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HapexxHocTb pacnpenenutenbHbiX CUCTEM 3NEKTPOCHabXeHns noTpebutenei
SIBNSAETCA MHOrokputepuanbHon cyHkuuen. MNoatomy npu paspaboTtke anropuT-
MOB Ansl ONpefeneHnss onTMManbHOro YpoBHS HaAEXHOCTWU pacnpenenutenbHbiX
ceTen HeobXxoaUMO y4eCTb BEPOSITHOCTHLIN XapakTep U3MeHEeHUss COOTBETCTBYHO-
WmMx nokasartenen. PaspaboTaHbl MaTemaTuyeckas MoAenb W anroputM Ans
onpefeneHus onTUMarbHOMO YPOBHSA Ha[EXHOCTW CUCTEM 3nekTpocHabXeHus
C y4eTOM BEpPOSITHOCTHOIO W3MEHEHUS MoKa3aTenew HaAeXHOCTU COCTaBHbIX
3M1EMEHTOB.

KnioueBble cnoBa: HageXHOCTb, pacnpefenuTesnibHble CUCTEMbI 3f1EKTPO-
CHabXeHnsi, maTeMaTuyeckas MoAenb, anropuT™, ONTUMarnbHbIN YpPOBEHb Ha-
OEXHOCTW.

Wn. 1. bubnuorp.: 9 Ha3B..

Reliability of distributive systems for electric supply of consumers is consid-
ered as a multi-criteria function. For this reason while developing an algorithm for
determination of optimum reliability level of distributive networks it is necessary
to take into account probability character of changes in corresponding indices.
A mathematical model and algorithm have been developed for determination of
optimum reliability level of electric supply systems with due account of probability
changes in reliability indices of component elements.

Keywords: reliability, distributive systems of electric supply, mathematical
model, algorithm, optimum reliability level.

Fig. 1. Ref.: 9 titles.

BBenenue. /s Toro utoObl 3PPEKTUBHOCTH (HYHKIIMOHHUPOBAHUS PA3ITHU-
HBbIX TOTpeOuTeNei Obljla ONTUMAIbHOW, HEOOXOMUMO, UYTOOBI TEXHUYCCKHUE
YCIOBUSL U HAJEKHOCTh 3JIEKTPOCHAOKEHHs MOTpeOHTeNIeil COOTBETCTBOBAIN
TEXHUYECKUM YCIOBUSM, NPEAbSBISIEMbIM HCTOYHUKAM NHTaHHUA. ToONbKO co-
OMroasi COOTBETCTBYIOIIME TEXHHYECKHE TPEOOBaHMS, MOXKHO JIOCTUYb OIITH-
MaJILHOTO YPOBHSI HAaJEKHOCTH 3JeKTpocHaOxeHus. st 3Toro Hy»XHO IpPOBO-
JIMThH MPOIIECC ONTUMH3AIMKN C Y4eTOM TpeOOBaHMM MOTpeOUTeNel U TeXHUYe-
CKUX TpeOOBaHMH, MPEIBABISIEMbIX K paCpeleIMTeIbHBIM CUCTEMAM.
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U3BecTHO, YTO HAOEKHOCTh — 3TO TEXHHKO-PKOHOMHYECKAs KaTerOpHs,
(GyHKIMS OT MoKaszarejiell Kak pacrpe/IeUTENbHBIX CUCTEM, TaK U MOTpeOuTe-
neit [1]. IlpakTrdeckn MOXKHO TOCTUTATh JIFOOOTO 3apaHee 3aJlaHHOTO YPOBHS
Ha/IKHOCTU TEXHUYECKOH CHCTEMBI, €CIM HE YYUTHIBATH 3aTpPaThl HA CO3AaHUC
Takoi cuctembl. Korna sxe OHM OrpaHWYeHbl, BOSHUKACT 3ajjada ONTHMH3AIIHY.
W3 mepedrciaeHHOro BhIIIE CIAEAYET, YTO IS 3JIEKTPOCHAOKEHUs TOTpeduTeneit
B 3aBHCHMOCTH OT WX KaTeropuu HeoOXOIMMO, 4TOOBI JaHHAs cHCTeMa Oblia
ONTUMaJIbHA C TOYKH 3pEHHS HaJle)KHOCTH SJIEKTPOCHAOXKEHHs OTpeOuTenel u
pacnpeieUTeNbHbIX CETEW paccMaTprUBaEeMOI CUCTEMBI.

Pemenne mocraBienHoil 3agaun. [IpoGiemMbl HaIEKHOCTH BIIEKTPOCHAO-
KEHUS Pa3TIHMYHBIX MOTPeOUTENeH HOCSIT BEPOSTHOCTHBIA XapaKTep U 3aBUCAT OT
psiia Kak OTpeNeNeHHbBIX, TaK ¥ HeonpeaeIeHHbIX (akTopoB. [IpodbieMbl MOTYT
OBITh cieytoIIero nopsiaka [2]:

e CTPYKTYpHasl HaJIS)KHOCTh PaCTIpENICUTENLHBIX CHCTEM;

. q)yHKHI/IOHaJ'H)Haﬂ HaACKHOCTH COCTAaBHBIX 3JIECMCHTOB paCpCACINTCIBHBIX
CHCTEM;

e HaJIe)KHOCTh MMOTPEOUTETICH;

e PE3yNBTHPYIONIAS HAJIS)KHOCTH CHCTEMBI B IICIIOM.

Ha pe3ynbTHpyIONIyI0 HAJCKHOCTh PaCHpeeTUTEIBHBIX CHCTEM 3JIEKTPO-
CHAaOXKEHUSI BIUSIIOT Pa3uuHble PaKTOPBI, U3 KOTOPBIX MOYKHO BBIICIHTE:

¢ TEXHUYCCKUE XaPAKTCPUCTHKH COCTABHBIX 3JIEMCHTOB paclpeeInTeIbHON
CHCTEMBI 1 MTOTpeOHUTENCH;

e CTPYKTYPHBIC CXEMbI COCJMHCHHS COCTABHBIX BJICMEHTOB paclpe/leIiv-
TEJIbHOU CUCTEMBbI U TIOTPEOUTEIICH;

e TUTIBI TIOTpeOUTENEH U TpeOOBaHMA, PEABABIAEMbIE UMHU U OOecrede-
HUSI HOPMATHBHOTO YPOBHS HAJICKHOCTH DIIEKTPOCHAOKECHHUST;

e BIIMSIHUE KaK OMPECTICHHBIX, TaK U HEOTpeIeIeHHbIX (DaKTOPOB Ha HAJICK-
HOCTB 3JIEKTPOCHA0KEHUS MOTPEOUTETICH.

CrenoBatenbHO, ONpPENeTICHNEe ONTUMAILHOTO YPOBHS HAJIC)KHOCTH paciipe-
JETUTENBHBIX CHCTEM C YYeTOM BIHMSHHUS BHEHNIHUX (DAKTOPOB — JIOBOJIBHO
CIIOKHAsI 33/1a4a, TaK KaK MOKa3aTeld HaJIeKHOCTH HOCSAT BEPOSTHOCTHBIA Xa-
pakTep U U3MEHSIOTCS. BO BpeMeHH. [Ipu omnpeieneHny 1 OlleHKe ONTHMaIbHOTO
YPOBHA HaACKHOCTHU PACTIPEACTIUTCIIbHBIX CUCTEM UCXOAUIN U3 TOTO, YTO BJIUA-
HUe BceX (haKTOPOB HOCHUT JICTEPMHUHHUPOBAHHBIA XapakTep. B Takux ciydasx
MOTYT OBbITh HCHOJB30BAHBI HECKOJIBKO KPUTECPHUEB ONTUMH3AIMU HAJCKHOCTH
pacnpeneuTeIbHBIX CHCTEM Ha OCHOBE TaKUX MPU3HAKOB, KaK:

e CyMMapHbIe UHTETPaIbHbIe MUHUMAJIbHBIC IPUBE/ICHHBIC 3aTPATHI,

e CYMMapHbIE MHTETpaJIbHBbIE OXKHIaeMble YIIepObl OT HEHAJEKHOTO JIIEK-
TPOCHAOKEHHS M yIIEpObl CUCTEMBI OT HEJIOOTITYCKA DIICKTPHIECKON SHEPTUH;

e ONTHMH3AIM CXEM PACHpPEACTUTENBHBIX CUCTEM C YYETOM IIOKasaTelei
HA/ICXKHOCTHU HCIIONh3yEMOT0 3JICKTPUIECKOT0 000Dy I0BAHNS;

e ONTHMAaJbHOE PE3EPBUPOBAHME CXEM PACIPENEIUTENbHBIX CUCTEM M CHU-
CTEM 3JIEKTPOCHA0KEHUS.

Omnpenenenue ONTUMAIBHOIO YPOBHSI HAJEKHOCTU CXEM paclpelennTelNb-
HBIX CUCTEM U CUCTEM 3HeKTpOCHa6)KeHI/IH " BJIIMSIHUA BHCIHIHUX (baKTOpOB IIOKa-
3bIBACT, YTO STH NPOOIEeMbl HEOOXOAMMO PAacCMaTpPUBATh KaK TEXHHKO-3KOHO-
MHYECKUEC, PCIICHUA KOTOPBIX OCHOBBIBAIOTCA HAa KPUTECPpHUU MUHUMHU3AIUU TTPHU-

41



BEJICHHBIX 3aTpaT. YPOBEHb HAJIEKHOCTH B TAKUX CIydasX OLEHUBACTCS HUCXOMS
Y3 aHAIM3a KaUTaJIbHBIX W JAOMOJHUTEIHHBIX 3aTpaT, MUHUMAIBHO HEOOXOIHU-
MBIX JUIsl YBEITMYEHHUSI CTPYKTYPHOW HAaJIeKHOCTH PACIIPENEIUTEIbHON U MHTa-
IOIIEH CHCTEM U OXKHJIAEMBIX YIIEPOOB OT HEHA/ICKHOTO AIICKTPOCHAOKEHUS KaK
y moTpeOuTeneii, Tak U B PacHpeeUTENbHON cucTeMe, KOTOpPble MOTYT BO3-
HUKHYTh B PE3yJIbTAaTe BO3ACHCTBUS BHEITHUX BEPOATHOCTHBIX (haKTOPOB U HU3-
KOTO YPOBHSI HaJIe)KHOCTH.

st Takoro ciiydasi aHaTUTHYECKas B3aUMOCBSI3b MEXKIY COCTABHBIMU dJe-
MEHTaMH MOXXET OBITh MPEICTaBICHA yPaBHEHHEM

R=f(Cy,C,, 15, 15). (1)

B sTOM ypaBHeHMH cocTaBisfOLIas NpUBeAEHHbIX 3aTpar C;, MpHU MOMOIIU
KOTOpOM OLIEHMBAETCS CTPYKTYpHasl HaJ€KHOCTh paclpeAeIuTeIbHON CUCTEMBI
¢ y4eToM BeposaTHOCTHbIX GyHkimit C = f(l_,), MoxeT ObITh OIpeneeHa ue-

pe3 CyMMapHbIii 00beM HeJ0OTHYIIEHHOMH sHeprun notpeoutensm > W = f (At)

Y 3HAYCHHE OXHJaeMbIX yiiepOoB (Y) y morpeduteseil u pacnpeaeauTeNIbHOM
CHCTEMBI

Y =2 o4\, )

rae o; — KodpQUIMeHT, XapaKTepU3yOIUi yIeIbHYI0 COCTaBIIAIONIYI0 HaIeK-
HOCTH COCTAaBHOTO OOOPYZOBAaHUS PACHPENCTUTENEHON CHUCTEMBI B 3aBHCHMO-
CTH OT BEPOSTHOCTHOI'O 3HaueHWs (GyHKIHWH, ompenensomux 3QdekTHBHOCTD
Y3II0B,

a; =(0,30-0,75) y. e./(xBt-u); 3)

W, — MaTeMaTH4eCKO€E OKMAAHKE OOIIEro 00beMa HEJOOTIYLIEHHON YHEPTUH B

pacnpenenuTeIbHON CUCTeME M3-32 HU3KOTO YPOBHS CTPYKTYPHOU U (QPYyHKIHO-
HAJIBHOW HaJIe)KHOCTEH COCTABHBIX 3JIEMEHTOB CHCTEMBI.

ABapuiiHble OTKJIIOQUEHHUs] B PACHpPEACIHUTENbHBIX CHCTEMAax, BbI3BAHHBIC
HU3KHM YPOBHEM HaJ€KHOCTH COCTABHBIX AJIEMEHTOB, IPUBOASAT K TMOSBICHUIO
yiepOoB Kak B PacHpeAeIUTEeIbHON CUCTEME, TaK U y MOTpeOuTenel n3-3a npsi-
MOTO HeooTycka sHepruu [3]. st perienus Takux 3aj1a4 HEOOX0AUMO pa3pa-
0aTeIBaTh W HCIOJB30BaTh MAaTEMAaTHYECKHUE MOJENH, KOTOPBIE MO3BOJISIIOT
HAXOJUTh HE TOJBKO OXXKUIAeMbIC YIIEPObI y MOTpeOUTENIel M B pacipeseiiu-
TENbHOW CHCTEME, HO M OKHAAeMble YPOBHH HAJEKHOCTU 3JIEKTPOCHaOXe-
Hus [4]. Onpenenenne ymepooB B paclpeIeIuTeNbHbIX CUCTEMaX B 3aBHCHMO-
CTH OT MPOJOIDKUTENIFHOCTH HEIOOTITyCKa JIEKTPUYECKONW SHEPTHH, T/I€ MOTYT
OBbITH MCIIONB30BaHBl MMUHUMAJIbHBIE M MaKCHMAJbHBIE UX 3HAUY€HHUS B 3aBHUCH-
MOCTH OT THIIa MOTPEOUTENsI, €r0 YCTAHOBICHHOW MOIHOCTH, MO3BOJISET Olle-
HUTbH O’KUIAEMBIN YPOBEHb HAJIS)KHOCTH JIEKTPOCHAOKEHHS OTpeOuTENeH.

[IponomKkuTenbHOCTh aBapUIHOTO TPOCTOS MOXKET OBITH OmpezesieHa Co-
riacHo [5]. Ecnu aBapuiiHBIN NEpephIB JEKTPOCHAOKEHNST MEHbILIE MUHUMAIIb-

HOro Iuianupyemoro 3Hauenus (t,, <t ), TO B JaHHBIX CJIydasX CUHTAET-

MUH.JIOI

cs1, 9T0 y ToTpeOmreneil He Bo3HuKaeT yiepb (AY = 0). Jlas Takux cCiy-
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4aeB, COMIACHO [6], ymiepObl OTCYTCTBYIOT U B PACIPEIEIUTEIBHBIX CHCTEMaX
(AY.=0).
Ecam aBapwifHBINT TIepephIB DJICKTPOCHAOKEHHUS OOJIbIIE MHUHHUMAIHHOTO

miaHupyemoro 3Hadenus (t,, >t ), TO B TaKWX CIIydasXx CUHTACTCS, YTO

'MHUH. 1011
BO3HHKAIOT yIieposl y motpedutenecii (AY # 0) u B pacnpeeTuTeIbHbIX CHCTE-
Max (AY,. > 0) [6]. Tak kak NPaKTHYECKH BCE COCTABHBIC DJICMEHTHI pacmpe/ie-
JUTEIBHBIX CUCTEM BOCCTAHABIMBACMBIC, UCIIONbL3Ys MPUHIIMIBI PEe3epPBUPOBA-
HUS OTACITBHBIX COCTABHBIX AJIEMEHTOB, MOKHO JOCTHYb ONTUMAILHOTO YPOBHS
HAJIKHOCTH, MPEBAPUTEIBHO OMPENEICHHOTO ¢ YIYETOM BEPOSTHOCTHOTO BIIU-
SIHUSL Pa3JIMYHBIX BHEIIHUX (PAKTOPOB (TEXHUYECKH TaKHE IMPOOJIEMbI MOTYT
OBITH pEIIeHBI, 2 SKOHOMHUYECKH HEOOXOAMMO 00OCHOBATH JAOMYCTUMBIE JTOTIOJI-
HUTENIEHBIC KanmuTalbHbIC BIIOKeHUs) [7]. C TOYKM 3peHUs KalUTAIBHBIX BIIO-
JKEHUH, UTS PeIICHUs TaKUX TPo0IeM HeoOXOIUMBI OOJIBITTNE TIPUBEICHHBIC Ka-
MUTAJIBHBIC 3aTPaThl JUIs MOBBIIICHUS YPOBHS HAJISKHOCTH AJICKTPOCHAOKEHUS,
B Pe3yJIbTaTe YEero 3HAUYUTEIILHO CHU3STCA yIIepObl KaK y IOTPeOUTEIIeH, TaK U B
pacnpenenuTeNnsHOM CUCTEME, KOTOPhIE BCETAa TEXHHYECKH MOTYT OBITH 000C-
HOBaHbI, HO 9KOHOMUYCCKHU HC BCETAa MMOAACPIKAHBI.

Pa3paboTka aaropurMa ONTHMHU3ANMHU HAJAEKHOCTH pacmpenenTelb-
HBIX CHCTEM JIEKTPOCHADKeHHUsI MOTpeduTeeii. PacipenenurenbHble CUCTE-
MBI 3JIEKTPOCHA0XKEHHSI TOTpEOUTENeH TUHAMIYECKH TIPE0OPa3yroTCs U MOCTO-
SIHHO Pa3BUBAIOTCS, TIOTOMY HAJIC)KHOCTh TAKHUX MTUHAMHYCCKUX CHCTEM SIBIIS-
eTcs (YHKIHEH OT psifia KaK ONpeeICHHbBIX, TaK U HeONpeIeIeHHBIX ()aKTOPOB.
Ecnmu momoOHBIE CUCTEMBI COAepKaT # COCTABHBIX 3JIEMEHTOB C HAJEKHOCTHIO
KXA0ro I, I,,.., I, Uy I-TO COCTAaBHOTO 3JIEMEHTa HaJEXKHOCTh OyneT [, TO B

TaKOM CJIy4ae HaJIeKHOCTh CHCTEMBI [IPSACTABISET COOON HEMPEPBIBHYIO (yHK-
mato R=f(r,r,,..,r,) 1 aHaTuTHYECKH MOKET OBITh BEIpaXkeHa (OpMyJIOi

R = K[y (5 by )y 1+ =W By 1) o] @

Tak kak HaJIEKHOCTH OT/CNBHBIX COCTABHBIX 3neMeHToB (I}, I,,...,I)) pac-
HpeJeuTeIbHBIX CUCTeM OTHocuTenbHO Bbicokas (0,86 <r <0,95), To oHa
YBEIIMYMBACTCSI € [OBBIIICHHEM HAJCKHOCTH COCTaBHBIX OJIeMEHTOB. Ecim
HaJIe)KHOCTh COCTABHOT'O DJIEMEHTA | pACCMAaTPHBAEMOW CHCTEMBI YBEIHUHBACT-

Csl OT j JI0 g, YTO COOTBETCTBYET POCTY HAJIEKHOCTH Ha Al =T, —F;, TO HE0O-

XOIKMMBI  MMHMMAJIBHO JIOIIYCTUMBIE JOIOJHUTENBHBIE IPUBEJIECHHBIE 3aTpa-
Tb1 AKj(Ar). IIpu 3TOM Hafo y4UTHIBATH, YTO MOJIHBIC KAaNUTaIbHBIE 3aTpaThl K
TaKUX CUCTEM HOCST JIMHEUHBIA XapakTep, JUMUTHPOBAHbI U HE JOJDKHBI IIpe-
BBIIIATH 3apaHee 3aj1aHHble BennunHbl 2C(t), mporHo3upyemble mpu pa3paboTke
TEXHUKO-9KOHOMHUYECKOTO OOOCHOBaHMS paccMaTpuBaeMod cuctembl. s Ta-
KMX BapUaHTOB IIPOrHO3UPYEMBIE IIPUBEACHHBIE KAIUTAJIBHBIE 3aTPAThl OIPEe-
JIAIOTCS IO hopMmyJie

2C(1) = XK, (Ar). ©)

[Tpaktuuecku 3to o3Hawaer, yro Cj(rj) sABIseTCS HENPEPHIBHOH, MOHOTOHHO
Bo3pacTaromieil QyHKIMeH, 3aBHCAIICH OT 3HAYCHHMS HAIACKHOCTH COCTABHBIX
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3JIEMEHTOB . B Takom ciyuae paccMaTpuBaemas 3a/1a4a COCTOUT B HAXOXKICHUU
BernuuHbl Cj(rj), KOTOpasi onpeznenseT ONTHMAIbHYI0 HAaIEKHOCTh paclpeie-
JMUTENFHOW CUCTeMBI. Tak Kak CyMMapHbBIE KalHWTalbHBIE BIOXKEHUS JIETePMHU-
HUPOBAHBI AJIs1 33JaHHOU CTPYKTYPHI PACTIPEACTUTEILHON CUCTEMBI, B TAHHOM
CIIydae BBITONHAIOTCS yCIOBHS, IPEICTABICHHBIC ypaBHEHHEM

> C(t) => K, (Ar) =const. (6)

Pemiath 1OM00HBIE TPOOJIEMBI TPEIIaracTCss METOIOM HEOHpeIeTIeHHBIX
MHOuTenel Jlarpamka. [ Takoro ciydas MOKHO ONpPEIETHTh MHOKECTBO
3HAYEHUH I, IPH KOTOPOM YIOBJIETBOPSIOTCS ycuoBus ypaBHenus (7) [8]

3f (r, 1,y ..., 1) =0, (7)

rne O(f) — Bapmamms paccmarpuBaeMoil (YHKIIMH B 3aBUCHMOCTH OT YCTaHOB-

JICHHOT'O IIpe€aciia USMCHCHH, IJId KOTOPOI'O BBINIOJIHACTCA YCIIOBUEC

Jnst Takoro ciydasi ONTHUMajbHAas CTPYKTYpHas HaIeKHOCTb PacCHpEAeiv-
TEJIHHON CHCTEMBI OTPEACIISETCS U3 BHIPAXKEHUS

R(1;) =8R(K, 1, ... 1,) = A3C = X8K 1y, )

rae A — MOCTOSHHAs BEJIMYKMHA, KOTOPAas 3aBUCHT OT CTPYKTYphI rpada paccmar-
pHUBaEMO#l pacrpeneTUTeIbHON CHCTEMbI M OYeHb YacTO HOCHT HEOMPEC/ICH-
HBII XapakTep.

Ecnu Gyzet yureHo, 4To YacTHbIe npon3Boauble Gynkimu R=f (1,1, ..., 1),

Ipu moMouiu KOTOpOﬁ OrpeaCIACTCA HAACKHOCTE CUCTEMBI B 3aBUCUMOCTU OT
W3MEHEHHsI HaJIOKHOCTH COCTABHBIX JJIEMEHTOB, OIHCHIBAIOTCS yPaBHEHHEM, TO
B UTOTe TONXy4uTcs (HOopMydia, TPEACTABISIONIAas CO00H M3MEHEeHHe (QYHKIHO-
HAJIbHOW HAJ@KHOCTH CHCTEMBI B 3aBHCUMOCTH OT M3MEHEHUs (YHKIHMOHAIIb-
HOH HaAC)KHOCTU COCTABHBIX 3JICMCHTOB BO BPEMCHMU!

oR
— =R, N, ) — R, Gy ey 1) o (10)
or; J i
dC.
RO Gy ooy 1o)e 1 = R, Ty ey 1) g :kd_r-J' (11)

J

OnrtuManpHas HaJEeXKHOCTh COCTaBHBIX JJIEMEHTOB Ij paclpeeluTelIbHOM
CHUCTEMBI OIpeNenuTcs ypaBHeHUsIMH Tuma (11), cocTaBIeHHBIMHU AJIS BCEX CY-
IIECTBYIOLIUX DJIEMEHTOB CHCTEMBI, KOT/Ia X MHJEKC | U3MEHSETCS B Tpejenax
j=12,3,...,n, u MOKeT OBITh HalieHa TPH TTOMOIIK HEOMPEACIIEHHOTO MHO-

xkutens A. Jlns BelumMciAeHHS A HEOOXOAUMO, YTOOBI OBUIM M3BECTHBI 3HAYeE-
HUS HaJEeKHOCTH COCTABHOIO 2JIEMEHTA I} U IOIOJIHUTEIBHBIX 3aTpaT, MHUHU-
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MaJbHO HEOOXOAMMBIX IJISl MOBBIIICHHS HAJEKHOCTH COOTBETCTBYIOILETO dJie-
menTa AK(r).

Anamm3 ypaBaenus (11) mokaspiBaeT, 9TO €CiIM HAWICHBI MpPEAebl N3MEHe-
HUS HAaJEKHOCTH COCTABHBIX 3JIEMEHTOB, HAJAECKHOCTh paclpeeuTeIbHON Ccu-
CTEMbI CTAHOBUTCSI ONITHMAIBHOM TOTJa, KOTJIA JUIsl BCEX COCTABHBIX DIIEMEHTOB
CHCTEMBI COOTHOIIICHHUSI MEX]y TMOBBIIICHUEM HAJIC)KHOCTH Al U MUHUMAJIBHO
HEOOXOMUMBIMY KalUTalbHBIMK 3aTpaTamu AKy sBISIFOTCS MaKCHMATbHBIMU.
Tak Kak HaJeXKHOCTb COCTaBHBIX AJIEMEHTOB I, I,,..., I, paclpeeIuTeIbHbIX
CHCTEM HOCHUT BEPOSTHOCTHBIM XapakTep W m3MeHsercs B mpepenax 0 < rj < 1,
MHHUMAJBHO HEOOXOAMMBIC 3aTpaThl JOJDKHBI yIOBJICTBOPATH ycloBuiO (8).
B Takux cnydasx misa pemnenus ypaHeruid tumna (10) MOTyT OBITH HCIIOTB30BA-
HBI pa3IMYHbIC METOJbI, HO JJIsi PACCMATPHBAEMOT0 BapHaHTa MPUMEHSUIA Me-
TOJIbI, IPE/ICTaBICHHBIC B [8].

Hcxons U3 NpeannonokKeHus, YT0 paccMaTpuBaeMasl pactpeieuTeNbHas Cu-
CTeMa COJCP)KUT CMEUIaHHBIE CXEMbl COCJUHEHUS COCTaBHBIX 3JIEMEHTOB, BO3-
HUKAeT HEOOXOMUMOCTh OTPENEICHHUSI ONTHMAILHOTO YHCIIA PE3EPBUPOBAHHBIX
AIIEMEHTOB, KOTOphIe 00ECIEUNBAIOT ONTUMAIILHBIN YPOBEHb HAJEKHOCTH B 3a-
BUCHUMOCTH OT MHHUMAJILHO JOMYCTHMBIX 3aTpar, OFPaHMUYCHHBIX HAYAbHBIMH
ychoBusMH. J[J1st Takoro ciydast HaJIe)kHOCTh CUCTEMBI OIMPEeNsieTCs COrJacHo

dhopmyiie
n
Ry =[] (12)
j=1
HamexHOCTb COCTaBHOTO 3JIEMEHTA | MOYKET OBITH pacCcunTaHa
T

a HaJeKHOCTh PacHpeneIUTeIbHON CUCTEMBI, Y KOTOPOW 4acTh 3JIEMEHTOB pe-
3€pBUPOBaHA, MOXKET ONPENCIATHCSL:

q; =1-r;; (14)
R.=]]r; (15)
j=1

Ecim nonHast CTOMMOCTh CHCTEMBI OIpeacIsCTCA

C.= iciai , (16)

rae Cj — CTOMMOCTB OJTHOTO JIEMEHTA, U BBINONIHAETCA HepaBeHCcTBO Cp < C, TO
MOJTYYUM

8T =8[logr; —A(C, —Zn:Cixi ). (17)

MakcumanbHOE 3HaUeHUE JorapudMa paccMaTpuBaeMoOi (PYHKITUH OTpee-
JIIeT YPOBEHb HAJIEKHOCTH COCTABHBIX 3JIEMEHTOB PAaCHpE/EIUTEIbHON CHUCTe-
MBI, @ ONITUMAJIbHOE PacIipeieNieHle Xj HAXOAUTCsA 110 popMyIie
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99 L aC —0mpui=1,2,3,..n. (18)

dx;

OxBuBaneHTHoe 3amemenue logrj uepes g B (17) mpuBOAMT K aHAIUTHYE-
CKOMY YPaBHECHHIO

;' logg; /(1—g;")—AC; =0. (19)

Eciu yuects ananutuueckue Bbipaxenus (18) u (19), To 3uavenue ¢

omnpeaensiercs mo Gopmyie
9" =AC; /logg; /(1-g;*). (20)

Pemienne (19) ¢ yuerom 3aJaHHBIX 3HAYEHHH Q; U X; Ja€T aHAJIUTUYECKOE
ypaBHEHHUE

OxBuBaneHTHoe 3amemieHue Xl0gg;, cormacHo (21), mMO3BONAET MONYYUTH
bopmyay (22), mpu MOMOIIH KOTOPOW MOKHO OTPEACTHTh MPHUBEIACHHBIC 3a-
TpaTbl

n
C, =) xC;. (22)
j=1

[Tpu ompeneneHny ONTHUMAIBFHOTO. YPOBHS HAIGKHOCTH R pacmpenenurens-
HOW CHUCTEMBI MOKHO HCIIOJIb30BAaTh METO/I TIOCJIEI0BATEILHON alllpOKCUMalluN
COCTaBHBIX ANieMeHTOB cornacHo [9]. Ha mepBom mmare annpokcumaiuu GUKCH-
pyeTcst 3HaueHUe ypoBHS HalekHocTH R. Belpaxkass R uepes mpuBeneHHbIE 3a-
TpaThl B cooTBeTcTBUM C (11), MOkHO onpenenuts X;. Ecau moacrasmaTe noimy-
YEHHOC 3HA4YCHUC Xj, MOXHO ONpEACINTh U MUHUMAJIbLHBIC BCIIMYWHBI ITPUBEC-
JNEHHBIX 3aTpaT, HEOOXOAMMBIX [UIA TIONYyYEHHS ONTHMAJIbHOTO 3HAYEHHS
HaJISKHOCTH:

n .
AK; =" XK. (23)

j=1

Ecin Bemonnsercss wepasenctBo K (t) > K;(t), To mocturnyteiii yposens

Ha/JI&KHOCTU R pacrnpenenuTensHON CHCTEMbI MPEBBIIAET ONTHMAIBHOE 3Haue-
HUE, TaK Kak BeIMYMHE R; COOTBETCTBYEeT JETEPMUHHPOBAHHOE 3HAUYCHUE
Ki(t) =K; ().

J111st COCTaBHBIX 3JIEMEHTOB paclpe/IeIMTETILHON CUCTEMbI CYMTAETCS, YTO MX
HAJISKHOCTb NpaKkTUuecku BbinonHseT yciaoBue 0,86<r1 <0,95 wu3 koroporo

CJIeyeT, YTO HAJEKHOCTb COCTABHBIX 3JIEMEHTOB paclpeleIUTeIbHBIX CHCTEM
JIOBOJIBHO BBICOKA. J[JIs1 TakMX aHAIMTHYECKUX CiIydaeB ¢ ydeToM (21) momyda-
€TCsl ypaBHEHUE

X; ~ (logho; /log g;). (24)
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Ecam ucxoauTs U3 MpeanonokeHus, 9To (24) 9ucaeHHO ONpeaesieHo, TO MO-
T'YT OBITh HalJICHBI MUHIUMAIBHO HEOOXOMMBIC TIPUBEICHHBIC 3aTPAThI IS CO-
3MaHHS PACTIPEICITUTEILHON CUCTEMBI C ONTUMAJIbHBIM YPOBHEM HAJIC)KHOCTH,
KOTOpasi ONpeIeIsieTcs

Comr = Zaj log(—a) +Z:ocj /log(—a). (25)
=1 j=1
N3 (25) MOKHO HAWTH 3HAYCHUE MHOXKHUTEIS A

A=exp| C—> a;log(-a) |/| Do |. (26)
=1 =1

BrruucnenHoe TakuM 00pa3oM 3HaUYEHHE A MOXET OBbITh HCIOJIb30BAaHO Kak
NEPBBIA IIAr UTEPALUK A ONpPEIENCHNUs ONTHMAIBHOIO YPOBHS HaICKHOCTH
pacnpenenuTenbHbIX cucteM. Heo0XoquMo OTMETHTh, YTO 3HAY€HHE Xij MOXKET
OBITH TONBKO LEJBIM YUCIOM IapajuIeIbHO COEAMHEHHBIX 3JIEMEHTOB B pac-
cMaTpUBaeMoil pacmnpenenurenbHol cucteme. llpu aHaMUTUYECKUX pacueTax
B COOTBETCTBHUH C (24) Xj MOKET MOJIy4aTh NPOU3BOJIbHBIE 3HAUEHUS U OBbITh HE
LEJNBIM YHCIOM. B Takux ciydasx 3Ty BEJIMYHMHY HEOOXOAWMO OKPYTJATH JI0
3HAYEHHUS IIeJIOT0 4YKcia B COOTBETCTBUU € CYHIECTBYIOUIMMH MpPaBUIIAMHU.
B o6mieM ciydae [uist pelieHus STHX YpaBHEHUH HEOOXOAMMO, YTOOBI BBIITOJIHS-
JIOCh YCIJIOBHE

C, -3C ;% <C,. 27)

Eciy ycnosue (27) BBINOIHSETCS, TO UL MHOXECTBA 3HAYCHUH Xj BBITIOJTHS-
ercst ypaBHeHHe (25). B Takux ciydasx Xj ABISETCSA PEIICHUEM JJIs ONTHMAaJlb-
HOTO YPOBHSI HAJCKHOCTH PaCIpPEIEIUTEILHON cUCTeMbl. Eciiu BBIMOITHIETCS
yCIIOBHE

TO JIA MHOXKCCTBa 3HAYCHUH XJ' HCJIB34 ONPCACINTD OIITHUMAaJIbHBII YPOBCHb
HaJACKHOCTU C YUCTOM 3apaHE€€ 3alaHHBbIX BEJIMYHH 1A pacnpeﬂenHTeanoﬁ
CHUCTEMBI.

y‘lI/ITBIBaSI, 4YTO HAACKHOCTb PACHPCACIIUTCIIBHBIX CUCTEM HOCHT KaK BCPO-
ﬂTHOCTHLIﬁ, TaK U ,Z[eTepMI/IHI/IpOBaHHHﬁ XapakTep, Wi €€ pacueTa MOKHO HUC-
I10JIb30BaTh CJ'IC,I[YIOH.[I/Iﬁ AJITOPUTM:

o JUUId KaKAOT'O DJICKTPHUYICCKOIO y3Jjia pacnpenenHTeanoﬁ CHUCTCMBI OIIpeac-
JIACTCA COOTHOLICHUC MCKAY 3HAYCHUCM IMPUPOCTAa HAJACKHOCTH U MHUHHUMAJIb-
HBIMH TIPUBCACHHLIMHU 3aTpaTaMu, HCO6XOZLI/IMI>IMI/I I JOCTHOKCHUA JaHHOI'O
MIpUpOCTa HAACIKHOCTHU,

o JUIA SJICKTPHUYCCKOTI'O y3JiIa CUCTEMbI PACCMATPUBAIOTCA U YUUTBIBAKOTCS BCC
PE3CPBUPYCEMBIC IJIECMCHTBI C YUCTOM YMCHLIICHHA COOTHOIICHHUSA MCKIAY YBC-
JIMYCHUECM HAAC)KHOCTHU U NIPUBCACHHLIX 3aTpart.
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[Ipr COOTBETCTBYIOILIEM aHAIN3E OMPEICISICTCS MUHUMAIBHO HEOOX0AUMOE
YHCIIO PE3EPBHBIX HJIEMEHTOB IS OOCCIICUCHHS ONITHMAIBHOTO YPOBHSI HA/ICHK-
HOCTH PacIpe/Ie/IUTENHON CHCTEMBI.

ITycTh X; — YKMCIIO MAPAIUICIBHBIX YICMEHTOB B PACIIPEICTUTEILHON CHCTEME.
Eciit HcXoquTh M3 MPEIMON0KEHHUSI, YTO K IEKTPHICCKOMY Y311y | pacmpenenu-
TEIBHON CHCTEMBI Oy/eT MPHUCOSIUHEH emie u 3neMeHT K, To, 0603Hauas uepes
Yk(Xx) coOoTHOIICHHE, TOTYYUM

Z;(H,*m)—_z;,log(l—q?mﬂ log(1-q;")
Vi (%) = = =

(29)

C;

VYpasuenue (29) MoxxeT OBITH TPEOOPA3OBAHO
e (%) =Cj" |og[1+ q rj]/(l—qjxm). (30)

BCpOSITHOCTI) OTKa3a J1r000ro dieMeHTa pacnpeacauTCIbHbIX CUCTEM OIIU-
CbIBACTCsl YPABHCHHUEM
g=01-r)<1l. (31)

A ecny BeJIMUMHA Xj — LIEJI0€ TTOJI0KUTEIBHOE YUCIIO, TO OyAET BHIOIHATHCS
HEPaBEHCTBO

0<0<gf@-0g) @-g/™) <1 (32)

W3 (32) cnenyet
¥ (X+1) <v; (X). (33)

BuiHo, 9TO [T KaXKmoro 3HadeHHst diaeMeHTa K Bennuuna yi(X¢) Kak GyHK-
Ul OT X; AABJIIETCSI MOHOTOHHO yObIBatomieil. M3 Bcero nmpesicTaBieHHOro cley-
T, 4TO pa3pabOTaHHBIN AJTOPUTM JUTS ONTHMHU3AIMH HAJEKHOCTH 3JIEKTpUYe-
CKHX Y3JI0B M PacCIpeIe/UTENBHBIX CHCTEM MOXKET OBITh pa3OUT Ha HECKOJIBKO
CTyIEHE! U OIKCAH CIEAYIONMM 00pa3oMm:

o OlIpeeNseTCs 3HAUCHHE Yi(X) AT pasInyaHbIX Xj (X =123, Ny);

e ompejensiercst 3HadeHue Yx(X¢) B 3aBUCHMOCTH OT CTEIEHH YObIBAHUSI
GyHKITIHY,

B COOTBETCTBHUH C MHIEKCOM K COCTaBHBIX 3JIEMEHTOB TOCIIEI0BATEIBHOCTH
Yk(Xk) B 9JIEKTPUYECKHX y3JIaX CYMMHPYETCS M OTPEICIIACTCS CyMMapHOe 3HaYe-
HUE Ul aHATM3UPYEMOTO y3Jla WIIM MHTETPajJbHOE 3HAUCHHE ISl paccMaTpHBa-
€MOH pacnpeeTuTeIbHON CUCTEMBL;

e TOT LIUKJI TIOBTOPSIETCS, TIOKA HE OY/eT ONpeeseHO 3HAaUeHHE 3aTpaT JUls
paccMaTpUBaeMOro y3Jia UM COOTBETCTBYIOIICH CHCTEMBI,

e [MPOBOJUTCA aHAJIN3 HOCHCI{OB&TCHLHOCTeﬁ C UACHTUYHBIMHW HHIACKCaAMU
O1 ¥4 )3, ...); ecinn mocenHuiT MHIEKC COBMAZET € Yyo(Xio), TO ONTHMAIBHOE
peLIeHUE COOTBETCTBYET YUCIY MapajlIeIbHBIX JJIEMEHTOB Xo.

Yacto IIpu pCUHICHUU TaKUX 3aJad OIITHUMAJIbBHOMY YHCITY Xko COOTBETCTBYECT
OJIMH 2JIeMeHT. Pa3paboTaHHBIN aNroOpuT™ JUIS ONTHMH3ALUH HAJIEKHOCTH pac-
NPE/ICIUTEIBHBIX CUCTEM C YYETOM MX BEPOSTHOCTHOTO M3MEHEHHS BO BPEMEHH
MpuBeeH Ha puc. 1.
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[ Hauaio cuera ]

v

C6op u o6paboTka ucxoaHOU HHYOpMALIUU

\l, Her

Krnaccnduxarms BeposSTHBIX
OTKa30B COCTAaBHBIX 3JICMEHTOB

v

Knaccuduxanus ycToOMYHBBIX OTKA30B YJIEMEHTOB CHCTEMBbI

!

OHpeﬂeﬂeHHC BEPOATHO-TECXHUYCCKUX ITapaMETPOB

v

AnanuTu4eckuil pacyer nokasarenei
HaJIe)KHOCTH COCTaBHBIX 3JIEMEHTOB
1 MX CPAaBHEHUE C HOPMAaTUBHBIMU

Onpeznenenye BIUAHUS BEPOSTHBIX
(haxTOpOB Ha MOKA3aTENN HaJCKHOCTH

OmnpeneneHne OCHOBHBIX TIOKa3aTeNel HaJe)KHOCTH
COCTaBHBIX 3JIEMEHTOB

v

CpaBHEHHE OCHOBHBIX ITOKa3aTeneit
HAaJIe)KHOCTH COCTaBHBIX 2JIEMEHTOB
Y TIPUHATHIE PEIICHNS

Her

Komnen

Puc. 1. CTpykTypa anropuT™Ma aHaJIUTHYECKOTO pacyera
HoKa3aTeliel HaJIeKHOCTH PAaCHPEIEIUTENbHBIX CHCTEM

BbIB O I bI

HanexxHoCTh pacnpeneuTeIbHbIX CUCTEM SIBIISETCS MHOTO()YHKITMOHATBHOM
po0IeMoii, KOTopasi 3aBUCHT OT psijia ONPECTICHHBIX U HEONPEIeTICHHBIX (aK-
TOPOB M HOCHUT BEPOSITHOCTHBIN XapakTep. Onpe/ieieHne ONTHMAaIbHOTO YPOBHS
HAaAC)KHOCTU paclpCACIUTCIIbHBIX CUCTEM — aKTyaJlbHO, TaK KaK yCTaHaBJIMBa-
€TCA 3aBUCUMOCTDb MCXKAY NPUBCACHHBIMU KallUTAJIBHBIMU 3aTpaTaMy U OXXuda-
€MBIMH yIepOaMu OT HEHaIe)KHOTO AIIEKTPOCHAOXKEHHUS TOTpedUTeNei.
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VYcraHoBIEHO, UTO yiepObl OT HEHAECKHOTO MEKTPOCHAOKEHUSI UMEIOTCS He
TOJIBKO Y TIOTpeOHUTENel, HO U B CaMOM pacrpeAeNuTeNbHON crcteMe. Jist onpene-
JICHUSI ONITUMAIBFHOTO YPOBHSI HAACKHOCTH paclpeleuTeNbHbIX CUCTeM pa3pado-
TaH AITOPUTM C Y4E€TOM JUHAMHKH Pa3BUTHSA CHCTEMbI U M3MEHEHHS BO BPEMEHHU
MoKazaTesel HaIe)KHOCTH, KOTOPBIE HOCAT BEPOATHOCTHBIN XapakTep.
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