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B cratbe paccmartpueaetca npobnema moaenupoBaHus NOCTYMNEHUs CONHEYHON U BETPOBOM
3HEpPruin ANs onepaTUBHOrO ynpasneHNs aBTOHOMHbIMK (hOTOBETPOIHEPreTUYECKUMIN cucTema-
mu. OnpeaeneHa u cdopmynupoBaHa CTPYKTypa MOAENMPYIOLIEro KOMMIEKCa, B KOTOPOM
BXOAHbIE faHHble BKnovatoT B cebs n3mepsemMble meteonapameTpbl, a Takke cpejHecTaTuCTy-
yeckne MeTeoAaHHble, onpeaensembole no kaprTorpadnyecknmMm AaHHbIM MHOrONETHUX CTaTUCTM-
YecKnx uccnepoBaHnin cpejHEMECAYHbIX CYMM CyMMapHOW COMHEYHOW pajuvauuu u BeTpoBOiA
aKTUBHOCTU. BbIXOAHBIMM AaHHLIMM KOMMNEKCa SBMAITCA MOYacOBON NPOrHO3 MOCTYMNEHus
COJIHEYHOIA 1 BETPOBOWN 3HEPIUA.

Poccuiickoe akmmoHepHOe 00MECTBO YHEPTETHKH W ekTpudmkammn PAO “EBC Poccun™ pazpado-
Tajo MpPOrpaMMy SHEPTOCOEPEKEHN B OTPACITN «3IEKTpoIHepreTukay Ha 1999-2000 rr. 1 Ha NMEPCIEKTHRY
10 2005-2010 rr.

OmnHo# W3 BaXHBIX CTPATETHICCKUX 3a7ad B 00J1acTH 3HeprocOeperaromnieil TeXHAIECKOH TIOTUTHKH B
TTPOW3BOJICTBE W TPAHCTIOPTE 3JICKTPUIECKON W TETIOBOI SHEPTWH SBISETCS BBITECHEHHE OPTaHWIECKOTO
TOTTHBA TIYTEM VBEITHUCHUS JOW B 3HepreTudeckoMm Oaiance ['DC W HeTpaaIWITMOHHBIX BO30OHOBIISEMBIX
HWCTOYHUKOB 3HEPTUH (TIOTEHIUAT 3KOHOMUY TOTUTABA - 7-8 MUJTMOHOB T.y.T. B TOA)[1].

IIpeobpazoBanne SHEPTHH COHETHOTO M3TydeHNS M BETPOBOTO MTOTOKA B AMEKTPUIECKYFO SHEPTHIO -
OJTHO W3 TIEPCTIEKTUBHBIX HATIPABICHUH pa3BUTHS HETPATUIIMOHHOW 3HepTeTHKY. Ha ceroHsurHmii MeHs Han-
Oostee akTyaTbHOW 3a1aveil ABIAETCA CO3TaHNe IHEPTOCHCTEM MaJToi 1 cpeareit MOIHOCTH 1, 0COOEHHO,
ABTOHOMHBIX SHEPTeTHIECKUX KOMIUIEKCOB, HAXOSIIAXCS B TPYAHOMOCTYITHRIX pafoHax, YIaJeHABIX OT JTH-
HU 3JIeKTpoTiepeaad v TeToTpace.
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Puc. 1. Cmpyxmypuas cxema asmonommnoit PBIC
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ABTOoHOMHAas ¢oToBeTpodHepreTuueckas cucrema (PBIC) ocyliecTrigeT BoIpadOTKy, Npeodpa3oBa-
HUE, mepepady, pacnpeneiacHue u norpedacHue sueprud. OHa COCTOUT U3 psiia B3aMMOCBSI3aHHbIX TOACHUC-
TEM, COAEPKALLUX MHOTOYMCIIEHHBIC 3JIEMEHTHI, U B LIEJIOM [IPUOOPETAET CBONHCTBA HECTALMOHAPHBIX CUCTEM,
CBSI3aHHBIX C PACIPECICHHOCTBIO CTPYKTYPbl, MHOTOMEPHOCTBIO U HEOMNPEAEJCHHOCTHIO [IapaMeTpoB, Onpe-
JEJISIFOLIMX COCTOSIHUE U YCIOBUs (pyHKLUMOHMpPOBaHUA KOMILIekcea [2, 3].

Vnpasnenue aproHoMHOi @BOC ocyluecTBiAeTca HA OCHOBE aHANM3a MHPOPMALIMU O TEKYLUEM CO-
CTOSIHUM KOMILIEKca U OyLylieM COCTOAHMM TEPBUYHbIX BO30OHOBIAEMbIX 3Hepropecypcos. byayiuee co-
CTOSIHUE MEPBUYHbIX BO3OOHOBIIAEMbIX HEPropecypcoB OCHOBAHIO HA KPATKOCPOUHOM MPOrHO3€ MOLLHOCTU
COJIHEYHOI'O M3Jy4eHHsl U MOLIHOCTY BETPOBOIO MOTOKA. [Ij1sl OCYLLECTBIEHUS TAKOTO [IPOTrHO3a HEOOX0AMMO
CO31aHUE aNEKBATHOM MOJEHU NPOLECCaA [104ACOBOr0 NOCTYIUIEHUs! COJTHEUHONW U BETPOBOM dHEPruu.

Peanuzauust nocraBieHHON 3aJaud BO3MOXHA C [OMOLIBIO CO3JAHUSI MOJCJHUPYIOLLETO0 KOMILIEKCa
[OCTYIJICHUS SHEPrUu.

CTpyKTypHas cxema MOJCIUPYIOLLEro KOMILIEKCA NPeICTaBIeHa Ha puc.2.
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Puc.2. Cmpyxmypnas cxema mooenupyrowe2o komniexca

Snpom KoMIITeKca SBISFOTCS W3BECTHBIC MaTeMaTHUecKHe MOJIENTH TIOCTYTIEHHS] COTHETHON SHepTHH
(Monens Ge3obmauHOTO Heba) M BETPOBOM IHEpTHit (MOJNeNb, OCHOBAaHHAS Ha pacmpeneieHun BeliOymia).
OnHako, IpYU WX WCTIONH30BAHUHA HEOOXOAUMO YIUTHIBATh, YTO MO Oe3001auHOTO Heba He MOXKeT obec-
MEYHTH TOCTATOYHOM TOWHOCTH TIPOTHO3a TIOCTYTIIEHHS COTHETHON 3HEPTHH, TaK Kak mporiecc o0pa3oBaHus
00TaKOB UMeeT CTOXacTHYECKYH0 TpUpoAy. BrusHue oGNagHOCTH Ha BEIHYHWHY WHCONSAIMH 00YCIOBIEHO
ocabieHueM TpsIMOM paavalnid ¥ B OONBIIMHCTBE CITydaeB BO3PACTAHHEM pacCesHHOM COCTaBIISFOMICH.
BerencTBre 3TOTO ¢ yBemMUeHWEM OONAYHOCTH YMEHBIIAeTCS CyMMapHas COJIHeuHas paawarys. [Tostomy
JaHHasi MOJIeNb JOJDKHA OBITH JOTIONTHEHa MOJCNBIO, YUHUTHIBAFOIMIEH CTOXaCTHIHOCTh MOJIETHPYEMBIX TPO-
TIECCOB.

MoaeupyOIHi KOMTITEKC OCHOBAH Ha MOJENSX HCTONB3YIOMNX JaHHbIe, JOCTYIHBIE IS padoThl
CAY ©B3C B aBTOHOMHOM PEXUME,

BxosHble maHHBIe MOJIETHPYIOIIET0 KOMIUIEKCa TI0 XapaKkTepy WX TIOMydeHHs] MOYKHO YCIIOBHO pasjie-
JHUTH Ha CIIeAYIOTINE THTIBI:

*  u3MepsieMble (BEIMYMHbI COJIHEYHOW pajualud U DHEPruM BETPa, ONEPATHBHbIC METEO/]aHHbIC, U3Me-
psieMble B MECTe pacnofioxkeHus aBToHomHOH PBOC);
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*  TOCTOSHHBIE (aHHBIE, TIONy9aeMble Ha OCHOBE TPOTHOCTHYECKHMX KapT aOCcONfOTHOW Tormorpadwn s
3aaHHON TTOBEPXHOCTH, JaHHbIe, CBS3aHHBIE C TEOTpapUIECKAM TTOJIOKEHNEM MecTa MOJIENTNPOBAHNS,
(mzIIeckrne KOHCTaHThI);

B nensx ymeHbIIeHus ce0eCTOMMOCTH KOMTUTEKCa BETMIWHBI COJTHEUHON paaualiii W SHEPTHUH BeTpa

MOHO W3MEPATH KOCBEHHO uepe3 BhIpabaTeiBaeMyio @OV u BOV anekTposnepruro.

bTok KOppeKIny BHOCHT TIOTIPaBKY B MPOTHO3 HEPTHH HAa OCHOBAHWHW aHallN3a JTUHAMWKH JIEKTPO-
axeprun oTr @3V u BOY.
IlocTymurenwe COTHETHOW PHEPTWN ABISAETCS cryvaiHo# BenmmuanHoil. OGBIYHO €ro paccMaTpuBaroT

KakK CTaTUCTHYeCKoe SBIEHWE, pa3BUBalONIeecs BO BPEMEHH COTTIACHO 3aKOHaM TeopHuw BeposTHocteit. Ilo-

CITe/TIOBATENNFHOCTD Pe3yIbTaTOB HaOMFONEHNH TIpe/cTaBIsieT co0oi BpeMEHHOH pAl, aHaJIM3Upys KOTOPBIH,

MOKHO TIONYYHTH CTOXaCTHIYECKYIO MOJENb, TIO3BOJISTIONIYIO BBIYUCITATH BEPOSTHOCTH TOTO, 9TO HEKOTOPOE

Oymytee 3HaueHWe WHCONAIMK Oy/EeT JekaTh B OTpe/lelleHHOM HWHTepBaje, o0Naaloniylo MAHUMATEHBIM

YUCIIOM MapamMeTPOB U MPH 3TOM aIEKBaTHO OMUCHIBAIOILYIO HCCIeMyeMBbIi mpotecc [4].

ITocTpoenne Takoit MOIENH Tiellecoo0pa3Ho pa3OMTh Ha JIBE HACTH:

¢ IeTEPMUHMPOBAHHAS YAcTb PacueTa AHEBHBIX CYMM COJIHEUHOH paauauuu ajs 6e300,1a4HOro He-
6a (Moaenb H6e300mauHOro Heba)

4 cTOoXacTthdeckas YacTh omnpenenenus ko3dduimenta ocnabireHus CONHEYHOH pagnanuy o0nagHo-
CTBIO (MOJIENTH OOJTATHOCTH)

IlepBas gacTh TipenHa3HAYEHa JUISA pacdeTa CyTOUHBIX CYMM TIpSMOW W paccesHHOl cosiHedHo# pa-

JWAIV Ha TOPU3OHTATBHYIO WITH HAKJIOHHYTO TTOBEPXHOCTH NP Oe300atHOM Hede.

Mopgens 6e300maurnoro Heba B HacTosee BpeMs paspaboTana noctaTouro xopoimo [4]. Benmwauny

JIHEBHOW CYMMBI CyMMapHOW COJTHEYHOH pajanalid Ha TOPM3OHTAIBHYIO TIOBEPXHOCTH [UIA 0e3001aqHoTOo

cym
neba (Q Ggs_” ) MOKHO BBIMHCIHTE W3 CIEAYIONIETO BHIPAKEHNS:

t

3
conn

Q(::(i/}]’"l]l = J.[SG‘OS’.U (IL'Q'III) + D6‘03.'ll (tCO.'III )]dtCO.'III ! (1)

t

conn

cosy - TIPAMAs COJIHEYUHAs Pajualis Ha TOPU30HTANLHYIO NOBEPXHOCT 1l 6e300/1a4Horo Heba,

DGOSM - paccesiHHas COJHEYHAs pajualyds HAa FOPU3OHTAIbHYIO MOBEPXHOCTb Al 6€3001a4HOro

Heba, Br/m;

tCO.’IH - ICTUHHOC COJTHCUYHOEC BpeMs, U;

6 . 43
comn® Yconn - AICTHHHOE COTHEUHOE BpeMs BocXoJa 1 3axona ComHIa, .

s nepeBona BeNMYMHBI NPUXOJa COJHEUHONH paguauuud ¢ FOPU3OHTAJbHON MOBEPXHOCTH HA Ha-
KJIOHHYIO B COOTBETCTBMM C M30TPOIHOI MOJENBbIO arMocdepbl BEJUUMHY CYTOUHOH CyMMbl CyMMapHOMH
COJIHEYHOH pajualuy claeLyeT BbIYUCIATD KakK:

Qcym - Scym + D‘uym + D”uym’ (2)

HaKn HAaKin HAKn HaKn

cym . . 5
rae SII[II\'_'I - CYTOYHas CyMMa NMpAMOUN COJTHEUHOM paanaliuii Ha HAKITOHHYIO MOBEPXHOCTD, H)K,

‘cym o o
D” (ic.’r - CyTOYHasA CyMma pacCeAHHOU COJTHECUHOW paadalii Ha HAKJIIOHHYIO TIOBEPXHOCTH OT Hebo-

cBoja
”;,)'," - CYTOUYHast CyMMa paccesTHHOW COJTHEWHOW pajnanyi Ha HaKJIOHHYIO0 TIOBEPXHOCTH OT 3€M-

mw, JIx.
MogesnupoBaHue Npoliecca 00pa3oBaHKs 00JaKOB ABIAETCS MHOTO(aKTOpHOM 3anaueil. B cootBetcT-
BHH C 3TAM 00JavHOCTh TIPUHASATO TIPEJICTABIATE KaK CINyTalHyr0 BEIMIHHY C 3aKOHOM pacTipe/ieNIeHns, COOT-
BETCTBYIOMIAM PEATLHBIM CTaTHCTHIECKAM JAHABIM aKTHHOMETPHYECKNX W METEOPOJIOTHIECKUX HalIro/Ie-
nuii. Hanpumep, B padore [4] skcnepuMeHTallbHbIC HAOMIOACHUS HAWIYYIIMM OOPa3OM ONUCHIBAKOTCS [-

3aKOHOM € COOTBETCTBYIOLLMMU NapamMeTpaMu pacnpeneicHusl.
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OnHako yyecTb Bce (paKTOpbl, BIUAKOIINE HA IBOJIOLUI0 ME30MACIUTAOHBIX 00JauHbIX U OapUUeCKuX
oOpa3oBaHuii U QpPOHTOB, B KaKOH-TMOO ONHONW MOJENU HEBO3MOXKHO. [1o3TOMY pa3paboTaHO MHOKECTBO
MOJIeIEH, KOTOPbIE B COBOKYMHOCTU MO3BOJIAIOT IPOTHO3UPOBATb U3MEHEHUE HEOOXOAUMBIX METEOPOJIOrH-
yeckux (GaKTOpOB MpH NOATrOTOBKE MpuHATUA pelieHus [3, 10, 11, 12, 13, 14]. B ocHoBe 3TuX mMozaeneii ye-
JKaT CBSI3M, CYLUECTBYIOLIME MEKAY 00Pa30BAHUEM U IBOJIOLMENH OCHOBHbIX ()OPM OOJIAKOB U pPa3luyHbIMU
CHUHONTUYECKUMU O0OBEKTAMU, BKIIOYAIOLIMMHI BO3AYLIHbBIC Macchl, aTMOC(hepHbie QPOHTHI, Oapuueckue 00-
pa3oBaHUs. DTU CBSI3M YCTAHOBJICHbl M 3aKPEILICHbl B METOJUYECKUX PEKOMEHIALMSIX MO KPaTKOCPOUHbIM
mporso3am noroasl [11].

Hcnonp3oBaHue JaHHbIX Moeneii 061a4HOCTH AJlsl ONEPATUBHOIO aBTOMATHYECKOTO YIPABJCHUS aB-
ToHOMHbIMU PB3C 3aTpynHEHO B CBA3U ¢ HEOOXOAUMOCTLIO MOJSYYESHUS MHOTOUUCICHHBIX METEOPOJIOrYe-
CKUX MApamMeTpOB W/WIM MHOTOJETHUX CTATUCTUUYECKUX AAHHBIX, OCHOBAHHBIX MO0 HA BEPTUKAILHOM 30H-
JUPOBAHUU aTMOC(EPHOTO CIIOs, JIMOO HA €KECYTOUHBIX CIYTHUKOBBIX HAOJIONEHHUAX MOJied 00NayHOCTH.
Takue naHHbIe 1151 paOOThl B aBTOHOMHOM PEKMME SIBJISIIOTCS] HEIOCTYTHBIMH.

Takum 00pa3oM, €AMHCTBEHHBIMY UCTOUHUKAMHU HA KOTOPBIX MOXKET OCHOBBIBATHCS IPOrHO3 MOCTYII-
JIEHUS COJIHEYHON PHEPruu ¢ y4eToM 00JauHOCTHU AJ8 ynpaBieHus aBTOHOMHBIMU ©@BOC, gBISIOTCS MHOTO-
JIETHUE CTATUCTUUYECKUE KAPTOrpa@uueCKUe AAHHbIE MECSIUHBIX CyMM CYMMApHOM CpeHECYTOUHOH COJIHEY-
HOIi paguaumn [15] u u3mMepsAemble MeTeOJaHHbIe B MecTe pacnonokeHus ©BIC.

Takoil IporHo3 MoXeT ObITh peau3oBaH cieayowum 00pazoM. Ha ocHoBaHUM TeopeTHyeckoro rpa-
(uKa MOCTYIJIEHUS COJIHEUHON PHepruu aas 6e3obnauHoro Hebda Ss,(¢) U KapTorpaduueckux JaHHBIX Cpel-

HECYTOUHOI MHCOMAUMU S AJ1s1 AAHHOT'O reorpauueckoro MecTa 3a Kax/blii MecsL MOXKHO MOCTPOUTH

cmam
yCpeAHEeHHbI rpaduk uepe3 BBEACHUE COOTBETCTBYIOLUErO Kod(hHLMEHTa, KOTOPbIA ompenenseTca clie-
AyoluM odpaszom:

S S

k - cmam - cmam

[
S, (t)dt
7[ o (0)

cym
Q 603M (3)

TOIZ1A YCPEIHEHHbIH rpauK paccUUTbIBACTCA CIEAYIOLIUM 00pa3oM:
Sep(t) = k BSeu(t) “4)

Ilpu TakoM TO/IX0/Ie TIpeATIoaraeTcs, 4YTo o0 BU (PYHKIIMOHATBHOI 3aBUCHMOCTH TIOCTYTIIEHHS
WHCOJISATIAH JIJTs 0e3001auH0T0 Heba v o0mHii BUI (PyHKIIMOHALHOM 3aBUCHMOCTH TIOCTYTIICHHS WHCOJISITIAN
1St o0maqHoro Heba oaWHaKoBBL. [ GpyHKINK coHeuHOl pagualiy B oONaqHbIN J€Hb Takoe TPeIroo-
KEHHe SBISETCS TOCTATOTHO 00OCHOBAHHBIM TS OCYIIECTBIIEHHS OnlepaTuBHOTO yripasaeans ®BOC.

Tak kak ko3(duIenT £ B TedeHWe CYTOK - BENWYWHA HETIOCTOSHHASA, B OJOKE KOPPEKINH MOKET
OBITH TIOXOKHM 00GpazoM TIpeaycMOTpeHa KoppeKkTHpoBka Kodd¢wmmenta k Ha OCHOBAHWH OTIEPaTHBHBIX
JAHHBIX MOCTYIUICHUA YHEPTUU Sou(ty). IIpu |S,u(1,)-Sep(2)] >0 (rae O - nomycTuMoe OTKIOHEHUE) BLIUUCIIAETCS
HOBOE 3HaUCHUE k.

S, (t
k — _—on ( )1) 7 (5)
Sﬂu (tn )
OTCHOJ1a

BpemenHble WHTEPBATBI, Yepe3 KOTOpHIEe TIPONCXOINT KOPPEKTHPOBKaA TpadiKa COTHETHON pajnamnm,
OTIPeIETSIOT UCXOAA U3 HEOOXOANMOH TOUHOCTH M JOJITOCPOYHOCTH TPOTHO3a, CTEINEHH YCTONUMBOCTH TI0-
CTYIUIEHHS COJIHEYHOMN 3HEPTHH.

IlpenmonaraeTcsi, 9TO0 TOYHOCTH MAHHOW MOJAENH AocTaTouHa Juis 3pQeKTHBHOTO YIpaBIeHHs aBTO-
HomHON ®BOC. TodroCcTs MOAENH MOXeT OBITH OIlEHEHa B TPOIlEcce SKCTIEPAMEHTATLHOW IKCTUTyaTalun
KOMTIUTEKCa B COBOKYMHOCTH ¢ CAY ®BOC.

OcHOBHOW 3amadeil MOAENVpPOBaHWS BETPOBOW aKTHBHOCTH SIBIISIETCS MPOTHO3WPOBAHWE CKOPOCTH
BETPOBOTO TOTOKA. MICTTONMB3yeMyTo TSl MOJIETMPOBAHAS BETPOBOI aKTHBHOCTH KITMMATOJIOTHIECKYTO
nH(pOpManHTO IPUHATO PA3AENSITh HA TPH TPYTITHI [S].

K mepBoii rpyriie oTHOCAT KAMaTHdecKWe XapaKTepPUCTHKH, WCTIONTb3yeMble TS OLEHKH BETPO3HEp-
TeTHYECKOTo TIOTEHIHana: CPeHNe MHOTOJIETHHE CKOPOCTH BETPa B LIEJIOM 3a TOJ, M0 MeCsLaM U CE30HaM;
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CYTOUYHbII XOJ BETPa B PA3JIUUHbIE CE30HbI; PACIPEICICHUE IOBTOPAEMOCTH CKOPOCTH BETPa N0 rpajalusiM B
pa3Hble CE30HbI U MECsILIBl FOAA; BEPTUKAIbHBIH NPoduiib BeTpa (MU3MEHEHUE CKOPOCTU BETPA C BbICOTOIA).

Bropyto rpynity npeacTasisitOT AaHHbIE O IMHAMUKE U3MEHEHUsI CKOPOCTU BETPA.

Tpetuii Bua uHGopmMaLuu — KIMMAaTHYECKHE XAPaKTEPUCTUKU, HEOOXOAUMbIE 11 KOHCTPYHPOBAHUS
BDY (pacuera 3716MEHTOB KOHCTPYKLMM Ha MPOYHOCTb U HAAEKHOCTH): MAKCUMAJIbHAs CKOPOCTb BETpa,
BO3MOXHAasi | pa3 B ONpelesieHHOe KOJIMYECTBO JIET; MHTErpallbHas MOBTOPSEMOCTb (0DECIeUEHHOCTh) CKO-
POCTH BETpPa BbILIE ONPEACICHHOIO NPeAea; XapaKTePUCTUKY NOPLIBUCTOCTH BETPa.

Dopmbl OIUCcaHUs BETPOBLIX YCJIOBUI MOXKHO Pa3/e/UTh HA BE [PYIIIbL:

3aJaHue BPEMEHHbIX CEpUil JaHHBIX 0 CKOPOCTU BeTpa [6];

BEPOSITHOCTHOE ONUCAHMUE.

Haubonee yacto UCnosb3yeTcsl BEPOSITHOCTHOE OMUCAHUE CKOPOCTH BETpPa C NOMOLIBIO paclpeelie-
Hus Beiibymna [3, 5]:

_K - 0 0
¢v(v)—Aé|g§ expg%gé 7

rre A — koadpumment MacmTaba; K — koagpummenT hopmel.
3uas ¢, (V), JIerko BbIUUCIUTHL CPEAHION CKOPOCTh

V= Ich,, VYAV = Al(1+ %) , (8)
0

rae I' — ramma-pyHkuus.
IMoctosrnas k (TrapameTp (opMBI) JIEXKHT, Kak TIpaBwiio, B wATepBane 1< k< 2, n, mockomsky ['(2)=1,

I'(1,5)= \/% , (hopmyna (8) mprHUMaeT BUI:
V =(1,0+09)4,

T.c. napameTp A pacnpeaesncHus Beiibynna 61130k k cpeaHeil ckopocTu.
U3 (19) cnenyer TakkKe 3aBUCUMOCTb /Ul HAKOIUICHHON BEPOATHOCTH (BEPOSITHOCTU TOIO, UTO CKO-
pocTh HaxoauTcs B uHTepBaie ot 0 1o V):

v 0 O
F(V)= f‘bV (V)dV =1-exp[F BKHK O 9
! 50408

HcnonezoBanve pacnpenencHus BeitOynma a1 mporHo3upoBaHUsS CKOPOCTH BETPOBOTO TIOTOKA PEKO-
MeHIyeTCs Kak B 3apyOexkHoit [6], Tak n B oTedecTBeHHOI smTepatype [5]. Jlpyrue n3BecTHBIE (DOPMBI OTTH-
caHus pacripeeneHus ckopocti BeTpa (I 'prHeBnya, Komoanaa) [7] nMeroT orpanmdenHoe pUMeHEHHE.

I1pu MpoBeIeHNI BETPOIHEPTETHUECKIX PacyeToB O0IBINOE 3HAYEHNE HMEET OTHCaHNe BEPTHKATBHO-
To TIpoMITST CKOPOCTH BeTpa (3aBWCUMOCTH CKOPOCTH BeTpa OT BeICOTHI). [Ipw 3TOM Hamboxbmee pacmpo-
CTpaHeHWe HaXOAAT aNMpOKCAMAIIWH B BUE CTeTIeHHOI [7]  lorapudmudeckoit pynakmmd | §].

CreneHHas anmpoKCUMaLis IMEET BHA:

V(z) = V(ZJE; , (1)

rie V(Z) — ckopocTs BeTpa Ha BhicoTe Z; V(Z;) - CKOPOCTh BETpa Ha WCXOMAHOM BBICOTE, JTT KOTOPOU
Tpom3BeieHa 00padoTKa CTATHCTHKH;, M — MOKa3aTelb, XapaKTepU3YIOMNi BepTHKAILHBIH TTPOGHITE W peib-
e(h MecTHOCTH, SBIIETCS THOO KOHCTAHTOM, MO0 TIEPEeMEHHOM BETMUWHOM [6].

Omnmcanue BEPTUKAITBHOTO PO BETPa B BUIE JOTAPUPMHUIECKOI (QYHKIINN WIMEET BHI:

RifEx:

rrie Zo — MIepOX0BATOCTD TOACTHIIAIONIEe! TTOBEPXHOCTH, 3HAYEHNS KOTOPO# KIIacCH(UINPOBAHEI B 3a-
BHCHMOCTH OT XapakTepUCTHK MECTHOCTH [5].

V(Z)=V(Z)) (11)
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Jlis1 cKopocTH BETpa XapakTepHbl I'OJOBbIC, CE30HHbIE U CyTOYHbIE BapUaLMU Al OAHOH U TOil ke
MECTHOCTH, NPUYEM MOIYT CYLUECTBOBATb U AOJILOBPEMEHHbIC TEHACHLMH TakUX M3MeHeHMH. [TockosbKy
3HEprusl BETpa NpONOPLMOHANLHA KyOy ero CKOpPOCTH, TO 3TO 34CTABJACT C OOJIbILEH OTBETCTBEHHOCTHIO OT-
HOCHUTBCSI K @HAJAU3y METEOPOJIOrMYECKUX JaHHbIX. JJIsl pelieHus NOCTaBJICHHON 3anauu HauboJiee BaAXKHO
ONpPEJeaUTh CyTOUHbIE M3MEHEHHUA CKOPOCTU BETPA B CPEIHEM 3@ MECSL MIIM Ce30H. MOKHO MCIOJIb30BATH
JaHHblE MHOTOJIETHUX HAOJNIOACHUH [0 CTATUCTUYECKUM XapaKTepUCTHKAM BETpPa U3 a’pPOKIMMATUYECKOIO
CIPAaBOUYHHUKA MOTPAHUYHOTO crios atmMocdepsl [16].

Kpaiine ManoBEpOsITHO, YTO JOJITOBPEMEHHbIE U3MEPEHUS ObLIN IPOBEIEHbL B MECTE [IPEANOaracMoi
YCTaHOBKH, MO3TOMY METCOAAHHbIE AOHKHbI ObITh CKOPPEIMPOBAHbI C AAHHBIMU OJIM3/IEKALLMX METEOCTaH-
Ui, OpUBEACHBI K BBICOTE BTYJIKU BeTpokoieca [9].

BonblIMHCTBO M3BECTHBIX B HACTOSALIEE BPEMsl MATEMAaTHUECKUX MOJesel NpUXoaa COJHEUHOM U BeT-
POBOIi 3HEPIUK OCHOBAHbI HA IMIIMPUUECKUX (POpMyax WK dIMOUpUYEcKUX KodpduumeHTax, cnpaBeaiuBbix
TOJILKO B YCJIOBUSIX HccieayeMoi Teppuropui. [loneiTka nepeHoca noayueHHbIX MOAENeil B 1pyrue ycnoBus
[NPUBOAUT K HEMpUEMJIEMbIM oLInOKkaMm. DTo TpedyeT npeodpa3oBaHus U3BECTHBIX MOJCICH B COOTBETCTBUMU C
YCIOBUAMU UCCIEAYEMOM KIMMATUUECKONH TEPPUTOPUM.

IToBbllIeHWE TOYHOCTH BbILIEONUCAHHBIX MOJACJIEH MOCTYIUIEHUS COJHEYHON W BETPOBOM 3HEpruii
BO3MOXKHO B IIPOLECCE aHAIU3a MHOIOJIETHUX CTATUCTHYECKUX JaHHbIX B MecTe ycTaHoBku ®BOC. Takum
00pa3oM, B MOJENIUPYIOLLEM KOMIUICKCE 1IeJec000pa3Ho NpeaycMOTpeTh Hanuuue odyuarowiero 61oka, Ko-
TOpPbIil HAKAMJIMBACT ONEPATUBHbIE AAHHbIE [0 COJHEUHON paaMaluy U SHEPTUU BeTpa B BUAC OaHKa JaHHbIX
B npouecce ¢pyHkuuoHuposanus ®BIC.

Ha ocHoBe aHanu3a BbllIENEPEUNCIESHHBIX MOAENIEH NPOrHO3a COIHEUHOM pasualuy U CKOPOCTU BET-
POBOIro NOTOKA CTPYKTYPHYIO CXEMY MOJEIUPYIOLLEr0 KOMIUIEKCa MOXKHO NPEACTABUThL B CJCLYIOLIEM BUAE
(puc. 3, cM. B KOHLIE CTAaThU).

[MoBbilienue 3 (eKTUBHOCTU yrpaBiaeHus aBTOHOMHbIMU DPBOC TpedyeT nporHosa onepaTuBHOrO
noctymienus HBHUD, uto B ¢BOIO ouepenb 1enaeT aKTyalbHbIM MOACIMPYIOLIUI KOMILIEKC NPOLECCOB MO-
CTYIUIEHUA COJIHEYHON U BETPOBOM DHEPIruu.

PazpaboTaHHblil KOMILUIEKC OCHOBAH HAa MATEMAaTUYECKUX MOJEJSIX C HapaMeTpaMy NOCTYIHbIMU JJis
UCMOJIb30BAHU B pabOTEe B ABTOHOMHOM PEKUME C MOTYYEHUEM [I0UYACOBOr0 NOCTYILIEHUS SHEPTUM.

B xauecTBe 6a30B0i MOAENU 1 MOACIUPOBAHUA COJHEUHON pagualui NpUMEHsIeTCsa Moaesb 6e300-
nauHoro Heba. B cumy croxacTuuHoOCTU npolecca obpa3opaHus 006JaKOB MOJENb COJHEUHON paaualuu A0-
[OJIHEHA KapTOorpa)uueckuMu OaHHbIMM MHOIOJETHMX CTATUCTUYECKUX MCCIIEAOBAHUNA CpEIHEMECAUYHbIX
CYMM CyMMapHOii COJHeuHOH paanauyu 1 O10KOM KOPPEKLIMH, OCHOBAHHOM Ha ONEPATHBHBIX METEOJAHHbIX.
Jnsi MOJEaupOBaHUs CKOPOCTU BETPOBOIO MOTOKA HMPUMEHSIETCSl MOJE/b, OCHOBAHHAsl Ha paclpeaesieHuu
Beiibynna.

Onpenenena u copMynupoBaHa CTPYKTypa MOJCIUPYIOLIEr0 KOMILIEKCa, B KOTOPOM BXOJAHbIE [aH-
HbIE BKJIIOYAIOT B €051 U3MEPSEMbIE METEONAPAMETPbL, @ TAKKE CPEAHECTATUCTUYECKIE METEOAHHbIE, ONpe-
AeJsieMble 0 KapTorpauueckum AAHHbIM MHOIOJETHUX CTATUCTUYECKUX MCCIEIOBAHUN CpEeIHEMECAUYHbIX
CYMM CYyMMapHO COJIHEUHOM paaualyy U BETPOBON aKTMBHOCTU. BbIXOJHBIMU NaHHBIMU KOMILIEKCA SABJIA-
FOTCA [1I04ACOBOM MPOTHO3 MOCTYIUIEHUA COJHEYHON U BETPOBOM DHEPIruil.
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Simulated complex for operating controls of autonomous photo-wind-energy
systems

V.S. Symankov, P.Yu. Buchatski, A.V. Shopin

The authors dwells upon the problem of accumulating solar and wind energy for operating control.

The structure of the simulated complex is defined weather parameters with as input data of this complex fore-
cast of incoming solar and wind energy as output data.
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