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Cucrema rapaHTHPOBAHHOIO 3JEKTPOCHAGKEHMS npeanpusATHi
MHUHEPAILHO-CHIPHEBOr0 KOMILIEKCA C HCIOJb30BAHMEM AIHTEPHATHBHBIX
M BO300HOB/IAEMBIX MCTOYHMKOB 3HEPrHH

AbpamoBuy b. H., ChiueB 10. A., YcTuHOB A. A., kaHonpaTbl TexH. Hayk,
dénopos A. B., uHX.

HauuoHnanbHbIi MﬁHepaano-cblpbeBoﬁ yHuBepcuteT “lopHbIiA”, CankT-NeTepbypr

Ob6ocHoBana HeOBGXODWMOCTE paspaboTKH u BHEADEHMsI CHCTEM TapAHTHPOBAHHOTO 3JIEKTPO-
CHaOXEeHMSI C WCIIONB30BAHMEM ANBTEPHATHBHBIX BO30GHOBIAEMELX MCTOUHHMKOB 3HEPTHH Ha
HPEITPUATHAX MUHEPATBHO-CLHIPREBOTO KOMIUIEKCAa Ha IpUMepe He(TENPOMEICIOB, BrIgenera
AOTIYCTHMas JTMTEIbHOCTE [1€PEPHIBA SNEKTPOCHAGKEHMSA Ui TeXHONOIMIECKIX norpebuTeseit
NpeAnpuATHii HebTenoObran. [TpeToXeREl BapHAHTEI CTPYKTYPEl CHCTEMBl apaHTHPOBAHHOTO
SMEKTPOCHAOKEHHS MCXONA M3 TIPENBABISEMBIX K HUM TpeOOBAHMAM.

Kmouesnie coBa: asieKTpocHaGxkenwue, @IbTEPHATHBHEIH, BO3OGHOBIAEMBI HMCTOYHMK SHEpPTHY,

CHCTeMA T4pAHTHPOBAHHOIO 3MEKTPOCHAGKEHHS.

ITpobnema obecreyeHus HEIIPEPBIBHOTO
3JIEKTPOCHAOXEHHs NPENIPUATUI MHHEPATHHO-
CBIPHEBOIrO KOMIUIEKCa (B 0OcoGeHHOCTH Hedre-
IPOMBICTIOB) Ha TeppuTopun P® obycrosieHa
YOAJIEHHOCTBIO OCHOBHEIX T[I€PCIIEKTHBHEIX Me-
cropoxnenuit Kpaltnero Cesepa, Bocroumnoil u
3amannoit CUOHPH OT IEHTPATH30BAHHBIX JHEp-
TOCHCTEM, TePPUTOPHAILHEIM DPAcCPEfOTOYEHMEM
IIDOM3BOJACTBEHHBIX OOLEKTOB M HEIPEPHIBHO-
CTBIO KJIOYEBBIX TEXHOJIOTMYECKUX IIPOILIECCOB.
ITpu nepenmade 31eKTPOSHEPIHH OT LIEHTPaTU30-
BAHHOHM DHEPrOCHCTEMBI IO DPA3SHBIM IIPUYMHAM
BO3MOXHO BO3HMKHOBEHHE KpATKOBPEMEHHBIX
HapyIeHUH SJeKTpOoCHaOXeHus IoTpebuTeNei B
BUIE MPOBAJIOB W HMCYE3HOBEHUS HAIPSKEHMUS.
YuureiBasg, uro Gomee 70 % Teppuropmm PO®,
TI€ pPacroNIOKEHBl IMEPCIEKTHBHBIE 3aIIaChl TBEp-
JBIX, KUIOKWUX MW Ta3000pasHBIX II0JE3HLIX MCKO-
ITACMBIX, HE OXBAYCHO LEHTPAIM30BAHHLIM 3HEp-
roobecrieyeHneM, aKTyaJdbHBl  paspaboTKa |
BHEIPDEHHE CHCTEM TIapaHTUPOBAHHOIO 3JIEKTPO-
CHAaOXEHUS C HCIOJB30BAHMEM ANbTEPHATHBHBIX
BO30OHOBJISIEMBIX MCTOYHHKOB 3HEpPTHH.

ITo wrtoraM TEOpeTMYECKHX WCCIeNOBaHMI U
MaTeMaTHYECKOTO  MOIEIUPOBAHHUS  BBIABIEHO,
YTO A OCHOBHBIX TEXHOJOTHYECKHX 3JIEKTPO-
YCTaHOBOK HedTenoObMHd IOMyCTHMAs 10 Kpu-
TEPUID YCTOMYMBOCTH M HENPEPHIBHOCTH TEXHO-
JIOTHYECKOro IIpollecca [UIMTEILHOCT IlepephiBa
sMeKTpocHabxeHua cocrasisier 0,15 ¢ [1]). Muo-
FOYHCIICHHbBIE SKCHEPHMEHTHI MOKa3ard [2], 4rto
HapyLIeHHSI HENPEPHIBHOCTH TEXHOJOTHUECKUX
IIPOIIECCOB Ha He(TeN0OBIBAIOINK IIPEIIIPHITHIX
H3-3a TIEpEpEIBA SJIEKTPOCHAOXKEHMS TUTEIHHO-
creio Gonee 0,15 ¢ nmpuBomar k SHAYUTEILHOMY
SKOHOMMYECKOMY yuiepby. YcraHoBneda cle-
AylOIas 3aBUCHMOCTh UL ONpPENENeHMsA NOITyC-
TUMO¥ JUTUTEILHOCTH IIEpephiBa 3IIEKTPOCHAGKE-

HHUA BJIEKTPOLICHTPOOEXKHEIX HACOCOB HedTeno-
OBIYi:

Ar=0,06 + 0,037, - 0,01A7,

roe 3‘; — TIOCTOSIHHAs BPEMEHM HHEPIIMM IBUTA-
Tensd; AU — 3HayeHWe MPOBaa HaIpsOKEHMS.

B ycnoBusix HedTemoObIBaIOIINX [IPEOTIPH-
ATHH HauOOJNee YYBCTBUTEIBHEL K HapyIIeHuIM
DJIEKTPOCHAOXKEHUS 37IEKTPOLEHTPOGEXHbIE YCTa-
HOBKH C IIOTPYKHBIMM ACHHXDOHHBIMU IBHUTATE-
JUIMHM 711 M3BNEYEHUA HePTH HA OHEBHYIO IIO-
BEPXHOCTP M  KOMIUIEKCBI C CHHXPOHHBIMU
OBHTATENIMU 1A TIOAAEPXKAHWUA  IUTACTOBOLO
naBneHus. KpaTkoBpeMeHHEIE HapylieHus ux
SMEKTPOCHAOXEHUA MOTYT BLI3BATh OTKITIOYCHIMS
H, KaK CIEACTBHE, — DACCTPOMCTBO TEXHOJIOIH-
YECKOro Tporlecca, Ha BOCCTAHOBIEHHE KOTODO-
ro TpebyeTcss HECKOJLKO IEeCSITKOB MHHYT, 4YTO
IIPABOMUT K MOTepssM mo0bau Hedrtu [3].

TaxuM 06pasoM, ymameHHOCTE OT LeHTpAaIH-
30BAHHBIX CHCTEM 3JIEKTPOCHAOXEHMS M HATHYME
TEXHOJIOTMYECKMX TIPOLIECCOB, HEIPEPLIBHOCTh KO-
TOpbIX HE IOJDKHA HAapyLIaTeCs, OOYCIIOBIMBAIOT
HEOOXOMMMOCTL PaspaboTKH CHUCTEMBI TapaHTHpO-
BAHHOIO 3JICKTPOCHAOKEHMS € WCIIONB30BAHUEM
IBTCPHATHBHBIX BO300HOBIIEMBIX HCTOYHHKOR
SHEPIUH Ha TIPENUPUATHAX HedTenobBMH, KOTO-
PbIe HIDAIOT BEIYUIYI0 POJb B MHHEPAIBHO-
ChIphEBOM  KoMIUtekce P®. Tlpu paspaborke
CTPYKTYPBI CHCTE€MBI HEOOXODMMO ydYecTb cile-
AYIOIIHE DEXMMBI paboThl HedTENPOMEBICIOBOM
ANMEKTpUYECKOi cetn [1, 3):

HOPMAJILHBIH;

ITocIeaBapUAHEIH;

HepPeXOIHEBIN;

PEXMM MPOMUIAKTUYECKOTO OBCIYKUBAHMA.
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HopmanbHBIH peXuM — 3TO YCTAHOBMBIIMIA-
C1 pexuM paboThl INMEKTPUYECKOM CeTH, IIpU
KOTOpOM (YHKUIHMOHUPYIOT BCE €€ 3JIEMEHTBI,
IPENyCMOTPEHHbIE TIPU  IIPOEKTUPOBAHMH, U
obecrieynBaeTCA 2JIEKTPOCHAOXEHHE BCEX ITOH-
KMOYeHHBIX 1noTpebureneit. IlociaeapapuiiHbIM
CUMTAETCA pPEXWM, YCTAHOBHBIIMICA IIOCTAE aBa-
PUIHOTO OTKJIIOYEHUS MOBPEXIEHHOIO 3JIEMEHTA
JMEKTPHYECKON CeTH M COXpaHdIoOmIMiica Mo
BOCCTAHOBJIEHMSI  CXEMBl  9JIEKTPOCHAOXKEeHUH,
NPEAYCMOTPEHHOM I HOPMAIBHOIO peXuMa
paborel. K TIepexogHOMY OTHOCHUTCS pEXUM,
IIp¥ KOTOPOM CKOpPOCTb M3MEHEHUS MapaMeTpOB
H DPEXHMMOB paboThl SIEKTPUYECKON CETH 3Ha-
yuTenbHa. HOTO HEoOXODMMO YYMTHIBATE IIPH
PACCMOTPEHMH KOHKPETHBIX IIpaKTHYECKMX 3a-
Ioad. B pexwume mNpodmrakTHUECKOro O6CIyxH-
BaHMSI BO3MOXHO BBITIOJIHEHUE ILIAHOBO-IIPENY-
IPeIUTENIEHBIX ~ PEMOHTOB, ITPOMMIAKTHYECKHX
OCMOTPOB M HAaCTPOWKM BXONAIIMX B CHCTEMY
TapaHTHPOBAHHOIO 3JIEKTPOCHAOKEHMS Y3J0B U
OyiokoB Ge3 IlepepblBa B3HEProobecIedYeHHs I10-
TpebuTenei.

Ha pucyske, ¢ u 6 TpuMBeJeHBl BapHaHTHI
CTPYKTYPHL CHUCTEMBI TapaHTHPOBAHHOTO 3JIEK-
TPOCHAOXEHMsl, pPeaylM30BaHHEIE B COOTBETCTBHH
C YKasaHHBIMH TPeOOBaHMSMHM M PEXMMaMH pa-
00Tl HEe(TEIIPOMEICTIOBOM  pacipeaeuTeIbHOK
cetu [2].

B cxeMe Ha pHCYHKE, ¢ OTBETCTBEHHEBIE IIO-
TPEOUTENM TIONYYAIOT NMHUTAHHE Yepe3 HCTOYHHUK
becniepeboiiHoro mmraHuss MBII, comepxanit
npeobpasosaTesM I ¥ 2 COOTBETCTBEHHO Ilepe-
MEHHOI'O TOKa B IIOCTOSHHBIN (BBITPSIMUTENB) H
IIOCTOSHHOTO TOKa B IIEpEeMEHHBINM (MHBEPTOD),
TOJIBKO B CJy4ae IIPOIamaHWsA HAIPSKEHHSI Ha

ITuraroimag ceTs

ITAD

1QF 20F l
97777 (P o
v as= 1| |
; —1 \ 30F
kg

=1 ITAD

6)

OCHOBHOM BBOIE WIHM JUIMTETHHOIO YMEHBIIEHUS
ero ypoBHda Huxe 0,80, (U, — HOMHHAIL-
HOe HAaIIpSDKeHHe ceTH). B mocieaBapuifHOM u
aBAPHUHHOM pEXHMax 3JIeKTPOCHAGKEHHE IOTpe-
OwuTeNel OCYIUECTBISETCA 3a CUeT JHEPIMM, 3a-
IMaCeHHOM B aKKyMYJATODHBIX Oartapesx AB, Ha
BpeMs 3aIlyCKa M BbIXoZa B pabO4Yuil pexuM
HMCTOYHMKA  aBapHHHOIO  3JeKTPOCHAOKEHUS
HAD, XOTOpbIA MOXKET OBITH BLITONHEH HA OC-
HOBE BETPOIEHEepaTOpPOB, COJHEYHLIX OaTapeit,
BETPOJAM3ENIbHBIX YCTAHOBOK MJIM 3JIEKTPOCTAH-
IMH, paboTalolMXx HAa IIOIMYTHOM HehTIHOM
rase. B mocneaBapuifHOM pexume cpabaThiBaeT
TUPHUCTOPHBINA KoMMmyTaTtop 71K, MCKITIOMAROIIMIH
BO3MOXHOCTb TIEPETOKA SHEPIMM OT mHpeobpaso-
Batelsl 2 B ceTb. OMHOBPEMEHHO IIOHAETCS CUT-
Hayl Ha 3amycK HMAD, BrImouaeTrcs BBRIKITIOUATEND
3QF u otwmoyalorcs BeiKmodarenn IQF w
20QF. Buixmouarens 4QF npennasuaued mIa pe-
sepBUpoBaHusa TK NpHU IOOKIIOYEHUH HAD.

IIpu 3amycke HAD uW ero nocieoyioueM
MMOAKMIOYeHHM K Harpyske, muTtaemMoit ot MBI,
BO3HMKAET ONACHOCTh YBENWYEHUS VI (ha30BO-
IO paccorNacOBaHMs MEXDY ONHOMMEHHBIMM Ha-
NpsKeHUWAMH Ha BbIXogax HAP u HFII. Ecm
9T0T yroa He mpeswimaer 30° [1], BO3MOXHO
MOIKIIoYeHe HAD K IuHE IIEPEMEHHOTO TOKAa
06e3 BO3HMKHOBEHHS CBEDPXTOKOB.

Ja mopxmouyenuss MAP Ge3 paccomiacoBaHUS
(a3 Ha Beixoae MBIl mpenycMOTPEHO YCTpoiicTBO
tupucTopHoro ABP (TABP). OHO 1o3BOISET CO-
XpaHuTh B paboTe sJIeKTporoTpeGuTeneil npu
BO3HMKHOBCHUH aBapMWHOro pexuMa (IoTepu
TATAIONIEr0 HANpsKEHWs Ha OJHOM M3 BBOIOB)
IIYTEM MAaKCHUMalIbHO OBICTPOrO IIEPEKITIOYEHNS
Ha HCIIPaBHBIA BBOJI 063 BO3HUKHOBEHHS CBEpPX-
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ToKoB. ONTMMH3alHd IepeXOOHEIX IIPOLIECCOB
obecrieurBaeTCs CHHXPOHU3ALMEH MOMEHTA
prmoueHns TABP (yrma pacxoxpeHus ¢a3s Ha-
NpsOKEHHM Ha KiIeMMax TIeHeparopa) ¢ YIJIoM

paccornacopanus (a3 Ha Belxone HMAII B nua-
mniazode ot 0 mo 30°. Jloruka padorei TABP 1io-

3BOJISIET OCYILECTBISATh CHUHXPOHHOE IepeKioye-
HHE T[MTaeMoM Harpy3skm Ha HAD c¢ yrmiom
¢daszoBoro paccornacopaHuss He Oomee 30°, a
TAICKE KOHTPOJMPOBATh BOCCTAHOBIEHME HAIIpS-
KEHWS B OCHOBHOH CETH C aBTOMATHYECKNM
[EPEKJIIOYEHHEM Ha HOPMAJBHYIO CXeMy IIocie
BOCCTAHOBIIEHHMS HAIIPSDKEHMS Ha HEWUCIIPaBHOM
BBOJE [3].

HemocraTkyt cxeMBEl Ha pPHUCYHKE, 4

CHIDKEHHMEe CpoKa CIIyXObl Ah u3-3a IIOCTO-
SHHOIO peXuMa II0A3apsna;

ymenbimenune obmero KIIJI cumcremsl rapas-
TUPOBAHHOIO  B3JEKTPOCHAOXEHHS  BCAEICTBUE
yBEJIMUEHMs TMOTeph NpU IBOMHOM IIpeobpasoBa-
HHH;

KOHEYHOE BpeMS NEPEKTIOUEHUS ITHUTAHUSA C
OCHOBHOI'0 WCTOYHWKA Ha MBI, obycioBiIeHHOE
HeJOCTaTOYHRIM OvlcTpopeiictBueM TK.

JocTOMHCTBA pAacCMaTPHUBAEMOM CXEMBL:

OTCYTCTBHME  3HAYMTEIBHBIX TapMOHMYECKIX
ACKaXeHMM (QOpPMEI KPHBOW HANpPDKEHWA TIH-
Taplell CeTH CO CTOPOHBI BXOJHOIO M BEIXOI-
HOTO Ipeobpa3oBaTesicll BBHAY MAajJOr0 BPEMEHH
uX paboThi;

CHHXPOHM3AUMs yIyia (a3oBOro paccoriaco-
BaHUA MeXIYy HAIOpSoKeHUsIMM Ha Beixomax HbIT
u HAS.

B cxeMme Ha pHCYHKe, § MMTaHHe HAa Harpys-
Ky IIOJAeTcs MOCTOSHHO 4Yepe3 BHIIPAMUTENH [
¥ MHBEPTOP 2, COBMECTHO BBIITOJHSIOLIWE IBOMH-
Hoe TpeobpasoBanHue. B cioygae mpomamaHus
HAIIPSIXEHMUST HA OCHOBHOM BBOIEC WIM UIMTEIb-
HOTO YMEHbIIeHMs ero yposHsa Huwke 0,80,
HelpephIBHOE IHTaHHE TOTpebuTeNneil obecrneyu-
paeT Ah. B MOMEHT HMCYE3HOBEHMS HAIIPSTKEHUS
CHCTeMa VIIPAaBNEHMS I10JaeT CUTHAN Ha 3aIyckK
HAB, u 1ociie TOTOBHOCTH TIOCJAETHEr0 IPUHATH
Harpysky BKIIOYaeTcs BeIKIIOuaTens 20QF. Brl-
xmouatens 3OQF obecrieuwBaeT 3alIUTyY MHBEPTO-
pa OT Ieperpy3ok, cboes B pabore IpM MOUKO-
BBIX Harpys3kax W paspsme Ab5. HomycTuMmbli mo
wopmam T'OCT 13109—97 ypoBeHb TapMOHHMYE-
CKMX HCKaxeHMH (opMbBI KpHMBOM HaIlpsDKCHUS
KOHTPOJIMPYETCA  HapajUIeNbHbIM AKTUBHBIM
dunsTpoM [TAD.

CxeMa Ha pHUCYHKE, 6 UuMeeT CICIyIoIue
[peHMYyILeCTBa: '

OTCYTCTBHE II€pEpPEIBA B SJEKTPOCHAOXKECHHH
MpH TMEPEKITIOYEHUM C OCHOBHOIO HCTOYHMKA Ha
maTanue oT AD; ‘

HaJIWyHe 3alldThl OT KpaTKOBPEMEHHBIX Ha-
pyLIeHHH 3JIeKTPOCHAOXEHW,

BBICOKOE KadecTBO DICKTPUYECKOW IHEPTriu
Grmarogaps HCHoap30BaHul0 [IAD.

Henocrarku cxeMBl Ha pHCYHKE, 0

cHmkenue obmero KIIJ cucremMsl rapaHTH-
POBAHHOTO 3JEKTPOCHAOXEHHUS BCIEACTBUE YBE-
JIMYeHHd M0Teph IMPU ABOWHOM IIpeoOpa3oBaHUU
SHEPTHH;

OTCYTCTBHC CHHXpPOHM3alIMK yIna (HasoBoro
PACCOIIACOBAHMS MEXY HANPSDKeHWSIMH Ha BBI-
xomax MBI u HAD,

CHIDKEHME Ccpoka cinyx0bi Ab wu3-3a II0CTO-
SIHHOTO peXuma T[on3apsijia;

JIOTIOJIHUTENbHBIE TIOTEPH B reHeparope HASD
MpH €ro CoBMecTHON pabore ¢ HbIL

IIp KpaTKOBpeMEHHLIX HapyIICHUIX O3JEK-
TPOCHAOXEHHS JUIHMTEIBHOCTEI0 MEHGE BpEeMEHH
samycka HAP mocnengHmi MOXeT OBITH HMCKIIO-
YeH M3 CTPYKTYPHl CHCTEMBI I'apaHTHPOBAHHOIO
snekTpocHabxenus. Obe CTPYKTYphI Ha PHCYH-
Ke,a W 0O TIpUMEHUMBI IS YCIOBWH NpPENIIpH-
STUH MWHEpPaILHO-ChIPLEBOTO KOMIUIEKCA.

Takum 00pa3oM, paspaboTaHHas cucrema ra-
PAaHTHPOBAHHOTO 3JIEKTPOCHAOXEHHMS C WCIONb-
30BaHWEM  aJIbTePHATHUBHLIX  BO300HOBIISIEMBIX
HCTOYHMKOB 3HEPTHMM M OBICTPOIEHCTBYIOIIMX
YCTPOMCTB aBTOMaTMYECKOIO BBOJA pe3epBa IIO-
3BOJISIET 00ECTIEUUTh HEIIPEPBIBHOCTh TEXHOJIOTH-
9eCKMX IIpOIECCOB ¥ YCTONYMBOCTL PEXMMOB
paboThl BJMEKTPHYECKMX ceTell IpelrpusTuil Mu-
HepaJIbHO-CBIPLEBOT0  KOMITIIEKCA.
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KOMMNEHCALIUA

PEAKTUBHOX MOLLHOCTM

KomneHcanysi peakTHBHO/ MOLIHOCTH B PACTIPENETUTENBHBIX CETAX
Ha OCHOBE pAacCHpeneJeHHONH JSHEePreTHKH

Hekpacos C. A., KaHA. TexH. HaykK, KaHfA. 9KOH. Hayk
O6benuHeHHbI WHCTUTYT BbiCOKMX Temneparyp PAH, Mocksa

IToxasaHo, YTO pa3sBUTHE pacHpeleleHHONH SHEPreTMKH B POCCHM II0O3BONMT OGECTIEYMTBH TpE-
OyeMble KAYECTBO M HANEXHOCTh 3HEPTOCHAGXKEHMS M CHHM3HTH CeTeBLIe IOTEPH ITyTEM KOM-

IeHcCanum| pBaKTHBHOf{ MOIITHOCTH.

Knouesbie caoBa: PCaKTHBHasA MOINHOCTb, CHIDKEHHE IIOTEPE JJIEKTPOIHEPIHH, HOT‘DCGHTGJ’IE

BJIEKTPOIHEPTHH.

B omexTpmyeckoii ceTH B IIEJIOM JJOJDKHO
obecrieyrBaTbCs PABEHCTBO TeHEpAIlMyd M I0Tpe6-
JeHus axTUBHOH (AM) u peakrusHoit (PM)
MOIIHOCTH. OCHOBHEIM HOPMATHUBHBIM IIOKa3a-
TeJeM TomuepxXaHus OanaHca aKTHBHON MOIIHO-
CTH B KaXIbIi MOMEHT BPEMEHH SBISCICS YacCTOTd
IIEPEMEHHOTO TOKa (OOIIEeCHCTEMHBIM KpuUTeE-
puii), a pDEakTUBHOW — YpPOBEHb HAIIPSKEHUSA
(MECTHBIN KPUTEPUH, CYIIECTBEHHO OTIMYAl0-
LMKCS U KaXOO0ro y3ja Harpy3kd M Kaxmoi
CTYIIEHHM HOMWHanbpHOro HampsokeHus) [1]. B
cootBerctB ¢ I'OCT 13109—97 B smexTpuye-
CKUX CeTsIX CHUCTEM 3JeKTpocHaOXeHMsT oBIero
Ha3HAYeHWA HOPMAJIBHO M IIPENENBHO IOITYCTH-
MEBIE 3HAYEHMS YCTAHOBHBIIETOCS CHIDKEHMS Ha-
npsokeHuss 68U Ha BHIBOZAX MPUEMHHKOB 3SIIEK-
TPUYECKOM DHEPrUM HE JIOJDKHBI IIPEBBIIIATH
cOoOTBETCTBEHHO 5 u 10 % HOMMHaJIBHOrO Ha-
NpsoKeHUs snekrtpudeckoit cetw mo 'OCT 721 u
I'OCT 21128 (HomMuHanpHOe HampsokeHue). IIpu
TMOHIDKEHHBIX HANpPSDKEHUAX BEPOATHOCTH OT-
KJIIOUeHHs IIoTpebuTeNell B ciaydyae IIPOBAJIOB
HalpsDKeHWsT 3HAYUTENIbHO  Bo3pacraer. Ilpm
CHIDKEHUM HalpsDKEHMA Ha IIWHAX HArPy3KH 0
yposHsa U< Uy, (KPUTHYECKOTO HAIPDKEHUT
CTaTHYECKON XapaKTePHUCTUKM Yy3/a HATPY3KH IIO
HaIpsKEHWI0) PE3KO ITOBBIIMIAETCS ITOTpebIeHMe
PM, mpuBomdiiee K YyBEJIMYEHHIO ITOTEPh Ha-
IPSCKEHWA, JaIbHEHLIEMY CHIDKEHWIO HaIIpsike-
HUA M OBICTPC pa3sBHBAIONIEMYCA B TeUueHHE HE-
CKOJIBKMX  CEKYHHI  IIpOLECCY, Ha3bIBAEMOMY

" CraThsi [OLTOTOBIEHA IO pesynsrataM HHUOKP B pamxax
OUIT “HMecnenoBaHus U paspaboTKM M0 MPHOPUTETHEIM Ha-
MpaBieHUAM PasBHUTHA HAYYHO-TEXHOJOTUYECKOTO KOMILIEK-
ca Poccum 2007 — 2012 rr.” MunobpHayku Poccun (TK
Ne 16.526,12.6002).

NaBMHOW HanpspkeHusi. OIHAKO IIPH CHIDKEHWH
HAaIpsCKeHUs — moTpebiedre  MOIMHOCTH — HE
yMeHbIIaetTcs [2].

B mocnemuue romel Kak B TOpoAdx, TaK U B
CEJIbCKOM MECTHOCTH CYIIECTBEHHO YBEIMYHIOCH
norpetiienre PM, B TOM dMCIIE 3JIEKTPOIIPHUEM-
HHMKAaMH IIPOMBINUIEHHBIX TPESOIPUATHA, 9JeK-
TPUGDHUIIMPOBAHHBIM XEJIE3HOIOPOXHLIM U TOpPOI-
CKMM TpPAaHCIIOPTOM, TOPrOBEIMM, CITOPTMBHBIMH
M pasBleKaTeJIbHBIMM IIEHTpaMH H T. 1. Jlond
PM npu 3arpyske JIHHME 3JI€KTPONEPENadyd B
Hacrodllee BpeMs oueHuBaercsa B 20 — 80 % or
AM [2]. Hampumep, B OAO “KAMA3” B
2011r. mpum 303 MBT yCTAaHOBJIGHHON MOLIHO-
ctu morpebnenue PM cocraBwio 217 Meap [3].
CornacHo [4] oxomo 60 % Bceit PM, cBs3aHHOi
¢ oOpa3oBaHUEM IIEPEMEHHBIX MATHMTHBIX IIO-
JIeH, IMOTPeO/IAIOT acHMHXPOHHBIE IBUTAaTelH (M0
60 % wx nwuraercss or cereil 0,4 kB) M oxono
25 % — TpaHChOPMATOPEIL.

VBemuueHue wucia DPasIMUYHBIX 3JIEKTPOIPH-
BONOB, CTa0MIMSHPYIOIMX K IIpeoOpa3oBaTeh-
HEIX YCTPOWCTB, INPHUMEHEHHE IIONYIIPOBOILHUKO-
BBIX IIpeoGpasoBaTteneil TNPUBOOMT K  pPOCTY
norpebnsieMoit PM mperMMyInecTBEHHO B CETHX
HHU3KOIO HAamnpsDKEHWs, a 3TO B CBOK OYepenb
BIUAET Ha paboTy APYIHX SIeKTPOIPUEMHIKOB,
COKpaIaeT CpOK MX CIIy:KOBI, CO3HAET MOIIOIHU-
TeJIbHBIE TIOTEPH SJIEKTPOIHEpruu. K3aMeHeHwe
XapakTepa KOMMYHAaJIbHO-OBITOBOM HATPY3KH B
Pe3yJbTaTe IIOSBICHUS HOBBIX THUIIOB 3JIEKTPO-
IIPHEMHHKOB (MUKPOBOJHOBEIX IIeYel, KOHIU-
ITHOHEPOB, MOPO3WIBHUKOB, JIOMHHECIIEHTHEIX
CBETHJIBHUKOB, CTUPAIBHBIX H IIOCYIOMOSYHEIX
MAIlWH, II€PCOHATBHBIX KOMIIBIOTEPOB M [p.),
IOTPEOIAIONMX M3 IUTAIOUIEH CeTH Hapsmy c
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AKTUBHOM  3HAYWMTENIBHYI0 PEAKTHBHYIO MOII-
HOCTB, TaKXe IIPUBENO K POCTY IIOTpebIeHms
PM [5]. B wurore m3-3a u3MeHeHUS CTPYKTYDPBI
NOTpeONeHNsT obujee nompebaenue PM Croros
npubauNceHHo ouyenusaemcs @ | kéap Ha 1xBm
cymmaproeo nompebnenus (nazpysxu) AM P arps
[2].

Poct norpe6renns PM mpusen x pAny He-
FATHBHBIX TIOCIIEJICTBHI: MOTPeOUTENN CTATH pa-
6OoTaTh C NOHWKEHHBIM KO3(DDHUIMEHTOM MOIII-
HOCTH ¥ TIOBBILIIEHHBIM IOTpeOieHueM PM u3
ONEKTPHUYECKON CETH CHCTEMBI 3JIEKTpOCHAGKE-
HUS, BO3poCHH Mmotoku PM B cucremax siek-
TPOCHAOXEHUST  MOTpeOHUTENei SNIEKTPUYECKOH
SHEPTHH  (PACTIPENETUTENEHBIX  3MeKTPHYECKIX
CeTSIX M CHCTEMOOOPA3YIOUINX JIMHUIX 3IEKTPO-
nepefavy); BOSHMKIA IPOGIEMa IOIAEpKAHMUS
(Ha ypoBHe HE HIKE MUHUMAILHO JOITyCTHMOIO)
HANPSOKEHWA Ha IIMHAX IOACTAHUMH C IIpHcoe-
IWHEHHOM Harpyskoi [6]. Ilo ouenkxam 3KCIIEp-
TOB, INPMYMHAMH BO3HUKHOBEHHS W pA3BUTHA
HawboNee KPYIHBIX aBapuil M TeXHOIOTHMYECKIX
HApYIICHWH B SHEPTOCHCTEMAX M 3HEProoGhHemy-
HEHHAX pPa3lTWYHBIX CTpaH, MPHBEJIIMX K OT-
KIMIOYCHUIO 3HAYUTENIBHOrO 00BEMa IIOTpebuTe-
Jei, SIBIAOTCA, B 4YacTHOCTH, medbuumr PM B
SHEProOOBbENMHEHUAX M HEINOCTATOYHBIA OOheM
YCTAHOBJIEHHBIX HMCTOYHHUKOB PM [7].

ITorepu, cBsS3aHHBIE C HebaIAHCOM PM,
HauboJiee 3HAYUMBI B PACIIPENETUTENLHBIX CeTSX
[8]. OueHka moOTEpH pEaKTUBHON MOIIHOCTH B
TpaHC(OPMATOpax ¥ aBTOTPaHCHOPMATOPAX Io-
KaspIBacT, 4YTO MPU XKaxXIoil TpaHchopMalmu
HaTIpSDKEHUS] OHM  COCTABNAIOT TNPHOIM3UTEIBHO
10 % or mnepemaBaemoii uepes TpaHchopMaTop
nonHo¥ MomrHoctH. Hampumep, B OAO “Cere-
Bag KommaHua” TarapcraHa moms JIDII, B Ko-
TOPBIX tg ¢ IIPEBHIIIAET YCTAHOBJIEGHHBIE 3HAYE-
HHUA, Ha HanpsokeHWH 110 xB cocrasnser 25 %
(tgp>0,5), Ha wmHanpsxemuum 35xB — 50 %
(tgp >0,4), Ha Hanpaxernmu 6(10) kB — 52 %
(tgp >0,4) [3]. DKOHOMMYECKOE 3HAYeHME aK-
THBHBIX IIOTEPb JJIEKTPOSHEPIMU IIPH Ileperade
W norpebnenuu PM  onenmsaercs B [5] Ha
npumepe cereit  6(10) — 0,4 kB peroHanbHBX
cereBelX KomraHuit (PCK) PAO “EBC Poccuu®.
Yepes cetu 6(10)—0,4xB B 2007 . mepemamo
okono 50 % anexrposueprun (370 mipn kBt - u)
OT OOMero OTIyCKa 3MeKTPOSHEPIHH B CETAX
PCK JIaHHOTO XOJITMHTA, COCTABHUBILIETQ
742,5 mipx kBt - 9. TloTepm DIIEKTPOHEPTHU B
ITUX CeTAX paBHIMCHL 11,6 %. 3a cuer mepo-
MPUATUH TI0 ONTUMM3alMK GajaHcoB PM B cer:
1 nospuneHus cose ¢ 0,85 wa 0,01 (1,2 %) B
UEIOM B 3IeKTpuuecknx cermsx 6(10) — 0,4 kB
PCK MoxHO c3koHOMHTH 1 MIpmkBr-u siex-

TPOSHEPTUHM. BTO ITO3BOJMT BBICBOGOIWMTE OKOJIO
150 TeICc. kBT MoOIIHOCTH TeHEepaTOpPOB Ha 3JIeK-
TPOCTAHUMAX. CIEeyeT TakXke y4ecTb, uTO JUIsT
npowusBonctBa 1,1 mupx kBt - 4 SJIEKTPOIHEPTHHA
Heobxomumo okono 0,370 MJIH T VCIOBHOTO TO-
wmiBa. Kpome Toro, mopbnmeHHOe IoTpednexne
PM u3 cetw mpyu HU3KMX 3HAYEHMSX Cos @ Tpe-
OVeTr yBeMYeHHs ceveHHi IIPOBONIOB M Kabeelt
B BIEKTPUYECKHMX CETAX C IENLI0 VMEHBIIEHUS
noteps [5]. Ilpu cHWXeHUH cose no 0,7 mepe-
PacXoll LBETHEIX META/LIOB (MENM M ATIOMUHUS)
cocraBur 6osee 50 % [4].

CyTh pPeryIHpoBaHMS HAIpPSKEHMT 33 CyeT
BO3NEUCTBHA Ha ITOTOKM PM 1o smeMedTam
ONIEKTPUYECKOH CETH 3aKIIOYAETCS B TOM, WYTO
NpA M3MEHEHMHM 3TOM MOITHOCTH WM3MEHSIIOTCS
IIOTCPH HATIPSAXKEHMS B DPEAKTUBHBIX COIIPOTHB-
TeHwsx. B ormvume or AM PEaKTUBHYIO MOIII-
HOCTP B y3jaXx CeTM MOXHO M3MEHAThL IIyTEM
YCTAaHOBKH B HMX KOMIIEHCHPYIOUIMX YCTPOMCTB.
Hawbonee neiictBeHHBIMH 1 PETyIMpOBaHUA
HalpsDKEHMA  ABILTIOTCA  YCTPOMCTBA  (CHHXpPOH-
HEIC KOMIICHCATOPEI, CTATHYECKUE TUPHCTOPHEIE
KOMIIEHCATOPEI), CIOCOGHBIE KAK TeHEepUpPOBATH,
Tak ¥ momomars PM, u3aMeHsas cBomo Mol-
HOCTE B 3aBHCHMOCTH OT DEXHMA4 CETH, B pe-
SYJBTaTe 4YEro IOSIBIACTCH BO3MOXHOCTH pEry-
JIUPOBATh HaNpsXeHHe. DHGEeKTUBHOCT, TAKOro
PCTYIHPOBAHUSA C IIOMOIIBIO ITOTNEPEYHEIX KOM-
TMIEHCHPYIOIIHUX YCTPOMCTB TIOBBILIAETCS B CETHX
C OTHOCHUTENBEHO OONBIMMMU DPEaKTUBHBIMU CO-
TIPOTUBJICHUAMM II0 CPABHEHHIO C aKTUBHBIMH,
HampUMep, B BOSOYIIHBIX CETSX IIO CPaBHEHHIO
¢ KabenpHBIMU. IIpu 3TOM HAMGOIBIIMIL -
(bekT nocTHraeTcs IpH YCTAHOBKE KOMIIEHCH-
PYIOIIMX YCTPOMCTB B HauboOlee VIAIEHHBIX OT
HEHTPOB IIMTAHHS Y37aX Harpysku |[8].

Ilpy BEIGOpE MecTa pPaCHONOKEHHS KOMIIEH-
CHPYIOIIMX YCTPOMCTB CHEIyeT HMETh B By,
YTO HAHMOOJBUIMHA 3KOHOMIYECKHit 3(dexT moc-
THTaeTCs TPH MX YCTAHOBKE B HEIOCDEICTBEH-
HOW OJHM30CTH OT morpebisiomux PM IIpueM-
HUKOB. Ilepemaya PM m3 cetw 6 — 35 kB B cers
mo 1000 B, xak mpaBuiIo, SKOHOMHYECKH HEBEI-
TOMHA, OCODEHHO, €CIM 3TO NPHBOAMT K VBEIH-
UCHHUIO 9HC/a ITOHIDKAIOIIMX TpaHCchHOpPMATOpOB,
HJisl 2IeXTPOyCTaHOBOK HEeGOMBLION MOIIHOCTH,
[PUCOENMHACMBIX K OEHCTBYIOIMM  CeTM
6(10) xB, 1enecoobpasua monHas KOMIIeHCaLHs
Ha cropone no 1000 B. Tlostomy HeobGxommmo
obecrieynTs GalaHc W pesepB PM He TOMBKO B
LEJOM B SHEPrOCHCTEME, HO M B Y3JaxX HAarpys-
Ki. B umeansHOM ciryyae ¢ TOuKud 3peHUd MHU-
HUMAIBHBIX ITOTEPhL 3JIEKTPOSHEPTUM B CHUCTEME
“reHeparua — JIDII — mnorpeburens” crenyer
CO3MaTb TaKU€ YCIOBHMS, YTOOEI reHepaTophl
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CTaHUUKM DaboTad¥ C HOMHHAIBHEIM COS @, IIe-
PETOK HOITOJIHMTENBHOU 110 JuHuM PM orcyrer-
BOBaJ, a noTpebuTenu paborami ¢ cosg =1 6es
notpebnenus PM [1]. CornacHo MeTtonmueckum
ykaszaHusM [9] ¢ Lenbl0 CHIDKEHHA I10TEph
MOIIHOCTH ¥ 3JIEKTPOSHEPTUH B 3JEKTPUYECKOMH
CEeTH PEKOMEHIAYETCH pacCMaTpUBaTh IIENecoo6-
pPa3HOCTbL YCTAHOBKM JOITOJHHUTEIBHEIX KOMIIEH-
CUPYIOIUX YCTPOMCTB INIaBHEIM 00pa3soM HEIo-
CPEINCTBEHHO y IOTpeOMTENel Ha HaNpKeHUW
0,4 — 10 xB.

Kommnencauus PM 1o3BOJWMT CHH3HTHE Mak-
CUMYM IIOTpeOJIEHMSI TOJIBKO 1O MockBe Ha
3—3,3IBt [10]. B [2] ormmcaH OIBIT KOMIIEH-
cammu PM B OAO “TBepckoif BaroHOCTPOH-
TeNBHBIA 3aBon”. CyTh €ro 3akimoyanach B H3-
MEpEHHHU IIapaMETPOB  JJIEKTPUYECKOH  CeTH
(HanpsKeHus, TOK4, K03(POHUIMEeHTa MOUIHOCTH)
Ha OTXOIflIEM IIpucoemmuesuu PY 6 kB, or
KOTOpPOTO IIMTAETCA OLNMH M3 ILIEXOB IIpelIlpH-
atud. CHayana M3MepeHUs IIPOBOIWIM IPH OT-
KJIIOYEHHBIX YCTpoMcTBax KomrmeHcauuu PM, 3a-
TEM  IIOCJICIOBATEJIBHO  BKIIOYAIM  Oarapero
crarnyeckux kKoHzaeHcatopoB (BCK) Ha Hamps-
xeHnn 0,4 u 6 xB. M3Mmepenusa moxasaiu, 4To
npu BrmoyeHun BCK Tok B ceTH cHM3WICH HA
30 %, a KO3(OHIMEHT MOIIHOCTH COS @ IIOBHI-
cuiea ¢ 0,82 mo 3HayeHwus, Gumskoro X 1 (T.e.
OblTa JOCTWIHyTa IIOJMHAS KOMIleHcanms PM),
YTO IPUBOOUT K pAasTpy3Ke 3IEeKTPOCETEBOrO
000pyIOBaHHMA M YMEHBIIEHHUIO ITOTEPh 3JIEKTPO-
osHepruv. OTME4eH TakXe POCT HAlpPsKEHUI B
LEHTpe IMTaHUA. Pe3ylbraTel HAIISOHO IIpoje-
MOHCTPHUPOBAIHA  3(h(EKTUBHOCTE INPHUMEHEHMS
yCTpOMCTB KommeHcauuu PM. ITorpeGurens uc-
nons3oBan BCK ¢ mempio IOOKIOYEHUS AOION-
HHTEeJLHBIX MOIIHOCTeH (0e3 3aMeHbl CHJIOBBIX
tpaHcopmaropoB Ha ITIIT u B mexoseix TII),
a TaKXKe COKpallleHMs I0TEPh JNEKTPHYECKON
OHEpIMK BO BHYTPH3aBOACKMX CETSIX, ITOIIEpPKM-
Basg TpPM 3TOM HEOOXONWMBIM YDOBEHBL HaIIpsDKe-
HUA Y TOKOIIDMEMHUKOB [2].

B unenom HeyyacTHe mnoTpebuTeneil B KOM-
rnegcauu PM coOCTBEHHBIMM HMCTOYHUKAMH U
paboTa ¢ MOHWXEHHBIM KO3(hDHIIMEHTOM MOII-
HOCTH IIPUBONAT K YMEHBIIEHHIO TEXHMKO-5KO-
HOMMYECKON 3G EKTUBHOCTH CHCTEM 3JIEKTPO-
CHaOXEeHMSI, IIPOSBUBHIEHCS B BO3HUKHOBEHUU
Jebuuura PM B y3max Harpyskd M, Kak Clefi-
CTBHE, — B CHIDKEHWM HAIPSKEHMSI Ha IUWHAX
Harpy3oK M TIONCTaHLMI pacCHpeleIuTeIbHbIX
DJIEKTPOCETEeH; OrpPaHWYEHHUM IIPOIIYCKHON CIo-
COOHOCTH JIMHHMM SJEKTPONEpENadyd | TpaHC-
(dopMaTopHBIX IOACTaHIMI 1o AM H3-3a He-
obocHOBaHHOM uX 3arpy3ku PM; cymecTBeHHOM
pocre moreps AM B 3JIEKTPUYECKUX CETAX; YBE-

JMYEHWH II0TEPh HANPSOKEHWA W CHIDKEHWH 3a-
raca CTaTHYECKOM YCTOMYMBOCTH HATPY3KH I10
HanpsokeHuio. Jlocraeka PM morpeburensaM us
3HEPrOCUCTEMEl IO pAaCIIPeHeUTENbHEIM CETAM
B YCJIOBHAX COKpallleHUs ¥ HHX oObeMa cobcr-
BEHHBIX MCTOYHMKOB HeolpaBmaHHa. I[losTomy
06e3 yyactma moTpebuTeNeil B KOMIIGHCALIMA
cobctBeHHOrO rmorpeterus PM  HEBO3MOXHO
00eCIeYnTh TEXHUIECKH K SKOHOMHYECKH 060C-
HOBaHHBI Oamanc PM B sHeprocucreme. Crou-
MOCTh IIDOM3BOACTBA AM Ha 3JIEKTPOCTAHIIMAX
B 10 — 20 pa3 Gomplie CTOMMOCTH IPOM3BOICTBA
PM y norpeburens, mosromy Iepenadsa PM ot
SJIEKTPOCTAHIUA K MECTaM ee IIOTpeOJIeHHsI Co-
IIOCTaBMMa CO CBA3aHHBIM C 3TUM HEOOXOLU-
MBIM IIOKDBITUEM II0Teph AM, a JUIg yIAIEeHHEIX
SIIEKTPOIIPHEMHUKOB MeHee 32(D(DeKTUBHA, UYeM
HCIIOJIb30BaHME MCTOYHMKOB PM [11].

Ecmi ydecTh, 9TO B OTIMYHE OT CETeil BEI-
COKOIO HAalPSKEHWS YacTh pPAaCHpeneTUTeIbHEIX
CeTEH BBIMMOJIHEHA CTAILHBIMU TIPOBOAAMM, 4
9TO TpebyeT ydeTa HEJIMHEMHOCTH HX I1apaMeT-
POB B 3aBHCHMOCTU OT TOKOB HAIDPY3KHW, 4 Tak-
xKe ocobeHHocTei ceteil 0,4 kKB — BBICOKOIO
YPOBHA HECHMMMETpUM (a3, KOMMEPUYECKMX IIO-
T€Ph, TO MOXHO CAEIaTh BHIBOH, YTO OIITHUMHU-
supoBats OamaHc PM criemyer ToabKO Ha OCHO-
Be BBEACHHA B  DACIpEIeIUTENbHBIE  CETH
aKTUBHLIX  CaMOHACTPAWBAIONIMXCH  3JIEMEHTOB
[8].

CornacuHo [12] HOpMAaTHB YpOBHA KOMIIEHCA-
nur PM B pacnpelenuTeNnbHBIX 3JIeKTPUYECKIX
cerax cocraBaur 0,6 xsap Ha [ xBr. BriGop
CTPYKTYPH KOMIIEHCHUPYIOIIUX YCTPOMCTB M pac-
[IpeeJIeHHe MEXNY OOBEKTAMHM CYMMADPHEIX 00b-
€MOB HX BBOJA B YKa3aHHBIX OOBEMAaX JOJDKHEBI
ObUTH OIPENENATHCS NPH pPa3spaboTKe TI'OMOBHIX
TUTAHOB DPa3BUTHS OTpacieil u TpeboBaumii I1o
KoMmneHcanuu PM medicTByomux morpeburesei,
YCTaHABIIHBAEMBIX OHEPrOCHA0XAIOIIMMHK  Opra-
HuzamusaMu. CreneHb KoMITeHcauuy PM  6soma
npuHATa B pasMepe coso = 0,858 (tgp =0,6). B
2007 r. B Poccuiickoit ®@emeparuy TpeboBaHME
K MHUHUMAJIBHOMY 3HA4eHWI0 Ko3bdHIIHeHTa
PM B ToYkax IpUCOEIMHEHHS IIOTPEOUTENI K
gnekTpudeckoit cetd 6(10) — 0,4 kB 6Obulo 3Ha-
YUTETIBHO YxXecToyeHo: it cetw 0,4 kB yera-
HoBJIeH cos¢ = 0,944 (tgo =0,35), a g cern
6—20xB cose=0,93 (tgo=0,4) [8].

OnHaxo 3TH 3HAYEHUS] MOXHO JOCTHYD IIpe-
HMYIIECTBEHHO B 3JIEKTPOCETAX CPEIHEr0 U
BBICOKOTO HanpskeHuit (35 — 110 kB). B Hus-
KOBOJIBTHBIX CeTAX HanpsokeHueM 0,4 kB 1oBsI-
IICHUE COS ¢ [0 INPUEMIIEMOTO YDPOBHS M3BECT-
HBIMH  CHOCODaMM  SKOHOMIYECKH  HEpemKo
OKa3bIBAETCH HEONpaBJaHHBIM, I03TOMY HE Bce-
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roa ocymectsugerca [6]. B wactHocTH, mocme
orMedrl B 2001 r. IlpaBwia IONB30BAHMS DIIEK-
TPUYECKOM M TEIUIOBOH 3Heprueil y IoTpe6ure-
JI DJIEKTPUYECKOH SHEPIMH IIOHMU3MICS SKOHO-
MUYECKUMH CTUMYJ Y4acTBOBaThb B IIOAAEPKAHHH
Koo dULIMeHTa MOIMHOCTY M KOMITeHcamuu PM
Ha IOUHAX HArpy30K, YTO IIPUBEIO K pAIY yKa-
3aHHBIX BBIIIE HEraTHBHBIX IIOCIEACTBUII KaK B
chepe HANEXHOCTH BHEPrOCHMCTEMBl, TaKk M B
9KOHOMHYECKMX Bomnpocax. Hampumep, cpemmss
3arpy3ka 3JIEKTponBHTaTessa (OTHOIUEHME MOIII-
HOCTH, IOTpebideMoil pabouuM OpraHoM, K HO-
MHHaTBHOM MOIIHOCTH) B OTEYECTBEHHOM IIpo-
MBINUIEHHOCTH  cocTaBiusier 0,3—0,4, a B
espomneiickoi 0,5 — 0,6. 3aBplieHHE MOIIHOCTH
ABUraTens IPUBOOUT K cHKeHuo ero KIIIO u
COS(¢ S3HAYWTEIBHO HWKE HOMHMHaIbHOTO, C
YMEHBIIEHUEM CTEIEHHW 3arpy3KH  IBUTATENId
Bo3pacraeT oy morpebmsgemoit PM uHa cosma-
HYe MarHHTHOIO IO CHCTEMBI IO CPaBHEHMIO
¢ AM. Tlpu CHUXEHWM HarpysKd IBHTATENS IO
50% wu Mmenee ero »d@dEKTHMBHOCTh HAYHMHAET
OrICTPO yMeHBINAaThCH [13].

Hecmorps na npunareni B 2006 r. mpukas
PAO “EBC Poccum” [14] Bompoc KoMieHca-
uun PM, ocoleHHO B pacIpeIeIUTENIbHEX Ce-
TSX, OCTAETCS HEepeLIeHHBIM. B 2Toil cBA3M s
TIOBBIIICHMs Ka4YecTBa OIEKTPOCHAOKEHUS Ha
Tepputopun Poccuifckoit @emeparyu npejara-
erca  obecneuueamv  KOMHEHCAUUR) — PeaKmueHoll
MOWHOCMU HA OCHOBe paCHPEeOeNeHHOU 2eHepayull.
IIpu amom Ons ompedenenus nepeoo4epedHbIX Y3106
Komnencayuu caedyem ebiOupams MoOYKU pacnpede-
AUMenbHbIx cemell, 20e Habaoaromes MaKcUMalb-
Hble nomepu, a 044 6bIAGACHUA HEOOX00UMbIX 00%-
emoe eenepauyuu PM — mownoems obsexmos
pacnpedenennoii  cenepayuu  (OPI), nossonarouux
obecneuums KOMHEHCAUUIO DEAKMUGHOT MOUJHOCHU
Ha y4acmiax pacnpedefumensHoil cemu, K Komo-
DbIM  OHU NOOKAIOHEHBL.

ITockoneKy B CETSX SHEPrOCHMCTEM CYILECTRBY-
€T HECKOJIBKO CTYIIEHelH TpaHchopMaluy, KOJiu-
YeCTBO TPAaHCHOPMATOPOB M KX MONIIHOCTH B
HECKOJIBKO pa3 IIPEBBIMIAIOT YHCIO M YCTAHOB-
JIEHHYI0O MOLIHOCTh TeHepaTopoB. Cuemyer 3aMme-
THTb, YTO Ha KaXJBIA YCTAaHOBIEHHBIR I KBt
TeHepaTOPHOW MOUTHOCTH TPaIWuLMOHHOMA “60Nb-
IIO#” SHEPIeTMKH B DOCCHMCKMX YCIOBHSX
npuxomurcst 7 — 8 kB -A  TpaHCchOpMaropHOit
MOIIHOCTH, a Ha BHOBb BBONMUMBIA — IO
12— 15kB - A. IlostoMy mnon pacnpenereHHOl
regepauueil OyaeM IIOHMMATh IApaLIe]LHOE C
CEThI0 IIPOM3BOICTBO SJIEKTPOIHEPTHH LIA 3IEK-
TPOCHAOXeHUsT IoTpeGUTeNei, pPACIIOIOXKEeHHBIX
Ha pacCTOSHMM, HAa KOTOPOM MOXKHO obecre-
YMTh €e Tepenady 0e3 TpaHCHOpPMAlUM YpPOBHH

HaNpsDKeHWA, TeM CaMBIM CHU3HB IOTpebIeHUE
u3 cerd. OOBEKTBl PACIIPEIENCHHON TIeHepaluu
— OTO HCTOYHUKM DJIEKTPOSHEPTHHU, ITOIKITIO-
YCHHBIE K IIMHAM paCIpeNeIuTeNbHON ITONCTAH-
UM (B TOM YMCJIE Ha CTODOHE HArpy3KH) M OC-
HallleHHBIE  aBTOMATMKOW IId  obecreyeHus
CMHXPOHHOM paboTEl C SHEpProCHUCTEMOH, OT-
KIMIOYEHHSA OT Hee M MONmepKAHMS ABTOHOMHOI
paboter [15].

OnHUM U3 YHUBEPCANBHBIX TEXHOJIOTMUECKUX
peIlleHH#, Ha OCHOBE KOTOPOI'O MOXHO HOCTIYb
THOKOTO YIPaBIeHUST pEXUMAMM DACIIPE/eIIr-
TeJIbHBIX CeTei, SBIAETCS CO3MaHMe pacIpenc-
JIEHHOW reHepallMM Ha OCHOBE CHHXDOHHBIX re-
HepaTtopoB (CI) HOBBIXx OPI' ¢ BO3MOXHOCTBHIO
YIPaBIEHMST TOKamMHu BO30yxXmeHus. Perymuposa-
HHEe TOKOB Bo30OyxaeHus CI, yCcTaHOBIEHHEIX B
HETIOCPEJACTBEHHOH ONIM30CTH OT KOHEYHOro IO-
TPEOUTENT, MO3BOIMUT OBECIIEYHTH KOMIIEHCAIHIO
PM B pacnpememurensubix cerax. IlomyueHue
PM cBA3aHO HMCKIIOUHMTETBHO C YPOBHEM BO3GY-
XOEHWA CHHXPOHHOM MAamMHBL. YBenuyeHue
TOK4 BO30OYXICHUS IIPHUBOOUT K ITOBBIIIEHHIO
reHepuposadnd PM, a cHiDkenwe Toka — X
TIDOTHBOIIOJIOXKHOMY pe3yipraTy. KoMmeHcaius
PEaKTHBHOM MOIIHOCTH HAa OCHOBE ABTOMATHYE-
CKOT'O pEeryJavpOBaHMsA BO3OYXKIEHUS CHMHXPOH-
HBIX [JIBUIaTeleH TeOpeTHYeCKH OOOCHOBAHA W
NPaKTUIECKH MCIIONB3YeTCS B IPWIOKEHUHM K
ONTHUMM3AUMK SJIEKTPOCHAOXKEHUS MeTaJUTyprii-
YEeCKHUX KOMOMHATOB [16], HO perynupoBaHue
TOKOB BO30YXIEHMS CHHXPOHHBLIX MallMH B
PaCIIPECIUTENBHBIX CEeTSIX HACEACHHBIX IIyHKTOB
— DOTO HOBas 3agaya.

B Haubosee CHOXHBIX CeTAX CO3MAaHME pAaC-
NIpefesieHHOM TreHepaluy Ielecoobpa3Ho Ha oc-
HOBE ACHMHXPOHH3HMPOBAHHBIX TreHeparopoB (ACT)
— HOBOIO KJacca 3JIeKTPUYECKHMX MalldH, 00-
JANaloOUIMX PSIOM IIPEMMYUIECTB II0 CPAaBHEHHUIO
C CHHXPOHHBRIMM MalllMHaMH. bBriaromapa wuM
obecrieunBaercsa Oosee HamexXHas, YCTOMYMBAA U
OKOHOMMYHAs paboTa SIeKTPOSHEPreTHIeCcKoil
CHUCTEMBI B IeJOM. B acHHXpOHM3HPOBAHHBIX
resepatopax u KomieHcatopax (ACK) porop
UMeeT IIBe OPTOTOHANbHEIE OOMOTKH BO36GYXIe-
HMS, KOTOpPBIE IIMTAIOTCSI OT JBYXKAHATHHOM
CTaTUYECKOM DPEBEPCHUBHOM CHUCTEMEBI BO3OYKIe-
HUA. YOpapieHue BO30YXIEHHEM OCYIECTBISIET-
Csl IO CIENMANLHOMY “aCHHXPOHM3HPOBAHHOMY”
3aKOHY (BEKTODHOE VIIPABIEHME), B DE3y/IbTATE
9TOr0 TakKMe MAaIlHWHEl YCTOWYMBO paboTaloT B
peXuMax Kak BBIIAYM, TaK M IIYOOKOIO II0-
Tpebinenus PM, 4TO HECBOMCTBEHHO CHHXPOH-
HBIM MalllMHaM II0 YCJIOBHAM CTATHYECKOU U
MTUHAMMYECKOH  ycToMumBocTH.  CrieumanbHbIE
ATOPHUTMEBIl YIIPABICHUS peXMMaM# ODecreymBa-
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CBolicTBa

IIpeumyiecTra

SIeKTpOMarHUTHBIA MOMEHT 1 PM
HE 3aBUCAT OT YIIIOBOTO ITOJIOXEHMS
poropa

BosMoxHOCTb 6€3 HapyIIIeHHA YCIOBUI CTATUYeCKOH YCTOHYMBO-
CTH paboTaTh Ha IPOTLKEHHYIO JIMHUIO 3JIeKTPOTIepeIady

BosMmoxHoCTE Ge3 IIoTepH YCTONYMBOCTH paboTaTh
B pexxumax rmy6okoro morpebaenus PM

Heszasucumoe u pasnensHoe
PETYIMPOBAHUE JIEKTPOMATHUTHOTO
MmoMeHTa 1 PM

OpdexTrBHOE HeMIIbUpPOBaHHe KONeOaHUI aKTHBHOM
M PEaKTUBHOW MOITHOCTH (HATIPSTKCHMS)

[MoppnueHHOE OBICTPOAEHCTBHE PETYIHPOBAHMS PM (HanpsoKeHus)

Cucrema BO30YXKICHUA YIIPABIISET
HE TOJIbKO 3HAYeHHeM HaIpSDKeHHH,
HO ¥ ero (a3oi ¥ YacToTOH

(B 3aJaHHOM IUAIIA30HE)

Bonee Tounas u Ge3ymapHas CHHXpOHU3ALMS C CEThIO
MIpH BKIIOYEHWH Ha NTapaJule/IbHYIo paboTty

[ToBelmeHUe YpOBHEH CTATHYECKOM U IHHAMHYECKOH YCTONYUBO-
CTH BHEPrOCHCTEMEI 32 CUeT co3Manmsd addexTa “MOIIHEIX ITHH”
B 33TaHHOM Y3JI€ SHEPrOCHCTEMBI

®@opcHpoBKa # pachOpCUpOBKa
BO30YXKIESHMS 110 IBYM B3aUMHO

NepHIEHIMKYISIPHBIM 0GMOTKAM POTOpA,

T. e. BEKTOPHOE YIIpaBleHue
TWHAMHYECKIME [IPOLECCaMu

[ToBrIIEHHEIE TPEIEITBI JHMHAMUYECKON YCTOWIMBOCTH e HepaTopa
(xoMmeHcaTopa)

YnyqireHne KauecTsa IIpOTEKAaHUS IEPEXOIHBIX IIPOLECCOB
B DHEPrOCHCTEME

B0o3MOXKHOCTE HEOTPaHUIEHHO
IUTATENBHEIX aCHHXPOHHBIX PEXIMOB
6e3 BO30YKAEHMS [IPH Harpy3Ke,
OMM3KOM K HOMMHAIBHOM

IMToBeIIIEHHAS HAJIEKHOCT 1 KMBYUECTE arperara (3Heprobioxa),
CHaOXEHHOTO aCHHXPOHH3HPOBaHHEIM I'€HEPATOPOM,
KOMIIEHCATOPOM (CHIDKAETCS BEPOATHOCTD OTKITFOUEHHS SHEPTO-
610Ka M3-3a aBapyii B cucTeMax BO3OYXKIEHHS 1 YIIpABICHHSA)

B03MOXHOCTE JUTHTETBHOM paGOTH! B 9HEProcHcTeMe
IIPY BO3HUKHOBEHUM aCUHXPOHHOI'O X012

CylnecTBeHHOE MMOBBIIEHHE PEMOHTOIIPUIOLHOCTY ¥ OBIeryeHe
TEXHHYECKOro 00CIyKMBAaHHS CHCTEM BO3OYXIEHMS 1 YIIPABISHUS
0e3 OTKITIOUeHMS SHEProbIoKa

B03MOXHOCTE OBYX- ¥ TPEXKPATHOH
neperpy3ku mo PM 6e3 norepu
YCTOWYUBOCTH

VYiyuneHue xapakTepa MPOTEKAHUS aBAPUHAHBIX TIPOLIECCOB
¥ [TOCJIeaBapUITHEIX PEXXHMOB B 9HEPrOCUCTEMAX

Hckirouenye sIBiIeHMs JTaBHMHEbL HalIPSOKEHWA B SHEPI'OCUCTEME

MaJbHO TNPUOMIDKEHHBIX K ITOTPEOMTENIO, HEIb3s

10T BeIcOKyIO XuByuyecTb ACIT m ACK. OcHos-
HBIE MX CBOMCTBA M IpeuMyliectBa [7] mpuse-
IeHBl B TaOIHIIE.

OcHoBHbie gocronHcTBa ACIT Mo cpaBHeHMIO
C CHMHXPOHHBIM ¥ ACHHXPOHHBIM TeHEpaTOpaMM:

CIIOCOOHOCTh TE€HEPHUPOBATh HANPSKEHHUE II0-
CTOSIHHOM 4YacTOTBI IIpH IIepeMEHHOM 4YacToTe
BpaIllCHHA;

NPHHUANIUAIBHO OOIbIINE, YeM Y CHHXPOH-
HBIX T€HEpPaTOpPOB, IPEIeNbl YCTOMIMBOCTH,

BO3MOXHOCTE 3KOHOMHYHO peryJMpoBate PM
[P Iapajule]bHON pabore ¢ ceTblo (0COGEHHO
stpdextusaer ACIT TaMm, IZie II0 YCIIOBHAM 5KC-
IUTyaTaluu TpeOyercs peryjIupoBaHHE YaCTOTHI
BpallleHUsl B CPABHUTEJIBHO OTPAaHMYEHHEIX IIpe-
Iellax BBRIIIE W HIDKE CHHXPOHHOH [17]).

Ilpn obecneyenuu KommeHcarud PM Ha oc-
HOBE €€ TIeHepallud Ha MCTOYHMKAX, MaKCH-

IPUHUMATh PEIIEHUS IT0 ONTHMM3ALMM TONBKO
9JIEKTPOCHAOXKEHUSI HE3aBHCHMO OT 3a7ad KOM-
TUICKCHOI'O SHeprocHadxeHus. M3-3a oTCyrcTBHA
CHUCTEMHOIO IIOOXOHa K OITHMM3AIlHH SHEPro-
CHaOXEeHMSI Ha IPOTSCKEHHWHM YeTBEPTH Beka
CHIDKaeTCsd JOJI KOMOWHUPOBAHHOM BEIpabOTKH
TEIUIOTBl M 3JeKTpo3Heprun B Poccuiickoit Pe-
Iepalvv, B HTOre KOB(MOUIMEHT MCIIONb30Ba-
HHA TEIUIoTel TomwmuMBa Ha TOC yMmeHplmicd ¢
57 mo 52 %. DTO CBUIETENBCTBYET O CEPHE3HOM
CHIDKEHHHM BEIDabOTKM aiekTposHepruy THC Ha
TEIUIOBOM ITOTPEOJICHUM M TIOHIDKEHWM WX Tell-
joBoil sdhdexruBHOCTH [18].

i moBHIIIEHUsT 3(P(EKTHBHOCTH HCIIONB30-
BaHUA TOIUIMBA 1I€7€CO00PasHO YTHIM3UPOBATh
IIOITYTHYIO TEIUIOBYI0 3HEPIUI0 IpPH TeHepalii
SMEKTPOIHEPTUU C LEJBI0 TEIUIOCHAOXKEHUS Ha-
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CEeNeHHLIX MYHKTOB. Mna 3T0ro HeoOXOIUMO
OCYILECTBIITE TEHEPALMIO B CYIIECTBYIONIMX KO-
TENBHBIX, HCIIONb3Yyd CHOPMUPOBAHHYIO TEIUIOTY
JECATKOB THICSY CHCTEM IIEHTPATM30BAHHOIO Te-
IiocHaoxeHnd. C LeIplo KPYIIOTOIUMIHOIO IIpH-
MEHEHUST IIONYTHOM TEIUIOBOM SHEPruM ClemyeT
OCYILIECTBIITh HAICTPOMKY CYIIECTBYIOLIMX KO-
TENbHBIX KOIEHEPaIlMOHHBIMYM YCTAHOBKAMM Ha
OCHOBE Ta30TYpPOMHHBIX, Ta30MOPIIHEBLIX arpera-
TOB B 00BEME JIETHETO IIOTPeOJICHHS TEIUIOTHI,
KoTopoe He IpeBblmaer 20 % IIMKOBOM TeIuio-
BOM HAarpy3sku B OTOIIMTENBHBIN II€PHOL.

B pesynbrare KpyTJIOrOOWYHOM YTHIM3AIIUU
IOIIYTHOH  TEIUIOTHl IpH  KOMOMHHMPOBaHHOM
IIPOM3BOICTBE TEIUIOBOM M IJIEKTPUYECKOIH 3HEp-
i K03 (MUIMEHT HCIIONb30BAHMA TEIUIOTEI TO-
IUIMBa MOXeT Jnoctudb 85 %, uro B 1,5 pasa
BBIIIE, YEM Ha CaMBIX COBPEMEHHEIX IIapOraso-
BRIX U IApOTYpOMHHBIX C CYIEPCBEPXKPUTHYE-
CKMMHM IIapaMeTpaMM Ilapa YCTAHOBKaxX, paboTaio-
LIIMX B KOHIEHCALMOHHOM pexuMe. [IoCKOIBKY
YHUCIIEHHOCTL JIIONEH B MaJlOHACEJIEHHBIX IIyHK-
Tax Ha TPOTSDKEHUM OBYX NECATWIETHH YMEHB-
mraeTcsa Haubosiee OBICTPBHIMM TeMIIAMU (YTO SB-
JiAeTCsd OOHOM M3 IPUYMH CHIDKEHMS B HHX
NOTPeONeHUsT TEIUIOTHI), VBEIMUYEHHE pacxona
raza Ha BBIPAOOTKY 3JIEKTPOIHEPTHMH B IIpeesax
20 % ceromHAIIHEr0 ITMKOBOIO TEIUIOBOIO II0-
TpeOJIEHU BO3MOXHO 6e3 YBETWIEHHS IPOITYCK-
HOH CIIOCOOHOCTH CYINECTBYIOIIMX CHCTEM Ia30-
pacrpeneneHus.

Wrax, gopmuposanue marcumansho npubau-
dCEHHOI K nompebumenio pacnpedenenHoll IHepze-
MUK, NO360AANWEN CHU3UMb HOMepU 6 cemsx 3a
cHem KOMNEHCAUUU DeaKmusHol MOWHOCIMY —
00uH U3 nymeili ROGblEHUs HaOexcHOCMmU U Kade-
CMBA 3SHEP2OCHAONCEHUA DOCCULCKOU 2nyOuHKU,
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D HEKTHBHOCTH Ta30MOPIIHEBBIX H ra3oTypOMHHBIX TEXHOJIOTHH
npH MHIAUBHIYAJILHOM JHeproodecneYeHuH
3JIEKTPOCTAIEILIABAILHOTO MPOU3BOICTBA

Bywyes A. H., 1HX.

Opckuii rymaumapuo-Texuonorwqecxuﬁ WHCTUTYT

JlaHo cpaBHeHHE Ia3ONMOPIIHEBBIX H ra30TYpGHMHHBIX TEXHOJIOTHE IIPH HETIOCPENCTBEHIOM a/lb-

TepPHATHBHOM SHEpProobecnedeHuy

3JIEKTPOCTANIEILIABIIIBHOTO IPOMU3BOACTBEA.

PaccMoTpeHa

sHeprosddexTuBHas cucreMa Ha base T1apOra3oBoi YCTAHOBKM, OOEcCrediBalollas COKpalle-
Hyie TPOLOJDKMTEIFHOCTH TeXHOJOTMYECKOTO IIPOLEcca BLILTABKU CTauM TIpY TPESXKHHX BDHEp-

rozarpaTax. IIpHBeJeHE YHCIIOBOE

TypGHHBl Ha TpPEIBAPUTENBHELA [ONOIPEB JIOMa

mone TpeGyeMod oMM OTOOpa YXOAALIWX IasoB ra30Boi
Ipu 3HeproobGecnedeHuy Ipouecca BBILIABKH

cTajgH OT Ha.pOFEBOBOfI CHCTeMBI C JOXWraHueM IOMEHHOTO ra3za @ JHCJIOBOE IIOJIE ITOKa3aTe-
JIS IIOJIE3HOTO WCIIONIB30BaHMA TIEPBUYHBIX pecypcoB IAHHOM CHCTEMBI.

KnroueBble CJI0BAa: Ta30IOPLIHEBOW IBUTATEIND, ra3oTypOMHHAg YCTaHOBKA, k03¢ HUIMEHT TIO-
JIe3HOTO MCIIONbL30OBAHMA TOIUIMBA, IIOKA3aTENb 3¢ heKTHBHOCTH, npeIBapUTeIbHEI JIOLOTPeB
METAUIAYECKOH IIMXTH, SMEKTPOCTANEIUIABIIBHOE NPOU3BOACTEO.

B MeTauryprideckod  OTpaciu Haubomee
KPYIHBIM IIOTpeOHUTENEM JIEKTpUYIECKOR BHep-
MK SBJSIeTCs 3JEeKTPOCTAIEIUIABIIBHOE IPOM3-
BOICTBO. B HacTosliee BpeMs CHM3HUTE B HEM
SHEpPro3aTparhl MOXHO TITIaBHBEIM o6pa3oM IIyTeM
peanu3ald  JIByX ~ OCHOBHBIX HalpaBIeHUNA
sHeprocheperaloleil MTOMUTHKA. Pa3BUTHA c00-
CTBEHHBIX DHEPreTMYecKHX MOIIHOCTEd M Max-
CHMATBHO BO3MOXHON YTWIM3AIUKA BTOPUYHBIX
suepropecypcos  (BOP)  [1]. Muorue axrsl
CBUIIETEILCTBYIOT 00 aKTyalTbHOCTH MaJbHEeRIIEro
BHEAPEHMA COOCTBEHHBIX 3JIEKTPOreHEPUPYIOITHX
MOIIHOCTEH B IPOMBIIUIEHHOCTH CTPaHBI, B TOM
gpcie W B Meraulypruu. IJiaBHas 3ajada 3a-
xmouaeTcss B BelOope 3GhGbEKTUBHOM CXEMBL Ie-
HepHpPYIOIIEro ~ MCTOYHMKA, —OOeCIeunBalolliero
SHEpreTHYeCKHe TOTPeGHOCTH 3JIEKTpOCTaleIa-
BWJIBHOTO IIpOM3BOAcTBa. UTO KacaeTcd HeTpa-
MUITMOHHOW B3HEPreTHKH, TakXke Kak ATOMHOH ¥
TYAPOSHEPIeTUKY, BIIOJHE OYEBHUIHO, HTO HX
HCIIONb30BAHME C 1IEJBI0  SHEProodecredeHMs
METAUTYPIAYECKO OTpaciyd MNPOMBIIUICHHOCTH
Mano3pHEXTUBHO, C TEIUVIOBBIMHM XK€ SIIEKTPOre-
HepUpYIOUIUMK CHCTeMaMM JIeJIO oGcTONT HE-
cKOMbKo mHaue., I oumeHKM MX 3(GeKTMBHO-
ctu Tpebyercss aHaIM3 MHOTHMX OMNpPEIe/LIIOMNX
(pacxoma TOIUIMBA, HAAEXHOCTH M T. I.).

CosaHue 3JIeKTPOCTATEIUIABIIBHOIO MeXa Ha
IPOMILTOINALKE yXKe TIOJIHOCTBIO cthopMIpOBaB-
merocst 3aBoma ¢ cobcreenHoit TOIl u BCmo-
MOTaTEJIbHBIMH 3/IEKTPOTeHEPUPYIOIIMMHK HCTOT-
HMKaMH{, PACCUMTAHHBIMM Ha OINpPEACTICHHYIO
BHIPAGOTKY 3/IEKTPOYHEPTMY, BEICT K 3HAYA-
TeIBHOMY TIPEBBIIIEHUIO €TO aJIEKTpOIIoTpedIIe-
HUS ¥ HEBO3MOXHOCTH TIOKPBITHS Harpysxu
coramu  TOII. OdveBHIHO, 9YTO HauOOoIbIICH
3¢ GEeXTUBHOCTRIO IIPU 3JIEKTPOCHAOXEHUH TeX-

HONMOTMYECKAX IIPOIECCOB TPOM3BOJCTBA (IO
CTOMMOCTH 3JIEKTPOIHEPrHM) obnamaerT WHIMBH-
JyaapHasd ~ YTWIH3AIMOHHAS  SJEKTPOCTAHIINA,
obecrieunBaomas MakKCUMAaIbHYIO TOJIO HCIIOJb-
sopanmsi cobcTBeHHOro TommMBa (BOP) M M-
HUMANBHYIO JOMK0  IOKYNMHOro  (TIPMpOJHOTO
rasa) M OTBeYalollas TaKuM KPUTEpPIAM sdhdek-
THBHOCTH, KaK MHHHMYM 3aTpaTr TOBapHOro To-
rumBa (WIM TOBapHOH SMEKTPOSHEPTUH) M MaK-
cuMyM 3(PHEKTUBHOCTH MCITOIB30BaHMA TOIUIHME.
W3BeCTHO, YTO CHCTEMBI SHEproobecnedeHus
Ha 6ase NapoTypOMHHOINO LIMKIIA MMEIOT OTHO-
CHTENPHO MUKW IoKaszaTelb 3(deKTHBHOCTH
B JIyYIlleM Clydae OH IOCTHIaeT 40 — 42 % 1pi
MCIIONB30BAHMK IIapa CBEPXKPHUTHYECKMX Iapa
metpos [2]. HauGonee o>ddeKTHBHHIMH, HUCIIONb
3YIOIMME )i  ITPOU3BOICTEA 3JIEKTPUYECKO]
SHEPIMH Ta3, SBIAIOTCA 3IEKTPOCTaHUMH H
6ase rasoropuigensx asuratenedt (ITII) BHYT
DEHHETO CrOpaHWs ¥ Ta3oTyPOMHHBIX YCTAHOBO)
(I'TY). Ipu BeIOOpE PHEPrOMCTOYHMKA M3 ITH
IBYX BapMAaHTOB CJENYeT YIUTHIBATh CIEAYIOUIC
[3, 4]. EnuHuyHasg MOIIHOCTh, KaK W COOTHOIIE
HUe TeIUIOBOM M 3JIEKTPHUYECKOW 3HEPTHH,
[T mwke, 9eM y T'TY, a CTOMMOCTb KaITHTalk
HOTO PEMOHTA M 3aHMMaeMas IUIOIaxb OOMbII
I[To COOTHOLIEHWIO TEMIIEPaTyphl ¥ MOIIHOCT
TIPEeAIIOUTHTEIHENH OKa3bIBACTCs I'TY, mockom
Ky €r0 MOIIHOCTH TIOBBIIIAGTCS IIPU IMOHIDKCHY
Temrreparypsl. K ToMy 3Xe OH XapakTepH3yeT(
Gosyiee BBICOKVMMM SKOJIOTMUECKIME IIOKa3aTe M
Bonemag sapmmaemasg 1L 1uromanb sSBIAET(
onpenensiompM  (GaKTOPOM,  NIPEMATCTBYIOLIH
CTPOMTENCTBY ~MHIMBHIYAIBHONX —IIPOMBILIIE)
HOM DIIEXTPOCTAHLIMU OOJIBIION MOUITHOCTH. Pa
Mephl M Macchl HEKOTOPHIX TasoBbIX IBHIAaTelit
IpHBeNeHBl B TaGIHIe, W3 KOTOPOH BUAHO, ¥
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TazoTyp6GuHHEIE YCTAHOBKHA TazonopiHeBkIe IBUTATEIHA
Iloxasarens General Electric| Siemens Siemens Waukesha | Caterpillar Watsila
PG351FA V64.3A SGT-100 APG1000 G3616LE 18V50DF
MomnocTts, MBT 255 70 5,25 1,0 3,86 16,62
Macca, T 330 110 33.3 14,18 64,47 160 (330)
Pasmepsr, M:
JUTHHA 34,2 11,0 8,0 528 9,32 18,4
IHPUHA 7,6 4,0 2,4 2,16 2.12 5,14
CoorHomrenue KBr/m? 981 159 2734 87,7 195,4 ey
CoorHowmenue KBT/T 772,7 636,4 147,9 70,5 60 103,9
COOTHOIIEHME MONTHOCTH M 3aHmMaemoil [TV 100
wiomany, KBT/M°, 3HAYMTENBHO BO3PAaCTaET C ¥ s %0
yBeNIMYEHMEM MOIIHOCTH, TOIMa Kak y raso- k£ 5 80
TIOPIIHEBBIX OBHTATENEH M3MEHEHMS IaHHOTO %[‘:} & 70
nmokaszatens Heboyeinme. IloMmMo 3Toro Ha é‘"’z 60+
puc. 1 mns cpaBHeHHs TIPUBENEHBl AMarpaMMsl & 2 g 5
OCHOBHBIX BADUAHTOB TETUIOBOH SNEKIpOreHepa- = o g 4
1M Ha 6ase rasoTypGHHHBIX M TA30NOPIIHEBRX & % U]
texHonoruit. 3mech KY — KOTEI-YTHIM3ATOD. E 8 ?8
TeopeTHyeCckr KOJIHMYECTBO SHEPTHM, Tpebye- “:

MOE Ha Harpep, pacIUIaBJIEHHE JIOMa U IIEPErPeB
I T pacrraBa mo 1600 °C, Ge3 yyera TeIUIOBBIX
notepp B medd coctapisgeT okono 400 kBr-u
(40,79 M npupoxHoro rasa). I[Ipy MaxcumManbHO
omuskoM pacrionoxenun I'TIO or snexrpocrane-
IUIABWJIBHOIO 1ieXa DBJICKTpUYecKHe II0TepH B
CeT MOryT OBITh NPHHATH paBHbIMH 5 %. To-
rma ga I'TIJ HeoOxomuMo oOOECIIEYUTH BLIPAOOT-
ky 421,05 kBT - 94 57MeKTpO3HEpPrHH, YTO SKBHBA-
JeHTHO pacxomy 42,87 M MPUPOOHOTO  TIasa.
Cronber; A Ha MpWBENSHHO! AuarpaMMe — TeO-
peTHYecKM HeoOXOMMMBIM pacXoX rasa Ha CTaH-
IMA I BeIpabOTKM  anekTposHeprud. Ilpu
npunsitoMm B pacuere KIIJ msurarens 47,3 %
pacxon IpupomHoro raza coctaBur 90,63 M
(cronben; B Ha muarpamme ITLNT).

Hekotopoe  moBenneHue  3hdheKTHBHOCTH
cucreMbl Ha Gase ['TIJI BO3MOXHO IIpH IIE€pPEXO-
Je K KOreHepallMOHHOM CHCTEME C yTWIM3aluein
TEIUIOTHl BBIXJIOITHBIX TA30B JBUTraTejlss B I[apo-
TypOuHHOM yacTh. TeIUiocolepXaHue HSTHUX Ia-
30B HM3KOE, BCJIEINCTBHEe dero obmmmit KITJ ma-
POTYPOMHHOM 4YacTH MOXeT OBITh IPHHAT B
marmasone 20 — 25 %. YuuThiBas, 4YTO COOTHO-
IIEHNE TEIUIOBOM M DJIEKTPUYECKOM IHEPTHUH
geurarteneil cocrapisieT 1/1, MOXKHO COCTaBUTH
VIIPOIIEHHOE ypaBHEHME [UId OIpelesIeHUs Tpe-
OyeMoro pacxoma TOILIMBA:

ITY-KY TI-KY 3174

Puc. 1. [IuarpaMMbl CpaBHEHMs DAa3JHYHbIX BADHAHTOB TEILIOBBIX
3NeKTPOreHepHpPYIOMNX HCTOYHHKOB

0,473x + 0,473x - 0,22 = 421,05,

e x = 74,41 M — pacxon TOIUIMBA HA 1 T cTamu
skBuBaneHTeH 729,65 kBt -4; 0,22 — o6t
KITJI mapoTypOMHHOR YacT¥ cHUcTeMbl (cTOsIOel
B wa muarpamme [IIJ—KY).

Ilpu mocTaroyHo ONIM3KOM PACIIONIOXEHUH
I'TY k osiaexTpoCTaleIUIaBHIABHOMY IIEXY IIpel-
MPUATS  BO3MOXKHO  OCYIIECTBIIEHHE OTOOpa
TpeOyeMO#i JONHM VYXOOAIMMX ra3oB TYypOWMHEI Ha
MpeIBapUTEIbHEIN TMOJOTPER JIOMa Iepeld IUlaB-
xoit. B TakoM ciydae Iporecc aHeproobecrieue-
HHUS 3HAYMTENbHO M3MEHSETCH: 3a CYeT IIOHOT-
pepa mmxTel 1m0 440 °C  yxonsdimMmu razaMu
TypOHHEI TpebdyemMoe KOMMYECTBO MOABOOUMOM
DIEKTPOSHEPIHH IS 3aBeplIeHHSI TeXHOJIOTHYe-
CKOIO IIpoliecca COKpallaeTcs TMIPUMEPHO [0
336 kBt - 4.

HauGonsmuuit HHTEPEC NPEACTABILET H3ME-
HeHHadg cxeMa mapora3oBoif ycraHoBku (ITIY),
JOIyCKalonass OoT0Op OOMM YXONANIMX TIa30B 3a
ra3opoif TypOHMHON Ha IIpeaBApHUTEIBHBIA IIOMOT-
PeB METAUIMUECKOM IIMXTBI M YTHWIM3ALUIO OC-
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Puc, 2. Tpebyemas Jous 0T00pa yXONAmHMX rasos ra3oBoii TypOH-
Hbl HA TpPeIBAPUTENbHBIE MONOTPER METANIMIECKOT0 JOMa NpH
PA3HBIX 3HAYEHHSX TOJAATH JOMEHHOTO H HPHPOJHOTO Ta3oB

TaibHOi nom B mapoBoM KY. [l moxorpesa
MeTa/urmdgeckoit mmxTtel o 440 °C motpebyercs
OTBOI TeIUIoTH B pasmepe 63,5kxBr-u (B pac-
gyere orTGop mNpuHuMaeM B 1,5 pasa BEIIIIE).
Hpuuse KIA I'TY pasaeiM 35 %, IS TpH-
MepHOM OLEHKM TpeOyeMOro pacxofa TOIUTHBA
BOCIIOJIL3YEMCS  YpaBHEHMEM :

0,35x + (0,65x — 63,5 - 1,5) - 0,3 = 353,7,

e x= 71,54 M> (701,45 kBT - 4).

DaxTHUecKy IIOJOrPEB METAUTMYECKOH IIHX-
THI COKpallaeT IIPONOJDKMTEIBHOCTE —IIEPHOMAA
IaBk¥, Koropyioo (Oe3 ydera yrapa MeTalla H
TEIUIOBBIX IIOTEPhL B TIE€YH) VYIIPOLUEHHO MOXHO
OLIEHUTh 110 Gopmyle

— Qy,zx _QII.M ,
N, yi

T

rie Qy; — 9HEPrOEMKOCTh TEXHOJIOIMIECKOro
mporiecca BHIIUIABKM 1 T CTaid, paBHAas IIPOM3BE-
IEHWIO YJeNbHOM IOABOAMMOM MOLIHOCTH Nyn Ha
BpeMs BBIIUIABKM T IIPH OTCYTCTBMU IIPEIBAPU-
TeJIBHOTO IONOrpeBa WHMXTHL, T.e. Oy = Nyt
Qy — OHEPrOEMKOCTH IIOJOrPETOro MeTallia.
Ecnmm  npu  OTCYICTBMM  IIPEIBApUTEIHOTO
[IOJOTpeBa METAUIMYECKON IIMXThl IIPOMOJCKHU-
TeJbHOCTh IUIABKM IPUHATH 33 eJuHHUILy (T. e.
t=1 npH Qyn=Nyﬂ), TO HamWyWe IIpensapi-
TEJLHOTO IIOLOTPEBa COKPAIAeT IIPONOJDKUTEIh-
HocTh TDIaBKM g0 t = (400 — 63,5)/400 = 0,84.
ITpy JaHHOW CHCTeMe SHeproobecredeHus B
cIydae IIOZOTpeBa METAUIMYIECKOro JioMa M0
440 °C yMeHbmaercs Ha 16 % NPOTOITKUTENb-
HoCTh Tpolecca G0 yeemwumBaerca Ha 19 %
IPOU3BOAUTENFHOCT. DaKTIYecKui PacXoll TO-
mMBa ITokazaH Ha puarpamme [TY—KY (croi-
Gerr B). TeopeTMyeckoe COKpalleHHe pacxona

(kaKk  TIONOXWTENBHBIH  2@GexT  Mmomorpesa
JioMa), COOTBETCTBYIOILEE YBEIMICHUIO IPOHU3BO-
JTUTENBHOCTH IIpoliecca, TokassiBaeT crojberr C.

KoreHepalOHHbIE CHCTEMBl Ha 0ase Traso-
[IOpIIHEBHIX IBMTaTeledl HMeIoT OYeHb OJM3KHe
o 3HaueHWIo IokasaTend 3GOEKTUBHOCTH, OI-
HAKO I1aporasoBasl cHCTeMa O0eCIIeUUBaCT:

MeHbIIMi npuMepHo Ha 4 % pacxom mpu-
POMHOTO ra3sa;

cokpameHue Ha 16 % mepuona BBIUIABKH
Wi ysenmueHre Ha 19 % MpPOM3BOIUTENBHOCTH.

Crnenyer TakKXKe OTMETHTb, YTO IPU pPacyeTe
6eut mpuHar KITI (47,3 %) camMoro MOIIHOTO ¥
a(pPexTHBHOTO ra30IOopIIHEROTO JIBATATEIIS
Wartsila 18V50SG mommuocTeio 19 MBT, B TO
gpemMa kak KIIJI 6Gosnee pacnpOCTPaHEHHBIX
JBMraTeNeil cocrapnser npuMepHo 41 —43 %. B
TAKOM CJIyUae IoKa3aTelb PacXofia TOIUIMBA KO-
reHepalMOHHOM cHcTeMBl Ha 0ase I'TII Bo3pac-
Ter ¢ 74,4 no 81,85 MB/T, T. €. TIPH MCIIOJIL30Ba-
puy IITY BBEIMIPBIN OKasbIBaeTCsd YXe HE Ha
4%, a Ha 13 %.

[IpyMeHEHME CMCTEMEl SHEProoGecreycHu
Ha 6Gaze IITY akryasbHO B CBS3M C TeM, YTO B
[apOTYpOMHHOM YacTH BOSMOXHO JIOXMIAHHE
ropiourx BOP npennpusarHs ¢ LEIbIO YBeIAde-
HUSI Pa3BMBAEMON MOIIHOCTH CHCTeMbL. IIpexne
BCEr0 HOJDKHA OBITH OlleHeHa Tpebyemas IOl
oTGOpa OTXONAIIMX PaboyMX Tra3oB Tra’oBOH TYp-
OMHB Ha IIPEIBApUTENBHBINA IIOIOrpeB MeTaJLIM-
YeCKOM IIMXTHI IIPH SHEProodecIeYeHNH IIPOU3-
BOICTBEHHOIO Tpoliecca  SJIEKTPOILIABKM  OT
cuctemsl “TTY—KY ¢ moxuranuem BOP”. Dra
BenmypHa sBadercd (QYHKIMeH IIONHON 3JIeK-
TPUYECKOH MOITHOCTH CUCTEMBI, VIETBHOH IIOJ-
BONMMO} B IIeYb MOLIHOCTH M 3aIaBaeMOH Ipo-
JIOJDKUTETFHOCTH TIpoliecca BeOUIaBkyM. IlociemHue
B TIOKA3aTesii MOIYT OBITH IIPHHATBL K3 IIac-
IIOPTHLIX J@HHBIX BBIUIABKM CTaled NeHCTBYIO-
L[ET0 TPOM3BOJACTBA.

Pesynbratel MaTeMaTMYecKOTO pacuera Tpe-
OyeMoit momu oTOOpa TrasoB Ha IIPEABAPHTENb-
HBII TIOZOTPEB METAJUIMYECKOro JioMa, IIONIy4eH-
Hple Ha ocHoBe maHHBX mnpexmpuatus OAO
“Ypansckad crams” (r. HOBOTpoMIK), CBENCHBI B
YyHC/IOBOE TIOJIE MHOXECTBA 3HAa4eHM, IIpen-
craBieHHoe Ha puc.2. OHO IOCTPOEHO JUIA
[ITI'Y, obfecneynBalonieil JOXKWTaHUE [NOMEHHOTO
raza B I[APOBOM KOTJIe-yTWiM3aTope. dMCIOBEIC
JAMHUK 0TOOpAXaioT BO3MOXHBIE 3HAYCHHS HOJU
oTGOpa YXONALIMX Tra30B 3a Ta3oBOH TypOMHON
I[ITY B 33aBUCHMOCTH OT IIOHAYM IIPUPOTHOIO
raza B TypOoudy u gomeHHoro rasa B KV. Oc-
TaBIIasCs IONA YXOMAIIMX Ta30B TaKXe IOHAeT-
CS B KOTeJI-YTHIH3aTOp, [AE CMEIIMBAETCa C H0-
MEHHBIM ra3oM M OOECIEYMBAET €ro rOpeHHE.
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[Momava MpUPOIHOro rasa, M3/c

Puc. 3. KosdduumeHT noIe3HOr0 HCNONB30BAHMA NEPBHYHLIX De-
cypcos cucremnl aueproofecnevenns ua Gase IITY npm pasmbx
3HAYEHMAX NOJAYH AOMEHHOr0 H HPHPOAHOIO TIa3oB

YuciaoBoe moie 3HAYEHWM IIOKasaTens 5h-
(DeKTMBHOCTH CHCTeMBl — KO3(dUIIMEeHTa MO~
JIE3HOTO MICITOJIB30BAaHWA MEPBUYHBIX PECYpPCOB
IOpH BhIPaOOTKE 3JEKTPUYECKONW SHEpPruv — I10-
KasaHO Ha puc. 3. JaHHBIA IOKa3aTeNnb OIIpede-
JseTCsl XMMHYECKHM COCTABOM CXXMTAaeMBIX TOII-
JMB B cucTeMe, TokasareraMu KIII ormemsHBIX
cocraBipommx cucreMel (I'TY, Xomna-yruwmasa-
TOpa, CHCTEMEI ITONOTPeBa JIOMa) KM pacIpeneie-
HHEM [odel YXONAIIMX Ta30B TYpOHMHBI MEXIY
KOTJIOM-YTHUIM3aTOpPOM M CHCTEMOM IIOHoIpeBa
moMa. Kak ciemyer M3 pacyeTa, IOKasaTellb 2¢-
(EKTHBHOCTH CHCTEMBI IIpM CpemHeH Iomade
IPUPOTHOTO M VTWIM3HPYEMOTO (IOMEHHOIO)
rasa MOXeT HOCTHTaTh NpuMepHo 56 % mnpu yc-
JIOBHH 3HAYMTEIIBHOTO COKPAIIEHMsS ITPOmOIKI-
TENBHOCTH TEXHOJOTMYECKOIo IIpollecca BEIILIAB-
KA CTAJIH.

[TonTBepxKNeHUEM IIPEMMYIIECTBA CHCTEM Ha
0aze I'TY MOTYT CIyXKHMTh CTATUCTHYECKHE OaH-
HEIE O IIOCTEIIEHHOM ITepexofe TeIUIOBBIX TeHe-

pupyromux MourHocTei Ha I'TY u III'Y xaxk B
Poccum, tak u 3a pybexom. M3 HOBOro BBe-
JIEHHOTO B Halllel cTpaHe 3a 2,5 roma amexTpo-
IeHEPUPYIOIIEro  0OOpYNOBaHMSA ~ MOIIHOCTHIO
9,2 I'Br moutu 83,82 % mpuxomuTcs Ha ra3oTyp-
OMHHBIE TexHojgoruu M Medee 0,17 % — Ha ra-
30ITOpIITHEBEIE arperatsl [5, 6].

TaxkuM o00pa3zoM, MakcuManbHO 3(hQpeKTHBHAT
CUCTEMa SHeproodecIeYeHUs] HEIOCPEICTBEHHO
SJEKTPOCTANEIUIABUIILHOTO IIPOM3BOICTBA MOXKET
OCHOBEIBaThCS TONMBKO Ha I'TY ¢ momyrHo# yru-
J3aIed yXOOAIMUX ra30B TYpOWHBI HA IIpeaBa-
PUTENIBHBIA IIONOrpeB METAUIMYECKOTO JjoMa H
Ha JOTIOJIHUTENBHYIO TEHEpAIllMi0 SJIEKTPOIHEp-
FHM B MOApOTYPOMHHOM 4YacTH CHCTEMBEI.
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ANNbTEPHATUBHBIE UCTOYHUKU SHEPIrUM

OnTuMu3anms ynpasjieHUA ABTOHOMHBIMH BETPOIHEPreTHIECKUMHU
YCTAHOBKAMH B YCJIOBHMAX CTOXACTHYECKHUX BO3SMYIIIECHHM

Cepebpskos A. B., MHX.

HoBropoackuii rocypapcTBeHHbIi TeXHUYecKuii yHuBepcuteT um. P. E. Anekceesa

Kpiokos O. B., kaHAO. TexH. Hayk

OAO “luwnporasueHTp”, HwxHuii Hosropop,

PaccMoTpensl ocobeHHOCTH (QYHKIIMOHHPOBAHWSA BETPOSHEPIETHYECKHMX YCTAHOBOK B YCIOBHSX
aBTOHOMHBIX CHCTEM 3JeKTpocHabxeHHd. IlokazaHo, 9To MaKCHMaabHas 3HeprosddeKTHs-
HocTh BOY pocTuraeTcs IpH HETIPEPHIBHOM OTCHAEXMBAHHM OCHOBHBIX METEODOIOTHUECKUX H
TEXHOJIOTHYECKUX IapaMerpoB. IIpeacTaBleHa METOAMKA IOJYYEHHS AITOPHTMOB DErPECCHOH-
HOIO yHpaBneHM#A, O0eCIeuMBAIONIMX OITHMYM SHEPIeTHYECKMX XAPAKTEPUCTHK ABTOHOMHEBIX

CHCTEM 3JIEKTPOCHAOXKEHM.

KmogeBbie coBa: BETPOSHEPIETHYECKAsS YCTAHOBKA, CTOXaCTHYECKHME BOIMYINEHMS, CHHXPOH-
HEIH TeHepaTop, ONTMMAILHOE VIIPABICHHME, DETPECCHOHHEIE YPaBHEHMS.

PabGoTra aBTOHOMHBIX BETPOIHEPTETHYECKMX
ycraHoBoK (BDY) xapakrepusyerca crermpuye-
CKMMM OCOOEHHOCTSIMHM, CpenM KOTOPEIX Haubo-
Jieeé CYIIECTBEHHBIMHM sBistoTcsa [1]:

[IMPOKWE [OHMAIIa30HBI W3MEHEHMSI CKOpPOCTH
BpallicHWs Bajla M HAIPY3KA BIUIOTH IO KpUTHYE-
CKMX 3HAYEHWM M3-32 CTOXACTMMECKOI0 Xapakrepa
BETPOBOM SHEPIHM ¥ METCOPOJIOTHYECKHX YCIOBHIA;

npeobrafgaHye IWHAMMYECKUX DEeXHMMOB pado-
TEL T€HEPATOpa BCJICACTBUE HEIMOCTOSIHHOIO M IIO-
PBIBACTOIO BO3NEHCTBUS BETPOBOIO IIOTOKA, IIPH-
BOJSIILETO K BUOpalMu U KoJNeOaHMAM CKOPOCTH,

CIOXHOCTb ONTHMH3ALHMM 3JIEKTPOOBOPYIOBa-
HUA M3-32 HEaNeKBaTHOCTH IIPOTHO30B peayib-
HEIX YCJIOBMH SKCIUIVATAIliH,

COBMECTHMMOCTE pabOTEI reHepaTopa C BETPO-
KOIIECOM M PpEIyKTOpOM, a Takxke C Tmpeobpaso-
BaTeJSIMH M HAKOIHUTESIMH 3JIEKTPOSHEPIHH;

HAIM4YKe LUMPOKOrO CIEKTPa BO3MOXHBIX I10-
TpebUTENEH  ANEKTPOSHEPTHH C  PasIMIHBIMH
TpeOOBaHMAMM X KAUECTBY HaIpsOKEHMs W 4ac-
TOTE, 3HAYMTENbHOE KoJieOaHWe HArpy3KH.

BMmecTe ¢ TeMm peanm3auus HIeH “HUHTEUICK-
TyaJIbHBIX” cucTeM anekTpocHabxenus (COC) B
cooTBeTCTBMM ¢ npuHIMImamMa SMART GRID
I KOMOWHUpPOBAHHBIX CeTeil ITMTaHHS aBTO-
HOMHBIX OOBEKTOB TO3BOIIET [2]:

YMeHbIIUTE BeIOpocEl CO, IpM TIPOU3BOACT-
BE DSJEKTPOIHEPIMM ABTOHOMHBEIMHU HCTOYHHKA-
M (AKD);

IIOBBICUTh CTabOMJIBHOCTh MApaMETPOB BhIpa-
OarelBacMOM  SNEKTPOSHEPIHH M HAaJIEXHOCTh
CBC B nenowm;

CHH3HTH 3aTpaThl U CeOECTOMMOCTH 2JIEKTPO-
SHEPIMHM M YBEIMYUTHh SHEProsddeKTHBHOCTD
AND;

YIYYUIMTE HaOIIONaeMOCTh M YCTOMYMBOCTD
JIOKAJIBHBIX 3HEProceTel;

MOBBICHTE YPOBEHb 3KCILUTyaTAIlHUOHHOM 6e30-
MACHOCTH ToTpebuTeneit 1-i u 2-i Kareropui.

Hng  3TOro  1enecoobpasHo  MCIIONB30BATH
koMmOuHUpoBanHeie AMD [3] Ha ocHoBe couera-
HEA BOY U TpamMIMOHHOTO YIJIEBOAOPOIHOIO
ucToyHMka saekrposHeprmu (THUD) (puc. 1) ¢
TibdEepeHITMPOBAHHEIM MMHUTAHMEM TpPEX KaTero-
puii TOTpeOMTENnel pPa3sHOM MOIIHOCTH:

Harpyska 1-H Kareropum — “XU3HEHHO
BaXHbIE” MOTpedUTEN O0GBEKTOB;

Harpyska 2-# KaTerOpHHM — IITATHOE SJeK-
TPOCHa0XEHHE IOTpeOUTeIei;

Harpyska 3-# KaTeropum — TIOJMHOE 3JeK-
TpocHabXeHue.

BosmoxHOCTh paboOTHI B KaXIOM KaTerOpHii-
HOM  peXHME IIOTpeDNeHUs KOHTPOIMPYETCS
ACY CBC, xoropas mo U3MEPEHHLIM 3HAYECHU-
SIM BXOJHOM MOIIHOCTH BETPOBOIO ITOTOKA (MO-
MEHTa M 4YacTOTEl BpallleHWs Baja) U BBIXOIHOM
MOIITHOCTH HAarpy3ky (HanpsDKeHMS, TOKd M KO-
3 @uIMeHTa MOIIHOCTH) KOHTPOJMPYET CTa-
OWIBHOCTP mapaMeTpoB. IIpH HCIIOIL30BAHMUU
IBYX HE3aBHCHMBIX MCTOYHMKOB 3JIEKTPOIHEPTHH
B CBC mnosgsnsercs BO3MOXHOCTB IIlepepacripe-
JeNIeHUs HMCIONb3YeMOH MONIHOCTH OT 3THX MC-
TOYHMKOB C IEJBI0 MUHMMM3aIMH 3aTpaT Ha
BBIPaOOTKY BJIEKTPOSHEPIMM I AaBTOHOMHEIX
norpeburenaei.
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Puc. 2, MowHOCTHBIE XapaKTePHCTHKH BeTpOTYpOHH:

P — BrxomHas MOIIHOCTh, OTH. €A.; N — YacTOTa BpPAINEHHS
Bana (1000 o6/mun); V) ~ Vs — nuHeiHbe CKOpOCTH Berpa; K —
JIMHMA MAaKCHMAJIBHOIO ChEMAa MOLIHOCTH TOTOKa

ITpumeHeHue npPeo6pa3oBaTENBHON TeXHUKH
B BDVY o6ecrneunsaer YHHUBEPCAIBHOCTD, VIIPO-
IICHUE MEXaHWYeCKOW wactd, Beicokue KIII wu
Ka4eCTBO  BBIpa0ATHIBAEMON  3JIEKTPO3HEPIHH.
KpoMe TOro, paspaboTanHble 3aKOHBI OIITH-
MaJbHOrO yrnpapileHuss BDBY B gumHAMIMeckux
peXuMax II03BOJIAIOT AITOPUTMUYECKHM IIyTEM
PEIIaTh 3ama9d MX SHEProa(h@HeKTUBHOH 5KC-
IUTyaTalluH,

3aMKHYTBIE CHCTEMBI ABTOMATHYECKOTO pery-
jqupoBaHug (CAP) BDY naoT BO3MOXHOCTE ocy-
LIECTBUTh CTAOMIM3ALMIO aMIUIMTYIEI M YACTOTEL
BbIPA0ATHIBAEMOTO  HANIPSDKEHMA ¢ Tpebyemol

TOYHOCTBIO, a TaKXKE PEryJIMPOBAHME pEaKTHB-
HOM MOLIHOCTH 6e3 YCTAHOBKM BCITOMOTATENb-
HOIo  3JIEKTPOTEXHUYECKOro 0GopymoBaHus [3].
PaspaGorannse amropurmMel CAP B maHHOM cxe-
ME  KOMOMHHDOBaHHBIX  “HMHTEJUIEKTYalbHEX”
SIIEKTPOCETEH IO3BOJSIIOT YBEIIMYUTH KOJHUECTBO
BBIDA0ATHIBAEMOM 3JEKTPOSHEPTHM Ha 9 — 16 %
II0 CPaBHEHHIO C TPAIMITMOHHBIMM CHCTEMaMU
3a c4eT OoJee TOYHOIO OTCIAEKUBAHMS COOTBET-
CTBHA YaCTOTHI BpAIIEHMsA Bajla TeHEPAaTOPa JIi-
HEMHOH CKOPOCTM BETpa II0 ONTHMU3ALMOHHBIM
KpHBBIM (pHc. 2).

JIst  [ONyYeHUsT ONTUMANBHBIX AITOPUTMOB
yrpaejneHus BOY B cooTBeTcTBUM ¢ IpuHIMMIA-
M SMART GRID mnpemioxeHO WCIONB30BATH
MYJIBTUNPOLECCOPHYIO CHUCTEMY C “HHTEIUIEKTY-
AIBHBIMHM” NaTYMKaMH Ha OCHOBE 5-YPOBHEBOH
HedeTKol Joruku (puc. 3). Hudpossie anropur-
Mbl 3aMKHYTOH CAP B “uHTe/IeKTyamBHON”
COC cuHTe3MpOBaHbI HA OCHOBE TCODHH ILia-
HUPOBaHUA 9KCIEpHMeHTa [4].

Kax ussectro, BOV mnpoextupyior u BBIITyC-
KaloT YHUBEPCANbHBIMH B COOTBETCTBHHM C THIIO-
pamamu 1o I'OCT P 51990-2002 mis muTerpa-
ouu  uX B aBTOHOMHble COC  pasjmmamHol
MOIDMHOCTH M 3KCIUIyaTallHM B Pa3sHBIX KIMMATH-
9eckux 3oHax. [losromy mis nomygenus pesxu-
MOB MaKCHMAaJlbHON 3HeprosdeKTHBHOCTH pa-
botsl Mx oKameHBIXx CDC B ycmoBmax
CIy4aifHOrO XapakTepa BETPOBOTO IIOTOKA M ITO-
TPeOJIEHUsT I [ONY4EHUS BBHICOKOKAYECTBEH-
HOH 3JIEKTPO3HEPTMH HEOBXONUMO ABTOMATHYE-
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Puc. 3. Crpykrypa xomOunuposannoii CAP noxamsHoit BDY:

Ury

6 — 3AJAIOLIMA CHIHAN HANpsDKeHHs; U; — sajaioluee ynpasnsiolee BosaeiicTsue; [/ — yIpamismomee BO3IEHCTBHE U/fz; op —

YacTOTa BPAICHWS Bajla BeTpokoneca, [, — BhIXOAHOe HampsxeHHe BBY; ITY — mpeobpasopareis 4acToThl; CI — CHHXPOHHBIH

IeHEpaTop

CKU obGecrieyuBath paboty BBY B ONTUMAaNbHEBIX
obnacTaAX  CpeACTBaMM  3JIEKTPOMEXaHUWYECKOH
gactu AMOD.

HaubGomneiiee BIMSHME Ha IIPOIECC BhIpa-
OoTKM 35eKTposHeprun BDY oxaseiBaioT napa-
METpBl CTOXaCTHMYECKOTO XapakTepa, HMEIOIINe
METEOPOJIOTHYECKYI0 (KIUMATHIECKYIO) U TEXHO-
JIOTUYECKYIO TIPUPOLLY:

JIMHEeNMHas CKOpoCTh BeTpa V, M/c;

IJIOTHOCTL BO3IyXa B BETPOBOM IIOTOKE p,
KI‘/MS, 3aBUCHINAS OT TEKYIIMX 3HAYeHMH aTMO-
cepHoro nasneHus p,, MIla, u TemmepaTypsl
Bosmyxa 7, K, B COOTBETCTBHHM C YpaBHEHHUEM
Kianeiipona;

sHepromoTpebnenue Wi, KBr-4u, B TOM
YUCJIE SJIEKTPUYECKasd W TeIUIOBas MONIHOCTH
norpebureneit (napamerp G, ).

Tlockomeky mis TONyYeHMsT CTAGMIBHON BBHI-
COKOKAYECTBEHHON BJIEKTPOSHEPIMM HAa BBIXOIE
AND CHOHC Ha 6aze ITY-CI' BDY oxBaueHa orT-
pHLATENBHON OOpaTHOM CBI3BI0 TI0 HAalpsKe-
HUIO (CM. puc. 3), 3amaHMe YOPaBISIOIIEr0 BO3-
neiictBug Ha IIY (B ycrnoBusIX OZHOBPEMEHHOIO
CIy4afHOTO  M3MEHEHMS  BCEX IIapaMeTpoB)
TOJDKHO M3MEHAThCSA 110 aHAIUTWYIECKHM perpec-
CHOHHBEIM aJITOPHTMAM BHIA

U =f(V, Py Ty, Gp). (1)

g momydeHMT KOHKpPETHBIX 3aBHCHMOCTEH
Buma (1) HeobOXOmMMO HCIONB30BaTh 0a3zy Me-
TEOPOJIOTMYECKHX JAHHBIX ApryMEHTOB JUIS pe-
rMOHAa IIpearojaraeMoro pasMelleHus BBY u
0bpaboTath MX CTATHCTHYSCKMMM  METOIaMH

IUIAHUPOBaHMA  3KcmepuMeHTa.  COBOKYIIHOCTE
3THX METONOB OCHOBaHA HA IIPWIOXKEHMAX IIeH-
TPaTbHOM TEOPEMBI TEOpHMM BeposTHOCTel. Ieiicr-
BHTEJIBHO, BCE OCHOBHBIE BO3MYINEHHS, BO3NEHCT-
Byrole Ha BOY, HocAT IpeMMylLIeCcTBEHHO
CIyYalHBIA XapakTep M He 3aBHCAT OpPYT OT
npyra. ITostoMy HCKOMBIE MHOrOIapaMeTpude-
CKHME 3aBHCHMOCTH HYXHO TIOJYIHTH B BHIE HeE-
JHHEWHBIX W JIMHEApU30BAHHBIX PErpecCUOHHBIX
MOzZeNned C MCIIONB30BAHUEM OIHOIO M3 IIOIXO-

IAMUX  MATPHUYHBIX  CIIOCODOB  HAWMEHBIITHX
KBanpaToB [4].
Merton perpeccCMOHHOrO aHalM3a, SBISIO-

muica GyHIaMEHTOM MHOTMX DPa3lelioB TEOPUU
IUIAHUPOBAHUA 3KCIIEPUMEHTA M CTATMCTUYECKO
00paboTKM JaHHBIX, NPHUMEHSETCH B pPeaTbHOM
npakTuke TmpoexkTtupoBaHusa ACY anekTposHep-
TeTHYECKMMM OOBEKTaMH B IBYX OCHOBHBIX CIY-
qyasx:

KOrja TIIOCe IIPOBENEHHUS HATYPHBIX 3KCIIe-
puMeHTOB ¢ BOY uMerorcs 6a3bl 4HCIEHHBIX
3HAYEHUH, XapaKTepH3YIOIIWe M3MEHEHHE perv-
CTPUPYEMBIX IPU3HAKOB (MOJYYCHHEBIE TAKUM
0ob6pa3soM MaccHMBLEI MHGbOpManuu 06pabaThIBAIOT-
Cs Ha IIEPCOHAIIBHOM KOMIBIOTEDE);

KOIZa HEIIOCPEeICTBEHHO B XONE 3KCIUIyaTa-
LMK CUCTEMBI yIpaBileHUss BDY curHanel, cHu-
MaeMble C JaTYMKOB C OIIPedeNeHHOW MHUCKpeT-
HOCTHIO, 00pabaTeIBAIOTCA Ha YHNPaBIAOLIEM
KOMITbIoTEpe (pexuM on-line).

Jis SKCTIepHMMeHTaIBHEIX JAHHBIX WIKM 06pa-
GoraHHOM uHbopmanmu ¢ caiita “Iloroma Poc-
CHMM” IO BBIpaXeHUAM [3,4] MOXHO IIOTYIUTH
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MONENb JIMHEHHOH pEerpeccHd B MaTpUUHOM
BUIE:

Y=Xa+¢, )

e Y — MaTpula BBIXOAHBIX IIAPAMETPOB CHCTeE-
MBI (BBIPabaTHIBAEMOM BNIEKTPOSHEPTUH M Ha-
npsokenus Ha mwmHax CI); X — Marpuua Bxon-
HBIX BO3OEWMCTBUI (TeMmepaTyphl M JaBICHHS
BO3IyXa, CKOPOCTH BETpa, 00beMa ITOTpebiAeMOoit
DHEPIHH), @ — TIapaMeTphl MexaHW3Ma Ipeobpa-
30BaHMA B cHCTeMe; { — Marpuua ImoMex (Heyd-
TEHHBIX (bakTopoB).

MaremaTryeckass MoIesh AIrOPUTMa YIIpaB-
nenus I[9-CI' BBY g paGoTel B ONTUMAIIb-
HOW 00JIacTH peanu3yercsd Ha OCHOBE HCXOIHOI
HHMOpMALIMK O TapaMerpax paboTel WM 3KCIe-
PUMEHTAIBHBIX JaHHBIX NMPOTOTHIA. I 3TOro He-
obxomiMmo Hadtu B 3aBucuMocty (1) mapameTpsl
a; JIMHEWHOM veThIpeX(aKTopHON Momenu (2):

U, =a)V+ ap, + a;T; + a4G, + ¢, 3

ITapaMeTphl @; HaXOOAT IIyTEM CTATHCTHYE-
CKOM 00paboTKM DKCIEPUMEHTAIBHBIX JAHHBIX C
HCIIOIBL30BaHUEM CPEeICTB MATLAB u
MathCAD u myteM 06GpaboTKM MCXOTHBIX MAac-
CHMBOB HaHHBIX II0 METOJY HaUMEHBIIMX KBaIpa-
TOB. DKCIIEDUMEHTATbHEIC 3HAYEHMs 3aMEPOB
TIpeJCTaBIE€HBI B CTATHCTMYECKUX CBomkax [l1].

Ilo rTabmuuaMm JaHHBIX MOXHO TIIPEICTABHUTH
MOJENEL JIMHEHHOM DErpecCuy B MATPHUYHOM WU
IvHelHOM BMIe. B pesynabraTe pacyeToB M3 BEHI-
paxeHus (3) MOMyYEHO YHCIEHHOE YPaBHEHHE
JIMHCHHOM DPETPEeCcCHM YETBEPTOTO TOPALKA

U, = 12,214V + 0,219p, + 0,927, —
-0,022G,, + 9,602, 4)

KOTOpPO€ ABJSAETCS HCKOMBIM AJITOPUTMOM WHBa-
PUAHTHOIrO 3alaHMs M YIPABJIEHHS CUHXPOHHBIM
reHeparopoM BBY. Kak BunHo, Hambonsmme Ko-
¢ duLKeHTEl B 3TOM ypaBHeHHM (Haubombliee
BIMsSIHUE) uMeoT ¢akropel Vo (12,214) u T,
(0,92). Bro oxMIaeMO M COOTBETCTBYET PE3YibTa-
TAM MHOTOJETHMX HaOIONEHHH B pasHbLIX PEruo-
Hax Poccuu. B yIpoIIEHHEIX CHCTEMaxX MOXHO
OTPAaHWYHUTHCH H3MEPEHHMEM W BBIUKMCIECHHUEM
TOJILKO 3THX IIapaMeTPOB BETpa.

JIvHeNHbIE DPETPECCHMOHHEBIE YPaBHEHWS UIS
IByX(akTopHOH Mojenu BOY, yuureBaomei
BIIMSTHAE TOJIBKO CKOPOCTH BETpa M TeMIIEpaTy-
PBI OKpYXaromero Bosayxa 7, IO CyXOMy Tep-
MOMETPY MMEIOT BHI:

0 = 3,899V + 0,3847, + 30,988.  (5)

Cyns mo IONyYeHHBIM 3aBUCHMOCTAM (4) u
PErPECCHOHHBIE  QJITOPUTMBI  YIIPABICHUS

(5),

BOYY B mnomHO#t Mepe OTCHEXMBAIOT TEKYIIHE
BXOIHBIE BO3MYILEHUS W KOPPEKTHPYIOT MAaKCH-
MyM BbIPaOOTKH 3JIEKTPOIHEPTMHM KOMOMHMDO-
BaHHOH COC. Ilo3TOMY BHIpAXEHUS IHHEIHHEBIX
perpeccuit (4) u (5), KaK W B LEJIOM BBIpaxe-
Hye (3), LenecoobpasHO MCIIONB30BATE B Kaue-
CTBE YIPABJLIIOINAX alroputMoB pabdorsl [TY-CT
BO®Y s 3apaomero Bo3neicTBHSL.

TaxuM 006pa3oM, COOMIONEHHE ONTUMATBHEIX
IapaMeTPOB DHEPreTUYECKOro KOMIUIEKCA II0 3a-
KOHY CbheMa MaKCHMyMa MOIIHOCTH BETPOBOIO
IIOTOKAa B (DYHKLUWH CKOPOCTH BeTpa Obecredu-
BaeTCAd IIyTEM aBTOMAaTHYECKOrO DeryJIHpOBaHus
CHHXPOHHOTO reHepatopa B3Y, a rtaxke pac-
TIPEACICHHUS MONIHOCTH MEXIY BETPOreHEpaTo-
poM ¥ THD. DTUM [OOCTUraoTcs BO3IMEIIEHHE
TeHEPUPYEMOM MOIHOCTA OT 9HEPro3aTpaTHOTO
TS B coorBercTBUM ¢ npuHIMIIAaMH SMART
GRID # BBICOKMIT YpOBeHb SHeprocbepexReHys
B “HMHTeIeKTyambHbX” aBTOHOMHEIX CHOC mwig
Pa3TMYHBIX OOBEKTOB, YHANCHHBIX OT IEHTPAIb-
HBIX 3JIEKTPOCETEM.

Brisoan:

1. PalMoHaNbHOE CcOYeTaHHE TPaIUIIMOHHbIX
U JIbTEPHATHBHEIX MCTOYHHUKOB 3JIEKTPOIHEPIUH
Ui aBTOHOMHBIX CHC MoxeT OBITh pealn30Ba-
HO B KoMOMHMpoBaHHEIX AMD ¢ wmuTerpupo-
BaHHBIMH ACY “uHTeIIeKTYaNbHBIX” ceTeit Ha
ocHoe TexHonormit SMART GRID akrtusHO-
amanTHBHOM ceTH. PaccMOTpeHHass KOMOHHMpO-
BaHHAs CXeMa “HMHTeJUIEKTYAIbHBIX” CeTeil 3JIeK-
TPOCHAOXKEHMS IIO3BOJIET COKDATUTh BHIGPOCH
CO, mpu npOM3BOACTBE BIEKTPOIHEPTMM ABTO-
HOMHEIMH HCTOYHHMKAaMM, IIOBEICHTH KAYECTBO
BBIPAOATEIBAEMOM  DJIEKTPOSHEPTHUM M HAIeX-
HocTe COC, CHUM3UTH CeGECTOMMOCTD 3JIEKTPO-
SHEPIMM W YBEIHYHUTE 3KCIUTYATAIIHOHHYIO 0e30-
NacHOCTh noTpebuTeneil 1-i m 2-if xaTeropmit.

2. IlpeioxkeHHasT ¥ TEOPETHYECKM OBOCHO-
BaHHAsd METONMKA pacyeTa aIrOpUTMOB perpec-
CHOHHOIO ympasineHus BOY mnpm croxacruye-
CKMX  BO3NEHCTBMAX  IO3BOMIUIA  IIOJYYUTh
Monenu cucreMsl ympasieHus IT9-CI', uupapn-
aHTHBIE X BHEUIHHM BO3MYILEHHUIM. AHAIMI3
PACCUYMTAHHBIX JIMHEAPH30BAHHEIX W HEIHHEH-
HEIX JIBYX- H YeThIpeX(PaKTOPHEIX pErpecCHUOH-
HBIX JITODMTMOB YIIPABICHUS TIOKA3aJ MX aleK-
BaTHOCTb.

3. OnrvMM3aLEsl cheMa MOIMHOCTEH B peath-
HOM BpPEeMEHH Ha JIOKAIBHOM ¥ CHCTEMHOM
YPOBHAX aBTOHOMHEIX CHC ¢ BBY B pamxax
KOMOMHMPOBaHHBIX SHEPIOMCTOYHWKOB IIO3BOJS-
€T JOCTHYb BBICOKMX IIOKasaTeNlell HamesKHOCTH,
obecriednBaeT IMCTAHIMOHHBIA MOHMTODHHT




[IPOMBIIIJIEHHASA OJSHEPTETHKA Ne5, 2013 49

5HeproaGPEeKTUBHOCTh “HHTEJUIEKTYaTbHBIX 3JIEK-
TpoceTeil sl TMTAHUS YIATEHHBIX IIOTpeOHUTesIen.
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CKUX BO3MYLICHMSIX. — Siexrprdectso, 2008, Ne 9.

serebryakov@ardman.ru

PEKJIAMA B XYPHAJIE
“MPOMBILIJIEHHAR 9HEPrETUKA”

XKypHan myOnmMKyeT Ha CBOMX CTDaHMIAX, BKIEHKAX M OOJIOXKKe
yeemmuvie U uepHo-6envie WHPOPMANHOHHO-PEKIAMHbIE MaTepPUaJIbl.
ITena — poroBopHas. Oruiata — IpeaBapUTeNIbHAsL.

Tea./baxc: (495) 234-74-49, Ten.: 234-74-18, 234-74-20.

OpueHTUPOBOYHbIE PACLEHKM Ha MHQOPMAaLMOHHO-PeKTaMHble YCnyru
(6e3 yuera HAC)

1-91 cTpaHuua 0BNOKKY MoNHOUBETHAR 65 000 py6.
2-51 1 3-a cTpaHMLEl 00M0XKN NONHOUBETHLIS 30 000 py6.
4-a cTpaHMLia 00MOXKW MONHOLBETHAN 35 000 py6.
Gnna crpaniila Hopmata Ad MONHOLBETHaR 26 000 py6.
Elyepvsyntand yepHo-0enaa 22 000 py6.
1/2 crpanmigs MonHoUBETHAR 13 000 pv6.
BHYTpU RYpHaNa yepHo-6enaq 11 000 py6.
OByXCTOPOHHMIA BKIIAObILL, MONHOLBETHbIA 15 000 py®6.
W3rOTOBMEHHbBIA 3aKas4HUMKOM mnu YepHo-6ensii
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OmbIT BHEIpEHHA COMHEYHO-BETPOBHIX ABTOHOMHBIX SHEPreTHYECKHX
YCTAHOBOK ISl 3JIEKTPOCHAOKeHHS (hepMEPCKHX XO3SIiCTB
AcTpaxaHCKO#i o0gacTu

3anHyTaAnHOB P. A., UHX.

AcTpaxaHCKuii rocyfapCTBeHHbIli YHUBEpPCUTET

PaccMOTpeHBl HaNpaBIeHHsA SHEPIOCHAGXKEHHA (EePMEPCKMX XO3SHCTB, VIANCHHBIX OT JTHHMH
SIIEKTPOIIEpeNadl, ¢ NMPHMEHEHHEM CONHETHBIX MOIYIEN M BETPOIeHeparopoB. OMHCAHEI TeX-
HHYECKHE pPENIEHHH, OCHOBAHHBIE HA TEXHOMOTHMAX 9KOJIOTHYECKM YHCTOH BO30GHOBISEMOL

SHEPTeTHKH,

Kmoyeprie ciioBa: aBTOHOMHOE SHeprocHabXeHIe, tepMepcKie XO3AHCTBA, HOBhIE paspabor-

KM, COJHEYHBIC MOIYNM, BETPOIHEPTEeTHKA.

Bonee 2/3 teppuropuu P® He oxBaveHo
[IEHTPAJIM30BaHHEIM 3JIEKTPOCHAOXKEHMEM, 4 Ha
3HAYHTE/JIFHOM ee YacTH OTCYTCTBYIOT KaKue-IM0Oo
MCTOYHWKM SHepruu. [lereHTpamu3anus 3Hepro-
CHabXeHMS SBIIETCS XHU3HEHHOH HEeoOXOIMMMO-
CTBIO UL HacCeJeHMs, TNPOXWBAIOIIEr0 Ha Or-
POMHBIX IIPOCTPAHCTBAX CTPAHBI, M MOIIHBEIM
CTUMYJIOM [UIi BOBJICYEHHS STHX TEPPUTOPHIA B
XO3SMCTBEHHYIO [ESTEIbHOCTh. PeIMTh 3Ty 3a-
Jagyy MOXHO Ha OCHOBE BKOJOTMYECKM YHCTOMH
BO300OHOBISAEMOM  DHEPreTHKH.  ABTOHOMHOE
SHEprocHabXeHue — HWINA, IIe HCHIOIb30BaHUE
BHUD yxe ceromHs 3KOHOMHYECKH OIPABIAHHO
[1]. B mnocnemnue romel wHTepec X BUD Ha-
OmomaeTrcs B pasNMYHBIX pPETMOHAX  HamNIeH
CTpPaHbl, B TOM 4YHcle B ACTpaXaHCKOH obiacTu.

B 2010r. B AcTpaxaHCKOM roCyIapCTBEHHOM
YHMBEpCHUTETe OBUIM OpPraHM30BaHBI BBHICTABKA
“ObopynoBaHHE  ANbTEPHATHBHOM  3HEPTETHKH
peruoHam Poccum-2010” u  HaywHo-TpakTHde-
CKMI CceMUHAp “AJIBTepHATHBHAA SHEPreTHKA M
SHeprocbepexeHue B pernoHax Poccum”. Acrpa-
XaHCKasd 00JacTh PAcIIONOXeHA B 30HE IIyCTHIHB
M IIOJYIYyCTHIHb. bBonblIoe YHCIO COIHEYHBIX
IHEHd B TOOY M JOCTATOYHO CHJIbHEIE BETPHL He-
JIAIOT JAHHBIA PETMOH IIpUBJIEKATENbHBIM JUIS
BHEIPEHUS. COJHEYHOW M BETPOBOM ODHEPreTHKH.
Ha Tepputopuy 06MacTH COCPENOTOYEHO MHOTO
KUBOTHOBOTYECKMX (EPM, 4YTO CO3IAET IIep-
CIICKTUBY [UI1 BHEIDPEHHUS TaKKe OHOra30BBIX
YCTaHOBOK.

B coOTBeTCTBMM ¢ KOMIUIEKCHOH IIEJIEBOM
IIporpaMMoi “DHeprocbepexeHWe ¥ IIOBHIIIE-
HUe BHEPTeTHYECKOH sddexTuBHOCTH B AcTpa-
XaHcKoW ob6nacti Ha 2010 — 2014 rogsr u mep-
ciektuBy 10 2020 roma” momst 37eKTpHYEecKOlt
SHEPTHH, IIPOM3BEAECHHON TIE€HEPHPYIOIMMH O0E-
eKTaM, (DYHKIMOHMPYIOUIMMH Ha OCHOBE HCIIONb-
soBaHusg BOW, B COBOKyIHOM 06BEME IIPOM3BOI-
CTBa 3JIEKTPOSHEPIMHM JO/DKHA COCTABUTH K KOHILY
2020r. He Mmenee 4,5 %, OCOGEHHO YIUTBIBAS, UTO

06IacTb OTHOCHTCA K 9SHEProgedUIIUTHEIM pe-
ruoHaM Poccuiickoit ®enepanuu.

Ha ocHOBe NpoBeJEHHOIO AHAINM3a KIMMATH-
YEeCKHMX OCODeHHOCTE! pernoHa [2, 3] ObUIO ycTa-
HOBJIEHO, YTO Hambollee NepCIIeKTUBHOE HAIpaB-
JICHUC SHEProcHaOxeHust (hepMepcKIX XO3SiCTB
Ha TCpPpUTOpMM 0O0NIacT — BHEAPEHHE AaBTO-
HOMHBIX 3HEpPreTHYECKHUX CHCTEM C IPHMEHEHH-
€M COJIHEYHBIX MOIYJNEH H BETPOreHEepPaTOpOB.
BhGheKTHBHOCTD CONMHEYHBIX MOIyJell 06ycIoB-
JieHa OOJbIIMM IIPHXOXOM COJHEYHON pajdaItii
Ha TOPHM3OHTAIBHYIO IOBEPXHOCTH (puc.l) u
SHAYHUTEIHLHEIM KOJMYECTBOM HACHBIX JHEH u
OHEH ¢ NepeMeHHOU obnayHocThiO (puc. 2). Ot
YHCIIa SACHBIX JHEHW 3aBHCHT 3(hdeKTUBHOCTL HC-
TOMB30BAHUA COMHEUHBIX OJIEKTPOCTAHIMK., B
AcTpaxaHCKOM 000acTH HMX IIpUMEHEHHe Haubo-
Jiee ONAaronpuATHO B MapTe-OKTAGpe.

C 1EeNbI0 ONTUMATBHOIO IUIAHUPOBAHMA pas-
MEIIEHHS COMHEYHBIX SIeKTPOCTAHIMNA HMMeeT
CMBICJI BOCITONIB30BATECH TEXHOIIEHONIOIHYECKIM
noaxonoM [4]. Beuta npoaHanM3MpoOBaHA CTAaTH-
crudeckas wuHpopmanus o6 srexTpororpebie-
HHM MYHHIHNANBHBIX 00pasoBa”Huii. B kauyecTse
ocobelf TeXHOLlEHO3a IIPEeICTAaBIEHBl MYHMIIH-
naneHble o6paszopanud (MO) AcrpaxaHckoil 06-
JIACTH, KaXJ0€ M3 KOTOPHIX HMEET CBOM o0BeM
anekTpornorpebnenusa. Beero B o6mactu 163 MO.

PanroBo-niapaMeTpHYecKre pacipenene s 11o-
CTPOEHBI Ha OCHOBE [AHHBIX 00 3JIEKTPOIOTpPEH-
Jenmu mig 159 MO 3a mepmom 2005 — 2010 .
H3HayalbHO KaXIoe pacrpeNeeHue TexXHOLEHO03a
B aHAIWTHYCCKOX Wi rpadudeckoit opme
IIpENCTaB/IAeT CODOM COBOKYITHOCTH TOYEK, IIONY-
YaeMbIX II0 OMITMPMYECKUM IaHHBIM [3]:

(15 215 (635 Y2); oes (633 %103 o3 (s V),

roe | — GopMaNbHBIM HHIEKC, 1 — OBIIee KOJU-
YEeCTBO TOYEK.




IIPOMBIIIITEHHAS SHEPTETHKA No 5, 2013 51

2003,

[y
(=]
o
o

800

600 1
400 1
200 4

1000

800
600
400
200

WHTeHCHBHOCTE COHETHOMH pamuarmn, M /m2
bl

<

1000

800

600 1
400 1

200

N
BB
9 10 11 12

Puc. 1. Juarpamma pacnpenenenus NPAMOH CONHEYHON pamuamuu
HAa TOPH3OHTAJIBHYI0 NOBEPXHOCTH

TaGynuposanHoe panrosoe paclpeneneHue
OOBCAUHSAET IIONHYI0 CTATHCTHKY O TEXHOLEHO3E
(cM. Tabmmmy). Ha ochose IIOJIyYeHHOr0 Taby-
JMPOBAHHOTO PACIPENENeHMsI IIOCTPOEHEI PAHIO-
Bble pacrpefeneHus (puc. 3).

TexHoueHomornmyeckuit  anams 3JIEKTPOIOo-
TpebimeHuss MO 3a HeCKONBKO JeT IIO3BOJHT
BBUIBUTE OOBEKTHl C AHOMAIBHEIM 3IEKTPOIO-
TpebneneM. Cpely HHX OGBEKTH ¢ AHOMATBHO
HHU3KHM  3JIeKTponoTpednernueM. Dto Iloxpos-
ckuit, MenopoBckuit M CperHeBODKCKUH Celb-
coBeThl. Ha wux Teppuropusx PEKOMEHIyeTCA
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Puc. 2. ITuarpamma PACHpEJE/IeHHs. KOJNMIeCTBA fACHBIX OHEH M
JHell ¢ mepeMeHHOH 061aYHOCTRIO o Mecsuam

CTPOUTENIBCTBO 3IEKTPOCTAHIMI C WCIOIB30BA-
uueM BHUD [6].

B o6mactit cymectsyior MHOT'OUMCIIEHHbIE
dbepMepckie xos3siicTBa, yuaseHHBIE OT JIMHIU
SJEKTpOIepeNiaul Ha NECATKH KioMeTpoB. Co-
opyxenue JIDII u moaxmouenwe K cetm — Io-
porocrosiye Meponpuatus. Ho momkiroueHue
CIIE HE rapaHTHUPYET BBICOKOIO KAYECTBA 3JICK-
TPOCHAOXKEHMA. AHanu3 obparieHumit BJIATENTBLIER
14CTHBIX NOMOBIANEHUM, DACIOJIOKEHHEIX B OT-
ACTBHEIX TIOCEJCHHSX, IIOKA3BIBAET, YTO HAIIpSi-
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DnekTpornorpebienue,
ThIC. KBT 4

150 1

Puc. 3. Tpexmepsas panrosas IOBepXHOCTh TEXHOLEH03A

TabyMpoBaHHOE PaHTOBOE pacIpefielieHie 3J1eKTponoTpedneHus, MiH KBt - g
Paur | HammeHosanue MO
Ansape | Deppans Maprt Hosiopp | Hexabpn
1 r. Xapabamm 1,117000 | 1,123000 | 0,994000 1,037000 | 1,451000
YepHosapckmii
2 i 1,034000 | 0,848000 | 0,812000 0,596000 | 0,814000
HKpsaHUHCKIIA
3 ST 0,776000 | 0,443000 | 0,446000 0,495000 | 0,603000
4 r. Kamoizsax 0,636000 | 0,552000 | 0,552000 0,600000 | 0,636000
Jxanamckumii
157 iR 0,002000 | 0,001000 | 0,000500 0,000800 | 0,001000
CTeIHOBCKIH
158 piovsi 0,002000 | 0,014000 | 0,016000 0,010000 | 0,010000
HoBoxpacunckmii
159 CETECORET 0,000283 | 0,018000 | 0,019000 0,015000 | 0,015000

XKEHHMEC B CETH B YaChl MaKCHMAaJIbHOM Harpyskm .

CHIDKAeTCAd B HEKOTOPBIX ciaydasx mo 140 B, uro
OTPHLIATEJIbHO CKAa3hIBaeTC Ha paboTe M COKpa-
aeT cpok ciayXxOsel smekTpoobopymoBanus. [lo-
9TOMY 31eKTpocHabXeHHe (epMepCKHX XO3diCTB
OCYIIECTBISAETCA QU3eTb- WIM OeH30-TeHepaTopa-
MM, KOTOpHIE HETATMBHO BIMSIOT HA OKPYXalo-
myio cpeny. Kpome TOro, IieHBI Ha TOIUIMBO
TIOCTOSIHHO ITOBBIIIAOTCS.

CoBpeMeHHOEe (epMepcKoe XO3sifCTBO He-
MBICIMMO 6e3 TPUMEHEHUS 3JIeKTpoob6OpyIOBa-
HHS, YTO aKTyallM3UpyeT WCIIOJIb30BaHre BUD.
SOOEKTHBHOCTh MX MPUMEHEHHS OGOCHOBAHA B
[7, 8], rme smexTpocHaGxXeHme (GepMepcKoro Xo-
3HCTBA, YNAJEHHOTO OT JIMHUN 3JIEKTPOIIEpe-
a9y, PEKOMEHIYETCS OCYILECTBIATL HECKOIBKU-
MK CIIOCODaMH C IIOMOLIBIO  0BOpYIOBAHHSA
BO300HOBJIsIEMOM 3HepreTHku. Haubonpinee pac-
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IpOCTPAaHEHHWE HAXONAT CHCTEMBI Ha OCHOBE
BETPOI'€HEPATOPOB, CONHEYHBIX MOIYASH H KOM-
OHMHHPOBAaHHEBIE COJIHEYHO-BETPOBHIE YCTAHOBKM.

Berposnepreruyeckas cucreMa. B KauecTse
IIPUMEpPa BETPOIHEPTETHYECKOM CHCTEMBI MOXHO
MPUBECTH ABTOHOMHYI0 5SHEpPreTHYEeCKYI0 yCTa-
HOBKY, T€HEPHMpPYIOIIYIO JJICKTPOSHEPIHIO LT
depMepcKoro Xo3sIcTBa, PACIONOXEHHOIO B
XapabaMHCKOM palioHe ACTpaxaHCKOM 06JIacTH.
3mech YCTAQHOBJIEH BETPOTEHEPAaTop BHIXOMHOM
morrHocTei0 500 Br. CucremMa Taxkke BKIIOYAET
B cebd OOMH KOHTPOUIEp 3apsia, IBE akKKyMy-
JIATOpHEIE ©OaTaper (WM3TOTOBJIEHEI II0 TEXHOJO-
rmu AGM) emxocteio 200 A - u Kaxmas, HHBep-
Top BBEIXOOHOM MoimmHOCTRI0 1500 Br. ITpakTnka
IIoKazajga, 4TO BBIpaboTKa SJIeKTPOSHEPTHM BET-
pOTE€HEpPaTOpOM B JIETHEE BpEMS 3HAYHTEIIBLHO
CHIDKAETCSI, B CBSA3H C 4YeM B CHCTEMY I0GaBHIIH
IBa COJHEYHBIX MOOYJIS CYMMAapHOW MOIIHOCTEIO
240 Br. CucreMa mpemHa3sHAadYeHA JUIS ITATAHUS
HECKOJIIFKIIX OCBETHUTENLHEIX IIPHOOpPOB, HebOJIb-
LIOT0 XOJIOAMJIEHMKA, TEIEBU30pa M OpPYroi Ma-
JIOMOIIHOM OBITOBOM TeXHWKI.

ABTOHOMHBIA yaWyHbld (OHAPL C NPHMEHEHH-
eM comHeynoro wMoayas. IlpumepoM  Maioi
SHEPTeTHYECKOM CHUCTEMBI C  HMCIIOJB30BAHHEM
COJHEYHLIX  MONYJIEH  CIYXWT  aBTOHOMHBIH
YIMYHBEIA (OoHapb, pasMelleHHbld B c¢. Crapas
Kygepranoska AcrpaxaHnckoil ob6mactu. B ero
COCTaB BXOMAT COJNIHEYHEIH MOIYIb MOIIHOCTEBIO
150 Br, crHemmanbHBII KOHTpOJUIED 3apsamd C
TaiiMEpOM BKJIIOYEHUS CBETHIBHHKA, IOBE aKKy-
MYJIATOpHBIE OaTaped (TakKe HM3TOTOBIEHBI IIO
texHosorud AGM) eMKocThio 55 A -4 Kaxnad,
CBETOOMONHLIN CBETWIBHMK MolmHocThio 30 BT
(amanor ceerwibHuka PKY ¢ JIPJI 125) Ha Ha-
[IpsDKeHUe TocTosgHHOTO Toka 24 B, Vmmauerii
(hoHaps ycTaHOBJIEH UL OCBELIEHUS MCTOPHYE-
CKOTO MEeMOpHaia.

B xome skcruryatamuum OBLT BEISBIIEH HeEJOC-
tarok. Ilpym npomocKuTensHOM O0OMaYHOCTH B
3UMHHN Iepuol HaOlofaercs NpexXaeBpeMeH-
HOE OTKIIIOYEHHME CBETWIBPHWMKA B BEYEpHEe Bpe-
Ms, 4YTO OOYCJIOBJIEHO HENOCTATOUYHBIM 3apSIOM
AKKyMYJISITODHBIX OaTapeid.

ABTOHOMHASI KOMOHHMDOBAHHASA COJIHEYHO-BET-
poBast BHepreTmdeckas cucrema. HambGomee Iep-
CIIEKTHBHBIM pENICHHEM IIpoOIeMBI 3HEpPIro-
CHaOXEHHA yHOANeHHBIX IIOCEJICHHM, B TOM
yucne ¢GepMEPCKHMX XO3SIHMCTB, MBISETCA IIO-
CTPOEHME ABTOHOMHEIX KOMOMHMPOBAHHEIX CHC-
TEM, TO€ YCTPOMCTBAMHM TEHEpAIIUH DSJIEKTPO-
SHEPTUM  CIIyXaT  COJHEYHBble  MOIYNH |
BeTporeHepaTop. PellleHHe O IIOCTPOEHHH KOM-
OMHHMPOBAHHOMH CHCTEMBI IIPMHATO HA OCHOBE
JAaHHBIX 0 KIIMMATHYECKHUX OCOOEHHOCTSX 0bnac-
T W OIBITA 3KCIUIYaTallMW IPYTHUX SHepreTuye-

st

Puc. 4

CKMX yCTaHOBOK Ha 6a3ze BHMD. B coorsercTBUH
C METEOPOJIOTHYECKMMH CBEIeHUSIMH CyMMapHas
COJIHEYHASA pajvauusd IOCTUIaeT MaKCHMAaIbHBIX
3HaYeHWI B IIEpUON C ampens II0 CEeHTIAOGDS.
CpenHsasa CKOpOCTb BETpa B NAHHBINA TIEPHOL CO-
crapiusier 4 M/c, 9TO HETOCTATOYHO UL OIITHU-
MaJBHON BEIPAOOTKM 3IEKTPOIHEPTHM OT BETPO-
reHeparopa. OmHako ¢ OKTaAbpg 1O anpenib
CpenHssl CKOpPOCTh BETpa BO3pacTaer, HO COJ-
HEeYHad pagydalus MUHUMAaibhHa. B WrTore KoM-
OuHupoBaHHas cucreMa (puc.4) obecmeyuBaeT
cTabWiIpHOE  IJIEeKTpOCHabXeHHe (epMepPCKOro
XO034MiCTBA B TEYEHME BCErO Troja.

HMcxoaHBIMM JaHHBIMH UL TIPOEKTHPOBAHMS
ABTOHOMHOM 35HEPTrOYCTAHOBKM CIYKWIM CBEIe-
HUA 00 MMEIOILEMCS B XO34MCTBE 3JIEKTPO0OO-
DYIOBaHMM M peXMMax ero paboTel B TeyeHHe
cyToK. OCHOBHBIE 3JEMEHTHI YCTAHOBKM: COJI-
Heynsle Momymu (Kvazar, Vkpawna), BeTporeHe-
parop (Exmork, Kwurtaif), rubpumHbii KOHTpOI-
aep 3apspa ¢ Oawractom  (Hefei, Kuraif),
akkyMymaTopHeie Oarapen (Haze, Awmmus, Ku-
taif) u uHBeprop (Tripp Lite, CIIIA). IIpume-
HEHO IHecTh COJHEYHBIX MOAYIeH MOIIHOCTEIO
185 Br xaxnplii HAa HOMWHATBHOE HAIPSDKEHHUE
24 B. CymMapHasi MOIIHOCTh COJHEYHBIX MOZLY-
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e cocraBwia 1110 Br, HOMMHamRHOE HAaIps-
JKEHWEe IIOCTOSTHHOro Toka — 48 B.

TpexdasHblii  BeTpOreHepaTop  MOIIHOCTHIO
3000 Br u cosHeunble Garaped IIOHKITIOYAIOTCS
K rubpuoHOMY KOHTPOJUIEPY, KOTOpHIA ocylie-
CTBIAET BHIUIPAMIEHUE MEPEMEHHOIO HAIIpsoKe-
HIJ BETpOreHepaTopa B HaNpLKeHHE ITOCTOSH-
HOro Toka 48 B, 33pam  akKyMyJSITOPHBEIX
Garapeif IO CIEUMATBHOMY AITOpHTMY M cbpoc
M30BITKA BHIpabATHIBAEMOM BJIEKTPOIHEPTHH OT
BETPOTCHEpaTOpa Ha 0a/ulacT IpH TOJHOM 3aps-
Jle aKKyMYJIATOPHBIX Oarapeif. EMKOCT: M 4MCIIO
aKKyMYJUITODHBIX OaTapeil BRIOMpAIOT IO OOheMY
NOTPeOIEHUsS DICKTPOIHEPTMM B CYTKHM C 3ama-
COM Ha OIpeNeleHHOe KOJIHMYECTBO YacOB HA
cayJait o0JIauHOM Ioromwsl W Gesperpmda. Brulo
YCTAaHOBJIEHO BOCEMb aKKYMY/ISATOPHBIX Oarapei.
Emkocte kaxmoit Garapem — 200 A .4, Hanps-
xeHue — 12 B. I aBTOHOMHBIX H pe3epBHEIX
CHCTEM 3JIEKTPOCHAOXKeHUs NpuMeHsmorcs VRLA
Oarapen (Valve Regulated Lead Acid — cBun-
LIOBO-KMCIOTHBIE 0aTaped ¢ KIallaHHBIM pery-
JIMPOBAaHUEM), H3TOTOBJEHHBIE II0 TEXHOJOIHMSAM
AGM u GEL.

Ilpn BBIGOpPE MHBEpTOpPa OCHOBHEIMM Iapa-
METPAaMH SBIAIOTCS €r0 BBIXOOHAS MOIIHOCThL MU
HalpsKeHWe ITOCTOSSTHHOIO TOKa, KOTOpPBIM IIpe-
obpasyerca B 220 B mepemennoro toka. Kpome
TOIO, HEMaJOBaXHBl Takke (OpMa BBEIXOIHOIO
CHTHAJIa W XayecTBO cOopku. MMeerca Hemasno
MHBEPTOPOB PA3HOH MOIIHOCTH ¢ (hOpPMOM BBI-
XOMHOTO CHIrHala “CHMHYC” WIH “MomuduIEpo-
BaHHBIM cunyc”. IlpuMeHeHHe wHBEpTOpa C
(opMOH BBEIXOIHOTO CHTHaNTa “MOIUdpHUIIMpOBaH-
HBEIA CHHYC” MOXKET HEraTMBHO OTpasUThCd Ha
paboTe SIEKTPONPHOOPOB, YYBCTBUTEILHBIX K
ero ¢opme, HampuMep HacocoB. B paccMarpu-
BaeMOM (DepMEpCKOM XO3SMCTBe OBUI YCTAHOB-
JICH HMHBEPTOP BBIXOAHOH MOIIHOCTHIO 6 KBT Ha
HallpsoKeHHWe IIOCTOSHHOro Toka 48 B, BeIXOI-
HOH cHrHan “cuHyc”.

IlepBoHavanbHO NaHHAsg CHCTEMAa MMeEIa IBa
pasieabHBIX KOHTPOJUIEpPA 3apsama Oiad COJIHEY-
HbIX Oartapedl M BeTporeHepatopa. B npouecce
SKCIUTyaTallMH BO3HHKAJIO DACCOIVIACOBAHHME WX
paboThl, KOTOpOE IIPUBEIO K BHIXOLY M3 CTPOS
KOHTpoJulepa BeTporeHepaTopa. [Ipuuurock ycra-
HOBHUTb OIWH TMOPHIHEIN KOHTPOJIED, B KOTO-
pOM  TIpeIyCMOTpDEHa COITIacOBaHHas paboTa
IBYX HCTOYHMKOB 3IEKTPOIHEPTHH.

[Tomy4eHHEI OILIT BHEIPEHWS ABTOHOMHBIX
SHEPTOYCTAHOBOK JUIA 3JIEKTPOCHAOXeHUs (dep-
MEPCKHX XO3AHCTB II03BOJIAET CHENaTh BEHIBOI,
9TO HauOOJBIIEH IONMYIAPHOCTHI0 B AcCTpaxXaH-
CKO¥ OOJacTH IIOJIB3VIOTCS MAJIOMOIIHEBIE aBTO-
HOMHBIE SHEPreTHYeCKHe CUCTeMBI C IIpHMEHE-
HHUEM COJNHEYHBIX Mopmyned. Takoil BeIOOp

O0YCIIOBJIEH OTHOCHTENBHO HM3KOH CTOMMOCTBIO
KOMIUIEKTa OOOpYIOBaHMS, BBICOKON HAaIEeXHO-
CTBIO (CPOK CHyXOBl COJHEYHBIX MOLYIEH —
bonee 20 eT), JErKOCTHIO MOHTAaXa (CHCTEMY C
COJTHEYHBIMH MOLYJIAMHU (epMep MOXET YCTAHO-
BUTh CaMOCTOATEILHO B KpaTJaMlIlike CpOKH).

HecMoTpss Ha OTCyTCTBHE CO CTOPOHBI IOCY-
JapcTBa ABHON IIOMNEPXKKHW  BO30OHOBIIIEMOM
SHEPICTHKY, HHTEpEC K HEH eXEerofHo pacTeT.
3aMeTeH M YBeIMYMBAIOLMIICA CIIpOC Ha 060py-
JOBaHHE BO30OHOBISEMON  SHEPreTHKH, YTO
OOBACHAETCH CHIDKEHHEM CTOMMOCTH COJHEYHBIX
MOIyJIed W BETPOreHEepaTOpPOB M IOBHIIIEHHEM
TapuhoB Ha TPATULIMOHHEIE SHEPIOPECYPCHL

ITepcriekTvBa Pa3sBUTHA CONHEYHON M BETpPO-
BOIl DHEpPreTMKH B AcCTpaxXaHCKOH 0OJIACTH Bech-
Ma BeJHKA. DTO 00YCIOBJIEHO HEOOXONMMOCTEIO
YBEIMYECHMS TeHEPHPYIOLMX MOIIHOCTEH, 00BeT-
IDaHWEM CYILECTBYIOIMMX JIMHUM 3IEKTpoIepeIayn
U TPaHC(OPMATOPHEIX IIOACTAHIMUM, CTpeMICHU-
eM K YIYYIIEHHIO COLMaIBHO-IeMOorpabuyeckoi
00CTaHOBKM YAAJNCHHBIX IIOCENeHM H (epmep-
CKMX XO3SIMCTB.
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I'eHOyCTaHOBKM: OCHOBHbIE (DAKTOPBI SKOHOMHYECKOH OKYNAeMOCTH

Bytysos B. A., DOKTOp TexH. Hayk
OAO “lOxreorenno”, KpacHogap

BpaHuesa E. B., Bytysos B. B., HaTiok W. C., uHxXeHepsbl

000 “3ueprorexHonoruu”, KpacHopap

3apy0OexHBIH PEIHOK rennoycTaHoBOK (I'Y) co3maH IMpeMMYLIECTBEHHO C HCIIONB30OBAHMEM TO-
CyNapcTBeHHBIX cybcuamii. IIpu orcyrcTsum TaxoBhix B Poccuu cpok okymaemoctu I'Y mpen-
JIOXEHO OINpPENeNiTh 10 YNPOWEHHOH ¢opMmynre KM rpadHxy, IIOCTPOEHHOMY Ha €€ OCHOBE, B
3aBUCHMOCTH OT YIEJIbHOM CroMMoCTH I'Y, HMHTEHCHBHOCTH CONMHeuHOH pammauuu, KIIT TV,

CTOMMOCTH 3aMEelIaeMOM SHEpPIruu.

Kimoyesbie Cr0Ba: IeJMOYCTAHOBKM, TIOCYIAapCTBEHHOE CYOCHIMPOBAHHE, CPOK OKYNAEMOCTH,
ylaenbHas cTouMocTh I'Y, uHTeHCHBHOCTE conueuHoi pamwanuu, KITJT TV, cTOMMOCTE 3ame-
nIaeMoil SHEPrUM, CTPYKTYpPa CMETHOM CTOMMOCTH.

Jis coBpeMEHHOU 3apyOexHOU 9HepreTHKH
XapaKTepHO IIMPOKOe MCIOIb30BAHHE BO30OHOB-
JISIEMBIX HMCTOYHHMKOB sHepruu (BUD). IIpu
3TOM aKTWBHO IIPUMEHSIOTCS Mephl TOCYIapcT-
BeHHOM mommepxxku. Ha pwuc. 1 mHa mnpuMepe
COJIHEYHBIX YCTAHOBOK TEIUIOCHAGXKeHMHS (resno-
YCTAaHOBOK) IIOKa3aHO, KaK B OTIENBHEIX CTpa-
Hax CTHMYJAHMpYETCH HX paspurue. B HMspamne,
Hcmanwnu, na Kyompe BHOBBL crposimuecd o6bex-
THl TI0O COOTBETCTBYIOIIMM 3aKOHAM JOJDKHEBI 00s-
3aTeJIbHO obopynmosateess ['Y. [lpyrve cTpambl
(Utayms, Wcnanws, bpaswmis) IpUMEHTIOT Iocy-
JIapCTBEHHOE CYOCHMOMPOBAHWE MX CTOMMOCTH (IO
55 %). CybcumupoBaHHe IIPOM3BOIMTEINEH COTHEed-
HeIX KomekropoB (CK), BeImeneHMEe JIBMOTHEIX
0aHKOBCKMX KpEOMTOB HAa COOPYXEHME IeJIHO-

O6s3arenpHas
YCTaHOBKA COJIHEYHBIX
KOJUIEKTODOB Ha
CTPOANIIUXCS O0BEKTAX

> <LF )
[ I/Ispalfmbj[ Vcrans }LKJ’IHP ]

TapudHsIe ToTAlMH

T O
(rovams)  (ciia )

ycraHoBOK xapakTepHel it CIIIA, W3spawmna,
Kurtasg. TapucbHsle ZOoTAalMd IIpM SKCILTYATALIMM
TeIMOYCTAHOBOK  NPHUMEHIIOT [epMaHma u
CIIIA. B Poccum B HacTosiiiee BpeMsl OTCYTCT-
ByeT (benepalbHBIH 3aK0OH 00 MCIIOMb30BaAHUM
BUD, a 3aKOHOmATENLCTBO IO OTAEIBHBIM MX
BHIAM HaXONWTCS B CT4AWH pa3paboTKu.

Ilpr  (paxTU4EeCKOM OTCYTCTBMH TIOCYIApCT-
BEHHOM  IIONJIEPXKKH, OTHOCHUTEIBHO HH3KOM
CTOMMOCTH TEIUIOBOA OHEPTHMM, BEICOKOH IeHe
obopynoBaHus B IOXKHBIX pernonax Poccum pea-
JIN30BaHO HECKOJIBKO KPYITHBEIX IIPOEKTOB IEJIHO-
ycraHoBoK. B Verb-Jlabuncke KpacHomapckoro
Kpasg mocrtpoena [V mwig palfoHHON GOJBHUIBI
wiomansio 600 M [1]. B KpacHomapckoM xe
Kpae COOpYXEHa IeOTepMAaIbHO-COJHEYHAs CHC-

TocynapcrsenHoe
cyOcunupoBaHue
CTOMMOCTH
TeJIHOYCTAHOBOK 10 55 %
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Hranusa ][ Hcnanusg [Bpaammﬂ

Cy6cunupoBaHue
TIPOM3BOJUTENEH COMHEYHBIX
KOJIEKTODOB, JIbIOTHEIE
OaHKOBCKHE KPEIUTHI
Ha MOHTaX
I'eJIMOYCTAHOBOK
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Puc. 2

Tema TelutocHabxeHua 1oc. Pozoserit [2]. Te-
JIMOYCTAHOBKA KOTenbHOM Imromaneio 4400 m
ctpourcss B I. HapuMmaHoBe AcTtpaxaHcKoil o6-
JIaCTH.

CoopyxXeHHno KPYIIHBIX  TEIMOYCTAHOBOK
MIPEAIIeCTBYIOT pacyeThl MX OSKOHOMHYECKOH
OKYTIaeMOCTH. MHOTOJIETHUH OIBIT COOPYRKEHUS
remoyctaHoBoK B KpacHomapckom kpae [1]
(6oxee 100 TV obmeit mromansio 7000 M%) mmo-
Kazal, 4To B OOINEM ciaydae IIpU OIpEleeHHBIX
YOPOIIEHUSIX CPOK SKOHOMHYECKOH OKYIIaemo-
CTH Lesieco0bpasHO pacCYMTHIBATH 10 (hopMmyne

K, (1+Ky) 0

T= 3
2S5, Ko Cr Ky

roe K, — yAeidbHas CTOMMOCTDH TEITHOYCTAHOB-
KW, py6/M2; K, — xoadduimeHT 3KCIUTyaTalMoH-
HBIX 3aTpAT; ZSD — CyMMapHas HHTEHCHBHOCTH
comHeuyHOM pammarmum B 1oiockoctH  CK,
KBt - u/ron; n, — KIIJ remoycraHoBku; K, —
MONIPABOYHEIA KO3G(GOULIMEHT peXHMMOB paGOTHI;
C, — CTOMMOCTD 3aMeIllaeMOW TEIUIOBOM SHEPruu
(tapud), py6/(xBt - 9); K, — IIPOTHO3HEINA K03G-
¢dUIMeHT pocTa Tapuda.

VhennHas CTOMMOCTBE —TE€IHOYCTAaHOBOK K,
mIomagpo 6omee 50 Mz, KaKk TIpaBWIO, BIBOE
MPEeBBIIIAET VYIENBHYID CTOMMOCTE COJTHEUHBIX
KOJeKTopoB. TwIioBass CIPYKTYpa CMETHOH
croumocT I'Y g ycnosuit KpacHomapckoro
Kpas CIenywolas: COJHEYHBIE KOJJIEKTOPHI —
56 %, obopynoBaHue, TpYOOIIPOBONEBI, MAaTepya-
JBl — 25, npoekTupoBaHMEe — 9, OydepHHIl
Obak — 5, nmpoume pacxomel — 5 %. CormocTas-
JIEHHe B3TOW CTPYKTYPHl ¢ aHAJOTMYHOM Mg yc-
Jnopuii T'epmManuy [3] He BBIIBHIO CYIIECTBEH-
HbX pazmmuumit. Ilpm  crommoctu CK  Ha
poccHiickoM preIHKe oTr 5000 py6/M2 (Kurait) mo
25000 pyG/M2 (TepMaHus) ymeibHAas CTOMMOCTD
TeIMOYCTAHOBOK  cocTamiusger or 10000 rmo
50000 pyﬁ/Mz. H7s1 reMoycTaHOBOK MAaJIOM IUIO-
maneo (o 50 MZ), Kak npasuno, mong CK B
o0LIEeH CMETHOM CTOMMOCTH CYIIECTBEHHO MEHh-
e.

Koaddunumenr sxcruryatallmoHHeX 3atpaT K
OIIpEeleJIACTCA 3aTpaTaMM JJIEKTPOSHEPIWH Ha
IIPUBOJ, HACOCOB M CTOMMOCTBIO CEPBHMCHOIO 00-
cryxmBanud. OmBEIT SKcwryaramyu 'Y mmoxazan
HEe3HaYUTEbHOCTh 9THX 3atpar (1 — 2 % cmer-
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HOM CTOMMOCTH), 4YTO IIO3BOJIIET IIpeHeGpedn
9TUM KO3(DHUIIHEHTOM B HaMbHEHIIMX pacyerax.
CyMMapHass MHTEHCHBHOCTH COJIHEYUHOM pa-

muauuu B Iwtockoctd CK XS, BeMMCIAETCS IO
M3BECTHBIM MeTomukaM [l] Ha OCHOBE JaHHEIX
KIMMATHYECKHX CIIPABOYHHKOB WJIM KOMITBIOTED-
HeIX 0a3 panueX. [lompaBounbii Ko GhHIMEHT
PEeXUMOB paboTel K, yYMTBHIBaeT Helenecoobpas-
HoCTb pabotel ['Y NpM HUBKWMX 3HAYEHMSIX MH-
TEHCHUBHOCTH COJIHEUHOH pamualiyd B YTPEHHHE
M BeyepHHe 4Yackl, KOIZA aBTOMATHKA OTKJIIOY4eT
LUpKysmyo Teruiogocurend yepes CK. JlaHHBIM
xoa(ppurmenT onenusaercs B 10 — 15 %. C yue-
TOM IIOTPEUIHOCTH IIpA 00paboTKe 3HAYECHUH
MHTEHCUBHOCTH COJIHEYHOM panMallMd 3THM KO-
athdbuimeHTOM MOXHO NpeHeOpeds.

CromMocTh  3aMeINaeMoil  reJIMOyCTAHOBKOM
TEIVIOBOM 3Hepruu C, M3MEHSETCS B IIMPOKOM
nuanasoHe. Ee 3HayeHWEe MHUHHMMATbHO IIPH HC-
TOAB30BaHUK TIPHPOTHOTO Ta3a M MaKCHMAJIBHO
IIpM 3aMeINeHur BIeKTpudecKoil sHeprum. KITIT
TeMOYCTAHOBKM 1. OIpeaendercs 3h(eKTHUBHO-
CThI0 mpuMeHIeMoM KoHcTrpykimu CK m co-
crapnger or 60 mo 75 %.

C yueroM u3moxeHHOro Gopmyny (1) MoXHO
3armicaTh B BHUIE

K

=P . (2)
Z8pn:Cr

Ha puc. 2 mpencraBineHB rpaduky IS IIpen-
BAPUTEIFHOTO OIPENEIEHUS CPOKOB OKYIIaeMOCTH
TeIMOYCTAHOBOK, TIONyYeHHBIE C TOMOIIBI0 (dop-
Myibl (2). M3 pucyHKa ClemyeT, 4TO IIpHEMIIe-
MBIE CPOKM OKyIaeMocTH (mo 7 ner) HMMEIoT Te-
JIMOYCTAHOBKH IOXHBIX PETHOHOB CTpPaHBI C
yOeIbHOM cTomMocTei0O g0 15000 pyG/M2 c
KPYIJIOTOMWYHEIM PEXUMOM paboTel IIpH  3aMe-
IIEHWM TEIUIOBOM SHEPrMM CTOMMOCTBIO  OT
2 py6/(xBr - 4). aa mnpumepa pacCMOTpeH Ba-

PHAaHT  KPYIJIOTOAWMYHOM  TEJIMOYCTAHOBKM _ C
YOETBbHOM cMeTHOM cromMocthio 10 000 py6/M2 u
KIIH CK — 70% npW WHTEHCUBHOCTH CyM-
MApHOM CONHEYHOM pamguaiiv B mwockocTy CK
1000 KBT-II/MZ U 3aMelIeHUM TEeIUIOBOH 3Hep-
i crouMocTeio 3 py6/(xBT - 9), T.e. OT 3iek-
TposHeprud. CpoK OKYIIaeMOCTH TAKOM TeIHO-
yCTaHOBKM coctapnsier 4,8 roma. [lng remoycra-
HOBKH ¢ Oomee mopormmum CK u Gonee BrICO-
KOH YIOEJLHOM CMETHOH CTOMMOCTBIO IIPH OCTAJh-
HBIX AHATOTUYHBIX IAPAMETPax CPOK OKYIIAEMOCTH
yBeluuBaeTca A0 7,1 roga. CyllecTBEHHO YBeEIM-
YIBAaeT CPOK OKYITAEMOCTHU MEHee Joporasl 3aMe-
maeMasd TervroBasd SHeprud. Ilpu ymenpHOM cMeT-
HOM cromMocTH remmoycraHoBku 10 000 py6/m”,
CTOMMOCTH 3aMelllaeMOi TeIUIOBOM SHepIMH ra-
30BOM KOTeNBbHOH 2 pyo/(XBT-d4) M OCTalIbHEBIX
aHAJOTMYHEIX TIIapaMeTpaX CpoK OKYIIaeMOCTH
Takke coctaBuT 7,1 roma. JInms ce3oHHOM remmo-
YCTAHOBKM IIPHM BIBOE MEHBIIEH HMHTEHCUBHOCTH
COJTHEYHOM amamd B 1otockoctm CK
(500 xBt - u/M”) u Tapude 2 py6/(xBr-4) cpok
OKYIIaeMOCTH BO3pacTeT BiuBoe — 10 14,2 jer.

Ananutuyeckass 3aBUCHUMOCTb (2) u Tpaduk
Ha DHC. 2 NO3BOJSIOT HAa IIPEIBAPHMTENBHOM CTa-
JUHM OLIEHHMTh OSKOHOMHYECKYI0 lejiecoobpas-
HOCTb COOPYKEHHS TeIMOYCTAHOBKM M BIUIHUE
OCHOBHBIX IIAPaMETPOB Ha CPOK OKYIIAeMOCTH.
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COBEPLUEHCTBOBAHME
9KOHOMMUYECKOrO
MEXAHU3MA
XO351AICTBOBAHUSA

B03MOXKHOCTH peryjmpoBaHHa pexXuma
COOCTBEHHOTO JJIEKTPONOTPEOIEHNST NPOMBIILIEHHOr0 MpeIPUATHS
H TeXHHKO-J3KOHOMHYECKHE MNpPeANOChLIKH HX peaau3amiu

Crenaroe B. C., noktop TexH. Hayk, Cycnos K. B., kaHg. TexH. Hayk, Kosnosa E. B., uHX.

WpKyTCcKkuii rocypapcTBeHHbIi TeXHW4YeCKMIA YHUBEpCUTET

PaccMOTPEHB! BO3MOXHOCTH TIPHBJICYCHHA SMEKTPOCMKHX TDENIPHATHA K [IPOEKTAM yIpaBiie-
HHsl CIIPOCOM B PEIHOYHEIX YCIOBHsX. Ha npumepe MemeIUiaBmibHOTO 3aBONA OINMCAHA IIPO-
Lelypa ONpPEAENICHMA INPENEIbHBIX [apPaMeTPOB OIPAHWYCHMS 3JIEKTPOIIOTPEONEHHUS C YYeTOM
TEXHOJIOIMYECKMX BO3MOXHOCTEH 06OpYIOBAHHA, OGYCIOBIEHHBIX HEOOXOMMMOCTLI0 BBITOTHE-
HUSI UM OCHOBHEBIX ITDOM3BOACTBEHHBIX (yHKumit. IIpuBeieHa >KOHOMMYECKAs OLEHKA YCIO-
BUi, NpPH KOTODHIX IIPENNPHATHE MOXKET OBITh 3aMHTEPECOBAHO B YIPABIGHHH HAIPy3KOH

QHEPTOCHCTEMEL.

Kimouesble c0Ba: rpaduk 3mMeKTpHYecKMX HATPY30K, YIpaBieHHe HArpY3Koii, IIEKTPOSHEPTE-

THYECKas CHCTEMaA.

OcHOBHasE OCOOGEHHOCTh BIIEKTPOIHEPreTHYE-
ckux cucreM (DBC) cocTOMT B TOM, 4TO 00BE-
MBI IIPOM3BOIACTBA M IOTPEOGIEHHS OJIEKTPO-
SHEPIrHM B HMX IOJDKHBI COBIIANATh B KaXIBIN
MOMEHT BpEMEHW. DTO O3HAYAEeT, YTO CIIPOC Ha
SJIEKTPOSHEPIUIO JOKEH 0becreynBaThes SIeK-
TpocTaHUUAMH DDC B CTPOroM COOTBETCTBHUHM C
rpa)uKoM Harpy3KW Kaxmuoro rmorpeburessi. Kos-
burypaims CYTOYHBIX TIpadHKOB KOHKPETHBIX
IOTpebuTeNIeH OIpeleNsieTcs. MX (PYHKIMOHAb-
HBIM Ha3sHAYeHWEM, XapaKTepOM OCYILECTBIISe-
MBIX B HHX TEXHOJNOIMYEeCKHX IporeccoB. Cy-
TOYHEBIE TpaMKM Harpy3ok DDC cKIamBIBAIOTCS
M3 IpaMKOB HArpy3oK OTHEJBHBIX IOTpeOUTE-
Jied, KOTOphle, KaK IIPaBWIO, KpaifHe HepaBHO-
MepHbl. CreneHb IUIOTHOCTH M DPaBHOMEPHOCTH
rpa¥KOB OKa3bIBaeT 3aMEeTHOE BIMAHUE HAa
9KOHOMMYECKHME ITOKA3aTEIM SHEPIOCHUCTEM.

MaMeHeHMe 3MEKTPUYECKMX HArpy30K IOTpe-
OuTesiedl BO BpEMEHH IaeT BO3MOXHOCTh CYILE-
CTBEHHO YIUIOTHHTh rpaHK HarpysKu BSHEpro-
CHCTEMBI, YTO ITO3BOJIIET CHM3UTH IIOTPEGHOCTH
B TEHEPHPYIOIIMX MOIMHOCTAX, a4 TakXe TeKy-
IIMe M3IEePRKKHW IIPOM3BOJACTBA JJIEKTPOSHEPIHH.
B HOBBIX 3KOHOMMYECKHX YCIOBHMSIX YIUIOTHEHHE
rpaprka 59C BO3MOXHO JHIIL HAa OCHOBE CO-
OTBETCTBYIOLIMX JOTOBOPOB SHEPIOCUCTEMEI C
OTHENBHBIMH  IIOTPEOUTENSIMA  3JIEKTPOIHEPTIH
(II2) ¢ yJyeroM 3KOHOMHYECKHMX MHTEPECOB Ka-

.. Xno# cropoHbl. MIMeHHO Tak Ipobiema ympas-
7 JIeHMS. ONPOCOM peIlaeTcss 3a pyGexXoM B paM-

Kax pa3spabOTKH KOHUEIIIHMH CO3JaHMS HMHTEJUIEK-
TyaJIbHBIX 3HeprocucreM (Smart Grid) [1 —4].
B pame crpan (Aunms, Ascrpamma, CIIIA wu
Ip.) pa3paboTaHBl U PpeaIM3yIOTCH IIPOEKTHl aB-
TOMAaTH3UPOBAHHOIO YIpPaBIEHUs CIIPOCOM Ha
OJICKTPOSHEPIUIO C IENBI0 CHIDKEHWSI ITUKOBBIX
Harpys3ok osHeprocucreM [5, 6]. Ha ocHoBe ana-
JM3a PasiIMYHBIX OOBEKTOB 3JIEKTPONOTpe6IeHUs
PacCIIpedeUTe/IbHbIe KOMITAHAH BBIABISIOT TAKHE
IEKTPOTIPHEMHHMKH, KOTOPEIE B COBOKYITHOCTH
TIO3BOJIAIOT CYIIECTBEHHO (mo 25 %) CHU3WUTH
IIMKOBYI0 Harpysky. Cpelu Takux 3JI€KTpOIIpH-
€MHHUKOB OOBIYHO pPACCMATPHBAOTCH KOHIHITHO-
HEpbI KPYIHBIX XIWWIBIX, KOMMEPYECKMX ¥ aIMU-
HUCTPAaTHBHEIX 3IaHWi B Tropomax, SJeKTpHye-
CKHE BOIOHAIDEBATENH, 3IEKTPOIIPUBOLLI HACO-
COB B CHCTeMax opomeHus u nap. Ilocie aHamiza
M ONTHMH3ALMH 3JEKTPOIIOTPeOIEHHNS KOMIIa-
HUH paspabaTelBalOT TIPOTPAMMBL  VIIPABICHHSI
CIIDOCOM Ha 3JIEKTPOSHEPTHIO, YCTAHABIMBAIOT
JBIOTHBIE YCIIOBHA, IIPENOCTABIISIEMEIE ITOTPEOM-
TEJSAM, COIIACHBLIMMCH HOGPOBOMLHO B HHUX
Y44CTBOBATB.

B Hameit crpane momo6HBle IIOTpeGHTENM
BEPOSITHEE BCEr0 HE CKOPO OYIYT IIPHBIEKATHCS
K YOPaBIEHHIO CIPOCOM B IIPOEKTaX CO3IAHUS
WHTEJUIEKTYalIbHBIX SHeprocucreM. Celfyac B
IIEPBYIO OYepellb HEOOXOAUMO TPHUBIEKATh KPYII-
HBIC IIPOMBINUTEHHLIE IIPEIIIPUATHS, CTUMYJIH-
pyd HMX y4acTHe B TeX WIM MHBIX IIPOEKTaX pas-
JMYHBIMA 3KOHOMHMYECKUMU IpedepeHIUIMHU.
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YroOrl ONpenenuTs YCIOBHS, IPH KOTOPHIX
SHEProcUcTeMa TOTOBA BOBJIEYh [ID B paspemie-
HUE PasIMYHBIX NeUIIMTHEIX CHUTYyallHi, a Io-
TpeOUTENN COTJIACATCS Ha B3TO, HYXHO paccMar-
pUBATh MX HE M30JIMPOBAHHO, a KaK eIWHBII
komrieke “O3C + [19”. Ot mapamerpoB nedu-
UUATHOM CHTYalMM B SHEPrOCHUCTEME 3aBHCAT
3HAYCHHE CHIDKAEMOH MOIIHOCTH H BpEMs OI-
paHuuyeHus norpebuteneit. Bmecte ¢ TeM rmyOm-
Ha ¥ TIPONOJDKUTEIBHOCTh OTPaHMYEHUS I10Tpe-
OuTenss oONpenendroTcs ero TEXHOJOTHYECKMMH
BO3MOXHOCTSIMM, OOYCIOBIEHHBIMH HEOOXOIH-
MOCTBIO BBITIOJIHEHHS MM OCHOBHBIX ITPOM3BOI-
CTBEHHBIX (VHKIIMI, T. €. IPEHeIbHBEIMH DeryIiH-
POBOYHEIMM ~ BO3MOXHOCTAMH. OHH  00BIYHO
XapakKTepu3yloTcs CIeNyIOIIMMH IapaMeTpaMH:

PETYIIMPYEMOM MOIIHOCTBIO N;, MBr, T.e.

NpeNeNbHO JONMYCTHMBIM 3HAYCHUEM CHIDKEHMS
MoTpebIsieMOi  MOIHOCTH;
s
IIPENENBbHO IOIYCTUMEIM BPEMEHEM t,, 9, B

TeYeHHe KOTOPOTO MOXeT OBITh OTKIIOYEHA pe-
rynypyemMasi MOIIHOCTh ©0€3 CpBEIBA CYTOYHOTO
TIPOM3BOMICTBA LIEIEBOTO IIPOAYKTA, BHITYCKAEMO-
ro JaHHBIM IToTpebuTeneM (mbo monydabpuxa-
T, ECIIM B POJNM CMEXHUKOB BBICTYIIAIOT TEXHO-
JIOTMYECKHE 3BEHBS IIPEIIIPUITH);

MHHHUMAIBHBIMH  TOTIOJTHUTEHBIMA  YIEThHBI-
MM HU30EpPXKaMM IIPOM3BOICTBA 3, pYO/(KBT - u),
o0ycroBIEHHEIMU [OedopMaliveil pexuMa ero
3JIEKTPOIIOTpebIeHHU .

Ilapamerper s orpaHmdeHui I[1D MOIDKHEL
COOTBETCTBOBATH HMX PETrYJIMPOBOYHBIM BO3MOX-
HOCTAM. 3HAUYeHUE CHIDKAEMOM 10 3aJaHHIo
9BC MomHocTH AP HE [IODKHO IIPEeBBINATH
TIPEAETBHO JOIYCTUMOTO 3HAYEHHUs peryJiupye-
MOI MOIIHOCTH N;, T.e. AP< N;. TIpomoimxu-

TeJIPHOCTh OrPaHWYEHHUS f, HE HOJLKHA IIPEBEI-
Watk JOTMYCTMMOE BDEMs OTDAHMYCHMS, T.e.
I < Tp -

Haxkoner1, HenooTnyleHHas IIOTPeOUTEIO B IIe-
pHOI OrpaHWdYEHMsI SNEKTposHeprua AW,, MBT - 4,
HE [OJDKHA IIPEBBIIIATH IPEIENLHOr0 3HAYEHUS
AW , omnpenenseMoro HapaGOTAHHBIM B IIEPHOL
npoBaya rpaduka Harpysku HOC 3aIacoM, Ipo-
oykuuu (noaydabpukara), T.e. AW, <AW , rne
AW = N; 1;. B sTOoM ciyyae 3amac NpOAyKIIHH

M3MEPSIETCS B EAUHMIAX BJIEKTPOSHEPTHH, Tpe-
Oyemoit mms ee HapabOTKH B Oe3medHITHTHEIN
mepuon. OH OIpenenaseTcss MEHBIIEH M3 [IBYX
BeMWUYUH: AHUO0 00LeMOM TIPOIYKIIMH, KOTOPas
MOXeT OBITh 3amaceHa Ha ckiane (B HaKOIIUTe-
7€), Tub0o TEXHOJOTUYECKUM DEe3epBOM IO IIPO-
M3BONMTENBHOCTH Np, MBT, ¢ momorkio Korto-
POTO BOCIIOJIHSIETCST IIPONYKITHSA, M3PACXOIOBAHHAS

B Ilepuon medHIUTA UIA COXpaHeHus rpaduka
€€ TIOCTABKM CMEXHUKAM:

AW = Nit,

rae f, — BpeMS BOCIIONHEHUS TPOAYKIIMM Ha
paccMaTpMBaEMOM TPEAIPUATHH.

CHikaeMasi MOIIHOCTb y ITOTpeGHUTEeNs 3JeK-
TPOZHEPTUM MOXET M3MEHSThCd OT HyId 0

*
npefenbHoro 3HaveHus N,. Tekymee 3HaueHue

CHIDKAeMOM MOIIHOCTH AP, COOTBETCTBYET Tpe-
Gosanuio BOIC. Tlockomeky coxpaHeHue I1D
CBOMX OCHOBHBIX ITPOM3BOACTBEHHBIX (DYHKIIMIA
JOCTUTAETCAd 34 CcYeT cpaboTKM 3amaca TOTOBOM
NPONYKUIMKM WIH IOoMyhabpuKaTOB M3 HAKOIUTE-
JIeil, ToO BpeMd, B TEYEHUEe KOTOPOIO MOXKET
OBITE OCYILECTBJIEHO CHIDKEHHE MOIIHOCTH Ha
AP,, ompenensercsi o6bEMOM COOTBETCTBYIOLIENO
3amaca

t,= AW, /AP,

JIONMOMHUTENBHEIE M3OEPXKH IPOM3BOJICTEA,
CBSI3aHHBIE C HOedopMaieil rpaduka SIEKTpO-
MOTpebJIeHUsT 3HEeProeMKUX IOTpebHTeNnel, ABIA-
IOTCH LIEHOM BBINOJIHEHMSI UMH IIPH 5TOM OCHOB-
HBIX IIPOM3BOACTBEHHEIX OyHKiui. Crpykrypa
M3IEPXKEK BKIIOYAET CIACAYIONIUE COCTABIISIOLIHE:

IpgIMBIE H3ACPXKKU B TEPHOJ OrpaHUYEeHHd,
HalpuMep, CTOMMOCTE ITepepacXoNOBAHHOM 3JIEK-
TPO3HEPIUM, IOPYIMX BUIOB JSHEPTHM, pacXomye-
MBIX U TOJACPXAHUS TEeXHOJOTHYECKOIo IIpo-
Imecca B 3TOT IIEPHOMN;

U3IEPXKKM, CBSI3aHHEIE C CO3JaHHMEM 3amaca
TIPOIYKIIMH, pacXomyeMoil M3 HaKoIMUTeasd B IIe-
PHOI CHIDKEHMS HArpysku, — CTOMMOCTh IIEpE-
pPAcXOIOBaHHOM DBJIEKTPOIHEPTMM (B psle CIIyda-
€B CTOMMOCTb MAaTepHalOB, CEHIPhS) IIpH paboTe
000pynOBaHUS B M3MEHEHHOM ((DOPCHPOBAHHOM)
pexmmMe;

U3IEpXKKM, OOYCIOBIIEHHEIE YBENMYEHMEM H3-
Hoca ODOpYNOBaHHUSI BCJESACTBHE YACTHIX IIYCKOB
M OCTAaHOBOB, a TakXe BBI3BAHHBIE €ro IIepe-
Tpy3KaMH.

OcyluecTBlIeHHE KOMITEHCAITWY JebuumTa -
KOBOM MOIIHOCTH B 3HEPrOCHCTEME C YYETOM
NPENENIbHBIX PETYAMPOBOYHBIX BO3MOKHOCTEHR I10-
TpeduTenei SIEKTPOSHEPTHUH IIPEJNCTABISIET CO-
00 He 4TO MHOE, KaK TEeXHHYECKH ¥ SKOHOMMH-
yeCcKM OOOCHOBAHHOE VIIPAaBIECHHE DEXUMOM
snexkrponoTpebneHusa B3DC. Hmxe paccMoTpeHa
[Ipolienypa OIPEIe/ICHHS peryJIMpOBOYHEBIX BO3-
MOXHOCTEH KOHKPETHOI'O TIpeAnpuaTHsa (Mele-
IUTaBMJILHOIO 32BOJA).

Ha pwuc. 1, npuseleHa TeXHOJIOTMYECKAS
CXeMa MeJEeIUIaBWIBHOIO 3aBOJa, HCITOJIB3YIOIIe-
ro sJyieKTporeyd. TOBapHBIM IIPOSYKTOM $BJIS-
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IoTCs Badepbapchl U cepHas Kuciora. ChIpbeM
ITPOM3BOACTBA CIIYKUT MEXHBIN KOHIIEHTpAT, ITO-
CTynalomuK ¢ oboraTUTeNbHEIX GabpUKk B BuIe
ITYJIBIIEL

Hist ompeneneHMs cocTaBa M MAapaMeTpPOB
YIPaBISIeMOR HArpy3KW IIPEATIPUSITAS CHAYaIa
M3y4aloTCd BO3MOXKHOCTM OrpaHWYEHMS 5JIeK-
TPONIOTPEDNIEHHA 3a CYeT OTKIIIOYEHUS OTHENb-

HBIX 3BCHBEB TEXHOJNOIMYECKOH CXEMBI C YYETOM
COOTBETCTBYIOIIIETO IpeoOpazoBaHus CXeMbI
BHYTPEHHETO 3JIEKTPOCHAOXeHHus: 3aBoma. Ilpu
BTOM KaXJ0€ 3BE€HO MODKHO IIPENCTABISTH CO-
00# 3aKOHYEHHBIA TEXHOJOTHYECKUI Iporecc
TIOJIY4EHNST TIPOMEKYTOYHOTO (WM KOHEYHOIO)
nponykra, COBOKYITHOCTh IIEPEENioB, HeoOXOmu-
MBIX JUIS MOJYYEHMS TaKOTO IIPOIYKTA, HA30BEM
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TeXHoIOrH4YeckuM 3BeHoM (T3), a IUIomanms
(eMKOCTB), e COXpaHSETCHS €ro MpPONYKLMA, —
HakorureneM (Hk). Texwomormueckas cxema
paccMaTpUBaeMOro 3aBojia B (DOPMAaTH30BAHHOM
BHUIEe ITOKazaHa Ha puc. 1, 6. OHa N03BOJSET CO-
OTBETCTBYIOIIMM 00pa3oM CIPYIIIMPOBaTh 3JIeK-
TPOIIPUEMHUKY, OOCIYXKMBAIOIINE KAKIOE TEXHO-
JIOTMYECKOE 3BEHO, W OIPEJeiUTh ITOTPEOIIeMyIO
MOITHOCTh KaXIOro 3BeHa NV, W MOIIHOCTH 3a-
BOga B LEeJoM Ny IIPM HOPMaJbHOM pEXHME
paboTEL

B Tabmuie IpuBejieHa CTPYKTYpa SIEKTPHYE-
CKOM Harpyskv 3aBojila M TeXHOJOIMYECKHMX
3BeHbeB. Kak BHMIHO, HArpy3kKa TeXHOJIOIMYe-
CKMX 3BeHbeB 713-2 um T3-3 COCTaBISET OKOJO
80 % moTpebmsIeMOii MOINHOCTH 3aBoma. Que-
BHIHO, YTO 3JIEKTPOIIPMEMHHMKH STHX 3BEHBEB
Gosee BCETO NOLXOMAT IS pEIIeHHd 3a0a4yu
YIOpaBJIeHUsI €ro Harpyskoil. [[ns BeIOOpa 3BEHDL-
€B, KOTOpEIE TO3BOJISTIOT OTPAHMYMBATL HX 3JIEK-
TpoItoTpedieHne, TpebyeTcss TINATENLHBIM aHa-
JM3 OCYILIECTBJIISIEMBIX B HHX TEXHOJIOTHYECKMX
IIPOIIECCOB M OOCIYKUBAIOUIMX KX SJIEKTPOIPH-
EMHHKOB.

ITpoueccel MOMTOTOBKM MIMXTHI, KOTODHIE BO-
IUTH B [epBOe TeXHOoJOorHdeckoe 3BeHo 13-1,
00CITYKMBAIOT BIEKTPOIPHEMHHUKM, SBITIOLIHECH
9JIEKTPOIIPMBOIOM PA3IMYHEIX MeXaHu3MoB. Or-
pPaHHYEeHWE M OaXe IIOJHBIH KpaTKOBPeMEeHHBIH
NEPEepPLIB  SIEKTPOCHAOXKEHUS 3THX IIPOLIECCOB
He IPUBOIUT K CYHIECTBEHHBLIM 3KOHOMUYECKUM
[OCNEACTBUAM. BO3MOXHOCTE MMETh 3arac IIpo-
IOYKLIMKM STOro 3BeHA (IUMXTBHI) IT03BOJIAET TIPH
OTKJIIOUEHUH €TI0 3JIEKTPOIPUEMHHKOB OT CHCTE-
MbI 3NIEKTpOCHAOXeHus1 npyrum T3 paborath B
OOBIYHOM pexXuMe B TedyeHHWE BpPEMEHH, OIpeje-
ageMoro obwsemoM HakomuTens Hx-1. Ilostomy
DIEKTPONIPUEMHUKM 3BeHAa T3-1 MOIyT OHITH
BKJIIOYEHBI B IIPOrPaMMBl YIIPABIEHHUSA CIIPOCOM.
OnHako, KaKk BUJHO W3 TabGJHMIlbl, NMOTpebIseMast
HMH MOIIHOCTE HEBEJIHUKA M COCTABIAET He 6o-
aee 5% MOLIHOCTH 3aBOJA.

Bropoe TexHonormdeckoe 3BeHo 13-2 obpe-
JUHIET TEXHOJIOTHYECKM XECTKO CBSI3aHHLBIE Ie-
penensl. IIpomykKiiMio 9TOro 3BeHa — aHOTHYIO
MEIb M CEPHYIO KHCIOTY — TaKKe MOXHO Ha-
karumBatek (Hk-2). IlorpebnseMast 3neKTprde-
CKasg MOIIHOCTh 3TOrO 3BeHA MABIAETCA Hau-
Gompliedl W cocTaBisieT MOYTH 54 % MOIIHOCTH
sapoga. OHa CcKJIafpIBaeTCd M3 MOIIHOCTH, pac-
XOOyeMOM Ha IUIABKY INMXTHI (TEXHOJIOTMYECKas

Harpyska), ¥  MOIIHOCTH  3JEKTPOIPHUBOIOB
BCIIOMOTATEIbHBIX MEXaHM3MOB M arperaros.
ONeKTPONpHUBOAEl  BCEX  BCIIOMOTATENILHBIX

MCXaHH3MOB, OGCH}’)IC[/IBHIOH_[I/IX II€4Y1, KOHBEPTE-

TexHomo- Hons
THYECKOE IToTpeburens noTpebaseMoit
3BEHO MOLITHOCTH
OTOeneHue CrymeHus 0,35
Otnenenve GUIBTpALIH 2,03
Otnenenue OKaTHIBAHMS 1,67
T3-7 OTnenenue npobaesms 0,33
Otnenenue wrabeauposa- 0.18
HMS IIHXTHI ’
IIpouue 0,25
Hroro 4,81
DAEKTPOIEYHOE OTIEIEHHE 48,02
KouseprepHoe otnencHue 0,88
T3-2 CepHOKHUCIOTHELH 1eX 4,1
AHOIHOE OTAEIeHME 0,95
Hroro 53,95
DIEKTPOHTHIECKOE 23.93
paduHHUpOBaHHE ’
13-3 KymopocHsIii 1ex 2,26
Hroro 25,49
ITepennaBka KaTOOHOM Menu 2,41
13-4
Hroro 2,41
BcnomoraremsHbIE
TIPOM3BOICTBA 15,34
Bcero: 100,0
PBI, Pa3sIMBOYHEIE MAINIMHBI, OTKIIOYEHHUIO HE

MOJUIEXAT, OIpaHWYEHME MX SJIEKTPOCHAOXEHUI
TaKXke HexejnaTelnbHO. B perymupyemyio Harpys-
Ky 3TOr0 3BeHa MOXET OBITh YACTHYHO BKIIOYE-
Ha JIMUIb MOIIHOCTb, pacxoxyemas HEIOCpeCT-
BEHHO Ha IUIaBKY IUMXTHL. BaXHO OTMETHTH,
YTO TEXHOJOIMs IUIABKM ITO3BOJIAET IIOJNHOE OT-
KIIIOYeHHe TeYeld Ha BpeMms 2,5 — 3 4, KOTOporo
BIIOJIHE JOCTAaTOYHO JUIS TIPOXOXIEHMS MAaKCH-
MyMa Harpy3ku B SHeprocucreme. Takum ob6pa-
30M, IIpelebHas perviiMpyemas MOIIHOCTH 3TOTO
3BeHa OYIET OIPEHeNsAThCS YMCIOM DPabOTaIOLIMX
Ha B3aBOJ¢ pPYOAHO-TEPMHMYECKMX Ileyell # H HuX
HOMMHAJIPHOM MOIIHOCTBIO P,

N,,=nP,.
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HPE,[[BJILHBH IIPOOOJCKMTEIBHOCTE OrpaHH4Ye-
*
HUA MOIIMHOCTH 3TOr0 3BeHAa Tp2 COCTaBmdeT

34

Tperbe Texnonormyeckoe 3peHo 73-3 ob6bemu-
HACT SJISKTPOTIPHEMHUKM IEXa 3JIEKTPOIUTHYE-
CKOro pa@UHHPOBAaHMA (MEKTPONM3EPH) M Ky-
TIOPOCHOI'0  OTHENEHUs  (JABMTATENd IPUBOIA
HAacocoB UL Iepekayku aiekrponuta). Kpartko-
BPEMEHHOE OTKIIIOYeHHE (2 — 3 4) aneKrponmse-
POB IIDHM TIOAOTPEBE PACTBOPA IOIOJHUTETBHBIM
TCIUIOMCTOYHUKOM HE MPHUBONUT K CEPbE3HBIM
9KOHOMHMYECKHM  IOCTEICTBUAM. HemoBHITycK
TIPONYKIIMH (KaTOOHOM MeIu) OIpenensercd B
OCHOBHOM JUIMTEJIBHOCTBIO OTKIIOYEHWS BaHH.
IIpy 3TOM OTKITIOYATH HACOCH IS ITEPEKATKH
IIOJOIPETOr0  BICKTPOJMTA  HELellecoo6pasHo,
TIOCKOJIBKY OHH O0DeCNeuMBalOT INepeMelInBaHye
pacTBOopa B BaHHAX, HE IOIYCKAd €ro paccioe-
HudA. IlpenenmsHas peryaMpyeMast MOIIHOCTH STOIO
3BEHA OIpENENAETCS YHCIOM  BBEIIPSIMMUTENBHEIX
arperatoB m W KX HOMHHAJIBHON MOIIHOCTHIO
P .

e

N:3 =mP,.

IIpenensHasd IPONOIDKUTENBHOCT: OrpaHUYe-
*
HHUS MOUIHOCTH TPETHETO 3BEHA T,; Takke He

JIOJCKHA IIPEBBILIATE 3 d.

Yerseproe TexHodormyeckoe 3seno 13-4
BKIII04aeT B c€e0sd B OCHOBHOM CHEIHATIbHEE
BIICKTPOIIeYH JUIA IIEPEIIABKYA KaTONHOM MeIH,
KOTOpBIE MOTYT OBITh OTKJIIOUEHBI Ha BpeMs,
TpebyeMoe Ui BOCIIOMHEHMA B Oe3nedHIIMTHEIL
nepuon. OnHako, KaK BUIHO W3 TabIMIEI, II0-
TpebiigeMas MOUIHOCTh 3TOr0 3BEHA HEBEIHKA
(mpumepHO 2 — 2,5 % MoIiHOCTH 3aBoma). Ilo-

9TOMY €€ BKIIOYEHHE B COCTaB pErYJIUpyeMOil
MOIITHOCTH 3aBOJa N; BPSL T 1eJIeco00pasHo.

Takum 06pasoM aHamu3 MTOKA3LIBAET, YTO HA
paccMaTpUBAEMOM IIPEANPUATHH B COCTAB YIIPAB-
JACMOM HAarpyskM MOXHO BKIIIOYATH 3JIEKTPO-
[IPUEMHHUKHM BTOPOTO M TPETLETO TEXHOJOIHUE-

CKMX 3BEHbEB: pPYIHO-TEDMHUYECKME IIEYd W
3JIEKTPOJIM3HBIE BAHHEI.
Uro6sl  NpOAHATHU3MPOBATE 3KOHOMUUECKYIO

3aMHTEPECOBAHHOCTL 3aBONA B YIIPAaBIEHUM COO-
CTBEHHOM HArpy3KOU C IIENbI0 CHIDKEHWS MAaKCH-
MyMa B 3HEPrOCHCTEME, PACCMOTPHM CJEXYIOMMii
npumep. CyTOYHBIH rpadMK HArpy3Ky 3aBOfa B
OTHOCUTEJIBHBIX €IMHULAX IIPUBEIEH Ha puc. 2.
MaxcumaneHass TOTpefIgeMasl MOILIHOCTh B YACkl
MIPOXOXIEHHsA Makciumyma B BBC P, = 200 MBr,
YHMCIO YacOB MCIIONB30BAHMSA MakKCHMyMa Ha-
rpysku T, = 6000 y, TpemenbHAsS peEryIHpyeMas
Harpyska Ny =50 MBt. 3aBop paccuuThBaeTCS

¢ BOC mo IBYXCTaBOYHOMY TapHDY
Can = aum + be %n’

rne a,, = 4000 py6/xBt; b, = 2 py6/(xBT - u); W
=T P

Orciona romosas IUraTa 3aBofma 3a IOTpe6-
JIEHHYIO 3JIEKTPO3HEPIHIO

C,n = 4000 - 200 000 + 2(200 000 - 6000) =
=3,2.10° py6.

Hedopmanus rpabuka HATPY3KH C  LHETBIO
CHVDKEHMSA MOIIHOCTH 3aBoma Ha 50 MBT B uach
[IPOXOXICHHUS MakcuMyma B BBDC 0e3 m3Mene-
HHSA TIOJOBOTO 3JIEKTPOTIOTPEOEHUSI IIO3BOJIHT
TIPeANPUATAI0 YMEHBIIHTh IUIATY 3a 3JIeKTpo-
SHEPIHI0 TIPH TOM 3Ke Tapude. D10 06YCIOBIEHO
CHIDKEHHEM IUIATH 32 MOIIHOCTH P, = 150 MBr,
a TAaKXe CYIIECTBYIOUIEH B DBIHOYHBIX YCIIOBHSIX
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pasHMIEHf B CTOMMOCTU DJIEKTPOSHEPIWH, II0-
TpebJiseMOM B ITMKOBOE M BHEITHKOBOE BpPEMS.

Opuentupysce Ha Tapuds B CIITA [7], npu-
HYMaeM CTOMMOCTb SJIEKTPOIHEDPIWM, IIOTpebiste-
MOM B ITMKOBOE BpeMS, bp= 7 py6/(kBt - u). T'o-
IOBOE YMEHBIIIEHHE 3JIEKTPONOTpeOieHHs 3aBoja
B IIMKOBOE BpeMmd, T.€. KOJWYECTBO IIMKOBOMH
SNMEKTPOSHEPTUM, KOTOPYIO OH MOXKET peaiu3o-
BaTh Ha DPBHIHKE, MOXHO BBMMMCIMTH CJIEYIOIIHUM
obpazom:

Wy = Nytyz =
=50- lO3 -3.365=154,75. 106 KBt - 4,

Ile 7 — YKUCIO CYTOK B TOY.
Torga rurata 3aBoja 3a SIEKTPOIHEPTHIO IIO-
cie gedopMauny Tpaduka

Cin =y By (bW ~b W) =
= 4000 - 150 - 10° + (1,2 - 10° - 2 — 54,75 - 10%) =
=2,61675 - 10° py6.

lomoBas sxoHOMHS (CHIDKEHHE TONOBOM
IUIATHI 32 DBIEKTPOSHEPTHI0), KOTOPYIO 3aBOI
MOXET IMOJIYYUTh BCIEACTBHE AedopMallud TIpa-
duKa cBOeH HArpY3KH,

ACy =Cyy _Cc;m =
=3,2.10° — 2,61675 - 10° = 0,58325 - 10° py6.

OnHako, YTOOBI MPUHATL pelleHue O Ieje-
CO0Opa3HOCTH YYACTHS B IPOEKTE VIIPABIECHHS
HAIpY3KOHM SHEPrOCHCTEeMBI, 3aBONY HEOOXOIHMO
OLIEHUTh CyMMapHBle IOIIOMHUTEJIbHBIE 3aTpaThl
C,s, obycnosneHHsle aedopmanuedt rpaduxa
cobcTBeHHOro 3JiekTponorpednenus. CorocraB-
nenme 3HadeHMi AC, m C,; IOKaXeT, IIEeNeco-
o0pa3Ho M TIPENIIPUSITHIO YIACTBOBATh B
VIpaBiIeHHH Harpyskoir DOC 1Ipd CYLIECTBYIO-
meM Tapue Ha SJEKTPOSHEPTHI0 WIH €ro He-
00XOOMMO CTHMYJHMPOBaTh K S5TOMY, IIpemiiaras
Te WIH WHBIE JIBFOTHBIE TApH(EL

BriBoan:

1. K ymparineHHIO Harpy3Koil 3HEpProcHcTeM
MOXHO IIPHUBJIEKATh SHEPrOEMKHE IIPOMBIILIEH-
HBIE IIPENIIPUSTHS, TEXHOJIOTHS KOTOPHIX ITO3BO-
JEIET OCYIIECTBIISITh KPAaTKOBpPEMEHHEBIE OTKITIOYE-
HHA SJIEKTPOCHAGKEHMS.

2. BeigBiIeHNEe DPETYIMPOBOYHBIX BO3MOKHOCTEN
TAKMX IOTpeduTeNed TpeOyeT 3HAHMS OCODEHHO-

CTEH TEXHOJOIMYECKHMX IIPOIIECCOB, PEXMMOB
paboTel OOCITYXWBAIOIIMX HX OJIEKTPOIPHEMHHU-
KOB. DTO MO3BOJSIET COOTBETCTBYIOIIMM 0O6GDPa3’oM
GopManM30BaTh TEXHOJOTHYECKYIO CXEMY Ipel-
IpUATHS, [peobpa3’soBaTh BHYTPEHHIOK CXEMY
€r0 DJJIEKTPOCHAOXEHMSI W TeM CaMBIM pAacCIIH-
PUTh TIpENeNAbHBIE 3HAUEHMS  PETyIHUpyeMOM
MOIIHOCTH ¥ JONYCTHMMOHM IPOJOIKHMTEIbHOCTH
ee OTrpaHMYeHMs] (OTKIIIOYUEHMS).

3. JedopMmamus rpaduka HArpyskd IIpel-
NpUATHA C LENbI0 CHWDKEHMA MakKCHMyMa B
SHEPrOCHCTEME ITO3BOJISET €My YMEHBIINTL IDIA-
Ty 3a [OTPEOJIEHHYIO 3JIEKTPOSHEpPruio. BmecTe
C TEM OHa COIpPSKEHA C OIpele/leHHBIMH [0-
TIOMHUTEIbHBEIMU M3AEPKKAMHU, KOTOpBIE 06OYy-
CJIOBJIEHBl M3MEHEHUEeM pexuma paboTHl IIpen-
npusaTusa. IlosTomMy, 9TOGBl pPENIUTH BOMPOC 06
Y4aCTHMM B YIOPAaBICHWM HArpy3KOi SHEProcucre-
MBI, IIPEONPHATUI0 HEOOXOOMMO COIIOCTABUTH
YMEHBIICHHUE ILIATHl 32 3JEKTPOSHEPIMIO M CYM-
MapHBIE JOINOJHUTENBHBIE 3aTPaThl, OOYCIIOBICH-
Hele nedopMmanuel rpaduka ero Harpysku.
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9KOHOMUSA

SHEPIETUYECKUX PECYPCOB

KoMmnnekcHast  oneHKa 3KOHOMWYECKOii st derTUBHOCTH
pasMemenns WCTOYHHKOB MAJOM reHepanun

MaHukoeckas T. 0., kaHAg. TexH. Hayk

PrAaoy BNO “Ypanbckuii ¢denepanbHbiii  yHMBEpCUTET WMEHMU nepsoro [pes3ugeHTa
Poccun B. H. Enbumna”, EkaTepuHGypr

ITpennoxeHa METOOMKA OLEHKH Lie1eco00pasHOCTH pasMeINeHHs HCTOYHMKOB MO reHepa-
umn (MMT) HemocpelcTBeHHO y moTpeGuTeneii — NPEeINPHATHE HedTerasoBoro KOMIUIEKCA.
B xayectBe KpuUTepHeR IPHHATHL CICRyIOIHe OLEHKH: SKOHOMMYECKasd 3(GheKTHBHOCTE pas-
MEIUEHUs OOBEKTOB, CHIDKEHME I0TEpPh B paCIIpeNeTHTe bHOM CeTH, CTAOMIM3aLMA YpOBHeH
HanpsokeHud. [lokasaHo, 4TO 119 NIpeANpHATHI HedTerazoBoro KoMIUiexca IPH OIIpedeNeH-
HELIX YCIIOBMSX CTPOHMTEILCTBO COOCTBEHHOTO MCTOYHMKA TEHEpaliy BEITOAHEE, YeM Ipojaxa

MIEPBUYHEIY 3HEPrOpPeCYpPCOoB.

Kirouesbie ciioBa: MCTOYHMK Mamoif reHepari, paclpeneNuTe/bHag CeTh, SKOHOMMIYECKAS
3(GbeKTHBHOCTD, NHCKOHTHPOBAHHKIE IeHEXHBIE TIOTOKHM, KO3(DMUIIMEHTE BIMTHIIS.

B mocmennme romer sameTHO Bo3poc uHTe-
pec TOTpeOHTENeH K CTPOMTENHCTBY OGBEKTOB
MaJlOi IeHepallM, KOTOPHLIMH OOBIYHO CYHTA-
IOTCSI CTAHIMM YCTAaHOBJACHHOM MOIITHOCTBIO HeE
boree 30 MBT [1], mpousBoismMe OT OZHOTO
J0 TpeX BUIOB SHEPTHH (SJIEKTPUYECTBO, TEILIO-
Ta ¥ XOJIOH) M HCIIOJNB3YIOUIME KaK TPATHIINOH-
Hble HEBO30OHOBJIAEMbIC, TaK W albTepPHATHBHEIE
BO30OHOBIIsIEMBblE MICTOYHMKH (6Moras, GHOTOILIH-
Bo, Topd). Haubonee pacmpocrpanennse o6bex-
TBI TEHCpAllMK MaJO¥ MONIHOCTH — JH3ebHELE,
OeHsuHOBBIE TeHepaTopel, I'TY, IITY, Tomms-
HBIE SJIEMEHTBI, COJHEYHEIE YCTAHOBKM, BETPO-
TeHEePATOPEI.

BoamoxHoOCTs ¥ I1e1eco06pasHOCTh CTPOMTED-
crBa UMD (padbime umm, Kak [IpaBWIO, OBLIH
Hebompue 3aBoxckue THII) cymecTROBanM Bce-
rma. Hampumep, Ha Teppuropun CeepmioBcKoi
001aCcTH HeOOJIBIIMMY  CTAHIIMSMU TIOKPBIBAJIOCH
or 2 no 10% cymmapHoro 9JIEKTpOnoTpese-
Hus. [lo mammemM [2], cymmapHas YCTaHOBJIEH-
Hasg MOIIHOCTh MCTOYHMKOB MAJIOH IeHEpalud B
LETOM 110 YpanbckoMy (efepajbHOMY OKpPYTY
cocrasiger 3191 MBr, B ToM 4ucie mo oTmein-
HbIM obnactaM: Kyprauckoit — 2 MBT; Caepi-
JoBcko# — 55; Tiomenckoit — 3133; Yensouu-
ckoii — 1 MBr.

Ouenka sKoHOMuYeckoit  sdderTUBHOCTH
OOBEKTOB MaJIOW TEHEPAlMM IIPEICTABIIET coBoil
MHOTOKPUTEPHAIBHYIO OITHMMM3AIMOHHYIO 3aj1a-
4y. B yClnoBMSIX PEIHOYHON HeONpenereHHOCTH
PasBUTHSA 3JIEKTPOSHEPIeTMYECKONH OTpacil of-

HUM Y3 HauboJiee IIONYISAPHBIX pEIeHHH I
TTOBBIIICHUS HANEXKHOCTH 3JIEKTPOCHAOXKEHHS 110-
TpeOUTeNel SABJISETCA pa3MENIEHHe MCTOYHMKOB
BOJIM3M LEHTPOB HArpysok [3] ymbo Ha TEPPUTO-
pPUIX norpebureneit [4, 5]. OcobeHHO aKTyaIbHE!
BOIIPOCEI KOMIUIEKCHOH OLEHKH 3KOHOMMYECKOMH
a¢dexTUBHOCTH U BBIGOpa Momuoct MMI s
HOOBIBAIOIIMX M IEepepabaThIBAIOLIIX IIpenIIpu-
SATHA HedTerasoBoro KOMIDIEKCA.

B [6 — 8] mpemmoxensl pasauyHbIe Momuhu-
Kalli MHOTOIIEJIEBBIX MAaTeMaTHYEeCKUX MOZIENei
onrTuMusanvu pasmemenus VIMI, mwig Korophx
ONPEACIAIOTCS ONTHMANLHBIE 3HAYEHHS pasiind-
HBIX (DAaKTOPOB: HHBECTHLMOHHBIX COCTABIISIO-
IX; CHIKEHHS M3IEPXEK Ha IIOKYIIHYIO 3Hep-
THIO; W3MEHEHMS YPOBHEW HaIpSIKEHMS; MOTeph
MOIMHOCTH H 3NCeKTPO3Hepruu (DD); BIUSHUL
HOBBIX MCTOYHMKOB HA YCTONYMBOCTH pabGoOThI
SIIEKTPUIECKON CeTH M YpOBHHM TOKoB K3; mo-
BBIINCHUSA HAIEXHOCTH 3JIEKTPOCHAOXEHMS H .

IIpy oueHKE SKOHOMIYECKOH 3((heKTHBHO-
cti yeraHoBKM HMIMI' y motpebureneit — mpen-
IPUATHH NOOBIBAIONINX WIM IepepabaThBAIOIIIX
[IEPBUYHBIE SHEPIrOPECYPCEl — CPaBHMUBAIOTCA
JBa 0a30BBIX BapHaHTA;

LCHTPANHU30BAHHOE 3NEKTPOCHAOXEHUE IIpH
YCIIOBMM TIPOIAXM 9HEpropecypca, KOTOPHIH B
QJIbTEPHATHMBHOM BAPMAHTE HCIIOJB3YETCS  JUIS
IIPOU3BOACTBA 3JIEKTPOSHEPIHHM HAa COOCTBEHHOM
00BEKTE IeHEpAIVH;

CTPOMTENBCTBO M IOCIENYIONIAs SKCILTyaTa-
KT HOBOTO OOBEKTa TeHEpallMi IIPU YCIOBHH,
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9TO YacTh 3JIEKTPOSHEPIMM ITOTPEOHTENb NPOLOJI-
JKaeT IOKyMaTh W IUIATUTL 32 MOIIHOCTE C IIEJBIO
TIOBBINIEHUA HANEXKHOCTH SNeKTPOCHAOKEHIS.

B xadecTBe OCHOBHBIX (DAKTOPOB paccMaTpH-
BaloTCs:

SKOHOMMYEecKas 3(hhEeKTHBHOCTh pasMelleHus
VICTOYHMKOB Y IIOTPEOMTENSI B YCIOBHAX OIEpe-
XKaOIIEr0 pocTa LEH Ha ITEPBUYHEIE SHEProOHO-
curenu (daxkrop F);

BIUAHHUE Dpa3MEIUEHUs OO0BEeKTa TIeHepaluu
Ha IIOTEPU B IJIEKTPHYECKOU CeTH M H3MEHEHUE
YPOBHEH HalpsokeHud y morpebureneit (dhaxro-
pul B, F3).

Buibop ycmarnoenennoii mounocmu HMI. Bri-
roAy OT CTPOMTENBCTBA M DBKCIUIyaTAllMd OOBEK-
TOB MAaJoil TeHepallMH IIOIyYaeT IIPEXIE BCETO
X Bianeel (II0TpeOuTeNb), IO3TOMY CpaBHHBA-
I0TCA [Ba TIPOTHUBOIIOJIOKHEIX BapHaHTa 3JIEK-
TpocHabxenua. IIpu oOlleHKE SKOHOMHYECKON
nenecoodpaszHocTu pasMmenicHus MMI paccmar-
puBaeTCq IIOTpeOMTENns (npeanpusThe HedTera-
30BOr0 KOMIUIEKCa), KOTOpPEIH, TIOKymag 33D y
BHEIIHETO ITIOCTABIIMKA M IUIATS 3a MOIIHOCTD,
JOOBIBaeT WM IiepepabaThIBaeT I IIPOIAKH
TIEpBUYHBIE 3HEPropecypchl (Tas).

B ycnoBMSIX IIEHTPaNM30BAHHOTO 3JEKTPO-
CHabXeHUs YaCTUYHBIE ITHCKOHTHPOBAHHEIE J10-
XOIBl TPENNpPUATHA CKIANBIBAIOTCA M3 BBIPYYKH
OT TpOAaXM JHEpPropecypca, 3a MCKIIOUEHHEM
pacxomoB, CBA3AHHBEIX C IOKYIIKOM HeoOXOmIUMO-
ro obeema DO M IUmaToil 3a MoinHocTh. Cleno-
BaTeIbHO, CYMMa NUCKOHTHPOBAHHBIX JEHEXHBIX
IIOTOKOB, TIpPUBENEHHAA K HAYaly pacueTHOIo
repuona, MOXeT OBITh ONpeAcieHa CISMYIOIIAM
o0pasoM:

T
Dy =Y {[(Ry(I+ag) - Z, (1+0,) 1(1+0) )=
t=0

T
2 Z(:){[Vécg(Hag)r ~(Wac, +12Ppc,)x
=

x(1+o,p) 1(1+a) ™}, (1)

rie T — pacdeTHEI Nepuon; R, u Z, — BhIpyuKa
OT MpOXaXW Taza M 3aTpaThl, CBA3AaHHBIE C IIO-
Kynkoii D9 y IocTaBIIMKAa M IUIATOM 3a MONI-
HOCTh; o — KO3(DOUIIMEHT IHUCKOHTUPOBAHUS
(paBubriit WACC mna motpebureiis); o, # oy =
JIOJITOCPOYHBIE TEMITEI POCTA IIEH Ha a3 H 3JeK-
TPOSHEPTHIO; V, — 00beM IpoiaBaeMoro rasa; P,
— MaKCHMANbHasA MOIIHOCTb IOTPEOUTENS; Cp Cp
€, — COOTBETCTBEHHO HEPETYIMPYeMBble IEHBI Ha
ras, SJEKTPUYECKYIO SHEPIMI0 U MOIIHOCTH (B
MecSIII).

IIpeobpaszyem Beipaxenwe (1), y4uTBIBAS,
yro 00BeM moTpebingemoro MMI raza MoxHO
OIIpENeNUTs 10 hopMyJe

V:g = vOg-Pm Tmaxl (2)

IIe vp, — YOCABHBIN pacxon rasa; T, — 4HCIIO
4acoB HCIOJIb30BaHHA MAKCHMAIbHOM MOIIHOCTH

IOTPedHTEIA.
Torna
T 1 !
' +0
D = Vg Pyd o C -
1 I=ZO Og+£mt maxtg 1+G'g
1+ o
o
—(Pmeaxce+12Pmcp)( J . 3
I+a,
ITockosbKy 3HAYEHWI BCEX IEPEMEHHBIX,

BXOIAIIMX B BhIpaxeHwe (3), MpUHEMAIOTCI IIO-
CTOAHHBIMM B TEYEHHME DACUETHOTO IIEPHOHA, TO
U1 BBYMCJIEHWUS peanbHBIX KO3(DOHIIMEHTOB
OUCKOHTHPOBAHUSA MOXHO INPHMEHMTE (POPMYJIEL
Upeunra Pumepa [9]:

1+a o-a *
=l+——E =1+ay;
Lty I+a
l+a =
=1+a,
I+a,

IIpy aybTEpHATUBHOM BapMaHTE — YCTAHOB-
ke UMI y morpeburesnst omara 3a ITOKYIIHYIO
DY, a TakKe IUIaTa 3a MAKCHMAJIbHYIO 3asBIICH-
HYI0 MOIIHOCTH YMEHBIIAKTCA (C IENBIO IIOBBI-
IIEHMS HaZEXHOCTH 3JIEKTPOCHAGKEHMS HEPEIKO
NOTPeBUTENb YaCTh 3JEKTPOSHEPTHH IIPOLOJDKAET
IIOKYIIaTh Y BHEIUHEro IocTaBUIMKa). is mpo-
HU3BOICTBA DD MOTPeOUTENs HCIIONB3yeT COBCT-
BEHHBIM 3HEPrOpecypc, IO3TOMY €ro CTOMMOCTH
CTAHOBHUTCS paBHO# Hymio. Kpome Toro, cHinka-
IOTCA  3aTpaThl, CBSI3aHHBIE C IIPOM3BOLCTBOM
5JEKTPOIHEPIHM, KOTOpEIE OIpefeNsioTcs cebe-
CTOMMOCTBIO €€ BBIPAOOTKHM C,, U CTOUMOCTHIO
sHepropecypca (rasa). CiezoBaTensHO, IIpH
CTPOMTEIBCTBE MCTOYHMKA TIeHEpalldd ¢ ycra-
HOBJICHHOH MOIIHOCTBIO P, MMCKOHTUPOBAHHBIN
JEHEXHBIA MOTOK B TEYeHHME OJHOIO0 roia |
HOCTENyoIed 3KCIUyaTalMl B TEYEHHE pacyer-
Horo mepuona 7 COCTABHT:

T e
D} ==K (B) =D [Zop(l+ay) " +

t=1

+Z,(1+a,) " +E,(1+a) =
i .
=_'(kl +k2Ps +k3 Rsz)_z[-ﬂTmaxcee(l"'ag) ‘4

=1
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+AW,c, +128P,c,)(1+0) ' 1-
T
S [alky +ky P +ks PYY(140) ', (4)

t=]

rae K, — KamuTaJIOBJIOXCHUA B HUMI, xoTOphIE,
Kax TokazaHo B [10], anrpoKCUMHPYIOTCA KBal-
DATIYHON 3aBHCHMOCTBIO; Z,, — TOLOBBIC M3-
JEPXKKH, CBA3aHHBIE C MPOM3BOICTBOM SJIEKTPO-
SHEprui Ha COOCTBEHHOM MCTOMHHKE; Z, = o=
NOBble M3IEPXKKYM Ha IIOKYIKY OCTaBIIErocd
ofBeMa DD U IUIATY 33 MOIIHOCTD; F; — M3ACPX-
K Ha aMOPTU3ALUIO, PEMOHTBI M OOCTYXMBAaHNE,
AW, = (P — P)Tpp 1 APy= Py — P, — coort-
BETCTBEHHO 00BeM DD M 3asBICHHBIN MaKCHMYyM
MOIIHOCTH, 33 KOTOpbIe IOTpeOUTeNb IUIATHT I10-
craBmmMKy mocie ycraHosku MIMIY a — koathdu-
[MEHT OTIMC/ICHUH Ha aMOPTH3alMio, PEMOHTRL 1
0GCITyXUBAHME HOBOTO HMCTOUHMKE; ki, Ky, k3 —
k03D GUIHIEHTE AIMPOKCAMAIME  KATIUTAIOBIO-
xermii B IMI.

[IpH 3aJaHHBIX YCJIOBHSX PasHOCTE IHCKOH-
TUPOBAHHBIX JCHEXHBIX IIOTOKOB 3a ICPHOX T
OTIpENENIAeTCS M3 BBHIPaXKCHMA

DD, =—(ky +ko By +ks ) -

T .
—E[PsTmaxcee(l"‘ag) 4

+(AW,cp +12APc,)(1+ag) ™ +
rally +ky Py +hey B (1+0) ™ 1=

T W
—Zo[aogﬂTmaxcg(I-l-ag) £
=

*\ -t
(P, Tpaxts +12 Py, X1 +0) " ] (5)
C wenbio YIPOIUEHMS pacdyeToB BBEAEM HO-
BEIE TIepeMEHHBIE, OTPaXarollye TOIOBEIE PacXo-
Ibl Ha IIOKYIIKY 3JEKTPOSHEPIHH M IUIaTy 32
MotHOCTE (Xg = TpaxCe T 12¢5), @ TaKXKe CTOH-
MOCTh WM3pAcXomoBaHHOTO Trasa (vg = Vgl mals)-
Jns pacyera peanmbHBIX KOI(QGOUIMEHTOB MHC-
KOHTHpPOBaHMS TIPEICTaBUM KX B BHIE CYMMBI

JIEHOB TIeOMETPHYECKOM IIPOrpeCcCH:

i[ 1 )“ _p-ra) "1,

a\l+a o

AHAJIOIMYHO BBHIIOJNHAIOTCS Ipeo0pasoBaHmd
BCEeX OCTANBHBIX KO03(DOUIMEHTOB MUCKOHTHPO-
Bapus Ui pacdeTHoro mepuona T.

B BolpaXeHud (5) BBIIENTUM COCTaBIAIONINE,
OTHECeHHbIE K HYJIEBOMY ToOmy (CTPOMTENBCTBO
UMT) 1 mocnedyroIluM TIoJaM. Torma ¢ y4yeToM
[POBEIEHHbIX TPeoOpa3OBaHKK ITOTyIHM:

D;_D; =D8 _DE) ~*"D;;D _Dtr:»() =
=—(ky +ky Ps + k3PP ) -
— Pog + Py = PsTimaxCee Qg +Pxo0e -

— a(ky + Ry Py + k3P )G — Pyog . (6)

Onenka OSKOHOMHYECKOM  3(p@OEKTMBHOCTH
crpouTtensctBa VIMIT 1IpOBOIUTCA B IIPEATIONO-
KEHHWHW, YTO TEepeMeHHBle Pi U ¢, ABIAITCA
pacdyeTHBIMM BeNMUMHAMM. 3HAuYeHMA BCEX OC-
TAaJIbHBIX IIEPEMEHHBIX M3BECTHBl Ha MOMEHT Ha-
yayia pacyeTHoro Imepuoxa. Uit MOMCKA PEIICHMA
peneM ¢aktop Fj, ONpeIeIsIOMNHT 1eJIecooo-
pasHocTs ycraHoBku MMIT 1 TIO3BOJISTIOIIUHI
HalfTW [OITYCTHMBIE TIpENeNbl W3MEHEHMsT MOII-
HOCTH MCTOYHMKA:

F =min(D,"~eD,' ). (7)
CregoBaTellbHO, HE00XoAMMO HaWTH YCIO-
BUfA, IPH KOTOPBIX
oF

5_P_=—(]02 +2k3Ps) -1y ~TnaxCee &:{ +

§
+ 06 —a(le +2kP, )6 —vphig =
(8)

*

€= Tipax Ogs

=-f—ec, —1Fs =0,

A* A l\*
e PB=ky +vg—Aole +akyl +vg0;

y = 2ky(1 + ad).

Anami3 BeIpaxeHus (8) I103BOJSACT OIPEIe-
AT MAKCHMATbHOE 3HAYeHHe CeGecTOMMOCTH
mpou3BoacTa DD C,, NPU KOTOPOM YCTAHOBKA
UMT sddextuBHa. 3areM IyTeM BBYUCICHUA
npousBonHo# 8Py/dc,, = —&/y HaXOOMM BEpX-
HIOI0 TpaHMIly BbIOMpaeMOW MOIIHOCTH HCTOY-
guka redepammu. C LENBIO ITOMYICHUA oonee
TOYHBIX DE3YJILTATOB IIPEIaraeTcss BCE PacueThl
BECTH C Y4ETOM peaIbHBIX TEMIIOB POCTa LCH
Ha pasHble 3HEepPropecypchl.

Onpedenenue mecma PACHOAONCERUA HMLI.
Ins BhiGopa MecTa TIOMKJIIOYEHM MCTOTHMKA
[pejIaraeTcs IMOIXOL, OCHOBAHHBII Ha pacuyeTre
xoadurmenTos BmmstEma [11].

CyMMapHble TeXHWYECKHE PAacYeTHBIE IOTCPH
[IOJHO}M MOLIHOCTH B CETH AS TIpencTaBIeHEl
[IPONOMBHOM AS; M [TOIIEPEYHOM ASY,- COCTaB-

JIAIONIMMHA:
. L . N1,
AS =) AS; + ) ASy, )
I=1 j=1

roe | — HOMep BeTBH; L — ofIlee THCIIO BETBEH,
| — HoMmep y3na; N — KOIMYECTBO Y3JIOB; ¥, —
HomepedHasl COCTAaBISIONas y3JIOBOH IPOBOMM-
MOCTH.
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JIs1 3JIeKTpUYecKHX ceTelf 3afady CHIDKEHHA
IMOTePh MOMNIHOCTH MOXHO IIPEICTABHTL 4Yepes
OIIpele/IeHHe Y3JI0B, BHOCSIIMX HAaHOOIBIIMHA
BKJIAXL B IIPOJOJBHBEIE COCTaBJISIOIIME:

e S; — TOTOK MOLIHOCTH W3 y3ia [ B CTOPO-
Hy y3na j rmo BeTsu [; § ji — OOparHBA MOTOK
MOILHOCTH II0 TOH € BETBHU.

IToToxu MOIIHOCTH OMUCHIBAKOTCA CIENyIO-
UMHA  T1apameTpamu: Tokamu I =1I; =-1;,
Pa3HOCTBIO Y3JIOBBIX HAIpPSKEHWH — IIPOLOJIb-
HOM cocraBisonieil IaneHus HampsxeHus AU, .

Toxu I; cBsA3aHBI C BEKTOPOM Y3JIOBBIX TOKOB J

yepe3 Marpuuy Ko3hdHUIIMEHTOB TOKOpaclpeae-
JeHusa a pasMepHocThio (L, N— 1) cruemyrommm
obpa3oM:

I,;=al. (11)
W3 sepaxeuwit (10), (11) cremyer:
AS, = [diag(AU,)a]7J =
= [diag(AU,)a]T% S =KS, (12)

e K= [diag(AU,)u]Tl—lJ_ — Marpuna Ko3bhuim-

€HTOB BIMSHMS pasMepHocThio (L, N— 1). Bie-
MEHTHI MATPHLEI SBJSIOTCS KOMIUIEKCHBIMHM 0e3-
pasMepHBIMHM BeIMIMHAMM, KOTOPBIE NeTaTU3UPy-
10T CBA3b Y3JIOBBIX MOIIHOCTEH §; ¢ CyMMapHBIMHU
noTepsaMHd AS;.

Hcmone3ys aieMeHTEl MaTpulel kosghduum-
EeHTOB BIMSHHS, MOXHO pellath JOCTaTOYHO
IIMPOKUI KPYyr TeXHUYECKWX 3a/ay, CBI3aHHEBIX
C aHaJWU30M IIOTeph B pACIpEACTUTEABHBIX Ce-
TAX. LHanpnmep, CyMMa 3JEMEHTOB CTONOIOB

K; =Zkfjf OIIpeneadeT BIMSAHME MOIIHOCTH i-TO

I=1
y3Jla Ha CyMMapHble IIOTEPH B paclipelenuTellb-
HOM ceTH, 3JIeMEHTHl CTPOK kj, i 0OycinoBiuBa-
IOT CBSI3b MOIIHOCTH i-TO y3Jla C IIOTEepSMH B
aneMeHTe [. 3HaYeHMsS IeHCTBUTEIBHBIX COCTAB-
nsaromux xospdunuentos Re(k; ;) Moryr mmersb
Kak TIONOXWTEeNbHBIE, TdK M OTpPHIATEIbHBIE
3HAUEHWS, YTO IIO3BOJISIET BBIIETMTH PEBEPCUB-
HBlE COCTABJISIONIVE TPAH3WUTHBIX IIOTEPH MOIII-
HOCTH B KaX[OH CBs3M, 3aBUCSLIME OT MOIIHO-
CTH i-ro y3ia.

AHaM3 NEUCTBUTENBHBIX COCTABJISIONINX KO-
shdHUUMEeHTOR BIMSIHUS I10KA3a1M, YTO MAaKCH-
ManmpHble 3HaueHMa Re(K;) mng 3amapHOrO pe-
XKMMa COOTBETCTBYIOT V3laM, B KOTOPEIX C
LIeTbI0 MUHHMMM3ALMK II0Teph Haubosiee panmo-

HATBPHO YCTAHOBUTH MCTOYHMK pacIIpeleiieHHON
TCHEpAIlH:

N-1
Hg =n3913<{Re(K})}- (13)

Pamxupopanue koadpduuuentos Re(X) B
MOPSIIKE YOBIBAHWS II03BOJIAET OIPEIENIUTL OIl-
TUMATBHYIO OYEpPEeIHOCTh V3J0B, B KOTOPBIX YC-
taHoBKa MMI nHawmbonee sddexrrBHA.

HornonuurenbHeie GaxTopsl F,, F;, yIUTHI-
BalONINE CHIDKEHWE ITOTeph MOIIHOCTH M CTabH-
JTH3AIMI0 YPOBHEM HANpSXKeHWs, MOXHO IIpel-
CTABUTh B CJIEMYIOIEM BHIE:

Fy =max(AP' -AP");
Nl ., (14)
F; =min Z[(Uz ~Uyon)-(U; *UHOM )1

i=l

N-1
rme AP, AP" — motepu MomHoctt; Y (U ~Uyey,)
i=1

N-1 "
u Z(UI _UHDM) -
i=l
B y3JIaX COOTBETCTBCHHO LIS HCXOOHOTO H CKOp-
PEKTHPOBaHHOIO PEXIMOB.

CyMMa PasHOCTH HAaIIPSDKEHMMA

BriBoast

1. OLeHMBasE SKOHOMMUECKYIO 3(DhEKTHBHOCTE
pa3MeIeHuss O0ObEKTOB TeHepallid y II0TpebuTe-
el (mpenupuATHii HedTerasoBoro KOMILIEKCA),
CNIeyeT CpaBHUBATH BRITOAY OT IPONAXH Iep-
BUYHBIX WIH ITiepepabaThiBAEMBIX 9HEpPropecyp-
COB C AIbTEPHATUBHBIM BapHAHTOM — HCIIOJb-
30BaHMEM OSHEPropecypcoB JUIsi IPOM3BOACTBA
aeKTpudecKor SHepruu. Ilpu mpoBeneHMH aHa-
JIM3a BCE PACYETHI HYXKHO BEITONHATE C YYETOM
peaJIbHBIX TEMIIOB DOCTA I1IEH Ha pasHBIE SHEpP-
TOPECYPCHL.

2. Ycranoska MMI' mpu ycIOBHMM, YTO YacCTh
BJIEKTPOSHEPTHH ITOTPEOUTENE IIOKYIIAeT Y BHEI-
HEro IOCTaBLIMKA, 32T BO3MOXHOCTH ITOBEICHTH
HAIEXHOCTh 3JeKTPOCHAOKeHMI. ONTUMH3ALNS
BbIOOpa MECTa pACIIONOXEHMS MCTOYHHKA TIeHe-
pallie IO3BOJIAET CYLIECTBEHHO CHH3HUTh IIOTEPH
MOIDHOCTA M DD B SIEKTpUYECKOH ceTH, a
TaKXKe CTAOWIM3MPOBATH YPOBHM HAIIPSKEHHS
ImoTpeduTene.
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CpaBHUTENLHBIA AHAIA3 3¢ ()eKTHBHOCTH MCIOJIb30BAHMSA TOIUIMBA
HA DJIEKTPOCTAHIMAX

Konues J1. A., KaHf. TexH. Hayk, Y1CTSKOB B. M., Xapuyk B. B., aposa M. H.,
WMHXeHepPbI

OAO “MarHMTOropCcKuii MeTannypruyeckui koMmOuHar”

PaccMoTpeH OOLIMIT IONXON K I[POBEACHHIO aHAlM3a 9 (MEKTHBHOCTH MCIONB30BAHMA SHEPIo-

pecypcos crarmusMu OAO “MarHuTOTOpCKyil METAUTYPTHYECKUI KoMbOHHaT”

(MMK), pas-

HOpOJHEIMM II0 COCTaBy OOOpYNOBaHMS, HASHAYCHHMIO, noTpediaeMoMy TOIUIMBY. BBITBISHEL
GaxTope, HauGoNee 3HAYMMO BIMAIOMIME HA o6peM noTpebieHus TOIUTHBA.

Kmogessie cioBa: 3(hGEKTHBHOCTh MCIIONB3OBAHMS SHEPTOPECYPCOB, BIICKTPIIECKHE CTAHIINH,
MOZeNTh TIOTPEGJIEHMsT 3HEPrOpEeCcYPCOB, PETPEeCCHOHHBLA aHAIIU3.

CoGCTBEHHbIE 3EKTPOCTAHIMM ¥ OJIOK-CTaH-
My 06GecIeyrBalOT METAJLUTyPTHUeCKUM  Npel-
IPUATHAM CYIIECTBEHHYIO SKOHOMUYECKYIO BbI-
rogy Omarogaps MCIONB30BAHHIO  BTOPHYHBIX
KOKCOBOT'O M JIOMEHHOIO ra3oB B KayecTBE TOII-
JTMBa BMECTO IEPBMYHEBIX IIPMPOITHOTO rasa H
yost. K ToMy Xe 3TO IOTOJHHUTENBHO II03BOJLA-
eT CHU3MUTH OCTPOTY OKOJOTMYECKMX IPOOIeM.
BMmecTe ¢ TeM SJIEKTPOCTAHIIMM B COCTaBe IIPEI-
[pUSITHA OTHOCATCS K Haubosee KPYIHBIM IIO-
TpeGUTENAM TOIUIMBA M 3DJIEKTPOIHEPTUM. Tpu
coberennipe  anexTpoctanmm  OAO  “MMK”
(TO1], USC u IIBBC) [OTPEeOISIIOT  OKOJIO
45 % npuponHoro rasa, 47 % BCEero TOILIMBA M
8 % SNEeKTPOIHEPTUM, pPacXONyeMbIX IIPEIIpH-
gTHeM B IENOM. YKasaHHOe OOyCIOBRIMBacT Heob-
XOIMMOCTh IIpOBENEHMA aHami3a 3(hbHEKTUBHOCTH
MCIIONB30BAaHMA Ha HMX 3HEPropecypcoB € COOT-

BETCTBYIONIEH €ro MeTONMYECKON 00ecIeyeHHo-
CTBIO M YYETOM OCOOEHHOCTEH SIIEKTPOCTaHIIHI,
KOTOpBIE WMEIOT pAa3IMYHBEIC Ha3HaueHHe U
CTPYKTYpY NPOW3BOIMMON IPOIYKUHMHM, DasHbIC
5JIEKTPIYECKYI0 MOITHOCTh M IIAPOBYIO IIPOM3BO-
IUTETLHOCTh, THIBI TYpOOT€HepaTopoB, a TaKXe
crpykrypy Tormea. TOIl u IBC paboraior 1o
rpadbyKy IOKDBITHSA TeIIOMHUKAIMOHHBIX Harpy-
sok. JImgs TOIl xapakTepHOH OCOOEHHOCTHIO SIB-
JsieTcs HANMYME OBYX TPYHI TypOoreHeparopos:
OIHA M3 HUX OOecredmBaeT TEIUIOTOH IIpaBoOC-
pexHy!0 yacTh MarHUTOrOpcKa, Apyras — JIeBO-
GepesKHYI0, OCHOBHYIO YacTh KOTOPOM COCTaBIA-
JOT TIOTPEOMTENM [POMBIIUIEHHON —IUIOMIANKH.
Kpome Toro, TOII mopaer cBexuii nap Ha MpPH-
BOIHBIe TYpOMHBI BO3IYLIHBIX KOMIIPECCOPOB KH-
CTIOpPOTHOTO Iiexa. MOIIHOCTH YCTaHOBJIEHHBIX
Ha CTaHmuu TypOOT€HEpaTopoB  IMPAaKTUYECKH
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SKOHOMMUSA

SHEPIETUYECKUX PECYPCOB

Onenka 3()eKTHBHOCTH NPHMEHEHMS YCTPOMCTB pacIpeie/ieHHOM
TeHepanuu ¢ yYeTOM AWHAMHKH HEeH HA 3HeProHOCHTEH

O6ockanos B. ., DOKTOp TexH. Hayk

®raoy BNO “Ypanbckuii depepanbHblii YHUBEPCUTET KWMeHu nepBoro [lpesupeHTa
Poccun B. H. EnbuuHa”, EkatepuHOypr

MNomepaHew . U., nHX.
OAO “EkaTepuHOyprckas aneKkTpoceTeBasi KOMNaHua”

IIpemnoxeHa MaTeMaTHYECKAad MOIENB OIEHKH 3KOHOMITIECKOM 9 HEKTHBHOCTY MPUMEHEHUSs
YCTPOHCTB pacipefencHHOM reHepaumu (PI), (QYHKUMOHMDYIOIIMX B KayecTBe HCTOYHMKOB
ONIEKTPO- W TETTOCHAGXKEHMs ITOTpeGHTeENel, C y4ETOM TEMIIOB POCTA LIEH HA SHEPrOHOCHTENM
B YCIOBUAX TEPEMEHHBIX IPaQUKOB LEHBl ¥ HATPY3KH. 38 OCHOBY NPHHAT KPUTEPHH MaKCH-
MaJbHOT0 THCTOrO AUCKOHTHpOBaHHOTro noxoua (YI[). ITokasano, urto cdakrop pocra IeH
CYLICCTBEHHO BIMsICT HA NPUHHMAeMOe pelieHue. B ycnoBusax, Kora IeHsl Ha TOILTHBO pac-
TyT ObICTpEE, YeM Ha 3MEKTPO- M TeINIOIHEepruio, 3ddexTisHocTs PI' CHIDKaeTcA. Kondury-
palys rpaMKOB LEHBl M HAIPY3KH ONPENENAET ONTHMATBHYIO cTpaTeruio 3arpysku PIT u ee

9t heKTUBHOCTE.

Knrouesbie cnoBa: pacrpesielieHHas TeHepalys, 3KOHOMHYECKAs 3 dexTHBHOCT, TpadHKy Ha-
TDY3KHM, TEMIIEl pOCTa Tapu(oB Ha 3HEPrOHOCHTENIH.

B Poccuym B HaCTOAIEe BpEMS CIIOXMIACH
CHUTyallus, ONaronpUsTCTBYIONIAS YCTAHOBKE aB-
TOHOMHBIX HMCTOYHMKOB nurtanusa (AWIT) mma
SJICKTPO- H TEIUIOCHAOXEHHd IOTpebuTenei, K
KOTOpPBIM OTHOCATCS rasorypbunasie (I'TY) u
rasonopiuHessie (I'TIY) ycraHOBKM, IM3enh-reHe-
paTopbl, BETPOI€HEPATOPhl XU Jp. DTOMY CIIOCO6-
CTBYIOT 0oJiee HM3Kas IO CPaBHEHHIO C IEHTpa-
JIM30BAHHEIM 9HeprocHabxeHueM cebecTOMMOCTh
IIPOM3BOICTBA TEIUIO- M SIEeKTPOSHEPIHH, HOCTa-
ToyHO BhICOKMHI KIIJI W npuemnemass crou-
Mocte AUII [1]. BKTIOYeHHEIE B CHCTEMY SHep-
rocHabxenns AWII wmentudunupyorcs Kax
pacrnpeneneHHass redHepaums [l, 2]. Ilpeumymme-
crBeHHOe npumeHenue [TY wu TI'TIY nomyaunu
Ha KPYNHBIX NPEANPHATHAX. DTO BEISBAHO IIpe-
JKIEe BCEr0 pOCTOM TapH(hoB HA TEIUIO- W BJIEK-
TPOSHEPIWIO, B TOM YHCJIE 3a CYET IEPEKpeCT-
HOro cybcumupoBanust [3].

OrcyTcTBHE KOHKYPEHLIMM B cdepe IIpOM3-
BOJCTBA SJIEKTPOSHEPTUM IIPUBOIUT K HEOINpPAB-
JaHHOMY pPOCTY Tapu(oB, KOTOpPHIE PEryIHpYIOT-
Cd TOCYDAPCTBOM M €XKEroIHO ITOBHIIIAIOTCS.
HepaBHoMepHBIH U HENPONOPLHOHALHE POCT
IIEH Ha 3HEPrOHOCUTEIH M TOIUIMBO — 3HAYH-
MBI (aKkTop NpH oueHKe 3bdEeKTHBHOCTH IIpH-
MeHeHus ycrporcts PI. B Gmkaitiee Bpems He

TPENBUIATCH KaKUX-THMOO CYLUIECTBEHHEIX C/IBUTOB
B HAIIPaBIIEHUM CHIDKEHMSA CTOMMOCTH LIEHTpaId-
30BaHHOIO SHEProcHabxeHus. JIONMOJIHUTEIEHEIM
apryMEHTOM B IIOJIb3Y IIPUMEHEHHUSI YCTPONCTB
PI' aBmsercs comocraBMMas ¢ MX CTOMMOCTBIO
IUlaTa 3a IONKJIIOYEHHE IOTpebuTeNneil sHepruu
K LCHTPaNH30BAHHLIM 3JEKTPO- M TEILIOCETIM
[4]. Takum o6pa3zoM, [PEANPUATHA, OpPHEHTH-
pylommecs Ha PI, Moryr He TONBKO IOIYYUTH
CYIIECTBEHHBI SKOHOMMYECKMH s(ddekr, HO u
TIOBBICUTE HANEKHOCTh CUCTEMBI SHeproobdecre-
YEHWS TPOM3BOACTBEA.

Passutie PI' B 3HayMTebHON cTemeHu 3aBu-
CUT OT COOTHOLIEHMS IIEH Ha SHEPrOHOCUTEIH.
CeronmHs NpaKTHYECKU OTCYTCTBYIOT OTpPAHMYE-
HUA Ha IMOTpeblIeHue TIIPHPONHOrOo Tasa JuId
IIPOM3BONCTBA 3JIeKTpo3Heprun. IIpM Hocrarou-
HO BBICOKOH €ro 3KOJOTHYECKOH 3(deKTHBHO-
CTH 3TO IIO3BOJSAET MAaKCHUMAJIBHO IPUOIU3UTD
PI' x wnentpam suepromorpe6ineHus. OTHOCH-
TEJIbHO HM3Kasd CeOecTOMMOCTh IIPOM3BOJCTBRA
QJIEKTPOSHEPTHU  OIPEHeNseT peXuM paboThl
Bcex BUIOB PI' ¢ morpebneHmeM rasa. Dro, xak
npaBuino, pabora B 06a30BOM IIMKIIE C IIOJHON
3arpyskoif arperatop. IIpy NOBBINEHMHM TNEHEI
Ha Tas3, BO3MOXHO, 0oyee BBIFOLHBEIM CTAHET
ucnons3zoBanme PI' B KkayecTBe pesepBHBIX wWiu
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IUKOBBIX HMCTOYHMKOB mHUTaHug [5]. B mo6om
ciyyae crparerus sarpyskd PI' B TeueHHe cyTokK
SBJSIETCA 3HAYMMBIM (AaKTOPOM IIPU TEXHUKO-
9KOHOMHYECKOM OOOCHOBAHHMH HX ITPUMEHEHUS.

3a OCHOBHOU KpUTEpHMH SKOHOMUUYECKOH Ie-
J1eCO00PasHOCTH HHBECTHIMI TIPUHAT MaKCHMyM
9O [6]. Ipumenureasno k PT Y ompene-
JAETCSd M3 BHIPAKCHHSA

T=-Ko+¥(D-K,~H)(va)™, ()
f=1

rne K, — HavaupHble (7= () KalMTaIOBIOXESHMI
Ha COOpYXEeHME YCTaHOBKM; D; — moxox or P
K, u U, — XanuTaIOBIOXEHHI U U3NEPKKH B Te-
KyIlleM IOy #, ¢ — CTaBKa JMCKOHTHPOBAHMS,
T — pacyeTHBIM TEPHOL.

Ilpy oueHke 3KOHOMHYECKOH 3(hdEKTHBHO-
CcTH npuMeHeHHsI PI' BhIToHseTCS conocTapie-
HUE C BapHAHTOM IEHTPATM30BAHHOIO 3HEPIo-
CHAOXEHHA. ITosToMy  TIpeincTamieHHBIE B
BEIpaxeHuH (1) TeKylliMe COCTaBSIONIHE HEOO-
XOMMO BBIPA3sUTh B BHAE pPasHOCTEH BeTHYMH,
OTHECCHHBIX K BapuaHTam ¢ PI' u 6es PI' [6]:

T
J=—-AKy+) (AD, —AK, —AH, ) (1+0.) ™.
1=l

B Bapmante ¢ PT' onmextpumueckas B> wu
Terwrosast K™™' MoIIHOCTM reHeparmu, co6cT-
BeHHOTO motpebnenma B>" u P™", norpe6ie-
HU W3 LEHTPATM30BaHHON ceru B> u P™*

M OTIYCKA SHEPTMH B LEHTPAIM3OBAHHYIO CETh
P> g P;,Ta"” CBA3aHBl GAJaHCOBEIM COOTHO-

IMEHHUEM

I:;g,r :Pre,o'r _l_Pte,n _R‘E,s’ ee {3,139 (2

JlaHHOE COOTHOIIEHHE IIOApa3syMeBaeT obec-
NIEYCHWE HANJIEXAlET0 pe3epBa — IIPH OTKase
OIHOrO MJIM HECKOJBKHX arperatoB PI' motpe-
OUTeNs MOIy4YaeT HHEPruio OT LIEHTPAIM30BAH-
HOM CETH COTJIACHO IOTOBOPHEIM YCIOBMAM, M,
HAoG0pOT, MNpH OTKase CHUCTEMBI LIEHTPAIU30-
BAHHOIO 9SHEPrOCHAOXEHUS pPE3epBHYI0 (DyHK-
uuyo BoinomHsaer PT.

Bapuanm 1 — be3 PI' (yewmpaausosanroe smep-

eocnabocenue). 3necs BT = p&°T = (; pET =
=P%*. JloXon MNpeIpUATHs OT IIPOTAXH TEILIO-

H anmekTposHeprun D, = 0. ExeromHele W3nepx-
KM ONpEeNeNsioTCAs CTOMMOCTBIO KYIUIEHHOIO Y

UEHTPATM30BAHHOTO IIOCTABIHKA SHEPrOHOCUTE-
nq. IIpy 3TOM 9MCTHIA JUCKOHTHPOBAHHBIM HOXOI

T
Ji=—K3F K =Y (TP +1TP)(1+a)

=1

rie Kyf v K — CTOMMOCTH IIPUCOENUHEHMS K
DJIEKTPUUECKOM M TEIUIOBOM CETAM, BKITIOYAIOIINE
3aTpaThl Ha MX peKoHCTpyKimio [4]; [If =y> Wor
— C€XETO/IHPIe TUIATEXH 3a MOTPEOICHHYIO (OT BHELI-

” e,lI _ pe e
HETO TIOCTaBIIMKA) 3Hepruio; W, = Boae 1 Tmax,r

— IUIAaHUpYeMBbIi 00beM IoTpebiseMoil B mepuos

a e e
! BIEKTPO- M TeIUlodHepruu; P, ot ¥ Doaxs

MakCHMajlbHasd MOIIHOCTb M YMCIO YacOB WC-
ITOJB30BAHMS MAKCHMAITBHOM MOIIHOCTH TOTPe-
OurenemM 3MEKTPO- U TETUIOSHEPTHMH; 4,  — Of-

HOCTABOYHBIN Tapud Ha 3IEKTPO- M TEIUIOSHEp-
THI0 (MHBIE BUIBI Tapuda, HATIPMMED IBYXCTABOY-
HBIH, MOTYT OBITH Mpeobpa3oBaHbl K OJHOCTABOY-
HOMY U3 YCIOBHA DaBEHCTBA ILTATEXKEN).

B o6uiem cnyyae coberBennuk PIT MoOXeT
TOKYIIaTh M IHpOoJaBaTh SHEPTMI0 HA OITOBOM
perHKe [7], roe 3HAUMMBIMKM SBISIOTCH CYTOY-
Hble KONebaHMA ee LEeHBI, BRIPAXKEHHBIE B lE-
HOBpIX Trpadukax (LI). Pexwm PI nmomxen
OnITh amanTupoBad K LII. IIpubsulb craHOBMTCSH
3aBUCUMOM oOT crpatermu 3arpyskd PI. 3mech
BO3MOXHBI paslIMYHbIE ClieHapuu pa6orel PI: B
nukoBoi 3oHe III, B 6a3e ¢ HemnpepbIBHON re-
Hepalie#d Tenno- M 3JIEeKTPO3HEPTHH, B KayecT-
BE PpE3ePBHOIO MCTOYHHKA IIUTAHUSA W JIp.

Yuurbisasg cnenuduKy NpoMsBOACTBA (OJHO-,
ABYX- WIM TPEXCMEHHad paboTa IIpearpuaTHs),
CYTOYHBIH IIEpHON IKeJaTelbHO pa3buTh 10
KpaiiHell Mepe Ha [Ba NOJyIepuoia — AEHb M
HOYb, a XapakKTepHbIe I'Pa(UKU LeHBl M Harpys-
KM CTaHIApTHO Iu(p(EepeHIUpPOBaTh II0 KpUTe-
P¥IO CE30HHOCTH M JHA Hellemi. C ydeToM 3TOro
TONOBBIC IUIATEXM 34 9JIEKTPO- M TEIUIOSHEPTHUIO
B rom f

Nl‘ va
Of =3 g D uls POl Aty e e {33,13), (3)
k=1 v=1

roe N, — uucno xapakrtepHeix LI (3uMa, neto,
A€Hb, HOYB M JP.); M, — TOMOBOE YHCIO rpadu-
KOB k-ro Tuma; N, — YHCI0 MHTEPBATOB IIOCTO-
SHCTBA NEHBI X MOIIHOCTHU JUIMTENBHOCTHIO Al B

rpachuke k.
va

PaccmatpuBas BenmwamHy Aty / Y Af, Kak
v=I

BEPOATHOCTh CIIYYalHOM Deatusauuu Upy, Po.
[IpY PaBHOMEPHOM DACIIPENENEHUM B MHTEpBaJe
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onpeznenenus rpabwka k, IUIATEXHM 32 SHEPIHIO
MOXHO BBHIPA3UTh YEpPe3 MAaTeMATHYECKOE OXKM-

manue E(yo. P27) M KOPDETAIMOHHBIA MOMEHT

(Covariance) uensr u mommoctn Coo(y;’, BoM):

Ny
B~ 3 T B, R
k=1

=

= Tl P+ Cootut, BE] ()

x
1]

AT yepes ko3 bumeHT KOppeJHHa

e,s ey,
k(uy B, )

Ny -
7= 3 el By +o g’ )o (B ey, By ™=
k=1

AL e n
e,5,I1 —e,5i7 €,
= ZS kBt Wkr > &)
k=1
va
rne Ty =ny » Af, — CyMMapHas [JIMTEJLHOCTh
o=l

rpaduxa k; W =P T, — cpemHee Konmyect-
BO 3JHEpPIMM, IOTpebiseMOE B TEUYEHHE TIoja Io
rpaduky k.

KoadduurenT cornacoBaHHOCTH TrpadhHKOB
LIEHBl M Harpy3kKM B BHpaxeHHH (5) ompenens-
ercs 1o QopMmyie

9L =Lek(ug Po™) /ol Yo(BE™)],  (6)

TIe v(u,if) U U(P;’“) — KO03(h(HIMEHTH BapHa-

LMY PBHIHOYHON IIeHBl ¥ MONIHOCTM HATPY3KH.

B cinygae 1oiHOW He3aBUCHMOCTH Ipa(UKOB
LeHBl M Harpy3ku (CTAaTHCTHYECKas He3aBHUCH-
MOCTb LIEHBI M MOIIHOCTH) KO3(QUIHEHT KOp-
pensamy k(' Po™)=0. TIpu s1oM Koaddumm-

eHT coMMacoBaHHOCTH 987" =1, W rUiarexu 3a
SHEPIMIO  TIPUHHMAIOT VIIPOILIEHHBIA  BUI:
r
e _ NO'—e, Sy eI
1 _kZi”kr chr :

Bapuanm 2 — ¢ PI. Ilpu Hamuyuu PI' gacth
HU30BITOYHOM 2Hepruu (KaK SIEeKTPUYECKOH, Tak
¥ TEIUIOBOM) MOXeT OBITh OTIYIOeHa B CETh
LIEHTPAJIM30BAHHOIO S3HEPTOCHAOXKEHHA II0 IEHE

u°", kotopas B oGlleM ciydae MOXET OTIH-

4YaTeCs OT PBIHOYHOW. 3DTO (hopMUpYeT HTOXOI
npennpusitTusa. OCHOBHYIO HOJIO €XEeTOTHBIX H3-
IEpPXeK COCTABJISIOT 3aTparhl Ha ToIumMBo. IDlia-
TEXW 3a OHEPrMI0 MOTYT OBITH IIPEICTABIEHLI
BeIpaXXeHUeM (5) ¢ y4eToM Koppeaauuu rpadu-

KOB HAarpy3kd M IIeHBl Ha pbeIHKe. [IpuHuMas
BO BHHMaHHe, 4YTO KamuTanoBioxeHus B PI
HOCHT, KaK IpaBWIO, OIHOPA3O0BLI Xapakrep (B
rox coopyxenus PI), YA B Bapumante ¢ PI
OIPENENSIeTCS M3 BBIPAXEHUST

Jy=-Kaum _KX%H -

T
D H A o~ D (TP - (1+a) ™,

t=1 e={93,13}

rie Ky — KanuTaloBIOXEHMs Ha Ipuobpere-
HHE, YCTAHOBKY, MOHTAX, HANalKy M IyCK B DKC-
ruryaranu PT K:%H — CTOMMOCTE IIPHCOETH-

HEHUS K SJIEKTPMYECKOW M TEIUIOBOM IIeHTpaITH-
30BaHHBIM CETAM, BKIIOYad 3aTpaThl Ha HX
PeKOHCTpyKUmMIO, Ipu Hamuyuu P, H,, =
=1y ;B W — CTOMMOCTP €XEromHO IOTpeGIIIeMo-

ro TOIMBA; M, o = Py o Kayrm — M3IEPKKM Ha
amopTH3almio u obcmyxusanue PT; II7° u 1T

— BBIPYYKa OT ITPOMAXM M IUIATEXH 3a SHEPrHIo,
[IOyJaeMy1o IIoTpeduTeseM OT CeTH LEeHTPaIH30-
BaHHOTO YHEProCHa0XEHUs; ¥, , — LeHa Ha TOIl-
JUBO B TOX f; P, — YOENBHBIM pacxoi TOILIMBA
Ha EOMHHUIY IIPOM3BEHCHHON CYMMAapHOH 3NeK-
TPO- W TEILIOIHEPTHH; IfV,]r=I-"yTy romoBoe
NpPOM3BOACTBO OHEPTHH; P, — YCTAHOBJIEHHAA
MoOIITHOCTE PI; Ty — YHCJIO YacOB MCIIOJIb30Ba-
HHS YCTAHOBIEHHON MOIIHOCTH.

Pacyernonii Y/ onpepnensercss IIpeBBIIEHH-
eM Y sroporo (¢ PI) Ham YJJ mepBoro
(6e3z PI') BapmanTa:

T
J=Jy-Jy =Ky —Kapun - D [Hy 0 +H 1~
1=1
- IPTHIIPT -ITH)(1+a) (7)

e={93,13}

e K, =K +Kpy Kb —
yaetoM PI') 3aTpaTel Ha NPHUCOETUHEHVE K I€H-
TPATHU30BAHHOH CETH.

H3z0epycku Ha amopmuzauyuro u IKcniyama-
yuro. Ilpn 0OOOCHOBaHWM pasMepa WHBECTHIIMIA,
KaK IpaBwio, IPUHHUMAETCS, YTO M3JIEPXKU Ha
aMOpPTH3aLMI0 U  ODCIYXMBaHHE IIPOITOPIHO-
HAJIbHBl KalUTaIOBIOXCHUSIM: H, , = P, o Koy
Orcrona

pacyeTHEIe (C

T
KAI/IH +pa,0KA.I/IH Z(I'HI)#I ='YKAHH ’ (8)
t=1

THE Py, — KOIDOUIMEHT OTYMCIEHMH Ha amop-
THU3AUMIO ¥ OOCTYyXKHBaHWE, MHOXMTEIb y BEHIpa-
JKaeTcst 9epes CyMMY IeOMETPHYECKOM IIporpeccHu
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T
y=14pa0 2 (1+0) ™ =14 py o [1=(14a) T J/a
1=1

Tonauensie uzdepmcru. ITlpenebperas M3MeHe-
HueM KIIJI mpu omepaTMBHOM WM3MEHEHMH pe-
xumMa pabotsl PI, MOXHO cumMTaTh, 4TO 3aTpaThl
Ha TOIUIMBO MPONOPLUMOHANBHE  TeHEepaluu
SHEPTUM M ONPEAENIAIOTCS uYepe3 YAeHbHBI pac-
XOI TOIUIHBA:

HT,F =”T,A‘BTI’VIF =Ygt -BTPyTy '

Bemvauuer B, u W' MOXHO cuuTaTrh yciloB-

HO HEU3MEHHBIMH B IIPOLIECCE OSKCIUIyaTaLlMH
PI, mostoMy B HmaibHe#IneM MHAEKC ! HE YKa-
3pBacTcA. lleHAa Ha TOIUIMBO HM3MEHSIETCS BO
BPEMEHHM IIPUMEPHO C ITOCTOSHHBIM TEMIIOM

pocra o, Torma
HT,I‘:MT,OESTWF(]—"'QT)I,

IIe Yo — LIeHAa Ha TOIUIMBO B MOMEHT Irycka PT.
TormsHas cocrapnsaiomas pacdeTHoro YT

Hﬁur,oﬁrWri(lJraT)r(1+0t)4- ®

=1

ITockonmpKy
L5 T (O P (10)
l+o, +0lp

BeIpakeHHe (9) MOXeT OBITh IpPEACTABIEHO Yepes
CYyMMY TE€OMETPUYECKOM IIPOTPECcCHH:

I
Ho=thy oW Y (1+ar) " =tyeoB. W5, (11)

t=1
rme

ar =(a-ag)/(+ay);

T ¥
- =Z(1+OLT) =
=1

_-(+or) T /e,
I Q=0

O iy S

(12)

Ananusupyst BeipaxkeHue (12), MOXHO OTMe-
TUTh, 4YTO T, ONPENENET HEKOTODHIA pPaCYETHBIN
(Mo TOITMBHOM COCTABISIIONIEH) CPOK 3KCIUIya-
ramu PI. IIpw o < or, < T (MeHbIMI BKIaL
TOIUIMBHOM cocrapnadromeit B YAHd), a mpu
o, > aty > T (bonpluMil BKJTaK TOIUIMBHOH CO-
crapisaomeir 8 YI/0).

Ilramexcu 3a 3Hepzuro. YUUTBHIBAas COOTHOLLE-
Hud (3) — (6), cBA3aHHBIE C IUIaTeXaMHd 3a
SHEPTHIO, cocTapsomas YT

Ny .
Hf@:’;ej{’“aﬁ;ﬁwﬁ, £={or,m, s}

3aech K03(hPUUMEHT 8‘}{’{3’& comacyer rpadH-

KM LEHBl ¥ MOIIHOCTH (OTIYyCKHAs II€Ha W OTITY-
CKHASL MOILHOCTb, DBIHOYHAS IIeHA M MOLIHOCTh
COOCTBEHHOIO  SHEPTONOTpe6/IeHMs, PBIHOYHAS
IleHa ¥ HMIOPTHpyeMast MOIIHOCTb HAIPY3KH).
Cnemyer orMerurs, uto mig yact PI, oTBOIM-
MO Ha CcOOCTBEHHOE OSHEproroTpebieHHe IIpen-
IpUATHS, LeHa SHEPrOHOCHUTEIS paBHA LEHE

sHepruy Ha peike. Orcioma 97" =895, Cym-
MapHBle IUIATEXH 33 SHEePruio

T
=%, > (IPT+IP -7 )(1+a)™ (13)

t=1 e={23,12}

Npeobpa3yioTca K BUIY

z ZZ(SQOT OT—E OTWe OT

e={33,13} Kk=l1=]
e,5,11 —e,5ry7e,m e,5,8 —e,57r7€,5 ~t
9 Uy W S Uyr Wid )(1+o)

1
(14)

C nesnplo yIpoIIeHUS MaTeMaTHYECKOH 3amu-
CH BeIpaXeHHs (14) HeHBI W OOBEMBI 3HEPIUM
1eJ1eco00pa3sHO IIPENCTaBUTh B OTHOCHUTEIBHBIX
eIUHHUIAX, Iae 3a 0a3y IPUHSATHEL CPEIHErOJOBbLIE

DHIHOYHAs LeHa 4,°° ¥ TeHepupyeMmas 3SHEprus
Fre,T
i

e e,l _ el sir7er
”*kr W /a5t W =W Wy s
{={or, m, s}

OTHOCHUTENIEHBIE BETMYUHEI B 6OJBILEH CcTe-
MEHN OMNpENesIoTes CrenupUKol MpoKU3BOICTBA,
1 6e3 OONBIIOH ITOTPENIHOCTH MX MOXHO CUU-
TaTh HEM3MEHHBIMM BO BCEM PacUeTHOM IIEPHO-
ne. B ycrmoBusX JNMHEHHOM IIPOITOPUMOHAIBHO-
CTHM OTIIYCKHOM LIEHBI M TIIEHBl Ha phIHKE
II;;OT:cOTzZ;;S , 4 TaKke 00OBEMa OTIYCKAEMOM B
IIEHTPATU30BAHHYIO CEThb U IIOTPEOIIsIEMOI npen-
npusatheM oHepruu W™ =do, W™ onpenense-
Mble Yepe3 KOIDOUUHUEHTH KOPPEISIHE Ko3(h-
(DUIMEHTBl CBA3HOCTM LIEHBI M MOILHOCTH Si,g,z;
ONWMHAKOBBl I BCex &

980T, 0T

. Q,S,S_ e,.S',HH e
kt =3 _Skt =8

kt
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IIpuHKrMass BO BHUMAaHWE COOTHOIIEHME Oa-
naHca smeprum W, =W, +W,% -W,};, BbIpaxe-

Hue (14) MoxHO Ipeobpa3oBaTh K BHAY:

= X Zakek ik sW”Zu

e={993,13} k=1

(), €15

roe Ko3dUIMEeHT OTIIyCKa 3HEPrMHd BO BHEII-
HIOIO CeTh
e,0T _ 4 77 €0T —eOT
ek _I_W*k (I_T’f]ﬂ. ) (16)
IIpu paBeHCTBE OTIIYCKHOM M PBIHOYHOM UeH
WIM TIpA OTCYICTBMM OTIIyCKA DHEPIUM BO

premmoio  cets (W9 =0) xoaddumment or-

IycKa OSHEPTMM BO BHEIIHIO ceTh 87" =1,

3aBUCALIMH OT CTATUCTUYECKMX I1apaMeTPOB
rpauKOB Harpy3ku Ko3(@HIIMEHT COINTaCOBaH-
HOCTH 8”“ CcTadUIBHO  (PYHKUIMOHUPYIOIIETO

npeanpusaTsa (6e3 CYIIeCTBEHHOTO M3MEHEHMS
CTPYKTYPEl IIPOM3BOACTBA W OHEPromorpedie-
HUS) TalKkKe MOXHO CYHUTATH YCIOBHO IIOCTOSH-
HBIM BO BpEMEHHM, IIOCKOJBKY KOHDUIYpaIud
rpadWKOB HATPY3KHM Maj0 M3MEHSETCHd BO Bpe-
MEHM. AHAJIOTUYHBIA BBHIBOA O HEU3MEHHOCTH
BO BpEMEHM MOXHO CIEIaTh OTHOCHTEILHO

SHEPTUU W;I’C. MMeHHO TO3TOMY B BBIPp&XKEHHH

(15) B YIIOMSAHYTBIX BEIMYMHAX OITYIIEH HHIEKC
L

IleHa Ha SHEPrOHOCUTENb, KaK M Ha TOIUIH-
BO, MMEET TEHIOEHIIMKD K POCTY C TEMIIOM Oti.
Orciopa o aHaimoruu ¢ Gopmynoit (12) BeIpa-
xenue (15) MoxeT OBITH IIPEACTABICHO Yepe3
CYMMY TE€OMETPHYECKOH ITPOTPECCHH, BBIPAXKEH-
HOM KO3(QOUIIMEHTOM T,
(17)

H= ZTEHOWerZBkBEOT—BSW*iI"

e={33,13}
rac

T
-y :>"={“‘
Zl: +a -

3

(1_'_(1:)—7"]/(1:, O #0g, (18)

o =0,,
o, =(a—0,)/(I+a,); Wi =W5" /W,

IIpu pabore PI' B 6a3soBOoM pexwume

(1’3:,;’r = const)

— Ny
= Y 1 ggWo" Y 85037 45 ey,
k=1

e={33,13}

rme #y = 1, /8760 — oOTHOCHTENBHAA JJIUTENb-
HOCTh Tpaduka k.
B pesynerare pacuerHbii YJIJI

J= Knp _'YKAHH ~Tr MT,OBTWI- +

DTV W, (19)
e={923,T3}
rie
y§ = Zskeim T (20)

Ja apammsza addextusHocTH PI' mo BumaMm
SHEPTOHOCHTENeH pasmenbHo BeIpaxeHue (19)
1eyiecoodpasHo IMpeiNCTaBUThL B BHIE aIIUTHB-
HoW ynkimmu. C aTol menblo Kypp MOXHO
pa3buUTh Ha OBE COCTABISIONIME IIPOITOPIHO-
HAJbHO TeHepalusaM BSHEPrOHOCHTENCH:

K3 =KaunW = /(W 2+ ™);
K&H = KAHHWE /(WBS +WT3).

Kax mpasuno, PI' xapaxrepusyeTcd CBOUM
anexkrpuueckuM KIIZI n, npu pabGore B 4HCTO
INEKTPUYECKOM pexuMe wid cymmapHbiM KITJT
Ny TpM paboTe B KOTEHEPAIlMOHHOM pEXMMeE.
Ilpu >TOM yYacoBO¥f pacxXol TOIUIMBA MOXKET
6bTh BIpakeH wepes KIIL: B.W™° = ¢ W¥/m,,
e ¢, — KO3(Q@UIHEHT IepeBofa 3HEPrHH
(xBT - t[) B GIWHUILbI KommeCTBa ToruiuBa. s
HaTypalnbHOIO rasza ¢, = 0089M /(xBt - 9). Or-
ciona B, = c¢/n, Ilpu pabore B KoreHepalioH-

HoM muxite W' = W + W™, Pacyernsrit YT

J=dpy+dm= 2 [Kpp—vKaym+
e={33,T3}
+(T By ~Turtr W ST (2D)
B pesynerate kputepuil  3¢h(HEKTHBHOCTH

npumeHeHuss PIT mpuoGOperaer ymoGHBIN UIg
BREITIOJIHEHHSI pacyeToB BHI 0e3 CYMMHpPOBaHHA
32 pacyeTHBIM IepMoJ HAKOIUIEHHOH IPUOBLIH.
3neck BCe LEHBI OTHOCATCA K MOMEHTY COOpY-
xenus PTI.

Ecnv npuHATE HOIMYIIEHUS:

TEMIIBl pOCTa I[€H Ha TOIUIMBO, DJIEKTPO- H
TEIUIOSHEPTHI0 pPaBHB KO3(DDUIIMEHTY IHCKOH-
THPOBAaHHI «.;

OTIYCKHAsA LieHa Ha JHEPIMI0 paBHA DPHIHOY-
HOH IieHe;

TOJOBOM Tiepuon padoTHl IPENCTABISIETCI Of-
HUM TpadUKOM HArpy3KH;

rpaduKH HArpy3KHM COBEPIIEHHO HE3aBMCUMEI
no KoH(purypauuu OT rpadmka LeHb —
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k(yp',Po")=0, To cormacHo BeIpaxemuio (18)

oy =0ty =0, T, = 1, = 1, corracHO ¢opmyne (6)

85" =1, cormacwo BEpaxenuio (15) 07 =1,

cormacHo Gopmyne (20) w®= 1. IIpu arom Y
"T=‘Knp ~¥Kayn +T Z ("Zg —Br HT,O)H—/e’rs (22)

e={23,13}

a cpok okymaemocTt (J=0) mpuHMMaeT OOBIYHO
HMCIIONB3YEMEIH BHA:

TOK =
'YKAI/IH -K np

G —— = —————— (23)
i‘ﬂ(]S3Wa3,F+E63wT3,T_BTuT’O(W 23, +WT3,1')

Brisoasi

1. [Ipy TEXHUKO-DKOHOMMYECKOM OOOCHOBa-
HUM T[OpuMeHeHus ycrpoiictB PIT HeobxomuMo
VYMTHIBATL TEMIIBI POCTA IIEH Ha 3JIEKTPO3HEp-
TMI0 H TOIUTMBO. B yCIOBMSX, KOrma IIeHEI Ha
TOIUTHBO pacTyT OBICTpee, yeM IIeHH Ha 3JIeK-
TPO- M TemnosHeprmio, addexTusHOoCTE PI
CHIDKAETCd, YTO MOXKET IIPHUBECTH K OTKa3y OT
coopykeunss PI. Ilpum HeHM3MEHHBEIX TeMIIax
pocTa II€H Ha TOILTMBO M 3HEPTOHOCHTETH (hop-
myna YJ1J moxeT OBITH IpHUBENeHA K BHIY, Ile
BCE IMapaMeTpsl OTHeCeHbl K romy BBoma PI' B
3KCILTyaTallHIo.

2. Ha oaddextuBHocts PI'  cymiecTBeHHOE
BO3JeHCTBHE OKAa3BIBAIOT KOHMUrypaimu rpadu-
KOB HArpy3k# W TpadHKOB PLIHOYHOM IIeHH Ha
SHEPrOHOCHTEJIH.
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OneHka OCHOBHBIX NPOM3BOJCTBEHHBIX (POHIOB MAJIO SHEPreTHKH
CesepHoro sHepropaiiona Pecnmyomuku Caxa (SIKyrus)

Wapwnosa A. P., uHx., KnywkunHa B. P., KaHO. TexH. Hayk

TexHuueckuit MHCTUTYT (dunman) Praoy BMO “CeBepo-BocTouyHblii denepanbHbii
yHusepcuter umMm. M. K. AMmocoBa”, r. HepioHrpu

PaccMmoTpeHo NpuMeHeHWEe WHIMKATHBHOIO AHANHM3a KAK METONA KOJIMYECTBEHHOIO OIpelese-
HMA TI0KasaTenell sHepretiyeckoil GesomacHocTH (DHB), MO3BOISIONIMX CpPaBHUBATH IOJIYYEH-
HEIE PE3yNbTaThl. BTO IAI0 BO3MOXKHOCTH BBIABHTE TeppuTOopuH PecryOmuxku Caxa (Sxyrms),
HMMEIOLME HaMXyILIMe I[IoKa3aTeau Io ypoBHI0O DHB. B kauvectBe onpeaensiommx BhIOpPaHb!
TOKA3aTeN CTPYKTYDHO-PEXMMHOr0 6Jioka W 6JI0Ka BOCTPOM3BOACTBA OCHOBHBIX (DOHIOB.

Knrogepsle cioBa: pmusensHas snexTpocTaHuud (JDC), ameKTpocHaGXKeHMe H30THPOBAHHBIX
norpeburenei, sHepreTvyeckas Oe30IACHOCT: W30NHMPOBAHHEIX IOTpebuTeneit PecrryGmuxm
Caxa, MHIUKATOPHBIA aHauM3, 06ECIEYEHHOCT: NEUEHTPAIHM30OBAHHBIX 30H TOIUIMBOM.

DHepreTUdeckas 0e30IaCHOCTh pPAMOHOB pec-
NyOMUMKM — 5TO COCTOSTHHE WX 3alllMIIEHHOCTH
OT BHEIIHMX M BHYTPEHHUX Yrpo3 (B TOM YHUCIE
9DKOHOMMYECKWX, OOVCIOBIEHHBIX YIANIEHHOCTRIO
TEPPUTOPUM OT LEHTPATMU3OBAHHBIX MCTOYHHUKOB
SHEpProcHaG:KeHus), IO3BOMISIONIEe 00eCIIeYnuTh
HamexHoe (DYHKIMOHHMPOBAaHHE OOBEKTOB JIO-
KATBHOM OSHEPreTUKN U SHEProcHaOXeHWe, OT-
Beyaloliee COBPEMEHHBIM TpeOOBaHMAM K Kaye-
CTBY DOSJIEKTPOSHEPIMHM M HE JOIyCKaloliee
HACTYIUIEHMSI KPM3UCHOH CHUTYyalUMM V IIOTpedH-
tenedl. KonuyecTBeHHBIE ITOKAa3aTeNnM, XapakTe-
PU3YIONIME YpOBEHbL SHEpreTHYecKoi Oe3omacHo-
CTH, MOXHO OIIPENeJINTh ITyTeM HHIMKATOPHOTrO
aHanu3a [1, 2]. Ero mpuMeHeHWe ITO3BOJISIET BhI-
SBUTh TEPPUTOPHHU, TpeOyIOIHe peanu3aluil Me-
POTIPUSTHH, NPEIOTBPANIAIONINK BO3HUKHOBEHUE
KPU3UCHBIX CHTYAIIHH.

B Pecnyonuke Caxa, MMewllei cBoeobpas-
HEle KIMMATHYeCKHe M TIeorpadudecKue ycio-
Bus (mpuMepHO 40 % TeppHTOpPHM HAaXOIMTCA 34
NOJIIPHBIM ~ KPYTOM, M BO3MOXHOCTB JOCTaBKH
Tyda TOIUIMBA 3aTpydHEHAa BCJEICTBME 3HAUM-
TEJBHOM IPONODKUTEILHOCTH 3MMHETO IIEPHO-
ma), okomo 60 % Bceit ee IUTONIAMM OTHOCUTCS
K JEeLeHTPaIM30BAHHOM 30HE 3JEKTpocHabxKe-
HHSI, B KOTOpOH MCTOYHHMKAMU IIHTAHWS SIBIIS-
10Tcs aproHoMmHuEle JIDC. TIpakTudeckd Ha 4eT-
BepTH TeppuropuM  (puMepHO 26,1 %  Bcex
3eMenb, T. e. Oosee 800 TrIC. KMZ) TPYIATCS MeEJl-
Kie MOOWIBHBIE MOTpeOuTenu (OJEeHEBOIBI, DHI-
faku, oxotHuku [3 —6]). M3 17 yaycoB (paii-
OHOB) 5To# 30HH 14 otHocsTcs K CeBepHOMY
sHepropaiiony. Ilo peaynbpTaTaM HCClIeIOBaHHH
[3,4], uX VyOaJIEHHOCTL OT LEHTPAIM30BAHHEIX
HUCTOYHMKOB SHEPrOCHAOXKEHMSI COCTABISIET OT
1600 mo 3000 kM. OcCHOBO# 3HeprocHabXKeHUs
noTpebuTeNeil B OTHANIGHHBIX OT 3IEKTPHYECKIX
cerell paroHax gpisiorcss okono 200 IBC, pac-
TIOJIOXeHHEe KOTOPBIX II0 TEPPUTOPUHM DPECITYOJIH-
KM TokasaHo Ha puc. 1 [3].

B mocraHOBIEHWM IMIpaBHUTEILCTBA PECITYOIM-
ku [7], xacawmemcs TOIUTHBHO-DHEPIETHUECKO-
ro OamaHca, 3amac au3eapHoro torummsa (JIT)
BBIIEJIEH B OCHOBHOH IIOKAa3aTeib, OIpeNelsio-
Wi cocTosdHUEe BHDB ¢ TOYKM 3peHus Oecriepe-
OOMHOCTM IIPOM3BOMCTBA SJIEKTPUYECKOI sHep-
rui. PakTUYecKWe 3amackl 3TOr0 TOIUIMBA HA
KOHEeLl rofja II0 yiaycaM IpHBEICHBI B Tabiuile
(3amacel Ha yKa3aHHOE KOJNHYECTBO CYTOK). OHU
NOJDKHBI OBITH TAKUMHM, YTOOBI B CIIydae Hapy-
NIEHUS HOCTABKM TOIUIMBA HMX XBaTWIO IO ClIe-
IYIOUIEr0 Ce30Ha JOCTAaBKH, HA4Yajlo KOTOpPOTO
3aBMCMT OT KIMMaTH4YecKMx yciaoBuM. B Hau-
Jy4llleM COCTOSHMM TI0 3Heprode3oInacHOCTH
Haxo#sTcsl 28 YIycoB, V KOTOPBIX HMEIOTCS 3a-
nacel T Gonee uem Ha 365 cyr. Ilpemkpusuc-
HBIM CUMTAETCA COCTOSHHE TeX YIYCOB, ¥ KOTO-
pEIX  3alacoB  TOIUTMBA  JOCTATOYHO  Ha
200 — 365 cyr. (B yactHocTH, ILOpHBIA ymyc).
Viycel, MMerolIMe 3amac ero MeHee ueM Ha
200 cyr., oTHOcATCS K pailoHaM C KpPU3HCHBIM
cocTosiHueM 1o BHB.

Eme omHMM mokasaTeneM, XapaKTepH3ylo-
MM 3HepreTHyeckyro 0e30MacHOCTh pecITyOIIH-
KW C TOYKH 3pEHHA HM30BITKA HMMEIOIIMXCA MOII-
HOCTEW IJIsI TOKPBITUSI 3JIEKTPHUUECKMX HATPY30K
B peXMMax MakCUMyMa M MHMHMMyMa HoTpelie-
HUS SIEKTPUYECKOH DHEPrHM, SIBJISIETCI OTHO-
LIEHWE DPACIIONAaraéMoi MOIITHOCTH SIIEKTPOCTAH-
UM K MaKCUMMAaIbHOM 3JeKTpHYECKOM Harpyske
nmorpebutens [3, 4, 6, 8]. B omiMune oT Ipemnbl-
mymiero, yem OOJpIIe 3HAYCHHE OTOT0 MHIHKA-
TOpa, TeM BbIlle ypoBeHb DHDB. B memoMm 1o
SIxyTuM 3HaYeHUsS NAHHOTO WMHIMKATHBHOTO IIO-
Kasarejas BBICOKME, CJIEAOBATENIHHO, MOXHO CYH-
TaTh, YTO COCTOSIHME 10 3Heprobe3omacHOCTH
pecIybiMKy HOPMAIbHOE.

Obopynosanue IDC pecrnyOnuKu xapakrepu-
3yercd pa3sHooOpasMeM HCIIONL3YEMBIX —arpera-
TOB, YTO OCIIOXHSET IIPOLIECChl MX CEPBMCHOIO
0o0CIyKMBaHMA, pPEMOHTA M CHIMZKAET HaIexX-
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Bymyxckmh pafiol BepxosiHCKMHA palioH
75 2 Brip. 5/3, wid kBry | 31,477 Brip. 5/, MnH kBru | 36,024
0O6mas riomwans — 2,2 MIH KM Hacenenue 9800 Hacenenne 13700
YniciesHocTs Hacenerns — 130 Teic. et Kommecroo 3G Kommicerso OC 70 - :Z‘"ﬁ“ﬁ‘fam;‘; %
Konmyectso 13C — 126 - 39, M 1()'000
YcraHoBJeHHas MoLIHOCTh — 212,9 MBT
ITporsokenrocts BIT — 2678 xu Rommieess JT9C 2
BripaGoTka snexTposHepriu — 311,2 MiH kBry s ATTATROCI palion
Pacxon nusensHoro Torutuea — 89806 T : ? i Biip. /5, i KBr | 10,316
Konmuecrso paboraromux Ha JDC — 2573 yeir. Hacémm’m 3400
. o " 2 Kommecrso IDC 6
g # g ;:w o b
A TR e s HroiaeKonbIMeKHH pafton
o B et el Brip. 5/5, M KBTY | 4,674
- J:A. '?%( \ ) SR 3 Hacenenue 6900
AHabapckili pation 2 A Sy Komsecrso 19C L
Buip. 3/3, Mns kBry T 10,38 Y CpeIHeKOTBIMCKHI paltoH
Hacenenue 4000 ¥ BeIp. 5/3, Max kBry | 18,070
Komyecreo I5C 2 7 Hacenernne 8300
i 1 Konnyecrso I8C 10
}W" ; 2 Sas® ABbliickuit palfoH
L _HANL_\ Beip. 3/, MnH KBry | 10,685
OJneHexckul palion Hacenenue 4700
Buip. 5/3, ynx kBry | 8,661 #? Komigectso 1DC 7
HaceneHune 4200 L _ : - ]
Komryecrno I3C 3 = L h s g BEDXHEKO/BIMCKHH DAROH
] ,“" Buip, 3/9, miH kBry | 19,366
Hacenenue 5700
KuranckuH paon Bipteomd 190 5
Brip. 3/3, mnH KBty [ 10,865 Momcxuit pafion
HacelieHue 4300
Beip. 9/9, MnH kBra | 10,982
Konuyecrso 1BC 4 Hacenenne 4700
v Kommyectso IBC 4
BBeHo-BriTaHTalckuit parioH OnexmuHexuit pafion Kobsitcknit palion AJljaHCKHHA paitol Ofimsikonckuit pafton
Brip. 3/3, vmi kBry | 5,000 Brip. 5/9, MaH kBt | 58,661 Bhip. 3/9, MiTH KBTy | 28,867 Brip. o/2, Man xBry | 22,72 Bblp. 2/3, MTH KBT4 | 6,734
HaceneHue 2800 Hacenexue 27600 Hacenenue 14200 Hacenexue 1632 Hac 2675
Komwyectso 1BC 3 Konuaectso 1BC 19 Konuyecreo I3C 12 Konmyecreo IBC 6 Komiecteo ABC 4
Prc. 1. Kapra-cxema pacmoNOXeHWs JOKAJBHBIX CHCTEM 3JIEKTPOCHAOKEHHS HA TEppUTOPHH Axyruun
Viye 3arackl, cyT. Yiyc 3aracel, CyT. Viye 3ariacel, cyT.
AOBIACKHIHA 3043,7  |3bIpsHCKMH 142,64 | CpenHexonbIMCKIi 2860,45
AJTaHCKMH 1082,13 |KobGsiickuit 892,88 |Cynrapcxuit 128
AJLTanxoBCKIi 4312,4  |Jenckuit 1095,43 |TarrusHckui 428
AMTHHCKM 869,59 |Meruno-Kauranacckuit 5211,23 |TomMmmoHcKuUit 425,5
Anabapckumit 3435,62 |MupHAHCKWIA 3567,27 |Ycre-AnmaHckuit 1384,1
Bymysckumit 848,5 Momcxui 612,24 |Ycre-Majickuit 648,75
Bepxuerwmoitckuii| 982,67 |Hamcxrit 429,63  |Vers-SHekuit 53,63
Bepxnekomemmekuit| 548,12 | HimkHeKOTBIMCKIA 1352,64 |XaHramacckuit 980,63
BepxosHcKui 476,71  |HiopbuHckuit 68,03  |YyparmauHcKui 68
Bumoiickuit 1457,59 | O¥MAKOHCKHI 2571,04 |DBeHo-BrrraHTalicKuit 136
T'opueri 325,43  |OnekmMuHCKMit 3475,5
Kuranckuii 398,36  |Onenexckuii 2985,87
HOCTh 9KcIuTyaTauwu [5]. HexoToprle M3 cyuie- HaIeXHOCTM  3JeKTPOCHAGKEHWS U YPOBHS

CTBYIOIIIMX 3HaHWH u coopyxenuit JOC, Haxo-
OI0Mecs B 30HE IIEPUOJUYECKOTO 3aTOILICHHUS
BO BpeMsd BECEHHEro IIONIOBOALS, 3a IIEPHOL
SKCIUTyaTallMH IIPETEPIIENH HEeoOpaTuMble M3Me-
HeHUsA W TpeOyIOT IepeHoca Ha HOBOE MECTO.
ITosToMy X 4McTy IJIaBHBIX 3a1a4 ITOBBIIIEHUS

SHEPreTHYECKOW 6e30I1aCHOCTH OTHOCATCA pe-
KOHCTPYKITUA M CTPOMTENBCTBO HOBEIX JIDC.
3aMeHa W PEKOHCTPYKLMA JIMHHUE DJIEKTPOIIe-
pemayn (JIBII) He MpOBOXMIKCH NPAaKTHYECKH C
BBOJA MX B OKCIUIYaTalldl0 B IIECTHUNECS-
TBIX — BOCBMUZECATHIX Tomax. CeromHs Ioxasa-
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Puc. 3. Koxmdecrso omop, TpeOyommx 3aMeHbl

Tenn usHoca Gonee 70 % JIDII — KpurHdyecKue
(puc. 2). Ha puc. 3 moxkasaHO KOMHYIECTBO OIIOD
10 KjIaccaM HaIIPSDKEHUSA, TPeOVIOIUX 3aMeHBI,

I yrydIueHus COCTOSIHMSI 3HEPreTHYecKOoi
0e30macHOCTH HeoOXOomMMO pa3pabaThIBaTh WH-
BECTUIIMOHHBIE IIPOEKTHI DPa3BHUTHS padOHOB
pecIyOMKy, COOPYXEHHS W  MOAEpHU3aIH
OOBEKTOB JIOKAILHOM 9HEPreTHKH, IIPOBOIUTH
PEKOHCTPYKIIMIO MOpPajJbHO W (DU3MUYECKH YCTa-
peBiiero anekTpoobopymoBanus JIDC, 3ameHy
NUHUA  BJEKTPOIEpeNayd, DPEeKOHCTPYKIIMID H
MOJEPHHM3ALIMIO PACIIPEIETUTEBHEIX DJIEKTPUYE-
ckux ceredt Hanpsckenuem 0,4 — 35 kB.
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TEPHATUBHbBIE MCTOYHUKU BHEPIUM

TexHOJIOTHH HOBOI0 IOKOJICHHS
IJId pacupenesieHHOH sSHepreTuku PoccHu

BeccmepTHbix Al B., KaHA. TexH. Hayk, 3ai4eHko B. M., OOKTOp TexH. Hayk

O6beaAuHEHHbIE MHCTUTYT BbiCOKMX Temnepatyp PAH, Mockea

Tlokazana HeoOXOOMMOCTE Pa3sBHTHA paclpeleleHHON SHEepreTHKH PoccMM HAa MECTHEIX TOII-
JIMBHO-2HEPTeTHYECKHX pecypcax. PaccMOTpeHBI cOBpeMeHHBIE BEICOKO3(MGhEKTUBHEIE pPOCCHIi-
CKHMe H 3apybexHble 3HEPIeTHYECKHME TEXHOJOTHH: Ie/UIeTH3alud, IHPOIH3, ToppedHKallus,
razucukanud, IIpeanoxeHo co3naTh 3HEPrOTEXHONOTHYECKHE KOMIUIEKCHI, B KOTODBIX OOBEIH-

HEHBI M B3aUMOCBA3aHBI HaHHBIE TEXHOJIOTHH.

Kmouesbie cnoBa: pacIipeneleHHas IHEPreTHKa, IeJUICTH3alnd, rasuduxamus, roppeduxanys,

razomnopiiHesass MuHu-TDOII.

B cymecrByoImUX  COIMATBHO-3KOHOMMYE-
CKUX YCIOBUSX CO3NaHUE M pPa3BHTHE pacIipene-
JIEHHOM 9SHEpPreTMKX Ha MECTHBIX TOIUIMBHO-
SHEPreTUYeCKMX pecypcax [1] ¢ HCIOJIB30BaHH-
eM 9(Q@EKTUBHBEIX OTEYECTBEHHBIX K MHPOBBIX
TEXHOJIOTMA MOXET CTUMYJIHUPOBATL Pa3BUTHE
BCcell poccHickoil sHepreTuku. Ilommmo permre-
HUSA  PETHOHAIBHEIX  3alay  pacipelecHHas
SHEPreTKa, OCHOBaHHAd HAa HOBBIX IPUHIANIAX
XO3SMCTBOBaHUS, OyIeT CII0CODCTBOBATHL B3aMMO-
IEHCTBHI0O M KOHCTPYKTUBHOMY COTPYIHHYECTBY
TIPOM3BOMUTENST W IIOTPEGUTEN.

Hcnonp30BaHne MECTHBIX pECYpCOB TOIUIMBA.
ITpuMepHO IIOJIOBUHY CTOMMOCTH 3JIEKTPO3HED-
TMH, NPOU3BOAMMON B LIEHTPATM30BAHHON 3HEp-
TOCHCTEME, COCTAaBJIAIOT 3aTpaThl Ha IpHOGpeTe-
HHME TOIUIMBA, @ B CTOMMOCTH TEIUIOBOM SHEPTHH
ux euie Oompmre. Ecmu s ycTaHOBKM pacrpe-
JEJIeHHOM SHEPreTUKM IIOSIBIAETCA BO3MOXHOCTD
HACIOJB30BAHMSA MECTHOTO JeleBOro TOIUIMBA
(manpumep, Topda), TO 3aTpaTel Ha ee CO3na-
HHE OKYIAIOTCS 332 KOPOTKHMM CPOK, & IIPOEKTHI
TaKUX OOBEKTOB CTAHOBATCA HMHBECTHLIHOHHO
NPUBJIEKATENBHEIMU  [2].

Ha Ttepputopumt PP cOCpeoTOUEHO OKOJIO
YETBEPTH MUPOBBIX PECYPCOB IPEBECHHBI M OKOJIO
45 % Topdha. K MECTHRIM IIEPBUUYHELIM KCTOUHM-
KaM SHEPIHM OTHOCATCS TAKXKE OTXOMBI pacTeHMe-
BOICTBA (B YaCTHOCTHM, COJIOMBI — 35 MIH T/rox),
OTXONBl  KM3HENEATENIBPHOCTH B IITHIIEBOICTBE
(7,5 MutH T/TOn [3]) M XHMBOTHOBOICTBE, OTXOIEL
Jeco3arotoBok (170 MiH M /TOO) H IepeBoobpa-
OaThIBAIOIIEH IIPOMBILUIEHHOCTH (44 MJITH M /TOX
[3]). Ilpu cXWraHWM TOJBKO JPEBECHLIX OTXO-
JOB MOXHO IIOIYYMThL IpubmusurensHo 50 %
BCEro LEHTPaJIM30BAaHHOIO TOJOBOrO IIPOM3BOMI-

" PaBoTa BHINONHEHA B paMKax rockoHTpakTa No 145161100-49,

crBa TEIUIOBOM SHeprum Poccwu. HHTepec K
ANMBTEPHATHBHLIM HMCTOYHHKAM SHEPIHH CTPEMU-
TEJIPHO pacTeT BO BceM MHpe. [lo OIeHKaM
aganuTukoB EC, mond sHepruu, KOTOPYIO MOX-
HO IIOIYYUTH OT BO30OOHOBISEMBIX DECYPCOB B
Oomrxaiimwe 30 ner, mnpeswimaer 40 % obmero
notpebiaeHus W B JalbHeilneM OyIeT YBeIuu-
BaThCs1. Pa3paboTka HOBBIX METONOB IIOIYYECHMS
SHEPIUM  ODOECIIeYnT KOHKYPEHTOCIIOCOGHOCTH
CO3[aBaéMbIX TEXHOJIOTUI II0 CPaBHEHMIO C TeEX-
HOJIOTMAMY,  MCIOJB3YIONIMMH  OpTAaHITYEeCKHe
HMCKOITaeMEIE TOILTHBA.

TexHonornum HOBOTO INOKOJeHHsA. Poccumiickas
pacripeeeHHas SHepreTHKa HAXOOWTCI B Hava-
Jie cBoero pas3BUTHA. OIHAKO, HCIIONB3YS HOBBIE
SHEPreTHYECKHE TEXHOJNOTUM, MOXKHO IIPOEKTH-
poBark M CTPOUTH COBPEMEHHBIE aBTOHOMHBIE
SHEPrOCUCTEMEI, paboTaloIue Ha MECTHBIX pe-
cypcax.

XOTsL pasHBIe BUOB 3TUX PECYPCOB WM OTIH-
YaloTCAd II0 3JIEMEHTHOMY M BEIIECTBEHHOMY CO-
CTaBy, CYIIECTBYIOT OOIIME TeXHOJIOIMH HX 00-

paboTKH: TPaHyIMpOBaHUE (nmemreTuzarus),
TOppedUKalusa, IHUPONU3 U  AUIOTEPMHYECKA
rasuukanms.

ITennerusanus XOpoIo OCBOEHAa BO BCE MMPE,
B ToM uucie B Poccuu. IIpomykTel meieTHsa-
UMM — NeUIeTl — IpeCcTaBIsIioT coboil Ipec-
COBaHHbIE LWIMHIPH M3METHYEHHON OHMOMACCH
nmamerpoM 5 —10MM u  mmHOM 8 — 15 MM,
DakTUYeCKH 3TO TBEPIOE TOIUIMBO Y3KOTO Ipa-
HYJIOMETPHYECKOIO COCTaBa, YTO M IIPEIOIIPEle-
JIIeT ero IIMPOKOE WCIIONL30BAHUE B CIIOEBLIX
TOIIKAX M TOINKAaX KWIAIIErO CJOSI, a TAaKKe B
nponeccax rasudukarym. OCHOBHONM HeIOCTaTOK
MeJuleT — HMX TUIPOQWIBHOCTh (HabyxaHue Ipu
JUIMTEJIBHOM XPaHEHWM U IIEpPeBO3Kax), 0OYCIOB-
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Temmneparypa, °C

OpraHu4ecKue OTXOIEI
Hauana nedopMarniu pasMSITYeHMst IUIaBKOT'O COCTOSHUMS
Conoma 735 — 840 1035 — 1150 1175 — 1330
JpeBecHEIE OTXOABI 1150 — 1405 1180 — 1525 1225 — 1650

JMBAONIas IIOTEPI0 MMM IIPEUMYIIECTB COPTOBO-
TO TBEPIOTO TOILUIHBA.

Toppedukanus — ODMH M3 METONOB TEPMO-
XUMHYecKoll 00paboTKM TBepHOro OHOTOILIMBA,
IIpH KOTOPOM VYKAa3aHHBIA BBIIIE HEXOCTATOK
yCTpaHseTcsd IIYTeM HH3KOTeMIIEPaTypHOro IMMpo-
mu3a npu 250 — 280 °C. TIlocne ToppeduKanuu
TeJUIETel CTAHOBATCS TIUIpodOoOHEIME (3aKpHIBa-
I0TCS TIOBEPXHOCTHHIE KAIMUISAPHI), YBEIMYHMBACT-
Cs MX TEIUIOTA CrOpaHus HA eTUHWIY MAcChl U
obreMa [4]. DTa TeXHONOTHA JeNaeT SKOHOMM-
YeCKM OIIpaBIAHHBIM IIEHTPATHM30BAHHOE ITPOM3-
BOICTBO IEJUIET B OONBIIMX O0BEMax, MX XpaHe-
HHE M TIEPEBO3KY IIOTPEOMTEIISIM HA OOBEKTEH
pacmupeneaeHHON DHEePTeTHKH.

DJIeMEHTHEIA M BEIIECTBEHHEIH COCTAB OTXO-
OB CYIIIECTBEHHO BIMSEeT HA IIApaMeTphl 30JIEHI,
IIONYYEHHOH IIpM WX KOHBEPCHHM METOIOM Tep-
MOXMMHMYECKOH 00paboTku. INMaBHBIMH ITOKA3a-
TeJSIMH, OIIPele/ITIOIIMH MaKCHMAaNLHYI0 TeXHO-
TOTMYECKH JOITYCTHMYIO TEMIIEPATYpy B peakTope
KOHBEPCHMHM M B KOHEYHOM CYETE — TEXHOIO-
THIO, ABJISIOTCS TeMIIepaTypHBIe XapaKTepHCTUKH
30JIbI — TeMIIeparyphl Hadana aedopMallvn,
pasMATYeHHsI, IUIABKOTO COCTOSTHMSA. B Tabmuie
TPUBENEHBl 3TH XapakKTePUMCTHKM IS  COJOMEI
36PHOBBIX KYJIBTYD M JIPEBECHBIX OTXOIOB.

XapakTepuCTHKH 30JLI TTOMETHO-IIONCTHIIOY-
Horo Marepumana (IIIIM) 6mm3ky K XapakTepH-
CTUKAM 30J5I COJIOMBI, TAK KaK 3TOT BHI OTXO-
OB COIEPXKHUT COSIMHEHHS Kalud, 0bpasyiomume
JIETKOTUIABKME SBTEKTHKHU. Il HM3UHHOTO, IIe-
PEXOMHOTO M BEPXOBOTO TUIIOB Topda CpemHad
30JBHOCTb paBHa COOTBEeTCTBEHHO 7,6; 4,7 m
2,4 % cyxoro BemecTBa. ComepxkaHUe pas3Iuy-
HBIX OKHMCIOB B 30JIE pPacTeT OT BEPXOBOIO K
HU3WHHOMY THITY Topda [5].

JaHHbIe O COCTaBe M TEMIIEPATYPHEIX Xapak-
TEPUCTUKAX 30JIBI TIOKA3LIBAIOT, YUTO IUISA TEPMO-
XUMHYECKOW KouBepcnu coiombl u IIIIM B
IUIOTHOM CIIO€ TEXHOJIOTHYECKH ITpHeMIeMOI
SIBJIAETCS TEXHOJIOTHS MHPONM3a MpH TeMIlepaTy-
pe mo 700 °C, a mna JpeBecHBIX OTXOIOB M TOp-
da — TexHosorud rasuduUKalUWK Opu OGoee BHI-
coko#t  Temmeparype. [nd  KOHBepCMM B
TEXHOJOTMAX KUIISAIIEr0 CJIOS MOryT OBITH MC-
TIOJIB30BaHb!l JIIOOBIE OTXOOBL.

IMupomm3. TexHoiorMa THPOMM3a ITO3BOJSET
Moixy4aTh ra3000pa3Hele, XWUAKWE MW TBEpObIE
nponykTel. COBpeMEHHEIE 3aIlTagHBIE TEXHOJIOTHUH
OPMEHTHPOBAHEl Ha IIOJYYCHHE XKWAKOIO IIpo-
IyKTa — TaK HAa3bIBAEMOr0 MHPOJM3HOTO MAacia.
Ero mwpokoe HCIIONB30BAHWE B KayecTBe IIeY-
HOI0 MM MOTOPHOIO TOIUIMBA TPeOYeT IOIOJIHHU-
TEMHHOM CIIOXKHOM TEXHOJIOTHMUYECKOM IepepaboTKu.
Pa6orel, seImOIHeHHBIe B OOBENMHEHHOM HH-
cruryre BeIcOKkMXx Temmepatyp (OHMBT) PAH,
HaIIpaBiieHbl HA WKCCAEOOBAaHUE IIPOIECCOB IIH-
poNM3a C IIONydeHHeM M3 OHoMacchl rasoobpas-
HOTO TOTUIMBA W TBEPIBLIX VIJIEPONHBEIX MaTepHa-
JIOB TIPOMBIIUIEHHOro HasHaueHud. Ha puc. 1
MPEICTABIEHEl TEPMOrpaBUMETPHYCCKIE KpPWBEIE,
MMONy4YeHHBIE Ha TepMoaHanudaTope STD Q600.
OHM IIOYTHM SKBUIUCTAHTHEI, ITOCKOJIBKY mr06as
GI/IOMHCCE COCTOHUT B OCHOBHOM H3 TPEX KOMIIO-
HEHTOB: TEMMIIEJUTIJIO3b], JUTHWHA W IIEJUTIONO-
36l B pasHBIX Oponopuusax. Iloreps Maccel, T.e.
KOJIMYECTBO JIETYYMX, KOTOPOE MOXET OBITH MC-
MOAB30BAHO [UIS DHEPTETUYECKUX Iieieif, Cco-
crapisgeT npu 700 °C mpubmusurensHo 70 % cy-
XOl OHOMAaccEL.

laznpukaumsa. 3a 1nociaegHHe AECATHICTHS
TEXHOJIOTHM U 00opynoBaHHWe rasubHKallud TBEp-
JBIX TOILIMB JOCTUIVIM BBICOKOTO YPOBHS M IIPO-
IIOJDKAIOT COBEPILIEHCTBOBATBCS. TEXHONOTUS Tra-
SU(HUKAIIMKA pa3eaeTcs Ha ABa OCHOBHBIX BUIA
[6]:

aBTOTEpMHYECKAsI, MPH KOTOpOW HeobXoou-
MYIO TEIUIOTY IIONYYaloT ITyTeM CXUIaHWs JacTH
razuduumpyeMoro TomnMBa. Ee HemocTraTKaMu
SBJISAIOTCA HEOOXOMMMOCTh B TPOMO3IOKOU cucTe-
M€ OYHCTKM Ta30B OT KOHOEHCATOB M HH3KUE
TEIUIOTEXHUYECKUE XapPaKTEPUCTUKM TeHEpaTop-
HOTO rasa (TeIUIOTBOpHaA CHOCOOHOCTE He IIpe-
Beruaer 1200 xkxan/m3, a aguabarHas TemIiepa-
Typa roperusa — 1400°C). Ilpu obGorameHun
IyThS KHUCJIODPOLOM 3TH XapaKTEePUCTHKHM YIIyd-
HIAI0TCS, HO TOrna TpebyloTcd 3HAaYMTENbHELIE
KalUTAIBHEIE BJIOXKEHHS M 3KCIUTyaTallMOHHbLIE
DPACXOJbL;

aIoTepMUUECcKas, IIpM KOTOPOM  Terwrora
TOOBOMMTCSA YEpe3 CTeHKY BHYTPH EIHUHOTO TIa-
30TEHEPAaTOPHOIO 00bEMa M/UIX C TIOMOIIBIO
ABTOHOMHOI'O VCTOYHUKA DHEPTHH.

TeXHOMOIMYECKH TEPCIIeKTUBHEL IBa MpoIlecca:



52 [MPOMBIIIIJIEHHAS DSHEPTETHKA Ne9, 2013
100 %
\\ /
2 > AN o -
T N
I\
\ /] O
5 60 ‘“\ \ // 600
s A ] ] — JlpesecHas mejieTa  _| %
2 s 2 — ConoMeHHas TiejuieTa _| =
p= 40 RS 3 — IIIIM mejuteTa 400 E
©
P ~]
e — F—
20 P 200
Wi
e
0 20 40 60 80 100
Bpewms, MUH
Puc. 1. TepmorpaBuMeTprdecKie KPHBbie NHPOJIH3A PASIMMHBIX OTXONOB
KoreinbHble Ha
TBEpIOM TOTUTHBE
IpesecHasn
Onomacca Topd Cempxo30TX0LBI ToppeduKaLis <«— _
l l l T l TCHHTES KUIKHMX TOIUTHB *
IpyGoe  |T1eMa|  Tomxoe yKa TlesreTs Cunres-ras | Munu-TDL[ | OTXOLAIIHE rassl
HaMembueHye | | M3MeIbuCHHE KM Memrernsams) — | Tasuueatsl) = —s  lo yoreyepanmeit Sm‘;%prm
v )
T o] \% @] * o] O— l

Terno- ¥ aNeKTPOIHEPTHH
CTOPOHHMM IIOTPEOHTENAM

Puc. 2. OYAKIMOHAJLHAS CXeMa IHEPrOTEXHOJIOTHYECKOro KOMILIEKCa

a) MUpoNWTHYecKod rasubukanuy 0Oe3 HC-
[IONL30BAaHUS BHEIIHMX TasUQUIMPYIONNX arcH-
ToB. B 3TOM CIOyYae MOXHO IONYyYUTh ras C
BLICOKMMM TEIUIOTBODHOM CIIOCOOHOCTBIO M TEM-
nepatypoit ropeHus. OOHAaKO CTeleHb KOHBEp-
CHMY UpE3BLIYANHO HM3KA. DTOT IIPOLECC MOXET
OLITh OSKOHOMUYEeCKH J(POEKTUBHBEIM B KOM-
IUIEKCHBIX TEXHOJOTMAX IIOJy4eHHs Ia3000pas-
HOTO TOIUIMBA M YIJIEPOOHBIX MaTepHAIOB C BBI-
COKOI PHIHOYHOH CTOMMOCTEIO;

6) MaKCHMAaJbHOM KOHBEPCHM SHEPIMM U Be-
II[ECTBA HCXOTHOIO TOIUIMBA C KOMOHMHHMpPOBAH-
HBIM BHYTDEHHWM M BHEIIHMM ITOJBOJAOM TCII-
JOTH B 00BEM TrasH(UIMPYEMOro TOIUIMBA H K
rasuduumpyomuM areHTaM. KoaddunueHT KOH-
BepcHM SHepruM MoxeT cocrapiare 0,75 — 0,8.
DroHoMmuyeckas 3P(EeKTUBHOCTE OCOOEHHO CY-
[IEeCTBEHHA [P TasM(PUKalMK ITeJUIeTH3MPOBAH-

HOr0 ¥ TOpPe(hUIIMPOBAHHOIO TOIUIMBA, HMEI0-
[Iero 3HAYUTEIBHYI0 CTOMMOCTh. Takas TexHO-
JIOTHS C TIOJyYeHWeM CHUHTe3-ra3a W ee MOIH-
¢ukanpu paspabateaorcs B OWBT PAH
[7, 8].

JIns pacripefeleHHOH DHEPreTHKA IIepPCIIeKTHB-
HO CO37aHue SHEeProTeXHOJNOTMYECKHMX KOMILIEKCOB,
B KOTODHIX OOBEIMHEHLI M B3aMMOCBS3AHBI HOBBIC
SHEpPTeTHYeCKHe TeXHOJNOTUK. (DYHKIMOHATIBHAL
cxeMa TAKOTO KOMIUIEKCAa II0KasaHa Ha pHC. 2.

B 3akmioyeHue cieayeT OTMETHTb, YTO B
Poccum  CyniecTByeT OOBEKTHBHasd HeOOXOou-
MOCTH DasBHTHS PAacIpeleNleHHON SHEepreTHKH C
MCIIONB30BAHMEM MECTHEIX DHEPreTHYCCKUX pe-
cypcoB. DTO OGYCIOBIEHO HalM4yuMeM OOIIMPHBIX
TEPPUTOPHIA C HEpa3sBUTOM 3HEPreTHICCKOH HH-
(pacTpYKTypO, JOCTYIIHOCTBIO ¥ PaBHOMEPHOCTHIO
pacrpeneieHys MecTHEIX TOP, 9KOHOMIYECKOH
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M WHBECTUIMOHHOW IIPUBJIEKATEIbHOCTHIO, BBI-
COKMM PpOCCHMCKMM HayYHBIM M TEXHOJOTHYe-
CKMM TIOTEHIIMAIOM.

It co3maHusi COBPEMEHHOM W TEXHOJIOTHMYe-
CKM TIEPEIOBOM  pacrpelelcHHOH SHEepPreTHKU
HeobxomuMo pa3paboTaTe ¥ YTBEPAUTH Ha TOCY-
IAapCTBEHHOM YPOBHE CIEIYIONIYIO IPOrpaMmy
NEeHCTBMIL C YKa3aHWeM CPOKOB HCIIONHEHHS H
OTBETCTBEHHBIX HCIIOJNHUTENEH:

sapepuienne HVMOKP 1o co3maHuio 5KOJIOTH-
YeCcKM YMCTBIX TEXHOJOTHH Trasu(uKalny MecT-
mpix TOP u rasonmopmdeBsix MuHKM-TOL s1ek-
tpudeckoit MomrHoctsio 500, 1000, 1500 kBr;

ONTUMM3ALMA CTPYKTYPhl 3HEPrOTEXHOJIOIH-
YeCKHX KOMIUIEKCOB IJIS KOHKPETHBIX PETMOHOB
C Y4eTOM HX OCOOEHHOCTEH,

cO3JaHue MAallIMHOCTPOMTEJBHON 6ashl IS
BEIITYCKA 3JIEMEHTOB HOBBIX COBDEMEHHBIX TEXHO-
JIOTMIL: a/UTOTEPMUYECKUX Ia3M(pHKATOpOB, I~
neTusepoB, Toppedukatopos, MuHE-TOL, Ko-
TEJBHBIX ArPEraroB C IEJUIETHBIMM TOIIKAMU.

JIng KOOpOWHAIIMM M KOHTPOJA BBINOIHCHHA
paGor Ienecoo0pasHO CO3aTh TOCKOPHIOpPAIMIo
“PacmpeleneHHas SHepreTuka Poccuu”.
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SKCIMJTYATALUA,
i i MOHTAX U HANALKA

Cucrema ynpapjieHHS PeXHMAMH COBMECTHOH PaGoThHI
ra3oMoOpPIIHEBOH 3JIEKTPOYCTAHOBKH M IPOMBINLICHHONH CeTH

AvpekTop J1. B., fokTOp TexH. Hayk, Mapkog A. B., Cycnos B. A., mHXeHeps

O6GbeaAVHEHHBbIH WHCTUTYT BbICOKUX Temnepatyp PAH, Mockea

IpuBeneHB! pesyIBTATEL CTEHTOBBIX HCITHITAHWI CHCTEMEL ynpaslneHus:, obecnedmsaouieit co-
[JIACOBAHHBIE PEKUMBI PABOTEI TAa30IIOPIIHEBOM DHEPTETHYECKON YCTAHOBKHM C IPOMEIILIEHHOH
CeThl0 (TapajUiensHas pabora, PE3EPBUPOBAHHE, ABAPHHHBIE PEXWMEIL).

KmoyeBbie ciiopa: Majmas paclpeneneHHas SHEPreTHKa, TA30IIOPIIHEBAs YHEPTOYCTAHOBKA, CHC-

TEMa HMHTEJUIEKTYaJbHOIO YIIPABJICHHS.

B mocnennue romel 8 Poccum cymecTBeHHOE
BHHUMaHHE VIOeIAeTCs Mayloll paclpeneleHHoi
SHEPreTUKe, 4YTO OOBICHAETCS KaK SKOHOMMUE-
CKMMH, TaK M TEXHOJOTMYECKHUMH IIPUYMHAMH.
Bormbirtas 4acTh CTpaHBl He OXBayeHa IEHTPAIH-
30BaHHBIMH CETAMM. YUYUTHIBAS OTHOCHUTEIHHO
HEBBICOKHE TpeOyeMBle MOIIHOCTH IS O6BEKTOB
MaJIO¥l OHEPTeTHKM, CTPOUTESHCTBO IIPOTSDKEH-
Herx JIBTT m1d HUX SKOHOMMYECKH HeIeiecoo6-
Pa3HO B CBA3H CO 3HAYUTEILHBIMU KAITMTAIBHEI-
MH 3aTpaTaMH M moTepsaMu B cersx [1]. Kpome
TOTO, JaXe B KDYIIHBIX TOPOIaX M Meramojucax
CYLIECTBYIOIIME CETH M IOACTAHIIAM HE B CO-
CTOSIHMM YIOBJIETBOPHTH PpACTYLIM{ CIpOC Ha
3JIEKTPO3HEPTHIO,

DIICKTPOTreHEPUPYIOIHE  YCTAHOBKHM — MAJIOM
SHEPreTUKH MOXHO pasfesNuTh Ha TPH OCHOBHEIE
TDYIIIBL TPANMIMOHHEIE, MCIIOTB3YIONIME YITIEBO-
JOPOTHOE TOIUIMBO, YCTAHOBKH Ha BO30OHOBJISIE-
MBIX MCTOYHMKAX 3Heprud (BHUD) m TorummeHEBIE
ieMeHThl. HMCKOMPKO He yMasif HDOCTOMHCTB
YCTaHOBOK Ha BHWD M TOIUMBHBIX 3/1€MEHTOB,
OTMETMM, YTO CerogHs Hauboliee BOCTPeOOBAHEI
POCCHICKUM NOTpeOUTENEM B [IHANA30HE MOLI-
HOCTH OT HECKOJIBKHX IECATKOB [0 COTeH KWWIO-
BaTT TPagULUOHHbIE IU3EIb-T€HEPATOPHEIE yCTa-
HOBKM ¥  Ta30oNOpIIHEBbIE  BJIEKTPOCTAHIIMM.
PEIHOK TaKiX YCTAHOBOK NHHAMWYHO DA3BUBAET-
Csd, NPUYEM Hapsly C MPOAYKIMEH W3BECTHBIX
3apYOEXHEIX KOMITAHUM 3aMETHYIO SO0 3aHMMa-
IOT ¥ OTEYECTBEHHBIE YCTAHOBKM [2].

OuesuznHO, uyTo Haubonee 3DPEKTUBHA DKC-
IUTyaTalis ITOXOOHBIX YCTAHOBOK B COCTaBe He-
OOJBINMX JIOKAIBHEIX CETEH, KOTODEIE B 1ep-

" Pabota  BEITONHEHA npM  GMHAHCOBOM MOQNEPXKe TIpaHTa
POOU Ne 13-08-00781a.

CHEKTHBE MOTYT OBITh HMHTErPMPOBAHLI B EIH-
HyI0 3HeprocucreMy. IIpM 53TOM 3HaYWTEILHO
CHIDKAIOTCA KalMTallbHble 3aTPaThl M SKCIUTyaTa-
LIMOHHBIE DPACXONbl, ITOBLIINAKTCH HAIEXKHOCTH U
6e30MacHOCTh 3HEProCHAGKEHHS. DTH YCTAHOB-
KM MOIYT paboTaTh II0 KOreHepallMOHHOMY IIHK-
Jy W, YYWATEIBAZ HeOONBIIYID IIPOTSKEHHOCTH
TEIUIOBBIX CeTed, 0OecneyuBaTh NOTpeOUTENS Te-
IUIOTOM IIPM MAaKCHUMATBHOM CTEIEHHM WCIIOIb30-
BaHWs TOIUTHBA.

DhOeKTHBHAS peanu3alys TAKMX CXEM BO3-
MOXHa TOJBKO C IIOMOIIBIO COBPEMEHHOH HH-
TEJUIEKTYAIbHOM CHUCTEMBI VIIPABJIEHUS W JIMC-
NEeTYCPU3ALMK, OINPEACHAIONIE  OITHMAbLHEIE
PEXMMBI pabOTH  3NEKTPOrCHEPUPYIOIIUX YCTa-
HOBOK M JIOKAIBHOM CETM MNpU IIepEMEHHBIX
rpadHKax SHEPreTHYECKMX HaIpy30K [I0TpeduTe-
aew [3].

IlpuHATas B GOJBIION SHEPreTHKEe KOHILEMN-
LM UHTEIEKTYAIBHBIX — aKTUBHO-aNaNTHBHEIX
CeTEH axkTyalbHa W VISl PaclpeneIeHHON JHEp-
retuk. B Memopannyme o cosmaHmm u ges-
TEJIbHOCTH TEXHOJIOTHYECKOH ImiardopMbl “Ma-
Jag  paclpelelleHHasi SHEpreTHka”  pasBUTHE
HMHTEJUIEKTYaJIBHBIX CETeH M CUCTEM YIIPABJICHUS
(micro grid) ompemeieHo Kak OJHO M3 OCHOB-
HBIX HaIpaBIeHWH MCCIIENOBAaHUM M pa3spaboToK
[4]. Mx HasHayeHMe — OOGECIIEYCHUE COTIIACO-
BaHHOH DabOTBI MCTOYHMKOB 3JEKTPOIHEPTHH U
cetd. Ilpu mnapamwrensHolt paGoTe craHUMU c
IIPOMBIIUICHHON  CETBI0 CHCTEMa  YIIpABICHHS
AOJKHA O00eCIeYHBATE ABTOMATHYECKYIO CHHXPO-
HH3AIMIO C CETBI0 M IIPMEM HAarpy3KH, aBTOMa-
THYECKOE YIIPABIEHHUE T€HEePATOPHBIM M CETeBHIM
BBIKJIIOYATENIAMM, DA3NeNeHe aKTHBHOM M peak-
TUBHOM HArPy30K, aBTOMATHYECKOE MOMIepKa-
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Puc. 1. Cxema SNeKTPHYECKMX COEGNHHEHHII CHIOBOH 9ACTH CTeRIa

HHUE 9acTOTHl M HaIIPSKCHUS SJIEKTPOTeHEPaTo-
pa, IpeIyNpelIuTeNbHYI0 3alllUTy YCTAHOBKH U
CETH C TIOCTIENYIOIMM OTKIIOYCHUEM HArpy3KM WU
SMEKTPOreHEpaToOpa IIPH ABapHIfHOM CHTYAL[MH.
Cucrema ynpaBneHMS [OO/DKHA aBTOMATHYECKH
NOJIEPXKUBATE YCTAHOBJIEHHBIM IIpeie] MMIIOpTa
(aKCIIOpTa) 2/IEKTPOSHEPTHH M3 CETH, OCYIIECTB-
JSITh NEPEBON HArpy3KH C CETH HA IeHepaTop M
obpaTHO 6e3 06ECTOYMBAHUSA IIOTPEOUTEIIS.

B naHHOH craThe mnpencTaBieHBI pPe3YJABTATHI
CTEHIOBBIX MCIIBITAHMA CHCTEMBI VIIpABIECHUS
peXuMaMH SKCIUIyaTAUMHM OTEYeCTBEHHOM Tra3o-
NOPIIHEBOH  SJIEKTPOCTAHITUM, paboraomelf B
mapajienb ¢ IPOMBIIUIEHHON 3IIeKTpUYECKOit
CeThlo. MCIBITAHMS HPOBOIMIM HA KOMIDIEKC-
HoM crerne OMBT PAH [5]. B coctas oBopyuo-
BAaHHA CTEHJA BXOOAT: Ia30IOpIIHEBAd YCTAHOB-
ka (I'TIY) AI'-200 HOMHHAJIBHON MOIIHOCTBIO
200 xBr Ha 6ase pgsuratenrs SIM3-240 ITM2T
SIpocaBcKOro MOTOPHOIO 3aBOJA, CHCTEMA TION-
BOJA TIPUPOIHOIO rasa, CHCTEMBI HW3MEPEHMHIA,
AMATHOCTUKHM, yNpaBaeHUA. i MOIETMpOBaHMS
HArpy30K ITIOTPEOMTENS SHeprud CTEHI OCHAIIEH
UMHUTATOPOM AKTHMBHOM HAIPY3KH, IIPENCTABIISIO-
M cobod Habop kamopudepos CPO-99 (3
KOMIUIEKTa), KaXIblif M3 KOTODHIX HMEET TpH
HE3aBUCHMBbIE HarpeBaTellbHbIe CeKIM 1o 33 kBT,
¥ paCTIPeNENUTENbHbIM IIIUTOM [UIS YIIpaBIeHUS
AKTUBHOM HArpy3kod ¢ MHUHHMAJIBHBIM IIATOM
10 xBr.

Cxema mkada ynpapnenuss IV mapawiens-
HOM paboToli peanm3oBaHa Ha 0a3e KOHTPOJUIE-
pa ComAp IG-NT (Yexus), obecreqrBaIoniero
BKIIOYEHHE arperara B PEXUM IapaUlesIbHOM
paboThI ¢ aHAJNIOTHYHBIM arperaroM HIH C CeThIO
Yepe3 COOTBETCTBYIOLIME KOHTAKTOPEI, 4YTO TMO-
3BOJSIET MCIIOJIb30BATE CETh B KAYECTBE OIIOP-
HOM, a TaKKe IepepaclpeneNsaTh HArpy3Ky Mex-
Iy cetbio W reHeparopoM I'TIY. Koutpomiep no
nocnegoBaTebHOMY HHTep(delicy RS-232 coenu-
HEH C IEPCOHAIBHBIM KomIbploTepoMm [IK. g

OTIafKy paboThl CHUCTEMBI VIIPABIEHMSA IIpELy-
CMOTpPEHA BO3MOXHOCTbH TIOAKIIOYEHUS K IIMHAM
pacIipeeMTeIbHOTO yerpoiicTBa PV cTeHIOBOro
KOpIlyca  KOHTAaKTODOB InKada  yIpaBieHHs
(puc. 1). IlomkmodyeHue pealM3oBaHO Yepe3 aBTO-
MaTi9ecKMii BeIKOYatens BA8S-37, paccumran-
HbI Ha TpelenbHbli Tok 400 A, W moImyckaer M-
IIOpT (3KCHOPT) MOIIHOCTH M3 cetw no 200 xBr.

Yipapnsoomuii KOHTPOIUIED MOCTOSHHO OCY-
IIECTBISACT MOHWTODMHI 3JEKTPHYECKMX IIapa-
METPOB CETE€BOI'0 BBOJA M TEKYLIEH HArpy3Ku.
Ecnmu Texylnee 3HaueHWe HarpysKu IIpeBBIIIAET
MaKCUMAJIBHO MOIYCTMMYIO MOLIHOCTh IéHepaTo-
pa I'TIY, KoHTpowiep Jaer KOMaHIy Ha HMIOPT
9JICKTPOSHEPTHM ¥M3 TIPOMBIIUIEHHON CETH M Ha-
YHMHAET IPOLECC ABTOMATHYECKON CHHXPOHM3ALIIN
TEHEPAaTOPHON yCTaHOBKM ¢ cerhlo. [lo 3apep-
IIEHUH CHMHXPOHM3ALMM CEeTh IUIABHO Harpyxa-
€TCSL O pPaspeleHHOr0 YPOBHS MOIIHOCTH.

HJist HaCTPOMKM ITapaMeTpoB KOHGMHUIYPAIMK
KOHTpOJUIEpAa M yNpaBAE€HUS SHEPIOKOMILIEK-
COM IPUMEHSUIM YIPABISIOIMIYI0 IPOrPaMMy
InteliMonitor v. 2.6 xomnanum “ComAp Ltd.”
[6] (puc.2). Dra mnporpamma paboraer B8 OC
Windows 2000/XP/Vista/Win7 u o6ecrieunsaer
CIIEAYIOIME OCHOBHBIE (DYHKIIMH: WMHTEPHET-MO-
HUTOPHHT KOHTPOJUIEPA, IIDOCMOTP BCEX HM3Me-
PEHHBIX M BBIYHMCICHHBIX 3Ha4YeHWH, IPOCMOTD U
apXMBallAI0 3aITUCEH HCTOPHMM COGHITHM, peryau-
POBKY YCTaBOK KOHTpOJUIEPA, YCTAHOBKY M H3Me-
HEHME 11apaAMETPOB KOH(UIYpallii KOHTPOJLIEPA.

Hioke mNpuBeleHBl pe3yJIbTATHI  MCIBITAHUIL
CHCTEMBI YITPaBIEHWS:

1. Hcnwmanus cucmemvt ynpaenenus Ha Ouna-
MUYeCKUl npuem u pacnpedenenue Hazpysku. Yc-
TAHOBJIEH IIPMOPHUTET BBIHAYM MOIIHOCTH OT Ie-
Hepatopa ITIV.

PesynpTaTel  MCHBITAHMI —IpEACTaBIeHHl B
TabIMuEe, IIe IPUHATH CAENYIONMe o0003Haye-
HUA: N[[[y — OrpaHWYeHHE II0 MAKCUMAIBHOM
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Puc. 2. Buemmwii Bun mHopMAIHOHHOrO OKHA ynpapamomeit mporpammbi InteliMonitor v. 2.6 B PexHMe mapajlieNsHoi paboTsl (3aMK-
HyTel 002 KOHTaKTOpa)

NI NEZ= OTKIIOHEHUE YACTOTH
(ycraBka), | (ycraBka), | MNiuarps XBT | Nppy, XBT | Ngep, KB B IIEPEXOIHOM TIpuMedanve
kBT kBT npouecce, I'n
40 N 10 40 —30 DKCIIOpT B CETh
50 33 50 — 17 DKCIIOPT B CETH
50 66 50 16 Hmnopr 13 cetn
70 200 99 70 29 £0,01 WMIIopT U3 ceTH
100 99 100 —i] BKcTIopT B ceTh
130 99 130 —31 DKCIIOPT B CETh
100 50 100 —50 BKCIopT B ceTh
momHocte ITIV; NI OrpaHHuYeHye 10 YCTaHOBIEH IPHOPUTET BBUIAYM MOIIHOCTH OT
MaKCUMATbHOH MOIIHOCTH CeTH; Ny, — MoII- rexeparopa I'TIV.

HOCTh HAarpyskw; Npy — MOIODHOCTH IeHepaTo-
pa I'TIY; N, — MOIIHOCTb, OTHAHHAA B CEThH
(orbupaemas or cetm).

Bo Bcex pexumax paGoTel B IIapauieib C
ceThi0 IIpU Habpoce M cbpoce HArpy3KHM 4acToTa
ToKa Obuta crabwibHa. Ilpu Habpoce Harpysku
B Ipenenax ycTaBKHM reHepartopa [ITV nepexon-
HBIA IPOLECC CINIAXHMBACTCH 3a CUYET JAeMII(HpPO-
BaHWS BHEIIHEH CEeThIO.

2. Hcnbimanus cucmemvl YAPAGACHUS 6 DetCU-
Max 6bl0auu SNEKMPOSHEP2UU nompebumento ¢ umi-
mayuell agapuil (OMKAIYEHUs) & NPOMbIUACHHOL
cemu U asapuiinoii ocmanosku eenepamopa IITY.

OcHOBHBIE OTpaHHUYEHHS B IPOLIECCE MCITH-
TaHUH;

OTpaHMYCHNE MOIIHOCTU reHepatopa ITIV —
100 xBr;

OrPaHMYEHUE TIPENeJbHOM MOLIHOCTH, II0-
TPeOIAEMON OT CEeTH, — B 3aBUCHMOCTH OT pe-
XKWMa;

SKCIIOPT B CETh 3allpelleH.

ABapuiiHble pPEXWMBI MOIETMPOBATHA OTKIIIO-
YEHHWEM BXOIHOTO aBTOMAaTa CeTH (aBapmsi B
CeTH) M TIPEKPAIlCHHUEM IIONAYM IIPUPOIHOTO
raza K gsurareno ITIY (asapua TTIVY).

PesynbTaTel  MCIBITAHMI  IIpeJCTABIEHBI B
rpagpmyeckoM Bune Ha puc. 3. Ilpu Habpoce

R T S R TS
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Harpy3ku 100 kBt (pexuM 2) yacToTa TOKa re-
Hepartopa ITIYV crabwibna. Ecnmu Harpyska He
IIPEBBIIIAET IIPENCIBHYI0 MOIIHOCTh (OrpaHude-
HHe MOIIHOCTH) reHeparopa I'TIY u ummopr u3
CEeTH 3allpelleH, Harpysky oOecIleuyHBaeT reHepa-
top ITIY. TIlpu yBenwdeHWM Harpyske [o
140 kBt npu Tex Xe mapamerpax KOH(MUTYpalMu
KOHTPOJUIEPA IIPEBBIIEHUE HATPy3KH Hal yCTaB-
KO# komrmeHcupyer cerh (pexuM 3). CrymeHua-
TO€ M3MEHEHME IIPENENBbHOTO YPOBHS HMMIIOpTA C
maroM 20 kBt (pexumel 4, 5) He Hapymiaer
paboTy BCEH CHCTEMEL.

IIpuuyaurensHOE OTKITIOYECHME CETH (MMMTA-
Mg aBapuy B CETU — DEXUM O) SKBHBAJIEHTHO
Habpocy Harpy3ku Ha reHepatop [TIYV 40 xBr.
[Ipy 3TOM BCIO Harpysky obecreywBaeT IeHepa-
top I'TIY, yacroTa TOKa He BBIXOAWT 3a IIpefe-
JBl YCTaBOK M crabuimsupyercss uepes 2 — 3 c.
BoccranosneHue cetw (MMIOPT M3 CETH 3alipe-
IIeH — peXWM 7) He IPUBOTUT K HAPYIUIEHWIO
pabOTHL BCEeH CHCTEMEL

IIpu wmuraumu asapuu [TIY (npexpamieHue
nojayyd IMPHPONHOro rasa — pexuM &) ceTs
obecrieynBaeT Harpysky norpeburens. IIpm or-
KIIOYEHUHM CeTH, €CJId Harpyska Oojblue ycTa-
HOBJIEHHOH IIDENENBHON MOIIHOCTH TIeHepaTopa
['T1Y, cpabarbiBaeT 3ammTa OT IIPEBBULEHHUS IO-
IYCTUMOro ToOKa reHeparopa, M I'IIY ocrauas-
nmaBaeTcd aBapuiHO. IIpM ycTaHOBKe NpHOpHTE-
Ta BBITAYM MOUIHOCTH OT ceTH (remeparop I'TIV
— peseps) I'TIY noaxmodaercs, Korma Harpyska
NPEBEIIIAET YCTAHOBICHHOE OrPAHUYEHHE MM-
IopTa M3 CEeTHM WIH ITIpH aBapUM B CETH.

B zaBucuMocTH OT TIpad@MKOB W3MEHEHMS
HaIrpy3KH II0TpeOHTENS, 3HAYEHMI U CTPYKTYDHI
cereBoro Ttapuda (oObYHBIH wiu gudbepeHIH-
POBaHHBIA IO BPEMEHM CYTOK), YPOBHSI MOIIHO-
crt B KITA TTIY npm 4YacTHMUYHBIX Harpyskax
ONTHMMAJIBHOE paclipefefieHNe MOIIHOCTH MEeXIY
ceTbl0 U reHeparopoM I'TIY MOXKET M3MEHITHCA.
[TapameTpel KOHOUIYpauud KOHTPOLIEPA MOIYT
H3MeHAThcAd 0e3 orwmioveHus I[TIY um ceru, B
TOM YHCJIe B pEXUME YIAJeHHOTO IOCTyNa, 4TO
MO3BOJIIET PEaIM30BHIBATh AMHAMUYECKOE pac-
IpefesieHUe Harpy3kd M1 HOCTHDKEHWS OIITH-
MaJIbHBIX DEXMMOB 9KCIUIYaTAIlMM C IOMOIIBIO
ONTHMHM3aLIMOHHBIX IIPOrPaMM BEPXHEIO YPOBHS
(7, 8].

Brisonpi

1. CucreMa yIhpaBneHds II0Kasajga CBOIO
DYHKIIMOHAILHOCTE M HAJEXHOCTh KaK B DeXH-
Max C NepeMEHHOM Harpyskoi, Tak M IIpH BO3-
HUKHOBEHHWM ABApUHHBIX CHUTYallMil, o0ecrieumBas
becriepeboitHoe DIEKTPOCHADKEHHME IIOTPEOUTEIIS.

140
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Puc. 3, T'padukn H3MeHeRHMs AKTHBHON MOIIHOCTH:
A — Harpyska morpeburens; B — MOIIHOCTb reHepatopa I'TIV;
€ — momHocTs cetH; pexuMsl: | — samyck I'TIY u nporpes B
PeXME XQJIOCTOro Xona; 2 — Harpyska — 100 kBt; 3 — uarpys-
ka — 140 xkBT; 4 — Harpyska — 100 kBT, orpaHnuenue HMMIIOpTA
u3 cetn — 20 kBr; 5 — Harpyska — 100 xBt, orpaHuueHme um-
mopra u3 ceth — 40kBr; 6 — oTKmOYeHHe ceTH (aBapus B
cetH); 7 — Harpyska — 100 kBT, UMNOpT M3 ceTH 3ampenieH;

& — marpyaka — 100 kBT, MMIIOPT M3 ceTH 3alpelleH, OTKIIoYe-
Hue I'TIY (aBapua I'IIY)

2. Ilpy yCTAaHOBNEHHBIX TApaMeTpax 3allUT
CUCTeMa [IOITyCKAeT IIEPEXOAHBIE PEeXHMBI IIPH
Habpoce/cOpoce Harpysxku mno 40 % HOMWHAIL-
HOU 6e3 BBIXOJAa YaCTOTHI TOKA 3a IIPENENEl pa3-
DElIeHHOr0 IHATIA30HA.
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HutennekTyaisubie pacnpeneutenbsasie cetn 10 — 20 xB
C TeKCAroHaJIbHOH KOH(pUrypauuei

Nockytos A. B., noktop TexH. Hayk, CocHuHa E. H., kaHO. TexH. Hayk,
JlockyTtoB A. A., 3bipuH [l. B., acnupaHTbl

Hwkeropoackuii rocynapcTBEHHbI# TEXHWYECKU YHUBEPCUTET WM. P. E. AnekceeBa

PaccMOTpeHa 3agaya IIOCTPOEHMSI HOBOM KOHQUIYpAUMH pacTipeieiurTeNbHbix cetedt 20 xB.
ITpeUIoXeH sl TIPHHIMIE (GOPMHPOBAHUSA TeKCATOHANBHBIX CETEH C AKTUBHO-afanTHBHOM CHC-
TeMOH YTIpaBNEHMS Y3laMH Harpy3ku. IIpuBefeHbl pe3ylbTaThl MOJEIWPOBAHHS CETEH B IIPO-
rpamme Matlab Ha mpumepe pacrpenenurenbHbix cereit Hukuero Hosropona.

KmoueBble cI0Ba; TeKCArOHANbHAs KOH(GMIypallMs paclpenesMTeNbHBIX CeTel, aKTHBHO-anar-
TMBHAS CHCTEMa YIIpaBleHWs, paBHOMepHO pacrpeneneHHas ceth 20 kB, PLC momem, mHTEp-

deiic, MHTE/UIEKTYaNbHBIE CETH.

B coBpeMeHHBIX TOpOJax C HaceJIeHHEM
] Mt 9en. W GoJiee YAcTO BO3HMKAIOT Ipobiie-
MBI JIEKTPOCHAOXKEHMS, CBS3aHHBIE C IIOCTOSH-
HBIM yBEJIMYEHHEM HArpy30K, HECOOTBETCTBHEM
cereBoif  MH(MPACTPYKTYPHl  IIOTpPeOHOCTAM B
37IEKTPUYECKOM SHEPTMM M MOIIHOCTH, 3HaYH-
TenpHEIMK (I0 16 %) moTepsiMH SIEKTPOSHEPIHH
B pacIpenejMTeNbHBIX CETIX, GU3UYECKUM WU
MOD&JIBHBEIM ~ M3HOCOM  3JIEKTPOOOODYIOBAHMSL.
OTcyTCcTBHE B CYIIECTBYIOIIMX DPacCIIpeNeIUTeIb-
HeIX cersix 6 — 10 kB BO3MOXHOCTH DPEATH3AITMH
ABTOMATHYECKOI'O VIIPaBIECHMS pacipeleleHueM
1 IoTpeGiIeHWeM 3JJEeKTPOSHEepPIMM Ha  BCeX
YPOBHAX HAIpPsDKeHUsT OOYCIOBIMBAET TEXHUYE-
CKMI TIpelell MCIIOB30BAaHUA CHCTEM IIUTaHHUS
¥ pacmpelefieHus] M KaK CIEJCTBHE — CHIDXKe-
HUe HaJeXKHOCTH 3JIEKTPOCHAOXEHHUS IOTpedHu-
teneit u aBapuu. Ilepexom ot cereit 6 — 10 kB x
cetam 20 kB ¢ pamMamrbHO-MarMCTPaIbHOM KOH-
durypaipeir He MACT OXMIAEMBIX PE3YIBTATOB.
HoBoe HampapleHHEe — CO3JaHUE MHTEIUIEKTY-
anpHBIX ceTeil (Smart Grid) — npexycMaTrpuBaeT
MOJIEPHHM3AIIMIO BCEH OTpacid 31eKTPOdHepreTH-
Ki, B IIpoOllecCce KOTOPOM HOJDKHEI OhITH pemnie-
HBEl CJeIyIoIIe OCHOBHBIE 3aIayu:

obecrieyeHre W TIOBBINIEHHE HAOEXHOCTU
pacTpeneIuTeIbHON CeTH,
ABTOMATHYECKOE  VIIpaBlEeHHE  3JIeMeHTaMH

CeTH IO AaNallTUBHBIM AaJlTOPHTMaM;
yIpaBleHHe PEeXUMaMHM CeTH U JOKaIHM3aIlvs
TIOBPEXIEHUIH.

EmuHasi TexHoJormueckas M HHQOpMAIMOH-
Has 1wiaropMa IO3BOJSIET IIEPEHTH OT XKECTKOM
paManbHO-MarkuCTPaTbHON ApXUTEKTYPEl CETH K
fosiee TMOKOM alamTUBHOM PaBHOMEPHO pacIipe-
IIEJIEHHOM CETH, IIpM 2TOM KaXIbIi ee y3el fAB-
JIeTCd aKTHBHBIM 3JIEMEHTOM, IO3BOJIIOIIMM
nepekKoHMUrypupoBaTb CETh B COOTBETCTBHUH C
ONTUMAJIBHBIM peXHMOM paboTel. IIpmmepom
TAKOM CETH CIIVKMT PaBHOMEDPHO paclIpeleseH-

Hag 2JIEKTpUYECKas CeTh I'eKCaroOHaJIbHOIO THUIIA
(puc. 1), mnosBoigIOlasd peanr3oBaTb KOHLEI-
LMI0 THOKMX pacrpeleNuTeTbHbIX ceTei [1 — 3].
IexcaroHaJgbHasE CETh — 93TO COBOKYIIHOCTb TEp-
PUTOPHAIBHO DPABHOMEDHO DACIIPEIEIeHHBIX Y3-
JoB Harpy3kd (YH), COGOMHEHHEBIX MEXIY CO-
00t NPOBONHMKAMH  ONMHAKOBOIO  CEUEHMS,
MMeIolIasg TOIIOJOTHIO B BM/IE NPABWIBHBIX IIEC-
TUYTOJIBHUKOB (coTOBast KOH(MuUrypauus 3JeK-
TPHYECKOH CETH).

[Ipy IIOCTPOEHWM TaKO# CeTH HeobXOIMMO
OTIpele/IUTh €€ INar, T.€. PACCTOSHHUE MEXIY
VH (pacnpenenuTelbHBIMEH ITyHKTamMmu — PII).
BriGop 1mara ceTd MeXHy IIOACTAHLIMSIMM Ha
OCHOBE IUIOTHOCTHM HAarpy3KM IIO3BOJISIET CB3aTh
KOJMMYECTBO M MONIHOCTh TpaHc(hOopMaTopoB Ha
PII ¢ 1wromampio paccMaTPUBaeMOM TEpPPHUTOPUH
ropoma. Mcxomg u3 3TOro, miar ceru (puc.2)
PACCUMTHIBAIOT IO Clenylolleid dopmye:

_ 4®rop _ 4®ropSPH - 4®ropSTn"[r'.y:ma, (1)
3«,@]’11:1-1 3“/§Spa{:q 3‘/§Spacq

rae d — Imar CeTH, KM; Spycq — DPacdeTHas Mol-
HOCTH TOTPeGIEeHNS 2IEeKTPOSHEPTUU PACCMaTPU-
BaeMoro paitona, MB - A; ©,,, — IUIOIIaxk pac-

\‘\“‘-
>3
e "//
. i
il -
? 11 -

Puc. 1. CTpykTypa reKcaroHAJbHOH pacnpelennTe]NbHOH ceTH pa3-
HbIX YPOBHeH HANUDDKEHHA
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Puc. 2. Cxema BoiGopa mara ceru

- . — BBIKJTIOYATENE B XOJIOOHOM pe3epBe
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Puc. 3. Ilpnmep OpraHM3aIMM CXeMbl JIEKTPOCHACKEHHA (IMTAIOMHE NOACTAHIMH H pacnpenenuTenbabie myHKrsl 6 — 10 kB)

CMaTPHUBaeMOIl TEPPHUTOPHH TOPOIa, Iﬁ\dz; Rprp —
yucno PII; Spq — emummgnas mommocts PII,
MB - A; n.';.wm — 4YHCI0 TpaHchopMaTopoB, Imi-
rajomuxcsd or PII; S, — emuHuyHas MOIIHOCTH
Tpancopmaropa, MB - A.

Ecnu nmpencraBute  “mokpeiBaemyo”  VH
IJIoLank B BHAE DPaBHOCTOPOHHEIO TPEYrOJbLHU-
Ka, TO B €ro mnpenenax paccrogame or YH 1o
noTpebuTens OyoeT BCerma HaMMEHBIIIVM.

CymiecTBylomiieé MHOTOKPATHO PEKOHCTPYH-
PyeMBbIE TOPOICKME pagualbHBIE paclpeIein-
TeJbHBIE ceTH wuMelT Mexmy PII 6 — 10 kB
OoyipIIOE KOJNWYECTBO Ppe3epBHBIX CBA3eH (pe-
3ePBHBIX IIEPEMBIYEK), KOTOPhIE B HOPMAIBHOM
peXuMe OTKIIOYEHHB! (pHcC. 3), IIOCKONBKY IIpU
aBapWsX IIEPEMBIYKM YacTo He 00eCclIeUrBaIOT
II0CJICABADUIWHEIN peXHM, M HaIeXKHOCTH CeTH B
WUTOe HHU3KAas.

YYacTHUKM MHOTOYMCICHHBIX IUCKYCCHH O
[IepeXofe B DACIpPENeTUTENIbHBIX CETAX Ha Ha-
npsokeHre 20 kB He NpHXOZAT K KOHCEHCYCY B
peLIEHUM BOIpOca, Kakue KOHMUIYpaluyd cerei
Oparb 3a ocHOBY. IlpuMepoM 3apybexHOro
oneiTa coopyxeHusa cereir 20 kB asagerca cxe-

Ma pacnpeienurenbHol  cetw  [lapwka (oM.
puc. 4), B KOTOpPO# MCIIOIB30BAHBEI KOJBIEBbIE
IIEPEMBIYKH I PE3ePBHPOBAHMS.

[Tomck pa3HOOOpA3HBIX CXEMHBIX peINeHMI
HallpaBJIeH Ha CO3aHHMe CXEeM, IT03BOJIIIOIINX
aBTOMAaTHM3MpOBaTh IPOIECC YIIPABIEHHS WMH.
B npemraraeMbIXx HAMH TreKCArOHAJBHBIX CETAX
MOXHO pEUIUTh 3Ty IpobieMy M TepedTH K
YETKOM CHCTEMHOH KOH(WIypalliM CETH, B KO-
TOpOX Bce KabenbHble JuHMM Mexny PIT Haxo-
narcst B pabore, a camu PII rmraiorcs 1o Tpem
JUHUAM. DTO JaCcT BO3MOXHOCTb CHENATH CETh
Gonee rHOKOM K BENCHWIO DEXUMa M YBEIHIHTH
HaJIeXkHOCTb  3JIEKTPOCHAOXEHHUS ITOTpeOHUTeIeH,
Kaxmplit ysenm B reKCaroHalIbHOW CETH — VHU-
BEPCAJIbHBIA, CJICIOBATENBHO, AITOPHUTMBI YIIpaB-
JICHUSL TaKMMU Y3JIaMU TOXE VHHBEpPCAJbHEL

Ilpn mepexome K TeKCATOHAIBHBIM CETIM
CHeyeT YYUTHIBATh BO3MOXHOCTE IIAPAJUIETBHOM
paboTHl MUTAIOIKX HCTOYHMKOB. DTO IPUBOIHUT
K yBemmgenuio TokoB K3 (TK3), uro memomyec-
TUMO Ul HEKOTOPBIX YCTPOHCTB HCXOHS H3 yC-
JIOBHA OOeCreYeHHI IUHAMMYECKOH VYCTONYMBO-
cti. Kpome Toro, mnd MHXKEHEPHOro pacyera
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Puc. 4. Pacnpenenurensnas cers Ilapika (passersnennast cerb HH nmraerca or Marnerpamehodi jmmmu 20 kB):

1 — tunosag moxacranuua CH/HH; 2 — nudedHEI! BHIKIOUATENh; J — TONOBHHA MaructpanbHod muuaum CH; 4 — motpeGurens
CH; 5 — passernnenHas cetb HH; 6 — pacnpenenvrenshuele Kopo6ku ceteit HH (Ha yrrax ymum); 7 — NOAKTIOYEHMS ceTell 3naHMH

TK3 B rekcaroHaJbHBIX CETAX HEIPHEMIEMEI
CYIIECTBYIOIIHME MeTOOMKM. B  melicTByiomieM
TOCT P 527352007 “KopoTkue 3aMBIKaHHI B
9JIEKTPOYCTAHOBKAaX. MeToOsl pacyeTa B 3JIEK-
TPOYCTAaHOBKAX IIEPEMEHHOTO TOKa HaIpsDKeHH-
eM cBrime 1KB” comepXuTcsi MHXEHEpHas Me-
romuka pacuera TK3 B paguanbHBIX CXeMax.
s Gonee CIOXHBIX CXeM IIPUMEHSIIOT METOBI
KOHTYPHBIX TOKOB M V3JIOBBIX IIOTEHLMAJIOB
[4, 5]. Ogmako naHHBIE METOAMKU YIOOHO WHC-
IIOJIK30BAaTh B HAyYHBIX HCCIENIOBAHUAX, HO HE
IpHA  BBEIOOpPE TIEKCArOHAILHBIX PACTIPENETUTEIb-
HeIX cerei. [losToMy OBUIa ITOCTaBlIeHA 3ajaya
CO3MaTh ONTHMAJIBHYI0O METONUKY MHXEHEPHOIo
pacuera TK3 B 3THX ceTdx, a TakXe OIpene-
JIUTh KX ONTHMAIBHYIO KOH(UTYpaIHIO.

C menpl0 MCCNENOBAHUS DPEXUMOB pabOTHI
TeKCaroHaJIbHBIX CeTe paspaboTany OTHOIUHEeH-
Hele Simulink-mMomemu cetw mis pafioHa Hiox-
Hero HoBropoma, HMMEIOLIEro CPeIHIOK ILIOT-
HOCTh Harpysku 9 MB -A/mz. ITapametpel ceTH
IpH PasIHYHBIX pPEeXMUMaX pPaCCYUTHIBAIM IS
pabouux smHeiHbx Hanpsoxkenmid 10 u 20 xB.
IMuraronye y3asl 3afaBald HMCXOAS M3 BO3MOX-
HOM TIepCNEKTUBELl Pa3BUTHA TOPONCKOM CETH
BBICOKOIO HATIPKEHHUS.

B psme MopmeneM I HIDKEHEPHOrO pacuera
TK3 B rekcaroHaJbHBIX DPaclpeleMTeNbHEIX Ce-
TAX MCIIONB3YeTCd YIpoUIleHHAass Merojauka. Ha
puc. 5 TipuBeneHa SKBMBAJIEHTHAs CxeMa 3aMe-
IIEHUS TIEeKCArOHAIBHOW CEeTH, UL MHOCTPOSHUS
KOTOpOM HeoOXomuMO Ha rpade oT Kaxkmoro uc-
TouHuka nraHus (MII) onpegenuts MHUHM-
MajJbHOE pacCcTOsHME N0 Touku K3, T.e. gucio
JTMHMA N; eIMHWYHOH JUIMHBL (paBHBIX LUary
cetr). Tok K3 i-ro ysma paBeH TOKy g3, pac-
CYMTAHHOMY IT0 JKBHUBAJIEHTHOU cxXeMe 3aMele-
HHS COINIACHO hopMyne

n
E;
Ixz= =l ) )

n 1 -1
B o—
. i=l ZCHCT +ZiNr‘

rne E; — HanpsokeHue i-ro nuraioouiero ysna, B;
N; — 4HCIIO eNUHWYHBIX JUHUK i-H 3KBHBAJICHT-
HO# BeTBH; k£ — Ko03hbdHIMEHT BEeTBIESHUT, YIH-
THIBAIOIIHI yaaTeHHOCTs Touku K3 oT Ommkaii-
mero WII; Z.,.. — 9KBHBAJICHTHOE COIIPOTHBIIE-
Hue cucremsl, OM;, Z; — COIPOTHBJICHHUE

]
eMUHIYHOM JIMHUK, OM.
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Puc. 5. Pacuernaa cxema TK3 B rexcaroHajJbHbIX CeTAX

Puc. 6. CxeMuoe upeicTabieHHMe €IHMHONH CeTH, COCTOSIIEH M3 OTIENBHBLIX 30H

Pacuer TK3 B KOMIIBIOTEPHBIX MOJEIAX pas-
HBEIMH METOAaMH TMOKa3aJl, 4YTO HX 3HaYCHHA,
OTIpefeIeHHbIe II0 VIPOIUEHHONH WIDKEHEPHOH
METOAWKE, HAXOOATCS B Mpemeiax S5 %-HOoH IIo-
TPEIIHOCTH OTHOCHTEJNBHO pE3YJIBTATOB, IIOJY-
YEHHBIX B MMMTAIMOHHOM MOJIENH U BBEIYHUCIIEH-
HBIX MATPUYHBIM METONOM CHHIVISIPHBIX BETBEIl.
Taxcke ycraHOBNIEHO, 4TO 3HaueHus TK3 mnpum
YUCJIE THMTAIOUIMX VY3JI0B B CETH bonee IBYX
IIPEBBINIAIOT  KOMMYTAaLlMOHHYI0  CIIOCOOHOCTh
Beiogaresieit 10 (20) kB, BememcrBue yero
BO3HMKAET HEOOXOIMMOCTh YCTAHOBKHU TOKOOTDA-
HUYMBAIOWMX PEakTopoB B IelMu “TpaHcdopMa-
top 110/10 (20) KB — IOMHBI THTAIOINETO Y374
10 (20) xB”.

B xome sKCrepMMEHTOB BBIABICHEI CIEIYIO-
1Me (GakTophl, BIMSIONIME Ha 3Havenue TK3 B
TeKCAarOHANBHBIX CETIX:

KOH(UIypauusi CeTH,

yyucao napaientHo paboraromux HWII;

EMMHIIHAS MOIIHOCTE ITMTAIOINEr0 VCTOUHMKA.

Psg Mopene#t rekCaroHaJbHOM CETH IPSMO
IpuUBA3aH K “dopme” ropona, YTO HETaTUBHO
OTPAXKAETCS HA TOIOJOTHMU CETH. IOABILIIOTCH
YYaCTKM CO CJIaDBIMM  CBS3SIMM, IIpHYEM C
YMEHBIIEHWEM IIIara ceTH TaKHX 2JIEMEHTOB CTa-

HOBUTCA Ooiblne. PanumoHanbHEe MCIOJIb30BATh
CeTH SUIMMITHYECKOW (OpPMEI, KOTOPEIE MOXHO
[IOJIyYUTh, TIONENUB ENWHYKD CETh Ha 30HBI
(puc. 6), MMeIOIIMe pe3epBHBEIE CBS3M (M0 Ka-
OeMbHBIM JHMHUAM) B TopsdeM pesepBe, [laHHbIe
CBA3H IIO3BOJIAT IIMTaTh MOTpeOUTENEH OT Ccocel-
HEHW 30HBI IIPU IIOTepe Y HMX WCTOYHUKA IIATa-
130%0:8
ITepexon OT eAMHOM CeTH K CETH, COCTOSI-
e M3 OTHENBHBIX 30H, IIO3BOJISIET CHU3UTH
yposeHb TK3. Kpome Toro, mosgsigercs BoO3-
MOXHOCTh HCIIONB30BaTh KabGeNbHBIE JIMHHH, CO-
ENUHAIONINE PACIIPENEIUTENbHBIE TYHKTE, MEHb-
IET0 CeYeHHs .

YMeHbIIEHHE EMMHUYHON MOIIMHOCTH ITWUTAIO-
IIAX Y3JI0B W IIPHMEHEHWE OIHOIO IIOHIDKAKO-
urero Tpa”cdopmartopa 110/10 (20) xB cHipkaer
PHUCK DAaCIIPOCTPaHEHUS aBapuil IpH IOBpPEXKIE-
HusaX. Hapsamy ¢ stuM B OTHENBHEIX  30HAX
MOXHO 00Jiee TOYHO YYHTRIBATH YPOBEHHL 3a-
IpY3KM paifoHa, a yMEHbIIAs IIar CETH, IIOBHI-
CUTh €€ TMOKOCTB.

I'excaroHanpHass pacrpefeilMTeNlbHAsS CETh, B
y3JIax KOTOPO# IPeIlloNaraeTcsi paclioyiaraTh
MHTEJUIEKTYIbHBIE — LMGPOBBIE  ITOACTAHIIVHY,
HMeeT YeTKWe alNropuTMBl VIIpaBlIeHHs, oblnee

=T = - B T « s I~ Y~ B«
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Puc. 7. Emunoe nHbOPMADMOHHOE KOPUOPATHBHOE CeTeBOE NPOCTPAHCTBO TIEKCATOHANbHOH CeTH

KOpIIopaTuBHOe MHGOPMAUMOHHOE IIPOCTPaHCT-
BO, KOTOpOE MCITOJIB3YyeTcs Ui LeJeil yIpasie-
HHUS, 3alIUThl, MOHUTOPHMHIA, TIO3BOJNAET CHENATH
ee O04eHh THOKOM, YTO 3HAYUTEIBHO IIOBBICHUT
KAa4ecTBO M HAJEXHOCTh 3JIEKTPOCHAOXCHMS II0-
TpebuTeneit (puc. 7).

Co3gaHye IeKCaroHANBHBIX pacIpeleIuTe b
HBIX ceTel CIIOCOOCTBYET peanu3aliyyl aBTOMATH-
YecKOro YIpaBieBus paclipele/IeHHeM H 1oTpeb-
JIEHHeM 3JIEKTPOSHEPTUM, BEIBENCHWIO SHEPIeTHKH
Ha HOBHIH YpOBEHb, COOTBETCTBYIOIIMH COBpE-
MEHHBIM MHPOBBIM CTAHOApPTAM ¥ 3aIpocaM II0-
Tpebureneit. Peaymsanms rekcaroHaJbHBIX CETEH
BO3MOXHA TOJBKO IPH HMCIIOJIB30BAHUM 0OO0pY-
IOBAaHMA V370B HATPY3KH C HU(POBBIM VIIPaB-
JIEHHUEM.

Cnucox auTepaTypbl

1. Jloexyros A. B., Cocnuna E. H., Jockyros A. A. Ho-
BHIH TMOJXON K ITIOCTPOEHMIO 3JEKTPHUYSCKHX PacIIpelns-

MUTeNbHEIX ceTedl Poccun. — Hayuno-TeoperTMyeckuit
xypHan “Becthuxk BITY wuM. B. T. Ilyxosa”, 2011,
Ne 3.

. Jlockyros A. B., Cocuuna E. H., Jlockyros A. A. Tomno-

JIOTHSA TOPOACKHX PAacCIpENeNIUTENbHEIX HHTEIUIEKTYalb-
HBIX 3exkrpuucckux cerei 20 kB. — Ilpomreiumensas
oHepreruka, 2012, No 5.

. Tar. 118133 P®, MIIK’ H02J 3/00 (2006 01). Cucre-

Ma mepepauM anexTpudeckoit sxeprmu / A. B. Jlocky-
ToB, E.H.CocHunua, A.A.JlockyroB. — Omybn. B
6rom., 2012, Ne 19.

. TOCT P 52735—2007. KopoTKue 3aMBIKaHHUS B 3JEK-

TpoycTaHOBKax. MeTonpl pacyeTa B 3JIEKTPOYCTAHOBKAX
TNepeMEeHHOro TOKA HalpsokeHueM cBbime 1 kB.

. PII 153-34.0-20.527—98. PyxoBomsiume yKazaHusa II0

pPacyeTy TOKOB KOPOTKOTO 3aMBIKAHMS M BBIOOpPY 3JIeK-
TpPooOOPYROBAHKA.
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JIByXKOHTYpHasd CcHCTeMa CcTadmim3anun (peryidpoBaHMs)
YacTOThl BpANIEHHs IeHepaTOPHOI0 arperara ¢ KOMIEHCHDPYIOHIEH CBA3BIO
N0 AKTHBHOMY TOKY HArpy3KH

Xeatos O. C., noktop TexH. Hayk, Kopobko WM. T., JlebeneB B. B., uHXeHepbl

®BOY BNO “Borxckas rocyaapcTBeHHas akajeMus BOJAHOrO TpaHcnopTta”,
Humxuuii Hoeropopg

JdapbeHkos A. b., KaHO. TexH. Hayk

Gre0yY “HwkeropoOckuii rocyoapcTBeHHbli TexHu4Yeckmii yHusepcuter um. P. E. Anexkceesa”

PaccMoTpeHbl BONDOCH TOANEPXKAHMS YACTOTH BpAIUEHHWS IH3eIb-TeHepaTOpHOIo arperara,
IMpoBeneH aHaNHM3 IBYXKOHTYPHOH CHCTEMEI ee CTAOMIM3ALMK C MONYMHEHHHIM KOHTYPOM pe-
TYIUPOBAHNS TIOJOXEHHMA TOIUIMBHOM pelky mu3ens. ITocTpoeHa MOOENb DPEryJasTopa 4YacTOTHI
BpALIEHMs [IM3e]b-TEHEPATOPHOIO AarperaTa ¥ BHIIOJHEH BHIOOD ero ONTHMANBHBIX IMApaMer-
poB. IlpencTaBieHsl pe3yJILTATH MONEIMPOBAHKA DPabOThl PETYAATOPa B PasiHMYHEIX peXHUMaXx.

KmoueBble CJIOBA: cHCTeMa CTaOHMIM3ALMM, PETYIATOP YACTOTHI BpPALICHUS, IOJYMHEHHOE pery-
JMMPOBaHME, AWHAMIYECKMI pEeXMM, KOMIIBIOTEpHAS MOIENE.

CoBpeMEHHbBIE TE€HEpAaTOPHBIC arperaTel (Iu-
3eNbHbIe, OGEH3WHOBBIC, Ta30IOPIIHEBEIE) OCHA-
MIAIOTCSI  3JEKTPOHHBIM  PEryJISTOPOM  4acTOTHl
BpalleHHsa, KOTOPHIH 4Yepe3 YCWIMTEIb MOIIHO-
cTi yrpaBisieT pabotoil axTyatopa. IlocmemHuit
B CBOI0 OdYepelb DEeryjiupyer nonady TOIUIUBA B
TIPUBOMAHOM JBUTATeNlb, W3MEHSS TEM CaMbIM
MOMEHT Ha €r0 Baly K YacTOTy BpalleHHs ar-
perara. Takas 3aMKHyTad CHCTEMa DETYIHPOBa-
HHg o0ecIeYrBaeT IMOAMIEPXKAHHE IIOCTOSHCTBA
YAaCTOTHl BpAIEHHUA IE€HEPaTOPHOro arperara (c
LIEeJIbI0 CTAOWIM3aITdM YacTOTHl BhEIpabaThIBAEMO-
ro HanpsokeHus) Jmbo ee  peryivpoBaHUE II0
onpeneieHHOMY 3akoHy [1].

CyIecTBYIOIIHME CHUCTEMBI CTabMIM3alMy dac-
TOTHI BpallleHWs OTIMYANOTCI KaK IO MPUHLMITY
TIOCTpOeHUS (UU(pPOBEIE, AHAIOTOBBLIE, TUOPHI-
HbIE), TaK M IO CTPyKType. B ItocnemHee BpeMs
Haubosee pacnpocTpaHeHbl ITUGPOBEIE CHCTEMEI,
B KOTOPBIX C IIOMOIIBIO MMIIYJILCHOIO IaTYMKa
MOMy9aloT HMHMOPMALIMI0O O 4YacTOTe BpalleHMS
reHepaToOpHOro arperara. B OOJBIIMHCTBE CIIydaeB

MMpUMEHAeTCA OTHOKOHTYpHAas CHCTeMa peryiu-
posanus ¢ ITHI-perynsropoM YacTOTHI Bpaiile-
Hus. OmHAaKO B CBA3H C YXKECTOUEHHEM Tpebo-
BaHMA K TOYHOCTH TIONIEPXKAHHMA  YACTOTHI
BpAallleHHs, OCOOEHHO B IMHAMHYECKUX PEXH-
Max, TOSIBIIMCH IBYXKOHTYPHBIE CHCTEMEI, HC-
MOJNIB3YIOIIME TIPHHIMI ITOMYMHEHHOTO peTyiIH-
poBaHKs. B HWX BHEIIHHM OCTAeTCS KOHTYp
peryIUpOBaHMsA YaCcTOTHI BpallleHWs, a BHYTPEH-
HUNA 3aMKHYTEIA KOHTYpP PECYJIHUPYET IIOJIOXKCHUE
TOIUTMBHOW pEeWKM, XEeCTKO CBI3aHHOE C YIJIOM
IOBOPOTA Bajia akTyaropa (B Ka4yecTBe CHTHAJA
00paTHOIT CBSI3M B 3TOM KOHTYpPE MCIIOJIB3YeTCs
uHdopMaIugd, cHUMaeMas ¢ [aTYdKa VyIjia IIo-
BOpOTa Bajla aKTyaTopa).

Ha puc. 1 nokazaHa cTpyKTypHag cxeMma ax-
Tyaropa. DJIeKTPOMArHUTHAasE YacTh IIPENCTaBIIe-
Ha alepuoNuYecKuM 3BEeHOM ¢ KoshduimeHToM
k, ¥ DBIEKTPOMArHWTHOM IIOCTOSHHOH BpeMEHH
T,. Ha Bxom 3BeHa IIOCTYIlaeT CHUIHAJ, DaBHBIH
PasHOCTH HamnpsikeHus Bo30yxneHusa U, u 1po-
THBODIC E, ompenensdeMoll CKOpPOCTBIO IIOBOpPO-
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Ta Baja akryaropa. Ha BeIxonme 3BeHa (opMHpY-
ercs 3JIeKTPOMAarHUTHEIM MOMEHT M,, M3 KOTO-
pOro BEIYMTAETCS MOMEHT COIIPOTHBJIEHMS BO3-
BpaTHOM TIPYXMHEL M, a pe3yIbTUPYIOIIHiA
MOMEHT IIPMKJIAIBIBAETCA K HHTEIPHUPYIOLIEMY
3BeHy ¢ KoadduumenroM k,. Popmupyemas Ha
BEIXOIE 9TOrO 3BeHa CKOpPOCThL I[IOBOPOTA Baja
akTyaropa o IpeobpasyeTrcs IIPONOPIHOHATIb-
HBIM 3BeHOM C KoahduimeHtoM C, B IPOTHBO-
BDJAC ¥ MHTEIpUPYIOIIAM 3BEHOM — B YTOJI IIO-
BopoTra Baja o. Tak Kak 3HaYeHWe yIia
IOBOpOTa Bajla aKTyaTopa JIHMHUTHPOBAaHO, Ha
ero BHIXOZE VYCTaHOBIEH orpaHuuurens OIP.
ObparHasg CBS3b II0 MOMEHTY CONPOTHMBIEHHUS
IpPYyXUHBl pealn30BaHa 4yepe3 3BE€HO C IIOCTOSH-
HEIM Ko3ddumeHTOoM k,, XapakTepH3yIOIIUM ee
XKeCTKOCTb.

Kak BUOHO M3 CTPYKTYpPHOM CXEMBbI aKTyaTo-
pa, B Heil NPHUCYTCTBYIOT NEpPEKPECTHhHIE CBA3H
W HEIMHEHHBIM SJEMEHT THUIA “HACHIILEHHE”.
[Ipeobpa3oBaB 3Ty CXeMy I Ciydass MaJbIxX
OTKJIOHEHMI, IOJYYHM IePeaaTouHyr (QYHKUIMIO
aKTyaTopa
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AHanM3 B5TOTO BBHIPAXKEHWS CBHIETEIBCTBYET,
ug0 craraeMbBIM B 3HaMeHarelne, ComepXalieM
p’, MOXHO IIpeHeOpeYb, a IepefaTouyHyl0 (QYHK-

M0 AaKTyaTopa 3aMEHHMTh KOJeOaTeabHBIM 3BE-
HOM.

CrpykTypHas cxeMa 3aMKHYTOIO KOHTypa pe-
IVIMpOBaHHSA VyIJIa TIIOBOPOTA Bajla akTyaropa
(CM. pHC. 2) COCTOMT M3 peryJAropa yrjia IOBO-
pora Bama PYII, OblCTpOIEHCTBYIOILErO YIIpaB-
nsgeMoro InipeobpasoBarenss VII, akrtyaropa A u
1eny OoOGpaTHOM CBS3M € KOd(DPHIMEHTOM K . .
VII, oGecrneuMBamIIUi pETYTAPOBAHME HaIps-
KeHWd BO30YXKIEHHMs, MOXeT OBITh IIpeICTaBIcH
ariepUOJMYECKMM 3BEHOM C K03(hOHIMEHTOM ki
¥ Manoit moctosHHOW Bpemenu T .. [JUig Ha-
CTPOMKM CHCTEMBI DEryJIMpOBaHMSA Ha MOIYIb-
HBI OITHMMYM IepemaTodyHas (yHKIIMA DPa3oMK-
HYTOI'O KOHTYpa JODKHAa MMETh CIEHYIOLIHE
BUL

Vkoea
27, np (147, 1, P)

W,

pasa =

Insa sroro Heodxomum ITMI-perymsitop yria
moBopoTa. Torna InepesaToyHas QYHKIIMA 3aMK-
HyTOrO KOHTypa OymeT IpeAcTaBieHa Kojeba-
TeJIbHBEIM 3BeHOM ¢ Koa(duuumeHToM nemiidu-
poBanuga & =0,707 ¥ IIOCTOSHHON BpEMEHH
V2T s

CTpyKTypHast cXeMa BHEUIHEro KOHTypa pe-
TYIMPOBAHKS 4YaCTOTHl BpallleHWs IIPEnCTaBIeHa
Ha puc.3. OHa COEEPXMT PEryjasTop YacTOTHI
BpaUIEHUs  C nepeﬂaTouqHOff‘I byuxumeit W,y 5,
3aMKHYTBI BHYTPEHHUH KOHTYp DETYIMPOBAHMUS
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yIJia ITOBOPOTA Baja aKTIyaTopa C IepemaTOYHOM
GbyHkumern W, , y3en CropaHWs TOIUIMBA C IIe-
penatoyHoOu Qyukuyed W, m ameMeHTH Mexa-
HIYECKOM YacTH ABUTATENS.

Ilepenarounas ¢yukums W, MoxeT GbITh
NpeJCcTaBlIeHa alneprHoIM4eCKUM 3BEHOM C KO3(-
¢bueHTOM k, X Majloif TIOCTOSHHOH BpeMeHH
T.. Mexanwdeckasi 9acTh {IBUraTells BKIIOYAET B
cebg MHTerpUpyooLee 3BEHO ¢ KO3(DOUIMEHTOM,
PaBHLIM CYMMapHOMY MOMEHTY HMHEpPLHH IeHe-
paTopHOro arperata Jy, KOTOpPO€ OXBayeHO 06-
pPaTHOM CBA3BIO, OIPENENIeMOM XapaKTEpPHUCTU-
KOM HelHMHeHHOro 3peHa (H3). XapakrepucTHKa
H3 onpenensier MexaHWdYecKue IIOTEPH B CaMOM
arperare, KOTODBLIE COCTOST U3 IOCTOSIHHBIX IT0-
TEPh M IIOTEPh, IIPONOPLMOHANBHEIX KBaIpaTy
4acTOTHl BpawleHus. [Ipy HOMHHAMLHOM YacToTe
BpamieHud (rouka / Ha XapakrepuctHke H3)
MEXaHMYECKYI0 4YacThb arperaTa MOXHO IIpencTa-
BUTh alepUOIUYECKUM 3BEHOM:

koo
M L

e koo =M, /oyos Jx = J5/kyo; M, — MOMEHT
COTIDOTHBJICHHUS XOJOCTOIO XOHA IIPH Wy,

Torna mepenaToyHas QYHKUMS DasOMKHYTOTO
BHEIIHETO KOHTYpA pPEryIMpOBAHMS  YaCTOTHL
BpAIICHUS

k
W =W z 3
PR TR (14T, o D1+ T3 p)

rae ks =k, /(kyc oKo o) — DKBUBAJIEHTHBIA K03(]-

(GUIVEHT Iepefayd  PasOMKHYTOH  CHCTEMS;
B = V2 T,n+ T, — Manasg HEKOMIIEHCHpyeMast

IIOCTOSIHHAS BPEMEHH KOHTYpA.

ITpu HacTpolike KOHTypa Ha MOIYJIBHBIA Om-
THMyM HeobxomuMm ITH-perymarop gacrorsl Bpa-
INEHKA, a IepefaToyHass (QYHKIMS pa3sOMKHYTOMH
CHCTEMBI IOJDKHA HMETh BHII

1/k
W, o= 0.cw .
pas 2T, » p(1+T, , )

Kax wu3BectHO [2], craTudeckue OmMOKHU ITO
3amaroleMy W BO3MYWIAIOMIEMY BO3NEHCTBASIM B
9TOM ciIy4yae Oymyr oTrcyrcTBoBaTh. OmHAKO oOC-
HOBHOH  MHTEpPEC  IIPENCTaBIAET  IIOBEACHUE
3aMKHYTOH CHCTEMBI B OWHAMHUYECKHX DEXUMAX
npu Habpoce ¥ cOpoce Harpy3ku (M3MEHEHMSIX
M,). HaGpoc Harpy3ku, Kak ¥ ee c6poc, MOXeT
nocturate 100 % OT HOMHMH&IBHOrO 3HAYEHMS.
A yBenMYeHHs] TOYHOCTH DEryJIMpOBaHUS dac-
TOTBl BPAIEHUSA B 3THUX PEXUMaXx MOTYT IOTpe-
OoBaThcs Gosee BBICOKME KOD(MOUIUMEHTH yCH-
JEHWsI, 4YeM Te, KOTOopele obecreynBaTcs

HACTPOMKOM CHCTEMBI Ha MOLYJIBHBIA OITHMYM,
Kpome TOro, mid ymeHblUeHMsS 3HAYECHHH Ipo-
BaJIOB M BCIUIECKOB YaCTOTHl BPALEHMS MOXET
OBITE TNpHUMEHEHA IIOJIOXKHUTEIbHAA KOMIICHCH-
pyomas CcB3b II0 AKTHBHOM COCTABISIOLIEH
TOKa Harpyskd reHeparopa. HcciemosBadgue Iu-
HaMWKW CHCTEMBI JIOJDKHO TIPOBOAMTHCI C yde-
TOM HACBILIEHMSI PETYJSITOpPa YaCTOTHI BpAlUEHMS,
OTPaHWYCHMS YIJIa II0BOPOTa Baja akKTyaropa,
OTrpaHHMYMBAIOLIETO ITONAYY TOILUIMBA M KaK ClIel-
CTBUE€ — [IBICKYINHH MOMEHT, pa3BHBAEMBIil
mBurateneM. HamuameMm MMITYyIECHOTO 371eMeHTA
B KaHajie OOpaTHOM CBSI3M IO CKOPOCTH IIpH
4acToTax BpalleHus Bajga jgsurareast 500 —
1500 06/MuH ¥ KommdecTBe 3yOLEB HA BEHIE
MaxoBuKa 0T 50 m Gojee MOXHO IpeHeOpeds U
CUMTaTh OOPAaTHYIO CBS3b OE€3BIHEPLIMOHHOWN.
[l uccnenoBaHus ITHHAMMYECKMX DEXVIMOB
paboThl I'eHepaTOpPHOTO arperata (C  y9eTOM
TIPUHATEIX JONIYINEeHWH) Obuia paspaGoTaHa Mo-
[eJIb CHCTEMBL B IIaKeTe NMPUKIATHLIX ITPOrpPaMM
Matlab Sumilink (cm. pwuc. 4). TlapameTpsl Mo-
Jemd PacCYMTHIBAIM ULl OU3€Th-TeHEPATOPHOTO
arperata AJ1200-T400(964) momnocteio 200 xBr
(gacrora BpameHus — 1500 06/MuH).
3amaTyvK WHTeHCHBHOCTH Subl dopmupyer
JIMHEHHO HapacTalolee 3amaiolnee BO3NEHCTBHE,
nocrynaiomee Ha Bxon ITH-perymaropa, cocros-
mero M3 KonebarenbHoro 3seHa TF] W ycwiu-
TeJIbHOTO 3BeHa (1. Ha BbIxome peryasaropa ye-
TaHOBJIEH  OrpaHWuMTens Safl, curHan c¢
Kotoporo uepe3 cymmarop CJ] momaercs Ha Ko-
nebarenpHOe 3BeHO 1F2, mpeicraBigioniee co-
G0l 3aMKHYTHIH KOHTYp peryqMpoBaHHUS VIia
MOBOPOTA  Baja axkTyaTopa. AIepHOIIYECKOE
3BeHO TF3 3ajjaeT mapaMmeTpel Vy3ja CropaHus
TOIUIMBA, a4 €r0 BBIXOJHOM KOOpPAMHATOM SBIISI-
€TCSA JBVDKYIUMI MOMEHT, Da3BHBAEMBI IBHIa-
teneM. M3 3Toro MomeHTa BRMMTAIOTCH COGCT-
BEHHBI{ MOMEHT CONPOTHUBIEHUS TEHEPAaTOPHOTO
arperatra, IepegaBaeMelii oT cymmaropa C2, u
MOMEHT Harpy3k#, QOpMHpYeMBIi Ha BBIXOIE
ycunurTeapHOro 3seHa (3. Ha Bxon mnocienmero
MOCTYIIaeT CHMIHAJ, IPOIIOPIMOHAMBHEIA AKTUB-
HOMY TOKY reHeparopa (or 7TF6), a 3amaHue
3HaueHMs Toka obecnieduBaer Signal Builder.
CurHan, ONpemeNsOmuil pe3yIbTUPYIOIMH MO-
MeHT, (opMHpyeTcsd Ha BEIXOIE cymmaropa C3
M TIIOCTyIIAaeT Ha WHTETPUpYIOIIee 3BeHO 1F4.
IlocnenHee MoOmENTHMpPYeT MEXaHMYECKYIO YaCTh
HHU3eNsi U OXBAaYCHO OOpaTHBIMU CBA3SIMH, OIIpe-
NENFIOMMUMH  COCTABIAIONINE COOCTBEHHOrO MO-
MEHTa COIIPOTUBJIEHWS arperara. llosBHUBIIHIiCS
Ha BBIXOJI€ HMHTETPHUPYIOIIEr0 3BeHa CHMTHAJ 4ac-
TOTHI BpAaIleHMsA IeHepaTOPHOrO arperara Ipeo6-
pasyercst B G6 B curHan oOOpaTHOM CBS3H, KO-
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TF6 Signal Builder

Puc. 4

TOPBIM TMOCTYIIAET Ha BXOH PpPETYIATOpa YACTOTHI
ppamenus. Lenouka G2, TF5 Momemupyer Xa-
HAT TIOJIOXWTENRHON KOMIIEHCUDYIOLIEH CBA3H
N0 aKTMBHOMY TOKY HAIpY3KH. 3amaTYMK HHTEH-
CHUBHOCTH SubZ ITO3BONSET peald30BaTh PEXUM
peryIMpOBaHMs YacTOTHl BpalllEeHWS IH3eNsS B
(GyHKUMM HAarpy3Kd Ha €ro Baiy.

Ha mnepBoM 3Tame wHccaemOBaHUSA CHCTEMEI
ONpeNesUTH  ONTMMAJIBHBIE ITapaMETPhl  Peryiis-
TOpa YacTOTHI BpallleHHd TIpH BO3JEHMCTBHMA Ha
BaJd JBUTATENS] MMIIYJIECA, DPABHOIO HOMUHAIb-
HOM Harpyske. AHaTHM3 pPe3yiILTATOB MOIEIUPO-
BAHMS II0Ka3aJ, 4YTO HACTpOHKa KOHTypa pery-
JMPOBaHWS YacTOTHl BpallleHWs Ha MOMIYJILHBIH
ONTUMYM He oOecneyuBaeT OBICTPOE BOCCTAHOB-
JeHHE YacTOTHl BpallleHHsA Itocne Habpoca u
copoca Harpyskud. Ilpy yMEHBIIEHHMH IIOCTOSH-
HOH BpeMeHHM WHTEIPUPOBAaHMS peryiasiTopa c
0,64 ¢ (momy4eHHOM I MOTYABHOIO OITHMY-
ma) go 0,012 ¢ BpemMsI BOCCTAHORJEHHST YaCTOTHI
Bpamenud cocrasiio 0,2 m 0,3 ¢ nmpu Habpoce
u cbpoce HArpy3skKHd COOTBETCTBeHHO. IIpum 3sTOoM
[pOBAJl M BCIUIECK YacTOTHl BpalleHUS HE IIpe-
BRIIATTH 5 M 6 % cooTBeTCTBEHHO. JlanbHenee
YMEHBIIIEHUE ITOCTOSSHHOM HHTErpUPOBAHMA IIPU-
BOMWIO K ITOBBILLEHHIO KoneDaTelIbHOCTH M IIe-
PEPETryIHPOBAHUA B KPHBOM IIEPEXONHOrO IIpo-
1ecca.

Ha puc.5 mpuBeneHBl pe3yabTaThl MOIENIH-
POBaHMA CHCTEMBI CTAOWIM3AllMM YACTOTHI Bpa-
MIeHHA TEHEpPaTOPHOTOQ AarperaTra B 3aBHCHUMOCTH
OT 3HAaYeHHWA HATPY3KHM Ha €ro Baly IIPH OTCYT-
crBu (@) M Hamm9uu (6) KOMIIEHCHpYIOmEH
CB3M (3MeCh IPHMHATHL CleOyIolIHe 0603Haye-

HUs: | U 2 — 3amaHHasg W (akTuyecKkas 4acTo-
THl BpalleHHWs; 3 — MOMEHT HArpy3KHM Ha Bay;
4 — momaya TorutuBa). M3 auarpamMMbl Iepe-
XOMHOTO mpolecca IIPH ONTHMAILHOM, Ha Hall
B3IVIAN, HACTpOMKe (CM. pucC. 5, @) ciemyer, uTo
npy Habpoce HArpy3KM IIomada TOIUIMBA (Yroi
IOBOPOTA BaJla aKTyaTOpa) IOCTHMTAeT IIpe/eiib-
HOTO 3HAY€HWs, a NpU cOpoce IamaeT OO0 Hyd.

Kak mokazanmu wHcclenoBaHMs, BBEIEHHE
KOMIICHCHDPYIOIIEH CBS3M 110 aAKTHBHOMY TOKY
HArpy3K{ IIO3BONWIIO CYLIECTBEHHO CHH3HWTh Kak
BCIUIECKM M IIPOB&IBl YACTOTHl BpallleHUd, TaK
M BpeMs €€ BOCCTAaHOBJICHHUS IO HOMHHAIBHOIO
3HaueHMs. B aTOM ciydae, Kak cieiyer M3 OMa-
rpaMMBI IIEPEXOQHOIO IIpoliecca Ha puc. 5, 6,
IIPOLIECC HApacTaHWs IIOJaYM TOIUIMBA IIpH Ha-
Opoce Harpy3skud B Ha4YaJIbHBII MOMEHT BpPEMEHH
CTAaHOBHUTCA OoJiee WHTEHCHMBHBIM, B pE3yibTaTe
4ero 3HayeHWe IIpoBajla CHIDKaeTcad mo 1 %, a
BpeMs BOCCTaHOBJIEHHUS o 0,05c. Ilpum
cbpoce Harpysky BCIUIECK 4YacTOTHI BpALIEHHUS
ymeHpmaerca o 1,2 % (3a cuer ¢opcupopaH-
HOI'O CHIDKEHHMs IIOJajvM TOIUIMBA), HO HE Ilana-
eT OO0 Hynad. Bpemss BOCCTaHOBJIEHHS YaCTOTHI
BpameHus Ipd 3ToM cocrasisger 0,06 c. PasHu-
Ila B IEPEXONHLIX MpOLEeccax Npu IIpoBaiax MU
BCIUIECKAX  YAaCTOTBI  BpalleHMs OOBICHIEeTCS
TE€M, YTO 3aMeIJIEHUE JBUTATelld IIPOUCXOIUT
TOJIBKO TION IeHcTBUEM cODCTBEHHOIr0O MOMEHTA
COTIPOTUBIIEHHUS.

Ha BTOpOM 3Tame MOINENUPOBaHMS IPOBOLU-
M MCCllef0BaHKEe CHMCTEMBI B CIIy4ae peryaupo-
BaHMA YacTOTHI BpPAIEHWs I€HEPATOPHOIO arpe-
rara B 3aBHCHMOCTH OT 3HAa4YeHWs HAIpy3KH Ha



24 ITPOMBILIJIEHHA A

SHEPTETHUKA Nel2,

2013

12

s
e

1,5
0)

Puc. 5

ero Bary. Kak mokaszano B [3], mig mOIyYeHHS
ONTUMAJIBHOIO PacXofa TOIUTMBA B TaKHMX CUCTe-
Max IIpM YMEHBIIEHWM HArpy3KyM Ha BajJy TeHe-
paTopHOro arperara or HOMUHanesHOM nmo 0,3
HOMWHAJIBHOTO 3HAYEHHSA YACTOTA €r0 BPAIEHHS
IOJDKHA CHITKATHCS COOTBETCTBEHHO OT HOMH-
HanmpHOro A0 0,7 HOMHMHANIBHOIO 3HAYCHMA.
Peaymmzaliss Takoro VyIpaBlIeHHS YaCTOTOM
obecrieduBaeTcd C TMOMOIIBIO 3aNaTYMKaA WHTEH-
cuBHocTH Sub2 (puc.4). Ha ero Bxome Signal
Builder dopmupyer pasHOYPOBHEBBIH CHTHAT,
COOTBETCTBYIOIIMY M3MEHEHUI0 MOMEHTa COIpO-
THUBJIEHHUS (aKTUBHOTO TOKAa Harpy3KH I€HEpaTo-
pa). Ha puc. 6 mpelncTaBieHbl pe3yabTaThl yKa-
3aHHOI'O MOIEIMPOBAHUS IIPHU OTCYTCTBHU (@) M
Hauuy (6) KOMIIEHCHpPYIOIIEH cBI3H (0003Ha-
yeHuss [ —4 Te Xe, uro M Ha puc.4). Kax
BUOHO M3 nuarpaMM (cM. puc. 6, @), IIpH OTCYT-
CTBMM KOMIIEHCUDYIOIIEH CBSI3H M3MEHEHMe Ha-

IPY3KM IIPUBOOWUT K IIpOBajJaM H BCIUIECKAM
YacTOTHEl BpallleHWsd TIEeHEepaTOpHOIO arperarta,
SHAYEHUA KOTOPHIX IIPONOPIMOHANBHE IIepemna-
JaM MOMEHTa CONpOTUBIECHUS. BrimoyeHue
KOMITEHCHPYIOIEH CBsi3u (CM. puc. 6, 6) 00y-
CIOBIMBAECT HMX CylecTBeHHoe cHickeHue. JIna
9TOTO pPEXWMa BpPEMS BOCCTAHOBIEHMS YaCTOTHI
BpalleHus1 (BCJleICTBHE OCOOEHHOCTeH paGoTH
TAKMX CHUCTEM) HE SBIETCS ONIPENE/ISIONIAM M
3aBUCHUT OT HACTPOMKM 3agaTiMKa WHTEHCHBHO-
CTH.

Pe3ynbTaTel  IPOBENEHHOTO  MOIETMPOBAHMS
TIO3BOJIM ONPENEIHTE ONTHMMAIBHBIE ITApaMETPHI
PeryJHpOBaHUs YacTOTHl BPAIICHMS TIeHEPATOPHO-
ro arperara. Kpome TOro, OHM IIOKA3aIH, YTO
MOXHO CYIIECTBEHHO IIOBRICHTE OBICTpPOIEHCTBHE
M TOYHOCTb PEryJIMpOBaHMA B IMHAMMYECKMX pe-
XKMax paboThl, IMPUMEHAS IBYXKOHTYPHYIO CHC-
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TeMy pEryIMpOBaHHMS C KOMIIGHCHDYIOIIeH CBsi-
3pi0 10 MOMEHTY HAarpy3Ku.
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ABTOHOMHAS AU3CJIbHAA J3JCKTPOCTAHIIHA
C HeifipoceTeBmM 3aJaTYMKOM 3KOHOMHYHOI0 pexuMa

HDapbeHkoB A. B., KaHO. TexH. Hayk
DreQyY “Hwieropofckuii rocyqapCTBEHHbLI TeXHUYeCKuii yHueepcuter um. P. E. Anekceega”

Xeatoe O. C., QOKTOp TexH. Hayk

®BOY BIMO “Bomkckas rocyfapCTBEHHas akafeMus BOAHOro TpaHcnoprta”, HuxHuii
Hoeropop,

IlpuseneHo omucaHHe GYHKIMOHANBHOH CXeMBI €IMHON 3MEKTPOCTAHIMH CYIHA Ha 0a3e IBH-
raTejisd BHYTPEHHEIO0 CropaHWA C IIepeMEHHOI yacToToi BpamieHus. JaHa OIlEHKA TOIUIMBHOH

9KOHOMHYHOCTH TaKWX SJIEKTPOCTAHIIMM.

Kimoyesble cioBa: eIWHAs SNEKTPOCTAHIAS, IBHMIATENb BHYTPEHHErO CrOpaHMS, CHHXPOHHBIHT
TeHepaTop, CHHXPOHHBEIA IBUTATeNb, Npeobpa3oBaTeslb YacTOTEHL

Hns sHeproobecnedyeHus paioHoB Poccuu c
JELEHTPaIu30BAHHEIM  3HEProCHAOXEHMEM MC-
moJje3yerca oxono 49,5 TeIC. YCTAHOBOK “IH-
senb-redepatop” ([A-I') cymMMmapHOit MOLIHOCTBIO
17 miH kBT, BBRIpaOaTBIBAIOMIMK €XEroJH0 OKOJI0
50 mipn XKBT-4Y B ron 3JIEKTPOIHEPTHH U pac-
XOOYIOINMX IIPU STOM TIPUMEPHO 6 MIH T YCIIOB-
Horo torumBa [l —4]. Cucremnl J-I' crposrcs,
Kak IIpaBWIO, Ha 0a3e CHUHXPOHHBEIX TIe€HeparTo-
poB (CI'). TpeboBaHnue obecrieyeHHs CTAOMILHON
YacTOTBl BBIXOAHOTO HAampsDKeHus (f; = const)
CI' obycinoBiuBaeT HeOOXOOMMOCTH CTaOMIH3a-
LMY YacTOTHI BpalleHWsI  Baja OU3ENA HEe3aBH-
CHMO OT MOIUHOCTHM Harpysku P. Takoil pexum
paboTBl OU3ENd SBISETCS HEONTHMAaJBbHBIM C
TOYKM 3pEeHUs moTpebneHus ToILMBa. ONnTH-
MaJIBHOIO pexyMa paboTel HU3ENT MOXHO JOC-
THYb, €CIM C U3MEHEHHWeM P OymerT H3MEHATHCH
o [5,6].

PesynbraTel MCCHeqOBaHMM TTOKA3hIBAIOT, YTO
YMEHBINEHUE YacTOTHl BpAlIEHUS Bajla MPH CHU-
XKEHUM HAarpy3kKW II03BOJSI€T COKPATHTB VIETIhb-
HBIM pacxonm TommBa g, Ha 20-—30% [7,8].
IIpy omHOBpeMEHHOM HM3MeHeHHH o W P obec-
IIEUNBACTCS TAKKE ONTUMAILHBIN TErnoBoi pe-
XKMM paboTHl IM3ess, CHUXKAETCA €ro M3HOC H,
CIIENOBATENIbHO, IIOBBIIIIaeTCA MoTropecype. Oa-
HAaKO IPpU 3TOM [NOJDKHO BBIIONHSATECA TpeboBa-
HHE f; =const IpH o = var.

IToctpoenue cucrembr J-I' ¢ mepeMeHHOU o
(puc. 1) BO3MOXHO Ha 0a3e mnpeobpasoBaTens
yactorel (IIY) [9]. MHTemnexTyalbHBIR CepBO-
IIPYBOJ{ YIIPAaBJIEHMUSA TOIUIMBOIIOmaueit /3 B 3a-
BHCHMOCTH OT MOILUHOCTU HArpy3Kd 3JIEKTPOCTAH-
MM 3a0aeT ONTHMAILHYI 4YacTOTy BpalleHud
Bama musend J. COOTBETCTBEHHO OVIyT uH3Me-
HATBHCS aMIUIMTYJa M 4YacToTa IIEPEMEHHOIO Ha-
npsokeHus CI 2. Mx craGmousansd Ha BBEIXOA-
HBIX 3aXuMMaXx Y9 Ha VYpOBHE HOMMHAJIBHKIX

sHaueHuw#t g CI' 2 ocyliecTBIgeTcd ¢ IIOMO-
meio I[TY 6 w mosemiaromero TpaHchopmaropa
8.

OnmHa 3 BaKHEHNIMX 3agad IpH CO3JAHWH
aBTOHOMHOM 2JIEKTPOCTAHITMHM Ha 0Ga3e CHCTEMBI
H-I' ¢ nepeMeHHO#N 4YacTOTO# BpallleHMs — pas-
paboTka 3amaT9¥Ka SKOHOMHYHOTO  PEXMMa
(39P), kotoprlif B 3aBHCHMOCTH OT MOLIHOCTH
Harpysku IookeH GOopMHUpOBaTh Ha CBOEM BEI-
XOe ONTUMANLHBIE (B 4acTH IOTPeOJIeHHs TOII-
JIMBa) 3HAYEHWS YaCTOTHl BpaIleHWs Baja JH3e-
Jid. DTH 3HAYCHHWS MOIYT OBITh OIpeNeleHHl II0
MHOTrONapaMeTPUYecKOi XapaKTepHCTHKE [H3e-
JIg, KOTOpas, ONHAKO, V KaXIOro KOHKPETHOIO
nu3ens WHOWBWAyainbHa. Hecmorps Ha TO, 4TO
XapaKTepUCTHKM ABYX JU3edei [Jaxe OJXHOIo
THAIIA M MOILHOCTH BCEra pPasiMYHBI, IIPOH3BO-
JHWTENH DOTHX AarperaToB, KakK IIPaBHIIO, HX He
NPENOCTAB/II0T. PaccawraTe MHOrONapaMeTpuye-
CKYIO XapaKTEPHUCTHUKY HEBO3MOXHO — €€ IOJy-
YaKOT TOJBKO SKCIIEPHMEHTAIBLHBIM ITyTeM. Kpo-
M€ TOro, OHa W3MEHSETCA B 3aBHUCHMOCTH OT
YCIOBUM BHEIIHEN CpENbl, CTEIIEHHM M3HOCA IH-
3eJd M KadecTBa TOIUTMBA. Il03TOMY aKkryanbHa
paspaboTka Takoi CTpyKTypel 30P, xortopag
IIPM OTCYTCTBHH MHOTrOIapaMeTpHIeCcKOM Xapax-
TEPHUCTHKM II03BONsIA OBl aBTOMATHYECKM BbI-
YUCIATh 3HAYEHWEe ONTHUMAIBHOM YacTOThl Bpa-
DIEHWI U TeKyllero 3HaYeHWs MOMIHOCTH
HArpy3Kd B JAHHBI MOMEHT BpeMEHU IIpH HU3-
MEHSIONIMXCS BHEITHUX M BHYTPEHHUX YCJIOBMSIX
pabotel musesa. CnemoBatenbHo, 3DP  J0DKEH
ObITh camooOydgaromeiics cucremoif. Ee mo-
CTpoeHMe Haubomee Ienecoodpa3’Ho IIPOBOIMTH
Ha OCHOBE CHCTEM HCKYCCTBEHHOIO HHTEIUIEKTa
(HeHpoceTeBOM JTOTHKH).

Ha puc. 2 npuBeneHa (QyHKUMOHAIBHAN CXe-
Ma paspaboTaHHOro apTopamu 3DP, cocrosuiero
M3 9YETBIPEX OCHOBHBIX DJIEMEHTOB: KOHTpPOJUIEDA
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Puc. 1. ®yuknmonansuas cxema cucremsl JI-I' mepeMeHBO# 9YacTOTHI BpAIIEHMS:

1 — musens; 2 — CI'; 3 — ynpasnsieMhlit BRIIpAMUTeNb; 4 — KOHAeHcaTopHad GaTtapes; 5 — MHBepTop Hampskenus; 6 — IT9; 7 —
IATYHK TOKA; § — MOBHIIAIOIIMI TpaHcOpMaTop; 9 — BBIXOAHEIC BEIBOLKI, [ — MCIONHUTENBHBIH 37eKTPOABUTATENb; /1 — HaT4MK
YACTOTHI BpalEHMs Bana judend; 12, 19 — cymmaropsl; /3 — HMHTEUIEKTYANbHbIH CEPBOIIPMBOL YIIpaBJIeHHdA TOIUIMBONONAYeH; 14 —
39P; 15 — 610k Bo3byxnenus CI'; 16 — BHIBOABI MONKITIOUEHNS MHTaHKUA Goka Bo36yxmeHust CI'; 17 — 6ok cTabwiMsaluy Hamps-
XeHus; 18 — 3a0aTuMK HAaNpsokeHwst; 20 — peryiarop HanpsKeHus; 2] — DaTduk HanpsokeHHs; 22 — GNIOK BBINHCIEHHS MOIIHOCTH

Harpysku; 23 — 3aJaTYMK YACTOThI BBIXOZHOIO HAIPSDKEHMS

obyuermst (KO) I, xonTtposutepa yrpasieHus (KVY)
2, accormatuBHOM mamsatd (AIl) 3 u sHeproue-
sapucumoii mamaru Tuna Flash 4. Bce onm
o0benMHeHBI 00mIel MHOOPMALMOHHONM IUWHOH
5, momyckalolmeil NBYHAIIpaBlIeHHBIA OOMEH WH-
dopManueil M HmanbHelIlee paclIMpeHHEe CHCTe-
MB B CJIydae yIpaBleHus Heckoabkumu JI-T.
Ina mocrpoenus AlIl 3DP nHaumbGonee uenecoob-
pPasHBIM TIPEICTABJIASTCS MCIIONB30BAHWE pPalu-
anpHO-0a3uCcHBIX HeWpoHHBIX ceredt (RBFN —
radial basis function network). Baxwoe nocro-
HHCTBO TAKHMX CceTell — CIoCOOHOCTH pelnaTh
3afady AamnmpoKCHMAIlMKM TaOMMIHON (PYHKIIMM
MHOIMX IIepEMEHHBIX, HOIMOJHAS ee IIPOoIEeLypoit
WHTEPIIONAIMH  (DKCTPAIIOJISALMN).

MareMaTHueCKH HelpoH IpencTaBigeT coOoH
B3BeIlEHHBIH CYyMMAaTop, BBIXON KOTOpPOIO OIipe-
IeNseTcs 4Yepe3 ero BXOOBl M MaTpHIy BECOB
CIEOYIOIIUM 00pa3oM:

y=fu),

n
rae u=ziW}jx,-j+Bjxj; x;; u W;; — curHan Ha
[-M BXOJIe j-TO HEHMpOHA U COOTBETCTBYIOIUMH eMy
BecoBoM Ko3(dunueHT; f(#) — aKTUBallMOHHAS
QyHKIMS.

JIOTIOTHHUTEIBHBINA BXOT, BJ M COOTBETCTBYIO-
I eMy BEC MCIIOJB3YIOTCA [UIST MHULHAAIM3a-
IIMH j-TO HEHpOHA — CMEINEHUs ero aKTHBallv-
OHHOM (YHKIMM II0 TOPM30HTATBHON OCH, T. €.

Puc. 2. @yskuponansaas cxema 33DP:

1 — KO; 2 — KY; 3 — All; 4 — namare gaHapx Flash; 5 —
HHhOPMALIMOHHAS IIMHA

g (OpMHMPOBAHMS TIOPOTA YYBCTBUTEITEHOCTH

HelpoHa.
AcconpaTHBHag IaMsaTh momend 3DP cocro-
UT W3 Tpex CI0eB — BXOIHOIO, CKPBITOIO |

BeIxonHoro (puc. 3). Bo BXomHOM cloe HOpMU-
pPYIOTCS W pacIpenensioTcs BXOIHBIE MTaHHEBIE.
CKpBITEI CTOM COOepXWT OBa HeWpoHa, QyHK-
el aKTUBAllMM KOTOPBIX SBJIAETCA Tunepborm-
yeckuif TaHreHc. CurHaabl HEHMPOHOB 3TOrO
CIIOS JIMHEHHO O0TOOpakaloTcd B  BEIXOJHOM
cIoe, T OHM CYMMHUPYIOTCA M HOPMAIM3YIOTCH.

Ilpu pacuere “umeansHOr0” (OINTHMAILHOTO)
sHayeHus1 Bbxoga KO wg,, MI8 TEKyllero 3Ha-
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Puc. 3. Crpyxrypnas cxema wueiipounoii ceru AlIl

yerus P B Mmomemu All pemmaiorcs CleIyIoliue
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IIe X;q, X;5 — COOTBETCTBEHHO BXOIBI i-TO Heli-
POHa IIepBOro M Broporo cioes All; KHopM — KO-
3(hOUIMEHT HOPMATM3ALIUK, CITYKAIIME IS 1IpU-
BEJEHHMS 3HAYCHHWS MOLIHOCTH HATPY3KH K eIM-
HUYHOMY 0a3ucy HeMpOHHOM ceTH.

OCHOBHBIMHM IlapaMeTpaMd IIpH pacdere IIo
OpUBEOEHHBIM (QOpMyJaM SBIAIOTCS 3HAYEHUS
BECOBBIX XK03(hdHUIMeHTOB W M CMEIIeHHH ak-
THBALMOHHOH (YHKIIMK HerOHa B;, ompene-
JeMBIX B pe3yiabrare oOydeHus HcﬁPOHHOﬁ
cetu All. OOydeHHE OCYIIECTBISIETCHS C IIOMO-
mpio KO (cMm. puc. 2), B Momenb KOTOpOro 3a-
JIOXEH aIropuT™M oOOpaTHOTO pPACIpOCTPaHEHUS
onmmbku, rnoapobHo omucaHHeE B [10]. Lens
O0Oy9eHUSI CETH B COOTBETCTBMH C JaHHBIM ai-
TOpUTMOM — TaKasg HacTpoilKa €€ BECOB, IIpH
KOTOPOH IIPIJIOKEHHE HEKOTOPOTO MHOXECTBA
BXOJIOB TIPUBOAMIO OBl K TpeOyeMOMYy MHOXEeCT-
BY BBIXOIIOB.

Ha mare npssmoro pacdera Al BBITOMHAETCH
IIPSIMOI ee IIPOXOX OT BXOMHOIO CIOS K BBIXOJ-
HoMy. IIpm STOM Ha BXODEI CETH ITOHAETCH
BXOOHOM BEKTOp MOIIHOCTH HArpy3ku P, a 3Ha-
YEeHHs Ha BBIXOJAX pAaCCUMTHIBAIOTCS IIO Clie-

OYIOUTHM (OpMyIiaM:

0 = Zyw—l)W(n)

(1) _ ¢ o{m)y. =
Vi —th(sj. ); wg=Fy,

rae M — 4uciio HeHpOHOB B Cloe #; ¥ — BBHIXOX
[-r0 HEeHpoHa ClIogd #; Pq — KOMIIOHEHTAa ¢ BXOI-
HOrO BeKTOpa P; ® g — KOMIIOHEHTa ¢ BBIXOIXHOTO
MAaCCHBa CKOpOCTeHl .

11 BEIXODHOTO W CKDHITOIO CJIOEB K OIIpe-
Iendgerca oLmOKa

fi) d )ayf
J’

(n) _
6}. =(y

roe d; — “wpeampHoe” (KellaeMoe) COCTOSHHE

J
HEWPOHA.
J1s1 BEIXOOHOTO CJIOS 7 BRIYMCIIAIOTCH TAKXKe
M3MEHEHHNA BECOB:
(n) __ps(m).,(n-1)
AH/U - E’GJ yi ]
rme B — kosbduieHT 00ydeHUS (BEIOHpaeTcs
MEHBIIIE eIMHMIBL JUIA IPUAaHus “HHEePIIMOHHO-
CTH” 3TOMY ITpOLIECCy).
3aTeM TNPOBOIMTCA KOPPEKIMS 3HAYEHHWH Be-
COB cCBs3eH mo Qopmye

(M) (4 (D) g5 ()
AR OEU A VTN AL O

roe { — HoMep smoxu obyueHua Al
Pacyer mnoBropsiercs Do Tex ToOp, IIOKa
omubka pabGorel cetu All, ompenensemad Iio

bopmyie
1 D
@ =§Z(mt _wom)z
t=1

(rme w, — “peanpHoe” 3HavyeHwe Bbxoma AIl Ha
SIIOXe f; p — HOMEp SI0XU O0YYEHHS, COOTBET-
CTBYIOIEH JIOIYCTUMOM ONIMOKe), He CTaHeT
MEHBIIIE AOITYCTHUMOM,

B amropurMe 06paTHOrO paclpOCTPaHEHMUS
HCIIONb3YETCI  PasHOBHUIHOCTh  TIPaTHEHTHOIO
CIIyCKa, T.€. OCYILECTBJISIETCS CIIYCK BHHU3 IIO
IIOBEPXHOCTH OWIMOKM IIPY HEIPEPBIBHOM IIOJ-
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CTpaBaHHWK BE€Ca B HaIIpaBJICHHWHM K €€ MHWHH-
myMmy. OmHaKo B mpouecce OOyYeHMSI CETb MO-
XeT ITOIACTh B JIOKAJBHBIM MWHHMYM, B TOYKE
KOTOPOrO BCE HaNpaBleHUs TIpalMeHTa BEIyT
BBEpX, M CEThb HECIocoOHA “BHIMTM” u3 HEro.
s Takoro cioy4as B anropuTrMe OOyueHMS
NpeIyCMOTPEHO CMEIEHUE OTHOTO M3 TEKYUIMX
3HaYeHUH BeCOBBIX Koa(duimenToB W;; Ha He-
KOTOPYIO CIOyYaiiHyl0 BeawuymHy. EcCIM HeomHO-
KpaTHOE IIOBTOpPEHME NAHHOM TIpOoIlenyphl IIpH-
BOOIMT K OIHOMY M TOMY € COCTOSHHIO
aNrOpHTMa, 5TO O3HAYAET, YTO HalmeH mIo0ajib-
HBIA MWHUMYM, H IIpoliecC OOYy4YEHMI MOXKHO
3aBEPLIUTE.

IIpoBeneHo MonenupoBaHWe pabOTHI MOJIEIN
39P coBMecTHO ¢ Momembio JI-I° MONIIHOCTBIO
4xBr [11] I OTHOCHTEILHBIX 3HAYCHHI MOII-
HOCTell Harpy3ku B muanasoHe or 0 go 1 ¢ ma-
rom 0,05. Ilpp 5TOM 3HAYEHMS Oy, PACCUM-
TagHele ¢ roMompio  All, ommyamuck OT
IHCKPETHBIX 3HAaYeHWM, onpeneneHHerx KO g
COOTBETCTBYIOIIIMX 3HAUYeHH P, He Oonee ueMm
Ha 0,03 % or AOMWHAIIPHOTO 3HAYECHMSI YACTOTHI
BpAIlEHHs] @ Baja TU3EJI.

AHanu3 pe3yIbTATOB MOIEMPOBAHUA ITOKa-
3a], YTO HauOOoNbINas ITOrPeINHOCTh (DYHKIIMO-
mupoBanuga AIl, a 3Hauut, u 3DP npuxomurcs
Ha TIpaHWYHBIE TOYKM MOuanazoHa obydeHusa. B
CIyyae BBHIXOZA 32 €ro Ipeiesbl 3HAYCHUA My
ompenensiemsle All, B IIeJIOM COINAcylOTCH C
KPUTEPHSIMM MUHUMAIBHOIO pacxofia, HE SBII-
ACh CIy4alHBIMM BeaWdmHaMu. IIpwm sTOM TmO-
TPEITHOCTh, BO3pacTalolas II0 Mepe YIaIeHUs
OT TpaHMI] JMAra3zoHa OO0Y4YeHHs, MOXET JIOCTH-
TaTh HECKOJBKMX IIPOLIEHTOB.

PazpaboraHHble IpY MOIETMPOBAHHU B IIPO-
rpaMMe Matlab ajJropuTMEl pealM30BaHBEl Ha
0aze COBpeMEHHOM MHUKpPOIIPOLIECCOPHON TeXHH-
Kd TIpH CO3JaHHMH AaBTOPaMM SKCIePUMEHTAIb-
Horo ofbpasma JI-I' ¢ mepeMeHHON YacTOTOM
BpAllEHUS.

10.

11.
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pasivuus B IIPOXONHBEIX CEYCHMAX ST9eeK,
NpWIeXAalIMX K HaIpaBIoleMy KaHary, H
cragpaptHeix syeek TBC-KBAIPAT 1puBOISIT
K BBEITECHEHHIO 4YaCTH pacxola B COCeIHIe
gquetiki Ha 15 — 20 %.

2. O6obmieHa 3KClIepHMeHTaNbHass WHbOpMa-
M ¥ CO3MaH 0aHK JAHHBIX I Bepu(DHUKalMU
CFD-xof0B ¥ IIporpaMM JeTalbHOIO IIosdeey-
Horo pacuera akTuBHbX 30H ¢ TBC-KBAIPAT
misi peakropa PWR ¢ nenbpio YMEHbIIEHUS KOH-
cepBaTH3Ma B pacyeTax TEIUIOTEXHHYECKOH Ha-
JEXHOCTH AKTUBHBIX 30H.

CmicoK JUTepaTyphl

1. Bopomun C. C. DKCIepMMEHTAIBHEIE — MCCIEA0BaHMA
JIOKAJIEHOTO MaccoobMeHa TETUIOHOCHUTEIIS B
TBC-KBAJIPAT peakropoB tuna PWR. — Tp. Hioke-
TOpOJICKOr0 TOoC. TexH. yH-ta uM. P. E. Amexceesa,
2010, Ne 3.

2. Bopomm C. C. HccrenoBaHus TOKalIbHOIO Maccoobme-
Ha termonocurens B TBCA peakropos BBOP mpu mc-
ITOJIB30BAHMY TIEPEMEIMBAIOIIIX PEINeTOK THIA “TIo-
pagHas mporoHka”. — CO6. Te3MCOB NOKJIANOB MEXBE-
JOMCTBEHHOTO cemuHapa “Terwioduamka-2008”, O6-
HuHck, 2008.

legchhnov@mail.ru

MopaeTMpoBaHKe JJIEKTPHIECKHX paclpeleauTeNbHbIX ceTedl HAa OCHOBE
KOHIEINMMHA HEPAPXHIECKUX PACHpPENeJeHHbIX KaHAIbHbIX CHCTeM

LLlanowHukoB A. E., kang. ¢wva.-matem. Hayk, Ywakosa M. H., marucTpaHTt

HuXeropoackuili  rocysapCcTBeHHbI TeXHUYeCKUW YHUBEPCUTET UM. P. E. Anekceesa

IMokasaHa HeOBXONMMOCTh Pa3paboTKH MOIeNeil M METONOB IPHHATHS peuleHui Wi popMu-
pOBaH¥S KOHLEIIMK 3JEKTPOSHEPreTHYECKUX CeTell KaK MepapXMYeCKUX pacTpeleNeHHBIX Ka-
Hameublx cucreM (MPKC), a Taxke NMpUMEHEHMA M aNalTAIMK CETEBBIX IIOTOKOBBIX Momenei

s MopemHpopanus BDOC nOpu IUIAHWPOBaHWH,

aHaJIM3¢ M OSKCIUTYaTalluH. HpeﬂJIO}i{GHBI

060CHOBAHHEIE MATeMATHYECKHe MOMAEIH ¥ BEMHCIMTENBHBIE IIPOLENYPH € LENbI0 ILTAHHPO-
BAHMH HATPY3KM DJIEKTPOIHEPIeTHYeCKONM ceTH. MEeTOABl W aJropuTMbl OCHOBaHBI HA CETEBBIX
[IOTOKOBBIX MOIEISX M METOIAX OITHMM3AIMH. Pe3ynpTaTel MOIYT ObITh IPHMEHEHH B 3JIEK-
TpPO3HepreTHKe ITpH TUTAHMPOBAHWH HATPY3KM H OLEHKE 9(QeKTHBHOCTH paboTel ceTell.

Kmouesble CJI0BA: DIEKTPMYECKME DaCIpeeleHHble CeTH, rpatoBble MOIENH, CETeBbe IIOTOKO-

BHIE MOJENH, MHEHHOe IIporpaMMHpOBaHHE.

M3MeHeHMe OpraHM3alHOHHEIX (opM cober-
BEHHOCTH ¥ (DOPMMPOBaHME DPLIHOYHEBIX YCIOBHH
OOyCIIOBWIM BO3HHKHOBEHME JUIA OSHEPreThde-
CKUX KOMIIAaHMH HOBOM CHCTeMbl TpeOOBaHMMA
CTERKXONIEPOR (3aMHTEPECOBAHHEBIX CTOPOH: aK-
IIHOHEPOB, 3aKOHONATEJIEH, DPETYIHPYIOUIMX Op-
raHoB, IOTpebuTeNel, OOMIECTBEHHBIX M 3KOJIO-
THUYECKUX OPraHW3alMi), CYTk KOTOPBIX COCTOHUT
B TIOBBIIIEHWH HANEXHOCTH SJEKTPOCHAOXEHMS,
CHIDKEHWH OITEPAITMOHHEBIX M3IEPXKEK, ITOBBIIIC-
HHUH IOXOIOB HHBECTOPOB, YMEHBIIECHUU 4YHC-
JIEHHOCTH IepcoHayia ¥ ap. [l1].

OnHOBpeMEHHO pPa3BUBAIOTCH IPHHIMIIMAIBEHO
HOBBIE IIOXOIbI, B KOTOPBIX BEIyllasg pOJb OT-
BOIWUTCS SIPY OJIEKTPO3HEPIEeTHUECKON CHCTEMBI
— DIIEKTPUYECKOM CeTH KaK CTPyKType, obecrie-
YMBAOIEH HAZeXHOCTE M 2PQEKTUBHOCTL CBIA-
3M redHepaiwy u morpedurens. CoBpeMEHHbIE
TEXHWYECKME CPEeICTBa KOPPEKTHMPOBKH ITapaMeT-
POB ONEKTPUYECKMX CETEH BMecTe C HOBBIMHU
cucteMaMu cOopa, mepemadu U 0OpabOTKM MH-

dbopmalimu, ObICTPOAEHCTBYIOIIMMHU TIPOTPaMMa-
MU OIIGHKM COCTOSIHMS (TEKYyILEro peXwma) H
IPOTHO3UPOBAaHMA OYIYyIIMX Y3KMX MECT DHEepro-
CHCTEMBI, a TakkXe C I'MOKOW CHCTEMOM VYIIpaB-
nmeHus (coyeraHue I[IEHTPAIM30BAHHOIO M JIO-
KAILHOIO VIIPABIEHWSI) BCEMH €€ SIeMEHTaMU
CIIOCOOHEI BHIBECTH SJIEKTPOSHEPIeTHKY Ha Ka-
YeCTBEHHO HOBBIM YypoBeHb. Peamu3saima 3Toi
KOHLEIIMH CYIIECTBEHHO ITOBHICUT HaIeXHOCTh
¥ SKOHOMMYHOCTh (YHKIIMOHMPOBAHHUA M pas-
putusgs EDC Poccuu, yIydImMT KadyecTBO 00OCIy-
JKMBAaHUS IOTpeOUTENed IpH YACLUEBJICHHH IIO-
CTABJISIEMOM 3JEKTPOSHEPIMU M COIYTCTBYIOIIMX
yoiayr [2]. PecrpykTypuzallisd 3JI€KTPOSHEPTeTH-
KM, PHIHOYHBIE YCIIOBHS ee (DYyHKITMOHHPOBaHUI
BHOCAT CBOM OCOOEHHOCTH M TPeOYIOT CO3NaHUA
KIMEHTHO-OPHEHTUPOBAHHOM OTpaciu, obecie-
yeHMS OoJiee HATEXHOTO 3JIEKTPOCHAOXKEHUA
TIOTpeOuTeNel, MPUBIEYEHUS IOCHENHUX K yda-
CTHIO B TIPOIECCE YIPABICHWS PEXMUMaMH pabOThI
SHEPTrOCHCTeMbI. DIEKTpHYecKas CceThb M3 IIac-
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CHBHOTO 3JIEMEHTa TpaHCIOpTa M paclpeiene-
HUA SJEKTPOSHEPIHMH JIOJDKHA TIPEBPATHTBCS B
AKTHBHBIA 3JIEeMEHT C IlapaMeTpaMHd M Xapakre-
PHUCTHKAMK, H3MEHAIOIIMMMCA B 3aBHCHMOCTH
OT pexXMMOB pabOThl IHEPTOCHCTEMEI.

CeronHs BaXHOW 3amadeil sBisIeTcd co3na-
HHME MHTeIPMPOBAaHHOM, caMOperyiMpyeMoil pac-
MpeneMTeIbHON CHCTEMBl  3JeKTPOCHAOXKECHHUI,
obecrieyuBaONIed aBTOMATHYECKOE YIIPaBIECHUE
DJIEKTPOCETAMU M OOBEIMHAIONIEH SHepreTHye-
cKHe, MHGOPMAlMOHHBIE M (DMHAHCOBHIE ITOTO-
k. OCHOBHAs KOHIENTyaJbHas YepTra JaHHOTO
TIOIX0Ma — MCIIONB30BAHME CETEBBIX ITOTOKOBEIX
MOOene IS MOIENIMPOBAaHMSA pPabOTHl 3NEKTPO-
SHEPreTHYeCKOM CeTH, a TakKe IS YIIPABICHUS
ee KoHOMHTypamueil ¥ pasBUTHEM. DT MOIEIU
MpeaHAa3HAYeHBl JNA MOAEJUPOBAHHMA CHCTEMBI
JOCTaBKU IOTpEOHTETBCKOTO pecypca (B HaHHOM
CIyyae — 3JIEKTPOIHEPTHMH) IO CHUCTEME reorpa-
(uyecky pacrpenNcieHHBX KaHAajloB H Y3JI0B OT
HCTOYHUKOB (T€HEPaTOpOB) K IOTPeOUTENIM
(abonenTaM). OmUCHIBAsT BIEKTPOIHEPreTHYE-
CKYIO CeTh B BHJIe MareMarudeckoro rpada, co-
CTOAIIEro0 M3 MHOXECTBA BEpIMMH (Y3JIOB) U AyT
(xaHaTOB), MOXHO TOCTPOUTH CHCTEMY MaTema-
THYECKWX MOIeNeH paclpeleleHHON 3IeKTpo-
SHEPIeTHYECKOM CeTH [UIS ONTUMM3aluU ee
CTPYKTYPHl M OpTaHM3allMd paboTEHL

PacnpemenutenpbHas  3IEKTPO3HEPIETMYECKAS
CeTh ABJSIETCSI MHOTOYPOBHEBOM (B 3aBHCHMOCTH
OT paclpenersieMO MOINHOCTH M HAIpsDKEHUA)
[2]. B cetm mepBOrCo YypOBHA Vy3TMbI HArpy3K#
TIPEACTABIAIOT CODOM pacHpexeiIUTeNbHblE TYHK-
16l 20 kB, B ceTM BTOpPOro ypOBHA — IIOJCTaH-
uun 220 kB, B ceTH TpeTeero ypoBHA — IIOA-
cranimu 500 kB u BpIIIE.

Haubonee momxomsaiei oIS TOTOKOBOTO MO-
IETUPOBaHUS MHOTOYPOBHEBBIX 3JIEKTPOSHEpPIe-
THYECKHX CeTel SABJSeTCS KOHLEIIWS Hepapxu-
YEeCKHMX pAaCHpeNeeHHBIX KaHAJIBHBIX CHCTEM
(MPKC), OCHOBHEIE XapaKTepHCTHKHA KOTOpOH
3aKJTIOYAIOTCS B CIIEOYIOLIEM:

1. HPKC cocmoum u3 y3n08 u KaHanoe nepe-
dauu pecypca (anexmposHepeuu). B BIEKTpOSHEP-
TeTHYECKUX CeTAX V3Ibl M KaHaubl IIpeIHA3HAYEHBI
oA rMpeoOpas’oBaHMA M IEPENavyd MEKTPHYECKOR
SHEPTUH COOTBETCTBEHHO.

2. Kaxcowli ysen cemu moxycem uMems He-
cKoabKo Rompebumeneli (aboHeHmo8) C HM3BECTHLI-
MU II0TpeOHOCTAMH B pecypcax.

3. Kaxcowii yzen moocem UMemb HECKOALKO
BX00AWLX U/unu ucxolawux kanasoe. Harpasie-
HHEe JIBIDKEHMSI pecypca B KaHale MOXKEeT U3Me-
HATBCH B IIPOLIECCE YNPABICHHSI CETHIO, B TOM
qucJie B pPeaylbHOM BpPEMEHH.

4. Kaxcoviil ysen modcem uMemb COCOUHEHUe ¢
yanom ebluiecmosujezo yposHs. B praexTposHepre-
THYECKMX CeTdX 5T0 O3HaYaeT, 4YTO TeopeTHde-
CKM KaXIBIM y3€I MOXET COECOHUHATHCS KaHaJIoM
nepenavyld 3JEKTPOSHEPTUM C BEHIIIECTOSIINM He-
PapXuUueCcKMM YPOBHEM, KOTOPHIH BBICTYIIAET B
JagHOM CIydae B polHM “reHeparopa”.

5. Obujee Koauvecmao 6X00AWUX U UCXOOAUUX
KAHAN08 8 KaXCcooM Yane He MOJNCEMm Hpeebiludmb
mpex. Croma BXOOWT M KaHaJl OT BBIIECTOSIIETO
YPOBHS, €CJIM OH IIPHUCYTCTBYET.

6. Kaxcoviii kanan obnadaem 02paHuHeHUIMU
HO RPONYCKHOU ChOCOOHOCMU  (MUHUMAAbHOU U
MAKCUMAanbHOl — nepedagaemoli  3neKMPUHECKOL]
sHepeuw). TIpy 3TOM, B YaCTHOCTHM, OrpaHUYEHUE
0 MHHHUMAIBLHO MOIYCTHMOM DBHEPTUM MOXKET
OTCYTCTBOBATD.

HMPKC MOXHO IIpeOCTaBUTE KaK CTPYKIYDY,
B KOTOpDO# CeThb KaXIOr0 HANpSKEHUS Tpen-
cTaBlieHa B BMIE IUIOCKOCTH. B ciydae pacmpe-
JeTHUTEIBHBIX SJEKTPUYECKHMX ceTel IUIOCKOCTH
HMEIOT  COCOWHEHHA B  y3JaX  Harpysku
500/220/20 xB. Takxum ob6paszom, MPKC npexn-
craBisieT co0OM MHOTOCHOMHEIM rpad, Ioarpa-
(B XKaxmoro ciaosd B KOTOPOM Yallle BCETro ILIa-
HAPHEI, YTO IOBHINAET MX JWUIIOCTPATHBHOCTE U
COOTBETCTBYET PpEANBEHOM KOHMUIYpalMy CeTH,
reorpadHUIeCcKy pacIpeleeHHOH II0 HEKOTOpPOH
orpaHMdeHHON Tepputropuu. I[DraHapHOCTH He
SIBIISIETCS CKOJIbKO-HMOYInb 00si3atenbHBIM Tpebo-
BaHMeM, Tak Kak peasbHo rpad MPKC nHe mma-
HapeH JOaXe B TEOPHH.

B cBA3M ¢ OTMEYEHHBIMH OCOOEHHOCTSIMU
HeoOXOIMMO paccMaTpHBaTh U OCYILECTBISTH
pas3mebHOE IUIAHMPOBAHME M YIIPaBIEHHE (DYHK-
IMOHMPOBAHMEM CETH Ul KaXKJAOro Ccios ue-
papxun. Kpome Ttoro, xaHansi MPKC B obmem
caydae TpUHAMIEXAT pa3HBIM BlameablaM C
PasIMYHBIMM HMHTEpPECAMM M OTIMYAOTCHd [0
IJIMHE, CTOMMOCTM M JAPYTHMM XapaKTepPHUCTHKaM.
Bce sT0 clemyeT YUMTBIBATH IIPH  paclipemclie-
HHHM MEXIY HUMH HArpy3KH.

Paccmorprm opueHTHpOoBaHHBI Tpad G (V, E),
OIMUCHIBAIOIOINI HepapXUYecKyl0 CeTeBYKH Ka-
HajgpHyl0 cucTeMy. OH mnpencraBiaseT coboif
MYJNbTUIpad C HECKOJBKHMH HEepapXUUYECKUMMU
noxrpabamu (cnoamu) G°(V°, E®), s=1, ..., S.
IMToTpeburenu ysma:

KOHEUHBbIE IoTpeOuTeN M (B IIOCHEIHEM CIIOE
Hepapxuu §=35');

TOTpeOUTeNN HITKEIeXaIero Ciaos UepapXuu
s=1,..,5-1.

DTO IO3BOJISET aHAIM3UPOBAThH M OIITHMM3H-
posate ciaou HMPKC HeszaBHCHMO.

JIyri B JaHHOM MOOEIM MOIYT OBITH HeHa-
MpaBIeHHBIMM, T. €. IepelasaTh pPecypc B ABYX
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HarpaBlIeHUAX (B 3aBHCHMOCTH OT TEKYILEro co-
crossHUS ceTH). Ilpm 3ToM Besde B ceTd cobiio-
naercst OamaHC KOJMMYECTBA IEHEPHUPYEMOro, IIe-
penaBaeMoro M IIOTpedIgeMOro pecypca.
Beenmem ciemyromue 0003HaYEHMST:
reHepaTopel (MHTep(ENUCH K BEpXHEMY YpPOB-

HIO):
G, i=1, .., m — reHeparopsl (MHTepPQEHCEI);
&, i=1,...,m — KOIMYECTBO I€HEPHPYEMOM
JHEPIuy;

y3IbI Ilepenadd / IIOTpebJeHus:

N;, j=1,..,n — y3IBl mepenayd u morpes-
JICHHS;

¢ J=1,..
JAHHOM y3JI€;

KaHaIbl Tepenayv (myru B rpage):

Dy, k=1, .., K — KaHan Inepenayu pecypca;

d, k=1,.., K — Harpy3ka Ha KaHal Iiepe-
a4y pecypca;

COoeqUHEHME KaHalOB M y3JIa:

, 1 — T1ioTpebieHrne abOHEHTOB B

D+(I\f}) — MHOXECTBO KaHaJIoOB — IIOCTaB-
IUKOB pecypca B V3,

D_(N) — MHOXeCTBO TpPaH3UTHBIX KaHAJIOB
y37a.

OrpanuyeHuss 00OJacTH IOMYCTUMBIX 3HaYe-
HUH B JaHHOM MOJEIH BRITIOYAKT CIEIYIOIIHNE
COOTHOINEHH:

1. OrpanwdeHna II0 TIPOIYCKHOW CIIOCOGHO-
CTM KaHaja

2. YpapHeHue obOmero ©OamaHca
LIAHA-TIOTPeOJICHHA II0 BCeH CceTH

m H
2.8 =26

i=l Jj=l

reHepa-

[MOKA3LIBAET, YTO KOJHMYECTBO TEHEPHPYEMOIO
(BBOOMMOTO Ha HaHHBIH HMepapXHYEeCKHH YPOBEHE)
pecypca NOJDKHO TIOMHOCTBIO ITOTPeOIATHCS TIPH-
COENMHEHHBIMM K JAaHHOW ceTH abOHEeHTaMHU.

3. YpaBHeHme OamaHca y3na

de = de +Cj

keD.(N;) keD_(N;)

2de- 2.4,

keD,(N;) keD_(N;)

T. €. KOJIMYECTBO ITOCTABJISIEMOTO B V3eJl pecypca

PABHO IOTPEONIEHHIO B Y37I€ M TPAaH3UTY M3 y37a.

IMokaszarenmn paGoOTBI CeTH M HArpy3Kd Ha
CETh MMEIOT CIEOYIOIUWA BHII:

1. O6masa Harpyska Ha ceTb d = (di, ..., dg).

JlaHHBI BEKTODHBIA IIOKA3aTeNb SABIAETCS

UHTETPAJBHBIM, T. €. II0Ka3aTelleM, XapaKTepH-

3YIOIIMM Harpy3Ky Ha BCIO CETh B COBOKYIIHO-

*-Cj =O,

cti. O6o3HaumM dyepes Dy MHOXECTBO NOITYCTH-
MBIX 3HAYEHMH 3TOro BeKTOpa Harpy3ku. CTpyk-
Typa D, ompenerdeTcss BCEMH BBIILCOIIMCAHHEI-
MM OIrPaHUYEHHUSIMU MOIEIH.

2. 3arpyska oTHmENBbHOrO y3nma f, je{l, .., n}

DTOT MOKa3aTeJ b paBeH KOJNMYECTBY pecypca,
NPOXOIAILEr0 YEpe3 y3ed B CIWHWIY BpEMEHH
(TpaH3WTHasd MOIIHOCTH IUIIOC MECTHOE ITOTpEO-
JIeHHe):

tj= de= de +Cj'
fCGD,}(NJ) kE.Dﬁ(NJ,)

3. 3arpy3ka xawana 4, ke{l,.., K}.

4. 3arpyska reHeparopa (uHTepdeiica) g,
A5 — LA

HyxHo oTMeTuTh, 4TO OOIIAs HArpy3Ka Ha
CEeThb — XapaKTCpHUCTHKA, BaXHad C TOYKH 3pe-
HUS aIMUHUCTpATHBHOro jeieHus. Ilokasarensb
3arpy3ki y3jla BaXeH C TOYKM 3peHHs XapakTe-
PUCTUKY OOOpyIOBaHMS. 3arpyska KaHaia SBIIf-
€TCs BEIWYMHOMN, oOIpemendroniel (IHaHCOBEIHA
IIOXOM ero BialebleB.

BaxHOo# CHCTEMHOM XapaKTepHCTHKOI, oIpe-
OEeJSIolel B3aUMONEHCTBAE M COYEeTaHMUE B3a-
VMHO-TIPOTMBOPEYMBEIX HHTEPECOB BIAICIBIEB
KaHAJIOB CIYXXWT IIPEANOYTHTEILHOCTh IIPOIIYCKa
pecypca yepe3 KavHal k, KOTOpPYyK 0003HAYUM
yepe3 Zz;. OlEHKa IpeAlIOYTUTENLHOCTH MOXeT
OIpEeAeIaTECS CTOMMOCTRIO, IJIMHOH, CIIOXHO-
CTBIO, MOIIHOCTBIO, COBPEMEHHOCTBIO WJIM JIpy-
TUMM XapakTepUCTHMKaMH. DTa OIEeHKa M BCe
CTOMMOCTH SBJSIOTCA BHEIDHUMH W HEU3MEHHBI-
MU BEeJIHYMHAMH OIS MaTeMaTHYecKOM MOIEIIH.

Ilenp MakpOSKOHOMHYECKOW CHCTEMBI —
pacrpeneinTe BO3MOXHOCTD IIONYYEHHS ITOXOIOB
OT TpaH3UTA DpEecypca B MHTEpecaXx KaxIoro
CyOBeKTa IKOHOMHYECKOH NegTeILHOCTH (B IIaH-
HOM ClIydae — OIlepaTopoB-BaanensieB). Kax-
OB BIangenel KaHana (MHBECTOpP) CTPEMMTCH
MaKCHMU3UPOBATh IONYyICHHE HOXOOa OT IIpo-
mycka pecypca (9JEeKTPOSHEPTMM) B  VCIIOBMIX
(DYHKUMOHUPOBAaHUS BCEH  paclpeneTuTeNbHON
CHCTEMEL:

dy -omax, k=1,.., K
deDy

OmuH u3 00OCHOBAaHHBIX METONOB TAKOrO
pacupeneNeHust Harpy3kKd MeXIy OIepaTopaMHu
npy  (QYHKIMOHMPOBAaHWM CHCTEMBl — paBHO-
MEPHOCTh IOJIYYEHHS NOXOLOB BJIANEIBIIAMM Ka-

HanoB (kpurepui I'epMmeiiepa) max min dj.
deDy 1<k<K

CucreMa Takxe MODKHA YYIUTHIBATH DKOHO-
MUYECKNe HHTEPeChl M TeXHWYecKue TpeboBaHuA
BEIIECTOSINEr0 YPOBHA - pPaBHOMEPHOCTL Ha-
TPY3KW HA TeHepaTopbl. DTO MOXET OBITH TaKKe

T =

TokkoBEA

O e )G

o]

Lo [ o Y |
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peaiM30BaHO IIpH TIOMOIIM MaKCHMHHHOI'O0 KpH-

TEpUA max min g;.
deDy 1<i<m
Kak H3BECTHO, MaKCHMM3allMsI C KCIIOIb30-

BaHHEM TaHHOTO 0000MICHHOIO KpPHTEPHS OITH-
MaJbHOCTH INPUBOAUT K 3Gh(EKTUBHOMY pele-
HUIO [3].

Ilpy TIpMMEHEHMH Z; KaK OLIEHKHM IpEAnod-
THTETBHOCTH TIPOIMYCKa pecypca 4Yepe3 KaHal k
IEeJhI0 MAKPOIKOHOMMYECKOM CHCTeMBI SBIIETCS
pacrpefieJieHie BO3MOXHOCTH ITOJY4EHHST TOXO-
OB OT TPaH3HTAa pecypca B HHTEpecax KaXIOoTo
CyOBeKTa SKOHOMMYECKOU mesTelbHOCTH (B JaH-
HOM CJIy4ae€ — OIIEPATOPOB-BJIANEIBIIEB):

d, , k=1, .., K
k/zkeg;%ﬁ

AHaJIOTMMHO PaBHOMEPHOCTh B3BEIIEHHBIX 3HA-
YeHWH [OXOHOB TAaKKe MOXET XapaKTepH30BaThCS
KpurepreM Iepmeiiepa, ITOCKOMBKY KO3DQUIAEHTEI
1/z; MoOryr OBITh WCIIONB30BaHBI B KaYeCTBE
IDKATHPYIOMHEX KOo3(MdHIIMEHTOB B 0000IIeHHOM

KPUTEPUM ONTUMAJIBPHOCTH max min d; /zy.
deDy 1sk<K

Kak wu3BecTHO, MakCHUMM3alUs C HCIIONB30-
BaHMEM MAHHOTO OOOOIIEHHOIO KPUTEPHS OIITH-
MAJTBHOCTH TakKe TPUBOAMT K 3(hOeKTUBHOMY
pemennio [3].

IIpr npemmonoxeHusx: 1) — oOrpaHHYEHMS
CHM3Y HAa HArpyskKy KaHaJOB OTCYTCTBYIOT M 2)
— BCE KaHaimbl ABJSIOTCS HAIPAaBICHHBIMH pe-
IIeHWe HMCXOTHOM 3ala4yd MOXeT OBIThH IONYyYeHO
TP peIIeHHH CJIEeAVIOLIeH 3amayd IJIMHEeHHOoro
MIpOrpaMMUPOBAHUS:

max v,

dk/Zkzvp k= 1: s—K;

za'k = Zd, s =1y
keD,(N;) 1eD_(N;)
m

n
2.81=2.6;
i=1

j=1
d.>0, k=1,., K

gl B 1 wimt

B ciygyae, ecnu mna HekoTopelX ke K c K
OTpPAaHMYCHHS CBEpPXy Ha HArpy3Ky KaHAJIOB He
BBIIIOJITHAKOTCS:

dk>dz, ke Kr,

JUIS DElIeHMA MCXONHOM 3amgayd MOXHO ITpHUMe-
HUTH CIEOYIOIIWN aJITOPUTM:

1) pemmaeM MCXOMHYIO 3amadqy 0e3 oOrpaHude-
HUI TI0 IIPOIIYCKHOM CIIOCODHOCTH KaHAJIOB
(myr);

2) ecmM TIpM STOM HATPYy3Ka BCeX KAaHAJOB
VIOBJIETBOPSIET OIPAHMYEHMAM CREpXy, TO 3amaya
pemmeHa (KOHEI[ AJITrOpMTMA);

3) BeIGMpaeM IpOM3BONBHEIN k' eK';

4) X OrpaHWYECHHAM HCXOTHON 3amayu Mo-
GapisieM orpamumyeHue di =dj;

5) U3 OrpaHMYeHWH MCXOIHOHN
KII0YaeM OrpaHuyeHue dy /7 =v;

6) mepexomuM K II.1 — IOBTOPHO pelnaeM
3a1ayy.

PaccMoTpeHHBIE MOIETH M METONLI OBUIH
MpUMEHeHE JUId pelleHHs 3aiay aHanMsa U
[UITAHMPOBAHWS HATPY3KM Ha 3JIEKTPHUYECKYIO
pacIpeleseHHYI0 CeTh. Pe3yJbTaTHl ITOKa3aid MX
3ddeKTHBHOCTE.

KoHuenuus MHTEIIEKTyalbHOM SJIEKTPOIHEp-
TETMYECKOHM CHCTEMBl C aKTUBHO-aIalTHBHOMI
CeThI0 IIPEeNmoJiaraeT HaJIW4YUe IEeHTPAIH30BaH-
HOH CHCTEMEl YIIpaBlIeHUs A8 KOHTPosa (hyHK-
LMOHMPOBAHMUS M YIPaBICHHS HapaMeTpaMu ee
paboTel IMpH VyYACTHMM B VIIPaBIEHMH H y4dere
UHTEPECOB IIOTpeOuTeNeid M BIANENBIEB CETH.
JaHHBIA TTOMXOA TIO3BOJSIET, C OMHOM CTOPOHHI,
obecrieunTs PaBHOMEPHOCTE HAarpy3KH Ha CeTh
M, CIEOOBATENLHO, CHU3WUTH IIEPErPY3KM M IIpe-
JaBapuHHEIE CUTYallMH, a C OPYrOM CTODOHBI, —
yYECTh MHTEPECH BIANENBLIEB CETH KaK KOpIIO-
pPaTHMBHOIO COOOIIECTBA M TIOBBICUTH MHTEpEC K
HHBECTUPOBAHHUIO B CETEBYI0 HHGMDPACTPYKTYDY.

3amadyy  HC-

CimcoK JHTepaTypsl

1. Kobeu B. B., Boaxosa H. O. HMHHOBallMOHHOE pa3BH-
THE OSNEKTPOSHEPreTHKW Ha 0Oase KoHuenuuu Smart
Grid. — M.: HAIl “Bueprua”, 2010.

2. Cocuuna E. H., Jlockyros A. B., Jlockyros A. A. Tono-
JIOTHST TOPONCKUX DPACIpPENeNeHHEX MHTE/UIEKTYATBHEIX
snexrpuyeckux ceredt 20 kB. — IIpoMeInuieHHas
sHepreTuka, 2012, Ne 5,

3. ITomnmosckuit B. B.,, Horun B. I. Ilapero-ontumMans-
HBIE pEIIeHMSI MHOTOKDMTEPHANBHEIX 3amad. — M.
Hayka, 1982.

shaposhnikov@unn.ru



	Промышленная энергетика_Перечень 2013
	Промышленная энергетика (2013 г.)

