KOMBHHHUPOBAHHBIE DOHEPI'OYCTAHOBKHU HA OCHOBE BHUD

CeromHsi OONBIIMHCTBO CTallMOHAPHBIX ABTOHOMHBIX HCTOYHHKOB SHEProCHAOKEHHS B
3aBHCUMOCTH OT TpeOyeMOi MOIIHOCTH CO3AAI0TCS MPEUMYILECTBEHHO Ha 0a3e JU3ENbHBIX WUIIH
OCH3MHOBBIX JBHTraTelieii BHYTPEHHETO CrOpaHUS U 3JIEKTPOTCHEPaToOpOB, HEMOCPEACTBEHHO
paboTaromux Ha MOTPEOUTENS U TO3BOJSIOINX BEIPA0aThIBATE JIEKTPOIHEPTHIO, TEILIO U, €CIN
HEo0X0IMMO, X0J10/1 (ITPU TOTIOJTHUTEIFHOM OCHANICHUH MX XOJIOIMIBHBIMU YCTaHOBKamMHu) (puc.
la.). JIOCTOMHCTBAMHM TaKMX YCTaHOBOK SIBJIIIOTCS OTPAaOOTaHHOCTh TEXHOJOTUU H
OTHOCHUTEJILHO HEBBICOKAsi CTOMMOCTh 000pynoBaHMs. Bmecte ¢ TeM, B CBS3M C CYyLIECTBEHHO
HEpaBHOMEPHBIMU TpadukaMu TMOTpeOICHUS] SHEPIUM TAaKHE YCTAHOBKH OOJBIIYI0 YacTh
BpeMEHH palbOTaloT B HEHOMHHAJIBHOM pEXHME, BCJIEACTBHE HYEro XapaKTepU3yIOTCS
NOBBIIIEHHBIMU PAcXoJaMH TOIUTUBA U OTHOCHUTEIILHO HU3KHM DPECYpCOM M COOTBETCTBEHHO
BBICOKMMH 3aTpaTaMy Ha TOIIMBO M oOciyxuBaHue. CleayeT OTMETUTh, YTO, HalpuMep, o
nanHbM SkyraHepro B 2007 romy croumoctsh 1 kKBTu »3ieKkTpo’HEpruu, MOIydaeMon OT
JIM3ETIbHBIX YCTaHOBOK MOIIHOCTHIO 10 100kBT B oTnaneHHbIx paiionax SIkyTuu, Kyaa 1ocTaBKa
TOILJIMBA OCYIIECTBIIIETCS BEPTOJICTaMu, JocTuraia ot 2510 60 py6./kBTu.

Bonee >ppexTUBHBIMU TpPaJWLIMOHHBIMA ABTOHOMHBIMH SHEPrOyCTAaHOBKAMH SIBIISIOTCS
YCTaHOBKH, CHA0KEHHBIE aKKyMYJISITOpAaMH 3JIeKTprueckoil sHepruu (puc. 1b). B stoii cxeme
TIM3eIb-TeHEPaTOp aBTOMATHYECKH BKJIIOYACTCS B PabOTy Ha HOMHHAJIBHOM MOIIHOCTH ISt
HNEePHOANYECKON TOM3apAIKH aKKyMyJsITOpa, a IEPEMEHHOE JJIEKTPONHTaHHWE MHOTpeOnTeNns
OCYILECTBIISICTCS IPEUMYILIECTBEHHO OT aKKyMyJsTopa. Pabora ycTaHOBKM 1O Takol cxeme, MO
HEKOTOPHIM JAaHHBIM, TO3BOJIIET A0 2-3 pa3 CHHU3UTHh pPAacXo]] TOIUIMBA U CYIIECTBEHHO
YBEIMYUTh PECypC M CPOKH MEXIy OUYEPEAHBIMH OOCITYXHMBAHUSAMH TU3EIb-TEHEPATOPA.
HecmoTpss Ha 3HauMTENbHOE YyOOpPOXKaHME YCTAaHOBKM, CBS3aHHOE C 3aTpaTaMd Ha
aKKyMYJISITOpbI, BO MHOTHX CIy4asX TaKH€ YCTaHOBKH OKa3bIBAalOTCSA 00Jiee 3KOHOMUYECKH
>((eKTUBHBIMH, YeM YCTAHOBKH IIEPBOTO THMA’.

B mocnemnue rTomel BemyTCs aKTHBHBIE Pa3padOTKH ABTOHOMHBIX 3HEPrOYCTaHOBOK,
OCHAIIICHHBIX HapsAAy C AW3ENb-TEHepaTopoM M aKKyMYJSTOpHOU OaTapeell BETpOYCTaHOBKAaMH,
(GOoTONIEKTPUUECKUMH TIpeoOpa3oBaTensiMu, WM ux komOuHanmei (puc. 1c). Takoe cxemHoe

PCIICHUC TO3BOJIACT JOMIOJIHUTCIBHO COKPATUTDL pacXo]q TOHJII/IBaZ's.
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[prHIMIHATIEHO HOBBIM HAIPABICHHEM Pa3pabOTOK SIBISETCS CO3AHHE TOTHOCTHIO aBTOHOMHBIX
SHEProyCTaHOBOK PabOTAIOMIMX TOJBKO Ha 0a3ze (POTOAIEKTPHUECKUX M BETPOBBIX YCTAHOBOK I HX
KoMOuHaiuu (06e3 MCroib30BaHus opraHnveckoro Tormsa) (puc. 1d). B maHHOM paszerne nmpuBOASTCS

PE3YIbTATHI IOCICAHUX I/ICCJ'ICI[OBaHI/Iﬁ MMEHHO B 9TOM 00JIaCTH.
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PlrlcyHOK 9.1 - OCHOBHBIE THIIBI ABTOHOMHBIX 9HEProyCTaHOBOK.

a) u b) —mpaouyuonnvie, C)u d) —nosvie ¢ BUD

ComHedHast SHEPTHs, TaK K€ KaK U SHEPTHs BETPA, SBISTIOTCS TTOBCEMECTHO JOCTYITHBIMHU.
OI[HaKO HUX HCIMOCTOAHCTBO M CHWJIbHAA 3aBUCHUMOCTb OT BPCMCHU T10Ja, BPECMCHU CYTOK U
IIOTOAHBIX YCJIOBI/Iﬁ CHUJIIBHO OCJIOXHAKT HpO6JICMy CO3JaHus IIOJIHOCTBKO AaBTOHOMHBIX
SHEProcucTeM, 00ECIeUnBAIONIUX TapaHTUPOBAHHOE SHEProcHaOKeHUE MOoTpeOuTens. 3agada
OCJIOXHSIETCS] TAK)KE TEM, YTO TpauK MOTPEOICHHUS SHEPTHH MOTPEOUTEIIEM TOXKE, KaK IPABHIIO,
SBIISIETCS HEPAaBHOMEPHBIM. B 3Tol CBA3M TakWe YCTaHOBKM TpPEOYIOT HCIOIb30BaHUS
aKKyMYJIITOPOB DJIEKTPOIHEPTHUH, Pa3MeEPhl KOTOPBIX M CTOMMOCTH IIPU MOIIHOCTH YCTaHOBOK
y)K€ B HECKOJBKO KHJIOBATT MOTYT OKa3aThCs Ype3MEpHO OoNbIIMMHU. boiiee TOro, MOCKOIBKY
NEKTPOXUMHYECKHE aKKyMYJISITOPhl TPEICTABISIOT CO00M KOMITO3WIIMIO W3  OTICIBHBIX
3JIEMEHTOB OTHOCHUTEIILHO HEOOJBIIOW €MKOCTH, C YBEIMYCHHEM pa3Mmepa Oaraped ducio
DJIEMEHTOB BoO3pacraeT, a 3(G(EeKTHUBHOCTh W HAJCKHOCTh MX COBMECTHOW COTJIACOBAHHOM
paboThl U CUCTEMBI aKKyMYJIHMPOBAHHUS B IEJIOM CYIIECTBEHHO CHMKAETCS. JTO OrpaHUYMBACT
BO3MOXXHOCTH  HapallMBaHUS  MOUIHOCTH  COJIHEYHBIX W BETPOBBIX  aBTOHOMHBIX

HHEPrOyCTaHOBOK. VIMeroTcss mpobieMbl ¢ pecypcoM paboThl aKKyMYJISTOPHBIX OaTapei,



OrpaHMYCHHBIM TPEICSIBHBIM YHCIOM IUKIOB 3apsina/paspsnga, ¥ apyrue. B 3Toil cBs3u 10
MOCIIEIHETO BPEMEHHU IPEANOYTEeHUE OTAAeTCs THOPUAHBIM IHEProyCTaHOBKAaM, COYETAIOLIUM
HCIIOJIb30BaHNE BO300OHOBIISIEMBIX MCTOYHUKOB HHEPrHUM U TPAJUIMOHHBIX YCTaHOBOK Ha 0a3ze
JIBUTATENIeH BHYTPEHHETO CrOpaHus, YTO 00eCreunBacT SKOHOMHUIO TOIUIMBA U 0o0Jiee BBICOKYIO
HA/IeKHOCTh JHEProcHaOXEHHs, HO TPUBHOCUT paHee ONHMCAaHHBbIC MPUHIMINAIbHbIC
HEeIOCTaTKU (HEOOXOAMMOCTh 3aBO3a TOIUIMBA, BBIOPOCHI, IIyM, BBICOKHME SKCILTyaTallMOHHBIC
U3JICPHKKH).

OmHrM W3 TMyTed MO3BOJSIONIMM H30aBUTHCS OT HEOOXOAMMOCTH THOpUIU3ALNN
ABTOHOMHBIX YHEPrOYCTAHOBOK MOXKET CTaTh HCIIOJIb30BaHUE BOAOPOAA KaK JOJITOCPOYHOTO
AKKyMYJIATOpa SHEPrud M TMPOMEKYTOUHOTO HHEPrOHOCUTENS, YTO CO3/Iae€T BO3MOXKHOCTH
CYILIECTBEHHOTO YJIyYILIEHHUs IKCIUTyaTallHOHHBIX TTOKa3aTeNlel TaKUX YCTaHOBOK.

[TpuHiMnuanbHass cXeMa TaKOH AaBTOHOMHOW HHEPrOyCTAaHOBKM Ha BO30OHOBIISIEMBIX
MCTOYHHKAX HEPTUH YIPOILIEHHO MOKET ObITh H300pakeHa B BUJIE, PEACTABICHHOM Ha pHC. 2.
C 1enpl0  TOBBIIICHUS  JHEPreTUYeCKOM  A(P(GEKTUBHOCTH  CHUCTEMBI ~ aBTOHOMHOTO
SHEProcHa0XeHHsI PHEPTus, BbIpaOaThiBaeMas IMEPBUYHBIMU HCTOYHUKAMHU SHEPIHH, JOJKHA
HAMpSIMyI0 HampaBisaThes norpedutento (myts ). B mepuospl reHepanud M30BITOYHOW IS
NOTPEOUTENST PHEPTUHM OHA JOJDKHA 3amacatbesi cucrteMoil akkymynupoBanus (myts ). Tlpu
neguuuTe dHEPruH, BhIpabaThiBaeMOW NEPBUYHBIM HCTOYHHKOM, aKKyMYJIMPOBAaHHAsl SHEPTHS
OT BTOPUYHBIX HCTOYHHMKOB JOJDKHA HAINpaBISATHCS MOTPEOUTENIO, MOKPHIBAsS HMMEIOIIUNCS
nedunut (myts ).

Cucrema aKKyMyJIHpOBaHHUsSI SHEPrMH MOXET OBITh TOCTpOEHa Ha 0a3e HaKOMUTENs
BoZopona (puc. 3). B ycraHOBKe ¢ BOJOPOJHBIM HAKOIHTEIEM HW30BITOK TCHEPUPYEMOM
AJIEKTPOIHEPTUN HAMpPABISIETCS HA AJIEKTPOJIM3 BOABI C IMOJyYEHHEM BOAOPOJAA M KHUCIOPOJA.
[TonmyyeHHble ra3pl HAKAIUIMBAIOTCS B pecuBepax. XpaHeHHE BOIOPO/Ia U KUCIIOPO/ia B OTIMYHUE OT
AKKyMYJUPOBAHUS DIEKTPOIHEPTUM B AKKYMYISITOPHBIX Oarapesix MOXKET OCYIIECTBISATHCS
OpaKkTHYecku ©Oe3 TMoTepb M CKOJIb yrogHo joiro. Ilpu nmeduuurte 3IeKTpOIHEPruw,
BbIpa0baThIBAEMON COJTHCUHOMN H/WJIM BETPOBOM YCTAHOBKOM, BOAOPO M KHUCIIOPO HAIPABIISIOTCS
B 0aTapero TOIUIMBHBIX 3JIEMEHTOB, TPOU3BOIAIIYIO HEJOCTAIOIIEE MOTPEOUTEIIO AIIEKTPUUYECTBO.

Bxittouenue B cocTaB aBTOHOMHOM 9HEProyCTaHOBKH BOJOPOJAHOTO HAKOIHUTENS TT03BOJISIET
oOecrieunTh Oosiee HAAEKHOE U OOJbIIEEe MO €MKOCTH AKKyMYJIUPOBaHHE SHEPTUHU, YeM 3TO
BO3MOXXHO C AJIEKTPOXMMHUYECKUMHU aKKyMynsaTopamu. Bmecte ¢ TeM, Kak MOKa3bIBaeT aHAU3,
MOJIHOCThIO OTKAa3aThCS OT HCIOJIb30BAHUS AaKKyMYJSTOPHBIX OaTapell He MpeicTaBlseTcs
BO3MOXHBIM. [IpuunHa COCTOMT B TOM, 4TO s oOecreueHHst OOJBIIOrO pecypca pabOThI
UMEIOIMXCA Ha CEeroJHs TOIUIMBHBIX JJIEMEHTOB M AIIEKTPOJIM3EPOB U COOTBETCTBEHHO

9HEPrOyCTAaHOBKM B IIE€JOM HEOOXOAMMO CTaOMIM3HPOBATh PEKUMBI TOTpebeHus/oroopa



MOITHOCTH; MX JKCIUIyaTalldsi B MAaHEBPEHHBIX pEXHMMax JOJDKHA ObITh orpaHuyeHa. B srtoi
CBSI3H LIEIeCO00Pa3HO CO3/laHNe KOMOWHHPOBAHHBIX YHEPrOyCTAHOBOK, B KOTOPBIX COYETAIOTCS
pa3iuYHbBIe BTOPUYHBIC HMCTOYHHUKHU 3JEKTPHUYECKOM SHEPrWH, OAHM M3 KOTOPBIX, BBUAY HX
BBICOKOI JHEProeMKOCTH (TOIIMBHBIC DJIEMEHTBI), MOXXHO PAacCMaTpUBaTh KaK HCTOYHUKHU
SHEPruH, a Jpyrue (HampuMmep, akKKyMYJISATOPHBIC MM KOHICHCATOPHBIC HAKOIMTENN) — Kak
MCTOYHUKH MOIIHOCTH, OOECIICUMBAIOIINE IUKOBBIE M TEPEXOAHBIC PEKUMBI MOTPEOICHUS
MOIIIHOCTH Harpy3koi. CoriacoBaTh PEeXHMBI PaOOTHl MCTOYHHKOB 3HEPIMH W MOIIHOCTH,
BXOJSIIIMX B COCTaB AaBTOHOMHOW HHEProyCTaHOBKHM, MOXXHO C ITOMOIIBIO COBPEMEHHBIX
BBICOKO9()(DEKTUBHBIX AJIEKTPOHHBIX MpeoOpa3oBaTeneii M KOHTpouIepoB. Takum oOpazoMm, B
KOMOMHHPOBAHHBIX YHEPrOyCTAHOBKAaX C IMOMOIIbIO HAKOMMTENS BOAOPOJA peIIaeTcs 3amada
OTHOCHUTEJIBHO JOJITOCPOYHOTO AKKyMYJIHPOBAHHUS SHEPTUH, a C MOMOIIBIO aKKyMYJISATOPHOM
Oatapen W/MIM KOHICHCATOPHOIO HAKOMUTENS - 3a/ladya KPAaTKOCPOYHOTO aKKyMYJIHPOBAHUS U
OTCJIeKUBAHMUS IEepeMeHHoro rpaduka Harpy3ku. Ilpu 3ToM, B OTiIMYME OT YCTaHOBOK 0e3
BOJIOPOJTHOTO HAKOIMTEJNSA, €MKOCTh aKKyMYJIATOPHOW OaTtapen MOKET OBITh CYIIECTBEHHO
YMEHBIIICHA, a TIHMKOBas MOIIHOCTh DJHEPrOyCTAHOBKH YBEJIMYEHA TPH OJHOBPEMEHHOM

00ecIreueHnH €€ BRICOKON AKCIUTyaTallMOHHOW HAJIeKHOCTH.

TlepEHSHED CHCTELA
HCTOMHHE I MYV 0EAaHHA H TotpetuTene
IH EprHH ETORHHYHEIE HCTONHEER SHEPIHH
AHEPTHH -+

=
-

Puc. 2 - OcHOBHBIE KOMITOHEHTHI CHCTEMBI aBTOHOMHOT'O SHEPTOCHA0KEHUSI

Batapesa B
CIIEKTROIHIED TOMINHEHLLD ——

— AMEMEHTOE

Puc. 3 - Cxema BOJIOPOTHOTO HAKOTIUTEIS

I

B unTerpansHoM Buae 00001meHHas KOH(DHUTypanus paccMaTpruBaeMOil KOMOMHHPOBAHHOMN

COJTHEYHO-BETPOBOM SHEPrOyCTaHOBKH IpE/ICTaBIeHA Ha puc. 4.
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dur. 1 — COHHEHHO-BETPOB&H aBTOHOMHEA 3HeproyCcTaHOBKa ¢ BEOA0OPOAHBIM HaKkonuTensm.

1 — SHEProYCTAHOBKA Ha BO20OHOBNASMEN MCTOYHMKAX SHEPIUK, 2 — BETPOYCTAHOBKA,
3 — dhotoanekTpryeckan batapen, 4 — akymMynAaTopHas Datapes, 5 — CMCTema aBTOMETHYECKOr O YTIPaBNeHHA,
6 — BOLOPOAHEIR HaKonuTeNk, 7 — anekTponK2ep Eodkl, 8 — pecueep Eofopoas, 9 — pecuBep KMCNopoaa,
10 — Bataped TONNMBHLLK 3NemeHToR, 11— noTpebutens

Puc. 4 - T'ubpunnas ycTaHoBKa

KiroueBoit  mpobOimemoit  pa3pabOTKm W CO3JaHUS  IOJIHOCTBIO  aBTOHOMHOM
SHEProyCTaHOBKM Ha BO300HOBIISIEMBIX HCTOYHUKAX SHEPrUU SBISETCS ONTUMHU3ALUSA
KOHQHUTypalluu M cocTaBa OOOpYyIOBaHHUS, KOTOpble O0ECIEeUYMBAIOT TapaHTHPOBAHHOE
HHEPrOCHA0)KEHUE 3a/JlaHHOT0 TOTPEOMTENs] NPH MUHUMAIBHBIX 3arparax. PerieHue 3Toi
npo0sieMbl JTOJDKHO 0a3upoBaThcs Ha ydyeTe pealbHBbIX KIMMATUYECKUX JIaHHBIX MecTa ee
IpeJoyiaraeMoi KCIUTyaTallud, 0COOCHHOCTEeH rpaduka Harpy3Ku U PeKMMHBIX MapaMeTpoB
BXOJISIIIUX B COCTaB YCTAHOBKM KOMIIOHEHTOB. [IpMHIMITMAIIEHO Ba)KHOW SIBIISIETCS pa3padoTKa
CHCTEMBl aBTOMATHYECKOTO YIpaBJICHHUs, OOECIeUMBaIOIeH palMOHATBHYIO JIOTHKY pabOThI
YCTaHOBKH, MIOCKOJIbKY COUETaHNE B YCTAHOBKE MEPBUYHBIX U BTOPUUYHBIX UCTOUHHUKOB SHEPIHU
U Pa3IUYHBIX AKKYMYJISATOPOB SHEpPruM TpeOyeT ONTUMHU3ALMU AIrOpUTMa YIpaBICHUS C
obecrieueHUeM MaKCHUMaJIbHOW HMHTETpaATbHOW 3(P(EKTUBHOCTH MpeoOpa3oBaHUsl IHEPTUU U
pecypca OCHOBHBIX Y3JIOB YCTAHOBKHU. SICHO, YTO NMOMCK ONTHUMAJIBHBIX TEXHUUYECKUX PELLIEHUI
IpU MOCTPOEHUH >(PPEKTUBHBIX aBTOHOMHBIX 3HEPrOyCTaHOBOK JIOJKEH 0a3MpoOBaThCS Kak Ha
9KCIIEPUMEHTANIBHBIX HCCIEIOBAHUAX, TaK W HAa MOCTPOCHHUM aJEKBAaTHBIX MaTeMaTHYECKUX
MOJIEJIEN.

HccnenoBanue, pa3paboTka W co3JaHME€ KOMOMHHPOBAHHBIX COJIHEYHO-BETPOBBIX
SHEProyCTAHOBOK C IUIAHUPYEMOM HX MOCIEAYIOLIEH KOMMEpPLMATU3AMen SIBISETCS OJIHUM U3
MIPUOPUTETHBIX HampaBJICHHH pa3paboTok HamwoHanbHON MHHOBAaIIMOHHON KommaHuu «HoBbie
SHEPreTUYeCKHe MPOEKTHI», BBIMOJHAIOMIUXCS B KOOMEpAlMH C BEAYIIMMH POCCUUCKUMHU
HAyYHBIMU [[EHTPAMHU.

Tak, B OMBT PAH ocymecTBisieTcss KOMIUIEKC PAacU€THO-TEOPETUUECKUX HCCIIEIOBAaHUN B

000CHOBaHME ONTHUMAJIbHBIX KOH(pUTyparuii KOMOMHHMPOBaHHBIX COJIHEYHO-BETPOBBIX



DHEPrOyCTAaHOBOK M MX COCTaBa C YYETOM peajbHbIX KIMMATHUECKHX YCIOBHH AKCIUTyaTanuu. B
OCHOBE PeaTM3yeMbIX METOIMK UCCIICAOBAHUM JISKAT CIISTYIONINAE IPUHIIUTIBL

— paccMaTpUBAIOTCS PA3TMIHBIC KOH(PHUTYPAIIMH SHEPrOYCTAHOBOK C Pa3IMYHBIMU HAaOOpaMu
CIIeTYFOIIINX KOMITOHEHTOB: BETPOYCTAHOBKA, (hOoTOINIEKTPHUIECKUIt npeoOpa3zoBarels,
aKKyMYJIATOpHas Oarapest (KpaTKOCPOUHBIN aKKyMYJISITOP), BOAOPOIHbINA HAKOMUTEN b (I0JATOCPOYHBIN
aKKyMYJISITOP), BKJIFOYAOIINE 3JIEKTPOJIU3EP BOJBI, PECHBEPHI BOJOPOAa M KHUCIOpPOJa, Oatapest
TOIUTUBHBIX JJIEMEHTOB; CHCTEMa aBTOMATHYECKOTO YIIPABJICHHS KOMIIOHEHTAMH SHEPrOyCTaHOBKH,
noTpeOuTeNhb (U1 YIPOIICHUS 3a/1auk Ha JAHHOM 3Talle pacCMaTPUBACTCSI MTOTPEOUTENb MOCTOSHHOU
MOIITHOCTBIO 1 KBT);

— IS KaXIOro W3 KOMIIOHEHTOB SHEPrOYCTaHOBKHM pa3pabaThIBAIOTCS aJCKBAaTHBIC
MaTeMaTU4ecKue MOJCIH Ha OCHOBE HSHEPTeTHYSCKHX W MaTepUalbHBIX OallaHCOB C Y4eTOM
YHEPTreTUUECKUX XaPAKTEPUCTHK MAKCUMAIBHO MPUOIIKEHHBIX K PEaIbHbBIM,

— OCYIIECTBISETCS] KOMITBIOTEPHOE AMHAMHYECKOE MOJACITUPOBAaHHE pa0OTHl YCTAaHOBOK B
YCIIOBUSAX TIEPEMEHHBIX T'pa(UKOB TOCTYIJICHUS W TMOTpeOsieHus sHepruu. Pabora ycTaHOBKHU
MOJICTIUPYETCs B TeUeHUe 2 JeT (Ui UCKITIOYCHUS BIUSHUS HAYadbHBIX YCIOBUH HA PE3yJbTaThl
MOJICTTMPOBAHHMSI) C BPEMEHHBIM IIIaroM pacuera 1 Jac;

— pe3ynbTaThl MOJETHPOBAHUS 3a 2-0H TOJ OKCIUIyaTalldd SHEPTrOyCTaHOBKHU
CTaTUCTHUYECKU 00pabaThIBAIOTCS C MOJydeHHEM 00OOIIEHHBIX SHEPrETHUECKUX XapaKTEPUCTHK 32
UHTEPECYIOINe HWHTEpBaJbl BpeMeHu (roj, TMOJroaa, Mecsl) C OTOOpOM BapHAaHTOB
rapaHTHPOBAHHOTO YPHEPTOCHAOKEHUS MIOTPEOUTEIS B TEUSHHE BCETO IO/,

— pacdeThl BHIMOJIHSIIOTCS ¢ UCTIOIb30BaHHUEM BepU(UIIMPOBAHHBIX UCXOIHBIX KIMMATHUECKUX
JAHHBIX JJISI BEIOpAHHBIX TEPPUTOPHI ¢ reorpaduyueckuM paspemieHrnemM 1x1 rpamyc, OCHOBHBIM
HUCTOYHUKOM KOTOPBIX CIYXUT KiuMmatuueckas 06a3a nanubix NASA SSE;

— oTOOp ONTUMAJIBPHBIX BAPHAHTOB COCTAaBA YCTAHOBOK OCYIIECTBISICTCSI HA OCHOBE KPHUTEPHUS
MHUHAMAQIFHOH  CTOMMOCTH  YCTaHOBKH TIPH  BBINOJIHEHWH  YCJIOBUS  TapaHTHPOBAHHOTO
DHEPrOCHA0XKEHUSI MOJEIBHOrO moTpeduTens. [lpu 5TOM UCHONB3YIOTCS COBpEMEHHBIE U
MEPCICKTUBHBIE CTOMMOCTHBIE TIOKa3aTenw oO0opydoBaHus. B pesymbrare, [Uisi BBIOpaHHOU
TEPPUTOPUU W JUISI KaXIOW W3 PACCMOTPUBACMBIX KOH(HIYpaIMii YCTaHOBOK OIPEACIISFOTCS
ONTUMAJIbHBIE 3HAYEHHUS YCTAHOBJIICHHBIX MOIIHOCTEH BeTpoycTaHoBku, DPIII, emxocrteit
AKKyMYJISTOpOB 3Hepruu. [IpoBoAMTCS aHanM3 YyBCTBUTEIBHOCTH CTOMMOCTH BBIpa0aThIBacMOM
AIIEKTPOIHEPTUHU K H3MEHEHUIO OCHOBHBIX MTAPaMETPOB SHEPTOYCTAHOBKH;

- pe3yabTaThl UCCIENOBAaHUS KapTorpaguuecku oOpalaThIBalOTCS M MPEACTABISIOTCS B BHIEC
Habopa KapT TEXHUKO-IKOHOMHUYECKUX M SHEPTETUIECKUX MTOKA3aTeIICH.

PaccMoTprM HEKOTOpBIE XapaKTepHBIE MPUMEPHI PE3YIbTATOB BBIMOJHEHHBIX PACUYETHBIX

HUCCIIENOBAHNN.



PaccmarpuBaercsi aBTOHOMHAsi COJHEYHO-BETPOBas SHEPrOyCTaHOBKA, paboTamomas Ha
IIOCTOSIHHYIO BO BpPEMEHHM Harpy3ky MoIIHOCTBIO 1kBT (mepexox k moTpeOuTensmM Apyroi
MOIIHOCTH MOJET OBITh OCYIIECTBICH METOJIOM MacIITaOUPOBAHHS).

[Ipy mnpoBeneHHMH CTOMMOCTHOW ONTHMH3ALUU TPHUHUMACTCI HECKOJIBKO BapHUaHTOB
COYeTaHHUsl YACIBHBIX cTOMMOCTed (orobaTtapein (mim (oTtodnexTpudeckux npudopos, OIII),
BeTpoarperatoB (BDY) u akKyMylsTOPHBIX HAKOMMTENICH, OTPAKAIOMIMX CETOMHSAIIHHNA H
MEePCIEKTUBHBIA YPOBHU CTOMMOCTEH. B kauectBe 0a30BOro paccMaTpuBacTCsi BapUaHT, B
KOTOpoM ynenbHas ctoumocts @II1 nmpunumaercst paBHoit 750 $41%, uTo npu kg OOI1 15%
cootBeTcTBYeT mpuMepHo 5 $Bt(muk). Croumocts BDY — 2500 $BT, 351eKTpOXUMHUYECKO#
akkymysstopaoit Garapern — 500 $kBru. IlpuHsTBIE yIeabHBIE CTOMMOCTHBIC ITOKA3aTEIH
COOTBETCTBYIOT COBPEMEHHBIM 1IEHAM Ha PAaCCMOTPEHHOE 000pYIOBaHHUE M AK€ HECKOIBKO UX
IPEBBIIIAIOT, YEM YCJIOBHO YYHMTHIBACTCS CTOMMOCTb JIOTIOJIHUTENIFHOTO 000pYIOBaHMS
(mpeoOpa3oBareny, aBTOMaTHKa W T.I.), KOTOPOE OTACIBHO HE PACCMAaTPUBACTCS B pPaMKax
JTAHHOTO YNPOILEHHOI0 MOAX0AA.

B cBs3u ¢ TeM, 4TO OCHOBHBIM OOBEKTOM HCCIIEIOBaHMS SIBIISIOTCS 3HEPrOyCTaHOBKHU
rapaHTHUPOBAHHOTO SHEProcHAOXKEHUs MOTPEOUTENIs, HPEANoNaraeTcs, 4ro JA0JIA IMOKPHITHS
Harpy3ku aoinkHa ObiTh He MeHee 0,998 (iTo cooTBeTCTBYET MOKPBHITHIO HAarpy3ku 364 nHs B
roay u3 365).

B pe3ynbrare MosenpoBaHus SHEPTOYCTAHOBKHU OINIPENENIAIOTCS CIEAYIOIINE TapaMeTphl:

—pacueTHasgs ce0ECTOMMOCTb IPOU3BOAUMON  3nekTposHepruu. OHa  ompenensercs
OpUOJIMKEHHO TIyTeM JeNIeHUs] pPacuyeTHOW CTOMMOCTH AaBTOHOMHOW 3SHEProyCTaHOBKHM Ha
KOJIMYECTBO TMOTpeONeHHON moTpedutenem 3a 201er mpeanojaraeMoil —3KCIUTyaTallliu
9HEProyCTaHOBKH IEKTPOIHEPIUH;

— K03(Q(UIMEHT HMCIIOJIb30BaHMs NEPBUYHBIX MCTOYHUKOB 3Hepruu. OH ompenensercss Kak
OTHOUICHUE OTBEICHHOW OT NEepPBUYHBIX HCTOYHHMKOB dHeprum (POII, BDOY) k sHepruu,
KOTOPYIO OHU MOTEHIMAJIbHO MOTYT BhIpabOTaTh, U XapaKTEPU3yeT COBEPILIECHCTBO CXEMHOIO
peLIeHHs] SHEPrOyCTaHOBKH U, B YACTHOCTH, CIOCOOHOCTh CUCTEMBI aKKyMYJIUPOBaHUs K cOOpy
«TIEPBUYHON» SHEPTUU.

—pacuerHast mwiomaas OOII, MouHocTh BeTpoycTaHOBKM M eMKocTh AKDB, coorBercTByromme
ONTUMAIFHOMY TI0 CTOMMOCTH BapUaHTY JUIS JAHHOU reorpaduuecKoi TOUKH.

IToMuMO mepeduciIeHHBIX OCHOBHBIX MApaMETPOB B XOJ€ MOJEIMPOBAHUS KOHTPOJIMpYETCS
N0 TOKPBITUS HAarpy3kd, a JJIs 4acTHM BAapUAHTOB ONpenensercd Takke Kod(QHUIHUEHT
pGEKTUBHOCTH TpakTa MepeAayd SHEPTrud, NPEACTaBISIIOMUNA cO00M OTHOIICHHE SHEPTHH,

OTI[aHHOﬁ B HArpy3Ky, K SHCpruu, CHSTOM C MEPBUYHBIX UCTOYHHUKOB SHCPI'HH.



JlJis aBTOHOMHBIX 3HEPrOYCTAaHOBOK C BOJOPOJIHBIM HAKOMHUTEJIEM B paccMaTpUBAEMOM
Cllyuae HOMHHAJIbHBIE MOIIHOCTH 3JIEKTPOJIM3€pa M TOIUIMBHOIO AJIEMEHTA MPHUHATHI PaBHBIMU
1 xBrt. B cBsi3u co 3HaUNTENHHON HEONMPENEICHHOCTHIO B CTOUMOCTH KOMIIOHEHTOB BOJIOPOIHOTO
HAKOMUTEJNII CTOMMOCTHBIE pacyeThbl BBINONHAIOTCA 0e3 y4yeTa CTOMMOCTH BOJIOPOAHOTO
HAKOMUTEJISA, HE OKA3bIBAIOIIEH BIMSHUA HA IPOLEAYpY onTUMu3anuu. [Ipu 3ToM paccuuThiBaeTcs
<«OKOHOMUS» C€0ECTOMMOCTH 3JIEKTPOIHEPTHH, OmNpeAessieMas Kak pa3sHOCTh 3THUX IOKaszarenei
JUIS BApUAHTOB SHEPrOyCTAHOBKH, paboOTaloNIel B OAMHAKOBBIX KIIMMATUYECKUX YCIIOBHSX, <C» U
«0e3» BOJOPOAHOTO HAKOMUTENs. TeM camMbiM MOTYT OBITh OIIEHEHBI TpEACIbHBIC YACIbHBIC
KaluTajdbHbIC 3aTpaThl Ha BOJOPOJHBIA HAKOMUTEIh, IMPU KOTOPHIX YCTAHOBKA C BOJAOPOIHBIM
HAKOIIUTEJIEM OKa3bIBAETCS PABHOOKOHOMUYHA C YCTAaHOBKOI 0€3 Hero.

B kavectBe mpumepa Ha puc. S npeacTaBiIeHbl KapThl PAHOHUPOBAHUS TeppUTOpUH Poccuu
M0 pacyeTHOH Ce0ECTOMMOCTH DJEKTPOIHEPTHH, BBIPAOATHIBAEMOW ONTUMHU3MPOBAHHON
KOMOMHUPOBAHHON COJTHEUHO-BETPOBOM 3HeproycraHoBkoi 6e3 (a) u ¢ (6) BOIOpOIHBIM

HakomnuTesieM (0e3 yuera ero CTOMMOCTH).
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Pucynok 5 —PacueTHast ce0ecTOMMOCTH 2JIEKTPOIHEPTHUH, BHIPAOATHIBAEMOU COTHEUHO-
BETPOBOI PHEPTOyCTaHOBKOM, LLleHT/kBtu

AHanu3 NoJy4YeHHBIX Pe3y/IbTaTOB IO3BOJIET CAEIATh CAEAYIOLNE BaXKHBIE BBIBOBIL:
- MPAaKTUYECKU Ha Bcel Teppuropuu Poccuu ¢ moMoOIbi0 KOMOMHUPOBAHHBIX COJTHEYHO-

BCTPOBBIX OHEProyCTaHOBOK INPHUHIOHWIIMAJIBHO BO3MOXKHO 00ecneynuTh Kpyrjioroan4yHoe

rapaHTHPOBAHHOE YHEPTrOCHA0KCHHE paccMaTpuBacMOro MOACIJIIbHOT'O norpe6menﬂ;

- B 3aBUCUMOCTH OT KJIMMAaTUYECKUX YCIOBUN OKHJaeMasi ce0eCTOMMOCTh AJIEKTPOIHEPTUN
no Teppuropur Poccun u3mensiercss B A0BosbHO mmmpokux npenenax (ot 10 mo 100 u Bbime
nenroB (2,5...25py60.) 3a 1 xBru). Takoi HIMPOKHI JHAna3oH OOYCIOBIECH OCOOECHHOCTSIMH
pacrpenenenuii (TEppUTOPHATIBHBIX M CE30HHBIX) PECYPCOB COJMHEYHOW M BETPOBOM 3HEPTUHU
(cMm. pazmen 8). Ilpum HenoOCTaTOYHO ONATONPUSITHOM COYETAHHWU IOCTYIUIGHUH COJTHEYHOM
SHEPIruM W WMHTEHCHBHOCTH BETPOBBIX IOTOKOB [UIsl TapaHTUPOBAHHOTO HHEPrOCHAOKECHUS
NpUXOAUTCA  yBenuuuBaTh wiomaaes OOl w  ycraHOBIEHHYHO MomHOCTH BOY ¢
OJIHOBPEMEHHBIM YBEIUYEHUEM EMKOCTH AKKYMYJSITOpa. OTO HNPUBOAUT K YBEIMYECHHIO

YACIBbHBIX  KalUTAJIbHBIX 3aTpaT W COOTBCTCTBCHHO K  YBCIWYCHUIO ce0eCTOUMOCTH



ANEKTPOIHEPTHUH. J[JIs1 MILTIOCTpaIK JAHHOTO BBIBOJIA JIJISl PACCMAaTPUBAEMOTO TIpUMeEpa Ha PHC.
6-8 npencTaBiieHbl KapThl TPEOYEMBIX IS TAPAHTHPOBAHHOTO SHEPTOCHAOKCHHS MOTPEOUTENS
(B pacuere ma 1 kBt) mromaau ®DII, ycranosiennoit momHoctH BDY u emxoctn Ab

COOTBETCTBEHHO JIsl BApUAHTOB ¢ (a) 1 6e3 (0) BOJOPOAHOTO HAKOIIHTEIS.
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Puc. 8 —Pacuetnas emxocts AB, kBTu

- HaWMEHbIINE 3HaYeHUs1 crouMoctu ekrposneprun (10-301enror (2,5-7,5py6.) 3a 1
kBT4) 0KHmaloTCA B IOKHBIX M CEBEPHBIX paiOHaX CTPaHbl, a Tak)Ke Ha 4acTH BocTouHOM
Cubupn u Ha [lanpHem Bocroke. bonbimmas dYacteh 3THX pallOHOB HE TOAKIIOYEHA K
LIEHTPATM30BAaHHBIM CETSAM DHEPrOCHA0KEHUS U, CIIEOBATEIHHO, HYXKIAeTCs B 3(P(HEKTUBHBIX
ABTOHOMHBIX PHEPrOYCTAHOBKAX;

- B BapuaHTax C BOJOPOJHBIM HAKOMHUTENIEM CTOMMOCTh Tpedyemoro 0a3oBOro
obopymoBanusi (BDY, ®DII, AB) cumkaercs (kaptel 6-8 0), duem oOecreuuBacTcs
3HAUUTENBHBIN <@amac» i KamuTalbHBIX 3aTpaT, TpeOyemblX JUIs CO3/JaHHUS TaKuX

HaKOIIUTEIICH. OI.[CHKI/I IIOKa3bIBAKOT, 4YTO IIO ce0eCTOUMOCTH OJICKTPOOHCPIUHU B BApPUAHTC
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SHEProyCTaHOBKM C BOJIOPOJHBIM HAKOMHMTEIEM 3KOHOMHUS B OOJBUIMHCTBE paiioHOB Poccum
npesbiaer 10meHT/kBTY, 4TO ycTaHaBIMBAaeT Ui BOAOPOTHOIO HAKOMHUTENS JOCTATOYHO
Oompmoit  mpexen croumoctu Oosee 20000 nmommapoB B pacueTe Ha  YCTaHOBKY,
00ecreYnBarOIIyI0 YHEProCHA0KEHHE TOTPeOuTeNs MOITHOCTRIO 1 KBT.

[IpencraBneHHble pe3ynbTaThl MOATBEPXKAAIOT MEPCIEKTUBHOCTh BEAYIIMXCS pa3paboTok
ABTOHOMHBIX COJJHEYHO-BETPOBBIX YCTAaHOBOK, KOTOPHIE B psi€ PallOHOB CTpaHBl U YK€ CETOIHS
MOTYT YCHEIIHO KOHKYPHUpPOBAaTh C TPAIUIMOHHBIMU SHEPrOyCTAaHOBKAMH HAa MPHUBO3HOM KHUJIKOM
TOIUTHBE.

AHaNoOrn4Hble HCCIeA0BaHus NpoBoadrcs i Teppuropuil crpan CHI' M HEKOTOpBIX Ipyrux

PETHOHOB 3€MHOTO TIapA.

CymMMapHasi paziiialiyisi Ha OITTUMAJIBHYIO IIOBEPXHOCTD (KBT-1/M2-1eHp). CpeHyie 3a rof.
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Puc. 9 —Pacnipenenenune rooBbIX CpeIHEITHEBHBIX MMOCTYIICHHH COTHEUHOW YHEPTUU 110
Tepputopun Poccun (onTuManbHO OpUEHTUPOBAHHAS HETIOABUKHAS TIOBEPXHOCTH FOXKHOM

OpPHCHTAIIH)

Bugso, yro teppuropus Poccun pazouBaeTcsi MPEMMYILECTBEHHO Ha 4 OKpAILEHHBIX Pa3HbIMU
[IBETaMH 30HBI, NPUYEM HauOOJee «COMHEYHBIMU» pailoHamu Poccum okasbiBatotcst Ilpumopse, tor
WpkyTckoii obmacti, Bypsitust, Toisa (4,5. ..5kBa/M ieHb 1 Bbiie). VIHTEPECHO OTMETHTB, YTO BHICOKHE
CYMMBI COJTHEYUHOM PaJaliiy XapaKTEPHBbI U 11 HEKOTOPBIX CEBEPHBIX PaliOHOB, JIEKAIIMX 32 MOJPHBIM
kpyrom (Cesepuast 3emitst). TpaHIOHHO CUMTAROLIHICS Hanbosee «coHedHbpM» CeBepHblii KaBkas u
Oompimas Teppuropust LenrpansHoii 1 Boctounoit Cubupy XapakTepu3yroTCs OMUHAKOBBIME CyMMaMH

TMPUXOJISIIEH COHEUHOH paymamu ot 4 110 4,5 KBra/v’neHs. BaHo MOTUEpKHYTH TO 0GCTOSTENLCTRO,



11

YTO OOJIBIIAs YaCTh TEPPUTOPHH CTPAHBI OT FOXKHBIX JI0 CEBEPHBIX TPAHMI] HE3aBUCUMO OT IIIMPOTHI KIMEET
OJIMHAKOBBIC COTHEYHBIC pecypchl oT 3,510 4 kBru/Mnens. JIMmb 3ana Hble 1 BOCTOUHBIE «OKpaUHBD»
Poccum  XapakTepu3yroTcsi OTHOCHTEIIBHO HHM3KUMH CPETHETOIOBBIMU TTOCTYIUICHHSMU  COJTHEYHOM
paauaru ot 3 10 3,5KBT‘I/M2I[CHB.

Jlis cpaBHEHMsI OTMETHM, 4YTO CaMbli <COJHEYHbI» paiioH EBporbsl — ror Hcnannm —
XapaKTePU3YeTCs CPESTHETOIOBBIM JTHEBHBIM ITOCTYILICHHEM COJTHCYHOM PaTHaIim 4,7xBru/M’nieHb, a ror
['epmanum, T/1e CEroIHs UIET AKTHBHOE BHEIPEHUE COTHEYHBIX YCTAHOBOK - 3,3KBT‘J/M2,I[6HL.

Kak BumHO W3 MpencTaBIeHHON KapThl, HaHMOOJEE COJIHEUHBIC pPErnoHbl Poccuu 1o
CyMMaM TIOCTYMAOIIEH COJIHEYHON paauanii MPAKTUYECKH HE YCTYHAIOT CUYMTAIOLIUMCS
OJIaronpusATHBIMU  JUI 3 (OEKTHBHOTO WCIOJIB30BAHUS COJIHCYHOW DSHEPTHH CBPOINEHCKHAM
ctpanaM. be3ycimoBHo, Poccus xapakTepusyeTcs Topa3fgo 0Oosiee  XOJIOAHBIM  KIIMMATOM,
0COOCHHO B 3MMHEE BpEMs, YTO HAKJIAJbIBACT HEKOTOPBIC OTPAHUYCHUS M JIOTIOJHUTEIIBHBIC
TpeOOBaHUS K COJHEUHBIM yCTaHOBKaM. OHAKO TPECTABICHHBIC BBIIC O0BCKTHUBHBIC JAHHBIC
JIOCTAaTOYHO YOEAMTEIBHO OMNPOBEPraloT IMUPOKO OBITYIOIICE NPEJCTaBICHHE O TOM, 4YTO

Tepputopus Poccun GeiHa COTHEUHBIMU pecypcaMu.

CpenHeroznoBasi CKOPOCTb BeTpa (M/c).
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Puc. 10 -Pacnpenenenue 3HaueHUI CpeAHETOAOBBIX CKOpOCTel BeTpa Ha BeicoTe 10M mo Tepputopuun

Poccuu (mo nanasiv HACA)

O.Ilonmens 0 popel@oivtran.ru




