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Paccmampusaromea mamemamuueckue mMooenu O AHATU3A HAOEHCHOCHIU IHEP2O-
CHabOHCEHUA OMOANEHHbIX HACEeNeHHbIX NYHKmMOs. I[Ipednodcen mpexyposHesbiil
KOMNJIEKC B10AHCEHHBIX MoOenell. Huwcnuil yposens npedcmasniem mooens QyHKyu-
OHUPOBAHUSL CUCTEMbL IHEP2OCHAOICEHUS OMOANEHHO20 HACENEHHO20 NYHKMA 6
meueHue paccmMampusaemozo nepuoda epemenu. Bmopoii yposens npedcmasisem
MOOelb aHaAnu3a HAOeHCHOCmU dHepeocHabiicenus. Imom anaiuz 6asupyemcs Ha
MHO2OKPAMHOU  UMUMAYUU  QYHKYUOHUPOBAHUA CUCTEMbL DHEPSOCHADNCEHUA 6
CYYAUHO QOpMUPYEMbIX YCI08UAX. B Kauecmee CIyuaiiMbIX paccmampusaromcs
BENUYUHBL NOMPEOHOCIU U NPOU3BOOCEA IHEP2UU, d MAKIHCE BETUUUHA NePex0Osi-
WUX 3aNAco8 dHep2uu 8 HAKONUMENAX. SHAYeHUs BelUYUH NOMPEeOHOCIU U NPOU3-
600Cm6Ba dHepeuu OA8 UMUMAYULl QYHKYUOHUPOBAHUSL HOPMUPYIOMCA MEmOOOM
Mownme-Kapno u3 3a0auubix 3akoH08 eeposimuocmu 3mux eenuyur. Cryuaiinas
BENUYUHA NEPEXOOAUUX 3aNACO8 DHEPUU DOPMUPYEMCA NO ANOPUMMY, KOMOPbLIL
sbipabamvléaen MapKOSCKYI0 NOCIe008AMENbHOCHb IMUX 3anacos. Bepxuuil
VpOo8eHb npedcmaesiien Mooeb ebloopa ONMUMATLHO20 COCABA cpedcme obeche-
UEHUSL HAOEICHOCIU — Pe3eP808 MOWHOCIU 6 NPOU3BOOCHIBE IHEPSUU U eMKOCIU
Xpanunuwy SHepeuu. MuHUMUSUPYemCs MAMeMamuieckoe ONCUOAHUE CYMMbl
NPUBECOEHHBIX 3AMPAm HA (QYHKYUOHUPOBAHUE CUCTEMbl IHEP20ODecneyeHuUs U
yiyepbos om Oeuyuma. 3HaueHuss maxoiu yeregou QYHKYuu npu 3a0aHHOM
cpedcms obecnedeHuss Ha0eHCHOCMU ONpedeiamcs 6 pesyibmame Yukia pacie-
M08 Ha Modenu ananuza HaoedxcHocmu Ilpedcmagnenvl pe3yavbmamvl UCCIe008aAHUL
HAOEXHCHOCIU MONTUBOCHADHCEHUA C DHEPLEMUYECKOU NIAHMAYUU OMOANIEHHO20
HACENEHHO20 NYHKMA 8 NPUPOOHO KIUMAMUUECKUX YCIOBUAX NPUOPENHCHBIX PALOHAX
03. baiixan.

KnroueBsle cnoBa: 3amacel sHEpropecypcos, Merox Monre-Kapio, Hanex-
HOCTb SHEPTOCHA0KEHUSI, Pe3ePBbI MOIIHOCTH, CIy4aiHBIN Ipoliecc.
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TOCHA0XEHHUSI OTNANCHHBIX HACEJICHHBIX MYHKTOB M3 HWCTOYHUKOB,
JUISE. KOTOPBIX XapaKTEPHBI CHIIbHBIC JCHCTBHUS CIYyYalHBIX (akTo-
pOB. OTHUM CBOMCTBOM 00JIaalOT CHCTEMBI JHEPrOOOCCIICUCHIS
OTJAJICHHBIX HACEJICHHBIX MYHKTOB W3 BO300HOBISIEMBIX WCTOYHU-
KOB DHEPTrUU. JTO CUCTEMBI TOIIMBOCHA0XKEHUS Ha OCHOBE Oromac-
CBI, BBIPAIIMBACMOHN Ha CHEIHUATBHBIX SHEPTeTHUECKUX IJIaHTAIIHSAX,
JIOKaJbHBIC  JJEKTPOIHEPTETHUSCKUE CHUCTEMBI  HCIOJB3YIOIIHE
SHEPTUIO BETpa M COJHIIA. 3HAYUTEIbHBIC (IIYKTYallud B MTPOU3BO/I-
CTBE DHEPTUM B ATHX CIIydasX BO3ZHHKACT B OCHOBHOM H3-3a KoJjeOa-
HUI PUPOTHO-METEOPOJIOTHUECKIX YCIOBHH (TeMIepaTyphbl BO3/y-
Xa, CHIIBI BETPa, COTHEYHOMN pajualiyn).

IIpy 3TOM BO3MOXHBI  3HAYUTENBHBIC OTKJIOHCHHS OT
CPEHEOXKUAAEMBIX 3HAUCHHI MOTPEOHOCTH B DHEPTUH HACETICHHOTO
nyHkta. OHH MOTYT OBITh BBI3BaHBl W3MCHEHUSIMH MPUPOIHO-
KIMMATHYECKUX YCIIOBHH, MPOU3BOJICTBEHHBIX HYXJ M Jp. COCTaB-
JISTOIINX TOTPEOHOCTH.

ITpy BO3HUKHOBEHHH HEOJATONPHUSATHBIX YCIOBHU M3-3a IMOBBI-
IIEHHOHN MOTPEOHOCTH WM TTOHIKEHHOTO 00heMa BhIpaOaThIBaEMOM
SHEPTUU BO3MOXKHBI CUTYAIlMH Je(PUINTA, KOTOPBIE MOTYT COIpO-
BOXKJAThCSl SKOHOMHYECKHMH YIllepOaMH, HanmpuMmep H3-3a Heo0Xo-
JUMOCTH JIOPOTOCTOSIIIMX 3KCTPEHHBIX MOCTABOK JIOMOIHUTEIBHOTO
TOIJIMBA U3 yNAJICHHBIX MCTOYHUKOB B JAHHBIA HACEICHHBIA MYHKT
WIN WCTONB30BaHUS 3JEKTPOIHEPTUU U3 JOPOTrOCTOSIINX UCTOUHH-
KOB (JM3eIbHBIE SJIEKTPOCTAHIINH).

KpoMme yka3aHHBIX JBYX CIIy4aiHbIX SK30TEHHBIX MoKa3areseH
CNIeJlyeT YYUTHIBATh €Ille M TPETUH ClydaiHblil (pakTop — BENUIMHY
MEePEeXOANINX 3aMacoB dHEPruu. EciM B KakoW-TO U3 TMEpHOJIOB
noTpeOJieHNEe SHEPTHU OKa3bIBACTCS HUXKE CPEIHEr0 3HAYCHHS H
(umu)  00BEeM MPOW3BEJACHHOW JHEPTUU  OKAa3bIBACTCS  BBIIIC
CPEHEOXKUAAEMOT0 3HAYCHHUS, TO TIPOU3BOJICTBO SHEPTHUU B JAHHOM
NepuoJe MOXKET MPEBBICHTH MOTPEOHOCTh. Toraa pasHHLA MEXIY
o0beMaMu TPOM3BOJACTBA M MOTPEOJICHUSI HEPEXOIUT B KauecTBe
3amaca B cleAyromuil nepuoi. s JOKanbHBIX CHUCTEM BJIEKTPO-
cHA0KEHUS B KAYECTBE TAKUX HAKOIIUTENICH SHEPTHH MOTYT CITYKHTh
AKKyMYJISITOPBI DJIEKTPOIHEPTHH, JIMOO 3amachl BOJBI B THAPOAKKY-
MYJIUPYIONINX 3JIEKTPOCTAHIIHSIX.
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[Ipy BO3HMKHOBEHNM OOpPATHBIX CHTYalWi, KOTJa MOTpediieHne
NPEBHIIACT TPOU3BOACTBO, HCIIONB3YIOTCS HMMEIOIINECs 3aIlachl.
Bo3mokHa cuTyanms, KOTJa 3TH 3amachl HCUYEPHaHbl, TOra BO3HH-
KaeT CUTyanust Ie(HIUTa YHEPrOPECypcoB, KOTOPBII MOKET MOKPHI-
BaTbCs M3 Ooyiee JDOPOTHX MO CTOMMOCTH ITIOCTaBIISICMOH SHEPTUH
UCTOYHUKOB. JIJIs1 JTOKANBHBIX CHCTEM JJIEKTPOCHAO)KEHHS B Kade-
CTBE TAKHX JIOMOJHUTEIBHBIX HCTOYHUKOB MOTYT CITY>KHThH JU3EI]b-
HBIE 3JEKTpOCTAaHIMH. [l CHCTEM CHAOKEHMS KOTEIHHO-TICYHBIM
TOIUTMBOM B KaueCTBE OMOJHHUTEIFHOTO HCTOYHHKA MOXKHO pac-
CMaTpUBaTh, KAK OTMEYAJIOCh BHINIE, MPHUBICUCHUE NaTbHEIPUBO3-
HOTO JJOPOTOTO TOILIHBA.

B kauecTBe cpencTB obecrieueHus HaIeKHOCTH dHEProcHa0xe-
HUS PACCMaTPUBAIOTCS CO3/IaHHE PE3ePBOB MOIIHOCTH B ITPOHM3BOJI-
CTBE PHEPIHU M3 aHAIM3HPYEMOT0 MCTOYHHMKA Y M CO3JaHUE HaKO-

IUTEICH SHEPrud €MKOCTBIO Z IJIA XpAaHCHHUA NECPEXOIAIIUX 3alia-
coB. Bennunabl Y U Z SABJIAIOTCS ONTHUMHU3UPYEMBIMH ITOKA3aTEIsA-

mu. O0e 3TH mepeMeHHbIe OyAyT paccMaTpUBaThCSA Kak Oe3pazMep-
HBIC BEJIMYMHBI, HU3MepsieMble B JIOJSX OT BEIWYHMHBI MaTeMaTHde-
CKOTO OKHJAQHHS TOTPEOHOCTH B SHEPIUU 32 PacCMaTPUBAECMBII
€IMHUYHBIN TTEPUOJ] BPEMEHHU.

ITycte Q Maremarnyeckoe OKHIaHUE TTOTPEOHOCTH B JAHHOM
BUJIE DHEPTUU HACEJIIEHHOTO MYyHKTa B PacCMaTpPUBAEMYIO €IUHUILY

BPEMCHHU, R — marematnyeckoe OXUJAaHUEC MPOU3BOACTBA SHCPTUHU
3a CAWHHIY BPCMCHHU. Pe3GpBOM MOHIHOCTeﬁ HU3MEPACTCA B BHU/C
OTHOCHUTCJIbHOTO IMPCBLIICHUA MATCMATHYCCKOTO OXHWJAAHUSA TTPOU3-
BOACTBA SHEPruM HaJl MAaTCMATUYCCKUM OXUAAHUECM HOTpe6HOCTI/I
JAAaHHOI'O HACCJIICHHOT'O IMYHKTAa B pacCMAaTpUBACMYIO CAWHUILY BpC-
MCHHU.

1 v=(R-Q)/Q.
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2. Cucmema enoxeHHbIx Mmodesel OJis1 aHanu3a u
onmumu3sayuu cpedcme obecneyeHust HalexxHocmu
obecrieyeHUs1 MornyueoM omaoasieHHbIX HacesleHHbIX
nyHKMoe ¢ aHep2emu4ecKux ninaHmauuli

Jnis aHanmM3a U ONTUMM3ALUYU CPENCTB 00ECIeUeHHs HaJeXKHO-
CTH 3HEProCHaOXEHUsI OTNAJICHHBIX HACEJICHHBIX ITYHKTOB IIPEIIO-
JKEHa CHCTeMa M3 TPeX IMOCIIeNOBATEIbHO BIOKEHHBIX Mojelnel [2]
(cm. puc. 1): umMuTaIOHHAST MOJIENb (DYHKIIMOHHUPOBAHHS CHCTEMBI
JHEProCcHA0KEHHs B TEUEHHE OAHOTO PacCMaTpPUBAEMOIO IEPHOJA;
MOJIeNIb aHa/IM3a HaJeKHOCTH; MOJENb CHHTE3a Hale)KHOCTH dHEp-
rOCHUCTEMBl (ONTHMH3ALMM COCTaBa CPEACTB PE3CPBUPOBAHUSA).
[anee paccMOTpUM 3TH MOAEIHM IPUMEHHUTENIFHO K 3a7jaye aHaIn3a 1
BBIOOpa ONTHMAJIBHOTO COCTaBa CPEICTB 0OecHeueHHUs HaACKHOCTH
TOIIMBOCHA0)KEHHUSI € OSHEPreTHUECKUX IUIAaHTALUM OTIAaJCHHOTO
HAaCeJICHHOro IMyHKTa. KOHKPETHO 3TH HCCIeNOBaHUs IMPOU3BOIU-
JUCh B LENAX BbIOOpPA SKOJOTHYECKHM YHUCTBIX M IKOHOMUYECKH
3¢ (EeKTUBHBIX BapHaHTOB OOECIICUCHHS TOILUTUBOM TYPUCTHUECKO-
peKpeanmoHHON 30HBI TOOepexbs o3epa baiikan.

B 3Tux Mozmensx paccMaTpuBarOTCS TPU CIydailHbIC BEJIUIHHBIL:
roJioBasi MOTPeOHOCTb, IOJI0OBOM 00BEM MPOU3BOJACTBA M IEPEXOJIs-
Ke U3 Toja B ToA (M3 OAHOTO OTONHUTEIBHOTO MEPHOJA B IAPYIoi)
3anacsl TOIUTMBA. DK30I€HHBIMH ISl PACUETOB SIBJISIOTCS] BEJIMYHHEI

MaTeMaTHYECKOTO OKUAAaHHUs TOJ0BOM MOTpedHOCTH B sHepruu Q ,
yIenbHbIe yepOs! oT AeUINTa TOIUINBA |1, yAeIbHbIE IOTEPH PU
XpaHeHUH O . B KauecTBe 3K30r€HHBIX HCIOJB3YIOTCS TAKXKE pac-

CUMTHIBACMbIH Ha crenuanbHoil Moxenu [3; 4] mpupoct 3arpar
AC(y,z,R,,S,), CBSA3aHHBIX C CO3MAHHEM CPEICTB OOECIICYCHHUSI

HaJIe)KHOCTH U CO CKJIJbIBAIOUIEHCA B JTAHHOM TOJly CUTyalMen c
00beMaMul POM3BOCTBA M MIEPEXOIAIIAMH 3aITacaMy TOTUIHBA.
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Moaenb aHaIH3a HAEKHOCTH

Moaesab CHHTe3a HAAEKHOCTH

Puc. 1. Cucmema enoscennvix mooeneu anaiusda u CuHmesd
HAOEIHCHOCMU IHEP2OCHAOINCEHUSL

BepxHuil ypoBeHb CHCTEMBI BIOKEHHBIX MOJAEIEH IPeICTaBIIA-
€T Mo/ieJIb ONITUMM3ALMHU COCTABA CPEACTB o0ecneYeHUs] HaJexK-
HOCTH (CHHTe3a HAaJeKHOCTH) 3HeprocHadxkeHusas. B monenu
CHHTE3a HAJEeKHOCTH HCCIIEAYETCSl W pellaeTcs AByXIapaMeTphue-
CKasl 3a/1a4a ONTUMH3ALUI
(2) F(y,z) — min,

3) v=0,
4) z>0.
3mecs F(y,z) — GyHKOES MareMaTHYECKOTO OKHIAHUS CYMMBI

3arpaT Ha obeclieueHrne HaJeXXHOCTH U ymepOoB ot nedunura. Ee
3HauEHHUE OTPEETSeTCS B Pe3yNbTaTe PacyeToB Ha MOJEIN aHAIIH3a
HaJIE)KHOCTH YHEPrOCHAOKEHUSI.

OnTuMH3anys OCYIIECTBISETCS IyTeM COIOCTABJICHHS 3HAYe-
HUM QyHKUIMH F(y,Z) npu mocienoBaTenbHOM BapbUPOBAHWH 3HA-

YEeHUS KaXI0Tr0 M3 apryMEeHTOB (HalpuMep, METOJIOM MTOKOOPAMHAT-
HOro cmycka). Jns pemeHust 3amaud OJHOMEPHOM ONTHMH3ALMU
MOXKET NPHUMEHATHCS METOJ 30JI0TOr0 cedeHus. B menmsx anamusa
MOCJIEACTBUH OOBEKTHBHO MMEIOLICHCS HEONPEAEeIeHHOCTH HCXO[-
HBIX JIaHHBIX HMCIOJB3YeTCs AETANbHBIA aHajlu3 AUANa30HOB 3Haue-
HUIl TIEpEMEHHBIX IyTEM BapbUPOBAaHUE C PaBHOMEPHOM CETKOH
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apryMEHTOB ONTUMH3HPYeMOH (YHKIIMH, a TaKKe BapbUPOBaHHE
HEKOTOPBIX SK30T€HHBIX TAPaMETPOB CHCTEMBI MOJICITH.

Mopaeanb aHajiu3a HAEKHOCTH OCHOBBIBACTCS HA MHOTOKpPAT-
HOU MMUTANWU (QYHKIIMOHUPOBAHHS CHCTEMbI TOILTMBOCHA0KEHUS B
TEYEHHE OJIHOTO TO0JIa, HAYMHAMIIETOCS W 3aKaHYMBAIOMIETOCS
OCEHBIO B HadaJie OTOMHTENbHOTO mepuona. O6o3naunm V =0,....V
HOMEp UTEpali UMUTAIIHY.

Br16op [utst TaHHOUW WTEpaly BEIMYUH MOTPEOHOCTH B TOILIH-
Be Q, M mpou3BoJCcTBa ToluMBa R, peamusyercsa meTonoM MoHTe-

Kapio, ucxojis U3 3alaHHBIX 3aKOHOB BEPOSTHOCTH 3TUX CITYYaiHBIX
BeJIMUMH. PacdyeTHO oOmpeaenseTcss MaTeMaTHYECKOe OXKUIaHHE
MOTPEOHOCTH B TOIUIUBE JAHHOTO HACEJICHHOTO MyHKTa. Bo3MoKHBIC
OTKJIOHCHHMSI TIOTPEOHOCTH OT MAaTEMaTHUYECKOI'O OKUIAHHS M BEPO-
STHOCTH WX peajiu3alliii PacCYMTHIBAIOTCS Ha OCHOBE pacrosarae-
MBIX JaHHBIX [6] MHOTONETHHX HAOIIOACHUIN TeMITEpaTyp 3UMHETO
nepuoaa B gaHHOM paiioHe [1; 10]. Maremaruueckoe OXKUJaHUC
MPOU3BOJCTBA TOIUIMBA SIBJIIETCS ONTUMH3UPYEMBIM M, CJICIOBa-

TENLHO, BapbHPYEMbIM ITapaMeTPOM, TIOCKOJIBKY B 3Ty BelW4nHy R
comtacHo (1) BXOOWT HMCKOMas BEIMYMHA pPE3EpBa MOILIHOCTH B
MPOM3BOJICTBE TOILUIMBA C SHEPTETHUECKUX IUIaHTalMi. Bo3mMoxkHbIe
OTKJIOHCHHsI TPOU3BOJACTBA TOIUIMBA (BCICACTBHE H3MEHYMBOCTU
HPHUPOJIHBIX YCJIOBHH M YEIOBEYECKOro (hakTopa) OT MareMaThue-
CKOTO0 OXXHMIAaHUS B TPEACTABICHHBIX HIDKE pe3yibTarax pacyera
OIKCHIBAIOTCS B BUJE YCEUSHHOTO HOPMAJBHOT'O 3aKOHA pacipene-
JICHUS C BapbUPYEMOM SKCIIEPTHO OLIEHUBAEMOHN IUCIIEPCHEN.

Beibop ciyuaifHOW BeNMYMHBI TNEPEXOISIINX 3alacoB OCY-
IIECTBIIICTCS 1O CIIELHATIBHOMY aJITOPUTMY B PaMKax MMHTALOH-
HOU Mozenu (pyHKIMOHMPOBaHMs 3HeprocucreMsl. Ha mmuranuon-
HOW MOJENM PacCUUTHIBAIOTCS IOKA3aTelIH, XapaKTepU3YIOLIHe
(GYHKIMOHUPOBAHUE SHEProCHCTEMBl Ha KakaoW urepanuu. Ilocne
NPOXOKACHUSI BCEX UTEpalUi paccUUThIBalOTCS oOoOmIaronme
MOKAa3aTeNy HaAEeKHOCTH U YCPEIHEHHBIX 3aTpaT SHEPrOCHAOKEHHS.
IIpuBeneM HEKOTOPBIE U3 HUX.

1. MaremaTnueckoe oxxugaHue AepuuTa

_13
(5) MD_V ZDV'

v=1
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rac Dv — BCJIMYHWHA )Ie(i)I/IIII/ITa Ha uTepanuu V.

2. OreHKa BEpOSITHOCTH TOSIBIICHUS TS(QUIIMTHBIX CUTYaIUN
D
(6) PD=—,
\Y
rae TD — KOJM4ecTBO HOMEPOB MCIBITAHHUM, MIPU KOTOPBIX BO3HU-

KaeT AeQHINT, pAaCCUUTHIBACTCS IO (hopMyIIe

@) TD= isgn( D,).

v=1
3mece

1, ecm D, >0
@  son(D,)=

0, ecm D, <0

3. MareMaTu4eckoe OKUIaHHe CyMMBI 3aTpaT Ha 00ecIieueHue
HAJIC)KHOCTHU U YIIEPOOB OT JAeuImTa

\Y
) F(y,z)zuMDJr\%ZACV(y,z,RV,SV),
v=l

rae | — yAedbHbIe ymepObl (BKIIOYAIOT B ce€0sl CTOMMOCTH IpHU-

BO3HOTO TOIUIMBA M CTOMMOCTb €r0 KCTPEHHOM TPaHCIOPTHPOBKH
0 MECTa HOTpGGJ'IeHI/IH IIprU BOBHUKHOBCHHHU ,He(I)I/ILII/ITa).
HUMATAIHOHHAS MoOJeJdb (YHKIHOHMPOBAHHS CHCTEMbI
TomIMBOCHAOkeuuss. O003HAUNM UV OCTATKM 3alacoOB JHEPIUu
ocJjie urepanuun V. 3aﬂaHO 3HAUYCHUC UOZO Beanunna 3a11acoB,
IEPEXOIAIMX B CIEAYIOIMI MEPUOJ, ONPEAEISeTCs, UCXOAS M3
W3BECTHOM BEIUYUHEI OCTATKOB npeaAbL Ayniero nepuoaa:
(10) s,=min @-a)-u,,;z ,;v=0,..V.
B sTtom BBIPAXXCHUU YYUTBIBAIOTCA MOTCPHU IPU XPAHCHUHN SHECPTHUHU
0 W OrpaHUYCHHOCTH €EMKOCTH HAKOIUTEIIA 3aI1aCOB SHCPIUn Z.
Bennunna pacnojraraMbIX peCypCoOB OIPECACIIACTCA KakK CyMMa
MPOU3BCACHHOI'O TOIJIMBA U 3aIl1aCOB, NCPCHICAIINNX M3 NPCAbIAYIIC-
To nepuoaa
(11) RR,=R,+s,.
Benuuuna neduuura onpeensercs no Gopmyiie
(12 D,=(Q,—RR,)..
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CornacHo 310#1 (hopmMyIie, B Te€X CiIydasx, KOTJla MOTPEeOHOCTh
NPEBBINIACT pacronaraeMble pecypcebl, oopazyercs nedunur. Muave
JepuuuT paBeH HymO. 31ech GyHKOus (X), OT BEHIECTBEHHOTO X
ABJIAETCS HEOTPULIATENBHOM cpe3koi: (X), = max & x :

Ocratok 3Hepruu oOpasyercsi B ciiydae, Korjaa moTpeOHOCTh B
SHEPIUH MEHBIIIE PACIIONAraeMbIX PECYPCOB:

1) u,=RR,-Q)..

3. JOKcnepumeHmMarsibHble uccnedosaHusi Ha Modensx
aHasiu3a u cuHme3sa HadexxHocmu
monsiueocHabxeHust

IIpencTaBuM HEKOTOpBIE PE3yJIbTAThl UCCIEIOBAHUN Ha MOje-
JSIX aHANIW3a M CHHTE3a HaJle)KHOCTH YHEPrOCHAOKEHHS Ha TPUMEpe
TEIIOCHAOKEHHSI OTAAJICHHOTO HACEJICHHOTO MyHKTa Ha MoOepexkbe
03. Baiikan B MpkyTrckoii 001acT OHOTOILUTMBOM CO CIEI[UAIBHBIX
SHEPreTHYECKUX MIaHTaLnH.

OpxHUM U3 CIIOCOOOB MONTyYEHHUST IPEBECHON OMOMAacCCHI SIBIISICT-
Csl CO3JIaHME MCKYCCTBEHHBIX TUIAHTAIM OBICTPOpPACTYIIUX pacTe-
Hull. [lnaHTanuyM >HEPreTHUYECKUX PACTCHHU IMPEACTaBIISIIOT COOOM
Y4aCTKH HMCKYCCTBEHHBIX HACaKJIEHHUH, pa3/ieJIeHHbIE Ha CEKTOPBHI.
KonnuecTBO ceKTOpOB paBHO CPOKY CO3pEBaHUs JIPEBECHHBI, BhIpa-
JKEeHHOMY B rojax. Ilocagku Ha sHEpreTHUecKHux IUIaHTAIMSIX Ha
KaXIOM CEKTOpEe MPOU3BOASTCA OCEHBIO C MOMOIIBIO CIIEHUATbHBIX
MOCA/I0YHBIX MAIMH. 3aroTOBUTENILHBIE PAa0OTHl MPOU3BOIUTCS B
BECEHHMU nepuof. JIpeBecHbIe MOpPOABl PACTEHUM JUIsl SHEpreTuye-
CKUX TUIAHTAIUH JOJDKHBI OBITH OBICTPO PACTYIIMMH, YCTOWYUBBIMU
K OMOTHMYECKUM M aOMOTHUYECKUM CTpeccaM, HMETh TPUTOIHOE JUIs
nepepaboTKu KayecTBO JApeBecuHbl. Kak mpaBmio, Ais cO3laHus
SHEPTeTHYECKUX IUIAHTAllMH PEKOMEHIYeTCS B 30HE YMEpPEHHOTO
KJIMMaTa KCIOIb30BaTh pacTeHMs ceMeiicTBa MBOBBIX (Salicaceae).
He wmmes HameXHBIX JAaHHBIX O MPOJYKTUBHOCTH JHEPTETHUECKUX
IaHTanuii B yciaoBusx CuOWpH, B NTaHHOM WCCICIOBAHHUH 3Ta
BEJIMYHMHA TIPUHSTA PaBHOU 5 T y.T./ra 3a 6 jeT (4To B 2 pa3a MEHbIIIE
MPOJYKTHBHOCTH B IeHTpaibHON yactu Poccum [8] m B Bemapycn
[7], u B 6 pa3 umxke, yem B IBenuu [9; 11]). MoXHO cUUTaTh, YTO
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UCIIOJIB3YEMOE B IaHHOM HCCIIEZOBAaHUH 3HAYCHHUE NMPOAYKTUBHOCTH
JHEPreTHYECKUX IIIAHTAlMN SBISETCA BIIOJIHE JOCTIKUMBIM B
ycnoBusix Bocrounoit Cubupu. B macrosimee Bpemst B MpkyTcke B
CUDOUEBP CO PAH pabotatoT Haj BBIBEACHUEM KYIbTYpP, KOTOPHIM
CBOMCTBEHHBI TAKME KaUY€CTBA KaK YCKOPEHHBIA POCT, yCTOMYHBOCTH
K BpeauTeasM u ap. [12]. OgHako moka UCCIeI0BaHUS HaXOIATCs Ha
HAyaJIbHOM JTalle, W MAAaHHBIX O IPHUPOCTE OHMOMACCHI B3POCIBIX
JepeBbEB HET. MOXKHO MIPEIIION0KUTh, YTO Pa3BUTHE PAOOTHI B 3TOM
HaIpaBJICHUH U NpUMEHEHHE 3((EKTUBHBIX arpOTEXHOJIOTHM JOIXK-
HBl NIPUBECTH K 0OJiee BBICOKOMY 3HAUCHHIO YPOXKaHOCTH, YeM
UCIIOJIb3YEeMOE B IIPEICTABICHHOM 37€Ch UCCIIEIOBAHUY.

Ha ocnoBanuu Ilpukaza Munskonomuku P® ot 06.05.1999 N
240 «O0 yTtBepkaeHMA METOAMYEeCKUX PEeKOMEHIAIHA 10 (OopMHU-
POBaHMIO  HOPMATHBOB  MNOTpeOJIEHUS  yCIyr  SKHJIMIIHO-
KOMMYHAIIBHOTO ~ X03siiicTBa» [5] paccumtaHo MaTeMaTHYecKoe
OKU/IaHUM TOTPEOHOCTH B TOIIMBE Ha OTOIUIeHHE. I mocenka ¢
YUCJIEHHOCThIO HaceleHus okono 6000 4YemoBek B HPUPOAHO-
KITMMATHYECKUX YCIIOBUSAX IOXKHBIX pailoHOB UpkyTckoit oOmactu
OHO cocTaBysIeT 0K0JI0 6350 T y.1./ron Y nenbHbIe yuiepost ot aedu-
ruTa npuHATE paBHBIMUA 9000 py0./T y.1. [Ipmpoct 3arpat, cBsi3aH-
HBI C CO3JJaHMEM M JKCIUTyaTalueil pe3epBOB MOLIHOCTH B MPOM3-
BOJICTBE OMOTOIUIMBA ObUI ONpEAE]ICH Ha OCHOBE CHELHAIbHON
monenu [3; 4] u coctaBun npumepHo 2600 py0./T y.T., KO3PDUITHEHT
NOTEpPb NPU XPaHEHUHU TOIUIMBA B TeueHue roga— 0,1.

OnTuMaIbHBINA COCTAB CPEACTB pe3epBHpPOBaHusA. B pe3yinb-
TaTe ONTHUMM3ALMH COCTaBa CPEACTB OOECIEUCHUS! HAAEKHOCTH
YCTAHOBJICHO, YTO NPH CPEIHEKBAJIPATUUECKOM OTKJIOHEHHH Mate-
MaTHYECKOTO OKMAaHUsS NPOM3BOACTBA TomuMBa Ha 15 % oT mare-
MaTHYECKOT0 OXHJAHHWA HPOM3BOACTBA TOIUIMBA ONTHMAJIbHBIN
pesepB MomHocTH paseH 0,05, ontuManbHas eMKocTs ckiagos — 0,6
OT MaTeMaTHYECKOT0 0KMJaHUS TOI0BOH MOTPEOHOCTH B TOTLIIHBE.

IIpoBeneHo AeTanpbHOE HMCCIEAOBAHUE HW3MEHEHUS HEKOTOPBIX
NoKaszareneld HaJle)KHOCTH TP BapbUPOBAHUU OOBEMOB CPEICTB
pesepBupoBanus. B Tabnune 1 mpeacraBieHsl OCHOBHBIE MOKa3arte-
T HaJeKHOCTU TOIJIMBOCHAOXKEHHUS] MpPU pe3epBax MOLIHOCTH OT
0,02 no 0,07 oT MaTeMaTHYECKOr0 OXHIAaHUS IMOTPEOHOCTH B TOT-
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JMBE, €MKOCTH ckianoB — 0,6, BEIMYMHE CPEIHEKBAIPATUUECKOTO
OTKJIOHEHHMSI CIIy4aiiHOH BEJIMYMHBI IPOU3BOIACTBA TOILUIMBA 15 %.

Tabruya 1. 3asucumocms 0CHOBHBIX NOKA3AMENEU HAOEHCHOCHIU
MONIUBOCHAONCEHUSL OM BEIUYUNBL PE3EPBA MOUIHOCHIU NPU EMKO-
cmu cknaoos 0,6 om mamemamuiecko2o 0HCUOAHUs 2000801 NO-
MpPeOHOCMU U 8eIUNUHE CPEOHEKBAOPAMULECKO20 OMKIOHECHUS 6
npouszeoocmee monausa 15 %

Pe3epB MomHOCTH, TOJIT OT MaTeMaTHIECKO-
T0 OXXHUIAHUSI TOTPEOHOCTH B TOTUIHBE

0,03 | 0,04 | 0,05 | 0,06 | 0,07 | 0,08

MaremaTndeckoe
OKHJAaHHE 3aTpaT
Ha ob6ecmeuenne | 0,75 | 0,91 | 1,03 | 1,24 | 1,39 | 1,57
HaJeXHOCTH, MIIH
py0./Tox

MaremaTtuueckoe
OXKHUIAaHHE  VIIEep-
00B oT neduiuTa,
MJIH pyO0./ToJ]

099 | 0,79 | 0,62 | 0,48 | 0,36 | 0,27

MareMaTH4ecKoe
OXXHNJaHue CyMMBI
3arpar W ymepb6os | 1,73 | 1,70 | 1,69 | 1,71 | 1,76 | 1,84
ot neduiuTa, MIIH
py0./Tox

BepositHoCTh

0,15 | 0,12 | 0,10 | 0,08 | 0,06 | 0,05
neduimra

MaremaTndeckoe
0XXUJaHUE TEepPeXxo-
ISIIUX 3aracos,
TYy.T.

1773 | 1941 | 2111 | 2277 | 2436 | 2585

MaremaTndeckoe
OXXUJaHWE pacro-
JlaraeMbIX  pecyp-
COB, T y.T.

8314 | 8546 | 8779 | 9008 | 9231 | 9444

10
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C yBenuueHHEM pe3epBa MOIIHOCTH MOBBIIIAETCS HAlIEKHOCTh
TerocHabkenns. BepostHocTs nmedummra cHmkaercs ¢ 0,25 mo
0,05. C yBenmnmueHweM pe3epBa MOIIHOCTH MaTeMaTHYECKOe
OKpaHue ymepOoB OT CUTyauuu AedUIMUTa CHIXKAETCs, B TO BpeMs
KaK 3aTpaThl Ha OOECIEYeHHE HAAEKHOCTH TOIUIMBOCHAOXKCHUS
BO3PACTaroT (CM. puc. 2).

C pocroM pe3epBa MOILIHOCTH CHadana MPOUCXOIUT COKpale-
HHE MaTeMaTH4eCcKOTO OXHIAHWA CyMMBI 3aTpaT Ha obOecreueHue
Ha/Ie)KHOCTH M MaTeMaTH4YeCKOTO OKUAaHus yuiepooB ot aedunura
3a CUET CHW)KEHHUS IOCIIETHEeH COCTAaBIIOMEH. 3aTeM MaTreMaTHde-
CKOE OKHJaHHE CYMMBI 3aTpar Ha oOecliedeHHE HaleKHOCTU U
yiepOoB 0T JeuuuTa HAYMHAET BO3PACTaTh BCIEICTBHE IpEBaIU-
pOBaHHA B HEW 3aTpaT Ha oOecriedeHne HaJeKHOCTH TOTUTUBOCHAO-
skeHus (cMm. puc. 3). Kak BugHO U3 puc. 3, B TOUYKE MHHUMyMa CyM-
MBI IBYX (YHKIHNA (MaTEMaTHYECKOTO OKUAAHUSA 3aTpaT Ha oOecre-
YeHHE HAAEKHOCTH M MaTeMaTHYeCKOro OKMAaHUS yuiepOoB OT
neduruTa) pesepB mMomHocTH coctaBister 0,05. C poctom peseppa
MOIIHOCTH MaTeMaTHYECKOe OXKHMIAHUE 3alacoB U, CIEIOBATENbHO,
pacrosaraeMbIX pecypcoB TOIUIMBA BO3PACTAET.

2.0
L3

L0 R 1

pyo0./roj

0,5 -

0,0
0 001 002 003 004 005 006 0,07 0,08 0,09 01

MareMKaTHUeCKoe 03KH/1aHne
yiepGoB OT jJeduiinTa, 3aTpaT Ha
obecrieueHHe HAIeKHOCTH, MJIH

Peseps MOIMHOCTH, 10.1H OT MAaTeMATHYECKOI0
OKHIAHHA lIDTpeISHDCTH B TOILIHBE

----- M.o. ymepGoB oT fgeduiita = === M. 0. 3aTpaT Ha OGecneueHNe HAISAKHOCTH
Puc. 2. 3asucumocmo mamemamuuecxkoeo oxicuoanus yuepoos om
depuyuma u Mamemamuiecko20 OHCUOAHUS 3ampam Ha obecnede-
HUe HAOeHCHOCMU MONIUBOCHADICEHUS OM 8EIUYUHBL pe3ep8a
MowgHOCmU

11
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2.1
2.0
2.0
19
19
1.8
1.8

3arpar Ha obecnievenne
HAJIEKHOCTH U YIIEePOoOB 0T
Aeduyra, Mman pyo./froa

17

1,7
0 001 002 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0.1

MareMaTHUCKOe 03H/IaHHE CYMMbI

PEEIC[)E MONTHOCTH, T0JTH 0T MATEMAaTAYECKOTO OKHIaHHAA
HOTPEﬁH()CTH B TOILTHBE

Puc. 3. 3asucumocmes mamemamuuecko2o 0HcUOaHUusL Cymmbul 3a-
mpam Ha obecneverue HA0eHCHOCMU U Yuyepbos om dedpuyuma om
BeUUUHBI pe3ep8a MOUWHOCMU

IIpyn onTHManbHOM COCTaBE CPEICTB PE3EPBUPOBAHUS BEPOSIT-
HoCcTh Jedunuta cocrasisier 0,1, MaTeMaTHueckoe OXHIAHHUE 3ama-
coB — 2111 T y.1., MaTeMaTUYECKOE OXUAAHUE PACIIOIAraeMbIX
pecypcoB — 8779 1 y.1./ron, MaTeMaTHYECKOE OXHMIAHHE CYMMBbI
3arpar Ha oOeclieueHre HAaZEeKHOCTH U MAaTeMaTHYECKOTO OXKHIaHHs
yiep6oB ot aedunmra cocrasiser 1,69 MiH py6./Tox.

B Hacrosiee BpeMsi M3/105KEHHBIH KOMILIEKC MOZEIEH MCIIOb-
3yeTcs AJs 3KOHOMHYECKOro aHalu3a KOHKPETHBIX TEXHOJIOTHYe-
CKUX PEIICHUH O TOIIMBOOOECIIEUECHUIO NPHUOPEKHBIX pailoHOB
baiikana, B wactHocTH T. baiikanbscka. OcyiecTBisieTcs pa3paboTka
MOIU(UKALUK 3TOro KOMIUIEKCa MoJeNell A UCCIeTOBaHUN JKO-
HOMHUYECKOH 3((PEKTUBHOCTH W HAASKHOCTH 3JIEKTPOCHAOXKEHHUS
OTJAJICHHBIX HACEJIEHHBIX IMYHKTOB 1o0Oepexsbs 03. baiikain (B 1.4. c.
Onrypensl, M. KOTeIbHUKOBCKHI.) U APYIHX OTAAJICHHBIX PailoHOB
Boctounoii Cubupu Ha 0a3ze BETPEHBIX U COJNHEUHBIX 3JIEKTPOCTAH-
nuil. B 3THX cilydasx B KauecTBe €IMHUIIBI BPEMEHH paccMaTpHBa-
eTcs DIIEKTPOCHAOKEHHE B TEYEHHUE OJHOTO Yaca C y4eTOM CE30HHBIX
M CYTOYHBIX PEryJISIpHBIX KoJeOaHU B MPOM3BOACTBE M MOTpebIe-
HUH 2JIEKTPOIHEPTHUH.
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MODELS AND METHODS FOR RELIABILITY ANALYSIS
OF THE ENERGY SUPPLY OF REMOTE SETTLEMENTS

Elena Gubiy, Melentiev Energy Systems Institute SB RAS, Irkutsk,
senior engineer (egubiy@gmail.com).

Valeriy Zorkaltsev, Melentiev Energy Systems Institute SB RAS,
Irkutsk, Doctor of Science, professor (zork@isem.irk.ru).

Abstract: The mathematical models for the reliability analysis of energy supply of
remote settlements are considered. The three-level complex of nested models is
proposed. The lower level represents the model of functioning of the energy supply
system of a remote settlement during a unit of time. The second level is a model of
energy supply reliability analysis. This analysis is based on a multiple-fold imita-
tion of the functioning of the energy supply system in randomly formed conditions.
The values of energy demand and energy production, as well as the values of
carryover energy reserves in storage devices are considered as random. The values
of the demand and energy production for the imitations of functioning are formed
by the Monte Carlo method from the given laws of probability of these quantities.
The random value of the carryover energy reserves is formed by an algorithm that
generates a Markov sequence of these reserves. The upper level represents the
model for selecting the optimal composition of the means of ensuring reliability
(power reserves in energy production and the capacity of energy storages). The
mathematical expectation of the sum of the reduced costs for the operation of the
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energy supply system and the losses from the deficit is minimized. The values of
such an objective function for a given means of ensuring reliability are determined
as a result of a cycle of calculations on the model of reliability analysis. The results
of studies of the reliability of biofuel supply from the energy plantation to a remote
settlement, in the natural-climatic conditions of the coastal of the Baikal Lake are
presented.

Keywords: energy resource reserves, Monte Carlo method, power reserves,
power supply reliability, random process.
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