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HapexxHocTb pacnpenenutenbHbiX CUCTEM aneKTpocHabxeHns notpebutenei
SIBNSAETCA MHOrokputepuanbHon dyHkuuen. MNoatomy npu paspaboTke anropuT-
MOB Ansl ONpeAeneHnss onTMMarnbHOro YpoBHS HaAEXHOCTU pacnpenenutenbHbiX
ceTen HeobXxoaUMO y4eCTb BEPOSITHOCTHLIN XapakTep U3MEHEeHUss COOTBETCTBYHO-
WwmMx nokasartenen. PaspaboTaHbl MaTemaTuyeckas MoAenb W anroputM Ans
onpefeneHus onNTUMarbHOMO YPOBHSA HaLEXHOCTW CUCTEM 3neKkTpocHabXeHus
C y4eTOM BEpPOSITHOCTHOIO W3MEHEHUs MoKa3aTene HaJeXHOCTUM COCTaBHbIX
3M1EMEHTOB.

KnioueBble cnoBa: HagexXHOCTb, pacnpefenuTernibHble CUCTEMbI 3f1EKTPO-
CHabXeHusi, maTeMaTuyeckas Mogenb, anropuT™, ONTUMarbHbIN YpPOBEHb Ha-
AEXHOCTW.

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. /[ Toro utoObl 3PPEKTUBHOCTH (HYHKIIMOHUPOBAHUS PA3IIHU-
HBIX TOTpeOuTeNel Oblla ONTUMAIbHOW, HEOOXOMUMO, UYTOOBI TEXHUYCCKHUE
YCIOBUSL U HAJEKHOCTh 3JIEKTPOCHAOKEHHs MOTpeOHTeNIeil COOTBETCTBOBAIN
TEXHUYECKUM YCIOBUSM, NPEAbSBISIEMbIM HCTOYHUKAM NHTaHHUA. TONbKO co-
OIro1asi COOTBETCTBYIOIINE TEXHHYECKHE TPEOOBaHMS, MOXKHO JIOCTHUYb OIITH-
MaJIbHOTO YPOBHSI HAaJEKHOCTH 3JeKTpocHaOxeHus. st 3Toro Hy»XHO IpPOBO-
JMThH MPOIECC ONTUMH3AIMHN C Y4eTOM TpeOOBaHMM MOTpeOUTeNIel U TeXHUYe-
CKUX TpeOOBaHMH, MPEABABISIEMbIX K paCIpeeIMTeIbHBIM CUCTEMAM.
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U3BecTHO, YTO HAOEKHOCTh — 3TO TEXHHKO-3KOHOMHYECKAs KaTeropHs,
(GyHKIMS OT MoKaszaresell Kak pacrpe/ICUTENbHBIX CUCTEM, TaK U MOTpeOuTe-
neit [1]. IlpakTrdeckn MOXKHO TOCTUTATh JFOOOTO 3apaHee 3aJlaHHOTO YPOBHS
Ha/IKHOCTU TEXHUYECKOHM CHCTEMBI, €CIM HE YYUTHIBATH 3aTpaThl HA CO3AaHUC
Takoi cuctembl. Korna sxe OHM OrpaHWYeHbl, BOSHUKACT 3ajjada ONTUMH3AIIHY.
W3 mepedrciaeHHOro BhILIE CIAEAYET, YTO IS 3JIEKTPOCHAOKEHUs TOTpeduTeneit
B 3aBHCHMOCTH OT WX KaTerophuu HeoOXOIMMO, 4TOOBI JaHHAs CHCTeMa Oblia
ONTUMaJIbHA C TOYKH 3pEHHS HaJle)KHOCTH SJIEKTPOCHAOXKEHHs OTpeOuTenel u
pacnpeieuTeNbHbIX CETEW paccMaTprUBaEMO CUCTEMBI.

Pemenne nocraBienHoil 3agaum. [[poOremMbl HaIEKHOCTH BIIEKTPOCHAO-
KEHUS PA3TIMYHBIX MOTPeOUTENeH HOCSIT BEPOSTHOCTHBIA XapaKTep U 3aBUCAT OT
psiia Kak OTpENeNIeHHbBIX, TaK U HeonpeaeIeHHbIX (akTopoB. [IpodbieMbl MOTyT
OBITH cieytoIIero nopsiaka [2]:

e CTPYKTYpHasl HaJIS)KHOCTh PacCIIpe/IeUTENLHBIX CHCTEM;

. q)yHKHI/IOHaJ'H)Haﬂ HaACKHOCTH COCTABHBIX 3JICMCHTOB pacClpCACINTCIbHBIX
CHCTEM;

e HaJIS)KHOCTh MMOTPEOUTETICH;

e PE3yNBTHPYIONIAS HAJIS)KHOCTh CHCTEMBI B IICIIOM.

Ha pe3ynbTHpyYIONIyI0 HAJCKHOCTh PACHPECTUTENBHBIX CHCTEM 3JIEKTPO-
CHAOKEHHUSI BIUIIOT pa3ian4yHbIC (I)aKTOpBI, N3 KOTOPBIX MOXHO BBIACIUTE:

¢ TEXHUYECKUE XAPAKTCPUCTHKHU COCTABHBIX DJIEMEHTOB PaclpeeINTeILHON
CHCTEMBI 1 TTOTpeOUTENCH;

e CTPYKTYPHBIC CXEMbI COCJMHCHHS COCTABHBIX DJICMEHTOB paclpe/leiv-
TEJIbHOU CUCTEMBbI U TIOTPEOUTEIICH;

e TUTIBI TIOTpeOUTENEH U TpeOOBaHMA, TPENBABIAEMbIE UMHU U OOecrede-
HUSI HOPMATHBHOTO YPOBHS HAaJIGKHOCTH DIIEKTPOCHAOKECHHUS;

e BIIMAHUC KAaK OIPCACIICHHBIX, TaK U HEOIIPCACICHHBIX (l)aKTOpOB Ha HaJCxXK-
HOCTB JJIEKTPOCHA0XKEHUS TOTPEOUTENEH.

CrenoBatenbHO, ONpeie]IeHue ONTUMAIILHOTO YPOBHS HAJIG)KHOCTH paciipe-
JETUTEIbHBIX CHUCTEM C YYeTOM BIUSHHSA BHEIIHUX (DAKTOPOB — JIOBOJBHO
CIIOKHAsI 33/1a4a, TaK KaK MOKa3aTeNld HaJICKHOCTH HOCSAT BEPOSTHOCTHBIA Xa-
paKkTep U U3MEHSIOTCS BO BpeMeHH. [Ipu onpeiesieHuH U OIICHKE ONTUMAITLHOTO
YPOBHA HaACKHOCTHU PACTIPEACTIUTCIIbHBIX CUCTEM UCXOAWUIN U3 TOT'O, YTO BJIUA-
HUE BceX (aKTOPOB HOCHT JICTSPMHUHHUPOBAHHBIA XapakTep. B Takux ciydasx
MOTYT OBITh HCIOJB30BaHBI HECKOJIBKO KPUTECPUEB ONTUMH3AIMU HAJCKHOCTH
pacnpeieTeTbHBIX CHCTEM Ha OCHOBE TaKUX MPU3HAKOB, KaK:

e CYMMapHbIC HHTETPATbHbIC MUHUMAIILHBIE PUBEICHHBIC 3aTPATHI;

e CyMMapHbI€ MHTETpaJIbHbIE OXKHIaeMble YIIepObl OT HEHAJIEKHOTO JIIEK-
TPOCHAOKEHUS U YIIepObl CHCTEMBI OT HEJOOTITYCKA SJICKTPUUCCKONW SHEPTHH;

e ONTHMHU3AIMS CXEM PACHpPEACTUTENBHBIX CUCTEM C YYETOM IIOKazaTelei
HAJICXKHOCTHU KCIIONh3yEMOT0 3JIEKTPUUECKOT0 000Dy I0BAHNS;

e ONTHMAJbHOE PE3EPBUPOBAHME CXEM PACIPEIEIUTENbHBIX CUCTEM H 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 PAacCMaTpPHUBATh KaK TEXHHKO-3KOHO-
MHYECKHUEC, PCIICHUA KOTOPBIX OCHOBBIBAIOTCA HAa KPUTCPpHUU MUHUMHU3AIUU TTPHU-
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BEJICHHBIX 3aTpaT. YPOBEHb HAJIEKHOCTH B TAKUX CIydasxX OLEHUBACTCS HCXOMS
Y3 aHAIM3a KaHUTaJIbHBIX W JAOMOJHUTEIHHBIX 3aTpaT, MUHUMAIBHO HEOOXOIHU-
MBIX JUIsl YBEITUYEHHUSI CTPYKTYPHOW HAaJIEKHOCTH PACIIPENETUTEIHbHON U MHTa-
IOIIEH CHCTEM M OXKHJIAEMBIX YIIEPOOB OT HEHA/ICKHOTO AIICKTPOCHAOKEHUS KaK
y moTpeOuTeneii, Tak U B PacHpeeUTENbHON cucTeMe, KOTOpPble MOTYT BO3-
HUKHYTH B PE3yJIbTATe BO3ACHCTBUS BHEITHUX BEPOATHOCTHBIX (haKTOPOB U HU3-
KOT'O YPOBHSI HaJIe)KHOCTH.

st Takoro ciiydasi aHaIUTHYECKas B3aUMOCBSI3b MEXKIY COCTABHBIMHU dJe-
MEHTaMH MOXXET OBITh MPEICTaBICHA yPaBHEHHEM

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

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

pe3 CyMMapHbIii 00beM HeJ0OTHYIIEHHOMH sHeprun notpeourensm » W = f (At)

Y 3HAYCHHE OXHJaeMbIX yiiepOoB (Y) y morpedureseil u pacnpeaeauTeNIbHOMN
CHCTEMBI

Y =2 o4\, )

rae o; — KodpQUIMeHT, XapaKTepU3yIOIUH yIeIbHYI0 COCTaBIIAIONLYIO HaIeK-
HOCTH COCTAaBHOTO OOOPYZOBAaHUS PACHPENESIUTENFHON CUCTEMBI B 3aBHCHMO-
CTH OT BEPOSTHOCTHOI'O 3HaueHWs (PyHKUIUH, ompeaensomux 3¢Q(ekTHBHOCTD
Y3II0B,

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

W, — MaTeMaTH4ecKO€e OKUAaHKE OOIIEro 00beMa HEJOOTIYLIEHHON YHEPTUH B

pacnpenenuTeIbHON cucTeMe M3-32 HU3KOTO YPOBHS CTPYKTYPHOM U (PYHKIHO-
HaJIBHOW HaJIe)KHOCTEH COCTaBHBIX 3JIEMEHTOB CHCTEMBI.

ABapuiiHble OTKJIOUYEHHsS B PACHpPEAEIUTENbHBIX CHCTEMAax, BbI3BAHHBIE
HU3KHM YPOBHEM HAaJ€KHOCTH COCTABHBIX AJIEMEHTOB, IPUBOAST K TMOSBICHUIO
yiepOoB Kak B pacHpeAeIUTeIbHON CUCTEME, TaK U y MOTpeOuTenel n3-3a npsi-
MOT0 HeJIooTIycKa sHepruu [3]. st perieHus Takux 3aj1a4 HEOOX0AUMO pa3pa-
0aTeIBaTh W HCIOJB30BaTh MAaTEMAaTHYECKHUE MOJENH, KOTOPBIE MO3BOJISIIOT
HaXOJHUTh HE TOJBKO OXXHIAeMbIC YIIEPObI y MOTpeOUTENIed M B pacipeseiiu-
TENBHOW CHCTEME, HO M OXKHAAeMble YPOBHH HAJCKHOCTU 3JIEKTPOCHaOXe-
Hus [4]. Onpenenenre ymepOooB B paclpeleIuTeNbHbIX CUCTEMaX B 3aBHCHMO-
CTH OT HPOJOIDKUTENIFHOCTH HEIOOTITyCKa JIEKTPUYECKOW IHEPTHH, T/I€ MOTYT
OBITH MCIIONB30BaHBl MMUHUMAJIbHBIE M MaKCHMAJIbHBIE MX 3HAUY€HHUS B 3aBHUCH-
MOCTH OT THIIa MOTPEOUTEIsI, €r0 YCTAHOBICHHOW MOIHOCTH, MO3BOJISET Olle-
HUTbH O’KUIAEMBIN YPOBEHDb HAJICKHOCTH JIEKTPOCHAOKEHHS OTpeOuTENeH.

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

HOro IuiaHupyemoro 3Hauenus (t,, <t ), TO B JaHHBIX CJIydasx CUHTACT-

MUH.JIOI

cs1, 9T0 y moTpedmreneii 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 OOJIbIIIE MHUHHUMAIHHOTO

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

'MHUH. 1011
BO3HHKAIOT yIieposl y motpedutenecii (AY # 0) u B pacmpeaeTuTeIbHbIX CHCTE-
Max (AY,. > 0) [6]. Tak kak NPaKTHYECKH BCE COCTABHBIC DJICMEHTHI pacrpe/ie-
JUTEIBHBIX CHCTEM BOCCTAHABIMBACMBIC, UCIIONB3Ys MPUHIIMITBI Pe3epPBUPOBa-
HUS OTACTBHBIX COCTABHBIX AJIEMEHTOB, MOKHO JJOCTHYb ONTHMAILHOTO YPOBHS
HAJIKHOCTH, MPEBAPUTEIHHO OTMPEICICHHOTO ¢ YYETOM BEPOSTHOCTHOTO BIIU-
SIHUSL Pa3JIMYHBIX BHEIIHUX (PAKTOPOB (TEXHUYECKH TaKHE IMPOOJIEMBI MOTYT
OBITH pEIIeHBI, 2 SKOHOMUYECKH HEOOXOAMMO 00OCHOBATH JAOMYCTUMBIE JOTOI-
HUTENIbHBIC KalmuTalbHbIe BIOKEHUs) [7]. C TOYKU 3pEHUS KAUTAIBHBIX BJIO-
JKEHUH, UTS PEeIICHUs TaKUX TIPo0IeM HeoOXOIUMBI OOJIBITINE TIPUBEIACHHBIC Ka-
MUTAJIBHBIC 3aTPaThl JUIs MOBBIIICHUS YPOBHS HAJISKHOCTH JJICKTPOCHAOKEHUS,
B Pe3yJIbTaTe YEero 3HAUYMTEIILHO CHU3STCA yIIepObl Kak y IOTpeOuTeIeH, Tak U B
pacnpeeuTeIbHON CUCTEME, KOTOPhIE BCErJa TEXHUYECKH MOTYT OBITh 000C-
HOBaHbI, HO 9KOHOMUYCCKHU HC BCETAa MMOJACPIKAHBI.

Pa3paGoTka anropurMa ONTHMH3ALNUH HAJEKHOCTH pacHpeneuTelhb-
HBIX CHCTEM JIEKTPOCHADKeHHUsI MoTpeduTeeii. PactipenenurenbHble CUCTE-
MBI 3JIEKTPOCHAOXKEHHSI TOTPEOHUTENeH TUHAMIYECKH TIPeoOpa3yroTCs U IMOCTO-
SSHHO Pa3BHUBAIOTCA, MMO3TOMY HAJACKHOCTb TAKMX AWUHAMHUYCCKUX CUCTEM SABJIA-
eTcs PyHKIMEH OT psiia Kak OmpeNieIeHHbBIX, TaK U HEOMPeIeIeHHbIX (PaKTOpOB.
Ecnmu nmoj00HbIe CHCTEMBI CONIEPIKAT 71 COCTABHBIX JJIEMEHTOB C HAJC)KHOCTHIO
KaXA0ro I, I,,.., I, Uy I-TO COCTAaBHOTO 3JIEMEHTa HaJEXKHOCTh OyneT [, TO B

TaKOM CJIy4ae HaJIeKHOCTh CHCTEMBI MIPE/ICTABISIET COOON HEMPEPBIBHYIO (yHK-
mato R=f(r,r,,..,r,) 1 aHaTUTHYECKH MOKET OBITh BhIpaXkeHa (OpMyIIOi

R= KW by )y ]+ = W By 1) o] @)

Tak kak HaJIEKHOCTH OT/ACNBHBIX COCTABHBIX 31eMeHToB (I}, I,,...,I)) pac-
HpeJeuTeIbHBIX CUCTeM OTHocHTenbHO Bbicokas (0,86 <r <0,95), To oHa
YBEJIMYMBACTCS C MOBBIIICHHEM HAJIC)KHOCTH COCTaBHBIX 3JIeMEHTOB. Eciu
HAaJIe)KHOCTh COCTABHOT'O JJICMEHTA | pACCMAaTPHBAEMOW CHCTEMBI YBEIHUHBACT-

Cs OT I} JIO [g, 9TO COOTBETCTBYET POCTY HAJIEKHOCTH Ha Al =T, —F;, TO HE0O-

XOJIMMBl MMHHMMAQJIBHO JIOIYCTUMBIE JOIOJHUTENIBHBIE IPUBEJIECHHBIE 3aTpa-
Tb1 AK|(Ar). IIpu 3TOM Haf0 yYUTHIBATH, YTO MOJIHBIC KAaUTaIbHBIE 3aTpaThl K
TaKUX CUCTEM HOCST JIMHEUHBIA XapakTep, JUMUTHPOBAHbI U HE JOJDKHBI IIpe-
BBIILIATH 3apaHee 3aj1aHHble BennunHbl 2C(t), mporHo3upyemble mpu pa3paboTke
TEXHUKO-IKOHOMHUYECKOTO OOOCHOBaHMSI paccMaTpuBaeMod cuctembl. s Ta-
KMX BapUaHTOB IIPOrHO3UPYEMBIE IIPUBEACHHBIE KAIUTAIBHBIE 3aTPAThl OIpE/e-
JIAIOTCS TI0 hopMmyJie

2C(1) = XK, (Ar). ©)

[Tpaktiuecku 3to o3Hawaer, yro Cj(rj) sABiseTCs HENPEPHIBHON, 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 HAaIeKHOCTb pacIpeie-
JMUTENFHOW CUCTeMBI. Tak Kak CyMMapHbBIE KalHWTalbHBIE BIOXKEHUS JIETePMHU-
HUPOBAHBI IJIs1 33JaHHOU CTPYKTYPHI PACTIPEACIUTENLHON CUCTEMBI, B TAHHOM
CIIydae BBITTONHAIOTCS yCIOBHS, IPEICTABICHHBIC ypaBHEHHEM

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

Pemiate 1OM00HBIE TPOOJIEMBI TPEIaraeTcss METOIOM HEOHpeIeTIeHHBIX
MHOuTenel Jlarpamka. [ Takoro ciydas MOKHO ONpPEIETHTh MHOKECTBO
3HAYEHUH [, IPH KOTOPOM YIOBJIETBOPSIOTCS yciuoBus ypaBHenus (7) [8]

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

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

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

Jnst Takoro ciydasi ONTHUMajbHAas CTPYKTYpHasi Halle)KHOCTb PaCHpeAeiv-
TEJIHHON CHCTEMBI OTPEACIISeTCS U3 BHIPAXKEHUS

R(1;) =8R(K, 1, ... 1,) = A3C— Z5K 1y, )

r1e A — MOCTOSHHAs BEJIMYKMHA, KOTOPas 3aBUCHT OT CTPYKTYphI rpada paccmar-
pHBAEMOM PaCIIpeIEIUTEIBHON CHCTEMBI U OYEHb 9acTO HOCHUT HEOIpeesIeH-
HBII XapakTep.

Ecnu Gyzet yureHo, uTo yacTHble pou3Boauble Gynkimu R=f (1,1, ..., 1),

Ipu moMouiu KOTOpOﬁ OnpeaCIACTCA HAACKHOCTE CUCTEMBI B 3aBUCUMOCTU OT
M3MEHEHHsI HaJIOKHOCTH COCTABHBIX JJIEMEHTOB, OIHCHIBAIOTCS yPaBHEHHEM, TO
B UTOTe TOIyduTcs (HopMmyna, TPEACTaBISIONIas cO00M M3MEHEeHHne (QYHKIHO-
HaJbHOM HAJEKHOCTH CHCTEMbI B 3aBHCHMOCTH OT M3MEHEHHs (DYHKIHOHAIIb-
HOH HaAC)KHOCTHU COCTABHBIX 3JICMCHTOB BO BPEMCHMU!

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

J

OnrtuManbpHas HaJEXKHOCTh COCTaBHBIX JJIEMEHTOB [j paclpeeluTelIbHOM
CHUCTEMBI OIlpeNenuTcs ypaBHeHUsIMH Tuma (11), cocTaBIeHHBIMHU AJIS BCEX CY-
IIECTBYIOLIMX DJIEMEHTOB CHCTEMBI, KOT/Ia X MHJEKC | U3MEHSCTCS B Tpeenax
j=12,3,...,n, u MOKeT OBITh HalieHa TPH TTOMOIIM HEOMPEACIIEHHOTO MHO-

xkutens A. Jlns BeluMCIACHHS A HEOOXOAUMO, YTOOBI OBLIM M3BECTHBI 3HAUe-
HUS HaJEeKHOCTH COCTABHOIO 2JIEMEHTA I} U JOIOJIHUTEIBHBIX 3aTpaT, MHUHU-
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MaJbHO HEOOXOAMMBIX IJISl MOBBIIICHHS HAJEKHOCTH COOTBETCTBYIOILETO dJie-
menTta AK(r).

Anamm3 ypaBaeHus (11) mokaspiBaeT, 4TO €CiM HAWICHBI MpPEAebl N3MEHe-
HUS HAaJEKHOCTH COCTABHBIX 3JIEMEHTOB, HAAECKHOCTh paclpeeuTe]IbHON cu-
CTEMbI CTAHOBUTCSI ONITHMATBHOM TOTJa, KOTJIA [Tl BCEX COCTABHBIX BIIEMEHTOB
CHCTEMBI COOTHOIIICHHUSI MEX]y TOBBINICHUEM HAJIC)KHOCTH Al U MUHUMAJIBHO
HEOOXOMUMBIMY KalUTalbHBIMK 3aTpaTamu AKy sBISIFOTCS MaKCHMATbHBIMU.
Tak Kak HaJeXKHOCTb COCTaBHBIX AJIEMEHTOB I, I,,..., I, paclpeeIuTeIbHbIX
CHCTEM HOCHUT BEpPOSTHOCTHBIM XapakTep W m3MeHsercs B mpepenax 0 < rj; < 1,
MHUHUMAJBHO HEOOXOAMMBIC 3aTpaThl JOJDKHBI yIOBJIETBOPATH ycloBuiO (8).
B Takux ciydasx misa pemenus ypaHenuid tumna (10) MOTyT OBITH HCIIOTB30BA-
HBI pa3IMYHbIC METOJbI, HO JUIi PACCMATPHBAEMOI0 BapHaHTA MPUMCHSIIH Me-
TOJIbI, IPE/ICTaBICHHBIC B [8].

Hcxons U3 MpearnonokKeHus, YT0 paccMaTpuBaeMasl pactpeieIuTeNbHas CU-
CTeMa COACPKUT CMCIIAHHBIC CXEMbI COCAMHCHUA COCTaBHLIX 3JICMCHTOB, BO3-
HUKAeT HEOOXOMUMOCTh OTPENEICHHUSI ONTHUMAILHOTO YHCIIA PE3ePBUPOBAHHBIX
AIIEMEHTOB, KOTOphIe 00ECIEUNBAIOT ONTUMAIILHBIN YPOBEHb HAJEKHOCTH B 3a-
BUCHUMOCTH OT MHHUMAJILHO JOMYCTHMBIX 3aTpar, OrPaHHYCHHBIX HAYabHBIMH
ychoBusMH. J[J1st Takoro ciydast HaJIe)kHOCTh CUCTEMBI OIPEeNisieTCs COrJacHo

dhopmyiie
n
Ry =[]r- (12)
i=1
HamexHOCTb COCTaBHOTO 3JIEMEHTA | MOYKET OBITH pacCUnTaHa
X

a HaJEeKHOCTh PACHpENENUTEeNbHON CHUCTEMBI, Y KOTOPOW 4acTh 3JIEMEHTOB pe-
3€pBUPOBaHA, MOXKET ONPEEIIATHCS:

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

Ecim nonHast CTOMMOCTE CHCTEMBI OInpeacIseTCA

C.= iciai , (16)

rae Cj — CTOMMOCTB OJTHOTO 3JIEMEHTA, U BBINONIHAETCA HepaBeHCcTBO Cp < C, TO
MOJTYYUM

8T =8[logr; —A(C, —Zn:Cixi ). (17)

MakcumanbHOE 3HaUeHUE JorapudmMa paccMaTpuBaeMoOi (PYHKITUH OTpee-
JIIeT YPOBEHb HAJIEKHOCTH COCTABHBIX 3JIEMEHTOB PaCHpe/CIUTEIbHON CHCTe-
MBI, @ ONITUMAJIbHOE PacIipeieNieHle Xj HaXOAUTCs 110 popMyIie
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99 L aC —0mpui=1,2,3,..n. (18)

dx;

OxBuBaneHTHoe 3amemienue logrj uepes g B (17) mpuBOAMT K aHAIUTHYE-
CKOMY YPaBHEHHIO

;" logg; /(1—g;")—AC; =0. (19)

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

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

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

OxBuBaneHTHoe 3amemeHue Xl0gg;, cormacHo (21), MO3BONAET MONYYUTH
bopmyay (22), mpu MOMOINIH KOTOPOW MOKHO OINpPEACTUTh MPHUBEACHHBIC 3a-
TpaTbl

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

IIpu ompeneneHny ONTUMAaIBHOTO YPOBHS HaleXHOCTH R pacmpenenurens-
HOHM CHCTEMBI MOKHO HMCIIOJI30BaTh METOL HOCHCHOB&TGHBHOﬁ AIrnpoKCUuMaluu
COCTaBHBIX AJIeMeHTOB cornacHo [9]. Ha mepBom mmare annpokcumaiuu GUKCH-
pyeTcst 3HaueHne ypoBHS HalexxHocTH R. Breipakass R uepes mpuBeneHHbIE 3a-
TpaThl B cooTBeTcTBUM C (11), MOxHO ompenenuts X;. Ecau moacrasmaTe noimy-
YCHHOC 3HAYCHUC Xj, MOXXHO OHNpEACINTh U MUHUMAJIbLHBIC BCIIMYWHBI ITPUBEC-
JNEHHBIX 3aTpaT, HEOOXOAMMBIX [UIA TIONYyYEHHS ONTHMAJIbHOTO 3HAYEHHS
Ha/IeKHOCTH!

n .
AK; =" XK. (23)

j=1

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

HaJISKHOCTH R pacnpeenuTenbHON CUCTEMBI MIPEBBIIACT ONTUMAIBHOE 3HAYe-
HUE, TaK Kak BeIMYMHE R; COOTBETCTBYEeT JETEPMUHHPOBAHHOE 3HAYCHUE
Ki(t) =K, (t).

J111st COCTaBHBIX 3JIEMEHTOB pacIpeIeIMTETLHON CUCTEMbI CYMTAETCS, YTO MX
HAJISKHOCTb NIpaKkTUYecku BbinonHseT yciaoBue 0,86<r1 <0,95 wu3 koroporo

CIIeTyeT, YTO HAJECKHOCTb COCTABHBIX 3JIEMEHTOB paclpeneIuTeIbHBIX CHCTEM
JIOBOJIBHO BBICOKA. J[JIs1 TakMxX aHAJMTHYECKUX CiIy4aeB ¢ ydeToM (21) momyuda-
€TCsl ypaBHEHUE

X; ~ (logho; /log g;). (24)
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Ecam ucxoauTs U3 Mpeanonoxkenus, 9To (24) 9ucaeHHO ONpeaesieHo, TO MO-
T'YT OBITh HalJICHBI MUHHUMAIBHO HEOOXOMMBIC TIPUBEICHHBIC 3aTPAThI IS CO-
3MaHHS PACTIPEICITUTENILHON CUCTEMBI C ONTUMAJBHBIM YPOBHEM HAJIC)KHOCTH,
KOTOpAs 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) |/| D a; |. (26)
=i =1

Brruncnennoe TakuM 00pazoM 3HaUYEHHE A MOXET OBITH WCIOJIB30BAHO KaK
MEPBBIA IIAr UTEPALUK A ONpPEIENCHNUs ONTHMAIBHOIO YPOBHS HaJEKHOCTH
pacnpenenuTenbHbIX cucTteM. Heo0XoauMo OTMETHTh, YTO 3HAUY€HHE Xij MOXKET
OBITH TONBKO LEJBIM YUCIIOM IapajuIeIbHO COEAMHEHHBIX 3JIEMEHTOB B pac-
CMaTpUBaeMoOil pacmnpenenurenabHoll cucteme. llpu aHaMUTHYECKUX pacueTax
B COOTBETCTBHUH C (24) Xj MOKET MOJIy4aTh IPOM3BOJIbHBIE 3HAYEHUS U OBITh HE
LEJNBIM YHCIOM. B Takux ciydasx 3Ty BEJIMYMHY HEOOXOAWMO OKPYTJATH JI0
3HAYEHUsS IIeJIOT0 4YKciIa B COOTBETCTBUU C CYIIECTBYIOUIMMH MpPaBUIIAMHU.
B o0miem ciydae A pelieHus 3THX ypaBHEHU HE0OXOAMMO, YTOOBI BBITIOJHSI-
JIOCh YCIJIOBHE

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

Ecin ycnosue (27) BBINONHSETCS, TO VST MHOXECTBA 3HAYCHUH Xj BBITIOIHS-
ercst ypaBHeHHe (25). B Takux ciydasx Xj ABISETCSA PEIICHUEM JJIs ONTHMAaJlb-
HOTO YPOBHSI HAJECKHOCTH PaCHpPEIEIUTEILHON cHUCTEeMBbl. EcCiiu BBIMOITHIETCS
yCIIOBHE

TO OJId MHOXKCECTBa 3HAYCHUH XJ' HCJIb34 ONPCACINTD OIITHUMAaJIbHBII YPOBCHb
HAaAC)KHOCTHU C YUYCTOM 3apaHCC 3aJlaHHbIX BCJIMYWUH [JIsA pacnpeﬂenHTeanoﬁ
CHUCTEMBI.

yLII/ITBIBaSI, 4YTO HAACKHOCTb PACHPCACIIUTCIIBHBIX CUCTEM HOCHUT KaK BCPO-
SITHOCTHLIf/'I, TaK U ,Z[eTepMI/IHI/IpOBaHHHﬁ XapaxkTep, I €€ pacueTa MOKHO HUC-
I10JI30BaTh CJ'IC,I[YIOH.[I/Iﬁ AJITOPUTM!

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

o JUIA SJICKTPHUYCCKOTI'O y3JiIa CUCTEMbI PACCMATPUBAIOTCA U YUUTBIBAKOTCS BCC
PE3CPBUPYCEMBIC IJIECMCHTBI C YUCTOM YMCHLIICHHA COOTHOIICHHUSA MCKIAY YBC-
JIMYCHUECM HAAC)KHOCTHU U NIPUBCACHHLBIX 3aTpart.
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IIpr COOTBETCTBYIOILIEM aHAIN3E OMPEICISICTCS MUHUMAIBHO HEOOX0ANMOE
YHCIIO PE3EPBHBIX HJIEMEHTOB IS OOCCIICUCHHS ONITHMAIBHOTO YPOBHSI HA/ICHK-
HOCTH PacIpe/IeIUTENbHON CHCTEMBI.

ITycTh X; — YHCIIO MAPAIUICIBHBIX YICMEHTOB B PACIIPEICITUTEIBHON CHCTEME.
Eciit HexoquTh M3 MPEIMONI0KEHHUSI, YTO K JIEKTPHIECKOMY Y31y | pacmpenenu-
TEIBHON CHCTEMBI Oy/eT MPHUCOSIUHEH elie U 3neMeHT K, To, 0603Hauas uepes
Yk(Xx) coOTHOIICHHE, TOTYYUM

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

(29)

C;

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

BeposiTHOCTE 0TKa3a 11000T0 3IIEMEHTa paclpeleUTeIbHbIX CHCTEM OIIH-
CbIBACTCsl YPAaBHCHHUEM
g=01-r)<l. (31)

A ecnu BeJIMUMHA Xj — LIEJI0€ TTOJI0KUTEIBHOE YUCII0, TO OyAET BHIMOIHATHCS
HEPaBEHCTBO

0<0<gf@-g) @—g/™) <1 (32)

W3 (32) cnenyet
Vi (X+1) <v; (%) (33)

BuHo, 9TO U1 KaXKmoro 3HadeHus sneMeHTa K Bennuuna yi(X¢) Kak (yHK-
U OT X; AABJIIETCSI MOHOTOHHO yObIBatoeil. 113 Bcero mpencTaBieHHOro cley-
€T, 4TO pa3pabOTaHHBIN AIrOPUTM JUIS ONTHMHU3AIMH HAJEKHOCTH 3JIEKTpUYe-
CKHX Y3JIOB M PacCIpeICIUTELHBIX CHCTEM MOKET OBITh pa3OUT Ha HECKOJIBKO
CTyINEHe! U OMKCAH CIIEAYIONMM 00pa3oMm:

e OlIpeeNseTCs 3HaUeHHE Yi(X) AT pasInyaHbIX Xj (X =123, Ny);

e ompejersiercs 3HadeHue Yx(Xx) B 3aBUCHMOCTH OT CTEIEHH YObIBAHUSI
GyHKIIY;

¢ B COOTBETCTBHH C MHIEKCOM K COCTaBHBIX 3JIEMEHTOB TOCIIEI0BATEIBHOCTH
Yk(Xk) B 2JIEKTPUYECKHX y3JIaX CyMMHPYETCS M OTPEICIIETCS CyMMapHOe 3HaYe-
HHE Ul aHATM3UPYEMOTO y3Jla WIIM MHTErPpajJbHOE 3HAUCHHE JJISl paccMaTpHBa-
€MOH pacnpeeTuTeIbHON CUCTEMBL;

e TOT LIUKJI TIOBTOPSIETCS, TOKA HE OYy/eT ONpeeseHO 3HAaUeHHE 3aTpaT JUls
paccMaTpUBaeMOrO y3Jia UM COOTBETCTBYIOIICH CHCTEMBI,

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

Yacto IIpu pCUHICHUU TaKUX 3a7ad OIITUMAJIbHOMY YHCITY Xko COOTBETCTBYECT
OJIMH 2JIeMEHT. Pa3paboTaHHBIN aNrOpUTM 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

AnanuTudeckuil pacyer noxasarenei
HaJIe)KHOCTH COCTaBHBIX 3JIEMEHTOB
1 MX CPAaBHEHUE C HOPMAaTUBHBIMU

OnpezneneHye BIUSHUS BEPOSTHBIX
(haxTOpOB Ha MOKA3aTENN HaJCKHOCTH

OmnpeneneHre 0OCHOBHBIX OKa3aTeNel HaJeKHOCTH
COCTaBHBIX 3JIEMEHTOB

v

CpaBHEHHE OCHOBHBIX ITOKa3aTeneit
HAaJ/Ie)KHOCTH COCTaBHBIX 2JIEMEHTOB
Y TIPUHATHIE PEIICHNS

Her

Komnen

Puc. 1. CTpykTypa anropuT™Ma aHaIUTHYECKOTO pacyera
HoKa3aTeliell HaJIeKHOCTH PAaCHPEIEUTENbHBIX CHCTEM

BbIB O I bI

HanexxHoCTh pacnpeneuTeIbHbIX CUCTEM SBIISETCS MHOTO()YHKITMOHATBHOM
poOIeMoii, KOTopasi 3aBUCHT OT psijia ONPECTICHHBIX U HEONPEICTICHHBIX (akK-
TOPOB M HOCHUT BEPOSITHOCTHBIN XapakTep. Onpe/ieieHne ONTHMAIBHOTO YPOBHS
HAaAC)KHOCTU paclpCACIUTCIIbHBIX CUCTEM — aKTyaJlbHO, TaK KaK yCTaHaBJIMBa-
€TCA 3aBUCUMOCTDb MCXKAY NPUBCACHHBIMU KallUTAJIBHBIMU 3aTpaTaMy U OXXua-
€MBIMH yIepOaMy OT HEHaIe)KHOTO AIIEKTPOCHAOXKEHUS TOTpeduTeNei.
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VYcraHoBIEHO, UTO yiepObl OT HEHAJECKHOTO NEKTPOCHAOKEHUSI UMEIOTCS He
TOJIBKO Y TIOTpeOHUTENel, HO U B CaMOM pacrpeAenuTeNbHON crcteMe. Jis onpene-
JICHHSI ONITUMAJIBHOTO YPOBHSI HAACKHOCTH paclpefeuTeNbHbIX CUCTeM pa3pado-
TaH AITOPUTM C Y4E€TOM JTUHAMHKH Pa3BUTHSA CHCTEMBbI U M3MEHEHUS BO BPEMEHHU
MoKazaTesel HaIe)KHOCTH, KOTOPBIE HOCAT BEPOATHOCTHBIHN XapakTep.
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