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Annoranusi. B maHHOW paboTe mpeAnpHHSATA MOMBITKA Pa3pa0dO0TKH KOMIUIEKCHOTO IMOAXO0Ja K CTPYKTYpPHO-
napamMeTpU4eCKOl ONTUMU3ALUU MUKPOCETEN C y4E€TOM BO3JCHCTBY pa3INYHbIX BO3MYIeHUN. [IpeacTaBiennas
MHOTOYPOBHEBasd CX€Ma ONTHUMH3AIUN TTO3BOJIACT JIMLAM, MPUHUMAIOMMUM PCUICHUA, 3a MPUEMIICMOC BPEMA
NOJIYYNTh L[CJ'ILIﬁ CIICKTP AJBTCPHATUBHBIX MNCPCIICKTUBHBIX KOH(bI/IpraI_II/II\/'I MUKPOCCTH, O6eCHe‘II/IBaIOH.[I/IX
ycToitunBoe U OecmepeboifHOe SHEprocHaOKeHHE MOTpeOUTENe B 3aJaHHBIX HEONATrONMPHUATHBIX YCIOBHUSIX.
CTOXacCTHYeCKHE «TCHEePaTOphl MOT0JbD B TAHHOW cXeMe HeoOXOAUMBI Ul (OPMUPOBaHHS BPEMEHHBIX Ps/IOB
MIPUPOAHO-KIIMMATHICCKUX NaHHBIX paBHOI\/’I JIJIATCIIBHOCTH, ONHM3KUX K PpCaJIbHBIM B 3aIaHHOM FeOFpa(I)PI‘IeCKOM
TIOJIOKCHUH, ITPU IPOBCPKE S(I)Q)GKTHBHOCTI/I MIPOMCIKYTOYHBIX 1 OKOHYATCIbHBIX PE3YJIbTATOB pacqéTa.
KiioueBble cjioBa: MHUKPOCETH, )KUBYUECCTD, Ha}Ié)KHOCTI), MMPEAMETHO-OPUCHTUPOBAHHAA CPE/Ia, CTOXACTHICCKUE
TeHepaTopbl MOT0/IbI

HurupoBanue: Egenmes A.B. MHTerpamusi CTOXaCTHYECKHUX «TE€HEPATOPOB TMOTOJBI» B CTPYKTYPHO-
napamMeTpuueckyro ontummsanuio Mmukpocereid / A.B. Enenes, J[.H. Kapamos, O.IO. Bamapuna, B.A.
OroponnukoB, H.A. Kapramomoa, M.C. AxentbeBa // MHDOpManMoOHHbIE W MaTeMaTHYCCKHE TEXHOJOTHU B
Hayke u ynpasierun, 2024, — Ne 4(36) — C. 85-97 — DOI:10.25729/ES1.2024.36.4.009.

Beeaenne. Ycroitunpoe, 6ecriepe0oitHoe s3HEprocHabKeHne MOTpeOuTeNnel Mpyu BO3AeHCTBUN
BO3MYIIIEHUH OOECIeYMBACTCS TAKUMU CHCTEMHBIMH CBOWCTBAMU JHEPTEeTHYECKUX KOMILIEKCOB
(BK), kak rubkocTh, HAAEKHOCTh U JKUBYYECTh, B 3aBUCHUMOCTH OT KPHUTHYHOCTU BO3ACUCTBUA
UCCIIEYEMbIX BO3MYIICHHI HAa CHCTEMHYIO MPOM3BOAMTENHHOCTH [1]. THOKOCTH xapakTepusyer
Bo3MoxHOCTH OK 1o nuBepcudukanuu (B3auM0o3aMeHsIEMOCTH) IHEPIrOPECYPCOB U UX UCTOYHUKOB.
HanéxuocTh MMeeT 1e0 C MEJIKMMU U CPEAHUMH BO3MYIIECHUSIMHU, KOTOpbIE CHCTEMa cama 0e3
BHEILIHEW MOMOIIN MOKET MOTJIOTUTh U KOMIIEHCUPOBAaTh UX MOCNIEACTBUS. JKUBYyUYECTh ONpPENEsieT
CIIOCOOHOCTh CHCTEMBI aJalTUPOBAThCS U BOCCTAHABIMBATHCA MPH BO3ACUCTBUM CIIEAYIOLINX
KJIACCOB KPYITHBIX BO3MYIIICHUN:

— CTUXUWHBIE OCACTBUS, TaKWe, KaK Yyparadbl, HABOJHEHHUs, 3EMIICTPSICEHUS, pE3KHe

MMOXOJIOJAHUS U T.1I.;

— TEXHOTEHHBIC KaTacTpodbl BCISACTBUE U3HOCA 000PYI0BaHHS, OIMOOK MEepcCoHaIa 1 T.J.;
— IpeaHaMepeHHbIe (YMBILUICHHbIE) HapyLIeHUs], TaKUe, KaK KubepaTaku U T.1.

Mukpocern sBastorcs DK J0KanbHOrO ypoBHS, B KOTOPBIX COBMECTHOE MCIOJb30BaHUE
BO300HOBJISIEMBIX UCTOYHUKOB 3Hepruu (BUD) ¢ TpaguiimoHHBIMH UCTOYHUKAMHA W HAKOTTUTEISIMU
SBIICTCS YKOHOMHUYECKH 3((eKTHBHBIM criocoboM sHeprocHabxeHus mnotpeduteneid. Ocoldyro
3HAYUMOCTb M  OoJblmoe pacmpoctpaHeHne BWD  momyunnu  npu  dnekTpuduxanmu
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TPYAHOAOCTYIHBIX TEPPUTOPHUIA, HE UMEIOILIUX CBSI3U C BHEIIHEH AJIEKTPOIHEPTrETUUECKON CUCTEMOIA.
Hcxons m3 BO3MOXKHOCTEH obecrieunBath OecriepeOoifHoe sHeprocHadXeHrne, MUKPOCETH MOKHO
pa3AenauTh Ha CIEAYIOMINE TUIIBL: TIPAKTUYECKHA AaBTOHOMHBIE, TOJTHOCTHIO aBTOHOMHBIE U 3aBUCSIIIHNE
OT TIOJIKJTFOUEHHSI K BHEIITHUM CHCTEMaM YHEPrOCHA0KEHUSI.

W3MenunBbIii xapaktep paborsl BD M HM301MpOBaHHOCTH aBTOHOMHBIX MHKpocereil [2]
MOBBIIIACT 3HAYUMOCTh MCCIIEJOBAHUS BBILICYKAa3aHHBIX CUCTEMHBIX CBOUCTB DK, KOTOphIe 00BIYHO
CTPOSATCSA Ha TPOBEICHUH MACIITAOHBIX BBIYUCIMTEIBHBIX 3KcrepuMmeHToB [3]. B pabore [4]
00CYXalOTCSl paCIIUPEHHBIE BO3MOXXKHOCTH, KOTOpBIC TIPEAOCTABISICT UU(GPOBOH JTBOWHUK
MUKPOCETH JUI WCCIIEJOBaHMS JXKUBy4YecTH. Tak, Hampumep, HaIudue y HU(POBOTrO JBOHHHKA
00paTHOM CBSA3H C 00BEKTOM HJIH ero (PU3NYEeCKOi MoJIeNnbIo (prc. 1) mo3BossieT ThOKO MOACTPauBATh
yIpaBJICHUE MOACTHPYEMBIM 00BEKTOM BO BpeMsl KPYITHBIX BO3MYIIIEHUH U MOCIE UX OKOHYaHHUS.

BHewmHss1 cpena
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Puc. 1. [{udpoBoii ABOWHUK MUKPOCETH

Jlyis opraHu3aluy ¥ MPOBEACHUS UCCIIEI0BAaHUS CUCTEMHBIX CBOMCTB MUKpPOCETH LU(POBOH
JBOWHUK UCHOJB3YET OJIHY MM HECKOJIBbKO MpeaMeTHo-opuenTupoBaHHbIx cpel (IIOC). ITox [TOC
IIOHUMAETCA COBOKYITHOCTb ITPOrPAMMHO-ANIAPATHBIX CPEIACTB, IO3BOJSIOIUX €€ KOHEYHBIM
MOJIB30BATEISIM pEIIaTh OJWH WJIM HECKOJIbKO OIPEAENIEHHBIX KIJIACCOB 3aJa4 HEKOTOPOH
npenMeTHoi obnactu (puc. 1). B cocras [1OC Bxoasrt:

— pacopenenéHHble MakeThl NpukiaaHbix nporpamm (PIIIIII), oTBeuaromme 3a peunieHue

ONpeIeIEHHOT0 Kilacca 3a/1a4;

— CpeAcTBa  CO3JaHMsl ~ aBTOMATHU3WPOBAHHBIX  Pa0OYMX  MECT, KOTOpbIE  IO3BOJISIOT
uccieioBaTeNto paboTaTh C HMCXOJIHBIMU JIaHHBIMH, B3aumojeiicrBoBars c¢  PIIIIII,

AQHAJIM3UPOBATh PE3YJILTATHI BEIUUCIUTEIbHBIX JKCIIEPUMEHTOB.
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B pa6ore [5] mpencrasinena apxutekrypa [TIOC mis ucciaemoBanus )KHUBYYECTH U pa3paboTaHa
METOAMKA OLEHKH KHUBYUECTH MUKPOCETH. DTa METOMKA IPUMEHSETCS B IIPEACTABICHHON B JaHHON
CTaTh€ CXEME CTPYKTypHO-TIApaMETPUYECKON ONTHMM3ALUU MHKPOCETH MJIsi TOBBIMICHHUS €&
’KMBYYECTH B JIOITOCPOYHOH mepcenekTuse. [loMumo 3Toro, Takke 00cykaaeTcs perieHne npooiem,
BBI3BAHHBIX BBICOKOW BBIYMCIMTEIBHON CIIOKHOCTBIO TAHHOM CXEMBI, C TIOMOIIBIO0 CTOXaCTHYECKUX
«TEHEePaTOPOB IOTOABI.

IIpo6yemMbl CTPYKTYPHO-IapaMeTPHUYeCKOil ONTUMHM3AalUH MUKpoceTell. /[ByXypoBHEeBas
OpraHM3aLysl JIAHUPOBAHUS PEIICHUH O Pa3BUTHH U (YHKIIMOHHMPOBAHUH MUKPOCETEH B 3a7ade ux
CTPYKTYPHO-TIApaMETPUYECKOH ONTHMHU3AIMK IOKa3aHa Ha puc. 2. Ha BepxHem ypoBHe
MPUHUMAIOTCS PEUICHUsI 00 MHBECTUIUAX B 000pYyIOBaHME M €r0 pa3MEIIeHHH, B TO BpeMs KaK Ha
HIDKHEM YPOBHE OINPEEISIOTCS ONTUMAIIBHBIC PEXUMBI PabOThl BEIOpaHHOTO 0o0opymoBaHus [6].
Pemennss mo pasBuTHIO W (DYHKIMOHUPOBAHHIO MHKPOCETEH INPHHUMAIOTCS COTJIACOBAHHO.
BbruncnurensHas CIOXKHOCTh 3a/1a4d  CTPYKTYPHO-TIAPAMETPHUECKON ONTHUMH3ALUK BO3pPAcTacT
CHHU3Y BBepX [7].

| Llenesas ¢yHKyus : }
' KanutanoenoxeHusn + : YpoeHU NpuHaAmus peuwleHud

| 3KCMnyaTalMOoHHbIE 3aTpaThl + WTpadbl

OzpaHuyeHus no passumuio PeweHus no pazsumuro:

i+ CobroaeHue GanaHca 3HEPTOPECYPCOB CocTaB 0bopynoBaHuA

i = KOHKYpeHLMA CYLLECTBYIOWMX 1 HOBbIX TeppuTopuansHoe

i BapMvaHToOB TUNOB U COCTaBa pasmelleHue <=
i oBopynosaHus KonuuecTso

*  3KONOrUYECKME, COLMAanbHbIE U Tun

i 3KOHOMMKO-TEXHUYECKWE OrpaHUYEHNs MoLLHOCTb

i Oz2paHUYeHUs M0 YHKUUOHUPOSAHUIO

i = CobnoaeHue GanaHca sHEPrOpecypcoB

i * TokpbITUE rpatuKoB Harpyaku ’

i+ Ycnosma onTMMansHOW sarpysku PeweHus no ghyHKUUOHUPOSaHUIO:

i ofopynosaHus —| * Pexumbl paboTbl obopynoBaHna  |«—
i+ OrpaHuyeHus no nycky/octaHoBy ; +  Bpewmsa paboTbl

i obopygosaHuA

i+ OrpaHWueHue BIGPOCOB BPEOHbIX

i BewwecTs B aTMocepy

IlepBass mpoOiema, cBsi3aHHas C paccMaTpUBAEMbIMH B 3TOH CTaTh€ MUKPOCETSIMH,
3aKJIIOYAeTCs B BBICOKOM BBIYMCIUTENIBHON CIOXKHOCTH HX CTPYKTYypHO-TIApaMEeTpUUYECKOM
ONTUMM3AIMU. Takas CI0XXHOCTb OOBACHSETCS, C OJHOM CTOPOHBI, OOJBLION H30BITOYHOCTHIO
pa3NUYHBIX BAPHAHTOB TUIIOB M COCTaBa 000PYI0BAaHHUs, HEOOXOIUMOM Ui o0ecrieyeHust THOKOCTH
B JIOJTOCPOYHOM MEPCIEeKTUBE (BEpXHHMHM YypOBEHb Ha puUC. 2), C JAPYrod CTOPOHBI — BBICOKOM
CTENEHbIO TPOCTPAHCTBEHHO-BPEMEHHOM JeTanu3aluu yclIoBUi (PyHKIIMOHUPOBAHUS CUCTEMBI IS
aJIeKBaTHOTO IpPEACTaBIEHUS B3auMozaecTeus BUD ¢ nmpounMM MCTOUYHMKAMHM M HAaKOIUTEISIMU
JHEPTHHU B KPATKOCPOUYHOI mepcrieKTuBe (HIKHUI ypoBeHb Ha puc. 2) [8]. st 3agaHus npupoHo-
KJIIMMaTHYECKUX YCIIOBUH YacTO NPHUMEHSETCS KOIMPOBAHWE HHTEPBAJIOB JAHHBIX THUIIUYHOIO
MeTeoposioruieckoro roaa [9-11].

Bropas mpobnema  3akirodaeTcss B HEOOXOAMMOCTH  TNPOBEPKH  APPEKTUBHOCTH
IIPOMEXYTOUHBIX M OKOHYATENIbHBIX PELIEHUH CTPYyKTYypHO-IIAPAMETPUUYECKON ONTUMHU3ALNU
MuKpoceTei [12] B yClIOBHSX pa3iMYHBIX BO3MYILIEHHN C TpeOYyeMOi CTEMEeHbIO MPOCTPAHCTBEHHO-
BpEMEHHOH JeTanu3anuu. Bo-nepBbix, UMUTHPYEMBIE YCIIOBUS JOJKHBI OBITH MTPaBAONOI00HBIMU U
ONMM3KUMHU K pealbHbIM. BO-BTOPBIX, YCIOBUS JOJDKHBI Pa3inyaTrbCs U COCTABIATH HEKOTOPOE
MHO>KECTBO ISl IPOBEACHUSI TIIATEIBHOTO TECTUPOBAHUS.

[TepBas 13 BBIIIICOMMCAHHBIX TTPOOJIEM UMEET 00JIee TIIO0ATBHBIA XapaKTep, YeM BTOpasi, U OHA
pemaercss MyTéM JOCTHXKEHUS KOMIIPOMHCCA MEXKIY MMEIOUINecs] B HAIMYUKM BBIYUCIUTEbHBIMU
pecypcamy, TNpUEMIIEMBbIM BpEeMEHEM pacu€ra, TOYHOCTBIO €ro pe3ylbTaToB M (aKkTopamuy,
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OTIPEACTSIONMMHU  BBIYUCIUTENbHYIO CIOXKHOCTh CTPYKTYpPHO-TIApaMETPUUECKONH ONTHMHU3ALNN
KOHKpeTHOI MuKpoceTH. K Takum dakropam otHocsTes [13, 14]:

— JeTanu3anvs BHYTPEHHUX U BHEIIHUX YCIOBUH (QyHKIMOHUPOBAHMUS,

— SKOHOMMYECKHE U TEXHOJOTUYECKUE ACTIEKTHl MOJICIIMPOBAHMUS;

— MaTreMaTH4ecKasl CJI0KHOCTb MOJEIN MUKPOCETH.

B 3apy0OexHoii muTeparype pelieHuro mepBoi mpobiemsl (“‘computational tractability”) B
nocjaenHee Bpems yuaeisieTcss mpuctaabHoe BHuManue [15]. Hampumep, mist BosieiicTBusi Ha
BBIIIETIEPEUNCIICHHBIE (PAKTOPHI MPEIaraeTcsi MHOXKECTBO Pa3IMUHBIX CIIOCOOOB, KOTOPHIE MOKHO
YCIIOBHO pa3/Ie/IuTh Ha MOJIeIbHbIC U TexHU4YecKue [16]. MoaenbHbIe crioco0bl TPOCTHI B peain3aiim
U JOOMBAIOTCA CHUKEHHSI BPEMEHU pacu€ToB B OCHOBHOM 3a CYET YIPOIICHUS MOIEIMPOBAHUS
MHUKPOCETH, YTO HEraTUBHO OTPAXKACTCsl HA TOYHOCTU PE3YJIbTATOB M CHUXKAET UX IMPAKTHUECKYIO
3HaYMMOCTb. TEeXHMYECKHE CIOCOOBI YCKOPSIOT BBIYMCICHUS M YMEHBIIAIOT BpeMsi pacuéToB 0e3
MOTEpPU TOYHOCTH, HO TOpa3zio Oosee TpyAOEMKH B peallu3alii.

JInst perieHust BTOPOi M3 BBILICOMUCAHHBIX TPOOJIEM B JIMTEpaType MMeeTcss Masio pabor [17-
19], NpUMEHUMBIX K MHKpPOCETSIM M TapaHTHPYIOIIUX OecrnepeOOHHOCTh 3HEProCHAOKEHHUS
notrpeOuTeneil mpu BO3ACHCTBUM BO3MYylICHWH. OCHOBHBIM HEOCTATKOM TaKUX paboT SBIsSETCS
MPUBS3KA K BO3MYILEHUSM ONPeAeNEHHON KPUTUYHOCTU. ABTOpaM JaHHOW CTaTbU HE U3BECTHO O
CYLIECTBOBAHMM KOMIUIEKCHOTO TMOAXO0Ja K CTPYKTYpHO-IIApaMETPUUYECKON ONTUMHU3ALUU
MHUKpPOCETEN ¢ YY4ETOM BO3JEHCTBUS pa3IMYHBbIX BO3MyLleHu. Huxke npeqnaraercs Takol MOAXOL
Ha OCHOBE CYILIECTBYIOLIEH cXeMbl wucciaefoBaHust >xkuBydectu OK ¢ Hcronb3oBaHHEM
CTOXACTHUUYECKUX «T€HEPATOPOB MOTOJIBI».

HUccaenopanue xuBydectn IK. OrnpaBHOIl TOukoil B ucciaeaoBaHuu xuBydectn OK
SBJIETCS MOJEIb (YHKIIMOHUPOBAHUS U Pa3BUTHS, KOTOPYIO MOXKHO 3alMCaTh B CIEIYIOIIEM O0IIEM
Bujie [13]:

min c(X), (1)
gx) <0, 2)
h(X) =0, (3)
rie C — ¢QyHKUMA SKOHOMMYECKHMX 3aTpaT Ha (QyHKUMOHUpoBaHuMe U pa3Butue OK, X =

{x%x1,...,x™} — uckomas mocnenosaTensHOCTh coctosHuit DK, x' — Bekrop mapamerpos DK,
ONKMCHIBAIOIINHI €ro cocTosinue X € XB unrepBan t = 0, ..., n;. Hepasenctsa g B (2) u paBeHcTBa h;
B (3) mpeacTaBisItOT pasHOOOpasHble TpeOOBaHHs K (QyHKIMOHUPOBAHUIO U pa3BuTHiO0 DK,

Ilepexon K (akTHUECKOMY MCCIIEOBAHUIO JKUBYYECTH HPOMCXOIUT MYTEM J0OaBJIEHUS B
mozenb (1)-(3) MHOKeCTBa ClieHapHUeB KPYITHBIX BO3MYIICHUH I/ U BeKTOpa KPUTEPUEB JKUBYUYECTH
F:

max min [C(X,v;),F(X,v)]7, (4)

i=1,n, X€S(vy)
rac nv — YUCJI0 BOSMyHIGHI/Iﬁ B MHO>KXCCTBC V, S — MHO>KECTBO ,I[OHYCTI/IMI)IX IIJIAHOB paCHpeHeﬂeHHﬂ

MIOTOKOB JHEPropecypcoB, olpezesieMoe orpaHudeHussMA (2) u (3) B yCIOBUSX peaau3aluu
KpYIHOTI'O BO3MYILEHHUS V;.

[TocTanoBka (4) B 1eJIOM OMMCHIBAaeT Kiacc 3amad ananmusa ysazsumoctu DK [20]. 'maBnoit
LEJIBI0 ATOTO Kjlacca SIBISETCS BBIABICHHE SBHBIX M, CaMO€ TIJIaBHOE, CKPBITHIX J1e(EKTOB B
TEPPUTOPUATBHO-IIPOM3BOACTBEHHON CTPYKTYPE CUCTEMBI U MEXaHU3Max €€ ynpasieHus. Llenepas
byuknus B (4) cTpeMUTCs HalTH HanboJiee 3HAYUMBbIC JePEKThI, CIICHAPHH HCITOJIb30BAHHS KOTOPBIX
oCTaloTCid BO MHOXecTBe V U mepenaroTcss B KaueCTBE MCXOJHBIX JIaHHBIX B 33Ja4M CIIEIYIOIIHUX
KJIACCOB.
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Pacmpenne moctaHoBkd (4) MPHBOAMT K KIAcCy 3aiad CTPYKTYpHO-TIApaMETPUUECKON
ontumuzanuu K ¢ 11e/1b10 MOBBIIIEHUS €ro JKUBYUECTH, HHAYE TOBOPS — ONTUMHU3AINHI KUBYUECTH

[21]:

min_max min )[C(X,vi,wj),F(X,vi,wj)]T, ()

j=1,ny, i=1,n, XES(vi,W]'
roe W — M30BITOYHOE MHOXKECTBO MCEDP I10 IMOBBIIICHUIO ) KUBYYCCTHU, JCAKTUBUPOBAHHEBIX B HUCXOTHOM
KOHCI)I/II‘ypaI_[I/II/I 3K, Wj — BCKTOD ABOHWYHBIX IICPECMCHHBIX, HCHYJICBBIC KOMIIOHCHTBI KOTOPOTO

aKTHUBUPYIOT COOTBETCTBYIOLIME MEPHI 110 MOBBIIIEHUIO )KUBYUYECTH, N,,, — 00IIIe€ YUCIIO KOMOMHALIMH
mep u3 MHoxkectBa W. Llenesas ¢ynkius B (5) crpemurtcs BoiOpaTh HambOosiee 3((HEKTHBHBIC
COYETaHMsI MEp IO IMOBBIILEHUIO >XMBYYECTH M3 MHOXKECTBA IPU pPeEaIU3alUy HaUXyALIEro
BO3MYILICHHUS U3 3alaHHOr0 MHOXecTBa V.

OcHoBHOe oTiInuKe moctanoBkH (5) ot (4) 3aKito4aeTcs B epeHoce PoKyca ¢ BO3MYILCHHS Ha
ero nocnencteust st DK npu monenuposanuu V [22]. B mocranoBke (5) momyckaercs, 4To AJis
HaXO0XJIEHUS MaKCHMaJbHOro yiiepba cucTeMe AO0CTaTOYHO MOJEIMpPOBaTh TUIOTETUYECKOTO
IIPOTUBHUKA BMECTO PEAJIbHOIO MCTOYHMKA BO3MYIIEHMH. DTO JOIMYIIEHUE AENACTCS, UCXOIs U3
IIPEAIIOJIOKEHHS, YTO i1 peanbHOoro OK cMArdyeHue M yCTpaHEHUE IOCIEACTBUM KpPYIHOTO
BO3MYILICHHS KyJla BaXHEE PACCMOTPEHMS €TI0 IPUPOJBI, IPUBOAAILEH K TSKEIBIM IOCIEIACTBUAM
BIUIOTh J0 KoJIlarca CUCTeMbl. BooOpakaeMmblii MPOTHBHHUK OO0JIaZaeT MOJHBIMU CBEICHUSIMH O
CHCTEME, TOYHO OLEHHBAET COOCTBEHHBIE BO3MOXHOCTH M JIOCTaTOYHO H3O0MIPEH, YTOOBI
UCIOJIb30BATh 3HaHUS 0 OOHAPYKEHHBIX Je(eKTax /i IJIaHUPOBAaHUS aTak Ha cucteMy. Llenbro atak
ABISICTCA NPUYMHEHHE MaKCUMalbHOro yimepba cucteme. Takoe npomylieHue naenaercs yis
CHWDKCHUS! BBIYMCITUTEIBHON CII0KHOCTH 33/1a4 ONTHMHU3ALUK KUBy4ecTH (5).

[lepeuncieHHble BbIIE MaTeMaTHYECKHWE MOCTAHOBKU 00pa3yloT ATambl (popMann30BaHHOU
CXEMBbI, COIVIACHO KOTOPOH IOCTpOEHHE HCCcleqoBaHUs kuByuecTH OK HMeeT HTepaTUBHBIN
xapakTtep. [TonoOHas cxema 1aéT BOZMOYKHOCTb B3IVIIHYTh Ha CTPYKTYPY HUCCIIEI0BAHUS KUBYUECTU
OK cBepxy M NMpaBHIBHO KiIacCHU(UUMPOBaATh 33/Ja4M JTAHHOM NpeAMETHOW 00jacT, perraeMmble
coorBetctBytoummu PIIIIIT (puc. 3).

PTIIIIT pyst ananuza yszpumoctr DK B 11es1om oTBevaeT 3a GopMupoBaHUE MPEACTAaBUTEIHLHOTO
MHO’KECTBA KPYIHBIX BO3MYILEHUMN, KOTOpPBIE B IOJHOW MEpE JOJDKHBI OTpa)kaTb BO3MOKHOCTH
MCTOYHMKA BO3MYILEHUI NPUYMHUTH MAaKCUMAJIbHBIN yIIepO MPOU3BOAUTENILHOCTH MOJIEIUPYEMON
OK. Ucxonupivu nanubsiMu it PIITIIT qoist ananusa ysisBuMocTH sBiisiioTcs KoHpurypanuu OK u
CBOJIHBIC MeTpuKH (puc. 3).

[lonatne KOHQUrypalMu B LEJIOM HpPEACTaBIseT CcOoOO0H omnpenenEéHHbI BapuaHT
TEePPUTOPUATBHO-TIPOU3BOICTBEHHON CTPYKTypbl OK, KOTOpbI BKiIOYaeT B ce0s onucaHue
OOBEKTOB SHEPreTUKW M BpPEMEHHBIE PSAJbl JAAHHBIX, OMNUCHIBAIOUINX MPUPOIHO-KIMMATUYECKHE,
COlLIMaJIbHbIE, JKOHOMUYECKHUE U MTPOYUE YCIOBUS (PYHKIIMOHUPOBAHUS U PA3BUTHS 3TUX OOBEKTOB.

CBOJHBIE METPUKHU OTPAKAIOT B KOJMYECTBEHHOM BUJIE H3MEHEHHE cocTosiHUS DK BO BpeMeHun
U XapaKTEPU3yIOT CUCTEMHBIE BO3MOKHOCTH aalTalii K BO3AECUCTBUIO KPYIHBIX BO3MYILIEHUH U
BOCCTAHOBJICHHIO TIOCTIE UX OKOHYAHUSI.

UcxonupiMu marabivu o1t PIIIT gns ontummsanuu sxuBydectd DK (puc. 3) sBisroTcst
CBOJHBIE METPHKH, H30BITOYHOE MHOXKECTBO MEPONPHUATHI 1O TOBBILICHUIO >KUBYYECTH,
copmupoBaHHOe Ha 0aze ojnHOW M3 KoHurypamuu DK, 1 MHOXKECTBO KPYIHBIX BO3MYIICHHH,
MOJIy4EHHOE B pe3ysbTaTe aHajlu3a ysS3BUMOCTH 3agaHHON koHurypauuu OK. Kak roBopuiock
BbIIlIe, B 3aJayax ONTUMM3AIMM >kuBydecTd OK akieHT nenaercs He Ha NPHUPOJE MCTOYHUKA
BO3MYIIIEHUH, @ Ha BEJIMYMHE M MaciuTade IMOCHeACTBUH BO3MYILIEHHS s cucTeMbl. [loaTomy
CIIEHapUil KPYITHOTO BO3MYIIEHHS MOJEIMPYET IPYNIOBOI OTKa3 K W3 n HauMeHee 3alMIIEHHBIX
(KpUTHYECKUX) AJIEMEHTOB cucTeMbl. OTKa3 J1I000ro U3 N KPUTHYECKUX DJIEMEHTOB caM Mo cebe
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BBI3BIBACT TSDKKHUE TOCIENCTBHS Ui CUCTeMBI. Pasmep k 3aBUCUT OT peCypCHBIX OrpaHUYCHU,
HAJIOXKECHHBIX HA HCTOUYHUK BO3MYIICHUH [22].

s \| i v 0 ‘.
i i i ! { N36bITOYHOE MHOXECTBO |
i CBofoHble | H L :_
— i 1 KoHourypauyum =i Mep Mo NOBbILWEHWIO |
I METPUKA 1 ! i i
' ' H 1y XUBYYECTH !
e o # | ’ \, - —
3 ¥
—[ MakeT ona aHanuaa yassuMoCTU ]
¥ ¥
[MmobBanbHbIA aHanus MowcK KpUTHYECKNX
YA3BUMOCTH aremMeHToB
- 3. S ——— ¥ .
{ |
! MHOXeCTBO cLeHapreB KpYnHbIX BO3MYLLEHWNA i
N
3
| MakeT ons Beibopa coyeTaHWin Mep MO NOBbILUEHWIO KUBYYECTU ]—

¥

[ MakeT ANA OPMUPOBAHUA CTPATETUI MO NOBLILLEHMIO XUBYUYECTU ]

Puc. 3. Cxema uccnenoanus xxupydectu DK

Ha Beixoge PIIIIII ms ontumusanmu xuBydecTd DK BbI1aét a3 hekTHBHBIE KOMOUHAIIUH MED,
KoTopele oOecneunBaloT DK MakcuMaibHYIO >KHBYYECTh B YCIOBUAX (DYHKIMOHUPOBAHUS H
pa3BUTHA, CO3[aBAaE€MbIX 3aJlaHHbIM MHOXECTBOM KpPYIHBIX Bo3MmyuleHuil. IlomyuuB Takue
KOMOWHAIMK Mep Il HECKOJIBKUX Pa3HOPOJHBIX MHOXKECTB KPYIHBIX BO3MYIICHUH, Aajiee MOKHO
MIPOBECTH UX MHOTOKPUTEPHUAIIbHBIA aHAJIU3 U IMOCTPOUTH CTPATErHMH MOBBILIEHUA XuByuYecTH OK,
KOTOpBIE OMNPENENAIOT MOPSAOK W BpeMsl peanus3aluu OTOOpaHHbIX kKomOuHarmii. Ilaker ms
(bopMHpOBaHUS CTPATETHH IO MOBBIIICHUIO )KUBYYECTH (CM. pHUC. 3) Ha OCHOBE AMHAMUYECKOTO
IIPOrpaMMHUPOBAHUS B BHJIE MHOT'O3TAITHOIO IPOLECCa MPUHITHUS PELICHUN TO3BOJISET BBIIIOJIHUTH
9Ty 3a7a4y.

CroxacTnyecKue «reHepatopbl noroab». Bo Bropoii nmomosuHe XX Beka Hadajl aKTUBHO
Pa3BUBATHCS CTOXACTHYECKUH MOAXO K MOJEIUPOBAHUIO U HCCIECJOBAHUIO METEOPOJIOTUYECKUX U
KJIMMaTH4ECKHUX MporeccoB. CTOXaCTUUECKUE MOJIENH, TOCTPOCHHbBIE HA OCHOBE BXOJIHBIX JIaHHBIX
Pa3NUYHBIX THUIOB (JAHHBIX CPOYHBIX METEOHAOIIOJICHUM, OCPEJHEHHBIX NaHHBIX HaOIIOJEHUH,
JAHHBIX peaHallu3a U T. I1.), MO3BOJISIOT MOJIETUPOBATh METEOPOIOTUYECKHE MTPOLIECCHI C 3alaHHBIM
BPEMEHHBIM HW/WJIM TPOCTPAHCTBEHHBIM paspelieHneM. B nureparype croxacTHYecKhue MOJENH
METEOIPOIIECCOB YacTO Ha3bIBAIOT CTOXAacTUYeCKUMHU «reHepartopamu noroges» (CI'TI). Ilo cBoeit
cytu, CI'TI npencTaBisifoT CTOXaCTHYECKME MOJEIM U COOTBETCTBYIOLIME MM IAKEThl IIPOrpamw,
MO3BOJISAIOIIME YHCIEHHO MOJEIMPOBATh JUIMHHBIE PAIbl CIydallHBIX YHCe, 00JaJaroumx
CTaTUCTUYECKUMHU CBOMCTBaMH, MTOBTOPSIFOLUMU OCHOBHBIE CBOMCTBA peanbHBIX
METEOPOIOTHIECKUX PAIOB | mojei [23, 24].

B 3aBucumocTH OT pemaeMoil 3agaud  MOAETUPYIOTCS JMOO 3HAYEHUS OTAEIbHBIX
METEONapaMeTPOB U UX KOMIUIEKCOB (TIPU3EMHOM TEMIEPATypbl BO31yXa, KOJIMUYECTBA OCAJKOB,
OTHOCHUTENIbHOM BIIAKHOCTH BO3JlyXa, MOJAYJSI M HalpaBJeHHs CKOPOCTH BETpa U Jp.), JIUOO HX
HEKOTOpBIE CIELMaJIbHbIE XapaKTEPUCTUKU (MHAMKATOPHl HANU4Msl / OTCYTCTBUSI OCAJIKOB,
MUHUMAaJlbHasi U1 MaKCUMaJlbHas 3a CyTKH TeMmreparypa u T.1.). CI'Tl nomyckaror MoaenupoBaHue
METEONPOIIECCOB C PAa3IMYHBIM BPEMEHHBIM 1IIaroM (HapuMep, MeCsiuHbIe, CYyTOUHBIE, TPEXUACOBBIE,
Y4aCOBbIC WJIK MUHYTHBIC).

06 akrtyanpHOCTH pa3paboTku croxactudyeckux CI'TI, mx TeopeTnyeckod M MPaKTHUECKOU
3HAYUMOCTHU CBUJETEIBCTBYET TO, YTO B HACTOSIIIEE BPEMS TAKHE MaTEMAaTUUYECKHE MOJIETN aKTUBHO
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UCMOJb3YIOTCS s peIlieHHs 3a1a4 B pa3IMYHbIX 00J1acTAX HAyKH, B TOM YHUCIIE JUIsl JOJITOCPOYHOTO
NPOEKTUPOBaHUs MUKpocereit [19].

Cnenyer OTMETUTbH, YTO UYUCIEHHOE CTOXAaCTHYECKOE MOJAEIUPOBAHUE METEOPOJIOTMUYECKUX
IIPOLIECCOB YaCTO SIBISIETCA YPE3BBIYAMHO TPYAOEMKON 3amauyeil (0COOEHHO, eCiii MOAEIUPYHOTCS
KOMILIEKChl METeOapaMeTpoB, Kak (PyHKIIMH BPEMEHHBIX U IPOCTPAHCTBEHHBIX KOOPAMHAT).

B nmannoii pabore CITI, HY)KHBl JUISI MOJEIUPOBAHUSA B 3aJaHHOU
IIPOCTPAHCTBEHHON TOYKE CJIEAYIOUIMX BaXXHBIX [UISI MHKPOCETEH HIPUPOIHO-KIMMATUYECKUX
napameTpos [25]:

B YacCTHOCTH,

— MPU3EMHOM TeMIeparypsl Bo3ayxa (rpaduku noTpebieHns TeIia U AIEKTPOIHEPTUH);
— MOJIYJIsi CKOPOCTH BeTpa (BbIpabOTKa 3JCKTPOIHEPTUH BETPOITEKTPUICCKUMH YCTAHOBKAMH);
— 00savHOCTH (BBIPAOOTKA HIICKTPOIHEPTUH COTHEUHBIMU TAHEIIIMH).

Mecto CI'Il B cxeme CTPYKTYPHO-IIapaMeTPH4YeCKOil ONTHMHM3AaUMH MHKpoceTteii. B
OCHOBE O0IIel CXeMbI CTPYKTYpPHO-IIAPaMETPHUCCKON ONTHUMHU3AIMKA MUKpoceTel (puc. 4) JeKHUT
CUHXPOHHU3AIMS BEPXHETO M HIDKHETO YPOBHEH, MOAECTUPYIOLUIUX pa3BUTHE U (YHKIIMOHUPOBAHUE
cucrembl (puc. 2). CpeaHHul YPOBEHb CXEMbI OTPakaeT CICU(PHUKY HCClIeaoBaHus xKuBydectd DK
(puc. 3) u, cornacHO MOCTaHOBKE (4), OTBEUAET 3a OIEHKY OecrepeOONHOCTH PHEProcHaOKEeHUS
notpeduTeneit mpu BO3AeHCTBUU BOSMYIIICHU IPEUMYIIIECTBEHHO METEOPOJIOTHYECKOT0 XapaKTepa.
NMeHHO Takue npUpoOAHbIE BO3MYLIECHUS OKa3bIBAlOT OCHOBHOE BIHSHHE Ha HaAEKHOCTh M
KUBYUECTh JIOKaIbHBIX DK.
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Puc. 4. Cxema ontumu3anuu xxuBydectu K

Ha Bxox cxemsl CTPYKTYpHO-IapaMeTPUYECKOM ONTHMM3ALUNA MHUKPOCETEM IMOJAETCs
n30bITOYHAsT KOHOUTypaluss MHUKpPOCETH C J€aKTUBUPOBAHHBIMH MEpaMu IO OOECIEeYEeHUIO
ycToiuuBoro sHeprocHadxxenuss W n MHoxecTBOM Bo3MylueHuil V. Ha BepxHeM ypoBHe cXeMbl
YUCJIEHHBI METO/]I MOMCKa ONTUMAJIbHBIX PEIICHNUN, BEIOPAHHBIN B pe3yJibTaTe NMPEeABAPUTEIHHOIO
TectupoBanus [21], GopmupyeT BEKTOp W;, KOTOPBIH ONpPENENAET COYETAHUE TUIIOB M EIMHUIL
Pa3IMYHOrO TEXHOJOTMYECKOrO0 00OPYI0BaHMUs, MECT €r0 YCTaHOBKH. BekTop w; mepenaercs Ha
HIKHHUM ypOBEHb, TJI€ petaeTcs 3a/1aya HaX0KJECHUS ONTUMAaIbHBIX PEKUMOB pabOThl BEIOPAaHHOTO
000pyI0BaHUs B YCIOBHUIX BO3MYIIIEHUH, 3a1aHHbIX V. Pe3ynbTaThl pacuéra nepeaarorcs Ha CpeHen
YPOBEHB /ISl BBITIOJIHEHHS TPOIEAYPHI OLIEHKH OecriepeOboiHOCTH sHeprocHaOxkeHus [5]. Jamee
paccuMTaHHble 3HaUYeHUs KpuTepues C u F, xapakrepusyromue 3QpEeKTHBHOCTL COUYETAHUs MEP W,
BO3BpaIlalOTC OOpaTHO Ha BEPXHUH YpOBEHb MJIsi KOPPEKLMH HANpPaBICHUS ONTHMU3ALUHU B
CTOPOHY MOBBIIIEHUS HAAEKHOCTH UITH )KUBYYECTH MUKPOCETH.

«HpOpMAIIMOHHBIE H MaTEMaTHYECKHE TEXHOJIOTUY B HayKe U yrpasienum» 2024 Ne 4 (36)

[ ]



Eoenes A.B., Kapamos J[.H, bawapuna O.FO., Ozopoonuxos B.A., Kapeanonosea H.A., Axenmwvesa M.C.

MuoxecTBO V, corimacHo mocTtaHoBKe (4), COCTOMT W3 KPYIHBIX BO3MYIICHUH, KOTOpPHIC
(bopMUPYIOTCST B pe3yJbTaTe MPEABAPUTEIHHO MPOBEAEHHOTO aHAIN3a ysI3BUMOCTH MHKpoceTH. B
Hactosiee BpeMs OCHOBHbIM HemoctatkoMm PIIIIT ans ananuza ysaszBumoctu OK  saBisercs
OTCYTCTBHE BO3MOXKHOCTH PACCMOTPEHUSI CTUXHMHBIX OEICTBUI METEOPOJIOTHYECKOr0 XapakTepa,
TaKuX, KaK TPOMHMYECKUN IITOPM, YparaHHBIA BeTep, MOXOJIOJaHUE, CHeXKHAs Oyps U 3acyxa. s
MOJICTTUPOBAHUS METEOPOJIOTUIECKIX KPYITHBIX BO3MYIIICHH HEOOXOTUMBI:

— rpaduku ysS3BUMOCTH KOMIIOHEHTOB MHKPOCETH, KOTOPBIE ONPEIEISIIOT BEPOSTHOCTh HX

BBIXO/Ia U3 CTPOS B 3aBUCUMOCTH OT YPOBHSI HHTEHCUBHOCTH CTUXHIHOTO OE/ICTBUS;

— MOJIeTb CTUXUIHOrO Oe/ICTBUS, KOTOpas AOKHA YMETh PACCUUTHIBATH €r0 MHTEHCHUBHOCTH B
ornpeaenEéHHbI MOMEHT BPEMEHH U B 3aJIaHHOM TOUKE MPOCTPAHCTBA.

TunoBoit rpaduk ys3BUMOCTH KOMIIOHEHTA MOKa3aH Ha puc. 5, rae X 0003Ha4yaeT mnapamerp
CTUXHIHOTO OecTBHsL, P(X) — BEPOATHOCTh OTKa3a KOMIIOHEHTA, X; — HHTCHCHBHOCTb CTHXHMHOTO
OelCcTBUS, HAuWMHAs C KOTOPOM BEPOSATHOCTh OTKa3a KOMIIOHEHTAa HAuMHAeT BO3pacTaTh, X,
npejncTaBisier co0oil 3HaueHWE MapamMeTpa CTHXHHHOTO OCICTBHS, NPU KOTOPOM OJHO3HAYHO
IIPOMCXOIUT OTKa3 KOMITOHEHTa, T.€. p(x,) = 1 [26].
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Puc. 5. TunoBoii rpaduk ysSI3BUMOCTA KOMIIOHEHTHI MUKPOCETH

Jlis MOJeNnupoBaHUsI CTUXUHHBIX O€ICTBUH METEOpPOJIOTMYECKOr0 XapaKTepa IUIaHUPYEeTCs
ucnons3oBate CITI. BMecte co cpeactBamMu arperupoBaHMsi BPEMEHHBIX PSIOB IJIAaHUPYETCS
npumessaTh CI'TI 11 nocTpoeHus cueHapueB CPEIHUX M MEJIKUX BO3MYLICHMH, TaK KaK cXema Ha
puc. 4 Kxacaercs HCCIENOBaHUS HE TOJIBKO JXMBYYECTH, HO M HaAEKHOCTH MHKpoceTed. [lnd
UCCIIEIOBaHMsI Ha/I&KHOCTH Ba)KHO, YTOOB! CLIEHAPUU BO3MYIIECHUH HApsy C «TUIUYHBIMUY» WU
«pENpe3eHTATUBHBIMIY) IE€PUOJAMH BPEMEHHM, MPEACTABIAIONIMMU Haulosiee XapaKTepHbIe
MPUPOJHO-KIMMATUYECKUE YCIOBHSI (YHKIIMOHUPOBAHUS MHUKpPOCETEH, TaKXKe COAepKajlu
«IKCTPEMAaJIbHBIE» MEPUObI, TIPESICTABISIONINE YXYIIICHUS MOTOAHBIX ycioBuii [18].

Pazmep mMHOecTBa V, BKiItoyaromiero B ce0s, HOMUMO KPYTHBIX, TAK)K€ CPEJHUE U MEIKUE
BO3MYIIIEHHUS, CJEAyeT JA00aBUTh B BBIIMICIPUBEAEHHBIN CHHCOK (AKTOPhI, OIpenesIoIIe
BBIUHCIUTEIBHYI  CJIOKHOCTb  CTPYKTYpPHO-NIApAMETPUYECKOW  ONTHUMH3ALMM  MHKPOCETEH.
VYnpasienue pazmepoM V OTHOCHTCS K MOJAETBHBIM crioco0aMm OalaHCHUPOBKU BBIUMCINUTEIBHON
CJIO)KHOCTH, M /11l KOMIIEHCAIIMM UX OCHOBHOI'O HEJOCTaTKa, OMIMCAHHOTO BhIIIE, TpeOyeTcs aHalu3
YyBCTBUTEIBHOCTH PE3YJIBTATOB CTPYKTYpHO-apameTpudeckor ontummsaimu [12]. TMocnennee
OCHOBAaHO Ha MaCCOBOM TECTUPOBAHMH PE3YJILTATOB ONTUMHU3ALMHU Ha TOMOJIHUTEILHOM MHOXKECTBE
BO3MyIIeHu, chopmupoBaHHOM ¢ momomibto CITI. 3mech CTOMT OTMETUTH, YTO THUITMYHBIN
METEOPOJOTUYECKUM TOJ HE COACPKUT <«OKCTPEMAIIBHBIX» IEPUOAOB, MMOITOMY MHOIOKPAaTHOE
DyOIMpoBaHUE €ero MHTEPBAJIOB HE MO3BOJISIET MPOBECTH KaUeCTBEHHBIN aHAINW3 YyBCTBUTEIBHOCTU
pe3yabTaToB onTuMu3anuu [19].

3akiaroyenue. I[ludpoBbie [OBOMHMKK  YHNPOUIAIOT IJIAHUPOBAHUE, MEPBOHAYAIBHYIO
AKCIUTyaTaluoo 000py0BaHUs, 00ydYeHHE MepcoHaia U TEXHUYECKoe O0CITyKUBAaHUE, TTOITOMY UX
HCIOJIb30BAaHUE B DHEPIE€TUKE JOJDKHO CTaThb OCHOBHBIM HHCTPYMEHTOM I CTPYKTYpHO-
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apaMeTpUIECKO ONTHMHU3ALUU MHUKPOCETEH M TECTUPOBAHUS HHEPIETHUECKOr0 0OOPYAOBaHMSL.
[Ipy mTpOEKTUPOBAaHMM W PEKOHCTPYKIMU MHUKpOceTed IU(pPOBbIe ABOWHUKKA MOTYT OBITh
MCITIOJIb30BAHBI [T OLICHKH YCTOWYMBOCTH M OecriepeO0iHOCTH 3HEeprocHab)eHHs moTpeduTeneii B
YCIOBMSIX BO3/AEHUCTBHS Pa3IMUYHBIX BO3MYILEHHUH. DTO OCOOCHHO aKTyaJlbHO JUIsl aBTOHOMHBIX
MHUKpOCETeH!, IHPOKO Hcrob3yromux BUD nis sHeprocHadxeHus TpyJHOAOCTYIIHBIX TEPPUTOPUIL.

B nacrosmee Bpemsi B nuTepaType HET paldoT, MOCBSIIEHHBIX KOMIUIEKCHOMY IOAXOIY K
CTPYKTYPHO-TIAPAMETPUUYECKON ONTUMM3ALMU MHKPOCETEH C YYETOM BO3AECHCTBUS PA3TUYHBIX
BO3MYILIEHUHA. DTO BbI3BAHO OOJIBIION BBIYUCIUTEIBHON CIOXHOCTBIO TaKMX 3ajad, KOTopas, B
YaCTHOCTH, OOYCJIOBIE€HAa HEOOXOAMMOCTBIO BBICOKOM  CTENEHW JeTalu3allud  yCIOBHH
(YHKIMOHMPOBAHUSI MHUKPOCETeH M aJeKBAaTHOTO IMpeJCTaBlIeHHs B3aumojeiicteus BUD ¢
IIPOYMMH UCTOYHUKAMH U HAKOIMUTEIIIMU SHEPIUH.

B nanHO#l pabore mpeamnpuHATa MOMbITKA Pa3pabOTKM TAKOI'O KOMIUIEKCHOIO MOAXO0Ja Ha
OCHOBE CYLIECTBYIOLIEH cxeMbl uccinenoBanus xupydectu JK. [IpencraBneHHas MHOroypoBHEBas
CXeMa CTPYKTYPHO-ITApaMETPUYECKOM ONTHUMHU3ALNU I103BOJIAET JULAM, IPUHUMAIOIUM PELICHUS,
3a TIPUEMIIEMOE BpeMsI MTOJTyYUTh LENbIH CIEKTP albTePHATUBHBIX MEPCIEKTUBHBIX KOH(PHUTYpaIuii
MHUKpPOCETH, 00eCleunBaloIIuX ycToHuMBoe U OecriepeboiiHoe sHeprocHadkeHue noTpedureneii B
3aJJaHHBIX HEOJIArONPUATHBIX YCIOBUAX. DTH KOH(UTYPALIUU MOTYT OBITh Jlajiee IpoaHaTu3UPOBaHbI
C YY€TOM JIOTIOTHUTENIbHBIX He(hOPMAIN30BaHHBIX 3HAHUH 0 KOHKpETHOU cucteme. CToXxacTu4yeckue
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Abstract. The objective of this paper is to develop an integrated approach to structural and parametric optimization
of microgrids, taking into account the impact of various disruptions. The proposed multi-level optimization
framework enables decision-makers to identify a range of promising microgrid designs within an acceptable
timeframe, thereby ensuring a stable and continuous power supply to users under specified adverse conditions.

In this framework, stochastic "weather generators" are crucial for generating time series of natural and climate
data with varying durations that closely resemble real-world values in a given geographic location. This is done
for the purpose of evaluating the effectiveness of intermediate and final computational results.
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