Tpex arperatoB MouIHocTEIO 50 % oT Makcu-
MalbHOro IIOTpeOJIeHMsA) MW y4YeTe KOHKPETHEIX
TpebOBaHUM KaXIOro MAIOro IOTpebuTeNs Ipel-
JlaraeMoe pellleHre BeChMa IPUBIEKATENILHO.

Takum 06pa3oM, BMECTO MPOKIAIKA HOBBIX,
BHEHOPMATUBHBIX (InuHOM 6Gomee 10 kM) JMHUI
M BOCCTaHOBJIEHMS M3HOLIEHHEIX 3JIEKTPHYECKHX
ceTeil 1enecoodbpasHo CO3TaHUE ITOCEIKOBBIX MC-
TOYHMKOB 3JEKTPOIHEPTHH, YTO JOMOJHHTENILHO
MOXET TIOCHYXKHTL OIPENEeJeHHOM 3allIUTOH OT
BaHIaJM3Ma Y BOPOBCTBA KAK OCHOBHOTO 000-
pyZOBaHUsI (HAIpUMEpP, IIPOBOIOB), TaK W OJIeK-
TPODHEPTHH, OTHOCHUMEIX B HACTOSIIEE BpPEMSI K
KOMMEPUYECKMM IIOTEPSIM M YacTO IIPEBBIILA-
OIMX TEXHOJOTHYECKHE TIOTEepH.

IIpennaraeMplil MOOXOH cTaX elle Oojee aK-
TyanbHBIM TIOCIE€ BBOZA B JEHCTBME CTaHIapTa
[4], cormacHo KoTOpOMY Hi0oboe IIOJyUYEeHHE TeX-
HWYEeCKUX YCIOBHM Ha yBeIWYeHUEe ITOTpebieHus
SJIEKTPO3IHEPTUM W/HIIH CTPOUTEJICTBO SHEPTO-
MCTOYHUKA TIPH pAcCIIOJIOKEHUM 3asBUTENs Ha
paccTosHuM Oojee 5 KM OT IOACTAHIIMM BBICO-
KOro HampsokeHusi Tpebyer mepesoga JIDII ¢
10 xB nHa 35kB, a npu nmamsHocTH Gonee 20 KM
— Ha 110 kB. CrouMocTs BBIMOJHEHMSI I10100-
HBIX TEXHWYECKMX VYCIOBHM Ha TOIKIIOYEHHE
TIEPEBOAUT B paspsl YOBITOUHBIX IIPAKTHUYCCKH
0001 MPOEKT IO pasBUTHIO TTPOMBIILIEHHOCTH,
CEeJILCKOTO XO34HCTBA, a TAKXKe IO CTPOUTENILCT-
BY OOBEKTOB MAaJIOW 3JHEPTETHKH B POCCUMCKOM
TIyOUHKE.

Peanuaaiuss mpemnaraeMoro Imnoaxoja tpebyer
KOOpAMHAIMM pPaboT, IPOBOAMMBIX B paMKax
IlpaBunm pa3pabOTKM M YTBEPXKIEHMA CXeM U
IIporpaMM TIEPCIIEKTUBHOTO PAa3BUTUS 3JIEKTPO-
oHepreTuku [14] u mnporpaMMmsl ra3suUKALHH
0OAQO “TaznpoM”.

JIOTIOTHUTENLHEIM — IIPEUMYIIECTBOM  IIpeJiia-
raemMoro IOAXOAa SBIASETCA TO, YTO B IIEPBYIO
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o4epeIs OH OPUEHTHPOBAH HA TaKMX ITOTpeOHTe-
JIei rasa, Kak YOaIeHHBIE HACENEHHBIE ITYHKTHI C
MENKHUMH COITYTCTBYIOILIMMM TIPEANPHUATAIMHA pe-
aJBHOI0 CEKTOpa A3KOHOMUKM (TIPOMBIILIEHHO-
. CTH, CEJIbCKOI0 XO3fiicTBa M T.II.). IloCcKONBKY
SHeprocHabxeHue mob0ro IOoCeNeHWs Ha Tep-
PUTOPUM CaMOM XOJNOAHOW CTpaHbl MUpa Npeny-
CMaTpMBaeT OOeCIeYeHWe TEIUIOTOM, IIPH CHC-
TEMHOM pELICHWU BOIpoca cHAOXEHWS ra3oM U
SJIEKTPOHEpPrve HenL3s He YYHUTHIBAThL TeIlso-
BYIO SHEPIrMIO, Ha IIPOM3BOACTBO KOTOPOM pac-
xomyeTcss OoJsiee IIOMOBWMHBI 9HEPTOPECYPCOB.
TernmocHabxeHWe  MOXET  OCYILIECTBIATHCS
b0 3a CYEeT rasa [0 TIOCENKOBBIM CeTaAM, JM00
OT TIOCETKOBBIX KOTEABHBIX. [IpM coBpeMeHHOM
YPOBHE TEXHOJOTMYECKOTO pPAa3BUTHUS NI TIEPEBO-
1a KOTeJIbHOM Ha Ta30BOE TOIUIMBO MOJDKHA OBITH
MpOaHaM3ypoBaHa BO3MOXHOCTE COBMECTHOIO
TTPOM3BOJICTBA TEIUIOTHl M 3JNeKTposHepruu. B
ITePCIIEKTHBE Ha BPEeMEHHOM TOPHM30HTE, CPaBHH-
MOM C IEPUOJNOM SKCIUTyaTaluyd HHOPACTPYKTY-
PBI  3HEPrOCHAOXKEHMS, MOXHO IIPEIIOIOXUTh,
YTO TEHIEHLHUS IOCTPOCHUS CUCTEM COBMECTHOI'O
IIPOM3BONCTBA TEIUIOBOM M 3JIEKTPUYECKOH 3IHEp-
TMH HA EIUHWYHBIX MOIIHOCTAX BIUIOTL 1O
1 — 2 kBT HaWzer cBOe BOIUIOIIEHME B DPOCCHII-
CKMX IoMOX03scTBax. OTKa3 OT 3KCIUIyaTalluy
MarucCTPaJIBHEIX CHUCTEM IIOIBONA 3JIEKTPOSHEPIUY
MaJIbIM TIOTPEOUTENAM TPHUBEIET K CYIIECTBEHHO-
My COKPAallEHUIO 3KCIUTYATAIIMOHHBIX DPACXOIOB U
MOBLINICHUIO HANEKHOCTH DHEProCHa0XKeHIS.
[IpennaraeMbIfi IOOXON K IIOCTPOEHHIO CHC-
TeMBl SHEProCHAOXEeHMWs JerKo aJanTUpyeTcs K
W3MeHEeHWIC 00BeMOB IMOTpebaeHHsa. B ciydae
YBEJIMUCHUS YHCIA KUTeJlell B HACEIeHHOM
IIYHKTE CYIIECTBYET BO3MOXHOCTbL IIOBBICHUTD
MOIIHOCTh [IyTEM KaK HapallWBaHMs KOJIWYECTBA
SHEProycTaHOBOK, TAK W 3aMEHBl MX DHEpPro}C-
TOYHHKAMK 0OJiee BBICOKOH €IMHHYHOM MOIIHO-
CTH. AHAJIOTMYHO IIPHM YMEHBIICHUH IIOTpeOHO-
CTH B DHEpPrMM 3aMeHa OSHEeProMCTOYHHMKOB Ha
OpyTHe — MEHBIIEH EIMHMYHOM MOIIHOCTH —
IIO3BOJIMT W30€XAaTh HEpaCUeTHBIX PEXMMOB C
[TOBEIIIEHHBIMH YIEJIBHBIMK DacXolaMu TOIUIHMBA.
B ofomx crmyyasx uHQpPacTpyKTypa OCTAETCA IIpak-
THYECKH HeusMeHHo#. Takum oOpasoM, DaHHas
cucreMa obIanaeT TMOKOCTRIO M aganTHpPYyeMOCTRIO
K KOHEYHOMY IIOTpeOMTEI0, YTO OIpeIesseT Yc-
JIOBMS €€ YBEpEHHOIO pa3BHTHsA B OYIYIIEM.

BoiBoabl

1. IIpoBogumast B P® mporpamma rasmcduka-
WU [OJDKHA HE IIPOCTO CIIOCOOCTBOBATEH ITOSB-
JIEHWIO Ta30BOT0 TOIUIMBA B MANbIX HACEJIEHHBIX
ITyHKTaX, HO ¥ CTaTh OCHOBOM ITpeoOpa3oBaHHs
CHCTEMBI 3JIEKTPOCHA0XEHMM, PEe3KO IIOBHIIIAI0-

el ee HaIeXHOCTh TPH OTHOBPEMEHHOM CHH-
JKEeHHHU 3aTpar.

2. HeobxomuMo Ha rocymapcTBEHHOM YPOBHE
CKOPPEKTHPOBaTh CYILECTBYIOIIME IPOrpaMMbl B
0o0nacTH 3HEProcHaOXEHMS [UIS OINTHMAJIBHOIO
WCIIONB30BaHMA TPEMMYILECTB OOBCHMHEHHS pa3s-
BUTHS JIEKTPOSHEPTeTUKM M Tra30CHAOXKEeHMS.

3. Co3nmaHue IIOCENTKOBBIX H30JIMPOBAHHO pa-
OOTAIOIIMX CHUCTEM 3JIEKTPOCHAOXKEHMS IIO3BOJIMT
OTKa3aTbCsi OT HENOIYCTUMO IOPOTHX IIpPOTS-
XEHHBIX MaosarpyxeHHbix JIDII cpemHero Ha-
NIPSDKEHUST B MaJIOHACENEHHBIX paloHAaX CTpaHHL

4. Nng ycriemHOro (GYHKUMOHWMPOBAHUSA ITpe.l-
jlaraeMbIX CUCTEM OHEProcHaOXeHHMS IIpu OcCy-
IIECTBIEHHU HALMOHATILHOM MPOrpaMMbl JTOPOXK-
HOTO CTPOMTENBCTBA 1I€J1eCO00pPa3HO YYMUTHIBATH
norpedbHoct B CIII' u o0BeMBI MX JOCTABKH.
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AJIbTEPHATUBHbBIE UCTOYHUKU 3BHEPIrMu

CpaBHHTEJIbeIH AHATIN3 CXE€M AaBTOHOMHBIX BJIeKTpOCTaHIH/IH
UCIIOJIB3YIOIIUX YCTAHOBKH BO300HOBIIIEMOIH 3HepI‘eTIfIKH

O6yxos.C. I'., MnotHukoB WU. A.,

KaHOMOatbl TEeXH. Hayk

HauuoHanbHblii MccnepoBaTenbCckuii TOMCKMIA NMOJSIMTEXHUYECKUI YHUBEpCcUTeT

BbINo/IHEH CPaBHMTENBHBIA aHATM3 CXeM ABTOHOMHBIX 9IEKTPOCTAHLMH, MCIIOB3YIOLMX YCTA-
HOBKH BO30CHOBAAEMOH 3HEpreTHKH. IIpeutoxeHa MOMY/IbHAA CXeMa SISKTPOCTAHLIHH, 1103BO-
JAIONIAS CYMMHDOBATh W DPAcIpENeATE IIOTOKM 3HEPrHH OT TeHEpUPYIOUIMX MCTOUHUKOB M
peanu30BbIBaTh I(DOEKTHBHBIC ANTOPHTMEl YIIPABIEHWS 3THMM IIPOLECCAMH.

Kmouespie ciosa;
OHEDPryU, SJIEKTPHYECKAHA CXEMa.

OcHoBy Mayioff sHepreTMKH PoccHM cocTas-
Jumior  pu3enb-reHepatopsl () ®  ausensHbe
anexrpocraHuuy (IDC) Ha ux ocHose. Kak uc-
TOYHHWKH 3JIEKTPOIHEPTHH ABTOHOMHBIX CHCTEM
SIEKTPOCHAOXKEHHMSA OHM HApsly C OYEBHIHBIMU
IOCTOMHCTBAMH WMEIOT W 3HAYMTEIBHBIE HEIOC-
TATKM, OCHOBHBIE M3 KOTOPBIX — OOJBINON PacXom
OpPTaHMYeCKOrO TOIUIMBA Ha BHIPAbOTKY 1 KBT -y
SJICKTPOSHEPIMM U 3arpsa3HEHHE OKPYXKAalomehl
cpefpl. B TO Xe BpeMd TOMHOUEHHOM 3aMEHEI
UM TIOKa HeT.

K yucny Hambojee TEPCIIEKTUBHBIX HAaIpaB-
JICHUH IIOBBIIIEHUS 3HEPTeTHYecKOoM s(hdeKTHB-
HOCTH JIOKQJIBHBIX CHCTEM 3JIEKTPOCHAOKEHUA
OTHOCSITCS HCIIONB30BaHME B SHEPrETHYECKOM
OamaHce pErMoOHOB BO30OHOBISEMBIX MCTOYHM-
KoB oHeprun (BHMD) m ontummsanums pexuMoB
paboTEl OCHOBHOTO 3HEPreTUYECKOro 000pymoBa-
Husa. Tak kak mmsa morpeGureneit 2yeXTpo3HEp-
MMM JELEHTPAaTUM30BAHHBIX 30H HeoOXOOUM ra-
DAHTHPOBAaHHEBIA MWCTOUHHMK IIMTAaHUsA, Hauboee
LeJIECOOOpa3sHBIMUA ~ BapMaHTAMM  ABTOHOMHEIX
CHCTEM MNPEICTaBIAIOTCS BETPOOU3EIbHBIE W BET-
poOTOAU3ENBHBIE SHEPreTHYECKHE YCTAHOBKH.

BONBIIMHCTBO HAXOIAIIMXCS B 3KCIUIYATAllMH
U TIpeliaraéMbIX Ha DBIHKE aBTOHOMHEBIX B3HEp-
TeTHYECKMX CHCTEM, HCIIONB3yIolmx BHD, as-
JISIOTCA TEXHWYECKW 3aKOHUEHHBIMU H3IENHAMI,
amalTHPOBaHHBEIMY IIOJ CTPOTO ONpelesIeHHbIH
THII HEPIreTHYECKOro OOOpYHOBaHMA, HE HOITYC-
KarolIMMH BO3MOXHOCTH DPACHIMPEHUS UX (PYHK-
UMOHAIBHBIX  BO3MOXHOCTEH M  HapalliBaHHA

" Hacrosume MCCIeNOBAHUS TIPOBENEHHl B paMKax peaTH3alyu
@UIT “HccnenoBaHus W pa3paboOTKM IO NPHOPUTETHHIM Ha-
TIPABJIEHUAM Ppa3BUTHA HAayYHO-TEXHOJOIMYECKOrO KOMIIIEKCA
Poccuu Ha 2007 — 2013 rogsr” mo Hanpaenenuio “IIposeneHue
Npo6/1eMHO-OPHEHTUPOBAHHEIX ITOMCKOBBIX MCCISIOBAHUN B
obnact co3naHua 3(HEeKTUBHEIX HAKOMUTENEH ANeKTPHYECKOH
SHEPrMH LIS HYKI LUEHTPAIM30BAHHOM M aBTOHOMHO SHepre-
THKH”

dBTOHOMHAas1 CHCTEMa BJTEKT_[JOCHEIG}KEHHH,

BO300OHOBISIEMBIE MCTOYHMKH

MOIITHOCTEH 3a CYeT MONKITIOUCHWS HOBBIX Tre-
HEPUPYIOLWIMX MCTOYHHUKOB. ITO 0OYCIOBIEHO
IJIABHBIM 0Dpa3soM CYLIECTBEHHBIM pa3IMuHeM
OCHOBHBIX TEXHHYECKHX ITOKAa3aTeNlel TreHepu-
pyeMoii BHMD. 5nekTpo3HeprHH, TaKMMH, Kak
pOm TOKAa, YacroTd M 3HAYGHHE BHIXOIHOIO Ha-
[IPSDKEHUS.

OrcyrcTue Ha pBIHKE BO30OHOBIIIEMOM 3SHep-
TeTUKM YHUBEPCAIBHBIX YCTPOMCTB, obecreuu-
BAIOIIMX BO3MOXHOCTE OOLEIWHEHHSI B paMKax
€IMHOM SHEPreTMYECKOH CHCTEMBI PA3HOTHITHBIX
SHEPTeTHYECKUX YCTAHOBOK C 3(h(EKTHBHLIM
VIIpaBJIeHHEM peXuMaMy paboThl, HEraTUBHO
OTpaXKaeTcss Ha pasBUTMM MaJION SHEPreTHKH
Poccun, mosTOMy MX CO3HaHME SBISETCH AKTY-
2IBHOM 3amayei.

Bo3MOXHBI pasHble BapMaHTBl COINPSDKEHHS
ABC, BerposHepreTHyeckux ycTaHOBOK (BDY) u
(hoToasIeKTpUYeCKHX ycTaHOBOK (PDY) mpu pa-
6ore Ha OOIIETO ITOTPEOUTENsI, KOTODLIE MOTYT
3HAYMTEILHO Da3NMIaThCs KaK I10 COCTaBY MC-
ITOJIL3YEMOTO  3JIEKTPOOOOPYMIOBAaHMSA, TaK W II0
TEXHHUKO-9KOHOMUYECKMM XapaKTepUCTUKAM.

Ha puc. 1 npeactaBieH pacnpocTpaHeHHEIH
BapuaHT CXeMbl THOPUIHON BIeKTPOCTAHIINY,
ucrione3yronmieri BHD, rne MCTOYHMKH TIOAKIIO-
YaIOTCS HEIOCPEICTBEHHO K paCIpele/IUTEIbHON
CeTH 00BeKTa 0e3 IPOMEXYTOYHOro Ipeobpaso-
BaHMA 3JIEKTpOdHepruy. CucTeMa VIIpaBIeHus
CTAHIIMEN IIpH 5TOM [JODKHA OOecnevyuBaTh He
TONLKO CTPATErHIO PETryaHMpPOBAHMSI MOIHOCTEH
AL, ®BY u BIY, HO M CHUHXPOHHU3ALMIO 3a-
IIycKa arperaTroB ¥ MX JadbHEHIIYIO CHHXPOH-
Hy10 paborTy.

PaccMmarpuBaemast cucTeMa aBTOHOMHOIO 3jIeK-
TPOCHAOXEHMSA TIPOCTA IS peaTH3allid, 4TO II0-
3BOJIAET JIETKO MacIUTabMpoOBAThL €€, YCTaHABIU-
Basg, HamnpuMep, Heckoapko BOY. Bmaromaps
OTCYTCTBHIO JOIMOJIHUTEJILHEIX TIPeoOpa3oBaHuil
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Puc. 1. Cxema ru0puaHOd 3JEKTPOCTAHUWAH C HEMOCPEACTBEHHBIM MOJKINYEHMEM TEeHEPHPYIOMMX YCTAHOBOK K DACHDENENHTeNLHON CeTH
00BEKTA AMEKTPOCHAGKEHM:

1 — BETPOPHEPTeTUUECKAs YCTaHOBKa; 2 — BETPoTypOMHa; I — PEAYKTOD-MYJIBTHIUIMKATOD; 4, 14 — CHHXDOHHBIC 3NEKTPOMALIWHHBIE
reHepaTopsl; 5, I35 — yCTpOHCTBA ILIABHOTO TycKa, 6, I6 — peryjlATOpsl TOKa BO3DYXIEHMSA CHHXPOHHBIX IeHepatopoB, 7 — GIIOK
BajlacTHBIX HArpy3oK; & — KOMIIEHCATOP PEAKTHMBHOH MOLIHOCTH; 9 — (DOTOAJNEKTPUUECKAs YCTAHOBKA, [0 — COMHEYHAS TAHEb;
1] — wMnynbCHBIA NpeoGpasoBaTeNh MOCTOSHHOTO HANPAXKEHWS B IepeMeHHoe (MHBepTop); [2 — mu3enb-reHeparop; I3 — IH3eNb-
Hbl#i geurarenp; /7 — mmHa nepeMmeHHoro Toka 220/380 B, 50 I'u; /& — norpe6utenn 2207380 B; 719 — cwioBO# MOBBIMIAKOIIHAI
Tpancdopmarop; 20 — norpebuteny 6 win 10 kB; 27 — 0GBEKT ACLIEHTPAIH3OBAHHOIO 31eKTPOCcHaGXeHua; 22 — [BYHAIpaBIeHHbI
npeobpasoparte/ib NEPEMEHHOIO HAMPSDKEHHA B MOCTOAHHOE; 23 — BJIOK aKKYMYJSTOPHEIX Gartapeil; 24 — GydepHbIl HAKOMUTENDb

QJIEKTPOSHEPTHH

3IIEKTPO3HEprun obecneunBaercs Beicoxui KII/I
SHEPreTUYeckod cucteMbl B HejgoM. OnxnHaxo
JAHHEIHA c1oco® ITOCTPOEHMS CHCTEMEI Tpebyer
HIAYMS Ha BBIXOIAX SJEKTPUYECKMX I€HEPAaTOPOB
34[aHHbBIX, ONMHAKOBBIX M ITOCTOSIHHBIX 3HAYCHIDA
HalpsDKEHWST M YACTOTBI CETH, YTO IIPEMITONArAeT
npuMeHeHre BOY co CIOXHBIMM CHCTEMAMM ad-
DOIMHAMMYECKOH CTa0MIM3alMM YacTOTEl Bpa-
IMEHWA BETPOKOJIEca H MYJ'II:-THHJIHK&TOPOM 150) 850
C JCIOJB30BAHKMEM ACHHXPOHHOM MAIIMHEL C
$asHLIM pOTOPOM TIIPM COOTBETCTBYIOILEM €€
YIIpAaBIEHHHM OT CETEBOT0 HMHBEpPTOpA.
[Tomoburie BDY nomxomar musg GoOJBIION
BETPOSHEPIETUKM, HO HaXOOAT KpadHe OrpaHH-
YeHHOE TIPMMEHEHME IpPHU IIOCTPOEHMH MAJBIX

SHEPreTUYEeCKUX CUCTEM BBHAY OONBIION CTOU-
MOCTH YCTaHOBOK. B Hacroginee BpeMs B MaJIOMH
BETPOSHEPIEeTHKE IIPEMMYILIECTBEHHOE pAaCIpo-
CTpaHEHHE IOIYYWIM Oe3pemyKTOpPHBIE KOHCTPYK-
¥ BBY ¢ MHOIONONIOCHBIMU 3IEKTPHYECKHMU
regeparopaMil Ha ITIOCTOSHHBIX MArHMTax, pabo-
TAIOMIMMH IIPM INEPEMEHHOM 4YacTOTe BparueHUs
BETPOKOJECA, 4YTO O0OEeCcreyrBaeT BHICOKYIO 3¢-
(bEeKTHBHOCTL MCIIONB30BaHMSA ITEPBUYHOM 3Hep-
TUM BO3LYIUHOTO ITOTOKA IIPH OTHOCHTEIHLHO He-
BBEICOKOM CTOMMOCTH ycTaHOBKM. Ho npu stom
Ul KaXIOW BEeTPOSHEpPreTHYECKOM VCTAHOBKHM
HeOoOXOIMM WHAMBUIYAIbHEIM MIpeoOpa3oBarTelb,
IIOCTPOEHHBIA II0 CXEME BBIIPIMUTEIb—HUHBED-
Top. ITomMumo B3TOro TpeGyIOTCH WHAMBUOYATb-
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Puc. 2. Cxema

I'l'lﬁ]JH,D,HOﬁ JJIEKTPOCTAHIHHE C NOAKJINYEeHHEeM FEHEPHPYIOLIHX YCTAHOBOK K NPOMEXKYTOYHOH HIMHE NOCTOSHHOrO TOKA

(1 npy cMEIAHHOM NOZKIIOYEHUH):

I — BETpPO3HEpreTHYECKAs YCTAHOBKA, 2 — BeTPOTYPOMHA; 3, 11, 15 — CHHXDOHHBIE 3JEKTPOMAILHHHELE reHepaToprl; 4, 12 — ympas-
JIAEMBIC BRIMIPAMHUTENH; 5 — GIOK GaTACTHBIX HAIPY3OK; 6 — (OTO3NEKTPHUECKAs YCTAHOBKA, 7 — COJHEYHAs naHesis; § — KOHBep-
TOp HanpspkeHus; 9, 13 — nusens-reHeparopsl; 10, 14 — pusensHwle AsuraTend; 16 — YCTPOMCTBO IIABHOIO Nycka; /7 — peryaarop
TOKa BO3byxmeHua; /& — IIMHA IIOCTOSHHOIO TOKa; /9 — MHBEPTOp HanpsxXeHus; 20 — GydepHblil HAKOMMTENDL /EKTPOSHEPIHH;

2] — [BYHANpaBIeHHBI WMMITYJBCHBIM TIpeoOpaioBatens] 22 —

BJ0K aKKyMymaTOpHBIX GaTapeidl; 23 — IUMHA NEPEMEHHOIO TOKA

220/380 B, 50 T'u; 24 — motpebutenu 220/380 B; 25 — CHIOBOH MOBBIIAIONIMIE TpanchopMarop; 26 — moTpeburenu 6 wmm 10 xB;

27 — 0OBEKT AELICHTPAIH30BAHHOIO 3JIEKTPOCHAGKEHHS

HBI MHBepTOp WA Kaxmoi PBY, srirroyaeMoii
B COCTaB aBTOHOMHOM 3HEPTOCUCTEMEI, M IBY-
HanpaBlIeHHBIN I1peobpa3oBaTelb IIOCTOSIHHOTO
HallpsSDKEHUs B IEpeMEHHoe Uit OydepHOro Ha-
KOIMUTEISA 3NEKTPOIHEPIUM, KOTOpLIH B O0Jb-
INMHCTBE ITPAKTHYECKMX CHY4YaeB BEHIIIOTHICTCS
Ha Oase aKKyMyJIATOPHBIX Oarapei.

YxasaHHEIE HEJOCTATKH OTCYTCTBYIOT B BapH-
AHTE COIIPSKEHMs, TIOKa3aHHOM B CXEMe Ha
puc. 2. HecmoTpst Ha 6Gosiee CIOXKHYIO CTPYKTYpY
OHEPreTHYEeCKOI0 KOMIUIeKca (HO, YYMTHIBA,
YTO CTOMMOCTBL CHJIOBOM 3JIEKTPOHMKH C KaX-
JBIM TOIOM CHWXAETCs, a €€ VHellbHas MOIIHOCTh
pacrer [1]), maHHas cxeMa umeeT GOJBIIME ITpe-

UMYIIECTBA [0 CPaBHEHUIO C DPACCMOTPEHHOM
BBIIIE: HE HYXXHO COIVIaCOBBIBATH MeEXIY Ccoboil
pexuMbl paborsl BOY, ®BY u I, uyro mo3so-
JIAeT YIPaBIATL OTMMM arperaraMy MCXOOS U3
TPeOYEMBIX KPUTEPHEB ONTUMAILHOCTH, CUCTEMA
JIETKO MAacITabMpyeTcs; NOCTATOYHO IIPOCTO pe-
IIAIOTCA  33Ja4M  3JIEKTPOMATHHTHON COBMECTH-
MOCTH; Onarojaps IMTaHUIO IOTpebUTENeil OT
00LIEro aBTOHOMHOTO WMHBEPTOpa OOECIeuHBaeT-
Cs1 BBICOKO€ KauyeCTBO OTIIYCKAeMOii 3JIeKTpHue-
CKOM SHEPIMM; 3HAYUTENTHHO VIIPOLIEHBI CXEMBI
npeoOpasoBateneit s mogkmoueHus DODY u
HaKOITUTENA 5SHEPIUM, BO3MOXHO BKIIOUCHHE B



[TPOMBILIJIEHHASL DHEPTETHUKA Ne 7,

2012 49

18

13

____________________ T

/ i

OFSZA

5

- 5 i

' i

- !

s I
irg‘_._._.u._.___.___._lg ......... ;
| ; ;
T— T ]
! T I
tlo10 ” =\
! I

Puc. 3. Cxema rHOpMAHON 3JIEKTPOCTAHUHM C MNOJKIOYEHHEM TreHEPHPYIOLIHX YCTAHOBOK 9Yepe3 BLICOKOYACTOTHYH LIMHY NepeMEeHHOTro
TOKa:

I — BeTposHepreTHyeckasl ycraHoBKa; 2 — Berporypbuna; 3, 1] — CHHXPOHHbBIC 3NEKTPOMAalIMHHbIE TeHepaTophl; 4, 12, 14 — cratu-
YecKue npeobpasoBateny YacToThl; 5 — GOK GalIaCTHBIX HATPY30K, 6 — (hOTOSNEKTpHYECKAs YCTAHOBKA; 7 — COJIHEYHAS MaHENb:
8 — MHBEPTOp HANPSXEHHUS; § — /iu3e/b-TeHepaTop; [0 — Au3eNbHbIA ABHTaTeNb; /3 — mmMua MEPEMEHHOIO TOKA BRICOKOM YaCTOTHI;
15 — GydepHblit HAKOMUTENb EKTPOIHEPTHH; 16 — ABYHATIDABNCHHLI MMITY/IbCHBIHA npeobpa3sosarenb; /7 — 610K aKKYMYJATOPHLIX
Garapeit; /& — wmnHa nepementoro Toka 220/380 B, 50 ['w; /9 — motpeburenn 220/380 B; 20 — cunoBoit MOBBILAIOLIKI TpaHcdop-
matop; 2/ — norpebutenn 6 wm 10 KB; 22 — 06BEKT AELEHTPATMIOBAHHOIO 3MEKTPOCHAGKEHUSA

COCTaB CHUCTEMBI (Yepe3 YIIPABISEMBIH BBIIPAMU-
Tenb) BOY ¢ nepeMeHHON YacToTON BpalieHus.
[ToMuMO yKa3aHHOrO B CXeMe€ CTAaHIMU C
BCTABKOM Ha IIOCTOSHHOM TOKe MOXKHO HMCIOINb-
30BaTh IepcrieKTuBHele JOC  HHBepTOpHOrO
THIAa [2, 3], 4TO IMO3BOJIAET 3HAYUTEIHHO IKOHO-
MHTh JOPOTOCTOAILEE AM3ENBHOE TOILUTHBO. Kpo-
Me Toro, u3-3a Belcokoro KIIJ cunoBoi anex-
TPOHMKM IIOTEPHM MOILHOCTH, CBSI3aHHEIE C
IBOMHBIM  IIpe0Opa3soBaHMEM  SJIEKTPOSHEPIHH
CHJIOBRIMH KOHBEPTOpaMM M MHBEPTOpAMH, He-
3HAYMTENbHBL. JIaHHEIA BapHaHT TI'MOPHMIHBIX
SHEPreTMYECKMX KOMIUIEKCOB HalIeN IIHPOKOe
pacrpoctpaHeHue (ocobeHHO 3a pyGexoMm) mpu
MaJlbIX M cpenHux MowHoctax (1 — 100 xBr).
B mnocnenHee Bpemsi MOSIBUACH psJi pabor,
[€ PacCMaTPUBAETCS BO3MOXHOCTH ITOCTPOEHMH
SHEPreTHYECKOTO KOMILUIEKCA MOCPEICTBOM
BCIIOMOraTeNbHOM IIMHEI, paboramiueil Ha BEHI-
cokoi wyactoTe (emmuuubl kI1) [4]. Bapuant
TMOPUIHON 3JIEKTPOCTAHIIMKM, OCHOBAaHHEBIM Ha
JAaHHOM Croco0e CONPSDKEHHS SHEepPreTHYeCKX
YCTAaHOBOK, IlOKa3aH Ha pwuc. 3. Cnemyer oTMme-

TUTb, YTO MaHHBIH CIOCOO IIMPOKO MCIIOJB3Y-
eTCs IPHM CO3NaHUHM CeTedl SJIeKTPOCHAOXEHMUS
BO3OYIIHBIX U KOCMUYECKHX JETATECNBLHBIX Aall-
maparoB. OH I03BOJSET MUHMMU3MPOBATL KO-
JIMYECTBO pPEAaKTHBHBIX 3JIEMEHTOB B CHCTEME,
YMEHBIIUTL MaccorabapUTHBIE I[I0KA3aTeIU M
COOTBETCTBEHHO CHH3HTh CTOMMOCTb. Ho wu3-3a
TEOMETPHUYECKON pa30bIIEHHOCTH OTHEIBHBIX ar-
peratoB (BBY, ®BY, ' ¥ 1p.) NpH UCIIONL-
30BAHMM [J4HHOH CXeMBl BO3HMKAET psAA Ipo-
OieM, CBA3AHHBEIX C IIOTEPSAMH MOLIHOCTH BO
BCIIOMOTaTeIbHOM CETH, 2JIEKTPOMArHWUTHOM CO-
BMECTHMOCTBIO M JIp.

CpaBHUTENBHEIN aHAIM3 CXEM aBTOHOMHEBIX
DJIEKTPOCTAHIMIA TOKasal, 4To Hambosee Iiep-
CHEKTMBHBIM BapHMaHTOM COIIPSDKEHUS pasHO-
THUIIHBIX SHEPreTUYECKUX VYCTAHOBOK B OIHOI
OHEPreTUYECKOH CHUCTEME SIBJISETCH MCITONb30BA-
HHME TIPOMEXYTOYHON BCTABKM ITOCTOSHHOTIO
TOoKa. B atoM cnygae rubGpumHbIi sHepreTHue-
CKMM KOMIUIEKC CTPOMTCS IO AarperaTHoMy
NPUHLMIY, JIETKO MacHITabupyeTcss W TP He-
obxomumocTH mepecrpauBaercsa. Kpome Toro,
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Puc. 4. CrpykTypHas cxema CHCTeMBl aBTOHOMHOIO 3JIeKTpPocHAG-
MEHMA ¢ BCTABKON MOCTOAHHOIO TOKA:

Iy, .., i, — TOKM CHIOBLIX arperaTroB; i; — TOK HarpyskH; /g —
TOK Oy(epHOro HaKONHTENA 3HEPrHH; Ups — HAIpsKEeHWEe Ha
[IMHE TOCTOSIHHOIO TOKa

MOXHO YHUDHIIMPOBATE CTPYKTYPY M KOHCTPYK-
M0 2JIEKTPOHHBIX CHJIOBBIX I1peodpa3oBaTtesie.
Hcnonp3ya MOXYNBHBI TIPHHIWAN MX IIOCTpOE-
HMSI, IpOLIE pa3paboTaTk NWHEWKY npeobpaso-
BaTeJel Ha MOIEJIbHBIN psp MowHocteil. Ilpu-
MEHEHHME BCTaBKHM INOCTOSHHOIO TOKA I03BOJISIET
Gojlee IPOCTO CYMMHMpPOBAaTb U DPACIpPEHENsITh
IIOTOKH SHEPIUM OT IeHEpUpPYIOIINX HCTOYHUKOB
M PeamM30BLIBaTh OGMOEKTUBHBIE  AJNTOPUTMEI
YIPaBACHUS] 3TUM IPOLIECCOM.

CTpykTypHasi cXeMa CHCTeMbl ABTOHOMHOIO
3NEKTPOCHAOXKEHMS] ¢ BCTABKOM IOCTOSHHOTO TO-
Ka TpHBeneHa Ha puc. 4. JlaHHag cucTeMa co-
CTOMT M3 OTHENbHBIX TIE€HEPUPYIOIIHUX CHIIOBBIX
arperatoB CA,, ..., CA,, KOINYECTBO KOTOPHIX B
obiieM ciydyae MOXeET OBITh IPOU3BOJBHBIM.
Kaxnelif arperaT BKJIIOYaeT B ce0d COOTBETCT-
BYIOLIYIO BHEPreTHYECKyI0 YCTaHOBKY IV, ..,
2Y,, MOCTPOEHHYIO Ha TOM WIH HMHOM (Qu3nye-
CKOM TIpUHIUIIE, M YIIPABISAEMBI CTATUYECKUA
npeobpasoparens Ilp|, .., [Ilp,. B xauecrse
DHEPTreTHYECKIX YCTAHOBOK MOTYT HCIIOJIB30BATH-
ca BDY, conneuynsie momynu, I, pabotarommue
Kax TIpM IIOCTOSSHHOM, TaKk M [pU II€PEMEHHOM
YacTOTe BpallleHWs Bajla JU3ETLHOTO OBUTaTeNsd.
VropapnsgeMmblit mnpeobpa3oBaTellb IS KaXIOro
THITA SHEPreTMYECKON YCTAHOBKM — CBOM, Ha-
npumep, mwia BOYY u JI' — ympaBisieMBI ITO-
BBILIAIOIIMHA BRIIPSIMUTENL, a It (DOTOINEKTPH-
YECKUX MOZLYJIEH — VIIpaBisAeMbIH KOHBEPTOD.

BymeM cuWTaTth, YTO CHCTEMa YIIPaBICHUS
KaX0ro CWJIOBOIO arperara HoJoKHa obecnedu-
BaTh €ro IOAKIIOYeHHe K OOIIell IIMHe IOoCTOo-
sgHHoro Toka IIIIT, a TakXKe BBINOJHSET (DYHK-
M0 MakcuMmyMa otbopa MolmHocTH. Harpyska

H npencraBneHa B Bunme rnoTpeburens 1, moiry-
YaOIIEro  SJEKTPOIHEPTHI0 C  TpebyeMBIMu
rmapaMeTpaMK depe3 TpexdasHBIM yIIpaBIseMbli
aBTOHOMHEBIM HHBepTOp Hampstkenus AHH. Cuc-
TeMa YIIPaBICHHA WHBEPTOpa NOJDKHA olecIevu-
BaTh HEOOXOIMMOE KadyeCTBO SJEKTPOIHEPIHH, a
TaKCKe COJIEepXKaTh JJIEMEHTHl 3alIMTHl OT aBa-
PUMHBIX pexuMoB pabGoTel. B obuiem ciydae
KoJgmyecTBO ONokoB H B cucreMe MOXET OBITH
TIPOM3BOJIBHBIM, TakKXKe, KaK W TOTpeOuTeNneH,
HEIIOCPENCTBEHHO IIOAK/IIOYEHHBIX K  BCTaBKe
MOCTOSTHHOTC TOKa.

Bce ocHoBHBIE (GYHKOUHM paclpelelleHus |
VIIPaBJICHHWS IIOTOKAMHM SHEPTMH B pacCMaTpH-
BAaGMOM  DHEPIeTUYECKOM CHCTEME pEajH3yer
cucTeMa OydepHOro HAKOMUTEeNIsA 3IeKTPO3HEp-
rud BHDP. OHa ocyllecTBIgeT OTOOP MOUTHOCTH
B HAKOMNHTEJIh B MOMEHTHl €€ M30BITKA U OTHAdy
MOIIHOCTH IIpM ee HexBaTKe B cHcTreMe, o00ec-
reyrBas ONTHMAbHEBIE DEeXUMEl 3apsina/paspsia
MEepPBUYHBIX HAKOIWTENeH JHepruu (Irenecoo0-
pasHBIl THUII TEPBUYHBIX HAKONWTEICH B MdaH-
HOM CTaTke HE pPACCMATPHBAETCI) M KOHTPOIb
MX TEKYIeH eMKOCTH. 3aech cucreMa HHD He
TOJBKO BBIIIOJHSAET POJb HAKOIMTENS KaK TaKo-
BOIO, HO W OOECIIEYMBAET YIIPABJIEHHME IIOTOKa-
MH MOUTHOCTH.

BaxxHBIM JOCTOMHCTBOM IIpelnjlaraeMoil cxe-
MBI THOPHMIHOM 3SJICKTPOCTAHLIMM SIBIIETCS BO3-
MOXHOCTh CVIIECTBEHHOTO paCIIMpeHHS (QYHK-
LM cucTeMbl OyhepHOro HAKOIUIEHHMS] SHEPTUU
IpY BBEIEHMM B CHCTEMY YNPABICHUS BXOTHBIX
CUTHAJIOB O TEKYIIHX ckopocTsx Berpa (¢ BHY)
M WMHTEHCHUBHOCTHM COJTHEYHOM pammanuu (c
®DY). B osroMm ciyyae cucreMa yIIpaBICHHS
BHHY BHIIAeT BBIXOOHEIE YIIPABIAIONIME CUIHATHI
Ha IIpeoOpa3oBaTellil CHJIOBBIX arperaToB, obec-
[IeYMBAIONIME pexuM O0TOOpa MaKCUMATbHOM
MOIIHOCTH C 9SHEPIeTHYECKHUX YCTAHOBOK. IIpm
WCIIONB30BAHUM B  COCTaBe DHEPIeTHYECKOTO
komroiekca JIDC “mHBepTOpHOro” THIA M3 CHC-
TeMbl YIIpaBiIeHuss HH5 mocTyraeT yIpaBisiOmpil
CHTI'HAT HA WCIOIHHUTENBHBII MEXaHW3M YIIpaBlle-
HUA TIOJIOKEHWEM PpEHWKM TOIUIMBHOIO HAacoca,
obecrieyrBas ONTHMM3ALMIO PeXIMOB padoTel [T
0 KpHUTEPMIO MHHMMYMA pacxola TOIUIABA,

HaHHbd HabGop GyHKUME MOXeT OBITH pea-
JIM30BaH IyTeEM YCTAHOBKM B cucTeMe BHD co-
OTBETCTBYIOIIMX JIOTIOJHUTENBHBIX MOMyJeit pac-
mypeHusa (MpH HAIMYIMH TEXHWYECKOH BO3MOX-
HOCTH VIIPABJIEHUS BBIXOAHOM MOIIHOCTBIO TIe-
HEPUPYIOILIMX CHJIOBBIX arperatoB). 3a CYeT
JOMOJHUTEIbHEIX MOMYJIEH cucTeMa IIONy4YaeT |
obpabarbiBacT MHpOPMALMIO 00 YCIOBHAX OKpY-
JKamel Ccpembl ¢ METEOPOJIOTMYECKOro KOM-
IUICKCA, PpacCUMTHIBAET B PEXVME PEAIHHOIO
BpPEMEHH ONTHUMAJNIbHEIE 3HAYEHUS TEKYIIMX Ha-
IPY30K I KaXJIOTO TeHEPUPYIOUIETO CHJIOBOTO
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arperata MCXOOs M3 TIPMHIMIIA MaKCHUMyMa OT-
fopa MOIIHOCTM M BBIPaOATHIBACT YITPABIISIOLINE
BO3IEUCTBUS 11 KaXIOoro mpeodpa3oBaTens re-
HEPUPYIOIIEr0 HCTOYHHKA.

Takum 00pasoM, IMOCTPOEHHASI IO H3IOXKEH-
HBIM BBIIIE TPUHLMIIAM CXeMa ABTOHOMHOM
SJIEKTPOCTAHLIMY MMEET BO3MOXHOCTH:

BKJIIOYCHHMSI B COCTAB CUCTEMBI JIIOOOM aBTO-
HOMHOM 2HEPreTHYeCKON YCTAHOBKM HE3aBUCHMO
OT YCTAHOBJIEHHOTO CHJIOBOrO 00OpYIOBaHUS,

MIPOrpaMMHON KOH(MUTYpallMd CHUCTEMBI HAKO-
TUICHUS DHEPTMH TI0H KOHKPETHBIM OSHEpreTHye-
CKMIi KOMIUIEKC TYTeM TIOAKIIOUEHUSI K CHUCTEME
yrmpaenenus bSHDP mnepcoHaTsHOTO KOMIIBIOTEpA
NIPU BBIIOJHEHMM JaHHOW OIlepallvu;

VIIpaBIeHHA TIEPETOKAMH SHEPTHH HE TOJIBKO
Mexnay cuctemMoir . BHD, HO M MeXIy BCeMH
OHEPreTUYeCKUMH YCTAHOBKAMM K HAIpPy3KOi
(ecmH TIO3BOJISIET YCTAHOBIEHHOE ODOpPYIOBAHME);

3(hheKTHBHOTO UCIONB30BAHMS  ITOTEHUMANA
BOY nyreM ycTAaHOBKM IOIIOJIHUTELHBIX MOIY-
ner mist cbopa wHOOPMAUMK 00 YCIOBMAX OK-

pyXarwoleif cpeibl M BBIPAOOTKM YIIPABJIAIOIIMX
BO3IEUCTBUI C UENbIO YIIPaBJIEHMS SHEPreTuye-
CKMMH YCTAHOBKAMM KOMIUIEKCA.
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NPOEKTbI
U UCCJIELOBAHUSA

Hccnenosanne sddekTuBHOCTH padoThl JeIUTEbHOM ABTOMATHKH

B CHCTeMEe 3JIEKTPOCHAOXKEHWSI NPOMBIILICHHOIO NpeanpuATHA
YEPHOH METAJLIYPruu

lasmnsosa O. B., Manadees A. B., KaHampatel TexH. Hayk, Tapacos B. M.,

MN3Bonbckunini M. A., uHXeHepbl

MarHuTOropckuii rocynapcTBeHHbIli TeXHUYeCKMIl YHuBepcuter um. . U. HocoBa

ITokasaHo, yto mpu paboTe MPOTHEOABADUIHOM aBTOMATHKM BO3MOXHO OTHEJICHUE CcOOCTBEH-
HOW BIIEKTPOCTAHIIMH NPENIPUATHA OT SHEprocucreMsl. B yamax, M30BITOYHEIX [0 aKTHBHO
MOIIHOCTH, HOPMANBHEIA DeXHM MOLNEPXUBACTCH 33 CYeT AeHCTBHS DEryisaTOpOB CKODPOCTH
Typ6uH. Ipy meduumTe MOUIHOCTH DETYIATOPEl CKOPOCTH TYPOHMH HEe MOTYT OBGECHedHTh o[-
ACPXAHHE YAaCTOTBI Ha HEOOXODMMOM ypoBHe, s aHamm3a 5(bdeKTHBHOCTH JIEJUTENBHOR aB-

TOMATHKY pa3pabOTaHbl &ITOPUTM M IIPOTPAMMHOE OBecIieyeHHe, MO3BOJIAIOLINE OIIPEACISITE
KPUTHYECKHE HEDAIAHCH AKTHBHOM MOIIHOCTH C Y4eTOM XapaKTePUCTHK DETYIATOPOB CKOPO-
CTH, CBOHCTBA CAMODEIYJIMPOBAHHS NADOBBIX TYpPOMH, M3MeHEHHs [IPOM3BOXMTENBHOCTY IIHTA-
TEJBHBIX HAaCOCOB M PEryIUPYIOIETo addexTa Harpysk.

Kmouesble coBa: nepexomHbie mpoLeccH,

CHCTEeMa 3JIEKTPOCHAOXEHHS IPOMBIIDIEHHOTO ;
npeanpusatust (COIIIT), penurentHas aBromarrka, pasfienbHas paboTa, aBTOMATHYECKME pery-
JATOPE! BO3OYXICHHA, AEDUUMT MOIIHOCTH, YCTOWYMBOCTb, aBTOMATHYECKMH PETYIATOD CKO-

POCTH, IIPOMBIIUIEHHAS 3NeKTPOCTAHLHSA, IPOrpaMMHOE OGecrcdeHIe.

MHorue KpymHLIE NTPOMBINUIEHHEIE MPENTIPH-
ATHSL, pacnojaralolide BTOPUYHBIMHM SHEprope-
CypcamM, B HACTOAIIEE BPEMS DA3BMBAIOT IIPO-
H3BOLCTBO 3IEKTPO3HEPIMM Ha COOCTBEHHBIX
SNIEKTPOCTAHUMAX, YCTAHOBIEHHAs  MOIIHOCTH
KOTOPBIX IOCTHIaeT COTEH MeraBarr. I[lepemaua
DJIEKTPOSHEPTHH OCYIUIECTBISETCS KaK HAa TeHe-
patopHoM HanpstkeHMH g0 10,5 kB, Tak u Ha
TIOBBILICHHOM HanpsckeHuwn 110 — 220 kB, npu
9TOM B aBapMHHOM DEXWUME B pE3yIbTaTe Jeif-
CTBUA pENEeHHON 3aIluThl WIn TIPOTMBOABAPHI -
HOM aBTOMATHKHM BO3MOXHO OTIEIcHHE 3JIEKTpO-
CTaHLUMK C YacTBIO HArpy3KM OT SHEPIrOCHCTEMEL
B 3aBMCHMOCTH OT KOHKDETHBIX YCJIOBUI pabo-
ThI SHEPIOCHCTEM M MX KOH(UIYpAIMM 3TO OCy-
IIECTBIIAETCS € ITOMOIIBIO YCTPOMCTB IEIUTEND-
HOH aBTOMATHKM pasIMYHBIX TUIIOB. Korma pu
HapYyIIeHUH YCTOMYMBOCTHM SHEPIOCUCTEMEI BO3-
MOXKHOCTP PECHHXPOHM3AIIMK 3aBEIOMO MCKIIIO-
yeHa (HarpuMep, IIPU OTKITIOUCHHM MOITHOM
CBASM M paboTe YacTeit SHeprocucTeMbl Yepes
TPAH3UT MAJIOM IPOIYCKHOM CIIOCOGHOCTH), HC-
MONB3YIOTCST YCTPOMCTBA ABTOMATHKM, Obecreun-
Balomue Hauboibllee OGBICTPOLEICTRHE. ITpn
HEOOXONMMOCTH IIPOBEPKM BO3MOXKHOCTH PecHH-
XPOHM3AIMKU LIEJI€CO00pPA3HO IIPUMEHATH JejIH-
TEIBbHbBIE YCTPOWMCTBA, CcpaGaThIBAIOIIME B TOM

Clydae, eCld B TEeUYeHHE OIPEeNEICHHOIO BpeMe-
HU ACHHXDOHHBIM DEXMM HE IPEKPATHICS.

B pesymbrare HEHCTBHS HENMTEIBHON aBTO-
MaTHKW Ha DasfenbHylo paboTy ¢ 3Heprocucre-
MO# IIEPEXOMAT IPOMBIIUIEHHbIE 9JIEKTPOCTAH-
MM C CODCTBEHHBIMM HYXIAMM, a WHODIA ¥ C :
9acTeio Harpysku. Ilpw 3TOoM KaK B reHeparopax, ;
TaKk W B IBUTaTeJIbHOM HAIpy3Ke BBINEMBLIErOCS .
Ha DasfenbHylo paboTy ysia IpPOMCXOIAT mnepe- .
XOLHBIC 3JIEKTPOMEXaHHYECKHEe ITpolecchl. [l .
HMX HCCJIENOBaHMS TpeOyeTcs VYMTHEIBATH BIIMS- )
HHE DPOU3BOIMTENLHOCTH MeXaHH3MOB COBCT- ;
BCHHBIX HYXI M KOTEIBHOH aBTOMATHKM, YTO .
TIPEACTABISIET CODOH CIOXHYIO 3aMady, Tak Kak ;
O TOYHOrO aHalM3a HeoOXOIMMO BBITOJIHATH
PAcYeT OTHENBHO IANA KaXIOIOo 3JIEMEHTA CHCTe-
Mbl. Kpome Toro, mporsosuposanme PEXHMOB,
MMEIOIIMX MECTO IPH BBIXOIE HA PA3JENBHYIO C
DHEPrOCUCTEMON paboTy, IPENCTABISIET OCOGDII
HHTEpEC, IIOCKOJIBKY €r0 IPUXOMAMTCS MPOBOLUTE
[IpH  OTCYTCTBHM OalaHCHMDYIOIIMX Y3IOB BBHIY
BO3MOXHOrO M3MEHECHHS YaCTOThI B paccMaTpu- :
BaeMo# ceru. [lpyras ocobernocts CHOIIIT 3a- .
KIIOIaeTCsi B TOM, YTO MOIIHOCTH TEHEPATOPOB ]
COBCTBEHHBIX SNEKTPOCTAHIME B psie cIy4aeB )
COHU3MEPUMBI C MOIIHOCTBIO KPYITHBIX 3/EKTPO- ]
IBUraTened. DTo 00yCIOBIMBAET CHMIIBHOE B3a- :



S0 RO

[ < -~ ]

< _-.lt_-.-._‘_x__‘... & LS S LS A
|
{
|
|

IMPOMBILUIEHHAA 3SHEPTETMKA Ne 10, 2012 13

MMHOE BIIASHME MalliH ¥ HeoOXOMHMOCTh IETAIb-
HOTO VYYeTa pPEeryJupylonmx 3@Q@{eKToB pasmMIHbIX
roTpeduTenei.

B y3nax, M30BITOYHBIX II0 AKTUBHOH MOIIHO-
CTH, TOANEpXaHWE HOPMAIBHOIO pEXMMa BO3-
MOXHO 3a CYET HeHCTBUS PEryisiTOPOB CKOpPO-
cti  TypOMH, CHIDKAIOIMIMX BIIYCK Ilapa IpH
cbpoce Harpy3ku. I[Ipd BRIXOHE Ha pazmeNbHVIO
paboTy B HeUIMTHOM II0 AKTHBHONM MOIIHOCTH
y3le 9THU PEryJSTOpPEl HE MOTYT IIOAJep>XKUBATh
YacTOTy Ha HeoOXOAMMOM ypoBHe. B sTOoM ciy-
yae ee CHIDKEHME (HECKOJBKO OrpaHHIMBaeMOe
€CTECTBCHHBIM PETYIHPYIONIMM 3(Q(EKTOM Ha-
TPY3KHM) IPUBOOUT K YMCHBIIEHMIO IIPOH3BOIM-
TENLHOCTH COOCTBEHHBIX HYXI, B IIEPBYIO OYe-
pelb IMUTATEJLHBIX HACOCOB, 9TO OOYCIOBIHBAET
CHMDKEHME ITapOIIPOM3BOIMTEIIEHOCTH KOTIOB M
BO3HMKHOBEHME JaBWHBI vactotel [1].

IIpm pacyere IEPEXOAHBIX PEXUMOB TIIpO-
MBIIIIEHHBIX 3JIEKTPOCTAHIMI B ciiyyae Habpoca
Harpy3ky Ha TE€HEeparop, HaIllpUMEp IIPH BEIXOIE
Ha pasfesbHyo paboTy NedHLIMTHOTO IO aKTUB-
HOM MOITHOCTH y3/1a, HeOOXOOMMO WCCIIEeIOBATE
IPOLECCH], IIPOUCXONAIINE BO BCEH LENM IeHe-
parop — TypbHHAa — KOTEeIbHLIA arperar. Torma
CIeTyeT YYMTHIBATE PETYJIMPOBaHHME KakK TypOH-
HBl, TaK WM KOTJa, NOCKOJBKY JEHWCTBHE MX aB-
TOMaTHKH CYIIECTBEHHO BIHSET Ha ITEPEXOIHEIE
mporiecchl. Eciu  Harpy3ka IIpEeBEINIAET MOIII-
HOCTh T'€Heparopa, TO YacToTa BpallleHWS pPOTO-
pa TypOMHBI HAaYWHAET CHUKATHCS, IIOCKOJIBKY
reHepaTop ® TYypOMHA HaXOmATCS HA OITHOM
BaTy. Perymarop CKOpOCTH TYpOMHBI, CTPEMSICH
BOCCTAHOBHThL €€ HOMHWHAIBHYI0O CKOPOCTH Bpa-
HIEHMs, YBEJMYMBAET IIPOIYCK Iapa Ha Typbu-
Hy. Ecii 5TOro HoCTaToyHO, pabora IpOaOJDKaeT-
ci B HOPMAJIBHOM DEXUMe, a eCJIM NPH IIOJTHOM
OTKPBITMM BCEX KJIAIIAHOB I1apa HEe XBaTaeT, TO
CKOPOCTE BpAIIEHWS! TYpOUHBI U, CJIETOBATENb-
HO, TeHepaTopa NPOJOJDKAET CHMXAThcs. B
3TOM Cciydae TypOMHY MOXHO pacCMaTpHBaTh
KaK HEpeTryIHpyeMyIO, TaK KaK IIPA ITOJHOCTHIO
OTKDBITBIX PEryIMPYIOIIMX KjallaHax IIPOITyCK
mapa He U3MEHSeTCs. YBelMYeHHe MapoBOil Ha-
IPY3KH KOTJIa IPUBOIUT K YMEHBLIIEHHIO IaBJe-
HUS B OapabaHe M B KOHEYHOM HTOre — K IIO-
BRIIEHMI0O B HEM YpOBHA BoOmel [2]. 3ro
BLI3HIBAET COOTBETCTBYIOIEE YBEIMYEHHE YIETIhb-
HOro obbeMa Mapa B IIAPOBOASHOH CMECH.

[ToMumMO yKa3aHHOIO IpH CHUXKEHWH [IaBle-
HUSL YMEHBIIAETCH TEMIIEpATypa KWIIEHUS BOIbI
B HUPKVILIIIUOHHOM KOHTYpE M 34 CYET TEILIO-
TH AKKYMYJISILIMM TIPOMCXOJUT IOIIOJHHTEIBHOE
apoobpa3oBaHMe, & 3TO CIIOCODCTBYET yBeIMYe-
HHIO IIApOCOMNEPXAHWSI M TIOBBIIICHUIO YPOBHS
BOIBI B OapabaHe. IIpu pocre maBieHMsT B KOT-
Je YBEIWYMBACTCS TeMIlepaTypa KHMIICHUdI, IIO-

5TOMY 49acTk TEIUIOTH, BOCIIPHUHSTAS SKPaHHBIMKI
TpyOaMM, pacXomyeTcs Ha IONOMHUTENBHBIA I10-
JOTPeB BOABI IO TeMIlepaTypbl Kurienwus. [lapoob-
pa3’0BaHWE YMEHBINAETCSH, COOTBETCTBEHHO CHIDKA-
eTCA IIapOCONEpKaHWe B 3KpAHHEIX TpyDax M B
OGapabaHe M, KpOME TOrO, YMEHBIIAETCS VIEThb-
HBIA 00BeM Imapa. Bce 3To 00ycloBIMBaeT IIa-
JNIeHHE VYPOBHSA, CKOPOCTh HM3MEHEHHMS KOTOpPOIO
B JaJbHEWINEM YCTaHABIMBAECTCA IIOCTOSHHOIM.

B cBoI0 ouepenb CHIDKEHHE YacTOThI Bpalle-
HHA TeHEepaTopa MPWBOAUT K CHIDKEHHWIO 4Y4cTO-
THL IMUTAIOLIErD HAIPSDKEHMs, 4YTO OTpaxaercsd
Ha IPOM3BOIMUTEIPHOCTH MEXAHM3MOB COOCTBEH-
HBIX HYXI 3JEKTPOCTAaHITHHM, B TIEPBYID OUepelb
— IIUTATENBHEIX HACOCOB. JlaBHMHA YacTOTBI MO-
KET BO3HUKHYTH IPH OTCYTCTBHH pE€3€pBa IeHe-
PUPYIOIEN MOIIHOCTH B CHCTEME B CRS3M C
TeM, YTO C YMEHBIICHHEM YacTOThI MeXaHW3MBI
COOCTBEHHEBIX HYXKI TEIUIOBBIX CTAHIIMII CHMXa-
10T CBOIO TNPOM3BOOWUTEIBHOCTH. HapylieHue yc-
TOWYHBOCTH CHCTEMBI MOXET OBITh CBS3aHO TaKXKe
C HENpaBUILHEIM JeHCTBHEM DEryJITOpOB Yac-
TOTBI, XapaKTEPUCTHUKH H IIapaMeTPBl KOTOPBIX
paccuMTaHbl TaKMM 00pa3oM, 4YTo He obecreyw-
BalOT YCTOHYMBOCTE MX IMapaUIeIbHOM paGoTEHL.
s xorma, pabOTamIlero B peXuMe MAakcH-
MalabHOM Harpy3k¥, OONBIIOe 3HAYEHWE MMEET
TIPOM3BOMUTENBHOCTh TUTATENBEHBIX HACOCOB, KO-
TOpasi B CBOKI OYepelb Ipd OedUIMTEe AKTHE-
HOM MOIJHOCTH CHIDKAeTCS. DTO IIPHBOIHUT K
YMEHBIIIEHUI0 YPOBHSA BOOBI B OapabaHe XKoTna,
YTO HE OTpaXaeTcsd HA IIapOIPOM3BOIUTEILHO-
CTH [0 TeX IIop, TI0OKA YPOBEHE HE CHU3UTCH JIO
KPUTHYECKOTO M cpaboTaeT IIpOTHBOABAPMITHAS
aBTOMAaTHKa KOTJa.

Ilpu pe3kom cOpoce Harpy3kd C TeHepaTopa,
HanpuMep Ipu K3, yMeHBIIAETCS TOPMO3HOM
MOMEHT Ha Bajy, YTO IIPMBOOMT K PAasroHy Typ-
Ooarperata. B cmyuyae peskoro cbpoca Harpysku
C OTKJIIOYEHWEM TIeHepaTopa OT CeTH MJIsS HC-
KIIOUYEHHUA IIOBpEXIeHUs Typboarperata 3akphl-
BalOTCA CTOIIOPHBIE KJIAIlaHBI, KOTOpHIE IIepe-
KPBIBAKOT [ofady TIapa B Typbuny. Torma
HeOOXOAUMO IIPEKPaTUTh €T0 II0JAYy HE TOJLKO
OT KOmIa K TypbuHEe, HO M OT TYpOMHEI K OT-
6opaMm, HMHaye paspexeHue B TypOHMHE, BO3HMUK-
mee B pe3yibTaTe IIpeKkpallleHWsl Tojadd Iapa,
MOXeT IIpUBECTH K 3abpocy mapa M3 0OTOOpOB
obpatHo B TYpOMHY M, KakK CIEICTBHE, — K
aBapWy arperarta.

OcoOplii MHTEpec TIPEACTaBIAeT BBIXOI INEK-
TPOCTAHIIMM Ha pa3feJbHYI0 paboTy He TONbLKO
C [OBMTATE/SIMH COOCTBEHHBIX HYXI, HO M C
pe3KOINepeMEHHOM Harpy3koii. B Takom ciydyae
Ha YCTOMYMBOCTH T€HEPATOPOB BIMIET HE TOJNb-
KO ©OanaHc AakTUBHBIX M PEaKTUBHBIX MOIIHO-
cTel, HO M TOCTOSHHOE HM3MEHEHME 3JIeKTpoMar-
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HUTHOM MOIIHOCTH B BBUICJMBINEMCS YJ4aCTKe
CETH.

OueBHIHO, MONOGHBIE ABapUUHLIE CHUTYALIHH
CJIIEMYET IIPOrHO3KMPOBATh UIA pa3paboTKH Mepo-
IIPUATHAN, HANPABIEHHBIX HA MOBHINIEHHE YCTOM-
YHBOCTH M HamexHoctd paborer CBIII. Ilpu
[IPOTHO3MPOBAHMK HEOOXOAMMO VIWTHIBATE TEX-
HUYECKME M IKCIUTYaTAMOHHBIE XapaKTePHCTH-
KY T€HEepaTOPOB M IBUTATENEH, pPeaki[MI0 TerUio-
MEXaHMYECKOro 00OpYNOBAHMS M PErYIHPYIOLIHIT
abdexr Harpy3ku. s MpOrHO3MpOBAHUA BEPO-
ATHBIX PEXWMOB BBIXOJAa Ha pasNelbHYI0 pabo-
Ty Ha Kadeldpe 31EKTPOCHAOKEHMS ITPOMBINI-
JIeHHBIX npenrnpuatuit MITY um. T. Y. Hocosa
paspaboTaHBl aNrOpPUTM M IIPOIPAMMHOE 06ec-
TIeYEHUE, TIO3BOJIAIOIINE AHATU3HPOBATL TaKue
PCXKUMBL M BBIABJIATL 3HAYEHHSI KPHUTHUECKUX
HebaJaHCOB aKTHBHOM MOIIHOCTH C YYETOM Xa-
PakTepUCTHK PEIYIATOPOB CKOPOCTH, CBOMCTBA
CaMOPETYIMPOBAHKS IIapOBBIX TYpOWH, K3MEHe-
HWS IIPOM3BOAHMTEIIBHOCTH ITHTATEJBHBIX HACO-
COB, pErylIupylomero sgpdexra Harpysku [3].

[lporpamma “Pacyer ¥ ONTMMM3AIMI ycra-
HOBUMBIIMXCSI M IIEPEXOMHBIX SKCIUIYATAIIMOHHBIX
PEXHMMOB CHCTEM O3JIEKTPOCHAOXEHUA IIPOMBIII-
JEHHBIX MPENUPUATHA IIpM IapaielbHod U
pa3nenbHOM paboTe ¢ 9HEProCHCTEMON C YYeTOM
AeHCTBHS PEeNEHHOH 3alMTE” MPONUIA TOCYNap-
CTBCHHYIO DeTHCTpanuio B DelepalbHON CIyxbe
“Pocriatent” [4]. AHAMM3HPYIOTCS PE3Y/IBTATHI pac-
JeTa IIePEXOMHOIO TIpOliecca B CHUCTEMe 3JeK-
TPOCHAOKEHMS, BBIIOTHAEMOIO C HCIIONB30Ba-
HHEM METOHa IOCIENOBATENBHBIX WHTEPBAIOB M
MOJU(PUIIMPOBAHHOTO METOA IIOCIEI0BATELHO-
ro 3KBHB&JIEHTHPOBaHUS. Pacuer BemeTca B He-
CKOJIbKO HTEpallii, IIPH 3TOM BCE TeHEPATOPHI
3aMeIIaroTCs OanaHCHPYIOIMMM y3AaMU ¥ BBO-
IITCA B BHIE CBOMX HOMMHAILHBIX HAIIDSOKEHMI.
YacToTa Takke NPUHHMMAETCS PAaBHOW HOMUHAIL-
Hoi. OOGOOImIeHHBIE HAIPY3KH IIPEACTABIAIOTCS
MaTeMaTHYeCKMMH  OXMIOAHHAMH, IIOCAE Yero
IIDOBOIUTCS TepBas MTEpallisi pacyeTa pexiMa.

ITo ee pesymbTaTaM OIpPEAENSETCS MOIIHOCTS,
KOTOPYI0O ~ (DaKTUYeCKM BBUIAIOT  T[€HEPATOPEL,
IIpeICTaBIeHHbIe paHee OalaHCHPYIOIIMMH Yy3la-
Mi. Ilo JaHHBIM MOIIHOCTSIM B COOTBETCTBUU
CO CTATW4YECKMMM XapaKTEPHUCTHKAMH I€HEpaTo-
POB HAXOOAT YAacCTOTY M HaNpsCKeHHe. B CBI3M C
T€M, 4YTO 4YacTOTa B YCTAHOBHMBLIEMCS DEXIME
ONMHAKOBA [UIT BCEX MAIIMH, OIpEIEseTcs 3K-
BHBAQJICHTHAsI CTaTHYECKas XapaKTepHCTUKa TeHe-
patopoB. [TOCKOJBKY HaNpsDKeHWe B paccMaTpu-
BAaEMOM CETM BO BCEX TOYKAX pAa3NIddacTcs IO
3Ha4YeHUI0 ¥ (hase, CTATUYIECKUE XapaKTEPHCTH-
K{ TEHEpaTOPOB II0 HAIIPSDKEHHWIO YYWTHIBAIOTCS
MHAVMBHAYyaneHO. [lo mosmyyeHHBIM mapamerpam
KOPPEKTUDYIOTCS 3HA4YEHMS ITOTPEOISEMBIX aK-

TUBHBIX M PEAKTHBHBIX MOIIHOCTEH HArpy3Ku
COITTACHO MX CTaTUYECKMM  XapaKTepMCTHKAM.
Haiinennsle Takum 06pa3soM HOBBIE 3HAYEHIHS
YKa3aHHBIX MOIIHOCTEH HArpy3Ku BBOIAT B pac-
9eT BO BTOpPOM wuTepaumu. Ha rmociemyronmx
WUTEPAIMAX PACUET OCYINECTBISAETCH AHAJIOTHYHO.

HuHaMudeckass yCTOWYMBOCTD —OIpENeNsIeTcs
XapakTepOM H3MEHEHHs yIia poTOpa reHepaTopa
[5]. Ilpm mnapautenbHOit paboTe MODKHEBI pac-
CMaTPUBAThCSI COOCTBEHHBIE YIJIBI POTOPOB eHe-
paTopoB, a IPH pasleNbHOM — B3auMHBIE. Pas-
paGoTaHHast MIporpaMMa MO3BOJSIET OIIPENessTh
XapakTep H3MEHEHMs TOKa, HalpsoKeHWs, VIva,
nepexoqHod DJIC H ee COCTABIAIOMMX IIO IIPO-
JONBHON M IONEPEYHOH OCSM, AKTUBHOH M pe-
aKTHBHOM MOITHOCTEH, a TakKXKe MEXaHWYeCKOH
MOIIHOCTH. BTO IIO3BOJSET OIEHUTL YCTOWYH-
BOCTb CHCTEMBI IIpH TIOOOM IIEPEXOIHOM IIpo-
Lecce, BBIABUTH HaIMYME BO3MOXHEIX KayaHUI,
OOYCJIOBIICHHBIX IEHCTBUEM YCTPOWCTB aBTOMA-
THYECKOIrO pEryaupoBaHus Bo3OyxnmeHus (APB),
aBTOMAaTHYECKHX peryisaropos ckopoctd (APC)
H JIpyruMu (bakTopamu, a Taxxke cOpMYIHpO-
BaTb MEPONPHUATHA C LENbI IIPeIOTBpPAILCHIS
KadaHWuH.

Paboty menuTenpHOM aBTOMATHKHA HCCIIenoBa-
M C NOMOLIBIO pa3paboTAHHOTO IIPOrpPaMMHOTO
00CeCrIeYeHnss Ha IPUMEpPe CHCTEMBI SIEKTPO-
cHaOxeHus OAO “MarHUTOropckmii Mertamnyp-
THYeCKMM KOMOMHAT” (puc. 1), rme IenurenbHas
aBTOMAaTHKa YCTAHOBJIEHA HA COOCTBEHHBIX 3JIEK-
TpoCcTaHUMAX: IeHTpanbHoi (IIDC), mapoposmy-
xomysHo (IIB3C) u Ha TerwosnexTpoueHTpanu
(TOL).

VYaen LIBC —IIBABC ormendercs or 9HEPro-
CHCTEMBI NpH CpabaThIBAHHH IETUTEIBHOM aBTO-
MaTWK{ WM B DE3YNIbTATe AEHCTBUS pelleHHOM
samuTel. ITpm 3ToM B pesynwraTe neifcTBua Ie-
JUTENBHON aBTOMATUKM OTKIIIOYAIOTCH  (DUAepEL
Ha mnoxcraHmmax Ne 30, 96, 87 — cm. puc. 1
(maamm Mexny IIDC w TBII oTKIOYEHH B JNO-
Gom pexmme). BrXox Ha pasmenbHYIO paboTty
y3JIa PACCUMTBIBAIM KaK C CYIIECTBYIOIIEH Ha-
IPY3KOH, TaK H C AOIMOJHMTEILHEIMH aKTHUBHBI-
MM W DpEakTHBHBIMM Harpy3kaMu Ha IOHHAX
QNEKTPOCTAHIIMA. AHAIU3MPOBANK B3aMMHBIE YT-
JBl reHeparopoB [IDC (puc. 2) u IIDC — [IBAC
(puc. 3), THe TPHHATHL CIEAYIOMIHE OGO3HAYE-
nus: Il, I2, I3, IS, I'ta, I'46;, IS, I6, I'7 —
Typboreneparopsl L[DC HOMUHANBHOM MOIIHO-
CTBIO COOTBETCTBeHHO 12; 40; 6; 25 MBt; 771,
172 — TtypGoreneparopsl IIBOC HOMHHATBHOI
MomHocTeio 30 u 25 MBr; 773, TT4 — Typ6o-
reneparopel IIBOC HOMUHANBLHON MOIIHOCTEIO
12 u 30 MBT.

PacueTsl BBIXOZA Ha pasmeNBHYIO paboTy c
JOIIOJTHUTENIbHEIMA HArpy3KaMy IIO3BOJIMIA BBI-
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Puc. 1. Vnpomenuas cxema MarauToropckoro 3Heproysna na yposusx Hampsoxenua 110 — 500 kB ¢ ykasanwem TOYEK YCTAHOBKH JHelH-
TeJIbHOH ABTOMATHKH

I'pachHK MepexoLHOro Npolecca

VYroiu, 35. rpam.
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Puc. 2. Baammusie yrael reseparopos IIDC upu BhiXofe HA pasgenbhywr paboty npu 1onoaHuTelsHod Harpyske 20 Meap

ABUTh DE3epBBl y3JIa II0 aKTMBHOM M peakTHB- coOmMocTH OajaHC akKTHBHBIX M PEAKTUBHBIX
HOMH MONIHOCTM C ILEJIbI0 TPHMCOEIMHEHMS [O- MOLTHOCTEH B y3ne, M30eras pexuMoB C CyIIe-
TIOHUTENBHBIX HATPY30K OTBETCTBEHHBIX IIOTpPe- CTBEHHBIM M30OBITKOM I10 HHM.

putesieil. DTO JaeT BO3MOXHOCTh, C ONHOH CTO- B pesynmbTare MCCASIOBAHMSI BBIIBJIEHO, 4TO
DOHBI, IIOBBICMTH HANEXHOCTh 3JIEKTPOCHAOXKEHWs IIpHM BRIXOJE Ha pasiebHyio pabory yama I[DC —
OTRETCTBEHHBIX IIoTpebureneit, a ¢ npyroit — TIIBDC, gpngiomierocs M30BITOUHBIM I10 aKTHB-
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I'pacduk nepexomHoro npouecca

¥Yron, a11. rpag.

Puc. 3. Baaumnmele yrasi remeparopos IIDC — IIBDC npu paszencHOd pabore B Ciyuae BRIXOJA M3 CTPOSL PEryJIATOPA CKOPOCTH HA
IecToH MamMHe

HOM MOIIHOCTH, K €T0 IIMHAM MOXKHO IIPUCOE-
AVIHATH TOTIONHUTENBHYIO Harpysky 60 MBr, a
npu Bexome yina THII, u36BITOYHOrO Kax IIo
AKTUBHOM, TaK M II0 pPEaKTHBHOM MOIIHOCTH,
OH MOXET [IMTaTh [ONOJHHUTENbHYI0 Harpy3Kky
cootBeTcTBeHHO 60 MBr w40 Msap. Kpome
TOT0, YCTAHOBJIEHO, YTO BBIXOJ Ha paslelbHYIO
paboTy HexXenaTeleH HE TONbKO INpH AedUINTE,
HO M IIpM M3OBITKE MOIIHOCTEH, TaK KaK aBTO-
MaTHYeCKHMEe  PETYyIATOPhl  TypOOreHepaTopos,
0COGEHHO pPETYIATOPE CKOPOCTH, HE YCIIEBAIOT
cpabaTeIBaTh M IOJIEPXMBATE MAPAMETPEl pe-
XKuMa OMMSKMMH K HOMHHAJILHBIM 3HAYEHISIM.

C uensro moBbIEeHHS 3()(OEKTHBHOCTH aei-
CTBHS [ENUTENbHOH aBTOMaTHUKH IIPH BBIXOJE
Ha pasgeNbHyI0 ¢ DHEpProcHcTeMoif pabory yi3ma
I5C - TIB3C ¢ moMonsio nporpaMMHOTo obec-
NeYeHus: ObUIM IIPOBENEHBI Da3iMYHBIE MEpPO-
TIPUATHSA: 3arpy3ka I'€HEpaTOpOB II0 pPeaKTHBHOIX
MOIIHOCTH Ha HOMHHAJIBHOE 3HAYEHWE, YMEHb-
IIEHUE CTENEHM HEYYBCTBUTEIHHOCTH DPEryJsTopa
CKOPOCTH; YMEHBIIEHWE KO3(h@HLMEHTA CTATHU3-
Ma peryjaropa; BKIHYEHHE CEKIMOHHOIO BEI-
KIIIOuareNs Ha NIMHAX TEHEePaTOPHOIO paclpene-
JjuresibHOTO yerpoiictea IIBC., Kaxk nokazamu
Pacyersl, I IIOBBIIUEHMA YCTOMYMBOCTH IIPH
BBIXOIE Ha pas[eNbHYyI0 paboTy MOIYT OBITH IpH-
MEHEHBI CJIEQYIOIMEe MEPOUPHUATHS: 3arpyska re-

HEPAaTOpPOB 10 HOMWHAIBHOM pPEAKTHBHOM MOLI-
HOCTH IIpHA MapaJuIe]bHOil paboTe ¢ SHeprocucTe-
MO ¥ YMEHBIIIEHUE CTETIEHH HEYYBCTBHUTEIHLHOCTH
PETYJIATOpa CKOPOCTH. 3arpyska reHepaTOpoB L0
HOMUHAIBHOW DEaKTMBHON MOILIHOCTH IIPHBO-
AUT K W3MEHEHWIO HAyYalbHBIX VYIJIIOB DOTOpA
MpH TIEPEXOIHOM IIpollecce, a HMEHHO — K
HX COJNMXEHUIO, YTO IIOJNIOXHUTEILHO CKA3BIBAET-
CA Ha IPOTEKAHWH IIEPEXOIHOTO TIPOILEcca, TaK
Kax B3aHMMHBIE VYIJIBI TE€HEPATOPOB PACXOIATCH
MEHBIIIE, CIEIOBATENLHO, IOBBIIIAETCS YCTOWYM-
BOCThb. YMEHBIICHHUE CTENEHH HEYYBCTBHUTEILHO-
CTM TakXe MOJIOXHTEILbHO BIMSET HAa YCTOWYU-
BOCTh — 3a cyeT 0ojiee YYBCTBUTENHHOM DPabOTHI
PETYIATOPOB TYPOMHBI DPEryJIMpOBaHUE CKOPOCTH
NPOUCXOOUT ObICTpEE, HE IIO3BOJLSISL TEHEPATODY
BBIIACTh W3 CHHXPOHH3MA.

ITpy sKcrumyatanuu 9neKTpocTaHUMI COBCT-
BEHHBIX HYXI HE MCKIIOYEHBI pasIMYHELIE He-
LITATHBIE DEXUMbI. BrUTM paccMmoTpens! zBa pe-
xwuma: otka3 APC u otkas APB. B HopMansHOM
PEXUME, KOIHa SJIEKTPOCTAHIMA paboTaeT CHUH-
XpPOHHO C DHEProCHCTEMOM, HX MOXHO HE 00-
HAapyXuTh. DTO CBA3AHO C TEM, YTO IIPOMBIIII-
JICHHBIE =~ I€HEPaTOPhl  BHINAIOT  IIPAKTUYECKH
HEH3MEHHOE 3HAaYEeHME aKTHBHON M peakTUBHOI
MoItHoCTH. IIpw BEIXOmE Ha pasmenbHyI0 paboTy
TCHEPATOPBl YK€ HE BBIOAIOT MOLIHOCTH B JHED-
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TOCHCTEMY — OHH JOJDKHBI TOJBKO YpaBHOBE-
CUTh AKTWBHYIO M DPEakTHBHYIO HAIPY3KH, BBOIIEI-
IMe ¢ HAMM Ha pasleibHyio padory. OObMHO
UMH SBIFIOTCA TOTPeOUTENM COOCTBEHHEBIX HYXKI
TEIUIOSJIEKTPOLEHTPAIEH M OTBETCTBEHHEIE IIPO-
MBIIIIEHHEIE ITOTpebuTenn, ClenoBaTeIbHO, I
COXpaHEHUs YCTOMYMBOCTH padOTEI IeHepaTopoB
W IBurareneil tpebyercss HamexHas paboTta pery-
JUDYIOIIMX ycTpoHcTB. MccimenoBaHue Ioxasano,
yro otka3 APC u APB mnpu paGore memurens-
HOW aBTOMAaTHKHM HemorrycTuM. [IpuBeieHHble Ha
puc. 3 rpadmKu B3aUMHBIX YIJIOB T€HEPATOPOB
— HarasgHoOe J0Ka3aTeIbCTBO TOTO, YTO IIPH
OTKasze JEeHCTBUS aBTOMATHYECKMX DPETYIMPYIO-
IIMX YCTPOMCTB BEHITAAeHHE MAIIWHBl M3 CHH-
XpOHM3Ma NP M3MEHEHMM HATrpY3KM HACTYIIAET
04YeHb OBICTPO.

Taxum obpa3oM, pa3paboTaHHBIN IIporpamMM-
HBIi KOMILUIEKC MOXET OBITh MCIIONB30BAH LT
aHanu3a pEeXMMOB BHIXONA IJIEKTPOCTAHIMM Ha
PasmebHyI0 paboTy M pa3paboTKH MepOIpHATHHA
[0 TIOBBIIIEHWIO HAAEKHOCTH M YCTOMYHMBOCTH
CUCTEM SJIEKTPOCHAOXEHHSA KPYITHLIX IIPOMBIII-
JEHHBIX TIPEONPHUATHH, HMEIONIMX CcoOCTBeHHbBIE
HUCTOYHMKM ITUTAHHUS.

BriBoanl

I. Ilpu cpabaTblBaHUM [IETUTENRHOM aBTOMA-
THKM M BBIXOOE Ha pa3denbHyI0 pabdory HebamaHc
MOIHOCTHA B VY3JI€ CYILECTBEHHO BJIMSET Ha yC-
roiyuBocts COIIIL.

2. Ilpu BHIGOpE MecTa YCTAHOBKH JIEIHUTEND-
HOM aBTOMATMKH HeoOXommMo obecleduTh 6a-
JAHC MEXIY AaKTUBHOM W peakTHBHOM MOIIHO-
CTRIO QJIEKTPOCTAHUMIM MW HArpy3Ku, IIpHYEM B
COCTAB HArpy3Kd MOTYT BXOOMTEL He TOJBKO IIO-
TpeOUTEI COOCTBEHHLIX HYXI, HO M OTBETCT-
BEHHEIE TPOMBILLIEHHEIE 3JEKTPOIPHEMHUKHA.

3. Ing TOBBINIEHHSI YCTOMYHMBOCTH CHCTEMBI
IIPHA BBIXOJE Ha pasdeldbHYyH0 pabory MOryT GBIThH

BBIITOJIHEHE! CAEAYIOIIME MEDPOIPHATUS. 3arpysKa
TEHEpaTOpOB [0 HOMUHAIBHOM  peaxkTUBHOH
MOIIHOCTH IpY IHapaUlebHOH paboTe C 3Hep-
TOCUCTEMOM ¥ YMEHBIIEHUE CTelleHH HEeYyBCTBHU-
TEJIBHOCTA PETYJIATOpa CKOPOCTH.

4. HeuclpaBHOCTM B CHCTEME peEryJIMpoBa-
HUsA cKopocTM M B cucreme APB moryr npu-
BeCTH K IIOTEpPE YCTONYHMBOCTU IpPH BHIXOAE Ha
pasnenapHyo paboTy.

5. PaspaboraHHoe TmporpaMMHOe ofecreye-
HHe IIO3BOJSIET OLIEHUTHh 3(DGEeKTUBHOCTh [EJH-
TEJIBHOH aBTOMAaTWKM, YTO OCODEHHO AaKTYaJIbHO
IIpH AeULUTHOM 10 aKTHBHOM MOINHOCTH Y3Je
WIH HalW4uM De3KONepeMEeHHON Harpy3KHu.
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TEXHUYECKOE NEPEBOOPY)XEHMUE

O nmoaxonmax. K Pa3sBUTHIO PACHPEe]IEHHOH SHEPreTHKH
B Poccuiickoii Penepanum

MpaveB W. [1., OOKTOpP 3KOH. Hayk, npencepnatens Komurtetra no 3HepretTuke
FocypapcteeHHor [ymbl Poccuiickorn Pepnepaumm
Hekpacos C. A., KaHA. TEXH. Hayk, KaHO. 3KOH. Hayk

O0ObegMHEeHHbIH WHCTUTYT BbiCOKUX Temnepatyp PAH, Mockea

ITokazaHa HeoOXOOHMOCTh pa3paboTKU pAasIMYHBIX IIOAXOAOB K DPAa3BUTHIO DPACHpPEIEeHHON
SHEPTeTHKM, aBTOHOMHOIO SHCpI‘OCHaﬁ)KeHHﬂ, BO300HOBJISIEMBIX HUCTOUHHKOB OHEPruM, a Tak-
Ke K HCIOJTh30BAHWIO MECTHBIX BMIOB TOIUIMBAa Ha TEPpUTOPHHM Poccuu.

KioueBble ClIOBA:

pacmpeneleHHas SHEePreTHKa,

ABTOHOMHOE BHCPPOCHE6H(€HHE, MCCTHEBIC

BHOBI TOITHBA, BO30OHOBIAEMBIE HCTOYHHUKA JHCPIr1MM, 3KOHOMHYECKad BCI)CDGKTI/IBHDCTB.

B HacTosIee BpeMs MUPOBasd SHEPreTUKA
pa3BUBaeTCsT B IBYX HAIIPaBICHUSIX:

TPAIMIIMOHHOM, XapaKTEpU3YIOMIEMCsI CTPOU-
TEJIbCTBOM KPYITHBIX TeHEPHUPYIOILMX HMCTOYHMKOB;

pacripefieeHHoM reHepanmu  (distributed ge-
neration), IIOX KOTCpPO¥ B HAHHOHW CTaTbe IIOMA-
pasyMeBaeTcd IapajUlellbHOe C 3HEProcucreMoit
IPOM3BOJACTBO 3JIEKTPOSHEPTUM ANl [oTpedne-
HUA Ha OIHOM YpOBHE HAaIpsKeHHa — 0e3
TpaHCOpPMAIIMKM C LIEJBIO Iepefayd ee yIaleH-
HBIM OT MecCTa BBHIPaOOTKM IOTpeOUTENsIM, T. e.
pacnpeneieHHasl SHEPTeTHKA —~ — 3T0 HCTOYHH-
K{ 3JIEKTPOSHEPIUH, IIONKIIOYEHHblE K HIMHAM
pacrpeaeTuTeIbHON IIOACTAHIIMM, B TOM YHCIE
Ha CTOPOHE HArpy3KW, YU OCHAIIEHHbIE aBTOMa-
THKOH Jiid obecrniedeHHs CHHXPOHHOM paboTHI C
SHEPTOCUCTEMOM, OTKIIIOYEHWS OT Hee M ITOJ-
IepxXaHWs ABTOHOMHOW paboTel. K pacrpene-
JIEHHOM OSHEpreTHKe, II0 OIPENeNICHHMIO, OTHOCAT-
¢s BO30OHOBIISIEMEIE MCTOYHMKM 3Hepruu (BHUD).
CrenyeT OTMETHUTh, YTO IIPM TaKOH TPAaKTOBKE
pacrpe/ieleHHass SHEPreTHKa HE WMMEET OrpaHM-
YeHMH Ha MOLIHOCTh MCTOYHHKA (HAIPUMED,
BeIpaboTKy 150 — 180 MBt Ha Tepputropum Me-
TAJUIYyPIrMYECKOro WIM XHMHWYECKOro KomMOuHara
HeOOXOOMMO OTHECTH K paclpeleleHHOM BSHep-
reTUKe).

* Crarhs TIOATOTOBJICHA IO PE3yJIbTATAM HCCICIOBAHMS, NOLNED-
xaHHoro Poccmitckum hoHIOM (yHIAMEHTAILHBIX MCCIEIoBa-
HH# (rpoext Ne 11-06-00390).

** TepMuH MPUMEHUM TOJBKO /UL S16KTPOIHEPTETHKHA.

™" OnpegeneHue 0aHO HaYaIbHMKOM JIENAPTAMEHTA TEXHUYECKO-
ro peryiuposanua OAQ “CO EDC” noxTopoM TexH. Hayk, Ipo-
deccopom 10. H. Kyueposrim.

Ot paclpele/icHHOW 9HEPreTHKY, I0-BUIUMO-
My, HeoOXOTHMMO OTJIMYATh JEleHTPAIM30BAHHYIO
DHEPIreTHKY (aBTOHOMHOE OSHeprocHabxeHue ©Oe3
CBSI3U C ceThio). KitaccHueckM OOBEKTOM JIELIEeH-
TPAIM30BaHHOM (“Mayioii”) SHEPreTMKH, MCITONb-
3yeMBIM IS SHEPTO0OEeCIeueHUs yIaJeHHOro, He
OXBAYEHHOIO IEHTPATM30BAHHBIM 3JIEKTPOCHA0-
XeHMeM Ttocenka ¢ HacemenweMm 50 — 100 wen.,
SABJISIETCS  JBUTraTeJh BHYTPEHHEI'O  CTOPaHMS
MOIHOCTBI) B COTHM KWJIOBATT. K HeMy Ipensb-
SIBISIOTCS TPUHLMITMAIBHO JPyrue TpeGoBaHUs
B YACTH pE3ePBHUPOBAHMS, DPEXUMOB pPabOTHI,
yeM K TakOMy 3Ke IBUTATeNio, paboTamlieMy B
Mapaielab C CETh0 B 30HE ILIEHTPAJIU30BAHHOIO
sHeprocHabxenus. Ecinu Ui HeleHTpaTu30BaH-
HOM SHEPreTHKU KIIIYEeBBIM (DaKTOPOM SIBISIETCS
HaOeXHOCTb, TO JUIS DACHPENEICHHOM reHepauuu
— D3KoHOMHYecKas addektuBHocTs. Cremyer
OTMETUTh, YTO B Hayaje CTAHOBJICHHUS HAaIpaB-
JeHuss Wcnonb3oBaHua BHD B Mupe oOTOETHHO
pPacCMATPUBANIUCE VICTOYHUKW, ITOIKIIOYEeHHEIE K
ceTsiM M paboTawnie aBTOHOMHO. B nanbHei-
IIeM BCJICACTBHE YBEIMYECHUS JOMH paboTAIoIIHX
MapauIeIbHO C CEThI0 MCTOYHWKOB ITPAKTHYECKH
xo 100% BH® cramd OTHOCHTE K pacrpeme-
JIEHHOM DSHepreTuke 0e3 BHIIEICHUS ACLEeHTPa-
JIM30BAHHBIX HCTOYHHKOB.

Ha puc. 1 (XpuBBHE IIOCTPOEHLI II0 HTaHHBIM
[1]) moka3zaHa muHamMuka goau BHMD Bo BROIHM-
MBIX B 9KCIUIyaTallMl0 SHEPreTHYEeCKHUX MOIIHO-
crsix. Hauunast ¢ 2005r. B Eppome, a ¢ 2008 1.
u B CIIA, ona mocturia 60 — 70 %, 4ro cBH-
JeTeNscTRyeT 00 ofmed 3aKOHOMEPHOCTH —
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BBITECHEHUM TPAJMLIMOHHOM 3HEPTeTHUKM C PBIH-
Ka HOBBIX OHEPreTHUYECKHX IIPOEKTOB.

B mocnennee Bpems M B Poccum Bce 60Jib-
nle BHUMAaHUS YAETSIETCS PA3BUTHIO paclpeie-
JIEHHOW 3HepreTuku. [Ipu 3TOM B DSfE CIy4aes
C EIMHBIX IIO3MILIMI pACCMATPHBAETCA peau3a-
LA paclpeleIeHHOM IeHepallMyd Ha OCHOBE Kax
BO300HOBJIAEMEIX, TAK M HEBO30OHOBIIAEMBIX HC-
TOYHUKOB. Kpome TOro, memaeTcst IOIBITKA pe-
LIMTh JAaHHYI0 TpoOJaeMy IIyTeM BOBJICYEHMS B
TOIUIMBHO-3HEPTETUUECKHMM OamaHC MeCTHBIX BH-
IOB TorumMBa. lleablo HaIlel CcTaThU ABISETCA
000CHOBaHUE HEOOXOOMMOCTH BBIPAOOTKM pas-
HBIX IIOOXOIHOB K I3THM BHIaAM TreHepaluH.

Wcropuyecku CIOXWIOCh TakK, YTO Cpeld
HallpaBJICHU pa3BUTUA pPaCIpeneIeHHOM TeHe-
paurun BWD ymensiock 6oIblle BHUMAHMSA TIO
CPaBHEHMIO C JPYrUMM HCTOYHMKAMH DHEPIHH.
B uyactHoctH, B Pacnopspkenum IlpaBuresibecTBa
P® or 8 suBapg 2009 r. Ne 1-p “O6 OCHOBHBIX
HaIIpaBJIEHUSIX TOCYIAPCTBEHHON IIOJMUTUKU B
cdepe NOBBIUIEHUS 3HEProabOEKTUBHOCTH 3JIEK-
TPO3HEPIeTUKM HAa OCHOBE MCITONIB30BAHMSA BO-
300HOBIISIEMBIX MCTOYHMKOB 3HEPIMM Ha IEPHOJ,
no 2020 roma” ompezmeneHa [IOJS 3JIEKTPOIHEP-
MM, IIPOU3BOIMMOM Ha ocHoBe BHUD (4,5 %),
KOTOpPYI0O HEeoOXOOUMO OOecneYuTh B OIHKaii-
me 7 ner. CormacHo @©3 Ne 35 “O6 amexrpo-
sHepreTuke” K BUD oTHoOcUTCS SHeprus coiHua,
BeTpa, BOHL (B TOM YHCJIE CTOYHBIX), IPYIH-
BOB, BOJIH BOOHBIX OOBEKTOB (B TOM YHCJIE BO-
IOEMOB, peK, MOpei, OKEeaHOB), IeoTepMaIbHasd
SHEPIus IPUPOMAHBIX TIOA3EMHBIX TEILTOHOCHTE-
JeW, HU3KOINOTEHUMATbHAS TEIUIOBAS SHEPIUA
3eMJIM, BO3MyXa, BONHI (C HCITOJL3OBAHWEM CIIE-
IMATBHBIX TEIUIOHOCUTeNel), 6HMoMacchl, BKIIIO-
yaroumeid B cedd CrHeUMaJbHO BBIPAIEHHBIE g

kk

3a MCKIIIOYEHUEM JHEepriy, MOAy4aeMoll Ha THAPOaKKYMY/IH-
DYIOIIMX 3JICKTPOSHEPTETHYECKHX CTAHLIMAX.

1

IIOJYYEHUs SHEPrMM pacTeHus: (B YacTHOCTH,
JIlepeBBs), 4 TAKOKE OTXOILI ITPOM3BOJCTBA M II0-
TpeblIeHusT (32 MCKIIOYEHWEeM OTXOHOB, IIOIY-
YEHHBIX B IIPOLIECCE MCIIOAL30BAHUA YIIIEBOLO-
PONHOIO CHIpbSl Y TOIUIMBA), Owuorasa, rasa,
BBIOEIAEMOTO OTXONAMM TIPOM3BOACTBA H  IIO-
TpeOJIeHHMsT Ha CBATKAX TaKMX OTXOIOB, M rasa,
00pa3ylolerocss Ha YTOJBHBIX pas3paboTKax.

Kak mnokaspiBaeT MUpOBas MpakTWKa, K IIO-
BCEMECTHO DACIIPOCTPAaHEHHEIM HCTOYHMKAM, Ha
OCHOBE KOTOPBIX MOXHO IIpeIIaraTh YHHBED-
CWIBHBIE DEIIEHUS [ SHEPTOCHAOXEHMS 00Jb-
IUINHCTBA PErMOHOB, OTHOCSTCS BETPO- U COJI-
HEYHasl SHEPreTMKa. OTO HMCKOJIBKO HE CHIDKAET
BaXHOCTH H HEOOXOOWMOCTH pAa3BHTHA OCTAIb-
HbIX BUIOB BUD. Hanpumep, sHeprocHabxkeHue
yIJIenoObIBAIONIMX PETHOHOB II0  BO3MOXHOCTH
crenyer obecrieduBaTh HA OCHOBE He yIid, a
Bosiee SKOIOTMYHOTO 3HEPrOHOCHTENA — Tasa
(waxTHOro MeraHa), 0oGpasyIONIErocs Ha YIoib-
HBIX pa3paboTKax.

CornacHo [2] cxXuraHwe yras IPUBOIUT K
bojiee 4YeM YeTBIPeXKPATHOMY YBEIMYEHHIO 3KO-
JIOTMYECKOTo yliepba Mo CpaBHEHHMIO C TeM, KO-
TOPBIA HAaHOCWTCS IPH CXMIraHMM rasa. Ilo-Bu-
OIAMOMY, O3TO OOBACHSIET OOIIYI0 TEHIEHIIUIO
TOCHEOHUX NEeCATAIETUM — 3aMeHy VYIUIg Ha ras
BO BCEX CTpaHax, IN¢ IIOABJISIETCS TaKasd BO3-
MOXHOCTb. B KauecTBe mnpuMepa MOXHO IpH-
BeCcTH CcHIDKeHMe (¢ 52,8 mo 45 %) monwm yroib-
HOH reHepallMy B BBIPAOOTKE 3JEKTPOSHEPTHMM B
CIIIA 3a 1997,— 2009 rr. ¥ yMeHbBLUEHUE €€ 1O
354 % B nagane 2012r. Ha doHe pocra mOIU
BHUD nmo 6% [3]. Hccnenopanmsa HMucTuTyTa
HapOIHO-XO34MCTBEHHOIO IIpOrHosupoBauust PAH
IOKa3bIBalOT, YTO IJKOJOTMYECKHH yiuepb I1pu
CXWTaHWM YIS B HEKOTOPBIX CIy4yasx B He-
CKOJIBKO pa3 TIPEBBIIAET CTOMMOCTh TOIUIMBA
(tabn. 1) [4]. TlpuueM mo Mepe YMEHBIICHUS
pasMepa OOOpPYZOBAaHMS M COOTBETCTBEHHO IIpH-
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Tabauya 1

CucremMa TeIrUIoCHa0XKeHU

DKOTOrHmuecKuil yimep0 oT 3arpS3HeHNa BO3IyXa,
py6 (B cepenune 80-x rogos XX Bexa)/T, Y CKHTaHWH TOILUIHUBA
B CHCTEMax TeIUIOCHAOXKEeHM KPYITHEIX roponos Poccun

Yrons Maszyt I'as
Teru102J1eKTPOLIEHTPATE 3,8 2,6 0,8
KpyrHbie KOTENBHEIE ‘ 55 9 0,8
MHnuBUIyaTbHEIE YCTAHOBKU 160 - 2,8

ODKeHMS] MCTOYHMKA K KOHEYHOMY IIOTpeduTe-
JII0 YBEJMYHBAETCS HEraTHBHOE BIIMSHME CXMra-
HUA TBEpIbIX BHAOB TOIUIMBA. lIpHBeneHHBIE
JMaHHBlE IIOATBEPXIAIOT CIpPaBeUIMBOCTh BBICKA-
3aHHOTO akageMukoM JI. A. MeneHTheBEIM — “He-
3BIOJIEMOTO TOJOXEHUS B B3HEPIeTUKE, KOTOpOe
JOJDKHO BBITIOJNIHATECS UIA  OITMMAJIBHOIO HC-
MMOAB30BAHMSA DHEPreTHYECKHMX DECYPCOB: 4YeM
MeHBIIE IOTpeOuTeTh, TeM Oolee BRICOKOKaYe-
CTBEHHLIMH pecypcaMu OH J[OJDKEH obecreyu-
pateea” [5]. Cremys HaHHOM JIOTHKE, MOXHO
IpUATH K 3aKIIOUEHHUI0, YTO KOHIENLMsA I10-
CTPOEHHMs pACIpPENENICHHOM SHEPreTUKH, Ipeny-
CMATpHMBAIOIasl MaKCHUMAalbHOE IIPHOJIDKCHHUE
HMCTOYHMKA K TOTpeOuTeNno, ¥ KOHIENIUA yBe-
JMYeHUsS ODBEMOB HCIIOJB3YEMOro TOIUIMBA, IPH
CXKUIAHHM KOTOPOTO HEraTMBHOE BIHMAHHWE Ha
OKDYXAIOIIYI0 Cpeny BBIIIE, 4YeM, HampuMep,
IIpY HCIONb3OBAHWK Ta3a, SIBISIOTCH B3aUMHO
uekmodaroumMu.  Ecou IpeanosioXKuTh,  9TO
uenb passutus BUD — cokpallleHHe SKOJIOTH-
yeckoro yiuepba OT HCIIONB30BAHMS HEBO300-
HOBJISIEMBIX HMCTOYHHKOB M CHMIXKEHHUE OMHCCHH
IIApPHUKOBEIX Ta30B, TO OHA OKAa3hIBAETCH HECO-
BMECTUMOM ¢ 3amayeil yBeJWYEHMS ONUA TBED-
IBIX BWAOB TOIUIHBA B TOIUIMBHO-3HEPreTHYE-
ckoMm OamaHce.

CerogHAIIHMI TEeMIT pPa3sBUTHS pasIUYHBIX
Bunos BHMD B MHpe IOKa3BIBaeT, YTO MCTOYHH-
KM, TIpeo0pasyioliyie SHEPIHio COMHLA ¥ BETpa, B
omrkaiiree Bpems OymyT WrpaTk Bce Oojsiee 3Ha-
YUMYI0 pOJb. IIpH 3TOM aOCOMIOTHBIM JIAIEPOM
[0 TeMIIaM pOCTa YCTAHOBIEHHOM MOIMHOCTH
(mpumepHo 50 % B TOm) SBIAETCA CONHEYHAS
9HepreTHka, HO okoyo 2/3 obbeMa INpOM3BEACH-
HOM SHEPIrMM IIPUXOTUTCS Ha JOJIO BETPOIJICK-
tpocrariii (BDC). Tak, B CIIA cornacHo [3]
3a guBapb — anpens 20121 U3 IIPOM3BEHCHHBIX
npy wcromb3oBaHud BHD 75 mupnm kBt -4 mons
BOC cocrasuna 51 mupn kBt -4 (67,7 %), a mons
comueynoil sHepretmku — 0,71 mupn kBt - 4
(menee 1 %).

VunTeBag He caMoe OJaronpHATHOE paclo-
JIOXKEHHE OOJBIIMHCTBA POCCHICKHMX PErHOHOB

IUI PAasBUTUS COJHEUHOM TeHepalyu M ee IIoKa
HE3HAYUTEIRHYIO IONMI0 B IIPOU3BOACTBE 3JIEK-
TPOSHEPTHH, TpoaHATM3UpyeM 3(h(OEKTHBHOCTD
paborer BOC. L1g 3TOr0 pacCMOTPHMM OTHOIIE-
HMe romoBoro obmema mpousBeneHHo BBOHC
3JEKTPOSHEPTHH K MX YCTAHOBJICHHOM MOIIHO-
CTH Ha TEPPUTOPHH pa3lMWYHEIX CTpaH (0bpabo-
Taggble jgapgpeie [1]). IlomyuyerHyr BelWYHHY,
SBJIAIONIYIOCA aHANIOTOM KO3(hGUIIMeHTa HCIIOIB30-
BAHWS YCTAHOBIEHHOM MOIHOCTH, HAa30BEM YHC-
JIOM YacoB HCIONL30Banug Mommocd (Y4UM),
y/rop. ITockombKy HeOOXOOMMO BLIABUTH 3aKO-
HOMEDHOCTH, KOTOpbhlE MOXHO MCIIOJIL30BATH
IUIS TIOCTPOEHMSI JOJITrOCPOYHLIX IUIAHOB, He Oy-
IeM pacCMaTpuBaTh TONBI, KOINA 3HAYHUMBIM
0Ka3aIoCh BIMAHKE TIOCIETHET0 (PUHAHCOBOIO
KpHM3HcCa, M OrpaHWYMMCS YeTBIPEXJIETHUM IIe-
puomom 2005 — 2008 rr. B 2008 r. MOIHOCTH
BOC B mupe npeswicwia 120,5 I'Bt, o0seM BEI-
paborku  cocraBwr 210 mupm kBt - u/ron (B
2005t. — 99,6, B 2006 7. — 126,4, B 2007 r. —
163,5 mupn kBT - 9).

M3 Tabm 2 BUAEH CpPEOHEMHPOBOH pOCT
YYKM BOC, xorophulii obecreduBaeTCAd IIYTEM
BBOJA B OKCIUIyaTal[Mi0 HOBHIX, Oojiee COBEp-
[IEHHHIX TMIIOB BETPOTEHEpPAaTOpPOB. Bmecre cC
TeM JAHHB II0KA3aTelb 3HAYMTENBHO HIDKE
YYUM Bcelt sHepreTHKH, Kotopeiii B 2008 . B
mupe cocraBwi 41314y/ron (B Poccum —
4390 u/rom). CrnemyeT OTMETHUTL JOCTIDKCHHE
OBIBIIAMM HAUIMMH IPUOANTHICKUMM peCITyOiu-
KaMyl CpETHEMHPOBBIX IMOKa3aTesiell B 4acTH 3-
(extuBHOCTH pabotel BOC. Hcxomsa H3 3Toro,
MOXHO IIPEAIOI0XHUTh, YTO pasMEILICHHE Tpex
rocynapcts — benapycu, Ykpaunsl 1 Poccuu B
KOHIIe TaGnIuIbl HUKAK HeNb3sd OOBACHUTH KIIH-
MaTHyecKuMH ocobeHHocTssMu. boiee TOro, or-
POMHBIE IIPOCTPaHCTBa POCCHMM IO3BOJIAIOT BEI-
Opath Juig pacronoxeHus BOC yyactku ¢
Haubojee YCTONYMBBIM M MOIUHBIM BETPOBLIM
[MOTEHIMATIOM M, KaK MHHUMYM, IOCTHYL Cpel-
HeMHUpoBbIX 3HayeHn#t YUYUM BBOC (1750 u/ron
BMecTo aktuyeckux 300 — 400 u/rom).
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IMPOMBIIIINIEHHAA 3HEPTETHKA Ne 12, 2012 5
uya 1 C nenrro 0oJee moIpoOHOTO HM3YUEHHSI HaH- Tabauua 2
HOTO BOIpOCA PpACCMOTPHUM CaMyl0 KpYIIHYIO YYIM BSC, 1/ron
BBC Poccun, pacnonoxeHHyio B moc. Kymmuko- Crpana =
BO 3eNEHOTPaACKOro paitoHa KanmHUHrpaacKoi 2005 r.| 2006 r.| 2007 r.| 2008 1.
——  obnactu (ee mommocTh — 5,1 MBt, T.e. 31 % Hogas 3enannua 3472 | 3496 | 2758 | 3119
obmreit MomHOCTH Bcex BDC crTpaHBl, KOTOPAS  EFryrer 3743 | 3197 | 3288 | 2900
cocrapisier 16,5 MBt). O6opymoanue B3IC q 1780 | 2146 | 2632 | 2420
——  (pomycka 1992 — 1993 IT.), BKmOYaomee B ce6a  -oPool :
1 BerpoycraHoBky Tuma Wind World 4200/600 IIBerms 1804 | 1817 | 1913 | 2329
momHocthio 0,6 MBr u 20 BeTpoycTaHOBOK  JluTBa 1900 | 429 | 2143 | 2304
e M];’ estas VQZ/ 225 s L T 3068 | 2475 | 2028 | 2271
s T, BBOIWIOChL B 9KCIUTyaTAallMIO B ITe-
nmoxa buom ¢ 1998 mo 2002r. (mpexme oHO 8 mer CITA 2046 | 2347 | 2086 | 2246
slex-  Tpopabotano B JaTckoM Berporapke “Hoicom- TaiiBaHpb 3598 | 2536 | 2245 | 2221
ocrs  Xell Bung @apm”). TIpousBOACTBO 3IEKTPOSHEDP-  SImaiika 2262 | 2486 | 2352 | 2219
— mn31;3§00]§ T. cocmgp(l)_qg 4690 K]335T9-6‘-I, f]s3 2009 . Typus 2667 | 2044 | 2310 | 2210
BOC — KBT -4, B r. — kBT 4, a
LHO- YUYUM cooTBercTBEHHO — 917, 694, 705 u/rom. I'perua 2449 | 2155 | 2041 | 2084
a6o- C ONHOI CTODOHBI, STH IAHHBIC B HECKOTBKO Hanust 2008 | 1851 | 2181 | 2081
any, D33 Beuue CPENHEPOCCHMCKIX  ToKa3zaTeled  JlaTeus 1719 | 1681 | 1935 | 2000
mo_’ (300 — 400 u/rom) — cM. Tabn. 2, ¢ Apyrod — F— 1136 | 1987 | 1986 | 1986
HAMHOIO HMWXe 3HAUeHWH aHaJOTMYHOTO Iapa-
:[HI\»;IC- merpa B [omsme, Jlurse u Tepvanum, Te BenukobpUTaHua 1763 | 2053 | 2023 | 1979
); KIMMATIYECKHE YCIoBMA Takue xe, kak B Ka- TyHuc 2100 | 1900 | 2153 | 1953
AKO™  nyHuHrpamckoif o6mactu. ITpudeM 5TO PasIMuMe  ApcTpus 1526 | 1718 | 1980 | 1921
'BaTh  penp3s OGBACHHTH HENOCTATKOM CDEACTB ML Iy T—— 1583 | 1653 | 1742 | 1914
Oy- romepKaHusi 000pYLOBaHMA B paboyeM COCTOs- c 666 e
MBIM  ypy, [OCKONBKY B romoBoM oryere KanuHWH- Hunepranpt 1604 | 1 1868 | 1883
BOTO  rpajckoi TEHEPHMPYIOUIEH KOMIAHMM YyKa3aHo, besbrus 1471 | 1640 | 1690 | 1868
Nne-  yro 0OBEM BEHINOJTHEHHS PEMOHTHOM MpOrpaMMbl  Mcmauusa 2028 | 1888 | 1772 | 1849
octe  BBHC 3a 2010r. cocTaBul 102 % [6].U Espona 1653 | 1643 | 1778 | 1757
BBI- Haubonee axTyampHOH MpobieMoil BeTpo-
(B »sHepretiku B Poccum sBisieTcs KpalfHe HU3Kas Mup 1671 | 1696 | 1739 | 1741
r. —  3arpy3Ka SHepreTHYecKux womuocred. [pyrags Q@uHIAHIMA 1970 | 1723 | 1624 | 1734
npobieMa, XapakTepHasl JUIS BCEX CTPaH, COCTO-  DeroHud 1655 | 2256 | 1490 | 1640
pocT HUT B HEMpeJCKa3yeMOCTH KPATKOCPOYHOIO 0Gbe- — 1204 | 1415 | 1696 | 1613
yrem Ma BBIPAGOTKM 9)IEKTPOIHEPIUHU (mpu  JOCTATOY-
pep- HO TOWHOM TPOTHOSUDOBAHMH OTOH BEMIMHEI PDpaniys 1264 | 1468 | 1737 | 1579
.« ¢ Ha rom M maxe Ha ce3oH). Tak, 26.02.2008 r. B Yeruckas pecrryomuka | 686 | 1059 | 1042 | 1552
— Il_T.éTaTB Texac (CILA) mpy CHYXEHMM B TEYCHHE Kapana 2043 | 1627 | 1623 | 1531
MHH MOINHOCTH ITPOM3BOACTBA 3JIEKTPOIHED-
F'j rud BRC ma 1200 MBt [7] cTramo BO3MOXHBIM ITonma 1060 | 1414 | 1621 | 1512
e M90€XaTb  GNoKayTa  GUArO}aps  YIpaBICHHMIO Anonus 1358 | 1163 | 1632 | 1419
%JIPI- crpocoM TOTpebNeHus IIyTeM KpaTKOCPOYHOro  Mapamihb 1486 | 271 167 | 1417
i cbpoca Harpyskd IIOTpeOuTeNe#f He TOIBKO B [Oyyag Kopes 1247 | 1275 | 1822 | 1363
_ 6onpimubcTBe mratop CIIA, HO ¥ B psge IIpo- A 2641 | 2375 | 2068 | 1330
"0T0,  pymmi KaHamel, B UYACTHOCTH B NpOBHHIMM PLoHTHHA
TPEX  Mapwro6a. B KauecTBe IIpMMepa HepaBHoMep- — YTamus 1362 | 1484 | 1418 | 1310
M B yocrm redepaumu BODC Ha puc.2 npuBeseHa [IIseiriapus ‘ 633 | 1192 | 1267 | 1293
KIM-  nmparpamma Beigadu MomHoctd BOC Ha 10T Braswmma 3034 | 949 | 2150 | 1280
Or-  Apcrpamuu B umioHe 2009r. [7], M3 KOTOpOii 1175 | 1164 | 1280 | 127
BBl-  BYIHO MHOIOKpaTHOE H3MEHeHWe o0BheMa BHIpa- Wnama
M C DPOTKHM Ha IPOTSDKEHHMHM ONHUX CYTOK. Kuran 1529 | 1414 | 918 | 1021
'BBIM B cBg3M C yKa3aHHBIM pasBUTHE paclpene- Bexapych 909 | 909 | 1000 | 909
;/)elll-l JIEHHOH I‘BHBpaIéII/ILI;Ie;-::a OCHOBE B:efm Ep;;g};;}ﬁ; Vkpauna 547 | 401 | 522 | 522
TO PHBAET HAJMYM PBUPOBAHUI
CHCTeM aKKyMYJIHpOBaHMS JHepruu. IlosToMy Pocens 471 | 285 | 400 | 285
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tonbko BOC (KaK M TeIMoycTaHOBKM) HE MOTYT
BBITIONHATE (DYHKIMIO JelEeHTPAIU30BAHHOTO HC-
ToyHMKa. JleACTBUTENBHO, O0OECIeYnTh HAIeX-
HOCTb ABTOHOMHOI'O DHEPTrOCHAOXEeHUs, 0CODeH-
HO C Y4YETOM CYPOBOTO KJIMMara pOCCHHCKMX
TeppUTOPHIA, He MOKPHIThIX ceTsamu EDC, mMox-
HO TONBKO Ha 0a3ze IpeacKas’syeMo CTabMJIBHO
paboTaomMx MCTOYHHMKOB (IH3ENeH, rasoryp-
OMHHBIX YCTAHOBOK ¥ T.[1.), IpUYeM MMEIOIINX
Heob6XOonMMMEBINM (B OONBIIMHCTBE CIIy4aeB MHOTO-
KpaTHBIH) YpPOBEHb pe3epBUpOBaHusA. B 3TOM
cryyae BM® Mory MCIONB30BaThCA C LENIBIO
CHIDKEHMS pacxoja TOIUIMBA IIPH CYIIECTBYIO-
mieM JIELIEHTPATM30BAHHOM  SHEProCHaOXEeHUH,
HO He B KauecTBe OCHOBBI IUISI €r0 ITOCTPOCHHS.

B crpanax, roe B ommmume oT Poccuitckoit
@enepalli  BETPOSHEpPIeTHKa OYpHO pPAa3BUBAET-
51, M36BITOYHOCTh SHEPreTHIECKMX MOLIHOCTEH U
Pa3BUTOCTh 3IJEKTPHUECKUX CeTel 0becreurBaoT
BO3MOXHOCTb peseppupoBanHusg BOC. OrcyrcrBue
storo B Poccuu TIPUBOAMT K HEODXOIMMOCTH
dbopmupoBaHUS WHOPACTPYKTYPhI pPe3epBHApOBA-
HUS BeTpOreHepaluy U fenaerT Oojiee IepCIeK-
THBHBIM Da3BUTHE OOBEKTOB pPacIpelelIeHHOM
rerepanu  (OPT), KoTophie MOIYT y4acTBOBAThH
B pErylmHpoBaHMM TIpadHKa HArpy3KH.

B os5Toil cBfA3M IpelaraeTcsa IIONPas3lIeIHTh
OPI' Ha HeperyiupyeMbie M DPeTYJIMpPYyeMBIE MC-
TOYHMKH B 3aBHMCHMOCTM OT BO3MOXHOCTH pery-
IpOBaHMS HArpy3Ku sHeprocucreMsl. K 1mepso-
My Tuy ucrounukoB ortaecem OPI (BBC,
TeJIMOYCTAHOBKM, IIPWIMBHBIE CTaHIMM, OecIIo-
TuHHBEe I'DC ® T.1.), IPOM3BOACTBO SHEPIHH
HAa KOTOpHIX IIO 3apaHee 3aJaHHOMY TIpadHKy
TpebyeT CO3HaHWS CHCTEM aKKyMyJTHpPOBaHHA
SHepruM, a Ko Bropomy tuny — OPT, xoropbie
MOIYT BHIIOJHATH 3aa4d II0 PeryJIupoBaHUI
HArpy3KH SHEProCHCTeMEl (Hamnpumep, YCTaHOB-
KM KOMOMHMPOBAaHHOIO IIPOM3BOACTBA TEILIOBOM
W aJeKTpuuyeckol sHepruu, wioTuHHBIE ['BC)
Kax mokasplBaeT aHalu3 pa3BUTUs 3apyOexKHOl
SHEPreTHKHW, B BO3MOXHOCTH YBEIMYCHHA IOJH
PETYIMPYeMBIX HMCTOYHMKOB OTCYTCTBYIOT CHC-
TeMHBIE OTPAHMYEHMSA — MX DOCT OIIPENEIAeTCs
SKOHOMHMYECKH JIOCTYIIHEIMH TEXHOJIOMMAMHK Ha
JAHHBI TIepUOL BPEMEHHU.

WuredcusHoe passutie BUD B Mupe ImyTeM
JOTHPOBAHUSA BO30OHOBIAEMON SHEPTETHKH 32
CYET TPAIUIIMOHHOW ABISAETCS TOCYJApPCTBEHHOM
ONOJIUTHKON. B KOHEYHOM HTOre 3a 3TO IUIATHIT
IIOTpeOUTe b, YTO BEOET K JOIOHUTEILHBIM
M3lepXKKaM JJis Bcell SKOHOMUKM cTpaHsl. He-
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cun. Ecmm mpennonoxuts, yro YIYMM BOHC B
Poccuu HOCTUTHET CETOMHAIIHETO CpPegHEMHPO-~
BOTO B3HAYEHNS, 3Ta MOIIHOCTH HOJCKHA COCTa-
BUThL Oojyee 24 I'BT, ecim XKe OpPUEHTHPOBATHCA
Ha cpemHmit rmokasatens YUMM  poccuiickix
BOC 3a 3roma — To OoJsiee ITOJTOBHHBI MOIIHO-
CTM OTedecTBEHHOI osHeprocucTeMbl. Obecme-
YUTH BBIIYCK W YCTAHOBKY OTEYECTBEHHOTO
(kak, BIIPOYEM, M HMIIOPTHOIO) OGOPYIOBAHMSA
B TakuMx Macmrabax 3a ocraBmmiica go 2020 .
Mepuol — 3ajada COBEPIICHHO HepealbHasl.

Taxim 06pasoM, B yciaoBusx Poccuiickoit ®e-
Jepalliy TIPU BBICOKUX YHENBHBIX KalMTaJIbHBIX
3aTpaTax Ha pealu3allyio IIPOEKTOB IO BO300-
HOBJIIEMBIM UCTOYHMKAM, CYIIECTBYIOIIUX OCO-
GEeHHOCTIX UX paboThl YU OOCIY>KMBAaHMA IIEPCITEK-
THBHO pasBuTHe MeHee Kamuranoemkux OPT.
Beemenue B Poccuiickoit @Penepanuu Mep IO
CTUMYJIMPOBAHMIO HCIIONb30BaHus BHD 3a cuer
IpPYTMX SHEPrOIIPOM3BOAUTENECH NPUBEIET K HO-
[IOJTHUTENBHOMY POCTY CTOMMOCTH 3JIEKTPOIHEP-
ruy. B OGmmkaitmee Bpemsi passutue BHUD me-
Hee nenecoo0pasHO 110 CPaBHEHWIO C IPYrUMH
MIPOEKTAMM TI10 PacIpeleJEHHOM DHEPreTUKe II0
CJIEAYIOIIMM IIPUYMHAM:

1. CHusuTes moTpebieHME TOIIMBA C MEHB-
UMM KaOUTAIBHBIMM 3aTpaTaMHy, YeM Npu HcC-
monp3oBaHu BHMD, MoXHO IyreM IepeBoaa
CYIIECTBYIOIIUX TEIIOBBIX HCTOYHMKOB Ha KOM-
OUHHPOBaHHBIM PpEXWM TIPOM3BOJACTBA TEILTOTHI
M 3IeKTPOHEPTHH.

2. Cy6cummposanue pasputia BUD za cuer
[TOBBIIIEHUS CTOMMOCTH TEIUIOBOM M 3SJIEKTPHYE-
CKOJl 3HEprMM B Hayaje SKOHOMHYECKOTro IT0Nb-
eMa TpHBEIeT K OCJOXHEHHI0O M 3aMEIJICHHUIO
BEIXOJA 3KOHOMHKH M3 KPU3UCHOTO COCTOSTHHS.

3. OTCYICTBHE KOHKYPEHTHBIX TEXHHYECKIX
penieHuil 10 CEpUMHOMY IIPOM3BOACTBY B0300-
HOBJISIEMBIX MCTOYHHMKOB O3HAYaeT IOTepI0 3TOro
cerMeHTa Ui OTEYECTBEHHBIX I1POM3BOIMTEINEH
1 TIOCTIEIYIONIYIO 3aBMCHMOCTD B CEPBMCHOM 06-
CIyXUBAHMA OT 3apyOeXHBIX IIPOHM3BOTUTEIICH.

4, Jliia MHTETPUPOBAaHWUSA BETPOIHEPIETHKH B
SHEProcUCcTeMy HEOOXOIMMO HaIM4Yne DPE3epBH-
pPOBaHMs CO CTOPOHEI TPAIMIIMOHHBIX SHEPTOMC-
TOYHWKOB, DEANM3YIONIMX PETYIUPYIOMYO (QyHK-
MI0 MEXIYy HEepaBHOMEPHOM BpLIAYEH IHEPTUU
BO30GHOBJISIEMBIMA MCTOYHMKAMU M IOTPeOHO-
CTIMHM ITIOTpeOuTeNeH, a 3TO YCIOBHE HEBHINOI-
HuMO JUis GoJBIIMHCTBA peruoHoB Poccuu ¢
BBICOKOH BETPOBOM Harpyskoii.

5. JUia peryMpoBaHHS IIPOM3BOIACTBA M IIO-
TpeOeHHsT SJIEKTPOSHEPIMH CYIIECTBYIOIIMX MOII-
HocTeit B OONBIIMHCTBE LEHTPATBHBIX PErMOHOB
ctpanbl TpeOyercst crpouTenseTBo TADC. Baene-
HYe IOMOMHUTEIBHBIX Heperymupyembix OPIT o6o-

CTpHUT mpobiieMy ¥ IpHUBENeT K HEOOXOMUMOCTH
yBEeIMYEHHS BBOIA DETYIMPYIOIIMX MOUIHOCTEN.

6. lTo Hayaja peayy3alli¥ HOBBEIX IIPOEKTOB
ucnois3opadnad BMD HeobxoouM 3allyCK 3KOHO-
MHUYECKHX MEXaHW3MOB, 00eCIIeUMBAIOIINX ITOBBI-
[IeHWe 3arpy3KM CYIIECTBYIOIIMX MX MOIIHOCTEH
u poct YYMUM Kxak MUHHUMYM JIO CPEIHEMMPO-
BBIX IIOKAa3aTesei.

Wrak, B Poccuitckoit Pemepaumu B HacTOs-
mee BpeMsl Gonee mepcriekTuBHO passutHe OPT,
KOTOpble MOTYT Y4YacTBOBATb B PEryJMpOBaHUK
Harpy3Ki OSHEPrOCHCTEMBLI U SABISAITCA HauMe-
Hee KamuTAIOEMKMMM, K TOMY XE IPH HUX pea-
JMA3ALNYA  MCIIONIB3YIOTCS OTEYSCTBEHHBIE TEXHU-
JeCcKHe peLIeHU.

BMmecre ¢ TeM cCleyeT Y4YMThIBATh, YTO JULA
yIaJeHHBIX HACeJeHHBIX ITYHKTOB IPUMEHEHHE
HeperyaupyeMbx BMD HeobxomMMO C LIEJEI0
CHIDKEHMS I0Tpe0JeHusT MPUBO3HOIO TOILUIMBA.
IIpu moctpoenuu OPI' xejnarenbHO IIPEIyCMOT-
peTh HHTErpUPOBAHUE CO3MaBACMON CHUCTEMBI ¢
pasnmuuHbMM TUNamMu BMD, ucrmoms3oBaHue Ko-
TOPBIX SKOHOMUYECKH I1eJeCO00pasHO B NAHHBEIH
MOMEHT, 4 B IIEpCIIEKTHBE — OOECIEYHMTh BO3-
MOXHOCTh IIEpEBOJa CO3IaHHOW MHOPACTPYKTY-
pBl pacIipeleleHHo# reHepalmy Ha BUD.
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Texunko-s3koHoMu4eckas 3(P(EKTHBHOCTh PEKOHCTPYKIMM
NPOMBIILICHHO-OTONUTEIbHBIX KOTeNbHbIX B TOIl mamoii MOIMHOCTH

JNlebepner B. M., poktop TexH. Hayk, [Npuxogbko C. B., KaHO. TEexH. Hayk,
Omutpues B. 3., MarseeB . B., UHXEHepPHI

OMCKMIA rocynapcTBeHHbIii YHMBEpPCUTET nyTeid cooOlLieHus

I’ISJIO}KGHBI HCKOTOPBIE TCHACHUMMU PAa3BUTUA M COBEPIICHCTBOBAHMS TEIINMIOMCTOYHMKOB IMpU-
MEHMTEJbHO K CHTYALIMM, CIIOXHMBIIEHCS B HACTOMIUEe BpeMs B sHepreTuke Poccuu. Ocoboe
BHUMAaHME YIEIEHO BO3MOXHOCTM co3maHusa THIl Mamol MOIIHOCTHM Kak »neMeHTa Terutodu-
KaUMOHHOH cucTeMbl Ha 0ase BHeIpeHUs 3Heprocbeperamiux TeXHOJIOTWH, a Takxe BEIOOpY
obopymoBanua. IlokazaHa SKOHOMMWYECKAas Ienecoo0pa3sHOCTh MHBECTHMUMOHHBIX BIOXEHMH B
PEKOHCTPYKIMIO MPOMBIIUIEHHO-OTOIIUTENBHEIX KOTeNbHBIX B THIl Mamoif MOIIHOCTH MpH HC-
TIOJB30BAHMM COOCTBEHHBIX M 33E€MHBIX CPEICTE.

Kmoyessle clioBa: LEHTPAIM30BAHHOE TEILUIOCHAOXEHME, KOMOHMHMPOBAHHBIA crocod IIpoM3-
BOJACTBA TETIOBOM M BIEKTPUUECKOH HEPTHH, IPOMBIILIEHHO-OTONUTENbHAA KOTeabHas, TOII
MAaJIOH MOUIHOCTH, CPOK OKYIAaeMOCTH IIPOEKTAa DPEKOHCTPYKIIWH.

WHnyuBHOyanbHBIE MIM  JIOKAIBHBIE (IEelLEH-
TPaTM30BaHHBLIE) CHUCTEMEBl TEIUIOCHAOXEHUI [0-
BOJBHO LIMPOKO HIPHUMEHSIOTCA B HallleH cTpaHe
Hapany € IOEHTPaJIHW30BAHHBIMKM CHUCTEMaMM TCII-
JoCcHaOXeHHWsA, OCOOCHHO B IIOCJIENHUWE IECATH-
JETHH, HECMOTpS Ha TO, 4YTO OHM He Bcerma
3KOHOMUYECKH 3(PHheKTUBHEL.

ITpakTruecku a0 80-X TrOJOB IIPOLUIOrO CTO-
JIeTHd IEHTPATM30BAaHHOE TEIUIOCHAOXEHUE pas-
BUBAZIOCh 34 CUET VYKPYIHEHWS MOITHOCTEH
TOHI xax 1o NOpHMYMHAM 3KOHOMMYECKOIO Xa-
pakrTepa, TaK W M3-3a OONBIIMX TPYIHOCTEH pas-
MemeHus HOBRIX TBOIl B ropomax Mo 3KOJOTH-
yeckyuM coobpaxeHusiM. OmHaKO CO BpeMEHEM
SKOHOMHYECKAs BBITOJA OT KOMOWHUPOBAHHOID
crocoba IMPOM3BOACTBA SJIEKTPUYECKOH M Teruo-
BOIl 3HEPIMM Hayvaja YMEHBIIATBCH BCIECICTBUE
pAlla HeraTMBHBIX (DAKTOPOB, TAaKMX, KaK 3HAUU-
TEJBHBIE KAITMTAIBHBIE BIOXKEHUS B CTPOMUTEINb-
CTBO HOBOJBHO IUIMHHBIX TEIUIOTPAcC OOJMBIIOrO
mHaMerpa (IIpH 5TOM TEIUIOBBIE IIOTEPU IO MIH-
He TpyDONpOBOJA BO3PACcTAalOT, & HAaAEKHOCTh
TEIUIOCHAOXKEHHS] CHMKAeTCs), YBeJIMYeHMe ITpo-
MEXYTKA BpEeMEeHH, HeoOXOTMMOro s JUKBHUIA-
LIMH ABAPDUMHBIX ITOBPEXIEHUM, ITOTPeOHOCTh B
IMKOBBIX MOIIHOCTAX y IIOTpeOuTesnss M OIoKu-
PYIOIIMX IIepeMBIYKAX B TEIUIOBBIX ceTsx [1].

Ilpn paccMOTpeHHMHM COBPEMEHHOM CUTYal[UM
B TEIUIOSHEPTETHKE C IO3HMIIMM 3Heprocoepexe-
HHS ¥ BO3MOXKHOCTHM BHEOPEHUSA 3Heprocbepe-
FAlOIIMX TeXHOJOTMH OTHEeNLHBIE KpYIHBIE IIpO-
MBIIIUIEHHO-0TONUTENRHBIE  KOoTenbHble  (ITOK)
MOT'YT OBITH BKJIIOUEHBI B COCTaB TEILIOMHKAIIM-
OHHBIX CHCTEM IIEHTPAIM30BAHHOTO TEIUIOCHAO-
KEHMS B KAYECTBE IMMKOBBIX KOTENBHBIX (IIOCIE-
mosatensHo ¢ TBII), a B OTOENBHBIX CHy4agx —
pekoHcTpyupoBaHel B TOLI manoil MomniHocty |[2].

B ycnoBHMAX KPH3UCHON CUTYaLlUM B SKOHO-
MMKE CTpaHBl pasBUTHe “OONBLIOH” 3HEPreTUKU
MIPUTOPMAaXKMBAECTCA, IIOTOMY ONTHUMM3ALMS Ka-
ITUTAIBHBIX BIOXKEHUH H4 OCHOBE COBOKYIIHBIX
(mpuBEOEHHBIX) 3aTpaT HEOOXOOMMa HE TOJNBKO
IpH CTPOMTENBCTBE M BBOAE HOBLIX 101, HO u
TP BHEIPSHWM COBPEMEHHBIX IIPHOPUTETHLIX
HAIIPABJIEHWM: Pa3BUTUU “Maloi” SHEpPreTHKH C
IIpPUMEHEHHEM TIAPOTA30BBIX TEXHONOTHMM IIpH
crpoutenbeTBe I'TY-TBI[ Mamoit MOIUIHOCTH,
momepuuzanui [IOK ¢ mepeBomoM ux Ha KOM-
OMHHMPOBAaHHEBIM CIOCO0 IIPOM3BOICTBA SHEPIUH
v Ip.

Ilpu BRITECHEHMM TEIUIOCHAOXEHMSA OT Mell-
KAX HESKOHOMWYHEIX KOTEJbHBIX TeIlIocHabxe-
HueM oT THIl Manoil MOIDHOCTH, Ha KOTOPBIX
MIPOM3BOJCTBO TEIUIOBOH M DJIEKTPUYECKOR 3HEp-
MY BeleTcS KOMOMHMpPOBAaHHBIM  CIIOCOOOM,
9KOHOMMSA TOIUTMBA OIIPENENsIeTCs NOIONHHTE b
HOH BEIpaOOTKOM 3JIEKTPO3HEPIMM HA TEIUIOBOM
MMoTpedIeHMM 3a BEMETOM 3aTpaT Ha OpraHH3a-
U0 IIepeMBIYEK TEeIUIONPOBONOB. B aTOM cCIry-
yae SKOHOMHMS (DMHAHCOBEIX 3aTpaT YBeIMYMBa-
eTCS 32 CYeT CHIDKEHMS BKCIUIyaTallMOHHBIX
3aTPaT BBITECHAEGMBIX TEIUIOMCTOYHMKOB.

Cospanmue TOII Mamod MOIIHOCTH IIYTEM pe-
koHcTpykuuu ITOK Ha 06ase cymiecTBYIOIIMX U
ITepCHeKTHBHEIX  TEIUIOBBIX  HATPY30K  MOXKET
MATH JIMOO 10 MAapoTYpOMHHOMY BapHaHTY C yC-
TAHOBKOM TypOMH MaJOM MOIIHOCTH, JHOO II0
ra3oTypOMHHOMY BapHaHTy € YCTPOMCTBOM Tra3o-
BBIX HAICTPOEK HIHM 10 00OMM BapHaHTaM CoO-
BMecTHO (1mkn bBpaiitoHa — Penxwmna). Torma
HeoBXo[MMO B OpPraHU3aLMOHHOM M TeXHMYe-
CKOM IUIaHE pellleHWe TaKWX BOIIPOCOB, Kak
ITOJTOTOBKA DPYKOBOISIIIETO0 M pabouero TIepco-
Hajia, OOCITYXKMBAIOIIEr0 3JIEKTPOIHEPIETHYECKOe
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ITap Ha
—— TPOH3BOMICTBO
PY1,4/0,6 . 6 I'II{?LHa
CcOBCTBEHHEIE HYKIBL
e T -
4 P¥1,4/0,2
1K
Y IICB| IICB
CH A >
W TIpamas
ceTeBas Bozia
[TuraTenrHas
BOJa ObparHas v

CETEBast BOa

Konnencar

Puc. 1. ®@parment npuHUMoHaIsHON Temnosod cxembl ITOK, pexonctpympyemoit B TDII manoii mowmocTh:

ITK — mapoBoii KoTen; PY — pepykuuoHHas ycraHoBka; 1T — maposas TypGuHa; DI — anexrpuyeckuil redeparop; /CB — nogor-
pepatenb cerTeBoi Bouwl (1-# u 2-it crymeHeit); CH — ceTeBol Hacoc

obopynosaHue, pa3paboTKa HOPMATUBOB II0 pac-
XO[y TOIUTHBA W 3JIEKTPOSHEPIMM Ha COOCTBEHHLIE
HYXKIBI M Ha OTIYCKAeMyl) SHEpIMio, CO3JaHue
METOIMKM OIpelleNieHdd TeXHUKO-3KOHOMIYECKMX
roKasarelieif, peMOHTHO-3KCIUTyaTALIMOHHOM I[0-
KyMCHTAIIMH W Jp.

I KOTENBHBIX, PEKOHCTpyupyeMbix B TOII
MaJgoil MOIIHOCTM, HENB3s CYUTATh IIpUEeMIIe-
MBIM IIpAMOM IIepeHOC METOOMKH OIIPEIeICHUS
TEXHHKO-3KOHOMUYecKUX  nokaszatened  TBII,
npyuMeHseMo# B “GoibIroit” aHepreTuke. eii-
CTBYIOIIAA METOMMKA pacueTa TEeXHUKO-3KOHO-
MUYECKHMX Tokasareneit kpymHbix TOIl mcxomur
M3 TOT0, YTO BHIPAOOTKA 3NEKTPOSHEPTHH —
OIMH M3 OCHOBHBIX IPOLECCOB, TOIZA XKaK B pe-
KOHCTPYMPOBAaHHOW KOTelIbHOH (0cobeHHO ¢
IPOTUBOAABIECHYSCKUMH TYpPOMHAaMM) IIPOMU3BOI-
CTBO OJIEKTPOSHEPIMH ABJISAETCI  (DaKTUYEeCKH
“ITOITYyTHBIM” TIPOLIECCOM.

Kax mpasmno, B Teroosoit cxeme I[IOK cy-
LIECTBYIOT HEOIIpaBIaHHBIE ITOTEPH 3HEPIUU IIpU
IPOCCETMPOBAHUM CBEXEro Iapa B peIyKUHOH-
HOM yCTaHOBKE, B TO BpEeMS KakK TEIUIOBOM Ile-
pernan MOXeT OBbITh MCIOJB30BaH JUIA BLIpaOOTKH
IJIEKTPOSHEPIMM. B JlaHHOM cilyyac OYEBMIHA He-
DaIlMOHATBHOCTE HCIIONb30BaHMS TOIUIMBHO-3HED-
TETHYECKMX pPECYpPCOB.

IIpMHIIUITHATEHOE CXEMHOE pelleHue Ipeod-
pasoparua [IOK B TOIl manoit MOIIHOCTH IIO-
KasaHo Ha puc. 1. B 3Toi cxeMe mJid MOIyYeHUs
mmapa 3aJaHHBIX [1apaMeTPOB IIpeNyCMaTpHBaeTCs
YCTAHOBKA IIPDOTHBONABICUECKOM TypOMHBEL He-

OoJIBIION MOIIHOCTH, 4 PEOYKIIMOHHOE YCTPOH-
CTBO HCITONIb3YETCSl B KaUyeCTBE PE3EPBUPYIOLIETO
9JIEMEHTA.

JUIa KOTENbHBIX, BBIPA0ATHIBAIOIIMX HACBNIIEH-
HpUA map gasnenuwem 1,4 MIla, MoryT ObITH peKo-
MEHIOBAHBl K YCTAHOBKE TIPOTHBOJIABJIEHYECKHE
TypbuHBl Majodt Mommuoct Tema 11-3,5/10,5
P-12/1,2 (HOMMHAIBHBEIM pacxon mapa — 48 1/4)
GIOYHOM TIOCTABKM TIpOM3BOACTBa KamysKcKoro
TYpOMHHOTIO 3aBOIA.

I KOTEIbHBIX, IIPOM3BONAIIMX Ileperpe-
TEIA map ¢ mapamerpamu 2,05 MIla u Bbie,
370 °C u BpIIE, MOXHO YCTAaHOBUTH TYPOHHEI
tunos  P-4-2,1/0,3, P-2,5-2/0,3, P-2,5-2,1/0,6
(¢ mpormBonmasienwem) wu IIP-6-3,4/1,5/0,5-1,
I1P-6-3,4/1,0/0,1-1 (c TNPOMEIIIIEHHBIM OTOO-
poM Tapa M IpPOTUBOIABIEHHEM), a Takxe
I1-6-3,4/0,6 ¢ TOpPOMBIIUIEHHBIM OTOOPOM IIapa
M KOHIeHCalMeH.

B cBs3M ¢ MEpeBONOM MHOTHX KOTEJBHBIX Ha
CKWTaHWE TIPHPOTHOIO Ta3a PEeKOMEHIYeTCS IIpU-
MEHSITh TA30BBIE HAICTPOWKK ¢ HCIIOJB30BAHUEM
ra3oTypOMHHBEIX ycraHoBok (I'TY) ¢ xomramu
VTWIH3AIIHOHHOTO THIa (MajxorabapUTHBEIMH Ta-
30BOISIHBIMH OpPEOPEHHBIMH TEIUIOPUKALIMOHHEL-
MM DKOHOMaM3epaMHu) WIH CO COpPOCOM TOPSYUX
razoB nocye I'TY B TOmKM NeHCTBYIOLIMX IApO-
BHIX KOTJIOB (puc. 2).

Ha pwuc. 3 npuBeneHa IIpUHIUIIMANBHAS TEIl-
nosast cxemMa TOLl ¢ rasoBoif u mapoBoil TypOu-
HaMH co cOpocoM ropsiymx rasoB nocie I'TY B
TOTIKY IIapOBOTO KOTJIA-YTHJIM3aTopa C HOXKWIa-

O TR R G
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Puc. 2. @parMeHT NPUHIHIHAILHOR remionoii cxemst ITY co cOpocom rasoR B TONKY KOTJIOATPEraTa ¢ NOMKHIAHWEM:
BK — sosmyumslii kommpeccop; KC — Kamepa CrOpaHH; I'T — razosas Typbuna; J — neaspatop; [TH — nmuTaTenbHEI Hacoc (oc-

TANbHEIE ODO3HAYEHMS TE Xe, YTO Ha puc. 1)

Tomnuso “——» ITap Ha IPOH3BONCTEO
PY1,4/0,6 | » [Tap B KOJUIGKTOD COOCTBEHHBIX HYKI
T >
© or | or
oI 4 PY1,4/0,2 @
Iir
Bo3snyx
——] v [uraTenpHas
Tormnuso 7/1<CB IICB BOAA
A CH 4 >
TIpsimas
ceTeBas BOIA
ITurarenbHas
BOIA 06paTHaH

ceTeBad BOIa

KonpeHcat

Puc. 3. DparveHT NPUHIMAMANBHON TEILIOBOH CXEMBI T manoii MOWHOCTH C MAPOBOH H ra3osoil TypOuHamu (00o3HAuEHMA Te e,
yro Ha puc. 1, 2)

HEeM, TIPH STOM IIOJYYEHHbIH B KOTJIE TIap HO-
MUHAIBHBIX IIapaMEeTPOB HaIpamiseTcs B Iapo-
BYI0 KOHIEHCALMOHHYIO TYPOMHY HeOOoMBIIoN
MOIIHOCTH WJIM B OJIOUHYIO TypOMHY HEOOIb-
0¥ MOIMTHOCTH C IIPOTUBOJABICHUEM.

Kypc Ha mamsie I'TY-TOLI, CTpoMTEIbCTBO
KOTOpBIX MOXHO BECTH C Y4YacTHEM aKI[MOHEp-
HOro KamuTaja, OTBEYaeT DPLIHOYHBIM TEHACHIIM-
M POCCHICKOI SHEPTETUYECKON IONTUTHKH. Ghv:|
TEHIEHIIMS COIVIACYeTCsT M C MMPOBBIM OITBITOM
— B gacTodIlee BpeMs B TaKMX CTpaHax, Kak
Smouust 1 CITIA, nmipoko BHempsmotest I'TY-TOLL
eIMHUYHON DIIEKTPUYECKO# MOIIHOCTBIO OT 1
mo 10 MBT.

DheKTUBHOCTD KAIMTAIOBIOXEHUI IPU  pe-
xoucTpykumy ITOK ¢ HCIIONB30BAHMEM COOCTBEH-
HBIX M 33eMHBIX CpEICTB OIpeNessgeTcs TeXHHMKO-
SKOHOMITYECKMM pacyeToM. DKOHOMHUYECKYIO Lie-
J1ecO00pa3HOCTh MHBECTHIMOHHBIX BJIOXCHMH B
PEKOHCTPYKLIMIO ITO3BOJISIIOT OLECHMTH IMOKa3aTe-
o obmeit 3hdEeKTMBHOCTH, K KOTOPBIM OTHO-
CATCS UHCTBIM « JMCKOHTUPOBAaHHBIA HOXOA M
IPOM3BOJHAS OT HEro BENMYMHA — CPOK OKY-
I1aeMOCTH.

JUta NpuvBeNEHHS XK HAYaIbHOMY IIEPHOIY
DasHOBPEMEHHBIX 3aIPaT, Pe3yIbTaToB M 3(DdeK-
TOB KCIIONB3yeTcsl HOpMa [UCKOHTUpoBaHus E,
pagHast (B oOIIEM ciiyyae) IIpUeMIIEMO# UL
WMHBECTOPOB HOPME JOXOHa Ha KaIluTal.
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Texymuit abdekr Ha i-M Iare (3a i-if pac-
YeTHBIH IIEPUOL) OIIPEAEIAETCS M3 BBIPAXCHUA

B,=R,— 85— 4;, (1)

rae R; — pe3ysbraTsl, JOCTUraeMBle Ha [-M mIare
pacgeTa; I KOTEIHHOM, DEKOHCTPYHPYEMOH B
THII Majoil MOIIHOCTH, PE3YIBTAaTHl ONpEIess-
JOTCSI CYMMMPOBaHKMEM JIOXOoHa OT peaju3alniy
MpOIYKIMM (TEIUIOBOM M 3JIEKTPMYECKOW SHEp-
rud) ¥ SKOHOMUHM [EHEXHBIX CPEACTB, BO3HU-
Karollel IpH OTKa3e OT IOKYITHOW 3JICKTPOIHEP-
rud, pyo.; S; — M3IEPKKY IPOM3BOACTBA TEILIO-
BOM ¥ OJEKTPMYECKOW SHEpPrMM Ha i-M IIare,
BKJIIOUArOIIMe B cebdg 3aTpaThl Ha IPOM3BOLCTBO,
HAJIOTH W BBUDIATHL, py0.; A; — BEJIMIMHA I10CTO-
JHHBEIX eXerogHBIX IIaTeXel, I[TOMHOCTBI0 KOM-
MEHCUPYIOIIUX 3a PacyeTHBI MEepPHOI KaluTallb-
HBIE BJIOXKCHMS Ha IIPOBEIECHHE DPEKOHCTPYKIMM,
pyo.

CyMMa JOXOLOB OT pealnH3alliiy TEIUIOBOM H
9JIEKTPHYCCKOM 2Hepruu, pyd., Ha i-M Iuare

sz ‘90'miT31'+ Qom ETTi= (2)

rae Dymy; — OOBEM 2JEKTPOSHEPIUM, OTIYIICH-
HOIf 3a - TIepWol CTOPOHHEMY IIOTPEOHMTENIO
(ompemensieTcss Kak pasHMIa MEXIy 00BEMOM
2JIEKTPOSHEPTHH, BHIPabaThIBaeMOM TOIU, u 00b-
EMOM SIEKTDOSHEPIHH, PACXOLyeMoil Ha cober-
pernble Hyxasl TOII), kBt - u; T,; — OTIYCKHOH
Tapu® Ha BJIEKTPOSHEPIHMIO (IPMHAMAETCA paB-
HbIM Tapudy, DeHCTBYIOIEMY B SHEPTOCHUCTEME),
py6/(kBT - 9); Oy i 00BEM TEINIOBOM 3Hep-
ruu, oriymeHHoi or TOLL 3a i-# mepuox, Tx;
T, ; — OTIIYCKHOM Tapu( Ha TEILIOBYIO SHOPTHIO
(g TOI Manoi MOIIHOCTH IIPUHMMACTCH pPaB-
HEIM CpPEIHEOTIyCKHOMY Tapudy Ha TEIUIOBYIO
SHEPrUio, PACCYUTAHHOMY IS KOTEeIBHOM 10 pe-
koHcTpykKumu), pyo/TIx.

DKOHOMMSI INEHEXHEIX CpPEINCTB IIPU OTKase

OT TIOKYIIHOM OAJIEKTPOIHEPIWHM Ha i-M Miare

S, ‘BC.H i (Tai - Ssi): (3)

99K

rie 9., ; — DACXOJ SJIEKTPUYECKOH IHEpPruy 3a
j-ff mepuom Ha COOGCTBEHHBIE HYXKIBI TSI,
KBr-9; S cebecTOMMOCTE  ITPOM3BOICTBA
amexTposHeprn Ha TOIl Majoit MOIIHOCTH,
py6/(xBT - 9).

W3mepXXyd MPOW3BOICTBA TEIUIOBOM M 3JIEK-
TpUUECKON DHEpPruM Ha i-M IIare MOryT OBITb
pAcCUMTAHBl CYMMHPOBaHWEM 3aTpaT Ha IIpOM3-
BOJCTBO TEIUIOBOM W SIEKTPHUUYECKOM 3SHEPTUHU
WIM 4Yepe3 cebecTOMMOCTh IIPOM3BOACTBA:

SI’ = ‘90'1‘1'[ iSSz' + Qom iSTiv (4)

roe S;; — ceBecTOMMOCTh IPOU3BOJCTBA TCIUIO-
Boit oHeprud Ha TDI Mamod MOIIHOCTH,
py6/TIx.

BeyuyHA TIOCTOSHHBIX €XETOIHBIX IUIaTeXel
A; B o0uIeM cTydyae pPacCUMTBIBAETCS M3 YCIOBHA
PABHOMEPHOTO IIOTAlleHHs KalWTalbHbIX BIOXKE-
HUi B TEUeHMe pacdyeTHOro mepuona 1o Gopmy-
Je, WCIIOJNB3YeMOM J[UId HAaXOXICHUS yeife):le)s
SKBUBAIEHTHOHX CymMMbl [3]:

4=—T )

rae K,; — KanuTajbHBIC 3aEMHBIE BJIOXCHUA Ha
OCYIIIECTBIEH)E MEPOIIPUATHS B I-U TIEPHON, pyo;
E — HOpMa JMCKOHTHPOBaHMA (HOpMA IMCKOH-
Ta); F — peajbHasd MPOLCHTHAA CTaBka; A — Ipo-
IOJDKUTEIBLHOCTh DAacyeTHOro Iepuona, m — Ie-
pHOI, HaYMHAs C KOTOPOI'O OXMJIAeTCs TIOCTYIUIe-
HUe [OXOLOB OT peaju3aldyd MEPOIPHATHA
(PEKOHCTPYKIIMH), WIYIIUX Ha IOTallCHre Karry-

TILHBIX BJIOXCHHH.

n K.
Bermuuna ) ———
i (1+E)Y
pa3HOBPEMEHHBIE KaIUTAIbHEIC BIOXEHUSA 3aeM-
HBIX CPEICTB IIyTeM TIIPUBEIEHHS MX K Hadallb-
Homy mnepuony (i=0).

B ciyuyae (GWHAHCUPOBaHUSA IPENIIPUATHEM
PEKOHCTPYKIMM 33 CYeT COOCTBEHHBIX CPEACTB
3HaueHHue A; MOXeT OBITh PacCyuTaHO U3 YCIO-
BUS DPABEHCTBAa HYJIO OaHKOBCKOH CTaBKH T10

(opmyne

II03BOJISIET  OLICHUTH

= J =) 6
n~m+l§)(1+5)‘ ©)

rne K, — cobGCTBEHHbIC KaITHTAJILHBIE BIIOXEHHS
Ha OCYINECTBJICHWE MEpOIPUITHA B rox i, pyo.
H . R .
Benuyrta Z—{{f’—, KaK o Z—KB'—, T0-
i0(1+E) iz0(1+E)’
3BOJISIET OIIEHMTh DPa3HOBPEMEHHBIE KallATalb-
HBle BIOXEHUS COOCTBEHHBIX CPEINCTB IYTEM
npuBeJeHUsT UX K HaYalbHOMY IEPHOLY.
Yyerelit  mucKOHTHpoBaHHE moxon (YAJ)
IpY IIOCTOSTHHOM HOpME [IVMCKOHTA OIPEHEIISAeT-
ca rno dopmyne [4]
qﬂzi 9 _ER-Si -4

: . (7)
iem(1+E)" i=m (1+E)’
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Ecmu Y/[JI WHBECTHLMOHHOTO IIPOEKTA IIO-
JOXUTENEH, TPOeKT sBgercad 3PQ@OeKTUBHBIM
(mpu maHHOW HOpMe mUCKOHTa). YeM OGonblle
g, tem sdhdexTUBHEE IIPOEKT.

B cmygae @uHAHCUMPOBaHMA MEPONPUATHS
KaK COOCTBEHHBIMHM, TaK M 3a€MHBIMH CPEICTBA-
M, YJJI npoekra BBMHCISETCS II0 (QopMmyrne

i 5 Z(1+E)_’i K,
S(+E)Y  n-m+l S4B
n K.
¥ 8)
§J(1+E)’ (

tae B — Texyummil sddext Ha i-M Iuare, paccuu-
TAHHBIH TIPU YCIOBMM, YTO B HEIO HE BXOMAT IIO-
CTOSHHEBIE eXerofHble IUIATeXH, pyo.

CpoK OKYIIaeMOCTYI HWHBECTHIIMH — 3TO TIIe-
puono BpPEMEHM OT Havyajla peajlu3allluH IIPOCKTa
Io BpemeHu, korma YJJ{ cTAaHOBHUTCSA TOJIOXM-
TeJbHBIM, TakuM 00pa3oM CpOK OKYITaeMOCTH
IPOEKTA MOXKeT OBITh ONpeNeNieH W3 YCIOBHUSI
pasercrea YJJI mpoexkTa HYIIO.

g pacueTa CpoKa OKYIIAEMOCTH MCITONB3Y-
€TCsl BhIpaXKeHMe, IoirydeHHoe u3 dhopMynsl (8):

n .
LBy
IL 3; =t'=2m( ) i Kci
fem(1+E)}  n-m+l 3 (1+E)
n Ko
+)— 9)
i=0(1+E)’

[Ipx BIOXEHHWHM COOCTBEHHBIX KalWUTaJbHBIX
cpencTB BeIpaxkeHue (9) ympoumaerca (He y4M-
TBIBAETCSL CJIATAEMOE, OIPEACISIIONEe CyMMap-
HBIE BBEIUIATHI B TEYeHHE DPACYETHOrO IMepHOoIa
10 3a€MHBIM CPENCTBaM), M CPOK OKYIIAeMOCTHU
onpenensierca 1o opmyie

H .
> +E)7
; K. :
ptir % m-1.  (10)
L B i(+E )
i=m(1+ E )i
HpPI BIIOXXKEHHW I 3d€EMHBIX KalmUTaJIbHBIX

CpeacTB 1A pacd€Ta CpOoKa OKYIIdeEMOCTH HC-
NMOAB3YETCA BBIPAXKEHHE

f

B (1)

_m(1+E) i=0 (1+E)

[Ipy addexre D), UIMEHIOWEMCS IO Ie-
pHOIaM, CPOK OKYINaeMOCTH HaXOIST METONOM
wrepaumn. [Ipu B; = const Bblpaxenue (11) Mo-

KeT OBITh IIPeoOpasoBaHO C MCIOAB30BAHUEM
(OopMyZIBl IUIS  OIpENENeHUsS CYMMBI IIepBBIX
(n—m+ 1) WieHOB TreOMeTpPUYECKOH IIpOrpec-
CHH.

H .
Iockomsky BemmumHa » (1+E)™
i=m
aser coboit cymmy (n— m+ 1) WieHOB TreoMerT-
ppmecxon IIpOTpeccui Bpma (1+EY" @1+
+ E) m+1) s Al ¥ E) , 3HAMEHAaTeNeM KO-
TOpOH CJTY}IC[/IT (1 + E) °, dopmyna Ui ompe-
JeJeHuss Cpoka OKynaeMocm IpHA  BJIOXKCHUH
3a6MHBIX KalMTaJbHBIX CPEICTB MOXKET OBITh 3a-
[I1caHa B BHIE

IIpencraB-

1, Ky
1+E)7 -
IZ{;(HE)[( ) -1]

Bi(l+E)™

n=m-1-10g. g 1} (12)

CpaBHUTENBLHBIM 5KOHOMMYECKMM aHaIHU3 IO-
KazaTelel KOTEJIbHBIX A0 M TOCHIe pPEeKOHCTPYK-
K B TOI Mamoif MOIIHOCTHM IIO3BOJIAET Cle-
JIaTh CHEeOyILIHUE BbIBOOBI:

Ha pHaAe TPOMBINUIEHHBIX MPEANpHSTHH IIpH
YCTaHOBKE ra30BbIX U HpOTHBO,Z[ElBHBH‘ICCKHX IIa-
pOBBIX TYpOMH CTAHOBMTCS BO3MOXKHEBIM He
TOJIBKO 0OOecIe4eHHe IIOTPEOHOCTH B SJIEKTPO-
SHEPTMH Ha COOCTBEHHEBIE HYKIbI IPEINIPUATHSI,
HO M OTIYCK €€ BO BHEINHIOI CeTh MHOoTpebuTe-
JIIM;

VIOENBHEIE KAUTAJIOBIOXEHUSI B PEKOHCTPYK-
ITAI0 KOTENBbHBIX 3HAYUTEIBRHO HIDKE, YeM B
CTPOMTEIBCTBO KPYIHBIX THII;

IpH PeKOHCTPYKIIMH KOTEJIBHBIX CYLISCTBEH-
HO CHICKAIOTCS BpeIHBIE BHIOPOCH B OKpYXalo-
YO Cpeny U, CHIeNOBATENbHO, IUIaTa 3a HUX;

PEKOHCTPYKIIMA KOTEeNbHEIX B TOI Mamnoi
MOIITHOCTM OPHEHTHUPOBOYHO OKYMAaeTcs B Teue-
Hue 3 — 4 ner.
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